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B cTatbe onucebiBaeTcA KOHUENLUA MHHOBALMOHHOMN CUCTEMbI ANATHOCTUPOBAHNA TEXHUYECKOIO COCTOAHUA U3eNnuit KOCMUYECKOW TEXHUKU. YKa3aHHas
CucTeMa OONOJIHAET WTaTHble CUCTEMbI KOHTPOIA TEXHUYECKOTO COCTOAHMA U npefHa3Ha4yeHa AiA NoBbllWeHUA TOYHOCTU, ONepaTUBHOCTU U AOCTOBEPHOCTU
noJiy4eHuna pes3ynbraToB ncnbITaHUA, onpepeneHna BO3MOXHbIX NPUYUH HeVICI'IpaBHOCTel‘;I n d)OpMVIpOBaHMFI ynpasnatowmx BO3/AENCTBUN, HanpaBaeHHbIX Ha BOC-

CTaHOBNEHUE paéOTOCﬂOC06HOCTM KOCMUYECKOI TEXHUKMU.

The article describes the concept of an innovative system for diagnosing the technical condition of space technology products. This system complements
the standard technical condition monitoring systems and is designed to improve the accuracy, efficiency and reliability of obtaining test results, identifying
possible causes of malfunctions and forming control actions aimed at restoring the performance of space technology.
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BBepeHue

[Tpakruka pazpabotku Kocmudeckoii texuukn (KT)
yKa3blBaeT Ha HEOOXOAUMOCTHh COBEPIIEHCTBOBAHUS
CPENCTB TEXHUYECKOTO [UArHOCTUPOBAHUS €€ COCTOsI-
Hus. HauboJsee akTyaibHOM SABAAETCS 3a/1a4a TIPUHATHS
pemennii B mpoiiecce ucnbitanuii KT, B Xo71e KOTOpbIX
Ka4eCTBO ONEHKU YPOBHSI HAJIEKHOCTH, 6E30TKA3HOCTH
1 QYHKIIMOHATHHOTO COCTOSTHUS U3/IeJIUi OpeessieT
MPaBUJIBHOCTH BHIGOPA MMapaMeTPOB KOHTypa yIpas-
JieHus1, paboToCcmocoOHOCTh U 3G PEKTUBHOCTD BBI-
MTOJTHEHUS TIeJIEBBIX 33/1a4 KOCMUYECKUMU aliapaTaMiu
(KA) [1].

CytecTByfolie B HACTOSIIEE BPeMS CUCTEMbI KOH-
TPOJIST TEXHUYECKOTO COCTOSTHUSI, UCIIBITATEThHBIE KOM-
MJIEKCHI B 11€JIOM 00eCIeYnBaloT HEOOXOAUMYIO OIIEHKY
coorBetcTBUst 06pasios KT 3asaHHbIM TpeGOBaHUAM,
OJIHAKO JIJISA IPUHATHUSA PENIeHuii 06 UX COCTOSHUY Ya-
cTo Tpebyercs 6GoblIoil 00beM POBEPOK. B kauecTse
3bdEeKTUBHBIX CPEACTB OMEHKN (QYHKIMOHAJIbHOTO
COCTOSTHUSI TIOCTOSTHHO YCIOKHAOmMuxcst oo6pasios KT
paccMaTpUBAIOTCS Pa3IMYHbIE CPE/ICTBA TEXHUYECKOTO
JIMATHOCTUPOBAHUS, OCHOBAaHHBIE HA UCKYCCTBEHHOM WH-
Tesiiekte [2]. 3a cuet aropuTMUUECKO# 00paboTKH Beell
COBOKYITHOCTH 3HAHUI O pe3yJibTaTaxX TeKyIIUX U paHee
BBITTOJTHEHHBIX 3KCIIEPUMEHTOB TaKWe CUCTEMBI MTO3BO-
JITIOT OTIEPATUBHO MPUHUMATH PEIIEHUsI, 00eCednBast
6oJiee BBICOKUH YPOBEHDb JJOCTOBEPHOCTU PE3YJIbTATOB
IIPY BO3MOKHO OTPAHIMYEHHOM KOJIMYECTBE UCITBITAHU
KT. Takue cuctemMbl MOTYT IIO3BOJIUTDH BBISIBUTD IIPU-
YUHBI ¥ CIIPOTHO3UPOBATH PA3BUTHE BO3MOJKHBIX OT-
kxa3oB KT c mesbio hopMupoBanust mpeypeskaalonmx
VIIPaBIASIONINX BO3eHCTBUIH, HAIPABJIEHHBIX Ha UX
MpeloTBpalleHue.

1. ApXUTEKTYpa MHHOBALMOHHBIX CUCTEM
ANAarHoCTUpPOBaHUA

WunoBanmonnas cucrema auarnoctupoBanus (MC/I)
MOsKeT ObITh pazpaboTaHa Ha OCHOBE apXUTEKTYPhI 9KC-
nepTHbIX cucteM [3] (puc. 1).
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Puc. 1. 06was ctpykTtypa UC[ Ha 6a3e 3KCNepTHOMN cuCTeMbI

B psine cryvaes, mpu hopmanmsanuy 3HaHUM aKCTIEP-
TOB, BO3HUKAET HEOOXOAUMOCTD UCIIOJIb30BAHUS HEYETKIX
kateropuii. Tak 3a7aun AMATHOCTUPOBAHUS COCTOSTHUS
o6pasmos KT, pemraeMble cTPOrUME HPOIEAypaMu
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Puc. 2. Tunosas apxutekTtypa MC[ Ha ocHOBe MOAenu HEYETKON CUCTEMBI

[0 Pe3yJIbTaTaM MCHIBITAHUN, MOTYT OBITH JOTOJTHEHBI
SKCIIEPTHBIMU OIIEHKAMH TEXHIYEeCKOTO COCTOSTHUSA C TIPH-
MeHEHUEM TeOPUU HEYeTKIX MHOKECTB. Teopust HeueTKux
MHOXKECTB TT03BOJIIET YIUTBIBATD TPYAHOMOPMATU3YeMbIe
3HAHWS B BUJIE OIBITA U UHTYUIIUU JIUI], TPUHIMAIONUX
peleHusl.

Taxum 06pa3oM, TSI KOMILIEKCHOTO PENIeHUsT BO-
npoca auarsoctupoBanus coctosiuug KT BosmokHO
[IpUMeHeHNe MOJIeJIN HEeYeTKON CUCTEeMBbI, COYeTaloInX
pasJIMYHbIE MOJIETTU U aJTOPUTMBI, allPUOPHbIE W aTlo-
CTEPUOPHBIE CTATUCTUYECKNE JaHHbIE, IBPUCTUIECKUE
c11oco0bI PUHATHSE 3(DPEKTUBHBIX PEIICHUH B YCITOBHUIX
CITyYAHBIX COOBITHI M HEOTIPEIETEHHOCTH.

Tunosas apxurexktypa MC/l ¢ ucrnosb3oBanuem
MOJIEJTM HEYETKOM CUCTEMBI MpeJCTaBIeHa Ha puUC. 2.
Oco6EeHHOCTBIO APXUTEKTYPhI ABJISETCs HaJInuue 610Ka
06paboOTKK JUHIBUCTUYECKUX 3HAYEHUI U HEYETKON
apupMeTUKH B TUIIMYHON cXeMe IKCIIEPTHBIX CUCTEM
¢ HaJM4KeM AByX obsacreil mamsaTu: 6aspl sHanuii (B3)
u paboueii obaactu (PO).

2. Wpeonorus noctpoenus UCY c ucnonbzoBaHnem
MOJeNN HeYeTKOMN IOTUKU

Bbi6op aJTOPUTMOB TIPOTPAMMHOTO 06€eCIIeUeHUsT
MNJIC ob6ycioBien crenudUKoil IpeaMeTHO 06acTH.
ITpeamerHass 06JaCTh KOMIJIEKCHBIX HA3EMHBIX KCIIBI-
tannii KT onpenensiercss mporpaMMaMu, METOIUKAMA
Y UHCTPYKIIUSMH T10 BBITIOJHEHUIO KOHKPETHOTO TIepeyHs
pabor.

Ananus MCTBITATENBHBIX PABOT, BHITIOMHIEMBIX
Ha AO «HIIO JlaBoukuHay, IOKa3bIBaeT, YTO OL€HKU
MapamMeTPOB COCTOSHUSA 00bEKTa MOTYT UMETD Kak (hUK-
CUPOBAHHBIE KOJMYECTBEHHbBIE, TAK M KaYeCTBEHHbBIE
3HaueHus. KauecTBEHHBIE OIEHKW MOTYT 3a/1aBaTbCs
B BU/I€ IUHTBUCTUIECKUX TEPMOB: MaJIO, MHOTO, CPE/IHE
U T.I.

SI3BIK TIpe/ICTABJIEHYS] 3HAHUI MOKET OBITH O(OPMIIEH
B BUJIE TIPOAYKIIMOHHON CETH, KOTOPAsl OTPeEesaeTCs
CUHTaKCcUYecKoi auarpammoii (puc. 3). B cunrakcuye-
CKOW ZiMarpaMMe 4acTb, 3aKJII0OUYeHHAS MeXKIY CJIOBAMU
«ECJIN» un «TO» Ha3pIBaeTCA MOCHLIKOM ITPaBUJIa, a YaCTh
nocyie «TO» — ciencTBreM mpaBuIIa.

B xone ucnbiTannii (aBTOHOMHBIX, KOMIIJIEKCHBIX )
OCYIIECTBIISIETCST O[EHKa OOMBITOTO KOJMYeCTBa (PyHK-
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Puc. 3. CuHTaKCcMyecKas auarpamma

IIUOHAJBHBIX [TAPaMEeTPOB Ha COOTBETCTBUE PEKUMOB
(OYHKIIMOHUPOBAHS Pa3INYHBIX CUCTEM 00BEKTa 3a/1aH-
HBIM TpeGOBaHUsIM. Best COBOKYITHOCTD OI[EHMBAEMBIX TIa-
paMeTpOB 110/Ipa3iesisieTCs Ha IPYIIIbI, COOTBETCTBYIOIINE
CHUCTEMaM U3JIeJIHS: 2JIEKTPUUECKOI, THEBMO-BaKyMHOH,
TUAPABINYECKO, TOTIJIUBHON U Ip.

Ha Bxox ucmsitbiBaemoro obpasia KT mocrymator
3a/laHHbIE TECTOBBIE CUTHAJIBI B BHJIE TTAPaMETPOB a, B, Y
(puc. 4). Ha Berxozie hopMupytoTcs 1ieJieBbie TTapaMeTphl,
KOTOPBIE 33/IAI0TCS 9KCIIEPTAMHU B BU/IE IMHTBUCTUYECKIX
nepeMeHHBIX. [Tocie peoOpa3oBaHuii B MOJIEN HEYETKOU
cucteMbl GopMUPYIOTCS DYHKIIUMU TTPUHAIIEKHOCTH
06001IEHHBIX XaPAKTEPUCTHK, OTIUCHIBAIONIUX COCTOSTHUE
KaK OT/IeJIbHBIX 3JIEMEHTOB U cucTeM, Tak U usneans KT
B IIEJIOM.

@ X1 Moaean An o

BXOJ - BBIXOO
B OBBEKT x2 [|_Jueuerxoii Az |,
¥ Xn CHCTEMBI An

Puc. 4. Cxema TexHonOrM4eCKOro npouecca OUeHKHU
TEXHUYECKOTO COCTOAHMS 00beKTa

3. AnroputmM Moaenu HeyeTKo CUCTeMbl

s dopmMupoBanusa airopuT™Ma OINEHKU YPOBHS
Texandeckoro cocrosguusd usnenuss KT B coorBeTcTBUM
C METOAMYECKUMU YKA3aHUSIMU CIIEITHAINCTaMU OTIpe-
JEJISTFOTCST 00JIaCTH MBMEHEHUST KaskK/JOr0 BBIXOAHOTO Ia-
pametpa x. Ha ocHOBe otpoca akcnepToB (hopMUPYIOTCS
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TEPM-MHOJKECTBA JIJIST KAXK/IOTO MMapaMeTpa U3 COBOKYII-
HoCcTH Habopa X, HAITPUMED:

x; (Temmneparypa)=HHKe HOPMbI+HOpPMa+BbIIIE
HOPMBI;

X, (naBienne)=HusKoe+cpeanee (HOpMa)+BbICOKOE.

3HAYeHUsI X, [TOJyYeHHbIE B XOJIe UCTIBITAHUI, STBJIS-
I0TCSI BXOIHBIMU TTapaMeTPaMHU JJIsI MOJeNN HedeTKOMH
cucremsl. JlomycTiMast 00J1acTh U3MEHEHUST 3HAYEHU I
YPOBHST TEXHUUYECKOTO COCTOSTHUSI CUCTEMBI W W3/IEJTHS
B IEJIOM A Takske (POPMUPYIOTCS € TIOMOIIIBIO 9KCTIEPTHOTO
oTIpoca Ha OCHOBE TIPAKTUYECKOTO ofbiTa uctbitanuii KT
nim MoziennpoBanus. [losydennble JanHbie 0(OPMILIIOT-
cs1 B Bujie Tabsmier 1.

Ha caeqytorem sTare cTpoutcess Habop JTOTHIECKUX
[IPABIJI, OITMCHIBAIOIINX TEXHOJIOTUYECKUI ITPOIIECC TIPO-
BepKu mapameTpos cucteM o6pasiia KT B Buze:

Ecan x=N, To A=M.

B coorBetctBum c npasusiom JI. 3ane/4/ocyiecTBis-
€TCsI KOMITO3UTINS HeYeTKUX OTHOIIEHNH JIJII OTAETbHOMN
cuctembl u uznenuss KT B mesom. [Ipu atom dyaKIINM
MPUHAIJIEKHOCTH MOTYT OBITh CPOPMUPOBAHBI B BUJIE
TPEYTOJbHUKA WJIW TPanernn,/3/.

Tabnuua 1.

HocuTenn HeyeTKMX MHOXKECTB IMHIBUCTUYECKUX nepemMmeHHbIX
OueHMBaeMbIX NnapaMeTpos obbekTa

HaunmeHnoBanune Hocurens
JINTHTBUCTHYECKOMU Tepmsbi HEYETKOTO
nepeMeHHOit MHO’KeCTBa
x, (Temnieparypa) HIKEe HOPMBI 80-120
HOpMa 121-130
BBIIIIe HOPMBI 131-140
X, (naBJeHNE) Hwuskoe 2.1-24
cpejiHee 2.5-2.6
BBICOKOE 27-2.8
A (ypoBeHb TeXHH- Husxkuii Huzxe 0.98
YECKOTO COCTOSTHHS ) CPeITHITI 0.98-0.99
BBICOKHIA Bpie 0.99

W HTerpasbHbie HEUETKHE OMEHKH MOTYT OBITD TIpe-
00pa3oBaHbl ¢ IPUMEHEHIEM MaTeMAaTUYeCKUX METOIOB
(metompr Unto-Tlapka, Yanra, T:xeitna, Jobya-TIpama)
B KOJIMYECTBEHHbBIE 3HAUEHUS, TTO KOTOPBIM YCTaHABJIU-
BalOTCS [WHAMWKA U JOMYCTUMbIE OTKJIOHEHUS] TEXHU-
YECKUX XapaKTePUCTUK OT/EIbHBIX CUCTEM W W3/eJTUs
B IEJIOM.

3aKknyeHue

Pacemorpennas kontentus C/L orpaxkaer joruky
MIPUHSTHS PEIIEHUI YeTTOBEKOM U PeaTH3yeT UIe0I0THUI0
9KCIIEPTHBIX OIIEHOK C IIPUMEHEHNEM MeTOAMYeCKOTo
MOJIX0/Ia TEOPNU HeueTKNX MHOKecTB. llemb co3manns
WHHOBAIMOHHOI CHCTEMBI AMATHOCTUPOBAHUS — ofecrie-

yeHue 6e30IIaCHON DKCILIyaTalluu, TOBbIIIeHHE (DYHKIIM-
OHAJTbHOM HAIEXKHOCTU U 3(D(PHEKTUBHOCTU TTPUMEHEHUS
KOCMHUYECKUX CPEJICTB.

[anpHeiimee cosepueHcrsoBanne MCJ Gyger
CBSI3aHO C Pa3BUTHUEM TOJCUCTEMBI TTOTTOJHEHUS 3HA-
HUI ¥ COBEPLIEHCTBOBAHUEM aJrOPUTMOB 06paboTKU
arpUOPHBIX U allOCTEPUOPHBIX JTAHHBIX, HAPAIIUBaHU-
€M BO3MOJKHOCTEH CHUCTEMBI 32 CYET MOJEJTUPOBAHMS
pabovuX MPOIECCOB U aKTyaJUu3al[Uh METOLOJOT U
CTPYKTYPHOU MeHTU(UKAIUY TapaMeTPOB (DYHKIINO-
HUPOBaHU 00bEKTOB HCIbITaH i, [Ipy 3TOM KIH0OUEBOM
3ajlaueil sIBJSIETCS CUHTE3 Pa3JInYHbIX BUIOB IKCIIEPT-
HBIX, UIMUTAIIMOHHBIX, HEHPOCETEBBIX MOIeJIell, a TaKKe
UX COMPSKEHUE CO IMTATHBIMU CUCTEMAMU KOHTPOJIS
TexHU4Yeckoro cocrosaus oopasia KT B e bl HHTEII-
JIEKTYaJbHBI KOMIIJIEKC, KOTOPBI B WHTEPAKTUBHOM
pexkruMe TO3BOJIUT JIUILY, TPUHUMAIONEMY PENIeHUsd,
(hopMUPOBATH BBHIBOABI U PEKOMEHAAIUU O HEOOXO-
JIMMOCTH TIPOOJIKEeHNST (3aBepPIIeHMs) UCITBITAHUN,
NOTPeOHOCTU U BO3MOKHOCTH JOPAaOOTOK, BHEAPEHUN
HOBBIX TEXHUYECKUX PENIeHU U T. JI.

Apxutektypa noctpoenus M CJ/] MoxeT B fajqbHei-
1eM ObITh peaji30BaHa B O0PTOBBIX CPEACTBAX, O3B0
BBISIBJIITH OTKJIOHEHUS B pexKuMax (hyHKIIMOHUPOBAHUS
obpasnos KT, obecrieynts MPOrHO3 Pa3BUTHS MOTEHITH-
AJIbHBIX PEXKUMOB (DYHKITUOHUPOBAHUS U HEIITATHBIX CH-
Tyaluii, a Takyke PUHSATHE CBOEBPEMEHHBIX YIIPaBJIeHYEe-
CKUX JIENCTBUH 110 TAPUPOBAHUIO OTKA30B U YCTPAHEHUTO
HEUCIIPABHOCTEN B MOJIETE.

I'maBuoe gocrouncrtso MCJI cocTouT B TOM, 4TO
YCTAaHABJIMBAETCST CBSI3b MOJYUYEHHBIX JAaHHBIX (QYHKIU-
OHUPOBAHUSI, 3HAHUH 1 OIBITA IKCIIEPTOB HA PAa3TUIHBIX
aTanax Ku3HeHHoro nukia usgaenus KT ¢ konuyecTBen-
HOI OIIEHKOI1 €r0 TEXHUYECKOTO COCTOSTHUS.

[IpenmymiectBo mpezacTaBiaeHHoN Ko MC/[ —
BO3MOJKHOCTbH HAKOILJIEHUST 3HAHUI B Bujle (hOpMasIn30-
BaHHOI nH(pOPMAIINK, HA KOTOPYIO CChLIAIOTCS WJIU HC-
TOJIB3YIOT B MIPOIECCE JIOTMUYECKOTO BHIBO/IA, U COXPAHEHHE
UX JUIATEJIbHOE BpeMsi. B orimume or yesioBeka oObeM
uHGOPMAaIIK B II000HBIX paspab0TKaX HEOTPAHUYEH, 4TO
naet ponorHUTenbHbIN moTeHtman MCJl kak camopas-
BUBAIOLIENC CAaMOHACTPANBAIOIIEICS CUCTEMBI K 10601
HOBOU MHMOPMAIIUK, B3AUMOCBA3U JAHHBIX U 00ECIeYrT
HOBbIIIEHNE OOBEKTUBHOCTH OIeHOK 1 KauecTBo KT.

WNpeonorus MCJIl moxer ObITh pacipocTpaHeHa
Ha pasjiMyHble BU/bl OPraHU3aI[MOHHO-TEXHUYECKUX
CUCTEM, CTIOCOOCTBYS MOBBIMEHNIO 3P HEKTUBHOCTH
ux GYHKIIMOHUPOBAHUS, COKPAIEHUIO CPOKOB U I10-
BBIIIEHNIO KayeCcTBa IPOBEPOYHBIX paboT, a Takke
PasBUTHIO KBaJu(pUKALMU CIEHATUCTOB B 00JIacTn
CHUCTEM MCKYCCTBEHHOTO nnTesnekTa. Ctparerndeckas
1eJIb CO3JaHUs NOJO0OHBIX CHCTEM COCTOMT B IIPAKTH-
YeCcKO peajusaliuu NPUHIKIIA obecrnedeHus QyHKIIM-
OHMPOBAHUS OPTAHU3ANMOHHO-TEXHUUYECKNX CUCTEM
110 TEXHUYECKOMY COCTOSHUIO, YTO TTO3BOJUT CHU3UTH
WX aBapUITHOCTD, a TaK:Ke BpeMeHHble U (PUHAHCOBBIE
3aTPaThl HA AKCILIyaTaIUIo.
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