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APXUTEKTYPA CUCTEMbI 2JIEKTPOCHABXEHUA
KOCMMNYECKHUX 3KCHHEPUMEHTAJIBHBIX KOMIIVIEKCOB
HA BA3E JINTUH-WOHHBIX AKKYMYJIATOPHBIX BATAPEN

Paccmotpena paspaborannas B USMUPAH apxurekTypa nocTpoeHuUs! BHICOKOHA/IEKHOM CUCTEMBI 3JIEKTPOCHA0Ke-
HUS Ha 0a3e JIMTUH-MOHHBIX aKKyMYJISITOPHBIX Oarapeil, npeaHa3HauYeHHO! /Il TPOBEJICHNsI HaAYUHbIX IKCIIEPUMEH-
TOB Ha OOPTYy KOCMHMYECKHX ammapaToB. [IpeqnoskeHHBIN MOAXOA ONMUPAETCs] Ha MHOTOJIETHHUII ONBIT B CO3MaHUHU
SKCIIEPUMEHTAIBHBIX KOMILIEKCOB HAay4HOH ammnaparypbl U MO3BOJISIET IPEOAOJIETh Psi PUHIMINAIBHBIX HEJLOC-
TaTKOB JINTHH-NOHHBIX aKKyMYJISITOPHBIX OaTapeil, OTKpbIBasi BO3MOXHOCTH HCIOJIB30BAHUS UX HEOCIIOPUMBIX TIpe-
MMYILIECTB B XOZ€ CO3JaHHS HOBBIX MEPCIEKTHBHBIX MTPUOOPHBIX KOMIUICKCOB Pa3JIMYHOTO Ha3HAYECHUS Ha OpOuTe
3emsmn. Ocoboe BHUMaHKE YIEIEHO PACCMOTPEHHUIO CIEM(UUECKUX ISl 00IacTH MPHUMEHEHHUs! BOIPOCOB HAYallb-
HOTO BKJIIOYCHUS] IIMUTaHMS KOMIUIEKCA, €0 Ha3eMHON OTPaOOTKH M 00ECIIEUeHHIO HAJEKHOCTH (YHKIMOHHPOBA-

HHA.

Kntouegvie cnosa: cucteMa 31€KTPOCHA0KEHHs, INTUH-NOHHAs aKKyMYJISITOpHasl 0aTapes, KOCMUYECKU

OKCIICPUMEHT, YIIPABJICHNUC PE3CPBUPOBAHUEM

BBEJEHUE

IIpn mnpoBeneHUM SKCHEPUMEHTOB B YCIOBUAX
KOCMHUYECKOTO NPOCTPAHCTBA OJMH M3 IJIaBHBIX Orpa-
HUYUBAIOIIUX Pa3padOTUMKOB HAY4YHOH ammaparypsl
napamMeTpoB — Macca MPUOOPHOTO KoMIuiekca. IMeHHO
OrpaHUYEHHs 10 MacCce BO MHOTHX CIIy4asiX 3aCTaBISIOT
IMOCTAHOBIINKOB 3KCIICPUMEHTOB OTKAa3bIBATHCA OT Cy-
JSIIMX WMHTEPECHBIE PEe3YyJbTaThl CXeM IOCTPOSHUS
npruOOPOB B MMOJIB3Y OOJIee MPUMHUTHBHBIX.

Bropoi#t mo 3HAaUMMOCTH OTpaHWYMBAIONINK (hak-
TOp — JAOCTYIHAsi MOLIHOCTb U pecypc paboThl cuc-
TEMBI 3JIEKTPOCHAOXKEHHS KOCMHUYECKOTO ammapara.
IIpuMeHeHrEe KIIaCCHYECKHUX AJII KOCMOCA PELICHHIA
B BUJIC HUKCJIb-KAaAMUEBBIX dAKKYMYJIATOPHBIX 6aTapeI‘/'I
(AKDB) npu Bcex WX HECOMHEHHBIX JOCTOWHCTBAX 3a-
CTaBIISIeT 3HAYUTENBHO ype3aTh OI0/KET MacChl KOM-
IUIEKCAa HAayyHOH anmapaTypbl B IOJb3Y yBEIMUCHUS
emkoctu 6oproBeix AKB, u HaoGopot. Ilpumenenue
HIMPOKO PACHpPOCTPAHEHHBIX B OBITY JHUTHIH-MOHHBIX
AKDB B ycCIOBHSIX KOCMHYECKOrO IPOCTPAHCTBA Ha-
TAJIKUBACTCA Ha pAd NPUHOUIIAAIBHBIX CHO)KHOCTCﬁ,
00yCITOBIIEHHBIX CBOMCTBaMH 3JIEMEHTOB 3THX Oara-
peit [1, 2]. B wactHOCTH, 5TH OaTapen He MEPEHOCST
OTpHULIATENBHBIX TEMIIEpPaTyp, OBICTPO AErpaiupyroT
U BBIXOJAT U3 CTPOS IIPH IPEBBILIEHUHA YPOBHS pa3ps-
Ja ¥ 3apsija, UMEIOT Majblii CpoK ciy:xO0bl. CpaBHU-
TEThHO HEOOJBIION CPOK CIyX OBl JIHTUH-HOHHOU
AKB Bo MHOrOM 00yCNOBJICH MOCJIEI0BaTENLHON Jie-
rpajganuel COCTaBILIIOIIMX 0arapero  3JIEMEHTOB
BCJIEJICTBUE MX TaK Ha3bIBAEMOU pa30aaHCHPOBKH.
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CyTb sTOr0 3 (heKTa 3aKimodaeTcst B TOM, YTO OT-
JeNbHBIE DJIEMEHTHl OaTtaped B TOCIEAO0BaTEIbHOM
LEeNH 3apsoKaroTCs M Pa3psDKAIOTCS HECKOJIBKO I10-
pasHOMy, 4YTO MpH 3apsifie W paspsic CAMHBIM s
BCEll Lleny TOKOM MPHUBOAUT K TOMY, YTO 3TH 3JI€MEH-
ThI MOTYT BOMTH B 00J1aCTh KPUTHYECKOT'O Nepe3apsaa
Wiy, Ha00opOoT, Nepepaspsina, B TO BpeMs KaK Hampsi-
KEHUE Ha Bcell OaTapee HaXOAWUTCS B LEJIOM B JAOIYyC-
TUMBIX IIpeaciiax.

CranzmapTHble aaropuTMbl YIPABICHUS 3aps-
JIOM/pa3psiioM B CHCTEMax AJIEKTPOCHAOKEHHs OyayT
nporoipKaTh 3apsia wiu skcmryarauuio AKb, B TO
BpEMs KaK JaHHBIC OTACJIBHBIC JIEMEHTHI YK€ Ha4dalu
MOJBEPraThCsl 3alpeAebHbIM Harpy3KaMm M, COOTBET-
CTBEHHO, YCKOpeHHO aerpaaupytoT. [locne nerpana-
MU TIEPBOTO AJIEMEHTa OaTapeu CUTyalus ycyryous-
eTCsl TeM, 4TO 00Iee HampspDkeHrne OaTtapen HECKOIb-
KO CHIDKAeTCsl U CUCTEeMa YIIPaBJIeHHUs 3apsiioM OyneT
YBEJIMYUBATh BpeMs U TOK 3apsia, 4To OyAeT NpHUBO-
IUTh K YCKOPEHHOH nerpajanuu cleryolero siie-
MEHTa U TaK Jajiee 10 MOJHOW U BCE YCKOpSIOLIEHcs
nerpanaiuu Beeidr AKD.

Pemrennem maHHO# TpOONIEMBI SIBISETCS TPUMEHE-
HHUE CXEM aKTHBHOW JJIEKTPOHHOW OaaHCHPOBKH dJie-
MCEHTOB 6aTapeI/1, TaK HAa3bIBA€MbIX JJICKTPOHHBLIX HUBC-
mpoB [3], KOTOpBIE Ui HOPMAJIbHOW M IITUTEIHHON
pa6OTI)I ABTOHOMHBIX KOMIIJICKCOB, HOI[O6HLIX paccmar-
pHUBaEeMbIM, TPEOYIOT IIPUMEHEHHS IPUHLIUITNATIBHO HO-
BbIX HHTCJUICKTYaJIbHBIX CHUCTEM YIIPABJIICHHUA, BKIIIO-
YaloIMX B ce0sf CXeMy IIO3JIEMEHTHOIO KOHTPOJIS
HaIpsDKeHWH Ha OTAEBHBIX ee dNieMeHTax [4, 5].
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Jlyis HOpMaJIbHOHM pabOTHI BCEro KOMILIEKCA Hay4-
HOW W CITy’)kKeOHOHW ammapaTypsl Ha OOpPTy KOCMHYe-
CKOTO arlnapara B IIEpPBYIO ouepeb HEOOXOAUMO Ipa-
BUJIILHO YBA3AaTb pa60Ty BCEX IMOACHUCTEM, CBA3aHHBIX
C yHOpaBJIEHMEM €ro CHCTEMOH 3JIEKTPOCHAOKEHUs,
BKJIIO4Yasgd OTMCYCHHLIC BbIIIC WU MHOI'UE APYTrue€, 4TO
B paMKaxX paccMaTpHUBAaeMOI0 IIOJX0/a peaau3yercs
MPUMEHEHHUEM paclpeelieHHON HHTEIUIeKTya bHOM
CHCTEMBI YIPABJICHUS 3IEKTPOCHAOKEHHEM.

OBINAS APXUTEKTYPA CUCTEMBI
VIIPABJIEHUA DJIEKTPOCHABXEHNUEM

[IpuMmeHeHre INTUII-MOHHBIX 3JIEMEHTOB OTKpbIBA-
€T peaJbHyl0 BO3MOYKHOCTh HAaydaTh PE3EpBHPOBAHUE
cucTeMbl 3JekTpocHadxkenus: ¢ ayonuposanusi AKB,
MIO3TOMY paccMaTpuUBaeMasl apXUTEKTypa BKIIOYACT
B ceOs aBe uaeHTu4HbIe OaTapeu Ne 1 u Ne 2, coenu-
HEHHbIE MapaJuIeTbHO, KaK MMOKa3aHo Ha pucyHke. OT-
JeIbHBIA BONPOC, MOAJIEKAIINN PACCMOTPEHUIO BHE
paMOK HAaCTOSIIEW CTaTb — HEOOXOAMMOCTh HMETh
BO3MOYKHOCTb aBapuitHoro otkimouenus ogHoil u3 AKb
OT CHCTEMBI B Cllydae ee HeoOpaTUMOH JAerpananuu
B TIpoIlecce UIMTEIBHOIO JKCIIEpHMEHTa. B onmcel-
BaeMOl cucreMe Takas BO3MOXKHOCTb HE MPETyCMOT-
peHa B OCHOBHOM TIO COOOpaKEHUSIM HaIeKHOCTH
HEOOXOIUMBIX AJIsl 3TOTO IOTIOJHUTEIBHBIX Y3JI0B.

Krnaccuueckas cxema HadajlbHOTO BKJIIOYEHUS
JJIEKTPONHUTAHUS KOCMHYECKOTO amrapaTa — UCIONb-
30BaHUE KOHTAKTa OTJIENIEHNUS, KOTOPHII MEXaHUYECKU

A. B. JIUCHH

3aMBIKaeTCSl TpU OTIEJIEHHMH KOpIIyca ammapara
OT BBIBOJIIEH IUIaTGOPMBI Ha TOCIIEIHEM 3Tare pa-
00Tbl paxeTbl-HocuTens. Kak mpaBuiio, 3TOT KOHTakT
HETOCPECTBEHHO KOMMYTHpPYET cuiioByto 1iens oT AKb
K IIOJI€3HOM Harpyske, oOecreumBas €€ HadajJbHOE
BKJIFOUEHUE W JaibHeHy padory. Llens, nomyyaro-
II1ast 3JEKTPOIMTaHUE TTOA00HBIM 00pa3oM, Ha pHC. 000-
3HaueHa kak "[luranue cuctemer". B aTy cxemy mo-
OaBieHO crioBoe pesie "bIoKupoBKa KOHTAaKTa OTHE-
nenus1", oOecreunBaioliee IIYHTHPOBAHHE KOHTAKTa
OTJAEJICHHs] TIOCJIE ero MepBOHAYaIbHOTO cpadaThiBa-
HUS C [EJThI0 MCKIIOUYUTH BO3MOXKHBIE d(D(EKTHI, CBSI-
3aHHBIE C Jierpajallueil  KOHTAaKTHOM  IpyMNIb
B IIpoIiecce AmuTensHoro monera. CpabaTbiBaHHE STO-
TO peie MPOHUCXOAUT cpa3y jKe TOCIIe MOSBICHUS M-
TaHUSI CUCTEMBI.

C 1uenp0 00eCnevnuTh BO3MOXHOCTH MPOOHBIX
BKIIIOYEHUI B XOJ€ MPOBEACHHUS MHOTOYHMCIICHHBIX
Ha3€MHBIX HCIBITAHUM KOMIUIEKCA  ammapaTypsl,
B CXeMy BBEJIEHBI JBe ympasistoniue kHonku "BKJI"
n "OTKJI", koTopble MOAKITIOYAIOTCS K TEXHOJIOTHYe-
CKUM pa3zbeMaM OJIOKOB 3JIEKTPOHUKH CHUCTEMBI IMPH
HazeMHOU oTpaboTke. Knomka "BKJI" monmkiouaercs
napaieqbHO KOHTAKTy OTHENCHUS M UMUTHPYET ero
cpabaTpIBaHHE Jake HAa YCTAHOBIEHHOM Ha TuTaTdhop-
My KOocMHU4YeckoM ammapare, a kaonka "OTKJII" Bo3-
JCCTBYET Ha CXEMYy YAEp)KaHUs pelie OJIOKHUPOBKH
KOHTaKTa OTIEJIEHHs, OTKJIIOYas ero IO OKOHYAHUH
HCTBITAHUH.
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Puc. ApxuTekTypa CHCTEMBI 3JICKTPOCHA0KEHNSI KOCMHYIECKOTO armapara.
BUII — Bropu4HBIi HCTOYHUK tekTponuTanus, PK — pagnoxomanma
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OCHOBHOI WHTEJUIEKTYaIbHBIA 3JIEMEHT CHUCTEMBI
ynpaBiieHHsT 0003Ha4eH Ha CXEME pPHUC. KaK MOIYJb
udpoBoro ympasienus (MLY). O momydaer cra-
OMIM3MPOBAHHOE MUTAHUE OT BTOPUYHOTO UCTOUYHHKA
nutanus BUII-1, koTopslil B CBOIO OYepelpb 3alUThI-
BaeTCsl OT KOHTAKTOB TOJIIPU30BAHHOTO pelie yIpaB-
JIEHUSI PE3€PBOM, 00ECIICUMBAIOIINM [101a4y MUTAHUS
m6o Ha MILY, nubo Ha MOAyNb aBapUIHOTO YIpaB-
neranst (MAY), KOTOpbIi mHTaeTcsi OT OTAEIHHOTO
BTOpUYHOTOo McTtouHrka nutanus BUII-2. Ilepekito-
YEeHUE MEXKJy OCHOBHOW M PE3E€pPBHOI CXEMOH IHTa-
HUSl OCYILECTBISIETCA BO3JCHCTBHEM Ha MOJSPHU30-
BaHHOE peJie YIIPaBJIEHUS PEe3epBOM JIBYMsI UMITYJIbC-
HeIMH pamuokoMmaHgamu PK1 (ocHoBHas cxema)
u PK2 (pesepBHas cxema) OT BHEIIHEH KOMaHIHOM
PaZMOJIMHUY 110 PELIEHHI0 Ha3€MHOTIO LEHTpa YIpaB-
JICHUSL.

Monayabp TUGpPOBOro yHpaBieHUs peaau3yeT Joc-
TATOYHO CIIOXHBIE ANTOPUTMBI, TIOITOMY, KaK IpaBH-
70, BBIMOJHSETCS Ha 0a3e OJHOKPHUCTAILHOW MHKPO-
OBM ¢ COOTBETCTBYIONIUMH IETSIMH 3arpy3KH, MPO-
rpaMMHPOBaHUs U NepUPEPUIHBIX YCTpoicTB. Bepo-
ATHOCTh OTKa3a IOAOOHOro ysja, HECMOTPsS Ha BCE
NpUMEHseMBbIE K JIEMEHTHON 0a3e METO/IbI pa3InyHO-
ro polia MpPUEMOK, KOHTPOJIS,, 0TOOpa | T.II., BCE-TaKH
JIOCTaTOYHO BEJMKA 10 CPAaBHEHHMIO C BEPOSTHOCTBIO
OTKa3a TMPOCThIX KJACCMYECKUX aHAJIOTOBBIX CXEM
npexHero mnoxojieHus. Ilo 3Toil mpuunMHE B COCTaB
CUCTEMBI BBOJMTCSA JIOMOJIHMUTEIbHBIA aBTOHOMHBIN
y3e1 CaMOJMArHOCTHKH, TWPEICTABISIONINI COOOH
MaKCHMAaJIbHO TPOCTYIO allllapaTHYI0 CXeMy Ha MpH-
MUTHBHBIX BBICOKOHAIEKHBIX DIIEMEHTAX, 3aJada
KOTOPOH — NPUHSATH HE3aBHCHMOE pelIeHue o pado-
TOCIIOCOOHOCTH MHKpPO-OBM U BBIJIaTH COOTBETCT-
BYIOIIYI0 HMITYJIbCHYI0 KOMaHIy Ha TMEpEKII0YEeHUE
MOJISIPU30BAHHOTO peNe ynpasieHus pesepsom. MIY,
B CBOIO OY€pelb, MMEET BO3MOKHOCTb IO PE3YJIb-
TaTaM BHYTPEHHEW CaMOJMAarHOCTUKU NMPUHSATH pelle-
HHE O HEBO3MOXHOCTH IPOJOJIKaTh (PyHKIMO-
HUPOBaHHE M HEOOXOAWMOCTH IEpEeKITIOUEHUs] MUTa-
HUS Ha PE3EPBHYIO CXEMY YIIPaBIEHUS, U YETO eMY
JIOCTaTOYHO IPOCTO TPEKPATUTH COOTBETCTBYIOIIEE
KBUTHPOBAaHHE Y3Jla CaMOJMArHOCTHKH, KOTOPBIN
Y IPOM3BENET 3TO MEPEKII0UYEHNE aBTOMAaTHUECKH 0e3
KOMaH/Ibl C HA3€MHOTO LIEHTPa YIIpaBJICHUS.

AJITCOPUTM BKJIFOUEHU S TTOJIE3HOU HATPY3KH

IIpuMeHeHrEe MHTEIIEKTYaIbHOM CUCTEMBI YIIpaB-
nenust AKDB oOTkppIBaeT BO3MOXKHOCTH pealu3aliu
(yHKIMM 3aIUTBl OT CBEPXTOKOB HA CHCTEMHOM
ypOBHE, 0€3 KJIaCCHYECKUX IIPEelOXpaHUTeneld OIHO-
pPa30BOr0 U MHOIOpPAa30BOI0 THIIA CO BCEMHU IIPUCY-
IIMMH UM HEJOCTaTKaMH, KPUTHYHBIMH B YCJIOBHUSIX
KOCMHYECKOTO IpocTpaHcTBa. [lpu 3TOM Momynb
mudposoro ympasnenus (MLY) ucnomszyer naHHBIE
M3MEpPEHHs TOKa Harpy3KH, KOTOpbIE, KaKk paBuIIo, Bce-
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IJla KOHTPOJIMPYIOTCS B TMOJOOHBIX CHCTEMax, H B CITy-
Yae INPEBBIIICHUS] AOMYCTHMOIO 3HAYEHHS JOJDKEH
OTKJIFOUUTH KJIIOY MUTAHUS HArpy3KH, PEealu30BaB TOT
WM WHOW 3aJaHHBIA ajJropuTM paboThl aBTOMAaTHYe-
cKkoro mnpepoxpanutens. VIMEHHO Takyro (yHKIHIO
u BbemosnHsAeT MI[Y B paccmaTpuBaeMon cuCTEME
[0 OTHOLICHWIO K KOMIUIEKCY HAy4YHOM ammapaTypsl
kocmuueckoro ammapata ("Ilonmesnas Harpyska"
Ha puc.). OmHaKo, UCXOAs U3 TPEOOBAHMSA, YTO TIOJIE3-
Has Harpyska JOJDKHa Oe3yCIIOBHO BKIJIIOYHMTHCS MPH
cpabaTeIBaHUHM KOHTAKTa OTACICHUsS JaxKe MPH YCIO-
BHU TIOJIHON HEPabOTOCTIOCOOHOCTH WHTEIIEKTYallb-
HOW CHCTEMBI YNpaBJIEHHS CHUCTEMOW 3JIEKTPOCHAO-
KEHUs1, APXUTEKTypa CUCTEMbI CTPOUTCSI TAKMM 00pa-
30M, 4TO MOSIBIIEHUE HamnpskeHus Ha muHe "[lutanue
cucteMbl" O€3yCIIOBHO BO3JEHCTBYeT Ha KIIOY Ha-
TPY3KH, TIPUBOJIS K €€ aBTOMAaTHUECKOMY BKJIFOUEHHIO
0e3 yuactus ML[Y. B ciiydae HOpMaJIbHOTO BKJIFOUE-
HUSL B PabOTy 3TOT MOZYJb MMEET BO3MOKHOCTh IIO-
AaTb KOMaHAy Ha OTKJIFOYCHHUEC KJIH0Ya HArpy3Ku IIpUu
COOJFOIGHUH  OMpEENIEHHBIX  YCJIOBUH  (CTperka
"OTKJIL. or MIIY" Ha puc.) u Ha ero oOpaTHOE BKIIO-
4yeHue. Takoe pelIeHHe SBISIETCS HEKOTOPBIM KOM-
IMPOMUCCOM MCXKIAY BOIIpOCaAMU HAJCKHOCTU B HAaCTU
BKJIIOYEHHUS! HArpy3KM M 3alUThl LENeld CHCTEeMBI
JIEKTPOCHAOKEHHUST OT CBEPXTOKOB, KOTOpPAasi MOMKET
BBINNOJIHATHCA U UHBIMU CHOCO63MI/I.

Takum 00pa3oM, apXUTEKTypa CUCTEMBI, KaK U BO
BCEX KIIACCHMYECKMX CXeMaX IIOCTPOEHHsI CHCTEM
JIEKTPOCHAOKEHU KOCMHUYECKHX alllapaToB, Npen-
nojyaraet 0e3ycJIOBHOE BKIIIOUCHHUE MOJIE3HOM Harpys-
KM IIOCJIE OTAEJIEHUS] OT PAKETHI-HOCUTENS, B TOM
qrclie BKIIOYEHNE OOPTOBOM KOMaHAHON PaIoIMHAN
W MPOYHX CIY)KEOHBIX CHCTEM ammapara JJis Toiryde-
HUSl JAHHBIX TejeMeTpuH. JlONOJHUTENbHBIE XKe
¢byHkumm, kotopele obecnieunBaeT MLLY, cTanoBsTCS
JOCTYIHBIMHM IIOCJIE €r0 IITAaTHOrO BKJIIOYEHHUS 110 pe-
3yJbTaTaM caMoJuarHoCTHKH. [Ipu 3TOM HOpManbHO
¢yakmuonupytommii - MY  mmeer BO3MOXHOCTH
B JIIO0OOH MOMEHT OTKJIIOYUTH IOJIE3HYIO Harpysky
(Bcro WM MO TpyNIaM, YTO HE TOKa3aHO Ha pHC.)
B CIy4ae BO3HMKHOBEHMS HELITATHBIX CUTyalMH, yr-
POXKAOIIUX KOCMUYECKOMY alapary B [EJIOM.

3AJJAYM U BOSMOXHOCTHU MOV JIA
OUOPOBOI'O YIIPABJIEHHWA

IleHTpanbHBIM  3JIEMEHTOM  HMHTEIUIEKTYaJIbHOMN
CHCTEMBI yMpaBICHHUS 3JIEKTPOCHAOKEHUEM SIBIISICTCS
Monaynb 1dpoBoro ympasierus (MIY), koropsiid
MpelHa3HavYeH I PeleHHs CIeIyIonX 3a/1ay:

1) oOpaboTka u aHAIN3 JAaHHBIX y3J1a TIOAJIEMEHT-
Horo koHTpoust HanpsbkeHuit AKD [4];

2) ympaBieane TokoM 3apsga AKDB wmetomom
BBIOOPOYHOT'0 OTKJIFOUEHUS OTJICIBHBIX CEeKIHiA (OTO-
Oarapedl Tpu (QUKCALMU CUTYallH Iepe3apsia XOTs
OBl OJHOI'O U3 DJIEMEHTOB;



70 A. B. JIUCHH

3) ympaBieHue BKIIIOYEHHWEM M OTKIIOYEHHEM JJIeK-
TPOHHOTO HUBEIUPA HAPSDKEHISI SIEeMEHTOB [3];

4) cOop DaHHBIX C TEMIIEPATYPHBIX JATYNKOB dJIe-
meHToB AKD;

5) orpaboTka alTOPUTMOB aBaPHIHOTO OTKITIO-
YCHHA HArpyskKu B LCJIIOM, OTACJIBHBIX €€ 3JICMCHTOB,
a taxoke onHOM N3 AKDB cructems anekTpocHabKeHUS;

6) oOMen wuH(boOpmanueli ¢ OOPTOBOUM CUCTEMO¥
YIpaBIeHUsT KOCMHYECKOIO ammapara I0 OJHOMY
W3 CTaHJApTHBIX MPOTOKOJIOB, Tepelada TeJleMeTpu-
YecKoi MH(pOPMAIIMK U PUEM KOMaH]I Ha H3MCHECHUS
HACTPOEK aJITOPUTMOB YIIPABICHHS.

VYnpasieHue TOKOM 3apsiia SBJISETCS OIHOU U3 BaXK-
Hewmmx ¢GyHkimi MIY, koTopas mo3BOJIsIeT 3HAYM-
TEJIHHO YBEJIMYNUTH CPOK HOPMAaJHHON paOOTHI JIUTHH-
nonnor AKB Ha 0OopTy KOCMHMYECKOTO ammapara.
Conueunble ¢oTobaTrapen IS 3TOTO pa3OWUBAIOTCS
Ha OTACJIBHBIC CCKIMHW, OPUCHTHUPOBAHHLIC B IIPO-
CTPaHCTBE I0-Pa3HOMY, U OTHAEISIOTCS OT Lenel 3a-
psgna CHIOBBIMU KIIOYaMH, YIPAaBICHHE KOTOPBIMHU
u ocymectBasier MILY. Knaccuueckuit pexum
yIOpaBJIEHUs] TOKOM 3apsiia MpennojaraeT KOHTPOJIb
o0I1Iero HaIpsHKeHUs1 OaTtapeu, 1Mo TOCTHKEHHIO HEKO-
TOPOTO TIOPOTOBOI'0 3HAYEHUSI KOTOPOI'O IIPOU3BOIUT-
sl OTpaHMYCHHE 3apsITHOTO TOKA BO M30eXKaHue mepe-
3apsia 37eMeHTOB. OCHOBHBIM HEIOCTATKOM TaKOro
nmoaxoaa sABIACTCA TOT q)aKT, qTo OTILGJII)HI)Iﬁ JJIEMECHT
Oarapen MOXKET 3apsiTUThCS HECKOJIBKO PaHbIIe BCeX
octasbHbIX. [Ipy 3TOM CyMMapHOe HampspkeHue Oara-
peu OyneT ocraBaTbCsi HWXKE 3aJlaHHOTO MOPOra, T.K.
BKJIa/l K&KIOI'0 OTHAEIBHOTO IEMEHTa B OOILYI0 CyM-
My HeBeNMK. B pe3ynbrare Ha HEKOTOpOe BpeMs JaH-
HBIA DJIEMEHT BOWIET B 00JACTh CBEPXKPUTHYECKOTO
nepesapsga M HauyHET YCKOPEHHO JerpajgupoBaTh.
Peanunzamust mMeTtona MO3JIEMEHTHOTO KOHTPOJIA IIO-
3poisier MILY He nmomyckaTe MOAOOHOW CHTyanuu
CBOCBPCMCHHBLIM YMCHBIICHUEM 3apsAJHOIO TOKaA, HJIA
9Yero eMy JOCTAaTOYHO IO 33JaHHOMY aJITOPUTMY Ha-
4aTh TOCJIE0BaTeIbHOE OTKIIOYEHHE CHIIOBBIX KITIO-
4ell ceknmii hoTodaTapei.

OnucaHHBIN BbIIIE METOJ YNPaBICHUS 3apsiAHBIM
TOKOM II0 HANPSHKCHUIO CaMOro 3apsHKEHHOrO 3Jle-
MeHTa Oarapen Hen30eXHO OyIeT MPUBOIUTH K 00-
mieMy Hezosapsay Oaraped B ILIeJIOM, YTO SIBISETCS,
0e3ycioBHO, cucTeMHbIM HemoctatkoM — AKb-
KOMILIEKC He OyneT HabupaTh MaKCUMaJIbHO BO3MOXK-
HBIN 3apsi]i Ha OCBEILEHHBIX y4acTKax OpOUTHI KOCMHU-
Yyeckoro anmapara. Takol 1eHoi npuoOperaercs 3Ha-
yuTenpbHOe yBenndeHne cpoka ciayx0b1 AKb. Benen-
CTBHE YHUKAIBHBIX MACCOra0apUTHBIX XapaKTePUCTHK
JIMTUU-UOHHBIX DJIEMEHTOB JTOT HEAOCTATOK MOXET
OBITH KOMIIEHCUPOBAaH HEKOTOPBIM YBEJIIMYEHUEM pac-
YETHON e€MKOCTH OaTapeu, OJHAKO MOXKET ObITh IOJI-
HOCTBIO YCTpPaHEH NPUMEHEHHEM elle OAHOW (yHK-
UM CUCTEMBl — YIpaBlIeHHE paOOTON AIEKTPOHHOTO
HUBENIUPA HANPsDKEHUsl. DTO yCTPOICTBO BCTpauBaeT-
CiB 6aTapeIo 1 IIPpU BKIIIOYCHHUU IIPOU3SBOAUT IMCPEHOC

3apsiia ¢ Haubolee 3apsHKCHHBIX DIIEMEHTOB Ha Hau-
MEHee 3apshKeHHbIE, oOecreunBas IOCTATOYHO ObI-
CTpO€ BBIPABHUBAHHE IIOAJIEMEHTHBIX HaNpPsHKEHUH
[3]. ITocTostHHO AEp)KaTh ATO YCTPOMCTBO BKJIIOUEH-
HBIM HEJbB35l, OHO PACCEMBAET JOCTATOYHO MHOTO
SHEPTUU M CO3/1aeT 3HAYMTENBHBIA AIIEKTPOMArHHT-
HBI{ IIyM, IO3TOMY B aITOPUTMBI (DYHKIIMOHHPOBA-
Huss MILY 3aknagpiBaercs 3ajiadya BKIJIIOUEHUS BJIEK-
TPOHHOT'O HHUBENHpa HpPU JOCTIKEHHUH HEKOTOPOro
MOpPOrOBOr0 3HAYeHWs pazbanaHca MOINEMEHTHBIX
HaTpsODKeHUH M, COOTBETCTBEHHO, €r0 OTKIIOYCHUS
IIPY CHWXEHUH pa3banaHca 1O YPOBHS TEXHHYECKOTO
Hyns. Takum oOpa3oMm, B pe3yiabTaTe COBMECTHOTO
IpUMEHEeHus! QyHKUUH yIpaBlIeHUs CEKUUSIMH (POTO-
Oarapeit u snekTpoHHbIX HuBennpoB AKB ammapata
BCEra HAXOAATCSI B COCTOSIHUM MAaKCHMAJIBHO BO3-
MOKHOI'O0 3apsdgaa npu MaKCUMAJLHO YBCIMYCHHOM
CpOKe CIIy>KObI OaTapeu.

He menee BaxkHOW (yHKIIMEH paccMaTrpuBaeMoit
cuctembl sBigerca 3amura AKDB oT nerpamamumn
B Cllyyae 4pe3MEpHOro ee paspsna, T.K. 0COOEHHO-
CTBIO JIMTUM-MOHHBIX DSJIEMEHTOB IO CpaBHCHUIO
C 3JIEMEHTaMHU APYI'HX THUIIOB SBJISIETCS YPE3BBIYANHO
BBICOKAasA YYBCTBUTCIIBHOCTHL K pPaspdaay HHUXKE IpcC-
JeNIbHO JOIyCTHMOTro YpoBHA. B 3TOM ciyuyae takxke
MPOMCXOOUT YCKOPEHHasl JAerpajanust >JIeMeHTa
BIUIOTH 0 €r0 MEPEeroJIOCOBKA CO BCEMH BBHITEKAIO-
LIIMMH HETaTHBHBIMU IIOCIEACTBUAMU A OaTapeu
B I[EJIOM.

Tak ke Kak U B Cilydyae ¢ Iepe3apsiioM, Kiaccuye-
CKasi CHCTeMa KOHTPOJII CYMMAapHOTO HAaIlpsDKEHUS
Ha kiemmax AKDB Mmoxer oka3arecsi HeCcoCOOHOI
OTpearupoBaTb Ha KPUTHYECKHH pas3psl OJHOTO
W3 DIIEMEHTOB OaTapeu, BOBPeMs OTKIIOUHB Harpys3Ky,
YTO HEen30€KHO NPUBEAET K MEPEIOIOCOBKE TaHHOTO
aneMeHTa U yckopeHHo# nerpananuu Bceit AKbD. Tlpu
peanu3auuyd METOoAa MO3JIEMEHTHOro KoHTposst MITY
CBOEBPEMEHHO OTKJIIOYUT TOJE3HYI0 HarpysKy, 3a-
mumas 0opToByr0 Oartapero OT KaTacTpo(hUIecKoro
CHUXEHUS pecypca. TUIIMYHBIN CLIEHApUI, B KOTOPOM
HaTJSITHO TPOSIBISIOTCST BO3MOXKHOCTH paccMaTpH-
BAaE€MOH apXUTEKTYPbl CUCTEMBI YNPABJICHMS, BBITJIA-
JIUT TaK:

® B pe3ylbTaTe HEKOTOpOro cOosi B cHCTEME
OpHEHTAllUM  KOCMHUYECKHMH  ammapar  TepsieT
opueHtanuto (orodarapeit ma ComHIe, BCIenCTBUE
4Yero MOCTYIUIGHUE SHEPTUd B OOPTOBYIO CHUCTEMY
3JIEKTPOCHAOKEHHS 3HAUNTENILHO CHIKAETCS;

e IMKJIOTpaMMa pabOTHl IIOJIE3HOW HAarpysKH,
paccuMTaHHas Ha 3aJaHHbIE IIapaMeTpbl 3HEPro-
Oananca, ocraercsi 0e3 W3MEHEHWH 10 CIeqyIOUIero
CeaHca CBSA3M C Ha3eMHbBIM LIEHTPOM YIPABJICHUS;

® KOCMUYECKHUII anmapaT BXOIAHUT B 00JIACTh TCHH
C pa3pshHKeHHBIMH OaTapesMu, KOTOpbIe HE CITOCOOHBI
0osiee oOecreunTh MUTAHUEM 33JaHHYIO I[UKJIO-
rpaMMy pabOTBI W BXOISAT B OOJIACTh CBEPXKPH-
THYECKOTO Pa3psaa;
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e B 3TOT MOMEHT BO3MOXXHa CHUTyallHs IOTEPU
ammapara, €cJId OH HE YCIeeT BOHTH B 30HY
pPaaMoOCBA3M C HA3eMHBIM ITYHKTOM JIO MOMEHTa
BbIX0/1a U3 cTpost muTHii-nonHoit AKB.

OOHapY>KUB KPUTHYECKHW pa3psill OJHOTO U3 dIle-
MeHToB AKDB, 4To 03Hadaer, 4TO aNTOPUTMBI YIpaB-
JIEHWsI MITaTHOW OOpPTOBOM CHCTEMBI KOCMHYECKOTO
anmapara 1O KaKHUM-TO TPUYMHAM HE CIIPaBWINCh
¢ OamaHCHPOBKOW AIIEKTpHUYECKOW Harpys3ku, MIY
OTKJIFOUUT BCIO IOJIE3HYIO HArpy3Ky, OCTaBHB BKIIIO-
YEHHBIM TOJIBKO CBOW MCTOYHHMK MUTAHUSA, TEM CaMbIM
cHu3uB Tok paspsga AKDB nmpaktuyecku 1o nHyus. [pu
BBIXOJIE M3 TEHU JAXE C HApYyLIEHHOW OpHeHTauuen
B pe3ylbTaTe BpaLICHHs ammapaT CMOXKET MoAa3apsd-
muth AKB Ha MUHMMAIBbHO HEOOXOIUMBIN IS BKIIIO-
4yeHHsI OOPTOBOH PaJAMONMHUU YPOBEHB, KOTOPHIA OT-
penensercst BHyTpeHHUMHU HacTpovikamu MILY, BoiiTn
B CBSI3b C Ha36MHBIM ITyHKTOM M BOCCTaHOBHUTBH HOp-
MaJIbHYIO pabOTy BCEX CHUCTEM IIOJ YIIPaBJICHUEM Ha-
3€MHOTO ITyHKTAa.

Crnenyer OTMETUTH TaKXe, YTO OJHON M3 MHOTO-
o0enamIux (QYHKIHUNA, KOTOPYIO C YCIIEXOM MOXET
BbINONIHATE MLV, siBNsieTCs AMHAMUYECKOE yHpaBiie-
HHE TOKOM Harpy3ku ¢orodarapeld, KOTOpoe MO3BO-
JIUT YBEJIUYUTH OT/a4y UMHU MOJIE3HOW MOIIHOCTH MPU
TOM k€ IIIOIAAN 3a CYET TOTO, YTO UX TOK HArpy3KH
OyzeT HaxOJUTHCS BCETAa B ONTUMAaJbHON TOYKE Ha-
TPY304YHOM XapaKTEpPHUCTUKH, OJHAKO JaHHAs Tema
HAXOAMTCS 32 paMKaMH HacCTOSIIEH CTaTbHU.

PE3EPBMPOBAHUE CUCTEMBbI YIIPABJIEHUA

B paccmaTpuBaemMoil apXUTEKType pOJib MOIYJS
IUQPOBOTO YIpaBIeHUs B 00LIeiH KU3HECTTOCOOHOCTH
KOMIIJIEKCAa SKCHEPUMEHTAIbHOHN anmapaTypbl 0cTa-
TOYHO BENMKA, & caM MOJYJb MPEICTaBIseT COOOH
JOCTaTOYHO  CJIOXKHOE  YCTPOMCTBO,  COCTOsILee
W3 MHOXECTBA 31IeMeHTOB. 1o 3T0il npuumnHe 1eneco-
00pa3HBIM SBJISIETCS JIOKAJIbHOE PE3ePBUPOBAHUE ATO-
ro y3ja, KOTOPOE€ BBINOJHACTCA II0 KJIACCHYECKOMH
CXEeMe XOJIOJIHOTO pe3epBa — B CHCTEMY BBOJAMTCS
JOIOJTHUTENBbHBI MOZYJb aBapUUHOIO YHPABICHUS
(MAY, puc.) ¢ oTienbHBIM BTOPUYHBIM UCTOYHHKOM
anekrpormranus (BUII-2, puc.).

KommyTanus ueneil nmuTaHust BTOPUYHBIX HCTOY-
HukoB MILY u MAY ocymecTBisercs BBICOKOHA-
JOESKHBIM TIOJIIPU30BAaHHBIM peJie, caMa CTPYKTypa
KOTOpPOTO HCKIJIIOYaeT OJHOBPEMEHHOE BKIIOYEHHE
obonx Momynedl. B mCXOMHOM MONIOKEHUH, B XOJIE
Ha3eMHOM MOJINOTOBKM KOMILJIEKCa K TOJeTy, nepe-
KUIHOM KOHTaKT 3TOr0 peJjie YCTAaHOBJIEH B IIOJIOXKe-
Hue, korja 3anutad BUII-1 ocHoBHOTrO KOHTYpa, U B
MOJaBIISIONIEM OOJBIIMHCTBE CUTYAIMi Jajiee He Te-
PEKIIIOYAETCSL.

OyHKIUOHAI MOAYJS aBapUMHOIO YIIPABJICHHUS
(MAY) wMoxeT OBITh Kak ITIOJHOCTBHIO HACHTHYEH
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¢yskiponany MILY (monHbIi BapHaHT pe3epBUPOBa-
HUS, CHMMETpHYHAs CXema), Tak U ObITh COKpaIieH-
HOW 10 MMHUMAJIBHO JIOITyCTUMOI'O YPOBHS €r0 BEp-
cuel, BBINOJHEHHOM Ha 6a3ze oTIMYHBIX OT MILY
CXEMOTEXHUYECKUX PEIICHUH, HAlpUMEp HCKIIOYH-
TEJIHHO Ha JKECTKOM JIOTHMKE MUKPOCXEM CpellHel cre-
meHu wHTerpamun, o0e3 ucrnonb3oBanus CBUC. Cuc-
TeMa, IIOKa3aHHas Ha pHUC., BHIIOJHEHA WMEHHO
10 TAKOI HECUMMETPUYHOM CXEME PE3EPBUPOBAHUSL.
Pene ynpaBnenus pezepBoM MOXKET NEPEKTIOUYNTH-
csl MO MMITYJBCHOH paJMOKOMaHJe CIy»)eOHOH Ko-
Manaao# paguonuann (PK1/PK2 ot Hazemuoro men-
Tpa YNpaBIEHUS), WK OT KOHTPOJIBHO-POBEPOUHOM
annaparypsl Ipyd Ha3eMHBIX UCIBITAHUAX, I OT y3-
Jla CaMOJMArHOCTHKH. Y3eJl CaMOJUWarHOCTUKH Tpe-
CTaBJsieT cOOOM OTAENbHBIM aBTOMAaT Ha BJIEMEHTax
MaJIOi CTeleHu MHTerpanud (HUQpOBBIX W aHAJIOro-
BBIX DJIEMEHTAaX, 00JaJaroNUX MMOBBIIIEHHONH CTOMKO-
CTBIO K BO3JEHUCTBHMIO BHEIIHMX (aKTOPOB KOCMHYE-
CKOTO TPOCTPAHCTBA), 3aJadyell KOTOPOro SBISETCS
HETPEPHIBHBIM aHaJIU3 HEKOTOPOTO MpH3HAKa paboTo-
CHOCOOHOCTH, KOTOPBI JOJDKEH —BbIpabaThIBaTh
MILLY. Ilpu otkaze mukpo-OBM, a Takxe B ciydae
HNPUHATUS YIPABISAIOWENR €10 IPOrpaMMON pEeLEHUs
o HeBosMokHOcTH MIY mpomomxare paboTy 3TOT
aBTOMAT TaK)X€ MOKET BbIIaTh UMIIYJIbCHYIO KOMaHIy
Ha TepeKIII0YeHre pejie YIpaBiIeHNUs Pe3epPBOM.
Takum oOpazom, B cirydae otkaza MLY B 6oub-
LIUHCTBE NPOTHO3UPYEMBIX CUTYALMH Yepe3 HECKOJIb-
KO CEKyH]] OCHOBHOM KOHTYp yIpasiieHHs OyJeT aB-
TOMAaTUYECKH OTKIIFOYEH WM AKTUBHUPOBAH PE3EPBHBIIM.
OTO peleHre BO MHOT'OM IO3BOJISIET COXPAHHUThH BbI-
COKHMH YpOBEHb HAEKHOCTH II0 OTKa3y 3JIEMEHTOB,
NPUCYIIMHA KJIACCHYECKHM CHCTEMaM 3JIeKTPOCHa0-
KEHUsl Ha OaTrapesx MHBIX TUIIOB, HE MCIOJIb3YIOIINX
HUHTCIIJICKTYAJIbHBIX CUCTEM YIIPAaBJICHUS CcOOCTBEHHON
pabotoii. I TONBKO B CaMBIX HCKIIOYUTEIHHBIX CITY-
Yasgx MOXET MOTpeOOBaThCS BO3MOKHOCTH MPUHYIHU-
TEJILHOTO MEPEKIIOUEHHS ITUTaHUSI C OCHOBHON CXEMBbI
ylpaBlicHHUs Ha Pe3epBHYIO U 00paTHO.
JIMCKYCCHOHHBIM BOIIPOCOM B OIIMCBIBAEMOM ap-
XUTEKTYpE SIBISETCS PEaKLysl CUCTEMBl Ha OTKa3 BTO-
pPUYHOTO HCTOYHHMKA OCHOBHOTO KoHTypa (BUII-1
Ha puc.). B paccMOTpeHHOM BbIlIE BapHaHTe IIO-
CTPOEHHMS B 3TOM CIyyae y3eld CaMOJHWarHOCTHKHU
¢dbopmanpHO Tarke OymeT 00eCTOYeH W HE CMOXKET
BbIIATh ABTOMATHUYCCKYIO KOMaHAYy Ha MCPEKIIIOUCHUEC
pene ynpaeneHus pe3epBoM. ClieyeT OTMETUTh, YTO
Ha PabOTOCIIOCOOHOCTH TIOJIE3HOW HArpy3Kd B Kpart-
KOCPOYHOM TMEpCIEeKTHBE 3Ta CHUTyallusi HUKaK He
CKaXeTcd, YTO TII03BOJIUT, OOHAPYXHB I3TOT (akT
MO JIAHHBIM TEJIEMETPUH Ha OJIMKAWIIEM BHUTKE YIIpaB-
JICHUS alIapaToM, BbIIATh COOTBETCTBYIOLIYIO PajHio-
KOMaHJ/Iy TEPEKIIIOYCHUS] IO CITYy)KEOHONH KOMaHIHOM
paguonHuu. Tem He MeHee NpeCTaBIeHHAs apXUTEK-
Typa MO3BOJsieT 00ECIeYUTh aBTOMATUYECKUH BBOJ
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PE3EPBHOIO KOHTYpa U B 3TOM Cliydae, Kak MUHHMYM,
JIBYMSI BADHAHTAMH:

® peallM30BaB CXEMYy KPaTKOBPEMEHHOTO aBTO-
HOMHOTO TIMTaHWs y3Jla CaMOJMAarHOCTHKHU, HAIpH-
Mep, Ha 0a3e JuoJa/KOHIEHCATOpPAa JOCTATOYHO
OOJIBIION €MKOCTH, YTOOBI 00ECIIEYUTH BO3MOKHOCTD
BBIJIAYU MMITYJIbCA TICPEKIIOUYCHHS PEJie YIPaBJICHUS
pE3€epBOM IIpU IIPOIAJAHUM BXOJHOTO HAIPSKEHUS
nutaaus ot BUII-1;

® pEaNM30BaB MOJHOCTHIO CUMMETPUYHYIO CXEMY
praBHeHI/IH C UICHTUYHbBIMU MO[[yHSIMI/I, BTOpI/I‘IHI)IC
NCTOYHUKHN C-)J'ICKTpOHI/ITaHI/Iﬂ KOTOpI)IX COCAUHARKOTCA
Mo cxeme, o0ecTeunBarolIel UX anmnapaTHoe nomnepe-
MEHHOE BKJIFOUCHHE B CJIy4ae O0TKa3a OJHOT0 U3 HUX;
TAKyK) CXEMY MOCTPOHTH BO3MOXKHO, OJTHAKO OIHUCA-
HUE €€ JICKUT 3a pAMKaMHU HACTOSIIEH CTaThU.

BbIBOJbI

PaccmoTpenHas apXuTeKkTypa HOCTPOEHUS! CHCTe-
MBI DJIEKTPOCHAOXKEHUSI KOMIUIEKCOB OKCIEPHUMEH-
TaJIbHOW ammapaTypbl CHUIMaeT MHOTHE OIpaHUYEHHS,
HNPENATCTBYOUIUE NPUMEHEHUIO JIMTUH-UOHHBIX aK-
KyMYJATOPHBIX Oarapeil B yCIOBUSIX KOCMHUYECKOTO
MPOCTPAHCTBA, YTO, B CBOIO OYepellb, M03BOJISET 3HA-
YUTEIBHO W3MEHHUTh OIOJDKET MAacchl KOCMHUYECKOTO
ammapara OT CHUCTEMbI 3JIEKTPOIIMTAHUS B CTOPOHY
MOJIC3HOM Harpy3ku. B OOJBIIMHCTBE CIy4aeB 3TO
MO3BOJINT 3HAYUTEIBHO YBEJIMYHUTH BO3MOKHOCTH
MPOBCACHUSA HAYUYHBIX OJSKCICPUMEHTOB B YCJIOBUAX
KOCMHMYECKOTI'0 IPOCTPAHCTBA.

B nmanHO# cTatbe 00CYXIarOTCSI B OCHOBHOM KOH-
LCITYAJIbHBIC BOIIPOCHI MOCTPOCHUA HOI[O6HI>IX CHUC-
TEM, OCTaBJISAS 332 PAMKAaMHU BOIPOCHI UX CXEMOTEXHH-
YeCcKOH pean3anny, 4acTh U3 KOTOPHIX 00CYyKAaeTCsI
B JIpyTUX mMyOnmuKanusx [6, 7].
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ARCHITECTURE OF THE POWER SUPPLY SYSTEM
FOR SPACE EXPERIMENTAL COMPLEXES BASED
ON LITHIUM-ION BATTERIES

D. V. Lisin

Pushkov Institute of terrestrial magnetism, ionosphere and radio wave propagation
(IZMIRAN), Troitsk, Moscow, Russia.

The architecture of building a highly reliable power supply system based on lithium-ion batteries, designed
for conducting scientific experiments on spacecraft board, is considered. The proposed approach is based on
many years of experience in creating experimental scientific equipment complexes and makes it possible to
overcome a number of fundamental disadvantages of lithium-ion batteries, opening up the possibility of using
their undeniable advantages during the creation of new promising instrument complexes for various purposes in
Earth orbit. Particular attention is paid to considering issues specific to the application area, such as the initial
power-up of the complex, its ground testing, and ensuring reliable operation.
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INTRODUCTION

When conducting experiments in outer space con-
ditions, one of the main parameters limiting the de-
velopers of scientific equipment is the mass of the
instrument complex. It is the mass limitations that
force the experimenters to abandon the schemes for
constructing devices that promise interesting results in
favor of more primitive ones in many cases.

The second most important limiting factor is the
available power and service life of the spacecraft's
power supply system. The use of classic space solu-
tions in the form of nickel-cadmium accumulator bat-
teries (AKB), given all their undoubted advantages,
forces us to significantly cut the mass budget of the
scientific equipment complex in favor of increasing
the capacity of onboard AKB and vice versa. The use
of lithium-ion AKB, which are widely used in every-
day life, in outer space conditions, encounters a number
of fundamental difficulties caused by the properties of
the elements of these batteries [1, 2]. In particular, these
batteries do not tolerate sub-zero temperatures, quick-
ly degrade and fail when the discharge and charge
levels are exceeded, and have a short service life. The
relatively short service life of a lithium-ion battery is
largely due to the sequential degradation of the bat-
tery's constituent elements due to their so-called im-
balance.

The essence of this effect is that individual battery
elements in a series circuit are charged and discharged
somewhat differently, which, when charged and dis-
charged by a single current for the entire circuit, leads
to the fact that these elements can enter the area of
critical overcharge or, conversely, overdischarge,
while the voltage on the entire battery is generally
within acceptable limits.

Standard charge/discharge control algorithms in
power supply systems continue to charge or operate
the AKB, while these individual elements have al-
ready begun to be subjected to extreme loads and, ac-
cordingly, degrade rapidly. After the degradation of
the first battery element, the situation is aggravated by
the fact that the overall battery voltage decreases
somewhat, and the charge control system will increase
the charging time and current, which will lead to acce-
lerated degradation of the next element, and so on un-
til the complete and accelerating degradation of the
entire battery.

The solution to this problem is the use of active
electronic balancing circuits for battery elements, the
so-called electronic levels [3], require the use of fun-
damentally new intelligent control systems, including
a circuit for elementwise monitoring of voltages on its
individual elements [4, 5] for normal and long-term
operation of autonomous complexes similar to those
under consideration.

For the normal operation of the entire complex of
scientific and service equipment on board the space-
craft, it is first necessary to correctly link the opera-
tion of all subsystems associated with the control of
its power supply system, including those noted above
and many others, which, in this approach, is imple-
mented using a distributed intelligent power supply
control system.

GENERAL ARCHITECTURE OF THE POWER
SUPPLY CONTROL SYSTEM

The use of lithium-ion elements opens up a real
opportunity to start the backup of the power supply
system with duplication of the batteries, therefore, the
architecture under consideration includes two identic-
al batteries No. 1 and No. 2, connected in parallel, as
shown in Fig. A separate issue to be considered out-
side the scope of this article is the need to have the
ability to emergency disconnect one of the AKB from
the system in the event of its irreversible degradation
during a long-term experiment. In the described sys-
tem, such a possibility is not provided mainly for rea-
sons of reliability of the additional units required for
this.

Fig. Architecture of the spacecraft power supply sys-
tem.

BUIT — secondary power source, PK — radio com-
mand

The classic scheme for the initial switching on of
the spacecraft power supply is the use of a separation
contact, which is mechanically closed when the
spacecraft body separates from the launch platform at
the last stage of the launch vehicle operation. As a
rule, this contact directly switches the power circuit
from the battery to the payload, ensuring its initial
switching on and further operation. The circuit receiv-
ing power in this way is designated in the figure as
"[lutanme cucrembr". A power relay "bmokupoBka
koHTakTa otaeneHus" is added to this scheme, provid-
ing shunting of the separation contact after its initial
operation in order to exclude possible effects asso-
ciated with the degradation of the contact group dur-
ing a long flight. This relay is triggered immediately
after the system power appears.

In order to ensure the possibility of trial switching
on during numerous ground tests of the equipment
complex, two control buttons "BKJI" and "OTKJI"
were introduced into the scheme, which were con-
nected to the technological connectors of the system
electronics units during ground testing. The "BKJI"
button is connected in parallel to the separation con-
tact and simulates its operation even on a spacecraft
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installed on the platform, and the "OTKJI" button acts
on the circuit holding the contact-blocking relay of the
compartment, switching it off at the end of the tests.

The main intelligent element of the control system
is designated in the diagram in Fig. as the digital con-
trol module (MILY). It receives stabilized power from
the secondary power source BUII-1, which in turn is
powered from the contacts of the polarized reserve
control relay, which provides power supply either to
the MILY or to the emergency control module (MAY),
which is powered from a separate secondary power
source BUII-2. Switching between the main and re-
serve power supply circuits is carried out by acting on
the polarized reserve control relay with two pulse ra-
dio commands PK1 (main circuit) and PK2 (reserve
circuit) from the external command radio line accord-
ing to the decision of the ground control center.

The digital control module uses fairly complex al-
gorithms;, therefore, as a rule, it is implemented on
the basis of a single-crystal microcomputer with the
corresponding circuits for loading, programming, and
peripheral devices. The probability of failure of such
a unit, despite all the methods of various types of ac-
ceptance, control, selection, etc. applied to the ele-
ment array, is still quite high compared to the proba-
bility of failure of simple classical analog circuits of
the previous generation. For this reason, an additional
autonomous self-diagnostic unit is introduced into the
system, which is an extremely simple hardware circuit
on primitive highly reliable elements, which task is to
make an independent decision on the operability of
the microcomputer and issue a corresponding pulse
command to switch the polarized reserve control re-
lay. The MI1Y, in turn, has the ability to make a deci-
sion, based on the results of internal self-diagnostics,
on the impossibility of continuing operation and the
need to switch power to the backup control circuit, for
which it is sufficient to simply stop the corresponding
acknowledgement of the self-diagnostics unit, which
will perform this switching automatically without a
command from the ground control center.

ALGORITHM FOR SWITCHING
ON THE PAYLOAD

The use of an intelligent AKB control system
opens up the possibility of implementing the overcur-
rent protection function at the system level, without
classic disposable and reusable fuses with all their
inherent shortcomings, critical in space conditions.
The digital control module (MILY) uses the load cur-
rent measurement data, which, as a rule, are always
monitored in such systems, and, in case of exceeding
the permissible value, the MIY must disconnect the
load power switch, implementing one or another spe-
cified algorithm for the operation of the automatic
fuse. This is the function that the MILY performs in
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the system under consideration in relation to the
spacecraft scientific equipment complex ("Ilonme3nas
Harpy3ka" in the figure). However, based on the re-
quirement that the payload must unconditionally turn
on when the separation contact is triggered even in the
event of complete inoperability of the intelligent con-
trol system of the power supply system, the architec-
ture of the system is built in such a way that the ap-
pearance of voltage on the "lluranne cucrems" bus
unconditionally affects the load key, leading to its au-
tomatic switching on without the participation of the
MILY. In the case of normal switching on, this module
has the ability to send a command to switch off the
load key under certain conditions (the arrow "OTKJI
ot MIIY" in the figure) and to switch it back on. This
solution is a kind of compromise between the issues
of reliability in terms of switching on the load and
protecting the power supply system circuits from
overcurrents, which can be performed in other ways.
Thus, the system architecture, as in all classical
schemes for constructing spacecraft power supply sys-
tems, assumes unconditional activation of the payload
after separation from the launch vehicle, including
activation of the onboard command radio line and
other service systems of the spacecraft to receive
telemetry data. Additional functions provided by the
MIIY become available after its normal activation
based on the results of self-diagnostics. A normally
functioning MLV has the ability to turn off the payl-
oad (all or in groups, which is not shown in the figure)
at any time in the event of emergency situations that
threaten the spacecraft as a whole.

TASKS AND CAPABILITIES OF THE DIGITAL
CONTROL MODULE

The central element of the intelligent power supply
control system is the digital control module (MLLY),
which is designed to solve the following problems:

1) processing and analysis of data from the ele-
mentwise control unit for battery voltages [4];

2) control of the battery charging current by selec-
tively disconnecting individual sections of photovol-
taics when an overcharge situation is detected in at
least one of the elements;

3) control of switching on and off the electronic
level of the elements’ voltage [3];

4) withdrawal of data from temperature sensors of
the AKB;

5) development of algorithms for emergency shut-
down of the load as a whole, its individual elements,

as well as one of the batteries of the power supply
system,

6) exchange of information with the on-board con-
trol system of the spacecraft using one of the standard
protocols, transmission of telemetry information, and
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reception of commands to change the settings of the
control algorithms.

Charging current control is one of the most impor-
tant MLLY functions, which allows to significantly
increase the normal service life of the lithium-ion bat-
tery on board the spacecraft. For this purpose, solar
photovoltaics are combined into separate sections
oriented in space in different ways and separated from
the charging circuits by power keys, which are con-
trolled by the MLLY. The classic charging current con-
trol mode involves monitoring the overall battery vol-
tage, upon reaching a certain threshold value of
which, the charging current is limited to avoid over-
charging the elements. The main disadvantage of this
approach is the fact that an individual battery element
can be charged somewhat earlier than all the others.
The total battery voltage will remain below the speci-
fied threshold since the contribution of each individu-
al element to the total is small. As a result, for some
time this element enters the region of supercritical
overcharge and begins to degrade rapidly. The imple-
mentation of the elementwise control method allows
the MILY to prevent such a situation by timely reduc-
ing the charging current, for which it is sufficient for
it to begin sequentially disconnecting the power keys
of the photovoltaic sections according to a given algo-
rithm.

The above-described method of controlling the
charging current based on the voltage of the most
charged battery element inevitably leads to a general
undercharging of the battery as a whole, which is, of
course, a systemic disadvantage — the AKB complex
will not gain the maximum possible charge in the il-
luminated sections of the spacecraft orbit. This is the
price for a significant increase in the battery service
life. Due to the unique weight and size characteristics
of lithium-ion elements, this disadvantage can be
compensated for by some increase in the calculated
capacity of the battery but can be completely elimi-
nated by using another function of the system — con-
trol of the operation of the electronic voltage leveler.
This device is built into the battery and, when switch-
ed on, transfers the charge from the most charged
elements to the least charged ones, ensuring a fairly
rapid equalization of the elementwise voltages [3]. It
is impossible to keep this device on all the time; it
dissipates quite a lot of energy and creates significant
electromagnetic noise. Therefore the MI[Y algorithms
include the task of turning on the electronic level
when a certain threshold value of the imbalance of
elementwise voltages is reached and, accordingly,
turning it off when the imbalance decreases to the lev-
el of technical zero. Thus, as a result of the combined
use of the functions of controlling the sections of pho-
tovoltaics and electronic levels, the batteries of the
device are always in a state of maximum possible
charge with the maximum extended battery life.

An equally important function of the system under
consideration is the protection of the battery from de-
gradation in the event of its excessive discharge, since
a feature of lithium-ion cells compared to cells of oth-
er types is an extremely high sensitivity to a discharge
below the maximum permissible level. In this case,
accelerated degradation of the element also occurs up
to its polarity reversal with all the negative conse-
quences for the battery as a whole.

As in the case of overcharging, the classical system
for monitoring the total voltage at the battery termin-
als may be unable to respond to a critical discharge of
one of the battery elements by disconnecting the load
in time, which will inevitably lead to a reverse polari-
ty of this element and accelerated degradation of the
entire battery. When implementing the elementwise
control method, the MILY timely disconnects the
payload, protecting the on-board battery from a cata-
strophic reduction in resource. A typical scenario,
which clearly demonstrates the capabilities of the con-
sidered control system architecture, looks like this:

* due to some failure in the orientation system, the
spacecraft loses the orientation of the photovoltaics to
the Sun, as a result of which the energy supply to the
on-board power supply system is significantly re-
duced;

* the payload operation cyclogram, calculated for
the specified energy balance parameters, remains un-
changed until the next communication session with
the ground control center;

* the spacecraft enters the shadow area with dis-
charged batteries, which are no longer capable of pro-
viding power for the specified work cycle, and enters
the supercritical discharge area;

* at this moment, a situation of loss of the space-
craft is possible if it does not manage to enter the zone
of the radio communication with the ground point be-
fore the lithium-ion battery fails.

Having detected a critical discharge of one of the
battery elements, which means that the control algo-
rithms of the standard on-board system of the space-
craft for some reason failed to balance the electrical
load, the MLLY turns off the entire payload, leaving
only its power source on, thereby reducing the battery
discharge current to almost zero. When leaving the
shadow, even with a disturbed orientation as a result
of rotation, the spacecraft is able to recharge the bat-
tery to the minimum level required to turn on the on-
board radio level, which is determined by the internal
settings of the MILLY, establish communication with
the ground station, and restore normal operation of all
systems under the control by the ground station.

It should also be noted that one of the promising
successfully performed DCM functions is the dynamic
control of the load current of photovoltaic batteries,
which will increase their useful power output with the
same area due to the fact that their load current is al-
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ways at the optimal point of the load characteristic,
but this topic is beyond the scope of this article.

CONTROL SYSTEM REDUNDANCY

In the architecture under consideration, the role of
the digital control module in the overall viability of
the experimental equipment complex is quite large,
and the module itself is a fairly complex device con-
sisting of many elements. For this reason, it is advisa-
ble to locally reserve this unit, which is carried out
according to the classical cold reserve scheme — an
additional emergency control module (MAY, Fig.)
with a separate secondary power source (BUII-2, Fig.)
is introduced into the system.

The switching of the power supply circuits of the
secondary sources of the MILY and MAY is carried
out by a highly reliable polarized relay, which very
structure excludes the simultaneous switching on of
both modules. In the initial position, during the
ground preparation of the complex for flight, the
changeover contact of this relay is set to the position
when the BUII-1 of the main circuit is powered, and
in the overwhelming majority of situations it does not
switch further.

The MAY functionality can be either completely
identical to the MILY functionality (full redundancy
option, symmetrical scheme) or be a version reduced
to the minimum permissible level, implemented on the
basis of circuit solutions different from the MI1Y, for
example, exclusively on the rigid logic of medium-
integration microcircuits, without the use of VLSL
The system shown in the figure is implemented using
exactly such an asymmetrical redundancy scheme.

The reserve control relay can be switched by
a pulse radio command of the service command radio
line (PK1/PK2 from the ground control center), or
from the checkout equipment during ground tests, or
from the self-diagnostic unit. The self-diagnostic unit
is an individual machine based on poorly integrated
elements (digital and analog elements with increased
resistance to the effects of external factors of outer
space), which task is the continuous analysis of some
MIY — generated feature of operability. In the
event of a failure of the microcomputer, as well as in
the event of a negative decision by the microcompu-
ter controlling program to continue MI[Y operation,
this automate can also issue a pulse command to
switch the reserve control relay.

Thus, in the case of failure of the MLLY in most
predictable situations, after a few seconds the main
control circuit will be automatically switched off and
the backup one will be activated. This solution large-
ly allows maintaining a high level of reliability
against failure of elements, inherent in classical

HAYYHOE [NPUBOPOCTPOEHMUE, 2025, Tom 35, Ne 2

power supply systems using batteries of other types
that do not use intelligent control systems for their
operation. And only in the most exceptional cases
may the ability to force switching of power from the
main control circuit to the backup one and back be
required.

A debatable issue in the described architecture is
the system's response to the failure of the secondary
source of the main circuit (BUII-1 in the figure). In
the above-considered design option, in this case the
self-diagnostic unit is also formally de-energized and
not able to issue an automatic command to switch the
reserve control relay. It should be noted that this sit-
uation does not affect the operability of the payload
in the short term, which will allow, having detected
this fact due to telemetry data on the next loop of the
spacecraft control, to issue the corresponding radio
command for switching over the service command
radio line. Nevertheless, the presented architecture
allows for automatic input of the reserve circuit in this
case, at least, by two options:

» after mplementing a short-term autonomous
power supply circuit for the self-diagnostic unit, for
example, based on a diode/capacitor of sufficiently
large capacity to ensure the possibility of issuing
a switching pulse to the reserve control relay when the
input supply voltage from BUII-1 disappears;

» after implementing a completely symmetrical
control circuit with identical modules, which second-
ary power sources are connected according to a circuit
that ensures their hardware alternating switching on in
the event of failure of one of them; It is possible to
construct such a scheme, but its description is beyond
the scope of this article.

CONCLUSIONS

The considered architecture of the construction of
the power supply system of experimental equipment
complexes removes many restrictions that prevent the
use of lithium-ion batteries in outer space conditions,
which, in turn, allows us to significantly change the
budget of the spacecraft mass from the power supply
system to the payload. In most cases, this will signifi-
cantly increase the possibilities of conducting scientif-
ic experiments in outer space conditions.

This article mainly discusses conceptual issues of
constructing such systems, leaving out of the scope
issues of their circuit and technical implementation,
some of which are discussed in other publications [6,
7].



