Cnenyer oTMeTHTD, UTO MHPOPMAIWA 0 KIMMATUYECKIX YCIOBMAX HA,
NOBEPXHOCTH IUIAHET HeNpepHIBHO HomonHsercia. Haubonee M3ydyeHs!
KIMMaTHiecKHe YclIoBHA Ha moBepxHocTy JIyHsl, Mapca, Benepst. Ilo
coyTankaM IOnuTepa nomydeHs! JIILL mepBsle OPMEHTHPOBOYHEIE IPefi-
CTaBJIEHNAA, 1, HECOMHEHHO, 110 Mepe NONYyYeHNA HOBHX NAHHEX GYynyT
YTOYHEHH! YCIOBAA PaboTH Ha X NOBepXHocTH. KmuMaTuieckue yeio-
BUA paBOTH MIAHETOXO[OB MOKHO PA3NeNuTh Ha HeCKOILKO THIIMIHAIX
cnryamui (Ta6n. 1.4).

1.3. Crpoenue, penved

u bu3uKo-MexanMYecKHe CBOMCTBA
IMOBEPXHOCTHOI'O CJIOA I'PYHTA
IUIaHEeT M CIIYTHMKOB

1.3.1. MeTogH H3yJeHHA NMOBEPXHOCTH IUIAHET M CIYTHHKOB.
ITockoneKy mepenBuKeHUE IUTAHETOXO0[A OCYLIeCTBiAeTCA IO IOBED-
XHOCTHOMY CJIOI0 'PYHTA, TO 3TH JaHHBIE OKA3HIBAIOT BECHMA CYIECT-
BEHHOE BIWSHME HA €ro xapakTepucTuku., CpolicTsa IpynTa, penbed
MOBEPXHOCTH OIIPEleNAloT IIpOXoIUMOCTh INTaHeTox0a, T.e. Haubonee
BaKHLIe €ro IapaMeTpH, KOTOpHEe B KOHEYHOM cveTe OIpenendioT
11eneco0bpa3HOCTh UCIIONB30BAHMA ITAHETOX0HA KAK TPAaHCIOPTHOrO
CpeicTBa.

YuuThIBag BajKHOCTh MHGODMAINH O CBOMCTBAX IOBEpXHOCTH IS
pa3paGoOTKA MIAHETOXOHOR, PACCMOTPUM He TONMEKO KOHEYHbIe pe3yibTa-
TH MCCNIeTOBAHUI, HO U MeTonbl UX NONYYeHud. 3TO HeoOXOAMMO IJIA
TOro, YTOOH! IIOMIY0Ke NOHATH CYIIecTBO MOMYYEHHEX JAHHLIX U COOT-
BETCTBEHHEIM 00pa30M HCIIONA30BATE X HA IIPAKTHKE,

XapakTepUCTUKY OCHOBHBIX METOLOB IONYYEHHUS OAHHLIX O IIOBEp-
XHOCTH IDTaHeT ¥ MX CIIyTHUKAX NpuBefeHsl B Tadn. 1.5 [94, 104, 117,
170, 172]. IIpu 3T0M B 33BUCHMOCTH OT KOHKDETHBIX YCJIOBMI Ha IUIAHe-
te (paccrossme or 3emmu, aTMocdepa U Ap.) MOTYT GHITH CBOHM 0CO-
derdocry. Hanpumep, nosepxuocTh Berdepr! us-3a mnoTHOMmaTMocdeps!
He MOXeT OHTh coTorpadmpoBaHa ¢ OpOHTH B ¢ 3eMIH, MIOITOMY
ocooe MeCTO NP ¥M3yueHNM ee peibeda 3aHUMAIT PANMOJIOKAIIOHMEIE
MeTOMH!.

Crenesb M3yYeHHOCTH CBOMCTB IIOBEPXHOCTY PA3NWYHBIX ITAHET U
UX CIyTHUKOB B HACTOAIlee BpeMsa HeoquHaxkoBa. Harpumep, 0 mosep-
XHOCTH JIYHLI MMeeTesd JOCTATOYHO OOMIMpHAA HHpOpPMAlyd, OTHOCH-
TeJILHO XOpolIO u3yyeH penbed Mapea, uMmerres dorocHrMEM, TOTyYeH-
Hule ¢ nopepxHocTi Benepst n Mapea, dotorpadimu coytauxos Iomirepa
II03BOJIAIT NONYYUTH JAaHHHE O XAPAKTePUCTUKAX UX NOBEPXHOCTH.
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Tabauya 1.5. OcHOBHHE METOAH HOJNyIeBHL uEdOpMATTHA
0 cBOACTBAX HOBEPXHOCTH HIAHET M MX CIYTHHAKOB

Meroy usyJIeEuA

TexaMIecKMe CpelcTBa

Tonydaeumble pe3ysbTATH

[
TosyaeHNe CHUMKOB ¢
[OBepXHOCTY 3eMiu

Honyense cEUMKOB
nosepxaoeT® ¢ KA

Tosy9enye cHHMKOB ¢
NOBEPXHOCTH IIAHET ¥
MX COYTHUKOB

Pamuodusuieckue
MeTONB MccIeOBARM

OnTMdeck¥e MeTORH
McenenoBaRn

T pausle vcenenosa-
HUA PUBUKO-MeXAHK-
9ecKUX ¢BolicTB I'DYHTA

Jocraeka oGpasiion
IPYHTa Ha 3eMJI0

Mopnenvporasue rpys-
TOBHIX, KIMMaTHIECKUX
¥ GPUBUIECKUX YCIOBUMN
IilaHeT HA 3eMJe

Temecxonsl

CHeTeMa KOCMUIECKOTO
TenepMaeHUs, BO3BPAT Ha
3emmo GOTOCHMMKOB ¢
IIOMOIIBI0 BO3BPATAEMOTO
annapaTa

TocanoIEkl annapaT

PanuoTreneckonsl, panuo-
JIOKATOPH

OoTOMETDH, CIEKTPO-
oToMeT PH

Tocanoyrnr annapatT u
cliel[MaNbEEe NpnOopsl
(nyioTHOMED, IEHETPOMETD
u np.)

Yerponersa 3a60pa
rpyaTa. BosspamaeMbii
annapaT

Kmmatudeckue KaMe-
DHl, CTEHAH IULA MMUTA-
IMH YMeHbIIeRON cHIIBl
TaXkecTH. I pyHTH-aHA-
soT!H

KpynaoMacmTabrnie cHUM-
KM, Alalomue ofmee MPEACTAB-
JleHMe o NIZHETE ¥ ee clyT-
auke. [Ina Jlyast BosMoXHO
pa3spentenue fo 100

JleTanpHEle CEMMKY NOBEp-
XHOCTH ¢ paspelIeEMeM N0
HECKOJIBKMX METDOB, B TOM
gMcne ¥ AR paltoHOB, He
noCTYNHRX A Habmonerus
¢ 3emm

Jleranbakle cHHMKY B MeCTe
HOCAJIKY ¢ paspemeHHeM 1o
MMIUTIMETDA

Jlargrne o pMBMTECKUX
¢BOlICTBAX NOBEPXHOCTH.
TonmuHa M3yIaeMoro cnos
10 HeCKOJIbKMUX MeTpOB

Ontuyeckue cBolcTBa Bep-
XHEro cNofA I'PyHT4., o KoTOo-
prM MOTYT OBITH OLeHEeHH
€ro ¢TPYKTYDAa M cOCTaB

JanmHe 0 PUMKO-MeXa-
HEWYecKUX CBOICTBAX IPYHTAa
B MecTe NocaiKu

JleTanbuble cBeleRUA 0
¢OCTaBe IPyHTA, IPaHyJo-
MeTpuM, QUBUIECKUX U Me-
XAHMYECKUX cBOHCTBAX

OcHoBHBIE 32KOEOMEDHOCTH
110 06pasoBaHK0 ¥ HOPMUPO-
BAHUIO NI0BEPXHOCTHOIO CJI08
rpyara. Hosysenne u yrod-
HeHMe HCXOJHBIX AaHHAIX
A NPOEKTKPOBARUA Name-
roxoga. OGocHOBARME METO-
OB ¢TEHJOBHIX ¥ XOHOBRIX
MCIBITAHUA MaXeTOB N1~
HETOXOJI0B
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»Jlyroxons-2"

Prc. 1.2. Jlyaaas norepXHOCTH B pafioHe paGoTH
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OmmaM M3 OTHOCHTENBHO HOBHIX HANDABJIEHWH B M3yYeHyH M IIPOTHO-
SUDPOBAHNMH CBOMCTB MOBEPXHOCTH IVIAHET M COYTHHKOR ABJIAETCA BHIAB-
nenne oGMINX 3aKOHOMEPHOCTE! B MX IIPAPOJie X CTPOEHUH, YTO I03BO-
JAET pacOpOCTPAHATL YiKe NONyJyeHHble JaHHEIE HA HpyTHe IUTAHEeTHL
Hanpumep, Hanmmime kpaTepHHX GopM penbeda Ha Mapce, Mepxypnu,
Benepe, ciryrankax I0nnrepa nossonser HCmoNb30BATH JAHHEIE, TIONY-
YeHHEIe JUIA JIYHHO! NMOBEPXHOCTH, JJIA OIEHKM QU3MIeCKX 1T MeYaHH-
YeCKHX XApAKTEPUCTHK HA 3TUX HeOeCHHX Telax.

1.3.2. JIyna. Ha norepxaocTr JIyHE MOMKHO BEIZENIMTE IBa HAaUOOIce
XapaKTepHEIX THIA PAiOHOB. MOPCKHMe M MaTepnkoBsie. Mopekue paiio-
HEl OTJIIMAIOTCA HECKONBKO OoJee TeMHLIM LBETOM M DOBHOM ITOBep-
XHOCTEIO M 3aHMMAlOT OKono 15 ¥ mmomanum. MarepukoBnie parioHs!
AMewT Golee CBETIIYI0 OKPACKY M CIOXKHBII pelbed. OGPATHYO CTODOHY
JIyHEr 3aHMMA0T B OCHOBHOM MaTepHKOBble PalCHHL Bux mymHOM roBep-
xHocT! B pafoHax paGorst "Jlysoxoma-1 m -2” mokazan Ha pme. 1.1
nl2,

HauGonee xapakTepHLIMA 37IEMEHTAMM JTYHHOTO penbeda ABNAOTCA
KpaTephl, 00pa3yeMsle B OCHOBHOM B Pe3yJIbTATE YIAPOB METEOPUTOR 1
HMel[Mie pasMepsl OT HEeCKONBKUX COTeH KHJIOMETPOB IO NEeCATKORB
CaHTUMETDOB.

OcHOBHbIE THIIH KpAaTepoB, HMeLIMX HAMGONEIIee PACHPOCTDAHCHHE
Ba Jlyxe, npuBenens: B Tabn. 1.6 [130, 131].

Pacnpenenenne xpaTepoB Ha NyHHOI TOBEPXHOCTH B 3aBUCHMOCTH
OT UX pasMepa NoayuHAeTcH paBHoBecHon dbyuxnuu [131):

N =10109.p-2 (1.1)

rmé N_— xommiecTBO KpaTepoB AuaMeTpoM Oonee D Ha momanu
10 KM2; D — nuaMeTp kpaTepa, M.

TIpuBenenHas 3aBUCIMOCTD XaPAaKTEePHA 1A KDATEPOR ¢ UAMETDOM
oo 100 M. Jina GomslIMX ARAMeTpPOB HAOMONAETCA HeCKONBKO HHAS
3aBHcUMocTh. KpaTepsl mpefcTaRnAwT HauGolNee XapakTepHHIA Bup
IPEIATCTENA N4 NBUKEHNA IIIAHeTOoX0a.

JpyruM XapakTepHHIM 3MeMeHTOM pelibeda JyHHOU MMOBEPXHOCTH
ABJIATCA KAaMHI 1 KaMeHHsle rpamsl. KaMHR HanOonee YacTo BCTpeya-
1oTcs BOmmsn kpaTepos Tvma A, AB u B. IIpu aToM uem Gomminte xparep,
TeM OoJbllle BOKPYT Hero kaMHelt. OcofeHHO pe3k0 Bo3pacTaeT Kommdec-
TBO KaMHell Y KpaTepoB aAuaMeTpoM Gonee 20 M. 3gaunTensHad YacTh
KaMHell cocpeZioTOY€Ha B Ipejenax Bana kparepa. QopMa xaMmuelt —
pasHoobpazuad. Hamranme xaMueit BOnM3M KpaTepoB 3a¥acTyi0 oObsc-
HAeTCA TeM, YTO IPHU O0PA30BAHUM IOCHEIHMX IPOMCXOIAT BHIOPOCH
CKAJILHONO OCHOBAHWA NOICTIWIAILIMX HI0pO, T.€. KOrha MTyOMHA 3aJiera-
HUSA MeJIKO3ePHMCTOr0 rpYHTa cOM3MepnMa ¢ MyOuHOM KpaTepa.
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Tabruya 1.6. XapakTepHCTHKE OCHOBHBIX THIOB JYHHHEIX KPATEPOB

MapameTps Tun KpaTepa
A AB B BC C

OTHoOCUTENBHANA TTy- 1...1 1.1 1 1 1
6ura (oTHOomenyMe ray6u- |4 5 6 7 8 10 14
HEl K qMaMeTpy KpaTepa)

Hammaue Bana Ects Eets Eects Crnenst Her

Yron saknona crerxku | 30...45 30...40 20...25 65 8...10
KpaTepa, rpaayc

Yron saknora seemsett | 10...20 10...15 5 - -
KPOMKM BaJIa, IDAAYC

Jins KonmdecTBEHHOrO ONMMCAHMSA paclpeseNieHus KaMHel Ha MoBep-
XHOCTH MOXeT GHTBb HCIONBb30BAHO cefybllee cooTrourenue [131]:

n =kd’ _ (1.2)

K?

.
.

THe 7 — KONWYECTBO KaMHell pasMepoM Gonee d, Ha mromann 100 M2;
d,, — pasMep KaMHs, M; k # v — KOHCTAHTH, 3aBACAIIME OT reoMopdoso-
rirteckoit cutyamnu (tabm. 1.7).

Hapsany ¢ xaMuaMM, MHOr[a BCTPEYalTCS KaMHeBUAHEe 06pa3oBa-
HN, BHelllHe NMOXO0KHe Ha KAMHH, HO ABJIAIUeCH KPYITHEIMH KOMKaMH
V3 CIAIIIErocs MENTKO3ePHMCTOr0 MATEpHANa, KOTOpse JIEMKO paspylla-
10TCA KONecaMm JIyHoxona. IIpAMep TAKOro KaMHEBUIHOTO ¢OPa3CBAHNA
OpuBeneH Ha pHc. 1.3.

Ha yynHOI NOBEepXHOCTH HMEOTCA Takke Oollee CIOMKHBEIE DNIEMEHTH
penbeda: coueTaHMe YKIOHOB BONBIION MPOTAXKEHHOCTH, YCIOKHEHHBIX
KpaTepaMH M KAMHSMJ, T€PPAchl, I'PAALI, OCHLIHA HA KDYTHIX CKJIO-
HaX M 1p.

Mono6usie cuTyanuy NPUMEHUTENLHC K OBVKEHUIO NINAHETOX0/0B
MOryT OLITE IpeNCcTaBaeHb HEeKOoTopolt o0obuierHolt ¢yHKIMeN pacnpe-

Tafnuya 1.7. KoaddunaeaTsl 1id oneHkH pacnpeneleEns KaMHek

Tun nosepxmOCTH k v
Kpartepsr xnacea A ' 810° -2
Kpareps! xnacca B 104 —-25
Kparepst xnacca C u MexKpaTepHOe 2104 —3,5

_Hgoc'rpanc'rao
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"Puc. 1.3. KaMEeBauoe 06pa3oBanve

PERTR s g . e

DleneHus yxyoHoB. Hanpumep, B paitone padorn "JIyroxoma-1” mior-
HOCTb paclpefieieHMsa YXJIoHOB B patione Mopsa Jlos et Xopolo ommcH-
BaeTCA 32KOHOM pacnpenesneHus Pames [130, 131);

Aa) = 160exp(— 80a2), (1.3)

roe fa) — MIOTHOCTL BePOATHOCTH; @ — YTON HAKNOHA, DAL

Hsyyenne $pu3nMKO-MeXaHNIECKIX CBONCTB JIYHHOTO TDYHTA, BHIIO-
JHeHHOE B 3eMHRIX J1aG0paTOpMaxX Ha o0pa3slaX, JOCTABJEHHHX ¢ [OBep-
xHocTH JIyHH, HO3BOJMIO YCTAHOBUTE OCHOBHbE 3aKOHOMEDHOCTH IJIA
€ro MPOYHOCTHHIX ¥ NedhOpPMANMOHHKIX XAPAKTEPUCTHK B 3aBICHMOCTH
OT CTeNeHN YIUIOTHeHM.

IIpuBeneHHtle B Tabn, 1.8 naHHHe o QU3MKO-MEXaHMYECKMX CBOM-
CTBAX IPYHTA OTPA‘KAIOT OTHENEHEE IIApaMeTphl, KOTOPHE ARIIAIOTCA KO-
NIeCTBEHHON MepOoi NAeaIN3NPOBAHHBIX CXeM HAIDYKeHM.
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Tebauya 1.8. CBORCTBA YYHHOTO IPYETA IO PE3YNHTATAM H3YIeHES 00Pa3I 0B,
AOCTABJIEHHHX cTanmuamy "JIyna-16 u -20”

Kospduuuenr |OcEoBHOR BUA Kosbduimert | Cuennenne, | ¥Yron sHyT-

NOpUCTOCTH nedhopMarHH ynnorBerusd, |xIla DPEHEero Tpe-

TpYHTA 1/MIla HUA, TPAIYC

>1,3 Yunorserue > 40 <1 10

1,3..1,0 Yunorsenue u 20 1..1,5 10...15
MECTHBIA ¢ABUT

1,0..0,9 Ynnoraenve u 8 15..25  ]10..20
o6munR casur

<0,9 O6mu#n capur <3 >2,5 > 20

OcHoBHEEe 0CODEHHOCTH Npoleccos AedopMAlNM JYHHONO TPYHTA
IPUMEHHUTeNbHO K PellleHMo 33134 [0 NepelBMKEeHNI0 IUIAHeTOXONOB
3aKIIOYAI0TCA B CleAYIILeM:

ocHOBHAA NehopMaliud IpYHTA NPOMCXOOUT BO BPeMs MEepPBOTO LIVKIA
3aIpy XK eHus;

BOCCTAHABNMBAKINHecH NedhOpPMAUM B JIYHHOM IPYHTE MAJH MO
CPaBHEHHIO ¢ OCTATOYHEIMH, ‘

BUJL M XapaxTep JedopMalMy IPYHTA NOJ NBMKHUTeNeM NNAHEeTOXONa
B CIUILHOIX Mepe 3aBHCAT OT CTelleHH YIUIOTHeHWSA I'PYHTA B €CTECTBEH-
HOM 3aJleraHny;

APAMETDPH CKUMAEMOCTH M CONPOTHBIEHAS CABMIY HAXOOATCA B
CNIOACHON 3aBMCUMOCTH OT COCTOAHMNA 'PYHTA M YCIOBMA HADYKEHHH,
B nponecce po3neicTBNA ABUKUTENA HA TPYRT UMEIOT MECTO PO ECCH
IONONHATENLHOIO YIVIOTHEHNA 1 PA3YIUIOTHEHUSA, NPHABOAALINE, B CBOIO
ouepenpb, K H3MEHEHHI0 MeXaHUYECKUX CBOMCTE;

H3ydeHNe BINAHNA BAKYYMA HA MeXaHMYeCKHe CBOMCTBA o0pa3moB
JNYHHOIO I'PYHTA MOKA3aJ]0, 4YTO B BAKYYME IpPOMCXONUT HEKOTOpoe
yBeMYeHiMe CHelIeHNs W .BHYTpeHHero TpeHus, OHAKO 3T W3MeHeHMs
IPOABIATCA B MeHbIllelt cTeNleHN 10 CPABHEHNIO ¢ BAMAHNAEM YIUIOTHe-
Hug [170, 171, 172};

BIMAHWE YMeHBIIEHHON CHNH THXKECTH HA (PUIMKO-MeXaHMIeCKue
CBOICTBA IPYHTA NPOARIAETCA NBOAKIAM 00pazoM. Bo-NepBLIX, B YCIIOBK-
X MO €HWIB TAYKECTH BO3MOXHO o0pasoBaHme GoJlee PEDUILIX CTPYK-
TYD, clleicTBHEM 4el0 sBAAOTCH Goflee HU3KMe 3HAYCHMA MeXaHMIeCKuX
HokaszaTenel. Bo-BTODEIX, B yCTOBMAX yMEHBIIEHHON CIUIM THXECTH
MeXaHWYecKMe MOKa3aTeN¥ TPYHTA CHWKAOTCA M3-33 YMEHBINGHMS
COCTABNIAIUNX CONPOTHUBJEHMS TIPYHTA, OGYCJIOBJEHHEIX €TI0 BeCOM.
Hanbonee cymecTseHHOE BIXAHNE NPOABIAETCH I CHITYIMX IPYHTOB,
He MMeOLIMX CHeIVIeHns MeXy actunamu, HanpuMep, amns oguopon- -
HOTO KBAPIEBOIO NECKA HAOMONAeTesd MPONOPIMOHANLHAS 3aBMCHMOCTE
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Tabruya 1.9. OcHoBHBEe QHHIAKO-MeXaAHEIECKHE CBOACTRA IYHHOT'O FPYHTA
B eCTeCTBEHHOM 3aJ1era HHE

ToxazaTens 3HateHNe NoKa3aTeNa
Koapduruenr >1,3 1,3..1,0 1,0..0,9 }0,9..0,8 <08
IOPHCTOCTH
Hecymas cnoco6- [< 7 7..25 25..36 [36..55 > 55
HOCTh, k1la
Cuennenne, xIla | < 1,3 1,3..2,5 25.32 |32.4 >4
Yron sHYTpeHEe- | < 10 10...15 15...18 18...22 > 22
IO TPeHMH, TPAAYC '
OrHOcHMTeNbHAR |— . 0,25 - 0,3 0,3 0,15
94¢TOTA pACIpO-
CcTpaHeHUA
XapakTeprHe OTnens- Ha 6pos- | Hasne- | Mexxpa- | B Mecrax
YY4CTKM Ha OBep- | HEe §yTop- |Ke cBexux |MeHTAX TepHoe ¢ MaJioi
xaocty JIyEH KH ¥ He- KDaTepoB |cHJBEO npocTpaH- |mIyGumEOR
Gonpaiue HeGosbuIoro |apogupo- |[cTBO nepepabo-
IpAns M3 | pasMepa, BAHHEIX TAHHEOTO
MeJIKosep- |Ba KPYTHIX |KpaTepos TDYHTA.
HHCTOrO CKJIOHAX Kamuesun-
Marepuasia EHe oGpa-
30BAHUA,
oTHeNbEHe
KaMEN

MeXKIIy ero NPOYHOCTHHIMM MOKA3ATEeNAMH NPH BO3JelCTBHM MeCTHON
HATPY3KH M ycKOpeHMeM CHIH TaxecTH [172].

Onpenienenye CBONCTB JIYHHOIO I'PYHTA B €CTEeCTBEHHOM 3aJIeraHMAH,
BHITIOJIHEHHOE ¢ MOMOIUBI0 NMOABYAKHEIX annapaTos ~Jlynoxon-1 m -27,
T03BOJIMNIO TIOCTPONTE 000GIEeHHYI0 MONeNs I'pyHTa. IIpH 3TOM GHIIO
yeTaHOBNEHO, 4TO pasiuyMe B reoMopdonormyeckoit oGCTAHOBKe B
paitoHaX paGoTH JIYHOXOHOB OKa3blBAeT Majioe BIMAHWE Ha, QU3NKO-
MeXxaHWdecKMe CBOMCTBA TIpYHTA. Il03TOMY HYKHO pDACCMATPHUBATH
cpeqHMe, HaUBONee THIIMYHEIE NTAPAMETPH JIYHHOIO 'PYHTA B €CTeCTBEH-
HOM 3aJIeFaHHM IUIA JOCTATOYHO oBIMMpPHLX paitoros JIyum (Ta6m. 1.9)
[3, 94, 129, 120].

HanGonee yacTo BeTpevyaloTed YIACTKH I'DYHTA C HeCylleit cnocob-
HocTelo 25..55 klla, Takoe 3HadeHMe HeCyllell CrIOCOOHOCTH XAPAKTEPHO
JUIS OTHOCUTENLHO POBHALIX YYACTKOB CO CIIOKOMHEIM penbedoM. Bonee
HU3KaA HeCYL[as CIOCOGHOCTh BCTPEYaeTCA HA YIACTKAaX € APKO BHpA-
sKeHHBIMH ClleJJaMH IIPOIeCCOB 0BPa30BAHMSA KPaTepOB H APYTMX dhopM
penseda M codeTaeTCHd CO 3HAYUTENLHHIMA YKIOHAMY IIOBEPXHOCTH.,
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Buuio paspafoTaHO ¥ M3rOTORJIEHO HECKONBKO MOMMMHKAIMI Mapco-
X0JIa B PA3/IMYHHX "BeCOBHX KaTeropmsx”, Maccoit ot 1000 go 70 xr.

HaMeTnnach TeHeHIAA QAJIbHENIIEro CHAMKEHMA MACCH M IIepeXol
K TaK Ha3hBaeMHM "MHMHHN” M faxe "MMKpopoBepam”.

OcobeHHOCTEI0 PaGOT MOCTeNHMX JIeT ABJNseTCA To, YTO HabupaeT
CIUIy M YKpeIUIieTCA MeKAYHapoJHOe COTPYAHWNYECTBO B CO3NAHMH
HAYYHO-TEXHMYECKOTo 3alelia ¥ B MPOEKTHHX pazpaboTkax Oyaympmx
IUIAHETOXOJ0B, J10KA3ATE/LHEMHA B 3TOM OTHOIICHWH SBJLTIOTCA MCIIBITA-
HUSA POCCHICKOro MapcoxXoza, KOTophle ORUIM MPOBEAEHEl B Mae 1992 r,
B Kamudopumm,

STo GEUIM poCCHICKO-aMepAKAHCKMe NCIHTAHNSA, B KOTOPHIX IPAHM -
MM y4acTHe y4eHhle A4 KOHCTPYKTODHI-IAPTHEPHI IO CO3NAHMIO MapCo-
xona Ana Mucenn "Mapc-96” n3 @paunun 1 Berrpmn. OprannszaTopoM
YTUX CIbITaEmd Geuto "Inamersoe obmectso” (r. Macanena, Kamadop-
mms). IIpOBOWINCH MCIILITAHAA B OBYX paioHaX B mycThHHe Moxasu:
paitor "Iions” u pation "JlonmmHa cMepTH”.

HTax, nocne JYHOXOAa MEl MOAOLLM K CIeAYIONIEMY HMCTOPHYECKOMY
Iary — MochUIKe SKCIeQuuu ¢ MapcoxonoM k Kpacro#t nnaHeTe.

310 MOXKeT COCTOATHCA B GIIKANIIME HECKONLKO JeT. Bo BcAKOM
ciydae, HANO HANESATHCH, YTO TO NMPOM30HIET A0 KOHLA HEIHENIHero
THCAYeNneTHsA. Y1 0YeBUIIHO, YTO B COCTABE 3THX SKCIeJNIMI HeNPeMeHHO
OyIOyT IUIAHETOXOJHL.

IIpogeccop AJI. Kemypdacuan

L

"

Lo
ERX

o0

RTINS g







18. A.c. N2 485899 (COCP). ewxutem rpancnopreoro cpencrsa / H.O. Kaxy-
xano, AJL. Kemyproxuan, BH. Koanecapos # fp. — OnyGn. 8 BH, 1975, N 36, M. Kn.
B 62 57/02.

19. A.c. N 491671 (CCCP). Iomumepuan ¢opMOBOYHAR KOMIOSHIMA /
M.A. Cycnos, B.H. Daxug, JI.H. Jiymroews, I'.H. Opexopa. — OnyGn. B BH, 1975, N
42, M. Kn. C 08 43/00.

20. A.c. Nt 500084 (CCCP). MeranioonacTiiIHOE KOJIECO TPAHCIOPTHOIO Cpell-
erBa / B.K. Mumxumwx, A.®. Kynpasues, I1.C. Cosory6. — OnyGa. & BH, 1976, N 3,
M. Kn. B 60B 9/00.

21. A.c. N6 504124 (CCCP). HMuTaTOp NOENKEHEOA rpaBUTALMY JULA HASEMHEIX
uemsrramih esnexons / J0.A. Xaxanos, I1.C. Conory$, B.H. Herpura. — Ony6a. & BH,
1976, M 7, M. Kn. H 01M 17/00.

29. Ac. N 52312¢ (CCCP). HMommuepnan ¢opMOBOIHAN KoOMIosHiMs /
M.A. Cycnos, J1.H. Opexops, JI.H Jlynusosus. — OnyGa. s BH, 1976, N28, M. Kn C
08 65/02.

23. A.c. N 527733 (CCCP). Iyuxosrth Topestorn / H.E. Beasan. — Ony6an. & BH,
1976, N 32. M. Kn. " 16T 1/16.

24. A.c. N 527332 (CCCP). Maravmee Tpancnopraoe cpencreo / I.H. Kopena-
moe, M. Manerkos, Y. Puxos, A.JI. Kenypnxuan. — OnyGa. 5 BH, 1976, N 33,
M. Ka. B 62 57/02.

25. A.c. Nt 534386 (CCCP). Konecro-marawmutt aewcxurens / H.®. Kaxyxano,
M.M. Kyssunn, BK. Mumxumok. — Ony6n. 8 BH, 1976, N 41, M. Kn. B 62 57/02.

26. A.c. Nd 542180 (CCCP). VerpoficTeo AnA Pery/IMpOBAHUA TEMNEPATYDH
ofnexra / JL.A. Kysumuu, JI.O. Bakedensn, H.M. Poserusenr, A.M. Kamuronos. —
Ony6x. B BH, 1977, Nd 1, M. K. 05 23/185.

27. A.c. Né 548450 (CCCP). MeranncanacTirdHoe KoJiecO TPAHCIOPTHOTO cpen-
crpa / AJL Kemyproxuan, A.®. Kynpssues, BX. Mumxiomok, I1.C. Cosory§. — Ony6a.
s BH, 1977, N 8. M. K. B 60B 9/00.

28. A.c. M 552232 (CCCP). Konecro-marawmut gewkurers / H.O. Kaxykano,
AJL. Kemyprmxuan, BH. Kouuccapos u ap. - OnyGn. 8 BH, 1977, N 12, M. Kn. B62
57/02.

29. A.c. N 548652 (CCCP). ArTudpurximoraun Marepuasn / B.H. Kusunxosa,
TLA. Yarunsag, T.A. Conosrera u ap. — OnyGn. 8 BH, 1977, Né 18, M. Xn C 22C
27/02.

30. A.c. Nt 562457 (CCCP). Cnoco6 noeopoTa MHOIONOPHONO TPAHCIOPTHOTO
cpemersa Ha Mecre / M.O. Kaxykano, B.M. Kouuccapos, B.K. MumxuHDOK,
10.C. Conory6. — Omy®n. s BH, 1977, N 23, M. Ka. B 62 15/00.

31. A.c. M 548652 (CCCP). ArTudpuxunorasift Marepuan / B.1. Kusuakosa,
JLA. Yarumsg, T.A. Conossera u zp. — Ony6n. 8 BH, 1977, M 8, M. Ka. C 22C
27/02.

32. A.c. Nt 569475 (CCCP). Konecro-marawomuft geuratens / H.Q. Kaxykano,
g.lg Ronn7 czcapon, MM. Kysaom, BM. Jlyberxo. — Ony6n. 8 BH, 1977, N 31, M. K.

2 57/02.

33. A.c. Né 596496 (CCCP). KosecHo-maraomuft geMAUTeNp TPAHCIOPTHOIO
cpencrea / II.C. Coxnory6, H.®. Kaxyxano, B.H. Kounceapos # 1p. — Ony6n. 8 BH,
1978, N 9, M. Kn. B 62 57/02.

34. Ac. N 630466 (OCCP). Oyuxorstt Topcvion / A.H. Eropos, B.A. Cenmuxos-
cxutt, B.B. Mumym, .. Jlemomun. — Onya. & BH, 1978, N 40, M. Kn. T 16T 1/16.

35. A.c. Né 640897 (CCCP). Cnoco6 BenpephBHOIO NepefBHEENA TPAHCIOPTHOIO
CPENcTBA ¢ KOJeCHO-MATAOMMM IBMXAHUTENIEM B KOJIeCHO-MAraoMeM pexuMe /

383




ﬁ..;l Kemypnxuan, B.B. I'pomos, H.®. Kaxyxasno. — OnyGz. s BH, 1979, M 1, M. K
257/02.

36.A.c. Né 650877 (CCCP). Konecro-maraomusft neuxurtens / H.0. Kaxykano,
B.B. I'punes, B.H. Komuecapos u ap. — OnyGn. B BH, 1979, N 9, M. Kn. B 62 57/02,

37. A.c. Nt 659446 (CCCP). YerpoiteTBo 1 obecnedeEUA ABHKeHENA TPAHCIQ-
PTHOrO cpeficTsa B KosiecHo-marapmeM pexume / H.O. Kaxykano. B.H. Konmccapog,
M.H. Manenxos, I.H. Prixos. — Ony6a. B BH, 1979, N 16, M. Kn. B 62 57/02.

38. A.c. N 659513 (CCCP). YerpofieTso 117141 ypaBHOBEIIMBAHMA NO/IBEIIeHHONg
rpysa / B.H. Herpura, B.B. I'pouos, I1.C. Conory6, I0.I1. Kurnam. — Ony6a. B BH,
1979, M 16, M. Kn. B 66 1/26.

39. A.c. Né 895910 (CCCP). YerpofieTBO 11 YPaBHOBEIIMBAHMA NOABEMEHHO0
rpysa / B.H. Herpura, B.B. I'pouos, II.C. Conory6 # xp. Ony6a. 5 BH, 1982, N 1, M.
Kn. B 66 1/50.

40. A.c. Né 669138 (CCCP). VerpofieTso i eMasky nhepenad / J1.O. Baneermy,
]gao.o'i‘oxapes, AJL Kemypmxuam ¥ gp. — Ony6n. 8 BU, 1979, N 23, M. Kn. T 16H

/04.

41. Ac. Ni 679465 (CCCP). KonecHo-marawmuit nsuxurens / B.B. I'punes,
IE:I")?MKWKMO’ M.H. MaserkoB u ap. — Ony6n. 5 BH, 1979, N 30, M. Kn. B 62

42. A.c. Ni 689869 (CCCP). Koneco TpaHcnoprHoro cpenctsa / B.K. Mummcusmox,
0.A. Mopozos, H.®. Kaxyxkano. — Ony6a. s BH, 1979, N 37, M. Ka. B 60B 9/00.

43. A.c. Né 698830 (CCCP). Cnocof nepespu:xeHEHA TPAHCHNOPTHOTO CPENCTBS, ¢
konecHO-maraomuM mpuwxutene / AJl. Kemypmwuas, B.B. Ipomos, H.O. Kaxyxa-
no. — Ony6a. 8 BH, 1979, Né 43, M. Kn. B 62 57/02.

A.c. M 839740 (CCCP). Koneco Tpanenoprroro cpenierea / B.B. Murus, B.B.
I'pomos, A.H. Eropos 1 np. — Ony6n. 8 BH, 1981, M 23, M. Ka. B 60B 1/00.

45. A.c. Nd 725941 (CCCP). TpancnopTHoe CDPEHcTBO ¢ KOJeCHO-MAT AIOMIM
gnnén;;eneu / H.®. Kaxyxano, MM. Kysomun. — Ony6a. 3 BH, 1980, Né 13, M. K.

6 /02.

46. A.c. M 712723 (CCCP). Crenn nnd MCONTAHMA NONIIMIEUKOB CKOJIBXKE-
mua / B.O. Toxapes, B.M. Tapacos, H.M. Poserupetir u ap. — Ony6na. 3 BH, 1980,
N 4, M. Kn. GOIM 13/04.

47. Ac. Né 928182 (CCCP). VMuTaTOp NOHIKEeHHON TPABATALMM LN UCHHITARUA
TpanenopTHEX cpeniets / B.H. Herpura, A.B. Cazonos, B.B. I'pomos u 1p. — Omy6a.
s BH, 1982, N 18, M. Kn. 01M 17/00.

48. A.c. N 1208003 (CCCP). VYerpoficTeo AN YDABHOBENIMBAHMA Ipy3a /
B.H. Ierpura, A B. Casonos, B.B. I'pouos, I1.C. Conory6. — Omy6x. 8 BH, 1986, Né 4,
M. Kn. B 66 1/50.

49. Ac. N 1300278 (CCCP). XonmomunnHas xamepa / A.I'. CemeHos,
J1.O. Banedensn, H.H. Posenusenr. — Ony6n. 8 BH, 1987, N 12, M. Kn. I" 25 3/10.

50. A.c. Né 1138338 (CCCP). Cuensoe yeTpoficTBO COU/IEHEHHOTO TPAHCNIOPTHOTO
cpesierea / B.A. TopGynos, A.B. BopoGren, A H. Eropos u ap. — Ony6n. 8 BH, 1985,
N 5, B 82 1153/02.

51. A.c. Né 1331717 (CCCP). Crioco moBopoTs TPAHCIODTHOIO ¢pefCTBA CO BOEMM
BEIYM¥MU M NOBODOTHBIMYM KOJECAMM M YCTPOHCTBO /A €ro OCymecTBJeHHs /
ng ]?leqsan, C.A. Bnagnikun, M.H. Manerxos u ap. — Ony6n. 8 BH, 1987, N 31, B

A 7/14.

52. Anexcarnpos A.K., Kemypnxman A.JI., Jiymuaes JI.H. CamoxofiHoe maccH
JIYHOXOHa B cHcTeMe JUcTaHUMoEHOro ynpasierus // Tp. VI Mexayrap. cuMmosuyna
H®AK no aBroMaTHleckoMy ynpaeyieEMn B npocTpaHcrse. M.: Hayxa, 1976. T. IL.:
Yupasnerue B npocrpanerse. C. 253.

653.1 Adonrr II.M. Becnunorasie nerarensasie amnapats, M.: MamumocTpoeRye,
1967. 159 ¢c.

384






75. Pnysxan A.f., MemenoB B.JI. CaMocMasniBanmuecs MaTepHalH ¢ TBEDIEMU
CMa3KaMy JUIA feTaslell TpeHEUA /K TPOTeXHIecKuX yerpofters. M.: HrdopmsrexTpo,
1977.C. 14-21.

76. I'eycos 10.B., Posernpefir H.H., Tapacos B.M. TpuGorexaudeckite croficTpa
noxpaitia AOTAJI // TpubGorexauka — Mamunocrpoernp: Tes. noxi. 3-n Mockos-
ckoit Hayd.-TexH. kord. M.: Mamunrocrpoerue, 1987.

77. I'pymmr B.IL., Eropos A.H., Hayuos B.H. Heenenopanue s3aumonefieTBua
cerdaroft oGosoaxy koneca ¢ rpyrroM // Hsp. sysop. Cep. Mamumocrpoerye. 1983,
M 6. C. 73-75.

78. Musammka nnaneroxona / E.B. Asorum, H.C. Bonxopurunos, A.JI. Kexyp-
nxuan ¥ 0p. M.: Hayxa, 1979. 438 ¢.

79. Apoanos 10.H., Mannos BT, Posenngser H.H. Meromuxa Meclenopanusn
SHepreTHIeCKHX NOTEPh B Y3/14X CYXOTr0 TPEHUA ¢ poTaNpUETHON cMaskoht // Hayanne
NPUHIMIN H HOBHE METOAN MCOHTAHUA MATEpHAJIOB A4 yasop Tpenua M.: Hayka,
1968. C. 133--136.

80. Mpoanos 10.H., Marnos BI. Tperue u x.0.74. 3y6UaTHX Nepenad B Baxyyme //
Beern. Mamunoctpoerua. 1970. N 2. C. 7--9.

81. Momuan C. HayiHKe ocHOBH Bakyymmoft rexauxu. M.: Mup, 1964. C. 26.

82. Baroponnmkos E.H., Mexsenaxo A.C. Yeunutens MOMHOCTH ¢ IIHpOTHO-
MiynbcHON Moy nanmen // IITI. 1978. Ni 6. C. 18—-24.

83. Mruarves M.B., Ilerpos M.B. Mamunnoe nmnaEnpoBaHWe nepeMemeHu#k
MoGUNEEBIX anmnaparos // Hse. AH CCCP. Cep. TK. 1980. Nt 2. C. 44—-52.

84. Mayvenme Ilopepxmocru @oboca ¢ momomplo HOABMXKEHOT® poGora /
A.JL. Kemyppxuan, A.®. Boromonos, II.H. Bpoxcxust u xp. // Tp. MexayEap. koHb.
"®oboc: Hayumo-MeTommrdeckye acnexTs Mecnenopamli” 24—28 Hoabpa 1986 r. CCCP,
1988. C. 373-382.

85. M3HO0COCTOAKOCTD NOPHCTHIX KENEIOCTEKIITHARX MATEPHANOB PU TpeEMH Ges
emaskk / MLJI. Pagomsicemmcrudt, B.H. Kmverxo, H.H. MepGams u np. // Iopommxko-
Bad MeTayuryprus, 1978. Ni 11. C. 80—-82. -

86. Hadopmanuonasie poGorst # Marumynarops / I.II. Karue, 10.14. Maumuxo-
Hos, 0.]1. MesnEugerxo u ap. M.: meprus, 1968. 101 c.

87. HrdopManmoHHas cHCTEMS TUTAHETOXOROB M BONPOCH OOecTIeYeNMA GesonacHoe-
# mewxerua / B.H. Herpos, B.B. Asorurrm, B.T. I'pusmes # np. // Mo ma XXVII
xonrpecce MA®D, Araxenu, CIIIA, 1976. .

88. HccnenopanHe aJrOpHTMOB YNIDaBJieHMA ABHXCHUEM ABTOHOMEOIO MIIZHETO-
Xofa MeTonioM MarteMarideckoro MoneiupoBaHMA / C.B. Bacumees, II.H. I'yp-
ud, JI.H. Jlynuues, H.B. Mamanos // Tp. VII Mexayeap. cumnosuyma UDAK no
4BTOMATHYeCKOMY ynpaBJieRuD B npoctparcrse. T. IV. M.: Hayxa, 1978. C. 148--153.

89. HccnenosaERe HOBOTO NOSIHMEPHOIO MATEDHATIA UL feTaNe NPEIMBHOHREIX
Onop CKOJIbXKeHHA ONTHKO-Mexanudeckux npuGopos / A.B. Iepemsxas, T.II. Bper-
Mman, M.A. Cycnos u np. 1981, N 2, C. 10-12.

90. MccnenonanHe NaATOrpadguIecKOro MeXAHWIMSA NMOCTOAHHONO YCHIIMA anga
uMuTaTOP8 NoHUKeHHON rpasuTanyy / 10.A. Xaxaros, B.H. Herpura, II.C. Conory6
u np. // H3B. Bysop Cep. MamumocTpoerHe, Nt 4. M.: Hsn-so MBTY unm. Baymana,
1978. C. 71--75.

91. HMccnenopanne Gu3MKo-MeXaHUYECKHX CBOMCTB 06pasua JIYHHOTO TPYHTA,
JOCTABNEHHOTO aBTOMATHYecKoN crampen "JIyra-20" U 00 Tpacce [BIKEHMA CAMOXOX-
Horo annapata "Jlyroxon-2” / A.K. Jleonosuy, B.B. I'pomos, A JI. Imurpues u ap. //
Hoxn. ra XXIV xonrpecce MA®. CCCP. Baky, 1973.

386



92. Kanoes A.B. OcHOBH NpoeXTHDOBAHUA CHCTEM ABTOMATUYECKOIO BOXJEHUA
camoxofEex Mamue. M.: Mamunocrpoerue, 1978. 152 ¢.

93. Karanor xparepop Mapea u cratHeruka Kpatepor Mapca, Mepkypusa u
Jiyeu / 0.H. Jlimexun, J.O. Ponuonosa, T.II. Cxobenepa u ap. M.: Hsn-so Mock. yB-
ra, 1977.

94. Kemypaxaan A.JL, I'ponos B.B., Illzapes B.B. Hccnenosanue dusuixo-
MexXaHWIeCKMX cBoficTB BHeseMHBIX rpyEToB // Yenexu Coperckoro Coksa B MceseioBa-
HHM KOCMUdecKoro mpocrparersa. M.: Hayka, 1978. C. 352—380.

95. Kemypnxnan AJL, Ilnaroros AK., Kanmpas BH. v ap. Meton Berpemnx
BOJH B 334ade BEOOpa Tpaccs! nogsukHoro pobora. IpenpurT HEcTHTYTS npuKiamEoR
maremaruky wu. M.B. Kenauma AH CCCP, 1985. N2 52.

96. Kapanruenxo H.H. Hurepnperalua sIOKaJbHHX OTHOCHTENHEIX onMcamuk
cpeqsl NOABMKHBIM poGoroM. M., [IpenpMET WHCTHTYTS NDMKJIANHON MATEMATHKH
. M.B. Kenguima AH CCCP, 1983, N2 149.

97. Kosy6osckaft C.®. AsrouarHieckHe KOppeAIMOHHHE M3MEPUTEITH CKOPOCTH.
Kues: v3ng. AH YCCP, 1963. 79 c.

98. Komaar H.M. Mexauuxa mamua M. II. M.-JI.: Mamusocrpoerne, 1972.
567 c.

99. Komaparses K.A. Mereoponorus nnarer. JI.: Uan-po Jlerunrp. ya-ra, 1977.
294 c.

.100. Kongparses K.A. Dnarern Conmeunofn cueremu (Mape). Hrorn Bayxu u
rexanxu. (Mccnenoparus xoeMudeckoro npoerpancrea). T. 10. M.: BHHHUTH, 1977.
188 ¢c.

101. Kocmoranraka. M.: Cop. sEiuK., 1985. 528 c.

102. Kparemca W.H., Npanoscxan A W. AsToMaTwdeckoe BOXJEHUE KONECHBIX
1 TYCEeHMYHBIX MANIMH 00 NOCTORHHLM TpaccaM. M.: Mamunocrpoerme, 1971. 168 ¢c.

103. Kcanpouamre JI.B. [InameTs, orkpuirnie 3a80oBo. M.: Hayka, 1978. 132 ¢.

104. Kyssman A.Jl., Mapos M.A. Ousuxa nnaBerst Bemepa. M.: Hayka, 1974.
320¢c.

105. Kynaaxas A.A., Temames C.B., Hsanos B.II. Jepreriieckie cucTeMsl
XocMMYecKux annapaTop. M.: MamuuocTpoerne, 1979. 101 c.

106. Jledapor A.X. Iuddepermmans asromobunen u tarader. M.: Mamunocrpoe-
HHe, 1972. 144 c.

107. JTarear ®.JI. DpoexTHposanie Mexaru3MoB ¥ npubopos. JI.: MamurocTpoe-
Hue, 1973. 696 c.

108 JNaraaciai C.A. ABTOMATHBAIMA BOXKIEHIA caMoXoHEX Mamuy (asTosomu-
renn). M.: Omeprus, 1966. 68 c.

109. JIoGamep B.II., Makapos JO.B. OpuxigoEsEie cBONCTBA CAMOCMA3HBAIOMErO-
o MaTepHana M801 (mMomiTa) B pazydHBIX YCJOBWAX TPEHUA M €ro npuMeRenvue //
Teepable cMa30uHKe nokpuTia. M.: Hayka, 1977. C. 75-717.

110.JI06ames B.II., Posenngenir H.H., Ilenens C.A. YeraHoBKS WA HCCNIEHOBA-
HUA GPHKIUMOHHEBIX XaDAKTEPHCTHK MATEPHAJIOB 3yGIATHIX KOJIeC NpH CYXOM TPeHHUM
// CoBpeMeHHsie METONIH M CpeJicCTBA M3MeDeHUA BHemHero TpeHua. M.: BHHHODH.
C. 69-73.

111. Mymmmik camoxoaHuf amnapar // BUHTH. N 14 (1477).

112. Jiyomaer JI.H., Byfisonos I'.A., BopoGrera T.M. K npoGneme socnpuarus
M cHHTe3a MONe/M BHENIHE cpeii aBTOHOMHEIM IasetoxonoM // Tp. VI Mexnaysap.
cxunosuyna HMAK no asroMaTHieckoMy ynpabsieHun B mpocrpamcrse. T. IV. M.:
Hayxa, 1978. C. 132--140.

387




o®
@
®»
,Q
00
>0
&
®»
o

W)

. "al$. @?
eDD
! ’("$E; ;0
(g 5@#"q @ D( D\ [
Es " DG $e 5 l@[
$. [@ @ D("ID $"$D5*Ou@ ‘h
"$ "$@ ESB" ("$"8 @%$d
J

[
©“
m —
3+

[ '@#. $E[ ([ A f Fm D <u Z "D
frz " "("DAA"'DD@!D ["$ " < ;MND
g [ t@[" _

,1 u I@Im "

$(e[$ (D c([$D "$@ A
D " z DO hJ33h
,<u Df q. Dk( u@ @@[

) | f
$" $E #$[ "D " " (8. $@$@EAA5' (
" G" [" JD D! 8 "@ "$ DE

g%
(E
5 x# #' "$ D\"- D$[$. G $" $'EG
[ "D@(D-G#! \e-A If D$" Z ( D Z[@\"
k [ @ D( [EG $[uD # ou@ ,: J,,
s D, # D - [ (@™
8@$ Z ff<[D k kK[$ D AAZ[G[

"% 0u@ 3J3h388
w1 <T_GHK $[$. 8q D(
.3 D(Df k!D..u # . @G [! D
@(ES$"-AAfS ["$"-, *J,&3
,V $"[$ (J3ZDO",uqJJF,1 3
$"$h ,1h_gH " -C Z[@$ @m @$ $D !["Im

fJ @8.D ;0u@

069:(> 69@

c G". # D F!F G" o e"E GIE
($E[,\:V ?h,( @A(1 1)F 8 [@( [

,h DE [E (@ DG"$ ;0u@ ,vigv 5,
,1 5 hl

DE " [EDG"$f"E;0u@ ,:

1 D\"- (# $ - " @ &O@G 0 A

f"'8 D5, 0u@ ,:,,

— D\"- (# $ - " @ &o@"G 0 A ( (
] t @D 5 ;0u@ ,:h

_ D\" 8@"$[ @"E $Aff<[Du y#D"d
D Z[@ \ ;0; "8 " v v3

$D ., x$[(e" @ D( D\"[$" $'EG $D

388



134. Ierpymos B.A. OcofeRHOCTH NOBOPOTA KOJIECHBIX CAMOXOJIOB THIA 4x4 ¢
HenoBOpoTHBIMY Konecamu. — M.: wan HAMH, 1959. 258 c.

135. Ierpymos B.A., Illykan C.A., Mockorkur B.B. ConporuBrieEMe KaIeHUIO
aBroMoGunelt i asTonoesnob. M.: Mamugoctpoenne, 1975. 224 c.

136. IInaroros A.K., Kapnos H.H., Kapunsienxo A.HA. Meron noTeE1Han0B
B 3ajade UpOKJIAmKH Tpaces. M.: IlpenpuET MHCTHTYTE NPHK/IANHON MATEMATHKH
M. M.B. Kenpguma AH CCCP, 1974. Nt 124,

137. TlnoTHOCTL NOBEepXHOCTHOR mopoxkl Bemepw mo nammHEM AMC "Beme-
pa-10” / 10.A. Cypkos, ®.®. Kuprosos, B.K. Xpueruanos 1 1p. // Kocmugeckue
neenenoparmns, 1976. T. XIV. Bun. 5. C. 697-703.

138. Mopomxosaa Metannyprus. Cupasowmi / Ion pen. .M. ®enopienko. Kues:
Hayx. mymxa, 1985. C. 301.

139. TIpoGnema yUpaBIeHHS 3BTOHOMHBIMM NOBIKHBIMU IUTAHETHHIMH KOMILICKCA-
ot / B.H. Tlerpos, JI.H. Jlymmes, BH. Aradonos u p. // Tp. VI Mexnynap. cino-
auyma HOAK no ynpasnerun B npocrpancree. Epesan. 1974. C. 81--88.

140. TIporpamma "Mapc” // Coeercxuit Cowm. 1987. N 11 (453).C. 31.

141. Paourosma JI.B., Manosa C.A., Bpernan T.II. Hcnomsosanue TBepnix
¢Ma30K B Y3JI4X TPEHUA ONTHKO-MEXAHWIECKMX npuGopos // OnTuko-Mexamudeckas
npoMumnenHocts. 1978. N 5. C. 55—59.

142. PaGoTocnOCODROCTE 3y09aThX nepefiad ¢ MATHMTONOPOIIKOBOX CMA3KOM B
pasnM9EHX BHemEuX yenosax / J1.O. Banedensa. 0. H. Jiposnos, AJL. Kemypaxuar
u 1p. // BeerH. MamuBocrpoenud. 1979. N 8. C. 12—15.

143. PaspaGoTKa coHeIHLX GaTapeft MEKIVIAHETHBIX aBTOMATHYECKHUX CT AHI[MA
"Benepa-9”, "Benepa-10” u mns nporpass "Jlyroxon” / I'.C. Nanefucwd, M.B. Karas,
M.M. Koartys // Temuorexauxa. 1979. Nt 4. C. 3-9.

144. Pa3paGoTKa U cTEH/OBHE HCIBTARUA HOBOTO ARTHGDHKIIMOHHOO TOK PHITHA
Ha ocHoBe monmaMuEommuna / B.B. Kopmax, B.M. fpom, JI.C. I'puGosa # np. //
TarapuHCKHe HayIHBE IT€HUA 0 KOCMOHABTHKE M aBHALWH. M.: Hayxa, 1987. C.
234-235.

145. Pexomennanmas Mamyuex MOT-1 ana venuTamuA HA TPeHHE H MIHOC B
paxyyme / A.JI. Kemypnxuar, H.1. Posenuseitr, B.T". CoGones u ap. // Iopumenue
UsHOCOCTOMKOCTH cpoKa cyxn Mamus. T. I1. Kues: 1970. C. 68-70.

146. Posanos JI.H. Baxyymnute Momuas ¥ yeranopku. M.-J1.: MamuHocTpoeR¥e,
1975. C. 102--107, 149156, 306—308.

147. Posennpetr H.H., Mlenens C.A. Yeraroska Vi HeclelOBAHNA puKIMOH-
HEIX XapaKTepHcTMK MATePHAJIOB 3y0IaThix koniec npu paGore B BaKyyMe // IIpoGnemst
TpeHNA ¥ w3HamuBarun. — Kuen: Texauka, 1976. N 6, C. 68—72.

148. Poago JO.H. O Hexorophx BosMoxkHocTsax ynpasneHua BIIT // Onex-
TPOHHAA TeXHHKA M aBroMaTuka. M.: Cos. pajuo, 1978. Bum. 10. C. 185-191.

149. Pokac C.H. Onpenenenne ocHOBHLIX NapaMeTpoB IPYHTOB ¢ LeJIblo OLEHKH
TATOBO-CLIENHBX K&JeCTB apToMOGH et // ABTOMOGHILHAA NPOMBIIJICHHOCTD. 1959.
N 1.C. 24--27.

150. P. Carnees. IIpennaraem sierers x Mapey // Texauxa MmonopexH, 1988.
N 6. C. 14--16.

151. CemenoB A.IL., Casaucima J0.9. MerannomiacToBsle NOFMMUNHMKU. M.:
MamuHBocTpoerue, 1976. 192 c.

152. Cazos H.H., Ma6noucian B.K. Bopropnie MCTOYHHKH 371€KTPUIECKOro
muraEua. M.: Boermsaar, 1973. 99 c.

153. Camnngm B.B. Ilnacrudmnie casku B CCCP: Cnpasousmk. M.: Xwonowst, 1979.
272 ¢.

389




154. CmupHoB H.W. M3HawmBaHne 3ybuaTbiX nepejay B Bakyyme // 13B. By30B
Cep. mawwmHocTpoeHue, 1978. X 8. C. 51—-54.

155. CoBpeMeHHOe COCTOSIHME W MEPCMeKTUBbLI Pa3BUTMS 3nekTpomobunenn /
?é'l?é ﬂé(é)snea, A. Kosnosckuid, CJ1. KyHuos, W.E. MyunHbsH. M.: HAVHABTOMpPOM,

.32c

156. Co3faHue BbICOKO3((EKTNBHOIO KpMoBaKyyMHoOro agpobeHta / C.IN. Makcu-
moB, B.M. Kpasuos,, B.M. MawwuH u ap. // XXypHan TexHuueckuii ¢usmku. 1978.
T. 48. X 10. C. 2189-2196.

157. Co3gaHue 1 UCnosb30BaHUe pajuroynpasnseMblX TPAHCMOPTHLIX po6oTos CTP
ons paboTbl Ha YepHobGbinbekolt A3C / A, Kemypmkuad, MJT. ManeHkos,
HO.H. CamoiineHko n ap. // Te3s. gokn. Ha IV Bcecotos. CoBeLl, Mo po60TOTEXHUYECKUM
cuctemam. Y. I, Kues, 1987. C. 265.

158. ConogosHukos B.B., Amutpues A.H., KysnH E.N.. VNgeHTudukaums
06CTaHOBKM NpW YNpaB/ieHnn [BUMXEHNEM aBTOHOMHOro 06bekTa // Tp. VI MexayHap.
cumvnosnyma MPAK no ynpasneHuto B npoctpaHcTee. EpesaH, 1974. C. 39—-52.

159. Cnewuanv3mpoBaHHbIil TPaHCMOPTHbIA po6oT CTP-1 ¢ paanoTeneBr3oHHbIM
ynpasneHviem / AJl. KemypmxumaH, N1.H. Nlynuues, MJ1. ManeHkoB v ap. // Te3. gokin.
Ha VI Bcecotos. KOHd. No ynpasneHuto B MeXaHU4Yeckux cnuctemax, Siseos, 1988. C. 74.

160. CpefcTBa MepeaBMKEHNS MO NYHHOWM NOBepxXHOCTW. // BoeHHas aBumauus u
pakeTHasa TexHuka. BUHNTW. 1967. Buin. 15. C. 16—17.

161. CtonioB J1.1. MOMEHTHbIE ABUraTtenn C MOCTOAHHLIMWU MarHuTamu. M.:
OHeprud, 1977.110 c.

162. TeneBu3noHHbIe HabnogeHus Mepkypus ¢ "MapuHepa-10” / B.C. Mtoppeii,
M. . C. BentoH, [x. 3. JaHnanbcoH u ap. // Kocmoxumus JTyHbl U nnaHeT. M.:
Hayka, 1975. C. 697/—704.

163. TutaHoBble cnnasbl B MawwmHocTpoeHun / B.B. UyuynuH, C.C. YLUKOB,
W.H. PasyBaeBa, B.H. MonbadaiiH. M.-/1.; MawuHocTpoexue, 1977. C. 196—197.

164. Tpeuue, n3HalumsaHue, cmaska. CnpasoyHuk / Mog pea. WN.B. Kparenbckoro
n B.B. Anucura. M.: MawmHoctpoeHmne, 1978. KH. I. 400 c. KH. 2. 360 c.

165. TpmboTexHWYecKMe CBOWCTBA aHTUPPUKLMOHHBIX CamMmOCMa3blBAOLLMXCS
nnactmacc. 0630p, uH(opm. M.: N3g-Bo cTaHgapToBs, 1982. 64 c.

166. ®apobHH A.E. Teopus NnoBopoTa TPaHCNOPTHBIX MaLlKH. M.: MalumHocTpoe-
Hue, 1970.175 c.

167. XaycmaH B. JlyHHbI1 Be3aexop // YnpasneHve B NpocTpaHcTe. M.: Hayka,
1973. C. 164-171.

168. XpywieB M.M. JlabopaTopHble METOfbI UCMbITAaHUA MaTepuanos 3y6yaTbiX
konec. M.: MawuvHocTpoeHuve, 1966. C. 98—113.

169. UepHyxuH HO.B., Hockos B.M1., Kanses N.A. n gp. MukponporeccopHas
cucTemMa ynpasneHus Tpchno;THoro po6oTa // MuKpONpoLECCOpHble CpeacTsa U
cuctembl. 1984. M 3. C. 70— 2.

170. Yepkacos N.W., LWsapes B.B. I'pyHT JlyHbl. M.: Hayka, 1975.144 c.

171. Yepkacos W.W., Llsapes B.B. I'pyHTOBegeHne JlyHbl. M.. Hayka,
1979. 232 c.

172. Yepkacos N.W., LLBapes B.B. Hayano rpyHToBegeHuns JlyHobl. M.: Hayka,
1970. 20c.

173. 3nekTpuyeckne W3MepeHUs HeanekTpuuecknx BennuuH / Tlog  pes.
M.B. HoBuukoro. M.-J1.: QHeprug, 1975. 576 c.

174. SneKTpUYeCKNe TPaHCMUCCUN TMHEBMOKOJ/IECHBIX TPAHCMOPTHLIX CPeAcTs /
IgIS%' Edpemos, A.M. MponbirvH, KO.H. AHgpees, A.b. MuHAMH. M.: SHeprus, 1976.

C.

175. AIAA - paper. 1971. X 71 - 847.P. 22.

176. Balduin R.B. On the Accretion of the Earth and Moon // Icarus. Vol. 23.
M 1. September, 1974. P. 12.

390



177. Bills B.G. and Ferrari A.J. A Harmonic Analysis of Lunar Topography //
Tkarus. Vol. N 2. June, 1977. P. 54.

178. By Harvey B. Meieran. How mobile robots have helped at Chernobyl and
%thell' ;gcidents // Nuclear Engineering International. 1988. Vol. 33. \é 405.

. 21-26.
N 17!-)IS Dobrotin B., French L., Paine W. 1984 Mars rover // AIAA Pap. 1978.
81. P. 1-8.

180. Veselov V.A., Kuznetsov V.G., Mishkinjuk V.K. and other. Automated
guaded vehicle control for territorially stationed flexible manufaktures // Informa-
tion control problems in manufakturing tehnology, 5 JFAC (Suzdal, USSR). Moskow,
1986 (IIpenpueT npoussonCTBERHO-M3NATENMbcKoro Kouburara BUHIATH, r. JloGepis:,
Mockonekas 061, 1986).

181. Calandro Y.N., James N.J., Pavlics F. Unated States Patent Nt 3568748
Resilient Wheel. 1971.

182. Costes N.C., Trautwein W. Elastik Loop Mobility system — a new concept
for planetary exploration // Jurnal of Terramechanies. 1973. Vol. 10. N 11. P. 17.

183. Herbert Schaefer. Testing of Lunar Surface Vehicles under Simulated Lunar
Gravity Conditions // Automatice Engineering Congress. Detroit, Mich., fan 10 — 14,
1966. SAE Preprint 660144, 10 p.

184. Heer E. Remote Control of Planetary Surface Vehicles // IEEE Intercon.
Tehnical Papers. Elec. — Mech. — Tehnol., New-Work. Vol. 4, 1973. P. 9.

185. Howell J.R. and Huang CI. The MULE: conceptial design of Lunar Explo-
ration vehicle // AIAA paper. April, 1972. N# 72 — 369. P. 8.

186. Journal of geophysical Research, 1977. N 82. P. 4997.

187. Yoraxunis. Guidance and Control of an Autonomus Rover for Planetary
Explorations // Proc. IEEE Milwankee Sump. Autom. Comput. and Control. Milwan-
kee. New-York, 1976. P. 25.

188. Jess W. Moore. Toward Remotely Controlled Planetary Rovers // Astronau-
ties and Aeronauties. June, 1972. Vol. 10. N 6. P. 10, .

189. Kaplan M.M. and Seifert H.S. Hopping Transporters for Lunar Explora-
tion // J. Spacelraft, 1969. Vol. 6. N 8. P. 4,

190. Kirk D.E., Linn L.Y. A Dual-Mode Routing Algorithm for an Autonomous
Rowing Vehicle // IEEE Transactions on Aerospace and Electronic Systems. May,
1970. Vol. AES — 6. N 3. P. 5.

191. The Efficient Evaluation of Soil Trafficability of Planetary Vehicles /
A L. Leonovich, P.N. Pavlov, V.V. Gromov., at al. Acta Astronautica. Pergamon.
Press, 1978. Vol. b. P. 8.

192. Liston R.A. Walking Machine Studees // — The Military Engineer. 1967,
Vol. 59. Né 338. P. 10.

193. Lunar transportation Moon buggu could be manned or automatic. Science
News. 1968. Vol, 94. N 16. P. 6.

194. Masursky H. An overview of geological results from Mariner 9 // Journal
of geophysical Research. 1973, 78. Né 20. P. 4009.

195. Melzer K.J. Lunar mobility research. // Military Engineer. — 1972, 64.
N 418. P, 82-84. _

196. Meyer A.J. Exploration of the Moon // Science Journal. May, 1969.

197. Methods of Investigation of Lunokhods Mobility Under Terrestrial
Conditions / A.K. Alexandrov, G.B. Nikolaev, V.G. Grafov, at al. In Space Re-
search XII, — Academic — Verlag, Berlin 1972. P. 65--72.

198. Miatech K. Tacom Tests concept to improve wheeled vehicle Mobility //
Army Research and Development Newsmagazune. 1970. Vol. 11. N 5. P. 9.

199. Moor J.W. Jaward Remotely Controlled Planetary Rovers // Astronautics
and Aeronautics. June, 1972. P. 21,

391




200. Morea S.F., Adams W.R., Arnett C.D America’s Lunar Roving Vehicle //
ATAA paper 1971. N 711-847. P. 13.

201. Parker W. The conceptial design of a unmanned roving vehicle for surface
;x;iloia&téon of Mars. Xerox University Microfilms, Ann Arbor. Michigan, USA_

202. Pivirotto D.S., Dias W.C. United States planetary rover status — 1989 _
Proc. NASA, JPLD — 6693, Jet Propulsion Laboratory, California institute of
Technology, Pasadena, California. August 24, 1989. 85 p.

203. Projet d’envoi sur la lune d’un vehicule d’exploration a chenilles telecaman.-
der / Gaudeau, Gascuel, Grenon // Aeronautique et ’Astronautique. Né 21. 1970,

204. Ruoff C., Wilcox B., Klein G. Designing s Mars Surface rover // Aero-
space America, 1985. Vol. 23. Nt 11. P. 54—56.

205. Sahinkays Y., Sridnar R. Minimum Energy Control of a Class of Electrical-
ly Driven Vehicles. — 11-th Joint Automat. Contr. Amer. Automat. Contr. Coune,
Atlanta, 1970. P. 18.

206. Surface materials of the Viking landing sites / H.J. Moore, R.E. Hutton,
R.F. Seott, at al. 14 p.

207. Testing of Lunar Surface Vehicles under simulated Lunar Gravity Conditi-
ons // Society of Automatic engineers (SAE), 660144. P. 25.

208. Trautwein W. Uber die Entwicklung leichter Raupenfanhrzeuge zur
Mond — und Planetenforschung Zeitschrift fur ahgewadte Mathematik und Fhysik
(ZAMP), 1972. Vol. 23. P. 6.

209. William H.G. Mars Viking rover feasibility studied // Aviation Week and
Spase Technology. 1973. Vol. 99. P. 25.

210. Wong R.E. Lunar Surface Mobility Systems // Astronautica Act. 1966.
Vol. 12. Nt 5—6. P. 27.

211. Algorithm for Rowing Vehicle Motion / B.L. Kozlov, L.N. Lupitchev,
E.N. Orel — Control. Proc. of the XXI-st Congr. of the Intern. Astron. Federation.
Constace, 5 oct., 1970. P. 8,




TO FOREIGN READER

Since the first edition of this book (1982) substantial changes
have taken place in the social-political field.

The point which is most important for us is the transition to
openness, the possibility to establish international contacts in science
and technology and develop partnership not only in the field of
science, but also in the line of specific projects. And this assumes a
real form. For the last two years manv things have been done by
joint efforts in the space engineering (particularly, for planet ro-
vers). They are, for example, the project developments for the Pho-
bos and Vega apparatus, and the participation of M-94 and M-96
apparatus in the scientific programme and the project (landing
stations, marsokhod, generator, aerostat stations and others). The
internatiol scientific and technical cooperation consolidates and
gathers strength. In view of the great interest which the foreign
experts show for the Russian experience in designing and testing
the planet rovers, we give the contents of this book in English.

The second edition of this book was subject to essential changes
due to what was done in this field for the recent 10 years, in this
book new data are put connecting the properties of the planets and
those of the planet satellites, including the Section on features of
movement with the weak gravitational field. The chapter on the
motion control is revised thouroughly, and in the new chapter 9 some
aspects are set forth in regard to forming a marsokhod. Brief sum-
mary is given on achievements in forming and operating the special-
purpose transport robots which participated in liquidating the conse-
quences of the Chernobyl atomic station accident. This robot was
brought into being based on the experience in developing planet
rovers.

Practically, all the Sections are enriched with new materials
which reflect the today level of knowledge.

We hope that this book will be intersting and helpful not only
for those whose occupation are the problems of planet rover move-
ment, but also for creators of other technical means, assemblies and
mechanims intended for operation in space and on planet surfaces. It
can also be useful for workers who develop terrestrial vehicles.

The authors consider it to be a pleasant duty for them to acknow-
ledge Mr Louis Friedman’s kindness, the executive director of the
Planet Society, Pasadena, Cal, whose efforst put into effect the spon-
sor support. :
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