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ABTOMATHYECKOE TECTHPOBAHHE NMEPH®PEPAMHLIX CPEACTB IHATHOCTHKH
HA OCHOBE METOIOJOI'MH MACCOBOI'O OBCIY KHNBAHHA

PaccMOTpeHs! BOTIPOCH HCMONB30BAHAA CHCTEME] MAccOBOTO OOCIYKHBAHMA AJA ABTOMATHYESCKOH OLCHKH KauecTRa paboTeI ne-
PHEPHIHEX YCTPOHCTE HHGPOPMALHOHAG-M3MEPHTENEHOH CHCTEMBI KOHTPOISL NOE3NOB B ABKWKEHAH. [lpeinoxena MeToJHEA pace-
Ta BEPOATHOCTH CBOGOAHOCTH YCTpOHCTB OT OOCNYKHBAHHA, CpeAHero vHcaa TpeGoBaHM# OXHAAOMMX Havana oGcHy:KHBaHNA,
OLEHKH BPEMEHH 3AJCPKKH ICPCIau makeTa wugopmauen, [lpa TecTupoRanun yuTeH abCcONIOTHEIH NPHOPHTET KOKTPOAA HPOXO-
JACTO TIOE38a HAT Niepeaadell JAAABIX aBTOAHATHOCTHKN nepudepniinex yerpoiicts. TTokasaHa 3¢QeKTHRHOCTE MOJENH ABTOAHA-
THOCTHKH ¢ HCTIOJIBIOBAHHEM CHCTEMBI MACCOBOTO OOCNYKHBAHWA U KOHTPONS HCOPaBHOCTH nepHepuiinoro olopyZoBaHud H

[ENOCTHOCTH COSAMHHTEIBHBIX THHHAH,

Benenne. HMexoanoii mndopMateii mpy moctpoe-

HHE MATEMATHICCKHX MOIEneil mpoleccok ¢yHK-
[MOHHUPOBAHMA CIOWKHBIX HHGOPMALHOHHO-H3MEPHTERHRIX
CHCTEM, K KOTOPbIM OTHOCHTCA MHOTOYPOBHEBAA ABTOMATH-
IAPOBAHHAA CHCTEMA KOHTPONA TIOABIKHOTO coctara ACK
T[IC, cmyxar nasreie 06 yenopiwnX paGotel nepudepHiHbX
yeTpoiicts. Jta andopManud Mo3BoNAeT HopMyTHpOBaThE
Tpe6opaniia K paspabaThiBacMoll MaTeMAaTHIECKOH Moje-
AH A4 MOACHCTEM ABTOMATHYECKOH CaMOAHATHOCTHKH,
ABMAIOIINXCA 00a3aTeNbHOl COCTABHON YacTBHY TAKHX
cueteM. B cocras ACK IIC sxoast nepudepuifapie MHO-
ropyHKIHOHANEHEIE KOMIUICKCHl TEXHHYECKMX CPEICTB
KTCM, CHCTeMBI ABTOMATHYECKOTO OTpeleNeHHd Hera-
GapUTHOCTH BaroHOB H MepeBOZHMBIX rpyzoB CAOH.
Hans4ye AOMONHHTENBHBIX HHOPMAHOHHEX BXOIOB B
6nokax KTCM mna nmopriroucHMA HHHOBALMOHHBIX INé-
pHepHiiHEIX H3MEPHTEIBHEIX YCTPOHCTE MO3BOIAET pac-
IMHPHTh CHHCOK JHCTAHUHOHHO AHATHOCTHPYCMEIX mapa-
METPOB KOHTPOIHPYEMOro MOABIKHOTO cocTaBa. Iepe-
YHCAGHHBIE YCTPOHCTBA CPABHHTENBEHC TPOCTO MOTYT
GBITE mogkmoueHsl k Moxymo MIIMK nepudepuiinoro
koHTponnepa ITK-05 kommiexca KTCM [1].

Tepenaua pe3ynbTaTOB ABTOMATHYCCKOTO TeCTHPOBAHHA
nepHepHIHEX YCTPOHCTE KOHTPOIS NPOXOMILIHX fI0e3/I0B
OCYIHECTBIDIETCA  CHCTEMOM MEpefavi NAHHBIX AHHEHHBIX
oyuxroe CITH, JIIT, a o0paboTka NpUHMMAaeMbIX NAKETOB
HHGOPMALHH TPOHIROIWTCA B ABRTOMATH3HPOBAaHHBIX palo-
unx MectaX APM NMHHEMHEIX H HeHTpalnbHBIX NYHKTOB KOH-
Tpoi, cooTReTcTBeHHO APM JITIK 1 APM LITTK.

T caMOIHArHOCTHKH MEXAY MepHQepHHHBIMH KOH-
Tpoiepamu IIK-05, cTaHUHOHHBIMH KOHLECHTpPATOPaMH
nHbopManuy KHM-6M H cepBepHBIM LEHTPAIBHBIM KOH-
uenTpatopoM uHpopmanun [IKHM otgencHma skenesHoit
JOPOTH YCTAHABNHBAESTCA peBepcHad nepegada uapopma-
LMA 119 HHPOPMAHOHHOTO 00MeHa MEKITY HHMH. YHer
aGCcoMoTHOrO NMPHOPHTETA ANCTAHIHOHHOIO TEXHHYECKO-
IO KOHTPOJIA NPOXOIAMNX MOE3/0B NPH Nepeaade JaHHBIX
ABTOMATHUECKOM AHATHOCTHKH O0YCIOBIHMBACT HCMONB30-
BaHHE CHCTEMBI MAcCOROTO o0cyxkmBaHus MO mma ycra-
HOBNSHIS 0UepelHOCTH Nepeaayul DaHHEIX ¢ NepH{epnii-
HBIX TyHKTOB kowrponsa IIK-05 Ha cepmepHmifi LIKH.
Cepeepupiif LIKH, ofciyRHBaOLIHI B pexyMe aBTOAHA-
raocTakH nepudepniinbie kouTponneps! [IK-05 ¥ npepe-
CTAS/LOIUN MM g BPEMEHHOH CBATH TPYMMOBOH KaHan
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nepeaaud WHGOPMALMH, NPSACTABAAST coBOH CHCTEMY
MO ¢ npuopHTeTaMH H O:KMAaHHEM.

ITyTeM aBTOMATHIECKOTO TECTHPOBAHHA NMPOBEPIIOTCA
HCTIPABHOCTE BCeX NepupepHiHBEIX YCTPOHCTB KOHTPORA H
LEeNOCTHOCTh COeNHHMTENBHEIX NUHHI cBAzH. MOMEHTH
BpeMeHu nocTymwieHns zagsok B CITJ JIIT ot ceppepHOTO
LIKH obpa3yioT BXoasdmui NoToK, a MOMCHTEL OKOHIaHHA
nepefau oGpasyIOT BRIXOAAIME NOTOK NOTy4eHHEIX pe-
3YNILTATOB.

[Npn ridope U OUEHKE KpUTEPHEB YPPEKTHBHOCTH CH-
crembl MO TIPUHATO, 4TO MOTOK 3ajdBOK OT CEPBEpHOro
konuentpatopa LUK Ha npegoctaBieHle BpEeMEHHOrO
coeguEeHNA DA HHGOPMalHOHHOTO 00MeHa, NpeacTaB-
naeT coboli npocTeiingii MOTOK ¢ TITApaMeTPOM A, a BpeMa
HCTIONE3IOBAHEA KAaHANA CBAIH pacnpenejieﬂo mnmo mokKasa-
TENRHOMY 3aKOHY C IapaMeTpoM |,

Bpemenem ofcmy:xuBanua 3aMBKH OYIET ABIATECA
BpeMs, 3aTpadeHHoe Ha HHOOPMALHOHHEIH O0MEH MEeXITY
nepudeptiiibiM - koHTpoInepoM [IK-05, cTaHHHOHHBIM
koRLeHTpatopoM' HHpopmamu KH-6M u cepBepHBIM
KoHUeHTpatopomM LIKH.

Jina oneHkH xadecTBa paGoThL CHCTSMB! ABTOMATHYe-
CKOlf AuarHocTHKM mepudepHiHEIX yCTpolicTe BEIOpaH
y4acToK benopycckoi wenesnol Zopori Mekay y3JIOBRIMH
craamaaMu [omens 1 Kammkopmun., CTpyKTypHas cxema
nepefadH AaHHBIX NMPUBEACHA HA pHCYHKe 1. KoHleHTpa-
Topsl uaopMaie KI-6M ycTaHOBNICHB! Ha MPOMEXYTOH-
HBIX ¢TaHLAX Bacunesiuy, Peunua 1 LeaTponr.

Cpennee BpeMs MeXITY TIOCTYIICHHUEM 3a4BOK Ha 00-
CIYXHBAHHE, MPH YCTAHOBICHHBIX CKOPOCTAX ABHIKCHHA
TPY30BBIX NMOE3A0B HA PacCMAaTPHBAEMOM YJacTKe JKeles-
Holt gopoern, T = 0,476 ¢, MOTOK 3adBOK Ha 00CTy:KHBAHHE
A& = 1,587, IIpu smHx yCI10BHAX BpeMA oOCIYKHBAHHA 3a-
aekH  coctaBuT Ana KTCM pgrom = 3,33, a BpeMs o6-
cnyxuBaHuA 3aaskn i CAOH, ¢ yueToM nepcnekTHB-
HOTO YBEJIMGECHHS KOJIMIECTBA JONOMHUTENBHBIX Mepide-
PpHHHEIX YCTpOHCTE KOHTPOISA, Neaon = 6,00.

Bce BO3MOXKHEIE COCTOAHIA 3aMKHYTOl cuctemel MO
BLIpAKAIOTCA CHCTeMOH mu({epeHIHANEHBIX YpaBHEHMH,
NpHEEIEHHEIX B [2). PelieHye DaHHOH CHCTEMEBI YpaBHE-
HHif, no3poiader dopManH3oBath KpuTepru 3¢p{exTHBHO-
cTH 1A crereMel MO.
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Pucynok 1 - CrpyxTypHad cxXeMa BRTIOYEHHSA KOHIIEHTPATOPOB
uagopmauny KH-6M u LIKH otaenerus goporn HOJ-4
Aa YIacTKe xenezHodi joporn I'omens — KaniHKoBHYH

Bce BO3MOXKHEBIE COCTOABHA 3aMKHYTOH cHeTeMEl MO
BRIpAXKAOTCA cucTemoit anddepeHUHANEHEX YpaBHEHHI,
npHeeAeHHEIX B [2]. PemieHue AaHHOH CHCTEMBI YpaBHe-
HHl Ho3BomsieT ¢GoOPMATNZO0BATE KpuTepHH 3pdeKTHBRO-
CTH A7 cHeTeMEl MO,
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Denmpamsusiii koHUeHTpaTop HHpopMame LIKH, ycra-
HosleHHBIH B ['oMenbckoM oTaenemi HOM-4 Bemopyccokoii
HeJe3HoH JopoTH, 00CTY)KHBACST 3aABKH OT TPEX CTAHLHOH-
HHX KoHueHTpaTtopos KHM-6M. B cBolo odepelb KOHLEHTpa-
Top KH-6M crammumm LieHTponuT ofCmy:KHBAET 3a4BKH OT
Ieyx nepudepuiiHex koHTpocpos ITK-05, a KoOHLEHTpa-
Tops! KH-6M cramniii Bacunesnun 1 Peunta oScmyxueaioT
3adBKH OT FeThpex koHtpoiiepos [TK-03. 1 oueHku pa-
Gotel  cepeepHore kouueHrparopa HKH mpumaro, 4to oH
00CTY)KUBAET CTAHIMOHHBIE KoHueHTpatopel KH-6M 1o
rpyTmamM K3 ABYX H YeThlpeX NepuiepHitHBIX KOHTPOJUIEPOB
MK-05, opy ofmeM wcne » = 10. UncneHHbIC 3HAYCHNA
KpuTepues (yHKIMOHHPOBAHHA KoHLgHTpatopos KH-6M
i cranipi Lertponut, Bacunesrmn, Pedquiia u ceppepHo-
ro UKW otneneHna Ropord omNpefieicHel Mo (opMynaM
(4}+(6). Pe3ynbTaThl pacteToR MOJIENMPORRHHA ABTOMATHYC-
ckoit InarHocTHEM TepudepHifHbx KoMmexcos KTCM ana
koHuenTparopos KH-6M 1 HKH HOA4 crammm I'omens
MpHBEACHE! B TaOnHIE 1.

Tabauya | — XapakTepueTHKa padoThl KOHUEHTPATOPOB
KH-6M u IIKH HOA4 ana cncremut KTCM

Cranuns
=
&
TapameTp E % 2.
E s |52

é’ 3 £ = e

= @ & %2
BepoaTHOCTE  TOTO,  4TO
KOHUSHTPATOpsl  HHGOpMa-
mun KH-6M u 1KH cBo-
GOAHBE OT 06C/IYKHBAHNS 0.416 | 0,106 | 0,106 |5,62-10°
BepoATHOCTE HAXOXKACHHA B
cucreme MO onnoii 3anexkn | 0,396 | 0202 | 0,202 |2,68-107
BeposTHOCTE HAXOWKIASHHS B
cHeTeMe MO IByX 3a9B0K 0,189 | 0,288 | 0,228 |1,15-10°
BepoaTHOCTE HAXOAIASHHA B
cucteme MO Tpex 3asBok - 0,247 | 6,247 |4,37-10°
BepoATHOCTE HAX0KACHHA B '
cucTeMe MO 16CaTH 3a0BOK - — — 0,122
CpenHee KOIHYECTBO  3a-
ABOK, OKHIAKUHX o0CTy-
KHBAHHA 0,189 | 1,288 | 1,228 | 4,837
Bpemsa zanepxkH nepesadu
nmakeTa HHpopMauny, ¢ (0,057 | 0,368 | 0,368 | 207

AHanNoOrHIHBIM 06pasoM OCYMIECTBICHEI PAcHSTHl AUTA
nepudepHifHOH CHCTEMBl ABTOMATHIECKOTO ONpeeIeHHA
HeraGapHTHOCTH NoABmwxHOTO coctaBa CAOH H xoHILeH-
Tparopor uHpopMammn KH-6M, LIKH. PesyneTtathl pac-
9eTOR MPHBEACHE! B TaGnuue 2.

Tafauya 2 - XapaxtepncrTHrka paboTbl KOHUEHTPATOPOB
KH-6M u KW HOM-4 ans euctemul CAOH

CTaHuHA
= B
Topaer P | :
=]
E E ? ::“&
=] L & =g
BepoATHOCTE  CBOODAHOCTH
KOHUCHIpAaTOpoE  HHdopMa-
mm KH-6M u LIKH ot 06-
CITYKHBAHHA 0,629 | 0,33 | 0.33 |7.09-10°
BepoATHOCTE  HAXOMICHHA
B cucTeMe MO oawoli saseks | (0,198 0,101 [0,101 |1,34-1¢™




Oronvarue mabauysl 2

CraHuma
£ | £ g
IMapameTp H = b
El5| B |5k
28] | ES
BepoATHOCTE HAXOMASHHS
B cucteMe MO aByx 3380k | 0,047 |0,072 | 0,072 [2.87-10
BeposTHOCTE HAXORACHHA
B cHeteme MO Tpex 3aaBok - |0,034 | 0,034 |547-107
BepoSTHOCTE HAXOKASHHNA
B crereste MO necsti 3aapok | — - - [1,19-10*
KomuecTBo 3a9R0K, 03KHAR-
FOLUMX Havana obcimyxmeanna | 0,071 |0,5147] 0,514 | 4,837
Bpema saepsKKH nepeiasn
HH{(OpMAaITHR, C 0,011 10,077 | 0,077 | 0,726

XapakTepHCTHKM 3aBHCHMOCTH BPEMEHH 3aICPKKH
nepefayH TakeTOB HH(popMalma 1nd nepuepHiHBIX

yerpoticts KTCM u CAOH opyseneHe! Ha pHcyHke 2.
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Prcynox 2 — XapakTepHCTHKH 3ABHCHMOCTH BPEMEHH 3AJIePKKH
nepenadH nakeror widopmauny g cuereM KTCM n CAOH

[MokazaHo, 4TO ¢ YBENHUCHHEM YHCNa 0OCTYKHBAEMEIX
nepudepuitaeix yeTpoiicte guarsocTikd [TK-05 u CAOH
BpeMA 3aIEPXKKH Nepetadd HHOOpMAaLMH yBeMMHUBacTCA
¢ TOCTATOYHO BHICOKOH KPYTH3HOM.

XapakTepHCTHKA BEPOATHOCTH CBOGOAHOCTH CepBep-
HOTO KoHLeHTparopa AHopmanun LIKH or ducoa o6-
CYXKHBAeMBIX TNepuepnifnex yerpoficte KTCM n

CAOH npuBeieHA HA PHCYHKE 3.
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PucyHok 3 — XapakTepucTHka BepoATHOCTH cBoGonnoctn [IKH
oT uncna obcnyxupaeMeix neprpepuitaex yerpoiicte KTCM
u CAOH

[Moayueno 16.09.2024

H3 xapakTepicTHKH, NPHBEOCHHOH Ha pHCYHKe 3, cre-
JyeT, 970 ¢ YBEHYCHHEM qHCha neprepHiHEX YCTpolicTs
KOHTpoJia BepoarHocTe cBoGoanoct LIKH yMeHEIIaeTea
¢ nepeMeHHO KpyTH3HOI. g ymydeHns >THX TNoka-
3areniell BEPOATHOCTH CIEAycT NEpexoluTh Ha Gonee
BRICOKHE CTAHJAPTH3OBAHHBIC CKOPOCTH NEpegady HWH-
dopMaunu npu cobnoeHHH TpeGoBAHUE MO JOCTOBEP-
HOCTH [3].

XapakTepHCTHEA CPEAHETO KONHYECTBA 3A9BOK AU
neprepniiaex yerpolicts KTCM u CAOH, oxupaommx
Havama oOOCIY)XHBAHHA, NpPHBEJCHA HA pPHCYHKe 4
(x: 1...10}).
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PrcyHok 4 — XapakTEPUCTHKA CPETHETO KOAKYECTRA
3a5B0K A9 nepudepuiinerx yerpoiicrs KTCM u CAOH,
OWHAAIOMHK 00CTYKHBAHYA

YeTaHOBMIEHO, YTO  YBelHYeHHE KOIHMECTBA 3aABOK
He3HAUHTENBHO 3aBHCHT OT UHCHA AOTOIHHTENLHBIX Ic-
PHbepHIHLIX YCTPOlicTB. 3T0 YKA3HIEAET HA BOIMOKHOCTD
nognodcEna B cucrteMe ACK [IC IomoiHHTENBHBIX
kouuenrparopos KH-6M | yBenmdeHna qucia nepHde-
PHHHBIX YCTpOHCTE KOHIPONA MNOABHEKHOTO COCTaBa,
HampmmMep LASCA, VKCB, ICHH.

3acniovenne, B mpeAcyaeneHHON MONEAM CHCTEMDE
MO peanwsoban. yaeT aCcoMOTHOTO IPHOPHTETA TEXHUYE-
CKOTO KOHTPONA MPOXOIAWEro moesfa MpH nepeaave faH-
HBIX aBRTOMATHUECKOTC TECTHPOBAHHA mNepHfepHUHHEIX
YCTPOHCTR, YTo OOYCNOBNMBAET HCIOJIBICBAHHE €€ I
YCTAHORTEHHA OYEePEAHOCTH Nepefad JaHHBIX ¢ nepude-
puifHex npHOOPOR KOHTpOJIA Ha cepsepHblii APM. Mo-
JeNb aBTOJHATHOCTHKH ¢ MCIIOIb30BAHMCM MPEHMYHICCTE,
obecneunpaeMeIx cHeTeMolt MO, CYHECcTBeHHO NOBBIMNA-
eT 3bdeKTUBHOCTE H HadekHoCTh padoTel clcTeMn ACK
I1C B nemoM.
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V. V. Burchankov. Automatic testing of peripheral diagnostic tools based on mass service methodology.

The article deals with the issues of modeling a quewing system for automatic evaluation of the quality of peripheral devices of an in-
formation-measuring system for monitoring trains in moetion. A method is proposed for calculating the probability of devices being free
from service, the average number of requests waiting for the start of service, and estimating the delay time for transmitting an infor-
mation packet. At in (he simulation, the absolute priority of the control of the passing train is given over the transmission of the auto-
diagnostic data of the peripheral devices. The effectiveness of the self-diagnostic model with the use of a queuing system for monitoring
the health of peripheral equipment and the integrity of connecting lines is shown.
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