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METO/JA OFBEAUMHEHHUA OCHOBHOI'O U PE3EPBHOI'O
KOMIIVIEKTOB AIIITAPATYPbLI YIIPABJIEHUSA
KOCMHNYECKUMU DKCIIEPUMEHTAMMU

Paccmortpen pazpabotannsiii B UBMHWPAH onuH 13 HEKIACCUYECKUX METOJIOB 00BETUHEHUST OCHOBHOTO M PE3EPB-
HOTO0 KOMIUIEKTOB amaparypsl yIpaBIeHUs Ha OOPTY KOCMHYECKOIrO ammapara, KOTOPbIH 00ecreunBacT BO3MOXK-
HOCTh KaKk aBTOHOMHOT'O, TaK U yIPaBJIsiEMOTO JTOTIOJHUTEIHLHOM BHEITHEH CUCTEMON BBOJIa PE3EPBHOTO KOMILIECKTA.
I'maBHast 0COGEHHOCTD METOZ[a — BO3MOYKHOCTH HETIOCPEICTBEHHOTO JIEKTPUIESCKOTO COSTNHEHHUS LTI OCHOBHO-
IO M PEe3epPBHOTO KOMIUIEKTOB anmapaTypbl YIPaBICHHUs, T.e. OTCYTCTBHE MEXaHUIECKOH U JICKTPOHHOW KOMMYTa-
LMY [IPU COXPaHEHUH AOCTATOYHO BBICOKOTO YPOBHS HaJI€KHOCTU CUCTEMBI B 1iesoM. [IpeanokeHHslil moaxoa ume-
€T OCHOBHYIO 00JIaCTh MPUMEHCHHUS B CO3/IaHUH BRICOKOHAIC)KHOW armapaTypsl YIIPABICHHUS HAYYHOTO U CIICIIHAITh-
HOT0 HA3HAYCHUS C HECTAHAAPTHRIMU UHTEpdericaMu /it pabOThI B YCIOBUSIX KOCMHYECKOTO IIPOCTPAHCTBA.

K. cn.: KOCMUUYECKHI 3KCIIEPHIMEHT, PE3€PB, BBOJI PE3EPBHOI0 KOMIIJIEKTa

BBEJEHUE

B xone peannzanny HECKONBKUX KPYMHBIX MPOEK-
TOB MO CO3JaHHI0 KOMIUIEKCOB ammapaTypsl AJs Mpo-
BEJICHUS HAYYHBIX HKCIEPUMEHTOB Ha OOpPTY KOCMH-
yeckux anmaparoB B USMUPAH Obin HakomsieH 3Ha-
YUTEIBHBIN OIBIT B YaCTH KOHCTPYHPOBAHMUS U SKC-
IUTyaTallid CUCTEM YIPABJICHUS IOZOOHBIMH KOM-
Tiekcamu. B cuity cyuiecTBeHHOW crienuuku (HyHK-
LMOHMPOBAHUS HAYYHBIX NMPHOOPOB B YCIOBHUSIX KOC-
MHUYECKOI'0 NPOCTPAHCTBA OCOOYIO pOJb HAuYMHAIOT
WUTpaTh BOMPOCH THOKOCTH CHCTEMBI YIIPaBIICHUS
9KCIEpPUMEHTaMH, a TaKkKe ee HaaekHocTu. Hampu-
Mep, B opOuTanbHON comHeyHol obcepBaTopun KO-
POHAC-® [1-3] xoMIUIeKC Hay4YHOW amnmapaTypbl
HAcCUMTHIBAJ 13 3KCMEPUMEHTOB, KaXKIbI U3 KOTOPBIX
B CBOIO Ouepelb HNPEACTaBIIsUT COOOH YHHKalIbHBIN
KOMIUIEKC alMapaTrypsl, MPeIbsIBISIIOIINN JOCTATOYHO
cnendraeckne TpeOOBaHUS K TEIEMETPHH W yIpaB-
JICHUIO.

[IpumeHeHne CTaHIAPTHBIX TEXHUYECKUX pelle-
HHUM, HallpUMep, B 4aCTH MPOTOKOJIOB MH(OPMAIMOH-
HOr0 OOMEHA, CYIIECTBEHHO CHHU3UJIO OBl HAy4YHO-
TEXHHYECKUH MOTEHIMaNl pAfa 3KciepumeHToB. [lo
3TOHM NpUYMHE BOMPOCH Pa3pabOTKH HEeCTaHIAPTHBIX
CHCTEM YTIpaBJIeHUS OyAyT COXPaHATH aKTyalbHOCTh
u B Oynymem, 0cOOCHHO B HBIHEIIHHUX HEMPOCTHIX
YCIOBUSX WMIIOPTO3aMEIICHHUS JJIEKTPOHHON KOMITO-
HEHTHOH 0a3bl ammapaTypbl HAyYHOTO U CHEIMAIbHO-
ro Ha3HaYEHUSI.

HanHast craThst 0000LIaeT W CHUCTEMAaTU3UPYET
OTIBIT TOCTPOEHUS CUCTEM TEJIEMETPUH U YIIPaBICHUS
KOCMHYECKHMH O3KCIIEPUMEHTaMH B HYacTH BOIIpOCa
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OpraHM3anyy ux pesepsupoBanusi. Kak mpasuio, mo-
JIOOHBIE CHCTEMbI AyOJIMPYIOTCS B Cllydae aBTOMAaTH-
YeCKMX KOMIUIEKCOB M YTPaWBalOTCAd B CIIydae MHJIO-
TupyeMblx. [lyOiupoBaHue cHCTEMbI TEIEMETPUH
W yHOpaBieHHs TpeOyeT ONpelesieHHOCTH B OTBETaX
Ha CJIEIYIOLINE Ba KIIOUEBBIX BOIPOCA!

1) xak HaJeKHO OPraHHW30BaTh MEPEKOMMYTAIIHIO
QNEKTPUYECKUX  IETeH, COEAWHSIONNX CHCTEMY
YIPaBIEHUSI ¢ KOMIUIEKCOM anmaparypbl?

2) KTO ¥ Kak OyJeT BblAaBaThb KOMaHAy Ha Iie-
PEKIIIOYCHNE OCHOBHOTO M PE3EPBHBIX KOMIUIEKTOB
anmapaTypbl CUCTEMBI YIIPABICHUS ?

Kiaccuueckuil 0TBET Ha NEpBbIN BOMPOC 3aKIIIOva-
eTcs B IIOCTPOCHHMH HEKOEro KOMMYTaTopa IOPTOB,
yIpaBJieHHue KOTOPHIM JIOJKHO OCYIIECTBIISATHCS B COOT-
BETCTBUM C TIIOJIMTHKOH, OINpENeIeHHON OTBETOM
Ha BTOpO# Bompoc. OgHaKo MpH HaTHMYUH OOJBILIOTO
KOJIMYECTBA AJIEKTPUIECKUX IIeTIeH, 00pa3yromux HH-
Tepdeichl TeneMeTprUr U yNPaBIeHUs CI0XKHBIM KOM-
TUIEKCOM ammaparypsl, MOJ0OHBI KOMMYTaTop cTa-
HOBUTCSI JOCTaTOYHO TIPOMO3JIKHM, YTO NPUBOIMUT
K CYIIECTBEHHOMY CHIKEHHIO €r0 HaJeKHOCTH U 3Ha-
YUTEJIBHBIM 3aTparaM Ae(UIUTHOro OI0pKeTa Macco-
rabapuTHBIX MapaMeTPOB, XapakTEPHOTO AJIS MpUMe-
HEHMs Ha 60PTY KOCMHYECKUX allapaToB.

CyTtsb pazsuBaemoro B USBMHWPAH nonxona x op-
TaHW3allid PE3EPBUPOBAHMUSA CHCTEMBI YIPaBICHUS
KOMIIJICKCOM HAay4YHOM amnmapaTypbl 3aKJI04YaeTcs
B ITOJIHOM OTKa3€ OT KaKOTo-IMO0 KOMMYTaTopa 3JeK-
TPUYECKHUX CUTHAJIOB TEJIEMETPUH U YIIPaBJICHUS, Ia-
paITIeNbHOM COEIUHEHMH 3THX ILENed MOCPEICTBOM
KaOeIbHOW CHCTEMBI KOCMHYECKOTO arapara u yIpas-
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JIEHUW BBOJIOM pe€3€pBa MEPEKIIOUEHUEM 3IIEKTPOIH-
TaHUSI OCHOBHOT'O M PE3€PBHOT0 KOMILJIEKTOB CHCTEMBI
ynpasiieHus. B naHHO# cTaTtbe ocBemiaercs mpooiie-
MaTHKa peajin3alliy JaHHOTO MOJAXOAa B YacTH yKa-
3aHHOT'O BBIIIIE IIEPBOTO KJIFOYEBOT'O BOIIPOCA.

CTPYKTYPHAA CXEMA OPTAHU3AIIUN
PE3EPBUPOBAHUSA

Tunuynas cxema OpraHu3alMM YIPAaBICHHUS KOM-
ruiekcoM Hay4gHow anmapartypsl (KHA) Ha 6opTy Koc-
MHUYECKOTO armapara BBITJISAUT CIEAYIONMM 00pa-
3oM. Ilpubopsr KHA moakmro9aroTcss K CHCTEME
ynpasiieHus (CY), oT KOTOPOH MOIydaroT 3JeKTPOITH-
TaHue (WM KOMaH/Abl Ha MTOAKITIOUYEHHE HIIEKTPOIUTAa-
HUSI) U C KOTOPO OOMEHHMBAIOTCS TEIEMETpUEH U Ha-
yuHOU WH(popManmel, BKIOYas KOMaH/AbI yIpaBiie-
HUS dKcnepuMeHTaMH. CHcTeMa YNpaBJIEHUS MOKET
UMETh B CBOEM COCTaBe COOCTBEHHYIO KOMaHIHYIO
PaAOIMHUIO, TI0O KOTOPOH HIeT WH(GOPMAIMOHHBINA
00MEH C Ha3eMHBIM IIYHKTOM YNPaBJICHUs Hay4YHBIMH
SKCIIEpUMEHTaMH. YTpaBJieHne miarGopMoil KocMHu-
YECKOI'0 amnmnapara Ipu 3TOM, KAaK IPAaBUIIO, BEIETCS
OTJIENIbHOM CHUCTEMOM YIpaBi€HUs] C COOCTBEHHOM
panuonuHuei. Mexnay obenmMHu cUcTeMaMu yrpasiie-
HUs lielgecooOpa3sHa opraHu3anus KOMaHIHO-Telle-
METPUYECKUX CBA3€EH, UTO HA MPAKTUKE YacTO U Jela-
€TCs JJIs ITOBBILICHUS HAaJIeXKHOCTU CUCTEMBI B LIEJIOM.

IIpu paccMOTpeHHMM BOIPOCOB HAAEKHOCTH IIO-
JOOHOM CHUCTEMBI CIeLyeT OTMETUTD, YTO TOJIOKEHHS
otnensHOTO Tiprbopa KHA wm cucrembr ympaBieHUs
CYIIECTBEHHO OTINYaOTCsA. OTKa3 OTAEIBHOIO JKCIIe-
PUMEHTA, KaK IIPAaBUJIO, HE IIPUBOJUT K IIOJIHOMY IIPO-
BaJy LIEJIEBOW 3aJaydl KOCMHYECKOTO ammnapara, B TO
BpeMsi kak oTka3 CY Oyzer umerh QaranbHbIe I0-
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cnencteus. [1o 3Toil mpuuMHE MOAXOABI K PE3EpBUPO-
BaHuIO ammaparypbl npubopoe KHA wu cucrtemsl
yIOpaBJIeHUs] CYIIECTBEHHO ominyaloTcs. C  TOYKH
3penus npunatoro B USMHWPAH mnoaxona, meneco-
o0Opa3Hee pe3epBUPOBATH 3KCIEPUMEHTHI IEIUKOM,
NpY HAIMYMK T0JOO0HOI BO3MOXKHOCTH. B Takom ciy-
4ae, K MpUMepy, BMecTo oxHoro mpubopa KHA "X"
MOSIBJIAIOTCA /IBA MACHTUYHBIX KOMIUIEKTa ammapary-
per "X-1" u "X-2", monkmtouaeMble K OTJCITHHBIM Ka-
HaJlaM TeJleMeTpuu U ympasieHus. [lanHas cxema
UMeEeT psAJ MPEeUMYIIECTB Mepesa KJIacCHYeCKOH cxe-
MOW TOTaJbHOTO AYyOJMPOBAaHUS 3JIEMEHTOB, IPOBO-
JIOB ¥ KOHTaKTOB B pa3beMax KaOeIbHBIX COCTMHEHUH
B mpubopax KHA, T.K. CyIIEeCTBEHHO YIPOIIASTCS
pa3paboTKa, KOHCTPYKIMS, MaccorabapuTHbIE Xapak-
TepucTukn npubopoB u kabeneit KHA, uro aBToma-
TUYECKU IOBBIIIAET HAJIE)KHOCTh amaparypsl U CHU-
’KaeT CTOMMOCTB M CPOKH pa3paboTKu. M3roToBUTH ke
IBa MACHTHYHBIX OJIOKa HAMHOTO MPOIIE, TEXHOJIO-
rU4YHel, ObICTpee U JIeleBe, YeM OJUH Ooee CIoX-
HBIH U TPOMO3JIKUH.

[Ipumenenne momoOHOro moaxona K pa3paboTke
cuctemsl ynpasineHuss KHA HarankuBaercs Ha mpo-
OneMy KOMMYTalMH 3JEKTPUYECKHX Lienei, obpa-
3YIOIIMX UHTEPQENCHI Niepeadn KOMaH/I, TeIEMETPHH
n cbopa meneBoil wHpopMmarmu ¢ npudopos. lIpu
3TOM cJlelyeT MOHMUMAaTh, YTO JaJleKo He BCerja Ierne-
co00pa3HO 3aTaJKWUBaTh OSKCIIEPHMEHTAIbHBIE KOM-
IUIEKCHI alnapaTypsl B IPOKPYCTOBO JIOKE CTaHAApPT-
HBIX DEMICHWH B YacTH HHTEP(EHCOB TeleMeTpUuu
W YOpaBJeHUs, U, TAKUM 00pa3oM, IpUMEHEHHE He-
CTaHAApPTHBIX HMHTep(deHcOB B psje ciydaeB OyAer
HEM30€KHO COXPaHATh aKTYaJbHOCTh U B OyAyILEM.

CyTtb passuBaemoro B UIBMUPAH nonxona k pe-
MIEHUIO ATOH MPoOJIeMBI H300pakeHa Ha puc. 1.

Puc. 1. CtpykTypHas cxema pPe3epBHUPOBAHUS CHCTEMBI
YIPaBJIEHUS 3KCIIEPUMEHTAIBHBIM KOMILIEKCOM.
AY — anmapatypa yrpaBieHHs SKCIIEPUMEHTOM

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 2
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Cucrtema ympaBlieHHS KOMILUIEKCOM HAydHOU ar-
napartypsl pU3MUECKH COCTOUT U3 TPeX OJIOKOB — J1Ba
MOJIHOCTHIO MJICHTHYHBIX OJIOKA YNPaBJICHUS W OJIUH
0JIOK KOMMYTAaIlUX TTUTAHUS, KOTOPEIH B JaHHOW CTa-
The HE oOcyxkmaercs. Jlormka momayu MUTAHUS I10-
CTpPOCHA TaK, YTO MUTAHUE MOXKET OBITh TOJIAHO TOJb-
KO Ha OJUH U3 OJIOKOB yNpaBJieHUs — JUOO Ha OC-
HOBHOM, OO Ha pe3epBHbIi. [Ipu momaye nuraHus
oT TIaTOPMBI KOCMUYECKOTO arapara 1mo ymojda-
HUIO BKIIIOYACTCS OCHOBHOU OJIOK CHCTEMBI YIIpaBiie-
Husl. Jloruka u cxeMOTexXHHKa paboTHI IeTell Hadallb-
HOM IoJauy NUTaHUs KpailHE BayKHA, HO OHA B JaHHOMU
cTaTbe HE paccMarpuBaeTcsa. B kKomruiekce HayuHOM
anmapaTtypbl OpOUTAILHONW COJIHEYHOH 00cepBaTOpuu
"KOPOHAC-®", k npumMepy, B KaKIOM KOMIUIEKTE
CHUCTEMBI YIIPABJICHUS UMEJIOCh BBICOKOHA/IEKHOE I0-
JIIPU30BAHHOE peJie, MOJKIIoYaroIlee OJ0K K IIMHE
MUTaHAA TIaT(GOPMBI KOCMHUYECKOTO ammapara, UM-
MyJbCHYI0O KOMaHJy Ha MOJKIIOYCHUE KOTOPOTO BbI-
JlaBajia OTACIIbHAS CHCTEMa YIpaBICHUS TIaTHOopMOi
amnmapara 1o cOOCTBEHHOW KOMaHIHOM paJHOIMHUY.

Ha 6moke crcTeMbl yrpaBieHUS UMEETCS OTIIEIThb-
HBIA COeMHUTEND s Kaxkaoro npubdopa KHA, koto-
pBIA TOJKIIOUAETCS K HEMY OTICIBHBIM KaOeem.
U coeaunuTeNh, M Kabeab MOTYT HE UMETh JTyOIHpo-
BaHUs 10 KOHTAKTaM M XujiaM kKalesl, T.K. JyOmupo-
BaHHWE JTHUX IIENEH OCYIECTBISAETCS HAa CHCTEMHOM
YPOBHE HAJIMYMEM JBYX OTICIbHBIX MHTEpEHcOoB —
cOoeMHHUTENeH M Kabellell Ha dKCIIepHMEHT. B To ke
BpeMsI HUYTO HE MEUIACT MPOU3BECTH STO NOMOJHU-
TENbHOE NyOJUPOBAHHME MPH HAIUYUHM TEXHUYCCKOU
BO3MOKHOCTH, YTO, O€3YCIIOBHO, HECKOJIBKO ITOBBICUT
rUOKOCTh CUCTEMBI B ClTyuae BO3MOXHBIX OTKA30B.

Ha mpu6ope KHA — 0Onoke ynpaBieHHs 3Kcrie-
PUMEHTOM YCTaHABIMBAIOTCS JBa HJICHTUYHBIX CO-
SIIMHUTEIIS, KOHTAKTHl KOTOPHIX COCIMHSIOTCS Tapa-
JIENIEHO BHYTpU nipubopa. Takum o0pazom, uatepderic
OyneT paboTaTh HE3aBUCHMO OT TOTO, Kakou u3 OJ10-
KOB CHCTEMBI YIIPaBJICHUS, OCHOBHOW JMOO pe3epB-
HBIH, aKTMBEH B JIaHHBIH MOMEHT BpemeHu. Ha puc. 1
n300pakeHa CTPYKTypHas cXeMa COCIUHEHHH st
ciydasi, Korga pesepBupoBanusi npudopa KHA nmu6o
HE TIPOM3BOJIUTCS, JTHOO TPOU3BOIUTCS €r0 IOJHOE
nyOiIupoBaHHE Ha CHCTEMHOM YPOBHE, OIHMCAaHHOE
Beie. [Ipn HEOOXOAMMOCTH, B CIlydae OTCYTCTBHS
BO3MOYKHOCTH CHUCTEMHOTO AyOJMPOBaHUS HKCIEPH-
MEHTa, B HEM MOET OBITh YCTAHOBJICH KJIACCUYECKUIT
KOMMYTATOp MOPTOB JIJIsl YBEIWYCHUS THOKOCTH, YTO
HUKAK HE CKa3bIBACTCS Ha KOHCTPYKUUU CHUCTEMBI
VITpaBJICHHS.

CXEMOTEXHMKA BXOJIHBIX U BBIXO/JTHbBIX
KACKAJOB 2JIEKTPUYECKHUX HUHTEP®ENUCOB

OcHoBHast mpoOiieMa MPOCTOTO MaPaICIBHOTO
COCJIMHEHHS 3JICKTPHUUCECKUX IIENeld OCHOBHOTO U pe-
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3epBHOTO KOMIUIEKTOB ammaparypsl — B3aHUMHOE
BIMSIHUE BKJIIOYEHHOTO M BBIKJIIOUYEHHOIO KOMILIEK-
TOB.

CxeMOTeXHHKa COBPEMEHHBIX  HHTETPaJbHBIX
MHKPOCXEM IMOCTPOCHA TaKUM 00pa3oM, YTO OHU HE
JIOITYCKAIOT MOJaYHM BXOIHBIX CHTHAJIOB IIPH BBHIKITIO-
YeHHOM MHTaHUM MHUKPOCXEMBl. Takum oOpaszom,
9JIEKTPUYECKHUE CHUTHAJIbI aKTHBHOTO KOMILJIEKTa arl-
napaTypsl OylyT Hapymarh TpeOOBaHHUS TEXHUUECKUX
YCIIOBUM Ha 3JIEMEHTHI PE3EpBHOTO. B OCHOBHOM 3TO
CBSI3aHO C HaJIW4YMEM BO BXOAHBIX Iernax KMOII-
MHUKPOCXEM  3allUTHBIX JUOJOB, MOJKIFOYEHHBIX
K IIWHAM THUTAaHWAS MHAKPOCXEMBI, MpeIHa3HAYeHHBIX
JUIsL €€ 3allUThl OT CTaTUYECKOrO JJIEKTPUYECTBA
Y MIPOYHX MEPEHANPSIKEHUH 10 BXOAY, K 4eMy TEXHO-
gorua KMOII upesBpiyaiino uyBcTBUTENbHA. [lpu
OTCYTCTBMM HAIPSDKEHUS MUTaHHUA BXOJHOM CHTHAI,
NoJaBaeMblii Ha MHKpOCXeMy, OyneT NpUBOIUTH
K IIPOTEKAaHUIO 3HAYUTEIBHOTO TOKA YePe3 ITH TUOJBI,
YTO MOXXET MPHUBECTH K HMX TMOBPEXKIEHHUIO, a TaKKe
Mapa3suTHOMY BKJIIOYEHHIO HOMHHAJIBHO BBIKIIOYEH-
HOW CXEMBI, €CIIM TaKUX CHUTHAJIOB OyZJeT AOCTAaTOYHO
MHOTO.

CoenvHATh BBIXOJHBIE CHUTHAJIBI JIOTHYECKUX 3Jie-
MEHTOB TAK)K€ 110 OYEBHIHBIM NIPUYMHAM HEAOIYCTH-
Mo, oaHako unpu npumeHeHnun TTJIIII-kackanos
C TPETHUM COCTOSHHEM, KaK 3TO MOKa3aHO Ha pHcC. 2,
9TO MOXHO ocylecTBUTh. Ha pucyHke nokasana cxe-
Ma Tepefadn JIOTHYECKOTO CUTHaNa uHTepdeiica oT cu-
crembl ynpasienus Kk npubopy KHA. Bexoast Oy-
(epHBIX JOTHMYECKUX DIIEMEHTOB COCIUHSIIOTCS Ta-
paJITIENBHO 32 CUET CXEMBI OPraHM3alMH COEIUHEHUI
B niprbope KHA uepes pesucropsr R1 (puc. 2), koro-
pBI€ BBITIONHSIOT (YHKIMH KaK HEKOTOPOTO COTJIACO-
BaHMsI BOJIHOBOT'O CONPOTUBIICHUS ¢ KaOEIbHON JIMHU-
ell, TaKk W (PYHKIINW CTPaxXOBKH OT BO3MOKHBIX CBEPX-
TOKOB IIPY KOPOTKOM 3aMBIKaHHUHM LIETIEN BKJIIOUEHHOU
amnmapaTypsl, 9TO B MPOIIECCE CTHIKOBOYHBIX HCIIBITA-
HUH Ha MPAKTHKE HE UCKIIOYEHO.

Bxonnoit kackaxg mpubopa KHA mpaxtuuecku
HE MMeeT 0COOEHHOCTEH — B HEM MOXKET OBbITh MpH-
MeHeH ctanaapTHeii KMOII-351eMeHT ¢ 3aliuTHBIMU
JIUOJIaMH BO BXOJHBIX Iemsax. Pesucrop R2 BeimonHs-
er obOs3arenbHoe TpeboBaHue cepuu KMOII 00 wuc-
KITIOYEHUH OTKPBITOTO COCTOSHHUS BXOAa (Hampumep,
MIPH OTKJIIOYEHHOM COEIUHHUTENE W I0Ja4ye NMHUTAHUS
Ha Tpubop), pesucrop R3 — TokoorpaHumyMBarOmIHi
JUIS 3aIUTHBIX OH0A0B. B cimydae pabotsl untepdeii-
ca MpH BBHIKJIIIOYEHHOM nuTanuud npudopa KHA on
JIOJDKEH OTPaHUYUTH Mapa3uTHBIN TOK depe3 3TH JTHO-
Ibl HA Oe3omacHOM ypoBHe. B nmanHOM ciyyae BecbMa
BaYXCH MOPSAIOK BKIIOUEHHS 3THX PE3UCTOPOB, YTOOBI
HE MPOUCXOAMIIO MAaPa3UTHOTO JIEJIEHUS HAIPSKEHUS
BXOJHOT'O CHTHaJla, TO €CTh PE3UCTOpP MOATSIKKU T10-
TeHnuana R2 nomkeH OBITh MOIKIIOUEH K LEHH
1o pesuctopa R3.
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Puc. 2. Hepez[aqa CUrHajia OT CUCTEMBbI YIIPABJICHHUSA K allllapaType KOMIIJICKCAa

Takum oOpa3om, IMMOKa3aHHAas CXE€Ma BKJIIOUEHUS
HOPMaJIbHO pabOTaeT BO BCEX BO3MOXKHBIX CIydasx:

e 1mpu paboTe CHUCTEMBI YIIPABIICHUS ¥ BBIKIIIO-
yeHHOM rutanuu npudopa KHA 3a cuer gocrarouno
0oNBIIOTO COMpOTHBIECHUsT pe3ucTopa R3 BXoaHbie
Henu npubopa HE MOBPEXKIAIOTCA M MapasHUTHOIO
3aMUTHIBAHUS PUOOpa HE TPOUCXOIUT;

e 1pu padore MOOOro U3 KOMIUIEKTOB CHUCTEMBI
YIpaBiIeHHUs] M BKIOYEHHOM nuTaHuu nmpudopa KHA
BBIKJIIOYEHHBIH KOMIUIEKT CY He OKa3bIBaeT BIMSIHUS
Ha paboTy IlenH Nepeauyn CUrHajla BCIIEACTBHE TOTO,
YTO €ro BBIXOJAHOM 3JIEMEHT HaXOIUTCS B TPETbEM
COCTOSIHUM Ja)ke B OOECTOUCHHOM PEXUME BBHIY
ocobennocteit cxemorexumkn TTJIII, mokazaHHOMI
Ha puc. 2;

e [pH HEUNITATHOM CIlydae BKIIOYEHHS O00WX
KOMIUIEKTOB CHUCTEMBI YIPABJIECHUS CONPOTUBIICHUS
pesuctopoB R1 Oymer mocraTtodHo, 4TOOBI HE JO-
MyCTUTh BBIXOJA U3 CTPOs BBIXOJAHBIX KackaaoB CVY,
KOTOpBIE HAYHyT paboTaTh B pPEXHME KOPOTKOTO
3aMBIKaHUSI.

bonee cnoxnas 3aava: COXpPaHUB MAPAJUICIIBHYIO
CXEMY COCOAMHCHHA BCEX DJJICKTPUUYCCKUX ueneﬁ nH-

TepdeiicoB, 00eCIeUUTh MPUEM JOTUIECKOTO0 CHTHAJa
aKTUBHBIM KOMIUIEKTOM CHCTEMbl YNPaBJICHHUS TakK,
4TOOBI BBIKJIIOYCHHBIN KOMIUICEKT HE Memall paborte
n He nospexjancd. llpemnaraemas cxema pemieHus
3TON TpoOIeMBbl MoOKa3aHa Ha puc. 3. BexomHoi kac-
kag npubopa KHA B maHHOM ciiyyae Takke MOXKET
OBITh OOBIYHBIM JIOTHYECKHM BEHTHJIEM TEXHOJIOTHH
KMOII ¢ nocnenoBarensHbIM pe3uctopoM R1, BbI-
TOJTHSIONINM aHAJIOTHYHbIE (YHKIMHA COTIACOBAaHUS
BOJIHOBOTO COIPOTHBIIEHUS! U CTPAaxOBKH Ha Clydai
3aMbIKaHUSI [IETTH.

Bo BXOIHOH 1ieny CHCTEMBI YIIPABICHUS YCTaHOB-
JIeHbl pe3ucTopsl R2 (TokoorpannveHue Ui CTpaxoB-
K1 BxoJa) U R3 (MOATSDKKA ypOBHS K JIOTHYECKOMY
HYJI0 10 yMmosdaHuio). HomuHamel pe3sucTopoB BbI-
OuparoTcsi TakuM 00pa3oM, 4TOObI HE MeIIaTh HOp-
ManbHOH pabote mHTepdeiica. B kadecTBe BXOAHOTO
Oydepa mpUMEHsIETCS, YTO MPHHIUIHAIEHO, MHUKDPO-
cxema 561JIH2, xoTopast UMeeT BXOJHOM Kackaj clie-
[MATBHOTO WCIIOJIHEHUS, HE COJepKaIllui CTaHIapT-
HBIX 3alIMTHBIX AHMOJOB, HOIKIIOYCHHBIX K LEMAM
MUTaHAS MUKPOCXEMBI.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 2
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Puc. 3. [lepenava curnana ot mpubopa KOMIUIEKCA K CUCTEME yIPaBICHUS

Hannas ocobeHHOCTH, MPsIMO TponwcanHas B TY
Ha MHKPOCXEMY, MO3BOJISIET MOJaBaTh HA €€ BXOJBI
HaIpsHKCHUS, TPEBBIIAIONTNE HANPSIKCHUE MUTAHUSA,
T.e. B TOM YHUCJIe TOJaBaTh BXOJHBIE CHTHAIBI TIPH
MTOJIHOCTBIO CHSATOM ITHUTaHHH OJI0Ka.

YkazanHas cepusi MUKPOCXEM, HaCKOJIBKO HM3BECT-
HO aBTOPY, B HACTOSIIHMA MOMEHT IPOJOJIXKACT BbI-
myckatbess MuaCckuM [10 "WHTerpan", u, BO3MOXHO,
eue  KakUMHU-TO POCCHUMCKUMHU  MOPEANPHUATHIMU
B paMKax MpOrpaMMbI IMIIOPTO3aMeEIICHUS.

Takum 00pazom, pe3epBHBIN KOMIUIEKT CHCTEMBI
YIIPaBJICHUSI HE OKA3bIBAE€T 3aMETHOTO ITYHTUPYIOIIIE-
To JIeWcTBUS Ha paboTy Ienell nepeaadu JTOTHIeCKUX
CUTHAJIOB OT NpUOOpa KOMILIEKCA K CHCTEME yIpaB-
JIEHUS, JOIyCKas TMPU ITOM Ja)xe OTHOBPEMECHHOE
¢yHKIIMOHUpOBaHUe obOomx komiuiektoB CY B He-
MITATHBIX CUTYAITUIX.

OBUIUE BOITPOCBHI OPTAHU3AIIMMN
HUHTEPO®ENCA UHOPOPMALIMOHHOI'O OBMEHA
SKCHEPUMEHTAJIBHBIX KOMIIJIEKCOB

OmnucaHHas BBIIIE METOAWKA OOBEAMHEHHS KOM-
IUIEKTOB CUCTEMBI YIPABICHHS KOMIUIEKCOM MO3BOJIA-
eT peann30BaTh pa3IH4HbIC BHIbI MHTEpdeHcoB WH-
¢opmMamoHHOrO OOMEHa ¢ ammapaTypoil: CHHXPOH-
HbI€, ACUHXPOHHBIE, II0CIEO0BATEIbHbIE, MapalIeiib-
HBIE, IMOCJIE[OBaTENbHO-TIapauieNbHble U T.1. K He-
JIOCTaTKaM METO/Ia MOXXHO OTHECTH HaJM4yue J0CTa-

HAVYYHOE I[TPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 2

TOYHO OOJBITNX PE3UCTOPOB R2 BO BXOMHBIX IEIISIX
CUCTeMBI ynpaBieHus (puc. 3), YTO HE MO3BOJIACT
peanm3oBaTh OOMEH Ha MAaKCUMAIBHBIX CKOPOCTSX
nepeaun JaHHBIX BCJICICTBHUE 3aTATUBaHUs (POHTOB
HMMIIYJIbCOB Ha BXOJHOW €MKOCTH JIOTMYECKOTO 3Jie-
MeHTa. OQHAKO ITOT HEJOCTATOK MOKET OLITh B 3HA-
YUTENFHOW MEpe HUBEIHPOBAH 33 CUET TMOKOCTH TH-
na uHTepdeiica U aKKypaTHOTO MOCTUPOBAHMS KOH-
KPETHOM 3JIEKTPUYECKOM CXEMBbI ¢ ONTUMHU3aLUEN Ma-
paMeTpoB LIETH.

CymiecTBeHHOH OCOOEHHOCTBIO METONa SIBIISIETCS
TaKXke€ MPUHLUUNHUAIBHBIM OTKa3 OT rajlbBaHUYECKOU
Pa3Bs3KH AIIEKTPUUECKUX Ilerel MPHUOOpOB KOMILIEK-
ca ¢ OpraHu3aiuell KIacCu4ecKkoi oOmiel muHbl "10-
rudeckoil 3emun" (0€3yCIOBHO, TaJIbBAHUYECKH pas3-
BSI3aHHOW C KOpITycaMu ammaparypsl). JlanHoe pere-
HUE TIO3BOJISCT 3HAYUTEIIEHO YMEHBIIUTh Maccoraba-
PUTHBIE XapaKTEPUCTUKU KOMILUIEKCA alaparypsl
U CYIIECTBEHHO TOBBICHTh HAJ[E)KHOCTh €ro (PyHK-
IMMOHUPOBAHUSA, T.K. IPAKTHUECKH STMHCTBCHHOE TIPH-
€MJIEMOE PEILICHUE B JTAHHOM CIy4ya€ — ONTPOHBI —
MMEET 3HAYUTENIBHBIC MPOOJIEMBI B YCIOBHSX JJTH-
TEIBHOIO BO3JCHCTBUS HOHU3UPYIOIIMX W3Jy4YECHUN
KOCMUYECKOTO MpOCTpaHcTBa. ONBIT NPUMEHEHUS
mo100HOro, 0E3yCI0BHO, BO MHOTOM CIIOPHOTO MOJI-
xona npu coznanuu B U3SMUPAH psiga koMiiekcoB
Hay4yHOH anmapaTypbl IMOJHOCTbIO IMOATBEPAUI €ro
COCTOATEIBHOCTh U IPABOMEPHOCTb.
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BbIBO/IbI

PaccmoTpeHHbI MoAXO0 K OpraHu3aluy 3IEKTPH-
YECKOM CXEMBbl COEIMHEHHSI OCHOBHOTO M PE3EPBHOI0
KOMIUIEKTOB CHCTEMBI YNpPaBJIEHUS HE MpeanoJaraet
KaKoT0-TH00 KOHKPETHOTO IMPOTOKOJIAa WH(OpMAIH-
OHHOTO OOMEHA, KOTOPBIH MOAOHUpAeTCsl B 3aBUCHMO-
CTH OT TpeOOBAaHMI MPOEKTA, JOCTYIMHOCTH 3JIEMEHT-
HOM 0a3bl M BO3MOXKHOCTEH pa3pabOTINKOB OTAEITHHBIX
cucteM U y310B. OCHOBHOE JIOCTOMHCTBO METOAa —
MakCHMalbHasi THOKOCTh CHCTEMBI  YIIpaBIICHUS
K TpeOOBaHHMAM KOMIUIEKCA 3KCIIEPUMEHTAIBHON af-
[apaTypsl, 4YTO B PEAIBHBIX YCJIOBUAX 3a4acTyIO CIIO-
cOOHO 00eCIeYnTh JOCTHKCHUE YHUKAJIBHBIX PE3yJilb-
TaTOB 3a CYET KOHLEHTpAalUM KOMIETEHIUH pa3pa-
OOTYMKOB CHUCTEM Ha LEJIEBBIX 3aJadax, a HE Ha 0CO-
OCHHOCTSIX pealn3ald KOHKPETHBIX CTaHIAPTHBIX
nHTEep(ECoB.

[Ipennaraemast cxeMOTEXHMUYECKash METOJMKA Yc-
MEUIHO JI0Ka3aja CBOK COCTOSATEIBHOCTh B XOJE pea-
JU3alU  MHOTOJIETHEH MpPOrpaMMbl KOCMHUYECKHX
OKCTIIEPUMEHTOB Ha OpOMTaNbHOW COJHEYHOH o0cep-
Baropun "KOPOHAC-®" [1].

O6nacTe MPUMEHEHHUsI ONMCAHHOTO MOAX0Ja K pe-
3epBUPOBAHUIO CHCTEM YTIPaBIEHUS — pa3paboTKa
9KCTIIEPHUMEHTAJIbHBIX 00pa310B HAYYHOU M CIIeLHab-
HOM anmaparypbl IOBBIIICHHONW HaJIeXHOCTH Ipe-
UMYIIECTBEHHO KOCMHYECKOT0 Ha3HAYEHUS B YCIOBH-
SIX UMIIOPTO3aMEILEHUs] 3JIEKTPOHHON KOMIIOHEHTHOM
0a3bl U IpeAeIbHO CHKATBHIX CPOKOB BBEACHUS B IITAT-
HYI0 DKCILITYaTalHIo.
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THE METHOD FOR COMBINING THE MAIN AND BACKUP
SETS OF SPACE EXPERIMENT CONTROL EQUIPMENT

D. V. Lisin

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

One of the non-classical methods, developed in IZMIRAN, for combining the main and backup sets of con-
trol equipment on board the spacecraft is considered. The method provides the possibility of introducing a back-
up set, both autonomously and controlled by an additional external system. The main feature of the method is
the possibility of direct electrical connection of the circuits of the main and backup sets of control equipment,
i.e., a lack of mechanical and electronic switching while maintaining a sufficiently high level of reliability for
the system as a whole. The proposed approach has a main area of application in the creation of highly reliable
control equipment for scientific and special purposes with non-standard interfaces for operation in outer space.
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INTRODUCTION

During the implementation of several large projects
to create equipment complexes for conducting scientific
experiments on board spacecraft, [ZMIRAN accumu-
lated significant experience in the creation and opera-
tion of control systems for such complexes. Due to the
significant specificity of the functioning of scientific
instruments in outer space, issues of the flexibility of
the experiment control system, as well as its reliabili-
ty, play a special role. For example, in the orbital solar
observatory CORONAS-F [1-3], the complex of
scientific equipment combined instruments for 13 ex-
periments, each of which in turn represented a unique
set of equipment that imposed rather specific require-
ments for telemetry and control.

The use of standard technical solutions, for exam-
ple, regarding information exchange protocols, would
significantly reduce the scientific and technical poten-
tial of a number of experiments. For this reason, the
issues of developing non-standard control systems
will remain relevant in the future, especially in the
current conditions of import substitution of the elec-
tronic component base of scientific and special-
purpose equipment.

This article generalizes and systematizes the expe-
rience of building telemetry systems and controlling
space experiments in terms of organizing their redun-
dancy. As a rule, such systems are duplicated in the
case of automatic complexes and tripled in the case of
manned ones. Duplication of telemetry and control
system requires certainty in answers to the following
two key questions:

1) how to reliably organize the reconnection of
electrical circuits connecting the control system to the
equipment complex?

2) who and how will issue the command to switch
the main and backup sets of control system equip-
ment?

The classic answer to the first question is to build
some kind of port switch, which should be managed in
accordance with the policy defined by the answer to
the second question. However, in the presence of
a large number of electrical circuits that form interfac-
es for telemetry and control of a complex set of
equipment, such a switch becomes quite cumbersome,
which leads to a significant reduction in its reliability
and significant costs of the deficit budget of mass and
size parameters, typical for use on board spacecraft.

The essence of the approach being developed at
IZMIRAN for arrangement of a redundant control
system for a complex of scientific equipment is the
complete rejection of any switch of electrical teleme-
try and control signals, parallel connection of these
circuits through the cable system of the spacecraft,
and control of the input of the reserve by switching
the power supply of the main and reserve sets of the
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control system. This article highlights the problems of
implementing this approach in relation to the first key
issue mentioned above.

BLOCK CHART OF RESERVATION
ORGANIZATION

A typical scheme for organizing the control of
a complex of scientific equipment (CSE) on board
a spacecraft is as follows. CSE instruments are con-
nected to a control system (CS), from which they re-
ceive power (or commands to connect power) and
with which they exchange telemetry and scientific
information, including experiment control commands.
The control system may have its own command radio
line, through which information exchange occurs with
the ground control point for scientific experiments.
The spacecraft platform is controlled, as a rule, by
a separate control system with its own radio link. It is
reasonable to organize command-telemetric connec-
tions between both control systems, which in practice
is often done to increase the reliability of the system
as a whole.

When considering the reliability of such a system,
it should be noted that the roles of an individual CSE
device and the control system are significantly differ-
ent. The failure of an individual experiment, as a rule,
does not lead to a complete failure of the target mis-
sion of the spacecraft, while the failure of the CS will
have fatal consequences. For this reason, the ap-
proaches to redundancy of equipment for CSE instru-
ments and control systems are significantly different.
From the point of view of the approach adopted at
IZMIRAN, it is more expedient to reserve entire expe-
riments if such a possibility exists. In this case, for
example, instead of one CSE device "X", two identic-
al sets of equipment "X-1" and "X-2" appear, con-
nected to separate telemetry and control channels.
This scheme has a number of advantages over the
classical scheme of total duplication of elements,
wires, and contacts in cable connectors in CSE devic-
es, because the development, design, weight, and size
characteristics of CSE devices and cables are signifi-
cantly simplified, which automatically increases the
reliability of the equipment and reduces the cost and
development time. Making two identical blocks is
much simpler, more technologically advanced, faster,
and cheaper than making one more complex and
bulky one.

The application of such an approach to the devel-
opment of a CSE control system encounters the prob-
lem of switching electrical circuits that form interfac-
es for transmitting commands, telemetry, and with-
drawal of target information from devices. It should
be understood that it is not always advisable to push
experimental equipment complexes into the Procrus-
tean bed of standard solutions in terms of telemetry
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and control interfaces, and thus the use of non-
standard interfaces in some cases will inevitably re-
main relevant in the future.

The essence of the approach to solving this prob-
lem being developed at IZMIRAN is shown in Fig. 1.

Fig. 1. Block diagram of the control system backing
the experimental complex.
AY — experiment control equipment

The CSE control system physically consists of
three blocks — two completely identical control
blocks and one power switching block, which is not
discussed in this article. The power supply logic is
designed so that power can be supplied to only one of
the control units — either the main one or the backup
one. When power is supplied from the spacecraft plat-
form, the main control system unit is turned on by
default. The logic and circuit design of the initial
power supply circuits is extremely important, but it is
not discussed in this article. In the complex of scien-
tific equipment of the orbital solar observatory "CO-
RONAS-F", for example, in each set of the control
system, there was a highly reliable polarized relay
connecting the unit to the power bus of the spacecraft
platform. The pulse command to connect the unit was
issued by a separate platform control system via its
own radio command line.

The control system unit has a separate connector
for each CSE device, which is connected to it with a
separate cable. Both the connector and the cable may
not have duplication of contacts and cable cores, be-
cause duplication of these circuits is carried out at the
system level by means of two separate interfaces —
connectors and cables to the devices engaged in the
experiment. However, nothing prevents this additional
duplication from being carried out, if technically poss-
ible, to increase the flexibility of the system in the
event of possible failures.

On the CSE unit, which is the experiment control
device, two identical connectors are installed, the con-
tacts of which are connected in parallel inside the de-
vice. Thus, the interface works regardless of which of
the control system blocks, main or backup, is active at
a given time. Fig. 1 shows a block diagram of connec-
tions for the case when the CSE unit is either not re-
dundant or is completely duplicated at the system lev-
el, as described above. If there is no possibility of sys-
tem duplication in the experiment, a classic port
switch can be installed in it to increase flexibility,
which does not affect the design of the control system
in any way.

HAVYYHOE I[TPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 2

CIRCUITRY ENGINEERING OF INPUT
AND OUTPUT STAGES OF ELECTRICAL
INTERFACES

The main problem with a simple parallel connec-
tion of the electrical circuits of the main and backup
sets of equipment is the mutual influence of the
switched on and off sets.

The circuitry of modern integrated microcircuits is
designed in such a way that it does not allow input
signals to be supplied when the power to the microcir-
cuit is turned off. Thus, the electrical signals of the
active set of equipment violate the requirements of the
technical specifications for the backup elements. This
is mainly due to the presence of protective diodes in
the input circuits of CMOS microcircuits. The diodes
are connected to the power buses of the microcircuit.
The power buses are purposely designed to protect it
from static electricity and other input overvoltages, to
which CMOS technology is extremely sensitive. In
the absence of supply voltage, the input signal sup-
plied to the microcircuit results in the flow of signifi-
cant current through these diodes, which can lead to
their damage, as well as parasitic switching on of a
nominally off circuit if there are a lot of such signals.

It is also unacceptable to connect the output signals
of logic elements for obvious reasons, however, when
using Schottky TTL stages with the third state, as
shown in Fig. 2, this can be done. The figure shows
a diagram of the transmission of a logical interface
signal from the control system to the CSE device. The
outputs of buffer logic elements are connected in pa-
rallel due to the connection diagram in the CSE device
through resistors R1 (Fig. 2), which perform the func-
tions of both some coordination of the wave imped-
ance with the cable line, and the function of support
against possible overcurrents in the event of a short
circuit of the switched on equipment, which in the
process of docking tests in practice is not excluded.

Fig. 2. Signal transmission from the control system to
the equipment of a complex

The input stage of the CSE device practically has
no special features — it can use a standard CMOS
element with protective diodes in the input circuits.
Resistor R2 fulfills the mandatory requirement of the
CMOS series to exclude the open state of the input
(for example, when the connector is disconnected and
power is supplied to the device), resistor R3 is cur-
rent-limiting for protective diodes. If the interface op-
erates when the power to the CSE device is turned off,
it must limit the parasitic current through these diodes
to a safe level. In this case, the order in which these
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resistors are connected is very important so that para-
sitic division of the input signal voltage does not oc-
cur, that is, the potential pull-up resistor R2 must be
connected to the circuit up to resistor R3.

Thus, the shown connection circuit works normally
in all possible cases:

* when the control system is operating and the
power supply to the CSE device is turned off, due to
the sufficiently high resistance of resistor R3, the in-
put circuits of the device are not damaged, and para-
sitic power supply to the device does not occur;

» when any of the control system sets is operating
and the power supply of the CSE device is turned on,
the switched off control system set does not affect the
operation of the signal transmission circuit due to the
fact that its output element is in the third state, even in
the de-energized mode, due to the features of the
TTLSch circuitry shown in Fig. 2;

* in the event of an emergency turning on both sets
of the control system, the resistance of resistors R1
will be sufficient to prevent failure of the output stag-
es of the control system, which will begin to operate
in short circuit mode.

A more complex task: while maintaining the paral-
lel connection layout of all electrical circuits of the
interfaces, ensure that the active set of the control sys-
tem receives the logical signal so that the switched off
set does not interfere the operation and is not dam-
aged. The proposed solution to this problem is shown
in Fig. 3. The output stage of the CSE device in this
case can also be a conventional logic gate of CMOS
technology with a series resistor R1, which performs
similar functions of matching the wave impedance
and providing insurance in the event of a short circuit.

Fig. 3. Signal transmission from the device as part of
complex to the control system

In the input circuit of the control system, resistors
R2 (current limiting for input insurance) and R3 (pull-
ing the level to logical zero by default) are installed.
Resistor values are selected in such a way as not to
interfere with the normal operation of the interface.
As an input buffer, the 561LN2 microcircuit is used
(this is fundamental), which has a special input stage
that does not contain standard protective diodes con-
nected to the power circuits of the microcircuit.

This feature, directly stated in the specifications for
the microcircuit, allows voltages exceeding the supply
voltage to be applied to microcircuit inputs, i.e., in-
cluding supplying input signals when the power
supply to the unit is completely switched off.

The specified series of microcircuits, as far as the
author knows, currently continues to be produced by
the JSC INTEGRAL (Belorussia), and, possibly,

some Russian enterprises within the framework of the
import substitution program.

Thus, the backup set of the control system does not
have a noticeable shunting effect on the operation of
the circuits for transmitting logical signals from the
device to the control system, while allowing even the
simultaneous operation of both sets of the control sys-
tem in emergency situations.

GENERAL ISSUES OF CREATING
INTERFACE FOR INFORMATION EXCHANGE
OF EXPERIMENTAL COMPLEXES

The above-described method of combining com-
plex control system sets makes it possible to imple-
ment various types of interfaces for information ex-
change with equipment: synchronous, asynchronous,
serial, parallel, serial-parallel, etc. The disadvantages
of the method include the presence of sufficiently
large resistors R2 in the input circuits of the control
system (Fig. 3), which does not allow the exchange to
be carried out at maximum data transfer rates due to
the prolongation of the edges of the pulse on the input
capacitance of the logic element. However, this draw-
back can be largely mitigated due to the flexibility of
the interface type and the careful design of a specific
electrical circuit with optimization of circuit parame-
ters.

An essential feature of the method is also the fun-
damental rejection of galvanic isolation of the elec-
trical circuits of the devices of the complex and the
arrangement of a classical common "logical ground"
bus (of course, galvanically isolated from the equip-
ment housings). This solution makes it possible to
significantly reduce the weight and size characteristics
of the equipment complex and to increase the reliabili-
ty of its operation, because practically the only ac-
ceptable solution in this case — optrons — has sub-
stantial problems under conditions of prolonged expo-
sure to ionizing radiation from outer space. The expe-
rience of using this, of course, largely controversial
approach when creating a number of scientific equip-
ment complexes at [ZMIRAN has fully confirmed its
validity and legitimacy.

CONCLUSIONS

The considered approach to organizing the elec-
trical circuit for connecting the main and backup sets
of the control system does not imply any specific in-
formation exchange protocol, which is selected de-
pending on the requirements of the project, the availa-
bility of the element base, and the capabilities of the
developers of individual systems and components.
The main advantage of the method is maximum flex-
ibility of the control system to the requirements of
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a complex of experimental equipment, which can of-
ten ensure the achievement of unique results by con-
centrating the competencies of system developers on
target tasks and not on the implementation features of
specific standard interfaces.

The proposed circuit technique has successfully
proven its worth during the implementation of a long-
term program of space experiments at the orbital solar
observatory CORONAS-F [1].
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The scope of application of the described approach
to redundancy of control systems is the development
of experimental samples of scientific and special
equipment of increased reliability, mainly for space
purposes, in conditions of import substitution of the
electronic component base and extremely short terms
of introduction into normal operation.



