
occ 0iudk



H *  A
Hadamz/ibcmeo

unocmpaHHoU

A'.imepamypu

*



AN INTRODUCTION TO

CYBERNETICS

by

W. ROSS ASHBY
M A , M.D (Cantab ) , D P M .

Director of Research 
Barnwood House, Gloucester

LONDON
C H A P M A N  & H A L L  LTD  

1956



J/'̂ Tdcc T ? u id h

J D B E 4 E i m E

KWEEPHETOKV
riEPEBO,fl C AHrJIHftCKOrO

JH. r. JIAXYTH

nOA PE^AKUMEft

b . a . yenEHeKoro

C nPEAHC/IOBHEM

A. H. KOJIMOrOPOBA

M 3M T E ^b C T B O  MHOCTPAHHOft JIMTEPATYPbl 

M o c K B a ,  1 9 5 9



A H H O T A U H H

B  K nn re  H3JiaraiOTCH 0CH0BHbie noHHTHH KHdepne- 

THKH —  «HayKH 0 6  ynpaB^ieHHH II CBH3H b jkh botho m  h 

MauiHHe». A b to p ,  C n o jio r  no cneu najibH o cT H , o d cy a u ia e T  

B03M0>KH0CTb IUHpOKOrO IipHMeHeHHH H/ieft KHSepHeTHKH  

b caM bix pa3JiHMHbix o^JiacTHx MejiOBenecKOH A efnejibH ocTH .

H 3Jio>KeHHe C0n p0 B0>KAaeTC5i CojibiuiiM mic;ioM cne- 

unaJibHO noAoSpaHHbix npHM epoB h ynpa>KHeHHH. K u n ra  

paccMHTaHa Ha HaynHbix P 3 6 o t h h k o b , HHTepecyiom nxoi 

BOnpOCaMH KH6epHeTHKH.

PeAaKUHfl jiHTepaiypbi no MaieManmecKHM nayKaM.



f l PEJIHCJIOBHE K P Y C C K O M y  H 3 HAHHIO

C jiaBHHx nop H3BecTHbi aHa./iorHH uemjiy:
a) co3 HaTeJibHon uejiecoo6pa3Hc>H iieHiejibHocTbH) qejio- 

p.eKa;

6) pa6oToft co3,aaHHbix qeJi0BeK0M Mam HH;

b ) pa3JiHqHeHLUHMH BH^aMH ^eHTeJibHocTH >KHBbix opra- 

h h 3m o b , KOTopbie BocnpHHHMatOTCH KaK ue.necoo6pa3Hbie, 

iiecMOTpn Ha oTcyTCTBiie ynpaBJiHiomero h m h  co3HaHHH.

HeJioBeqecKan MbicJib HCKa/ia BeKaMH 0 6 'bflCHeHHfi sthx 
anaJiorHH KaK  na  nyTHX nc>Jic»KHTeJibHoro 3HaHHH , TaK h Ha 

*nyTHx pejiHrH03Hbix h (J)hjiococ})ckhx cneKyjiflunft. T B e p ^ a n  

opHOBa a m  n a y ^H o ro  hx  H3yneHHfl h paunoH ajibH oro  (J)hjio- 

poc})CKoro yncHeHHsi SbiJia c o s ^a n a , Koi\aa:

- 1) j^apBHH npe^yioJKHJi n o c j ie& oB a ie j ibH o  pa3pa6oiaH- 

i-iyio TeopHK) ecTecTBeHHoro npoHcxo>KjieHHfl ueJiecoo6 p a 3 - 
Horo yCTpOHCTBa >KHBbIX 0 praHH3 M0 B H, B qaCTHOCTH, ripo- 
Hcxo>i</ieHHH cJio>KHoro an napaTa ,  n o 3Bc>JiflK)mero >khbhm
o p r a h h 3 mam nepeziaBaTb cBoe u e j i e c o o 6 p a 3Hoe ycTpoHCTBo 
rio HacJieziCTBy riOTOMKaM;

2) riaBJIOB yCTaHOBHJI B03M0>KH0CTb oS'beKTHBHOTO H3y- 
mchhh noBe^eHHH >KHBOTiibix h qe./ioBeKa h peryjiHpyiomHX 
sro noBezieHHe M03r0Bbix npoueccoB 6e3 bchkhx cy6'beKTHB- 
iibix rnnoTe3, Bbipa>KCHHbix b ncuxojiorH^iecKHx TepMHHax.

B  TeneHHe noc./j^/iHHx ziecflTHjieTHH Sbicipoe pa3 BHTHe 

TCXHHKH CBH3H (pa^HO, TGJieBHJieHHe), 3BTOMaTHKH H Bbl- 

MHCJiHTejibHOH TexHHKH npHBe.no k 3HaqHTeJibHOMy pacuiH- 

peHHio caMoro (J)aKTHMecKoro M aie p n aJia  turn conociaBJie- 

HHH p a 6 0 TbI M a LUH H C AeHTeJIbHOCTbK) >KHBbIX Op raH H 3M O B  

h c c03HaTe.abH0H ixeflTejibnocTbio qe.iOBeKa. IlpH stom 

b m bi lli ji e h h e HiiH<cHepoB Bee 6 oJiee cTajio npoHHKaTb



Hcnc>Jib30BaHHe aHajiorHH M em jiy  p aS oT o ii co3,aaBaeMbix 
hmh M3 LUHH h p a 6 oT o ii q e jioB eq ecK o ro  co3HaHHH. H a n p n - 
M ep, cpe^CTBa CBH3H BOCnpHHHMaiOT «HH(j)OpMaUHK)» H 
nepeziaiOT ee  to ^ h o  hjih  c «ou iH 6K aM H »; Ha aBTO M ara B03- 
jia ra eT cn  3 a ^ a q a  cJie^oBaTb to h  h jih  hhoh «CTpaTeniH» 

hjih «TaK TH K e» h n a m e  «o6 yqa Tb C H » y  npoTHBHHKa 
ycBoeH H ofi hm TaKTHKe, c TeM qToSbi Bbipa6oTaTb u e jieco - 
o6 p a3 n y io  oTB eTnyio TaKTHKy; BbnmcJiHTeJibHbie MaiiiHHbi 
HMeiOT «3anoM H H aiom H e ycT p o 8 cT B a » («n a M H T b » );  npo- 
rpaMMHpyiom 'He MaiiiHHbi caMH «pa3pa6aTb iB a ioT  npo- 
rpaMMy» c j io jk h h x  b& i^hcjichhh, noJib3yncb 6oJiee h jih  mo- 
nee coBepmeHHOH «J i0 rHK0 H», h t .  jx. B s to h  npaKTHKe hh- 
>K6HepoB TpyziHo ycMOTpeTb KaKyio-JiH6o (JjhjiococJjckh 
OKpam eHHyio npezuiaM epeHHocTb: n p ocT o  yKa3aHHbie aH a
jiorHH CJIHLIIKOM eCTeCTBeHHbl H HBHbIM 06pa30M  nOMOraiOT 

HHHceHepaM AyM aTb h H3o6peTaTb.
BnojiHe noHHTHo, ^to «u eJ ie co o 6 p a 3 H a n » pa6oia MauiHH 

He HMeeT HHK3K0H CaMOCTOHTeJIbHOCTH H HBJTHeTCH JIHLUb 
TeXHH^eCKHM npH^aTKOM K UeJieC006pa3H0H AeflTeJIbHOCTH 
MejioBeKa. OanaKo 6oraTbiH< onbiT, HaKonjieHHbifi npn koh- 
CTpyHpOBaHHH aBTOMaTOB H Bbl̂ HCJIHTeJIbHblX MaLUHH, B Ha- 
cioamee BpeMH yme npe^cTaBJifleT 6oJibuioH HHrepec b Ka- 
qecTBe 3anaca Mo^ejieft, noMoraiomHX npe^cTaBHTb ce6e 
B03M0)KHbie ecTecTBeHHbie ynpaBJiniomHe h peryjiHpyiomne 
MexaHH3MbI. ripoueccbl (J)OpMHpOBaHHH yCJIOBHbIX pe(J)JieK- 

cob ycneuiHo H3yqaiOTCfl npn noMomn MozieJiHpyiomHX sth 

npoueccbi MauiHH K CymecTBeHHo onnpaiOTCH Ha aHajiorHH 
CO CJIOXCHblMH SJieKTpOHHblMH M3IHHHaMH COBpeMeHHbie pa- 
6oth , aHajiH3HpyK)HXHe ^enTeJibHocTb M03ra 2. B coBpeivieii- 

Hbix pa6oiax no TeopHH HacJieacTBeHHocTH 3HaqHTeJibHoe 
npHMeHeHKe HaxoAHT npezuyraBJieHHH o cnoco6ax ccKo/mpo- 

B3HHH» HH(J)OpMaUHH, pa3pa6oTaHHbie B TeXHH^eCKOH Teo
pHH CBH3H.

JXjin nOHHMaHHH npnqHH B03HHKH0BeHHH HOBOH HayKH —  

KHSepHeTHKH —  6ojiee cym ecTBeHno Apyroe cjie^cTBHe HOBefi-

1 Cm. neneBOAHMyio Ha pyccKHH H3biK KHHry P. P. Byma h O. Mo- 

dejuiepa «CToxacTHMecKaH Mo^ejib o6yweHHH». [Cm. TaK>Ke onydJiHKo- 
BaHHyK) b >KypnaJie «ycnexH MaTeMaTHMecKHX nayK» CTaTbto BbimicjiH- 
TejibHOH Jia6opaTopHH TapBapflCKoro yHHBepcHTeia «06yMeime mi(j)po- 

boh BbRHCJiHTejibHOH MauiHHw». — 17puM. ped.]
2 Cm. cneunaJibHyio KHHry y. P. 3ih6h «Vctpohctbo M03ra».



rnero pa3BHTHH yKa3aHHbix Bbirne pa3^eJioB TexwHKH. Hx  

pa3BHTHe He TOJIbKO JZ&eT HOBblH MaTepwaJI RJlfi. cjDHJIOCOCf)- 

cKoro aHajiH3a iiohhthh «ynpaBJieH,HH», «peryjiHpoBaHHH», 

«ueji6C006pa3H0CTH» b npHMeHeHHH k MauiHHaM h jkhbhm 

OpraHHSMaM, HO, KpOMe Toro, npHBeJIO K B03HHKH0BeHHI0 He- 

KOTopbix BcnoMoraTejibHbix cneunajibHbix zmcuHnjiHH He- 

(f)HJioco(j)CKoro xapaKTepa.

3 t h  AHCUHnJIHHbl B0 3 HHKJIH Hen0 Cpe^CTBeHH0  H3 npaK- 
Tim eCKHX nOTpeSHOCTen no# H a3B3 HHHMH «TeOpHfl HH(J)Op- 

MaUHH» \ «TeOpHH aJirOpHTMOB» 2, «TeopH5I aBTOMSTOB» 3. 

K oH K peTH b ie  p e 3y j ib T a r a , nojiy^eHHbie b hx  npeziejiax , cefi- 

qac y>Ke ^ 0 B0 JibH0 MHoroMHCJieHHbi. H a n p H M e p , ohh  n o 3Bo- 

J1HIOT: 1) OUeHHTb «KOJIHqeCTBO HH(})OpMaUHH», KOTopoe MO- 

>KeT SbiTb Ha£e>KHo n e p e a a H o  ^aHHbiM nepe/ia iom H M  

yCTpOHCTBOM HJIH COXpaHeHO ^aHHblM 3 anOMHHaK)m HM  

ycTpoficTBOxM,; 2) oueHHTb HaH M eHbm ee KoJiH^ecTBo npo-  

CTblX 3 BeHbeB C 3 a^ aH H0 H CXeMOH AGHCTBHH, KOTopoe HeoS- 

x g a h m o, q i o 6 bi H3 h h x  Morjio 6 biTb cocTaBJieH o ynpaB Jiflio - 

ni.ee ycTpoH CTBo, BbinoJiHHiom ee Te h jih  HHbie 3 a^aHHbie cj)yHK- 

ithh. B o 6 o h x  npH M epax  p e s y j ib T a ra  BbipajKaiOTCH HeK0 T0 pbi- 

mh M aTeM aTHqecKHMH c})opMyjiaMH, npHMeHHMbi >Ke s th  pe- 

3yJIbTaTbI COBepmeHHO O^HHaKOBO H npH  KOHCTpyHpOBaHHH  

ManiHH, h npn aHajiH3e AeflTejibHocTH >KHBbix 0praHH3M0B.
3 acJiy ro ft H. BH H ep a  HBJineTCH ycTaHOBJieHHe Toro 

4)aKTa, m o  c 0 B0 KynH 0 CTb sthx a h c u h h jih h  (b co3£aHHH He- 
KGTopbix H3 hhx BH H ep  npHHHMaji 3HaqHTejibHoe yqacTH e)  

ecTecTBeHHo o 6 rbejimineTcn  b HOByK) H a y n y  c ^ o cT a io q H o  

onpeziejieHHbiM co6cTBeHHbiM upe^MeTOM HccJiejioBaHHH. 
Cefi*iac y>Ke no3#Ho cnopHTb o CTeneHH yjxami B H H ep a , 

KOITia OH B CBOefl H3BeCTHOH KHHTe B 1948 TOJiy BblSpaJI JXJlft

1 Cm. ROKJiaji A. H. K0JiM0r0p0Ba «TeopHH nepe^aMH HH )̂opMauHH», 
c^ejiaiiHbiH 16 okth^ph 1956 r. Ha njieHapHOM 3ace,naHHH ceccnn 
AKa^eMHH HayK CCCP no HayqHbiM npo6jieMaM aBTOMaTH3auHH npoH3- 
BOACTBa, h jxoKJiap. P. JI. J[o6pymHHa «TeopHH nepe^a^H HH({30pMauHH», 
cAejiaHHbift 22 anpejui 1958 r. Ha KOH(J)epeHUHH b Mockobckom homq 
HayMH0-TexHHqecK0H nponaraH^bi. —  npuM. ped.

2 Cm. 26-h BbinycK cepHH «nonyjiapHbie JienuHH no MaTeMaTHKe»: 
TpaxTeH6poT B. A., «AjiropHTMbi h MauiHHHoe pemeHHe 3anan»; b npe- 
.hhcjiobhh k 3T0My BbinycKy npHBefleHa flajibHeHinan 6H6jiHorpac[)HH. —  

JlpuM. ped.

3 Cm. BbinymeHHbiH H3£aTejibCTBOM HHOCTpaHHOH JimepaTypbi c6op- 

hhk «ABTOM aTbi». —  77pUM. ped.



hoboh HayKH Ha3BaHHG «KH6epHeTHKa». 3 t o  Ha3BaHHe jio- 

C TaTO ^H O  yCT3HOBHJlOCb H B O C n p H H H M a eT C f l  KaK HOBblH Tep- 

MHH, MajIO CBH3aHHbIH CO CBOefi TpeqeCKOH STHMOJlOrHeti.

K n 6 e p H e T H K a  3 a H H M a e T c n  H3 y q e H H e M  chctcm jiio6oh n p n -  

po,zibi, c n o c o f i H b i x  B o c n p H H H M a T b ,  x p a H H T b  h n e p e p a 6 a T b i-  

BaTb HH(J)opMauHK) h Hcn0Jib30BaTb ee zuia ynpaBJieHHH h 

p e r y j i H p o B a H H H .  f l p n  stom K n 6 e p H e T H K a  u i H p o K o  n o j i b -  

3 yeT CH  M a T e M a T H M e C K H M  MeTOJIOM H C Tp eM H T C H  K nOJiyMe- 

HHK) K O H K p e T H b lX  C neU H aJ IbH bIX  p e 3 yJ Ib T a T O B ,  n 0 3 B0 JIHK)IHHX 

KaK aH aJ lH 3 H p O B 3 Tb  T a K O r O  p o ^ a  CHCTeM bI (BOCCTaHaBJIH - 

BflTb HX yC TpO H C TBO  Ha OCHOBaHHH O n b lT a  o f i p a m e H H H  

c hhm h), Tan h chhie3HpoB3Tb hx (paccmiTbiBaTb CXeMbI 

CHCTeM , c n o c o 6 H b ix  o c y m e c T B J i m  b 3 a a a H H b i e  i x e f i c T B H f l ) .  

B j i a r o A a p a  S T O M y  C B o e M y  K O H K p e T H O M y  xapaKTepy K n S e p -  

n e T H K a  hh b k a K o f t  Mepe He cboahtch k tj)HJi0C0(})CK0My 06- 

cyH C A eH H io  n p H p o ^ b i  « u e j i e c o o 6 p a 3 H o c T H »  b M a u iH H a x  h 

b  >KHBbix o p r a H H 3 M a x ,  He 3 a M eH H H  T a K > K e  c o f i o H  o 6 m e r o  

4 )H J io c o (J )C K o ro  a H a J iH 3 a H3yMaeMoro e i o  Kpyra HBJienHH 

F Io j i o J K e H H e  a B T o p a  khhfh — Y. P. 3iu 6h  — K a K  6ho- 

J io r a ,  A o c T a i o M H o  0 CH0 B a T eJ ib H 0  H3 y H H B i u e r o  o T B J i e q e H n y i o ,  

M a i e M a T H M e c K y K )  C T o p o H y  j x e j l a ,  B e c b M a  B b iH r p b iu iH o  j x j m  

n o n y j i H p H 3 a u H H  o S m n x  u j x m  K n 6 e p H e T H K H  cpe^H jihu, j x j ik  

K d o p b i x  M a j e M a T H H e c K H H  a n n a p a T  n p e A C T a B J i n e i  6 o j i b i i iH e  

Tpyji,H0CTH, a qpe3MepHO ^eiajibHoe Bxo^eHHe b Bonpocbi 
lexH^qecKOH KH6epHeTHKH To>K e  6biJio 6bi 3aipyjiHHTejibHo. 
npH 9TOM y. P. 3lu6h AOCTaTOMHO OCTOpO>KeH B CBOHX Bbl- 
Bojxax h A a j i e K  ot H e p e # K o  B C T p e q a i o m e r o c f l  p e K J i a M H o r o  

c t h j i h  n p o c j i a B J i e H H H  KH6epneTHKH. O ^ H a K o  q H T a T e J ib  a o j i -  

>K0H KpHTHMeCKH OTHOCHTbCfl K B bl CK 3 3 bl B 3IIH H M aBTOpa 
M e T o ^ o . a o r H M e c K o r o  h (J )HJiococJ)CKoro x a p a K T e p a .  C j i e / i y e T  

T a K ^ e  HMeTb b bhAy, ^to Hei<0T0pbie BbiBOAbi a B T o p a  

flBJIHIOTCfl ilHCKVCCHOHHblMH.
A. KoAMoeopoQ

1 B stom ee OTJiHMHe, Hanpwviep, ot Bceotfmefi 0praiiH3auH0ini0n 
H a y K H  «TeKT0J10rHH», K O T O p y i O  Ilb iTaJ lCH B CBOe BpeMH C03AaTb
A. A. Bor^aHOB.



n P E A M C / I O B H E  A BTC) P A

M H orne  pa6oTHHKH 6Ho.noniMecKHx Hayic —  (})H3H0Ji0rH, 

ncuxoJiorH, counoJiorH —  HHrepecyiOTCfl KHfiepHernxoft h 

xoTeJiH oh npHMenHTb ee MeTo^bi h annapaT b cBoefi co6- 

cTBeHHoH cneuHajibHOCTH. O /m a K o  mhothm H3 hhx Mem aeT 

y6exc(aeHHe, 4to  3T 0M y  aojijkho npeAuiecTBOBaTb ^jiHTejib- 

Hoe H3yqeHne ajieKTpoHHKH h BbicniHX p a3AeJioB hhctoh 

MaieMaTHKH; y hhx cjiojKHJiocb BneqaT^eH'ne, m o  KH0ep- 

HCTHKa HeOTAeJIHMa OT 3THX npeZlMeTOB.

Abtop, o^HaKo, y 6e>KfleH, mto sto Bne^aTJieHHe jio>k- 

ho. OcHOBHbie ujien KH6epHeTHKH no cymecTBy npocTbi h 

He TpeSyioT cchjiok Ha 3JieKTpoHHi<y. ooJiee cJio>KHbix

npHJio>KeHHH Mo>KeT noTpe6oBaTbCH 6oJiee cjiojkhhh a n n a 

paT, oflnaKo MHoroe mojkho caejiaTb, ocoSeHHo b 6iiojicrH- 

hcckhx nayKax, c noMombio BecbMa npocToro an n apaia ; 

Hajio T0JibK0 npHMeHHTb ero c achum  h rjiy6oKHM noHHMa- 

nneM 3 aiparHBaeMbix npHHunnoB. Ecjih 060CH0BaTb npe#- 

MeT 06menpHH5ITbIMH, JierKO flOCTynHHMH nOJIO>KeHHflMH H 

3aieM  H3JiaraTb ero nocrreneHHo, uiar 3a rnaroM, to, no 

MHeHHK) aBTOpa, HeT HHKaKHX OCHOB3HHH 0>KH£aTb, MTO 

jx'dme paSoTHHK c sjieMeHTapHbiMH M aTeM aw iecK H M H  3Ha- 

HHHMH He CMO>KeT AOCTH^b nOJIHOrO nOHHMaHHH OCHOBHbIX 

npHHUHnoB npeziMeia. A Tanoe noHHMaHHe n03B0JiHT eMy 

to1!ho peuiHTb, KaKHM annapaTOM  oh nojimeu eme oBJia- 

jiejb jinn ziaJibHeHuieH paSoTbi h —  ^to oco6eHHo b3>kho —  

KaKHM annapaTOM  oh mojkct cnoKoflHo npeHefipe^b, KaK He 

HMeK)in,HM oTHouieHHH k ero 3aAaqaM.



HacTonman KHHra jiojimua cjiyacHTb TaKoro pozia BBe- 

ZieHneM. OHa HaqHHaeT c oSluhx, JierKo ziocTynHbix noiin- 
thh h mar 3a uiaroM noKa3biBaeT, KaKHM o6pa30M sth no- 
h5ithh Moryx 6biTb yToraeHbi h pa3BHTbi, noKa ohh He npn- 
Be^yT K T3KHM B0np0CaM KH6epHeTHKH, KaK o6paTHan 

CBH3b, yCTOH^HBOCTb, peryJIHpOBaHHe, yjIbTpayCTOOTHBOCTb, 

Hii(J)opMauHH, KOAHpoBaHHe, myM h t. jx. Hum e  b KHnre He 
TpeSyeTCH 3Hbhhh MaTeMaTHKH CBepx sjieMeHTapHOH aji- 

re6pbi. B qacTHocTH, £OKa3aTejibCTBa mime  He 0CH0BaHbi 
Ha HCTOCJieHHH SeCKOHe^HO MajIbIX (HeMHOHiMH CCblJIKaMH 
Ha Hero mojkho 6e3o bchkoto Bpe^a npeHeSpeqb; ohh npn~ 
Be^eHbi jiHuib c uejibio noKa3aTb, KaKHM 06pa30M Hcnncjie- 
HHe SecKOHe^HO Majibix MomeT npHMeHHTbcn k paccMaTpn- 
BaeMbiM BonpocaM). RnjiiocTpauHH h npHMepbi SepyTCH 
B OCHOBHOM H3 6HOJIOrHqeCKHX, pe^e H3 (})H3HqeCKHX HayK. 
CoBnaAeHHe c khhtoh «ycTpoftcTBO M03ra» HeBeJiHKo, TaK 
^to 3th ABe khhth noqTH He 3aBHCHT Apyr ot Apyra. Oa- 
HaKo ohh TecHo cBH3aHbi meMjxy coSofl, h jiymue Bcero pac- 
CMaTpHBaTb HX KaK B33HMH0 AOnOJIHHTejIbHbie: ORHa. no- 

MoraeT noHHTb Apyryio1.
KHHra ^eJiHTCH Ha tph qacm

B qacTH I paccMaTpHBaioTCH ocHOBHbie ^epra MexaHH3- 
mob; b Heft .o6cyjK£aK)TCH TaKHe Bonpocbi, KaK npe/jcTaBJie- 
HHe MexaHH3MOB nocpeACTBOM npeo6pa30BaHHH, noHHTHe 
«yCTOHMHBOCTH», nOHHTHe «06paTH0H CBH3H», pa3JiHqHbie 
(})OpMbI He3aBHCHMOCTH, KOTOpbie MOryT CymeCTBOBaTb 
BHyTpH MexaHH3MOB, H COe^HHeHHe MexaHH3MOB Apyr c Apy- 
tom. B SToft qacra H3jiaraiOTCH npHHUHnw, kotophmh cjie- 
AyeT pyKOBOACTBOBaTbCH, Kor^a cncTeMa CTOJib BejiHKa h 

cjiojKHa (HanpHMep, M03r hjih oSmecTBo), mo mojkct pac- 
CMaTpHBaTbCH JiHuib cTaTHdHqecKH. B Heft o6cy>K£aeTCH 
TaKjKe cjiyqaft cncTeMbi, He Bnojme AocTynHoft Henocpe#- 
CTBeHHOMy Ha6jiio,aeHHK), —  xaK Ha3biBaeMan «TeopHH 4ep- 

HOrO HUJ,HKa».

1 SlBHbie H MOJIMaJIHBbie CCblJIKH Ha K H H ry  aBTOpa «yCTpOH- 

ctbo M 03ra»  AOBOJibHo *iacTbi b HacTOHmeft rjiaBe. fljia y;xo6cTBa 

HHTaiejieA b KOHue HacToam ero nepeB o^a noMemeHbi jxbsl npHJioxce- 

hhh, cocTaBJieHHbie no KHHre «ycTponcTBO  M03ra». 3 t h  npnJio>KeHHH He 

yCTp3HHK)T, KOIieMHO, HeoGxOAHMOCTH B 6oJiee 6.7IH3KOM 3HaKOxMCTBe 

c «ycTp0HCTB0M  M 03ra» ajih Tex, kto  atejiaeT 6ojiee ^eiajibHo H3ymiTb 

npe^MeT. — llpuM. ped.



B ^aCTH  II MeTOflbl, pa3BHTbie B qaCTH I, npHMeHHIOTCfl 

K HCCJiejlOBaHHIO nOHHTHH «HHC})OpMaUHH» H K HCCJieAOBa-

hhk) K0AHp0BaHHH HHcjjopMauHH npH ee npoXOJK^eHHH qe- 

pe3 M6X3HH3MH. B 3T0H qacTH paccMaTpHBaeTC$i npiiMeHe- 
HHe y K a3aH H bix  M eTo^oB  k pasjm ^H biM  npoftjieMaM 6hojio- 
thh h ^eJiaeTCH nonbiTKa noKa3aTb xoth 6h ^acTb Bcero 
0 6 HJIHH HX B03M0>KHbIX npHMeiieHHH. 3tO npH BOOTT  K Teo- 

pHH IUeHHOHa, TaK mo, npo^HTaB 3Ty qacTb, qHTaTejib cmo- 
>KeT 6e3 3a T p y ^n e H H H  nepeftTH k H3yweHiiio p a 6 o i  caM oro  

Ulei-iHOHa.

B ^aCTH  III nOHHTHH M e x aH H 3M a  H HH(J)OpMaUHH npw- 

MeHHiOTCH k 6H0Ji0rHqecKHM  cHCTeM aM  peryjiHpoBaHHH h 

ynpaBJieHHH —  KaK k Bpo>K^eHHbiM, H3yqaeMbiM  (J)H3mojio- 

rneft, TaK  h k npnoSpeTenH biM , H3y^aeM biM  ncnxo- 

jiorKeH. B Heft noKa3biBaeTCH, KaK  MoryT crpoHTbcn nepap- 

x h h  T aKH x  cHCTeM peryjiHpoBaHHH h ynpaBJieHHH h KaK  no- 

CpeACTBOM 3T 0r0  CTaHOBHTCH B03M0>KHbIM ycHJiei-me pery- 

jinpoBaHHH. B Heft ^aeTCH  H0 B0 e h b o 6 m e M  6oJiee npocToe 

H3Jio>KeHHe n p H H u n n a  y jibT p a y c T o ftra B o c m  3 T a  qacTb 3a- 

KJia^biBaeT o c h o b h  oSmeft TeopHH cjio jkhhx chctcm  pery- 

jiiipoBaHHfl, p a3B H B an  Aajibm e HRen  kh h th  «ycTpoftcTBo 

M 03ra» . T a K H M  0 6 p a 3 0 M , oHa ^a eT , c o/iHoft d o p o H b i, o6t>- 

sicHeHHe HCKJiioqHTejibHoft cnoco6H ocTH  peryjiHpoBaHH5i, 

npncym eft M 03ry , a c ^pyroft cToponbi —  npHHunnbi, na 

OCHOBe KOTOpbIX npOeKTHpOBLUHK MO>KeT CTpOHTb MaiHHHbl, 

o & n a a a io m H e  no^o6Hoft cnoco6HocTbio.

X o t h  KHHra 3aziyMarfa KaK  jierKoe BBezieHHe, OHa He 

5iBjifleTC5i npo cTo  6 0 JiT0 BHeft o KnSepH eTH Ke  —  OHa Hann- 

caH a  RJin Tex, kto  xoqeT nyTeM  caMocTonTejibHoft p a 6 oTbi 

b oA th  b 3Ty  o 6 jiacTb, fljifl Tex, kto  xoneT Ha ziejie, npaKTH- 

liecKH 0BJia,aeTb n p e ^M e T O M . EfosTOMy ona  coziep>KHT M Horo 

JierKHx ynpaacHeHHfi, Tm aiejibH o  nozioSpaHHbix no  cTeneHH 

CJIO>KHOCTH, C yKa3aHH5IMH H nOApoSHblM H OTBeTaMH, TaK  

mto' qHTaTejib no M epe  npoABH>KeHHH mohcct npoBepnTb  

ycBoeH ne n p o ^H T aH H o ro  h ynpajK H H Tb  cboh HOBbie HHTeji- 

jieKTyaJibHbie M ycKyjiw . H e M H o r n e  ynpa>KneHH$i, T p e 6 yio- 

m n e  cneunaJibHoro a n n a p aT a , oTMeqeHbi 3Be3£oqKoft: 

« * Y n p .» .  Hx n p o n y c K  He 3 aTpyjjHHT npoflBHHceHHH qHTa- 

TejiH.

ZIjth y ^o S c T B a  cchjiok M aTepnaji pa3AejieH Ha napa- 
rpa(J)bi; npH  Bcex ccbiJiKax npHBOHHTCH HOM epa naparpa(|)OB,



H nOCKOJlbKy 3TH HOMepa CTOHT Ha Ka>KAOH CTpaHHUe 

CBepxy, HafiTH naparpacj} Tan >Ke JierKo h npocTo, KaK 
HaHTH cTpaHHuy. riaparpac))bi o6o3HaqaK)TCH TaK: «§  9 /14» , 

mo yK33biBaeT na § 14 rji. 9. Phcyhkh, Tafijinubi h ynpa>K- 

FieHHH HyMepyiOTCH BHyipw Ka>KAoro naparpa(J)a; TaK, 
pHC. 9 /14 /2  eCTb BTOpOH pHCyHOK B § 9 /14. ripOCTbie 

ccbiJiKH, HanpHMep «Ynp. 4», o6o3HaqaK)T ccbiJiKy Ha Ma- 
Tepwaji BHyTpH iiaHHoro naparpac{)a. TaM, m e  cjiobo (j)op- 

Majibno onpe/iejifleTCfl, oho HaneqaiaHo noJiy>KHpHbiM 

iuPhc|)tom.

$  xoTeji 6 bi Bbipa3HTb m o k ) npH 3 naieJibH0 CTb ManKjiy

B. CnopHy, npoBepHBiueMy Bee OTBeTbi k ynpaJKHeHH^M. 

ft xoTeji 6 bi TaK>Ke B0 cn0Jib30 BaTbCH cjiyqaeM, m o 6 bi Bbi- 

pa3HTb rjiy6 oKyio 6 jiaro;iapHocTb ynpaBJiflioiiiHM SojibHHUbi 

«D ap H B y^  X a ‘yc» 1 h R-py JUk . y. T. X. OjieMHHry 3 a luh- 

poKyio no/mep>KKy, KOTopaa cjxenajia b o s m o k h h m h  bth 

HccJie^oBaiiHH. Xoth  KHHra 3aiparHBaeT MHorwe Bonpocbi, 

OHH CJiy>KaT JIHLlib Cpe^CTBOM; uejlbio BCeft KHHTH 6 bIJI0 Bbl- 

jicHHTb, KaKHM npHHUHnam Hy>KHo cJie^oBaTb, nbnancb boc- 

CTaHOBHTb HopMajibnyio AeHTeJibHOCTb 6 oJibHoro opra- 

HH3Ma, noTpncaKDLue cJio>KHoro, ecJiH pe^b uner  o qejioBeKe. 

51 Bepio, m o  H0 B0e noHHMaHHe Mo>KeT npHBecTH k h o b h m  h 

^encTBeHHbiM M eio^aM , u6 o noTpe6 HocTb b h hx  BeJiHKa.

y. Pocc diuGu
<BapHBy;t Xayc»

fjiociep

1 «BapfiByA Xayc» (Barnwood House) — ncHXHaTpHMecKaa 6o.i-b- 
mma b TjiocTepe (Gloucester). A btop hbjihctch 3aBeziyiomHM Hccjiê o- 
BaTeJibCKHM OTAeJiOM (Director of Research) 9tom 6oJibiiHUbi — npuM. 
pcd.



rJI AB A 1

H o B o e

1/1. BHHep onpe^ejiHji KHfiepHeTHKy nan «HayKy 0 6  
vnpaBJieHHH h cba3H b >khbothom h MauiHHe», hjih, roBopn 

Kopoqe, KaK HCKyccTBo KOpM Heao. H m chho  sthm BonpocaM 

nocBflmeHa HacYoflman KHura. Ee TeMaMH 6yAyT koopah- 

nauHH, peryjiHpoBaHHe h  ynpaBJienwe, ripeACTaBJiniomHe Be- 

jiHqaftniHH SnojionmecKHH h  npaKTHqecKHH HHTepec.

Mbi ixoJi>KHbi nosTOMy HCCJiezioBaTb noHHTHe MexaHH3Ma. 

OjiHaKo npe^BapHTeJibHo noJie3Ho xiaTb HeKOTopoe BBe#e- 

pine, h 6 o KHSepHeTHKa paccMaTpHBaeT 3To noHHTHe n o n  ho- 

bhm h, cjiezioBaTejibHo, HeoSbiqHbiM yrjioM. Be3 TaKoro 
BBe^eHHH rji. 2 Mo>KeT noKa3aTbCH cotfepxcaineft cepbe3Hbie 
ouih6kh. CjiejiyeT echo TioHHTb HoByio Towy 3penHa, TaK 
KaK BCHKoe Heoco3HaHHoe KOJie6aHHe Meac.ny CTapoS h ho- 
boh ToqKaMH 3peHH5i Mo^eT npHBecTH k nyiaHHue.
1/2. OcodennocTu KudepHeruKu. MHorne khhth hocht 

3arjiaBHe «TeopHH MauiHH», ho ofibmHo ohh co,aep>KaT CBe- 

jxehhh o Mexanm ecKux  Bem ax, o pbmarax w 3y6qaTbix ko- 

Jiecax. Kw6epHeTHKa TO}Ke HBJineTCH «TeopneH MauiHH», ho 

OHa roBopHT He o Bemax, a o cnocoOax noeede/uix. O H a  

cnpauiHBaeT He «hto 9to TaKoe?», a «hto oho deAaet?». 

HanpHMep, OHa o^eHb HHTepecyeTcn takhm h BbiCKa3biBa- 
hhhmh, KaK BbicKa3biBaHHe: «9Ta nepeMeHKaa HcnbiTbiBaeT 

npocToe rapMGHHqecKoe KOJie6aHne»; ropa3£o MeHbuie ee 

3aHHMaeT Bonpoc, qeM HBJineTCfl 3Ta nepeMeHiiaa BejiH4HHa:



noJicmeHHeM to^kh Ha KOJiece hjih noTeHunajioM sjieKTpH- 
qecKoft uenn. TaKHM 06pa30M, oHa no cymecTBy (J)yHKUHo- 

naJibHa h SnxeBHopHCTH^Ha.
CHaqajia KHSepHeTHKa 6bijia TecHo cB5i3aHa no mhothm 

JIHHHHM C (J)H3HKO0; HO OHa He 33BHCHT CyilieCTBeHHblM o6- 
pa30M OT 3aKOHOB (})H3HKH HJIH CBOHCTB MBTepHH *. Kn6ep- 
HeTHKa 3aHHMaeTCH BceMH cj)opMaMH noBe/ieHHH nocrojibKy, 
nOCKOJIbKy OHH hbjihiotch peryjinpHbiMH, hjih zieTepMHHHpo- 
B3HHbIMH, HJIH BOCnpOH3BOOTMbIMH. MaTepHaJIbHOCTb He 
HMeeT jxjm Hee 3HaqeHHH, paBHo KaK h cofijnozieHHe hjih 

HecoQjno^eHHe o6bmHbix 3aKOHOB c})H3HKH (npHMep, npn- 
Be/ieHHbift b § 4/15, noncHHT sjy Mbicjib). Mctuhu Ku6ep- 

'neitiKu ne HyMdatOTCR e ebieedenua U3 kcikou-au6o dpysou 
prpacjiu natjKU. Kn6epHeTHKa HMeeT cboh co6cTBeHHbie 
0CH0BaHHH. O^Ha H3 uejieft jxaHHOH khhth — hcho noKa-
3aTb 3TH OCHOBaHHH.

1/3. KHSepneTHKa npHMepHo TaK me othochtch k peajib- 

HblM MaUJHHaM —  SJieKTpOHHblM, MexaHH4eCKHM, HepBHbIM 

h SKOHOMH^ecKHM, —  KaK reoMeTpHH k peaJibHbiM o6i>eK“ 

TaM b HauieM 3eMHOM npodpaHCTBe. Bbijio BpeMH, Koraa 

coa «reoMeTpneH» noHHMajiH oTHoiueHHH, KOTopbie mo>kho 
HarJiHAHo npezicTaBHTb Ha TpexMepHbix Tejiax hjih ABy- 

MepHbix qepTe>Kax. OopMbi, cymecTBOBaBiuHe i-ia 3eMJie 

y ^KHBOTHbix, pacTeHHH, MHHepaJioB, 6biJiH MHoroqncjieHHee 

h 6oraqe CBOHCTBaMH, qeM (J)opMbi, cymecTBOBaBuiHe b 3Jie- 

MeHTapHoft reoMeTpHH. B Te jxhh (})opMa, noACKa3aHHan 
reoMeTpneH, ho He AonycKaBiuan Harji5i£Horo npejiciaBJie- 

hhh b 06bmH0M npocTpancTBe, 6biJia C0MHHTeJibH0H hjih He- 

npneMJieMOH. 06bmnoe npodpaHCTBo eocrtodcieoeaAO Ha# 

reoMeTpHefi.

CeHMac nojio^KeHHe coBepmeHiio zipyroe. TeoMerpHH 

cymecTByeT no coScTBeHHOMy npaBy, Sjiaro/iapfl co6cTBeH- 

hhm CHJiaM. OHa Tenepb mojkct tomho h nocjiezioBaTejibHo 
paccMaTpHBaTb MHoroo6pa3He (J)opM h npocTpancTB, zia- 

jieKo npeBocxo^Hmee Bee, m o Mo>KeT jyaih 3eMHoe npo- 

CTpaHCTBo. Cenqac reoMeTpnn co£ep>KHT 3eMHbie 4)opMbi, 

,a He Hao6opoT, h6o 3eMHbie (J)opMbi cyTb JiHuib qacTHbie 

CJiyqaH bo Bceo6 beMJiiomeH reoMeTpHH.

1 3aKOHbI KH6epHeTHKH AeHCTBHTeJlbHO He 3aBIICfir OT 33KOHOB 4)H- 

3HKH, HO 33BHCHT, KOHCMHO, OT CBOHCTB MaTepHH. BoJiee T0r0, OHH, KaK 

H 3aK0HbI BC.HKOH HayKH, 6bl60dRTCR H3 3THX CBOHCTB. —  flpuM. ped.



Bpfl# jih hy^ho yKa3biBaTb Ha tot Bbmrpbim, KOTopbift 
npHHecJio c co6ofl pa3BHTne reoMeTpHH. TeoMeTpHH Tenepb 
cJiy>KHT octobom, Ha KOTopoM Bee 3eMHbie (j)opMbJ MoryT 

HafiTH CBoe ecTecTBeHHoe mgcto, fijiaro^apn. qeMy CTaHo- 
BHTCH np03paqHbIMH OTHOLlieHHH Me)K£y pa3JIHqHbIMH (J)op- 

MaMH. CooTBeTCTBeHHo 3T0My pacTymeMy noHHMaHHio 

pacTeT h cnocodHocTb ynpaBJieHHH.

KH6epHeTHKa Haxo^HTcn b aHajiornqHOM oTHomeHHH 
k cymecTByK)mHM MauiHHaM. Ee npe^MeTOM HBJineTCfl 06- 
jiacTb «Bcex B03M0>KHbix MauiHH», h JiHuib bo BTopyio oqe- 

pejib oHa HHTepecyeTCH TeM, qTo HeK0T0pbie H3 sthx MauiHH 
eme He co3£aHbi hh qejioBeicoM, hh npnpoAoft. KnSepHe- 

THKa jxaet o-Siuhh octob, Ha kotopom MoryT SbiTb pacnoJio- 
XCeHU, COOTHeCeHbl H nOHHTbl BCe HH^HBHAyaJIbHbie MaUIHHW. 
1/4. Il03T0My KHSepHeTHKa He 6ohtch B03pa}KeHHft, mo 

HeKOTopbie H3 paccMaTpHBaeMbix eio MauiHH He npe/jCTa- 
BJieHbi cpe^H MauiHH, cymecTByiomHX BOKpyr Hac. B stom 
oTHomeHHH OHa cJie^yeT no TOMy nyra, no K0T0p0My c Ta- 
khm ycnexoM nuer MaieMaTHHecKaa cj)H3HKa. 3ia noc.nea- 
HH5i HayKa zioJiroe BpeMH H3yqaJia npeHMymecTBeHHo ch- 
cTeMbi, KoTopbie, KaK xopouio H3BecTHo, He cymecTByioT: 
npy^HHbi, ne HMeiomne Maccbi; qacTHUbi, HMeiomne waccy, 
ho He HMeiOLUHe o6i>eMa; HueaJibHbie ra3bi h t. h. BepHO, 
mto TaKHx Bemefl He cymecTByeT; ho sto He 3HaqHT, qTo 
MaTeMaTHqecKaa (j)H3HKa ecTb npocTo (})aHTa3Hfl, h sto He 
3acTaBjineT fymrnia  oT6pocHTb cboh TpaKTaT  no TeopHH npy- 

>khh 6e3 Maccbi, h6o Ha3BaHHaa TeopHH 0Ka3biBaeT eMy He- 
oueHHMbie ycjiyrn b npaKTHqecKoft paSoTe. Xoth npy>KHHa 
Ce3 Maccbi He npe^cTaBHMa cj)H3HqecKH, OHa o6jia^aeT ne- 
K0T0pbiMH cBoficTBaMH, npn^aiomHMH eft BejiHqaftuiyio 
Ba>KHOCTb RJin 4)H3HKa, eCJIH OH XOqeT nOHHTb XOTH 6bl Ta- 
Kyio npocTyio cncTeMy, KaK qacbi.

Bnojior 3H aeT  h  n p H M en neT  t o t  ate caMbift n p H H u n n , 

Kor,aa o h  n o ^B e p raeT  JiaHueTHHKa (Amphioxus) h j ih  Ka- 

KyK)-jiH6o Hcqe3HyBuiyio c})opMy aeTajibH OM y H3yqeHHio, co- 

B ep m eH H o  H enpono puH O H aJibH OM y  ee cero^HHUiHeMy s k o j i o - 

rnqecKOM y h j ih  sKOHOM HqecKOM y 3HaqeHHio.

KnSepHeTHKa ToqHo TaK >Ke BbmeJineT HeKOTopbie Timbi
MexaHH3M0B (§ 3/3), npezicTaBJiHiomHe oco6bift HHTepec 
AJih o6meft TeopHH; h OHa ^ejiaeT s t o  6e30THOCHTejibno 
k TOMy, HacKoJibKo 3Ta (J)opMa o6biqHa £Jifl 3eMHbix MauiHH.



JlHiub nocjie AocTaToqHo noJiHoro H3yMeHH5i eo3MooKHbix 

oTHomeHHH MeynRy MaiiiHHaMH KH6epHeTHKa nepexoziHT 

k paccMOTpeHHK) c{)opM, iieflcTBHTejibiio o6Hapy>KHBaeMbix 

B KaK0H-JIH60 KOHKpeTHOH OTpaCJIH HayKH.

1/5. BBH^y xaKoro MeTozia, Tpe6yiomero npe>K£e Bcero 

ri0JiH0Tbi h oSiuho cth , b KHSepHeTHKe npH paccMOTpeHHH 

JH060H AaHHOH, KOHKpeTHOH MaiUHHbl THnHMeH He Bonpoc: 

«K a K o e  HH^HBHZiyajibHoe jieHCTBHe coBepmHT oHa 3jxech h 

ceftqac?» —  a Bonpoc: «KaKOBbi ece B03M0>KHbie 4)0PMbI 

noBe^eHMH stoh MaiiiHHbi?»

BjiaroAapn 3T0My 06cT0HTejibCTBy TeopHH HH(j)opManHH 

HrpaeT 6oJibiuyfo pojib b npofijieMax KHoepHeTHKH. Bejxh 

TeopHH HH(J)opMauHH xapaKTepH3yeTcn no cymecTBV tcm, 

mto OHa Bcerria HMeeT nejio c HeK0T0pbiM MnoMecreoM bo3- 

Mo^KHocTeft; KaK ee HCxoAHbie jxaimbie, raK h ee 0K0HMa- 

Te.lbHbie BblBOAbl 0TH0CHTCH BCerZU K MHO>KeCTBy KaK TaKO- 

BOMy, a ne k KaKOMy-JinSo 0TAeJibH0My sjieMeHTy b HeM.

3ra  HOBan TOMKa 3peHHH npHBOAHT k paccMOTpeHHK) 3a- 

jaaw HOBoro THna. Co CTapofl tomkh 3peH<HH, bhah, cKajKeM, 

mto H3 HHueKJieTKH BbipacTaer KpoJiHK, cnpaiiiHBaJiH: «no- 

MeMy 3to npoHcxo^HT? noqeMy fiflueKjieTKa He ocTaeica 

np0CT0 HHUeK.aeTKOH?» FIonblTKH OTBeTHTb Ha 3TOT Bonpoc 

BejiH k H3yqeHHio SHepreTHKH HBJieHHH h k oTKpbiTHio pa3- 

JIHMHblX n p H 4HH, BbI3bIBaiOUXHX H3MeHeHHe AHUeKJieTKH. H a -  
npHMep, ycTaHaB./iHBajiocb, m o  ee JKHpbi MoryT oKHCJisiTbCH, 

BbwejiHH cBo6o^nyK) sneprHio; mto OHa HMeeT (j)oc(J)opHJiH- 

pyiomne 3H3HMbi h BCJie^CTBHe SToro ee MeTaSoJiHTbi MoryT 

BKJiioqaTb siy SHepraio b uhkji Kpe6ca h t. jx. B sthx 

HCCJietfOBaHHHX OCHOBHbIM HBJlHeTCH nOHHTHe SHepTHH.

CoBepmeHHo oTJiHMHa, xoth cTOJib >Ke ocnoBaTejibHa 

TOMKa 3peHH51 KHSepHeTHKH. OHa npHHHMaeT KaK AaHHOe, 

mto HflueKJieTKa o6jiaziaeT AocTaTOMHbiM kojihmcctbom cbo-

6o£HOH 3HepTHH H MTO OHa MeTaSoJIHMeCKH CTOJib TOHKO 

ypaBHOBemeiia, m to  h bjih ctch  KaK 6bi B3pbiBMaTOH. 

A  Koraa H3 HftueKJieTKH pa30BbeicH HeKoiopan cj)OOMa, t o  

KHfiepHeTHKa cnpocHT: «noMeMy pe3yjibTaT0M H3MeHCHHH 

ABH.nacb (J)opMa Kpo«.THKa, a He (j)opMa coSaKH, (})opMa 

pbi6bi hjih  Ra>Ke (J)opMa TepaTOMbi?» K n 6epHeTHKa paccMa- 

tpwBaeT ropa3Ao SoJibiue B03M0>KH0CTeH, MeM hx cyme- 

CTByeT (J)aKTHMecKH, a 3aTeM cnpauiHBaeT, noMeMy KOHKpeT- 

HbiH cJiyMaft noAMHuneiCH oShiMHbiM KOHKpeTHbiM orpaHHMe-



hhhm. ripH 3tom Bonpocbi snepreTHKH He HrpaiOT noqTH 

HHKaKOH pOJIH—  SHepTHH np0CT0 npHHHMaeTCfl KaK HeMTO 

AaHHoe. Macro He HMeeT 3HaqeHHH ziajKe 3aMKHyiocTb hjih

OTKpblTOCTb CHCTeMbI B SHepreTHHeCKOM OTHOHieHHH —  

Ba>KHa Auuib Ta cTeneHb, b KOTopofl CHCTeMa nojmHHneTCH 

AeTepMHHHpyiomHM h ynpaBJiHiouxHM cjpaKTopaivL HwRaKafi 

HHCpopMaUHH, HJIH CHTHaJI, HJIH AeTepMHHHpyiO'LUHH (})aKTOp 

He MoryT npoHTH H3 oahoh qacTH CHCTeMbi b jipyryio, He 

6ynyqn oTMe^eHbi KaK 3Ha*iHMoe co6biTHe. OaKTHqecKH 

mo>kho onpeziejiHTb KHSepHeTHKy KaK uccAedoeanue cucreM, 

oTKpbiTbix Oar dnepeuu, ho 3aMKnyTbix Oar uncpopMai^uu u 

ynpaeAenuR, —  CHCTeM, «HenpoHHuaeMbix ajih HH(J)opMa- 

UHH» (§ 9).
1/6. npuM eneH U H  KuOepneruKu. Elocjie TaKoro o6m ero 

o63opa KHSepHeTHKH Mbi Mo>KeM nepeftTH k paccMOTpeHHK) 

neKOTopbix nyien ee B03Mo>KHoro npHMeHeHHH. H  orpaHH- 

qycb TeMH npHJio>KeHH5iMH KnSepHeTHKH, KOTopbie o6emaK)T 

0Ka3aTbCH HanSoJiee noJie3HbiMH ajih SHOJionmecKHx nayK. 

3 to  paccMOTpeHHe Momer  6biTb TOJibKo oqeHb KpaTKHM h 

oSiuhm. M H o rne  npHJiox<eHHH yate ocymecTBJienbi h cjihlh- 

kom xoporno H3BecTHbi, qTo6bi onHCbiBaTb kx 3£ecb; em e 

6oJibuiee qncJio, HecoMHeHHo, 6yjier ocymecTBJieHo b 6yjiy- 

m eM . O AH aKo  ABa ocoSbix Haymibix AocToiiHCTBa KH6ep- 

neTHKH 3acJiy>KHBaiOT cneuHajibHoro ynoMHHaHHH.

O a h o  H3 hhx coctoht b tom, mto KHSepHeTHKa npe#- 

jiaraeT e^HHyio TepMHHOJiornio 11 e/jHHbiH KOMnjieKC nona- 

thh ajih npeACTaBJieHHH CHCTeM caMbix pa3JmqHbix thiiob. 

JXo HeziaBHero BpeMeHH JiioSan nonbiTKa conociaBHTb, Ha- 

npHMep, MHoroqncJieHHbie (})aKTbi o cjie^nmnx CHCTeiviax 

C AaHHblMH O M03>KeqKe H3JIHLHHe yCJIO>KH5IJiaCb T6M 06- 

ClOHTeJIbCTBOM, m o  CBOHCTBa CJieAHU^HX CHCTeM onHCblBa- 

JiHCb b TepMHHax, HanoMHHaiomHX 06 aBToriHJioTax, hjih 

paAHonpHeMHHKax, hjih mfltpaBJiHqecKHx T0pM 03ax, Tor^a 

KaK CBOHCTBa M03>KeqKa onHCbiBajiHCb b TepMHHax, Hano

MHHaiomHX 06 aHaTOMHqecKOM TeaTpe h KpoBaTH 6oJibHoro,; 

1:0 3TH CTOpOHbl BemeH He HMeiOT HHK3KOFO 0TH0UieHH51 

K CLHCLA03URM M eM Ry  CJieAflLUeH CHCTeMOH H M03>KeqK0BbIMH 

pecJjjieKcaMH. KuSepHeTHKa npe^JiaraeT e^HHbiH KOMnjieKC 

noHHTHH, KOTopbiH 6jiaro,napfl CBoeMy TomioMy cooTBei- 

ctbhk) c Ka>KAofi oTpacJibio nayKH mojkct npHBecTH bcc 

oipacJiH nayKH b ToqHoe C00TBeTCTBHe apyr c ApyroM.

*2. 3aK. 3346. y. Pocc 3 ui6 h



H e  pa3 oTMenajiocb b hctophh HayKH, mto nocjie ot- 

KpblTHH COOTBeTCTBHH Me>K£y £B yMH OTpaCJIHMH HayKH 

KajK^afl orpacjib Ha^HHaeT cnoco6cTBOBaTb pa3BHTHio ,apy~ 

roS (cm. § 6/8). Pe3yjibTaT-0M ^acTO HBJifleTCH 3aMeTHoe 

ycKopemie pocTa o6enx oTpacjieft. npHXOAHT Ha yM TaKHe 

ripHMepbi, KaK HcracJieHHe 6ecK0He™0 MaJibix h acrpoHO- 

MHH, BHpyebI H npOTeHHOBbie MOJieKyjIbl, XpOMOCOMbI H Ha- 

cJiezicTBeHHocTb. KoHe^Ho, hh ojwa oTpacJib HH^ero He d o - 

KU3bieaeT o 3aKOHax ^pyron, ho ona Mo>KeT Bbi^BHraTb 

npeOT0Ji0}KeHHH, b Bbicmefl CTeneHH noJie3Hbie h njiozio- 

TBopHbie. 3tot Bonpoc paccMaTpHBaeTCH b § 6/8. 3/iecb 

h ^oJi>KeH ynoMHHyTb jiHiiib o tom, ^to KH6epHeTRKa, no- 

BPi^HMOMy, o6Hapy>KHBaeT 6oJibmoe tocjio HHTepecHbix h 

MHoroo6emaiomHX napajuiejieft Me^K^y MauiHHOH, M03r0M 

H 06meCTB0M. H  OHa MOJKeT C03£aTb o6m,HH H3blK, c no- 

MOmbK) KOTOporO OTKpblTHH B O^HOH OTpaCJIH HayKH JierKo 

MoryT 6biTb Hcn0Jib30BaHbi b npyrux orpacjinx.

1/7. CAOOtCHaR cucTeMa. BTopoe ao c to h h c tb o  KH6epHe- 

tk k h  coctoh t  b tom , ^ to  OHa npe/yiaraeT m cto# Hay^Horo

HCCJieAOBaHHH CHCTeM, CJIO>KHOCTb KOTOpbIX CJIHLUKOM Be- 

jiHKa h cymecTBeHHa, qTo6bi ee mo>kho SbiJio HrnopHpo- 

BaTb. Mbi xopomo 3HaeM, tto TaKHe cHCTeMbi jxame cjihlh- 

KOM o6biqHbI B SHOJIOrH^eCKOM MHpe!

n p H  HccJiezioBaHHH 6oJiee npocTbix chctcm  MeTOAbi kh- 

6epHeTHKH HHor/ia He o6Hapy>KHBaK)T o^eBHAHbix npeHMy- 

meCTB no CpaBHeHHK) C £aBHO H3BeCTHbIMH MeTO^aMH. Ho- 

Bbie MeTo^bi noKa3biBaK)T cbok) cHJiy rjiaBHbiM 06pa30M 

TOr^a, Kor^a CHCTeMbi CTaHOBHTCH CJIO>KHbIMH.

HayKa ctoht ceroziHH KaK 6 u  Ha Bo/top a3nejie. B  Te^e- 

HHe £Byx CTOJieTHH oHa Hccjie^oBajia CHCTeMbi, KoTopbie 

jih6o BHyTpeHHe npocTbi, jih6o MoryT 6biTb pa3Jio>KeHbi Ha 

npocTbie cocTaBJiHiomHe. Tot $ aKT» qT0 B Te^eHHe cto- 

jieTHft MorjiH npHHHMaTb TaKyio ziorMy, KaK: «H3MeHHHTe 

(})aKTopbi no oziHOMy», noKa3biBaeT, ^to yqeHbie 3anHMa- 

JIHCb B OCHOBHOM HCCJiejXOBaHHeM CHCTeM, d o n y c K a io w u x  

3tot MeTozi; h 6o b cJio^KHbix CHCTeM ax OH ^aCTO He npHMe- 

hhm no cymecTBy. Jlnuih nocjie pa6oT cspa Ponajpjxa Oh- 

niepa b 20-x ro^ax no noBoziy 3KcnepHMeHTOB, npoBezieH- 

HblX C CeJIbCK0X03HHCTBeHHbIMH nOTOaMH, CTaJIH OTqeTJIHBO 
co3HaBaib cymecTBOBaHHe cjiojkhhx chctcm,' KoTopbie He 

AonycKaioT H3MeHeHHH T0JibK0 orhoto 4>aKTopa 3a o w n
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pa3, h6o  3TH CHCTGMbI CTOJIb AH H aM M H bl H BHyTpeHHe CBH- 

3aHbi, m o  H3MeHeHHe oAHoro (})aKTopa cJiy>KHT HenocpeA' 

CTBeHHOH npH^HHOH H3MeHeHHH ApyTHX, HHOITia O^eHb MHO- 

thx (})aKTopoB. R o  He^aBHero BpeMeHH Hayna CTpeMHJiacb 

H36eraTb HccjiejioBaHHH TaKHX chctcm, cocpeAOToqHBan 

cBoe BHHMaHne Ha cucieMax n po crax  h oco6eHHo Ha rlppi- 

boahm hx  (§ 4/14).
O ^ H a K O  np H  HCCJie^OBaHHH HeKOTOpbIX CHCTeM HeB03- 

MO>KHO nOJIHOCTbK) 060HTH HX CJIOJKHOCTb. K o p a  TOJIOBHOrO 

M 0 3 ra c b o 6 o a h o  >KHBymero o p ra H H 3M a , M ypaBefiHHK K aK  

cf)yHKUHOHHpyiomee odm ecTBo h qejioBeqecKaa 3 K 0 H 0 M H Lie- 

cKan  c H d e M a  BbmeJiflJiHCb cpeAH  zipyrnx cncTeM  KaK  cBoeft 

npaKTHqecKoft Ba>KHocTbio, TaK  h CBoefi H e^ociynH ocTbio  

turn CTapbix M eTo^oB  HccJiezioBai-iHH. H  bot cero^H H  Mbi bh- 

/ihm, m o  ncHX03bi 0CTaK)TCH HeH3JieqeHHbiMH, o S m ecT B a  ne- 

pe>KHBaiOT ynajioK, SKOH OM HqecKHe ciicTeMbi Ko.ieSjuoTCH, 

a yqeHbifl He MOJKeT c^eJiaTb Him ero, K p o M e  KaK  np H 3H aT b  

bck) cJio>KHocTb HCCJie/iyeMoro o6i)exTa . H o  H ay K a  y m e  

n p e ^ n p H H H M a e T  HOBbie Luarn k HCCJiezioBaHHfo «cjio>khocth» 

KaK caM ocroHTejibHoro ABJieHHH.

Bbi^aiom eecfl MecTO epe£H  mctoziob HCCJieaoBaHHa 

cjio>khocth 33H H M ae T  K H 6epH eTH K a . O H a  oTBepraeT CMyT- 

Hbie HHTyHTHBHbie HiieH, H3BJieKaeMbie H3 o 6 p a m e H H H  c Ta- 

KHM H npOCTblMH CHCTeMaM H, KaK  6yflHJIbHHK HJIH BeJIOCH- 

ne/i, h n p H C TynaeT  k co3£aHHio ciporoft HayKH  o cjio>k- 

hocth . n o H a q a J iy  (K aK  noKa>KyT nepBbie HecKoJibKo rjiaB 

3toh  k h h t h ) mo>kho no^yiviaTb, m o  OH a 3aH H M aeTCH  njioc-

KHM H , TpHBHaJIbHblMH HCTHHaMH; HO BCe ReJIO B TOM, m o  ee 

OCHOB3HKH ^OJDKHbl 6bITb UJHpOKHMH H npO^HblM H. O H H  3a- 

KJiazibiBaiOTcn T3K , m o6bi KHfiepneTHKa Morjia pa3BHBaTbcn 

cTporo, 6e3 t o h  HSHaqajibHofi cMyTHocTH h  pacnjibiBqa- 

TOCTH, KOTOpan 6bIJia CBOHCTBeHHa SoJIbLLIHHCTBy npOLUJIblX 

nonbuoK npeo^oJieTb c j i o j k h o c t h , cBA3aHHbie, b  qacTHocTH^ 

c pa6oTofl M03ra.

KwSepHeTHKa AaeT hbm uajiemjiy Ha co3/iaHHe s4)(})eK- 

THBHblX MeTOAOB £JIH H3yLieHHH CHCTeM qpesBbmaftHofi BHy- 

TpeHHeft cjio>khocth h ynpaBJieHHH hm h . 3 i a  s a ^a ^a  6 y & e T  

pem eHa KH6epHeTHKofi, Korzia OHa Bbi^eJiHT to, m o  aocth- 

>KHMO (h 6 o , BepOHTHO, 60JIbllIHHCTB0 H3 HCCJie^OBaHHH 

npoiiijioro cTpeMHJiocb jiocTmb  HeB03Mo>KHoro), h 3aTeM 

co3,aacT o6o6uu>eHHbie cTpaierHMecKHe npneMbf, AocTaToqHo



0 6 0 CH0 BaHHbie h AonycKaiomHe e/iHHoo6pa3Hoe npHMeHe- 

HHe k pa 3 H0 0 6 pa 3 HbiM nacTHbiM cjiyqaHM. TeM  caMbiM 

KH6epHeTH-Ka ^ a e T  HaM  H a ^ e ^ y  Ha co3£aH He (JjyH/iaMeH- 

TaJIbHblX MeTOAOB, KOTOpbie n03B0JIHT aTaKOBaTb nCHXOJIO- 

rHqecKHe, counajibHbie h SKOHOMHqecKHe He^yrn, nofiHBaio- 

m ne Hac b HacTonmee BpeMH CBoeft BHyTpeHHeft cjiojKHoerbio. 

T peTbH  qacTb sto h  k h h fh  He n p e ie H a y e T  Ha 0K0HqaTejib- 

Hyio pa3pa6oTKy TaKHX MeicmoB, ho* nbrraeTca npe;yio}KHTb 

0CH0BaHHH, Ha KOTopbix TaKHe MeTo^bi MoryT 6biTb no- 

cipoeHbi, h Ha^aTb npoziBH^eHHe b npaBHJibHOM HanpaB-
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2/1. CaMbIM 4)YH^ aMeHTaJIbHbIM HOHHTHeM KH6epHeTHKH 
^BJineTCH noH HTH e «pa3JiHiqHH», 03HaqaKDiu.ee, qTo jih6o ABe 

Benin omyTHMo pa3JinqHbi, jih6o oAHa Bemb H3MeHHJiacb 

c TeqeHHeM BpeMeHH. HeT HV>KAbi onncbiBaTb 3Aecb 06- 

jiacTb npHMeHeHHH sToro iiohhthh, h 6o  nocJieAyiomHe 

rjiaBbi AOCTaToqHo npoHJiJnocTpHpyK)T ee. FIoHHTHe sto  

BKJiioqaeT, eciecTBeHHo, Bee H3MeHeHHH, KOTopue MoryT 

npoH3oftTH c TeqeHHeM BpeMeHH. BeAb KorAa pacTeHHH 

pacTyT, nJiaHeTbi cTapeiOT h ManiHHbi ABHJKyTcn, BcerAa 

HaJiHUo neKOTopoe H3MeHeHHe o a h o to  coctoh hh h  b Apyroe. 

riepBofl Harnen 3aAaqen 6yjier pasBHib sto  nonarae «H3Me- 

HeHHH», He T0JibK0 yToqHHH, ho h oSoramafl ero, npHAaBaa 

eMy TaKyio cJjopMy, KOTopaa, KaK noKa3aji onbiT, Heo6xo- 

AHMa ajih yrJivfijieHHoro HCCJieAOBaHHH.

H a c T o  H3MeHeHHe nponcxoAHT HenpepbiBHo, t. e. 6ec- 

K0HeqH0 MaJibiMH maraMH: HanpHMep, k o ta s  3eMJin abh- 

>KeTCH b npocTpaHCTBe hjih Ko>Ka 3aropaK)iu,ero TeMHeeT 

noA AeftcTBHeM cojmeqHbix Jiyqen. OAHaKo paccMOTpenne 

6ecK0HeqH0 Majibix maroB nopo>KAaeT MHo>KecTBo qHCTO 

MaTeMaTHqecKHX TpyAHocTen, TaK qTo mm noJiHocTbio ot- 

K8}KeMC5I OT TaK0r0 paCCMOTpeHHfl. BMeCTO 3T0T0 MbI npn- 
MeM bo Bcex cjiyqanx, qTo H3MeHeHHH nponcxoAHT Koneq- 

h h m h  maraMH bo BpeMeHH h qTo BCHKoe pa3JiHqne TaK>Ke 

KoiieqHo. Mbi npHMeM, qro H3MeHeHHe nponcxoAHT H3Me- 

pHMblM CKaqKOM, n0A06H0 TOMy KaK AeHbTH Ha SaHKOBCKOM 

cqeTe H3MeHHioTC5i caMoe Metibinee 11a neHHH. Xoth sto



npe/inoJio>KeHHC m o jk c t  noKa3aTbcn HCKyccTBeHHbiM 

b MHpe, rue o6biqHa HenpepbiBHocTb, oho HMeeT cepbe3Hbie 

npeHMymecTBa ajih BBeneHHH b npe^MeT h He TaK HCKyo 

CTBeHHo, KaK Ka>KeTCH. Korna pa3JiHqHH KOHeqHbi, Bee Ba>K- 

Hbie Bonpocbi, KaK mm ybhahm no3>Ke, MoryT 6biTb pemenbi 

npocTbiM cqeTOM, TaK qTo HeTpy/lHo 6biTb BnoJiHe yBepen- 

HblM B TOM, npaBbl JIH MbI HJIH HCT. EipH paCCMOTpeHHH >Ke 

nenpepbiBHbix H3MeHeHHH HaM qacTo npHuuiocb 6bi cpaBHH- 

BaTb 6ecKoneqHo Majioe c 6ecK0HeqH0 MajibiM hjih onpe/ie- 

juiTb, qTo noJiyqHTCH npH cJio>KeHHH 6ecK0HeqH0 SoJibuioro 

HHCJia 6ecKOHeqHO MaJibix, —  Bonpoeu, oTHiojjb He JierKne 

Ajih oTBeTa.

Bo m ho thx  cjiyqanx /uiCKpeiHoe mo>kho aoBo.ribiio 
npocTo nepeBecTH b HenpepbiBHoe c nocTaToqHoft hjih npaK- 

THqecKHX uejieft ToqHocTbio, nocTpoHB rpa(J)HK ^HCKpeTHoro, 
Ha kotop om  3naqeHHH 6mjih 6bi noKa3aHbi KaK oT^ejibHbie 
tomkh. T o m a  JierKo yBH^eTb, KaKyio (J)opMy npHMyT H3Me- 
HeHHH, ecjiH t o ^k h  6yjxyr 6ecK0HeqH0 yBejiH^HBaTbcn

B qHCJie H cfijIHJKaTbCH.
OziHaKo b neHCTBHTeJibHOCTH mm Hiiqero He TepaeM, 

orpaHHqHBancb paccMOTpeHHeM KOHeqHbix pa3JiHqHH. H 6 o  

ycTaHOBHB c A 0 CT0 BepH0 CTbK), hto npoHCXoAHT b cjiyqac, 

Kor^a pa3JiHqHH HMeior ^aHHyio BejmqHHy, mm MO)KexM pac- 

CMOTpeTb cJiyqan, Kor^a ohh 3HaqHTejibHo MeHbiue. 3H an  

C 40CT0BepH0CTbK), 4T0 np0H30HH,eT B 9TOM CJiyqae, MbI MO- 

>KeM paccMorpeTb, qTo np0H30HneT, Korna ohh SyayT erne 

MeHbme. Mm Mo>KeM nencTBOBaTb TaK h najibme, TBepno 

ycTaHaBJiHBan KaatnbiH mar, noKa He yjioBHM o6m en reu- 

jiehuhh; Tor,aa Mbi CMomeM cKa3aTb, KaKHM 6yneT npejiQJi 
npH pa3JinqHH, cTpeMnm eMcn k Hyjiio. OaKTHqecKH MaTeMa- 

thk noJib3yeTCH sthm MemfltoM Bcer^a, Korna oh xoqei nert- 

CTBHTeJIbHO 3HaTb, qTO npOHCXOAHT npH HenpepblBHbIX H3- 

MeHeHHHX.

TaKHM  06pa30M , mm HHqero He TepneM npn paccMOTpe- 

hhh  cjiyqan T0 JibK0 KOHeqHbix H3MeHeHHH. TaKoe paccMor- 

peHHe AaeT HCHyio h npocTyK) 0 CH0 By, h npn >KejiaHHH ero 

Bcer^a mo>kho nepeBecTH b HenpepbiBHyio cjDopMy.

3tot Bonpoc paccMaipHBaeTCH eme pa3 b § 3/3.
2/2. A  Tenepb BBeneM HecK0JibK0 TepMHHOB, KpTopbie 6ynyr 
yrioTpefijiHTbCH iioctohhho. PaccMOTpHM npocTofi npiiMep, 
Kor^a noA ĵ eficTBHeM coJiHequbix Jiyqeft SjieAHan Ko>Ka



npeBpamaeTCH b TeMHyio Ko>Ky. HTaK, Hemo (QjieAHaa 

Ko>Ka) noABepraeTcn aghctbhk) HeKOToporo (J)aKTOpa (coji- 

neqHbix Jiyqefl) h npeBpamaeTca b TeMHyio Ko>Ky. To, m o 

HcnuTbiBaeT AeficTBHe (6jieAHyio Ko>Ky), m h  6yAeM Ha3bi- 

BaTb onepaHAOM; AeficTByiomHH (})aKTop 6yAeM Ha3biBaTb 

0 n e p a T 0 p 0 M ; a to , bo m o  n p eB p a T H Jica onepaH A , SyAeM 

na3biBaTb 06pa30M. ripoHCXOAflmee npw stom  H3MeHeHHe 

MOJKHO 0AH03HaqH0 H3O0pa3HTb 4)opMyjioH:

6JieAHan Ko>Ka— ► TeMHaa Koata.

M b i 6y^eM Ha3biBaTb ero nepexoAOM.

IlepexoA onpeAejineTCH AByMH c o c t o h h h h m h  h yKa3a-

HHeM, KaKOe H3 HHX H3MeHHeTCH B Apyroe COCTOHHHe.

n PE 0 BPA3 0 BAHHH 

2/3. OAHHoqHbiH nepexoA, oAHano, cjihuikom npocT. H t oSh

nOHHTHe H3MeHeHH5I 6bIJIO nOJie3HbIM, 3TO nOHHTHe, KaK  no- 

Ka3aji onbiT, cJieAyeT pacuiHpnTb . O h o  aojihcho SbiTb pac- 

n p o cT p aH eH o  Ha cjiyqafl, KorAa o n e p a T o p  Mo>KeT AeftcTBo- 

BaTb 6oJiee qeM  Ha o a h h  o n e p a H A , Bbi3biBaa cneuH ^H ^e-  

ckhh  n e p e x o A  b k3>kaom  H3 hhx . T a K , o n e p a r o p  «AeflcTBHe 

cojm enHbix Jiyqeft» Bbi30BeT pHA  nep exoA O B , b tom micjie:

xojioAHan no^Ba— ► Tenjian no^Ba, 

iiesacBeqeHHan cf)0T0nJiacTHHKa — ► 3acBeqeH Han (J)0T0njia-

CTHHK3,

UBeTHOH riHTMeHT -► BblUBeTUIHH nHTMeHT.

TaKoe MHo>KecTBo nepexoAOB rjisi HeKOToporo MHo>Ke- 

ctb3 onepaHAOB ecTb npeo6pa3osaHHe.

H p y rH M  npHMepoM npeo6pa30BaHHH cjiy>KHT npocToe 

KOAHpoBaHwe, npeBpamaioinee KajKAyro SyKBy coo6meiiHH  

b cjieAyiomyio 3a Hen no aji(})aBHTy, npH^eM Z npeBpa- 

iuaeTC5i b A TaK, CAT  npeBpaTHTCH b DBU.  3 to  npeo6pa- 

30BaHHe onpeAejineTCH TafijiHuen:

A - ->  B,  
B  — > C,

Y — > Z, 

Z  — > A.



3 a M e T H M , m t o  n p e o S p a s o B a H H e  onpe/iejifleTCfl He KaKoft- 

JIh 6 o  CCblJIKOH Ha TO, qeM  OHO «AeHCTBHTeJIbHO» HBJIHeTCH, 

H He CCblJIKOH Ha KaKyK)-JIH6o (J)H3HqeCKyK) npHM HHy H3Me-

HeHHH, a 3aAaHHeM MHo>KecTBa onepaH^oB h yKa3aHHeM, 

bo h t o  npeBpamaeTCH K a m R b iih  H3 hhx. npeoSpasoBaHHe 

othochtch k TOMy, qTo nponcxoAHT, a He k TOMy, noneMy 

9T0 npOHCXO^HT. AHaJIOrH^HO, MbI HHOiyja MO>KeM 3H3Tb 

qTo-HH6y£b 06 onepaTope KaK o Bemn b ce6e (KaK mh 

3naeM Koe-^To o cojmeqHOM cBeTe), ho qacro sio 3HaHHe 

Hecyu;eCTBeHHO. MbI dOAOtCHbl 3HaTb TOJIbKO TO, KaK OH AeH- 

CTByeT Ha onepaHAbi; hhhmh cJioBaMH, Mbi AOJi>KHbi 3H8Tb 

npeo6pa30BaHHe, KOTopoe oh npoH3Bo/iHT.

JJjih THnorpa(J)CKoro y£o6cTBa ziaHHoe npeo6pa30BaHHe 

mo>kho 3anncaTb h  TaK:

s A B  . . .  Y Z

* B  C  . . .  Z  A -

M b i  6 y # e M  y n o T p e 6 ji;iTb  3 T y  (} )o p M y  K a K  c T a H ^ a p T H y i o .

2 / 4 . 3 a M K H y T O C T b .  K o r ^ a  o n e p a T o p  ^ e f t c T B y e T  H a  MHo>Ke-  

c t b o  o n e p a H A O B ,  m o j k c t  c J iy q H T b c n , q T o  n o j i y q e H H o e  m ho-  

j K e c T B o  0 6 p a 3 0 B H e  c o £ e p > K H T  h h  o ^ H o r o  a j i e M e H T a ,  k o to -  

pbifl H e  b x o ^ h j i  6 bi y>Ke  b  m h o j k c c t b o  o n e p a H ^ O B ;  T a K H M  

0 6 p a 3 0 M , n p e o 6 p a 3 0 B a H H e  H e  n o p o j K / i a e T  h o b h x  sjieM eH -  

t o b .  H a n p H M e p ,  b  n p e o 6 p a 3 0 B a H H H

| A B . . .  Y  Z  

J B  C  . . .  Z  A

Ka^zibift 3JieMeHT HHXCHeft ctpokh BCTpeqaeTCH r a K m e  h 

b BepxHefl. Kor,aa 3to HMeeT MecTo, MHOJKecTBo onepaH- 

A o b  3 a M K H y T O  o T H o c H T e j i b H o  # a H H o r o  n p e o 6 p a 3 0 B a H H H .  

Cbohctbo «3aMKHyT0CTH» ecTb oTHouieHHe uemjiy npe- 

o6pa3oBaHHeM h AaHHbiM mhojkcctbom onepaH^OB; ecJiH 

TO HJIH ^pyroe MeHHeTCfl, MOJKeT HSMeHHTbCfl H 33MK- 

HyTOCTb.

C j ie z iy e T  3 a M e T H T b ,  q T o  n p o B e p K a  H a  3 a M K H y T o c T b  ocy-  

m e c T B J i n e T C H  H e  ccbiJiKofl H a  K a K y i o - j m S o  B 0 3 M 0 >KHyi0  n p n -  

q n H y  n p e o 6 p a 3 0 B a H H H ,  a  ccujikoh H a  ^ e T a j i n  c a M o r o  npe-  

0 6 p a 3 0 B a H H H .  r i 0 3 T 0 M y  O H a  M O > K e T  n p O H 3 B O A H T b C fl  A a > K e  

T o r ^ a ,  K o r ^ a  mu H H q e r o  H e  3 H a e M  o  'npuqH i- ie  H 3 - 

M e H e H H H .



Vnp. 1. Ecjih onepannbi —  nojiojKHTejibHbie MHCJia 1, 2, 3 pi 4 h  fleft- 

CTByeT onepaTop «npn6aBHTb k ^aHHOMy MHCJiy Tpn», to npe- 

06pa30BaHHe HMeeT bylr

1 1 2  3 4 

y 4 5 6 7 '

3aMKHyTO JIH OHO?

Vnp. 2. OnepaHflbi —  aHrjmjicKHe 6yKBW, HMeiomHe rpe^ecKHe SKBHBa- 

jieHTbi (t. e. Bee 6yKBbi, KpoMe j, q h t. fl.); fleHCTByeT onepa- 

Top «npeBpaTHTb KaJK^yio aHTJiHHCKyio 6yKBy b ee rpe^ecKHft 

3KBHBajieHT». 3aMKHyT0 jih npeo6pa30BaHne?

Vnp. 3. 3aMKHyTbi jih cJie^yiomHe npeo6pa30BaHHa:

A:  l fl b C d . B:  \ f  8 P 
v a a a a ’ v g f  q p

€: \f  g P ; D : \ f  g ? 
v g f  q * g f

I7tip. 4. HanHLUHTe, no o6pa3uy ynp. 3, npeo6pa30BaHHe, Kdopoe 

HMeeT ToJibKo o^hh onepaH# h 3aMKHyT0.
Vnp. 5. Mncrep C H3 LUaxMaTHoro K>iy6a My^aKOB pa3pa6oTaji ch- 

CTeMy Hrpbi, KOTopaa cTporo npe^nncbiBaeT b Kaxc/iOH b03M0>k- 

HOH n03HUKH, KSKOB JiyMUIHH CJie^yiOIUHH XOfl HTpOKa KaK flJIH 

6ejibix, TaK h RJin qepHbix, 3a HCKJHO^eHHeM Tex no3HUHH, 

b KoTopbix nrpoK y>Ke nojiymui M aT l. TaKHM oftpasoM, 3Ta 

TeopHH onpe^eJineT HeKOTopoe npeo6pa30BaHHe i303huhh b no- 

3huhk). By/jy^H yBepeH b tom, mto sto npeo6pa30BaHHe 3aM- 

KiiyTO h mto C Bcei\aa HrpaeT no CBO-eft cncTeMe, MHCTep D  
cpa3y xce npe;yio>KHJi MHCTepy C  cbirpaTb b maxMaTbi Ha 

6ojibujyK) daBKy. Ymho jih nocTynHJi D?

2 /5 . F Ip e o 6p a 30B aH H e  Mo>KeT HM eTb 6ecKoneq H oe mic.no 

^HCKpeTHbix o n e p a H ^O B : T a K 0B 0  n p e o 6 p a 3 0B a H H e

| 1 2 3 4 . . .  

M  5 6 7 . . .  ’

r£e T04KH n p o d o  03Haqai0T, qio nepeqenb npo^oJi^aeTCH 

no^ofiHtiM 06p a30M  6e3 KOHua. BecKOHeqHbie MHo>KecTBa 

MoryT npHBecTH k 33TpyjXHeHHHM, ho b stoh KHHre m u 6y- 

jxom paccMaTpHBaTb ToJibKo npocTbie h ncHbie cjiy^an. 

3aMKHyT0CTb HJ1H He33MKHyT0CTb TaKOrO npe06pa30BaHH5I 

0npe^eJl5ieTCH COOTBeTCTBeHHO HeB03MO>KHOCTbK) HJIH B03- 

MOJKHOCTbK) Ha3BaTb HOBblfi KOHKpeTHblH, HMeiOlIXHH

1 To >Ke caMoe, oqeBHAHO, othochtch h k naTOBHM no3imnHM. —  
llpUM. nepee.



HiUHBHtfyaJibHoe Ha3BaHHe o6pa3, KOTopbifi ne BCTpeqajiCH 
6bi cpem onepaHAOB. B  npnBezieHHOM Bbiiue npHMepe Ka)K- 
jxhu  0 T£ejibHbiH o6pa3 , HanpHMep 142 857, HaBepHHKa 
mo>kho HaHTH cpezui onepaH^oB. C jie,aoBaTejibHo, ziaHHoe 
6 ecK0 HeqH0 e npeo6 p a 30BaHHe 3aMKHyTo.

ynp. 1. B npeo6pa30BaHHH A onepaHnu cyTb ^eTHbie MHCJia ot 2 h 

iiaJiee, a o6pa3bi cyTb hx KBa,apaTbi:

, 2 4 6 . . .  _

' I  4 16 36 . . .

3 a M K H y io  jih A ?

Vnp. 2. B npeo 6pa30B aH H H  B  onepaiubi cyTb Bee noJio)KHTeJibHbie 

MHCJia 1, 2, 3 , . . a c>6pa30M K am no ro  m  hhx cJiynuiT ero npa- 

Baa iiHc))pa; TaK, HanpHM ep, 127->7, 6 4 9 3 - *3 . 3a M K H y T 0  jih

2 /6 . 06o3HdH eH ux. M H orne  npeo6 pa30 B3 HHH ct3 hobhtch ro  

Hey£o6cTBa jyiHHHbiMH, ecJiH BbinHCbiBaTb hx in extenso. 

B  §  2/3  HaM y>Ke npH im iocb  Hcn0Jib30BaTb to^kh « . . . »  rjm  

H3o6pa>KeHHH Tex onepaHAOB, KOTopbie He 3 a£aBajiHCb 
HHAHBHAyaJibHO. no qHCTO npaKTHqecKHM npnqHHaM m u  

ROJimubi 6yjxeu pa3pa6oTaTb  So j ie e  KOMnaKTHbift cn o co 6  
3anHCH HaiiiHX npeo6pa30BaHHH, xoth cjie/iyeT HMeTb 
b BH^y, qTo npn Jiio6bix coKpam eH H nx npeo6pa30BaHHe 3a- 
AaeTCH no cym ecT B y  TaK ace, KaK b §  2/ 3 . C eftq ac  Mbi onH- 
iueM HeKOTopbie coKpameHHH. Ha,ao HMeTb b BH^y, qTo ohh 

ABJiaiOTCfl np o cT o  cTeH0 rpa(j)HqecK0 H 3anHCbK) h He bkjiio- 

qaiOT HHqero cBepx Toro, qTo 6bUTo hbho c(J)0pMyjiHp0BaH0 
b nocjie^i-iHX naparpac })ax .

M acT o  3a A a H H e  n p e o 6 p a 3 0B a H H H  y n p o m a e T e a  6jiaro£apfl 

KaKOMy-JinSo npocTOMy cooTHomeHHio, cBH3biBaiomeMy 

Ka^Abift o n e p a H A  c cooTBeTCTByiom HM  eM y  o Sp a so M . T a K , 

npeo6 pa30 BaHHe H3 y n p . 2 /4 /1  uomeT SbiTb 3 aMeH6Ho eAHH- 

CTBeHHOH CTpOKOH:

onepaHA— >onepaHA njiioc Tpn.

Bee npeo6 pa30 BaHHe MO)KeT 6 biTb, TaKHM 0 6 pa3 0 M, 3 aAaHo 

o 6 lhhm npaBHJioM, 3anHcaHHbiM 6 ojiee KOMnaKTHo:

On. — > O n .+ 3 ,

BMecTe c yKa3 aHHeM, qTo onepaHAbi cyTb qncjia 1, 2 , 3 

w 4 . O 6 biqH0 3 anHCb mojkho em e 6 ojiee coKparHTb CBejiQ- 

iineM AByx 6 yKB k oahoh:

n — > n -{-3 ( n =  1, 2 , 3 , 4 ).
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Cjiobo «onepaHA» b npHBeAeHHoft Bbiiue (})opMyjie hjih 

tfyKBa n (o6o3Haqaiomafl e tohhoctu to >Ke caMoe) MoryT 

I!0Ka3aTbCH HeCKOJIbKO AByCMblCJieHHblMH. Kor^a MbI Ay- 

waeM o tom, bo m o , CKa>KeM, npeo6pa3yeTCH mhcjio 2, 

6yKBa n 03HaqaeT mhcjio 2 h HH^ero SoJibme, a Bee Bbipa- 

>i<eHHe roBopHT HaM, m o  oho npeBpaTHTCH b 5. OAHaKo to 

>Ke caMoe Bbipa>KeHHe MO>KeT Hcn0Jib30BaTbcn h tota#, 

KorAa n He noJiy^aeT HHKaKoro KOHKpeTHoro SHaqeHHH. 

B  3tom cJiyqae oho H3o6pa>KaeT Bee npeo6pa30BaHne. Mbi 

Ybhahm, m o  3Ta ABycMbicjieHHOCTb He BeAeT Ha npaKTHKe 

hh k KaKOH nyTaHHue, h6o kohtckct BcerAa VKa3biBaeT, Ka- 

Koe H3 3THX AByX 3HaqeHHH HMeeTCH B BHAy.

b'np. 1. CBe/iHTe k o:ihoh cipoi<e npeo6pa30B3HHe

j 1 2 3 

1 11 12 13*

ynp. 2. CBejiHTe k ojxhoh cTpone Kamjxoe h3 npeo6pa30BaHHfi:

j’ 1 — > 7 f 1 — ► 1 j” 1 — ► 1

a : { 2 — > 14, b :{  2 — > 4 , c : { 2 — > 1/2,

t 3 — ^ 21 ( 3 — ► 9 I 3 — ► 1/3

(■ 1 — ► 10 ( 1 ■— > 1 f 1 — ► 1

d:{  2 — v 9, e:\  2 — *• 1, f :{  2 — ► 2.

I 3 — *• 8 I 3 — ► 1 \ 3 — > 3

H a M  Hacto Sy^eT TpeooBaTbCfl chmboji, o6o3HaqaiomHH 

o6pa3 TaKoro chmboji a, KaK n. YA 06HO noJiynHTb ero, npw- 

CaBJiHH k onepaHAy uitphx; TorAa npn jik)6om n 6yAeT 

cnpaBeAJiHBo cooTHoiueHHe n- > n '. TaK, ecJin onepaHAbi 

ynp. 1 cyTb n, to npeo6pa30BaHHe MoateT 6biTb 3anHcaH0 

b BHAe n f =  n 4- 10 (n —  1, 2, 3 ) .

^ tip. 3. BbinHuiHTe nojinocTbio npeo6pa30BaHHe, onepaHAM KOToporo 

cyTb TpH iincjia 5, 6 h 7 h b kotopom =  « — 3. 3aMKHyTO
JlH OHO?

ynp. 4. BbinnmHTe noJiHocTbio npeo6pa30BaHHH, b noTopbix:

(I) nf =  bn (n =  5, 6, 7),

(\\)n, =  2n> (n =  —  1,0,1).

 ̂np. 5. Ecjih onepaHAbi cyTb Bee MHCJia (bkjuo43h flpo6n) Meatny

0 h 1 h ti' —  n., to 3aMKHyT0 jih npe06pa30BaHHe? (yi<a3a-

1 3
line: nonpodyftTe HeKdopbie xapaKTepiibie 3Ha*ieHHH n:-g] ;



0,01; 0,99; npoftyfiTe, nona He CTaHeTe yBepeHbi b ot- 

Beie.)
ynp. 6. (ripo^oJiHceHHe.) 3aMKHyTO jih npn Tex me onepaHnax npe- 

06pa30BaHHe nr =  —  ̂ ?

2 /7 . B e e  ynoM HHyTbie ao  chx  nop  n p eo6pa30B aH H 5i xapaK- 

TepH30BaJiHCb «0AH03HaqH0CTbK)». ripeo6pa30BaHHe OAHO-

3 HaMHo, ecJiH oho  o 6 p a m a e i  Ka>KA£»iH o n e p a H A  T0 JibK0  

b o a h h  o 5 p a 3  ^A pyrne  r a n u ,  n p e o 6 p a 3 0 B a H H H  r a K m e  bo3- 

MO>KHbI H Ba>KHbI, KaK  SyAeT  BHAHO B §§  9 /2  H 1 2 /8 ) .  T a K , 

npeo6pa30BaHHe

* A B C D

* B A A  D

0 A H 0 3 H a q H 0 , h o  n p e o 6 p a 3 0B a H H e

| A B C D  

* B  hjih D A B  hjih C D

He0AH03HaqH0.

2 /8 . H 3  0AH03HaM Hbix  n p e o 6 p a 3 0 B a H H H  oco6oe  3H aq eH n e  

b pHAe cJiyqaeB h m c io t  ssaw M H o 0AH03Ha*iHbie 1 npeo6pa3o-  

BaHHH. B o  B3 3 H M H 0  0 A H 0 3 H a q H 0 M  n p e o 6 p a 3 0 B a H H H  Bee 0 6 - 

pa3bi oTJiH^aiOTCH A p yr  o t  A p y ra . CjieAOBaieJibHo, He 

TCJibKo Ka>KAbift o n e p a H A  AaeT  eAHHCTBeHHbift o 6 p a 3  (co- 

TJiaCHO yCJIOBHK) 0A H 0 3 H a q H 0 C T H ), HO H Ka>KAbIH o 6 p a 3  yKa- 

3biBaeT (ofiparao) Ha eAHHCTBeHHbift onepaHA. TaKOBO 

npeo6pa30BaHHe

| A B C D E F G H  

* F H K L G J E M '

3 t o  n p H M e p  B3aH M H o  oA H osH aq H oro , ho He 3aM K H y roro  

n p e o 6 p a 3 0B a H H H . C  A p y ro n  d o p o H b i , n p e o 6 p a 3 0 B a H H e  H3 

y n p . 2 /6 /2  (e ) He HBJifleTcn B 3aH M H o  0 A H 0 3 H a LiHbiM, h 6o  

o 6 p a 3  « 1 »  He yKa3biBaeT eAHHCTBeHHoro o n e p a H A a . Oaho-  

3HaqHoe, ho  He B3aH M H o  0 A H 0 3 H a q H 0 e  n p e o 6 p a s o B a H H e  6y- 

AeT Ha3biBaTbCH 0AH03Ha*iHbiM jihuib b  OAHy cT0p0Hy.

1 OflHOSHaqHOCTb npeo6pa30BaHHH qacTo b ziajibHeftmeM MOjmajiHBO 
npe^noJiaraeTCH. Tan, HanpHMep, Jimiib b npe/wojiojKenHH oflHcmaq* 
hocth cnpaBe^HBbi OTBeTbi k ynpa>KHeiiHHM 5/4/5 h 5/5/3. — flpUM. ped,
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I'np. 1. OnepaHAbi —  flecaTb uncjjp 0, 1, . .  9; o6pa3 —  tpgthh jxecn- 
THHHbift paspa/i ^HCJia lg (n +  4). HanpHMep, ecjrn cmepaHflOM 
cjiyjKHT 3, to nocjieAOBaiejibHo HaxoflHM: 7, lg 7, 0,8451 h 5; 

cJie^OBaTeJibHO, 3->5. Hbjihctch jih sto npeo6pa3C>BaHHe 
B3aHMHO O^HOSHa^HblM HJIH OflH03HaqHbIM JlHIUb B OflHy CTOpOHy?
(YKa3aHHe: HafiflHTe nocjieflOBaTejibHO o6pa3bi ajih 0, 1 h t . a ., 

ynoTpe6JiHH qeTbipexsHa^Hbie Ta6jwubi JiorapucJmoB.)

2/9. Tootcdecreo. BaatHbiM npeo6 pa30BaHHeM, KOTopoe, Bnpo- 

qeM, Ha^HHaKDiuHH Mo>KeT He npH3HaTb 3a npeo6pa30BaHPie, 

HBJineTCH T0>KAecTBeHH0e npeo6pa30BaHHe; npw stom npeoS- 

pa30BaHHH He npOHCXOflHT HHKaKHX H3MeHeHHH H Ka>KAbIH 

o6pa3 coBna/jaeT co cbohm onepaH^oM. Ecjih Bee one- 

p aH ^H  pa3JiHqHbi, aro npeo6pa30BaHHe Heo6xo£HMo ab- 

JlfleTCH B33HMHO 0£H03HaqHbIM. n pH M epO M  MOmeT  CJiy>KHTb

npeo6pa30BaHHe /  b ynp. 2 /6 /2 . B  coKpameHHofi 3anwcH 

nf =  n.

ynp. 1. B HenoTopbix aBTOMamqecKHX KaccoBbix annapaiax npeo6pa- 

30B3HHe, KOTOpOe npH BCKpblTHH HX flOJDKHO 6bITb npOH3B6£6HO 

c co/iep}KamHMHCH b hhx AeHbraMii, noKa3biBaeTcn oco6biM cnr- 

HaJioM. KaKQH cnrHaJi noKa3biBaeT TonmecTBeHHoe npeo6pa3c>Ba-

HHG?

ynp. 2. B KpHKeie nepe6e>KKH, c^e^iaHHbie b Te^eHiie oaiioh napTHH, 

npeo6pa3yioT hhcjio omkob y KOMaHflbi H3 oahoto 3Ha^eHHH 
b apyroe. KancAoe oTAeJibHoe qncjio nepe6enceK onpe^ejineT 

0 T,aeJibH0 e npeo6pa30BaHne. Tan, ecjm b napTHH 3acMHTaHO 

BoceMb nepe6e>KeK, npec>6pa30BaHHe onpeAejiaeTcn (JjopMyjiofi 

nf =  n +  8. Kax Ha30BeT kphk6thct ToamecTBeHHoe npeo6pa- 
30BaeHe?

2/10. MarpuHHoe npedcTaeAenue. Bee sth npeo6pa 30Ba- 

hhh MoryT 6biTb npeflcxaBjieHhi b e^HHofi cxeMe, echo 

noKa3biBaiomeH hx B3aHMooTHouieHHH (stot MeroR  6y^er  

ocoSeHHo nojie3eH b r,n. 9 h flajibine).

BbinHiueM onepaH/ibi b ropHSoniajibHyio cTpoKy, a b o 3- 

MOJKHbie o6pa3bi —  b CTOJi6eu cjieBa b h h 3, TaK, qToSbi 

06pa30BaTb &Be dopoHbi npsiMoro yrjia. FlycTb naM AaHo 

neKOTopoe npeo6pa30BaHHe. EfocTaBHM «-)-» Ha nepeceqe- 

h h h  cTpoKH h  CT0Ji6ua, ecjin onepaHA, c t o h l u h h  BBepxy 

cxoji6ua, npeo6pa3yeTC5i b ajieMeHT, c t o a ih h h  cjieea 

b CTpoKe,; b npoTHBHOM cjiyqae nociaBHM Hyjib. H an pH M ep , 

npeo6pa3oBaHHe

I A B C  

i A $ C



6 y ^ e T  HM eTb b h a 

i
A

&
C

+

0

0

B

0

0

+

c

0

0

+

CipejiKa b JieBOM BepxHeM yrjiy yKa3b!BaeT HanpaBJieHHe 

nepexoAOB. TaKHM o6pa3oivr, Kaowdoe rtpeo6pa3oeanue mo- 

oiceT 6 biib npedcTaeAeno e eude Marpui^bL.

Ecjih npeo6pa30BaHHe BeJiHKo, b Maipnue mo>kho hc- 

n0Jib30BaTb tohkh; nano T0JibK0 , qTo6 bi hx 3HaqeHne He 

6biJio ABycMbicJieHHbiM. TaK, B03bMeM npeo6pa30BaHHe, npn 

kotopom n! =  ti -j- 2, a onepaHAbi cyTb uejibie noJio>KH- 

TejibHbie MHCJia HaqHHaa c 1. Ero MaTpHua Mo>KeT *5biTb 

npe^cTaBJieHa b cJie^yiomeM BHAe:

o o

o o

o o

o o

+  0

0

0

0

0

0

(CnMBOJibi Ha rjiaeHOM AwaroHajiw, HAymeft o t  jieBoro Bepx- 

nero yrjia, H an eq aiaH bi noJiy>KHpHbiM mpH(})TOM a jih  6ojib- 

IIIeft HCHOCTH n03HUH0HHbIX  OTHOUieHHft.)

ynp . 1. K a K  pacnpeAeJieHbi ruiiocbi b M aTpw ue TOJKflecTBennoro n p e o 6 ' 

pa30BaH HH?

Ifnp. 2. Kanoe H3 Tpex yKa3aHHbix npeo6pa3c>BaHHH: a) B3a«MHo ohho- 
3Hamio; b) 0AK03HaqH0, ho He B3anMHO 0AH03Hami0; c) He* 
0AH03HaHH0?

11
A

(I)
B c D 1 A

(II)
B c D 1 A

(III)

B c

A + 0 0 + 1̂ 0 + 0 0 A 0 0 0
B 0 0 + 0 B 0 0 0 + B i 0 0
C + 0 0 0 c + 0 0 0 C 0 + 0
D 0 + 0 + D 0 0 + 0 D 0 0 +



ynp. 3. M o w e T  jih 33M KHyToe np eo 6p 330B a H H e  HMeTb M aTpnuy , conep* 

wamyio: a) CTpony m  o jh h x  Hyjien; b) c m n 6 e u  H3 Hyjieft? 

y n p .  4. FIocTpoHTe M aTpnuy  npeo 6pa30B aH H a  n ' —  2n c uejibiMH mhc- 

jiaMH b KaMecTBe onepanAOB, nejian h ch hm  pacnpe,aejieHHe 

nJiiocoB. JIe>KaT mi ohh na npHMofi jihhhh? HaM epTHTe rpa<})HK 

y — 2x; HMeiOT jui 9th jihhhh KaKoe-Jin6o cxoactbo? 

ynp. 5. B o3bM HTe KOJicmy KapT, nepeTscynie ee h pa3Jio>KHTe 16 KapT 

JiHueBofi CToponon KBepxy b KBaiipaT MeTbipe Ha Meiwpe. 

B M a T p n u y  neTbipe na MeTbipe CTaBbTe 3naK  +. ccjih Ha coot- 

BeTCTByiomeM Mecie Jie>KHT KapTa ^epHon MacTH, h craBbTe 

3H3K 0, ecjin na oooTBeTCTByiomeM w ecie  jicjkht KapTa Kpac- 

hoh wacTH. IlpoACJiariTe sto necKOJibKo pa3, onpe,aeJinH Tun 

Ka>KAoro npeodpasoBanHH , KaK b ynp. 2. 
ynp  6 . Ecjih HMeeTCH jxBa onepanzis h npeo6 p330B3 HHe 3 3 MKHyTO, 

to cK0JibK0 cymecTByeT pa3.;iHHHbix M aTpnu?  

ynp. 7. (npoAOJiJKenne .) Ckojibko H3 hhx 0/ui03Ha4Hbi?

2/11. CTeneHb. VhaK, Mbi HccJieaoBajiH ocnoBHbie cBoncTBa 

3aMKHyToro o/iHosHamioro npeo6pa30B2HHH, nocKOJibKy 

pcqb HueT o ero ojiHOKpaTHOM AencTBHH. O^naKo Taicoe 

npeoSpasoBaHHe Mo>KeT npHMeHATbCfl He oahh pa3, a mhoto- 

KpaTHo, nopo>K£a*i cepnio H3MeHeHHH. 3Ta cepnn anajio- 

rnqHa cepHH H3MeneHHH, qepe3 Koiopyio npoxoziHT Aeft- 

cTByiomaH aHHaMH^ecKaa cncieMa. Teriepb Mbi paccMOTpHM 

rei-ie3HC h CBOHCTBa TaKOH cepHH.

npe^n oJioK H M , m o  BTopoe npeo6pa30BaHHe H3 § 2/3 
(h33obcm ero npeo6pa30BaHHeM «ajibcj)a») 6biJio HcnoJib3o- 

BaHo j\j\n K0AH p0BaiiH5i aHrjiHHCKoro coo6m eHH5i. npezuio-

JIOJKHM, MTO 3aKO JIHpOB3HHOe COOOUUeHHe CHOBa KO^HpyeTCfl 

c noMouj.bio npeo6pa30BaiiH5i «ajib(J)a». KaKOB Sy^eT 

pe3yjibTaT? Pe3yjibraT Mo>KeT 6biTb npccjie^en 6yKBa 3a 

6yKBofi. Tai<, npH nepBOM KOflnpoBaHHH A npeBpaTH- 

Jiocb b B, KOTopoe npn BTopoM Ko^HpoBaHHH npeBpamaei ch 

b C; cjiejioBaTejibiio, nocjie abohhoh npoueziypbi A npeBpa-
THTCH B C, HJIH B 06bIHH0H SanHCH*. A -► C. AHa/IOrHMHO

B — >D  H TaK ziaJiee bujiotl ro Y — >A n Z — ►fi. TaKHM 

06pa30M , deyKpaiHoe  npHMeHeHHe npeo6pa30BaHHH 

«ajib(j)a» Bbi3biBaer b tomhocth Te m e  H3MeneHHH, m o  h 

odnoKparnoe  npHMeneHne npeo6pa30BaHHH

EtOBTOPHblE H 3M EH EH H 5I

a b  . .  r z
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TaKHM 06pa30M, H3 KayKjioro 3aMKHyioro npeo6pa30BaHHH 

Mbi MO>KeM noJiyqHTb Apyroe 3aMKHyToe npeo6pa30BaHne, 

pe3yjibTaT KOToporo npn 0£H0KpaTH0M npHMeneHHH romjxe- 
dBeH  pe3yjibTaTy nepBoro npeo6pa30BaHHH, npHMeHeH- 

Horo jxEamjiH. BTopoe npeo6pa30BaHHe Ha3biBaeTcn ccKBa#- 

paTOM» nepBoro h oahoh H3 ero «cTeneHeH» (§ 2/14). Ecjih 

nepBoe npeo6pa30BaHHe oSosHa^eHo qepe3 Tt to BTopoe 

SyaeT o6o3HauaTbC5i qepe3 T2. 3to  o6o3HaqeHHe nona ejie- 

ayeT paccMaTpHBaTb npocTO KaK HCHbift h yAo6HbiH chmboji

HCBoro npeoSpasoBaHHH.

Vnp. 1. Ecjih A : I , to KaK0B0 A2?
y  t C U

Vnp. 2. HannmHTe KaKoe-HH6yflb TowflecTBeHHoe npeo6pa30BaHHe; Ka- 

kob ero KBaapaT?

Vnp. 3. (C m . ynp. 2/4/3.) KaKOBO A2?
ynp. 4. Kanoe npeo6pa30BanKe nojiyqHTca, ecjiH npeotfpasoBaHHe 

n' — n +  1 npHMeHHTb flBaJKAbi k nojio>KHTeJibHbiM uejibiM mhc- 

jiaM? OTBeT HariHUiHTe b coKpameHHOH (})opMe: (yxa-

3aHHe: nonpoGyfiie BbinncaTb npe06pa30BaHHe nojmocTbio, k sk

ynp. 5. Kanoe npeo6pa30BaHHe noJiyMHTca, ecjiH npeodpasoBaHiie 

n' =  In  npHMeHHTb flBa>Kflbi K nojio>KHTeJibHbiM uejibiM HHCJiaM? 

Vnp. 6. Ecjih K  ecib npeo6pa30BaHHe

to KaKOBO K 2? FIpeACTaBbTe pe3yjibTaT b MaTpHMHOH (JjopMe. 
(yKa3aHHe: nonpo6yftTe nepenncaTb K  b KaKOH-HHSyab Apyroft 

(JjopMe, a 3aieM BepHyTbca o6paTHo.) 

ynp. 7. Ilonpo6yHTe npHMeHHTb flBaJKflbi npe06pa30BaHHe

2/12. ripeAbmymee ynpa>KHeHHe noMo>KeT yncHHTb 3naqe- 

irne 3aMKiiyTocTH. He3aMKHyToe npeo6pa30BaHHe, Tai<oe 

KaK W , He Mo>KeT 6biTb npHMeHeHo jXBamnbi. B caMOM 

ACJie, xoTH oho H3MeHHeT h  b  k, ero AencTBHe Ha k  He 

onpezieJieHo, TaK mto oho He mojkct ^encTBOBaTb Aajibiue. 

He3aMKHyToe npeo6pa30BaHHe, TaKHM 06pa30M, no£o6Ho 

MaiHHHe, KOTopan AejiaeT oahh mar, a 3aieM ocTai-iaBjin- 

BaeTCH.

b § 2/4.)

A B C

A 0 +  +  

B 0 -f) 0 

C + 0 0

f  g  h 

g  h k



2/13. HcKJitonenue cimeoAoe. Ecjih npeo6pa30BaHHe 3aAaH0 

b coKpam eHHoS cjDopMe, HanpHMep (fjopMyjioft n ' =  n-\-\, 

to pe3yJibTaT ero AByKpaTHoro npHMeHeHHH mo>kho T a K ^ e  

iiaflTH c noMombio onncaHHbix MeTOAOB. ZIjih 3TOTO nano  

sanncaTb npeoSpasoBaHHe 3aHOBO, noKa3biBan Bee one- 

paHAbi, ocymecTBHTb ero AByKpaTHoe npHMeneHHe h 3aTeM 

cHOBa coKpaTHTb 3 anncb . CymecTByeT, oah3ko, 6oJiee 6bi- 

cTpbiH MeTOA- H toSm  noKa3aTb h ofrbncHKTb ero, BbinnmeM 

noJiHocTbio n p e o 6 p a s o B a H H e  T  : nf =  n +  1 rjisi noJio>KH- 

TeJibHbix uejibix qnceJi, a BHH3y 3anHm eM  pe3yjibTaTbi ero 

ABofiHoro npHMeHeHHH h nocTaBHM o6ihhh chmboji BbinOJl- 

HCHHbix onepauHH:

3jiecb n "  Hcnojib3yeTC5i KaK ecTecTBennbiH chmboji RJin 0 6 - 

p a 3 a  ot n\  Taic >Ke KaK  n ' ecTb o 6 p a 3  ot n.

HTaK, HaM aano, ^to n' =  n J^ 1. TaK KaK Mbi npHMe- 

K5ieM to >Ke caMoe npeo6pa30BaHHe cnoBa, to  n" aojijkho 

6 m h  Ha 1 Sojibuie, qeM n '. Cjie^oBaTejibHo, n "  =  n! +  1 .

HTo6bi onpe/ieJiHTb 0AH0KpaTH0e npeo6pa30BaHHe T 2, 

HaM HyjKHo ypaBHeHHe, Bbipaataiomee o 6 p a 3 n "  HenocpeA- 

CTBenHo qepe3 onepaHA n. Haxo>KAeHHe s to to  ypaBHei-mn 
ecTb npocTo Bonpoc ajireSpanqecKoro HCKJircmeHHfl chmbg- 
jiob: h3 AByx ypaBHeHHH n "  =  n ' +  1 h n f =  n  +  1 Hyxcuo 

KCKJircmHTb n ' . rioACTaBJiHH n  -f- 1 BMecTO n f b nepBoe 
ypaBHenne, nojiyqHM (cko6kh yKa3biBaiOT npouecc noACTa- 

hobkh) n "  =  (n  +  1) +  1, t. e. n "  =  n  +  2 .

3 t o  y p aB H e H H e  3aA aeT  ToqHyio 3aBH CHM 0CTb Me>KAy 

o n e p a n A O M  (n ) h 0 6 p a 3 0 M (n " )  n p n  T 2 h TeM caMbiM  

onpeAeJineT T 2. J X j yHncJwKauHH o 6 o 3 H a LieHHH sto  y p a B 

HeHHe mo>kho n ep e n n c a T b  b BHAe —  T a K  Bbirjin- 

A h t  b cTaHAapTHoft 3anHCH n p e o 6 p a 3 0 B a H H e , oA n oK p aT H o e  

np H M eH eH H e  KOToporo (oTcroAa o a h h  lutp h x  y m) Bbi3bi- 

BaeT Te >Ke caMbie H3MeHei-iHH, hto  h A B y K p aT H o e  n p H M e H e 

HHe T  (3 a M e H a  n  Ha m  0 3 H aqaeT  npocTyio n ep eM eH y  H a 3 Ba- 

hhh  bo H36e>KaHHe n y T a H H u a ) .

M b i BbicKa3ajiH BnoJine o 6 m e e  npaBHJio. T a K , ecjin A a n o  

n p e o 6 p a 3 Q B a H H e  n ' =  2 n  —  3, to  BTopoe np H M eH eH H e ero



TiacT BTopbie o6pa3bi n ", CB5i3aHHbie c nepBbiMH 4)opiviy- 

jioh n” — 2nf—  3. np0H3B0AH noACTanosKy BMecTo n' h 
cbo6oaho Hcnojib3yfl cko6kh, noJiy^HM

n!' =  2 (2ft —  3) —  3 =  4/z —  9.

CjieAOBaieJibHo, AByKpaTHoe npHMeHenne npeo6pa30BanHH 

n' =  2n —  3 Bbi3biBaeT Te >Ke H3MeHeHHH, m o  h oaho ripH- 

MeHeHHe npeofipasoBaHHH mf —  4m — 9.
2/14. Bbicuiue CTenemi. Bbiciime cieneiiH Haxo#HTCfl npo- 

CTbiM Ao6aBJieHHevi chmbojiob rjw  BbicuiHx 06pa30B (n

H T. £.) H HCKJIIOqCHHeM CHMBOJIOB npOMeJKVTOqHHX 06pa30B. 

Tan, HaH^eM npeo6pa30BaHne, Bbi3biBaeMoe TpexKpaTHbiM 

npHMeHeHneM npeo6pa30BaHHH n' =  2rt— 3. BbinmueM 
ypaBHeHHH mar 3a maroM:

n' =  2n—  3, 
n” =  2nf —  3, 

n'" =  2n" —  3.

Bo3bMeM nocJieAHee ypaBHeHiie h, no^cTaBHB 2n '—  3 

bmccto n " y nojiyMHM 

n'" =  2 (2nf —  3) —  3 =  An' —  9.

Tenepb rroACTaBHM BMecTo n'\

nf” =  4 (2n —  3) —  5"=  8/2 —  21.

CjieAOBaTeJibHo, TpexKpaTHoe npHMeHenne Bbi3biBaeT Te >Ke 

caMbie H3MeneHHH, KaKne Bbi3Bajio 6u  oaho npHMeHeHHe 

npeo6pa3oBaHH5i m' —  8m —  21. Ecjih nepBOHanaJibHoe 

npeo6pa30BaHPie 6biJio 7, rro TpexKpaTHoe npeo6pa30BaHHe 

ecTb T3.

ynp. 1. HcKJiioMHTe n' H3 n" — 3n' h n '— 3n.
nocipoiiTe cooTueTCTByiomee ripe00pa30BaHHe h npoBepbTe, 
mto jxca npHMeneHHH npeoCpa30BanHH ti' =  3n âioT tot >Ke 
pe3yjibTaT.

ynp 2. HcKJiKDMHTe a' H3 a" =  a' +  8 h a' =  a +  8. 

ynp. 3. HcKJUoqme a" h a' hs a '"  — 7a" , a" =  7a', a' =  7a. 

ynp. 4. HcKjnoqnTe k' H3 k" =  — 3/e' +  2, =  — 36 +  2. npoBepbTe, 

KaK b ynp. 1.

ynp. 5. McKjnowHTe m' H3 m " —  log m\ m' — log m. 

ynp. 6. HcKJiioMHTe p' H3 p" —  (p ')2» P' =  P2*
y/?p. 7. Haft/uiTe npeo6pa30BaHHH, sKBHBaJiemnbie aeyKpaTHbiM npn- 

MeiieHHJIM (KO BCeM nOJIO>KHTeJlbHbIM Ue^blM MHCJI3 M, COJIb-



uihm  1) npeo6pa3c>BaHHH:

(I) n ' =  2/i +  35

(II) n' =  /22_|_n;

(III) n' =  1 +  2 log n.

ynp. 8. HannHTe npeo6pa30BaHHe, sKBHBaJieHTHoe TpexKpaTHOMy npH- 

MeHeHHio npeo6pa30BaHHa n' —  — 3n —  1 k noJio>KHTejibiibiM 

h OTpHuaTejibHbiM uejibiM MHCJiaM h Hyjiio. FIpoBepbTe, KaK 

b ynp. 1.

ynp. 9. HafiflHTe npe06pa30BaHHH, sKBHBajieHTHbie BTopowy, TpeTbeMy

h jiaJibneHiiiHM npHMCHeHHHM npeo6pa30BaHHfl n'
(3aM e*iaHHe: 3flecb HcnoJib3yeTCH pn/i, oTKpbiTbifi O n d o H a M ^H  

b XII BeKe: 1, 1, 2, 3, 5, 8, 13, b pn/ie OnGoHaHMH Ka)K£biH 
cjie/iytomHH qjieH paseH  cyMM e £ Byx npeaiiiecTByiomHx: TaK,

3 +  5 =  8, 5 +  8 = 1 3 ,  8 + 1 3  =  . . .  h t. z .)  

ynp. 10. K a K O B  pesyjibTaT AsyKpaTH oro npHM eHeHHH npeo6pa30BaHH H  

n' — 1/rt, ecjiH onepaH^bi cyTb Bee nojiojKHTejibHbie pauwo- 

HajibHbie MHCJia (t. e. Bee a p o 6 h )?  

ynp. 11. TeoMeTpHMecKoe npeo 6pa30BanH e. HapucyftTe Ha 6 yM are ot- 

pe3 0 K h o 6 o3 HaHbTe «r o  Koimbi qepes A w B. 3 t o t  0Tpe30K , 

onpeneJiaeMbiH ajihhoh h nojio>KeHHeM, ecTb onepaH/t. floJiy- 

iiHTe ero o 6 pa3 c k o h u 3 mh A ' h B' cjieflyiomHM npe0*6pa30Ba- 

HHeM R: A' ecTb cepe/iHHa AB, a B' HaxoziHTCfl n 0 B0 p 0 T0 M ot- 

p e 3 i<a A'B  BOKpyr A* na npaM OH  yroji npoTHB HacoBoft 

CTpeJiKH. n p O B e ^H T e  A'B'\ 3 aTeM npHMeHHHTe R n 0 BT0 pH 0 
h BbincHHTe, KaK ce6 a 6y&e T  bccth CHCTewa.

* ynp. 12. (npojiojiaceHHe.) Ecjih bh 3HaK0Mbi c aHaJiHTHqecKoft reo- 
MeTpHeft, npnMHTe 3a A TOMKy (0,0) h 3a B TOHKy (0,1); nafl- 

AHTe npe^eJibHoe nojio>KeHHe. (YKa3aHHe: onpe^eJiHTe oKonua- 

TeJibHyio a6cuHccy tomkh A  iok pH£ .h npocyMMHpyftTe ero; 

to >i<e npo^ejiafiTe h jxjw opAHiiarbi tohkh A.)

2/15. 06o3HCiHeHun. Cnoco6 3anHCH, npn kotopom o6pa3 

o6o3HaqaeTCfl npuSaBJieHHeM uiTpnxa,- yAoSeH, ecJin pac- 

cmaTpHBaeTCH tojibko oaho npeo6pa30BaHHe; ho ecjiH Ha n 

Mo>KeT AeHCTBOBaTb HecK0JibK0 npeo6pa30BaiiHH, TO CHM- 

boji n' He yxasbiBaeT, KaKoe H3 hhx AeftcTBOBajio. llo- 

3T0My HHoraa ynoTpefijiaeTCH Apyroft chmboji: ecjin n —  

onepaHA h npHMenneTCH npeodpa3oaaHHe T, to o6pa3 

o6o3HaqaeTCH qepe3 T(n ) .  LIeTbipe neqaTHbix 3Hana — 
ABe 6yKBbi h ABe ckoQkh —  H3o6paHcaioT odny  BejiH^HHy; 

3to oficTojiTejibCTBo Mo>KeT cnyTaTb Toro, kto eme He npH- 

bh k  k HeMy. Bbipa^eHHe T(n ), KOTopoe Ha caMOM AeJie 

JiBJineTCH nepeHnaqeHHbiM ti\ mohcct 6biTb cnoBa npeoSpa- 

3GBaHo, h Tor^a ero cJieAOBa.no 6bi 3anHcaTb b BHAe 

T ( T ( n ) ) ,  ecjiH 3anncb eAHHoo6pa3Ha; npaKTHqecKH BHeuiHHe



ckoSkh  oSbm H o  onycxaioTCH h noBTopnioiiXHecH T 
oS'beAHHHiOTCH, TaK qTo n" nHuieTca KaK T2(n). npHBOHH- 
Mbie HH>Ke ynpa^HeHHH hojijkhh npnyqHTb HHTaTeJifl 

k  3TOMy cnoco6y 3anncH (h 6 o  H3MeHHe.TCH 3necb ToJibKo 

cnoco6 3ariHCH).

bnp. 2. BbinniuHTe nojiHOCTbio npec>6pa30BaHHe g rjm onepaH^oB 6, 
7, 8, ecjiH g(6) =  8, g(7) =  7, g(8) =  8. 

ynp. 3. BbinnmHTe n o jm o c T b io  irpeofipasoBaHHe h juin onepaH/joB a, 
p, r, 6, ecjiH h(a) =  y, h2(a) — |3, hz(a) ==6, /*4(a) =  a. 

ynp. 4. Ecjih A (n )  ecTb n-f-2, to KaKoso 4̂ (15) ? 
ynp. 5. Ecjih /(«) ecTb — ft2 +  4, to KaKOBO /(2) ? 
ynp. 6. Ecjih T(n) ecTb 3n, to KaKOBO T2(n)? (yKa3aHHe: ccjih Bbi He 

yeepeHbi b O T B e re , B b in n u iH T e  T n o A H o c r b t o . )  

ynp. 7. Ecjih I ecTb T0>K^ecTBeHH0 e npe0(5pa30BaHHe, a t  — oahh h3 

ero onepaH^OB, to KaKOBO I(t)?

2/16. I7poii36edeHue. I<aK Mbi ToJibKo qTo BH^ejiH, rrocjie 

npHMeHeHHH npeo6pa30BaHHH T k onepaH^y n o6pa3 T(n) 
MomeT paccMaTpKBaTbcn KaK hobhh onepaH# zijih T, qTo 

^aeT o6pa3 T(T(n )), o6o3HaqeHHbifi qepe3 T2(n). ToqHo 

TaK >Ke T(rt) Mom er  CTaTb onepanflOM npeo6 pa3 0 BaHHH U , 

mto nacT o6pa3 U (T (n )). TaK, ecJiH HMeioTca npeo6pa3o- 

BaHHH

to T( b )  ecTb rf, a U ( T ( b ) )  ecTb U(d)>  t. e. b. FlpeoSpa- 

30BaHHH T h U y npHMeHeHHbie b TaKOM nopn/iKe, onpe^e- 
jihiot H0B0e npeo6pa30BaHHe V , K d o p o e  JierKo o6Hapy- 

xaiTb:

E[peo6pa30BaHHe V nasbiBaeTca npOHseefleHHeM, hjih kom- 
nosHUMeM, npeo6 p a3 0 BaHHH T h U. O h o  AaeT npocTo pe- 

3yjibTaT nocJie/ioBaTejibHoro npHMeHeHHH T h U  b ^bhhom  

nop^HKe, Ka>K£oro no ozuioMy pa3y.

E cjih CHaqajia npHMeHneTCH U, t o  U(b) b npHBezieHHOM 

npHMepe ecTb c, a T(c) ecTb a; oTCioAa T(U (b)) ectb a, 

t . e. He t o  >Ke caMoe, qTo U (T (b )). K o r^a  U  h  T npHMe-

H

a b e d  

c b d c '



HHIOTCH BO BTOpOM nopH^Ke, HX npOH3Be£eHHeM CJiyHCHT 

npeo6pa3QBaHHe

Jinn yzioScTBa V Mo>KeT 3anHCbiBaTbCfl KaK UT, a W—  
KaK TU. Bcer^a Ha^o noMHHTb, qTo H3MeHenHe nopn^Ka 
b npoH3BeAeHHH Mo>KeT H3MeHHTb npeo6pa30BaHHe.

(SaMeTHM, qio npoH3Be,aeHHe V  mojkct 6biTb HeB03- 

MOHCHbiM, t. e. He cymecTBOBaTb, ecjin HeKOTopbie H3 o6pa- 

30B npeo6pa30BaHHH T He hbjihkdtch onepaHAaMH jxjm. U.)\
ynp. 1. BbinHiiiHTe npe06pa30BaHHe U2T. 
ynp. 2. BbinmiiHTe noJiHOCTbK) UTU.
* ynp. 3. FIpeziCTaBbTe T h U nocpe/icTBOM MaTpim, a 3aieM nepe- 

MHO>KbTe 9TH flBe MaTpHUbI 06bIMHbIM 0(5pa30M (CTpOKH Ha 

cTOJi6ubi), npHHHMaa, mto npoH3Be^eHHe h cyMMa 3H3kob +  

ecTb + ;  H330BHTe noJiyMeHiiyK) MaipHuy M\. npe^ciaBbTe 

V MaipHuefl; Ha30BHTe ee M 2. CpaBHHTe M i h M 2.

2/17. KuneMciTmecKuu epacpuK. flo chx nop Mbi H3yqajin 

KaJK^oe npeoSpasoBaHHe rjiaBHbiM 06pa30M nyieM Ha6jiio- 

.fleHHH 3a pe3yjibTaTOM ero o^HOKpainoro ^eficTBHH Ha Bee 

ero B03M0JKHbie onepaH/ibi (cm., HanpHMep, § 2/3). Jlpy- 

rofi MeTOfl (npHMeHHMblH TOJIbKO K SaMKHyTbIM npe06pa30- 
b2hhhm) coctoht b H3yqeHHH AeftcTBHH npeo6pa30BaHH5i Ha 

OTAejibHbiH onepaH^ npn MHornx noBTopHbix npHMene- 
HH5IX. 3T0T MeTOA COOTBeTCTByeT npH H3yqeHHH flHHaMH- 

qecKHx CHCTeM TOMy, m o cncieMy npHBo^HT b HeKOTopoe 

HaqajibHoe cocTOHHHe, a 3aieM npeAOCTaBJiniOT eS 6e3 

AaJibHeftmero BMemaiejibCTBa npoxo£HTb cepnio H3MeHe- 

hhS, onpezieJiHeMbix ee BHyTpeHHeft npHpo^oH. TaK, b bbto- 

MaraqecKOH Tejiec{)OHHOH cncieMe mm uomeu HagjuoaaTb 

Bee H3MeneHHfl, KOTopbie cJie^yiOT 3a Ha6opoM HOMepa; 
b MypaBeftHHKe Mbi MO>KeM HafijiioAaTb Bee H3MeHeHHfl, ko- 

ropbie nocJieziyiOT, ecjiH nojio}KHTb no6jiH3ocTH KycoqeK 
MHCa.

ripeAnoJioHCHiM ajih onpezieJieHHociH, qio Mbi HMeeM 

npeo6pa3QBaHHe

E cjih U  npHMeHfleTcn k  C , 3aieM  k  U (C ) , 3aieM  

k U 2(C), 3aieM  k U 3{C) h t . a ., to o6pa3yeTCH paa

A B C D E 
D A E D D '



C, E , Z), Z), £>,... h t. a., rjxe D  noBTopaeTCfl 6e3 KOHua. 

Ecjih U  npHMeHHTb TaKHM >Ke 06pa30M  k A , to o6pa3yeTCH 

pnjx A , D ,  D , Z), ..., r/ie D  noBTop^eTCH oiiflTb.

3 t h  pe3yjibTaTbi mo>kho H3o6pa3HTb rpac|)HqecKH, noJiy- 

qan TeM caMbiM B03M0>KH0CTb o6 napy>KHBaTb c nepBoro >Ke 

BsrJiH^a cooTHoiueHHH, KOTopbie b npoTHBHOM cJiyqae 

MorjiH 6 bi 6 biTb o6 Hapy>KeHbi ToJibKo nocjie TmaTeJibHoro 

K3yqeHH5i. H toSh  nocTpoHTb KHHeMaTwqecKHM rpacf)HK npe- 

06pa30BaHHH, BbinHCbiBaeTCH MHoatecTBo Bcex onepaHzioB, 

Ka^^biH na jikd6om y^ofiHOM MecTe, h 3aTeM ohh  c o e m - 

heiotch cTpeJiKaMH corJiacHo npaBHJiy, mto CTpejiKa HZieT 

ot A  k B  rorjxa h ToJibKo Tor^a, Kor^a /I 3 a ooth mar 

npeo6pa3yeTCH b B. Tax, U  jxaeT KHHeMaTHqecKHH rpacj)HK

C - + E - + D + - A + - B .

( K  D mo>kho h He npnnHCbiBaTb «B03BpaTHyi0» CTpejiKy, 

ecJiH ot 3Toro He B03HHKaeT HHKaKoro ne£opa3y- 

MeHHH.)

Ecjih 6bi rpac})HK coctohji H3 nyroBHu (onepaH,aoB), 

CB5i3aHHbix hhthmh (nepexoziaMH), OH Mor 6bi, no£o6Ho 

KaKoii-HHSyAb ceTH, npHHHMaTb pa3JiHqHbie (J)opMbi:

C-*-E B-+-A
\

D  UAU

B + A  D — E+-C

H T. JX. 3 t h  pa3JIH4Hbie (J)OpMbI He paCCM3TpHBaiOTCH KaK 

pa3JiHMHbie rpa(J)HKH, ecJiH tojibko BHyTpeHnne cbh3h b hhx 

TOJKAeCTBeHHbl.

SjieMeHTbi, noJiyqaeMbie npn nocJiejxoBaTejibHbix npe- 

0(1pa30BaHHHX sjieMema C  nocpeacTBOM U  (pa^ C, E ,

£>, D } ...), HaXOAflTCfl B nOCTOHHHOM OqeBHZlIIOM COOTBeT- 

CTBHH C COCTOflHHHMH, np0X0£HMbIMH Ha KHHeMaTH^eCKOM 

rpacJ)HKe tomkoh, KOTopan HaqHHaeT A B H ^en n e  b C  h upo- 

xoaht no oahoh cTpejiKe 3a mar, flBHraacb Bcer^a no Ha- 

npaBJieHHio crpeJiKH. TaK KaK npocJie^HTb ABH/KeHne tohkh 

no jihhhh ofibWHo ropa3 £o jierqe, qeM BbmncjiHTb U ( C ) ,  

U 2(C) h t. ix.j oco6 eHHo npH cjiojkhom npeo6 pa30BaHHH, to 

rpac[)HK qacTo hbjihctch caMbiM y ix o Q u n u  npeACTaBJiei-ineM



2/17 nOBTOPHblE H3M EHEH Hfl 41

npeoSpasoBaHHH b H306pa3HTeJibH0H $o p M e . flBH^ym ancfl 

TO^xa 6yjxer Ha3biBaTbcn npeACTaBjiaiomeH t o h k o m .

Kor/ia npeoSpasoBaHHe cTaH OM Tcn  6oJiee c j i o j k h h m , 

BbidynaeT  oiiHa ero Ba^KHan qepia. Bo3bMeM , HanpHMep, 

n p e o 6 p a 3 0 B a H H e

A B C D E F G H IJ K  L M N P Q  
D H D IQ G Q H A E E N B A N E  'T '-\

Ero KHHeMainqecKHH rpa(J)HK HMeeT bhjx 

n C
x  /

/V  - ~ A  — o  K

/  x /  e = z Q ~ a ~ P

L S
J

H a i n a n  ^BHHceHHe H3 Jiwdoro coctohhhh h cjie^yn no 

nenn dpeJioK, Mbi Mo>KeM y6eAHTbCfl, m o  npn noBiopHbix 

n p e o 6 p a 3 0 B a H H 5 i x  n p e /ic T a B ;m fo m a 5 i  TOM K a  n p n x o A H T  

BcerAa jih6o k HeKOTopoMy nojioKeHHio, b kotopom ona 

OCTaHaBJIHBaeTCH, JIH6 0  K HeKOTOpOMy UHKJiy, b kotopom 

uiipKyjiHpyeT no 6ecKOHeqHccTH. TaKoft rpacfiHK HanoMH- 

HaeT KapTy apeHajKHoS CHCTeMM, noKa3biBaiomyK), b khkoh 

panoH nona^ei b KOHue kohuob Kan Jin e o r l i  (t. e. npe#- 

craBJiHiomaH To^Ka), HaqaBLuasi cboh nyib b jiio6om MecTe. 

3 th  o6oco6jieHHbie apyr ot zipyra pafioHbi Ha3biBaiOTCfi 

6accenHaMM rpacjniKa. OneBiijxuo, sto HMeeT HeicoTopoe ot- 

nouieHHe k TOMy, m o  noHHMaeTcn ucr  «ycTofiqHBocTbK>», 

k kotopon Mbi nepefiaeM b tji. 5.

ynp. 1. Ha^iepTiire KHHeMaTHiiecKHii rpac})HK npe0(5pa30BaHHH A h B 
b yrip. 2/4/3.

bnp. 2. K aK  mo>kho c nepBom B3rji«^a y3HaTb rpa(J)HK TO>Kj.ecTBeH- 

Horo npeo6pa30BaHHH? 

ynp. 3. Ha^epTHTe rpa(J)HKH KaKnx-HH6y£b npocTbix 3aMKHyTbix h 

B33HMHO O/lHOSHaqHbIX npe06pa30BaHKH. MtO HBJIHeTCH HX ot- 

JIHMHTeJIbHblM npH3HaKOM? 

ynp. 4. HanepTHTe rpa(J)HK ripeo6pa30BaHH5i V, b kotopom n' ecTb 

TpeTbn flecHTHMHan uncjjpa hhcjiz lg(rc-b20), a onepanflbi—  
jxeCHTb uH(J)p 0, 1, 9.



ynp. 5. (ripoAOJiJKeHHe.) Flo rpacf>HKy V onpe/iejiHTe cpa3y, Ka- 

KOBbi V(8), V2(4)t V4(6), V̂ 4(5). 
ynp. 6. Ecjih npeo6pa30BaHHe B3aHMHo 0£H03HaMH0, to MoryT jih abc 

CTpeJIKH ITpHBOflHTb B 0£Hy TOTOy? 

ynp. 7. Ecjih npeo6pa30BaHHe 0AH03HaqH0 Jinuib b QflHy CTopoHy, to 

MoryT jih jine cTpejiKH ripHBOflHTb b o/uiy TOMKy? 
ynp. 8. llocTpoHTe KaKHe-HH6yflb 3aMKHyTbie 0£H03HaMHbie npeo6pa30- 

b3hhh, no,ao6Hbie T , Ha^epTHTe hx KHHeMaTH^ecKHe rpacJ)HKH h 

OTMeTbTe hx xapaKTepHbie npnsHaKH. 

ynp. 9. Ecjih npeo6pa30BaHHe OAH03HaMHo, to MO>KeT jih oahh 6acceHH 

coAep>KaTb aBa uHKjia?



rJIABA 3

A e T e p M H H H p o B a H H b i e  

MaiiiHHbi

3/1. YcTaHOBHB HCHbie nOHHTHH O npeo6 pa30BaHHHX, Mbi 

MOHceM nepeHTH k hx nepBOMy npHMeHeHHio —  k ycraHO- 

BJieHHio To^Horo napajiJieJiH3Ma Me>K,Hy onHcaHHbiMH 3£ecb 

cB o H dB aM H  npeo6pa30BaHHH h cBoftcTBaMH peajibHo cyme- 

CTByiOmHX MauiHH H OTHaMH^eCKHX CHCTeM.

O  HaHJiyqmeM onpeneJieHHH «MauiHHbi» mo>kho, ko- 

HeqHo, MHoro cnopHTb. J^eTepMHHHpoeaHHafl MarnwHa onpe- 

^eJiHeTCH KaK MauiHHa, KOTopaa Be#eT ce6 n TaK >Ke, KaK 

saMKHyToe 0 HH03HaqH0 e npec>6 pa30 BaHHe. 3 to onpe/iejie- 

HHe onpaB^biBaeTCH npocio TeM, qTo oho « p a 6 oTaer»; oho 

Aaet HaM to, qTo naM Hy>KHO, h  HHrae He npoTHBopeqHT 

rpy6o TOMy, qTo Mbi HHTyHTHBHo c^HTaeM pa3yMHbiM.

JleflcTBHTejibHoe onpaB^aHHe 3aKjnoqaeTcn He CT0JibK0 

b coofipajKeHHHx, BbicKa3aHHbix b 9tom naparpac})e, cKOJibKO 

b  AaJibHeHiueM conep>KaHHH khhth h, MO>KeT 6biTb, b jiajih- 

HeHHIHX HOBbIX HCCJieHOBaHHflX.

3aM eTHM , qTo Ham e onpe^eJieHHe roBopnr o cnoco6e 

noBeneHHH, a He o MaTepnajibHOH Bemw. B stoh KHHre Mbi 

SaHHMaeMCH TeMH 0 C0 6 eHH0 CTflMH CHCTeM, KOTOpbie 

MBJIHIOTC5I ZieTepMHHHpOBaHHblMH, T. e. B CBCeM H3MeHeHHH 

cjie^yioT peryjinpHHM h BocnpoH3Bo,aHMbiM nyTHM. M bi 6y- 

Jiem H3yqaTb AeTepMHHHpoBaHHocTb, a He MaTepnaJibHyio 

cyficTaHUHio (stot Bonpoc 3aTparHBajicH Bbirne, b tji. 1).

B qacTH I Mbi 6yneu paccMaTpHBaTb ^eTepMHHHpoBaH- 

Hbie MaiHHHbi, h  Bee cooTHocHMbie c k h m h  npeo6pa30BaHHH 

6ynyT 0AH03HaqHbi. Jlnuib HaqnHaa c § 9/2 m m  6y#eM



p a c c M a ip H B a T b  6ojiee o S i u h h  t h i i , zieTepM HHHpoBaHHbin

JIHLlib B CTaTHCTHMeCKOM CMblCJie.

B io p o e  orpaHH M eHHe otho chtch  k stoh  rjiaBe. 3 n e c b  

6y,ayT paccMarpHBaTbcn T0JibK0 H30JiHp0BaHHbie MauiHHbi, 

t. e. M am nHbi, Ha KOTopwe hhmto aKTHBHo He B03,neii- 

CTByeT.

npoCTbIM H THnH^HblM npHMepOM AeTepMHHHpOBaHHOH 

m a hi h h bi Mo>KeT cJiy>KHTb Tfl>KeJiafl >Kejie3Hafl paMa co mho- 

H<ecTBOM T^i>Ke./ibix mapoB, coeziHHeHHbix jxpyr c ApyroM h 

c paMOH npy>KHHaMH. Ecjih npn HeH3 MeHHbix ycJioBHsix 

noBTopno npHBo/uiTb rnapbi b HeKOTopoe onpejiejiemioe 

nojioKenne, a 3aTeM ocBofioK/iaTb, to hx ABH^eunn 6y,ayT 

Ka>i<AbiH pa3 TeMH >Ke caMbiMH, t. e. 6 y;iyT cJie/ioBaTb TOMy 

>kc caMOMy n y m  Ben cncTeMa, npHBe^eHHan b AaHHoe 

naqa.ibHoe «cocToflHHe», 6 y#eT noBTopno npoxo&HTb o^Hy 

h Ty >Ke nocJie^oBaTejibHocTb coctohhhh.

riojy cocTosiHweM CHCTeivibi noH H M ae T cn  to^iho onpe^c- 

JieHHoe ycJioBne hjih cbohctbo , KOTopoe mo>kct SbiTb ono- 

3n aH o , ecJiH noBTopHTCH CHOBa. Kaynjian  cncTeM a, ecTe- 

CTE-eHHO, HM eeT MHOrO B03M0>KHblX COCTOHHHH.

Koi\aa rnapbi ocbo6o>ka3K)tch, hx  noJio>KeHHH (P )  npc- 

TepneBaiOT p n n  H3MeHeHHft: P 0, P i, P 2, 3Ta To^Ka  3pe- 

iihh cpa3y  >Ke cootiiocht CHCTeMy c n p e o 6 p a 3 0B a H H e M

JIcho, m o  onepandbi n p e o 6 p a 3 0B a H H H  c0 0 TBeTCTByi0 T

CCCTOHHUHM CHCTeMbl.
riocjieixoBaTejTbHocTb noJio>KeHHH, npHHHMaeMbix cncTe- 

moh eo epeMenu, cooTBeTCTByeT nocjie^oBaTeJibHocTH 3Jie- 

MeHTOB, nopo>K^aeMbix nocjie/joBaTeJibHbiMH cTenenaMH 

ripeo6pa30BaHHH (§ 2 /1 4 ) . TaKan  nccJieAOBaTejibHOdb

C0CT05IHHH Onpe^eJIHeT TpaeKTOpMK), HJIH J1HHHIO nose- 

AeHHH.

To 0 6 CT0 HTeJIbCTB0 , MTO JXeTepM HHHpOBaHHaH M aiUHHa 

H3 oahoto  coctohhhh  ne Mo>KeT nepeHTH epa3y  b jiua ap y ru x  

COCTOflHHfl, COOTBeTCTByeT Tpe 6 oBaHHK) 0/lH03HaqH0CTH  

npe o6p a30B aH H H .

PaccMOTpHM Tenepb ajih naqajia eme HecKOJibKo npHMe- 

poB, yqHTbiBa^ ycJio)KHeHH5i no Mepe hx noflBJienHfl.



«MhCJIO HaJIH^HblX 0 p r a H H 3 M 0 B »  B TOJIbKO qTO npH BH TOH  

6aKTepHOJiorHqecKo8 KyjibType B 03p acT aeT  o t  qaca k  qacy. 

Ecjih cHaqaJia s t o  mhcjio y^B aH B aeTC H  qepe3 Ka>KAbiH qac, 
t o  b s t o t  HaqajibHbift n e p n o A  o h o  6y A e T  H3MeHHTbCH ot 

qaca  k  q acy  TaK m e y KaK  H 3 MeHneTCfl n  npH  nocJie^oBa-

TCJibHbix cTeneHHX n p e o 6p a30B aH H H  n' =  2n.

E cjih pocT o p ra H H 3M a  jxo  HeKOTopoft CTenenn Heno- 

cTOHHeH, to  noBezieHHe CHCTeMbi, t . e. Bbi6op c o c t o h h h h , 

KOTOpce AOJI5KHO nOCJie,ZIOBaTb 3a ZUHHblM COCTOHHHeM, CTa- 

ho b h t c h  6oJiee hjih MeHee HeonpeaejieHHbiM. T a K H M  o6pa- 

3 0 M, «ZieTepM HH HpOBaH HOCTb» peaJIbHOH CHCTeMbi COOTBeT- 

CTByeT 0jiH03HaqH 0CTH  o 6 p a 3 a  A aH H o ro  onepaHZia n p n  npe- 

0 6 p a 3 0 B a H H H .

Paccm otphm , /tajiee, qacbi, HcnpaBHbie h 3aBe£eHHbie; 

ceiiqac hx CTpejiKH yKa3biBaiOT Ha KaKoe-To MecTo Ha uh- 

(fiepGjiaTe, a qepe3 3 a^aHHoe b p e m si sth CTpejiKH 6 y#yT 

yi\a3biBaTb Ha zipyroe onpe/iejieHHoe MecTo. rioJio/KeHHH 

CTpeJlOK COOTBeTCTByiOT 3JieMeHT3 M npeo6 pa30BaHHH. 

Ozu-ioKpaTHoe npeo6 pa30BaHiie C0 0 TBeTCTByeT npoxoJK/ie- 

iiiik) eziHHHUbi BpeMeHH; oho, oqeBH^Ho, 6 y.neT HMeTb 

bur nf =- n +  k.

B 3tom cjiyqae AeficTByioiUHH «onepaTop» no cymecTBy 

ne onpeziejiHM, h6o oho He hmcct HCHbix hjih ecTecTBeHHbix 

rpaHHU. O h  BKJiioqaeT Bee, qTo 3acTaBJiflei qacbi hath: qa- 

cobvk) ripy>KHHy (hjih cHJiy T5i>KecTH), TBepjiocTb MeTajuia, 

H3 KOTOporo H3r0T0BJieHbI KQJieca, CMa3Ky ocen, CBOHCTBa 

c'rajiH, B3aHM0jieHCTBHe aTOMOB >KeJie3a h t. r .  —  onpe^e- 

JieHi-ioH rpaHHUbi 3Aecb HeT. K aK  ShiJio cnasaiio b § 2/3, 

«onepaTop» qacTo onpeixejuieicfl neToquo h jxo  HeKOTopoft 

CTenei-iH np0H3B0JieH. 3 to  noHsmie Majio npHro^Ho 

k Hcn0Jib30B3HHK) b HayKe. O M a K o  n p e o 6 p a 3 0 6 d H u e  onpe- 

ACJIHeTCH BnOJIHe TOqHO, h6o OHO OTHOCHTCfl TOJIbKO K cp a ic -  

t c i m  H3MeHe‘HHH, a He k hx 6ojiee hjih MeHee rnnoreTHqe- 

ckhm npnquHaM .

B 6H0Ji0rHqecK0M MHpe He raK JierKo HafiTH dojib >Ke 

peryjiHpHyio nocJie/ioBaTejibHocTb H3MeneHHH, KaK b cjiy- 

qae c qacaMH, ho peryjiapHoe npoTeKaHHe HeK0T0pbix 6o- 

JiC3Hefi o6Hapy*KHBaeT HetfoTopbie aHajiorHqHbie qepTbi. 

fa.K, bo BpeMeHa, Koraa eme He npHMeHsuincb cyjibcJ)OH- 

amH/ibi, jien<oe npn  /lo/ieBofi nHeBMOHHH b THnnqi-ioM cjiy- 

liae npoxo^HJio cJie^yiomHH pn^ c octohhhh : 3apa>KeHHe —



BHe/jpeHHe (consolidation) — KpacHoe oneqeHeHHe —  cepoe 

one^eH eH H e  —  p a 3 p e m e H H e  —  Bbi3£opoBJieHHe *. TaKan no- 

cjieAOBaTeJibHocTb coctohhhh  cooTBeTCTByeT t o ^h o  onpezie- 

JieHHOMy n p e o 6p a 30B a H H K ), xoth  h  He ™ cJi0B 0M y .

flajiee, p accM O Tp H M  qyryHHyio oTJiHBKy, H arpeiy io  Ta- 

k h m  0 6 p a 3 0 M , qTo pa3JiH^Hbie ee ^acT H  HMeiOT pasJiH^nyio, 

k o  onpezieJieHHyK) T e M n e p aT y p y . E c jih  ycjiosHH He H3Me- 

HHIOTCH, TO 3TH TeM nepaTypbl S y ^ y T  H3MeHHTbCH BO spe-

MeHH onpe/ieJieHHbiM 06pa30M . CocTOHHneM otjihbkh b Ka- 

TKjibm jxaHHbifi MOMeHT 6yzieT HeK0T0p0e mhojkcctbo TeM- 

nepaTyp (BeKTop, § 3/5), a nepexo# H3 oflHoro coctohhhh 

b apyroe (S 0 ->St S 2 ...) Sy^eT c00TBeTCTB0BaTb £efi- 

ctbhkd npeo6pa30BaHHH, npeBpam aiom ero onepaH# 50 no- 

CJiezioBaTeJibHo b T(S0) 9 T2(S0), T3(S0) h t. a .

BoJiee cJio>KHbiH n p H M ep , HarjiHAHo noKa3biBaiom HH , qTo 

to^ho  onpe^eJieHH oe n p e o S p aso B aH H e  He o6n3aTejibHo 

Aojijkho 6biTb qncJioBbiM, npe^CTaBJiHiOT HeK0T0pbie c})opMbi 

pecJ)JieKTopHoro noB e^eH H H  jk h b o t h h x . T a K , caivieu h caM K a  

TpeXHTJIOH KOJHODJKH BMeCTe C HeKOTOpblMH qacTHM H  oKpy* 

K a io m e n  cpezibi o6pa3yK)T  ^eT ep M H H H p oB aH H y io  /m naM nqe-  

CKyio CHCTeMy. T H H 6ep re H  (b cBoeM  «H ccjie £ O B aH H H  hh- 

CTHHKTa») cJie/iyiomHM 0 6 p a 3 0 M  onH Cbm aeT  nocJieAOBa- 

TejIbHbie COCTOHHHH 3T0H  CHCTeMbi: « K a )K £ a H  peaKUH H  KaK  

ca M u a , TaK  h caM K H  Bbi3biBaeTCH npeznuecTByiom eH peaK- 

UHen n a p T H ep a . K a ^ a n  cTpeJiKa Ha np H BO A H M O K  m im e  

^ n a r p a M M e  CooTBeTCTByeT n p n q H H H O M y  oTHom eHHio, cyme- 

CTBOBaHne KOToporo 6biJio zioKa3aHo b onbiTax c ManeKe- 

H aM H . n e p B a n  peaKUH H  c a M u a , 3H F3aroo6pa3H biH  TaH eu , 

BbI3bIBaeTCH 3pHTeJIbHbIM CTHMyjIOM OT C3M KH , B KOTOpOM  

nrpaiOT pojib 3HaK0Bbie B036yAHTejiH : «B3^yBiueecH  

6pioiiiKo» h oco6bie jXBH>KeHHH. C a M K a  p e arn p y e r  Ha Kpac- 

Hbift UBeT c a M u a  h ero 3nr3aroo 6pa3H biH  T aH e u  TeM, m o  

nJibiBeT n p H M o  k HeMy. 3 t o  ABH>KeHHe 3aciaBJiHeT c a M u a  

noBepHyTbCH h 6biCTpo njibiTb k rHe3Ay. 3 t o ,  b cboio oqe- 

pe,zib, no6y>KziaeT caM K y  njibiTb 3a  hhm , tcm  caMbiM  no- 

byM nan  c a M u a  y K a3aT b  tojioboh exojx b rHe3£o. E r o  no-

1 B Hacrofim ee epeMH ycraHOBJieHo, m o  KpacHoe oneMeHeHne h ce« 

poe one^eHeHHe hbjihiotch He jxbymh nocjie^oBaiejibHbiMH CTa/uiHMH, 

a AByMH p a 3JiHiiHbiMH c})OpMaMH npoTeKaHHH 6 ojie3HH. Cp. M  h c h h- 

k o b  A. JL, FlponeAeBTHKa B H y ipenH nx  dojie3Hefi, M., 1957. — JlpuAU, 
nepee.



Be^eHHe Bbi3biBaeT cjieziyiomyio peaKUHio caMKH: OHa 3a- 

nJibiBaeT b rHe3£o... 3 to  onnTb-TaKH B036y>K£aeT y caMua 

peaKUHK) B BHAe JipOJKH, HTO BbI3bIBaeT MeTaHHe HKpbl caM- 

koh. npHcyTCTBHe cbo kh x  hkphhok 3acTaBJineT caMixa

OnJIOAOTBOpHTb HX».

THn6epreH cJie,nyiomHM 06pa30M cyMMHpyeT CMeny co- 

c t o h h h h :

Mbi b h a h m , mto o h  Raer onncaHHe THnimHofi TpaeKTO- 
pHH. B p kjx jih Hy>KHbi AaJibHeftuiHe npHMepw, h 6 o  pas.wi- 

Hbie OTpaCJIH HayKH, K KOTOpbIM TIpHMeHHeTCH KHSepHeTHKa, 
jxaK)T H3o6HJiHe npHMepoB, h Ka>KAbiH nmarejih CMo^eT 
noAo6paib npHMepu, 6jiH3KHe k  ero co6cTBeHHofi cneunajib- 
HOCTH.

C o o t h o c h  M aniH H y  h n p e o 6 p a 3 0 B a H H e , m h  B c iy n a eM  

b Ty AH CunnjiH Hy, K OTopan  co o th o ch t  noBezieHHe peajibHbix 

cbM3HxieCKHX CHCTeM CO CBOHCTBaMH CHMBOJIH^eCKHX Bbipa- 

>k0hhh, n anH caH H bix  nep oM  Ha Sy M are . B ecb  n p e ^M e T  

« M a ie M a T H iiecKOH 4>h3hkh» ecTb qacTb stoh  AHCunnjiHHbi. 

O ^ H a K o  MeroAbi, Hcnojib3yeMbie b s to h  KHHre, HecKoJibKo 

LUHpe no oxB aTy , h 6o  M aT eM ara q ec K aH  d p m m a  TnroTeeT 

k n p e H M y m e c T B e H H O M y  paccM OTpeHHK) HenpepbiBHbix h jih- 

Hefti-ibix CHCTeM (§  3 /7 ) .  3 t o  orpaH H qeH H e  ^eJiaeT ee Me- 

TOAbl nOMTH HenpHM eHH M blM H  K SHOJlOrHHeCKHM B on p ocaM , 

k 6 o  b 6HOJIOFHH CHCTeMbi no^TH Bcer^a nejiHHeHHbi, qacTo 

pa3pbiBHbi h bo M H ornx  cjiyqanx n a m e  He hbjihiotch H3Me- 

pHMblMH, T. e. BbIpa3HMblMH B MHCJiaX. llpHBOAHMbie HHHCe 

ynpa>KHeHHH (§  3 / 4 ) ,  pacncjio>KeHHbie b onpeAejienHoft 

n0CJie,H0BaTeJibH0CTH, noKa3biBaK)T nocTeneHHbifi n ep exoA  

ot HanSoJiee o6mnx m ctoaob , HcnoJib3yeMbix b stoh  KHHre, 

k TeM, KOTopbie o 6b m n o  Hcnojib3yKyrcfl b M aT eM araqecK OH  

(J)H3HKe. 3 t h  ynpa>KHeHHH Ba>KHbi TaK>Ke KaK hjijikdctp^uhh

no5JBJifieTcn v

CaMKa-

Meqei HKpy



COOTBeTCTBHH M€>K^y npeo6 pa30BaHHHMH H peaJIbHblMH CH- 

CTeMaMH.

rioABe/ieM htofh. K a ^ ^ a n  MauiHHa hjih AHHaMHqecxan 

CHCTeMa HMeeT MHoro pa3 JiHMHMbix coctohhhh. Ecjih sto —  

HeTepMHHHpOBaHHaH M auiH Ha , TO (})HKCaUHH BJIHHIOLUHX Ha 

Hee yc;ioBHH h coctohhhh, b kotophx  OHa HaxoAHTCH, onpe- 

AejiHT, t. e. cjiejiaeT e/uiHCTBeHHbiM, cJieziyiomee coctohhhc, 

b KOTopoe OHa nepeitneT. 3 th  nepexo^bi coctohhhh coot- 

BeTCTByioT nepexo^aM  onepaH^oB ripn npeo6pa30BainiH. 

K a ^ ^ o e  cocTOHHHe cooTBeTCTByeT HeKOTopoMy onepaHjiy, 

h K a ^ A o e  cjieAyiomee cocTonHue, b KOTopoe nepexoanT 

MauiHHa, CooTBeTCTByeT o6pa3y stoto onepanzia. FlocJie- 

AOBaTeJibHbie cieneHH npeo6pa30BaHHH cootb0tctbviot 

b MaiHHHe nporeKaHHK) AByx, Tpex h t. a. cahhhu  BpeMenii 

nepe^ 3anncbio o^epe^Horo coctohhhh. A  nocm/ibKy £eiep- 

MHHHpoBaHHan MauiHHa He mojkct nepexo^HTb cpasy 

b jx Ba coctohhhh, cooTBeTCTByioui.ee npeo6pa30BaiiHe 

AOJUKHO 6bITb 0 AH03HaMHbIM.

ynp. Ha30Bm e jiBa coctohhhh, OTHocHinnecH /ipvr k apyry KaK onepaiij* 

h o6pa3, pacc.MaTpHEan KaK onepaTop BpeMa h BbitfHpaa 
AHHaMH^ecKyio CHCTeMy H3 odJiacTH: a) npHroTOBJieHHH nnmn; 

b) pa3>KHxnaHHH othh; c) 6eH3HH0Bbix ^BHraieJien; d) 9M6pno;io- 

rnqecKoro P33bhthh; e) MeieopoJiorHH; f) SHAOKpHHOJiorHn; 

g) 3KOHOMHKH; h) noBe^eHHH >KHBOTHbix; i) KocMOJiorHH. (Toq- 

hocth b Mejioqax He Tpe6yeTcn.)

3/2. 3aMKHyrocTb. Tenepb Mbi MoateM oTMeTHTb erne ojxuy 

npH^HHy 6 oJibinoro 3HaqeHHH 3 aMKtfyT0 CTH. THnnHHan mc- 

uiHHa Bcer/ia mojkct nopaSoxaTb erne neKOTopoe BpeMH, 

xcth 6 bi npocTo noTOMy, m o  SKcnepHMeHTaTop cen^ac hii- 

Mero He ^ejiaeT! 3to 03HaqaeT, m o  CTeneHb npeo6pa30Ba- 
HHH He HMeeT HHK3KHX KOHKpeTHbIX TpaHHU. ToJIbKO 

3 aMKHyTbie npeo6 pa3 0 BaHHH #onycKaioT, Boo6me roBopn, 

MoSyio  CTeneHb. TaK , npeo 6 pa3 0 BaHHe T

j  i a b c d e f  g  
v e b m f g c f

He3 aMKHVTo. T A (a ) ecTb ct h T r°{a )  ecTb m. H o  T (m )  He 

onpeziejieHo, a cJiezioBaTeJibHO, He onpejiejieHo T e(a ) .  n p H  

HaqaJibHOM coctohhhh a  sto npeo6 p a3 0 BaHne He onpe/ie- 

Jiner, qTo cJiy^HTCH nocJie nHTH uiaroB. TaKHM  0 6 pa 3 0 M,



npeo6pa3oeaHue, npedcTaeARhou^ee Matuuny , doAoicno 

6blTb 3aMKMJTblM. Bee 3HaqeHHe STOrO o6napy>KHTC5I

b § 10/4.

3/3 . JlucKpeTHan Mauiuna. 3 jxech mo>kho B03pa3HTb, qTo 

60JIbLUHHCTB0 M 3 Lli H H —  KaK nOCTpoeHHblX qeJIOBeKOM, TaK 

h ecTecTBeHHbix —  paSoTaeT nJiaBHo, TOi\aa KaK paccMaTpn- 

BaeMbie jxo chx nop npeo6pa30BaHHH xapaKTepH3yioTcn 

/iHCKpeTHbiMH CKaMKaMH. OziHaKo 3th ^HCKpeTHbie npe- 

06pa 30BaHHH cjiyacaT HaHJiyquiHM BBe^eHHeM b Ham  npe/i- 

MeT. BeJiHqanrnHM npeHMymecTBOM kx HBJifleTca aficoJiioT- 

HaH cBo6ona ot HeflCH0CTH h Heonpe/iejieHHocTH, h 6o 

Ka^KHoe H3 hx cbohctb Bcei\na jih6o onpeneJieHHo npncyT- 

cTByeT, jih6o onpe^eJieHHo oTcyTCTByeT. TaKan  npocTOTa 

oSecne^HBaeT nejxyKixmi ToqHocTb, cTOJib Ba^KHyio jxjm ua- 

,ae>KH0CTH HajibHenm nx nocTpoeHHH. 3 to t  Bonpoc 3aTparn- 

BaJICH b § 2/1.

B o  bchkom cjiyqae, sto HecooTBeTCTBH-e He hocht cepbe3- 

Horo xapaKTepa. HyjKHo JiHiub czieJiaTb CKaqKH HHCKpeT- 

Horo H3MeHei-IHH HOCTaTOHHO MaJIblMH, HTOSbl npn6jIH3HTb 

ero cKoJib yroAHo 6jih3ko k HenpepbiBHOMy H3MeneHHio. 

B  to >Ke BpeMH cJie^yeT noMHHTb, qTo Ha 6jiK)1neHHH npH- 

pOAHblX HBJieHHH npOH3BOHMTCH no^TH HCH3M6HHO qepe3 

j^HCKpeTHbie HHTepBaJibi; «HenpepbiBnocTb», npnnHCbi3ae- 

Man npnpoziHbiM co6hiTHHM, bhochtch b hhx B006pa>Ke- 

HiieM Ha 6^ioAaTejiH, a He cfcaKTHqecKHM Hafijiio^eHHeM Ka- 

jkjhoh H3 6ecKOHeqHoro qncjia ToqeK. TaKHM  06pa30M, ^eft- 

ciBHTejibHan HCTHHa 3aKJiK>qaeTCH b tom, qTo ecTecT6eHH,aH 

cucTeMci HdOAtodaeTcx e ducKpeTHbix tohkclx. H a m e  npe- 

c6pa30BaHHe TaK>Ke npeHcraBJineT ee b HHCKpeTHbix Toq- 

Kax. CjiejiOBaTejibHo, sth Bemn He MoryT 6biTb aeftcTBH- 

TeJIbHO HeCOBMeCTHMblMH.

3/4. Maiuuna u npeo6pa3oeanue. napajuiejiH3M MejKAy Ma- 

liiHHoft h npeo6pa30BaHHeM  BbiCTynaeT Bcero ncHee, Koraa 

Mbi cpaBHHBaeM noBe^eHHe MamHHbi, i\ae cocTo^HHe CMe- 

IIHeT C0CT05IHHe, C KHHeMaTHMeCKHM rpa(})HKOM (§  2 /1 7 ) , 

yjxe  cTpejiKH B e j x y r  ot 3JieMeHTa k 3JieMeHTy. Ecjih n a n n a n  

MauiHHa h jiaHHbifl rpa(})HK o6Hapy>KHBaK)T noJinoe coot- 

ECTCTBHe, TO HeTpyiJHO BHiieTb, qTo:

1) K a ^ n o e  B03M0>KH0e cocTOHHHe MamHHbi 0iiH03HaqH0 

cooTBeTCTByeT HeKOTopoMy 9JieMeHTy Ha rpa(J)HKe h 

oSpaTHO. COQTBeTCTBHe 3^ecb B33HMHO 0AH03HaqH0.

4 3an. 3346. y. Pocc 3ui6h



2 ) Ka>KAafl nocjiezioBaTejibHocTb co ctoahh h , npoxo^H- 

uan  MauiHHOH b CHJiy ee BHyTpeHHeft AHHaMHqecKofi npn- 

pozibi, cooTBeTCTByeT HenpepbiBHOH uenn CTpejioK, coew-  

HHKDmwx cooTBeTCTByKDmne sjieMeHTbi.

3) Ecjih MauiHHa, ripHAfl b HeKOTopoe cocTOHHHe, 

OCTaeTCH B HeM  (C0CT05IHHe paBHOBeCHH, § 5/3), TO 3T 0M y  

coctohhhk) 6y p $T  C00TBeTCTB0BaTb sjieMenT 6e3 Bbixo^H- 

meft H3 Hero CTpeJIKH (HJIH C B03BpaTH0H CTpeJIKOH, § 2 / 1 7 ) .

4 )  Ecjih ManiHHa BCTynaeT b peryjinpno noBTopnio- 

mHHCfl uhkji coctoh hh h , to CTpeJIKH, npoxoAflinne qepe3 co- 

oTBeTCTByiom He sjieMeHTbi Ha rpa(J)HKe, o6pa3yiOT  Kojibuo,

5) OcTanoBKa m a hi h  h  bi 3KcnepHMeHTaTopoM h  b o 3 o 6 h o - 

BJieHHe p a 6 o ra  H3 HOBoro, np0 H3B0 JibH0 Bbi6 paHHoro c o 

c t o h h h h  cooTBeTCTByioT Ha rpa(})HKe nepeMemeHHio npeA- 

cTaBJiHiomeH t o t o h  H3 orhoto  sjieMeHTa b  Apyron, ecjin 

3 t o  n e p e M e m e H H e  ocymecTBJineTCH np0H3B0JibHbiM  Aeft- 

CTBHeM MaTeMaTHKa, a He corjiacHo yKa3aHHHM crpe-

JIOK.

Korjia cym ecT By eT  TaKoe cooTBeTCTBHe Me>K,flty peajib- 

h o h  MauiHHOH h  npeo6pa30BaHHeM , npeoSpasoBaHHe Ha3bi- 

BaeTCH KaHOHHqecKHM  npeAcraBJieHneM MauiHHbi, a o Ma- 

.uiHHe roBopHT, qTo oHa eonjiom aeT npeoSpasoB aH H e .

ynp. 1. B  nHTaTejibHyio cpe^y noMemeHa Tbicjma daKTepnn; mhcjio hx n 
yflBaHBaeTca Ka^Kflbie nojiqaca. Hannm HTe cooTBeTdByiomee 

npeoSpasoBaHHe.
ynp. 2. (FIpoziojijKeHHe.) Han/iHTe n nocjie 1-ro, 2-ro, 3-ro, 

6-ro rnaroB.
ynp. 3. (ripoAOJiJKeHHe.) (I) Ha^epTHTe o6bmHbiH rpa(})HK c £ByMH 

ochmh, noKa3biBaiomHH H3MeHeHHe MHCJia SaKTepwH bo Bpe- 

MeHH. (II) HawepTHTe KHHeMaTHMeCKHH rpacf)HK H3MeHeHHH 

COCTOHHHH CHCTeMbi.

ynp. 4. FlHTaTejibHaa cpejia co/iep/KHT 109 6aKTepHH h acshh^huh- 

pyiomee cpe^cTBo, KOTOpoe b Ka>K^yio MHHyTy y^HBaeT 20%  
ocTaBiiiHxcH 6aKTepHH. Bbipa3HTe H3MeneHHe MHCJia ocTaB- 

.uihxch 6aKTepHH qepe3 npeoSpasoBaHHe. 
ynp. 5. (IlpoflojiJKeHHe.) (I) HaiUHTe mhcjio ocTaBiuHxcn 6aKTepHH 

nocjie 1, 2, 3, 4, 5 MHnyT. (II) K  KanoMy npe^ejiy CTpeMHTCH 

hhcjio 6aKTepHH c neorpanHqeHHbiM TeqeHHeM BpeMeHH? 

ynp. 6. HawepTHTe KHHeMaTH^ecKHH rpacfwK npeo6pa30BanHH, b koto* 

poM n' ecTb OKpyrJieHHan npaBan uncjipa lg(ft +  70) b qeTbH 

pex3HaHHOH Ta6jiHue JiorapncjjMOB. KaK 6y^eT bccth ceoa 

cooTBeTCTByroman MauiHHa? 
ynp. 7. (npo,aoJi>KeHHe: nycTb 70 saMCHeHO Ha 90.) 
ynp. 8. (FIpoAOJi>KeHHe: nycTb 70 3aMeHeHO Ha 10). CKOJibKo 6acceft- 

HOB B 3TOM fpac})IIKe?



ynp. 9. KaJKflbie 10 jieT HacejieHHe CTpaHbi yweHbmaeTCH Ha 10%, ho 

3 a 3to xce BpeMH npH^aBJineTCH mhjijihoh sMHrpaHTOB. B b ip a -  
3HTe H3MeH6HH£ ot flecHTHJieTHH k ^ecHTHJieTHio qepes npe -
06pa30BaHHe, npHHHMan, qTo H3MeHeHHH coBepmaioTCH KOHeq- 

HbiMH maraMH.

ynp. 10. ( n p 0A 0Ji>KeHHe.) Ecjih CTpaHa HMeeT flsafluaTb mhjijihohob 

>KHTejien, KaKOBO 6y^eT ee HacejieHHe qepe3 Ka>K,noe H3 Tpex 

no cJ ie ^y iom H x jiecflTHJieTHH? 
ynp. 11. (llpoAOJi>KeHHe.) H a i^H T e  Jiio6biM cnoco6oM, npn k3koh Be- 

jiHMHHe HacejieHHe 6y^eT nocTOHHHbiM. (ynasaHHe: Kor^a Ha

cejieHHe «CTauHOHapHO», KanoBo OTHOUjeHHe Me>K^y qncjieH- 

HocTbHD ero b Haqajie h b KOHue flecflTHJieTHH? KaKOBO coot- 

H om eHHe Me>K,ny onepaH^oM h 06pa30M?) 

ynp. 12. PacTymHH rojiOBacTHK yBeJiHWHBaeTca b flJiHHy Ka>KHbiH neHb 
Ha 1,2 mm. BbipasHTe sto qepe3 npe06pa30B aH H e. 

ynp. 13. IlpHMeM, mto 6aKTepHH b KyjibType paciyT nocpe^CTBOM npo-- 

ctoto npeBpam eH HH  ohiiih b 6aKTepHH: HanpHMep, ecjm CHa- 

qajia 6biJio flocTaTOMHO nnmH flJia 108 6aKTepHH, a Tenepb  
qHCJio daKTepHH paBHo n, to ocTatomancH nnma nponopuHO- 

HajibHa 108 — n. Ecjih coxpaHaeTcn 3aKOH MaccoBoro jxeik- 
CTBHH, TO HHCJIO 6aKTepHH 6y^eT B03paCTaTb 3a KaJKflblH HH- 

TepBaJi nponopUHOHajibHO npOH3Be^eHHio: (mhcjio 6aKTe- 

pHH) X  (KOJIHqeCTBO OCTaBUieHCH nHLUH). B  pacCMaTpHBaeMOH 
KyjibType qncjio 6aKTepHH yBeJiHMHBaeTCfl Ka>K£biH Mac 

b 10-8rc (10s —  n) pas. Bbipa3HTe H3MeHeHHe o t  qaca k qacy 

qepe3 n p eo6pa30BaHwe. 
ynp. 14. (r ipo,aoji>KeHHe.) f ly c T b  K y jib T ypa  co,nep)KHT b flaHHbifi mo- 

MeHT 10 000 000 6aKTepHfl; HaHAHTe qncjio hx qepe3 1, 2, . .., 
5 qacoB.

ynp. 15. (Tlpozioji^eHHe.) HanepTHTe o6bmHHH rpac})HK c aByMH 
ochmh, noKa3biBaiomHH H3MeHeHHe qn c jia  GaKTepnfi bo Bpe
MeHH.

BEKTOPbl

3/5. B npeALuecTByiomHX naparpa^ax «cocTonHHe» wa- 
UIHHbl paCCMaTpHBaJIOCb KaK He^TO H3BeCTHOe B UeJIOM H 

He Tpe6yK)iuee 6oJiee AeTajibHoro onpe,aeJieHHfl. Coctohhhh 

TaKoro THna 0C06eHH0 o6bmHbi jxjm 6woJiormecKi\x chctcm, 

rae, HanpHMep, xapaKTepHbie no3bi, hjih Bbipa>KeHH5i, hjih 

4)opMbi MoryT c yBepeHHocTbio ono3HaBaTbcn 6e3 bchkoto 

aHajiH3a hx K0Mn0HeHT0B. K 3T0My rany othochtch co- 

ctohhhh, onncaHHbie TnH 6epreHOM (§ 3/1). TaKOBbi >Ke h 

THnbi oSjiaKOB, ono3HaBaeMbie MeTeopoJioroM. ElepBbie 

naparpa4)bi stoh rJiaBbi acho noKa3bmaioT, m o  Teopun ra- 

kux HeahciAmiipyeMbix coctorhuu Moofcer dbiTb cTpoeou.

TeM  He MeHee cncTeMbi qacrro HMeiOT coctohhhh, onpe- 

flejieHne k o t o p h x  Tpe6yeT (no pa3JiHqKbiM npH^HHaM )



AajibHefiwero aHaJinsa. TaK, npezinoJio>KHM, m o  paziHO- 

nepeziaqa AOJikHa jxaTb HaM otmct o «cocto*ihhh» (b onpe- 

AejieHHbiH MOMeHT BpeMeHH) npoxoAHm ero ceftqac Mapa- 

$OHCKoro 6era. R j i h  3Toro OHa £OJi>KHa coo6mHTb noJio- 

>KeHPie KajK^oro 6eryHa b AaHHbin MOMeni BpeMeHH., 

MHo>KecTBo 3thx noJio^eHHH onpeaeJiHT «cocTQ5iHHe» 6era. 

H ia K , cocTOHHHe 6era b ueJioM 33£aeTCH pa3JiH4HbiMH 

COCTOHHHHMH (nOJIO>KeHHflMH) pa3JIH4HbIX 6eryHOB, B3H- 

TblMH OAH O Bp eM eH H O . T a K H e  «COCTaBHbie» COCTOflHHH BeCbMa 

o6biqHbi, h b ^ajibHefiiueH q a c m  khhth Mbi 6yaeM  MHoro 

mmh 3aHHM3TbCH. CjieayeT 3aMeTHTb, m o  Mbi Tenepb i-iaqn- 

HaeM paccMaTpHBaTb oTHouieHHe Me>K^y uejitiM h ero ^a- 

C1HMH, 0 C0 6 eHH0 Ba>KHoe B TeopHH M aLLIHH. H iaK , qaCTO 

cjiyqaeTCH, m o  cocTonHHe uejioro 3a/iaeTCH nepe^HeM co- 

ctohhhh, nphhhmaembix b 3tot MOMeHT ero qaCTHMH.

TaKoe cocTOAHHe ecTb eeKTop, i. e. cocTaBHofi oS'beKT, 

HMeiOIHHH Onpe^e.TeHHOe MHCJIO KOMriOHeHTOB, HJIH COCTa-

EJisnoiuHX. Y n o Q u o  3anHCbiBaTb ero b B H ^e  (a\, a 2, ..., cin )\ 

sto o sn a q se T , m o  n ep Ban  cocTaBJiniom aH HMeeT 3iiaqe- 

Hue ttj, B Topan  —  3H aqeH H e ci2 h t. jx.

BeKTop ecTb no cymecTBy pon nepeMeimoii, ho 6oJiee 

cJiojKHhift, qeM oSbmHbie micJioBbie nepeMeHHbie, Bcrpeqaio- 

mwecH b sjieMeHiapHOH MaTeMaTHKe. O h  npe^CTaBJineT 

co6oh ecTecTBeHHoe o6o6meHHe «nepeMeHHofi» h ofijia^aeT 

HCKJIIOqHTeJIbHOH B3>KHOCTbIO, 0C06eHH0 RJIS! BOnpOCOB, pac- 

CMaipHBaeMbix b stoh KHHre. CoBeTyeM qHTaTejiio KaK 

M05KH0 6oJIbme OCBOHTbCH C 9THM nOHHTHeM, nOCTOHHHO 

npHMeHHH ero b noBceziHeBHofi >kh3hh, noKa oho He cia- 

neT cTOJib >Ke npHBbmHbiM h noHm HbiM, KaK noHHTHe nepe- 

mohhoh. H e  6yjxer npeyBejinqeHneM cKasaTb, m o  ot ycBoe- 

HH5i Bem opoB  bo MHoroM 6y#eT 3aBHeeTb ycneuiHoe oBJia- 

achhc /lajibHeftuiHM MaTepnajioM khhth.

npHBezieM HeKOTopbie o6meH3BecTHbie npHMepbi:

1) «nocTo^eHHe» Kopa6jiH b jiio6oh momcht He Mo>KeT 

6biTb onncano ozihhm ^hcjiom; Heo6xoAHMbi jxBa qncjia: 

niHpoTa h ^ojiroTa. TaKHM  06pa30M , «noJio>KeHHe» ecTb 

BeKTop C RByMfl. COCTaBJIHIOLUHMH. H an pH M e p , 0£H0 noJio- 

>KeHHe Kopa6jiH mojkct 3aAaBaTbca BeKTopoM: (58° c. in., 

17° 3 . jx.) . A  qepe3 24 qaca sto noJio>KeHHe MO>KeT npe- 

TepneTb nepexor: (58° c. in., 17° 3. a .) -> (59° c. 111., 
2 0 ° 3 . r .) .



2) «noroziy b Kjbio» HeJib3H onpeaeJiHTb o,£hhm hhcjiom, 

ho ee mojkho onpe^ejiHTb c jiio6oh >KejiaeMOM noJiHOTOH, 

eCJIH 6paTb ^OCTaTOMHOe qHCJIO COCTaBJIflKDIUHX. HeKOTOpbIM  

npn6jiH>KeHHeM 6y#eT BeKTop: (BbicoTa SapoMeTpa, TeMne- 

paTypa, o6jiaqHocTb, BJia>KHOCTb B03Ayxa); KOHKperHoe co-

cTOHHHe Momer 6bHb (998 M H Ju m C a p , 56°,2 F, 8, 72% ). 
IlporH03 noro^bi ToqeH, ecjrn Mbi M om eu  npaBHJibHo 

npe/icKa3aTb, KaKHM cocTOHHHeM cmchhtch Texymee co-

CT05IHH6.

3) BoJIblliHHCTBO 3anOJIHHeMbIX H3MH atfMHHHCTpaTHB- 

HblX «(})OpM» B AeflCTBHTeJIbHOCTH onpe^eJIHIOT HeKOTOpblH 

EeKTop. TaK , $o p M a , 3anoJiHfleMan aBT0M06HjiHCT0M, HMeeT 

Bi-m:

B03paCT M aUIH H bl 

MoiHHOCTb B JI. c. 

LUeT...........

3 t o  ecTb  n o n p o c T y  B ep T H K a jib iio  H anncaH H biH  BeKTop.
JX Ba BeKTOpa CqHTaiOTCH paBHblMH TOJIbKO B TOM cjiy- 

qae, Kor/ia Ram zan  cocTaBJifliomafl o,mioro paBHa cooTBeT- 

ciByiomeH cocTaBJiaiomeH zipyroro. TaK, ecJiH HMeeTCH BeK

Top (w, x , y, z ), b kotopom Kamjian cocTaBJiHiomaH ecTb 

IieKOTOpoe qHCJIO, H eCJIH jIBa KOHKpeTHbIX BeKTOpa cyTb 

(4, 3, 8, 2) h (4, 3, 8, 1), to sth RBa BeKTopa He paBHbi, 

TaK KaK b qeTBepToft cocTaBJiaiomefi 2 He paBHo 1. [Ecjih 

BeKTopbi HMeiOT pa3JmqHoe qncjio cocTaBJimomnx, KaK Ha- 

npHMep BeKTopbi (4, 3, 8, 2) h (/\ P ), to ohh npocTO 

HeCpaBHHMbl.]

FIpeo6pa30BaHHe BeKTopa HHqeM He oTJinqaeTcn o t  b c h - 

Koro ipyroro npeo6pa30BaHH5i; nano T0JibK0 noMHHTb, qTO 

onepaHzioM 3necb h bjih c tc h  BeKTop b uejioM, a He ero 

HH^HBH^yajibHbie cocTaBJiflromne (x o t h  onncaHHe H3MeHe- 
HHH COCTaBJIHIOUiHX 5IBJI5ieTC5I, KOHeqHO, CymeCTBeHHOH 

liacTbio onpe/ieJieHHA npeo6pa30BaHHn BeKTopa). riojio- 

>k h m , HanpHMep, qTO «cwcTeMa» c o c t o h t  H3 #Byx MoneT, 

Kaxc^an H3 k o t o p h x  Mo>Ker noKa3biBaTb jih6 o  rep6, jih6 o  

pemeTKy. 3Ta cHCTeMa HMeeT qeTbipe c o c t o h h h h , a HMeHHo:

( r ,  n ,  ( r ,  p ) ,  (P , n  H (P , P ).



n p e O T 0Ji0>KHM Tenepb, mto moh MaJieHbKan nJieMHHHHua He 

jiioSht BHA^Tb pn/ioM #Ba rep6a h Bcenna MeHneT hx  

Ha (P , r ) f a TaioKe HMeeT pm  /xpyrnx npezinoqTeHHH. Mo- 

mer noJiyvHTbcx, mto OHa AencTByeT Bcer/ja iio£o6ho npe- 

o6pa30BaHHio

, (r,n  cr,p) (P ,n  (P,P) 
1V-1 (p,n  (p,p) (p ,n  (r, o  •

K a K  npeo6pa30BaHHe c q e m p b M H  sjieMeirraMH, N  hh- 

neu He oTJinqaeTCH ot paccMOTpeHHbix b npeflHjxymHX 

naparpac})ax.

H e T  HHKaKHX npnqHH, noqeMy 6bi npeo6pa30BaHHe 

MHo>KecTB BeKTopoB He 6biJio coBepmeHHo n p 0H3B0JibHbiM; 

ho b ecTecTBeHHbix HayKax npeo6pa30BaHHH Hepe^Ko otjih- 

uaiOTCfl 3HaqHTeJibHoft npocTOTOH. HacTo  cocTaBjmiomHe 

HSMeHHKDTCH TaK, MTO HX H3MeHeHH0 MO>KeT 6bITb OnHCaHO 

6ojiee hjih MeHee npocTbiM npaBHJioM. TaK , npeo6pa3o- 

BaHHe

, (r,n  (r,p) (P,r) (P,P) 
• I (p , n  (P, P) (r, n  (r, P)

m o j k h o  onHcaTb, CKa3aB, m to  nepBan cocTaBjmiomaH Bcer^a 

H3MeHHeTCH, Tor/ia KaK BTopan ocTaeTcn HeH3MeHHoft.

H aK O H eu , hh^to  H3 CKa3aHHoro He HCKJiioqaeT bo3mo}k- 

HOCTH, qToSbl HeKOTOpbie HJIH Bee COCTaBcJIHIOIUHe BeKTOpa 

caMH SbiJiH BeKTopbi! (Cm., HanpHMep, § 6/3.) H o  Mbi 

6yneM  eTapaTbeH H36eraTb TaKHx ycJioxtHeHHH.

Vnp. 1. Hcnojib3y5i nocjieAOBaTejibHOdb Tpex 6yi<B A B C  b Ka^ecTBe 

nepBoro onepaH^a, Han^HTe npeo6pa30BaHHe, nopoJK^aeMoe 
n0BT0pHbiM npHMeHeHneM onepaTopa «c,HBHHyTb JieByio 6yKBy 
HanpaBO» (nanpHiviep, A B C - *  B C A ).  

ynp. 2. (Flp0£0Ji}KeHHe.) Bbipasme npeofipasoBaHHe wepe3 KHHeMaTH* 
iiecKHH rpa<J)HK.

ynp. 3. Hcnpjibsyn BeKTop ( 1 ,— 1) b KanecTBe nepBoro onepaH^a, 

nafiiHTe ocTajibHbie sjieMenTbi, nopojK^aeMbie noBTopHbiM npn- 

MeHeHneM onepaTopa «noMeHHTb MecTaMH o6a MHCJia h OKa3aB- 

rneecH cJieBa noMHo>KHTb Ha mhhvc e/iHHHuy». 

ynp. 4. (FlpoiiojDKeHHe.) Bbipa3HTe npeo6pa30BanHe Mepe3 KHHeMaTH- 

MecKHH rpa(J)HK.

ynp. 5. riepBbiH oriepaHn x ecib eeKTop (0, 1, 1); onepaiop F onpe^e- 
jiHeTca cJie/iyiomHM 06pa30M:
I) JieBoe mhcjio o6pa3a pa3»o cpe^neMy MHCJiy onepaiwa;
II) cpeAHee uhcjio o6pa3a paBHo npaBOMy MHCjiy onepaHAa;



III) npaBoe qncJio o6p a3a  paBHo cyMMe cpezmero h npaBoro 
qwceji onepaH^a.
TaKH M  o6pa3QM, F(x) ecTb (1 ,1 ,2 ) ,  F2(x) ecTb (1 ,2 ,3 ). Haft- 

ame F3(x), F4(x), F5(x).
(Y K a3 aH H e : c m . ynp. 2 /1 4 /9 .)

3 /6. 06o3HmenuH. IlocJieAHee ynpa>XHeHHe noKa3bmaeT, 

HaCKOJIbKO rpOM03AKHMH MOryT CTaTb OHHCaHHH, eCJIH 

n0Jib30BaTbC5i TOJibKo cJioBaMH. E[peo6pa30BaHHe F b Aefi- 

CTBHTejibHOdH coctoht H3 Tpex n0Anpe06pa30BaHHH, npn- 

M e H n e M b i x  ( w i 0 B p e M e H H 0 , t. e. B c e r A a  B M e c r e .  Haupmviep, 

nepBoe noAnpeo6pa30BaHHe AeftcTByeT Ha jieBoe ™cjio, m- 

MeHHH ero nocJieAOBaTejibHo: 0 —> 1 —> 1 -> 2 -> 3 -> 5 
h t. a. 0 6o 3H aq H M  3TH Tpn cocTaBJiHiomHe qepe3 a, b h c. 

Tor^a  mo>kho cKa3aTb, hto npeo6pa30BaHHe F, AeftcTByio- 

m ee Ha Bexrop (a, b , c ), sxBHBajieHTHo oAHoBpeMeHHoiviy 

AeftcTBHK) Tpex n0Anpe06pa30BaHiift, xa>xAoe H3 xoto- 

pbix AeftcTByeT Tojibxo Ha oAHy cocTaBJiniomyK), 

a HMeHHo:

[ a' =  b,

F\\b'  =  c,

\ cf — b -f*c.

3Aecb a' — b 03HaqaeT, mo  H0B0e 3HaqeHHe a, t. e. Jie- 

Boro racjia o6pa3a , paBHo cpeAHeiMy qncjiy onepaHAa 

H T. A. npH BeAeM  HeCKOJIbKO HJIJIIOCTpaUHH 3TOrO HOBOrO 

MeTOAa; oh He BXJiiOMaeT HHxaxHX h o b h x  HAeft, a T0JibK0 

HOBbie MaHHnyjiHUHH c cHMBOJiaMH. (CoBeTyeM qHTaTeJiio 

npoAeJiaTb Bee ynpajxHeHHH, fa x  xax b hhx BbicTynaioT 

MHorne Ba>XHbie qepTbi, He ynoMHHaeMbie b Apyrnx 

MecTax.)

y n p .  l. FlycTb onepaH^bi hmciot bhu (a, b )  h oa hh  H3 hhx ecTb 

( ~  , 2 ) ;  HafiflHTe BeKTopbi, o6pa3yeM bie noBTopiibiM npnMeHe- 

HHeivi k HeMy npeofipasoBaHHH

[yKa3aHHe : naHAHTe 7,(-̂- , 2), P (  , 2) h t. a  ]



ynp. 2. llycTb onepaHAbi cyTb BeRTOpbi BHixa (o, w, x, y, z) h U 
ecTb

V = w,

w = V,

X = X,

y = Z>

z = y •
HaftAHTe U{a), r^e a —  (2,1,0,2,2). 

ynp. 3. (npoAOJi>KeHHe.) HaqepTHTe KHHeMaTHMecKHH rpac})HK npe- 

06pa30BaHHH U t ecjin e^HHCTBeHUbie ero onepaH^bi cyTb 
a, U(a), U2(a) h t. jx. 

yrip. 4. (npo^ojiraenne.) KaK  hsmchhtch rpa^HK, ecjin £o6aBHTb 

apyrne onepaH^bi?

Vnp. 5. HafuHTe o6pa3 ot (3,— 2, 1) ajih A , ecjin AaH o6luhh bh;j 
BeKiopoB (g, h, j) h npeo6pa30BaHHe 

f g '= 2 g  —  h,

A: { h' =  h — j ,

\ j' =  g +  h.

ynp. 6. ApTyp h Bhjiji pemHJW cwrpaTb b a3apTHyio nrpy. Kaxcjibifi 

AejiHT cboh ^enbiH nonojiaw h rio cnrHajiy cynbn nepe^aer 

o^Hy no'JiOBHny apyroMy HrpOKy. 3aTeM Ka>i<AbiH cHOBa ne- 
jiht Bee HMeiomnecH y nero Tenepb aeHbrn ' nonojiaM w no 

curHajiv nepejxaer noJiOBHHy Jipyroiuy h t. jx. ApTyp naqaji 

c 8 uiHJiJiHiiraMH, a Bhjiji —  c 4 LUHJiJiHHraiviH. IlpejacTaBbTe 

Ha^aJibHbiH onepaHA BeKTopoM (8, 4). Haii/uiTe jno6biM no- 

CTynnbiM BaM cnoco6oM see nocjie/iyK)iuHe o6pa3bi. 

ynp. 7. (llpo;ioJiJKeHHe.) Bbipa3HTe npeo6pa30BaHHe vpaBiieHHHMH, 

KaK Bbiuie, b ynp. 5 

ynp. 8. (FIpozioji>KeHHe.) Mapji3 h JlaBiijx pemnjin cbirpaTb b TaKyio 

me nrpy, ho c TeM, MTo6bi nepe/UBaTb napTHepy nojiOBHHy 

Toro, mto nctpmep HMeeT. Ecjih ohh naMaJin cooTBeTCTBenno 

c 30 uiHJiJiHHraMH h 34 mmiJiHHraMH, mto np0H30H£eT c sthmh 

MHCJiaMII?

ynp. 9. (ripo,aoji>KeHHe.) Bbipa3HTe npeo6pa30B3HHH ypaBHCHHAMH, 
KaK b ynp. 5.

ynp. 10. Ecjih b  ynp. 8 HanaTb c .apyrnx cyMM fleiier, k t o  b o6meM 

cjiynae jxojixieu BbinrpaTb? 
ynp. 11. B  a K B a p n y M e  jxBa BKjxa M H K p 0 0 p r a H H 3 M 0 B: x h i u h h k i i  h  h x  

>KepTBbi. Ka>K^biH ^ e u b  K a > K £ b i n  x h i u h i i k  yH H M T O > K a c T  o ^ n y  

x<epTBy h iiejiHTCH na jxbyx x h l u h h k o b .  C e r o j j H H  b  a K B a -  

pnywe tn wepTB h n x h l u h h k o b .  B b i p a 3 m e  H S M e H S H H e  h x  

MHCJie i iH0 CTH c nc-Mombio n p e o 6 p a 3 0 B a H n n .  

ynp. 12. ( n p o , a o J i > K e H H e . )  M t o  HBJineTC H  onepaH/ioM 3 T o r o  npeo6pa-
30B3HHH?

ynp. 13. (npozioji>KeiiHe.) /JonycTHM, mto HaMajibHoe coctohhhc 6biJio 

(150, 10); HafiflHTe, KaK ono H3MeHnjiocb 3a nepBbie iie- 

Tbipe jxhh.



ynp. 14. HeKnft m 3$ithhk KanaeTCH npH6jiH3HTeJibH0 b cootbctctbhh

c npeo6pa30BaHHeM x/ ~ - ^{x  —  y )i y' =  -g- (x +  y), rae x —

vroji ero otkjiohchhh ot BepTHKajiw; y —  ero yrvioBaH cko- 

pocTb; x' h y' —  hx 3H3qeHHH qepe3 1 ceK. HaqajibHoe co- 

CTOHHHe (10, 10); HaH^HTe H3MeHeHne yrjia OTOOHeHHa qepe3 
Ka>K^yK) ceKyimy 3a nepBbie 8 ceK. (YKasaHHe: HanziHTe x\ 

x'\ x "' II T. MO>KHO JIH H3HTH HX, He BbIlIHCJIHH y't y"

H T. £.?)

ynp. 15. (npo^oji^eiiHe.) HanepTHTe o6bimHbifl rpac})HK (c ochmh x 
h i), noKa3biBaiomHH H3MeHenhe x bo BpeMeHH. HMeeTca jih

TpeHHe B 3T0M M3HTHHKe? 
ynp. 16. B HeKOTopoii sKoiiOMimecKOit cucieMe bboahtch HOBbiii 3ai<OH, 

corJiacHO K0T0p0My 3apa6oTH3H iui3T3 noBbimaeicH OKeroAHO 

Ha CTOJIbKO WHJIJIHHTOB, Ha CKOJIbKO npOLieHTOB HH^eKC UeH
npeBbimaeT 100% . 3K0H0MHqecK0e bjihhhhc 3apa60TH0H 

nJiaTbi Ha nnjxeKc tskobo, mto b KOHue Ka>KAoro rozia hhackc 

uen paBHHeTCH ypoBHio 3apa6oTHoft nji3Tbi b HanaJie ro^a. 

Bbipa3HTe H3MeneHHe ypoBHH 3apa6 0 TH0 H njiaTbi h HHfleKca 

iieH sa roji c noMombio npeofipasoBanHH. 
ynp. 17. (npo.aojiyKeHHe.) Ecjih HbineuiHHii toa Haqajicn c 3apa6oTHoft 

njiaTbi 110 luhji^hhtob h c hhackcom ueH 110%, Haft/une hx 

3naqeHHH 3a cjie^yiomne 10 JieT. 

ynp. 18. (npo/ioji>KCHHe.) HaqepTHre o6biqHbin rpac})HK H3MenenHH uen 

h 3apa60TH0H njiaTbi. YziOBJieTBopHTeJieH jih /uh h w h  33koh? 

ynp. 19. (FIpoixojijKeHHe.) CncTeMa 3aieM MeHneTca T3K, mto ee npe-

06p330B3iiHe 6y£eT x' (x +  y), —  y) +  100.

Hobsh CHCTCM3 naqHHaeT AencTBOBaTb npn 3ap36oTHon njiaie 

h  ueHax, paBHbix 110. PaccqHTafiTe, h t o  npoH3oft.neT 33 6 jih- 

>kah llihe 10 JieT.

ynp. 20. (np0A0Ji>KeHHe.) HaqepTHTe o6biqHbiii rp3cf>HK HSMenenHH 

3apa60TH0H nji3Tbi h ueH. 

ynp. 21. Cpsbhhtc rpacJ)HKH ynp. 18 h ynp. 20. Kan mojkiio onucaTb 

HX pa3JIHMHe B TepMHHaX 3KOHOMHKH? 

ynp. 22. Ecjih CHCTeM3 H3 ynp. 19 Cy^eT BHe33nH0 H3 pymeH3 , tsk mto 

33paf5oTiiaH njiaia ynaaeT jxo 80, a ueHbi BbipacTyT £ 0  120, 

3 33TeM BMCLLI3TeJIbCTB0 npeKp3THTCH, MTO np0H30H#eT B 6jIH-

>K3HUJHe 10 JieT? [YKasaHHe: npHMHTe (80, 120) 3 a o*nep3HH.] 

ynp. 23. (Flpo^oji^eHHe.) HsqepTHTe oGbiHHbiii rp3(j)HKf noK33UBaio- 
mHH H3MeHeHHe 33p360TII0H nJI3TbI H H6H nOCJie H3pymeHHH. 

ynp. 24. 51 BJIHeTCH JIH B33IIMH0 0AH03H3HHbIM npe06p330B3HHe T  

MOK^y BeKT0p3MH (Xi, X2) H (x'v X.jfi

f x[ — 2 x l +  x., f

T:\ ' ,
j x 2 =  x 1 -f- x 2 •

[YK33aHne: ecjin ziaH BeKTop (^1, X2), to 0AH03H3qH0 jih onpe- 

AeJineTCH BeKTOp ^ x 'i h H3o6opot?]



ynp. 25. HaqepTHTe KHHeManmecKHH rpa$HK CHCTeMbi c 9 coctoh-
HHHMH, B KOTOpOH COCTaBJlHlOlUHMH HBJIH10TCJ1 BblMCTbl

xf — x 4- y \
> (mod 3). 

y' =  y +  2 \

CnojibKo 6acceHH0B b 3T0M rpa(|)HKe?

3/7. ( 3 t o t  naparpacj) MoaceT SbiTb onym en .) ripe/ibmymHH 

naparpacf) HMeeT (^yHjiaMeHTajibHoe 3HaqeHHe, h 6 o  oii 

HBJineTcn BBe^eHHeM b MeTOAbi MaTeMaTHqecKofl 4)H3HKH» 

B TOM BHAe, KaK OHH npHMeHHIOTCH K AHHaMH^eCKHM CH- 

CTeMaM. EIosTOMy Mbi HacT0HTeJibH0 coBeTyeM ^HTaTejifo

npopa6oTaTb ece  ynpa^KHeHHH: toj^ko TaKHM nyTeM mo>kho 

AeflcTBHTeJibHo ycBOHTb H3JiaraeMbie npHHUHnbi. npoAeJias 

sto, oh 6yjieT Jiyqme no^roTOBJieH k ycBoeHHio HacTonmero 

naparpacj)a, b kotopom noAbiToatHBaeTCH onncbiBaeMbiH 

weTo jy.

O h 3 h k  Ha^HHaeT c HaHMeHOBaHHH cbohx nepeMeHHbix: 

X\, * 2,..., x n- riocjie SToro 0CH0BHbie ypaBHeHHH npeo6pa- 

30BaHHH Bcerna MoryT 6biTb noJiyiieHbi cjieayiomHM ochofj-

HbIM MeTOAOM:

1) B3HTb nepByio nepeMeHHyio x\ h paccMOTpeTb, Ka- 

kobo 6yneT ee cjiejiyiomee cocTonHHe. Ecjih OHa H3 Me- 

HneTCH KoHe^HbiMH inaraMH, to ee cjieziyiomee cocTonHHe 

6y#eT x[, a ecjiH OHa H3MeHHeTCH HenpepbiBHo, to cjienyio- 

mee cocTonHHe 6y;xeT X\ +  dx\ (bmccto aroro b nocJieziHeM 

cjiyqae Mbi MOJKeM paccMOTpeTb SHa^eHHe dx\/dt).

2) HcnoJib3yn Bee, ^to h3B6Ctho o aaHHofi CHCTeMe, 
a TaK}Ke 3aKOHbi c})H3HKH, Bbipa3HTb 3HaqeHHe x[ HJIH dX\fdt 

(t. e. noeoeo coctohhuh nepeMeHHOH X\) ^epe3 3HaqeniiHf 

KOTopbie Xu xn (h JiK)6bie jxpyrne HeoSxoAHMbie (jjaK- 
Topbi) HMeiOT ceftqac. TaKHM nyTeM noJiy^aiOTCH TaKne 
ypaBHeHHH, KaK

x[ =  2a x l—  x 3 hjih dxi fdt —  4k s in x3.

3) rioBTopHTb s t o t  npouecc noo^epeAHo hjih  k 3>k a o h  

nepeMeHHOH, noKa He 6y#eT BbinncaHo Bee npeo6pa3o- 

saHHe.

riojiyqeHHoe TaKHM 06pa30M  MHo>KecTBo ypaBHeHHH 

(sanaiom ee ajih KajKAofi nepeMeHHOH b cncTeMe cjie^yiomee 

cocTonHHe 3toh nepeMeHHOH, Bbipa>KeHHoe b BH^e (J)yHKuim



o t  HbiHeuiHHX 3HaqeHHH nepeMeHHbix h  o t  Jiio6bix /ipyrnx 

Heo6xoOTMbix (J)aKTopoB) ecTb KanoHMqecKoe npeACTaejie- 

HMe CHCT0MH. 9t0  —  CTdhdCLpTHClH (pOpMCL, K KOTOpOU MOZljT 

6biTb tipueedenbi ece o n u c a n u n  d ere p M u n u p o e a H H O u  duna-  

MUHecKOtl cucreMbi.

E cjih Bee (Jdyhkuhh  b KaHOHHqecKOM npe^CTaBJieHHH

JIHHeHHbl, TO CHCTeMa Ha3bIBaeTCH JIHHeHHOH.

ripH 3a^aH H 0M  naqajibHOM c o c t o h h h h  TpaeKTopnn, hjih  

j ih h h h  noBezieHHH, MOHceT SbiTb BbmncjieHa Haxo^zieHHeM 

cieneHeft npeo6pa30BaHHH, KaK b § 3/9.

* ynp. 1. riepeBexiHTe jxaHHoe npec>6pa30BaHHe H3 KaH0HHqecK0ii <J)opMbi

b AH(})4)epeHUHaJibHoe ypaBHeHHe TpeTbero nopaflKa c o^hoh 
nepeMeHHoft x. (YKa3aHHe: hckjiiohhtc y h z  w hx npoH3- 

BOUHbie.)
* ynp. 2. Y p a B n e H H e  npocToro rapM OHH^ecKoro KOJie6 aHHH nacTO 3a- 

riHCbiBaeTCfl b BH^e

riepeBe^H Te ero b KaHOHHqecKyio (})0 pM y c ^sy M H  He3aBH- 

cHMbiMH nepeMeHHbiMH. ( y K a 3aHHe: o6paTHTe npouecc, HcnoJib- 

3 0 BaHHbift b ynp. 1.)

3/8. ElocJie SToro paccMOTpeHHH OTcJ^epeHunajibHbix ypac- 

HeHHH npHBbiKuieM y k hhm  qHTaTejiio MoaceT n oK a3aT b ca , 

mto Tenepb o h  npnmeji k «npaBHJibHOMy» cnoco6y iipea- 

CTaBJieHHH AeHCTBHH BpeMeHH, Tor^a KaK npOH3BO.JIbHaH H 

AHCKpeTHan Ta6jiHHHan $o p M a  H3 § 2/3 Bbirjin^HT Ha nep-

BblH B3TJIH4 HOBOJIbHO HCKyCCTBeHHOH. O h  flOJIHCeH, O^HaKO, 

3aMeTHTb, qTO ajirefipanqecKHH cnoco6 orpaHHqeH, h6o 

npHMeHHM TOJibKo k HBjieHHHM, o6Hapy>KHBaiomHM cne- 

UHajibHoe cbohctbo HenpepbiBHocTH (§ 7/20). C ztpyron 

CTopoHbi, Ta6jinqHa5i (J)opMa Mo>KeT Hcn0Jib30BaTbcn ee3de, 

h6o Tadjimnan (popMa BKAfonaeT aAse6pamecKyfo. 3 to  

06cT0HTejibCTB0 HMeeT 6oJibuioe 3HaqeHHe rjih SnoJiora, 

KQTopoMy qacTo npnxoAHTCH HMeTb #ejio c hbjichhhmh,

dx/dt =  y 

dy/dt =  z

dzjdt =  z +  2xy —  *2

* ynp. 3. riepeBe^HTe ypaBHeHHe

d2jc n
x w - a - j p )

b KaifoHHMecKyio (J)opMy c AByMH nepeMeHHbiMH.



HenocpeacTBeHHo He npHcnocogjieHHbiMH k aJireSpanqecKoS 

$Op M e. BcTpeTHB TaKHe HBJieHHfl, OH JXOJlTKeU nOMHHTb, MTO 

TcidjiHqHan $ o p M a  Bceiria Mo>KeT o6ecneqHTb o 6 m H o d b  h 

ciporocib, b kotopux  oh HyatAaeTCfl. JGUjibHenuiHH MaTe- 

pnaji 9toh khhth c o n ep m m  pa3Hoo6pa3iibie npHMepbi Toro, 

KaK jierKo h eciecTBeHHo mo>kho Hcn0Jib30BaTb TafijinqHyio 

(J)opMy juin  npejicTaBJieHHH SHOJiornqecKHx c H d e M .

3/9 . « U e p a 3 p e u iu M b ie »  ypaenenuH.  Ynpa>KHeHHH § 3 /6  

C HeCOMHeHHOCTbK) riOKa3bIBaK)T, MTO ecJIH RaHO 3 3 MKHyTOe 

0/iH03HaqH0e npeoSpasoBaHHe, a TaK>Ke HeKOTopoe naqajib- 

Hoe cocTOHHHe, to TpaeKTOpHH, HaqHHaiomancH H3 3Toro 

coctohhhh, HBJiHeTCH Bnojme onpe^e.neHHOH (t. e. oaho- 

snaqHofi) h mohcct 6biTb BbiqHCJieHa. B caMOM ziejie, nydb 
x —  HaqaJibHoe cocTOHHHe, a T — npeo6pa30BaHHe; Torna 

nocJie£OBaTejibHbie 3HaqeiiHH (TpaeKTopHH) x 06pa3yi0T pnA

T ( x ) ,  T 2 ( x ) ,  r 3 (x ), T * ( x )  h t. a.

3 to t  npouecc onpe^ejieHHfl TpaeKTopHH no 3a^aHHOM y npe- 

0Cpa30BanHK) h 3ajiaHHOMy HaqajibHOMy coctohhhio Ha3bi- 

BaeTCH «HHTerpHpoBaHHeM» npeo6pa30BaHH5i. (3 t o t  Tep- 

miih oco6eHHO ynoTpegjifleTCH b tom cjiyqae, Koiyia 

TipeoSpasoBaHHe ecTb mho>k6ctbo £H(f)cj)epeHUHaJibHbix ypaB- 
hchhh, KaK b § 3/7; Becb npouecc Ha3biBaeTCH Tor^a TaK>Ke 

«pem eH HeM » ypaBHeHHH.)

Ecjih qHTaTejib npopa 6 oTaji Becb § 3/6, to, BeponTHO, 

oh y}Ke y 6 eAHJicfl b tom, qTo, HMen npeo 6 pa 3 0 BaHHe h Ha- 

qajibHoe cocTOHHiie, mo>kho eceeda nojiyqHTb TpaeKTopHfo. 

FIostomv oh He 6 yjieT o6 ecKypa>KeH, ycJibimaB, qTo HeKO- 

Topbie ypaBHeHHH HasbiBaiOTCfl «neHHTerpHpyeMbiMH» hjih 

«iiepa3peuiHMbiMH». 3 t h  cJiOBa HMeiOT qHCTo TexHHqecKHH 

cmwcji h 03HaqaiOT tojilko, qTo TpaeKTopHH ne mojkst SbiTb 

onpeaeJieHa, ecJiH Mbi orpaHHqenbi Hei<oTopbiMH onpe^ejien- 

HbiMH MaieMaTHqecKHMH onepauHHMH. B cBoew Tpy&e 

«M exaH H 3M  SKOHOMHqeCKHX CHCTeM» TaCTHH 1 hcho noKa- 

3 bIBaeT, KaK 3KOHOMHCT MO>KeT CTpeMHTbCH H3yqHTb CH

CTeMbi h ypaBHeHHH, npHHaxuiejKamne k Tuny «Hepa3pemH- 

Mbix»; h oh noKa3 biBaeT, KaK skoiiomhct mo>kct Ha npaic- 

THKe £o6HTbCH jKejiaeMoro.

1 ApnoJibfl TacTHH (poa. 1899)— aHrjmucKHH yqenbiH, cneunajiHCT 

b odjiacTH aBTOMaTHKH ii sjieKTpoiiHoii TexHHKH. —  IlpuM. nepea.



3/10. <Pa3060e npocTpancTeo. Ecjih cocTaBJiniomHMH Ben- 

Tcpa cJiy^KaT qncjioBbie nepeMeHHbie, to  npeo6pa30BaHne 

mo>kho n p e^C TaB H T b  b reoM eTpHqecKOH  $ ° P M e ; H HH orna  

3Ta $ °P Ma ofiHapyHCHBaeT HeKOTopbie CBOHCTBa ropa3Ao 

6oJiee hcho h oqeBHAHo, qeM paccMOTpeHHbie jxo chx nop 

aJire6paHqecKHe (J)opMbi.

B KaqecTBe npHMepa paccMOTpHM npeofipasoBaHHe

x ' =  ~2

y ' = ? x + T y

H3 ynp. 3/6/7. Bbi6paB och x h y, m h MoateM npe/urraBHTb 

jiio6oft AaHHbift BeKTop, HanpHMep (8,4), tomkoh, y koto- 

poH aScuHcca paBHa 8, a opOTHaTa 4. TaKHM 06pa30M, na- 
qajibHoe cocTOHHHe cncTeMbi Mo>KeT 6biTb npe^CTaBJieno 

tomkoh P  Ha pHC. 3/10/1 (I).

Phc. 3/10/1.

npeofipasoBaHHe npespam aeT  3tot BeKTop b ( 6 ,6 )  h 

TeM caMbiM npeBpam aeT cocTonHHe cncTeMbi b cocTOHi-me, 
oiBeqaiomee ToqKe P'. KoHeqHo, sto ABH>K0HHe ecTb ne mto

HHOe, KaK H3MeH0HHe, H306pa>KeHH0e H3 KHHeMaTHlieCKOM 

rpa4)HKe b § 2/17; T0JibK0 Tenepb oho H3o6pa>KeHo Ha 

nJlOCKOCTH C npHMOyrOJIbHblMH OCHMH H qHCJIOBbIM MacuiTa- 
6om. 3 to  AByMepHoe np0CTpaHCTB0, b kotopom onepaH^bi 

H o6pa3bI M02KH0 H300pa3HTb TOMKaMH, Ha3bIBaeTCH ®a3G- 
BblM npOCTpaHCTBOM CHCTCMbl. (C Bo6o£ a  «nyrOBHU H HH- 

TOK», o KOTOpOH TOBOpHJIOCb B § 2/17, 3£ecb y m e  H0BO3- 

MO}KHa.)



H a  tom me pncyHKe non U H ^p o S  II noKa3aHo AocTa- 

toliho cTpeJioK, m oSbi onpe/ieJiHTb b oSm eM  bhae, m o  npo- 

hcxoaht, KorAa npeo6pa3yeTCH Abo6an To^iKa. 3jxecb 

CTpejiKH noKa3biBaK)T apyrne H3MeHeHHH, KOTopbie npoH3o- 

hijih 6 bi n p n  B b i f i o p e  Apyrnx coctohhhh b K a q e c T B e  o n e -  
paH^oB. JlerKo yBHAeTb h JierKo AOKa3aTb reoMeTpH^ecKH, 

m o  B e e  CTpejiKH b 3tom cnyqae 3a£aiOTCH oahhm  npaBH- 

jiom: KaKan 6bi TOTOa hh 6biJia Bbi6paHa b KaqecTBe one- 

paH^a, npoBo^HTe H3 Hee cTpeJiKy non yrJioM b 45° bjicbo 

B B e p x  (hjih B n p a B o  bhh3) no n e p e c e ^ e n H f l  c  AHaronajibK), 

npe^CTaBJieHHOH jiHHHen y  —  x.
Tenepb ncHa noJib3a (})a30Boro npocTpancTBa (I I ) :  oho 

n03B0JineT c nepBoro me B3r\JiHAa o6o3peTb Bee TpaeKTOpHH 

CHCTeMbi, KaK 6hi sacTbiBuiHe b e^HHOH KapTHHe. Bjiaro- 

Aapn 3TOMy qacjo 6biBaeT oqeHb JierKo o 6Hapy>KHTb KaKoe- 

HPlSyAb CBOHCTBO HJIH AOKa3aTb KaKOH-HH6yAb Te3HC TaM, 

r^e ajireSpanqecKaH cjDopMa 6biJia 6bi HeacHoH.

npe^CTaBJieHHe Ha hjiockocth bo3mo>kho T0JibK0 b tom 

CJiyqae, KorAa BeKTop HMeeT nne cocTaBJiniomHe. n p n  Tpex 

cocTaBJmiomHX qacTo MOJKeT 0Ka3aTbcn noJie3HbiM npeA- 

CTaBJieHHe Ha TpexMepHoft MOAejrn hjih  Ha nepcneKTHBHOM 

qepTe>Ke. KorAa  ^ hcjio  cocTaBJiniomHX SoJibiue Tpex, nePi- 

CTBHTeJibHoe npeACTaBJieHHe y>Ke HeB03M0>KH0, ho npHHunn 

coxpaH^eTCH, h  cxeMa, H3o6pa>Kaiomafl TaKyio MHoroMep- 

Hyio cTpyKTypy, Bee eme MOHteT' 6biTb b Bbicuieft cTeneHH 

noJie3HoS, ocofieHHo KorAa Hac HHTepecyiOT He cT0JibK0 qa- 

CTHbie, cK0JibK0 o6 mne, TonoJionmecKHe CBOHCTBa.

[CjiOBaMH «(J)a30B0e np0CTpaHCTB0» HHorAa o6o3Ha- 

MaeTCH nycToe npocTpaHCTBo, b KOTopoe em e He BHeceHbi 

CTpejiKH (T. e. npOCTpaHCTBO, B KOTOpOe MOJKeT 6bITb BHe- 

ceno Afo6oe mhojkcctbo CTpeJioK),; HHorAa sthmh cJioBaMH 

oSosHa^aeTCH AHarpaMMa, coAepxcam aa MHoatecTBo cTpe- 

jiok, CBoflcTBeHHoe AaHHOMy npeo6pa30BaHHK), noAo6Ho 

npHBe^eHHOH Bbirne AHarpaMM e II. 0 6 b m i o  H3 KOHTeKCTa 

echo, KaKoe 3HaqeHHe HMeeTcn b BHAy*]

ynp. HadpocaHTe cxeMbi c})a30Bbix npocipancTB, AOCTaioHHo no,apo6-

Hbie. uTo6bi noKa3aTb 0CH0BHbie MepTbi HeKoTopbix CHCTeM H3
§§ 3/4 h 6.

3/11. Hto TdKoe «cucTeMa» ? B  § 3/1 6biJio CKa3aHo, m o  

Ka>KAa?i peajibHan AeTepMHHHpoBaHHan MauiHHa hjih Anna- 

MHqecKan CHCTeMa CooTBeTCTByeT 3aMKHyT0My oAHosna1!-



iioMy npeo6pa30BaHHK); nocJie/iyiomHe naparpacj)bi hjijiio- 

CTpKpOBaJIH 3T0 nOJIOXCeHHe MHOro^HCJieHHblMH npHMepaMH. 

OTCKD^a, OAHaKO, He CJie^yeT, qTO TaKOe COOTBeTCTBHe 

Bcerzia oneBHOTo; HanpoTHB, jnoSan nonbiTKa npHMeHHTb 

3to noJio^eHHe b o6m eM Bune CTOJiKHeTCfl o^eHb cKopo 

c onpezieJieHHbiMH Tpy^HocTHMH, KOTopbie Mbi cemac pac-

CMOTpHM.

npezinoJTo^HM, m o  Mbi HMeeM nepe/i co6oft onpe/ieJieH- 

Hyio peajibHyio AHHaMH^ecKyio cHcieMy —  KaqaiomHHCfl 

MaHTHHK, hjih pacTymyio KyjibTypy SaKTepuft, hjih aBTO- 

nnjioT, hjih Ty3eMHyio AepeBHio, hjih cepjieqHO-JieroqHbiH 

npenapaT. npe^noJiojKHM, m o  Mbi xothm Haftra cootbct- 

ciByiomee npeoSpasoBaHHe, HaqHHan c caMoro Haqajia h

HCXO^fl JIHIHb H3 OCHOBHbIX ElpHHUHIIOB. EiyCTb, HanpHMep,

Ham a cncieMa —  npocTofl m3hthhk ajihhoh b 40 c m . Bbi- 
6paB nozixo£5imee 3anHCbiBaiom.ee ycTpoftcTBO, Mbi otboahm 

MaaTHHK Ha 30° b CTopoHy, om ycK aeM  ero h KajK^bie qeT- 

BepTb ceKyH^bi 3anncbiBaeM ero noJio>KeHHe. Mbi HaxoOTM 

nocjiejioBaTeJibHHe oTKjioHeHHH: 30°, 10° h — 24° (no apy- 

ryio CTopoHy).. JIoSTOMy nepBOH Hamefi oueHKoft npeo6pa- 

30BaHHH npH AaHHblX yCJIOBHHX Sy/ieT

| 30° 10° 

I 10° _24°*

3aTeM , KaK xopom ne yqenbie, Mbi HccJie^yeM nepexoa ot 

10°: otbo;ihm MaflTHHK b CTopoHy Ha 10°, oTnycKaeM h 06- 

HapyjKHBaeM, m o  nepe3 qeTBepTb ceKyH^bi oTKJioHenne 

pSBHO -f-3°! O^eBHAHO, m o  H3MeHeHHe OT 10° HeOAHO- 

SHaHHo —  cncieM a caMa ce6e npoTHBopeqHT. M to me HaM 

lenepb ziejiaTb?

JH am e  3aTpy#HeHHe THm m Ho ajih HayqH ux  HCCJie^oBa- 

hhh h hocht npHHUHnnajibHbiH xapaKTep: M U  xothm, m o 6bi 

npeoSpasoBaHHe 6hjio 0^H03HaqHbiM, ho sto ne noJiy- 

liaeTC5i. M bi He Mo>KeM OTKa3aTbcn ot TpeSoBaHHH o/j,ho- 

si-iaqnocTH, h 6o sto 3HaraJio 6bi OTKa3aTbca ot H a ^ e ^ b i  

AejiaTb 0AH03H aLiHbie npe/icKa3aHH5i. K  cqacTbio, onbiT 

AaBHo y>Ke noKa3aji, m o  Ha^o AejiaTb: ua%o nepeonpene- 

JlHTb CHCTeMy.

3jiecb Mbi aojijkhm hcho npencTaBHTb ce6e, KaK £OJi>KHa 

onpe^ejiHTbCH «cHCTeMa». riepBoe Ham e no6yyK^eHHe —  no- 

Ka3aTb na m3hthhk h cKa3aTb: «CncTeM a ecTb bot 9Ta



BGLUb». 3T0T  MeTOfl HMeeT, OXUiaKO, npHHUHnHaJIbHblH He- 

AocTaTOK: Kaoicdbiu M aTepudAbnuu  o67>eKT codepowuT ne M e- 

Hee neM 6ecKonennoe hucao nepeMennbix u, CAedoeareAbno, 

ne Menee neM 6ecKoneHHoe hucao e03M0M Hbix cucreM. Ha- 

npHMep, peajibHbui m shthhk HMeeT He T0JibK0 jiJmay h no- 

jiojKeHne —  oh HMeeT faKme Maccy, TeMnepaTypy, sjieKTpo- 

npoBojiHocTb, KpHCTaJuiHqecKyio CTpyKTypy, XHMHqecKHe 

npHMeCH, HeKOTOpyiO pa£HOaKTHBHOCTb, CKOpoCTb, OTpaJKa- 

TeJibHyio cn0C0 6H0CTb, npoqHocTb Ha pa3pbiB, nJieHKy BJiarn 

Ha noBepxHocTH, 3apa>KeHH0CTb 6aKTepH5iMH, onTHqecKoe 

norjiomeHHe, ynpyrocTb, KOHTyp, yaeJibHbin Bee h t. a. Tpe- 

SoBaHHe H3y^HTb «Bce» sth (J)aKTbi He ocymecTBHMo, h 

B AeHCTBHTeJIbHOCTH HHKTO HHKOFAa He npeAnpHHHMaJI Ta- 

KHX nonblTOK. HaM Heo6xO£HMO Bbl6paTb PI H3yqHTb JIHLHb 

(JjaKTbi, npeACTaBJTniomHe juih Hac HHTepec c tomkh 3peiiHH 

onpe^eJieHHOH, 3apaHee yKa3aHHOH ueJiH.

HcTHHa coctoht b tom, mto b oKpym aiom eM  tiac MHpe 

JIHLHb HeKOTOpbie MHOJK6CTB3 (J)3KTOB MOryT AaBaTb 33- 

MKHyTbie 0£H03HaqHbie npeo6pa30BaHHH. 06i-iapy>KHTb Ta- 

KHe MHo>KecTBa HHor^a JierKo, HHonia Tpy^Ho. McTopHH  

HayKH h name hctopha jiioSoro oTAeJibnoro HCCJienoB3HHH 

H3o6HjiyK)T npHMepaMH 3Toro. OobiqHo o6Hapy>KeHHe raKHX 

MHo>KecTB cBH3aHo c ApyrHM MeTOAOM onpeAe.ieHHH ch- 

cTeMbi —  c MeTo^oM nepenucAeHiiH nepeMennbix, Koropbte 

doAMHbi npunuMdTbcn e pacner. CwcieMa Tenepb 03HaqaeT 

He Bemb, a nepeqeHb nepeMeHHbix. 3 to t  nepeqeHb mojkct 

H3MeH5iTbC5i, h o6biqHeHHi35i 33£aqa 3KcnepHMeHTaTopa co

ctoht b tom, 4To6bi H3MeHHTb nepeqeHb («npHHHMaTb  

b pacqeT Apyrne nepeMeHHbie»), noKa He 6y^eT Haft^eHo 

MHo>KecTBo nepeMeHHbix, o6ecneqHBaiomee Tpe6yeMyio 

0iiH03HaqH0CTb. TaK , Mbi CHaqaJia paccMaTpHBajiH MaaTHHK, 

KaK eCJIH 6bl OH COCTOHJI TOJIbKO H3 oahoh nepeMeHHOH  

«yrJioBoe OTKJioHenne ot BepTHKajiH»; Mbi ofiHapyjKHJiH, 

mto onpeAe/ieHHaH TaKHM 06pa30M CHCTeMa He oojianaer 

0AH03HaqH0CTbi0. Ecjih 6bi Mbi xoTeJiH npoAOJiHcaTb, Mbi no- 

npoSoBaJiH 6bi bbccth /ipyrne onpeziejieHHH, HanpHMep  

BeKTop:

(yrJioBoe oTKJioHeHHe, Macca m 35ithhk3),

KOTopbin TaK>Ke 0Ka3aJicH 6bi HenoAxoAJnnHM. B KoHue 

kohuob Mbi nonpo6oBaJiH 6bi BeKTop:

(yrJioBoe oTKJioHeHHe, yrjioBan cKopocTb)



h HauiJiH 6bi, m o  o-npe/iejieHHbie no tcikomi/ cnoco6y 

cocTOflHHH jyajyyi: HaM meJiaeuyK) 0#H03HaqH0CTb (cm. 

ynp. 3/6/14).
HeKOTopbie H3 t3khx OTKpbiTHH oTcyTCTByiomnx nepe- 

MeHHbix HMejiH BeJiHqafmiee HaynHoe 3HaqeHHe, HanpHMep  

Kcr\na HbiOTOH otkp h ji 3HaqeHne KOJiH^ecTBa ABHjKeHHH 

hjih K o r^a  ToyjisHjx TonKHH C  1 oTKpbiJi 3H aq en H e  BHTaMH-  

iiob (noBeneuHe Kpbic npn zw e ie  He 6biJio ojiHosHam-ibiM, 

nOKa BHT3MHHbI He 6bIJIH 0H03H3Hbl) . IduOTJia TaKOe OTKpbl- 

THe b Hay^HOM oTHomeHHH TpHBHajibno, HanpHMep Kor^a  

oAH03HaqHbie pe3yjibTa™  nojiyqaioTCH nocjie Toro, KaK H3 

B0A0CHa6>KeHH5i ycTpaHHeicK npHMecb hjih saBHH^HBaercn  

HeziocTaiouLi.iiH b hh t ; ho 0£H03HaqH0CTb Bcer/ia cyme- 

CTBCHHa.

[HHor/ia Tpe6yeTCH jinnib 0AH03Ha^H0CTb HeK0T0pbix 

eepoHTHOcreii. 3 t o  6oJiee T0HK0e TpeSoBaHHe 3aTparn- 
BaeTCH b § 7 /4  h 9 /2 . H o  oho He npoTHBopeqHT cKa3aHHOMy  

Bbiuie; o h o  npocTo 03HaqaeT, m o  HHTepecyiomen Hac nepe- 

M6HH0H HBJineTCH caMa eeponmocTb, a He nepeMCHHan, 3a- 

Aaroman BepOHTHOCTb. TaK, ecjiH h Hayrao H3yMaio 

pyjieTKy, MeHH Mo>KeT HHTepecoBaTb nepeMeHHan «BepoflT- 

HocTb Toro, m o  b cJie^yiomHH pa3 BbinazieT Kpacnoe», ko- 

Topan HMeeT HHCJioBbie 3Haqe.HH5i b HHTepBajie ot 0  no 1, 

a He nepeMeHHan «i{eei\ k o t o p h h  BbinaneT b cjienyiouiHH 

pa3», KCTopan HMeeT ToJibKo £Ba 3HaqeHH5i: «Kpacnoe» h 

«qepnoe». CncTeMa, BKJitoqaiomafl uocJiejxmow nepeMen- 

nyio, n o m n  H aB ep n o e  Henpe^CKasyeMa, Tor/ia icaK cncTeMa, 

BRjuoqaromaH nepByio nepeMeHHyio (Bepom HocTb), MOJKeT 

6biTb BnoJiHe npe^CKasyeMOH, h 6o yKa3aHHan BepomHOCTb  

HMeeT nocTORHHoe 3HaneHHe, npH6jiH3HTejibno paBHoe 1/2.]

«A6cojiK)THaH» cncTeMa, onucai-iHafl h Hcnojib30BaHHaa 

B KHHTe «yCTpOPICTBO M03ra», HBJI5ieTC5I HMeHHO TaKHM 

M H 0>KecTB0M nepeM eHHbix.

Tenepb echo, noqeMy Mbi mojkcm cKa3aTb, m o  Kaofcdan 

AeTepM HH HpoBaH Hafl ^H H aM H ^ecKafl cncTeM a cooTBeTCTByeT 

0AH03HaqH0My npeo6pa30BaHHio (xota Mbi oTHK)£b He 

0CMejiHBaeMC5i BbicTaBJiHTb KaKHe-JinSo AorMbi o tom, m o

1 Ope^epnK ToyjisHA TonKHHC (1861 — 1947)— aHrjiHHCKHft 6no- 

xhmhk; oiiHHM H3 nepBbix HccjieAOBaji bht3mhhbi (b 1906— 1912 rr.).—  
ripuM. nepee.

5 3aK. 3346. y. Pocc 3uj6h



co,fl[ep>KHT b ce6e peajibHbiH mhp, h 6o oh iiojioh Heo>KH,aaH- 

HocTeft). M bi MoxceM CKa3aTb sto npocTo noTOMy, qro 

HayKa 0TKa3biBaeTcn H3yqaTb apyrae rantd, Bpo^e ynoMH- 

HyToro ManTHHKa c ootoh nepeMeHHofl, oTBepraa hx KaK 

«XaoTHqeCKHe» H « 6eCCMHCJieHHbie». Mbi U TOAbKO Mbi 
0K0HqaTejibH0 pem aeM , qTo HaM npH3HaBaTb 3a «noxo}Kee 

Ha MauiHHy» h qTo He npH3HaBaTb (stot Bonpoc pe3iOMH- 

pyeTCH b § 6/3) ̂



MaiUHHbl co b x o a o m

4/1. B npeAJMymeft rjiaBe Mbi HccJiezioBaJiH oTHomeHHe 

Me^K^y npeo6pa30BaHHeM  h MauiHHoS, paccMaTpHBan no- 

cJieAHioio KaK H e m o  e^HHoe. Tenepb Mbi nonbrraeMcn HaftTH 

b oSjiacTH npeo6pa30BaHHH SKBHBaJieHT npncym eH KajKAofi 

o6bmHofl MauiHHe cnoco6HocTH Haxo^HTbCH b pasjm^Hbix 

yCJlOBHHX H B 3aBHCHMOCTH OT 3T0T0 H3MeHHTb CBOe nO- 

Be^eHHe, noAoSno nozrbeMHOMy KpaHy, ynpaBJineMOMy bo- 

AHTejieM, hjih Mbimue, ynpaBJiHeMofi HepBOM. JXjin 3Toro He- 

o6xoahm o npaBHJibHo n oH m b , m o  no£pa3yMeBaeTC5i no a  

«napaM eTpoM ».

jjo chx nop KajKzroe npeoSpasoBaHHe paccMaipHBajiocb 

caMo no ce6e; Tenepb >Ke m h aojijkhh BKjim HTb b Harne 

paccMOTpeHne oTHomeHHe Meyajiy npeoSpasoBaHHHMH. OnbiT 

noKa3aji, m o  ajih 3Toro AocTaTom o B0cn0Jib30BarbCH TeM 

7Ke caMbiM MeTo^oM, m o  b § 2/3. B caMOM zieJie, H3MeHe- 

KHe npeo6pa30BaHHH A b npeoSpasoBaHHe B ecTb He m o  

HHoe, KaK nepexoA A B (corjiacHo § 2/3, sjieMeHTOM 

npeo6pa30BaHHH MoateT 6biTb Bee, m o  nozmaeTCH hchomy 

onpe^ejieHHio; nosTOMy HeT HHKaKofl npH^HHbi, m o6bi 3Jie- 

MeHTbi caMH He 6biJiH npeoSpasoBaHHHM H). TaK , ecjin T i, 

T2> n  —  TpH npe06pa30BaHHH, TO HeT HHKaKOH npHMHHbl, 

noqeMy 6bi He onpe/ieJiHTb npeoSpasoBaHHe



Bo H36e^aHHe nyTaHHUbi Heo6xo£HMo T0JibK0 He CMe- 
LUHBaTb H3MeneHHH, Bbi3biBaeMbix npeo6pa30BaHHeM Ti, 
c H3MeHeHHHMH, Bbi3biBaeMbiMH npeo6pa30BaHHeM U\ jiio- 
6biM no/ixoAHiuHM b jxaHHOM KOHKpeTHOM cjiyqae cnoco6oM 
3TH R Ba MHOJKCCTBa H3MeHeHHH AOJIJKHbl MbICJieHHO pa3- 
JIHqaTbCH.

Bot oSbiAeHHbift npHMep npeo6pa30BaHH5i TaKoro >Ke 
po&a, KaK U. y  MaJibqHKa HMeeTCH HrpyiueqHaH Mamnna 

7*1, nocipoeHHan H3 qacTeft, KOTOpbie mo>kho MeHHTb mc- 
CTaMH. 3iy MauiHHy T\ *oh 3aieM pasSnpaeT, qTo6bi c/ie- 
jiaTb HOByio Hrpyiue^Hyio MauiHHy T2. [B stom cjiyqae H3- 
MeHeHHH, npoHCxoziHLUHe, Kor^a Mamma T\ nepexo^HT ot 
o/iHoro coctohhhh k zipyroMy (t. e. Korria T\ «pa6oTaeT»), 
HCHO OTJIHqaiOTCH OT H3MeHeHHH, npOHCXO/lHIUHX, Koraa Ma- 
iiiHHa T\ npeBpamaeTCH b MauiHHy T2.1

H3M eneHHH npeo6pa30BaHHH b npeo6pa30BaHHe MoryT 

6biTb, BooSm e roBopn, coBepuieHHo np 0H3B0JibHbiMH. H a c , 

o^HaKo, SyzieT 3aHHMaTb rjiaBHbiM 06pa30M  tot cjiyqafi, 

Koiria HecKojibKo npeo6pa30BaHHH AeftcTByiOT Ha oaho h 

to me Mii0>KecTB0 onepaHAOB. TaK, npn qeTbipex oSm nx  

onepaH^ax a, 6, c h d mojkho paccMOTpeTb Tpw npeo6pa- 

30BaHHH R u /?2 H Rs\

p  1 a b c d D i a b c d p  i a b c d 

1 ‘ i  c d d b ’ 2 ' I b a d c[ 3 ’ i d c d b %

Bojiee KQMnaKTHo hx mojkho 3anHcaTb b BH^e

a b e d

Rl c d d b

R<> b a d c

R* d c d b

TaKyio (j)opMy 3anncH Mbi 6y£eM Hcn0Jib30BaTb KaK CTaH- 

ZiapTHyio. (B 3toh rjiaBe Mbi no-npe>KHeMy orpaHHqn- 

BaeMCH pacCMOTpeHHeM JIHWb 3aMKHyTbIX H 0,AH03HaqHbIX 

npeo6pa30BaHHH.) OraejibHoe npeo6pa30BaHHe cooTBeT- 

ciByeT Mainline c xapaKTepHbiM ajih Hee cnocoSoM noBe/ie- 

hhh (§ 3/1); noaroMy c0B0KynH0CTb Tpex npeo6pa30BaHHH



R i, /?2 h /?3, Bonjiom eH H an  b oahom  h tom  >Ke c{)H3HqecKOM 

Tejie, AOJiHCHa C00TBeTCTB0BaTb MauiHHe c TpeMH cnoco- 

6aMH noBe^eHMH. Mo>KeT jih MauiHHa HMeTb TpH cnoco6a 

noBeAeHHH?

M o ^ e T ,  TaK KaK ycjioBHH ee p a 6oTbi MoryT MeHHTbca. 

M H orne  m auihh bi HMeiOT nepeKjimaTeJib hjih pbmar, koto- 

pblH MO)KHO yCTailOBHTb B JIK)6oM H3 Tpex nOJlOJKeHHH, 

onpe^eJiHH tcm caMbiM, KaKoft H3 Tpex cnocoSoB noBeAeHHH 

SyAeT HMeTb MecTo. TaK, ecjin 6yKBbi a, b, c, d o6o3HaqaK)T 

COCTOHHHH MaLUHHbi H eCJIH R j COOTBeTCTByeT nOJIO>KeHHIO 1 

TSKoro nepeKJiioqaTejiH, a R 2 CooTBeTCTByeT noJio}KeHHK) 2 

nepeKJuoqaTeJia, to H3MeHeHHe HHAeKca SyKBbi R c 1 na 2 

CooTBeTCTByeT nepeBO^y nepeKJiioqaTejin H3 noJio>KeHHfl 1 

b noJio>KeHHe 2, a 3to  CooTBeTCTByeT nepexoAy MauiHHbi ot 

oa h o to  cnoco6a noBe/ieHHH k ApyroMy.

Mbi BHAHM, MTO CJIOBO «H3MeHeHHe» B npHMeHeHHH K Ta- 

koh  MauiHHe MOHceT 03Ha4aTb iXBe coBepuieHHo pa3JiHMHbie 

BeuiH. C y m e c T B y e T  H3MeHeHne coctoh hh h  b coctohuhc, cKa- 

>Ke\i a b b, KOTopoe othochtch  k noBeAeHHio MauiHHbi h 

yupaBJineTCH ee co6cTBeHHoft BHyTpeHHefl npHpoAon; h cy- 

mecTByeT H3MeHeHHe npeo6pa30BaHHH b npeoSpasoBaHHe, 

CKameyi R i b R2i KOTopoe npe^CTaBJineT co6oh ti3MeHeHue 
criocoda noeedcnun MciiuuHbt h npoHcxoAHT no BOJie aKcne- 

pMMeHTaTopa hjih non AencTBHeM KaKoro-JiH6o Apyroro  

BueuiHero cf)aKTopa. 3 t o  pa3JiHMHe hocht npHHUHnnajibHbiu 

xapaKTep, h ero hh b KoeM cjiy^ae Hejib3fl ynycKaTb hs 

bh Ay.

M hackc  npn R  hjih jiio6oh Apyron chmboji, 3HaqeHHe 

KGToporo onpeAeJineT, KaKoe npeo6pa30BaHHe aojijkho npn-

MeHHTbCH K OCHOBHbIM COCTOHHHHM, 6yAeT' Ha3bIBaTbC5I 
napaMeTpoM. Ecjih napaMeTp hbjihctch HHCJioBbiM, to ero 

cjie^yeT TiuaiejibHo ouiHMarb ot JiioSbix qnceji, KOTopbie 

MoryT 6biTb Hcn0.Tb30BaHbi ajih onpeAeJieHHH onepaHAOB 

KSK BeKTOpOB.

PeajibHan MauiHHa, noBeAeHHe KOTopofi MoateT 6biTb 

npeACTaBJieHo t3khm  m hokcctbom  3aMKHyTbix 0AH03HaLi- 

hhx  npeo6pa 30BaHHH, SyAeT Ha3biBaTbcn npeoSpasoeare-

JieM, HJIH MaULIHHOM CO BXOAOM (b 3aBHCHMOCTH OT yAoSCTBa 

b KOHTeKCTe). 3 t o  MH0)KecTB0 ripeo6pa30BaHHH ecTb ee 

KaHOHH^ecKoe npeACTaBJieHHe. riapaMexp KaK Hem o, cno- 

co6Hoe H3MeHHTbCH, ecTb ee bxoa.



llycTb S  ecTb npe0dpa30BaHHe

CnojibKo .npyrnx 33MKHyTbix h OAHOSHa^Hbix npeo6pa30BaHHH 

mo>kho nocTpoHTb jijir 3THX xce flByx onepaH/ioB?

Ha^epTHTe KHHeMaTHqecKiie rpa(J)HKH npeo6pa3c>BaHHH Ri, R2 
H R3 (cm. Bbime). H3MeHHTCH JIH rpa$HK npH H3MeHeiIHH 3Ha- 
qeHHH napaMeipa?

R (cm. Bbime) ecTb Ri\ npe^ciaBJiniomaH To^Ka Ha^HHaeT abh- 

>KeHHe b c h ^eJiaeT #Ba rnara [no /?i(c)], 3aTeM, Kor^a npeji- 

CTaBJIHIOmaH TOMKa HaXOflHTCH b stom iiobom coctohhhh, npe- 

06pa30BaHne H3MeHneTCH b R2 h TOHKa zieJiaeT eme flBa rnara. 

T/ie OHa ona>KeTCH?

Haimme nocjie^OBaieJibHOCTb npeo6pa30BaHHH R , K0T0pan 

nepeMecTHJia 6b 1 npe/jcraBjiHiomyio to^kv: (I) ot d k a; 

(II) ot c k a.
Kaxoe H3MeHeHHe b npeo6pa30BaHHH cooTBeTCTByeT (})HKcauHH 
oahoh H3 nepeMeHHbix b Mamnne? KaKoe npe06pa30BaHHe 

nojiy^HTCH, ecjiH b cHdeMe

x r ~  —  x-\-2y, 

y' =  x  —  y

nepeMeHHyio x  3aKpenHTb b 3HaqeHHH 4? 

y n p . 6. IlocTpoHTe no/ixoflHmyio Ta6jmuy npeo6pa30BaHHH, Ha KOTOpbie 

zieHCTByeT napaMeTp, h nonajKHTe Ha ee npHMepe, mto napa- 

MeTp, ẑ a>Ke ecjin oh npHcyTCTByeT, mojkct c})aKTHqecKH He oKa- 

3biBaTb HHKaKoro B03/ieHCTBHH Ha npeo6pa30BaHHe.

4/2 . M bi M o ^ e M  Tenepb paccMOTpeTb aJire6paHHecKHH cno- 

co6 npezicTaBJieHHH npeo6pa30BaTeJin.

Tpn npeo6pa30BaHM

R l \n' =  n-{- 1, # 2 :n'  =  n-sr 2, R 3 : n' =  n-{-3

mo>kho, oqeBH^Ho, 3anHcaTb 6oJiee K0MnaKTH0 b Buze

R a : n' =  n +  a,

h sto noKa3biBaeT HaM, KaK nocTynHTb. C<ne,ayeT oTMeTHTb, 

iito b stom Bbipa^eHHH oTHouieHHH n h a k npeo6pa30Ba- 

TeJiio coBepmeHHo pa3JiHqHbi, h sto pa3Jmrae hhkohm o6pa- 

3om Hejib3H Tep^Tb H3 BH^y. 3&ech n —  onepaHA, oh H3Me- 

HfleTcn npeo6pa30BaHHeM; to, ^to sto onepaHA, noKa3bi- 

BaeT HajiH^ne n\ H o  a —  napaM eTp; oh onpeziejifleT, KaKoe 

npeoSpasoBaHHe aojijkho npHMeHHTbcn k n. CjiejioBa- 

Te^bHo, 3HaqeHHe a ^ojijkho 6biTb ycTaHOBJieHO npe>K£e, 

qeM Mo>KeT 6biTb HafUeHo H3MeHeHHe n.

K o n ia  Bbipa>iceHH5i b KaHOHimecKOM npeACTaBJieHHH cTa- 

HyT 6ojiee cjio>KHbiMH, pa3JinqaTb nepeMeHHyio h napaMeTp

ynp. 1.

ynp. 2. 

ynp. 3.

*Vnp. 4. 

ynp. 5.



m o >k h o , noMHH, m o  c h m b o j ibi, npe/icTaBjifliomHe onepaHAbi, 

b t o h  hjih  h h o h  (j)opMe noHBHTCH Ha JieBoS CTopoHe paBeH-

cTBa, KaK, HanpHMep, x' hjih ; h6o npeoSpasoBaHHe

£CJdkho noKa3aTb, bo m o  ohh npeBpaTHTCH. TaK m o  Bee 
Bbipa>KeHHH, Bdpeqaiom H ecH  cnpaBa, ho He cJieBa, aojijkhh 

6biTb napaMexpaMH. ripHBOiiHMbie HH>Ke npHMepbi noncHHT 
9T0.

ynp. 1. KaKne Tpw npeo6pa30BaHHH nojiynaTCH, ecjin 3a,naTb 3HaMe- 

hhh — I, 0 h + 1  napaMeipy a b Ta, rixe

g' =  (\ — a )g  +  (a —  \)h,

h? =  2g 4- 2ah.

ynp. 2. Kaxne abs npeofipasoBaHun nojiyqaTca, ec;iH napaMeip a 6y- 

AST npHHHMaTb 3H3HeHHH 0 HJIH 1 B 5?
hr — (I —  a)j~f- log (1 +  a +  Sin a/z),

/  =  (1 +  sinaj)e^~1)h.

ynp. 3. npe06pa30BaieJib n' =  n +  a2, b kotopom a h  n MoryT npHHH

MaTb TOJibKO ueJibie noJio>KHTejibHbie 3HaMeHHH, HaMHHaeT pa- 

6oTy c n =  10. (I) Kanoe 3HaqeHHe aojukho HMeTb a, MTo6bi, 

HecMOTpH Ha n0BT0pHbie npeo6pa30BaHHH, n ocTaBajiocb b 10? 

(II) Kanoe 3HaqeHHe /jojukho coxpaHHTb a, mto6h  n H3MenH- 

jiocb maraMH no 4 3a oahh pa3 (10, 14, 18, ...)? (Ill) Ka- 

KHe 3H3HeHHH a , Bbi6npaeMbie «3aHOBO npn Ka>Kaom mare, 

3acT3BHT n npoHTH pnjx 10, 11, 15, 16, 20, 21, 25, 26, b ko- 

TOpOM p33H0CTb COCTaBJIHeT JIH60 1, J1h6o 4? (IV ) KaKHe 3H3- 

qeHHH a 33CT3BHT n npoABHHyTbca uiaraMH no 1 jxo 100, a 3a- 

TeM OflHHM CK3MK0M JXO 200? 

ynp. 4. riycTb npeo6p330BaTe;ib HMeeT n onepan^OB, h nycTb napa- 

MeTp MO>KeT npHHHMaTb TZKTKe n 3HaMenHH. ByjxeM roBOpHTb, 

mto npe06p330B3Tejib jxaer TpneAHHoe COOTBeTCTBHe m ok^v 

3HaMeHHHMH onepaH^a, o6pa3a h nspsMeTps, ecjin: (1) jijih 

AaHHoro 3HaqeHHH napaMeTpa npe06pa30B3HHe, ocymecTBJiae- 

Moe npeo6pa30BaTe;ieM, HBJiaeTCH b33hmho oAH03HaHHbiM; 

(2) mm  AaHHoro onepaH^a COOTBeTCTBHe ueiKjxy 3HaMeHHeM
napaMeTpa H 06pa30M T3K>Ke HBJlfleTCfl B3aHMHO 0£H03HaHHbIM< 

TanoB, H3npHMep, npeo6pa30BaTeJib

a b e d

c d a b

#2 b a c d

d c b a •

a b d c



riOKa>KHTe, HTO 06p33bl ilOJl>KHbf COCTaBHTb JI3THHCKHH KB3Hp3T, 

t. e. TaKOH KBazipaT, b kotopom KayK^an CTpoKa (h K3>KAbiH 

CTOJi6eu) co^ep>KHT K3>KflbiH o6pa3 oahh h T0JibK0 oahh pa3. 

y n p . 5. CncTeMa c o^hoh nepeMeHHoft V Bejier ce6n corjiacHO npa-, 

BHJiy

r^e P — napaMeTp. 3azi3HTe P HeK0T0p0e 3iiaqeHHe Pi, H3- 
npHMep 10, h HaflziHTe npfejieji, k KOTopoMy ctp'gmhtch V npw 
HeorpaHHqeHHOM noBTopeHHH npeo6pa30B3HHH; H330BHTe stot 
npeaeji V\. 3aieM  3a£3HTe P zipyroe 3H34eiiHe P2, HanpH- 
Mep 3, h HafiziHTe cooTBeTCTByiomHH npe^eji V2. Ha hjih He- 
CK0JibK0 TaKHx nap 3HaqeHHH (P h npejjejibHoe 3H3MeHHe V), 
nOCMOTpHTe, He CBH3aHbI JIH OHH KaKHM-JIH6o 33KOHOM. He 
Be^eT jih ce6n V KaK oG'beivt ra3a no# AaBJienneM P? 

ynp. 6. KaKoe npeoSpasoBaHHe, Hiueiomee napaMeTp a, %acT ajih n 
Tpn pwxa 3HaqeHHfl:

(y K a3a H H e : Hcnpo6yfiTe HecK0JibK0 noAXOAauiHX BbipajKeHufi, 

T3KHX KaK n' =  n +  a, n' =  a2n h t . jx.) 

ynp. 7. E cjih n' =  n -f 3a, t o  onpeAejiaei jih 3HaqeHne a BejiHHHuy 

cKaHKa n npn K3>K£0M m are?

6oJiee qeM o a h h  napaMeTp, 4hcjio pa3JiHMHbix npeoSpasoBa- 

HHH MO>KeT paBHHTbCH qHCJiy B03M0>KHbIX K O M 6H H 3U H H  3Ha- 

MeHHH napaMeTpoB (h 6o KaatAafl KOM 6nH auH 5i MO>KeT 

onpenejmTb oT^eJibHoe n peoSpasoBaHH e), ho He Mo>KeT 

npeBbmjaTb ero.

ynp. 1. Han/iHTe Bee npe06pa30BaHHH b npeo6pa30B3Te;ie U 0i, ecjiH a 
MOJKeT npHHHM3Tb 3H3MeHHH 0, 1 HJIH 2, a b —  3H3lieHHH 0 

HJIH 1 H eCJIH

CKOJIbKO npe06p330B3HHH CO/I.ep>KHT 3TO MHO>KeCTBO?

I'np. 2. (ripoAOJi>KeHHe.) E cjih BeKTop (a, b) m o /KCt npHHHM3Tb 

TOJibKO 3HaqeHHH (0,1), (1,1) h (2 ,0), to CKOJIbKO npeoSpaso- 

BaHHH coflep>KHT A3HHbift npeo6pa30BaieJib? 

ynp. 3. npeo6p33QB3TeJib Tai c nepeiueHHbiMH p, q

0 = 1 : 0,

— > 4, — > 8, — ► 12, — > 16, . . . ,  

— > 9, — > 18, — > 27, — ► 36, . . . .

a =  2 : 0, 

a =  3 : 0 ,

4/3. Korzia Bbipa>KeHHe a jih npeo6pa30BaTejifl co/iep}KHT

s' =  (1 —  a) s -f- abt, 

f  =  (1 + b )t  +  (b — l)a.

p' — ap-\- bq, 

qr =z bp +  aq



HaMHHaeT pa6oTy c (3, 5). KaKHe 3HaiieiiHH jxojijKHbi HMeib 

napaMeTpbi a n b, mto6m (p, q) nepejiBHHyjiocb 3a o^hh mar 

b (4, 6). (yKa3aHHe: Bbipa>KeHHe jxjih T a b Mo>KeT paccMaTpn- 

BaTbCH KaK CHCTeMa COBMeCTHbIX ypaBHeHHH.) 

yn p . 4. (npozioji>KeHHe.) HafiflHTe 3aTeM 3HaweHHe (a, b ) , K0T0p0e 

nepe/iBHHeT cncTeMy 3a oahh m ar o6paTHo H3 (4, 6) b (3, 5). 
y n p . 5. npe06pa30BaTejib n ' =  ab n  HMeeT napaMeTpbi a  h b, Ka>KflbiH 

H3 KOTOpblX MOJKeT npHHHMaTb 3HaHeHHH 0, 1 HJIH 2. CKOJIbKO 

3/iecb pa3JiHMHbix npeo6pa30BanHH? (TaKHe HepasJiHMHMbie cjiy- 

^aH Ha3biBaioTCH «Bbipo>KjieHHbiMH»; npaBHJio, npHBe^eHHoe 

b Hanajie aioro naparpacf>a, othochtch k MaKCHMajibHOMy wucjiy 

B03M0>Kiib[x npeo6pa30BaHHi’i; ho sto MaKCHMajibiioe mhcjio He 

Bcer.aa ziocTiiraeTcn.)

4/4. Bxod u ebixod. 0H 3 H K  h ocoSenno HH>KeHep-3JieKTpHK 

ynoTpe6ji5iK)T cjiobo «npeo6pa30BaTejib» ajih onHcaHHH jiio- 

6oH AeTepMHHHpOBaHHOH (J)H3HqeCKOH CHCTeMbI, HMeiomeft 

HeKOTopbie onpeAeJieHHbie Mecia Bxo^a, b kotophx 3Kcne- 

pHMeHTaTOp MOJKeT BbI3bIBaTb H3MeHeHHH, BJIHHIOIUHe Ha 

noBe^eHHe CHCTeMbI, h HenoTopbie onpeaeJieHHbie MecTa bu- 

xozia, b KGTopbix 3KcnepHMeHTaTop Ha6jiK)AaeT H3MeHeHHH 

onpeAeJieHHbix nepeMeHHbix Henocpe^cTBeHno hjih c no- 

Mouxbio cooTBeTCTByiomHx npnSopoB. Tenepb hcho, mto 

MaTeMaTHqecKan CHCTewa, onncaHiiafl b § 4/1, HBJiaeTCfl 

ecTecTBeHHbiM npe/urraBJienHeivi TaKofi MaiepiiajibHOH ch- 

cieMbi. Hcho  Taioite, m o  «bxozl» MauiHHbi cooTBeicTByeT 

MHoxceciBy coctojihhh, nphhhmaembix ee napaM eipaM H ; 

h 6o H3MeneHHe napaM eipoB (hjih Bxo;ia) B03,aeHCTByeT Ha 

ncBe^eHHe MaiiiHHbi (npeo6pa30BaTeJin).

B 3JieKTpHMecK0H c H d e M e  bxoh o6bmHo BHixeH cpasy >Ke

H CB0HHTC5I K HeCKOJIbKHM 3a>KHMaM. B 6noJiorHqecKHX CH-

creMax, OHHaKO, qncJio napaM eipoB  oGbi^HO oqenb bcjiiiko 

h Bee MHo>KecTBo napaM eipoB  bhhho ormoAb He cpa3y. 

O h o  (J)aKTH4ecKH coBnajiaeT co mhojkcctbom «Bcex nepe- 

MCHHbix, H3MeHeHHe K dopbix  i-ienocpe;icTBeHHo BJiHaer Ha 

opraHH3M». TaKHM  06pa30M, napaMeTpbi BKjimaiOT ycjio- 

BH5I, B KOTOpblX >KHBeT Opr3HH3M. Fl03T0My qHT3TeJIb tfOJI- 

>KeH SbiTb TOTOB k TOMy, m o  b ^ajibHeftuiHx rjiaBax cjiobo 

«bxoa» 6y,aeT 03HaqaTb to HeSoJibmoe hhcjio napaMeTpoB  

npocToro MexaHH3Ma, to MHoroqncJieHHbie napaMeTpbi cbo- 

Coaho >KHBymero opraHH3Ma b cjio>khoh cpejxe. (Poct  

qncjia napa-MeTpoB He o6fl3aTejibno npHBo^HT k cHHJKeHHio 

CTporocTH paccy>KHeHHH, h6o Bee BxoAHmiie b paccMOTpe- 

HH6 BeJIHqHHbl MOfyT 6bITb H3MepeHbI C TO^HOCTblO,



orpaHHqHBaeMofi Jinnib cpe,zi;cTBaMH h BpeMeHeM, K0T0pbiMH 

pacnojiaraeT SKcnepHMeHTaTop.)

Vnp. 1. H a  ABa bxoahmx 3a>KHMa sjieKTphmcckoh MauiHHbi no^aeTCH 

HanpH>KeHHe. CoeflHHHM 3TH 3a>KHMbI nOCTOHHHblM npOBO^OM. 

KanoMy H3MeHenHK) b T cooTBeTdByeT sto H3MeHeHHe b  Ma- 

LUHHe, ecjiH nocjie^HHa npe^CTaBJieHa tcmh >Ke cooTHomeHHHMH, 

KaK b ynp. 4/3/3?

Vnp. 2. «Koi\na opraHH3M B3aHMOfleHCTByeT co cpe^on, ero Mbimubi 

abjihiotch b x o^ om  cpe/ibi, a ero opraHbi qyBCTB —  b u x o ^ om  

cpe,nbi». Bbi corjiacHbi c st h m ?

4 /5 . IlepexodHbie npoiteccbL HH}KeHep-9JieKTpHK h SnoJior

CKJlOHHbl H3yqaTb CBOH CHCTeMbI AOBOJIbHO pa3HbIMH MeTO- 

jxauvL. HHJKeHep qacTo HCCJie^yeT npnpoziy KaKoft-jmSo He- 

H3BecTHoft cncTeMbi noABepran ee HenpepbiBHOMy peryjiflp- 

HOMy H3MeHeHHK) Ha Bxo^e h Ha6jiK)Aan ee bhxoa . TaK , 

npn rapMOHHqecKOM aHajiH3e HHJKeHep no^BepraeT ch- 

CTeMy npozioji^HTejibHOMy bo3aghctbhio nepnoAHqecKoro 

CHHycoHAajibHoro Hanpn^KeHHH Bbi6paHHofi qacTOTbi h chh- 

MaeT onpezieJieHHbie xapaKTepHCTHKH Ha Bbixo^e; 3aieM  oh 

noBTopneT HcnbiTaHHe c Apyroft qacTOTOH h t. jy.\ b KOHue 

KOHUOB, H3 COOTHOUieHHH Me>K,flty BXO£HbIMH qaCTOTaMH H 

COOTBeTCTByiOmHMH BbIXO£HbIMH XapaKTepHCTHKaMH OH 3a- 

KjnoqaeT qro-JinSo o cbohctb3x cHdeM bi. B TeqeHHe 3Toro 

HcnbiTaHHH MauiHHa noABepraeTcn HenpeKpam aiom eMycn  

B03,ZieHCTBHK).

BnoJior qacTo Hcnojib3yeT Memo;, npn kotopom nocjie 

3aAaHHH HaqajibHbix ycJiOBHH cncieMa He HcnbiTbiBaeT hh- 

KaKoro B03AeHCTBHH. H an pH M ep , oh mojkct nojio>KHTb Ky- 

cok Mflca okojio MypaBeHHHKa, a 3aieM  He npoH3BoziHTb 

HHK3KHX H3MeHeHHH, COXpaHflfl yCJIOBHH, T. e. n3p3M6TpbI, 

nOCTOHHHblMH, H H36jIIOA3Tb BCe UOCJiejiyfomee p33BHTHe 

cJio>KHbix 06p a 3U0B noBezieHHH, HHAHBHAyaJibHoro H co- 

UHajibHoro.

B  npOTHBOnOJIO}KHOCTb TOMy, qTO Ha6jIK)A3eTC5I B >KH- 

Bbix cHCTeM3X, nose/ieHHe MexaHHqecKnx h 3JieKTpHqecKHX 

CHCTeM qacTo npno6peTaeT HeKOTopoe e£HHoo6pa3He  

BCKope nocJie npeKpameHHH H3MeHeHHH H3 Bxo#e. PeaKUHH  

MauiHHbi nocjie KaKoro-jm6o bosaghctbhh, npoTeKsioman  

npn noAAepjKHBaeMOM 3aTeM n0CT05iHCTBe Bxo^a, Ha3bi- 

BaeTcn nepexoAHbiM npoueccoM. Ba>KHo noHHTb, qTO ajih 

H H ^eH epa  cJio^KHan nocjiezioBaTeJibHocTb co6biTHH b Mypa- 

BefiHHKe ecTb nepexo/iHbiH npouecc. B 6oJiee o6hj,hx Tep^



M H H a x  nepexo^Hbifi n p o uecc  m o >k h o  onpe^ejiHTb  KaK  nocjie- 

^oBaTeJibHocTb c o c t o h h h h , n p o xo ^H M y K ) n p e o6pa30B aTejieM  

n p n  nocTOHHHbix ycJioBHHX a o  Toro, K aK  OHa H a ra H a e T  no- 

BTOpHTbCH.

ToBopn o nepexo^HOM n p o uecce , otjih^hom ot cjiejxyio- 
meft 3a hhm noBTopniom eHCH q a c r a , >KeJiaTejibHo HMeTb 

B03M0>KH0CTb 0 A H 0 3 H a q H 0 r 0  0 n 0 3H a H H H  ero KOHUa. fljIH 

AHCKpeTHbix npeo6pa30BaHHH cJieayiomHH Meron jxaer Toq- 

Hyio ^jiHHy n e p e x o ^H o ro  n p o u ecca .

npoAOJiatHM nocJie^oBaTejibHocTb coctohhhh ao Tex 

nop, noKa noBTopeHHe He cTaHeT HBHbiM,; nycTb, HanpHMep, 

Mbi noJiy^HM

ABCDCDCDCDC  . . .  hjih  HEFGGGGGGG  . . . .

3aTeM> ^BHrancb cnpaBa, nocTaBHM 3HaqoK «1 »  TaM, r^e 

nocJie^OBaTeJibHocTb oTKjioHHeTcn o t  uHKJia:

A B CDC DCDC DC  . . .  hjih HEF'GGGGGGG  . . . .  

3aTeM  cnpaBa ot 1, oTCTynHB Ha oahh uhkji, nocTaBHM 3Ha- 

qoK « 2»:

ABlCD2CDCDCDC  . . .  hjih  H E F G G G G G G G  . . . .

Toi\aa nepexoAHbifl npouecc onpe^eJineTCH KaK nocJieAosa- 

TeJibnocTb coctohhhh ot HaqajibHoro coctohhhh ro  

3naqKa 2, t. e. ABCD hjih HEFG.
Tenepb mojkho npH^aTb cTporyio (J)opMy HHTyHTHBHOMy 

BneqaTJieHHio, qTO cjioHCHan cncTeMa Mo>KeT o6Hapy>KHBaTb 

npn H6H3MeHHbix ycJioBHHX 6oJiee cJio^Hbie noBe^e-

hhh, qeM npocTan CHCTeMa. HaqepTHB  np0H3B0JibHbiH KHHe- 

MaTHqecKHH rpa(J)HK rjm N  coctohhhh, jierKo y6e£HTbCH, 

qTo npH noBTopHbix npHMeHeHHHx 3aMKHyToro 0AH03Haq- 

Horo npeo6pa30BaHHH c N onepaH^aM H djiuna nepexod- 

hoso  npot^ecca He Mower npeeumaTb N  coc toh h u u .

yn p . 1. K a K H M  cbohctbom jxojimen o 6jia;iaTb rpa(J)HK, m o 6 bi noBTope^ 

HHe Ha^HHajiocb KaK mo>kho n o 3>Ke? 

ytip. 2 . K a K O B  nepexo^HbiH npouecc cwcTeMbi H3 ynp. 3/6/6 c Haqajib* 

HbIM COCTOHHHeM (8 , 4 )?

C O E f l H H E H H E  C H C T E M  

4/6. CymecTBeHHbiM cbohctbom MaiHHH hbjihctch hx cno- 

co6HocTb k coe^HHeHHio Rpyr c ^pyroM. H 6oJiee Ma- 

niHHbi mo>kho coeAHHHTb b o r h v  HOByK) MauiHHy. C  Apyrofi 

CTOpOHbl, JIK)6aH MauiHHa MO>KeT paCCMaTpHBaTbCH KaK



06pa30BaHHaH coeAHHenneM ee qacreS, KoTopbie, b cboio 

oqepejib, MoryT paccMaTpHBaTbcn KaK Majibie MauiHHbi, hjih 

noAMauiHHbi. TaKoe coeAHHeHne c H d e M  HMeeT (J)yHAaMen- 

TajibHoe 3HaqeHne b HayKe, h 6o, npoBoah 3KcnepHMeHT, 

yqenhifi BpeMeHHo coeAHHneT ce6n c H3yqaeMoft hm cncie- 

moh. MeMy >Ke b chmbojihkc npeo6pa30BaHHH CooTBeTCTByeT

3T0T ripouecc COeAHHeHHH MaiUHHbl C MaLUHHOH H qaCTH 

c qacTbio? H 3  qero coctoht onepai{UR coeAHHeHHH?

ripe>KAe qeM oTBeqaTb Ha Bonpoc, 3aMeTHM, qTo oh ao- 

nycKaeT He oahh otbct. Bo-nepBbix, MauiHHbi mo>kho pe3Ko 

CTOJIKHyTb Apyr C ApyrOM, qTofibl OHH «COeAHHHJIHCb», KaK  

«COeAHHHK)TCH» ABa aBTOMOfiHJIH, CUenHBLUHeCH npH KaTa- 

cipocfje. 3T a  cj)opMa, oAiiaKo, ne npeACTaBjineT ajih nac 
HHTepeCa, h6o aBT0M06HJIH CJIHUIKOM CHJIbHO H3MCHH10TCH 

noAo6HbiM npoueccoM. Haw ny>KeH TaKoft cnoco6 coeAHHe- 

hhh, npn kotopom He Hapyuiajiacb 6u  BHyTpeHHHH pa6oxa 
KajKAofi maluhhbi; TorAa nocjie 06'beAHHeHHH Ka>KAan Ma- 
llihha 0CTaHeTCfl toh >Ke caMOH MauiHHOH, mto h paHbiue.

H o  npn TaKOM coeAHHeHHH, Boo6me roBopn, Heo6xo- 

ahmo, qTo6bi Ka/KAaa MauiHHa bo3AeflcTBOB3Jia Ha Apyryio 

MauiHHy JiHuib nocpeAdBOM B03AeficTBHH Ha ee ycAoeun, 
t . e. Ha ee bxoa. CneAOBaiejibHo, ecjin MauiHHbi aojijkhm 

coxpaHHTb cbokj HHAHBHAyajibnyio npupoAy nocjie coeAHHe

HHH B OAHO Ue.TOei TO COeAHHHTb MeJKAy co6oh MO)KHO 

TOJIbKO (AaHHbie) BXOAbI H BblXOAbl, He 3aTparHB3H OCTaJlb- 

Hbix qacTew, k3khm h 6bi AocTynHbiMH Te hh 6biJiH.

4/7. npcTcjieAHM Tenepb onepamiio coeAHHeHHH noApoSHO. 

npeAnoJio>KHM, mto MaLUHHy (npeo6pa30BaTejib) P Tpe- 

SyeTCH coeAHHHTb c Apyron MauiHHOH R. nycTb ajih npo- 

CTOTbi MauiHHbi P AOJimia AeHCTBOBaTb Ha Ry Fie Bbi3biBan 

06p 3TH0T0 AeHCTBHH R H3 P\ npHMepOM MO>KeT nOCJiyJKHTb 

coeAHHenne MHKpo(J)ona c ycuJiHTeJieM hjih npopacTaHne 

ABHraiejibiioro HepBa ajih HHHepBauHH 3M6pHOHajibHOH 

MblLUUbl. Mbi AOJIKHbl coeAHHHTb BblXOA H3 P CO BXOAOM 

b R. OneBHAHO, qio noBeAeiine R, hjih, Toquee, npeo6pa30- 

Baniie, onucbiBaiomee H3MeneHHe coctohhhh /?, SyAeT 33- 

BHCeTb OT COCTOHHH5I P H H3MeiIHTbCH BMecTe C HHM. Ot- 

ck)A3 cJieAyer, qTo mauihh 3 R aoji>kh3 HMeib nspaMeTpbi 

b KaqecTBe BxoAa h qio 3HaqeiiHH sthx nspaMeTpoB

B Ka>KAblii MOMeHT AOJIJKHbl SblTb HeKOTOpOH (})yHKUHeH CO

CTOHHHH P . nojio>KHM ajih  onpeAeJieHHocTH, qTo MauiHHa,



h.ih npeo6pa3c>BaTejib, R  HMeeT ipn  npeo6p a 30BaHHH, nepe- 

MHCJieHHbie b § 4/1 , t. e.

a b e d

c d d b

b a d c

d c d b

F1ojic»k h m  TaK>i<e, m o  P  HMeeT npeoSpasoBaHHe rjw  Tpex

COCTOHHHH i, /, k\

P :  I l. i k .
V k I I

Mbi jxojimuhi renepb coe^HHHTb MauiHHbi P  h R , yKa3aB, 

KaKoe 3HaqeHHe ROJimen npHHHMaib napaMeTp MauiHHbi R  

(Ha30BeM ero a ), Kor^a P  HaxoAHTcn b jikd6om H3 cbohx

COCTOflHHH. H O J IO K H M , ^TO Mbi CBH3aJlH HX COOTHOUie- 

hh6m Z  (0AH 03H aqH biM , ho He 3aMKHyTbiM  npeo6pa30Ba-  

HH eM ):

C0CT0H H H e P  : i i j k

3HaqeHHe a : * 2 3 2 *

(CooTHouieHHe Me>K/iy P  h a c&enano necKOJibKo Hepery- 

piibiM, MToSbi noziLiepKHyTb, 4to ,aeTajiH 3/iecb coBep- 

LIieilHO npOH3BOJIbHbI H nOJIHOCTbK) Onpe^eJI5IIOTC5I TeM, KTO

rip0H3B0AHT coe^HHeHHe.) riojio>KHM ziajiee (s t o  cyme- 

CTBeHHo jXJifi. ynop^oqei-iHocTH coe/uineHiifl), hto ABe namn 

MauiHHbi P  h R  p a 6oTaroT no oSmen BpeMeHHOH uiKa«ne, 

TaK qTo H3MeneHHH b h h x  njxyr uiar b mar.

Tenepb HeTpy^Ho Bii^eTb, hto £Be narnn Mammibi o6- 

pa3yiOT odny noeyto Mciuiuny c enoAne derepMUHupoean- 

HbiM noeedenueM. TaK, npeanojioKHM, hto bca cHCTeMa na- 

qnnaeT pa6oTy, Kor^a R  Haxo^HTCfl b coctohhhh a, a P  —  

B COCTOflHHH i. rioCKO.TbKy P  Haxo/IHTCH B COCTOflHHH /, TO 

b MauiHiie R  6yzieT ocymecTBJiHTbcn npeoSpasoBaHHe R 2 

(corjiacHO cooTHomeHHio Z ) . 3 to  H3MeHHT a b b\ b to >Ke 

BpeMH i b P  nepefl^eT b k , TaK mto coctohhka a h / AeTep- 

MiiHnpoBaHHo nepeHAyT b b h k. Tenepb noBTopneM pac- 

cy>KjneHne. riocKOJibKy P  naxoAiiTCH b coctohiihh k , to 

b MaiUHHe R  onaTb (corjiacno cooTHomeHHio Z) 6yAeT



ocymecTBJiHTbCH npeo6pa30BaH'He R2; noaTOMy b -nepeftzieT 

(npn R2) b a, a k nepeH^eT (npn P) b i. 3to npHBe^eT 

bck) CHCTeMy b ueJioM b HaqajibHoe cocTOflHHe (a ,/), nocjie 

Mero CHCTeMa, oqeBH^Ho, 6y^ex ABHraTbcn HeorpaHmeHHo 

AOJiro no STOMy UHKJiy.

FIoBezieHHe Bceft MauiHHbi CTaneT 6oJiee oqeBH/u-ibiM, 

eCJIH Mbi npHM0HHM MeTO# § 3/5 H yBHAHM, m o  COCTOHHHe 

UeJIOH MauiHHbi ecTb np0CT0 BeKTOp C AByMfl COCTaBJIHIO- 

iuhmh (x, y)t rjxe * —  orho H3 goctohhhh a, b, c, d, a y —  

OJXUO H3 COCTOHHHH i, /, k. TaKHM 06pa30M, bch MauiHHa 

HMeeT ABeHaziuaTb coctohhhh, a Bbirne 6biJio noKa3aHo, m o  

cocTOHHHe (a, i) HcnbiTbmaeT nepexo^bi (('(, i) {b, k) ■-> 

(a, i) -* h t. r.
ynp. 1. FlycTb Q — npeo6pa3C>BaHHe Hauieii uejion MauiHHbi c ABe- 

Ha^UaTblO COCTOHHHHMH (x, y)\ BbinHLUHTe Q  nOJIHOCTbHD. 

ynp. 2. (FIp0A0Ji>KeHHe.) Ha^epTHTe KHHeMaTH^ecKHH rpac})HK Q.
CnojibKo b  HeM 6acceftHOB?

Ynp. 3. CoeflHHHTe P n R, Hcnojib3yn npeoSpasoBaHHe Y:

cocTO^HHe P : ] i j k 

3HaqeHHe a: vl 2 3*

Mto cjiyMHTCH, ecjin MauiHHa Ha^HGT pa6oTy c coctohhhh (a,/)? 
Vnp. 4. Ecjih #Be MauiHHbi coe^HHeHbi b o^Hy cHCTGMy, to 3aBHciiT jih 

noBe^eHHe Bceft CHCTeMbi ot cnoco6a coe^HHeHun? (YKasaHne: 

Hcnojib3yftTe npe^bi^ymee ynpa>KHeHHe.) 

ynp. 5. Ecjih jxbq MauiHHbi c hhcjiom coctohhhh n\ h n2 coeflHHeHbi 

BMecTe, to KaKOBa MaKCHMajibHan ;yiHHa nepexo^Horo npo* 

uecca, KOTOpblH MOJKeT B03HHKHyTb BO BCeft CHCTeMe? 

ynp. 6. Ecjih MaKCHMaJibHaa zyiHHa nepexo^Horo npouecca b M auiHHeM  

paBHa n coctohhhhm, to KaKOBa MaKCHMajibHan jiJima nepe- 

xo^Horo npouecca b MauiHHe, 06pa30BaHH0H coe^HHeHHeM 

Tpex MauiHH M  BMecTe? 

ynp. 7. B-03bMHTe mhoto nacTen (A, B, C, ...), KaaKflyio c npe06pa30- 

BaHiieM

={

1 °
1 2

a 0 2 0

P 1 1 1

T 2 2 2

H C O eA H H H T e HX B 0 £ H y  flJIH H H yfO  u e n b .

bxoa  A B C —> H T« a-



riycTb b 3toh uenH  qacTb A ^eficTByeT Ha Bt B —  Ha C h t. 

corjiacHO

z- I 0 1 2

Ecjih bxoji b A HMeeT 3HaqeHHe a, mto cjiyMHTc* c coctoh- 

hhh m h  ^ajibine no ueiin? 

ynp. 8. (Flpo,zioji>KeHHe.) M to  cjiyqHTca, ecjiH b x o a  H3MeHHT qepe3 

o a h h  m a r  CBoe 3HaqeHHe c a Ha 3, a 3aTeM BepHeTCH onaTb 

b a, i\ae h ocTaHeTcfl?

4/8. Coedunenue c odpaTnou c6R3bto. B npezibmymeM na- 

p a rp a ^e  P coezuiHfljiocb c R TaK, hto H3MeHeHHH P HeK0T0- 

pbiM c6pa30M  bjihajih Ha H3MeHeHHH R hjih onpe,aejiHJiH HX, 

HO H3MeHeHHH P He 3aBHCeJIH OT Toro, B KaKOM COCTOHHHH 

6bIJIO R. OjlHaKO ABe MaiUHHbl MOJKHO COejIHHHTb H TaK, 

m o 6bi o6e ohh B03AeHCTB0BajiH #pyr Ha Apyra.

JXjm SToro Ka>KAan M am HHa zioJDKHa HMeTb bxoa, t. e. 

napaMeTpbi. M auiH H a  P He HMeeT napaMeTpoB, h, cJieAOBa- 

TejibHo, TaKoe ABOHHoe coe^HHeHHe HenocpeucTBeHHo He 

ocymecTBHMo jxjik MaiiiHH npeAbi^ym ero naparpa<J)a. rio- 

STOMy npe^noJio^H M , mto Mbi co6npaeMC5i coe^HHHTb Ma- 

HiHHy R (TaKyio me, KaK Bbime) c MauiHHofi S, 3a^aHHOH 

HH^Ke:

i
a b c d

i
e f

Ri c d d b Si f f

R* b a d c » s 2 e f

R* d c d b S3 f f

S4 f e

riycTb S  npH coe^HHeHHH B03/jeHCTByeT Ha R corjiacHO co- 

oTHomeHHio Y (rue a ecTb napaM eTp MauiHHbi R):

I c ocT OH H H e  S : \ e f  

’ 1 3 H a q e H H e  a : *  3  1 ’

a R B03AeHCTByeT Ha S  corJiacHo cooTHomeHHio X (rjxe 
|3 ecTb napaM eTp MauiHHbi S):

| cocTOHH He R  : i a b e d  

* \ 3H aq eH H e  p : ▼ 3  1 1 2  ’



LlTo6bi npocJie/iHTb H3MeH6HHH, HcnbiTbiBaeMbie Been stoh 

hobqh MauiHHOH (Ha30BeM ee T ) , npezinojio>KHM, m o  OHa 

HaqHHaeT pa6oiy c coctohhhh-BeKTopa (a, e). CorjiacHo 

cooTHoujeHHHM Y h X, npeo6pa30BaHHH, npHMeHneMbie Ha 

nepBOM mare, cyTb R3 h S3. AeftcTByn cooTBeTCTBeHHo 

Ha awe,  ohh jxajxyr d h /; t 3khm 06pa30M, H0B0e coctoh-' 

HHe Been MauiHHbi T 6yzieT (d,f). Cjie/iyiomHe jibs npe- 

06pa30BaHHH 6yjxyj Ri h S2, h n0T0My MauiHHa T nepefi^eT 

B COCTOHHHe (b, f) H T. R.

ynp !. riocTpofiTe Ki!HCM?mmecKHH rpacjDHK T 
ynp. 2. CoeAHiiHTe S h R KaKHM-JiH6o ApyruM cnoco6oM. 
ynp. 3. CoeaHHHTe 5 h R TaK, Tro6bi 6' B03j.eHCTBOBaJio Ha R, ho R 

He B03AeHCTB0Baji0 na 5 . (yKa3aHHe: paccMOTpHTe, KaKOB 6y- 

ner pe3yjibTaT, ecjiH b X  Bee 3HaqeHHH P c^ejiaTb ozumaKOBbiMH )

4/9. AjisedpciuuecKoe coedunenue. On H caH H b iH  b npeAbiixy- 

luhx n a p a r p a ^ a x  npouecc , npn  ko top om  H3MeHeHHH, npe- 

TepneBaeM bie Ka>ivibiM coc to h h h 6m h n a p a M e T p o M , pac- 

GMaTpHBaJiHCb HHAH.BHZiyaJibHo, noi<a3biBaeT co Bceii 

HCHOCTbK) H 06m H 0CTbK) B 03H H K 3K )m H e  npH  COe^HHeHHH 3a- 

BHCHMOCTI-i. H H ^ y T b  He TepHH 3TOH HCHOCTH, MO)KHO npH-

A y M aTb  p a 3JiHqHbie ero M OAHcfwKauHH.

T a x , noJio>KHM, m o  MauiHHbi onpe^ejiniOTCH, KaK 

06bm H0, qepe3 BeKTopbi C MHCJIOBblMH COCTaBJIHIOLUHMH. 

ripaBHJio >Ke coe^H H eH H H  ocTaeTcn 6e3 H3M eHeHHH: K a ^ ^ a n  

M auiH Ha  jxojiTKna HMeTb o;ihh hjih HecK 0JibK0 n ap aM eTp o B , 

h  coe^H H eH H e  ocymecTBJineTCH y K a3a H H e M  Toro, k c i k o u  

cjjyHKt{ueu dpyaux nepeMennbix Maumnbi doAotcnbi 6biTb 9tu 

napciMeTpbi. T s k ,  m a in h h bi M  h N :

cf =  rsc +  ad2 

A /; df =  2tae 

e' =  ace

Moryt 6biTb coe^HHeHbi npeo6pa30B3HHHMH U h V:



3^ecb cooTHomeHHH U cyTb coKpameHHbiH cnoco6 
3anHCH uejioro MHOJKecTBa nepexo^OB ot 3HaqeHHH (c, d , e) 

k 3HaqeHHK) (p, q),; HanpHMep,

j ( 0 , 0 , 0 )  ( 0 , 0 , 1 )  ( 1 , 3 , 5 )  ( 2 , 2 , 4 )  

*  ( 0 , 0 )  ( 0 , 0 )  ( 2 , 7 5 )  ( 4 , 3 2 ) ’

AHaJiornqHo cooTHomeHHH V onpeziejifliOT npeofipasoBaHHe 

ot (a, b) k (r,s,t,u), BKJiioqaiomee, HanpHMep, nepexoA  

(5 , 7 ) -> ( 1 2 , — 2 , — 5 ,4 9 )  (cp. c P b § 6 /9 ) .

Pe3yjibTaTOM  coe^H H eH H a  HBJineTCH CHCTeMa c naTbio 

nepeM eHHbiM H , a jireSpanqecKoe npe/iCTaBJieHHe KOTopon 

HM eeT b h a :

cl' =  cl2 —{— 2 be, 

b' =  — ade2, 

c' =  (a2 —  b2)c-}-b2d 2, 

d' —  —  2 ab2ey

er =

(llpH M epbi 3Toro >Ke npo uecca  npH  H ajm quH  £H(j)(})epeH- 

unajibHbix ypaBHeHHfi AaHbi b «ycTpoftcTBe M 03ra » , § 2 1 /6 .)

Vnp. 1. 4 to HBjiaeTCH napaMeipaMH b Af? Hto b N ?

Vnp. 2. CoejiHHHTe M h /V nocpe^CTBOM h I  h HaHAHTe, bo m o 

nepefueT cocTOHime (1,0, 0 ,1 ,0 ) , HBJiflfomeeca oahhm H3 3Ha- 
HeiiHft (a, bt c, d, e); 3&ecb

I u =  a

4/10. y>Ke ynp. 4 /7 /4  noKa3aJio, mto qacTH, B006me roBopn, 

MoryT coeAHHHTbcji b e^HHoe uejioe pa3JinqHbiMH cnoco- 

6 aMH. OnpedeAenue cocraenbix nacTeu ne onpedejiner cno- 
co6a coedunenuH.

OTciOAa cJie^yeT BaacHbiH bhboa : to 06cT0HTejibCTB0,

qTO BCH MaUJHHa CTpOHTCH H3 qaCTCH, 06jiaAaK)HlHX 3aA3H- 

HbiM noBe^eHHeM, em e He/iocTaToqHo juin onpe/iejieHH5i ee 

noBeAeHHH b uejioM; jiHiub nocjie yToqHettHfl ^eTajien co- 

e^HHeHHH noBe^eHHe Bcefi maluhhbi CTaHOBHTCH BnojiHe 

onpe^eJieHUbiM.

6 3aK. 3346. y. Pocc 3iuGh



OBPATHAH CBH3b

4/11. B § 4/7 P h R coeOTHHJiHCb TaK , qTo P bo3aghctbo- 

Bajio Ha R , ho  R He B03H,eHCTB0Ba«Ji0 Ha P. B stom  cjiyqae 

roBopHTCH, qTo P AOMHHHpyeT nan Rt; TaKoe oTHomeHHe 

qacTeft Mbi Mo>KeM H3o6pa3HTb (npeABocxHiuan § 4/12) 
A n a r p a M M O H

[3T y  CTpeJiKy HeJib3H cM euiHBaTb c to h , KOTopan  o 6o3Ha- 

Hcier n e p e x o A  (§  2 / 2 ) ,  h 6o nocjieAHna BcerAa cBH3biBaeT 

ABa  coctoh hh h , TorAa KaK  n ep B an  cBH3biBaeT ABe qacTH. 

B AaJibHeHuiHX A H a r p a M M a x  qacTH  BcerAa 6yAyT  H3o 6pa- 

/KaTbCH b KBazipaTHKax.]

OrjHaKo  KH SepHeTHKy  oco 6eHHo HHTepecyeT cjiyqaii 

H3 § 4/8, n p n  kotop om  o 6e qacTH B03AeftcTByi0T a p y r  Ha 

A p y ra . 3 t o  oT H om eH H e qacTeft m ojkho H 3o 6p a3H T b  AHa- 

rpaMMOH

Ecjih AeftcTBHe Me>KAy qacTHMH AHHaMHqecKoft cncTeMbi 

HMeeT 3tot KpyroBoft xapaKTep, to mbi tobophm, qra b Heft 

HMeeTCH o6paTHaa ce*i3b.

T a K o e  onpeAeJieHHe o 6paTHoft CBH3H H a n 6oJiee corjia- 

CyeTCH C Ay XO M  3T0ft KHHFH, nOCBHIUeHHOft B OCHOBHOM 

npH HunnnaJibHbiM  B onp ocaM .

OziHaKo Bo3Mo>KHbi h Apyrne onpezieJieHHH, h HMejm  

MecTO cnopbi o tom, KaKoe H3 hhx hbjihctch JiyquiHM. Eio- 

3T0My HecK0JibK0 cjiob b 06'bflCHeHHe MoryT 6biTb nojie3Hbi. 

CymeCTByKDT ABe OCHOBHbie TOqKH 3peHHH, KOTOpbie HaM  

cJieAyeT paccMOTpeTb.

Oahoii H3 hhx npHA^p^KHBaioTCH Te, kto  cJieAyeT no nyTH, 

H36paHHOMy B 3T0ft KHHre, T. e. Te, qbfl uejlb —  nOHHTb 

npuHUfUnbi, cToflmne 3a MHoroqncJieHHbiMH qacTHbiMH Mexa- 

H H 3M aM H , AeMOHCTpHpyiOUI.HMH 3TH npHHUHnbl. fljIH T3KHX 

p a 6oTHHKoB «o 6paTHan cBH3b» cymecTByeT Me>KAy AByMH



qacTHMH, Kor^a o6e ohh BoszieHCTByiOT jipyr Ha Apyra, KaK 

HanpHMep b cncTeMe

x' =  2 xy, 

y' =  x — y2.

B caMOM AeJie, 3iiaqeHHH y b stoh CHCTeMe B03AeflcTByK)T 

na to, KaK 6yAeT H3MeHHTbcn x, a 3HaqeHHH x bo3agh- 

cTByiOT Ha y. HanpoTHB, o6paTHaa cBH3b He MoxceT cqn- 

raTbCH npHcyTCTByiomeH b CHCTeMe

x' =  2x, 

y' =  x — y2,

h6o H3MeHeHHe x  3,n;ecb He 33BHCHT ot 3HaqeHHH y\ x %omh- 

HHpyeT Har y, h AeHCTBHe nponcxo/iHT TOJibKo b oahom Ha- 

npaBJieHHH.

A p y ro n  tomkh 3peHHH npHAepJKHBaiOTCfl npaKTHKH —  

SKcnepHMeHTaTopbi h K0HCTpyKT0pbi. Ohh  xotht Hcnojib3o- 

BaTb TepMHH «o6paTHan  cBH3b» (b Tex cjiyqanx, Kor^a He- 

KOTopoe npHMoe ^eftcTBHe P Ha R momho npHHHTb KaK 

HeHTo AaHHoe) r j m  o6o3HaqeHHH npe^HaMepeHHOH nepe- 

jxaqn HeKOToporo oSpaTHoro B03£eHCTBHH R na P nocpe#- 

CTBOM HeKOTOpOH CBH3H, KOTOpafl (j)H3HqeCKH HJIH MaTe- 

pnajibHo oqeBH^Ha. Ohh  B03pa>KaiOT npoTHB onpe^ejieHHfl, 

npezmaraeMoro MaTeMaraKaMH, yKa3biBan, qTo oho 3acTaB- 

jihjio 6bi npH3HaBaTb Hajinqne o6paTHon cbh3h b 06biqH0M 

maHTHHKe Memjiy ero noJioaceHHeM h KOJiHqecTBOM ^BHHce- 

hhh (cm. ynp. 3 /6 /1 4 ) ; c npaKTHqecKOH ToqKH 3peHHH Taican 

«o6paTHaH CBH3b» ecTb HeqTO MHCTHqecKoe. H a  sto MaTe- 

MaTHK oTBeqaeT, qTo ecjin oSpaTiian cBH3b £OJi>KHa cqn- 

TaTbCH npncyTCTByiomeH TOJibKo TaM, rjxe ee npeACTaBJineT

AeHCTBHTeJIbHblH npOBO/l HJIH HepB, TO TeOpHH CTaHOBHTCH 

xaoTHqecKofi h  noJiHoft HecymecTBeHHbix oroBopoK.

H a  caMOM #ejie sth cnopbi He HyxcHH, TaK KaK Toqnoe 

onpe^eJieHHe «o 6paTHon CBH3H» He HMeeT HHKaKOH Ba>K- 

hocth. flejio 3aKJiioqaeTCH b tom, qTo noHHTHe « 06p ajH 0H 

cbh3h», TaKoe npocToe h ecTecTBeHHoe b HeKOTopbix 3Jie- 

MCHTapHblX CJiyqaHX, CTaHOBHTCH HCKyCCTBeHHbIM H MajIO- 

nojie3HbiM, Kor#a B3aHM0CBH3b qacTeft craHOBHTcn 6ojiee 

cjiojkhoh. TaM, r^e HMeiOTcn TOJibKo RBe qacTH, coe^HHeH- 

Hbie TaK, qTo KaiKjian H3 hhx B03/ieHCTByeT Ha ^pyryio, 

CBOHCTBa o6paTHofi * cbh3h AaiOT Ba>KHyio h noJie3Hyio



HHij)OpMaUHIO O CBOHCTBaX Uejioro. Ho eCJIH qHCJIO qaCTCIl 

B03p acT aeT  xoth  6h  ho qeTbipex h KamRan  qacTb B03A6H- 

cTByeT na  TpH ocTaJibHbie mbcth, to q e p e3 h hx  mo>kho npo- 

BecTH A B a A u a T b  33MKHyTbix neTejib, o a h 3 k o  3HaHHe cbohctb  

Bcex s th x  A B a ^u a T H  neTejib euie He iiaer noJiHon HH(j)op- 

M au H H  o CHCTeMe. T a K n e  cJio>KHbie CHCTeMbi He M oryT pac- 

CMaTpHBaTbCH KaK nepenjieTaiomeecfl M H 0>KecTB0 6ojiee 

hjih MeHee He3aBHCHMbix neTejib o 6p aTH on  c b a 3h —  h x  

MO>KHO paCCM aTpH BaTb JIHUJb KaK uejioe.

CjieAOBaTejibHO, jxjih noHHMaHH5i o 6ihhx n p H H u n n o B  #h- 

H aM HqecKHX  chctcm  noHHTHe o 6paTHoft cbh3h  caMO no ce6e 

HeAocTaToqno . BancHo  JiHiub to, mto cJio>KHbie CHCTeMbi, 6o- 

raTbie BHyTpeHH HM H nepeKpecrnbiMH cbhsh m h , HMeiOT cjio>k- 

Hoe noBezieHHe h mto sto noBezieHHe Mo>KeT 6biTb uejieco- 

o6pa3HbIM  B CJlO>KHbIX CHTyaUHHX.

ytip. 1. npocJieAHTe ABa/maTb neTejib o6paTnoii cbh3h b AnarpaMMe 

PHC. 4/11/1.

A  ** f i  ynp. 2. MaiunHa co b x o a o m  a HMeeT npeo6pa30Banne

j’ xr — y —  iz 

T : { y ' ~2 z

1 Z r —  X  - a

KaKaa Mamnna (KaKoe npeo6pa30BaHne) nojiy- 
MHTCH. eCJIH BXOJ3, fl Ofi'beilHHHTb C BblXOAOM Z

P h c . 4/11/1. C0M3CH0 ct =  -  z?

ynp. 3. {1 IpoiioJDKeHHe.) ByneT jih noBe.aeHHe stoh 

BTOpOft MaLUHHb] OTJIHqaTbCH OT nOBeiieHHH 

nepBCH, KOiTia u HMeeT nocTOHHHoe 3HaqeHne, 

paBHoe — 1?
ynp. 4. O a h h m  H3 b x o a o b  MauiHHbi cjiy>KHT (})0T09JieMeHT, a o j h h m  H3 

b u x o jx o b  —  JiaMna nepeMeHHOH h p k o c t h . n p n  ycjiosnH 1 o t  

JiaMntJ K (J)0T09JieMeHTy HeT HHK3K0H CBH3H’ HH SJieKTpHMeCKOH, 

h h oriTHMecKOH B HameM pacnopsmeHnn h MeeTcn TaK>Ke 

3epKa.no, KOTopoe npH ycjioBHH 2 noMemaeTca TaK, trro K0Jie6a« 

HHH HpKOCTH JiaMnbI BbI3UBaK)T KOJietfaHHfl flOTCHUHaJia (jDOTO- 

ajieMeHTa ( i . e Tan, mto m a lh h h a MO>KeT «BHneTb c e6a »). Cmi- 

TaeTe jih b w , qro noBe^eHHe MauiHHbi npn ycjioBHHx 1 h 2 

6y&eT pa3JiHMHWM? (YKasaHHe: cpaBHHTe c ynp. 3.)

H E 3 A B H C H M 0 C T b  BHJ/TPH U EJIOrO  

4/12. B nocJieAHHX naparpacj)ax Mbi He0A H 0K p aT H 0 r0B0-

pHJIH O «BO3Ae0CTBHH » 0A H 0H MaiUHHbl, HJIH MaCTH, HJIH 

nepeM eHHOH  na apyryio  M aujHHy, HJiH #iacib , hjih nepeMeH-



uyio. 3 to  noHHTHe cJie^yeT yToqHHTb, h6o oho KpaHHe 

b3>kho. Mto 03Haqaer oho b TepMHHax AeftcTBHTeJibHbix 

oriepauHH aaHHofi MauiHHbi? 3 to t  npouecc npoTeKaeT cjie- 
AyiomHM 00pa30M .

Ilpezino.noJKHM, qTo Mbi HCCJie^yeM, 0Ka3biBaeT jih qacTb 

hjih nepeMeHHan i HenocpeACTBeHHoe B03£eftcTBHe Ha qacTb 

hjih nepeMeHHyio j. T p y 6o roBopn, Mbi npe^ocTaBJineM ch- 

cTeMe o6n ap y ^H B aT b  cBoe noBezieHHe h oTMeqaeM, H3Me- 

HneTCH jih noBezieHHe qacTH j c H3MeneHHeM 3HaqeHH5i 
qacTH i. Ecjih noBe^eHHe qacTH j ne MeHneTCH npH Jiiofibix 

3HaqeHH5ix qacTH iy to Mbi r0B0pHM b o 6m eM cJiyqae, hto 

i He OKa3biBaeT Bos^eHCTBHH Ha /.

ToBopn ToqHee, Mbi CHaqaJia BbiftnpaeM HeK0T0p0e co- 

CTOHHHe 5  (Been CHCTeMbi). n p H  AaHHOM 3HaqeHHH i Mbi 

oTMeqaeM nepexo#, npoHcxoAam HH b qacTH j (HrHopnpyfl 

nepexo^bi ^py rnx  nepeMeHHbix). Mbi cpaBHHBaeM stot 

nepexo^ c TeMH, KOTopbie npoHCXo/iflT npu Hcn0Jib30BaHHH 

C0CT0HHHH Si, S 2 H T. R., OTJIHqaiOLUHXCH OT 5  TOAbKO 3HCL-

uenueM i-ti cocTaeAHfou^eu. Ecjih npn Su S2 h t. ji. 

b qacTH j npoHcxoAHT tot >Ke caMbifl nepexon, qTo h npn 5 , 

to Mbi roBopHM, qTo i ne 0Ka3bieaer nenocpedcTeeHHoeo 

603deucT6un na /; b np0THBH0M >Ke cjiyqae Mbi roBopHM, 

4to i OKd3bi6cieT HenocpedcreeHHoe 603deucT6ue na j. («He- 
nocpe,acTBeHHbiM» Taxoe B03^eHCTBHe Ha3biBaeTcn n0T0My, 

mto Mbi paccMaTpHBaeM jinuib 3HaqeHHH qacTH /, npHHH- 

waeMbie eio Ha npoTH>KeHHH o^Horo uiara bo BpeMeHH.)

P a c c M O T p H M  Tenepb , qro 03H a q a e T  ajih n p e o S p aso B aH H e  

noHHTHe B03£eflCTBHfl. IlpejanOJIOJKHM, qTO 3JieMeHT3MH 

npeoSpasoBaHHe h bjih iotc h  BeKTOpbi c qeTbipbMH cociaB- 
JIHIOUIHMH (U.X.tjyZ) H qTO TpeTbe H3 KaHOHHqeCKHX ypaB- 

HeHHH HM eeT BHH.

y' =  2 ay —  z.

H h w m h  cjiOBaMH, ecJiH y HMeeT ceflqac neKOTopoe 3Haqe- 

une, to 3HaqeHHe, KOTopoe 9Ta cocTaBJifliomafl npHMeT qe- 

pe3 ozihh mar,- 6yneT 3aBHceTb ot 3HaqeHHH u h z , ho He 

6y^eT 3aBHceTb ot 3HaqeHHH x. Tor/ia Mbi CKa>K0M, qTo 

nepeMeHHbie u h z  0Ka3biBai0T HenocpeACTeeHHoe bo3A£h- 

CTBHe na y.

ZIjih co6jiio^eHHH crporocTH cJie;iyeT 3aMeTHTb, qTo 

yTBepjKAeHne o naJinqHH hjih oTcyTCTBHH HenocpeACTBeH-



Horo B03jieHCTBHH, H a n p H M ep  u Ha y, othochtch, co6cTBeH- 

ho, JiHiHb k deym dannbiM coctorhurm , Koropbie aoJi^KHbi 

coBnazuTb no 3HaqeHHHM cocTaBjiniomHx x, y, h z h otjih-

MaTbCH 3HaqeHHHMH COCTaBJIHIOIHeH U. XleHCTBHTeJIbHO, Ha- 

Jimne HenocpezicTBeHHoro bosaghctbhh b oahoh nape co- 

ctohhhh He BJiHfleT, Bo'oSme roBopn, Ha ero Hajm rae hjih 

oxcyTCTBHe b Apyrnx napax  coctohhhh. TaK, ynoMHHyioe 

Bbime npeoSpasoBaHHe naer nepexo^bi:

(0, 0, 0, 0) — *  ( , , 0 ,),

( 1 , 0 , 0, 0) ► ( , , 0 ,),

(0, 0 , 1 , 0) — > ( , , 0 ,),

( 1 , 0 , 1 , 0) — > ( , , 2 ,).

(HeHy>KHbie HaM 3HaqeHHH 3#ecb onymeHbi.) IlepBbie #Ba 

nepexozia noKa3biBaK)T, m o  b oahoh o6jiacTH npocTpaHCTBa 

nepeMeHHan u He 0Ka3biBaeT HenocpezicTBeHHoro B03,neH- 

ctbhh Ha nepeMeHHyio y, a BTopbie jxBa nepexozia noKa3bi- 

BaiOT, m o  b Apyrofi o6jiacTH nepeMeHHan u 0Ka3biBaeT He- 

nocpeACTBeHHoe B03,aeHCTBHe Ha nepeMeHHyio y. H ia K , 

-CTporo roBopn, na Bonpoc: «Ka.K0B0 Henocpe/iCTBeHHoe bo3- 

AeflCTBHe U Ha y?» —  MOJKHO OTBeTHTb TOJIbKO RJin ASHHOH 

napbi coctohhhh. B npocTbix cHCTeMax qacTo oahh h tot 

y&e oTBeT ziaeTcn ajih Bcero cj)a30Boro npocTpaHCTBa; b stom 

cJiynae Mbi mojkcm jxaTb 6e30TH0CHfejibH0e onHcanne He- 

nocpeACTBeHHoro bosachctbhh u Ha y. TaK, b pa3o6paH- 

hom npHMepe u OKa3bieaeT nenocpe^cTBeHHoe B03£eft- 

cTBKe Ha y bo Bcex T o w a x , KpoMe HeKOTopbix oco6bix 

ToqeK.

TaKan  npoBepKa Henocpe^CTBeHHoro B03AeflcTBHH u u a y  

ecTb npocTo cHMBOJinqecKHH 3KBHBajieHT Toro, m o  AeJiaeT 

9KcnepHMeHTaTop, Kor^a xoqeT npoBepHTb, 0Ka3biBaeT jih 

o^na nepeMeHHan HenocpeacTBeHHoe BO3Ae0CTBHe Ha jxpy- 

ryio. A HMeHHo, SKcnepHMeiiTaTop (J)HKCHpyeT Bee nepeMeH- 

Hbie, KpoMe AaHHOH napbi, h 3aTeM cpaBHHBaeT noBe^eHHe 

nepBOH nepeMeHHofl b cJiyqae, Kor^a BTopan nepeMeHHan 

HMeeT 3HaqeHHe uu h b cjiyqae, Kor^a BTopan nepeMeHHan 

HMeeT 3HaqeHHe u2.

Tot >Ke MeTO£ 4)aKTHqecKH uinpoKo HcnoJib3yeTcn b no- 

BcejiHeBHOH >KH3HH. EIpe/icTaBHM ce6e, HanpHMep, m o  m h  

bxoahm b He3HaK0Myi0 KOMHaTy, xothm 3a>Keqb cbct h 06-



Hapy>KHBaeM cymecTBOBaHHe b Heft Tpex BbiKjnoqaTejieft. 

M bi AOJIJKHbl yCTaHOBHTb, KaKHe H3 HHX OKa3bIBaK)T He- 

noepeACTBeHHoe B03AeftcTBHe Ha noBe^eHHe CBeTa, a Ka

K H e —  HeT. M bi U3MenHeM noJio>KeHHe oahoto H3 BbiKJiioqa- 

TCJieft h cMOTpHM, u3MeHReTCR jih nocjie stoto noBezieHHe 

CBeTa. T a x  Mbi o6Hapy>KHM, ot KaKoro BbiKJiioqaTeJifl 3aBH- 

cht cBeT. M bi bhahm , qTo onHcaHHbift mctoa npoBepKH co- 

rJiacyeTCfl co 3ApaBbiM cmhcjiom. C Apyroft CTopoHbi, oh 

HMeeT to npeHMymecTBo, qTo oh npHMeHHM h noHHTeH 

b Tex jxame cnyqanx, Kor^a Mbi nnqero He 3HaeM o peajib- 

HblX $H3HqeCKHX HJIH ApyrHX (j)aKTOpaX, AeftCTByiOIIIHX npn 

3tom. Cjie^yeT 3aMeTHTb, qTo stot MeTOA He Tpe6yeT 3H3HHH 

BHeuiHHX (J)aKTopoB; pe3yjibTaT bhboah tca  HenocpeA- 

cTBeHHo H3 HaSjnoAaeMoro noBe^eHUH CHCTeMbI h 33BHCHT 

ot Toro, uto  cncTeMa ziejiaeT, a He ot toto, none My OHa 

sto AeJiaeT.

Bbirne yate oTMeqaJiocb, qTo npeo6pa30B aTeJib  M om eT  

o 6jiaAaTb cKOJib yroAHo np0H3B0JibHbiM  pacnpeAeJieHiieM  

HenocpezicTBeHHbix B03AeftcTBHft no  (J)a30B0My npocTpaH- 

CTBy. H a c T o , oA H aKo , pacnpe^ejieH H e  sto  o 6Hapy>KHBaeT 

HenpepbiBHocTb, TaK qTo Ha BceM npoTHJKeHHH HeKOTopoft 

AocTaToqHo 3aMeTHoft ofijiacTH nepeM eHHaji u 0K a 3biBaeT, 

H a n p H M e p , HenocpeACTBeHHoe B03AeftcTBHe Ha y , TorAa 

K 8K JK B T0ft >Ke CaM OH 06jiaCTH TaKOrO  B03A£ftCTBHSI He 

OKa3biBaeT. B TaKH X  cjiyqanx qacTo  6biBaiOT noJie3Hbi 

A H a r p a M M w , c noM o m bio  KOTOpblX H306pa>Kai0TC5i 3th  ot- 

HoineHHH Me>K;xy nepeM enHbiM H , cnpaBeAJiHBbie bo Bceft 

jiahhoh  o 6jiacTH (nocJie,fl[H5iH Mo>KeT H H orAa coBna/iaTb co 

BCeM (J)a30BbIM npOCTpaH CTBOM ) . CTpeJIKa npOBOAHTCH OT u 
k y T o n ia  h ToJibKo T o r^a , KorAa u 0K a 3biBaeT HenocpeA- 

CTBeHHoe bo3AeftcTBHe Ha y. X U a r p a M M a , noJiyqeHHan onn- 

caHHbiM c n o c o 6oM , SyAeT Ha3biBaTbcn A w arp aM M OH  He- 

nOCpeACTBeHHblX B03AeWCTBHH.

TaKHe AHarpaMMbi yme boihjih b o6m.ee ynoTpeSjieHHe. 

O h h  qacTo HcnoJib3yioTCH b (Jdhshojiothh, qTo6bi noKa3aTb, 

KaK HeKOTopbie B3aHM03aBHCHMbie nepeMeHHbie (HanpHMep, 

KpoBHHoe AaBJieHHe, qacTOTa nyjibca, ceKpeunn aApeHajiHHa 

h aKTHBHocTb KapoTHAHoro cHHyca) AeftcTByiOT Apyr Ha 

Apyra. B  npoeKTHpoBaHHH BbiqncjiHTejibHbix Mam HH h cjje- 

ZIHIUHX CHCTeM OHH H3BeCTHbI nOA Ha3BaHHCM «CTpyKTyp- 

Hbix cxeM». O h h  HcnoJib3yioTCfi TaK>Ke b HeKOTOpbix



6ojifc>uiHX jxejioBbix npe^npHHTHHX, mo6bi noKa3biBaTb otho* 

rneHHH ynpaBJieHHH h Hinj)opMauHH Memjxy pa3JiHqHbiMii ot- 

AeJiaMH.

CipejiKa b TaKcS AHarpaMMe, KOHeqHO, coBepmeHHo ot- 

jiH^Ha ot toh, KOTopan H3o6pa>KaeT H3MeHeHne npn nepe- 

xojxe (§ 2 /2 ) . B  nocJieziHeM cjiyqae ona 03HaqaeT npocTo, 

mto o/iho cocTOHHHe nepexo/iHT b jipyroe; ho CTpejiKa Ha 

AHarpaMMe HenocpeACTBeHHbix bo3achctbhh HMeeT ropa3/io 

6oJiee cjio^KHoe 3HaqeHHe. B  stom cjiyqae CTpejiKa, HAyuxan 

ot A  k  B, 03HaqaeT, m o  ecJiH b pn/ie KcnbiTaHiiii Harne A  

npHHHMaeT MHo>KeciBo pa3JiHqHbix 3HaqeHHH, a B  h Bee 

Apyrne ycjioBHH Ka>KAbiH pa3 nepe^ HcnbnaHHeM hmciot 

ouho h to me HaqajibHoe 3Haqei-iHe, to 3HaqeHH5i, npHHH- 

MaeMbie B  npn nocJiezioBaTejibHbix HcnbrraHHHX, TaK>Ke 06- 

napy^HBaiOT  pa3Hoo6pa3He. K a K  Mbi ybh/ihm no3>Ke 

(b § 8 /1 1 ) , 3to jiHinb ApyroH cnoco6 cKa3aTb, m o  ot A  k B

H/ieT KdHClA C6R3U.

Ecjih a sh  npeo6pa30BaTeJib b ajireGpanqecKOH hjih 

b peajibHOH MaTepnajibHofi (J)opMe, to Mbi mo^kgm HccJiezio- 

BaTb HenocpeACTBeHHbie bosachctbhh BHyTpn cncTeMbi h 

33TeM czieJiaTb HeKOTopbie BbiBo^bi o ee BHyTpei-meH opra- 

HH3auHH h npnpoAe. n p H  stom Mbi jxoji>khh Tinaie.TbHo 

pa3jinqaTb «Henocpe£CTBeHHbie» h « 0T,aajieHHbie» B03jieH- 

ctbhh. B  npHBe,aeHHOM Bbime npHMepe HcribnaHHfl Aeft- 

cTBHe x na y paccMaTpHBajiocb T0JibK0 b Teqenne oAHoro 

uiara, h sto orpaHHqeHHe 6biJio h6o6xoahm o npH H3Jio>Ke- 

hhh ochob TeopHH. Mbi o6Hapy>KHJiH, qTo x He 0Ka3biBaeT 

nenocpeACTBeHHoro bo3achctbh5i iia y\ ojiHaKO M o ^eT  cjiy- 

qiiTbCH, qTo ;c 0Ka3biBaeT HenocpejiciBeHHoe Bos/iencTBHe 

Ha u, a u 0Ka3biBaeT Henocpe^CTBeHHoe B03/ieHCTBHe Ha y\ 

Tor^a x 0Ka3biBaeT neKOTopoe B03jieHCTBHe na y, xoth h 

c 3ano3AaHHGM b oahh jihuihhh uiar. TaKHe B03ixeHCTBH5i, 

a xaKJKe Te, KOTopbie njxyr qepe3 em e 6ojiee &JiHHHbie uenn 

nepeMCHHbix c em e SojibLUHM 3ano3£aHHeM, 6yjxyj n a3bi- 

BaibCH OTAaJieHHbIMM B03AeiICTBHHMH. M 0>KH0 nOCTpOHTb 

AwarpaMMy OTAajieHHbix bosachctbhh, npoBo;ifl cipejiKy ot 

A  k B  Torzia h T0JibK0 ror^a, Kor.ua A  0K a3biBaeT oTiiajieH- 

noe B03jxeHCTBHe Ha B. 3 th  a  Be /xnarpaMMbi CBfl3ai-ibi /ipyr 

c ApyroM oqcub npocTo. A  hmchho, ecJiH Ha /inarpaMMe ne- 

nocpeACTBeHHbix bo3achctbhh b Ka)KAOM MecTe, m e  ocTpne



OHHOH CTpeJIKH COe^HHeHO C XBOCTOM ApyrOH, AOSaBJIflTb 

HOByK) cTpejiKy, n peBpam aa

/□
s

y

/ \

h npoAOJi>Karb 3tot npouecc, nona bo3mo>kho, to H3 jxna- 

rpaMMbi HenocpeACTBeHHbix B03/ieHCTBHH noJiy^HTCH jx ka- 

rpaMMa 0T/iajieHHbix bo3A6hctbhh.

Ecjih HeKOTopafl nepeMCHHa^i hjih qacTb He 0Ka3biBaeT 

oT/iaJieHHoro B03/ieHCTBH5i na Apyryio, to BTopan H33bi- 

BaeTCH HesaBHCHMofi ot nepBofl.

06e ziHarpaMMbi, KaK noKa>KyT AajibHeftniHe npHMepbi, 

HMeiOT npH3H3KH, COOTBeTCTBVIOLUHe Ba>KHbIM, XOpOLUO 

3H3KOMbIM npH3H3KaM  CHCTeMbI, KOTOpyK) OHH H3o6pa- 

JK3IOT.

ynp. 1. HaMepTHTe juiarpaMMbi Henocpe,acTBeHHbix B03jeflcTBHH cjie- 

nyiomux a6cojiioTHbix cwcieM h yna>KHTe ocoSchhocth Ka>KAoii 

ZlnarpaMMbi:

I) x r =  xy, yr =  2y;

II) x' =  y, y' =  z -{- 3, z' — xn-\

III) uf =  2 -\- ux, v' =  v —  x r “  Li -j- x, y' — y-\-v~)

IV) uf — 4u —  1, xf =  ux, yr — x y 1, zr =  yz\

V) —  u -[- y, x ' =  1 — y, y ' =  log y , z '  =  2  -j- yz\

VI) a' =  sin 2u, x' =  jc-, y '  =  y -f- 1, z' =  xy -\- u.

ynp. 2. Ecjih y' =  2 uy —  2, to npw k s k h x  ycJiOBHHX u He oi<a3biBaeT 

nenocpe^CTBeHHoro B03/ieHCTBHH na //? 

ynp. 3. 11oA6epHTe npHMepbi peajibHbix MauiHH, MacTH KOTOpbix otho- 

chtch jj,pyr k Apyry  KaK Ha ^n a r p a M M a x  HenocpeACTBeHHbix 

B03£eHCTBHH b ynp. 1. 

ynp. 4. (FlpoAOJi>KeHHe.) I~Io,n6epHTe anajionm nbie npHMepbi H3 o6/ia-

CTH COUHaJIbHbIX H SKOHOMHHeCKHX CHCTeM.

ynp. 5. H anepTH Te  T a S jw u y , noKa3biBaiomyio Bee B03M0H<Hbie otjihhhh 

KHHeMaTHwecKoro rpa(j)HKa ot /uiarpaMMbi Henocpe^CTBenHbix 

B03ZieHCTBHH.

4/13. B npezibiAymeM naparpac})e CHCTeMa 33A3BaJiacb ee 

ajire6paHqecKHM npe/icTaBJieHHeivi; npH tskom  3a/iaHHH ch- 

deM bi nojiyqHTb AHarpaMM y HenocpeACTBeHHbix B03Aeft-



ctbhh JierKo. CjieziyeT 3aMeTHTb, oAHaKo, m o  3Ta AHa- 

rpaMMa mojkct 6biTb noJiyqeHa h HenocpeACTBeHHo H3 npe- 

06pa30BaHHH, A a ^ e  ecJin oho 3aAaHo npocTo KaK MHonce- 

ctbo nepexoAOB.

Ilp e A n o Jio ^H M , H a n p H M e p , m o  CHCTeMa HM eeT ABe nepe- 

MeHHbie x  h y, KaiKjxan H3 k o t o p h x  Mo>KeT n p H H H M aT b  3Ha- 

qeHHH 0, 1 h 2 , h m o  coctohhhh  (x , y) cucTeMbi BeAyT ce6n 

cJieAyiomHM 0 6 p a 3 0 M  (c k o 6kh onycKaioTCH ajih KpaT- 

k o c t h ) :

| 00 01 02 10 11 12 20 21 22 
I 01 00 11 11 00 21 11 20 11*

lIto mojkho CKa3aTb o nepexoAax nepeMeHHOH y? Mbi mo- 

}KeM nepeKJiaccH(J)HUHpoBaTb hx, paccMaTpHBan jk KaK na- 

paMeTp; ajih stoto Mbi npeACTaBJineM, HanpHMep, nepexoA 

«00 01» b BHAe cooTHomeHHH: «ecjm x  =  0, to y nepe- 

XOAHT H3 0 b 1». 3 t o  AacT Tagjinuy

1 0

y
i 2

0 1 0 1

x  1 1 0 1

2 1 0 1 '

O H a  cpa3y noKa3biBaeT, m o  nepexOAbi nepeMeHHOH y He 

3aBHCHT ot 3HaqeHHH x. CjieAOBaTeJibHO, x He 0Ka3biBaeT 

HenocpeACTBeHHoro bo3A£hctbhh Ha y. PacKJiaccH(j)HUH- 

pyeM Tenepb aHajionm Ho nepexoAbi nepeMeHHOH x. M u no- 
JiyqHM

i
0

*
1 2

0 1 1 1

y i 0 0 2

2 1 2 1

IloBeAeHHe (t. e. nepexoA) x 3aeucuT ot 3HaqeHHH y , TaK 
m o  y 0Ka3biBaeT HenocpeACTBeHHoe B03AeHCTBHe Ha x.



T a K H M  0 6 p a 3 0 M , A H a r p a M M a  HenocpeACTBeHHbix B03£eft- 

ctbhh Momer 6biTb noJiyqeHa H3 orm caH n a  nepBHqnbix 

n ep ex o ^o B . B p a c c M a T p H B a e M O M  cjiyqae ^ n a r p a M M a  He- 

nocpe,acTBeHHbix b o 3ag h ctb h h  HM eeT b h£

0 - 0  •

TeM CaMbIM dOKa3aHO, HTO y AOMHHHpyeT Ha A X.

ynp. CncTeMa HMeeT TpH nepeMeHHbie x, y h z, ksltkjxb̂  H3 noTopbix 

Mo>KeT npHHHMaTb TOJIbKO 3HaqeHHH 0 h 1. £Uho npeoSpasoBaHHe

1000 001 010 011 100 101 110 111 
*110  111 100 101 110 011 100 001*

KaKOBa tfnarpaMMa nenocpe^CTBeHHbix bo3Aghctbhh? (YKa3aHHe: 

Han^HTe cHaqaJia, KaK 33 b h c h t  nepexo^bi z ot 3HaqeHHH ociajibHbix 

nepeMeHHbix.)

4/14. [JpueoduMOCTb. B § 4/11 mm otm cthjih , ^ to  uejiaa
CHCTeM a MO)KeT COCTOHTb H3 RByX qaCTeft, O K a 3bIBaiOUXHX 

H enocpeACTBeHHoe B03AeftcTBHe zipyr Ha H p y ra :

P Q

Mm BH^ejiH TaK>Ke, ^to  HHoi\n;a AeflcTBHe 6biBaeT HanpaB- 

jieHo TOJIbKO b o^Hy cTopoHy h OAHa qacTb AOMHHHpyeT 

uajx Apyroft:

P Q

B stom cjiyqae cncTeMa y>Ke MeHee SoraTa BHyTpeHHHMH 

cbh3hmh, h6o ojirn H3 AeftcTBHH (o/jhh H3 KaHaJioB) Tenepb 

OTcyTCTByeT.

3 to  COKpaiUeHHe BHVTpeHHHX CBH3eft MOXCeT npOAOJI- 

maTbCH. M bi M o ^ e M  o6Hapy>KHTb, ^to  AHarpaMM a He- 

noCpeACTBeHHblX B03#eHCTBHH HMeeT npoCTQ BHJX

p Q

B stom cJiyqae chctcmb coctoht b AeftcTBHTeJibHocTH H3 
AByx (})yHKUH0HajibH0 He3aBHCHMbix qacTeft. TaKan cncTeMa



Ha3biBaeTC5i fiphboahm oh. Ba>KHocTb 9Toro iiohhthh pac-

KpoeicH no3>Ke (§ 13 /21 ).

ynp. KaKHe H3 CHCTeM ynp. 4/12/1 npHBO/iHMbi?

4/15. MarepuaAbHOCTb. M m aTejib Mo>KeT Tenepb nonbi- 

TaTbCfl npHMeHHTb MeTOAw 3Toft rJiaBbi k peuieHHK) npo6- 

jieMbi, nocTaBJieHHoft b HH>Kecjie,fltyfomeM nncbMe. O H a  

on p aB ^biB aeT  BbicKa3aHHoe b § 1/2 y T B e p ^ A e H w e , qTo kh- 

6epHeTHKa He orpaHH^eHa cBoficTBaMH, o6Hapy>KeHHhiMH 

B 3eMHOH MaTepHH, H He BblBOAHT CBOH 3aKOHbI H3 HHX l. 

/I JIH KH6epHeTHKH Ba>KHO JIHLUb, B K3KOH CTeneHH Ha6jiio- 

ziaeMoe noBeneHne peryjiflpHo h BocnpoH3BoziHMo.

«3aMoeuAbe»

JXom c npueudenuHMu

JJopoeou dpye!

HeKOTGpoe epeMx na3ad n KynuA 9tot cTapbiu, Oom, ho 

o6napyoicuA, hto oh noceu^aercH deyMH npu3pambtMu 3ey- 

KQMli: HGflpUCTOUHblM fleHUeM U CCipdOHUHeCKUM CjuexoM. 

B  pe3yAbrare oh mqao nodxodur dAH MUAbx. OdnaKo n ne 

OTHaueatocb, u6o n ycTanoeuA nyreM npaKTmecKou npo- 

eepKii, hto ux noeedenue noduuHxeTcn onpedeAennbiM 3a- 

KonaM, nenon.HTHbiM, ho nenpepeKaeMUM, u hto h Moey 603- 

deucreoeaTb na hux, uepan na opeane uau cMuaan Aadan.

B Tenentie Kaofcdou MimyTbt Kaotcdbiu U3 3tux 3eyK06 

au6o 3eyHUT, au6o moahut; nuKaKux nepexodoe ohu ne 06- 

HapyMueatoT. Floeedenue owe ux e nocAedytou{yto Munyry

3U6UCUT TOAbKO OT COdblTUU Hpedbldyu^eu MUHyTbl, U 9Ta 

saeucuMOCTb TaKoea:

rJenue e nocAedyiou^yto Munyry eeder ce6n TaK otce, KaK 

u e npedbidyu\y\o (3eynuT uau m.oahut), ecAu TOAbKO e ary 

npedbidymyfo MunyTy ne 6uao uspbi na opeane tipu moa- 

nau{eM CAiexe. B nocAedneM cAynae oho MenRer ceoe no-

1 3 ^e c b  peMb ujxer o npaBe KiiftepneTHKH na «MbicjieHHbiH aKcnepH- 

MeHT». KwCiepHeTHKa MoweT HivieTb jxejio c «KH6epHeTimecKHMH a6cTpaK- 

uh h m h »  6e3 yqeia  hx peajibnofi o c y m e c T B H M O d H , noAo6no TOMy, KaK, 

H anpHM ep, jiPinrBHCTHKa —  c npe/yioweHHHM H 6e3 yqeia Toro, Bbipa- 

JKaiOT OHH KaKyiO-JlH^O JHeHCTBHTeJIbHyiO CHTyaUHIO HJIH HeT. —  flpuM. ped.



eedenue na npOTueonoAOWHoe (3eyHanue na MOAHanue u 

naodopoT).

H to KacaeTcn CMexa, to  ecAu e npedbtdyuiyto Munyry 

zopeA Aadan, CMex 6yder 3eynaTb u a u  MOAHarb e 3aeucu- 

MOCTU OT Toeo, 36yHCLA0 UAU MOAHCiAO IJeHUe ( TaK HTO 

CMex KonupyeT IJenue MunyTOu no3Qtce). E c a u , odnaKo, Aa- 

dan ne eopeA, CMex SydeT deAaTb npoTHBonoJio>KHoe TOMy, 

hto  deAaAO Ilenue.

B  Ty Munyry, Kozda r nuuiy B aM  9to, CMex u Flenue 

06a 3eynaT. ripotuy Bac coodiyuTb Mne, KaKue deucTeuR 

c AadanoM u opeanoM doAwcen r coeepuiurb, nrodbi ycra- 

noeuTb u noddepofcuearb ruuiuny e doMe.

(YKasaHHe: cpaBHHTe c ynp. 4 /1/4.)

ynp. 2. (FIpo,ao.7i>KeHHe.) OKa3bmaeT jih rieHne Henocpe^dBeHHoe bo3- 

AeficTBHe Ha CMex? 
ynp. 3. (rip0A0Ji>KeHHe.) OKa3biBaeT jih JiajiaH Henocpe^dBeHHoe B03- 

AeftcTBHe Ha fleHHe? 

ynp. 4. (npcuoJi/KeHHe.) BbiBeruue anarpaMMy nenocpe^CTBeHHbix B03- 

AencTBHH 3toh  MauiHHbi co b x o a o m  (c AByMH napaMeipaMH H 

AByMH nepeMeHHbiMH).

O M E H b  B O Jlb LIIA H  C H C T E M A

4/16. B£e paccMOTpeHHbie jxo chx nop CHCTeMbi BbirjiH^ejiH 

BecbMa npocTo, h Mbi nojiarajiH, m o  noi-iHMaeM hx Ka>K- 

jxhih pa3 bo Bcex noApofinocTHX. K H 6epHeTHKa, o/uiaKo, 

npe^VCMaTpHBaeT B03M0>KH0CTb pafiOTfcl C CHCTeMaMH 

3HaLIHTeJIbH0 SoJIbUieH CJIO>KHOCTH—  BbI4HCJIHTeJIbHbIMH Ma- 

UIHHaMH, HepBHblMH CHCTeMaMH, 06meCTBaMH. nOCMOTpHM  

me, KaK npHMeHHTb HJIH BHAOHSMeHflTb H3JI0>KeHHbie Bbime 

uejojihi, Kor^a cncieMa o^eHb BejiHKa.

4/17. HyjKHo oSTDHCHHTb, mo Mbi noHHMaeM non «pa3Me- 

pamh» CHCTeMbi, h 6o Mbi He HHTepecyeMCH 3jxecb npocTon 

Maccoft. CoJiHue h 3eMJin o6pa3yK)T juin i-iac JiHuib «Ma- 

JieHbi<yio» CHCTeMy, h6o acTpoHOMH^ecKH y hhx T0JibK0 
ABena^uaTb CTeneHeft cboSoah. Mbi HMeeM b BHjiy CKopee 

CJIOJKHOCTb CHCTeMbi. Ho MTO 3#eCb 03HaqaeT CJIO>KHOCTb?

E cjih Hauiefi AHnaMH^ecKofi cHCTeMOH HBJineTCH Ty3eMHan 
ceMbH H3 nflTH qejioBeK, to paccMaTpHBaTb jih HaM ee Kan 
cocTonm yK) H3 5 qacTen ii, cjiezioBaTejibHo, npocTyio hjih 

KaK cocTOHinyio H3 1025 aTOMOB h, cJiejoioBaTejibHo, BecbMa 

CJIO^KHyiO?



B KnSepHeTHKe «pa3Mepbi» cwcTeMbi cBH3biBaioTCH 
c iihcjiom ycTaHaBJiHBaeM bix pa3Jimu&\ n p n  stom  HMeeTCH

B BUJXy JIH&0 ™CJIO COCTOHHHH CHCT0MbI, JIH60, eCJIH COCTOHHHH 

CHCTeMbI Onpe/ieJIHIOTCH BeKTOpaMH, qHCJIO COCTaBJIHIOmHX 

BeKTopa (t . e. tocjio nepeMeHHbix CHCTeMbi hjih qHCJio 

ee CTeneHeft CBo6oAbi, § 7/13). 3 t h  ABe Mepw  cjio>khocth 

B3aHM03aBHCHMbI, h 6o npH npoqHX paBHbIX yCJIOBHHX BBe- 

AeHHe HOBbix, AonojiHHTeJibHbix nepeMeHHbix AeJiaeT bo3- 

m o ^h h m h  HOBbie, AonoJiHHTeJibHbie coctohhhh. C Hameft 
(J)yHKUHOHaJIbHOH TOHKH 3peHHH, MOJKHO TaK>Ke yBeJIH^HTb 

CHCTeMy, ecJiH npn HeH3MeHHOM HHCJie nepeMeHHbix H3Me- 

pHTb K a^A y K ) H3 hhx SoJiee to^ho, o6Hapy>KHBaH TeM ca- 

MbiM y nepeMeHHOH 6oJibiue pa3JinqHMbix coctohhhh. O a- 

HaKo Mbi He 6yjxeu cjihihkom HHTepecoBaTbcn TorabiM H3- 

MepeHHeM cjio>khocth Ha 0CH0Be Toro hjih hhoto qacTHoro 

onpeAeJieHHH, a BMecTo stoto 6yAeM noHHMaTb cjio>KHocTb 

KaK oTHomeHHe Me>KAy CHCTeMofi h KaKHM-JiH6o onpeAeJieH- 

HbiM, 3aAaHHbiM Ha6jiiOAaiTejieM, co6HpaiomHMCH H3yqHTb 

CHCTeMy h ynpaBJiHTb eio. CjioBa «oqeHb QoJibman ch- 

CTeMa», KoTopbie h 6yAy ynoTpeSjiHTb b stoh KHHre, 6yAyT 

03HaqaTb cJieAyiomee: AaH KaKoft-To onpeAeJieHHbift Hagjiio- 

AaTejib, c onpeAeJieHHbiMH cpeACTBaMH h MeTOAHKOH, h ch- 

CTeMa, KOTopan b qeM-jm6o npaKTHqecKH cjihihkom BeJiHKa 

ajih Hero; H a n p H M e p , oh He mojkct H a6jiioAaTb ee noji- 

HOCTbK), HJIH ynpaBJiHTb eio nOJIHOCTbTO, HJIH BbinOJIHHTb Bee 

BbiqncJieHHH, Heo6xoAHMbie ajih n p e A C K a3aH H H  ee noBeAe- 

hhh. JlpyrHMH cJioBaMH, Ha6jiiOAaTejib roBopHT, m o  ch- 

CTeMa «oqenb 6oJibmaH», ecjin OHa b qeM-Jin6o no6HBaeT 

eeO CBOHM 60raTCTB0M H CJIO>KHOCTbK).

TaKHe CHCTeMbi coBceM He peAKH, KaK noKa3biBaeT 

KJiaccnqecKHH npHMep nonbiTOK (})H3HKa-TeopeTHKa XIX BeKa 
npHMeHHTb HbiOToiioBCKyio MexaHHKy k pacqeTy noBeAeHHH 
ra3a. Hhcjio qacTHU b 06biqH0M o6i>eMe ra3a oKa3ajiocb 
CTOJib 6oJibuiHM, qTo HHKaKHe npaKTHqecKne Ha6jiio.AeHHH 

He CMOTJIH 6bl 3a(j)HKCHpOBaTb COCTOHHHe CHCTeMbi H HH

KaKHe npaKTHqecKne BbiqHCJieHHH He cmotjih 6bi npeACKa- 

3aTb ee 6yAymee. TaKan cncTeMa 6biJia «oqeHb 6ojibmoH» 
no oTHomeHHio k (})H3HKy XIX BeKa.

)K hbothoboa  BCTpeqaeTCH c «oqeHb 6oJibiuoH» CHCTeMOH' 

b reHax, KoTopbie oh CTapaeTCH nepecTpoHTb no HOBOMy 06- 

pa3Uy. HhCJIO reHOB H CJIOJKHOCTb HX B3aHMOAeHCTBH5I



.nejiaiOT ajih Hero npaKTHqecKH HeB03M0>KHbiM deraAbHoe 

ynpaBJieHHe hmh.

TaKHe CHCTeMbI, cjihiijkom 6 oJibinne no oTHomeHHio 

k HauiHM coBpeMeHHbiM cpe^CTBaM HafijiioAeHHH h ynpaB- 

jieHHH, BecbMa ofibi^Hbi b 6H0Ji0rHiiecK0M MHpe h ero co- 

UHaJibHO-SKOHOMHqecKHX napaJUiejiHX. 06biqHbi ohh, ko- 

He^Ho, h b TOJIOBHOM M03ry, xoth b TeqeHHe MHOTHX JieT 

3Ta cymecTBeHHan cJio>KHocTb ero noBezieHHH npH3HaBa- 

Jiacb jiHiiib HeoxoTHo. Tenepb, o^HaKo, nojxxojxnT k npH3Ha- 

hhk) Toro, m o  3Ty cJio>KHocTb Hejib3H 6ojiee HrHopnpoBaTb. 

« f l a ^ e  npocTeftniHH ajieMeHT noBezieHHH, —  roBopHT Jlarn- 

jih *, —  Tpe6yeT coBMecTHoro neficTBHH mhjijihohob Heftpo- 

hob... H  npHuieJi k ySe^AeHHio, qTo noqra KajK^an HepBHan 

KJieTKa b Kope roJioBHoro M03ra m o kct  B036y>K,aaTbCfl 

b Ka^Aoft AeHTejibHocra... Te >Ke caMbie HenpoHbi, KOTopbie 

noAAep^HBaiOT  cjientbi b naMHTH h yqacTByiOT b o>KHBJie- 

HHH KaKoro-JIH6o BOCnOMHHaHHH, BKJIIOqaiOTCH TaK>Ke B pa3- 

JIH^HblX KOM 6HHaUHHX B TbICflqH JXpyTllX BOCnOMHHaHHH H 

AeHCTBHH». H  sH eftM aH 2: «Mhcjio Heftpoi-ioB b ueHTpajib- 

HOH HepBHOH CHCTCMe HMeeT npHMepHO nopHAOK 1010. 

y  Hac neT a 6coJiioTHo HHKaKoro onbiTa b oSpam eHHH c ch- 

CTeMaMH TaKoH CTeneHH cjio>khocth. Bo Bcex co3£aHHbix 

Meji0BeK0M HCKyccTBeHHbix aBTOMaTax mhcjio qacTen, no 

jiio6oMy 6oJiee hjih MeHee cxeMaraqecKOMy no^cqeTy, HMeeT 

nopHAOK OT 103 JX 0  106» («r0JI0BH0M03r0Bbie MexaHH3MbI 

b noBezieHHH»).

4 /18 . Cjie^yeT 3aMeTHTb, qTo SoJibiime pa3Mepbi CHCTeMbi 

caMH no ce6e hhkohm  06pa30M  He HapymaiOT cnpaBezuiH- 

bocth npHHixnnoB, AOKa3aTeJibCTB h TeopeM npeALuecTByio- 

1U.HX TJiaB. XoTfl npUMepbt CBOAHJIHCb K CHCTeMaM c He- 

6ojibuiHM qncJioM coctohhhh hjih c HeMHorHMH nepeMeH- 

hhm h, sto orpaHHqeHne HMejio uejibio HCKJiioqHTejibHo y£o6- 

ctbo ajih aBTopa h qHTaTeJin: AOKa3aTejibCTBa coxpanniOT 

cbok) cHJiy 6e3 KaKHX-Jin6o orpaHHqeHHH Ha qncjio coctoh

hhh hjih nepeMCHHbix b cncTeMe. O coSoe  npeHMymecTBo

1 Kapji CneHcep JIs iu jih  (poji. 1 8 9 0 )— H3BecTHbiH aMepHKaHCKmi 

ncHxojior h reHeTHK. —  flpuM. nepee.
2 R t k o h  rteHMaH (1903— 1 9 5 7 )— H3BecTHbifi aMepHKaHCKHH Maie-

MaTHK, po^hjich b EyflaneuiTe. BbiJi np0(})ecc0p0M HHCTm yTa bmcuihx

Hccjie^,OBaHHH b JflpHHCTOHe. —  IlpUM. nepee.



MeTOAa, HcnoJib3yiomero coctohhhh, a He 6oJiee ofibmibie 

nepeMeHHbie, coctoht b tom, m o  oh He Tpe6yeT hbhoto 

ynoMHHaHHH o qncjie qacTefi CHCTeMbi. Bjiaro^apH 

3TOMV AOKa3aHHbie oAHa^K^bi TeopeMbi cnpaBe;yiHBbi rjih 

cHCTeM Jiio6oro pa3Mepa (ecjiH, Konem-io, cHdeMbi yaoBJieT- 

BopnroT npe^nojioKeHHHM, npHHHTbiM npn £OKa3aTejib-

CTBe).

FIpH 3T0M OCTaiOTCH JIOCTOBepHblMH, KOHeMHO, TOJIbKO 

MaTeMaTH^ecKHe /lexiyKUHH o MareMCiTmecKu onpedeAen- 

nbix Bem ax. n  p hm e h pi m ocTb sthx TeopeM k KaKon-jm6o 

peaJibHOH MaTepnaJibHOH CHCTeMe Momer H3MeHHTbcn no 

Mepe tofo, KaK CHCTeMa ct3hobhtch oqeHb 6oJibmo8. Or- 

HaKO O npHMeHHMOCTH MOJKHO TOBOpHTb TOJIbKO no OTHO- 

LLieHHIO K HaCTHbIM, KOHKpeTHbIM CJiyqaflM. TaKHM 06pa30M, 

Mbi noKa Mo^KeM oTMeTHTb, m o  pa3Mepbi chctcm caMH no 

ce6e He JiHiuaiOT chjih Hcn0Jib30BaHHbie ro  chx nop pac- 

cv>KZieHHH.

4/19. CAynciuHbie coeduHenun. ripezinoJio^H M  Teriepb, m o  

naSjiiOAaTeJib BCTpeqaeTCH c chctcm oh , KOTopan  rjik Hero 

oqeHb BejiHKa. I\aK AOJi>KeH oh nocTynnTb? B o 3HHKaeT 

M Horo BonpocoB , cjihlukom M Horo, m o 6 b i  paccM a'rpHBaTb 

hx 3^ecb  n o ^ p o 6 H O t; n 03T 0M y  h Bbi6epy TOJIbKO HecKOJibKO 

BonpocoB , KOTopbie 6yRyj cJiy>KHTb o 6 p a 3 u a M H  RJin ocTaJib- 

Hbix (cm . § 6/19 h tji. 13). UpemRe Bcero, KaK onn caT b  

TaKyio cHCTeMy?

n o  onpenejieHHio, Hafijiro^aTeJib Moxcex onHcaTb ee 

TOJIbKO qacTH^Ho. 3 to  orpaHHqeHHe —  jiHiiib Apyron cno- 

co6 cKa3aTb, m o  Ha6jno^aTejib ROJimen onncbiBaTb ch- 

CTeMy «CTaTHCTHMeCKH». Bezib CT3THCTHKa —  HCKyCCTBO ro- 

BOpHTb BeiHH, OTHOCHLUHeCH JlHlUb K HeKOTOpOH CTOpOHe 

hjih q a c m  uejioro, Kor^a bch HCTHHa cjihiukom rp0M03£Ka 

rjih npHMoro ynoTpefijieHHH. Ecjih b CHCTeMe cjihiukom 

MHoro qacreii, m o 6bi onncbiBaTb hx HHAHBH^yajibHo, to hx  

nazio onncbisaTb c noMombio npneMJieMoro qHCJia npaBHJi, 

K2>KA0e H3 KOTOpblX HpHMeHHMO KO MHOTHM qaCTHM. HaCTtf, 

oriHCbmaeMbie o ah hm  h TeM >Ke npaBH jiom, He 06fl3arrejibH0 
£OJI5KHbI 6bITb TO>K^eCTBeHHbIMH; oSlIJHOCTb }Ke M02KH0 CO- 

xpaHHTb, ycJioBHBiuHCb, mto Ka>K;ioe npaBHJio 3aAaeT mho- 

}KecTBO qacTeft CTaTHCTnqecKH. 3 to  03Haqae?, m o  npa- 

bhjio onncbiBaeT pacnpe^eJieHHe qacTen h cnoco6 , KOTopbiM 

ohh ROJimubi BbiSnpaTbCH. TaKHM  06pa30M, KOHKpeTHbie



no£po6HocTH HHAHBHAya.ibHoro Hcxo^a onpe,aeJi5iK)TCH Te- 

nepb He Ha6jno£aTeJieM, a npoueccoM Bbi6opa (KaK b cjiy- 

qae, Kor^a r e s . qejioBeKa npe,fliocTaBJiflK)T pemeHne KaKoro- 

jih6o Bonpoca >Kpe6Hio).

3 to t  >Ke MeTOA ROJimeu npHMeHHTbca h npn onncaHHH 

coeAHHeHHH. Henojm oe omicaHHe coezuiHeHHH cJienyeT r o - 

nojiHHib KaK-jiH6o TaK, m o6bi b KOHeqHOM cqeTe mo>kho 

6bIJIO COeAHHHTb qaCTH HHAHBH^yaJIbHblM, ejlHIICTBeHHbIM

cnoco6oM. ll03T0My coe^HHeHHe a o j d k h o  co£ep>KaTb «cjiy- 

qaHHbiti» sjieMeHT. M to  3To  03naqaeT?

npeixno^o>KHM RJin onpeAejreHHocTH, m o  SKcnepHMeHTa- 

Top HMeeT nepe^ co6oii 6oJibuioe qHC.no o^HHaKoBbix 3JieK- 

TpnqecKHx annapaTOB. Ka>K£bni annapaT  CHa6>KeH TpeMH 

BXOAHblMH H TpeMH BblXO^HblMH 3a>KHM3MH. 3KCnepHM6Hra- 

Top xoqeT 06pa30BaTb cJio>KHyK) 3JieKTpHqecKyio cerb co 

«cJiyqaHHbiMH», BbiSpaHHbiMH «Hayra£ » coe#HHeHH5iMH, 

qroSbi nocMOTpeTb, KaKOBbi ee cbohctb3. O h  6epeT He- 

CKOJIbKO COeAHHHTeJIbHbIX npOBO^OB H BHe33nHO HaqHHaeT 

noHHMaTb, qTO CKa3aTb: «Coe;i,HHHTe hx n a y r a £ !»— coBep- 

ujeHHo He,n,ocTaToqno ajih onpeziejieHHfl cnoco6a coeAHHe- 

hhh; B03M 0^Hbi caMbie pa3JinqHbie b u r h  «coe£HHeHH5i 

HayraA». TaK, ecJiH HMeeTesi n annapaTOB, to 3KcnepHMeHTa- 

rop Mo>KeT noMecTHTb 6n KapT qncjiaMH ot 1 r o  6n, ana- 

jiornqHo noMeTHTb 3a>KHMbi, nepeiacoBaTb KapTbi h 3aTeM  

BbiTamHTb ABe KapTbi H3 3to11 Kojioiibi,; ohh h 6y,ayr 060- 

3naqaTb RBa 3a>KHMa, KOTopbie cJie^yeT coe^HHHTb nepBbiM 

npoBOAOM. BTopan  napa KapT o6o3HaqHT 3a>KHMbi, coe^H- 

HHeMbie BTOpbIM npOBOAOM, H T. R. Hy^KHO pemHTb, CJie- 

ziyeT jih nepe# oqepe^Hoft nepeTacoBKon 0TKJia,UbiBaTb Bbi- 

TauxeHHbie KapTbi b cTopoHy hjih B03Bpam aTb hx b KoJioziy. 

3 to  b3>kho, h 6o ecJiH B03Bpam aTb BbiTameHHbie KapTbi 

B KOJIOAy, TO HCKOTOpbie 3 3 >K H M bl MOTyT 0CT3TbCSI 6e3 npo- 

boaob, a HeKdopbie  6yAVT HMeTb no HecKOJibKy npoBo^oB; 

ecjiH >Ke BbiTameHHbie KapTbi oTKJia^biBaTb b CTopoHy, to 

Ka>KAbIH 33>KHM 6y^eT HMeTb OAHH H TOJIbKO OAHH npOBOZU 

3 to  pa3JiHMHe, BepoflTHo, 0Tpa3HTC5i Ha xap3KTepncTHKax  

ceTH, h n03T0My oho aojdkho SbiTb yKa3aH0 b onncaHHH  

cnoco6a coeAHHeHHH. npe£jio>KeHHbiH mctor  HMeeT, Aajiee, 

Ty ocofieHHocTb, qTo AonycKaeT coeAHHenne Bbixozia c bh- 

xoaom. Ecjih sto He}KejiaTejibHo, Heo6xo£HMo c(j)opMyjm- 

p0B3Tb HOBblH MeTOA, HanpHMep T3K0H.’ «riOMeTb BXOAbl

7 3an. 3346. y. Pocc 3uj6h



qwcjiaMH ot 1 jxo 3 n\ noMeTb T a K ^ e  Bbixo^bi m cJiaMH 

ot 1 ao 3 n\ noMeTb 3 n  KapT qncjiaMH ot 1 jxo 3 n\ npn- 

coeAHHH-npoBOA ko bxoay 1 h BbiTamn KapTy, qToSbi onpe- 

AeJiHTb, KaKoft k HeMy npncoeziHHHTb Bbixojx; npo^ejiaft 

to m e m m  e xojxob  2 , 3  n». 3jxecb B03Bpam eHHe Bbmy- 

Tbix KapT b KoJio^y on^Tb 03HaqaeT, ^to ojxkh Bbixo# mo- 

>KeT SblTb COeAHI-ieH C HeCKOJIbKHMH BXO^aMH HJIH HH C Ofl-

hhm; b cjiyqae >Ke HeB03BpameHHH Kamijihm bxojx 6yjxeT

COe^HHeH C OflHHM BblXOAOM.

CKa3aHHoro, BeponTHo, ^ocTaTorao, qTo6bi noKa3aTb, 

HacKOJibKo cymecTBeHHbiM Mo>KeT 6biTb Toqnoe onpe/iejie- 

Hne cnoco6a Bbi6opa. Hnorjxa, HanpHMep b tom cjiyqae, 

Kor#a SKcnepHMeHTaiop SepeT npo 6y KHCJiopojia, qTo6bi Ha 

stom MaTepnajie HccjiezioBaTb 3aKOHbi ra30B, b onncaHHH 

MeTO^a Bbl6opKH HeT HeoSxOOTMOCTH, TaK KaK noqTH Bee 

npo 6bi 6yjxyr HMeTb oziHHaKOBbie cBoftcTBa (xoth jxame 
3/i.ecb Toraoe onpe^eJieHHe Mo>KeT ciaTb oqenb Ba>KHbiM, 

1ito h o0Hapymujih, HanpHMep, Psjieft h P a M 3an, Kor^a 

y hhx HeKOTopbie npoSbi a30Ta n 0CT0HHH0 ^aBajiH aTOMHbie 

Beca, oT.nH^Hbie ot nojiyqeHHbix ajih ^py rnx  npo6 ).

3tO T  «CTaTHCTHMeCKHH» MeTOA onncaHHH CHCTeMbi —  ny- 

TeM onncaHHH pacnpe^eJieHHH BMecTe c MeTO,naMH Bbi- 

6 opa —  He cJieziyeT c^HTaTb  npHHunnnajibHo oTJiHHHbiM ot 

Apyrnx M eTo^oB . Oh BKjiioqaeT h to t  cjiyqafl, Korjxa ch- 

CTeMa onHCbiBaeTCH tohho. B  caMOM #ejie, ToqHoe onncaHHe 

ecTb He ^to  HHoe, KaK onncaHHe, npn kotopom  Kamjxoe pac- 

npezieJieHHe OKHM aeTcn  HacT0JibK0, ^to ero pa30poc cTa- 

ho b htch  paBHbiM Hyjiio h 6 jiaro;iapH 3 T 0 M y  «Bbi6op» Be^eT 

k  0A H 0M y  H eH 36e^cH0M y pe3yjibTaTy. JGteHCTBHTejibHo noeou

qepTOH CTaTHCTHqeCKOH CHCTeMbi HBJIHeTCH TO, ^TO CT3TH- 

CTHqecKoe onncaHHe 3a,aaeT He MauiHHy, a uejibifl pnjx He- 

To^ziecTBeHHbix MauiHH. C t aTHCTHqecKyio «M am H H y» cjie- 

jiyer n03T0My paccMaTpHBaTb cKopee * KaK MHOJKecTBO 

MaiHHH, qem  KaK ojxny MauiHHy. OziHaKo b HacToniuen 

rjiaBe TaKan To^Ka 3peHHH He 6yjxer npnuHMaTbcn b o  b h h - 

m ah h e (noJiHocTbio oHa npoBo^HTCH b tji. 7).
H TaK , Mbi bhahm  Tenepb, ^to b HeKOTopoM CMHCJie Ha- 

6jiK),fl[aTejib Bee >Ke Momer onncaTb cncTeMy, KOTopan 

cjihuikom BejiHKa jxjin Toro, ^ToSbi oh mot ee onncaTb! 3 T a  

npogjieMa b npHHunne pemaeTCH npocTo: HaSjiiOAaTeJib 

onncbiBaeT cncTeMy b o6m Hx qepTax h onncbmaeT 061141111



MeTOfl, c noMombK) KOToporo onwcaHHe HeziocTaiomHx no- 
upoSHocTeft mo>kho noJiy^HTb H3 KaKoro-JiH6o Apyroro 

UCToqHHKa, oTJiH^Horo ot caMoro H a6jiio,fltaTejifl. B npHBe- 

AeHHbix Bbirne npHMepax sthm hcto^hmkom SbiJia kojioas 

KapT, KOTopoft npHHa£jie>Kajio 0K0HqaTeJibH0e pemeHHe. 

HTaK , czieJiaHHoe HafijiiOAaTejieM HenoJiHoe onwcaHHe no- 

3BOJiHeT H a x o ^H T b  oKOHqaTeJibHyK), ezuiHCTBeHHyio cHCTeMy, 

ecjin 3to onwcaHHe donojineno. (3 t o t  Bonpoc paccMaTpn- 

BaeTcn SoJiee rJiy6oKo b § 13/18.)

ynp. 1. CcJjopMyjiHpyftTe KaKOH-HH6y/ib Mero/i (ocHOBaHHbifi Ha ncnojib- 

30BaHHH KOCTeH, KapT, TaftjIHU CJiyqaHHbIX MHCejI H T. fl.), KOTO- 

pbift npHBOflHJi 6bi 3aMKHyToe 0AH03HaHH0e npeo6pa3c>BaHHe T:

K K aK 0H-JlH60 KOHKpeTHOH (})OpMe; nOCJie^HHH, O^H aKO , flOJHKHa 

BbiTeKaTb H3 SToro Mero/ia, a He npocTO Bbi6npaTbCH qnTaTejieM. 

ynp. 2. (FlpoflOJiJKeHHe.) C ^op M y jin p y n T e  sto t  mcto/i TaK, ^Totfbi npe- 

o6p a3Q B aH H e 6hjio B3aHMH0 0,aH03HaqHbiM, ho He 6biJio orpaHH- 

qeHHbiM b A p yrnx  oTHomeHHHX. 

ynp. 3. (UpoAOJUKeHHe.) C(j)opMyjiHpyHTe sto t  M eTO# TaK, MTo6bi HHKa- 

Koe cocTOHHHe c qeTHbiM H0M ep0M  He nepexo^HJio b cocTOHHHe 

C HeqeTHbIM HOMepOM.

ynp. 4. (FIpo^ojiJKeHHe.) C ^o p M y jin p y n T e  stot  MeTOA TaK, qTo6bi 

Ka>K,aoe cocToaHHe nepexo^HJio TOJibKo b  coce^Hee no HOM epy

COCTOHHHe.

ynp. 5. Ccj)opMyjiHpyHTe KaKOH-HH6y^b m ctoa juin BOcnpOH3Be,aeHHH 

ceTH, nojiyqaromeftcH npn coeAHHeHHH qacTen no TaKOM y npa- 

BHJiy: nacTH pacnoJiaraK)TCH b BH^e npaBHJibHOH AByMepHofi pe- 

IlieTKH

KOTopan npo^ojuKaeTCH HeorpaHH^eHHo no BceM HanpaBJieiiHHM 

njiocKocTH; KajK^an qacTb c oflHHaKOBOH BepoaTHocTbio jih6o 

0Ka3biBaeT, jih6o He 0Ka3biBaeT Henocpe^CTBeHHoe B03/ieHCTBHe 

Ha coce^Hioio cBepxy qacTb, h TaK >Ke o6ctoht Reno c B03AeH- 

cTBHeM Ha TpH cocenune qacTH, Haxo^HmnecH cnpaBa, cjieBa h 

BHH3y. nOCTpOHTe o6pa3HHK ceTH.

4/20. EoearcTeo c6R3eu. npocTeftmeH cncTeMoft 3a,aaHHbix 

pa3MepoB HBJineTCH cncTeMa, r^e Bee qaern TOJK/iecTBeHHbi, 

t. e. npocTo n0BT0pHK)T apyr Apyra, h r^e Bee coejxHHeHH5T 

MeiKRy qacTHMH hmciot HyjieByK) CTeneHb (cm., HanpHMep, 

ynp. 4/1/6). TaKHe qacTH ^aKTHqecKH He3aBHCHMbi £pyr

St $2 Sq S a S502 03 O4 O 5 Og
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ot #pyra. B ciuiy stoto  ohh cocTaBjimor «xHCTeMy» JiHuib 

noMHHajibHo, nocKOJibKy TaKan «CHCTeMa» noJiHocTbio npH- 

Bo^HMa. TeM  He MeHee CHCTeMbi 3Toro THna 3acJiy>KHBaK)T 

cepbe3Horo paccMOTpeHHH, KaK Ba>KHafl HcxoAHaa (J)opMa, 

ZionycKaiomaH pa3Hoo6pa3Hbie m oahc})hk3uhh. f[p H 6jiH3H- 

TejibHbiMH npHMepaMH CHCTeM 3Toro THna MoryT cJiy>KHTb: 

ra3, aTOMbi KOToporo CTajiKHBaioTCH jminb H3pejiKa; nen- 

poHbi Kopbi roJioBHoro M03ra npn rJiy60K0M HapK03e (ecjw  

mo>kho cqnTaTb, 4to  ohh npH6jiH3HTeJibHO no;io6Hbi /ipyr 

Zipyry); b h a  jk h b o t h h x  co CTOJib h h 3koh nJioTHocTbio nony- 

jihuhh , mto ero oco 6h noMTH coBceM ne BCTpeqaiOTCH h He 

conepHHqaK)T. B 6oJibuiHHCTBe cJiyqaeB cbohctb3  chctem bi 

sroro ocHOBHoro THna bhboahtch oqeHb JierKO.

FlepBaH MO^H(})HKaUHH, KOTOpyiO Mbi paCCM OTpHM , 

Bnojine oqeBHjiHa h coctoht b Aonym eH H ii H e6oJibiiioro ko- 

jinqecTBa coeziHHeHHH Memny  qacTHM H , Sjiaro/iapn qeM V 

CHCTeMa noJiyqaeT HeKOTopyio cBH3HocTb. riojio>KHM Te- 

nepb, mto b /in a rp aM M y  Henocpe/iCTBeHHbix B03zieHCTBHH 

CHCTeMbi BHeceHbi noBbie a c h c tb h h , —  t. e. HOBhie crpeji- 

K H ,—  HO JIHUIb B KOJIimeCTBe, AOCTaTOMHOM £JIfl CB5I3bIBaHHH

Bcex ee qacTeft. Ecjih CHCTeMa HMeeT n qacTefi, to HaHMeHb- 

mee B03M0}KH0e mhcjio CTpeJioK, oSecneqHBaiomee CBH3bi- 

Banne Bcex x qacTeft, paBHo n —  1; o^HaKo TaKan cncTOMa 

ecTb JiHuib npocTan jyiHHHafl uenb. HeCojibiuoe kojihmcctbo 

coe/iHHeHHH, oqeBHAHo, cooTBeTCTByeT TOMy cjiyqaio, Kor^a 

CTpejioK 6ojibme qeM n — 1, ho Meiibuie qeM n2 —  n (Hfio 

n2 — n CTpeJioK n03B0Ji5ii0T Ka>K,aoH qacTH HenocpeACTBeHiio 

B03AefiCTB0BaTb Ha Ka>KAyio /ipyryio qacTb).

T a K H M  06pa30M, orpaH H qeH H e B3aHMojieHCTBHH qacTeft 

MO/KCT 6biTb AocTHrnyTo orpaiiHqeiiHeM qncjia uenocpeA- 

CTBei-iHbix B03AencTBHH. JIpyroH  c n o c o 6 , o 6biqHbiH h no- 

STOM y ba>khbih, coctoht b tom , Mio ojiHa qacTb, hjih nepe- 

M eH H an , B03£eHCTByeT na ip y ry io  JiHLLib npn  onpeziejieHHbix 

ycJiOBHHX h 6jiaroziapH STOM y HenocpeziCTBeHHoe B03Aen- 

CTBHe Sojibiuyio qacTb BpeMeHH naJinqecTByeT Jinuib homh- 

naJibHo. T a K H e  BpeMem ibie h ycJiOBHbie coejiHHeHHfl Mbi 

BCTpeqaeM , K o r^a  nep eM eH H aa  no k3koh-jih6o npnqH H e 

ocTaeTcn 3HaqHTejibHyio qacTb BpeMCHH 6e3  H3M eneH HH  

(«q a c T H q n o  nocT onH H an  (J)yHKu,H5i » ) . O a h o h  H3 o 6uqHbix  

np nq H H  SToro HBJineTCH cym ecT BO B aH H e  nop ora , o3Haqaio- 

m ero , qTo n e p e M e H n a a  ne o 6napy>KHBaeT HH KaKHx  H3MeHe-



hhh, KpoMe KaK b cJiyqaax, Kor^a B03AencTBHe Ha Hee npe- 

BbiiuaeT neKOTopoe onpeAejieHnoe 3HaqeHHe. TaK0B0 Ha- 

npn>KeHHe, HHHce KOToporo ajieKTpHqecKan Ayr a He 

npofiHBaeT AaHHbin np0Me>KyT0K; TaKOB y6biTOK, KoiopbiH 

corjiacHTCH noiepneib qejioBeK, npe>KAe qem oh comeT, m o  

CMy CTOHT 06paTHTbCH B CyA. B HepBHOH CHCTeMe HBJieHHe 

nopora BCTpeqaeTCH, pa3yMeeTC5i, noBceMecTHo.

C y m e c T B O B a H H e  nopora  npH BOAH T  k TaKO M y  noJio)Ke- 

huk) Bemefi, m o  mo>kho roBopnTb o pa3AejieHHH CHCTeMbi 

H 2 B peM eH HO H30JIHp0B3HHbie nOACHCTeMbl. B CaM OM  Aejie, 

n ep eM eH H a n , noKa  ona  0CTaeTC5i nocTOHHHOH, He mojkct, 

corjiacHo § 4/12, 0Ka3biBaTb B03AeScTBHe Ha Apyryio nepe- 

MeHHyio,; He M o ^ e T  ona h wcnbiTbiBaTb B03AeflcTBHe co cto- 

poHbi Apyroft nepeM eHHOH . Ha A n a r p a M M e  HenocpeACTBeH- 

HblX B03AeHCTBHH OHa nOTepfleT KaK  Te CTpeJIKH, KOTOpbie 

h c x o a h t  ot Hee, TaK h Te CTpeJIKH, KOTOpbie BeAyT k new. 
3 t o  BJiHHHHe n op ora  H3o6pa>KeHo TpeM H A w a rp a M M a M H  Ha 

pHc. 4/20/1.

P hc. 4/20/1.

Ha JieBOM KBaApaTe noKa3aHa b KaqecTBe ociiobhoh 

ceTH AHarpaMM a nenocpeACTBeHHbix B03AeHCTBHH, KaKaa 

Mo>KeT 6biTb noJiyqeHa no MeTOAy ynp. 4/19/5. Ha cpeAHeM 

KBaApaTe noKa3aHo, qTo coxpaHHTca, ecjiH TpHAUaTb npo- 

ueHTOB nepeMeHHbix 6yjiyj ocTaBaTbca nocTosiHHbiMH 

(b  CHJiy Toro, mto B03AeHCTBHH Ha hhx He npeBbimaiOT no
pora). Ha npaBOM KBaApaTe noKa3aHo, qTo coxpaiiHTcn, 

ecjiH aojih nocTOHHHbix noAHHMeTCH a o  50%. 3 t h  nocjieAo- 

BaTejibHbie H3MeHeHHH cJieBa HanpaBo MoryT 6birb Bbi3Baiibi 

nocTenenHbiM noBbiiueHHeM nopora. Mbi bhahm , m o



BsaHMoaeScTByiomHe noACHCTeMbi nocTeneHHo cTaHOBHTcn 

Bee MeHbuie h Menbuie; noBbimaiomHHCH nopor (J)yHKUHo- 

HajibHo pacceKaeT CHCTeMy Ha Bee MeHbmne h MeHb- 

rnne qacra. M bi bhotm , m o  HeKOTopbie (J)aKTopbi, KaK, 

HanpHMep, «BbicoTa nopora» hjih «npoueHT nocTOAHHbix 

nepeMeHHbix», cnoco6Hbi HenpepbiBHo H3MeHHTb Sojibuiyio 

CHCTeMy, npoBoziH ee qepe3 nejibifl pH# coctohhhh, Ha o r -

HOM KOHUe K0T0p0r0 HaXOOTTCH COBepmeHHO CBH3Han

(j)opMa, m e KayKRan nepeMeHHan 0Ka3biBaeT Henocpezi- 

CTBeHHoe B03AencTBHe Ha KamnyK) ^pyryio nepeMeHHyio, 

a Ha ApyroM KOHue —  coBepmeHHo HecBfl3Han $ ° P M a» r# e 

KayKjian nepeMeHHan He3aBHCHMa ot Kamjion jypyroft. Ta- 

KHM o6pa30M , CHCTeMbI O0Hapy>KHBaK)T 66jIbUiyiO HJIH 

MeHbmyio «uejiocTHocTb». CTeneHb stoh uejiocTHocTH mo- 

^kho onncbiBaTb ctaTHCTH^ecKH, jxame ecJiH cncTeMa cjihlh- 

kom BejiHKa juin HHAHBHAyajibHoro' onncaH'HH noApoSHocTen.

ynp. M o jK eT  j i h  H3MeHeHHe A (pnc. 4/20/1) B03,H6HCTB0BaTb Ha B 
b KpaftHen JieBOH cncreMe? B RByx ociaJibHbix?

4/21. JloKctAbHbie ceoucTea. B  6ojibuiHx cncTeMax, co mho- 

THMH nOBTOp5HOUI,HMHCH ^aCTHMH, HeMHOTOqHCJieHHblMH He- 

nocpeACTBeHHblMH B03AeHCTBHHMH H orpaHHqeHHbiM KOJIH- 

qeCTBOM COeAHHeHHH, CBOHCTBa 06bmH0 npOHBJIAIOTCfl 

B A0KaAU3Up06dHH0U (j)opMe. HHblMH CJIOBaMH, CBOHCTBO 

B03HHKaeT jiHHib y HeMHornx nepeMeHHbix, h HajiH^ne (hjih 

OTcyTCTBHe) ero y sthx nepeMeHHbix He onpe^eJineT HajiH- 

qHH HJIH OTCyTCTBHH 3TOTO CBOHCTBa y ApyrHX He6oJIbIHHX 

MHoatecTB nepeMeHHbix. TaKHe JioKajiH3HpyeMbie CBOHCTBa 

oobmHo 6biBaiOT oqeHb Ba>KHbi b 6oJibHiHX cncTeMax, h 

AaJibHeftmaH qacTb stoh rjiaBbi 6yjiej nocBHmeHa hx pac- 

CMOTpeHHK). B o t  HeKOTopbie npHMepbi JioKajiH3HpyeMbix 

CBOHCTB.

B npocToH XHMHqecKOH peaKUHH, HanpHMep b peaKUHH 

ueyajiy pacTBOpOM a30THOKHCJioro cepe6pa h xjiopHCToro 

HaTpHH, yqacTByeT npH6jiH3HTejibHo 1022 cocTaBHbix qacTeft, 

o6pa3yiomHX, TaKHM 06pa30M , oqeHb 6ojibmyio CHCTeMy. 

LIaCTH 9TH (aTOMbl, HOHbl H T. £.) B OCHOBHOM nOBTOpHIOTCH, 

h6o hx Bcero KaKHX-HH6y#b 10— 12 THnoB. KpoM e Toro, 

Kaxman *iac7h 0Ka3biBaeT Henocpe^CTBeHHoe B03#eHCTBHe 

JiHHib Ha BecbMa HeMHorne q a c m  no cpaBHeHHio co 

Bceft coBQKynHocTbio qacTen. flosTOMy coeAHHeHHe hjih



H ecoe^H H eH H e oAHoro HOHa c ep e6pa c hohom xjiopa He 

OKa3bIBaeT HH KaKOrO  B03AeHCTBHH Ha OrpOM HOe 6oJIbIHHH- 

ctbo ocTajibHbix nap hohob. B pe3yjibTaTe cbohctbo qacTefi 

« 6biTb coeziHHeHHbiMH b AgCl» MOJKeT cymecTBOBaTb b pac* 
n 0 3 H a B a e M 0 H  (J)opMe b pasjm qHbix  To q K ax  CHCTeMbi. CpaB- 
HHTe 3Ty B03M 0}KH 0CTb nOBTOpeHHH C TeM , ^TO npOHCXO/lHT 

b coB e p m eH H o  cbh3hoh cncTeMe, H a n p H M e p  b T e p M o c ia ie . 

B TepM ocTaTe TaKoe JioKajiH3Hp o B aH H oe  cbohctbo Bpnjx jih 

Mo>KeT cym ecTBOBaTb  h y>K, kohcwho, He mojkct He3aBH- 

CHMO nOBTOpHTbCH nOBCIOAy B CHCTeMe, TaK  KaK  cymecTBo- 

BaHHe JiioSoro cbohctb3 b oahoh -To^Ke p e m a io m H M  o 6pa- 

3om onpezieJineT, qTo n p 0 H 3 0 H ^e T  b A p y r n x  ToqKax.

riepexoA ot xhm hh pacTBopa b Jia6opaTopHoft npoSnpKe 

k xhmhh npoTonJia3Mbi, BepoHTHo, hocht TaKOH >Ke xapaK- 

Tep, h 6o npoTonJia3Ma KaK xHMHqecKan AHHaMHqecKan ch- 

CTeMa cJiHuiKOM 6oraTa BHyTpeHHHMH cbh3hmh qacTeft, 

qToSbi AonycKarb 3HaqHTeJibHyio jioKajibHyio He3aBHCH- 

MOCTb npOHBJieHHH KaKOrO-JIH6o CBOHCTBa.

JXpyruu npHMepOM cJiy^HT Becb SHOJiornqecKHH MHp, 

paccMaTpHBaeMbiH KaK cocTonman H3 mhothx qacTeft ch- 

CTeMa. 3 T a  cncTeMa, 06pa30BaHHan  b KOHeqHOM cqeTe H3 

aTOMOB 3eMHOH nOBepXHOCTH, ^eJIHTCH Ha nOBTOpHIOmHeCH 

b 3HaqHTejibHoft Mepe qacTH —  KaK Ha HH3meM ypoBHe (Bee 

aTOMbi yrjiepo^a xHMHqecKH o^HHaKOBbi), TaK h Ha bhc- 

HieM (Bee oco6h ojxhoto bursl 6oJiee hjih MeHee o;ui- 

HaKOBbi). B 3toh CHCTeMe pa3JiHqHbie CBOHCTBa, cyme- 

CTByiomne b oahom MecTe, MoryT cymecTBOBaTb jaKme h 

b zipyrnx MecTax. OTcio^a BbiTeKaeT, qTo 0CH0BHbie cboh- 

CTBa 6HOjiorHqecKoro MHpa 6yjxyr noAoSHbi cBoficTBaM 

CHCTeM, onncbiBaeMbiM b HH^ecjieAyioiii.Hx raparpa- 

(})ax.
4 /22. CaM03aKpenAHfou{uecH ceoucTea. 3 t h  CHCTeMbi o6jia- 

AaiOT cJie/iyiomeH o6meft qepToft. Hx noBe^eHHe bo Bpe- 

•MeHH BO MHOrOM 33BHCHT OT TOTO, MOryT JIH B HHX pa3BH- 

BaTbCH CBOHCTBa, KOTOpbie, 06pa30BaBUIHCb OAHaJKAbI, 

CTaHOBHTCH 3aTeM HeAOCTynHblMH AJIH «pa3o6pa3yK)UI,HX» 

(t. e. pa3pymaioiHHx) (J)aKTopoB. PaccMOTpHM, HanpHMep, 

kojiohhk) ycTpnu. K a a ^a fl  ycTpnua Mo>KeT cbo6o£ho npn- 
HHMaTb cnrHajibi onacHocTH h Mo>KeT 3aKpbiTbcn; ho, 

OAHaJKAbl 3aKpbIBIHHCb, OHa y}Ke He M O ^e T  npHHHM3Tb 

CHraajibi 6e3onacHocTH, KoTopbie otkphjih 6bi ee. Ecjih 6bi



Iia3BaHHbie CHTHaJIbl SblJIH e^HHCTBeHHblMH AeHCTByiOlIXHMH 

4)aKTopaM H , to  Mbi MorjiH 6bi npezicKa3aTb, qTo co BpeMe- 

HeM y c T p u q n a n  kojiohhh nojiHocTbio nepeftjieT b 3 a K p b n o e  

COCTOHHHe, —  Ba^KHblH (})aKT B ee HCTOpHH!

Bo  mhothx jypyrux chctcmax stot npHHUHn mojkct 

6biTb npocJie>KeH SoJiee cepbe3Ho —  h noqTH bo Bcex oh Ba- 

>KeH. PaccMOTpHM, HanpHMep, pacTBop B3aHMo#eHCTByio- 

iuhx MOJieKyji, KOTopbie MoryT 06pa30BbiBaTb pa3JiHqHbie 

coe^HHeHHH. HeKOTopbie H3 sthx coeziwHeHHH MoryT cHOBa 

BCTynaTb b peaKUHH; ho ojx b o  coeziHHeHHe, ^onycTHM, 

HBJineTCfl HepacTBopHMbiM, TaK qTo ero MOJieKyjibi BCTynaTb 

B peaKUHIO HecnOCofiHbl. CBOHCTBO «6bITb HepaCTBOpHMHM  

coe^[HHeHHeM» Momer npHo6peTaTbcn ojxhoii qacTbio 3a 

zipyroft, ho nocjie Toro KaK HepacTBopHMOCTb Bbmejmjia 

BemecTBo H3 pacTBopa, 3to cbohctbo y>Ke He mojkct 6b\rb 

oSpam eHo. CymecTBOBaHHe aToro cBoftcTBa HBJineTCH pe- 

UiaiOmHM B HCTOPHH CHCTeMbI —  06cT0HTeJIbCTB0, XOpOUIO 

H3BecTHoe b xhmhh, r^e oho Haxo^HT SecqncJieHHbie npH- 

MeHeHHH.

Mbi CJIHLUKOM MaJIO 3HaeM 0 AHHaMHKe KOpbl TOJIOBHOrO 

M03ra, qToSbi MHoro roBopHTb o tom, qTo TaM nponcxoAHT. 

H o  ecJiH cymecTByeT Jiwuib HecmJibKo thiiob HepBHbix KJie- 

TOK H eCJIH HenOCpeACTBeHHbie B3aHMO£eHCTBHH MeTKJiy 

IiepBHblMH KJieTKaMH pe/IKH, TO Mbi M0>K6M CqHT3Tb, qTO 

npn noHBJieHHH y hhx KaKoro-Jinfio «caM03aKpenjiHK)me-  

TOCH» CBOHCTB3 3TO cbohctbo noqTH HaBepHflKa 6y^eT  

nrpaTb rJiaBHyio pojib b onpe^ejieHHH noBe^eHHH Kopbi, 

oco6eHHo ee #ojiroBpeMeHHoro noBezieHHH. H an pH M ep , TaK 

cjiyqnjiocb 6bi, ecJiH 6bi kjictkh HMejiH HeKoTopwe uiaHCbi 

BKJiioqaTbCH b 3aMKHyTbie uenn, uHpKyji^uHH b kotopmx  

cjihlhkom cHJibHa RJift Toro, qTo6bi ee motjio nojiaBHTb Top- 

Mo>KeHHe. Zlpyrue bo3mo>khocth T a K ^ e , HecoMHeHHo, 3a- 

cjiyx^HBaiOT paccMOTpeHHH. 3,aecb Mbi Momeu  JiHuib 6erJio 

ynoMHHyTb o hhx.

Tot >Ke caMbifi npHHunn ^eucTBOBaji 6bi b SKOHOMHqe- 

ckhx  cucTeMax, ecjiH 6u  p a 6oqne KaKofi-HHSy^b HenpnfiT- 

KOH OTpaCJIH npOMblUIJieHHOCTH BpeMH OT BpeMeHH CTaHO- 

BHJiHCb 6e3pa6oTHbiMH h o 6Hapy>KHBajiH 6bi Tor^a, qTo ohh  

MoryT 3aHHTbC5i 6oJiee npnnTHOH p a 6oTon. To, qTo ohh  

oxo tho  nepexojiHJiH 6bi ot HenpHHTHoft paSoTbi k npHHT- 

HOH, HO OTKa3bIBaJIHCb 6bl BepHyTbCH, 6bIJIO 6bl, KOHeqHO,



o6cTOflTeJibCTBOM nepBocTeneHHofi Ba>KHocTH RJin SyAym ero 

JXaHHOH OTpaCJIH npOMblLliJieHHOCTH.

H TaK , m ojkho cKa3aTb b o6m eM , m o  caM03aKpenJini0- 

lUHeCH H3MeneHHH 06bIMH0 OKa3bIBaK)T HCKJHOMHTeJIbHO 

BaHCHOe BJIHHHHe Ha OKOHqaTe.TbHOe COCTOHHHe CHCieMbl. 

4/23. Ceoucrea, Koropbie pasMHOotcatOTcn. CjieAyeT 3aMe- 

THTb, m o  b npejxbijxyux^M naparpacj)e Mbi paccMaipHBajin 

b KaxtAOM npHMepe ABe pa3JinqHbie cncTeMbi. flenctbh- 

TCJTbHO, XOT5I Ka>KAbIH npHMep OCHOBblBaJICH TOJIbKO Ha OA"

hom M aT epnajibH oM  oS'beKTe, oh jx asa J i jxBa M H o ^ e c T B a  

nepeM eHHbix , a sth  MHO^KecTBa o6pa3yioT , corJiacHo § 3 /1 1 , 

ABe cncTeMbi. riepBOH c H d e M O H  6biJio oqeBHAHoe, oqeHb 

6oJibmoe no KOJiHqecTBy MHo>KeeTBo qacTen,; BTopoft 6biJia 

CHCTeM a c o a h o h  nepeM eHHOH , K O To p aa  i-ia3biBajiacb «hucao 

qacTen , o 6Hapy>KHBaiouiHx A aH H o e  cbo h ctbo» . EIpHBeAeH- 

Hbie npH M epbi HJUiiocTpHpoBajiH cjiyqan, KorAa 9Ta nepe- 

M eH H an  He Morjra yMeHbiuaTbCH co BpeM eH eM . JXpymMn  

cjioBaMH, OHa Bejia ce6n (ecJiH o 6o 3H aq H T b  ee qepe3 n) 

corJiacHo n p e 06p a 30BaHHi0

n'

3 t o  n p e o 6 p a 3 0 B a H H e  —  Jinuib o a h o  H3 M Hornx , Koropbie 

MOJKHO HaHTH , paCCMaTpHBafl H 3M eHeHHH  BTOpOH CHCTeMbl 

(racjia qacTen , o 6Hapy>KHBaiom HX A aH H oe  cb o h c tb o ). 

LIacTo SbiBaeT, m o  HaJiHqne CBOHCTBa b oahom  MecTe b ch- 

CTeMe BJIHHeT Ha BepOflTHOCTb nOHBJieHHH 3T0r0  CBOHCTBa 

q e p e3 AaHHbift n p 0Me>KyT0K B peM eH H  b A p yroM  MecTe. T a K , 

ecJiH ocH OBH an  c n c ie M a  coctoht H3 n o p o x a , HacbinaHHoro 

B JIHHHK) AJIHHOH B 12 AIOHMOB, TO H3 JIHMHe CBOHCTBa « 6bITb 

b orH e» b AaHHbiH m om cht Ha MeTBepTOM AiofiMe AejiaeT 

BecbM a BepoHTHbiM, mto qepe3 HeKOTopbift n p 0Me>KyT0K 

BpeM eH H  to  >Ke caM oe cbohctbo  iiohbhtch h Ha TpeTbeM, 

h Ha nHTOM  AiOHM ax. JXanee, ecJiH aB T0M 06HJib HMeeT npn- 

BjieKaTejibHbifl bh jx, to ero upojxama b o a h h  aom , no-BH- 

A H M O M y , yBejiHMHT maHCbi n p o A a ^ H  ero b coceAHHe AO M a . 

H  ecjiH H eKOT opoM y  BHAy H exB aTaeT  hhiuh, to cymecTBo- 

BaHHe oAH oro  ero npeACTaBHTejin y M eH b m a eT  maHCbi 

na npoAOji>KeHHe cym ecT BO B anH H  A p yroro  npeACTaBH- 

Te.iH.



HHOITia 3TH BJIHHHHH O^eHb CJI05KHbi; 3aTO B ApyrHX 

cjiyqanx H3MeHeHne nepeMeHHOH «qHCJio qacTeft, HMeiomnx 

,n,aHHoe cbohctbo» Mo>KeT SbiTb AocTaTo^Ho tq^ho Bbipa- 

>KeHo npocTbiM npeo6pa30BaKHeM  n ' =  k n ,  r jx e  k  nojio>KH- 

TeJIbHO H He 3aBHCHT OT tl.

K o r^a  sto HMeeT MecTo, hctophh CHCTeMbi nacTo b 3Ha- 

qHTejibHOH Mepe 33BHCHT ot 3HaqeHHH k , a oco6eHHo ot 

ero oTHomeHHH k qncjiy +1-  Ecjih t —  qncjio npoMeatyTKOB 

BpeMeHH, npomezmiHx co BpeMeHH t =  0, h ecjin no —  Ha- 

qaJibHoe 3HaqeHHe, to ypaBHeHHe ti' =  kn HMeeT cjieAyio- 

m ee pem enne l:

n = n 0e^- ^t. ( 1)

3jiecb m o j k h o  pa3JinqHTb TpH cjiyqan:

(1) k<il. B stom cjiyqae tocjio qacTeft, o6Hap-y>KH- 

Baioiimx AaHHoe cbohctbo, n0CT0HHH0 yMeHbmaeTCH, a hx 

nJioTHQCTb y6biBaeT. TaK, HanpHMep, oBctoht ntejio c qnc- 

JIOM aTOMOB pa^HH B KycKe CMOJIHHOH o6MaHK'H. 

T a K  o6ctoht #ejio h c tocjiom oco6eft BbiMHpaiomero 

BH/ia.

(2) k = l .  B stom cjiyqae tocjio qacTen, o6Hapy>KH- 

BaiOHlHX AaHHOe CBOHCTBO, CTpeMHTCH OCTaBaTbCfl nOCTOHH- 

HblM. n p H M epO M  MO>KeT CJiy>KHTb qHCJIO AHCCOUHHpOBaHHbIX 

MOJieKyji, Kornta CTeneHb AHccounauHH ntocTHrjia paBHo- 

BecHoro 3HaiieHHH zijih a s h h u x  ycJioBHH. (ITocKOJibKy npn 

MaJieftmeM otkjioh6hhh k ot 1 HacTonm HH cjiyqaft nepe- 

x o j i h t  b o x  h h  H 3  £Byx zipyrnx cJiyqaeB, oh He npe^CTa- 

BJineT 6oJibmoro HHTepeca.)

(3) & > 1 .  3 t o t  cJiyqaft BecbMa HHTepeceH h Ba^KeH. 

3#ecb Mbi HMeeM AeJio co c b o h c t b o m , Hajm qne KOToporo

1 Bbraofl 3t o h  cJjopMyjibi npe^cTaBJineTCH He Bnojme h c h u m . Peme- 

HHeM ypaBHeHHH n' — kn cJiy>KHT, o^eBH^Ho, Bbipa^KeHHe n —nQk ° • 

Jlnujb npn k, 6jih3khx k 1, sto pemeHHe npn6jiH>KeHH0 paBHO 3HaqeHHio,

/ n  nQe(k~l)1; —  n0ku 
noJiy^aeMOMy no (popMyjie (1 ) ;  h m c h h o , oTHom eHHe ---- ^ ^ ----

CTpeMHTCH k  0 npH k, CTpeMHmeMCH k  1. M t o  >Ke KacaeTGH cJjopMyjibi (1),

to OHa AaeT pem eHHe A H ^ e p e H u n a J ib H o r o  ypaBHeHHH n +  =  kn. —  

IIpuM. ped.



b oahom M e d e  yBeJiH^HBaeT BepoHTHocTb ero nocJiejiyK)- 

mero noHBJieHHa b jxpyrnx MecTax. Cbohctbo «pa3MHo- 

>KaeTCH», h cHCTeMa b stom oTHomeH'HH HBjineTCH no- 

TeHUHajibHO B3pbiBqaT0H —  jih6o ^paMaTHqecKH, KaK b 

aTOMHofi 6oM 6e, jih6o ckphtho, KaK npn pacnpocTpaHeHHH 

SriHJXeMHH. Xoporno H3BeCTHbIM npHMepOM «pa3MHO>KeH*Hfl» 

cbohctb HBJineTCH ayTOKaTajiH3. TaK , ecjiH yKcycH03THJi0- 

BblH 3(|)Hp CMem aH C BOAOH, TO BepOHTHOCTb TOTO, qTO £aH- 

naa MOJieKyjia yKcvcHOSTHJioBoro s ^w p a  b cJie/iyioLUHH npo- 

MejKyTOK BpeMeHH npeBpaTHTcn b Bo^y h yKcycnyio khc- 

jioTy, 33BHCHT ot Toro, cKoJibKo MOJieKyji 9(J)Hpa y>Ke 

HMeK)T CBOHCTBO SblTb B KHCJIOTHOH (J)OpMe. JXpyTHMH 

nonyjinpHbiMH npHMepaMH cjiy>KaT ropeHne, pacnpo- 

crpaHeiiHe m o j x h , pocT jiaBHHbi m pa3Be,aeHHe KpojiH- 

KOB.

H m chho  3ziecb BejiHqecTBeHHaa KapTHHa pa3BHTHH 

>KH3HH B XOAe /lapBHHOBCKOH 3BOJIIOUHH o6Hapy>KHBaeT 

CBOe PO^CTBO C H3JIO>KeHHOH H3MH TeopHeH ^HHaMH^eCKHX

CHCTeM. BHOjiornqecKHH Mnp, KaK OTMeqajiocb b § 4/21, 
aBJiaeTCH cHCTeMoft, KoTopan b KaKoft-To Mepe o6jiaAaeT 

paccMOTpeHHbiMM b STofl rJiaBe KaqecTBaMH: oahopoa- 

HocTbio CBoero cTpoeHHH h orpaHHqeHHocTbK) Henocpe#- 

CTBeHHblX B03HeHCTBHH. Ha paHHeft CTaOTH CymeCTBOBaHHH 

CHOJiornqecKoro Miipa HMejiHCb pa3JiHqHbie cBoncTBa c pa3- 

jmqHbiMH k. HeKOTopbie CBOHCTBa HMejiH k menhine 1 —  ohh 

nocTeneHHo Hcqe3JiH. HeKOTopbie CBOHCTBa hmcjih k, paB- 

noe 1, —  ohh AOJi}KHb] 6 biJiH coxpaHHTbCH. HaKOHeu, HeKo- 

Topbie HMejiH k SoJibLue 1 —  ohh pa3pocjiHCb, KaK JiaBHHa, 

ripHHiJiH b cTO.iiKHOBeHHe iipyr c ^pyroM, HaqajiH B3aHMO- 

ZiencTBHe, KOTopoe Mbi Ha3biBaeM «KOHKypeHUHefl», h nopo- 

ZIhjih npouecc, KOTopbifi AOMHHHpoBaji Ha# BceMH jipy- 

THMH CoSblTHHM'H B MHpe H KOTOpblH npO^OJI^aeTCH £0
c h x  nop.

HaM neH3BecTHo, cymecTByioT jih h MoryT jih cyme- 

CTBOBaTb TaKHe CBOHCTBa c k >  1 b Kope roJiOBHoro M03ra. 

OjiHaKo Mbi Mo>KeM 6biTb yBepeHbi, qTo ecJiH ohh cyme- 

CTByiOT, to ohh HMeiOT SoJibuioe 3HaqeHHe h HaKJia^biBaiOT 

cymecTBeHHbiH OTneqaTOK na noBezieHHe Kopbi. Ba>KHo ot- 

MeTHTb, qTo 3to npe£CKa3aHHe Mo>KeT 6biTb c/iejiaHo 6e3 

KaKHX-JinSo ccbijioK Ha KOHKpeTHbie zieTajiH npoueccoB,



npoHcxoAHUUHX b M03ry MJieKonHTaioiiiero, h6o oho Bepno 

jxj]h Bcex CHCTeM onHcaHHoro THna.

4/24. C/iejiaHHbie b nocjie^HHX naparpa^ax 3aMeqaHHH mo- 

ryT Jinuib 6erjio HJunocTpnpoBaTb 0CH0BHbie CBOHCTBa 

OMeHb 6oJIbLUHX CHCTeM. CKa3aHHOrO, OAHaKO, AOCTaTOMHO 

jXJin Toro, MToSbi noKa3aTb, mto oqeHb SoJibman CHCTeMa 

He oTJinqaeTCH nojiHocTbio ot chctcm, paccMOTpemibix 

b npe^LuecTByiomHx rjiaBax, h mto nocTpoeHne AencTBH- 

TejibHo azieKBaTHOH TeopHH chctcm BooSm e ecTb cKopee 

Bonpoc BpeMeHH h Tpyata, qeM KaKoft-JiH6o cepbe3H0H hjih 

OCO0OH Tpy^HOCTH.

ripo6jieMa oqeHb SojibiuHx c h c t c m  paccMaTpnBaeTcn  

TaK>Ke b § 6/14.



yCTOHIHBOCTb

5 /1 . Cjiobo «ycT0fiqHB0CTb» qacTO BCTpeqaeTCfl b p a 6o ia x , 

nocBHiueHHbix M auiH H aM , ho He Bcerzia ynoTpeSjineTCH 

T0qH0. BeJiJiMaH xap aK T ep H 3y eT  ero K aK  «cjiobo c Sojibmoft 

neperpy3Koft h HeycTOHBHiHMcn onpe,aejieHHeM ». EIocKOJibKy 

HiieH, cTOflume 3a  sthm  cjiobom, HMeiOT orpoM H oe npaKTH- 

qecKoe 3HaqeH He, Mbi paccM O TpH M  h x  c 6oJibmofi TmaTeJib- 

HOCTbK), Bbl^eJIHH pa3JIHqHbie THnbI yCTOH^HBOCTH, KOTOpbie

HaM 6yjxyr BCTpeqaibCH.
CoBpeM eHHa^ TepMHHOJiorHH HeyzioBJieTBopHTeJibHa h 

3anyiaHHa;  h He 6y^y  nbiTaTbcn ycTaHOBHTb jiyqmyio. BMe- 

c to  SToro h cocpezioToqy BHHMaHHe Ha AeftcTBHTeJibHbix 

4)aKTax, k KOTopbiM npHMeHHiOTCH pa3JiHqHbie cjiOBa; Jiyqrne, 

qiodbi qHTaieJib ayMaji ne CT0JibK0 o cjioBax, CKOJIbKO

o (J)aKTax. Mto KacaeTcn Hcnojib3yeMbix cjiob, to h 6yny 
CTapaTbCH JiHLQb He napym aTb ycTaHOBJieHHoro ynoTpe0jie- 

hkh h SbiTb nocJieAOBaTeJibHbiM b npezieJiax khhth. Kamjxoe 

yrioTpegjineMoe cjiobo 6y#eT TiuaTejibHo onpe^eJieno, h h 

6yjxy npHAep>KHBaTbCH jxanuoro b onpe^ejieHHH CMHCJia. 

5 /2 . HneapuanTbi. Mepe3 Bee 3HaqeHHH cjioBa «ycTOHqn- 

BCCTb» npoXOAHT OCHOBHan H jxen «HHBapHaHTHOCTH». 3 T a  

Hzien coctoht b tom, qTO xoth CHCTeMa b uejioM npeTepne- 

BaeT nocJieziOBaTejibHbie H3MeHeHH5i, HeKOTopbie ee cboh- 

CTBa («HHBapHaHTbI») COXpaHHIOTCH HeH3MeHHbIMH. TaKHM  

06pa30M , HeKOTopoe BbicKa3biBaHHe o cncTeMe, HecMOTpfl 

na 6ecnpephiBHoe H3MeHeHHe, 6yjxer HeH3MeHHo HCTHHHbiM. 

H anpH M ep , ecJiH B3HTb Ky6, noKonmHHCfl Ha oahoh H3



rpaHeft, h HaKjiOHHTb ero Ha 5°, a 3aTeM oTnycTHTb, to no- 

cjie^yeT uejibin pha *H3MeHeHHH nojioateHHH. TaKoe BbicKa- 

3biBaHHe, KaK: «HaKJioH Ky6a paBeH 1°», —  Momej 6biTi> 

HCTHHHO B 0£HH MOMeHT BpeMeHH H- JIO>KHO B ApyrOH. 

C  ApyroH cTopoHbi, BbicKa3biBaHHe: «HaKJiOH KySa He npe- 

BbimaeT 6°», —  Bee BpeMH ocTaeTcn HCTHHHbiM. 3T a  hcthh3 

HHBapnaHTHa rjm nahhoh CHCTeMbi. PaccMOTpHM Tenepb 

KOHyc, CTOHIJUHH Ha CBOeH BepUIHHe, H OTnymeHHblH, KaK H 

Ky6 , npn HaKJioHe b 5°. BbicKa3biBaHHe: «HaKJioH KOHyca 

He npeBbimaeT 6°», —  cKopo oKaateTCH Jio>KHbiM, h (ecJiH 

He AeJiaTb cchjiok Ha Apyrne 06cT0HTejibCTBa) oKaatyTCH

JlO>KHbIMH H BbICKa3bIBaHHH C 6oJiee UIHpOKH'MH rpaHHijaMH. 

3 to  oTcyrcTBHe rpaHHUbi ajih coctohhhh, npoxoAHMbix ch- 

CTeMOH npH ABH>KeHHH BAOJIb HeKOTOpOH TpaeKTOpHH, CO- 

OTBeTCTByeT «HeyCTOHqHBOCTH».

TaKOBbI OCHOBHbie HAeH. MT06bI HCKJIIOqHTb B HHX BCH- 

KyiO AByCMbl-CJieHHO'CTb, Mbi AOJIJKHbl BepHyTbCH K HCXOA- 

HbIM npHHUHnaM.

5/3. Coctohhuh paenoeecun. npocTeftuiHH cJiyqafl HMeeT 

MecTo Tor/ia, KorAa cocTOHHHe h npeoSpasoBaHHe CBH3aHbi 

Memjiy co6oh TaK, qTo npeoSpasoBaHHe He 3acTaBJineT co- 

CTOHHHe H3MeH5iTbC5i. AjirefipanqecKH sto 03HaqaeT, hto 

T(x) =  x. TaK, ecJiH T HMeeT bha

j a b c d e f g h  

v d b h a e f b  e

TO T(b) = b  H COC-TOHHHe b eCTb COCTOflHHe paBHOBeCHfl

AJih T. TaK  me oSctoh t  AeJio c co cto h hh hm h  e h f.

Ecjih coctohhhh onpe^eJiHioTCH BeKTopaMH, to, qTo6bi 

BeKTop He H3MeHHJICH, Ka>KAaH COCTaBJIHIOmaH AOJI>KHa

0CTaBaTbCH HeH3MeHHoft (corjiacHo § 3 /5 ) . TaK , ecjiH co- 

CTOHHHe ecTb BeKTop {x,y), a npeo6pa30BaHHe HMeeT bha 

u . f x' =  %x— y-h 2 
I y' =  x-\-y-\-3

to b coctohhhh paBHoBecHH BeKTop (x\ y') AOJiaceH paB- 

HHTbCH BeKTopy (x, y) h 3HaqeHHH x h y aojixchm yAOBJie- 

TBOpHTb ypaBHeHHHM

j x =  2x— y-\- 2

I y =  x-Jry-{-3



t. e.

x — y =  — 2, 

x  =  —  3 .

CjieAOBaTejibHo, 3Ta CHCTeMa HMeeT T0JibK0 ouno cocTOHHne 

paBHOBecHH, a hmchho (— 3, — 1). Ecjih 6bi ypaBHeHHH He

6bIJIH JIHHeHHblMH, COCTOHHHH paBHOBeCHH MOTJIO 6bl 6bITb 

6oJibme.

Tomho to >Ke cocTOHHHe (— 3 , — 1), KOHeqHO, mojkho 

6biJio 6bi noJiy^HTb, HcnoJib3y5i to 06cT0HTejibCTB0, mto 

B COCTOHHHH p aBHCBeCHH H3MeHeHHe K a ^ A O H  COCTaBJIfllO- 

meft aojihcho paBHHTbCH Hyjiio. 3 t o  ycjioBHe ziaeT 

x* — x =  0, y' — y =  0, mto BeixeT k TeM me caMbiM ypaB- 

HeHHHM, KaK H pSHbllie.

B cJiyqae A H ^e p e H U H ajibH bix  ypaBHeHHH TpeSoBaHHe, 

qTo6bi x He H3MeH5iJiocb co BpeMeHeM, paBHocHJibHo Tpe6o-

B3HHK), MToSbl ^  paBHHJIOCb HyJIK). H an p H M e p , B CHCTeMe

dx

I f
■ =  2 x — f-

dy 1

COCTOHHHe (V 2, 1) eCTb COCTOHHHe paBHOBecHH, TaK KaK npn  

sthx 3HaqeHHHX riepeMeHHbix x h y Bee npoH3Bo,n;Hbie 

paBHbi Hyjiio h, cJie^oBaTejibHo, CHCTeMa nepecTaeT jxbh- 

raTbCH.

ynp. I. floKa>KHTe, m o  U  H3MeHneT (— 3, — 1) b (— 3, — 1).

ynp. 2. HMeeT jih cncieMa H3 nocjie^Hero a63aua Apyrne coctohhh&

paBHOBecHH, npoM e ^-1-, 1^ ?

ynp. 3. HafiAHTe Bee coctohhhh paBHOBecHH npeo6pa30BaHH H  

x' =  e~y sin x, yf =  x\ 

ynp. 4. H a n ^ H T e  Bee coctohhhh  paBHOBecHH npeo6pa30BaHH H  

dx _ ?/ . dy _

ynp. 5. riycTb x' — 2x — y +  /, y' — x +  y +  k\ naiijxme 3HaqeHHH 

j h k, AaiomHe coctohhhc paBHOBecHH npH (1,1). (YKasaHHe: 
CHa^ajia 3anHiiiHTe ypaBHeHHH b TaKOM BH^e, mo6bi ohh H30- 

6pa>KajiH COCTOHHHe paBHOBecHH.) 

ynp. 6. Ecjih T (b )= b ,  to aojijkhw jih T2(b), T3(b) h t. jx. TaK>Ke
paBHHTbCH b?



Vnp 7. Mo>i<eT jih a6cojnoTiiaH c H d e M a  HMeTb 6ojibuie coctohhhh  

paBHOBecHH, qeM OHa HMeeT 6accefiHOB?

Vnp. 8. K a n  BbirjiHAHT KHHeMaTHMecKHH rpacf>HK npH npeo6p a 30BaHHH, 

y KOToporo Bee coctohhhh  hbjihiotch coctohhhhm h paBHOBecnn? 

ynp. 9. ( n p 0£ 0Ji>KeHHe.) K aK o e  oco6oe H33BaHHe 6biJio a s h o  TaKOM y 

npeo^pasoBaHHio  b o aho h  H3 npeAinecTByiom HX rjiaB? 

ynp. 10. Ecjih npeo 6pa30B aH H e  H3MeHHTCH (a mhojkcctbo onepaHAOB

OCTaHeTCH npe>KHHM), TO H3MeHHTCH JIH COCTOHHHH paBHOBeCHH?

ynp. 11. Ecjih h3m chhtch b xoa  MauiHHbi, to H3MeHHTCH jih ee coctoh

hhh paBHOBeCHH? (yn a saH H e : cm. ynp. 5.)

5/4. H ukji. K  noHHTHK) coctohhhh paBHOBeCHH 6jih3ko no- 

HHTHe UHKJia. Umkjiom Ha3biBaeTCH TaKan nocjie,aoBaTejib- 

HocTb coctohhhh, mto noBTopHoe npHMeHeHHe npeo6pa3o- 

B3HHH 3acTaBJineT npeACTaBJiHK)uj.y}o tomky npo6eraTb no- 

BTopno 3Ty nocJieAOBaTejibHocTb. Tan , ecJiH T HMeeT bhjx

j  \ a b c d e f g h  

' I c h b h a c c g ’

to, Ha^aB c a, T nopoAHT TpaeKTOpHK)

a c b h g c b h g c b . . .  

h npe&cTaBJiniomafl TOMKa 6yjxer noBTopHo onncbiBaTb uhkji

t *
g ^ — h

ynp. 1. H a nnuiH Te  npeo6pa30BaHH e, c o A e p w a m e e  ABa pa3JiHHHbix UHKJia

H TpH COCTOHHHH paBHOBeCHH. 

ynp. 2. (FIpo,aoji>KeHHe.) HaqepTH Te ero KHHeMaTHwecKHfl rpac})HK. 

ynp. 3. Mo>KeT JIH COCTOHHHe paBHOBeCHH BCTpeTHTbCH B UHKJie? 

ynp. 4. Mo>KeT jih a6cojnoTHan CHCTeMa HMeTb 6ojibiue uhkjiob, qeM 

6accenHOB?

ynp. 5. Alo>KeT jih oahh  6acceHH coAep^KaTb ABa UHKJia? 1

*  h n p .  6 . H M e e T  j i h  u h k j i  C H C T e M a  =  u , A t  =  —  x ?
dt * dt

ynp. 7. Ecjih 33M KHyToe OAHosHanHoe npeofipasoBaHHe HMeeT K0HeqH0e

MHCJIO COCTOHHHH, TO MOJKeT JIH TpaeKTOpHH KOHMHTbCH H H alie, 

MeM COCTOHHHeM paBHOBCCHH HJIH UHKJIOM?

5/5. yCTOUHUBbie odAacm. Ecjih a ecrb cocroHHHe paBHo- 

BecHH, to T (a ) , KaK Mbi BH^ejiH b § 5/3, ecTb npocTo a.

1 Cm. noACTpownoe npHMeqanne H a CTp. 30. — IlpuM. ped.



TaKHM  06pa30M, npec>6pa30BaHHe T He noponmo H3 a hh- 

KaKoro Hoeoso coctohhhh. 

To >Ke caMoe HBJieHHe MomeT HMeTb Mecxo pi jijih mho- 

o/cecrea coctohhhh. TaK, npe^noJio}KHM, uto T ecTb (He- 

33MKHyToe) npeo6pa3QBaHHe

Oho He HMeeT coctohhhh paBHOBecHH, ho mhojkcctbo, 

cocTonmee H3 b h g, npeo6pa3yeTCH no-oco6ennoMy, 

a HMeHHo

ZlpyrHMH cJioBaMH, npHMeHeHHe T k  3T0My MHOJKecTBy He

nopo>KZiaeT HOBblX COCTOHHHH. TaKOe MHOJKeCTBO yCTOMHHBO 

OTHOCHTeJIbHO T.

3 t o  oTHouieHne Me>K£y m hokcctbom  coctohhhh h npe- 

06pa30BaHHeM , KOHe^HO, TO>KJieCTBeHHO OTIHCaHHOMy Bbliue 

(§ 2 /4 ) OTHOIlieHHIO «33MKHyTOCTH». (CjIOBa «yCTOHlIHBOe 

MHo>KecTBo» MorjiH 6bi ynoTpeSjiHTbCH eme c Tex nop, ho 

ohh motjih BHecTH nyTaHHuy, noKa He 6biJio BBeaeno noH5i- 

Tne ycTOH^HBOCTH; a 3Toro Hejib3H 6biJio c^eJiaTb paHbme, 

qeM SbiJiH pa3i)HCHeHbi /ipyrne Bonpocbi.)

\ a b c d e f g  h 

v p g b f a c i b m '

Phc. 5/5/1.

8 3aK. 3346. V. Pocc 3iu6w



Ecjih npeo6pa30BaHHe HenpepbiBHo, ycToftraBoe MHoxce- 

ctbo npeo6pa30BaHHH m o kct  Jie^KaTb b cbh3i-ioh ofijiacTH. 

TaK , Ha pnc. 5/5/1 oSjiacTb BHyipn rpaHHUbi A ycronqMBa; 

oSjiacTb 7Ke BHyTpn B HeycTonqHBa, h 6o BHyipn stoh 06- 

JiaCTH eCTb T04KH, TaKHe KaK P, H3 KOTOpblX MO>KHO BHHTH 

3a npe^ejibi oSjiacTH.

rioHHTHe 3aMKHyTOCTH, HJIH yCTOHTOBOTO MHO>KeCTBa 
coctohhhh, HMeeT (J)yĤ aMeHTaJibHoe 3HaqeHHe jxjih. Haum x 

Hccjie/ioBaHHH. HeKOTopbie npH4HHbi 3Toro npHBOiXHJiHCb 
b § 3/2, rue yKa3biBajiocb, mo ToJibKo b tom cJiyqae, Koi\flta 
MHo>KecTBo ycToflqHBo, npeo6pa30BaHHe Momer HMeTb Bee 

cboh Bbicuine cTeneHH.
JXpyran npimHHa Sojiee no£po6Ho paccMaTpHBaeTcn 

b § 10/4, i\ae noKa3biBaeTCH, mo TaKah ycTOH^HBOCTb TecHo 
CBH3ana c noHHTHeM o6i>eKTa, «BbHKHBaiomero» nocjie He- 

KGTopoH onepauHH.

ynp. 1. KaKHe eme Mno>KecTBa ycroHMHBbi OTHOCHTeJIbHO T? 

ynp. 2. BcerAa jih yctohmhbo MH0>KecTB0 coctohhhh b 6acceHHe? 

ynp. 3. BcerAa jih ycTon^HBo mhojkcctbo coctohhhh b uHKJie? 1 

ynp. 4. Ecjih MH0>KecTB0 coctohhhh yctohmhbo oTHocHTejibno T h otho- 

C H T eJ Ib H O  U, TO 06fl3aTejIbH0 JIH OHO yCTOHMHBO OTHOCHTeJIbHO UT?

B03MymEHHH

5/6. B paccMOTpeHHbix jio chx nop cjiyqanx paBHOBecHe 

HJIH yCTOH^HBOCTb HCCJie^OBaJIHCb TOJIbKO AJIH HeK0T0p0r0 
Bbi6paHHoro coctohhhh hjih coctohhhh. Hnqero He TOBOpH- 

Jiocb h He no/ipa3yMeBajiocb OTHOCHTeJIbHO noBenteHHH b co- 
cednux coctohhhhx.

B o 3bM eM  3JieM eH TapH bie  n p H M e p b i paBH O BecH H : K y 6 , no-  

K onm nH C H  n a  CBoeft rpaHH,; 6 HJibHpAHbiH m a p  Ha CTOJie; 

KO H yc, Tonuo ypaB H O B em eH H biH  Ha B ep m H H e. Bee o h h  oS H a -  

py)KH BaiO T H eK 0T 0 p 0 e COCTOHHHe paBH O BecH H . O ziH aKO  p aB -  

HOBecne K O H y ca , o^ eBHAHo, 0T.7iH qaeTC H , h cym ecT B eH H biM  

0 6 p a 30 M, ot paBH O BecH H  K y 6 a. PasjiH^ne sto o 6 Hapy>KH- 

BaeTCH, K aK  TOJIbKO 3TH ABe CHCTeMbi CMeU^aiOTCH BHeiUHHM  

B03M ym a K )m H M  B03£eHCTBHeM  H3 COCTOHHHH paBHOBeCHH  

b K aK o e-H H 6 y £ b  co ce zu ie e  COCTOHHHe. K a K  a o j ijk h o  b 0 6 -

1 Cm. noACTpo^Hoe npHM eqaHHe Ha CTp. 30. —  flpuM. ped.



meM BH^e npe/tcTaBJiHTbcn sto  CMemeHHe h ero pe3yjib- 

TaT?

«B o 3Mym>eHHe» ecTb npocTo to, m o  cMemaeT, qTo nepe- 

iXBHraeT CHCTeMy H3 orhoto coctohhhh b Apyroe. EiosTOMy, 

onpe^eJineMoe to^ho, oho aojijkho 6biTb npeziCTaBJieHo npe- 

06pa30BaHHeM, onepaH^aMH KOToporo cjiyatar coctohhhh 

cHCTeMbi. npe/moJioJKHM Tenepb, qra Hama OTHaMHqecKan 

cncTeMa coAep>KHT npeoSpasoBaHHe Ty m o  a ecTb coctoh- 

HHe paBHOBecHH Rjin T h hto D  ecTb ashhwh onepaTop 

cMeuxeHHH. Ha 06biqH0M H3biKe Mbi roBopHM: «CMecTHM ch- 

CTeMy H3 ee coctohhhh paBHOBecHH, npejxocTaBHM eft HeKo- 

Topoe BpeMH cJieAOBaTb ee c.o6cTBeHHbiM 3axoHaM h no- 

CMOTpHM, BepHeTCH JIH OHa B TO >Ke CaMOe COCTOHHHe HJIH 

HeT». B aJire6panqecKOH (J)opMe Mbi cxameM: «Bo3bMeM co- 

CTOHHHe paBHOBecHH a, CMeCTHM CHCTeMy B COCTOHHHe

D ( a ) , a 3aTeM Haft/ieM T D (a ), T2D ( a ) , T3D (a )  h t. jx. h 

otmcthm, 6y^eT jih 3Ta nocjie,aoBaTejibHocTb coctohhhh 

HMeTb 0K0HqaHHe a, a, a . . .  hjih HeT». ToBopH Kopoqe, co- 

CTOHHHe paBHOBecHH a b cHCTeMe c npeo6pa30BaHHeM  T

yCTOHMHBO OTHOCHTeJIbHO CMemeHHfl D  TOr#a H TOJIbKO 

Tor^a, Korzia

lim TnD(a) =  a.
n -> oo

npOBepHM 3Ty (})OpMyJIHpOBKy TpeX ynOMHHyTbIX 

npHMepax. B cjiyqae KySa HaqajibHoe cocTOHHHe a cootbct- 

CTByeT HaKJioHy b 0°. OnepaTop D  cMemaeT Ky6, cKaaceM, 

jxp 5°, a T b KoHixe kohuob B03BpamaeT ero o6paTHo k 0°, 

B cjiyqae c KOHycoM (hmcioiuhm, cKaateM, npeo6pa30Ba- 

Hne U )  D  Mo>KeT 6biTb TeM >Ke caMbiM CMemeHHeM, ho, ko- 

HeqHo, npe^eji UnD(a ), KaKOB 6bi stot npe/ieji hh 6bui, ne 

ecTb HaKjioH b 0°,; paBHOBecne HeycToifaHBO. H to  KacaeTcn 

6HJibnpAHoro mapa b noJio>KeHHH a, to 3aKOHbi AHHaMHKH 

He BepHyT ero b a nocJie nepeMemeHHH, TaK qTO, no jxan- 

HOMy onpe/ieJieHHio, map HeycTofiqHB. O^HaKo oh HMeeT 

Ty oco6eHHocTb, qTo npe^eJioM 3jxecb hbjihctch D(a)\  Ta- 

khm 06pa30M, map coxpaHHeT nepeMemeHHe, hh yHHqTo- 

>Kan, hh yBeJiHqHBan ero. 3 t o  cjiyqafi 6e3pa3JiHqH0r0

paBHO'BeCHH.
(3aMeTHM, qTo HCCJie^oBaTb, KaK Be#eT ce6n cncTeMa 

nocJie CMemeHHH H3 a, HMeeT cmhcji TOJIbKO b tom cjiyqae, 

Korzia a ecTb cocTOHHHe paBHOBecHH.)



ytip 1. yCTOHHHBO JIH OTHOCHTeJIbHO B 0 3M yL L ieH H H  D COCTOHHHe paBHO- 

BecHH c npn npeo6pa30B3HHH T, ecJiH T h D HMeioT cjie/iyiomHH

ynp. 2. (ripOJIOJIJKeHHe.) yCTOHHHBO JIH COCTOHHHe paBHOBeCHJ! e? 
ynp. 3 06jiacTb, cocTonmaH H3 MHOJKecTBa coctohhhh bt c h d, ycTOH- 

qHBa OTHOCHTeJIbHO npeo6pa30BaHHH U:

KaKOB 6y/ieT pe3yjibTaT B03MymeHHH £, c0np0B0>K;iaeM0r0 
noBTopHbiM npHMeneHneM U? (YKa3aHHe: paccMOTpHTe Bee Tpn 
B03M0JKH0CTH.)

5/7. OSbi^Ho /iHiiaMHqecKaH cncieMa, H3MeHHiomaHCH ne- 

npepbiBHo, npaKTHMecKH Bee BpeMH no/iBepraeTCH He6oJib- 

UL1HM B03MymeHHflM. SjieKTpOHHbie CHCTeMbi B03MyHX2 IOTCH 

TenjioBbiM BosSy^^eHM eM , MexaHHqecKHe CHCTeMbi —  bh6- 

paunefl, 6H0Ji0rHqecKHe CHCTeMbi —  pa3Hoo6pa3HeHiiiHMH 

MeJIKHMH B03£eHCTBHHMH. riosToMy Ha npaKTHKe MoryT co- 

XpaHHTbCH TOJIbKO Te COCTOHHHH paBHOBecHH, KOTOpbie

ycTOHMHBbi b cMhicJie npe/ibi&ymero n ap a r p a ^a . Coctohhhh  

HeycToftqHBoro paBHOBecHH He HMeioT 6oJibiuoro 3HaqeHHH 

b nenpepbiBHbix CHCieMax (xoth ohh MoryT HMeTb 3Haqe- 

IIHe B CHCTeMaX, H3MeHHK)mHXCH TOJIbKO AHCKpeTHblMH 

ci<aiiK aM H ).
IloHHTHe HeyCTOHMHBOrO paBHOBecHH HMeeT, OAHaKO, He- 

KoTopyio TeopeTHqecKyio Ba>KHocrb. /JeflcTBHTeJibHo, ecJiH 

Mbi pa3pa6aTbiBaeM reoputo HeKOToporo MexaHH3Ma, to 

aJire6panqecKHe onepauHH (§ 5/3) jxanyr HaM Bee coctoh

hhh paBHOBecHH —  ycTofmHBbie, 6e3pa3JiHliHbie h HeycTon- 

MHBbie —  H MO>KeT OKa3aTbCH HeoSxO^HMblM HCKJHOqHTb 

MHOrne H3 HHX, 4To6b! CBeCTH 9TO MH02KCCTB0 K MHOJKeCTBy 

coctohhhh, HMeiomHX peajibHbie uiancbi na coxpaHeHHe.

ynp. IlocTpoHTe npe06pa30saHHe c £ByMH coctohhhhmh paBHOBecHH 

a h b h ^ByMH B03MymeHHHMH D u Et Tanoe, modbi a 6biJio 

yCTOH^HBO OTKOCHTe^bHO D, HO He OTHOCHTeJIbHO Et a b 6bIJIO 

yCTOHMIIBO OTHOCHTeJIbHO Et HO He OTHOCHTeJIbHO D.

y j a b c d e 

t c d c a e ' 

D  : b a d e d?

7:J

a b c d e f  

d c b b c a '  

E\ b e f  f  f d.



5/8. B o o 6m e  roBopn, pe3yjibTaTbi noBTopHoro npHMeHeHHH

npe06pa30BaHHH K HeKOTOpOMy COCTOHHHK) 3aBHCHT ot 

Toro, KaKOBO 3TO COCTOHHHe. floSTOMy pe3yJIbTaT nOHCKOB 

npe^eJia

lim Tn(x)
n -> oo

6yjxeT 3aBHceTb, Boo6m e roBopn, ot Toro, KaKOBO coctoh- 

HHe x. H an p H M e p , nycTb ^aHbi /iBa B03Mym eHHH D  h E  a 

nycTb B03Mym eHHe D  nepeBojiHT a b b, a B03Mym enHe E  

nepeBoziHT a b c (npnqeM Meatjiy a, b h a He npe/inojia- 

raeTCH hhk3koh 33bhchm octh). B  stom cjiyqae npe^ejibi ajih 

T nD (a )  h T n E ( a )  MoryT 6biTb pa3JwqHbiMH.

TaKHM  06pa30M , npoBepKa na ycTonqHBocTb, npoBeaeH- 

Han corjiacuo § 5/6 , Mo>KeT jiaTb pa3JiHqnbie pe3yjibTaTbi 

B 33BHCHMOCTH OT TOTO, IieHCTBOBa JIO JIM CMeUXeHHe D 
hjih E. 3 r o  pa3Jinqne oTHiojib He JiHiueHo (})H3HqecKoro 

cMbicJia. H an pH M e p , KapaH.zi.3iu, ypaBHOBeuieHHbift Ha cBoeM 

KBa^paTHOM OCHOBaHHH, MO>KeT 6bITb yCTOHMHBblM OTHOCH- 

Te./ibHo D , ecJiH D  ecTb cMemei-iHe na 1° ot BepTHKajiH, ho 

HeycT0H4HBbiM oTHocHTejibHo E , ecjiH E ecTb cMemeHHe 

Ha 5°.

TaKHM  06p a30M , noHHTHH, BBewHHbie b § 5/6, corJia- 

cyiOTCH c o6bmHoft npaKTHKoft. CKa3aTb o CHCTeMe, m o  

OHa HaXOZlHTCH B COCTOHHHH yCTOH^HBOTO paBHOBeCHH, 

mo>kho to j^k o  b tom cyiyqae, ecJiH yKa3aHO HeKOTopoe ro- 

CTaToqHo onpezieJieHHoe m hokcctbo cMemeHHH D. Ecjih 

ohh yKa3aHbi hbho, D onpeAejieHO nojiHocTbio. MacTO D 
He AaeTCH hbho, ho no£pa3yMeBaeTCH; TaK, H33biB3H pa^HO- 

KOHTyp ycTofmHBbiM, riozipa3yMeBaK)T, qTo D  BKJiioqaeT Bee 

o6biqHbie ^)jiioKTyauHH HanpnweHHH, ho, KaK npaBHjio, He 

nozipa3yMeBaiOT, qTo D BKJiioqaeT yaap  mojihhh. HacTo ch- 

CTeMa cqHTaeTCH ycTofiqHBOH b npeAnoJio>KeHHH, qTo b o 3- 

MymeHHH Jie>KaT BHyTpH oripe^ejieHHoft o6jiacTH. B a m io  

jiHiub noMHHTb, qTo b Heo6biqHbix cjiyqanx, HanpHMep 

b dnojiornqecKHX CHCTeMax, ToqHoe yKa3aHHe B03Myme- 

hhh D  h paccMaTpHBaeMoro coctohhhh paBHOBecHH a mo- 

>KeT 6bITb He06X0,HHM0 RJ\H TOqHOCTH HCCJie^OBaHHH.

5/9. Henpepbienan cucreMa. B  npeAinecTBytoiUHX naparpa- 

(})ax paccMarpHBaeMbie coctohhhh 6 bijin oCbiqHO npaH3BOJib- 

HbiMH. PeajibHbie CHCTeMbi, o^HaKo, qacTo o6napy>KHBaior



HeKOTopyio HenpepbiBHocTb b tom cMbicjie, mto Me>K,ay 

COCTOHHHHMH CymeCTByeT eCTeCTBeHHan B3aHMOCBH3b (co- 

BepuieHHo He 3aBHCHman ot JiioSoro npeo6pa30BaHHH, o6y- 

CJioBJieHHoro hx npHHa,zyie:>KHacTbio k CHCTeMe); gjiaro^apH 

T3K0H B3aHMOCBH3H £Ba COCTOHHHH MOTyT SblTb «6jIH3KH»

hjih «AajieKH» jipyr ot Apyra.

B  cJiyqae t 3khx chctcm onepaTop D  oSbirao onpe/ie- 

jineTCH KaK cMem eHHe H3 coctohhhh paBHOBecHH a b orho  

H3 COCTOHHHH, HaXO^HLUHXCH «b6jIH3H» a. ECJIH COCTOHHHH 

Onpe^eJIHIOTCH BeKTOpaMH C MHCJlOBblMH COCTaBJIHIOIUHMH, 

T. e. OCHOBaHbl Ha H3MepeHHHX, TO D  qaCTO paBHOCHJIbHO 

n pn 6aBJieHHio k cocTaBJiniomnM HeSojibiuHX mhcjiobhx Be- 

jihmhh 6i, 62, . .  TaK mto BeKTop ( ^ 1, . . xn) nepe-

XO£HT B BeKTop ( * 1 + 81, . . . ,  * n + 8» ) .

B  9toh 4)0P Me cTaHOBHTCH B03M0>KHbiMH 6ojiee cne- 

n,HaJiH3HpoBaHHbie M eTo^H  npoBepKH Ha ycTofiqHBocTb. 

BBe^eHHe b sth MeTOAbi nano b KHHre «ycTpoficTBo M03ra». 

PaccMOTpeHHH TaKoro po^a cKopo npHHHMaioT MaTeMaTH- 

qecKHH xapaKTep; 3,n;ecb ^ocTaToqHo oTMerHTb, mto Ha sth 

Bonpocbi ecezda mo>kho oTBeTHTb, no KpaHHen Mepe b npHH- 

unne, npocjie^HBan (J)aKTHLiecKH Bee H3MeHeHHH, KOTopbie 

HMeiOT MecTo npn nocjie^oBaTeJibHOM n p o x o ^ e H H H  ch- 

CTeMbi qepe3 coctohhhh D(a), TD(a), T2D(a) h t. r . 

(cp. § 3 /9 ) .  E^HHCTBeHHoe B03pa>KeHHe npoTHB stoto npo- 

ctoto, (J)yH,fl[aMeHTajibHoro h Ha^ejKHoro MeTo^a coctoht

B TOM, MTO B CJIO>KHbIX CJiy^aHX OH CTaHOBHTCH Mpe3MepH0

Tpy^oeMKHM. O ^H a K o  oh cnoco6eH ^aBaTb OTBeTbi b Tex 

cjiyqanx, m e  HenpHMeHHMbi 6ojiee cnemiajiHSHpoBaHHbie 

MeTo^bi. B  o 6jiacTH 6noJiorHH MeTOA, onncaHHbiH b Ha- 

CTOHmen rjiaBe, no-BHjiHMOMy, hbjihctch 6ojiee HaAe>KHbiM, 

cneuHajiH3HpoBaHHbie MeTOAbi; h 6o nocJie^HHe qacTO 

npHMeHHMbl JIHLQb K HenpepblBHblM H JIHHefiHblM CHCTeMaM, 

Torzia KaK AaHHbifi Merojx npnMeHHM Be3#e.

O c o 6eHHO npoCTbIM H XOpOLUO H3BeCTHbIM HBJIHeTCH 

cjiyqan, Kor^a CHCTeMa coctoht H3 qacTeft, Memny koto- 

pbiMH cymecTByeT o6paTHan cBH3b, HMeioman BecbMa npo- 

CTyio (J)opMy oahhomhoh neTJiH. npocTbiM mctoaom npo

BepKH Ha ycTOHMHBocTb TaKOH CHCTeMbi (ajih HccjieAyeMoro 

coctohhhh paBHOBecHH) cJiy^HT paccMOTpeHiie nocjieAOBa- 

TejIbHOCTH COCTOHHHH, CJie^yiOmeH 3a HeSOJIbLUHM CMeme- 

HneM, Korzia oho pacnpocTpaHHeTcn no stoh neTJie. Ecjih



cM em eH H e  b K O H ue  kohuob B 0 3B p a m a e T c n  o S p aT H o  c TaKoft 

BejiHqHHoft h 3H aK O M , qTo n p n  ajirefipanqecKOM  npHSaBJie- 

hhh ero k HCXOAHOM y cMemeHHio H c x o ^ H o e  CM em eH H e  

yM eHbinaeTCH h TeM  caMbiM  cncTeM a nojxxojim 6jmme  k co- 

CTOHHHK) paBHOBeCHH , TO OKOJIO 9T0T0  COCTOHHHH paBHOBe- 

chh cncTeMa (o6biqHo) ycToftqHBa. 0 6 p a T H a n  CBH3b bstom  

cjiyqae Ha3biBaeTCH «0TpHu;aTejibH0H» (h 6o OHa b KOHeqHOM  

cqeTe npHBo^HT k ebmuTanuio HeKOTopoft jxojih H3 hcxoa- 

Horo c M e m e H H H ).

ripoBepKa no sTOMy MeTo^y npocTa h y,uo6Ha h qacTo

MO>KeT npOH3BO£HTbCH B yMe. O ^H a K O  npH HaJIHqHH KaKHX- 

JIH60 yCJIOHCHeHHH OHa CTaHOBHTCH HeHajXe^KHOH, eCJIH 

npoHSBOAHTCH b onncaHHofi Bbime npocTofl (J)opMe. B cjie- 

^yiom nx naparpacj)ax npHBojjHTCH npHMep Toro, KaK s t o  

npaBHjio M 0>KeT jxaTb oceqKy, ecjm npHMeHHTb ero HeaKKy- 

paTHo.

ynp. 1. Haft/iHTe a, D  n T b ynp. 3/6/17. ycTOHMHBa jih 3Ta cncTeMa 

0TH0CHTejibH0 flaHHoro CMemeHHH? 
ynp. 2. (npoAOJi>KeHHe.) CpaBHHTe c ynp. 3/6/19. 

ynp. 3. HafiAHTe a h T b ynp. 2/14/11. ycTOHiiHBa jih cncTeMa, ecjin D  
ecTb Jiio6oe CMemeHHe H3 a? 

ynp. 4. Bo3bMHTe HrpymeqHbin noe3/i. (KOTopbifi KaTHTca no noJiy, 

a He no pejibcaM) h cjierKa oTKJioHHTe jihhhio BaroHOB ot npn- 
MOH. nyCTb M  —  MHO>KeCTBO COCTOHHHH, B KOTOpbIX OTKJIOHeHHH 

ot npHMOH Hnrae He npeBbimaiOT 5°, h nycTb T —  onepaunn, 

cocTonmaH b tom, mto napoB03 THHeT noe3A 3a co6oh. ycToii- 
HHBO JIH M  OTHOCHTeJlbHO 7? 

ynp. 5. (FIpoAOJiJKeHHe.) nycTb U —  onepauHH, cocTonmaa b tom, qTo 

nap0B03 TOJiKaeT noe3A Ha3a£. Yctohmhbo jih M  othoch- 
TeJibHO U?

ynp. 6. lloHeMy nap0B03bi cTaBHTcn Bnepe^H noe3,noB? 

ynp. 7. ABTo6ycHoe ^BHjKeHHe Ha^HHaeTCH, Koi\aa aBTo6ychi paBHo- 
MepHo pacnpeaejieHbi B/iojib MapnipyTa. Ecjih aBTo6yc 3aaep- 
}KHBaeTCH, Ha ocTanoBKax coftnpaioTCfl jmuiHne nacca>KHpbi, 

BCJie^CTBne qero oh  jxojimen npHHHTb 6ojibme naccaJKnpoB, qeM 
o6bmHO. Cjie^yiomHH 3a hhm  aBTo6yc, hah 6jw>Ke, neu oGbmfco, 

6yfler npHHHMaTb MeHbme nacca>KHpOB h 3aAepjKHBaTbUH 
MeHbiue, qeiM otfbrao. Hbjihiotch jih HepaBHOMepHOCTH b pac- 
noJioJKeHHn aBTo6ycoB caMoncnpaBJiHiomHMHCH hjih caM0B03- 
pacTaiomHMH?

ynp. 8. 4to cJiy^HJiocb 6bi, ecjin 6bi noBbimeHne KOJinqecTBa yrjieKncjiOTbi 

b KpoBH Aejiajio ^bixaTeJibHbift uemp Menee aKTHBHbiM?

ynp. 9. ycTOHHHBa jih cHdeMa x' =  ^-y, yf x b coctohhhh (0,0)?



5/10. 77OAOOfCllTCAbHCLfL oOpCLTHClR C8R3b. CHCTeMa, OriHCaH- 

Han b nocjieflHeM ynpa>KHeHHH, 3acJiy>KHBaeT Sojiee npn- 

CTajibHoro BHHMaHHfl:

ot (10, 10) OHa nepexoAHT k (5 ,5 ) ,  

ot ( 10, 12) — k ( 6 ,5 ) ,  

Tan mto B03pacTaHHe y (ot 10 ao  12) Eejxer k B03pacTa- 

HHK) X (OT 5 AO 6) (cp, § 4 /1 3 ) . AHaJIOTHMHO 

ot (10, 10) OHa nepexoAHT k (5 ,5 ) ,  

ot (12, 10) —  k ( 5 ,6 ) ,

TaK mto B03pacTaHHe x (ot 10 ao 12) npHBO/urr k B03pa- 

CTaHHio y (ot 5 ao 6). TaKHM  06pa 30M, ksltkjxblsi nepeMen- 

Han 0Ka3biBaeT noAOowureAbHoe B03AeftcTBHe Ha Apyryio, h 

ecJiH 6h  CHCTeMa o6cy>KAaJiacb jinuib cji0BecH0, to 3th 

4>aKTbi motjih 6bi SbiTb Hcn0Jib30BaHbi RJin «AOKa3aTejib- 

CTBa» ee neycTOHMHBOCTH, h6o mo>kst noKa3aTbcn, mto 3Aecb 

AeftcTByeT nopoMi-ibin Kpyr.

noBeAGHHe cncTeMbi, B-o3Bpamaiomee eeoSpaTHo k (0, 0),

HeonpoBep>KHMo AOKa3biBaeT, mto CHCTeMa ycTOHMHBa b 

3tom coctohhhh paBHOBecnn. 3 t o  hcho noKasbiBaeT, MTO AO- 

Ka3aTeJibCTBa, ocHOBaHHbie Ha KaKOM-jinfio oSpmbomhom 

MaTepnajie, HanpHMep Ha tom, mto o6paTHan CBH3b nojio- 

mHTejibHa, He MoryT SbiTb HaAe>KHbiMH. (3 t o  noKa3biBaeT 

TaiOKe, mto Aa>Ke npn noJio5KHTejibHofi oSpaTHofl cbh3h 

CHCTeMa Momer 6biTb ycTOHMHBOH, —  em e oahh npHMep 

Toro, cKOJib HecoBepmeHHbiM hbjihctch noHHTHe o6paTHon 

cbh3h BHe o6hmhoh o6JiacTH ero npHMeHeHHH.)

5 /1 1 . HeMeACLTeAbHCLR yCTOUHUeOCTb. yCTOHMHBOCTb 06bIMH0 
CMHTaeTCH >KejiaTejibHOH, h 6o HajiHMHe ee n03B0JineT coMe- 

T3Tb HeKOTOpyK) TH6KOCTb H aKTHBHOCTb AeHCTBHH C HeKO- 

TopbiM n0CT05iHCTB0M. UejieHanpaBJieHHoe noBeAeHHe 

ABJineTCH npHMepoM noBeAeHHH, ycTOHMHBoro okojio HeKo- 

Toporo COCTOHHHH paBHOBeCHH. TeM  He MeHee yCTOHMH- 

BOCTb He BcerAa xopom a, h 6o chctcma mohcct ynopcTBO- 

BaTb b B03Bpauj,eHHH k TaKOMy coctohhhh), KOTopoe no 

ApyrHM npHMHHam CMHTaeTCH He^ejiaTejibHbiM. 3a>K>KeH- 

HblH 6eH3HH OCTaeTCH B COCTOHHHH TOpeH'HH, B03Bp 3111,3 HCb 

k HeMy h nocjie Toro, KaK BHeuiHee B03AencTBHe (B03My- 

meHHe) nepeBCAeT ero b «noJiynoTyxmee» cocTonHHe, —  

yCTOHMHBOCTb, b Bbicmen cTeneHH He>KejiaTejibHaH ajih no- 

>KapHoro.



HpyrH M  npHMepoM cjiy>KHT npejinoJiojKeHHe, 1ito 6ojiee 

HmejiJieKTyajibHbie qjieHbi oSmecTBa He BocnpoH3Bo/iHT 

cboh pojx Taic >Ke cbo6oaho, KaK MeHee HHTeJiJieKTyaJibi-ibie, 

H 4T0 no 3TOH npH^HHe «K03(})(j)HUHeHT HHTeJIJieKTyaJIbHO- 

cth» o6mecTBa Sy^eT na/iaTb. KoHerao , oh He MoxteT 

ynacTb cjihuikom HH3KO, h6o cjiafioyMHUH 6oJiee cnoco6eH 

k BOcnpOH3BeaeHHK), qeM hhhot. B B H ^y  3Toro, ecjiH 6bi He 

6bIJIO jlpyrHX (J)aKTOpOB B ^aHHOH CHTVaUHH, TO «K 03(|)(j)H- 

uneHT HHTejuieKTyajibHocTH»1 6biJi 6bi ycToflqHBbiM npn 

3HaqeHHH npHMepHO OKOJIO 90. BoJIbLHHHCTBO JIIO^eH COMJIO 

6bl He>KeJiaTeJIbHOH yCTOHMHBOCTb 3TOH UH(J)pbI.

HHTepeCHbIM npHMepOM yCTOH^HBOCTH CJiy>KHT TaK Ha- 

3biBaeMan «Kay3ajirHH», npH KOTopofl ocTpan 6ojib, 6e3 

KaKoft-JiHSo bhahm oh npnqHHbi, om ym aeTCH b HepBe, koto- 

pbiH npeziBapHTejibHo 6biJi qacTHqno pa3AejieH. T p a H H T 2 

noKa3aJi, m o  sto n o m n  HaBepHoe Bbi3biBaeTCH npoxojKjie- 

HHeM b nyHKTe n o B p e ^ e H H H  HepBa HMnyjibcos ot ABHra- 

TejibHbix (s(J)(J)epeHTHbix) k qyBCTBHTeJibHbiM (acj)cj)epeHT- 

HblM) HepBaM, K0T0p0e npHBOAHT K 06pa30BaHHK) uenn 
c oSpaTHoft cBfl3bio qepe3 pecJvieKTopHbie ueHTpw cnHHHoro 

M03ra. TaKan uenb HMeeT jxBa coctohhhh paBHOBecHH, Ka>K- 

jxoe H3 KOTOpblX ycToftqHBo: nponycKaiomee HeMHoro hm- 

nyjibCOB h nponycKaiomee MaKCHMyM hx. O H a  HanoMHi-iaeT 

KaqaHHe Ha AocKe c TH>KeJibiM rpy30M Ha oahom KOHixe. Ta- 
Kan AocKa ocTaHaBJiHBaeTcn b jikd6om H3 jxByx Kpani-inx no-* 

jioHceHHH, ho He ueyKjxy hhmh. BojibHoft xoporno 3HaeT, m o  

«ycTOHqnBOCTb» mojkct 6biTb jih6o xopouien, jih6o njioxon, 

h6o ojxuo h3 AByx coctohhhh y^o6Ho , a /ipyroe qpe3Bbi- 

qaHHo 6ojie3HeHHo.

1 B c6opHHKe «ABTOMaTbi» (M., 1956) TepMHH intelligence quotient
nepeBO^HTCH K3K «qaCTHOe HHTeJIJieKTya.7IbHOCTH». IlpHBOflHM H3 noA- 
CTpowHoro npHMeqaHHH Ha cip. 282 SToro c6o-pHHKa onpeziejieHHe qacT- 

Horo HHTeJiJieKTyajibHocTH no YsKCJiepy: «4acTHoe HHTejuieKTyajib- 
HOCTH eCTb OTHOLUeHHe Toro MHCJia OMKOB, KOTOpOe HHAHBH^yyM 
na6npaeT npn jiaHHOM yMCTBeHHOM TecTe, k qncjiy omkob, KOTopoe, KaK 
mo>kho npennojiaraTb, cpeflHHH HHAHBH^yyM ero B03pacTa Ha6paji 6b 1 
npH tom >Ke caMOM TecTe; 06a MHCJia o^kob Bbipa>KaiOTCH b oahh3ko- 

b u x  e^HHHuax (HanpHMep, b Mecnuax h ro/iax)... MacTHoe HHTeJTJieKTy- 
ajibnocTH KOjie6jieTCH ot ^ 0 ,4  no ~ 1,5; ajih y£o6cTBa ero yMHo^KaioT 
06biqH0 Ha 100». —  flpuM. nepee.

2 P. rpaHHT — UIBeZlCKHH (j)H3H0J10r, pyKOBOAHTeJIb JiadOpaTOpHH 
** Ho6cJieBCKQM HHCTHTyTe b CTQKrojibMe. — IlpUM. nepee.



P A B H O B E C H E  B  M A C T H  H  B  U E J I O M

5/12. M bi M o ^ e M  Tenepb ycTaHOBHTb cooTHoiueHHe Mewmy 

coe^HHeHHeM h paBHOBecneM, KOTopoe noHazioSHTCH HaM  

no3>Ke (§ 12/14 h 13/19), TaK KaK oho HMeeT Ba>KHbie

IlpHJIOJKeHHH.

npeztfiojio^KHM, qTo HeKOTopan CHCTeMa coctoht H3 aByx 
qacTeft: A  n B , coe^HHeKHbix BMecTe:

B •

npe/inojio^HM  ,naJiee, qxo CHCTeMa b uejioM Haxo^HTCH b 

COCTOHHHH paBHOBeCHH.

3 to  03HaqaeT, qTo COCTOHHHe Been CHCTeMbi He H3Me- 

HHeTCH BO BpeMeHH. Ho COCTOHHHe CHCTeMbi ecTb BeKTOp 

c AByMH cocTaBJiHiomHMH: cocTOHHHeM qacTH A H COCTOH

HHe m qacTH B. OTCioAa cjie^yeT, qTo A, paccMaTpHBaeMan 

KaK no^CHCTeMa, TaK>Ke He H3MeHHeTcn; to me caMoe h B.
H e  TOJibKo COCTOHHHe qacTH A He H3MeHneTCH, ho He 

H3MeHHeTCH h 3HaqeHHe Bxo/ia A; h 6o sto 3HaqeHHe onpe- 

AejineTCH cocTOHHHeM qacTH B (§ 4/7), KOTopoe He H3Me- 

HHeTCH. Cjie,fl[OBaTeJIbHO, A HaXO^HTCH B COCTOHHHH paBHO

BecHH b ycjioBHHX, onpeziejiHeMbix qacTbio B (cp. ynp. 

5/3/11). AHaJiornqHo o6ctoht #ejio n c f i .  TaKHM  06pa30M, 

ecAu eon cucTeMa naxoduTcn e coctohhuu paenoeecun, to 

KaotcdcLH nacTb doAOfcna naxoduTbcn e coctohhuu paenoee- 

cuh e ycAoeunx, onpedeAneMbix dpyeou nacTbho.

Xor paccyflmeHHH mo>kho o6paTHTb. npeanoJioacHM, 

qTo qacTH A h B Haxo^HTCH b coctohhhh paBHOBecHH h qTo 

Kamjioe COCTOHHHe qacTH onpe^eJineT ajih apyron qacTH 

Bxo^Hoe 3HaqeHHe, Aejiaiomee COCTOHHHe nocjie^Heft coctoh- 

HHeM paBHOBecHH. Torjia hh o^Ha H3 hhx He mojkct H3Me- 

HHTbCH, He Momej H3MeH'HTbCH H BCH CHCTeMa. Cjie^oBa- 

TeJIbHO, BCH CHCTeMa AOJIHCHa HaXOAHTbCH B COCTOHHHH 

paBHOBecHH.

HTaK , ojino BJieqeT ^pyroe. OopM ajibHo sto mo>kho 

Bbipa3HTb TaK: ecn cucTeMa naxoduTcn e coctohhuu paeno- 

eecun Toeda u T0AbK0 Toeda, Koeda Kaowdan uacTb naxo- 

Outch e coctohhuu paenoeecun 6 ycAoeunx, onpedeAneMbix 

dpyeou nacrbfo. (Ecjih HMeeTCH HecK0JibK0 qacTeft, to



BMecTo nocJie^HHX jxByx cjiob nozurraBJiHiOTCH cjioBa «,apy- 

THMH qaCTHMH».)

5/13. npaeo eero. 3 to t  >Ke re3Hc mo>kho BbicKa3axb SoJiee 

HarjiH^Ho, pacKpbiBan ero oSmyio H^eio. npe/uioJio^KHM, m o  

qacTH A h B coe^HHeHbi b HeKOTopyio CHCTeMy h qTo Hac

HHTepecyKDT TOJIbKO COCTOHHHH paBHOBeCHH (a He UHKJIbl). 

K o r^a  bch cncTeMa HaraHaeT cBoe ABH>KeHHe H3 KaK0r0-T0 
Ha^ajibHoro coctohhhh h ABH>KeTCH no HexoTopoH TpaeKTO- 

pHH, qacTH A h B npoxo^HT qepe3 pa 3JiHqHbie coctohhhh. 

npeAnO JIO^H M , HTO B HeKOTOpblH MOMeHT COCTOHHHe qacTH 

B co3^aeT ycjioBHH, #ejiaiomHe cocTOHHHe qacTH A cocron̂  
hhcm paBHOBecHH. A He 6y&eT H3MeHHTbcn b TeqeHHe cjie- 

Ayiomero rnara. Ecjih B caMo He Haxo/iHTCH b coctohhhh 

paBHOBecHH b ycjioBHHX, co3AaBaeMbix Ay oho nepen^eT 

B HOBOe COCTOHHHe. BjiaTO^apH STOMy yCJIOBHH, B KOTOpbIX 

HaXOAHTCH A, H3MeHHTCH. BepOHTHO, H3MeHHTCH TaKJKe CO- 

CTOHHHe paBHOBCCHH Af H COCTOHHHe, B KOTOpOM HaXO- 

Ahtch A, BepOHTHO, yme He 6y#eT cocTOHHHeM paBHOBecHH. 

Tor^a  A cHOBa HaqHeT ABHraTbcn.

0 6 p a 3 H o  Bbipa>KaHCb, Mbi mo>kcm cKa3aTb, hto A npea- 

JI05KHJI0 COCTOHHHe paBHOBecHH, h 6o A XOTeJlO O'CTaHO- 

BHTbCH, ho B 0TKa3aJi0Cb npHHHTb npezuiojKeHHe, T. e. Ha- 

JlO>KHJIO BeTO Ha AaHHOe COCTOHHHe. TaKHM  06pa30M, Mbi 

MOHceM cqHTaTb, qTo Ka>K^aH qacTb HMeeT KaK 6 bi npaBO 

BeTO A JIH COCTOHHHH paBHOBecHH BCeH CHCTeMbl. HHKaKoe 

COCTOHHHe (BCeH CHCTeMbl) He MOHCeT 6 bITb COCTOHHHeM 

paBHOBecHH, ecjiH oho HenpneMjieMo r j i v  Kaamofi H3 co- 

CTaBHbix qacTen, AeficTByiomHX b ycjioBHHX, co3/i:aBaeMbix 

ApyrHMH qaCTJHMH.

ynp.: JXaHbi Tpn CHCTeMbl, Kamjian c o/uioh nepeMeHHOH, c napaMeTpaMH, 

o6o3HaqeHHbiMH rpeqecKHMH 6yKBaMH:

x/ == ~ x ~f~ cc, y' === 2j3t/ ~f~ 3, z =  — yz -|- 6.
M 0>K H 0 JIH HX COe^HHHTb TaK, qTo6bI nOJiy^HTb COCTOHHHe paBH O

BecHH b ( 0 , 0 , 0 ) ?  (YK a3aH H e : KaKoe 3HaqeHHe npn s t o m  a o j ij k h o  

H M eTb P ?)

5/14. rOMeOCTCLT. H 3  3TOTO npHHIXHna MO>KHO BblBeCTH npo- 

ctoh cnoco6 paccMOTpeHHH roMeocTaTa h og'bHCHeHHH ero 

p a 6oTbi. ToMeocTaT Mo>KeT paccMaTpHBaTbcn KaK qacTb A , 

coe^HHeHHan c qacTbio B (pnc. 5 /1 4 /1 ) .

HaCTb A COCTOHT B OCHOBHOM H3 HeTbipeX CTpeJIOK (CO 

BcnoMoraTejibHbiMH KaTyuiKaMH, noTeHunoMeTpaMH h  t . a .),



AeHCTByiOLUHX Jxpyr na A p y ra ; ohh o6pa3yfOT cH d eM y  qeTbi- 
p ex  nepeM eHHbix, bxoaom  KOTopon h b jih io tch  3HaqeHHH B. 
CocTOHHHe A onpeziejiHeTCH nojio>KeHHeM qeTbipex CTpe- 
JTOK. B 3aBHCHMOCTH OT yCJIOBHH H OT BXO^a, COCTOHHHH M 
paBHOBeCHH qaCTH A MO>KeT COOTBeTCTBOBaTb j ih 6o uen- 
TpajibH oe, j ih 6o KaKoe-HH6y iib  KpaHHee noJio>KeHHe CTpejioK.

MacTb B c o c to h t  b ochobhom  H3 o,zi;Horo p e jie , KOTopoe 
Mo>KeT ObiTb j ih 6o B036y>K,aeH0, j ih 6o HeT, h qeTbipex in a ro - 
Bbix n epeK jnoqaTejieH , Ka>KAbiH H3 k o to p h x  m o jkc t 6biTb 
b ojxhom H3 25 nojio>KeHHH (Ha pHcyHKe noKa3aHbi He- 
T oq H o ). C K a^^b iM  noJio>KeHHeM cbh 3 3 ho conpoTHBJieHHe 
onpe.aejieHHOH BejiHqHHbi. TaKHM 0 6pa 30M, B HMeeT 
2 X  25 X  25 X  25 X  25, t .  e. 781 250 coc to h h h h . B xoaom

A  B

Phc. 5/14/1.

b qacTb B cJiy>KHT qacTb A; qacTb B nocTpoeHa TaK, qTo 
npH BosGyjK/xeHHOM pejie hu odno H3 coctohhhh B He 
HBJineTCH cocTOHHHeM paBHOBeCHH (t .  e. nepeKjiioqaTejiH 
npoAOJDKaiOT ^BHraTbcn), Tor^a KaK npn HeB036y^zieHH0M 
pejie ece coctohhhh B hbjihiotch coctohhhhm h paBHOBecnn 
(t .  e. Bee nepeKjiioqaTejiH 0CTaHaBJiHBaK)TCH TaM, me Ha- 
XOAHJIHCb).

HaKOHeu, B coejxuneno c A TaK, qTo pejie He B036y- 
mjxeho Tor^a h TOJIbKO Tor^a, Kor^a A ycTofiqHBo npH 
l^eHTpaAbHblX nOJIOJKeHHHX CTpe.TOK.

K o r^a  roM eocTaTy nocTaBJieHa 3a,aaqa (nocpe^cTBOM 
H3MeHeHHH 3HaqeHHH oco6oro  Bxo/ia b A, He noKa3aHHoro 
4)opMajibHo Ha pHcyHKe), qacTb A noJiyqaeT onpe^eJieHHoe 
M HO>KeCTBO B03M0>KHbIX COCTOHHHH paBHOBeCHH, BKJIIO- 
qaiom ee HeKOTopbie coctohhhh co cTpejiKaMH b ueHTpaJib-



HbIX nOJIO>KeHHHX H HeKOTOpbie COCTOHHHH C nOJIHOCTblO OT- 
KJIOHeHHUMH CTpeJIKaMH. BcH CHCTeMa 6yneT CTpeMHTbCH 
K COCTOHHHH) paBHOBeCHH B .uejioM . PaBHOBecHe >Ke Been 
CHCTeMbi 03HaqaeT, mto B jxojim no  HaxoAHTbCH b paBHo- 
bgchh, co r jia cH o  npHHunny, c(j)0p M y jm p 0BaHH0My b npe- 
AbiAym eM  naparpacj)e. H o  B  y cT p oen o  Tax, mto s t o  c jiy - 
MHTCH JIHLUb TOT^a, KOT^a peJie He B036j^>KAeH0. C  APyrO'H 
cTopoi-ibi, B  Tax coe^HHeHO c A , mto p e jie  He BosSyjK/ieHo 
T0JibK0 T or^a , Kor.ua CTpeJIKH A  naxoAHTCH b ueHTpe hjih 
n o 6jiH3ocTH o t  ueHTpa. TaKHM 06p a 30M, npHcoe^HHeHHe B  
HaKJia^biBaeT BeTO Ha Bee coc toh h h h  paBHOBecHH A , KpoMe 
TGX, B KOTOpbIX CTpeJIKH HaXO^HTCH B U6HTpe.

T en ep b  bh ah o , mto Bee rpacJ)HKH, npHBe^eHHbie b KHHre 
«yCTpOHCTBO M 03ra », MOJKHO KpaTKO OnHCaTb 0£HHM nOHH- 
THCM: «TpaeKTOpHH CHCTeMbi, ABHjKymeHCH K COCTOHHHK) 
paBH0BecH5i». ToM eocTaT b HeK0T0p 0M cM bicjie He #e jiaeT  
m m ero , KpoMe toto , mto a b h k̂ctch k coctohhhio paBHO- 
BecHH. H  b KHHre « Y ctpohctbo M03ra» 6biJio n0'Ka3aH0, mto 
3a 3toh npocTofl (})pa30H MOJKeT cKpbiBaTbCH mhoto 3any- 
TaHHbix h HHTepecHbix cn o co 6oB noBeAeHHH, K0T0pbie qacTO 
npeACTaBJiHiOT SoJibiuoH HHTepec b (})H3H0Ji0rHH h ncnxo- 
JIOTHH.

(B o n p o c  06 «ycTOHHHBOcTH» paccMaTpHBaeTCH eiue He- 
OAHOKpaTHO, o c o 6eHHo b §§  9/6, 10/4, 12/11; roM eocTaT 
paccMaTpHBaeTCH TaK>Ke b § 12/15.)
5/15. Tenepb mo>kho nodbiTOOKUTb Becb KOMnjieKC H^eft,
CBH3aHHbIX C nO HH TH eM «yCT0 HM HB0CTH».

Bo-aiepBbix, cym ecTB yeT  cocroH H iie  paBHOBecHH —  co- 
CTOHHHe, He H3MeHHeMoe npeo6pa3GBaHHeM. f la j ie e ,  sto  
COCTOHHHe Mo>KeT cTaTb MHOJKecTBeHHUM, h T o ^ a  Mbi no- 
jiyqaeM  ycT o ftra B oe  m h o x c c t b o  co c to h h h h , npHMepaMH 
KOToporo hbjihiotch  uhkji h Saccefin .

E c jih  AaHO ra K oe  COCTOHHHe h jih  MuoxcecTBO TaKHX 
coc toh h h h  h AaHO KaKoe-HH6y;u> KOHKperaoe B03MymeHHe, 
t o  Mbi Mo>KeM cnpocHTb, BepHeTCH jih  n o c jie  CMeiH,eHHH 
CHCTeMa b cbok ) H cxo^H yio o 6jiacTb. E c jih  CHCTeMa Henpe- 
pbiBHa, t o  Mbi Mo>KeM # a jie e  cnpocHTb, ycTofiqHBa jih  oHa 
ripoTHB Bcex B03Mym,eHHH BHyTpn onpe^ejieH H oft o fijia c ra  
3HaneHHH.

H cho, mto noHHTHe ycTofiqHBocTPi HBJiHeTCH no cym e- 
cTBy cocTaBHbiM. Jinuib Kor^a yi<a3an K a ^ b m  e ro  acneKT,



OHO MO>KeT IlpHMeHHTbCH K KOHKpeTHbIM cJiyqanM. H o  eCJIH 
ynoTpefijieHHe ero Tpe6yeT t^koh  0CM0TpHTeJibH0CTH, to  
3aqeM BooSme ynoTpegjiHTb s to  noHflrae? E ro  npeHMy- 
luecTBO 3aKJiK)qaeTCH b tom, ^ to  b no^xoAHiiXHX cjiyqanx 
oho MO>KeT KpaTKo no^biTo>KHTb pasjiH^Hbie 6oJiee HJIH Me
Hee 3anyTaHHbie bo3mo>khocth. B KaqecTBe coKpameHHH 
b Tex c jiyqaax , Kor^a HBJieHHH AocTaToqHo npocTbi, TaKHe 
cjioBa, KaK «paBHOBecHe» h «ycT o ftiiHBocTb», oqeHb ueHHbi 
h yA o 6Hbi. TeM He MeHee cjie^yeT Bcer^a HMeTb b BH#y, 
m o  s to  Bcero JiHuib coKpameHHH h ^ to  HBJieHHH He Bcer/ia 
TaK npocTbi, KaK npe/inojiaraeTCH sthmh cJioBaMH. Yno- 
TpeSjiHH hx, Ha^o Bcer,aa 6biTb to tobh m  BbmepKHyTb hx h 
no^cTaBHTb bMecro hhx —  b TepMHHax coctohhhh, npeo6- 
pa30BaHHH H TpaeKTopHH —  CaMbie (J)aKTbI, KOTOpbie ohh 
o6o3HaqajiH.

H H T e p e c H o  O T M eT H T b , n p e ^ B o c x H m a n  §  6/19, ^ t o  n o -  

n b iT K a  O T B e q a T b  H a B o n p o c b i  o  C H C TeM e, c c b iJ ia a c b  H a e e  

y c T O H iiH B o c T b , hbjihctch n p H M e p o M  « T o n o j i o r H q e c K o r o »  M e -  

jo jxa  o n n c a H K H  f io j ib i i iH x  CHCTeM . B o n p o c :  «Kaic n o B e / ie T  

c e 6 a  c H C T e M a ? »  —  b n p H M eH eH H H , C K a>K eM , k SK O H O M H ^e- 

ckoh C H C TeM e mower n o T p e 6 o B a T b  n o J iH o ro  o n n ca H H S i K a x c -  

£oh A eT a J iH  e e  6yjxyuxero noB e/ ieH H H ; ho MooiceT cJ iy ^ H T b cn , 

q T o  a ^ e K B a T H b iM  otbctom  H a H e r o  n ocJ iy^ K H T  r o p a 3 £ o  6 o -  

J ie e  n p o c T o e  B b ic K a 3 b iB a H H e : « O H a  B ep H eT C H  b C B oe  o 6 b i* i-  

H o e  c o c T O H H H e » (h jih, M o>K eT  S b iT b , B b ic K a 3 b iB a H H e : « O n a  

o 6 H a p y > K H T  e m e  6 o j ib m e e  0TKJi0H e H H e » ) .  T a K H M  0 6 p a 3 0 M , 

MeTOR  p a cC M O T p eH H H , H C n0JIb30B aH H bIH  B HaCTOHLUeH 

rJ ia B e , n p H H aA J ie>K H T  k  T O M y T H n y , K O T O pb ift T p e f iy e T c n  

n p n  p a 6 o T e  c o ^ e H b  6oJ ib iH H M H  C H C TeM aM H .



H e p H b I M  f l l U H K

6.1. MeTonbi, pa3BHTbie b npeAbiAymHX rjiaBax, a aioT HaM 
Tenepb B03M0>KH0CTb HccJie^oBaTb npo6jieMy «qepH oro 
5imHKa», h 3 to  HCCJieAOBaHHe h b h tch  npenpacHbiM npHMe- 
poM npHMeHeHHH yKa3aHHbix MeTOAOB.

E ipoS jieM a «q e p H o ro  nm H K a» B03HHKaeT b s jieK TpoTex- 
HHKe. H H ^ e H e p y  AaeTcn  oneqaTaHHbin h iuhk c bxoah h m h  
33>KHMaMH, K KOTOpbIM OH MOJKeT nO^BOAHTb JIK)6bie Ha- 
npHxceHHH, HMnyjibCbi h n p oqn e  b o3 a gh c tb h h  no CBoeiviy 
>KejiaHHK), h c Bbixo^HbiMH 3a>KHMaMH, Ha k o to p h x  eM y 
npe^ocTaBJiHeTCH H agju o^aTb  Bee, mto oh u o m e i.  O h  jio ji-  
>KeH BblBeCTIi OTHOCHTeJIbHO CO,aep}KaHH5I HU^HKa Bee, MTO 
CMO>KeT.

H hotjis . 3Ta  n p o 6 j i e M a  B03HHKaeT b 6yKBajibHOH n o c T a -  
HOBKe, H an p H M ep  Kor.ua n j i o x o  p a S o T a e T  ceKpeTH bif t  o n e q a -  
TaHHbiH n p n u e j i  a jih  6 oM 6 oM eTaH H H  h c j i e A y e T  peu iHTb, He 

OTKpblBan HHXHKa, CTOHT JIH B 0 3 B p a m a T b  e r o  AJIH peMOHTa 

hjih  j i y q rn e  e r o  B b i6pocH Tb . H H o r ^ a  3Ta n p o f i j i e M a  bo3hh- 
K aeT  n o  n pa K T H qecK H M  npHMHHaM, H a n p H M e p  Korjia  HH>Ke- 
Hep-Tejie(J)OHHCT, H axoAH iu H H cn  c p e ^ H  M accb i  A en cT B y io iu eH  

a n n a p a T y p b i ,  K O Top an  He nojiMua p a 3 6 n p aT b C H  6e3 A o c T a -  
ToqH b ix  npnqH H , p a c c M a T p H B a e T  cJ io }K H y io  K apTH H y  c o o t-  
HOUieHHH M e ^ A y  npOH3BO£HMbIMH n p o B e p K a M H  H HagjIIO- 
AaeMbiMH pe3yjibTaTaM H .

X o th  npofijieM a 3Ta B03HHKaeT b mhcto sjieKTpnqecKOH 
c{)opMe, o6jiacTb ee npnjio^KeHHfl 3Haq-HTejibH0 uinpe. Bpaq, 
HccjieAyiomHH 6ojibHoro c noBpe>K,n;eHHeM M03ra h a$a3HeH, 
MoxceT nbiTaTbCH, npezwiaraa nauneHTy HeK0T0pbie TecTbi



h Ha6jiK )£a5i oTBeTHyio pe^b, BbiBecTH H3 SToro qio-HHgyzib 
OTHOCHTeJIbHO M exaH H 3M a 3a6oJieBaHHH. M  n c H x o jio r ,  H3y- 
iiaioiuHH Kpbicy b jiaSnpHHTe, Mo>KeT AeficTBOBaTb Ha Hee 
c noMouxbio pa3jnmHbix B036yAHTejieii n Ha6jiioAaTb ee p a3 - 
.THLiHbie peaKUHH; conocTaBJinn cjDaKTbi, oh mojkct nbi- 
TaTbCH BblBeCTH qTO-HH6y£b OTHOCHTeJIbHO HepBHbIX Mexa- 
HH3MOB, He^ocTyriHbix ero Ha6juoAeHHio. HeT Hy>KAbi npn- 
BOAHTb AaJIbHeHHJHe npHMepbl, TaK KaK HX MO}KHO HaHTH 
noBcioAy (cm. § 6/17).

OziHaKo npHMeHeHHe Teopnn «qepH oro  nmHKa» b h xoah t 
3a npeziejibi s th x  npocj)eccHOHajibHbix Hccjie^oBaHHH. Pe- 
6eHOK, nblTaKDIUHHCH OTKpblTb ABCpb, AOJI>KeH MaHHnyjiH- 
poBaTb c pyqKofl (bxoaom ) TaK, qTo6bi Bbi3BaTb >Kejiae- 
Moe ABH>KeHHe 3aABH>KKH (BblXOZia); OH JIOJI^eH Hay^HTbCH 
ynpaBJiHTb 3aABH>KKOH C nOMOLUbK) pyMKH, He HMeH B03- 
MO>KHOCTH yBH^eTb CBH3bIB3K)IHHH HX BHyTpeHHHH MeXa- 
HH3M. B HarneH noBce^HeBHOH >kh3hh Mbi Ha Ka>KAOM rnary 
CT3JIKHBaeMCH C CHCTeMaMH, BHyTpeHHHH MexaHH3M KOTO- 
pbix He oTKpbiT nojiHOCTbK) ajih HagjiiOAeHHH h b oSpam e-
HHH C KOTOpblMH IipHXOAHTCH npHM eHHTb MeTOAbI, COOT- 
B eTC TB yiom w e «q e p H O M y  n m H K y ».

3KcnepHMeHTaTop, He HHTepecyiomHHcn TeopneH «qep - 
Horo HiUHKa», 06bmH0 paccMaTpHBaeT jiioSoh cjDyTJinp 
npocTo KaK noMexy, KOTopan MeuiaeT eMy oTBeTHTb Ha 
Bonpoc: « l ItO  HaXOAHTCH B 3TOM HLUHKe?» Mbi, OAHaKO, 
Sy^eM paccMaTpHBaTb Sojiee o 6mHe Bonpocbi, H a n p H M e p :

«K aK  A O J i^eH  n o cT y n a T b  3 K cn ep H M eH T aT op , cTOJiKHyB- 

LHHHCH C „qep H b IM  HmHKOMM? »

«KaKHe CBOHCTBa Toro, h to  coagp>khtch b ,,Hin,HKe” , 
MoryT 6biTb o 6Hapy>KeHbi h KaKHe npHHunnnaJibHo He mo- 
ryT SbiTb o 6Hapy^<eHbi?»

«KaKHe MeTOAbi aoji^ hh  Hcn0Jib30BaTbcn ajih Aeft-
CTBeHHOrO HCCJieAOBaHHH ,,HIU,HKa” ? »

3thm  BonpocaM 6yAeT yAeJieno AOJi>KHoe BHHMaHHe 
TOJibKO b tom cjiyqae, ecjiH Mbi npHMeM HajiH^ne —  xoth  6bi 
BpeMeiiHoe —  KaKoro-HnSyAb 4)yTJiHpa h 6yAeM nocTynaTb 
COOTBeTCTBeHHO 3T0My. ToTAa H TOJIbKO TOrAa Mbi CMO>KeM 
nocTpoHTb Hay^Hyio 3nncTeM0Ji0rHK).
6/2. XIjih Ha^aJia Mbi He 6yjieM  AejiaTb Boo6me hhk3khx 
npeAnoJioJKeHHH o npnpoAe «Huu,HKa» h ero  coAep^KHMoro; 
nycTb oh, HanpHMep, TOJibKo h to  ynaji c «jieTaiom eH  Ta-



p eJ iK H ». O z iH a K o  Mbi npH H H M aeM , q T o  sK cn ep H M eH T aT op  
p a c n o j ia r a e T  HeK0T0pbiM H onpeAeJ ieH H b iM H  cpeACTBaM H  
B03AeftcTBHH Ha «h u j,h k »  (H a n p H M ep , MO>KeT e r o  TOJiKarb 
h jih  o c B e m a T b ) h HeKOTopbiM H onpe^eJ ieH H b iM H  cpe^C TB aM H  
HaQ jiiozieHHH 3a e r o  noB e^eH H eM  (H a n p H M e p , Mo>KeT (J )o to - 

rp a (J )H p oB aT b  e r o  h jih  3 an n cb iB aT b  e r o  T e M n e p a iy p y ) . Jlen- 
CTByH Ha «5H H H K» H n03B0JIflfl «H IH ,H K y» B03AeHCTB0BaTb 
Ha ce6n h Ha c b o h  p e rn c T p n p y io iu H e  n p n 6 o p b i, s K c n e p n -  

M eH T aT op  coe^H H H eT  ce6n c «h iu h k o m » ,  TaK  qT o  o h h  B M e c ie  
0 6 p a 3 y i0 T  CHCTeMy c o S p a T H o fl cBH 3bio:

IJlUiUK ducnepu Menmamop

H t o S bi 9t o  coe^HHeHHe BbinojiHHJiocb onpezieJieHHbiM 
H BOCnpOH3BOAHMbIM o6pa30M , He06x0AHM0 T04H 0 >TKa-
3aTb, m o  npHHHMaeTCH 3a « b x o a »  nmHKa —  x o t h  6h  JiHinb 
np0H3B0JibH0 h BpeMeHHO. KajKAan peajibHan cH deM a 
HMeeT HeorpaHH^eHHo 6oJibiiioe qncjio  B03M0>KHbix b x o - 
A O B —  COOTBeTCTBeHHO TeM Cpe^CTBaM, C nOMOIUblO k o t o - 
pbix 3KCnepHMeHT3TOp MO>KeT B03AeHCTB0BaTb Ha «HUXHK». 

PaBHbiM 06pa30M OHa HMeeT HeorpaHnqeHHo Sojibinoe m i- 
CJIO B03MO>KHbIX BblXOAOB—  COOTBeTCTBeHHO TeM cn0C06aM, 
KOTOpblMH OHa MOHCeT B03jieHCTB0BaTb Ha 3KcnepHMeHTa- 
Topa, BKJiioqaH B03AencTBHe q e p e3  p e rH C T p n p y io m H e  npn- 
6opbi. Il03T0M y npH aKKypaTHOM HCCJieaoBaHHH Heo6xo- 
A h m o  Bbi6paTb, no KpanHen Mepe i-ia BpeMH, onpe^ejienHoe 
MHOJKeCTBO HCnOJIb3yeMbIX BXOAOB H Ha6JIK)AaeMbIX BblXO- 
Ao b . Mbi AonycTHM, m o  3t o  y>Ke CAeJiaHO.

PaccM aTpH B aeM an HaMH ( aBTopoM  h qHTaTejieM ) ch- 
TyauHH CTaHeT flCHee, ecjiH b b cc th  ABa 6e3BpeAHbix c o r jia -  
rneHHH. n pH M eM , m o  b x o a h ,  KaKOBa 6bi hh 6biJia hx Aen- 
CTBHTejibHan n pn poA a , 3aMeHeHbi hjih npe^cTaBJieHbi Ha- 
6opoM  pb iqaroB  hjih yKa3aTeJibHbix CTpejioK  —  HaSopoM , 
KOTOpblH M02KH0 ynOAC>6HTb KpaH3M KyXOHHOH ra30B0H 
njiHTbi. Tenepb naM 6yzeT coBepmeHHo ech o , qTo noHHMaTb 
nOA CJIOBaMH! «B x O A  H3X0AHTCH B HeKOTOpOM COCTOHHHH»; 
b hhx HAeT peqb  o coc to h h h h , KOTopoe 6biJio 6bi noKa3aHo 
Ha MOMeH'raJIbHOM (})OTOCHHMKe 3THX pbiqaroB. npHMCM 
TaK>Ke, qTo b h x o a  c o c to h t  H3 MHO>KecTBa uH(J)ep6jiaTOB, 
npHcoeAnneHHbix k «a m H K y » h HcnbiTbiBaiomnx B03AeficTBHe
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ero BHyTpeHHero MexaHH3Ma; nojio>KeHHe crpeJioK Ha m «})e p -  
6 jiaT ax  b Ka>K£biH m o m ch t noKa3biBaeT cocroHHHe Bbixo^a.

Tenepb Ham 3KcnepHMeHTaTop oqeHb HanoMHHaeT hh - 

meHepa, cH^nm ero b KopaSeJibHoft py0Ke nepe# naSopoM 
pbiqaroB h KopaSejibHbix Tejierpa(j)OB, c noMombio k o to p h x  
oh Mo>KeT B03AeftcTB0BaTb Ha MauiHHbi, h HaSjiio/iaiomero 
3a pe3yjibTaTaMH no noKa3aHHHM pn,ua uH(J)ep6jiaTOB. 3 ia  
Mo^ejib MoateT noKa3aTbCH HeecTecTBeHHoft, h o  b ^eflcTBH- 
TejibHocTH OHa, 6eccnopHo, cnocoSHa npeACTaBJiHTb orpoM- 
Hoe 60JIbUIHHCTB0 eCTeCTB0HHbIX CHCTeM, BKjnoqan ziajKe 
6H0Ji0rHqecKHe h SKoHOMnqecKHe cwcTeMbi.
6/3. MccAedoeanue. MejioBeK He Mo>KeT ABaa^bi BCTynHTb 
B OOTH H TOT >Ke nOTOK*, TaK >Ke He MO>KCT OH ABaatAbI npo- 
H3BeCTH O^HH H TOT >Ke SKCnepHMeHT. O h  MO>KeT JIHHJb npe# - 
npHHHTb A p y ro fl SKcnepHMeHT, oTJiHqaionxMHCH o t  n epB oro  
TOJIbKO TeM, qeM no o6m eM y npH3HaHHio m o>kho npeHeSpeqb.

3 t o  o th och tch  h k HccjiezioBaHHK) «qepH oro  nmHKa». 
OcHOBHbie AaHHbie B cer^a  6y,uyT HMeTb cjDopMy bcaom octh

Bpewfl Coctohhhh nxo.ua h Bbixojia

1 : : :
. . .

B KOTOpOH 3anHCaHbI B nopHAKe CJie^OBaHHH bo  BpeMeHH 
HafijiiOAaeM bie c o c to h h h h  pa3JiHqHbix qacTeft «n m H K a » (e r o  
B xo^a  h B bixo/ ia ). TaK , o «H m n K e », ynaB ineM  c «jieT a io m eH  
Tap e jiK H », MOHceT 6biTb cocTaBJieH cJieziyiomHH np0T0K0Ji:

BpeMA CoCTQHHHe

11 qac. 18 mhh. H HHqero He flejia ji—  hiuhk ncnycTHJi pOB-
(yTpa) Hoe ^y>K>KaHHe qacTOTOH 240 repu.

11 qac. 19 mhh. H Ha>Kaji Ha nepeKjitoqaiejib, noMe^ieHHbifi
6yKBOH /C, —  3ByK noAHHJicH no 480 repu h 
ocTajicH Ha 9tom ypOBHe.

11 qac. 20 mhh. cJiyqafiHO Ha>Kaji KHonKy, noMeqeHHyio
3HaKOM —  TeMnepaiypa aiuHKa nojuHajiacb 
Ha 20° C.

M T. JX.

(B  ^aJibHefiuieM Mbi coxpaHHM cjiobo «npOTOKOJi» ajih  
o6o3HaqeHHH bcaom octh stoh  (JjopMH, 3anojiHHeMoft b aHa- 
JiornqHoft nocjie^oBaTejibHocTH.)



TaKHM 06pa30M , Ka>K,aaH cncTeMa HccJie^yeTCH b npHH- 
unne nyTeM nocTeneHHoro H3r0T0BJieHHH /yiHHHoro npoTo- 
KOJia, cocTaBJieHHoro b xpoHOjiornqecKOM  nopH^Ke h noKa- 
3biBaK)in,ero nocjieAOBaTeJibHOCTb co c to h h h h  B xo^a h 
Bbixo^a. H anpH M ep, ecjiH HeKOTopan cncTeM a HMeeT B03- 
MO>KHbie BXOAHbie COCTOHHHH (X ‘H |3 H B03M0>KHbie BbIXO£Hbie 
COCTOHHHH /, g y h H /, TO THnH^HblH npOTOKOJI MOJKeT 6bITb
TaKHM (h  oh 6yjxer npe^CTaBJiHTb co6 oh  em e ojxno n p eo 6*< 
p a 3 0 B a H n e !):

BpeMH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17# 

COCTOHHHe ag a j  <xfaf<xf$f$h$h<xh ay p / a A  8j  [3/ a h (3y a/

(C k o 6 k h  onymeHbi jx jm  KpaTKocTH.)
3 T a  (J)opMa, x o th  oHa m ojkct noK a3aTbcn ncKyccTBeHHoft 

h HeecTecTBeHHoft, Ha caMOM ^ e jie  h b jih c tch  THnnqHofl h 
o 6meft. OHa mo>kct npe^CTaBJiHTb Bee qTo yro^H o, HaqHHafl 
OT HCCJie^OBaHHH SJieKTpH^eCKOH CeTH, npH KOTOpOM Ha 
bxo j i  no^aiOT CHHycoH/iajibHoe HanpnHceHHe h Ha6jno,fltaK)T 
BbixoA, h KOH^an ncHXHaTpH^ecKHM c o 6eceAOBaHHeM, n p n  
k o top om  3aAaiOT Bonpocbi a ,  p h n o jiyq a ioT  oTBeTbi /, g , h , j.

TaKUM 06pa30M, nepeuHHbie dannbie ecnKOso uccA edo- 
eanun «H epnoeo r u\ukcl»  coctoht U3 nocAedoeareAbnocTu 
3HcmeHuu eeKTopa c deyMH cocTaeARtou^iiMU: 

( exod n oe  cocrosiHue, ebtxodnoe cocT o n n u e ).
[He HCKjiioneHa B03M0>KH0CTb, h t o  Kaxt^aH cocTaBJiHioman 
B CBOK) OMepeAb HBJIHeTCH BeKTOpOM (§  3/5)].

O Tcio^a  CJieAyeT cjtyHAaMeHTajibHbiH BbiBOr :  ece, h to  
Moofcno y3H,aTb nyTeM uccAedoeanun «nepHoao hihukcl* 
( c  ddHHbiMu exodoM  u eb ixod oM ), m om ho y3H,aTb nyreM  
nepeKodupoeaHun npoTOKOAa —  Bee s t o  h HHqero SoJibuie.

ynp. CocTaBbTe Ta6jmuy nepexo^OB, HaftjiioAaeMbix b cncTeMe, Ha^HHan 
c ag. Han^HTe b hhx KaKHe-Jin6o 3aKOHOMepHOcm

6/4. 3aMeTHM, qTo Mbi HHqero He roBop'Hjin 06 ncKyccTBO 
SKcnepHMeHTaTopa b Bbi6ope B03£eHCTBHH Ha b xo jx . 3 t o  
yMojiqaHHe 6biJio HaMepeHHbiM, h 6o HHKaKoro ncKyccTBa He 
T p e6yeTcn ! BcnoMHHM, qTo, co r jia cH o  HarneMy /jonym eHHic,
o  «H in,HKe» He H3BecTHo nme20\ ho b TaKOM c jiyq a e  MeTOA 
qn cTo cjiyqaH H bix H3MeHeHHH bxoah m x nepeK JiioqaTejie fi 
, ( t .  e. H3MeHeHHH, onpe^eJineM bix }K p e 6neM) HHqyTb i-ie x y ^ e



jik )6o fo  A p y r o r o  MeTozia, h 6o y  Hac em e  HeT h h k3kh x (J)aK- 
to b , K oTopb ie M orjiH  6bi cJ iy^H Tb onpaB^aHHeM  /win npeA- 
n o iiTeHHH T oro  h jih  Hi-ioro KonKpeTHoro MeTozia. K o m a  a e jio  
KacaeTCH peaJibHbix MexaHH3MOB —  npoMbim jieHHbix, S h o jio - 
rnqecKHX, nepBHbix, —  SKcnepHMeHTaTop q a c ro  pacnoJiaraeT  
npe^iuecTByiom H M  onbiToM oSpauxeHHH c «H iuHKaMH» T oro  
>Ke KJiacca. B stom  c jiyq a e  Mo>KeT 0Ka3aTbCH, qTo ojxmi 
mqtojx n03B0JiHT Hccjie^oBaTb ne meecTHbie sKcnepHM eHra- 
T op y  CBOHCTBa «5 im H Ka» 6oJiee scf)c|)eKTHBHo, qeM ^ p y ro n  
MeTo^. (H ccJ ie^oB auH e q acrn qn o  h sb cc th oh  CHCTeMbi npn- 
b o ^ h t k BonpocaM rop a3 ^ o  6oJiee cjio>KHoro ra n a  h nosTOMy 
jxojim uo  paocMaTpHBaTbCH no3>Ke; Koe-qTo CKa3ano 06 s tom  
b §  13/5 h ^aJ iee .)
6/5. A6coAtoTHocTb. riojiy^HB ^ocTaToqHo /yiHHHbie 3anncH, 
SKcnepHMeHTaTop npncTynaeT  k noiiCKaM 3aK0H0MepH0CTeii 
b noBe^eHHH, k noHCKaM n06T0pneM0CTu b noBe^ei-iHH 
(§  7/19). HanpHMep, b ynp. 6/3/1 oh mo>kct 3aMemrb, qTo 
sa a  j  B cer^a  cJieziyeT jih 6o a/, j ih 6o pf; c jie^oB aTejibH o , 
x o th  n ep exo A  o t  a  Heo£H03HaqeH, n ep ex o ^  o t  j  0£H03HaqeH.

H TaK , SKcnepHM eHTaTop n cc jie ^ y eT  3anncH. 06biqHO 
n ep san  e ro  3 a # a q a —  ycTaHOBHTb, h b jih c tch  jih  «h iu h k »  
aCcOJIIOTHbIM npH AaHHOM BXOAHOM COCTOHH'HH. J3,jih STOrO 
SKcnepHMeHTaTop ^oji^KeH:

( I )  BbinncaTb Bee nepexo^bi, c jie^yiom H e 3a bxoahmm 
cocTOHHHeM a, h paccopTHpoBaTb hx Ha nepexo^bi o t  g , 
nepexo^bi o t  h h t. jx. no BceM BbixoAHbiM coctohhhhm;

( I I )  cziejiaTb t o  }Ke caMoe jxjw  Bxo^a |3;
( I I I )  h t .  jx. no BceM Ha6jiK),aaeMbiM b xoah h m  c o c to h -  

iihhm.
H h h m h  cJioBaMH, oh CTapaeTCH HaHTH TaKoe mho- 

>KecTBO npeo6pa30BaHHH, KaK b §  4/1, h Hccjie/iyeT n o jiy -  
qeHHoe hm MHo^KecTBo, q T o 6bi ycTaHOBHTb, 0AH03HaqHbi jih  
s th  npeo6pa30BaHHH.

TaK, nycTb paccMaTpHBaeTcn npHBe^eHHbiH Bbime npo- 
tok o ji (ynp. 6/3/1). Ecjih 3anncaTb KajKjjbiH H3 16 06pa30B, 
to  noJiyqHTCH Tafijinua
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( r ie p e x o ^  o t  g  npH B xo^e p He HafijifOAajiCH.) B ee  6yKBbi 
BKa>K,zioH KJieTKe QAHHaKOBbi, T ax  mto T a 6jiHua y n p o m a e rca :

j  | / e h i
a / j j f
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oTCio^a BbiBOA, mto na npoTH>KeHHH Bcero npoTOKOJia naSjno- 
^ajiocb  9to 3aMKHyToe 0AH03HaMH0e npec6pa30BaHHe.

TaKHM c6pa30M, npaMbiM nepeKOAHpoBanneM npoTOKOJia 
SKcnepHMeHTBTop momqt noKa3aTb, mto AaHHoe noBe^eHHe 
ManiHHono/no6HO, h MoofceT ebLeecm eeo KanonmecKoe nped- 
CTaeAenue.

C jie^ y eT  oTMeTHTb, mto oh BbiBeji KanoHHMecKoe npe^- 
CTaBJieHHe H3 npnM oro HagjiioAeHHfl uaji /leftctbh Te ji b h bim 
noBe^eHHeM «a m H K a ». SKcnepHM eHTaTop He onHpaJicn hh 
na KaKoe « 3aHMCTB0BaHH0e »  3HaHHe. H e ro  6bi oh hh oJKHaaJi 
H KaK 6bl OH HH 6bIJI yBepeH B CBOHX OJKHAaHHHX, OKOHMa- 
TeJIbHblH BblBOA 3aBHCI'IT TOJIbKO OT TOrO, MTO AGHCTBHTeJIbHO 
CJiyMHJIOCb. TaKHM o6pa30M , B JIK)6oM KOHC|)JIHKTe Me>KAy 
TeM, Mero oJKH^aji SKcnepHMeHTaTop hjih /ipyrne jinu a, h 
TeM, mto 6biJio o 6Hapy>KeHo, s th  SMnnpHMecKHe p e3yjibTaTbi 
ab jih io tch  pemaFomHMH, cocTaBJiHH npoHBJieHHe npnpoAbi 
«H lU H Ka».

E cjih CHCTeMa ne AeTepMHi-wpoBaHi-ia, t .  e. npeofipaso
BaHHe He 0ziH03HaMH0, SKcnepHMeHTaTop Mo^KeT noHTH no 
OAHOMy H3 AByx cjieayiomHx nyTefi.

riepBblH  nyTb —  H3MeHHTb MHOJKeCTBO BXOAOB H BblXO- 
AOB, npHHHB bo BHHMaHHe 6o jibm ee  K0JiHMecTB0 nepeM en- 
Hbix, a 3aTeM nocMOTpeTb, He h b jih ctch  jih  noean  CHCTeMa 
(SKBHBaJieHTHan HOBOMy «HIU,HKy», CM. §  3/11) AeTepMHHH- 
pOBaHHOH. TaK , XHMHK MO>KeT o 6Hapy>KHTb, MTO nOBe^eHHe 
cncTeMbi, CHaMajia He£eTepMHHHpoBaHHoe, cTaHOBHTcn a c -  
TepMHHHpOBaHHblM, eCJIH npHHHTb BO BHHMaHHe npHCyTCTBHe 
cjieAOB x jio p n ^ a . SnaMHTejibHoe mhcjio HccjieAOBannfi co- 
c t o h t  H3 TaKHx n 0HCK0B n o A x o A flm e ro  MHo>KecTBa n ep e 
MeHHbix.

Z lp y ro ft nyTb c o c to h t  b tom , m toSh 0TKa3aTbC5i o t  no- 
HCKOB CTpOTOH AGTepMHHHpOBaHHOCTH h nonbiTaTbcn 
OTblCKaTb CTCLTUCTUHeCKytO AeTepMHHHpOBaHHOCTb, T. e.



AeiepM HHHpoBaHHocTb b cpe/tfieM h t. jx. E c jih  iio a p o G h o c th  
He h b jih io tch  npeACKa3yeMbiMH o t  iu a ra  k rnary, t o  SKcne- 
pHMeHTaTop, coS paB  o 6m'HpHbie 3anHCH, pa36HBaeT hx Ha 
6ojibLUHe 0Tpe3KH h H cc jie^yeT , H e h b jih io tch  jih  c p e d n u e  
3 H a n e H u n  (h jih  aH a jio rn rab ie  CTaracTHqecKHe xapaKTepn- 
c th k h ) npe,acKa3yeMbiMH o t  0Tpe3Ka k oTpe3Ky. O h  MoateT 
ycTaHOBHTb, mto 3a>nHCH o 6Hapy>KHBaioT CTaTHCTHqecKyio 
AeTepMHHHpoBaHHocTb, oooTBeTCTByiomyK) MapKOBCKOH uenn. 
(O ^H aK o  paccMOTpeHHe s t o t o  c jiyq a n  6yjxeT oTjioxceHo jxo 
tji.  9, a jxo Tex  nop Mbi 6yjxeu 3aHHMaTbcn TOJibKo MauiH- 
HaMH, ^eTepMHHHpOBaHHbiMH o t  m ara  k iu a ry .)

UojxBejxeM h t o t : nojiyqHB npoTcKOJi, mojkho  HcnbiTaTb 
CHCTeMy Ha AeTepMHHHpOBaHHOCTb H (eCJIH ACTepMHHHpO- 
BaHHocTb ycTaHOBjieHa) BbmecTH KaHOHHqecKoe npe^cTaBJie- 
HHe CHCTeMbi.

ynp. 1. Bbme^HTe KHHeMaTHMecKHH rpac})HK a jih  Bxo^a a  Henocpefl- 
CTBeHHO H3 npOTOKOJia CHCTeMbi §  6/3. 

ynp. 2. (FlpoAOjDKeHHe.) T o  >Ke a jih  Exojxa p.
•Ynp. 3. C H d eM a  c o ah h m  bxo ^ h u m  coctohhh6m jxaeT cJie/iyiomyK) 

nocJie^OBaTeJibHOCTb coctohhhh  Ha Bbixo^e:

D  G A H C L H C L H C F C  . . . .

A6co jnoTH a jih 3Ta CHCTeMa? 
y n p . 4. CncTeMa HMeeT jXBe nepeMeHHbie x h y, K ara jan  H3 k o t o p h x  

MO>KeT npHHHMaTb 3HaneHHH 0, 1 H 2. BXOJX MO>KeT npHHHMaTb 
JXBa 3HaMeHHH: a u p. Ran npoTonoji:

BpeMH l 2 3 4 5 6 7 8 9 10 11 12 13
B xojx a a a a a P a a a a a a a

* 1 0 0 0 0 0 1 2 2 1 0 0 0
y 1 0 1 0 1 0 2 1 0 1 0 1 0

BpeMH 14 15 16 17 18 19 20 21 22 23 24 25
Bxo,n P a a P P P a P P P a P
* 0 0 1 0 1 1 1 1 1 2 2 1
y 1 2 1 0 2 1 0 1 0 0 2 1

^BJIHeTCH JIH 3Ta CHCTeMa MauiHHOH CO BXOflOM?
ynp. 5. (F lpo^ojiJKeHHe.) K aK 0B0 6y^eT  ee npeo6pa30BaHHe npH 

B xo^e a?



ynp. 6. Ecjih MauiHHa HMeeT m sxo/iHbix h n Bbixo^Hbix coctohhhh, to  
KaKOBO HaHMeHbinee hhcjio maroB Ha6jno£eHHH, flocTaTo^Hoe 
Ann ee nojiHoro nsyqeHHH? 

ynp. 7. XlBa «qepHHX HLUHKa» HMeiOT OAHMaKOBblH BHeiHHHH BH£, H 
KajK^biH HMeeT no 0flH0My Bxo^y a h OflHO'My Bbixo^y x , koto- 
pbie HBJ1HI0TCH ^HCJIOBblMH nepeMeHHblMH. «HuiHKH» 6bIJIH 060-
3HaqeHbi 3HaKaMH I h II, h Ghjih Haft^eHbi hx KaHOHHqecKHe
npeACTaBJieHHH:

I )  x '  =  x  -\ - l  —  a;

II) x* =  ( l + a ) x  —  2 +  a.

K HecqacTbK), 3HaKH I h II 6biJiH 3aTeM nepenyTaHbi, Tan ^to 
Tenepb HeH3BecTHO, KaKOH hs hhx othochtch k KaKOH cjjopMyjie. 
npe/uioJKHTe npocTefiuiHH cnoco6 ycTaHOBHTb hx mccto.

6/6. HedocTyntibie coctorhur. Hccjie^oBaHHe npeo6pa3o- 
BaHHH

I / 8 h j

a / j j f
P h f h f

noKa3biBaeT, m o  n oc jie  T o ro  KaK COCTOHHHe g  0£Ha>K£bi 
nOHBHJIOCb B npOTOKOJie, HHKaKHe B03£eHCTBHH Ha BXO£ He 
M oryT 3adaB H Tb  e ro  noHBHTbcn BHOBb. riosTO M y nepexoAbi 
o t  g  He M oryT  SbiTb H3yqeHbi jxajiee hjih npoBepeHbi no- 
BTOpHO. T o t  (f)aKT, ^TO K HeKOTOpbIM COCTOHHHHM «5IIIXHKa» 
Hejib3H B03BpamaTbCH no >KejiaHHio, BecbMa oSbiqen b npaK- 
THKe. TaKH e coc toh h h h  Sy^yT  Ha3biBaTbcn He^ocTynHbiMH.

Han6oJiee /jpaMaTHqecKyio (J)opMy He^ocTynHocTb co 
ctohhhh npHHHMaeT b cjiyqae, Kor^a HccjieaoBaHHe hoboto
THna Bpa>KeCKOH MHHbl npHBO/JHT K B3pbIBy. 3T0T B3pbI'B 
mohcho onncaTb 6ojiee a6cTpaKTHo, CKa3aB, qTo CHCTeMa 
npouijia HeKoropoe COCTOHHHe, BepHyTbcn b KOTopoe ee He 
MoryT 3aCTaBHTb HHKaKHe B03AeHCTBHH Ha bxo^. Eio cynxe- 
CTBy to  >Ke caMoe HBJieHHe HMeeT MecTo npn SKcnepHMeHTax 
Ha ogyqaiomeMCH opraHH3Me, h6o co BpeMeneM oh ocTaB- 
JineT cBoe «HeBHHHoe», «HeHCKymeHHoe» HaqajibHoe coctoh- 
HHe h HHKaKHe n p ocra e  MannnyjiHUHH He BepHyT ero b s to  
COCTOHHHe. O^HaKo b TaKHX SKcnepHMeHTax ncHxojior 
oSbiqHo HHTepecyeTCH He AaHHbiM hh^hbhaom, a AaHHbiM bh- 
AOM, TaK qro  oh mo>k€t BO’CCTaHOBHTb nepBQHaqajibHoe



COCTOHHHe C nOMOLUbK) npOCTOH onepaiXHH —  B3HB HOBblH 
HHAHBHA-

TaKHM 06pa30M, b cjiyqae AeTepMHHHpoBaHHoft CHCTeMbl 
SKcnepHMeHTaTop ro jim q h  j ih 6o orpaHHTOTbcn HCCJieAOBa- 
HHeM MHOJKeCTBa COCTOHHHH, K0T0p 0e OAHOBpeMeHHO H 
3aMKHyTo, h BnojiHe AocTynHo, Kai< /, h , / b npHBe^eHHOM 
Bbirne npHMepe, j ih 6o A o 6aBHTb HOBbie coc toh h h h  k o  BXOAy, 
MToSbi HMeTb b cBoeM paonopajKei-iHH 6o jib m ee  mhcjio npe- 
06pa30BaHHft h S jia roA apn  3TOMy, 6biTb Mo>KeT, noJiyraTb
nepexoA k g .
6/7. Bbieod cen3eu. Tenepb h cho , m o  n y ieM  AeAyKUHH
MO>KHO BblBCCTH HeKOTOpbie 3aKJUO*ieHHH 0 CBH3HX BHyTpH 
cc^epnoro HmHKa». H 6o HenocpeACTBennbie MaHHnyjiHUHH h 
HaSjiioAeHHH aa io T  npoTOKOJi, KOTopbiH (ec jiH  cncTeMa Tep- 
MHHHpoBaHHa) AaeT KanoHHqecKoe npeACTaBJieHHe, a oho 
AaeT  ^H arpaM M y HenocpeACTBeHHbix B03^encTBHH (oA H y jxjm  
Ka>KAoro BXo^Horo coctohhhh) (§  4/3). H o  Mbi ao jijk h h  
ABHraTbCH OCTOpO>KHO.

C jie^ y eT  3aMeTHTb, qTo b peajibHOH CHCTeMe «AH arpaM M a 
BHyTpeHHHx CBH3efi» He eduHCTeeHHa. HanpHMep, paAHO- 
npneMHHK, paccMaTpHBaeMbifl sJieKTpH^ecKH, HMeeT OAHy 
A n arpaM M y cBH3eft, a paccMaTpHBaeMbifl MexaHH^ecKH — ■ 
Apyryio. fleflcTBHTejibHo, jnoSofl h 3 o jih to p  h b jih ctch  BeAb 
K0Mn0HeHT0M, AaiomHM n p o m y io  M exaHHqecKyio cBH3b, ho 
He /jaiomHM hhk3koh sjieKTpH ^ecKofl cbh3h. KaKoea 6yder 
KapTUHCL C8H3eu —  3C16UCUT OT TOSO, KClKOe MHOMeCTBO 6X0- 
doe u Bbixodoe ucnoAb3yercH.

JXa>Ke ecjiH AnarpaM M a HenocpeACTBeHHbix B03AeflcTBHfl 
eAHHCTBeHna, oi-ia He yKa3biBaeT eAHHCTBeHHofl KapTHHbi cbh- 
3efl BHyTpH «H iixHKa». TaK , nycTb «qepH b ifl hluhk» HMeeT 
b h x o a  b BH^e AB yx un4)ep6jiaTOB x h yt h nycTb Mbi o 6na- 
py>KHJiH, m o  x AOMHHHpyeT Haa y. T o r ^ a  AHarpaM M a He
nocpeACTBeHHbix bo3achctbhh SyAeT HMeTb bh a

(rA e  ABa KBaApaTa cyTb nacTH u e jio ro  «n m H K a » ).  3 Ta 3a- 
BHCHM0 CTb Mo>KeT 6 biTb ocym ecTBJieHa 6 ec™ cjieHHbiM  mho- 
>KeCTBOM B0 3 M0 >KHbIX BHyTpeHHHX MexaHH3MOB. KoHKpCT- 
HbiM npnMepoM M o ^ eT  cjiy>KHTb cjiyqan, KorAa HecK0 JibK0



pe jie  3aMbiKaioT hjih pa3MbiKaiOT KOHTaKTbi, qToSbi o 6p a 3o- 
BaTb onpe/ieJieHHyio ceTb CBH3eH. UleHHOH noKa3aji, h to  
j i io 6oe  ^aHHoe noBe^eHHe Mo>KeT 6biTb ocym ecrBJieH o 6ec- 
K0HeqH0 6oJibiiiHM qncjioM  
B03M 0^H bix ceTen . Tax , nycTb 
x  o6o3H aqaeT  KOHiaKT, 3amk- 
HyTbift, K or^a  p e jie  A7 BO30y- 

>KAeHO, a jk —  K om aK T , pa- 
30MKHyTbIH npH B036y^K^eH- 
HOM A. n p e ^ n 0J10>KHM TaK- 
>Ke, m o  A p y ro e  p e jie  Y H ecer 

nozioSHbie KOHTaKTbi y h y. 
npe,fl[nojio>KHM, m o  ceTb a o ji-  
>KHa npOBOOTTb to k  o t  p  k q  

T or^ a  h TOJIbKO TOi\aa, K oraa  
BKjiioqeHbi o 6a p e jie  A h  Y.

CeTb A Ha pHC. 6/7/1, b KOTopoft x  h y coe^HHeHbi nocjie-. 
^oBaTejibH o, oSHapy^KHT TpeS yeM oe noBe^eHne, ho TaK >Ke 
S y^eT  BecTH c e 6n ceTb Bf h ceTb C, h 6ecKoneqH oe qncJio 
A p y rn x  ce re fl.

r io e e d e n u e  ne onpedejineT odno3HaHHo c3H3eu.

ynp. (Ynp. 6/5/4, npozioJi>KeHHe.) B b m e^H T e fln a rp a M M y  H en ocpe^cTB eH - 
Hbix B03£eHCTBHH npn Bxo/ie, 3a$HKCHp0BaHH0M  b a . (Y K as aH H e : 
CM. § 4/13.)

H 30M 0P0H bIE  MAUJHHbl

6/8. HccjieziO BaH H e «q ep H o ro  nm H Ka», TaKHM c6pa30M , mo- 
>KeT AaTb 3KcnepHM eHTaTopy HH(})opMauHio Jinrnb r o  onpe- 
AejieH H oro npe/xejia; npeBbiCHTb s t o t  npe,aeji npH 3a,n;aHHbix 
BXORZX H B bixo^ax HeB03M0>KH0. CKOJIbKO HMCHHO HH(J)Op- 
MauHH Mo>KeT SbiTb noJiyqeno, 6y R e j paccMOTpeHO b §  13/15 
(o c o 6eHHo b nocjie^HeM  ynpa^KHeHHH). 3 ^ ecb  ^ocTaToqno 
oTMeTHTb, qTo KaHOHHqecKoe npe^CTaBJieHHe onpe/tejineT 
HJIH 3a^aeT  MexaHH3M C «TOqHOCTbK) Ro H30M0p(f)H3Ma».

«H3om opc|)Hbih» ,  r p y 6o roB opn , 03HaqaeT «n o z io 6HbiH 
no (f)opM e». 3 t o  BecbMa m npoK oe noHHTHe, HM eiom ee 
nepBocTeneHHyio Ba>KH0CTb r jm  b ch k oto , k to  xoqeT  T0qH0 
H ccjie^oBaTb Bonpocbi, b K0T0pbix HrpaeT poJib «cJ)opMa». 
PaccMOTpHM cu a q a jia  HecK0JibK0 npHMepoB npocTo a jih  
Toro, q i o 6bi npoHJunocTpnpoBaTb ocHOBHbie H^ea.

A  p •---------dc--------- y --------- - q
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P hc. 6/7/1.



OoTorpacjDHMecKHH HeraTHB h  omeqaTOK c Hero H30- 
Mop(J)Hbi, nocKOJibKy peqb ujxer o (J)opMe pHcynKa. KjBaA- 
p a r a  Ha HeraTHBe Bbirjin^HT KBa^paTaMH Ha oTneqaTKe, 
Kpyrn Bbirjifl^HT KpyraMH, napajuiejibpibie jihhhh oeraiOTCH 
napaJuiejibHbiMH jihhhhmh. TaKHM 06pa30M, HeKOTOpbie 
OTHOtuenuH M em jiy  qacTHMH, cymecTByiomHe Ha HeraTHBe, 
noHBJifliOTCH Ha orneqaTKe b BH#e Tex >Ke caMbix o m o tu e -
HUU, XOTH B TOM, HTO KacaeTCH OCBemeHHOCTH', OHH Bbirjlfl/UIT 
Tenepb HHaqe h, 6oJiee Toro , npHMO npoTHBonoJio>KHo. T a -  
khm 06pa30M, onepauHH H3MeHeHHH HeraTHBa b o rn eqaToK  
ocTaBJineT s th  oTHomeHHH 6e3 H3MeHeHHH (cp . §  5/2).

KapTa h MecraocTb, KOTOpyK) oHa H3o 6pa>KaeT, H30- 
Mop(J)Hbi (ec jin  KapTa Toq-Ha!). OTHouieHHH Ha MecraocTH, 
HanpHMep to ,  h to  ropo/ia A , B  h C  o 6pa3yK)T paBHOCTopon- 
hhh TpeyroJibHHK, ocTaioTCH H6H3MeHHbiMH Ha KapTe, r^e 
ToqKH, H3o 6p a ^ a K )m H e  A , B  h C, T3K>Ke o 6pa3yK)T paBHo- 
CTOpOHHHH TpeyroJibHHK.

O op M a  -He 06H3aTeJIbIi0 AOJI>KHa BOCnpHHHMaTbCH 3pH- 
TejibHo. E c jih  6pocHTb KaMeHb BepTHKajibHo BBepx c HaqaJib- 
HOH CKOpOCTbK) 15 M/ceK, TO 6yReT CymeCTBOBaTb H 30M 0p- 
(J)H3M  Me>K^y MHOKeCTBOM TOqeK B B03Ayxe, npOXOA'HMbIX 
KaMHeM, KOTOpblH B MOMeHT t HaXO/JHTCH Ha BblCOTe h y H 
MH0>KecTB0 M ToqeK  Ha rpacJmKe, yAOBJieTBopHiomnx ypaB- 
HeHHIO

y  =  15x —  4,9 ;c2.

cJlHHHH, TO KOTOpbIM B03AyX (H a £03ByK0BbIX CKOpOCTHx) 
o 6TeKaeT npo(J)HJib Kpbijia, hm ciot (J)opMy, TOJK/jecrBeHHyio 
c (J)OpMOH JIHHHH, no KOTOpbIM SJieKTpHqeCKHH TOK B npo- 
BOAHiixeH jk h a k o c th  o 6reK aeT  HenpoBo/uiHK T o ro  >Ke koh - 
Typa, qTo h Kpbijio. J^Be s th  (})opMbi OAHnaKOBbi, x o th  hx 
c[)H3HqecKHe o ch o b h  pa3JiHqHbi.

JXpyroH  npHMep H30M0p4)H3Ma c t o h t  paccMOTpeTb noA- 
p o 6Hee. H a  pnc. 6/8/1 H3o 6pa>KeHbi rb q  ^HHaMnqecKHe ch- 
cTeMbi, KaJK^an co  bxoaom  h Bbixo^oM. B  BepxHeft CHCTeMe 
bxoaom  HBJiHeTCH JieBan ocb /; OHa M o m  6biTb noBepHyTa 
b Jiio6oe noJio}KeHHe, noKa3ai-moe Ha UH(})ep6jiaTe  u. n p y -  
JKHHOH S  OHa CBH3aHa C MaXOBHKOM M , ^KeCTKO C'BH3aHHbIM 
c Bbixo^HbiM BajiOM O. CTeneHb noBopoTa O noKa3biBaeTcn 
Ha UH(J)ep6jiaTe  v, KOTopbift HBjiaeTCfl b h xoaom  Bajia. M a x o -  
bhk M  norpy>KeH b KopbiTue c }KH£KocTbK) F, SJiaroAapn



qeMy k KOJiecy npHKJia/u>iBaeTCH cHJia Tpe-HHH, nponopuno- 
HaJibHan CKopocTH Kojieoa. Ecjih Tenepb npn 3a^aHHbix Ha- 
qajibHbix ycjioBHHX bxo/j u Sy&eT npoxo^HTb onpe/jeJieHHyio 
nocJie^oBaTejibHocTb 3HaqeHHH, t o  bh xo£  v TaioKe npofi^eT 
onpe^ejieHHyio nocjie^oBaTejibHocTb 3HaqeHHH, 3aBHCHmyio 
o t  HaqajibHoro coctohhhh Bbixo/ia v , o t  ckopocth  H3MeHe- 
hhh Bbixo^a v b HaqajibHbift momcht h o t  nocjieAOBaTejib-
HOCTH COCTOHHHH BXO^a U.

Hh>khhh CHCTeM a —  sjieKTpnqecKan. B xojxom ee cjiy>KHT 
noTeHUHOMexp hjih ^pyro fi npn6op /, co3#aiomHH H anpn^e- 
Hne, noKa3aHHoe Ha uiKaJie x. K  HeMy nocjieAOBaTejibHo 
npneoe^HHeHa HHJXyKTHBHOCTb L , conpoTHBJieHHe R H eM- 
KocTb C. Hepe3 P o 6o3HaqeH 9JieKTpHqecKHH cqeTqHK (Ka- 
koh ycTaHaBJiHBaeTCH b muJibix K B aprapax ), oTMeqaiomHH 
o 6m ee KOJinqecTBO npom e^m ero no HeMy TOKa. 3 t o  kojih- 
qecTBo noKa3biBaeTCH Ha uiKaJie y , KoTopan hbjihctch Bbi* 
xo^om cqeTqHica.

Ecjih Tenepb no/jo6paTb 3HaqeHHH L, R h C TaK, qTo6u 
ohh co o tb eTCTBobajih ynpyrocTH npyjKHHbi, HHepUHH Maxo* 
BHKa h TpeHHio b F  (x o th  h He b stom  nopn/UKe), t o  o6e 
CHCTeMbi MoryT o6Hapy>KHTb 3aMeqaTejibHoe (J)yHKUHOHaJib- 
Hoe To>K,aecTBo. EiycTb cHaqajia ohh o6e i-iaxoAHTCH 
B COCTOHHHH nOKOH. flpHJIOJKHM K U JIK)6yK) BXOAHyiO



nocjieAOBaTejibHOCTb 3HaqeH>HH, cKOJib yroA tfo AJiHHHyio h 
np0H3B0jibHyK), h nojiy^HM b v  BbixoAHyio nocjieAOBaTejib- 
HocTb paBHOH jiJiiiHbi; ecjiH Ta >Ke caMan nocjieAOBaTejibiiocTb 
3HaMeHHH 3ajxana b x, t o  bhxoa b y b Teqenne Bceft CBoeft 
AJiKTeJibiiocTH 6y^eT TomjxecTBen BbixoAy b v. I lo n p o 6yeM 
npHJio^KHTb k u Apyry io  nocjieAOBaTejibHocTb 3HaqeHHH h 3a- 
nHiiieM to , mto iiohbhtch b v \ t o t  >Ke caMbifl bxoa, npHjro- 
>KeHHbift k n a c j  b y koiihio Bbixo^a b v . 3aKpoeM ueHT- 
pa/ibHbie qacTH MexaHH3MOB —  h o 6e ManiHHbi neB03M0>KH0 
6y^eT pa3JTHqHTb Aa>Ke npn SecKOHeMHOM MHCJie HcnbiTaHHH. 
TaKHM 06pa30M, MauiHHbi MoryT o0Hapy>KHBaTb rjiyfioMaft- 
rnee cxoactbo  b noBeAeHHH, 6yjxymi c Apyrnx TOMeK 3peHHH 
coBepmeiiHo pa3JiHMHbi.

H o 3to em e He Bee. MaTeMaTHKaM xoporno H3BecTHbi 
ypaBHeHHH THna

d?z . u dz , 
a i f i + b i t + c z = w >

c noMombio KOTOpbix —  ecjiH n a n  rpacfwK, noKa3biBaiomHH 
H3MeHeHHe w co BpeMeHeM ( t ) ,  —  mo>kho Haftra H3Mene- 
HHH Z, BbI3bIBaeMbie H3MeHeHHHMH W. flCtfO, MTO W  MO>KHO
paccMaTpHBaTb KaK « b x o a »  ypaBHeHHH, a z  —  KaK ero  «Bbi- 
x o a » .  Ecjih Tenepb KoscJ)cj)HUHeHTaM a, b w c AaTb 3HaqeHHH, 
noAxoAHLUHM c6pa30M cBH3aHHbie c L , R , S  h t . a t o  3a- 
BHCHMOCTb MQTKJXy W  H Z CTBHOBHTCH TOJKAeCTBCHHOH 33BH- 
CHMOCTH MOKAy U K V, KaK H 33BHCHMOCTH Me>KAy X H //. 
Bee TpH CHCTeMbI H3OM0pcj3HbI.

Tenepb CTanoBHTCH oqeBHAHbiM orpoMHoe npaKTHqecKoe 
3HaqeHHe H30M0p(f)H3Ma. FIpeAnOJIO>KHM, MTO B03HHKJia 3a- 
A aqa : KaK 6y^eT  bccth ce6a onncaHiiaH Bbirne M exannqecKan 
CHCTeMa npn onpeAeJieHi-ibix ycjioBHax? JX an bxoa u , Tpe- 
6yeTC5i onpeAejiH Tb noBeAenne v. P ea jib n a n  MexaHHMecKaa 
CHCTeMa Mo>KeT 0Ka3aTbCH HeyAofiHofl jxJin HenocpeACTBen- 
noro HCCJieAOBaHHH: OHa, CKa>KeM, cjihuikom MaccHBHa, hjui 
M ajioA ocTyn na, hjih Aa>Ke em e ne H3r0T0BJiena. H o ecjin  
noA  pyKOH HMeeTCH MaTeMaTHK, to  o tb c t  AaeTcn JierKo n 
6biCTpo: MaTeMaTHK naxoAHT BbixoA z  npHBeAeHHoro Bbirne 
AHC^^epeiiuHaJibHoro ypaBHeiinn npn BXOAe w. B stom c jiy - 
q a e  npHHHTo rosopHTb o pemeHHH 33AaMH H3 MaTeMaTHMe- 
ckoh OAHaKO cjieAyeT 3aMeTHTb, mto paccMaTpn-
BaeMbift u pou ecc  no cym ecTB y hbjihctch ne MeM h h h m , KaK



Hcnc>Jib30BaHHeM KapTbi —  Hcn0Jib30BaHiieM yzioCHoro H3o- 
Mop(J)iioro npe/iCTaB.ieHHH BMecTo H eyaofiH ofl peajibHocTH.

M o w e r  c jiyqHTbcn TaK, qTo no jx pyK o ii neT MaTeMaTHKa,
HO eCTb SJIGKTpHK. H  B STOM CJiyqae MOJKHO npHMeHHTb 
t o t  >Ke caMbifi npiiHunn. C o 6npaeTCfl sjieKTpHqecKan ch- 
cTeMa, 3a^aeTCH bxojx b j\; h HHTaeTcn b h x o a  na y. 3 t o  
06bmH0 Ha3biBaeTCH «n ocTpoeH iieM  sjieKTpH qecK oii mo- 
/a e jiH » .

3cHO, qTO HH OAHa H3 STHX TpeX  CHCTeM He HM eeT o c o 6 b ix  

n p eH M ym ecT B ; JnoSan  H3 h h x  mo>kct 3 aM em iT b  jxBe n tpyrne. 
TaK, ec jiH  HH>KeHep x o q e T  peu iH Tb  A H C ^ e p e H m ia jib H o e  
yp aB H eH n e , t o  H H o n ia  oh m o>kct HaHTH o t b c t  S b icT p ee , 

n ocT poH B  s j ie K T p u q e c K y io  cH CTeM y h qHTaa p em eH H e  

Ha y. B s tom  c ; iy q a e  ro B o p ^ T , q T o  on  «n o c T p o H ji  a n a -  

j io r o B y io  BbiqHCjiHTe.TbHyK) M am 'H H y». B a p y r u x  c j iy q a n x  
6 o j ie e  y a o 6hoh cJ)opmoh Bb iqncjiH TejibH O H  M am HHbi mo- 
>KeT 0Ka3aTbCH  M e x a im q e c K a n  cn c T eM a . B o jib m a n  yi-iHBep- 

c a jib H a n  un(J)pOBaH BbiqHCJiHTeJibHan M am nna 3 a M eq a T e jib -  

Ha h m e h h o TeM , q T o  n pn  cooT B eT C T B y iom eM  n p o rp a M M H - 
pOBaHH'H OHa HOmeT CTaTb H30MOp(|)HOH JIK)6o H £H H aM H - 

qecKOH cH CTeM e.
TaKHM 06p a 30M, HCnCJIb30BaHHe H30M0pc})HbIX CHCTeM —  

o 6biqHoe h Ba>KHoe HBJieHHe. O h o  b 3>kho noTOMy, qTo 6ojib - 
miniCTBo CHCTeM HMeeT KaK TpyziHbie, TaK h jierKH e jxjm  
HsyqeHHH yqacTKH. K o r^ a  sKcnepHM eHTaTop a o x o o t t  jxo 
TpyA H oro  yqacTK a uccjie/iyeMOH CHCTeMbi, t o  npn u a j i m i m  
H30M0pcJ)H0H c|)OpMbI MOJKeT CJiyqHTbCfl, qTO COOTBeTCTByiO- 
uuhh yqacTOK b s to h  hoboh cj)opMe 6yjxeT ropa3,no jie rq e  
jxjw noHHMaHHH, hjih ynpaBJieHHH, hjih H3yqeHH5i. H  onbiT 
TI0Ka3aJI, qTO B03M0}KH0CTb nepeHTH K H30M0p(j)H0H cJ)OpMO 
x o th  h lie AaeT  aScojnoTHo Ha^e>KHbix p e 3yjibTaTOB (h 6o 
H30M0pc})H3M Mo>KeT coxpaHHTbCH jiHm b b npe,nejiax 
onpe^ejieHHOH- o 6jia cT H ), ho TeM He MeHee 0Ka3biBaeT 
b Bbicm en cTeneHH nojie3H yio h npaKTH qecKyio noM om b 
S K cn ep H M em a io p y . B HayKe OHa H cnojib3yeTcn  noBce- 
MeCTHO.
6/9. T en ep b  CJieAyeT noKa3aTb, qTo s to  noHHTHe H30M0p- 
(})H3Ma, npn Been m npoTe e ro  npHMeHeHHH, Mom eT  noJiyqHTb 
Toqn oe h o 6i>eKTHBHoe onpe^ejieH H e. Hanoojiee cj)yH£aMeH- 
TajibH oe onpenteJieHHe SbiJio jxano  B y p 6aKHt; HaM oho  
Hy>KHo jinm b  b (J)opMe, noAxoAHuxeft a jih  M HaM HqecKHX



OHCTeM. OHa MOHceT npHMeHHTbCH HenocpeACTBeHHO, KOJib 
CKopo a Be MauiHHbi cBe^eHbi k KaHOHHqecKHM npe^cTaBJie- 
HHflM.

PaccMOTpHM, HanpHMep, a  Be n p ocra e  ManiHHbi M  h N 
c KaHOHHqecKHMH npeACTaBJieHHHxMH:

I a b c d i 8 h j k
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O hh He o6Hapy>KHBaK)T hhk3koh o^eBHAHofi CBH3H Me>KAy 
coSoft. HaqepTHM, o^H-a-Ko, hx KHHeMaTHqecKne rpacj)HKH.
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Phc. 6/9/1. Phc. 6/9/2.

3 t h  rpa(J)HKH HMeioT 4>opMy, noKa3aHHyio Ha pnc. 6/9/1, h 
o 6Hapy>KHBaioT Ha bha r j iy 6oK oe c x o a c tb o . H , AeftcTBH- 
TejibHo, npocTbiM nepeMemeHHeM ronetc b N , He p a3pbiBan 
HH OAHOH CTpejiKH (cp . §  2/17), Mbi MO>KeM nojiyqHTb RJI 91 
rpac})HKOB N c|>opMy, noKa3aHHyio Ha pnc. 6/9/2. 3 t h  rp a - 
(J)hkh TO>K,aecTBeHHbi rpa(J)HKaM M, 3a HCKjuoqenneM 0 6 0  
3HaqeHHH.

C x a ^ e M  ToqH ee: KaHOHHqecKHe npeACTaBJieHHH AByx Ma- 
hihh  M30M0p4)Hbi, ecjiH  B33HMHO 0AH03HaqH0e npec6pa30-
BaHHe COCTOHHHH (BXO^HblX H BblXO^HblX') OAHOH MaLHHHbl 
b coc toh h h h  A p y ro n  mo>kct npeBpaTHTb ojxno npeACTaBJieHHe 
b A p yroe .

Tax, b c jiyqae npHBeAeHHoro npHMepa npHMeHHM k T a 6- 
jiHue N B33HMHO CAH03HaLiH0e npeo6pa30BaHHe 

p  | 8 s g  h j  k 
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npHMeHflfl ero  KaK k o6paMJieHHio no KpaHM, TaK h k BHyT- 
peHHeft qacra  TaSjmubi. IlojiyqHM

i
C a b d

p d b a c

a d a c c

3 t o  no cymecTBy t o  >Ke caMoe, m o  h M. TaK, b o 6 o h x  
Ta6jinuax c h p, cTOHiune no KpaHM, jxajxyT d. TaKHM o 6pa- 
3om , 3£ecb HaJiHuo h3omop4)H3m b cMbicjie Harnero onpezie- 
jieHHH. (H3omop4)H3m d aH eT  oqeBHAHee, ecjin CHaqaJia 
nepecTaBHTb c tp o k h :

I
j C a b d

a d a c c

P d b a c

a 3 a ie M  n ep ecT a B H T b  c t o j iS u w :

i a b c d

a a c d c

P b a d c

oO T a K o  3 Ta nepecTaH O B K a c t o j i 6 u o b  cjiy>KH T jin u ib  a j ih  
HarJIHj^HOCTH.)

E c jih  c o c to h h h h  onpe/jejin iOTCH B eK TopaM H , n p o u e c c  n o  

c y m e c T B y  He H3 M6 HHeTCH. ripeA noJ io>K H M , qT o  R n S  —  £ B e  
aS co jiioT H b ie  CHCTeMbi:

| x'  =  x + y  s ( u '  =  — u —  v 

* | yf = x  — y ’ \v '  —  —  u-\- v '  

llpeo6pa30BaHHe P
p \ u  v 

v y  —  x

ecTb coKpaiueHHoe onncaHHe B33HMHO 0£H03HaqH0r0 npe- 
06pa30BaHH5i, cooTHocHiuero c o c to h h h h  S h R cjie/jyioiuHM



06pa30M :

(2, 3) b 5
( 1, 0) . .

(4, 5) „ .
( - 3 , 0 )  , ,

5 CooTBeTCTByeT ( — 3, 2 ) b R
( 0, 1) „ ,

( — 5, 4 ) , „

( 0 . - 3 )  , ,
t . e. ( u , v )  „ (-— v, u) „ ,,

(cp. C U B § 4/9). npHMeHHB P  KO BCeMy OnHCaHHIO 5, 
nojryqHM

m o ajirefipaiwecKH To>K^ecTBeHHo c R. Cjie^OBaTejibHO, 
R H S  'H30M0p(})HbI.

ynp. 1. K aK oe b33hmho o^HOSHa^Hoe npeoftpasoBaHHe noKa>KeT hso- 
MOpcJ)H3M CJieHytOIHHX a5C0JIK)THbIX CHCTeM:

(YKa3aHHe: nonbiTafliecb yciaHOBHTb HeKOTopbie xapaKTepHbie 
0C06eHH0CTH, TaKHe KaK COCTOHHHH paBHOBeCHH.) 

ynp. 2. CK0JibK0 cym ecTByeT b33hmho 0AH03HaHHbix npeodpasoBaHHH, 
KOTOpbie FIOK3>KyT H30M0p(J)H3M CJie^yiOLUHX a6cOJHOTHbIX 
CHCTeM:

*ynp. 3. HannuiHTe KaHOHH^ecKHe ypa.BHeHHH jiByx chctcm , H3o 6pa>KeH- 
Hbix Ha pnc. 6/8/1, h noKa>KHTe hx H30M0p(j>H3M. (yKa3aHHe: 
cKOJibKO nepeMeHHbix hcoGxoahmo, *rro6bi cwcTeMa 6biJia MauiH- 
IIOH CO BXOflOM?)

ynp. 4. H sft^H Te ts k o h  cnoco6  nepeHMeHOB3HHH nepeMeHHbix, KOTopbii’i 
o6H3py>KHT H30M0p(J)H3M aScOJIIOTHblX CHCTeM A H B\

(YKa33HHe: Ha npaBOH cropoH e ypaBneHHH A oah3 nepeMeH- 
nan BCTpeqseTCH TOJIbKO o^hh p33; t o  >Ke caMoe h b B. JXa- 
jiee, b A TOJIbKO o^Ha nepeMeHHaa h sxo^ h tch  b KBa/ipaTHqe- 
CKOIl 33BHCHMOCTH OT C3MOH Ce6fl, T. e. HMeeT BHJ3, a' =
=  +  a2 . . h t o  >Ke caMoe b B.)

6/10. B npe^biAymeM naparpacj)e noKa3aHo, m o  j&e Ma- 
uiHHbi H30M0pcj)Hbi, ecjm npocTbiM 'nepeHMeHOBaHHeM MO>KHO

y' =  — y + x  
— x'  =  — y  —  x

f =  — x’- + y  
A : {  /  =  —  —  y , 

( z f =  y - -f- z

f ur =  w2 u 

B : {  v '  =  —  v 2 -f- w •
I



cziejiaib  OAHy T0>KAecTBeHH0H Apyrofi. OAHaKo, KaK Mbi 
ceftqac yBHAHM, sto «nepeHMeHOBaHHe» mojkct HMeTb pa3- 
jiH^Hyio CTeneHb cjio>khocth .

CncTeMa, 3anaHHan TOJIbKO coctohhhhm h, KaK b npeAbi- 
AymeM naparpac})e, He co£ep>KHT Henocpe^cTBenHbix ccbijioK 
Ha qacTH hjih nepeMeHHbie. B stom  c jiyqae «nepeHMeHOBa- 
HHe» Mo>KeT 03HaqaTb jiHuib «nepeHMeHOBaHHe coctohhhh ». 
O^HaKo b CHCTeMe c qacTHMH hjih nepeMennbiMH MoryT 6bm> 
nepeHMeHOBaHbi h nepeMeHHbie, a s to  AaJieKo ne oaho 
h to  me. ElepeHMeHOBaHHe nepeMeHHbix b KOHeqHOM cqeTe 
ecTb nepeHMe-HOBaHHe coctohhhh, ho noA^HHennoe 3Haqn- 
TejibHbiM orpaHH^eHHHM pa3Hoo6pa3HH (§  7/8), TorAa KaK 
nepeHMeHOBaHHe coctohhhh MomeT 6hirh CKoJib yroAHo npo- 
H3BOJibHbiM. TaKHM 06pa30M, nepeHMeHOBaHHe COCTOHHHH 
HBJineTCH 6oJiee o6iuhm, qeM nepeHMeHOBaHHe nepeMeHHbix.

HanpHMep, npe/inoJio>KiiM, m o  cncTeMa HMeeT ^eBHTb 
coctohhhh; np0H3B0JibH0e nepeHMeHOBaHHe BocbMH H3 hhx 
HHCKOJIbKO He OrpaHHTOBaeT Bbl6op Ha3BaHHH, KOTOpOe 
Jiojim uo  6biTb ^a-Ho AebHTOMy. Tenepb npe/urojio>KHM, qTo 
cHcreMa coAep>KHT ABe nepeMeHHbie, KajKAan H3 KOTopbix 
MO>KeT npHHHMaTb Tpn 3Haqe'HHH: x lf x2, x3 h yu y% yz- 
B cero  B03M0JKH0 AeBHTb COCTOHHHH, jibs. H3 KOTOpbIX 
cyTb (x2, yz) h (x3, yx). npeAnojio>KHM, h to  nepeMennue 
CHCTeMbl nepeHMeHOBaHbi cjieAyiomHM 06pa30M:

> x  y

5 t) ’

Ecjih Tenepb (x2, y$) npeo6pa3yeTCH b KaKoe-To cocTOHHHe 
(ot, |3), a (x3, y\) npeo6pa3yeTCH b ( 7 , o ), to , bo H36e>KaHHe 
npoTHBopeqHH, cocTOHHiie (x2, y\) aoji>kho nepexoAHTb 
b (a , 0).  (HaqepTHTe (})a30Bbie npocTpaHCTBa h yna>KHTe 
cooTBeTCTByiomHe 3HaqeHHH na ochx £h t| .) TaKHM 06pa30M, 
b paccMaTpHBaeMOM cjiyqae AeBHTb coctohhhh He MoryT 
6biTb npeo6pa30BaHbi npoH3BOJibHo h He3aBHCHMO. flepeuMe- 
noeauue nepeMeHHbix ocraeAReT Menbiue npocTopa Oar U3- 
MenenuH, ueM nepeuMenoeaHue coctorhuu.

BcjiezicTBHe s to to  HeKOTopbie qepTbi, yHHqTo>KaeMbie npii 
nepeHMeHOBaHHH coctohhhh, coxpanniorcH npn nepeHMeHo- 
BaHHH n e p eM e H H b ix ; b qacTHocTH, TaK o S c toh t jxeno c AHa- 
rpaMMOH HenocpeACTBeHHbix b o 3 a  e h c tb  11 i i.
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CHCTeMa, oriHCbiBaeMafl coc toh h h h m h , He Mo>KeT, ko- 
He^HO, HMeTb A n arpaM M y HenocpeACTBeHHbix bo3achctbh h , 
h6o cJ)aKTHqecKH y  nee m /ibKo oAHa nepeM eHHaa. HanpoTHB, 
CHCTeMa c nepeMeHHbiMH HMeeT A n arpaM M y h en oc p eACTBe-H- 
HbIX B03AGHCTBHH. O a30B0e npOCTpaHCTBO Tenepb HMeeT 
och; h Jierxo BH/jeTb, noone HeMHornx n p o 6, mto b38hmho 
oAHosHaqHoe npeoSpasoBaHHe, nepeHMeHCBbiBaiomee nepe- 
MeHHbie, H3MeHHeT A^arpaM M y HenocpeACTBeHHbix B03Aefl- 
c tbh h  no THny HSMeHeHHH «nyroB H U  h HHTeft» ( §  2/17), 
npeBpaiuan, HanpHMep, A b B:

ynp. 1. (npoflojuKeHHe ynp. 6/9/4.) CpaBHHTe ^HarpaMMbi Henocpea- 
CTBeHHblX B03jieHCTBHH A H B. 

ynp. 2. OTMGTbTe, KHKHe H3 CJieflyiOLUHX CBOHCTB CHCTeMbi H3MeHHK)TCH 
npn nepenMeHOBaHHH ee c o c t o h h h h , a nanne HeT: (I) *ih c jio  
6acceHHOB b $a30B0M npocTpaHCTBe; (II ) npHB0^HM0CTb c h - 
CTeMbi; (III) HHCJio ee c o c t o h h h h  paBHOBecHH; (IV ) Hajinqne 
o 6paTHOH CBH3H; (V) ^HCJIO UHKJIOB B ee (j)a30B0M npocTpaH- 
CTBe.

ynp. 3. (IlpofloJi^KeHHe.) Kak OTpa3HTCH Ha sthx CBOHCTBax nepeHMe- 
HOBaHHe nepeMeHHbix?

6/11. B onpoc 06 H30M0pcJ)H3Me BecbMa mnpoK h Mo>KeTo6- 
cy>KAaTbCH 3Aecb jmrnb b nop^AKe BBeAeHHH. ripe>KAe qeM 
ocTaBHTb ero, 3aMeTHM, qTo ecjin npec6pa30BaHHe 6ojiee 
cjio>k h o , qeM npocToe nepeHMeHOBaHHe nepeMeHHbix, to  oho  
MO>KeT H3MeHHTb AnarpaMMy HenocpeACTBeHHbix B03Aefi- 
CTBHH. TaK, CHCTeMbi

A

0 B m



H30MOp(J)HbI OTHOCHTeJIbHO B33HMH0 0AH03HaTO0r0 npeo6- 
pa30BaHHH

P : [  a = l X ~  y m 
■ {  v  =  x - h y '

H o ^HarpaMMa A HMeeT bh,h

0 - 0  ■

TorAa KaK AHarpaMMa B HMeeT bha

0  0  •

t . e. coctoh t  H3 AByx HecBH3aHHbix nepeMeniibix.
«MeTOA HOpMaJIbHbIX KOOpAHHaT», UIHpOKO HCnOJIb3ye- 

MblH B MaTeMaTHqeCKOH (})H3HKe, KaK pa3 H COCTOHT B npH- 
MeHeHHH npeo6pa30BaHHH, nepeBOAflmnx CHCTeMy H3 nepBO- 
HaqajibHOH 4>opMu b TaKyio H30Mop(J)Hyio 4)opMy, r^e  B ee 
nepeMeHHbie He3aBHCHMbi. n p n  TaKOM npeo6pa30BaHHH 
AHarpaMMa HenocpeACTBeHHbix bo3A£hctbhh pe3KO H3Me- 
HHeTCH, HO COXpaHHeTCH COBOKynHOCTb HOpMaJIbHbIX xapaK- 
TepHCTHK, t .  e. cneuHcJ)HqecKHH cnoco6 noBeAeHHH.

T a K oe  npeo6pa30BaH ne (KaK npHBeAeHHoe Bbirne P ), 
c noM om bio KOToporo o6pa3yeTC5i HeKOTopan (J)yHKUHH jxah- 
Hbix nepeMeHHbix (HanpHMep, c|)yHKiiH5i x —  y ) ,  npeACTa- 
BJineT a jih  SKcnepHMeHTaTop a n e n ro  6oJibm ee, He>KejiH n po- 
CToe nepeHMeHOBaHHe BbixoAHbix un(J)ep6jiaTOB x , y. O h o  
03HaqaeT, qTo BbixoAM «H iim K a » x  h y  a o ji jk h h  6biTb coe^K - 
HeHbi c HeK0T0pbiM 4>H3H^ecKHM annapaTOM, KOTopbift 6 yA e r  
npHHHMaTb x  h y  Ha BXOAe h Bbi^aBaTb HOBbie BbixoAbi 
x  —  y  h x  -\- y. 3 t o  coejxHHeHHe cooTBeTCTByeT 6oJiee c jio jk - 
hoh onepauHH, qeM paccMOTpeHHan b §  6/10.

np. FIoKa>KHTe, mo A h B H30M0pc})Hbi. [YKa3aHHe: (x —  y )' =  x ' —  y'\ 
no^eMy?]

TOMOMOPOHblE MAUIHHbl

6/12. J^aHHoe Bbime onpe^ejieHHe H30M0pc})H3Ma onpe^ejiHeT 
«paBeHCTBo» b caMOM cTporoM CMMCJie. CorJiacHO 3 to  My 
onpe^ejieHHio, ABe MauiHHbi (h jih  ABa «qepHbix nm H Ka»)



«paB H b i» TOJIbKO b t o m  c jiyq ae , K orjia  o h h  CTOJib c x o >k h , 
qTo HeB03MO>KHo o 6Hapy>KHTb c jiyq a ftH y io  3aMeHy o a h o h  H3 
h h x  Ha ^ p y ry io , no Kpaflne& M epe Jiio6biM cn o co 6oM npo-
BSpKH HX nOBe^eHKH.

Cym ecTByiOT, o^naKO, h MeHbiune CTeneHH cxo^cTBa. 
TaK , jxBa ManTHHKa, o a h h  h 3 k o t o p m x  o T 6HBaeT ceKyH^bi, 
a ApyroH  —  noJiyceKyH^bi, oqeBH^HO, cxojxnu, x o t h  h He 
H30M0pcJ)HbI B CTporOM CMblCJie CJIOBa. 0 6  HX CXO^CTBe ro - 
BOpHT TOT (J)aKT, HTO OHH 6y^ yT  H30M0p(j)HbI npH HCn0JIb30- 
BaHHH A JIH HHX OT&eJIbHblX LHKajI BpeMCHH, 3HaqeHHH o JX- 
h o h  H3 K0T0pbix paBHbi noJioBHHe 3HaqeHHH ApyroH .

JXBe MauiHHbi M oryT SblTb TaKJKe CBH3aHbI «rOMOMOp- 
(J)H3M0M». 3 t o  HMeeT MecTo, K om a  0AH03HaqH0e Jinuib b o^H y 
CTopoHy npeoSpasoBaH H e, npnJio>KeHHoe k 6oJiee cjio'>khoh 
MauiHHe, Mo>i<eT cBecTH ee k (J)opMe, KOTopan 6y^eT  H30- 
Mopc})Ha 6oJiee npocTon xMauiHue. TaK , jx Be MauiHHbi M w N

i
a b c d e

j g h

i b a b c a
N :

a g h

M : j a b c b c B fi h

k a b b e d

I b c a e e

M oryT  noKa3aTbCH  na nepB b ifi B3i\JiH£ MaJio b qeM  cxo/u-ibiMH. 
O /m aK o c x o a c t b o  Me>K,ny hhm h c y m e cT B y e T , h rJ iy6 oK oe . 

(M H TaTeJiio  6yjXQT o q e n b  noJie3Ho, npe>K ^e qeM  qH TaTb 
A a jib u ie , nonbiTaTbCH  o6H apy>KH Tb —  x o th  6bi c M y m o ,  —  

b qeM  3aKJiioqaeTCH s t o  c x o ^ c tb o .  O S p a T H T e  BHHMaHHe Ha 
ooo6 eH H ocT b  Ta6 jiH U b i N ,  b KOTOpofi TpH s jieM e tr ra  o^ H H a- 
KOBbl, a OAHH SJieMeHT OTJIHLiaeTCH OT A p yrH X . M o>kho jih  

o6napy>K H Tb q io -J iH fio  no/ io6H oe  b T a 6 jin u e  M, e c jin  p a3 - 
6nTb ee Ha KBa^paTbi?)

n p e o 6 p a 3 y e M  M n ocp e^cT B O M  0AH 0 3H aqH 0 r0  Jinuib 
b ojxuy C T opoH y n peo6p a3 0 B aH H H  T

j a b c d e i j  k I 
* h h h g g $ $ a a



(K 0T0p0e 0AH03HaqH0, HO He B33HMHO 0AH03HaqH0, KaK
b §  6/9) h nojiyqHM

h h h g  g

f> h h h h h

{5 h h h h h

a h h h g g
a h h h g g

Mbi ybhahm, mto noBTopeHHH He npoTHBopeqaT Apyr 
Apyry, a n0T0My T a g jm u y  mo>kho 3anwcaTb b BHAe

h g

P h h

a h g

qTO H30M0pcJ)H0 C N.
HccjieziOBaHHe M noKa>KeT Tenepb, b qeM 3aKJiioqaeTC5i 

ee c x o a c tb o  c N . BHyTpn M  nepexoAti npoHCXOAflT no 6jio -  
KaM; TaK, a, b h c Bcer^a nepexoAHT T0JibK0 b a y h jih  bt 
hjih c. A  6aoku  b M  HcnbiTbmaioT r e  >Ke nepexoAbi, qTo h 
COCTORHUR B N. TaKHM 06pa30M, N  3K6tl6aAQHTH0 ytlpO- 
u^enHOMy eapuaHTy M.

3 t o  COOTHOHieHHe MeHCAy MaUIHHaMH M  H N MO>KHO 06- 
Hapy>KHTb h n o-A pyroM y. IlpeAnoJioHCHM CHaqaJia, qTo o 6e 
MaujHHbi paccM aTpHBaeT h ck to , cn o co 6HbiH pa3JinqaTb Bee 
nHTb COCTOHHHH M\ OH CK3>KeT npOCTO, qTO M  OTJIHqHO OT 
N ( t .  e. He H30M0p(J)H0 c N) h 6o jie e  cjio^kho, qeM N. EIpeA- 
nojio>KHM, qTo MauiHHbi paccMaTpHBaeT TaK>Ke Ha6jifOAaTeJib 
c MeHbuiefi c n o co 6HocTbio pa3JinqeHHH, KOTopbiH He m ojkgt 
pa3jinqHTb a, b h c h CMeniHBaeT hx b o a h o  coc toh h h c , CKa- 
>Ke,M b A.  PaBHbiM 06p a 30M oh CMeniHBaeT d H e , cKaxteM, 
b B, i n j  —  b T, a k h I —  b A. 3 t o t  hobhh Ha6jnoAaTejib, 
biiah ynpom eH H biS BapnaHT M, cKa>KeT, q io  M H30M0pcj)H0 
C M. TaKHM 06p a 30M, ABe MauiHHbi r 0M0M0pcj)Hbi, ecjiH o iih  
CT3H0BHTCH OAHHaKOBblMH npH ynpom eHHH OAHOH H3 HHX,



t . e. npH Ha6jiioaeHHH ee c HenoJiHbiM pa3jmqeHHeM c o 
ctohhhh.

OopMaJIbHO Mbi CKaX<eM: eCJIH KBS MaillHHbl HaXO^HTCH 
b TaKOM oTHomeHHH apyr k Apyry, m o  HenoTopoe o a h o - 
3Haqnoe JiHuib b oAHy cTopoHy npeo6pa 3oBaHPie, npHJio- 
>KeHHOe K OAHOH H3 HHX, AaCT MaUIHHy, H30MOp(J)HyiO Apy- 
rofi MauiHHe, t o  3Ta BTopan ( 6oJiee npocTan) MauiHHa ecTb 
r0M0M0p4>HbiM o 6pas nepBoft MauiHHbi.

ynp. ^BJIHeTCH JIH H30M0p(})H3M JIHUIb KpaHHHM cjiynaeM rOMOMOp(})H3Ma? 
Sadaua. KaKHe eme THnbi r0M0M0p<j)H3Ma cymecTByjoT Me>K£y MauiH- 

H3MH?

6/13. H io S b i npHMeHHTb MeTo^bi HacTOHmefl KHHrn k 6ho- 
•norHqecKHM CHCTeMaM, HaAO He TOJibKo ycjioaKHHTb s th  Me- 
TOAbl B AOCTaTOTOOH Mepe, qTOSbl OHH COOTBeTCTBOBaJIH CH- 
CTeMaM, —  Ha^o TaioKe 3HaqHTejibHo ynpocTHTb ch ctcm h , 
qTO'Sbi H3yqeHHe hx  CTaJio ocymecTBHM biM  Ha npaKTHKe. 
JXo ch x  nop  hh oAHa SHOJiorHqecKan CHCTeMa He H3yqaJiacb 
bo Bceft ee  c jio>kh octh , h TaK, no-BHAHMOMy, 6y^ eT  em e  
b TeqeHHe AOJiroro BpeMeHH. Ha npaKTHKe 6ho jio i\  npe^K^e 
qeM HaqaTb p a 6oTy, BcerAa b b o a h t orpoM H bie ynpom eHHH. 
fleficTBH TejibH O , Ha6jn oA an  m n u y , cTposim yio  rHe3AO, oh 
He BHAHT B HOApo6HOCTHX BCeft 3a«nyTaHHOH KapTHHbl HepB- 
hoh  AeH TejibH ocra b M 03ry nTHUbi; H3yqan, KaK fliu epn u a  
cnacaeTCH o t  cb oh x  BparoB, oh He b h a h t KOHKpeTHbix mo- 
jieK yjin pH b ix  h HOHHbix H3MeHeHHH b ee M ycK y jiax ; H 3yqaa 
nJieMH, c o 6paBUieecH Ha coBeT, oh He b h a h t Bcex fiec^Hc- 
JieHHbix qacTHbix npoueccoB , KoTopbie n poH cxoA flT  b o t -  
AeJibHbix q jieH ax  njieMeHH. TaKHM 06p a 30M, 6noJior H 3yqaeT 
JiHuib He6oJibiuyio qacTb HaxoAHm eftcH  n ep eA  hhm CHCTeMbi, 
JIio6oe ero BbicKa3biBaHHe — TOJibKo noJioBHHHaa HCTHHa, 
TOJibKo ynpom eH H e. JXo KaKoft rpaHHUbi ynpom eH H e ch- 
CT6MbI MO>KeT 6bITb 0npaBA3HHbIM? M o>KeT JIH yqeHblH 
ycneUIHO p a 60TaTb C nOJIOBHHHblMH HCTHHaMH?

KoHeqHo, qejioBeK npaKTHKH HHKorAa He ycoMHHTcn 
B 3T0M. nOCMOTpHM, MO>KHO JIH BHeCTH B 3Ty CHTyaiJHK) 
flCHOCTb H TOqHOCTb.

Pa3yMeeTCH, 3HaHHe M-oxceT 6biTb qacTHqHbiM h Bce-TaKH 
odaBaTbCH noJiHbiM b ce6e. HaH6ojiee apKHH npHMep, 
no>Kajiyn, AaeT 06biKH0BeHH0e yMHO>KeHHe. FIojiHan HCTHHa 
06 yMHo>KeHHH, KOHeqHO, oqeHb o6uiHpHa; ona BKJiioqaeT



4)aKTbi o Bcex BO3M0HCHbix napax coMHoacHTejiefi, HanpHMep 
TOT (J)aKT, MTO

O^HaKO 06 yMHOJKeHHH MOJKHO BbICKa3aTb H rOpa3A0 MeHb* 
rnyio HCTHHy, cocTonmyio Bcero jmuib H3 qerapex c})aKTOB:

q e ra o e  qncJio X  ^eTHoe q n c jio  =  q e r a o e  qn cjio , 
qeTHoe qHCJio X  H eqeraoe  mhcjto =  q e ra o e  qHCJio, 
H eqera oe  mhcjio X  ̂ e ra o e  mhcjio =  q e r a o e  mhcjio , 
H eqeraoe  mhcjio X  H eqeraoe  qHCJio =  H eqeraoe  qHCJio.

OqeHb BaHCHo, mto x o th  3HaHHe s th x  q era p ex  (J)aKTOB ecTb 
JiHuib 6ecK0HeqH0 Majian qacTb Bcero 3HaHHH 06 yMH0>Ke- 
HHH, OHO nOJIHO 6HlJTpU Ce6n. (3 tO  6bIJI B AeHCTBHTeJIbHOCTH 
nepBblH rOMOMOp(J)H3M, pacCMOTpeHHblH B MaTeMaTHKe.) 
CpaBHHTe 3Ty nOJIHOTy 3H3HH5I B OTHOUieHHH yM'HOJKeHHH 
qerabix h HeqeTHbix- quceji c HenojiHOTOH, cBOHCTBeHHOH 
TOMy cjiyqa io, Kom a cooSm aeTcn, mto

h o  He ynoM H H aeTCH , cm/ibKo S yzieT  4 X  8 h t .  jx. TaKHM 
0 6 p a3 0 M , BnoJiHe bo3m o>kho, qTo-6bi H eK O Topoe  3HaHHe, 

qacTHMHoe no OTHomeHHK) k 6oJiee oSumpHoft cncTeMe, 
SbiJio noJiHbiM BHyTpH ce6n, noJiHbiM b to m , h to  k  HeMy 
OTHOCHTCH.

K a K  Mbi Bih/i;hm, r0M 0M 0p4)H 3M bi M oryT  cym ecTB O B aTb  

Me>KAy AByM H pa3JIHqHbIMH MaiUHHaMH. r<)M 0M 0p(j)H3M bI 

M oryT  cymecTBOBaTb h BHyTpH o a h o h  MauiHHbi —  M e a ^ y  
pa3JIHqHbIMH B03M0>KHbIMH ynpom eH H H M H  ee, COXpdHRIO- 
m tiM u , o O h c ik o , x a p a K T e p m e  c e o u c T e o  M a iu u H o n o d o 6 n o c T U  

(§ 3/1). nycTb, HanpHMep, ^aH a MauiiHHa A

TaK b h o t t  MauiHHy nepBbifi Ha6jiiO£aTejib. n p e ^ n 0jio>khm 
Tenepb, qTo BTopon HagjiiOAaTejib He mo>kct pa3JinqaTb c o 
c toh h h h  a h d, a TaK>Ke b He. JXjih h ch oc th  ^ a h m  co c to h -

14 792 X  4 183 584 =  61 883 574 528.

2 X 2 =  4, 
2 X 4 =  8, 

4 X 2 =  8, 
4 X 4 = 1 6 ,

a b c d e 
e b a b e '



HHHM HOBbie H33BaHHH:

a cl c b e

l

B topoh  Ha6,iK)AaTejib, Ha6jiio^aH coctohhhh K , L  h M , 
o 6H apy^H T, qTo noBezieHHe ManiHHbi AeTepMHHHpoBaHHo. 
TaK, H3 K  (b  AeHCTBHTejibHOCTH H3 a hjih d )  OHa Bcer\na 
nepeHAeT b M  (jih6o b 6, jihSo b e ) h t .  jx. Oh ck& jkct, hto 
MauiHHa Be/ieT ceCn co r jia cu o  SaMKHyTOMy n p eo 6p a 30BaHHio

| K I M  

i  M  K  M ’

K0T0p 0e OAHOSHaqHO H, CJie/lOBaTeJIbHO, AeTepMHHHpOBaHHO.
3 T a  HOBan cncTeM a 6biJia n o jiyq en a  06'bem HeuneM  b 

onpeziejieH H bie rpynnb i HeKOTopbix pa3 jm qH bix jxo t o t o  c o 
c toh h h h ; ho  o T d o ^ a  He cJieuyeT, qTo jn oS an  n p 0H3B0jibHan 
rpyn n n poB K a  jxaeT r 0M0M0p(J)H3M. T aK , npejino jio jKH M , q ra  
em e o/ihh, TpeTHH, HaQ jno^aTejib M oater pa3JinqaTb TOJibKO 
^Ba coc to h h h h :

I a b c d  e 

^ " •

Oh oSnapy^H T, qTo P  nepexo^HT HHor^a b Q (Kor\flta b Aeft-
CTBHTeJIbHOCTH COCTOHH'He P  SblJIO COCTOHHHeM a ) ,  a HHOrZia 
B P  ( KOTA a COCTOHHHe P  B AeHCTBHTeJIbHOCTH SblJIO COCTOH
HHeM b hjih c ) .  TaKHM 06p a 30M, H3MeHeHHe P  He o#h o- 
3Haqno, h TpeTHH Ha6jiKxn;aTejib CKa>KeT, qTo MaiuHHa 
(c  COCTOHHHHMH P  H Q ) He zxeTepMHHHpoBaHHa. O h  He 6yjX£T 
V^OBJieTBOpeH H3MepeHHHMH, npHBe^inHMH K pa3JIHqeHHK) 
Me>K^y P  h Q , h 6y# eT  cipeM H Tbcn k Sojiee ToqHOMy p a 3- 
jiHqeHHio, q T o 6bi ycTpaHHTb HenpeACKasyeMOCTb.

H tcik , MatuuHd MOOfceT npuHRTb uoeyto, donee npocTyto 
(popMy, ec jiu  od'bediiHUTb ee co c toh h u h  nodxodnii^UM o 6pa- 
30m. H a yq H o e  Hccjie^oBaHHe c jio jk h oh  CHCTeMbi He T p e6yeT  
yCTaHOBJieHHH BCeX B03MO>KHbIX pa3JiHqHH.

ynp. 1. KaKofi  roM0M0p(f)H3M coqeTaeT qen ib ie  h neqeTHbie qncjia b cj iy- 
wae onepauHH cjiowenHH? 

ynp. 2. iXaHa cncTeMa c qeTbipbMH coctohhhhmh:

I a b e d  
y b b d c ‘



Haft^HTe Bee ee B03M0)KHbie ynpomeHHH, Kdopbie ocTaBJifljin 
6bI MaiUHHy AeTepMHHHpOBaHHOH. 

y n p . 3. KaKoe ynpomeHHe bo3mojkho b cHCTeMe
( x '  =  —  y 

\  y ' = x * + y  ’ 
ecjin pe3yjibTaT jiojiynen ocTaBaTbca fleiepMHHHpoBaHHoH MauiH-
HOH?

6/14. Co3HaTeJibHbiH 0TKa3 o t  ycTaHOBJieHHH Bcex mmcjih- 
MblX pa3JIHHHH H C03HaTeJIbH0e OrpaHHqeHHe H3yqeHHfl CH
CTeMbl HeKOTopbiMH r 0M0M0pc{)HbiMH o6pa3aM H u e jio ro  
CTaHOBHTCH OnpaB^aHHUM H B AGHCTBHTeJIbHOCTH HOTTH 
HeH36e>KHbiM, K or^a  sK cnepH M em aTop  HMeeT jxejio c CHCTe- 
moh SHOJiornqecKoro npOHcxo>KAeHHH.

B npejxhijxyuxux rjiaBax Mbi o6biqHo npHHHMaJin, hto 
m6jiiojxaTeJih b KajKAbift momcht to^h o  3HaeT, b KaKOM 
C0CT05IHHH HaXOAHTCfl CHCTeMa. JJpyrHMH CJIOBaMH, Mbi npH- 
HHMaJIH, HTO B KaJKAblH MOMeHT ero HH(J)OpMaUHH O CHCTeMe 
5IBJI5ieTCH nOJIHOH. EcJIH, O^HaKO, CHCTeMa CTaHOBHTCH Bee 
CoJibuie h 6oJibiue, to  HacTynaeT momcht, Kor/ja BocnpHHTHe 
BCeH HH(J)OpMaUHH CT3H0BHTCH HeB03M0>KHbIM no npH^HHe 
ee qpe3MepKoro oS'beMa: jih6o 3a'nHCbiBaK)mHe KaHajibi He 
MoryT nponycTHTb bcio HH^opMauHio, jih6o, nojiyqan bcio 
HH(J)opMauHio, H afijiioAaTejib  yTonaeT  b Heft. H to  eM y ^ e - 
jiaTb b noAo6noM cjiyqae? O tb c t  nceH: oh no^men ocTaBHTb 
BCHKHe npeTeH3HH Ha 3HaHHe eceu  CHCTeMbl. U eJib io ero  
AOJIJKHO 6biTb nojiyqenne qacTHqHoro sHaHHH, KOTopoe, 6y- 
Ayqn  qacraqH biM  no oTHomeHHio k ueJioMy, Sbijio 6bi TeM 
He M enee nojiHbiM b ce6e h AOCTaToqHbiM a jih  pemeHHH 
AaHHoft npaKTHqecKoft 3a^aqH.

3 t h  oScTOHTejibCTBa noOTepKHBaioT o/jHy Ba;>KHyio, npHH- 
UHnnaJibHyio oco6eHHocTb b HCCJie^oBaHHH oqeHb .So jib iu oft 
CHCTeMbl. HM eH AGJIO C TaKOH CHCTeMOH, HafijIIOAaTeJIb flOJI- 
>Ken SbiTb oqerib  ocTopo^KeH npn ynoTpe6jieHHH cjiob : «C h -  
creM a, c k o to p o h  h HMeio /rejio», —  h6o c jioB a s th , BepoHTHo, 
6yjxyT ABycMbicJieHHbiMH, h, bo3mo>kho, AaHce b oqeHb 3Ha- 
MHTe^bHOH CTeneim . C jioBa : «C n cT eM a , c K orop ou  n UMeio 
deA O »t —  M oryT  o6o3HaqaTb bcio CHCTeMy, B3HTyio HesaBH- 
chmo o t  jn o S o ro  H syqa io iu ero  ee  HaSjifo/iaTejiH, —  Bemb, i o k  
ona cym ecTB yeT  caMa no ce6e. C  A p y ro ft  cTopoHbi, cjioBa: 
«C n cT eM a , c KOTopou n uMeto d e j io » , —  M oryT  o6o3H aqaTb 
TO MHO>KeCTBO nepeMeHHbix (HJIH COCTOHHHH), KOTOpblM



3aHHMaeTC5i AaiiHbift HaSjuoAaTejib. X o th  nepBoe 3B yraT  6o- 
jiee BHyniHieJibHo b 4)hjiococJ)ckom oTHomeHHH, npaKTH^ecKHft 
p a 6oTHHK HeH36e>KHo npH3HaeT 6o jie e  Ba>KHbiM BTopoe. Ho 
h BTopoe 3HaqeHHe M om er  6biTb ABycMbicJieHHbiM, ec jin  
He yKa3aH KOHKpeTHbift HaSjnoAaTeJib; h6o H3yqaeMan Ha- 
6jHOAaTeJieM CHCTeM a Mo>KeT 6biTb jh o 6oh H3 m hothx iioa - 
MauiHH, o6pa3yK)uj,HX r 0M0M0p(J)Hbie o 6 p a 3 u  AaHHoft Ma- 
HIHHbl. B e e  3TH 3HaqeHHH AOJI>KHbI p a 3JIH^iaTb€5I HaMH, no- 
TOMy m o  pa3JiHqHbie noAMauiHHbi M oryT  HMeTb p a 3JiHHHbie 
CBOHCTBa. MoJKeT CJiy^HTbCH, m o  XOTH o 6e nOAMaillHHbl 
aficTparnpoBaHbi o t  oahoA: h to h  m e  peajibHoft «Bem H », 
BbICKa3bIBaHHe, H'CTHHHOe A-HH OAHOft nOAMaHIHHbl, 6yRGT 
JIOJKHHM A JIH ApyrOH.

OTcioAa CJieAyeT, qTo ne cym ecTB yeT  TaKoft BemH, KaK 
(e£HHCTBeHHoe-) noBe^eHne oqeHb 6 o jibm oft CHCTeMbi, B3HToe 
caMO n o ced e , He3aBHCHM0 o t  AaHHoro Ha6jnoAaTejm . H 6o 
cKOJibKo Ha6jiK )AaTejieH , cTOJibKo noAManiHH h cm/ibKo >Ke 
KapTHH nOBeAeHHH, KOTOpbie MOryT pa3HHTbCH BnJIOTb A o 
HeCOBMeCTHMOCTH B OAHOft CHCTeMe. TaK , CHCTeMa C nHTblO 
COCTOHHHHMH, 3aAaB aeM afl KHHeMaTH^eCKHM rpa(J)HKOM

h k, m — ► / y,

HMeeT ABa SacceftH a h BcerAa KOHqaercn uhkjiom . Tom o- 
MopcJ)HaH eft noAMauiHHa (c  coctohhh hm h r h 5 ) ,  3aAaBae- 
Man npeo6pa3CBaHHeM

I h j  k I m 
j  '— “  >
Y r s

HMeeT rpacJ)HK s - >  r, c oahhm  SacceftHOM h 6e3 bchkhx uhk- 
JIOB. 0 6 a  3TH BbICKa3bIBaH'HH OAHHaKOBO HCTHHHbl, H OHH 
He npoTHBopeqaT Apyr Apyry, nocKOJibKy o th o c h tc h  k pa3- 
HblM CHCTeMaM (nOHHMaeMbIM KaK B §  3/11).

npH'HHMaeMan 3Aecb To^Ka 3peHHH 3aKJiioqaeTCH b tom , 
m o  HayKa (npeACTaBjieHHan o tk p h th h m h  Harnero Ha6jiiOAa- 
T e jin ) 3aHHMaeTCH HenocpeACTBeHHo He OT.KpbiTiieM T oro , 
KaKOBa CHCTeMa «b  AeftcTBHTejibHocTH», ho corjiacoBaH H eM  
OTKpbiTHH pa3JinqHbix H afijnoAaTejie ft, Ka>KAoe H3 k o to p h x  
HBJiaeTCfl jiiHiiib qacTb io hjih acneKTOM Bceft h c th h h .

Ecjih 6bi HH>KeHepy npn cTpoHTeJibCTBe MocTa npHiiuiocb 
paccMaTpHBaTb 0TAeJibH0 Ka>KAbift aTOM, t o  oh Ham eji 6bi



3Ty 3 2 ijxm y  H eBbinojiH H M on y m e  b  cHJiy ee B e J im m u .  H o -  
3 TO M y OH H THOpHpyeT TOT tj)aKT, ^TO 6aJIKH h 6 j io k h  B JXQK- 
CTBHTeJIbHOCTH CJIOJKHbl H COCTOHT H3 aTOMOB, H paCCM aTpH-
BaeT  h x  KaK  H e^ejiH M b ie  eOTHHUbi. O Ka3biBaeTCH , m o  n p n - 

po/ ia  6 a jio K  A o n y c K a e T  s t o  y n p o m e w H e , h p a S o T a  H H ateH epa  
CTaHOBHTCH npaKTHHeCKH B03M02KH0H. O TCIO ^a BH^HO, m o  
M eT o ^  H3yqeHHH oqeH b  6 o jib u iH X  CHCTeM nocpe,ncTBOM  H3y- 

qeHHH oTA eJ ibH b ix, c n e u n a jib H o  B b i6paH H b ix  h x  acneKTO B 

ecTb  n o n p o c T y  t o , m o  B c e r^ a  ^ e j ia e T c n  Ha npaKTH Ke. Te
n ep b  Mbi H aM epeH bi n p o c jie^ H T b  s t o t  n p o u e c c  S o jie e  C T p o ro  
H C03'HaTeJIbH0.
6/15. C rp y K T y p a .  P a s jiH ^ H b ie  yn p o iu eH H H  o/jhoh  h t o h  >Ke 
M auiHHbi HaXOAETCH B TOTOO Onpe^eJieH H blX  OTHOUieHHHX 
Z ip yr k  A p y r y .  TaK, u iecT b  (J)opM CHCTeMbi H3 y n p . 6/13/2 
cyTb:

(1) a J b y C » d\
(2) a H- b » c d\

(3) a ) b j c + d\

(4) a + b > c + d ;
(5) a , b + c + d ;

(6) a + b + c + d .

3^ecb, HanpHMep, «a +  b» 03HaqaeT, mo a h b 6ojibine He 
pa3JiHqaioTCH. HeTpy^Ho BH^eTb, mo c}>opMa (4 ) Momer 
6biTb nojiyqeHa H3 (})opMbi (3 ) nyTeM c jih h h h h  c o c to h h h h  

a h b. Ho cjDopMa, (5) He Mo>KeT 6biTb nojiyqeHa H3 (J)opMbi 
(4 ) npocTbiM c jih h h h € m , h 6 o  b (5 ) Hcnojib3yeTcn pa3JiHqne 
Me>KAy a  h 6, yTepHHHoe b (4 ) .  TaKHM 06pa30M, jierKO 
npoBepHTb, mo ynpomeHHH MoryT jxaTh:

H3 (1 ) — Bee ocTajibHbie nm b (J)opM,
H3 (2 ) —  (J)OpMbI (4 ) H ( 6 ) ,  
H3 (3 ) —  $O pM bI (4 ) ,  (5 ) H ( 6) ,
H3 (4 ) —  (| )opM y ( 6) ,
H3 (5 ) —  $ o p M y  ( 6) ,
H3 ( 6) —  HHliero.

TaK H M  0 6 p a3 0 M , yn p om eH H H  HaxoAHTCH jxp y r  k  jxpyry b T a - 
KHX OTHOUieHHHX, KaK H306pa>KeH0 Ha npHBO^HMOH IIH>Ke 

O T a rp a M M e , r\ne jih h h h , H ^ y m n e  bhh 3 , coe^H H H iO T S o j ie e



n p o d y io  (J)opMy (BHH3y) c to h  (})opm oh (BBepxy), H3 k o to -  
pofl oHa MO>KeT SbiTb Henoepe/iCTBeHHo noJiyqeHa:

1

6
f ln a rp a M M b i svroro THna H3BecTHbi n o A  Ha3BaHHeM cTpynryp , 
H HX H3yqeHHK) yAeJI^eTCH MHOrO BHHMaHHH B COBpeMeHHOH 
M a T eM a ra K e . J\jih  H a u ie ro  BBe^eHHH b K H S e p H era K y  Ba>KHO 
oTMeTHTb, q io  9 to  ynopH^oqeHHe cj)opM /jeJiaeT to^hm m h 
M H orne  H£eH OTHOCHTejibHO c h c tc m , H#eH, KO Topbie r o  S T o ro  
paCCMaTpHBaJIHCb TOJIbKO HHTyHTHBHO.

K a ^ a n  d p y K T y p a  HMeeT oahh  caMbift BepxHHH ajieMeHT 
(s jieM eiiT  1 Ha npHBeaeHHoft ^ n a rp aM M e) h oa h h  caMbifl 
hhhchhh sjieMeHT (ajieMeHT 6 Ha npHBe^eHHOH AHarpaMMe). 
Korzta d p y K T y p a  H3o6pa>KaeT B03M0>KHbie ynpomeHHH ne- 
KOTOpOH MauiHHbi, TO CaMblH BepXHHH 3JieMeHT COOTBeT- 
c rs y eT  MauiHHe, b KOTopon pa3JiHqaioTCH Bee coc toh h h h ; 
9 to  cooTBeTCTByeT 3HaHHHM SKcnepHMeinraTopa, OTMeqaio- 
m ero  Bee BosMoxcHbie pa3JiHqHH Memjxy coctohhh hm h xMa- 
UIHHbl. CaMblH HHJKHHH SJieMeHT COOTBeTCTByeT MauiHHe, 
B KOTOpOH Bee COCTOHHHH CJIHTbl B ORHO COCTOHHHe; eCJIH
3to COCTOHHHe o6o3HaqHTb qepe3 Z, to e^HHCTBeHHbiM npe- 
06pa30BaHHeM MauiHHbi 6y^eT

3 t o  npeofipasoBaHHe 3aMKHyTo, Tax qTo neHTO npoAOjm aeT 
cymecTBOBaTb ( §  10/4). HaSjuo^aTeJib, ofijia^aiomHH Jinuib 
TaKoft cn0C06H0CTbK) pa3jiHqeHHH, Mo>KeT cica3aTb o MauiH
He: «O H a npOAOJDKaeT cymecTBOBaTb», —  ho He Sojiee. Ta- 
Koe npoAOJiJKeime cymecTBOBaHHH hbjihctch, KOHeqHO, Han- 
6ojiee py^HMeHTapHbiM cbohctbom MauiHHbi, OTJinqaiomHM



ee o t  Toro, m o  MrHOBeimo Hcqe3aeT. (Tenepb  Mbi Mo>KeM 
oueHHTb 3HaiieHHe «3aMKHyT0CTH», noA^epKHBaBiueecH 
b npeziuiecTByiomHX r jia B a x . 3aM KH yTO CTb CooTBeTCTByeT 
HHTyHTHBHOMy nOHHMaHHIO TOrO, HTO BCHKHH o 6l>eKT, paC- 
CMaTpHBaeMbiS KaK MauiHHa, AOJixceH, no KpanHen Mepe, 
npo^oJiHcaTb cymecTBOBaTb.)

Memjxy AByMH sthm h KpanHOdHMH p a 3MemaioTCH b ecTe- 
cTBeHiioM h CTporoM nopajiK e pa3Hbie Rpyrm ynpomeHHH. 
B jih jk c  k BepuiHHe pacnoJio>KeHbi Te, KoTopbie Jinuib He3iia- 
MHTeJIbHO OTJIH^aiOTCH OT nOJIHOH HCTHHbl. BjIH>Ke K CaMOMy 
HHJKHeMy sjieM ei-ny pacnojio>KeHbi ynpom enHH n anSo jiee  
r p y 6o ro  Tuna. K nocjieflHHM o th o c h tc h , HanpHMep, yn p om e- 
HHe, nocpe^CTBOM KOToporo uejian sKOHOMHqecKan CHCTeMa, 
npoxo/tflmaa nepe3  npoMbiuiJieHHbm uh kji h BKJiioqaiomaH 
orpoM H oe KOJiHHecTBO B3aHMo^eHCTByiomHx qacTen, cb oa h tch  
K npOCTOH (})OpMe C £ByMfl coctohhh hm h:

5yM  G nad

TaKiiM 06pa30M, pa3AUHHbie ynpou^enuH duHaMimecKOu cu- 
creMbi MoztjT ObiTb ynopRdoneubi u cooTH ecem i.

6/16. ModeAu. Tenepb Mbi MosceM HCHee BHAeTb, m o no- 
HHMaeTCH uojx «MO£ejibK)». 0 6  stom  ym e  roBopHJiocb 
b § 6/8, i\ue 6biJi ycTanoBJieH H30Mopcj)H3M Tpex paccMOT- 
peHHbix HaMH CHCTeM h BbiTeKaiouxan oTcio^a cnoco'6H0CTb 
!Hx H3o6pa}KaTb ^p yr zipyra. YKasaHHbift Bonpoc HMeeT ne- 
Majioe 3HaqeHHe r j m  Tex, k to  pa6oTaeT c 6Ho.norHqecKHMH 
CHCTeMaMH, h6o bo mhothx cjiyqanx ncn0Jib30BaHHe mo^gjih 
Mo>KeT npnHecTH noJib3y: Mo^ejib noMoraeT HccJie/ioBaTeJiK) 
ayMaTb o ^aHHOM npe^MeTe jih6o AeftcTByeT b KaqecTBe 
aHajioroBoro BbnmcjiHTejibHoro ycTponcTBa.

Mo/iejib pe^Ko 6biBaeT H30Mopc|)Ha 6HOJiorHqecKofl ch- 
cTeMe; o6biqHo OHa jinu ib  roMOMopcjma eft. H o h caMa 
Mo^ejib pe^KO paccMaTpHBaeTCH bo Bcex cbohx n paK raqe- 
ckhx A€Taji5ix: o 6bmHo Jinuib HeKOTopbie acneKTbi m o ^ h  
coothoch tch  c 6H0JiorH4ecK0H cHCTeMofi. HanpHMep, o jio-
B5UiH3H MbIUIb MO>KeT 6bITb y^OBJieTBOpHTeJIbHOH MO^eJIbfO 
2KHB0H MbIUIH, eCJlH TOJIbKO He oSpam aTb BHHMaHHH Ha TO,



m o  ojxHs. c o c toh t H3 ojioBa, a apyran  —  m  SeJiKa. TaKHM 
o6pa30M, o 6biqHC nojiyqaeTCH, m o  ABe CHCTeMbi —  6hojio- 
rnqecKan h MOAeJit —  cBH3aHbi MentRy co 6oh TaK, mto He- 
KOTOpblH rOMOMOp(J)HbIH o6pa3 OAHOH H3 HHX H30MOp(})eH 
HeK0T0p0My r 0M0M0p(J)H0My o6pa3y Apyroft. (3 t o  oTHorne- 
HHe CHMMeTpHMHO, TaK MTO Ka>KAaH H3 o 6eHX CHCTeM MO>KeT 
6biTb Ha3BaHa «MOAejibK)» A p y ro ft .)  MeM Bbirne pacnoJio- 
HceHbi roMOMopc})Hbie o6pa3bi b CTpyKTypax cbohx CHCTeM, 
TeM Jiyqrne h peajiHcraqHee 6yAeT MOAeJib.

3jxech Harne BBeAeHHe b KHSepHeTHKy aoji>kho 3aKOHqHTb 
paCCMOTpeHHe rOMOMOpc})H3MOB. BblJIO CKa3aHO AOCTaTOMHO, 
m o 6bi noKa3aTb ooHoeHbie nojioateHHH s to to  pa3^eJia h na- 
MeTHTb JIHHHH eTO pa3BH'THH. H o  CaMO 9TO pa3BHTHe npH- 
HaAJie>KHT S y^ym eM y.

yn p . 1. M to  s to  3a cjiyqan , Koi\aa H30M0p(J)Hbi caMbie BepxHHe 3Jie« 
MeHTbi f ls y x  CTpyKTyp? 

ynp. 2. JXo K3KOH CTeneHH rudpajiTapcKaH  cKaJia hbjihgtch Mo^eJibio 
M03ra?

ynp. 3. KaKHe MOflejm ajih CHCTeMbi H3 ynp. 6/13/2 mojkgt  naTb 
MauiHHa

\ p q r ?
v q r  r

O M E H b  E O J Ib ll lO H  « h i u h k »

6/17. B npeAinecTByiomHX naparpacjjax 6biJio noKa3aHo, m o  
CBOHCTBa, o 6biqHo npHnncbiBaeMbie MauiHHaM, MoryT npn- 
nHCbiBaTbCH h «qepHbiM HiixHKaM». OaKTHqecKH b noBceAHeB- 
hoh >kh3hh Mbi ropa3AO qam e HMeeM AeJio c «qepHbiMH 
5imHKaMH», qeM s to  KaateTcn. FIoHaqajiy Mbi cKJioHHbi 
AyMaTb, HanpHMep, qTo BejiocnneA He hbjihctch «qepHbiM 
5imHKOM», nOCKOJIbKy Mbi MO>KeM BHJXeTb B HeM Ka>KAOe 
CBH3yiomee 3BeHO. OAHaKo Mbi 3a6jiy>KAaeMCH. IlocjieAH'HMH 
npoMe>KyToqHbiMH 3BeHbHMH ueyKjzy ne^ajib io h KOJiecoM 
hbjia iotch  aTOMHbie ch jih , yAep>KHBaioiUHe BMecTe qacTHUbi 
MeTajuia; hx Mbi BOBce He bhahm, h pe6eHKy, KOTopbiii 
yqHTCH e3AHTb Ha BejiocHne^e, AocTaToqHo npocTO 3HaTb, 
qTo Ha>KHM Ha neAajiH 3acTaBJineT Kojieca BpamaTbcn.

MToebi noOTepKHyTb, qTo Teopna «qep*Hbix s iuhkob» 
npaKT'HqecKH coBna^aeT c Teopnefi riOBcejXHeBHOH >kh3hh, 
3aMeTHM, qTo ecjin Ha6jiiOAaTejib H3yqHJi neKOTopoe mho- 
>KecTBo «qeptibix nmHKOB», to  oh m ojkct coeAHHHTb hx Apvr



c jxp yr°M  b 3 a pan ee  3anpoeK TupoeaH H bie  ManmHbi. M q to jx ,  
KOTopbiM oh jxojimen pyKOBOACTBOBaTbCH, oqeHb npocT: Kor^a 
H3yqeHHe Ka^KAoro «Hiu,HKa» ^ a jio  e ro  KaHOHHqecKoe npe#- 
CTaBJieHHe (§  6/5), HX MO>KHO COe/XHHHTb BXO^aMH K BblXO- 
#aM h 06pa30BaTb HOBbie cncTeMbi b to^h octh  TaK, KaK 
onncaHO B §  4/8.

Mbi xothm  cKa3aTb 3Aecb He t o ,  m o  «qepH b ie  h lu h k h » 
bqjv/t ce6n jxo HeKOTopon CTeneHH no£o6H o peajibHbiM 
o6i>eKTaM, ho m o  Bee peajibHbie oS'beKTbi (})aKTHqecKH hb
jih io tch  «qepHbIMH HlUHKaMH» H qTO Mbi ^aKTHqeCKH BCK) 
Harny >KH3Hb on epn pyeM  c «qepHbiMH nmHKaMH». TeopHH 
«q ep H o ro  Hiu,HKa» ecTb npocTo TeopHH peaJibHbix 06i>eKT0B 
HJIH CHCTeM, B KOTOpOH yZjeJIHCTCH 0C060e BHHM3HHe B onpocy  
o B3aHMocBH3H oS'beKTa h Ha6jno,naTejiH, B onpocy o tom , 
KaKan HHt})opMauHH h cx o a h t o t  o6i>eKTa h KaK OHa noJiy- 
qaeTCH Ha6jiio,n;aTejieM. TaKHM c6pa30M , TeopHH «q ep H o ro  
HUiHKa» ecTb n on pocTy  H3yqeHHe oTHomeHHH M OK^y SKcne- 
pHMeHTaTopoM h oK py jK a iom eii e ro  cp e^on , Korjxa o co 6 o e  
BHHMaHne y^eJineTCH noTOKy HHcj)opManHH. «TaKH M  06pa30M, 
H3yqeHHe peaJibHoro MHpa cb oah tch  k H3yqeHHio n peoS pa- 
30BaTeJiefi» (ToJi^M aH , «T eopH H  H H (j)opM au H H »).

6/18. n p e ^ e  qeM ^BHraTbcn jxajihuie, cjiejxyer BbiHCHHTb 
Bonpoc o TaK Ha3biBaeMbix. <oMep£>KeHTHbix» CBOHCTBax.

ripe>K£e B cero ycTaHOBHM cjie^yioiUHH (J)3kt. E c jih  jxano 
neKOTopoe KOJinqecTBo «qepH b ix  h iu h k ob » h K a ^ b m  H3 hhx 
H3yqaeTCH oT^ejibH o jxo Tex nop, noKa He 6 y jxq t noJiyqeHO 
e ro  KaH0HHqecK0e npe^cTaBJieHHe, a 3aTeM oh h  coeAHHHKyrcH
H3BeCTHbIMH CBH3HMH no H3BeCTH0My o6pa3Uy, TO OTCIO£a
BbiTeKaeT (§  4/8), qTo noBe^eHHe u e jio ro  ^eTepMHHHpo- 
BaHHO h MO>KeT 6biTb npe#cKa3aHo. C jie/ioBaTejibHo, b s t h x  
ycJioBHHX C0B0KynH0CTb «qepH b ix  hhj,h k o b »  He o 6Hapy>KHT 
HHK3KHX «3Mep/i:>KeHTHbIX» CBOHCTB, T. e. CBOHCTB, KOTOpbie 
He M oryT 6biTb npe#cKa3aHbi Ha ocHOBe 3HaHHH qacTeft h 
cn oco6 a  hx  coe^HHeHHH.

rioHHTHe «3Mep^}KeHTH0CTH» HHKor^a He onpe^eJiHJiocb 
ToqHo, ho c jie^ y io m H e  npHMepbi, BepoHTHO, M oryT n o c jiy - 
>KHTb o ch o bo h  o6cy>K£eHHH:

(1 )  AM M HaK ecTb ra3, h x jiop n cT b ifl BOAopou,—  Toate  
ra3. K o r # a  s th  ra3bi coe^HHHioTCH, o6pa3yeTCH TBepAoe 
Tejio . TB ep^ocTb  hbjihctch  c b o h c tb o m , k o t o p h m  He o fijia ^ a ji 
hh o^ hh H3 peareHTOB.



(2 )  Y r jie p o A , Bcmopo# h k h c jio p o a  see  npaKTHqecKH He 
HMeiOT BKyca, ho HeKOTopoe hx coe/jHHeHHe —  « c a x a p »  —  
HMeeT xapaKTepHbift BKyc, KOTopbiM He o g jia ^ a eT  hh o^h h  
H3 HHX.

(3 )  X tB a^U aTb  ( hjih  OKOJIO T o r o )  aMHHOKHCJIOT B 6 aK - 
TepHH n o  oT ^ e jib H ocT H  He o 6 j ia ^ a io T  c b o h c t b o m  «c a M 0 B 0 c -  
npoH 3Be,aeH H H », o ^ H a x o  h x  coB O K yn n ocT b  —  c  Ao6aBJieH H eM  
H eKO Topbix / ip y rn x  Bem ecTB  —  HM eeT s t o  c b o h c t b o .

E c jih  ^eTajibHo cpaBHHTb s th  npHMepbi c npoueccaMH 
H3yqeHHH H C0e,fl[HHeHHH «qepHbIX 5mjHKOB», to  HeTpy^Ho 
BH^eTb, qTo b yKa3aHHbix npHMepax npeAnojiaraeTCH 3Ha- 
qiiTejibHo MeHbinee 3HaHHe o qacTnx CHCTeM, qeM b cjiyqae 
«qepHbix h iu h k o b » .  Tax, npe/i;cKa3aHHe OTHocHTejibHo aM- 
MH3Ka H XJI0pHCT0r0 Bo^opo^a OCHOBblBaeTCH JIHHIb Ha 3Ha- 
HH'H Toro, qTo KaJK^oe H3 s th x  BemecTB —  ra3. AHajiornqHo 
OTHocHTejibHo Kam jioii H3 ABa^uaTH aMHHOKHCJIOT cnpauin- 
BaeTCH TOJibKo: « 3 BJiaeTC5i .hh OHa caM0B0cnp0H3B0AH- 
iueHCH?» E c jih  6bi Ka>K^an aMHHOKHCJiOTa paccMaTpHBajiacb 
Kax «qepiibiH 5uhhi<», t o  HCCJie/ioBaHHe e e  Sbijio 6bi ropa3/io 
6ojiee no>apo6HbiM. B x o ^ o m  MOJieKyjibi h b jih c tc h  m h o k c c tb o  

ajieKTpnqecKHx h MexaHHqecKHx c h ji, B3HTbix b o  Bcex coqe-
T3HH5IX H KOM6HHaUHHX, B KOTOpbIX OHH MOTyT B03£eHCTBO-
BaTb Ha H ee; Bbixo^oM MOJieKyjibi( HBJi5ieTCH mhojkcctbo Bcex 
COCTOHHHH, SJieKTpHqeCKHX H MexaHHqeCKHX, B KOTOpbIX OHa 

M om er HaxoaHTbca. Ecjih 6bi s to  noJiHoe 3HaHHe SbiJio r o - 
CTynHbiM. t o  MeTOA § 4/8 noKa3aJi 6bi, KaK MoateT 6biTb 
npeACKa3aHo noBe^eHHe rpynnbi coe/iHHeHHbix aMHHOKHC- 
jio t. npH  stom  b qHCJie npeACKa3aHHbix.npoueccoB noBe- 
AeHHfl Sbijio 6bi h caMOBocnpoH3BeixeHHe uejioro.

Mbi yBH^HM, qTo npeACKa3aHHe noBe^eHHH uejioro mo-
>KeT SblTb OCHOiBa-HO Ha nOJIHOM HJIH HenOJIHOM 3HaHHH qa- 
CTen. E c jih  s t o  3HaHne nojiHo, t o  Mbi HMeeM cjiyqan «qep- 
Horo HmiiKa», KaHOHHqecKoe npe^cTaBJieHHe KOToporo H3- 
BecTHo; npn s to m  Bee ero b x o ^ m  h jih  ycjioBHH h b jia io tc h  

TaKHMH, KoTopbie MoryT SbiTb ^aHbi ,apyrHMH «amHKaMH», 
coeziHHeHHbiMH c hhm. Kom a 3HaHHe qacTeft cTOJib nojiHo, 
npe^CKa3aHHe To>Ke Mo>KeT 6biTb nojiHbiM h H-HKaKHe c b o h - 
CTBa CBepx npeja,CKa3aHHbix He MoryT BHe3anHo b o3 h h k - 

Hyrb («sM epzi>KHpoBaTb»).
MacTO, o,uHaKo, name 3HaHHe no pa3JinqHbiM npnqHHaM 

He HBJineTCH n o ju ib iM . Tor^a npe^C K a3aH H e / joji>kho R e -



jiaTbca  Ha ocHQBe n en ojiH oro 3H3hhh h m ojkgt 0Ka3aTbcn
0UIH60qHbIM. HHOr^a 0 qaCTHX H3BeCTHO TOJIbKO, qTO K3>K- 
A an H3 hhx HMeeT HeKOTopyio 0,ziHHaK0Byi0 xapaKTepHCTHKy. 
T o m a  Mo>KeT cJiyqHTbcn, m o  enHHCTBeHHbiM cnocoSoM  
npeACKa3aHHH Sy^eT  npocTan sKCTpanoJiaiiHH —  n pe^cK a- 
3aHHe, qTo u e jio e  TaK>Ke Sy^eT  HMeTb 3Ty xapaKTepHCTHKy. 
H H or^ a  TaKafl sKCTpanojinuHfl onpaBAW BaeTcn; HanpHMep, 
ecjiH u e jio e  c o c to h t  H3 Tpex qacTen, H a in a n  H3 micTOH Me^H, 
t o  Mbi SyixcM npaBbi, npe^CKasaB, m o  u e jioe  Tax>Ke c o c to h t  
H3 4HCT0H Me/jH. Ho q a c ro  3T0T MeTOjj, 0Ka3biBaeTC5i neyjiav-
HblM. H  TOr^a Mbi MO>KCM, eCJIH XOTHM, Ha3BaTb HOBOe CBOH
CTBO «9MepA>KeHTiibiM ». K o r^ a  CHCTeMa cTanoBHTcn 6ojib - 
iiioh  h pa3JiHqne b pa3M epax M extAy  qacTb io  h ueJibiM 
AeJiaeTCH 3HaqHTejibHbiM, oneHb qacTo AeHCTBHTejibHO c jiy - 
qaeTca, m o  CBOHCTBa u e jio ro  cnjibHo oTJinqaioTCH o t  cb oh ctb  
nacTen. O c o 6eHHo p e3K0 s to  p a 3 jin ™ e  npoflBJineTcn b 6ho- 
jiornqecKH X CHCTeMax. IlosTO M y Mbi He a o jijk h h  o>KH,aaTb, 
m o  CBOHCTBa u e jio ro  6y^yT  B cerAa B0cn p 0H3B0AHTb cboh- 
c tb3  qacTeft, h HaoSopoT.

ynoM HHyTbie npnMepbi c xJiopncTbiM aMMOHHeM h caxa - 
poM npocTbi, ho BCTpe^aiOTCH h 6o jie e  cjio>KHbie cJiyqan. 
PaccMOTpHM, i-ianpHMep, noH m n e «JioKajiH3auHH» h ck o to - 
pOH 4>yHKUHH B CHCTeMe. JlerKO MO>KeT CJiy^HTbCH, m o  HC- 
cjieAOBaHHe b KpynHOM M acuiTaSe ntacT coBceM hhoh OTBer, 
neM HCCJienoBai-iHe b MejiKOM M acu naSe. Ily cT b , HanpHMep, 
cnpauiHBaeTCH, j i0KajiH3Hp0BaHHa jih  aHrjiHHCKan nHBOBa- 
peHHan npoMbiiivieHHocTb. Akuhshm h c 6opm iiK , 31-iaiomHH Ka- 
>KAoe 3,zi;aHHe b CBoeM panone, He3aBHC)HMo o t  Toro, o th o -  
CHTCH JIH OHO K nHBOBapeHHOMy AeJiy HJIH H6T, CKa>KeT, m o  
nnBOBapeHHe, HecoMHeHHo, «ji0KajiH3Hp0BaHH0». C  A p yro ft 
CTopoHbi, KapTorpacj), H3r0T0BJi5ii0mHH KapTy Ahi\jihh, He 
HMeeT B03M0>KH0CTH OTMeTHTb KaK0e-JIH60 OT^eJIbHOe TpacJ)- 
c tb o  KaK oS jiacTb  nHBOBapeHHH h noTOMy cKa>KeT, m o  nuBo- 
BapeHne He ji0KajiH3Hp0BaHH0. K oH em io, Kaat/ubiH H3 hhx 
npaB. n poTH B ope^n e B03HHKaeT n0T0My, m o  KorAa pa3JiH- 
MHe pa3M epoB bcjihko, to ,  m o  h c th h h o  Ha oahom  Konue 
M acniTa6a, M o m e r  6biTb jio k h h m  Ha zipyroM  KOHue.

flp y rH M  npHMepOM Toro, CKOJIb npOTHBOpeMHBblMH M oryT  
6biTb CBOHCTBa, B3HTbie b pa3Hbix M acu iTadax, MoxteT  c jiy - 
>KHTb 06bIKH0BeHHbIH KyCOK pe^HHbi. C neunajm cTbi no 4)H' 
3HqecKofi xhm hh ro^aM H CTapajiHCb oTbicKaTb, m o  >Ke
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3acTaBJineT MOJieKyjiy Bcer/ia OKHM aTbca n o c jie  pacTH>Ke- 
hhh. S a ieM  ohh o 6Hapy>KHJiH, qTo coBepu iajiH  hmchho Ty 
ouiHSKy, o t  kotopoh  noJimen n pe^ocTepeqb  HacTOHmnft 
n aparpacj). T en ep b  H3BecTHo, mto MOJieKyjia K a y q y K a H e o 6- 
jia ^ a eT  HHKaKoft BHyTpeHHe npn cym eft eft c}KHMaeMocTbio; 
pacTH-HHTe o^H y MOJieKyjiy h oraycTH Te —  HHqero He npo- 
H3oft^eT ! E ioqeM y me p e 3HHa OKHMaeTCH? CyTb b tom, qTo 
«pacTnrH BaTb pe3H H y» He 3HaqiiT «pacT5irHBaTb odny  MOJie- 
K y jiy » ;  MOJieKyjibi, K or^a hx So jibu ie  qeM o/uia, CTajiKH- 
BaiOTCH z ip y r c zipyroM  h TeM caMbiM 3acTaBJiHK)T 6oJib- 
H1HIICTBO npHHHM3Tb AJIH'Hy MeHbUie MaKCHMaJIbHoft. Pe- 
3yjibTaTOM HBJineTCH coK pam eH n e, ToqH o TaK me, KaK Ha 
nepenoJiHeHHOM njinme kohuh npoTHHyToft no 3eMJie Be- 
peBKH B 50 (})yTOB A/IHHfcJ qepe3 HeCKOJIbKO MHHyT S y^yT  
rop a 3 A o  SjiHHce z ip y r o t  A p y ra , qeM  Ha 50 (J)yTOB.

Bpn/i jih  H eo6xo,HHMbi AajibHeftuiHe npHMepbi, h 6o Hama 
uejib  3^ ecb  qncTo OTpnuaTejibHafl —  n oK a3aTb, qTo b c jiyq a e  
6oJibmoH cncTeMbi He cym ecTByeT  HHKaKoft anpHOpHOH He- 
o 6xoah m octh  b tom , qTo6bi CBOHCTBa u e jio ro  6bum npocToft 
Konneft c b o h c tb  OT^ejibHbix qacTeft. (B  § 7/3 npHBOjXHTCH 
HeK0T0pbie A p y rn e  npHMepbi.)

6/19. C yBejinqeHHeM cncTeMbi och ob h oh  u ero ji ee H3yqeHHH 
(§  6/3) cTaHOBHTCH Bee 6oJiee TpyjjHbiM £ jih  npHMeHeHHH. 
B KOHixe koh uob  KOJiHqecTBO Heo6xo^H M oro Tpy/ia cTaHo- 
BHTCH Heoe^bHTHblM. HTO TOr^a £OJI>KeH ReJiaTh Ha6jIK)Aa- 
TeJib? 3 t o t  B onpoc HMeeT orpoM H yio Ba>KH0CTb b Sn o jio rn - 
qecKHX n a yK ax  —  KaK b 300Ji0rHqecKHx, TaK h b couHOJiorn- 
qecKHX, —  h 6o BejmqHHa h cjio>KHocTb H3yqaeMbix b hhx 
CHCTeM ^eftcTBHTeJibHo oqeHb BejiHKa.

Ta  me caMan TpyjjHocTb BCTpeqaeTCH h b jxpyrnx H a y «a x . 
TaK, xoTH HbioTOHOBCKan TeopHH b npHHunne peuiHJia Bee 
npo6jieMbi TflroTeHHH, npHMeneHHe ee k TpeM TeJiaM 
BecbMa cjio k̂h o , a k iuecTH TeJiaM —  qepecqyp Tpy^oeMKo 
/ym npaKTHqecKoro o-cymecTBjieHHH. O/jHaKo acTpoc})H3HKH 
xoTejiH 6bi 3aAaBaTb Bonpocbi o  noBe/jeHHH 3Be3£Hbix cKon- 
Jiennft c 20 000 qjieHOB! H to  TyT mo>kho c/jejiaTb?

OnbiT noKa3aji, qTo b no/*o6Hbix c jiyqanx yqeHbift £oji- 
men SbiTb oqeHb ocTopoaceH b OTHomeHHH 3a#aBaeMbix hm 
BonpocoB. Oh jxojimen cnpauwBaTb o tom, qTo eMy deucreu- 
TeAbHO Hy>KHO 3HaTb, a He O TOM, qTO eMy Ka)KeTCH HyXCHblM



8HaTb. TaK, HaraHaiomHH CKa>KeT npocTo, qTo eMy Hy>KH0 
3HaTb, KaK 6y/jeT bocth ceSfl CKonJieHHe, t . e. 3HaTb TpaeK- 
TopHH Bcex ero  qjieHOB. O^HaKo, ecJiH 6bi s th  CBe^eHHfl 
AeflcTBHTeJibHo 6biJiH eMy jxaHbi, ohh hmcjih 6bi cjDopMy mho- 
THX TOMOB, 3anOJIHeHHbIX qHCJIOBblMH Ta6jIHU,aMH, H TOr^a 
6bi oh noHHJi, m o  na caMOM AeJie eMy BOBce ne Hy>KHo 
Bcero 3Toro. OcMbicjieHHbift B onpoc b AencTBHTejibHoc™ 
o 6biqHo SbiBaeT AOBOJibHo npocTbiM, HanpHMep: «Co>KMeTC5i 
JIH 3T0 CKonJieHHe B map HJIH BblTHHeTCfl B £HCK?»

Oh3hkh, Ha^HHan c riyaHKape, AocTaToqHo pa3BHJiH Me- 
t o jx pemeHHH TaKHX. BonpocoB —  MeTO£ TonojiorHH. C  ero 
nOMOmblO MO>KHO AaBaTb TO^Hbie OTBeTbl Ha npOCTbie BO- 
npocbi, H36eran cJioJKHOcrefi, KOTOpbie 6bi npocTo 3axjiecT- 
HyjiH HaSjiiOAaTejiH.

AHaJIOrHTOblH MeTOA B npHMeHeHHH K CJIO>KHbIM a h c })^ -  
peHixnajibHbiM ypaBHeHHHM naer B03M0>KH0CTb Bbrao£HTb 
HaH6oJiee Ba>KHbie CBOHCTBa pemeHHH, Kom a nojiyqeHHe 
noJiHbix pemeHHH SbiJio 6bi qpe3MepH0 cjiojkhhm. 3 t o  TaK 
Ha3biBaeMan TeopHH «ycTOHliHBOCTH» AHcf^epeHunajibHbix 
ypaBHeHHH.

3/jecb RJin Hac Ba>Ktio Jinuib oTMeTHTb, qTo uojxo6nhie 
MeTo^bi cymecTByioT. 3thm  npe^noJiaraeTCH, m'o ecjiH «q ep - 
HblH 5imHK» (T3K0H, KaK M03T) CO£0p}KHT CJIHmKOM MHOrO 
nepeMeHHbix r j m  npaKTHqecKoro HccJieAOBaHHH ero bo Bcex 
noApoSHQCTHx, to  KH6epHeTHqecKH HacTpoeHHbift ncnxojior 
Mo>KeT npn/iyMaTb «TonojiornqecKH fi» noixxojx, c noMombio 
KOToporo oh, He yTonan b 6ecnojie3Hbix AeTajiflx, cyMeeT no- 
jiyqHTb ry  HHcjDopMauHio, KOTOpan eMy AeficTBHTejibno Hy>Ki-ia 
(a He Ty, o KOTopoft oh ziyMaeT, qTo OHa eMy Hy>KHa!). Jle- 
bhh 1 nbiTajicH co3AaTb TaKyio ncnxojiorHio, ho b 30-x ro/iax 
TonojiorHH 6bijia eme HeAocTaToqHo pa3BHTa, qTo6bi cjiy>KHTb 
nojie3HbiM opy^HeM. O^HaKo b 50-x ro^ax  ona CTajia 3Ha- 
qHTejibHo 6oJiee pa3BHTOH, oco6eHHo b toh  c})opMe, b koto- 
poft ona H3JiaraJiacb b pa6oTax cbpaHuyscKOH uiKOJibi, Bbi- 
xoah iuhx no jx nceBAOHHMOM «H h k o jih  B yp 6aKH». Uo 
KpafiHeft Mepe nepe^ HaMH OTKpbiJiacb B03M0>KH0CTb cym e- 
CTBOBaHHH nCKXOJIOTHH OAHOBpeMeHHO CTporoft H npaKTH- 
qecKoft.

1 KypT JleBHH (poA. 1890) — HeMeuKHH ncHxoJior, oahh m ocuoBa- 
Tejien reiuTaJibTncnxojiorHH. — npuM. nepee.

I P



HEnOJIHOCTblO HAEJIIOflAEMblH «5IHttiK»

6/20. JXo chx nop b s to h  rjiaBe Mbi npHHHMajiH, mto H agjiio- 
Aaiejib «q e p n o ro  nm H Ka» o 6 e c n e q e H  Heo6xo£HMbiMH c p e ^ -  
CTBaMH RJin Ha6jiK>AeHHH Bcero, qTo o th o c h tc h  k coc toh h h h ) 
«a m H K a », HanoMHHan sthm  HH>Kenepa b K opa fie jibH ofi p y fiK e  
( §  6/2 ), HM-eiomero n epe^  c o 6oh nojiHbifi Ha6op iiHcj)ep6jia- 
to b . OAHaKo qacTo rq jio  o 6c to h t  He Tax : qacTb uH (j)ep6jia- 
to b  cnpHTana hjih  oTcyTCTByeT. IlosTO M y Ba>KHbift pa3^eji 
TeOpHH «qepnoro HIUHKa» 33HHMaeTCH BblHCHeHHCM Tex oco- 
SeHHocTefi, KOTOpbie B03HHKaK)T, Kor^a i-iafijno/iaTeJib mo- 
y/.QT iiafijiioAaTb Jiiimb HeK0T0pbie KOMnoneHTbi Bcero c o 
c toh h h h .

OBHsaHHbie c  3Thm TeopeTH qecK iie  n p o 6jieMbi bc jihkh  h 
M ajio HCCJie^OBaHbi. P a s p a 6oTKa hx noqTH HaBepHHKa S yn e r  
HMeTb 6o jib in oe  3HaqeHHe a jih  ncnxojiorH H . B e^b  a jih  ncH- 
x o jio ra  HHAHBHAyaJibHbiH c y 6i>eKT, 6y # eT  jih  s to  SojibHon 
c HeBp030M hjih Kpbica b jiaSnpHHTe, 0CTaeTCH 6o jibm efi 
qacTbio HenojiHocTbio HafiJiKxnaeMofi ch ctcm oh , TaK KaK npo- 
HCXoAHiuee b M03ry c y 6i>eKTa He/jocTynHo HenocpeACTBeii- 
HOMy Ha6jII0AeHHI0 B KJIHHHqeCKHX HJIH SKCnepHMeHTaJIbHbIX 
yCJIOBHHX.

C jie^ y eT  oTMeTHTb, mto KOJib cK opo neKOTopbie H3 n ep e 
MeHHbix CTaHOBHTCH HeHa6jno£aeMbiMH, «cH CTeM a», npe^- 
CTaBJieHHan ocTaBiuHMHcn nepeMeHHbiMH, MoxceT o 6Hapy>KH- 
saTb 3aM eqaTejibHbie h #a>Ke qynecH bie c b o h c tb 3. 06m eH 3-
BOCTHblM npHMepOM 3T0T0 HBJIHIOTCH (j>OKyCbI, KOTOpbie (lIO 
bh/xhmocth) 'npH6jiH>KaK)TCH k q y a y , npocTo n0T0My, qTO 
He Bee cym ecTBeHHbie nepeMeHHbie HaSjuo^aeM bi. Bo3mo>kho, 
qTo HeK0T0pbie H3 «q y£ ecH b ix » c b o h c tb  M03ra —  c n o co 6- 
HOCTb «npeA B H A eTb », «pa3yM HOCTb» H T. A. —  qy^eCHbl JIHUIb 
nocTOJibKy, nocKOjibKy mm noKa em e He M oxeM  Ha6juojxaTb 
Bee e ro  cym ecTBeHHbie nepeMeHHbie.

6/21. PaccMOTpHM cjie^yiom H H  npHMep cepbe3H oro H3Mene- 
HHH BO MHeHHH HafijIIOAaTeJIH OTHOCHTeJIbHO HeKOTOpOTO 
o 6i>eKTa n oc jie  t o t o ,  KaK qacTb ofi'beKTa CTajia He^ocTynHOH 
HenocpeACTBeHHOMy Ha6juo,neHHK).

npe£noJio>KHM, qTo Ha6jiio,aaTejib  H3yqaeT «q ep H b in ' 

h ih h k », coctoh iu .hh H3 #B yx  B3aHM0£eHCTByi0mHx qacTeft A



h Z. Ha o6e qacTH  B 0 3tfeH erB yeT  o S ih h h  b x o r  I  (o tm c th m , 
mo b x o a s m h  A h b jih io tc h  / h Z )-

rip e^n oJ io^K H M , m o  B o n p o c  3aKJitoqaeTCH b t o m , o6n apy>K H - 

BaeT jih  qacTb A HeKOTopoe xapa icrepH oe  noBe/ieHHe B ( t . e. 
c jie^ yeT  jih  A TpaeKTopHH B) .  npe^nojio>KH M , qTo s t o  n po- 
HCXO£HT TOJIbKO npH O^HOBpeMeHHOM BbinOJIHeHHH £ByX 
ycJioBHH:

Ilpe^noJio^H M , qTo Z Haxo^HTcn b coctohhhh y TOJibKo 
n ocA e  T020, KaK / HMejio oco 6oe 3HaqeHHe \x.

M bi (aB Top h qH TaTejib ) B ceBe^ym n, h6o Mbi 3Hae\i Bee 
OTHOCHTeJIbHO /jaHHOH CHCTeMbi. HoCMGTpHM, HCnOJIb3VH 3TO 
noJiHoe 3HaHHe, KaKHM c6pa30M  jxbz Ha6juoAaTeJiH (TiepBbift 
H BTOpOH) M oryT npHHTH K pa3JIHqHbIM MHeHHHM, eCJIH OHH 
HMeioT pa3JinqHbie bo3mo>khocth Ha6jiio£eHHH.

n o^oS H O  HaM, nepBbiH Hagjiio/iaTejib  m o jk c t BH^erb 3Ha- 
qeHHH KaK A, TaK h Z. Oh H3yqaeT pa3JinqHbie KOM6HHaiiHK, 
KoTopbie MoryT Bbi3BaTb noHBJieHHe B, h jxejiaer bhbox, qro 
B noHBJineTCH Tor^a, Kor.ua Z HaxoziHTCH b coctohhhh y , 
a / —  b coctohhhh a. TaKHM 06pa30M, Kor^a bxor Haxo^HTCfl 
b coctohhhh a, Ha6juo;jaTejib €BH3biBaeT noHBJieHHe B c reM, 
Haxo/IHTCH JIH Z B JjaHHblH MOMeHT B COCTOHHHH y.

B to p o h  H afijiio^aTejib  HaxoAHTCH b MeHee Bbiro^noM  no- 
JIO>KeHHH: OH MO>KeT BH^eTb TOJIbKO I  H A, ho He Z. O h 06- 
Hapy>KHT, qTo 3HaHHH coc to h h h h  A n I  He^,0CTaT0qH0, qToSbi 
n03B0JiHTb eM y npe^CKa3aTb c yBepeHH0CTbi0, 6y ^ e r  jih  
HMeTb MecTo B (h 6o Z HHor.ua 6ynej b y, a HHorAa b a p v -  
tom  c o c to h h h h ).  E cjih , c^naKO , BTopofi HagjiiOAaTejib o 6pa- 
t h t  BHHMaHHe Ha 6oA ee  p a n n u e  coc to h h h h  /, t o  oh ooi-ia- 
py>KHT, qTo Mo>KeT ToqHo n p e^cK a3aTb noHBJieHHe B. M 6o 
noHBJieHHe B bo3mo>kho b tom  h T0JibK0 b tom  c jiyq ae ,

1) / HaXOZUITCH B COCTOHHHH a;

2) Z  HaXOAHTCH B COCTOHHHH J/.

K or^a  / n oc jie^oB aTejibH o  npHHHM ajio 3Haqei-iHH jli, a .



TaKHM c>6pa30M, K or^a  b xo a  HaxoAHTCH b coc toh h h h  a, Ha- 
Sjno/iaTeJib CBH3biBaeT noHBJieHHe B c TeM, HM ejio jih  
paH bm e / 3HaqeHHe \x.

TaKHM o6pa30M , BTopon HaSjiio/iaTeJib, He 6yjxymi cno- 
c o 6en H agjuo^aTb Z Henocpe^cTBeHHO, m o jkc t TeM He MeHee 
c^ejiaTb  bck) cHCTeMy npe/jcKa3yeMOH, npunne eo enuManue 
6oAee pannue 3HmemiR rneo, hto oh M oateT  nadAhodarb. 
npnqHHOH S Toro  h b jih c tch  cym ecTBOBaHHe c o o tb c tc tb h h : 

/ b [x paH bm e <—> Z  b y  Ten epb ,

/ He b  [x paHbme > Z  He b  y  Tenepb.

r ioCK O JlbK y 3T0 COOTBeTCTBHe B3aHMHO 0£ H 0 3 H aq H 0 ,  HH(j )Op-  

MaUHH O COCTOHHHH / Ha H ia r  p a H b U ie  H <HH(J)OpMaUHH 0  T e -  

K y m e M  c o c t o h h h h  Z dKeueaAenmbL h K a ^ a n  Mo>KeT 6 biTb 

noACTaBJieHa b m c c t o  / jpyroH , h 6 o 3 H aTb  o £ H o  3 HaqHT 3 HaTb  

A p y r o e .

E c j i h  n e p B b in  h BTopoft  H a 6 j n o £ a T e j i b  c S j i a ^ a iO T  c B a p -  

jiHBbiM x a p a K T e p o M ,  o h h  T e n e p b  M o ry T  n o c n o p H T b .  E lepBbiH  

H a 6 jH o ^ a T e j ib  Mo>KeT yTB ep^K ^aTb ,  q T o  c n c T e M a  He o 6 H a p y -  

>KHBaeT HHKaKofi « n a M H T H » ,  t .  e. qTo  e e  n o B e ^ e H H e  He T p e -  

6 yeT  HHKaKHX ccbiJioK Ha n p o m j i o e ,  h 6 o noHBJienne  n o B e ^ e -  

HHH B nOJIHOCTblO oGl^HCHHeTCH TeKtJU^UM COCTOHHHeM CH-
cTeMbi (/ , A h Z). B T o p o f t  H a f i jH o ^ a T e j i b  m o jk c t  o T p n u a T b  

3 to ,  y K a 3 b iB an ,  qT o  CHCTeMa, c o c T o n m a n  H3  / h A, m o>kct  

cqHTaTbCH AeT epM H H H po B aH H O H  TOJibKO b  t o m  c j i y q a e ,  ecjiH  

npHHHTb b o  BHHMaHHe npouiJ ib ie  3H aqeH HH /. t .  e. ecjiH h c -  

n0Jib30BaTb  H eK O Topy io  (J )opMy «n a M H T H » .
ftCHO, qTO HaM He npHXO£HTCH n pH M b lK a T b  HH K 0 £ H 0 H 

H3 C Top  OH. E iepBb lH  H BTOpOH HagjIKD^aTeJIH TOBOpHT O p a 3 -  

Hbix CHCTeMax ( 0 6  / +  ^ +  Z h 0 6  I - j -A) ,  h noTO M y He 

y^H B H Te j ibH o ,  qT o  o h h  M o ry T  Bb icK a3b iB aT b  pa3JiHqHbie  

yTB ep^AG H H H . 3 ^ e c b  Mbi AOJ17KKH OTMeTHTb JIHHJb TO, qTO 
BTOpOH H a f i j i io A aT e j ib  n c n o j ib 3 y e T  o S p a m e H H e  k « n a M H T H »  

KaK B 0 3 M em e H H e  cBoeft  H e c n o c o 6 HocTH H a 6 j iK )^ a T b  Z.
TaKHM 06pa30M, Mbi nojiyqaeM o 6m ee npaBHJio: ecAU de - 

TepMiiHupoeaHHciR cucTeMa HdOAtodaeMa Auuib HacTunno 
ri0T0My CTanoeuTCH (O a r  dannoeo nadAivdareAH ) neaped- 
cKa,3yeMou, t o  na 6AfodaTeAb m om b t OKa3arbCH cnocodnbiM  
eoccTanoeuTb npedcKa3yeMOCTb, n punne eo  enuM anue n p o - 
uiAyio ucToputo cucTeMbi, t. e. donycTue cyu^ecTeoeanue  
e neu neKOTopoeo poda «h c lm r tu ».



3 t o  paccy>K£eHHe, pa3yMeeTcn, hbjihctch o 6iuhm h mo- 
yaet  c TaKHM >Ke ycnexoM npHMeHHTbcn h TaM, t r q  oco6oe, 
6oJiee paHHee co6brrae jlx c jiy ra jiocb  He Ha oahh, a Ha He- 
CK0JibK0 rnaroB paHbine. Boo6m e, ecJiH paHHHe co6biTHH E u 
£ 2, . . . , Eu OCTaBHJIH COOTBeTCTBeHHO CJie/Ubl T\, T 2i . . . ,  
Tjc, KoTopbie npo,aoji>KaK)T coxpaHHTbca, h ecjin noBeaeHHe 
ocTaJibHoS qacTH CHCTeMbi npHHHMaeT 3aTeM cJ)opMbi B\y B2,
. . . , Bk B 3aBHCHMOCTH OT 3HaqeHHH T, TO pa3JIHqHbie 
(j)opMbi noBezieHHH M oryT 6biTb o 6T>HCHeHbi j ih 6o

1) TBKyiUfUM CO'CTOHHHeM T, KOTRa HeT HHK3KOH Hy^KAbl 
b oSpameHHH k «iiaM H TH » jno6oro po,aa, jih 6o

2) npotUAbLM  3HaqeHHeM E , Koi\na HafijH oaaTejiio npn- 
x o a h tch  n ocry jm poB aTb  b CHCTeMe H eKoTopyio (J)opMy «n a -
MHTH».

TaKHM 06p a 30M, naAunue «n a M n m » ne neAH ercn  
enoAHe oS'beKTuenbiM c b o u c t b o m  cucreM bi; s t o  cb oh c tb o  
ecTb OTHOineHHe uem jiy  chctcm oh  h H aS jn o^a ie jieM  h H3Me- 
HneTCH c H3MeHeHHeM KaHajia CBH3H Me>K^y hhmh.

TaKHM 06pa30M, o 6pam eHHe k «naM H TH » b CHCTeMe KaK 
K 06'bHCHeHHK) nOBe^eHHH CHCTeMbi paBHOCHJIbHO npH3HaHHIO 
HeB03MO>KHOCTH HafijUO^aTb CHCTeMy nOJIHOCTbK). CBOHCTBa 
«naM H TH » HBJIHIOTCfl CBOHCTBaMH He npOCTOH «B em H », a 60- 
Jiee TOHKOro nOHHTHfl —  «KO£HpOBaHH5I».

* y n p .  1. J [oKa>KHTe yTBep>K,aeHHe («y cT p o H C T B a  M 0 3 ra », §  19/22), ^ t o  
B a6C0JIK)TH0H CHCTeMe Mbi MOJKeM H36e>KaTb npHMbIX CCblJIOK 
Ha H en oT opb ie  H3 nepeM eH H bix, e c jin  b m c c to  h h x  m u n cn o jib - 
3yeM  np0H3B0/iHbie o cTa jibH b ix  nepeM eH H bix.

*ynp. 2. floK a>K H T e t o  nee caM oe  O THocHTejibHo ypaBHeHHH b KOHeqHbix
pa3HOCTHX.

* y n p .  3. IloK a>K H Te, h t o  e c jin  cn cTeM a  HMeeT n  cTeneH eS  CBo6o£bi, t o ,  
B o o ^ m e  roB op n , Mbi flOJDKHbi HMeTb n o  KpaHHen M epe n  H a fono - 
AeHHH Tn na  « b  m om ch t t{ nepeM eH H an  *^ H M e jia  3H aqen ne X ^ t 
^To6bi m o jkh o  6biJio n p e^cK a3 aT b  n ocJ ie/ iy iom ee  n oB e^eH ne.

6/22. HarjiHOTbiM  npHMepoM Toro , KaK H ajm qne «naM H TH » 
CBH3aHo c Ha6jiio,aaeM ocTbio qacTeft, cjiy>KHT uH ^poBan b h - 
qHCJiHTejibHan MauiHHa c MarHHTHoft JieHTOH. UpejuioJioJKHM 
£ jih  npccTOTbi, qTo b onpeaeJieHHbift m om cht MauiHHa Bbi- 
R aer 1 hjih 2 b 3aBHCHM0CTH o t  t o t o ,  HaMarHHqeHa jih  JieHTa 
b onpeAeJieHHoft ToqKe COOTBeTCTBeHHO noJio>KHTejibHo h jih  
OTpHuaTejibHo; n p ou ecc  HaManmqHBaHHH npoH3ouieJi, CKa- 
JKeM, AeCHTb MHHyT Ha3aA, H 3H3K HaMarHHqHBaHHH



(+ HJIH —) 33BHCHT COOTBeTCTBeHHO OT TOTO, 3aMKHyJI JIH o6cjiy>KHBaiomHH ManiHHy onepaTop HeKOTopbift nepeKJiio- qaTeJib hjih HeT. TaKHM 06pa30M, cymecTByeT cooTBeTCTBHe:
nepei<JiK )Lia T e jib  3aM KHyT <—> +  > 1 , 

nepeKJiioqaTejib pa30MKHyT <—> — «—>2.
H aS jiiOAaTeJib, KOTopbifi b h a h t MarHHTHyio JieHTy b Ha- 
CTOHIUHH MOMeHT, MO>KeT CKa3aTb, ^TO JIK)6aH CCblJIKa 
na n p o m jio e  h3jih ihhh, h6o oh mo>kct 06'bHCHHTb noBe^eHHe 
MauiH-Hbi (Bbi^acT  OHa 1 hjih 2) ee Tenepemi-iHM cocTOHHHeM, 
vcTanoBHB, qTo HeceT JieriTa tenepb. H anpH M ep, 3HaTb, qTo 
jie iiTa  HeceT Tenepb + ,  jxocTaToqHo ajm  npe£CKa3aHH5i, qTo 
cjie^yiom ee COCTOHHHe MaiiiHHbi 6yjxer 1.

C ApyrOH CTOpOHbl, HafijIIOAaTeJIb, KOTOpblfl He MOJKeT 
EHAeTb JieHTy, Momer npe£CKa3aTb noBe/ieHne MaiiiHHbi 
TOJIbKO COCJiaBUIHCb Ha TO, qTO np0H 30U IJ I0  C KOHTaKTOM 
AecHTb MHHyT Ha3aA. Oh SŷeT HacTaHBaTb Ha tom, qTo 
MauiHHa HMeeT «naM5m>».

3 t h  jxBa Ha6jnoAaTejiH b aeftcTBHTejibnocTH He np0THB0- 
peqaT jxpyr Apyry, b qeM Mbi cpa3y ySêHMCH, Kor̂a noft- 
MeM, qTO OHH TOBOp5IT O flByX He TOK̂eCTBeHHblX «MauiH- 
n a x ».  nepBbiH HaSjnôaTejib noHHMaeT no jx «MaiuHHofl» c h -  

cieMy «BbiHHCJiHTejibHoe ycTponcTBo + JieHTa + nepeKjnoqa- 
Tejib», BTopoft Ha6jnoAaTejib — cncTeMy «BbiqHCjmTejibHoe ycTponcTBo + nepeKJiioqaTejib». Ohu eoeopHT o pa3Hbix cu- 
cTeMax. (Eme pa3 nôqepKHeM, qTo © cjiokhhx CHCTeMax 
npocToro yKa3aHH5i Ha MaTepnajibHbifl o6i>eKT He/jocTaToqHO 
jxjin ToqHoro onpeziejieHHH paccMaTpHBaeMOH CHCTeMbi.) 
(C p . § 6/14, 12/9.)

H o  c y m e c T B y  to me c a M o e  pa3 J iH qn e  mojkct HMeTb MecTO  

h b SnoJ io rH qecK O H  CHCTeMe. T a K ,  npe/jnojio;>KHM, qT o  h Ha- 
xo>K ycb  b jxoue c B o e r o  3H aK O M oro .  Kor̂ a mhmo jxoua n p o -  

e3>KaeT aBT0M06HJib , c o6a i<a  M o e r o  3 H a K O M o ro  3 a 6 H B a e T c n  

b y r o j i  K O M H a r a  h c b ea c H B a e T c a .  R j i n  MeHH ee  n o B e ^ e H n e  

6ecn p n q H H H O  h H e o 6 ,bHCHHMo. H o  bot moh 3HaKOMbiH tobo- 
Pht: « L U e c T b  M ecH u eB  n a 3 a a  e e  n e p e e x a j i  aBTO M o6H J ib » .  
T e n e p b  e e  noBeAei- ine  oS 'bHCHneTCH cchjikoh Ha n p o H c m e -  

CTBHe inecTH M ec^qH O H  asbhocth. Ecjih Mbi CKa>KeM, qTo  c o -  

S a n a  o6 i- iapy>KHBaeT  « n a M H T b » ,  Mbi n po cT O  couiJieMCH Ha  

tot me caM b if l  cj)aKT, qTo ee noBêeHHe mo>k6t 6biTb 06'bflc-



HeHo He ee TeKymHM cocTOHHHeM, a ee cocTOflHHeM uiecTb 
MecHixeB TOMy Ha3a£. HejioBeK , HeBHHMaiejibHHH k Bbi6op y  
c jiob , cKa>KeT, qTo c o 6aKa «H M eeT » naMHTb, h 6yAeT ^yM aTb 
o c o 6aKe KaK 06 uMeiou^eu HeKyio eeiufi, n oao fin o  TOMy KaK 
OHa M orjia  6bi HMeTb k jiok  qepnoft mepcTH. A  3aTeM oh 
M O^eT nonbiTaTbCH HaHTH 3Ty Bemb, h T or^a  B jjpyr o 6Ha- 
py^HTCH, qTo 3Ta «B e m b » HMeeT BecbMa j i io 6onbiTHbie 
CBOHCTBa.

HTaK, «n aM H Tb» He HBJineTCsr qeM -To 06 'beKTHBHbiM, qTO 
CHCTeMa MosceT HMeTb hjih He HMeTb; 3 to  Bcero jinu ib  no- 
HHTHe, KOTopoe HadAtodareAb b b o a h t, q T o 6bi 3anojiriHTb nyc- 
TOTy, o6 p a 3 y iom y io c fl, K or^a  qacTb ch c tcm u  i-ie/iocTynHa 
Ha6jiK>£eHHio. HeM MeHbrne Ha6jno£aeM bix nepeMeHHbix, TeM 
Cojib ine BbiHy^KAeH HaSjiKmaTeJib npHBJieKaTb nponuibie co- 
6biTFiH jiJin oS'bHCHeKHH noBeaeHHH CHCTeMbl. TaKHM o6pa- 
30M, «n a M 5iT b » b M 03ry oS'beKTHBHa JiHiub oT^acTH. HeyAH- 
BHTejibHo, qTo ee  CBOHCTBa HHorna CKa3biBaioTCH Heo6biq- 
hmmh hjih jxame napa/jOKcaJibHbiMH. H cho, qTo s t o t  Bonpoc 
TpeS yeT  noBTopH oro TiixaTejibHoro paccMOTpeHHH, HaqHHan 
C HCXOAHbIX npHHUHnOB.





H A C T b  BTOPASI

A B H O O E P A B ^ E

Tozda coAdam tiohra , nmd 3a nydodea- 
cmeeHHoe y nezo ozhubo. ydapauib no KpeM- 
hh) pa3  —  HBAHemcn co6aua , nmo cadeAa na 
cyndyne c MednuMa demzaMa’, ydapauib dea— 
nsAKemcn ma, nmo cadeAa na cepe6pe\ yda- 
pauib mpa —  npu6ezaem ma, nmo cadeAa 
ua soAome.

Andepcen ,, „OzHa60tt
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7/1. 06cy>K,aa5i b nepBofi qacTH ocnoBHbie CBOHCTBa Ma- 
ixiHHbi, Mbi o 6biqHO paccMaTpHBajiH ee  KaK AeficrBHTejibHyio 
BeLUb, o kotopoh  mojkho ^e jiaTb  onpejiejieH H bie y T B e p ^ e -  
hhh, co  ccbiJiKOH Ha to , qTo OHa # e jia eT  3^ecb h ceftqac. 
O ^HaKo, qToSbi npo^BHraTbcn B nepe#  b Kn6epHeTHKe, mm 
£OJi}KHbi pacm npHTb oS jiacTb  H arnero paccMOTpeHHH. H a  
ocnoBHbie Bonpocbi, Kacarom necH peryjinpoBaHHH h ynpaB - 
jieHHsi, Mbi cMOJKeM OTBeTHTb to jibko  Toiy ja , K or^a Mbi 6yneM  
paccMaTpHBaTb Taxxce h Bee to , qTo MauiHHa MoeAa 6bi 
^e jiaTb ; npn stoxM BbipajKeHHe «M o r jia  6b i» aoji>kho n o jiy -  
qHTb HeKOTopoe ToqHoe onpeAejieH H e.

TaKHM 06pa30M, Bcio/jy bo BTopoft qacTH Mbi 6 y,o,eM pac- 
CMaTpHBaTb HeKOTOpOe MHOOfCeCTBO B03M0>KH0CTeH. 3 to  hc- 
cjie^OBaHHe npHBe^eT Hac k BonpocaM 0 6  HHcj)opMaiiHH h 
cbh3h h o tom, KaK HHc})opMauHH Ko,zjHpyeTCH, npoxo^H qepe3 
MexaHH3Mbi. 3 t o  Hccjie^oBaHHe BecbMa cymecTBenHo jxm  
nojiHoro noHHMaHHH BonpocoB peryjmpoBaHHH h ynpaBJie- 
hh5j. Mbi HaqHeM c npocTenmnx, caMbix HaqajibHbix co o 6 - 
pa>KeHHH.

7/2. JXpyran npnqHHa paccMOTpeHHH MHoowecTea bo3mo>kho- 
CTeft 3aKJiioqaeTCH b tom , qTo H ayKy M ajio HHTepecyioT 
cbaKra, K0T0pbie AOCTOBepHbi T0JibK0 RJin AaHHoro oTAejib - 
H oro SKcnepHMeHTa, BbinojiHeHHoro b ^aHHbrn 0T#ejibHbiH 
#eHb; oria HiixeT o 6o 6meHHH, HiixeT b bicKS 3mb ah hh , KOTopbie 
6bIJIH 6bl HCTHHHbl £JIH KaMROTO H3 U e jio ro  MHO>KeCTBa 3K-C- 
nepHMeHTOB, npoBo^HMbix b pa3JinqHbix Jia6opaTopHHX npn



pa3JiHqHbix ycJioBHHx. OTKpbiTHe TaJiHJieeM 3aKOHa ABH>Ke- 
hhh ManTHHKa npeacTaBJiHJio 6bi M ajio  HHTepeca, cc jih  6bi 
OHO 6bIJI0 ^OCTOBepHO TOJIbKO JXJM TOTO CaMOR) M3HTHHKa 
B TOT CaMblH JieHb. CBOHM OrpoMHbIM 3HaqeHHeM 9T0 OTKpbl- 
THe 06H3aH0 HMeHHO TOMy, qTO OHO HCTHHHO RJW 06lIIHpH0H 
o 6jiacxH  BpeMeHH, npocTpaHCTBa h M aTepnajioB . H ayxa  
nm eT noiBTopniomeecH (§  7/15).
7/3. T o t  (J)aKT, m o  b HayKe peqb hjxqt Bcer^a o MHOotcecree, 
^iacTO 3aTeMHneTCH MaHepoft Bbipa>KaTbC5i. «H o h  xJ iopa ...» —  
TOBOpHT JieKTOp, HBHO HMefl B BH^y, HTO eiX) BbICKa3bIBaHHe 
npHJIO>KHMO KO BCeM HOHaM XJIOpa. TOTOO TaK >Ke Mbi CJIbl- 
uihm  BbicKa3biBaHHH o 6eH3HHOBOM ^BH raTejie, o pacrym eM  
peSeHKe, o xpoHH^ecKOM nbHHHue h o Apyrnx npe^MeTax 
b ejxHHCTBeHHOM racjie , Kor^a Ha caMOM jxejie pe^b H^eT o 
MHO>KeCTBe Bcex nOAoSHbIX ofi'beKTOB.

H H o rA a  cJiy^aeTCH, m o  H eK O Topoe BbicKa3biBaHHe o jx ii-
HaKOBO HCTHHHO H B npHMeHeHHH K HH^HBH^y, H B npHMC- 
HeHHH k MHoxcecTBy, HanpHMep: «C j io h  ecT c noM om bio 
x o 6oT a ». H o npHBbiqHbift xapaKTep  TaKoft ab oh h oh  npHMeHH- 
MOCTH He £OJI>KeH 3aCJIOHHTb OT HaC TOTO (J)aKTa, qTO HeKO- 
Topbie THnbl BbICKa3bIBaHHH npHMeHHMbl TOJIbKO K MHO>Ke- 
CTBy (h jih  TOJIbKO K HH£HBH£y) H CTaHOBHTCH HCTO^HHROM
3a 6j iy ^ e H H H  h nyTaHHUbi, ec jin  npHMeHsnoTCH k h h ^hbh ^y 
(cooTBeTCTBeHHo k M H o ^ e c T B y ). T aK , rpaMM  r a 3a— ho/ui- 
CToro B o^ op o^ a  —  emojiHe M om er b HeKOTopbifl AaHHbift mo- 
MeHT SblTb HOHH3HpOBaHHbIM Ha 3 7 % . H o  3T0 BbICKa3bIBaHHe 
He AOJIJKHO OTHOCHTbCH K OTOeJIbHbIM MOJieKyJiaM, KOTOpbie 
JIH60 nOJIHOCTblO HOHH3HpOBaHbI, JIH60 COBCeM He HOHH3H- 
pOBaHbi; TO, qTO HCTHHHO OTHOCHTeJIbHO MHO>KeCTBa, JIO>KHO 
OTHOCHTeJIbHO hhahjbhaob. f la j ie e ,  ^ e n y T a ra  o t  KOHcepBa- 
THBHOH napTHH HMeiOT B AaHHblH MOMeHT SoJIbUIHHCTBO 
B napjiaM eHTe; b npHMeHeHHH >Ke k HH^HBHAyajibHOMy # e - 
nyTaTy s t o  BbioKa3bieaHHe 6eccM bicjieHH0 . JJajiee, aBT0M0- 
SHJibHan uiHHa, paccM aTpHBaeM aa KaK u e jioe , BnoJiHe mo- 
>KeT ^BHraTbCH Ha 3ana^  co cKopocTb io 80km/ho,c; ho qacTb 
ee, conpHKacaioiuaHCH c A o po ro n , HenojiBHHCHa, Torna KaK 
B epxyiuK a ee ABH>KeTCH Ha 3anaA co cKopocTbio 160 km/hcic. 
B /jeficTBHTejibHO-CTH hh o^Ha qacTb uiHHbi He Be^eT c e 6n 
TaK, KaK uiHHa b uejioM .

f la j ie e ,  ABajm aTb mhjijihohob  xceHmHH Bnojm e M oryT
HMeTb TpH/maTb MHJIJIHOHOB ^eTefi, HO JIHIUb C nOMOILUbK)



on acH oro  HCKa>KeHHH H3bma Mo>KeM mu cKa3aTb, m o  y  cpeA - 
Heft >KeHmHHbi noJiTopa p e 6eHKa. T a x  mo>kho HHor^a to b o -  
pHTb, He on acan cb  nyiaHHUbi, TOJibKO noTOMy, m o  Te, k to  
# 0Ji>KeH ^encTBOBaTb, HanpHMep cTpoHTb u ik o jih  a jih  jneTen, 
xoporno 3HaioT, m o  n o jip e 6eHKa —  s to  He KaKOH-TO q y a o -  
BHLUHblH ypOA, a MHJIJIHOHHOe MHOJKeCTBO AeTeft.

npHMeM n03T0My 3a ocHOBy, m o  BbicKa3biBaHHe o
MHOHteCTBe MO>KeT SblTb KaK HCTHHHO, TaK H JIO>KHO (HJIH 
£a>Ke SeccM bicjieH H o) b npHMeHeHHH k  ajieMeHTaM MHoxce-
CTB3.
Wnp. C j i e A y r o m n e  BbicKa3biBaHHH othochtch k «ko ty », h n p rn o M  jih6o 

k BHixy F e lis  dom estica , jih6o k coce^cKOM y KOTy. PaccMOTpme 
npHMeHHMOCTb Ka>K£OrO H3 3THX BbICKa3bIBaHHH, BO-nepBbIX, 
K BH/iy H, BO-BTOpbIX, K HH£HBH£y:

1. Ewy MHJIJIHOH JieT.
2. Oh caivieu.
3. B HacToamee BpeMa oh HMeeica Ha Bcex KOHTHHeHTax.
4. Oh ziepeTCH co cbohmh 6paTbHMH.
5. Okojio nojiOBHHbi ero —  caMKH.
6. Oh 6jih30k k Ursidae.

7/4. BeponmocTb. ripHBe/jeHHoe ynpa>KHeHHe noK a3biBaeT, 
KaKHe HejienocTH h nyTaHHua M oryT noJiyqHTbcn, ecJiH no- 
hh thh , oTHocnmHecH k MH0>KecTBy (k  HH^HBH^y), Henpa- 
BHJIbHO npHMeHHKDTCH K HHAHBHAy (K  MHO>KeCTBy). ftpKHM 
npHMepoM 3Toro h b jih ctch  cn yqa ft, K or^a  H3 ueJioro mho- 
^ e cT B a  AaHHbiM cboh ctbom  oS jia ^ a eT  TOJibKO HeKOTopan 
AOjih 3JieMeHT0B. TaK , H3 100 My>Kqnn b AepeBHe 82 M oryT  
6biTb >KeHaTbi. JXp o 6b 0,82, K0HeqH0 , o th o c h tc h  k MHOHce- 
CTBy, ho He HMeeT HHKaKoro cM bicjia b npHMei-ieHHH k Ka>K- 
AOMy HHAHBHAy, h6o Ka>KAbIH HHAHBHA JIH0O >KeHaT, JIH60 
HeT. H cc jieA yn T e  KaK mo>kho BHHMaTejibHee Jiio6oro  Mym- 
qnny, h Bbi He HaH^eTe b HeM H im ero n o x o ^ e r o  Ha «0 ,8 2 » ;  
h ecJiH oh nepeHAeT b coceAH ioio AepeBHio, 3 to  qn c jio  mo- 
>KeT H3MeHHTbCH, XOTH CaM qeJIOBeK BOBCe He H3MeHHTCH.
OqeBHAHo, qTo «0 ,8 2 »  —  sto  cboh ctbo  AepeBHH, a He h h a h - 
BHAa.

TeM  He MeHee HHorAa 0Ka3biBaeTCH yAofiHbiM npHHHTb, 
qTo 9Ta A p o 6b HMeeT 3HaqeHHe h a jih  hhahbha3 ; TorA a 
MO>KHO CKa3aTb, qTO JIK)6oe OTAeJIbHOe JIHIXO HMeeT «BepOHT- 
H ocTb» 0,82 6biTb >KeHaTbiM. T a K oe  c jioB oynoTpefijieH H e 6e3- 
BpeAHo, ecjiH  TOJibKO He 3a 6biBaTb, qTo s t o  BbiCKa3biBaHHe, 
XOTH B HeM HBHO HAeT peqb 06 HHAHBHAG, B AeHCTBHTeJIb- 
HOCTH HBJIHeTCH BbICKa3bIBaHHeM O AepeBHe. CTOHT JlHUIb



3a 6bITb 06 3T0M, KaK nOHBHTCH MHO>KeCTBO napa,zi;oKcoB, 
d o J ib  }Ke 6eccM bicjieHHbix h r jiyn b ix , KaK h nonbiTKa o 6y- 
q a ib  «n o J ip e 6eH K a». n o 3 £ H ee  (b  t ji.  9 ) Mbi 6yaeM  yn o- 
TpeQjIHTb noHHTHe BepOHTHOCTH COBMe'CTHO C nOHHTHeM Ma- 
uiHHbi; n p o H C x o ^ e H H e  u AeftcTBHTejibHan npnpo/ia 3Toro 
nOHHTHH AOJI>KHbI TIOCTOHHHO HMCTbCH B BH£y.
7/5. CeH3b. rioHHTHe MHOOtcecTea nrpaeT cymecTBeHHyio poJib 
T3K>Ke H B 06jiaCTH «CBH3H», OCOfieHHO B TeOpHH, p33BHT0H 
UlenHOHOM h BwHepoM. nepBOHaqaJibHo, Kor^a Mbi #yMaeM, 
HanpHMep, o nojiyqeHHH TejierpaMMbi, Mbi 3aMeqaeM T0JibK0 
e^iiHCTBeHHOCTb 3Toft o d n o u  TejierpaMMbi. TeM i-ie Menee 
aKT «cbh3h » Heo6xoAHMo npe^noJiaraeT Hajm rae MHOJtce- 
c re a  B03MoxcHocTeft, t. e. Sojiee qeM oahoh bo3mojkhocth, 
KaK Mbi yfieAHMCfl na cjieziyiomeM npHMepe.

3aKJiioqeHHoro AOJi>KHa noceTHTb >KeHa, o,nHaKo efl He 
pa3pemaeTC5i nepe^aiBaTb eMy HHKaKHx cooSmeHHH, #a>Ke 
caMbix npocTbix. Mo>kho no£03peBaTb, mto ohh 3apaHee, 
eme jxo ap ec ia , AoroBopHJiHCb o KaKOM-TO npodoM  Ko;je., 
n PH -nocemei-iHH OHa npocnT pa3pemeHHH nocjiaTb My>Ky 
qaniKy KO(J)e. Ecjih nepeztana HanHTKOB He 3anpemeHa, KaK 
MO>KeT TIOpeMIUHK AoSHTbCH TOrO, MTO C nOMOLUblO 3TOH 
qauiKH He 6yjxer nepeziaHo HHKaKoro 3aKoziHpoBaHHoro 
coo 6meHHH? Oh 3HaeT, mto >KeHa xoqeT coo 6mHTb My>KV, 
3axBaqeH jih hjih HeT oahh H3 ero  cooSluhhkob.

TiopeM m H K 6y/ieT paecyacflaTb  npHMepHo cjie^yiom H M  
06pa30M : «M o>K eT  6biTb, OHa ycJioBHJiacb c o o 6mHTb eM y 06 
3tom , nocjiaB  j ih 6o cjia^KHH, jih 6o Hecjia^KHH Kocj)e, —  T or^a  
h M ory noM em aTb hm, AoSaBHB b Kocj)e noSoJibuie c a x a p y  
h CKa3aB 06 3Tom 3aKJiK>qeHHOMy. M o>KeT 6biTb, OHa y c jio -  
BH.iacb c o o 6mHTb eMy 06 stom , n oc jiaB  hjih He nocjiaB  
jio jKKy, —  T or^a  h M ory noM em aTb hm, H3rbHBLUH jioaKKy h 
c o o 6luhb eMy, mto 'nepe^aqa jio jk ck  iBocnpem aeTcn npaBH- 
JiaMH. OHa MOJKeT coo*6mHTb eMy 06 3Tom, nocjiaB  qa fl BMe* 
CTO KOCj)e... —  HeT, He MOXCeTi O hh  3HaiOT, MTO B 3T0 BpeMH 
jxhh b c to jio b o h  Bbi^aeTCH TOJibKo Kocj3e » .  T aK  oh paccy>K- 
jxaeT h Aa jibu ie ; sjxecb npHM eqaTejibHo to ,  mto HHTyHTHBHo 
OH CTpeMHTCH npeceMb BCHKyiO B03M0>KH0CTb CBH3H, CBOAfl 
Bee bo3m o)k iiocth  k o^hoh  —  a ce r^ a  c caxapoM , Bcer^a 6e 3 
JIO>KKH, TOJIbKO KO(J)e H T. JX. KoJIb CKOpO BCe <B03M0>KH0CTH 
CBe/ieHbi k o^h oh , eBH3b npepBana h nocbiJiaeMbifl HanHTOK 
jiHineH cnocoSnocTH  nepe^aBaTb HH(j)opMauHio. TaKHM o 6pa-



3 0M, nepe^ana (h xpaneHHe) HH(J)opMauHH cymecTBeHHo 
cB5i3aHbi c HajiHtmeM HeKOToporo Mnoofcecrea B03Mo>KHocTeH. 
H a m  npHMep KaK 6yziTo ^ e jia eT  s t o  yTBep>K£eHHe npaBAo- 
noAo6HbLM. B  AeftcTiBHrejibHocTH oho o6ocHOBbiBaeTCH Been 
paSoTofi b ogjiacTH coBpeMeHHoft TeapHH cbh3h; 9Ta paSoTa 
jio-cTaTo^Ho h'cho noKa3ajia, CKojib cymecTBeHHo h cKojib 
nJIOAOTBOpHO nOHflTHe 0 MHOX<eCTBe BO3M0>KH0CTeH.

TaKHM 06pa30M , cBH3b neoSxoO TM o TpeSyeT  MHO>KeeTBa 
coo6meHHH. BoJiee Toro , HH(J)opMauH5i, nepe^aBaeM aH o t-  
A e jib iib iM  coo6m ,eH H eM , 33bhcht o t  T o ro  MHo>KecTBa, H3 ko- 
T o p o ro  oh o  BbiSpaHo. riepedaeaeM an uHcpopMat^UH ne ne- 
AneTcn enyTpeunuM ceoucreoM undueudyaAbHoso cooGmeHun. 
B stom  mo>kho y6eAHTbCH na c jie^y iom eM  npHMepe. JX^a 
co ji^aT a  HaxoAflTCH <b n jieHy b £B yx Bpa>KecKHx cTpaH ax: 
oahh  b CTpaHe A, A p y ro fi b cxpane B; hx >KeHbi noJiyqaioT 
Ka>KAan no KpaTKOMy coo6m eH H io: 3£opoB ». QzuiaKo H3- 
BecTHO, h t o  b CTpaHe A njieHHbift M o ^ e T  BbiSnpaTb Me^K^y 
cooSmeHHHMH:

>7 3dopoe,
cAeam OoAen, 

>7 cepbe3ho 6oAen;

b CTpaHe >Ke B pa3pemaeTC5i oTnpaBJiHTb TOJIbKO coo6meHHe:

H 3dopoe,

o3H aqa iom ee: « 3  >khb». (B  m h o jk cc tb o  B03M0>KH0CTeH bxo- 
jxh t TaK>Ke B03M0x<H0CTb « 0TcyTCTBHH o o o 6m eHHH».) 0 6 e  
>KeHmHHbi 6yjxyT, KOHerao, noHHMaTb, qTo x o th  Kamjxan 
H3 hhx noJiyqHJia 0£HHaK0Byi0 c})pa3y, noJiyqeHHaa hmh 
HH(|)OpMaiXHH OTHKDAb He TO>K£eCTBeHHa.

H 3 3THX C006pa>KeHHH CJie^yeT, HTO b AaHHOH KHHTe Mbi 
He AOJiatHbi AyMaTb (KaK Mbi s to  AeJiaeM b Ka^ecTBe o t-  
AejibHbix jihix) 06 <otom coo'6meHHH». Mbi AOJiauibi cTaTb 
yqeHbiMH, o 6o c o 6HTbCH h AyM aTb o «jhoahx, n o jiyq a iom n x  
coo6m eH H 5i». A  s to  3HaraT, h t o  Mbi £OJi>KHbi nepenecTH 
Ham e BHHMaHHe c jn o 6o ro  oT^eJibHoro coo6meHH5i Ha mho- 
>KeCTBO Bcex B03M0>KH0CTeH.

P A 3 H O O B P A 3 H E

7/6. B o  Been BTOpon qacTH Mbi SyzieM MHoro 3aHHMaTbcn 
TaKHM BOnpoCQM: «JXaHO MHO>KeCTBO; CKOJIbKO pa3JIHqHMbIX
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sjieMeHTOB oho co^ep>KHT?» TaK, ecJiH nopaatoK, b kotopom  
pacnOJIO>KeHbI SJieMeHTbl, HTHOpHpyeTCH, TO MHO>KeCTBO 

c , bf c , a, c , c, a, b, c, 6, a,

co,fltep}Kamee ABeHazmaTb sjieMeHTOB, co,aep>KHT ToJibKo Tpn 
pa3AUHHbix sjieM eH Ta: a, b h c. O  TaKOM MHoatecTBe 6y^ eT  
roBOpHTbCH, qra  oho HMeeT pa3H006pa3we b TpH sjieMeHTa. 
(OTHOCHTeJIbHO SToro noHHTHH c m . cjie/iyiomHH naparpacj).)

X o th  TaKofi no^cqeT  M om er noKasaTbca npocTbiM, Heo6- 
xo^hm o c o 6jno^aTb  ocTopo^H ocTb . H anpH M ep, b ceMacj3ope 
c JXByMH KpblJIbHMH Ka>K£Oe KpbIJTO MO>KeT 3aHHMaTb, He3a- 
BHCHMO OT A p y ro ro , 0£H0 H3 BOCbMH nOJIOHCeHHH; cJie^oBa- 
TejibHo, jxBa KpbiJia o 6ecneqHBaioT 64 KOM6nHauHH. O^H aKo 
Ha HeKOTopoM paccTOflHHH KpbiJibH He p a 3JiHqaK)TC5i: ne jib3H 
oTjinqHTb c jiyq a ft «KpbiJio A ikdjxhrto, a KpbiJio B  0nymeH0»  
o t  c jiyq an  <<Kpbi.no A  onym eH o, a KpbiJio B  n0AH5iT0» .  n o -  
STOMy yaaJieHHbift H afijuoaaTejib  Mo>KeT p a 3JinqaTb ToJibKo 
36 noJio>KeHHH, h pa3Hoo6pa3He paBHO He 64, a 36. Cne/jyeT 
OTMeTHTb, qTo p a 3H006p a 3He MHo>KecTBa He h b jih ctch  e ro  
BHyTpeHHHM cbohctbom : 6biBaeT, m o  jxjm  To^H oro onpe/ie- 
JieHHH pa3Hoo6pa3H5i Hy>KHo yKa3aTb Ha6jno^aTejiH  h e ro  
cn o co 6HocTb p a 3JinqeHHH.

ynp. 1. CKOJIbKO TpeX^yKBeHHblX KOM^HHaUHH £JIH aBT0M06HJIbHbIX 
H0Mep0B mo>kho nojiyqHTb, HMen b pacnopa>KeHHH 26 6yKB 
anrJiHHCKoro aji(j)aBHTa? 

ynp. 2. OepMep mojkgt pa3JiHMaTb 8 bmboakob ubinJiHT, ho He Mon<eT 
pa3AejiHTb hx no nojiy. Ero >KeHa pa3JwqaeT noji ubinJiHT, ho 
HHqero He 3HaeT o BbiBO/iKax. CKOJibKo pa3JinqHbix KJiaccoB 
UbinJiHT MoryT ohh pa3JinqHTb BMecTe? 

ynp . 3. HJnnoH Haxo^HTCH b jioMe c qeTbipbMH OKHaMH, pacnojio>KeH- 
HbiMH b $opMe npHMoyroJibHHKa. Oh aojijkch cnrHaJiH3HpoBaTb 
Ho^bio b Mope, 3a>KHraa hjih He 3a>KHraa CBeT b Ka>K£OM oKHe. 
CKOjibKO oh MOKeT no^aBaTb pa3JiHMHbix cHrnajiOB, ecjiH b TeM- 
HOTe HeJIb3H BOCnpHHHTb nOJIOJKeHHe OrHH OTHOCHTeJIbHO AOMa? 

ynp. 4. BaKTepHH pa3JiHMHbix bhaob pa3JiHMai0TCH no cnoco^HocTH 
pa3pymaTb pa3JiH4Hbie BemecTBa; HanpHMep, jiaKTosy pa3pyiuaeT 
Enterobium coli, ho He Enterobium typhi. FlycTb 6aKTepnoJior 
HMeeT ^ecHTb BemecTB, Ka>K£oe H3 kotophx jih6o MoreeT, jih6o 
He MOsceT 6biTb pa3pymeH0 ^aHHbiM bhaom 6aKTepHH. KaKoe 
MaKCHMaJIbHOe HHCJIO BHAOB M0>KeT OH pa3JIHMHTb? 

ynp . 5. FlycTb k axeman npoue^ypa ycTaHOBJieHHH jih^hocth n03B0JifleT 
pa3JiHHHTb n îTb CTenenen toh xapaKTepncTHKH, KOTopaa yeraHa- 
BJiHBaeTCH 3T0H npoue/iypoH. KaKOBO HaHMeHbinee mhcjio TaKHX 
npoue^yp, Heodxo^HMoe r j ih pa3JinqeHH5i 2 MHjuiHapAOB nejiOBeK, 
cocTaBJiaiomnx HaceJieHne 3eMHoro rnapa?



ynp. 6. B o6meH3BecTHQM KapTOMHOM (})OKyce 4)OKycHHK cjie/jyiomHM 
o6pasoM  oTra^biBaeT KapTy: oh noKa3braaeT 21 KapTy 3pHTeJiio, 
K0T0pbiH 3a/iyMbiBaeT o w y  H3 KapT, He roBopa (}>OKycHHKy 
o CBoeM Bbi6ope. 3 a ieM  c})OKycHHK zieJiHT KapTbi Ha Tpn paBHbie 
qacTH, pacKJia^bmaeT hx nepej* 3pHTeJieM JiHuesoft cTopoHoft 
BBepx, m o6b i 3pHTejib Mor hx BH^eTb, h npocHT ero yKa3aTb, 
b KaKOH qacTH Haxo^HTCH 3a,nyMaHHafl hm KapTa. 3aTeM c})OKyc- 
hhk co^HpaeT KapTbi, cHOBa pacK jia^biBaeT hx Ha Tpn paBHbie 
qacTH h cnpauiHBaeT, b k3koh h3 hhx Haxo^HTcn 3a/iyMaHHaH 
K a p ia ; h t o  >Ke caM oe b T p em n  pa3. 3aTeM  (j)OKycHHK Ha3bmaeT- 
3a,ayMaHHyK) KapTy. KaKC'Bo pa3Hoo6pa3He: ( I )  b yKa33HHHX 
3pHTejIH; ( I I )  B OKOHHaTejIbHOM Bbl6ope $OKyCHHKa? 

ynp. 7. (FTpo^ojiJKeHHe.) B stom  (j>OKyce mo>kho 6paTb 6ojibm e qeM 
21 KapTy. K a K 0B0 hx MaKCHMajibHoe qncjio, ec jw  npoqne yc jio - 
BHH He H3MeHHK)TCH? 

ynp. 8. (Ilpo^o jiJKeH H e.) CK0JibK0 pa3 AO jm eH  3pHTe;ib noKa3biBaTb, 
b KaKOH qacra  naxo^HTCH 3aflyMaHHaH KapTa, qTo6bi (})OKycHHK 
m ot Bbi6paTb ee H3 Bceft ko jioam  b 52 KapTbi? 

ynp. 9. E cjih  rpynna  KpoBH pe6eHKa O  h rpynna  Kpc-BH ero MaTepn O , 
KaKOBO pa3Hoo6pa3He rpynn KpoBH ero  B03M0>KHbix o t u o b ?

7/7. C jie^yeT  OTMeTHTb, m o  MHorne ynpa>KHeHHH BKJiioqajiH 
Haxo>K,aeHHe npoH3Be£eHHH h cTeneHen. TaKHe BbiqncjieHHH 
qacTO o6jierqaK)TCH H<cn0Jib30BaHHeM Ji0rapHc|)M0B. Ilpe/ino- 
jiaraeTCH, qTo qHTaTejno H3'BecTHbi hx ocHOBHbie CBOHCTBa; 
ho ojiuy (J)opMyjiy Mbi npHBe^eM ^jih  ccbiJioK. Ecjih y Hac 
HMeiOTCH TOJIbKO Ta6jIHIXbI JIOrapH(j)MOB no OCHOBaHHIO a, 
a Mbi xothm HaftTH jiorapHcj)M KaKoro-HHSy/ib qncjia N  no 
OCHOBaHHIO b, TO

B qacTHocTH, \og2 N  =  3,322 \ogi0 N .
Cjiobo p a 3H006p a 3He, b npHMeHeHHH k MHoatecTBy pa3- 

jinqHMbix sjieMeHTOB, Qy/ieT ynoTpe6jmTbcn b r Byx cMbicjiax: 
1) KaK qncjio pa3JiHqiibix sjieMeHTOB; 2 ) KaK jiorapH(})M 
SToro qncjia no OCHOBaHHIO 2. K o h tck c t Ka>K;ibiH pa3 6y^eT 
yKa3bmaTb npe^nojiaraeMbift cmhcji. K o r j ia  pa3Hoo6pa3ne 
H3M0pHeTCH b JiorapH(J)MHqecKOH (J)opMe, e^HHHueft ee hb- 
JineTCH « 6h t »  ( « b i t » ) — coKpameriHe o t  «B In a ry  d ig iT »  
(«^BOHqHbiH pa3pH £ »). TaK, pa3Hoo6pa3He nojioB paBHo 
1 6 m y ,  a pa3H006pa3He 52 nrpajibHbix KapT paBHo 5,7 SHTa, 

TaK KaK lo g 2 52 =  3,322 • log io  52 =  3,322 • 1,7160 =  5,7/ 
OcHOBHbiM npeHMymecTBOM 3Toro cnocoSa no^cqeTa hb- 
JineTCH to , qTo onepauHH c yMHo>KeHHeM MoryT Tenepb Bbi- 
nojiHHTbCH npocTbim cjio>KeHHeM. TaK, b ynp. 7/6/2 $epM ep



Mo>KeT p a 3JinqaTb  p a 3 H o o 6 p a 3 n e  b 3 6ma, e ro  >KeHa —■ 
p a3 H oo6 p a 3 H e  b 1 6 h t ,  a BM ecTe o h h  pa3JiHLia io T  pa3 H ooC - 

p a 3He b 3 +  1 6 h t ,  t .  e. b 4 6ura.
C K a 3aTb, qT o  MHO>KecTBo He HM eeT «H H K a K o ro »  pa3H 0- 

o6pa3H 5i, qT o  Bee e r o  3JieMeHTbi —  o ^ H o ro  r a n a ,  3H aLiHT no 
c y m e cT B y  H3MepHTb e r o  jiorapH (J )M H qecK H ; Be^b JiorapHcj)M  

e^HHHixbi ecTb  H yjib .

Vnp. 1. KaKoe pa3Hoo6pa3He 6aKTepHH b 6HTax oTJinqaeT Ka>KAoe Be- 
mecTBO b ynp. 7/6/4?

Vnp. 2. B ynp. 7/6/5: ( I )  Kanoe pa3Hoo6pa3iie b 6htax pa3JiHMaeTCH 
Ka>KAoft npoue^ypoft? ( I I )  neMy paBHo b 6nTax pa3Hoo6pa3ne
JIByX MHJIJIHap^OB pa3JIHHHMbIX HHJUHBHAOB?

Vnp. 3. ^ e w y  paBno b dwiax pa3H006pa3ne 26 6yKB aHrjiHHCKoro 
aji(J)aBHTa?

Vnp. 4 (npo£Oji>KeHHe.) HeMy paBHo b 6n iax pa3Hoo6pa3He kom6h- 
HaUHH H3 nHTH 3HFJIHHCKHX 6yKB (He 06H3aTeJlbH0 o6pa3yio- 
mHx c jio b o ) ? FIpoBepbTe oTBeT, Ha hah cua^ajia mhcjio t3 k h x  
KOM^HHauHH h TOJibKo 3aieM hx pa3Hoo6pa3He.

Vnp. 5. H a  Bonpoc mojkho oTBeTHTb T0JibK0 «/ ia »  hjih «H eT ». HafiAHTe: 
( I )  KaKOBO pa3H006p a 3ne oTBSTa; ( I I )  ABa/iuaTH t3kh x  o tb c - 
tob , He3aBHCHMbix A p y r o t  A pyra .

Vnp. 6. (IlpoA O Ji^eH H e.) CK0JibK0 c*6i>eKTOB MoxceT 6biTb pa3JiHHeHo 
ABaAuaTbio BonpocaMH, ecjin Ha Ka>K,nbiH mohcho oTBeqaTb 
TOJIbKO «A a» HJIH «H eT »?

Vnp. 7. PaccMaTpHBaeTCH 33MKHyToe oflHosiiaMHoe npeo6pa30BaHne
HieCTH COCTOHHHH

1 a b c d e f  
+ ? ? ? ? ? ? ’

r^e KajKAbift BonpocHTejibHbiH 3HaK jxojimeu 6biTb 3aMeHeH 
6yKB0fi. Ecjih b apyrnx OTHOineHHHX 3aMeHbi He orpaHH^eHbi, 
KaKOBO pa3Hoo6pa3He (jiorapH(j)MHqecKoe) MHO>KecTBa Bcex 
TaKHx B03M0>KHbix npeo6pa30BaHHH?

Vnp. 8. (npo,noji>KeHHe.) KaKOBO pa3H006p a 3He, ecjiH 33MKHyToe npe- 
06pa30BaHHe HMeeT n coctohhhh?

Vnp. 9. Ecjih 3h fjihhckhh hswk HMeeT pa3noo6pa3He b 10 6h tob  Ha 
cjiobo, t o  KaKyio eMKOcTb 3anacaHHH HMeeT 10-MHHyTHan pe^b 
B rpaMMO(J>OHHOfi 33nHCH? CKopocTb pe*W npHHHMaeTCH paB- 
HOH 120 CJlOBaM B MHHyTy.

Vnp. 10. (IlpoAOJiJKeHHe.) CpaBHHTe 3Ty eMKocTb c eMKOCTbK) neqaTHOH 
CTpaHHubi ra3eTbi (npH6jiH3HTejibHo).

Vnp. 11. (npo£OJi>KeHHe.) ^TeHHe 6pomiopbi BCJiyx 3aHHMaeT 10 MHHyT.
CpaBHHTe ee pa3Hoo6pa3He c pa3Hoo6pa3HeM ynoMHHyToft 
rpaMMOtflOHHOH 3anHCH.

Vnp. 12. KaKoe MHO>KecTBO HMeeTCH b Bnjxy b npeAbi^ymeM ynpa>K- 
HeHHH?

Vnp. 13. Mo>KeT jih  mhcto oTpnuaTejibHoe co6biTHe —  He3a>KHr3HHe 
cBeTa, HeB036yjKAeHHe HenpoHa, Henojiy^eHHe TejierpaMMbi —  
HCn0Jlb30BaTbCH RJIH yBeJlHM0HHH pa3H006pa3HH?



O r P A H H M E H H f l  P A 3 H O O B P A 3 H H

7/8. B BbicmeH CTeneHH Ba>KHbiM noHHraeM, kotophm  Mbi 
no3>Ke 6yaeM MHoro 3aHHMaTbCH, h b jih c tc h  noHHTHe orpa- 
HHqeHHH pa3H oo6pa3H 5 i. OrpaHHHeHwe pa3Hoo6pa3HH ec ib  
o T H o iu e n u e  Me>K^y £ByMH MHOJKecTBaMH, K d o p o e  b o3 h h - 

KaeT, Kor^a pa3Hoo6pa3He, cym ecTByiom ee npn o a h o m  
ycJioBHH, MeHbine, qeM pa3Hoo6pa3He, cym ecTByiom ee npn 
^pyroM  ycjioBHH. HanpHMep, pa3Hoo6pa3ne qejioBeqecKHX 
noJioB paBHo 1 Sm y. H o  ecjrn b ^aHHyio uiKOJiy npHHH- 
M3IOTCH TOJIbKO MaJIbqHKH, TO pa3H006pa3He nOJIOB BHyTpII 
niKOJibi paBHo Hyjno; TaK KaK 0 MeHbrne 1, najiHuo orpanii- 
qenne pa3Hoo6pa3HH.

JXpyrHxM o6meH3BecTHHM npHMepoM M oryT cjiyjKHTb o t h h  
aHTJIHHCKHX CBeT0(j30p0B, KOTOpbie HMeiOT no TpH JiaMnbI H 
npoxo^H T nocjie^oBaTejibH ocTb coc to h h h h  (r jxe  « + »  03Ha- 
q a e r  « r o p n T » ,  a «0» 03H aqaer «ne r o p H T » ) :

( i ) (2 ) (3 ) (4 ) (1 )

KpaCHLIM + + 0 0 1

>KejiTbiH 0 + 0 + 0

3e jie iib iii 0 0 + 0 0

3# ecb  HcnoJib3yK)TCH q e r a p e  kom 6hh3uhh. C jie^ yeT  3aMe-
THTb, qTO B paSJIH^Hbie MOMeHTbl BpeMCHH KpaCHblH CBeT 
u o m e i  Kai< ro p eT b , TaK h He ro p e T b ; TaK  >Ke h >KejiTbiH, h 
3ejieH b ifl. CoTe^QBaTeJibHo, e c jin  TpH JiaM nbi h 3M 6 h h io t c b o h  
COCTOHHHH He3aBHCHM0, TO MO>KeT nOHBHTbCH BOCeMb KOM- 

SHHaUHH. B ^eHCTBHTeJIbHOCTH >Ke HCno«Tb3yeTCH TOJIbKO 

qeT b ip e ; nocKO JibKy .q e r a p e  M eHbrne BocbMH, H ajrnuo o r p a -  

HHqeHHe pa3H oo6pa3H H .
7/9. O rp a H H q eH H e  p a 3H006p a 3HH m o> k ct 6biTb c jia fib iM  h jih  

CHJibHbiM. n y c T b ,  H anpH M ep, b 3 b o a  c o j i^ a T  jxoJimeH  6 b irb  

BbicTpoeH  b o ^ H y  m e p e n ry ,  h n ycT b  «H e3aB H CH M 0CTb» 0311a- 
qaeT , qT o  o h h  M oryT  B b icTpoH Tbcn b j iio 6 o m  n opam ce . Ha 
p a 3 H oo 6 p a 3 H e  nopH^KOB nocTpoeH H H  M oryT  SbiTb n a jio H ce iiu  
pas jiH ^H b ie  orpaH H ^eH H H , o T J in q a io m H e cH .n o  cTeneHH Bbi3bi- 

B a eM o ro  hmh yM eHbiueHHH B03M0>KH0CTeH. T a K , e c jin  OT£an 
npHKa3, COTJiaCHO KOTOpOMy He AOJI>KHbI CTOHTb pH^OM jx3a 

qejio-BeKa, AeH b poHcaeHHH k o t o p h x  npHxo^HTCH Ha o ^ h o  h 
t o  >Ke q n c jio ,  t o  o rpaH H qeH H e p a3H oo6pa3H H  6 yzieT  c jia6 b iM , 

H&0 H3 B cex  B03M0>KHbIX n ocTpoeH H H  HCKJIIOqaiOTCH JIHUJb



HeMHorwe. E c jih , o/maKo, oT^aeTcn npHKa3, 3anpem aiom HH 
daHOBHTbCH cJieBa o t  6oJiee BbicoKoro qeJioBeKa, t o  o rp a - 
HnqeHHe p a 3HOo6p a 3HH 6yjxQT cHJibHbiM: oh o  (J)aKTHqecKH 
Onpe^eJIHT e^HHCTBeHHblH nopH^OK nOCTpOeHHH (eCJIH TOJibKO 
ABa qe jioB exa  He oKaJKyrcn coBepm eHHo o^HHaKOBoro po- 
CTa). TaKHM 06p a 30M, HHTeHCHBHOCTb OrpaHHqeHHH pa3H0- 
o6pa3HH npoHBJineTCH b tom , HacK0JibK0 oh o yM eHbinaeT 
qn cjio  B03M0x<Hbix pacnojio>KeHHH.

7/10. riO-BH/XHMOMy, HeB03M0>KH0 paCKJiaCCH^HUHpOBaTb 
orpaHHqeHHH pa3Hoo6pa3HH KaKHM-jm 6o npocTbiM  c n o co 6oM, 
h 6o ohh BKJiioqaiOT Bee c jiyq an , b k o to p h x  HeKOTopoe 
MHO^eCTBO, no K3KOH 6bl TO HH 6bIJI0 npHqHHe, OKa3bI- 
BaercH  MeHbuiHM, qeM oh o  m otjio  6bi SbiTb. 3 ^ e cb  h x o q y  
paccMOTpeTb jiHuib H©K0T0pbie o c o 6eHHo pacnpocTpaH eH - 
Hbie h Ba>KHbie THnbi, npe/tocTaBjiHH qH TaTejno AoSaBjiHTb 
A p y rn e  THnbi, ecjiH  e ro  o c o 6bie HHTepecbi npHBe,zi;yT e ro  
K HHM.

7/11. OspanuHenuH pa3Hoo6pa3un e eeKTopax. H n o r^ a  9Jie-
MeHTbl MHO>KeCTB3 HBJIflKDTCH BeKTOpaMH H HMeiOT COCTa-
BjiHiomHe. T aK , c n m a ji  cBeTocJ)opa H3 § 7/8 6bui BeKTopoM 
C TpeMH COCTaBJIHIOUIHMH, KaJK^aH H3 KOTOpblX M orjia npH- 
HHMaTb jxBa 3HaqeHHH. B s th x  c jiy q a n x  o 6biqHoe h Ba>KHoe 
orpaHHqeHHe p a 3H006p a 3HH c o c to h t  b tom , qTo ^aKTPiqecKoe 
qHCJIO BeKTOpOB, HMeiOUXHXCH npH AaHHbIX yCJIOBHHX, MeHbHie 
qHCJia B0KTOpOB, B03M0>KHbIX 6e3 KaKHX-JIHSo yCJIOBHH ( t .  e. 
Korzia K a ^ a n  cocTaB jifn om aa npHHHMaeT Bee 3HaqeHHH He- 
3aBHCHMO OT 3H3qeHHH ApyTHX COCTaBJIHIOIUHX).

TaK , BO3bM0M npHMep c cnm aJiaM H CBeToc})opa. K o r^ a  
KpacHbiH h x<ejiTbiH cBeT o 6a ropHT, 3ejieHbift CBeT He m om er 
ropeTb, h, cjie^OBaTejibHo, BeKTop c ropniUHM 3ejieHbiM CBe- 
tom  b 3tom  c jiy q a e  oTcyTCTByeT.

C jie^ y eT  3aMeTHTb, qTo b MHo>KecTBe BeKTOpOB HMeiOTCfl 
pa3JiHqHbie pa3noo6pa3HH, KOTopbie j io jim n u  ycraHaBJiH- 
BaTbCH oTAejibH o, bo H 36e^aH H e nyTaHHUbi. PaccMOTpHM* 
HanpHMep, BeKTop H3 § 3/5:

(B 03pacT  aBT0M06HJiH, jiom a/uiHbie CHJibi, u b c t )  . 
l le p B a n  cocT aB jifliom an  HMeeT HeKOTopoe onpe,aejieH H oe 
pa3i-ioo6pa3He, TaK >Ke KaK h BTopaa, h TpeTbn. 3 t h  TpH 
p a 3 H o o 6 p a 3 H H  M o ry T  SbiTb He paBHbi.  B c b o io  o q e p e A b



p a 3H006p a 3He MHo>KecTBa BeKTopoB 6y# eT  otjihhho ot hhx  
Bcex.

P a 3H006p a 3He MHOJKeCTBa BeKTopoB, 0£HaK0 , CBH3aH0 
O^HHM HeH3MeHHbIM COOTHOUieHHeM C pa3H006pa3HHMH CO- 
cTaBJiH iom nx; a HMeHHo, oho He Mo^KeT npeBbim aTb hx  
cyM M H  (ecJiH  peqb  njier o J iorapH ^M H ^ecK oH  M epe, S o jie e  
y A o 6noH 3£ ecb ').  TaK , ec jin  aBT0M06HJib m o k c t  HMeTb oa h h  
H3 10 B03paCT0B, ORHy H3 8 MOIUHOCTeH H 0£HH H3 12 UBe- 
t o b ,  t o  pa3H oo6pa3H e THnoB aBTOMofiHJiefi He Mo>KeT n pe- 
BbicHTb (3 ,3  +  3,0 +  3 ,6 ) 6h t3 , t .  e. 9,9 6HTa.

7/12. CocTaBJiHiomHe He3aeHCHMbi, ecjin pa3Hoo6pa3He jian- 
Horo MHO^KeCTBa BeKTOpOB B UeJIOM paBHHeTCH CyMMe (jio -  
rapH4)MHHeCKHX) pa3H006pa3HH OT^eJIbHblX COCTaBJIHIOmHX. 
E cjih  o 6Hapy>KeHo, HanpHMep, m o  cpe^H HeKOToporo onpe- 
^eJieHHoro MHO>KecTBa aBT0M06HJien mo>kho HaSjiKxnaTb see 
960 th tiob  aBT0M06HJieH, t o  Tpn cocTaBJiniomHe 6yAyT ua-
3bIBaTbCH «H C 3aBHCHMbIMH», HJIH «H3MeHHK)mHMHCH He3aBH- 
c h m o » , BHyTpH SToro on pe^e jieH H oro  MHo>KecTBa.

T aK oe  BbicKa3biBaHHe othoch tch  no cym ecTBy k TOMy, 
m o  HaSjiKXnaeTcn BHyTpH MHo>KecTBa; oho He ^ojijkho co- 
Aep^KaTb HenpeMeHHo KaKHe-jm6o ccmjikh Ha npe^nojiarae- 
Myio npnqHHy He3aBHCHM0CTH (h jih  orpaHHqeHHH pa3H0- 
o 6pa3H5i ) .

ynp. 1. Kor.ua IlaHTarpiosJib h ero Kpy>KOK o6cy>K,aajiH, He npnuuio jih 
IlaHypry BpeMH >KeHHTbcn, ohh o6paTHjmcb k coBemHKaM, 
o KOTOpbIX 6biJio cKa3aHo cjie^yiomee: «Pohah6hjihc ceftqac >Ke- 
HaT, a npeJK^e He 6biJi >KeH3T; rHnno^a^eH He 6biJi >KeHaT h 
cenqac He >KeH3T; Bpn^ya 6biji >KeH3T, a ceSqac HeT; a Tpyjibo- 
raH 6hji JKeHaT h ceflqac >KeHaT». OfinapyjKHBaeT jih sto mho- 
JKeCTBO BeKTOpOB OrpaHHMeHHe pa3H006pa3HH? 

ynp. 2. Ecjih KajKAaa cocTasjiHiomaH mojkct 6biTb repSoM (P) hjih 
pemeTKOH (P ), to  o6HapyacHBaeT jih orpaHH^eHne pa3Hoo6pa3Ha 
MHOvKeCTBO ^eTbipeX BeKTopoB (P, P, P ), (P, P, P), (P, P, P), 
(P, P, P ) no oTHomeHKio k MHOJKecTBy, o6napy>KHBaiomeMy
He33BHCHMOCTb?

7/13. CTenenu ceo6odbL Ecjih HeKOTopoe mhojkcctbo BeKTo- 
POB He OXBaTblBaeT Bcex B03M0>KHbIX 3HaqeHHH (§  7/11), TO 
o c T a io m y io c H  em e cbo6o;i;hoh o6 jia cT b  HHor^a mo>kho 
ycn en iH O  H3MepHTb, yKa3aB, CKOJibKO He3aBHCHMbix cocT a - 
b jih io iu hx j\am\ 6bi TaKoe >Ke pa3H oo6pa3H e. 3 t o  ^hcjio co- 
CTaBJiHiouj.HX Ha3biBaeTCH cTenensiMH cBoSoAbi AaHHoro mho-



>KecTBa BeKTopoB. TaK , orHH CBeTotj)opa ( §  7/8) HMeioT 
p a 3Hoo6p a 3He, paBHoe qeTbipeM. E c jih  cocTaB jm iom H e no- 
npe>KH eM y 6y # yT  npHHHM aTb Ka>K,naH no # B a  3HaqeHHH, t o  
dee  cocTaBJiH iom He cM oryT  ziaTb t o  >Ke caM oe pa3HOo6pa- 
3 iie  (q e T b ip e ) .  TaKHM o6pa30M , m o >k h o  Bbipa3HTb orpaHHqe- 
HHe pa3H oo6pa3H 5 i C B eTo4 )opa , CKa3aB, qTo  Tpn B3aHM0- 

3aBHCHMbie cocTaBJiHiomne Aa ioT  TaKoe me  pa3H oo6pa3iie, 
Kai<oe AaBajiH  6bi HesaBHCHMbie cocTaB jin iom H e; t . e.
TpH OTHH HM0IOT ABe CTeneHH CBo6o/UbI.

E c jih  B03M0>KHbi Bee K0M6HHaixHH, t o  qn cjio  CTeneHCH 
CBo6oAbi paB iio  qn c jiy  cocTaBJiniom nx. E c jih  B03M0>KHa 
TO TbKo o/uia KOMOHHauHH, t o  q n c jio  CTeneH efi c b o 6 o j ih  
paBHo Hyjiio.

H e o 6 xoAHM o HMeTb b  BH^y c jie ^ y io m ee  0 6 cT0 HTejibCTB0 . 
3 t o t  c n o c o 6  H3MepeHHH T oro , qTo ocTaeTcn  CBo6 oAHbiM o t  
orpanHqeHHH pa3Hoo6pa3HH, npHMeHHM JiHHib b neKOTOpbix 
6 ./iaronpHHTHbix c jiyq an x . TaK , ecjiH 6bi o th h  CBeTo^opa 
A on ycK aJ iH  Tpn hjih  n^Tb KOMdHHaiXHH, t o  SKBHBaJieHT tie 
Bbipa>KajicH 6bi TaK npocTo —  uejibiM qHCJiOM. 3 t o  n oH fln ie  
HMeeT 3HaqeHHe rjiaBHbiM 0 6 p a 3 0 M T or^a , Korna cocTaBJisuo- 
m n e  H3MeHHK)TCH H enpepb iB H o, TaK  qT o  Ramzan  m o j k c t  
HMeTb 6 ecK 0 HeqH0 e qn cjio  SHaqeHHH. EIozicqeT c noM om bio 
c ien eH en  cBo6 o£bi Hepe^Ko B03M0>i<eH h b s t o m  c jiyq ae , 
XOTH COCTOHHHH He MOTyT 6bITb COCqHTaHbl.

y n p .  1. E c jih  ToproBeu, no,aep>KaHHbiMH aBT0 M0 6 njiHMH X B a c ia e T , m o  
e r o  3 a n ac  n oK p bm aeT  o S jia cT b  10 B03pacT0B , 8 M om H ocTen  h

12 UBeTOB BO B cex  B03M0>KHbIX KOM6 HHaUHHX, TO CKOJIbKO CTene- 
Hen CB oSo^bi HMeeT e ro  3 an a c?  

ynp. 2. H.ByMH cocTaBJiHiomHM H B eK Topa  h b jih io tc h  y r jio B b ie  nojio>K e- 
HHH ilB yX  CTpeJIOK Ha M acax. H M ee T  JIH MHO>KeCTBO BeKTopoB  
(H a  H H TepBajie  b 12 q a c o s )  o rpaH H qeH H e pa3H oo6pa3H H , ecJiH 
y r jib i H3 M epni0 TCH tom ho? 

ynp. 3. ~(npo/io ji>KeH H e.) CKOJIbKO CTeneHeS cB o 6 o,abi HMeeT s t o t  BeK
T o p ?  (Y K a3 aH H e : BbI30BeT JIH OTCyTCTBHe MHHyTHOH CTpeJIKH 
cym ecT B eH H y io  n o T e p io ? ) 

ynp. 4. H 3M eH eH H e HanpaBJieHHH o c e fi £ B y x  #BH)KymHXCH rjia3  onpe/ ie- 
j ia e T  BeKTop c qeTbipbMH cocTaBJia iom H M H : BepXH ee h 6 o k o b o 0 
0 TKJI0 H6 HHH n p a B o ro  h JieB oro r jia 3 a  H e jio s e K  od J ia^ aeT  6 hho- 
K yjinpH b iM  3peHHeM ; xaM ejieoH  A B H raeT  rjia3aM H  He3aBHCHM0, 
npnqeM  Ka>K,abiH r jia 3  OTbicKHBaeT n n m y  Ha CBoeft cT op oH e  T e jia . 
C i<o jibK o  CTeneHen CBo6 o/ibi hm ckdt r jia 3 a  xa M e jie o H a ?  T j ia 3 a 
qejioBeKa?

ynp. 5. CTpejia 3a^aHHOH /uiHHbi, jie>Kaman Ha njiocKocTH, HMeeT Tpn 
creneHH cBodo^bi (flBe KoopflHHaTbi onpeflejinioT, CKaJKeM, nojio-



>KeHHe ee ueHTpa, a oahh yroji onpe^ejineT ee HanpaBJieHHe). 
CK0JibK0 cTeneHeft cm6ojibi Cyner y Hee, ecjin  £o6aBHTb orpaHH- 
qeHwe, mto OHa flOJUKHa Bcenia yKa3biBaTb b HanpaBJieHHH AaH- 
HOH TOMKH P ?

ynp. 6. T ecTb nenoTopoe 3aMKHyToe 0^H03HaHH0e npeo6pa30BaHHe, 
a a —  jik>6oh hs ero  onepaHiioB. PaccMOTpHM m hojkcctbo seK- 
TOPOB, HMeiOIllHX KaTKJXbli no Tpn COCTaBJIHIOlUHe

(a, T(a), T2 (a) ),

i\ae a npniiHMaeT noo^epeAHo Bee cboh B03M0>KHbie 3HaqeHHH. 
CKOJibKO CTeneHen CBoSoAbi HMeeT sto MHO>KecTBO? 

ynp. 7. KaKHM 06pa30M o6bmHbift rpacbnK 3aBHcnMocTn y ot x ooHa- 
py>KHBaeT orpanHMeHHe pa3Hoo6pa3HH? 

ynp. 8. CKOJibKO cTenenen CBo6o^bi HMeeT o6bmHoe Tejio, HanpHMep 
CTyji, b TpexMepHOM npocTpaHCTBe?

3 H A LIE H H E  O rP A H H M E H H M  P A 3 H O O B P A 3 H H

7/14. OrpaHHqeHHH pa3Hoo6pa3HH hmciot Sojibuioe 3Haqe- 
Hiie b KH6epneTHKe, h hm 6yjxer OTBe^eHo 3HaraTejibHoe 
MeCTO B OCTaBHieHCH qaCTH KHHFH, h6o U3 HaAUHUH OZpCLHU- 
HetillH pCL3H006pa3UR 06blHH0 MODfCHO U36AeHb nOAb3lj.

P a S o T a  U leH H O H a, o6cy>K (uaeM aH  b o ch o b h o m  b t j i .  9, 
5ISCTBeHHO AeM O H CTpH pyeT 9T0T Te3HC. BoJIbU iaH  qaCTb 3T0H 

p aS o T b i n o cB flin en a  ou eH K e pa3H 006pa3H H , K O Topoe H M ejiocb  
6bi n pn  noJiHOH He3aBHCHMOCTH, BbiHBJieHHK) orpaH H qeH H H  
pa3H 006pa3H H  (H a3bIBaeM bIX  TaM  «H36bITOqHOCTbIO»') H no- 
K a3 y  T o r o ,  KaK  h x  n a jin q n e  A e jia e T  B03M0>KHbiM SoJ iee  
9(J)(^eKTKBHoe H cn0Jib30BaiiH e K aH a .ia .

B cjie/jyiomnx HecKOJibKHX naparpatfiax 6yAyT H3Jio>KeHbi 
HeKOTopbie npHMepbi, CBH^eTejibCTByiouxHe o mnpoKOH n p ii-  

MeHHMOCTH H OTpOMHOH Ba>KHOCTH STOrO nOHHTHSI.

7/15. S clkoh u  npupodbi. H p e ^ e  Bcero Mbi mojkcm OTMeTHTb, 
m o cymecTBOBaHHe jiio6oro HHBapnaHTa b HeKOTOpOM mho- 
>KecTBe HBjieHHH no^pa3yMeBaeT Hajinqne orpaHH^eHHH 
pa3Hoo6pa3HH. B caMOM /jejie, cymecTBOBaHHe HHBapHaHTa 
03HaqaeT ©e^b, m o ocymecTBJiaeTCH He bch o6Jiacib pa3HO-. 
o6pa3HH. Cjie^oBaTejibHO, bch TeopHH HHBapnaHTOB ecTb 
qacTb TeopHH orpaHH^eHHH pa3Hoo6pa3HH.

Z la jie e , TaK KaK jh oSoh  33koh npHpo/ubi no£pa3yM eBaeT 
HajiHqwe HeKOToporo HHBapHaHTa, t o  bchkuu  3cikoh npu
podbi ecTb odpaHunenue pa3H,oo6pa3un. TaK , 33koh H b io -



TOHa rOBOpHT, qTO H3 Bcero MHOJKeCTBa B03M0>KHbIX (Ha
npHMep, HanncaHHbix Ha 6yM are) BeKTopoB noJioxceHHH h 
CKopocTeft njiaHeT ( 6oJibiuee MH0>KecTB0 ) b aeScTBHTejib- 
hocth BCTpeqaeTCH b HeSecax jihuib HeKOTopoe MeHbinee 
MHo>KecTBo; h 3aKOH yKa3biBaeT, KaKHe 3HaqeHHH 6yjxyr 
npHHHMaTbCH 9THMH BeJIHqHHaMH. C HaLUefi TOqKH 3peHMH 
3JXQCh B32KHO TO, qTO 33KOH UCKAWHaeT MHOrae nOJIOHCeHHH 
h cKopocTH njiaHeT, npe^CKa3biBaH, qTo ohh HHKor^a He 
6y^ yT  BcrpeqaTbcfl.

H ayxa  nm eT 3aK0Hbi; nosTOMy OHa m hoto 3aHHMaeTcn 
noHCKaMH orpaHHqeHHH pa3Hoo6pa3HH. (3/ iecb  SoJibinee 
MHOJKeCTBO COCTOHT H3 TOTO, qTO M 03A0 6b l CJiyqHTbCfl, eCJIH 
6bi noBe^eHHe SbiJio CBo6o£HbiM h xaoTHqecKHM, a MeHbinee 
MHO>KeCTBO COCTOHT H3 TOTO, qTO CJiyqaeTCH B AGHCTBHTeJIb- 
HOCTH.)

3Ta T oqxa  3peHHH, 3aMeTHM, coB n a^aeT  c TeM, qTo 6bi,/io 
CKa3aHo b §  1/5. K n 6epHeTHKa paccM aTpHBaeT bcio cobo- 
KynHOCTb HBJieHHH, bo Bceft ee bosm-ohchoh nojiHOTe, a 3aTCM 
cnpauiHBaeT, noqeM y /jeficTBHTeJibHbie coShthh orpaHHqn- 
BaiOTCfl HeKOTOpOH AOJiefi Bcex B03M0>KH0CTeH.

ynp. 1. riOHeMy XHMH êCKHH 3aKOH KpaTHbIX OTHOUieHHH HBJIHeTCH 
orpaHHqeHHeM pa3Hoo6pa3Hfl? 

ynp. 2. IloMeMy 33KOH coxpaHGHHH SHeprHH hbjihctch orpaHH^eHHeM 
pa3Hoo6pa3HH?

7/16. npedueTbi KaK oepanmeHun pa3Hoo6pa3un. O rpaH H 
qeHHH pa3Hoo6pa3HH BecbMa o 6biqHbi b oKpy>KaiomeM nac 
MHpe, H MHOrne H3 HaUJHX OCHOBHbIX nOHHTHH HCnOJIb3yiOT 
hx cymecTBeHHbiM 06pa30M. PaccMOTpHM b KaqecTBe npn- 
Mepa c})yH/i:aMeHTajibHoe noHHTHe «Bein,H» hjih «npe£MeTa>\ 
KaK qero-To TaKoro, c qeM Mbi HMeeM jxqjio b noBcejiHeBHoft 
>kh3hh. CTyji ecTb Bemb b cnjiy CBoefi cbhshocth, b CHJiy 
Toro, qTo Mbi MO>KeM nocTaBHTb ero no Ty hjih no 3Ty cto- 
poHy CTOJia, qTo Mbi mo>kcm HocHTb ero hjih CH/jeTb Ha HeM. 
B to  >Ke BpeMH CTyji ecTb co6paHHe qacTeft.

H o  jiio 6oh CBofioAHbiH npe^MeT b HarneM TpexMepHOM 
npocTpaHCTBe HMeeT rnecTb cTeneHeft cbo6oah . Ecjih 6bi 
qacTH CTyjia He 6biJiH CBH3aHbi & p y r c apyroM , to  K a ^ a n  
H3 hhx HMejia 6bi rnecTb coScTBeHHbix CTeneHeft cBoSo^br, 
h cJ)aKTHqecKH TaK h o S c toh t nejio c qacTHMH CTyjia Ha (J)a6- 
pHKe, noKa oh em e He coSpaH . CjieAOBaTejibHo, qe ib ipe



HOJKKH, B3HTbie caMOCTOHTeJIbHO, HMeiOT BMeCTe 24 CTeneHH 
cBo6ozit»i. O/iHaKo, coeAHHeHHbie, ohh HMeiOT TOJibKo rnecTb 
cTeneHefl cB o6o£bi, npH cym ne e/jHHHMHOMy npe^M eTy. H a -  
JlUHUe orpaHHMeHHH pa3H006pa3HH CTaHOBHTCH 0-qeBHAHbIM, 
KaK TOJibKo Mbi yncHHM c e 6e, mto ec jin  H3BecTHbi noJio>Ke- 
HHH Tpex HO>KeK rOTOBOTO CTyJia, TO H3 HHX c HeoSxoAH- 
MocTbio BbiTeKaeT nojiosceHHe qeTBepTOH ho>kkh —  ona He 
HMeeT cBoSoAbi.

TaKHM o6pa30M , n ep exo a  o t  qeTb ipex 0T;jejibHbix h cbo- 
6 o^HbIX HO>KeK K OAHOMy CTyJiy B TOqHOCTH COOTBeTCTByeT
nepexo/iy ot HajinqHH y  MHo>KecTBa 24 cTeneHen cBo6o^bi 
k HajiHMHio y  H ero TOJibKo iuecTH CTeneHeft cboSo a h . TaKHM 
06pa30M, cymHOCTb Toro , mto cTyji hbjihctch «B e m b io », 
e^HHCTBOM, a He coSpaHHeM He3aBHCHMbix qacTeft, cooTB er- 
CTByeT HaJiHMHio orpaHHqeHHH pa3Hoo6pa3HH.

7/17. PaCCMaTpHBaeMblH C 3T0H TOqKH 3peHHH, MHp BOKpyr 
Hac 0Ka3biBaeTCH qpe3BbiqaHHo 6o raT  orpaHHqeHHHMH pa3Ho- 
o6pa3HH. M bi HaCTOJIbKO 3HaKOMbI C HHMH, MTO npHHHMaCM 
6oJibniHHCTBo H3 hhx KaK A 0Ji>KH0e h qacTO ^ a 7KQ He 3aMe- 
qaeM, mto oh h  cymecTByioT. M to S h  npe^cTaBHTb ce6e MHp, 
JIHHieHHblH CBOHX o 6biqHbIX OrpaHHqeHHH pa3H006pa3HH, HaM 
npHiHJiocb 6 bi o6paTHTbC5i k BOJime6HbiM CKa3KaM hjih  
k «c y M a cn ieA in eM y » cj)HJibMy, a Be&h jxayne b hhx o T cy r- 
CTByeT Jinuib HeKOTopan qacTb Bcex orpaHHqeHHH.

M np 6e3 orpaHHqeHHH pa3Hoo6pa3HH 6biJi 6bi noJiHocTbio 
xaoTHqecKHM, B o 3Mo>kho, TaKHM MHpoM hbjihctch Sym yio- 
man peKa noji HnarapcKHM Bo^onaAOM, xoth  c})H3HK h TaM 
o 6Hapy>KHJi 6bi HeKOTopbie orpaHHqeHHH. H am  3eMHofi Mwp, 
K KOTOpOMy IIpHCnOCa6jIHBaiOTCH JKHBbie OpraHH3MbI, OT- 
moRh He npe^CTaBJineT co 6oh TaKoro xaoca. Hume (b § 13/5) 
6yjxer npe/uioJio>KeHo, qTo >khboh opraHH3M cnocoSeH npn- 
Cn0C06jIHTbCH JIHIIIb nOCTOJIbKy, nOCKOJIbKy ^efiCTBHTeJIbHblH 
Mnp orpaHHqeH b pa3Hoo6pa3HH, h He 6oJiee Toro.

ynp. llanpo6yHTe cocMHTaTb b Teqenne oahoh nocjieflyiomeH MHHyTbi Bee 
orpaHHqeHHH pa3Hoo6pa3HH, AeftcTByiomHe b sameM OKpy>KenHH.

7/18. npedcKa3anue u oepanuHenuH pa3H006pa3un. T o t  
4)aKT, qTo HeqTo «npe£CKa3yeM o», no#pa3yMeBaeT Hajinqne 
orpaHHqeHHH pa3Hoo6pa3HH. Ecjih 6bi, HanpHMep, caMOJieT 
Mor b Ka>KAyio ceKyH^y nepe^BHraTbcn H3 jiio 6oh ToqKH



He6a b jn o 6 y io  / ipyry io  e ro  ToqKy, t o  HaHJiyqmne p a c q e ra  
othh  3eHHTHoft apTHJuiepHH 6biJiH 6bi 6ecnoJie3HbiMH H 6ec- 
noMomHbiMH. P a c q e r a  3 th  M oryT ^aBaTb noJie3Hyio HHcj)op- 
MauHio .THuib nocTOJibKy, nocKOJibKy eaMOJieT He Mo>KeT 
^BHraTbCH Tax, KaK cKa3aHo Bbirne; Ha caMOM # e jie  e ro  
ABH>KeH'He no^^HHeHo cnjibHbiM orpaHHqeHHHM pa3H oo6pa- 
3HH. HeKOTOpbie H3 HHX CBH3aHbI c HenpepbiBHocTbio: ca- 
MOJieT He Mo>KeT coB epm aTb  BHe3anHbix cKaqKOB —  hh b 
nOJIO^eHHH, HH B CKOpOCTH, HH B HanpaBJieHHH. HeKOTOpbie 
H3 orpaHH^eH iiH  cBH3aHbi c oco6eHHocT5iMiH THna caMOJieTa, 
6 jia ro A a p n  k o to p h m  o^hh  eaMOJieT BezieT ce6n  KaK A -10, 
a A pyroH  —  KaK Z-20. C ym ecT B yioT  orpaHHqeHHH pa3H ooo- 
pa3HH, CBH3aHHbie C HHAHBH^yaJIbHblMH OCO60HHOCTHMH FIH- 
jioTa  h t .  jx. By^ymee noJio>KeHHe caMOJieTa, TaKHM o6pa- 
30m, Bcer/ia no^qKHeHo HeKOTopoMy orpam iqeH H io  pa3HO- 
o6pa3HH, h JiHinb # o  3 toh  cTeneHH oh o  MO>KeT 6biTb ycn em n o 

rrpeABbiHHCJieHO.

7/19. MatuuHbi ko,k ospanuHeHun pa3Hoo6pa3un. Tenepb
MO>KHO BH^eTb, qTO nOHHTHe «MaUIHHbI», BblBeZieHHOH H3 
Hafijiio^eHHH HeKOToporo npoTom/ia (§ 6/5), h c x o a h t H3 
npH3HaHHH Toro, qTo nocAedoeareAbHocTb e npoTOKOAe 06- 
HapyotcueaeT e HeKompou (popMe oapanuHenue pa3noo6pa- 
3ur\ ecjiH 6bi npoTOKOJi He o6HapyjKHBaji HHKaKoro orpa- 
HHqeHHH pa3Hoo6pa3HH, t o  Hagjno^aTejib Mor 6bi cKa3aTb, 
qra  npoTOKOJi xaoraqeH h HenpeACKa3yeM, KaK py jiem a.

E cjih  >Ke npoTOKOJi o6Hapy>KHBaeT xapaK Tepn y io  (J)opMy 
orpaHHqeHHH pa3Hoo6pa3H5i, t o  H a 6 jn o ja T e jib  Mo>KeT 3 to  
Hcn0Jib30BaTb. O h ncnoJib3yeT s to ,  nepeKOiXHpyn Becb npo- 
to k o ji  b 6 o jie e  KOMnaKTHyK) cj)opMy, coAepaKam yio T0JibK0:

1) (j)opMyjinpoBKy npeo6pa30BaiiHH h

2) c {}opM yjinpoBKy (J)aKTHqecKH ziaHHoro Bxo^a.
n o c j ie  3Toro paccyjKaeH H e mo>kho b ccth  He b TepMH- 

nax zuiHHi-ioro npoTOKOJia, a b  TepMHHax o K a T o ro  n peo6pa- 
30BaHHH, KaK Mbi JXeJlZJltt 3TO Ha npOT5I>KeHHH Been nepBOH 
q a c m

TaKHM 06pa30M, Hcn0Jib30BaHHe npeo6pa30BaHHH >ib~ 
jineTCH oahhm  H3 npHMepoB Toro , KaK m ojkho H3BJie*ib 
noJib3y H3 xapaKTepH oro orpaHHqeHHH pa3HOO'6pa3HH, na- 
KJia^biBaeMoro Ha noBe^eHHe e ro  «M am HH 0n0A 06H0CTbi0» .



ynp. Ecjih np0T0K0Ji o 6Hapy>KHBaeT orpannqeHHe pa3Hoo6pa3Hsi, xapaK- 
TepHOe £JIH MailJHHbl, TO qTO HCKJIIOMaeTCH 3THM orpaHnqeHHeM?

7/20. BHyTpH MHO>KeCTBa ^eTepMHHHpOBaHHblX MaillHH MO- 
ryT npHM6HHTbCH ^ajibHeftuiHe orpaHHqeHHH pa3Hoo6pa3HH. 
TaK, MHO^KeCTBO MO>KeT OrpaHHTOBaTbCfl ManiHHaMH, HMCIO- 
luhmh b KaqecTBe onepaH^oB onpe^ejieHHoe MHo>KecTBo 
coctohhhh; hjih MauiHHaMH, HMeiomHMH TOJibKo o;ihh 6 nc- 
cefiH; hjih MauiHHaMH, KoTopbie HenpHBOAHMbi (§  4/14).

06bmHbiM h BecbMa mouxhum  orparmqeHHeM pa3Hoo6- 
pa3HH HBJiHeTCH HenpepbiBHocTb. OHa npe^cTaBJi5ieT c o 6 o ri 

orpaHHqeHHe pa3Hoo6pa3HH, h6o np0H3B0JibH0 H3MeHnio- 
mancH (JjyHKUHfl Mo>KeT HcnbiraBaTb jiio6bie H3MeHei-m^, 
Tor^a KaK HenpepbiBHan (})yHKixH5i Mo>KeT n epexoM Tb  3a 
kztkjiuh  m ar TOJibKo b coce^Hee 3HaqeHHe.

Ynpa>KHeHHe 4 jxaer Jinuib c jia 6oe npeACTaBJieHHe o  cHJie 
3Toro orpaHHqeHHH pa3H006pa3HH.

ynp. 1. MH0>KecTB0 3aMKHyTbix OAHOSHa^Hbix npeodpasoBaHHH (aSco-
JIIOTHbIX CHCTeM) C TpeMH COCTOHHHHMH a, b, c HMeeT 27 3JieMen- 
tob  (cp. ynp. 7/7/7). Ckojii>ko sjigmchtob ocTaHeTcn, ecjrn npn- 
6 aBHTb orpaHHqeHHe, mto adcojuoTHan CHCTeMa He aoji/khs 
HMeTb COCTOHHHH paBHOBecHH?

ynp. 2. (F lpo^oji^eHHe.) To >Ke, ho orpaHHqeHHe coctoh t b tom, qTo 
CHCTeMbi aojuKHbi HMeTb TOJibKo no 0AH0My 6acceHHy. 

ynp. 3. (npo,aoji}KeHHe). To me, ho orpaHnqeHne coctoh t b tom, mto 
HCKJiioqaiOTCH nepexoAbi a b h b —> c .  

ynp. 4. BeKTOp HMeeT AecHTb cocTaBJiniomnx, K a ^ a n  H3 noTopbix mo* 
XCeT npHHHMaTb OJXUO H3 3HaM£HHH 1, 2, 3, 4. KaKOBO pa3H006- 
pa3He 3Toro MHc-xcecTBa BeKT0p0B, ecjin: ( I )  cocTaBJiaiomHe 
I:3MeHHK)TCH He3aBHCHMO (§  7/12); ( I I )  3HaqeHHH JIIo6blX flByX 
coce^HHx cocTaBJiHiomHX MoryT pasJinqaTbCH He 6ojiee qeM Ha 
eAHHHuy?

7/21. Odynenue u oapanmehue pa3Hoo6pa3UH. f l jm  ncnxo- 
Jiora Ba>KHbiH npHMep orpaHHqeHHH pa3Hoo6pa3HH ^aioT 
npoueccbi oSyqeHHH. ElaBJioB, HanpHMep, npHMeHHJi b oahom 
SKcnepHMeHTe TenjioBoft h TaKTHjibHbifl pa3£pa>KHTejm, 
c no^KpenjieHHeM mhchhm nopoui-KOM, b cjieayiom nx kom- 
SHHauHHx:

l
2
3
4

TenjiOBOM

+
+

TaKTHJIbHbIM

+

FIo^KpenjieHHe

+

+ +



(MeTBepTan komShhauhh, pa3yMeeTcn, HMejia MecTo b npo- 
M e^yTKax Me>K#y onbiTaMH.) B cex  B03M0>KHbix KOMSHHa- 
Uhh BoceMt; ElaBJioB npHMeHHji TOJibKo qerape. To, mto 
AaBajIOCb He Bee MHO>KeCTBO B03M0>KHbIX KOMfiHHaiXHH, 6bIJIO 
cymecTBeHHofl qacTbio 3Kcnep<HMeHTa, h6o b np0THBH0M 
c jiyqae >KHB0TH0e He HMejio 6bi HHKaKoro KOHKpeTHoro 
MaTepnajia ajih o 6yqeHHH. OrpaHHqeHHe pa3Hoo6pa3HH SbiJio 
cymecTBeHHofl oco6eHHocTbio SKcnepHMeHTa.

BoJiee npocTo t o t  >Ke npHHunn o 6Hapy>KHBaeTCH non 
o 6yqeHHH no accounauHH. npe^noJioJKHM, Mbi xothm , 
MTo6bi oSyqaioiUHHCH, noJiyqan neKOTopyio 6yKBy, oTBeqaji 
HeKOTopbiM mhcjiom no npaBHJiy:

AaHO A  —  OTBeT 2,
^aHO B  —  OTBeT 5,
Aano C  —  OTBeT 3.

JXjm 3Toro 06yqaeM 0My mojkho jxsLTh TaKyio nocjie;*oBaTejib- 
HocTb, KaK, HanpHMep, A2, B5, C3, B5f C3, A2, A2, C3
H T. JX.

Ho 3Ta nocjieAOBaTejibHOCTb, paccMaTpHBaeMan KaK
noCJie^OBaTeJIbHOCTb BeKTOpOB C £ByM H  COCTaBJIJUOIUHMH, 
ofiHapyHCHBaeT orpa-HHqeHHe pa3Hoo6pa3HH. 3 t o  orpa.HHqe- 
Hne pa3Hoo6pa3HH HeoSxo^HM o RJin o 6yqeHHH, h6o npn e ro  
OTCyTCTBHH 3a A OAHHaKOBO MOTJIH 6bl CJie^OBaTb H 2, H 3,
h 5, TaK mto o 6yqaeMbm He mot 6u  o6pa3oBaTb HHKaKHX 
cneuH(J)HqecKHX accounauHH. TaKHM 06p a 30M, o6ynenue eo3- 
MOOfCHO AUUlb tlOCTOAbKy, JlOCKOAbKy n0CAed06(lTeAbH0CTb 
odnapyotcueaeT oepanm enue pa3H006pa3un.

T o  >Ke caMoe BepHO h a jih  o 6yqeHHH b JiaSnpHHTe. 
B stom  cjiyqae Jia6npHHT jiojimm hso rha. b #eHb, b TeqeHHe 
Bcero nepno^a o 6yqeHHH, coxpaHHTb ojxny h Ty >Ke (J)opMy. 
Ecjih 6bi JiaSnpHHT He ofiHapyxcHBaji orpaHHqeHHH pa3HO- 
o6pa3HH, )KHB0TH0e He m otjio  6bi BbipaSoTaTb onpe/iejieH- 
HbiH (h noRxoixnuxm) cnoco6 noBe^eHHH. TaKHM 06pa30M, 
odynenue c to u t Tpyda T0AbK0 e tom  CAynae, ecAU cpeda 
o6napyM ueaeT oapanm enue pa3noo6pa3UH. ( 3 t o t  Bonpoc 
CHOBa paccMaTpHBaeTCH b §  13/7.)

PA3H O O BPA3H E B M AI1IHHAX

7/22. Tenepb Mbi b coctohhhh paccMtfrpeTb, KaK b jihhct na 
pa3Hoo6pa3He AenTejibHocTb MauiHHbi. TeM caMbiM Mbi no-



J X O lk jie M  6jIH>Ke K nOHHMaHHIO Toro, qTO npOHCXO^HT C HH- 
4)opMau,HeH npH npoxoK/jeHHH qepe3 MauiHHy. FIpejK^e 
Bcero oTMeTHM 0CH0BHyK) ocoSeHHocTb OAHosHaqHoro npe- 
o6pa30BaHHH B ero OTHOUieHHH K pa3H006pa3HI0.

PaccMOTpHM Rjin npHMepa 0£H03HaqH0e upeo6pa30BaHHe

h upHMeHHM e ro  k  H eK oropoM y M HoatecTBy onepaH ^oB , Ha
npHMep

BBACCCAABA.

P e 3y jibT aT 0M 6yneT m hojkoctbo  CCBCCCBBCB. 3jxecb 
B a^H o, qTo p a 3H006p a 3ue MHOHceerBa y n a jio  c 3/ jo  2. X la jib - 
Heftuiee npHMeHeHHe npeo6pa30BaHHH Z  npHBOjjHT k cn jiou i- 
HblM C, C p a 3H006p a 3HeM, paBHbIM 1.

^H T axe jib  j ie r x o  y 6e/iHTC5i b tom , qTo pa3Hoo6pa3He mho- 
^ ecT B a , n oziB eprH yToro  0jXH03HaqH0My npeoS pasoB a iiH io , 
HHKor.ua He M o ^ e r  B03pacTH, a oQbiqno na/iaeT. npn qH H y 
3Toro ycTauoBHTb HeTpyAHO. Ha rpac})HKe Momei HMeTb

bosm ojkho. Be3/je, r/*e npeo6pa30BaHHe npHBo^HT k c jih a - 
hhk) AB yx c oc to h h h h  b o£ h o , pa3Hoo6pa3ne yMeHbmaeTcn; 
h HeT HHKaKoro o 6paTHoro npouecca, KoropbiH m ot 6bi b o 3- 
MecTHTb 9 to  yMenbiueHHe.

Bpeo6pa30B aH H e He o6fl3aTejibH o £oji>kho SbiTb 3aMKHy- 
tmm. Tax, ecJiH t o  me caM oe m hoxccctbo ^ecHTH 6yKB uoji- 
BepraeTCH npeo6pa30BaHHK) Y

AaBan qqppppppqp , t o  p a 3H oo6p a 3He onnTb-TaKH yMeHb- 
uiaeTCH. J le rK o  BH/jeTb, qTo pa3H oo6pa3H e MHo>KecTBa He 
H3MeHHeTCH TOJibKO Toi\aa, K or^a  npeo6pa30BaHHe B3aHMHO 
OAH03HaqHO (oTHOCHTeJIbHO 6yKB, 4>aKTHqeCKH BXO^HIUHX 
b n peo6pa3yeM oe  m h o jk c c tb o ); a s t o  Be-CbMa cneunajibHbiH 
THn npeo6pa30BaHHH.

&np. l. BbinniiiHTe b CTpo^Ky Bee 6yKBbi aji(J)aBHTa; HH>Ke, 6yKBa nozi 
dyKBoft, BbinmiiHTe nepBbie 6yKBbi KaKOH-HHdy^b o6meH3BecT-

Y :
A B C



hoh (J)pa3bi. nepexoA ot BepxHeft ctpomkh k HH>KHen onpe^e- 
jiht HeKOTopoe 0HH03HaqH0e npeoSpasoBaHHe ( u). HanHiuHTe 
nojiHQCTbK) CBoe hms, Han^HTe pa3Hoo6pa3ne cocTaBJiniomHX 
ero 6yKB, npeo6pa3ynTe ero nocpeacTBOM u (t. e. 3aKOAHpyfiTe 
ero) h HaftiiHTe DasHootfDasHe nojivMeHHoro MHO>KecTBa 6yKB. 
Kax H3MeHHJiocb pa3Hoo6pa3He? FIpHMeHHHTe u noBiopHo; 
no.Ka>KHTe Ha rpa(j)HKe, KaK mar 3a uiaro\i H3MeHaeTca pa3HO- 
o6pa3He.

ynp. 2. nycTb Ka>KAbift bha HeKOToporo poAa napa3HTOB napasHTH- 
pyeT TOJIbKO Ha oahom onpe^ejieHHOM BHiie-xo3HHHe. Ecjih  
pa3H006pa3HH (b HarneM cMbicjie) BHAOB-napa3HTOB h bhaob- 

X03HeB HeOAHHaKOBbI, TO KaKOe H3 HHX 60JIbine?
Ynp. 3. «HecKOJibKO reHOTHnoB MoryT o6Hapy>KHBaTb oahh h t o t  >Ke 

(jjeHOTH'HHqecKHH npH3HaK». Ecjih n e p e x o A  o t Ka>KAoro reHO- 
THna k cooTBeTCTByiomeMy c})eHOTHny ecTb npeoSpasoBaHHe Vt 
to  KaKoe H3MeHeHHe pa3Hoo6pa3HH Bbi3biBaeT V?

ynp. 4. K om a  AerycTaTop npoSyeT qauiKy Man, oh ocymecTBJiaeT npe
oSpasoBaHHe Y, npeBpamaiomee «o6pa3MHK qaftnoro JiHCTa» 
(onepaHA) b «oueHKy» (o6pa3). Ecjih AerycTaTop 6e3ynpe- 
qeH, to  Y 6y&eT b33hmho 0AH03HaqH0. Hro mo>kho CKa3aTb
o AerycTaTope, KorAa npeoSpasoBaHHe Y oAHosHa^Ho Jinuib 
B OAHy CTopoHy?

ynp. 5. CeMb napajuiejibHbix H3MepeHHH (c TO^HOCTbio ao rpaAyca) 
TeMnepaiyp KOMHaTbi h TepMocTaTHMecKH ynpaBJiaeMOH BaHHbi 
AaJiH 3HaHeHHH:
K oM H aT a .......................... 65 62 68 63 62 59 61.
B a H H a ............................... 97 97 98 97 97 97 97.

KaKoe pa3H006pasHe o6Hapy>KHBaeTCH: ( I )  TeMnepaTypoft kom- 
HaTbi; ( I I )  TeMnepaTypoft BaHHbi? Hto mm CKa3aJiH 6bi, ecjiH 6bi 
pa3Hoo6pa3He b cjiynae ( I I )  npeBbimajio pa3Ho*o6pa3He b cjiy- 
vae (I )?

*ynp. 6. flycTb npeoSpasoBaHHe coctoht b tom, qTo Ka>KAoe cocTOHHHe 
nepexoAHT b HeKOTopoe cocTOHHHe, cjiyqaftHo BbidpaHHoe H3 
Bcex COCTOHHHH (flBJIHIOmHXCfl paBHOBepOHTHblMH). floKa^HTe, 
hto npH 6ojibinoM qncjie coctohhhh pa3Hoo6pa3He Ha nepBOM 
mare ynaAeT b OTHouieHHH 1 k 1 —  1/e, t. e. npHMepno Ha OAHy 
TpeTb. [YKa3aHHe: 3Ta 3a^aqa ( ajih OAHoro rnara) 3KBHBa- 
jieHTHa cJie^yiomeH 3aAaqe. n oxothhkob HeojKH^aHHo HaTitHy- 
jiHCb Ha CTajio h3 n oJieHeft. Ka>KAbift crpejiaeT oahh pa3 no 
Bbi6paHH0My H a yra A  ojieHio. Ka>KAaa nyjin y6HBaeT oAHoro 
h TOJIbKO OAHoro ojieHH. CKOJIbKO b cpeAHeM ojieHen 6yAeT 
y6HTo? H k MeMy cTpeMHTcn cpeAHee 3HaqeHHe, ccjih n CTpe- 
MHTCH K 6eCKOHeMHOCTH?]

7/23. MnoofcecTeo u mcliuuhcl. Tenepb Mbi rojitkh u  BbiHCHHTb, 
KaKHM 06pa30M MHOOfCeCTBO COCTOHHHH MO>KeT aCCOUHHpO- 
BBTbC5i c ManiHHofl, h6o HHKaKaH peajibHan MaiiiHHa He mo- 
>KeT b orho h to  >Ke BpeMH Haxo^HTbCH SoJiee qeM b oahom
COCTOHHHH. MHO>KeCTBO COCTOHHHH MaiUHHbl MO>KeT paCCM a- 

TpHBaTbCH n o pa3JIHqHbIM npH^HHaM .



r  OBOpH O MaiUHHe B e^HHCTBeHHOM qHCJie, Mbi MO>KeM 
na caMOM £ e jie  paccM aipH B aTb He ojiny Mam iiHy (§  7/3), a 
MH0>KecTB0 oziHHaKOBbix 3K3eMnjinpoB (k oh h h ), KaK b cJiy- 
qae , Korzia Mbi roBopHM 06 o 6m n x CBOHCTBax aBT0M06HJin 
« O o p A »  M oaejiH  T , hjih KJieTKH nepe/iHero p o ra  cnHHHoro 
Mosra, hjih 6e jio ft Kpbicbi. B stom c jiy q a e  Mbi mojkcm pac- 
CMaTpHB3Tb BMeCTe Bee 3K3eMnJIHpbI, B3HTbie B pa3JIHM- 
HblX COCTOHHHHX; H Mbi nOJiyMHM IieK 0T0p0e MHOOtCeCTBO 
coctohhhh, na KOTOpbie neftcTByeT o ru o  npeo6pa30BaHHe.

MHOJKeCTBO COCTOHHHH MO>KeT B03HHKHyTb H H.JIH O^HOH 
e^H HCTBe H110 H MaiiiHHbi. Be^b Mbi MO>KeM CTpeMHTbCH pac
cMOTpeTb He TOJIbKO TO, 4T0 MaUIHHa MO>KeT ,ne;iaTb B Rail* 
Hoe BpeMH npH JX3HH0M COCTOHHHH, HO H TO, HTO OHa MOJKeT 
^ejiaTb b Apyroe BpeMH npn ^pyroM  coctohhhh. H  pa3Jinq- 
Hbie cj3opMbi ee noBe^enHH, B03M0>KHbie b HeKOTopoe m h o - 
DfCeCT60 MOMeHTOB BpeMeHH, eCTeCTBeHHO COOTHOCHTCH c ne- 
KOTOpblM MHOOfCeCTBOM COCTOHHHH, paCCMaTpHBaeMbIX KaK
onepaH^bi.

HaKoneu, mhojkcctbo mojkct B03HHKaTb no eoAe  Teope-
THKa, KOTOpblii He 3HaeT, B KaKOM COCTOHHHH HaXO^HTCH 
^aHHan MauiHHa, h xoqeT  npocjie^H Tb nocjie^CTBHH ecex  
B03M0>KH0CTeH. 3 t0  MHOHCeCTBO —  y>Ke He MHO>KeCTBO Toro , 
qTo deucTeuTeAbHo cym ecTByeT, ho MH0>KecTB0 Toro, qTo 
Mootcer cym ecTB osaTb  (nocKOJibKy ^ e j io  KacaeTcn Teope- 
T H K a ). 3 t o t  MeTOA THnnqeH a jih  KHSepneTHKH, h6o oh pac- 
cMaTpHBaeT cj:>aKTHqecKoe b ero  OTHomeHHii k 6o jiee  u inpo- 
KOMy MHO>KeCTBy B03M0>KH0r0 HJIH MbICJIHMOrO (§  1/3).

7/24. yM enbuienue pa3H006pa3un. Hmch b cHJiy oahoii 
H3 nepeqHCJieHHbix npnqHH HeKOTopoe mhojkcctbo co 
ctohhhh h B33HMHO 0,fltH03HaqH0e npeofipasoBaHne h ncnojib- 
3yn pe3yjibTaT § 7/22, Mbi MoxceM Tenepb npe^CKasaTb, qTO 
c TenenueM epeMeuu pa3noo6pa3ue droao MnootcecTea He mo- 
ofceT yeeAUHuearbCH, ho odbmno 6yd e r yMenbiuaTbCH.

3TOT 4>aKT MOJKHO paCCMaTpHBaTb C pa3JIH4HbIX TOqeK 
3peHHH.

Bo-nepBbix, s t o t  c]:>aKT yToqHHeT qacTo BbicKa3biBaeMoe 
3aMeqaHHe, tto  JiioSan CHCTeMa, npe^ocTaBJieHHan caMOH 
ce6e, ^BH>KeTCH k coctohhhio paBHOBecHH. 06biqHo 3to 3a- 
MeqaHHe ocHOBbiBaeTcn Ha neonpe^ejieHHOM oSpameHHH 
K OnblTy, HO 3TOTO He^OCTaTOqHO, TaK KaK yCJIOBHH 3A'3Cb
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to ^ h o  He on peaejieH H . Wnorjia o6pamaioTCH ko BTopoMy 3a- 
KOHy TepMOAHHaMHKH, ho no/j^Han ccbiJiKa qacTo He HMeeT 
OTHOUieHHH K paCCMaTpHBaeMbIM 3£ecb CHCTeMaM (§  1/2). 
H am a HOBah cj)opMyjiHpoBKa noKa3biBaeT caMoe cymecTBO 
fle jia .

Bo-BTopbix, 9t o t  (J)aKT noKa3biBaeT, qTo ecjiH Hagjiiozia- 
Tejib HMeeT nepejx c o 6oh a6cojiK)THyio CHCTeMy, npeoSpaso- 
BaHHe KOTopoft eMy H3BecTHo, ho COCTOHHHe kotopoh  oh no 
TeM hjih HHbiM TipH^HHaM He mojkct Ha6jiio^aTb, to  c Teqe- 
HHeM BpeMeHH ero HeyeepennocTb o th o cu tca b u o  co c to rh u h  
cucreMbL Mooicer TOAbKo yMeHbiuaTbCR. H 6o nepBonaqaJibHo 
CHCTeMa Morjia 6biTb b jiio 6om H3 cbohx coctohhhh, ho c Te- 
qeHHeM BpeMeHH qi-icjio bo3mohchhx coctohhhh yMeHbmHTcn. 
TaKHM 06pa30M, b npe^ejibHOM cjiyqae, Koraa cHcreMa 
HMeeT TOJIbKO OAHH 6aCCeHH H OjXHO COCTOHHHe paBHOBeCHH, 
nepB 0H aqajibH 0 He 0CBeA0MJieHHbiH Hafijno^aTeJib CMo>KeT 
B KOHIXe KOHUOB C yBepeHHOCTbK) CKa3aTb, B KaKOM COCTOH- 
I-IHH Haxo/JHTCH CHCTeMa.

YivieHbmeHHe pa3Hoo6pa3HH mohcho paccMOTpeTb n 
c zipyron ToqKH 3peHHH. Ecjih pa3H006pa3He B03M0>KHbix co
ctohhhh accouHHpyeTCH c HH^opMauneH, TaK qTO onpe^e- 
jieHHoe COCTOHHHe MamHHbi HeceT onpe^ejieHHoe cooSmeHHe, 
to  c TeqeHHeM BpeMeHH KOJinqecTBo HHcJ)opMauHH, co^ep- 
>KameftcH b stom coctohhhh, m ojkct TQJibKo yMeHbmarbCH.

TaK, c noMonxbio qamKH Koc})e 3aKJiK)qeHHOMy mo>kho 
nepe/iaTb oa h o  H3 xp ex  cooSmeHHH b 3aBHCHMOCTH o t  Toro , 
6yzieT jih  K o $ e  ropnqHM , TenjibiM h jih  xoJio^HbiM. 3 t o t  Me- 
t o r  6 y jxer  ^encTBOBaTb y^oBJieTBopHTejibHo, T0JibK0 ecJiH 
BpeMH Me>K^y oTnpaBKoft h nojiyqeHHeM  Kocj)e ^ocTaToqH o 
K opoTKoe; h 6 o  KaKoe 6bi H3 Tpex  c o c to h h h h  hh Sbijio nepBO- 
HaqaJibHo Bbi6pai-io, qepe3 HeKOTopoe BpeMH 6yjxyT B03- 
Mox<Hbi TOJibKo coc toh h h h  «T e n jio e »  h jih  «xoJio,nHoe», a em e 
qepes HeKOTopoe BpeMH —  T0JibK0 «xoJio/i:Hoe». HTaK, qeM 
SoJibme n p o m jio  BpeMeHH Me>K^y ornpaB K ofl h nojiyqeHHeM , 
TeM MeHbine cnoco6H ocTb cncTeMbi nepe^aB aTb HHcjDopMa- 
UHK), n 0CK0JIbKy 3TO 3aBHCHT OT npe6bIBaHHH CHCTeMbI
b onpezieJieHHOM c o c to h h h h .

Vnp. 1. Ecjih rnapHK mojkct 0CTaH0BHTbCH b ohhom H3 Tpex pa3H0UBeT- 
Hbix rHesA, Kanoe 3#ecb HMeeTCa pa3H006pa3iie? 

ynp . 2. (npOAOJDKeHHe.) Ecjih npn6aBHTb eme iuapHK Apyroro uBeTa, 
HacKOJibKQ yBejinqHTCH pa3Hoodpa3He?



ynp. 3. To odcTOHTejibCTBO, m o B3aHMH0 oAH03HaqH0e npeo6pa30BaHHe 
He Bbi3biBaeT noTepn pa3Hoo6pa3HH, HHor/ia HcnoJib3yeTca b ca- 
jiohhom c})OKyce. O^Horo H3 npHcyTCTByiomHx npocaT 3araflaTb 
jxbsl o^HOpaspn^Hbix qncjia. 3aTeM ero npocHT yMHOJKHTb ckuho 
H3 hhx Ha 5, npndaBHTb 7, y^BOHTb nojiyqeHHbift pesyjibTaT 
h npndaBHTb BTopoe sa/iyMaHHoe *mcjio. P e 3yjibTaT coodmaeTcn 
(JoKycHHKy, KQTopbiH 3aieM Ha3biBaeT 3a/iyMaHHbie qncjia. FIo- 
Ka>KHTe, m o  3to npeo6pa30BaHne coxpaHaeT nepBCHaqaJibHoe 
KojinqecTBo pa3Hoo6pa3HH. (YKasaHHe: BbiqTHTe H3 OKC-HqaTejib- 
Horo qwcjia 14.)

ynp. 4. (ripoAOjiJKeHHe). Jinn KaKoro MHojKecTBa np0H3B0£HTCH nepBoe 
H3McpeHHe pa3iioo6pa3HH? 

ynp. 5. (iJpyroH cj>0Kyc.) Oahh H3 npHcyTCTByiomnx nnmei /iByxpa3pfl,n- 
Hoe qwcJio, pa3pn/ibi kotopok ) pa3HHTCH no KpaHHen Mepe Ha 2. 
O h Haxo^HT pa3H0CTb Me>K/iy sthm mhcjiom h hhcjiom, nojiyqeH- 
hhm H3 nepBoro nyieM nepeciaHOBKH pa3pHAOB. K  stoh pa3Ho- 

cti-i oh npHdaBJineT qHCJio, nojiyqeHHoe nyieM nepeciaHOBKH pa3- 
pHAOB pa3HOCTH. Kaxoe pa3HOo6pa3He coxpaHneTcn nocJie 
3Toro npeo6pa30BaHHH? 

ynp. 6 . Ecjih uenb HenpoHOB mojkct 3anoMHHaTb HHcJjopMaunio nocpe/i- 
ctbom Toro, m o  uenb jih6o B036y>K£eHa, jih6o HeT, to  Kaxoe 
pa3Hoo6pa3He mojkct OHa HecTH? 4 to  HBjiaeTCH 3/iecb 
MHODtcecTBOM, hmcioiuhm 3TO pa3Hoo6pa3He? 

ynp. 7. JXecHTb MauiHH, To>K£ecTBeHHbix no CTpyKType, npomjiH cboh 
nepexo/jHbie npoueccbi (§  4/5) h hmciot Tenepb n0CT0HHH0e 
pa3Hoo6pa3He, paBHoe Hyjiio. HaxoflHTca jih ohh c HeodxoflH- 
M OCT blO B COCTOHHHH paBHOBeCHH?

7/25. S clkoh uaKonAeuuH onbtra. B npe^bmymeM napa- 
rp a $ e  Sbijio noKa3aHo, m o  pa3Hoo6pa3He b MauiHHe (Korua 
nano HexoTopoe m hojkcctbo) He Momer yBejiHTOBaTbcn 
h o 6biqHo yMeHbmaeTCH. EIpH stom  npHHHMajiocb, m o  Ma- 
uiHHa H30JiHp0BaHa h BCJie^CTBHe 3Toro H3MeneHHe co- 
CTOHHHH npOHCXOAHT TOJibKO b cflJiy BHyTpeHHen ^eflTeJIb- 
HOCTH MaUJHHbl. Tenepb Mbi paCCMOTpHM, 4T0 npOHCXOZlHT 
c pa3Hoo6pa3HeM, Kon ia  cncTeMa hbjihctch  mshihhoh co
BXOAOM.

PaccMOTpHM ajih Ha^ajia npocTeHiiiHH cjiyqan, Kor^a 
MauiHHa HMeeT o^hh napaMeTp P , H3MeH5noiuHHCH qepe3 
6ojibUiHe npoMe>KyTKH BpeMeHH. E[ojio>khm ajih hchocth, 
MTO MauiHHa HMeeT MH05KeCTB0 KOnHH, TOHCfleCTBCHHblX no 
CBOHM npe06pa30'Ba,HHHM, HO pa3JIHqaiOHJ,HXC5I COCTOHHHHMH, 
B KOTOpbIX OHH HaXO^HTCH. EIpe/tflOJIOJKHM, m o  Mbi HafijIIO- 
£aeM MHOHCeCTBO COCTOHHHH, O0Hapy>KHBaeMbIX B Ka>K^bIH[ 
MOMeHT MHO>KeCTBOM MaillHH. ElycTb P  HMeeT OJXUO H TO >Ke 
3HaqeHHe ajih  Bcex MauiHH h coxpaHneT ero, b to  bpcmh 
KaK ManiHHbi H3MeHHiOTCH m ar 3a rnaroM. Ycjiobhh s^ecb



Te >Ke caM bie, m o  h b npeAuiecTByiom eM  naparpacj^e; h ecjin  
Mbi H3MepHM pa3H006pa3He COCTOHHHH RJIR MHO>KeCTB3 KO- 
nufl h Sy^eM  na6jiK>AaTb, KaK oh o  H3MeHHeTCH co BpeMeHeM, 
t o  Mbi yBHjiHM, m o  oh o ynaAeT a o  onpe^eJieH H oro 
MHHHMyMa. K o rA a  pa3Hoo6pa3He AOCTPirneT c so e ro  mhhh- 
MyMa npn AamioM bxoahom  3HaqeHHH P i,  n y c ib  P  npim eT 
HeKOTopoe HOBoe 3HaqeHHe P 2 0AH0BpeMeHH0 11 OAHHaKOBO 
a jih  Bcero Miio>KecTBa Konnn. H3Mei-ieHHe b x o a h o to  3Haqe- 
hhh nepeBezieT rpa(})HK MauiHHbi H3 oa h oh  $opM bi b Apyryio, 
HanpHMep (c c jih  MauiHHa HMeeT coc toh h h h  A, B, . , ., F)

A B C  A _^B c

H3 t r  » B 4 ♦ .
D  r ~ F  D ^ E  F

( P i t  ( P 2)

npH P i bcc MauiHi-ibi, Haxo^HBuiHecH b A, B hjih D, nepefi- 
AyT b D, a HaxoAHBLunecH BHaqajie b C, E hjih F nepeHAyT 
b E, Hepe3 HeKOTopoe BpeMH npn P i pa3Hoo6pa3ne ynaAeT 
AO AByx coctohhhh. KorAa P  npHMeT 3HaqeHHe P 2, Bee Te 
CHCTeMbi, KoTopbie naxoAHTCH b coctohhhh D, nepefiAyT 3a 
nepBbifi inar b E (nocKOJibKy npeo6pa30BaHHe 0AH03HaqH0), 
a Bee Te, KoTopbie naxoAHTCH b E , nepeHAyT b B. JierKo bh- 
AeTb, qTo KorAa H3MeHeHHe OAHHaKOBO ajih Bcex chctcm, 
u3MeHenue 3H m e m in  napaMerpa eo eceM MHOMecree ne Mo
w e r yeenuHiiTb pci3Hoo6pa3un d roso  MHootcecTQa. 3 to ,  ko- 
HeqHO, HCTHHHO He3aBHCHM0 OT TOTO, HBJIHIOTCH JIH D H E 
coctohhhhmh paBHOBecHH. IlycTb  Tenepb CHCTeMa npoAOJi- 
>KaeT AeficTBOBaTb npn P 2. 06e rpynnbi chctcm, nepBOHa- 
qaJibHO (nocjie  nepBoro u iara ) HaxoAHBUiHecn b pa3JinqHbix 
coctohhhx (D  h £ ) ,  nepeHAyT b B; Tenepb ohh Bee 6yAyT 
IiaXOAHTbCH B OAHOM H TOM >Ke COCTOHHHH H pa3H006pa3Iie 
ynaAeT a 0 HyjiH. TaKHM 06pa30M, usMenehue 3HaneHUR 
napaMerpa dejiaer 603M0MHbiM yMenbuienue pa3Hoo6pa3un 
do Hoeoeo, OoAee nu3Koeo MunuMyMa.

OqeBiiAiio, qTo nepexoA Pi P2 m ojkct npHBecTH 
k AaJibHefluieMy yMeHbuieHHio pa3Hoo6pa3HH npn tom 
ycjioBHH, qTo ABa hjih 6oJiee coctohhhh paBHOBecHH ajih -Pi 
jie>KaT b oahom h tom >Ke SacceuHe P 2. HocKOJibKy sto 
cjiyqaeTCH qacTO, Mbi mojkcm BbiCKa3aTb Menee CTporoe, 
ho CoJiee HarjiHAHoe noJio>KeHHe: edunoo6pa3Hoe u3Mene-



Hue exodoe neKOTopoeo MnoowecTea npeo6pa3oeaTeAeu  
uMeer TendeHUfUto yMenbtuaTb pa3noo6pa3ue droeo m h o - 
ofcecrea.

H o  Mepe yMeHbLlieHHfl p a 3H006p a 3HH MHOJKeCTBO H3Me- 
hhctch  TaK, mto Bee e ro  3JieMeHTbi HMeiOT TeHAeHUHio b Ka- 
>K£bIH MOMeHT HaXOAHTbCH B OAHOM H TOM >Ke COCTOHHHH. 
JXpyrHMH cjioBaMH, H3MeHeHHH Bxo^a HeKOToporo n p eo 6pa- 
30BaTeJIH HMeK)T TeH^eHUHK) OCJiagjIHTb 33BHCHMOCTb CO
CTOHHHH CHCTeMbl ( b AaHHblH MOMeHT) OT HH^HBHJiyaJIbHOrO 
HanaJibHoro co c to h h h h  n peo6pa30B aTejin  h ycHJiHBaTb 3a-
BHCHMOCTb COCTOHHHH CHCTeMbl OT TOH nOCJieAOBaTeJIbHO-
cth 3HaqeHHH napaMeTpa, KOTopan npHMeHHJiacb Ha Bxoae.

3 t o t  tkq  caMbiH (f)aKT mo>kho paccMOTpeTb h c zipyroft 
TOMKH 3peHHH. B H3JIO>KeHHOM Bblllie paCCy>KAeHHH 3a «MHO- 
>KeCTBO» npHHHMaJIOCb, £JIH HCHOCTH, MH02KCCTB0 OAHOBpe- 
MeHHo #eftCTByiomnx KonHH oAHoro h Toro >Ke npeo6pa3o- 
BaTejiH. Ho Hama TeopeMa 0#HHaK0B0 npHMeHHMa h k oa- 
homv npeo6pa30BaTejiK), B3HTOMy b pa3JiHqiibix cjiyqanx, 
ecjiH pa3JinqHbie HaqajibHbie MOMeHTbi npHBezieHbi b rojitk- 
Hoe cooTBeTdBHe. 3Ta ToqKa 3peHHH 6biJia 6w 6ojiee noA- 
xo£fliueH, ecJiH 6bi Mbi HCCJie^OBajiH KaKoft-HH6yflb oqeHb 
cjio>KHbiH npeo6pa30BaTeJib, npejxnpHHHMaH Ha neM e>Ke- 
AHeBHO HOBbie SKcnepHMeHTbi. Ecjih 6bi oh coaepHcaji 6oJib- 
moe KOJiH^ecTBO npaKTHLiecKH He^ocTynHbix qacTeft, t o  6bijio 
6bi, bo3mo>kho, Tpy^Ho B03BpamaTb ero K a^Aoe yTpo b He- 
KOTopoe cTaHAapTHoe cocTonHHe, r0T0:B0e ajih cjie^yiom ero 
SKcnepnMeHTa. H am a TeopeMa yTBep>K/iaeT: ecjin bxoa 
npeo6pa30BaTejiH paHO yTpoM npoBo^HTb qepe3 HeKOTopyio 
CTdHdapmyfo nocjieAOBaTejibHOCTb 3HaqeHHH, to  qeM r jihh- 
Hee 9Ta nocjieAOBaTejibHocTb, TeM 6ojiee yBepeHHo mo>kho 
CKa3aTb, qTo MamnHa 6 y n e j  npHBe/ieHa b HeKOTopoe CTan- 
AapTHoe cocTonHHe, r0T0B0e a jih  SKcnepHMeHTa. SKcnepn- 
MeHTaTop, Mo>KeT 6biTb, He cyMeeT Ha3BaTb s to  cocTOHHHe, 
ho oh Mo>KeT 6biTb yBepeH, qTo oho HMeeT TepmeHUHio 6biib 
B0Cnp0H3B0AHMbIM.

C jie^yeT oTMeTHTb, qTo He#ocTaToqHo npocToro paBCH- 
CTBa 3HaqeHHH napaMeTpa Ha Ka>K,uoM m are AaHHOH nocjie- 
A0BaTejibH0CTH. H T o6bi pe3yjibTaT 6h ji  He npocTo HOMHHajib- 
hwm (t .  e. He^eHCTBHTejibHbiM), napaMeTpbi ao jijkhh  hc- 
nbiTaTb c|)aKTH«iecKoe, t . e. HeHyjie<Boe H3MeHeHHe.



HCTHHHOCTb 3TOH TeopeMbI HH B KOefi Mepe He 33BHCHT 
o t  p a 3M epoB CHCTeMbi. O^eHb 6oJibmHe CHCTeMbi n o ^ H -  
HHIOTCH eft TaK TKe, KaK H MaJIbie, H qaCTO M02KH0 Aa^Ke 
o/KH^aTb, u to  ohh o0Hapy>KaT cooTBeTCTByiouxee noBe,neHHe 
6oJiee njiaBHo h p ery jm pH o ( b cHJiy eraTHCTHqecKoro scj)- 
$ eKTa SojibuiHX pa3M epoB ). lloaTO M y TeopeM y mo>kho 
c ycn exoM  npHMenaTb k M03ry h k couHajibHo-sKOHOMHqe- 
CKHM CHCTeM3M.

ripHMepbi, cooTBeTCTByiomHe 3T0My npoueccy, BecbMa 
oGbiqHbi. B o 3Mo>kho, Hemo b stom p o m  HMeeT MecTo, Kor/ia 
MajibqHKH, oSjia^aiouxHe hbho BbipaxceHHoft HHAHBHiiyaJib- 
hoctbio, npHo6‘peTaioT no oKonqanHH o/tfioft h toh  >Ke 
HiKOjibi npHBbiqKH, 6ojiee xapaKTepi-ibie jxjih ihkojim, KOTopyio 
ohh nocemajiH, qeM ajih hx coScTBeHHbix nepBOHaqajibHbix 
HHAHBHAyajibHOCTeft. BbiHCHeHHe Toro, r o  KaKoft cTeneHii 
3Ta TeH^eHUHH K 0^H006pa3HK) nOBejXeHHH CBH33Ha c pac- 
CMOTpeHHbiM CBoftcTBOM npeo6pa30BaTejieft, cjieziyeT npe^o- 
CTaBHTb /jaJIbHeftuiHM HCCJie^OBaHH5IM.

H e 06x 0^HM0 AaTb 3TOMy HBJieHHK) HMH, Ha KOTOpoe Mbi 
MorjiH 6bi BnocjieACTBHH ccbiJiaTbCH. H 6yjxy Ha3biBaTb ero  
3aKOHOM HaKonjieHHH onbiTa. BoJiee narjiHOTO ero  mojkho 
6buio 6bi onncaTb, CKa3aB, qTO HH(J)opMauHH, cBfl3aiiHafl 
c H3MeHeHHeM napaMeTpa, HMeeT TeH^eHUHio pa3pymaTb h 
3aMemaTb HH^opMaunio o HaqajibHOM coctohhhh CHCTeMhi.



Ilep e jiaH a 
pa3H oo6pa3H fl

8/1. B  n p e^ b iA ym e fl r jiaB e 6biJio BBeAeHo noHHTHe «pa3HO- 
o6pa3HH», HeOTA-e^HMOe OT nOHSITHH «HH(})OpMaUHH», H 6fcIJIO 
noKa3ano, KaK Ba>KHO ajih  HeKOTopbix npofijieM co3HaBaTb, 
qTO Mbi HMeeM AeJIO C HeKOTOpbIM M HOM eCTBOM  B03M05K- 
HOCTefl.

B  HacTonmefi rjiaBe Mbi 3aHMeMca H3yqeHHeM Toro, KaK 
TaKHe bo3mo }khocth nepeziaiOTCfl qepe3 ManiHHy, t . e. H3- 
yqeHHeM oTHomeHHH Menuiy mhojkcctbom Ha Bxo^e h nocjie- 
^yiOmHM, 06biqH0 KaK-JIH6o 3aKO,HHpOBaHHbIM MHOMeCTBOM 
Ha Bbixo/ie. M b i yBH^HM, qTo ecJiH MauiHHa #eTepMHHHpo- 
BaHHa, to  nepe^aqa 3Ta Bnojme peryjiapH a h ^onycKaeT 
BnoJiHe CTporoe paccMOTpeHHe. Harnefi uejibio 6yjxer Bbipa- 
6oTaTb noHHMaHHe, AocTaToqHoe ajih  Toro, qTo6bi cjiy>KHTb 
OCHOBOH npn paCCMOTpeHHH KpaHHe CJIOJKHbIX (J)OpM KOAH- 
pOBaHHH, npHMeHHIOIUHXCH B M03ry.

8/2. IloeceMecTHOCTb Kodupoeanun. HTo6bi nojiyqHTb npe#- 
CTaBJieHHe o  tom, KaK qacTo npoHSBo/iHTCfl Ko^HpoBaHne 
npn o 6biqHOM B3aHMO£eftcTBHH opraHH3Ma co cpe^oft, pac- 
CMOTpHM —  C COOTBeTCTByiOmHMHi IIOAP06H0CTHMH —  CpaBHH- 
TejibHo npocTyio nocJiezioBaTeJibHocTb co 6biTHH, nponcxo- 
Ahiixhx npn ne-pe/jaqe no pa^no npeAynpexcfleHHH o niTopMe. 
3 t o  npe^ynpe^AeHHe B03HHKaeT nepBOHaqajibHO b (J)opMe 
onpe^ejieHHoro npouecca b HepBHbix KJieTKax MeTeopoJiora, 
a 3aTeM nepexo^HT b (J)opMy MbimeqHbix ABH)KeHHH h, 
no Mepe T o ro  KaK M eTeopojior niimeT hjih neqaiaeT,



npeB pa iu aercn  b qepHHJibHbie 3HaKH na 6yM are. 3 a ie M  oh o 
npHHHMaeT cj)opMy cBeTJibix h TeMHbix yqacTKOB Ha ceTqaTKe 
AHKTopa, 3a ieM  (})opM y B036y>K£eHH5i cerqaTKH, 3a ieM  
(jDOpMy HepBHbIX HMnyJIb'COB B 3pHTeJIbHOM HepBC H T. JX. 
qepe3 bck) HepBHyio cncTeM y. Korjxa a h k to p  q n ia eT  n p e^y - 
n p e ^ e R H e ,  oh o  B bicrynaeT  b cj)opMe a b h ^ s h h h  r y 6 h nsbiKa, 
a 3a ieM  abh^kgtch  b b u m  KOJie6aHHH B03,ayxa. J^ocTHrnyB 
MHKpocj^OHa, oh o  nepexo^H T b (J)opMy H3MeneHHH sjieKTp ii- 
qecK oro  Hanp5i>KeHH5i, a 3aTeM n p e iep n eB a eT  A a jibH efim iie  
HSMGHeHHH no M epe T o ro , KaK oh o ycHJiHBaeTcn, MOjxyjm- 
pyeTCfl h nepe^aeTCH no pa^HO. T en ep b  oh o  HMeeT c})opMy 
b c jih  b 3(J)Hpe, a &aJ ie e — cJ)opMy co c to h h h h  npneMHHKa. 
BepnyBHiHCb b c{)opMy 3ByK0Bbix bojih , oh o  npniiHMaeT 3a- 
TeM cj^opMy KOJie6aHHH, n p o xo^ n m n x  6apa6aHHbie nepe- 
noHKH, cjTyxoBbie K0CT0qi<H h yjiHTKH c jiym a ie jiH , h zuiJiee 
(})opM y HepBHbix HMnyjibcoB, aBH>KymHxcn no cjiyxoBOM y 
HepBy. 3/jecb Mbi mojkcm ocTaBHTb ero , 3aMeTHB TOJibKO, q ro  
yme b stom  KpaTKoM o6 3 op e  ynoM HHaeTcn ne MeHee m ecT- 
Ha^uaTH 0CH03Hbix npeo6pa30Bai-iHH, npnqeM  HeqTo coxpa - 
H5iercH, npoxoAH  q e p e 3 Bee s th  npeo6pa30BaHHH, x o th  BHem- 
i\9i9i BHAHMocTb e ro  HSMeHHeTCH noqTH r o  Hey3HaBaeM0CTii.

8/3. CjioMtiocTb KodupoeamiR. PaccM aTpH Ban TaKHe noBTop- 
Hbie KO^HpoBaHHH, H aS jiionaTejib  jie rK o  mo>kct nepeoueH H ib  
CTeneHb . bhochm oh hmh c jio>khocth . X^obojibho qacTO c jiy -  
qaeTCH, qTo 3Ta CTeneHb c jio>kh octh  BOBce ne TaK BeJiHKa, 
KaK 3 to  Ka^eTCH na nepBbifl B3rjiH£.

npocTOH npHMep Toro, qTo cjio^khoc KojuipoBaHHe MOJKer 
o Q j ia n a jb  CKpbiTOH npocTOTOH, mo>kho HaSjiio^aTb, Kor^a 
npocToe B3aHMHo 0AH03HaqH0e K0£Hp0BaHHe a j i ^ a u m a  npii- 
MeHneTCH cnaqajia k KaicoMy-To coo 6meHHio, 3aTeM k nepBOH 
3aKOAHpoBaHHoft cf)opMe, o6pa3yn BTopyio ( j ib  a m  j i h )  3aK0- 
AHpOBaHHyiO $opM y, 3aTeM KO BTOpOH 3aKO/lHpOBaHHOH 
(J)opMe h TaK /jajiee mhoto pa3. M o m e r  noKa3aTbCH, qTO 
OKOHqaTejibHan (})opMa oqeHb 3anyTai-ma h TpeSyeT ji jisi 
AeKOOTpOBaHHH CTOJIbKHX >Ke OnepaiXHH, CKOJIbKO HX 6 bIJIO 
npHMeHeHo rj ih . K0#Hp0BaHH5i. OzinaKo, KaK JierKo y 6 e- 
AHTbcn, OHa Ha caMOM AeJie OTJiHqaeTcn ot nepBOHaqajib- 
noro c o o 6m,eHHH jinmb HacT0JibK0, mto Bee sto  oTJinque 
Mo>KeT 6 biTb noJiyqeHo odnoKpaTH biM  npHMeHeHHeM hcko- 
Toporo B3aHMIIO 0AH03HaqH0r0 KOAHpOBaHHH. OKOHqaTeJIb-



Hoe coofimeHHe mo>K0t 6biTb, TaKHM 06pa30M , nepeBe/ieno 
oSpaTH o b n epB on aqa jibH oe coo fim eH H e nocpe;icTBOM ojxhoii 
onepauHH.

ynp. PacnoJia>KHTe KapTbi b Kojio/ie b HeKOTopoM nopn^Ke h noJiomiTe 
ee Ha c to ji jihucboh ctopohoh bhh3. CHHMHTe Kojio^y. Eme pa3 
CHHMHTe. CHHMaftTe CHOsa h CHOBa, nona He 6y/ieTe yBepenbi 
b tom, mto nepBOHa^ajibHbiH nopa/ioK OKOHliaTejibHO noTepHH. 
rioc.7ie 3Toro co6epHTe Kojio^y h Hccjie^yHTe ee nopji^oK; cnojibKo 
nopHAKa 6biJio noTepsmo?

8/4. JJeKodupoeanue. O fim ee H3yqeHHe KO^HpoBai-iHH Jiyqrne 
Bcero Ha^iaTb c paccMOTpeHHH HeKOTopbix cbohctb Boennoro 
KO,HH p OB a HII51.

C caMoro naqajia Mbi ao jijkhh  ocTeperaTbcn cjihlhkom 
y 3Koro noHHMaHHH «K on a ». CHaqaJia Mbi ck jiohhh Ay^aTb  
TOJIbKO 0 Tex MeTO^aX KO/UlpOBaHHH, KOTOpbie nepeBO^HT 
Ka>KAyio 6yKBy coofimeHHH b neKOTopyio ^pyry io  fiyKBy; ho 
3 to t  KJiacc cjihuikom orpaiiHqen, h6o HMeeTcn Miioro ^pyrnx  
MeTOAOB. TaK, kojx « n j i 3H(f)3Hp» (P la y fa ir )  onepnpyeT c na- 
paMH 6yKB, npespam an Ka^KAyio napy (BeKTop c £ByMH 
cocTaBJiHiomHMH) b KaKyio-Hnfiy/ib j^pyryio napy. EcTb koah , 
'H3MeHHK)tuHe pacnoJioaKeHHe fiyKB , Tor/ia KaK Apyrne Ko^bi 
coBepmeHHo np0H3B0JibHbi h npeBpamaiOT, HanpHMep, 
(})pa3y: «n p n 6yAyT jx Be ahbh3hh», —  b ycjioBHoe cjiobo «A p -  
T yp ». 3 th  coofipaateHHH hcho noKasbmaiOT, qTo ecJiH kohh- 
poBaHne ecTb npeofipasoBaHHe, to  onepaH^oM ero hbjihctch 
He SyKBa, a cKopee Bee coofimeHHe (x o th  ne HCKjnoqena h 
nepBan B osM oxaiocTb ). CjieAOBaTejibHO, 3 to  npeofipasoBa- 
Hne HMeeT no cym ecTBy bha

rjxe M i, — p a3 J iH qriu e  coo fim eH H H , a C i , ‘ C o ,...— i i x k o -

AHpOBaHHbie (pOpMbl. TaK H M  0 6 p a3 0 M , KO^HpOBaHHe 3a- 
AaeTCH HeKOTopbiM  npeo6pa30B aH H C M .

HacTo npn Ko^HpoBaHHH Hcnojib3yeTCH «KJiioqeBoe 
cjiobo»  h jih  KaKofi-HHfiy^b apyroft (J)aKTop, cnoco6HbiH nepe
BecTH koa H3 oahoh 4>opMbi b Apyryio. TaKoft (J)aKTop, pa- 
3yMeeTCH, cooTBeTCTByeT napaMeTpy, ^aBan CTOJibKo kohk- 
peTHbix KOAHpoBauHH (h j ih  n peofipa30BaHHH) U i, U2, . • 

CKOJIbKO 3HaqeiIHH MOJKeT npHHHMaTb (JiaKTOp.



«^ eK oz iH p o B a H H e» 03HaqaeT npHMeHeHHe k 3aK0OTp0- 
BaHHOMy cooSmeHHK) C* TaKoro npeo6pa30B3HHfl, KOTopoe 
BoccTaHQBHJio 6bi nepBOHaqaJibHoe cooSmeHHe M f

Taicoe npeo6pa30BaHHe V  Ha3biBaeTCH oCpaTHbiM k U , hjih 
oSpameHHeM npeo6pa30BaHHH U t\ n09T0My e ro  m ojkho 0 6 0 - 
SHaqnTb q e p e 3 U~]. B o o 6 m e roBopsi, TOJibKO B3aHMH0 o a h o - 
3HaqHbie 'npeo6pa30BaHHH hm ciot C£H03HaqHbie o 6 pam eH ra . 

E c jih  nepBOHaqaJibHoe c o o 6meHHe M i a o jijk h o  B occra-
HaBJIHBaTbCH H3 KOAHpOBaHHOH (J)opMbI C* npH JIK)6oM 3H3- 
LieHHH i , TO KaK U , TaK H U ~ l ROJimHhl 6bITb B3aHMH0 
0AH03HaqHbiMH. B e^ b  ecjiH  6bi h cooSiueH H e M i , h c o o 6m e- 
Hne M j  motjih npeo6pa30BbiBaTbCH b o^H y h Ty me (JjopMv 
Ck, t o  nojiyqaTeJib  c o o 6meHHH Clc He mot 6bi CKa3aTb, Ka- 
Koe H3 c o o 6meHHH M  6biJio nepBOHaqajibHO nocJiaHO, h C]t 
He motjio 6bi 6biTb AeKoanpoBaH o c yBepeHHocTbio.

FIpe/inoJio^HM , ^ a jie e , qTo HeKOTopoe m h o jk cc tb o  c o o 6- 
meHHH, HMeiouxee pa3Hoo6pa3He v, Ko^H pyeics i nocpe;icTBOM 
B33HMHO 0^H03naq'H0r0 npeo6pa30BaHH5i U. P a 3H oo6p a 3He 
MHO>KecTBa Ko^HpoBaHHbix fyopM Taum e  6y,neT v. H T ax , 
n p u  K o d u p o e a n u u  n o c p e d c r e o M  63c h im h o  o d n o3 H a H H oeo  n p e - 
o 6 p a 3 o e a u u H  p a 3 H o o 6 p a 3 u e  n e  u3M euneTCH .

O rcio/ ja cjie/iyeT, qTo ec jin  coo 6meHHH c pa3Hoo6pa- 
3neM v AOJi>KHbi npoxo/iHTb qepe3 pa3JinqHbie k o rh  h e-CJin 
hx nepBOHaqajibHbie cj)opMbi ^oji^KHbi o/jH03HaqHo BoccTa- 
HaBJiHBaTbCH, t o  n p ot^ecc  d o A M e n  n a  m ofcdou. c r a d u u  c o x p a -  
HRTb p a 3 H o o 6 p a 3 u e  M noofcecT ea .

ynp. 1. Hbjihctch jih B3aHMHo 0,aH03HaqHbiM Ko^npoBaHHeM npeodpa- 
30BaHPie xf =  logio*, npKMeHaeMoe k ncwiojKHTejibHbiM 
MHCJiaM?

ynp. 2. ^BJineTCH jih B3aHMH0 0AH03HaqHbiM Ko^npoBaHHeM npeodpa- ■ 
30BaHHe x '= = s m x , npHMenaeMoe k nojioxcHTejibHbiM qncJiaM? 

ynp. 3. KaKoe npeodpasoBaHHe 6yjxtn pe3yjibTaTOM npnMeHeHHa CHa- 
qajia HeKOToporo b3bhmho 0AH03HaqH0r0 npeoSpasoBaHHJi, 
a 3aTeM ero odpameHHH? 

ynp. 4. K axoe npec>6pa30BaHHe hbjihgtch odpaTHbiM k n' =  n +  7? 
ynp. 5. Kaxoe npe06pa30BaHiie HBjiHeTca odpaTHbiM k x f — 2x +  y9 

t/ =  x +  y?
ynp. 6. E cjih Ko^npoBaHHaH cj)opMa coctoht H3 Tpex anrjiHHCKHx 6yi<3, 

HanpHMep JNB , to qeMy paBHo pa3Hoo6pa3He bosmo^ hux  
KQAHpoBaHHbix (J)opM (HSMepeHHoe JiorapH^MH^ecKH)?



ynp. 1. (IlpoAOJiJKeHHe.) CKOJibKO pa3JnmHbix coo6meHHH mojkho 
nocjiaTb nocpe^CTBOM TaKoro KOfla 3a qahh pa3? 

ynp. 8. B cnaMKe yqacTByeT BoceMb Jioina^eH, h TejierpaMMa £OJi>KHa 
coo6mHTb MHCTepy A., KaKaa H3 hhx npnmjia nepBOH, 
a KaKaH —  btopoh. HeMy paBHo pa3Hoo6pa3He MHOJKecTBa 
B03M0/KHbIX C006meHHH?

ynp. 9. (llpoAOJiJKeHHe.) M ojkct jih sto coo6meHHe 6biTb 3aKo;iHpo- 
BaHo b $opMe o^ hoh 6yKBbi, HaneqaTaHHOH jih6o Kan 3arjiaB- 
Han, jih6o KaK CTpo^man 6yKBa? 

ynp. 10. «Bb icoK aa» hjih « hh3K3h»  KOHueHTpaunn nojiOBoro ropMOHa 
B KpOBH AaHHOrO >KHBOTHOrO Onpe^eJIHeT, COBepiUHT jih oho 
o6bmHbiH pHTyaji «yxa>KHBaHHH». E cjih iiojioboh ropMOH o^eHb 
cjioxveH XHMH^ecKH, a npouecc «yxa>KHBaHHfl» o^eHb cjio>KeH 
«3THOJiorHqecKH» h ecjin nepeMeHHaa «noBe,neHHe» paccMaTpn- 
BaeTCH KaK 33K0,nHp0BaHHafl (JjopMa nepeMeHHOH «KOHueHTpa- 
uhh» , to KaK BejiHKO pasH006pa3He MHo>KecTBa coodmeHHH?

8/5. K odupoeanue nocpedcTeoM Mamun. Tenepb Mbi pac- 
cmotphm, qTo npoHCxoj^HT c coo 6meHHeM, Kor/ia OHO KO£H- 
pyeTCH nponycKaHHeM qepe3 MauiHHy.

B am iocTb  9th x  BonpocoB r jw  H3yqeHHH M03ra He Tpe- 
SyeT o co 6bix AOKasaTeJibCTB. Ba^KHbi ohh TaioKe h jxjih 
«TeXHHKH npH60p0B» —  MeTOAHKH noJiyqeHHH HaSjIIOAaTe- 
jieivi HH^opMauHH o SoJiee hjih MeHee HeziocTynHbix nepe
MeHHbix hjih MecTax, TaKHX, HanpHMep, KaK BHyipeHHocTb 
neqn hjih paSoTaiom ero cepzma. E iepe^aqa TaKoft hh- 
(J)opMauHH nom n Bcer/ja BKJiioqaeT HeKOTopyio npoMe>KyToq- 
HyiO CTa^HIO KOAHpOBaHHH, K0T0p0e AOJI>KHO Bbl6HpaTbCH nOA- 
xoahiuhm 06pa30M. JXo He/iaBHero BpeMeHH K a ^ b iH  TaKOH 
npn6op npoeKTHpoBajiCH npocTo Jinuib Ha 0CH0Be cneun- 
(J)HqecKHX npHHixnnoB AaHHoft OTpacJin HayKH, ho Tenepb, 
nocjie nHonepcKHX pa6oT IUeHHOHa h BHHepa, H3BecTH0, t t o  
cymecTByioT HeKOTopbie 3aKOHbi, oSm ne /yin Bcex TaKHX 
npn6opoB. M to  s to  3a 3aKOHbi, 6y,aeT onncaHo HHHce.

«M au iH H a» 6biJia onpeAejieHa b § 3/4'KaK jiio6oe mho- 
>KeCTBO COCTOHHHH, H3MeHeHHH KOTOpbIX BO BpeMeHH COOT- 
BeTCTByfOT 3aMKHyT0My oAH03HaqHOMy npeo6pa30BaHHK). 3 t o  
onpe^ejieHHe othoch tch  k MauiHHe, KOTopan nojiHOCTbio 
H3ojiHpoBana, t .  e. Haxo/uiTcn b nocTOHHHbix ycjiOBH5ix; oi-ia 
To^ecTB eH H a a6c0Jii0TH0H CHCTeMe, 0npe#eJieHH0H b KHHre 
«ycTpoftcTBO M03ra». B § 4/1 MauiHHa co bxo^om 6biJia 
onpe^ejieHa KaK cncTeMa, HMeioman HeKOTopoe 3aMKHyToe 
OAH03HaqH0e npeo6pa30BaHHe rjib. Ka>K£oro H3 B03M0)KHbix 
coctohhhh HeKQToporo MHo>KecTBa napaMeTpoB. Oi-ia to jk -



/iecTBenHa « n p e o 6 p a 30B a T e jn o »  IUeHHOHa, onpez ie j iH eM O M y 

KaK CHCTeMa, 6 j iH>KaHuiee c j i e ^ y i o m e e  c o c t o h h n e  KOTopon 
o n pe^ e j in eTC H  e e  TeK ym H M  cocTOHHHeM h TeKym HM H 3H aqe-  
hhhm h e e  n a p a M eT p oB .  ( IUeHHOH npHHHM aeT TaK>Ke, hto 
n p e o 6 p a 3 0 B a Te j ib  MO)KeT HMeTb KO HeqHyio  BH yTpeH H io io  n a -  
MHTb, HO Mbi OTBJieqeMCH OT STOrO B ^ai-IHOe BpeMSI H Bep- 
neMCH k B o n p o c y  o  BHyTpeHHeft naMHTH b §  9/8.)

JlonycTHM, qTo HaM jyan npeo6pa30BaTejib Af, KOTopbift 
MO>KeT HaXOAHTbCfl B ORHOM H3 COCTOHHHH S u S2, ... , Sn\ 
hx  qncjio npeAnoJiaraeTCH KOHeqHbiM. O h HMeeT oahh hjih 
HecKOJibKo napaMeTpoB, K0T0pbie b Ka*K£biH momcht MoryT 
npHHHMaTb OAHO H3 MHO/KeCTBa 3HaHeHHH Pi, P 2, ..., P/.. 
KajK^oe H3 3t h x  3HaqeHHH onpeaeJMT HeKOTopoe npeo6pa3o- 
■BaHHe coctohhhh 5. Mbi bha hm  Tenepb, qTo TaKan CHCTeMa 
Mo^KeT BocnpHHHTb coo6meHHe, 3aK0AHp0BaTb ero h Bbi^aTb 
ero KOAHpoBaHHyio cj)opMy. TIor «coo6meiiHeM» h 6yjxy n o -  
HHMaTb npocTo HeKOTopyio nocJie^OBaTejibHocTb c octohhhh , 
KOToipan 6jiaroAapn coe/uiHeHHio £Byx chctcm hbjihctch  
OAHO'BpeMeHHO BblXOJOM O/UIOH H BXO£OM ApyrOH CHCTeMbl. 
HacTo cocroHHHe 6y^eT npe/urraBJiHTb co6ofi BeKTop. 3  ony- 
cKaio paccMOTpeHHe jiioSbix «cMbicjioB», K0T0pbie MoryT 
npnnHCbiBaTbCH coofimeHHio, h 6y&y paccMaTpHBaTb npo- 
CTO TO, qTO npOHCXOAHT B 3THX AeTepMHHHpOBaHHbIX CH- 
CTeMax.

JXjm  n p o c T o ™  n pH M epa  npe^noJio^KHM, qTo  M  m o>kct  

npHHHMaTb Jiio6 o e  H3 qeT b ip ex  c o c t o h h h h  A, B, C h D ,  
a n a p a M e T p b i  h m c io t  TpH c o c t o h h h h  Q, R  h S; s t h  npezu io -  

Jiox<eHHH mo>kho npe^cTaB H Tb  b T ag j inqH O H  4>opMe, n d K a3bi- 
B a io m e f l  0 CH0 BHbie q e p ™  « n p e o 6 p a 3 0 B a T e j iH »  (K a K  b §  4/1):

E cjih  ^ a n o  HaqajibHoe coc to h h h c  h nocjie/jofiaTejibHocTb c o 
c toh h h h  napaM eTpa, t o  Bbixo# npeo6pa30BaTejin  m ojkho 
HafiTH 6e3 Tpy^a , KaK b § 4/1. H anpH M ep , npeanoJioxH M , 
qTo npeo6pa30BaTejib  HaqHHaeT p a fioT y  b coc toh h h h  B , b t o  
BpeMH KaK b xo a  HaxoAHTCH b R. Tor,na n p eo 6p a 30BaTejib

A B C D

Q C C A B 

R  A C B B 

S B D  C D



•nepeftaeT b COCTOHHHe C. Ecjih b xo a  nepeft/ieT 3aTeM b co- 
CTO'HHne Q, t o  n peo6p a30BaTejib H3 C nepefUeT b A. Elojiy- 
qeHHbie pe3yjibTaTbi mo>kho H3o 6pa3HTb b Ta6jinqHOH $opM e:

P x O A H O e  COCTOHHHe ...............................................................  R  Q

CocTOHHHe n p e o 6pa30B a T e j iH ................................B C A

Tenepb JierKo npoBeppub, m o  ecjin naqajibHbiM coctohhh6m 
yiBJineTCH B, a bxoa npoxoAHT nocJie,noBaTejibHocTb 
R Q R S S Q R R Q S R ,  to  bmxo jy npoH^eT nocjie/ioBa- 
TeJIbl-IOCTb COCTOHHHH B C A A B D B C B C C B .

TaKHM 06pa30M, ecjiH jxan npeo6pa30BaTejib, ero Haqajib- 
•iioe cocTGHime h BXo^Han nocjieAOBaTejibHocTb, to  HeTpyano 
BblBCCTH TpaeKTOpHIO. XoTH 3T0T npHMep C ero  npOH3BOJIb- 
HbiMH cKa^KaMH M om er  rioKa3aTbCH HeecTecTBeHHbiM, na 
caMOM AeJie oh BnoJiHe mojkct cjiy>KHTb npeacTaBJieHHeM 
HHTepecyioiaero Hac npouecca, h Tpe6yeTCH Jinuib 6oJibinee 
mhcjio coctohhhh, a bo3mo>kho h nepexoA k npeaejibHOH ne- 
ii pepbiBHocTPi, m o 6bi oh CTaji bhojihc ecTecTBeHHbiM npe^-
CTBBJieHHeM. O^HaKO B AaHHOH 4>OpMe pa3JIHqHbie KOJIIiqe- 
cTBeHHbie CBOHCTBa Sojiee oqeBH^Hbi h Jierqe BbnncjiHMbi, 
Tor^a KaK b HenpepbrBHOH (})opMe npnxoAHTCH npHMeHHTb 
cjiojkhmh annapaT TeopHH Mepbi.

y n p . I. nponycTHTe to  m e  caMoe coo6meHHe (R  Q R  S  S  Q R  R  Q S  R )  
qepe3 t o t  >Ke npeo6 pa3CBaTejib , HaqHHaiomHH Ha s t o t  p a3 
pa^OTy c A.

ynp. 2. nponycTHTe coodmeHHe « R i, /?2, # 3, R 1, R 2, R 3» qepe3 npe- 
06pa30BaTejib H3 § 4/1, HaquHaiomiiH padoTy c a. 

ynp. 3. (FIpoAOJiJKenHe.) 3aKo;mpyHTe to  >Ke caMoe coo6meHHe TeM 
>Ke caMbiM npeodpasoBaTejieM, HaqHHaiomHM pa6oTy c b. 

bnp. 4. (ripo,noji>KeHHe.) 3aBHCHT jih Bbixa/i. npeo6pa30BaTejin o t  
HaqaJibHoro coctohhhh npeo6pa30BaTejiH, ecjin bxojx 3a- 
/ u h ?

ynp. 5. KaxoBa 6yneT TpaeKTopnn npeo6pa30BaTejiH n' =  n —  a, 
r^e a —  napaMeTp, ecjin s t o t  npeo6pa30BaTejib HaqneT pa- 
6oTy c n =  10, a bxoahoh  nocjieflOBaTeJibHacTbio 6yjieT 
2, 1,— 3,— I, 2, 1? 

ynp. 6. nponycTHTe coo6meHHe <<314159...» (paspanbi qncJia qepe3 
npeo6pa30BaTejib n' =  n +  cl —  5, HaqHHan c n — 10. 

y n p . 7. llycTb a h b —  napaMeTpbi, TaK qTo seKTop (a, b) onpe^e- 
jineT napaMeTpHqecKoe COCTOHHHe, h nycTb co ctohhhh  npe- 
06pa30B*aTejiH onpe^eJiniOTCH BeKTopoM ( x, y) h npeo6pa- 
30BaHHeM

i x '= z a x  +  by 
| y ' =  x  + ( a  — b )y*



AonoJiHHTe T p a eK T op n io  b  T a6 jiH u e

1 — 2 0 — 1 2 5 — 2 
— 1 1  1 0  1 — 2 0

2 1 2 ? ? ? ? 

1 4 — 11 ? ? ? ?

*Vnp. 8. npe06pa30BaTejib c napaMeTpoM u HMeeT npeo6pa30BaHHe 
d x / d t  — — ( «  +  4 )x ;  npn Ha^ajibHOM coctohhhh x = l  eMy 
AaeTCH b x o a  u  =  c o s t\ HaftAHTe B b ixoA H oe  3HaneHHe x .

*ynp. 9. riycTb a —  bxoa npeo6pa30BaTejin

d x jd t =  y,
dy/dt =  —  *  —  2y a 

c AnarpaMMOH HenocpeACTBeHHbix B03AencTBHH 

a — > y T " * :  x.

KaKOB 6yAeT b h x o a  a:, ecjiH npeo6pa30BaTejib Ha^HHaeT 
pa6oTy c (0, 0) npn BxoAe a =  sin t? (YKasaHHe: ncnojib- 

3yHTe npeo6pa30BaHHe JIanjiaca.)
*ynp. 10. Ecjih a ecTb bxoa, a npeo6pa30BaTejib ecTb

dx/dt — k (a  —  x ),

t o  MeM xap aK T ep u syeT C H  noB eAeH H e x  npn  noJ io jKH TejibnoM  h 
Bee B03pacTarom eM  k ?

OBPAIUEHHE KO^HPOBAHHOrO COOBmEHHfl
8/6. B § 8/14 noA^epKHBajiocb, m o  ko jx M o^eT cjiy>KHTb 
nepeHoc^HKOM cooSmeHHH T0JibK0 b tom cjiyqae, ecjin cy- 
mecTByeT B03Mo>KHocTb ero o6pameHHH. llonpoSyeM  npn- 
MeHHTb 3T0T KpHTepHH K npe06pa30BaTeJIK) U  H3 § 8/5, 
paccMaTpHBaeMOMy KaK Ko^npyiom ee ycTponcTBO.

B 3tom npeo6pa30BaTejie Hcn0Jib3yi0TC5i ABa npeoSpaso- 
BaHHH, Koropbie AOJi>KHbi TmaTejibHo pa3JiHqaTbCH. nepB oe 
H3 hhx CooTBeTCTByeT npeo6pa30BaHHK) U  H3 § 8/4, h e ro  
onepaH^aMH hbjishotch HHAHBHAyajibHbie cooSmeHHa; b to- 
pbiM npeo6pa30BaHHeM npeo6pa3yeTCH caM npeo6pa30'Ba- 
Tejib. ripeAnoJioHCHM, qra  npeoSpasoBaTejiio H3 § 8/5 ao jijk iio  
6biTb AaHo «coo6iueHHe», cocTonm ee H3 jxByx 6yKB, Ka>KAan 
H3 KOTopbix Mower 6biTb Q, R  hjih S. Bosmojkhw jxeBnib 
coofimeHHfi:

QQ, QR> QS, RQ, RR, RS, 5Q, 5/?, 55,



cooTBeTCTByiomHx onepaH^aM M u M 2t Mg npeoSpa- 
30BaHHH U. npezinojio^H M , mto npeo6pa30BaTejib Bcei\aa 
naMHHaeT p a 6oTy c A; JierKo npoBepHTb, mto cooTBeTCTByio- 
mne AeBHTb Bbixo^oB 6y#yT  (ecJiH He CMHTaTb HaMajibHoro 
h HeH3MeHHiomerocfl A ):

C A , CB, CC, AC, AA, A B , BC, BC} B B .

3 th  Bbixo^bi cooTBeTCTByroT o6pa3aM  C i, C2, ... C9 npe- 
06pa30BaHH5i U. Hcho, mto KoziHpoBaHHe, ocyuxecTBJineMoe 
npeo6pa30BaTeJieM  H3 §  8/5, He hbjihctch b33hmho oaho- 
3HaMHbiM. C jie^oBaTeJibH o, npoH cxoO TT HeKOTopan noTepn 
pa3 iioo6pa3H H , h6o Tenepb HMeeTCH TOJibKo BoceMb pa3JiH- 
MHMbix 3JieMeHT0B; b caMOM jxene, BC noBTopneTCH 
ABajK^bi. C jie^oB aTejibH o, s t o t  n peo6pa30B aTejib  He o 6ec- 
neMHBaeT bo3mo>khocth n o jiH oro  h tom hoto ^eK o^H poB a- 
khh, nocKoJibKy npn noJiyqeHHH BC  HeB03M0>KK0 cKa3aTb, 
6biJio jih nepBOHaqajibHoe coo6m eH H e SQ hjih SR

B 3T0H CBH3H CJie^yeT nOHHTb, MTO HeB03MO>KHOCTb AeKO- 
jXHpOBaHHH MO>KeT BblTeKaTb H3 AByX COBepmeHHO pa3JIHM- 
HblX npHMHH. OHa MOJKeT BblTeKaTb npOCTO H3 Toro, MTO no JX 
pyKOH HeT AeKo^Hpyiomero cpe/jcTBa, Koropoe, odnaKO, cy- 
u^ecTeyeT. 3 t o  cnyMaeTcn, Kor^a BoeHHoe coo 6meHHe nona- 
JXaeT k CHTHajibmHKy, y KOToporo HeT ko/joboh khhth, hjih 
Kor^a y cjiymaTeJin ecTb rpaMMocf)oHHaH njiacTHHKa (KaK 
3aKo/iHpoBaHHa5i (J)opMa ro jio ca ), ho HeT rpaMM0cj30Ha. Co- 
BepmeHHO OTJIHMHa OT Hee HCBOSMOJKHOCTb AeKOAHpOBaHHH, 
BbrreKaiomaH H3 to to , mto jibs. pa3JiHMHbix coo6meHHH mo- 
ryT  A^Tb OjXHH H TOT >Ke BblXOJX, uojxo6ho BblXOAy BC onn- 
caHHoro Bbime npeo6pa30BaTejin. M ojkho onpe/jejiHTb 
TOJibKo to , mto nepBOHaMajibHoe c o o 6meHHe Sh jio jih 6o 
SQ, j ih 6o SR ; ho ne cymecreyeT TaKoro /jeKO^Hpyiomero
Cpe^'CTBa, KOTOpOe MOTJIO 6bl pa3JIHMHTb HX.

JierKo BH^eTb, mto ecjin 6bi b Ka>KAOM CTOJiSue TaSjiHUbi 
Bee coctohhhh 6biJiH pa3jiHMHbiMH, t o  Ka^K^biH nepexo# yKa- 
3biBaJi 6bi ejxHHCTBeHHoe 3HaMeHHe napaMeTpa; Tor^a Mbi 
motjih 6bi AeKOOTpoBaTb Jiio6yio nocJie^OBaTejibHocTb co 
ctohhhh, Bbma'BaeMyio npeo6pa30BaTejieM. CnpaBe,zyiHBO 
oSpaTHoe: ecjin Mbi Mo>KeM £eK0£Hp0BaTb AtoSyto• nocjie/jo- 
BaTejibHOCTb coctohhhh, t o  KajKAbiH nepexo^ AOJix^eH onpe- 
AeJiHTb e/umcTBeHHoe 3HaMeHHe napaMeTpa, a noTOMy b Ka- 
7KROM CTOJl6ue BCe COCTOHHHH AOJIJKHbl 6bITb p 33JIHMHbIMH.



TaK H M  0 6 p a 3 0 M , Mbi HauiJiH xapaKTepucTUKy npeo6pa3oea- 
TGAH, HCUlUHUe KOTOpOU C00T66TGT6y&T TOMy, HTO Ohl 
neAHercH coeeptueHHbLM KodupyjotiifUM cpedcreoM.

y n p .  1. B n p e o 6 p a 30B aTe jie , H M eiom eM  100 c o c to h h h h , n ap aM eTpb i mo- 

r y T  npHHHMaTb 108 k om 6 h h 3 u hh  3H aLieHHH; B cerA a  jih  MO>KeT 
6 biTb zieKOAHpoBaH e ro  b m xoa?  (Y K a s a H H e : n o n p o 6 yH Te n p o - 
d b i e  npH M epbi, b icoTopb ix  mhcjio n p e o 6 p a 30BaHHH npeB b im aeT  
MHCJIO COCTOHHHH.)

y n p .  2 . (M T o 6 bi noAH epK H yTb p a 3JiHqne Me>KAy A ByMH THnaMH n p e o 6 - 
p a 30BaHHH.) E c jih  b x o a  n p e o 6 p a 30BaTejin  HMeeT 5 c o c to h h h h ; 

a e r o  B b ixo#  HMeeT 7 c o c to h h h h  h ec jin  coo fim eH H e c o c t o h t  

i i3 nocjieAOBaTejibHOCTH 12 sjieM eHTOB, t o :  ( I )  CK0JibK0 on e - 

paH ^oB  HM eeT n p e o 6 p a 3 0 BaHHe n p e o 6 p a 3o*BaTejiH; ( I I )  cK 0 jibK 0 

onep aH ^O B  HM eeT K O ^ H p y iom ee  n p eo fip a soB a H H e U ?  
y n p .  3 . E c jih  MauiHHa H enpepbiBHa, t o  mto 0 3 Ha*iaeT c to^ ikh  3 peHHH 

TexH H Kii n p n S op oB  «H a 6 jiK W H H e  n e p e x o n a »?
* y n p .  4 . F Ip e o 6 p a 30B aTe jib  HMeeT n p e o 6 p a 30 BaHHe dx/dt =  ax, m e  qe- 

p e 3 a o 6 o 3HaqeH b x o a ; B cerA a  jih  MO>KeT 6 biTb A enoAH poB aH  
e r o  b h x o a ?  (Y K a 3aHHe: peu iH Te ypaB H eH H e OTHOCHTeJIbHO a .)

8/7. npoeKTupoeauue odpamoeo npeo6pa3oeaTeAH. B npe- 
AbmymeM naparpacj>e fibuio noKasano, m o  ecjin npeofipa3o- 
BaTeJib npn nepe/jaqe o t Bxo/xa k Bbixo^y He TepneT hhk3khx 
pa3JiHqHH, to  noJiyqaeMoe Ha Bbixo^e 3aK0^Hp0BaHH0e 
coofimeHHe BcerAa mo>kho AeKOAHpoBaTb. B nacTonmeM 
n aparpa^e  Mbi noKajKeM, qTo s to t  npouecc mojkct Bbinoji- 
HHTbCH aBTOMaTHqecKH, t. e. m o  ecjiH AaHa MauiHHa, He 
Tepnioman HiiKaKHX pa3JiHMHH, to  BcerAa bo3mo>kho no- 
CTpoHTb /ipyryio MauiHHy, KOTopan, npHHHMan Ha Bxo^e 
BbixoA nepBOH MaiiiHHbi, ebidacT na ceoeM ebixode nepeo- 
HcmctAbHoe coo6ii{eHue.

Sziecb, no cpaBneHHio c npe^bijiymHM naparpa(J)OM, Mbi 
CT3HOBHMC5I Ha CyiljeCTBeHHO HOByiO TO^Ky 3peHHH. TaM Hac 
HHTepeCOBaJia B03M0>KH0CTb AeKOAHpOBaHHH coofimeHHH H 
TO, MO>KHO HJIH HeT ocymecTBHTb 9TO /jeKO^HpOBaHHe, fie3- 
pa3JinqHo c qbeft noMombio. Tenepb Mbi nepexo^HM k bo- 
npocy O TOM, KaK MO>KeM Mbi nOCTpOHTb T3KOH MeX3HH3M, 
KOTopbiH ocyuxecTBJiHJi fibi AeKo/iHpoBaHHe aeTOMarmecKu. 
Mbi HmeM Tenepb He B0CCTaH0BJieHH0e coofimeHHe, a Ma- 
iiiHHy, KOTopan Morjia fibi ero BoccTaHOBHTb. KaK AOJi>KHa 
CTpOHTbCH TaKan MauiHHa? XIjih onHcaHHH ee HaM norpe-



SyeTCH, K0HeqH0, o 6biqHoe MHo>xecTBo npeoSpasoBaHHH 
( §  4/1).

O/JHH H3 B03M0>KHbIX MeTO^OB, XOTOpblH Mbi H 6yjXQM
3Aecb Hcn0Jib30BaTb, coc toh t b cjie^yiom eM : npoue^ypy 
npe^biAym ero naparpa(J)a nepeBOAHT b MexaHHqecxyio 
cJjopMy, HcnoJib3yn to  06cT0HTejibCTB0, qTo Kcmdbiu nepe- 
xod  d aer uHcpopMcWfiito o to m  3H m enuu napaMeTpa, npu  
KOTOpOM OH COBepiUdACX. R jin  3T0r0 HaM Hy>KHa MauiHHa, 
KOTopafl npHHHMajia 6bi Ha Bxone HexoTopbin nepexojx h 
Bbi^aBajia Ha Bbixo^e cooTBeTCTByiomee 3HaqeHHe napa
MeTpa. Ho HCHO, qTO 3H3HHe Toro, K3K0H np0H30iijejr 
nepexo/i, t .  e. KaKOBbi 3HaqeHHH / h j  b Bbipa>xeHHH X i X jt 
paBHocHJibHo 3H3HHIO Toro, Kaxoe 3Haqeime HMeeT BexTop 
(/ ,/ ). nepexo^ To>xe mojkho paccMaTpHBaTb xax Bex-
Top C ^ByMH CO'CTaBJIHIOIUHMH. nOSTOMy Mbi MO>X0M BBO£HTb 
nepexozibi b oSpaTHbipi npeo6pa30BaTeJib, xojib cxopo bxo;i 
nocjie/jHero co c toh t H3 AByx napaMerpoB, nepBbift H3 xoto- 
pbix nphhhmaeT 3HaqeHHe npe/uuecTByiomero coctohhhh 
b nepexo^e, a BTopofi —  3HaqeHHe nocjie/iyiomero coctoh 
hhh.

OeTaeTCH Tojibxo o ^ n a ’ Tpy^HOCTb: nepexo# BXJiioqaeT 
jXBa coctohhhh, cymecTByiomnx He b o/jhh ii t o t  >xe momcht 
BpeMeHH, Tax qTo oahh H3 bxoaob o 6paTi-ioro npeo6pa30Ba- 
TejiH AOJi^xeH BecTH ce6n ceunac Tax >xe, xax Beji ce6n Bbi- 
xojx npnMoro npeofipasoBaTejiH panbtue. O^Haxo 3Ty Tpy^- 
HocTb mo>xho npeo;iojieTb c noMombio npocToro cpe^cTBa. 
PaccMOTpHM npeo6pa3QBaTeJib

I  \ v r s

Q q q q
R r r r
S 5 5 5

npezino^o^H M , qTo oh HaqHHaeT p a 6oTy c coctohhhh r h 
qTo eMy AaeTCH bxo/i Q S S R Q S R R Q ; Tor^a ero Bbixo- 
jxom Sy^eT r q s s r q s r r q ,  t . e. nocjie nepBofi 6yxBbi oh 
npocTo noBTopneT bxo jx, ho Ha o o th  m ar no3>xe. ZlBa tsxh x  
npeo6pa30BaTeJiH, coe^HHeHHbix nocJie£OBaTe.JibHO, n0BT0-
pHT coo 6meHHe Ha ABa rnara no3>xe h t. jx. JIcho, qTo 
b npHHUHne nojiyqHTb 3aAep>Kxy HeTpy/uio.
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ripe/jnojictfKHM, m o  nepBbifi, Ko^HpyiomHH npeo6pa3o- 
B a ie jib  3a^aeTCH TaQjiHueft

I A B C D

Q D A D B

R B B B C
S A C A D

H a M  Tp e 6ye TC H , HanpHMep, M auiH Ha, KO Topan: 

npn Bxo^e A, A 6ynei BbiflaBaTb 5 
» A, B  „ R
„ A, D  » m Q

n » B, A „ » Q
H T. JX.

(BXOJX A,C 5JIH 3T0H MauiHHbi HCKJIIOqaeTCH, h6o KOOTpyiO- 
mnft n p eo6p a 3QBaTeJib HHKor^a He BHjiarcT T axoro nepe- 
xo/ia.) H au in  TpH MauiHHbi coe^HHHioTCH cjie,ayiomHM 06- 
p a 30M:

3a^ep>KHBaTejib HMeeT npocTy io  (})opM y

a b c d



a ofipaTHbift npeo6pa3C>'BaTejib —  (})opMy

1 Q R s

(a, .4) S s s
(«, B ) R R R
{a, C ) (He BCTpeTHTCfl)

(a, D ) Q Q Q
(b, A ) Q Q Q

h t .  a. H T. S..

BXOAOM B KOTOpyK) CJiy>KHT BeKTop:
(COCTOHHHe 3aAep2KHBaTeJiH, COCTOHHHe Ko/iHpyiomero 
npeofipasoBaTejin ).

B 3tom  cJiyqae oSpaTHbifi npeo6pa30BaTeJib Bbi/iaeT Ty me 
caMyK) nocJieAOBaTejibHocTb, KOTopan 6biJia BBe&eHa b ko- 
AHpyiomnft npeo6pa30BaTejib. T a x , npezuiojiojKHM, q?o 
b KOOTpyiOLUHH npeo6pasoBaTejib 6biJio BBeAeHO Q, Bbi3Ba£- 
rnee b HeM nepexo/j A  - *  D. 3 t o  o 3HaqaeT, qTo oSpaTHbiii 
npeo6pa30BaTejib noJiyqHT D Henocpe^CTBeHHo H3 Kozuipyio- 
m ero npeo6pa30BaTejiH (h6o Ko/mpyiomHH npeoSpasoBaTejib 
naxoduTcn  b co cto h h h h  D ),  a H3 3ajxep>KHBaTejiH noJiyqHT a 
(h6o KOAHpyiomHH n p eo6p a 30BaTejib 6 u a  b A na npejxu jiy - 
meM m a re ). C o  bxojxom (a, D) o 6paTHbifl npeo6pa30BaTejib 
nepeH^cT b COCTOHHHe Q, c KOToporo Mbi h n aqajni. PI t o  >Ke 
caMoe a jih  Bcex ocTaJibHbix co cto h h h h , KOTOpbie MoryT 
BBO^HTbCH b Ko^HpyiomHH npeo6pa30BaTejib.

TaKHM 06pa30M, ecjrn £aH npeo6pa30BaTejib, He Tepnio- 
mnft HHKaKHX pa3JmqHH, t o  6ceedci M oreno nocrpouTb a e ro - 
MaTimecKuu oOpambLU npeodpasoeareAb. Hsjio>KeHHoe Bbime 
AOKa3aTeJIbCTBO Ba>KHO TeM, qTO OHO He CO£ep>KHT HHKaKHX 
ccbijioK Ha AeficTBHTeJibHyio npHpo^y npeo6pa30BaTejm. 
HeBa^KHo, 6yjxer jih  oh MexaHHqecKHM, hjih ajieKTpoHHbiM, 
HJIH HepBHbIM, HJIH THApaBJIHqeCKHM, —  BCe paBHO B03M02K- 
HOCTb o 6pametiHH cymecTByeT. JXjih 3Toro Heofixo^HMO 
TOAbKO, qTo6 bi ^eHCTBHH Ko^Hpyioinero ycTpoficTBa 6 bLi:i 
AeTepMHHHpOBaHHbl H qTo6bI OHO COXpaHHJIO Bee pa3JIHqH5I.

ynp. 1. noqeMy Hejibsn Hcn0Jib30BaTb b Ka^ecTBe npHMepa KOAHpyio- 
iuh h  npeo6pa30BaTeJib H3 §  8/5?



y n p .  2. 3aK0HHHTe nocipoeHHe npHBezieHHoro Bbirne o6paTHoro npe- 
06pa30BaTejiH.

y n p .  3. FIocTp'OHTe b TafijiimHOH (Jjopwe A B yxu ia ro B b ifi 3aAep>KHBaTCJib.

8/8. ( 3 t o t  naparpacj) m ok g t 6biTb onymeH npn nepBOM m e- 
hhh.) Tenepb, Kovjxa KoHCTpyKuiin o6paTHoro npeo6pa30Ba- 
TeJiH 6biJia omicaHa b caMofi o6meH c})opMe, Mbi mo>kcm 
HCCJieAOBaTb ero KOHCTpyKUHK) h jxjm ejiyqan  Menee oSiijhx 
npeo6pa3GBaTejieH, 6ojiee  HanoMiiHaromnx Mamimbi noBce- 
AHeBHoft >KH3HH. HauiHM 6jiH>KaHmHM maroM 6y^eT hccjig- 
AOBanne KOHCTpyKUHH o6paTHoro npeo6pa30BaTe;iH, Kor^a 
npeo6pa30BaHHH 3aAaioTCfl He b aScrpaKTHofi Ta6jmqHOH 
cjDopMe, a b BH^e HeKOTopofi MaTeMaTHqecKon cjDyHKUHH.

JXjw naqajia paccMOTpHM nocTpoeHHe o 6paTHoro npeoS- 
pa30BaiejiH jiJin npnMoro npeo6pa30BaieJi5i co bxoaom a, 
nepeMeHHon n h npeo6pa30BaHneM n ' =  n -f- a. Tlojxxojin- 
luhm 3a,nepxcHBaTejieM Sy^eT 3jxecb npeo6pa30Baiejib c napa- 
MeTpoM n , nepeMeHHofi p  h npeo6pa30BaHHeM p ' =  n. nycTb  
bxoa a H3MeiiHeTCH TaK, KaK noKa3ano HH>Ke; HeTpy/mo bh- 
AeTb, qTo Tor^a n (HaqiiHan c 3) u p  (Haranan c 1) Sy^yT 
M3M6HHTbCH CJie/tyiOIUHM 06pa30MI

a : 4 — 2 — 1 0 2 — 1 — 1 3  

n : 3 7 5 4 4  6 5 4. 
p : 1 3 7 5 4  4 6 5  

Tenepb oqeBH/jHo, m o  ecjin oSpaTHbifl npeo6pa30BaTejib 
c nepeMeHHon m  ,aoJi>KeH nojiyqaTb n h p Ha Bxo/ie KaK BeK
Top (n, p ) h Bbi^aBaTb o 6parao  a Ha Bbixo/ie, t o  npeoSpa
soBaHHe M , ocymecTBJifleMoe o 6paTHbiM npeodpasoBaTejieM, 
AOJUKHO BKJiioqaTb TaKHe, HanpHMep, nepexo£bi:

^ . 1 ( 7 , 3 )  (5 ,7 )  (4 ,5 )  ( 4 , 4 ) . . .
* j  4 — 2 — 1 0 

JleTaJibHoe HCCJie^oBaHHe sthx  nepexo^oB c uejibio 
HaftTH, KaK o6pa3bi noJiyqaiOTCH H3 cbohx onepaH/ioB, no- 
Ka>KeT, 4 to  bo Bcex CJiyqaHX

m ! =  n — p .

JlerKo npoBepHTb, qTo bch cncTeMa 6y.aeT Tenepb Bbi^aBaTb 
3HaqeHHH, KOTopbie nepBonaqajibHbm bxoa  hmcji OTyMH 
maraMH paHbiue.

[HpiTaTejno Mo>KeT noKa3aTbcn, qTo nocKOJibKy n ' =  
=  n +  a, to , cJie^oBaTeJibHO, a —  n ' —  n h koa pacKpbiT. 
3 t o  BepHO, ho 3 to  He pernaeT uatueu 3a/jaqH, KOTopan co-



c toh t b nocTpoeHHH MauiHHbi (cm. BTopofl a63au § 8/7). 
3 tO  AaeT HUM B03MO>KHOCTb AeKOAHpOBaTb C006meHHe, HO 
He onpeAeJineT hhk3koh maluhhbi. EIocTpoeHHe hjih 3aAaHHe 
MamHHbi Tpe6yeT ycjiojKHeHHH, onncaHHbix b npeAbiAymeM 
naparpacj)e, m o npHBOAHT k m' =  n —  /?, t . e. k 3a/jaHHio
MaLQHHbl CO BXOAOM.]

Tenepb e ch o  o 6 iuee npaBHJio. Mbi Ha^HHaeM c ypaBHeHHH 
npeo6pa30BaTeJiH n ' =  n +  a h peinaeM ero  OTHOCHTeJIbHO 
napaMeTpa: a =  n ' —  n.

3aAep>KHBaiomee ycTpoftcTBo HMeeT npeo6pa30BaHHe 
p ' =  n. npeo6pa30BaHHe ajih o 6paTHoro npeo6pa30BaTejin 
cxp oh tch  no cjieAyiomHM npaBHJiaM, npHMeHneMbiM k ypaB- 
HeHHio a =  n ' —  n :

1 ) 3aMeHHTb a chmbojiom hoboto  npeo6pa30BaTeJiH m\\
2) 3aMeHHTb nr napaMeTpoM c;
3 ) 3aMeHHTb n napaMeTpoM d.

TorAa, ecjin oSpaTHbin npeo6pa30BaTejib npHCoeAHHHeTCH 
k npHMOMy npeo6pa3o<BaTejno nocpeACTBOM d =  n h k 3aAep- 
>KHBaTejiio nocpeACTBOM c — p, t o  oh 6yAeT HMeTb Tpe6ye- 
Mbie CBOHCTBa.

E cjih  npnMoft -npeo6pa30BaTejib HMeeT 6oJiee qeM oa h y  
nepeMeHHyio, t o  H3Jio)KeHHbiH npouecc Hy>KAaeTCH T0JibK0 
b cooTBeTCTByiomeM pacuiHpeHHH. X tocTaTo^Ho 6yAeT oA H oro 
npHMepa 6e3 bchkhx pa3'bHCHeHHH. FIpeAnoJio:>KHM, h to  npn- 
moh npeo6pa30BaTejib HMeeT napaMeTpbi a\ h a2, nepeMen- 
iibie X\ h h npeo6pa3osaHHe

f x [  =  2 x l -\ -a lx 2

j x 2 =  2x 2 +  d ta 2 ’

Peuian ypaBHeHHH OTHOCHTeJIbHO napaMeTpoB, noJiyqHM

f al =  (x [  —  2xl) lx2

( 2̂ == ^2 (^2 ^ ^ 2)  / ('̂ '1

3aAep>KHBaTeJieM jxjm x \ 6yACT p [  = x h a a jih  x 2 3ajxep>KH- 
BaTeJieM SyAeT p 2 —  x 2. YpaBHeHHH o 6paTH oro npeo6pa30Ba- 

Tejin noJiyqaiOTCH H3 ypaBHeHHH a jih  £1 h g 2 c noM om bio 
npaBHJi:



1 ) 3aMeHHTb Ka>KAoe ax hobhm chmbojiom: ax =  rriu a2 =*  
=  m2;

2) 3aMenHTb K a ^ A o e  x\ napaM eTpoM  =  clf x 2 =  c2;

3) 33MeHHTb K a ^ o e  Xj napaMeTpoM di\ x x =  d ly x 2 =  d2. 

IIoJ iyq H M  n p eo 6 p a3 0 B aT eJ ib  

m[  =  ( c1 —  2d1)ld 2, 

m2 =  d2 (c2 —  2d2) / (c t —  2 dx).

Ecjih Tenepb npHCoe^HHHTb s to t  npeo6pa30BaTejib k npsi- 
MOMy npeo6pa30Baxejii0 nocpeAerBOM d \ = x u d2— x 2 h 
k 3a^ep>KHBaTejiHM nocpe^cTBOM C\ =  pu o2 =  p 2, t o  m\ 
pi m2 jxajxyr COOTBeTCTBeHHO 3HaqeHHH, KoTopbie a\ h a2 
HMeJin jxByM5i rnaraMH paHbine.

Wnp. 1. n odp oH Te  oSparabiH npeo6pa30Baiejib jiJin npeo6pa30BaTejia 
n' — an.

ynp. 2. To >ne caMoe jijih n' =  n —  2a +  4. 
ynp . 3. To  >i<e caMoe rjih x ' — a x —  by, y ' =  ax +  by. 
ynp . 4. nonpo6yHTe nocipoHTb odpaTHbin npeo6pa30BaTeJib HJin npe- 

06pa30BaTejiH n' — n-\- a -f- b\ noqewy SToro He;ib3H c^eJiaTb? 
*ynp. 5. riocTpoHTe o6paTHbin npeo6pa30Eaiejib jxjw npeo6pa30BaTejiH

dx-ijdt =  -j-

d x^ d t — {a-i —  1) x ± +  a2x 2.

Vnp. 6. rioqeM y b H acTonm eM  naparpac})e M  npeo6pa3yer (7,3) b 4, 
a He b —  2, KaK mo>kho 6biJio 6bi npe/inojioKHTb, hcxoah H3 

Ta6jiHubi, noMemeHHoft HecKOJibKHMH CTpoKaMH Bbime?

8/9. Pa3Mepbi oSpamoeo npeo6pa3oeaTeAH. OcHOBbiBancb 
Ha npe^bmymexM naparpacj)e, Mbi mokcm Tenepb KaK-TO 
oueHHTb pa3Mepw MauiHH, Heo6xoAHMbie ajih oSpaiueHHH 
Buxo.ua HexoToporo AaHHoro npeoSpasoBaTejm. B § 8/7 SbiJio 
BbiHCHeHO, qTo ecjiH np^MOH npeo6pa30BaTeJib He jxojukqh  
TepHTb HHKaKHX pa3JiHraH, t o  oh AOJi>KeH HMeTb no .K pa fi- 
Heft Mepe cT0JibK0 b u xoah u x  3HaqeHHH, CKOJibKO pa3JiHq- 
Hbix 3HaqeHHH HMeeT ero bxoa. OSpaTHbiH npeo6pa30BaTeJib 
To>Ke 6y^eT HMeTb no KpaHHen Mepe CTOJibKo >Ke 3HaqeHHH, 
ho He o 6fl3aTejibHo aojijkch  HMeTb hx 6ojibine. 3aAep>KH- 
BaTejiH Tpe6yiOT HeMHororo, h6o ohh BecbMa npocra. O t-  
ciOAa, no-BHAHMOMy, cJie^yeT, qTo ecjin o 6paTHbift npeo6pa- 
30BaTeJIb H3rOTOBJIHeTCH H3 KOMnOHeHTOB, CXOAHbIX C KOMTIO- 
HeHTaMH npflMoro npeo6pa30BaTejia, to , KaKOBa 6bi hh SbiJia



cjio>KHocTb h BeJiH^HHa npnMoro npeofipasoBaTejiH, oSparnbiu  
6ydeT uMerb CAOMHOCTb u e e jim u n y  Toeo ofce nopndKa.

3HaqeHHe stoto BbiBo^a TaKOBO. Kor#a ztyMaeuib 
O CJIO>KHOCTH KOpbl TOJIOBHOro M03ra HJIH KaKofi-JIHfio 3K0- 
jiorHqecKofi CHCTeMbi, to  HHor^a Ka>KeTCH, qTo BCHKoe bo3- 
^eflcTBHe, nepe/iaHHoe qepe3 Tanyio CHCTeMy, noqTH BcerAa 
cpa3y >Ke HacTOJibKo 3anyTbi'BaeTCH, qTo ero  y>Ke HHKaK 
HeB03M0}KH0 pacnyTaTb. Ho sto , KOHeqHO, He TaK: ycJio}K- 
HeHHH KOAHpoBaHHH, BHocHMbie o/jhhm npeofipasoBaTejieM, 
qacTo hjih jxa>Ke ofibiqHo He npeBocxo^HT AeKo^npyiomHX 
B03M0>KH0CTeH Apyroro  npeofipasoBaTejiH, HMeiomero Taicne 
m e  pa3Mepbi.

n E P E f lA H A  O T  C H C T E M B I  K  C H C T E M E

8/10. « I le p e d a e a e M o e » pa3noo6pa3ue . 3^ecb He MernaeT 
paS'bHCHHTb 0£HH BOnpOC, KOTOpblH GCTaBaJICH y Hac He- 
CKOJIbKO HeHCHblM. Co6jia3HHTeJIbHO AyMaTb O pa3H006pa3HH 
(h jih  HH(})opiMauHH), npoxoztnmeM qepe3 npeofipasoBaTejib, 
hjih o pa3H006pa3HH, nepexoAfliueM o t  o jx h o to  npeofipaso
BaTejiH k ^pyroM y; o^HaKo 3th (J)pa3bi MoryT npHBecTH 
k cepbe3HbiM He^opa3yMeHHHM. X o th  KOHBepT M o m e j  co/iep- 
>KaTb coofimeHHe, s to  coofimeHHe, fiyntyqn e^HHCTBeHHbiM, 
He Mo>KeT ofiHapy5KHBaTb pa3Hoofipa3HH. TaKHM 0fipa30M, 
KOHBepT Mo>KeT co£ep>KaTb coofimeHHe, ho He mo>kct co- 
^ep>KaTb pa3Hoo6pa3HH —  ero Mo>KeT co/iepjKaTb ToJibKo 
MHoofcecTeo KOHBepTOB. AHajiornqHO pa3Hoofipa3He He Mo>KeT 
cymecTBOBaTb b npeofipasoBaTejie (b  jiioSoh ^aHHbiH mo- 
M6HT), H‘6o KOHKpeTHblH npe0fipa30BaTeJIb B JHOfiOH MOMeHT 
HaXO^HTCH B OJXHOM H TOJIbKO O^HOM COCTOHHHH. Cjie^OBa- 
TejibHo, npeofipasoBaTejib He M o m e r  «co^ep>KaTb» pa3H0- 
o fipa3HH. Peqb MOOfceT hath jmuib o tom, qTo HecKOJibKO 
npeofipa30BaTeJieH (bo3Mo>kho, o/uiHaKOBOH KoiiCTpyKUHH), 
B3HTbix b HeK0T0pbiH ^aHHbiH MOMeHT BpeMeHH, MoryT ofiHa- 
py>KHBaTb pa3Hoofipa3He 3aHHMaeMbix hmh coctohhhh. AHa- 
jiornqHo ojxhk  npeofipasoBaTejib MO>KeT ofiHapy^HBaTb pa3iio- 
ofipa3He coctohhhh, 3aHHMaeMbix hm b pa3JinqHbix cjiyqanx.

(CKa3aHHoe 3£ecb noBTopneT oTqacTH to , qTo fibuio cKa- 
3aHO b § 7/5; ho Bonpoc stot HacTOJibKo Ba>KeH, qTo B03- 
BpameHne k  HeMy BpH^ jih u o m e r  fibiTb jihhihhm .)

BcerAa CJieAyeT noMHHTb, qTo noHHTHe «pa3Hoo6pa3Hetf, 
ynoTpefijineM oe b stoh Ktinre, h noHHTHe «HH(J)opMaitfifl»,



ynoTpe6ji5 ieM oe b TeopHH cbh3h, no,npa3yMeBaiOT c c h jik v  He 
na HHAHBHAyaJibHbift npe^MeT, a Ha HeKOTopoe m h o k cc tb o . 
BcHKan nonbiTKa TpaKTosaTb HH*(J)opMauHK) KaK Bemb, ko- 
Topan  MOHce? C0,nep>KaTbCH b / ipyron  Bemn, oShm ho Be jxer  

k Tpy^HbiM «n p o 6;ieMaM», KOTOpbie HHKorjxa He ao jijkh m  
6blJIH 6bl B03HHKaTb.
8/11. I le p e d a m  3a cdun tuae. PaccMOTpeB, KaKHM 06pa30M 
H3MeH«eTCH pa3Hoo6pa3He b oT^ejibKOM npeofipasoBaTejie, 
Mbi MOjKeM r e n e p b  p a cc M O T p e T b ,  K aK  o h o  nepe/iaeTCH  o t  
o ^ h o h  CHCTeMbi k  apyrofi, ci<a>KeM o t  T  k  U 9 rjxe T —  a6co- 
jnoTiian CHCTeMa, a U  —  rrpeo6pa30BaTeJib:

U

KaK y »ce roBopiuiocb, Mbi npniiHMaeM, mto cymecTByeT mho- 
>KeCTBO KOnHH, TO>K£eCTBeHHbIX no KOHCTpyKUHH (t .  e. no 
npeofipasoBaiiH io), ho Morymnx 6biTb b pa3JiHMi-ibix coctoh- 
hhhx HesaBHCHMo jxpyr  o t  Apyra. EtycTb b ^aHHbiH momcht 
KOHHH T  ofijiajiaiOT HGKOTOpblM pa3H006pa3HeM, H Mbi XOTHM 
3Haib, KaK cKopo 3to  pa3Hoo6pa3iie pacnpocTpai-iHTCH Ha 
KOnHH U. ripeAnOJIOJKHM, MTO B AaHHblH MOMeHT KOnHH T  
3aHHMaioT n T pa3Hbix coctohhhh h KoniiH U  3anHMaiOT 

n v pa3JiHMHbix coctohhhh. (MHTaTejiio Sy^eT JierMe ycBOHTb 

HH^ecjie^yiom ee /T0Ka3aTejibCTB0, ecjin oh no/i:6epeT KaKHe- 
HHfiyjib npocTbie h y^ o 6Hbie npHMepu CHCTeMbi T  h U, na 
KOTopbix eMy mojkho 6yjxer  npocJie^HTb xojx p a c c y ^ eH H H .)

CncTeMa T  aeftcTByeT KaK napaMeTp Ha t/, h KaamoMv 
COCTOHHHIO CHCTeMbi T  6y^eT COOTBeTCTBOBaTb HeKOTOpblli
rpac})HK CHCTeMbi U . Cjie^oBaTejibHo, m hojkcctbd kohhh U
6 y j& T  HMeTb CTOJIbKO Tpa(J)HKOB, CKOJIbKO 3HaMeHHH HMeiOT
KonHH T, t . e. hx SyzieT n r  3 t o  03HaMaeT, mto Kaxcaoe 

f/-cocTOHHHe MOHceT AaTb jxo n T pa3JiHMHbix nepexozioB 

(npeACTaBJieHHbix n T pa3JiHMHbiMH rpacjDHKaMH); t . e. H3 

HeKoToporo (/-coctohhhh npejxcTaBJiniomaH TOMKa mo>k6t  
nepeflTH b Jiio6oe H3 He 6 ojiee MeM n T (7-coctohhhh. T a 

KHM 06pa30M, MHOKecTBO Konnfl U, Bee npeACTaBJiHiomne 
TOMKH KOTOpOTO HaXOAHTCH B OAHOM H TOM >Ke COCTOHHHH, 
MOJKeT uojx B03AeHCTBHeM pa3 iioo 6pa3HH Konnft T  npe'Bpa- 
THTbCH B MHO>KeCTBO, npe/I.CTaB.JIHIOUI.He TOMKH KOTOpOTO 
pa 36pocaHbi He 6 oJiee MeM no n T coctohhhhm . C ym ecTByer



n r  TaKHX MHO>KeCTB KOriHH t/, H Ka>KAOe H3 3THX MHOJKeCTB 

MOJKeT 6biTb pa36pocaHO ne SoJiee qeM no n T coctohhhhm, 

TaK qTo o6m ee paccenHHe nocjie OAHoro rnara He m ojkgt 
npeBbimaTb n Tn w coctohhhh. Ecjih  pa3Hoo6pa3HH H3Me- 

Phiotch JiorapH(J)MHqecKH, t o  pa3Hoo6pa3He b U  nocjie oa- 
noro m ara ne mo>kct npeBbimaTb cyMMbi nepBOnaqajibHbix 
pa3Hoo6pa3HH b U h b T .  JlpyrHMH cJiOBaMH, pa3Hoo6pa3ue 
Konuu U ne Moofcer 603pacru 3a odun mas doAbiue, ueM na 
eeAUHUHy pa3Hoo6pa3unf cymecTeytou^eso e Konunx T.

TaKC-B ochobhoh 3aKOH nepeA a™  pa3H006pa3HH o t  ch- 
cTeMbi k cucTeMe. Oh 6yAeT qacTo Hcn0Jib30BaTbcn b jiajih- 
HeHuiefl qacTH khhth.

V n p . 1. C i id e M a  HM eeT c o c to h h h h  ( t ,  u )  h n peo6pa30B aH H e —
u ' =  u  +  t , TaK  mto t  jxoM H H H pyeT Ha a  u. B oceM b  t 3k h x  ch c tcm  
Ha^HHaiOT p a 6 o T y  cooTBeTCTBeH H o c c o c to h h h h  (0 ,9), (2 ,5 ), 
(0 ,5 ), (1 ,9 ), (1 ,5 ), (2 ,5 ), (0 ,9 ), (1 ,9 ). KaKOBO p a 3H oo6 p a 3He
MHO>KeCTBa t?  MHO>KeCTBa u?

Vnp. 2 . (r ip o iio ji> K e H H e .) H a fiA H T e  c o c to h h h h  n o c jie  6 jiH >K aH w ero  c jie -  
A y io m e r o  rn a ra . K a K o e  p a 3H o o 6 p a 3ne h m g io t T en ep b  t ? F Ip eA - 
cK a jK H Te BepX H io io  rp aH H u y  p a 3H0 0 6 p a 3 HH u. K a K o s o  p asH o - 
o 6 p a 3He u  T en ep b ?

Vnp. 3. B A p yro fl cncTeMe noACHCTeMa T HMeeT ABe nepeMeHHbie t\ h 
t ‘j  h noACHCTeMa U  HMeeT A B e n ep eM e m ib ie  ii\ h u% B c h  ch - 
CTeMa HMeeT c o c to h h h h  ( t i, t 2, u\, U2) h n p e o 6p a 30BaHne 
t'\  =  t ' 2 =  11, u'\ —  t 2u 2, u ' 2 == t\U2t TaK MTO T  AOMH-
HHpyeT HaA U . TpH  KonHH Ha^HnaioT c H a^a jib iib ix  c o c to h h h h  
(0 ,0 ,0 ,1 ),  (0 ,0 , 1 ,1) h (1 ,0 ,0 .1 ) .  KaKOBO p a 3i io o 6 p a 3He ko - 
iiiih  71? KaKOBO pa3H006pa3He Konnft U?  

ynp. 4. (npoAOJi>KeHHe.) H afiAH Te Bee TpH c o c to h h h h  qepe3 o a h h  m ar. 
KaKOBO Tenepb pa3iioo6pa3H e Konnft U ?

8/S2. riepedana 3a eropou tuae. HTaK, Mbi BHAejm, qTo 3a 
oahh uiar pa3H006pa3He b U  mo^kct yBejinqHTbcn He Sojibuie 
qeM Ha KOJinqecTBo pa3Hoo6p a 3HH b T. H o  qTO np0H30HAeT 
Ha BTopoM m are? T  m ojkct Bee eiue HMeTb HeKOTopoe 
pa3Hoo6pa3He; He nepeHAeT jih h oho b U , eme Sojiee yBe- 
jmqKBaa ero pa3Hoo6pa3He?

Bo3bMeM npocToft npHMep. FIpeAnoJio>KHM, qTo KaxcAwft 
ajieMeHT Bcero MHo>KecTBa Konnii HaxoAHTCH b oahom H3 
mecTH coctohhhh ( T i, U k)y ( T u U t) 9 ( T if (Jm), (7 ),
( Tj, U i) ,  (7 ) ,  Um) ,  TaK qTo Bee T  HaxoAflTCH JinSo b T u 
jih 6o b T j,  a Bee U HaxoAflTcn Jih6o b U& jih 6o b Uv jih 6o 
b U m. CncTeMa KaK uejioe —  a 6coJiK)THa. nosTOMy Bee ko- 
hhh, HaxoAHmnecH, cKa>KeM, b ( T it U k) , 6yAyT npn nepe-



XOAaX OT COCTOHHHH K COCTOHHHH) H3MeHHTbCH OAHH3KOBO,
npHHHMan pa3JinqHbie coctohhhh cobmcctho. To  me caMoe
OTHOCHTCH H K KOI1HHM, HaXOAHUtflMCH B OCTaJIbHbIX nHTH CO- 
ctohhhhx. OTCKDAa cjiejxyer, qTo pa3Hoo6pa3He coctohhhh 
MHo>KecTBa He Mo>KeT npeBbimaTb 6, h s to  He3aBHCHMo o t  
KOJIHqeCTBa KOnHH, BXO^HIUHX BO MHO>KeCTBO; He33BHCHMO 
OT qHCJia COCTOHHHH B T H U ’ He3aBHCHMO OT TOTO, KaK 
AOJiro MoryT npo/ioJDKaTbCH H3MeHeHHH. A oTCio/ia cjieziyeT, 
qTo pa3Hoo6pa3He KonHH U HHKoraa He Mo>KeT npeBbimaTb 
UieCTH £/-COCTOHHHH. TaKHM 06pa30M, KOJIb CKOpO pa3iio- 
o6pa3He b U B03pocJio Ha K0JiHqecTB0 pa 3Hoo6 pa3HH b Tt 
BCHKoe ziajibHefimee B03pacTaHHe jx o jim m  npeKpaTHTbcn. 
Ecjih Bee B03pacTaHHe npoH3om jio 3a oahh m ar (KaK 
Bbime), t o  Ha btopom m are pa3H006pa3He SoJibme He B03pa- 
CTaeT, xo th  T h mo>kct eme HMeTb HeKOTopoe pa3Hoo6pa3He l.

C jie^ y eT  OTMeTHTb, KaKyio Ba>KHyio pojib b stom  noKa- 
3aTejibCTBe HrpaeT cnapueanue coc to h h h h  CHCTeMbi U  c co- 
CTOHHHHMH CHCTeMbi T y T. e. BblHCHeHHe Toro, KaKoe 3Haqe- 
HHe T  h KaKoe 3HaqeHHe U  BCTpeqaiOTCH b oa h oh  h Tonate 
MamHHe. OqeBH/uio, qTo npocToro 3HaHHH KOJinqecTBa pa3Ho- 
o6pa3HH b T h b U He^ocTaToqHO £jih npe£CKa3aHHH Toro,
KaK OHH 6 y^ yT  H3MeHHTbCH.
8/13. Ilepedana no KcwaAy. Tenepb m h  Mo>KeM paccMOTpeTb, 
KaKHM c6pa30M pa3Hoo6pa3He, hjih HH(J)opMauHH, nepe-

1 Ba>KHO noA ^epK H yTb  cJ ie^y iom H H  o6mnfi npHHUHn: e c jin  n o c jie  
n ep B o ro  rn a ra  p a 3H oo6 p a 3ne b U  jxocthtjio MaKCHMa.nbHo b o 3 mo>k- 
H oro  3HaqeHHH (H e  npeBO Cxo/iH m ero b jiorapH cJm nqecKO H  M epe cyM M bi 
n aqa jibH b ix  p a 3 H0 0 6 p a 3 HH T  h U ),  t o  o h o  He MO>KeT yB ejin qH T bcn  n o c j ie  
B T op o ro  rn a ra ; ec jiH  xce o h o  He ^ o c t h t j i o  M aKCHM yM a, t o  n o c jie  BToporo* 
rnara  o h o  e m e  m o jk c t  yBejmqHTbCH. To, h to  n o c jie  B T o p o ro  m a ra  pasH O - 
o 6 p a 3Ke Mo>KeT yBejm qHTbCH, n oK a3biBaeT c jie ^ y io m n ft  npHM ep. I ly c T b  
CHCTeMa KaK u e j io e  HM eeT c o c to h h h h  (t, u) h n p e o 6 p a 30 BaHHe

{
0, ecjin t He ^eJiHTCH Ha 3 h qeTHo,
1, ecjin t  He ^ejiHTCH Ha 3 h HeqeTHo, 
ocTaTKy o t  AejieHHH t j3 Ha 3, earn t ^cjihtch Ha 3, 

TaK qTo t ^OMHHHpyeT Ha# u. IlycTb 3Ta CHCTeMa HaqHHaeT c coctohhhh 
( 2 , — ), ( 5 , — ) ,  ( 8 , — ),  (1 1 ,— ) ,  (1 4 ,— ) .  ^epToqKH  noKasbmaiOT, qTo 
HaM 6e3pa3jmqHbi HaqajibHbie 3HaqeHHH u. rioc jie  nepBoro rnara coctoh
hhh CHCTeMbi 6ynyT TaKOBbi:

(3 .0 ) (6 ,1 ) (9 ,0 ) (1 2 ,1 ) (1 5 ,0 ); 
n o c jie  B T op o ro  rn a ra  —

(4 .1 ) (7 ,2 ) (10 ,0 ) (1 3 ,1 ) (1 6 ,2 ).
TaKHM 06pa30M, pa3Hoo6pa3He u nocjie nepBoro mara paBHo jiByM 

coctohhhhm, a nocjie BToporo rnara —  TpeM coctohhhhm. —  npuM. pedm



AaeTcn qepe3  Majibift npoM ejKyTo^Hbm  npeo6pa30BaTejib  —  
«K aH aJ i»; c jiob o  «M a jib ift »  o th o c h tc h  3Aecb k qn c jiy  e ro  
B03MO>KHbIX COCTOHHHH. HpeAIlOJIO^KHM, qTO ABa SoJIbLHHX 
npeo6pa30BaTejiH  Q h S cBH3aHbi nocpeACTBOM M ajioro  npe- 
0 6 pa30BaTejiH R , Tax qTo Q AOMHHHpyeT HaA R, a R aom h- 
HHpyeT naA  S:

KaK o 6biqHo, Mbi hcxoahm H3 HajmqHH MHo>KecTBa KonnH 
BCeH 3TOH TpOHHOH CHCTeMbl. EiyCTb r  —  qHCJIO B03M0>KHbIX 
coctohhhh R. EiycTb lo g 2 r paBeH p. JG[onycTHM, qTo b Ha- 
qaJIbHOM COCTOHHHH KonHH Q HMeiOT pa3H006pa3He, 3HaqH- 
TejibHo npeBbimaioiuee r coctohhhh, h qTo KonHH R h S 
£jih npocTora  Boo6m e He HMeiOT pa3H006pa3HH. (E cjih  6bi 
ohh HMejiH KaKoe-To pa3H006pa3He, to , KaK noKa3ano 
b § 8/11, noBoe pa3Hoo6pa3He, nojiyqaeM oe hmh o t  Q, npo- 
c to  npHfiaBJiHjiocb 6bi JiorapH(})MHqecKH k  TOMy, qTo ohh 
yme HMejiH.)

npiiMeneHHe § 8/11 k R h S noKa3bmaeT, qTo Ha nepBOM 
m are pa3Hoo6pa3ne Konnfl S  coBceM He B03pacTaeT. TaKHM 
06pa30M, ecJiH nepB0HaqaJibH0 Tpn pa3Hoo6pa3HH, H3Me- 
peHHbie JiorapncjmnqecKH, paBHHJincb N ,  0 h 0, t o  nocJie 
nepBoro m ara oh h  6yAyT caMoe fiojibiuee N ,  p h 0.

Ha cJieAyiomeM m are pa3Hoo6pa3He R y>Ke He Momer 
yBejinqnTbCH (corjiacno  § 8/12) l , ho pa3Hoo6pa3He S mo- 
>KeT yBeJinqHTbCH 3a cqeT nojiyqaeM oro o t  R (qTo JierKO 
npoBepHTb Ha KOHKpeTHOM npHMepe; cm. ynp. 2). TaKHM 
06pa30M, nocJie BToporo rnara pa3Hoo6pa3HH MoryT bo3- 
pacTH ao N , p, p. AHajiornqHo nocjie TpeTbero rnara ohh MoryT 
B03pacTH a o  N, p, 2 p h t . A- TaKHM 06pa30M, pa3Hoo6pa3He 
KonHH S  MO>KeT B03paCTaTb CO BpeMeHeM CTOJIb >Ke SblCTpO, 
KaK h qjieHbi pHAa 0, p, 2p, 3p, ... , ho He SbiCTpee. Tenepb 
npaBHJio CTanoBHTCH coBceM oqeBHAHbiM: npeodpasoeareAb,

1 C cb u iK a  na §  8/12 3n e ch  He n o  c y m e c T B y . E c jih  p a 3H(>o6 p a 3 He b R 
y>Ke AOCTHrJIO BeJlHHHHbl p, TO OHO He MO>KeT yBeJlHMHTbCH npOCTO no- 
TOMy, h to  eM y  H eK y^ a  6o Jib m e  yBejiHM HBaTbcn. 'E c jih  >Ke p a 3 n o o 6 p a 3 He 
R e m e  ne a o c t h t j i o  n o c jie  n ep B o ro  m a r a  BejinqHHbi p> t o  n o c jie  B T op o ro  
rn ara  o h o  MO>KeT e m e  B0 3 pacTH . C p . n oA C T p o^ n o e  npH M enaH iie Ha 

CTp. 218 —  fJpuM. ped.



K oropbiu MOOiceT HdxoduTbCR He OoAee HeM 6 r  COCTORHURX, 
Moofcer nepedaeciTb pa3Hooupa3ue ne SoAee hgm no logo r 
6 u to 6 3a vuae. K o r^ a  roBopHT, m o  pa3JinqHbie npeo6pa30- 
BaTeJin 0 6 jia,nai0 T pa3JinqHOH «n p on ycK H o fi en oco6H ocTb io », 
no cym ecTB y HMeioT b BH,ny HMeiiHO s t o  cooraom eH H e.

C apyron  dopoH b i, HaSjnoAan, KaK m ar 3a maroM yBe- 
jiH^HBaeTCH pa3Hoo6pa3He Konuft S, Mbi bhahm, qTo ko - 
AunecTBO pa3H006pa3UR, Koropoe M ow er nepedaearb npeoo- 
pa3oeaTeAb (TaKOH KaK /?), nponopquonaAbHO rtpou3eede- 
Htito eso nponycKHou chocoGhoctu e durax na hucao 
cdeAauHbix tuaaoe. O iciOAa BbneKaeT Ba>KHoe cjieacTBHe, 
Koropoe Sy^eT no3>Ke Hcn0Jib30BaTbcn HeoAHOKpaTHo: deu- 
ct8ijr docTaTOHuo Ooaso, Afo6ou npeo6pa3oeaTeAb Mootcer 
riepedarb AtoOoe KOAimecTBO pa3H006pa3UR.

O a h oh  h3 Ba>KHbix qepT s to h  TeopeM bi HBJineTCH ee 
npe^eJibHan oSm nocTb. 3,aecb coBepineHHo 6e3pa3JiHqHo, 
KaKoro p o^a  MauiHHa AeH crayeT  b KaqecTBe npoM eacyToq- 
Horo npeofipasoB aTe.iH  hjih Kana jia . By,aeT jih  s to  nepeKJiio- 
qaTeJIb, HMeiOIH,HH TOJIbKO RB3  COCTOHHHH («3 3  MKHyTO» —  
«p a s o M K H y T o » ) , hjih s jieKTpnqecK oe HanpjiHceHHe, KOTopoe 
MOsceT HMeTb pa3Hbie 3HaqeHHH, hjih  uejib ifi HepBHbifi y3eji, 
hjih  r a 3eTa, —  Bee o iih  h oa^h h h io tch  s to h  TeopeM e. O n a  
noM oraeT  npn^aTb KOJmqecTBeHHyio ToquocTb HHTyHTHBHOMy 
om ym eH H io, qTo npn ocymecTBJieHHH cbh3h qepe3 Majibift 
npoMejKyToqubiH n p e o 6p a 30BaTejib B ce r^a  HMeeT MecTO He- 
K o io p o e  orpa iinqeH H e ck op oc th  cbh3h; B03bMeM, HanpHMep, 
c jiyq a n , K o rzu  HHcjDopMauHH o t  ceTqaTKH nepexo/iHT b 3pH- 
TejibH yio o 6jiacTb  Kopbi qepe3 Hapy>KHoe KOJieHqaToe Te jio  
hjih K or^a  HHc})opMauHH o ABH^KeHHHx xHmHHKa nepe^aeTCH 
CTa^y qepe3 e^HHCTBeHHoro cTopo>KeBoro.

V n p . 1. A 6 cojiioTHaH cn c ieM a c TpeMH qacTHMH Q , R  h 5  HMeeT co 
cto h hhh  (q,r,s )  ii npeo6 pa3 0 BaHHe

j  q : 1 1 2 3 4 5 6 7 8 9  

l 0 / : * 4 6 6 5 6 5 8 8 8 ’

/ ( 0 npn qeTHOM q -f- r  

}  1 npn HeqeTHOM q r  ’ 

s '  =  2s —  r.

TaKHM 0 6 p a 30M, Q  ^OMHHHpye.T Han R ,  a R  ^OMHHHpyeT Ha,q 
S. HeMy paBHa nponycKHan cnoco6nocTb KaHaJia R ?



y n p . 2 . (npoAOJi>KeiiHe.) J\eBHTb k o iih h  HaqHHajOT pa6o iy  c Hanajib- 
IlbIX c o c to h h h h  (1 ,0 ,0 ),  (2 ,0 ,0 ),  . . . ,  (9 ,0 ,0 ),  TaK h to  
T0Jibi<0 Q HMeeT HaqaJibHoe pa3Hoo6pa3He. ( I )  KaK  hsmchhtch 
pa3H006pa3He k o fih h  Q 3a nepBbie 5 maroB? ( I I )  KaK H3Me- 
h h tc h  pa3H006pa3He k o iih h  R ? ( I l l )  P a 3Hoo6pa3He Konnft 5? 

ynp. 3. (npoAOJi>KenHe.) E c jih  6bi na ynp. 2 ( I I I )  6biJi £aH o t b c t  
« S  : 1, 1 ,4 , 5, 5 » ,  t o  noqeMy oh  6biJi 6 bi h bho  HeBepeH, aa>Ke 6e3 
BblHHCJieHHH (J)aKTHHeCKHX TpaeKTopHH?

8/14. I lo c j ie A H e e  ynpa>KHeHHe n o K a s b m a e T ,  m o  e c j in  Q ,  R 
h S o 6 p a 3y io T  u en b ,  t o  p a 3i-ioo6 p a 3He S Mo>KeT m a r  3a rna- 
t o m  B0 3 p a c T a T b  3 a c q e T  n o j i y q a e M o r o  H3 R n a m e  b t o m  

c j i y q a e ,  K o n i a  p a 3 H o o 6 p a 3He R n o c j i e  n e p B o r o  rn a ra  y>Ke 
n e  6 y jx e r  B0 3 p a c T a T b  ( §  8 /12 ) .  F Ip h ^ h h o h  3 T o r o  H BJine icn  
t o ,  h to  b h x o a  R, ec j iH  6 p aT b  e r o  m a r  3 a rn a roM  Kaic n o -  
GJieAOBaTe^bHocTb ,  o C p a s y e T  B eK T op  ( §  9 /9 ) ,  a p a 3H o o 6 p a -  

3He B eK T o p a  m o> k c t  n p eB b im aT b  p a 3H0 0 6 p a 3He o jw ovl 113 

e r o  c o c T a B j iH io m n x .  H  e c j in  qnc.no  cocTaB J iH io tu n x  B eK T o p a  

MO>KeT H e o rp a H H q e H H o  B0 3 p a c T a T b ,  t o  h p a 3n o o 6 p a 3He e r o  
MO>KeT H e o rp a H H q e H H o  B03 p a c T a T b ,  zu >Ke  x o t h  p a 3H o o 6 p a -  

3 He KaHCAofl cocTaB J iH iom ew  h o c T a e T c n  o rpaH H qeH H b iM . 
T a K ,  t lOCAedoeCLTeAbHOCTb  H3 AeCHTH SpOCailHH MOHeTbl MO- 
>KeT HMeTb p a 3 H0 0 6 p a 3n e  n o  1024 SHaqeHHH, x o t h  p a 3H0 0 6 - 

p a 3n e  Ka>K£OH cocT aB J in iom eH  o r p a H H q e H o  jw y M n  3H aqe-  

hhhm h. A H a j i o r n q H o  h 3H.aqeHHfl R, x o t h  h o rp aH H qeH b i  
b HarneM y n p a ^ H e H H H  A B y u n  3H aqeH H 5iMH, M o r y T  o 6 p a 3o-  

naTb  n oc j ieAO B aTeJ ibH ocTb ,  p a 3H o o 6 p a 3He k o t o p o h  6 y n e T  
C o j ib iu e  R B y x .  F lo  M ep e  T o r o  K aK  n poA O J ixcaeT ca  n p o u e c c  
j ie p e z ia qH ,  Ha S  B03A e n c T B y e T  (h  y c e j iP iqH B aeT  e r o  p a 3HO- 
o 6 p a 3H e ) b ch  n o c j ie A O B a T e j ib H oc T b ,  e e n r o p  e  t^eAOM, ra i<  
k to  q e p e 3 R m o jk c t  n p o x o ^ H T b  p a 3 H o o 6 p'a3He r o p a 3 j io  
GoJibiue A B y x  3 HaqeHHH. T aK H M  0 6 p a 3 0 M, c o K p a m e H H e  n p o -  

nycKHOH c n o c o 6 HocTH K a n a j i a  m o>kho  K O M n eH cn p oB aT b  
(qT o S b i  cox p aH H T b  nocTOHHHbiM o S m e e  KOJinqecTBO n e p e ^ a -  

B a e M o r o  p a 3H o o 6 p a 3H5i )  yB e jra qeH H eM  jx jih u h  nocJ iez ioBa-  
TejibHOCTH. 3 t o  0 6 cT 0 HTejibCTB0  y>Ke BbiJio O TM eqeno  b n p e -  

^ b i^ y m e M  n a p a r p a 4)e  h qacTO  6 y/ieT HcnoJib30 BaTbcn  

b ^ a j ib H e f lm e M .

ynp. 1. A 6c0Jii0THan cncTeMa T flOMHHHpyeT usljx uenbio npeo6pa30Ba- 
Tejiefi Ai, A 2, A 3, A 4, . . . :



MHO>KecTBO koiihh Ha^HHaeT AencTBOBaTb npn HajiHHHH pasHo- 
o6pa3HH b T, ho npn o tc y tc tb h h  ero  b A\, A o h t . r . . .  . l l o -
KaxcHTe, m o  nocjie k rnaroB pa3H0o6pa3HH ^4u A 2..........  Ajt

M o ry T  d w T b  o tjih h h b im h  o t  H y jia , h o  m o  p a 3H oo6 p a 3HH Ak+\,  

y4 /; + 2 , . . .  Bee em e 6 y n y r  paBHbi H yjn o  ( t .  e. p a 3H0 0 6 p a 3ne T  
«n e  MOJKeT pacn p0CTpaHHTbCH jxajihuie Ajz»).

V n p .  2 . HsBecTHO, m o  o^Ha H3 27 o/iHHaKOBbix no BiiemneMy bh^Y 
MOHeT (JjaJibuiHBan h BecHT MeHbiue ocTajibHbix. H mciotch Becbi, 
h (JjaJibuiHBan MOHeTa jiojixtHa SbiTb o6Hapy>KeHa c noMombio 
B03M0JKH0 MeHbinero qncjia  B3BeiiiHBaHHH. H e  n p u d y M b ie a z  
k c lk o 2 o - a u 6 o  KOHKpeTHOc.o c n o c o 6 a e s e e u iu e a n u n , a Jinrnb pac- 
CMaTpuBaa Becbi KaK npeofipasoBaTejib , Hecymnft HH(popMauHio 
ot MOHeT k HafijnoflaTeJiio, yKa^HTe rpaHHuy, HH>Ke kotopoh 
mhcjio B3BeuiHBaHHH He MO>KeT onycTHTbCH. (YKa3aHHe: qeM y 
paBHO pa3Hoo6pa3He OTfle:ibHoro B3BemnBaHHH, ec jin  oho mo- 
>i<:eT HMeTb m nbK o cjie/iyiomHe pe3y jibTaTb i:, Bee 0ahh3K0b^ 
jieBan qauiKa TJi>Kejiee, npaBaa qaniKa TH/KeJiee?)

8/15. 3adepofCKa. Kom6hh3Uhh CHCTeM H3 § 8/13

MO ^eT  paCCMaTpHBaTbCH KaK KOMfiHHaUHH

r^e Q h R paccMaTpHBaiOTCH KaK o6pa3yiom He e^HHyio ch- 
CTeMy T,  KOTopaHj K0HeqH0 , HBJineTCH aScoJiiOTHOH. E cjih  
Tenepb Ha6jiio,aaTejib 6yzieT H3yqaTb nepe,aaqy pa3Hoo6pa- 
3hh o t  T k S, npnqeM (J)aKTHqecKH SyziyT HMeTb MecTo Te 
me caMbie co6biTH5i, qTo h b § 8/13, t o  oh o6Hapy>KHT, m o  
pa3Hoo6pa3He nepeziaeTCH MajieHbKHMH nopuHHMH, m ar 3a 
rnaroM, b OTJinqne o t  nepeziaqn ero  b § 8/11, Koxopan co- 
Bepm ajiacb nojiHocTbio 3a oahh mar.

ripnqHHa s to to  pa3JinqHH co c to h t nonpocTy b tom, qTO 
b § 8/11 bch AOMHHHpyiomaH CHCTeMa ( T ) 0Ka3biBajia He- 
nocpe^CTBeHHoe B03#eHCTBHe Ha noAqHHeHHyio cncTeMy (£/), 
Tor/ia KaK b c jiyqae CHCTeMbi H3 § 8/13 Harne T co£ep>KHT 
qacTb Qy He oKa3braaiomyio HHKaKoro Henocpe^CTBeHHoro 
B03^eHCTBHH Ha npHHHMaiOLUyiO CHCTeMy 5. Bo3£eHCTBHe co 
CTopoHbi Q ao jdkho  SbiJio np0H3B0£HTbCH qepes R h nosTOMy 
3aziep>KHBajiocb.

T aK an  6oJiee MeAJieHHan n e p e ^ a q a  ofib iqH a b peaJibHbix 
CHCTeMax npoCTQ n0T0My, m o  M Horne H3 hhx nocTpoeHbi H3



qacTeft, KOTopbie He Bee 0Ka3biBai0T Henocpe^CTBeHHoe bo3- 
^eHCTBHe Ha BocnpHHHMaiomyio CHCTeMy. TaK, ecjiH  Kopa 
ro jioB H oro  M 03ra, KaK BocnpHHHM aiom aH CHCTeMa, ncnbi- 
TbiBaeT B03AeHCTBHe cpe^b i (KO Topan He OKa3biBaeTHa K op y  
HenOCpeACTBeHHOrO B03AeHCTBHfl), TO 3TO B03ZieHCTBHe 
A o jijk h o  ocymecTBJiHTbCH qepe3  uenb ch ctcm : opraHbi 
qyBCTB, qyBCTBHTejibHbie HepBbi, njipa  qyBCTBHTeJibH0CTH 
h t .  TeM caMbiM co3£aeTCfl H3BecTHoe 3aMeAJieHHe. JXa>Ke 
BHyTpH OAHOH T3K0H qaCTH MO>KeT npOHCXO^HTb KaKafl- 
ui\6yjih  n epezia^a  o t  oa h oh  to ^ k h  k A p yroH , 3aMeAJifliom aH 
nepeziaqy  k c jiez iy iom eH  q a c m

OSpaTH o, ecjiH  npn HcnbiTaHHH Taicoft cnereM bi, KaK T , 
o 6Hapy>KHBaeTCH, h t o  OHa nepeziaeT  pa3H 006pa3H e A p y ro fi 
CHCTeMe TOJIbKO 3a onpe^eJieH H oe KOJiH^ecTBo rnaroB, t o  
mo>kho npe^C Ka3aTb, h t o  npn S o jie e  h o z ip o 6HOM nccjiezio-
B3HHH T OKa^KeTCH COCTOfllljeH H3 nO^CHCTeM, COe^HHeHHblX 
TaK, qTo He Bee nepeMeHHbie T 0K a3biBai0T HenocpeACTBeH- 
Hoe B03AeHCTBHe Ha S .

ynp. 1. FlycTb T  coctoh t H3 no^CHCTeM A, . . . ,  T7, coeziHHeHHbix Apyr
c flpyroM h c S corjiacHo cjieflyiomeft ^HarpaMMe HenocpeA-
CTBeHHblX B03jieHCTBHH:

CKOJIbKO He06x0AHM0 rnaroB ajih nepe^aqn b 5  Bcero pa3Ho- 
o6pa3HH 7?

ynp. 2. (F lpoflO JiJK eH H e.) CKOJIbKO rn aroB  noipe6yeT n e p e ^ a q a  113 

T  b S  0^H03HaqH0r0 «coo6meHHH» o c o c to h h h h  T?
ynp. 3. E c jih  CHCTeMa J c nepeMeHHbiMH w, x, y, z flOM HHHpyeT nan 

CHCTeMOH K c nepeMeHHOH  ̂ h hx CBH3biBaeT n p e o 6p a 30BaHHe 
w' — w — y, x ' — w +  xz, y' — 2wy — zt z' ~  yz2, k' =  x —  3k, 
t o  CKOJIbKO rnaroB  He0 6 x 0 AHM0  RJin n e p e fla q n  b K  B c e ro  
pa3H006pa3HH /?

ynp. 4. (n p o^ o J iJ K eH H e .) CKOJIbKO maroB 33HMeT b s t o h  CHCTeMe n ep e - 
jx a q a  c o o 6 m eH H 5i o t  w  k z?

8.16. H to Q h  y rjiy fiH T b  Harne noHHMaHne a ra x B o n p o co B , pac- 
cm otphm  Tenepb  c jiyq a ft  jxby x  ch ctcm , coe^HHeHHux o 6paT- 
HOH CBH3bK):



B § 8/11 SbiJio noKa3aHo, qTo T 6yjxeT nepe/iaBaTb pa3Ho- 
o6pa3H e b U\ ho 6yneT jih U,  nojiyqH B  s to  pa3H oo6pa3n e, 
nepe^aB aTb  ero o S p a ra o  b T , eme 6oJiee yBejinqHBan TeM 
caMbiM pa3Hoo6pa3ne T?

OTBeT cHOBa AaeTCH Henocpe^CTBeHHbiM paccMOTpeHHeM 
MHOHcecTBa KonHH. llpezinojio>KH M , qTo nepB0HaqajibH0 pa3- 
H oo6p a 3HeM oSjiaaajiH m n b K o KonHH T, Tor/ja KaK Bee K o
nHH U  SblJIH B 0£H0M h TOM >Ke COCTOHHHH. Pa3AeJIHM 
Bee MH0>KecTB0 Ha noAMHo>KecTBa TaK, q T o 6bi b Kamnou 
no#MHO)KecTBe Bee T  6h jih  b KaKOM-TO o^hom  co c to h h h h ; 
h nycTb, cKa>KeM, n0flMH0}KecTB0 i c o c to h t  H3 chctcm , 
B KOTOpbIX T  H3XOJXHTCH B COCTOHHHH T *. BHyTpH T3KOTO 
noAMHo>KecTBa HeT HHKaKoro pa3Hoo6pa3HH coc to h h h h , h 
p a 3H006p a 3HK) IieO TKy^a B03HHKHyTb, nOCKOJIbKV BCH (T ,U ) -  
CHCTeMa a 6co jn oT iia . lloaTO M y nepBOHaqaJibHoe pa3H oo6- 
pa3He T He yBeJinqHTCH hh Ha nepBOM m are , hh B n oc jie# - 
CTBHH. H TaK , AeTepMHHHpO'BaHHOH CHCTeMe oSpdTHdfl 
c6R3b ne npueodtiT k caMoeospacTaioii^eMy yeeAmenuK) 
pa3Hoo6pa3UH.

FIpH paCCMOTpeHHH OgpaTHOH CBH3H U  C T  B3}KHO CJie-
Ayiomee 06cT0HTeJibCTB0. Bee, qTO U nepenaer 06paTH0 b 7\
BeCbMa CHJIbHO 33BHCHT OT TOTO, qTO HMeeTCH B T , H0O K3>K- 
j loe U  HMeeT o 6paTHyio cBH3b hmchho c TeM 7\ KOTopoe 
B03,aeHCTB0Baji0 Ha Hero b npe^bmymeM m are, h hh c Ka- 
khm jipyruM. noaTOMy Harne paccy>KAeHHe TpeSyeT ToqHoro 
paCCMOTpeHHH COOTBeTCTBHH Me>K,flty pa3JIHqHbIMH T H U.

Ilp ez im ecTB y iom H e  n a pa rp a (})b i noKa3ajiH , qTo x o th  
b npocTeHLHHX (TOJibKO qTo paccM OTpeHHbix) c jiyq a n x  no- 
j l o6Hbie Bonpocb i M oryT  o6cy>K,fliaTbCH b cJioBecHoft (J)opMe, 
b c jio>k h h x  c jiy q a n x  b t o  m o jk c t npHBecTH k He^onycTHMbiM 
ocjio>KHeHHHM. 3&ecb Tpe6yeTCH cHMBOJinqecKHH a n n a p a i,  
HeKOTOpan a jir e 6 p a , KOTopan n03B0JiHJia 6 bi on epn poB aTb  
c cooTHomeHHHMH 6ojiee hjih  MeHee MexaHHqecKH, qTo6bi 
c jioxch octh  npeoAOJieBa^HCb npHMeHeHHeM npaBHJi on epn po- 
BaHHH c cHMBOJiaMH. EIo-BH^HMOMy, no£o6HbiH an n apaT  mo- 
>KeT npe^cTaBHTb TeopHH MHoatecTB, ocoSeHHo b (J)opMe, 
pa3BHToft B yp6aK H  h Pnre K Ho 3%ecb HeoSxo^HM bi ^ a jib - 
iieHHiHe HccjiezioBaHHH.

1 >Kax Pw re —  coBpeMeHHbin ())paHuy3CKHH MaieMaTHK, padcxraeT 
b o ftjiacTH  adcTpaKTH O H  a jired p b ? ; 3aHHMaeTCH TaK xce B onpocaM H , cBH3 aH- 
KbiMii c 6b icTpofleH CTByiom H M H  uH(}3p0BbiMH MaiiiHHaM H. —  f lp u M . nepee.



8/17. B3auMH.bie noMexu. Ecjih KHCJioia h mejioqb TeKyT no 
oahoh h toh  >Ke Tpy6e, ohh pa3pymaiOT npyr  Apyra; mto 
npoH3oftAeT, Korzia jxbsl cooSmeHHH npoxo^HT no OAHOMy 
h TOMy >Ke Kanajiy? ByfltyT jih ohh MemaTb Apyr A pyry  h 
pa3pymaTb zipyr ^pyra?

XBaTHT H npOCTbIX npHMepOB, MT06bI yCTaHOBHTb, MTO 
oahh h t o t  me cJ)H3HiiecKHH KaHaji MO>KeT HecTH 6ojiee qeM 
oaho coo 6meHHe 603 KaKHx-Jin6o B3aHMHbix noMex, TaK 
h to  Ka^KAoe coo 6meHHe 6y^eT ABHraTbcn, KaK ec jw  6bi oho 
6biJio eAHHCTBeHHbiM. ripeAno.TOJKHM, HanpHMep, h to h ck to  
xoqeT e^KeAHeBHO cooGmaTb cBoeMy KoppecnoH^eHTy 06 ojx- 
HOM H3 26 pa3JIHMHbIX C06bITHH, HCnOJIb3y5I RJIH 3T0T0 pa3- 
AeJi nepconajibHbix ofi'bflBJieHHH b ra3eTe; h npe/inoJio>KHM,

• mto oh peuiHJi b KaqecTBe KOAHpoBaHHofi (J)opMbi neqaTaTb 
OAHy-eAHHCTBeHiiyK) 6yKBy. T o t  >kc caMbin KaHaji «oah oh  
neqaTHOH 6yKBbi» MO>KeT 0,n;H0BpeMeHH0 Hcn0Jib30BaTbCH h 
AJiH nepeziaqH ^p yrn x  coodmeHHH, c pa3Hoo6pa3HeM 2, ecjin  
6yKBa Mo>KeT neqaTaTbca jih6o KaK CTpoqHan, jih6o KaK 
3arjiaBHan. f le a  3th coooiu.eiiHH 6y^yT TaK >Ke Ma.io B3aHMo- 
AeftcTBOBaTb, KaK ecjiH 6bi ohh 6biJiH naneqaTanbi Ha pa3i-ibix 
CTpaHHuax. TaK, ecjin 6biJio nocjiaHo AecaTb nocjie^OBa- 
TejibHbix coo6meHHH, t o  nocjieAOBaTeJibHocTb N K eS z ty Z w m  
nepeziajia 6bi nojmocTbto KaK n0CJie.a0BaTeJibH0CTb 
nkesztyzw m , TaK h nocjiezioBaTeJibHocTb 1101000100. HTaK, 
jxb& coo6meHH*i m otv t npoxo^HTb qepe3 oahh h t o t  >Ke (J)H- 
3nqecKHH npe^MeT, He pa3pyma5i Apyr Apyra.

B KaqecTBe npHMepa ^ p y ro ro  THna paccMOTpHM npeo6- 
pa30BaHHe H3 ynp. 2/14/11. ToqK y A " \  HanpHMep, mo>kho 
paCCMaTpHB3Tb KaK 3aKOAHpOBaHHVK) (J)OpMy TOMKH A
(h aHajiornqHo ToqKy B'f/ —  KaK 3aKOflHpoBanHyio (JjopMy 
ToqKH B). TaK, HanpHMep, coKpoBHma motjih 6bi 6biTb 3a- 
KonaHbi b A , opy>Kne —  b 5 , a naMATHbie 3HaKH nocTaB- 
JieHH b A r// h Bf//. H o H3MeHeHHe nojioHceHHH B BezieT 
k H3MeHeHHio A ' n , TaK qTo nojio>KeHHe B HrpaeT cymecTBeH- 
nyio poJib npn 3aK0£Hp0BaHHH A  ToqKoft A ' "  (h to  >Ke 
caMoe ajih  A  0TH0CHTejibH0 B '" ) .  CjieAOBaTeJibHO, £Ba s th  
cooSmeHHfl B3aHMOjxeHCTByK)T. TeM He MeHee s to  b33hmo- 
AencTBHe He pa3pym aeT HHc})opMauHH o tom, m e  cnpflTanbi 
coKpoBHma h opy^KHe, h6o ecjin iiaiibi nojio>KeHHfl A r"  
h B " \  t o  Bcer^a MoryT 6biTb BoccTaHOBJieHbi noJio>KeHHH
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A  h B , t . e. coo6meHHH Bee eme MoryT SbiTb t o t o o  ackoah- 
poBaHbi.

Ycjiobhh, Heo6xoAHMbie jxjw  Toro, m o6b i ABa coo6m e- 
nhh He AeHCTBOBajiH Apyr Ha Apyra  pa3pyiiiHTeJibH0, mojkho 
HaHTH CJieAyiOIUHM 06pa30M. OcHOBHOH $2iKT KOAHpOBaHHH 
coc to h t b tom , ^ to  MHOofcecTso coo6meHHH npeo6pa3yeTCfl 
b MH0>KecTB0 06pa30B (§ 8/4). C ApyroH CTopoHbi, jno6bie 
ABa coo6iu,eHHH pa3JinqHbix th fiob  mojkho nocTaBHTb phaom 
h paccMaTpHBaTb hx KaK cocTaBJiHKDmne oAHoro h Toro m e  
«BeKTopH oro» coo6meHHH, TaK >Ke KaK ABe nepeMeHHbie 
BcerAa mojkho cqHTaTb cocTaBjiniomHMH oAHoro BeKTopa. 
TaK, ecjiH b paccMOTpeHHOM Bbirne c jiyqae  c o6T>HBJieHHHMH 
b ra3eTe npn noMomn neqaTHOH SyKBbi chmboji x  H3o6pa- 
>KaeT nepeMeHHyio «o a h o  H3 26 coo6meHHH», a chmboji y 
H3o6pa>KaeT nepeMeHHyio «o a h o  h3 AByx coo6meHHH», t o  
HaneqaTaHHan 6yKBa ecTb koa  eAHHoro coo6meHHH (x, y).

EiycTb HaM AaHo, qTo ABa cooSmeHHH, x  w y, He b33hmo- 
AeftcTByiOT pa3pyuiHTejibHbiM 06pa30M. 3 t o  03HaqaeT, qTo 
3HaqeHHH KaK x, TaK h y  MoryT 6biTb BoccTaHOBJieHbi H3 
(J)opMbi, noJiyqeHHOH Ha npneMHOM KOHixe KaHajia. OrciOAa 
cjieAyeT, n r o  ecjiH ABa nepBonaqajibHbix nocJiaHHH pa3- 
JIHUHbl, TO H HX 3aKOAHpOBaHHbie (J)OpMbI AOJI>KHbI 6bITb 
pa3JinqHbi (h 6 o  b np0THBH0M c jiyqae  0AH03HaqH0e ackoah- 
poBaHHe 6biJio 6bi HeB03M0>KH0). A OTCiOAa cJieAyeT* qTo 
ecjiH B3aHMOAeftcTBHe cooSmeHHH ao jijkho  SbiTb Hepa3py- 
uiHTeJibHbiM, t o  pa3H006pa3ue noAynaeMbix cpopM doAOfCHO 
6biTb ne Menbiue pa3Hoo6pa3un nepeoHanaAbHbix (popM. 
3 t o  ycjioBHe BbinojmneTCfl b npHMepe c HaneqaTaHHofi 6yK- 
boh, h6o KaK nepBOHaqajibHbie coo6meHHH, TaK h neqaTHaa 
(J)opMa HMeiOT pa3Hoo6pa3He 2 6 X 2 .

To  06CT0HTeJIbCTB0, HTO npH BCTpe^e AByx COOSmeHHH 
b oahom  h tom  >Ke KaHajie BOBce He o6fl3aTeJibHo bo3hh- 
KaeT xaoc, HMeeT orpoM H yio  Ba>KHocTb b Henpo(j)H3HojiorHH, 
ocoSeHHo b Henpo(J)H3HOJiorHH Kopbi roJiOBHoro M03ra. 3Aecb 
6oraTCTBO CBH3eH CTOJib BeJIHKO, lITO HeH36e>KHO B03HHKaeT 
3HaqHTeJibHoe CMemeHHe cooSmeHHH, x o th  6bi T0JibK0 H3-3a 
oTcyTCTBHH cnoco6a yAep>KHBaTb h x pa3AeJieHHbiMH. TaK, 
n0T0K HMnyjibcoB, HAymnn o t  cjiyxoB oro  ueHTpa h Hecymnft 
HH(J)OpMaUHK), OTHOCHmyiOCH K HeKOTOpOH peaKUHH, MO^eT 
BCTpeTHTbCH C nOTOKOM HH(J)OpMaiI,HH, HAymHM OT 3pHTeJIb- 
Horo ueHTpa h HecymHM HH(})opMauHio, 0TH0Cflmyi0Cfl k Ka-



k oh -jih 6 o  A p y ro S  peaKUHH. H  s t o  SbiJio cepbe3HOH n p o g jie -  
MOH B HeSpO(J)H3HOJIOrHH —  yCTaHOBHTb, KaK B no£o6H b ix  
cJ iyqanx npeAO TB pam aeTca  pa3pyn iHTeJibHoe B3aHMojxeH- 
CTBHe H x a o c .

O^HaKo HacTOHmHH naparpac}) noKa3biBaeT, m o  rrpo- 
6jieMa 3Ta nocTaBJieHa HenpaBHJibHO. BoBce He o 6 fl3aTeJibHo 
B03HHKaeT xaoc, Korria BCTpeqaiOTCH #Ba coo6meHH5i, j ia m e  
ecjin 06a ohh jjeficTByiOT Ha o rh o  h to  >Ke mho^kcctbo (J)h- 
3HqecKHx nepeMeHHbix. Ecjih  TOJibKo He TepneTCfl pa3Hoo6- 
pa3ne h MexaHH3M ^eTepMHHHpoBaH bo Bcex ^eTaJiHx, t o  
3TH cooSmeHHH MoryT COXpaHHTbCH BO Bcex H3MeHeHH5IX, 
nepexo^H npocTo H3 o^Horo KO^a b Apyron . Bee, m o  He- 
OSXO^HMO AJIH HX BOCCTaHOBJieHHH, —  3TO nOAXOAHIUHH 06- 
paTHbiH npeo6pa30BaTeJib; a KaK Mbi BH^eJiH b § 8/7, ero  
nocTpoeHHe Bcer^a bo3mo>kho.

ynp. 1. (Cm. ynp. 2/14/11.) IlycTb A ' "  Haxo/iHTCH b TO^ne (0,0), 
a B " ' —  b (0 ,1 ); BOccTaHOBHTe nojionceHHe A. 

ynp. 2. llpeo6pa30BaTejib HMeeT £Ba napaMeTpa: a (KOTopbift mojkct 
npHHHMaTb 3HaqeHHe a h A)  h P (noTopbift mojkct npHHHMaTb 
3HaqeHHH b h B) .  Ero coctohhhh W, X, Y, Z npeo6pa3yiOTCH 
corjiacHQ Ta6jmue

f l a a  c o o 6 meHHH: cep n n  3HaqeHHH a h cepHH 3HaqeHHH p — na-  
MHHaiOT n ep e^ asaT b C H  o^H OBpeM eHHo. E c jih  a ^ p e c a T  H iiTep e- 
cyeTCH TOJibKO a - c o o 6 menHHMH, t o  Bcei\a.a jih  oh  Mo>KeT b o c - 
CTaHOBHTb hx, He3aBHCHMo o t  T o ro , m to nepe/iaeTCH n ocpe/ i- 
c tb o m  P? ( y K a 3anH e: § 8/6.) 

ynp. 3. C oe^H H H Te CTep>KHH m apH H paM H , KaK n o K a s a n o  Ha pnc. 8/17/1.. 
(U la p H H p H b ie  coeAHHeHHH Ha p n cyH K e p a 3fle jieH b i, MTo6 bi noKa- 

3aTb KOHCTpyKUHK).) P  —  yK pen jieH H aH  Ha o n o p e  ocb , BO Kpyr 
KO Topoft MO)KeT Bpam aTbCH CTep>KeHb R\ t o  >Ke ca M oe  Q h 5. 
C/rep>KeHb M  n p o x o ^ H T  naji o c b io  P, He G yn yqw  cBHsan c nen; 
t o  }K e ca M o e  N  h Q. IXmiunjipmecKan H anpaBJiH iom an C o 6 ec- 
neqH BaeT, q j o 6 bi Bee £BH>KeHHH Ha n e 6 o jib iiiH e  y r jib i 6 biJin n a - 
npaBJieHbi TOJibKO n a n p a s o  h jih  HaJieBO (K aK  n 0K a3aH0 na q ep - 

T e>K e).
Ĵ BHJKeHHH A H B BbI3bIBaiOT ABH>KeHHH L H N  H ^aJiee 

Y H Z, TaK ^TO Becb MexaHH3M MOJKeT paCCMaTpHBaTbCH KaK

W  X  Y Z

(a, b) W  Y Y Y

(a, B )  X  X  W W
( A  b) Z  W  X  X
(A, B )  Y  Z  Z  Z



cpeacTB O  flJia nocbiJiKH coofimeHHii «n o jio>K eH H e A»  h «noJio>K e- 
HHe B»  q ep e3  L h N  k B b ixo^aM  Y h Z. M o> k h o  ycTaHOBHTb, 
mo npH HenOABH}KHOM B £BH>KeHHH A BbI3bIBaHDT £BH>KeiiHfl

kok L, t o k  u N\ h aHajiorn^Ho npn nen0,nBH>KH0M A RBiiyKe- 
HHH B B03ZieHCTByi0T H Ha L, H Ha N. TaKHM  06pa30M, OflHO- 
BpeMeHHbie coofimeHHH H3 A h B npoxoAHT qepe3 L h N ojxro- 
BpeMeiiHO h, oqeBH^HO, BCTpe^aioTCH TaM. Pa3pymaioTCH j ih  oh h  
npH B3aHMOAeHCTBHH? (YKasaHHe: KaK a b h ^ k c tc ji Y, ecjin jib h -
JKCTCH TOJIbEO A ?) 

ynp,  4. (FIpo/iojDKeHHe.) HaH^HTe ajirefipan^ecKoe cooTHomeHHe Me>KAy 
nojio>i<eHHHMH A, B, Y h Z. ^ to  osHa^aeT «AeK0iuip0BaHHe» 
b 3toh aJirefipan^ecKOH (})opMe?



HenpeKpamaromaacfl 
n e p e A a n a

9/1. B HacTOHmeft rjraBe SyzieT npoAOJi>KeHa TeMa npeAbi- 
Aymeft rjiaBbi. Mbi Sy^eM paccMaTpHBaTb pa3Hoo6pa3He h 
ero  nepeziaqy, ho Sy^eM  3aHHMaTbcn ocoS h m  cJiyqaeM —  
nepe/iaqeft, npoAOJi^aiomeftcH HeonpejiejieHHo Aojiroe 
BpeMH. T a x  o S c to h t  AeJio, HanpHMep, b cjiyqae ce^aJiHm- 
Horo HepBa hjih  Tejiecj30HHoro Ka6ejin, KoTopbie Secnpe- 
pbiBHo HecyT coo6meHHH, b oTjinqne o t  nepeziaq, paccMo- 
TpeHHbix b npe^bm ym eft rJiaBe, r&e  H3yqaJiHCb jmuib He- 
MHorne rnarn bo BpeMeHH.

H e n p e K p a m a io m a n c f l  nepeziaqa  cn eu n a jibH o Hccjie^OBa- 
Jiacb IUeHHOHOM, h (J)aKTHqecKH 3Ta r j iaBa 6yzieT b och ob - 
hom nocBHmeHa TOMy, qTo6bi b b cc th  b K p yr  H^en e ro  pa- 
6oTbi «M aT eM aT H qecK a n  TeopHH CBH3H», npnqeM o co 6 o e  
BHHMaHHe 6y jxer  y/ieJiHTbcn OTHouieHHio 3Toft pa6oTbi 
k ApyrHM TeMaM Hauiero  «BBe£eHHH b Kn6epH eTH Ky».

O zm aK o HacTOHman rjiaBa npe^CTaBJifleT co6oft  cKopee  
p ha 3aMeTOK, HMeiom nx uejibio AonojiHHTb M acTepcKyio  pa- 
6oTy  UleHHOHa, qeM ee 3aK0HqeHH0e H3Jio>KeHHe. KHHra 
UJeHHOHa AOJiatHa paccMaTpHBaTbcn KaK och obhoh  HCToq- 
hhk, h c Heft c j i e ^ yeT  03HaK0MHTbCH npe^BapHTejibHo ! .H hc- 
XO>Ky H3 Toro ,  qTO qHTaTeJIb HMeeT B03M0>KH0CTb HCn0JIb30- 
BaTb 3Ty KHHry.

1 PeK O M en/iyeM  q m a T e jiK ) TaK )K e cJ ie^ y iom yK ) n o n y jia p H y io  khh>kky: 
H rjIO M  A. M. H H r J I O M  H. M., BepOHTHOCTb II HH(f)opMaUHfl.—  
npuM. ped.



9/2. HedeTepMunupoecLHHoe npeo6pa3oeanue. Ecjih nepe- 
Aaqa  ^oji>KHa npoAOJiJKaTbcn b T eqen n e  HeonpeAeJieHHO 
AOJiroro BpeMeHH, to  pa3Hoo6pa3He aoji>kho 6ecnpepbiBHO 
no^ep^H B aTbC H  h, cjieAOBaTejmHo, Mbi HMeeM cjiyqan, o t-  
JiH^HbiH o t  H3yqeHHoro b § 8/11, m e  nepeziaqa pa3Hoo6pa- 
3hh T  ocTaHaBJiHBaJiacb nocjie nepBoro rnara K ITo HHKa- 
Kan AeTepMHHHpoBaHHaH CHCTeMa kohc^hoh BejinqHHbi He 
MO>KeT HMeTb SeCKOHe^HO AJIHHHOH TpaeicropHH (§ 4/5). 
n03T0My Mbi jxojiMHhi paccMOTpeTb 6ojiee oSmyto (})opMy 
MaiiiHHbi h npeo6pa30BaHHH —  HeAeTepMHHHpoBaHHyio.

JXo ch x  nop  Bee Harnn npeo6pa30BaHHH 6biJiH 0AH03Haq- 
HblMH H H 3o6pa^aJIH , TaKHM 06pa30M , AeTepMHHHpOBaHHbie 
MauiHHbi. , H eK O Topoe pacuiHpeHHe s t o t o  SbiJio yxasaH O  
b §  2/10, h Mbi Mo>KeM Tenepb HccJieAOBaTb bo3m o>khocth , 
K0T 0pbie HaM OTKpbiBaiOTCH b c jiy q a e , k o tA a  onepaH A  HMeeT 
6oJiee neu  oa h h  o6pa3 . 3A ecb , 0AHaK0, T p e 6yiOTCH AonoJi- 
HHTeJibHbie orpaHHqeHHH, q T o 6bi yAep>KHBaTb 3th  b o3mo>k- 
h o c th  BHyTpH onpeAeJieHHbix rpaHHix, noA^HHeHHbiMH HeKo- 
Top oM y  3aKOHy. O h h  He a o ji jk h h  cTaHOBHTbcn coBepm eHHo 
xaoTHrabiM H. M HoroqncJieHHbie npHMeHeHHH HaxoAHT cJiy- 
qan , b k o to p o m  K a^ A b ift onepaH A, bm0c to  t o t o  h to 6 h  npe- 
06p a 30BbiBaTbC5i b onpezieJieHHoe H0B0e cocTOHHHe, u o m e r  
nepeHTH b o a h o  H3 pn^a b o 3 m o ^ h h x  c oc to h h h h , npnqeM  
Bbl6op KOHKpeTHOrO COCTOHHHH OCymeCTBJIHeTCH HeKOTOpbIM 
c n o co 6oM h jih  npou eccoM , npHAaiom HM  Ka>KAOMy c o c to h -  
HHK) nOCTORHHytO BepOHTHOCTb CTaTb 06p a 30M. HMeHHO He- 
H3MeHHOCTb BepOHTHOCTH H o 6ecneqH BaeT Ty 3aKOHOMep- 
HOCTb HJIH ynopHAOqeHHOCTb, Ha KOTOpOH M oryT  OCHOBbl- 
BaTbCH TOqHbie BbICKa3bIBaHHH.

TaKOBO, HanpHMep, npeoSpasoB aH H e x '  =  x - \ - a ,  r%e  
3HaqeHHe a HaxoAHTCH SpocaHneM m ohctm  no npaBHJiy: 
ecjiH rep6 ,  t o  a =  1; ecjiH pem eTKa, t o  a =  0. H a n p H 
Mep, ecjiH Haqa jibHoe cocTonHHe x  paBHo 4 h 6pocaHHe mo- 
HeTbi %ae t  nocjieAOBaTeJibHocTb P P r r r P T P P r , t o  TpaeKTo- 
pHH 6 y n e j HMeTb bh a  4, 4, 4, 5, 6, 7, 7, 8, 8, 8, 9. A  ecJiH 6po-  
caHHe MoneTbi AaeT  rP rrPPPTPP , t o  TpaeKTopnn 6yA eT  
HMeTb b h a  4, 5, 5, 6, 7, 7, 7, 7, 8, 8, 8. TaKHM o6pa3oM, He- 
AocTaTo^Ho 3HaTb npeoSpasoBaHHe h Haqa jibHoe cocTonHHe, 
^ToSbi onpeAeJiHTb 0AH03HaqH0 TpaeKTopn io ,  KaK s t o  6biJio

1 Cp. noACTpoMHoe npHMenaHHe Ha CTp. 219. —  IlpuM. ped.



b §  2/17; ohh O'npeziejiHKDT ToJibKo HeKOTopoe MnoofcecTeo 
TpaeKTopHH. JXaHHoe 3,z*ecb onpejxejieHHe donojineno  yKa3a- 
HHHMH, nOJiyqeHHHMH npH 6pOCaHHH MOHeTbl (cp . §  4/19), 
b pe3yjibTaTe qero Mbi h npnxoAHM k eduHCTeennou rpaeK - 
toph h .

3 t o  npeo6pa30BaH H e Momer SbiTb npe^CTaBjieHo (n o  
o6 p a3 u y  paH ee ynoTpefijiHBUiHxcH npejxcraB jieHHH) b c jie - 
Ay iom eM  bhjxe:

3 4 5

3 4 4 5 5 6

r o s H a q a e T ,  h t o  H3 coctohhhh 3 CHCTeMa nepeft/ieT

1 oC BepOHTHOCTblO y  B COCTOHHHe 3

1 ,
H C BepOHTHOCTblO y  B COCTOHHHe 4.

Tanoe npeo6pa30BaHHe, h ocoSeHHo mhojkcctbo TpaeKTO- 
pHH, KOTopoe OHO MO>KeT npOH3BeCTH, Ha3bIBaiOT «CTOXa- 
CTHqecKHM», ^ToSbi OTJiH^HTb ero  ot 0£H03HaqH0r0 h AeTep- 
MHHHpOBaHHoro npeo6pa30BaHHH.

Ecjih H3 Ka>K£oro coctohhhh bo3mo>kho mhoto nepexo- 
Aob, TaKoe npe^CTaBJieHHe cKopo ct3H obhtch  Hey^ogHbiM. 
B o jiee  yziogHbiM h b ochobhom £ 0B0JibH0 noAxoAHiiuiM npeA- 
CTaBjieHHeM hbjihctch MaTpnua, noAoSHan MaTpnue H3 
§ 2/10. M a ip n u a  c tpoh tch  BbinncbiBaHHeM B03M0>KHbix one- 
paH^OB B CTpOKy HaBepxy H B03M0)KHbIX 06pa30B B CTOJI- 
6eu cJieBa; 3aTeM Ha nepeceqeHHH CTOji6ua i co ctpokoh  j  
3anHCbiBaeTCH Bep0HTH0CTb Toro, qTo CHCTeMa H3 co c toh 
hhh i nepeft/ieT b COCTOHHHe j.

B KaqecTBe npHMepa paccMOTpHM ToJibKo m o  onncaHHoe 
npeo6pa30BaHHe. E cjih CHCTeMa HaxoOTJiacb b coctohhhh 4, 
a BepoHTHocTb BbinacTb rep6y  npn SpocaHHH MOHeTbi

paBHa— , to BepoHTHocTb nepexo^a CHCTeMbi b cocTonHHe 5

1
paBHa -g-; h TaKOBa >Ke 6yja,eT d0Poh thoctb  xoro, m o  CHCTeMa



OCTaHeTCH B COCTOHHHH 4*.

Bee A p y n i e  nepexo^b i hm ciot BepoHTHocTb, paBHyio 
Hyjiio. TaK , KjieTKa 3a k j ic tk oh ,  h c t p o h t c h  3Ta MaTpnua.

OnncaHHaH MaTpnua Ha3biBaeTcn MaTpnuen nepexoflHbix 
BepOHTHocTeii, t .  e. BepoflTHOCTefi nepexoAa. (^H TaTe jno  
cjieziyeT HMeTb b BHAy, mto b jiHTepaType 6o j ie e  oSbiMHa 
TpaHCnOHHpOBaHHaH (J)OpMa, npH KOTOpOH CTpOKH H CTOJl6ubI 
MeHHiOTCH MecTaMH; ho /laHHan (J)opMa HMeeT cyuxecTBeH- 
Hbie npeHMymecTBa —  cm., HanpHMep, ynp. 12/8/4, —  no- 
mhmo Toro, mto OHa cooTBeTCTByeT npHHHTHM b naineH 
KHHre o6o3HaMeHHHM.)

3jxech Mbi o6fl3aHbi coBepmeHHo echo npeACTaBjmTb 
ce6e, mto Mbi noHHMaeM non  «BepoHTHocTbio» (cm. TaK>Ke 
§ 7/4). Mbi He TOJibKo AOJi^Hbi echo  npe^CTaBJiHTb ce6e 
cmhcji SToro cjioBa, ho caM cm hcji jio jim e n  6biTb ccj)opMy- 
jinpoBaH b BHAe npaKTm ecKoao, onepaunoHajibHoro KpHTe- 
pnn. (CyS'beKTHBHbie omytueHHH «cTeneHH yBepeHH0CTH» 
3^ecb HenpHMeHHMbi.) HTaK, ecJiH r b z  Ha6jnoAaTeji5i He- 
COTJiaCHbl B TOM, HMeeT JIH HeMTO «nOCTOHHHyiO BepoflT- 
HocTb», t o  KaKoe HcnbiTaHHe u o m e j  pa3peuiHTb 3Ty TpyA- 
HOCTb?

BepoHTHocTb ecTb nacTOTd *. «,,BepoHTHoe“ co6biTHe ecTb

1 TaKaa (J jopM yjinpoB K a h b jih c tc h , kohcm ho, r p y 6 biM ynpom eH H eM . 
n p H  fto jib iu oM  MHCJie HcnbuaHHH qacTO Ta noHBJieHHH KaK oro-J iH 6 o  c o 6 bi~ 
th h , H M eiom ero  3ajxaHHyio BepoH TH ocTb. JiHuib (h  t o  TOJibKO KaK n p a -  
BHJIO) MaJlO OTJIHMaeTCH OT 9TOH BepOHTHOCTH. Cm. n o  STOMy n0 B0 £ y  
CTaTbio A. H. K o jiM o ro p o B a  « B e p 0 HTH0 CTb» b BojibiuoH C o b c tc k o h  3 h- 
UHKJioneAHH. —  FlpuM . ped.



n a c T o e  c o 6b iT H e »  ( O n m e p ) . JXomjih  BepoH TeH  B M a m ie c / r e p e ,  
n 0T 0M y m o  o h  qa cT O  ujxer b M a H ^ e c T e p e , ;  a ziecHTb « K p a c -  

H b ix »  n oz ipH A  b p y j i e T K e  « H e B e p 0HTH0» ,  no-cKOJibKy s t o  cJiy- 

qaeTCH H e ^ a c T o .  (B j i a r o p a s y M H b iH  qHTaTeJib  S y n e T  KpenKO 
A ep a ta Tb C f l  3a s t o  onpezieJ ieHHe, He z iaB an  BOBJieqb c e 6n 

b T aK H e  ^HCTo cneKyjiHTHBHbie  B o n p o c b i ,  KaK  B o n p o c  o  q n c -  
j ieHHOM 3HaqeHHH «B e p o H T H o c T H »  >kh3hh Ha M a p c e ,  KOTO- 

p a n  He Mo>i<eT HMeTb HHKaKofi qa cT O T b i . )  C i o ^ a  o t h o c h t c h  

h Bee t o ,  m o  6b i j io  cK a 3 a H 0  b §  7/4, h 6 o  noHHTHe BepoH T- 
h o c t h ,  b e r o  n p aK T H ^ecK H X  a c n e K T a x ,  HMeeT c m h c j i  JiHiiib 
B npHMeHeHHH K HeKOTOpOMy MHO>KeCTBy, B KOTOpOM p a3 -  

JIHTObie CoSblTHH HJIH B03M0JKH0CTH BCTpe*-iaiOTCH Ka>K£aH 

c xa p a K T e p H O H  a j ih  Hee qacTOTOH.
r tp O B e p K a  HaJIHTOH IIOCTOHHHOH BepOHTHOCTH CTaHO- 

BHTCH, TaKHM 0 6 p a 3 0 M ,  npOBepKOH HaJIH^HH nOCTOHHHOH 

qacTOTbi.  n p o B e p n i o m H H  n p e^ o cT aB J iH eT  n p o u e c c y  n p o z io j i -  

>K3TbCH b T e q e n n e  H e K O T o p o ro  BpeM eHH, n o K a  He o S H a p y -  
j k h t c h  o n pez ieJ ieH H an  qacT O T a  ^ a H H o r o  c o 6 h t h h . T a K ,  e c j in  
o h  x o q e T  y3 H aT b ,  HMeeT jih  M a n ^ e c T e p  nocTOHHHyK), t . e.
HeH3MeHHyiO BepOHTHOCTb R o m a n  ( b  COOTBeTCTByiOLUHM 06- 

p a3 0M  onpe/ ieJ ieHHbix  y c j i o B H H x ) ,  t o  o h  6yz ieT  p e rH C T p n p o -  

BaTb RomjiH, n o K a  He n o J iy r a T  n e p B y io  o u e H K y  h x  qacTOTbi.  

3 a T e M  o h  H a^H eT  CHOBa, c o 6e p e T  HOBbie 3 an n cH  h n o j iy ^ H T  
B T o p y io  o u e H K y .  O h  Mo>KeT n p o / i o j i ^ a T b  c o 6n p a T b  ^ aH H b ie  

jxjih  T p eT b e f t  h qeTBepTOH oueHKH. E c j i h  s t h  H ecK 0JibK0 o u e -  
h o k  o 6H apy>K aT  c e p b e 3 H o e  pacxo>KzieH H e,  t o  oh  c u a m e r ,  m o  

Jiomnh  b M a H ^ e c T e p e  n e  HM eeT  i i o c t o h h h o h  B e p o H T H o c m  
E c j ih ,  0A H a K 0, o h h  c x o a h t c h ,  t o  n p n  ateJiaHHH o h  m o>kct  

CKa3aTb, m o  Ta  A p o 6b, Ha k o t o p o h  o h h  c x o a h t c h ,  h e cT b  
nOCTOHHHan BepOHTHOCTb. H T a K ,  H eK O T o p o e  COSblTHe 

e onenb Oauhhou nocAedoeaTeAbHocru H M eeT  « n 0CT0HHHyi0»  

BepOHTHOCTb ocym ecTBJ ieH H H  Ha Ka>KAOM m a r e ,  ec j iH  b j ih >  
6om a j ih h h o m  0 T p e3 K e  nocJ ie^oB aTeJ ibH ocTH  o h o  o c y m e c T -  

BJineTCH c npn6 jiH3HTeJ ibH0 OAHHaKOBOH 0TH0CHTeJibH0H q a -  

CTOTOH.
C n a s a H H o e  m o>kho  cc } )op M y j iH p o B a T b  6oJiee  t o ^ h o  b M a- 

T eM aTH^eCKHX TepM H H aX. SjieCh Ba)KHO JIHIHb OTMeTHTb, m O  
BO BCeft KHHTe JlK)6ue BbICK83bIBaHHH O «BepOHTHOCTH» 

HMeiOT 06T>eKTHBHbIH CMHCJI H h x  cnpaB eA J iH B ocTb  MO>KeT 
SbiTb SKcn epH M eH TaJ ibH o  n p o B e p e H a .  O h h  He 3aBHCHT h h  o t  

KaKOH CyQ'beKTHBHOH oueHKH.



ynp. 1. Bo3bMHTe nnTb HrpajibHbix KapT: Ty3, £BOHKy, TpoHKy, MeT-* 
BepKy h nHTepKy. llepeTacyHTe hx h pa3Jio>KHTe b pafl, 3aMe- 
man hmh 3Be3AOMKH b npeo6pa30BaHHH T :

T : | Ty3 flBOHKa TpOHKa ^eTBepKa FlflTepKa 
* # # '<•

#BJiaeTCfl jih nojiyqeHHoe TaKHM 06pa30M K0HKpeTH0e npeoSpa
soBaHHe AeTepMHHHpOBaHHbIM HJIH H6T?
(YKasaHHe: ojiHOSHa^Ho jih oho?) 

ynp. 2. KaKoe npaBHJio aojukho co6jiio,naTbCH juin qnceji, ctohluhx 
b Ka>KflOM cTOJi6ue MaTpHUbi nepexo^Hbix BepoflTHOCTefi? 

ynp. 3. C o 6jiKxaaeTCH jih KaKoe-HHGyflb npaBHJio, no/io6Hoe npaBHjiy 
H3 ynp. 2, b OTHOineHHH qnceji b Kaacaofi cTpoKe? 

ynp. 4. Ecjih npeo6pa30BaHHe, onpexieJieHHoe b stom naparpa(})e, Hann- 
HaeT AencTBOBaTb c 4 h np0fl0Ji»aeTCJi 10 rnaroB, to  CKOJibKO 
TpaeKTopHH coflepjKHT MHoofcecTeo, onpe^eJiHeMoe TaKHM cno- 
co6om?

ynp. 5. ^eM KHHeMaTHqecKHH rpac})HK croxacTHqecKoro npe06pa30BaiiH5i 
OTJiH^aeTCH o t rpac})HKa AeTepMHHHpoBaHHoro npeo6pa30BaHHH?

9/3. C TO xacTH qecKoe npeoSpasoB aH H e ecTb n pocTo o 6o 6m e- 
HHe AeTepMHHHpoBaHHoro (h jih  0AH03HaqH0r0 n p eo6 p a3 o - 
b 3h h h ). TaK , npe/ ino jio^H M , qTo M aTpnua nepexoAH hix Be- 
poHTHocTeft CHCTeMbi c TpeMH coc toh h h h m h  6biJia cH aqa jia

J A B c

A 0 0,9 0,1
B 0,9 0 0

C 0,1 0,1 0,9

V
A B C

A 0 1 0

B 1 0 0

C 0 0 1

riep exo^  ot nepBOH MaTpnubi ko BTopofi, xoth  oh h HeBe- 
jihk ( h Mo>KeT SbiTb CKOJib yro/iHo yM eHbm en), nepeBO/jHT 
cncTeMy H3 hbho croxacTHqecKoro THna b cncTeMy c o^ ho- 
3HaqHbiM npeo6pa30BaHHeM

| A B C  
I  B A C

Toro THna, KOTopbift paccMaTpHBajiCH bo  Been npezuuecTByio- 
men qacTH KHiirn. Tclkum 06pci30M, odno3HciHHoe deTepMu-



nupoeaHHoe npeo6pa3oeanue ecTb npocro oco6biu, npedeAb- 
Hbiu CAynau, CTOxacTunecKoeo npeo6pa3oeanuH. O h o  ecTb 
doxacTHqecKoe npeo6pa30BaHHe, b kotopom Bee BepoflTHo- 
cth CAeJiajiHCb paBHbiMH 0 hjih 1. 3 ia  npHHUHnnajibHan 
OAHHaKOBOCTb He AOJI>KHa 3aCJIOHHTbCH TeM 06CT0HTeJIb- 
CTBOM, qTO HHOr^a yA06HO rOBOpHTb 0 AeTepMHHHpOBaHHOM 
THne, a HHorAa — o THnax, rjw  kotophx Ba>KHa Apo6- 
HOCTb BepoHTHocTeft. Bo Been qacTH III  npHHunnHaJibHan 
OOTHaKOBOCTb 3THX AByx THnOB 6yAeT HrpaTb B3>KHyK) 
poJib, o6ycJioBJiHBaH e^HHCTBo pa3JiHqHbix thtiob peryjinpo-
B3HHH.

Cjiobo «CToxacTHqecKoe» Momer ynoTpefijiHTbcn b AByx 
CMHCJiax. O h o  Momer 03HaqaTb: «Bce ranbi (c nocTOAHHOH 
MaTpHuen nepexoAHbix BepoHTHocTeft), BKjiioqan AeTepMH- 
HHpOBaHHbie KaK ocoSbiH cjiyqaft»; hjih oho Momer 03Ha- 
qaTb: «Bce THnbi, KpoMe AeTepMHHHpoBaHHoro». MoryT yno- 
Tpe6jiHTbCH o6a 3HaqeHHH, ho nocKoJibKy ohh HecoBMe- 
CTHMbl, HaAO BHHMaTeJIbHO CJieAHTb 3a TeM, qToSbl KOHTeKCT
yKa3biBaji, KaKoe H3 hhx HMeeTcn b BHAy.

UEnb MAPKOBA

9/4. Tenepb, nocjie BocbMH rjiaB, mm 3HaeM Koe-qTo o tom, 
KaK HSMeHHeTCH CHCTeMa, ecJiH ee nepexoAbi cooTBercTByiOT 
nepexoAaM 0AH03HaqH0r0 npeo6pa30BaHHH. Ho KaK 06- 
c to h t AeJio c noBeAeHHeM chctcm h, nepexoAbi KOTopofi co- 
OTBercTByiOT nepexoAaM cTOxacTHqecKoro npec6pa30BaHHH? 
KaK SyAeT BbirjiHAeTb TaKan CHCTeMa, KorAa OHa AeftcTBH- 
TeJibHo p a 6oTaeT?

npeA n o jio^H M , qTo KaKoe-TO HaceKOMoe hchbct b MeJi- 
kom npyAy h okojio Hero: hhotas oho h3xoahtch b BOAe 
( W ) ,  HHorAa noA KaMHHMH ( P ) ,  HHorAa Ha 6epery ( B ) .  
ripeAnojio>KHM, qTo a^h Ka^AOH eAHHHUbi BpeMeHH cym e- 
CTByeT nocTOHHHan BepoflTHocTb Toro* qTo, HaxoAflCb noA 
KaMHeM, HaceKOMoe nepeftAeT Ha 6eper; h to me caMoe a«hh 
A pyrnx  B03M0>KHbix nepexoAOB. (M b i MomeM AonycTHTb, 
ecjiH xothm, qTo AeftcTBHTeJibHoe noBeAeHHe HaceKOMoro 
onpeAejineTCH 6ojiee mcjikhmh AeTaJiHMH h cofibiTHHMH 
b oKpy^Kaiomen cpeAe.) TaKHM 06pa30M, npoTOKOJibHan 
3anncb noJio>KeHHH HaceKOMoro mo>kct rjiacHTb: WBWB 
W P WB WB WB W P W B B W B W P W B W P W B W B W B B  W



BWBWBWPPWPWBWBBBW. ripennoJio>KHM juin onpe; ie -  
jieHiiocTH, m o  BepoHTHocTH nepexoAOB cyTb

I I  B W P

B

W

3 th  BepoflTHocTH mo>kho HaHTH, ecjiH  Ha6jiion aTb  noBezie- 
HHe naceKOMoro 3a /yiHHHbie npoMe^KyTKH BpeMenn, a 3aTeM 
naHTH qacTOTy, CKa>KeM, jxjm B W h onpezieJiHTb oti-io- 
CHTeJIbHbie qaCTOTbl \ KOTOpbie H HBJIHIOTCH BepOHTHOCTHMH 2. 
TaSJinua 9 th x  BepoflTHOcTen Sy^eT  no cym ecTB y ceodKod 
(paKTunecKoeo npouiAnao noeedenun, H3BJieqeHHon H3 npo- 
TOKOJia.

TaK an  nocjiezioB aTejibH ocTb c oc to h h h h , b k o to p o h  zijih 
pa3jiH4Hbix ^jiHHHbix HHTepBajioB BepoHTHocTb Kaam oro ne- 
pexozia o^HHaKOBa, w3BecTHa noA Ha3BaHHeM uenH M a p K o ea , 
no HMeHH MaTeMaTHKa, k o to p h h  nepBbiH cepbe3HO HccJie- 
AOBaji ee CBOHCTBa 3. (OrpoM Hoe 3HaqeHHe uenen MapKOBa 
CTajio npH3HaBaTbCH Jinuib b Te^eHHe nocjie^Hnx acch th  JieT 
hjih o k o jio  t o t o .  B MaTeMaTHqecKOH JiHTepaType onncbi- 
BaiOTCH pa3jinqHbie THnbi uenefl MapKOBa h H3jiaraiOTCH 
pa3JiHqHbie hx xapaKTepncTHKH. Onpe^eJienHbiH Bbirne THn 
iiaeT Bee, m o  HaM Tpe6yeTcn, h He npoTHBope^HT ApyniM  
onpe#eJieHHflM; o/iho cymecTBeHHoe AonojmeHHe ynoMH- 
naeTCH b §  9/7.)

1 MT06bI H3HTH, CK3>KeM, OTHOCHTeJIbHyHD H3CTOTy nepeXO^a H3 B 
b W, Haflo pas/iejiHTb y>ne HaHAeHHyio (a 6cojiK }THyio) qacTOTy nepexo^a 
B - + W  H3 (36C0JIK)THyK)) HaCTOTy nOHBJieHHH B. — 17puM. ped.

2 Cp. no/urrpomioe npHMeqaHHe na CTp. 232. —  FlpuM. ped.
3 Cm. cTaTbio A. A. MapK0B3 «P3cnpocTpaHeHKe 33KOH3 6ojibLUHX 

MHCeJI H3 BeJIHHHHbl, 3aBHCHLUHe flpyr OT Apyra», Ony6JlHKOB3HHyiO B H3- 
B0CTHHX OH3HKO-MaTeMaTHMeCKOrO oCmeCTB3 npn K333HCKOM yHHBepCH- 
tg t6  h nepeneq3T3HHyio b «H36p3HHbix Tpy^3X» A. A. MapKOBa.

SjieMeHTapHoe BBejzeHne b Teopnio uenefi MspKOBa co;iep>KHTCH 
b TpeTbeM pa3Aejie 6-ro Bbinycna «5h6jihotckh  M3TeM3THMecKoro 
Kpy>KK3»." ZlblHKHH E, 5. H YcneHCKHH B. A., « M 3TeM3THMeCKHe 6e- 
cezibi».—  IJpuM. ped.



TepMHH «u e n b  M a p K O B a »  HHor^a o t h o c h tc h  k KOHKpeT- 
hoh  TpaeKTopHH CHCTeMbi (H anpH M ep, k TaKon TpaeKTopHH, 
KaK b ynp. 1 ), a HHoiria h k  caMofi CHCTeMe (on peA e j in eM on  
ee M aTpnue ft ) ,  KOTopan cnoco fiHa np0H3B0£HTb Muoro T p a 
eKTopHH. YnoTpe f i j ieH H e  o a h o t o  m  s t h x  cmmcjiob ao ji>kho 
Onpe^eJIHTbCH KOHTeKCTOM.

ynp. 1. CHCTeM a c jxByMH c o c toh h h h m h  jxaer npoTOKOJi (50 nepexo^OB): 

A B  A B B B  AB  A A B  AB  AB  A B B B B  AB  
A A B A B B A A B A B B A B A A A B A B B A  
A B BA B B A .

HanHLiiHTe oueHKy ee Maipnubi nepexo^Hbix BepoHTnocTen. 
ynp. 2. Hcnojib3ynTe cnoco6 § 9/2 (c 6pocaHHeM MOHeTbi) hjih no- 

dpoeHHH pa3JinqHbix TpaeKTopHH, mto6m noKasaTb, mto odna 
MaTpHUa MOJKeT npOH3BeCTH MH080  pa3JIH^HblX TpaeKTopHH.

ynp. 3, C noMombio Ta fijin u b i c jiyqa ftH b ix  MHceji1 nocTponie u enb  Map- 
KOBa ajih jxB yx  c o c to h h h h  A h B corjiacHO npaBHJiy:

Ecjih

HbiKeiuHee c j iy ^ a H H o e

To
cjie#} io  mee

COCTOJIHHe q n c j i o COCTOHHHe
A 0  HJIH 1 A
v 2 ,3 . . .  9 B
B 0, 1, 2, 3, 4 A
„ 5, 6, 7, 8, 9 B

ynp. 4. (npo/ioJi>KeHHe.) KaKOBa MaTpnua nepexo^Hbix BepoHTHOcTeft 
3toh  uenn MapKOBa?

9/5. Ynpa>KHeHHe 9/4/1 noKa3biBaeT, KaK noBe^eHHe ch- 
cxeMbi onpezieJiHeT ee MaTpnuy. H , oSpaTHo, MaTpnua co- 
&ep>KHT HH4)OpMaUHK) O TeH^eHUHflX H3MeHeHHfl CHCTeMbi, 
XOTH H He BO Bcex nOApofiHOCTHX. TaK, npeAnOJIO>KHM, qTO 
yqeHbin (He nepBOHaqajibHbift HaQjnoziaTejib) b h a h t MaTpnuy 
nepexo^Hbix BepoHTHocTen HaceKOMoro

B W  P

I  1
4 8

B

W

P

1 Cm. «CiaTHCTHHecKHe TadJiHubi» O nrnepa h H e ftT c a .— flpuM.ped.



Oh Mo>KeT c^eJiaTb b h b o a ,  mto, nonaB  b BOAy, HaceKOMoe 
He 0 CTaeTCH TaM, h 6 o W -* W HMeeT HyjieByio  BepoHTHocTb, 
ho o 6 biMHo BbixoAHT Ha 6 eper, h 6 o W  - >  B  HMeeT HaHBbic- 
HiyK) BepoHTHocTb b cooTBeTCTByiomeM CTOJiSue. C Sepera 
oho, BepoHTHo, nepeHAeT b BOAy, a 3aTeM o 6 paTHo na 
6 eper. H axoA flC b  n o n  KaMHHMH, oh o  TaK>Ke cTpeMHTca 
nepeHTH b BOAy. H TaK , oMeBHAHo, mto o h o  npoBOAHT 6 oJib- 
rnyio qacTb BpeMeHH K0 j i e 6 j incb Me>KAy 6 eperoM h b oa o h ,  
n O A  KaMHHMH OHO 6 yAeT  npOBOAHTb He3 HaMHTeJIbHyiO 
MaCTb BpeMeHH. EIpHBeAeHHblH Bbime npOTOKOJI, KOTOpblH 
6 h j i  nocTpoeH  c noM om bio  T a 6 jiHUbi cJiyMaHHbix MHceji, 0 6 - 
H ap y ^ H B aeT  s th  CBOHCTBa.

TaKHM 06pa30M, M aTpnua COAep>KHT HH(J)opMaUHK) O Be- 
POHTHOM nOBeA6HHH JIK)6oH KOHKpeTHOH CHCTeMbi.

ynp. 1. E cjih  6h  b CTOJi6ue P  paccMaTpHBaeMOH MaTpnubi CTOHJia I 
B HHJKHeH KJieTKe H HyJlH B OCTaJIbHbIX, m o  MOJKHO 6bIJ10 6hI 
3aKJIIOMHTb 06 06pa3e >KH3HH STOrO HaceKOMOrO? 

ynp. 2. M y x a  jie ia e T  no KOMHaTe M e>K^y nojio>K6HHHMH A, B, C h D 
co cjieayiom HM H nepexofliibiMH BeponTHOCTHMH:

1 A B c D

1 1
A ~2

0 0
"3

1 1
B 1 07 "3"

1 1 1c 0T ~2 y

D 0 0
1 02

O^ho H3 nojio>KeHHH —  qepecqyp ^KapKaa ne»iKa, f lp y roe—  
jinnKan 6yMara. YKa>KHTe s th  nojio>KeHH5i. 

ynp. 3. Ecjih paccMaipHBaTb npOTOKOJI h MaTpnuy b ynp. 9/4/1 KaK 
B3aHMHbie KO^HpOBaHHH, TO npH KaKOM HanpaBJIGHHH KOAHpO' 
BaHHH TepHeTCH HHC})OpMaUHH?

9/6. Paenoeecue e tienu MapKoea. I lp eA n o jio > K H M  T en e p b , 

MTO 6 0 JIbLH0 e MHCJIO T3KHX HaCeKOMbIX >KHBeT B OAHOM 

n p yA y  h mto  n oB eA eH H e K a>K A oro  H3 h h x  He3aBHCHMo ot  n o - 
BeAeHHH A p y r n x .  E c jih  m h  o to h a c m  o t  n p y A a ,  oTAeJ ibH bie 
H aceKO M bie n o cT en eH H o  HCMesHyT H3 BHAa h m u  6 yA eM  b h - 
A eTb  TQ jibK o  TpH  6oJibH iH x o f i j ia K a ,  TpH  n ony jiH U H H  —  OAHy



Ha S ep e ry ,  A p y r y io  b BOAe h TpeTbio non KaMHHMH. 3 t h  Tpn 
no ny jiH t{uu  c t3 h o b h tc h  Tenepb TpeMH KOJinqecTBaMH, k o to -  
pbie M oryT  H3MeHHTbcn bo BpeMeHH. E c j ih  b AaHHbift momcht
OHH 6yA yT  paBHbl COOTBeTCTBeHHO dBy d w  H d p , TO MO>KHO

naHTH hx  3HaqeHHH dB h t .  a . qepe3  AaHHbifl np0Me>KyT0K
BpeMeHH, paccMOTpeB noBeAeHHe cocTaB Jin iom nx hx  oTAeJib-
Hbix HaceKOMbix. T aK , Tpn qeTB ep ra  HaceKOMbix, HaxoAHB-
u ihxch b Bone, n ep en ^ yT  b B h h x  ^ h c jio  npn6aBHTC5i b
B TO BpeM5I KaK OCTaBLHaflCfl qeTBepTb npH6aBHTC5I k dp-
CjiezioBaTeJibHo, n o c jie  s to to  n ep exo A a  HOBaa nonyjinuHH

1 1 3  1
Ha 6e p e ry  d B  6 y n er paBHa -^dB~\--^dw ~\--g dp. CjieAOBa-

TeJibHo, b o 6m eM Tpn Hamn nonyjiRUfUU  SyA yT  H3MeHHTbCH 
B COOTBeTCTBHH C npe06pa30BaHHeM  (BeKTOpa C TpeM fl 
COCTaBJIHIOlUHMH) .

C jiez iyeT  oTMeTHTb KaK o6cTonTeJibCTBo nep.BO'CTeneiiHOH 
Ba>KHOCTHj qTO CHCTeMa

1 3  1 
d B =  -j- d B +  d w -|~ -g- d p ,

if __  3 , , 3 t
d\v I f  B  “ I-  ~4 a p>

d p  =  d w - f-  -g- d p ,

06pa30BaHHan TpeM$i nonyjmuHHMH, derepMunupoeaHHa  
(ec jiH  OHa AocTaToqH o BejiHKa, qTo6bi SbiTb cb oS o ah o h  o t  
cjiyqaHHocTeft B b i6 o pa ) ,  x o th  noBe^eHHe oTAeJibHbix Hace
KOMbix onpe/ieJIHeTCH JIHLIlb C HeKOTOpOH BepOHTHOCTbK).

H T o 6bi npocjie/iHTb s t o t  n p o u ecc  bo B cex A eTa jin x , npeA- 
noJio^H M , qTo  Mbi HaqHHaeM 3KcnepHMeHT, noM em aa 100 
HaceKOMbix noA  KaMHH h H a fijn oA aa , qTo np0H30HAeT 3aTeM. 
H aqa jibH b ift BeKTop T p ex  nonyjinuH H  (dB, dw , d p ) 6yAeT, 
cjieAOBaTeJibHo, paBeH (0, 0, 100) .  KaKHMH S yA yT  s th  q n c jia  
Ha cJ ie^yiom eM  m a re , 3aBHCHT o t  KanpH30B c jiyq a flH o ro  Bbi- 
6op a , h 6o OTHK)At» He neeo3MOO\CHO, q T o 6bi Bee c t o  HaceKO
Mbix o cT a jm cb  noA  KaMHHMH. O AH aKo b cpeAHeM ( t .  e. ecJiH 
BblBOAHTCH cpeA H ee H3 nOBTOpHblX OnblTOB CO BCeH COTHeft) 
noA  KaMHHMH 6yAeT  ocTaBaTbcn TOJIbKO o k o jio  12,5 HaceKO
Mbix, b t o  BpeMH KaK ocTaJibHbie nepeH AyT Ha 6ep e r  
(TaK>Ke 12,5) h b BOAy (7 5 ). TaKHM 06p a 30M, n o c jie  n epB oro



rnara HauiH nonyjinuH H  o6napy>KaT H3MeHeHHe (0,0, 100) —> 
- *  (12,5;, 75; 12,5).

3 th m  cn oco6oM  m ojkho m a r  3a m aroM  Haxo^HTb cpejx- 
HHe qncjia Tp ex  nonyjinuHH, npHMeHHH n p o u e ^ y p y  m  § 3/6. 
C/ie^yioiLUiM cocTOHHHeM oKa^KeTCH (60,9; 18,8; 20,3); T p a 
eKTopHH 3 to h  CHCTeMbi (c TpeMH —  a He co CTa —  CTene- 
hhmh CBoSoAbi) noKa3ana Ha pnc. 9/6/1.

P hc. 9/6/1.

M bi BH^HM, qTo Hamn nonyjinuHH, HcnbiTbiBan saTyxaio- 
m iie Ko«ne6aHHH, cTpeMHTcn k coctohhhk) paBHOBecHH (44,9; 
42,9; 12,2), b ko to po m  cncTeMa 6yAeT ocTaBaTbcn neorpa-
HHMeHHO JXOJ1TO. YlojX «CHCTeMOH» 3AeCb nOHHMaiOTCH, ko- 
HeqHO, 3th  TpH nepeMeHHbie.

CjieziyeT  3aMeTHTb, qTo Kor^a cncTeM a ycT o n jiacb  h 
npaKTHqecKH n p n iu jia  k 0 K0HqaTeJibHbiM nonyjinuHHM, iiohb- 
JIHeTCH p e3KHH KOHTpaCT Me>K£y nonyJIHUHHMH, KOTOpbie He 
H3MeHHioTCH, h HaceKoMbiMH, KoTopbie 6ecnpepbiBHo ABH- 
>KyTCH. TaKHM 06pa30M, c o ^ h h m  h TeM >Ke npy^oM MoryT 
6 biTb cBH3aHbi jxb s coBepmeHHo p a 3JinqHbix cMbicjia oAHoro 
h Toro >Ke cjioBa «CHCTeMa». («PaBHOBecne» 3jxecb cooTBeT- 
CTByeT TOMy, qTo (})H3HK Ha3biBaeT «ycTaHOBHBmHMcn pe>KH- 
MOM».)

JlerKo BbiqncjiHTb paBHOBecHbie 3HaqeHHH uenn M ap- 
KOBa. n p H  paBHOBecHH 3HaqeHHH He H3MeHHIOTCH, TaK qTO,



CKa>KeM, db  paBHo ds. B b h a y  3Toro  nepBan cTpona cncTeMbi 
vpaBHeHHH npHHHMaeT bh jx 

1 3  1
^i? =  T ^ + T ^ T F  +  Y d P '

t . e .

0 =  4 dB -f- - j  d w +  -g- dT.

T aK >K e npeo6pa3yK )TCH  ocTaJibHbie c t p o k h . O ^H aK o He Bee 
CTpOKH He3aBHCHMbI, nOCKOJIbKy TpH nonyjIHUHH AOJDKHbl 
b 3tom  npH M epe ^aBaTb b cyM M e 100; n03T0My o^H a cT poxa  
(jIK )6aH) Bbl^epKHBaeTCH H 3aMeHHeTCfl CTpOKOH 

d j}-\ -d w -\~dp =  100. 

TaKHM 06pa30M , CHCTeMa npHHHMaeT, HanpHMep, c jieziy io - 
liihh bmjx: 

~~ 4 +  -j- d w  +  -g d p =  0, 

d g  -4- d w - j-  dp =  100,

J ,  _ 7  , _ n
4 W 8 P

Ee mo>kho peuiHTb o 6bmHbiM nyTeM. B stom  npHM epe paBHo- 
EecHbiMH 3HaqeHHHMH 6yziyT (44 ,9 ; 42,9; 1 2 ,2 ); KaK h 6biJio 
npeACKa3aHo b § 9/5, Ka>K^oe oT^e jibH oe HaceKOMoe He npo- 
BO£HT MHOrO BpeMeHH no JX K3MHHMH.

^np. 1. H a n A H T e  nocjiejxyiouine nonyjiHUHM, e c jw  b HaqajibHOM c o c t o h 
hhh Bee naceKO M bie h 3 x o a h tc h  Ha 6epery .

Vrip. 2. n p o s e p b T e  paBHOBecHbie 3HaMeHHH.
Vnp. 3. Ha rpaHH x  uiecTHrpaHHOH k o c th  cn pn TaH  rpy3HK. E c jih  noJio- 

>KHTb KOCTb B HLUHK rpaH bK ) f K B epX y H BCTpHXHyTb, TO 
Bep0HTH0CTb T o ro , m to OHa jih>K€t rp aH b io  g  K B epxy , OKa- 
>KeTCH n o c jie  npo/ioJi>KHTejibHbix HcnbiTaHHH c jie A y fo m e n :

/

1* 1 1 2 3 4 5 6

1 0,1 0,1 0,1 0,1 0,1 0,1

2 0,1 0,1 0,1 0,1 0,1 0,1

3 0,5 0,5 0,5 0,5 0,5 0,5

g 4 0,1 0,1 0,1 0,1 0,1 0,1

5 0,1 0,1 0,1 0,1 0,1 0,1

6 0,1 0,1 0,1 0,1 0,1 0,1

16 3a«. 3346. y . Pocc 3ui6u



H a  khkoh rpaHH cnpHTan rpy3HK? (YKa3aHHe: 6y/ibTe 
ocTopo>KHee!) 1

ynp. 4. Coe^HHeHHe AB  pacTBopneTCH b BO/ie. B Ka>K£biH Hedojibuion 
np0Me>KyT0K BpeMeHH Ka>K,aaH MOJieKyjia HMeeT BepOHTHOCTb 
^HccouHnpoBaTb, paBHyio 1% , h KaJK^an AHccouHHpoBaHHan 
MOJieKyjia A HMeeT BepOHTHOCTb BHOBb BCTynHTb b coeflHHeHHe, 
paBHyio 0 ,1% . KaKOBa MaTpnua nepexo^H bix BepoHTHOCTen mo- 
jieKyjibi c AByMH coctohhhhm h: «AHCCouHHpoBaHa» —  «H e ahc- 
couHHpoBaHa»? (YKasaHHe: -m ojkho jih  npeHedpeqb ^hcjiom ahc- 
COUHHpOBaHHblX MOJieKyjI B ?) 

yrip. 5. (np0£0Ji>KeHHe.) KaKOBO paBHOBecHoe 3Haqeime CTeneHH ahc- 
counauHH?

ynp. 6. BbinHUiHTe npeo6pa30BaHHn: ( I )  nepexo^OB OT^ejibHoro Hace- 
KoM oro h ( I I )  nepexo^OB nonyjiHUHH2. KaK  ohh o th och tch  flp y r  
k A p y ry?

ynp. 7. CK0JibK0 coctohhhh  o6Hapy>KHBaeTCH b n epexo^ax  HaceKO- 
Moro? CK0JibK0 b CHCTeMe nonyjiHUHH?

*ynp. 8. I ly cT b  D  —  3anncaHHbiH b BHjie cT0Ji6ua BeKTop, cocraBJiHio- 
HJ.HMH KOTOpOrO C.7iy>KaT nonyjiHUHH B pa3JIH4HbIX coctohhhh x; 
D f —  3 t o t  me BeKTop maroM no3JKe; M  —  MaTpnua nepexo/i- 
HblX BepOHTHOCTeH. I"IOKa)KHTe, qTO B OdbiqHOH MaTpHqHOH
ajiredp e

D '  =  M D ,  D "  =  M W  h D (n) =  M nD.

( 3 t o  npocToe h ecTecTBeHHoe cooTHomeHHe Hcqe3aeT, ecjin Bbi- 
nncaTb MaTpnuy b TpaHcnoHHpoBaHHon (jDOpMe.)

9/7. 3aeucuMOCTb ot npedbidyu{ux 3HaHeuuu. B onpeAeJie- 
hhh uenn M apKO Ba, ashhom  b § 9/4* onym eH oahh  BaatHbiH 
MOMeHT: eep0HTH0CTU nepexoda He doAMHbi 3aeuceTb ot co- 
ctohhuu, npedtuecTeyjou{ux onepandy. HanpH M ep, cc jih  
HaceKOMoe BeAeT ce6n KaK uenb M apKO Ba, to  oho nepen^eT 
c Sepera b boAy b 75% cJiyqaeB, He3aBHCHMo o t  to to , SbiJio 
jih  oho nepen s thm  Ha 6epery, b BOAe h jih  noA KaMHHMH. 
3 to  mo>kho npoBepHTb 3KcnepHMeHTajibHO, noAC^HTaB npo- 
ueHT nepexoAa b Ka>KAOM H3 Tpex Bo3Mo>KHbix cJiyqaeB h 
ycTaHOBHB, qTo bo Bcex c jiyqanx  oh paBeH 75% .

B o t  n p 0T0K0Ji, b ko topom  3Ta He3aBHCHM0CTb He co 6jiio- 
AaeTcn:

AAB B A B B A AB B AB B  ABBABBAABBABB ABABA.

1 FIpe^nojiaraeTCH, mto npoTHBonojiojKHbie rpaHH 3aHyMepOBaHbi co- 
ce^HHMH uH^paMH. —  flpuM . ped.

2 3j\ecb, KaK h b cjie^yiomeM ynpa>KHeHHH, TepMHH «nonyjinuHH» 
03HaqaeT BeKTop, cocTaBJinioiuHMH KOToporo cjiy>KaT Tpn nonyjiHUHH 
( b 06biqH0M CMHCJie) HaceKOMbix: na 6epery, b Bo^e, noa KaMHHMH.—  
J1 puM . ped.



npHMoS no^cqeT jxaet  nepexo^bi

11 - B

A
B

3

10
10

8

B  qacTHocTH, Mbi bhahm, qTo A  u B  cJieziyiOT 3a B  n oqra  
c OAHHaKOBOH qacTOTOH. Ecjih  m e  Mbi nepeKJiaccH(|)HUH- 
pyeM 3th 18 nepexo^OB o t  B  b cooTBeTcrBHH c TeM, KaKan 
6yKBa npeAiuecTBOBajia B, t o  noJiyqHM:

Mbi HBHO BHAHM, qTO COCTOHHHe, CJie/iyiOmee 3a B , 33BHCHT 
o t  coctohhhh, npeAiuecTBOBaBmero B .  TaKHM o6pa30M, 3Ta 
nocjie^oBaTejibHocTb He hbjihctch uenbio MapKOBa. H H or^a 
9TOT (J)3KT M05KH0 OnHCaTb MeT3(J)OpHqeCKH, TOBOpH, qTO 
«naMHTb» CHCTeMbi npocTHpaeTcn 6oJiee qeM Ha oahh m ar 
Ha3ajx (cp . §  6/2 1 ) .

3Ta 3aBHCHMOCTb BepOHTHOCTH OT TOTO, HTO SblJIO 
paHbiiie, HBJineTCH xapaKTepHOH ocoSeHHocTbio nocjiezioBa- 
TeJIbHOCTeH 6yKB B T3KHX H3bIKaX, KaK aHTJIHHCKHH. KaKOBa, 
HanpHMep, BepoHTHocTb to to , qTo 3a 5 6yzieT CTOHTb t? 3 t o  
bo MHoroM 33BHCHT o t  Toro, qTo c to h t  nepe# S\ TaK, nocjie 
coqeTaHHH es SyKBa t BCTpeqaeTCH qacTo, a nocjie coqeTa- 
hhh ds —  peixKO. Ecjih  6bi 6yKBbi 06pa30BbiBajiH uenb M a p 
KOBa, to  t cjie/ioBajio 6bi 3a 5 c o/uiHaKOBOH qacTOTOH 
b o 6ohx c jiyqanx.

3 t h  33BHCHMOCTH x a p a K T e p H b i a j ih  H3biKa h o6 n a p y> K H - 

BaiOTCH b HeM b S o jib m o M  KOJiHqecTBe, o t  n p o c T b ix  cBH 3en 
T o jib K o  q T o  y n o M H H y T o ro  TH na jxo  CBH3eft 6 o jib m o ft  n p oT H - 
JKeHHocTH, KOTOpbie z ie jia iO T  3 aK J iioqH TejibH b ie  cJioBa « . . .K a n -  

TH aH C K oro  T p a H C ixeH ^ eH T a jiH 3 M a» 6 o j ie e  BepoHTHbiM H 
b KHHre, HaqHHaiouxeHCH c jioB aM H  «Y H H B e p c H T eT  X V I I I  c to - 
JieTH H ...», qeM  b KHHre, H aqH H aiom eH C H  c jioB aM H  «C o B p e -  

MeHHbie cKaKO Bbie j io m a A H .. . »

( A :  8



^ rip . K a n  COCTOHHHe, HenocpeiicTBeH H O  n p e ^ m e c T B y io m e e  K a a c io M y  on e- 
p a H A y , BJiHHeT Ha MacTOTy q e rb ip e x  n epexoA O B  C -> C, C  D,  

L) C, D  -> D  b npoTOKOJie
D D C C D C C D D C C D C C D D C C D C C D D C C D D D D C C  

D D D D C C D D D C C D C C D C 1  
(Y K a 3aHHe: KjiaccHtjDHUHpyHTe Ha6 jiio/ iaeM b ie  nepexo/xbi.)

9/8. n ep eK od u p oea n u e  e MapKoecKyto (popMy. Ecjih 0Ka3bi- 
BaeTcn, qTo b TpaeKTopHHx CHCTeMbi nepexo^Hbie BepoHTHo- 
CTH 3aBHCHT HeKOTOpbIM t lOCTORHHblM  06pa30M OT CO
CTOHHHH, Henocpe/iCTBeHHO npeAuiecTByiomHX KaatAOMy
onepaH^y, to 3Ty HeMapKOBCKyK) cncTeMy mo>kho c^ejiaTb 
MapKOBCKOH, upHMeHHH MeTOA, 6oJiee cymecTBeHHbiH, qeM 
mojkct noKa3aTbCH Ha nepBbrn b3i\jiha, a hmchho —  nepe- 
onpeAejinn cncTeMy.

ElycTb, HanpHMep, b CHCTeMe THna yn p . 9/7/1 nepexoA b i 
TaKOBbi, qTo no 0K0HqaHHH nocJie,aoBaTeJibHocTH jiByx c o 
c toh h h h  . . .CC  CHCTeMa Bcer\aa nepexoAH T b D , He3aBHCHMO 
o t  t o to ,  qTo 6biJio paHbine; nocjie  >Ke . . .DC  ona  BcerAa nepe- 
x o a h t  b C, a n o c jie  . . .CD  OHa c 0AHHaK0B0H qacTOTOH (ecJiH 
B3HTb A ocTaToqH o a jih h h w h  0Tpe30K ) nepexoAH T B C  HJIH 
D  h t o  >Ke caM oe n oc jie  . . .DD. Ham  3Aecb Hy>KHO Jinuib onpe- 
AeJIHTb HOBbie COCTOHHHH KaK BeKTOpbl C AByMH COCTaBJIH- 
k)ih,hmh: npeA inecTByiom H M  c o c to h h h 6m b KaqecTBe nepBOH 
cocTaBJiH iom en h n oc jie^ y iom iiM  coc toh u h cm  b KaqecTBe 
BTopoft cocTaBJiHiomeH. TaK , ecJiH nepBOHaqajibHan CHCTeMa 
n pom jia  TpaeKTopnio, OKaHqHBaiomyiocH Ha . . .DC,  mbi CKa- 
HceM, qTo HOBan CHCTeMa h 3XOahtch e  c o c to h h h h  ( D , C ) .  
E c jih  nepBOHaqajibHan CHCTeMa nepeftAeT  3aTeM b c o c to h - 
HHe C, TaK qTo TpaeKTopHH ee 6yjxer HMeTb bha ...D C C , t o  
Mbi cKa>KeM, qTo HOBan CHCTeMa n ep en u ia  b c o c to h h h c  
(C ,C ). B ueJioM >Ke HOBan CHCTeMa coB epu iH jia  n ep exo A  
(D ,  C ) - >  (C ,  C ) .  3 t h  HOBbie co c to h h h h  y>Ke 6ydyr o 6p a 3o- 
BbiBaTb uenb M apKO Ba, h 6o hx BepoHTHocTH (K aK  mu A on y - 
c th jih ) He 3aBHCHT o t  npeA m ecTB yiom H x co c to h h h h ; h b ca-
m o m  A e j i e M a T p n u a  h x 6y&eT HMeTb BHA

1 1 (C  C ) (C, D ) (D.  C ) (D , D )

(C, C ) 0 0 1 0

(C, D ) 1 0 0 0

( A  C ) 0 V* 0 72
(D,  D ) 0 l/2 0 V*



[3 aMeTHM, mto nepexon ( C , D ) - > ( C , D )  HeB03M0>KeH, h6o 
jiio 6oe cocTOHHHe, oKanqMBaiomeecH na ( — ,D ) ,  m ojkct ne- 
peftTH T0«nbK0 b cocTOHHHe, HaqHHaiomeecH c ( D , — ) .  HeKO- 
TOpbie jxpyrne nepexo^bi TaK>Ke HeB03M0>KHbi b hoboh
CHCTeMe.]

Ecjih b ApyroH CHCTeMe BepoHTHocTH nepexojia  3aBHCHT 
o t  coctohhhh, BcrpeqaBUiHxcH Ha n npeAbmymnx rnarax, to  
HOBbie COCTOHHHH AOJIJKHbl Onpe/ieJIHTbCH KaK BeKTOpbl H3 
n nocJiezioBaTejibHbix coctohhhh.

3 t o t  MeTojx nepeonpezieJieHHH CHCTeMbi mo>kct noKa- 
3aTbCH HCKyCCTBeHHbIM H SeCUeJIbHblM. B AeHCTBHTeJIbHOCTH 
>Ke oh HMeeT nepBocTeneHHoe 3HaqeHHe, nocKOJibKy oh ne- 
peBOAHT Hailie BHHMaHHe OT CHCTeMbi c HeAeTepMHHHpOBaH- 
HblMH COCTOHHHHMH K CHCTeMe C AeTepMHHHpOB3HHbIMH CO- 
CTOHHHHMH. IlOBeAeHHe HOBOH CHCTeMbi 6oJiee npe/ICKa- 
3yeMo, h6o ee «co c toh h h h » yqHTbraaiOT npouuiyio hctophk) 
nepBOHaqajibHOH chctcm h. TaK, b nepBOHaqajibHOH c})opMe, 
3H3H, 4T0 CHCTeMa HaXOAHTCH B COCTOHHHH C, MO>KHO 6bIJI0
cKa3aTb TOJibKo, qTo OHa Mo>KeT nepeHTH jih 6o b C, jih 6o 
B D. Bo BTOpOH (J)OpMe 3H3HHe TOTO, HTO CHCTeMa HaXO- 
OTtch b coctohhhh (D , C ) , n03B0JiHeT npe£CKa3aTb ee no- 
BezieHHe c TaKoft >Ke onpezieJieHHocTbio, c KaKOH mo>kho 
6h jio  6bi npeACKa3aTb noBeAeHHe chctcm h b nepBOHaqaJib- 
HOH 4>OpMe, 3H3H, K3KHe COCTOHHHH HMeJIH MeCTO paHbllie. 
3^ecb  Ba>KHo oTMeTHTb cJie/iyiomee 06cT0HTejibCTB0. H am  
M ejo jx  nepeonpeAeJieHHH noKa3biBaeT, qTo jxBa cnoco6a 
«3HaTb» cncTeMy —  no ee HbmeuiHeMy coctohhhio hjih no ee 
npom jioft hctophh —  CBH3aHbi jxpyr c #pyroM  BnojiHe onpe- 
fleJieHHOH, TOqHOH 3aBHCHMOCTbIO. B TeOpHH HenOJIHOCTbK) 
Hagjno/iaeMOH CHCTeMbi (6/21) s to  06cT0HTejibCTB0 ncnoJib- 
30Baji0Cb no cymecTBy TaKHM >Ke 06pa30M. HTaK, Mbi onHTb 
npnxoAHM k 3aKJiioqeHHio, qTo Hajinqne «naMHTH» b peajib- 
HOH CHCTeMe He HBJIHeTCH BHyTpeHHHM CBOHCTBOM CHCTeMbi; 
Mbi npezinoJiaraeM ee Hajinqne, Korjxa Hamn bo3mo>khocth 
HagjiioAeHHH orpaHHqeHbi. CKa3aTb: «M H e Ka>KeTCH, qTo 3Ta 
CHCTeMa HMeeT naMHTb», —  Bee paBHo qTo cKa3aTb: «M o h  
B03M0>KH0CTH Ha6jHOAeHHH He n03B0JIHK)T MHe AeJiaTb JXo- 
CTOBepHbix npeACKa3aHHH Ha 0CH0Be ojxhoto HaSjiiOAeHiiH, 
ho h M ory AeJiaTb AocTOBepHbie npe£CKa3aHHH nocjie He- 
kotopoh  nocjieAOBaTeJibHocTH Ha6JiiozieHHH».
9/9. fJocAedoeaTeAbhocTb kcik eeKTop. B npefluiecTByiomHx



r j i a B a x  M b i  q a c T O  H c n 0 j i b 3 0 B a j i H  B e K T O p b i ,  h o  r o  c h x  n o p  

o h h  B c e r ^ a  H M eJ iH  K O H e q H o e  h  n p H T O M  o n p e ^ e J i e H H o e  q n c j i o  

COCTaBJIHKDIUHX. O / U i a K O  B e K T O p  MOJKeT H M e T b  6 eCK O H eM H O e  

h j i h  H e c n p e / i e J i e H H O  6 o j i b i u o e  q n c j i o  c o c T a B J i n i o m H x .  Eipn 
A O C T aT O M H O H  B H H M a T e J Ib H O C T H  3 T 0  y c J io > K H e H H e  H e  n p e / lC T a -  

BJIHeT 6 0 JIbLH0 H 0 n a C H 0 CTH.

T a x ,  nocJie/iOBaTeJibHocTb MoateT paccMaTpHBaTbcn KaK 
BeKTop, nepBOH cocTaBJiniomeH KOToporo HBJineTCH nepBbiH 
qjieH nocJieAOBaTejibHocTH h TaK n a j ie e  no  n-ih cocTaBjmio- 
meft, k o t o p o h  HBJifleTcn n-u, qjieH nocjienoBaTeJibHocTH. H a 
npHMep, ec j in  h nHTb pa3 6 p oca io  MOHeTy, . t o  pe3yjibTaT, 
B35ITbIH B UeJIOM, MO>KeT 6bITb BeKTOpOM C nflTblO COCTaB- 
JI5HOH1HMH ( r ,  P, P, T, P ) .  T a K H e  BeKTOpbi 0 6 bIMHbI B TeOpHH 
BepOHTHOCTeH, m e  OHH MoryT nopo^A aTbC H  nOBTOpHbIM Bbl- 
6opoM.

E c j i h  t 3 k o h  B e K T o p  o 6 p a 3 y e T c n  B b i 6 o p o M  c  B 0 3 B p a m e -  

H H e M ,  o h  H M e e T  T O J ib K o  T y  H e 6 o J i b i n y i o  o c o S e H H o c T b ,  q T o  

K a l m a n  c o c T a B J i H i o m a n  S e p e T c n  H 3  o r h o t o  h  t o t o  >Ke m h o -  

> K e c T B a  3 H a q e H H H ,  T o r a a  K a K  S o J i e e  o 6 i u h h  THn, K a K ,  Ha
n p H M e p ,  b  §  3/5, M o > K eT  H M e T b  p a 3 H b ie  M H o a t e c T B a  3 H a q e -  

H H H  RJin  p a 3 H bIX  COCTaBJIH IO IUHX .

9/10. OapaHunenuH pa3Hoo6pa3UR e MHootcecree n oc jied oea - 
reA bnocTeu . K a K o e - jm 6 o  MH0 >KecTB0  TaKH X n o c jie n o B a T e jib -  

H o cT e fi, T aK  >Ke KaK  h K a K o e - jin S o  M H oa tecT B o  B eKT0p0B  

(§ 7 / 1 1 ), Mo>KeT o 6 H a p y ^ H B a T b  o rp a H H q eH H e  pa3Hoo6pa- 
3hh, K o r ^ a  o h o  He oxB aT b iB aeT  Been o 6 jia c T H  3HaqeHHH, k o -  
T o p y io  m o t j ih  6bi 0 6 p a 3 0 B a T b  cocT aB J iH iom n e , e c j in  6bi o h h  
6biJin He3aBHCHMbi. E c j ih  n o cJ ie ^ o B a T e jib H o cT b  H M eeT KOHeq- 
H y io  AJiHHy, K aK , H an p H M ep , n o c jie ^ o B a T e jib H o c T b  nnTH 6 p o -  
caHHH MOHeTbi, n pH B ezieH H afl b n pe/ ib iz iym eM  n a p a rp a c })e ,  

TO O rpaH H qeH H e p a 3 H0 0 6 p a 3 HH MOJKHO BblflBHTb H H ccJ ie^ o - 

BaTb  T oq H o  T aK  m e ,  K aK  b §  7/11. E c j ih  m e  o u a  H M eeT He- 
o n p e / ie jie H H y io  R J im iy ,  K aK  s t o  q a c T o  S b iB aeT  c  n o c j ie n o -  
BaTeJibH ocTH M H  (n p o T H ^ e H H o c T b  K O Top b ix  q a c T o  npOH3- 

BOJibHa h H e cy m e c T B e H H a ), t o  na jxo  npHM eHHTb K aK oft- 
H HSyzib n p y r o H  M eT o # , He MeHHH, o ^ H a K o , c y m e cT B a  jxe j ia .

TaKOH M e T O A  m o > k h o  HaHTH, paccMOTpeB, KaKHM o6pa- 
3 o m  Mo^eT 3a/iaBaTbCH BeKTop Heonpê eJieHHOH r j i h h h .  

H c h o ,  qTo cocTaBJiHiomHe h  3HaqeHHH TaKoro BeKTopa He 
MoryT SbiTb coBepmeHHo np0H3B0JibHbiMH, KaK b § 3/5, h6o 
b 9 t o m  cjiyqae noTpe6oBajiocb.6bi 6ecK0HeqH0e KOJinqecTBO



BpeMeHH h SyM arH j qToSbi e ro  BbinncaTb. 0 6 b iq H o  TaKHe 
BeKTOpbl HeorpaHH^eHHOH AJIHHbl 3aAaK)TCfl HeKOTOpbIM 
npoueccoM . C H a q a jia  3a£aeTCH HCxo/jHan coeraBJiH iom aH, 
a 3a ieM  npHMeHHeTcn HeKOTopbift onpeAejieHHbiH  npo- 
uecc (n p eo S p a so B a H H e ), n opoam aiom H H  nocjieAOBaTeJibHO 
OCTaJIbHbie co c to h h h h  (KaK «H H TerpH poBaH H e» b §  3/9 ).

OTCio/ia mo>kho BbiBecTH ycjioBHH, KOTopbie Heo6xo£HMbi 
jxjw T oro , qTo6bi M H o^ecTB o TaKHx BeKTopoB He o6Hapy?KH- 
Ba jio  HHKaKoro orpaHHqeHHH pa3Hoo6pa3HH. npezmoJioJKHM, 
q io  Mbi CTpOHM MHO>KeCTBO «6 e 3  BCHKHX OTpaHHqeHHH», 
n epexo^H  nocjiezioBaTeJibHo o t  c o c to h h h h  k c oc to h h h io . 
C o r jia cH o  §  7/12, nepBan cocTaBJiniom aH AOJi>KHa n po6e- 
raTb bcio o6 jia cT b  cboh x  3HaqeHHH; Toi\na Kaotcdoe H3 s th x  
3HaqeHHH ROJHKHO KOMgHHHpOBaTbCH C Ka>KAbIM H3 B03M0JK- 
HblX 3HaqeHHH BTOpOH COCTaBJIHIOUJ,eH, a KaatAaH H3 3THX 
nap  AOJI^Ha KOMgHHHpOBaTbCH C K a^A b lM  H3 B03M0>KHbIX 
3HaqeHHH TpeTben cocTaBJiniom eH h t .  jx. Ilp a B H jio  c o c to h t  
B TOM, qTO npH AoSaBJieHHH Ka>KAOH HOBOH COCTaBJIHIOmeii 
^ o ji^ H b i ^onycKaTbCH ece  ee B03M0>KHbie 3HaqeHHH.

T en ep b  Mbi bhahm , qTo M noM ecreo eeKTOpoe, ne o6na- 
pyM ueatom ee oepanm enuH pa3noo6pa3UH, cooTeeTcreyer  
i$enu M apKoea, e KOTopou na KaotcdoM drane ece nep e- 
xodbt paenoeepoHTHbil . (K o r ^ a  BepoflTHocTb cTaHOBHTcn

1 3flecb aBTop He coBceM TOqeH. Ecjih Aa>Ke He Bee nepexoAbi paBHO- 
EepOHTHbl, TO (npH YCJIOBHH, HTO BCe OHH B03M0)KHbI, T. e. COOTBeTCTByiO- 
mne BepOHTHOCTH OTJIHHHbl OT HyJIH) B03M0)KHbI BCe BeKTOpbl (TaK, 
b ynp. 9/4/3 bo3mo>kho —  xoth h MaJiOBepoHTHo —  noHBJieHne BeKTopa, 
Bee cocTaBJiJHomne KOToporo paBHbi A),  h n0T0My orpaHHqeHHH pa3Ho- 
odpa3HH (ecJiH noHHMaTb ero b CMbicjie § 7/8 h 7/11) tie o6Hapy>KH- 
BaeTCH. FIpH HepaBH0Bep0HTHbix nepexo^ax orpaHHqeHHe pa3Hoo6pa3HH 
(y>Ke He b a6c0Jii0TH0M CMMCJie rjiaBbi 7, a b hobom, Bep0HTH0CTH0M 
CMbicjie) o6Hapy>KHBaeTCH b tom, hto HeKOTopbie BeKTopbi OKasbmaioTca 
6cjiee, a Apyrne MeHee BepoHTHbiMH; npn noBTopeHHHX onbiTa oahh Bei<- 
Tc-pbi 6yAyT nojiyqaTbCH, KaK npaBHJio, qame qeM Apyrne; HeKOTopbie 
BeKTopbi 6yAyT HacTOJibKO peAKH, 4to MoryT cqHTaTbcn npaKTHqecKii He- 
B03M02KHbIMH. 3tH paCCy>KAeHHH He npHMeHHMbl npHMO K 6eCKOHeqHblM 
nOCJieAOBaTeJlbHOCTHM: BepOHTHOCTb KaJKAOH T3KOH OTAeJlbHO B3HTOH no- 
cjieAOBaTejibHocTH paBHa Hyjiio. Pa3yMeeTca, Hejib3H npoBecTH onbiT 
c uejibK) noAyqeHHH Bceft 6ecKOHeqHOH n0CJieA0BaTeJibH0CTH. Hs Bcero 
MKOjKecTBa nocjieAOBaTejibHocTeft mojkho, 0AHaK0, BbiAeJiHTb noAMHo>Ke- 
CTBO BepOHTHOCTH 1 ( t .  e. BepOHTHOCTb TOTO, HTO CJiyqaHHO Bbl6paHHafl 
nocjieAOBaTejibHOCTb nonaAeT b sto mhokcctbo, paBHa 1), o6napy>KH- 
Baiomee cnjibHoe orpaHHqeHHe pa3Hoo6pa3H5i b CMbicjie § 7/9. Bojiee 
Toro, ecjiH He Bee nepexoAbi paBHOBepoaTHbi, to, 33A2b npoH3BOJibHoe 
e >  0, ajih Ka>KAoro n b MHOJKecTBe BeKTopoB ajihhu n mojkho BbiAejiHTb



C^aKTHMeCKOH qacTOTOH, TO B03HIiKaeT MHOrO pa3JIHqHbIX 
uenen , o6 p a3 yn  TaKHM o6pa30M  MHOowecTeo nocjiezioB a- 
TejibH ocTeH .) H anpH M ep, ec jin  Kamjian  cocTaB jm iom aH  mo- 
>KeT npHHHMaTb TpH COCTOHHHH, TO npH OTCyTCTBHH O rpa- 
HHqeHHH p a 3H006p a 3HH B03M0>KHbie noCJie^OBaTeJIbHOCTH 
o6pa3y ioT  MHo>KecTBo, nopoJK/iaeMoe MaTpnuen

A B C

1 1 1
3 3 •3

1 1 1
“3 3 3

1 1 1
3 3 3

ynp. 1. SKcnoHeHunajibHbiH pha onpeAejineT BeKTop decKOHeqHOH jimmn  
C COCTaBJIHIOlUHMH 

/ X 2 X 3 X 4 \

\ ’ x ’ "2 ’ 2 ^ 3 ’ 2• 3• 4 ’ " ' / •

K aK oe npeodpasoBaHHe nopo>KAaeT s t o t  pha, no3Bo;iHH nojiy- 
qaTb na>KAyio cocTaBJiniomyio H3 npeAbiAym en? (YKasaHHe: 

Ha30BHTe cocTaBJiHiomne 11, h, . . .  h t . a.; ecTb t o  >Ke

caMoe, m o  t i+ i  .) 
ynp. 2. 06Hapy>KHBaeT jih orpaHH^eHHe pa3H006pa3HH pha, o6pa3ye- 

MblH 6pOCaHHeM HecjjaJIbUIHBOH KOCTH?
ynp. 3. (ripoAOJi>KeHHe.) A pHA H3 ynp. 9/4/3?

S H T P O n H f l

9/11. B § 7/5 h b tji. 8 Mbi BH^eJiH, m o  HH(J)opMauHH He mo- 
>KeT nepe/iaBaTbCH b 6ojibiiieM KOJinqecTBe, qeM s to  no3Bo- 
jih ct K0JiHqecTB0 pa3Hoo6p a3HH. M bi BHjjeJiH, m o  orpaHH- 
qeHHH MoryT yMeHbiiiHTb noTeHunajibHoe K0JiHqecTB0 pa3- 
H006pa3HH. H  Mbi TojibKo m o  BH^eJiH b npezuueCTByiomeM 
naparpac^e, m o  TaKOH HCToqHHK pa3Hoo6pa3HH, KaK uenb 
MapKOBa, HMeeT HyjieBoe orpaHHqeHHe pa3Hoo6pa3HH, 
Kom a Bee ero  nepexo^bi paBHOBepoHTHbi. OrciOAa cJie/iyeT,

TaKoe n0AMH0>KecTB0 M n> mo: a) BepoHTHocTb nonaAaHHH BeKTopa 
a jih h u  n b s to  n0AMH0>KecTB0 M n 6ojibiue, qeM 1 —  e; 6 ) oTHomeHHe 
Mwcjia BeKTopoB b M n k ofimeMy qncJiy BeKTopoB a jih h u  n crpeMHTca 
k Hyjiio, KorAa n cTpeMHTcn k decKOHe^HOCTH. —  IlpuM. ped.



mto 3 to  ycjioBH e (H y jieB oro  orpaHHqeHHH pa3Hoo6pa3Hn) 
j^aeT B03M0>KH0CTb HCTOqHHKy HH(j)OpMaUHH, ecJiH oh Bejxer 
ce6n  KaK uenb M apKO Ba, nepeziaBaTb MaKCHMajibHoe k o jih - 
qecTBo HHc|)opMauHH (b  AaHHoe BpeM H ).

LLIeHHOH BBeJi M epy KOJinqecTBa pa3Hoo6pa3HH, o 6H apy- 
>KHBaeMoro Ha k ^tkrom  m a re  uenb io  M apKO Ba. 3 i a  M epa, 
Ha3biBaeMan sHTponneH, npeziCTaBJineT, KaK BbiacHHJiocb, 
OrpOMHyK) Ba>KHOCTb R J l f t  MHOTHX BOnpOCOB, CBH3aHHbIX 
c HenpeKpam aioiueH CH  nepeziaqen . 3 i a  M epa b b o a h tch  c jie - 
Ayiom HM  06pa30M .

E c jih  m h o jk cc tb o  HMeeT HeKOTopoe p a 3H oo6p a 3He h Mbi 
BbiSnpaeM  H3 3Toro  MHo>KecTBa o r h h  s jieM eH T nocpe^CTBOM 
HeKOToporo onpe/ieJieHHoro n p o u ecca  BbiSopa, t o  pa3Jinq- 
H ue B03M0>KHbie pe3yjibTaTbi 3Toro  BbiSopa 6yziyT CBH3aHbi 
C pa3JIHqHbIMH COOTBeTCTByiOmHMH BepOHTHOCTHMH. T aK , 
nycTb o th h  cB eT o ^ o p a  h m cio t pa3H oo6pa3H e b q e r a p e  3Jie- 
MeHTa, o6Hapy>KHBaH KOM6HHauHH:

1) KpacHbiiV,
2 ) KpaCHblH H >KeJlTbIH;
3 ) 3ejieHbiii;
4 ) JKeJITblH.

F lycTb ohh ropH T C00TBeTCTBeHH0 b TeqeHHe 25, 5, 25 h 5 ceK. 
To rz ia  aBT0M06HJiHCT, noHBJiniomHHCfl Heo^KH/i.aHHo qepe3  
liep ery jin pp ib ie  npoMe>KyTKH BpeMeHH, 6yR er 3acTaBaTb CBe- 
TO(J)Op B pa3JIHqHbIX COCTOHHHHX C qaCTOTOH npHMepHo 
B 4 2 ,8 ,4 2  H 8 % ,  COOTBeTCTBeHHO. B 3HTbie KaK BepOHTHOCTH,
3 th  qacTOTbi 6 yA yT  HMeTb 3HaqeHHH 0,42; 0 ,08; 0,42 h 0,08. 
TaKHM 06pa30M , COCTOHHHe «3ejieH biH  cB eT » HMeeT (e£Jin 
npHMeHHeTCH HMeHHO 3TOT Cn0C06 B b l6opa ) BepOHTHOCTb
0,42, h aHaJiornqHo —  r p y rn e  c oc to h h h h .

06paTH o, j iio 6oe MHoatecTBo BepoHTHocTeft, t . e. nojio- 
>KHTejibHbix jxp o 6efl, b cyMMe cocTaBJiniomnx 1, MoateT pac- 
CMaTpHBaTbCH KaK COOTBeTCTByiOlUee HeKOTOpOMy MHO>Ke- 
CTBy, qjieHbi KOToporo oSHapy^HBaioT pa3Hoo6pa3He. O t  
BepoHTHocTeft p i, p 2i ..., Pn  LLIeHHOH nepexo^HT k BbiqHCJie- 
HHK) BejIHqHHbl

—  Pl^OgPi—  p2\Ogp2—  . . . —  p  J o g  pn,

KOTopyio oh  Ha3biBaeT SHTponweM MHo>i<ecTBa BepoHTHOCTefi 
h o6o3H aqaeT  ch m b o jio m  //. T aK , ecjiH  B3HTb aecHTHqHbie



JIOrapH4)MbI, TO SHTpOFIHH MHO^eCTBa, CBH3aHHOrO C OTHHMH 
CBeTo4)opa, 6yjxer paBHa
— 0,42 lo g io  0 ,42— 0,08 lo g io  0 ,08— 0,42 l o g 100,42— 0,08 
lo g io  0,08, hTo b_cbokd cmepejxh paBHneTCH 0,492. [3aMeTHM, 

m o  lo g io  0,42 =  1,6232 =  —  1,0000 +  0,6232 =  — 0,3768; no- 
STOMy nepBbifi qjieH paBHaeTca ( — 0 ,42 ) • ( — 0 ,37 6 8 ), m o  
AaeT  + 0 ,1 5 8 ;  h aH ajiorn ^H o rjm  z tp y rn x  qjieHOB.] E c jih  6h  
^OrapH(J)MbI SblJIH B3HTbI no OCHOBaHHIO 2 (§ 7 / 7 ) ,  TO
pe3y jibTaT  SbiJi 6u  paBeH 1,63 6nTa.

C jio b o  «9H TponH 5i» 6yjxer npHMeHHTbcn b s to h  KHHre 
JIHUIb B TOM CMblCJie, B KaKOM OHO ynOTpe6jIHJIOCb IHeHHO-
hom; jiio S o e  6 o jie e  m n poK oe noHHTHe Qyner Ha3biBaTbcn 
«pa3H oo6pa3H eM » hjih  KaK-HH6yAb HHaqe.

ynp. 1. H 3 80 cjiyqaeB , Kor^a h npoe3>KaJi onpe^ejieHHbiH jKeJie3H0- 
Aopo>KHbiH nepee3A, oh 6biJi 3aKpbiT b 14 cJiynaax. HeM y 
paBHa SHTpOnHH MHO>KeCTBa BepOHTHOCTefl? 

ynp. 2. H3 nepeTacoBaHHoft k o jio a h  BbiTacKHBaeTca KapTa. Pa3JiH-
qaioTCH TpH cjiyqan :
E i  —  B b n am eH  K o p o jib  Tpecjr,
E2 — BbiTameHa Jiio6aa KapTa iihk;
£3 —  BbiTameHa jnodan Apyran KapTa.
KaKOBa SHTponnH pa3H000pa3HH pa3JiHHaeMbix cjiyqaeB? 

ynp. 3. MeMy paBHa sHTponnfl pa3Hoo6pa3HH oa h o to  dpocaHHH 
HrpaJIbHOfi kocth ?

ynp. 4. MeMy paBHa SHTponnn pa3Hoo6pa3HH MHO>KecTBa bo3Mo>khhx 
hcxoaob  (c  coxpaHeHHeM nopn^Ka) AByx nocJieAOBaTejibHbix 
dpocaHHH HrpajibHOH kocth?  

ynp. 5. (llpoflOJiJKeHHe.) MeMy paBHa SHTponnn n nocjieAOBaTejibHbix 
dpocaHHH?

*ynp. 6. Hewy paBeH npe^eJi — p lo g  p, KorAa p CTpeMHTCH k Hyjiio? 

9/12. BbiqHCJiHeMan TaKHM 0 6 p a 3 0 M sH Tponn a HMeeT He-
CKOJIbKO Ba>KHbIX CBOHCTB. Bo-nepBbIX, OHa HMeeT MaKCH- 
M ajib tioe  3HaneHHe jxjw ^aH H oro q n c jia  (n) B epom H ocTen , 
K or^ a  Bee BepOHTHOCTH paBHbi. 3HTponHH H  b a tom  c jiy q a e  
paBHa lo g  n, t .  e. OHa b t o t o o c t h  paBHa M epe pa3H oo6pa- 
3hh, onpeAeJieHHofl b §  7/7. (K a K  O TM eqajiocb b §  9/10, pa -
BeHCTBO BepOHTHOCTeft B K̂ TKJIOM CTOJl6ue He0 6 X0 ,AHM0 RJltt 
Toro , m o 6 b i orpaHHqeHHe pa3H006pa3HH 6biJio MHHHMajib- 
HbiM h, cjieAOBaTeJibHo, pa3H oo6pa3H e —  MaKCHMajibHbiM.) 
B o-B Topb ix , pa3JinqHbie B ejin raH bj H , BbiBezieHHbie H3 pa3- 
JIH^HblX MHO^eCTB, MOTyT —  C COOTBeTCTByiOIUHMH AOnOJIHS- 
HH5IMH —  KOMfiHHHpoBaTbcn a  jih  nojiyqeHHH cpeAH efi SHTpO- 
nun.



T a x a n  KOMSHHaunn H cnojib3yeTcn  a jih  Haxo/KAeHHH sh- 
TponHH, KOTopafl cooTBeTCTByeT uenn M apKO Ba. K a ^ b m  
CTOJifieu (h jih  CTpoKa, ecJiH M aTpnua HanncaHa b TpaHcno- 
HHpOBaHHOH (})OpM e) CO^ep>KHT MHOJKeCTBO BepOHTHOCTeft, 
^ a io m n x  b cyM M e 1. CjieAOBaTeJibHO, Kamjihm H3 hhx o 6 jia -  
^aeT  sHTponneH . IUeHHOH onpezieJineT sH Tponn io (o ^ H o ro  
rnara b uenn) KaK cpe^H ee 3HaqeHHe s th x  sh tp o iih h , npn- 
HeM KascjiaH  H3 hhx 6epeTCH c BecoM, nponopunoH ajibH biM  
TOH OTHOCHTeJIbHOH qaCTOTe, C KOTOPOH COCTOHHHe, COOT- 
BeTCTByiom ee 3TOMy cTO jiSuy, 6y&eT BCTpeqaTbCH, Koeda no- 
CAedoeaTeAbHocTb npuiuAa k paenoeecuto  ( §  9/6). TaK , 
nepexo^H biM  BepoflTHOCTflM b npHM epe, paccMOTpeHHOM 
b §  9/6, cooTBeTCTByK)T c jieziy iom H e SHTponHH h paBHOBec- 
Hbie OTHOCHTeJIbHbie qaCTOTbl (KOSC^HUHeHTbl B3BeLUHBa- 
hhh) :

J 8 W P

D 1 3 1
L>

4 4 8
3 3w 0
T 7

1 lp 0 7 T

3HTp0nHfl 0,811 0,811 1,061
PaBHOBecHan OTHOCHTejibHaa

qacTOTa 0,449 0,429 0,122

Tor^a cpe/iHHH SHTponnn ( ajih  o ^ H o ro  rnara b nocjieAOBa- 
TeJIbHOCTH) paBHfleTCH

(0 ,449  • 0 ,8 1 1 + 0 ,4 2 9  • 0 ,8 1 1 + 0 ,1 2 2  • 1 ,061) 6 H T a = 0 ,8 4 2  6HT a .

M oH eTa , ec jin  ee SpocaTb  noBTopHC), o6 p a 3 yeT  nocjiez ioB a- 
TeJibHocTb c SHTponHeft jxjw K a ^ o r o  SpocaHHH, paBHofl 
1 6iiTy. Cjie/iOBaTeJibHo, n0CJiezi0BaTeJibH0CTb n o jio^eH H H , 
3aHHMaeMbix o a h h m  H3 HaceKOMbix c TeqeHHeM BpeMeHH, He 
HBJIfleTCH CTOJIb >Ke H3MeHqHBOH l , KaK nOCJieAOBaTeJIbHOCTb,

1 3nech mo>kho cfleJiaTb 3aMeqaHHH, aHajiorHMHbie TeM, KoTopbie 
y>Ke ^eJiajiHCb b cba3h c ynoTpefijieHneM TepMHHa «orpaHHMeHiie pa3H0- 
o 6pa3HH» b  §  9/10. TepMHH «p a 3H oo6p a 3He» ynoTpefijiaeTCH Tenepb 
aBTOpOM He B afiCOJIIOTHOM CMblCJie TJiaBbl 7, a B HOBOM, BepOHTIlOCTHOM



o6pa3yeM aa  6pocaHHHMH MoneTbi, n6o 0,842 MeHbrne, 
qeM 1,00. TaKHM 06p a 30M, BBeAeHi-ian UieHHOHOM Mepa 
nc>3BOJiHeT cpaBHHBaib pa3JiHqnbie CTeneHH pa3Hooopa3HH.

M b i  o e p e M  B 3 B e m e H H o e  c p e A H e e  3 H a q e H H e  i t o t o m v ,  m o  

Mbi H a q H H a j iH  c H a x o > K A e H H H  T p e x  S H T p o n n f t :  0,811, 0,811 li 

1,061; H3 h h x  H a M  H y>KH o  n o j i y q H T b  O A H y .  E c j i h  6b i  o h h  

h m c j i h  o a h o  h t o  m e  3 H a q e H H e ,  t o  M b i,  KO H eqH O , e r o  6b i  h 

b 3 h j i h ;  h o  o h h  He 0 A H H a K 0 Bbi. M b i  M o>K eM , o A H a K o ,  p a c c y -  

> K A 2T b  T a x :  K o r A a  C H C TeM a  A o c T H r J ia  p a B H O B e c H H ,  45% H a -  

CeKOM blX  H aXOAHTCH B COCTOHHHH B, 43% —  B COCTOHHHH 

W  H 12% —  B COCTOHHHH P. l l o C K O J I b K y  H a c e K O M b ie  U H p K y -  

j i n p y i o T  M e > K A y  B c e M H  T p e M H  c o c t o h h h h m h ,  T a K o e  p a c n p e -  

A e J ie H H e  p a B H o c n j i b H o  T O M y ,  m o  K a a t A o e  H a c e K O M o e  np0B0- 
A h t  45% c B o e r o  B p e M e H H  b B, 43% b W h 12% b P. JXp y -  

t h m h  cJ iO B aM H , 45% e r o  n e p e x o A O B  6 y A e T  H3 B ,  43% — H3 

W h 1 2 %— H3 P. I l 0 3 T 0 M y  45% e r o  n e p e x o A O B  S y A V T  

H M e T b  3 H T p o n n i o ,  h j ih  p a 3 H o o 6 p a 3 H e ,  b 0,811; 43% — T a K >K e  

0,811; H a K O H eu ,  1 2 %— S H T p o n n io  1,061. T a K H M  0 6 p a 3 0 M ,  

n e p e x o A b i  c sHTponHeft 0,811 6yA yT  qacib iM H  ( h  3HaqeHHe 
0,811 SyAeT « B e c H T b »  S o j i b u i e ) ,  a n e p e x o A b i  c S H T p o n n e f t  

1,061 S y A y T  p e A K H M H  ( h  3 H a q e H H e  1,061 6 y A e T  « B e c H T b »  

M e H b r n e ) .  r t o s T O M y  c p e A H e e  3 H a q e H H e  B 3 B e u iH B a e T C H :  3 H a -  

q e H H io  0,811 n p H A a e T C H  B e e  88%, 3 H a q e H H io  1,061— B e e

CMbicne. (B CMMCJie rjiaBbi 7 nocJie^OBaiejibHOCTH MecTonoJio>KeHHH Hace- 
KOMoro HMeioT name 6ojibuiee pa3Hoo6pa3He, qeM nocjienoBaTejibHocTH, 
o6pa3yeMbie 6pocaHHeM MOHeTbi.) FIohchhm, noqeMy sHTporiHH m ojkct 
AeHCTBHTeJIbHO CJIV>KHTb MepOH pa3H006pa3HH B BepOHTHOCTHOM CMblCJie. 
06paTHMCH RJIfl STOTO K 3aKJIIOqHTejIbHbIM CTPOK3M noACTpoqHoro npH- 
MeMaHHH Ha CTp. 248. Ecjih  a jih  Ka}K£oro n Bbi6paTb MHO>KecTBO M n, 
YAOBjieTBopniomee ycJioBHio a), TaK qTo6bi oho co^ep^ajio KaK mo>kho 
MeHbiue sjieMeHTOB, to , KaK mojkho y6e#HTbCH nyTeM HeKOTOpbix pacqe- 
tob , mhcjio mn sjieMeHTOB b Mn pacTeT TaK >Ke, KaK 2Hn, rjie H —  sh tp o-

riHn paccMaTpHBaeMOH uenn MapKOBa (6ojiee ToqHO, oTHomeHHe-^^2—
Mn

CTpeMHTCH K 1 npH tt, CTpeMHmeMCH K 6eCKOHeqHOCTH).
TaKHM 06pa30M, Hn npn6jiH3HTejibHO paBHo jiorapH(})MHqecKOH Mepe 

pa3H006pa3HH (b a6c0JH0TH0M CMblCJie rjiaBbi 7) MHo>KecTBa M n. TaK 
Kan c no^aBJiHiomeH BepoHTHOCTbio BeKTOpbi ajihhw n npHHa;yie>KaT 
k M n, to  Hn ecTecTBeHHO Ha3bmaTb Ji0rapH(j3MHqecK0H Mepofi pa3HO- 
0(5pa3HH (b BepOHTHOCTHOM CMblCJie!) MHO>KeCT3a BCKTOpOB /UIHHbl n, 
a H  —  «cpeziHeH Mepoft pa3Hoo6pa3HH na ojxny cocTaBJiHiomyio». — 
IlpuM. ped.



12% . C jienoB aTejibH o,

B3BemeHHOe __ 45 • 0,811 -f~ 43 • 0,811 12 • 1,061 
c p e ^ n e e  3 HaqeHHe 45- j - 4 3 + 1 2

h n o jiyq aeTcn  hm chho t o , hto  6b ijio  npHBeaeHO Bbirne.

Ynp. 1. rioKa)KHTef mto nocjieaoBaTeJibnocTb 6yKB F w P, o6pa3yeM aa 
6pocaHHeM MOHeTbi, HMeeT cpe^H ioio sh tp oh h io  b 1 (3nr Ha 
Ka>K,aoe 6pocaHne. (YKa3aHHe: nocTpoftTe MaTpnuy nepexoziHbix 
BepOHTHOCTeft.)

ynp. 2. (npo,aoJi>KeHHe.) M to  cJiyMHTca, ecjm  MOHeTa norHyTa? (YK a- 
saiiHe: nocMOTpHTe, mto nojiywHTcn, ecjiH H3MeHHTb BepOHT- 
HOCTH.)

9/13. llp e>K A e qeM ABHraTbcn ^ a jib m e , c jien y eT  oTMeTHTb, 
qTo BBeneHHafl lUeHHOHOM Mepa h pa3JiHqnbie Ba>KHbie Teo- 
peMbi, b KOTopbix OHa HcnoJib3yeTCH, 0CH0BaHbi Ha onpe- 
AejieHHbix /i;onymeHHHx. 3 t h  Aonym eHHH oSbiqHo Bbinoji- 
HHIOTCH B TeXHHKe TeJie(J)OHHOH CBH3H, HO HX BbinOJIHeHHe 
OTHK)flb He CTOJIb 06biqH0 B SHOJIOTHqeCKOH p a 60Te H B 06- 
jiacTHX, paccM aTpH BaeM bix b s to h  KHHre. EIoaTOMy 3Ta M epa 
H 3TH TeOpeMbl AOJI>KHbI npHMeHHTbCH C OCTOpO>KHOCTbIO. 
OcHOBHbie Aonym eHHH IUeHHOHa TaKOBbi:

1) Pa3 jiH qH b ie  zipoSn, H 3 o 6 p a ^ a io m H e  MHo>KecTBo Be- 
poHTHocTeft, dojiotcHbi 6 cyMMe d aearb  1; 3HTponHH He mo- 
>KeT 6biTb BbiqncJieHa &jw HenoJiHoro MHoxcecTBa bo3mo>k- 
HOCTeH.

2 ) M a T p n u a  nepexo iiH b ix  BepoHTHocTeft, H3oopa>KaK> 
m an  HCTOqHHK HH(J)OpMaiXHH C HeCKOJIbKHMH MHOJKeCTBaMH 
BepoHTHocTeS, doAQfcna 6biTb mapKoecKOu; s t o  3HaqHT, qTo 
BepoHTHocTb KaTKjioro nepexo/ ia  #0Ji>KHa 3aBHceTb T0JibK0 
o t  coc toh h h h , 6 k o t o p o m  Haxo/tfiTCfl CHCTeMa ( t .  e. o t  cn e- 
p a n ^ a ) ,  a He o t  c o c to h h h h , b k o t o p h x  OHa HaxoAHJiacb 
paHbiue ( §  9/7 ). B c jiy q a e  H eofixojiHM ocTH  najxo npeAB apn- 
TejibH o nepeonpe^eJ iH Tb coc to h h h h  HCToqHHKa, KaK b §  9/8, 
MTOSbl MaTpHUa CTaJia MapKOBCKOH.

3) S H Tpon nn  pa3JinqHbix c to ji6 u o b  ycpe^HHeTCH (§ 9 / 1 2 ) 
c noM om bio OTHocHTeJibHux qacTOT npH ycTanoeueuieMCH  
pa en oeecu u  ( §  9/6 ). TeM  caMbiM b T eop eM a x  npe;inoJ ia- 
raeTCH, qTo npn jik>6om HaqajibHOM c o c to h h h h  CHCTeMa mo- 
>KeT jxBHraTbCH AOCTaTOqHO jxojito, qTo6bi ee  coc to h h h h  jxo- 
CTHTJIH CBOHX paBHOBeCHbIX nJIOTHOCTefl.



Cjie/ ioBaTejibH o, p e s y jib T a ra  LLIeHHOHa ao jijkh m  npnM e- 
HHTbCH k 6 H0 Ji0 rH qecK 0 My M aT epn a jiy  TOJIbKO n o c jie  Tm a- 
T8JIbHOH npOBepKH HX npHMeHHMOCTH.

TaK>Ke CJie^yeT npeAOCTepeqb npoTHB jik>6oh nonbiTKH 
ycTaHaBJiHBaTb cjih lukom  c b o 6o a h o  h Ha ra c T o  c ji0BecH0M 
ypoBHe cBH3b M e ^ y  sHTponneH WeHHOHa h sH Tponnen 
CTaTHCTH^ecKOH MexaHHKH. B b i B o ^ b i  b 3THX B on p oca x  Tpe- 
6yiOT Sojib inoH  ocTopo>KHocTH, h 6o caM oe  He3HaqHTejibHoe 
H3MeHeHHe ycjioBHH h jih  Aonym eHHH M om er  npeBpaTHTb 
BbICKa3bIBaHHe H3 CTpOrO HCTHHHOIX) B aScypAHO JIO>KHOe. 
X[BH)KeHHe B 3THX o6jiaCT5IX HanOMHHaeT ABH>KeHHe B A>KyH- 
t jih x , no jiH bix JioBymeK. H a n S o jie e  3HaKOMbie c sthm  npeA~ 
MeTOM oSbi^Ho HanSoJiee ocTopo>KHbi b p a 3 ro B o p a x  o HeM.

ynp. 1. OnpeflejiHTe b yMe sHTponnio MaTpmjbi nepexo^Hbix BepoaTHo- 
cTen

1 A B c

A 0,2 0 0,3

B 0,7 1,0 0,3

C 0,1 0 0,4

[YKasaHHe: 3,necb Ha/io He BbmncjiHTb, a otfHapyjKHTb CKpbnyio 
npocTOTy. H to  03HaqaeT 1 Ha rjiaBHOH flH aronajm  (ynp . 9/5/1) ? 
KaKOBO, cjie^oBaTejibHo, 0K0HqaTejibH0e paBHOBecne CHCTeMbl? 
HMeiOT jih 3HaqeHHe CTOJi6ubi A  h C? H KaKOBa SHTponna 
CTOJi^ua B (yn p . 9/11/6)?] 

ynp. 2. (FIpo,noji>KeHHe.) 06'bHCHHTe cjieayiom HH napa^OKc: «Koi\aa 
CHCTeMa Haxo^HTCH b A, uMeeTCH pa3Hoo6pa3He hjih Heonpe^e- 
jieHHOcTb b 6jiH>KaHmeM nocjieay iom eM  coctoh h h h ; 3HaqHT, 
SHTponHH He MO>KeT 6biTb paBHa H yjiio ».

9/14. H eK O Topan  n y iaH H u a  B03HHKaeT HHorAa H3-3a T o ro , 
qTo meHHOHOBa M epa «3H TponH H », B3flTan jiJisi MHo>KecTBa 
Bepo5iTHocTeH pu  p 2 ,—> ecTb cyMMa qjienoB  p i lo g p u  yMHo- 
}KeHHan Ha — 1, Tor/ia KaK «KoJiHqecTBo HH(j)opMauHH», 
onpe/ieJieHHoe BHHepoM b e ro  «K H 6e p H eT »K e » , ecTb Ta >Ke 
caM an cyM M a qjieHOB P i l o g P i , ho 6e3 nepeM eHbi 3HaKa 
( t .  e. yMHoxceHHan Ha + 1 ) .  (C j ie ^ y e T  HMeTb b BHAy, h to  

p  lo g  p B cer^a  oT p n u a ie jib H o , TaK qTo MHo>KHTeJib « — 1» 
n peB pam aeT  e ro  b nojio>KHTejibHoe q n c jio . )

O ^H aK o 3Aecb He ao ji>kho 6 h n b  h h k 3k oh  nyTaHHUbi, h 6o  
0CH0BHbie H^en 0 AHHaK0 Bbi. 0 6 a  aBTopa paccMaTpHBaiOT 
H H ^opM auH io KaK « t o ,  h t o  ycTpaH n eT  H eonpeAeJ ieH H ocTb^



h 06a H3MepHK)T ee KOJinqecTBOM Heonpe^eJieHHocTH, ko to - 
pyio OHa ycTpaHHeT. J la jiee, 06a 3aHHMaiOTCfl b ochobhom 
npupocroM hjih yseJinqeHHeM HH(J)opMauHH, hmcioluhm Me- 
c to  npn nojiyqeHHH coo6nxeHHH, b t o  BpeMH KaK a6coJiioT- 
Hbie KOJinqecTBa, HajmqecTByiomHe jxo hjih nocjie 3Toro, 
npeziCTaBJiHioT MeHbuiHH HHTepec.

Hcho, 4t o  Kor/ia Bep0HTH0CTH pacnpe^eJieHbi p a 36po- 
caHHo, KaK b AwarpaMMe A Ha pnc. 9/14/1, HeonpeziejieH-

Phc. 9/14/1.

HocTb 6oJibuie, qeM Koma  ohh pacnpezieJieHbi KOMnaKTHO, 
KaK B AHarpaMMe B. EIoJiyqeHHe coo6meHHH, 3acTaBJiHio- 
mero nojiyqaTejiH H3MeHHTb ot pacnpeAejieHHH A k pacnpe- 
AeJieHHio B cbokd oueHKy Toro, qTo aojijkho npoH3oftTH, co- 
jxep>KHT nojioMUTeAbHoe K0JiHqecTB0 HH(J)opMauHH.

H o  Bbipa>KeHHe Hp \ o g p  (me  3HaK 2  03HaqaeT c yM M y ), 
npHMeHeHHoe k A , naer 6oJiee O TpnuaTejibH oe q n c jio , qeM 
b npHMeHeHHH k B\ o6 a  3HaqeHHH cyMMbi Sy/iyT oTpnu a- 
TejibHbiMH, ho nepB oe 6yjxer So jib in e  no a6c0JiK)TH0H bcjih - 
qHHe. T aK , pacnpe^eJieH H e A mo>kct jxaTb cyMMy, paBi-iyio 
— 20, a pacn peA ejieH H e B —  cyM M y, paBH yio — 3. C o r jia -  
chmch b KaqecTBe KOJinqecTBa HHcjpopMaixHH, CBH3aHHoro 
c Ka>KzibiM pacnpe/iejieHHeM , t .  e. c Ka^KAbiM m hojkcctbom  
BepOHTHOCTeft, B3HTb 2  p lo g  p, yMH0>KeHH0e Ha + 1 -  T a K  
KaK, B oo6m e roB opn ,

npHpocT (q e ro  yro^H o) =  OKOHqaTejibHOMy KOJiwqecTBy 
MHHyc HanajibHoe KOJiwqecTBO, 

t o  npnpocT HH(J)opMauHH b 3tom c jiyqae  6yjxer paBeH

( - 3 ) - ( - 2 0 ) ,

t . e. + 1 7 .  CjiezioBaTeJibHo, Mbi nojiyqHM nojio>KHTejibHoe 
qncjio, KaK h xoTeJiH. TaKHM 06pa 30M, paccMaTpHBaeMan 
c 3T0H BHIiepOBCKOH TOqKH 3peHHH BeJIHqHHa 2/? lo g  p



/ lo .m H a yMHo>KaTbCH Ha + 1 ,  x. e. ocTaBaTbcn neH3MeneH- 
h o h ; Torzia Mbi BbiqHCJiHM rtpupocT.

LLIeHHOH >Ke b CBoefi KHHre 3aHHMaeTca ocodbiM  cJiy- 
qaeM , b k o to p o m  rio jiyqaeM oe  cooSm eH H e H3BecTHo c on pe- 
^ejieHHOcTbK). B  s tom  c jiy q a e  Bee BepoflTHOCTH paBHbi H yjiio , 
3a HCKJiioqeHHeM e^HHCTBeHHOH, paBHoft 1. JXjth T aK oro  mho- 
>KecTBa cyM M a h p l o g p  paBHa H yjiio , TaK qTo OKOHqaTeJib- 
Hoe KOJiHqecTBO paBHo Hyjno h npupocT HH(j)opMauHH paBeH

0 —  (H aqa ^ bH oe  K o ^ n q ecT B o ).

Z lpyrnM H  cjioBaMH, HH(|)opMauH5i b coo6m eHHH, KoTopan 
paBHa n p n pocT y  HH(J}opMau,HH, ecTb cyM M a S p l o g p ,  Bbiqnc- 
jieHHan rjm  H aqa jibH oro pacnpeaeJieHHH h yMHo>KeHHan Ha
—  1, qTO h jiaer meHHOHOBy M epy.

TaKHM 06pa30M , M OK^y £ByM5i s thm h  MepaMH cym ecT - 
ByeT He 6 o jib m e  HecooTBeTCTBHfl, qeM Memjiy flByMH cno- 
co6aM H H3MepeHHH Toro , «H acK o jibK o  ToqKa Q  p a cn o jio -  
>KeHa npaB ee ToqKH P »  (cm . pnc. 9/14/2). M o>kho cqHTaTb,

VV F h  0 +1 2 3 4 5 6 7~Ji.— l------- 1-------1-------1_____ i_____ i___________ i_____ i__i

j p  T Q

^  ^ -7  -6  ~5 -4  -3 -2 -1 0 + 7 ^

Phc. 9/14/2.

qTO P  h Q 3&ecb C0 0TBeTCTByi0 T RByM cTeneHHM H eon pe^e- 
jieHHocTH, npnqeM  6oAbuieu onpezieJieHHocTH oTBeqaeT Toqi<a 
cnpaea, a coo6m eH H e nepeM em aeT  n o jiyq a T e jia  H3 P  b Q.

PaccTosiHHe Memny P  h Q u o m er  6biTb H3Mepeno #ByMH 
cnocofiaM H , KOTOpbie, oqeBH^Ho, SKBHBajieHTHbi. n o  c n o co 6 y  
B nH epa jiHHeHKa npHKjia^biBaeTCH k P  h Q  (KaK  JiHHeftKa 
W Ha p H cyH K e ), h Torzia paccTOHHHe, na KOTopoe Q jie>KHT 
n pa eee  P ,  paBHo pa3H0CTH

(o T c q e T  rjm  Q) MHHyc (O T cqeT  rjik P).

n o  cn o co S y  IUeHHOHa (jiHHeHKa 5  Ha pncyH K e) Hyjib npn- 
Kjia#t>iBaeTCH k Q , h Tor^ a  paccTOAHHe, Ha KOTopoe Q jie - 
>kht n p a eee P, TaK 0 B0 :

MHHVC (OTCqeT RJ191 P ) .



JICHO, 4T0 M&mjxy 3THMH AByMH c n 0C06aMH HeT Ha CaMOM 
AeJie HHKaKOTO HeCOOTBeTCTBHH.
9/15. nponycKH an cnocodnocTb kclhclaci. H e o 6 xoAHM o p a 3 - 
jinqaTb  j x b q . cn o co S a  nozicqeTa «9H Tpon H H » no OTHomeHHio 
k uenn M apKO Ba, frame n oc jie  T o ro  KaK Bbi6 paHa e^HHHua 
H3 MepeHHH (ocHOBaHHe JiorapncjDMOB). UncjDpa, BbiqncJieH- 
Han b §  9/12 H3 n epexo^H b ix  BepoHTHooreH , ^ aeT  3HTponHio, 
h jih  o>KHAaeMoe pa3H oo6pa3H e, a jih  o j x h o t o  c jie z iy io m e ro  
m a ra  uenn. TaK , ecjiH  SpocaHHe npaBHJibHOH, H e^a jib m n - 
boh  MOHeTbi z ia jio  y>Ke P P / T P / T / T , t o  H eonpeziejieHHocTb 
c jie z iy io m e ro  n cx o ^ a  paBHa 1 SHTy. C h m bo ji, KOTopbift no- 
h bh tch  3aTeM, TaK m e 6yjxej HMeTb HeonpeziejieHHocTb 
b 1 6 h t  h t .  j x . BBH ^y 3Toro uenb b uejioM  HMeeT H eonpe- 
AejieHHocTb, h jih  3HTponHK), b 1 6 h t  na tuas.

3HaqHT, jyBa m a ra  £OJi>KHbi HMeTb HeonpeziejieHHOCTb, 
h jih  pa3H oo6pa3H e, b 2 6 h t3 ; h TaK oh o  h ecTb, h 6o c jie - 
A y iom n e  jiBa m a ra  M oryT  6biTb / T ,  JTP, P T  h jih  P P  c Be-

P o h th o c th m h  -g-, 4- , - j  h , qTo jxaeT H  —  2 6HTa. K o p o ^ e

rcB opn , 9HTponuH neKOTopoao yw cTKa t^enu M apnoea npo- 
nopUfUOHdAbHa eeo dAune (B ee BpeMH npezm oJiaraeTCH, m o  
uenb AOCTHrjia paB H O Becnn ). 

C oB epm eH H o A p y ro n  cn o co 6  H3MepeHHH SHTponHH uenn
BBO^HTCH npH paCCMOTpeHHH TOTO, KaK SblCTpO 60 BpeMeHU
uenb o6pa3yeTCH k 3k h m -jih6 o peaJibHbiM (J)H3HqecKHM npo-
ueccoM . H o  ch x  nop  3Ta CTopoHa AeJia H rH opnpoB ajiacb , h
H3MepeHne npoH3Bo,zuijiocb TOJibKO b TepM HHax m aroB  ca-
moh uerrn. BBezieHHe hoboh  u iKajib i T p e 6yeT  TOJibKO npo-
CToro npaBHJia nponopuHH. H anpH M ep, ec jin  (KaK b §  9/12)
«eAHHHua BpeM eHH» HaceKOMoro ajih  o a h o to  m a ra  oaBHa
20 ceKyH ^aM , to  Ka>KAbie 20 ceKyH fl ^aiOT 0,84 SnTa, a

cn 60-0,84 *  ~  *
bu ceKyHA najiyr — gjj—  6 «T a . TaKHM 06pa30M , Ka>K£oe

H aceK0M0e co3A aeT  pa3H oo6pa3H e CBoero MecTonoJio>KeHHH 
CO CKOpOCTbHD 2,53 6 h t3  e MUHyry.

TaK an  CKopocTb cjiy>KHT Han6o jiee  ecTecTBeHHbiM cnoco- 
•6om HSMepenHH nponycKHOH cnocoSHocTH KaHajia. Kai-iaJi —  
3To n pocTo  JiioSan CHCTeMa, KOTopan cbohm  bxoaom  Mo>KeT 
npHBOAHTbCH B K a^A b lH  MOMeHT B O^HO H3 HeKOTOpOTO pa3- 
H oo6p a 3HH c o c to h h h h  h KOTopan m o jk c t n ep e^aB arb  s t o  
cocTOHHHe KaKOMy-TO n o jiy^aTe jiio . CKopocTb  sTofi n epeA axiH
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33BHCHT KaK o t  cKopocTH, c KoTopoH  m arH  cJieziyiOT £ p y r  
3a A pyroM , TaK h o t  pa3Hoo6pa3H.% n oJ iyqaeM oro  na Kam - 
jxom m are .

3aMeTHM, q r o  noHHTHe «K a n a j i »  onpeAeJineTcn b KH0ep- 
HeTHKe HCKJIIOqHTeJIbHO B TepMHHBX HaJIHqHfl MemjXV ^ByMH 
ToqKaMH onpeAeJieHHbix noeedennecK ux  oTHomeHHH; ec jin  
Me>K£y to ^ k sm h  hm ciot MecTo TaKHe oTHomeHHH, t o  uem jiy  
hhmh cym ecTB yeT  KaHaji —  coBepm eHHo He3aBHCHMo o T T o ro , 
MOJKHO JIH yeMOTpeTb MeMJiy HHMH KaKyiO 6bl TO HH 6bIJIO 
M aTepnajibH yio CBH3b. (PaccM OTpHTe, HanpHMep, ynp. 4/15/2, 
6/7/1.) B CHJiy SToro KaHajibi, KoTopbie b h a h t KHfiepneTHK, 
M oryT 3HaqHTejibHo oTJinqaTbca o t  KaHajioB, KoTopbie b h ^ h t 
cneunajiHCT b /ipyroft o6jiacTH. B npocTenu iH x c jiy q a a x  
s to  ^ o d a T o q H o  oqeBH^Ho. H h k to  He o rpn u aeT  peaJibHocTH 
HeKOTOpOH cj)yHKIIHOHaJIbHOH CB5I3H MarHHTa C MarHHTOM, 
XOT5I HH OOTH SKCnepHMeHT He o6Hapy>KHJI JXO CHX nop 
Me>K^y HHMH HHKaKOH npOMe>KyTOqHOH CTpyKTypbl.

H H or^ a  KaHaji Mo>KeT h a th  no neo6biqHOMy n y m  TaK , 
M03ry Tpe6yeTCH HHcj3opMauH5i o tom , m o  nponcxo^H T n oc jie  
Toro, KaK oh n o c jia ji «KOMaH/i:y» HeKOTopoMy op raH y; 
o6biqno o t  o p ra n a  k M osry H^eT qyBCTBHTejibHbifl HepB, ko- 
TOpblH HeceT «KOHTpOJIbHyiO» HH(J)OpMaiXHK). TaK , KOHTpOJIb 
3a TOJIOCOBblMH CB5I3KaMH MO>KeT OCymeCTBJIHTbCH qyBCTBH- 
TeJIbHblM HepBOM, HAyiHHM OT CB5I30K B M03r. 3cj)(j)eKTHBH0r0 
KOHTpojiH mo>kho ^ocTHqb h 6e3 hom oiuh KaKoro-Jin6o HepBa 
b mee, a jm u ib  HcnoJib3yH 3ByKOBbie b o jih h , H^yiUHe no 
B03Ayxy h cB5i3biBaiomHe roJiocoBbie cb jb k h  c M03r0M qepe3 
yxo . JXjw aHaTOMa s t o  He SyzieT K anajioM , a a jia  HH>KeHepa- 
CBH3HCTa —  6yjxer. 3jxecb Mbi npocTo £OJi>KHbi noHHTb, qTo
Ka^KAWH H3 HHX n paB  BHyTpH CBOeH OTpaCJIH HayKH.

CymecTByioT h Sojiee cjio>KHbie npHMeHeHHH SToro npHH- 
unna. npe^nojio>KHM, qTo Mbi cnpamHBaeM Koro-HHSy/ib, 
6 y # e T  j i h  419 X  287 p a B H H T b c n  118 213; no-B H / jH M OM y, o h  

OTBeTHT: «H  He Mory c^eJiaTb s to  b yMe, ^a fire  Mtie Kapan- 
jiam  h 6yM ary». Hcnojib3yn b KaqecTBe napaMeTpo'B o 6a 
qncjia 419 h 287 BMecTe c onepauneft « y m h o j k c h  h si» ,  o h  

3aTeM HaqHeT npouecc (nepexo^HbiH npouecc, no TepMHHO- 
jiorHH § 4/5), K 0 T 0 p b iH  nopo/iHT pna HMnyjibcoB, npoxo- 
Aaiuhx no HepBaM ero pyKH, n o p o ^ a n  pa# KapaH^arnHbix 
3HaqKOB Ha 6yMare; 3aTeM s t h  3HaqKH B03£encTByi0T Ha 
ero ceTqaTKy h  TaK ^a jiee  BnjioTb n o  ero  M03ra, r^e ocy-



meCTBHTCH B3aHM0AeHCTBHe CO CJie^OM (qTO 6bl 3 TO HH
SbiJio) qw cjia  118 213; 3aTeM oh a s c t  oKOHqaTejibHbift oTBeT. 
H aM  3̂ ecb  Hy>KHo oTMeTHTb, qTo 3 t o t  npou ecc  —  o t  M03ra 
qepe3 ABHraTejibHyio oS jiacTb  Kopbi, p yx y , KapaH/jam, 
3HaqKH, CBeTOBbie Jiyqn, ceTqaTKy h 3pHTeJibHyio o6jia'CTb 
Kopbi o6paTH o k M03ry —  jxjm HH>KeHepa-cBfl3HCTa ecTb 
THnnqHbiH «K a H a ji» ,  cBH3biBaiomHH «n ep e£ a T q H K » c «n p n -  
eMHHKOM». C jie/ioBaTejibHo, rjm KHSepHeTHKa SeJioe 
BeU^eCTBO H npo^He BOJIOKHa He 5IBJIflIOTC5I e£HHCTBeHHbIMH 
KaHajiaMH cbh3h b M03ry; HeKOTOpbie C6H3U Meotcdy hclcthaiu 
Mosyr ocyu{ecT6ARTbcn nepe3 OKpyofcafoa^yfo cpedy.
9/16. M36biT0HH0CTb. B § 7/14 6biJio CKa3aHo, qTo h3 o rp a - 
HHqeHHH pa3Hoo6pa3H5i Bcer,aa m ojkho H3BJieqb KaKyio- 
HHgyAb nojib3y. 3 t o t  Te3HC m ojkho HJiJiiocTpHpoBaTb c jiy -  
qaeM  H enpeK pam aiom efic fl nepe/jaqn.

JXjih npocTora  paccMOTpHM eme pa3 o th h  cBeToc})opa —  
KpacHbifl, 3ejieHbifi h >KejiTbiH,—  ^onycKaromne T0JibK0 qc- 
Tbipe KOM6HHaUHH:

1) KpacHbin;
2) KpaCHblH H >KeJITbIH;
3) 3ejieHbm;
4) >KeJITbIH.

Ka>KAaH cocTaBJiniomafl (jiaMna hjih u b c t ) MoateT 6biTb 
saxoKeHa hjih  He 3a>K>KeHa, TaK qTo npn He3aBHCHMbix co- 
CTaBJiHioiUHx o 6mee B03M0>KH0e pa3H006p a 3He c o c to h jio  6bi
H3 8 COCTOHHHH. B AeHCTBHTeJIbHOCTH HCe HCnOJIb3yeTCH 
TOJIbKO 4 KOM6HHaUHH, TaK qTO ^aHHOe MHO>KeCTBO o 6H apy- 
>KHBaeT orpaHHqeHHe pa3Hoo6pa3HH.

PaccMOTpHM Tenepb s th  c})aKTbi cHOBa, hcxo^h  H3 Toro , 
qTo HaM H eo6xoAHMo MH0>KecTB0 H3 qeTbipex cJie/iyiomHX 
CHTHaJIOB:

1) c toh ;
2) TOTOBbCH exaTb;
3) mo>kho exaTb;
4) TOTOBbCH OCTaHOBHTbCH.

E c jih  y  Hac hm ciotch  cocTaBJiniomHe, Kamjxan H3 K0T0pbix 
MO>KeT npHHHM3Tb JXBa 3HaqeHHH ( +  HJIH — ) ,  TO Mbi MO>KeM 
enpOCHTb, CKOAbKO T3KHX COCTaBJIHIOIUHX Heo6xO£HMO AJIH 
Toro, qTo6bi oSecneqHTb 3 to  p a 3H006p a 3He. $ ch o , qTo £Be;



h npn cooTBeTCTByiomeM nepeKOAHftoBaHHH, t s k o m , HanpH
Mep, KaK

H—\- =  CTOH,
-j—  =  TOTOBbCH exaTb,
------- -----  MO>KHO exaTb,
----- (- =  TOTOBbCH OCTaHO'BHTbCH,

9 to  pa3Hoo6pa3He Mo>KeT SbiTb noJiyqeHo npn noM om n BeK- 
Topa TOJIbKO € R B y M 91 COCTaBJIHIOmHMH. T o  o6cTOHTeJIbCTBO, 
4T0 qn cjio  cocTaBjiHioHXHX M o m e r  6biTb coK pam en o  (c  Tpex 
AO A B yx ) 6e3 noTepn pa3Hooopa3Hfl, mo>kho Bbipa3HTb, CKa- 
3aB, qTO MHO>KeCTBO BeKTOpOB o6Hapy>KHBaeT HSSblTOHHOCTb, 
b a3hhom  c jiy q a e  b OAHy JiaMny.

H cho, qTo H3 TaK oro orpanHqeHHH p a 3Hoo6p a 3HH mo>kho 
H3B.Tenb n o jib 3y. H anpHM ep, ecjin  6bi sjieKTpnqecKHH CBeT 
6biJi oqenb A o p o r, t o  pacxoAbi na cBeTocjDopbi, nepeKOAHpo- 
BaHHbie b HQByto c})opMy, coKpaTHJiHCb 6bi Ha OAHy TpeTb l .

T ot )Ke caMbifi cBeTocj)op, paccMaTpHBaeMbiH KaK reHe- 
paTop A p y ro ro  MHo>KecTBa BeKTopoB, Mo>KeT o 6 Hapy>KHTb 
coBepm eHHo A p y ry io  H3 6 biT0 MH0 CTb. npeAnoJio>KHM, hto 
CBeT0 (j)0 p ynpaBJineTCH He yjiH^HbiM ABH>KeHHeM, a qacaMH, 
TaK qTO OH npOXOAHT nOBTOpflfOIUHHCH UHKJI COCTOHHHH 
(nepeqHCJiei-iHbix Bbirne)

...3, 4, 1, 2, 3, 4, 1, 2, 3 ....

1 Ecjih  cmiTaTb, m o  Ka>K£OH cocraB jifliom eH  CooTBeTCTByeT cboh 
jiawnoMKa h mto +  03HaqaeT ee ropeHHe, t o  coKDameHHe pacxona jxo 
AByx TpeTen riojiy^HTCH npn cnoco6e KonHpoBaHHH, otjih^hom  o t  Toro,
K0T0pbiH 3^ecb yKa3aH. PyKOBOACTByacb uHcjjpaMH, npHBe^eHHbiMH
b §  9/11, HaxoiiHM, mto o 6man cyMMa BpeMCH ropeHHn jiaMnoqeK b Te- 
MeHHe 60 ceK. paBHa

(25 • 1 +  5 • 2 +  25 • 1 +  5 • 1) ceK. =  65 ceK. 

n p n  yKa33HHOM b § 9/16 cn oco6e Ko/uipoBaHHH cyMMa 6yixeT 
(2 5 * 2  +  5 *1  + 2 5 - 0  +  5 -  1) ceK. =  60 ceK.

LlTo6bi nojiyMHTb. Hy>KHbiH Bbinrpbim b ^Be TpeTH, Ha^o nepeKo^npoBaTb 
cnrHaJibi, HanpHMep, cjienyiomHM 06pa30M:

--------  =  CTOH,
+  +  =  TOTOBbcji exaTb,
H------ ----- MO>KHO exaTb,
--------h  =  TOTOBbCH OCTaHOBHTbCH.

Toi\aa cyMMa 6yneT paBHa

(25 • 0 +  5 • 2 +  25 • 1 +  5 • 1) ceK. =  40 ceK. —  flpuM. ped.



0 6 p a 3 yeM a n  hm nocjieno'BaTejibHocTb (paccM aTpH BaeM aa 
KaK BeKTop, §  9/9) M o^ eT  6 bm> TOJibKo o^hhm  H3 qeTbipex 
BeKTopos: 

I. (1,2, 3, 4, 1 ,2 ...), 
II. (2,3,4, 1 ,2 ,3 ...), 

III. (3,4, 1,2, 3, 4 ...),
IV. (4, 1,2, 3, 4, 1 ...).

Ecjih 6bi HMejiocb n  cocTaBJiHiomHX h KajKAbra m ar 6biJi 
He3aBHCHMbiM (qTo mo>kho nojiyqHTb c noMombio qerupex- 
rpaHHOH k o c th ), t o  pa3H006pa3He Sbijio 6bi 4n; b aghctbh- 
TeJIbHOCTH >Ke OHO paBHO TOJIbKO 4. MTOfibl Bonpoc CT3JI 
COBCeM HCeH, 33MCTHM, MTO TaKOe >Ke pa3H006pa3He MO>KeT 
6bITb 06pa30BaH0 BeKTOpaMH TOJIbKO C OAHOH COCTaBJIHIO-
mefi:

I- (1 ) ,
II. (2 ), 

HI. (3 ),
IV. (4 ).

3&ech onym eH bi Bee cocTaBJiniomHe, KpoM e nepBoft. 3 to  
3HaqHT, mto Bee n oc jie^y iom H e (n o c jie  nepB ofi) cocTaBJifliO' 
m ne HBJIHIOTCH H36bITOqHbIMH.

TaKHM 06pa30M, nocjie;ioBaTejibHocTb mo>kct o 6Hapy>Kii- 
BaTb H36biToqnocTb, ecJiH Ha KayKROM m are cne/iyiomee 3Ha~ 
qeHHe He HBjineTCH noJiHocTbio He3aBHCHMbiM o t  npe/uue- 
CTByiomnx maroB (cp. § 9/10). Ecjih  nocjie£OBaTejibHOCTb 
o 6pa3yeT uenb MapKOBa, H36biToqHocTb SyzjeT npoHBJiHTbca 
b tom, qTo SHTponHH uenn 6yneT MeHbme MaKCHMaJib- 
HOH.

T ot c})aKT, qTo orho  h to  >Ke MHoatecTBo orHeft cb c to -
4)opa o6pa3yeT  jxBa cym ecTBeHHo pa3JinqHbix MHO>KecTBa 
BeKTopoB, em,e p a 3 noKa3bmaeT, KaKan ocTopo>KHocTb Heod- 
xo^HMa npn npHMeHeHHH s th x  iiohsithh  k KaKOMy-Hii6y^b  
odveKTy, h 6o ofi'beKT qacTo  o S jia ^ a eT  6oJibmHM ko jih - 
^ecTBOM MHo>KecTB, nozy iO Ka inH x paccMOTpeHHK). C n e^ o - 
BaTejibHo, B onpoc: «06H apy>KH BaK )T jih  o th h  cBeTocf)opa 
H36biT0qH0CTb?» —  He/ionycTHM, h6o oh He yKa3biBaeT, Ka- 
Koe MHoxcecTBo BeKTopoB paccM aTpH BaeTcn ; h o tb c t  na 
H ero MO)KeT 3HaqHTeJIbHO H3MeHHTbC5I RJW pa3HbIX MHO- 
JKeCTB.



3 t o t  3 anpeT o c o 6 eHHo Heofixo^HM b KHHre, npe;uia3Ha- 
qeHHOH Rjin pafioTHHKOB b o f ij ia c ra  finoJiorHH, h6o 3jxecb 
onpe^eJieHHe mhojkcctb BeKTopoB qacT o  cBH3aHo c on p e- 
^e./ieHHbiMPT Tpy^HocTHMH, KOTOpbie npe-oAOjieBaioTCfl, fibiTb 
MO>KeT, c HeK0T0p 0 H np(>H3B0JibH0CTbK) (cp . §  6/14). F Io- 
STOMy B cerAa HMeeTCH HCKymeHHe no^MeHHTb T o ra o e  h 
HBHoe noHHMaHHe paccM aTpHBaeM oro MHOxcecTBa HHTyHTHB- 
hhm h CMyTHbiM. ^HTaTejib , BepoHTHo, q a c ro  3 aM eqaji, hto  
to  hjih HHoe Heno^aTJiHBoe npoTH B operae uemny AByMH 
p a ccy^ eH H H M H  mo>kho pa3pemHTb, ec jin  jxarh fioJiee ToqH oe 
onpezieJieHne paccMaTpHBaeM OMy MHo>KecTBy; h6o s to  npo- 
THBOpeqne qacTo -BbiTeKaeT H3 T oro , t t o  p a c c y ^ e H H H  otho- 
CHTCH B AeHCTBHTeJIbHOCTH K £ByM p a 3JIHHHbIM MHO/KeCTBaM,
TecHo CBHsaHHbiM c o#hhm h TeM >Ke 06'beKTOM hjih opra-
HH3M0M.

ynp. 1. B TafijiHue ajih ono3HaHHa 6aKTepHH no hx cn0C06H0CTH c6pa- 
>KHBaTb caxapbi 62 Bnna OTMeqeHbi KaK o6pa3yiomHe «khc- 
jio ty», «KHCJiOTy h ra3» hjih «He o6pa3yiomHe HHqero» 
H3 KajK^oro H3 14 caxapoB. TaKHM 06pa30M, KanmbiH bhj 
COOTBeTCTByeT BeKTOpy C 14 COCTaBJIHIOmHMH, Ka>K,0.a5I H3 
kotophx Mo>KeT npHHHMaTb o^ho H3 Tpex 3HaMeHHH. H36bl- 
TÔ HO JIH 3T0 MHO>KeCTBO? K KaKOMy ^HCJiy COCTaBJIJHOLUHX 
MO>KHO CBeCTH 3TOT BeKTOp?

ynp. 2. Ecjih  iienb MapKOBa He HMeeT H36biT0MH0CTH, to KaK c nep* 
Boro B3rji*ma ysHaTb ee MaTpnuy?

9/17. Tenepb mojkho C(jx)pMyjiHpoBaTb TeopeMy, fibiTb mo- 
>Ker HanfioJiee Ba>KHyio H3 BbiABHHyrax LIIeHHOHOM. Opeji- 
noJio>KHM, m o  Mbi xothm nepeziaBaTb coo6meHHe co cKopo- 
CTbio H Shtob 3a m ar; nycTb, HanpHMep, Mbi xothm coofi- 
iyaTb o #BH>KeHHsix OT/^eJibHoro naceKOMoro b npy^y. H 3&ech 
paBH5ieTC5i 0,84 fiHTa Ha m ar (§ 9 /1 2 ) , hjih Ha chmboji, Kaic 
cKa3aji fibi Tejierpac})HCT, hmen b BH^y pha Bpo^e

PWBWBBBWPPPWBWPW ....

npe/jnojioJKHM ajih onpe^eJieHHocTH, mo memjxy /jbyM 5i iua- 
raMH npoxoAHT 20 ceKyHA. EIocKOJibKy Tenepb jxaHa cko-
pOCTb 9THX COfiblTHH, MOJKHO TaKTKQ CKa3aTb, mo H paBHa
2,53 6h t3 b MHHyTy. TeopeMa IHeHHOHa yTBep>KAaeT, mo 
sto  coofimeHHe mohcct fibiTb nepe/jaHo no JiiofioMy Kanajiy 
c nponycKHOH cnocofiHocTbio 2,53 fiHTa b MHHyTy h He mo-



>KeT Sb iTb  nepe^aH o hhkbkhm KaHajioM c MeHbinen nponycK- 
HOH CnOCo6HOCTbIO *.

BbiTb Momer,  h 6e3 T o ro  6biJio AOCTaTorao oqeBHAHo, 
qTo KaHajibi c b h cok oh  cKopocTb io nepe^aqw  M oryT c o o 6- 
m aTb So jib ine, qeM KaHajibi c hh3koh cKopocTbio. B s to h  
TeopeM e Ba>KeH, Bo-nepBbix, ee o 6iiihh xapaKTep (h 6o OHa 
He HMeeT b bh jxy hhk3khx o c o 6bix MexaHH3MOB h noaTOMy 
0AHHaK0B0 npHMeHHMa k Tejierpac})HOH jihhhh , k HepBHbiM 
B0Ji0KHaM h k p a3 roB opy) h, bo-b topm x, ee  KOJinqecTBeHHan 
cTporocTb . TaK , ec jin  6bi Haui ripyA  c HaceKOMbiMH 6h ji pac- 
nOJIO>KeH ASJieKO CpeAH XOJIMOB, TO MOT 6bl B03HHKHyTb BO- 
npoc  o b o3m o}kh octh  n epeA aqn  coofim eHHH c noM oiubio 
AblMOBbIX CHTHaJlOB. npeAriOJIO}KHM, HTO OT^eJIbHblH KJiy6 
AbiMa m ojkho nycKaTb hjih  He nycKaTb Ka>KAbie qeTBepTb 
M H H yra, ho He O b ic ipee. SH Tponnn  Ha chm boji paBHa 
3£ecb  1 SnTy, h nponycKH an c n o c o 6nocTb KaHaJia paBHa 
ii03T0M y 4 6HTaM b M HHyiy. IlocKOJibKy 4 6oJibiue, qeM 2,53, 
KaHaji Mootcer nepeAaBaTb c o o 6meHHH o noJio>KeHHH Hace- 
KOMOTO H MO>KHO HaHTH KOA, KOTOpblH 6yAeT  nepeBOAHTb 
noJio>KeHHH b KJiy6bi AbiMa, H ecym ne 3Ty HH(J)opMauHio.

CaM  LLJeHHOH nocTpoHJi npnMep, q p e 3BbmaHHO n-pKO Ae- 
MOHCTpHpyiOIU,HH TOMHOCTb 3T0r0 KOJIHHeCTBeHHOrO 3aKOHa. 

ripeAnOJIO>KHM, qTO HeKOTOpblH HCTOqHHK BblAaeT SyKBbI 
A, B, C, D c qacTOTaMH, o th och iu h m h ch  A p y r  k A p y ry  c o o t-  
BeTCTBeHHO KaK 4 : 2 : 1 : 1, npnqeM nocJieAOBaTeJibHbie chm-

1 H ivieeTCfl b BH^y, kohcmho, nepeaaqa 6es HaKonjieHHH 3a/iep>KKH. 
B CHJiy § 8/13 JiioSaa HH(j)opManHH MoateT 6biTb nepe^aHa no KanaJiy, 
o6jiaflaiomeMy HeHyjieBOH nponycKHofi cnocoftHocTbio, ho, bo3mo>kho, 
co 3HaMHTe;ibHbiM 3aMe/uieHHeM. Tax, b npHHunne Mbi motjih 
6bi nepe^aBaTb co6biTHfl o nojio>KeHHH HaceKOMoro, #a>Ke ecjin 6bi 
nycKaJiH hjih ne nycKajiH KJiy6 AbiMa (cm. npnMep HH>Ke b stom napa- 
rpac})e) Bcero Jinuib pa3 b cytkh; ho npH stom o^epe^b H3 eme He nepe- 
^aHHbix coo6meHHH pocjia 6bi c KaTacTpocJmqecKOH 6hctpotoh  (xoth  
Ka>K^oe OT^eJibHoe coo6meHHe paHO hjih no3^no 6biJio 6bi nepe^aHo). 
Cmwcji TeopeMbi IIIeHHOna coctoh t hmchho b tom, mto OHa roBopHT
o nepe^anax c paccacbmaiomeHCH oqepe^bio eme He nepe^aHHbix coo6- 
meHHH Ha npneMHOM KOHue ( 6ojiee tomho, HMeeTca HeKOTopaa mhhh- 
M ajibH an AJiHHa TaKOH oqeperrn  h a j ih  K a jK ^ o ro  MOMeHTa BpeMeHH 
c BepoHTHocTbio 1 HacTynHT BCJie  ̂ 3a hhm ^pyroft momcht, Koi\aa flJWHa 
oqepe^H He 6yaeT npeBOcxo^HTb cBoero MHHHMajibHoro 3HaqeHHa).— 
IJpuM. ped.



BOJibi He3aBHCHMbi. TnnH^HbiM OTpe3KOM TaKOH nocjie^OBa-
TejibHocTH 6y/ieT... BAABDAAAABCABAADA.. .. B c o c to h 
hhh paBHOBecHH OTHOCHTeJlbHbie qaCTOTbl CHMBOJIOB A, B , C

1 1 1 1
h D cyTb COOTBeTCTBeHHO - j ’ T  * V ’ T* li 3HTPoniIH paBHa

r |  6HTa na u ia r ( t .  e. na S yK B y ).

K a n a ji, KOTopbiH Mo>KeT Bbi^aBaTb Ha Ka>K£OM m are  jiio - 
6oe  H3 qeTbipex coc toh h h h  6e3 orpaHHqeHHH, HMeji 6bi npo- 
nycKHyK) cnocofiH ocTb b 2 6 m a  Ha m ar. C orjiacHO  TeopeM e 
IileH H ona , AOJi>KeH cymecTBOBaTb TaKon ko jx, k o to p h h  no- 
3BOJIHT 3T0My nocJieAneMy KanaJiy (c  nponycKH ofi cn ocoo - 
HocTbK) 2 6h t3 Ha m a r ) nepe^aBaTb yK a3aHHyio n oc jie^o -

BaTe^biiocTb (c  9HTponHefi 1— 6HTa Ha m a r ) TaK, m o

cooum eH ue jiioS oh  a jih h u  noTpeSyeT  M eHbm ero ^HCJia m a-

TOB, H npHTOM B OTHOmeHHH 2 k l | ,  t .  e. 8 k 7. 3 t o t  K03,

H3o6peTeiiHbiH IJJenHOHOM, c b o ah tc h  k cJ ienyiom eM y. CHa- 
qa jia  cooO m enne Ko/uipyeTcn nocpe;rcTBOM npeoSpasoeaHM H

I A B C  D  
I  0 10 110 1 1 1 ’

HanpHMep, npHBe^eHHoe c o o 6meHHe KOAHpycTCfl TaK:

\ B . A A B . D .  . A A A  A B . C  . . A B .  A A D  . . A
4 1 0 0 0 1 0 1  1 1 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1  1 1 0 *

Ten epb  p a 3#ejiHM hh>khk)io CTpoKy Ha napbi h nepeKo^H- 
pyeM hx b A p y ro e  mho^kcctbo 6yKB:

| 00 01 10 11 

I E  F  G H'

3 th  Ko/jbi 0AH03HaiiH0 nepeBOAHT jiioS oe  c o o 6me>HHe H3 6yKB 
o t  A jx o  D b 6yKBbi o t  E jx o  H h cgpaTHO. T en epb  Mbi mo- 
>KeM KOHCTaTHpoBaTb cjie/iyiomHH 3aMeqaTeJibHbiH cJ)aKT. 
E cjih  Mbi B03bMeM THnnqHoe MHo>KecTBo H3 BocbMH nepBO- 
HaqajibHbix SyKB (rjxe K a ^ a n  6yjxer npe^CTaBJieHa c xa - 
paKTepHOfl qacTO Tofl), t o  OKa>KeTCH> m o  oiih  M oryT 6bin>



nepe^anbi c noMombio ceMH h o b u x  6yKB:

A A A A B . B . C . . D .  .
J 0 0 0 0 1 0 1 0 1 1 0 1 1 1 .

• E • E ■ G - G - H F - H

TeM  caMbiM zieMOHCTpHpyeTCH B03M0>KH0CTb T oro  coK pa in e- 
h h h , KOTopoe 6biJio K0JiHqecTB6HH0 npe,aeKa3aH0 SHTporiHeft 
nepBOHaqaJibnoro coo6m eH H fl!

ynp. 1. rioKa>KHTe, mto onncaHnoe Ko^npoBaHHe ycTaHaBJiHBaeT 
B33HMHO 0AH03H3MH0e cooTBeTCTBHe Mewny nocbijiaeMbiM H no- 
JiyqaeMbiM coo6meHneM (33 HCKJHoweHHeM bo3mo>khoh Heonpe- 
AejieiiHOCTH nepBofl 6yKBbi). 

ynp. 2. FleqaTHbiH aHrjiHHCKHH TeKCT HMeeT shtpoohio npnMepno 
b 10 6htob na cjiobo. Mbi Mo>KeM MHTaTb npHMepno no 200c.tob 
b MHnyTy. YKa>KHTe hhmiiiok) rpannuy nponycKHoft cnoco6- 
hocth KaHajia 3piiTejibHoro HepBa. 

ynp. 3. IlHaHHCT Mo>KeT Ka>KabiM H3 necHTH najibuea yziapHTb 
onHy H3 Tpex KJiaBHiueH h mojkct nejiaTb sto 300 pa3 b mh- 
HyTy; HafinHTe hhjkh'iok) rpaHHuy nponycKHofi cn0C06H0CTH Ka- 
Hajia nepBOB, HjiymHx k pyKaM nnaHHCTa.

Vnp. 4. BaHKOBCKHe 3anHCH, cocToamne H3 6ecK0iieMH0H nocjie^OBa- 
TejibnocTH cJiyqawHbix no bhahmocth UH$p, HMeiomnx snaqeHHH 
OT 0 JIO 9, £OJI>KHbI JIJW XpaHeHHH KOUHpOBaTbCH UIpH(j)TOM 
Bpafijia. Ecjih 33 1 qac b xpsHHJikme aoji>kho nocTynHTb 
10 000 HH(|)P, TO c K3K0H CKOpOCTbK) ,HOJI>KHbI neMaTSTbCH CHM
BOJI bl Bpafijia npn onTHMajibHOM KonnpoBaHHii? (YKasaHHe: 
b «aji(f)aBHTe» BpanJia 64 cHMBOJia.)

9/18. ripHBezieM erne o/zhh npHMep, noKaabiBafOuiHH y o t b h - 
Te jibH yio cn oeoS n ocTb  M e ion a  LLIeHHOHa npoHHKaTb b caM oe  
cym ecTBo npo6jieM  cbh3h . PaccMOTpHM CHCTeMy c co cto h - 
hhhm h  a, b, c, d h c BepoHTHocTHMH nepexoztoB

1 1 a b ' c d

a 0 0 0,3 0,3

b 0,6 0,6 0 0

c 0,4 0,4 0 0

d 0 0 0,7 0,7

TnnnqHOH nocjiezioBaTejibHocTbio 6 y j[eT

.. .bbbcabcabbcddacdabcacddddddabb. . .  . 

PaBHOBeCHbie BepOHTHOCTH 6 y^ yT  COOTBeTCTBeHHO paBHbl
6/35, 9/35, 6/35, 14/35. J le rK o  onpe,neJiHTb, qTo SHTporiHH



paBHa 0,92 6HTa Ha 6yKBy. Tenepb npe;uioJio>KHM, qTo pa3- 
Jinqne Memny a n d  yrpaqHBaeTCH; jxpyrHMH cjioBaMH, koah- 
pyeM  H arny nocjieAO BaTejibH O C Tb nocpe/jCTBOM n p e o 6 p a 3 o -  
BaHHF

| a b e d  
I  X  b c X '

Bbi cKa>KeTe, qTo KaKan-To HHi})opMauHH AOJiJKHa SbiTb no- 
TepnHa? flocM OTpHM ! OTHbme y Hac HMeeTCH ToJibKo Tpn 
coctoh h h h : X, b, c, r# e  X 03HaqaeT « j ih 6o a, j ih 6o d». TaK, 
npHBe^eHHoe Bbirne cooSm eHHe 6yneT  Tenepb HaqHHaTbcn 
0Tpe3K0M ...bbbcXbcXbbcXXXc... . H oB b ie  nepexozu ib ie Be- 
pOHTHOCTH 6y^ yT  paBHbl

1 X b c

0,70 0 1

b 0,18 0,6 0

c 0,12 0,4 0

[c ->X a o jijk h o  paBHHTbCH 1, nocKOJibKy c B cer^a  n epexo - 
A h t jih 6o b a, j ih 6o b d\ nepexo^b i o t  a h o t  d jiojimubi 
6biTb B3Bemenbi (paBHOBecHbiMH) b0P oh th octh m h  npeSbiBa- 
HHH CHCTeMbi B AaHHblH MOMeHT B a HJIH B d\. H oBbie CO
CTOHHHH HMeiOT c jie^y iom n e  p^BHOBecHbie BepoHTHocTH: co- 
CTOHHHe X —  BepOHTHOCTb 20/35; COCTOHHHe b —  BepOHT- 
HocTb 9/35,; COCTOHHHe c —  BepoHTHocTb 6/35; OTCiOAa Ha- 
xoahm  SHTponHH: H x =  1,173; H b =  0,971; H c =  0. H TaK , 
3HTponHH HOBoro pn/ia 6yzieT paBHa 0,92 —  TaKoe >Ke 3Ha- 
qeHHe, KaK h paHbrne!

3 to  06cT0HTeJibCTB0 He^BycMbicjieHHo noKa3biBaeT, qTo
npH CJIHHHHH COCTOHHHH d H a B OREO COCTOHHHe X He Te- 
pneTCH HHKaKOH HH(J)OpMaU,HH. 3T0 3HaqHT, CJieAOBaTeJIbHO, 
qTo dojiotcen cyu^ecTeoeaTb crtoco6 eoccTanoeAenuH nepeo- 
nanaAbHoao HeTbtpexdyKeennoeo coo6u{enuH U3 TpexOyKeen- 
m a o, t. e. onocoS onpe^ejieHHH, KaKHe coctohhhh X paHbme 
SbiJiH coctohhhhmh a, a KaKHe —  coctohhhhmh d. Bojiee 
EHHMaTejibHoe hccjiqjxobahhe noKa3bmaeT, qTo TaKoe boc- 
CTaHOBJieHHe nencTBHTejibHo MO)KeT SbiTb CAeJiaHo h TeM 
caMbiM nojiHocTbio no/n'Bep>K;iaeT s to  AocraToqHO yaHBH- 
TejibHoe npeACKa3aHHe.



ynp. KaK AeKo/iHpoBaTb b nepBOHaqajibHyio (})opMy cjieflyiomee coo6- 
uieHne:

bbbcXbcX bbcX XX cXX bcXcX XX X XX Xbb?

UIYM bl

9/19. M otkqt oJiyqHTbCH, qTo Becb b xoa  HeKOToporo n p eo 6- 
pa30BaTeji5i pa3£eJieH Ha jxbq h jih  6o jie e  cocTaBJiniomHe h 
qTO Mbi XOTHM paCCMaTpHBaTb 3TH COCTaBJIfllOmHe B OTAeJIb- 
hocth . T a x  o 6c to h jio  jxqjio b ynp . 8/17/3, rue ^Ba coofim eHHfl 
nocbuiajiHCb no OAHOMy h TOMy >Ke npeo6pa30BaTejno h na 
Bbixo/ie BoccTaHaBJiHBajiHCb 0TAeJibH0. H H orAa, o^HaKo, s th  
ABa Bxo^a He M oryT SbiTb o 6a no jm ocTb io  BoccTaHOBJieHbi 
H3 Bbixo/ia. E c jih  Mbi HHTepecyeMca TOJibKo oahoh  H3 bxojx- 
HblX COCTaBJIHK)UJ;HX KaK HCTOqHHKOM pa3Hoo6pa3HH, pac- 
cMaTpHBaa jxpyryio npocTo KaK HeH36e>KHyio noM exy, t o  
3Ta CHTyauHa odbiqHo onHCbiBaeTCH KaK c jiyq an  « c o o 6m e- 
hhh, H cnopqeHHoro m yMOM».

C jie^ y eT  oTMeTHTb, qTo uiyM no cyu^ecTey neoTJimuM o t  
Jlt060U dpySOU (pOpMbl pa3H006pa3UH. YcTaHOBHTb pa3JIH- 
qne uemjxy cooSm eHHeM  h rnyMOM mo>kho TOJibKo b tom  
c jiyq ae , K or^a  HMeeTcn HeKOTopbift n o jiyqaTejib , pem aiom nft, 
KaKaa HHc})opMauHH HMeeT a jih  Hero 3HaqeHHe. TaK , npe#- 
■noJio»:HM, m o  no npoB o^y 0£H0BpeMeHH0 nepe^aeTCH pa3- 
roBop h KaKHe-To 3cJ)cJ)eKTbi, 06ycJi0’BJieHHbie H epery jiapH ofi 
3MHCCH0H KaTo^a. JXjih Toro , k to  xoqeT  ycjib im aTb pa3roBop, 
K3MeHeHHH Ha KaTO^e HBJIfllOTCfl «U iyM O M »; HO HJIH HH5Ke- 
Hepa, cTapa io iuerocH  Toqno H3MepHTb to ,  q io  nponcxoAHT 
Ha KaTO^e, «m yM O M » HBJineTCH pa3roBop. TaKHM 06pa30M, 
«m y M »  onpeA ejifleTC fl TOJibKo OTHOCHTeJIbHO AaHHoro n o jiy - 
qaTejiH, K0T0pbiH £OJi>KeH cKa3aTb, KaKyio HHc^opMauHio oh 
HaMepeH HraopHpokaTb.

3T0T MOMeHT CTOHT nO ^epK H yTb . r i 0CK0JIbKy OAHHM H3 
o 6biqHeHHiHX ncToqHHKOB «H eH H TepecH oro» pa3Hoo6pa3HH 
b sjieKTpoHHbix cHCTeMax HBJiHeTCH Ten jioB oe (SpoyHOBCKoe) 
ABH^KeHHe MOJieKyjI H 3JieKTpOHOB, B CB5I3H C 3THM HH>Ke- 
Hepbi no 3JieKTpoHHKe ck jioh h u  o 6o 3HaqaTb cjiobom  «m y M » 
6e3 AonojiHHTejibHbix orpaHHqeHHH HMei-mo s t o t  HCTo-q’HHK. 
B  n p e^ e jia x  CBoeft cneunajibHocTH ohh Sy^yT, Bep0HTH0, 
npoAOJi>KaTb yn oT p e6jiHTb s to  c jio b o  b tom  >Ke cMbicjie, ho 
paSoTHHKH A p yrn x  HayK He o6fl3aHbi cJie^oBaTb b stom  3a



hhmh. O c o 60hho b SnoJiorHH « in y M » pe^Ko 6y ;ieT  o6o3Ha- 
qaTb HMeHHO 3 t o t  H'Cto^hhk; q am e  h c to to h k o m  « in y M a »  
6yjxer H exoTopaH zipyran  M aKpocKonnqecKaH CHCTeMa, o t  
KOTopoS H3yqaeMan CHCTeMa He M om er 6bUh no jm ocTb io  
H30JIHp0Bana.

rioHHTHe rnyMa 6biJio 6bi He c jih lh kom  n o jie 3HbiM, ec jin  
6bi ynoM HHyTbie £Ba (h jih  6oJiee) cooSm eHHH m otjih  noji- 
HOCTbK) H OAHOBpeMeHHO BOCCTaHaBJIHBaTbCH nocpe^CTBOM 
AeKoziHpoBaHHH Bbixozia. O h o  T p e6yeTCH rJiaBHbiM 06p a 30'M 
TaM, rue  ABa cooSmeHHH (o a h o  >KejiaTeJibHoe, A p y ro e  He- 
»e j ia T e j ib H o e )  B3aHMOjxeHCTByiOT, no  HenoTopoH cTeneHH 
pa3pyinaH  jxpyr A p y ra , qTo AeJiaeT noJinoe BOccTaHOBJieHHe
KOAHpOBaHH5I H6B03M0>KHbIM.

H To6bi yBH^eTb, Kax s to  nponcxoAHT, BepneMCH Ha3aA, 
k ochobhhm  npoueccaM . H e 06paTHM0CTb £OJi>KHa 03HaqaTb, 
m o  pa3Hoo6pa3He He coxpaHneTcn (§  8/6 ) h m o  p a jjm qH b ie  
sjieMeHTbi Ha b x o n p e ^ C T a B J ie H b i oahhm  h TeM ate 3JieM0H- 
tom  Ha Bbixozie. PaccMOTpHM cn yq a n , K or#a  bxoaom  
HBJIHeTCH BeKTOD C £ByMH COCTaBJIHIOUIHMH; nyCTb B03M0JK- 
Hbie 3HaqeHHH nepBOH cocTaBJiniom eH cyTb A , B  h jih  C , h 
nyCTb B03M0>KHbie 3HaqeHHH BTOpOH COCTaBJIHIOmeH cyTb 
E, F  h jih  G. l lp e A n o jio ^ H M , qTo bm xohom  h b jih c tch  nepe- 
MeHHan, M orym an  npHHHMaTb 3HaqeHHH 1,2,...,9, h qTo npo- 
H3B0AHJi0Cb cjie/ iy iom ee Ko/uipoBaHHe:

I A E  A F  A G  B E  B F  B G  C E  C F  C G  

1 6 4 2 2 9 1  3 7 5 *

E cjih  6u  bxoahm m  coofim eHHeM 6biJia nocjieAOBaTejibHocTb 
B A C B A C A A B B ,  a «m y M »  b t o  >Ke BpeMH /jaBaji 6bi noc jie- 
AOBaTejibHOCTb G F F E E E G F G E , t o  Bbixo^ SbiJi 6bi

1 ,4 ,7 ,2 ,6 ,3 ,2 ,4 ,1 ,2

h AeKOAnpoBaHHe M orjio  6 bi jxaTh rjisi nepBoft cocTaBJiHiomeii 
TOJibKO npH6 jIH)KeHHe

B , A, C, A  h jih  B f A , C , A  h jih  B, A , B, A  h jih  B .  

TaKHM 06p a30M, nepBOHaqaJibHoe cooSm eH n e Ha stom  bxojxq 
«H cn op q eH o » «m yM O M » Ha ^ pyroM  Bxo^e.

B  3tom  npHMepe KaHaji Briojme mo>kct nepe^aiBaTb c o o 6- 
meHHe 6e3 KaK0H -jm 60 ABycMbicJieHHocTH, ec jin  rnyM no^a- 
BJineTCH 6jia ro£ ap H  TOMy, qTo BTopofl bxojx 0CTaeTCH no- 
CTOHHHblM, CK3>KeM BCe BpeMH B COCTOHHHH E. H 6o B 3T0M



cn y q a e  m zm poBaH H e B3aHMHo OAH osH arao:

| A B C  
I 6 2 3

H o 6paTHMO.
C jie^ y eT  OTMeTHTb, qTO B3aHMO£eHCTBHe HMeJIO MeCTO 

nOTOMy, H70 HCn0JIb30BaJIHCb TOJIbKO BOCeMb H3 AeBHTH 
B03M0>KHbix Bbixo^Hbix coctoh h h h . B jia ro ^ ap H  sTOMy no- 
CTOHHHOMy orpaHHHeHHK) nponycKH an cnocofiHOCTb KaHajia 
SbiJia yM eHbm ena.
ynp. 1. KaKoe nojiy^HTCH KOHHpoBanne o t  nepBoro Bxo/ia Ha Bfeixo/i, 

eCJIH BTOPOH BXOR OCTaeTCH nOCTOHHHbIM: ( I )  Bee BpeMH B CO
CTOHHHH F; ( I I )  B G?

ynp. 2. CncTeMa H3 Tpex coctohhhh : P, Q, R —  jiojim ia  nepe/iaBaTb
H3MeHeHHH RByX  BXOflOB a  H p, Ka/KflblH H3 KOTOpblX MO>KeT
npHHHMaTb £Ba coctohhhh . C octoh h h h  bxoaob  h CHCTeMbi H3- 
MeHHioTCH b TaKT Hpyr c flpyroM . B03M0>KHa jih nepe/iaiia, cbo- 
6oAHan o t  rnyMa?

9/20. HcKdM em iR. CJieAyeT 3aMeTHTb, qxo AecJ)opMauHH coo fi
meHHH He 06R3dTeAbH0 HBJIHeTCH pe3yJIbTaTOM B03^eHCTBHH 
rnyMa. «E c j ih  flaHHbift nepeaaHHbifi cnrHaji BcerAa C03AaeT 
t o t  m e  caMbiH npHHHTbift cnrH aji, t. e. npHHHTbift cnrH aji 
HBJineTCH onpeAeJiei-iHoft cj)yHKUHeH nepe^aHHoro cHm ajia, 
t o  TaKofl 3 (})(|)eKT Mo>KeT 6 biTb Ha3BaH H cxa^eH H eM . E c jih  
3Ta (J)yHKUHH HMeeT ofipaTH yio —  HHKaKHe £Ba nepe^aHHbix 
curHaJia He co3,naK)T o^HHaKOBbix npHHHTbix cHraaJioB, —  
TO HCKa»:eHHH MOryT 6 bITb CKOppeKTHpOBaHbl, no KpaHHeft 
Mepe npHHUHnnajibHO, npocTo nyTeM BbinoJinenHH o 6 p a ra o ro  
(J)yHKUHOHaJibHoro npeo6pa3CBaHHH npHHHToro C H rn ajia » 
(LUeHHOH) l .

1 UnTHpyeTCH no cfiopHHKy «TeopHH nepexiaHH aJieKTpH^iecKHx cnr- 
najJOB npn HajiH4HH noMex».

A b to p  OTCTynaeT ziajiee o t  TepMHHOJiOTHH LLJeHHOHa. LUeHHOH tobo - 
Ph t o 6 «HCKa>KeHHH» (d istortion ) bchkhh pa3, KOi\aa nojiyqaeMbin cnr- 
aajj HBJineTCH 0/iH03HaMH0H (jDyHKunen nepe^aBaeM oro.

Kc/r,aa cnrHaji ncnbiTbmaeT He BcerAa o^HHanoBoe H3MeHeHHe npn 
nepeAane, to , corjiacH o IIJeHHOHy, npHHHTbift cnrHaji E CMHTaeTCH (J)yHK- 
UHefl nepe^aHHoro cnrHaJia S h flp y ro n  nepeMeHHOH —  iuyMOB 
N; T. e. E =  f (S ,  N ) .

HcKajKeiiHH mo>kho no,apa3AejiHTb Ha ofipaTHMbie (n orjia  pa3Hbie 
nepe^aBaeMbie cnrHajibi np0H3B0£HT pasHbie nojiyqaeM bie h, cjieAOBa-' 
TejibHo, cym ecTBveT ofipaTHan c})yhkuhh) h Heo6paTHMbie. Cy^H no jia jib- 
HenmeMy KOHTeKCTy (cm. ynp. 9/20/1— 9/20/3), aBTop Ha3biBaeT o6pa- 
THMoe HCKa>KeHHe npocTo «HCKa>KeHHeM», a HeofipaTHMoe HCKa>i<eHHe 
«n o p q en ». —  Ilpum. ped.



ynp. 1. HcKa>KeHHeM hjih nopqen HBJineTca H3MeHeHHe, 6Jiaro,napH ko- 
TOpQMy oepTHKajibHbiH npe^MeT OKa3biBaeTCH na cemaTKe nepe- 
BepHyTbiM?

ynp. 2. Hanpn>KeHHe, npHJio>K6HHoe k Mbirnue, B036y>K,aaeT ycTOHMHBbift 
n0T0K HMnyjibcoB, qacTOTa KOTopux He nponopuHonajibHa Ha- 
npH>KeHHio. HBJineTCfl jih OTKjiOHeHHe o t nponopunoHajibHocT/ 
HCKa>KeHHeM hjih nopqen? 

ynp. 3. (FlpoflOJDKeHHe.) Ecjih HepB, Hecymnfl HMnyjibCbi, no^BeprHyTb 
AOCTaTOHHO CHJlbHOMy B03jieHCTBHI0 napoB aJIKOrOJIH, TO OH 
nepecTaHeT np0B0flHTb HMnyjibCbi rj\h Jiio6bix Hanpn>KeHHH. 
Hbjihctch 3to  HCKa>KeHHeM hjih nopqen?

9/21. HenadeofcnocTb. H a cK 0JibK0 MHe H3BecTH0 , a jih  och ob - 
Hbix c jiyq aeB  nona em e He BbipaSoTaHO uojxxoRHuim  Mepbi 
cTenenu nopqn coofim eHHfl o t  myMOB. O ^H aK o UleHHOH BBeji 
cooTBeTCTByKDmyio Mepy a jih  SecnpepbiBHo n epeA atom ero  
KaHajia.

r ip e> K A e  B c e ro  jxejiaejcn  Aonym eH H e, qT o  KaK nepBOHa- 
qa jibH b ie , TaK  h npHHHM aeM bie cn rH a jib i o 6 p a3 yK )T  ue-nn 
M ap K O B a  T o r o  TH na, KOTopbiH on p e^ eJ ieH  b §  9/4. CBeAeHHH, 

coAep>Kauj,HecH  b c o o 6 m eHHHx, mohcho ncBTO M y npeACTaBHTb 

b (J)opMe, n oK a3b iB a iom eH  q a c T o r a  (h jih  be p o h th o c th ) n o - 
HBjieHHH B cex  B03M ox<Hbix KOM gHHauHH B eK T o p a : (n o cb iJ ia e -  

MbIH CHMBOJI, npHHHM aeM blH  c h m b o ji). T a K , HCnOJIb3yfl npH - 

M ep LLIeHHOHa, npeAnoJio^KHM , qT o  nocbiJiaiOTCH HyjiH  ii 

eAHHHUbl H qTO BepOHTHOCTH (b  AaHHOM C Jiyqae OTHOCHTeJIb- 
Hbie qacTO Tb i) n p n eM a  chm bojiob  TaKOBbi:

FIoCblJiaeMblH CHMBOJI................. 0 0 1 1
ripHHH Mae MbIH chmboji . . . .  0 1 0 1 
Bepo^THocTb.................................  0,495 0,005 0,005 0,495

M3 KajKixoH TbicnqH nocbiJiaeMbix chm bojiob  ixecnrh nptf- 
XOAHT B HeBepHOH (J)OpMe —  OLUHfiKa B OAHH npOUeHT.

H a  nepBbift B3rjiHA s t o t  «o a h h  npoueHT HeToqnocTH» 
M o^eT  noKa3aTbCH ecTecTBeHHOH M epofi KOJinqecTBa noTe- 
pflHHOH HH(J)OpMaUHH, HO TaKOe TOJIKOBaHHe npHBOAHT 
k 6 eccM bicjiHue. TaK , ecjin  6 bi npn s to h  m e  n ep e^ a q e  jihhhh 
SbiJia 6 bi 4>aKTH'qecKH npepBaHa h n o jiyqaTejib  a jih  n o jiyq e- 
hhh c o o 6 meHH5i npocTo 6 p oca ji 6 bi MOHeTy, t o  npHM epno 
noJiOBHHa chm bojiob 0Ka3aJiacb 6 bi npaBHJibHOH, x o th  na 
caMOM AeJie He nepeAaB ajiocb  6u  HHKaKoft HH(J)opMaixHH. 
LLIeHHOH ySeAHTejibHO noKa3 aJi, qTo ecTecTBeHHOH M epofi 
HBJineTCH HeHaAe>KHOCTb, BbiqHCJineMaH cJieAyiomHM o 6 pa<
30M.



H aH ^eM  CH aqajia sHTponnio ajih  Bcex B03M0JKHbix
KJiaCCOB*.

— 0,495 log 0,495 —  0,005 log 0,005— 
— 0,005 log 0,005 — 0,495 log 0,495.

Ha30BeM  ee  Hu OHa paBHa 1,081 6ma Ha chm boji. 3aTeM  
c o 6 epeM  npHHHMaeMbie cnrH ajib i h hx  BeposiTHocTH; s t o  
jiaej T a fijiH u y :

npHHHMaeMblH CHM BOJI........................... 0 1
B e p o fm io c T b ..................................................0,5 0,5

H a fl^ eM  cuoBa SHTponnio:

—  0,5 log 0,5 —  0,5 log 0,5.
Ha30BeM  ee  H2. OHa paBHa 1,000 6 HTa Ha chm boji. T o r^ a  
HeHa^e>KHocTb paBHa H\ —  //2, t .  e. 0,081 6 n ia  na chm boji. 
JJeHCTBHTejibHaH cKopocTb nepe/jaqn HH(J)opMauHH npH Ha- 
JIHMMH LIiyMa paBHa 3HTponHH HCTOqHHKa MHHyc HeHa£e>K- 
HOCTb. B ^aHHOM c jiyq a e  SHTponnn HCToqHHKa paBHa
1.000 gHTa na c h m b o ji, KaK BbneKaeT H3 TafijiHUbi:

noCblJiaeMblH CHM BOJI........................... 0 1
B ep 0 5 iT H 0 C T b ............................................. 0,5 0,5

H ia K , nepBOHaqajibHoe KOJinqecTBo HH^opMauHH paBHo
1.000 SHTa Ha chm bo ji, h H3 s io r o  KojinqecTBa 0,919 0HTa 
■npoxoAHT no K ana jiy , a 0,081 6ma pa3pymaeTCH rnyMOM.

ynp. 1. ^ eM y  paBHa HeHa^e>KHocTb nepeAa^H b § 9/19, ecjin Bee 
jxeBHTb coqeiaHHH 6yKB BCTpe^aioTCH b ajihhhoh nocjie^OBa- 
TeJIbHOCTH C OAHHaKOBOH qaCTOTOH?

ynp. 2. (FlpOAOJi>KeHHe.) M to np0H30HAeT c HenaAOKHocTbio, ecjin na 
nepBOM BXOAe Hcnojib3yiOTCH Tojibico chm bojih B  h C, Tax *rro 
coqeiaHHH B E ,  B F ,  B G ,  C E ,  C F ,  C G  BCTpeqaioTCH c OAHHaKO-
BOH MaCTOTOH?

*ynp. 3. JloKayKHTe CJieAytomne npaBHJia, KoTopbie MoryT OKa3aTbca 
noJie3HbiMH, ecjin Mbi xothm  onpe^ejiHTb 3HaqeHHe —  p \oga P> 
Kor,aa p jih 6o oqeHb Majio, jih 6o oweHb 6jih3ko k 1:

1) ecjin  p =  xy, t o  — p\oga p =  —xy(\ogax +  \ogay)-,
zX \ 0-z

2 ) ecjiH p =  10"*, t o  —  p l o g ap =  i~0" g - a - ;

3 ) ecjin  p o^enb 6jih3K0 k 1 h ecjin nojio>KHTb 1 — p — q, 

T O - p lo g  aP =  1L ( g - % . . . y

ynp. 4. HanAHTe — p l o g 2/?, ecjiH p paBHo 0,00025. [YKasaHHe: 3a- 
nHUJHTe p KaK 2,5 X  10' 4 H HcnoJib3yftTe (1 ). ]  

ynp. 5. n p n  aHaJiH3e kpobh reM a io jio r  paccMaTpHBaeT noA mhkpocko- 
noM h pasjiH^aeT jihm ^ouhtm  h MOHOUHTbi. Ecjih  oh no



OUIHfiKe npHHHM36T OflHOrO H3 KSJK^OH COTHH JlHM(j)OUHTOB 3a 
MOHOUHT H OAHOrO H3 flByXCOT MOHOUHTOB 3a JIHMC})OUHT H eCJIH 
3TH KJieTKH BCTpe^aiOTCH B KpOBH B OTHOIUeHHH 19 JlHM(})OUHTOB 
Ha 1 mohouht, to  qeMy paBHa HeHa,ne}KHOCTb? (YKasaHue: 
HcnoJibsyiiTe pe3yjibTaTbi AByx npeflbiAymnx ynpa>KHeHHH.)

9/22. Ee30iuu60HHan nepedaua. Tenepb Mbi noAoniJiH k oc- 
hobhoh TeopeMe IUeHHOHa o nepeum e  HHc|)opMauHH npn 
HaJiH^HH rnyMOB ( t .  e. npn achctbhh jxpyrnx, nocTopoHHHx 
bxoaob ). Mo>kho no^yMaTb, m o  ecjin npH nepe^aMe coo6- 
meHHH no HeKOTopoMy Kanajiy Ka>K£oe cooSmeHHe HMeeT 
onpe^eJieHHyio BepoHTHocTb cjiyqaflHoro H3MeneHHH, to  
npneM AOCTOBepno npaBHJibHoro coo6meHHH HeB03M0^en. 
O^HaKo LLIeHHOH y6e#HTejibHO noKa3aji, mto s to t  bstjih^, 
npH Been CBoeft npaBAono^o6HocTH, HBJineTCH ouihSomhum. 
Ha/ie>KHbie coo6meHHH M oryT nepe^aBaTbcn no HeHa,ae}K- 
HOMy Kanajiy. HnTaTejib, KOTopoMy s to  noKa>KeTCfl cjihlhkom 
napa/ioKcajibHbiM, jxojiyaen o6paTHTbcn 3a ^OKasaTejibCTBOM k 
KHHre UleHHOHa; h 3^ecb c^opM yjinpyio ToJibKo pe3yjibTaT.

riycTb KOJiHqecTBO nepe^aBaeMofl HHc})opMauHH paBHo //, 
H nOJIOJKHM HeHa^e^HOCTb paBHOH E , TaK MTO KOJIHMeCTBO 
npHHHMaeMofl HHcbopMaiiHH 6yjxer H  —  E. (EipH stom , KaK 
h bo Been KHHre LLIeHHOHa, npe/uiojiaraeTCH HenpeKpamaio- 
mancfl nepe^aMa.) TeopeMa ymepyKjxaer, mto ecjin yBejm- 
MHTb nponycKHyio cnoco6HocTb KaHajia He MeHee MeM Ha £ ,  
HanpHMep nyTeM BBe^eHHH npyroro , napajuiejibHoro KaHajia, 
t o  Sy^eT  mo>kho TaK 3aK0OTp0BaTb c o o 6meHHe, mtoSm 
ocTaiomHHCH npoueHT o lh h 6ok 6biJi CKOAb ysodno 6au30k  
k nyAto. ( 3 t o  A0CTHraeTCH ueHOH 3a^ep>KKH nepe/jaMH; h 6 o 
HZJXO HaKOnHTb AOCTaTOMHO CHMBOJIOB COOfimeHHH, MTo6bI 
cpe^Hee 3HaMeHHe HaKonjieHHoro MaTepnajia npH6jiH>Ka- 
jiocb k cpe^HeMy 3HaMeHHio 3a Bee BpeMH nepe^aMH.)

06paTHO, m ojkho h c MeHbinen sa^ep^KKoft nepe^aMH 
cKOJib yro^HO yM enbuiaTb o lhh6kh, ec jin  yBeJiHMHBaTb npo- 
nycKHyio cnocoSH ocTb KaHajia 6 o jie e  MeM Ha MHHHMaJibHoe 
KOJIHMeCTBO E  K

Tpyzuio nepeoueHHTb 3HaqeHHe s to h  TeopeMbi jxjm  no* 
HHMaHHH Toro , KaKHM o6pa30M  CHCTeMa co  cm /lb 3anyraH - 
HblMH CBH3HMH, KaK KOpa TOJIOBHOrO M03Ta, MO>KeT npOBO- 
jxHTb c o o 6 m.eHHH 6e3 Toro, m to6h  Ka>K^oe cooSiueHHe

1 3 t o  yTBep>KA6HHc He HBJJHeTCH BnojiHe acHbiM h juip HHTaTejin, 
3uaKOMoro c TeopHefi IUeHHOHa. —  IlpuM. p e d .



nocTeneHHo ncKa>Kajiocb oniH6KaMH h noMexaMH jxo nojiHo® 
6ecnoJie3HocTH. T eop eM a  yTBepjKAaeT, h to  H36mtok npo- 
nycKHofl cnocofiHocTH KaHajia Mo>KeT cBecTH oihhSkh jxo 
jn o 6o ro  >KeJiaeMoro ypOBHH. Ho b M 03ry h 0C06eHH0 b Kope 
Ha nponycK H yio  cn0C06H0CTb KaHajioB HaKJiaAbiBaeTCH M ajio 
orpaHH-qeHHH, h6o o 6biqHo ee mo>kho yBejm qHTb nyTeM npo- 
d o r o  yBejinqeHHH rn c jia  Hcnojib3yeM bix b o jiokoh ; s t o  
yBeJinqeHHe qncJia bo jiokoh  nponcxoA H T  jih 6 o  b xojxe 3M- 
6pH orene3a, j ih 6o  c|)yHKUH0HajibH0 b n p ou ecce  o6yqeHH5i.

B c e ro  B03^eHCTBHH 3 toh  xeopeM bi na H eH poncnxoJ iorn io 
em e Hejib3H npe^BH^eTb. 3HaqeHHe ee c o c to h t  He d o J ib K o  
b ee cnocofiH ocTH  pa3peuiHTb n p oS jieM y: KaKHM 06pa30M  
M03r npeozioJieBaeT Bee B osp a cT a iom y io  n o p q y  n ep e^aB ae- 
Mbix BHyTpH H ero cooSm eHHH? —  CKOJibKO b noKa3e Toro , 
m o  3Ta npoS jieM a B pm  jih  B oo6m e B03HHKaeT h, y>K bo 
bchkom c jiyq a e , He h b jih ctch  rjiaBHOH.

3 i a  TeopeM a HJiJiiocTpHpyeT jxpyroro p o a a  noJib3y, ko- 
T op y io  KH6epHeTHKa Momer npHHecTH Sn ojiorH ii. M eTo^b i kh- 
6epneTHKH M oryT 0Ka3aTbC5i pem aiom HM H npn paccMOTpeHHii 
onpejie jieH H bix cjio/khmx npoSjieM  He noTOMy, qTo s th  Me- 
lo/ib i ^aiOT Henocpe^CTBeHHbie OTBeTbi na npofijieM bi, 
a noTOMy, qTo ohh noKa3biBaK)T HenpaB0MepH0CTb caMHX 
npo6jieM . M eTo^b i KHfiepHeTHKH M oryT  noKasaTb, qTo 3 th  
n p o6jieMbi nocTaBJieHbi HenpaBHJibHO hjih  0CH0BaHbi Ha 
omHfioqHOM ^onym eHHH.

HeKOTOpbie H3 ochobhm x n p o 6jieM , BCTaiomnx cero,m-ia 
npn H3yqei-iHH M03ra h noBe^eHHH, npnm jiH  k HaM H3 cpejxne- 
BeKOBbfl h jih  em e 6o jiee  paHHHX BpeMeH, K or^a  ocnoBHbie 
^onym eHHH 6bijin coB epm enno ApyrHMH h, no HaniHM cc- 
ro^HHmHHM npe^CTaB.ieHHHM, ouiHfioqHHMH jxo CMeuiHoro. 
HeKOTOpbie H3 s th x  npoSjieM , BepoHTHo, HenpaBHJibHO no- 
CTaBJieHbi h Haxo/i^TCH na o^hom  ypoBHe c KJiaccnqecKOH 
n p o 6jieMOH cpe^HeBeKOBOH Me^HUHHbi: KaKOBbi oTHomeHHH 
Me>KAy qerapbM H  3JieMeHTaMH h q e ra p b M n  ryM opaM H? 1

1 CorJiacHo cpe/uicBeKOBbiw npeacTaBJieHHHM, Bee cyiuecTByiom ee 
o6pa30Bano coqeTanneM qeTbipex sjieMemoB: othh, B03^yxa, BOflbi h 
3eMjiH. B Tejie qejioBena HMeeTcn qeTbipe ryMopa (o t jiaTHHCKoro 
humor —  >KHAK0CTb): KpoBb, MoxpoTa, >KejiTah >Kejiiib h qepuan >Kejmb. 
Bojie3HH npoucxo^HT ot nenpaBHJibHoro cocTaBa h eooTnomeHHH ryMo- 
POB. B COOTBeTCTBHH C 3THM BOnpOC 06 OTHOLUGHHH ryMOpOB K 3JieMCII- 
TaM, t. e. o cocTaBe rywopoB, 6biJi oahhm H3 ocnoBHbix BonpocoB cpeane- 
BeKOBOil MeAHUHHbi. —  flpuM. liepee.

18 3aK. 3346. V. Pocc 3lu(5h



llajxo oTMeTHTb, mo 3Ta npo6jieMa HHKor&a He 6biJia 
peiuena. flencTBHTejibHo, Kor^a xhmhkh h naioJiorH ciajin 
6ojibine 3HaTb o HameM Tejie, ohh iiohhjih, mo ero Ha^o 
npocTo npeneSpeqb.

BnoJiHe bo3mo>kho, m o  neKoropbie H3 Harnux Kjiaccnqe- 
CKHX npofijieM, CBH3aHHbIX C M03r0M, —  6bITb MOTHer, HeKO- 
Topbie H3 npo6jieM, othochiiihxch k JioKajiH3au,HH, npn^HH- 
hoh oSycjioBJieHHocTH h oftyqeHHio, —  oKa>KyTCfl npHHa^- 
jie>KaHj,HMH k STOMy me THny. Flo-BH^HMOMy, HOBbin nojxxojx, 
npejuiaraeMbifl KHSepHeTHKOH, Mo>KeT noMoqb naM jx o c im h  
cnyqmero IlpOHHKHOBeHHfl B CyTb HBJieHHH; eCJIH 3T0 CJiy- 
qHTcn, Mbi H36aBHMCH o t  HexoTopbix BonpocoB, echo noKa- 
3aB, m o  hx h He cJie^oBajio 3a£aBaTb.
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PeryjiHpoBaHHe 
B 6 HOJIOrHHeCKHX 

CHCTeiwax

10/1. B AByx 'npeAinecTByKDmHX qacTHX Mbi paccMaTpHBaJiH 
noHHTHe MexaHH3Ma (h  npoueccb i, npoieKaiOLiiHe BHyTpw 
CHCTeM) h noHHTHe p a 3H oo6p a 3HH (h  npoueccb i cb a 3h 
Me>K^y cucTeM aM H ). 3 t h  ABe TeMbi cJie^OBaJio paccMOTpeTb 
b nepB yio  oqepe^b , KaK HMeioiuHe (Jjy-HAaMeHTajibHoe 3Haqe- 
HHe. Tenepb, HcnoJib3yn hx, Mbi nepeHAeM  b TpeTbeft qacTH 
K paCCMOTpeHHH) UeHTpaJIbHOH TeMbi KHfiepHeTHKH —  npoft- 
jieM  peryjinpoBaHHH h ynpaBjieHHH.

B 9toh rjiaBe paccMaTpHBaeTca MecTo peryjinpoBaHHq 
b Shojiothh h noKa3bmaeTC5i BKpaTue, noqeMy oho HMeeT 
(j)yHAaMeHTajibHoe 31-iaqei-iHe; noKa3biBaeTC5i rjiyfioKaa 
B3aHMOCBH3b peryjIHpOBaHHH C nOTOKOM pa 3H006pa3H5T. 
B c/ie^yiomeH, 11-h rjiaBe 3Ta B3aHM0CBH3b paccM aTpn- 
BaeTcsi SoJiee noApoSHo h BCKpbiBaeTCfl KOJiHqecTBeHHbift 
3aKon, corjiacuo K0T0p0My KOJinqecTBO peryjinpoBaHHH, 
K oiopoe MoxceT 6biTb nojiyqeHo, orpaHHqeHo KOJinqecTBOM 
HH(J)opMaiXHH, KOTopan mo>kct 6biTb nepeAaHa no onpe^e- 
JieHHOMy Kanajiy. B AaJibHeftmeM, b tji. 12, noAHHMaeTca 
Bonpoc o tom, KaK aoji^khh ocymecTBjiHTbCH a6cTpaKTHbie 
npHHunnbi tji. 1 1 — KaKoro poAa MauiHHbi MoryT Bbinoei- 
HHTb TO, HTO HaM Hy>KHO. B 3T0H rjiaBe BBOAHTCH MauiHi-ia 
HOBoro poiia —  MapKOBCKan, KOTopan paeuiHpneT bo3mo>k- 
hocth, paccMOTpeHHbie b nepBoft qacTH. B ocTaJibHbix 
r.TaBax paccMaTpHBaeTcsi ocymecTBJieHHe peryjm poBaum i 
h ynpaBJieHHH b ycjioBHHx BospacTaiom nx TpyAHocTeii,



B 0C06eHH0CTH TeX TpyAHOCTefl, KOTOpbie B03HHK3I0T, 
Kor^a CHCTeMa cTaHOBHTcn oqeHb Sojibmoft.

B H aqa jie  TpeTbeft qacTH Mbi 6y,aeM npHHHMaTb, m o  
pery jiH Top  y>Ke HMeeTCH, jih 6 o  npHpo^AeHHbiH , jih 6 o  cne- 
UHaJIbHO H3rOTOBJieHHbIH cj)a6pHqHbIM HJIH KaKHM-JIH6o &py- 
thm cnoco6oM . B on p o c  o tom , KaK aojixceH  CTpombCH p ery - 
J im op, ziejiaiom HH TaKHe nojie3Hbie Bem n, h KaKHe cJ)aKTopbi 
npHBo^HT k  e ro  B03iiHKH0BeHHK), Sy^eT  paccMOTpeH b §  13/10.

10/2. H acT on m a fl rjiaBa b ochobhom  HMeeT uejibio npo6y- 
^HTb HHTepec qHTaTejia, noKa3aB, qTo Bonpocbi, paccMaTpn- 
•BaeMbie b nocjie^yioiunx rjiaBax (HaraHan c tji. 11 ), HMeioT 
^VH^aMeHTa.TbHoe 3HaqeHHe /yin S h o jio th h . Bonpoc o pe-
ryJIHpOBaHHH B 6HO^OrHH HaCTOJIbKO HIHpOK, qTO He MOJKeT 
6biTb oxBaqeH  HHKaKOH oT/iejibHoft rjiaBOH. B paSoTe Kei-i- 
HOHa «M y jip o c T b  T e jia »  sto t  B onpoc paccM aTpHBaeTca Jinuib 
nocTOJibKy, nocKOJibKy peqb  H^eT o BHyTpeHHeft, BereTaTHB- 
hoh  ^enTejibHocTH; ho em e ocTaeTcn HanncaTb KHHry, 3Ha- 
qHTeJibHO So jib inyK ) no pa3M epy, KOTopan noKa>KeT, m o  h 
bch nanpaBJieHHan bobhc  AemejibHOCTb opraHH3Ma —  e ro  
-;<Bbicma5i» nepBHaq /lemeJibHOCTb —  h o ch t  TaKofi m e  p e ry - 
jiHTopHbiH, t . e. roM eocTaTHqecKHH, xapaK T ep . B sto h  rjiaB e  
a BUHyjKAeH npe^ocTaBHTb MHoroe Boo6pa>KeHHK) qHTaTeJin, 
6y^yqH  y6e>K^eH, qTo, KaK 6 hojioi\ o h , BepoHTHO, yace £OCTa- 
TOqHO 3H3KOM C 9THM TC3HC0M. Bo 'BCHKOM CJiyqae, 3T0T 
Te3Hc y>Ke jxo HeKOTopofi cTeneHH o6cy>KAaJicH b KHHre 
C<yCTpOHCTBO M 03ra».

T jiaBH aa 3a^aqa  HacToam eH rjiaBbi —  CB5i3aTb boc^hh o 
noHHTHH peryjiHpOBaHHH, HH(j)opMauHH h Bbi>KHBaHH5i, npo- 
JieMOHCTpHpOBaTb, HaCKOJIbKO OHH 6JIH3KH, H nOKa3aTb, qTO 
BCe 9TH TpH nOHHTHH MO>KHO paCCMaTpHBaTb C nOMOmblO 
MeTOAa, KOTOpblH COBepmeHHO OAHOpOZieH C npHMeHHBIIIH- 
MHCH a 0 CHX nop B 3T0H KHHTe H MO>KeT 6 bITb C^eJiaH CKOJIb 
yrO^HO CTpOTHM, 0 6 'beKTHBHbIM H TOqHblM.
10/3. OcnoeanuH. HaqHeM  cn aq a jia . H cxo^hb im  (J)aKTopoM 
SnojiorHH HBJineTCH to ,  qTo 'B03pacT 3eM jiH  paBeH npHMepno 
AByM MHJiJinapziaM jieT  h qTo S h o jio t  H3yqaeT b ochobhom  to ,  
qTo cym ecTB yeT  cero/uin. H 3 s t o t o  c jie jiy e r  xoporno H3BecT- 
Hbifi b h b oa , KOTOpbifl 5i nepecKaacy b Harnnx TepMHHax.

B § 4/23 Mbi BH/jejiH, qTo ecjin HeKOTopan AHHaMHqecKan
CHCTeMa BeJIHKa H COCTOHT H3 MHOrOKpaTHO nOBTOpHIOHIHXCH



qacTeft h ecjiH ona co£ep>KHT K aK oe-jinS o ayTOKaTajiHTHqe- 
CKoe CBOHCTBO, t .  e. TaKoe cb oh c tb o , H ajinqne KOToporo 
b oahom  MecTe yBejiHTOBaeT BepoHTHocTb noHBJieHHH ero 
b a p yroM  MecTe, t o  TaKan CHCTeMa h b jih ctch , rcocKOJibKy 
peqb  H^eT 0 6  s tom  CBoftcTBe, cymeciBeHHo HeycToftqHBoft 
npn ero  oTcyTdB H H . H a m a  3eM jin  co/ jepata jia  y r jie p o A  h 
Apyrw e HeoSxoAHMbie sjieMeHTbi; h H3BecTHo, qTo MHorne 
coeAHHeHHH yrJ iepoAa, a30Ta h HeKOTopbix A p y rn x  sjieMeH- 
TOB HBJIHIOTCH CaMOBOCnpOH3BOAHmHMHCH. OTCIOAa CJieAy^T, 
qTo x o th  cocTonHHe « 6 biTb 6e3>KH3HeHHOH» hb jih ctch  n o q n i 
qTO COCTOHHHeM paBHOBecHH, HO 3TO paBHOBeCHe HeyCTOU- 
qHBO ( §  5/6) h j i io 6 oe oTKjioHeHHe o t  Hero mo>kct n oc jiy - 
>KHTb HaqajioM  TpaeKTopHH, Bee 6 o jib iu e  h 6 oJibme o tk jio -  
HHiomeftcn o t  « 6 e 3>KH3HeHHoro» coc toh h h h . H b o t  ceroAH fl 
Mbi bhahm b 6 H0Ji0 rHqecK0 M MHpe npe>KAe s ce ro  s th  caMbie 
«ayTO KaTajiH TH qecKH e» npoueccbi, o 6 Hapy>KHBaiomHe Bee Te 
cneuH(J)HqecKHe o c o 6 eHHOCTH, xoTopb ie  6 biJiH Hajio>KeHbi Ha 
hhx AByMH MHJiJinapAaMH JieT ycTpaHeHHH cJ)opM, ne cn o co 6 - 
HblX K BbI>KHBaiIHIO.

Te opraHH3Mbi, xoTopb ie Mbi bhahm ceroAHH, h o ch t Ha 
c e 6 e r j iy 6 oK yio  neqaTb cejieKTHBHoro AeftcTBHH s t o t o  o t -  
ceBa, npoA O jm aB in erocH  b TeqeHHe a b yx  MHjuinapAOB JieT. 
JlK )6 aH c})OpMa, KOTOpoft B KaKOM 6 bl TO HH 6 bIJIO OTHOmeHHH 
HexBaTajio c h o co 6 h octh  Bbi>KHTb, ycTpaH H jiacb; h ce roah h  
noqTH BCHKan (J)opMa oTMeqeHa cjie^aM H npH cnoco6 jieHHH, 
AOJi^eHCTByiom ero o 6 ecneqHTb eft ebtotcueanue, b npoTHBOBec 
JiioSoMy A p y ro M y  B03M0>KH0My ncxoA y . T jia3a , KopHH, pec- 
HHUbi, naHUHpH —  Bee s to  ycTpoeH o Tax, qTo6 bi yBejinqHTb 
maHCbi Ha Bbi>KHBaHHe. H K or^a Mbi HCCJieAyeM M03r, Mbi 
OnHTb-TaKH HCCJie^yeM Cpe^CTBO K BbI>KHBaHHIO.

BbI>KHBAHHE

10/4. Bee TOJIbKO qTo CKa3 aHHoe AOCTaToqHO xopom o H3 - 
BeCTHO. 0/JHaKO OHO H03B0JIHeT H3M CBH3aTb 9TH (})aKTbI 
c  H^eHMH, pa3BHTbIMH B Hameft KHHre, H TOqHO nOKa3aTb 
3Ty CBH3b.

B caMOM AeJie, paccMOTpHM, qTo Boo6me noHHMaeTCH 
nojx «Bbi>KHBaHHeM». npeAnojio>KHM , Mbimb CTapaeTCH y6e - 
>KaTb o t  KomKH h cymecTBOBaHHe Mbimn i-iaxoAHTcn noA  
BonpocoM. KaK AHHaMHqecKan CHCTeMa Mbimb mo/kct na-



XO^HTbCH B pa3H006pa3HbIX COCTOHHHHX. TaK , OHa MO>I<er 
npHHHMaTb pa3JiH^Hbie no3bi; ro jioB a  ee M o m e r  6biTb rio- 
BepnyTa b pa3Hbie CTopoHbi; ee  TeMnepaiypa m o k c t  HMeTb 
pa3JiimHyfo BeJiH^HHy; y Hee Mo>KeT SbiTb jxBa yxa  hjih ojxno. 
B ee  3TH COCTOHHHH MOryT nOHBHTbCH B TO BpeMH, KOTHa OHa 
y 6eraeT  o t  ko iiikh , h Kanubift pa3 mo>kho Sy^eT cKa3aTb, 
m o  Mbinib em e >KHBa. C  jxp yro fi CTopoHbi, ecjin  Mbiiub 
nepefi/ieT b cocroHHHe, b kotopom  OHa 6 y jx e r  pa3#ejieH a n a  
qeTbipe KycKa, hjih jih ih h tch  rojioBbi, hjih npeBpaTHTCH 
B paCTBOp aMHHOKHCJIOT B KpOBH KOLUKH, TO Mbi He 6y,HeM 
cqHTaTb, qTo nepexo,n ee b o^h o  H3 s th x  coc toh h h h  c o o t-  
BeTCTByeT «BbI>KHBaHHIO».

TaKHM 06pa30M, noHHTHe «Bbi>KHBaHHe» MO>KeT 6biTb 
Bbipa>KeHO bo BnojiHe CTpornx repM HHax, npH MeHHBLUHXCH 
bo Been KHHre. P a 3JinqHbie coc toh h h h  (M  o 6o3HaiiaeT  
MblHlb), B KOTOpblX MblHIb MOrJia 6bITb JX0 HJIH nOCJie BCTpeMH 
C KOLUKOH, o 6p a 3yK)T MHO^KeCTBO M lt M2, ... , M/f , ... , Mn. r io  
MOTHBaM npaKTHqecKoro y A o 6cTBa Mbi peinaeM , m o  cJiosa 
«0fCU6CtX MbILUb» 6 y jx y j  OTHOCHTbCH TOJIbKO K MblLHH, HaXO- 
AHUieHCH b’ OAHOM H3 COCTOHHHH, BXO^HLUHX B HeKOTopoe 
no^M H o^ecTB o ziaHHoro MHO>KecTBa, CKa>KeM b no£MHo>Ke- 
c tb o  M i, . . . ,M & .  E c jih  Tenepb HeKOTopan on epau n n  C ( 060- 
3Haqaiom aH  K ou iK y ) ^eftcTByeT  Ha Mbiuib b coc to h h h h  Mi 
h ecjin C( Mi )  jx a e r , cKa>neM, M 2, t o  Mbi mojkcm ci<a3aTb, 
m o  M  «B b i}K H ,ia » n oc jie  onepauHH C, h6o M 2 b x o ^ h t b mho- 
>KecTBo M i,  ..., M k.

E cjih Tenepb KaKan-To oqeHb JioBKan Mbimb Bee BpeMH 
Bbi>KHBaeT nocjie onepaunn C, to  Bee coctohhhh  C ( M i ) ,  
C ( M2) t C(Mj( ) coziep>KaTCH b MHoafcecTBe M u Mk. 
M bi bhahm, m o  sto  npe^cTaBJieHHe 0 BHXHBaHHH Towde-
C T 66H H 0  npeACTaBJieHHIO 06 «yCTOHqHBOCTH» HeKOTOpOTO 
MHONcecTBa (§ 5/5). C/ie^oBaTejibHo, noHHTHH «Bbi>KHBa- 
HHe» H «yCTOHlIHBOCTb» MOryT 6bITb npHBe^eHbl B TO^HOe 
COOTBeTCTBHe, a (J)aKTbI H TeOpeMbI, OTHOCHLUHeCH K OAHOMy 
H3 hhx, M oryT Hcnojib3CBaTbCH £ jih  ^ p y ro ro , ecjiH coxpa - 
HHeTCH TOqHOCTb.

C oc toh h h h  M  qacTo onpe^ejin ioTCH q ep e3 nepeMeHHbie. 
T o r^ a  coc to h h h h  M i , . .., M &, cooTBeTCTByioiuHe jkhbom y
0 praHH3My, HBJIHKDTCH TeMH COCTOHHHHMH, npH KOTOpblX 
onpezieJieHHbie cymecTBeHHbie nepeMeHHbie oda ioTCH  BHyTpH 
sa^aH Kbix («4 )H 3H 0Ji0rH qecKH x») rpaHHix.



ynp. 1. Ecjih  n = 1 0  h k =  5, t o  qeiviy cooTBeicTByeT onepauHH 
C {M l )  — A'fy?

ynp. 2. (llpo/ioji>KeHHe.) HeMy cooTBeicTByeT onepauHfl C (M s ) = = M 4? 
ynp. 3. Ecjih  6bi HanaxieHHe aaHHoro C  6bijio HeH3MeHHo rn6ejibHbiM 

rjw M, t o  mojkho 6biJio 6bi cKa3aTb, mto C «jieTa jibH O » («CM ep- 
Te jibH o») ajw M. KaK  onpeaejiHTb noaxOflfliuHM 06pa30M noHa- 
THe «JieTajibHocTH»?

10/5. Mto >Ke HMeHHo Bbi>KHBaeT c TeqeHHeM BeKOB? H e  hh- 
AHBHAyajibHbifi opraHH3M, ho HeKOTopbie oco6eHHo xopouio 
noAofipaHHbie i-ia6opbi reHOB, b oco6eHHocTH Te, KoTopbie 
BQRyT k BocnpoH3BoziCTBy HH^HBHZia, Hecymero xopouio 3a- 
mnmeHHbiH HaSop reHOB BHyTpH ce6n h cnoco6Horo b Te- 
MeHHe >KH3HH oAHoro noKOJieHi^i caMOMy o ce6e no3a6o-
THTbCH.

3 t o  03HaqaeT, mto oco6chho  6 oJibuine uiancbi BbiatHTb 
( h , cjie^oB aTejibH o, cymecTBOBaTb cero/jH fl) hmchdt Te Ha- 
6 opbi reHOB, KoTopbie Bbi3biBaiOT oSpasoBaHHe MeyKjxy h h m h  
caMHMH h noJiHbiM onacHOCTen MHpoM neKOToporo 6 o jie e  
hjih M enee coBepm eH H oro 3am HTHoro MexaHH3Ma. TaK , reHbi 
q ep en a x  (T e s tu d o )  Bbi3 biBaiOT pocT  naH unpn; reHbi q e jio -  
BeKa (H o m o )  Bbi3biBaiOT pocT M03ra. (TeH bi, He Bbi3biBaio- 
m ne pocTa no/io6 Hbix npncnocofijieHHH, ^aBHbiM ^aBHo 
ycrpaH eH bi b xo ^ e  sb o jiio u h h .)

B y^eM  Tenepb  paccMaTpHBaTb narny CHCTeMy KaK OAHy 
>H3 qacTen  b CHCTeMe CBH3H. B npe^bm ym eM  naparpacf)e 
AnarpaM M a HenocpeACTBeHHbix B03£eHCT'BHH ( k o u ikh  Ha 
Mbiuib) HM ejia ( hjih M orjia  paccM aTpH BaTbcn KaK HMeio- 
m a n ) b h a

Tenepb Mbi paecMaTpHBaeM cjiyqan, b k o t o p o m  ^warpaMMa 
Sy^eT HMeTb bha

rue E ecTb m ho>kcctbo cym ecTBeHHbix nepeMeHHbix; D —  
HCToqHHK B03AeHCTBHH H onaCHOCTeft (T3KHX, KaK C ) ,  HAy- 
iuhx o t  B H eu inero mh p a ; a F —  npoMe^KyTom-iaH MacTb (naH - 
UHpb, M03r h t .  a . ) »  o6pa30BaHHa5i n a 6 opoM  reHOB zijih



3aiu,HTbi E. [F Mo>KeT Taorce BKJiioqaTb h Te q acra oKpy- 
^aiom eft cpezibi, KOTopbie MoryT Hcn0Jib30BaTbcn ajih 3a- 
mHTbi E: Hopy —  RJin Kpo./iHKa; paKOBHHy—  rjih paxa-oT- 
inejibHHKa; xonbe —  ajih BOHHa-KonbeHocua,; Meq (KaK cpe&- 
ctbo 3amHTbi)— RJin BOHHa-MeqeHOcua.]

JXj m  yAo6cTBa ccbuiox bo Been TpeTbeft qacTH khh™ Mbi 
6yjxeM jxe jim h  coctohhhh cymecTBeHHbix nepeMeHHbix E  Ha 
MHo>KecTBo r], Kyua 6 y n y j bxoahtb «xopomHe» coctohhhh, 
COOTBeTCTByiOmHe «>KHBbIM OpraHH3MaM», H MHO>KeCTBO He-T|, 
Ky^a 6ynyr bxoahtb «njioxHe» coctohhhh, cooTBeTCTByio- 
mne «He>KHBbiM opraHH3MaM». (HacTo Taxan -npocTan KJiac- 
CH(j)HKaUHH OKa3bIBaeTCH HeB03M0>KH0H, HO HHKaKHX npHH- 
UHnHajibHbix Tpy^HocTefi sto  He npe^cTaBJineT: HHqero H3 
Toro, qTo 6yner CKa3aHo, He HCKJiioqaeT B03M0>kh0Cth 6o- 
Jiee noApo6HOH KJiaccncjDHKauHH.)

^ToSbi noHCHHTb HauiH Aonyme-HHH, npHBe^eM b Kaqe- 
CTBe HjuiKDCTpauHH HecK0JibK0 npocTbix npHMepoB (,HJIH 
npocTOTbi cHaqajia npHBo^HTCH HeSHOJiornqecKHe CHCTeMbi 
peryjiHpoBaHHn).
(1) Banna, peayjiupyeMaa TepMOCTaTOM. E  —  ee TeMnepa- 

Typa. Hy>KHoe HaM mhojkcctbo coctohhhh (r|)—  TeMnepa- 
TvpHbift HHTepBaji Me>Kny, HanpHMep, 36 h 37° C. D ecTb 
MHOJKeCTBO Bcex Tex B03/ieHCTBHH, KOTOpbie MoryT BblBCCTH 
TeMnepaTypy 3a sth  npe^ejibi; cio;ia bxoah t AO'SaBJieHHe 
xojioahoh BOAbi, BJiHHHHe xojio/tfioro B 03#yxa, norpy>K2HHe 
b BaHHy xojio/iHbix npe^MeTOB h t. r . F  o6o3HaqaeT bcio 
peryjinpyiomyio annapaTypy. J^eftcTBHe F  HanpaBJiei-io Ha 
ocjia6jieHHe bjihhhhh D na E.
(2 )  AeronuAQT. E  —  b ck top  c TpeMH cocraBJiHiomHMH: ro- 
pH30HTaJIbHbIM, BepTIIKaJIbHbIM H 60K0BbIM OTKJIOHeHHHMH*,
1] —  MHOJKeCTBO Tex nOJIOJKeHHH, npH KOTOpbIX Bee 3TH co- 
cTaBJiHioiuHe y^ep>KHBaiOTCH b onpe^ejieH H bix npe^eJiax. 
D eCTb MHO>KeCTBO B03MymeHHH, Cn0C06HbIX H3MeHHTb 9TH 
nepeMeHHbie, TaKHe, KaK nopbiBbi BeTpa, abh^kchhh n acca- 
>khpob, HeperyjinpHOCTH b p a 6oTe m otopob . F  o 6o3HaqaeT 
bcio an n ap aT yp y  (aBTonHJioT, sJiepoHbi, xBocT0B0e on epe- 
HHe h t .  £•)> ^encTBHe k o to p o h  onpe^eJiHeT, KaKHM 6y^eT  
BJiHHHHe D Ha E.
(3) BejiocuneducT. E  co ctoht b ochobhom H3 ero yrjioBoro 
OTKJIOHeHHH OT BepTHKaJIH, T) eCTb MHO>KeCTBO HefiOJIbUIHX 
AOnyCTHMblX OTKJIOHeHHH. D —  MHO>KeCTBO B03MymeHHH,



yrpo>Kaiom H x yBejm qHTb oTKJioHeHHe. F  —  e c e  <npHcnoco6 - 
jieHHH (M exaHHqecKHe, aHaTOMHqecKHe, HepBHbie), KOTopbie 
onpe^ejifliO T, KaKHM Sy^eT  BJiHHHHe D  Ha E .

B AaJibHefimeM Sy^eT npHBe^eno MHoro /ipyrnx npHMe- 
pOB. riOKa qTO Mbi MO^eM nO£bITO>KHTb Bee H3JIO>KeHHOe, 
ci<a3aB, h to  ecTecTBeHHbift o t 6 op noom pn eT  Te Ha6 opbi re- 
HOB, KOTOpbie KaKHM 6 bl TO HH 6 bIJIO CHOCOgOM CT3BHT pe- 
ryjiH Top Me>K^y B03MymeHHHMH D  h cymecTBeHHbiMH nepe- 
MeHHbiMH E . n p H  npoqnx paBHbix ycjioBHHx, qeM Jiyqm e F  
KaK pery jiH Top , TeM y  opraHH3Ma 6 ojib iue rnaHCOB Bbi>KiiTb.

bnp. K anne nepeM eim bie y/iep>KHBaioTC5i BHyipn onpe^eJieHMbix npe^e- 
JI08 cJieAyiomHMH peryjinpyiom iiM H  MexaHH3MaMH: 1) yciaHOBKa ajih 
KOH^HUHOHHpoBaHHH B03/iyxa; 2) KHCJiopo/uiaa Macna aJibnHHHCTa;
3) aBTOMOfDHJIbHblH CTeKJIOOMHCTHTeJIb («£BOpHHK») ; 4) 3BT0M0- 
6 iuibHbie <J>a pbi; 5) KyxoHHbifl xojioflHJibHHK; 6 ) (jDOTOTaKcnc p a c ie -  
hhh; 7) TeMHbie omkh; 8) crn6aTejibHbiH pecJuieKc (6bicipoe ot- 
AeprHBaHne Horn, HacTynHBiiieH Ha ocipbin KaivieHb); 9) MopraHHe 
npH 6bicTpoM npn6jiH>KeHHH k r jia3 y  KaKoro-HH6y^b npe^M eia ; 
10) npn6op ynpaBJieHHH apTHjuiepHHCKHM 3eHHTHbiM orHew.

10/6. PeayAupoeantie SAOKupyer iiotok  uH(popManuu. Flo Ka- 
KOH LHKajie MOJKHO H3MepflTb 3(J)(J)eKTHBH0CTb JIK)60r0 KOH- 
KpeTHoro MexaHH3Ma F  KaK peryjiATopa? HzjeajibiibiM Tep- 
MOCTaTOM 6bIJI 6bl T3KOH, KOTOpblH, HeCMOTpH Ha BCe 
B03MymeHHH, y^epHCHBaJi 6bi TeMnepaTypy hoctohhhoh i-ia 
jikdSom >KejiaeMOM ypoBHe. B o o 6 m e roBopn, 3/iecb Tpe6yioTcn 
£Be xapaKTepHCTHKH: y#ep>KaHHe TeMnepaTypbi b y3KHX 
npe^ejiax h cooTBeTCTBHe sth x npe^ejioB >KejiaeMofl o6jia- 
CTH. B 0C06eHH0CTH CJie^yeT OTMeTHTb, qTO MHO>KeCTBO £0 -  
nycTHMbix 3HaqeHHH r\ HMeeT MeHbine pa3Hoo6pa3Hfl, qeM 
MHO>KeCTBO Bcex B03M0>KHbIX 3HaqeHHH £ ,  h6o 7] ecTb He- 
KOTOpoe nOZlMHOJKeCTBO, Bbl6paHHOe H3 MHOHCeCTBa COCTOH- 
hhh E . Ecjih F  —  peryjiHTop, to  BBejjeHHe F  Mem^y D  h 
E  yMenbtuaeT pa3Hoo6pa3He, nepe^aBaeMoe o t D k E. T a 
KHM 06pa30M, cymecTBeHHOH c^yHKUHefi MexaHH3Ma F  KaK 
peryjiHTopa hbjihctch to , qTo oh SjiOKHpyeT nepe/iaqy 
pa3Hoo6pa3HH o t B03MymeHHH k cyuiecTBeiiHoft nepe- 
MeHHOH.

riocKOJibKy s to  03HaqaeT, qTo b cj^yHKUHH p ery jm T opa  
BXO&HT T3K>Ke fijlOKHpOBKa nOTOKa HH^OpMaUHH, Mbi p a c 
cMOTpHM 9 to t  Te3HC noApofinee, qToSbi ycTaHOBHTb, p a3yMeH
JIH OH.



npeAnojio>KHM, mto MHe npe/yiaraioT Ha Bbi6op £Be 
BaHHbi h MHe Hy>KHo peniHTb, K axy io  >Ke H3 hhx noxynaTb . 
H  n o A B e p r a K )  K a y K jx y io  'BaHHy b  T e q e H H e  jxh h  o ^ H H a K O B b iM  

B03AeflcTBHHM h 3aTeM rjm>Ky Ha rpa(J)HKH TeM nepaiyp. 
3 th  rpacj)HKH BbirjmnHT, KaK Ha pnc. 10/6/1. HeT coMHe- 
HH5i, mto uojxeJih B Jiyqrne; h h npnxo>Ky k TaKOMy peuie- 
h h k ) HMeHHO noTCM yw  mto rpac})HK B , b oTJinqne ot rpa - 
(jniKa A, He ^aeT  MHe HHKaKoft HH(j)opMauHH o tom , KaKHe

Phc. 10/6/1.

B03AeHCTBHH Ten jia  hjih x o jio ^ a  HcnbiTaJia BaHHa. TepMo- 
MeTp h Bona b BaHHe B 6h jih , TaK CKa3aTb, Hecnoco6Hbi 
y3HaTb qTo-Jin6o o B03MymeHHnx D.

To >Ke caM oe  paccy>K£eHHe, c cooTBeTCTByiomHMH H3Me- 
HeHHHMH, MO>KHO OTHeCTH H K 3BTOriHJIOTy. ECJIH 3TO XOpO-
lhhh peryjiHTop, to  nacca^KHpbi Sy^yT omymaTb njiaBHbin 
noJieT, He3aBHCHMo o t  BeTpa. K opoqe  roBopn, ohh 6ynyr 

npedoxpauemi ot 3hcihur Toro, BeipeHO jih hjih HeT. Xopo-  
uihh aBTonpuioT AeflcTByeT KaK 6apbep Ha nyTH nepe^aqn 
HH^OpMaUHH.

To >Ke caM oe o th o ch tch  h k ycTanoBKe j x j i h  koh ahu ho- 
HHpoBaHHH B03/iyxa. E c jih  h >KHBy b KOMHaTe c TaKOH y c ia -  
hobkoh h M ory onpeztejiHTb no TeM n epaType KOMHara, mto 
CHapyJKH CTaHOBHTCH >Ka,pKO, 9TO 3HaqHT, qTO yCTaHOBKa 
paSoTaeT  (KaK  pery jiH T op ) n jioxo . E c jih  >Ke OHa p a 6 o ia e T  
xoporno h ecJiH niTopbi onym eHbi, t o  h, KOHeqHO, He 6 y ;iv  
HMeTb hh M ajieftmero npe^CTaBJieHHH o to m „ KaKOBa n orcu a



cnapy>KH. X o p o m a n  KOHAHunoHHpyiomaH ycTanoBKa Sj io kh - 
pyeT  im ym n n  BOBHyTpb i io to k  HH(J)opMauHH o uorojxe.

T o  >Ke caM oe o th o c h tc h  h k pery jinpoB aH H io Bbicm ero 
ypoBHH, AocTHraeM OMy b TaKoft ^eHTeJibHocTH, KaK o x o ia  
jx jm  jxoSbiBaHHH nnmH hjih 3a p a 6aTbiBaHHe x jieS a  H acym - 
Horo. TaK , b Tpy^H oe BpeMH HencKycHbiH o x o th h k  hjih pa- 
6o th h k  6y jieT  rojio/ iaTb  h e ro  neqerib  h TKaHH e ro  Te jia  
(cym ecTBeHHbie nepeMeHHbie) 6y^ yT  jxoxojxujb jx0 KpaftHHx
II, B03M0>KH0, c(3H3H0JI0rHqeCKH He^OnyCTHMblX COCTOHHHH, 
TOrAa KaK HCKyCIIblH OXOTHHK HJIH p a 60THHK nepOKHBCT 
s t o  TH>Ke,ioe BpeMH, ne jioBOjxn CBoeft ine^eHH h TKanen jx0 
KpaHHero coc tohhh h . JlpyrHMH cjioBaMH, p ery jiH p y iou ian  
poJib e ro  MacTepcTBa npoHBJineTCH, Me>K^y npoqHM, b tom , 
TITO OHO He n03B0JIHeT HHC{)OpMaUHH O TpyAHbIX HJIH JierKHX 
BpeMeHax a o h th  jxo cymecTBeHHbix nepeMem-ibix. E [oao6ho 
STOMy, qeJIOBeK, B03rJI3BJIHK)III,HH ceMbK), MO>KeT, eCJIIi OH 
AOCTaToquo ncKyceH, nepe>KHTb Tpy^H oe BpeMH, He n03B0- 
jihb CBoeft ceMbe jxame 3aMeTHTb, qTo nponcxoAHT H em o 
Heo6bmHoe. CeMencTBO >Ke MeHee ncK ycH oro qeJioBeKa 06- 
napy>KHJio 6bi s to .

H ia K , o 6 o 6 uihm cKa3aHHoe. CymecTBeHHbiM npH3HaKOM 
x o p o m ero  p ery jiH Topa  hb jih ctch  t o ,  qTo oh dAOKupyer no- 
tok  pa3H006pa3UR o r  603MyuieHuu k cyii^ecTeeHHbiM nepe- 
M e H H b lM .
10/7. 3Ta SjIOKHpOBKa HH(j)OpMaiIHH MO>KeT OCymeCTBJIHTbCH 
pa3HbiMH c n o co 6aMH, KoTopbie, o^n aK o, npn 6jiH}KaHiueM 
paccMOTpei-iHH 0Ka3biBai0TCH no cym ecTB y  oAHHaKOBbiMH. 
jlH an a30H  hx  mo>kho npoHJiJiiocTpHpoBaTb na npHMepe AByx 
KpaHHHX (J)OpM.

Ojxmi H3 'Cn0C060B SjIOKHpOBaTb tflOTOK HH(f)OpMaUHH ( o t  
HCToqHHKa B03MymeHHH D k cymecTBeHHbiM nepeMeHHbiM E) 
3aKJiioqaeTCH b tom , hto  Ha nyTH noTOKa c t3bhtch  hch to , 
A encTB yiom ee npocTO KaK naccHBHan nperpa/ia. TaKOB, Ha

npHMep, nanu n pb  qep en ax n , c b o a h iu h h  pa3Hoo6pa3hTbie 
TojiqKH, y^apb i, VKycbi h t . jx. k He3HaqHTejibHbiM p as^p a - 
>KeHHHM qyBCTBHTejibHbix TKanen n o^  h h m . K  3T0My mq  
K jia ccy  o th o c h tc h  #peBeci-iaH Kopa, cjioh >KHpa y  TioJienn 
h qejioBeqecKHH qepen .

n p o T H B o n o j io ^ H a  3 toh  naccHBHOH 3ain,HTe A p y ra n  
KpaHHOCTb —  3amHTa nocpe^CTBOM ncKycHoro n p 0THB0£eH- 
ctbhh, 3amHTa, KQTopan no j iyqaeT  HH^opM auino 06 HAymux



BOSMymeHHHX, TOTOBHTC5I K n p H X O A y  3TH X  B03MyiU.eHHH, KO- 
Topbie MoryT 6bITb CJIO>KHbIMH H n0JXBH>KHbIMH, a 33T0M 
BCTpeqaeT HX CTOJIb >Ke CJIOJKHOH H nO£BH}KHOH 3amHTOH._ 
TaKOBa 3amHTa (J)exTOBajibmHKa b noe/uiHKe He Ha >Kii3Hb, 
a Ha CMepTb, ecJiH o h  He 3am,HmeH JiaTaMH h Ha^eeTCH 
jiHuib Ha CBoe yMeHbe napnpoBaTb y/iapbi. TaKyio 3amHTy 
npHMeHHiOT fiojibmeft qacTbio BbicuiHe opraHH3Mbi, pa3BHBLUHe 
HepBHyio CHCTeMy KaK pa3 ajih npHMeHeHHH s to to  MeTo^a.

PaccM aTpH Ban 3Ty BTopyio c})opMy, Mbi £OJi>KHbi Tiixa- 
TejibHo oTM eqaTb Ty pojib , KOTOpyK) HrpaiOT b s t o m  npo- 
u ecce  HHcj3opMauHH h pa3HOO'6pa3He. OexTO Bajibm nK a o j i -  

^KeH BHHMaTeJIbHO Ha6jH0£aTb 3a CBOHM npOTHBHHKOM H 
BCeMH B03M0>KHbIMH CnOCOSaMH nOJiyqaTb HH(|)OpMaUHIO 
0 e ro  AeH'CTBHHX, eCJIH 9T0T 4)eXTOBaJIblIXHK XO^eT BbIJKHTb. 

JXjih 9Toro (J)exTOBajibmHK poag^aeTCH c rjia3aMH h a  j ih  

3Toro yqHTCH yn o T p e6jiHTb hx. TeM  He MeHee KOHeqHbm 
p e3y jibTaT  e ro  ncKyccTBa b c jiy q a e  y cn e x a  npoHBJineTcfl 
b t o m ,  qTo e ro  cymecTBeHHbie nepeMeHHbie, HanpHMep k o j i h -  

MeCTBO KpOBH, OCTaiOTCH BHyTpH HOpMaJIbHbIX rpaHHU, KaK 
ec jm  6bi HHKaKoro noe^HHKa BOBce He nponcxoAHJio. H H (})op- 
MauHH CB060AH0 nocTynaeT  k  HecymecTBem-ibiM nepeM en- 
h h m ,  h o  pa3Hoo6pa3He, CB5i3aHHoe c pa3 jm raeM  M e ^ y  no- 
eAHHKOM h oTcyTCTBHeM noe^HHKa, He AonycKaeTCH a o  
cym ecTBeHHbix nepeMeHHbix.

B ocTaBUiHXCH rjiaBax Mbi 6yzi;eM paccMaTpHBaTb s t o t  

rnn aKTHBHofl 3amHTbi, 3aAaBaH, HanpHMep, TaKHe Bonpocbi: 
K3KHM npHHUHnaM OHa AOJI>KHa -nO^HHHTbCH, C nOMOmblO 
KaKHX MexaHH3MOB ona Mo>KeT SbiTb ocymecTBJieHa H HTO 
najio jxejiaTb b cjiyqae, Kor^a peryjiHpoBaHHe oqeHb 3a- 
rpyAHeHo?



HeoGxoAHMoe 
pa3Hoo6pa3«e

11/1. B npe^bm ym eH  rjiaBe Mbi paccM a ipH B ajm  p e ry jm p o - 
BaHHe c SnojiorHqecKOH t o t o h  ipeHHH, npHHHMan e ro  KaK 
H em o ,zi0 CTaT0qH0 noHHTHoe. B HacTOHmeH rjiaBe Mbi p ac- 
cMOTpHM caM npoixecc peryjinpoBaHHH c ixejibio t o t o o  y c r a -  
HOBHTb, m o  b n ero  BKJuoqaeTCH h m o  hm nozipa3yMeBaeTC5i. 
B qacTHocTH, Mbi h3 jio>khm c n o c o 6 bi u3MepeuuH KOjmqecTBa, 
TAjrn cTenei-iH, ^ocTH raeM oro  pery jinpoB aH H a h noKa>KeM, m o  
3 t o  KOJiHqecTBO HMeeT BepxHioio rpaHHuy.
11/2. npHMeHeHHH peryjiHpoBaHHH oqeHb oSinnpHbi; ohh
OXBaTblBaiOT SOJIbLHHHCTBO BH£OB ^eflTeJIbHOCTH B nCHXOJIO- 
THH, COUHOJIOrHH, SKOJIOrHH, SKOHOMHKe H MHOnie BH£bI £ e fl-  
TejibHocTH n om n  b KajKAOH o 6j ia c r a  HayKH h >KH3HH. K p oM e 
Toro, pa3H oo6pa3H e THnoB cym ecTB yrom n x p e ry jim o p o B  
ofiecK ypajK H B aiom e BejiHKO. O ahhm  H3 b o s m o k h h x  n o ^ xo - 
^ob  k  TaKOMy M aTepnaJiy 6bijio 6bi n ocjie^oB aTejibH oe p ac- 
C MOTpeHHe pa3JIHqHbIX THnoB; H 3TH THnbI /jeHCTBHTeJIbHO 
Cy^yT yK a 3aHbi b t j i .  12. B H acToam eft m e  r jiaB e Mbi 
nonbiTaeMCH npoHHKHyTb b caM yio  cyTb  B onpoca —  nonbi- 
TaeMCH HafiTH to ,  m o  o 6m o hm BceM.

O/uiaKo- t o ,  m o  siBJisieTCfl o 6 u i h m  a j i h  Bcex peryjiH TopoB , 
Ha nepBbiH B3rjiH£ KaK 6y ;rro  He c b o ^ h m o  k  KaK0H-Jin60 
onpe^ejieHHOH cj)opMe. n 0 3 T 0 M y  b c jie^y iom eM  n a p a rp a & e  
Mbi HaqHeM paccMOTpeHHe coBepm eHHo h o b h x  B onpocos, H e  

^e jia n  h h k 3 k h x  h b h h x  ccbijioK  Ha H3Jio>KeHHoe Bbirne. J ln iiib  
Kor^a  3 t h  HOBbie Bonpocbi 6 y jx y r  ^ o cT a io ^ H o  BbmcHenbi, Mbi



nepen^eM  k  paccMOTpeHHK) T oro , K axoe  oTHomeHHe M oryT 
OHH HMeTb K peryjIHpOBaHHIO.
11/3. H epa  u u cxod . 3a6y,neM noaTOMy Bee, m o  Mbi 3HaeM
o peryjiHpoBaHHH, h npe/mojio>KHM npocTo, m o  mh HaSjiio- 
^aeM 3a ^syMH nrpoKaMH R h D , yqacTByiomnMH b KaKoft-To 
nrpe. Mbi 6yjxeM cjiejxmh  3a ycnexaMH nrpoxa R , KOTopbift 
nbiTaeTCH BbinrpaTb Heicoe a. IlpaBHJia HrpM cjie^yiom ne. 
y  nrpoKOB HMeeTCH TafijiHua 11/3/1:

TafijiHua 11/3/1

a
R
P Y

1 b a c
D  2 a c b

3 c b a

KOTopyio M oryT  BH^eTb o 6 a nrpoK a. D H aranaeT , BbiSHpaa 
UH(|)py h TeM caMbiM HeKOTopyio C Tpoxy TafijiHUbi. R, 3 Haa 
3Ty UH(})py, Bbi6 npaeT  3aTeM rp e^ ecK y io  SyKBy h TeM caMbiM 
HeK0 T0 pbiH CTOJideu. KypcHBHan JiaTHHCKan 6 yKBa, c to h -  
m an Ha nepece^eHHH c tp o k h  h cTOJiSua, HBjineTCH mcxo- 
AOm. E c jih  h cxoaom  6 yzieT a, t o  R BbinrpbiBaeT; ecJiH HeT, 
t o  R nponrpb iB aeT .

PaccMOTpeHne Ta6jiHUbi fibicrpo noKa3biBaeT, m o  -npn 
AaiiHOH TaSjiHue HrpoK R BcerAa MO>KeT BbinrpaTb. K axoe  
6bi 3HaqeHHe HrpoK D hh Bbi6paJi cHa^ajia, nrpoK R BcerAa 
Mo>KeT BbiSpaTb Taxyio rpe^ecKyio SyKBy, KOTopan jxacr 
ewy >KejiaeMbift ncxojx. Tax, ecjin D BbiSnpaeT 1, t o  R bh- 
SnpaeT (3; ecjiH D BbiSnpaeT 2, t o  R BbifinpaeT a h t . jx. 
B caMOM ixeJie, ecJiH R ^encTByeT b cooTBeTCTBHH c 'iipeofi- 
pa30BaHHeM

j 1 2 3 
\ P a 7 ’

t o  oh Bcerzia m ojk c t noJiy^HTb h c x o a  a.
npn TaKOH Ta6jiHue noJioHceuHe Harnero R hckjho^h- 

Te./ibHO Bbiro^HO, h6o R He TojibKo MO^ceT BcerAa noJiyqaTb 
hcxoa a, ho oh Mo>KeT TaK we jierKO noJiyqaTb, ecJiH Hy>KHO, 
HCXOAbl b HJIH C\ R (J)aKTHMeCKH nOJIHOCTblO KOHTpOJIHpyeT 
HCXOA Hrpbl.



ynp. 1. Kai<oe npec>6pa30BaHHe AOJmeH ncn0Jib30BaTb R, MTo6bi no- 
jiyqaTb Bcer.ua h cxoa  c? 

ynp. 2. l ly c T b  R h D —  nepeMeHHbie, 3HaqeHHHMH K0T0pbix c jiyw a T  
uejibie MHCJia, h nycTb hcxoa  E TaK>Ke ecTb uejioe mhcjio, 3a- 
ziaBaeMoe cooTHomeHHeM

E — R  — 2D.

B bipa3HTe R qepe3 D, ecjin >KejiaeMbiH hcxoa  paBeH 37.
Ynp. 3. 3a/iHHe KOJieca KaKoro-To aBT0M06HJin CKOJib3HT. I ly cT b  D  —  

nepeMeHnan, Ha3biBaeMaa «c to p o h o h , b KOTopyio £BH>KeTCfl 
3a^H5iH HacTb aBT0M06HJiH», h npHHHMaiomaH ABa 3HaqeHHH: 
«nanpaB O » h «HaJieBO». f ly cT b  R —  ^eficTBHe bo/uitcjih, Ha3bi- 
BaeMoe «B b i6opoM HanpaBJienna, b ko topom  oh noBopa^HBaer 
pyjieBoe K0Jiec0» ,  h npHHHMaiomee HBa 3HaweHHH: «HanpaBO» h 
«H a ;ieB o ». FlocTpoHTe Ta6jinuy pa3MepoM 2 X 2  h npocTaBbTe 
HCXOflbl.

ynp. 4. Ecjih  nrpa R onpe^eJineTCH nrpofl D b c o o tb c tc tb h h  c npe- 
06pa30BaimeM

1 1 2  3

v y P a

h cb irpano MHoro napTHfl, t o  io k o b o  6y^eT pa3H006pa3Ke 
BCTpeqaiomnxcH iicxo/iob? 

ynp. 5. nojiHCCTbio jih R KOHTpojinpyeT hcxo^w , ecjin Tafijinua «Tpn- 
eAHHan»? (cm. ynp. 4/2/4).

11/4. npHBe^epiHaH Bbiuie Tafijinua, kohcmho, hckjiiomii- 
TejibHo gjiaronpiiHTHa jyin R . O/iHaKo B03M0>KHbi h npyrne 
Ta6jiHUbi. TaK, npe;uiojio>KHM, mto D  h R, Hrpaiomne no TeM 
>Ke caMbiM npaBHJiaM, HMeiOT Tenepb Ta6jmuy 11/4/1, m e  
D  AOJi>KeH BfcaSwpaTb H3 nnTH, a R  —  m  MeTbipex bo3mo>k- 
HblX XOAOB.

Ecjih uejibto HBjiHeTCH a, to  R  Bcer^a mo>kct BbinrpaTb. 
B caMOM neJie, ecjiH D  Bbi6npaeT 3, to  R  mojkct BbmrpaTb 
jxame HecKOJibKHMH cnoco6aMH. EIocKOJibKy a HMeeTCH b Ka- 
jkaoh cTpoKe, R  Bcerna MO>KeT nojiyMHTb ero b KaqecTBe 
Hcxo/ia. C apyro ft cropoHbi, ecJiH uejibio HBJiHeTCH b, to  R  
He Mo>KeT BbinrpbiBaTb Bcer^a. Be^b ecjiH D Bbi6epeT 3, t o  
HHKaKoft xo jx Haiuero R  He ziacT eMy Hcxo^a b. A  ecjin 
ixejihK) HBJineTCH c, t o  R  coBepmeHHo 6ecnoMomeH, h6o D  
Bcer^a BbmrpbiBaeT.

MOJKHO BHJXeTb, MTO pa3JIHMHbie pacnOJIO>KeHHH 6yKB BHy
TpH TafijIHUbI H pa3JIHMHbie KOJIHMeCTBa COCTOHHHH, HaXO- 
Ahiuhxch b pacnopH^KeHHH D  h /?, M oryT nopoAHTb pa3H0- 
o6pa3Hbie cHTyaixHH c tomkh 3peHHH R.

19 3aK 3346. Y. Pocc 3 iu6h



Ta6jiHua 11/4/1

a
R

P T I

1 b d a a

2 a d a d

D  3 d a a a

4 d b a b

5 d a b d

ynp. 1. Bcerjia jih BbinrpbiBaeT R c Ta6jiHueft 11/4/1, ecjin uejibio
HBJineTCH d?

ynp. 2. (npo,aoji>xeHHe.) KaKoe npeoSpasoBaHHe #oji>KeH ncnojib3o- 
BaTb R?

ynp. 3. (npo,aoji>KeHHe.) Ecjih uejibio hb jihctch  a h ecjin D  no ne- 
KOTopbiM npHiiHH3M HHKoi\aa ne Bbi6npaeT 5, t o  KaK m ojkct R 
ynpocTHTb cboh cn oco6 nrpbi? 

ynp. 4. K o6ejxy mjxyr to c th , ho ABopenKHH ne 3HaeT, k to  hmchho 
,aoJi>KeH npHHTH. Oh 3HaeT jihnib, h to  s to  mo>kct 6biTb mh- 
cTep A ., KOTopbiH nbeT TOJIbKO xepec hjih KpacHoe bhho; hjih 
MHCCHC B., KOTOpan nbeT TOJIbKO A>KHH HJIH 6p3H£H; HJIH MHCTep 
C., KOTOpblH nbeT TOJIbKO KpaCHOe BHHO, 6p3H£H hjih xepec. Rbo- 
peuKHH o 6Hapy>KHBaeT, h to  b e ro  bhhhom norpe6e ecTb TOJIbKO 
^ jkhh, bhckh h xepec. M ojKeT jih oh HaHTH HTo-HHdy^b npneM- 
jieM oe a jih  oJKH/iaeMoro to c th ?

11/5. MOJKHO JIH BblBeCTH HeKOTOpblH oOli^UU IIpHHIXHII JimI 
cnocofioB  nrpbi ynoM AH yToro R h e ro  bhaob  Ha ycn ex?

E c jih  b T ag jin u e  AonycK aeTca  nojiHan CBoSo^a p acn o jio -
>KeHHH, TO B03MOJKHOCTH CTaHyT CTOJIb MHOrOTOCJieHHbl, 
TIpOH3BOJIbHbI H CJI05KHH, ^TO Bpfl# JIH MO>KHO BbICKa3aTb
o hhx ^ to - jih S o  o6m ee. O/uiaKo HMeeTcn onpe^ejieHHbiH t h u  
TafijiHU, AonycKaiomHH Toray io  (J)opMyjiHpoBKy K BMecie 
c TeM AocTaTom io o6luhh, qTo6bi npe^cTaBJiHTb HHTepec. 
(B  t o  m e BpeMH oh h b jih ctch  O'CHOBHbiM b TeopHH peryjiH- 
pOBaHHH.)

HcKJIIO^IHM H3 Bcex B03MO>KHbIX Ta6jIHU Te, KOTOpbIC 
AejiaiOT n rp y  Harnero R cjihuikom  jierKOH h nosTOMy hc- 
HHTepecHoH. Ynp. 11/4/3 noKa3biBaeT, qTo ecjiH CTOjifieu 
b Ta6jiHue co^ep>KHT OAHHaKOBbie hcxoam , t o  n rpa  Harnero 
R He o 6n3aTejibHo £OJi>KHa 6biTb « p a 3JiHqaiom eH», t .  e. R 
He o6H3aTejibHo jio jim en  MeHHTb cboh  x o jx c Ka>KjibiM H3Me- 
HeHHeM xo/ia n rp ox a  D.  EyneM , cJieAOBaTeJibHo, paccM aTpn- 
•BaTb TOJIbKO TaKHe TaSjiHUbi, rjxe hu odun cT0A6et{ ne co -



depofcur deyx odunaKoebix ucxodoe. B stom  cjiyqae R  jxoji- 
tkqh Bbi6HpaTb xojx, noJiHocTbio 3HaH xojx ynoMHHyToro D , 
t . e. jno6oe H3MeHeHHe xojxa D  Heo6xo£HMo TpeSyeT H3Me- 
HeHHH xo,aa Harnero R. (npH stom  He AeJiaeTCfl hhk3khx 
jronyiixeHHH o cooTHomeHHHX M em jiy  HCxojiaMH ojxnoro  
cTOJifiua h Hcxo/iaMH /jpyroro cm/i6ua, Tax qTo Ha sth  co- 
cTHomeHHH He HaKJiaflHBaeTCH hhk3khx orpaHHqeHHH.) Ta- 
KOBa, HanpHMep, Ta6jmua 11/5/1. ElycTb Tenepb 3a^aHa He- 
KOTopan uejib h R  Bbi6npaeT, KaKHM 6yjxer ero xo# b oTBeT 
na KajKAbiH xo jx HrpoKa D.

Tatfjmua 11/5/1

a

R

P 7

1 f / k

2 k e f
3 m k a

4 b b b

D  5 c Q c

6 h h m

7 j d d

8 a P j
9 I n h

O q e H b  B 3 > k h o ,  qTo, BbiHrpbiBaa hjih nponrpbiBan, oh j x o j i / k q h  
BblSpaTb 0 £ H H  H TOJIbKO OflHH XOA B OTBeT Ha JIK)60H B03- 
MOKHbift xoa  nrpoKa D . E ro Bbi6op xoaob, hjih «CTpaTerHsi», 
KaK 3T0 MO>KHO Ha3BaTb, MOJKeT BbirJIH^eTb CJie^yiOmHM 06- 
pa30M*.

ecjiH D  Bbi^HpaeT 1, to  h Bbi6epy y;
» » » 2 » » » a;
» » »  3 » » » (3;

» »  » 9 » »  »  a.

TeM caMbiM oh, K0HeqH0, onpe^ejiHeT HeKOTopoe npeo6pa- 
30BaHHe (K0T0p0e AOJIJKHO S b lTb  0AH03HaqHbIM, h6o R  He 
u o m e r  A e jiaTb  o^HOBpeMeHHo jxBa x o jx a ) ;

| 1 2 3 . . .  9
I  j  a  p . . .  a  *



3 to  npeo6pa30BaHHe on p e jie  JineT e£HHCTBeHHbiM o6 p a - 
30M HeKOTopoe MHOHCeCTBO HCXO^OB. B  3T0 MHO>KeCTBO BOH- 
JiyT H'CXOAbI, KOTOpbie 6bl BCTpeTHJIH'Cb (J)aKTHLieCKH, eCJIH
6bi D  b HexoTopoH nocjieaoBaTeJibHocTH nrp a e jia ji Ka>K£biH 
B03M0)KHbifl u ia r no KpaHHen M epe o a h h  pa3. H 6o 1 h y  
ZiaiOT HCXOfl k, H 2 H a ZiaiOT on flTb & H T. qTO npHBOflHT 
k npeo6pa30BaHHK)

| (1, T) (2, a) (3, ?) . . .  (9, a)
I  ^ ^ A . . .  /

Tenepb m o >kho  BbicKa3aTb yTBep/K^eHHe, m o  pa3Hoo6pa3He 
SToro MKO>KecTBa hcxo aob  He Mo>KeT 6biTb MeHbine, qeM 
qacTHoe

pa3H oo6pa3H e x o a o b  nrpoica D  

pa3Hoo6pa3He xojxoe nrpoKa R  ’

t . e. b #aHHOM c jiyq a e  pa3H oo6pa3ne MHo>KecTBa h cxo ao b  
He MO>KeT SbiTb MeHbine 9/s.

3 to  yTBepJK^eHHe jie rK o  AOKa3aTb. npejuioJio^KHM, qTo 
R oTM eqaeT o ah h  sjieMeHT b Ka>K£OH CTpoxe h cTpeMHTcn 
npocTo k  TOMy, qTo6bi yAepjKHBaTb pa3Hoo6pa3He oTM eqen- 
HblX SJieMeHTOB CKOJIb B03M0>KH0 MaJIbIM (oCTaBJIHH TIOKa 
b cTopoH e BCHKoe noHHTHe o u e jin ).  O h OTMeqaeT h c k o to - 
pbift sjieMeHT b nepBOH CTpoxe. B o  BTopoft CTpoxe oh roji- 
xcen n epen rn  k  HOBOMy cran fiu y , ecjrn oh He xoqeT  yBejiH- 
qHTb pa3H oo6pa3n e oTMeqeHHbix sjieMeHTOB A o 6 aBJieHHeM 
k  hh m  HQBoro, oTJinqnoro o t  h h x  sjieM eH Ta. Be/ib b nepBO- 
HaqajibHo BbiSpaHHOM CTOJifiue Bee 3JieMeHTbi no npe/inojio- 
>KeHHio pa3JinqHbi. HTo6bi coxpaHHTb pa3Hoo6pa3He b orhh 
sjieMeHT, R  rojitkqh b KaMROu CTpoxe nepexoO TTb k  h o - 
BOMy cTOJi6ixy. ( 3 to  Ayniuee, qTo oh MoxceT c^ejiaTb. HHOiyja 
TaKoro n ep ex o ^ a  ot cTOJi6ua k cTOJi6ixy Sy^eT  H e^ocTa- 
Toqno, qTo6bi coxpaHHTb pa3Hoo6pa3He b o a iih  s jieM eH i; 
ho rjw H am ero  paccy>KAeHHH sto  HeBa>KHo: nocm /ibKy nac  
HHTepecyeT Jinuib HaHMenbmee B03M0>KH0e pa3Hoo6pa3He, 
Mbi AonycKaeM , qTo a6cT0HTejibCTBa CKJia^biBaiOTCfl KaK
mo>kho 6jiaronpn5iTHee.) Ecjih R HMeeT n bosmojkhhx xoaob 
(b narneM npHMepe Tpn) h Ha /2-h cTpoKe Bee CTOJi6ubi hc- 
nOJIb3GBaHbI, TO RJIH CJieAyK)IH,eH CTpOKH ORHH H3 ctojiQixob 
Hy>KHO H0n0JIb30BaTb CHOBa, TaK qTO npudeTCH BBeCTH HO- 
Bbiii iicxoa  b Harne Miio>KecTBo oTMeqemibix hcxoaob. Ha-



npHMep, b T a 6 jiHue 11/5/1 Bbi6op  sjieM eH Ta k b nepBbix 
Tpex  CTpoKax n03B0jiHT coxpaHHTb pa3H oo6pa3H e b oah h  
SJieMeHT, h o  Ha qeT B ep io ft cTpoKe npudercn  BBecTH BTopoii 
sjieM eHT b Ham e MHoatecTBo h cx o a o b .

06o6maeM. E c jih : a ) HHKaKHe ABa 3JieMeHTa b oahom  h
TOM >Ke CTOJl6ue He HBJIHIOTCH OAHHaKOBblMH, 6 ) R b h 6 h- 
paeT MHOJKeCTBO HCXOAOB, no OAHOMy H3 Ka>KAOH CTpOKII, 
b ) TaSjiH ua co^ep>KHT r c ip o K  h c c t o j i6uob, —  t o  pa3nooo- 
pa3ue ebi6paHHoeo MnootcecTea ucxodoe ne Moofcer 6birb 
Menbtue, neM rjc .,

3AKO H  H E O E XO flH M O rO  PA3H O O EPA3KH

11/6. T en ep b  mh MO>KeM B3rjiHHyTb Ha s i y  n rp y  (coxpam is i 
Bee em e t o  orpaHHqeHne, m o  HHKaKofl 9JieMeHr He mo>kct 
BCTpeqaTbCfl ABa>KAbi b oahom  h tom  >Ke cTOJi6 u e) c i-ie- 
CKOJIbKO ApyrOH T04KH 3peiIHH. ECJIH XOA HrpOKa R He H3- 
MeHaeTCH, t .  e. R AeJiaeT oahh h t o t  >Ke x o a  npn jik>6om 
xoA e HrpoKa D , t o  pa3noo6pa3ue ucxodoe 6yder paeno pa3- 
noo6pa3Ufo xodoe droeo D. T en ep b  D , TaK CKa3aTb, noji-
HOCTbK) KOHTpOJIIipyeT HCXOAbl.

E c jih  >Ke R n cn ojib 3yeT hjiii Momer Hcn0Jib30BaTb aba  
xoA a, t o  pa3Hoo6pa3He h cxoaob  m ojkct 6biTb yMeHbineno 
BABoe (h o  He b SoJibiuee ^hcjio  p a 3 ) .  E c jih  R HMeeT TpH 
xoAa, t o  pa3Hoo6pa3He h cxoaob  mo>kct 6biTb yM eHbineiio 
BTpoe (h o  He b 6oJibinee qn cjio  pa3 ) h t .  a . TaKHM 06p a 30M, 
qTo6bi cBecTH pa3Hoo6pa3He h cxoaob  k HeKoropoM y 3aAaH- 
HOMy qn c jiy  hjih k HeKOTopon AOJie pa3H006pa3HH xoaob  
HrpoKa D , p a 3H oo6p a 3He xoaob  HrpoKa R doAMHo 6 h t l  yBZ- 
JinqeHo no MeHbinen Mepe a o  cooTBeTCTByiom ero MHHHMyMa. 
ToAbKo pa3H00dpa3ue xodoe uepom  R Moofcer y'MenbuiuTb 
pa,3H006pa3ue ucxodoe.
11/7. E cjih  p a 3H oo6p a 3He H3MepneTCH Jiorapn^M HqecKH (m o  
n o m n  BcerAa yA oS H o ), t o  npn Tex  me caM bix ycjioBHHx 
TeopeM a npHHHMaeT o^eHb npocTy io  (})opM y. I ly cT b  Vr, — 
p a 3HCo6p a 3He x o a ob  HrpoKa D , V r — p a 3H006pa 3He xo aob  
HrpoKa R h Vo —  p a 3H oo6p a 3He h cxoaob  (npn^eM  Bee ohh 
H3MepHK)TCH JIOrapHCjDMH^eCKH) . KaK AOK33 3HO B npeAbl- 
Aym eM  n aparpac j)e , qncJieHHoe 3HaqeHHe V0 He m ojkc t

6 bITb MeHbLLIHM, MeM VD— VR. CJieAOBaTeJIbHO, MHHHMaJIb- 

iio e  sna^eH H e Vo paBHo V d — Vr.



E c jih  Vd nano nocroHHHoe 3 HaqeHHe, t o  Vd —  Vr Moafce? 
SbiTb yMeHbineHo jih iiib  3a cqeT cooTBeTCTByiom ero pocTa 
Vr. TaKHM 0 6 p a 30 M, pa3noo6pa3ue ucxodoe, ecjiH oho mh- 
HHMajibHo, MootceT 6biTb eu^e 6oJiee yMenbiueno Autub 3a 
cner cooTeeTCTeytouteso yeeAunenuH pa3H006pa3Ux, koto- 
pbiM pacnoAasaer R. (B oJ iee  o 6 m an (J)opMyjiHpoBKa ziaeTcn 
b §  11/9.)

3 to  h ecTb 3aKOH HeoSxo^HMoro pa3Hoo6pa3HH. ToBopn 
6ojiee 06pa3H0, TOAbKO pa3Hoo6pa3ue e R Mootcer yMenb- 
aiuTb pa3Hoo6pa3ue, co3daeaeMoe D ; TojibKo pa3Hoo6pa3He 
MO^ieT yHMHTOKHTb pa3HOO6pa3H0.

3 t o t  Te3HC HacTOJibKo Ba>KeH b o 6 m eft TeopHH p ery jm - 
pOBaHHH, m o  h npHBe^y eme HecK0JibK0 HJiJiiocTpauHH h 
^OKa3aTejibCTB ero, npoK jie qeM nepeHTH k paccMOTpeHHK) 
npaKTHqecKHx npHMeHeHHH.
11/8. ( n p n  nepBOM qTeHHH s t o t  naparpac}) Momer 6bn b  
onymen.) 3 t o t  3aKOH HMeeT oqeHb umpoKoe npHMeHemie 
h hh b KoeM c jiy q a e  He h b jih ctch  npocTo TpHBnajibHbiM 
cjie^cTBHeM  T a 6 jiHqHoft (J)opMbi. H to S h  npKa3aTb s to ,  
Ta >Ke caM an no cym ecTB y TeopeM a 6yjxej AOKa3aHa 
zuih cJiyqan, K oraa  pa3H oo6pa3H e p acn p e^ e jieH o  bo B pe
MeHH h xo^b i HenpepbiBHbi. 3 t o t  CJiyqan cneunajibHO 
paCCMaTpHBaJICH llIeHHOHOM. (O603HaqeHHH H nOHHTHH, 
BCTpeqaiom necH b s tom  naparpacj)e, b3htm  H3 kh h th  IIIeH - 

HOHa.)
FlycTb D, R h E — TpH nepeMeHHbie, Kaxman h3 koto- 

pbix HBJineTCH HCToqHHKOM HHcJ)opMauHH, npnqeM CJIOBO 
«HCToqHHK» He 03HaqaeT 3#ecb, qTo ohh /jencTByioT He3a- 
BHCHMO. Be30THOCHTeJIbHO K TOMy, KaK OHH CBH3aHbI npH- 
qHHHO, MO>KeT SblTb BbiqHCJieH HJIH SMnHpHqeCKH H3MepeH 
uejibiH phr hx sHTponHH. C io^a othoch tch : H {D , R , E) —  
SHTpOnHH BeKTOpa, COCTaBJIHIOHXHMH KOTOpOrO CJiy>KaT STII 
Tpn nepeMeHHbie; H d (E ) — Heonpe^ejieHHocTb nepeMeHHoro 
E npn H3BecTHOM coctohhhh D\ H el(R ) — Heonpe^ejien- 
HOCTb R, K0r,na H3BeCTHbI H E, h D, h T. Jl.

YcJioBHe, BBe^eHHoe b §  11/5 (qTo  HHKaKoft sjieMeHT ne 
£OJi>KeH KBawLRbi BCTpeqaTbCH b oahom  h tom  me CTOJiSue), 
C00TBeTCTByeT 3£ecb cJie/iyiomeMy ycjioBHio: npn #aHHOM, 
HJIH (J)HKCHpOBaHIfOM, R SHTponHH HCTOqHHKa E  (cOOTBeT- 
CTByiouxan SHTponHH Hcxo^a) He £OJi>KHa 6biTb MeHbrne, q^r.i



SHTpOnHfl HCTOqHHKa D , T. e.

Hr ( E ) > H r (D).

Tenepb, KaKHe 6bi npnqHHHbie hjih HHbie oTHOuieHHa hh 
coe^HHajiH D, R h E, hx 3HTporiHH b CHJiy a.ire6paHqecKOH 
HeoSXOflHMOCTH 6yflyT CBH3aHbI cjiopMyjioH

f f (D)  +  HD(R) =  H ( R ) + H B (D),
h6o KajK^aa cropoHa 3Toro paeeHCTBa paBHa H(R, D). 
IIoACTaBJiHH H r (E )  BMecTO H r  (D ) ,  noJiyqHM

H (D ) +  H d (R) < H ( R )  +  Hb (E) <  H (R , E);

ho b CHJiy ajiredpaH'MecKofi Heo6xo,a,HMocTH

H (R , E ) ^ H ( R ) + H ( E ) ,
T3K m o

H  (D) +  Hn (R) <// (/?) +  //(£),
HJIH

H ( E ) > H  (D ) +  H d (R) —  H(R).

TaKHM 06pa30M, SHTponnn HCToqHHKa E  HMeeT onpejie- 
JieHHblH MHHHMyM. ECJIH B3aHM03aBH^HM0CTb MOK^y HCTOq- 
HHKaMH D H R AOJIJKHa BJIHHTb Ha 9T0T MHHHMyM, OH 6yjXQT
HaHMeHbuiHM npn H d ( R ) =  0, t .  e. Kosda R ecTb odno3Hm- 
nan (pynKt^uR ot D. E cjih  s to  TaK, t o  MHHHMyM H (E )  paBen 
H ( D ) — H (R ) .  3 t o t  bm boa aHaJiornqeH BbiBo^y npe£b i£y- 
m ero  naparpac})a . O h  npocTo y T B e p ^ a e T ,  qTo MHHHMajib- 
HOe 3HaqeHHe SHTpOIIHH HCTOqHHKa E  MOJKeT SblTb yMeHb- 
UieHO OTHOCHTeJIbHO SHTponHH HCTO^HHKa D  JIHLHb 3a CqeT 
TaK oro >Ke yeeAim enuR  sh tp o tih h  HCToqHHKa R.
11/9. H e 6oJibiuoe BHAOH3MeHeHHe TOJibKo m o  cc})opMyjiHpo- 
BaHHbix TeopeM n03B0JineT noJiyqHTb npHMenaTejibHoe 0606- 
meHne.

PaccMOTpHM t o t  cjiyqan, Kor^a, nam e ecjin R HHqero He 
AejiaeT (t .  e. ^ejiaeT oahh h t o t  >Ke xojx npn jiio 6om xorq 
CBoero npoTHBHHKa D ) ,  pa3Hoo6pa3He hcxo/job MeHbrne, qeM 
pa3Hoo6pa3ne xoaob D. TaK hmchho o 6c to h t ^ejio *npH hc- 
n0Jib30BaHHH TaSjiHUbi 11/4/1. Ecjih, CKa>KeM, R Ha Bee xo^bi 
napTHepa D  jxaei: o tb c t a, to  hcxoasmh 6y^yT a, b hjih d —  
pa3Hoo6pa3He b Tpn sjieMeHTa, TorAa KaK D  HMeeT pa3HO- 
o6pa3He B IIHTb SJieMeHTO’B. ^TOSbl no.nyqHTb B03M0>KH0CTb



ToqHoro BbiMHCJieHHH, npe^nojio/KHM, mto Ka>K£biH sjieMeHT 
noBTopneTCH Tenepb b k3>kaom cTOJi6ue k pa3 (BMecTo 
«T 0JibK0 oAH oro» p a 3a b § 11/5). Tomho TaKoe >Ke paccy>K- 
jxenne, H3MeHeHHoe Jinuib b tom oTHomeHHH, mto Tenepb kn  
CTpoK MoryT ziaBaTb o^hh h t o t  >Ke hcxoa,' npHBOjXHT nac 
k TeopeMe o tom, mto

V0 > V D — lo g k —  VRf

m e  pa3Hoo6pa3HH H3Mep5iioTcn jiorapn^M H qecK H .
CoBepmeHHo aHaJiornqno mo>kho MOAH^HunpoBaTb tgo - 

peMy 06 SHTponHHx, npeAnojiaran He

Hr { E ) > H r (D ),

KaK B §  11/8, HO

H r { E ) > H r {D) —  K.

T o r^ a  MiiHHMyM H (E )  SyneT paBeH

H (D ) —  K — H (R ),

c aHajiornqHOH HHTepnpeTauneH.
11/10. H am  3aKOH y T B ep ^ a eT , mto HeK0T0pbie ooShthh 
HeB03M0X<Hbi. OqeHb Ba>KHo echo npe^cTaBJiHTb ce6e hctom- 
HHK 9T0H HeB03M0>KH0CTH. Mo>K6T JIH, HanpHMep, 9T0T 3a- 
koh 6biTb n0K0Jie6jieH sKcnepHMeHTOM?

Ham  33K0H He HMeeT HHKaK0r 0 OTHOUieHHH K CBOHCTBam 
MaTepHH.

E cjih oh 4)0pMyjIHpyeTCH TaK: «HHKaKan MauiHHa He 
Mo>KeT...», —  to oh He M o^eT 6 b iT b  onpoBeprHyT H306peTe- 
HHeM KaKoro-HHSy^b hoboto npn6opa, hjih KaKOH-HuSynb
HOBOH SJieKTpOHHOH CXeMbl, HJIH OTKpblTHeM KaKOrO-HHfiy^b 
h ob o to  sjieM eHTa. O h He HMeeT jxame HHKaKoro oTHomeHHH 
k CBOHCTBaM MamHHbi, noHHMaeMofl b oSiueM  cMbTcyie t ji. 4; 
Bejlb OH BblTeKaeT H3 Td6AUl{bL, T3KOH, KaK B § 11/4. B 3 TOH 
Ta6 ./iHue npocTo roBopHTCfl, mto onpe/jeJieHHbie coqeTaHHH 
x o a ob  D n R BenyT k onpeneJieHHbiM H cxo^aM ; ho OHa co- 
BepmeHHo He 33BHCHT o t  t o t o ,  k to  hjih  mto onpe/ieJiHeT 
hcxo jx. 3KcnepHMeHTbi M oryT jinu ib  docTaeuTb  HaM TaKHe 
TaSjiHUbi.

H am a TeopeMa ecTb npe>K,ne Bcero BbiCKa3biBaHH© 
O B03M0>KHbIX pacnOJIOJKeHHHX B npHMOyTOJIbHOH TafijIHUe.



OHa yTBep>K^aeT, qTo pacnojio>KeHHH onpe,aejieHHoro THna 
OCymeCTBHTb HeB03M0>KH0. OHa 3aBHCHT OT OCOfibIX CBOHCTB 
MauiHHbi He SoJiee, qeM, cKameu, TeopeM a o  tom , qTo qe- 
Tbipe npeziMeTa mo>kho pacnojio>KHTb b c})opMe KBa/ipaTa, a 
TpH —  HeJIb35I. CjieAOBaTeJIbHO, 9T0T 3aK0H HHqeM He o6 fl3a i! 
SKcnepHMeHTy.
n / i i .  Cnoea pesyAupoeanue. Tenepb Mbi M0 >KeM bhobb 3a-  
HHTbCfl BOnpOCOM O peryJIHpOBaHHH, OT K0T0 p0 r 0 Mbi OTBJie- 
KJiHCb b HaqaJie s to h  rjiaBbi. H 6 o 3aKOH n eo 6 xo flH M oro  
pa3Hoo6pa3HH jxaer HaM Mepy peryjiHpoBaHHfl. B epHeM ca 
>Ke 0 6 paTH0 h nocMOTpHM, qTo no cym ecTB y noHHMaeTCH 
nojx «pery jiH poB aH H eM ».

E l p e ^ e  Bcero Mbi bhahm m ho^kcctbo B03Mym,eHHH Z), 
B03HHKaiomHX b Mwpe, oK pyaca iom eM  opraHH3M. 3 t h  b os- 
MymeHHH B03HHKaiOT qaCTO AOBOJIbHO AaJieKO OT OpraHH3Ma. 
Bo3HHKHyB >Ke, ohh  3aTeM yrpo>KaiOT b c jiyq a e  6e3£eftcTBHfl 
pery jiH Topa  R BbiBecTH 3HaqeHHH cymeeTBeHHbix nepeM eH
Hbix E  H3 AonycTHMbix npezieJiOB. 3naqeHHH E  cooTBeTCTBy- 
io t  «H C xoziaM » n p e^ b i^ ym ero  naparpacj)a . H 3 Bcex 3HaqeHHii 
E  jiH inb HeMHorne (r i )  coBMecTHMbi c >KH3Hbfo opraHH3Ma, 
t .  e. HBjiHioTCfl AonycTHMbiMH. EIosTOMy peryjiH Top R f 
qTo6bi paSoTa e ro  6biJia ycnen iH on , £OJi>KeH npHHHMaTb 
CBOH 3HaqeHHH B TaKOM COOTBeTCTBHH CO 3H3qeHHHMH Z), 
qToSbi Hcxo^bi Bcer/ia no bo3M o>khocth ocTaBajincb BHyTpH 
AonycTH M oro MHO>KecTBa r\, t .  e. b cj)H3H0Ji0rHqecKHx npe- 
^ e jia x . TaKHM 06pa30M, pery jiH poB ann e no cym ecTBy cbh- 
3aHO C HTpOH H3 §  11/4. EIpoCJieOTM 3Ty B3aHM0CBH3b noA- 
po6Hee.

JIonycTHM  cn a q a jia , qTo jxana TaSjin ixa T. 3 t o  —  cyp o - 
BblH BHeillHHH MHp HJIH >Ke Te BHyTpeHHHe HBJieHHH, KOTO- 
pbie npe^noJiaraeM bift p ery jm T op  jxojimeu npHHHMaTb KaK 
^aHHbie. Tenepb HaqHeM ^eftcTBHe: D npHHHMaeT npoH 3 - 
BojibHoe 3 HaqeHHe; R —  npHHHMaeT 3 HaqeHHe, on pe^e jin eM oe 
3iiaqeHHeM D ; T a 6 jinua onpe^eJineT h cxoa , KOTopbift j ih 6 o 
b xo ^ h t, j ih 6 o He b x o a h t b r|. 06b iqH o  9 t o t  npouecc noBTO- 
pneTCH, KaK b c jiyq a e  c b3hhoh, HcnbiTbiBaiomefi b TeqeHHe 
JX hh p a 3JinqHbie B03MymeHHH. Toi\aa D h R npHHHMaioT jx py- 
ro e  3HaqeHHe; onpe/jejineTCH hobw h h cxoa , KOTopbiH TaK>Ke 
Momer j ih 6 o BxoOTTb, j ih 6 o He BXo^HTb b r\. H  TaK ^ a jie e . 
E c jih  R —  xopouiHH peryjiH Top, t .  e. paSoTaeT  ycneuiHo, t o  
R npeziCTaBJineT c o 6 oh TaKoe npeo6pa30BaiiHe B03Myme-



HHH D, HTO BCe HCXOAbI BXOAHT B Tj. B 3T0M CAljHae R U T 
coQMeciHo deucreytOT e KcmecTee 6apbepa F  (§ 10/5).

Tenepb Mbi Momeu H3o6pa3HTb sth  OTHOiueHHH Ha A«a- 
rpaMMe HenocpeACTBeHHbix B03AeHCTBHH:

R

C ipe jiK H  H3o 6 pa>KaK)T cjDaKTnqecKHe KaHajibi cbh3h. H 6 o 
pa3Hoo6pa3He b D onpeAeJineT pa3Hoo6pa3He b R, a pa3 iio- 
o6pa3He b T onpeAeJineTCH pa3Hoo6pa3HHMH b D h R. E cjih  
R n T HBJIHIOTCH AeHCTBHTeJIbHblMH MaiHHHaMH, TO R HMeex 
bxojx o t  D, a T HMeeT aBa BxoAa.

[E c jih  R h T BonjiomeHbi b peajibH bix MauiHHax, H eo6 - 
xoahm o hcho npe^CTaBJiHTb c e 6 e, qTo Mbi HMeeM b bhay- 
E c jih  KaKan-To MauiHHa cjiy>KHT och oboh  jxmi T, OHa Sy^eT  
HMeTb (co r jia cH o  § 4/1) m hojkcctbo  coc toh h h h , npHHKMae- 
Mbix m ar 3a m aroM . 3 th  coc toh h h h  h s th  m arn  cym e- 
CTBeHHO He3aBHCHMbI OT TeX AHCKpeTHbIX marOB, KOTOpbie
Mbi p a 3JinqaJiH b agh c tb h h x  D, R h T b s to h  rjiaBe. Ha
npHMep, T AaeT h cx oa h , h j i io 6 oh oTAeJibHbift h cxoa  mo>kho 
cpaBHHib c ApyrHM  hcxoaom , KaK u e jioe  c uejibiM. OAHaKO 
B ApyrOM KOHTeKCTe Ka>KAbIH OTAeJIbHblH HCXOA MO>KHO npo- 
HHaJiHsnpoBaTb S o jiee  n o A p o 6 no. TaK , opraHH3M, c rp a A a io - 
IUHH OT 7Ka>KAbI, MO/KeT nOHTH no TpaeKTOpHH 1 H yTOJIHTb 
>Ka>KAy hjih noHTH no TpaeKTopHH 2 h yM epeTb o t  >Ka>KAbi. 
n o  HeKOTOpbIM npH^HHaM 3TH ABa HCXOAa M oryT SpaTbCH 
KaK HepacqjieHeHHbie, ocoSeHHO KorAa hx Hy>KHO np0THB0- 
nocTaBHTb. E c jih  >Ke Mbi xothm  HccjieAOBaTb noBeAeHHe 
opraHH3xMa 6 oJiee AeTajibHo, t o  Mbi ao jijkh m  paccMaTpHBaTb 
TpaeKTOpHK) 1 KaK COCTOHLUyiO H3 n 0CJieA0BaTeJIbH0 CTH CO
CTOHHHH, pa3AeJieHHbix bo BpeMeHH m araMH coBepm eHHo 
A p y ro ro  nopHAKa, qeM m arn , KOTOpbie pa3AejiHK)T nocjieA o- 
BaTeJibHbie aKTbi peryjiHpoBaHHH, cooTBeTCTByiomHe n oc jie- 
AOBaTeJIbHbIM B03MymeHHHM.]



T e n e p b  Mbi Mo>KeM # aT b  H H TepnpeTauH io  o 6 m e ro  HBJie- 
hhh  p ery jiH p o B a H H H  b TepM H H ax TeopH H  cbh 3h . E c jih  R HH

q e r o  He AeJ iaeT , t .  e. coxpaH 5 ieT  o j x h o  h t o  m e  3HaqeHHe, t o  
p a3 H oo 6 p a 3 H e  b D y rp o> K aeT  npoHTH q ep e3  T k E, qT o  He- 
m e jia T e jib H o . M o m e r  c jiyqH TbC H , q T o  T  ,n;a>Ke 6 e3 o  b c h k o to  
H3MeHeHH5i R 3 a6 jioK H p yeT  K a x y io -T o  qa cT b  p a 3 H0 0 6 p a 3 HH D 
h qTo S T o ro  6 y a e T  A o c T a io q u o  rjik no.zmepjKaHHfl b E  no- 
CTOHHCTBa, Heo6xOZlHM Oro JlJin BblJKHBaHHH. Ho 0 6 biqH0  He- 
o G x oa h m o  ^ a jib H e n m e e  n oaaB jieH H e  pa3 iioo6pa3H 5 i b E, h 
3T0 nO/iaBJieHHe M05KCT S b lTb  ^OCTHTHyTO, KaK Mbi BHfleJIH

b § 11/6, jiHuib 3a cqeT yBejinqeHHH pa3Hoo6pasHH b R.
T en ep b  Mbi m o>kcm  BbmejiHTb qacTb Harneft ^ H a r p a M M b i  h 

cocpezioToqHTb BHHMaHHe Ha Ry KaK Ha nepe/iaTqHKe:

D R T

3aKOH HeoSxo/jHMoro p a 3H oo6 p a 3 HH yTBepjKAaeT, qTo moll\- 
HOCTb R KaK peeyjiHTopa ne Mower npeeocxoduTb nponycK- 
hou cnoco6nocTu R KaK Kana/ia cemu.

B 3T0H (J)OpMe 33K0H Heo6xOflHMOrO pa3H006pa3H5I 06- 
Hapyx<HBaeT ToqHoe cooTBeTCTBHe c TeopeMoft 10 LUeHHOHa, 
B KOTOpOH TOBOpHTCH, qTO eCJTH B C006meHHH nOflBJIfleTCH 
rnyM, to KOJinqecTBo rnyMa, KOTopoe uomer 6h\Th ycTpaHeno 
KanaJioM KoppeKUHH, orpaHHqeHo KOJiHqecTBOM HHcj)opMa- 
Uhh, KOTopan MomeT SbiTb nepê aHa no STOMy KaHajiy.

TaKHM o 6 pa3oM, «m yM » LLIeHHOHa cooTBeTdByeT Ha- 
rneMy «B03MymeHHio», ero «KaHaji KoppeKUHH» —  HaineMy 
«p ery jiH Topy» R, a ero «c o o 6 meHHe c SHTponnefl H» d a -  
hobhtch b HarneM cjiyqae cooSmeHHeM c HyjieBOH SHTpo- 
nneft, h6o «nepe,aaBaTbC5i» aoji>kho Ha stot pa3 hmchho 
uoctohhctbo. TaKHM o6 pa30M, Hcn0Jib30BaHHe peryjiHTopa 
AJ\n ^ocTH>KeHHH roMeocTa3Hca h Hcn0Jib30BaHHe KaHajia 
KoppeKUHH jiJin noAaBJieHHH rnyMa roMOJiornqHbi.

y n p .  1. 3pHTe;ibH biH  HepB H aceKO M oro c o c t o h t  H3 e r a  b o jiok oh , k b m - 
j i o e  H3 K O Topu x  MOJKeT HecTH 20 6 h to b  b c eK yH ^ y ; AocTaTOHHO
JIH 3TO, MT06hl flaT b  HaceKOMOMy B03M0)KH0CTb SaiHHlUaTbCH OT 
ZiecHTH onacHOCTeft, KajK/ian H3 k o t o p h x  m oo kct  npncyTCTBOBaTb 
hjih  He npncyTCTBOBaTb Ka>K,nyio c eK yH ^ y , H esaB H cim o o t  o c - 
TaJIbHblX?

ynp 2. Kopa6eJibHbiH TeJierpacf), cBH3biBaiomHH KanHTaHCKHH mocthk 
c MauiHHiibiM oTnejieHHeM, onpe^ejiHeT o^n y  H3 jigbjitm



B03M 0}K H bix  C K opocTefi, ho  n e p e ^ a e T  He 6 o jie e  o /u io ro  cn rH aJ ia  

3a 5 ceK yH # . C z ip y ro n  CTopoH bi, u iT y p B a ji  m o jk c t  K a)K /iy io  

c e K y n ^ y  on peaeJ iH T b  o a h o  h3 50 nojio>KeHHH p y jia . FIocKOJibKy  

onb iT  n o K a3 a ;i, m o  s t h x  cp e ^ c T B  ynpaBJieHHH  o6bm H o  z io cT a -  
t o h h o  a j ih  noJ iH oro  p e ry jin p o B a H H H , oueH H Te o6 bm H y io  B e p x -  

h k )io  rp a H H u y  BOSM ym eHHH (n o p b m o B  s e T p a , B C Tpem ibix  K o p a 6 -  

jie fl, M ejieft h t . a . ) .  y r p o ^ a i o m n x  G eso n acH o cT H  cy/u ia . 
ynp. 3. r e n e p a j i  HM eeT npoTH B ce6 n  apM H io  b 10 a h b h 3 h h , K a H a j i  H3 

K Q Topb ix  Mo>KeT M aH eB p H p oB aT b  c p a 3 H o o 6 p a3 H eM  106 6 h t o b  3a  
Ka^KAbiH nenb. CBefleH H H  o  npoTH BH H Ke o h  n o jiy q a e T  qep e3  

10 cn rH a jibm H K O B , Ka>K^biH H3 KOTOpbIX p a 6 o ia e T  no 8 qaCOB  

b zieHb, n e p e ^ a B a n  n o  60 6yKB  b M H H yTy k o a o m , n e p e ^ a io m H M
2 6 n T a  n a  6yK B y. f l o c T a io q H a  jih  n p o n y c K H a n  c n o c o d H O d b  

S T o ro  K a n a jia  /yin o6ecneqeH H H  n0JiH 0r0  pery jiH pO B 3H H fl?  

ynp. 4. (n p o ,a o ji> K e H H e .) T e n e p a j i  m o j k c t  flHKTOBaTb npnK a3b i no  

500 6 h t o b  b  M HHyTy b  T eqeH H e 12 q a c o B  b £ eH b . E cjih  e ro  CBe-
AeHHH O npOTHBHHKe 6bIJIH nOJIHblMH, TO AOCTaTOHHa JIH npo- 
nycKHan cn0C06H0CTb SToro cjiOBecHoro KaHajia a jih  nojiHoro 
peryjinpoBaHHH?

11/12. JXHarpaMMa HenocpeacTBeHHbix bo3aghctbhh, AaHHafl 
b n p e j ih i jx y u x ^ M  naparpac})e, oqeBHAHHM 06pa30M cBH3aHa
C (J )OpMy«JIHpOBKOH «£HpeKTHBHOH KOppeJIHUHH» \  K O T O p y K )  

3 o M M e p r o c } )  a a e T  b cBoeft KHHre « A H a j i H T H q e c K a n  6 hojio- 
TH5I» c nOMOUXblO A H a r p a M M b i

1 «J lio 6 o e  co6biTHe hjih  nojio>KeHHe Bemen Rti, HMeiomee MecTO 
b MOMeHT ti, Haxo^HTCH b ^HpeKTHBHOH KOppeJiHUHH (is  d ir e c t iv e ly  c o r 
re la te d ) K AaHHOMy O^HOBpeMeHHOMy C HHM COftblTHJO HJIH nOJIO^eHHtO 
Beiueft Etl OTHocHTejibHo n oc jie fly iom ero  HaerynJieHHH co ^ h th h  hjih no^ 
jio>KeiiHH Bemefi Gt2, ecjin (})H3HqecKaH CHCTeMa, qacTHMH k o top oh  Bee
OHH HBJIHIOTCfl, 06l>eKTHBH0 HaXOflHTCH B T3KHX yCJIOBHHX, mO Cyilie-
CTByeT co6biTHe hjih nojio>KeHHe Bemen CVt0, npe^m ecTByiom ee t\, h 
MHO>KeCTBO B03M0>KHbIX aJlbTepH3THBHbIX 3H3qeHHH C V t , T3KHe, MTO: 

a) npH AaHHbix o6cToyiTeJibCTBax jiio6 oe  H3MeHeHHe 3HaqeHHH CV (j 
b npe^e iax 3Toro MHo>KecTBa B.:ieiieT n3Meneinie Kai< R T3K h E

t0 tl t2



E cjih h npaBHJibHO noHHMaio ero , to  BBo^HMbie hm  h o h h - 
THH paBHOCHJIbHbl CJie/jyiOmHM HCnOJIb3yeMbIM 3AeCb TIOHH- 
t h h m :

ueHeTKHecKaa nepeMeHHaa (C V q)< — *  B03MymeHHe (D ),
OTBeT (R ti) <---►OTBeT ( R ) f

OKpy^aioiuHe 06cT05ne^bCTBa <— >Ta6jmua (T ) ,  
nocjie,ayloinne co6biTH5i (G u ) <— > hcxoa (E ).

TaKHM 06p a 30M, 3HaK0MCTB0 c e ro  KHnroft noM oraeT  
3HaqHTejibH0 pacm npHTb Teopn io , H3JiaraeMyio b s to h  qacTH, 
HOCKOJibKy oh rnnpoKo o 6 cy>KAaeT s t o t  npe^MeT.
11/13. 3aKOH Heo6xoAHMoro pa3Hoo6pa3HH jxaer HaM bo3-
MO>KHOCTb BblHCHHTb OTHOHieHHfl, CyiH,eCTByK)UXHe Me>K£y 
pa3JIHqHbIMH THnaMH pa3H006pa3HH H HHC^OpMaiXHH, B03AeH- 
CTByiOUXHMH Ha >KHBOH OpraHH3M.

BnojiorHqecKHH bhjx npo/joJUKaeT cymecTBOBaTb (§  10/4) 
npe>K£e Bcero fijiaroAapn TOMy, qTo ero npeACTaBHTejm 
MoryT 6jioKHpoBaTb noTOK pa3Hoo6pa3H5i (paccMaTpHBae- 
Mbifi KaK B03MymeHHe), H/jymHH k Ha6opy reHo-B (§  10/6). 
3Ta 6jIOKHpOBKa H HBJIfleTCH OCHOBHOH nOTpe6HOCTbIO BHJX&. 
EcTecTBeHHbiS -ot6op noKa3aji, KaKoe npeHMymecTBO aocth - 
raeTCH, ecjin BnycTHTb 6oJibmoe KOJinqecTBO pa3Hoo6pa3HH 
(KaK  HII(J)OpMaUHK)) JlHIHb B qaCTb CHCTeMbi (TaK, qT06bI OHO 
He AOCTHrajio Ha6opa reHOB), a 3areM Hcn0Jib30BaTb ero 
TaK, qTo6bi noTOK pa3Hoo6pa3HH, H/jyuihh qepes R, Sjiokh- 
poBaji noTOK, H^yiUHH cKB03b oKpy>Kaiomyio cpe^y T.

3 j a  ToqKa 3peHHH noM oraeT  HaM noHHTb to ,  qTo na 
nepBbiS B3r j i5i£  mo>kct noKa3aTbCH napa^OKCOM. B bicm ne 
opraHH3Mbi HMeiOT qyBCTBHTeJibHyio Ko>Ky, qyTKyio  i-iepBHyio 
CHCTeMy h qacTo 06jia/ilai0T h h cth h k tom , nofiyjKAaiom HM  hx, 
n rpan  h jih  H3 Jiio6onbiTCTBa, npHBHocHTb b CHCTeMy 6ojibme  
pa3Hoo6pa3HH, qeM s to  Henocpe/XCTBeHHo HeofixoAHMO.

6 ) jiio6aH Tanaa napa H3MeHeHHbix 3HaqeHHH Rtx , E tx (TaK me KaK h 
napa hx ^aKTH^ecKHX 3HaqeHHH) ecTb napa cooTBeTCTByiomHX 3JieMen«

TOB AByX COOTHeceHHbIX MHOJKeCTB B03M0>KHbIX 3HaMeHHH Rti , R^, • • • 

H E ti, E ”̂  . . .  T3KHX, ^TO npH flaHHbIX yCJIOBHHX BCe napbl COOTBeT- 
CTByromnx ajieMeHTOB, h TOJibKO 3th napbi, Bbi3biBatOT nocjie/iyioiuee Ha- 
CTynjieHne Gt i> (3oMMeproc}), «AHaJiHTHqecKaH 6nojiorHH», cTp. 54— 55).

CVt., « 3Ty Heo6xoAHMyio o6myio npn^HHy (causal determinant) E tt 
H Rtv mm 6yaeM Ha3biB3Tb ueHeTHwecKOH nepeMeHHOH (coenetic variable) 
npHcnoco6jieHiiH» (TaM xce, CTp. 5 2 ).— IlpuM. nepee.



Pa3Be ycTpaHeHHe s t o t o  p a 3 H oo6 p a 3 HH He yBejinqHJio 6 bi 
HX UiaHCbl BbI>KHTb?

B HacTO^meH rjiaBe n0Ka3aH0, qTo pa3Hoo6pa3He ( h h -  

(J)OpMaUHH HJIH B03MymeHHe) npHXO^HT B OpraHH3M B AByX 
(})opMax. O^Ha H3 h h x ,  yrpojKaiomaa BbUKHBaHHio HaSopa 
reHOB, —  n p f l M a a  nepe/jaqa o t  D qepe3 T k  E. 3ra qacTb 
£OJi>KHa 6biTb 3 a 6 j i o K H p o B a H a  j h o 6 o h  ueHoft. J^pyran cJ)opMa 
To>Ke yrpo>KaeT Ha6opy reHOB, ho OHa Mo>KeT SbiTb npeo6- 
pa30BaHa ( h j i h  nepeKo^HpoBaHa) nocpeACTBOM peryjmTopa 
R h  Hcn0oTb30BaHa a j i h  6 j i o k h p o b k h  ocTajibHoft qacTH pa3H0- 
o 6 p a 3 H H  b T. 3 t s  HHcfjopMauHH noJie3Ha h AOJi>KHa 6biib 
(ecjiH HMeeTCH peryjiHTop) yBejinqeHa HacK0JibK0 bo3Mo>kho; 
«6 o  corjiacHo 3aKOHy Heo6xo£iiMoro pa3Hoo6pa3H5i k o j i h -  

qecTBO BHeiiiHHx B03jxeHCTBHH, AocTHraiomnx HaSopa reHOB, 
Mo^KeT 6biTb yMeHbineHO Jinuib 3a -cqeT yBejinqeHHH nepe- 
AaBaeMofi TaKHM 06pa30M HHcfjopMauHH. TaKOBO 3HaqeHHe 
3 T o r o  3 a K O H a  a j i h  S h o j i o t h h .

Oh Ba>KeH TaK>Ke h ajih hclc, r j ih  Hauiero npoABHHceHHH 
k nocJie^HeH rjiaBe. B cbohx 9JieMeHTapHbix (JjopMax 3aKOH 
b to t HHTyHTHBHo oqeBHAeH h Bp ha jih 3acjiy>KHBaeT oco6oh 
(J)opMyjiHpoBKH. Ecjih, HanpHMep, (JjoTopenopTep HMeeT jxqjio 
C ABaAUaTbK) pa3JIHqHbIMH (b OTHOUieHHH Bbl^ep^KH h pac- 
ctohhhh) o6T>eKTaMH, to  ero annapaT, oqeBHAHO, aojijkch  
HMeTb no KpaflHen Mepe ABaAUaTb pa3JiHqHbix ycraHOBOK, 
qTo6bi mo>kho 6biJio npHBecTH Bee HeraTHBbi k o/uraaKOBOH 
HHTeHCHBHocTH h pe3KQCTH. Bch CHJia s to to  3aKOHa b ero 
KOJinqecTBeHHOH (J)opMe npoHBJiHeTCH b Tex cjiyqanx, KorAa 
mu HaqHHaeM paccMaTpHBaTb CHCTeMbi, rjie s th  3aBHCHM0- 
cth  y>Ke He CTOJib oqeBHAHbi, h 0C0 6eHH0 b Tex cjiyqanx, 
Kor^a CHCTeMa oqeHb BejiHKa. HanpHMep, a 0 KaKOH CTeneHH 
A H K T a T O p  MO>KeT npaBHTb CTpaHOH? OSbRHO TOBOpHT, qTO 
THTJiep nojiHOCTbK) npaBHJi TepMaHHeH. HocKOJibKy peqb 
Ejier o cHJie peryjinpoBaHHH (b cMbicjie §  10/6), 3aK0H 
y T B e p ^ a e T , qTo s to  ynpaBjieHHe He npeBbimajio 1 qejioBe- 
qecKofl cHjibi. (B yA ym ee aoji>kho noKa3aTb, hcthhho jih s to  
yTBepjKAeHne; ceftqac rJiaBHoe ero aoctoh h ctbo  co c toh t 
B TOM, qTO OHO TOqHO H HeAByCMblCJieHHO.) TaKHM 06pa30M, 
paccMaTpHBaeMbift 3aKOH, xoth  h 6aHajibHbiH b n p ocrax  
cJiyqanx, m ojkct 0Ka3aTb peaJibHyio noMomb b Tex cjiy- 
qanx, KoTopbie cjihuikom cjiojkhm, qTo6bi paccMaTpHBaTb 
hx Jinuib c noMOHJibio HHqeM He noAKpenjieHHofi HHTynuHH,



ynPABJIEHHE

11/14. npHBe£eHHbie b s to h  n ia B e  ^opM yjiHpoBKH yme yKa- 
3biBaJiH Ha TecH yio CBH3b Memjxy peryjinpoBaHHeM  h ynpaB- 
jieHHeM. Tan, b § 11/3 Tagjin ixa 11/3/1 ziaBajia #  bo3 mo>k- 
HOCTb He ToJibKo noJiyqaTb h cx oa  a, HecMOTpn Ha Bee H3Me- 
HeHHH co  CTopoHbi D, ho h no jiyqaTb  no HcejianHio b hjih c.

M ojkho h no-^pyroM y paccMOTpeTb 3jy CHTyaunio. ripe^- 
noJio>KHM, mto BbiSop onpe^eJieHHoro ncxo/ia b KaqecTBe 
>KejiaeMofl uejin ocymecTBJineTCH HeKOTopbiM ynpaBJiniomHM 
yCTpOHCTBOM C, KOTOpOMy R  AOJI>KeH nOOTHHHTbCH. Peme- 

HHe C 6yneT BJiHHTb Ha t o ,  BbiSepeT j i h  R  a, p h j ih  y- n o -  
STOMy AHarpaMMa HenocpeACTBeHHbix bosaghctbhh HMeeT 
BH.T

B uejioM  OHa H3o 6pa>KaeT cHCTeMy c AByMH He3aBHCHMbiMH 
BXO^aMH C h D.

ripe/jnoJioJKHM Tenepb, qTo R  HBjmeTcn coBepineHHUM 
peryjiHTopoM. Ecjih C  BbiSnpaeT b KaqecTBe uejin a, to  (qe- 
pe3 nocpe^CTBo R )  E  npHMeT 3HaqeHHe a, KaKoe 6bi 3Hcme- 
uua hu npuHfuio D . AHajiornqHO, ecjin C  BbiSnpaeT b Kaqe
cTBe uejin b , h cxoa  b HacTynHT npH jiioSom 3HaqeHHH D. 
M  TaK ^aJiee. Ecjih  Tenepb C  Bbi6epeT onpe/jejieHHyio nocjie- 
AOBaTeJibHocTb —  cKa>KeM, a, b, a, c, c, a —  b KaqecTBe 
MHorosTanHoft hjih cocTaBHon uejin, to  3Ta nocJie/ioBaTeJib- 
HocTb 6y^eT ocymecTBJiHTbcn He3aBHCHMo o t 3HaqeHHH, 
npnHHMaeMbix D  Ha BceM ee npoTH>KeHHH. (XIjih npocTOTbi 
Mbi npHHHMaeM, qTo Bee cocTaBJiHfomne hsmchhiotch b TaKT 
jxpyr jxpyry .) TaKHM 06pa30M, to  oScTonTejibCTBo, qTo R  
HBji5ieTC5i coBepmeHHHM peryjiHTopoM, n03B0JiaeT C  noJi- 
HocTbio ynpaBJiHTb Bbixo^oM, HecMOTpfl Ha HaJiHqne noMex 
co CTopoHbi D. Cjie^oBaTeJibHo, coeepuieHHoe peryjiMpoea- 

Hwe ucxoda , ocym ecreA neM oe R , d aer eo3MootcHocTb C  noA- 
nocTbfo ynpaejiHTb ucxodoM.

\  t



3 t h  >Ke c})aKTbi mo>kho paccMOTpeTb h c A pyro ft to^ikh 
3peHHH. E c jih  ynpa-BJieHHe, KOTopoe C  nbiTaeTCH ocym e-
CTBHTb Ha jx E :

C E

napym aeTCH h j ih  HCKa>KaeTCH ApyrHM , He3aBHCHMbiM b x o -  

JXOM D  TaK, qTO OHH CBH3aHbI KaK

D

\

[
c

HJIH

\

[
/

t o  m o k h o  nocTpoHTb noAxoziflmHH p ery jiA T op  R, n o jiyq a io - 
ilihh  HH(J)opMaij;Hio KaK o t  C , TaK h o t  D  h noM em aeM biH 
Me>K,o,y C  h T:

k 06p a 30BaTb H3 R  h T  KaHaji, KOTopbiH nepedaer ece o t  
C k E , ne nepedaean n m e a o  ot  D  k  E. 

Cjie^OBaTeJibHO, ocym ecTBjieHHe ynpaBJieHHH Mo>KeT He- 
o 6xoAHMbiM 06p a 30M 3aBHceTb o t  ocymecTBJieHHH pery jiH - 
pOBaHHH. TaKHM 06pa30M, OHH TeCHO €BH3aHbI.

ynp. 1. IlocTpoH Te no Ta6jimie 11/3/1 m hojkgctbo npeo6pa30BaHHH 
c napaM eipoM  C, KOTOpbie wrpoK R jxojixien HcnojibaoBaTb, 
MTo6bi C riojiHOCTbK) ynpaBJiHJio hcxoaom . (YKa3aHHe: Kanne. 
o6i>eKTbi c jiy jK aT 3Aecb onepaHjiaM H?) 

ynp. 2. lly c T b  b nocJie^Hen ^HarpaMMe 3Toro naparpa(j)a  C nepe^aeT 
B E  CO CKOpOCTblO 20 6uT/ceK, HCTOqHHK D  npOH3BOAHT myM 
B 5 6uT/ceK H T TaKOBO, lITO npH DOCTOflHHOM R  H3MeiICHIie E



AOCTHraeT 2 6uTjceK\ KaKOBa AOJinaia 6biTb MHHHMajibiian 
nponycKHan cnoco^HocTb KaHajia, H ^ym ero o t  D k  R, MTo6bi C 
n0JiH0CTbi0 ynpaBJiHJio £ ?

Vnp. 3. (IlpOAOJi>KeHHe.) KaKOBa AOJim ia 6biTb MHHHMajibHaa npo- 
nycKHan cnocoftnocTb KaHajia, HAyiuero o t  C k R? 

ynp. 4. (npoAO Jiw eH H e.) K an a jia , n ^ym ero  o t  R k 77

11/15. PaccM aTpH B aa pery jiH poB ann e, Mbi ^ e jia jiH  och obhoh  
yn op  Ha e ro  cb o h c tb o  yM eHbuiaTb pa3H oo6pa3H e h cx o a o b : 
b oTCyTCTBHe peryjinpoBaHHH pa3H oo6pa3H e bcjihko, n p n  Ha- 
jih^hh  peryjinpoBaH H H  oh o M ajio. B npeaeJibHOM c jiy q a e  Mbi 
noJiy^HM peryjiHpoBaHHe, KOTopoe coxpan n eT  h cxo#  cT poro  
nOCTOHHHblM. 3 T a  TO^Ka 3peHHH, HeCOMHeHHO, npaBHJlbHa, 
ho Ha nepBbift B3rjifm  ona uomer noKa3aTbca pe3Ko npo- 
THBOnOJIOJKHOH HaHBHOMy B3rJIH^y, corJiacHo KOTOpOMy >KH- 
Bbie opraHH3Mbi o 6Hapy>KHBaK)T Bee qTo yro^HO, T0JibK0 He 
Heno^BH^HocTb. He MeuiaeT n03T0My ^oSaBHTb HecKOJibKO 
CJIOB k TOMy, ^ito 6biJio CKa3ano b §  11/13.

H a ^ o  noHHMaTb, qTo pa3;m qHe Me>K^y «n0CT05iHHbiM» h 
«nepeM eH H biM » qacTo 33bh ch t o t  Toqw oro  onpeAejieHHH 
CMHCJia 3th x  c jiob . TaK , ecjiH Jiyq npo>KeKTopa HeoTCTynHo 
cJieziyeT 3a caMOJieTOM, Mbi Mo>KeM 3aMeTHTb j ih 6o to ,  qTo 
Jiyq n p om eji fio jib in o fi £Hana30H y m o B  (oTHocH Tejibno 
3eMJin), j ih 6o t o ,  nro y ro ji,  KOTopbift oh o6pa3yeT  c caMO- 
JieTOM, 0CTaeTCH n0CT0flHH0 paBHbiM Hyjiio. 06e ToqKH 3pe- 
HHH, KOHeHHO, npaBHJIbHbi; B 3T0M npHMepe HeT B ^eftCTBH- 
TeJIbHOCTH HHKaKOTO npOTHBOpeqHH MeTKJiy «6o.7IbllIHM JlHa- 
na30H0M H3MeHeHHH» H «nOCTOHHCTBOM», nOCKOJIbKy OHH 
o th o c h tc h  k pa3JiHqHbiM nepeMeHHbiM.

ToqH o TaK >Ke m o(})ep , aKKypaTHo Be^ymHM MauiHHy H3' 
o^H oro  ro p o ^ a  b ^ p y ro f l no h 3bh jih ctoh  ziopore, MO>KeT pac- 
CMaTpHBaTbCH JIHSo C TOH TOqKH 3peHHH, qTO OH 3aCT3BJI5 ieT 

p yjieB oe  K o jieco  3 k th b h o  ^eflcTBO'BaTb h H3MeHHTb CBoe no- 
jio>KeHHe, j ih 6o c to h  ToqKH 3peHHH, qTo oh b TeqeHHe Been 
n o e3^KH coxpaH n eT  paccTOHHHe Me>K^y MauiHHofi h o 6oqH- 
HOH JXo p o rn  nO'CTOHHHblM.

3HaqHTe^bHan qacTb AenTejibHocTH xchbw x 0praHH3M0B 
A onycK aeT  TaKoe ABosiKoe paccMOTpeHHe. C o^h oh  CTopoHbi, 
Ha6jn o^aT e jib  Mo>KeT oTMeqaTb, qTo cjjaKTHqecKH n pon cxo- 
jxm 3HaqHTejibHoe £BH>KeHHe h H3MeHeHHe; a c ,apyroH c to -  
pOHbi, oh Mo>KeT 3aM eqaTb, qTo bo Been s to h  jxemejih- 
h o c th , nOCKOJIbKy oHa KOop^HHHpoBaHa h roM eocTaTH qH a,

20 3aK. 3346 y. Pocc 9iu6h .



C0xpaHHK)TC5i onpeAeJieHHbie HHBapnaHTbi, noKa3biBaiom He 
c ien eH b  ocym ecTB JineM oro peryjiHpoBaHHH.

3 T a  TeMa AonycK aeT  p a 3JmqHbie BapnauHH. H anpH M ep, 
ecjiH nepeMeHHan x  B cer^a  BeAeT c e 6n TaK me, KaK nepe- 
MenHan y , t o  BeJinqHHa x  —  y nocTonHHa h paBHa Hyjiio. 
Cjie^OBaTeJibHO, ecjiH 3HaqeHHH y  3aAaiOTCH HeKOTopbiM 
BHeUJHHM 4>aKTOpOM, TO JIK)60H peryJIHTOp, ^eftCT-ByiOmHH 
Ha x  TaK, qT o6bi x  —  y ocTaB ajiocb  nocTOHHHbiM h paBHbiM 
HyJIK), B /jeHCTBHTeJIbHOCTH 3aCTaBJIHeT JK H3MeH5ITbCH H OpH 
s t o m  KonnpoBaTb y. A H a jio rn qH o «3acTaBJi5m> x  ^ e jiaTb  
npoTHBonoJio>KHoe TOMy, qTo A e jiaeT  y »  cooTBeTCTByeT TOMy, 
qroS b i «y/i:ep>KHBaTb x  y npn neKOTopoM nocTOAHHOM 3Ha- 
qeHHH». A « 3acTaBJiHTb nepeM eHHyio w H3MeHHTbcn TaK, 
qT o6bi oHa B cer^a SbiJia BABoe So jibm e (H3MeH5nom eH cn) 
CKOpOCTH H3MeHeHHH V »  COOTBeTCTByeT TOMy, qToSbi «c o x p a -  
HHTb BeJIHqHHy W —  2d v jd t  nOCTOHHHOH».

JXjW H3JI0>KeHHH H pa3BHTHH oS m efl TeopHH OqeHb yAoSHO 
pacnoJiaraTb B03M0>KH0CTbK) paccMaTpHBaTb Bee «n e jr a »  
KaK HM eiomHe eAHHyio (J)opMy, a HMeHHo — «coxpaH H Tb 
h c x o a  nocTOHHHbiM co 3HaqeHHeM a » .  OAH aKo qHTaTejib He 
AO jm eH  zie jiaTb  0TCK)Aa ouiHSoqHbiH b u b o r ,  6y&To 3Ta Teo- 
pH5I paCCxMaTpHBaeT TOJIbKO HenOABHHCHOCTb,; OH ROJlWLeH 
npnyqnTb c e 6n cb o 6oa h o  MeH5iTb cooTBeTCTByiomHe noHHTHH.

HEKOTOPblE  B A PH A U H H  TEMbI

11/16. B § 11/4 cymecTBeHHbie cJ)aKTbi H3 o 6jiacTH >peryjm- 
poBaHHsi 6biJin o6 ,b5iCHeHbi c noMotu,bio npocToft npH M oyrojib- 
hoh  TafijiHUbi, npHMeHHTeJibHo k n rpe  MeJKAy AByMfi n a p ra e - 
paMH D  h R. ^H TaTe jiio  mo>k6t noK a3aTbC5i, qTo 3Ta 4>op- 
MyjiHpoBKa cjihu ikom  npocTa h qTo HeKOTOpbie o 6m eH3BecT- 
Hbie npHMepbi peryjiHpoBaHHH He M oryT  6biTb npeACTaBJieHbi 
c ee noM om bio. B AeHCTBHTejibHOCTH, 0AnaK 0, 3Ta cj)opMyjiH- 
poBKa 5iB ji5ieTC5i 3HaqHTejibHo S o jiee  oSm eft, qeM Ka>KeTC5i, 
h b ocTaBuiHxcfl riaparpacj)ax s to h  rJiaBbi Mbi paccMOTpHM 
pa3JiHqHbie ycjio>KHeHHfl, KoTopbie, KaK noKa>KeT 6oJiee 6jih3- 
Koe paccMOTpeHHe, AeftcTBHTejibHo noAXOAHT noA 0CH0BHyi0
4)opM yjiHpoBKy §  11/4.
11/17. CAODfcnoe eo3Mymenue. OcHOBHan cjxipMyjmpoBKa 
§ 11/4 BKJIIOqaJia  TOJIbKO OAHH HCTOqHHK B 0 3 M y m e H H M  D ,



n03T0My Mo>KeT noKa3aTbcn, qTo OHa He BKJiioqaeT Bcex Tex 
6ecqncJieHHbix b 6H0Ji0rH qecK 0M MHpe c jiyqaeB , K o m a  
peryJinpoBaTbCH jioJ im uu  cp a3 y  H ecm JibKo B03MymeHHft, 
H ^ym n x 0AH0BpeMeHH0 no HecKOJibKHM KaHajiaM . TaK , 
BeJiocnne/iHCTy qacTo  npHXOAHTcn cnpaBJiflTbCfl KaK 
C npenHTCTBHHMH, CB5I3aHHbIMH C yJIHqHbIM £B H >K eH H eM , 

TaK h c HapymeHHeM  paBHOBecHH, Bbi3bmaeMbiM nopbiBaMH 
BeTpa.

Ha caMOM jxejie, oAHaKO, s t o t  c jiyq a ft oxBaTbiBaeTcn 
Hamefl (J)0pM yjiH p0BK0H, h6o b s to h  rjiaB e oTino^b He hc- 
KJIIOqaeTCH B03MO>KHOCTb Toro, qT06bI D SblJIO BeKTOpOM 
c Jiio6biM qneJioM cocTaBJiHK)iu,Hx. BeKTopH oe D B cem a mo- 
m q t  H3o 6p a 3HTb Bee TaKHe cJio>KHbie B03Mym,eHH5i b paM Kax 
o 6meH cj)OpMyjIHpOBKH.
11/18. UlyM. Cio^a o th o ch tch  h t o t  c jiyqa ft, Kor^a b T npn- 
cyTCTByeT rnyM, t . e. Kor.ua T HMeeT eme oah h  bxoa , Ha ko- 
TopbiH BJiHneT HeKOTopoe B03MymeHHe, HaJiaraKDmeecH Ha T. 
TaKOB, HanpHMep, c jiyqan , K om a  T ecTb sjieKTpnqecKafl Ma- 
niHHa, KOTOpyro B03MymaK)T H3MeHeHHH Hanpn>KeHHH b nn- 
Ta iom eft ee c e m  Ha nepBbin b3 tjih a  3 t o t  cJiyqaft He oxBa- 
TblBaeTCH OCHOBHOH c|)QpMyJIHpOBKOH.

HaAo noHHMaTb, qTo D, T, E  n t. a. onpeAeJiHJiHCb 
b § 11/3 b qncTo (pyHKt^uonaAbHou (J)opMe. Tax, HanpHMep, 
D ecTb « t o ,  qTO B03MymaeT». Koma jxana Jno6an peajibHan 
CHCTeMa, Heo6xoAHMa HeKOTopan ocTopoaaiocTb npH peme- 
hhh Bonpoca o tom , qTo b Hefi C00TBeTCTByeT D , qTo T  h t .  jx. 
KpoMe Toro, rpaHHua, BpeMeHHo npoBeAeHHaa MeiKjxy D  h 

T  (h  Bee Apyrne rpaHHUbi), mohcct npH n0BT0pH0M pac- 
cMOTpeHHH noTpe6oBaTb nepeMemeHHH. TaK, oah o  MHo>Ke- 
c tb o  rpaHHix, npoBeneHHbix b peaJibHoft CHCTeMe, mo>kct 
jxaTb CHCTeMy, KOTopan jxoJimua cocTOHTb H3 D , T  h ' t . jx 
ho KOTopan He corjiacyeTca c och obh oh  (J)0pMyjiHp0BK0H 
H3 § 11/4. T o m a  Mo>KeT 0Ka3aTbcn, qTo nepecMOTp rpaHHU, 
AaiomHH noebie D ,' r  h t , a*, Jxacr HaM CHCTeMy, KOTopan 
6yder cooTBeTCTBOBaTb och obh oh  (J)opMyjiHpoBKe.

E cjih  npeABapHTejibHoe npoBeAeHHe rpaHHu noKa>KeT, 
1i t o  AaHHoe (BpeM eHHoe) T  BKJiioqaeT myM, t o  rpaHHUbi 
AO jdkhh gbiTb nepecMOTpeHbi TaK, qT o 6bi m yM, B03AeftcTByio- 
luhh Ha Tj B om eji b D KaK cocTaeAHtoti^aR. D 6yAeT  Tenepb 
«TeM , qTo B03M ym aeT », h T He 6yACT HMeTb T p erb ero  BxoAa.



C jie^ o B a ie jib H o , paccMaTpHBaeM an (})0pMyjiHp0BKa coBna- 
jxaer c (J)0 pM yjiH p 0BK0H §  11/4.

n p H  3T0M, KOHe^HO, Mbi COBCeM He /jyMajiH, m o  MOJKHO 
MarnqecKH cnpaBHTbcn c rnyMOM KaK c peajibHbiM bo3mv- 
meHHeM, npocTo ^yMan o HeM no-zipyroMy. 3^ecb HMeeTCH 
b BH^y T o jib xo , qTO ecjin  Mbi Ha^HeM cHa^aJia h nepeon pe- 
^ejiHM D  h T, t o  HeKOTopoe noeoe 'npeo6pa30BaHHe D  cmo- 
>xeT BoccTan-oBHTb peryjiHpoBaHHe. 3 t o  H0B0e npeo6pa30- 
BaHHe, KOHeqHO, 6yjxer c jiojKHee CTaporo, h6o D  Sy^eT HMeTb 
6 ojib ine cocTaBJiHiom,HX.
11/19. HanajibHbie coctohhur. Cxozmbifi cjiyqaft HMeeT 
mccto, Kor.ua T ecTb neKOTopan Mauiima, no-BeaeHHe koto- 
pofl onHCbiBaeTCH onpe^ejieHHoii TpaeKTopneft, npnqeM hc- 
XOJX E  3aBHCHT OT CBOHCTB TpaeKTopHH T. HCXOAH B 3T0M 
cjiyqae 6y^yT b H3BecTHOH CTeneHH 3aBHceTb o t  Toro, KaKoe 
H3 COCTOHHHH T HBJIHeTCH HaqaJIbHblM. KaKHM O0pa3OM BXO- 
m r  HaqajibHoe cocroHHHe T  b ocnoBHyio (JjopMyjinpoBKy 
§ 11/4?

E c jih  mo>kho y n p aB JiH T b  HaqaJibHbiM coctohhh cm  Tax, 
qTo6bi TpaeKTopHH BcerAa M orjia  HaqnuaTbcn c o j x e o t o  n 
T o ro  me  cTaH jjapTH oro coc toh h h h , t o  HHKaKiix TpyaHOCTeft 
He B03HHKaeT. (B 3T0H CBH3H MOJKeT npHTOHHTbCH CnOCOO 
§  7/25.) O ^H aK o Mo>KeT cjiyqHTbcn, oco6eH n o ec jin  CHCTeMa 
oqeHb BejiHKa, qTo naqajibH oe COCTOHHHe tie mo>kct 6biTb 
CTaHAapTH3Hp0BaH0. BKjiioqaeTCH jih  s t o t  c jiyq an  b cj)op- 
M yjinpoBKy?

JX a, h 6 o D  KaK BeKTop m ojkho n ep eon pe jie jiK T b  TaK. 
q i o 6 bi b D Bxojxnjio HaqajibHoe cocTonHHe T. Tor^a  p a 3 Ho- 
o 6 p a 3 He, npiiBHocHMoe b E  p a 3H oo6 p a 3HeM HaqajibHbix c o 
c toh h h h  T , noJiyqHT cooTB eTcrB yiom ee MecTO b och obhoh  
d30pMVJIHP0BKe.
11/20. CjioofCHCLR i\eAb. N io m e r  cjiyqHTbcn, qTo AonycTHMbie 
coctohhhh t] cymecTBeHHbix nepeMeHHbix E  6yAyT HMeTb 
SoJiee o^Horo ycJiOBHH. TaK, o t  TepMocraTa M0>KeT Tpe6o- 
BaTbcn:

1) qTo6bi oh no,imep>KHBaji TeM nepaTypy u e m j x y  36° h 
37° C;

2) qTo6bi npn H3MeHeHHH TeM iiepaTypb i b n p e^ e jia x  
+  10° C oh B 03B pam aji ee  b A o n y c ra M y io  o fijia cT b  He n o 3me  
qeM qepe3 MHHyTy.



C  3T0H TpyjXHOCTbK) MOJKHO CnpaBHTbCH TaK ace, KaK 
b § 11/17, t . e. AonycK an , qTo E  Mo>KeT 6biTb BeKTopoM c He-
CKOJIbKHMH COCTaBJIHIOLUHMH H qTO AOnyCTHMblG 3HaqeHH5I 
(r|) M oryT 3aAaBaTbC5i o c o 6biMH ycJioBHHMH rjisi Ka>KAoii 
cocTaBJiHiomeH.

TaKHM o6pa3c>M, p asp e in an  E  6biTb BeKTopoM, b och ob - 
Hyio (})opM yjiH poB K y § 11/4 m ojkho BKJiioqHTb Bee cJiyqan, 
K or^a uejib  h b jih ctch  c jio jkhoh , h jih  ycjioBH on, hjih orpaHH- 
qeHHOH.
11/21. BnyTpenHRR CAoofcnocrb. B KaqecTBe riocJieAHero npw- 
Mepa, noKa3biBaiom ero, HacK0JibK0 BceoS'beMJiiomen hb- 
jineTCH b AeflcTBHTejibHocTH ocHOBHan c})opMyjiHpoBKa, pac- 
CMOTpHM CJiyqaft, B KOTOpOM TJiaBHOH npofijieMOH HBJIHeTCH, 
no-BHAHMOMy, He c to jib k o  peryjiH poBaH ne, cK0JibK0 B3aHMo- 
AencTBHe Me>KAy HecKOJibKHMH peryjiHpoBaHHHMH. TaK , ah c- 
neTqep Mo>KeT HMeTb AeJio c HecKOJibKHMH noe3AaMH, oa h o - 
BpeMeHHo npnSbiBaKDHXHMH na e ro  yqacTOK. YnpaBHTbCH 
c Ka^AbiM  b oTAejibHocTH SbiJio 6bi npocTo, ho 3aAaqa 3Aecb 
3 aKjnoqaeTCH b tom , qTo6bi yMeTb ynpaBJiHTb hmh KaK ue- 
JlblM CJIO>KHbIM KOMnjieKCOM.

3 t o t  c jiyq a ft cjDaKTHqecKH TaK>Ke noKpbiBaeTCfl HauieS 
OCHOBHOH (J)OpMyJIHpOBKOH. H 6o HHqTO B 3T0H (J)OpMyjIH- 
poBKe He npen^TCTByeT TOMy, qT o6bi BejinqHHbi, hjih c o 
c toh h h h , HJIH SJieMeHTbl B D, R, T HJIH E  COCTOHJIH CaMH H3 
qaCTeft, CBH3aHHbIX pa3JIHqHbIMH COOTHOUieHHHMH. T o  06- 
CT0HTejibCTB0, qTo «D»  ecTb oTAeJibHan 6yKBa, BOBce He 
03HaqaeT, qTo o6o3H aqaeM oe e io  TO>Ke ao ji>kho 6biTb BHy- 
TpeHHe npO-CTblM HJIH eAHHblM.

JXjik AHcneTqepa «B03M ym eHHeM » D  HBJineTcn onpeAe- 
jieHHoe MHo>KecTBo noe3AOB, npHQbiBaiomHx Ha ero  yq a cT ox  
b onpeAejieHHOM npocTpancTBeHHO-BpeMeHHOM nopHAKe. 
A p y rn e  pacnojio>KeHHH hx jxanyr Apyrne 3HaqeHH5i 3Toro 
B03MymeHHH D ,  K0T0p 0e, KOHeqHO, AOJIHCHO 6b ITb  BeKTopoM. 
H cxoAaM H  E 6yjxyr p a 3JinqHbie KOMnjieKCbi noe3AOB, MaHeB- 
pnpyiom H X oTHocHTejibHo Apyr Apyra h j ih  noKHAaioiUHx 
yqacTOK. f lon ycT H M oe  MHo>KecTBo r\, KOHeqHO, BKjiKDqaeT 
cocTaBJiH iom yK) « 0TcyTCTBiie cTOJiKHOBeHHH», a TaKxce, Be- 

po^THo, h Apyrne cocTaBJiHiomne. OTBeTHbie AeficTBHH 
AHcneTqepa R BKJiioqaiOT p a 3H006p a 3Hbie coqeTaHna ab ii-  
>KeHHH CHTHajiOB h CTpejioK., T ecTb Bee, qTo AaHo: o c h o b -  

Hbie (})aKTopbi reorpac})HH, MexaHHKH, CHrnaJiH3auHH h t .  a.,



KOTOpbie JXJin CJIO/KHBIIieHCfl CHTyaUHH H npeAnpHHHTbIX 
AH cnem epoM  oTBeTHbix jxehctbhh 0£H03HaqH0 onpe,zi;ejiHK)T 
HCXOA CoSblTHH.

Mbi bhahm, c jieAOBaie jibHo, m o  b npHHUHne ocHOBHan 
cjDopMyjiHpoBKa uom er BKjiioqaTb cjiyqan j i io6oh CTeneHH 
BHyipeHHeft c j io jkhoc th .



PeryjiflTop, 
y n p a B j i f l e M b i i i

0 I U H 6 K a M H

12/1. B npe^biAymeH rjiaBe Mbi Hccjie^oBajiH npupoAy pe- 
ryjiHpoBaHHH h noKa3ajiH, m o  ajih  ero ocymecTBJieHHH 
AOJi>KHbi co6jno£aTbCH onpe^eJieHHbie cooTHomeHHH h npa- 
BHJia.-

Ka>KAt»iH pa3 Mbi nojiarajiH, qTo peryjwpoBaHHe y>Ke 
ocynxecTBJieHO, h 3aTeM HCCJie^oBajiH, KaKHe npH stom  
JlOJlTKHhl BbinOJIHHTbCH yCJIOBHH. 0,fl[HaKO, XOTH 3Ta T04Ka 
3peHHH h nojie3Ha, OHa Bp hjx jih CooTBeTCTByeT TOMy, m o  
cSbiqHO nponcxoAHT Ha npaKTHKe. nepeH^eM n03T0My 
K HOBOH TOMKe 3peHHH.

H a npaKTHKe Bonpoc o peryjinpoBaHHH 06biqH0 B03HH- 
KaeT cjie^yiomHM o6pa30M. JXaubi cymecTBeHHbie nepeMeH
Hbie E , H Jia HO MIIO>KeCTBO COCTOHHHH T], KOTOpblMH OHH 
AOJi^Hbi orpaHHqHBaTbCH, qTo6bi opraHH3M mot >KHTb (hjih 
npoMbiLHJieHHoe npeanpHHTiie —  y^oBJieTBOpHTejibHo p a 6o- 
TaTb). 3 th  ABa ycjioBHH aojijkhm Sbirb AaHbi npe>KAe Bcero 
npoqero. Ilpeofcde neM Mootcno 6ydeT ocyu^ecTeuTb uau daotce 
eoeopuTb o kcikom-to peeyAupoeanuu, mu doAOfcnbi 3HaTb, 
hto 3decb cyu^ecTeenno u hto Tpedyeicn. J Iio6oh 6H0Ji0rnqe-
CKHH BHJX HMeeT CBOH TpeSOBaHHH! KOUIKa AOJI>KHa 6bITb CV- 
xoh, pbi6a AOJi>KHa SbiTb MOKpoft. Cjieixnuxne CHCTeMbl b Tex- 
HHKe HMeiOT uejiH, onpezieJiHeMbie ApyniMH coo6pa>KeHHHMH: 
o/ina CHCTeMa £OJi>KHa no/mep^KHBaTb b HHKy6aTope Tenjio, 
Apyran —  no£Aep>KHBaTb b xoJio/tfijibHHKe xojiojx. Bo Been 
Hamen KHHre npHHHMaeTcn, qTo BHeiiiHHe coo 6pa>KeHHH



y>Ke onpeaejiHJiH uejib, t. e. AonycTHMbie coctohhhh r\. 
B 3toh  KHHre Hac aaHHMaeT Jinuib npo6jieMa Toro, KaK 
AOCTHqb 3TOH UeJIH, HeCMOTpH Ha nOMeXH H TpyAHOCTH.

B o 3MymeHHH D  yrpo>KaK)T bhbccth  E  H3 MHO>KecTBa r). 
Ecjih D  AeftcTByeT qepe3 nocpeACTBo HeKOTopon AHHaMHqe- 
ckoh CHCTeMbi (oKpy>KaiomeH cpeAbi) 7\ t o  nepBOHaqajibHO 
AHarpaMMa HenocpeACTBeHHbix B03AeftcTBHH HMeeT bha

OpraHH3M (hjih  Boo6m e k to - t o ,  3aHHTepecoBaHHbifi b E )  
pacno jiaraeT , OAuaKO, B03Mo>KHOCTbK) 06pa30BaTb A p y ry io  
AHHaMHxiecKyio cncTeMy R  (HanpHMep, M03r hjih cj ieA flmyio  
CHCTeMy), KOTopan Mo>KeT coeAHHHTbcn c T  h KOTopan, ecjin 
OHa npaBHJibHo mocrpoeHa, o6pa3yeT  BMecTe c T  oaho  ue- 
Jioe, KOTopoe Mbi o 6o 3HaqHM 6yKBOH F. Torjxa AHarpaMMa 
iienocpeACTBeHHbix B03AeficTBHft 6yAeT HMeTb bh jx

npuqeM F 6yjxer 6jioKHpoBaTb n0T0K pa3H006pa3HH o t D  
k £ , TaK qTo E  6yjxei ocTaBaTbcn b npe^ejiax rj.

T 06biqH0 a s  ho. 3 to  cpe^a, oKpy^a iom an opraHH3M, 
BMecTe c TeMH qacTHMH opraHH3Ma, KoTopbie npn peryjiH- 
pOBaHHH AOJDKHbl npHHHMaTbCH KaK AaHHbie. Ee 06biqH0 
HeJIb3H yCTpaHHTb, HO C Heio MO>KHO MaHHnyJIHpOBaTb. C jie- 
AOBaTejibHo, b o 6iueM BHAe npofijieMa peryjinpoBaHHH 3a- 
KJiioqaeTCH b cJie^yiomeM: danbi E, r\, T  u D ; rpedyercR  
06pa306CLTb TCLKOU MeXCLHU3M R, HTOdbl R a T , 6ydyHU CO- 
edmeHbi, ydepomeaAu E  e npedejiax r].

HaqnHan OTCiOAa h jx0 KOHixa khhth, mh 6yAeM nccjie- 
AOBaTb, KaK pa3JinqHbie THnbi Harnnx danhbix (E , r\, T h D ) 
onpe^eJiHiOT cj)opMy MauiHHbi co bxoaom (R ), ocymecTBJinto- 
mefi peryjinpoBaHHe. Mbi xothm HaHTH (J>opMy stoh  Ma
uiHHbi R.

Ecjih 6bi CHTyaunn BcerAa 6biJia cTOJib >Ke npocra, KaK 
b Ta6jiHue 11/3/1, to  TeMa CKopo 6bi ncqepnajiacb. OAHaKo 
TTa caMOM AeJie BO3M0>KHbi MHoroqHCJieHHbie otkjiohchhh 
JT 3T0H npoCTQH (})OpMbI. Mbi 6yjXeM HCCJieAOBaTb sth  o t-



KJIOHeHHH, nOCKOJIbKy OHH C03Aai0T pa3J!HqHbie TpyAHOCTH 
npn npoeKTnpoBaHHH hjih o n n c a H H H  pery jiHTopa R.

npH o 6cy>K^eHHH KOHKpeTHbix cjiyqaeB peryjiwpoBaHHH 
Mbi 6yjxew oTHbiHe noJiaraTb, m o  bo3mo>khocth nepeonpe- 
^eJieHHH (§  11/16) Hcn0Jib30BaHbi noJiHocTbio h m o  BCJie#- 
ciBHe 3Toro (J)opMy^HpoBKa 3anami j ih 6o TaKOBa, KaK 
b § 11/3, r^e bo3mo>kho nojiHoe (coBepmeHHoe) peryjiHpo- 
BaHHe h ynpaBjieHHe, j ih 6o TaKOBa, KaK b § 11/4, n ie  co- 
BepineHiioe peryjinpoBaHHe HeB03M0>KH0. B ^ajibHeHUiefl 
qaCTH KHHTH -Mbi 6yjX&M 3aHHMaTbCH B OCHOBHOM TeMH CJiy- 
qanMH, rjxe nojrnoe peryjinpoBaHHe HeB03M0>KH0, ho r^e Mbi 
xothm  noJiyqHTb peryjinpoBaHHe, KaK mo>kho 6oJiee nojiHoe
B A3HHbIX yCJIOBHHX.

12/2. CencopHbie u MOTopnue oapanmeHUH, llpocTbiM 
BBeAeHHeM b peajibHbie Tpy^HocTH HBjineTCH cjiyqafl, Kor^a 
peryjiHTop R , paccMaTpHBaeMbift KaK Kanaji a j ih  nepe/iaqn 
pa3Hoo6pa3HH hjih HHcj)opMauHH o t  D k T, o6jia£aeT npo- 
nycKHofi cnocoSHocTbK), KOTopan b CHJiy 3aKOHa Heo6xoAn- 
Moro pa3Hoo6pa3HH 0Ka3braaeTCH HeAOCTaToqHofi ajih  CBe- 
AeHHH pa3Hoo6pa3HH E  k pa3H006pa3HK) rj. B 9tom c jiyqae 
peryjinpoBaHHe no hcoSxoah m octh  6yjxer HenoJiHbiM (He- 
coBepmeHHbiM).

npHM epbi STOrO HBJieHHH HaCqHTblBaiOTCH MHpHaAaMH. 
C io ^ a  o th o c h tc h  n p e ^ e  Bcero Bee c j iyqan  cencopHbix 
orpaHH^eHKH, HanpHMep c j iyqa f l  r j i y x o r a  hjih c j iyq an  rno- 
cj)epa, KOTOpbiH ne m ojkct hcho BHjjeTb qepe3 3a6pbi3raHHoe 
ROKjieM  BeTpoBoe c tck j io .  ApyrH M H  npHMepaMH c jiya taT  
opraHH 3MH, He cnocoSHbie BHjieTb yjibTpacj)HOJieTOBbie 
jiy^H, h 6oJibHoft cyxoTKoft  cm iHHoro M03ra, He qyBCTByio- 
euhh, r/ie HaxoAHTCH e ro  Horn. TaKOBbi B03M0>KHbie orpaHH- 
qeHHH K ana j ia ,  H A ym ero  o t  D  k R„

OrpaHHqeHHH B03M0>KHbi h ajih  KaHajia, H ^ym ero  o t  R 
k Tt t .  e. a j ih  3 (J)(J)eKT0pH0H cTopoHbi R . Ctozia o th o c h tc h :  
qejioBeK, noTepHBiiiHH pyKy; HaceKOMoe, KOTopoe He Mo>KeT 
jieTaTb; c/noHHan >Kejie3a, KOTopan He MoateT Bbi^ejiHTb 
CJIIOHy, H 3aKJIHHHBLHHHCH pyjlb.

Ec jih  B03jxencTBHe R Ha T hb jihctch  BeKTopubiM, t .  e. 
ocymecTBJineTCH q ep e 3 HecKOJibKO KaHaJioB hjih cocTaBJiHio- 
iuhx, t o  aHaJiornqHoe orpaHH^eHHe nponycKHoft cnoco fiHo- 
CTH MO>KeT HMeTb MeCTO B CJiy^aHX, K or^a  npOHCXOAHT 
KaKoe-JiH6o coKpam eHHe qncjia  napaM eTpoB  cncTeMbi Tt



AocTynHbix ajih  R (cp. § 7/12). TaK, nopqa o^Horo H3 npw- 
6opoB ynpaBJieHHH mo>kct noMeuiaTb BOAHTeJiio xopomo 
BecTH MauiHHy.

CnyqaH, Kor^a R He Mo>KeT noJiyqaTb nojm yio HHcj)op- 
MauHio o Ha^ajibHOM coctohhhh T (3aTpoHyTbift b § 11/19), 
(J)aKTH^ecKH BKJiioqaeTCH b ynoM sm yrae Bbirne cjiyqan. C Ta- 
KOH Tpy^HOCTbK) CTaJIKHBaeTCH >KeJie3HO^OpO>KHbIH ZUiCneT- 
qep b c jiyqae TyMaHa. Oh BnoJiHe HHcj)opMHpoBaH o noflBJie- 
hhh B03MymeHHH «TyM aH», ho qacTo eMy 6biBaeT TpyjxHO 
ycTaHOBHTb TeKymee cocTonHHe CHCTeMbl, KOTopoft oh ynpaB- 
jiaeT, t . e. noJiojKeHHH (b  AaHHbiH momcht) noe3£OB Ha ero 
yqacTKe. H3-3a SToro orpaHHqeHHH noTOKa HH(J)opMauHH o t  
T  K R B03HHKaeT TpyZlHOCTb HJIH JXa>Ke HeB03M0>KH0CTb ocy- 
mecTBJieHHH nojiHoro (coBepmeHHoro) peryjinpoEaHHH.
12/3. B ochobhoh (JjopMyjinpoBKe § 11/4 npe/mojiarajiocb, 
qxo npouecc peryjinpoBaHHH nocjie^OBaTejibno npoxoAHT 
cJie/iyiomHe cTa^HH:

1) HeKOTopoe B03MymeHHe yrpo>KaeT co CTopoHbi D;
2) o h o  ^eftcTByeT Ha R, KCTopoe npeo6pa3yeT ero 

b 0T3eTH0e ^ e flc T B H e ;
3) o 6 a a c h c t b h h  D  h  R odnoepeMenno ^ e H C T B y iO T  H a T, 

B bI3bIBaH  HCXOA B T\
4) hcxoa npeACTaBJiner co 6oh HeKOTopoe cocTonHHe

B E  HJIH B03£ e H C T B y e T  Ha E.
TaKHM o6pa30M, Ha CTa^HH 3 ) npezuioJiaraeTCH, qTo 

ecjin R npe^cTaBJineT c o 6o h  AeftcTBHTejibHyio MaTepnajib- 
Hyio CHCTeMy, t o  OHa BbinoJiHneT b c io  c b o io  paSoTy npejK^e, 
qeM T  HaqHHaeT ABHraTbcn. flpyrHMH cjioBaMii, Mbi npHHH- 
MajiH, qTo peryjiHTop R paSoTaeT Ha 6oJiee BbicoKoft c k o -  
P o c t h ,  qeM  T.

3Ta nocjieAOBaTejibHocTb AeftcTBHTejibHo ocymecTBJiHeTcn 
bo mhothx cjiyqanx. HanpHMep, npn npHSjiHxeHHH kouikii 
Mbimb Mo>KeT ycneTb ycKOJib3HyTb b Hopy, npejK^e qeM 
KouiKa ycneeT BuenHTbcsi b Hee kotthmh. B stom c jiyqae 
mm roBOpHM, qTo opraHH3M oTpearnpoBaJi Ha yspo3y (b  D ) ,  
a He Ha caMo paspymureAbnoe deucTeue (b  £ ) ,  qeM h npo- 
Aynpe^HJi nocjie^Hee. TaKHM oSpasoM, Hama cJ)opMyjiHpoBKa 
npaBHJibHO npeACTaBJi5ieT Mtiorne Ba>KHbie cjiyqan peryjin- 
pOBaHHH.

C Apyroft CTOpOHbl, BO MHOFHX Ba^KHblX cjiyqanx TaKO e 
n p e /iB o c x H m e H H e  H eB03M0>KH0 , t. e. R He mojkct 3aBepiiiHTb



cBoe hqHCTBne ao. Toro, KaK HaqHeT onpeAeJiHTbcn hcxoa 
(b T). (HipHMep TaKoro cjiyqaa npHBOAHTCH b cjieAyiomeM 
naparpac})e.) B  sthx cjiyqanx peryjmpoBaHHe, onncaHHoe 
b § 11/3, HeB03M0>KH0. ^ t o  >Ke 0CTaeTC5i AejiaTb?

O ahh  c n o c o S , K on eqH o , 3aK jnoqaeTC H  b ycKopeH H H  n ep e -  
A a q n  HH(J)opMauHH ot D k R, h b o  mhothx CHCTeMax p e r y -  

jinpoBaH H H  HMeKDTCfi n pH cn oco6 jieH H H , cn eu H a jibH o  n p eA - 

na3H aqeH H bie ajih btoh ueJiH. npH M H TH BH bie HepBHbie b o - 
JIOKHa nppI06p eT a i0T MHSJIHHOBbie o6oJK>qKH, qTOSbl yCKOpHTb 

n e p e A a q y  HMnyjibCOB k M 03ry. Y  neK O Topb ix  0praH H 3M 0B 
pasBHBaeTCH qyBCTBo oSohhhha , no3BOJiHiOHi.ee BOBpeMH 

n 0A r 0T0BHTb noAXOAHHXHH OTBeT Ha H enocpeAC TBeH H oe Te- 

JieCHOe CTOJIKHOBCHHe. A  B SKOHOMHMeCKHX CHCTeMax n ocb l- 

jia iO T  coo6 m eH H H  n o T e jie rp a c j)y , a He q ep e3  nocbiJibH bix, 

qTo6b i, CKa>KeM, mo>kho 6biJio y c n eT b  npnr0T0BHTbC5i k npH - 
6bITHK) B n o p T  CyAH a CO CKOponopTHLUHMCH rpy30M .

H h o ta s , OAHaKO,  ̂ HMeiomHecH pecypcb i He no3BOJi5HOT 
ycKopHTb n ep eA aqy  qepe3 R; peaKUHfl R He mojkct ao c - 
r m h  T  npe>KAe, qeM HaqHeT onpeAejiHTbca hcxoa . TorAa 
j iyqm ee ,  qTo mo>kho CAeJiaTb, —  sto  ocymecTBJiHTb nenojiHoe 
pery jm poBaHHe HacTOJibKO x o p om o ,  HacK0JibK0 n03B0Jifli0T 
oScTOATejibCTBa. B  noc jieAyiom Hx n a p a r p a ^ a x  SyAeT pac-
CMOTpeHO, KaK 9T0 M 0)KH0 CAeJiaTb.
12/4. PesyAupoeanue oiuudKaMu. 06meH3BecTHbiM npHMe- 
poM peryjiHTopa, KOTopbiH He MO>KeT HenocpeACTBeHHO pea- 
rnpoBaTb Ha nepBOHaqajibHoe B03MymeHHe D, HBJineTcn
TepMocT3THqecKa55 BaHHa, KOTopan, KOHeqno, He Mo>KeT CKa- 
3aTb: «H  BH^Ky, qTo k t o - t o  npn6jiH>KaeTCfl ko  MHe c x o j io a -  
iio h  cJ)jih>kkoh, KOTopyio oh  co6npaeTCH norpy3HTb b M em , 
h noTOMy h AOJi^KHa AencTBOBaTb HeMeAJieHHo». HanpoTHB, 
3 t o t  peryjiHTop nojiyqaeT HHcjDopMaunio o  b o 3 a g h c tb h h  

ToJibKo TorAa, KorAa TeMnepaTypa boaw ( E ) (J)aKTHqecKH 
HaqHHaeT naAaTb. T o  m e  caMoe orpaHHqeHHe o th o c h t c h
K ApyrHM B03M0>KHbIM B03AeHCTBH5IM, TaKHM KaK npn6jIH- 
>Kenne cojiHeqHbix Jiyqen, KOTOpbie 6yAyT corpeBaTb b o a y , 
HJIH OTKpblBaHHe ABepH, OTKyAa AyeT XOJIOAHblH B03AyX.

3 t o  orpaHHqeHHe HMeeT MecTo ajih mhothx Ba>KHbix th- 
noB peryjifiTopa. CioAa othochtch, HanpHMep, MexaHH3M 
noAAGpxcaHHH nocTOHHHoro KHCJiopoAHoro nHTaHHH TKaHen: 
Jno6afl npoAOJi^HTejibHan HexBaTKa KHCJiopoAa Bbi3biBaeT 
b KOHue kohuob yBejruqeHHe qncjia Kpaciibix KpoBHiibix



mapHKOB. EiosTOMy y  Jito/ieft c onpeAejieHHbiMH cep/ieqHbiMH 
3a6ojieBaHHHMH h y JiioAeft, >KHBymHx Ha 6oJibiuoH B b ico ie , 
rjxe B03£yx  pa3pe>KeH, Ha6jno£aeTCH nocTOHHHan TeHAeniiHH 
k TaKOMy yBejiHqenHK). 3 t o  peryjmpoBaHne nojiyqaeT hh- 
(J)OpMaUHK) OT CaMOrO BpeAHOrO B03£eHCTBHH (oTCyTCTBHfl 
KHCjiopo^a), a He o t  npnqHHbi (D ) cep^equoro 3a6oJieBa- 
HHH HJIH OT pemeHH5I JKHTb Ha 60JIbUI0H BblCOTe.

C TO^KH 3peHHH TeopHH CBH3H JieTKO COOTHeCTH 3TH 
HOBbie HBJieHHH c y>Ke H3BecTHbiMH. Pa3JiHqne 3^ecb co c to h t 
npocTo b tom , qTo Tenepb HH(J)opMauHH o t  D k R (xoTopaH 
AOJi>KHa nepe^aBaTbCH, ecjin peryjiHTop R BC>o6me aojdkcii 
HrpaTb KaKyio-To noJie3Hyio pojib ) npoxoduT nepe3 T.

BMecTo

R

D

n
R l

Mbi Tenepb HMeeM

TaKHM 06pa30M, R nojiyqaeT HH^opMaixnio o D qepe3 no- 
cpeACTBO T:

D T R

h HH(J)opMaUHeH, npnroAHOH jxjm Hcn0Jib30BaHHH b ucjihx 
peryjiHpoBaHHH, 6y/ieT Ta, KOTcpan coxpaHHTcn npn Ko^Hpo- 
BaiiHH, oSycjioBJieHiioM npoxo>KAeHHeM qepe3 T (§  8/5). 

HHorna HHcj)opMauHH, nocTynaioman b R , jx o j im h s l  npo- 
xo^HTb eme 6ojiee ;yiHHHbiH nyTb, TaK ^ to  R nonbiTbmaeT 
BJIHHHHe TOJIbKO OCymeCTBHBHieroCH y>Ke B03,HeHCTBHfl Ha 
f lnarpaMMa Henocpe/icTBeHHbix B03jxeHCTBHH b stom cjiyqae 
6y^eT HMeTb bhjx



a 3t o  —  He m o  HHoe, KaK ocHOBHan (J)opMa npocTOH «c jie -  
AHmeft CHCTeMbi, ynpaBJineMOH ouiH6KaMH», hjih «p e r y j i5i- 
Topa c 3aMKHyTOH neTJieii», c ee o6meH3BecTHon o6paTHofl 
CBH3bK) OT E  K R  ^HTaTCJIb AOJI>KeH nOHHMaTb, qTO 9Ta 
c})opMa oTJiH^aeTCH o t  oiiHcaHHoft b ochobhoh cj)opMyjiH- 
pOBKe (§  11/4) TOJibKO TeM, m o  3£eCb HH(j)0pMaUHH o D  
npHXO^HT b R  6oJiee AJiHHHbiM nyTeM:

TaKace h 3jxech HH^opManneH, npnroAHOH rjm  HC,n0Jib30Ba- 
hhh b R , 6y%QT TOJibKO Ta, KOTopan coxpaHneTcn npn nepe- 
&eme qepe3 T  h E.

3 ra  4>opMa HMeeT BejiHqanmee 3HaqeHHe h umpoqaHinee 
npHMeHeHHe. flajibHeftm afl qacTb KHnrn 6y^eT nocB^meHa 
ee paccMOTpeHHK). (OcTajibHbie cjiyqan  cymecTBeHHo npo- 
CTbl H He Hy}KAaiOTCH B 0C060M paCCMOTpeHHH.)
12/5. OcHOBHbiM cbohctbom p ery jim opa , ynpaBjineMoro 
ouiH6KaMH, HBJineTCH to , m o  oh ne Mowcer SbiTb coeepiuen- 
HblM B CMblCJie § 11/3.

npezinojio>KHM, m o  Mbi xothm nocTpoHTb CHCTeMy, ynpa- 
BjineMyio ouiH6KaMH, Hcnojib3yn MeTojy §§  11/3 h 4. Mbi 
SepeM Ta6jiHixy c jXBOHHbiM bxo^om, rue D  h R  onpe^ejifliOT 
kcxoa b E. P a 3Hoo6pa3He Ka>KAoro CTOJiSua paBHo pa3H0- 
o 6pa3Hio D. HoBbiM 3^ecb 6y#eT HeKOTopoe BHAOH3MeHeHHe 
npaBHJi nrpbi. PaHbme ona npoxo^HJia TaK: cnaqajia /jejiaji 
cboh Bbi6op napTHep Z), 3aTeM napTHep R  h 3aTeM onpe,ne- 
jiHJiocb E. Tenepb >Ke OHa H£eT TaK, qTo nocjie Toro Kai< D  
c^ejia ji cboh BbiSop, R  £OJi>KeH npHHHTb 3HaqeHHe, hbjihio- 
uxeecH 4)yHKUHeH m xojxa E  (h 6o R  ynpaBJineTcn oiuuSmMu)  . 
JlerKO noKa3aTb, qTo npH sthx ycjioBHHx pasHoo6pa3ue E  
6yder croAb owe eeAUKO, KaK pa3noo6pa3ue D, t. e. R  He 
CMo>KeT ocymecTBHTb HHKaKoro peryjinpoBanHH, He3aBHCHMo 
o t  Toro, KaK oh nocTpoeH (t .  e. He3aBHCHM0 o t  Toro, KaKoe 
npeoSpasoBaHHe nepeBo/jHT 3HaqeHHH E  b 3HaqeHHe R ) .

Ecjih He Tpe6oBaTb (J)opMaJibHoro AOKa3aTejibCTBa, t o  
ynpomeHHbiM paccyameHHeM mo>kho noKa3aTb, qTo TaK h 
Aoji>kho SbiTb. KaK Mbi BH/jeJiH, R  noJiyqaeT Hi-icj)opMauHio 
qepe3 T  h E. ripeAnoJioatHM, qTo R  KaKHM-To 06pa30M Bce- 
TaKH ocymecTBJiaeT peryjiHpoBaHHe. 3 t o  o3HaqaJio 6bi, qTo



pa3 Hoo6pa3He b E  yMeHbiueHo no cpaBHeHHio c pasHooSpa- 
3neM b D  —  bo3mo>kho jiame CBe^eHo k Hyjiio. CaMoe sto  
yMeHbmeHHe coKpamaeT nponycKHyio cnocoSHocTb KaHajia

^ToSbl E  COXpCLHRAOCb C O B e pU ie H H O  nO C TO H H H blM , 9T0T K d H d A  

doAQtcen 6biTb noAnocTbto 3a6A0Kup0ean. TaKHM 06pa30M, 
veM 6oJiee ycneuiHo R coxpaHneT E  nocToni-iHbiM, TeM 60- 
jiee R gjioKHpyeT KaHaJi, no KoiopoMy R  noJiyqaeT Heo6xo- 
^HMyio HH^opMauHK). Hcho, m o jik)6oh ycnex R Mo>KeT 
6biTb b JiyqmeM cjiyqae JiHuib qacTHquwM.
12/6. K  cqacTbio, bo MHornx cnyqaax nojmoe peryjinpoBa- 
HHe He o6fl3aTejibHo. Zlo chx nop Mbi npHHHMajiH, qTo co
ctohhhh cymecTBeHHbix nepeMeHHbix E  pe3Ko pa3,n;ejiHiOTCH 
na «HopMaJibHbie» (r|) h «jieTaJibHbie» h qTo BBH^y 3Toro 
noHBJieHHe «HexceJiaTeJibHoro» coctohhhh noJiHocTbio Heco- 
BMecTHMo c peryjinpoBaHHeM. O^HaKo bo MHornx cJiyqanx 
CHCTeMbi o6napy>KHBaK)T HenpepbiBHocTb, Tax qTo coctohhhh 
cymecTBeHHbix nepeMeHHbix pacnpe^eJiHioTCH B#oJib neno- 
Topofl uiKajibi Hex<ejiaTejibHocTH. Tax, cyxonyTHoe >khbot- 
Hoe Mo>KeT npoHTH uejibiH pH# creneHeft o6e3BO>KHBaHHH, 
npemjiQ qeM yMepeTb ot mamjibi. CBoeBpeMeHHoe B03spa- 
meHHe no stoh uiKajie c noJinyTH mo>kct c 0CH0BaHHeM 6bnb 
Ha3BaHO «peryjiHpoBoqHbiM», ecjin oho cnacaeT >KH3Hb >kh- 
BOTHOrO, XOTH 3T0 MO>KeT H He CTiaCTH erO OT HenpHHTHblX 
omyuxeHHH.

TaKHM -o6pa30M, Hajinqne HenpepbiBHocTH ^ejiaeT bos- 
moxchi>im peryjiHpoBaHHe, xoth h HenojiHoe, ho npe^cTaB- 
jiHiomee orpoMHoe npaKTHqecKoe 3HaqeH«e. JIo-nycKaioTCH 
HefioJibuine oiuhSkh, a 3aTeM, nepe^aBan cboio HH(J)opMa- 
uhk) b R, ohh ^ejiaioT B03Mo>KHbiM peryjiHpoBaHHe, npe^or- 
Bpamaiomee 6ojiee cepbe3Hbie oluhSkh. TaKOBbi b TepMH- 
Hax TeopHH CBH3H OCHOBHbie nOJIO>KeHHH TeopHH peryJIHTOpOB 
C npOCTOH o6paTHOH CBH3bK).
12/7. MnTaTeJiio Mo>KeT noKa3aTbcn, qTo Mbi yaejinjiH  H3- 
./iHiiiHee BHHMaHHe peryjiHTopy, ynpaBjineMOMy omngKaMH, 
TmaTejibHO (J)opMyjiHpyH to , qTo yate ^aBHo H3BecTHO.; 
OziHaKo ToqHocTb (J)opMyjiHpoBKH b jxaHHOM cjiyqae, Be- 
Pohtho, HMeeT CMbicji, nocKQJibKy Mbi Tenepb codnpaeMCfl



pacmnpHTb noHHTHe peryjiHTopa, ynpaBJineMoro omnSKaMH, 
Ha oSJiacTb 3HaMHTeJibH0 6oJiee m npoKyio, qeM o6biqHo.

TaKOH THn pery jiH iopa , BonjiomaeMbiH AeTepMHHHpoBaH- 
iioh MamHHOH, o6meH3BecTeH. Oh BKJiioqaeT cjieA flm yio ch- 
cTeMy, TepMocTaT, MexaHH3M roMeocTa3Hca b (})H3H0Ji0rHH 
H T. R. O^HaKO OH MO>KeT BOnjIOIUaTbCfl H HeAeTepMHHHpO- 
BaHHoft MauiHHOH, h b 3T0M cjiyqae oh BKJiioqaeT Kjiacc hb- 
jieHHH, noKa eme He o6biqHbix jy ia  HHAycTpnajibi-ioH Tex- 
hhkh, ho BecbMa o6biqHbix h oqeHb Ba^KHbix R jin  
6noJiorHqecKHx chctcm. 3 t o t  Bonpoc paccMaTpHBaeTcn 
BHOBb b § 12/11. A  noKa Mbi a o jijk h h  BepHyTbCH n a s a ji h 
nocMOTpeTb, qTo >Ke BKJiioqaeTCH b s to  noHHTHe «He^eTep- 
MHHHpOBaHHOH MaUIHHbI».

M APKO BCKAH  M AU IH H A

12/8. Tenepb Mbi nepexo^HM k paccMOTpeHHK) Sojiee o6m ero  
KJiacca MarnHH, qeM to t ,  KOTopbifi paccMaTpHBaJicn b nep- 
boh h BTopoft qacTnx. [JIornqecKH oh jxojiTKen 6biJi 6bi pac- 
CMaTpHBaTbCH paHbuie, ho b nepBbix jxByx qacTflx CT0jibK0 
MecTa 3aHHMajia AeTepMHHHpoBaHHan MauiHHa (t .  e. Ma- 
uiHHa, npe06pa30BaHHH KOTopon 0/iH03HaqHbi), qTo paccMo- 
TpeHHe 6oJiee o6m ero THna m otjio 6 h  bhccth nyTaHHuy.]

«M au iH H a» ecTb no cymecTBy CHCTeM a, noBezieHHe k o to - 
pofl HBJIfleTCH £OCTaTOqHO 3aKOHOMepHbIM HJIH nOBTOpHIO- 
iuhmca, qToGbi Mbi MorJiH AeJiaTb onpeziejieHHbie npe^cKa- 
3aHHH o ee fiyztymnx achctbhhx  (§  7/19).

TaKHe npeACKa3aHHH MoryT HMeTb pa3JinqHbie c})opMbi. 
R j in  ojxHoih MauiHHbi Mbi Mo>KeM npe£CKa3aTb ee c jie^y io iuee 
C0CT05iHHe; Tor\na Mbi roBopHM, qTo OHa «AeTepMHHHp03a- 
BaHHa» h o th och tch  k MauiHHaM, paccMOTpeHHbiM b qac- 
th  I. fljiH  zipyroft MauiHHbi Mbi He c.Mo>KeM npe^cKa3aTb 
ee cJie^yiom ee cocTonHue, ho CMo>KeM npe#cKa3aTb, qTo 
npn MH0r0KpaTH0M noBTOpeHHH Tex >Ke ycJiOBHH nacTOTbt 
pa3jinqHbix coctohhhh  6yziyT HMeTb onpezieJieHHbie 3Haqe- 
HHH. 3 t0  B03MO>KHOe nOCTOflHCTBO qaCTOT y>Ke SblJIO OTMe- 
qeHo b § 9/2. O ho hbjihctch xapaKTepHCTHKofl uenn M ap- 
KOBa.

HTaK, Mbi MO>KeM paCCMOTpeTb HOBblH Kjiacc a6cOJIIOTHbIX 
CHCTeM —  CHCTeM, COCTOHHHH KOTOpbIX H3MeHHIOTCH BO Bpe
MeHH He b cooTBercTBHH c 0#H03HaqHbiM npeo6pa30BaHHeM,



HO B COOTBeTCTBHH C MaTpHUeH nepeXOAHbIX BepOHTHOCTeH. 
4 io6 b i 3Ta CHCTeMa ocTaBaJiacb oahoh h toh  >Ke, 3Haqe- 
HHH eepORTHOCTea AOJI>KHbI 6bITb HeH3MeHHbIMH. B § 2/10 
6biJio noKa3aHo, h t o  oilHosHaqHoe npeoSpasoBaHHe mo- 
>KeT 3aAaBaTbCH MaTpnuen nepexoAOB, b KJieTKax koto- 
pOH CT05IT 0 H 1 (TaM RJ1K npOCTOTbl CT3BHJIHCb 0 H + ) .  
B § 9/4 uenb MapKOBa 3aA3BaJiacb aHajioraqHofl MaTpnuen, 
coAep^Kamen a p o 6h. TaKHM o6pa30M, AeTepMHHHpoBaHHan 
a6cojiioTHa5i CHCTeMa hbjihctch o co 6 b iM  cJiyqaeM MapKOB- 
ckoh MauiHHbi; OHa HBJineTCH npedeAbhou cpopMOu MapKoe- 
CKOU MaiUUHbl, 6 KOTOpOU 6Ce BepORTHOCTU npeopClTUAUCb 
au6o e 0, au6o e 1 (cp. § 9/3).

«M auiHHa co b x o a o m »  6biJia MHO/KecTBOM aficojnoTHbix 
CHCTeM, pa3^H qa iom n xcH  napaMeTpoM . EIo aH ajio rnn  Map- 
KOBCKaa MauiHHa CO BXOAOM AOJI>KHa 6bITb MHO>KeCTBOM 
m apKOBCKHx MauiHH, onpeAeJineMbix m hom cctqom  Marput^ 
c napaMerpoM, snaqeHHfl KOToporo yKa3biBaK)T, KaKan M3T- 
puua AOJi)KHa Hcn0.Tb30BaTbC5i na naHHOM uiare.

ITOHHTHe MapKOBCKOH MauiHHbi HBJIfleTCH eCTeCTBeHHbIM 
paCUIHpeHHeM nOHHTHfl ofiblMHOH ACTepMHHHpOB3HHOH Ma
uiHHbi, paccMaTpHBaBinencfl b qacTH I. E c j ih  Bee Beponr- 
HOCTH paBHbl 0 HJIH 1, TO 3TH A Ba THna TOJKAeCTBeHHbl. 
EcJIH BCe BepOHTHOCTH OqeHb 6JIH3KH K 0 HJIH 1, TO Mbi 
noJiyqaeM M a u i H H y ,  noEejxenne  KOTopoS no^TH AeTepM,H- 
HHpoBaHHo, ho KOTOpaH no BpeMeHaM Aon ycK aeT  HeO>KH- 
jiaHHbie OTKJIOHeilHfl. n o  Mepe TOPO KaK BepOHTHOCTH BCe 
Aa jib iue  o tx o a h t  o t  0 h 1, noBe^eHHe MauiHHbi CTaHOBHTCH 
Bee MeHee onpeAeJieHHbiM h Bee 6oJiee HanoMHHaiouiHM no- 
BeneHHe OAHoro H3 H3ceK0Mbix H3 § 9/4.

C j ie^ y e T  oTMeTHTb, h t o  s t o  onpeAeJieHHe, x o t a  h Aonyc-  
KaeT HeKOTopyio HeonpeAeJieHHocTb, b A p y r n x  OTHomeHHflx 
0CTaeTC5i a 6coji ioTHo CTporHM. Ec j ih  Maui HHa H3 c o c to h h h h  
x nepexoAHT b 90% c jiyqaeB  b COCTOHHHe y h b 10% c j iy -  
qaeB b COCTOHHHe 2:, t o  s th  npoi^enrbL a o j i jk h w  6 h t l  no- 
CTOHHHbiMH (b  tom  CMHCJie, h t o  c yAJiHHeHHeM nocjieAOBa- 
TejIbHOCTH OTHO'CHTeJIbHbie qaCTOTbl AOJIJKHbl CTpeMHTbCH 
K 3THM npoUeHTaM H qTO 3TH npeAeJIbl AOJI>KHbI O-CTa- 
BaTbCH HeH3MeHHbiMH a j ia  Bcex noc j ieA O B aTe j ibH ocTen ). 
n paKTHqecKH s t o  03HaqaeT, mto ycJioBHH, onpeAeJifl io inne 
npoueHTHoe cooTHoiueHHe, j x o j i m h h  ocTaBaTbcsi nocTOAH- 
HbJMH.



HH^Kecjie^yioiuHe ynpa^HeHHH noMoryT muareJiK) He- 
CKOJIbKO OCBOHTbCH C nOHHTHeM MapKOBCKOH MauiHHbi.

ynp. 1. MaHTHHK MeiponoMa nocTOHHHo KOJiefijieTCH wemjiy AByMH 
KpaHHHMH COCTOHHHHMH R H L, HO, HaXOAHCb CnpaBa (/?), OH 
HMeeT BepoHTHocTb b 1% 0CTaH0BHTbCfl TaM. KaKOBa ero 
Maipnua nepexoAHbix BepoHTHOCTeft? 

ynp. 2. JJeTepMHHHpoBaHHan MauiHHa a HMeeT npeo6pa30BaHHe

I A B C D 
I  B D D D ‘

MapKOBCKan M a u iH H a  p HMeeT MaTpHuy nepexoAHbix BepOHT* 
HOCTGH

1 i ^
B c D

A 0 0 0 0

B 0,9 0 0 0

C 0 0 0,2 0

D 0,1 1,0 0,8 1,0

Kan pa3JiHwaeTCH hx noBeAenne? (YKasaHHe: HanepTHTe rpa- 
(|)hk a, a 3aTeM HawepTHTe rpac})HK p, n03B0AHB bcdohthocthm 
ncpeHTH B 0 H 1). 

ynp. 3. MapKOBCKan MauiHHa co bxoaom HMeeT napaMeTp, npHHHMaio- 
IIJ.HH TPH 3HaMeHHH p , q, r, H HMeeT ABa COCTOHHHH a H b; 
MaTpnubi nepexoAHbix BepoHTHOcTen TaKOBbi:

(p) ( ? ) (r)
a b

1
a b

i
a b

1
a 1 3

a
1 3

~2
l > 4 4 ’ 3* T

1
2 0 b

3

4

1

4
b 2

3

l
T

M au inna H aw H H aeT  AEH /KeiiM e b  c o c t o h h h h  b, A eJ ia eT  o jxh ii

iuar co b x o a o m  q, 3 a rreM  o a h h  u ia r  co b x o a o m  r h 3aTeM

o a h h  m ar co b x o a o m  p. KaKOBbi b c p o h t h o c t h  Toro, m to  ona 
n p H A e T  b a h a h  b b ?

*ynp. 4. (FIpoAOA/KeHHe.) K aKoe o6m ee npaBHAo, Hcnojibsviom ee
yM HO>i<eHHe M a T p n u , n 0 3 B 0 A n eT  n o J iy m iT b  o t b c t  ajire6pan- 
MecKH? (Y K a 3aHHe: ynp. 9/6/8)

21 3aK. 3346 y . Pocc 3 iu6h



*ynp. 5.

I

Coe/uiHHTe MapKOBCKyK) MauiHHy (c  coctohhhhm h  a , b, 
BXOflHblMH COCTOHHHHMH a, P )

a 0,2 0,3 0,3 a 0,3 0,9 0,5

a: b 0,7 0,2 , P: b 0,6 0,1 0,5

c 0,8 • 0,5 c 0,1 • •

C MapKOBCKOH MaUIHHOH (c  COCTOHHHHMH e, f H BXO^HblMH 
COCTOHHHHMH 6, 6, 6 )

e f

I :
0,7

0,3

0,5

0,5

i
e / i

e /

e

f

0,2

0,8

0,7 ,

0,3
0: 6 

f

0,5

0,5

0,4

0,6

nocpe^CTBOM npeofipasoBaHHH 

b c
i :

e f
B a'

K aKan MapKOBCKan MauiHHa (6e3 B xo^a ) nojiyqHTCH? (Y K a - 
3aHHe: nonpo6yHTe H3MeHHTb BepOHTHOCTH Ha 0 h 1, MTo6bi 
CHCTeMa CTajia /leTepMHHHpoBaHHofi, h npHMeHHTe M eTO fl§4/8 ; 
3aTeM c^eJiaHTe bcpohthocth  a p o 6h m m h  h Hcnojib3yHTe t o t  )Ke 
OCHOBHOH MeTOZl.)

*y?ip. 6. (FlpoflOJiHteHHe.) floJiJKHa jih HOBan MaTpnua oeraBaTbCR
MapKOBCKOH?

*Vnp. 7. E cjih M —  MapKOBCKan MauiHHa, ^oMHHHpyioiH.aH Ha# fleTep* 
MHHHpOBaHHOH MaUIHHOH N, TO FIOKaJKHTe, MTO BblXOflbl N CTa- 
hobhtch  uenbio MapKOBa Jinnib nocjie Toro, KaK M npHxo^HT 
k CTaTHCTHqecKOMy paBHOBecHK) ( b cMbicjie § 9/6).

12/9. BbirjiHAHT jih AaHHah peajibHan MauiHHa KaK MapKOB- 
cKan hjih KaK AeTepMHH'HpoBaHHan, s t o  HHorAa 33bh ch t  o t  
Toro, KaKan qacTb s t o h  MauiHHbi HagjiiOAaeTCfl (§  3/11). 
HeKOTOpbie peajibHbie MauiHHbi TaKOBbi, m o  Hefiojibuioro, 
Ka3ajiocb 6bi, H3MeneHHH CTeneHH Ha6jiiOAeHH5i MoateT 6biTb 
AOCTaToqHO r jw  Toro, qTo6bi nepeBecTH MauiHHy b ee bh- 
AHMblX (jDOpMaX H3 OAHOrO KJiaCCa B APyrOH.

TaK, npe/inojio^HM, qTo k uh^poboh  BbiqncJiHTejibHOH 
Maui«He npHcoe^HHeHa ajihhh35i jieHTa co cjiyqaHHbiMH 
qncjiaMH, Hcnojib3yeMbiMH b HeKOTopoM npouecce, KOTopbin 
ocym ecTBjineT MauiHHa. J \ jin  Ha6jiiOAaTejiH, He B H ^ m ero  
jieHTbi, BbixoA MauiHHbi HeAeTepMHHHpoBaH; ho ajih  Ha- 
SjiiOAaTejiH, HMeiomero Konnio s t o h  JieHTbi, Bbixo# AeTep- 
MHHHpOBaH. TaKHM 06pa30M, Bonpoc: «#BJI5ieTCfl JIH 3Ta



MauiHHa 6 deUCTBUTeAbHOCTU JXeTepMHHHpOBaHHOH?» —  He 
HMeeT CMbicjia h nocTaBJieH HenpaBHJibHo, ecjin to^ho  He 
onpe^ejieHa Ha6jno,aaeMafl o6jiacTb. JGtpyrHMH cjioBaMH, 
HHorAa pa3jiHqne uemjxy «MapKOBCKOH» h «jjeTepMHHHpo- 
BaHHOH» MauiHHaMH Mo^eT 6biTb npoBeAGHo ji'Hinb nocjie 
TmaTeJibHoro onpe^ejieHKH CHCTeMbi. ( 3 t o  HBjineTCfl eme 
oahhm npHMepoM Toro, HacK0JibK0 Hea^sKBaTHo onpe/iejie- 
HHe «ziaHHOH CHCTeMbi» nyieM 0T0>K,ziecTBJieHH5i ee c peajib- 
hhm npeziMeTOM.) PeaJibHbie npe^MeTbi MoryT ziaBaTb 
uejioe MHo^ecTBo OAHHaKOBO npneMJieMbix «cncTeM», ko- 
Topbie MoryT cHJibHO oTJiHqaTbcsi Apyr o t  Apyra no HHTe- 
pecyiomHM Hac 3#ecb cBoncTBaM; h o tb c t  Ha KaKOH- 
JIh6o KOHKpeTHblH BOnpOC MO>KeT cymeCTBeHHO 3aBHCeTb OT 
Toro, k KaKOH CHCTeMe oh o thochtch  (cp. § 6/22),

12/10. TecHaa cBH3b, cym ecTByiom afl Me>K£y MapKOBCKOH 
h AeTepMHHHpoBaHHOH MauiHHaMH, npoHBjineTCH TaKJKe h 
b cymecTBOBaHHH npoMe>KyToqHbix (})opM. Tax , npe^nojio- 
^khm, qTO Kpbica qacTH^Ho H3yqHJia jiaSupHHT H3 j ie B n m  
KJieTOK, noKa3 aHHbiH Ha puc. 12/10/1, rjxe G HBjineTCfl

P hc. 12/10/1.

uejibio. n o  npuqunaM, b noApoSHOM H3jio>KeHHH KOTOpbix 
HeT Heo6xOAHMOCTH, Kpbica He HaxOAHT HHK3KHX qyB- 
CTBeHHO BOCnpHHHMaeMbIX OpHeHTHpOB B KJieTKaX 1, 2, 3 H 
6 (3aUITpHXOBaHHbIx), TaK qTO, HaXOAHCb B O^HOH H3 3THX 
KJieTOK, OHa nepexo^HT Hayra# b jiioSyio  H3 Tex KJieTOK, 
b KoTopbie ona HMeeT ^ocTyn. HanpHMep, ecjiH Mbi 6yneu 
noBTopHo ca>KaTb ee b KjieTKy 3, to  OHa c o^HHaKOBOH Be- 
poHTHocTbio 6yjxer nepexoAHTb b 2 hjih 6. (PaBHyio Bepo
HTHocTb h npHHHMaio TOJibKo mix. y,ao6cTBa.) OAHaKO B 
KjieTKax 4, 5, 7, 8 h G Kpbica HMeeT qyBCTBeHHo Bocnpn-



HHMaeMbie Op'HeHTHpbl H ABIIJKeTCH npHMO H3 KJieTKH 
b KJieTKy no HanpaBJieHHio k G. HanpHMep, ecjin ca^Karb 
ee noBTopHo b KJieTKy 5, t o  OHa BcerAa 6yjxer nepexoAHTb 
b 8 h oTTy^a b G. T a x o e  noBeAeHHe He hbjihctch hckjiio- 
qeHneM b SHOJiornqecKOH p a 6oTe.

HeTpy^Ho HaftTH MaTpnuy ee nepexoAOB. Tax, H3 1 OHa 
MO)KeT nepenTH TOJIbKO b 2 (b CHJiy ycTponcTBa Jia6n- 
pHHTa) . H3 2 OHa nepeXOA'HT C OAHHaKOBOH BepOHTHOCTbK)
b 1, 3 hjih 5. H 3 4 OHa nepexoAHT TOJIbKO b 5. H 3 G ona 
Mo>KeT nepeHTH TOJIbKO b G. TaK h ctpoh tch  3Ta 
MaTpnua.

ynp. nocTpofiTe KaKyK)-HH6yAb B03M0>KHyi0 MaTpnuy nepexozuibix 
BepOHTHOCTefl OnHCaHHOH CHCTeMbl.

12/11. yC TOUUaeO CTb.  n p H  paCCMOTpeHHH MapKOBCKOH Ma- 
LHHHbl OKa3bIBaeTC5I, mO OHa HMeeT CB0HCTB3, COOTBeT- 
CTeyioiune onncaHHbiM b qacTH I, xo th  qacTo oqeBHAHbiM 
06pa30M BHA0H3MeHeHHbie. HanpHMep, mo>kho nocTpoHTb 
KHueMaTHqecKHH rpacj)HK MapKOBCKOH MauiHHbi. OAHaKO, 
nocKOJibKy npeo6pa30BaHHe ee He 0AH03HaqH0, o t  Ka>KAoro 
COCTOHHHH MO>KeT OTXOAHTb ne OAHa cTpejiKa. TaK, Map- 
KOBCKan ManiHHa

| I a b c_v__'_________________________
a 0,2 0,3 0,1

b 0,8 0,7 0,5

c . . 0,4

HMeeT rpa(J)HK, noKasaHHbiH Ha pnc. 12/11/1, rAe npn Ka>K- 
Aoh cTpeJiKe HMeercH Apo6b, yKa3biBaiomaH BepoHTnocTb 
Toro, qTo npeACTaBJiHiomaH ToqKa noHAeT no stoh  CTpeJiKe.

B AaiiHOM qacTHOM cjiyqae mo>kho BHAeTb, qTo Bee ch- 
CTeMbi, HaXOAflLUHeCH B COCTOHHHH C, B KOHue kohuob no- 
khhyt ero, qTo6bi HHKorAa b Hero He BepHyTbCH.

MapKOBCKan MauiHHa HMeeT pa3JinqHbie c})opMbi ycToii- 
qHBocTH, cooTBeTCTByiomHe ynoMHiiyTbiM b tji. 5. YcTon- 
MHBan o6jiaCTb ecTb MHO>KeCTBO T3KHX COCTOHHHH, HTO 
npeACTaBJiHiomaH ToqKa, bohah b oaho H3 s th x  coctohhhh, 
y>Ke He cmojkct noKHHyTb aro  mhojkcctbo. TaK, a n b Ha 
pnc. 12/11/1 o6pa3yiQT ycToftqiHByio ofijiacTb.



CocTOHHHe paBHoeecHfl ecTb npocTo ycTofrqHBaH ofijiacTb, 
COKpaTHBIliaHCH JXO eAHHCTBeHHOrO COCTOHHHH. KaK H B CJiy- 
qae AeTepMHHHpOBaHHOH CHCTeMbi, Bee MapKOBCKHe Ma- 
uiHHbi, HaqHHaiomHe jXBHmeime b npeaejiax  jxannoro 6ac- 
ceftHa, npn^yT k c o c to h h h io  patiHOBGCHH, ecjin o h o  cym e- 
CTByeT. 3 t o  c o c t o h h h c  paBHOBeCHH Ha3biBaeTCH HHorjja

aScopSMpyjoiUHM, h jih  norjiomaiomHM, c o c to h h h c m . B npn- 
Mepe H3 §  9/4 h c t  c o c to h h h h  paBHOBeCHH. O h o  i io h b h tc h ,  

ecjin npnSaBHTb qeTBepToe n o jio^en n e  «na JinnKofi 6yM are», 
h to  h o 6 t> h ch h € t TepMHH «a6cop6npyiom ee C0CT0HHHe».

B6JIH3H COCTOHHHH paBHOBeCHH nOBe£eHHe MapKOBCKOH 
MaLHHHbl HBHO OTJIHqaeTCH OT nOBe^eHHH ACTepMHHHpOBaH- 
hoh MauiHHbi. E c j ih  CHCTeMa HMeeT KOHeqHoe qncjio c o 
c toh h h h ,  TO, HaXO£HCb Ha TpaeKTOp'HH, Be^yLUeH k c o c t o h 
hhio paBHOBeCHH, K a ^ a n  HHAHBHAyajibHan derepM UHupo- 
6CLHHCLR CHCTeMa ^ocTHTHeT ero, npoH^H onpe/iejieHHyio 
TpaeKTopHio, nocjie BnoJine onpeziejieHHoro qncJia maroB. 
TaK, Ha nepBOM rpacjDHKe § 2/17 CHCTeMa nepeHAei H3 C 
b D  b t o ^ h o c t h  3a jxBa m ara .  O^HaKo jxjih mapKOBCKOH 
CHCTeMbi 3 to  qnc.no m aroB  ( o t  AaHHoro coc to h h h h  jxo c o 
c toh h h h  paBHOBeCHH) He HBJIH0TCH eAHHCTBeHHbIM H AJIHHa 
TpaeKTopnn Mo>KeT SbiTb npezicKa3aHa JiHLUb b cpe/iHeM. 
TaK, npeAnojio^H M , qTo MapKOBCKan m a in h h a HMeer 
MaTpnuy

P hc. 12/11/1.

a b

a



c cocTOHHHeM paBHOBecHH a. FlycTb 6ojibinoe qncjio TaKHX 
OHCTeM HaqHHaeT RBHmemie b ToqKe b. Eiocjie nepBoro 
uiara nojioBHHa hx nepefl^eT b a, a nojioBHHa ocrauercn 
b b. Eiocjie BToporo rnara nojioBHHa H3 Tex, m o  ocTajmcb 
b b, nepeft^eT b a, a nojioBHHa ( t .  e. qeTBepTb oSmero 
qncjia) Bee em e 6yjxer b b. Tlpojxojiman paccy^KAeHHe, Mbi 
ycTaHOBHM, qTo H3 Bcex CHCTeM, HaqaBiiiHX ABH>KeHHe b b,

V2 AOCTHrHeT & 3a 1 m ar 
V4 • a » 2 m ara 
Vs » a „ 3 „

h t. r . TaKHM o6pa30M, cpednm ji j im a  TpaeKTOp'HH o t  b 
flo a paBHa

------ ------------- =-------------  mara —  2 rnaraM.

Y  +  T  +  T + - "

HeKOTopbie H3 TpaeKTopHH 6y^yT 3HaqHTejibHo AJiHHHee 
2 maroB.

KaK Tenepb xopom o H3BecTHo, b 6 jih3h coctohhhh paB- 
HOBecHH cncTeMa Be^eT ce6n TaK, KaK ecjin 6bi OHa «CTpe- 
MHJiaCb K UeJIH», KOTOpOH HBJIHeTCH COCTOHHHe paBHOBeCHH. 
CooTBeTCTByiomee HBJieHHe HMeeT MecTo h b MapKOBCKOM 
cjiyqae.

O^HaKO 3RQCh CHCTeMa He JIBH>KeTCH K UeJIH TBepAO H 
onpe^ejieHHO, a KaK 6bi Heonpe^ejieHHo 6jiy>K,aaeT cpem  
pa3JIHqHbIX COCTOHHHH, nOCTOHHHO nepeXO^H B HOBOe CO
CTOHHHe, ecjin TojibKo cTapoe He Sbijio cocTOHHHeM paBHo- 
BeCHH, H CTOJIb >Ke nOCTOHHHO OCTaHaBJIHBaHCb, eCJIH eft 
cjiyqHTCH nonacTb b COCTOHHHe paBHOBecHH. CocTonHHe 
paBHOBecHH Bee em e BbicTynaeT no oTHomeHHio k cncTeMe 
KaK «u e jib », ho CHCTeMa jxBHJKeTCH k Heft KaK 6bi nyTeM 
onpo6biBaHHH cjiyqaftHoft nocjie^oBaTejibHocTH coctohhhh, 
Aejian HOBbift m ar hjih ocTaHaBJiHBancb b 3aBHCHM0CTH o t  
TOTO, B KaKOM COCTOHHHH OHa B AaHHblH MOMeHT HaXOAHTCH. 
TaKHM 06pa30M, deuofcenue MapKoecKOu Mamunbi k co- 
ctohhuk) paenoeecun odnapyotcueaeT odnbeKTuenbie ceoii- 
crea Meroda docjuoKenuR ycnexa nocpedcreoM npo6 u 
oiuuSok.

3necb c to h t  cKa3aTb, qTo o6biqHbift TepMHH «tr ia l and 
e rro r » [aHrJinftcKoe Ha3BaHHe Merojia npo6 h o iijh 6 ok .—



Ped.] HBJineTCfl b Bbicmefl CTeneHH HeToqHbiM. C jiobo 
« tr ia l»  (n p o 6a ) c to h t b e^HHCTBeHHOM ^HCJie, x o th  cyTb 
MeTO^a B TOM, HTO nonblTKH nOBTOpHIOTCfl Bee BHOBb H 
BHOBb. C jiobo  « e r r o r »  (om H 6Ka) raK>Ke n jioxo BbiSpaHo, 
h 6o cymecTBeHHbiM sjieMeHTOM hbjihctch jxocvnmeHne 
ycnexa  b KOHue. CjioBa «noHCK h 0CTaH0BKa» (hunt and 
stick), no-BHAHMOMy, onncbiBaiOT s t o t  npouecc h 6o jiee  
o6pa3Ho, h 6ojiee to^ho. #  6y^ y  npeuMymecTBeHHO yno- 
Tpe6jIHTb 3T0 Ha3BaHHe.

TaKHM 06p a 30M, jjBH^KeHHe k uejiH b n p o u ecce  noucKa 
H OCTaHOBKH 20M0A02UHH0, COrjiaCHO §  12/8, OT'H^eHHK) 
no 0npeAeJieHH0H TpaeKTopnn, h6o h t o  h # p y r o e  ecTb abh- 
}KeHHe MauiHHbi K COCTOHHHK) paBHOBecHH. C o 6jIK)AaH OCTO- 
pO>KHOCTb, Mbi MOJKeM npHMeHHTb K O0OHM 0£HH H Te >Ke
npHHU'Hnbi h #0Ka3aTejibCTBa.

ynp. 1. KaKne coctohhhh  paBHOBecHH HMeeT chctcm h H3 ynp. 12/10/1? 
ynp. 2. MapKOBCKan MauiHHa HMeeT MaTpnuy

a b c d e f

1 1a
3 3

b 1 1
3 3

1 1c
3 3

d 1
e 1

f 1 1

OHa HaqHHaeT ABHJKeHHe b 6ojibiuoM micjie cjiyM aes c a. KaK  
onncaTb ee noBe^eHHe b TepMHHax ncnxoJiorHH Kpbicbi b Jia6n- 
pHHTe?

MAPKOBCKOE PErYJIHPOBAHHE

12/12. ripo/JBHJKeHHe OT£eJIbHOH MapKOBCKOH MauiHHbi 
K COCTOHHHH) paBHOBecHH 3HaTOTeJIbHO MeHee ynopHAOqeHHO, 
qeM npo/iBH^eHHe ^eTepMHHHpoBaHHOH MauiHHbi, h noTOMy 
MapKOBCKHH THn MajIO HCnOJIb3yeTCH B TeXHHqeCKHX pe- 
ryjiHTopax. Flo cpaBHeHHio c njiaBHbiM h np^MbiM pery- 
JIHpOBaHHeM, OCymeCTBJIHeMbIM oQbHHblMH CJie^HmHMH



CHCTeMaMH, M a p K 0 BCK0 e p e ry jin p o B a u H e  jxeHCTBHTejibno 

jxojim m  K a 3 aTbCH 6 e cn o M o u iH b iM . TeM He M eHee b >KHBbix 

o p ra H H 3 M a x  s t o t  6oJiee o6 iuhh M eTo#  uiH poK O  HcnoJib- 
3yeTCH, h6o  H crio J ib 3 y io m y io  ero M a u iH H y  b o 6 m e M  3 H aq n-  

TeJibHo J ie rq e  n o cT p o H T b  h n o jm e p jK H B a T b  b u c h c t b h h .  

^ a K T H q e cK H  oh q a c T o  H cn o Jib 3 ye T cn  a jih  M H o rn x  n p o cT b ix  

p e ry jin p o B O K , rjxe c K o p o c T b  h /xeftcTBeHHOCTb He h m c io t  

oqeH b S o J ib iu o ro  3HaqeHHH.
B KaqecTBe n epB oro  npHMepa B03bMeM qejioBeKa, k o to -  

pbiH xoqeT  p e ry j inpoB aTb  KojiHqecTBO Myx b KOMHaie, 
yziep^KHBaH e ro  paBHbiM hjih 6jih3khm k Hyjiio. I loM em a H  
b noAxoAHin.ee MecTo j innKyio  6 yM a ry ,  oh He B bi3b iB aer  

HHKaKoro deTepMUHupoeanHoao H3MeHeHHH b KOJinqecTBe 
Myx. TeM He MeHee eAHHCTBeHHbiM cocTOHHHeM paBHOBecnn 
jinn Ka>KAOH MyxH hb j ihctch  Tenepb  cocTOHHHe «Ha 6y- 
M are» ,  a co c to h h h cm  paBHOBecnn a j ih  qn c j ia  Myx He na 
6 yM are  h b j ih c tch  0. 3 t o t  mqtojx npHMHTHBeH, ho HMeeT 
t o  6ojibu ioe  a o c t o h h c tb o ,  qTO He Tpe6yeT  M Hororo h jxo- 
CTaToqHO x o p o u io  pa6oTaeT  Ha npaKTHKe.

AHajiornqHbiH MeTOA peryjiHpoBaHHH qacTO Hcnojib3yeT 
HrpoK b rojib^), Korzia nmeT noTepHHHbift MHq Ha HexoTo- 
poM yqacTKe ,  rue MHq HenpeMeHHo jxojimeu 6biTb. 3ziecb 
coc tohhh hm h hb j ih io tch  nojio}KeHHH HrpoKa Ha yqacTKe, a 
npaBHjio, KOTopbiM pyKOBO^[CTByeTCH nrpoK, rjiacHT: a j ih  
Bcex, KpoMe o a h o t o ,  nojio>KeHHH —  «npoAOJi)KaTb SpoAH ib  
b noHcxax M n qa » ,  a ajih  oAHoro-eAHHCTBeHHoro nojio>Ke- 
hhh —  ccnepecTaTb 6poAHTb». X o t h  s t o t  m ctoa ,  bo3mo>kho, 
h He HAeajieH, oh- TeM He MeHee cnoco6eH  oSecneqHTb npo- 
cToe peryjinpoBaHHe.

ZIpyrnM npHMepoM peryjiHpoBaHHH c hh3koh b ^ c k t h b -  
HocTbio Mo>xeT cjiy^KHib xpbica c cepbe3HbiM noBpe>KAe- 
hhcm Mosra, KOTopan HHqero He Mo>KeT 3anoMHHTb 0 jia- 
6npHHTe, ho Mo>KeT pacno3HaTb nnmy h, cTOjiKHyBUiHCb 
c Heft, 0CTaHaBjiHBaeTCH h HaqHHaeT ecTb. (CpaBHHie ee 
noBe^eHHe c noBe^eHHeM Kpbicbi, KOTopan He ociaHaBJiH- 
BaeTCH, yBH^eB nHLuy.) Ee npoABH>KeHHe 6yAeT b 3Haqn- 
TejibHoft creneHH cjiyqafiHbiM, bo3mo>kho c HeKOTOpbiMH no- 
BTOpHK)UJ,HMHCH OUIHfiKaMH; TeM He MeHee OHO o6Hapy>KH- 
BaeT pyjxHMeHTapHyio (J)opMy peryjiHpoBaHHH, h 6 0 , HaHAH 
nnmy, Kpbica o c t3 h o b h tc h ,  c'becT ee h Bbi>KHBeT, Tor^a KaK 
Apyran Kpbica He 0CTaH0BHTCH h yM per o t  rojioAa.



Vnp. 1. My>K h >KeHa peimuiH 063aB0£HTbCH ^eTbMH, noi<a y h h x  ne 
6yjxer MajibMHK, h o  He aajiee. ( I )  flBJiaeTCH jih  s t o t  npouecc 
peryjinpyeMbiM? ( I I )  KaKOBa MaTpnua ero nepexoAHbix Be- 
pOHTHOCTeft?

ynp. 2. H bjihctch jih peryjiwpyeMOH nrpa: « E cjih Bbina^eT rep6, a Bbi- 
nrpbiBaio; ecnn pemeTKa, 6pocaeM CHOBa».

12/13. JXo chx nop Mbi paccMaipHBajiH tojimco nyTb, no ko- 
topomv MapKOBCKan MauMHa AocTHraeT cBoen uejiH. 
B npwHunne e^HHCTBeHHbiM oTjinqneM ee o t  jxeTepMHHHpo- 
B3HHOH MauiHHbi HBJIHeTCfl TO, 4T0 ee TpaeKTOpHH He e^HH- 
CTBeHHa. C yqeTOM 3Toro pa3jinqHH Mbi mojkcm npHMeHHTb 
k peryjiHpoBaHHio, ocymeciBJiaeMOMy nocpe^CTBOM Map- 
KOBCKOH MauiHHbi, BCe Te nOHHTHH, KOTOpbie Mbi BBejIH 
b npeauiecTByiom'Hx rjiaBax stoh qacTH.

[CjieAyei yqHTbiBaTb npe,zi;ocTepe>KeHHe, c^ejiaHHoe 
b § 11/11 (a63. 5 ). UlarH, kotophmh MapKOBCKan MauiHHa 
ABH>KeTCH no CBoefi TpaeKTopHH, HMeiOT BejiHqniiy Menb- 
mero nop^AKa, qeM marn, oTAejiniomHe ojihh aKT peryjiH- 
poBaHHH (oahh «x o a »  b CMHCJie § 11/3) o t Apyroro. Eio- 
CJie^HHe COOTBeTCTByiOT H3MeHeHHI0 OAHOH TpaeKTopHH 
b Apyryio, qTo b KopHe otjih^ho o t  nepexo/ia no TpaeKTo
pHH OT OAHOH T04KH K ApyrOH.]

-TaKHM 06pa30M, OCHOBH3H 4)OpMyjIHpOBKa § 11/4 co- 
BMeCTHMa C HCn0JIb30B3HHeM KaK JXeTepMHHHpOBaHHblX, TaK 
h MapKOBCKHx msuihh b KaqecTBe CHCTeM T h /?, onpe/ie- 
JlfllOLUHX 4)aKT*HqeCKHH HCXOA. HHKaKOH npHHUHnnaJIbHOH 
pa3HHUbi HeT, xoth ecjiH Mbi onnrneM hx noBe^eHHe b ncn- 
xojionmecKHx hjih aHTponoMop4)HqecKHx TepMHHax, to  mo- 
ryT nojiyqHTbcn BecbMa pa3jmqHbie onncaHHsi. TaK, ecji'H 
Tpe6yeTC5i, mto6h R (ajih a3hhoto BHeuiHero B03£eHCTBHSi) 
npoflBJiajio cboio peryjinpyiomyio cHJiy nepexo^oM b HeKo- 
Topoe COCTOHHHe, to  AeTepMHHHpOBaHHoe R npHMo nepeii- 
neT b 3to COCTOHHHe, Tor^a KaK MapKOBCKoe R Sy^eT Kai< 
6bi HCKaTb ero.

MapK0BCK3H M3UIHH3, KaK H £eTepMHHHpOB3HHaH, MO- 
>KeT Hcn0jib30BaTbCH b KaqecTBe cpe^cTBa ynpaBJieHHH,»H6o 
AOKasaTejibCTBa § 11/14 othochtch k o6ohm THnaM (b s th x  
AOKa3aTejibCTBax paccMaTpnBajiocb T0jibK0, KaKHe hcxor u  
6bijiH nojiyqeHbi, a He KaK ohh 6bijiH nojiyqeHbi). ripn stom 
OHa HMeeT t o t  HejjocTaTOK, hto ee TpaeKTopHH Heonpe^e- 
jieHHa, ho 3aTO HMeeT to  npeHMymecTBO, qTo ee jierKo 
npoeKTHpoBaib.



12/14. Pesyjiupoeanue nocpedcTeom eero. OcHOBHan (J)op- 
MyjiHpoBKa §  11/4 HMeeT qpe3BbiqaHH0 m npoK y io  npHMeHH- 
MocTb. Bo3mo>kho, Han6o j iee  Ba>KHbiM b s tom  oTHomeHHH 
HBjineTCH c j iyqa ft ,  K oraa  T h R 06a cyTb MauiHHbi (z ieTep- 
MHHHpOBaHHbie HJIH MapKOBCKHe) H Koi\aa 3Ha^eHHH E 3a- 
B<HCHT OT pa3JIHqHbIX COCTOHHHH paBHOBeCHH, B03M0>KHbIX
AJiH T, npnqeM  rj hb j ih c tch  HeKOTopbiM c o c t o h h h 6m (h jih  
c o c to h h h h m h ) ,  HMeiomHM no/ixoAHmee hjih >KejiaTejibHoe 
CBOHCTBO. BoJIbUIHHCTBO (})H3HqeCKHX peryjIHTOpOB OTHO- 
CHTCH K STOMy THny.

Ec jih  T h R —  MapKOBCKHe MauMHbi, t o  HeTpy^Ho a o -  
6HTbCH, q T o 6bi no jx AeftcTBHeM MauiHHbi R MauiHHa T nepe- 
xo^H jia  b >KejiaeMoe cocTOHHHe paBHOBecHH r\. Hajxo j inuib 
HCn0JIb30BaTb TOT C^yHAaMeHTaJIbHblH (J)aKT, MTO npn co- 
eAHHeHHH JXByx MaiUHH (KaKHMH npHHHMaiOTCH B A a H H O M

c j iyq a e  T h R) u e j ioe  mo>kct HaxoAHTbcn b c o c to h h h h  paB- 
HOBecHH TOJibKo TOi\aa, Kor/ia Kamjxan qacTb  caMa Haxo- 
jxh tch  b c o c to h h h h  paBHOBecHH b ycjioBHHx, onpeAejineM bix  
A p y ro f l  qacTbio. 3 t o t  Te3Hc 6h j i  BbicKa3aH b §  5/13 a j ih  
AeTepMHHHpoBaHHOH MauiHHbi, ho oh TaK>Ke cnpaBezyiHB 
H AJIH MapKOBCKOH.

flycTb peryjiHTop R nocTpoeH cjie/iyiomHM o6pa30M."OH 
HMeeT BXOJX c AByMH B03M0>KHbIMH 3HaqeHHHMH P h y. 
Koi\aa b x o a o m  HBJineTCH p («njioxoH b x o a » ) ,  nycTb nuodno 
cocTOHHHe He 6y^eT cocTOHHHeM paBHOBecHH; a Kor^a b x o -
JXOM HBJIHeTCH Y («X0p0UIHH BXOA»), nyCTb BCe COCTOHHHH 
6y/iyT paBHOBecHbiMH. ripHcoeAHHHM Tenepb R k T TaK, 
qToSbl Bee COCTOHHHH, BXOAHUXHe B T], npeo6pa30BbiBajiHCb 
Ha Bxo^e peryjiHTopa R b 3HaqeHHe y» a Bee ocTajibHbie 
COCTOHHHH —  B 3HaqeHHe p. nyCTb BCH CHCTeMa ABH>KeTCH 
no HeKOTOpOH TpaeKTopHH. EAHHCTBeHHblMH COCTOHHHHMH 
paBHOBecHH Been OHCTeMbI SyAyT Te, B KOTOpbIX R Haxo- 
A h tch  b c o c to h h h h  paBHOBecHH (corjiacH o § 5/13);  ho s t o  
03HaqaeT, qTo b x o jx R jxomKen HMeTb 3HaqeHHe y, cjieAO- 
BaTejibHo, cocTOHHHe T  aoji>kho BXo^HTb b r\. TaKHM o 6pa- 
3om, KOHCTpyKUHH R 3acTaBjiHeT ero  HaKjia^tiBaTb bcto  Ha 
BCe COCTOHHHH paBHOBecHH T, KpOMe Tex, KOTOpbie BXOAHT 
b rj. 3 t o  3HaqHT, qTo bch CHCTeMa b uejioM HBjineTCH pery- 
JinpyioiixeH. TaK KaK T h R 3Aecb MapKOBCKHe, t o  ch- 
CTeMa b uejioM S y^eT  KaK 6bi HCKaTb «>KejiaeM oe» c o c to h -



Hue h ocTaHOBHTCH, Korna HafifleT ero. M o>kho  cKa3aTb, 
qTo peryjiHTop R «HanpaBJineT» noHCKH, npoBo,uHMbie Ma- 
ihhhoh  T.

[B03M0>KH0CTb Toro, qTo T h R nonaziyT b ycTOHqHByK)
o 6jiaCTb, COCTOHHHH KOTOpOH He BXO£HT B T], MO>KHO C^e- 
jiaTb CKojib yro^HO Majion, VKpynHHH R (t .  e. npH^aBan eMy 
MHoro coctohhhh ) h cjie^H 3a TeM, qTo6bi ero p-MaTpnua 
6biJia AocTaTO^HO SoraTa cbh3hmh h n0T0My R HMejio He- 
HyjieByio BepoHTHocTb nepeHTH H3 Jiio6oro  coctohhhh 
b jiK)6oe A pyroe  cocTonHHe.]

ynp. 1. HeM BKpame ^oji>KHa xapaKTepH30BaTbca MaTpnua y h Mew 
MaTpHua |3?

*ynp. 2. lloKa>KHTe, tto  Te3HC § 5/1 OAHHaKOBO cnpaBezyiHB h jiJin 
MapKOBCKOH MaiLIHHbl.

12/15. roMeocTdT. Tenepb Mbi mojkcm c hoboh to^kh 3pe- 
hhh nocMOTpeTb Ha roMeocTaT. B § 5/14 (k o to p h h  Mbi pe- 
KOMeH^yeM nepeqHTaTb) Mbi paccMaTpHBajiH ero KaK ue- 
jioe, ABH^ym eecH  k paBHOBecHK), ho TaM Mbi paccMaTpn- 
BajiH conpoTHBJieHHH Ha maroBbix nepeKjuoqaTejinx KaK 
xcecTKo npunaHHHbie, 3a#aHHbie h H3BecTHbie. TaKHM o 6pa- 
3om, noBe^eHHe B  SbiJio ^eTepMHHHpoBaHHbiM. Mbi Mo>KeM, 
o^HaKo, nepeonpe^ejiHTb roMeocTaT TaK, qTo6bi oh co,aep- 
>Kaji npouecc, nocpezuyrBOM KOToporo qncjia H3 « T a 6jiHubi 
cjiyqaHHbix q n ce ji» Onrnepa h H eiiTca AeftcTBOBajiH 6bi 
KaK AeTepMHHaHTbi (KaK s to  h Sbijio Ha caMOM A e j ie ) . Ecjih  
Mbi Tenepb fiyaeM HrHopnpoBaTb ( t .  e. npHHHMaTb KaK 
AaHHbie) conpoTHBJieHHH Ha nepeKjuoqaTejinx, to  Mbi mo- 
tkqm paccMaTpHBaTb qacTb B  (h 3 § 5/14) KaK cocTonm yio 
TOJibKo H3 pejie h KaHajia, b KOTopbiH nocTynaiOT 3HaqeHHH 
H3 yKa3aHHoft « T a 6jiHUbi». HTaK, Mbi paccMaTpHBaeM qacTb 
B  KaK HMeiomyio rbz  Bxoaa:



COCTOHHHe B  OCTaeTCH BeKTOpOM «C AByMH COCTaBJIHIO- 
uxhmh: 3HaqeHHeM, nojiyqaeMbiM H3 « T a 6jiHUbi», h c o c to h -  
hh6m pe j ie  (B 036y^<j[ieHHoro hjih HeT).  J\jih Ha6jno,aaTeJiH, 
K0T0pbift He Mo>KeT Ha6jno,zi;aTb « T a 6j iHUbi», qacTb  B  hb- 
j ineTcn MapKOBCKOH (cp .  § 12/9). Ee b x o a  o t  A HMeeT jxBa 
coc to h h h h  fj h t ,  h OHa nocTpoeHa TaK, MTO npH P HH ou ho  
COCTOHHHe He HBJineTCH paBHOBecHbiM, a npH y Bee c o c t o h 
hhh paBHoaecHbie. HaKOHeu, OHa coeAHHHeTcn c A KaK 
b § 5/14.

Bch CHCTeMa hb j ih ctch  Tenepb MapKOBCKOH (nocKOJibKy 
« T a 6j iH u a »  ne Hafijno^aeTCH). O n a  a b h ^ t c h  k paBHOBe- 
CHio (KaK b §  5/14), ho naHHOMy Ha6jnoAaTejiK ) Sy^eT  Ka- 
3aTbCH, m o  OHa Ae jiaeT  s t o  b n p o u ecc e  noHCKa h ocTa- 
hobkh, oTbicKHBan >KejiaeMoe hbho Hayra/i h coxpaHHH ero , 
Kor^a  oho HanneHo.

C j ie^ y eT  3aMeTHTb, mto Korna b x o a  pe j ie  Haxo^HTCH 
b c oc to h h h h  p, p a 3H oo6p a 3He « T a 6j iHUbi» nepe^aeTCH b A\ 
ho Kor^a  Exon  nepexo^HT b y ,  n e p e ^ a q a  npeKpamaeTCH. 
TaKHM o6pa30M, pe jie  /leftcTByeT KaK Kpan a j ih  n0T0Ka 
p a 3Hoo6p a 3HH. n n y m e ro  o t  « T a 6j iHUbi» k A. Bch chc tcm a  
£BH>KeTCH K COCTOHHHH) paBHOBeCHH, B KOTOpOM npHTOK 
p a 3Hoo6p a 3HH H3 « T a 6jiHUbi» 6biJi 6bi 3a 6jioi<HpoBaH. O n a  
npHXOAHT B TaKoe COCTOHHHe, m o  npHTOK pa3H006pa3HH 
H3 « T a 6./iHUbi» (KOTopoe BbiBe.no 6bi CHCTeMy H3 SToro c o 
c to h h h h )  npeAOTBpameH. TaKHM 06p a 30M, bch CHCTeMa b 
ZUHHblX yCJIOBHHX HBJIHeTCH KaK 6bl caM03aKpenJIHK)meHCH, 
CaMo6j I0KHpyK)HXeHCH. ( 3 t 0  MO>KeT CJiy>KHTb npHMepoM 
k Te3Hcy H3 §  4/22.)
12/16. B npe^biAymeM naparpacjDe npHBozuijicn npHMep pe- 
ryjiHpOBaHHH b CHCTeMe, KOTopan qacTH^Ho hbjihctch £e- 
TepMHHHpOBaHHOH (B33HMO/I,eHCTBHH MQTKJiy MarHHT3MH 
b i4 ), a qacTHMHo MapKOBCKOH (sna^eHHH, npHHHMaeMbie 
KaHajiom b qacTH B ) . 3 t o t  npHMep AeMOHCTpHpyeT cym e- 
CTBeHHyiO OAHOpOAHOCTb H 06mH0CTb HCnOJIb3yeMbIX nOHH- 
THH. ri03>Ke Mbi 6yiieM CBO6OAHO HCn0JIb30BaTb 3Ty 06m- 
HOCTb, He npOBOAH K3>KAbIH pa3 pa3JIHMHH Me>K£y MapKOB- 
CKHM H ZteTepMHHHpOBaHHblM CJiy^aHMH.

Z lpyroH  npHMep peryjinpoBaHHH nocpejxcTBOM MapKOB- 
CKOH CHCTeMbi CTOHT npHBeCTH, nOCKOJlbKy OH o 6meH3Be- 
c t 0h. AeTH  nrpaiOT b Hrpy, ii33biBaeMyK) « r o p n q o  hjih xo- 
j i o r u o » .  O a h o m y  H3 HrpaiomHX (HasoBeM e ro  Tomom, no-



cKOJibKy oh BbiCTynaeT b KaqecTBe T) 3aBH3biBaiOT r^a3a. 
O da jibH b ie 3aTeM noMemaiOT KaKOH-HHSy^b npe^Mei b 
KaKoe-HH6yzib mccto, Bbi3hiBan TeM caMbiM B03MymeHHe D. 
Tom m ojkct Hcn0Jib30BaTb pyKH m ix. noHCKOB cnpHTaHHoro 
npe^MeTa, h oh cTapaeTcn HaHTH ero, ho u c x o j x  cKopee 
Bcero 6y&eT i-ieyaaqubiM. 3 t o t  npouecc o6biqHo aejiaeTcn 
peryjinpyeMbiM 6jiaro,aapH yqacTHio P o6 a  (BbicTynaiom ero 
b Ka^ecTBe R ) ,  xoTopbiH bh^ht, me  HaxoanTCH npejxwer 
( b x o j x  H3 D ), h Mo>KeT AaBaTb ToM y cooTBeTCTBytoiuyio 
HH(})opMauHK). P o6  AejiaeT 3to c noMoiubto ycjioBHoro co- 
rJiameHHH, mto upejxuer 6y/rro 6 b i  H3JiyqaeT Tenjio; P o6  
roBopHT to , mto om ym aji 6bi Tom: «T en ep b  Te6e xo jioaho; 
Bee eme xo jioaho; HeMHo>KKo Tenjiee; HeT, onHTb xo jioah o ...» 
H  jxernu (ec jin  ohh MajieubKHe) AocTaBjineT orpoMHoe y^o- 
BOJibCTBHe ySe^HTbCH b tom, qTo npouecc AeftcTBHTejibHo 
HBJineTCH peryjinpyeMbiM h qTo Tom BcerAa b KOHue koh- 
uob npHxoAHT k uejiH.

3/jecb MapKOBCKOH qacTbio hbjihctch, KOHeqno, Tom,h6o 
oh AeJiaeT Ka>KAbiH cJieayiomHH mar b o6iueM Hayran. 
rioBezieHHe Po6a 6ojiee AeTepMHHHp0BaHH0, h6o oh cipe- 
MHTCH jxaBaib TOMHOe KOjIHpOBaHHe OTHO'CHTe.TbHblX nOJIO- 
JKeHHH.

CjieAOBaTe.ibHo, peryjiHpoBaHHe, Hcn0Jib3yi0Luee Map- 
KOBCKHe MaHIHHbl, MO>KHO C^HTaTb ogbiqHblM H 3Ha* 
KOMblM.

Z IE T E P M H H H P O B A H H O E  P E r y jlH P O B A H H E

12/17. PaccMOTpeB cjiyqan, b k o t o p o m  T h R S h jih  Bonjio- 
lueHbi b MauiHHax, h , b qacTHOcra, t o t , b k o t o p o m  Ma
mHHbi SblJIH MapKOBCKHMH, Mbi Tenepb MOTKeM OnHTb Bep- 
HyTbCH k § 12/7 h paccMOTpeTb eiue Sojiee qacTHbift cjiy- 
qa h , K o r^a  Bee BepoHTHOcTH’ CTaHOBHTCH 0 hjih 1 (§  12/8),
TaK qTO MamHHbi CTaHOBHTCH AeTepMHHHpOBaHHblMH. Mbi 
no-npe>KHeMy HMeeM A e j io  c pery j iH TopoM , ynpaBjineMbiM 
OUIH6KaMH. MT06bI C 6HOJIOrHqeCKOH TOqKH 3peHHH jx o- 
CTaToqHo n o jm o  Hccjie^OBaTb H an6o j iee  npHMHTHBHbie 
4)opMbi peryjinpoBaHHH, paccMOTpnM cjiyqan , b ko topom  
oSpaTHaH CBH3b HMeeT pa3Hoo6pa3He TojibKo jxby x  c o 
ctohhhh .



n p H M e p o M  T a K o fl CHCTeMbi c J iy ^ H T  aB TO M aTH qecK an  Te-_ 

j ie ^ o H H a n  cTaHUHH, K o r^ a  K aK o ft-H H fiya b  HCKaTeJib HaqH- 
H aeT  pa3 b icK H B aT b  H e3aH H Tyio  j ih h h io .  H cK a T eJ ib  n p o 6y e T  

n o  o q e p e ^ H , b onpeAeJieH H O M  n o p n ^ K e , K a jK ^ y io  jih h h io , 

n o j iy q a e T  o t  KajKAOH H H (J)opM auH io «3 a H H T 0 »  h jih  «H e  3 a - 
h h t o »  h n p e K p a m a e T  ABH>KeHHe (n p n x o A H T  b c o c to h h h c  

paBH O BecH H ) Ha nepBOH >Ke H e3aHHTOH jih h h h . M H o>K e- 

CTBOM B 03M ym eH H H  HBJIHeTCH 3#eCb MHOJKeCTBO B03M0>K- 
Hbix p a c n p e ^ e j i e H H H  c o c to h h h h  «3 a H H T o »  h «H e  3 3 h h to »  n o  
jih h h h m . C H C TeM a h b j ih c tc h  p e r y jm p y e M o ft ,  noTO M y qT o , 

KaKOBO 6bl HH 6bIJIO B 03M ym eH H e, HCXOAOM HBJIHeTCH BCe-

r # a  coe^H H eH H e c H e3aH H Toft j ih h h c h .

B e c b  M exaHH3M  c j ie ^ y e T  cqH TaTb  ynpaB JineM biM  ou iH 6K a- 
mh, h 6 o  HH(J)opMauH5i, o n p e ^ e jin io m a H , 6yjxej  j ih  oh  n p o ^ o j i-  

K a T b  ABH>KeHHe HJIH OCTaHOBHTCH, UReT OT C3MOH JIHHHH.

3 t o t  c j iy q a f i  H acT 0j ib K 0 n p o c T , qT o  hbjihctch b hckoto- 
poM  CMblCJie B b ip o ^ e H H b iM .  Ecjih Mbi He y ^ e j in e M  HHKa- 

K o r o  BHHMaHHH BHyTpeHHHM  B3aHMOAeHCTBHHM MQMJiy R 
h T, T aK  q T o  ohh cjiHBaiOTCH, o 6p a 3y n  F  H3 § 10/5, t o  s t o t  
c j iy q a n  cTaH O BH Tcn n p o c T o  c j iy q a e M  A eTepM H H H poB aH H on  

CHCTeMbi, K O Top an , K o r ^ a  ^ a H o  H a q a jib H o e  COCTOHHHe, abh- 
>KeTCH n o  onpe^eJ ieH H O H  TpaeK TO pH H  k coctohhhio p aB H o- 
BecHH. T aK H M  06p a 30M, mo>kho c^H TaTb , q T o  Ka>KAbiH 6ac - 

CeHH, HMeiOIHHH COCTOHHHe paBHOBecHH, BXORHU\ee B T], 06- 

H a p y ^ H B a e T  n p o c T y io  (J )opM y p e ry jin p o B a H H H , h6o oh jxeh- 
CTByeT TaK , q T o 6bi cBOAHTb p a 3 H o o 6 p a 3 H e  H aq a jib H b ix  co
ctohhhh (K a K , H an p H M ep , B03M ym eH H H  D) k M eH bu ieM y 

p a 3 H o o 6 p a 3 H io  o K O H q a T e jib H o ro  coctohhhh.
E ioqTH  t o  >Ke c a M o e  m o jk h o  £ K a 3aTb  o  K pb ice , K O Topan  

3H aeT  A o p o r y  b a M g a p . B e A b  Bcer/ia, K or/ ia  OHa b x o a h t  
b H ero , OHa MomeT  n p o g p a T b c n  o S p a T H o  b H o p y . T o  >Ke 

c a M o e  m o>kho cK a 3 a T b  h o  Bb iqncjiH TejibH O H  M auiH H e, b k o - 

T o p y io  B B e^eH a  n p o rp a M M a  a j ih  p a 6oTb i n o  c n o c o 6y  n o c j ie -  

AO B aT ejib H b ix  n p H g jiH ^ eH H H . C  K a K o ro  6 u  c o c to h h h h  OHa 

hh  H aq H H a jia  p a 6o T y , e e  n o cJ ie a o B a T e jib H b ie  c o c to h h h h  a b h - 
JKyTCH B n o jiH e  o n p e A e jieH H o  k  u e jiH , k o t o p o h  h b jih c tc h  
eAHHCTBeHHOe COCTOHHHe paBHOBecHH M auiHHbi.

ynp. Hy>KHo H3HTH K ap iy b nepeTacoBaHHoft Kojio^e H3 52 KapT, npo- 
cMaTpHBan h x omy  3a npyroH. CK0JibK0 KapT b cpe^HeM npH- 
AeTca npocMQTpeTb npn ycjioBHii, h t o :  ( I )  KapTbi npocMaTpn*



B3HDTCH no nopnflKy; (II) ecjin npocMOTpeHHan KapTa ok3>k6tch 
HenyxcHOH, t o  ona B03BpamaeTcn b nojio^y, Kojio/ia TacyeTca, 
3aTeM BbiTacKHBaeTCH KapTa h t. a.? (CHCTeMaTH^ecKHH noncK 
nporne cJiyqaHHoro.)

12/18. K o r^ a  Bee MauiHHbi hbjih iotch #eTepMHHHpoBaH- 
hmmh, Momer B03HHKHyTb npo6jieM a § 12/14: KaK npHBe- 
cth  T b cocTonHHe paBHOBecHH, HMeiomee HeKOTopoe >Ke- 
jiaeM oe cbohctbo? Pa3yM eeTca, peuieHHe, #aHHoe ajih. Map- 
kobckoh MauiHHbi, coxpaHneT CHjiy h b 3tom cjiyqae. 
A HMeHHo, Ha^o npHcoe^HHHTb npeo6pa30BaTejib, ocym e-
CTBJIHIOIUHH BeTO.
12/19. Henpepbienoe mMenemie. O t sthx  npHMHTHBHbix
4)opM Mbi nepexo^HM k peryjiflTopaM , nepeMeHHbie ko to - 
pbix MoryT H3MeHHTbCH HenpepbiBHo. [C jie^yeT  noMHHTb, 
qTO HenpepbiBHoe ecTb qacTHbift c jiyqan  #HCKpeTHoro (cm. 
§  2 / ]). ] H 3 MHoroqncjieHHbix cymecTByiomux npHMepoB h 
npHBe^y TOjibKO oahh hjih ABa, nocKOjibKy Mbi HHTepe- 
cyeMCH 3Aecb TOjibKO o 6luhmh npHHunnaMH.

TnnH^HbiM npHMepoM hbjihctch HHKy6aTop, o 6orpeBae- 
Mbifl ra30M. Oh cojxepm m  Kancyjiy, KOTopan pacuiHpneTcn 
o t  noBbiuieHHH TeMnepaTypbi. MexaHH3M ycTpoeH TaK, h to  
pacmnpeHHe Kancyjibi yMeHbiuaeT njiaMH (h jih  KOjmqecTBo 
ropnqero B03Ayxa, nocTynaiom ero b HHKy6aTop),; TeM ca- 
mhm npe^oTBpamaeTCH qpe3MepHoe noBbiuieHHe TeMnepa
Typbi.

C jie^yeT o 6paTHTb ocoSoe BHHMaHHe Ha AHarpaMMy He- 
nocpeACTBeHHbix bosachctbhh b stom  npHMepe. OHa HMeeT 
$opM y, KOTopan npHBe^eHa Ha nepBOH cxeMe Ha CTp. 336, 
hjih KaKyio-HH6yAb SKBHBajieHTHyio $ ° P My* 3Aecb jierKO 
pacno3HaTb D, T, R h E  (x o th  pa3JiHqne MeJK^y T h R h 
hx qacTflMH HecKojibKo npoH3BOJibHo). Bee b uejiOM Aefi- 
CTByeT TaK, qToSbi 3a6jioKHpoBaTb nepeAaqy pa3Hoo6pa3H5i 
OT B03MymeHHH (KaKOBbl 6bl OHH HH SblJIH) K HHUaM. EcJIH 
cjierKa nepeonpeAeJiHTb uejib peryjiHTopa, TaK qTo6bi eio 
6bijio noAAepataHHe nocTOflHHOH TeMnepaTypbi b HHKySa- 
Tope, t o  3 to t  peryjiHTop 6yAeT ynpaBjiHTbcn omnSKaMH, a 
He caMHMH B03MymeHHHM'H. ripn TaKofl (J)opMe peryjiHTopa 
CHCTeMa, K0HeqH0, AOJi>KHa SbiTb ycTOHqHBOH ajw  jiio6oro 
AaHHoro B03MymeHH5i, a >KejiaeMan TeMnepaTypa jiojim na  
6bITb COCTOHHHeM paBHOBeCHH CHCTeMbl. 06paTHafl CBH3b 
b 9toh cxeMe AOJi>KHa 6biTb, KaK npaBHjio, OTpnuaTejibHa.



M H o r n e  p e r y j i H T o p b i  b  >khbom T e j i e  H M eioT  3 T y  n p o c T y io  
(j)o p M y , h  p a S o T a  K e H H O H a  c / i e j i a j i a  h x  o6m eH 3B ecTH biM H

TnnHqHbiM ajia  h h x  HBJineTCfl t o t ,  xoTopbifl peryjiHpyeT pH 
KpoBH 1 n yT eM  H3MeHeHHH coAep>KaH H H  b Hen yrjieKH CJiO Tbi:

C n c T e M a  CHOBa o6H apy>K H B aeT  TOJibKO m o  yn oM H H yTb ie  

q e p rb i.

1 pH —  n o K a 3 a T e ; ib  K O H u eH rp a u H H  B o / jo p o z u ib ix  h o h o b  b k p o b h .—  
r ip u M .  nepee.



Cpezui 6ecqHCJieHHbix npHMepoB tsk h x  MexaHH3MOB 
cjie^yeT ynoMHHyTb raKme 3K0H0MHqecKHe MexaHH3Mbi. 
KHHra TacTHHa «MexaHH3M sKOHOMmecKHx CHCTeM» noKa- 
3bIBaeT, KaK TeCHO CBH3aHbI HX CBOHCTBa CO CBOHCTBaMH, 
paCCMOTpeHHblMH 3AeCb.

y n p . 1. Ha^cpTHTe anarpaM M y HenocpeACTBeHHbix BOSAeficTBHH Jiio6oro 
H3BecTHoro BaM peryjiHTopa. 

y n p .  2. (npO AO Ji^enne.) Ilo/iyMaHTe, H3MeneHne k3khx napaMeTpoB 
B03AeHCTB0Ba/i0 6bi Ha pa6oTy 3Toro peryjiH Topa; no6aBbTe hx 
k AH arpaM M e .

12/20. Pa^H nojiHOTbi cjie^yeT ynoMHHyTb h o tom bs- 
pnaHTe chctcm 3Toro KJiacca, Kor/ia peryjiHpyiomHH Me- 
X3HH3M npHBOAHTCH B AeHCTBHe JIHLHb BpeMH OT BpeMeHH.

HanpHMep, ypoBenb jk-hakocth b pe3epByape MO>KeT 
nOAAep>KHBaTbCH Me>KAy AByMH 3aAaHHbIMH ypOBHHMH no- 
cpe^CTBOM cHc})OHa, BHyTpeHHee oTBepCTHe KOToporo Haxo- 
AHTCH na HH>KHeM ypoBHe, a m neH o Ha BepxHeM. Ecjih 
o6bmHo no^aqa >kh#kocth npeBbimaeT pacxoA, to  ch(J)oh, 
npnxoAH b  AencTBHe, Kor^a >KHAKoeTb AOCTHraeT BepxHero 
ypoBHH, h npeKpaman cBoe AeHCTBHe, Kor^a >K*HAKOCTb ony- 
CKaeTCH ao  HH>KHero ypoBHH, 6y^eT yaepxcHBaTb ypoBeHb 
/khakocth b >KejiaeMbix npe^ejiax.

M H orne cj)H3HOJiorHqecKHe peryjiHTopbi aeficTByiOT 
TOJIbKO BpeMH OT BpeMeHH. TaK, CIOAa OTHOCHTCH peaKUHH 
Apo>KH Ha xojiojx. 3Ta peaKUHH HMeeT oco6bin hhTepee ajih 
nac (cp. § 12/3), noKa3biBan, hto zieHTejibHOCTb peryjin- 
TOpa MO>KeT BbI3bIB3TbCH JIh6o JXeHCTBHTeJIbHblM noHH>Ke- 
HHeM reMnepaTypbi Tejia (ynpaBjieHHe olhh6k3mh, ocymecT- 
BjiHCMoe co CTopoHbi E ) , jih6o —  npejK^e qeM TeJio ycneeT 
OXJia^HTbCH —  BHAOM BCIUeH, BbI3bIBaK)IHHX oxjia>K,neHHe 
(ynpaBjieHHe co CTopoHbi D ).

y C H J IH T E J Ib  M O L U H O C T H

12/21. B HacTOHineH rjiaBe Bbixo# E  ofibiqHo paccMaTpn- 
BajicH KaK nocTORHHbiti, ho TaKoe a onymeHHe oTHio,ab He 
AOJIMHO 33TeMHHTb TOTO 06cT0HTCJIbCTBa, qTo 9Ta (J)opMa 
BKjiioqaeT 6ojibuioe qncjio cjiyqaeB, He co^ep>KainHx, Ha 
nepBbifi B3rjiHA, HHKaKoro ajieMeHTa n0CT0HHCTBa. 0 6 stom 
ynoMHHajiocb b § 11/15. 3jxecb Mbi paccMOTpHM oahh npn- 
Mep, KOTopbih y>Ke cefiqac Bawen bo mhothx OTHOiueHHHx-

22 3an. 3346. y. Pocc 3uj6h



H KOTOpblH OCOgeHHO I10HaA06HTCH HaM B TJI. 14. H HMeiO 
b BH^y Te pery j iH py io iUH e h ynpaB jin iom H e  y c T p o H d B a ,  ko- 
TOpbie yCHJIHBaiOT MOmHOCTb.

YcHJIHTeJIH MOLUHOCTH CymeCTByiOT BO MHOFHX (J)OpMaX. 
3 ^ e cb  h Bbi6e p y  jiHinb oAHy H3 hhx, npocTyK) h ncHyio 
(PHC. 12/21/1).

C>KaTbIH B03AyX B H306HJIHH riOAaeTCH E A H npOXOAHT 
qepe3 cy>KeHHe C, nocjie qero jih 6o ycTpeMjineTcn b Mexn B, 
j jh 6o  BbixoAHT b KJianaH V. JXanjieum  b A  3HaqHTejibHo 
Bbirne o6b iqH oro  p a 6oqero  AaBjieHHH b Z3, a oTBepcrae C 
Majio, TaK qTo B03Ayx, npoxoAH C, ABimeTCH c iioctohhhoh 
CKOpOCTbK). n o c jie  3T0r0 OH AOJIJKeH JIH0O BblXOAHTb qe- 
pe3 V , jih 6o co 6HpaTbC5i b B , noBbiman AaBjieHHe z. Cko- 
pocTb BbixoAa B03Ayxa b V , rAe OTBepcTHe qacTHqHo 3a- 
K pyTo KOHycoM, 3aBHCHT o t  BepTHKajibHoro nepeMemeHHfl 
(x )  KOHyca. nocjieAHHH npHKpenjieH k OAHOMy H3 kohuob 
JierKoro atecTKoro CTep>KH5i /, KOTOpblH mo>k6t  noBopaqw-



BaTbCH B O K p y r  o c h  / ( .  n p H  Hen0ABH>KH0H o c h  K  onycKaHHe 
npoTHBonojio>KHoro KOHua L  cTep>KH5i J noAHHMeT KOHyc, 
m o  oTKpoeT  BbixoA B03Ayxy h Bbi30BeT na^eHHe AaBjieHHH 
z BHyTpH B\ o 6paTHo, no^HHTHe L  Bbi30BeT noBbimeHHe z.

J^aBjieHHe B03Ayxa b B npoTHBOAeftcTByeT TnmejiaMy 
rpy3 y  P. 3 t o t  rpy3  HMeeT BBepxy (J)opMy cTOji6a h m o^ q t  
ABHraTbCH Becb TOjibKO BBepx hjih bhh 3. Ha cTOjiSe yn pen -  
jieHbi ABe och : K  h M . M  cJiy>KHT ocb io  npoqH oro  6pyca  G, 
3aKpen jieHHoro b oahom KOHue ( F ) .  Ecjth  P  noAHHMaeTCH, 
t o  M  T a K ^ e  noAHHMaeTCH Ha Ty >Ke BbicoTy, a cBo6oAHbiH 
KOHeu H  6p y c a  G noAHHMaeTcsi Ha BbicoTy, BABoe 6ojib- 
uiyK).

nocMOTpHM Tenepb, qTo nponcxoAH T  npn nepeM em e- 
hhh L. nojio>KHM, qTo on ep a T o p  noAHHMaeT L  Ha oahh  
aiohm. j^ p y ro H  KOHeu ( V )  npn s tom  on ycK aeTcn  Ha oahh  
Aiohm, h BbixoAHoe oTBepcTHe K jianaHa yMeHbm aeTcn, npo- 
nycKan MeHbmee KOjinqecTBO B03Ayxa, TaK qTo B03Ayx Ha- 
^HHaeT cKonjiHTbCH b B h AaBjiewHe z noBbimaeTCfl. noBb i-  
CHBineecfl AaBjieHHe noAHHMeT P  h TeM caMbiM M  h H. 
TaKHM 06p a 30M, deuofcenun M  CTpeMRTCn npocTo noero- 
pHTb deuofcenun L. [Mbi MO>KeM 3aMeTHTb, qTo noA'beM P  
(ec jiH  L  n o c j ie  noA^eM a Ha oa h h  aiohm  (j)HKCHpyeTCfl) 3a- 
CT3BHT KJianaH V  np'HOTKpblTbCH. TaKHM 06pa30M, peaKUHH 
Been CHCTeMbi Ha nepeMemeHHe L  6yAeT  caM oorpaHHqn- 
Baiomencfl,  h 6o of ipaTHan CBH3b 3Aecb oTpnuaTejibHa. n p n  
c o 6jnoAeHHH onpeAejieHHbix KojmqecTBeHHbix n o A p o 6Ho- 
CTen, T p e 6y iom H x  ToqH oro  yq eTa  npn k3>kaom npaKTHqe- 
ckom ocymecTBJieHHH, cncTeMa 6yAeT  ycToftqHBa b HeKo- 
TopoM c o c to h h h h  paBHOBecHH, nojio>KeHHe KOToporo onpe-  
AeJineTCH noJio>KeHHeM L . ]

Mojkho TaKJKe paccMaTpHBaTb Becb MexaHH3M KaK 
ycTonqHByio CHCTeMy, AencTByiomyio TaKHM o6pa30M, qTO 
KorAa nepeMemeHHe L, cKa>KeM, Ha oahh aiohm 6yjier 
CTpeMHTbCH Bbi3BaTb nepeMemeHHe V jaKme na oahh 
aiohm, peaKUHA Been CHCTeMbi SyAeT CTpeMHTbCH aHHyjin- 
pOBaTb 3TO. HHblMH CJIOBaMH, CHCTeMy MOJKHO paccMaTpH- 
BaTb KaK TaKyio, KOTopan crpeMUTcn coxpanuTb nocTosm- 
HbiM nojiootcenue KAanana V.

T en ep b  HaM b h a h o , KaK npeBpaTHTb sjy  CHCTeMy B yc n -  
jiHTeJib MomHocTH h Hcn0Jib30BaTb ee b KaqecTBe noA^eM - 
Horo KpaHa.



KoHCTpyKTOp AOJIJKeH n03a 60THTbCH O TOM, qTOSbl pbl- 
qar / 6h ji jierKHM. /Jajiee, KJianaH V jx o jim e n  6biTb ycTpoeH 
TaK, qToSbl BblXOAHLUHH B03AyX, HJIH AaBJieHHe Z, He OKa- 
3biBajio Sojib inoro bjihhhhh Ha CHJiy, npnjiaraeM yio k L. 
KoHCTpyKTOp AOJI^eH T3K}Ke n03a 60THTb€H O TOM, qT06bI 
MexH B HMejiH 6ojibu iyio n jiom aAb conpHKocHOBeHHH c P  
«  MTo6bi cpeAHee p a 6oqee AaBJieHHe z 6bi;io bhcokhm (a  
AaBJieHHe b A —  em e 6ojiee BbicoKHM).  Ecjih  s to  yAacTcn, 
t o  He6ojibuiaH cHjia, noAHHMaiomafl L  na oahh a iohm, cmo- 
>KeT pa3BHTb b H  Sojibuiyio CHJiy, cnocoSHyio noAHHTb th- 
>KejibiH rpy3 Ha TaKyio m e  BbicoTy. TaK, CHjia b 1 (J)yHT, 
nepeABHraioman L  Ha 1 aiohm, m ojkct 3acTaB«Tb H  noA- 
HHTb Ha OAHH A IOHM rpy3 B 1000 (})yHTOB. TaKHM o6pa30M, 
CHCTeMa HBjineTCH ycnjiHTejieM pafioTbi (h jih  m oiuhocth ).

riOKa qTO 3T0 6bIJI Bcero JIHUIb npOCTOH H HCHblH npn- 
Mep npHMeHeHHH onHcaHHbix Bbirne npHHunnoB peryjinpo- 
BaH'HH h ynpaBJieHHH. n o 3>Ke (b § 14/1) mu BepHeMcn 
k STOMy cjiyqato, qTo6bi yncHHTb ce6e, KaK m ojkct coBMe- 
maTbCH c ycu A u rey ieM  m oiijhocth 3aKOH, yTBep>KAaiomHH, 
*ito SHeprnn He mo>kct B03HHKaTb H3 HHqero.

ynp. 1. CnojibKo CTeneneH CBo6o£bi HMeioT Tpn Tejia P , J, G? 
ynp. 2. H3MeHHTe ycTpoHCTBo TaK, MTo6bi H, yAepnuiBaa cocTOHHHe 

paBHOBeCHH, ABnrajicH b CTopoHy, npOTHBono;io>KHyio £BH>Ke- 
HHK) L.

ynp. 3. Ii3MeHHTe ycTpcmcTBO TaK, qTo6bi paBHOBecne 6bijio neycTOH-
^HBblM.

H r P b l  H C T P A T E T H H

12/22. Bonpocbi peryjiHpoBaHHH h ynpaBJieHHH qpe3Bbi- 
MaHHo uiHpOKH, h cKa3aHHoe ao  chx nop jiHiub cjierKa 06- 
P'HCOBbiBaeT hx. Eme oahh Sojibmoft pa3Ae.i TeopHH pery- 
jiHpoBaHHH h ynpaBJieHHH B03HHKaeT, KorAa D  h R h b - 
jih iotch  BeKTopaMH h KorAa coqeTaHHH, Bbi3biBaiomHe 
b KOHue kohuob hcxoa b T hjih E , pacnpeAejieHbi bo Bpe- 
MeHH TaK, HTO COCTaBJIHIOmHe 3THX BeKTOpOB D  H R no- 
hbjih iotch no oqepeAH. TorAa Bee AeftcTByiomee B03Myme- 
HHe ecTb nocjieAOBaTejibHOCTb n0AB03MymeHHH, a bch 
Bbi3biBaeMan hm peaKUHH ecTb nocjieAOBaTejibHocTb noA- 
peaKUHH.

TaKofl cjiyqaft mo>kct BCTpeTHTbCH, HanpHMep, b >km3hii 
Ahkhx >KHBOTHbix, KorAa >KepTBa nbiTaeTCH peryjiHpoBaTb



3auiHTy o t  HanaAeHHH xHmHHKa, npnqeM bch 6o p b 6a npo- 
TenaeT  b BHAe qep eA y io m H x cn  3TanoB yrpo3b i >h 3amHTbi. 
3 i ie cb  HanaAeHHe XHmHHKa b uejioM c o c t o h t  H3 noc jieAo-  
BaTeJIbHOCTH AeHCTBHH D\y D2, z>3, , Ka>KAOe H3 KOTOpbIX 
Bbi3biBaeT oTBeT, TaK qTo Becb o t b c t  b uejioM ecTb TaK>Ke 
nocjieAOBaTejibHocTb, KOTopyio mo>kho o6o3HaqHTb qepe3 
/?j , /?2, /?3, • B ch  6o p b 6a c o c t o h t ,  TaKHM 06pa30M, H3 
ABOHHOH nOCJieAOBaTejIbHOCTH

D u Rii  /?3, . . .  .

H cXOA OnpeAGJIHeTCH HeKOTOpbIM COOTHOUieHHeM Me>K Ay 
BceM HanaAeHHeM x h l u h h k 3 >h BceM o t b c t o m  >KepTBbi.

M bi Tenepb  paccMaTpHBaeM em e  6o j ie e  cjio>KHyio HHTep- 
npeTauHio o ch o bh o h  c})opMyjiHpoBKH H3 § 11/4. OAHaKO OHa 
AOCTaToqHO o6biqHa b 6HOJiorHqecKOM MHpe. B cBoen pe- 
ajibHoft (J)opMe —  3to  BHTBa > K h3h h ; b MaTeMaTHqecKOH 
4>opMe —  3to  TeopHH nrp 'H CTpaTerHH. TaK, b m axM aTax  
HCXOA 33BHCHT OT TOTO, K3K0H 6yAeT  KOHKpeTH.afl nOCJieAO- 
BaTejibHOCTb x o a o b  qepHbix h fiejibix

b v %  e 2) y 2> e S9

(ToMy, qTo b § 11/4 Ha3biBajiocb « x o a o m » ,  3Aecb, KOHeqHO, 
CooTBeTCTByeT uejiaa nrpa.)

3Ta TeopHH, ocnoBaHHan Jim . HeftMaHOM b 30-x roAax, 
x o th  eme He nojiHocTbio pa3BHTa, ho  y>Ke HacT0jibK0 oo- 
uuHpHa, qTo HaM npiiAeTcn orpaHHqHTbCfl JiHuib ynoMHHa- 
i ihcm  o Hen. OAHaKO HaM cjieAyeT oTMeTHTb ee TecHyio 
CBH3b h ToqHoe cooTBeTCTB'He c npeAMeTOM Harneft k h h t h . 
OHa, HecoMHeHHo, 6yAeT HMeTb orpoMHoe HayqHoe 3Haqe- 
h He ajih  S h o j io th h ; h6o Bpo>KAeHHbie CBOHCTBa >k h b h x  op- 
raHH3MOB cvTb npocTo CTpaTerHH, OKa3aBHiHecH yAOBjieTBo- 
pHre.lbHblMH B XOAe MHOTOBeKOBOH KOHKypeHUHH H «BA£- 
JiaHHbie» b M0Ji0A0e jkhbo th oc  TaK, qToCbi 6biTb r0T0BbiMH 
k ynoTpefijieHHK) no nepBOMy TpeSoBaHHio. KaK MHorne 
uiaxMaTHCTbi Hauijih , qTo x o a  « P  —  Q 4 » 1 HBJiaeTCH xopo- 
i i ih m  cn oco6oM HaqHHaTb Hrpy b maxMaTbi, ToqHo TaK >K6 
m norne b h a b i  Ha hi jih , q io  « 0TpacTHTb 3y6bi» HBJiaeTCH xo- 
pomHM cnocoSoM  HaqaTb B h t b y  >K h 3h i i .

1 B «a.nre6panqecKOH» waxMaTiioii iioTaumi s to t  xoa 3anHiueTca 
KaK d2 — d4 —  [JpuM. nepeo.



Mc»KHO TO^HO npOA^MOHCTpHpOBaTb COOTBeTCTB'He Me- 
y a j iy  T eopn en  Hrp h npe^MeTaMH, paccMaTpHBaeMbiMH 
B 3T0H KHHre.

Bo-nepBbIX, OTMeTHM TO oSCTOHTeJIbCTBO, qTO OCHOBHOe 
noHHTHe § 11/4 —  TafijiHixa h c x o a o b , Ha K0T0p 0H 6biJia 
0CH0BaHa TeopHH peryjiHpoBaHHH h ynpaBJieHHH, —  rootcde- 
CTeenno «MaTpHue BbinjiaT», o ch o bh o h  b TeopHH Hrp. Hc- 
nojib3yH s t o  o 6m ee noHHTHe, jierKo noKa3aTb Toraoe  c o o t - 
eeTCTBHe s t h x  TeopHH b qacTHbix cjiyqanx.

B0-BT0pbIX, OTMeTHM TO 06cTOHTejIbCTBO, ^TO TeopHH 
Hrp, c^opM yjinpoBaHHan JXm. HeftMaHOM h O. M opreH - 
LurepHOM, H30M0p(J)Ha TeopHH HeKOTopbix onpeAeJieHHbix Ma- 
HIHH CO BXO^OM. PaCCMOTpHM MaUIHHy, 3KBHBaJieHTHyil>

P hc. 12/22/1.

« o 6o 6meHHOH n rp e » J[>k. HeHMaHa (pnc. 12/22/1). (ByKBbi 
na pHcyHKe cooTBeTCTByioT TeM, KOTOpbie Hcnojib30Baji J\tk. 
HeHMaH b rji. 2 CBoen khhth . C s t o h  rjiaBofi }KejiaTeJibHO 
03HaK0MHTbCH. O^HaKo ero 6yKBbi T He cooTBeTCTByK>T Ha- 
rneMy ynoTpegjieHHio.)

HTaK, HMeeTCH MauiHHa M co  bxoaom . Ee BHyTpeHHHH 
CTpyKTypa (ee npeo6pa30BaHHn) H3BecTHa HrpoKaM 7\Ma- 
uiHHa HMeeT b x o r h  Tpex  th h ob :  T, V h T. ElapaMeTp T  
(cKa>KeM, KaKOH-HHgyAb n epeK ji ioqaTe j ib )  onpe^ejiHeT, Ka- 
Kyio CTpyKTypy  6y.neT HMeTb MauiHHa, t .  e. b KaKyio Hrpy



iip'HAeTcn HrpaTb. B xoah  Vi AejiaiOT BO3M0>KHbiM npoH3- 
BOACTBO CJiyqaHHbIX XOAOB (HanpHMep, BBOA B03AeHCTBHH 
o t  Kojieca pyjieTKH hjih k o jioah  nepeTacoBaHHbix KapT; 
cp. § 12/15). KascAufi nrpoK ecTb AeTepMHHHpOBaHHan 
AHnaMHqecKan CHCTeMa, coeAHHeHHan c M  ABycTopoHHen 
CB5i3bio. Oh nojiyqaeT HH^opMaunio H3 M  no 6co6hm  Ka- 
HajiaM I i  h 3aTeM AencTByeT Ha M  onpeAejieHHbiM o6pa- 
3 0M. M ecTa npncoeAHHeHHH KaHajioB 1 onpeAeJifliOTcn bxo- 
AOM r. B03AeHCTBHH OT Ka>KAOTO T, BMeCTe C B03Aeft- 
ctbhhmh Apyrux T h V, nojiHOCTbK) ynpaBJifliOT qepe3 M 
UHc})ep6jiaTaMH G. KorAa Hrpa, t. e. TpaeKTopHH, 0K0HqeHa, 
cyAbH qiiTaeT noKa3aHHH G h BbinjiaqHBaeT cooTBer- 
CTByKDmne cyMMbi HrpoKaM T.

3Aecb Mbi, oqeBHAHo, HMeeM cjiyqa ft HecKOJibKHx pery- 
JIHTOpOB, KaX<AbIH H3 KOTOpbIX CTpeMHTCfl AOCTHqb UeJIH 
B G; OHH AeHCTByiOT OAHOBpeMeHHO H KOHKypnpyiOT BHy- 
Tpn M. (B63M0>KH0CTb KOHKypeHUHH Me>KAy peryjIHTOpaM H 
AO chx nop eme He paccMaTpHBajiacb hbho b sthx  rjiaBax.)

Ecjih CHCTeMa yjibTpaycTofiqHBa, t o  noBeAei-iHe Ka>KAoro 
T 6yAeT onpeAejiflTbcn napaMeTpaMH, BeAymHMH ce6n Kai< 
cTyneHqaTbie (J)yHKUHH. Ecjih  AaHHbiH nrpoK «yAOBjieTBO- 
peH» BbinjiaTOH, KOTopyio npOH3BOAHT ero napaMeTpbi 
coxpaHHT cboh 3HaqeHHH h ero  cTpaTernn ocTaHeTcn hc- 
H3MeHHoft; ho ecJiH oh He yAOBJieTBopeH (t .  e. ecjin Bbi- 
njiaTa naAaeT H'Hxce HeKOToporo KpHTHqecKoro 3HaqeHHH), 
to  CTyneHqaTbie cj)yHKUHH H3MeHHT cBoe 3HaqeHHe h b cjie- 
Ayiom en nrpe nponrpaBuiHH SyAeT ncnojib30BaTb HOByio 
CTpaTernio.

Bjih3ko npHMbiKaeT k STOMy npeAMeTy TeopHH BoeHHoro 
uiH^poBaHHH h AeuiH(J)poBaHHH. LLIeHHOH b CBoefi p a 6oTe 
«Teop>HH cbh3h b cHCTeMax 3aceKpeqHBaHHH» noKa3aji, KaK 
TeCHO CBH3aHbI 3TH pa3JIHqHbie o 6jiaCTH. IloqTH BCHKHH 
ycnex b oahoh H3 hhx npojiHBaeT CBeT Ha Apyryio.

B HacTOHiuee BpeMH HeB03M0>KH0 cKa3aTb 6ojibme, h6o 
paccMaTpHBaeMbie B3aHM0CBH3H AOJi>KHbi eme H3yqaTbcn h 
HccjieAOBaTbCH. Ilo-BHAHMOMy, hcho, qTo TeopHH peryji'Hpo- 
BaHHH (BKjiioqaiomaH MHorne H3 0CH0BHbix npofijieM opra- 
HH3au,HH b M03ry h o6m ecTBe) h Teopnn Hrp MoryT mho- 
roMy HayqHTbCH A pyr o t  Apyra. Ecjih  qnraTejiK) noKa- 
>KeTCH, qTO 3TH HCCJieAOBaHHH HeCKOJIbKO aficTpaKTHbl H 
JiHiueHbi npiiMeHeHHH, nycTb oh noAyMaeT o tom, qTO Teopnn



Hrp h KH6epHeTHKa c y ib  npocTo och ob 3 h h h  TeopHH Toro, 
KaK npojio>KHTb Bam  Co6cTBeHHbift IlyTb . HeMHorne npe^- 
M era  MoryT 6biTb Soraqe npHMeHeHHHMH, qeM s t o t !
12/23. M bi npwrnjiH Tenepb k KOHuy rjiaBbi, h S h o j io t  mo- 
JKeT noqyBCTBOBaTb c e 6n HecKOjibKo HeyAOBJieTBopeHHbiM, 
h6o  b 3 to h  r jiaBe paccMaTpHBaJincb TOjibKO £OCTaToqHO 
npocTbie h AocTynHbie  AJin noHHMaHHH CHCTeMbl. A qTo 
6y#eT, Mo>KeT oh cnpocHTb, ec j in  nonbiTaTbcn npHMeHHTb 
pery j inpoBaH H e h ynpaBjiei- ine k cHCTeMaM 6H0Ji0rnqecKMx 
pa3MepoB h c j io>khocth?  H t o  6yAeT, HanpHMep, ecjiH no- 
nbiTaTbCH npHMeHHTb Teopnio pery jmpoBaHHfl h ynpaBJie- 
hhh k M03ry hjih k qejiOBeqecKOMy o 6m ecTBy?

OScyjKAeHHeM s t h x  BonpocoB Mbi 3aftMeMCH b ocrraB- 
ihhxch  m a B a x .



PeryjiHpoBaHne oieHb
S O J lb lU O H  C H C T e M b i

13/1. PeryjiHpoBaHne h ynpaBjieHHe b oqeHb 6ojibtiiHx ch- 
CTeMax npeACTaBJifliOT ocoSbiH HHTepec ajih  pa6oTHHKa j h o -  

6oh H3 fiHOJiornqecK'Hx Hayx, h6o pa 6oTHHK 6 H0Ji0THqecKHx 
HayK HMeer Reno no 6ojibmeH qacTH co cjiojkhumh CHCTe- 
M3MH, COCTOHIUHMH H3 noqTH HeHCqHCJIHMOTO KOJIHqeCTBa 
qacTefi. S k o jio t  mo>kct CTpeMHTbCH peryjinpoBaTb pacnpo- 
CTpaHenHe HHcJ^eKUHH b dHOJiornqecKOH cncTeMe 6ojib iiioro  
pa3Mepa h cjio>khocth, b KOTopon HrpaeT cyuiecTBenHyio 
pOJIb KJIHM3T, nOqBa, peaKUHH 0praHH3M0B-X035ieB, XHmHHKH, 
KOHKypHpyiomne opraHH3Mbi h MHorne zipyrne 4)aKT0PbI- 
Skohom hct Mo>KeT cTpeMHTbCH nyTeM peryjiHpoBaHHH npo- 
THBOj^eHCTBOBaTb yna;iKy CHCTeMbi, b KOTOpOH ueHbi, npe;x- 
jio^KeHHe Tpy^a, cnpoc noTpe6HTeJin, cTOHMocTb CbipbH cyTb 
Jinuib neMHorne H3 zieHCTByiomHX c})aKTopoB. C ou h o jio t 
ciajiKHBaeTCfl c aHajiornqHon CHTyauneH. A ncHxnaTp nbi- 
TaeTCH peryjinpoBaTb paSoTy 6oJibHoro M03ra, yjKacaiom e 
cjio>KHoro h HMeiomero TaKyio >Ke BejinqHHy, KaK h ero 
co 6cTBeHHbifl. 3 th  npoueccbi peryjiHpoBaiiHH, oqeBH^HO, 
CHJIbHO OTJIHqaiOTCH OT TeX, KOTOpbie pacCMaTpHBaJI'HCb 
AJih npocTbix MexaHH3MOB b npe/uuecTByiomeH TJiaBe. Ha 
nepBblH B3TJ191JX 3T0 pa3JIHqHe Ka^KeTCH CTO Jib 60JIbIHHM, qTO 
mo>kho 3aziaTb Bonpoc: He 6yjxer jih CKa3aHHoe jxo chx nop 
no cymecTBy HenpHMeHHMo k sthm 6ojibuiHM CHCTeMaM? 
13/2. O^HaKo 3 to  He TaK. KaK yK a3biBajiocb b § 4/18, mho- 
i'He H3 paHee ycTaHOBjieHHbix noJio>KeHHH BbiCKa3aHbi



B TaKOH (J)OpMe, HTO He 33BHCHT OT BeJIHMHHbl CHCTeMbl. 
(H n orA a , npaBAa, ynoMHHajiocb qncjio  coctohhhh hjih 
hhcjio nepeMeHHbix, ho Bcem a TaKHM 06pa30M, h t o  BbiCKa- 
3bIBaHHe OCTaeTCH HCTftHHHM He33BHCHMO OT TOTO, qeMy 
paBHO 9T0 HHCJIO.)

KoHeqHo, peryjinpoBaHHe b 6H0Ji0rH'H nopo>K£aeT TpyA- 
Hbie npo6jieMbi —  c sthm BnojiHe mo>kho corjiacHTbcn. Ho, 
corjiam ancb c sthm, cjie,nyeT SbiTb ocTopo>KHbiM b onpeixe- 
JieHHH HCTOHHHKa Tpy^HOCTeH. BojIbUIHe pa3MepbI CHCTeMbl 
caMH no ce6e He hbjihiotch sthm hctohhhkom ; ohh Bbirjin- 
AHt 'Hctohhhkom TpyAHOCTeft OT^acTH noTOMy, qTo cjihih- 
kom 6pocaioTCH b rjia3a, a OTqacTH noTOMy, h t o  H3- 
MeHeHHH pa3MepOB HMeiOT TeHAGHIXHIO COOTBeTCTBOBaTb 
H3MeHeHHHM HCTOqHHKa ^eHCTBHTejIbHblX TpyAHOCTeS. Ochob- 
HblM HCTOqHHKOM Tpy^HOCTeH HBJIHeTCH pa3H006pCL3Ue 603- 
M ym enuu, n p o ru e  KOTopbix nanpaeA eno peayAupoeanue .

Pa3Mepbi AHHaM'HqecKoft CHCTeMbl, BonjiomaiomeH T, 
HMeiOT TeHAeHUHIO COOTBeTCTBOBaTb pa3H006pa3HI0 B03My-
meHHH D no pa3JinqHbiM npnqHHaM. Ecjih  T coc toh t H3 
mhothx qacTeft h cymecTByeT HeonpeaeJieHHoerb b oTHome- 
hhh HaqajibHoro coctohhhh KcDkjxoh qacTH, to  s to  pa3i-io- 
o6pa3He 6y/ieT nepeHeceHo b D  (cm. § 11/19). npH  npoqnx 
paBHbix ycjioBHHX 9 to ,  Boo6me roBopH, 03HaqaeT, qTo qeM 
6ojibm e qncjio qacTeft, TeM 6ojibm e pa3Hoo6pa3He b D. Bo- 
BTopbix, ecjin Ka>K^aH qacTb He nojiHocTbio H30jmp0BaHa o r  
oKpyjKaionxero MHpa, to  b x o j x  Karnxxoih qacTH 6y.neT BHOCHTb 
HeKOTopoe pa3Hoo6pa3He, KOTopoe 6y^eT nepeHocHTbcn b D. 
3 t o ,  Boo6me ro B o p n , 03HaqaeT, qTO qeM 6oJibine qncjio qa- 
CTen, TeM 6oJibine coCTaBJiniomHX b D h —  ecjin cocTaBjiHio- 
mne HMeiOT onpeAeJieHHyio He3aBHCHM0CTb —  TeM 6oJibine 
pa3Hoo6pa3He D .  (Bo3Mo>KHbi h jxpyrne npnqHHbi, ho h sthx  
AOCTaToqHo.)

TaKHM 06pa30M, Kor^a 9(})(J)eKTbi pa3Mepa o tac jih io tch  
o t  Tex, KOTOpbie B03AeHCTByK)T Ha pa3Hoo6pa3He B03Myme- 
hhh D, o6biqHo o0Hapy>KHBaeTCH, qTo nepBbie caMH no ce6e 
He HMeiOT 3HaqeHHH h qTo Bee Aejio b nocjieAHHx.

OTciOAa cjieAyeT, qTO Kor^a CHCTeMa T oqeHb BejiHKa, 
a peryjiHTop R ropa3AO MeHbrne ee (oSbiqHbifl c jiyqafi b 
6HOJIOTHH), 3aKOH Heo6xOAHMOrO pa3H006pa3HH, nO-BHAH- 
MOMy, HrpaeT 0CH0BHyi0 pojib. 3HaqeHHe stoto  3aKOHa co
ctoht b to m , qTo Kor^a nponycKHan cnocoSHocTb R (|)h k -



cHpcmaHa, oh cTaBHT aScojiroTHbiH n p e^ e j i  KOjinqecTBy pe- 
ryjiHpoBaHHH (h j ih  ynpaBJieHHH), KOTopoe Momer o c y m e -  
CTBJIHTb R , He3aBHCHMO OT TOrO, KaK MO>KeT 6bITb BHyT- 
peHHe nep eycT p oeH  R hjih KaK bc jihkh  bo3mo>khocth T. 
TaK, SKOJior, ecJiH nponycKHan cnocofiHocTb ero  KaK Ka- 
Hajia HeH3MeHHa, MoateT b j iyqm eM  c j iy q a e  ocymecTBHTb 
JIHLHb KaKyiO-TO AOJIK) TOTO, qTO OH XOTeJI 6bl C^eJiaTb. 3 t o h  
AOJieft oh Momer pacnopH^HTbCH no-pa3HOMy: oh M om er 
peuiHTb ynpaBjiHTb BcnbiuiKaMH, a He pacnpocTpaHeHHeM 
HH(J)eKUHH HJIH BHpyCHblM'H HH(j)eKUHHMH, a He 6aU,HJIJIHp- 
HbiiMH, —  ho KOAunecTQO ynpaBJieHHH, KOTopoe oh cnoco6eH 
ocymecTBHTb, ocTaeTcn orpaHHqeHHbiM. T a K  }Ke h skohomh- 
CTy, B03M0>KH0, npH^eTCH peuiHTb, K K3KHM HBJieHHHM npH- 
JIOXOHTb CBOH CHJIbI, H nCHXHaTpy npH^eTCH peUIHTb, Ka- 
khmh cHMnTOMaMH CJieAyeT npeHeSpeqb, a K a r a e  —  koh- 
TpOJIHpOBaTb.

npe^JiaraeM oe 3^ecb H3MeHeHHe ToqKH 3peHHH Hano- 
MHHaeT TO, KOTopoe BBeJI B CTaTH'CTHKy cap PoHaJIbA O h- 
rnep. JXo Hero npHHHMajiocb KaK caMo co6oh pa 3yMeio- 
meecH, qTo KaK 6bi yMeH hh 6h ji CTaTHCTHK, Sojiee yMHbift 
Mor 6bi nojiyqHTb dojibine HH(})opMauHH H3 HMeiomnxcn 
AaHHbix. H o  cap PoH ajib# Onrnep noKa3aji, qTo HHc|)opMa- 
UIIH, KOTOpyiO MO>KHO H3BJieqb H3 HMeiOIUHXCH AaHHbIX,
HMeeT MaKCHMyM «  qTo 3a^aqa Kamjxoro CTaTHCTHKa —  
jiHiHb npn6jiH>KaTbCH k STOMy MaKCHMyMy, h6o Bbime Hero 
HHKTO He MOXCeT IlOAHHTbCH. AH ajiornqH o jx0  pagOT IIIeH- 
noHa cqHTajiocb, qTo jiio6oh KaHaji, ecjiH TojibKo npHJio- 
>KHTb HeMHOrO SoJIbHie HCKyCCTBa, MO>KHO MO^H^HUHpO- 
BaTb TaK, qTo6bi oh Hec HeMHoro 6ojibm e HH(J)opMauHH. 
LUeHHOH noKa3aji, qTo 3a,aaqa HHxeeHepa—  Jinuib pa3yMHO 
npnfijiHHcaTbCH k MaKCHMyMy, Bbime KOToporo hhkto He 
MOJKeT nOAHHTbCH. 3aKOH He06X0^HM0r0 pa3H006pa 3HH 
c6ycjiOBjiHBaeT TaKyio me CTpaTernio h #jih  npe/inojiarae- 
Mbix peryjiH pyiom ux h ynpaBJiniomnx ycTpoficTB: ohh 
JXOJimHhl  CTpeMHTbCH npH6jIH3HTbCH K CBOeMy MaKCHMyMy —  
Bbime 3Toro ohh He MoryT noAHHTbcn. By^eM  noaTOMy nojx- 
xonHTb k oqeHb 6ojibmoft cncTeMe 6e3 KaKHX-jin6o aKCTpa- 
BaraHTHbix H^eft o tom, qTo uom er 6biTb AOCTHrHym 
13/3. npe^KAe qeM hath  najibine, CJieAyeT oTMeTHTb, qTo 
Kor^a cncTeMa oqeHb BejiHKa, pa3jinqHe Memjxy D —  HCToq- 
HHKOM B03A6HCTBHH II T —  CHCTeMOH, Onpe^ejIHIOmeH



iicxoa, MO>KeT 6biTb HecKoJibKo HeonpeAejieHHbiM b tom 
cMbicjie, m o  rpaHHuy uemjiy  hhmh mojkho npoBOAHTb pa3- 
jinqHbiMH, ho 0AHHaK0B0 yA0BjieTBOpHTe«/ibHbiMH cnoco- 
6aMH.

3Ta rn 6K0CTb ocoSeHHO 3aMeTHa b CHCTeMax, BCTpeqaio- 
iuhxch Ha Hameft 3eMjie (h 6o 3eMHbie CHCTeMbi hbho hmciot 
TeHAeHU'HK) XapaKTepH30BaTbCH HeKOTOpblMH o 6iuhmh npn- 
3HaKaMH). H a  Hamen 3eMJie bch B3HTan b uejioM AHHaMH- 
qecKan 6H0ji0r0-3K0ji0rHqecKan CHCTeMa HMeeT TeHAeHUHio 
COCTOflTb H3 MHOTHX nOACHCTCM, COCAHHeHHblX AOCTaTO^HO
c b o 6o a h o  ( §  4/20), a 3 th  noACHCTeMbi caMH HMeiOT TeHAeH- 
UHio cocTOHTb H3 eme MeHbui'Hx CHCTeM, onHTb-TaKH 6o j ie e  
6oraTbix BiiyTpewiHMH cbh3hmh, ho MeHee SoraTbix cbh- 
3HMH Me>KAy C060H H T. A- HanpH M ep, B CTaAe CKOTa CBfl3b 
Me>KAy oTAejibHbiMH >KHBOTHbiMH 3HaqHTejibHo c j iaSee ,  qeM 
CB5I3H BHyTpH Ka^KAOTO >KHBOTHOTO, Me>KAy e ro  OTAejibHbiMH 
qacTHMH (Hanp'HMep, Me>KAy e ro  q e rap bM H  KOHeqHOCTHMH). 
B cboio  oqepeAb , h q e r a p e  K0HeqH0CTH cBH3aHbi uemiiy co- 
6oh He TaK TecHo, KaK MOJieKyjibi BHyTpH oah oh  koc th .  
TaKHM o6pa30M , ecjin o6o3HaqHTb HeKOTopyio qacTb Been 
coBOKynHocTH KaK T, t o  qacTo rjiaBHbiM HCT0qHHK0M BHem- 
hhx B03AeficTBHH D 6ynyr ApyrH e  CHCTeMbi, cb oS o ah o  
coeAHHei-iHbie c T pi HepeAKo HacT0JibK0 cxoAHbie c CHCTe- 
MaMH, BXOASILUHMH B T , qTO HX MO>KHO 6bIJIO 6bl C TaKHM >K0 
ycnexoM  BKJiioqHTb b T. n p n  AajibHenmeM o 6cy>KAeHHH bo- 
np o ca  cJieAyeT Bee BpeMH HMeTb b BHAy s t o  o 6cTOHTejib- 
CTBO —  B03M0>KH0CTb B HeKOTOpbIX c j iy q a n x  npoBecTH rpa -  
HHuy Me>KAy T h D p a 3jinqHbiMH c n o c o 6aMiH, He bjihhh cy- 
mecTBeHHO Ha 0K0HqaTeJibHbie BbiBOAbi. OAHaKo npoH3- 
BOJIbHO HJIH HeT, HO KClKCia-TO TpaHHUa BCerAa AOJI5KHa 
6biTb npoBeAeHa, no KpafiHeft Mepe b npaKTHqecKOH Hayq- 
hoh p a 6oTe, h 6o b npOTHBHOM c j i y q a e  Hejib3H 6yAeT CAe- 
jiaTb HHKaKoro onpeA ej ieH H oro  BbicKa3biBaHHH.
.13/4. KorAa CHCTeMa T oqeHb BejiHKa —  KorAa opraH H 3M 
npoTHBOCTOHT oqeHb SojibinoH ih c j io jkh oh  OKpy>KaiomeH 
cpeA e  KaK pery j iH Top  c orpaHHqeHHbiMH cpeACTBaMH, — 
pa3JiHqHbie c n o c o 6bi MoryT unoada  cAe jiaTb  pery jiHpoBaHHe 
B03Mo>KHbiM. (E c j ih  pery jiHpoBaHHe HeB03Mox<Ho, o p ra -  
HH3M riorH6H e T — b Bbiciuen CTeneHH oSbiqHbift hcxoa ,  o ko- 
TopoM He CJieAyeT 3a6biBaTb. H o  3 t o t  c j iyqa ft  He Tpe6yer  
AeTa jibH oro  paccMOTpeHHH.)



HH or#a mo>kho c^ejiaTb peryjinpoBaHHe B03M0>KHbiM, 
nepeonpejjejiHH to , h to  craTaercn  AonycTHMbiM, t. e. noHH- 
>K3H ypOBeHb Tpe60BaHHH. 3 tO  HeCKOJIbKO TpHBHa«JIbHOe 
pemeHHe, xo th  o bo3mo>khocth ero  He cjiejxyer 3a6biBaTb.

i lp y ra n  B03M0>KH0CTb coctoht b t o m , m o6bi yBejiH^H- 
BaTb pa3Max h MomHocTb R , noKa nponycKHan cnoco6- 
HocTb R He onejiaeTCH AocTaToqHoft. 3 tot uejojx  hh b KoeM 
cjiyqae He cjie^yeT 3a6biBaTb; ho Mbi ero He 6y jieu no- 
£po6no paccMaTpHBaTb. PaccMOTpHM 6ojiee nojiHo HHTe- 
pecHbiH cjiyqan , b kotopom  peryjinpoBaHHe, Ha nepBbin 
B3rjiH,n b Bbicmeft cTeneHH TpyziHoe hjih #a>Ke HeB03M0>K- 
HOe, (J)aKTHqeCKH OKa3bIBaeTCH B03M0>KHbIM.
13/5. OepanuHenuH pa3noo6pa3UH. CorjiacHO 3aKOHy Heo6- 
xo/iHMoro pa3Hoo6pa3HH, 3to 03HaqaeT, m o  pa3iioo6pa3He 
B03£eHCTBHH B ACHCTBHTejIbHOCTH He TaK BeJIHKO, KaK Ka- 
>KeTcn; ApyrHMH cjiOBaMH, corjiacHO § 7/8, B03MymeHHH 
06Hapy>KHBai0T orpaHHqeHHe pa3Hoo6pa3HH.

TaKHM 06pa 30M, paccMaTpHBaeMbift naMH cJiyqafi HMeeT 
cJie^yiomHn xap am ep . D  oSjia/iaeT mhothmh cocTaBjiHio- 
luhmh, KajK^an H3 KOTopbix o 6Hapy>KHBaeT pa3Hoo6pa3He. 
riepBan oueHKa pa3Hoo6pa3*HH D  cjihlhkom BbicoKa, h Mbi 
pHCKyeM npHHTH k BbiBO^y (ecJiH AaHa nponycKHan cno- 
c o 6HocTb pery jiH Topa ), m o  no onpejjejieHHOH CTeneHH pe- 
ryjinpoBaHHe E  hcbo3mo>kho. flajibHefiinee nccjiejioBaHHe D 
MO>KeT, o/iHaKo, noKa3aTb, m o  coeraBjiHioiuHe He hbjihiotch 
He3aBHCHMbiMH, m o  cymecTByeT orpaHHqeHHe pa3H006pa- 
3hh h m o A e f t c T B H T e j i b H o e  pa3Hoo6pa3'He B03MymeHHH D 
3HaqHTejibHo HH>Ke nepBOH Hameft oueHKH. Mbi mojkcm 06- 
Hapy>KHTb, m o  npH aaHHofi nponycKHoft choco6hocth pe- 
ryjiHTopa R sto  MeHbinee pa3H006pa3He Mootcer SbiTb pery- 
jinpyeM o h m o  ocymecTBHMO nojiHoe peryjinpoBaHHe h 

ynpaBjieHne b E. TaKHM 06pa30M, oTKpbiTHe orpaHHqeHHH 
pa3Hoo6pa3HH MoaceT npeBpaTHTb cHTyaunio «pery jm poB a- 
Hne HeB03M0>KH0» b CHTyaunio «peryjiHpoBaHHe bo3mo>kho». 
Ecjih nponycKHan cnoco6HQCTb R (f)HKCHpoBaHa, to  s to  —  
eduHCTeennbtu nyTb.

TaKHM 06pa30M, Mbi CHOBa y6e>KAaeMCH b b3>khocth 
*H nOJie3HOCTH OTKpblTHH OTpaHHqeHHH pa3H006pa3HH H B 
npaBHjibHocTH Te3Hca, y T B e p ^ a io iu e ro , m o  H3 cymecTBo- 
BaHHH orpaHHqeHHH pa3Hoo6pa3HH Bcer^a mo>kho H3Bjieqb 
nojib3y (§  7/14).



PaccMoxpHM Tenepb Bonpoc o tom, KaKHe orpaHHqeHHH 
pa3Hoo6pa3»HH MoryT cymecTBOBaTb b B03MymeHHHx, ^eft- 
cTByiomHX Ha oqeHb Sojibmne CHCTeMbi, h KaK ohh MoryT 
obiTb Hcn0jib30BaHbi. 3 t o t  Bonpoc HMeeT orpoMHoe npaK- 
THqecKoe 3HaqeHHe, h6o ecjin nponycKHyio cnoco6HocTb R 
yBejinqHTb HejierKo, a npoqne MeTOAbi HeB03M0>KHbi, to  3a-  
KOH HeoSxOAHMOrO pa3H006pa3HH TOBOpHT, qTO OTKpblTHe 
orpaHHqeHHH pa3Hooopa3HH HBjineTcn e^HHCTBeHHOH Ha- 
Remjioh npeAnojiaraeMoro peryjiHTopa.
13/6. KaK 6bijio cKa3aH0 b § 7/10, orpaHHqeHHH pa3Hoo6- 
pa3HH 0THK)Ab He pacna^aioTCfl Ha He6ojibmoe toc jio  £0- 
cTaToqHo npocTo onncbiBaeMbix KjiaccoB. YKa3aB b ivi. 7 
HeKOTopbie HaH6ojiee HHTepecHbie bo3mo>khocth, h Mory 
-/iHuib npoAOJi^aTb oTMeqaTb Te KJiaccbi, KoTopbie npeA- 
CTaBjifliOT JiJin Hac cen^ac ocoSbiH HHTepec. C sthm KpaT- 
khm 3aMeqaHHeM h npon^y mhmo oSiuhphoh ogjiacTH, 
BKJiioqaioiueH Sojibuiyio qacTb Been qejioBeqecKon AeHTeJib- 
HOCTH.

B COOTBeTCTBHH C 3THM Mbi paCCMOTpHM ORHy 0C06yi0
4)opM y orpaHHqeHHH pa3HOo6pa3HH. OHa npe^CTaBJineT 
caMa no ce6e 6ojibmoH HHTepec, OHa HJiJiiocTpHpyeT Te3HC 
nocjieAHeft rjiaBbi, h, HaKOHeu, OHa HMeeT Ba>KHoe npaKTH- 
qecKoe 3HaqeHHe jxjw peryjinpoBaHHH oqeHb Sojibuinx ch- 
CTeM.

n O B T O P H fO IH H E C H  B 0 3 M y iH E H H fl

13/7. X o th  b nocjieAHHx rjiaBax Majio ynoMHHaJiocb 06 
3TOM, HO MHOTHe B03MymeHH5I (h COOTBeTCTByiOLLXHe OT- 
BeTbi peryjiHTopa) hbjih iotch noBTopniomHMHCH, o co 6eHHo 
ecjiH paccMaTpHBaTb cncTeMy b TeqeHHe AJiHTeJibHoro Bpe- 
MeHH. KamjieBbiH pe^JieKc hbjihctch peryjinpoBom biM  h 
nojie3HbiM He m nbKo noTOMy, qTo oh ycTpaH5ieT hmchho 
3 r y  nbijiHHKy, ho noTOM y,.^to b Te^eHHe >khshh oh ycTpa- 
HHeT nblJIHHKH BCe CHOBa H CHOBa —  CTOJIbKO pa3, CKOJIbKO 
3T0 Heo6xOAHMO. EoJIbLH'HHCTBO (J)H3HOJIOrHqeCKHX peryjIH- 
TopoB AeflcTByeT Bee CHOBa h CHOBa —  TaK qacTO, KaK 3 to  

HeoSxoOTMo. l i  cnacaTeJibHafl Jio^Ka cnacaeT jhoagh He 
o#Ha>KAbi, a Bee cHOBa h CHOBa. H  ecjiH b nocjie^HHx rjia- 
Bax Mbi roBopnjiH 06 «OTBeTe pery jiH Topa» b e/iHHCTBeHHorvt 
qncjie, t o  jiHHib noTQMy, qTO eAWHH^Hoe AeficTBHe HBjineTCfl



THnH^HbiM a jih  Bcero MHOHcecTBa, a He noTOMy, m o  s to  
MHOJKeCTBO c Heo6xOAHMOCTbIO 'HMeeT TOJIbKO OAHH 3Jie- 
MeHT.

CTOJib MHoro o6meH3BecTHbix peryjinpoBOK hbjih iotch 
noBTOpHiomHMHCH, m o  TpyAHo HaHTH peryjinpoBaHHe, Aeft- 
cTByiomee JiHuib 0AHa>KAbi. Bo3mo>kho, npHMepOM Moater 
nocjiy^H Tb oScepBaTopn^, njiaHHpyiom aa p a6ory  Tax, 
m o6bI BCe SblJIO rOTOBO K MOMeHTy nOflBJieHHH CBepXHOBOH 
3Be3Abi; noAo6Hoe co6w™e BpsiA jih npoH3oftAeT ABa>KAbi 
npH JKH3HH AHpeKTOpa. n p n  3T0M npHXOAHTCH y^HTblBaTb 
pa3jiHqHbie bo3mo>khocth: b KaKoft qacTH He6a noHBHTcn 
CBepxHOBan; noflBHTCsi jih OHa AHeM hjih Hoqbio; KaKOBbi 
cneKTpajibHbie h x p y m e  oco6eHHocTH, onpeAejiniomHe, Ka- 
koh HMeHHo THn (J)0T0njiacTHHKH h cBeTO(f)HJibTpa c jieA yer 
Hcn0Jib30BaTb npH 4)OT° rPa4)HPOBaHHH ee, h t. a. Pa3pa- 
6aTbiBan njiaH, AnpeKTop (J)aKTHqecKH cocTaBHT Ta6jinuy 
THna § 11/4; b Heft SyAyT noKa3aHbi HeonpeAeJieHHOcTH 
(D ) ,  K0T0pbix cjieAyeT onacaTbcn, HMeiomHecn cpeACTBa 
(7?) h B03M0}KHbie HcxoAbi ( E ) . H3yqeHHe TafijiHUH, KaK 
b ynp. 11/4/4, AacT AnpeKTopy B03MO>KHOCTb peuiHTb, cmo- 
m e r  jih oh bo Bcex cjiyqanx nojiyqHTb to , m o  eMy Hy>KHo'.

HTaK, cjiyqan , KorAa peryjinpoBaHHe aojdkho ocym e- 
CTBJIflTbCfl npOTHB HenOBTOpflK)merOC5I B03MymeHHH, Aeft- 
CTBHTeJIbHO BCTpe^aiOTCH, HO OHH He HBJIHIOTCH ofibHHblMH.

H araH an  c SToro MecTa, Mbi 6yAeM paccMaTpHBaTb cjiy- 
qan, b KOTopbix B03MymeHHe, KaK h o tb c t  peryjiHTopa, noB- 
TopneTCH 6oJiee oAHoro pa3a; h6o 3th cjiyqan  o 6Hapy- 
>KHBaiOT OrpaHHqeHHH pa3H006pa3HH, H3 KOTOpbIX MO>KHO 
H3BJieqb nojib3y.
13/8. OrpannqeHHe pa3Hoo6pa3H5i nonBjifleTcn cjieAy*omHM 
06pa30M.

B 0CH0BH0ft (J)opMyjiHpoBKe npouecca peryjinpoBaHHH 
ynOMHHajIOCb MHO>KeCTBO (C0B0KynH0CTb) B03MymeHHH, HO 
npH 3T0M npHHHMaJIOCb TOJIbKO, mO OTAeJIbHbie SJieMeHTbl 
3Toro MHo^ecTBa pa3JinqHbi, h HHqero Sojibiue. KaK h bca- 
Kan Apyran  BejmraHa, B03MymeHHe Momer SbiTb jih 6o 
npocTbiM, jih 6o BeKTopHbiM. B nocJieAHeM c jiyqae mo>kho 
pa3JinqHTb no KpaftHeft Mepe ABa ochobhhx THna.

B § 11/17 paccMaTpHBajiCH nepBbift THn: pa3Jmrabie co- 
CTaBjiHiomHe B03MymeHHH AeftcTByiOT 0AH0BpeMeHH0 ; Ha- 
IipHMep, yCT3H0BKa Jim  KOHAHUHOHHpOBaHHfl * B03Ayxa



Mo>KeT pe ry j in poB aTb  oAHOBpeMeHHO h T eM nepaTypy ,  h 
BJia>KHOCTb.

ripHMepoiM BToporo rana cjiy>KHT TepMocTaTHqecKan 
BaHHa; ee mo>kho paccMaTpHBaTb KaK peryjiHTop j ih 6o  ajih  
KOpOTKHX, JIH60 JXJIH ^JIHHHblX npOMOKyTKOB BpeMeHH. JX JIH 
KopoTKoro npoMe^KyTKa BpeMeHH «B03MymeHHe» 03Haqaer 
TaKoe co 6biTHe, KaK «norpy>KeHHe s t o h  $ j i h ^ k h » ,  a « 0TBeT 
Ha H ero» 03HaqaeT « t o ,  mto np0H30HAeT b c jie^yiom yio  mh- 
HyTy». EioBeAeHHe BaHHbi Mo>KeT oueHHBaTbcn KaK xopo- 
rnee hjih n jioxoe cooiBeTdBeHHo TOMy, mto npoH3omjio 3a 
9Ty MHHyTy. H o  ecTb h AJiHHHbie npoMe>KyTKH BpeMeHH. 
n o c jie  Toro KaK BaHHa npopa6oTajia  ro a , KTO-HH6yAb mo- 
>KeT cnpocHTb Menn, 0Ka3ajiacb j ih OHa 3a t o a  xopomHM 
peryjiHTopoM. OoAyMbiBan o tb c t ,  h paccMaipHBaio Bee bo3- 
MymenHH 3a t o a  KaK HeKOTopoe Bojibm oe B o 3MymeHHe (co- 
CTaBjieHHoe H3 MHornx HHAHBHAyajibHbix B03MymeHHH, 0 6 0- 
3naqaeMbix MajieHbKHM d ) ,  Ha KOTopoe BaHHa Aajia BoJib- 
IHOH OTBeT (cOCTaBJieHHblH H3 MHOTHX HHAHBHAy aJIbHbl X 

0TBeT0B, o6o3HaqaeMbix MajieHbKHM r ) .  H c x o a h  h3 HeKOTO- 
poH HopMbi noBeAeHHH BaHHbi 3a ro a (HanpHMep: HHKorAa 
He AonycKaTb pe3KHx oTKjioHeHHH TeMnepaTypbi; HMeTb 
cpe^Hee OTKjioneHHe MeHbine qeM 0,5° h t. a . ) ,  si cocTaBJiflio 
ce 6e MHeHHe o BojibmoM H cxoAe: HBjineTCH jih oh X opo- 
ujhm hjih rijioxHM —  h c00TBeTCTBeHH0 oTBeqaio Ha Bonpoc.

C j ie^ y e T  oTMeTHTb, qTo « X o p o m e e »  a j ih  B o j ib m o ro  
H c x o ^ a  He BbiTeKaeT c Heo6xoAHMocTbio H3 Toro, qTo xo- 
porno ( r ] )  r j i h  OT^eJibHbix h cx oao b ;  oh o  aoji>kho on pe^e -  
jiHTbCH 3aH0B0. TaK ,  ecjin  h noK yn a io  Tpn jioTepeHHbix 6h- 

JieTa H OAHH H3 HHX BblHrpblBaeT (h  COOTBeTCTBeHHO Ha 
ocTajibHbix jxByx h T ep n io ) ,  t o  s t o ,  ecTecTBeHHo, cqHTaeTca 
«X o p o i i iH M »  b Bo j ibm oM  H c x o ^ e .  C jieAOBaTejibHo, 1 x o p o -  
Liihh h c x o a  +  2 n jioxHx =  X o p o m e M y  H c x o A y .  C  A p y ro n  
CTopoHbi, ccjih MeHH TpHJKAbi npHBJieKaiOT k cyA y  3a y6HH- 

CTBO H OAHH pa3 npH3HaiOT HeBHHOBHbIM, TO OTAeJIbHbie pe- 
3yjibTaTbi no-npe^KHeMy SyAyT  HMeTb bha: 1 xopouiHH 4 - 
4 - 2  n jioxHx; ho b s tom  c j iyq a e  BoJibiuoH H c x o a ,  ecTe- 
cTBeHHO, cqHTaeTCH n j ioxH M . B tom c j iyq ae ,  Kor^a  Ka>KAoe 
H3 oT^ejibHbix B03MymeHHH yrpo>KaeT opraHH3My cMepTbio, 
X o p o iu ee  b Bojib iuoM  H c x o a g ,  ecTecTBeHHo, cooTBeTciByoT  

« x o p o m e M y  bo Bcex oTAejibHbix n c x o A a x » .



3 t h  B ojib iune  B o 3\iymeHHH h b jih io tc h  BeKTOpaMh, c o -  
CTaBjiHioinHMH KOTopbix cjiy>KaT HenpepbiBHo ujxyuw e  o t -  
AejibHbie B03MymeiiHH. 3 t h  BeKTopbi o 6Hapy>KHBaioT o rpa -  
HHLieHHH pa3Hoo6pa3HH. TaK, BepHeMCH k caMOMy nepBOMy 
npHMepy B eKropa  ( §  3 / 5 ). 0 6 o 3 H a q H M  e ro  q e p e 3 A >h cpaB- 
HHM C HOBbIM BeKTOpOM B\

A B
Bo3paCT aBT0M06HJIH . . B o 3 p a C T  aBTOMOSHJIH J3,>Ke-

K a ..............................................
MomHOCTb B Jl. C. . . . Bo3paCT aBTOMOfiHJIH

JX w L U JiJia ....................................
U B e T ..........................................  B o 3pacT  3 b to m o 6 h jih  ToM a

OqeBHAHo, B  o rp a im q eH O  b H eKO TopoM  orHomeHHH, b 
k o to p o m  A He orpaHH^eHo. H 6o  pa3i-ioo6pa3He KpaHHHx 
jieBbix c j io b  paBHO b Tpex CTpoKax A ipeM , a b Tpex CTpoi<ax 
B — 0AH0My.

BeKTopbi THna B  oSbiqHbi b TeopHH BepoHTHOCTeH, rue 
OHH BCTpeqaiOTCH UOJX HaHMeHOBaHHeM «Bb l6op C B03Bpa- 
meHHeM». TaK , 6pocaHHe MOHera MO>KeT %aTb TOjibKO jiB a  
p e 3y j ibTaTa: r  h jih  P . OunaKo  MoHeTa, SpomeHnan 
rnecTb pa3 noApHA, Momer AaTb TaKne pe3yJibTaTbi, KaK
( r ,  r ,  p ,  r ,  p ,  r )  h j ih  ( p ,  p ,  r ,  r ,  p ,  r )  h t .  %. B n jio T b

JX0 64 B03M0>KHbIX pe3yjibTaTOB (cp .  § 9/9).
Ba>KHO OTMeTHTb, HTO B TaKOM MHO^eCTBe BeKTopoB 

(BCe COCTaBJIHJOLUHe KOTOpbIX 6epyTCH H3 0£H0r0 OCHOBHOrO 
KJiacca, KaK b c j iyq a e  BeKTopa B) mo>kho pa 3JwqaTb jxBa 
p a 3HOo6p a 3HH: 1) pa3H006pa3He BHyTp'H o ch o b h o to  
KJiacca (&Ba pe3y jibTaTa hjih MOHeTbi, qn c j io  pa3JiHqHbix 
B03pacTOB b B );y 2) p a 3H oo6p a 3ne, 06pa30BaHH0e ncnojib- 
30BaHHeM OCHOBHOrO KJiacca n pa3 nonpnjx (e c j in  BeKTop 
HMeeT n cocTaB J in tom n x ). B c j iy q a e  c m ohctoh  jib  a 3th  
p a 3Hoo6p a 3HH paBHbi 2 h 64. B o o 6m e roBopn, ecjiH p a 3H0- 
o6pa3He OCHOBHOrO KJiacca ecTb k , a BeKTop HMeeT n  co- 
CTaBJIHIOIUHX, Ka>KAaH H3 KOTOpbIX HBJIHeTCH qjieHOM STOrO 
KJiacca, t o  MaKOHMajibHan BejiHqHHa yKa3aHHbix iiB yx  pa3- 
H006p a 3HH paBHa COOTBeTCTBeHHO k 1A k n. B qaCT'HOCTH, 
c j ie^yeT  3aMeTHTb, qTo ecJiH pa3Hoo6pa3He o ch o b h o to  
KJiacca HMeeT HeKOTOpbiH npe^e ji ,  t o  A 0CTaT0qH0 6ojib inoe 
3HaqeHHe n  Mo>KeT n03B0jiHTb BTopoMy pa3Hoo6pa3Hio 
CTaTb So jib ine  SToro npe^e j ibH oro  3HaqeHHH.

23 3aK. 3346. y . Pocc 9 ijj6h



13/9. 3 t h  coo6pa>KeHHH npHMeHHMbi ko  MHornM c j iyqanM  
peryji 'HpoBaHHH. H o j io jkhm  a j ih  onpe^ejieHHOCTH, m o  
KaiKjiyK) MHHyTy BaHHa MoateT ncnbiTbreaTb orho  H3 Tpex  
oTAejibHbix B03MymeHHH:

a )  B03AencTBHe x o j io ^ H o ro  B03/iyxa,

b) B03£eHCTBHe coJiHe^Hbix Jiyqen,

c )  norpy>KeHHe x o j i o a h o t o  npenMera.

P a3H oo6pa3H e  paBHo TpeM, ho s t o  q n c j io  Bpn# jih npe,n- 
cTaBjineT pa3Hoo6pa3He, KOTopoe cjDaKTnqecKH 6 y n e j  HMeTb 
MecTo 3a AJiHHHbiH np0Me>KyT0K BpeMeHH. 3 a  roa ,  cKa>KeM, 
B o j ib m o e  B o 3MymeHne cTaHeT ajihhhmm BeKT0p 0M, 6biTb 
MO>KeT C HeCKOJIbKHMH COTHHMH COCTaBJIHJOIUHX. H a n p H 
Mep, O^HO H3 BojIbLUHX Bo3MyiU,eHHH MOXCeT 6bITb BeKTO-
poM ( t . e. nocjie/iOBaTejibHocTbK)) c 400 cocTaBJiniomHMH

(a ,  by a ,  b , b , a, c , b , b , c, c, b, b, . . . ,  c, b , a ,  6).

H ecjin  oT^ejibHbie npaBHjibHbie o T B e ™  ftyjxyi cooTBeT- 
CTBeHHO a, |3 H Y, TO BojIbLHOH OTBeT, COOTBeTCTByiOlHHH 
AaHHOMy B o j ib m o M y  B o 3MymeHHio, 6y£ eT  BeKTopoM ( t .  e. 
nocjreAOBaTejibHocTbio)

(a, p, a, p, p, a, 7 , p, p, 7 , 7 , P, p, • • •, 7 , P, a, p).

Ec j ih  cocTaB jiH iomne B o j ib iu o ro  B o 3MymeHHH, B3HTbie 
cjieBa HanpaBo, He 06Hapy>KHBai0T orpaHHqeHHH pa3Hoo6pa- 
3HH, TO Bee MHO>KeCTBO B03M0>KHbIX BojIbLUHX Bo3MymeHHH 
HMeeT p a 3H oo 6p a 3He 3400; h B o j ibu ion  O rB eT  jxojimeH HMeTb 
no KpaHHen Mepe TaKoe >Ke pa3Hoo6pa3He, m o i6bi p e ry j iH 
poBaHHe 6bijio nojiHbiM.

M b i  Tenepb noAom jin  k c j ie/ iy iom eM y 06cT0HTejibCTBy; 
npnBeAeHHasi abohh3h  nocjienoBaTejibHocTb, paccMaTpnBae- 
Maa b tom  nopn/jKe, b KaKOM OHa noHBjineTCH bo BpeMeHH, 
o 6Hapy>KHBaeT oapanuueHue pa3H oo6pa3un , xapaKTepnoe  
3 a r  MaiuuHbi, t .  e. OHa on pen e j ineT  MarnnHy c t o ^ h o c tm o  
A O H30M0p(J)H3Ma. TaK , B TOJIbKO ^TO npHBe/ieHHOM npn- 
Mepe c o 6biTHH npoTeKajiH  b c j ie^ y io m eM  nopn^Ke, c jieBa 
HanpaBo:

a b a b b a c b b c c  h t .  

a P a p p a j  p p j  j  H T. jx.

( X o t h  h H eo6n3aTejibHo q e p e 3 paBHbie npoMeatyTKH Bpe
MeHH.) J le rK o  npoBepHTb, qTo 3 i a  nocJie£OBaTeJibHocTb,



B35iTa5i KaK npoTOKOji, onpeAejiser MauiHHy co bxoaom  

j 1 P T

a  a a a

b ? p P

c Y Tf 7

TaKHM 06pa30M, Kor^a Bojibuioe Bo3MymeHHe HBjineTcfl 
BeKTOpOM, BCe COCTaBJIHIOmHe KOTOporO B3SITbI H3 HeKOTO- 
poro  ocHOBHoro Kjiacca B03AencTBHH, to  Bojibuioft O tbct 
ecTb jih6o BeKTop c TaKHM >Ke pa3Hoo6pa3iieM, jih6o b h - 
XOA COOTBeTCTByiOIUeH MauiHHbi CO BXOAOM.
13/10. ripeAnojioatHM, qTO peryjiHpoBaHHe, paccMaTpHBae- 
Moe b qacTH I I I ,  hbjihctch 06fl3aHH0CTbK) KaKoro-To £2, 
HanpHMep o6jiaAaTeji5i cymecTBeHHbix nepeMeHHbix E. 
B npeAuiecTByiomnx rjiaBax Mbi paccMaTpHBaJiH, KaK ao ji- 
TKen BecTH ce6n peryjiHTop R. Tenepb Mbi bhahm, qTo b cJiy- 
qae noBTopniomHXCH B03MymeHHH STOMy Q  npeACTaBjifleTCH 
Ha Bbi6op: jih6o 6biTb peryjiHTopoM (t .  e. AeftcTBOBaTb 
KaK /?), jih6o n o c r p o u T b  M a u i u n y , KOTopan, o j w a M R h i  no- 
CTpoeHHan, 6yAeT AencTBOBaTb KaK R  h 6y^eT ocymecTBJiHTb 
peryjiHpoBaHHe HeorpaHHqeHHO AOJiro 6e3 AajibHenuiero 
BMeuiaTejibCTBa Q .  TaKHM 06pa30M, Mbi npnuuiH k Bonpocy: 
AOji>kho jih Q ocymecTBjiHTb peryjiHpoBaHHe HenocpeA- 
CTBeHHO, CBOHMH COScTBeHHblMH AeHCTBHflMH, HJIH eMy CJie
AyeT n o c T p o u T b  M a u i u n y ,  KOTopan BbinojiHHjia 6bi 3Ty pa- 
6 o tv ?

3 t o t  Bonpoc BCTaeT TaK>Ke h no ApyroH npnqHHe. C ca- 
Moro Haqajia qacTH I I I  Mbi npHHHMajiH 3a AaHHoe, mto pe- 
ryjiHTop cymecTByeT, h cnpauiHBajiH, KaKHe cbohctb3 oh 
AOJiHceH HMeTb. H nqero  He roBopnjiocb o tom, K a K  R o j i m e n  

CTpoHTbCH peryjiHTop, o (J)aKTopax, npHBOAflmnx k eroB03- 
HHKHOBeHHIO. HanpHMep, o6Hapy>KHB B § 10/5, CKOJIb bbi
ro ah 0 ajih  opraHH3Ma Hajinqne peryjiHTopa, Mbi He yKa- 
3ajiH HHKaKHX cpeACTB, c noMombio KOTOpbIX mo>kho o6ec- 
neqHTb 3 j y  BbiroAy.

n o  oSeHM npnqHHaM Mbi aojihchh Tenepb paccMOTpeTb, 
KaK B AeHCTBHTejIbHOCTH AOJDKHa npOeKTHpOBaTbCH H 
CTpOHTbCH peryjiH pyiom an MauiHHa. n p n  stom  Mbi SyAeM 
HMeTb B BHAy He CTOJIbKO HHXCeHepa 3a CT3HK0M,



cKOJibKO M03r, KOTopbift, qTo6bi ocymecTBHTb peryjiwpoBa- 
Hiie b cbohx npHofipeTeHHbix peaKUHHx, j io j im e n  KaKHM-TO 
cnoco6oM oSecneqHTb co3AaHHe pery jin py iom ero  Mexa- 
HHSMa BHyTp'H HMeiomerocfl HepBHoro MaTepnajia; hjih co- 
UHOjiora, K0T0pbift xoqeT co3£aTb pery jinpyiom yio  opraHH- 
3aUHIO, qTOSbl BHeCTH rapMOHHIO B 06 lH,eCTB0.

H io f ib i  noHHTb cJieACTBHH TaKofi nociaHOBKH Bonpoca , 
Mbi a o j i^ h h  SoJiee BHHMaTeJibHo paccMOTpeTb, q io  noA- 
pa3yM6BaeTCH b npHHunne non «npoeKTHpoBaHHeM» pery- 
jnpy iom eH  MauiHHbi.

nPOEKTHPOBAHHE PEry/I^TOPA

13/11. ripoeKTupoeaHiie KaK nepedaua coo6ii{eHUu. 3 a6y- 
AeM Ha BpeMsi Bee, oTHocnmeecfl k «peryjiHpoBaHHio», h 
nepefiAeM npocTo k BonpocaM, KacaiomHMcn npoeKTHpoBa- 
HHfl H nocTpoeHHH MaiHHHbl, JIK)60H MauiHHbi.

Harne paccMOTpeHHe sth x  BonpocoB aoji>kho, HHqero He 
TCpflSI B TOqHOCTH, 6bITb B TO M e  BpeMfl OqeHb UIHpOK'HM, 
t. e. a6cTpaKTHbiM, h6o Mbi, KaK 6H0Ji0rn, xothm H3yqaTb 
MauiHHbi 3HaqHTejibHo 6ojiee o6m ero THna, qeM c^eJiaHHbie 
H3 ciajiH  h Me^H. Mbi xothm, qTo6bi b (j)opMyjiy:

«HeKTO Q npoeKTHpyeT MauiHHy M »  —  
BKjiioqaji'HCb, HanpHMep, TaKHe cjiyqan : 

1) renbi, onpezieJiHionxHe (J)opMHpoBaHiie cep^ua;
2 ) MexaHHK, AejiaiomHH Bejiocnne^;
3) qacTb M03ra, onpe^ejifliom afl BHyTpeHHHe cbh3h b Ka- 

KOH-HH6yAb HepBHOH CeTHJ
4) npeAnpHHHMaTejib, ctpohiuhh (})a6pHKy jxjin Bbipa- 

6otkh  onpeAejieHHbix bhaob npoAyKUH'H;
5) MaTeMaTHK, nporpaMMHpyiomHH p a 6oTy aBTOMaTH- 

qeCKOH BbiqHCJIHTeJIbHOH MauiHHbi.
npHAep>KHBaHCb KHSepHeTHqeCKOH TOqKH 3peHHH, Mbi 

lie AOJI>KHbI 3JieCh 3aHHMaTbCH HenOCpejXCTBeHHO BOCnpHHH- 
MaeMbiMH npoueccaMH (J)opMHpoBaHHH h c6opKH MaTepnajib- 
Hbix qacie ft, ho aojihchh 3aHHMarbCH MeHee hchhmh Bonpo- 
camh o tom, qTo onpedeAHer 0K0HqaTejibHyi0 uojxejih h KaK 
ona ebi6upaercH. Mbi xothm npocJie^HTb jx m im m e  uenn npu- 
qHH H AGHCTBHH, n03B0JIHK)mHX CBH3aTb MHOOfCeCTBO B03- 
MO)KHbix HaqajibHbix npaqHH c MnoofcecreoM OKOHqaTejibHbix 
MaiUHH, B03HHKai0mHX KaK CJieACTBHH. flo/JoSHO 3T0:viy



MOHTep Tejie(})OHHOH cTaHUHH, 'HMen K a 6 e j ib  H3 cothh n p o -  
COOTHOCHT Ka>KJXbIH npOBO#, BXOAHLUHH C OJtfiOrO 

KOHua, c HeKOTopbiM npoBO^OM, BbixoziHmHM H3 ^ p y r o r o .  
P a c c M a T p H B a n  B o n p o c  b TaKOH njiocicocTH, Mbi o 6 napy>KHM, 
LITO He0 6 x 0^HM 0  BbinOJIHeHHe HeKOTOpbIX KOJIHqeCTBeHHbIX 
COOTHOUieHHH; Ha HHX Mbi CMO>KeM OCHOBaTb H^eH, H3J ia -  
ra e M b ie  b nocjieziHeH r j i a B e .  n p n  stom mu Bee BpeMH 6y- 
Aem H jiJ i io cT p H poB aT b  Te3 Hc XL M .  M a K - K s n 1) ,  qTO KOJ1H- 
qecT B o  HH(J)opMau,HH, H3 MepneMOH JiorapH(J)MHqecKH, Bce-  
r # a  CooTBeTCTByeT Hei<oTopoMy KOJinqecTBy, t. e. HHTeH- 
c h b h o c t h ,  e b i6 o p a  —  j i h 6 o ( J )aK TH qecK oro ,  j i h 6 o B o o 6 p a -  
>i<aeMoro.

rioHHTHH BbiSopa, oT6opa, Ce«7ieKUHH, npOeKTHpOBaHHH, 
KOHCTpyHpOBaHHH, nOCTpOeHHH —  CJIOBOM, KaKOH-6bI TO HII 
6 h j i o  OTBeTCTBeHHOCTH 3a 0K0HqaTejibH0e noHBJieHHe j i e i i -  

CTBHTejibHOH Maui'tfhh — CT3H0BHTCH aHajiomqHbiMH, KorAa 
Mbi BbiHBJiaeM h H3MepneM p a 3 H0 0 6 p a 3 u n , cf)HrypnpyiomHe 
b 3thx npoueccax. Ecjih roBopHTb o tom, qTO mojkct no- 
HBHTbCH, Kor^a M HMeeT HeKOTopoe pa3Hoo6pa3ne, to , Ha
npHMep, am6phoh M o »eT  06pa30BaTb jno6yio H3 MHoroqnc- 
jieHHbix 4>opM MbimeqHoro KpoBHHoro Hacoca. OaKTHqecKH 
>Ke Ha6op reHOB y Lum bricus Be,ueT k 06pa30BaHHK) 
cep^ua qepBH, Hafiop renoB y Rana Be/ieT k oGpasoBaHHio 
/iflrymeqbero cep;uia, a na6op tchob y H om o Be^er k o6- 
pa30BaHHK) qejiOBeqecKoro cep^ua. 3/iecb oqeBHjjHo, qTo 
Ha6op reHOB ynpaBjineT 06pa30BaHHeM cep/iua. HMeeT 
3Aecb MecTO h peryjinpoBaHHe, h6o b KaKOM 6bi coctohhhh 
hh 6biJiH nepB0HaqajibH0 MOJieKyjibi Lum bricus (bo3mo>k- 
Hbie coctohhhh hmciot pa3H oo6pa3ne), no a  Bos^encTBHeM 
Ha6opa reHOB pa3H006pa3He Hcqe3aeT h B03HHKaeT Hop- 
MajibHoe cep,aue qepBH.

C j ie^ y e T  OTMeTHTb, qTO nOHHTHH npoeKTHpOB3HHH H KOH- 
CTpynpoBaHHH np'HMeHHMbi no cymecTBy k M nootcecTeaM , 
xoth o6biqHo ohh ynoTpe6jiHK)TCH b Hauieft peqn b e#HH- 
cTBeHHOM qHCJie (cp. § 7/3). Tax, c))pa3a «Ha6op reHOB 
onpe^ejineT cJ)opMy cep^ua» — sto npocTo coKpamei-iHbiw 
cnocoS cKa3aTb, qio sjieMeHTbi M H ootcecTea Ha6opoB reHOB, 
CBOHCTBeHHbIX OpraHH3M3M pa3JIHqHbIX BHflOB, MO>KHO

1 jJoHaJib/i ManpHMMOH Man-Kan (pojx. 1922)— amviHHCKHH 4)H3mk, 
H3BecTHbiH cbohmh pa6oTaMH no TeopHH HH(J)opMauHH h Teopiin aBTO-* 
MaTOB. — IlpuM. nepeo.



nOCTaBHTb B COOTBeTCTBHe C SJieMeHTaMH MHOMeCTea B03- 
Mo>KHbix c epA eu  opraHH3MOB pa3JiHqHbix bhaob, nc>Ao6HO 
npOBO^aM Ha AB yx  KOHixax Tejiec})OHHoro KaSejin. TaKHM 
06pa30M, c ik t  «n p o e K T iip o 6 a H U R », u a u  «d e A a m in » , M a iu u n b i 
ecTb n o  cyu^ecTey  c lk t cq r3 U  deAafou^eso c d eAaeM biM , h 
k HeMy npHMeHHMbi npHHunnbi TeopHH cba3H. B qacTHOCTH, 
Mephi, Bbipa6oTaHHbie HJin c j iyqan  CBeAeHHH p a 3Hoo6p a 3HH 
B03Mo>KHbix coofimeHH-fi k 0AH0My c o o 6meHHio, MoryT T e 
nepb npHMCHHTbCH K CJiyqaiO CBeAeHHH p a 3H006p a 3HH B03- 
M o^H b ix  MauiHH k o d n o u  MauiHHe.

CjieAyiomHH npneM Mo>KeT noMoqb BbinnTHTb 9Ty cto- 
pOHy Bonpoca: B006pa3HTe, qTo aKT npoeKTHpOBaHHH aoji- 
^KeH ocymecTBjiHTbCH qepe3 Tejie(})OH hjih KaKOH-HHSyAb 
Apyroft cneuH(J)HqecKHH KaHaji. T o rA a  jierKo SyAeT ycTaHO- 
BHTb HHTepecyiom'He Hac m nnqecTBa pa3Hoo6pa3HH, ycTa- 
HaBjiHBan K0jiHqecTB0 pa3Hoo6pa3HH, KOTopoe AencTBH- 
TejibHo aoji>kho  6biTb nepeAaHO.
13/12. npoeKTHpoBiuHK Bbi6npaeT oKoHqaTejibHyio (J)opMy 
MauiHHbi. Ho qTo osHaqaeT «Bbi6npaTb MauiHHy» b nepe- 
BOAe Ha o6mne noHHran Hauieft k h h th ? PaccMOTpHM He- 
CKOJIbKO npHMepOB, B KOTOpbIX OKOHqaTejIbHOH MaiH'HHOH 
^BjineTCH paAHonpneMHHK.

B nepBOM cjiyqae noKynaTejib HMeeT nepeA  co6oh TpH 
MauiHHbi, H3 KOTopbix oh BbiSnpaeT OAHy. Bo BTopoM c jiy 
qae, KOTOpblH C aSCTpaKTHOH TOqKH 3peHHH SKBHBajieHTeH 
nepBOMy, npoeKTHpoBiixHK paAHonpneMHHKa, Kojie6jiio- 
mHHCH Me}KAy TpeMH B03M05KHHM'H KOHTypaMH, B KOHUe 
kohuob BbiSnpaeT oahh H3 hhx. B TpeTbeM cjiyqae, ko to - 
pblH C a6CTpaKTHOH ToqKH 3peHHH SKBHBaJieHTeH AByM nep- 
BblM, B paAHOnpneMHHK BMOHTHpOBaHbl TpH KOHTypa H 
BjiaAejieu npneMHHKa c t3bh t nepeKjnoqaTejib b oaho H3 
Tpex B03M0>KHbIX nOJIO>KeHHH, BblSnpa51 TeM caMbiM, KaKOH 
H3 KOHTypOB 6yAeT AeHCTBHTeJIbHO HCnOJIb30BaTbCH. TaKHM 
06pa30M, c a6CTpaKTHOH ToqKH 3peHHH BblSop OAHOH Ma
uiHHbi H3 Tpex B03M0>KHbix 3KBHBajieHTeH Bbi6opy OAHOrO 
H3 Tpex 3HaqeHHH HeKOToporo napaMeTpa. npeAnojio>KHM, 
HanpHMep, qTo Hy>KHo Bbi6paTb OAHy H3 Tpex MauiHH a, |3 
h y (K a ^ A a n  c COCTOHHHHM'H a h b):

l a b n I a b \ a b 
a ' I  b a '   ̂ * v a a y  ̂ * 1 b b '



n p e n n o j i o ^ H M ,  qTo Bbi6HpaeTC5i p h mto  BbifinpaiomHH no- 
j iy qaeT  ManiHHy 

| a b 
y a a*

C a6CTpaKTHOH TOqKH 3peHHH 3TO TO>K£eCTBeHHO TOMy, MTO 
Bbi6HpaK)uxHH CHaqajia HMeji b cBoeM pacnopn>KeHHH Ma- 
LUHHy C TpeX3HaMHbIM BXOJXOM

\ a b

a b a

P a a

Tf b b

a 3aTeM peUIHJI CAeJiaTb BXOA nO'CTOHHHO (jDHKCHpOBaHHbIM 
Ha 3HaqeHHH p. (3 th  npoueccbi TO>KAecTBeHHbi b tom  
CMblCJie, HTO  eCJIH HeKOTOpblH HaSjIIO^aTeJIb BHAHT TOJIbKO 
hx pe3yjibTaTbi, oh He cMo>KeT CKa3aTb, KaKofi H3 hhx HMeji 
MecTo, He oSpam ancb k ApyrHM, He ynoMHHyTbiM KpHTe- 
pHHM.)

B ziaHHOM. npHMepe (^HKcaimn bxoas Ha 3HaqeHHH p Ae- 
jiaeT nojiyqa iom yiocn  MauiHHy a 6cojnoTHoft cncTeMOH, 6e3 
Bxo^a. Ecjih  pe3yjibTaT Bbi6opa AOJiateH SbiTb MauiHHOH 
co bxoaom, to  nepBonaqajibHan MauiHHa AOJi>KHa o 6jiaAaTb 
AByMH hjih 6ojiee bxoasmh, h t o 6 u  (J)HKcauHH oAnoro H3 
hhx b aKTe Bbi6opa-npoeKTHpoBaHHH ocTaBjinjia ocTajibHbie 
CBOgOAHblM'H AJIH AajIbHeHLHHX H3MeHeHHH B Ka^eCTBG 
o 6biqHbIX BXOAOB.

A kt ebidopa npoeKTupoetquKOM odnou ModeJiu U3 mho- 
sux dKBueaAeHTen TOMy, hto neKOTopbiu onpedeAxtouiuu 
cpaKTOp (puKcupyer exod na nocTonnnoM 3HcmeHuu.
13/13. (B  9tom  naparpac})e paccMaTpHBaeTcsi He6ojibm oe 
yc j io ^ H eH H e . )

B npHBeAGHHbix npHMepax npoeKTHpoBiuHK Aejia ji bh- 
6op Me>KAy ManiHHaMH, npeo6pa30BaHHH ko top h x  hmcjih 
oaho h to  >Ke MH0>KecTB0 onepaHAOB, t. e. oaho h to  >Ke 
MHO>KeCTBO COCTOHHHH MaiUHHbl. H o  HTO  6yAeT, eCJIH Bbl- 
6op A^JiaeTCH, HanpHMep, Me>KAy ManiHHaMH

\ ak b H P 9 r t
+ b a r  q r



M o>kh o  jih npeflc iaBHTb Taxon  Bbi6op Kax (J)HxcauwK) 
B xo^H oro  3HaqeHHH? Taxon Bbi6op Mo>xeT BCTpeTHTbCH na 
paHHHX cTa^HHx npoexTHpoBaH'HH, xo rA a ,  HanpHMep, npn- 
HHMaeTCH pemeHHe, a o j d x h h  jih xoMnoHeHTbi m a hjhhbi 
SblTb SJieKTpOHHblMH HJIH THApaBJIHqeCXHMH.

Ha caMOM Aejie s to t  cjiyqaft C0Aep>XHTCH b npeAbiAy- 
meM cjiyqae, qTo mo>kho noxa3aTb npocTo c noMombio H3- 
MeHeHHH o6o3HaqeHHH. Tax, Tojibxo qTo ynoMHHyTbiH Bbi- 
6op mojxho npeACTaBHTb xax Bbi6op Me>XAy \i h v b hhjkc- 
cjieA yiomen (hphboahmoh) m a m h h e ̂  coctohhhhmh xoTopofi 
cjiy>xaT napbi:

I I (a, p) (a , q) (a, r) (b, p) (b, q) (b, r)

(b . )  (b . )  (b . ) { a . )  ( a . )  ( a . )
( • r)  ( . q)  ( . r)  ( . r)  ( . q)  ( . r)

(B  s tom  npeo6pa30BaHHH ToqxaMH H3o6pa>xaiOTCH 3Haqe- 
hhh, He n rp a iom H e  HHxaxon poji'H.) E c j ih  Bbi6paTb ji, t o  
oAHa qacTb A a c t  MauiHHy 

| a b 

+ b a*  

m e  n poqn e  cocTaBJifl iomne oT 6pomeHbi; a ecjin Bbi6paTbv, 
t o  a p y r a n  qacTb AacT

| p q r  
y r  q r '

TaxHM 06pa30M, nepBOHaqajibHan (J)opMyjiHpoBxa AeifcTBH- 
TejibHo HBjineTCH Bnojme o6men. 
13/14. r ip oeK Tupoeanue  e cnepnoM xw(UKe».  C j ieA yeT  OTMe- 
THTb, qTo onepauHH «npoexTHpoBaH'H5i», x a x  OHa noHH- 
MaeTCH 3Aecb, Mo>xeT ocymecTBjiHTbcn b npHMeHeHHH 
x  «qepHOM y n m H x y » ,  ecjin  oh HMeeT b xoa .  B j ia A e j ieu  pa- 
AHonpneMHHxa ( §  13/12), ecjiH oh HHqero He 3HaeT o co- 
AepscHMOM npneMHHxa, ho 3HaeT, x a x  n epex j i ioqaTe j ib  Aen- 
CTByeT Ha b xoa ,  (j )axTHqecxH ocym ecTB jin eT  axT  «n poexTH - 
poBaHHH b qepHOM Hm Hxe»,  ycTanaB jiHBan nepex j i ioqaTe j ib  
h no j iyq an  >xejiaeMoe noBeAeHHe.

JXp y r n e  npHMepbi pacmnpniOT rpaHHUbi s t o h  TeMbi. H a A  
«qepHbIM HmHXOM»-paAHOnpHeMIIHKOM MO>XeT AOMHHHpO-



BaTb f l p y r a a  MauiHHa, A en c t b h h  m 3HaqeHHH K o io p o n  on pe-  
AejiHiOT nojio>KeHHe nepeKjiioqaTejiH . T o r j i a  Mbi Mo>KeM CKa- 
3aTb ( b  t o m h o c t h  naMHTyn cm w c j i  y n o T p e 6jineMbix h a mh 
c j i o b ) ,  h t o  AOMHHHpyiomaH MauiHHa, CTaBfl n epeK ji ioqa-  
Tejib b onpe^e jieHHoe nojio>KeHHe, «n p oeK TH p yeT »  paAHonpn- 
eMHHK. 3 & e c h  B a^ H o  t o ,  h t o  AOMHHHpyiomaH MauiHHa 06- 
H ap y^H B aeT  no OTHouieHHio k npneMHHKy Te >Ke CBOHCTBa, 
KOTOpbie 0 6 ? > e K T i i 6 H 0  npoHBJiHKDTCH b noBejx^HHH npoeKTH- 
pOBUlHKa.

Ty >Ke caM yio  TO^Ky 3peHHH m o>kho npHMeHHTb h 
k M03ry. M b i  Mo>KeM BHAeTb, qTo OAHa qacTb M03ra m o>kct  
6biTb cB5i3aHa c A py ro ft  e ro  MacTbio t o h  >Ke o 6i»eKiHBHOH 
3aBHCHMOCTbK) noBejieHHH, KaK npoeKTHpOBinHK—  c npoeK- 
THpyeMofl mainnHOH. M bi Mo>KeM BH^eTb, qTo oAHa qacTb, 
cKa>KeM, 6a3a jibHoe oSpasoBaHHe, Mo>KeT AencTBOBaTb Kai< 
«npoeKTHpoBiu,HK» no OTHOineHHK) k qacTH, naA K O Topo f i  
OHa AOMHHHpyeT, CKa>KeM no oTHomeHHio k KaKoft-jiH6o 
HepBHOH ceTH.

TaKHM 06p a 30M, HAeio MauiHHbi, npoeKTHpyiomeft Apy -  
ry io  MauiHHy, m o jk h o  BbicKa3aTb b ToqHbix h o 6uj,'Hx Tep- 
MHHaX —  ToqHbix B TOM CMblCJie, qTO MOJKHO C nOMOLUblO 
SKcnepHMeHTa oS'beKTHBHo noKa3aTb, HMeeT hjih  He HMeeT 
MeCTO 3TO OTHOUieiiHe.

K O J I H M E C T B O  B b l B O P A  

13/15. 3 T a  0C06eHH0CTb n p o e K T H p o B a H H fl—  CBeAeHHe m ho-
THX Ha^aJIbHblX B03M05KH0CTeft K OAHOH HJIH HCCKOJIbKHM 
KOHeqHbiM —  JierKo noAAaeTCH HSMepeHHio. M bi mojkcm  h c - 
n0jib30BaTb 3Aecb Ty >Ke Mepy, h t o  a j ih  pa3Hoo6pa3HH h 

a  j ih  HHcJiopMauHH, KOTOpbie H3MepHjiHCb j i h 6 o  HenocpeA- 
CTBeHHo, j i h S o  JiorapH(J)MHqecKH ( §  7/7 h 9/11).

3 T a  Mepa yAO0Ha h, KpoMe Toro ,  onpeA e j ineT  e e re -  
CTBeHHbiM 06pa30M Ty nponycKH y io  c n o c o 6HOCTb, KOTopyio
AOjDKeH HMeTb KaHaji C b CHCTeMe

n p oeH m u poe iq i iK M q i u u h q

MToSbi SbiJia B03M0x<Ha nepeAana  H eoSxoAH M oro  pa3Hoo6- 
pa3HH HJIH HH4)OpMaUHH OT n p 0eKTHp0BlUHl<a K MailWHe.



3aMeTHM, m o s to t  u e ro ji  He jxaer  HHKaKoro OTBeia na 
Bonpoc: «KaKoe K0jiHqecTB0 npoeKTHpoBaHHH HMeeTCH 
e daHHOil ManiHHe (6e3 yKa33HHH Ha to, qeM OHa Morjia 6bi 
6biTb)?» Be^b Hama Mepa cymecTByeT jmuib jxjw MHo>Ke- 
CTB3 B03MO>KHOCTeH. OHa OTHOCHTCH He k nojiyqeHHon
BemH, a k arc 77/ nepedanu cooSu^enuH (§  13/11).

ripHBOAHMbie HH>Ke ynpa>KHeHHfl noMoryT npn^aTb pe- 
ajibHOCTb 9thm HecK0jibK0 a6cTpaKTHbiM paccy>K,aeHH5iM H 
noKa>KyT, m o Hamn paccyameHHH HocTaToqno corjiacyroTca 
C TeM, m o  HHTyHTHBHO OqeB'HAHO.

ynp. 1. Ha oahom H3 aTanoB npoeKTHpoBamiH HeKOTopon ajieKTpnqe- 
ckoh MaiiiHHbi Ha/io onpe^eJiHTb 3Ha*ieHHfl Tpex pa3JinqHbix 
OMHMeCKHX COIipOTHBJieHHH. Ka>K£Oe H3 HHX MO>KeT He3aBH-
chmo HMeTb o^ ho H3 7 3HaqeHHH: 10, 15, 22, 33, 47, 67 hjih 
100 om . Kanoe KOJiH^ecTBO pa3Hoo6pa3HH aojijkch ofiecne^HTb 
CO CBOeft CTopoHbi npOeKTHpOBIUHK (cOTJiaCHO 3aKOHy Heo6xo- 
^HMoro pa3H006pa3Hn), MTo6bi csecTH Bee bo3mo}khocth 
K OflHOH?

ynp. 2. (npOAOJiJKeHHe.) SHa^eHHH Tpex conpoTHBJieHHH BbidnpaioTCH 
H3 MHo>KecTBa: 10, 11, 12 . . .  99, 100 om. Kanoe pa3H006pa3He 
^oji>KeH ofiecne^HTb co cBoen CTopoHbi npoeKTHpoBiuHK? 

ynp. 3. Ka>K,aoe H3 Tpex conpoTHBJieHHH aoji>kho HMeTb 3Ha^eHHe 10, 
20 hjih 30 om. Ecjih ohh C0eflHHHi0TCH napaJiJieJibHO, to  Kanoe 
pasHoodpasne aojukch odecneMHTb co CBoefi CTopoHbi npoeKTH- 
pOBIUHK, MTOfibl CBeCTH pa3H006pa3He B03M0)KHbIX sjieKTpHqe-* 
CKHX CBOHCTB K OAHOMy CBOHCTBy? 

ynp. 4. CKOJibKO Hy>KHO npoeKTHposaHHH ajih Bbidopa Me>K^y AByMH 
MailJHHaMH C COCTOHHHHMH a, b, C H d\

I a b e d  ^ I a b c d^ 
y b a b c v c b c a

ynp. 5. CKOJibKO npoeKTHpOBaHHH TpedyeT H3rOTOBJieHHe MOHeTHoro 
uiTaMna ajih neHCOB, ecjin 3 to t HiTaMn paccMaTpHBaeTcn: 
( I )  KaK COCTOflmHH H3 15 000 TO^eK, KaJK^aH H3 KOTOpblX MO>KeT 
HMeTb JHOdyiO H3 10 B03M0>KHbIX HHTeHCHBHOCTefi; ( I I )  KaK 
OKOHMaTejibHan (})opMa, BbidnpaeMan ee BejiH^ecTBOM KopojieBoft 
Ahtjihh H3 Tpex npeziCTaBJieHHbix (})OpM? OdiaHCHHTe HecoBna-* 
ZieHHe OTBeTOB.

ynp. 6. CKOJibKO pa3HGo6pa3HH TpedyeTcn ajih cseAeHHH k oahoh Ma-
UJHHe BCeX B03M0>KHbIX M3HIHH C 11 A3HHbIMH COCTOHHHHMH?
(YKasaHHe: ynp. 7/7/8.) 

ynp. 7. (IlpoflOJDKeHHe.) To a<e caMoe, ho qncjio coctohhhh MamHHbi 
paBHo n, a ^hcjio coctohhhh BXOAa nocjie npoeKTHpOBaHHH 
paBHo i.

13/16. To^iho Ta m e Mepa m o^kct npH M eH H Tbca k  n poeK TH - 

pOBaHHK) MapKOBCKOH MamHHbi. TaK, p a3Hoo6pa3He AByx



MapKOBCKHX MaillHH!

1 1

3 2 4 3 3 3
H

3 2 3 3 3

3 2 4 3 3 3

ecTb pob h o  1 6ht ,  h 6o Mbi BbiSnpaeM M e o tc d y  j x B y u s i  061^ -  
t a m h , BHyTpeHHee co/iep>KaHHe K0T0pbix —  pa3jinqHbie u p o -  

6h —  b ^aHHOM c j iy q a e  He HMeeT 3HaqeHHH. [3 T a  BeJiHqHHa 
b 1 6ht, K0HeqH0, OTJinqHa o t  1,58 6HTa, KOTOpbie cnsi3biBa- 
jiHCb 6bi c npaBoft MaTpnueft, paccMaTpHBaeMoft KaK HCToq- 
hhk HH(J)opMauHH, npoH3Bo,fltflmHH b cpeziHeM 1,58 6HTa Ha 
Ka^AO M  m a re  ( §  9/12).]
13/17. Bbi6op no aranaM. Elpouecc  BbiSopa mo>kct 6biTb 
6ojiee hjih MeHee pacTHHyT bo BpeMeHH. B qacTHOc™, oh 
MOJKeT npOH3BOAHTbCH /JHCKpeTHblMH STanaMH.

Bo^HTeJib, BbiSnpaiomHH ce 6e hobhh aBT0M06HJib, qa- 
c to  nocTynaer HMeHHo TaK. CHaqajia oh roBOpHT, HanpHMep: 
«MamHHa R O J i m u a  cTOHTb Menee 1000 (J)yHTOB». 3 t o t  
KpHTepHH Bbi3biBaeT HeKOTopoe orpaHHqeHHe qncjia bo3- 
MOJKHOCTeft. 3aTeM OH MO>KeT £ 06aBHTb, qTO aBTOMo6HJIb 
AOJI^KeH BMemaTb nflTb qeJIOBeK H T. JX. Ka^AblH  HOBblH KpH
TepHH yMeHbmaeT qncjio ocTaBuiHxcn B03M0>KH0CTeH. Ecjih 
OH MO>KeT KynHTb TOJIbKO O^HH aBT0M06HJIb, TO 9TH KpHTe- 
TepHH B KOHUe KOHUOB £OJI>KHbI CBeCTH BCe B03MO>KHOCTH 
I< O^HOH. 3 t0  CBe^eHHe Heo6xO£HMO OCymeCTBHTb JIK)6bIM 
cnoco6oM, j i a m e  ecjin ajih 0K0HqaTeJibH0r 0 Bbi6opa npu- 
jxetch  npnSerHyTb k SpocaHHio MOHeTbi.

A6CTpaKTHbIH BblSop (HJIH IlpOeKTHpOBaHHe) MauiHHbi 
TaK>Ke Mo>KeT npoTeKaTb no STanaM. HTaK, npe/inoJio^HM, 
qTo MamHHa HMeeT qerape coctqhhhh: a, b, c, d. ElpeoSpa- 
30BaHHe

B KOTOpOM 3Be3/lOqKH e m e  He 3aM eH eH bI KOHKpeTHblMH c o -  

CTOHHHHMH, OCTaBJIHeT BCe BQ3MO>KHOCTH OTKpblTblMH.



H 3 M e H e H iie  e r o  b n p e o 6 p a 3 0 B a H H e

| a b e d  
I c x  b *

npe ixcraBJ if leT  c o 6 o h  qacTHqHbif i  B b i6 o p . U T a iO K e  H 3 o 6 p a -  

>K aeT  MHOMecTeo n p e o 6 p a 3 0 B a H H H ,x o t h  h M e H b iu e e . TaK me 
6yjxer oScTQHTb jiejio h c n p e o 6 p a 3 0 B a H H e M

K O T o p o e  H C K J i io q a e T  Bee 0 A H 0 3 H a M H b ie  n p e o 6 p a 3 0 B a H H 5 i ,  c o -  

jxepmamue n e p e x o A b i  a - *  a h j i h  a -> rf. T a K H M  0 6 p a 3 0 M ,  

M a u iH H a  MO>KeT 6 b iT b  B b i6 p a H a  n o  S T a n a M ,  a 3 T a n b i  M o r y T  

o n p e A e J iH T b C H  p a 3 J in q H b iM  o 6 p a 3 0 M .  C KOJinqecTBeHHOH 
T o q K H  3peHH5 i 3 A e c b  c y m e c T B e H H o ,  m o  o 6 m e e  K O J in q e c T B o  

o c y m e c T B j i H e M o r o  n p n  stom B b i 6 o p a  He M o>K eT  n p e B o c x o -  

A H T b  c y M M y  (H 3 M e p n e M b i x  j i o r a p H ^ M H ^ e c K H )  o r a e j i b H b i x  

B b iS o p o B .  ( B b i S o p  H 3 M e p n e T C H  c o K p a m e H H e M  p a 3 H o o 6 p a -  

3 h5i. ) TaK , e c j iH  B3HTb K o j i o / i y  K a p T  h n p o H 3 B e c T H  C H a q a J ia  

2 -6 H TO B b IH  0 T 6 0 p ,  a 3 a T e M  3 -6 H TO B b IH ,  TO RJ151 0£H03Haq- 
n o r o  y K a 3 a H H H  K a p T b i  n o T p e 6 y e T C H  A a j i b H e n u iH H  o t 6 o p  n o  

K p a f tH e f t  M e p e  b 0 ,7  6 H T a ,  h 6 o  l o g 2 5 2  =  5 ,7 .  3 t o  o r p a H H -  

q e H H e  a 6 c 0 J i i 0 T H 0  h (e cJ iH  p e q b  H ^ e T  o  B b iS o p e  M a u iH H b i )  

c o B e p u i e H H o  H e  3 3 b h c h t  o t  T H n a  M a u iH H b i  h j ih  o t  c n o c o 6 a  

B b i6 o p a .

y n p . 1. C k o jilk o  B03M0>KH0CTeH ycTpaHHeTcn, ecjiH k 33MKHyTOMy 
o^HosHawHOMy npeo6pa30BaHHK) c coctohhhhm h a, b, c h c 
27 nepB0HaqaJibH0 B03M0>KHbiMH $opMaMH npn6aBHTb orpaHH- 
qeHne: « O ho He /ioji>kho HMeTb coctohhhh  paBHOBecHH»? 

y n p .  2. (FIpo^ojiJKeHHe.) Ecjih npn6aBHTb orpaHH^eHHe: « O ho £oji>kho 
HMeTb TpH COCTOHHHH paBH0B6CHH»? 

y n p . 3. CnojibKo Bbi6opa, b Ji0rapH(j3MHMecK0H Mepe, 6biJio b ynp. I?  
* y n p . 4. ^ eM y  paBHo kojihmgctbo Bbi6opa, ecjin k a6c0Jii0TH0H CHCTeMe 

c n  coctohhhhm h a u a 2, . . . ,  a n , r,ie  nepBOHa^ajibno B03- 

m o k h h  Bee npeo6pa30BaHHH, ^oSaBJiHeTCH orpaHHMeHHe: «O n a  
ne £OJi>KHa HMeTb coctohhhh paBHOBeciiH»? (yKa33HHe: b Ka< 
Koe MHCJIO COCTOHHHH, BMCCTO nepBOHa^a JIbHbIX n  COCTOHHHH,
Mox<eT Tenepb nepeimi ai?) (cp. ynp. 1).

*y/?p. 5. (npo,aoji>KeHHe.) K  HeMy CTpeMhtch s to  kojihm cctbo, Koraa n 

cTpeMHTCH k 6ecKOHeqHOCTH? (YKasaHHe: BbmncjiHTe ero ajih 
/2 —  10, 100, 1000.) (3 T a  oueHKa MO>i<eT npHMeHHTbCH k Ma- 
uiHHe §  12/15.)

*ynp. 6. E cjih, KaK onncaHO b sto m  naparpa())e, KapTbi b nepeTacoBaH- 
hoh Kojioae npocMaTpHBaiQTCH (6e3 ziaJibHeHLueii t 3co bkh ) no-

a b e d .  
b hah c *  *  *  ’



cjieAOBaieJibHO jip y r  3a jip y row  b noncKax oahoh  onpe^ejieH- 
hoh KapTbi, t o  cK0JibK0 Hii(j)opMauHH npnoSpeTaeTca b cpeA- 
HeM npn np0CM0Tpe nepBOH, BTopoft, TpeTbeft h t .  jx. KapTbi? 
(CHCTeMaTH^eCKHh riOHCK.)

* y n p . 7. (npOAOJi>KeHHe.) CKoJibKo HucjDopMauHH npwodpeTaeTCH, ecjin 
noc jie  Ka>KAoro H ey^aqHoro npocNioTpa KapTa B03BpamaeTca 
b K o jio^y  h K0Ji0.ua TacyeTCH nepeA npocM oipoM  cjie jiy iom eii 
KapTbi? (CjiyqanHbiH noncK.)

13/18. RonojiHenue euOopa. H 3 Toro, m o  Bbi6op qacTo mo- 
>KeT ocyiuecTBjiHTbCH no 3TanaM, cjie/iyeT, m o  noJiHbiH Bbi- 
6op qacTO m o tk q t  ocym ecTBJimbcsi 6ojiee qeM oahhm b h -  
6opii;hkom  («cejieKTopoM»). T o m a  AeHciBHe o^Horo cejieK- 
Topa 6y,aeT donoAHaTbcx (nonojiHHTbcn) AencTBHeM Apy- 
THX.

npHMepoM MO>KeT cjiy^KHTb cjiyqan , KorAa My>K, BbiSn- 
pan HOBbiH aBT0M06HJib H3 qncjia HMeiomnxca MOAeJien, 
CHaqaJia pem aeT, qTo MauiHHa AOJi>KHa CTOHTb MeHbine 
1000 (J)yHTOB, a 3aTeM npeAocTaBJineT >xeHe npoH3BecTH 
AaJIbHeHIUHH Bbl6op. 3 t0  nOBTOpHTCH CHOBa, eCJIH }KeHa, 
CBeAH qHCJio B03M0>KH0CTeH K AByM MOAeJIHM, o 6paTHTCH 
3a OKOHqaVejibHbiM pemeHHeM k  6pocaHHio MOHera.

JXpyrue npHMepbi mo>kho HaHTH noBCio/iy. (B npHBOAH- 
Mbix HH>Ke npHMepax AonojmeHHe BbiSopa ocymecTBJiaeTca 
cjiyqaHHbiMH (J)aKTopaMH, n0T0My qTo ohh 6yjxyr HHTepe- 
cosaTb nac b cJieAyiomeft rjiaBe.) TaK, npn nrpe b 6pha>k 
cocTOHHHe Hrpbi b MOMeHT nepBoro xo,na BbiSnpaeTCH qac- 
THqHO 3aHBJieHHHMH HrpoKOB, a qacTHqHo cJiyqaeM — hcxo- 
JX OM CTaTHCTHqeCKH CTaHAapTH30BaHH0r0 aKTa TaCOBaHHH, 
npeAonpeAejiHiomHM pacnpeAejieHHe KapT. EipaBHjia Hrpbi 
B 6pHA^ yCTaHaBcTHBaiOT B AeHCTBHTeJIbHOCTH, qTO H3BeCT- 
Han pojib b onpeAeJieHHH B cero xo^a Hrpbi jxojimna n p e^ o - 
CTaBjiHTbCH cJiyqaio, t. e. TacoBaHHio KapT, BunojiHneMOMy 
HeKOTopbiM npezinHcaHHbiM cnoco6oM. TaKoe oSpameHHe 
K CJiyqaio qacTo HcnojibsoBajiocb b npouiJioM KaK mctoa 
Ajih AonojiHeHHH BbiSopa. HanpHMep, phmckhh nojiKOBOAeu, 
npHHHB MHorne pemeHHH, qacTo npeAocTaBJiHJi ocTaBuiHHcn 
Bbi6op HeKOTopoMy ApyroMy (J)aKTopy, TaKOMy KaK nojieT 
nepBoft yBH^eHHOH eran nrau hjih (j)opMa Bi-iyTpeHHocTen 
TOJibKO qTo ySHTOH oBubi. (JlonojiHeHHe BbiSopa Hcn0Jib30- 
Bajiocb B Harnefi KHHre Bbirne, b § 4/19 h 12/15.)

B HayqHoft paSoTe nepBoe co3HaTejibHoe Hcn0Jib30BaHHe 
coBepineHHo ne CBH3aHHbix $ 3KcnepHMeHT0M cejieKTopoB



Ajih nojiyqeHHH «c jiy q a H H o ro » peuieHHH, A onojiH H iom ero npo- 
H3BOAHMbIH 3KCnepHMeHT3T0p0M Bbi6op, 6 h j i o  ocym ecTB jieH o, 
no-BH^HMOMy, capoM  PoHajib^OM  Om uepOM , h6o oh nepBbift 
npHSHaji e ro  (JtyHAaMeHTajibHoe 3HaqeHHe h n0Jie3H0CTb.

|T0B0pH, qTO (J)aKTOp HBJIHeTCH CJiyMaMHbIM, H HMeiO 
B BHAy He TO, KaKHM OH HBJIHeTCH CaM no Ce6e, HO B KaKOM 
OTHOHieHHH OH HaXO^HTCH K TJiaBHOH CHCTeMe. TaK, nocjie- 
AOBaTeJibHbie UH(J)pbi AecnraqHoro pa3Jio>KeHHH jt HacT0jibK0 
AeTepMHHHpoBaHHbi, HacK0JibK0 Boo6me MoryT 6biTb #eTep- 
MHHHpOBaHHblMH II,H(j)pbi; HO nOCJieAOBaTeJIbHOCTb B TbICHLiy 
3 thx  w fy p  BnoJiHe M o m e r  cjiy>KHTb b KaqecTBe cJiyqafiHbix 
qwceJi JXJW ceJibCKoxo3HHCTBeHi-ibix onbiTOB —  He noTOMy, qTo 
3TH UH(J)pbI R6ARfOTCR CJiyqaHHblMH, HO nOTOMy, qTO OHH, 
BepOHTHO, HUKCLK He C6R3CLHbl C 0C06eHH0CTHMH #aHHOrO 
MHo>KecTBa 3eMejibHbix yqacTKOB. TaKHM 06pa30M, Aonoji- 
HeHHe Bbi6opa «cJ iyqaeM » 03HaqaeT (oTBJieKancb o t  MeHee 
ea^H b ix  cneunajibHbix Tpe6oBaHHfl) AonojmeHHe Bbi6opa 
AeftcTBHeM (h jih  pa3Hoo6pa3HeM) Apyroft cncTeMbi, noBe- 
AeHHe KOTopofi coBepmeHHo He cbh33ho c noBe^eHHeM rjia e- 
HOH CHCTeMbl. npHM ep STOrO npHBOAHJICH b § 12/15. TaK, 
BqepamHHH i<ypc 30Ji0Tbix aKUHH M o n te r  cjiy>KHTb b Kaqe- 
CTBe cjiyqanHOH nepeMeHHOH, ecjiH rjiaBHon H3yqaeMoft ch- 
CTeMOH HBJIHeTCH KpbIC& B Jia6HpHHTe; HO OH He nOAOHAeT, 
ecjiH rjiaBHOH chctcm oh hbjihctch HeKOTopbift yqacTOK (J)h- 
HaHCOBO-SKOHOMHqeCKOH CHCTeMbl.]

13/19. Bbt6op nocpedcTeoM Maiuuubi. B npeztbm ym nx napa -  
r p a ^ a x  Mbi paccMaTpHBajiH Bonpocbi n ep e^ a q n  HH(|)opMa- 
UHH, CBH3aHHbie C BblSopOM HeKOTOpOH MaUIHHbl. O^HaKO 
C TOqKH 3peHHH ogllXHX npHHUHnOB KH6epHeTHKH CeJieKTOp, 
BbiSnpaiomnft MauiHHy, jaKm e cnejxyer paccMaTpHBaTb KaK 
MexaHH3M. TaKHM o6pa3QM, paccMOTpeB cncTeMy

m e L  cbohmh AeftcTBHHMH npoeKTHpyeT  hjih Bbi6n p a e r  Ma- 
niHHy M ,  Mbi AOJi^KHbi Tenepb paccMOTpeTb L  KaK MauiHHy, 
AencTB y iom y io  KaKHM-jiuSo 06p a 30M b KaqecTBe npoeKTH- 
poBmHKa hjih  ceJieKTopa. K a K  MO>KeT MauiHHa o c y m e e r -

BblBO P H M AU IH H bl



BJIHTb Bbl6op? 'KOHe^HO, OTBeT Ha 3TOT BOnpOC AOJIHCeH 
6biTb nan  b TepMHHax, coBMecTHMbix c y>Ke Hcnojib30BaH- 
HblMH B HaCTOHUieH qaCTH KHHTH.

BbiTb M o^eT, npocTeHuiHH npouecc BbiSopa npoHcxoAHT 
npH ABHHCeHHH MauiHHbi no KaKOH-HHgyAb TpaeKTopHH, no- 
cKOJibKy, CKameM, nocjie coctohhhh i OHa nepexoAHT BcerAa 
b cocTOHHHe /, a He b KaKoe-HH6yzib Apyroe H3 cbohx co
ctohhhh . TaKOB o6bmHbiH Bbi6op, KOTopbifl ocyuxecTBJiHeT 
MauiHHa, Korria ee «coo6m eH H e» (e e  npoTOKOJi) roBopHT, 
h t o  OHa BbinojiHneT 3 t o  npeoSpasoBaHHe, a He KaKoe-JiH6o 
Apyroe.

A p yroH  npouecc Bbi6opa, ocymecTBjineMbiH MauiHHoft, 
oTMe^ajicH b § 7/24: Ka>Kjxan AeTepMHHHpoBaHHan MauiHHa 
ocyuxecTBJineT BbiSop, cboah pa3H006pa3He BO3M0>KHbix co
ctohhhh ot nepBOHaqajibHoro MaKCHMyMa k 0K0HqaTeJib- 
HOMy qncjiy  6accefiHOB ee KHHeMaTHqecKoro rpac})HKa.

Eiue oahh npouecc Bbi6opa paccMaTpuBajicn b § 5/13, 
m e  ORHa qacTb uejioro Morjia Bbi6npaTb HeKOTopbie H3 co 
ctohhhh paBHOBecHH Apyroft qacTH, HaKjiaAbman «BeTO» 
Ha ocTajibHbie coctohhhh. 3 to ,  bo3mo>kho, Han6ojiee oqe- 
BHAHan cjDopMa Bbi6opa, h6o Boo6pa>KaeMbiH Ha6jiiOAaTeJib 
3thx AByx MauiHH Mor 6bi noqTH qTo cjibiuiaTb, KaK qacTb, 
HaKJiaAbiBaiomaH «B eTo», roBopHT: «...He toah tch , onHTb 
He toah tch , 3Toro h He Aonyuxy, onHTb He toahtch ... 
C toh ! —  Aa, b o t TaK nycTb h 0CTaHeTCH». Ecjih Tpe6yeTCH 
nocTpoHTb MauiHHy, paSoTaiom yK) b KaqecTBe ceJieKTopa 
(HanpHMep, ajih  BbinojiHeHHH nporpaMMbi, yKa3braaeMOH b 
3aKjiK)qHTejibH0M n ap a rp a^ e  kh h th ), to , HacKOJibKo h 
Mory cyAHTb, OHa AOJi>KHa HMeTb hmchho t3koh  npHHunn 
pa6oTbi. OHa AOJDKHa paSoTaTb KaK oSpaTHan cBH3b b to- 
poro  nopHAKa Ha pnc. 5/14/1 (AonojmeHHOM b § 12/15).

HecoMHeHHO, cymecTByiOT h Apyrue cnocoSbi. OAHaKo 
H 3THX AOCTaTOqHO AJIA HJIJHOCTpaUHH H RJM TOTO, qT06bI 
npHAaTb onpeAeJieHHocTb noHHTHio «Bbi6HpaK)iueH» MauiHHbi 
( xoth  cneunajibHoe HccJieAOBaHHe 3Aecb bpha jih HeoSxo- 
AHMo, h6o b TeopHH LLIeHHOHa Ka^Awfl aKT nepeAaqn coo6- 
meHHH ecTb B TO >Ke BpeMH aKT Bhl6opa, BbI3bIBaK)UXHH no- 
HBJieHHe AaHHoro cooSmeHHH).
13/20. npodoAMUTejibHOCTb ebi6opa. C jieAyeT CKa3aTb He-
CKOJIbKO CJIOB O TOM, CKOJibKO BpeMeHH MO>KeT 33HHTb He- 
KOTOpblH AaHHblH aKT BblSopa, h 6o npH paCCMOTpeHHH



KOHKpeTHbix c j i y q a e B  3aH H M aeM oe  BpeMH MO>i<eT, npn nep- 
b oh  ou eH K e ,  noKa3aTbC5i c j ih lh k o m  6oJibLiiHM a j ih  npaKTHqe- 
c k o t o  ocym ecTBJ ieH H H . 3 t o t  B o n p o c  CTaHOBHTCH ocoSeH H O  
Ba^KHbiM, K o r ^ a  naixo c o 3 £ a B a T b  p e r y j iH T o p  jxjik p e r y j iH p o -  

B3HHH O^eHb 6 0 JIbLU0 H CHCTeMbi. FIpH6JIH3HTeJIbHbIH U O JX C H e T  

KOJiH^ecTBa Bbi6opa , K O Top oe  Ha nepBbift B3rjiHA  Ka>KeTCH 
H e o 6 x o ^ H M b iM ,  Mo>KeT npHBecTH k m h c j ih ,  h t o  ocymecTBJie- 
HHe e ro  n o T p e 6yeT  BpeMeHH, 3HaqHTeJibHo npeB O cxo^n m ero  
KOCMOJiornqecKHe M a cu iT a6 b i ;  h OTCio^a mo>kho c/ ie j iaTb 

BblBOA, H T O  npOH3BOZlCTBO B b l6 o p a  neHCTBHTeJIbHO no- 
T p e 6 y e T  T a n o r o  >Ke BpeMeHH. O ^ H a K o  3 t o  coB ceM  He 
TaK.

OcuoBHbie npHHunnbi, onpeziejiHioiUHe np0A 0Ji>KHTeJib- 
H ocTb  Bbioopa, 6biJin BbiHCHeHbi IUeHHOHOM, ocoSeHHo b ero 
CTaTbe « T e o p n H  cbh 3h b CHCTeMax 3aceKpeqHBaHHH». O h  
noKa3aJi, h t o  ecjin Tpe6yeTCH Bbi6paTb o a h h  sJieMeHT H3 N  

h ecjin BbiCopmnK MO^eT yKa3aTb ( h j ih  KaK-To nuaqe  
onpeiieJiHTb) ToJibKo t o ,  b x o ^ h t  j ih  h j ih  HeT Tpe6yeMbifi 
SJieMeHT B HeK0T0p0e naHHOe MHO>KeCTBO, TO MeTOiXOM, 
ocymecTBJiniouuHM nojiHbiH Bbi6op npn HaHMeHbiueM qncjie 
LuaroB, 6y jxeT  BbiSop nocpe^cTBOM nocjienoBaTejibHbix 
jIHXOTOMHH. HHblMH CJIOBaMH, Bbl6op CHaqaJia AOJDKdl 
np0H3B0£HTbCH Me>Kjiy rpynnaMH, a He Me>K/iy 3JieMen- 
TaMH. 3 t o t  MeTon 3HaqHTejibHo SbicTpee MeTOixa h o c j i c -  
^oBaTeJibHoro npocMOTpa o a h o t o  3a npyrHM N sjieMeHTOB. 
A  Kor^a N CTaHOBHTCH oqenb SojibuiHM, MeTon Bbi6opa 
no rpynnaM c t 3 h o b h t c h  noqTH h t o  HecpaBHeHHo 6oJiee 
SbiCTpbiM. He^ocTaTOK Mecia He n03B0JineT £OJi>KHbiM 06- 
pa3 0M  paccMOTpeTb 3necb s t o t  b a >kh bih npe^MeT, ho  H e - 
o 6 x o a h m o  no KpaflneH Mepe npHBecTH npHMep Toro, Ha- 
CK0JibK0 6ojiee 6bicTpbiM h b j ih c t c h  MeTo# a h x o t o m h h .

PaccMOTpHM npHMep no-HacTOHineMy 6oJibuioro Bbi- 
6opa. npejinoJio>KHM, qTo m e-To b o  BcejieHHoft (t .  e. b ee 
qacTH, b h ju im o h  acTpoHOMaM) HMeeTCH onpe^ejieHHbiH 
aTOM; BbiSopmHK AOJimen ero  OTbicKaTb. Bn^HMaji Bce- 
jieHHan coAep>KHT o k o j i o  100 000 000 rajiaKTHK, Ka>K£an H3
KOTOpbIX CO£ep>KHT OKOJIO 100 0 0 0  0 0 0  0 00  COJIHU H HX

CHCTeM; Ka>K^a5i c o jm e q H a n  CHCTeMa co^ep^K H T o k o j io  
300 000 Te j i ,  n o i io S H b ix  3eM Jie ,  a 3eM J in  conep>KH T o k o j i o  
1000 000 000 000 K y6 .  MHJib. K y 6 H q e c K a n  mhjih co^ep>KH T 
o k o j io  1 000 000 000 000 000 000 000 nbiJiHHOK, H a i n a n  H3



k o top h x  co/iep>KHT okojio 10 000 000 000 000 000 aTOMOB. 

H BbiSopmHK xoqeT navim oahh onpeAeJieHHbiH aTOM!
nphmem 3 to  3a eAHHHuy Bbi6opa oqeHb SoJibinoro Mac- 

inTa6a h Ha30BeM ee 1 MeaanuKx\ OHa paBHa npHMepHo 1 
H3 1073. Ci<ojibKo BpeMeHH 33HM0T OTbicKaHHe oAHoro onpe- 
AeJieHHoro aTOMa?

C to h t  cpaBHHTb ABa cnoco6a. Flo nepBOMy cnoco6y 
aTOMbi npocMaTpHBaiOTCH no OAHOMy, npnqeM 6bicTpoAeH- 
CTByiomHH ajieKTpoHHbiH TecTep npocMaTpHBaeT hx no mhji- 
jiHOHy b ceKyi-iAy. IlpocTOH pacqeT noKa3biBaeT, hto hhcjio 
CTOAeruu, Heo6xoAHMbix ajih OTbicKaHHH oAHoro aTOMa, He 
noMecTHJiocb 6bi Ha stoh  CTpaHHue. CjieAOBaTeJibHo, npHMe- 
HeHHe SToro MeTOAa ogpeKaeT Bbi6op Ha HeyAaqy (jx jm  Bcex 
npaKTHqecKHx uejiefi).

Bo btopom cjiyqae HcnoJib3yeTcn (AonycTHM, hto s to  
bo3mo>kho) MeTOA ahxotomhh. CHaqajia cnpaiiiHBaioT: rAe 
HaXOAHTCH aTOM —  B 3T0H HJIH B TOH nOJIOBHHe? 3aTeM, 
B351B yKa3aiiHyio nojioBHHy, cnpauiHBaioT: b KaKOH H3 ee no- 
jiobhh HaxoAHTCH aTOM? H TaK Aajiee. npeAnojio>KHMv qTo 
s to  Mo>i<eT AeJiaTbCH co cKopocTbio oAHoro mara b ceKyHAy. 
CKOJIbKO BpeMeHH noTpe6yeT s t o t  cnoco6? O tb c t :  hcmho- 
thm 6oJiee qeTbipex MHHyT! npH  Hcn0jib30B3HHH 3Toro cno- 
c o 6a ycnex c tshobh tch  B03M0>KeH.

3 t o t  npHMep mo>kct CAeJiaTb ySeAHTejibHbiM yTBep>KAe- 
HHe, hto Bbi6op no rpynnaM 2o p a 3 d o  S b i c r p e e  Bbi6opa ny- 
TeM nocJieAOBaTejibHoro npocMOTpa. BoJiee Toro, hmchho 
TorAa, KorAa BpeMH, oTHHMaeMoe nocjieAOBaTeJibHbiM nepe- 
6opoM oAHoro 3JieMeHTa sa ApyrHM, eraHOBHTCH qepecqyp 
AJiHHHbiM, MeTOA noHCKa no rpynnaM o 6Hapy>KHBaeT bck> 
cbok) cnoco 6nocTb coKpamaTb Tpe6yeMoe BpeMH.
13/21. BbiSop u npueoduMOCTb. M to  s t o  03HaqaeT b c j iyqae ,  
KorAa AOJDKHa SbiTb BbiSpaHa KOHKpeTHasi MauiHHa? l lp e A -  
nojio>KHM j\j\n 0i ipeAejieHH0CTH, qTO MauiHHa HMeeT 50 bxo- 
AOB, Ka>KAbIH H3 KOTOpbIX MO>KeT npHHHMaTb OAHO H3 
25 3HaqeHHH, h qTO 3aAyMaHa KaKan-To OAHa H3 bo3mo>k- 
iibix (})opM. 3 t o t  Bbi6op  paBen npHMepno OAHOMy MeranHKy. 
a Mbi 3HaeM, qTO b TaKOM c j iyq a e  BbiSop nocjieAOBaTejib- 
HbiM npocMQTpoM 6e3HaAe>KeH. M o>kh o  jih npOBecTH Bbi6op

1 «Pick» osnaM aeT  «B b i6 o p » . — TlpuM. ped.
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no rpynnaM? ,D[a, ecjrn mo>kho Hanra HeKOTopbift npaKTune- 
ck u u  cnoco6 rpynrmpoBKH coctohhhh Bxojxa.

Oahh H3 t3khx c j iy q a e B , ' oqeHb Ba>KHbiH b npaKTHqe- 
CKOM OTHOHieHHH, HMeeT MeCTO, KOr^a MauiHHa npHBOAHMa 
(§  4/14) h bxo;u>i BeziyT pa3AejibHo k pa3JinqHbiM nojx- 
CHCTeMaM. T o m a  nocJieAOBaTejibHocrb: BbiSpaTb HyxcHoe 
3HaqeHHe hjih qacTH 1 no B xo^y  q a c ™  1; BbiSpaTb Hy>KHoe 
3HaqeHHe hjih qacTH 2 no BxoAy qacTH 2 h t . jx. —  cootbct- 
CTByeT ocymecTBjieHHK) oT6opa  So j iee  SbicrpbiM cnocoSoM —  
no rpynnaM . TaKHM 06pa 30M, ecAu Matuuna npueoduMa, 
TO MOOWHO UCn0Ab308CLTb OoAee 6blCTpblU M eioO  6bl-
6opa.

B AencTBHTejibHocTH npHBo^HMocTb qpe3BbmaftHo o6biq- 
Ha ajih HaniHX 3eMHbix chctcm. OHa HacTOJibKo oSbmHa, mo 
0 6biKH0BeHH0 Mbi npHHHMaeM ee KaK AOJiatHoe; ho tot, kto 
xoqeT y3HaTb, KaK peryjmpoBaTb oqeHb SoJibiuyio cncTeMy, 
jxonmeu yqHTbiBaTb npHBo^HMocTb c03HaTejibH0.

Mto6h nojiyqHTb HeKOTopoe npe^CTaBjieHHe o tom, Ha- 
CKOJIbKO XapaKTepiia npHBO^HMOCTb jxjm MHpa, B KOTOpOM 
Mbi >KHBeM, cpaBHHTe ero o6biqHoe noBe^eHHe c TeM, mo 
npoH3ouuio, ecjiH 6bi npHBO^HMocTb neomnjxaHHO Hcqe3jia, 
t. e. ecjin 6bi Kamjxan nepeMeHHan 0Ka3breajia B03£eHCTBHe, 
HenocpencTBeHHoe hjih 3aMeziJieHHoe, Ha Kamjxyio npyryio 
nepeMeHHyio. EIoBopoT CTpaHHUbi stoh khhth, BMecTO Toro 
mo6bi 6biTb HMeHHo 3thm co6biTHeM h HHqeM #pyrHM, MOT 
6bl H3MeHHTb OCBemeHHe, 3aCTaBHTb CTOJI ABHraTbCH,
qacbi —  H3MeHHTb cKopocTb xojxa h TaK jxajiee no bcch 
KOMHaTe. Ecjih 6u  mhp zteftcTBHTeJibHo 6biJi HenpHBo- 
AHMbiM, to peryjiHpoBaHHe 6biJio 6bi TpyjiHbiM, BnjioTb jxo 
HeB03MO>KHocTH, h He Morjia 6bi cymecTBOBaTb HHKaKan 
0praHH30BaHHan cjDopMa >kh3hh (§ 7/17).

Tenepb Mbi #oji>KHbi ocraBHTb 9Ty TeMy; no to, mo* 6biJio 
CKa3aHo b KHHre «Yctpohctbo M 03ra», b rjiaBe «rioBTopHK> 
mnecH cncTeMbi» h b cjie^yiom Hx 3a Hen rjiaBax, pa3BH- 
.BaeT 3tot Te3HC. EioKa me Mbi MoateM cjxeJiaTb bhbojx, m o  
ecjin KaKoe-TO Q (§ 13/10) jxojimno cnpoeKTHpoBBTb 
(t. e. BbifipaTb) MauiHHy jxJin peryJinpoBaHHH oqeHb 6ojib- 
uioh CHCTeMbi, TaK mto caM peryjiHTop HBJineTcn 6oJibiiiHM, 
TO B03M0)KH0CTb OCymeCTBHTb He06x0&HMbIH Bbl6op, no- 
BHHHMOMy, BeCbMa CHJIbHO 3aBHCHT OT B03M0>KH0CTH
nocTpoHTb peryjiHTop b npHBOAHMOH (J)opMe.



13/22. OTKyda peey A R T op ?  T e n e p b  Mbi MoxceM, HaKOHeu, 
oTBeTHTb Ha Bonpoc, n poxoA flm n ft  b CKpbiTOM BHAe qepe3 
bck) qacTb III: KaK AOJiateH c o 3AaBaTbcn >KeJiaeMbiH p e ry -  
jih top? B o n p o c  3 to t  6biji nocTaBjieH b § 13/10, h c Tex nop 
Mbi paccMaTpHBajiH pa3JinqHbie Bonpocbi, KoTopbie HaAO 
6biJio oScy^HTb, q T o 6bi coSpaTb  bocahho pa3JinqHbie hhth. 
riocMOTpHM Tenepb, q e ro  Mbi a oc th tjih .

E ipouecc  OKOHqaTeJibHoro nojiyqeHHH onpe^eJieHHOH Ma- 
LUHHbl c >KeJiaeMbIMH CBOHCTBaMH BKJHOqaeT Bbl6op, a 3T0 
b cbok) o q ep e ^ b  03HaqaeT, qTo npoeKTHpoBinHK Q (§ 13/10) 
ycneuiHo AOCTHraeT uejiH. KaKHM 6bi pa3Hoo6pa3HeM hh 
ofijiaAajiH cocTaBJiHiomHe nepBOHaqajibHO h KaKoe 6 u  pa3HO- 
o6pa3He hh oTJinqajio npoeKTbi (t .  e. 3HaqeHH5i B xoAa) o t  
OKOHqaTejibHO BbiSpaHHOH (J)opMH, Q  AencTByeT TaK, qTo6bi 
AocTHqb CBoefi uejiH. CjieAOBaTejibHO, oh AeftcTByeT KaK pe- 
ryjiHTop. TaKHM 06p a 30M, U3S0T06Aenue McouuHbi c oweAae- 
MbiMU ceoucTeaM a  (b  tom CMblCJie, qTo noJiyqaeTCH hmchho 
OHa, a He MauiHHa c HeateJiaTejibHbiMH cbohctb3m h) ecTb 
aKT pesyAupoeanun.

n p e A n o j i o ^ H M  Tenepb, qTo MauiHHa c HteJiaeMbiMH c b o h - 
CTBaMH ecTb pery j iH Top , paccMaTpHBaeMbiu bo Been qa- 
cth  III; KaK oh AOJijKeH H3r0T0BJiHTbCH? O tb c t  HeH36e>KeH: 
c noM om bio  A p y r o r o  pery j iH Topa .

He SyAeT jih s to  npHBeAeHHeM Been Hauien no3HUHH 
k a&cypAy? He AyMaio. - H 6o HeTpyAHo OTBeTHTb Ha oqe- 
bhahhh Bonpoc: « C  qero s to  bcg HaqHHaeTCH?» KaK 6ho- 
JIOTH, Mbi HCXOAHM H3 TOTO (J)yHAaMeHTaJIbHOrO (J)aKTa 
(§  10/3), qTo 3eMJiH cymecTByeT y>Ke AOJiroe BpeMH, qTo 
Bee 3 to  BpeMH AeftcTBOBaji o t 6op h qTo s t o t  o t 6op noom- 
P 55 JI B03HHKH0BeHHe peryjiHTopoB (§  10/5). Oahhx 3THX 
(jDaKTOB AocTaToqHo, qTo6bi 06'bHCHHTb cymecTBOBaHHe Ha 
3eMjie b HacTonmee BpeMH mhothx xopouinx peryjiHTopoB. 
H ne rpedyercR  HHKaKoro AajibHeftmero o 6i»HCHeHHH, ecjin 
oKa^eTCH, qTo uejibio HeKOTopbix H3 s th x  peryjiHTopoB 
HBJIHeTCH npHBe^eHHe HeKOTOpbIX MexaHH3MOB K CTaH^apT- 
hoh (})opMe, Aaate b tom cjiyqae, Kor^a 3Ta CTaHAapraaH 
(J)opMa 6yjxer (J)opmoh peryjiHTopa (KOHeqHO, HMejomero 
y>Ke dpysyto uejib ). YqeHbiH TOJibKo cjierKa yahbhjich 6bi 
TOMy, qTO HeqTO, BbinojiHHMoe HenocpeACTBeHHO 3a oahh 3Tan,. 
(J)aKTHqecKH BbinoJiHneTCH onocpeAOBaHHO, 3a ABa 3Tana0



TaKHM 06pa30M , Mbi mojk6m oTBeTHTb Ha Bonpoc STOrO 
naparpacjDa, cKa3aB, qTo p ery jiH T op  mo>k6t 6biTb BbiSpaH H3 
HeKOToporo o S m e ro  MHo>KecTBa MexaHH3MOB (M H orne H3 
KOTOpbIX He HBJIHIOTCH peryJIHTOpaMH) TOJIbKO jybvmh ny- 
thm h : jih 6 o  qepe3  Bbi>KHBaHHe b p e3y jibTaTe K aK oro -jm S o  
n p o u ecca  ecTecTBeH H oro OT6opa, jih 6 o  qepe3  H3roTOBJieHHe 
(T o ^ e  n p o u ecc  0T60p a ) n p y r u M  p ery jiH TopoM .
13/23. He HBJineTCH jih pacToqHTeJibHbiM s t o  AB yxaTanH oe 
H3r0T0BJieHHe >KeJiaeMoro p ery jiH T op a?  B ern*  AByxaTanH oe 
H3r0T0BJieHHe e ro  KaK 6ynTO n p e^ n o jia ra eT , qTo n p o6 jieM a  
nojivqeHHH p ery jiH T op a  £OJi>KHa SbiTb perneHa npO K ^e, qeM 
3a Hee m o k h o  6y.neT B3HTbcn! C n p y ro n  CTopoHbi, cnpocHM: 
qTo OTCio^a BbiTeKaeT b tom  c jiy q a e , Kor/ia p e ry jin p yeM o n  
oqeHb So jibm oH  ch c tcm oh  h b j ih c tch  Becb C0UHajibH0-9K0H0- 
MHqeCKHH MHp, a npOeKTHpOBIUHKOM Q, OTBeTCTBeHHbIM 3a 
C03AaHHe p ery jiH T op a , h b j ih c tch  HeKOTopoe m h o ^ c c tb o  (H a
npHMep, MH0>xecTB0 co u H O jio ro B ), nponycK H an  cn o co 6 - 
H oc ib  KO Toporo KaK pery jiH Topa  o rp aH n q en a  nponycK H ofi 
cn0C06H0CTbK) npeACTaBHiejieft BH^a Homo? 03H aqaeT  j ih  
s t o ,  qTo HHKaKoft n p o rp e c c  b pery jiHpoBaHHH HeB03M0>KeH 
( h 6o p e ry jiH T op  ao j i jk ch  cTpoHTbcn npeflCTaBHTejiHMii 
3Toro  B H ^ a )?

HeT, He 03HaqaeT. H 6 o  Kor^a peryjinpoBaHHe ocyiuecT- 
BJineTCH no 3TanaM, Kor^a peryjiHTop R i AeficTByeT TaK, 
qTo6bi co3AaTb peryjiHTop R2 , to Mou^nocTb R2 ne ospanu- 
*lena MOU^HOCTbK) R1. nOHBJIHeTCH B03M0>KH0CTb, qTO R2  
6y&eT HMeTb 6ojibmyio MomHocTb, qeM R1, h qTO, TaKHM 
06pa30M, np0H30HAeT ycuAenue peryjiHpoBaHHH. 3Ta B03- 
mojkhoctb paccMaTpHBaeTCH b cjie^yiomeH rjiaBe, m e  mli 
vbhahm, qTo MeTOA nosTanHoro peryjiHpoBaHHH, oTHionb ne 
6y,ayqH c HeofixoAHMocTbio pacToqHTeJibHbiM, oTKpbisaeT 
naM HeKOTOpbie 3aMeqaTeJibHbie bo3mo>khocth,
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YCHJieHHe
p e r y j i H p o B a H H H

14/1. V ro  TdKoe yciiAureAb? YcH jiH Tejib , B oo6m e roB opn, 
ecTb y cT p o H d B o , KOTopoe, noJiy^HB qTO-HH6yub b He6ojib- 
LiiOM KOJinqecTBe, Bbi^aeT 3 a ieM  s to  >Ke caM oe b 6oJibiuoM 
KOJiH^ecTBe. YcHJiHieJib 3ByKa, noJiyqHB c j ia 6bm 3ByK 
(b  MHKpo4)OH), Bbl^aeT CHJIbHblH 3ByK. YcHJIPITeJIb MOLU- 
k oc th  (nanpH M ep, t o t ,  qTo onncaH  b §  12/21), noJiyqHB ne- 
6o jib iu y io  M om nocTb (AOCTaToqHyio jxjm nepeMemeHHH L ) ,  
Bbi^aeT 6o jib m yio  MOiHHOCTb (b  H). A ycHJiHTejieM jxener 
6 biJio 6bi ycTpoftcTB o, KOTopoe, no jiyqH B  neM Horo zieHer, 
Bbi^aBajio  6 bi hx mhoto.

TaKH e YCTpoHCTBa paSoTaiCT c jieAyiom H M  o 6pasoM : HMen
o6HJibHbiH pe3epB yap  Toro, mto ao ji>kho Bbi^aBaTbcfl,  ohh 
Kcnojib3yK)T b x o a  Rj\n ynpaBJieHHH noTOKOM, H^ymHM o t  
SToro p e3epB yapa .  Jlnu ib  H3pe£Ka p a6 oT a  ycHJiHTeJifl ocho-  
BbmaeTCH Ha npocTOM yBeJinqenHH Bxozia, KaK b JiHH3e 
KH H onpoeKTO pa; oSb iquo OHa ocu oB an a  Ha nonojiHH fom eM  
donoAnenuu. TaK, ycn jiH Tejib  m o luh oc th  HMeeT he k o t o pbin 
HCTOqHHK, B H306HJIHH £OCTaBJIHK)mHH MOLLtflOCTb (C/KaTbUi
B03£ y x  b A na pnc. 12/21/1), h hmchho s t o t  HCToqHHK o6ec-  
neqHBaeT So j ib m y io  qacTb m o iu h oc th  Ha Bbixo^e, rorjxa 
KaK b x o a  He AaeT u n qero  hjih noqTH HHqero. A H a j io rH qn o  
ycHJine, n p n j ia ra eM o e  MauiHHHCTOM no;rbeMHoro Kpana 
k pyKOHTKe ynpaBJienHH, i-inqero ne BKJiazibiBaeT Henocpe#- 
CTBeHHO b noiiHHTHe 0CH0BH0r 0 rpy3a ,  h6o  Bee ycHJine 
MauiHHHCTa TpaTHTCH na nepe^BHJKeHHe s j ieKTpnqecKoro  
iijih z ip y ro ro  nepeKJitoqaTe/in.



H eT p y^ H o  BPmeTb, qxo  b ycH jiH Tejie  m o lu h octh  (H 3o6pa- 
>KeHHOM Ha pnc. 12/21/1) Becb n p o u ecc  —  noAHHTHe TH>Ke- 
j io r o  rp y3 a  b H  nocpe^cTBOM ch jih , npHjioHceHHofl k L , —  
ocymecTBJineTCH b aBa STana, AByMH coeAHHeHHHMH CHCTe- 
waMH. H m ch h o  s t o  pa3AeJieHHe Ha rb z  STana h AeJiaeT 
B03M0JKHHM ycH jieHHe MOLUHOCTH, h 6o b n p 0THBH0M c jiyq a e , 
t .  e. 3a oah h  sTan , 3aK0H coxpaHeHHH sHeprHH CAejia ji 6u  
HeB03M05KHHM j i io 6oe n pocToe  h HenocpeACTBeHHoe ycHJie- 
HHe. Ha nepBOM STane on epa To p  nepeAB H raeT  KOHeu npo- 
THBOAeHCTByn TpeHHio b K  h AaBjieHHio b V ; Ha stom  STane 
SHeprHH HJIH MOIUHOCTb CTpOTO COXpaHHeTCH. B to p o h  STan 
BKJiioqaeT b c e 6n ABHJKeHne c>KaToro B03Ayxa b Mexn B 
hjih  H3 hhx h noAHflTHe P, G h H. Ha stom  STane SHeprnn 
raK>Ke coxpa H aeTcn , h 6o SHeprnn, H cnojib3yeM an a jih  noA- 
h h th h  rp y3 a  b //, no jiyqaeTC fl 3a cqeT  pacm npeHHH c>Ka- 
T o ro  B03Ayxa. TaKHM o6pa30M , bcio CHCTeMy m ojkho pac- 
CM3TpHBaTb KaK COCTOHIUyiO H3 AByX CHCTeM, BHyTpH Ka>K- 
AOH H3 KOTOpbIX SHepTHSI CTpOTO COXpaHfleTCH H KOTOpbie 
coeAHHeHbi TaK, qTo cn jiaM  b 0, 1, 2,... AHHbi b L oTB eqaioT  
cooTeeTCTeenno c h jih  b 0, 1000, 2000,... ah h  (h jih  c A py- 
thm K0s 4)(})HUHeHT0M) b H. H M euno pa3deAenue na dea  
dTana d a er 603MOOiCHOCTb nocrpou Tb  ycuAureAb m ou^hoctu, 
uecMOTpn na 3aK0H coxpanenuH dnepsuu, h bch cyTb A e jia  
3aKJiioqaeTCH b tom , qTo sneprHH BXOAa Ha nepBOM STane 
MOHceT AonoJiHHTbCH (n on o jiH H Tb cn ), AaBan b h x o a  Ha b to -  
poM STane.

H H orA a  nponopuHOHajibHocTb h b jih c tch  cymecTBeHHOH, 
KaK b paAHoycH jiHTeJie. TorAa MauiHHa AOJi>KHa cTpoHTbcn 
TaK, qTOgbl KOS(J)(J)HUHeHT yCHJieHHH 6bIJI nOCTOHHHbIM no 
Been uiKaJie. B A p y rn x  c jiy q a n x  ToqH oe 3HaqeHHe s t o t o  o t -  
HomeHHH He H rpaeT  6ojibm oH  pojiH , KaK b c jiy q a e  noA'beM- 
H oro KpaHa, rA e  rjiaBH oe TpeSoBaHHe c o c t o h t  b tom , q T o 6bi 
Bee BXOAHbie 3HaqeHH5i JieatajiH BHyTpn HeKOTopbix n peA e- 
jiob  (on p eA e jin eM b ix  ch jioh  pyKH MauiHHHCTa) h q T o 6bi b h 
x o a  AOnOJIHHJICH (nonOJIHHJICH) B H306HJIHH, CTaHOBHCb TeM 
caMbiM HaM Horo So jibu ie  b x o a s .

cYnp. CnpoeKTHpyHTe «ycHJiHTejib BOAbi», t .  e. ycTpoftcTBO, KOTopoe, 
ecjin Bo,zia HaKa^HBaeTCH b Hero b KOJinqecTBe x MA/cerc, Bbi- 
nycK ajio  6bi Ha Bbixo^e BOjxy b KOJwqecTBe 100 x MA/cetc.

14/2. TaKHM 0 6pa 30M, npouecc ycHJieHHH mo>kho paccMa- 
TpHBaTb c AByx BecbMa pa3jmqHbix ToqeK 3peHHH, KoTopbie



M oryT npHBecTH k  BecbMa pa3JiHHHbiM m h c h h h m  no B on p ocy  
o HajmqHH hjih OTcyicTBHH ycHJieHHH.

C OAHOH CTOpOHbl, HMeeTCH TeopeTHK, —  HanpHMep, KOH- 
CTpyKTop noA'beMHbix KpaHOB, —  k o top h h  jxojim en  noHH- 
MaTb BHyTpeHHioio npnpoAy npouecca, ecjin oh xoneT, 
HTo6bi ero KpaHbi AeficTBOBajiH s^^eKTHBHo. JXjw Hero He 
cymecTByeT zteftcTBHTejibHoro ycHJieHHH*. BbmaBaeMan m o iu - 
HocTb He npeBocxo^HT (Been coBOKynHOH) npHKjiaAbiBaeMoii 
moiuhocth . Oh 3HaeT, hto onepaTop, ynpaBJinioiuHH Kpa- 
hom , AocTHraeT ycnexa npocTo noTOMy, hto mojkct, TaK 
CKa3aTb, ofiKpa/ibiBaTb jxpyrne hctohhhkh  sHeprnn (y ro jib , 
He(J)Tb h t . jx.) ajih A0CTH>KeHHfl cBoefi uejiH. E cjih 6bi npn- 
po^a He npe^ocTaBHJia eMy yro jib  b KanecTBe *o6HJibHoro 
HCTOHHHKa AOnOJIHeHHH, TO OH He CMOT 6bl nO/JHHMaTb TH- 
>Kejibie rpy3bi. O nepaTop noJiynaeT «ycH jieHHe», nonpocTy 
ofipamancb 3a noMombio k KopoJiio Y rjiio . H h h m h  cjio-
B3MH, OCHOBHbIM THnOM yCHJIHTeJIH HBJIHeTCH MaJIbHHK, 
KOTOpblH MO>KeT nO£HHMaTb SojIbUIHe Tpy3bl nOTOMy, HTO 
OTeu cor jia ceH  no^HHMaTb s th  rpy3bi 3a H ero!

Bee 3 to  BepHo; ho, c A p y ro ft CTopoHbi, HMeeTCH npaK - 
THK, KOTOpblH XOHeT UCn0Jlb306CLTb 3TO 06CT0HTeJIbCTB0, 
K or^a  pernaeT, HanpHMep, KaKHe MauiHHbi nocTaBHTb Ha 
n p n q a jie  a jih  n o rp y 3KH cyAOB. E c jih  oh HMeeT A ocT yn  
k 06njibH0My HCTOHHHKy m o iu h octh , t o  a jih  H ero «ycH Jie- 
HHe» CTaHOBHTCH BecbMa peajibHbiM  h npaKTHqecKHM. O h o  
03HaqaeT a jih  H ero pa3HHixy M exm y  6biCTpon h JierKoft no- 
rpy3KOH cy^H a c n oM om bio nepeziBH>KeHHH pyKOHTKH yn - 
paBJieHHH h Me^JieHHOH h TpyjxoeMKOH py^HOH norpy3Kon . 
K o r^ a  r p y 3 em e  6oJibine (H anpH M ep, j io k o m o th b ),  OTcyT- 
CTBHe ycH jiHTejiH  m oiu h octh  MOHceT 03HaqaTb, h to  p a 6oTa 
B ood iue He m o jk c t SbiTb BbinojiHeHa. TaKHM o6pa30M , jxjik 
qeJioBeKa npaKTHKH B03M0>KH0CTb T a K oro  h b h o to  ycHJieHHH 
HMeeT S o jib iu oe  3HaqeHHe.

OqeBHAHo, o6e ToqKH 3peHHH npaBHjibHbi. KoHCTpyKTopbi 
nOA'beMHbIX KpaHOB JXOJiyKHhl XOpOUIO nOHHMaTb, HTO KpaHbi 
Ha caMOM A e jie  He hb jih io tch  ycnjiHTeJiHMH; ho Hcn0Jib30Ba- 
TeJIH KpaHOB JXOJ17KHH JXyuaTh O HHX KaK 0 AeHCTBHTeJIbHbIX 
yCHJIHTeJIHX.
14/3. T en ep b  HaM 6y.neT hcho, KaK paccMaTpHBaTb Bonpoc 
06 ycHJieHHH peryjiHpoBaHHH. f lp n  npoeKTHpoBaHHH (b  s to h  
r jia B e ) Mbi zioji>KHbi hcho noHHMaTb, h to  npoeKTHpoBiUHK



na caMOM nene  C03/iaeT TOJibKO donoAnenue, o6Kpa#biBafl 
KaKOH-HHSy^b Jierxo AocTynHbift h o6HJibHbift hctomhhk. 
OAHaKo, HaqaB Hcnojib30BaTb hctomhhk (s to  ne jio  6yny- 
m ero ), oh 3a6yneT 06 stom 06cT0HTeJibCTBe h 6yjxeT 3HaTb 
TOJibKO, hto oh, npoeKTHpoBUj,HK, HanoMHHaeT Tenepb pa6o- 
qero, ocHameiiHoro opy^HHMH, npHBOAHMbiMH b ABiDKeHHe 
noeropoHHeH MomHocTbio, h cnoco6Horo BbiriojiHHTb 3a- 
jlanu, He/iocTynHbie /yin HeocHameHHoro pa 6oqero.
14/4. PeayAupoeanue a ebi6op. B § 13/10 Mbi HaqajiH  pac- 
cMaTpHBaTb, K3KHM 06pa30M  mo>kho Bbi3BaTb pery jiH Top  
,(nepBOHaqa.abHO npHHHMaBUJHHCH 3a #aHHbiH) k aeftcTBH- 
TejibHOMy cymecTBOBaHHK) —  jih6o b BHjxe (^opM yjib i noBe- 
jieimn, co/repatam eH cn BHyTpH opraHH3M a (£2), KOTopoM y 
TpeSyeTCH pery jinpoB aH H e; jih6o b BH,ae MaTepnajibHOH Ma- 
niHHbi, KOTOpyK) opraiiHSM  c tp oh t, q T o 6bi OHa aeficTBO Bajia 
3a Hero. M b i BH^eJiH, hto KOAunecTBO T p eS yeM oro  npn stom  
npoeKTHpOBaHHH MOJKeT 6bITb H3MepeHO ( KOJIHMeCTBOM He- 
06X0^[HM0r 0 B b lS opa ) H HTO 3T0T Bbl6op  MO)KeT B HeKOTOpOM 
cM bicjie yeHjiHBaTbeH (§ 13/18). H toSm  s to  CTajio ncHee, 
paccMOTpHM 6o jie e  Henocpe^cTBeHHO oTHoinenHe Me)K/ry 
pery jinpoB aH H eM  h BbiSopoM, o c o 6eHHo b tom, mto i<a- 
caeTCH KOjinqecTBa HH(J)opMauHH hjih pa3noo6pa3H H . i^Ha- 
rpaM M a H enocpe^cTBeiiH b ix B03^eHCTBHH HMeeT b u r

H Mbi XOTHM 3HaTb, CKOJIbKO pa3H006pa3HH HJIH HH(})OpMa- 
UHH j ioJimeu  n epe^aB aTb  KaHaji Memjiy  np0eKTHp0Bin,HK0M 
h pery jiH TopoM .

CymecTBeHHbiM r jm  H3r0T0BJieHHH peryjiHTopa h b jih c tch  
Bbi6op. B o t  Tpn npHMepa.

f l j i f l  n ep B oro  H3 paccMOTpeHHbix h b m h  p e ry jiH T op oo  
(§ 11/3) Mbi noJiyqnjiH  npeo6pa30BaH H e

h 3 to  KO H KpeTH oe ( p e r y jm p y io m e e )  n p e o S p a s o B a H H e  Hy>KHo 
6 biJio Bbi6 p a T b  H3 M H o ^ e c T B a  Bcex B03M0>KHbix n p e o 6 p a 3 o -  
BaHHH, KOTOpbIX B flaHHOM C J iy^ae  HaCLIHTbIBaJIOCb 2 7

flp oe im upoea iuK Pezy/ifimop

C



(cp . ynp. 7/7/8). 3 jie cb  «H3r0T0BHTb p ery jiH T op » 03naqa;j0 
T0qH0 3aziaTb e ro , t .  e. BbiAeJiHTb H3 oc ia jib H b ix .

B § 13/12 Mbi Hcn0Jib30BajiH A p y ro n  m ctoa :  MauiHHa, 
cnoco6Han 6biTb p e ry j ia iop o M ,  SbiJia «cnpoeKTHpoBai-ia» n y 
TeM Bbi6opa HeKOToporo on peA ej ieH H oro  3HaqeHHH H3 mho- 
>KeCTB3 Bcex B03M0}KHbIX BXOAHbIX 3HaqeHHH.

TpeTHH MeTOA H3r0T0BjieHHH pe ry j iH Topa  c o c t o h t  b tom , 
MTo6bi co6 p aT b  e ro  H3 M eTajumqecKHx h n poqux  AeTajien , 
KaK MexaHHK H3r0T0BjiaeT BaHHy c TepMOCTaTOM. 3jiecb 
T3K>Ke Heo6xoAHM Bbi6op: neTajiH a o j i jk h h  Bbi6HpaTi>C5i 
(oTJiimaTbCH) H3 A p y rn x  B03Mo>KHbix npe^MeTOB h cn o co o  
c6opKH H COeAHHeHHH AOJI>KeH Bbl6npaTbCH H3 APyrHX, He- 
npaBHJibHbix cnoco6oB . H cn o j ib 3 yeM o e  npn s tom  Kojm qe-  
CTBO Bbl6opa MO>KHO H3MepHTb, H JIIOSOH Cnop, KaC3IOIH.HPIC51 
3Toro  H3MepeHHH, Mo>KeT 6biTb perneH no c n o co 6 y  §  13/11 
(cm. nocJieAHHH a 6 3 a u ) .

H 3 §  13/18 CJieAyeT, qTo ec jin  oKOHqaTeJibHbin peryjin- 
Top MO>i<eT 6biTb no jiyqeH  no STanaM (ecJiH Becb Bbi6op 
npoTeKaeT no  3TanaM), t o  c ym ecTB yeT  BO3M0>KH0CTb, q i o  
noAynenue MdAenbKoeo peayAHTopa n a  nepeoM dTane m o m c t  
noeecru  k 0K0m aTeAbH 0My co3dam ito 3HamiTeAbHo 6oAb- 
rneao peayAHTOpa ( t .  e. co  3HaqHTeJibHo Sojibuien molix- 
HOCTbK)), TaK qTo Becb npouecc o6Hapy>KHT ycHJienne.

H m ch h o  b s to m  cMbicJie CJieAyeT noHHMaTb «y cH jieH H e » 
peryjiHpoBaHHH. 3aKOH H eo6xoA H M oro  pa3Hoo6pa3HH, KaK 
h 3aKOH coxpaHeHHH 3HeprHH, a 6coJiK)THo B ocn pem aeT  Ka- 
Koe 6bi t o  hh SbiJio HenocpeACTBeHHoe h n pocToe  yB e jm qe- 
HHe, ho oh He B ocnpem aeT  Aonojm eHHH.
14/5. PaccMOTpHM HeKOTopbie npHMepu, b k o t o p h x  Aen- 
CTBHTejibHO o6HapyxcHBaeTCH TaKoe ycHJieHHe peryjinpoBa-
HH5I.

ripeAnOJIOXCHM, qTO BHeUIHHMH B03AeHCTBHHMH HBJIHIOTCST 
4)jnoKTyauHH HanpH>KeHHfl ceTH, KOTOpbie HAyT k an n apaTy , 
n pH H aA J ie^am eM y Q , co  cK opocTb io  coTeH b ceKyH Ay h 
yrpo^aK D T  ncnopTHTb s t o t  an n apaT . flon ycT H M , qTo pa3Ho- 
o6pa3He, o6Hapy>KHBaeMoe sthm h bo3achctbh5im h 3a c e 
KyHAy, 3HaqnTejibHo npeBCCxoAHT npon ycK H yio  cnoco6H ocTb  
3Toro  Q  KaK K aH ajia  cbh3h h BCJieACTBHe 3Toro  a jih  H ero 
HeB03MoxcHo p ery jin p oB aT b  hx HenocpeACTBeHHbiM jinqHbiM 
AencTBHeM. O AH aKo y  Hero HMeeTcn K aT a jio r  HeKoen 
(J)HpMbI, COAepJKaiHHH TpH apTHKyJIS:



1) TeJieBH3op,
2 ) CTa6HJiH3aTop HanpnateHHH,
3 ) n p eo 6p a3 0 B aT e j ib  qacTOTbi.

JIonycTH M , qTo nponycKH an cnocoSH ocTb  AaH H oro Q  no- 
3BOJineT eM y ocym ecTBH Tb noAxoAflm H H  BbiSop oA H oro  H3 
Tpex ; Tor\flta, e c jin  oh npoH3Be^eT s t o t  bm 6op , KOHeqHUM 
pe3yjibTaT0M  6yner to ,  4 to  HanpnateHHe ceTH, n ocTyn a io - 
m ee Ha e ro  an n apaT , 6yjxer CTa6HJiH3HpoBaHo. TaKHM 06- 
pa30M, TpH e ro  nepBOHaqajibHO B03M0>KHbix Bbi6op a  M oryT 
6 bITb npHBe/ieHbl B COOTBeTCTBHe C TpeM fl HCXO^aMH, OAHH 
H3 KOTOpbIX —  «CTa6HJIH3aUHH Hanpfl>KeHH5I CeTH».

P ery jin p oB aH H e, co3AaB aeM oe s to h  CTa6HJiH3auHefi (cK a - 
x^eM, b TeqeHHe r o A a ),  BKjnoqaeT 3HaqHTejibHo S o jibu iee  ko- 
jinqecTB o Bbi6o p a , qeM Bbi6op oA H oro  H cxoAa hs Tpex . G ne- 
zioBaTeJibHo, b x o Re B cero n p o u ecca  HM ejio M ecro hc- 
coMHeHHoe ycHJieHHe.

B 3tom  npHM epe Aonojm eH H e CTOJib oqeBHAHo h e ro  3a- 
BHCHMOCTb OT npoeKTHpyK)m eH  Cn0C06H0CTH (})HpMbI, npo- 
H3BOA^Hj,eH CTa6HJiH3aTopbi, HBJineTCH CTOJib K pnqam en , qTO 
y  qHTaTeJiH Momer noHBHTbcn }KeJiaHHe oTB eprayTb  s t o  
«ycH JieH H e», KaK He 3acjiy>KHBaioHj,ee cepbe3H oro  paccMO- 
TpeHHH. (O ^ H a K o  yKa3aHHan 3aBHCHMOCTb h b jih c tch  HHqyTb 
He S o jie e  K p n qam en , qeM 3aBHCHM0CTb MauiHHHCTa noAT>eM- 
H oro KpaHa o t  cooTB eTCTB yiom ero HCToqHHKa 3HeprHH.) 
B npoqeM , 3 to  Jinuib npeAeJibH bift—  b HeKOTopoM cMbicJie —  
cJiyqaft (Bbi6paHHbiH r jih  T oro , qT o 6bi noKa3aTb oah h  ko- 
Heu uiKaJibi). f lp y r n e  c jiyq a n  pacnoJio>KeHbi xia jibu ie no 
n iK a jie  h npeACTaBjiniOT SoJiee oS iu hh  HHTepec. IlpHHUHn, 
OAHaKO, OCTaeTCH HeH3MeHHbIM.

PaccMOTpHM Tenepb c jiyq a n , b k o to p om  Q T p e6yeT , 
q T o 6bi BaHHa B03Bpam aJiacb k onpeAeJieHHoft TeM n epaType ; 
TpeoyeTCH 100 TaKHX B03BpameHHH Ka>KAbift AeHb b Teqerm e 
u e jio ro  ro jia . 3 t o  03HaqaeT, q io  b 36 500 cJiyqaeB TeM nepa- 
Typa AOJi>KHa HcnpaBJiHTbcn nyTeM noBbimeHHH hjih noHH- 
>KeHHH, t .  e., CKa^KeM, n y ieM  Bbi6op a  b 1 6ht. B ee  BoJibuioe 
Bo3M ym eHHe ( §  13/8) HMeeT, TaKHM 06pa30M , p a 3H006p a 3He 
2365oo B03M0>KH0CTeH. BepoHTHO, Q  MOB 6bi n epeAaTb  3a ro A  
Bee yKa3aHHoe pa3H oo6pa3H e, ho HaxoAHT s t o  HeyAoSHUM., 
E c jih  e ro  p ecyp cb i n03B0JiHK)T eM y nocTpoH Tb TepM ocTaT 3a 
cqeT 3aTpaTbi, CKa>KeM, 1000 6h tob , to ,  c yqeTOM noBTope-



hhh b BoJibiuoM Bo3MymeHHH (§  13/9), aKT noAxoAflm ero 
Bbi6opa H3 1000 6h tob  6yAeT HMeTb cjieACTBHeM npaBHjib- 
HbiH BbiSop H3 36 500 6h tob . TaKHM 06pa30M, 6ynej HMeTb 
MecTO ycHjieHHe npHMepHo b 36 pa3 (b  Jiorapnc|)MHqecKOM 
MacmTa6e).

3 t o t  BTopoft npHMep Sojiee npHBbiqeH, qeM nepBbiH. T o t  
(J)aKT, qTO 3T0T MeTOA LUHpOKO npHMeHfleTCH Ha npaKTHKe, 
noKa3biBaeT, b KaKOH CTeneHH cqHTaiOT ero  3acjiy>KHBaio- 
iu h m  BHHMaHHH npaKTHqecKHe JIIOAH.

KoH eqH o, ycn jieH u e  h coS xoah m o AaJieKo He bo Bcex c jiy -  
qan x, h npaKTHqecKHH qeJiOBeK, npe>KAe qeM cTpOHTb Ma- 
uiHHy r jw  BbinoJiHeHHH KaKOH-TO p a 6oTbi, B cer^a  noABeAeT 
XOTH 6bl HHTyHTHBHblH SajiaHCI

CKOJibKO 6y ^ e i c t o h t b  Ckojibko 6y£eT CTOHTb
( b KaKOM-jmdo cMbicjie) c^ejiaTb sto caMOMy.
H3r0T0BjieHHe MauiHHbi,
BbinojiHHromeH 9Ty pa6oTy.

B 3 toh  rjiaBe paccMaTpHBaiOTcn KaK pa3 Te AeficTBH- 
TejibHbie KOJinqecTBa, c k o to p h m h  Mbi HMeeM AeJio, Kor^a 
Ham HHTepec cocpeAOToqeH Ha noAcqeTe T p e6yeMOH cba3h h 
BbiSopa.

B 3aKJIK)qeHHe paCCMOTpHM npHMep, B KOTOPOM B03M0>K- 
HocTb ycH.neHHH oqeBH^Ha h AaeT npaKTHqecKyio nojib3y. 
F IpeAnojioxcH M , qTo ABaAuaTb qeJiOBeK n o jiyqn jiH  3aAaHHe 
nozm epjKHBaTb b AByx T b ic^qax KOMHaT nocTOflHHyK) TeM- 
n ep a T yp y  h BJia}KH0CTb B03Ayxa. E c jih  b Ka>KAOH KOMHaTe 
HMeiOTCH cboh  ocoS b ie  cpe^cTB a ynpaBJieHHH, 3 th  ABaAuaTb 
qeJiOBeK M oryT  o 6Hapy>KHTb, qTo 3aA aqa  hm He no cHJiaM, 
TaK KaK 3THM JIIOA^M npHAeTCH KOMneHCHpOBaTb Bee aTMO- 
C(J)epHbie H3MeHeHH5i, HenocpeACTBeHHo on ep n p yn  c n p n 6o- 
paMH ynpaBjieHHH. O AH aKo M oryT  OKa3aTbC5i b HajinqHH h 
TaKHe ManiHHbi, qTo ec jin  Harnn AB^AUaTb qeJiOBeK CTaHyT 
MexaHHKaMH h S yA yT  AencTBOBaTb no oTHomeHHio k sthm  
MauiHHaM KaK p ery jiflT o p b i, t o  s th  MauiHHbi mo>kho SyAeT  
npHMeHHTb KaK aBTOMaTHqecKHe ycTaHOBKH jyjin k oh ah u h o- 
HHpOBaHHH B osA yxa . H  AaJiee M om er  cJiyqHTbcn, qTo ko jih - 
qecTBo peryjiHpoBaHHH, KOTopoe MexanHKH M oryT  o cym ecT - 
BJIHTb JIJ151 MauiHH, AOCTaTOqHO A<M TOrO, qT06bI MauiHHbi 
3(J)(J)eKTHBHO KOHTpOJIHpOBaJIH ABe TbICHqH KOMHaT. TaKHM 
o6pa3QM, p ery jin poB aH H e, H eocym ecTBH M oe 3a oah h  3Tan,



MosceT npn cooTBeTCTBytomnx ycjioBHHx 0Ka3aibCH ocym e- 
CTBHMbiM 3a j ib a 3Tana.

KoJinqecTBa CBH3H (nponycKHbie cn oco 6 HocrH KaHajiOB), 
Bdpeqaiom HecH  b sthx  npoueccax peryjiHpoBaHHH, MoryT 
6 biTb H3MepeHbi c jik )6oh >KejiaeMOH ToqHOCTbK), h mojkho 
ycTaHOBHTb TOMHyK) CTeneHb jiio 6oro  ycHJieHHH. TaKHM 06- 
pa30M, ecjin ycHJieHHe zieHCTBHTejibHO npoHcxo^HJio, to  pe- 
ajibHocTb 3Toro (J)aKTa Mo>KeT 6 biTb npo/ieMOHCTpHpoBaHa 
B (J)OpMe, He BbI3bIBaK)UXeH COMHeHHH.

OTKyzia (b  nocjieAHeM npHMepe) wnej AonojineHHe? Bo- 
o 6 me roBopa, o t  Bcex Apyrnx bxoaob. B npHBezieHHOM npH
Mepe T3KHMH BXO^aMH CJiy>KaT BCe OCTaJIbHbie (J)aKTOpbI, 
yqacTBOBaBHJHe b npoeKTHpoBaHHH h H3roTOBJieHHH MauiHH, 
a TaK>Ke caM a OKpy>KaK)maH cpe/ia, cooSmatoman MauiHHaM 
(a ne MexaHUKCLM! ) ,  KaKOBa TeMnepaTypa h BJia>KHocTb bo3- 
jiyxa b Ka>KAbiH momcht. B pe3yjibTaTe sth  hcto^hhkh hh- 
(}}opMauHH nrpaioT onpeAejieHHyio pojib b oKOH^aTeJibHOM 
peryjiHpoBaHHH, He Hcnojib3ya MexaHHKOB b KaqecTBe Ka- 
najia.

B npHBezieHHOM npHMepe o 6 napy)KHBatoTCH HBa ypoBHfl 
peryjiHpoBaHHH, ho HeT hhk3koh npnqHHbi, m o 6 bi hx ^hcjio 
orpaHHqHBa.aocb AB-yMH. Bpaq, nabmonaiouxm 3a hauihmh 
MexaHHK3MH H 3a6oTHmHHC5I 06 HX 3^0p0Bbe H pa60T0Cn0- 
coShocth, Mo>KeT c^HTaTb ce6 n, nocKOJibKy pe^b h ac t o kom- 
naTax, peryjiHTopoM TpeTbero nopaziKa. H e HMeeT CMbicJia 
npo^oji>KaTb npHMepbi, KOJib cKopo npuHUHn yme nceH, TeM 
6 ojiee m o  bo mhothx cjiyqanx pa3JinqHbie pery jim opb i, Be- 
Pohtho, He pacnojiaraiOTCH b npocTon HepapxHH.
14/6. ycuAenue e M033y. Tenepb Mbi MomeM c KOJinqecT- 
BeHHOH CTOpOHbl nOHflTb, noqeMy 3T0T KOCBeHHblH MeTO jx 
0Ka3ajicH Sojiee coBepuieHHbiM, noqeMy HMeHHo oh Hcnojib- 
3yeTCH TeMH opraHH3MaMH, KOTopbie 06jia^ai0T caMbiMii 
MouiHbiMH cpeziCTBaMH( peryjiHpoBaHHH. JXeJio b tom, m o  oh 
AonycKaeT ycHJieHHe.

H a 6 op renoB , KaK xpaH H jinm e h jih KaHaji pa3H ooopa- 
3hh, HMeeT orpaHimeHHyio nponycKHyio cnoco6 HOCTb. Bbi- 
>KHBaiOT npeHMymecTBeHHO Te BH£bi, KOTopbie HcnoJib3yK)T 
3Ty nponycKHyio cn0C0 6H0CTb 3^c|)eKTHBH0. OHa Mo>KeT 
HCH0JIb30BaTbCH npHMO HJIH KOCBeHHO.

np^M oe Hcn0Jib30BaHHe HMeeT m ccto , Kor^a na6 op re- 
hob Henocpe^cTBeHHo onpe^eJifleT p ery jim op . P e ry jim op  H3-



roTOBJiaeTca (eme b S M gp n oH e ), h opraHH3M >KHBeT, OTBe- 
q a h Ha Ka>KAoe B03MymeHHe TaK, KaK o n p eA e jm ji n a 6op  
reHOB. YcHJieHHe 3Aecb He HMeeT MecTa [c Haineft Tenepem- 
iieft t o h kpi 3peHH5i; x o th  TaKoe peryjinpoBaHHe Bee >Ke 

A aeT HeKOTopoe npeHMymecTBO (§ 13/9), ecjin B03- 
MymeHHH nacTo noBTopniOTCH 3a BpeMH >kh3hh o p ra -  
MH3Ma],

KocBeHHoe Hcn0Jib30BaHHe HMeeT MecTO TorAa, KorAa 
HaSop renoB onpeneJineT nocTpoeHHe HeKOToporo peryjifl- 
Topa R i, HeHCTBiie KOTOporo ao ji^kho npHBecrn k no- 
CTpoeHHio rjiaBHoro peryjiaropa R2, —  oco6eHHo ecjin sto t 
npouecc npoxo^H T  qepe3 HecK0JibK0 nopn^KOB hjih  ypoB- 

Heft. n PH HOCTH>KeHHH 0K0HqaTejibH0r0 peryjinpoBaHHe no 
3TanaM noflBjineTCH BO3M0>KH0CTb AonoJiHeHHH b SoJibmnx 
MacuiTa6ax h TeM caMbiM B03M0>KH0CTb Toro, hto OKOHqa- 

TejibHoe peryjinpoBaHHe 6yjxej 3HaqHTeJibHo 6ojiee mohi- 
hhm, qeM pery jinpoB aH H e, KOTopoe HenocpeACTBeHHo Morjio 
6biTb o6ecneqeHo Ha6opoM renoB.

Hchmh npnMep Toro, KaK oahh peryjiHTop Mo>Kei cbo- 

HMH AeHCTBHHMH npHBtCTH K B03HHKH0BeHHK) ApyrOTO pe- 
ryjiHTopa, npHBOAHJicsi b § 12/15. CTpoHJiacb qacTb B roMeo- 
cTaTa, KOTopan CTaHOBHJiacb nepBOHaqajibHbiM peryjmTO- 
poM R i. Coe/iHHeHHafl c qacTbio A, OHa AeftcTBOBaJia TaK, 

qTo6bi qacTb A cTaHOBHJiacb ycToftqHBoft TOjibKO npn ueH- 
TpajibHOM nojio>KeHHH ee CTpejioK. KorAa sto AOCTHrajiocb, 
A iiaqnHajia AeftcTBOBaTb KaK peryjiHTop R2 no 0TH0me- 
HHK) K TeM B03MymeHHHM, KOTOpbie MOrJIH 6bl 3aCT3BHTb 
CTpeJiKH oTKJioHHTbCH. Xoth b 3tom npHMepe peryjiHTop R2 

HCKjiioqHTeJibHo npocT, b npnnuHne HHqTO He OTAejmeT 

stot cjiyqan ot Tex cjiyqaeB, KorAa peryjiHTop R2 HMeeT 
JHo6yio CTeneHb cjio>khocth.

MeTO/i AOCTH^eHHH peryjiHpoBaHHH 3a jxbz srana, KorAa 

naSop reHOB cosAaeT Ri, a R\ co3AaeT R2, xapaKTepeH rjih 
MJieKonHTaiomnx, y KOTopbix HaSop renoB, AeftcTBya na 

M03r 3M6pHOHa, onpeAeJineT pa3BHTHe, k MoMeHTy po>KAe- 
HHH, HeKOTOpbIX OCHOBHbIX peryjIHTOpOB R 1, AeHCTBHe KO- 
Topbix He npHHOCHT opraHH3My HenocpeACTBeHHOH BbiroAbi. 

OAHaKo c MOMeHTa po>KAeHHfl ohh AencTByiOT Ha Kopy ro- 
jiOBHoro M03ra TaK, qToSbi pa3BHTb b Heft o6mHpHbift pe- 
ryj inpy io iuH ft MexaHH3M R2, KOTOpblH, ko BpeMeHH Ha- 
CTynjieHHH 3peJiocTH, 6yAeT ropa3Ao JiyquiHM peryjiHTopoM



( t . e. Sy^eT HMeTb SoJibmyto MomHocTb), qeM t o t , k o t o ph h  
Mor 6bi 6biTb co3AaH npHMbiM AefiCTBHeM HaSopa reHOB.

OTKy/ia h c x o a h t  Aonojm eHHe? H 3 c jiyqaftHbix h c t o ^ h h -  
KOB, KaK B § 12/15, H H3 C3 M0 H OKpy>KaiOUJ,eH CpeAbl! H 60 
HMeHHo O K p y ^ a ro m e f i  cp eA e  npHxoAHTcn b 3HaqHTeJibHoft 
CTeneHH onpeAeJiflTb, KaK S y^eT  AencTBOBaTb opraHH3M„  

TaKHM 0 6 p a 3 0 M, H aS op  reHOB h o K p y a ta io m a n  cp eA a  BMe-  
CTe yqacTByiOT b (J)opMHpoBaHHH B3pocJioro opraH H3M a, h, 
cjieAOBaTeJibHo, KOJiHqecTBO npoeKTHpOBaHHH, H Aym ero  o t  

n a S o p a  reHOB, AonojmneTCfl npoeKTHpoBaHHeM, HAymHM  

(b  KaqecTBe pa3Hoo6pa3H5i h HH(J)opMauHH) o t  o K pya ta io -  

m en cpezibi. B o t  noqeM y  B3pocJibifi opraHH3M b KOHeqHOM 

cqeTe o f iH a p y ^ H B a e T  6ojihmyio cnocodH ocTb  p e ry jm p o B a -  
hhh, qeM Ta, KOTopan M orjia  6 bi o n peA e jm T bcn  oahhm  Ha-  
6 opoM reHOB. TaKHM 0 6 p a 3 0 M, ycHJieHHe pery jiHpoBaHHH ne  

HBJineTCH qeM-To h o bh m , h 6 o Bbicmne >KHBOTHbie, KoTopbie  
npncnocaSjiHBaiOTCH nyTeM oSyqeHHH, jxabh o  y>Ke o t k p h j ih
3T0T MeTOA.

ITejib3H jih eme Sojiee yBeJinqHTb s to  ycHJieHHe? A  ecjin  

A a, t o  He Mo>KeM jih Mbi Hcn0Jib30BaTb HMeioiunecH y  Hac  
cnocoSHocTH peryjiHpoBaHHH, qToSbi co3AaTb  So jiee  bhcoko 
pa3BHTbiH pery jiH Top, 3HaqHTeJibHo npeBOCxoAflm nn qe jio -  
BeqecKHe c n o € o 6 HocTH? P ery j iH Top ,  k o to p h h  6 bi p e ry j in p o -  

Baji pa3JiHqHbie necoBepmeHCTBa Harnero o 6 mecTBa, hbjiaio- 
merocH  no oTHomeHHio k HaM oqeHb Sojib iuofl  CHCTeMOH? 

14/7. VcuAenue yMCTeeunbix cnocodnocTeu. 3ra  KHHra 3a -  

A yM a H a  KaK BBeAeHHe, h Ha npoTH ^eH H H  ABeHaAUaTH r j i a s  
s t o t  3aMbiceji BbiAep^KHBajicH. B nocjieAHHX A Byx  rJiaBax,  
GAHaKo, npeAM eT pa3BHBajicn HecK0 JibK0 cneKyjiHTHBHO, o t-  
qacTH a j ih  Toro , qTo 6 bi AaTb  qHTaTejiio  nonpaKTHKOBaTbcsi  
b npHMeHeHHH paH ee  H3Jio>KeHHbix m c to a o b ,  oTqacTH >Ke 

AJifl Toro, qTo 6 bi noKa3aTb oTKpbiBaiomHecn BnepeAH 3 a x B a -  
TbraaiomHe nepcneKTHBbi.

B § 13/18 Mbi BHAejiH, qTO Bbi6 op  mo>kho ycHJiHBaTb.  
A «p e m eH H e  3 a A a q »  b ochobhom, ecJiH He Bceuejio, ecTb  

B on poc  HaAJieatam ero  Bbi6 op a .  Bo3bM eM , HanpHMep, jiio6oh  
nonyjinpHbift c 6 opHHK 3aA aq  h 3araAOK. EIoqTH Ka>KAyio H3 
hhx mo>kiio CBecTH k cJieAyiomefi $ o p M e :  «YKa>KHTe oahh 
SJieMeHT H3 HeKOTOpOTO MHO>KeCTBa.» TaK , H3 Bcex B0 3M02K- 
Hbix KOJinqecTB hSjiok, KoTopbie M oryT  6 biTb b cyMKe  
y JXiKona, Mbi AOJi>KHbi Bbi6 paTb  oaho onpeAeJieHHoe kojih-



qeCTBO; HJIH H3 B cex B03M0>KHbIX JIHHHH, KOTOpbie MO>KHO 
npOBecTH K apaH ^am oM  Mepe3 onpe/iejieHHbiM 06pa30M  p ac- 
nojio^KeHHbie tom kh, Hy>KHo Bbi6paTb ORHy; hjih  H3 Bcex 
B03M0>KHbix pacnpeziejieHHH 6yKB no naHHOMy MHO>KecTBy 
MeCT Ha^O BblSpaTb OZIHO. B ^eHCTBHTeJIbHOCTH Tpy^HO 
npeixcTaBHTb ce6e 3a#aMy — 6e3pa3JiHMH0, m yroM Hyio h jih  
cepbe3H yio , —  jx jm  pemeHHH k o to p o h  b kohcmhom CMeTe He 
6bIJI 6bl H eoSxo^HM  H AOCTaTOMeH HeKOTOpblH no^XOAHIUHH 
Bbi6op ( o t 6 o p ) .

HcHO TBK>Ke, MTO MHOTHe H3 TeCTOB, npHMeHHeMblX AJIH 
H3MepeHHH «yMCTBeHHbIX CnOC06HOCTeH», H3Mep5HOT no cy - 
m ecTB y cnocoSH ocTb  H cnbiTyeM oro npoH3Bo/i;HTb no#xo,aH- 
IH.HH BbiSop. H an pH M ep , npn o^hom  H3 t c c t o b  p e 6eHKy no- 
Ka3biBaiOT KaKOH-HH6y^b  o 6biMHbiH npeziM eT h cnpauiHBaiOT 
e ro  na3BaHHe —  H3 Bcex cjiob  peSeHOK nojimen  BbiSpaTb 
Hy>KHoe. n p n  n p yroM  TecTe peSeHKa cnpauiHBaiOT, KaK 6bi 
OH CTajI HCK3Tb MHMHK Ha nOJie, —  H30 Bcex B03MO>KHbIX 
nyTen  peSeHOK AOJi>KeH o T o 6paTb o/ihh cpe^H  HeM Hornx 
nO^XO^HIUHX. TaKHM 06pa30M , HeJIb3H CMHTaTb HeB03M0>K- 
HblM, MTO TO, MTO 06bIMH0 Ha3bIBaiOT «yMCTBeHHbIMH CnO- 
COShOCTHMH», OKa^eTCH SKBHBaJICHTHblM «C n 0C06H0CTH 
no/ixoziH m ero Bbi6o p a » .  B caMOM neJie, ecjiH  6bi «ro B o p n - 
iuhh MepHbift h i ixhk» o 6Hapy>KHBaji 6o jib m y io  cnocoSH ocTb 
k no^xo/iH m eM y Bbi6o p y  b t s k h x  ^ e j ia x  —  HanpHMep, n o jiy -  
Man Tpy^H b ie  3a£aMH, B cer^a  n aB a ji 6bi npaBHJibHbie o t -  
BeTbl, —  TO Mbi Bpfl£  JIH MOTJIH 6bl OTpHUaTb, MTO C TOMKH
3peHHH noeedenun  oh o6Hapy>KHBaeT SKBHBajieHT «6 o jib -  
ihhx yMCTBeHHbix cn oco6H ocTeH ».

E cjih s t o  TaK  h nocKOjibKy Mbi 3HaeM, mto  cnocogH ocTb  
Bbl6opa MO>KeT yCHJIHBaTbCfl, TO OTCIO^a, nO-BH^HMOMy, 
CJie^yeT, mto  M om b HHTeJiJieKTa, no/ioSHo m oiijh  (J)H3HMe- 
CKOH, MO>KeT yCHJIHBaTbCH. H yCTb HHKTO He TOBOpHT, MTO 
3Toro  HeJib3H CAeJiaTb, h 6 o HaSopbi reHOB AejiaiOT s to  Ka>K- 
jxbin pa3, K or^ a  ohh  (J)opMHpyK)T M03r; pa3BHBaacb, M03r 
CTaHOBHTCH 6oJiee coBepmeHHbiM opraHOM , MeM s to  b o 3 -  

m o >k h o  npn npHMOM onpeAeJieHHH B cex e ro  A e ra jie n  H a6o- 
poM reHOB. H oB a  3#ecb jm n ib  M bicjib, mto  Mbi m ojkcm  ne- 
JiaTb 3T0 CHHTeTHMeCKH, C03HaTeJIbH0, HaMepeHHO.

Ho Ha 3T0M KHHra £OJI>KHa 3aKOHMHTbCH; 3TO y>Ke He 
npe^M eT a  jih  H am ero  «BBe£eHH5i b KH6epneTH Ky».





0BT>5ICHEHHE HEKOTOPbIX TEPMHHOB

B Tencre «BBejteHHH b KH6epneTHKy» q a c ro  BcTpe^afOTca TepMHHbf 
«a6co jiK m iaH  CHCTeMa», «roM eod a3 H C », «yjibTpaycTOHqHBOCTb». F lpefl- 
nojiaraeTCH, m o  ohh H3BecTHbi HHTaieJiio H3 khhth «ycTpoficTBO  M 03ra» 
Toro me aBTopa. B HacTOHiueM npnjio>KeHHH, cociaBJieHHOM nepesofl- 
MHKOM, AaeTCH pa31)HCHeHHe 3THX TepMHHOB.

ABCOJIKDTHAH CHCTEM A

CorjiacHO «ycipoficTBy M03ra», BCHKan CHCTeMa npeflCTaBJineT co- 
6oh neKOTOpyK) c0B0KynH0CTb nepeMeHHbix h H3yqaeTCH nocpe^cTBOM 
npHMeHeHHH k Hen Tan iia3biBaeMoft «ochobhoh onepauHH» (primary 
operation). OcHOBHan onepauHH coctoht b tom, hto 3KcnepHMeHTaT0p* 
Hcnojib3yn cbok) cn0C06H0CTb ynpaBJieHHH, npHBO^HT nepeMeHHbie flaH- 
hoh CHCTeMbi b HenoTopoe COCTOHHHe (onpe,nejiHeMoe Kan c030KyiiH0CTb 
^hcjiobhx 3HaweHHH, KoTopbie nepeMeHHbie CHCTeMbi HMeioT b flaHHbin 
MOMeHT) h 3aTeM OAHOBpeMeHHO ocBo6o>K,aaeT hx. FIocjieziOBaTejib- 
HOCTb COCTOHHHH, npHHHMaeMblX HOCJie STOrO CHCTeMOH, Ha3bIBaeTCH ee 
jiHHHeu noBe^eHMH.

Ecjih npn n0BT0piibix npHMeneHHHX ochobhoh onepauHH k flaHHOH 
CHCTeMe o6Hapy>KHBaeTCH, mo Bee jihhhh noBe/ieHHH CHCTeMbi nocjie 
HeKOTOpOrO COCTOHHHH 5  OflHfiaKOBbl, He3aBHCHMO OT Toro, KaKHM ny- 
TeM CHCTeMa npHiiuia b COCTOHHHe S, h ecjin to  >Ke caMoe cnpaBe^JiHBO 
h ajih jihhhh noBe^eHHH nocjie Kamjxoro H3 coctohhhh o', 5", . . .
CHCTeMbi, TO CHCTeMa Ha3bIBaeTCH a()COJIK)THOM.

OTCioAa cjie,ayeT, *rro b a6cojnoTHOH CHCTeMe HajiH^ne HeKOToporo 
coctohhhh BnoJiHe onpe^ejineT nocjieflyiomyio jihhhio noBe^enHH ch- 
CTeMbl.

rOM EOCTA3HC

rioHHTHe roMeocTaaHca, BBe/ieHHoe H3BecTHbiM aMepHKaHCKHM (Jw- 
snoJioroM KeHHOHOM, othochtch k fleHTeJibHOCTH npHpojK^eHHbix Mexa- 
HH3MOB >KHBOTHbix, xapaKTepH3yiomeHCH cjieayiomHMH qepTaMn:
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1) KajKAufi MexaHH3M «npHcnoco6jieH» k CBoefi uejw;
2) uejibio ero HBJineTCH noiiziepwaHHe sHaqenHfi HenoTopbix cyme- 

CTBeHHbix nepeMeHHbix BnyTpH (})H3H0ji0rHqecKH nonycTHMbix rpaHHu;
3) ncmH Bee noBe^eHHe BereTaTHBHOH nepBHOH CHCTeMbl >khbot- 

Horo 06ycji0BJieH0 sthmh MexaHH3M3MH.
ripHMepaMH MoryT cJiy>KHTb MexaHH3Mbi no/uepJKaHHfl b onpeae- 

JieHHbix npeziejiax T3khx bcjihmmh, KaK KOimeHTpauHH rjiK)K03bi b kpobh , 
BHyTpeHHHH TeMnepaTypa TenjionpOBHoro jkhbothoto, ocBemeHnocTb ceT- 
MaTKH h t . n.

Ecjih OTKJia^biBaTb Ha ocax KoopziHHaT 3HaqeHHH nepeMeHHbix 
CHCTeMbl, TO TOMKa B 06pa30BaHH0M T3KHM 06pa30M (|)a30B0M npOCTpaH- 

CTBe, KOOp^HHaTbl KOTOpofi COOTBeTCTBeHHO paBHbl ZiaHHblM 3H3HeHHHM 

nepeMeHHbix, 6y.neT c00TBeTCTB0BaTb HeK0T0p0My coctohhhio cncTeMhi. 

O Ha  na3biBaeTCH npe/iCTaBjifliomeH tohkoS JIhhhh HBHweHHH npea-

CT3BJlHK)Uiefl TOMKH B ())a30B0M npOCTp3HCTBe 6yneT COOTBeTCTBOBaTb 
.jihhhh noBe^eHHfl CHCTeMbl. CncTeMa n nepeMeHHbix 6y,aeT, omcbhaho, 
'HMeTb «-MepHoe c))a30B0e np0CTpaHCTB0. llojieM cncTeMu Ha3biBaeTca 
'OtfjiacTb c})a30Boro npocTpancTBa, coztepwamafl Bee jihhhh noBeaeHHH, 
KOTopbie 6yziyT odHapyweHbi, ecjiH ocBodoJK^aTb CHCTeMy H3 Bcex B03- 
'•MO>KHbix HaqajibHbix coctohhhh.

JThhhh nOBeaeHHH Ha3hmaeTCH ycTofimiBofi OTHOCHTejibHO AaHHofi 
o6jiacTH b c})a30B0M npocTpaHGTBe, ecjrn, HaqaBLUHCb BHyTpH stoA od- 
JiaCTH, OHa HHKOr^a He BbFHUeT H3 Hee. FlOJie yCTOHMHBO OTHOCHTejibHO 
.AamiOH oSjiscth, ecjiH Bee o6p33yioiu.He ero jihhhh noBe^eHHH ycTOH- 
MHBbl OTHOCHTejibHO Hee, T. e. eCJIH nojie UeJIHKOM COAep>KHTCH b stoh 
odjiacTH. CncTeM3 ycTOHMHB3 OTHOCHTejibHO ziaHHoft o^JiacTH, ecjiH ee 
nOJie yCTOHMHBO OTHOCHTejibHO 9TOH o6jiaCTH.

OqeBHAHo, mto hjih cymecTBOBaHHH opraHH3Ma He06x0AHM0, qTodbi 
ero cymecTBeHHbie nepeMenHbie yuepjKHBajmcb BHyTpn $ H3H0J10rHq6- 
ckhx rpaHHix (cm. § 10/4 HSCTonmefi khhth) ; t . e. CHCTeM3 cymecTBeH- 
iibix nepeMeHHbix noji>RHa 6biTb ycroHMHBa OTHOCHTejibHO odjiacTH, o6- 
pa30B3HH0H ^onycTHMbiMH 3HaqeHHHMH cymecTBeHHbix nepeMeHHbix.

riepeMCHHbie, He BXOAHmHe b CHCTeMy, Ha3biBaioTCH napaMeTpaMH. 
H3MeHeHHe napaMeTpa MOweT H3MeHHTb noJie cncTeMbi, tsk mto ch- 
CTeM3, K0T0p3H npn oahom 3H3MeHHH napaMeTpa 6biJia yctohhhboh ot- 
HOCHTeJibHO A3HHOH o^JiacTH, npH /ipyroM aHaweHHH napaMeTpa MOJKeT 
CT3Tb HeyCTOHMHBOH OTHOCHTejibHO 3TOH 06jiaCTH. B CJiyqae adcOJHOT- 
Hoft CHCTeMbl H3MeHeHHe ycTOHMHBOCTH MOJKeT 6biTb TOJibKo pe3yjib- 
tstom H3MeHeHH5i napsMeTpa.

CTyneHqaTOH (fryHKUHen Ha3biBaeTca (JjyHKUHH, H3MeHeHHH KOTopofl 
npOHCXOAHT CK3MK3MH, B TO BpeMH K3K MeJK^y CKaqK3MH ee 3HaqeHHe 
JIOCTOHHHO. rp3(J)HK CTyneHMaTOH (JjyHKUHH HMeeT bha:

y/IbTPAyCTO H M H BO CTb



ripHMepOM CTyneHqaTOH (j)yHKUHH mo>kct cjiyjKHTb conpoTueAenue abh- 
>k6hhk) nyjiH, npodnsaiom eH  nocAeAOBaTeAbno pa3JiH4Hbie npenHTCTBHH 
(AepeBo, M eia ju i, CTeKjio h t . jx .) .

CorJiacHo onpeneJieHHio adcoAioTHoft CHCTeMbi, noBe^eHHe Ka>KAofi 
nepeMeHHOfl B Ka>KAbIH MOMeHT 3aBHCHT OT COCTOHHHH CHCTeMbi, t. e. 
o t  3HaweHHH caMOH ynoMHHyToft nepeMeHHOH h A pyrn x  nepeMeHHbix 
CHCTeMbi b ziaHHbiH MOMeHT. Ecjih  KaKaH-TO nepeMe.HHan BeAeT cedn 
KaK cTyneHqaTan (JjyHKUHH, t o  Bee coctohhhh  CHCTeMbi pacna^aiOTCH Ha 
ABe rpynnbi: npn oah h x  coctohhhh x 3HaqeHHe s to h  CTyneHqaTofi $ Y HK“ 
UHH He H3MeHHeTCH, npH ApyrHX —  H3MeHHeTCH. FloCJieAHHe Ha3bIBaiOTCH 
KpHTHHeCKHMH COCTOHHHHMH. FIpH AOCTH)KeHHH CHCTeMOH KpHTHMeCKOTO 
COCTOHHHH 3H3qeHHe OAHOH H3 ee CTyneHqaTblX (j)yHKUHH H3MeHHeTCH, 
h s to  H3MeHeiine BJiHHeT na noBeAeHHe seen CHCTeMbi.

yjIbTpayCTOHHHBOH CHCTeMOH Ha3bIBaeTCH adCOAIOTHaH CHCTeMa, co- 
AepJKaman AOCTaToqHO doAbinoe mhcjio CTyneHqaTbix (JjyHKUHH, qTodbi 
mojkho dbuio CMHTaTb ero  npaKTHnecKH HeorpaHHMeHHbiM. Ee noBeAeHHe 
OTJinqaeTCH cjieAyiomHMH ocodeHHocTHMH. Ha30BeM nepeMeHHbie pac- 
CMaTpHBaeMOH CHCTeMbi, He HBAHIOLUHeCH CTyneHMaTblMH (JjyHKUHHMH, 
rjiaBHbiMH nepeweHHbiMH cucreMbr, ocTajibHbie nepeMeHHbie hbahiotch no 
OTHomeHHio k CHCTeMe rjiaBHbix nepeMeHHbix napaMeTpaMH. PaccMOTpHM 
nojie rjiaBHbix nepeMeHHbix, cooTBeTCTByiomee KaKHM-HHdyAb cJjhkchpo- 
BaHHbiM 3Ha^eHHHM ocTaJibHbix nepeMeHHbix. flonycTH M , qTo AaHHan 
AHHHH nOBeAeHHH CHCTeMbi HeyCTOHMHBa OTHOCHTeAbHO OfijiaCTH Bcex 
HeKpHTHMeCKHX COCTOHHHH, T. e. HTO OHH paHO HAH n03AH0 npHBeAeT 
K HeKOTOpOMy KpHTH^eCKOMy COCTOHHHH). T o rA a  H3MeHHTCH 3HaqeHHe 
KaK0H-T0 H3 CTyneHqaTbix cJjyHKUHH h cooTBeTCTBeHHo H3M6HHTCH noAe 
CHCTeMbi; ecAH H0B0e nojie TaKJKe dyAeT HeycT0HMHB0, to  npeACT3BAHio- 
m an ToqKa npHAeT k HOBOMy KpHTHqecKOMy coctohhh io  l ) ,  noAe CHOBa 
H3MeHHTCH h t .  a., noKa He o6pa3yeTCH noAe, b kotopom  npeACTaBAHio- 
m an ToqKa HHKorAa ne npHAeT b KpHTHqecKoe COCTOHHHe. TaKoe noAe 
dyAeT Ha3biBaTbCH OKOHnaTejibHbiM. M o>kho cKasaTb, mto b stom  cAy- 
qae CHCTeMa eu O u p aA a  Hy>KHoe noAe, OTdpacbiBan HeycTonqHBbie noAH 
h coxpaHHH ycTOHHHBoe 0K0HqaTeAbH0e noAe.

IlpHHUHn yAbTpaycToflHHBocTH 3aKAioqaeTCH b CAeAyiomeM: yAbTpa- 
ycToftqHBaH CHCTeMa AeficTByeT ceAeKTHBHo no OTHomeHHio k noAHM 
TAaBHbix nepeMeHHbix, OTBepran Te, KOTOpbie BeAyT npeACTaBAHiomyio 
ToqKy k KpHTHqecKOMy coctohhh io , h coxpaunn Te, KOTOpbie s t o t o  He 
AonycKaioT.

KoHeqHO, mo^kho npeACTaBHTb cede CAyqan, KorAa noAe b ueAOM 
HeycTOHqHBO (t .  e. He Bee ero ahhhh noseAeHHH ycToftqHBbi), ho Ta 
ahhhh noBeAeHHH, no kotopoh AencTBHTeAbHO HAeT npeAciaBAHiomaH 
ToqKa, ycTonqHBa. B stom CAyqae CHCTeMa, Boodme r0B0pH, He npHAeT 
b KpHTHqecKoe COCTOHHHe. Ecah, OAHaKO, peqb HAeT o peaAbHbfx ch- 
CTeMax, to  Hy>KHO yqHTbmarb, qTo ohh decnpepbiBHo HcnbiTbmaioT 
HedoAbuine cjiyqafiHbie B03MymeHHH, nOCTOHHHO CMemaiomHe npeACTa- 
BAHiomyio ToqKy Ha coceAHne ahhhh noBeAeHHH. riosTOMy mojkho cqn- 
TaTb, qTO b HeycTOHqHBOM noAe npeACTaBAHioman ToqKa iioa bahhhhcm 
B03MymeHHH b KOHue kohuob nonaAeT Ha OAny us ero HeycTOHHHBWX 
TpaeKTopHH h npHAeT k KpnTHHecKOMy coctohhhiq,



3aMeTHM, m o  yjibTpaycToftqHBaH CHCTeMa hbjihctch a 6c0JH0TH0H 
TOJibKO b tom  cjiyqae , ecjin  b Hee BKJiioqaioTCH KaK rjiaBHbie nepeMeH
Hbie, TaK h CTyneHqaTbie (JjyHKUHH; CHCTeMa >Ke, o6pa30BaHHan oahhmh 
rJiaBHbiMH nepeMeHHbiMH, He hb jihctch aficojiioTHon, nocKOJibKy jihhhh 
noseAeHHH ee nocjie o j w o r o  h t o t o  H<e coctohhhh  MoryT 6biTb pa3Jinq-
HblMH, B 3aBHCHM0CTH OT 3Ha*ieHHH CTyneHMaTbIX c})yHKUHH.

Ecjih  paccMaTpHBaeMOH chctcm oh hb jihctch  opraHH3M BMecTe c ero  
c p e flO H , TaK qTO ero  cymecTBeHHbie nepeMeHHbie b x oa h t b hhcjio rjiaB- 
Hbix nepeMeHHbix, h ecjiH KpHTHnecKHe coctohhhh  ero CTyneHqaTbix 
(JjyHKUHH jie>KaT BHyTpn (J)H3H0Ji0rHqecKHx rpaHHu, o6pa3yn 6apbep 
(TaK mto, npe>KAe qeM npHHTH b (jDH3H0Ji0rHqecKH HeflonycTHMoe co- 
CTOHHHe, CHCTeMa AOJI>KHa npOHTH KaKOe-TO KpHTHMeCKOe COCTOHHHe), 
t o  Mbi nojiyqHM cJie/iyiomyio KapTHHy: H3MeneHHe HeKOToporo napa^ 
MeTpa (cooTBeTCTByiom ee H3MeHeHHio BHeuiHHX ycJioBHH) AeJiaeT ch- 
CTeMy HeycTofiHHBOH, TaK t t o  cymecTBeHHbie nepeMeHHbie rpo3HT b h h th  
H3 $H3H0J10rHMeCKHX TpaHHU; OAHaKO npH 9T0M CHCTeMa npHXOAHT 
b KpHTH^ecKoe COCTOHHHe, H3MeHHioiuee 3HaqeHHe ee cTyneHwaTbix 
<j)yHKUHH; Ha^HHaeTCH npouecc OT6opa nojien (cooTBeTCTBeHHo cnoco- 
6 0 B nOBeAeHHH), KOTOpblH 3aKaH4HBaeTCH HaXO>KAeHHeM yCTOHHHBOrO 
nojiH ( t .  e. cnoco6a  noBeaeHHH, otfecne^iHBaiomero coxpaHHOCTb op ra - 
HH3Ma) .

TaKHM 06pa30M, yjibTpaycTOH^HBOCTb, rp y6o roBopn, CooTBeTCTByeT 
npHcn0C06jiHeM0CTH Ha bw cokom  ypoBHe, BKJiioMan otfyqeHHe ( b stom  
cjiyqae H3MeHeHHe CTyneHMaTbix (JjyHKUHH CooTBeTCTByeT H3MeHeHHio 
^PObhh o6yqeHHH).



B cBoen KHHre «ycTpoftcTBO M03ra» y . Pocc 3iu6h Aaji onncaHHe 
CK0 HCTpyHp0 BaHH0 r0  hm npn^opa, TaK Ha3biBaeMoro «roMeocTaia». llo - 
CKOJibKy roMeocTaT nacTO ynoMHHaeTca b KH6epHeTHwecKOH JiHTepaType, 
B TOM HHCJie H B HaCTOflmeM «BBeAeHHH B KH6epHeTHKy», penaKUHH 
coHJia ueJiecoo6pa3HbiM 0 ny6 jiHK0 BaTb npHBeAeHHbift HH>Ke nepeBOA 
§ 8 / 8  H3 KHHrn «ycTp0 HCTB0  M03ra», coAep>Kamero onncaHHe roMeo- 
cTaTa1). HyMepauHH pncyHKOB no cpaBHeHHio c opHrHHajiOM HecKOJibKO 
H3MeHeHa.

rOMEOCTAT

JXo chx nop paccMOTpeHne CTyneH^aTbix ^YHKunfi h yjibTpaycTOH- 
4HB0CTH 6blJ10 HHCTO JlOrĤ eCKHM. HT06bI OtfeCneHHTb 06l)6KTHBHyK) H 
H63aBHCHMyio npoBepKy npHBefleHHbix Bbirne paccyjKAeHHii, 6biJia no- 
CTpoeHa MauiHHa, yAOBJieTBOpaiomaH onpeAeJieHHio yjibTpaycTOHqHBOH 
CHCTeMbl. B HacToameM naparpa^e Mbi onmueM 3Ty MaiiiHHy h noKa- 
}KeM, HacKOJibKO ee noBeAeHHe CooTBeTCTByeT npeACKa3aHHio, cAeJiaH-
HOMy b npe^biAymeM naparpa^e.

TOMeOCTaT (pHC. n /1) COCTOHT H3 HeTbipeX 6JIOKOB, Ha KaJKAOM 
H3 KOTOpbix CBepxy pacnojiojKeH noBOpanHBaiomHHCH MarHHT 
(pnc. FI/2, M  Ha pnc. n/3). yrjioBbie 0TKJi0HeHHH MeTbipex MarHHTOB 
ot ueHTpaJibHbix nojiojKeHHH npeACTaBJiHioT co6oft qeTbipe rJiaBHbie 
nepeMeHHbie.

KoHCTpyKUHio roMeocTaia Mbi onniueM b HecKOJibKO 3TanOB. HawHeM 
c Toro, hto H a rb in  6jiok AaeT Ha cBoeM BbixoAe nocToaHUbiH tok, 
nponopuHOHaJibHbift OTKJiOHeHHK) MarHHTa SToro 6jiOKa ot ueHTpajibr 
Horo nojiojKeHHH. Bhxoa ynpaBJiaeTca cjieAyiomuM 06pa30M. Flepe^ 
Ka>KAbiM MarHHTOM ctoht cocyA c boaoh h o  KOHuaM cocyAa pacno- 
jio>KeHbi sjieKTpOAbi, KOTOpbie cosAaioT b cocyAe pa3HOCTb noTeHuna- 
jiob. K MarHHTy npmcpenjieH npOBOA, norpyjKeHHbin b BOAy, KOTOpblH 
ciiHMaeT noTeHunaJi, 3aBHcamHH ot nojio>KeHHH MarHHTa, h nepeAaeT

! ) C m. TaK^Ke CTaTbio 3ui6i? b >KypHaJie <<Electronic Engineer 
riiig».



ero Ha ceTKy Tpnozia. Hcto^ihhk J cosnaer ano^Hbifi noTeHunaji 
b 150 6, a noTeHunaji b TOMKe H paBeH 180 a  TaKHM 06pa30M, nepe3 
n0TeHUH0M6Tp E npoTeKaeT riocTOHHHbiH tok  onpeaeJieHnoH BeJiHMHHbi. 
Ecjih ceT04HL.iH noTeHunaji n03B0JineT npoieKaTb Mepe3 JiaMny TOKy b 
TO^HQrTH 3T0H BejiHHHHbi, to  Ha Bbixo^e coBceM ne 6y.aei TOKa. H o ecjin

P h c .  l l/ I .  roMeociaT. H a Ka>K^OM 6jiOKe cBepxy pacno- 
jio>KeHbi MarHHT h 06M0TKa, noK a3aHHbie Ha pnc. n/2.

BepXHHft p»A nepeK îOMaTe^efi, pacno./io>KeHHbix Ha nepe^Heii CTeHKe, 
ynpaBJiHeT riOTeHUHOMeTpaMH, cpeanHH pjiji — KOMMyTaTOpaMH, h hh>k- 

hhh psia — nepeKJUOqaTejiHMH S (cm phc. 11/3).

JiaMna nponycKaeT tok  6ojibiueH hjih MeHbiueH BejiHMHHbi, b bmxoahoh 
ixenn 6y,neT Te^b cooTBeTerByiomaH pa3H0CTb b oahom  HanpaBJieHHH 
hjih b ApyroM. TaKHM 06pa30M, npn Ha^Jie>KameH peryjinpoBKe E Bbi- 
xoahoh tok  6y^eT npn6jiH3HTejibH0 nponopuHOHajien OTKJioHeHHio Mar- 
HHTa M o t  ueHTpajibHoro nojio>KeHHH.

flajiee, 6jiokh coe^HHeHbi Me>K£y co6oh TaK, m o BbixoiiHOH tok 
Ka>KAoro 6jiOKa no/iaeTCH Ha TpH n p yrn x  6jioKa. B jiaronapn  3TOMy 
KajKAbiH 6jiok nojiyqaeT Mepe3 OTjiejibHbifi bxor tok ot Ka>Kfloro H3 
Tpex ocTajibHbix 6jiokob.

B x o a h  ^encTByioT Ha MarHHT 6jioKa qepe3 o6m otkh A, B h C 
TaK, m o  BpamaiomHH MOMeHT MarHHTa npH6jiH3HTe.abHo nponopuHOHa- 
jieH aJire6panqecKOH cyMMe tok ob  b A, B h C. (D T3K>Ke aencTByeT 
Ha M, KaK BHyTpeHHHH odpaTHan cBH3b.) Ho npe>K,ae neM AOCTHHb 
cB.oeft o6m otkh, . Ka^Ab ifi 3xojxhoh .to k  npoxo^HT qepe3 KOMMyra* 
Top (X) ,  KQTopbiH onpeAeJiĤ T nPJiapHQCTt? riQjiioc'QR qOmqtkh, h 4epe3



noTeHUHOMeip (P), K0T0pbiH onpefleJiaeT, Kanan qacTb Bxozmoro TOKa 
nona^eT b o6motky.

KaK T0JibK0 BKJiioqaT CHCTeMy, MarHHTbi HaiiHH3K)T nepeABHraibca 
6jiaroAap5i TOKaM o t  jxpymx 6jiokob. 3 th  £BH>KeHHH H3MeHHioT tokh, 
KoTopbie b cbok) o^epeflb hsmchhiot ABH>KeHHH, h t. M ojkho noKa- 
3aTb, nro npH HajiHMHH flocTaTOMHOH bh3Kocth b cocy/iax Hama CHCTeMa 
qeTbipex nepeMeHHbix —  noJioweHHH MarHHTOB —  HBJiaeTCH npn6jiH3H-

P h c . n/2. TnnHqHbiH MarHHT (cuneH onacTH ), 06-
MOTKa, OCb, ^BHiKOK H BOflHHOH nOTCHUHOMeTp C 9JieK- 

TpOflaMH Ha KaiKflOM KOHUe.
OSmotio qeTBepHaa h coctoht H3 MacTew A, B ,  C h D (pnc. n/3).

TeJIbHO a6c0JIK)TH0ft. KoMMyTaTOpbl H noTeHUHOMeTpbl HrpaiOT pOJIb 
napaMeipoB no OTHomeiinio k s to h  CHCTeMe.

Kor^a sthm napaMeipaM 3a^aeTCH onpe^eJieHHbiH Ha6op 3HaqeHHft, 
MarHHTbi Be^yT ce6n Bnojme onpeaejieHHbiM 06pa30M; h6o napaMeTpbi 
oripe^eJiHiOT nojie CHCTeMbi h TeM caMbiM ee jihhhh noBeAeHHH. Ecjih 
3to nojie ycTOH^HBO, to  qeTbipe MarHHTa nepe^BHraioTCH k ueHTpaJib- 
HOMy nojiojKeHHio, r,ne ohh 3Kthbho conpoTHBJiaioTCH jho6oh nonbiTKe 
CMecTHTb hx. Ecjih ohh CMeiueHbi, to  corJiacoBaHHoe AencTBHe B03- 
BpamaeT hx Ha3azi, k ueHTpy. flpyrn e  3HaHeHHH napaMeipoB MoryT, 
OAHaKO, flaBaTb HeycTonwHBocTb; b stom cjiyqae nponcxoflHT « 6ercTBO» 
(runaw ay) —  MarHHTbi yxoflHT o t ueHTpajibHbix nojiojKeHHft c B03- 
pacTaiomeH cKopocTbio

floKa Jinmb 6biJio n0Ka3aH0, ^to Hama cncTeMa ^eTbipex nepeMeH
Hbix HBJiaeTCfl AHHaMH^ecKOH, HMeeT flnarpaMMy nenocpeflCTBeHHbix 
B03AefiCTBHH, H3o6pa>KCHIiyiO Ha PHC. n/4, H HBJIHeTCH a6cOJUOTHOH.



Ee nojie 33bhcht o t  TpH^uaTH nByx napaMeTpOB X h P. OHa eme He 
HBjiaeTCfl yjibTpaycTOH^HBOH. OzmaKo BMecTO Toro, m to6 h  ynpaBjiHTb 
Bxo^HbiMH TOKaMH 6jiokob nocpeacTBOM peryjinpyeMbix Bpy*myio napa- 
MeTpoB, mo^kho npH noMomn nepeKJHoqaTeJieft S HanpaBJiHTb sth tokh 
qepe3 aHajiorn^Hbie noMnoHeHTbi, pa3MemeHHbie Ha BpamaTejibHOM 
HcnaTeJie (apyroe  na3BaHHe —  «maroBbiH nepeKJHOHaTejib») U. Bbi6op 
SHa^eHHH KOMriOHeHTOB b U  npe^HaMepeHHo caejiaH cJiy^aftHbiM: 6pa- 
JiHCb ^aKTHqecKHe qncJiOBbie 3HaqeHHH H3 « T a 6jinubi cjiy^aHHbix qnceJi»

Phc .  n/3. npHHunnHajibHaa cxeMa oahoto 6jiOKa (3HaqeHHe 6yKB 
06'bHCHeHQ B TeKCTe).

Onuiepa h HenTca. BcjieacTBHe Toro ^to K0Mn0HeHTbi n0,aM0HTHp0- 
BaHbi k  BpamaTeJibHbiM HCKaTeJiHM, BejiH^KHbi Hauinx napaMeTpOB 
onpê eJiHioTCH b jik)6oh momcht BpeMeHH nojio>KeHHeM BpamaTeJibHbix 
HCKaTeJieft. flBa^uaTb nHTb ho3huhh Ha keukjxom m  qeTbipex Bpama- 
TejibHbix HCKaTeJieft (no OflHOMy Ha Ka>KAbiH 6jiok) ofiecne^HBaioT 
390 625 KOM6HHauHH 3HaMeHHH napaMeTpOB. KpOMe Toro, o6MGTKa G 
Ka>KAoro Bpam aTejibHoro HCKaTejia B036y>KAaeTCH Toi\na h TOJibKO 
TOi\na, KOi\na MarHHT M otxoaht aaJieKO ot ueHTpaJibHoro nojiojKCHHH; 
h6o TOJibKO npH KpaHHeM OTKJIOHeHHH TOK Ha BblXO^e AOCTHraeT BejIH- 
HHHbi, AOCTaTOHHofl ajih B036y>KAeHHH pejie F, KOTopoe 3aMbiKaeT uenb 
o6motkh G. Oco6oe ycTponcTBO, He noKa3aHHoe Ha pncyHKe, pery- 
jihpho pa3pbmaeT uenb o6motkh G, 3acTaBJina BpamaTejibHwfi HCKaieJib 
nepe^BHraTbCH o t  no3HUHH k nosnuHH Bee BpeMH, noKa BO36y>KAeH0 
pejie /\



Tenepb CHCTeMa hbjihctch yjibTpaycTOHMHBOH. CooTBeTCTBHe ee 
onpe^eJieHHio yjibTpaycToftMHBocTH 6yjxeT n0Ka3aH0 ajih Ka>KAoro m  
rpex Tpe6oBaHHH. Bo-nepBbix, bch CHCTeMa, cocTonman Tenepb H3 
BOCbMH nepeMeHHbix (qeTbipe OTKJiOHeHHH MarHHTOB h weTbipe nojio>Ke- 
hhh BpamaTeJibHbix HCKaTejien), hbjihctch a6c0Jii0TH0H, nocmnbKy 
3HaqeHHH BOCbMH nepeMeiiHbix flocraTOMHO ajih onpe/ieJieHHH ee noBe- 
ZjeHHH. B0-BT0pbix, nepeMeHHbie MoryT 6biTb no/ieJieHbi Ha rjiaBHbie 
nepeMeHHbie (MeTbipe OTKJioneHHH MarHHTOB) h CTyneHMaTbie ^Yhkuhh 
(nepeMeHHbie, ynpaBJineMbie noJio}KeHHHMH BpamaTeJibHbix HCKaTejien). 
B-TpeTbHX, TaK KaK BpamaTejibHbie HCKaTeJiH o6ecneMHBaioT noMTH 
6ecK0HeiiH0e KOJIHMeCTBO 3HaMeHHH cryneHMaTbix c})yHKUHH (xoth He Bee 
H3 HHX pa3JIHMHbl), HaM He npHXO£HTCH yMHTblBaTb B03M0JKH0CTH TOTO, 
mto nepe6op H3MeHeHHfi cryneHMaTbix (f)yHKUHH npn^eT k Koimy. B ^o- 
6aBOK, KpHTHMeCKHe COCTOHHHH (OTKJIOHeHHH MarHHTOB, npH KOTOpbIX 
pejie B036y>KAeH0) pacnojio>KeHbi Bee okojio otkjio- 
HeHHH B 45°, TaK MTO B (})a30BOM npOCTpaHCTBe 
rjiaBHbix nepeMeHHbix ohh o6pa3yioT «Ky6» BOKpyr 
HanaJia KOop^HHaT.

Cjie^yeT 3aMeTHTb, mto ecjin HcnoJib3yioTCH 
TOJibKO oahh, flBa hjih TpH 6jioKa, to noJiyMaeMan 
CHCTeMa Bee eme 6yjxeT yjibTpaycTOHMHBOH. OHa 6y- 
AeT HMeTb COOTBeTCTBeHHO OAHy, ABe HJIH TpH TJiaB- 
Hbie nepeMeHHbie, ho noJiOHceHHH kphthmcckhx co- P h c. n/4.
CTOHHHH He H3MeHHTCa.

Tenepb Mbi MOJKeM npo^eMOHCTpHpOBaTb yjibTpaycTOHMHBOCTb 
noJiyMeHHOH CHCTeMbi. f l j in  npocTOTbi B03bMeM cHaMaJia oahh 6jiok 
c 06paTH0ft CBH3bio Ha ce6n Mepe3 e^HHCTBeHHyio ynpaBJineMyio HCKa- 
TeJieM 06M0TKy, HanpHMep Mepe3 A (o6motk3 D 3aKopaMHBaeTcn). 
B flaHHOM c jiyq ae  nepBan JKe OTpnuaTeJibHan HacTpoHKa HCKaTeJiH 
ziacT ycTOHMHBOCTb. H a pnc. n/5 noKa3aHa THnHMHan ocuHJiJiorpaMMa. 
CHanaJia CTyneHMaTbie $Yhkuhh ziaBajin ycTOHMHBOe nojie jxjm eflHH- 
CTBeHHOH rjiaBHOH nepeMeHHOH, h noHH>KeHHe b D i, Bbi3BaHHoe onepa* 
TOpOM, OTKJIOHHBUIHM Mai'HHT, Cpa3y >Ke KOppeKTHpOBaJiaCb CHCTeMOH^ 
TaK mto MarHHT B03BpaTHJicH b ueHTpajibHoe nojio>KeHHe. B TO'iKe Ri 
onepaTop nepeM eiw ji nojiHpnocTb coeflHHeiiHH Me>K^y bxoaom h Bbixo- 
jxom, AGJian CHCTeMy HeycTO#HHBOH. npn stom n.poH3omjio « 6ercTB0»> 
h MarHHT npom eji KpHTHMecKoe COCTOHHHe (noKa3aH,Hoe jiHHHeft, TOMeK). 
B pe3yjibTaTe RpamaTeJibHbift HCKaTejib H3MeHHji 3-HaMeHHe. F locjie 
3Toro nepBoe w e  H0B0e 3HaMeHHe fla jio  ycTOHMHBOe nojie, TaK mto; 
MarHHT B03BpaTHjicH b ueHTpajibHoe nojio>KeHHe. CMemeHHe b Z)2 noKa-. 
aaJio, mto CHCTeMa Tenepb ycTOHMHBa (xoth B03apameHHe nocjie Ry 
TSLKTae noKa3ajio sto)*.

B R2 nOJIHpHOCTb COeZUIHeHHH MeJK^y BXOJIOM H, BblXOHQM CHOBa. 
o6pamaeTCH. 3HaMeHHe BpamaTejibHoro HCKaTeJiH crajio Tenepb HenpH- 
ro^HbiM, nojie caejiajiocb HeycTOHMHBbiM, h nponsoiujio «6ercTBO». Ha' 
3tot pa3 TpH nojio>KeHHH BpamaTejibHoro HCKaTeJiH aajin tph nojin, 
OKa3aBiiiHecH HeycTOHMHBbiMH; Bee ohh 6biJiH OTBeprnyTbi. H o  MeTBep- 
Toe nojie 6biJio ycTOHMHBbiM, MarHHT BepHyjicn k ueirrpy, AaJibHeniuHX; 
H3MeHeHHH B HOJIOJKeHHH HCKaTeJiH He np0H30LUJ10, H e^HIICTBeHHaH 
TJiaBHan nepeMeHHan noJiyMHjia ycT0HMHB0e nojie. ycTofiMHsocTb SToro 
oqjih BHOBb 6bijia npoAeMoncTpHpoBaHa b Z>3.



Ha pnc. n/6 nona3aH Apyron SKcnepHMeHT, Ha s to t  pa3 c AByMH 
B3aHM0AGHCTByi0uj,HMH 6jiOKaMH. flnarpaMMa HenocpeACTBeHHbix boj-

epeMfi ----------- ►

P hc . n/5. rioBe^eHHe oAHoro 6jiOKa c oSpaTHofi
CBH3bio Ha ce6n qepe3 BpamaiejibHbiH HCKaiejib. 

BepxHHH jiHHHfl oTMenaeT no;iO}KeHHe MarHHTa, flBnweHHH koto- 
poro H3 CTOpOHM b CTopoHy 3anHCbiBaiOTCJi Kai< CMemeHHH BBepx 
H BHH3. HH}KHHH JIHHHJI (U) IIOKa3bIBaeT BCIIJieCKH BCflKHft pa3, 
Koraa Bpamaie^bHbiM HCKaTejib 3aHHMaeT H0B0e nojioweHHe. 
IlepBoe ABHJKeHne b Ka>K,aoft TOMKe D Bbi3biBaeTca 0nepaT0p0M, 
KOTOpblH TOJlKaeT MarHHT B OAHy CTOpOHy, MT06bI 3aCT3BHTb ero 

npOfleMOHCTpHpOBaTb OTBeT.

AencTBHH 6biJia 1 2 :2 ; B03AeHCTBne 1 -> 2 np0H3B0AHJi0Cb spyMHyio, 
a B03AencTHBe 2 ->  1 ynpaBJinjiocb BpamaTeJibHbiM HCKaTejieM.

U

1 7 ^ -
Dz .................... D3

--------------------H r 4 " ------------

BJpeMB ------ —

P h c . FI/6. B3aHMOAeHCTBHe AByx 6jiokob (1 h 2). (rioA po6- 
HOCTH, KaK Ha pnc. n/5.)

Cuanajia 3HaqeHHH CTyneH^aTbix (|)yHKUHH AaBajin BMecTe ycTOH- 
MHBOCTb, KaK 3to  noKa3bmaioT peaKUHH na D i. B TOMKe R\ H3MeneHHe 
K0MMyTaT0pa BpyMHyio CAejrajio CHCTeMy HeycTOHMHBOH, npoH3omjio 
« 6ercTBO», h nepeweHHbie npoiujin KpHTHHecKHe coctohhhh. Bpama- 
TejibHbiH HCKaTeJib b 6jioKe 1 h3mchhji nojiojKeHHe h, KaK OKasajiocb, 
npn nepBOH >Ke nocJieAyiomefl npo6e as ji ycTonwHBoe noJie. Hy>KHO 
OTMeTHTb, HTO, B TO BpeMH KaK AO R\ ABHJKCHH6 D\ BBepx B (DJlOKe 'I 
Bbi3biBaeT ABHweHHe eeepx b 6jiOKe 1, nocjie Ri oho w e Bbi3biBaei



b 6jiOKe 1 ABH>KeHHe 6HU3, noKa3bmaH, m o flencTBHe 2 -> 1 nepeBep- 
nyTO BpamaTeJibHbiM HCKaiejieM. 3 to  nepeBopawHBaHHe KOMneHcwpo- 
BaJio nepeB opa^H B aH H e 1 2, Bbi3B3HHoe b TOMKe R\.

B TO^Ke R2 Becb npouecc noBTopaeTCH. Ha s to t  pa3 juin Boccia- 
HOBJieHHH yCTOHMHBOCTH nOTpe^OBaJlOCb TpH flBHJKeHHH HCKaTeJlfl. CpaB- 
neHHe pe3yjibTaTa zteftcTBHH Z)3 Ha 6jiok 1 c pe3yjibTaTOM neHCTBHa D2 
noKa3biBaeT, m o  onaTb npoH3ouiJia KOMneHcauna.

TaKHM 06pa30M, roMeocTaT mojkct ,n6M0HCTpHp0BaTb 3JieMeHTapHbie 
(JjaKTbi, Kacaiomneca «yjibTpaycTOHiiHBOCTH».
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T H H G e p r e H  ( T i n b e r g e n  N .)

Hccjie^OBaHHe HHCTHHKTa (The study o f instinct, Oxford U n iver
sity Press, 1951).

0> H i u e p  h H e H T C  ( F i s c h e r  Si r R o n a l d ,  and Y a t e s  F .)

OraTHCTHqecKHe Tatfjmubi (S tatistical tables, O liver & Boyd, Edin

burgh, 1943).

LL I eHHOH ( S h a n n o n  C. E.)

TeopHH cbh3h b CHCTeMax 3aceKpewHB3HHH [Communication theory 
of secrecy systems, Bell System Technicsl Journal, 28, 656— 715 
(1949)].



— CHHTe3 £ByxnojiiocHbix KOHTaKTHbix cxeM [The synthesis of 
two-terminal switching circuits, Bell System. Technical Journal, 
28, 59—98 (1949)].

— Bb™c;iHTejibHbie MauiHHbi h aBTOMaTbi [Computers and auto
mata, Proceedings of the Institute of Radio Engineers, 43, 

1235—1241 (1953)].

IlJeHHOH h YHBep ( Shannon  C. E. and Weave r  W.)
MaTeMaTHMecKaa TeopHH cbh3h (The mathematical theory of com

munication, University of Illinois Press, Urbana, 1949).

(KHHra coctoht H3 AByx qacTeft: 1) S h a nn o n ,  The mathemati
cal theory of communication; 2) Weawer ,  Recent contribu

tions to the mathematical theory of communication. PyccKHH 

nepeBOfl nepBOH qacTH c nponycKOM § 3, npHJiojKeHHH 7 h c flpy- 
thmh coKpameHHHMH cm. b c6opHHKe nepeBO/iOB «TeopHH nepe- 
nami sjieKTpn̂ iecKHX CHraaJioB npn HajiĤ HH noMex» non penaK- 

uneH ^e;ie3HOBa H. A., M., HJI, 1953 r., d p .  7—87. B stom 
nepeBone Ha3BaHHaa pa6oTa noMemeHa no a 3arjiaBHeM. LLI e h- 
h o h K-, CTaTHCTHqecKaa TeopHH nepenaMH ajieKTpHHecKHX cnrHa- 
jiob. — n puM. nepee.)

3 u i6 h (Ashby  W. Ross )

ycTpoflcTBO M03ra  (Design for a brain, Chapman & Hall, London,

2nd imp., 1954).

— npHMeHeHHe KH6epHeTHKH k ncHxnaTpHH [The application of 

cybernetics to psychiatry, Journal of Mental Sciences, 100, 
114—124 (1954)].

— Bo3neHCTBHe onbiTa Ha neTepMHHHposaHHyio AHHaMHMecKyio 
CHCTeMy [The effect of experience on a determinate dynamic 
system, Behavioral Science, 1, 35—42 (1956)].

J I H T E P A T y P A ,  f l O E A B J I E H H A f l  n P H  n E P E B O t f E

«ABTOMaTbi», c6opHHK CTaTeft noA pê aKUHefl UJeHHOHa K. 3. h MaK-

KapTH XIjk. nepeBo^ c aHiviHHCKoro non pe^aKuneH JlnnyHOBa A. A.,

Hŝ aTejibCTBO HHOCTpaHHOH JiHTepaTypbi, M., 1956, 403 cTp. B c6op-

HHK BXOflHT CT3TbH 3lu6h Y. P. «CxeMa yCHJIHTejIH MbICJIHTejIbHbIX
cnoco6HocTeft» (cBH3aHHan no coziepJKaHHio c tji. 14 HacToameft 

KHHrn).

By m P. h MocTe; i J i ep O. (Bush Robe r t  R. and M o s t e 11 e r 
F reder i ck ) ,  CTOxacTHqecKaa MOflejib o6yqeHHH (Stochastic 

Models for Learning, NY, John Wiley & Sons — London, Chap
man & Hall, 1955, 365 p.).



BbmHCJiHTeJibHaa Jia6opaTopHH TapBapziCKoro yHHBepcHTeia (The Com 
putation Laboratory, Harvard U n iversity ). «06yqeHHe UHtJjpoBofi 
BbiHHCJiHTejibHOH MauiHHbi» [nepeBOA H3 Proc Assoc. Comput. 
Machinery, 50— 55 (1953)] Ycnexn MaTeMainqecKHX HayK, t. X I, 
Bbin. 5 (71 ), 153-160 (1956) 

f l o Ma H C K H H  B. H., BBe^eHHe b aBTOMamKy h TejieMexaHHKy, Toc- 
3HeproH3AaT, M  —  Jl., 1950 

Z l o d p y u i H H  P. Jl., TeopHH nepeAauH HH(f>opMauHH, Mockobckhh aom 

HayMHO-TexHHqecKOH nponaraHAbi hm. O. 3 . JJsepwHHCKoro, Koh- 
4>epeHUHH no TeopHH HH(})opMauHH, M., 1958.

J\bi h k h h  E. B. h y  c n e h c k h h B. A., MaieMaTHiiecKHe 6eceAbi, 
rocTexH3ZiaT, M  — Jl., 1952.

K h t o b  A. H., SjieKTpoHHbie un^poBbie MauiHHbi, H3AaTejibCTBo «C o- 
BeTCKoe paAHO», M., 1956.

K o j i M o r o p o B  A. H., BepOHTHOCTb, Bojibiuan CoBeTCKan Shuhkjio- 

neAHH, 2-e H3A., t . 7, 1951, CTp. 508— 510.
—  KnGepHeTHKa, BoJibman CoBeTCKaa 3HUHKJioneAHH, 2-e H3jx., 

t . 51 (1958), CTp. 149— 151.

—  TeopHH nepe/iaMH HH(})opMauHH, Ceccnn AKaAeMHH HayK CCC P 
no HayMHbiM npo6jieMaM aBTOMarniauHH np0H3B0ACTBa, 15—  

20 OKTHdpn 1956 r. IljieHapHbie 3aceAaHHH, H 3A-bo AH  CCCP, 
M., 1957, CTp. 66— 69.

M  a p k o b A. A., PacnpocTpaneHHe 3aKOHa Gojibinnx qnceji Ha aeJiH- 
qHHbi, saBHCHu^He Apyr ot Apyra, H 36paHHbie Tpyjibi. Teopna 

qnceji. TeopHH BepoHTHocTeft, H3A. AH  CCCP, M., 1951, 
CTp. 338— 362.

FI o e t  a e b H. A., CnrHaji, H3AaTeJibCTBO «CoBeTCKoe paAHO», M., 1958. 
T p a x T e H d p o T  B. A., AjiropHTMbi h MauiHHHoe pemeHHe 3aAaq, 

rocTexH3ZiaT, M., 1957.

X a p K e B H H  A. A. OnepKH odmefi TeopHH cbh3h, rocTexH3AaT, M , 1955. 
3 u j 6 h  ( A s b y  W. R o s s ) ,  ycTpoficTBo M03ra [Design for a brain, 

Electronic Engng, 20, 379 (1948)]. 

f l r j i o M  A  M. h f l r j i O M  H. M., BepOHTHOCTb H HH({)opivrauHH T q -s 

TexH3AaT, M., 1957.



2/4:

2/5:

2/6:

1. HeT. 2. HeT. 3. /4 —  na, S —  Aa, C — HeT, D —  aa.
4. Oho aojijkho HMeTb bha a->a . 5. JX a; MaTOBaa iiojhuhh He 
MO>KeT HMeTb o6pa3, h6o npaBHJia He pa3pemai0T AaJibHeftiuHX 
xoaob; ecjin npe06pa30BaHhe MHCTepa C 3aMKHyT0, to  K a ^ a a  
n03HUHH, K KOTOpOH npHBOflHT ei'O XOA, MOH<eT CMeHHTbCH flpy- 
roft, TaK mto ero npe06pa30BaHHe He MO>KeT co^epncaTb xoaob, 
Be^ymnx k MaTy.
I. f la . 2. HeT; HeKOTopbie onepaHAbi, HanpHMep 40, KOHliaiOTCH 
Ha 0 h 6y^yT npeo6pa30BaHbi b 0, KOTOpblH He bxoaht b mho- 
>KecTBo onepaHjioB.
1. nf =  n f  10 (n =  1, 2, 3 ). 2. a ) n' =  7n (n — 1, 2, 3 juia Bcex 

npeo6pa30BaHHH); b) n' =  n2; c ) n' =  l//z; d) /z' =  11 —  n; 
e) / !'= » 1; f )  /i' =  /i.

0 , 5  6 7 u  „ /IV I 5 6 7 1 — 1 0 1  

3‘ + 2 3 4 HeT' 4- (I) I 25 30 35; 2 0 2

5. fla . 6. JX a.
2/8. 1. 0ziH03HaMH0 Jinuib b OAHy CT0p0Hy: h 1, h 8 nepexonflT b 9. 
2/9: 1. «H eT  Bbipy*iKH». 2. Cyxaa Hrpa.

2/10: I. Ha niaBHOH ^HarOHaJiH ctojit TOJibKo + ,  Ha ocTajibHbix Me-
CTax —  HyjiH. 2. a) ( I I ) ;  b) ( I I I ) ;  c) ( I ) .  3. a ) JX a. b) HeT.
4. PacnpeaeJieHHH ojXHHaKOBbi; o£ ho ecTb npocTo OTpaateHHe 
npyroro. 6. 9 1). 7. 4.

l )  B o t  3TH MaTpHUbi:

1
A B

i
A B

i
A B

i
A B

A + + A 0 + A + 0 A + +
B + + B + + B + + B 0 +

A B
1

A B
i

A B
, i

A B
i

A B

A + + A 0 0 A 0 + A 0 A + +
B + 0 B + + B + 0 B 0 + B 0 0

B opHrHiiajie b KanecTBe OTBeTa oumdoHHO yKa3aHO hhc^o 16. (Tanoe



2/11: \. A2 J a  0  2- TaKOB, KaKOBO h caMO npeo6pa30Bamie. 3. A.

4. n' —  n +  2 (n =  1 ,2 , . . . ) .  5. n ‘ =  49/i ( n =  1 ,2 . . . ) .

e. 1 +  0 0.

0 0 0 

0 +  +

•2/14; I. n" =  9n. 2. 0" =  a +  16. 3. am =  343a. 4 .k "  =  §k*+4.

5. mf/ = log (log m). 6. p” = /?4. 7. (I) nf = 4n -j- 9;
(II) n/ ==/z4 +  2n3+ 2n2 +  n; (III) n '= 1 +  2 log (1 +  2 loj n).
o / 1 +  n 2 + ^  3 +  2n 5 +  3/2
8 . /z' == —  27/z —  7. 9. n ' =  0 - 7-— , 0  / v r  , g—p -A" > o T  g '

2 +  /2 ' 3 +  2/2 ’ 5 +  3/2 ’ 8 +  5/2

h t. a. 10. To>KflecTBeHHoe npeo6pa30BaHHe. 12. npeaejiOM

6y;ieT (4 * i ) *
1 6 7 8 I a p | B

2/15: 1. 2,3,1. 2. g : I ^ Q. 3. h: " * • 4. 17. 5. 0.
s * 8 7 8 * Y 5 P a

6. 9/z. 7. t. 

a b e d  ,, \ a b c di a 0 c a 1
. 2. £/H/: 

d e b d t c d c b

3. O hh TOJKAecTBemibi; s ia  3KBHBajieHTHOCTb HBJineTCH niaBHbiM 
onpaB^aHHeM Toro, m o npe06pa30BaHHH BbinHCHBaioTCH CBepxy 
bhh3, a He cjieBa HanpaBo (cp. ynp. 9/6/8 h 12/8/4).

2/17: 1. (I) | ; (II) f+ = Z g  P ^= Z q-

b — > a <—  d

2. B HeM HeT CTpeJiOK, a TOJibKO H3o;inpoBaHHbie tohkh. 3 Ohh 
COCTOHT TOJIbKO H3 H30JlHp0BaHHbIX TOMeK H (HJIH) npOCTbIX 
KOJieu 6e3 pa3BeTBJieHHH.

4. 9 — > 2 5 <—  6,

i j
4 — > o  — ► 1 <—  7 <—  8

t
a

mhcjio /leHCTBHTejibno nojiyqHTcn, ecjin AonycKaTb ctojiSuw, uejMKOM 
3anojiHeHHbie HyjiHMH, t . e. «onepaHAbi, He HMeiomne 06pa30B »). —- 
UpuM. ped.

26 3qK. 3346. y. Pocc 3ui6n



ecjiH Hcnojib3yK)TCH 4-3HaqHbie JiorapH(j)MfaK 5. 7, 1, 2, 2. 6. HeT,
7. A  a. 9. HeT.

3/1: 1. B03M0H<Hbie OTBeTbi: (a ) hhuo, CBapeHHoe BCMHTKy -*hhuo, 
CBapeHHOe BKpyryio; (b ) nojieHO - »  30Jia; (c ) uhjihhap, nojiHbin 
CMecH napOB deH3HHa h B03Ayxa-^ uhjihhap, nojiHbin nJiaMeHH; 
(d ) onHOKJieTom-ioe hhuo - »  AByKJieToqHoe; (e ) KyneBoe od- 
JiaKO -> rpo3a; ( f )  Te^na-* depeMeHHOCTb; ( g ) HH3KHe ueHbi 
(npw hedoJibiuoM Sanace T0Bap0B) - »  BbicoKHe ueHbi; (h ) KouiKa 
bhaht Mbi mb -»  KouiKa npecjie^yeT Mbiuib; (i) 6jih3khc TyMaH- 
HOCTH -> paCCeHHHbie TyMaHHOCTH.

f/f: 1. n' =  2n. 2. 2, 4, 8, 16, 32, 64 • 103. 3. rpa<j)HK (II): 1000 -* 
-» 2000 -»4000 . . . .  4. n' =  0,8n. 5. (I) 800, 640, 510, 
410, 330 X  106; ( I I )  k Hyjiio. 6. OHa npHAeT k coctohhhio 3,
B KOTOpOM H OCTaHeTCfl; 3 —  eAHHCTBCHHOe COCTOHHHe, B KOTO- 
pOM OHa MO>KeT OCTaHOBHTbCH. 7. OHa npH^eT K UHKJiy H3 CO
CTOHHHH 2 h 8, Me>KAy noTopbiMH h dyAeT de3 KOHua KOJie- 
daTbca. 8. 4eTbipe: aba c coctohhhhmh paBHOBeCHH h ABa 

c UHKJiaMH. 9. n' =  0,9n +  1 000 000. 10. 20; 19; 18; 1; 17,3 X  I06.
11. 10 000 000. 12. Ecjih t —  ero AJiHHa, to  u3MeneHue ero ajihhu 
3a e/iHHHuy BpeMeHH dyAeT paBiio /' —  /; cJieAOBaTeJibHO, 
/' —  / =  1,2, h npeodpasoBaHHe dyAeT HMeTb bha /' =  /-(- 1,2. 
13. yeeAunenue «mcjia daKTepHH (ho He hx HOBan qHCJieHHOCTb!) 
paBHHeTCH n' —  n\ CJieAOBaTeJibHO, n' =  n +  10~8 n (108 —  n), 
h npeodpasoBaHHe HMeeT bha n '=  n 1 0 ~ 8 n ( I08 —  /7). 14. 19, 
34, 57, 81, 97 • 106.

3/5: 1. , (ABC) (BCA) (CAB). 2. (ABC) .

+ (BCA) (CAB) (ABC) (CAB) <—  (BCA)
3. ( 1 , - 1 ) ,  (1 ,1 ),  ( — 1 ,1 ), ( — 1 , - 1 ) .  4. U hkji H3 HeTbrpex
3JlCMeHT0B.
5. (2 ,3 ,5 ), (3 ,5 ,8 ), (5,8,13).

8 'S : l . ( j , 2 ) ,  ( 2 , - y ) ;  ( - ■ j - , - 2 ) ,  ( - 2 ,  y )  ( j , 2 )  h t .  a.

• 2. (1,2,0,2,2). 3. (2,1,0,2,2) (1,2,0,2,2). 4. flo6aBHTCH 
He CBH33HHbie Apyr c iipyroM HOBue u h k jih , H3 AByx ajieMeHTOB 
Ka>KAbiH. 5. (8 ,— 3, 1). 6. (8, 4) npeodpa3yeTcn b (6 ,6 ),  h ch- 
CTeMa 0CTaH0BHTCH. 7. Ecjih onepaHA odo3HaqHTb qepe3 (a, b )t

, 1 \ 1 u u, 1 . 1 l.TO a' =  Y  a +  y  b, b' =  a b.

8. (30,34 ) (28,36 ) (24,40) -+ (16, 48) -> (0 ,64 ) -> ?. HeJiba* 
onpeAeJiHTb, hto np0H30HAeT Aajibine, ecJiH He pemeno, mo>kho jih

3aHHM3Tb AeHbrH. 9. a' =  ^ (3 0  — b), b* (3b — a). 10. Tot,

kto HaMHeT c dojibiuHM KOJiHqecTBOM AeHer. 11. m' =  m — n9 
n' =  2n. 12. BeKTop (m, n). 13. (150, 10) - »  (140, 20)
-> (0 , 160), nocne qero aJiredpaH^ecKHe H3MeHeHHH dojiee HecooT-

BeTCTByiOT 300Ji0rH4ecKHM. 14. x =  10, 0, — 5, —5, 0 ;

l - ~ , l - ^ * , ~ i  HeT, 15. Oh CHJibHO AeMn<J>HpoBaH. 16, Ecjih



x —  3apa6oTHan njiara, a y —  hhackc ueH, to  nepBoe yTBepjK^e- 
HHe 03HaqaeT, mto x' —  x — y —  100, a BTopoe 03HaMaeT, m o  
y' =  x; cJie^OBaiejibHO, npeo6pa30BaHHe 6y^eT HMeTb bh jx 
x' — x y —  100, y' =  x. 17. (110, 110)->(120, 110)-* 
->(130, 120)->...-> (1540, 990). 18. HeT, CHCTeMa onncbiBaeT 
«nopOMHyK) cnHpa;ib». 19. (110, 110) ->(110, 100) ->...->

5 5
-> (100 Yg, 100 y g ) .  20. 0 6 e  KpHBbie cxoahtch k 100. 21. B to-

pan CHCTeMa ycToftqHBa; nepBan o 6Hapy}KHBaeT caM0B03pacTai0- 
myio hhcJjjihuhio. 22. (80, 120) ->(100, 8 0 )->  (90, 110)

-» .. -* (99-̂ -, 100j). 24. Aa. 25. 3.

//3v- //? v f ix
3/7: 1. —jj^ —  —  2x —  - f  x2 =  0. 2. dxjdt — y, dyjdt — —  ax .

dt dt x x (1 -f- x2)

4/1: 1. Tpn. 2. JX a. 3. Uojx ^eHCTBHeM Ri ona npofi/ieT c
3aieM nojx ^chctbhcm R2 OHa npon^eT b->a->b\ cjie^oBa- 
TejibHo, OHa OKajKeTCH b b. 4. (I)/?j m 3aTeM R2; ( I I )  R u Rit R2.
5. IlojiyqHTCH npeo6pa30BaHHe x' =  4, y' — 4 —  y\ 33MeTHM, m o  
ypaBHeHHe b nepBofi CTpoKe* oTHocnmeecH k x , crajio Tenepb 
HeBepHbiM: (jDHKcaunn nepeMeHHOH 3acTaBJineT MauiHHy H3MeHHTb 
noBe^eHHe. 6. B KajK^OM cmnGue Bee coctohhhh ^oJUKHbi 6biTb
OAHHaKOBblMH.

4/2: 1. ( I )  g ' =  2g — 2h, h' =  2g— 2h\ ( I I )  g ' =  g -  h, h '=  2g\
( I I I )  g '  =  0, h' =  2g +  2h. 2. ( I )  h' =  j, j '  =  e~ h; ( I I )  h' =  
=  lo g  (2 +  sin h), j '  =  1 +  sin /. 3. (1 )0 ;  ( I I )  2; ( I I I )  none- 
peMeHHO 1 hjih 2; ( IV )  a == 1 /uih 90 maroB, a 3aTeM a =  10.
5. PV — 10; jx a, npH6jiH3HTejibHo. 6. nr =  n +  a2. 7. f la ;  Kaaubift 
CKaqoK paBeH ti' — n, a s to  paBHo 3a.

4/3: 1. ab =  00 01 10 11 20 21

s' =  s s 0 t — 5 — s -\-2t 

t' =  t 21 t — \ 2 t t  — 2 2t

2. 3. 3. a —  9/8, 6 = 1 ,8 .  4. a =  9/10, b =  — 1/10. 5. MeTbipe 
(ab =  0, 1, 2 hjih 4).

4/4: 1. 3 to  CooTBeTCTByeT TOMy, m o a h b cTaHOBHTcn h 0CTaK>TCH 
paBHbiMH, t. e. TOMy, m o npeoSpasoBaHHe npHHHMaeT bh jx

p’ =  a(p + q), q' — a(p q).

4/5: I. rpaiJ)HK nonxen cocroHTb m  oahoh-c/ihhctbghhoh uenn, 
coe^HHHiomeH see coctohhhh. 2. nocjie^oBaTejibnocTb (8, 4 )# 
(6, 6).



4/7: 1 h 2 (cko6kh onymeHbi). Tpa(})HK HMeeT bhjx

ai < > bk dj — > bj ^ bj — > c/ dk\

aj — > di ^ ck

i
cj

oh coflepjKHT qeTbipe 6accefiHa. 3. ai -> ck -> && -> c/ ->
^  bi. 4. fla. 5. «i«2. 6. az3. 7. Karajan qacTb nocjieAOBaTejibHo 
nepeft^eT b COCTOHHHe 0. 8. H3MeHeHHe . . .  0, 0, 1, 2, 0, 0 . . .  
npoH3oftneT b KajKAOH wacTH no OMepê H, nanoMHHaa npoxojK/ie- 
HHe HMnyjibca no HepBy.

4/8: 1. ce. .

j
ae — > d f  ~ > bf

t
i

a f  — > cf <—  be <—  de

3. CzieJiaTb b X Bee 3HaqeHHH 3 oAHHaKOBbiMH.
4/9: 1. p, q; r, s, t, u. 2. (I, 0, 1, 0, 0).

4/11: 1. 6 MejKZiy mecTbio napaM H, t3 k h m h , KaK AB\ 8 b MeTbipex 
TpoHKax, TaKHX, KaK ABC (b o 6 o h x  HanpaBJieniiax); h 
6 MejK̂ y BceMH qeTbipbMH (ABCD; ABDC; ACBD; ACDB; 
ADBC; ADCB). 2. x' =  y + z2, y' =  2z, z' =  x — z. 3. f la ;  
b 3T0M cjiyqae npeo6pa30BaHHe 6y.neT HMeTb bha

xf — y + z, yf =  2z, zf — x — 1.
4. fla.

4/12: 1. (KsazipaTHKH onymeHbi jxnn npocTorbi): (I) y->x (y aomh-

y
HHpyeT H3A x)\ (II) i / \  (CHCTeMa C 06paTH0H CBH3bI0 ) ;  

x-> z
(III) u ^ t x  vz£iy («uejioe» cfjaKTHqecKH coctoht H3 ziByx He- 
CBH3aHHbix qacTen); (IV) u->x->y->z (uenoMKa /leficTBHH);

/  “
(V) y -> x (y AOMHHHpyeT Ha jx OdajibHbiMH TpeMfl); 

w\
(VI) X z (TpH qaCTH AOMHHHpyiOT H3A Z).

2. Kor/ia 3Ha*ieHHe y paBHO Hyjiio.
4/13: 1. z AOMHHHpyeT Ha jx x, a y He 33BHCHT o t  o6ohx.
4/14: 1. ToJibKo (III).
4/15: 1. Ecjih nepeMeHHbie cyTb: S =  fleHHe, L =  CMex, X =  Hrpa Ha 

opraHe, Y =  cojK^eHHe .na/iaHa — h ecjin Ka/KAaa nepeMeiiHaa



4/19:

4/20:
5/3:

5/4:

5/5:
5/6:

5/7:

npHHHMaeT 3HaqeHHH 0 hjih 1, odosHa^aiom He cooTBeTCTBeHHo 
6e3AeHCTBHe hjih AeficTBHe, t o  JierKo HafiTH MaiuHHy co bxoaom

(5, L)
01 10

(X, Y)

00
01
10
11

00 11
01

00

11

10

01
00
01
00

10
11
00
01

10

11
10

11
Oahh H3 nyTeft k (0, 0) tskob: npexpaTHTe pobho Ha OAHy 
MHHyTy cjKHraTb Jia^aH; saieM, He 3ajKHran jia^aHa, HrpaiiTe 
Ha opraHe; 3aTeM nepecTaHbTe HrpaTb h 3a>KrHTe Jia^aH; b 6y- 
AymeM Bee BpeMH jkphtc Jia^aH h HHKorAa He nrpaftTe Ha 
opraHe. 2. JXa, h6o 3HaMeHHH 5 bjihhiot Ha nepexoAbi L. 3. HeT.
4. X-+ S^L<~ Y.
1. Oahh H3 Bo3MÔ cHbix cnoco6oB — 6pocaTb KocTb, qTodbi bh- 
naAaiomne qncjia onpe^ejiHJin nocjieAOBaTejibHo o6pa3U ajih 
S i, S 2 h T. a. 2. Oahh hs bo3mojkhhx cnoco6oB —  nepeHyMepo- 
BaTb rnecTb KapT o t 1 ao 6, nepeTacoBaTb h pacnojiojKHTb hx 
b pH a, a 3aTeM b tom JKe nopHAKe BnncaTb coctohhhh b hhjk- 
hiok) CTpoKy npeo6pa30BaHHH. 5. Cm. § 4/20.
1. fla, HeT, HeT.
2. HeT. 3. EAHHCTBeHHoe COCTOHHHe paBHOBecHH ecTb (0, 0).
4. Bee to^kh Ha och y — paBHOBecHbie. 5. j =  0, k — — \. 6. JXa, 
7. HeT. 8. KajKAan cTpejiKa B03BpamaeTCH b to  >Ke COCTOHHHe, 
H3 K0T0p0r0 BblLUJia, TaK TTO npeACTaBJIHIOmaH TOMKa He-
noABHJKna. 9. TojKAecTBeHHoe npeo6pa30BaHHe. 10. JXa. 11. JX a.

j a b c d e f  g 
1. TaK0B0, HanpHMep, , ,  ̂ . 3. HeT. 4. HeT. 5. HeT. 

\ b a d c e f g
6. Ka>KA3H TpaeKTopHH ecTb uhkji. 7. HeT.
1. TojibKo b + c + g. 2. JX a. 3. JX a. 4. JXa.
1. JX a; nocjieAOBaTe/ibHOCTb D(c), 77) (c), T2D(c), TzD(c),..> 
6yAeT HMeTb bha d, a, c, c.. . .  2. HeT; npeAeJiOM hbjihctch He e.
3. CncTeMa, xoth  h 6yAeT BHBeAeHa H3 AaHHoro MHOjKecTBa, 
BcerAa BepHeTCH b Hero.
1. Oaho H3 B03M0>KHhix MHo>KecTB npeo6pa30BaHHK

a

T
D

E

a b 

c c 

b d

5/9: 1. a — (100, 100); D npeBpamaeT ero b (110, 110), t . e. 6 1— 10, 
62 =  10; T AaHo; CHCTeMa HeycTOHMHBa. 2. a h D TaKOBbi, KaK 
paHbuie, no T H3MeHHjiocb, h CHCTeMa cTajia ycTOHHHBOH. 3. Kai.



npaBHjio, npe^ejioM  6yjier He a , a KaKoe-Jin6o A p yroe  COCTOHHHe; 
CHCTeMa HeyCTOHHHBa OTHOCHTejlbHO TaKHX D. 4. JX a; OTKJIOHeHHH 
CTpeMHTCH K HyJIK), KOTOpblH HBJIHeTCH COCTOHHHeM paBHOBeCHH.
5. H eT ; OTKJIOHeHHH yBejiHHHBaiOTCH, npnqeM sto  yBejinqeHHe 
OrpaHH^eHO JIHIHb nOCTOpOHHHMH (JjaKTOpaMH, TaKHMH, KaK (})OpMa 
COeAHHHTeJIbHMX 3BeHbeB. 6. ^Todb l OTKJIOHeHHH yMeHbmajIHCb, 
a He B03pacTajiH. 7. CaM0B03pacTai0mHMH; h sto  iioctohhhw h  
HCTOHHHK TOJIOBHOH 60JIH AJ1H OpraHH33TOpOB ABHJKeHHH.
8. KaJKfloe oTKJioHeHHe o t  coctohhhh  paBHOBecnn yBejiHMHBa- 
jiocb 6h , noKa He BCTynHJi 6bi b a gh ctb h c  KaK0H-HH6yAb apv- 
rofi orpaHHqHBaiomHH cJjaKTop. 9. JX a; AJih Bcex CMemeHHH D\ 
TaK, ecjiH D nepeM em aeT coctoh h h c b ( 6i, 62) ,  t o  nocjieAOBa-

TejibHbie 3HaqeHHH x cyTb 61, 8lf ~gr 62, ^ to , oqe-

b h a h o , cxo ah tch  k 0; to >Ke caM oe ajih y.

5/13: 1. HeT, h6o b stom  c.nyqae y AOJi>KeH 6yAeT HMeTb COCTOHHHe 
paBHOBeCHH 0 npH KaK0M-T0 3HaqeHHH 3, t . e. |3 AOJi>KHa yAOBJie- 
TBOpHTb ypaBHeHHK) 0 =  230 +  3, qTO HeB03M0JKH0.

6/3: 1. Cm. § 6/5.

.
6/5: 1. 5 j — > / . 2. j  — > f  — > h (npoTOKOJi He AaeT hhk3khx 

h '
AaHHbix 0 nepexo^ax H3 g npn sxoAe p ). 3. HeT, TaK KaK nepexoA 
o t  C He 0AH03HaqeH. 4. JX a, HacKojibKo m ojkho cyAHTb no HMeio- 
fUHMCH ziaHHbiM 5. (x , y) 4 00 01 02 10 11 12 20 21 22.

(* ', jt/') 01 00 11 11 00 21 11 20 11
6. £1 jih KajK^oro BXOAHoro 3HaqeHHH Ao.mHbi Ha6jnoAaTbCH n 

nepexoAOB, ^ to  othhmct no KpaflHeft Mepe n maroB: cjieAOBa- 
TejibHo, a jih Ha6jnozieHHH Bcero MHo>KecTBa ripeo6pa30BaHHH 
Tpe6yeTCH no Kpannen Mepe mti maroB. 7. Bbi6epHTe jiio6bie 
ABa 3HaqeHHH ajih x h ot h nocMOTpHTe, 1 KaKHM 6yAeT 3Ha«ie- 
HHe x\ TaK, paBeHCTBa a =  1, x =  4, x' —  4 noKancyT, t t o  Mbi 
HMeeM jxejio c hiijhkom 1. Eme 6o/iee npocTon cnoco6 —  noJio- 
jKHTb a =  0 h nocMOTpeTb, 6y/ieT jih 3HaqeHHe x yBejiHHHBaTbCH 
hjih yMeHbiuaTbCH.

6/7: 1. y AOMHHHpyeT Ha# x.

6/9: 1. I a b c d  e
I . 2. Tpn1). 3. Heo6xoAHMbi ABe nepeMeHHbie:
y t p r q s

noKa3aHHe uH(j)ep6jiaTa (y ) h cKopocTb H3MeHeHHH sthx noKa3a- 
hhh (y ) .  Toi\aa ajih BepXHefi CHCTeMbi nojiyMHM dv/dt =  v, 

dv/dt —  k (u  —  v ) — fv , m e k npeACTaBJineT ynpyrocTb npyjKHHbf 
H MOMeHT HHepUHH Maccbl, a f —  K03(f)Cf)HUHeHT TpeHHH. fljlH  HH>K- 

Hefi CHCTeMbi nojiy^HM dy/dt =  y, dy/dt =  —  R y /L  —  y/CL  +  x.

l ) Bot 3th npe0 6pa30BaiiHH:

| a  b c | a b e \ a  b c

I  p r q '  y r q p ' y q p  r 

(b  opnrHHajie b oTBeTe ouiHGoqHo HanncaHo: «m e c T b » ).  — npurn. ped.



MTo6bi 6biTb H30M0pcJ)HbiMH b CTporoM CMbicjie, onpeAejieHHOM 
Bbirne, CHCTeMbl ao ju khu  HMeTb / =  R/L h k =  \/CL. Ecjih s to  
TaK, TO HX H30M0p$H3M MOJKeT 6bITb nOK33aH IipH nOMOLUH B3a- 
HMHoro 0AH03HaqH0r0 npeo6pa30BaHHH

i y y x 4. | u v w

v v ku v 2  x y

6/10: 1. Ohh To>K£ecTBeHHbi: p ^ . q - >  r. 2. (II) h (IV) MoryT H3Me- 
HHTbCHJ (I), (III) H (V) He H3MeHHTCH. 3. OHH He H3MeHHTCH.

6/11: 1. npeAnojiojKHTe, qTo x — ueHa Macjia, a y — ueHa caxapa; 
hx pa3Hui{a ceroziHH paBHa x —- y\ hx pa3Huya 3aBTpa 6yaeT 
(x — y)'\ a 3to ecTb to me caMoe, hto 3aBTpamHHH ueHa Macjia 
MHHyc 33BTpamHHH ueHa caxapa, t. e. x' — y'.

6/12: 1. JX a, ecjin paccMaTpHBaTb B33hmho 0AH03HaqH0e npe06pa30Ba- 
HHe npocTo KaK npeAeJibHufi cJiyqan npeo6pa30BaHHH, 0AH03Haq- 
HOrO JIHLUb B O^Hy CTOpOHy.

6/13: 1. MeTHoe +  qeTHoe =  qeTHoe, 4-// =  //, // +  */ =  //, H +  
+  H =  V 2. (IlycTb «x  + y» 03HaqaeT: «cjiHTb x h */»). HMeeM 
CHCTeMbl: (I) a +  b\ (II) c +  d\ ( III)  a +  b h c + d ;
(IV) b +  c +  d\ (V) a +  b +  c +  d\ (VI) (hjih hojihoth 
KapTHHbi) nepBOHaqaJibHaa CHCTeMa, i\ne HHqTo He cjihto. 3. Mo- 
jkho cJiHTb coctohhhh (x , y) h (—x , y), h6o H3MeHeHHe SH-aica 
hx He MeHHeT cjieAyiomero coctohhhh (x\ y')\ cjieAOBaTejibHO, 
CKa3aTb, qTo HacTonmee cocTonHHe ecTb'(4:4, —2), 6e3 yToqHe- 
hhh 3HaKa a;, A0CTaT0qH0 ajih Toro, qTo6u noKa3aTb, qTO cjie- 

-Ayiomee cocTonHHe 6y.neT eAHHCTBeHHo h paBHO (+2, +14).
6/16: 1. CncTeMa HeoumqHMa ot moacjih. 2. OHa cymecTByeT, KaK 

H M03r; OHH H30M0p(J)HbI Ha HH3IIieM ypOBHe. 3. (I )  a , 6 + c  +  d 
H30M0p(J)H0 P , q  -f r ; ( I I )  a  +  b +  C +  d  H30M 0p(j)H0 P  +  Q +  r - 

7/6: 1. 26 - 26 • 26, t . e. 17576. 2. 16. 3. 11.4. 2 *2 . 2 . . .  AecHTb pas, 
t. e. 1024. 5. 5® aojijkho 6biTb He MeHbiue 2 • 109, cjieAOBaTejibHO, 
6epn jiorapncJjMbi no JiiodoMy yaoShomy ocHOBaHHK) (HanpHMep, 
AecHTHqHbie), noJiyMHM 
x lg 5 > l g  2 +  9 lg 10, hjih

* > ( l g 2  +  9 1 g l0 ) / lg 5 > 1 3 , 3;
9T0 3HaqnT, mo Heo6xoAHMo no KpaHHefi Mepe 14 t3khx npoueAyp.
6. (I) 27; (II) 21. 7. 27. 8. 33 =  27 h 34 =  81. 3HaqHT, mto6u 
OTO^paTb 1 H3 52, HyxtHo qeTbipe yK33aHHH. 9. 3, h(5o rpynna 
OTua MOJKeT 6biTb 0 , hjih A, hjih B 1).

7/7: 1. Oahh Ght. 2. (I) 2,32 6HTa; (II) 30,9 6nTa. 3. 4,7 6HTa.
4. 5*4,7 =  23,5 6HTa. 5. (I) I Ght, (II) 20 6htob. 6. 220, t. e. 
1 048 576. 7. 3aMemeHHe Ka^Aoro BonpocHTejibHoro 3HaKa HMeeT 
pa3Hoo6pa3He 6 log 2 6 Ghtob, TaK mo ueJioe HMeeT pa3Hoo6pa3He 
61og2 6 6htob, t. e. 15,5 6HTa. 8. n\og2n 6htob. 9. 12 000 6htob. 
10. CTpaHHua b 5000 cjiob MoateT HecTH okojio 50 000 6htob — 
6ojibine, qeM 3anHCb. 11. npH npoqnx paBHbix ycjioBHHX pa3HO- 
o6pa3HH T3K}Ke p3BHbI. 12. MhOJKCCTBO «BCeX B03M0JKHHX

*) Cp. H i r s z f e l d  L., Les groupes sanguins, Paris, 1938, p. 74.
B opnrHHajie b OTBeTe onmGoqHo HanncaHo: «HyjieBoe MuorooGpa-
3a e » . —  l l p u M . n e p e e h



6poiuiop, HaneqaiaHHbix Ha aHrjiHHCKOM H3HKe h 3aHHMaiomHx 
npH ^TeHHH 10 MHHyT». P a 3Hoo6pa3He npHHa/uiejKHT He 6po- 
IUIOpaM, a 3T0My MHOJKeCTBy. 13. KoHeWHO, OHO flOJDKHO TOJIbKO 
OTJIHHaTbCH OT ApyrHX B03M0}KH0CTeH.

7/12: 1. HeT, h6o HCMepnanbi Bee kom6hh3uhh npouuibix h HbmeiiiHHx 
ceMeflHbix nojiojKeHHH. 2. R a; OTcyTCTByeT 4 bosmojkh-octh.

7/13: 1. Tpn, nocKOJibKy pe^ib H/ieT o6 ynoMHHyTbix KOJiHHecTBax.
2. Ra, ecjiH CTpeJIKH nocTaBJieHbi aKKypaTHo; TaK, ecjin mscobsh 
CTpeJIKa CTOHT TOMHO nocpe^HHe MeTK JIByX UH(})p, TO MHHyTH3H 
CTpejiKa o6n3aTejibHo noKa3biBaeT «nojm aca». 3. O/iHy, h6q 
HHtJjopMauHH, ^asaeMan MHHyTHoft CTpejiKOH, BHTeKaeT H3 HH(f)op- 
MauHH, KOTopyio AaeT qacoBaa CTpejiKa. 4. D ia 33 xaMeJieoHa —  
^eTbipe, rjiasa qejioBeKa — HeMHorHM 6ojibiue jxByx, h6o Moryr 
ABHraTbCH C HeKOTOpOH He6oJIbUJOH He33BHCHMOCTbK). 5. UBe.
6. O^Hy, h6o ero pa3Hoo6pa3He He mojkct npeBbimaTb pa3HO- 
o 6pa3HH a ; s to  He 33bhcht o t qncjia cocTaBJiniomHX seKTopa.
7. JXo npoBe/ieHHA rpa(j)HK3 nepeMeHHan y Morjia ajih KajK/ioro 
3HaqeHHH x HMeTb Jiio6oe H3 cbohx 3HaweHHH, ho nocjie npOBe- 
AeHHH rpacjDHKa nepeMeHHan y zijih KajK/ioro x mojkct npHHHMaTb 
TojibKo o ;iHo 3HaqeHHe. 8. UJecTb.

7/15: 1. Oh roBopHT, mto MHCJia, Bbipa>KaiomHe OTHOiueHHH BemecTB 
b xHMHMecKHx coe^HHeHHHx, o6pa3yK>T Hedojibinoe (HMeiomee, 
6bITb MOJKeT, JIHIUb HeCKOJIbKO ^eCHTKOB ^JieHOB) nOAMHO>KeCTBO 
MHOJKecTBa Bcex pamioHajibHbix qnceji (kojihhcctbo kotophx 
6ecK0HeMH0). 2. H 3 Bcex reoMeTpHqeCKH bosmojkhhx TpaeKTopHH, 
H3 Bcex TenjiOBbix H3MenenHH h np. oh ^onycKaeT jiHiub HeMHorne.

7/19: 1. H 3 B03M0JKHHX nepexo^oB, HanpHMep a-> a, a b, a c, 
HCKJiioqaiOTCH Bee, KpoMe ojworo, h6o nepexoa o t  a jxojimen 
6uTb 0£H03HaqHbiM; aHajiornqHo ajih b h t. jx.

7/20: 1. 8. 2. 17. 3. 12. 4. ( I )  I 048 576; ( I I )  21 892.
7/22: 2. P a 3H006pa3iie napa3HTOB: oqeBHAHO, qTo HeK0T0pHH bha 

MO>KeT CJiy>KHTb X03HHH0M HeCKOJIbKHM BHflaM napa3HTOB. 3. V 
OAHosnaHHo b ojjHy CTopony h Bbi3biBaer cHHJKeHHe pa3Hoo6pa- 
3HH. 4. ^ t o  eMy He XBaraeT cn0C06H0CTH pa3JiHiieHHH. 5. ( I )  6 co
ctohhhh; ( I I )  2 coctohhhh. «BaHHa He b nopn,HKe». 6. BepOHT- 
HOCTb to to , m o  ziaHHoe COCTOHHHe 5/ 6yaeT 06pa30M coctoh
hhh Sj, pasna Mn. BepoHTHocTb to to , m o  He 6yneT 

06pa30M Sj, paBHa 1— 1/az. BepoHTHocTb Toro, m o  S i  He 6yjxex 
06pa30M COCTOHHHH 5/f, T3K>Ke paBHa I— \/n. CjieAOB3TeJlbHO, 
BepoHTHocTb Toro, m o 5 ;  He 6yneT o6pa30M HHKaKoro coctoh
hhh, paBHa ( i— \/n)n. 3 to  aacT HaM doAto onepaHaoB, KOTOpbie 
Hc^e3«y T  nocjie npeodpasoBaHHH. Ecjih n ctpcmhtch k 6ecKOHeH- 
hocth, to  3Ta aojih CTpeMHTCH k Me. CjieaoBaTejibHQ, OCTaiO- 
maHCH flOJIH, KOTOpOH llpHHajUieJKHT pa3H006pa3He, CTpeMHTCH
k 1— 1/e.

7/24: 1. 3 coctohhhh =  1,58 dHTa. 2. Eme Ha 1,58 6nTa. & m  h b» 
CTaHOBHTCH nocjie^oBaiejibHo 5a, 5a +  7, 10a +  14, 10a +  b +  14. 
Ecjih BbmecTb 14, to  ociaHeTcn 10a +  6. TaK, c to  coqeianHH 
a h b (ecjin AonycKaeTCH 0 h 0) npeo6pa3yK)TCH b33hmho 
0AH03HanH0 nocjie BunHTaHHH 14 b c to  qnceji o t 0 ao 99. 
Pa3H006pa3He paBHo 100 qoctohhhhm., hjih 6,64 Ohth. f l j ia



Bcex coqeiaHHH jiByx 0£H0pa3pH/iHbix qnceji, KOTOpbie npe/uia- 
raiOTCH* b noA.o6HUx cjiyqanx. 5. H yjiesoe. 6. 2 coctohhhh,
1 6ht; jih6o pa3Hue uenw, jih6o o jw a  h Ta me uenb b pa3Hbie 
MOMeHTH BpeMeHH. 7. HeT. Ohh MoryT BMecTe npoxo^HTb oahh 
H TOT me UHKJI. Pa3JIHMaftTe: ( I )  TO>KfleCTBeHHOCTb coctohhhh, 
3aHHMaeMbIX pa3HblMH ManiHHaMH B OAHH H TOT >Ke MOMeHT, 
H ( I I )  TOJKAeCTBeHHOCTb COCTOHHHH O/IHOH MaiUHHbl B pa3Hbie 
MOMeHTbl BpeMeHH.

8/3: 1. H e 6oj\buie, qeM 3a oaho chhthc.
8/4: 1. JXa; «B3HTb aHTHJiorapH$M». 2. HeT; pa3JiHqHbie 3HaqeHHH x 

MoryT AaTb oaho h to  me 3HaqeHHe x 3. TojK^ecTBeHHoe npe
oSpasoBaHHe. 4. n' =*= n — 7. 5. x '=  x— y, y ' = — x-\-2y. 6. 3 lo g2 26 
6htob, t. e. 14,1 6HTa. 7. 263 =  17 576. 8. lo g 2 8 +  lo g 2 7 =  
=  5,8 6HTa. 9. (JXw  aHrjiHHCKoro ajicfraBHTa) HeT: pa3H006pa- 

3He 6yjieT 5,7 6h t3, a s to to  He£0CTaT0qH0 ( lo g 2 52 <  lo g 2 56).
10. 1 6ht; coo6meHHH jxbsli «yxa>KHBaeT» h «ne yxa>KHBaer». 

CjiojKHocTb MOJieKyJiH ropMOHa h o 6pH^a «yxajKHBaiiHH» 3/iecb 
He HMeeT 3HaqeHHH.

8/5: X . A A C B D D B C B C C B .  2 . a c db d c d .  3. b d c d b a d .  4. fla .
5. 10, 8, 7, 10, 11, 9, 8. 6. 10, 8, 4, 3, — 1, —  I, 3, 0, 1, 1, —  1 , . . . .
7. x — 2, 1, 2, — 11, 11, —2, 16 a y =  1, 4, — 11, 13, —21,

—  13, — 93.......... 8. x =  exp (— 4/ —  sin t). 9. x (e  te~f—

—  cos t). 10. x npecjie^yeT a h npn6jiH)KaeTCH k HeMy Bee 
dJiHxce h 6jiH}Ke.

8/6 : 1. HeT, b Ta6jmue npeoSpasoBaHHH jxojim m  6biTb 108 ctpck, 
TaK qTo KajK^biH cmnGeu jiojimeu  co/iepjKaTb 108 sjieMeHTOQ; 
a hx HMeeTCH Bcero 100, TaK qTo 6vjxyT noBTopeiiHH. 2. (J) 7, 
( I I )  512. 3. npHcoe/uiHeHHio npnfiopa, TaKoro, KaK cnimoMeTp 
hjih TaxoMeip, KOTOpbiH BbmaBaji 6hi qncjio, nponopUHOHajibHoe 
np0H3B0AH0H no BpeMeHH. 4. HeT; h6o ecjiH buxojx nocTOHHFu 
paBeH Hyjno (KaK 6y^eT b cjiyqae, ecjiH oh HaqHeT c Hyjin), 'iO 
3HaqeHHe a Hejib3H bhbccth H3 nepexo/ioB x, KOTOpbie 6y^yT 
0 - > 0  ajih Bcex a.

8/7: 1. Oh He coxpaHneT Bcex pa3JiHqHH, n03T0My ajih Hero npHHUH- 
nnajibHo hcbosmojkho co3^aTb coBepnieHHbw o 6paiHbiH npeo6- 
pa30BaTejib.

2. ( b, B ) R R R
{b. C) S S S
(b, D) (He BCTpeTHTCH)

( « . A) S S s
(c . B ) R R R
(c . C) (He BCTpeTHTCH)

( c, D) Q Q Q
(d, A) (He BCTpeTHTCH)

(d, B ) Q Q Q
(d, C) R R R
(d, D) S s S



3. Ero flnarpaMMa HenocpeACTBeHHHx B03£eHCTBHft jiojimna 
6hiTb u-+x-+y, rjxe y BHflaeT 3HaqeHHH u na %Ba iuara no3JKe. 
X MOJKeT HMeTb BHfl

I *1 X2 x3 . . .

«1 *1 *1 Xi

u2 X* *2 x2

us *3 *3 *3

... H T.

Ecjih Tenepb y HMeeT bha

J V . •••

Ui Ut

*2 U2 U i U *

*3 Us U3 Us

. . . H T. fl.

to  y 6y;xeT Bbi^aBaTb 3arjiaBHHe 6yKBbi, cooTBeTCTByiomHe 
nepBOHanajibHbiM 3HaqeHHHM u.

Ecjih  paccMaTpHBaTb (x +  y) KaK OAHy MaiiiHHy c coc toh - 
hhhmh (x, y), t o  n peo6pa30BaHHe 6y^eT  TaKHM:

I (*1. tfl) (•*1. U i ) ( x t , U 3) . .• • ( x 2, U i ) ( x 2, U i ) i x "i Uft) . . .

«1 (*1. i/l) (*1. tfl) X \U\ . . . xiU-i X i  U i *1 U i

«2 x-iU i ■ ■ x ^ J i x 2 U i X 2U  2
«3

H T. fl.

x i U l XoJJ 1 . . . x s U t x ? J J i x ^ U 2

Boo6me, Ui nepeBOAHT (X j, Uk) b (xit U j ) ,  KOTopoe nepe- 
xoah t Ha cJie^yiomeM iuare b (—, £/<), noBTopna TaKHM o6pa- 
30M nepBOHaqajibHoe U{.

8/8: 1. p' — n, m ' =  c/d\ coeziHHHTe, nojioJKHB d — n, c =  p. 2. pf =  n,

m' =  (d  —  c) -f- 2; coeflHHHTe, nojioxtHB d — n, c =  p.

3. p [~ x , p'2 =  y, m[ =  (Ci + c2)/2du m'2 =  (c2 — c,)/2d2; 

coe^KHHTe, iiojiojkhb d\ =  x, d2 —  y, c x =  p u c2 =  p2. 4. YpaBHe- 
HHe He MOJKeT 6biTb perneHo 0T,nejibH0 ajih a h b\ dpyeuMu cao- 
eaMU, a h b bjihhiot Ha ypaBHeHHe TojibKo b coqeTaHHH a +  b\ 
dpyeuMu CAoeauu, hx oTAejibHHe B03AeftcTBHH He iipohbjihiotch 
pa3,neJifcHo Ha Buxo^e h n03T0My He MoryT 6biTb npocjiejKeHU 
B odpaTHOM HanpaBJieHHH; Bee sto pa3Hbie cnoco6u BhipajKeHHH



OAHOH OCHOBHOH 3aMeTHM, mO npHHHHa 3TOH HCB03M0JK-
HOCTH 3aKJIIOMaeTCH He B OTCyTCTBHH COOTBeTCTByiOIHHX npn- 
cnoco6;ieHHH, ho b tom 06cT0HTejibCTBe, qTo bhxoji He onpede- 
Aner Bxozia; Heo6xo^HMan HH(})opMauHH nonpocTy OTcyTCTByeT.
5. XIjih odpaTnoro npeo6pa30BaTeJin Tpe6yiOTCH cnHjjoMeTpbi, 
Aaiomne Ha Bbixoae x\ h X2. Tor^a jiiodan MauiHHa, o6pa3yK>maa
4>yHKUHH

XiX2 — X  ̂— Xt — Xi +  +  x tx^

1 ^ { x l - X )  2 * * - 1

Sy^eT BbiAasaTb nepBOHaqaJibHbifi bxoa . Ecjih Tpe6yeTCH koh- 

KpeTHoe npeoSpasoBaHHe, t o  [ecjin o6o3HaqHTb (j)yiiKUHH o t  x 
h t. jx. (cm. Bbime) qepe3 A\ h A2] npeo6pa30BaHHe

a\ =  k [Ax —  a a ' 2=  k (A 2 —  # 2)

oCecnemiT CKOJib yro^Ho 6jiH3Koe npH6jiH>KeHHe k. Tpe6ye- 
MOMy noBe^eHHio; Hazio TOJibKo, qTo6bi k 6biJio nojio>KH- 
TejibHo h AocTaTOHHo BejiHKo (ynp. 8/5/10). 6. — 2 He HMeeT 
onpe^ejieHHoro oTHomeHHH k (7 ,3 ), Torjia KaK 4 HMeeT, Ka« 
n0Ka3a;i0 nocTpoeHiie TatfjiHUbi.

8/11: 1. t HMeeT 3 coctohhhh; u HMeeT jxBa. 2. t HMeeT 3 coctohhhh; 
u He MOjKeT HMeTb 6ojibine 6, a (fcaKTHqecKH HMeeT 5. 3. T HMeeT
2 COCTOHHHH, KaK H U. 4. 3 coctohhhh: (0, 0, 0, 0 ), (0. 0, 1, 0) 
H (0, 1, 0, 1).

8/13: 1. 1 6HTy Ha mar, h6o r HMeeT TOJibKO jx Ba coctohhhh.
2. Mhcjio pa3JiHMHbix coctohhhh, 33HHMaeMbix nocjieflosaTejibHo, 

6y&eT ajih Q: 9, 4, 3, 3, 3; £jih R: 1, 2, 2, 2, 2; ajih 
S: 1, 1, 2, 3, 5. 3. B caMOM jxejie, ci<aqoK o t 1 k 4 03HaqaeT npH- 
pocT HH^opMauHH, paBHHH 3, Tor,n,a KaK R MOJKeT odecneqHTb 
M3KCHMyM 2.

8/14: 2. ^kcjio  B3BemHBaHHH npH jho6om cnoco6e He mojkct 6bm> 
MCHbine Tpex, h6o nepe^aBaeMoe pa3Hoo0pa3He paBHo Iog2 27 6h- 
tob, a nepe^aTqHK MoxceT HecTH TOJibKO log2 3 6htob 3a mar. 

8/15: 1. ^eTbipe; flojibme Bcero ujxeT nepe/iaqa H3 A. 2. MeTbipex 
(oTBeT doAOfcen 6biTb TaKHM H<e, KaK b ynp 8/15/1, h6o sth 
Bonpocbi no cymecTBy TOJK^ecTBeHHbi). 3. Tpn; nepe^aqa o t  y 
caMan ^jiHHHan. 4. JX Ba rnara.

8/17: 1. A 6biJio b (3,2). [YKa3aHHe: A" 6bij\o b (— 1,0 ), a B" Cbijio 
b (1, 0).] 2. JX a; bhxoa nosBOJineT BbiBecTH nocjieflOBaTejibHOCTb 
Bxo^Hbix BeKTopoB, a nocjie,aoBaTejibHocTb hx nepBbix cocia3- 
JiHiomnx 6y&eT a-coo6meHHeM. 3. HeT; ABimeHHH Y cyTb n pod o  
^BHjKeHHH A c nojioBHHHOH aMnjiHTy/ioH. 4. Ecjih 6yKBbi a, b 
h t. jx. o6o3HaqaK)T cooTBeTdByiomHe abh^kchhh A, B h t. jx. 
BnpaBo h BJieBo o t  KaKHx-TO Hyjiefi no odmen mKajie, to

l =  y  (a —  b)< n =  j  ( a +  b), y =  - ! (/  +  ri), a z  =  i - ( —  l +  ri),

OTKy/ja jierKO HCKJiioqHTb I n n .  «ZI,eKo:iHpc)BaHHe» cooTBeTdBycT 
pemeHHio s to h  CHCTeMbi ypaBHenn# ^jih a w b neH3BecTHbi*x 
nepe3 H3BecTHbie y n z,



9/2: 1. llojiyqeHHoe tskhm  06pa30M npeo6pa30BaHHe AeTepMHHHpo- 
BaHHo; KaK oho nojiyqeHO —  He HMeeT 3HaqeHHH. 2. nocKOJibKy 
KaJKAOe COCTOHHHe AOJ1JKHO nepeHTH B KaKOe-TO COCTOHHHe, 
BepOHTHOCTH H, CJieAOBaTeJIbHO, MHCJia B KajKAOM CTOJldue
AOJUKHbi b cyMMe AaBaTb 1. 3. HeT. 4. 210, t . e. 1024. 5. O t 
KajKflOH tomkh o tx o a h t  6ojiee qeM o^Ha CTpejiKa.

9/4: I, OaKTHMecKHe qacTOTU nepex0A0B paBHbi

1 A B

A 6 17

B 17 10

nocKOJibKy BepOHTHOCTH B KaJKflOM CTOJltfue AOJlJKHbl B CyMM6 
AaBaTb l, nepBbiH cTOJifieu HaAO pasAeJiHTb Ha 23, a BTopoft — 
Ha 27. H oueHKa BepoHTHOCTeft 6yjxeT

i A B

A 0,26 0,63

B 0,74 0,37

—i ------------------- - • (3Ta CHCTeMa (JjaKTH^ecKH Hcn0jib30BaJiacb
A 0,2 0,5 ajih nopojK/ieHHH TpaeKTopHH b ynp. 1.)

B 0,8 0,5

9/5: 1. llon a B  noA KaMeHb, oho 6bi TaM h ocTaJiocb. 2. B aojijkho 
6biTb 6yMaroft (rAe Myxa npHJinnaeT), a D —  neqKOH (rAe OHa 
HHKor^a He ocTaeTcn). 3. O t npoTOKOjia k MaTpnue; npOTOKOJi 
AaeT eAHHCTBeHHyio MaTpnuy, ho MaTpnua mojkct AaTb JiHiiib 
HeKOTopoe MHOHcecTBO npoTOKOJioB. HHaqe rosopn, noTepHHHan 
MaTpnua MOJKeT 6biTb BoccTaHOBJieHa no npOTOKOJiy, ho noTe- 
pHHHbiH npOTOKOJi He mojkct 6biTb BoccTaHOBJieH no MaTpHUe.

9/6: 1. (1 00 ,0 ,0 ), (2 5 ,75 ,0 ), (62 ,19 ,19 ), (3 4 ,61 ,7 ) h t. a., c toh- 
HOCTbK) ao 6jiH}KaHmeH eAHHHUbi. 3. Tpanb 3 ripenMymecTBeHho 
OKa3HBaeTCH HaBepxy, rpaHb 4 — BHH3y; CJieAOBaTeJIbHO, rpysHK 
cnpHTaH Ha rpaHH 4. 4. PaccMOTpHTe 100 MOJieKyji, h nycTb x 
H3 100 MOJieKyji A AnccounnpoBajiH. HrHopnpynTe MOJieKyjiH B 
KaJKAan A HMeeT ABa B03M0>KHbix coctohhhh: «ahccoijhhpo- 
BaHa» hjih «HeT» —  h b KajKAHH npoMeacyTOK BpeMeHH HMeeT 
CJieAyromyiO BepOHTHOCTb OCTaTbCH B 3TOM COCTOHHHH HJIH H3M6- 
HHTbCH:

i
HHCCOUHHpOBaHa He AHCCouHHpoBaHa

JlHCCOUHHpOBaHa 0,999 0,01
He AHccouHnpoBaHa 0,001 0,99



5. Ecjih x h y — qncjia cooTBeicTBeHHO AHccouHHpoBaHHHx h
He^HCCOUHHpOBaHHblX MOJieKyJI, TO AJIH paBHOBeCHH HeodxOAHMbI 

paseHCTBa.
x =  0,999 *  +  0,01 y,

100 =  x +  y.

CJieAOBaTeJibHO, x =  90 jy -  7. KaJKAoe HaceKOMoe m ojkct 6wTb

b oahom H3 3 coctohhhh ; ecjiH HMeeTCH n HacenoMbix, t o  4hcjio 
P33J1HMHbIX nOnyjIHUHH pSBHO

Y  (n +  2) (n +  O-

9 / 7 =  1 .  j
c D

i

C D
c 0 5 ^  C 1 1 7

n ocjie  C : p
1 1 6

floc jie  D :
0 5

TaKHM oopasoM , nepexoAfei H3 C hbho 33bhcht o t  Toro, mo 
c to h t  nepeA C.

9/10: 1. 2. Her. 3. J\a ■)•

9/11: 1. Bep0HTH0CTH paBHH (cy^H no HMeiomnMcn a3hhhm) 0,175 h 
0,825; CJieAOBaTeJibHO, SHTponnn paBHa 0,67 6HTa. 2. BepoHT- 

1 1 19
hocth paBHH , - j - , ^ g ; CJieAOBaTeJibHO, sHTponHH paBHa

0,94 6HTa. 3. 2,6 6HTa. 4. 5,2 6HTa. 5. 2,6 n 6htob . 6. 0.
9/12: 2. O na Bcer^a 6yAeT MeHbine 1 6HTa.
9/13: 1. ripn oKOĤ aTejibHOM paBHOBecnn Bee 6yAyT b B h jiiodan 

nocjie ao BaTejibHocTb b KOHue kohuob 6yjxer HMeTb bha 
. . .  BBBB. . .• . 3Aecb HeT pa3Hoo6pa3HH, TaK mo SHTponnn 
AOJiJKHa 6biTb paBHa Hyjiio. 2. SHTponna Bbî HCJineTCH, KorAa 
uejioe HaXOAHTCH B OKOHMaTejIbHOM paBHOBeCHH, a B A3HHOM 
cjiyqae OKOHqaTejibHoe paBHOBecne He AonycKaeT npeAnojiojKe- 
HHH, lITO «CHCTeM3 HaXOAHTCH B A».

9/16: 1. f la ,  h6o 62 MeHbiue qeM 314; 34 =  81, TaK qTo MoxceT cjiy- 
qHTbCH, qTO xBaTHT 4 caxapa , npaBHJibHO noAo6paHHbix2).
2. B ee qncjia  b Hefi 0AHHaK0Bbi, KaK, HanpHMep, b KOHue § 9/10. 

9/17: 2. OHa AOJi>KHa 6biTb no KpaHHeft Mepe 2000 6h tob  b MHHyTy, 
ecJiH AonymeHHH npaBHjibHbi 3. Ka>KAbiH najieu  HMeeT pa3HO-

o 6pa3He b lo g 2 3 3a mhhYt h  h 300 lo g 2 3 3a 1 faHHyTy,

n03T0My Bee 10 najibueB, 6yAyqH HesaBHCHMu, HMeiOT 3000 lo g 2 3 
6h tob  b MHHyTy; OTciOAa hhjkhhh rpaHHua paBHa 4800 6«TaM  
b MHHyTy. 4. 5540 chmbojiob b qac.

!) Cm. noACTpoqHoe npHMeqaHHe Ha CTp. 247. —  FJpum. ped.
2) OAHaKO MO>KeT h He HaftTHCb TaKHX 4 caxapoB CpeAH HMeiO-

mnxcH 14. OOo3HaqHM 3HaqeHne «KHCJiora» qepe3 k h 3HaqeHHe « h h -
qero» qepe3 h. JJonycTHM, hto cpeAH HauiHX 62 bhaob HMeeTCH 6 bhaob,



9/18: 1. b MOJKeT cjie^oBaTb TOJibKO 3a a hjih b, ho He 3a d, n03T0MV 
Xb ao jijk h o  6biTb ab\ aHajiorHMHo Xc ao jijk h g  6HTb ac\ H3- 
KOHeU, XX AOJIJKHO 6bITb dX.

2. TOjibKO eCJIH KOM6HHaUHH a H P OrpaHHMeHbl HeKOTOpblMH 
TpeMH H3 MeTbipeX B03M0)KHbIX.

9/20: 1. HcnajKeHHe, h6o BTopoe o 6pameHHe BoccTaHOBHT opnrHHaji 
6e3 noTepb. 2. HcKaraeHHe, ecjin KajK/ioe HanpnjKeHHe B03- 
6y>KAaeT onpe/iejieHHyio nacTOTy. 3. llopqa , h6o pa3JiHMHbie Ha- 
npHJKeHHH onpe^ejiHioT OAHHaKOBbift (HyjieBOH) Bbixo/i.

9/21: 1. //1 =  lo g 29. 3 HTponH5i H 2 HaxoAHTCH H3 Ta6jiHUbi:

IlpHHHMaeMbiH chmboji 1 2 3 4 5 6 7 8 9

TaKHM 06pa30M, H2 =  2,948 n, cjieAOBaTejibHO, Hena,ae>KHocTb 
paBHa 0,222 6HTa Ha chmboji. 2. HeHaAejKHocTb =  0; achctbh- 
TejibHo HOBbie cooCmenHH nepe/iaiOTCH 6e3omH6oMHO. 4. 0,00299.
5. TatfjiHua co6biTHH h BepoHTHoereH TaKOBa:

ZleHCTBHiejibHaa KJieTKa L L M M
ZlHarH03......................  L M L M

(Flpoiue Bcero HaftTH BepoHTHocTH cjie/iyiomHM 06pa30M: pa3- 
6HTb 20 000 KjieTOK CHa*.aJia Ha jx Be rpynnbi: b 19 000 h 
b 1000 KJieTOK; 33Tew pa36HTb kjictkh ksjkaoh rpynnbi Ha 
HenpaBHjibHo onpe^ejieKHbie KJieTKH h Bee ocTajibHbie h, HaKOHeu, 
pa3AeJiHTb Bee KOJiH^ecTBa Ha 20 000.) //1 =  0,365 6HT/KJieTKa; 
H2 — 0,324 6ht3 Ha KJieTKy. CjieAOBaTejibHO, HeHa^ejKHOCTb 
paBHa 0,041 6nTa Ha KJieTKy.

10/4: 1. KoniKa mto-to jxejiaer (bosmojkho, nrpaei) c MepTBOH 
Mbiuibio. 2. Ecjih 6u  s to  6bijio bosmojkho, s to  3Ha*mjio 6bi, m o 
KoniKa c^ejiajia h to-to, b pe3yjibiaTe ^iero MepTBan Mbiuib o}KHJia!
3. C jieTajibHo (cMepTOHOCHo*) jxjik M, ecJiH hh oaho h3 C (M i), . . .
. . . , C(Mk) He BXOiJHT B M\, . . . , M/f.

cooTBeTCTByiomne BeKTopw KOTopbix TaKOBbi:

HHHHHHHHHHHHHH 
KHHHHHHHHHHHHH 
HKHHHHHHHHH HHH 
HHKHHHHHHHHHHH  
HHHKHHHHHHHHHH  
HHHHKHHHHHHHHH

A B C  

4 9 7 ’

BepOflTHOCTb 0,9405 0,0095 0,00025 0,04975

Toraa h h k 3 k h x  4 caxapoB (h 3  HMeiomnxcn 14) He xbs th t ajih pa3jiHwe* 
HHH y>Ke 5THX 6 BHAOB, —  tlpUM. ped,



10/5: 1) TeMnepaTypa h BJia>KHOCTb; 2) KOJimecTBo KHCJiopo^a 
B KpOBH aJIbnHHHCTa H Bee, HTO OT STOrO 33BHCHT; 3) Ha- 
npaBJieHHe npoxoAamnx BHyTpb CBeTOBbix Jiyqefl; 4) ocBemeH- 
HocTb od'beKTOB, KOTOpbie b npoTHBHOM cjiyqae 6mjih 6u  

HeBHAHMbi nocjie 3axo,na coJiHua; 5) TeMnepaTypa nnmH h, cjie/io- 
BaTejibHo, CTeneHb ee 3apa>KeHH0CTH GaKTepHHMH; 6 ) ocBemeH- 
HocTb JiHCTbeB pacTeHHH; 7) ocBemeHHOCTb ceT^aTKH;
8) ^asjieHHe (BbicoKofi h h tch ch b h octh ) Ha noflouiBy;
9) ^aBjieHHe npn conpHKOCHOBeHHH, y^epJKHBaeMoe paBHbiM 
Hyjiio; 10) paccTOHHne Meatfly cHapnAOM h uejibio, KOTopoe 
coxpaHfleTCH HyjieBWM hjih MajieHbKHM.

HeHHe, yflOBJieTBOpaiomee ypaBHeHHio 37 =  R — 2D; cjieaoBa- 
TejibHO, R jxojimno npHHHMaTb 3HaqeHHe 37 +  2D. 3. Ha rJiaBHOH 
AHaroHajiH (§ 2/10) ctoht hcxoah «3anoc HcnpaBJiHeTca», a Ha 
ocTajibHhix MecTax — «3aHOc yBejiHHHBaeTCH». 4. HyjieBoe; ohh 
Bee 6y;*yT c, He3aBHCHMO ot pa3H006pa3HH BbidopoB D. 5. fla.

3. R npocTo BcerAa 6y.neT Bbi6npaTb y , He33BHCHMo o t  xoaa Z).
4. Zta, Hcnojib3yn npeo6pa30BaHHe

| Mnciep A. M hcchc B. Mnerep C.

i  Xepec H,>khh Xepec

11/11: 1. fla . P a 3H0o6pa3He D paBHO 10 6ur/ceK, a 3pHTejibHbiH HepB 
MOJKeT nepe;*aBaTb B 200 pa3 6ojibiue. 2. nponycKHaa cnoco6- 
HOCTb, KOTopyio mojkho HcnoJib30BaTb /ijih peryjmpoBaHHH, paBHa 
0,63 dur/ceK jxjin Tejierpa^a h 5,64 dur/ceK  jyia urrypBajia. 
TaKHM 06pa30M, HeTpy^HO BHfleTb, qTo D BbiflaeT 06biqH0 He 
6ojiee 6,3 6ur/ceK. 3. HeT, coBepiueHHO nejjocTaTo^Ha. D #aeT 
107 6htob KajKAbift jxeHb, a pa3H006pa3He, nepe^asaeMoe reHe- 
pajiy, AOCTHraeT caMoe 6ojibiuee oahoh ceMHa^uaTOH SToro.
4. HeT, oh MOJKeT o 6ecne»iHTb TojibKo 3,6* 105 6htob b fleHb.

i
| 1 2 3

a P a If
b a 7 P
c 7 P a

2. D yrpojKaer nepenaBaTb b E co CKOpoCTbio 2 6uTlceK. tJtoGhi 
CBecTH sto K Hyjiio, KaHaji D->R AOJiJKeH nepeAaBaTb no Kpafi-

HaHO D, TO R &OJ1JKHO npHHHMaTb 3Ha-

11/4: 1. JXa.

1 2 3 4 5



Hefi Mepe c TaKofl >Ke cKopocTbio. 3. KaHaji C -> E jxojiTKeu 

HecTH 20 6uT/ceK\ cjie^O BaTeJibH o, K3H aji C-> R a o jijk c h  h c c th  
no KpanHen Mepe crojibKo >Ke. 4. KaHaji R-+T nojuKeH h cc th
2 duT/ceK, mto6h HeHTpajiH30BaTb D (h3 ynp. 2 ), h 20 dur/ceK 
o t  C; nocKOJibKy s th  re  a HCTOMHHKa He3aBHCHMH (3HaqeHHH 
D h C He cB H 3aH bi), nponycKHan cn0C06H0CTb K aH ajia  R -> T 
AojuKHa 6biTb caMoe MeHbmee 22 6uT/ceK.

12/8: 1.

1 L R

L 0 0,99

R 1 0,01

2. CHCTeMbi noqTH H30M0p(J)Hbi; 0AHaK0 p HHor^a 6yzieT npHMO 
nepecKaKHBaTb H3 A b D, a HHorna ocT3B3Tbcn na oahh mar 
b C. 3. nocjieflOBaTejibHue bcpohthocth jyih a Ha k3)kaom mare

a 3 7 25paBHbl 0, - J ,  Yg H ; Bep05ITH0CTH b paBHhl AOnOJIHeHHHM

3thx Apo6eft ao eziHHHUH. 4. O tb c t mojkho nojiy^HTb, yMHOJKan 

BeKTOp-CTOJideu £ | J Ha npoH3Be/ieHHe MaTpnu pqr\ cp. ynp.

2/16/3. 5. Coctohhhh hoboh CHCTeMbi /lOJDKHbi 6biTb 
napaMH, T3khmh, HanpHMep, KaK (b, e)\ n03T0My ona aojijkhs 
HMeTb 6 coctohhhh. Tenepb Han^eM bcpohthocth nepexo^a. 
MeMy paBHa, HanpHMep, BepoHTHocTb nepexo^ia (b, e) (a, / )? ’ 
MtoGh 3to cjiy^HJiocb, b aojijkho nepeflTH b o h  npH stom 
Apyran cocTaBjiniomaH aojukhs HaxoAHTbcn b coctohhhh e, t. e. 
b coctohhhh p. K o r ju  bxoa nepBofl cocTaBJiHiomeH pasen 
BepoHTHocTb b->a  paBHa 0,9. AHaJiormiHO npH coctohhhh b 
(t .  e. npH 6) BepoHTHocTb e -> /  paBiia 0,3; cjieAOBaTejibHO, 
BepoHTHocTb Bcero n epexo^a  (ajih qero jxojitkhh coBepiiiHTbca 
o6a 3Thx He3aBHCHMbix co 6biTHH) paBHa 0,27. OcTajibHbie 
BepoHTHocTH HaxoiiHTCH coBepmeHHo Tan me, h hckomsh MaTpima 
6yjxer HMeTb bha (cko6kh onymeHbi a jih  KpaTKOCTH)

i ae be ce a f bf c f

ae 0,06 0,63 0,25 0,14 0,15 0,12

be- 0,12 0,07 0,25 0,35 0,08

ce 0,02 — 0,56 — 0,20

a f 0,24 0,27 0,25 0,06 0,15 0,18

b f 0,48 0,03 0,25 — 0,35 0,12

c f 0,08 — — 0,24 — 0,30



12/10: 1. B03M0JKHa, HanpHMep, Tanaa MaTpnua: 

I I 1 2 -3 4 5 6 7

' 1
"3

.  -  i --------------------------
1 1
"3 2

_ _ _ _ _ _  i

_  . _  , —

1 _  _  _  __  _  ___ _  _

1 1

12/11:1. TOJibKO G. 2. #«HaxOAHCb b a hjih b, OHa, no-BHflHMOMy, He 
3HaeT, rue  OHa HaxoflHTcn, h 6jiyjK,naeT H ayra# ; eflHHCTBeHHHM 
OTJ1HHHHM OT a H b OTfleJieHHeM, B KOTopoe OHa MOJKeT npOHTH 
H3 A hjih B, HBJiaeTCfl OT/iejieHHe c; nonaB b c, OHa, no-BH/m- 

MOMy, ysHaeT, m e  OHa Haxo/jHTca, h6o Bcer/ia 6e>KHT, ne 
OTKJiOHHHCb, qepe3 d h e b f, me h ocTanaBjiHBaeTCH, — bo3- 
mo>kho, ee Bcen ja  TaM kopm hjih».

12/12: 1. (I) fla; (II) M D

M
1

2

D
1

2

H3 B HeT nepexo^oB.

2. f l a  —  ajih m h o z u x  cymecTBeHHbix nepeMeHHbix!
12/14: 1. y flOJDKHa 6biTb e^HHHMHOH; b p Ha rjiaBHOH AHaroHajiH ne

AOJIJKHO 6UTb 1.
1

12/17: 1. (I) 26 ? p  (II) 52. (Cm. «V c tp o h c tb o  M03ra» § 23/2;

1 V )
Mecb P =  52-)

i\ or  ̂ 1 ~j~ 2 — 3 —j— 4 —f— . . .  — 52 or
l )  2b = ---------- ------- - -0 ---------- -------; b opHrniiaJie c to h t  26. -

nptiM. ped.

27 3aic. 3346. V. Pocc SjjuCh.



12/21: 1. JX Be; noJio}KeHHH 6pyca G n0JiH0CTbi0 onpeaeJinioTCH nojio- 
xceHHHMH CToji6a P, koto p bin HMeeT OAHy CTeneHb cboGoah; 
yroji noBopoTa pbiqara J  AaeT BTopyio. ’2. Oahh H3 cnoco6oB —  
nocTaBHTb V nocpe^HHe MejK/iy L h K. 3. Oahh h3 o toco6ob —  
H3MeHHTb HanpaBJieHHe £BH)KeHHH B03Ayxa, TaK qTo6u oh He bh- 
xoahji b V, a bxoahji b Hero.

13/15: 1. 31og27, t. e. 8,42 6nTa. 2. 31og291, t. e. 19,52 6HTa. 3. Mhhh- 
MyM 3,3 6nTa, h6o mnbKO 10 kom6hh3Uhh pa3AUHHbi. 4. 1 6ht;
MHCJIO COCTOHHHH H flpyTHe n0£p06H0CTH He HMeiOT 3HaqeHHH. 
M to6h noHHTb, qTo o tb ct doAotcen 6uTb «1 6h t», npe^cTaBbTe 
ce6e, qTO Harnn ABe MauiHHbi —  ejjHHCTBeHHo B03M0)KHbie (KaK 
s to  h flaHo), a 3aTeM npe/JCTaBbTe ce6e, qTo npoeKTHpoBiuHK 
AOJiJKeH nocjiaTb cboh yK333HHH no TejierpatJjy; hcho, qTo eMy 
He npHfleTca njiaTHTb MHoro, h6o npocToro p33JinqHH b 1 6ht 
AOCTaToqHO, qTodbi azipecaT nojiyqwji Bee HeodxoflHMbie yK333- 
hhh. 5. ( I )  49 800 6htob; ( I I )  1,6 6h t3 ; HHKaKoro cooTBeTCTBHH
h Hejib3H ojKHflaTb, h6o 3TH ab3 3H3qeHHH OTHOCHTCH He 
k OAHOMy uiTaMny, a k abym pa3JinqHbiM MHOJKecTBaM bo3mojk- 
HOCTeu. 6. n lo g 2 n 6htob. 7. in lo g 2 n 6htob.

13/17:1. YcTpaHHeTCH 19 B03M0JKH0CTeH. 2. ycTpanneTCH 26 B03M0)K- 
HOCTeft. 3. 4,75 6HTa yMeHbuiHJincb jxo 3,00 6ht3, TaK qTo 6hjio 
ycTpaHeHo 1,75 6ht3. 4. IlocKOjibKy a\ mojkct nepeiiTH b Jiio6oe 
H3 n — 1 coctohhhh, KaK h 02, to  HOBoe qncjio npec>6pa30BaHHft 
paBHo

(n — 1) (n — 1) . . .  (n — 1) (n pa3), 
t .  e. (n — \)n . JIorapH^MHqecKH p33H006pa3He 6bijio paBHO 
f l lo g 2ft, a Tenepb oho paBHO n\og2 ( n — 1), TaK qTo pa3Hoo6- 
pa3He, ycTpaHeHHoe orpaHHqeHHeM, paBHo 

n lo g2 n —  n lo g 2 (n —  1).

5. 1,4 6nTa; ToqHee, oho paBHo (1 +  ^  + . . . )  Io g2 e. 6. flpo-

CMOTp k-Pl KapTbi B KOJlOfle H3 n KapT ZiaeT HH(j)OpMaUHIO (hjih 
HMeeT SHTpOnHIO)

______1 J 1______________n — k 1 n — k
n —  k-\-\ n —  k-\-\ n — k -1- 1 n —  k-\-\ ’

ecjin KapTa BUTacKHBaeTcn. Ecjih ycnex ziocTHrHyT paHbiue, 
SHTpOnHH paBHa 0. BepOHTHOCTH 3THX AByx co6mthh (h hx 
SHTponnft) paBHbi (n —  k-\-\)/n h ( k — 1 )/n\ CJieAOBaTeJibHO, 
B3BemeHHaH CpeflHHH 3HTpOnHH paBHa

-  i  ( « ° *  n - l + T  + ( n ~ k) lo *  n - 7 + l )  *

HJIH

-i- [(/i — k -f- 1) log (n — k +  1) — (n — k) log (n — £)].

7. npH KajKnoM npocMOTpe SHTponnn ohhh3kob3: OHa paBHa
1 n —  1

SHTponHH BepOHTHOCTefl-^ h — — ; OTCIOAa cpeAHHH HH(popMauHH



paBHa

i  |n logn — (n — 1) log (n — 1) j  .

14/1: 1. KoHeqHO, hco6xoahm flonojiHHTejibHbifi bxor c flocTaTOHHHM 
o6hjihcm b oah . Bhxo,h HfleT o t  Hero qepe3 Kpan, ynpaBJiaeMbifi 
OCHOBHbIM BXO£OM. OflHH H3 B03M0JKHbIX Cn0C060B —  HCn0JIb30- 
BaTb nopmeHb hjih Mexn, c TeM m to6h jxaBJieune boah , npoxo- 
flflmeft *iepe3 y3Koe OTBepcTHe b KOJinqecTBe 0,1 hjih 2 MA/cetc, 
CTaBHJio KpaH b HyHCHoe nojiojKeHHe.



>KHpHbIM IIipH(j)TOM BblflejieHbl CTpaHHUbI, Ha KOTOpbIX npHBOflHTCH
onpe^ejieHHe cooTBeTdByiom ero TepMHHa

A 6 cojnoTHaH CHCTeMa (absolute 
system) 65, 132, 320, 385 

a6cop6Hpyiomee cocTOHHHe (ab
sorbing state) 325 

aBTofiycbi (buses) 119 
aBTOMaTOB TeopHH 7 
aBT0M06njib (car) 305, 363 
— , 3aHoc 289
aBTonnjioT (automatic pilot) 282, 

284
a30T (nitrogen) 98 
aJirOpHTMOB TeopHH 7 
aMHHOKHCJioTa (amino-acid) 160, 

280
aMMHaK (ammonia) 159 
aHajiH3 kpobh (blood count) 271 
aHrjiHHCKHH H3MK (English) z43 
An^epceH TaHC KpHcfnaH (Ander

sen H. C.) 171 
aproH (argon) 98 
accounaijHH (assotiation) 190 
aTOM (atom) 368 
aycnnuHH (auspices) 365 
ayTOKaTajiH3 (autocatalysis) 107, 

279
a(J)a3HH (aphasia) 127

EaKTepHH (bacteria ) 50, 51, 178,
262

6acceHH (basin) 41
—  KaK cejieKTop ( —  as selector) 

367
6ercTBO (ru naw ay) 391, 393 
6e 3pa3JiHqHoe paBHOBecne (neu

tral equilibrium ) 115

EejuiMaH P. (Bellman R.) 109, 396 
6eH3HH (petrol) 120 
6ecKOHeqHO MaJibie (infinitesimal) 

23, 24 
6 h t  (bit) 179
EHTBa >Kh3hh (Battle of Life) 

341
6HxeBHOpH3M (behaviourism) 14 
6oJibman CHCTeMa, cm. OqeHb 

SoJibHian CHCTeMa 
EoJibiuoe Bo3MymeHHe (Grand 

Disturbance) 352 
BoJibmofi Otbct (Grand Response) 

352
EpafijiH  mpHc})T (Braille) 265 
6pHAH (bridge) 365 
6p0yH0BCK0e ABH>KeHHe (Brownian 

movement) 116, 267 
6yM h cnafl (boom and slump) 157 
6y p 6aKH H hkojih  (Bourbaki Ni

colas) 141, 163, 224, 396

BaHHa (water-bath) 192, 282, 352 
BeKTop (vector) 52
— , orpaHHMeHHH pa3Hoo6pa3HH 

b B eKTopax 182
— , nocjieaoBaTejibHOCTb KaK BeK- 

Top 246 
— , paBeHCTBO BeKTOpOB 53 
— , pa3Hoo6pa3He b BeKTopax 353 
B ejiocnne^  (b ic y c le )  282 
BepoHTHOCTb (p r o b a b il i ty )  175
—  KaK nepeMeHHan 65
— nocTOHHHan 230 
BeTo (veto) 123



BeTO, peryjiHpOBaHHe nocpea- 
ctbom B eio  330, 367 

Eemb (th in g ) 186 
B33HMHO 0AH03HaqH0e npeo6pa30- 

BaHHe (one-one transformation)
30

B3aHMHbie noMexH (in terference)
225

B3BeuiHBaHHe MOHeT (weighing 
coins) 222 

BHHep Hop6epT (Wiener Norbert)
7, 13, 176, 254, 396 

BHTaMHHbi (vitamins) 65 
BHeuiHee B03£eHCTBHe, cm. Bo3- 

MymeHne 
B036y}K1neHHe (reverberation) 195 
B03AeHCTBHe HenocpejjcTBeHHoe 

(effect, immediate) 85
—  oTflajieHHoe (e ffect, ultimate) 88 
B03MymeHHe (disturbance) 114, 281
—  noBTopaiomeecfl 350 
BonjiomeHne (em bod im ent) 50 
bxo% (input) 69, 129
—  h npoeKTHpoBaHHe ( —  and 

design ) 359
Bbi6op (selection) 357 
— , KOJinqecTBO ero  361
—  nocpejjcTBOM MauiHHbi 366 
Bbi6op noBTOpHbifl (sampling, re 

peated) 246
BbiiKHBaHHe (surviva l) 114, 279,280 
BbinJiaT MaTpHua (pay-o ff matrix)342 
Bbipa>KeHHe (expression ) 51 
Bbip0>KAeHH0CTb (d egen eracy ) 73 
BbicoTa (a ltitude) 316 
Bbixoj* (output) 73, 129, 130 
BbmeTbi (residues) 58 
BbmHCJiHTejibHaH MaiuHHa (com pu

ter) 141, 167

TajiHjien TajiHJieo (Galilei Galileo) 
174

rapMOHnqecKHH aHajiH3 (Fourier 
analysis) 74 

rapMOHHqecKoe KOJie6aHne (har
monic) 59 

reHepaJi (general) 300 
reoMeipHH (geometry) 14 
rJiaBHaa flnaroHaJib (main diago

nal) 32

rjiaBHbie nepeMeHHbie (main varia
bles) 387 

rJia3a (eyes) 184
ToJiAMaH Ctsh^ op^ (Goldman 

Stanford) 159, 396 
roJiocoBbie cba3Kh (vocal cords)

258
rojibcj) (golf) 328
roMeocTa3HC (homeostasis) 119, 

278, 385
roMeocTaT (homeostat) 123, 331, 

367, 381, 389 
r0M0M0pcJ)H3M (homomorphism) 

148, 150
TonKHHC <$>pej\epuK ToyJiaH^ (Hop

kins, Sir Frederick Gowland) 65 
^Topa^o hjih x o j io w o »  (hot or 

cold) 333 
rocTb (guest) 290 
TpaHHT P. (Granit R.) 121, 396 
rpa(})HK (graph) 138
—  KaK o rp a m m en n e  pa3H006pa- 

3HH 185
—  KHHeMaTHMeCKHH 40
rpynna kpobh (blood group) 179, 

407
ryMOpbi (humours) 273

JaBJieHHe (pressure) 72 
HapBHH 4apji3 (Darwin Charles)

5, 107
HapjiHHrTOH CnpHJi JIhh (Darling

ton Cyril Dean, 1903), aHrjiHH- 
ckhh 6nojior 275 

ABa^uaTb BonpocoB (twenty ques
tions) 180 

ABepb (door) 128 
ABHraieJibHbiH KaHaJi (motor chan

nel) 313
ABOHqHbiii pa3pHA (b inary d ig it) 179 
aerycTaTop iian (tea-taster) 192 
AeKOAHpoBaHHe (d e-cod in g ) 201 
.neTepMHHHpoBaHHan MauiHHa (d e 

terminate m achine) 43, 319 
tfeiepMHHHpoBaHHOCTH noHCKH (de- 

term inacy, search for ) 133, 365 
AHarOHajib (d iagon a l) 32 
AHarpaMMa Henocpe,ncTBeHHbix 

B03^eHCTBHH (d iagram  of im m e
diate e ffects ) 37



AHarpaMMa, b u b o  jx ee (diagram, 
deduction of) 136

OT,naJieHHbIX B03ASHCTBHH ( —  Of
ultimate effects) 88 

AHpeKTHBHaa KoppeJinuHH (direc
tive correlation) 300 

AiiccouHauHH (dissotiation) 242 
aH(j3(})epeHUHajibHbie ypaBHeHHH 

(differential equations) 58, 140
—  — , TeOpHH yCTOHqHBOCTH

(----, stability theory) 163
flHX0T0MHfl (dichotomy) 368 
AOM c npHBHAeHHHMH (haunted 

house) 92 
AOMHHHpoBaHHe (dominance) 82 
AonojiHeHHe (supplementation) 99,

231
—  Bbi6opa 365 
apovKb (shivering) 337 
AbiM (smoke) 263 
AbixaiejibHbiH ueHTp (respiratory

centre) 119

EcTecTBeHHbiH oi6op (natural se
lection) 279

^Kawaa (thirst) 318 
HtepTBa (prey) 340 
k h b o t h o b o a  (stock-breeder) 94

3ara^Ka (puzzle) 382 
3a*aqa, c m . PemeHHe 3a^aq 
3a^ep^HBaieJib (delayer) 210 
3a^ep)KKa (delay) 222 
3aHMCTB0BaHH0e 3HaHHe (borrowed 

knowledge) 133 
3aKJiiolieHHbiH (prisoner) 176 
33KOH npupozibi (law of Nature) 185
— HaKonjieHHa onbua (— of Ex

perience) 195
—  Heo6xoflHMoro pa3Hoo6pa3HH 

(— of Requisite Variety) 293,346
3aKOHu ra3a (gas laws) 72, 94
— MaiepHH (laws of Matter) 92 
3aMKHyT0CTb (closure) 26, 48, 113,

156
3aHoc aBT0M06HJifl, cm. Abtomo- 

dHJib

3apa6oTHafl njiaia (wages) 57 
3aceKpeHHBaHHe: cncieM bi 3ace- 

KpeqHBaHHH (s e c re c y  system s) 
201, 343, 398 

3Be3£Hoe CKonJieHHe (star clu ster)
162

3eMjin, B03pacT ee (Earth, age 
of) 278

— , OrpaHHqeHHH pa3H006pa3HH Ha 
Hen 187 

— , npHBO^HMOCTb Ha Hen 370 
3oMMepxo$ T. (Sommerhoff G.) 

300, 396

Mrpa (g a m e ) 288, 340 
nrpoK b rojibc}) (g o l fe r )  328 
H36biT0HH0CTb (red u n d an cy ) 185,

259 >
H3MeHeHHe Bxo^a (ch a n ge  o f in 

pu t) 68
—  coctohhhh  ( —  o f  sta te ) 23 
H30jiHT0p (in su la to r) 136 

H30M0p(f>H3M (iso m o rp h ism ) 137,142 
HHBapnaHT (in va r ia n t) 109, 173, 

185, 305 
HHKy6aTop (in cu b a to r ) 335 
h h c th h k t  (in s tin c t) 46 
HHTerpHpoBaHHe (in te g ra t io n ) 60,

HH(J)opMauHH (in fo rm a tion ) 176 
— , npHpocT HH^opMauHH (— , ga in  

o f )  255
—, TeopHH HH^opMauHH (— the-

ory) 7, 17 
HOHH3auHH (ion isa tion ) 174 
HCKameHHe (d is to rt ion ) 269 
HCKJiioqeHHe chmbojiob  (e lim in a 

tion ) 35
HeKyedBO KopMqero (steersman- 

ship) 13
HCKyuieHHOCTb (soph is tica tion ) 135 
HCTopHH CHCTeMbl (h is to ry  o f sys

tem ) 166, 243 
hcxo jx (outcome) 288

flo^HCTbiH BO/iopOA (h y d ro g e n  
io d id e ) 174

KaHaji (ch a n n e l) 185, 218 
— , nponycKHan cnocodHocTb 

( —  c a p a c ity ) 257



KaH0HHqecK0e npeacTaBjieHHe (ca
nonical representation) 50, 59

---- , BbiBOfl ero 133
K a p ia  reorpacjm qecKaa (m a p ) 138 
KapTbi HrpajibHbie (ca rd s ) 179 
KaccoBbifl annapaT (cash reg is te r ) 

31
Kay3ajirH5i (causalgia) 121 
K ayqyK  (rubber) 162 
KaqejiH (see-saw) 121 
Kam ejib (cough) 350 
KBajnpaT npeo6pa30BaKHH (square 

of transformation) 34 
KeHHOH yojuep Bpeji(})op,n (Can

non, Walter Bredford) 278, 385 
KH6epneTHKa (onpe/iejieH H e) (cy

bernetics defined) 13 
KHHeMaTHqecKHH rpa(})HK (kinema

tic graph) 40 
KHcjiopoa (oxygen) 315 
KJiioq (key) 201
ko,h „riJi9Hd)9Hp“ („PIayfair“ code) 

201
KO^HpoBaHHe (coding) 199, 343
— aji(J)aBMTHoe (— alphabetic) 25
—  b M03ry (— in brain) 199 
KOJie6aHHe (oscillation) 240 
KOJiuqecTBO nBYLxemn (momen

tum) 65
KOJiiomKa (stickleback) 46 
K0Mn03HUHH (composition) 38 
K0Mn0HeHT (component) 52 
KOHAHUHOHHpoBaHHe B03,nyxa (air- 

conditioning) 284 
KOHTpojib (monitoring) 258 
KOHTyp C nOJIOKHTeJIbHOH o6paT- 

hoh CBH3bio (regenerative cir
cuit) 120, 195 

KOHyc (cone) 110 
KonHH (replicates) 193 
KOpMHJieu (provider) 285 
KOppeKUHH (correction) 299 
Kocib (HrpajibHaa) (die) 241 
kot (cat) 175 
Koc})e (coffee) 176, 194 
KOiuKa (cat) 279
K09(})(})HuHeHT HHTeJIJieKTyaJIbHO- 

cth (intelligence quotient) 121 
KpaH (ta p ) 332
Kpacubie KpoBHHbie mapHKH (red 

corpuscles) 315—31.6

KpaTHbix 0TH0meHHH 3aKOH (law 
of Simple Proportions) 186 

KpHKeT (cricket) 31 
KpHTepHH (criterion) 363 
KpHTHqecKoe COCTOHHHe (critical 

state) 387 
KpOBb, cm. Tpynna KpoBH, AHa- 

JIH3 KpOBH
Ky6 (cube) 109

JIa6npHHT (m aze ) 128, 164, 190, 
323

jiaBHHa (avalanche) 107 
JiaKT03a (lactose) 178 
jianueTHHK (Amphioxus) 15 
JIanjiaca npe06pa30BaHHe (Lapla

ce’s transform) 206 
JleBHH KypT (Lewin Kurt) 163, 

397
jieiajibHbiH (lethal) 281, 318 
„jieTaiomaH TapeJiKa“ (Flying Sau

cer) 128
jiHHenHaa CHCTeMa (linear system ) 

59
jihhhh noBe/jeHHfl (line o f beha

v iour) 44, 386 
jiHmcaa 6yMara (fly -paper) 238,

325
jiorapncjw no HOBOMy 0CH0BaHHi0 

(logarithm  to a new base) 179 
jiOKajiH3auHH (localisation ) 102, 

161
jiokomothb (locomotive) 375 
JlamjiH Kapji CneHcep (Lashley, 

Karl Spenser) 95, 397

MarHHTHaa jieHTa (magnetic tape) 
167

MaK-KaH XJ,OHajib,n MaKKpHMMOH 
(MacKay, Donald Maccrimmon) 
357, 397 

MaHeBp (manoeuvre) 300 
MaHHnyjiHUHH (manipulation) 135
MapKOB AHapefl AH^peeBHq

(1856— 1922) 236 
MapKOBCKaa MamHHa (Markovian 

machine) 320 
MaTeMaTHqecKaa (J)H3HKa (mathe

matical physics) 15, 47, H4



MaTepnajibHOCTb (m ateria lity ) 92 
MaTpHua (m atrix ) 31
—  BbinjiaT (— , p ay -o ff) 342
—  nepexoziH b ix BepOHTHOCTeft 

( —  of transition probabilities)
232

MauiHH TeopHH (m achine, theory 
o f) 13

MauiHHa, BHAHmafl ce6n (machine, 
seeing itself) 84

—  AeTepMHHHpoBaHHafl (— , deter
m inate) 43

—  KaK orpaHHqeHHe pa3Hoo6pa- 
3HH ( —  as constraint) 188

—  KaK peryjiHTop ( —  as regu la
tor) 355

—  KaK ceJieKTOp (—  as selector) 
366

—  MapKOBCKaa ( — , M arkovian) 
320

— , MHO)KeCTBO COCTOHHHH ( — , Set
o f states) 192

— , npoBepKa ee ( — , test for) 
132— 133

—  co bxo,hom (—  with input) 69 
MaaTHHK (pendulum ) 57, 63, 174
— , 06paTHafl CBH3b b neM ( — ,

feedback w ith in) 83 
MeranHK (m ega-p ick ) 369 
MexaHH3M (m echanism ) 43 
MHHa (m ine) 135 
mhsjihh (m ye lin ) 315 
MHOiKecTBO (set) 174, 175
—  h MauiHHa 192 
Moziejib (model) 141, 157 
MOHeTa (coin) 222, 329 
MopreHuiTepH OcKap (Morgen-

stern, Oscar, 1902) 342, 397 
MOujHOCTb (cap ac ity ; peryjiHTOpa 

299, 372 
Mbiuib (m ouse) 279 .

Hagjuo/ieHHe, H enojiH oe (o b s e r v a 
tion , in c o m p le te ) 164 

Ha6op reHOB (g e n e -p a tte rn ) 94,
281, 380 

HanHTOK (b e v e r a g e )  176 
HaceK0M 0e (in s ec t ) 235
Hacjie^CTBeHHOCTb 6
HayKa (science) 154, 174, 186

Ha^iajibHoe COCTOHHHe KaK uiyM 
(initiate state as noise) 308 

He,neTepMHHHp0BaHH0e npeo6pa- 
30BaHne (non-determ inate trans
form ation ) 230 

HefloCTynHoe COCTOHHHe (inacces
sible state) 135 

He33BHCHMOCTb b noBeAeHHH (in 
dependence in behaviour) 89

—  b pa3H006pa3HH ( —  in va r ie ty ) 
183

HefiMaH R moh (Neumann, John 
von ) 95, 341, 397 

nenpOHOB uhkji (c y c le  o f neurons) 
121, 195 

HenpOHbi (neurons) 356
— , KOJinqecTBO hx ( — , number 

o f) 95
HeHa^e>KHOCTb (equ ivacation ) 270 
H eo6xo^H M oro pa3H006pa3HH 3a- 

koh (Requisite Variety, law  o f) 
293, 346

HenoJiHoe HatfjnozieHHe (in co m p le te  
ob se rv a t io n ) 164 

HenOCpeACTBeHHbie B03fleHCTBHH
(im m ed ia te  e ffe c ts ) 85

--------, AHarpaMMa hx 87
HenpeKpamaiomaacH n epe jjaqa  (in 

cessant transm ission ) 229 
HenpepbiBHOCTb (c o n tin u ity ) 23, 49
—  KaK orpaHHqeHHe pa3noo6pa3Hfl 

( —  as con stra in t) 189
Hepa3peuiHMbie ypaBHeHHH (unsol-, 

vab le equations) 60 
HepacTB0pHM0CTb (insolubility) 

104
HeycTOHqHBbe paBHOBecne (un

stable equilibrium ) 115 
HeqeT h ^er (odd  and even ) 151 
HOpMajibHbie KoopAHHaTbi (normal 

co-ordinates) 147 
HyjieBoe pa3H006pa3ne (zero  va 

rie ty ) 180 
Hbi0T0H McaaK (N ew ton , Sir Isaac) 

65

06jiaKa (cloudes) 51 
o 6jiacTb ycTOHMHBan (region, sta

b le ) 112, 324 
o 6o3HaneHHH (notation) 28, 37, 55



o6pa3 (transform ) 25 
o6pa3 MHOwecTBeHHbw (— , mul

tip le) 230 
o6paTHaa cBH3b (feedb ack ) 79, 82, 

335
--------h pa3K006pa3He (—  and

variety ) 223
--------h ycTOHMHBOCTb (—  and

stability) 118 
o6paTHbiH npeoSpasosaiejib  (in 

verter) 208 
o6pameHue KOflHpOBaHHoro coo6- 

meHHH (in vertion ) 206
—  npe06pa30BaHHH (in verse) 202 
o6yqeHue (learn ing) 135, 189, 382 
oS'beM (vo lu m e ) 72
othh b aOMe (house ligh ts) 178 
orpaHHqeHHe pa3H006pa3HH (con 

straint) 145, 181, 246, 349 
0AH03HaMH0e JIHLUb B ozmy cro- 

pOHy npeo6pa30BanHe (m any- 
one) 39

—  npeoSpasoBaHHe (s ing le-va
lued) 30

0K0HMaTejibH0e nojie (terminal 
fie ld ) 387 

OKpyataiomafl cpe^a (environm ent) 
382

onepaHA (operand ) 25 
onepaTOp (opeta tor) 25 
OTAajieHHbie bo3aghctbhh (ultimate 

e ffects) 88
--------, AnarpaMMa hx 88
OTJiHBKa (casting) 46 
OTpHuaiejibnaH o6paTHan cBH3b 

(n egative  feedback ) 119 
oxjia>KAeHHe (coo lin g ) 46, 194 
oxothhk (hunter) 285 
o^eHb 6oJibiua5! cncieMa (very  

large system ) 93, 126, 158
----------- , peryjmpoBaHHe ee

( — , regulating the) 345 
oiuHtfKa (error) 272, 311

IlaBjioB MBaH FleTpOBHM 5, 189, 
397

naMHTb (memory) 166, 243 
FlamarpiosJib (Pantagruel) 183 
naHUHpb (shell) 281 
napaMeip (parameter) 69, 387

napnpoBaHHe yaapOB (parry) 286 
nap0B03 (locom otive) 119 
nepeaaqa (transmission) 199 
nepeHMeHOBaKue (re-labelling) 

142, 144
nepeKJiioMaTejib KaK bxoa (switch 

as input) 69, 358 
nepeMeHHaa (variable) 52, 145
— b CHCTeMe 64
—  He^ocTaiomaH (missing) 164
— cymecTBeHHaa 280 
nepexofl (transition) 25
— , BepoHTHocTb ero (—  probabi

lity) 232
— , Ha6jiio&eHHe ero (— , obser

ving) 208 
nepexoAHbifl npouecc (transient) 

74
nHBosapeHHe (brew ing) 161 
nHTaTejibiian cpe^a (culture me

dium) 50, 51 
nHeBMaTHMecKHH ycHJiHTeJib (pne

umatic amplifier) 338 
nHeBMOHHH (pneumonia) 45 
noBeaeHHe, H3MeHeHne noBeaeHHH 

(change of behaviour) 68 •
— , jihhhh noBejjeHHH (line of beha

viour) 44, 386 
noBTopeHne (repetition) 132, 174,

350
noBTopmomHecfl CHCTeMbi (iterated 

systems) 370 
norjiomaioui.ee COCTOHHHe, cm. A 6- 

copSnpyiomee cocToaHHe 
noro.ua (weather) 53 
no^KpenjieHHe ycjiOBHoro pe(J)- 

JieKca (reinforcement) 189 
no^cHCTeMa (sub-system) 76 
nojrbeMHbiH KpaH (crane) 339 
noe^HHOK (duel) 286 
noe3A (train) 119 
no3a (posture) 51 
noHCK (searching) 334—335
—  h ociaHOBKa (hunt and stick) 

327
nojie (field) 386
nojioBHHHan HCTHHa (half-truth)

150
nojioMceHHe (position) 52
nOJIO)KHTejIbHaH 06paTHafl CBH3b

(positive feedback) 120



nonyjinuHH (population ) 238 
nopor (th reshold ) 100 
nopox (gu n-pow der) 105 
nopqa (corruption ) 267, 269 
nocjiejxoBaiejibHocTb (sequence) 

221, 245 
nocTOHHHaa (constant) 305 
nodOHHCTBO (perm anence) 275 
npeaMeT (o b je c t) 186 
npe,acKa3aHHe (p red iction ) 187 
npeflCTaBJieHHe, KaH0HHqecK0e 

(representation, canonical) 50, 59 
npeacTaBJiflicmafl Tonica (represen

tative point) 41 
npeaynpe>K^eHHe o unopMe (ga le  

warning) 199 
npe06pa30BaHHe (transformation) 

25
—  B3aHMH0 0flHO3HaiiH0e (— , one- 

one) 30
— , BonjiomeHHe ero  (— , em bod i

ment) 50
—  reoM eipHqecKoe (— , geom etri

ca l) 37
—  o 6paTHoe (— , inverse) 202
— • 0flH03HaqH0e ( — , single-valu

ed ) 30
--------jih mb b OAHy CTopoHy

(— , m any-one) 30 
■—  cjiyqanHoe (— , random ) 99, 

180, 192
—  TXttKflecTBeHHoe (— , identical)

31
npeo6pa30Baiejib (transducer) 69, 

159, 204
„npecjie,noBaHHeft (chasing) 206, 

409
npHBOflHMOCTb (redu cib ility ) 92
—  h Bbi6op (—  and selection) 369 
npHueJi .hjih 6oM6oMeiaHHfi (bom b-

sight) 127 
npoSa h ouiH6Ka (trial and error)

326
nporpaMMHpOBaHHe (program 

m ing) 356 
npo,noji>KeHHe cymecTBOBaHHJi 

(persistence) 156 
npojuoJDKHTeJibHocTb Bbi6opa 

(duration o f selection) 367 
upoeKTHpOBaHHe (des ign ) 355 
upOH3BeAeHHe (product) 38

np0H3B0AHaH (d eriva tive ) 167 
nponycKHaa cnoco6HOdb (capa

c ity ) 257 
np0T0K0ji (p ro toco l) 130 
— , orpaHnqeHHe pa3Hoo6pa3HH 

b HeM 188 
npoTonjia3Ma (protoplasm ) 103 
npo(J)HJib KpbiJia (aero fo il) 138 
npoue^ypa yciaHOBjieHHH jinqHO- 

cth  (Personality  test) 178 
npy>KHHa 6e3 Maccbi (massless 

spring) 15 
ncHxojiorHH TonoJiornqecKaH (psy

cho logy , topo log ica l) 163 
IlyaHKape AHpn (Poincare, Henri)

163
nyroBHUbi h h h th  (buttons and 

strings) 40, 146 
nyjibT ynpaBjieHHH (control pa

nel) 130

PaBeHCTBo BeKTopoB (equality of 
vectors) 53 

paBHOBecne (equilibrium ) 110
—  6e3pa3jiH4Hoe ( — , neutral) 115
—  b uenn MapKOBa (—  in M ar

kov chain) 238, 325
—  h ccejiHHeHHe (—  and coup

lin g ) 122
—  HeycTofiqHBoe (— , unstable) 115 
— , OTcyTdBHe ero  (— , absent) 364
—  ycToftqHBoe (— , stable) 115 
paflHo, npoeKTHpoBaHHe (radio

designing) 358 
pa3JinqeHHe (discrimination) 149 
pa3JiHqne (difference) 23 
pa3MHO>KeHHe (breeding) 105 
pa3Hoo6pa3He (variety) 171, 178, 

179
—  b BeKTopax ( —  in vectors) 353
— Heo6xoziHMoe (— , requisite) 293 
PaM3aft y HJibHM (Ramsay William)

98
pacxo>K/ieHHe (d ivergen ce ) 191 
peryjiHpoBaHHe (regulation ) 275
—  aBTOMaTHqecKoe (— , automa

tic) 355
— , npe^eJi ero (— , limit of) 299 
—, ycHJieHHe ero (—, amplifying)

373



pe3epByap (reservoir) 337 
pe3HHa (elastic) 162 
pejie (relay) lz4, 137, 392 
pe(J)JieKc (reflex) 189, 350 
peuemop (receptor) 313 
peqb (speech) 180 
pemeHHe 3a,naq (problem solving) 

382
Pwre )KaK (Riguet Jacques) 224,

397
Psjien (Raleigh) 98 
pHA 9KcnoHeHUHajibHbiH (series, 

exponential) 248

CaM0B0cnp0H3BezieHHe (self-repro
ducing) 160, 279

caM03aKperuiHK)mHecfl CBOHCTBa
(self-locking properties) 103,332 

caxap (sugar) 160 
ceepxHOBaa 3Be3.ua (super-nova)

351
CBeTO(J)Op (traffic ligh ts) 181 
CBOHCTBa pa3MHo>KaiomHec5! (p ro 

perties, b reed ing ) 105 
CBH3b (KOMMyHHKauHa) (com m u

n ica tio n ) 176 
cBH3b (coe^HHeHHe) (connexion ) 99 
— , BbiBO^ cBH3eH ( — , deducing 

o f) 136 
ceMa(})op (sem aphore) 178 
cepAue (heart) 356, 357 
ceT^aTKa (retina) 270 
ceTb (n etw ork ) 101, 137 
cnrHaji (s ignal) 263, 314 
CHCTeMa (system ) 64, 385
— a6cojiioTHaa 65, 385
— , onpeaejieuHe ee 153, 323
—  oqeHb 6ojibinan, cm. OqeHb 

6ojibwaa CHCTeMa
— cjioamaa 18
— SKOHOMHqecKan 60
CKauoK (jump) 23, 49 
cKopocTb (velocity) 111 
cjiea (trace) 167 
cjiHHHHe (confluence) 191 
cjio>KHan CHCTeMa (complex sys

tem) 18
cjio>KHoe B03MymeHHe (compound 

disturbance) 306 
cjiyqaflHoe (random ) 96, 36§

cjiyqaflHbie qncjia (random num
bers) 331 

cjiyqafiHbiH noHCK (random sear
ching) 335, 365 

CMepTejibHbifl, cm. JleTajibHbift 
CMemeHHe (displacement) 115 
CMbicji (meaning) 204 
cHHMaHHe KapT (cutting cards) 201 '  
coBepmeHHbiH peryjiHTop (perfect 

regulator) 303, 317 
coeAHHeHHe (coupling) 75
—  h paBHOBecne 122
—  MapKOBCKHX MauiHH 322
— cjiyqaHHoe 96 
coo6meHHe (message) 176
— c HyjieBOH SHTponHefi (— of 

zero entropy) 299
conpOTHBjieHHe (resistance) 362 
coceacTBO (neighbourhood) 114 
cocTaBjiHiomaH (component) 52 
COCTOHHHe (state) 44
—  a6cop6Hpyioinee 325
—  HaqajibHoe KaK rnyM 308
— He^ocTynHOe 135
— ciauHOHapHoe 51
—  paBHOBecHH 110, 325 
coxpaHeHHe SHeprHH (conservation

of energy) 186 , 374 
cnnflOMeTp (speedometer) 208, 408 
CnopH MafiKJi B. (Sporn, Mi

chael B.) 12 
cnoco6 noBe^eHHH (way of beha

ving) 69, 147 
cpe/mne 3HaqeHHH (averages) 134 
cpe^HKH qeJioBeK (everyman) 175 
CTaTHCTHKa (statistics) 347
— , AeTepMHHHpOBaHHOCTb B Heft

(— , determinacy in) 133, 134 
CTaTHCTHqecKaa MexaHHKa (statis

tical mechanics) 94, 254 
cTauH0HapH0e COCTOHHHe (statio

nary state) 51 
cTeneHH cBo6o^bi (degrees of free

dom) 183 
CTeneHb npeo6pa30BaHHH (power 

of transformation) 33, 242
—  yBepeHHOCTH (degree of confi

dence) 232
— ueji0CTH0CTH (degree of who

leness) 102



cTepncHH (rods) 227 
cTOxacTHqecKoe npeodpasoBaHHe 

(stochastic transformation) 231 
CTpaTerHA (strategy) 6, 291, 340 
dpejia  (arrow) 184 
dpyKTypa (lattice) 155 
CTpyKTypHbie cxeMu (control-flow 

charts) 87 
ciyji (chair) 186
CTyneHqaTan (J)yHKUHH (step-func- 

tion) 343, 386 
cyxaa nrpa (m aiden  over) 31, 

400
cyxoTKa cnHHHoro M03ra, cm. Ta- 

6eTHK
cymecTBeHHbie nepeMeHHbie (es

sential variables) 280, 388 
cymecTBOBaHHe, cm . FIpo/iojiiKeHHe 

cymecTBOBaHHH 
cxoncneHHe (convergence) 191

T a 6eTHK (60JibH0H cyxoTKofi cnHH- 
Horo M 03ra) (tabetic ) 313 

TaKTHKa 6
T a c o B a H n e  ( s h u f f l i n g )  365 
T a d H H  ApHOJibji ( T u s t i n  A r n o l d )  

60, 337, 397 
TaxoMeTp ( t a c h o m e t e r )  208, 408 
TeKTOjiorHfi 8 
T e j i e r p a 4) ( t e l e g r a p h )  299 
TeJie(})OH ( t e l e p h o n e )  229 
TeMnepaTypa ( t e m p e r a t u r e )  192,

282, 335
T e n j i o B o e  B036y>K4 eHHe ( t h e r m a l  

a g i t a t i o n )  116, 267 
TepMOflHHaMHKa ( t h e r m o d y n a m i c s )  

194
T e p M O d a T  ( t h e r m o s t a t )  192, 282, 

284
TexHHKa npH60p0B (instrumenta

tion) 203 
TnH6epreH H. (Tinbergen N.) 46, 

51, c97 
TO>KAecTBO (identity) 31 
TonojiorHH (topology) 126, 163 
TÔ Ka, npeflCTaBJiaiomaH (point, 

representative) 41 
TpaeKTopHH (trajectory) 44, 138
—  MapKOBCKOH MauiHHbi (—  o f

M a r k o v i a n  m a c h i n e )  325

TpneAHHoe cooTBeTCTBue (triuni
que) 71 

TiopeMiuHK (w ard er) 176

YBepeHHocTb (con fidence ) 232 
yrjieKHCJioTa (carbon d iox id e ) 119, 

336
yrp03a (th reat) 314 
yKcycHOSTHJiOBbiH 9(})Hp (ethyl 

acetate) 107 
yjibTpaycTOHMHBocTb (ultrastabi

lity ) 123, 331, 343, 387, 389 
yMenbiueHHe pa3H006pa3HH (decay 

o f va rie ty ) 193 
yMHonceHHe (m ultip lication) 150
—  b yMe ( — , m ental) 258 
yMCTBeHHbie cn0C06H0CTH (in te lli

gen ce ) 121, 382
ynpaBjieHue (con tro l) 275, 303
—  nocpejxcTBOM ouih6ok ( —  by 

error) 311
—  pyjieM (s teering ) 289, 300, 305 
ynpa>KHeiiHH (exercises) 11 
ynpomeHue (sim plification ) 149
ypaBHeHHH, £H(j)(j)epeHUHajibHbie 

(equations, d ifferentia l) 58 
— , Hepa3peuiHMbie (— , unsolva- 

b le ) 60
ypoBeHb Tpe6oBaHHH (standard) 

349
yCHJiHTeJib Bo^bi (am plifier of w a

ter) 374
—  mouhhocth ( —  of pow er) 337
—  pa6oTbi (—  of w ork ) 340
—  peryjiHpoBaHHH ( —  o f regu la

tion) 373
—  yMCTBenHbix cn0C06H0CTeu 

(—  o f in te lligence ) 382
ycjioBHbifi pe(j}JieKC (conditioned 

re flex ) 189 
ycTaHOBHBuiHHCH peHCHM (steady 

state) 240
yCTaHOBKa^JinKOH^HUHOHHpOBaHHH

B03ziyxa (air-conditioner) 284 
ycTOHMHBafi o 6jiacTb (stable re

g ion ) 112, 324 
yCTOHMHBOCTb (stab ility ) 41, 109, 

163, 386
yCTOHMHBOCTb B MapKOBCKOH Ma-

uiHHe (— in Markovian machi
ne) 324



ycTOHMHBOCTb h BbDKHBaHHe (— and 
survival) 280

—  OTHOCHTeJIbHO CMemeHHH
(—  under displacement) 115 

ycTpHUbi (oisters) 103 
„ yCTpoHdBO M03ra“ („Design for 

a Brain") 10, 65, 81, 118, 125, 
203, 278, 385, 389, 398

<l>a30B0e n p 0CTpaHCTB0 (phase  

space ) 61, 386 
4>aKTop (fac to r ) 18 
<})ajibiiiHBaH MOHeia (co un te r fe it 

coin) 222 
cj)epMeHTai;Hfl (fe rm e n ta t io n ) 178, 

262
(JjexTOBajibmnK (fencer) 286 
(JjHSHOJiornMecKHe rpaHHiibi (phy

siological lim it0 280 
(j)H3HOJiorHH (physiology) 275 
4>Hinep PoHajibA (Fisher, Sir Ro

nald) 18, 347, 366, 397 
<l>jieMHHr i^ ep a jib fl yHJibHM To- 

Mac Xam ep (Flem ing, Gerald 
William Thomas Hunter) 12

4)OKycHHqecTBO (conjuring) 164, 
179, 195

(JjopMa (dpoeHHe) (p a tte rn ) 51,137 
(JjopMa (6JiaHK) (fo rm ) 53 
<})0T0rpa<})HH (p h o to g r a p h y )  138

XaMeJieoH (chameleon) 184 
xaoc (chaos) 187 
XeppHK Mapji3 Rmajxcon (Herrick 

Charles Judson, aMepnKaHCKHH 
Henp0(J)H3H0Ji0r, 1868)

XHmHHK (predator) 341 
xJiopncToe cepe6po (silver chlo

ride) 102 
xjiopncTbiH Bo^opoa (hydrogen 

chloride) 159 
xojio,a (cold) 337

Uejioe (whole) 161
—  ii paBHOBecne 122 
ueJib (goal) 120, 312, 327 
ueHeTHqecKafl nepeMeHHan (coene 

tic variable) 301

ueHbi (prices) 57
uenb MapKOBa (Markov chain) 

134, 236 
Uhkji (cycle) 112

MacTH^HO nocTOHHHan (JjyHKUHfl 
(part-function) 100 

qacTOTa (frequency) 74, 232 
qacTb (part) 145, 160
— h paBHOBecne 122 
qacbi (clock) 45 
qepen (skull) 285 
qepenaxa (tortoise) 281 
^epHbiH amHKw (Black Box) 127, 

360
MeT h He^eT (even and odd)

151

UJaroBbiH nepeKjnoqaTejib (step* 
ping switch) 124, 392 

maxMaTbi (chess) 27, 341 
LLIeHHOH Kjiofl SjiBy^ (Shannon, 

Claude Elwood, aMepHKaHCKHH 
HH>KeHep H MaTeMaTHK, OCHOBa- 
Tejlb TeopHH HH(|)OpM3IJHH, 1916)
11, 137, 176, 229, 254— 256, 
269, 270, 294, 343, 347, 368,
398

uiHHa (t y r e )  174 
iuKOJia (school) 198 
iiiTaMn (s t a m p ) 362 
iiiTOpM, cm. npeaynpe>K aeH H e  

O UITOpMe
iuyM (noise) 267, 307 
—, KoppeKUHH ero (—, correction 

of) 299

Sbojiioijha (evolution) 279 
SKOHOMĤ ecKaa cncTeMa (econo

mic system) 60 
SKcnepHMeHTnpoBaHHe (experi

mentation) 130 
9KcnoHeHUHajibHbift pocT (expo

nential growth) 106
— psm (exponential series) 248 
9JieKTpOMexaHHqecKHe anajiorHH 

(electro-mechanical analogies) 
141



ajieMeHT (e lem en t) 175, 273 
SM ep^eHTHoe c b o h c tb o  (em er

gent property ) 159 
9HeprHH (en e rgy ) 16, 186, 340,

374
SHTponHH b TeopHH cbhsh (en

tropy of communication theory) 
249, 254, 294

— b TepMoaHHaMHKe (— of ther
modynamics) 194, 254 

snHCTeMOJiorHH (epistemology) 
128

STanbi peryjiHpoBaHHH (stages of 
regulation) 372

3Tanbi ycHJieHHH (— of amplifi
cation) 374 

9(j)c})eKTOp (effector) 313

JlHueKJieTKa (ovum) 16

Amphioxus 15 
Felis 175 
Homo 281, 357 
Lumbricus 357 
pH 336 
Rana 357 
Testudo 281 
7i 205, 366
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