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MOJIEJTIOBAHHSA B3AEMO/IIi KOCMIYHHUX ATIAPATIB
3 IOHOC®EPHOIO PO3PII’)KEHOIO IIJIA3BMOIO

Incmumym mexuiuHoi mexaHiku
Hayionanvroi akademii Hayk Yrpainu i [Jepocasno2o kocmiuno2o acenmemea Ykpainu
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Po3po6iieHo NpUHIKIN MOJETIOBaHHS (i3HKO-XIMIYHOI 1 €IEKTPOMArHITHOI B3a€MO/Iii KOCMIYHOrO anapara
(KA) 3 HaBKOJIOCYITyTHHKOBHM CepeOBHINEM B ioHOC(hepi 3emili Ta 30HJ0BOI AIarHOCTHKH MOTOKIB PO3P1KEHOT
wia3mu 3 6opty KA. ChopmynboBano kputepil ekBiBajgeHTHOCTI B3aemozii KA 3 HABKOJIOCYIyTHHKOBUM CEPe1o-
BHULIEM i TiHEp3BYKOBUMH MOTOKAaMH PO3PIDKEHOI IUIa3MH Ha CIELiali30BaHUX CTEH[AxX, 30KpeMa, Ha IUIa3Mo-
eNIeKTPOAMHAMIYHOMY cTeH i [HCTUTYTY TexHiuHOI MexaHiku HanioHanpHoi akamemil Hayk Ykpainu i [lepkaBHo-
ro KOCMIYHOTO areHTCTBa YKpaiHW, SKUH Ma€ CTaTyC «HAayKOBHH 00'€KT — HaIlloHAIbHE HAanOaHHS YKpaiHI».
Jocnimkenns ocodnmBocTeit B3aemofii KA 3 HaBKOJIOCYITyTHUKOBUM CEPEIOBHILEM BUKOHAHO 33 TPhOMa HANPSMKAMH:

— Jerpajanis MaTepialgiB i (YHKIIOHAIPHUX XapaKTepPUCTHK €JIEMEHTIB KOHCTpykuih KA mpu TpuBaniit
eKcIuTyaTaii Ha opOiTi;

— MarsiTorifipoarHamiuaa B3aeMonis KA 3 rinep3BykoBUMU ITOTOKAMH PO3PiIKEHOT IIa3MH;

— 30H/I0Ba IarHOCTHKA MOTOKIB PO3piMKeHoi mia3mu Ha 6opty KA.

B pamkax meprioro HampsiMKy JOCIHIDKEHb PO3POOICHO pPO3paxyHKOBO-EKCIICPHMEHTANIBHY IPOLENYPY
OLIHKH CHay eIeKTPHIHOI MOTYKHOCTI KPEMHIEBHX COHSYHHX Oarapeil KOCMIYHOTrO amapara OpH TPUBAii Ail
(~10 pokiB) xomiuiekcy (akTOpiB KOCMIYHOTO MPOCTOPY i HABKOJOCYIIYTHHKOBOI'O CEpEIOBHINA HAa KPYTOBHUX
op6itax. Po3pobieHo MPUHLIUIK TPHCKOPEHUX PECYpPCHHX BHIPOOYBaHb Ha CTIHKICTh MOJIMEPHHX MaTepiaiiB
KA nmo tpuBamoi nii mortokiB aromapHoro kucHio (AK) i BakyyMHOro yiabTpadioneroBOro BHIIPOMiHIOBAHHS
(BY®). Cunxponne onpomiHioBaHHs monimepiB motokamu AK+BY® cTBoproe cuHepreTHvHHN eeKT BTpaTu
MacH MaTepianamy, IO MICTATh B CTPYKTypi MoHOMep rpymu (CH)n.

B pamkax apyroro HampsiMKy cOpMyITBOBaHO MOZEI MAarHiTOriPOANHAMIYHOI B3a€MO/Il B CHCTEMI «Ha-
MarHiueHoro» KA 3 ionochepHoro mia3moro. [Tokas3aHo, 1o Ipy B3aeMoii BiacHoro MaraitHoro noist KA (inay-
kuist ~(0,8 —1,5) Ti) 3 ioHOCepHOIO MIA3MOK BUHUKAE EIEKTPOMArHITHA CHJIa, NPUIATHA JUIS TIPUMYCOBOTO
raneMyBaHHS KA, 30kpema, 00’€kTa KOCMIYHOTO CMITTS, BifIBEIeHHSI HOTO Ha HU3bKY OpOiTy U1 yTHIIi3aLii mpu
3ropaHHi B HIUIbHHX Iapax atMochepu 3emii.

B pamkax TpeTboro HampsiMKy po3poOJICHO NPOLEXypH 30HIOBOI JiarHOCTHKH i0HOC(EpHOI Ia3Mu 3 BH-
KOPUCTAaHHSIM OOpPTOBOI HAyKOBOI amapaTypH, SIka BKJIFOYA€ B3a€MHO OPTOTOHAJbHI CICKTPHYHI IMIIHAPUYHI
30HAYU 1 JABOKaHAIBHUI JETEKTOp HEeHTpaJbHHMX YacTHHOK. ITokaszaHo, 0 GOPTOBHII KOMIUIEKC Takoi HayKOBOI
amapaTypy 3 BUKOPHCTAHHSAM aIrOPUTMIB 1 MPOLEAYp iHTeprpeTalii BUXiTHHX CUTHATIB (PO3POOIICHHX B 1HCTH-
TyTi) I03BOJISIE iMEHTH(IKYBATH JIOKAI3aLilo DKEpesl IPOCTOPOBO-YaCOBHX 30ypeHb IapaMeTpiB ioHochepHOl
U1a3MH, 0OYMOBJIEHHUX MTPUPOTHUMH i TEXHOTEHHUMH KaTacTpO()IYHUMH SIBULIIAMH Ha ITiACYITyTHUKOBIN Tpaci.

Kniouosi cnosa: xocmiunuii anapam, ionocghepna niasma, mooentosanis, 63aemoois, Odezpadayis,
cuna onopy, 0iazHoCmuKa.

Principles of simulation of the physical-chemical and electromagnetic interaction of a spacecraft with the
near-satellite environment and principles of probe diagnostics of rarefied plasma flows onboard a spacecraft are
stated. Equivalence criteria are formulated for the interaction of a spacecraft with the near-satellite environment
and hypersonic rarefied plasma flows on dedicated setups, in particular on the plasmaelectrodynamic setup of the
Institute of Technical Mechanics of the National Academy of Sciences of Ukraine and the State Space Agency of
Ukraine, which has the status of the National Patrimony of Ukraine. The features of spacecraft interaction with
the near-satellite environment were studied along the following three lines:

— degradation of the materials and performance characteristics of spacecraft components in a long-term or-
bital service:

— magnetohydrodynamic interaction of a spacecraft with hypersonic rarefied plasma flows;

— probe diagnostic of rarefied plasma flows onboard a spacecraft.

Along the first line, a calculation-and-experiment procedure was developed to evaluate the power decrease
of spacecraft silicon solar panels under long-term (~ 10 years) exposure to the space factors and the near-satellite
environment in circular orbits. Principles of accelerated life tests for the resistance of spacecraft polymer materials
to long-term exposure to atomic oxygen flows and vacuum ultraviolet radiation were developed. Simultaneous
exposure of polymers to atomic oxygen and vacuum ultraviolet radiation results in the synergic effect of mass loss
by materials that contain a monomer of the (CH)n group.

Along the second line, models were formulated for magnetohydrodynamic interaction in the magnetized
spacecraft — ionospheric plasma system. It was shown that the interaction of a ~0,8 — 1.5 T magnetic field of a
space debris object (in particular, a spent spacecraft) with the ionospheric plasma produces an electromagnetic
drag force sufficient for removing it to a low orbit followed by its burn-up in the dense atmosphere.

Along the third line, procedures were developed for ionospheric plasma probe diagnostics using onboard in-
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strumentation that includes mutually orthogonal cylindrical electrical probes and a two-channel neutral-particle
detector. It was shown that this instrumentation with the use of proprietary output signal interpretation algorithms
and procedures allows one to locate sources of space-time disturbances in inospheric plasma parameters caused
by natural and technogeneous catastrophic phenomena on the subsatellite track.

Keywords: spacecraft, ionospheric plasma, simulation, interaction, degradation, drag orce, diagnostics.

Beryn. ®izuuHe (CTEHIOBE) 1 YMCIOBE MOJICIIOBAHHS B3a€MOJII KOCMIYHHUX
anapartis (KA) 3 motokamu po3pimxkeHoi mia3Mu B ioHocdepi 3emuti BKItOYae goc-
JIPKEHHS 33 TphoMa HATPSIMKAMU:

— CTIfKICTh MaTepialiB i eIeMEHTIB KOHCTPYKLIIH 10 TPHBAIIOTO BILIMBY (aK-
TOPIB KOCMIYHOTO MPOCTOPY (nerpanaula (hi3MYHUX, MEXaHIYHUX, CICKTPOQi3uy-
HUX 1 TEPMOONITHYHHX BIIACTUBOCTEH MaTepialiB);

— po3pobKa MeTOIB, 3aCO0IB 1 anmapaTypHOro 3a0e3MneYeHHs JIarHOCTHKH T10-
TOKIB HEPIiBHOBaYKHOT PO3PiKEHOI 3aMarHiueHoi mia3Mu B ioHochepi 3eMii Ta Ha
creniaai3oBaHUX CTEH/AX;

— aepoauHaMika i Ternoodbmin KA, enemMenTiB KOHCTPYKLH B Iinep3ByKOBHX
MOTOKaX 10HOCHEPHOI [1a3MH (BILTHB 3apsI0BOT0 CTaHY; 30BHIUIHBOTO 1 BIACHOTO
MAarHiTHOTO TOJIB; penabedy MOBEPXOHb HA acpOIUHAMIYHI Ta TEIUIO(i3uYHI Xapa-
krepuctuk KA).

Herpaganis QyHKIIOHANBHUX XapaKTEPUCTHK MarepialiB 1 eJIeMEeHTIB
KoHCTpYKUiit KA npu TpuBaiiii [1ii HABKOJIOCYITYTHHKOBOTO CEPEOBHINA.

OnHuM 3 HampsMKiB 3a0e3neueHHs TpuBaioi ekcrutyaTamii KA B ioHocdepi
3eMIIi € MPOrHO3yBaHHS JAerpaaalii QyHKIIOHATBHUX XapaKTePUCTUK MaTepialiB i
€JIEMEHTIB KOHCTPYKIIT Yepe3 Jil0 HaBKOJMIIHLOTO CEPeIOBHINA Ha opOiTi. Di3u-
YHE MOJEIIOBAaHHSA TpUBAJIOi Jii KOMIUIEKCY (aKTOPiB KOCMIYHOTO MPOCTOpY Ha
TUTa3MOCTIEKTPOIUHAMIYHOMY cTeHi [HCTHTYTy TexHiuHOi MexaHiku HarioHans-
HOi akazeMii Hayk Ykpainu i [lepkaBHoro kocMmiuHoro areHrcrsa Ykpainu (ITM
HAHY i JIKAY) Bkmouae: Bucokuii Bakyym ~ 10° H/m?; ynbrpadionerose Bu-
npomiHtoBanHs (Y®) y miamazoni ~ 100 am— 200 HM; TEepMOIMKIIOBAHHS
+100° C; HaA3BYKOBI MOTOKH TUIa3Mu aToMapHoro kucHio (AK); moToku Bucokoe-
HEpriffHuX eeKTpoHiB ~ 35 eB.

Cnao enekmpuunoi ROMYHCHOCHI KPEMHIE6UX naneneii COHAYHUX damapeii
YMOBH (i3UYHOTO (CTEHJOBOT0) MOJIEIIOBAHHS TPHBAJIOTO BILTUBY q)aKToplB
HABKOJIOCYITyTHUKOBOTO CEPE/IOBHINA HA MAHEN COHAYHHMX Oarapeit (CB) kocmiu-
HUX anapariB MPEJICTABICHO B TAOJIHIII.

®DaKkTOpH HABKOJIOCYIYTHHKOBOTO CEpeo-
BHII[A

loHi3yroue BHUIPOMiHIOBaHHS  (BHUCOKO-
eHepriitai nporonn H; enekrponu pamia-
LIHHKUX MOJIOCIB 3emuti).

YMoBH (Hi3UIHOTO MOJICTIOBAHHS

PiBnicts ekBiBaneHTHHX (uroeHciB Fg
e/eKTpoHiB 3 eneprieo E o ~1 MeB.

Pignicte Kimbkocti Tepmoumkiis N T
TepmouukimtoBanus +£100° C . .
posmaxis tepmonukiis ATy, .

o ) PiBnicts enepriit 3xkeB < E g, <20keBi
PapianiiiHa enexTpusaris. . .
¢mroencis Fg, emexrponis.

[T1a3MOBi CTpyMEHi €IeKTPOpEeaKTHBHUX

jnryHis KA PiBHiCTh MATOMUX 3apsIIIiB G

PiBHICTH KOEQIIIEHTIB NMOTIMHAHHS COHSI-
YHOT'O BUTIPOMiHIOBAHHS Olg

VibTpadioneToBe  BHNPOMiHIOBAaHHS co- | PIBHICTB TYCTHHH TIOTOKIB Y ®-BHIIpO-
HSAYHOTO CIEKTPY. minoBanast @, i moBxuau XBHi A,

3abpynuenHs 3axucHoro ckia Ch.
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[aTerpanpHa XapakTepPUCTUKA Claly €NEKTPHYHOI NOTYKHOCTI APy (t ) COHS-

yHuX OaTapeit KA BiHOCHO mouaTkoBOI MOTYkHOCTI Py

205 805 [1-20),

I30 I30 0

e M — KUTBKICTHh (paKTOpiB HABKOJIOCYIIYTHUKOBOTO cepemoBHIIa; K; — Koedimi-
€HT BIUIMBY okpemux ¢axropiB (0<K; <1); t — Tepmin ekcruryarauii; P (t) —
3aJIeXKHICTD eNeKTpryHoi motyxHocti Cb Bix yacy npu 1ii i -ro gakropy.

Ha puc. 1 npeacraBieHo po3paxyHKOBI 3aJI€KHOCTI CIaly IHTETPaIbHOL €IIeK-
TPMYHOI MOTY)KHOCTI APy (t ) / P, kpemuieBux consunnx Garapeii KA Ha reocra-

uioHapHil opOiTi npu TpuBaiiil (t =10 pokiB) aii hakTopiB HABKOJIOCITYTHUKOBO-
ro cepenosuimia. Ha puCyHKy CymiTbHUMH JiHISIMH TTOKa3aHO PO3PaxXyHKOBI 3Ha-
yenns APs (t) / P, amst dakropis: 1 — TepMOLKKIIOBAHHS; 2 — 3a0pyAHCHHS 3aXH-

CHOTO CKJIa; 3 — i0HI3yI0Ue BUMIPOMIHIOBAaHHS; 4 — eNeKTpU3allis; 5 — iHTerpaapHuit
BIUTHB (hakTOpiB. 3HAYKaMU MOKAa3aHO J1aHI CYMyTHHKOBHX BHMipIOBaHb Ha T'e0C-
tarionapHii op6iti (40000 kM): KBaapaTUKH — MITY4HUI cymyTHHK 3emui (IIIC3)
cepii «Intelsat-I»; ceitmi kpyxku — LIIC3 IDSCS-II (3a MiHIMyMOM CTpyMy KOPOT-
KOTO 3aMHKaHHs); CBITNII pOMOWKH — CTEHJOBI BuMiproBaHHS [1], XpecTnknm —
LIC3 ATS-6 [7], Temni pomouku — [IIC3 LES-6; TeMHi Kpy>XKU — OMmiHKH [2]; Te-
MHUN TpuKyTHUK — ATS-5; 3ipouka — IIIC3 «Intelsat-I» (Tpuxu BiAMOBIZAIOTH
IPaHUYHUM 3HAYEHHSIM Uil YacTWHU He3zaxumeHol moepxHi Cb or 0,2 % mo
5,6 %); cBitii TpukyTHHKH — ouiHkd HACA.

Po3po0iena po3paxyHKOBO-eKCIIEPUMEHTAIbHA IPOLIEAYPa JO3BOJISIE IPOTHO-
3yBaTU CHaj| eNEeKTPUYHOI noTykHOCTI KpemuieBux Chb (APs: (t) / P 0) B KOXKHUI
MOMEHT 4acy mpoTsiroM TepMiny 10-tu pidHOi ekcrutyararii OaTapeit Ha opOiTi 3
ypaxyBaHHSIM BIUIMBY KOXHOTO 3 (DakTOpiB KOCMIYHOI'O MPOCTOPY Ta HAaBKOJIO-
CYIYTHUKOBOI'O cepenoBuia [3].

P(t)/ P,
1,0

0,9

0,8

(),7 A A A A A L A A A
0 4 6 8 1. poKu

L]

Puc. 1 — Cnap iHTerpajibHOT €J1eKTPUYHOI IOTYXKHOCTI KPEMHIEBHX COHSIYHHX Oarapeil Ha
npots3i 10 pokiB Ha reocrarioHapHuX opoiTax
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Hezpadauin nonimepuux mamepianie KA npu mpueaniii 0ii amomaprozo KucHio
6 ionocehepi 3emni
@DiznyHe MOJIENIOBAaHHS YMOB €KCIUTyaTallii HoJiMEepHUX MaTepiajiB IIpH TPH-
BaJIid il TTOTOKIB aTOMapHOTO KUCHIO B ioHOcdepi 3emimi i Ha CHeriani3zoBaHuX
CTEHJaX MAIOTh BiAIOBIAATH KPUTEPisIM €KBIBAJICHTHOCTI:

— piBHICTB MUTOMOI BTpaTn Macu AM Vf,N ) = AM VE,M )

— piBHICTB (IIOCHCIB aTOMapHOTO KHCHIO F A(\E) =F SE )
Je iHaeKcH o3HavyaroTh: «N» — yMOBHU ekcrtyaTamii B ioHocdepi, «M» — ymMoBH B
HOTOL IIA3MHU HA CTEHI.

3 ypaxyBaHHSM KPHUTEPiiB €KBIBaJCHTHOCTI, KOE(IIIEHTY PEaKIifHOl 31aTHO-
cti Ry eranonHoro nomiMepy kapton-H mis xoediuieHTa npucKopeHHs pecypce-
HUX BHIPOOYBaHb T, 1 Koedill€HTa PeaKkuiiiHOl 31aTHOCTI R, moaimepy, wo

BUTIIPOOOBYETHCS, MAEMO

M M) \OP M)

. :t(N)/t(M):Ni(AK) Q)™ Rew (EXY)
y N N N !
N A LER ) Rac(ESK)

Xy (Eiak )
8 (Eiak )

ne N ok » Eak — KoHLeHTpauis 1 eHepria atoMiB KUCHIO; Njax , Ejax — KOH-

Rew (Eg\:()): Rex (Eg\ll())

HeHTparis i eHepris ioHiB AK; 80X — 3MeHIIeHHs TOBIIWHU 3pa3ka MaTtepiany; t —
TEpMiH eKcno3ulii; ingekcu: «N» xapakTepu3ye yMOBH eKcIuTyartalii B ioHocdepi,
«M» — B moToli MIa3MH Ha CTEHI; «W» — MaTepiai, 10 BUMPOOOBYETHCS; «K» —
etanonHuii noiimep kapton H.

Ha puc. 2 npencraBieHO 3aJeXHOCTI KO-

R, 10 em’ faTomO edimienTiB peakUiiiHOi 3JAaTHOCTI TONIMEpIB

inE ; 4 nomiimigy Kapton-H i tedaony FEP-100A Big
E o3 / eneprii ionis AK.

E 33 g [lo3Haukw Ha PUCYHKY: JiHIAZ A — maHi As

noniiminy  kapton-H  (ximiuHa  ¢opmyna
C,H,,O.N,): 1— BuMipioBaHHS aBTOpiB Hpu
eHeprii ioHiB E;px = 5 eB; 31,6 eB; 70 eB;
75 eB; 80 eB; 90 eB; 2, 3,4,5, 6, 7— 3Ha-
4yeHHs 3 [4]; 8 — ampokcuMallisi aBTOpiB

Ry =0,4(c E;pp )2 -10% cm®fatomO

(o =1eBY);

niHis b — nani qst repnony FEP-100A (Ximi-
. uHa popmyna (C,F,) ). 9 — BUMipIOBaHHS aB-
A ‘ = topis; 10, 11, 12, 13, 14, 15 — 3HaueHnHs 3 [4];

1 10" 10° 16 — anpokcumartisi aBTopiB
1,68 .25
Bax , €B Rerep #03(0;Ejax ) -10™ em®faTomO.
Puc. 2 — Brus eneprii ioniB AK Po3pobneno mporeaypy IpUCKOPEHHS pe-
Ha peaKiiiHy 3/IaTHICTh HOJTiMepiB CYypcHUX BUTIpOOYBaHb TOJIMEPHUX Marepia-
cm¥/atomO

niB KA Ha cTidikicTb 1X 710 TpuBajioi 1ii aroma-
pHOro kucHio B ioHochepi 3emii. [Tporeaypa
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BKJTIOYAE JIBA PEKUMH BUIIPOOYBaHbB: MEPIIH — OMPOMIHIOBAHHS MOJIIMEPHUX TITi-
Bok ioHamu AK 3 eHeprieto 5 eB mnpu KoHIEHTpaIlii i0HIB OUTBIIIH, Hi’)K KOHIICH-
tpamis AK B ioHOC(Epi; ApyTHil — OIPOMIHIOBaHHS MOJIIMEPIB BUCOKOEHEPTiHHY-
mu (30 eB — 100 eB) ionamu AK i Bukopuctanus mosiiminy kapton-H B sikocTi
eTalloHHOTO Martepiany. [lokazaHo, mo KoeimieHT MPUCKOPEHHS PECYpPCHUX BH-
mpoOyBaHb TpU ompoMiHioBaHHI modiiminy kapton-H iomamu AK 3 eneprismu B
miana3oni 30 eB — 100 eB Ha 2 mopsiaku Oiabinnii 3a KOEDII[IEHT MPUCKOPEHHS
pu onpomiHioBaHHI monimepy ionamu AK 3 eneprieto 5 eB [4]. IIpu crennoBux
BunpoOyBanmsax: Ea =80eB, N 04x10°cem®, t ™M) 03 ron=1,08x10%c,
dmoenc Fay (Ejak )=1,34x10% cm? toni Ry (Ejak ) = 1,04x10% cm*/atomO
i Fj (N ) (E (N ))D 4,5x10% cm2 B ionochepi dmoenc FLR) =4,5x10% cm?

(E Ak N) = 5 eB) mpu cepemHpOMy PiBHI COHSYHOI aKTHBHOCTI BiITOBINa€ piuHii
excrno3uIii moniMepy Ha BUCOTI h ~380 kM (MixHapomHa KOCMiuHA CTaHIIis),
Koe(illieHT MPUCKOPEHHS CTEHAOBUX BHUIPOOyBaHb kapton-H mms pexumy «2»
JOPIBHIOE Ty, ~3x10%, a npu onpominroBanHi nonimepy ionamu Ej,x =5eB

Koe(ILIEHT IPUCKOPCHHS LIS PeRuMY «1» — 19 ~2x 10%

Cunepzemuunuii epexm eniugy amomapHozo KUCHIO i 6aKyYyMHO20 Yibni-
pagionemy na nonimepu 6 ionocghepi 3emni
BuspneHo cuHepreTHUHU €QeKT NMpHU OMHOYACHIN il MOTOKIB aTOMapHOTO
KHCHIO 1 BakyyMHOT0 yibrpadionery (AK+BY®) na marepianu mojgiMepHUX MOK-
puttie KA. BcraHoBNeHO, 0 CHHEPTETHYHUN ePEeKT Ma€e MicIle MPU OIPOMIHIO-
BaHHI moTokaMu AK+BY® nomimepiB, ki MaroTh B CTPYKTYpi MOHOMEPH TPYITH
(CH)n . Otpumano rpanuysi 3HaueHHs BinHocuHu @, motoky BY® no @ 44 mo-
Toky AK, ki Xapaktepu3yloTh cuHepreTHyHui edekT BBy AK+BY® Ha BTpa-
Ty Macd mojiMepamu: 1t momiimigiB @, /@ 4x 27,1><1O'15 m/x/atomO;  mis

nomiernieny — @, /D, >4,3x107%° Mlli/atromO. Jlns tednony (FEP-100A),
skl Mae B cTpykTypi MoHomep (CF), , cunepreTnynuii edekt He BUsiBieHO. [Ipu
CepeIHhOMY PiBHI COHSYHOI aKTMBHOCTI 00J1acTi iCHyBaHHS CHHEPTETHYHOTO ede-
kty BBy AK+BY® js mosniiMiziiB siexaTs Buite ~600 KM, Ui MOMIETUIICHY —
pute ~400 km [5].

Ha pwuc.3 mpencraBieHO  3aJeXKHICTH  BIIHOCHOI  BTpaTH  Macu
AM gk gye /AMyx s momiiminy kapton-H i mosiernieHy Bin criBBiqHOIICHHS
notokiB ®@,, /D 4, . Ha pucyHKy mo3HaueHo: JiHis A — momiimiau: 1, 2 — Bumipto-
BaHHs aBTopiB (kapton-H, TIM-1E); 3, 4 — 3nadenns 3 [5], 5 — anpokcumailisi aBTo-
PiB AMpas, v/ AM 4 =9,893%10°8 (a @, /@ ,;)°%%¢ (=1 mxY); nimis B —
MOJIIETUIICH: 6 — BUMIPIOBAHHS aBTOPIB; 7 — 3HAYeHHs 3 [5]; 8 — ampokcuMalris aB-
TOpiBE AMay gy /AM 4, =1,216%107 (0D, /D 45 )*4L.

Po3pobieno mponenypy CTEHIOBOTO MOJICIIOBAHHS (i3UKO-XIMIYHOT B3aEMO-
nii noimepiB KA 3 morokamu AK i1 BakyyMHOTO yibTpadiolleTOBOTO BHIIPOMIHIO-
BaHHs B 10HOC(epi 3emii.
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MoaesioBaHHS Mar”iToriipoauHamMiynoro rajismyBanHs KA B ionocdepi
3emai. ChopMyTb0BaHO MOJIEI TUHAMIYHOI B3a€EMO/ii HAMAarHiueHoro Tiia ¢ Io-
TOKOM 10HOC(EpHOI pO3piKeHOi Ma3Mu. Bu3HadeHO 3aJeXHOCTI CHIIH OTopy 1

Am LK+ B .:./."\m K
6r .l
T % A
4t ng
a
3 B " ()
.7
2 /
2
pheteC 1
-16 _15 =y -
o 0 1077 @ /b, silw/atonO
AK

Puc. 3 — Brpatu macu nosnimepis npu Bt AK+BY D
NiAHOMHOI CHJIM HaMarHiueHoro Tija Bix B3aeMHOi opieHTauii BekTopis U , ImBH-

JIKOCTi TINEep3BYKOBOTO MOTOKY PO3pipkeHoi mia3mu (momsoty KA) ta I§W iHIY-
KIIii BIIACHOTO MarHiTHOTO 1moJist Ha oBepxHi KA B ioHOC(hepi 3emi.

Po3pobrieno mpomenypu i cxeMu CTBOPEHHS JKepelia BIACHOTO MAarHiTHOTO
nosst KA, 1o crBoproe mosnte 3 inaykiiero (0,8 — 1,5) Ti na nosepxui KA, 3 BuKo-
PUCTAaHHSM CHEiallbHO 3TPYIOBAHUX MiHI-MarHiTiB.

BcranoBineHo:

1. CchoxycoBaHe mocTiliHE MarHiTHE MOJIe HAMArHiYeHoro Tijaa GopMye B HaJl-
3BYKOBOMY TOTOIIl PO3PIHKEHOI TIa3MH 30HY 30YpPEeHHS, CTPYKTYpa SKOI BiATIOBi-
nmae monem Yenmena—@Deppapo (aHaior — cTpykTypa Mar"itocdepu 3emii B TO-
TOLI IJTa3MHU COHSYHOTO BiTpY). CTPYKTYypH 30HM 30ypeHHS MMOKa3aHO Ha puc. 4.

2. Cymneprio3uuisi IE€KiJIbKOX CIELialbHO 3rpYNOBaHUX MiHi-MarHiTiB JuKepena
BJIACHOTO MAaTrHITHOTO TOJIA 301JIbIIy€e BEIMYMHY MArHITOTIAPOAMHAMIYHOI CHITH
onopy KA B ioHochepi 3emiti kpaTHe KiTbKOCTI MiHi-MarHiTiB (puc. 5) [6 — 8].

0N, . L5,

Puc. 4 — OOrikaHHs HaMarHi4eHoi cepy rinep3ByKOBUM ITOTOKOM IUIA3MH
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Puc. 5 — Jlxxepena MITy4HOTO MArHITHOTO MOJIS 3 OJHUM, JIBOMA T4 4OTHPMa
MiHI-Mar"iTaMi B IIOTOLI IUIa3MHA

3. Bracue marnitHe nosie KA 3 inaykuieto (0,8 — 1,5) T 3natHe, npu B3aemo-
Ii1 3 po3piKEeHOI0 10HOC(EPHOIO MIIa3MOI0, TeHEPYBATH MarHiTOT1IPOAUHAMIUHY
CUITy, sIKa TIpUJaTHA JUIS MPUMYCOBOI'O TaJIbMyBaHHS 00 €KTa KOCMIYHOTO CMITTS
(OKC), BinBeneHHs oro Ha HU3bKI OpOITH 3 YTHIII3aIli€l0 MIPHU 3TOPSIHHI B MILIb-
HUX Inapax atMocgepu 3emiti (OUHIIeHHS! HABKOJIO3EMHOTO [TPOCTOPY BiJl CMITTS).

[Tokazano, 1m0 yTWIi3alil0 00'€ekTa KOCMIYHOTO CMITTS «Vespa» Moxe OyTu
3MIHCHEHO MUIIXOM MPUMYCOBOTO TalbMyBaHHS HOTO MarHiTOTiIpOAMHAMIYHOO
cuioro omopy (3,5 — 4) MH, sky 3maTHuUi TeHepyBaTH OOPTOBHI MArHiT 3 iHAYKIi-
eio (0,8—-1) Ta. 3 BUKOpPHCTaHHSIM MAarHiTOTiAPOAMHAMIUHOI CHIIM YTHITI3AIli0
OKC «Vespa» B miapbHUX mapax atMochepu 3emiii MOxe OyTH peaii3oBaHO 3a
100 116 npu BiaBeneHHi 3 Bucoru 800 kM Ha BucoTy 150 KMm.

JliarHocTHKA | MOHITOPMHI MapaMeTpiB HABKOJOCYNYTHUKOBOI MJIa3MHU.
3a pesynbpTaTaMu eKcIUTyaTarii OOpTOBOT HAYKOBOI anmapaTypy BiJIiTy MEXaHiKH
ionizoBanux cepenopuil ITM HAHY i IKAY na KA «Ciu-2» po3po0iieHo mnpoiie-
JypH 30HJIOBOT JIIarHOCTHKH 10HOC(EpHOT TIa3MHU Ta HABKOJIOCYIMYTHHKOBOTO Ce-
peAOBHIIA, IHTEPIIPETallii BUXIIHUX CUTHAJIIB MIPUJIAIIB 1 aJITOPUTMH 1IeHTU(IKA-
1ii JpKepesl MpOCTOPOBO-4acOBUX 30ypeHb HapaMeTpiB i0HOC(HEPHOI I1a3Mu, 00y-
MOBJICHHX MPUPOJAHUMH 1 TEXHOTEHHUMH KatacTpodiunumu siBuiamu. [lokazano,
10 KOMIUIEKC HAyKOBOI amapaTypH, JI0 SIKOTO BXOJSTH JETEKTOPH HEUTPaIbHUX
DN i 3apspkennx yacTuHok DE, 103BOJISITh BU3HAYATH KOMIUIEKC KIHETHYHUX I1a-
pameTpiB i0HOC(EpPHOI PO3PIHKEHOT MIa3MH, TAKHX SK: KOHIIGHTpAIs 1 TemIiepa-
Typa €JCKTPOHIB 1 HEHUTpajbHUX YaCTHMHOK. KOMIUIEKC KIHETHYHHMX IapaMeTpiB
J103BOJIsIE 1neHTH(DIKYBATH JKepesa 30ypeHHs i0HochepHOT T1a3Mu IPUPOIHOTO 1
TEXHOTEHHOTO ITOXOJIKCHHSI.

EdexTrBHICTH aNropuT™MiB i mpoueayp igeHThdikaimii JHkepen 30ypeHs M-
TBEP/UKEHO BU3HAYEHHSIM 3aKOHOMIPHOCTEH (QUIYKTYyalliii KIHETHIYHUX MapaMeTpiB,
00YMOBIICHHX BILTMBOM COHSYHOI 1 T€OMarHiTHOT aKTHBHOCTI, €KBATOPIaNbHOI 10~
Hi3aliiiHOT aHOMaJTii, MarHiITHUMHU OypaMu, Ce30HHUMH (UIYKTYaIlisIMH, aHOMAaTii B
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Mopi Benzenna, aBpopadbHUMH OBaJIaMH, a TaKOX CEHCMIYHOIO aKTHBHICTIO Ha
iICYIIyTHUKOBI# Tpaci (puc. 6) [9].

2 § A T T T T T T T T
N, 10 em @ .

3,0
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;
75'S be--
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Puc. 6 — Peectpanist 30ypeHb KOHIICHTPALIi SIIEKTPOHIB BIOBK
opbitn KA «Ciu-2» anmaparyporo ITM HAHY i IKAY

Ha pucynky 6, a) moka3aHo po3nojin KoHueHrpauii exektpoHiB N o B310BX
opbitn KA «Ciu-2», mapkepamu 1, 2 — 30ypeHHs, 00yMOBIIEH] BILIMBOM €KBaTOPi-
anpHOi 10HI3aniiHOI aHomanii; 3, 4 — 30ypeHHs, 0OYMOBJIEHHI aHOMAi€l0 MOPS
Bennenna; cyminbHoO JiHiel0 — BuMiproBaHHs Ha KA «Ciu-2» 11.12.2011; nyHk-
TUPHOIO JIIHIEI — PO3PaxXyHKOBI 3HAYEHHS 32 MIXKHAPOIHOK MOJIEILTI0 i0HOChepH
IRI-2012. Ha pucynky 6, 6) mokazaHo kaprorpadiuny cxemy 3emii, Ha SIKiif MyHK-
TUPHOIO JIIHI€I0 03Ha4YeHO MijicymyTHUKOBY Tpacy KA «Ciu-2», B3I0BX sIKOi Map-
kepamu 1, 2, 3, 4 — nokanizauito gxepen 30ypeb N Ha HiICYIyTHUKOBIN Tpaci;
CYLTBHOIO JIHI€I0 TOKAa3aHO MArHiTHUH €KBATOP.
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Po3podka GopToBoi HaykoBoi anapatypu aAasa KA i mpouenyp 3oHmoBoi
AiarHOCTHKM ioHOocdepHOi MiIasMu. 3aBISKH JOCBiy eKCIUTyaTamii KOMIUIEKCY
HayKoBOi amapatypu Ha «Cid-2» po3poOJIeHO 1 BUTOTOBICHO OOPTOBY HAYKOBY Ji-
arHOCTUYHY amaparypy HoBoro nokousinHs DN-DE anst mociikeHHs KIHETHYHUX
napamMeTpiB HEUTpallbHUX Ta 3aps/DKCHUX KOMIIOHEHTIB 10HOC(EpHOI TIa3MH.
AmnapaTypy iHTErpoBaHO 10 kocMiyHOro anapaty «Ciu-2-30».

Poamimennst niarnoctuaHoro 6noky amaparypu (komrmiekcy DN-DE) Ha KA
«Ciu-2-30» — Ha TUIHTI YCTaHOBOYHIN — moka3zaHo Ha puc. 7. Ha puc. 8 nmokaszano
poO3po0IIeHu OJI0K HAYKOBOI amapaTypd HOBOTo mokominHs. Ha pucynkax: DE —
JIATYHK 3apsDKEeHUX 4acTHHOK, DN — maTumk HeWTpanbHux yactuHok, C3HI — cu-
cTema 300py HaykoBoi iHopMartii.

\Mamn_ musera

Ourwwecxar josonea 5T OFTTL : , Axressa ADY Xoamassyom CHICX
Awreina ADY X : Asressa ASY GPS-H npwees ars
Ao ADY 5-ammans IS Orwn-wexamvoocnnd (e MCY

Puc. 7 — Po3minieHHs AiarHOCTHYHOTO OJIOKY arapaTypy Ha
KA «Ciu-2-30»
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C3HI

Puc. 8 — b0k HaykoBOI amapaTypy HOBOTO TTOKOJIIHHS JJIst
KA «Ciu-2-30»
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