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MeToauKa CHUKEHUSI KOHCTPYKTOPCKOT0 PUCKA
B Ipouecce npeaBapuTeJbHOH 0TPa0OTKHI
OOPTOBBIX CHCTEM C IPUMEHEHHEM
NPOrpaMMHBIX KOMILJIEKCOB

K.T.H. A. M. Bapanosckuii, k.1.H. E. H. [llannoBasos

AO «HNHU nporpaMMHBIX CPEACTBY,
Canxkr-IlerepOypr, Poccus
bamvka@mail.ru, henya56@mail.ru

Annomayua. B craTbe npeacTaBiieH NOAX0 K PelIeHHI0 3a-
a4 KOJHYECTBEHHOI0 aHAJIN32a KOHCTPYKTOPCKOI0 PHCKA BO3-
HHUKHOBEHHUSI O0TKA30B MAJbIX KOCMHYECKHX anmnaparoB. BpisB-
JleHbl HanboJs1ee 3HAYUMbIe (aKTOPBHI, BJIAMSIOLIHE HA KOHCTPYK-
Topckuii puck. O00CHOBaHA METOANKA CHHKEHUSI KOHCTPYKTOP-
CKOI'0 pHCKa B Ipouecce NpeJBapHTeJIbHOH 0TpadoTku 00pTO-
BbIX CHCTEM C MPUMEHEHHEM CIeUHATbHBIX MPOrpaMMHBIX KOM-
IJIEKCOB.

Knrouegvle cnosa: KOHCTPYKTOPCKUH PUCK, MAJIbINE KOCMUYe-
CKMil anmapar, HaJle;KHOCThb, MPOrPAMMHBIA KOMILIEKC, HCIBITA-
HHUSl, IPOTOJIETHBIH MOAXO0/.

BBEJEHUE

[Ipn cozmaHuM COBPEMEHHBIX TPAHCHOPTHBIX CPEICTB Ha
OCHOBE IIMPOKOT0 BHEJPEHUSI NH(POPMAIIMOHHBIX TEXHOJIOTHIA
CYILECTBEHHOE 3Ha4YeHHE MMeeT MpeBapUTelbHas 0TpaboTKa
COCTaBHBIX YacTei W m3zenus B nenoM. [Ipu aTom 3arpatsl Ha
O0TpabOTKy TEXHOJOTMH M W3AENHS MOTYT OBITh CYIIECTBEH-
HBIMH B 00mieM (UHAHCHUPOBaHMM pa3pabOTKHU H3IETUS U
HECTH PHCKM HETOJHOH oTpaboTku. [lo3TOMy Ha mpakTHKe
TpeOyeTcss ONTUMH3MPOBATh IMPOIECCH OTPAOOTKH C LENBIO
CHIDKEHHs 3arparT 0e3 IoTeph KadecTBa OTpaboTku. Taxk,
HalpuMep, OJHUM M3 OCHOBHBIX TPEOOBAaHMH K peaM3alni
COBPEMCHHBIX KOCMHYECKHX MPOrpPaMM, TAKHX, KaK Mporpam-
Ma CorozHoro rocynapcrBa «TexHonorus-CI» [1], saBusercs
CHM)XXCHHUEC BPCMCHHBIX U (I)I/IHaHCOBI)IX 3aTpaT Ha HAa3€MHYIO
0TpabOTKy MaJoMaccora0apuTHBIX KOCMHMYECKHX —ammnapa-
ToB (MKA). Hanbonee moaxoasmum perieHueM 3Tol 3amgayuu
SIBIISIETCSl NIPUMEHEHHE «IPOTOJETHOrO» moxaxonaa [2], mon
KOTOpbIM  IIOHUMAeTcsi  KOMIUIEKC  OpraHU3alMOHHO-
TEXHUYECKHX MEpOIPHUATHH, PpeaM3yIOIuX TEXHOJIOTHIO,
00€ecCIeunBAaONIyI0 YCKOPEHHOE BBINOJHEHHE KOCMHYECKHX
00pa3oBaTeNbHBIX, HAYYHO-UCCIIEOBATEIbCKUX U COLUAIILHO-
SKOHOMHYECKHX IpPOrpaMM 3a CYET HCIOJIb30BaHUS B Kade-
CTBE INTATHOTO OOPTOBOTO OOOPYAOBAHWS MHUKPO- M HAHO-
KA, snemMeHTOB, MpOIIEAIINX HAa3eMHYI0 OTPaOOTKy M MMEIO-
IIUX OCTATOYHYIO BEJIMYMHY TOKAa3aTeNel 3KCIUTyaTallnOHHO-
TeXHHYECKNX XapakTepucTuk (OTX) He XyxXe 3alaHHBIX B
texandeckoM 3amarnu (13). Ilpu peanmzanuu «IpoTOJIETHO-
To» 1moaxoaa O)IHOﬁ N3 TJIAaBHBIX HpO6HeM SABJISACTCA IIOBBI-
IICHHBIH KOHCTPYKTOPCKUM puCK 0Tka30B MKA, kotopsrii

n.7.H. A. I1. BoukoB

Cankr-IlerepOyprekuii MOMMTEXHUUECKUH YHUBEPCUTET
Ilerpa Benukoro,
Canxkr-IlerepOypr, Poccus
kostpea@mail.ru

MOYKHO OTIpENeNUTh KaK PUCK CPbIBA MPOEKTa MO CO3IAHHIO
MKA, cBsi3aHHBI ¢ HEBO3MOXHOCTBIO oOecriedeHus: Tpedye-
MBIX ITOKa3aTeliell HameXkHOCTH. KOoHCTpyKTOpckuii puck 00y-
CJIOBJICH BEPOATHOCTHIO:

— HCIOCTWIXCHHA 3alUIaHUPOBAHHBIX TCXHHUYCCKHUX IIapa-
MCTPOB B XOA€ BHEAPCHUA B JICTHYIO ITPAKTUKY I/IHHOBaLlPIFI;

— TIPEBBIIICHUS] TPEOOBAHUI K TEXHMYECKHM IapameTpam
MHHOBAaIMIl TEXHUYECKOTO YPOBHSI M TEXHOJIOTMYECKHUX BO3-
MOJKHOCTEH IMPOM3BOJCTBA B OCBOCHHUHU IMOJYUYEHHBIX PE3Yilb-
TaTOB pa3paboTOoK (BKIIOYasi ypOBEHb HOATOTOBKU U BO3MOXK-
HOCTH HEPETIOITOTOBKH KaJPOB).

HcToyHnKkaMyu KOHCTPYKTOPCKOTO PUCKA BO3HUKHOBEHUS
OTKa30B B MOJIETE SBJIAIOTCA!

— YHUKaJIBHOCTb OOJIBIIMHCTBA OOPTOBBIX crcteM MKA;

— OTpaHWYCHHBIA 00beM UcTbITaHni MKA;

— COKpamieHHe TpeOyeMbIX CPOKOB BHEAPECHUSI NHHOBALIUI.

BMmecte ¢ TeM cOBpeMEHHbBIE CpPEACTBA ABTOMATH3ALUH
MIPOLIECCOB YNpaBIeHUs )KU3HEHHBIM 1MKIoM MKA no3Bons-
10T CYIIECTBEHHO CHHU3UTh KOHCTPYKTOPCKHM PUCK BO3HHUKHO-
BEHHUS OTKa30B B IOJETE 3a CUET HCIIOJIB30BaHUS BCETO JI0-
CTynHOro oobeMa nHpopManuu 00 U3IeNH, 0JJHAKO JJIsI 3TO-
ro TtpeOyercss pa3pabOTKa CHUCTEMATHUYECKUX IMOIXOJ0B K
ynpaBieHuto puckamu [3, 4]. B cratbe paccMOTpeH Moaxox K
OIICHUBAHHIO KOHCTPYKTOPCKOTO PUCKA BOZHUKHOBEHUS OTKa-
30B MKA B nosiete v npoBeJeH aHaIu3 MyTEH €ro CHUKEHUS
IpU pealn3aluu «IIPOTOJETHOT0» MOAXOAAa K CO3JaHHUIO
MKA.

3AIAYA KOJTMYECTBEHHOTO AHAJTM3A
KOHCTPYKTOPCKOI'O PUCKA OTKA30B BOPTOBLIX CUCTEM

[esnpo Ha3eMHBIX MCHBITAHUNA Ha HaJEKHOCTBH SIBISETCS
MOATBEPKACHUE TPeOOBaHMH K TIOKAa3aTelsiM HAIEKHOCTH
6oproBeix cucreM (BC). Kak mpaBuiio, TeXHUYECKAM 3a/1aHU-
em Ha cozgaane MKA (wm ero BC) 3amarorcst TpeboBaHus K
BEPOSITHOCTH 0E30TKa3HOW pabOTHI V¢ HAa MOMEHT OKOHYaHHS
Cpoka akTHBHOrO cymecTBoBanusd MKA T)yc.

BepositHOCTh 06€30TKa3HOW pabOTHl OLIEHUBAETCS HAa OCHO-
BaHMM pe3ysibTatoB ucnbitanuit {T;|i = 1,N,}, rae T; — Bpe-
Ms1 6e30Tka3HOW paboTsl i-ro obpasia bC. Koncrpykropckuii
puck Kp BO3HHKHOBEHHS OTKa30B B IIOJIETE CBSI3aH C BEPOSIT-

Pa6ota BeimonHeHa o gorosopy Ne 2580/HUUAIIC ¢ Hay4Ho-nccne1oBaTeIbCKIM HHCTHTYTOM KOCMHYECKUX CHCTeM HMeHH A.A. MakcumoBa — (uananom

AO «T'ocynapcTBEeHHBIE KOCMHUYECKHMI HAayuyHO-NIPOM3BOJCTBEHHBI LEHTp uMeHu M. B. XpyHuuepay

Ha BBINIOJHEHUE COCTAaBHOW YacTu Hay4YHO-

uccruenoBaresbekoit padotsl «Texnonorus CI'-3.3.3.2» 111 rocy 1apcTBEHHBIX HYXXJ B paMkax nporpaMmmsl Coro3Horo rocynapcrsa « TexHonorus-CI».
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HOCTHIO OIMOOYHOTO pEIICHUs O JOCTIDKEHHH TpeOOBaHMIMA
T3, To ecTh

Kp = P(V < VAC)'

CnenoBatenbHO, A pacueTa KOHCTPYKTOPCKOTO pHCKa
HEOOXOIMMO HCCIICIOBAHNE TUHAMUKHA U3MEHECHHUS BEPOSITHO-
cTH 0€30TKa3HOW pabOThl HA OCHOBAHUH PE3YJIBTATOB HUCIIbI-
tanuid. [Tycte BeposTHOCTH Oe30TKazHOU padoTel bC momxun-
HEHA HKCIOHCHIMATBHOMY 3aKkoHy. OmnpenenuM (YHKIIHIO
MaKCUMAJIbHOT'O TPAaBIOMOI00MS U CPEIHETO BpEeMEHH 0e3-
OTKa3HOH paboTHI:

No
1 1

[ ety = e -2 > 70 .

i=1 0 %=1

OTKyZa omnpeneisieTcss OLeHKa MaKCHMAaJIBHOTO MPaBIOIONO-
Ous 1T BpeMeHH 0e30TKa3HO# padoThL:

No

~ 1

To = N_OZ Ti .
i=1

Jlucnepcus OIEHKH BpeMeHU 0e30TKa3HOW paboThI ompe-
nenseTcs mo hopmyIe:

~ 2

No
1 D(T; T,
ES AR
N, N, N,

i=1

D(TO) =63

Onenka T, sBigeTCs CIy4yallHOM BETUYUMHOMN, TOCKOJIBKY
OHAa TIIPEJCTaBIseT COOOWH (YHKIMIO CIly4alHBIX BEJIWYHH.
B cootBercTBUM C LIEHTpalIbHOM IpeAenbHON TeopeMoil Teo-
pUN BEpOSITHOCTU 3aKOH PACIpPENENEHUs OLIEHKU CPEIHErO
BpeMeHH 0e30TkazHON paboThl T, OJIM30K K HOPMAaJIbHOMY,
CJIC/IOBATEINILHO, TUIOTHOCTH PACTIPE/IENICHUS OLICHKH

~ N2
(To — TO)

(p(To) = 20_02

1
———exp
o, V21

Beposarrocts 6e30TKa3HOI paboTel OopTOBOTO 000PYIO-
BaHMs Ha MOMEHT OKOHYaHHsI CPOKa €ro akTHBHOI'O Cyllle-
CTBOBaHUA paBHa

Tac

V=f(T,) = e To.

Jist moydeHus IMJIOTHOCTH PacHpeesieHHs] BEPOSITHOCTH
0e30TKa3HOH paboTel V Ha MOMEHT OKOHYAHHS CPOKa aKTHB-
Horo cymectBoBaHuS MKA T,c (puc. 1) Bocmosbzyemcs
(dopMmymolf ompeneneHUsT 3aKOHA pacrpeneieHus (yHKIUU
ciryyaiiHoi Bennuunsl f (T,), ecny n3BecTeH 3aKOH pacipeie-
nenus aprymenra ¢(T,) [5]:

gW) = elf WM+ If 7 NI'].

f-l(V)=—mT(L;) > [ =

Tac
V-in2(V)’

TAC

Puc. 1. [InoTHOCTH pacnpesiesieHus: BEpOSATHOCTH
6e30TKa3HO paboTel V

(_ Tac__ 7 )2
TAC . ln(V) °
26,°

[ ] L >
t

V)= “ex
IV = -] P

Coopmynupyem HyneByto runoredy Hy: V = V- (TO ecTb
6oproBas cuctema wi MKA B 11eioM y10BIETBOPSIET PEIb-
SIBIISIEMBIM TPEOOBAHUSIM 10 HAIEKHOCTH) IIPOTHUB AIbTEPHA-
TuBHOU runote3sl Hi: V < V.. 3amaya npuHATHSA HyJIEBOH
WM aJIbTEPHATUBHON TMITOTE3BI COMPSIKEHA ¢ OIINOKaMH Iep-
BOI'0 U BTOpOro poaa. OmmoOKa MepBoro poia MpeACTaBiIseT
c000i1 BEpOSTHOCTh HECOOTBETCTBHS MPEABSIBISEMBIM TPEOO-
BaHHUAM MO HaJeKHOCTH IpH runorese Hy. Ommbka BTOpOro
poJa cBsi3aHa C 3aBBIIICHHEM TPEOOBaHMI K MHHOBAIMSAM IO
OTHOIICHHI0O K MaKCUMaJbHOMY YPOBHIO, 0oOecrieunBacMoMy
MPOM3BOACTBOM. TakuM o00pa3oM, OmMOKH mHepBoro (@) u
BTOpOro () poia OJHO3HAYHO OMPEICISIOT KOHCTPYKTOPCKUM
PHUCK BO3HHKHOBEHHUS OTKa30B B moiere (puc. 2). UncneHHnas
BEIMYMHA OIIMOOK MEPBOTO M BTOPOTO POJA PACCUUTHIBACTCS
CIIEIYIOIINM 00pa3oM.

KoHcTpykTOpCcKuil pUCK, CBA3aHHBIN C BEPOSITHOCTHIO HE-
JOCTHXKCHUSA 3aJaHHBIX nokazaTejeu HaJAC)KHOCTH, MaTCMaTHu-

YECKH MOXKHO OTPEICIIUTh CICIYIOINUM 00pa3om (puc. 2):
Vac

a=PWV <V) = f g(Nav;

0
1

B=P(W > V)= j gyav.
Vac

AglV)

IIpunsTue runoressl
Hy

HpI/IHSITI/IC TUIIOTE3bI
Hy

>
Vac |4

Puc. 2. 'eomeTprueckas HHTEpIIpETaLHS
KOHCTPYKTOPCKOTO PHCKa
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OmubKy mepBOro M BTOPOTO POJa 3aBHCAT OT OBYX (hak-
TOpOB: 00BeMa BRIOOPKH M yJATICHHOCTH BEPOSTHOCTH 0€30T-
Ka3HOHM paboTHI, MOyYeHHOH MO pe3ylbTaTaM HCIBITAaHUH, OT
TpeGyeMoro 3HaUEeHUS

A= To - TTpeG ’

re Trpes — CpenHee BpeMs G€30TKa3HOH PabOThI CHCTEMBI,
pacCYMUTaHHOE MCXOAS M3 TPeOOBaHMIA K BEPOSTHOCTH 0E30T-
Ka3HO# paboThI /¢ HA MOMEHT OKOHYAHHs CPOKAa aKTHBHOTO
cymectBoBaHuI MKA Tyc:

Tac
T, =—
™ T _In (Vo)

I'paduku 3aBUCHMOCTEN KOHCTPYKTOPCKOTO PUCKA OT pe-
3yJIbTaTOB MCHBITAHUHA Ul Pa3UuHBIX 00BEMOB BBHIOOpKH N
(mpu V¢ = 0,95 mnst Tpc = 5 11eT) mpuBEIeHBI HAa pUCYHKE 3.

W3BecTHO, 4TO OJJTHOBPEMEHHOE CHI)KEHHE OLIMOOK TEePBO-
rO M BTOPOTO poja 6e3 yBennueHus o0bema BBIOOpKH (a cite-
JIOBAaTEeNIbHO, YMEHBIICHUS TUCIEPCHUH OLICHKU J),) HEBO3MOX-
HO [5]. CnemoBarenbHO, BCe CHOCOOBI CHIDKCHHS KOHCTPYK-
TOPCKOTO PHCKa JOJDKHBI OBITH HAlpaBlCHbl HA CHIDKCHHE
JIUCTIEPCHUU OLICHKH BPEMEHH 0€30TKa3HOW PaOOTHI.

IIYTU CHUXKEHWS KOHCTPYKTOPCKOI'O PUCKA
BO3HMKHOBEHI OTKA3O0B B IIOJIETE
CHuXeHHe IHCIEePCHH OLCHKH §,, OT KOTOpPOW Hampsi-
MYIO 3aBUCUT BEJIMYMHA KOHCTPYKTOPCKOI'O PHUCKA, BOZMOXK-
HO C TIpUBJICYCHHEM JOIOJHUTEIBHOW HH(pOpManuy,
YTO COOTBETCTBYET INIaBHOMY NpuUHIMIY TexHosoruu CALS:

nHpOpMAaNKs, OJHAXK/Abl BOZHHUKIIASA Ha KaKOM-JTHOO 3Tare
K10, coxpansiercss B eqUHOM MH(POPMAIIMOHHOM MPOCTPAHCTBE
1 CTAaHOBHTCS JOCTYITHOHM BCEM yYaCTHHKAaM 3TOTO M APYTHX 3Ta-
moB [6]. K mrdopmarm Moryt obpamarbess OTaeNbHBIE TIPO-
OJIeMHO-OPUEHTUPOBAHHBIE MOJIENH, pealli30BaHHbIC B (hopme
NpOrpaMMHBIX NpuiokeHud. ClieioBaTeNbHO, B paMKax pe-
IIaeMOH 3ajauyM aKTyaJbHOI sBIseTcd pa3padoTka IIpo-
TPaMMHOTO MPWJIOKEHUSI — MPOTrPaMMHOT0 KOMILIEKca olle-
HUBAHUS OKCIUTyaTalMOHHO-TEXHHMYECKUX  XapaKTEPUCTHK,
KayecTBa HAJEeKHOCTH M nporHozupoBaHus otkazos (1K
OXHIT), — peanusytoiiero texHonoruto f [7]

R =f(K,P,A,I),

rae R — BEKTOp 3KCITyaTallMOHHO-TEXHUYECKUX XapaKTepH-
cTuK 00opTOBBIX cucteM 1 MKA B mienowm;

K — MHOXeCTBO CTPYKTYpHBIX MoJielieii OOPTOBBIX CH-
cteM 1 MKA B menom (CTpyKTypHBIE CXEMBI HAICKHOCTH,
JIUArHOCTHYECKUE MOJICIH, IEPEBhs OTKA30B U T. I1.);

P — MHOXecTBO mapaMeTpoB, XapaKTEepPU3YIOIIMX Kade-
cTBO 60pTOBBIX cucteM 1 MKA B 11e10M;

A — anpuopHas HHGOpPMAaLUsI O 3HAYEHHUAX IKCILTyaTally-
OHHO-TEXHUYECKHUX XapaKTepPHCTHK O0pTOBBIX cucteM 1 MKA
B LIEJIOM;

I — pe3ynbTarel MCHBITAHUH U SKCIUTyaTallid OOpPTOBBIX
cucreM 1 MKA B nenom;

f — TexHONOrMsA OLEHMBAHWA SKCIUTyaTAlHOHHO-
TEXHUYECKHX XapPaKTEPUCTUK, Ka4eCTBA, HANECKHOCTH U MPO-
THO3MPOBAHMsI OTKA30B.

Puc. 3. 3aBECUMOCTH KOHCTPYKTOPCKOTO PUCKa OT PE3yIbTaTOB UCIBITAHUH
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Hcrounnkamu u moTpeOUTENIMU HHOOPMALIUHN SIBIISIFOT-
Cs pa3NUYHbIC aBTOMATH3UPOBAaHHBIE HH(POPMAIMOHHBIC
CHCTEMBI, IPUMEHSIEMbIC Ha PA3IMYHBIX JTalax XU3HEHHO-
ro nukia (puc. 4). Ha stamax uccnenoBanns 1 000CHOBaHHS
pa3paboTKy, a TaKkKe HEMOCPEACTBEHHO pa3pabOTKH OCHOB-
HBIM HCTOYHHMKOM HH(OpPMAIMH SIBISIOTCS CHCTEMBI aBTOMa-
tuzupoBaHHoro mnpoexkTtupoBanus (CAIIP) xmaccoB CAD,
CAM, CAE [6]. Ot Hux mocrynaer MHGOPMAIUSI O MOJEIAX
60pTOBBIX cucteM. Ha ocHOBaHMM Mozeneil OOPTOBBIX CHCTEM
W JIOCTYITHOHM anpHOpHOW MH(OpPMAaLMK OCYILIECTBISIETCS pac-
yer OTX. Ha srane npousBoacTBa OCHOBHast MH(opmarms,
mony4aemast ot ACY npomsBoacteoM (ERP-, MES- u SCADA-
cucreM [8, 9]), — pe3ynbTarsl UCIIBITAaHUH. VIcTOYHMKaMU J1aH-
HOM WH(OPMAILMK MOTYT CIY)KHUTh HCIBITATEIbHBIE CTEHIIBI,
¢yHkImonupytomue mox ympasienuem ACY. Ha srame sxc-
IUTyaTallii OCHOBHAsI MH()OPMAIIUS MIPEACTABISET COO0H TlaB-
HBIM 00pa30M TEIEMETPHUYECKYI0 HHPOPMAIIHIO.

[pu r000M (hakTe mosydeHuss HHPOPMAIMH OCYIIECTRIIS-
eTcs mepepacyer HKCIUTyaTallHOHHO-TEXHUUECKUX XapaKTepH-
CTHK U KOHCTPYKTOPCKOT'O PHCKa Ha OCHOBaHMU BCEH MMeEIo-
mieticst uadopmanunu. Ilpu sTom s o0benuHeHus: uHPOpMa-
UM 1eJIECO00Pa3HO UCTIONB30BATH CIEAYIONINE METOBI:

— OaitecoBckuit MeToz [10];

— METOJ JTUHEHHOT0 00beANHEHUS O1ieHOK [10];

— METOJ] IPHOPUTETA OMBITHOH nHpopMmanuu [11, 12].

OOwmme n pasHOPOJHOCTH CONPSDKCHHBIX MH()OpMAannoH-
HBIX CHCTEM OIPENCIIHIIO CEPBHC-OPUEHTHPOBAHHYIO apXH-
tektypy IIK OXHII. Hdoctyn x 0aHKY IaHHBIX, a TaKXK€ BBI-

gucnenuss OTX peanusyroTcd NpOrpaMMHBIMH  MOJYJISIMH
cepBepa. Ha cepBepe Tarxke peaqn30BaHBI CEPBHCHI, MPENO-
crapistrontie goctyn kK APl cepepa uepes craHmapTH3HpO-
BaHHBIH TPOTOKON yaajeHHoro Bei3oBa mpouenyp (RPC).
[IpenocraBnenue mocryma k API cepBepa maeT BO3MOXHOCTB
B3aMMOJAEHCTBHUS C aBTOMATH3HPOBAaHHBIMU CHCTEMaMH B pe-
XKHUME pEaTbHOr0 BpeMeHH. s peann3amuy BO3MOXHOCTH
PY4YHOTO JOCTyma K HH(pOpMaIMK HeoOXoauMa pa3paboTka
kirenta OXHII, npenocraBinsiomniero A0CTym K 0aHKy TaHHBIX
U BBIYHCIIUTENILHBIM (QyHKIHAM cepBepa.

ITony4yennsie onenkun DTX mMocTymarOT B CUCTEMY TMOJ-
nepxxkn npunatus pemennit (CIIIIP), pesynpratom paboThl
KOTOPOH SIBIAETCS OLIEHKa KOHCTPYKTOPCKOI'O PUCKa BO3HMK-
HoBeHMs oTka3oB B nosnere MKA (Kp). Ha ocnHoBanuu pe-
3yJIbTaTOB aHaM3a POPMHUPYETCS yIpaBIsiollee BO3AeHCTBIE
Ha TIPOAOJDKEHHE (B CIydae BBICOKOTO KOHCTPYKTOPCKOTO
PHCKa) WIIH NPEKpalieHne UCIBITAHNH (B IPOTUBHOM CIIydae).
[TonoOHbI nTUHAMUYECKWH aHaTN3 TO3BOJMT HM30ekaTh He-
HY>XHBIX 3aTpaT Ha NPOBEIECHUE UCIBITAHUM. [[eHCTBUTENBHO,
KaK CleIyeT U3 pucyHka 4, obecneuenne TpeOyeMoro ypoBHs
KOHCTPYKTOPCKOTO PHCKa BO3MOXKHO H TIPH HEOOIBIINX 00B-
eMax BBIOOPKHU B ClTydae MOJIY4EHHS IO pe3ysibTaTaM HCIBITa-
HUI OOJIBIIOTO OTKJIOHEHHWS! OICHMBAEMOI'O IlapaMeTpa OT
Tpedyemoro 3HaueHusi. C Ipyroil CTOPOHBI, P HU3KUX OT-
kioHeHusx A npumenenue [TIK OXHII B ctpykType HazeMHOU
OTPaOOTKH MO3BOJIUT BBISIBUTH IMPEBBIINICHHE KOHCTPYKTOP-
CKOTO PHCKa M COPMHUPOBATH COOTBETCTBYIOUINE YIPABIISIO-
111ie BO3ACHCTBUSL.

E K OXHII
S Kp
zz E <€ JIITP . — Knuent OXHIT
4]
§ g‘é uenku
£8 8 Kp X (R) § RPC
a >
= it crip <— )
2 BICAD, —
5 C AM" Mogpenu BC u MKA B nenom (K,P)
< K > ’ =>
= & - CAE Ouenxu OTX (R)
= s <
2 = >
§ é-( ACY Pesynbrats ucnbitanuii (1) E E
= e Np-BOM S) o )
2 =& > ERP- - S
| & ; Orenxi ITX (R) 2| 3
: — MES; < 2 =
2 L — SCADA © ch
= =
g ACY PezynbraTs! skcrutyaTammu (1)
E‘ IKCILI-ei
o y A
2 = i 1]::41]{5138,, - Ouenku DTX (R)
= BSCADA
3
=
=
> AnpunopHasi naH¢opmanus
A)

Puc. 4. Cxema ymnpaBnenus xu3HeHHbIM HUKIIOM MKA Ha 0CHOBe aHanM3a KOHCTPYKTOPCKOTO PUCKa
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3AKJIIOYEHUE

ITosnHas aBTOMaTM3anus pacyeTa M aHalM3a HalIEKHOCTU
MIO3BOJIMT B HECKOJBKO pa3 IOBBICUTH 00beM HH(OpMaLuH,
AHAIM3UPYEMOH IpU pacyeTe MOoKa3aTesled HaleKHOCTH HU
OTX. IlponopIiioHaIbHO YMEHBIIUTCS JUCIEPCHS, YTO MPH-
BEZIET K COOTBETCTBYIOLIEMY CHIXEHHIO KOHCTPYKTOPCKOTO
pucka &,. Ilpumenenune paccmarpuBaemoro ITK OXHII B
CTPYKType HazeMHO#1 oTpaboTkn MKA no3BonuT obGecrieunTs
TpeOyeMblli ypOBEHb KOHCTPYKTOPCKOTO pHCKa IPU MHUHH-
MaJIBHO JIOITyCTUMOM O00BEME UCITBITAHUH.
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Abstract. The article presents the approach of quantitative
analysis task design risk of appearance failure of small space-
crafts. The most significant factors of design risk is identified.
The methodology for reducing design risk in the process of pre-
liminary testing on-board systems using the software complexes
is justified.

Keywords: design risk, small spacecrafts, application software
complex, reliability.
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Abstract. In this study focus on reduces waiting time and
travel time at a level crossing at the cost of safety. Current re-
search interest is the application to improve implementation,
reducing the waiting time for motor vehicles at a railroad cross-
ing. Using the V2I system application at a railway level crossing.
Focuses on reducing the waiting time and movement time at the
railway level crossing transition due to security.

Keywords: level crossings, vehicle-to-vehicle, vehicle-to-

infrastructure, guarded LC, unguarded LC, accident.

INTRODUCTION

Railway level crossings (LC) — are the intersection of
roads with railway tracks on one level, which are equipped
with the necessary safety devices. There are only 1 380 rail-
way crossings in the Republic of Uzbekistan. Including on the
railways of Uzbekistan Railways, there are only 575 crossings,
of which 146 are guarded, 429 are unguarded, and on the ac-
cess roads of the ministries and departments of the republic
there are only 805 railway crossings, of which 28 are protect-
ed, 777 are unguarded [1]. During the period of 2001-2007,
224 arrivals of the railway mobile were allowed at the railway
crossings of the Republic of Uzbekistan 12/06/15 from the
point of view of the allowed number of arrivals at crossings:
out of 224 cases of arrivals at crossings, 168 trips were al-
lowed on unguarded crossings makes up 75% of the total
number of raids, and this is in the presence of almost the
overwhelming number of unguarded crossings of automatic
crossing signaling devices [2].

PROBLEM STATEMENT

The railway level crossing is a zone of increased danger.
Rides of rolling stock on motor vehicles at railway level cross-
ings can lead to grave consequences, connected primarily with
human casualties, with severe injuries, with rolling stock,
damage to vehicles, railway rolling stock, loss of cargo. The
main reasons for the raids are: detour by drivers of motor ve-
hicles of closed level crossing gate at guarded crossings, an
exit of vehicles for moving with the prohibiting indication of
automatic traffic signaling before approaching rolling stock on
unguarded level crossings.

The number of deaths as a result of raids increased sharply
in 2002-2004 — up to 10 people a year. In 2005 there was a
2-fold decrease in the number of deaths compared to previous
years, and in 2006 the growth was 40% higher than in 2005, in
2007, the number of deaths as a result of raids increased by
28% compared to 2006 [2].

When analyzing the accidents at the crossings, it was
found that the maximum number of arrivals at the crossings
falls on motor vehicles: for example, of the 24 arrivals in
2001, 17 accidents (71%) fall on cars and motorcycles, out of

37 raids in 2006, 27 raids (73 %) — for cars, out of 36 raids
for 12 months of 2007, 27 hits (75%) — on cars [2].

METHODOLOGY

The research aim is focusing on reduces waiting time and
travel time at a level crossing at the cost of safety. The objec-
tives of the research were to estimate automobile transport the
travel time savings and the travel time delay due to the level
crossing. Communication Protocols in a connected vehicle and
Grade-Crossing Technology:

1. Vehicle-to-infrastructure (V2I) technology offers the po-
tential for bi-directional exchange of data between vehicles
and roadway infrastructure.

2. It aims to coordinate vehicle group behaviors based on
collected information about traffic and road conditions.

- includes velocities and accelerations of vehicles based on
traffic congestion.

— includes information about the status of a level crossing;

— controls infrastructure to improve road safety;

— includes broadcasting messages via road displays or ad-
justing traffic signals;

— alerts motorists when it is unsafe to enter intersections
and level crossings;

Autonomous vehicle technology development:

— development of autonomous vehicles in real-world oper-
ational test environments are limited to a subset of operational
scenarios that occur in roadway operations, including level
crossings;

— future development of autonomous vehicle platforms
should consider all operational scenarios, particularly grade
crossings;

— integrating existing connected vehicle technology at
grade crossings into autonomous vehicles builds upon the
functional the ability of autonomous vehicles ensuring safe
and efficient level crossing interaction. Engaging original
equipment manufacturers and Tier 1 suppliers will help to
define the state of autonomous vehicle technology and the
readiness of these systems as they relate to safe navigation of
level crossings [3].

For improving and perfection at the railway crossing on
the future should implement vehicle-to-infrastructure and ve-
hicle-to-vehicle system. V2I applications complement the
V2V safety applications by addressing crash scenarios that
V2V applications cannot address and by more efficiently ad-
dressing some crash scenarios when there are low levels of
penetration of DSRC-equipped light vehicles. The following is
a list of contemplated, but not yet developed, V2I safety appli-
cations: Railroad Crossing Violation Warning: This technolo-
gy will assist drivers at controlled railroad crossings via RSE
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connections with existing train detection equipment, alerting
motorists when it is unsafe to cross the railroad tracks [4].

RESEARCH APPROACH

To achieve the data, by a level crossing. In terms of
time, the aggregation was done by peak periods, day and
weekday or weekend. In Tashkent basically, all institutions,
organizations, educational institutions et al. field of services
are started around eight o'clock morning and coming back to
home is approximately six o'clock evening. Therefore, I had
chosen the peak periods were from 7 AM to 9 AM for the AM
Peak, from 5 PM to 7 PM for the PM Peak. For weekday I got
four working days and for the weekend Saturday and Sunday.

RESULT AND ANALYSIS

Base on the data, the average weekday traffic volume for
considered level crossings when combined is 15-16 thousand
vehicles daily. In general, a boom gate is active for a total 5,5
hours on a given weekday. The boom gate, on the average, is
active for 50% of the time during peak period on a weekday.
The peak periods are 7-9 AM and 5-7 PM. With 95% confi-
dence, when a railway level crossing gate is active, it stays
active for at least 8 minutes.
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Figure 1. Graph of car vehicle volume daily

Transport vehicle volume is on the peak period higher than
another time period. That's side is few difficulty of passing
thought railway level crossing. If the train arrives during the
peak period, for cars to come out of congestion it also requires
several times difficulties. From the graph also almost peak
period has more traffic jam. If the railway company heads the
schedule and does not start up, then the time on the roads the
traffic volume will not be delayed.
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Fig. 2. Graph of boom gate «down time» daily
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Fig. 4. Graph of boom gate «down time» and vehicles average
delay time daily

Based on the result, the railway barrier is almost always
significant. This means that before the train comes it falls
ahead of time. The speed of approaching the train is also dif-
ferent. To reduce the waiting time at the railway crossing, it is
necessary to increase the speed of the train.
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CALCULATION BY TRANSPORT VEHICLE DELAY AT RAIL LEVEL
CROSSING PER WEEK

The column t value shows the t-test associated with testing
the significance of the parameter listed in the first column. For
example, the t value of 2,743 refers to the t-test of the (Inter-
cept) 2,460 divided by the standard error of that estimate
0,896. Pr(>[t|) gives the p-value for that t-test (the proportion
of the t distribution at that df which is greater than the absolute
value of t statistic). 0,00676 — is scientific notation. The as-
terisks following the Pr(>|t|) provide a visually accessible way
of assessing whether the statistic met various o criterions.
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CONCLUSIONS

Railway level crossing gate close period shows a high sig-
nificance level on motor vehicle delays. It means that waiting
time at the level may be affected by train speed. Another sig-
nificant factor is a train frequency. To improve the level cross-
ing at the study area the research shows the importance of the
V2I system. The implementation of this system will help to
decrease a waiting time of a motor vehicle. The level crossing
is not predictable. affected by gate close period the entering
train at level crossing at the peak time. The analysis shows
that factors like gate closing period, train frequency and this
thesis studied the importance of V2I system implementation.
Also, the research indicates and provided certain theoretical
supports for traffic management and control.

One of the most interesting and promising tasks for intelli-
gent transport systems (ITS) is connected with the problem of
traffic congestion. Overloading is a pressing problem for
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transport, as it reduces the efficiency of the infrastructure and
increases travel time, air pollution and fuel consumption [5].

V2V (short for vehicle to vehicle) is an automobile tech-
nology designed to allow automobiles to "talk" to each other.
For many years, significant research and projects have been
carried out in this area, using Vehicular Ad Hoc Networks
(VANET) for various applications, ranging from security to
navigation and law enforcement. In December 2016, the US
Department of Transportation proposed draft regulations that
would gradually turn the communication capabilities of V2V
into mandatory for light vehicles [6]. A variety of sensor tech-
nologies are necessary to detect and safely interpret the driv-
ing an environment that increase in complexity as the level of
automation increases:

— vision-based systems, currently in use for Level 2 and
Level 3 automated driving, which can detect and safely inter-
pret roadway signs and assess their viability to recognize
grade crossings;

— stereo-based camera systems (two or more lenses) that
simulate human binocular vision;

— deep learning models designed to rapidly perform mov-
ing object detection and classification tasks to assess their via-
bility for recognition of approaching trains;

These technologies have been successfully demonstrated in
today’s passenger and commercial motor vehicle fleet and
continue to evolve. However, the viability for implementation
at grade-crossings is innovative and unexplored at this time
[3]. The proposed system is cost-effective, convenient, effi-
cient, secure and tailor-made level crossing protection system
that is best suited to be implemented in the future of railway
industry.
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Annomayua. OCHOBHOe BHMMAaHHE YIe/IeTCS COKPALICHUIO
BpPeMEeHH 0:KHJAHHS U BPeMEeHH B IIyTH ABTOMOOUJIBLHOIO0 TPAHC-
MOPTa Ha KeJIe3HOJOPOKHOM Iiepee3ie M yBeJIMYeHHI0 Oe3omac-
HOCTH Ha mepee3fax. B Hacrosimee BpeMsi McC/Ie0BaTebCKUM
HHTepec NMPeACTABJSIOT NPHJIOKEHNUs JJIsl YIy4YllleHHus nepeIBH-
JKeHHs1, COKpPallleHHsl BpeMeHH! 0KUJIaHMsI U yJydlleHue Oe3onac-
HOCTH /ISl ABTOTPAHCIIOPTHBIX CPEACTB HAa 3KeJIe3HOJ0POKHBIX
nepeesax. Mcnoyib3oBanue MpeaI0KeHHOT0 NMPUJIOKeHHUs! CHCTe-
MbI V2I Ha KeJ1e3HOIOPOKHBIX Iepee3aax, IPHBOAUT K COKpaLie-
HHUI0O BPEMEHHU OKUJAHMA U JBUKCHHMS HA KeJIE3HOJOPOXKHBIX Iie-
peesziax, a TakKe ofecredeHnI0 6e30IMACHOCTH Ha Nepee3/iax.

Knrwuesvie cnosa: xejie3HOLOPOKHBIC Nepee3ibl, TPAHCIOPT-
HOE CPeICTBO-TPAHCIIOPTHOE CPEACTBO, TPAHCIOPTHOE CPEACTBO-
HHPPACTPYKTYpPa, OXpaHsieMble :KeJIe3HOAOPO:KHbIE Iepee3/bl,
HeoXpaHsieMble JKeJIe3HOI0POKHbIE Niepee3bl, aBapusl.
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Abstract. On examples of probability theory for normal and
exponential distributions the new term «concentration function»
in details is studied, offered the French scientist D. Djuge.
An attempt was made to disseminate this term besides probabil-
ity theory on the theory of fuzzy numbers of L. Zade. Two exam-
ples for trapeze and triangular membership functions are in de-
tails considered. Recommendations on application of function of
concentration in various applied areas of a science are made. The
new mathematical model for function of concentration on the
basis of N. M. Sedjakin's principle and the recommendation for
the further development of studied mathematical object offered.

Keywords: concentration function, distribution of probabili-
ties, function of accessories.

INTRODUCTION

In the theory of random processes, according to D. Djuge,
a famous French specialist in probability theory and mathe-
matical "Theoretical and applied statistics" of statistics [1, 10]
is intended to serve as a guide in the initial study of probabil-
ity theory and mathematical statistics. According to this au-
thor, it is desirable to draw a distinction between applied sta-
tistics and theoretical (or probability calculation), it can be
said that applied statistics, taking into account only the finite
number of observations, study real observations and it are
probability calculation, while theoretical statistics [8] can al-
low an infinite sequence of observations as the subject of the
study. In our research performed in the proposed paper, we
will rely only on probabilistic elements of the first chapter of
the first part of the book called «Random Analysis». What
exactly was our interest as an author with this book before?
This studying of characteristic functions of negative random
variables for correction of hyperdelta approximation of distri-
butions of probabilities not only with the positive, but also
negative initial moments and attempt of their application for
the solution of the integrated equation of Wiener-Hopf by
means of Fourier's transformation [9]. As a result, some posi-
tive results were obtained. New interest in the mentioned book
was caused by familiarity in it with the section «Concentration
function» on page 27. Briefly, this provision can be explained
as follows:

— the need to select an expert of the desired quality;

— the need to select an expert with several desirable qualities;

— the need to achieve the right quality in the expert;

— the task of selecting a group of experts;

— achieving excellence in expert groups;

— solving the necessary tasks in efficiency theory, in intel-
ligent information system, in modern metrology, in decision
theory etc.

PhD E. M. Shurygin

Emperor Alexander I St. Petersburg State Transport University
Saint Petersburg, Russia
evgeniyok62@yandex.ru

Turning to [2], let us give an interpretation of the concept of
concentration in the broad sense: «concentratioy», concentration,
accumulation, gathering someone, something in one place. It,
like probabilistic concept, fashion, can play an important role in
economic tasks. For example, Zhibra [1] makes a comment that
the shoemaker makes the parts of the shoe soles in terms of the
most common size determined by fashion.

However, with regard to the importance of the economic
aspect of concentration, we must point out, first and foremost,
the need for a deep development of concentration theory, pre-
cisely in order to meet future practical challenges. Therefore,
the purpose of this article is to further study and further devel-
op the theory related to the concept of concentration from the
perspective of random processes.

P. Levy's concentration function [1, 6, 7]. The concentra-
tion function in probability theory is one of the characteristics
of a random quantity. It is used in a number of tasks in proba-
bility theory, in particular in the study of the properties of
convolutions of distributions and limit sums of independent
random quantities.

Definition. Let be given a random quantity & with a distri-
bution function F. The value concentration function ¢ is the
function Qp(x), given on the non-negative half-axis as fol-
lows:

Qr(x) = max(F(t) + x + 0) — F(1)). (M

Its properties:
L. Qr(x) 2 0; 2
2.Qr(x) + Qr(¥) < Qr(x +); A3)

3. Qr(x) is a monotonically non-decreasing continuous on
the right function;
4. lim Qp (x) = 1. 4)
X—00

The purpose of this article is to study the principle of con-
centration function construction on specific examples. These
include the probability distributions normal and exponential.
In addition, the authors of this article proposed to extend the
principle of construction of concentration function [2] to the
field not only of probabilistic distributions, but also of the
membership functions introduced by L.A. Zade [3, 4].

Example 1. Consider a normal distribution with probabil-
ity density

m=20; =5, t=0,01...1; f(t) = dnorm(t, m, o).
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Figure 1 shows its distribution function F(t) = fot f(2)dz. function Qp(x). Parameter values ¢ for the various functions

Ift =5,10,20,25,35 and

x = 3,8,13,18,23,28,33, 38,43 get the following nu-
merical data for Q(x): Magnitude ¢ acts as a parameter for the

Qr(x) are given to the left of the equations, and the argument
values x — in the first line for all five functions.
Figures 2 and 3 show the corresponding functions

v1,y2,y3,y4,y5.

x = (3813182328 333843)T

y1:= (6,848 1073 0,079 0,343 0,724 0,944 0,994 0,998 0,999 0,999)T

y2 := (0,058 0,332 0,703 0,922 0,973 0,977 0,977 0,977 0,977)T

y3 = (0,226 0,445 0,495 0,500 0,500 0,500 0,500 0,500 0,500)T

y4 = (0,104 0,154 0,158 0,159 0,159 0,159 0,159 0,159 0,159)

T T T T t
=
5
F(t) 10
—0.5[" T
20
0 ! ! ! 3
0 10 20 30 40 50
t 35

y5 = (1,191-1073 1,348 - 1073 1,350 - 1073 1,350 - 103 ...)T

Fig. 1. Normal distribution function graph
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Fig. 2. Functions yl1, y2, y3, y4 graphs Fig. 3. Function y5 graph
Example 2. Exponential distribution with probability den- Ift =5,10,20,25,35 and
sity A =0,05; t=0,0,1...1; f(¢t) = le= 2, x = 3,8,13,18,23, 28,33, 38,43 get the following nu-

Figure 4 shows its distribution function F(t) = fot f(2)dz. merical data for Qp(x) the data shown in the table below.

t

x = (38131823 28333843)T

y1:= (0,108 0,257 0,372 0,462 0,532 0,587 0,629 0,662 0,688)T

10

y2 := (0,084 0,200 0,290 0,360 0,414 0,457 0,490 0,516 0,536)T

20

y3:=(0,0510,121 0,176 0,218 0,251 0,277 0,297 0,313 0,325)"

25

y4 = (0,040 0,094 0,137 0,170 0,196 0,216 0,231 0,244 0,253)T

35

y5 = (0,024 0,057 0,083 0,103 0,119 0,131 0,140 0,148 0,154)T
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Figures 5 shows the functions
v1,y2,y3,y4,y5.
The more concentrated the distribution function on the axis

t, the earlier the concentration function begins to grow and the

corresponding

F(t)

Fig. 4. Exponential distribution function graph

Example 3. This example is devoted to the study of the
concentration function not to the probability distribution func-
tion, but to the membership functions of the theory of fuzzy
sets [3]. This function is a trapezoidal function of accessory
with source data: a =5, b = 10, ¢ = 30, d = 35.

Intermediate functions are entered first:

d-t

t-a
v = s

b-a’

k() =% m@) =1,

which are represented first as a linear programming operator
and then by a function of accessory with the argument ¢

t—a . <t<bh
b—a’ ifastsb
u() =< 1, ifb<t<c;
|1t if c <t <35
s if ¢ < 35.
| | |
1.— —
w(t)
—0.5I" .
0 | | |

0 10 20 30 40

t
Fig. 6. Image of function of accessory

earlier it reaches the maximum value. The results of the study
of concentration functions for normal and exponential distri-
butions are shown in Examples 1 and 2.

Fig. 5. Functions y1, y2, y3, y4, y5 graphs

Figure 6 shows an image of the membership function.

Let's find the probability density function for a given func-
tion of accessories. To do this, first find the magnitude of the
area of the function p(t), then normalization factor and auxil-
iary check constants

1 1 1
C=52=004 a(t) =-p(0), 5-5-0.04=01,
0.1-2=0.2, 20-0.04=0.8, 0.2+0.8=1.

And finally, we find the probability density for the mem-
bership function. Figure 7 shows this probability density.

0.04[ 7

a(t)
—0.02[ ]

0 | | | |
0 10 20 30 40 50

t

Fig. 7. Probability density for the function
of accessory graph
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The basic distribution function F(t) by which the concen-
tration function Q(t) is determined:

Figure 8 shows the basic function F(t) = fot a(z)dz.
At values of parameter t = 5, 10, 20, 25, 35 get the follow-

( (t — 5)2 . ing data for concentration function Qr(x). Based on this data,
250 ifa <t<b; graphs of the function are plotted on Figure 9.
t 2
F(t) := Q1+Q§—§, ifb<t<c;
30—-t)(t—40
x1:=(3813182328)T | y1:=(0,0360,220 0,420 0,620 0,820 0,984)"
x2:=(38131823)T y2 := (0,120 0,320 0,520 0,720 0,884)"
x3:=(3813)T y3 = (0,120 0,320 0,484)T
x4 :=(38)T y4 = (0,120 0,284)T
x5:=(3)T y5 = (0,084)T

F(x)

1 1 1
0 10 20 30

X

Fig. 8. Basic distribution function F(?) graph

The idea of constructing concentration functions also ex-
tends to the membership functions to the theory of fuzzy sets.
However, for its implementation it is necessary to reduce the
membership functions to functions of probability densities,
and only then use the functions of probability distributions to
find concentrations of accessory functions. At the same time,
any breaking membership functions can be used to find the
necessary concentration functions inherent in them. This is
supported by Examples 3 and 4 illustrating studies first of the
trapezoidal and then of the triangular membership functions.

Example 4. Consider an example of the construction of a
concentration function for a triangular accessory function of
the theory of fuzzy sets [3]. This function is considered a
membership  function  with  similar  source  data:
a=5 b=10, d = 35. Intermediate functions are entered
first

QU

x—a

Vo) =22, k(x) =

-X
-b

, m(x) =1, )

QU

0 10 20 30
x1,x2,%x3,x4,%5
Fig. 9. Concentration functions graphs

Which are represented first as a linear programming operator
and then by a function of accessory with the argument x

xX—a fa<x<h
Py ifa<x<b;
pu(x) = d—x
. < 4.
T ¢’ ifc<x<d;
(x) f b ©
v(x), ifa<x<b;
h(x) = {k(x), ifb<x<d.

Figure 10 shows the membership function, and Figure 11
shows the equivalent of its probability density. Coefficient
of rationing is 1.

Humennexmyanwvnvle mexunonozuu na mpaucnopme. 2020. Ne 1 19



Intellectual Technologies on Transport. 2020. No 1

R o f ]

0
X

Fig. 10. Function of accessory graph

Below shows the distribution function and the numerical func-
tions for drawing the graphs shown in Figure 12.

a=>5,d=35,
x — 5)2
Q ifa<x<b;
Fx)={ 450
(20 — x)(x = 50) .
0,5+ , if b<x<d.

450
The time points were chosen equal to: t = 10, 15, 20, 25, 20 4.

x1 =
=(381318 23)T

yl:=
:= (0,087 0,320 0,624 0,836 0,936)"

x2:=(381318)T | y2:= (0,153 0,458 0,669 0,769)T

x3:=(3813)T y3 = (0,180 0,391 0,491)T
x4 = (38)T y4 = (0,113 0,213)T
x5:=(3)T y5 = (0,047)7T

x1,x2,x3,x4,x5
Fig. 12. Resulting graphs y/-y5

Curves y are based on source [11]. From Figure 12 it is
particularly clear that the earlier the construction of the con-
centration function begins (less time f), the greater the value of
this function with increasing argument x and quickly reaching
a concentration limit.

0.1 T T T
0.08[" 7

0.06[ 7
a(x)

0.04[~ n
0.02[~ 7

0
X

Fig. 11. Probability density of the function

of accessory graph

Remark. From the examples discussed it follows that the
concentration function for any probability distribution is a
new, nested function of the random concentration value distri-
bution Qr(x) for the base distribution considered F(t). The
authors were also able to consider two examples of the con-
struction of the function of concentration of the membership
functions the theory of fuzzy sets. However, the clear physical
meaning of the concentration function for the author of this
article remains unclear. P. Levy, in his works, cites several
theorems with proposals of practical orientation, which we
mentioned at the beginning of this article. They carry, in our
view, theoretical value for studying the marginal behavior of
the twists of random quantities, as well as in studying the be-
havior of sums of a significant number of random deposits.
From our point of view, the study of concentration functions
should be more closely linked to practical tasks. For example,
with the formation of expert groups to meet the challenges of
making some decisions and other challenges. Therefore, we
will try to simplify the solution of the concentration problem
at a simpler mathematical level. Let's execute an additional
research. Inherently, the concentration function is a function of
the probability distribution given on the positive axis x € R
with time parameter t. It can therefore have initial and central

moments, probability density, failure intensity, and
concentration lifetime:
Qr(x,t) =max(F(t+x +0) — F(t)), @)
X
d
qr(xt) = —Qr(x,t) , (3
vi(ot) = [z qr(z,0)dz , ©)
Vi t) = [z qr(z,t)dz , (10)
_ qr(xt)
Ap(,t) = 20 (1)
r(x,t) = [ Ap(z,t)dz . (12)

Then, the probability that the concentration value will be at
least x the value will be determined as

Pr(x,t) = e = ¢~ o Ar(zt)dz, (13)

And since the amount of concentration resource is random,
there are initial and central moments of the random amount of
concentration resource. They can be defined by the formu-
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la (13). However, this path is difficult enough to produce cal-
culations. Therefore, we will take a simpler and more visible
way. To do this, we will perform two examples.

Example 5. Again, reference is made to Example 1
discussed above. Example. at the beginning of article. It set
four points in time t on Figure 1 and nine argument values x.
Each moment ¢ has its own function of concentration
distribution in Figures 2 and 4. On value of the moment ¢ and
to arguments x the probability value can be determined from
their inherent values. This example relies on a normal
theoretical distribution and a set of desired probability values
of the concentration values. If the researcher wishes, all these
initial values can be set.

Example 6. Leans on Example 4. Articles related to the
construction and determination of the wvalues of the
concentration functions of the triangular membership function
to the theory of fuzzy sets by L. A. Zade [3]. Its essence
consists in the fact that by software first the function of
concentration value distribution is built on the basis of
specified initial data for the function of belonging. Note that
both functions in Examples 3 and 4 are not continuous, they
are characterized by discontinuity. This is illustrated in
Figures 8 and 12. Then on the example of one of them we use
an expression known from the theory of random processes for
the probability of achieving some event (in the theory of
reliability, it is the probability of no-sign operation of the
system), having the form:

P(t) = e~ lo 2@z (14)

where A(t) — the rate of occurrence of the event (for exam-
ple, failure). Expression (7) can be represented as

P(t)=e"® (15)

where r(t) = fot A(z)dz it is commonly referred to as «relia-

bility resource in the sense of professor N. M. Sedyakin» [5].
It can be interpreted as a «safety margin» that can be con-
sumed during system operation. From our point of view, it can
be interpreted as a value of distribution concentration. Consid-
er the functions (Fig. 10 and 11) of the 4 examples and the
resulting graphs of Figure 12. Let's enter designation to write
the concentration function by going from (10) to Q(t) =1 —
e "®, and replacing the variable in this formula t for x, we
get the concentration value distribution function for the trian-
gular function of accessories. And by applying the concept of
resource according to N. M. Sedyakin [5] directly to the con-
cept of resource concentration, we will get its graphical repre-
sentation. The presented transition is displayed using the func-
tions below and Figure 13. The necessary initial values of the
membership function parameters can be replaced.

a:=5b:=20,d:=35,
(x — 5)?
_ ) 450
Q) = (20 — x)(x — 50)

0,5+ 250 ,

ifa<x<b;

ifb<x<d;

r(t) = —In(1 - Q(¢)).

1(x)

0 10 20 30 40

X

Fig. 13. Concentration value distribution function r(x)

The values of the variable ¢ may be selected at the discre-
tion of the researcher in accordance with (1), may also be con-
sidered to estimate the value x to construct the concentration
value distribution function. For example, in our example,
choose t = 5,10, 15, 20, 30. For these values, the concentra-
tion value is estimated as follows:

r(5,01) = 2,222-1077 7 (5,1) = 2,222-1075
(8) = 0,020 r(10) = 0,057 r(15) = 0,251 (16)
r(18) = 0,471 7(30) = 2,890 ...

From the values of these obtained numbers it can be con-
cluded that the value of the concentration function for the tri-
angular function of accessory with increase of the initial basic
moment of time counting monotonically increases. The scale
for the resource quantity can be divided into several identical
intervals and a concentration function can be constructed for
each value. And then for any value of them find the amount of
risk and the amount of effect (or losses) depending on the set
goal of solving the problem. In this way, an answer can be
found to solving some efficiency problem.

CONCLUSION

In the presented article authors consider the mathematical
function of concentration proposed by P. Levi [6, 7] for re-
search and solution of problems in the field of random pro-
cesses. A concentration function is a function of the distribu-
tion of a plurality of random quantities depending on the mag-
nitude of the concentration interval located on the positive real
axis of the original, basic function of the distribution of ran-
dom quantities. The concentration interval is defined as the
distance between two fixed moments of time, its magnitude
can vary from zero to an infinite value. The power of the con-
centration function (probability) depends on the length of this
interval and the random values enclosed inside it, provided
that the interval can be located anywhere in the axis of the
basic distribution function. Thus, for any basic distribution,
the built concentration function is a monotonically increasing
function from zero to a unit value.

The built concentration function based on the first basic
function can itself be regarded as a new basic function for
constructing a new concentration function, etc. This conclu-
sion is drawn by us, the authors of this article, on the basis of
the study of the first concentration function. For the construc-
tion of functions (13) and (14) the principle of linear predic-
tion from the book [11] was used.
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The principle of the construction of the concentration func-
tion by the authors of this article extends to the membership
function of the theory of fuzzy sets, provided that the member-
ship function is normalized. This allows you to work not only
with continuous functions, but also with functions that have
breaks. Two examples are given to confirm this fact.

In addition, the authors have shown that the value of con-
centration can be determined on the basis of the value of the
«reliability resource» proposed by Professor N. M. Sedya-
kin [5] in 1965. The use of concentration function can be used
in solving many problems of a variety of nature, for example,
in efficiency theory, in intelligent information system, in mod-
ern metrology and in decision theory.
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Annomayus. Ha npumepax Teopuu BepoOSiTHOCTeH 1Jsl HOP-
MAJIBHOI0 M YKCIOHEHIHAIBHOI0 pacnpeeleHuii 1eTajJbHO U3Y-
4aeTCsl HOBBIil TepMHUH «(PYHKIMS KOHUEHTPALMI, IPEI0KeH-
Hblii ¢paHny3ckum ydeHbiM JI. rore. IlpeanpuHsta mombiTKa
PacCpPOCTPAHUTH 3TO HOBOBBEJAEHHEe IIOMMMO TeOPHU BEPOSITHO-
cTeif Ha Teopuio HedeTkux 4uces JI. 3age. JleranbHo paccmoTpe-
Hbl [Ba TMpuUMepa /s TpaneneHgadbHOH W TpPeyroJbHOM’
(¢yHkuuii npunaae:xxtocreil. Jlalorcss peKoMeHJIaUMM Ha NPH-
MeHeHHe (PYHKIHM KOHLIEHTPALMHU B Pa3JUYHBIX NPUKJIATHBIX
o0nacrax Hayku. Ilpennoxena HoBasg MaTeMaTH4yecKasi MoOJeJIb
14 pyHKIME KOHIeHTpauuu Ha ocHoBe npunnuna H. M. Cens-
KHHA M PeKOMeHAauusl 1J1s AajbHellero pa3sBuTus u3y4aeMoro
MATeMaTH4YeCKOro 00beKTa.

Kniwoueevie cnosa: GpyHKuus KOHUEHTPANWH, pacnpenejieHne
BePOSATHOCTEIl, PyHKIUSI NPUHALICKHOCTEH.
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IlepcnieKTUBBI PA3BUTHS CIIYTHUKOBBIX YCJIYT

B. b. Karpkanos
Boenno-kocmuueckas akagemus umern A. @. Moxaiickoro
Cankr-IlerepOypr, Poccus
vkatkalov@mail.ru

Annomayus. PaccMaTpuBalOTC COCTOSIHHE W NMEPCNEKTHBBI
Pa3BUTHSI KOCMHYECKHX CIHYTHHKOBBIX yciayr. IlpencraBieHst
npuMepsl (PYHKIMOHNPOBAHNS, MPHHIMII JeifiCcTBHS W Ha3HaYe-
HHe CePBHCHBIX KOCMHYecKHX annaparoB. OueHeHbl Npo0/ieMbl,
BO3HHKAIOIME NPH CO3AAHWU CIYTHHKOBBIX yciayr. IlpuBenen
nepeyeHb GYHKIHOHUPYIOIIUX M ILIAHMPYEMBIX K 3aIyCKy cep-
BHCHBIX KocMHYeckHx anmapatoB Iloka3aHbl OCHOBHbIE
HANpaBJIeHNUs] OKA3aHUs M MPUMEHEHNs] CIYTHHKOBBIX YCJYT JJIs
pellleHHsi HeJeBBIX 3agad. B ToMm umcie: mpojajieHHe pecypca
CIYTHHKOB, 3allPpaBKa KOCMUYECKHX aNnapaToB TOILIHBOM, NOJ-
Jep:kaHHe OpPOMTHI M OPHEHTAIIMH CIYTHHKOB, aBTOMATH3HPO-
BaHHBbIEe PEMOHTBI Ha 0OPTY, TeXHHYeCKasi HHCIIEKIUA KOCMHUYe-
CKHX annapaTos.

Kniouesvie cnosa: xocMudeckuii annapar opoUTAJIBHBIX cep-
BucHBIX yeayr (KA OCY), npoajieHue pecypca CyTHHKOB, 3a-
NPaBKa KOCMHYECKHX aNliapaToB TOINIMBOM, NOJJepKaHHe Op-
OMTHI U OPHEHTALMN CIYyTHUKOB, ABTOMATH3HPOBAHHBIE PEMOH-
ThI Ha OOPTY, TEXHHYeCKAsA HHCIIEKIUS.

BBEJIEHUE

W3BecTHO, 9TO B OmmkaiimeM kK 3eMiie OKpyXKaromeM Koc-
MHYECKOM IpOCTpaHcTBe padoraet mpumepHo 1 300 KpymHBIX
KOCMHYECKHUX armaparoB, U TOJIbKo okono 500 — 310 ¢GyHK-
LHUOHHUPYIOIINE CITyTHUKH. Y OHM, KaK U JIFOH, K COKaJICHHUIO,
HE BEYHBI. MOXKET 3aKOHUUTHCS TOIUTUBO, a IOJIE3Has Harpys3-
Ka ellle B BEJHMKOJICITHOW (hopMe; MOXKET BBINTH M3 CTPOS aK-
KyMyJIsiTOpHasi Oarapesi, a anmapaTypa eie MoXeT paboTaTh;
MOTYT COJTHEYHYIO OaTapero MoBpeanTh MUKPOMETEOPUTEI, HO,
3aMEHHB €€, MOXKHO NMpPOJINTh kM3Hb KA; MOXXHO NOBECHTh

JIOTIOJTHUTENBHBIN 010K, 1 KA craneT paborath B 2 paza Jryd-
me... YBbl, HO Ha COBPEMEHHOM KOCMHYECKOW TEXHHUKE
OOJIBIIMHCTBO U3 YKa3aHHBIX OIEpanHii 110 3aMeHe 3JIEMEHTOB
BBINOJHATL O€3 TOMOIIM YelIoBEeKa-oleparopa BechbMa 3a-
TpyIHHUTENBHO. 1715 3TOTO yKe Oyaymire KOCMHYECKHe amma-
paTthl HaJI0 IPUBOJUTH K BHY, PEMOHTOIIPUTOTHOMY B KOCMO-
ce, C MOMOIIbI0 POOOTOTEXHHYECKHX YCTPOWCTB, KOTOPBIE
MOTJIH OBl paboTaTh C IOMOIIBIO MAaHUITYIATOPOB 0€3 MpUCYT-
CTBHSI YEJIOBEKA.

Eme B 2000 romy areHTCTBO MEPCHEKTHBHBIX BOECHHBIX
paspaborok CIIIA (Defense Advanced Research Projects
Agency, DARPA) ununuupoBano npoekr Orbital Express,
LEeJIbI0 KOTOPOr'o Mozpa3yMeBajgach 0TpadOTKa METOJIOB B3au-
MOJICHCTBHS CEPBHCHOTO CITyTHHKA W CITyTHUKa-KJIMEHTa TPH
OCYIIECTBIICHUN Ipoliecca PEeKOH(UIypanuy W JO3aNpaBKH.
CornacHo IaHy HpoekTa ObUI0 pa3paboTaHO JBa KOCMHYE-
ckux ammapara: ASTRO (Autonomous Space Transport
Robotics Operations) u NextSat (Next Generation Satellite).
Brenrauii BUA anmapartoB mpencTaBieH Ha pucyske 1 [1].

ASTRO, BBIIONHABIINKA POJIb CEPBHUCHOTO CITyTHHKA, CO-
TJIACHO IIJIaHy JKCIIEPUMEHTA, JOJDKEH OBUI COCTBIKOBATHCS C
NextSat 1 mpon3BecTH yCTaHOBKY B €r0 TPy30BOH OTCEK I0-
CTaBJISIEMBIX AJIEMEHTOB. [lapaienbHo ¢ 3THUM J0JKHA ObLIa
OCYIIECTBIIATLCA Tiepekauka TorumBa. KoHcTpykius NextSat
npennonarana koomnepanuio ¢ ASTRO. Becs mpomecc koH-
TPOJIMPOBAJICS TTOCPEICTBOM MHOXKECTBA JTATYMKOB M PaJINO-
CBSI3U MEXXIY KOCMUYECKUMH armapaTramH.

Puc. 1. Amnapatsr ASTRO u NextSat
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ASTRO 000pynoBajicsi MaHUIYJISITOPOM, ITO3BOJISIOIIMM
MPOBOJIUTh MMUTAIIMIO CEPBHCHOTO OOCTY)KHBAaHUS, a TaKXKE
JTAFOIIAM BO3MOXKHOCTH TIPOBEICHHSI CTHIKOBKH 0€3 MCIIOJIB30-
BaHUS OOPTOBBIX JBUTATEINCH, YTO UM W300paKCHO Ha PUCYH-

ke 2. [Ipogomkenue pa3paboTOK B ATOM HaIpPaBICHUU TAKXe
MOJIpa3yMeBaeT HCIIOJIb30BAHNE OJHOTO MAaHUITYJISATOpa, OJl-
HaKo C MHBIMU rabapuTaMu 1 mapamerpamu (puc. 3, 4) [2].

Puc. 2. Xon sxciepumenta Orbital Express 1.2 Phoenix

Earth direction

Robot Arm

] o

-

Relative approach
direction
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Docking mechanism
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Rendezvous radar
GPS receiver
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Antenna

ISpace Robot Experiment System ‘
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Task board
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‘ Flight direction

Puc. 3. Cxema mpumenerns KA

SHOULDER
PITCH

SHOULDER SHOULDER

ROLL YAW
ELBOW
PITCH

WRIST ROLL

WRIST YAW

FORCE/
TORQUE
SENSOR

,

WRIST PITCH

END
EFFECTOR
INTERFACE
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Puc. 4. Manunynsrop FREND npoekra Phoenix

OKcneprMeHT Tpennonarail cOJMKEHHE, CTBIKOBKY, Ma-
HEBp, NEPEKauKy TOIUIMBA, HMHUTALMIO TEXHUYECKOTO 00CITy-
JKHBAHUS U CONPOBOXICHUE OJHHM CIYTHHKOM JPYroro Ha
yIaleHNH, MaKCUMaJIbHO JOIYCTUMOM COIJIACHO BO3MOXKHO-
CTSIM PaZuOCBA3H. JKcIlepuMeHT ObLT HadaT B Mapte 2007 T.
Y TIPOJOJDKAIICS Ha TIPOTSHKEHHU 3 MECSLIEB.

3a nmocnennue roasl He Toiabko B CIIA, HO U B Apyrux
CTpaHax HAa4YaIM YAETATh 3HAUYMTEIHHOEC BHUMAHHWE MOsBIIE-
HHIO OpOUTANBHBIX cepBUCHBIX yciyr (OCY) ¢ momompo Ma-
neIX Kocmudecknx ammapatoB (MKA). Tak, Hanpumep, KOM-
nanusa Effective Space Solutions (BemuxoOpuranus) pa3pada-
THIBAa€T CIEIHAIBHYIO CTAaHINIO-0a3y [3] ¢ MOMOIIBI0 KOTOPOH
MpeINoJaraeTcss OpraHu30BaTh PsjA YCIYr 1O YBEIUYCHHIO
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CpOKa aKTUBHOTO CYIIECTBOBAHUsI CITyTHHUKOB JIO IISATH JIET.
Kommnanust Space Systems Loral (SSL, CIIA) paboraer Hazn
ABTOMATH3MPOBAHHBIM OOCITY)KMBaHUEM T'€OCHHXPOHHOH IpoO-
IpaMMBbI CIIyTHUKOB C yNpaBJI€HHUEM MEPCIEKTHBHOTO TUIAHH-
poBaHMS OOOpPOHHBIX HAYYHO-HCCIEIOBATENbCKUX padoT
(DARPA). IIpaktrduecku OZHOBPEMEHHO TaKHE K€ YCIyTH
aHoHcHpoBamy kKommaHuu Intelsat (amrnm. The International
Telecommunications Satellite Organization — MexXayHapoa-
Hasl OpraHu3aIys CIIyTHHKOBOM cBs3u), Orbital ATK u Maxar
Technologies (Bce — CIIIA) [4]. IIpeamonaraixocs, 9To opOH-
TaJbHBIC YCIYTH Ha4HyT oka3biBaThes B 2018 romy. Ho, xax
BCEr/a, XOpOIINE HAYMHAHUS TMPOUCXOAAT C 3aJEepPKKOH, U
MMO3TOMY TJIAHOBOE HA4ajo paboT COCTOSIOCHh B OKTsI0pe 2019
roga. Tak, Orbital ATK u ee mouepuss kommanus Space Lo-

gistics LLC 3ammaHupoBaid HPOUIHTH PECYpPC OJHOTO U3
cnyTHUKOB Intelsat Ha mATH J1eT, MCHONB3Ys COOCTBEHHBII
ammapat Mission Extension Vehicle (MEV, ammapat amis npo-
JuieHust muccuit) [5]. Ammapatr MEV-1 nomkeH ObUT MMETh
BO3MOXKHOCTh aBTOHOMHO HPHCTHIKOBBIBATHECS K COIUTY armo-
TeHOTO ABHUTaTeNs 00cy)uBaeMoro cnyTHuKa (puc. 5). [o-
cJIe ATOTro ammapar B3sul Obl Ha cebst QyHKIMM 1o obecrieye-
HUIO TOAJEPXaHUsA OPOUTHl M OPUCHTAIINH TEIIEKOMMYHHKA-
IUOHHOTO CITyTHHUKA, HAXOMSIIErocs Ha TE€OCTAllHOHAPHON
opbute. Bo3moxuo u apyroe pemenne — KA OCY mor OvI
OCYIIECTBHUTH 3ampaBKy He ofgHoro obcmyxuBaemoro KA, a
HECKOJIbKUX, HAaXOIAIMIMXCS Ha OmmkHUX opOurax. Kpome
TOTO, MOTOOHBIH ammapat MOT OBl HCTIOIB30BATHCS ISl CHATHS
C OpOHTBHI CITyTHUKOB, BBICTY)KUBILIUX CBO CPOK.

Puc. 5. Anmapar MEV komnanuu Orbital ATK (cieBa) npu CTBIKOBKE ¢ KOMMEPUYECKHM CITyTHHKOM

Awmepukanckuii criytHuk MEV-1 (puc. 6, 7) ObUT H3roTOB-
neH xopropanuei Northrop Grumman, xyaa B 2018 roxy Bo-
ma komnanus Orbital ATK, u 3anymen ¢ kocMoapoma baii-
KOHYp poccuickoil pakeroil-HocuteneM «IIpotoH-M» ¢ pas-

roHHBIM 0j10k0M «bpu3-M» 9 okTs6ps 2019 roga. Bec cryT-
HuKa coctaBui 2 326 kr. B xadectBe qBUrarencii BHICTYNAOT
JIBA 3JICKTPOPAKETHBIX (MOHHBIX) IBUTATEIIS.

Puc. 6. Kocmuuecknii anmapar MEV-1

CrycTs HEKOTOpOe BpeMs II0Cie MPOBEAECHHBIX HCIIBITA-
Huit, B 2020 rogy, MEV-1 mnanupyercst cocteikoBaTh ¢ KA
Intelsat IS-901 Ha opOuTe 3aXOpOHEHUs, pacnoI0KeHHOH 332
KMJIOMETPaMH BBIIIIE T€OCTAlMOHAPHON AyTU U Janee, mocie
IIPOBEACHUS TECTOB B COCTBIKOBAHHOM COCTOSIHUM U MIPOBEPKU
paboTOCOCOOHOCTH BCEX CHCTEM, MPOJIOIKUTE C HUM paboTy
IocTIe TepeMeIIeHUs] B TOUKY CTosHuA (342° BOCTOYHOI 11071-
TOTHI) B TE€YEHHE 5 JeT. 3aMETHM, YTO CIyTHHKY, KOTOPBIH
Oyzner obciyxuBatbcs MEV-1, uyts Oonee 18 mer. 1 ecimn

Jlake BO BpeMsl TECTUPOBAHHs YTO-TO IONAET HE TaK, TO OH
MOCJIE PACCTHIKOBKM CMOJKET COCTBIKOBATHCS C APYTHUM CITyT-
HUKOM Intelsat, HCTIBITBIBAaIOIINM HEXBATKy TOIJIMBAa W Haxo-
nmsmmMces moonmsoctu. Useecten Eutelsat 5 West A (IS-901)
TEM, 4TO 110 Bepcuu 3anagHpix CMU oH ObUT OHUM U3 IBYX
annapaToB, «OOCIEIOBAaHHBIX» POCCHHCKHM  CITyTHHKOM-
nHCTiekTopoM «Onumi-K» B ampene 2015 roga n pabotas-
wuM B C- u Ku-nuanazonax. Ha cerognsa cnytHuku MEV
MOTYT TpHUCTBIKOBBIBaThc K 80-90 % reocranroHapHBIX

Humennekmyanvnvle mexnoao2uu na mpancnopme. 2020. Ne 1 26



Intellectual Technologies on Transport. 2020. No 1

CIIyTHUKOB Ha OpOMTE, JJaKe €CIM OHM M3HA4YaJIbHO HE ObLIM
Juid 3TOoro mnpeaHasHadeHnsl. Cnenyrommii cmytHuk MEV-2
IUTAaHUPYETCS 3allyCTUTh C IIOMOINBIO  PaKeThI-HOCHTEIS
Ariane-5 ECA (Evolution Cryotechnique type A) B 2020 roxy
¢ xocmonpoma Kypy, W, B ciIydae YCHEIIHBIX OMEpaILUi

o=

¢ MEV-1, MEV-2 cocTbIKyeTcs C 1IEJIeBbIM CITyTHUKOM Cpa3y
Ha TeocranuoHapHod opoOure. Kaxmeii MEV  umeer
15-1eTHIOI0 TapaHTUIO U Pa3pabOTaH TakK, YTOOBI BBHITOJIHHUTH
JIECSITKH CTHIKOBOK M TICPEMEIIICHHUI 32 3TO BPEMsI.

Puc. 7. Kocmuueckuii anmmapat MEV-1 B c6opodnoMm 1iexe

CieyeT OTMETUTD, YTO B TAKOHW CHUTYaIlMH NPOICHHE pe-
cypca CITyTHHKOB MO3BOJIUT OIEPAaTOpaM MPOJIHTh CPOK IKC-
TUTyaTaluy MOJIE3HOH Harpy3KU CBOMX CITyTHHKOB JIaXKe T1OCTIe
TOr0, KaK TOIUIMBO Ha MX OOpTYy 3aKOHYMTCA. B0o3MOXHOCTH
CIIyTHUKOBBIX OIIEPAaTOPOB IPOAOJIKATH MCIOIB30BaTh PECYPC
TIOJIE3HOW Harpy3Kd CBOMX arlapaTroB, HUCXOJS M3 MX (aKTu-
YECKOTr0 COCTOSIHUSI, SBJSIETCSI OAHOW W3 TJIABHBIX IPUYUH
TIOBBIIIEHHOTO HMHTEpeca K OpOMTanbHOMY CEpPBHCHOMY 00-
cinyxuBanuio. [Ipuaem pecypc KA moxer ObITh mpoasieH
HE TOJBKO B BHUIE MOJJCPXKaHUS OpPOUTHI M OpPHUEHTALUH
CITyTHHKA, 3allpaBK{ TOIUIMBOM, HO ¥ 32 CYET HPOCTOrO pe-
MOHTa W 3aMEHBl BHIHOCHBIX CMEHHBIX y3i10B (010KOB). KA
OCY Mor 0bl B Omkaiiield MepCcrleKTUBE BBITIONHATH MPO-
CTble aBTOMaTH3HPOBaHHBIE PEMOHTHI, HAIIPUMEP 110 BBIITYyC-
Ky TIaHEJN COJIHEYHBIX Oarapeili, koTopas OblLla HE B COCTOS-
HUH Pa3BEPHYTHCS JOJDKHBIM 00pa3oM.

B EBpone u Kanane (mokcemOyprckas xommanus SES
S.A. (bp. Société Européenne des Satellites — EBporeiickoe
Ob6mectBo CmytHukoB) wu kaHanckas MDA Corp.
(MacDonald, Dettwiler and Associates)) eme B 2016 romy
3afBHJIM O TOTOBHOCTH WHBECTHUPOBATH B CO3JaHHE TEXHOJO-
T'Hi, KOTOpbIe B OyIyIIeM IOJDKHBI OOECIICUHTh I03alpaBKy
CIIyTHHKOB, HaXOJAIIUXCA Ha OpOHTe, a Takke 3aMeHy ycTa-
HOBJICHHOM Ha HUX MOJIE3HOU Harpy3KH.

MDA Corp. (tenepp — 4actb Maxar Technologies) pas-
pabortasia OpOWTAJBHBIA ammapar-103anpaBIluK, KOTOPBIH

CTBIKYyeTCS C OOCIYXHBAae€MbIMU CIIyTHUKAMH, 3alPaBISET UX
TOILJIMBOM, a 3aTeM OTIPaBJsIeTCsA Ha J03ampaBKy apyrux KA.
[lepBoe U3 MOMOOHBIX YCTPOIMCTB YCTAHOBJIEHO Ha CITyTHHKE
SES-16, 3axka3unkoM KOTOpOro Ui HYXI MuHHCTEpCTBA
00OpOHBI CTPaHbI U Ipyrux coro3HukoB 1o HATO BeicTymmiIo
LuxGovSat, coBmectHoe npennpustiue SES u npaButenscTa
JlroxcemOypra [4]. 3amyck SES-16/GOVSAT-1 0bu1 ipon3Be-
neH 31 suBaps 2018 r. ¢ momomrsio pakersl-HocuTens Falcon-
9 FT (aurn. Full Thrust — «1iomHas Tsra»).

[lepedens (HyHKIIMOHUPYIOIUX M INIAHUPYEMBIX K 3aITyCKy
CEpPBUCHBIX KOCMHYIECKUX aMIapaToB, IPEICTAaBICH B TabmuIe
1. IlmanupyeTcs, 9TO HOBBIE TEICKOMMYHHKAI[OHHBIE CITYT-
Huku SES OynyT AoCTaBisATh Ha T€OCTAllMOHAPHYIO OpOHUTY
JOTIOJTHUTEIbHBIE MOIYJIH Ul IOOCHAIEHM emme (PyHKuuo-
HHUPYIOIIUX CIYTHHKOB, a TaK)Ke€ CHUMAaTh C HHUX BBIPabOTaB-
HIyI0 CBOH pecypc MOJIE3HYI0 Harpy3Ky, Mpexae 4eM MPHUCTY-
IUTh K BBINOJHEHHIO CBOUX OCHOBHBIX TEJIEKOMMYHHUKAIIMOH-
HbIX 3a71a4 [4]. Tem Oonee, YTO TEXHOJIOTHUS CTHIKOBOK, HEOO-
XOAMMast JUIsl TAKUX OTepaluid y>xe oTpaboTaHa Ha psijie Apy-
THX ITPOCKTOB.

JpyruM, HO He MeHee BaXHBIM ITPUMEHEHHEM MaJbIX cep-
BHCHBIX CIIyTHHKOB OYZET SIBIATHCS O€30IepaTopHasl TEeXHH-
YyecKasi MHCIEKINS JOPOTOCTOSIINX OTedecTBeHHBIX KA, BBI-
BEJCHHBIX Ha OpPOHUTY, HO MO KaKMM-JIMOO NPHYMHAM IIOTE-
psaBmM paboTocmiocobHOCTh. besycioBHo, ecnu ero pabora
C BBICOKOIl CTENEHBIO BEPOSITHOCTH OOECIIEUHT BBIABICHHUC
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BO3MOXKHBIX IPUYMH HEUCNPABHOCTH. Takue cepBUCHBIE KOC-
muueckue ammnaparsl (CKA), B cBoro ouepenb, TOIDKHBI OBITh
000py/I0BaHbI NPOXKEKTOPHON TEXHUKOH, Teie- U (orokame-

paMu ¢ BapHOOOBEKTHBAMH, a TAaKXKE COOTBETCTBYHOIIUMHU
KaHAIaMU Tepefadyd  U300paKCHHH W JTUCTAHIMOHHOTO
YIpaBJICHUS.

Tabiuma 1

CepBI/ICHLIe KOCMHUYECCKHEC armaparhbl

Tum cyTHHKA 3amyck HI:)iI;eT:]_b Haznauenue Komnanus [Ipoext
SES-16/ MDA Corp.,
GOVSAT-1 31.01.2018 Falcon-9 FT 3anpaska KA SES. LuxGovSat
OpueHTanus u Orbital ATK,
MEV-1 09.10.2019 [Ipoton-M | mognmepxanue op- Northrop
OuTHI Grumman
ITnanupyertcs 32:??8%;%2 1{226_1_ Maxar Technol-
MEV-2 B cepenune | Ariane-5 ECA . ogies, MDA MDASIS
CHUHXPOHHOH 0opOu-
2020 r. e Corp.

B kauecTBe ImpuMepa MOXKHO YIIOMSIHYTB, YTO IEPBOE HH-
CIIEKTHPOBAaHHE CITyTHHKA IIPOTPaMMBbl PAHHETO OTIOBEIICHHUS O
myckax DSP-23, koTopeiii mpekpaTii CBOIO paboTy CITyCTs
HECKOJIBKO MECSAIIEB Tocie 3amycka, mpornuio B 2008 romy c
MTOMOIITBIO TIAPBI MAJIBIX CBEPXCEKPETHBIX CIyTHUKOB MiTEx
DSP (227 xr), nzrotoBieHHbIX 10 3aka3y DARPA (USA-187 u
USA-188).

BriosiHe BO3MOXKHO, 4TO B HEAAIEKOM Oy/ylieM, BEPOSITHO
B MacCOBOM MOPSAAKE TaK)Ke NMPUMEHEHHE U aBTOHOMHBIX PO-
OOTH3UPOBAHHBIX CUCTEM, ycTaHOBIeHHBIX Ha CKA (puc. 8).
OueHb MoIPoOHO O pexrMax (QYHKIIMOHUPOBAHUSI MOHTaKHO-
CEPBUCHBIX POOOTH3MPOBAHHBIX KOCMUYECKHX MOJIYyJEeH W3-
JoxeHo B crathe «KocMmuueckas poOOTOTEXHUKA /TSI MOHTa-

’Ka U CepBHUCA: NOTEHIMANBHBIE 337a4l, KOHLENINH TEePCIeK-
TUBHBIX cucTeM» [6]. B Oymymem, Ha OoJjiee BBICOKOM YPOBHE
MIPUMEHEHHS, CTAaHET TAaKXKE BO3MOXKHBIM HEPENpOrpaMMUpPO-
BaHWE MUCCHUH Haxomsmmxcs Ha opoute KA.

Mockonpxy CKA B HacTosimiee BpeMs NperHa3HaueHb s
pELICHUs] CPaBHUTENBHO IPOCTBIX 33Aad, TO UX BECOBBIE U
CTOMMOCTHBIE XapaKTEPUCTHKU OyIyT HAXOAUTHCA HA OTHOCHU-
TENIPHO HU3KHUX YpOBHSX. Kpome Toro, omepaTMBHOCTBH NpH-
MmeHeHuss CKA ¢ y4eToM UX OTHOCUTENBHO HU3KOH CTOMMOCTH
U TIPOCTOTHI MCIOJIb30BAHUS TO3BOJMUT OBICTPO MPUHHMAThH
MEpbl N0 BOCCTAHOBJICHHIO CIENHATU3UPOBAHHBIX KOCMHYE-
CKUX amlmapaToB.

Puc. 8. Cxema npumMeHeHus poboTnznposanHoi cucremsl CKA

T'oBopst 06 ucnone3oBanun CKA, Henb3s He cKa3aTh He-
CKOJIBKO CJIOB O TaKOH Ba)KHOH CTOpPOHE BONpPOCa Kak YHU(H-
Kalysl ¥ CTaHIapTH3aLUsl PacCMaTpUBAEMBIX ammaparoB. JTO

B MIEPBYIO OUepe/ib 3aTPOHET Pa3pabOTKy OJHOTHITHBIX CTHIKO-
BOYHBIX Y3JIOB C CEpPBHCHBIMH KOCMHYECKMMH amllapaTaMy,
KOTOpBIE OyIyT CIIOCOOHBI HE TOJIBKO OCYIIECTBIISITH 3aIIPABKY
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TOILTMBOM, 3aMCHSITh WM JOOABJISITH MOJIC3HYIO HArPy3Ky Ha
CIIyTHHUKE, HO U B IIPOCTEHILIEM BHJE ITOJIEPKUBATH OPHEHTA-
uro obcirykuBaeMbIX KA npu HEBO3MOXKHOCTH X 3aIIPaBKH.

Takum 00pa3oMm, B TpaXIAHCKHX (M HE TOJBKO) LEIX
BO3MOJKHA!

1. Texnuueckas uncnekuus KA, B Tom uucie ocmotp KA
pu oMot ycranoBieHHBIX Ha CKA Bumeokamep u mpeo-
CTaBlieHHE HHPOPMALINH O cocTosTHIH KA BiIajgensIry.

2. YcraHoBka Ha QyHKIuoHUpytomue KA monoigHHUTEND-
HOH MOJIE3HOU Harpy3KH.

3. COopka CTPYKTyphl KOCMHUYECKHX aIapaToB B OMpee-
JICHHYI0 CHCTEMY, aBTOMaTH4ecKasi cOOpKa KpPYIHBIX KOH-
CTPYKLIUH B KOCMOCE.

4. JloBbIBe/icHHE Ha IIEJICBYI0 OpOUTY B Cilydae aBapuu
Pa3rOHHBIX OJOKOB WJIM CITyCK C OPOUTBI KOCMHYECKOTO MY-
copa [7].

5. TpaHCHOpTHPOBKA U MOIBEM JEUCTBYIOIINX KOCMHYECKUX
ammaparoB ¢ HU3KUX KPYTOBBIX OPOUT HA pabodyIo OpOuUTy.

6. KoppektrpoBka monoxeHus aefictByromero KA ra opou-
T€, Y KOTOPOTO TIOJTHOCTHEO U3PACXOJIOBaH 3arac pabovero Tena.

7. C menpr0 CHCTEeMAaTH3aIlH WCIIONIB30BaHUS CEPBUCHBIX
KOCMHYECKUX allapaToB MOXKHO TPEIIOKHUTE B CXCMHOM
BUJC CTPYKTYpy CEpPBUCHBIX Omeparwid, (pakTH4ecKu H3II0-
JKSHHYIO B BHJIE ONFICAHUS B HCTOYHHKE [6] (puc. 9).

Omneparii Mo yeTpaHESHHIO
OTKa30B

Omnepaltis o TPOITeHHIO
CpoKa 3KCILTyaTallHH

MHorodyHKITHOHATEHEE
OIEpalHy

VrpasicHHE IBIDKEHHEM
(KOpPEeKTHPOBKA OPOHTEI)

Ilepeson Ha HOBYIO pabouy0
opouTry KA-RIHEHTA ¢ HEIb0
SKOHOMHH 3aIIacOB TOILTHBA

TexHUUECKAA HHCIICKITHA
KA-x1HeHTa

PasBepTriBaHHE COMHEUHBIX
Oarapeii, aHTCHH H JPYTHX
pAa3sBepPTHIBAEMBIX 3IeMEHTOB

IMomoTHeHHE 3amMacoB
PACXOIOHBIX MATCPHATOB

CHATHE ¢ OPOHTEL
KOCMHYECKOTO Mycopa

PemoHT H 3aMeHA
BBIMIEANIHX H3 CTPOA

JlosanpaBKa TOILTHBOM,
OXTAKIANOIEH HHIKOCTEIO H

CoopouHEle onepanu deph,

otpabotasmux KA ¢ mensio
3aMEHBI 3ICMEHTOE B
HeHcnpasHBIX KA

i HMH PACKOIHBIMH craHmmit, KA
cocTaBHBIX yacTel KA RE P :
MAaTEPHATAME
Pazbopka (H3BIcUcHHE IIprmveHeHEE
S ) PemonTHO- P
HCIIPABHBIX 3IEMEHTOB POOOTH3HPOBAHHEIX

BOCCTAHOBHTEIBHEIE PAaOOTEI
(3aMeHA OTPAOOTABIINK HIH
HEHCIIPABHEIX JIEMCHTOE)

IIOMOITHHEOB Ha
IMHIOTHPYCMBIX KOCMHYCCEIX

00BEKTax

Mogepamsamua KA.
VYcTaHOBKA JOMOTHHTEIEHOH
MIO7Ie3HOH HAIPy3KH

Puc. 9. Ctpykrypa cepBUCHBIX onepanuii

B Henanekoil mepcrieKTUBE O MEpe Pa3BHTHS KOCMHYC-
ckoii TexHuku ¢ momompio CKA MoxHO Oyaer CHHMAaTh C
OpOUTHI BBIIIEAINE U3 CTPOSI, HO TPEICTABISIONINE ICHHOCTh
KA, mpoBoauts unctky reocrarponapaoir opoutsl (I'CO) ot
orciyxuBmux KA, W3roraBimBaTh B KOCMOCE MHOTOKHJIO-
METPOBbIE KapKachl KOCMHUYECKHX CTaHIUH, (epMbl aHTECHH,
0a30BbIE CTPYKTYPBI COJHEYHBIX AJIEKTPOCTAHIHIA, OIPOMHBIC
TEJIECKOTIBI U T. JI., YHUYTOXXaTh OMACHBIC TSI 3€MJIH aCTePOU-
nbl. [IpyyeM NpUHLOMIBL ¥ TEXHOJOTHMIO CEPBHUCHOIO 00CIY-
JKUBAHUS CIIYTHHUKOB MOKHO HCIIOJIB30BaTh HE TOJBKO B KOC-
Moce, HO M Ha 3emJie [8]. DTo KacaeTcsi CebCKOro X03siiicTBa
Y TIPOBEICHUsI pabOT B TPYTHOJOCTYITHBIX paiiOHaX.

Poccus 0 OTHOIICHHUIO K IPYTHM CTpaHaM TaKKe HE CTO-
UT HAa MECT¢ B dTOM HaIpaBICHWU pa3BuTHs. Ha Hacrosmice
BpeMsI yKe CYIIECTBYIOT HEKOTOPBIC HApaOOTKH IO MPHMEHE-

uuto CKA, Benercs HayuHas paboTa. Tak, Hampumep, TOCKOp-
ropanus «PockocMocy pasMecTiiia 3aKa3 Ha CO3/1aHHE HOBOTO
CIIyTHUKA-WHCIIEKTOPa JUIsl 0OCITY)KMBaHUSI KOCMHUYECKUX aIl-
1apaToB, HAXOASAIINXCS HA Te0CTallMOHapHBIX opbuTax. Pabo-
Ta IOJDKHA OBITH 3aBepmieHa K 15 Hos0ps 2020 r. 13 BBIION-
HEHHBIX PaboT CIeAyeT yImoMsIHyTh, 9To B mtoje 2019 rona c
kocMozpoma [liecenk ObLTH BBIBEAECHBI HAa OPOWUTY BOCHHBIC
anmapatsl «Kocmoc-2535», «Kocmoc-2536», koTopsie mpea-
Ha3HA4YEHBl [UI «M3yYEHMs BO3JEIHCTBHUS Ha ammapaTsl poc-
CHICKOW OpOMTAJILHOM I'PYNIHMPOBKU HCKYCCTBEHHBIX M €CTe-
CTBCHHBIX (PaKTOPOB KOCMHUYECKOTO MPOCTPAHCTBa» [9].

25 Hos0pst 2019 r. Ha opOuty ObL1 3amymieH KA «Kocmoc-
2543y njis MOHUTOPHUHTA COCTOSIHHSI OT€UE€CTBEHHBIX CITYTHHU-
KOB, KOTODBI, IO BEPCHUH aMEPUKAHCKOW CTOPOHBI, OIACHO
comuswmiics ¢ amepukanckum KA USA-245 [10].
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Pazgenka CIIA  cuumraer pOCCHICKHE  CITyTHHUKHU-
HHCIIEKTOPHI yrpo3oi. [lo ee MHEHHIO, OHM MOTYT HCIIOJIB30-
BaThCs VISl HEHTpaTU3alui KOCMHYECKUX allapaToB APYTHX
CTpaH.

3AKJIIOYEHUE

OueBngHO, uto kpome cozfmannsi CKA u pa3BuTHS CITyT-
HUKOBBIX YCIYT MOHAIOOWTCS TakKe CO3JaHUEC WHPpPACTPyK-
TypBI, OOECTIEUHMBAIONIEH WX >XKU3HEIeATeNbHOCTh. C IeNnbio
obecrieueHNnsT B3aUMOJCHCTBUS BCEX 3aMHTEPECOBAHHBIX Be-
JOMCTB CTpyKTypa OyIeT MMeTh B OCHOBHOM HAy4YHBIH H
YIPABJIEHYECKUI XapakTep.

Vcxons u3 3agau BoeHHOHM HampaBieHHocTH, CKA MoxHO
OyJeT UCIOJIh30BaTh B BOCHHOE BPEMs HE TOJIBKO IS yKa3aH-
HBIX BBIIIC 33]1a4, HO U JUISl BBITIOJHEHUS JPYTHX Pa3IHIHBIX
¢bynkumii [11-13].
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Abstract. The state and prospects of the development of space
satellite services are considered. Examples of functioning, the
principle of operation and the purpose of service spacecraft are
presented. The problems arising in the creation of satellite ser-
vices are estimated. A list of functioning and planned to launch
service spacecraft is given. The main directions of providing and
using satellite services to solve targets are shown. Including: ex-
tending the life of satellites, refueling spacecraft with fuel, main-
taining the orbit and orientation of satellites, automated repairs
on board, technical inspection of spacecraft.

Keywords: spacecraft of orbital services, extension of a re-
source of satellites, filling of the spacecrafts with fuel, mainte-
nance of an orbit and orientation of satellites, the automated re-
pairs onboard spacecrafts, technical inspection of spacecrafts.
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HO]IXOJI K OHICHUBAHHUIO )KUBYYCCTH
TPAHCIHOPTHO-JIOIT'HCTHYCCKHUX CUCTCM

A. H. ITaBnos

Cankr-IlerepOyprckuii HHCTUTYT HH)OPMATHKH
n aBToMatu3anuu PAH,
Boenno-kocmuueckas akageMust nmeHu A. @. Moxkaiickoro
Cankr-IlerepOypr, Poccus
pavlove2@list.ru

Annomayusa. AHaJIN3 COBPEeMEHHBIX METOA0B OLIEHKH YCTOii-
YMBOCTH TpaHcHoOpTHo-1orucTudeckux cucrem (TJIC) mnpu
yIpaBJeHUH UX KOH(pHurypaumeil u pekoHpurypaunuei B ycJi0BU-
SIX IeCTPYKTHBHBIX BO3/eliCTBHIi MOKAa3aJ, YTO NPH NMPOEKTHPO-
Banun u co3ganum TJIC HeoGxomumo pa3padoTaTh KOHLENTY-
aJIbHO HOBBIif MeT010JI0THYeCKHIi NMOAX0/ K BBISBJIEHHIO CLeHa-
pueB aerpajgauuu, myreii Boccranopiaenuss B TJIC u mposecTn
aHaIu3 Takoro BaxHoro cpoiictBa TJIC, kak cTpyKTypHas
YCTOHYHMBOCTE MX KOHpuUrypaunuu. Pe3yabTaTsl 3TOr0 Hcciaeno-
BaHHA NPeICTABJSIOT c000ii MOoJIe3HbIIi MHCTPYMEHT NOJIePKKH
NPUHATHSL pelleHHii, MO3BOJSIONMI BbISIBIATL CICHAPUH
HapylleHHs1 Ha Pa3JIMYHbIX YPOBHAX HENPHUATHSI PHCKA HA OCHO-
Be KOJIMYECTBEHHOH OLEHKH CTPYKTYPHOH YCTOMYMBOCTH € HC-
MoJIb30BaHHEM MeT0Ja TeHOMa M Hal0JIoleHHs 3a MacluTadaMu
pacnpocrpaHenuss HapymeHnusi. Hamu pe3yabTaTbl MOIyT ObITH
NOJIE3HBI ISl JIHL, IPUHUMAIOIIUX pelleHus, YTO0bl CPABHUTH
pa3iunyHble cTPYKTypHble KOHcTpykuuun TJIC oTHocuTeLHO
HAJeKHOCTH U ONpeJeJUTh CHEHAPUU pa3pylleHHs, KOTOpbIe
npepoiBaloT onepanuu TJIC B pa3iinyHoii cTeneHnu.

Kniouesvie cnosa: TPAHCHIOPTHO-JIOTHCTHYECKAasL CHCTEMaA,
rpaq)om,le MOAEJIH, CprKTypHO-(l)yHKIIHOHaJ]bHaH KUBY1Y€CTh.

BBEJEHUE

CrpykrypHblit mu3aiin TJIC MoxxeT n3MeHHThCs U3-3a c0o-
€B, OIPEIeNIIEMbIX KaK «COOBITHS, KOTOPBIE MPEPHIBAIOT PEry-
JIIPHBIM MOTOK TOBapoB minu ycayr B cucteme» [1]. Cospe-
mennble TJIC BeIpociin B MacmTabe U CIIOKHOCTH, Bce 0OJIb-
e mojsepras GUPMBI pa3UUHBIM M PACCESHHBIM pa3pylIn-
TeNbHBIM COOBITHAM [2, 3]. Cozmanue meHCTBHTENBEHO P QeK-
TuBHBIX TJIC BO3MOXKHO IyTeM oOecIieueHnsI NX HaIeKHOCTH
1 KHUBYYECTH KaK B HOMHHAJBHBIX YCIOBHAX (PyHKIHMOHHPO-
BaHMA, TaK ¥ IPH BOSHUKHOBEHNH PACUCTHBIX M HEPACUETHBIX
HemtaTHRIX cutyanmid. JKuBywects TJIC crama omnHo#l w3
KITFOUEBBIX KaTETOPHUI HUCCIEIOBAaHMH 3a TIOCIEIHEE AECITHIIC-
tue [4]. IlpudyeM mox >KUBY4YECTHIO IOHHUMAETCS CBOMCTBO
CHCTEMBI COXPAHATh MU BOCCTAHABIMBATH CBOM XapaKTEPHUCTH-
KM (BEKTOPHBI TOKa3aTedb KadecTBa (YHKIHMOHHPOBAHUS
TJIC) npu BO3AEHCTBHAX CpeAbl KaTacTpopHUYECKOro Xapak-
Tepa Ha MPOU3BOJCTBEHHO-JIOTMCTUUECKU mporecc. Jlns
onennBanus xuBydectu TJIC ¢ yueToM pUCKOB CPHIBOB IpH
BO3HMKHOBEHHH PAcUETHBIX HEIITATHBIX CUTYAIlMH WM «HOP-
MaJIBHBIX» YCIIOBHH (DYHKIIMOHWPOBAHUS, KaK IPaBHIIO, TPH-
MEHSIOT JAETEPMHHUPOBAHHBIA MOIXOZ, METOABl TEOPUH

. A. TTaBnos, B. H. Boporsarun

Boenno-kocmuueckas akagemMus uMeHu A. @. Mokaiickoro
Canxkr-IlerepOypr, Poccust

HaJeKHOCTH ¥ HWMHTAIMOHHOTO MoAenupoBaHus [S5—16].
IIpon3BoauTCS UMHTAIUS MPOU3BOJCTBEHHO-IOIMCTHUYECKUX
npoueccoB TJIC. OpraHuzyercs TakKe HMMHUTAIUS OTKAa30B
2JIEMEHTOB, KIIIOYEBbIX y3110B U cBsi3ell TJIC, HapymeHus ko-
TOpBIX NPUBOAAT K moTepe xuBydectd TJIC, B 3aBHcHMOCTH
OT MOJEIHMPYEMOIrO ypOBHS HAAEXKHOCTH. JIJIs KaXJ0ro Mo-
MEHTa BPEMEHU MMHTAIMN MPOM3BOANTCS MPOBEpKa paboTo-
cnocobHocTH (yHKIMOHANBHBIX 3neMeHToB TJIC. B cimydae
OTKa3a OIIEHMBACTCS CIydaifHOE BpeMs BBIHY)KICHHBIX IIepe-
pPBIBOB B padote Toro miu mHOro y3na TJIC, 3HaueHus mene-
BBIX IOKa3aTenel. Pacuer mpekpamiaercs mpu OTKaszax dJe-
menToB TJIC, mpu KOTOPHIX HEBO3MOXKHO HalbHelIIee (HyHK-
[IUOHUPOBaHNE (BO3HHUKHOBEHHE KPUTHUYHBIX OTKa30B). Tako-
0 poja pacyeTsl MPOBOAATCS Ui Pa3IMYHBIX YpPOBHEH
HA/I©KHOCTH PACUYETHBIX HEIITAaTHBIX cuTyanuil. Ha xaxmom
YPOBHE IPOU3BOJUTCSA 3aJaHHOE KOJIMYECTBO CTATUCTUYECKUX
UCMIBITAaHUH WJIM TaKoe KOJIMYECTBO, KOTOpoe oOecreynBaeT
3a/laHHYI0 TOYHOCTh MOJIeIMpOBaHusl. PaccunTaHHbIe 3HaUCHUS
TIOKa3aTeNled OTKIIA/IBIBAIOTCS Ha JiydeBoi nuarpamme (Kusna-
ta). ns ompenenenus mokaszarens xuBydectu TJIC ocy-
IIECTBIISIETCSl CpaBHEHHWE IUIOMand (urypsl Ha IuarpaMme
¢ wIomagIMi (GuUryp, oTpakaroIluX HCXOJHBIC M NPEEIHHO
JIOIyCTHMBIE 3HAYEHHS IIETIEBBIX MoKa3zarenei. Eciu xoTst 661
OJIMH U3 LIEJIEBBIX IOKa3aTelel OKa3bIBaeTCs MEHBILIE JOIIy-
CTHMOTO 3HA4YEHHsI, TO 3TO COOTBETCTBYET MOTEPE KUBYUECTH
TJIC, uro TpeOyeT NMPHHATHS pEIICHUS O XapakTepe Jajb-
Heinrero ee QyHKIIMOHUPOBAHUSL.

OpHako mpoOieMa yKa3aHHOTO IOJXOAA COCTOMT B TOM,
YTO B HACTOSIIEEe BpeMs TaKHUe 3aBUCHMOCTH MOJIYYaroT JIUIIb
IO pe3ynbTaTaM JKcITyaTanmuu yxe coszganHeix TJIC. Ilpu
IpoeKTHpoBaHUU ke HOBBIX TJIC Mcnonb3yroTcs pe3yabTaThl
CTaTUCTUYECKUX 00pabOTOK MpeIIeCTBOBABIINX HIIH IKCILTY-
atupyromuxcs TJIC. Dto pomycTuMo HpH CO3MaHUM aHAJNO-
THYHBIX 10 cTpyKType u cocraBy TJIC. Ho ecnm paspabatsi-
Baemasi TJIC cyIiecTBEeHHO OTIIMYAETCsl OT paHee CO3/IaHHBIX,
TO TaKoH MOJX0J] HE BCETa MPUEMIIEM.

Kpome pacdeTHBIX HEIITATHBIX CHTyaluii OBIBAIOT Hepac-
YETHBIEC, TO €CTh TaKHE, KAKMX HUKTO 3apaHEe HE MOXKET Mpea-
BUJIETh, @ IIOCEMY U HEBO3MOXKHO 3apaHee IOJrOTOBHUTHCS
K HUM. 1 4TO HeMaJoBaXKHO, B peajbHBIX YCIOBHAX (QYHKIH-
OHUPOBAHUS 3TH HEpacdeTHbIE HEIITaTHbIE CUTYalMH Ciy4a-

VccnenoBanusi, BEINOJHEHHBIE [0 JAHHOH TeMaTHKe, NPOBOAMINCH NPH YaCTHIHON (GUHAHCOBOI mopnepxke rpantoB PODU (NeNe 17-29-07073, 18-07-
01272, 18-08-01505, 19-08-00989, 20-08-01046), B pamkax GromxeTHoit Tembr NeNe0073-2019-0004
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I0TCS €CJIU HE 4allle, TO, [0 KpaiiHel Mepe, 110 4acToTe IPOosiB-
JISIFOTCSL COM3MEPUMO € pacyeTHBIMH. B 3THX ycnoBusax moje-
JIM ¥ METOJBI, IPUMEHSIEMbIE B TEOPHU HaJeKHOCTH, UMHUTA-
LIMOHHOTO MOJICIIMPOBAHUS CTAHOBATCS HE MPUMEHUMBI IS
obecnieuerns xuBydectu TJIC, aTo TpeOyeT pa3paObOTKH KOH-
LENTyaJbHO HOBOTO TMOAXONA K OOCCIICUYCHHIO >KHBYYECTH
TJIC.

TPAJMIIMOHHBIN MTOJIXO/1 K OLIEHKE CTPYKTYPHOM
KUBYYECTH TJIC B YCJIOBUAX JJECTPYKTUBHBIX
BO3JAEUCTBUIA

B pamkax uccienoBaHui, MOCBSIICHHBIX pa3padOTKE Me-
TOOOJIOTUYCCKHUX U METOAUYCCKNX OCHOB oOecrieueHust KUBY-
yectn TJIC, TpeOyeTcs npoBeieHHe aHaM3a TAKOT0 BAKHOTO
CBOMCTBa, KaKk CTPYKTypHas »xuBydecTb KoHpuryparuu TJIC.
B mmpoxom cwmbicie no cmpykmyphoit ycugyuecmoito TIIC
MTOHUMAETCS TaKasi CIOCOOHOCTh PaCCMaTPUBAEMOT0 OOBEKTa,
KOTOpasi O3BOJISIET €My COXPAHSTh B OIPEAEIECHHBIX Ipeze-
JlaX KadecTBO CBOETO MENIEBOr0 (YHKIMOHUPOBAHUS (MK
BOCCTaHABINBATh TAKYyI0 CHOCOOHOCTh) IYyTEM HM3MEHEHUS
(popmmpoBaHUA) COOTBETCTBYIOIIUX CTPYKTYp (KOH(HTYpa-
ui).

Cwmena ctpyktypHbIX coctostHuit TJIC cBsizaHa Kak ¢ pac-
NPOCTPAHEHUEM U BOCCTAHOBIICHHEM HapyIIeHHH (YHKIHO-
HUpOBaHUA 3JeMeHTOB cTpykTypsl TJIC, Tak u B mporecce
BBINOJHEHUsT 3aka30B. OTkazaBmuM (HepabOTOCIIOCOOHBIM)
OyzeM cuuTath (pyHKIHOHANBHBIH 35eMeHT (DD) TJIC, koTto-
PHIi He CIIOCOOEH BBITIOJHUTE BCE BO3JIOKEHHBIE HA HET'O TPO-
W3BOJICTBEHHO-TEXHOJIOTHYECKHe oneparun. OO Oyner cum-
TaTbCsl YaCTUYHO PadOTOCIIOCOOHBIM NPH BO3MOKHOCTH BBI-
MOJTHEHUST UM XOTS Obl OIHOH M3 BO3JIOXEHHBIX IMPOHM3BOJ-
CTBEHHO-TEXHOJIOTHYECKHX onepauuii. OueBHIHO, UTO 3HaUe-
HUsI YacTHBIX TIOKa3aTesell KadecTBa (YHKIIMOHHPOBAHUS
TJIC B KaXXJIOM COCTOSIHUHM 3aBHCST OT: MHOXECTBA OTKa3aB-
LIMX, PabOTOCTIOCOOHBIX, YACTUYHO PabOTOCIOCOOHBIX DD
pacIipeielieHusl POU3BOICTBEHHO-TEXHOJIOTHYECKUX OTepa-
LUi; TmepepacipeneneHus 3TUX onepannii Mexmay padorocro-
COOHBIMH WJIM YaCTUYHO padboTocrnocoOHpMu D3.

BaxHBIM ¥ HEOTHEMJIEMBIM YCIOBUEM HM3YUYCHUS BO3MOXK-
Hocteit TJIC sBnsieTcss MpoBeAeHUE aHAM3a U OLCHUBAHUS
APXHUTEKTYPBI €T0 CTPYKTYPHBIX COCTOSIHUM, OTPasKAFOIMX KaK
(YHKIMOHAJIBHBIE, TAK M ITPOM3BOACTBEHHO-TEXHOJIOIMYECKHUE
ocobenHoctH ynpasienus TJIC.

CrpyKTypHBIE MOJIeNIN (PYHKIIMOHUPOBAHUS OOJBIIHMHCTBA
CJIOKHBIX TEXHUYECKUX CHCTEM KOPPEKTHO MOTYT ONUCHIBATH-
cs [17-20] Onok-cxemamu, JepeBbIMH OTKa30B U COOBITHIA,
rpadaMu CBS3HOCTH, MHOTOTEPMHHAIBHBIMH CETAMH H T.II.
OnHako IaHHBIE CTPYKTYpHBIC MOJENH MOTYT OIHCHIBATh
(YHKIMOHHPOBAaHHE TOJIHKO MOHOTOHHBIX CHUCTeM. B MoHO-
TOHHBIX MOJIENISIX HEBO3MOXKHO YUHTBHIBATh JIOTHUECKH CIIOXK-
Hble ¥ TNPOTHBOPEUUBBIE CBA3M U OTHOIICHHS Mexay DO,
HaIlpuMep, KOTOpBIE B OAHUX CTPYKTYPHBIX COCTOSIHUAX CH-
CTEMBbI YBCJIMYMBAIOT, 4 B JIPYI'UX — YMCHBIIAIOT IMOKa3aTCJ/Ib
a¢ddexTuBHOCTH e¢ QYHKIMOHUPOBaHUA. Tak)Ke MOHOTOHHBIC
MOJIENTN HE TPEJCTaBIISIOT CUCTEMBI, B KOTOPBIX OJTHOBPEMEH-
HO (YHKIMOHUPYIOT 3JIEMEHTHI, YacTh U3 KOTOPBIX 00ecIedn-
BaeT yBEIWYEHHE, HAIPHUMED, HA/IC)KHOCTH HIIH )KUBYUYECTH, a
Jpyras 4acTb SIBJISETCSA NPHIMHOW BO3HHUKHOBEHHS OTKAa30B
WIN aBapui, T.€. OKa3blBaeT IIPOTHBOIIOJIOXKHOE, BPEIHOE
BIMSHUE Ha 0€30ITACHOCTH CHCTEMBI B LIEJIOM.

IIpu uccnenosanun xuByudectu TJIC, cTpykTypa KoTOpOn
OTIHCHIBAETCS C TIOMOIIBIO TPaOBBIX MoJenel (MOHOTOHHAS
cucrema [21]), cunrator TJIC «pa3pyIieHHOW», ecH B ciydae
yAaJeHus BepIIuH Wiu pebep rpad oHa OyIET YAOBIETBOPATH
OJTHOMY HJIM HECKOJIBKUM M3 CIEAYIOIIUX YCIOBHH: Tpad co-
CTOUT MHUHHUMYM M3 JIBYX KOMIIOHCHT CBA3HOCTHU; HEC CyLIC-
CTBYCT HaIIpaBJICHHBIX nyTeﬁ JJIA ONPECACIICHHBIX MHOXCECTB
BEpUIMH; KOJMYECTBO BEPLIMH B HAWOONbIIEH KOMIIOHEHTE
rpaga, MEeHbIlIE HEKOTOPOTO 3apaHee 33JaHHOT0 YHCIIa; KpaT-
YaWIInil MyTh NMPEBBHINIAET HEKOTOPYIO 3aJlaHHYIO BEJINYUHY.
CootserctBenHo, TJIC cumrtaercs XHUByYel, €CIU 3TU YCIIO-
BUSI HE BBITIOJIHSFOTCSI.

Jna ananusa cBoiicTBa cTpykTypHOU kuBydectu TJIC B
JTAHHBIX YCIIOBHSX, @ TAK)KEe JUIS CHHTE3a CHCTEMBI, 00Ja1ar0-
el TpeOyeMBIM CBOHCTBOM CTPYKTYpPHOU JKHBYYECTH, HEOO-
XOAMMO BBECTH KOJMYECTBEHHYIO OLICHKY, aJIeKBaTHO OTpa-
KAIOMIYI0 PACCMaTPUBAEMOE CBOICTBO.

[Ipu mccnenoBannu crpykTypHOi x)uBydectu TJIC co-
IJIAaCHO IMOJXOAa, MPEIOKEHHOTro B [21], BBOAUTCS MOHATHE
0000IIEHHOTO 0TKa3a {-Oi KPaTHOCTH, IIPH KOTOPOM paccMar-
puBaroTcs cTpykTypHble cocTosHus TJIC, obpa3syromuecs npu
TIOCIIeI0BAaTEILHOM OTKA3€ BCEBO3MOXKHEIX codyeTanuii (C,) U3
Bcero MHoXkecTBa DD cTpykTyphI 10 i pasnmuunbeM OO (i < n,
rie n — uucno OO paccmarpuBaemoii cTpyktypsl TJIC).
Cpenn MHOXECTBAa CTPYKTYPHBIX COCTOSHHMM Ui JaHHOTO
0000IIIEHHOTO OTKa3a OMNpeessieTCsl MHOXKECTBO paboTocmo-
COOHBIX COCTOSTHHH, MOITHOCTH KOTOPOTO 0003HauNM R;, MiIn
MHOXKECTBO HEPaOOTOCIIOCOOHBIX COCTOSIHMI, MOIIHOCThH KO-
Toporo o6osnaunm N; (N; + R; = C).

Jlyist cpaBHEHHMsI pa3IMUHBIX CTPYKTYpP ONpEACNseTCS On-
Hocumenvhaa Qyuxkyua cmpykmyphou sncugyuecmu TIIC

i ) R;
tp(—)(wo) —g =Ry
n Cn
HeiiHas ~ WMHTEpHOJSIMS  KYCOYHO-JTMHEWHOW  (yHKIHMeit

P(x),x €[0,1] um BBOAWTCA WHTETpaTbHEIA TIOKA3aTeNb
cTpyKTypHOii xuBydectu TJIC B Buze cienyromero QpyHKIu-
oHana F, = fol P (x)dx.

Bynem cumrats, uto TJIC Haxomurcs B HEpabOTOCIIOCOO-
HOM CTPYKTYPHOM COCTOSIHHH, €CJI IIPH 000OIICHHOM OTKa3e
yIlaJieHbl BCE JIEMEHTHI, BXOAAIINE [0 KpaiHel Mepe XOTs Obl
B OJTHO M3 MHHUMAJIBHBIX CEYCHUH 0TKa30B cTpykTypsl TJIC.

B camom o0miem ciyuae ctpykrypa TJIC xapaktepusyercs
k MUHHMAaJBHBIMH CEYCHHUSIMU OTKa30B, KAXKIBIH M3 KOTOPBIX
cocrout w3 m;(j =1,...,k) onementos. Ilpudem ceuenus
OTKa30B HMEIOT OOIIHE SIIEMEHTEL.

B nmawHO# cuTyamum 49uciio HepaOOTOCHOCOOHBIX CTPYK-
TYPHBIX COCTOSIHUM TIpU 0GOOIIEHHOM OTKa3€e I -0l KpaTHOCTH
MpUMeET ciexyromuii Bun [21]:

N;
_C_‘l)’ MMpOU3BOAUTCA €€ JIH-
n

N; = Zi'(:l 6(i— mI)C;:z]] - Z;(l:l Z;?z>]'1 8 —my, —my, +
+m]1]2)c:l__:21111:7::1]]22-::2]]11]]22 + 2961:1 §z>j1 ¥3>1'z 8- m;, -
M T ) O
(DS - my, —my,—. . —my, +

‘. ) i—mjl—mjz—...—mjk+mj1]—2.__jk
J1J2-Jk n=mj, —my, —.—my Mmoo g’

1,x=0

— IOUCKpeTHas (GyYHKIUS XoBHcalaa.
0,x < 0 AMCKPeTHas yHKi A

rne 6(x) = {
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B ¢opmyne (1) sennunusl m j, ; NPEACTABISIOT COOOM
CYMMapHO€ YHCJIO OOLIMX DJIEMEHTOB B MHHHMAJIBHBIX Cede-
HUSX OTKA30B C HOMEPAMH Jq, J2, .-+, k-

Wcnonesyst popmyist (1), MOXKHO BBEIYHCIUTH OTHOCHUTEINb-
Hyl0 GYHKOUMIO CTpyKTypHOW >xuBydectn TJIC, nmerommx
MOHOTOHHYIO CTPYKTYpPY, U COOTBETCTBEHHO OMNpPEAEIUTH UH-
TErpajbHBIA ITOKa3aTeNIb CTPYKTYPHOH >XMBYYECTH CHCTEMBI
F, = follfl"(x)dx.

Jis BBIYMCIEHHUS CTPYKTYPHOH MHMBY4YECTH HEOOXOINM
Ha0Op MUHMMAJIBHBIX CEYCHUH OTKA30B, a TAK)KE OPEIeIICHNE
o0mmx @3 B 3TuX ceueHmsIX. B obmiem ciydae, HaXOoXXIeHHE
MMHHMAaJIbHBIX CEYEHUI OTKa30B siBiseTcss NP-TpynHoi 3ana-
yell. [Ipu 3TOM BBIYUMCIEHHE MOKA3aTelsl CTPYKTYPHOH >KHUBY-
YeCTH C UCIOJIb30BaHHEM 0000meHHoN (Gopmynsr (1) sBusier-
Csl CYTIepCIIOKHOM KoMOuHaTopHO# 3amavedt. [Ipu aTom cie-
JIyeT OTMETHUTh, YTO HE BCE MOHOTOHHBIE CTPYKTYPBHI MOIYT
OBITB OIICaHBI C UCIIOJIb30BAaHNEM I'PaOBBIX MOJETIEH.

KOHUENINS TEHOMA JUUIST OLIEHKU CTPYKTYPHO-
®YHKIUOHAJILHOM XKUBYYECTU TJIC B VCJIOBUAX
JECTPYKTUBHBIX BO3JIEMICTBUN

J1st Ipeo1oneHus yKa3aHHBIX OCOOCHHOCTEH OIIEHMBAHUS
cTpykTypHO# xmBydectn TJIC mpeamaraeTcss CleayOIIHNA
MOJXO0/I, B OCHOBE KOTOPOT'O JISKUT KOHLETIUS TCHOMA CTPYK-
typsl [18]. Kak mpaBuio, cTpyKTypHbIil aHanu3 (yHKIHOHH-
POBaHHSI CJIOXHOTO O0OBEKTa HAUYMHAETCS C IMOCTPOCHHS €ro
cxembl (yHKkuuoHanbHOU 1enoctHocTH (COLL) [18]. COI]
NPe/ICTaBISIET COOOM JJOTHYECKH YHUBEPCAIbHOE rpaduecKkoe
CPEICTBO  CTPYKTypHOTO MpPEJCTAaBICHUS  HCCIEAYyEeMbIX
CBOMCTB cUCTeMHBIX 00bekToB. CDLl MO3BOJSIOT KOPPEKTHO
MPEJICTaBIATh KaK BCE TPAJAULUOHHBIE BHUJBI CTPYKTYPHBIX
cxeM (OII0K-cXeMBbl, IepeBbsl OTKa30B, JEPEBbs COOBITHH, Ipa-
(GBI CBS3HOCTH C LUKJIAMH), TaK M HPUHLIUIIAAIGHO HOBBIH
KJIacC HEMOHOTOHHBIX (HEKOT€PEHTHBIX) CTPYKTYPHBIX MOJE-
Jell pazNIMYHBIX CBOHCTB HCCIEAYyEeMBIX cHcTeM. Pa3paboTka
COII TJIC o3HauaeT, mpexe BCero, rpaduaeckoe mpencTaB-
JICHNE JIOTUYECKHUX YCIOBHI peann3aniy cOOCTBEHHbBIX (DyHK-
i snemeHTamu U noacuctemamu TJIC. Bropoit BakHO#
CTOPOHOHN TIOCTPOCHHUS M JaibHeero ucnois3oBanus COI]
ABIISICTCA yKa3aHHE KOHKPETHOM LeMM MOJAEIMPOBAaHUS —
JIOTUYECKUX YCIOBUI pean3aluu UCCIeIyeMOro CUCTEMHOTO
CBOMCTBa, HanpuMep, Oe30TkazHocTh win otkasza TJIC u T. m.

U3BectHO, uT0 reHoM CTPYKTYPBL X = (X0, X1) X2/ -» Xn) [21];
SIBIISIFOILMICS. KOHLICHTPUPOBAHHBIM TIPEJICTABICHHEM CTPYK-
TYpPHOTO COCTOSIHUSI 00BEKTa, COACPIKUT U MO3BOJISIET ONIPEe-
JUTh CIEYIOUIYI0 MH(OPMALHMIO B IIPOLECCE CTPYKTYPHOTO
HCCIIEIOBAaHMS CIIOKHBIX OOBEKTOB: BO-IIEPBBIX, CBEICHHS
O TOIOJIOTMYECKUX CBOMCTBaX CTPYKTYPbl MOHOTOHHOH CH-
CTEMBI; BO-BTOPBIX, HHOPMAIHIO O NPUHAIJICKHOCTU HCCIIe-
AyeMoro 00BeKTa K KJIaCCy MOHOTOHHBIX NI HEMOHOTOHHBIX
CHCTEM; B-TPETBbUX, IIPOBECTH OLICHUBAaHME MOKa3aTenen
CTPYKTYPHO-(DYHKIIOHAJIBHOW )KUBYYECTH CHCTEMBI.

Jnst popManbHOTO ONMCcaHMsl M aHalM3a IMpolecca Jierpa-
nanuu (BoccraHoBieHus) TJIC B kauectBe (akTopoB, C MO-
MOIIBI0O KOTOPBIX MOXKHO M3MEHSTH CTPYKTYPY OOPTOBBIX CH-
cTeM MaJbIx kocMuueckux armnaparos (bC MKA), Oynem pac-
CMAaTpUBaTh ONEPAIMIO yAAIeHHUs (BOCCTAHOBJICHHS) KPUTHU-
HBIX 21eMeHTOB {P;,Pj,..., P} = P u3 cxembl (yHKIMO-
HaJIBHOM IeNIOCTHOCTH. B o0meM ciy4yae B KadecTBE KpUTHY-
HBIX 3JIEMEHTOB MOTYT paccMmarpuBatbcs Bce @O TJIC.

B mnpouecce ynaneHus (BOCCTaHOBJICHUS) 3JEMEHTOB
crpykrypa TJIC MOKeT HaXOJUTHCS B OJJHOM M3 CBOMX IIpO-
MEKYTOYHBIX COCTOSHUH S .

CoracHO KOHIETIIIMM T€HOMa CTPYKTYpPBI CTPYKTypHBIC
coctosiHust S, (HavajbHOe, (UHAIBHOE, NPOMEKYTOUHBIE)
XapaKTEPU3YIOTCS CBOMMH TEHOMAMHU X (100 Yo npu Oannom
U30dCEHUU Mamepuaira 0Oyoem HOHUMAMb OB8OUCTHEEHHbI
aumanoz 2eHoma), TPU OSTOM TIOKA3aTe€Nd CTPYKTypHO-
¢yskumoHanbHoM xuBydectn TJIC, cocToslnyio U3 0IHOPO/-
HBIX, HEOAHOPOAHBIX DD 10 HAJEKHOCTH BBIOIHEHHUS CBOMX
(hYHKIIUH, MOXKHO BBIYUCIIATH IO CIACAYIONMM Gopmyiaam [21]:

- - 11 1
Fo()Hop(Xa) =Xa- (1’5'5’ . _’E)T’
- > 11 1
FHEO()HOP(XO.’) =Xa- (1'5'2_2""'2_n)Ta (2)
Fodnop@oaM()?a) = Sup mln{ )?a : (1! 12 :uz' ey ‘un)T, g(ﬂ)}

uefo,1]

Bynem cumurtath, 4TO CTPYKTYPHOE COCTOSIHHE S, XapaKTe-
PH3YIOIIEECS TEHOMOM Yo, HENOCPeOCMEEeHHO CEA3aHO CO
CTPYKTYPHBIM COCTOSHHEM S, ONHMCHIBAEMOTO TEHOMOM Y,
ecu cymecrteyer OO (3P € P), otka3 (BoccTaHOBIEHME)
koToporo (P; = 0 unu P; = 1) nepeBOAUT CHCTEMY M3 COCTO-
SIHUS S B COCTOSIHHE S, (U3 COCTOSIHUSA Sy B COCTOSIHHUE S).

Jannyto Bapuauuio crpykrypHoro cocrosuust TJIC o6o-

3HAYUM CJICAYIONMM 00pa3oMm: )ZL Xo. MHOXeCTBO BCEX
CTPYKTYPHBIX COCTOSIHUM, HEIMOCPEACTBEHHO CBS3aHHBIX
¢ cocTosHuEM ¥, 0603HaumM X (¥).

OxHy ©3 BO3MOXHBIX TPaeKTOPUH peKOH(Urypaluu
ctpyktypsl TJIC B mpouecce BO3HMKHOBEHHS OTKa30B (BOC-
CTaHOBJICHHUSI) MOYKHO ONHCATh CIICAYIOIICH IIENOYKOU Iepe-
XOJIOB:

Pjp Pj,

Hao Xa,

Pjs Pinoe Pjy

)?az XaN_1<—>)?aN'
tae Yoo = Xos Xay = Xf» MHOKectBo {P;,P,,..., P} =P,
T. €. MHOXKECTBO OTKa3aBIIHX (BoccTaHOBIEHHBIX) @D TJIC B
LEMOYKe Iepexoja SBISETCS I[ePEeCTaHOBKOM DIIEMEHTOB
MHO3KeCTBa P.

CTpyKTypHbIE W3MEHEHHs, MPOUCXOAANINE B IMPOMEXKY-
TOYHOM COCTOSIHMHU ¥, Ha TPAeKTOPHU PEKOHPUrypauuu, Oy-
JIeM OIICHUBAaTh OJHMM M3 IIOKa3arelieil CTPYKTYpHO-
¢ysakumonansHol skuBydectn TJIC (2), BxomsmmuMm B pac-
CMaTpHUBaEMOE MHO>KECTBO

FHaO ()?a) € {FOOHOp ()Za)' Fueor)uop ()?a)’ For)uopen;w ()?a)}-

Kpome Toro, B KaxXZoM NPOMEKYTOYHOM CTPYKTYPHOM
coctosaun ¥, TJIC xapakTepusyeTrcs HEKOTOPBIM HabOpOM
CTPYKTYPHO-TOIOJIOTHYECKUX OTPaHUUCHNIN

Y () <0, 1=12,...,L,

(opManbHO 3aIaHHBIX W KOJMYECTBEHHO OIEHWBAEMBIX C II0-
MomIpi0 [21] COOTBETCTBYIOIIMX IIOKa3aTellell CTPYKTYpHOM
KHUBYUYECTH, T'MOKOCTH, HOCTIKHMOCTH, CJIOKHOCTH CTPYK-
TYpHOTO TIOCTPOCHUS W T.[J. JpyrumMum ciioBamu, JaHHBIC
OTpaHUYEHUS 3aJa0T 00JIaCTh JOIyCTUMBIX BapHaIlUi, KOTO-
pYIo B nanbHeiIeM OyaeM o603HavaTh =.

Torga 3amady mMOCTpOEHUs] ONTUMUCTUIECKOTO (TIECCUMU-
cTrdeckoro) creHapust pekonpurypauuu TJIC moxHO Tnpen-
CTaBUTH B BUJIE CIEAYIOIINX ONTHMHU3AIMOHHBIX 3a1a4 (3).
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N
Z F(X,)— max(min) 3
j=0 )(aj EX(Zaj—l )
Kag=X0> Zay =7y >
\Pl (/?aj )S0> 1=1,2,‘..,L
{ Py Py Py }=P

B pabote [13] obocHOBaH KOMOMHHPOBaHHBIA METOJ CIIy-
YalHOTO HANPABJICHHOTO MOKCKA BapUAaHTOB DEIICHUS I10-
CTABJICHHOH 3a/laudl U pa3pabOTaH aNrOpPUTM, PEATU3YIOLIHA
npuBeJeHHBIH MeToa. KoMOMHHPOBaHHBIN METON U COOTBET-
CTBYIOIINA €My aJrOpUTM IO3BOJIIET OCYLICCTBISATH ITOHCK
KaK ONTUMHCTUYECKON U NECCUMUCTUYECKON TPaEKTOPUM, TaKk
U NPOMEXYTOUHBIX TPACKTOPHH, BBHIOMpPAEMBIX CITydalHBIM
obpazom.

Torna B kauecTBe 00OOIIEHHOTO MTOKA3aTeNs CTPYKTYPHO-

¢ynkuronanpHoN sxuBydectn TJIC B mpornecce ero crpyk-
TYPHOH PEKOH(UTypaluy 0 CIIEHAPHIO ugk)

k
0

k S
JKUTH OTHOIIIeHHE [* = Sk

MO>KHO TpeJIo-

3nech

N-1 >k >k
Kk Z Fﬁad(xgcj)) + Fﬁad(xgcj_)'_l)
SK =
Jj=0
paBHa CyMMapHOW CTPYKTYpPHO-(DYHKLIMOHAJIBHOW KHBYUECTH
¢ynkumonupoBanust TJIC B mpomecce pekoH(QUTypaluu

B paMKax CLEHApUS ,uék), aSk= .r(r)ulsz{FHao()Zg?)} - N mpo-
j=0,1,..,

MOPIMOHAIILHA ~ CYMMapHOMY  TIOKa3aTell0  CTPYKTYPHO-
(yHKIMOHATBHON JKuBydYecTH (QyHKIuoHupoBanusa TJIC
BJIOJIb TPACKTOPHH B ClIydae COXPAaHEHUS! BO3ZMOXHOW MaKcH-
MaJIbHOM XKHMBYy4YeCTH (DYHKIMOHMPOBAHHS MPH Pa3BUTHU pac-
CMAaTpUBAEMOTO CLICHAPHSI.

Crneayer OTMETHTh, YTO MAaKCUMAJIbHOE 3HaueHUEe 0000-
WEHHO20 NOKA3amesns CMPYKmMypHO-YHKUYUOHAIbHOU JHCU-
eyuecmu ™Y = m}gxﬂk} OyleT MOCTHraThCsl Ha ONTHMH-

CTHYECKOM cleHapnu pexonpurypamuu TJIC, a MUHMMaIbHOE
3Hauenue J™M" = mkin{] k} — na meccumucruueckom. ITpose-

JeM M UMHTAlMOHHBIX JKcrepuMeHToB. Ha kaxkaom k-om
9KCIIEPUMEHTE CTPOUTCS MOCIIE0BATEILHOCTh

2(k) >(K)

#gk) = [)Zao’)(lh 1 Kay o Canr % ] ’

b X anN-1’ X an
TIE Xa, = Xo»Xay = Xf» COOTBETCTBYIONIAs TPAEKTOPHH pe-
koHuryparm TJIC. J[nsg mOCTPOCHHOW TPAacKTOPHUH BBIYHC-
JsieTcsl 3HaueHWe OOOOIIEHHOTrOo MOKasaTelst CTPYKTYpHO-
k
. S,
dyHKIMOHANBHOH xkuBydecTn J* = S—‘,’( Hanee Haxonum cpen-
HEE 3HAaYCHHE CTPYKTYPHOH >KMBYYECTH BCEX HCIBITAHUI
0o _1yM gk
J° = M2k=1 J*. Torma MOXHO yTBEp)KIaTh, UTO pEaJbHBIC

3HAUCHUS  0000uieHHO020  noKazamens  CHMPYKMypHO-
¢ynkyuonanvnoit sncusyvecmu TJIC [, nexat B MHTEpBaJC
[Jm™n Jmax] i ganGonee oxmpaemMoe 3HadeHne pasHo J°. ITpu
9TOM NPOTHO3HbIE 3HAYEHHMS TT0Ka3aTens Jg; MOXKHO 3a]1aBaTh
HEYETKUM TpeyrojibHbIM uucioM (a,a,fB), rae a =]°,
a=J° _]min’ﬂ zlmaxo_

Kpome TOrO, BBIYHCIICHHEC 3HAYCHUN IOKA3aTeNsl CTPYK-
TypHO-(YHKIIMOHATHHOH KUBYUECTH

FHaz) ()?a) € {FOOHop ()?a): Fueodﬁop ()_()a)t FOOHOpBO}'M ()Za)}

MOXET OCYLIECTBIIATHCSA U3 IPEAIOIONKEHUSA, YTO CTPYKTypa
TJIC cocTouT TOMBKO M3 OJHOPOAHBIX MO HAJE)KHOCTH BbI-
MOJIHEHHUS CBOMX (DYHKLHHA 3JIEMEHTOB, TOJNBKO M3 HEOJHO-
POJHBIX TI0 HAJEKHOCTH BBIMOIHEHUSI CBOMX (DYHKIIMH 3Jie-
MEHTOB, M, HAKOHEI[, UIMEIOTCS BO3MOXKHOCTHBIC OTKAa3bl BBbI-
MOJHEHHS CBOMX (DyHKIHMiT 3eMeHTOB. J{Jsi KaXI0ro U3 9THX
TpeX CilydyaeB, NMPOM3BeNs pacdyeT 3Ha4YCHWH mokazatens g,
MOJY4YUM COOTBETCTBEHHO TPH HEYETKUX TPEYTrOJIbHBIX pe-
synerara: (a°, a’, °), (a™, a” B™), (a?,a?, B). Toraa B xa-
YEeCTBE 3HAYCHHUS 0000WEHHO20 ROKA3amens CMpyKmypHo-
dyuxuyuonanvnon sncugyuwecmu TIIC [, Oynem mornarathb
CPEIHIOI0 BEJIMYHMHY MOJIyYEHHBIX PE3YJIbTAaTOB

_ (a%a®B)+(@™am™p™+(ab,ab pP)

3

]SG

Takum 00pas3om, 3a7aya BEIYUCICHUS 3HAUCHUS 0000U|eH-
HO20 noKazamens CMPYKMYPHO-QYHKUYUOHANBLHOU MHcugyue-
cmu TJIC cBenach K aHaM3y ONTUMHUCTHYECKOTO, NECCUMH-
CTMYECKOTO0 WM CIy4aiiHbIX (TIPOM3BOJBHBIX) TPaeKTOPUI
CTPYKTYPHO-(DyHKIIMOHAJIBHOW pPEKOH(HUTYpall  0OBEKTa,
BEI3BAaHHBIX 0TKa3aMu (BocctaHoBineHneM) @D TJIC.

CrnenyeTr OTMETHTh, YTO OTKa3 (BOCCTAHOBIICHUE) TOTO HIIH
WHOTO 3JIEMEHTa MPUBOIUT K OTKa3y (BOCCTAHOBIICHHIO) JIO-
TUYECKH ¢ HUM CBs3aHHBIX octanbHeIXx @D TJIC. [osromy
KpPOME BBEJICHHOTO 0000U{eHHO20 ROKA3amens CImpyKmypHo-
dyukyuonanwvroit scugyuecmu TJIC Js; MOXKHO BBECTH af-
CONIOMHBLI  NOKA3amenb CHMPYKMypPHO-(YHKUYUOHATbHO
arcugyuecmu TJIC. Kaxpas Tpaektopusi peKOHpUTyparuu
ctpyktypsl TJIC xapakrepusyeTcs KOMMYECTBOM YpPOBHEH
Jerpagauuu Jp, MocieqHuil U3 KOTOPbIX COOTBETCTBYET IEpe-
Boay TJIC B HepaboTocmocoOHOe coctosHHMe. Tak, sl Tec-
CUMHUCTHYECKOH TpPACKTOPUH KOJIWYECTBO YPOBHEH MHHH-
MAaJBHO M PaBHO /o™, 171 ONTHMHCTHYECKOH TPAeKTOPHH OHO
MakCUMaIsHO — J['**. 3HaueHnsT aGCONMOTHOTO MOKAa3aTest
CTpYKTypHO-(hyHKIMOHaNbHOM kuBydectn TJIC [, Oynyt
nexaTh B MHTepBaie [JEU", JM4], a Takke MOKHO BHIYHCITHTE
HanboJiee okuaaeMoe 3HadeHue pasHoe /9. IIpu 5ToM 3Haue-
HUS TIOKa3aTens J,; aHaJlOTUYHO, KaK U [g;, MOXKHO 3aJaBaTh

HEYETKAM TPEYTOJBHBIM YHCIOM (ay, @y, Ba), THE a4 = JP,
0
_ 70 i __ ymax,
an=p=Jp"Ba=1p °.

YUMCJIEHHBIV ITPUMEP
OOBSICHUM OCHOBHBIE 3JIEMEHTBHI IpeIIaraéMoro MeToja
Ha npumepe. Paccmorpum npumep TJIC, mpuBeneHHBIN Ha
pucyske 1.

(©)
Puc. 1. Crpykrypa TJIC

Crpyxkrypa TJIC comepuT 4eTbIpHAALATE Y3JIOB U TPHHA-
nuate 1yr — asnementoB TJIC. ¥Y3nel S; u Sy sABASIOTCS HC-
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TOYHUKAMH, T.€. MOCTaBIIMKAMU MNpOayKuuH. Yzen N; —
TJIaBHBIA CKJIafl, KOTOPBIM MOJy4yaeT MPOLYKIHIO OT MOCTaB-
IUKOB. Y35kl N>—Ng — peruoHalibHble CKJIaAbl, KOTOpPbIE
MOJTy4aroT MPOAYKLHUIO OT OCHOBHOrO ckiaga. Ysemn C; —
peTHOHATBHBIC KIMEHTHI, KOTOPBIH 00CITY>KUBACTCS OCHOBHBIM
cxiaagoM. Y3iel C—Cs — pernoHaNbHBIE KIMEHTHI, KOTOPBIC
00CITy’)KHBAIOTCS pEerHOHATIBHBIMH CKIamamu. Pi—Pi3 — Bepo-
ATHOCTH 0€30TKa3HOHM IOCTAaBKH MPOAYKLMH IO COOTBETCTBY-
FOIIUM JyTaM.

(&)

Puc. 2. Cuenapun nerpagamun ctpykrypst TJIC:
a) MeCCUMHUCTHYECKUH CIIEHAPHiA, 0) ONTHMHUCTHYECKHUI Clie-
Hapuii, B) IPOU3BOJIBHBIA CIICHAPHHA

Ha pucyHke 2 mokasaHbl CLEHApHM JETpajaliid CTPYKTY-
pel. Ilonydaemblie CTpYKTypHBIE COCTOSIHUS, B KOTOPBIX Hapy-
mens! onepauuu (pedpa) B TJIC u3 pucynka 1 onuceiBaroTcs
WHACKCaMHU Mo mkane adcrmcc. Ilepexomsl cocTosHUA 00Y-
CJIOBJICHBI MX HapymeHuneM. TakuMm o0pa3oM, ITOJHAs JKUBY-
4YeCTh WM MOJNHBIM OTKa3 MyTH B JUHaMUKe CTpYKTypsl TJIC
MOTYT OBITH BBIYHCIICHBI C TIOMOIIbIO ypaBHeHUA (2). Tak, Ha
pHUCYHKE 2 TIOKa3aHbl pa3IMdHbIE YPOBHHM Jerpamauud. Ilep-
BBIH YPOBEHb JErpajalliil OTPAKAET COCTOSHHS C OTKa3oM B
OJHOM D3JIEMEHTE, KOTOPBIM HE IMPUBOJUT K OTKa3y KaKHX-
6o apyrux snementoB TJIC. TlpenMyiiecTBO HCHONIB30Ba-
HUS pacdeTa )KUBYUECTH METOJIOM I'€HOMa COCTOHUT B TOM, YTO
9TO MO3BOJIAET UACHTU(GHLIUPOBATh KaK CLEHApUH Jerpana-
LIUH, TaK U COOTBETCTBYIOIIUI MyTh BOJHOBOTO dddekra. Ta-
KHM 00pa3oM, pe3ysbTaThl 3TOr0 CTPYKTYPHOTO aHajIM3a MO-
T'yT OBITh WCIIOJIb30BAaHBl B JNAJLHEWIIEM IJISl ONTHMHU3AINN
MyTe PEeKOH(UIypalMu CETH C yYETOM JKCILIyaTallHOHHBIX
napamerpoB TJIC, Takux Kak MOIIHOCTH, HHTEHCUBHOCThH 00-
paboTku n xpaneHue 3amacoB. OJIHAKO Jaxe MPH CTPYKTYp-
HOM aHaiu3e 0e3 mapaMeTpHyYecKOil ONTHMH3AIMU TPEIIo-
KECHHBII METOJ| MO3BOJIET BBIIBUTH KPUTHUECKHE HIIEMEHTHI
TJIC, napynieHue KOTOPBIX MPUBEIO ObI K OTKa3y MOCTABOK.

3AKJIIOYEHUE

Llenpto maHHOTO HCCIIEAOBaHUS OBUIO YCTAHOBHUTDH SIBHYIO
B3aUMOCBSI3b MEXXY PacliO3HABaHWEM CLCHApPUS MPEpHIBAHUS
n onTHMHu3anued myrteil pekoHdurypammm TJIIC  —
OTJIIMYMTENBHBIA M CYIIECTBEHHBIN BKJIAJ], BHECCHHBIH HAIINM
nccnenoBanneM. Hamre mccnenoBanne sSBHO BKITIOYAET B ceOs
HETIPUATHE PHUCKA JIMIAMH, TPUHAMAIONINMHU PEIICHHS, KaK B
00HapyKEHHH CLEHApHs HapyIIeHHs, TaKk ¥ B ONTHMHU3ALNU
MyTH pekoH(purypanuu. Takoe coueTaHue SIBISCTCS yHUKANb-
HBIM B JINTEpAaType M HWMHTHPYET CIIOKHOCTh OHW3HEc-
peasbHOCTH, TI03BOJIsIsL OOJiee PEaMCTUYHO HPUMEHSTH MpO-
extupoBanne TJIC u mnaHupoBaHHE HCTOYHHUKOB. OTiaM4H-
TEBHOM 0COOCHHOCTHIO ¥ HOBU3HOW MPeIIaraeMoro moaxo/a
SIBJISIETCSI TO, YTO HA €MHOW METOJI0JI0OTUYECKON OCHOBE (OpH-
THHaJbHAs KOHIEMIUS TeHOMAa CTPYKTYPHOTO MOCTPOCHUS
CTPYKTYPHO CJIO)KHBIX OOBEKTOB) MOXXHO IPOBOJHTH HCCIIe-
JIOBaHUE CTPYKTYPHO-(QYHKIMOHAIBHBIX CBOHCTB M OCY-
IIECTBIISITH ONIEPATUBHBIA pacdeT WHTEPBaIbHBIX, ONITUMUCTH-
YECKHX M TIECCHMUCTUYECKIX OIIEHOK IOKa3aTesiell CTPyKTyp-
HON JKM3HECTIOCOOHOCTH KaK MOHOTOHHBIX, HEMOHOTOHHBIX,
TaK ¥ OJHOPOJIHBIX, TETEPOTCHHBIX CTPYKTYp. [IpemioxkenHbie
moKa3zateny (GyHKIIMOHAJIBLHON CTPYKTYpPHOH YCTOHYHMBOCTH, B
ciIydae TpeIcKa3yeMBbIX U 0COOCHHO HeIpeICKa3yeMbIX cOOeB,
MO3BOJIAT MPOAHATM3UPOBATh M OLEHUTh yCTOMYMBOCTH KOH-
kpetHo# koHpuryparmu TJIC.
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The Approach to the Assessment of Resilience
of Transport and Logistics Systems

A. N. Pavlov

St. Petersburg Institute for Informatics and Automation
of the Russian Academy of Sciences,
A. F. Mozhaisky Military Space Academy
Saint Petersburg, Russia
pavlovo2@list.ru

Abstract. Analysis of modern methods of evaluation of resili-
ence of transport and logistics systems (TLS) in the management
of their configuration and reconfiguration under conditions of
destructive effects has shown that in the design and creation of
TLS it is necessary to develop conceptually new methodological
approach to the detection of disruption scenarios, recovery paths
in TLS and carry out analysis of such important property of TLS
as structural resilience of their configuration. The outcomes of
this research constitute a useful decision-making support tool
that allows detecting disruption scenarios at different risk-
aversion levels based on the quantification of the structural ro-
bustness with the use of the genome method and observing the
scope of disruption propagation. Our results can be of value for
decision-makers to compare different TLS structural designs
regarding the robustness and to identify disruption scenarios that
interrupt the TLS operations to different extents.

Keywords: transport and logistics systems, graph models,
structural and functional survivability.
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Metoa onpeaejeHuss HHGOPMANMOHHOM 0JIM30CTH
HA OCHOBE CIIEKTPAJBHOI0 NMPeo0pa3oBaHuA
TeKCTOBbIX IOKYMEHTOB

M. A. bytakosa, A. B. Uepnos, I'. C. Mu3okos
PocToBckuii rocyiapcTBEHHBIN YHUBEPCUTET My TeH COOOIICHNUS
Pocros-na-Jlony, Poccus
butakova@rgups.ru, avcher@rgups.ru, mgs_cmko@rgups.ru

Annomayus. Ilpouecc BbIsIBJIeHUS KII04YeBOil HHGoOpManuu B
HeCTPYKTYPHPOBAHHBIX HA00pPaxX TeKCTOBOI MH(pOpMALMH ABJISA-
eTcsl CJI0KHBIM M MHOIOACHEKTHBLIM. B CBSI3M ¢ 3THM aKTHBHO
Pa3sBHBAKOTCH PAa3JH4YHbIe METOAbl M TEXHOJIOTHH, CIIOCOOHBIE
YJIY4YIIHTh HNPOLECC AHAJIM3A M COKPATUTHL Pa3pbIB MEXKYy Kaue-
CTBOM IIOJIyYEHHBIX Pe3yJbTATOB M BbIYMCJIHMTEJBHBIMU pecyp-
caMM, Heo0XOAMMBIMH VISl aHAIU3a. B 1aHHON cTaThe NpuBeeH
npuMep aJbTEePHATHBHOIO MeTOAA oNpeeleHHs: HHPOPMAIMOH-
HOIi 01M30cTH B 0O0JILIIMX MACCHBAX TeKCTOBO WHQopManum.
OTJIHYHTETBbHON 0c00EHHOCTHIO JAHHOI0 MeTo/a sIBJIsieTCs MpH-
MeHeHHe CHeKTPaJbHOro mnpeodpa3oBaHus HHpopManuu u
CPeICTB [eCKPUIIMOHHON JIOTHKH /Il JIOTHYECKOro BBbIBOJA
pe3y/1bTaTOB aHAIN3a MACCHBA TEKCTOBBIX JOKYMeHTOB. Pac-
CMOTPEHBI OCHOBHBIC COCTABJIAIONIME METO/A, a TAKKE yCIOBHS
U YTBEpP:KACHHUS] JIOTMYECKOI0 BbIBOAA Pe3yJbTATOB aHAIN3A.
IIpuBegeH aHaIM3 NMOJTYYeHHBIX Pe3yJIbTATOB MO HTOraM ampo-
O0anmuu Metona. IlosydyeHHbIe pe3yIbTAThI HATJISIAHO IeMOHCTPH-
PYIOT BO3MOKHOCTb NPUMEHEHHUs] MeTo/a ISl 32/1a4 ceMaHTH4Ye-
cKkoii K1accupukanuu B HHPOPMALMOHHBIX CHCTEMaX NPUHATHA
pelIeHui.

Kniouegvie  cnosa: HeCTPYKTYPHPOBaHHbIe  JaHHbIE,
ceMaHTHYeCKasl Kiaaccupukanusi, WHGpopMalHOHHASA OJIHU30CTD,
CHEeKTPaJIbHOE Npeodpa3oBaHue, NeCKPUIIIUOHHAS JIOTHKA.

BBEJIEHUE

B ycnoBusix coBpeMEHHOH TeHICHIMH, CBA3aHHOM ¢ 1u-
poBH3amyell pPa3ITUYHBIX AacleKTOB NPEAMETHBIX obOiacTei
3HaHUS, MPOUCXOJUT HAKOIUICHHWE OOJBIIUX MAacCHBOB WH-
(dhopmanmu pa3mUIHON CTPYKTYpHI. [IpeobnamaroniiM THIIOM B
JAHHBIX MacCHBaxX SBIISETCS HECTPYKTypHUpOBaHHas HWHQOp-
MaIus, TpeACTaBICHHAs B BHIEC MHOXECTBAa MYyJIbTUMEIUH-
HBIX W TEKCTOBBIX (pailJIOB Pa3NUYHBIX (DOPMATOB H S3BIKOBOM
NpUHAISKHOCTH. JInsl aHanu3a TakuX THIIOB WH(OpManuu
MPUMEHSIOT TEXHOJOTHH HMHTEJIEKTyallbHOTO aHaiu3a [1, 2].
WHTenneKkTyansHbIil aHANW3 MPECTaBIsIeT COOONH KOMIUIEKC
MEXIUCLMIUIMHAPHBIX CBA3€H, MOCPEICTBOM KOTOPBIX OCY-
LIECTBIISIETCS TIOCTPOeHUE 0a30BOM MOJIEH, HA OCHOBE KOTO-
poli B JanbHEHIEM IMPOM3BOANTCS NPHUMEHEHHE Pa3IHMYHBIX
MeTonoB. Hanbornee yacto npuMeHsIeMbIMU SIBIISTIOTCS. METOIBI
KJIacCU(HKAIMH, TIPOrHO3UPOBAHMS, KJIACTEPU3aINH, aCCOIH-
aI ¥ MOJAETHMPOBAHUS BPEMEHHBIX pAnoB. OIHAKO HEMAIo-
BAKHOH 3a7auell B paMKax MHTEJUIEKTYalbHOI'O aHalIM3a TEK-
CTOBBIX JTAaHHBIX CUMTACTCS 3aJadya CEMaHTHYECKOTO aHaIn3a
[3]. HecMoTps Ha TO, UTO CYIIECTBYIOT Pa3IMUHBIC PELICHUS U

MOJXOBI B 00JIACTH CEMAaHTUIECKOTO aHai3a TEKCTOBOW WH-
(hopMmarmn, He Bce OHH CITOCOOHBI B TTOJIHOW Mepe 00ecTIeYnTh
Ka4eCTBEHHBII MpOLIECC aHaIW3a, TaK KaK CYLIECTBYET DAL
mpo0sieM, B NEPBYIO OUYEpPENb CBA3AHHBIX C BBIIBICHHEM Ce-
MaHTHYECKHX CBS3el MEXIy aHAIU3HUPYEMBIMH OOBEKTaMHU.
CTouT TaKXke OTMETHTh U OTJIMYUTECIIbBHYTO OCO6eHHOCTI) HC-
CTPYKTYPHPOBaHHOW HMH(MOPMAIMM OT CTPYKTYpUPOBAaHHOI
WIN CIa00CTPYKTYPHPOBAHHOW, KOTOpAs 3aKJII0YAETCsl B TOM,
YTO JaHHBIN THI UH(OOPMALUK HE UMEET CTPYKTYPHI, OIHCHI-
BalOLIe XpaHMMBIE AaHHBIE, a TAaKXKe Uil HEe XapaKTepeH
AHTPOIOTEeHHBIH Xapakrep. Takoe oOWiIMe pa3HOPOJHOW WH-
(opmarM MPUBOIUT K TOMY, YTO HEOOXOAWMO IPHUMEHSTh
KOMOMHAIIMN W3 HECKOJBKHUX PA3IMYHBIX METOJOB IUISl JJOCTH-
JKeHus1 TpeOyemoro pesysbTara. [1o3TOMy B JaHHOW craTbe
MpeyIaraeTcsi METO ONpeneIeHus] NHPOPMAITMOHHON OIH30-
CTH B OOJBIINX MacCHBaxX TEKCTOBOW MH(pOPMAINH, OTINYH-
TEJIFHOH OCOOEHHOCTBIO KOTOPOTO SIBIISIETCSl HPUMEHCHHE
CHEKTPaJBHOrO Tpeodpa3oBanusi MHGOPMAIMK U CPEICTB Jie-
CKPUIIIMOHHOM JIOTMKH JAJIS TOTHYECKOTO BBIBOJA Pe3yJbTaTa
aHaJIM3a MacCHUBa TEKCTOBBIX IOKYMEHTOB C LENbIO KJIACCHU-
(uKanuy BO3HMKAIOIINX CUTYalMH W BBISBICHUS W30BITOYHO-
CTH B OOJIBIIMX MaccHBaxX TeKCTOBOH uH(popmanuu. Crarhbs
ycTpoeHa cienyomum obpasom. Pazaen 2 Britogaer nHOP-
Manuio 00 MMEIUIMXCS Ha TEeKYIIMH MOMEHT BPEMEHH Hayd-
HBIX MCCIIEZOBaHUAX B BBIOpaHHOM obnactu. B pasnene 3 co-
JIEpKUTCA ONKCAaHWE IpeslaraeMoro meroga. PaccMaTpuBa-
IOTCSI OCHOBHBIE TIEPEMEHHBIE METOZAa, (DYHKIMH, a TaKxKe
YCIIOBUSL M YTBEPXKICHMS, HA KOTOPBIX Oaswpyercs JOrHde-
CKUI BBIBOJ pe3yibTaToB. Pa3men 4 comepXUT ommcaHue pe-
3yJBTAaTOB ampobamun merona. Pasmen 5 ommceiBaeT naib-
Helfmee HayyHOE NpHMEHEeHHe MeToxa. Pasmen 6 3aBepmaet
CTaThIo.

[TPEIIECTBYIOIIME PABOTBI

Tema ompenenenuss HHQOPMAIMOHHON OIHM30CTH B 0OJB-
X MacCHBaX HECTPYKTYpHUPOBAaHHOM TEKCTOBOH mH(popMa-
IIUM, B YaCTHOCTH IOJXOJA K CEMaHTHYECKOH Kiaccuduka-
i [4, 5], npeacraBisieT 0coObIil MHTEpEC IS HAYYHBIX HC-
cinenoBanuii. Ha Tekymmii MOMEHT CylIecTByeT OOJIbIIOE KO-
JIMYECTBO PA3JIMYHBIX METOOAOB U TeXHOJ’IOFHﬁ, MPUMEHACMBIX
JUISl aHAJIN3a TeKCTOBOW uHpopManuu. Cpeny METOI0B MOYKHO
BBIJICNTUTH METOJ M3BJICUCHHS 3HAaHUH M3 MH(OpManuy, MeTo-
JIbl TIOWCKa MH(OPMAIMK B CBA3aHHBIX TEKCTaX, KiacTepH3a-
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UM, Kiaccupukauuy u cymmapusanuu [6]. M3 texHonoruii
HauboJiee MEepCIeKTUBHOM M aKTMBHO Pa3BUBAIOLICHCS SIBIIS-
ercst TexHosnorust Big Data [7, 8]. Oqnako, HecMOTpsl Ha TO-
CTOSIHHOE Pa3BUTHE JIAHHBIX ITOJXOJIOB, CYIIECTBYIOT U TpPY/I-
HOCTH, KOTOpPbIE B TOW WJIM WHOH Mepe MPENsATCTBYIOT Kade-
CTBEHHOMY aHaJM3y TEeKCTOBOW mH(popmarmu. B cratee [9]
aBTOp paccMaTpUBAaET HEKOTOpBIC M3 HanOoJee 4acTo BO3HU-
KaOIUX TPYIHOCTEH MpH aHaJIM3e TEKCTOBOM WH(pOpMAaNnu.
Oco6oe BHUMaHHE XOTEIOCh OBl YASIUTh METOIaM KITacCU(H-
KalliM ¥ OMNpEeNeNeHUs] WHPOPMAIMOHHON ONM30CTH MEXIy
TEKCTOBBIMH JJOKYMCHTAMU. HaI/I6OJ'ICe HHTEPECHBIC MMOAXO/bI
JUIsl pellieHHsl 3a/1a4 B JIAaHHOW 00JIAaCTH M3JIOKEHBI B CTaTh-
ax [10, 11]. B cratee [10] aBTOpHI IIpeqIaraoT MoaIxoid, OCHO-
BaHHBIH Ha pacyeTe CEMaHTUYECKOTO CXOJICTBA KOPOTKHUX TEK-
CTOB Ha OCHOBE ITOCTPOCHHOH SI3BIKOBOW CETH W CEMaHTHKH
cioB. B [11] aBropsl mpemnarator Juisi onpeneneHus: uHdop-
MaIMOHHON OJM30CTH M KJIACCU(UKAIUK TEKCTOB TIPYHITY
BCIIOMOT'aTENIBHBIX METOJIOB, KOTOPBIE OCYIIECTBISIOT JOMOJ-
HeHHe CHOPMHUPOBAHHON CEMaHTHYECKOH MOAETH CTPYKTYp-
HOW mH(popMmarmed s Kiaccupukanmu. B ciaemyromux pas-
JieTax MpeAaraeTcst albTepHATHBHBIN MOIX0[ IJIS ONIpezese-
HUS MHQOPMAITMOHHONW OMU30CTH M CEMaHTHYECKOH KIIACCH-
(uKaIy TEKCTOB HA OCHOBE CHEKTPAIBHOTO MPeoOpa3oBaHUs
UH(OPMALMU U JIOTHYECKOTO BBIBOJA CPEICTBAMHU JIECKPHII-
LIUOHHOM JIOTUKHU.

HA3HAUYEHUE METOJIA

Iponece onpenenenus HHGOPMAITMOHHON OJTH30CTH MEXK-
Ny aHTM3UPYEMBIMH OOBEKTaMH B OOJBIINX MAacCHBaX TEK-
CTOBOH HMH(OPMAIMX MPEAINONaraeT BBIBICHHE CXOXHX TO-
YeK MepecedeHus], Ha OCHOBE KOTOPBIX MOXHO CAENATh Mpea-
rmosio’keHne 00 WH(GOPMAIIMOHHOIN OJIM30CTH JBYX OOBEKTOB.
OnHako JaHHBIN MPOLECC TAKXKE ONPEAETACT U yHUKAJIbHbIE
CBOICTBa O0BEKTOB aHAJIN3a, KOTOPHIE BBICTYNAIOT OTrpakia-
IOLIMM YCJIOBHEM U HE MO3BOJIAIOT MO MEPBUYHBIM IPU3HAKAM
OTHEeCTH OOBEKThl aHaNW3a K OJHOW KAaTeropuH, TeM CaMbIM
Jenasi Ipolecc omnpeneneHus UHGOpMalMOHHOM OaM30CcTH
Oosiee KauecTBEHHBIM U 3¢ deKTuBHBIM. Takum oOpazom, npu
MIPOEKTUPOBAHNU METOJIa CTABUIIUCH CIIEAYIOIIUE 3a/1a4t:

1. BeisiBUTh 00IIME M YHHKaIbHBIC CBOWCTBA OOBEKTOB
aHanu3a. B jmaHHOM ciydae 3To omnpejesieHHe oOIMX W yHH-
KaJIbHBIX JIEKCHUECKHX EIMHUIl B TEKCTOBOM HWH(OPMAIMOH-
HOM TIOTOKE B TIPOLIECCE aHAIHU3A.

2. ChopMHpOBaTE CTPYKTYpPY INPEACTABICHUS BBIIBIICH-
HBIX JIEKCHYECKHUX CIMHHUII.

3. Onpenenuth HHPOPMAIIMOHHYIO OJIM30CTh MEXKIY 00b-
€KTaMHU aHajJIu3a MPH YCIOBUH, YTO CTPYKTYPHI BBIIBICHHBIX
JIEKCUYECKUX EIWHUI MOTYT OBITh OJWHAKOBBIMH, HO MpHU
9TOM OOBEKTHl aHalM3a OTHOCATCS K Pa3HbIM KaTErOpHUsM;
CTPYKTYPBI MOTYT OBITH pa3HbIMH, HO OOBEKTBI OTHOCSTCS K
OZIHOU KaTeropuH.

Jnst perieHus BBILICH3IOKEHHBIX 3aa4 IpeiaraeTcs Me-
TOJl ompenesieHus MHPOPMAIIMOHHONW OJM30CTH B TEKCTOBBIX
MaccuBax WH]opManuu, KOTOPHIH Oa3upyercss Ha MeToJax
CIIEKTPaNBHOTO TIpencTaBieHns uHpopMmammu [12, 13] u me-
TOJaX JIOTHYECKOTO BBIBOJA CPEICTBAMH JAECKPUIIIMOHHON
soruku [14]. [IpumeneHne cCOEKTpaJbHOrO MOAXO0JAa K Ipem-
CTaBIICHUIO TEKCTOBOW MH(OpManuu 00yCIaBIMBACTCS BBICO-
KOH 3¢ (eKTUBHOCTBIO MpOIecca BEIYUCICHUH 3a CUET OIEepH-
POBaHMS YHCIIOBBIMU 3HAUYCHUSIMH B Iponecce aHanuza. Cpen-
CTBa JIECKPHUIIIHOHHOM JIOTMKU BBICTYIAIOT B KAYECTBE OCHOB-

HOTO MeEXaHW3Ma (s[Ipa MeToja), KOTOPHIA Ha OCHOBaHUH
c(OpPMYIMPOBAHHBIX YTBEP)KICHUH OCYILECTBISAET ONpesere-
H1e MH(OPMALMOHHOM ONM30CTH MEXIy OOBEKTAMHU aHAIU3a
MyTeM JIOTHYECKOT'O BBIBOJA. YCIOBHO METOJ MOXKHO pasfe-
JUTh Ha TPU cocTaBisiromue. I[lepBas cOCTaBIsIONIas METOa
OMHKCHIBAET HAOOPHI MHOXECTB M 0a30BbIC (DYHKIHH, BBHIOJ-
HSEMBIC I10CJIE MHUITHUAJIN3alluHu BCEX OG’beKTOB. BTOpaﬂ 4acCcThb
OTBEYACT 3a IMPOIECC CICKTPATBHOTO aHAIHM3a W ITONyYCHHE
CIICKTPOB aHAIM3UPYEMBIX OOBEKTOB. 3aKIFOUUTEIbHAS YacTh
MPENICTaBIACT COO00N HaOOp KPUTEPHEB M YTBEPXKICHUH Jie-
CKPHITIINOHHON JIOTUKH.

IIpomecc  ompenmenenuss wWHGOPMAIMOHHON  ONHU30CTH
HAYMHACTCA C WHHUIHAIN3AIUU BCEX OOBEKTOB, MPEICTABICH-
HBIX B BHJE MHOXKECTBA HECTPYKTYPHPOBAHHBIX TEKCTOBBIX
nokymeHtoB D = {d;, d, ..., d,}, rne d, — TEKCTOBBIH JOKY-
MeHT. B cBOK odepenp KaXABIA 3JIEMEHT d, MHOXecTBa D
mpeacTaBisier coboit Habop nekcnueckux equaull L = {/;, [,
woe, In}, THE I, — mMexcuueckas eauHUa. COBOKYITHOCTH JIEK-
CHYECKUX €IMHHI] MHOKECTBa L 00pa3zyeT CMBICIOBBIC CEMaH-
TUYECKHE CBS3H, OTOXKAECTBIAIONINEC KOHTEKCT K KaxIoro
aneMmenTa d, MHOkecTBa D. TakuM 00pa3oM, Ha TIEPBOM dTare
METO/[a TIPOMCXOIUT MHUIHATH3aIMsa 00bekToB D, L u K, mo-
clie 4ero cieayeT BoinoiaHeHue Qpyukiuit ReBuildTextStruct()
u Intersection(). Ha3nauenune yukimu ReBuildTextStruct()
3aKIII0YAETCs B MIEPBUYHON CTPYKTYpH3alUu Habopa JeKCHYC-
CKUX CIHMHUI] W TOJYYCHUM MOJICIIU JIaHHBIX B BHJC Habopa
map «KJIoY-3HaucHueY. [lanee ciuenyer BhIMOIHCHHE (OYHKITHA
Intersection(), KOTOpasi BO3BpAIlaeT CIOBaph MAHHBIX — O,
CONlepIKAIIUil ONMHAKOBEIC AIIEMEHTHI, BXOMAILINEC B COCTaB
MIEPBUYHON MOJICNN TAaHHBIX, ITOJIyYeHHOH C MOMOIIBI0 (hyHK-
wun ReBuildTextStruct(). Huxe npuBeneH npumep gpparmeHnTa
NTOPUTMa, OTBEYAIOIINHA 32 WHUIMAIU3AINIO U BBIITOJHECHHUE
MEPBHIX ABYX (OyHKITHH.

D« @
D <« Ap
for each instance d € D do
firstDataModelggrsq) < ReBuildTextStruct(d),
rne firstDataModelgprsqy =

_ fDMRBTS(d)xlﬂ 'fDMRBTS(d)xn;
fDMrgrscay,, » - FDMrprsca,,
= fDMgprsay, : fPMrarsa),,
untepnperanus Gpyuxkunu ReBuildTextStruct(d):
return
« SELECT
*WHERE {?aVy_ ., ...7aVy . 7b.OPTIONAL
{70 Va0 767 Vayane 743
end for
for each instance d € D do
for each instance fDM € firstDataModelgprsqy do
@ < Intersection(fDM, d),
rae Intersection(fDM,d) — 3ampoc, KOTOpBIH
nposepsiet fDM, Nd, # @
unTepnperanus Gpynkuun Intersection(fDM, d):
return « fDM.SELECT xj = xi; A x,
- Xy, WHERE x,,
= r4.ToDictionary()
end for

end for
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[Tocne mepBUYHON MOATOTOBKM J@HHBIX CIIEIYET BBINOJI-
HEHHE JTala CIEeKTpaJbHOro mnpeobOpazoBanus. B kauectse
OCHOBHOT'O TOJIX0JIa JUIsl IIOJy4eHUs CHeKTpa HHpopmanuu
ObUT BBHIOpaH METOJ CHHIYJISIPHOTO IpeoOpaszoBaHus, Ooiee
NOAPOOHO ¢ PaboTON KOTOPOr0 MOYKHO O3HAKOMHTBCS B CTa-
ThsX [15, 16]. Ha sToM sTame BBIIONHAIOTCS IBE (PYHKITUH:
GetAdjacencyMatrix() u SVD(). Pe3ynbraroM qaHHOTO 3Tama
SBIAETCS IIOJly4eHHe COOCTBEHHBIX 3HAYCHHH, KOTOpHIE B
TEPMHHOJIOTHH CIEKTPAIIbHOW TEOPUH MPEACTABIIIOT COOOH
CIIEKTp AaHAIM3HPYeMOro oObeKTa NaHHBIX MHOXecTBa D.
®parMeHT BTOPOX 4acTH aIropyuTMa IpeJCTABICH HUXKE.

for each instance fDM € firstDataModelggrsq) do
Mgpy < GetAdjacencyMatrix(fDM)
SVMfDM < SVD(Mgpy),
rae SVD() — MeToJ CHHTYISIPHOTO Pe00pa30BaHNS;
SVu oy — CHHTYIAPHBIC 3HAUCHHS
{SVMfDMl’SVMfDMZ’ ...,SVMfDMn}

end for

3aBepUIAOIIAM 3TalloM B METOJIC SIBJISIETCSI BBIOJIHEHHUE
¢ynkuun IsSumilar(), koTopas Bo3BpaniaeT pe3yabTaT — \, B
KOTOPOM COJIEPXKHTCSI OTBET 00 MH()OPMAIIMOHHOW OJIM30CTH
MeXIy oObekTamu aHanmza. Oyakuus IsSumilar() npencras-
nsieT co00M COBOKYITHOCTD YCIIOBHII BBIMOJIHUMOCTH MpoIecca
onpeneneHust HHPOPMAIIMOHHOH OJIM30CTH MEXIY 00BEKTaMU
U Habop YTBEp)KACHHMH, MPEANOIarafolinX BO3MOXKHOCTD HH-
¢dopmanoHHO#  Onmm3ocTHm  Mexny ~oObekramu.  Hike
npUBeIeH 3aBepILIAOIINii (dparmeHT AJITOPHUTMA,
BKITIOHArOIINi onricanue Gpynkun IsSumilar().

TE SVMfDMx c SVMfDMy UHE @,S @
2. CymectByeT x0T OBl OJWUH WHAWBUL iSVMfDM TaKoH,
y

9TO NPUHAJICKUT KOHICITY
SV, < 3 € SV, TO €CTh
MfDMx SVMfDMy MfDMx’

K E lSVMfDMy: SVMfDMx = (T,A U lSVMfDMy: SVMfDMx)
AHanOrHYHBI YTBECPKACHUA 6y[[yT JUIA KOHLICTITAa (.

Takum oOpa3oM, ecnu yTBepxKaAeHHEe 2 = T, TO U YTBep-
®aenue 1 = T, TO eCTh CyIIECTBYET TaKas HHTEPIPETAIHSI

I = (A1), nna kotopoit

K E lSVMfDMy:SVMfDMx'

JlokaszarenbCTBO YTBEPIKIACHHUN CBOIMTCS K CIEAYIOMIMM Tpa-
BHJIAM:

1.VZ{ZET|Z€A}

2.37{Z T | Z€ A1},
tie Z = {Z,Zy, .., Zy} — CHHTYJIIPHBIC 3HAYEHHUS KOHIIETITOB
SVMfDMx u SVMfDMy
if TV

return < (bool)similar = true
else if LY

return «<— (bool)not similar = false
end if

) « IsSimilar(SVMfDM, ®)

muTepnperauus Gyukuuu IsSimilar():
K =T U A, rne K — 6a3a 3uauuii; T— Thox, A — Abox.
Y cioBust BeITOTHUMOCTH GyHKIMU [sSimilar():

1. 3aBepmmaemocts. st mr00BIX (SVM rom P T) byHKIWs
® BbITAaeT oTBET O (S Vu o P T) 4yepe3 KOHeuHoe Bpems t™,
re m _SVMfDMxX SVMfDMy ={(G,nIje SVMfDMx’

h e SVMfDMy/\ QOxX @, = {(5,€) | SE @y, € @,}.

2. KoppekrHoctb. [list moobix (SV)y, om @ T), ecnu KOH-
SVMfDM» @

10 0 (SVi 1y 0, T) = 1.
3. Ilonmnora. s

NCIITHI BBIIIOJTHUMBI OTHOCHTCJIBHO T,

JFOOBIX (SVMfDM’ o, T),

©) (SVMfDM,(p, T) =1, TO KOHIIEITHI SVMfDM,(p BBIIIOJTHUMBI

€CIIN

lOTHOCUTEJBHO 7.
'Y Cl1OBHS BBITTIOJTHUMOCTH 2 U 3 CBOAUTCS K

T,ecotnUET
u(m) = {J_, ecmUBET

'Y TBepKACHUS:
1. s mr00BIX KOHIIETITOB SVMfDMx' SVMfDMy U TePMHHO-

morun T cymiecTByeT KoHUENT SV, o, C SVy fom,> TO €CTh
T = SVMfDMy = SVMfDMx =

T & SVitspng, € SVitgpu,

OIUCAHME PE3YJIbTATOB

Jns anpobarnym mpeayaraeMoro merona Ob1 chopMHUpO-
BaH MaccuB, cocTtosmuil u3 6omnee gem 10 000 HECTpyKTYpH-
POBAaHHBIX TEKCTOBBIX JOKYMEHTOB pa3HOW TpeIMEeTHOI
HaIpaBJIeHHOCTH. KaXzplil JOKYMEHT B MacCHUBE HUMEN pas-
JIMYHOC paCHIMpC€HUE U A3BIKOBYIO IMMPUHAAJIC)KHOCTD. B
Ka4yecTBEe TECTOBOM Cpeibl ObLIT BBIOpAH CEpBEp CIEAYIONICH
KoH(pUTypauuu:

— CPU'S: 40 * Intel® Xeon® CPU E5-2690v2@3.00 GHz;

— 03V: 257826 Mo;

— OS: Ubuntu Server Edition;

— Apache: 2.4.10;

— MySQL: 5.7.21-20;

— Nginx: 1.13.4;

— PHP: 7.3.

KauecTBO NMOITy4EeHHBIX PE3yJIbTAaTOB OIIEHUBAIOCH IO ClIe-
IYIOITUM KPUTEPHUSIM:

— IPOLIEHT onpe/eneHus HHHOPMALMOHHOM OIIM30CTH;

— KOJIMYECTBO BBIABJICHHBIX KﬂaCCI/I(bI/IKaLlI/IOHHLIX TpyIIL;

— BO3MOXKHOCTh WH(OPMAIMOHHOW OJH30CTH MPHU OJHHA-
KOBOM CIIEKTPE U KOHTEKCTE;

— BO3MOXXHOCTh MH(OPMAIIOHHOW OJNM30CTH NPH OJMHA-
KOBOM CIIEKTPE Ha Pa3HOM KOHTEKCTE;

— BO3MOXKHOCTh MH(OPMAIMOHHON OJM30CTH MPH pa3HOM
CIIEKTpe, HO OJIMHAKOBOM KOHTEKCTE;

— BO3MOXXHOCTh MH(OPMAIMOHHON OJM30CTH NPH PA3HBIX
CHEKTpe M KOHTEKCTE.

Takum 06pa3oM, Ha OCHOBE BBIIICH3IIOKEHHBIX KPUTEPHEB
OBUTH TIOYYeHBI pe3ynbTaThl paboThl (puc. 1, 2) mpemmarae-
MOTO METOJa ompejeNeHus nHPopMaImoHHo O6im3octu. Ha
pucyHke 1 moka3zaHa AWHAMHKA OIpeaeneHus] HHPOpMaIoH-
HOW Oim3ocTH. M3 muarpaMMbl BHIHO, YTO IPOLIEHT HHOOP-
MAaIMOHHOHN Onm30cTH Bapbupyercs oT 20 mo 90%, mpu 3ToM
CpeAHsisl TpaHHIA ONpeeNieHns] HH(POPMAIIMOHHON OIHM30CTH
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paBHa ~61%. Takxke CTOMT OTMETHUTH TO, 4TO O0€ KPUBBIE
HUMEIOT OJIMHAKOBOE paclpe/ielieHre, KOTOPOe CBUACTEIbCTBY-
€T O HENPOTHUBOPEUYNBOCTH PE3YJIbTATOB, IOJyYEHHBIX ITOCIIE
CpaBHEHUS JBYX PEXHMOB pabOTHl anroputMma (yTBepiKie-
Hus 1, 2).

% nudopmauponnoi Gamzocm

Konuectso gokymenTos

Nel ¥ Ne2

Puc. 1. luramuka onpenencHus HHPOPMATMOHHOW OITM30CTH

PucyHok 2 otobpakaeT (uHAIBHOE paclpeneiecHue Mac-
CHBa HECTPYKTYPHPOBAHHBIX TOKYMEHTOB. [laHHOE pacnpene-
JICHHE ITOKa3bIBAET, YTO IO pe3ysibTaTaM paboTHl alropurMa
O6puto BeLiBIIeHO 10 Hambojiee NIPHUOPUTETHBIX KaTETOpHii,
MEXIy KOTOPBIMH IPOUCXOMIA JaTbHEHIIAsA KiacCuhUKaIus
AHAJIU3UPYEMBIX NOKYMCHTOB. Ka)K}IaH BbIABJICHHAA KJIaCCH-
¢ukanmoHHas rpymnmna Bkitovana ot 6 1o 10% 10KyMeHTOB H3
00LIero Yuciia, COIePIKaIUXCs B MACCUBE.

J

@ Kareropua N1

@ Kareropua No2

@ Kareropua N23

@ Kareropua Nod

@ Kareropun Ne3

Ko/1-B0 ACKYMEHTOD

@ Kateropua Ne6

@ Kareropua N7

()

T
o 1 2 3 4 3 6 7 8 9 10 1

@ Kareropua No8

@ Kareropn Ned

@Kateropua Ne10

Kateropun

Puc. 2. Pacnpenenenne TOKyMEHTOB I10 KJIaCCU(PHUKAIIMIOHHBIM
KaTEeropusiM

BYAYIIME UCCIENOBAHUSA

[pouecc onpeneneHusi THPOPMAIIMOHHON OJIN30CTH MEX-
Ay aHaJIM3UPYEMbIMU TEKCTOBBIMU JTOKYMCHTaMU B 60J'H)H_II/IX
MaccuBax HH(OpMAaIu 001aJaeT 3HAYUTEIBLHBIM TTOTCHIIHA-
JIOM B 3aJlauyax CeMaHTHUUeCcKoH kiaccudukanuu. [lomyueHHbie
B pe3yJibTaTe amnpodamuy HaOOpHI JAHHBIX MOTYT OBITH HC-
MOJB30BaHbI ISl MIOCTPOCHUST 00Jiee MOJMHBIX TEeMATHYECKUX
clIoBapel TpeaMeTHBIX 00JlacTei, KOTOpblE MOKHO IIpHMe-
HATH B CUCTEMax NPHHSITHUS YIPABICHYCCKHX PEILICHUH U CH-
TyallMOHHOM ymipaBlieHuH. Kpome Toro, mporecc BbIBOJa pe-
3yJIBTATOB JIOTHYECKUX YTBEPKICHHH MOMKET COMPOBOKIATHCS
BH3yaln3aluei, 9ro0sl 6oiee MOMHO OTpakaTh KapTy CeMaH-
THYECKUX CBSI3eH MEXKIy Pa3IMYHBIMH TEKCTOBBIMH JOKYMEH-
TaMH B MHPOPMAIIMOHHBIX MaCcCUBaX.

3AKJIIOYEHUE

B cratee paccMoOTpeH MeTOj, MpennoNiararnii ajgpTep-
HaATUBHBIM MOJIXOX K 3ajade omnpenesieHus MH(popMannoHHOH
OJIM30CTH MEXTy MHOXKECTBaMH 00BEKTOB, IIPE/ICTABICHHBIX B
BUJIe HA0Opa HECTPYKTYPUPOBAHHBIX TEKCTOBBIX JOKYMEHTOB.
[Tony4yeHHbIe pe3yNbTaThl MPOBEACHHOTO OIBITA ITOKA3hIBAIOT
BBICOKYIO CTEIICHb ONPEACICHNs HH(POPMAIIMOHHOH OIHU30CTH
IPH ONTUMAITEHOM COOTHOIICHUHM BPEMEHH BBHIIIOIHEHHUS BCEX
onepanyii M HCIIOJIB30BAHMH BBIYMCIUTENBHBIX PECYPCOB.
Hcxons U3 3TOTO, IpesiaraeTcsi IpUMEHEeHHe JaHHOTO MEeToa
JUIsl 33/1a4 CeMaHTU4eCKoW Kiaccuukanuud B HHPOPMAIMOH-
HBIX CHUCTEMax MPUHSTHS PEIIeHHH C LeNIbI0 Kiaccu(UKaLnK
BO3HMKAIOIINX CUTyallMid M BBISABJICHUS HM30BITOYHOCTH B
OoNBIIMX MaccuBax TEKCTOBOW HH(OpMAlWH, TEM CaMbIM
cokpamias 00beMbl HEOOX0MMOH XpaHuMoi MHpopManuu 1
BPEMEHHU pearupoBaHus Ha MOCTYMAIOIIN 3anpoc.
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Method for Determining Information Proximity
Based on Spectral Conversion of Text Documents
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Abstract. The process of identifying key information in un-
structured sets of textual information is complex and multiple-
aspect. In this regard various methods and technologies are being
actively developed that can improve the analysis process and
reduce the gap between the quality of the obtained results and
the computational resources required for the analysis. This arti-
cle provides an example of an alternative method for determining
information proximity in large arrays of textual information. A
distinctive feature of this method is the application of spectral
conversion of the information and means of descriptive logic for
the logical inference of analysis results of the text documents ar-
ray. The main components of the method as well as conditions
and statements of the logical inference of the analysis results are
considered. The analysis of the obtained results based on the re-
sults of the approbation of the method is given. The obtained
results clearly demonstrate the possibility of applying the method
for semantic classification problems in information decision-
making systems.

Keywords: unstructured data, semantic classification,
information proximity, spectral transformation, descriptive logic.
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IIpMeHeHHe caM000yUYaeMbIX CHCTEM
JJISl pellleHus 3a/1a4 NOMCKA 0TKA30B
HA JKeJIe3HOH Jopore

E. A. BrarosemieHckas

[TerepOyprckuii rocy 1apCTBEHHBIH YHUBEPCUTET ITyTEH
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Annomayusa. HanboJsiee yacToii MpUYMHONH HapylLleHUs rpa-
(uka 1BUKEHHUS M0E3/10B SIBIAETCH 0TKA3 TEXHMYECKHX CPEICTB
HH(PACTPYKTYPHOro KoMIuiekca. OT CKOPOCTH NMOMCKA U yCTpa-
HEHHUSI OTKA30B 3aBHCUT BpeMsl MPOCTOsl I0e310B M, KaK CJel-
cTBHe, JKoHOMUYeckue norepu OAO «PXK/».

Ha cerognsimnmii JeHb NOMCK OTKAa30B OCYLIECTBJIsSeTCS MH-
TYNTHBHBIM nyTeM. Ha mpakTuke Takoil myTh NPUBOAUT K W3-
JIMIIHMM 3aTpaTtaMm BpeMeHH. IIpn mM3yyeHHH MeTO0B MOCTpOe-
HHUSl AJITOPUTMOB OHH ObLIM KJIACCH(PHIMPOBAHBI ¢ TOYKH 3pe-
HHS BO3MOKHOCTH IOCTPOCHHS MO/IeJIM, B KOTOPOil KasKAbIi mar
sABjadercs QyHKHHell Bcex NpeablIyIIMX LIATOB, a (PYHKIHH
0XBATBIBAIOT BCE IPOCTPAHCTBO Hey/AaY.

IlocTpoens! 3TH (PYHKIHUM U ONHCAHA MOJAEJb UX FeHepaluu.
Takasi MoJesab reHepanuu (MocTpoenusi) GyHKIUA MoxkeT ObITh
NpHMeHnMa K 1000 TexHHueckoii orpaciau. Jljas Kejie3HOHO-
PoxkHOH HHGPACTPYKTYPHI NMOJy4eHO 6 pyHKUUA. ABTOMATHYE-
cKasi caMo00y4yalouiasics cucTeMa INpeAcTaBiIseT €000l MHOro-
CJI0IiHYI0 HEHPOHHYIO CeTh, MOCTPOEHHYIO N0 PeKyPPEeHTHOH MO-
genu. Ha ocHoBe 3T0il Moje/M peain3oBaH M anpo0HMPOBaH ai-
NapaTHO-NPOIPAMMHBIN KOMILIEKC.

Knwuesvie cnosa: HeiipOHHbIE CeTH, CHCTeMbl TeXHHYECKOM
AUATHOCTUKH W  MOHUTOPHMHIAa, PpeKyppeHTHas  MoJenb,
JKeJIe3HOJOPOKHAA HH(PACTYKTypa, aBTOMATHYeCKHMIl IOMCK
0TKa30B, O0TKa3 TeXHMYECKHX CpeACTB, o0y4yeHUe HelPpOHHBIX
ceTeii, anNapaTHO-NPOrpaMMHBI KOMILIEKC.

BBEJEHUE

Jomns rpy300060poTa JKeIEe3HBIX JOPOT B TPAHCIIOPTHOH CH-
creMe Poccum cocraBnger 45%, mpu 3TOM NpOAOIKaeTcs
pocT Tpy30BbIX TmepeBo3ok: B 2018 romy oH cocraBuUI
2 596,9 Mapa TKM.

Pacnopsokenuem npasurensctBa ot 19 mapra 2019 roapa
Ne 466-p yTBepxAEHa MOIrOCpOUYHAsl NporpamMma pa3BUTHS
OAO «Poccuiickue xene3nble goporu» ao 2025 roaa, KoTo-
pasl TIpelycMaTpHBaeT IEpexo] Ha «IH(POBYIO >KENEe3HYIO
JOpory». B COOTBETCTBHM € 3THM MHpOJOIIKAETCSI aKTHBHOE
pa3BUTHE CHCTEM TEXHHYECKOW AMArHOCTHKA M MOHHUTOPHH-
ra (CTOAM).

C. B. boukapes

000 «I'K UMCAT»
Cankr-IlerepOypr, Poccus
bochkareffsv@yandex.ru

. B. 3yeB

000 «'K UMCAT»
Cankr-IlerepOypr, Poccus
zuevdv(@gmail.com

TexHudeckoe IUMATHOCTHPOBAHHE — JTO ONpEACIICHUE
TEXHUYIECKOTO cocTostHUs 00BekTa [1]. OOBEKT Kelae3HOomo-
poxHo# aBToMatnku U Tenemexanukn (JKAT) moxxer Haxo-
TUTHCS B OJTHOM M3 cIexyromux coctosauii [ 1] (puc. 1):

Texnaueckoe
COCTOAHHE YCTPOHCTBA
_"7 -77-7-""""\,_7_77
e T -
Padotocmocobroe HepaGotocmocobroe
OTCyTICTBHE
T Tpenotkas
TpeaoTKasa

Puc. 1. Texunueckue cocrossaus 00bekToB JKAT

1. UcipaBHOE — cocTosiHUE OOBEKTa, MPU KOTOPOM OH
COOTBETCTBYET BCEM TPeOOBaHUSAM, YCTaHOBICHHBIM B HOpMa-
THUBHO-TEXHHYECKOH JOKYMEHTAIMU Ha HETo.

2. HencnpaBHoe — cocTostHue 00beKTa, PU KOTOPOM OH
HE COOTBETCTBYET XOTs Obl OHOMY M3 TpeOOBaHMUi, yCTaHOB-
JICHHBIX B HOPMaTUBHO-TEXHHUYECKOH JOKYMEHTAIMX Ha HETO.

3. PaGotocnocobHOE — COCTOSIHHE OOBEKTa, B KOTOPOM
3HAYCHUS BCEX MapaMeTPOB, XapaKTEPH3YIONIHX CIIOCOOHOCTH
BBINIOJIHAT 3aJlaHHble (DYHKIMH, COOTBETCTBYET TPEOOBAHH-
SM, YCTAQHOBJICHHBIM B HOPMAaTHUBHO-TEXHHYECKOH ITOKYMEH-
TalMH{ Ha DTOT OOBEKT.

4. HepaboTtocmocobHOE — COCTOSIHHE, B KOTOPOM 3HAaYe-
HHE XOTsI Obl OTHOTO U3 TIAPaMETPOB, XapaKTEPHU3YIOIIUX CIO-
COOHOCTB BBINIOJIHATH 3aJlaHHbIE (DYHKIMH, HE COOTBETCTBYET
Tpe6OBaHI/IﬂM B HOpMaTPIBHO-TeXHPI‘IeCKOﬁ JOKYMCHTAllUU Ha
3TOT OOBEKT.
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Puc. 2. Pactipenenenue npeaoTka3oB, BO3HUKaOMUX U3-3a HepoctatkoB CTAM

5. IlpenoTka3Hoe — COCTOSIHUE OOBEKTA, XapaKTepu3lye-
MO€ TIOBBHIIICHHBIM PHCKOM ero oTkasza [1, 2]. Otkaz — 3To
COOBITHE, 3aKITIOYAIOIIEECS B HAPYIICHUU pabOTOCIIOCOOHOTO
COCTOSIHUS 00BEKTA.

[Ipu OTCYTCTBHU JIOTUYECKOTO aHAIN3a U aHAJMTHYECKOTO
MIPOTHO3UPOBAHUS HAKAIIMBAETCS OOJBIIOE KOJIUYECTBO Tpe-
JIOTKA3HBIX COCTOSHHMA, MOCKOJBKY JOOBIC HECYIIECTBECHHBIC
W3MEHEHHMsT  JIHAarHOCTHYECKUX  MapamMeTpoB  (Hampumep,
HaIpsHKeHHs) OTMEUaloTCsl cUucTeMol [3, 4] (puc. 2).

Oukcanus «JIOXKHBIX» TMPETOTKA3HBIX COCTOSIHUN MOXET
MPUBECTH JINOO K OTKa3y, KOTOPBI MOXXET BBI3BATh HapyIIie-
HUe 0e30macHOCTH U OecrepeOONHOCTH JNBUKCHHUS IMOE3OB,
00 K «JI0KHOMY» PEarnpOBaHUI0 OOCITYKHBAIOIIETO TIEPCO-
HaJIa, 9TO MPUBEICT K YBEIHMUCHHUIO TPYH03aTpaT.

JIJis TOBBIIIICHNST KaYecTBa W CHIKCHUS BPEMCHHU ITOWCKA
HEHCIPABHOCTEH aKTUBHO Pa3BUBAIOTCS CHUCTEMBI MOHHTO-
PHHTa XKeJIe3HOJOPOKHON aBTOMATHKHU U TeIEMEXaHUKH.

Hamnpasnenus: pa3BUTHSI TEXHUYESCKOM JAUATHOCTHKUA M MO-
Hutopunra KAT:

1. [TomHBIN KOMIUIEKC U3MEPEHUI.

2. AHanu3 pabOThI YCTPOUCTB.

3. [Iporuo3 U3MEHEHUs COCTOSTHUS YCTPOMCTB.

4. Beiiaua pekoMeHAaIuii Mo 00CITy)KUBaHUIO YCTPONCTB.

5. OxBar Bcex YCTPONCTB CpEACTBAMU IUArHOCTUKHU.

Ha ceronusurHuil 1eHb K HEOCTATKaM TEXHHYECKOTO JTUa-
THOCTHPOBAHUS MOXXHO OTHECTH:

— «PYYHYIO» 00pabOTKy MHArHOCTHUYECKON HH(pOpMAIWH,
KOTOpasi IPUBOJUT K YBEIMYCHUIO BPEMCHU Ha €¢ aHAU3 |
TIPUHATHUE PEIICHIS,

— OTCYTCTBUE BBISIBIICHHUS IPUYUHBI OTKA3a;

— OTCYTCTBUE Hay4HO-OOOCHOBaHHBIX METOZOB (DUKCALUH
MPEIOTKA3HBIX COCTOSHUMI;

— OTCYTCTBUE  aJITOPUTMOB
BcTpoeHHbIX B CTIM;

— OTCYTCTBHE OINTHMAJIFHOTO Habopa KOHTPOJIUPYEMBIX
JIMarHOCTUYECKUX MapaMeTpoB, YTO MPUBOJUT K HU3KOW J10-
CTOBEPHOCTH ONPENEIICHHUSI TEXHUIECKOTO COCTOSHHS.

CrnenoBaTenbHO, paciiupeHne (pyHKIIMOHAIBHBIX BO3MOX-
HOCTEH CHCTEM BBISBIICHUS IPUYMH OTKAa3a, ONpPECICHUE OIl-
TUMAaJBHOTO AJITOPUTMa TOMCKAa HEHMCIPABHOCTEH M ompere-
JICHUE ONTHMAJIBHOTO Habopa KOHTPOJIHPYEMBIX MapaMeTpoB
SIBJISIETCS aKTyaJIbHOM 3a7jauei.

[Tpu pocte rpy30000poTa J0KHA OBITH YBEIMUEHA IIPO-
MYCKHasi CIIOCOOHOCTH eJIe3HBIX JOPOT, Ha YTO TPAaTITCS Cce-
pre3Hble pecypcsl. Tonbko B 2018 rogy Ha pas3BUTHE XKemes-
HoZopokHOH uHppacTpykrypsl OAO «PX/I» Obu10 morpaue-
HO okoJi0 300 Muipx pyOneit. Ho Bce BIIOKCHUS HUBEITUPYIOTCS
B CITy4asiX OTKa3a TEXHUYECKHUX CPEACTB.

Hawnbonee yactoit npuurHON HapynieHus rpaduka JABHXe-
HUSI TI0€3/I0B SIBISICTCS OTKa3 TEXHHYECKUX CpPEACTB HH(pa-
CTPYKTYpHOTO KoMmImiekca. OT BpeMEHHM MOUCKA U yCTPAHEHUS
OTKa30B 3aBHCUT KOJIMYECTBO U MPOJOIDKUTEIBHOCTD IPOCTOS
MOe37I0B W, Kak CJIEACTBHE, OKOHOMHYECKHE MOTEpH
OAO «PX]I».

Ha ceropssiHuil IeHb NOUCK OTKAa30B OCYILECTBISETCS
UHTYUTUBHBIM ITyTeM. Ha mpakTuke Takoil MyTb NPHUBOIUT K
H3JIMIITHUM BPEMCECHHBIM 3aTpaTaM.

IIOHUCKa HeI/ICHpaBHOCTeﬁ,

[TPOLIECC ITOMCKA OTKA30B
AHanu3 BBIBIECHHBIX OTKa30B I1OKA3bIBAET, YTO OCHOBHOM
UX MPUYMHON SBISETCA HapyIIEHHE TEXHOJOTHYECKOTo Mpo-
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Iecca SKCIUTyaTaluy (3KCIUTyaTallMOHHBIe OTKa3bl). Ha skc-
IUTyaTallMOHHBIE OTKa3bl MpUXoAUTcA A0 86% Bcex OTKa30B
ycrporicte XKAT [5-7]. Ilo cTaTUCTHYECKUM NTaHHBIM OOJIb-
1Iasi 4acTh AKCIUTYyaTal[MOHHBIX OTKA30B BBI3BIBAET 3aJEPXKKHU
TI0E3/I0B.

Hecmotpst Ha 1enslil psig MEPONPHUSTHI 1O MOBBIIICHHUIO
HaJeXHOCTH ycTpoHCcTB JXKAT, K KOTOPBIM OTHOCST IJIAHOBO-
MIPOQUIAKTHYECKHE PAaOOTHI, OPTaHU3AIMI0O HOBBIX METOHOB
obcmyxxuBauus [8], oOydeHHe OOCITYKMBAIOIIEr0 MEepCOHaNa
MpaBWIaM W METOJaM YCTPAHEHHS OTKAa30B, BPEMsI IIOMCKa
JIOKATM3AIMK U YCTPAaHEHHUS HEHCIIPaBHOCTEH OCTaeTcsi OTHO-
CHUTEJIHO OOJIBILIUM.

Bornbiioe BpeMs moucka U ycTpaHeHUs! 0TKa3a 00bsICHSIET-
Csl pAZIOM OOBEKTHBHBIX M CyOBEKTUBHBIX (hakTopoB. K 00B-
€KTHBHBIM (paKTOpaM OTHOCSATCSI TEpPUTOpUATIbHASI paccpero-
TOUEHHOCTb, 3aTPYAHEHHBIN IOCTYyN K HEKOTOPHIM HAIOJIb-
HeIM ycTpoiictBaM CLb u mopoil oTcyTCTBHE MONHOM TEXHU-
4yeckoi mokyMeHTanuu. K cyOBeKTHBHBIM (DaKTOpaM MOXKHO
OTHECTH HEXBATKYy OIBITA W KBATU(HUKAIINH 00CITYKHBAIOIIETO
TepcoHasa JUCTaHINH, HEYMEHHE YUTATh PUHINIHAIBHBIC U
MOHTaKHBIE CXEMBI.

YMeHbIlIeHHE BIMSHUS YEJIOBEUECKOro (hakTopa Ha TEXHO-
JIOTHYECKUH TpoIece SBIAETCS HEOOXOIUMON MEpon AJIs 1o-

BBILICHUS €r0 Ka4eCTBa, a 3TO BO3MOXKHO TOJIHKO MOBBIILICHH-
€M YpPOBHS €ro (TEXHOJOTHYECKOrO MPOIecca) aBTOMATH3a-
IUAH.

IMporecc mMOMCKa W YCTPaHCHHUsT HEHCIPABHOCTEH MPOHC-
XOJIUT B CIICAYIONICH TOCIE0BATEIEHOCTH (pHc. 3):

1. Tlocne mosiBneHUss HMHGOPMAIMK O HEUCIPABHOCTH
HAYMHAIOTCSA MOATOTOBHUTEIBHBIC NEHCTBUS MO €€ MOHCKY H
YCTPAaHEHHUIO: OMpe/elieHne 0TKA3aBIIero yCTpoWcTBa, cOop U
aHaaM3 JOTOJIHUTELHON HWH(POPMAIIUU, U3YUYeHUE TEeXHUYe-
CKOW JTIOKYMEHTAI[UH, aHAHU3 MOEe3JHOW OOCTAHOBKU VIS JIO-
KaJn3aluy MecTa 0TKa3a U ero xapakrepa, rajiee — cOop He-
00XOIUMBIX HHCTPYMEHTOB M MaTE€PHUAIIOB.

2. locraBka pabOTHHKA K MECTY.

3. Ha mecte mpou3BOASTCS TOTIONHUTEIBHBIC POBEPKU U
YCTpaHCHUEC BBISIBIIECHHOM HEUCIIPABHOCTH.

BriBaroT CUTyallMu, KOraa y 3JICKTPOMEXaHHMKa BO3ZHHUKAIOT
TPYJHOCTH MpPU MOMCKE HEUCIPABHOCTH: HAMpUMEp, Herpa-
BUIIBHO JIOKATM30BAHO MECTO MOWCKA HEHCIPAaBHOCTH, KOTZa
HEUCIPAaBHOCTh B peNICHHOM MOMEIICHHH. B TaKHUX CHTyalmsax
BO3pACTaeT POJib ABTOMATU3UPOBAHHBIX aITOPUTMOB, KOTOPbIE
CHCTEMATH3HUPYIOT H CTPYKTYPHUPYIOT MOUCK HEUCTIPABHOCTH.

Omnosemenne —> [lonroroeBka—— > [Ipudbsitne ——— > [louck———> YcTpaHeHue

K TIOUCKY i
-or ICIL; v - [IEIIKOM;
-or IIYJL; - OmnpeJic/ICHUEe MeCTa U - TPAHCIIOPTOM. - IIPOBEIECHHUE - 3aM€Ha HECHUCIPaBHbBIX
- or CTAM. XapakTepa oTkasa; JOTIOJTHUTEIbHBIX 3JIEMEHTOB yCTPIHOCTBA,
- OIpeJIeJICHUE OTKA3aBILEero U3MEpEHHIA peryiaupoBka;
YCTpOHCTBA; (oTCcyTCTBYTOIIHE B - IpoOBEpKa
- c6op u aHaIN3 CTJAM), npoBepoK; paboTocnocoOHOro
JUarHOCTHYCCKOI - aHaAIIU3 U3MEPEHUit. HCIIPABHOT'O COCTOSIHHUS.

uHpopmaruu B CTIM,
MHCTPYMEHTOB U MaTEpHAaJIOB;
- aHaJIN3 MTOE3HOM CUTYaIuH;
- U3YYCHUE TCXHUYECKOMI
JOKYMCHTALIUH.

Puc. 3. TIponecc BocctaHoBIIEHHsT paOOTOCIIOCOOHOCTH YCTPOHCTB

[IpousseneM cpaBHEHHE BPEMCHH BOCCTAHOBIICHHS (PYHK-
MU pabOTOCIIOCOOHOCTH YCTPOWCTB C aBTOMATHU3UPOBAHHEI-
MU aJITOPUTMaMH [TOMCKA HEHCIPABHOCTH U 0€3 HUX.

Cpennee Bpems BoccTaHOBJICHUS T, GyHKIMH paboTOCHO-
COOHOCTH YCTPOHCTB CHCTEM KEJE3HOJOPOKHON aBTOMATHKU
U TeleMeXaHUKH Mo | perroHy Ha MOCKOBCKOH »Xene3Hou
Jopore:

T =toms + tcp4r[ + tcp.y + = 40 MUH.,

T/1€ tons — BPEMSI OMIOBEIICHHS O HEUCTIpaBHOCTH (1 MUH.);
tep.n— CpEZHEe BpeMs IOKMCKa HeucrpaBHOCTH (20 MuH.);
tep.y— CpezHee BpeMsl yCTpaHEeHHUs HercIpaBHOCTH (9 MUH.);
tr; — TeXHHYIecKas 3anepixka (10 Mus.).

Pa3paboTka u BHeIpeHNE aBTOMAaTU3UPOBAHHBIX AITOPHT-
MOB TIOMCKa HEHCIPABHOCTEH MUHHMU3UPYET BEJIUYUHY tepn.
[Ipu cTpemieHnn 3TOro BpeMeHH K MUHUMYMY, COOTHOIIICHHE
NIPUMET CIAEAYIOIUHN BUA:

Te = toms + tvcp.n Fepy Ttz = 29 MuH.,

rae t'epn — BpeMs moucka HeucrnpasHocTu ¢ yderom CTAM
(14 mMun.);
tr; — TEXHHYECKas 3aJepxkKa (5 MUH.).

OTMeTHM, 4YTO MOATOTOBHUTEIBHBIA IEPUOJ SBISIETCS
HanboJee AIUTENBHBIM OT Hadajla OTKa3a M JI0 €ro ycTpaHe-
Hus. OT 3HaHUH U yMeHHH paOOTHHKA 3aBUCUT OE30MIaCHOCTH
KEJE3HOJOPOKHOTO TpAHCIIOpTa M €ero Oecrepe0oiHOCTb.
ITosTOMy MBI HalPaBUIN YCUINS 110 MUHUMH3ALUH YeIIOBEYe-
CKOTO (hakTopa.

WneanbHas monens yctpanenus: npoonemsl ['enpuxa Cay-
JI0BUYA AJBTIIYJUIEpa TOBOPUT O TOM, 4TO MpobjieMa A0JKHA
YCTpaHATHCS cama 1o cede, aBTOMaTHYECKH.

Juis penieHus mpoOIeMbl TaKUM 00pa3oM pean30oBaH aB-
TOMAaTHYECKHUI1 MONCK HEUCTIPAaBHOCTEH.

AJITOPUTM IIOMCKA OTKA30B

CymiecTBYIOT [1Ba MYTH COCTABJICHUS AITOPHTMAa IOWCKa
oTKa30B [9]:

1. Pacnimcats Bce BOBMOXKHBIC aJTOPUTMEI, U, B 3aBHCHMO-
CTU OT BXOJHBIX JaHHBIX, BbIAABaTh ONTHMAJbHBIA MYTh IO-
ncka. Takux anropuTMOB XOTh M KOHEYHOE YHCIIO, HO C MPaK-
TUYECKON TOYKU 3peHHUs OOJBINOE, MOITOMY TAaKOW MyTh HE
SIBIISICTCS Pa3yMHBIM.

2. Bropoil myTh — HOCTPOUTH IUHAMUYECKYIO DEKyp-
PEHTHYIO MOZENb, TJe KKIBIA mar OyxeT (QyHKIHEH Bcex
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npeaplaylux mwaros. Ho Takol ajroputM Ha Bce Cilydau
CTPOUTD TAK)KE HE ONTUMAIIBHO.

[TosTOoMy MBI KIaccupUIMPOBAIN BCE BH/BI AITOPUTMOB C
TOYKHM 3PEHUS] BO3MOXKHOCTH NMOCTPOCHHS TaKMX (DYHKIUH U
TIOKPBITHA (PYHKIUSIMH BCETO MPOCTPAHCTBA OTKA30B. bputn
MOCTPOEHBI 3TH (YHKIHMU W ONHCAaHA MOJETb T'€HEepalnuy Ta-
kX QyHKOuA. s Kene3HOJopoKHOH MH(PACTPYKTYpPHI 0-
mygminochk 6 ¢yuknuil. [TomoOHas Moxens MOCTpOeHUS QyHK-
ui MOXKeT OBITh IPUMEHNMA K JIF000H TEXHHYECKOH OTPAaCIIH.

B obmem Buge meroxnsl kinaccudukarym [10, 11] MoxHO
OTHECTH K CJICAYIOUINM THIIAM!

1. MeToa AMHEHHOTO Ki1acCU(pHKATOpA.

2. MeToz HelMMHEHHOTO Kitaccupukaropa.

3. MeToa nocTpoeHUs AEPEBLEB PELLICHUH.

Jluneiinpiii  knaccudukarop [3] MO3BOJISET ONpEAEIUTH
JIMHEHHYIO pa3/elIIoNIyo TIOBEPXHOCTh. B ciryuae nByX Kiac-
COB TaKOW INOBEPXHOCTBHIO SBISIETCSI THHEPILIOCKOCTD, pasJie-
JISIOINAsT TPOCTPAHCTBO MTPU3HAKOB Ha J[Ba MOIYIPOCTPAHCTBA.
K nuHeHHBIM KiIaccHpUKATOpaM OTHOCAT METOI OIIOPHBIX
BEKTOPOB, 0aifeCOBCKHIA KIACCH(PUKATOP U APYTHE METOMEI.

B mMerone omopHBIX BekTOpoB [12, 13] mis kaxmoro co-
CTOSIHUS TIpemaraercs Habop o0yJaroumx IpuMeEpoB, 3aJaH-
HBIX KaK TOYKM B MHOTOMEPHOM IIPOCTPAHCTBE. OTH TOUYKH
00pa3yloT 00acTi B MPOCTPAHCTBE, COOTBETCTBYIOIINE pPa3-
HBIM KJ1accaM. KpaliHue TOYKH Kilacca Ha3bIBalOTCS OTIOPHbI-
MU, a PACCTOSAHUC MCKAY JABYMs ONOPHBIM TOYKaAMU SABJISACTCS
JUIMHOM OMOpHOTO BekTopa. TpeOyercst HAWTHU TaKylo THIEp-
IUIOCKOCTh, YTOOBI JUIMHA OIOPHBIX BEKTOPOB ObUIA MaKCH-
MaJIbHOH. JIJIsl MpUMEHEHHs 3TOro MeTozia HeoOXOJMMO, 4TO-
OBl KJIacChl OBUIM JIMHEWHO-pa3fenuMbl Mexay coboil. Heno-
CTaTKOM METOJIa SIBJISIETCS TO, YTO OH MOJXOIUT VISl PELICHUS
3aJaud  KjaccUUKaMM TOJBKO C JABYMS JIMHEHWHO-
paszsenuMbIMH Kiaccamu. [l pemieHunst 3a1adu ¢ OoNbIINM
YHCIIOM KJIacCOB NMPHUMEHSETCA pa3OueHne 3ajadd Ha IoA3a-
Jauyl KIaCCH(MKAINU M0 CXEME «OJHH-TIPOTHB-OCTAIBHBIX).
[Ipu 5TOM HEOOXOANMO PEMINTh 3a4a4y OOBEINHEHHS PE3YITh-
TaToB.

BaiiecoBckuii kiaccubukartop [14] — MeTo1, OCHOBaHHBIN
Ha TeopeMe, YTBEPIKAAIOILEH, YTO eClI TUIOTHOCTH paciipee-
JIEHUS] Ka)XKJJOr0 U3 KJIaCCOB M3BECTHBI, TO UCKOMBIIl aJlrOPUTM
MOJXHO BBIIIMCATh B SIBHOM aHAJIUTHYCCKOM BHJC. I[J'DI Kaxnao-
rO M3 KJIACCOB ONpENeNSIoTCs (QYHKIHMU IPaBaoNoao0us, 1o
KOTOPBIM BBIYHCIISIIOTCS allOCTEPHOPHBIE BEPOSITHOCTH KJac-
coB. OOBEKT OTHOCHTCSI K TOMY KJaccy, JUlsi KOTOPOTO aro-
CTEpHOpHAasi BEpPOATHOCTh MaKCHUMaibHa. Kak mpaBwio, Ha
MIPAKTHKE TUIOTHOCTH PacIpeAeIeHus KIacCOB HEU3BECTHBI, U
UX TIPUXOAWTCS BOCCTaHABJIMBATh MO OOydYaromel BBIOOPKE.
BoccranoBiieHne BO3MOXHO TOJIBKO ¢ HEKOTOPOM MOIPEIHO-
CTBIO, M YeM MeHbIIle 0OydJaromias BEIOOpPKa, TEM BEIIIE BEpO-
SITHOCTh TOSIBIEHUS 3(¢ekra mepeoOydeHns, KOoraa METO.
TepsieT CBOU 0000IIaoNINe CBOMCTBA U BEPHO KIACCUPHUIIUPY-
€T TOJILKO NpHUMephl 13 o0y4aroeit Beioopku. Takxke addex-
THUBHOCTh METOJIa PE3KO MajaeT MpH OUIMOKE B I'MIIOTE3aX O
IUIOTHOCTH PacIpe/ieNICHUs! KIacCOB.

Jluneiinple xnaccupukaropsl d(GEeKTHBHBI IS 3a7ad
KJaccUpUKauu ¢ JByMs Kiaccamu. [lnsi pemieHust 3amadu
KJIACCU(HKAIMK B CIy4ae C MHOTMMH KJIaCCaAMH PEKOMEHIY-
eTcsl IPUMEHSITh HeNMHelHble KiaccudukaTopsl [15], To ecTh
KJIaCCU(HUKATOPHI, MCHOJB3YIOIIUE /I pa3feieHus KI1accoB
HEeJNWHEHHYIO TOBEpXHOCTh. [IprMepoM TakuX KiracCU(pHUKATO-
POB SIBJISIETCSI HEHPOHHAS CETh.

HeiipoHHast ceTh sIBIsI€TCS paclpesiesIeHHBIM Mapasuieb-
HBIM TIPOIIECCOPOM, COCTOSIIUM M3 CBSI3aHHBIX MEXIy COOOH
AIIEMEHTAPHBIX eIUHUI] 00paOboTKN HH(popManuu (HEHPOHOB),
HaKaIUIMBAIOIINX SKCIEPHUMEHTAIbHBIC 3HAHUS JUIA MX IOCIIe-
nyromeit oopaborku [15, 16]. HelipoHsl peann3oBaHbl HElu-
HeiiHON (QyHKIMEH aKTUBaMd OT OJHOTO apryMeHTa —
B3BEIIEHHOI CyMMBbI BCEX BXOJIHBIX CUTHaJIOB. COBOKYITHOCTh
CBSI3aHHBIX MEXIy cOOOW HEWPOHOB OIPEAENISeT CTPYKTYpY
CeTH M 3a/1a4yM, KOTOpBIE CIOCOOHA pelIaTh HeHpOHHAs CEeTh.
BecoBble KOI(pQUIUEHTHI, XapaKTepHU3YIOIIUE CHIYy CBSI3U
MEXIy IBYMS HEHpOHaMM, HAa3bIBAIOTCSI CHHONTHUYECKUMHU
K03 puneHTaMH.

B mponecce moadopa cHHONTHYECKUX KOI(D(HUIIMEHTOB
(oOyuenns) [16, 17] kaxmoMy KI1acCy COTOCTABISACTCS MacCHB
BXOJIHBIX 3HaueHWH (TMpH3HAKOB Kiacca). HelipoHHsle cetn
CrocoOHBl 0000maTs MH(pOpMAaNHIo, MOIYYEHHYIO BO BpeMs
oOyueHmst. Taxke IPEeNMyIIECTBOM HCIONB30BaHUS HEHPOH-
HBIX CETeH SBIACTCS OTCYTCTBHE HEOOXOAMMOCTH KOPPEKTH-
POBKHU aJTOPUTMOB MPH U3MEHEHUHU KOJIMYECTBA MIIM MpPU3HA-
KOB KkiaccoB. HemocTtaTkoM mpuMeHEHHsI HEUpPOHHBIX ceTei
MOJKET SIBJISITHCS OOJIBIIAS BBIYMCIUTEIbHAS CIIOKHOCTE [18]
IIPU HCIIONB30BAHUU CJIOXHBIX CTPYKTYp CETH, Hampumep
CBEPTOUHBIX HEHPOHHBIX ceTeit [16—18].

Meton mocTpoeHUsi JE€pPEBbEB PELICHUW MO3BOJIAET IO-
CTPOUTH HAIJISAHBIA aJrOpUTM Kilaccugukanuu oobekra. Je-
PEBO pEIICHUI COCTOUT M3 Y3JI0B (Ha3bIBaEMBIX TAaKXKE BEp-
IIMHAMH) U BETBEH, coequHAomMX y3nbl. Camblii HEepBBIA
y3eIl Ha3bIBACTCsl KOPHEM JIepeBa, a KpalHUe y3JIbl — JHCThS-
mu. Kaxmolf BepIimHe COMOCTABISIETCS HEKOTOpas XapakTe-
PHCTHKa, ONMCHIBAONIast 0OBEKT, a BETBIM — 00JIacTH 3HaUe-
HUsl 3TON xapaktepucTuku. [Ipouenypa moctpoeHus aepeBa
pemeHnii TpeAcTaBiIsieT co0oil WTepaloHHEBIN Mpolece, B
KOTOPOM JJIsI OUepeTHON BEPIIUHBI JepEBa BBHIOMPAETCS MPHU-
3HaK, HAWIY4IIUM 00pa3oM YAOBIIETBOPSIOIINI HEKOTOPOMY
kpurteputo BerBienus [17]. Kpurepuii BeTBneHus BeiOupaercs
B 3aBHCHUMOCTH OT HCIIONIb3yeMOoro anroputma. Ilomynsapabivu
ANropuTMaMH JJIsl IOCTPOEHUS JAepeBa PELICHUH SBIAIOTCA
ID3 [17,18] (wiu ero yCOBEpIIEHCTBOBAaHHAs BEPCHs
C4.5[17, 18]) u amroputm CART [17, 18]. Paznmuune mexmy
ITOPUTMaMH COCTOMT B cIloco0e BBIOOpa NMpH3HAaKa BETBIIE-
HUSL.

[TpenMymiecTBOM [I€pEBbEB PEIICHMI SBIACTCS HATII-
HOCTh TIOJ[yJaeMOW MOJENH M IPOCTOTa €€ HWHTEpIpeTanuu
yenoBekoM. HemocTatkoM MeTona siBiseTcsa mpodieMa mepe-
00y4eHHUs, TO €CTb BO3MOXHOCTh IOCTPOCHHS YPE3MEPHO
OornpmIoro mepeBa, KoTopoe OyaeT HEeIOCTATOYHO ITOJTHO
MPEACTAaBISATh JaHHbIE. Takke CyIIECTBYET HEOOXOIMMOCTB
MOCTPOCHUS JIepeBa ¢ HyJd (IIOJHOTO M3MEHEHHUs aJropuTMa
JUArHOCTUKH) TIPY U3MEHEHUH KOJIWYeCTBa KJIACCOB U OIMCa-
HUSI BXO/IHBIX JaHHbIX.

Heiiponnblie cetu o0ecrieunBarOT MHOTOKJIACCOBYIO KJlac-
cU(UKaMIO BHE 3aBHCUMOCTU OT JIMHEWHOH pa3IelMMOCTH
kiaccoB. OHU CIIOCOOHBI ONPENENIUTh HATMYNE y aHAM3HPY-
€MOro nmpuMepa IPU3HAKOB HECKOJIIBKUX KI1accoB. D heKTnB-
HOCTH IIPUMEHEHHs] HEHPOHHBIX CeTel sl KilacCUpHIPOBa-
HUSI TEXHUUYECKOTO COCTOSIHMS yCTPOMCTB MoKa3aHa B [19, 20].
[TosTomy mms pa3pabOTKH METOAOB M alTOPUTMOB BBISBICHUS
HEUCIPABHOCTEHN UCIONb3YIOTCSI HEUPOHHBIE CETH.

Jns pemenns 3amgadun Kiaccu(UKAIME CETh HEOOXOAUMO
00y4YuTh MpUMEpaM pa3IUUHBIX 00pa3oB. B o0ywaronryro BbI-
60pKy HEOOXOIMMO BKJIIOUAaTh MPUMEPHI, KOTOPHIE B IOIHOMN
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Mepe OIMCHIBAIOT 00pa3. B mpakTuueckux 3amadax misd 1o-
CTIXEHHs HanboJiee TTOJIHOTO OITMCAaHMsI BOZMOXHBIX 00pa3oB
B oOyuaromeil BbIOOpKE HEOOXOAMMO coOpaTh JOCTATOYHOE
KOJINYECTBO MpuMepoB. [IpuMepsl MOTYT OBITH pacIoiokKeHbI
B Pa3HBIX YaCTSIX COOTBETCTBYIOIIETO 00pa3a oOJacTH B Mpo-
ctpanctee K.

Jus pemenns 3agadn 0Oy4deHHsT HEHMPOHHOW CETH CyIIe-
CTBYeT MHOXecTBO airoputmoB [16, 17]. [na oOydeHus
HEHPOHHBIX CETEH, CIPOEKTHPOBAHHBIX IS PELICHUS 3a/auu
KIaccu(uKauy, MpUMEHsIoT o0ydeHne ¢ yauteneMm. Hanbo-
Jiee TOIYJISIPHBIM aJITOPUTMOM OOYHYEHHS C YUUTENeM SBISIET-
CsI  aNropuT™M  OOpaTHOTO  pacHpOCTPAHEHHS  OLIMO-
ku (aHri. backpropagation) [18], OCHOBaHHBIH Ha MeTOJE
I'PaJIMEHTHOTO CITyCKa M0 TMHEPIIOCKOCTH (PyHKIMH OIINOKH,
u ero momuduuuposanHas Bepcust RProp [16-18], koTtopas
SIBIISIETCS. OHUM M3 JIYYIINX QJITOPUTMOB OOyUYEeHHsSI NIEPBOTO
TIOPSIIIKA.

[Tpouecc BoccTaHOBIIEHHST PaOOTOCIIOCOOHOCTH YCTPOU-
CTBa C WCIIOJIb30BAaHHEM aBTOMATHYECKOW camooOydaromiencs
CHCTEMBI, MPEACTABISIONIEH cOO0H MHOTOCIONHYIO HEHpOH-
HYIO CE€Th Ha OCHOBE PEKYPPEHTHOI MOJENH, HPOUILIIOCTPHU-
POBaH Ha pUCYHKE 4.

B urtore Obu1 M3MEHEH MpOLECC MOUCKA HEHCIPABHOCTH.
OcymecTBiaeHo 00beauHeHnE HH(POPMAIMOHHBIX ITOTOKOB,
ABTOMAaTU3UPOBAH MPOIECC MOATOTOBKH K IOWUCKY HEHCIIPaB-
HOCTH, TPOM3BEACH pPacueT M MOJy4eH ONTUMAIbHBIA anro-
PUTM IE€HCTBUU.

B xozme ycTpaHeHUs 0TKa3a OCYILECTBIEHA KOPPEKTUPOBKA
ONTHUMAIBHOTO aJTOPUTMAa MPU M3MEHEHWH BXOJHBIX JTaHHBIX
(o pesynbpTaTaM W3MEpEHHUH, M3MEHEHHIO MOe3THON obcTa-
HOBKH, NPOBEIEHHBIX HCIBITAHUHN), BBIOAH DSl PEKOMEHIa-
1M, 10CJIe YCTPaHEeHUsI 0TKa3a MPOBe/ieHa MPoBepKa paboTo-
CHOCOOHOCTH.

Ornogemienne ——> [loaroroska ———x—> TIpuGsITHE » [Touck » YcrpaHneHue
K HOUCKY
- ot JICII; v - MENIKOM;
- ot Y], - c6Op UHCTPYMEHTOB - TPAaHCIIOPTOM. - IIpOBEACHUE - 3aM€Ha HEeHCIPaBHBIX
- or CTAM. U MaTepUaIOB. JMOMOJTHUTEITBHBIX 3JIEMEHTOB YCTPOMCTBA,
U3MepeHu peryJmpoBka.
(oTcyTCcTBYyIOIIHE B
CTAM), npoBepoK. ’7
v
—> [loaroroBgka ——— t———> Ilouck VYcrpaneHue
K HOUCKY i l
v
- OIIpEAECJIEHUE MeCTa U - npoeeoenue - IpOBEpPKA
XapakTep OTKasa; 0onoAHUMENbHBIX paboTOCIIOCOGHOrO

- OIpejieJIEeHUE OTKa3aBIIEero
YCTpOHCTBAa;

- cOop u aHaNM3
JUarHOCTUYECKON nHpopManuu
B CTIM;

- aHaJIU3 MOEe3HOM CUTyaluu;

- aHaIU3 TEXHUYECKOH
JIOKYMEHTALIUH.

uzmepenull,
OMCymcmeyowux 6
CTAM, u ux anarus

HCIIPaBHOT'O COCTOSIHUA.

ATIK-ITH

Puc. 4. TIpornecc BocctaHoBIeHUs] pabOTOCIIOCOOHOCTH YCTPOWCTBA IIPU UCIIOJIb30BAHUH
ABTOMAaTHYECKOH caMoo0yuaroleiicss CHCTeMBbI

OMUCAHUE CUCTEMBI ATIK-TTH

AnmapaTHO-TIPOTpaMMHBIN KOMIDIEKC aBTOMAaTH3UPOBaH-
Horo moucka HeucnpaBHOCTH (AIIK-ITH) ¢ MoOWIBHBIM 13-
MEPHUTENBEHO-ITPOTPAMMHBIM KOMILICKCOM TIpeTHA3HAYCHA IS
AaBTOMATH3allMM IIOMCKa HEUcCHpaBHOCTH ycTpoicTB JKAT,
MIPOTOKOJMPOBAHMS TpoIlecca MOWCKAa HEHCIPaBHOCTH, MpPO-
BEPKH PabOTOCHOCOOHOCTH YCTPOWCTBA TOCIE YCTpaHEHHS
HCUCIIPABHOCTU M MPEAOCTABJICHUA I/IH(bOpMaHI/II/I OIcpaTuB-
HoMy mnepcoHany. Buenpenume AIIK-IIH mpennonaraer no-
CTIYKEHHE CIIETYIOIINX PE3yJIbTaTOB:

— COKpallleHHEe BPEMEHH BOCCTaHOBJIIEHHSI PabOTOCIOco0-
HOCTH yCTPOWCTBA;

— MOBBIIICHUE 0E30MacHOCTH U Oecrepe0OHHOCTH JIBHXKE-
HUSI TTO€37I0B;

— COKpalIeHHUE IKCIUTyaTallHOHHBIX PACX0/I0B;

— pa3BuTHE WHPOPMALMOHHOTO OOMEHAa MEXIY CMEKHBI-
MU OTACTICHUSIMH.

OcuoBubME nensamu cosmanns AIIK-TTH asasrorcs:

— COKpAIIIEHNE BPEMEHH IIONCKa HEUCIIPAaBHOCTH;

— COKpAIIIEHHE KOJIMYECTBA 33aJepKEK MOE3I0B M UX IIPO-
JIOJDKUTEJILHOCT;

— COKpalleHHe BIHMSHUS YeloBeYecKoro (hakTopa Ha Ipo-
1ecc MoMcKa HEUCIIPaBHOCTH;

— YMEHBIIICHUE TPYJOEMKOCTH paboT 10 BOCCTaHOBJIEHHIO
pabotocniocobHOCTH yeTporicT KAT;

— COKpaIl[eHHE «IT0CIETPOPHIAKTHIECKIX) OTKa30B.

Jlyist aBTOMAaTH3aluK BBIIETIEPEYHNCICHHBIX ONepanuii cu-
crema AIIK-ITH obecnieunBaet:

— c6op napopmanuu ot CT/IM;

— 3arpy3Ky TEXHHUYECKOH NOKyMEHTAI[MH M3 aBTOMAaTH3H-
POBaHHOTO paboYero Mecra BEJCHUS TEXHUYECKOW JTOKYMEH-
tanuu (APM-BT/);

— 0TOOpaXKeHHE AITOPUTMA IIOUCKA HEUCIIPABHOCTH;

— BBIJICJICHUE HA TNPUHLIUMNHAIBHBIX CXEMaX BO3MOXHBIX
HEHCIPaBHBIX 3JIEMEHTOB M yKa3aHUE TOYEK JIOMOIHUTEIbHBIX
HU3MEpEeHNnH;

— NPOTOKOJINPOBAaHUE MpoLecca IIOMCKA HEUCTIPABHOCTH;

— MHTETPaLHIO C ICHCTBYIOMMMH CUCTEMaMH KOHTPOJIS,

— B3auMo/IeiicTBHE ¢ 0a3aMM JaHHBIX KOMIUIEKCHOH aBTO-
MaTH3MPOBAHHON CHCTEMbI YIPAaBJICHHUS XO3SHCTBOM LEHTPA-
JM3aliH, CUTHAIN3AIMNA ¥ OJIOKMPOBKH BTOPOTO IOKOJCHUS
(ACY-11I-2).
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Ha ocHOBe mocTaBieHHBIX BBILIE 3a/a4 U LeJel mpeacra-
BuM cTpykrypy cuctemsl AIIK-ITH. Cucrema AIIK-TTH
BKJTIOYAET B ce0s OACUCTEMBI:

— cbopa uapopmanuu B CT/IM;

— 3arpy3KH TEXHHYECKOH HOKYMEHTAalWH II0 YCTPOHCTBaM
XKAT;

— aHamm3a auarHoctmdeckor mHpopmarmu w3 CTAM u
TeXHUYEeCKO noxkyMeHTanuu n3 APM-BT/];

— IIOCTPOEHHSA W OTOOpaKCHMSI AJITOPUTMA IOMCKA HEWC-
npaBHocTH yctpoiictBa JKAT, a Takke M300pakeHHUS TOYEK
MOJIKIIIOYEHHUS U1 JOTOJHUTENBHBIX HM3MEPEeHU M BBIIEIe-
HUS TIPOBEPSIEMBIX JJIEMEHTOB Ha TEXHWYECKOH IOKyMEHTa-
e (IPUHIUITHATILHON cXeMe);

— mpoBepku padbotocrnocobHocTn ycrpoiictBa KAT mocne
yCTpaHEHUs! HEUCTIIPAaBHOCTH;

— U3MEpEeHNs] AUAarHOCTHYECKUX MapaMeTpoB M MX aHaJId-
3a.

VYcerpoiictBa, anst kotopbix cuctema AIIK-ITH ocymects-
JISIET TIOCTPOCHUE AITOPUTMOB ITONCKA HEHCIPABHOCTH!

— IEHTPAIN3AIMN CTPEJIOK U CUT'HAJIOB,;

— ITyTE€BOH OJIOKMPOBKH;

— MepEee3HON U 3arpaJUTeIbHON LIEHTPATIU3aLuu;

— (opMHpOBaHUS U IepeJadll CUIHAIOB aBTOMATHUYECKOH
JIOKOMOTUBHOM CUTHAJIM3allMd  HENPEPBIBHOIO  JEUCTBUS
(AJICH);

— npyrue ycrpoiictBa JKAT, kontponupyemsie CT/IM Ha
0aze anmapaTHO-IIPOrpaMMHOI0 KOMILIEKCa IMCHETYEPCKOro
kontpoist (AIIK-/IK).

Ha ocHoBe 00mmux chopMyIupoBaHHBIX TPEOOBAHUMN K CH-
creme AIIK-ITH BbIOpaH mepapXW4ecKuil MPHUHIMII ITOCTPOe-
HUSI ¥ BBIJICJICHO J[BA YPOBHSI:

— TuHEHHBIH TyHKT cOopa wmHpopmanuu (JIIIC), mpen-
CTaBJISTOIIAN coboit MOOMIILHBIH HU3MEPUTEIEHO-
MIPOTPaMMHBIH KOMILIEKC (YPOBEHB 1);

— IEHTPAJIBHBIM MYHKT MOCTPOEHHS AJTOPUTMOB MOUCKA
nHeucnpasaoctn (LIIITA-ITH) B aucTaHOMAX CHUTHAIM3AINH,
neHtpanu3aun u 61okuposku (CLIB) (ypoBeHs 2).

Wepapxuueckas crpykrypa cuctemsl AIIK-ITH npusenena
Ha pucyHke 5. Ha ypoBHe 1 pacmnosoeHbl TUHEHHBIC MyHKTHI
cOopa JIOMOJHHUTENBFHON JMAarHOCTHYeCKOW WH(OpMaIuu
(JITIC), BBIMONHSAIOMINE AOTIOJHUTEILHBIE H3MEPEHHsI TUarHo-
CTHYECKUX IapaMeTpoB 00BEKTa KOHTPOJS U (QYHKIHHU TIpHe-
Ma C LEHTPAJIBHOIO MyHKTa ajJroOpuUTMa IMOHCKa HEHCIPABHO-
CTH.

B cnydae oTcyTCTBHS TEXHHUYECKOH JOKYMEHTAllMU Ha OT-
KazaBIllee YCTPOHCTBO HEOOXOIMMO 3arpy3WUTh THIIOBYIO CXe-
My Il COOTBeTcTBYIomeH cuctembl Ol mim AB, B cocTtase
KOTOPO#1 3KCILTyaTUPYETCsl yCTPOUCTBO.

[ocne momydenus momHoro odobema mH(popMarn AITK-
IIH HaunMHaeT cUHTE3 aJropuTMa NOMCKAa HEHUCIPABHOCTU HA
OCHOBE CBOE€i 6a3bl 3HAHUI U BBIJAETCS CIUCOK MUHHMAJIbHO-
ro KOJIMYEeCTBAa BO3MOXKHBIX HEHUCIPABHBIX 3JIEMEHTOB B TOU
MIOCJIEI0BATEILHOCTH, B KOTOPOH HEOOXOMMO OCYIIECTBIISTh
MIPOBEPKU C IIETbI0 COKpAIlleHUs] BpeMeHHU noucka. B cimydae
HEJI0CTaTOYHOTr0 00beMa JMarHOCTHYECKOH MH(popManuu A
(OpMHUpPOBaHUs CIIMCKAa M3 MHHUMAJIBHOTO KOJMYECTBAa BO3-
MOXHBIX HeUcHpaBHbIX 35ieMeHToB, B AIIK-ITH cunTe3upyer-
Csl aJTOPUTM JOTIOJTHUTEIBHBIX N3MEPEHHH THArHOCTHYECKHX
IapaMeTpoB YCTPOMCTBA VISl COKpAIIEHHUs 00JIacTH MOMCKA U
BBIABIICHUS] HEMCIIPABHOTO 3JIeMEHTa. Takke mpexycMaTpuBa-

€TCsl BBIAEICHUE DJIEMEHTOB Ha MPHUHIUMNMAIBHBIX CXeMax
ycTporicTBa, nony4ueHHBIX u3 APM-BT/I, xotopsie HeobOXo-
VMO TIPOBEPHUTH, M YKa3bIBAIOTCS TOYKH JIOMOTHUTEIBHBIX
HU3MEpPEHUH.

| uTAM EAW) |

0

YpoBeHb 2

APM-MH, APM-LLIY,
(LleHTpanbHbIN NYHKT)

YposeHb 1 ( YposeHb 1 (NNA)
MoGunbHbIi APM-LIH
UMK APM-LLHC
(nne) KoHueHTpaTtop &
nng
YcTtpoiictBa
XAT

Puc. 5. Crpykrypnas cxema AIIK-ITH

JHanee chopMUpOBaHHBIN CIIUCOK MUHHUMAJIBHOTO KOJIHYE-
CTBa BO3MOXHBIX HEUCIIPABHBIX 3JICMCHTOB 0o CHUHTEC3UPO-
BaHHBIN aNTOPUTM AONOIHUTENIBHBIX M3MEPEHUN JUArHOCTH-
YEeCKMX MapaMeTpOB YCTPOMCTBA IMEPEJaeTCs Ha JIMHEHHBINA
nyHkt CT/IM — aBTOMaTtu3npoBaHHOE pabouee MECTO MeXa-
Huka (APM-IIIH) u Ha nmuHEWHBIA MyHKT cOopa mHOOpMAIH
— MOOWJIBHBIH W3MEPHUTENBHO-TIPOTPaMMHBIA  KomInieke. C
TIOMOIIBI0 MOOMIIBHOTO HM3MEPUTEIbHO-TIPOTPAaMMHOTO KOM-
IUIEKCAa OCYIIECTBISIFOTCS! JOTIOJHHUTENIbHBIC M3MEPEHHs JHa-
THOCTUYECKHX MapaMeTPOB yCTPOICTBA U MPOU3BOAMTCS aHA-
JIM3 pe3ysibTaToB U3MepeHuid. Ha ocHOBe aHanu3a pesyibra-
TOB U3MepeHUsl (POPMHUPYETCS] CIIMCOK BO3MOXKHBIX HEUCIIPAB-
HBIX 371eMeHTOB. [[aHHbIE O pe3yabpTaTax MOMCKa HEUCIIPABHO-
CTH IIepealoTCsl Ha CeTeBOM MPUHTED, I/I€ MeYaTacTcs UTOTo-
BB mpoTokoul. Takxke nHpOpManMs nepenaercs 0OpaTHO Ha
pabouee mecto mucrierdepa craniuu CLB (APM-1IY/), mo-
ciie yero uHdopmarus 3aHocutcs B 0a3y naHabix ACY-I11-2.

3AKJIIOYEHUE
[IpousBeneH pacueT 3KOHOMHYECKOTO 3(p¢eKTa 3a cYeT
COKpAILCHHUSI HETUIAHOBBIX NIEPEPHIBOB B JIBIDKCHHUH ITOC3/I0B.
OKOHOMHMS 3a CUET COKpAIICHHS BPEMEHH IIPOCTOS COCTa-
BUJIA

On= Tcncp r.* Cmr. + Tcncp n* Cumn Tcncp mp. Cm mp. = 290 764 py6

Pacuer sKOHOMHHM 3a CYET COKpaIleHHs BPEMEHHU IPOCTOS
MOE3/I0B INPH COKPALIeHUH BPEMEHU IIOMCKAa OTKa30B B
ycrpoiictBax CLb. K 3agep:kkaMm Moe3I0B NPHUBEIU OKOJIO
41,9% Bcex 0TKa30B; KOJIMUECTBO OTKA30B Noryx/sn = 255.

[TpuBeneHHBIE 3aTpaThl, CBA3aHHBIE C OJHOW OCTAHOBKOM
moesna Con = 191 pyo.

OKOHOMHSI MOE€370-4acOB IPH YMEHBUIICHHH BPEMEHH
ycTpaHeHus oTkasza Ha 27,5% AT, = 0,64.

CokpalieHne  KONMYECTBAa  3a/EPXKAHHBIX  I10€3/I0B
IIPU yMEHBIICHUH BPEMEHU yCTpaHEHus oTkaza Ha 27,5%
ANy = 165.

DKOHOMHMS 32 CUET COKpALICHUs] BPEMEHH IMPOCTOsI MOe3-
JIOB TIPH COKpAIlEHHH BPEMEHM IOHMCKAa OTKa30B B YCTpPOii-
ctBax CLIb coctaBut (Ha OJMH OTKa3):

3110(1) = (Cnrm + Crmr + Cnrmp) : ATn +C0n - AN, = 36516 py6.

Humennekmyanvnvle mexnoao2uu na mpancnopme. 2020. No 1 52



Intellectual Technologies on Transport. 2020. No 1

IIpu Norgsn = 255 IKOHOMUSL COCTABHUT:
S0 = Nonean * Ino(1) =9 311 570 py6.
I'onoBoit sxoHOMUUecKHid 3 hexT:
3Or =D + Dro=290 764 +9 311 570=9 602 333 pyO.

Onucanneiii AIIK ycmemHo npuMeHseTcss B AWCTaHIIAA
CLB Ha OKTSIOpBCKOIt JKEIIe3HOM Jopore.
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Abstract. The most frequent reason for the violation of the
train schedule is the failure of the technical facilities of the infra-
structure complex. The number and duration of train downtime
and, as a result, the economic losses of Russian Railways JSC
depends on the time of search and elimination of failures.

Today, failure search is carried out in an intuitive way.
In practice, such a path leads to unnecessary time costs.

In the study of methods for constructing algorithms, they
were classified in terms of the possibility of constructing a model
in which each step is a function of all previous steps and the func-
tions cover the entire space of failures. We built these functions
and described the generation model of such functions. Such
a model for constructing functions can be applied to any tech-
nical branch. For the railway infrastructure, 6 functions were
obtained. An automatic self-learning system has been developed,
which is a multilayer neural network constructed according
to a recurrence model.

Based on this model, a hardware-software complex was im-
plemented and tested.

Keywords: neural networks, systems of technical diagnostics
and monitoring, recurrent model, railway infrastructure,
automatic search for failures, failure of technical means, neural
networks, hardware and software complex.
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Annomayusa. B nacrosimeii padore ¢opman3oBaHa U pele-
Ha CTAaTHCTHYECKAsi MTPa, B pe3yJbTaTe ITOr0 pelieHust ObLIO0
NOJIy4eHO: ONTUMAJIbHOE PAHIOMHU3MPOBAHHOE pellalollee Npa-
BIJIO, BEPOSITHOCTh NMPABUJIBHOIO pelleHHsl 10 3TOMY NpaBuUJIY,
HauXy/lllee A[PUOPHOE paclpeiesieHHe YPOBHell 3HAHUH TeCTH-
pyemsbIx. Bbl1 pa3paGoTan MeTo OLleHKH TOYHOCTH U HAXEKHO-
CTH NMPHUHATHA PelieHHs MO pe3yabTaTaM TecTHpoBaHus. [loka-
3aHO0, KaK MPeJI0KeHHBIH MeTO/I MO3BOJISIET OHEHUBATH HAIEHK-
HOCTh pellieHHs1 Ha MpUMepe TecTa, coaep:xkamero 10 3apanuii ¢
Pa3IUYHBIMA YPOBHAMHU TPyAHOCTH W 11 pa3sjiMYHBLIMH YPOBHS-
MH 3HAHHIA.

Kniouesvle cnoea: cratucTudeckas urpa, mouaeJjb Pama,
TECTUPOBaHUE, YPOBCHb 3HAHMH.

BBEJIEHUE

I'maBHBIMH LETSIMM TI€JATOTHYECKOTO TECTHPOBAHUS SIB-
JIIOTCSL OLIEHKA YPOBHS 3HaHUH (IOATOTOBKH) TECTUPYEMOTO
U TPUHATHE PELIeHus 1o ero pesynsraTy. K coxxanenuto, pe-
3yJIbTaT TECTUPOBAHUS (YMCIIO BBHITIOJHEHHBIX 33/IaHUN TECTa)
3aBHCUT HE TOJNBKO OT YPOBHS 3HAHUI TECTUPYEMOT0, HO U OT
psna Opyrux, IUIOXO MPOTHO3MPYEeMBIX ¢(akTtopos. [TosTomy
aJeKBaTHas MOJENb 3aJaud NPUHATHS PEIICHUH OJDKHA
BKJIIOYAaTh BEPOSTHOCTHBIE KOMIIOHEHTEI.

I'mbxast MoziesIb TOCTPOEHHS ONTUMAIBHBIX PAaHIOMHU3HPO-
BAaHHBIX pEIIeHHH, oOecledynBaromas y4eT pa3zHooOpa3HBIX
BUJIOB PELIEHUH, allpUOPHBIX PACIpENEICHU Ha MHOXECTBE
YPOBHEH 3HaHMM, pa3JIUYHbIX YPOBHEH CIIOKHOCTH PELIAEMbIX
3aJ]a4 MOXKET OBbITh peaii30BaHa B paMKax TEOPHUU CTaTUCTHU-
YECKHX HUTp.

TIIOCTAHOBKA 3AJIAUU

O6o03naunm uepe3 O = {04,0,,...,0,} MHOXeCTBO BO3-
MOJKHBIX YPOBHEH 3HaHUH TecTHpyeMbIX, X(0) — ciyuaiiHas
BENMYMHA (YMCI0 HAaOpaHHBIX OAIOB TECTUPYEMBIM C ypPOB-
HeM 3HaHuil O npu BeimonHeHun Tecta T). Ilycte D =
{dy,dy, ..., d,} — MHOXECTBO BO3MOKHBIX PELICHUI, KOTOPBIE
MOXXET MPHUHATH JIMIO, npuHuUMatoniee perienue (JIIIP) mo
pe3ysbTaTaM TECTUPOBAHMUSL.

[TpumepaMu TakuX pEUICHHH MOTYT OBITH CIEAYIOIIUE
MHOKECTBA PEIICHHH:

1. Tounast (Toue4Hasi) OLEHKA YPOBHS 3HaHUH TeCTHpYye-

MOro:
dl = 61, dz = 92, vy dn = en.

(Pemenune dj cocTOMT B TOM, YTO YPOBEHbL 3HAHUH TECTHpYe-
MOro pageH ;).

2. I/IHTCpBaHLHaH OLICHKA YpOBH 3HAHUHN TECTUPYCMOTO:
dl = AI’ d2 = Az, ey dm = Am .

rae A, A, ..., A, € © — HAOOp YACTUYHO TEPECEKAIOIINXCS
MIPOMEXXYTKOB, JJIEMEHTHI KOTOPBIX MOKHO HHTEPIPETHPOBATH
KaK IUIOXO IOATOTOBJICHHBIC TECTUPYEMBIC, YIOBIETBOPHU-
TEJIHO MOJTOTOBJICHHBIE U T. [I. WM KaK TECTUPYEMBIE, TOTO-
BbI€ K BBIIOJHEHUIO paboThl 1, pabotel 2 u T. 1. (Peenue d;
COCTOUT B TOM, YTO YpPOBEHb 3HaHMH TecTupyemoro O mpu-
HAJUIEKUT TIPOMEKYTKY Aj)

O6o03naunm yepe3 h(d, 8) Bemrpsin JIIIP B ToM ciyuae,
KOTJIa OH NpHHsUI perieHue d, a ypoBeHb 3HaHuil ObL1 0. Hc-
MOJIB3ys (DYHKIMIO BBIUTPHINIA, MOKHO MOJECIMPOBATh Kak
BBIIIIETICPEUNCIICHHBIC, TAK U MHOTHE JIpyrHe HaOopbl pere-
HUH.

Hanpumep, ¢pynkuus Bourpsiiia JITTP

_(1,ecn 6 € A(d);
h(d,0) = {O,I/IHa‘{e.

CTPOUTCS 110 JIOO6OMY HaOOpy JOBEPHTEIHHBIX HHTEPBAJIOB
Ay A, ..., ALC O.

O6o3naunm uepes X = {1,2,...,N} MHOXECTBO BO3MOXK-
HBIX 3HAYeHui ciydaiinoil Bemuuunbl X(0), a uepes Py(x) =
= P(X(8) = X) BEpOATHOCTH COOTBETCTBYIOLIETO COOBLITHSI.
OTH BEpOSTHOCTH MOTYT PacCYHMTHIBATHCS Kak Mo (Gopmyiie
Bepuynmu Py(x) = CXp*(1 — p)N™*, ecnm Tpymmoctn Bcex
3aJ[aHuii TecTa OJIMHAKOBBL. B TOM ciiyuae, KOTa TPYAHOCTH
3a[aHUil Pas3IMYHBL, MBI ONpEIETHM CIYYailHYI0 BEIHUHHY
Xy (0), 3HaueHHE KOTOPO MONOKUM PABHBIM EAUHUIIE, €CIN
TECTUPYEMBIH C YpOBHEM 3HaHHI O BBHIIONHWI k-¢ 3a/aHue
TecTa, U HyJI0 — B IPOTUBHOM ciydae. O003HauuM uepes
p(k,0) = P(Xx(6) =1) BepOATHOCTH COOTBETCTBYIOIIETO
cobbiTus. Torna ciyuaiinas BenuunHa X(0) paBHa cymme co-
OTBETCTBYIOIMX CITyYAHHBIX BEIMYHUH:

X(0) = X1(0) +X,(0) + -+ Xn(8).

B atom ciyuae BepositHOCTS Pg(X) paccumThiBaeTes 1Mo us-
BeCTHBIM (popmynam [1].

O6o3HaunM depe3 O (YHKIHIO, CTaBAMIYIO KaKIOMY
HaOJlroraeMoMy Oaluly X pelleHue U3 MHOXxecTBa D, To ecTh
6:X = D. MHoxecTBO Bcex pemaronux (YHKIHA Mbl 000-
3naunm yepes D = DX. O603Haunm uepes
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H(8,0) = Xi=; Po(xi0h(8, 8(x1)- Q)

MaremaTudeckoe oxkuaanue Bburpbima JIIIP, ecnu oH wuc-
TOJIb3YET PEIIaloNLyo (GYHKIHIO 8, a YPOBEHb 3HAaHUH TECTH-
pyemoro paBeH 0. B Tom ciyuae, xorma ¢ynkuus h(d, 0)
OIIpeZiesIsieTcsl 4epe3 Habop JIOBEPUTEIbHBIX WHTEPBAJIOB,
¢byukuus H(S,0) paBHa BEpOATHOCTH TOTO, YTO TOYHOE 3Ha-
YEeHHE YPOBHS 3HAHUHM TECTHPYEMOTO HAaXOIUTCS B NPEIbSB-
JIIEMOM  JOBEPHUTENEHOM HMHTEpBajie, IIOCTPOCHHOM IIO
HabmogaeMoMy 0aury X B COOTBETCTBHUH C pemaromeii hyHK-
nuei 8.

3aMCTI/IM, YTO HaMMEHbIIasg BEPOATHOCTH TOT'O, YTO Ha60p
Ay A, ..., Ay, TIOPOXACHHBIM pemaromiei  ¢GyHkiued 6,
HaKpOET HEW3BECTHBIA mapameTp O, Ha3bIBAaeTCS JOBEPHUTEINb-
HOW BEPOSITHOCTBIO JUIsl 3TOro Habopa (It 3TOW pemnrarorieit
(YHKIINH), TO €CTh

v =v(8) =minP(6 € A(5(Xq))) -

B Tex ciydvasx, Korjia anpHopHOe pacrpeielicHue YpoBHeit
3HaHHU V U3BECTHO, TO HAMJIYHIIYIO PEIIAOIIYI0 (GYHKIHIO &),
MOJKHO [IOCTPOHTH B COOTBETCTBHH C PACIIPEAeICHHEM

H(5,,v) = max H(6,v),

KoTopas Ha3bIBaeTcs baliecoBckoii pematomeit Gpynkuueii [2].

Ecnu  anpuopHoe  pacmpeneneHue  HEU3BECTHO, TO
HaWIyqlIylo Pealontyo (GyHKINIO CIIEAYET UCKAaTh U3 pelle-
uus craructuueckor umrpel ' = (D, 0,H), B kortopoit D —
MHOJKECTBO peIIAIONINX (YHKIUH (MHOXKECTBO CTpaTerHi
JITIP), ® — MHOecTBO BO3MOKHBIX YPOBHEH 3HAHHMH TECTH-
pPYyeMbIX (MHOXKECTBO COCTOSHHU MPHUPOABI), (DYHKIUSI BBIUT-
peia JIIIP B cratucTuyeckoi urpe, 3Ha4eHUss KOTOPOM Haxo-
nsres o opmyiie (1).

Jlns pemieHust MAaTpUYHOM UTPBI COCTAaBUM Iapy B3aUMHO
JBOMCTBEHHbIX 3agad. M3 mepBoil 3amaunm Mbl Haljewm:
HaWIy4llyl0 paHJOMH3HPOBAHHYIO pEHIAIONy0 (DYHKIHIO

u = (U, Uy, ., Uy), U3 BTOPOH — HaUXyJllee arnpHOPHOE
pacnopeneneHue v, a o0liee 3HAUYCHHE ITUX UTP — 3HAYCHHE
urpsl I
IIpsimas 3apaua:
vV - max,
N
Z A*By, = v1,,,
k=1
n
Zu’=1; pr =0, k=1N; j=1n

j=1

JIBolicTBEeHHas 3a/a4a:

3

VIAKB < u,1i; k=1,N; Zvi =1.
i=1

W3BeCcTHO MHOTO CIIOCOOOB pelIeHUs] 3ajaady JIMHEHHOTo
nporpamMupoBanusi. Hanbosee yMECTHBIM 3/1eCh ObUT OBbI JTH-
HaMHYECKHUI MeTo [3], crienuaibHO pa3pabOTaHHbIH aBTOPOM
JUI CTATHCTHYECKUX UTP C MOPOTOBBIMH (DYHKIMSIMU BBIWT-

peima. OHaKo B MPOCTEHIINX CITydasiX CTATUCTUYECKYIO UTPY
MOXHO pemmuTh cpeactBamu MS Excel. Xors 3Tm MeToIsI
YacTO HE JAIOT TOYHOrO PELICHUs, OHU BCETJa YKa3bIBaIOT
JIOMYCTUMBIE pELIeHUsI 3a[1a4 U, CJIeJOBATEIbHO, BEPXHIOI U
HIDKHIOIO OTICHKH MAaTPUYHOU UTPHIL.

IIPUMEP
[IpenmonoxwumM, 9T0 TeCcT cocTOMT M3 10 BOMPOCOB H
CTaTUCTUK MPUHUMAET PELICHKE TI0 Pe3yIbTaTaM 3TOTr0 TeCTa.
[IpocTpancTBo HabOmrOAEHUI X coctout u3 11 ymcen: ot Hyns
10 10. BepossTHOCTh NpaBHJIBHOIO OTBETa Ha OAMH BOIPOC
TecTa paBHA YPOBHIO 3HAHUN TECTUPYEMOI0, BO3MOXKHBIE 3HA-
YEeHHs KOTOPOTO COCTaBIISIIOT MHOXKECTBO

0 = {0,95;0,85;0,75; 0,65; 0,55; 0,45; 0,35; 0,25; 0,15; 0,05}.

Torma BeposITHOCTH MPAaBWIBHO OTBETUTh Ha X BOIPOCOB
Haxogurcs 1o ¢popmyine beprymm:

Py(x) = C¥ -6 (1—0)1°%, x =0;10.

CraTtucTuk, OIEHWBas YPOBEHb 3HAHUS HCIIBITYEMOTO,
CTaBUT OJHY M3 CIEAYIOIIMX 4YEThIpeX OLeHOK: D =
{oTa.,x0p.,yA.,Heya. }. [Ipudem oTiIMYHAsS OLIEHKA CTaBUTCS
UCTIBITyeMBIM, uMeronmM 95% u 85% 3HaHui, xopomas — OT
75 mo 55%, ynoBnerBoputensHas — oT 45 1o 35% u HEyno-
BJIETBOPUTEIBHAS OCTAIBHBIM.

CocraBum craructuueckyio urpy I = (D,0,H) u pemum
ee B CMEIIaHHBIX CTpaTerusx. Marpuiia BBIMIpHINIA B pac-
cMarpuBaemMor urpe umeer pasmep 44 X 10. K coxanenuto,
cpeactBa MS Excel He MO3BOJISIIOT TOYHO PELINUTH IBE B3aHM-
HO-/IBOMCTBEHHBIE 3amadd. Ho MBI momydaeM BEpXHIOI H
HIDKHIOIO OLICHKH 3HAYEHUsI UTPbI, paHJOMH3HPOBAHHYIO pe-
MIAIOIIYI0 (PYHKIUIO M HAUXY/IIIee allpHOPHOE pactpeieJIiCHUe
napamerpa 0 [4, 5].

B pesynbprare pac4eToB MBI ISl 3HAUEHHS UTPBI MOTYIUM:
HwkHo0 (0,519) u BepxHioio (0,562) orieHKH 3HAYEHUS UTPBHI.

Tabnuna 1
PanmoMusupoBanHas pemaromas QyHKIHS [

Hio | Ho | Hg | U7 | He | U5 | M4 | H3 | H2 | 1 | Ho
ot | 1,00(0,49(0,75| 0 | 0 | 0o | 0o | 0| 0| 0| O

xop | 0 |051]024]095/0,75/0,70] 0 | o [ 0 | 0 | 0O

ya 0 0 0 10,05{0,25{0,30{1,00|{1,00| 0 0 0

Pemenust

ueyn| 0O 0 0 0 0 0 0 0 |[1,00]1,00 1,00

B cronbmax 3Toit TabNHIEl yKa3aHBl BEPOSATHOCTH, C KOTO-
pbiMu CTaTHCTHK YKa3bIBaeT TO WM MHOE PEIIECHHUE B 3aBUCH-
MOCTH OT HaOJIOJCHHS.

Urax, BeposiTHOCTS IpaBUIIbHOTO pemieHns CTaTucTuka 00
YPOBHE 3HaHMM CTYJEHTA IO pe3ysibTaTaM TECTUPOBAHUSA Jic-
KHUT B npoMexytke oT 0,52 no 0,56. Takum oOpazom, mpu-
MepHO B 50% cimyyaeB CTaTUCTHK MPUMET HEBEPHOE PELICHHUE
00 ypoBHE 3HaHUH UCTIBITYeMBbIX [6—9].

Tabnuna 2
Hauxynmiee anpropHoe pacnpeseneHue mapamerpa 0

0; [ 095085075065 055|045 035|025 0,15 | 0,05

Vi |0,00]011]001|004]025]019]|0,15]| 0,26 |0,00 | 0,00
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ITomyuyeHHbIE 3HAUEHUS! UIPHI ABJSIOTCS HIDKHEH OIIEHKOM
W MOTYT OBITh YJIy4IIEHBI NPH M3BECTHOM alpUOPHOM pac-
npeaenenun. Kpome TOro, npeacTaBisieTcss MalIOBEPOSTHBIM,
YTO arnpHOpHOE paclipe/iejicHue YPOBHEH 3HAHUH COBMAIET C
HaMXyIIIHM allpHOPHBIM pactpeieliCHHEM.

XOTs B NMPUBENCHHON TOCTAaHOBKE M HE YYUTBIBAIOTCS BCE
0COOCHHOCTH OpTaHW3alMK TECTHPOBAHMSA, HO TPH HEOOXOMIH-
MOCTH OHa MOXKET OBITh yTOYHeHa. OZHAKO 3HAYCHUE UIPHI Ma-
JIO YIIYHIIUTCS TIPU BBEACHHU B TeCT OOJIBLIETO YMcia BOIPO-
COB. AHAJOTMYHBIE TIPIMEPHI pACCMOTPEHHI B padoTax [10-13].

MOJIEJIb PAILIA

CoBpeMeHHBIII METOJT OLIEHKM YPOBHS 3HaHHM TecTHpYye-
MOTO OCHOBAaH Ha TEOPHH NapaMeTpU3alliM IMeAarormyecKux
TECTOB WJIH, B aHJIMHCKOM BapuaHte, [tem Response Theory
(IRT) [14, 15]. [lepeuncnuM OCHOBHBIE NPEIIIOIOKEHHUS ITOH
TEOPHH.

e Kaxxnplif TecTUpyeMbIil IMEET HEKOTOPBI ypOBEHb MOA-
TOTOBKH (3HaHHI) O M3 MHOXXECTBa BO3MOXHBIX (IOMYyCTH-
MBIX) ypOBHEH MOATOTOBKH © € R.

e Kaxxnomy 3amanuio T tecta T NPUIMCAHA XapaKTEpH-
cTrdeckas (YHKIUS BBIIOJHAMOCTH 3TOro 3amaHus p.(0),
3HA4YEHHE KOTOPOH — BEPOSITHOCTHb BBINOJHEHUS 3aJaHus
TECTUPYEMBIM C YPOBHEM MOAroToBICHHOCTH 6. OueBHIHO,
4to 0 < p.(0) < 1mpu 6 € 6.

e OneHKa ypOBHS 3HAHUN TECTUPYEMOIO MPOUCXOAUT IO
pe3yabTary BbINOAHEHUS UM N 3aiaHuil Tq,Ty,.., Ty TECTa C
XapaKTepPUCTHIECKUMH GYHKIMAMH P, (8),01,(0), ..., pr,, (0).

e Kak cIOXHOCTh (TPYOHOCTB) 3aJaHHA T, TAK U YPOBEHb
MIOJATOTOBKH TECTUPYEMOTO O MOKHO U3MEPSITh B OJJMHAKOBBIX
eIMHMIAX, CJIEJ0BATelbHO, pa3HOCTh (T — 0) mnokasbiBaeT
CTEICHb NPEBBIIICHUS TPYJHOCTH 33aHHs Haj YPOBHEM IOJ-
TOTOBKHU TECTUPYEMOTO.

B Teopun mnapamerpusanuMu MEJArorHYECKUX TECTOB
MIPEATNOAraeTcsi, YTO BEPOSTHOCTh IPABUIBHO BBINOIHUTH
3aJlaHie TPYIHOCTH T TECTUPYEMBIM C yYpPOBHEM IIOATOTOB-
neHHocTH 0 paBHa

p:(8) =p(® -1 = (1+exp(~(6 D))

(monens Pama) [3].

[Nepeiinem Temneps K 00IIEMy CITydaro OIICHKH MMapaMeTPOB
B Mogenu Pamma. IIpearnonokum, 9To n TECTUPYEMBIX BBITION-
HAIOT TecT T copepxkaiiuid N 31aHUI TPy IHOCTEN:

T, <1, <...<Ty.

Torga BEpOATHOCTD TOTO, YTO i-i TECTUPYEMBIN BBIIIOJIHUII j-€
3aJjaHUe TecTa paBHa

pij=1+exp(6;—1))', T, ER.

OGo3HaunM 4epe3 ¢; KOIMYECTBO YYaCTHHKOB, BEPHO BbI-
TIOJTHUBIIMX 33/IaHAE C HOMEPOM j (YUCIIO IEPBUYHBIX 0aJuIOB
j-To 3amaHwus); b; — KOIMYECTBO BEPHO BEHIIOJHEHHBIX 3a/1a-
Hull ygacTHHKOM ¢ HoMepoM i. (Kak mpaBwiio, 3T0 BCe Ienbie
qucia oT 0 10 N BKIIOYHTENBHO). O1eHKH
00,61,...,05: %0, %1, ..., Ty COOTBETCTBYIONINX  MApPaMETPOB
MOTYT OBITH ITOJYYSHBI 10 METOY MOMEHTOB HJIM IO METOXLY
HanOONbIIEr0 MpaBAonoaoous. s 3TOro JOCTaTOYHO pe-
[IUTH CUCTEMY ypaBHEHUH [5]

2

Bo3Mmo)kHBIE 3HaUeHHs IPaBbIX 4YacTed OSTOH CHCTEMBI
(uucna b;) — uensie yncna ot 0 1o N. [Toaromy cucrema (2)
cocTouT U3 2N+1 ypaBHeHui U coniepkuT 2N+1 HensBecTHOE.

3AKJIIOYEHUE

B pabote Oputa mocTaBieHa W peIIeHa 3ajada pacdeTa
HAJEKHOCTH PEIICHUH, NPUHIMAEMBIX II0 pe3ysbTaTaM Te-
cTHpoBaHus. B pesynbTaTe pelieHus CTaTUCTUYECKOW HUIPhI
HalileHBl: ONTHUMAJIFHOE PaHIOMM3MPOBAHHOE peIlaroliee
MIPaBUJIO (HaWJIyd4Ias OllEHKa yPOBHS 3HAHUH TECTHPYEMOTO),
BEPOATHOCTh MPABWJIBHOIO PELIEHHS IO 3TOMY IpaBuUIy,
HauxyJjllee anpHOpHOE paclpeneneHre YpoBHEH 3HaHUil Te-
CTHPYEMBIX (Takoe pacIpeleseHue YPOBHEH 3HAaHUH, MPU KO-
TOpPOM WCTHHHBIH YpPOBEHb 3HAHUH TECTUPYEMOTO TpYyIHEE
BCErO OICHUTH). K mpenMyIecTBy JaHHOTO IMOAX0Ma CIeIyeT
OTHECTH TO, YTO Mbl HE HAKJIaJbIBAEM HUKAKUX OTPaHUYCHUI
Ha pacrpeiesicHHe THIIOB TECTHPYEMBIX M TO, UTO PEIICHHE
STHX CTATUCTHYECKHUX WP IMOIy4eHO CTAHAAPTHBHIMH METOJa-
Mu. Kpome Toro, 3ameTrnm, 4TO MHOIY4YEHHOE pEIICHHE J0-
BOJIBHO yCTOI\/’I‘II/IBO K MaJIbIM U3MCHCHUSIM yCJ'IOBPII’I 3aJa4u.
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Reliability of Decision in Testing Problems

M. M. Lutsenko, D. A. Seytmanbitov, A. M. Baranovsky

Emperor Alexander I St. Petersburg State Transport University
Saint Petersburg, Russia
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Abstract. In this paper, a statistical game was defined and
solved. Its solution is: the optimal randomized decision rule, the
probability of a correct decision on this rule, and the worst a pri-
ori distribution of the test subjects knowledge levels. We have
developed a method for assessment the accuracy and reliability of
decision making by on test results. The proposed program allows
you to assessment the reliability of the solution for a test contain-
ing 10 items with different levels of difficulty, and 11 different
levels of knowledge level.

Keywords: statistical game, Rasch model, testing, knowledge
level.
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