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Typbynenmmnas odnacms

Maenumotpesa

Puc. 8. Mepuagnosanbroe cesenne Maruurocheps 3eman (L = R/R, — mapamerp
MarHHTHOH OGOJIOUKH B IIJIOCKOCTH ®KBaTOpa; R — pagnyc 3eMJH)

= 6370 kM), HauHHaeT HCNBITHIBATb BO3-
JeficTBHe MEeXIIJIAHETHOTO MarHHTHOTO
nojit ¥ OoCoGeHHO MexIJIaHeTHOH (coJi-
HEYHOH) IijIasMbl, Has3bIBaeMOH Co.areY-
o sempom. IlapaMeTphl COJIHEYHOTO
BeTpa B HEBO3MYIILEHHOM COCTOSIHHH Ha
op6utre 3emyH (B NepHOJH MHHHMYMa
COJIHEYHOH aKTHUBHOCTH) XapaKTepH3y-
JOTCSI CKOPOCTBhIO MiasMul 300—400 xm/u
¥ IJIOTHOCTBIO YACTHI[ B ITOTOKE IOPsSIAKa
107 1/m3,

CpenHsii IJIOTHOCTb IIOTOKAa YacTHIL
COJIHEYHOT'O BeTpa cocTaBjsier 3X
X 1012 1/(m2.c). CpepHsisi 3Heprusi npo-
TOHOB (MOHOB BOJOpOAa) B COJIHEUHOM
BeTpe paBHa | k3B, sHeprusg a-uactHy
okKojJio 4 k3B, 32J1eKTpOHOB — JeCATKH
sB. Ilpu 3ToM 4YHCJIO (-YaCTHI[ B NOTOKE
COJIHEYHOI'O BeTpa B JEeCATKH pa3 MeHb-
Ile, 4YeM IPOTOHOB, a KOHIIEHTpalHsa
BJEKTPOHOB NIPHGJIH3UTEJILHO paBHAa KOH-
IEHTpallHH HOHOB.

ConHeuHHlil BeTep, JOCTHTast OKpeCT-
Hocrelt 3emun Ha ypaienun (10 15) Ry,
BO3JleICTBYET Ha MarHHTHOE NoJie 3eMJIH

TaKMM o0pa3oM, 9TO Ha OCBEIleHHOH
CoJyiHIIeM CTOpOHEe IIPOMCXOAHT IOAXKa-
THe I0JIT, a Ha HOYHOH CTOpOHe ero pac-
taaxenne (puc. 8). Ilpu arom reomarHur-
HO€ TMoJie OKAasbiBaeTCsi OrpaHH4YeHHBIM
B 06GJacTH NpOCTPAaHCTBa, Ha3bIBaeMOMH
maenumocepepoti 3emau [23].

O6pasoBanne PII3 B 3nauHTesbHON
CTEIEHH CBSI3aHO C IpolleccaMH, Ipo-
HCXOJSAUIMMH Ha TpaHHIle MarHHTOC(hEpH.
B pesyabraTe B3aMMojefcTBHS C MarHu-
Tocthepoll 3apsixK€HHBEIE YaCTHIBL COJIHEeY-
HOTO BeTpa 06pasylT YJapHYIO BOJIHY.
B o6aactH Mexay ¢poHTOM YAapHOH
BOJIHEL M rpaHHlell MarHutoctepn (Ma-
THHUTONAYy30i) o6pa3dyercsa TypOyJieHTHast
06s1acTb 4YaCTHI[ -COJIHEYHOI'0 BeTpa —
o6aacTh ropsiyeil niasmsl.

Co CcTOpPOHBI OCBelj€HHOR MarHHTO-
cheppl JIMHUHM TeOMarHUTHOrO IOJIA Ka-
YECTBEHHO MOJOOHH CHJIOBHIM JIHHHUAM
MarHuTHOro pmumosst (cM. pHc. 8), HO
nojpkaTel K 3emJjie. BHyTpeHHsIsI 4acTb
marauTochephs npencrasiser coOGOH 30HY
YCTOHYHBOrO 3axBaTa B3apsiX€HHHX 4a-
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CTHI, B KoTopo#i u cymectsyior PII3.
['eomMaruuTHLIE JIHHHH Ha HOYHOH CTOpPOHE
MarsiHTochepr BHITAHYTH H 3aMBIKaOTCA
Ha OYeHb OOJIBIIHX YAaJEHHSIX OT 3eMJIH
(okosmo 100R3). B6an3H TINIOCKOCTH 3K-
Baropa J3eMJIH TIeOMarHHTHbie JIMHHH
HAYT NapajlieibHO 3TOH IJIOCKOCTH H
HMEIOT IPOTHBOIIOJOXHOE HalpaBJieHHe
B CEBEPHOM H [OXHOM ITOJIYIIApHSAX
(cMm. puc. 8).

BuiTanyras B cropony ot CoJnna
006J1acTb HA3BIBAETCH XBOCHOM MACHUMO-
cihepst, a TOHKHH Y3KHH cJioH BOGJIH3H
INIOCKOCTH 9KBAaTOpa — HeUmpairbHoim

caoem. Y TIOBEpXHOCTH HEHTPaJbHOTO

CJIoOsi HHAYKUHMS MarHHTHOrO moJis Cco-
cTaBasier okojo 2-1078 Tua, BuHyTpH
CJ0si OHAa 3Ha4YyHTeJbHO MeHbLIe, LIH-
pHHa cJIosi cocTaBJsieT okoJsio 600 KM.

YcraHoBJ/leHO, 4TO 0Opa3oBaHHe Heli-
TPaJILHOTO CJIOSL CJAYXKHT OJHHM H3 OC-
HOBHEHIX IyTeH NpPOpHIBA COJTHEYHOH IJIa3-
MBI B XBOCT MarHutochepmi. [leficTBH-
TebHO, HeHTpaJNbHHIH CJIOH, TIfe Treo-
MarHuTHoe Iojie pe3Ko ocja6jeHo, He
fIBJIieTcs] TPensiTCTBHEM JAJIST 3apsiXKeH-
HBIX dYacTHI, cojiHeyHOro Berpa. [lepe-
HOCHMEIE CIOfia YacTHIbl COJIHEYHOTO BeT-
pa 3aTeM YCKOPSIIOTCS I'€OMarHHTHHIM
nojem (OT HeCKOJMIbKHX K3B Jo coreH
K5B) K NONONHSIOT 3/IEKTPOHH H IIPOTO-
HBl COOTBeTCTByWOIHX 3Hepruii PII3.
JpyruM nyTeMm npopriBa 4acTHIL B MarHu-
Tochepy 3eMJIM CNyXAaT TaK HasbIBaeMble
noasprvie Kacnst (HeATpaJbHBIE JIHHHH)
B CeBEPHOM H IOXKHOM IIOJyHIapHSX,
NpeacTaBJsOlIHe CcOO0H BeTBsIIMeCSH
BHICOKOIIHPOTHEIE FeOMarHUTHLHIE JIMHHH:
B MeCTax HX H3JI0Ma MarHHTHoe IIOJI€e
ofpaiiaercsi B HYJIb M He IIpensiTCTByeT
NIPOXOXKJEHHIO BHYTpb Maruutocdeps ya-
CTHI[ COJIHEYHOro BeTpa. VicTOYHHK MNpo-
TOHOB ¢ E > 30 MsB u »3jekTpoHOB
¢ £ > 500 x3B B PII3 — npoHHKHOBe-
HHe B MarHutochepy 3emnn Takux 4a-
CTHILI, IPUXOASAIIHX B COCTaBe COIHEYHBIX
KOCMHYeCKHX JydeHi (B OCHOBHOM, BO
BpeMsl COJIHEYHHIX BCIHIIEK), a TaKkKe
Helimponbt aavbedo.

Il'amakTHYecKHe H COJIHEYHEIE KOCMH-
YecKHe JIyYH, NpOHHKas (B CHJY BBICO-
KOH 3HepruH) Bo BHYTPEHHHE CJIOH Ma-
raurochepel 3eMiH, B3aHMOJEHCTBYIOT
C aToMaMH BepxHe#d atMmocgepsl H obpa-
8YIOT IpH 3TOM MHOXKECTBO BTOPHYHHIX
YaCTHI,, B TOM 4YHCJAe H HelTpPOHOB.
HeliTpoHH, #iBJASICH HeATpPaJbHEIMH, HE

B3aHMOJEACTBYIOT C T€OMarHUTHHM IO-
JIEM M HEKOoTopas HMX 4acTb BHIXOIHMT H3
atMocdephl 3eMJIH B MeXXIlJIaHeTHOe ITpo-
CTPAaHCTBO. IJTOT OTpPa)KeHHHIH INOTOK
H NpeCTaBJisieT HEHTPOHH aibbefo Koc-
MHYECKHX JiyueH.

ITockoJbKY HeHTpPOH SIBJsIeTCsl He-
yCTOHYHBOH YacTHIEH, IMeeT BpeMs JKH3-
HH oxoJio 12 MHH, pacnajasick 3aTeM Ha
IIPOTOH M 3JIEKTPOH, TO MHOTHe HeH-
TPOHH aJb06elo YCIEeBalT pacnagaThbCs
B MaruHTochepe 3eMJsH, NONOJNHAS 30HY
YCTOHYHBOTO 3axBaTa BHICOKOHeEprHY-
HHIMH IIPOTOHAMH H 3JIEKTPOHaMH (BHI-
COKOHeprHyHhie 9JIeKTPOHHl 3aXBaTH-
BalOTCi MAarHHTHHEIM II0JIeM He CTOJb
5¢p¢dpeKTHBHO, KaK IIPOTOHHI).

Brixony sapsxeHHEIX YacTHI, H3 Ma-
rHuTtocheps npensiTcTByeT KOH(pHrypa-
IUsT CUJIQBHIX JMHHH (cM. puc. 8) reo-
MATrHHTHOTO TOJIsSI, CO3Jawlnero AJs 3a-
PAXKEHHBIX YacTHI cBoeo0pasHylO mMa-
erumnyo aosywxy. Ilonasmue B Ma-
THHTHYIO JIOBYIIKY YacCTHIEI COBepIarT
cioxHoe pABHKeHHe. Ha 3apsixkeHHYIO
YacTHIYy B MAarHHTHOM IIoJie JelCcTBYyeT
CHJIa

F=g(E+uB),

rae ¢ — 3apsij uwacTuubl; E — BekTop
3JIEKTPHUYECKOIO 1051, B — BekTOp Ma-
THHTHOTO NOJSI; O — BEKTOP CKOPOCTH
yacTHIEL. TakHM o6pa3oM, BEKTOD JBH-
JKeHHsI YaCTHIBI CKJaJbiBaeTcsi H3 JABYX
COCTaBJISIOIIHX: PaBHOYCKOPEHHOrO JBH-

JeHHsi moj JeficTBueM cuinl gE M Bpa-
I eHHsI BOKPYr BeKTOpa MarHHTHOIrO
TOJISL.

C neppoit cocrapjsmpmiell CBSI3aHO
3JIEKTpHYECKOe IIojle B MarHHTtocdepe,
onpejesisieMoe BpaiieHHeM 3eMJIH K JBH-
JKEHHeM IIa3MHl COJIHEYHOTO  BeTpa.
BIOJMbL MarHuTonayssl. B pesyJbrate
BIOJIL IOBEPXHOCTH MarHHTONAysHl Te-
KYT KBa3#CTallHOHapHEIE TOKH, a B caMO#
MarHHTOChEpe, B TOM 4Hc/Je HOHochepe,
TEeKYT TOKH, MeHSIOlHecss BO BpeMeHH
H CJIyXKamyue HCTOYHHKOM MAarHHTHBIX
6ypb.

‘CpaBHHTEJIbHO MeJ[JIeHHOe IBHIKEHHe
3apsiXKEHHbIX YaCTHI| B HallpaBJIeHHH,
napa/jIeJIbHOM  IUIOCKOCTH  3KBaTopa
(cKOpOCTH 3TOrO [(BHIKEHHSI 3aBHCHT OT
SHEPrHH M MacChl YaCTHI), NPOHCXOJHT
HEOAWHAKOBO JJISl 3JIEKTPOHOB H IIpo-
TOHOB: 8JIEKTPOHEI JpeiyioT BOKpPYT
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3emJIR B BOCTOYHOM HanpaBJeHHH, MOJIO-
JKHUTEJILHO 3apsiKeHHBle YacTHHH (mpo-
TOHHI, O-YaCcTHIB) —— B 3anagHOM Ha-
npasjaenny (puc. 9). Ionmeilt oGopor
BOKPYI 3eMJIH .YaCTHIE COBEpILAIOT 3a
BpeMsI OT HECKOJIbKHX MHHYT (BBICOKO-
SHePruYyHble YacTHIBI) [0 HECKOJbKHX
CYTOK.

-Tlogn AefictBreM BTOpOfi cocTasJisttouel

qv X B uacTuupl COBepHIAIOT KoJeGa-
TeJIbHOe JIBH:KeHHe IO CNHpaJbHOR Tpa-
eKTOPHH BJOJIb, IeOMarHHUTHOH. JIHHMH H3
CeBepHoro noaywapus B IOxnoe H
o6paTHO, KdK 9TO NOKa3aHO Ha pHC. 9.
B oxHopoaHOM # NMOCTOSIHHOM MarsHTHOM
moJie 3apsixkeHHasi dacrHua OyjeTr JABH-
raTbhCd IO OKPYKHOCTH, €CJH YroJ
MeXJy BEKTOPDOM CKOPOCTH YacCTHIBI H
HanpaBJieHHeM CHJIOBHIX JIMHHH, Ha-
BEIBaeMBIH numu-yaaom, coctasut 90°.
ITockosbKY AJi1 GOJBIIAHCTBA YACTHIL
NHTY-yroq otaudeH ot 90°, 70 uacTHua
IBHIKETCH IO CIHpaJIH, IHar CIIHpan
H ee pajHyC IOCTENEeHHO YMEeHbIIAITCA
H3-3a  YBeJIHYEHHA  HalNpsi2KeHHOCTH
MarHMTHOrO TOJIE TIPH TNpHOJMIKEHHH
gacTHIE kK 3emye. BekTop ckopocTH
YacTHIbI, OCTaBasicb HEH3MEHHEIM 10
,BeJIHUMHe, NpH BTOM INpHOJMIKaeTcs
K IUIOCKOCTH, NE€PNEeHJUKYJSPHOH Bek-
TOPY Hanps2KeHHOCTH (MHAYKUMH) Mar-
HHUTHOrO monas. B HekoTopoM TouKe,
HasbiBaeMOH 3sepKaJbHOH HJIH TouKol
OTpa)KeHU$I, LIal CIHPaJH CTAaHOBHTCH
PaBHEIM HYJIIQ (MTHOBEHHBIH ITHTY-YIOJ
cocrasaseT 90°), mocJe yero HampasJieHHe
JBHIKEHHSl YaCTHILl MeHsieTcsl, OHa Ha-
9HHaeT JBHraTbci B 0OpaTHOM Hallpas-
JIeHHH -— K CONpsXKeHHOH 3epKajbHOH
TOYKe B TPOTHBOIIOJOXKHOM IOJYIIapHH.
Jas saektpoHoB H mpotoHoB PII3
pagHyc BpailleHHsl, Has3blBaeMHIH .ap-

MOPOBCKUM,  OPHEHTHPOBOYHO  OIIpe-

neasietcss mo dopmyae [14], xm:
33-104sina

P~ B Eq X

<V (52) +2 . (11

rge o — MNHTY-yroia; B — MarHBTHas

HHAYKIUA noas, Ta; Ex — kHHeTHYecKas

BHeprus vactunsl, MaB; E, — 3sHeprus

nokosi vacthupl, MsB (415 siekTpoHOB

Ey, = 0,611 MaB, puas nporoHoB Egy =
= 938 M:-)B)

Jepxaneros y
Ompanennar yaamuya

. ,Jpe(/
_Mexmpoﬂoﬁ

|
o

Jepnanswas rmovka

Puc. 9: TpaeKTOpHH HBHKEHHS 3aPAXKeH~
HHIX YacTHl, B MarHuTochepe 3eMJH:

Haripimep, asekTponBl ¢ sneprnen
Ex = 1 MaB npr o = 30° Ha BhicoTe Haj,
3eMHOH NOBEPXHOCTBIO OKOJIO 18 ThIC. KM
(B msockocTH 9KBaTOpa) HMEWT O =
= 2,3 KM, a [OpOTOHH ¢ B8Heprueff
30 MsB — P = 240 xm.

[TonoxeHne 3epKaJibHHIX TOYEK MOXKHO
OMNpEJININTH C [IOMOILbIO YPaBHEHHSI, CBSI-
3HIBAIONIETO B3HAaYeHHe MarHUTHOK HH-
OYKIMM B TOYKe OTPaXX€HHi YaCTHI(
(Borp, Ta), NHTY-yIJIOM YaCTHI Ha IKBa-

TOpe (0t5) ¥ YHajieHHeM OT 3eMIH JaHHQH
MarHuTHoit oGoJiouku (Ha BKBaTOpe):

0,312.10-4 |
o sitor (12)

rge L — mapameTp MarHHTHOH OGOJIOUKH
TeOMarHUTHOH JIMHHH, KOTODHIH paBeH
paccrosinuio (B pagiiycax 3eMJH) OT
MarHHTHOTO IleHTpa 3eMJH JO TOYKH
nepeceyeHUsT  I'eOMAarHHTHOH  JIHHHH
¢ IUIOCKOCTBIQ 3KBaTOpa.

[Tapamerp L mmupoko HcIOJb3yeTcH
B KOCMHYeCKOH (PH3HKe JI/Ifi ONpeseseH s

Bo'rp =

- 060K TOYKH IPOCTPAHCTBA IO 3HA-

YeHUsIM MarHUTHOH MHAYKUHMH B # mapa-
merpa L (cHcTeMa reoMarHHTHHIX KOOp-
JuHat B, L).

Cocran.nenm creHaJbHEe 'ra6.;mum,
rpabMKH M KapThl, -IO3BOJSIONHE HaitTH
sHayeHuss L u B pas mo60oH HCKOMOMH
TOYKH. (Ha KapTax MarHHTHasi HHAYKIHS,
yKasuiBaercsi B TJ, HoMepa MarHHMTHHIX,
oGosouek B pagumycax 3emaun) [11, 21,
23].

Ilapamerp L umeer u npoctoil ¢uzn-
YyeCKHi CMEICI: Ha 060J04YKaX C He-
GOJILIIMMH 3HaYeHMsIMH L CYIIeCTBYIOT
3apsiKeHHEle  YacTHUR, 0O6JajaioliHe
GONIBIIMMH 3HEPrUAMM, YeM YaCTHIH,
3axBauyeHHBlE MATHHTHRIMH 00OJIOYKaMH
¢ GOJILLIMMH 3HauyeHMaMM L (uem MeHb-



PaKTOpPE EOCMAYECKOro NPOCTPAHCTRA

108}

°

0%

2 7 ¢ 5 1

Puc. 10. IToTOKH NMpOTOHOB pA3NHIHEX

BHEPTHA B IJIOCKOCTH BKBaTOpa B Ba-

BHCHMOCTH OT PACCTOSIHHS Haj| NOBepX-
HOCTBIO 3eMJIH:

1 —Ep> 1MsB; 2 — Ep> 1,6 MsB; 3 =
Ep> 5 MaB; 4 — E_> 9 MsB; § rn 6
E_> 30 MsB (J_, == NOTOK HPOTOHOB Da3-

NHYHON sHeprHu)

me L, Tem GoJsiblle HaIpSIXeHHOCTh
MarHHTHOro mnoJiga 3emJyH). 310 H 06-
ycaosuJio Jenende PII3 na snympennud
nosc, «HaceJeHHMIH» BHICOKOSHEPTHYHBIMH
YacTHLAMH, H Ha eHewrutl nosc, yjaep-
KHMBAIOIIHAE  YacTHORE  CPaBHHTEJIBHO
HEBHICOKMX SHEprHil.

Buyrpennnit PII3 xapaxrrepuayercs

HaJIJHYHEeM IMPOTOHOB BBICOKHX 3HEPIHi

ot 20 M>B no 800 MsB. IlpoTonn 66,16~
IHMX dHEPrHil MOYTH He YIepXKHUBaIOTCH
‘MarHUTHRIM TNojieM JeMiH. MakCcHMyM
IVIOTHOCTH MOTOKa NPOTOHOB ¢ Ep >
> 40 MsB pocruraer 2- 108 HpOTOH/(Ma -c)
H HaxOAHMTC Ha paccrosHun L ~ 1,5
(yananenne ot 3eMJH B IVIOCKOCTH 3KBa-
Topa cocraBJisier. okoso 3300 xm). Ha
puc. 10 [19] upeacrasieHo skBaTOpHu-
anbHOE I0JIOXKEHHE TOSICOB ITPOTOHOB
pasnnuHbiXx sHepruii. O6oJsioukn L B Me-
PHIHOHAJBPHOM  CEYEHHH  HOepecexaloT

80" 00 600 S0° 400 3°
16M40° N 5
= P 2302 2
G»s
2 (i
) 7l
R
0
367.10° ' - >
=7-70% - 2
174 f"” 5-10%5
90° 80° 70° 60° 50°  40° 30°

Puc. 11. Pacnpenenerse NOTOKOB NPO-
TOHOB C 9SHeprHefi Gosbme 35 MaB Bo
BHYTpPCHHeM nosiceé (uuppHe HA KOHTY-
pax 0603HAYAIOT 3HAUeHHs! MOTOKa mpo-
TOHOB B cM™2.¢™%)

NOBEPXHOCTh 3eMJH Ha 60Jiee HUSKHUX
WM Gojiee BHICOKHMX INHpPOTax (B 3aBH-
CHMOCTH OT TOro, OOJbllle HJIH MeHbIIe
HanpsKEeHHOCTb MAarHUTHOrO MNOJIA Ha

- o6oJioukax L), a ciaenoBaTesbHO, GOJIbIIS

WM MeHbllle 3HEPTrHs IPOTOHOB, YZIep-
XHPaeMHX Ha oboJouke (puc. 11). Buy-
TPEHHHH IIPDOTOHHHEIH IOSC OrpaHHYeR
IIHpoTaMH He Gosee +45°.

Bo BuyTtpennem PII3 umMerorcs Takxke
5JIEKTPOHH ¢ 3HeprusaMH oT 20—40 xsB
no 1 MaB (unorpa u Bhire). I1JIoTHOCTD
IOTOKAa 3JIeKTPOHOB ¢ Eo > 40 xsB no-
cruraer 108—10'0 syektpon/(M?:c).

C BHeuiHell CTOpOHH MAarsuTocheps
Buytpennuii PII3 orpanuyen Maruur-
HBIMH o6osoukaMH ¢ L' << 2,2+2,5.
Bamxke Bcero K NOBEPXHOCTH Seman
BHyTpennmit PII3 pacrosaraercss B paii-
OHE OTpHUATEeJBHHX MarHHTHHIX aHO-
Majuii (oOJiacTH ¢ aHOMaJbHO cJlaboit

. HANPAXKEHHCCTHIO MarsHuTHOTO ITOJIsL

110 CPpaBHEEHIO C OﬁbIQHblMH €ro sHavYe-
HUSIMH Ha COOTBeTCTBleHIHX BHICOTAX

B Jpyrux obnactsx). HauGosee cnapnas

MarHuTHas aHoManus — IOxHo-ATsaH-
THYeCKas, a ee YacTb, B KOTOPOH BeJH-

yuHa B jocTtHraer a6COTIOTHOTO MHHH-

MyMa, HaxORHTCH B paiioHe noGepexns

Bpasuaue ¥ HasuBaerca Bpasuibckoll
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Hu3rosnepeuyrbie
g1< Ep <4M38

Beicoxoznepeuyrere
£, 0”7 40 M3 8

Puc. 12. IlpocTpancTBeHHOE pacrpejesieHHe ITOTOKOB IIPOTOHOB € HH3KOH H BEICOKOIM
pHeprHell (3alITpHXOBaHHAasi 06JIaCTH COOTBETCTBYET MEHSIOMMMCS BO BpeMeHH HO-

TOKaM INPOTOHOB)

MarHuTHOR aHomaJHeli. B pafione aTo#
aHomasuu BHyTpennuit PII3 omnyckaer-
ca jo 200—300 kM. Heo6xomumo 3ame-
THTb, 4TO B IIpoliecce AOJroTHOro apeticda
BOKPYI 3eMJIH 3apsiKeHHble YaCTHIbI
B palioOHaX MarHHTHHIX aHOMaJlHH Ha-
CTOJIbKO NPHOJIHXKAIOTCA K 3eMJjie, 4TO
MONafaloT B JOCTATOYHO IJIOTHHE CJIOH
atMocdeprl, NpPH CTOJKHOBEHHH C aTo-
MaMH H MOJIeKyJaMH TepsllOT CBOIO 3Hep-
THIO, pacCeHBalTCd H  IONJION[alOTCA
B aTMocdepe.

Ho u B Jgpyrux pafioHax Hajx 3emJjiel
HHXKHAS TrpaHHna BHyTpenHero PII3
He oJMHakoBa: Hanpumep, Hajg CIIA
oHa HaXOJAHTcA Ha BhicoTe 600 KM, a Han
Ascrpanueir 1600 kM.

MaxcumyMm BHyTpeHHero PII3 na-
xogautcess Ha L = 1,5 (~1800 x B mjo-
CKOCTH 3KBaTopa). 3JeCh IOTOK IIpo-
ToHOB Ep > 40 MaB jocturaer 2 X
X 108 1/(mM2%-c) u 6osee.

Bremunii PII3 xapakrtepusyercsa Ha-
JHYHEM 3JIEKTPOHOB C SHEPrUAMH IIpe-
umymectsenno 40—100 k3B, HO B mo-
sice HaGJIONAIOTCA M NOTOKH 3JIEKTPOHOB
c BHCOKOH sHepruedi (1—2 MsB m
BHIE). MakcHMasbHasfi IUIOTHOCTH IIO-
TOKa HH3KOSHEPTHYHBIX YaCTHL B Cpex-
HeM coctabasier 109—]10M saextpon/ (M2 X

X c) u HaxoauTes Ha L = 4,5. [Ipu atom
B LIeHTpaJbHOH o6jacTH BHemHero PII3
(L = 4,0=4,5 B MJIOCKOCTH 3KBAaTO pa)
ILIOTHOCTb IIOTOKAa 3JEKTPOHOB C E, >
> 40 k3B cocraBaser 3-10 1/(M%-¢),
¢ E; > 230 xaB — 3-101 1/(m2-c),
¢ Ec > 1,6 MaB — 3-10° 1/(m3-¢).
BpemeHnHble BapHalHH B3THX ITOTOKOB
B 34BHCHMOCTH OT COCTOSIHHfI MAarHHTO-
cdepsl MOTyT JOCTHraTh ABYX ITOPSIKOB
(c yBennuennem L Bo3pacTaeT ypoBeHb
BapHaruii).

Bo BHemnem PII3 cymecTByIlOT Takke
IPOTOHBl, IIPEHMYINECTBEHHO C 9Hep-
rueit 100 xaB << Ep << b MaB, npuuem
IVIOTHOCTh IIOTOKA IPOTOHOB JOCTATOYHO
BhicOKa [B o6JacTH 3Heprufi mopsajka
1 MsB ona gmocturaer 5-10° 1/(M2.c)]
H B OTJHYHE OT 3JIEKTPOHOB BHEUIHETO
Hofica IIPOTOHHBIE IIOTOKH JOCTATOYHO
YCTOHYHBHI.

BHemHuil nosic B OCHOBHOM 3aKJIIOYeH
MeXJAY MarHUTHHIMH oGoJioukamMu L ~ 3
u L= 6+7. Cpeince BpeMsi IKH3HH
3apsAXeHHHX vacTul BHemHero PII3
6oJibllle, YeM Yy 4YacTHI[ BHYTpPEHHEro
PII3, u jgocruraer 3000 u u OGoJee,
CrniekTp 3HeprHii 3JIeKTPOHOB CTaHOBUTCA
6oJiee JKECTKHM II0 Mepe IPHOJMHKEHHAS
MarHHTHHX 060JI0YeK K 3eMie,
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ITIpocTpaHCcTBEHHO® pacnoJioxeHHe,
SHepreTHYeCKHe CHEKTPhl H IJIOTHOCTB
IOTOKa 3J1eKTPOHOB BHeHero PII3 cuip-
HO MEHSIIOTCSI C TeueHHeM BpeMeHH. Hau-
6oapllee BJAHSAHHE Ha 3TH XapaKTepH-
CTHKH OKa3blBaeT COJIHEYHasl aKTHB-
HOCTb. IIpH CHIILHBIX COJIHEYHEIX BCITHILI-
Kax BO BHeIIHeM I[0osicé 9acTo perH-
CTPHPYIOTCH TOTOKH 3JIeKTPOHOB C SHEp-
rueli 4—6 MsB [23].

Cyuraercsi, YTO OCHOBHBIM HCTOYHHKOM
anexTpoHoB BHewiHero PII3 saBaserca
JudPysHa YacTHI] U3 BHEIIHHX ob6Jjacte
MarsHHToC(epE!, B TOM YHCJe H3 ee XBOCTa,
B riay6p marautochepr. [Ipu stom puop-
¢y3usa npoHCXOAHMT BO BpeMs MAarHHTHHIX
cy66ypb H JApPYTrHX KoJieOaHHH reomar-
HUTHOrO noJs. MakcHMyM INVIOTHOCTH
IIOTOKa YaCTHI[ TOH HJIH HHOH 5HeprHH
COOTBETCTBYeT MAarHHTHOH  o6oJouKe,
I KOoTopoH Bpemst auddysHH oT rpa-
HHMLH 10fica NPHGJIH3HTENbHO PABHO Bpe-
MeHH KH3HH vacTul,. [lpouecc auddysnn
YacTHI, NPOHHKAIOWHX C I'PaHHIEI 30HH
YCTOHYHBOTO 3axBaTa. BO BHeLUHeil Mar-
HUTOC(epe BO BHYTpeHHHe ee oOJacTH,
COIIPOBOKJAETC  yBeJHYeHHeM KHHe-
THYEeCKOH SHeprHH YacTHI 3a CYeT YCKO-
peHHs (II0 Mepe NPOXOMKJIEHHS YacCTHLBI
BO BHYTpeHHHe 06J1aCTH BO3PacTaeT BeJIH-
YMHA HHIYKIHH MarHHTHOTO MOJIf).

Hapsizy ¢ BHYTpeHHHM H BHEIUIHUM
PI13, HMeONIUMH BIOJIHE ONpeJEJEeHHYIO
KOH(HUIypanHi0 H CPaBHHUTEJBHO XOPOLLUO
H3yuyeHHbl€  XapaKTepUCTHKH,  cyuie-
CTBYIOT M JIPYTHe 30HH pajHalMH. 310
MOSIC NMPOTOHOB MalEIX SHEPIHii (Ep <
<< 10 MsB), npocruparomuiics Me}K,le
MarHuTHBIMH o6oJioukamMu L > 1,5 10 8
(puc. 12). Ipyroit 30HOH fIBJfETCS 30HA
KBa3H3axBaTa, pacroJioxeHHas Ha L >
> 7, T. e. 3a sueminuM PI13. OcHos.-
HEIMH yYacTHLlaMH B O06GJacTH KBa3H-
saxBaTa SABJAIOTCA 3JIEKTPOHHI U IIPO-
TOHBE MaJiblx 3Hepruéi (MeHee 100 k3B).
3oHa KBasM3axBaTa  «IPOEUMPYeTCA»
Ha 3eM/I0 Ha BHICOKHX IIHpoTax (60-
Jee 60°), T. e. coBmajgaer c 06JACTBIO
MaKCHMaJbHOH YacTOTH  BO3HHKHOBe-
HUA TOJIEPHBIX CHSIHHH,

7. HICKYCCTBEHHBIE
PAJUALLUOHHBIE MOSICA ,3EMJIH
Hapsiny ¢ ecrectBennniMH PII3 B Mar-

HuTOCepe 3eMJIH MOTyT GHITH OGpaso-
BaHel HckyccrBennume PII3., C  arolt

Heabl0 Ha OIIpeeJICHABIX BEICOTaX HaJ

3emaei H NIHPOTaX HHMKEKTHPYIOTCA
3apsiKeHHBle YacTHHBl C NOMOIIBLIO CIe-
IHaNbHLIX MCTOYHHKOB vacTHl. Hanbosee
MomHble HcKyccrBeHnble PII3  moxHo
o6pa3oBaTh C IOMONIbIO BHICOTHHIX AAED-
HEIX B3pHIBOB. BhICOTa B3pHiBa B BTHX
nesasax JoJkHa OvTh Gosee 200 kM,
HHaye 3HAYHTEJNbHAs 9acTh 3apsiIKeHHBIX
YacTHLl He CMOXXeT OBITb YCTOHYMBO

. 3aXBayeHa MAarHHTHHIM IoJieM H atdek-

TUBHO HOINOTHTCA aTMocthepor. HMe-
[I0J1b30BaHHe OYeHb OOJBLIHX BBHICOT (6O-
jgee 2000—3000 kM) Takxke Heabdek-
THBHO, TaK KaK MarHHTHOe IIojie TaM
clabee H HCKYCCTBEHHBIH IOSIC, OXBAaThl-
Bas OTPOMHHIE IPOCTPaHCTBA MarHHTO-
cepHl, He BHI30BET 3HAYHTEJNbHOro IO~
BHILIEHHA INIOTHOCTH IIOTOKa YacCTHII,

ITomMuMO SAEpPHOrO B3pLiBa MCKYCCTBEH-
Hele PII3 MoxHO 0OOpasoBHIBaTb IyTeM
ACIIapeHHs1 B KOCMHUECKOM IIPOCTpaHCTBe
pPafHOAKTHBHHX BEILECTB, MABJAIOLINXCA
HCTOYHHKaMH o- HaM f-pacmaga (c He-
60JILIUMMH 3HaYeHHAMH IepHOfa MoJy-
pacnaza). Hchnapenue MOXHO ocCyIe-
CTBHTb C INOMOLLBI0 OOBIYHOTO B3phLIBa.
Kpome TOro, mocraroyHo yskuit HCkyc-
ctBeHHnit PII3 B03MOXHO o06pa3oBaTh
C [OMOIIBIO 3JIEKTPOHHOrO MJIH IIPOTOH-
HOTO YCKODHTeJsl, JOCTaBJEHHOr0 Ha
sagannylo opbury HIC3.

PaccmotpuM  mpomece  o6pasoBaHHS
uckycctBennelx PII3 ¢ momourbio sifiep-
HEIX B3pbIBOB. MeXaHHM3MBHl HHXKeKIHH
3apFKEHHBIX YACTHI PA3NWUHE [ pe-
AKIHE JejieHHs M cHHTe3a [21, 23, 25]
Ilpy sijepHoM B3pEIBe OOBLIYHOR aTOMHOM
O60MOGbI, OCHOBaHHOH Ha peakiHH JeJie-
HHUfI, OCHOBHasl JOJIsi SHEPrHH pacxo-
JyeTcsl Ha OCKOJIKH JieJienHsi. [1pu B3puiBe
TepMosAiepHOt GOMOH OCHOBHast JOJi
SHepruM BhijlesifeTcd IIPH peaKUHH CHH-
Tesa. B peakumu CHHTe3a OGHMYHO NpH-
HHMAaIOT yyactHe aeiitepHit (d) 1 TpHUTHH
(). B peakumsix (d, d) obpasyored
HEeATPOHHl C 3HeprHe# oOkoso 3 MsB,
B peakuusax (d, f) sHeprHs HeHATPOHOB
cocrasJisieT okoso 14 MaB, Ilpu pacnaze
STHX HeHTPOHOB 06pa3syloTcsl BJAEKTPOHHI
H NpOTOHE ¢ BHeprHed 3 m 14 MsB
cooTBercTBeHHO. OmHako BHXON B3a-
psis{eHHRIX YaCTHI, B DeaKUHMH CHHTe3a
3HAYMTEJLHO MEHbIe, YeM NPH peaKHsaX
nenennsi. IIpn cucreme sijepHOro B3pHIBa
¢feJieHHe — CHHTe3 — JeJleHHe» OCHOB-
HOH peakiMedl OyjeT peakuHs JeJeHHS,
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MecsilleB nocJie B3pEiBa «Crapdums mioT-
HOCTb NMOTOKA 3JIEKTPOHOB YMEHBIIIHJIACh
Bcero Ha 50%, a MJIA MOJHOro paccachi-
BAaHHSI HCKYCCTBEHHOI'O Iosica HOTpe-
6oraJsioch Gojiee BOCHMH JI€T.

I1pu B3priBe «Crapduiy» Takxke HabJo-
Jajoch 3HAUHTEJbHOE H3MeHEHHEe CTPYK-
Typet BHyTpeHHero PII3. Tak, uepes
TPH HeJeJH IocJe B3pblBA Ha BEICOTE
400 xM B pafione JOxHOo-ATNaHTHYECKOH
AHOMAaJIHH ILIOTHOCTb IIOTOKA IIPOTOHOB
¢ sheprueli 55 MsB 6niia B nsATh pas
BBIIlIE, YEM JO B3phIBa. JTO MOXKeT GHITH
06GBSICHEHO IepeMellleHHEM BRICOKOSHep-
YYHHIX MPOTOHOB H3 GoJiee BHICOKHX

yuacTKoB BHyTpeHHero PII3 B HHxHHe

yuacTku. [Ipm 3TOM H3-3a CHJBHOrO
BEPTHKAJbHOrO rpajHeHTa IOTOKa Ipo-
TOHOB Jaxe IepeMellleHHe HeCKOJIb-
KHX HX IPOLEHTOB NPHBOJHT K GOJIBLIHM
H3MEHEHHSIM Ha MaJIHX BHICOTax (BpeMs
JIBHMKEHHSI IPOTOHOB MEXAY 3epKaJtb-
HBIMH TOYKAMH NPH MaJhiX 3HayeHHsX L
SHAYHTEJBLHO  COKpailjaercsi), T. €.
IJIOTHOCTh IIOTOKa YBEJHYHBAETCS.

8. OUEHKA
PAJUALHOHHBIX YCJIIOBHH
HA BOPTY
KOCMHYECKHX AIINMAPATOB

OueHka pafHalHOHHBIX YCJOBHH Ha
6opty KA npexcrasiaser BechMa CJIOX-
HyI0 3ajauy. Bo-mepBrIX, Kak ObLIO IO-
Ka3aHo, HCTOUHHKH KOCMHYECKHX
HOHH3HPYIOLHX H3JIy4eHHH HMEIOT
MHOroo6pasHe 3HepreTHYeCKHX paclpe-
JIeJIeHHH H INIOTHOCTEH IIOTOKOB 3apsi-
JKEHHHIX YacTHI[ B 3aBHCHMOCTH OT Iapa-
MeTpoB Op6uTEH KA (YacTo 3HaUHTENbHO
MEHSIIOTCSL OT OJHOI'O Y4acTKa TPaeKTOPHH
msmkennss KA k gpyromy). Bo-BTOpHIX,
pasauuHule oTcekH KA (oGuTaemule, npH-
GopHhle, 3HepreTHYeCKHe H T. A.) HMEIOT
pas/IHuHBIe KOH(HI'YpaLHIO, TOJIIHHY H
XKHMHYECKHH COCTaB KOHCTPYKIHOHHHIX
MartepHajioB. Bce 3To nmpuHBOAHT K HeoO-
XOZHMMOCTH HHAHMBHAYaJIBHOIO pacyera
pajHalHOHHKEIX YCJOBHH IpPH INPOEKTH-
poBasn# KA uJu nmojroToBKe €ro kK Io-
aery [21, 26]. Ilpx cOOTBeTCTBYIOMIHX
pacueTax TNPHXOZHUTCS HaXOAHTL COBMe-
CTHOe pellleHHe YypaBHEHHH IpoCTPaH-
CTBEHHO-BpPEMEHHOI'0 pacnpejeJieHHsl Io-
TOKOB 3apSIZKEHHBIX YaCTHI H TPaeKTOPHH
aBixkenus KA. ,

Bmecte ¢ TeM, B GONBIIOM YHCJIE MPaK-
THYeCKHX 3ajay JOCTaTOYHO HMeTb IpH-
GJIHKeHHEIe HJTH CpelHHe 3HAYEHHs Napa-
MeTpPOB, OINpEeNeJsIONIHX BO3MOXHOCTh
HJIH HEBO3MOXXHOCTb ofecrneyeHust
pagMalHOHHOR Ge30NacHOCTH SKHIaxKa
Hau annapatypsl KA npH ZaHHHX Tpa-
£KTOPHH €ero MoJieTa ¥ BpeMeHH aKTHBHOT'O
CYIeCTBOBaHHsI. B 3THX cayYasix MOIKHO
HCIIONIb30BATE  METOA  TPAaeKTOPHHIX
koathpuuuentos [6], mossonsromuii Hafi-
TH 3HaUeHHd IOIJIOUEHHOH NO3H pajH-
auuu 3a sawutod 1 r/em® (mo amomu-
HHO)., VICXOZHEIMH  JaHHHIMH  JJs
BHIYHCJIEHHSI IOIVIOILEHHOH JO3H SIB-
JSIOTCS CJEAyIoHe: BBICOTA anores op-
6utet KA (H,), suicota nepures (Hp),
yros HakJoHa oOpOGHTH (i), yrJaoBoe
paccrosinHe mnepHresi (®), BpeMsa aKTHB-
Horo cymecrBoBanus (f3), MaKCHMaJb-
Hasi MOLIHOCTb JO3H B OKOJIO3EMHOM
KOCMHYECKOM IIPOCTPAHCTBE 3a 3allH-
toii 1 r/em? (Al). Ilpu sToM 3HaueHHe
norJiolmeHHo® Jose D * coctasaser,

pazx/cyT:
D = pokyksksta, (13)

rae po = 500 pax/cyT — MakcHMaJabHas
MOIIHOCTD JIO3H 3a 3amuToil | r/em? (Al);
ki — Koa¢pdunHeHT, onpepensiomHui 3a-
BHCHMOCTb JO3bl pafHAalHH OT BHICOTHI
arores H, u nepures Hy (puc. 13);
ke — KO3 HIHEHT, ompemensOmHE 3a-
BHCHMOCTb JIO3Hl pajHallHd oOT YrJaa
HaKJoHa opOHTH { (pHc. 14); kg — KO03d-
(HIHeHT, ONpefeJasoNHi 3aBHCHMOCTb
J03bl pajiHallii OT YIJIOBOTO PacCCTOSIHHS
nepuress ® (puc. 15).

Kosppuurentnr ky, kg H kg omnpege-
JAIOTCA N0 CJAELYIOUHM (popMyJaM:

Pcp (Ha var» Hu vars

L i = const, ® = const)
1= ’
Po

rie pop (Havars «-.) — CpelHee 3HaueHHe
MOIHOCTH JO3Hl AJIsi OPGHTHI C JAHHBEIMH
3HAUYeHHSIMH BBHICOT amored M MepHred,

* EpuHuna M3MepeHHs JO3H H3JY-
YyeHHsi, paj, SBJASETCS BHeCHCTEMHOH
eIHHHIeH, NMOJYUYHBIINEH Ha IpakTHKe
Haubosibliee pacnpoctpaHenHe. [lepe-
BOJ K CHCTeMHOH eJHHHIe rpeii BecbMa
npocr (100 pag= 1 Ip).
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TPOHHOTC TOKa, TO Tesqo OyAeT, KaK
IpaBHJIO; B8apskKaTbCl  OTPHLATENHHO

(B pame ciyyaeB OTpHIATEJbHHE 3apsif.

GyJeT KOMIIEHCHPOBAaTLCA  BTOPHUHRIM
BAEKTPOHHBEIM TOKOM). OTpHIaTe bHbIH
HOTEHI[HAJM B KOCMHUYECKOM INPOCTPaHCTBe
Moxer pocturath 15—20 xB. Eciau
OTO3JIEKTPOHHKII TOK IPEBHICHT BJIeK-
TPOHHEIH, TO TeJo OYyAeT SapsaxKaThbCs
MOJIOXKHTEJIBHO M TNOTeHNHaJ OyJer
Jgocrurate mmoc 10—15 B.

Anexrpusanms B Honochepe. Ilpu no-
aete KA Ha opburax 150—800 kM, T. e.
B Npelienax HoHoChephl, 3apsilKeHHe ero
NOBEPXHOCTH HMeeT psli ocOGEeHHOCTeH.
Honocdhepa [12, 18, 23] npeacrapasier
coboii o6JsiacTh 4YaCTHYHO HOHH3HPOBaH-
HOH BepxHell aTMmocdephbl, CBOHCTBA KO-
TOpOH 3aBHCAT OT BHICOTH Haj 3eMJiel,
HHTEHCHBHOCTH COJIHEUHOTO H TajlaKTH-
YEeCKOT'0 H3JyYyeHHH, reorpajpuuyeckod o6-
ctaHoBKHM H Jp. OGhuHO HOHOchepy
jlenat Ha paAx obnacreii (o6aacte D
Ha BoicoTax 50—80 kM, o6iaacty E
Ha BHcoTax 80—130 kM, o6Gmacte Fy
Ha BricoTax 150—250 kM, ofJjactb Fy
Ha BbicoTax oT 250 mo 800—1000 km).
I'naBHBIl MaxcumyM HoHocdepsl (B 06-
aactu F,) Haxoputcs Ha BrcoTe 300—
350 kM. HMoHocgepa cocToHT M3 cBOGOA-
HbIX 3JIEKTPOHOB M, B OCHOBHOM, IIOJIO-
JKHUTEJBHBIX HOHOB. KoHIeHTpanusi 3a-
PSI2KEHHBIX YacTHI B HOHochepe CpaBHH-
TeJbHO Masia B o6Jactd D, cocrtaBiss
He Gosee 10° cM® guem u 10 cMm—2 HoublO,
pacrer ¢ BricoTOH (Ha BHIcoTe. 150 KM
jHem npesbimaer 108 cM~%) u poctHraer
‘MakCHMyMa Ha BElcoTe npumepHo 300 kM
(nuem 1,6-10% cm~8, Hounio 104 cM~3),
Jlanee koHIeHTpaLus: HoHochepHOH Ma3-
MH HJaBHO YMEHbIIAeTCsI C BHICOTOH
H Ha Bucorte 800 xm cocraejser 105 cm—2
JHem H 5-10* cMm~® Houblo, a Ha BHCOTe
1000 kM — 5-10% cm~% sHem 1 2-10% oM
HOUYLIO.

Temnepatypa BJIEKTPOHOB JHeM Ha
BhicoTe 100 kM cocraBasier 240 K, Ha
Boicote 300 kM — 2000 K, Ha BricoTe
800 xM mouru 3000 K u mpomomxkaer
¢ BBICOTOH Bo3pacTtaTb. B HOuHBIE Yachl
TEMIepaTypa 3JeKTPOHOB 3HAYHTEJBbHO
HuKe H Ha BricoTe 300 kM paBua 1200 K.
Cnepyer mnofuYepKHYTb, YTO TeMIlepa-
Typa 35JeKTPOHOB Ha BhIcoTax GoJlee
100 kM u pgHeM, H HOYLIO BHILIE TeMIepa-
Typul HoHOB. Ha Bricote 100 xM TeMmme-
paTypa HOHOB EHeM cocraBasier 210 K

(Hounio 210 K), ma BEcoTe 300 kM —
1400 K (wounio 930 K), Ha BHIcoTe
800 kM — 2300 K (Hounio 1200 K).

Takum o6pa3oM, Ha HH3KHX opGUTax
asmxenuss KA rtemmepaTypa HoHochep-
HOH IIJIa3MH B CpeJlHeM COCTaBJIsieT
okoso 1000 K, a.caemoBaTesibHO, COOT-
BETCTRYIOIIAsl €ifi KHHeTHYecKas dHeprus
yactuy, — okojo 0,1 sB. Ckopocts
3JIEKTPOHOB NPH 9TOM paBHa HpPHMEpPHO
200 kM/c, a CKOPOCTb MOJIOMKHTEIbHEIX
HOHOB Bcero okovio 1 kM/c. 3Tto cko-
POCTh HOHOB aTOMapHOTO KHJIOpoAa,
KOTOphle INpeo6iaanaloT B HOHocdepHOM
niasMe Ha BoicoTax 300 kM H OGoJee.
Cropocte JjBuxeHusi KA cocrasiser
8 km/c, T. €. HOHHl MOXXHO pacCMaTpHBaTh
Kak HenmoABHxkHHe, a KA kKak OH Ha-
Geraer Ha HHX.

ITsoTHOCTh MOTOKa 3JIEKTPOHOB, Haja-
foniero Ha nopepxHoctb KA, ¥ IJIOTHOCTB

- IOTOKA MNOJIOXKHTEJbHBIX HOHOB B HOHO-

cepe 3HAUMTENBHO HPEBOCXOAAT IJIOT-
HOCThb NOTOKa (POTO3JIEKTPOHOB C OCBe-
umeHHoll yactH moBepxHocTH KA. Kpome
TOr0, BCJAEICTBHE MaJIOH 3HEPI'HHM YacCTHIL
B HOHocQepe OTCYTCTBYeT MOTOK BTO-
PHUHHIX 3JjexTpoHOB. IloaToMy B HOHp-
chepe moTeHIHaN NOBEPXHOCTH A
onpejesnsieTci, B OCHOBHOM, COOTHOLIE-
HHEM D3JIeKTPOHHOTO H HOHHOTO TOKOB
B OxpyiamomeH mnnaasMe, T. €. KA mpmn-
ofpeTaer 3HAUHTEJbHHH OTpHLATENb-
HHH noreHnuan. OH cocTaB/sg OBl HOJMH
BOJIbTa, €CJHH Oh He 3(bhekT wuonHol
MeHu, KOTOPHIH COCTOHT B TOM, YTO
nepeisHe YYacTKH IOBEPXHOCTH JBH-
wymeroca KA «HaGeraloTs Ha HOHH
H 3a KA ofpasyerca ofjacTb C NOHH-
JXeHHOH KOHUeHTpanuei#i HoHoB. UTo xe
Kacaercsi 3JIEKTPOHOB, TO 3a CYeT MHX
GoJiblOl CKOpPOCTH, B JECATKH pa3 npe-
Bhtaomel ckopocts KA, HX KOHIieH-
Tpauusa 32 KA cHHKaercsi HesHauu-
TespHO. [TosToMy B 06sacTH MOHHOMH TeHH
Ha nmoBepxHocTh KA nonagaior npeumy-
I(eCTBEHHO 3JIEKTPOHHI, U 3T0 00YCJIOBJIH-
BaeT BO3HHKHOBeHHe GoJiee BRICOKOrO
OTPHIATEJBHOrO0 IIOTEHI[HaJa Ha COOT-
BETCTBYIOILHX  Yy4YaCTKaX  HOBepXHO-
ctn KA.

B pesyabrate geficTBH yKa3aHHHIX
K HeKOTOpHIX JApPYrux sdh¢peKTOB OTpHIla-
TeJbHEIE MOTeHIHaJul noBepxHocTH KA
Jocturaotr 3—5 B [2]. Ilopo6urie no-
TeHIHAJEl He ONAcHH JJs (YHKUHOHH-
posanust GoptoBo#t ammaparypn KA,
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Ha muorux KA, ¢yHxuHOHHpY!OMHX
Ba GOJILIIMX BECOTaX H IeoCTallHOHAp-
HEIX opOHTax, HaOGJMIORAJHCh MHOro-
gyHCcJIeHHEle cO60H B paboTe 6GOpPTOBOMH
annapaTypsl H3-3a 3JIEKTPHYECKHX pa3-
PANOB Ha MOBEPXHOCTH. B GOJBIIMHCTBE
cJlydaeB NOJHOrO OTKasa GOPTOBHX CH-
creM KA He HaGmioganock. Bmecte ¢ TeM,

BAEKTpH3allMsl  fABJIJach  NPHYHHOH
fnoTepH  HHpopMauHH, MNepelaBaeMoi
Ha 3emJio.

CniocoOnl sampuTH oT snexrpusanun KA
JeNIITCSL Ha MacCHBHHlE H aKTHBHHIE,
K 1nepBEIM OTHOCSTCH KOHCTPYKTHBHHI®
crmocoOhl, NpH3BaHHHIe O0eCneYdTh Ha-
JIEXKHOCTb SJIEKTPHUECKHX COeXHHeHHH
MeTtaJsyiHyeckoro kopnyca KA co BcemMH
y3iamH, OJIOKaMH, KopmycaMM annapa-
TypHl H cHcTeM AJs1 oOpasoBaHHA XOpo-
MHX SJEKTpHUeCKHX KOHTAaKTOB H He-
DONyuleHHS! BBICOKHX IEepeXOJHuIX CO-
npotunenufi, IIpH 3TOM nepBocTeneH-
HOE 3HayeHHe HMelOT HaJeXXHble 3JeK-
TPHYECKHe coeHHEeHHs SKpaHHpy-
JOLHUX OIMJETOK 3JEeKTPHUYECKHX KaGenei
¢ xopnycom KA. Jns nmpenoTspauyeqHs
BO3SMOXXHOCTH  BO3HHMKHOBEHHSI  cylle-
CTBEHHO HEOJHOPOJHHBIX. BJIEKTPHYECKHX
noseit KoHcTpykuuio KA crpemsiTcst BHI-
NOJHUTh 6€3 OCTPHX H3JIOMOB H BBICTY-
0B, MHHHMH3NPOBAThb YHCJIO OTBEPCTHH
B kopnyce KA M ero cocTaBisIOLIMX
KOHCTpYKUHit. JlAs noBLIIEHHA IO~
MeXOo3alll HIeKHOCTH  paZiHO3J1eKTPOHHON
annapatypil KA oT mocaejicTBHH 3Jek-
TPHUECKHX paspsjoB B psje Ccaydaes
NpPUMEHSIOT BOJIOKOHHO-OTITHYECKHE Ka-
GeJibHBHIE JIHHMH.

3HauuTeNIbHYIO YacTh NoBepxHOCTH KA
COCT4BAAIOT TEpMOperyJupyiomue Io-
KpbITHSI Ha OCHOBE JH3JEKTPHKOB. IJTO
H INpHUBOJAMT ‘B OCHOBHOM, K 3(dexTaM
IuddepeHinajipHOro 3apsieHHs. Kpo-
Me TOro, B CJyyae TOHKHX JHSJEKTpH-
YeCKHX IIJIEHOK, HAaHOCHMEIX Ha Mertal-
JWYecKHE Kopnyc, NpH GoJIbIUHX pas-
HOCTSIX NMOTEHIHAJIOB MOTYT IIPOHCXOIHTD
npo6ou Ha kopnyc. OpgHHM M3 crocoGoB
gamuTh KoHcTpykuuu KA or auddepen-
ILHaJbHOTO 3apSIKEHHS] SABJsSeTCS HaHe-
cenHe Ha TepMOpEryJHPYIOIIHEe IOKpPH-
THS TOHKHX INPO3payYHHIX IJIEHOK C JO-
6aBkamH oxcHpa uuaus (90 %) B oxcupa
onoBa (10 %), koToprie 06najalOT XOpo-
med 3JeKTPONpPOBOJHOCTbIO M INpaKTH-
9ecKM He YXYAILAl0T TepMOperyJHpy-
IO M X XapaKTepHCTHK OOKPHITHH.

HHorna na jgHaleKTpUYECKHe NOKPHTHS
HAHOCAT TOHKHE TOKONPOBOASII[HE CETKH
H3 MeTaJlJioB H HX OKCHEOB.

B KauecTBe aKTHBHRIX CIOCOGOB yMeHb=
IIeHHsT aJIeKTpHYecKoro moreHnuana KA
pacCMaTpHBAIOT NpHMEHEHHEe BJIEKTPOH-
HHIX H HOHHEIX HCTOYHHMKOB (YCKOpHTe-
selt) Majioft sHepruu (mopsiaka 10 ksB).
WHXKeKnHsI B5JEeKTPOHOB HJIM  WOHOB
B OKPY2KaKUYIO IJ1a3My ITI0O3BOJISET CHATH
H3GHITOYHREIH 3aps] C NPOBOASII{HX Ya-
creit nosepxuoctH KA. Opnako ¢ He-
INpPOBOXSAUIMX 4dacTel 8aps)] CHHMaercs
HelocTaTouyHo 5¢@deKTHBHO, H KapTHHa
nuddepeHNHaNEHOrO 3apsAXeHuss coxpa-
Haerca. Jna cHuxeHHa 3apaga KA
MOMHO HCIOJIb30BaTh CTPYH IJIa3MeHHLIX
JBHrarejed: co3faBaeMble I@pH HX
pabote B okpectHocTH KA njiasmMerHHI®
0o6pa30BaHHsl CHHXKAIOT YpPOBEHb BJeK-
TPH3aLUK ero IOBEpPXHOCTH.

IlpoGiema snekTpusanuud KA akTHBHO
H3yyaeTcsds BO MHOTHX CTpaHax M, Be-
posiTHO, OYAYT HallieHEl B Apyrue, GoJiee
a(ppeKTHBHbIE H TEXHOJOTHUEeCKH Jierye
peanusyeMble cnocoObl HX B3amHTH OT
BO3JEHCTBHA CTAaTHYeCKOro 3JjeKTpHYe-
CTBa.
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BO3AEVCTBUE UOHHU3UPYIOWUX

I'naBa 5

U3JNYHYEHUHA
HA TEXHHYECKHE YCTPONCTBA

B mponecce skcnyaTtan¥® pasiHuHEe .

TeXHHUeCKHe YCTPOHCTBA M HX COCTaBHHIE
9acTH MOTYT MOJABEPrarbcsl BO3JAEHCTBHIO
nonusupyiomux usnayuennit (M) ecte-
crBeHdoro (nanpumep, UM kocmuyeckoro
NPOCTPAHCTBa) H HCKYCCTBEHHOrO MNpO-
ucxoxaenns (MM apnepHHx  CHIOBHX
H 5HepreTHYeCKHX YCTaHOBOK).
Bospeficteue U1 npusoauT k¥ o6patu-
MEIM M HeOOpATHMEIM H3MEHEHHMSM Xapax-
TEPUCTHK  KOHCTPYKLUHMOHHHIX  MaTepH-
‘anos, snektpousnenuit (OPH), sHaueHus
KOTOpPHX HaxXofATC B oOnpeleseHHOH
8aBHCHMOCTH OT S8SHauyeHHH XapakTepH-
ctik M (uHTErpajbHOrO MOTOKA HeH-
TPOHOB, ®KCIO3MIMOHHOM JHO3H IaMMma-
H3JyYeHHss H T. n.). B cBoio ouepenp
H3MEHEHHNSI XapaKTePHCTHK MaTepHalsioB
H OPH, HAymHX Ha KOMILIEKTaLHIO
TeXHHYeCKHX 0OBeKToB, MOryT mnp#-
BECTH K OTKa3aM STHX OOBEKTOB.
- Jlast o6ecneuenHst GesoTkasHoro PpyHk-
LHOHUPOBAHHSL TEXHHYECKOro o6beKTa
B ycaosHsix BospeiictBus MM paspaGor-
YHK JIOJIDKEH, HauHHasi ¢ PaHHHX CTajguy
HpOEKTHPOBaHHs, NpHHHMaTh bBddek-
THBHBIE MEpHI IO MpEJOTBpPAUlEHHIO He-
JKeJlaTeJBLHBIX NOCNeACTBHH BO3leiicTBHA
HNHU, a gns sTOro OH JOJKEH HMeThb
mpeACTaBJieHHe O BHIAaX paJHaliHOHHBHIX
8p}eKTOB B TeXHHYECKHX O6beKTax M HX
COCTAaBHHIX YacTsx (annaparype, BsJek-
TPOpPafHOH3JeJHSAX H T. I.).

1. BUABI

PAIVUAITUOHHBIX 39 PEKTOB
B JJIEKTPOPAJUOM3IAENUAX
U MATEPHAJIAX

Pagnaunonnnie oddexTHl B BlEKTpPO-
paauouspesnsix. J1jis oneHKH BO3MOX HEIX
HapylleHHH pa6oTocnoco6HOro cocTo-
AHHS 3JIEKTPOpaJHOH3JleJHH H ammapa-

Typn npu Bo3fjefictBud WM paspabot-

YAKYy Heol6XOZMMO pacmosiaraT H®H-

» popManueli 0 BO3MOXKHEIX BHAaX panH-

anHoHHEIX 8(deKkToB, HX B8aBHCHMOCTH
OT AaMNJAWTYAHO-BPEMEHHEIX H  CIeK-
TPaJbHO-BHEPTETHYECKUX XapakTepu-
CTHK H3JYyYeHHM H BHIAa H3JIY4YeHHMI,
B HacTosimiee BpeMsi NPHHATO BHIAEASATH
caefyomue pafHanuoHHBle shdexTH:
s¢pexTH CMelleHHsl, NepeHOCa 3apAna
M noHMsauvonsne spdext [6, 16,
26, 31].

SddekToM  cMemeHHst ~ HasHBaeTcs
nepemMenieHHe aTOMOB M3 CBOEro HOp-
MaJIBHOTO -TOJIOKEHHSI B KpHCTaljHge-
CKOi pelrerke MaTtepHajJa. IJTH mnepe-
MEl[EeHHA CONPOBOXKAAKTCA BO3HHKHO-
BE€HHEM CTPYKTYpPHHIX JeeKTOB KpH-
CTaJUINYEeCKOH pelIeTKH, K NpoCcTeNIHM
H3 KOTOPHIX OTHOCHTCSI HaJlHYHe CBOGOJ-
HEIX MOJIOXKEHHHA B pelerke (BakaHCHII)
H JIONOJHHTEJbHHX aTOMOB MEXILY ee
y3naMH (MelKy3eJbHHX BHeJpEHHH).

[ToMumo mpocTeHIIHX CTPYKTYpPHHX
JedekToB, KOTOpHIE B TOJTYIPOBOJHHKAX
OKa3HBaIOTCH HEYCTOHYMBLIMH  TIpH
KOMHAaTHOH TeMInepaType H MOryT pelia-
KCHPOBAaTb Yepe3 HEKOTOpOoe BpeMs II0CHe
npexpaimesust obJy4yeHHsI, B MaTepHaJe
BO3HHKAIOT CJIOXKHHe JebekTH , (acco-

IHallHH pa3JHIHBIX JedPeKTOB Mexay

coboil, a TakKe accounanuH pedeKToB
C TNpHMeCAMH H JedeKTaMH pelIeTKH),
CYLIECTBYIOOIHe B TeueHHe JJIHTEJIbHOIO
BpEMEeHH.

Ilpu o6ay4ueHHH BJEKTPOHaMH H oTo-
HaMH c sHeprueii HHxe 1 MsB Bo3HE-
KalOT, KaK NpaBHJIO, NpocTefmue (Touey-
Hue) jJedektrl. O6ayueHHe HEATPOHAMH,
DPOTOHAMH H 5JIeKTPOHaAMH GoJiee BRICO-
KHX SHeprHii OORIYHO CONpPOBOXKAaeTcs
MosIBJIGHHEM KJiacTepoB JedeKToB, 0O-
YCJIOBJIEHHHX JIBHXKEHHEM 1O KPMCTaJay
DEepBHYHEIX aTOMOB OTJAauH C JIOCTATOYHO
Bucokolt (0,1—100 k3B) sHeprueit.



















































































































































































































































