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OT peaaKuum: [lyb6AnKys cTaTbio HaLLMX BEAOPYCCKUX KOAAET, Mbl XOTUM MOAYEPKHYTb, UTO CTaTbs POAMAACH
B pe3yAbTaTe COBMECTHOM paboThl yUeHbIX ABYX CTPaH M OTpaxaeT BaXHbIi pe3yAbTar KpynHoro rnpoekta Co-
t03HOro rocyaapctea. Mbl 1 Bripeab HaMepeHbl yAEAATb BOAbLLIOE BHMMaHMe pabotaM Halluux KOAer u3 beno-
pyccum.

Llenb ctatbu: rccaepsoBaHne U pa3paboTka METOAUK, aArOPUTMOB M MPOrPaMMHbIX CPOEACTB OLEHMBAHUS MOKa-
3aTenert HaAEXHOCTH, XUBYUYECTU U UHTEAEKTYAAbHOIO aHaau3a AaHHbIX TeAeMeTpmm BOPTOBOK arnnapartypbl MaAbixX
KOCMMYECKMX annaparos.

MeTtop uccnepgoBaHua: paspaboTaHHble MPOrpamMmMHbIE CPEACTBA M METOAMKM Ba3UPYOTCS Ha METOAaX M aAro-
PUTMaX TEOPUU HAAEXKHOCTH, TEOPUU BEPOSTHOCTM M MaTEMaTMUECKON CTaTUCTUKKM, ByreBou aarebpbl, MaLLMHHOMO 06-
yueHusi u 06paboTKM M300PAXEHUI.

Mony4yeHHble pe3yabTaThl: B CTaTbe MMPEACTABAEHbI PELLEHMS aKTyaAbHbIX 3aAa4 OLEHUBAHUS M aHaAM3a rokasa-
TeAel HapAEXHOCTU U XMBYYECTH BOPTOBOM arnnapatypbl MabiX KOCMUUYECKMX arnnapaToB Kak 3AeMEHTOB mx 6e30rnacHo-
ctu. lpeacTaBAEHO peLLeHne 3aaaum MHTEAMEKTYaAbHOIO aHaAu3a AaHHbIX TEAeMETPMUKM BOPTOBOM annapatypbl MaAbIX
KOCMMYECKMX annaparoB C LIEAbH BbIAEAEHMWST COCTOSIHMI ee pYHKLIMOHMPOBaHMUS M aHaAu3a paboTocrnocobHocCTH. Pas-
paboTaH KOMMNAEKC MporpaMMHbIX CPEACTB M METOAMK AASI OLIEHWMBAHMWST M aHaAM3a nokKasaterekt HaAeXHOCTU, XXMBY-
yecTn 1 TeneMeTpumn 6OPTOBOK annaparypbl MaAbiX KOCMUUYECKUX arnmnapartoB. B coctaB pa3pabotaHHOro KOMMAekca
BXOASIT: METOAMKA M MPOrPaMMHbIN MOAYAb MHTEPBaAbHON OLEHKN roKa3aTenen HaAeXHOCTU, MHTErPHUPOBAHHbIKM npo-
rpaMMHbIF MOAYAb BU3yaAmn3aumm CTRYKTYPHbIX CXEM HAAEXHOCTH, METOAMKA U NPOrpamMMHbIFA MOAYAb MHTEAEKTYaAb-
HOro aHaAm3a AaHHbIX TeAEMETPUM, UHTEMPUPOBAHHbIKM MPOrpaMmMHbIb MOAYAb 2-D v 3-D Bu3yaru3aummu pe3yAbTaToB
aHaAm3a AaHHbIX, METOAMKa M MPOrPaMMHbIA MOAYAb AOFMKO-BEPOSITHOCTHOM OLIEHKU M aHaAm3a rokal3aTenel HaAex-
HOCTH M XUBYYECTU. [TpOorpaMMHbIA KOMIAEKC pearrm3oBaH B AECKTOM- U BEO-BEPCUSIX M MMEET rMOKyHO CepBUC-OPUEH-
TUPOBAHHYHO apPXUTEKTYPY.

KnioueBble cnoBa KOMMIAEKC nNporpaMMHbIX COEACTB U METOAUK, MPOrpaMMHbIA MOAYAb, MPOrPaMMHbIA KOM-
MOHEHT, CEPBUC-OPUEHTUPOBAHHAS apPXUTEKTYPA, MHTEANEKTYaAbHbIN aHaAn3 AaHHbIX, AGHHbIE TEAEMETPHU, KapTa
KoxoHeHa, 0bpaboTka M306paxxeHnH, AOrMKo-BePOSITHOCTHbIM METOA, MHTEPBaAbHAs! OLEHKa MoKa3aTenei HaAexX-
HOCTH
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BBepaeHue. OpHOM U3 BaXXHENLIMX 3aAay Ha BCex aTa-
nax >XM3HEHHOrO LIMKAA MaAbIX KOCMMWYECKMX annapaTtoB
(MKA) siBARieTC aHaAM3 M OLlEHKa NoKasaTenei HapeXHo-
CTH, XMBYYECTU U TEAeMETPMM BopToBOWM annapatypbl (BA)
MKA ¢ ToukK 3peHuns obecnedyeHust Ux 6e30nacHOCTH U Ha-
AEXHOCTU. MX aKTyaAbHOCTb 0OYCAOBAEHA Mpexae BCEro
TEM, UTO OAHOM M3 OCHOBHbIX NMPUYUH NoTepb MKA siBASLOT-
¢ oTKasbl, cbon 1 HekoppekTHas pabota cuctem bA MKA.

B cOBpEMEHHbIX YCAOBUSX AN PELLEHUSA NEPEUYNCAEH-
HbIX 3apad, obecneyeHust TpebyeMol cTteneHu aBTOHOM-
HOCTW, KayecTBa W OMNEPaTUBHOCTU YMPaABAEHWUS TaKUMMU
CAOXHbIMKU 0b6bekTaMn kak MKA u mx BA HeobxopauMO
BbINOAHWUTb KOMIMAEKCHYIO aBTOMAaTU3aUUI0 U UHTEAAEKTY-
aAM3aumio MpoLeCCOB OLEHWBaAHWUA U MHOTOMOAEABHOMO
aHaAu3a nokasaTener HapAeXHOCTH, XUBYUECTU U TeneMe-
Tpun BA MKA B pa3ArMyuHbIX YCAOBUSIX 06CTaHOBKKU. OAHAKO,
B 6OAbLUMHCTBE CAYYAEB Ha NpPaKTHKe aBTOMaTU3aLMs Bbl-
NMOAHEHa, B AYULLEM CAyYae, AULLIb YaCTUUYHO, U MHOTO€E Ae-
AAETCA 3a4acTyto BPYy4YHyto, 6a3mpyack Ha 3BPUCTUUYECKHMX
npasuaax [1,2].

C Lenblo peLleHns AaHHbIX aKTyaAbHbIX 3aAad, B pam-
kax nporpammbl Coto3Horo rocypaapctea «MoHUTOpUHT CI»
pa3pabotaH 3KCMepUMEHTaAbHbI 0bpasel, KOMMAeKca
NpPOrpaMmMHbIX CPEACTB U METOAMK AASl OLEHWBAHMA U aHa-
AM3a NoKasaTenei HapeXHOCTU U xunBydyecTr BA MKA 1 nH-
TEANEKTYAAbHOIO aHaAmM3a AaHHbIX TeneMeTprun BA MKA.

CoctaB M GYHKLUMM KOMIMJIEKCa NporpaMMHbIX
CpeAcTB U MeTOAUK. Pa3paboTaHHbIA KOMMAEKC MNpo-
rPaMMHO-METOAMUYECKOrO OobecrneyeHnss MOo3BOASIET Bbl-
NMOAHSATb MHOTFOMOAEAbHOE WM MHOTOKPUTEPUAALHOE OLle-
HWBaHWE W aHaAM3 NoKas3aTeAer HaAEXHOCTH, XMBYYECTH
1 pabotocnocobHocT BA MKA Ha OCHOBE yueTa CTPYKTYp-
HbIX M GYHKLUMOHaAbHbIX cBOMCTB BA MKA, nCcnoAb30BaHuWA
NPEANOXEHHbBIX METOAOB MHTEAAEKTYAAbHOTO aHaAM3a AaH-
HbIX GYHKLMOHMpPOBaHUA (TenemeTpun) BA MKA, MeToAUK

ToHrmiA KNHEHT
(APM nonwaosatens)

Beb-cepeep

Cepsep npwnowenw

.|

BPEL-cueHapmn —

Cepeep obmena
COODUEHAME

Hurepdedic

Oeckron ofonouka v mHTepdeic

OyeHKa Kayecmea u HadextHocmu cucmem

M TEXHOAOTUI aBTOMATU3MPOBAHHOIO OLEHMBAHUA U MpPo-
rHO3MPOBaHWA  MapamMeTpoB 6e30MacHOro COCTOAHMSA
BA MKA, yueTa TennoOMexaHWUYECKMUX BO3AENCTBUI KOCMMU-
4YeCKOro NpocTpaHcTBa.

B coctaB pa3paboTtaHHOro KOMMAEKCa BXOAST (puc.1):

- NPOrpaMMHbIN MOAYAb U METOAMKA WMHTEAAEKTYaAb-
HOro aHanmsa paHHbIX (MM UAD) Tenemetpumn BA MKA;

- MPOrpaMMHbIA MOAYAb M METOAMKA AOTMKO-BEPOSIT-
HOCTHOM OLEHKM nokasaTtenen HapexHoctn (MM ABOH)
BA MKA;

- MPOrpamMMHbIA MOAYAb M METOAMKA WMHTEPBAAbHOM
ouUeHKM nokasatenen HaaexHoctn (MM MOH) BA MKA,;

- BCMOMOraTeAbHble NPorpaMMHble MOAYAUM BWU3yaAW-
3aLMKN NMOAYYEHHbIX PE3YALTaTOB, UMMOPTa/3KCNopTa xpa-
HEHWS AGHHbIX.

Komnaekc peanM3oBaH B ABYX BEPCUSIX: AECKTOM-
n web-sBepcun (puc.l). Aeckton-Bepcus npepHa3HavyeHa
AMNSI €70 MCMOAB30BaHMS MOAL30BATEAEM AOKAAbHOIO KOM-
nbtotepa. lNpu paspaboTke KOMMNAeKca MpUMEHeHa cep-
BUC-OPUEHTMPOBAHHAA apXUTEKTypa: aAroputMuyeckas
YyacTb KOMMAEKCA peann3oBaHa kak Habop KOHCOAbHbIX
NMPUAOXEHWUN, KOTOpble 3aTeM «0BepHyTbl» B AECKTOM-
1 web-060A0UKH, peanrsys TakuM 06pas3omM COOTBETCTBY-
towme cepsucol. Web-Bepcus npepHasHavyeHa ANS YAQAEH-
HOW paboTbl NOAbL30BaTEAS! Uepe3 BEO-UHTEPDENC U UHTe-
rpPMpoBaHa Kak pacnpeAeneHHblt BEAOPYCCKUI CerMmeHT
B NPOrpaMMHO-MOAEAVPYHOLLMK KOMMAEKC POCCUMCKOrO
cermeHTa CMUNPAH [3,4].

OCHOBHOM QYHKLMOHAA KOMMAEKCa:

- BBOA MOAEAbHOIO npeactaBaeHus cuctem BA MKA
B TaOAMYHOM BMAE M C NMOMOLLBIO rPadUUECKOr0 peaakTopa
B BMAE CTPYKTYPHBIX CXEM HAAEXHOCTU MAU CXeM OYHKUMO-
HaAbHOM LLEAOCTHOCTH;

- BbIMOAHEHWE MHTEPBAAbHON W TOYEUYHOW PaCUYETHOM
OLIEHKN BEPOATHOCTM 6e30TKa3HOM paboTbl U MHTEHCUBHO-

MeToguea u MM
MHTEPBANBHOA OLLEHKK
nokalatenemn
HapemHoCTH BA MEA. |
MM Bnayanu3aumxm
CTPYKTYPHBIX CXEM
HaAEeXMHOCTH

KOMNNEKCA

i
MeToawka i MM :
HMHTENNEKTYANBHOMD ;

aHanuia gaHHwmx bA -

MKA. MM susyanuaauum ||
BeG-oGonouKa W HHTepdeRc pPe3ynLTATOB aHANW3a ;
i
i
i
i
i

KOMANEKES AAHHBIX

MeToamka u MM
NOMMKO-BEPOATHOCTHORA
OUESHKW NOKa3aTenen
HagexHocTH bA MEKA

MNporpaMMHbIA MOAYNL
WMMOPTA/IKCNopTa |
LAHHBIX TENeMeTPUM

Puc.1 CTpyKTypHO-yHKLIMOHAABHAS CXeMa KOMIIAEKCa M ero PacrnpeAeAeHHOM nHTerpaumm
C NapTHEPCKUM POCCHICKUM KOMIAEKCOM
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Beoa Tabnuubl gaHHbIX

OyHKUMOHMpOBAHMA |
TenemeTpun BA MKA

[pegobpaboTka faHHbIX v

KomnoHeHT npenobpaboTkk AaHHLIX KomnoHeHT npenoBpaboTku
ModzomoenexHsle daHHble meneMempuu

DaHHBIX, omobpaHHbIe MPU3HaKU

(AN . Jfionnfungoniunieninunfonffnfionifuniuniunt« [P
| KnacTtepHbl aHanua gaHHbIX
KomnoHeHTel Mopdionornyeckomn KoMNOHEHT NOTOKOBORA KNacTepusaymu
KnacTepusayum: Bonblwmx 00bEMOB AAHHBIX:
- KOMMOHEHT NOCTpoeHue KapTel KoxoHeHa - PErYNAPHBIA PEXUM
- KOMMNOHEHT KNacTepu3aumuu NpocTpaHCTea - UTEpPaUMOHHBIA PEXKMM
OaHHbBIX No KapTe KoxoHeHa
- KOMMNOHEHT KnacTepu3auun Habopa KnacmepHaa cmpykmypa
OaHHLBIX No KapTe KoxoHeHa ucxodreynpedobpabomanHelx OaHHbIX
JluHamuyecKul MOHUMOPUHE pe3Kux
KnacmepHaa cmpyxkmypa U3MEHEHU 8 COCMOAHLL aHanu3upyemozo
ycmpolcmea

______________ MporpammHbIA  MOaYNb
MporHoavposaHue MHTENNEKTYanbHoro
KOMNOHEHT NPOrHO3MPOBaHKA. aHanu3a [aHHbiX BA

KonuYyecmaa OmKa308 Ha 3a0aHHbIg
nepuod epemMeHu

)
il
|
il
| | [lpozHosHbie sHaveHusA cpedHezo
il
il
i

.

; Moaynb BU3yanu3auumu pesynbTaTos |

| pEﬁGTbI KOMNOHEHT MOOYNA |
| WHTENNEKTYANBHOINO aHanuiaa |
I OaHHBIX |

Puc.2 CTpyKTypHO-QYHKLIMOHaAbHAS CXeMa MPOrpamMMHOr0 MOAYAS
MHTEAAEKTYaAbHOIo aHaAM3a AaHHbIX

€T oTKasoB cucteM BA MKA Ha ocHOBe MOAEAU CTPYKTYP-  HUYECKUX BO3AENCTBMI HA SAEMEHTHI aHaAmampyelvlon Ccu-
HbIX CXeM HaAEXHOCTU AAA Pa3HbIX TUMNOB pPeE3EpPBUPOBA- CTEMbI;

HUA N PeXnmMoB paborThbl; - aHaAM3 HapexHocTn cuctem bA MKA Ha ocHoBe MO-
- BM3yaAM3aLUMW CTPYKTYPHbIX CXEM HAAEXHOCTM CU-  AUOULMPOBAHHOIO AOTMKO-BEPOATHOCTHOIO METOAA AAA
ctem BA MKA; CEPUN 3HAYEHUIM NoKa3aTener HaAEXHOCTU GYHKLMOHAAb-

- Ha OCHOBE MOAMPUUMPOBAHHOIO AOTMKO-BEPOAT-  HbIX SIAEMEHTOB CUCTEMbI U3 3aAaHHOrO MHTEPBaAa C 3a-
HOCTHOIO METOAQ PacCyeT TOYEYHOIr0 3HAYEHUSA NoKa3aTeAs:  A@HHbLIM LWAroMm, B TOM YUCAE, C YYETOM BAUAHUA TENAOME-
HaAEXHOCTW, B TOM YUCAE, C YYETOM BAUSAHWUS TENMAOMEXA- XaHUYECKUX BO3AEMCTBUM Ha aAeMeHTbl cucteM BA MKA
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M BO3MOXHOCTbIO GUKCALMU NOKa3aTEAEN HAAEXHOCTH OT-
AEAbHbIX AIAEMEHTOB;

- aHaAu3 xuByyectn cuctem bA MKA Ha ocHoBe MoO-
AMOULMPOBAHHOIO AOTMKO-BEPOATHOCTHOIO METOAA AAA
MOAHbIX M YACTUUHbIX OTKA30B MyTEeM CAy4YalHOW reHepa-
LMW 3aAaHHOTO YMCAA MOPAXEHHbIX ANEMEHTOB B TEYEHME
CEPUN IKCNEPUMEHTOB, B TOM UYUCAE, C YUYETOM BAMSHUSA
TENAOMEXaHUUYECKNX BO3AEUCTBMI Ha INEMEHTbI CUCTEM
BA MKA 1 BO3MOXHOCTbK YAAAEHUS OTAEAbHbIX 3AEMEH-
TOB M3-NOA BAUSIHUA pa3pyLUuatoLLmMX BO3AENCTBUI;

- BM3yaAuM3auMs, BbIBOA W COXpPaAHEHUE PE3yALTaToB
OLEHOK NoKasaTenen HaAEXHOCTU U XUBYYECTH;

— WHTEANEKTYaAbHbI @aHaAM3 AA@HHbIX O COCTOAHWM
cuctem BA MKA Ha ocHOBE AaHHbIX TEAEMETPUN NyTEM
npeAobpaboTKM AaHHbIX, BbIAEAEHWSI MOTEHUMAAbHbIX
COCTOSIHWMIM aHaAM3UPYEMbIX YCTPOMCTB C MOMOLLBIO KAa-
cTepusaumm/knaccudmkaumm ¢ UCMOAb30BaAHUEM HEW-
POCETEBOr0 AWM AMHAMMYECKOIO MOTOKOBOIO MOAXOAOB,
MPOrHO3HOM OLEHKW CPEAHEr0 KOAMYECTBa OTKA30B Mo
COCTOAIHUAM YCTPOMCTBA M BCEMY BPEMEHHOMY PSAAY
TEAEMETPUU;

- 2-D n 3-D Bu3yannsaumu noAyYeHHbIX PE3YALTATOB;

- UMMOPT/IKCMNOPT U XPaHEHUE AQHHbBIX TEAEMETPUM OT-
AeAbHbIX cuctem BA MKA.

lMporpamMmMHbIi MOAY/Ib UHTEIEKTYalbHOIro aHa-
nu3a gaHHbiX TenemetTpun BA MKA. Boablioe Koanve-
CTBO MHPOPMaUUK 0 dyHKUMOHUPOBaHUK BA MKA B Buae

OyeHKa Kayecmea u HadextHocmu cucmem

AQHHbIX TEAEMETPUM MOXET ObITb 3GPEKTUBHO UCTIOAL30BA-
HO AASl COBEPLUEHCTBOBAHUS MPOLIECCa OLEHKM HaAEXHO-
CTU 1 pabotocnocobHocTH BA 1 ee OTAEAbHbIX KOMMOHEHT.
B cBA3n ¢ Tem, uto pAaHHble TeanemeTpun BA MKA npeactas-
ASIOT COBOM Pa3HOPOAHBIE HEPETYAAPHbIE MHOFOMEPHbIE
A@HHbIE, aKTyaAbHbIM ABASIETCA MPUMEHEHWE 1 pa3paboTka
METOAMK W aArOPUTMOB, KOTOPbIE MO3BOASIIOT @HaAM3UPO-
BaTb TAKOr0 POAA AQHHbIE C BO3MOXHOCTbIO M3BAEUEHUSA K3
HUX MOAE3HON MHGOPMALMKU U NMOCAEAYIOLLIETO MOCTPOEHUS
C UX UCMOAb30BaHWEM Ha OCHOBE METOAOB aHaAM3a AaHHbIX
U MaLLIMHHOTO 06yUYeHUs KAACTEPHbIX, KAaCCUUKALIMOHHbIX
W NPOrHOCTUUYECKMX MOAEAEN AN OLIEHKWU COCTOSIHMA pabo-
TocnocobHocT BA MKA, Kak BaXHOW XapaKTepUCTUKN Ha-
AEXHOCTW M B6e3onacHocTM BA MKA.

MporpaMMHbIA MOAYAb U METOAMKA WHTEAAEKTYAAbHO-
ro aHaAu3a AaHHbIX NPeAHa3HaYeHbl AAST aHAAM3a AQHHbIX
0 COCTOAHUKN-OYHKLUMOHUpPOBaHMM BA MKA Ha OCHOBE AaH-
HbIX TEAEMETPUN: NPEeA0bPabOTKN AQHHbBIX TEAEMETPUU, OT-
60pa cyLECTBEHHbIX NPU3HAKOB, BbIAEAEHUS NOTEHLMAAD-
HbIX COCTOSIHUI aHaAU3UPYEMbIX YCTPOMCTB NyTEM KAacTe-
pu3aumnmn/Knaccudmkaumm U NPOrHO3HOW OLIEEHKU CPeAHe-
ro KOAMYeCTBa 0TKa30B/CHOEB NO KAACTEPAM-COCTOSTHUSIM
YCTPOWMCTBA M BCEMY BPEMEHHOMY pPAAY TeAeMeTpun [5].

MM NAA o coctossHun BA MKA npeactaBasieT cobom
MHOFOKOMMOHEHTHYO CTPYKTYPY M BKAKOYAET rpynny KOM-
NMOHEHTOB HEMPOCETEBOrO aHaAM3a, KOMMOHEHT 0THopa Ccy-
LLLECTBEHHbIX MPU3HAKOB, KOMMOHEHT NOTOKOBOW AMHAMU-

™ Py trtw colose

Puc.3. Pesyabtat paboTbl KOMIOHEHTa 0Tbopa NPU3HaKoB C BU3yaAn3aumen
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YECKOMN KAaCTEPU3ALMN U KOMIMOHEHT MPOrHO3HOW OLEHKM
CPEeAHEro KoAMyecTBa oTkasoB/cboeB [5].

Ha pucyHke 2 NpUBOAMTCH CTPYKTYPHO-GYHKLIMOHAADL-
Hasi cxemMa MpPOrpaMMHOI0 MOAYAS MHTEAAEKTYaAbHOMO
aHaAM3a AaHHbIX 0 cOCTOAHMK BA MKA.

MMV MAA MOXHO YCAOBHO pPaspeAnTb Ha Tpy GYHKUMO-
HaAbHbIX BAOKA, COCTOSALLMX M3 MHOXECTBA KOMMOHEHTOB,
BbINOAHSIOLLMX ONPEAEAEHHbIE GYHKLMKW B MPOLECCE aHa-
AM3a AAHHBbIX.

1. BAoK NpepobpaboTkn AaHHbIX BKAIOUAET B cebsi:

- KoMnoHeHT npepobpaboTku AaHHbIX, KOTOPbIM MOo-
3BOASIET C WMCMOAb30BAHMEM TEHETUUYECKOTO aAropuMTMa
(FA) 1 MHOroKpUTEPUAABHOW OMTUMM3ALMK OTOUPATL UH-
dbopMaTMBHble MPU3HAKK, MWUHUMU3UPYS MPOCTPAHCTBO
noucka AAA MPOBEAEHMA MOCAEAYHOLLENO KAGCTEPHOTO aHa-
AM3a. B kauectBe 6a30B0ro N'A MHOrOKpHUTEPUAAbHOWM OMNTH-
MW3aLUMKU UCNOAB3YETCS anroputm PESA-II [6].

Pa3paboraHHbI anroputmM oTbopa MpU3HAKoB pe-
laeT 3apadvy ABYXKPUTEPWMAABHOW ONTUMM3AUMKU C WC-
nonb3oBaHnem [A. OH MO3BOASIET BapbMpOBaTb OCHOB-
HOW KPUTEPUIN ONTUMU3ALIMK, UCMOAB3YEMbIN AAA OLIEHKM
NMOAMHOXECTB MPU3HAKOB. B KauecTBe BTOPOro Kputepusi
ONTUMM3aLUMN  MCMOAL3YETCA MOLLHOCTb MOAMHOXECTBa
NPU3HaKOB d,. AASI OLEHKU KaxXAoW 0cobu A BbINOAHSAET-
Csl KAacTepu3auma 06beKTOB AAHHbIX C MCMOAb30BaHWEM
anroputma k-cpepaHux. B KauecTtBe OCHOBHOIO Kputepusi
ONTUMM3ALUUN MOXHO WCMOAb30BaTb MOKA3aTEAU OLIEHKM
KauecTBa pas3bueHnsa 0ObEKTOB AAHHbIX: LUIMPUHY KOHTYpa
S (SilhouetteWidth) [7], HOpMaAM30BaHHbIM NMOKa3aTeEAb
DB-Index I*_, (nHaekc AaBupa-boaaymHa) [8], nokasatens
3HTPOMNUKU PACCTOAHUIN MexXAy obbekTamu [9].

Pe3yabTaTroM paboTbl MOAYAS IBASIETCA MHOXECTBO OTO-
6paHHbIX NPU3HAKOB B BUAE BMHAPHOrO Xapakrepuctuie-
CKOro BEKTOpPA, a TakkXe BU3yaAM3aums OLEHOYHbIX QYyHK-
umm (pmc.3).

- KoMnoHeHT npepobpaboTkn AaHHbIX, GOPMUPYOLLMI
TabAULY BEKTOPOB, MOAFOTOBAEHHbIX HA OCHOBE A@HHbIX Te-
AEMETPUU, HEOOXOAUMBIX AAST PABOThI FPYNMbl KOMNOHEHTOB

YAK 517.977
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Puc.5 CamoopraHusyroLlasics kapta KoxoHeHa

KAnacTepusaumn/Knaccudrukaumm HelpoceTeBoro aHaAmMaa
AaHHbIX [5]. C OAHOWM CTOPOHbI BbIMOAHAETCS CrA@XMBaHWE
LLYMOB, C APYrOi CTOPOHbI YCUAEHWE U cTabuAu3aums ne-
PEXOAOB, CBUAETEALCTBYHOLLIMX 06 M3MEHEHUM COCTOSHMSA
CUCTEMbI. IKCNEPHUMEHTAABHO YCTAHOBAEHO, UYTO A@HHbIE,
npoulealine 06paboTky AaHHbIM KOMMOHEHTOM, MPOSABAS-
tOT 6OAbLLIYHO CTABUABHOCTb C TOUKM 3PEHUSI HEMPEPLIBHOMO
npebbiBaHUS B ONPEAEAEHHbIX KAAcTepax: YBEAUUNBAETCS
cpeaHee BpemMsa HenpepbiBHOrO npebbiBaHWA B KAACTEPE,
CHUXaEeTCs BEPOATHOCTb NMEPEX0Aa B APYroM KaacTtep.

K KaxXAaoMy KaHaAy AaHHbIX MOXET ObiTb MPUMEHEHO
3aAaHHOE MOoAb30BaTereM MPaBUAO NpepobpaboTku. Kak
pe3yAbTaT MMeeM npepobpaboTaHHble BEKTOpA AaHHbIX
TeAeMEeTpUU. PeannsytoTca caeaytoLlme dyHKUMK npeobpa-
30BaHMA KaHAAOB BXOAHbIX A@HHbIX (puc.4):

- nepeHoc 6e3 nameHeHun (NONCH);

- MNMOCAEAHEE HEHYAEBOE W3MEHEHWE, CrAaXeHHoe
dunsTpom battepBopTa 1-ro nopsaka (LSTCH);

- abCOAOTHOE 3HauYeHWe BTOPOM NPOU3BOAHON CUTHA-

a (SECDR);

@ Kohonen - WEB-nETepeiic KOMIOHEHTa MOIVIA HHTE/LICKTYATBHOIO AHATN3A JAHHEL | Fbs $nmme  |[7] Obywemne nunkdis |[R) | =5 BEED ~
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PasmepHoCcTh BRIXOJHLIX JAHHBIX

Tlparmmo (mommHocTRI) Ne O
Ilpapino (MOJHOETER) No 1
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- BO3BeaeHue B cteneHb (POW);

- CpeapHee 3HauyeHWe Mo Habopy HECKOAbKMX AOKaAb-
HbIX MMHMMYMOB MPUPAaLLEHUI UCXOAHBIX AaHHbIX (INF);

- cpeaHee 3HauyeHMe Mo Habopy HECKOAbKUX AOKaAb-
HbIX MAaKCMMYMOB NMPUPAaLLEHNIA UCXOAHDBIX AAHHbIX (SUP).

2. BAOK KAQCTEPHOro aHaAM3a BKAKOUAET B cebs:

— KOMMOHEHTbI HEMPOCETEBOrO KAACTEPHOrO aHaAu3a:
NOCTPOEHUSI KapTbl KOXOHEHa, KhacTepu3auuu npocTpaH-
cTBa W Habopa AaHHbIX No kapte KoxoHeHa [5]. OHW Bbl-
MOAHSIOT ~ KAGCTEPU3ALIMIO/KAacCUDUKaLMIoO  npepobpabo-
TaHHbIX AQHHbIX TEAEMETPUN aHAAM3UPYEMOr0 YCTPOMCTBA
Ha OCHOBE MPWMEHEHUSI CaMOOPraHWU3YIOLLENCa KapTbl
KoxoHeHa [10], knactepusaumm BU3yaAbHOrO NPOCTPaHCTBa
KapTbl MEXHEWPOHHbIX PACcCTOSTHUI MeTopaMKu 06paboTKK
n3obpaxeHnn KU Khnactepusaumnm/Knaccuonkaumm Habopa
AQHHbIX.

CamoopraHusyrolascs kKapta KoxoHeHa, npeacTaB-
ASieT cobOoM OAHOCAOMHYHO HEMPOHHYHK CETb, CMOCOOHYHO
obyuatbcsa 6e3 yuutens (puc.5) [10]. B npouecce obpa-
60TKM NOCTYNatoLLMX Ha BXOA AAHHbIX MPU 0ByYeHuH, CETb
HacTpanBaeTca TakuM 06pa3oM, UTO HEMPOHbLI, pearupy-
tolMe Ha 6AM3KKe 0bpasLibl AAHHbIX, MEHAIOT CBOW Beca
TaK, UTo TOXE CTaHOBATCS ODAMBKUMM C TOUKU 3PEHUST HEKO-
TOpPOM 3apaHHOM METpPUKK. B paspaboTaHHOM KOMMOHEH-
Te AN NOCTPOEHUA KapTbl KoxoHEeHa OCHOBHOW METPUKOM
ABASIETCA €BKAMAOBA, HO pPeann30OBaHbl TakKXe METPUKM
MaxanaHoburca 1 KoppeAsLLMOHHaS.

)

OyeHKa Kayecmea u HadextHocmu cucmem

-

Puc.6 BusyanbHasi KapTa pacrpeAereHUs MEXHENPOH-
HbIX PacCTosiHWI: 1 — OCHOBHbIE KAGCTEPbI,
2 - cybkaactepsbl, 3 - BbI6POCHI AQHHbIX

Mo npepobpaboTaHHbIM HOPMAAU3OBAHHbBIM AGHHbIM
TEAEMETPUN CTPOUTCA KapTa KoxoHeHa ¢ 3apaHHbIM pas-
Mepom KxK nukcenein. AAst NOAYYEHUSA METOK KAACTEPOB
aHaAU3MPYEMbIX AAHHbIX TEAEMETPUN UCMOAb3YETCA U30-
6paxeHne KapTbl MEXHEWPOHHbIX PACCTOAHMI, KaxAas

e)

Puc.7 3tanbl 06paboTki M306paxeHns1 KapTbl MEXHENPOHHbIX PACCTOSIHUI C LIEABIO BbIAEAEHUS] CEMMEHTOB —
KAGCTepPOB/KAACCOB: @) U300paxXeHUe KapTbl MEXHENPOHHbIX PacCTOSIHUM, 6) pe3yAbTaT MopOoroBok cerMmeHTaLmm
KapTbl, B) pe3yAbTaT QUALTPALIMK MaCKM1 OPOroBOM CEerMeHTaLMm KapTbl, I) Pe3yAbTaT BbIACAEHUS] CBSA3HbIX KOMITOHEHT
PUABTPOBaAHHOKN MaCKM OPOroBO CErMeHTaLMm KapTbl, A) GUALTPOBaHHAas Macka roporoBoH CerMeHTaLmm,
HaAOXeHHasl Ha KapTy MEeXHENPOHHbIX PACCTOSIHUI, €) KAACTEPHbIE METKM AASI BCEX TOYEK KapTbl.
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TOYKa KOTOPOWM COOTBETCTBYET MakCHMMaAbHOMY PacCTOs-
HUIO MEXAY COOTBETCTBYHOLLMM HEMPOHOM W €ro YeTblpb-
Ms COCEeAAMM B NMOCTPOEHHOM KapTe KoXxoHeHa, 1 CMMCOoK
KOOPAMHAT B NMPOCTPAHCTBE KapTbl KOXOHEHA AAS TOUEK
aHaAU3MPYEMbIX AQHHbIX. KnacTepHas CTPyKTypa AaHHbIX
XOPOLLUO MpocMaTprBaeTcs Ha M306paxeHUM KapTbl MeX-
HEMPOHHbIX paccTosiHMi pa3mepom 200x200 (Puc.6).
Takum obpasom, ceTb obobliaer npepobpaboraHHble
AAHHble TEAEMETPUU, BbIAEASII B MPOCTPAHCTBE AAHHbIX
KAACTEPHYHO CTPYKTYPY.

OnucblBaeMble aAropuUTMbl ByAyT MPOMAAKOCTPUPOBA-
Hbl Ha NpuUMepe KapTbl KoxoHeHa pasmepom 200 Ha 200
Toyek. Ha pucyHKe 7 MpUBEAEHbI UCXOAHAS KapTa Mex-
HEMPOHHbIX PACCTOAHWUIA AAS TECTOBOrO Habopa AaHHbIX
(pvc.7a) n uenouka ee npeobpasoBaHuii (puc.76-e).

AASi moucka BHYTPEHHWX o6AacTelt KAacTepoB MC-
MOAb3yeTCA MpoueAypa MNOPOroBoM CerMeHTauumn-knaa-
ctepudaumm [11]: Kaxaas Touka KapTbl MEXHEWPOHHbIX
paccTosHWMI CcpaBHMBAETCS C HEKOTOPbIM MOPOroBbIM
3HaAYEHUEM, TOUKW, 3HAUEHMA KOTOPbIX HWXE mnopora no-
Meuatotes daarom 1, octanbHble - drarom 0. Habop To-
yeK, COOTBETCTBYHOLLUMX TOUKAM KapTbl MEXHEWPOHHbIX
paccToAHUM ¢ MapkMpoBkor O MAM 1 nNpeacTaBAsIET CO-
601 BMHAaPHOE MHOXECTBO AAHHbIX — PE3YALTAT NMOPOro-
BOW CerMeHTauumu, Tak HasblBaeMas Macka NoporoBow
cermeHTaumm (puc.76).

MNMoAyyeHHass Macka MOPOroBOM CEermMeHTaumu MoA-
BepraeTcs HEAMHENMHOW GUABTPALMK: AN BCEX TOUEK Ma-
CKM, HEe MPUMbIKAIOLWMX K rpaHMLaM, paccMaTpuBaeTcs
OKPECTHOCTb TOYEK, KOOPAMHATbLI KOTOPbIX HEe Boaee ueMm
Ha 1 OTAMYatoTCsi OT KOOPAMHAT paccMaTpUBaeMown Tou-
KW. 3HaueHWe paccMaTpMBaEMOMN TOUKM 3aMeEHSIETCA Ha
3HaYeHWe MeAMaHbl 3HAYEHWI TOUEK OKPECTHOCTU. Mpo-
LueAypa npoBOAMTCA AAA 3PDEKTUBHOIO YCTPAHEHUA CAY-
YalHbIX BbIOPOCOB Ha Macke MOPOroBOM CermMeHTauuu
(puc.7.B).

CaepyroLLIMM 3TanoM MeToAa SIBASIETCS aBTOMaTuude-
CKOE MapKnpoBaHWe Touek 06paboTaHHOM Macku Noporo-
BOI CErMeHTaLMM MeTKaMK KhacTepoB. Ha aTom xe aTane
aBTOMaTU4eCKN BbIYMCAAETCA KOAMYECTBO KAACTEPOB. Co-

TP 0006 1 ®©
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Puc.8 Pesyabtathl paboTbl KOMIOHEHTOB KAa-
cTepu3aLmnm NpocTpaHcTBa U Habopa AaHHbIX
1o kapte KoXoHeHa C ux BU3yaansaLmen

ceAHMe TOUKM 06paboTaHHON Macku, MetoLLIMe 3HaYeH e
1, NOAyYatoT OAMHAKOBYHO METKY KAacTepa. TOYKM, Ume-
lowpe 3HaveHne 1, Mexay KOTOpbIMM HEeAb3S MOCTPOUTb
nyTb, NPOXOASILUMM TOAbKO MO MapKMPOBaHHbIM TOUKaM,
NPUHAANEXAT K Pa3HbiM CBA3HbIM KOMMOHEHTaM W MOAY-
YatoT pas3Hble METKM KAacTepoB. AASi BbIAEAEHUSA CBA3-
HbIX KOMMOHEHT MCMOAL3YETCA METOA PACTYLLUMX PETMOHOB
[12,13], NCMOAB3YIOLLMIA CTPYKTYPY A@HHbIX «ovepeab». Ha
PUCYHKE 7T) NPUBEAEHbI MHOXECTBA KAACTEPHbIX METOK
AN BHYTPEHHMX 0BAAcTel KnacTepoB TecToBoro Habopa
AQHHbIX.

Aanee HeEOHXOAMMO PacnpPOCTPAHUTbL 3TU METKU Ha BCe
TOUYKM KapTbl, C YYETOM BEPOATHbIX rPaHML, kKAacTepoB. Ha
pUCYyHKe 7p) NpvBeaeHa GUABTPOBAHHAA Macka Moporo-
BOM CErMeHTaLuMKn, HAAOXKEHHAs Ha KapTy MeXHENPOHHbIX
paccTosiHWI. BbICOKME 3HaYeHUsI SPKOCTEN KapTbl paccTos-
HWUI ONPEAEASIIOT BEPOSTHbIE MPaHULbl KAACTEPOB, MapKu-
pOBaHHbIE BHYTPEHHWE 0BAACTM — METKM KaacTepoB. Pac-
NpOCTpaHeHe METOK Ha OCTaAbHbIE TOUKM OCYLLECTBASIET-
CS1 C UICMOAb30BaAHWEM MPOLIEAYPbI BoaOpa3aeAa [13]. Met-
KM pacnpoCTpaHAKTCA Ha COCEAHME TOUYKM C YYETOM He
TOAbKO COCEACTBA, HO M APKOCTEN KapTbl MEXHENPOHHbIX
paccTosiHMi. B nepByto ouepeab MapKUpytoTca MeHee fap-
Kue ToUkW. lepea BbIMOAHEHWEM MPOLEAYPbl BOAOPA3AE-
A&, 3HAYEHUA APKOCTEN KBAHTYOTCS. B paccmaTtprBaemMbix
npumepax mcnoabzoBanocb 1000 ypoBHEW KBAHTOBaHMSA.
Mpoueaypa BoAOpa3Aera CxoXa C MPOLEAYPOM PacTyLLMX
pernoHoB. BMeCTo oAHOM ouepear MCMOAb3yeTcsl ynops-
AOUYeHHbIN Habop ouepepen, Kaxaas U3 KOTOPbIX COOTBET-
CTBYET KBAHTOBAHHOMY YPOBHIO APKOCTU KapTbl MEXHeWn-
POHHbIX PAcCTOAHUIK. Ha pncyHKe 7€) NpUBEAEH pe3yAbTaT
NPUMEHEHNSI BCEX 3TANOB METOAA K KapTe MEXHEWPOHHbIX
paccTosiHWI TeCTOBOro Habopa AaHHbIX.

Kaxpaa Touka npepobpaboraHHOro Habopa AaHHbIX
NocAe BbIMOAHEHUS aArOpUTMa Kaactepusaummn — obyue-
HUA KapTbl KOXOHEHa MMEET peneBaHTHYHO TOUKY KapTbl
M MOAyYaeT COOTBETCTBYIOLLYKO €M KAQCTEPHYKD METKY.
Pesyabtatbl paboTbl KOMMOHEHTOB KAAcCTeEpM3auUMK MNpo-
CTpaHcTBa M Habopa AaHHbIX MO KapTe KOXOHEHa C WX
BM3yaAM3aLUMeEN MpPUBEAEHbl Ha pucyHke 8. Ha puc.8a)
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Puc.9 Pesyabtat paboTbi KOMMOHEHTa AMHAMMUYE-
CKOM KnacTepmsaumm u 3-D Bu3yaam3almsi KaacTe-
pU3aLMK AGHHbBIX TEAEMETPHM

B HWXHEW AEBOW SiUEMKe MPUBOAMTCA WMCXOAHas KapTta
MEXHENPOHHbIX PAcCTOSHWI, B MPaBOM — OHa Xe MocAe
npMMeHeHUst 06paboTKK 1 BbIAEAEHWSA CErMEHTOB-KAACTE-
poB. Ha pnc.86) npusoautca npumep 3-D BM3yaamnsaumm
pe3yAbTaToB KAacTepusaumu, peaansoBaHa Takxe 2-D Bu-
3yanmsaums.

3T1an kAacTepusaumm ABASIETCSA NPU 3TOM — 3Tanom 06-
yyeHusi Ha obyuatollleit BbIOOPKe AaHHbIX. [pu aHaAu3e
TECTOBbIX A@HHbIX MOAYYEHHblE CETMEHTbI-KAACTepa pac-
CMaTpMBalOTCA KaK KAAcCbl M MPOLECC pacnpepeneHus
BEKTOPOB NpepobpaboTaHHON TEAEMETPUU MO MOCTPOEH-
HbIM KA@CTepam CTaHOBMUTCA NMPOLECCOM KAaCCUPUKaLMK.
COOTBETCTBEHHO 3Tanbl MOCTPOEHUSI KapTbl KOXOHEeHa
N BbIAEAEHWUST KAaCTEPOB-CErMEHTOB HE BbINMOAHAIOTCS, Tak
KaK MCMOAb3YHOTCS CTPYKTYpbI, MOAYYEHHbIE Ha 3Tane 06-
yyeHus.

- KOMMOHEHT MOTOKOBON AMHAMWUECKOW KAACTEPU-
3aummn peanmsyet B moayne MAL anbTepHATUBHbIM aAro-
PUTM KAGCTEPHOrO aHaAM3a, OCHOBAHHbIM Ha ABYXYpPOB-
HEBOM MOAXOAE (OHAAMH/ODAAMH) AA MPOBEAEHUS UTe-
PaLMOHHOW, MUKPO- MAM MakKpOKAacTepu3aLun AaHHbIX
[5,14,15].

AAA TakMx 06bEMOB AQHHbIX TEAEMETPUN KakK COTHM
TbICAY BEKTOPOB, AAHHbIe MOryT OblTb MPEACTABAEHbI
KaK NOTOK, KOTOPbI B CBOK 04YepeAb MOXeT ObiTb Hop-
MaAM30BaH KaK YyMnopsiAOYeHHasi MOCAeAOBaTeAbHOCTb
06BLEKTOB UAM TOUEK AQHHbIX Y=(Y,5Y 51 Y50e--)s TAE UHAEKCHI
03HayalT MOCAEAOBATEALHOCTb MOCTYNAEHWUS 0OBHEKTOB
AAHHbIX.

AAst aHanm3a cocTosiHMM BA MKA npuMeHeH MOAXOA
[5,14,15], KOTOpbI OCHOBAH Ha MPOBEAEHUUN ABYXYPOBHE-
BOW KAGCTEpU3aLMK: OHAAMH KAaCTepU3aLumsa ¢ nepruoamye-
CKMM COXpaHEeHMEM AETaAM3MPOBAHHbIX CTATUCTUUYECKMX
AAHHbIX B GOPME MUKPOKAACTEPOB M ODAAH MaKPOKAA-
cTepusaums, MCMNOAb3YIOLAass COXpPaHEeHHble CTaTUCTUYe-
CKME AaHHble aHaAM3MpPyemoro noToka. Ha OCHOBaHWM
COXPaHEHHOW CTaTUCTUYECKOW WHOOPMALMM B  MMKPO-
KAacTepax BOCCTaHaBAMBAETCA rAobanbHaa KAaacTepHas
CTPYKTYpa A@HHbIX MyTEM MOCTPOEHUSA 3apaHHOrO 4YMcAa
MaKpoKAacTepoB. Ha pucyHke 9 npuBoAaTcs MHTepdenc

U pesyabTaTbl paboTbl KOMMOHEHTA NOTOKOBOW AMHAMMYe-
CKOM KhacTepmsaLmu.

JKCNePUMEHTbI Ha HeKoTopbIx cuctemax BA MKA no-
KasaAW, UYTO BbIAEASIEMbIE KAACTepa-KAacCbl TEAEMETPUM
XapaKTepmaytoT UX TEXHUYECKME AU GYHKLMOHAABHbIE CO-
CTOSIHUSI, HaNPUMepP COCTOAHMA LIMKAOTPaMM.

3. BAOK MPOrHO3MpoBaHKA BKAKOYAET B cebss KoMMo-
HEHT NPOrHO3MPOBAHMS, KOTOPbIW BbIMOAHAET OLEHKY NPO-
FHO3HbIX 3HAYEHUI CPEAHEr0 KOAMYECTBA OTKA30B UAU He-
AOCTOBEPHbIX MOKa3aHUM Ha 3apaHHbIM NEPUOA BPEMEHMU
AN BbIAEAEHHbIX KAGCTEPOB-COCTOSSHUM U BCero Habopa
AQHHBIX Kak MHAMKaTopa pabotocnocobHOCTU aHaAU3UPY-
emoro obopypoBaHusa BA MKA [5].

AArOpUTM NPOrHO3MPOBAHMS COCTOUT U3 ABYX STaMOB.
Ha nepBom atane anroputma ¢popmMupyeTcsa CNUCOK 3Ha-
YEeHUN KOAMYECTBA OTKA30B N0 BCEM BO3MOXHbIM Mepmo-
AaM, ONPeAENEHHBIM Ha 3aAaHHOW MOCAEAOBATEABHOCTH
AaHHbIX. Ha caepytowem aTane BbIUMCASIOTCA 3HAYEHUA
CPEeAHEro KoAMYecTBa OTKa30B, Kak Mo MOAHOMY CMUCKY,
Tak 1 MO MNOACNMUCKAM C YY4ETOM 3HAYEHUIM METOK KAacTe-
poB/KAaccoB. NceBAOKOA aAropuUTMa npuBoaUTca B [5].

KOMMNOHEHT NPOrHo3npoBaHus paboTaeT B ABYX PEXH-
Max: 0byueHust 1 TecTMpoBaHus. [epBbIi 3Tan - 310 aTtan
00yuyeHus, B KOTOPOM MPEABAPUTEAbHO HEOOXOAMMO Bbl-
NMOAHWUTb PaboTy BCEX KOMMOHEHTOB HEMPOCETEBOr0 aHa-
AM3a AAHHbIX M MOAYYWUTb pe3yAbTaTbl pacyeTa CPeAHEero
KOAMYECTBA OTKA30B MO BCeN BbIOOPKE M MO KAacTepam-
COCTOSIHMAM 3@ 3aAaHHbIM nepuop BpemeHu (puc.10, ae-
BbIl cToAGeL). MAK Xe MOXHO NepenT Ha BKAAAKY aBTo-
MaTUUYECKOIO PeXMMa BbIMOAHWTb BCHO LIEMOYKY Cpasdy, He
MeHsIA MapameTpoB.

BTropoit atan - 37O TECTOBbINM 3Tamn, B KOTOPOM Heob-
XOAMMO OTKAIOUMTb PEXMM OOYUEHUSI U BbINOAHUTL AAS
COOTBETCTBYIOLLIEN TECTOBOM BbIOOPKM KOMMOHEHT NPEAO-
6paboTKn Aa@HHbIX, KOMMOHEHT KAaCTepU3aLmMmK/Kraccndu-
Kaumu Habopa AaHHbIX Ha CErMEHTMPOBAHHON KapTe Mex-
HEWPOHHbIX PACCTOAHUI COOTBETCTBYHOLLEN 0byvatoLlen
BbIOOPKM, KOMTMOHEHT pacuyeta MPOrHO3HOro 3HauyeHus
CpeAHEro KoAMYecTBa OTKasoB. TakuMM 06pa3oM KAACCH-
duumpyetcs npepobpaboTaHHbI Habop TECTOBLIX AAHHbIX
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Otobpazuts

Puc.10 Pesyabtat paboTbl KOMMOHEHTa NPOrHO3upPoBaHUsS B 00yUaroLLEM U TECTOBOM PEXMMAaX

Ha obyuyeHHOM KapTe KoXOHeHa M OLEHMBAETCS CPeAHee
UMCAO OTKa30B/cHOEB MO KAaccam M No Bcel BblOOpPKe.
AENCTBUA TakKe MOXHO BbINOAHUTb MOKOMMOHEHTHO MAK
B aBTOMATMYECKOM pexume. PacueTbl Ha atanax obyude-
HKA 1 TecTa HEOBXOAMMO BbIMOAHATbL AAS PABHOIO Nepuoaa
NPOrHO3MPOBaHMUSA.

B peaynbrate paboTbl oueHWMBaOTCA MPOrHO3HbIE
3HaUYEeHUA CPEeAHero YMcaa OTka3oB/cOOEB AAA TECTO-
BolM BblGopKKU (punc.10, BTOpoK cTonbel). B TpeTbem
cTonbLE BbLIBOAUTCA OLIEHKA KOPPEKTHOCTM paccuu-
TaHHbIX NPOrHO3HbIX 3HAYEHUI B BUAE AOBEPUTEABHOM
BEPOSITHOCTU. OKCNEPUMEHTbl Ha pPeanbHbIX AAHHbIX
TenemeTpun bBA MKA pasamMepHOCTbHO COTHM ThICAY BEK-
TOPOB NOKa3aAu yPpOBEHb AOBEPUTEABHOW BEPOSATHOCTU
He Huxe 0.9.

B MM WAA WHTErpupoBaH MNporpamMmMHbIM MOAYAb
2-D n -3D BM3yanu3aLMKU Pe3yALTaTOB aHaAM3a AaHHbIX
[5], npumepbl BM3yaAU3auMW NPUBEAEHbI Ha PUCYHKaXx
3,4,8,9.

MporpamMMHbIX MOAYJb JIOFTUKO-BEPOATHOCTHOM
OLleHKU NMoKasaTesieh HafeXHOCTU. [TporpamMmMHbIn
MOAYAb M METOAMKA AOTMKO-BEPOSATHOCTHOM OLEHKM
nokasartener HapexHoctn (MM ABOH) npeaHasHaue-
Hbl AASl OLLEHKM HAaAEXHOCTU WM XMBYYECTU CUCTEMbI Ha
OCHOBaHWKU cXeMbl GYHKLMOHAABHOM LLEEAOCTHOCTM (AO-

rMYECKOM cxemMbl PaboTocrnocobHOCTM CUCTEMbI) C BO3-
MOXHOCTbIO yyeTa BAUAHUA TENAOMEXaHWYECKUX BOS3-
AEWNCTBUM cpeabl [16].

PaspabotaHHblie MM ABOH 1 MeToAMKa OCHOBaHbI Ha
06LLEeM AOTMKO-BEpPOSTHOCTHOrO MeToae (OABM) u moae-
AAX [17]. NOTMKO-BEPOSATHOCTHLIM METOA MO3BOASET Bbl-
ABUTb Haubonee KPUTUUYHblE KOMOMHAUMKW MNOpPaXeHus
9NEMEHTOB CUCTEMBbI, 3allMTa KOTOPbIX, NPEAOTBpaLLaeT
nonapaHve CUCTEMbI B OMACHOE COCTosiHMe. Takum obpa-
30M, NPEAOCTABASETCA BO3MOXHOCTb OObEKTUBHO yCTaHO-
BWUTb NPUOPUTETbI B pa3paboTke COOTBETCTBYHOLLMX CUCTEM
3aLLMTbl aHAaAM3UPyeMoro 06opyAoBaHMS.

NOTMKO-BEPOATHOCTHbIA MOAXOA AASI OLEHKW HaAEX-
HOCTU WM XMBYYECTU CUCTEMbI MPEANOAAraeT BbINMOAHEHWE
caepyromx atanos [16,171]:

— CTPYKTYPHO-AOrMYecKas NocTaHOBKa 3aAayun — NOCTpOe-
HKe cxeMbl GYHKLMOHaAbHOW LenocTHocTh (COLL) aHaamanpy-
€MOW CUCTEMbI KaK AOFMUYECKON CXxeMbl paboTocnocobHOCTH
cuctembl (prne.11,13);

- AOTMYECKOE MOAEAMPOBaHME - Ha ocHoBe COL, no-
CTPOEHUE AOTUUYECKON OYHKUMKM paboTocnocobHOCTU cu-
crembl (OPC) Y. =Y({X},i=1,2,..,H), peaansytoLiein Aoru-
YECKUIN KPUTEPUIN GYHKLMOHUPOBAHUST CUCTEMbI KaK OyHK-
LUMIO HE3AaBMCUMbIX AOTMUYECKMX NEPEMEHHbIX IAEMEHTOB
CUCTEMBI;
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OyeHKa Kayecmea u HadextHocmu cucmem

Bunen e[ Avans Haexsocrn

Puc.11 MHTepperic [TM ABOH, Puc.12 MHtepperic MM ABOH, 0KHO pacyeToB.
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Puc. 13 Web-Bepcus nHtepperica 06beanHseT B cebe peaaktop COLL 1 0KHO pacyeToB

- BEPOSAITHOCTHOE MOAEAMPOBAHWE U OLEHKA MOKa- B npouecce nporpaMmHOM peaan3almm NocTpoeHme
3aTenei HapEXHOCTM M XMBYYECTM — MOCTPOEHME MHO- MHOFOYAEHOB Aornyeckon ®PC 1 BEPOATHOCTHOM GYHK-
royAeHa pPacyeTHOM BEPOATHOCTHOM OYHKLUMU CUCTEMbI LMW AASI CUCTEM C OOABLLUMM KOAMYECTBOM CTPYKTYPHbIX
P=P({p,q},i=1,2,...,H) KaK BEPOATHOCTHOIO 3aKoHa 6e3- aneMeHTOB 1 cBfA3el BA MKA 3aTpyaHSIeTCS M3-3a CAOX-
OTKa3HoM paboTbl CUCTEMbI, BCE COCTOSIHUSI paboToCnoco6-  HOCTM Npouecca aBTOMaTUYEeCKOro aHaAUTUUYECKOTO MO-
HOCTU KOTOPOW MNPEACTaBAEHbl C MOMOLLUBKO AOTMUYECKOM  AeAMpoBaHuA, npumeHsemoro B OABM [17]. Moatomy
®PC, npu 3T0M 3HAUYEHWE pPacUETHON BEPOATHOCTM 6e30T- C LEeAbto ynpoueHua M bonee 3addEKTUBHONW peasnsa-
Ka3HoW paboTbl CUCTEMbI SIBASIETCA 6A30BbIM MHAMKATOPOM LMK HaMKU MPEAAOXKEHbI MOAUDUKALMN KAACCUUYECKOTO
€€ HaAXHOCTU U XXMBYYECTU. OABM.

locaepoBaTenb-HOE coepun-
OR MNocaepoBaTenbHOE
HeHue (AU3BIOHKUMSA)
COEAUHEHME

[ocAaepoBaTEAL-HOE COEAN-

(KOHBIOHKLMA
HeHue (AU3BIOHKLMA)
MapannenbHoe coepnHe- @ MapannensHoe
HUE (AM3BIOHKLMS) CcoepMHeHne

(KOHBIHOHKLIMA) .

Puc.14 OcHoBHbIe TUMbl coeanHeHUs B COL|
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Puc.16 AHaAW3 XMBYYECTU ANF YacTMuHbIX oTka3oB, P; = 0.5, yucro akcnepumerTos 50
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Tabamua 1.
CpaBHeHWe pe3yAbTaToB BbluMcAeHUI ¢ MK ApbuTp, aHaAKM3 HAAEXHOCTH
BepOSTHOCTb AnnapaTtypa cmg:;t;mu MyAbTUCNEKTPAALHAA CMCTGM%OpMGHTaLLVIVI
6e30TKa3HOV HaBUrauunu cucteMa 1 CTaOUAU3aLNU
paboTbl ane-
MeHTOB Pc,MMABOH | O MK AP~ 1 oo nvagon | P& MK AP~ 1 b v ABOH Pe, MK
6utp» 6UTp» «Apbutp»
0,60 0,027546 0,027546 0,064524 0,064524 0,090334 0,090334
0,70 0,087048 0,087048 0,164648 0,164648 0,214043 0,214043
0,80 0,228170 0,228170 0,347892 0,347892 0,417471 0,417471
0,90 0,512256 0,512256 0,630247 0,630247 0,693272 0,693272

Bo-nepBbix, Mbl MopanduumpoBanm rpad COL: B poonoa-
HEHWe K CBA3AM W CTPYKTYPHbIM BeplUMHam ObiAv BBEAE-
Hbl AornMyeckue BeplinHbl ADN 1 OR (puc.11,13,14). 310
NO3BOASIET YUETKO BUAETb CUCTEMbI C PE3EPBUPOBAHMEM U
6e3, a TakXe AaHHble AOTUUYECKKE BEPLUMHBI yAOOHEEe UC-
NoAb30BaTb B aArOpUTMax pacueta BEPOSITHOCTH 6e30Tkas-
HOM PaboTbl U XXUBYYECTU CUCTEM.

lpad COL, c yueTom caenaHHOM MopandUKaumK By-
AEM MPOEKTUPOBATb TakMM 06pa3om, YTOObl CTPYKTYpP-
Hble 3AEMEHTbl KOMMYTUPOBAAU MEXAY COOO0M TOAbKO
yepes AOrMUYeckue 3AeMeHTbl. Kak npaBuAO, cxema
co3paeTca Ha 6ase 4YeTblpex AOTMUYECKUX KOHCTPYKLMA
(puc.14).

BBeaeHME AAQHHbBIX AOTMYECKUX BEPLUMH HEe M3MeEHSET
3HaYeHUs1 BEPOATHOCTH BEe30TKa3HOW paboTbl CUCTEM NPHU
pacueTe. AAA cO3AaHMA BOAEE CAOXHbLIX CTPYKTYP AOTM-
yeckue 3NEMEHTbI MOXHO KOMMYTUPOBaTb MeXAY cOboM
B HEOOXOAMMOM KOAMUECTBE.

BO—BTOprX, Mbl H€ BbINOAHAEM ABHOIN0 MNOCTPOEHUA
NOAMHOMOB Aornyeckon OPC 1 BEPOATHOCTHOM OYHKLIMK.

# M WO BA MKA = o x
Mettc  Vindopmauma
& Sorpymow doina [ Corparers ?

= -
&5 Comere 5 Orpame

HassaHue oueHnBaemoro obbekta |CYﬂH BA BKA

Bnokn  CCH

Vima Tun n

1 3nexrpomaruut MTR-305 0 3 135 165 1.0 0.1

Bpens AKTHEHOTO CyUIECTE0BANMA

Ouenka

[LoomuTe
MamennTs / npocHoTpeTs VisMeHeHUe 3NeMeHToB Tabnuusl

YazanuTe

Punc.17 Untepperic MM MOH BA MKA, aeckton-Bepcus

OHUM cTpoATCA HESIBHO B npoLlecce 0bpabotku rpada COL,
M pacyeTa nokasaTener HaAEXHOCTH, M XMByYecTU. AAA
nepemetlleHns no rpady COLL ncnoab3yeTca anropuTMbl
NMouckKa B LUMPUHY M B TAYOUHY [16]. Ha kaxaom aTane AAs
KaXXAOM CTPYKTYPHOM BEPLUMHbBI Mbl NEPECUYUTbIBAEM 3Ha-
UYeHUsi BEPOSITHOCTM 6e30TKasHoW paboTbl U XUBYYECTU
N NepepAaeM Mx B CAEAYHOLLIME BEPLLMHBI. TakuMm 06pa3om,
KaXaasn BeplUMHa COAEPXUT MHOOPMAaLIMIO O pacyeTax Ha
BCEX MPEAbIAYLUMX BeplumMHax. W BcsakuMK pas, nonapas
B AOOYIO BEPLUMHY, Mbl BCETAA MOXEM MCMOAb30BaTb 3Ha-
YeHUs, NOAYUYEHHbIE AAST MPEABIAYLLMX BEPLUMH. AATOPUTM
3aKaH4YMBaET CBOHO PaboTy, KOrAa AOXOAWUT AO BCEX KOHEU-
HbIX BepLKH [16].

MM ABOH, ocHoBaHHbIM Ha OABM [17] 1 npepnraraembix
MoAMOMKaLMSX, ObiA pa3paboTaH B ABYX BEPCMUSAX, AECKTOM
n web (pnc.11-13), n peanmsyet caepyrolme GYHKLMU AAS
peLIeHnsa 3apaun OLEHKM HAAEXHOCTU U XMBYUYECTU CUCTEM
BA MKA [16]:

- rpaduuecknin BBop COLL aHaAM3MpyeMon CUCTEMBI
BA MKA;

bnoku CCH

Vina T n AR107 174, 28,107 1/u. Kuna b

1 PesepeuposanHan uenouxa L2 2 -~-Pe3epeupOBaHNan uenouka— 0.9 o1
2 Pesepenpoeanman uenouka Li1 1 ---Pe3epeupOBaHHan uenouka--- 0.8 o1
01

0.1

s
i
3 AHTenHa GPS/MnoHace 0o s
4 3nexpomarkuT MTR - 305 0 3

1

5 MpueMkik GPS/TnoHacc 0 0.1

Puc.18 TabanuHoe npesctaBreHne CCH

@ Mogyne euzyanmzaumm CCH -')'('- |
KopHesoi anemeHT CCH2 - Coctas
| [ e | -
Bl (4 4
AHTEHHa GPSJTnoHace SnekTposartiT MTR - 305
4 L
PasykpynHAeMsi anemeHT - CCH. HanmMerosatne "CCHI™

Puc.19 - Busyaansaums ctpyktypsi CCH
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Teopemu4yecKue ocHo8bl KU6€pHEMUKU

- pacyeT TOYEUYHOro 3HaYEeHUsT NokalaTens HapAEXHO-
CTW (BEPOSITHOCTM He30TKa3HoW paboThl);

- aHaAM3 HapexHocTH cucteMm BA MKA ana cepun 3Ha-
YEHWM NoKa3aTener HaAEXHOCTU INEMEHTOB CUCTEMbI U3
3aAaHHOro MHTEPBaAa C 3apaHHbIM Warom (puc.12);

- aHanm3 xmByyectu cuctem BA MKA AAS MOAHBIX
M YaCTUYUHbIX OTKA30B NyTEM CAyYanHOM reHepauuun 3a-
A@HHOTO YMCAQ MOPaXEHHbIX AINAEMEHTOB B TEUEHUE Ce-
pUK 3KCMEPUMEHTOB (UMCAO IKCMEPUMEHTOB 3aAaETCSA),
B CAyyae MOAHOIoO OTKa3a BepOATHOCTb 6e30TKa3HOM
paboTbl NopaxXeHHbIX IAeMeHTOB paBHa O, YacTUUYHOro
OTKasa - BepPOATHOCTb 6e30TKa3HOM paboTbl CHMUXAETCA
AO 3HaueHus p <p, (pnc.13,15,16);

- YYET BAMSHUA TENAOMEXAHUUYECKMX BO3AEUCTBUI Ha
aneMeHTbl cucteMm BA MKA 1 BO3MOXHOCTb dUKcauum no-
Kas3aTenen HaAeXHOCTU OTAEAbHbIX SAEMEHTOB B MpoLecce
aHaAM3a HaAEXHOCTU U XMUBYYECTH;

- MNocTpoeHue rpadrKoB MOAYYEHHbIX 3aBUCUMOCTEN
(pnc.12,13,15,16);

YAK 517.977

aHaAM3 MoKa3blBaeT COBMAAEHME pe3yAbTaToB (Taba.l),
6onee noppobHoe cpaBHeHWE M onucaHue MM ABOH
N METOAMKM MOXHO HanTu B [16].

MporpamMMHbIA MOAY/Ib MHTEPBaJibHOM OLLEHKU
nokasarenen HapexHoctu BA MKA. B pesynbrate
OUEHKU HaAEeXHOCTU OﬁbeKTa, KaK NnpaBUAO, onpepena-
IOTCA ero pacuyeTHble MoKa3aTeAM HAAEXHOCTM B BUAE
€AMHWUYHOTO YMCAOBOTO 3HaUYeHMS. ICXOAHBIMW AQHHbIMU
ANSI pacuyeTa HaAeXHOCTM 0ObeKTa B KAACCUUYECKOW Mo-
CTaHOBKE, Kak NpaBUAO, ABAAIOTCA MHTEHCMBHOCTWU OTKa-
30B HepasyKpynHAEMbIX 3IAEMEHTOB 06bekTa. B oueHke
HaAEXHOCTU UCMOAb3yeTCA AUWLb €AMHUMYHOE 3HayeHue
WMHTEHCMBHOCTU OTKa30B, @ MHTEpBaA 3HAUYEHUN WHTEH-
CMBHOCTM OTKa30B W APYrMx MnokasaTener HaAeXHOCTU
ocTaeTcsi HeBoCTpeboBaHHbIM. B ToxXe Bpems WHTep-
BaAbHasA OLIEHKa NO3BOASIET HoAee TOUHO MoKasaTb, Kak
MOXeT OblTb BEPOATHOCTHO pacrnpeAeAeH MokasaTeAb
HAAEXHOCTWU, AAET BO3MOXHOCTb NMOCTPOEHMST MOAEAW MO
OrpPaHWYEHHbIM AaHHBIM. TakruMm 06pa3oM, aKTyaAbHbIM

BuTgind GPS PesyNLTaTE pAcYETa =HE [ERCTEMA HAT CREMOR =
H a Trosscs .
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ZnexTpomarruT MTR-305
AnTesita GPSTRoHace

1.35 165
135 165
45 55
151 18.0
135 16.5

Mpissusax GPSTnoHace
Pezepanposantas yenowa L1

[ R SR R
[ [ [ PR R

Pesspeiposanmas uenosra LI

"

oo oceey JRRED k 5
Pnc.20 Web-unHtepoeric MV MOH BA MKA
Tabanua 2.
CpaBHeHUWE pe3yALTaTOB BbIUYMCAEHUI B PyYHOM U @aBTOMATUUECKOM pPexXuMax
Tun pacueTos MHTEHCHBHOCTb OTKa30B Bepo;m!ocna

PeayALTaTbl PYYHOrO 3HaueHne 10-81/y 6e3oTkasHomn paboTbl
noLlaroBOro BbIMOA- HUXHee AH BepxHee N\B HUWXHAA PH BepxHAA PB

HEHUs pac4eTos 14.417264 17.659219 0.992012 0.993472

PesyabTarsl MCroAL30- 14.417264 17.659219 0.99201247 0.99347206
BaHusa MM MO MNMH

- BbIBOA W COXpaHEHUE PE3YALTATOB OLEHOK NoKasa-
TEeAEN HAAEXHOCTW, U aHaAM3a MoKalaTenel HapeXHOCTU
N XMBYYECTH.

MpoBepka pesyabTaTtoB paspaboraHHoro MM ABOH
BbIMOAHEHA MYTEM CPaBHEHWUS MOAYYEHHbIX PACYETHbIX
3HAYEeHUM NokasaTener HaAEXHOCTU U XMUBYUYECTU AN He-
KoTopbIX cucteM BA MKA ¢ pesyastatamu MK «Apbutp» (at-
TectoBaH «PoctexHapzopom» B 2007 T.). CpaBHUTEAbHbIM

ABASIETCS paspaboTka METOAMKM M MPOrpaMMHOIO MOAY-
ASl UHTEPBAAbHOM OLIEHKU Nokasatenein HapexHocTu (MM
MOH) BA MKA [18-20].

Metoamka n MM MOH BA MKA, (Puc.17-20) nosBo-
ASIFOT BbIMOAHATb MHTEPBAABHYIO M TOUEUYHYH paCYeTHble
OLEHKMW MoKasaTener HapexHocTu cuctem BA MKA anq
pasHbIX TUNOB PE3EPBUPOBAHUA U PEXUMOB PaboThbI
anemeHToB BA. basupytoTca Ha KAACCUYECKON MOAEAU
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HaAEXHOCTU cucteM BA B BUMAE CTPYKTYPHLIX CXEM Ha-
AexHocTu (CCH) n paspaboTaHHbIX aAroOpUTMax MHTep-
BaAbHOW W FPAHMUYHOM OLEHKW MOKal3aTener HaAeXHO-
ctn. Kak ncxopHble paHHble B TTM MOH mncnoab3ytotcs
WHTEPBAAbHble 3HAYeHUA WHTEHCMBHOCTEM OTKa30B
HepasyKpynHAEeMbIX aAeMeHToB cuctem BA. B paHHOM
MoAayAe Takxe obecneunBaeTtca rpadpuyeckoe u Tabanu-
Hoe npeacTaBAeHue 1 BBoa cuctem bA MKA B Buae CCH
(Pnc.17-20).

Takum obpaszom, MM MOH BA MKA 1 cOOTBETCTBYHO-
lWan MeTOAMKa MO3BOASIKOT MpPOaHaAM3MPOBaTb HaAEX-
HocTb cuctemM BA MKA ¢ aAnbTEpHATMBHOM MO OTHOLLEHWUIO
MM ABOH T0uKM 3peHnss. C OAHOW CTOPOHbI NMPUMEHSAETCA
KAaccuueckasi No ctaHAapTaM HapexXHocTM moaenb CCH,
C APYron peanr3oBaHa BO3MOXHOCTb OLEHKMW MoKasaTte-
AEM HaAEXHOCTM HE TOAbKO TOYEYHO, HO U MHTEPBAAbHO
[18-20]. MNMpoBepka KOPPEKTHOCTU BbluncaeHuin MM NOH
ANl CUCTEMbI YNIPABAEHWSI ABUXKEHWEM M HABUraLMEN Npu-
BeAeHa B Tabavue 2 1 NOKa3blBaeT COBMNAAEHME Pe3yAb-
TaToB.

OyeHKa Kayecmea u HadextHocmu cucmem

3akn4eHue. PaspabotaHHbI KOMMAEKC MPorpaMm-
HbIX CPEACTB U METOAMK MMEET CAEAYHOLLIME OCHOBHbIE MNpe-
MMYLLIECTBA U OCODBEHHOCTH:

PeweHne 3apay oueHMBAHUA M aHaAM3a HaAAEXHO-
CTW, XMUBYUYECTH, PABOTOCNOCOBHOCTU U AQHHbIX TEAEME-
Tpn BA MKA 0CHOBaHO Ha MyALTUMOAEABHOM MOAXOAE,
M NPEACTABAEHO HECKOAbKMMUW BapuaHTaMn MeToAnYe-
CKOW 1 NPOrpaMMHON peaAm3almu, YTo NO3BOAAET pas-
HOCTOPOHHE NpopaboTaTh NOCTAaBAEHHbIE 3aAauMN.

KoMnaekc MMeeT ABe BEPCUM peanm3aumu AECKTOM-
1 web-, UTo NO3BOASIET NMPUMEHSATb Er0 Ha AOKAAbHbIX KOM-
nbtoTepax U yaAaAeHHO yepes web-uHTepoelic.

MpMMeHeHMEe MOAYAbHOM U CEPBUC-OPUEHTUPOBAH-
HOM apXuTEKTYpbl obecrneunMBaeT BO3MOXHOCTb AdAb-
HeWLWero pa3BuTUS M apanTaLumM KOMIMAEKCA METOAMK
M NPOrpaMMHbIX CPEACTB.

MporpamMMHble MOAYAM KOMMAEKCA TECTMPOBAAMCL Ha
O@pa@OTaHHbIX peanbHbIX AdHHbIX TEAEMETPUN U HEKOTOPbIX
cuctemax BA MKA. PesyAastaTbl TECTUPOBAHMA NOKa3aAn AO-
CTaTOYHO BbICOKYH TOYHOCTb PaCU€eTOoB.

PeueH3eHT: LinproB BareHTMH NeOHUAOBMY, KAHAMAAT TEXHUYECKMX HaYK, AOLEHT MOCKOBCKOIro rocyAapCTBEHHOIMO
TEXHMYECKOro yHmnBepcuteta um. H.3. baymaHa, r. MockBa, Poccusi. E-mail: v.tsirlov@bmstu.ru
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ANALYSIS OF RELIABILITY, SURVIVABILITY
AND TELEMETRY INDICATORS OF SMALL SPACECRAFT’S
ONBOARD EQUIPMENT

Skobtsov V.Y.!, Kruglikov S.V.2, Kim D.S.?, Novoselova N.A.%,
Arkhipau V.1.5, Kulbak L.1.%, Nikolaenya E.D.’, Lapitskaja N.V.8, Vakulchyk Y.N.?,
Saksonov R. V.0

Editors board note: Publishing the article by our Belarusian colleagues, we would like to underscore that it resulted
from the collaboration of scientists from the two countries and reflects the Important result of a major project undertaken
by the Union State. We intend to continue paying close attention to works by our colleagues from Belarus.

Purpose: Research and development of procedures, algorithms and software to assess reliability/survivability
indicators and perform intellectual analysis of telemetry data of small spacecraft’s onboard equipment.

Research methods: The developed software and procedures build on the methods and algorithms of the
reliability theory, probability theory and mathematical statistics, Boolean algebra, machine learning and image
processing.

Results: The article offers solutions to the relevant tasks of assessing and analyzing the reliability/survivability
indicators of small spacecraft’s onboard equipment as their safety elements. The article presents a solution to the task
of intellectual analysis of telemetry data of small spacecraft’s onboard equipment to identify its operational states and
analyze its performance. A package of software tools and procedures was developed to assess and analyze reliability,
survivability and telemetry indicators of small spacecraft’s onboard equipment. The package includes a procedure and
software module for interval assessment of reliability indicators, an integrated software module for visualizing structural
reliability schemes, a procedure and software module for intelligent telemetry data analysis, an integrated software
module for 2D and 3D visualization of data analysis results, a procedure and software module for probabilistic logic
assessment and analysis of reliability/survivability indicators. Implemented in desktop and web versions, the software
package has a flexible service-oriented architecture.
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