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1. OBIAA XAPAKTEPUCTUKA PABOTHBI

AKTYaJILHOCTh TeMbl ucciaeqoBaHusi. COBpeMEHHbIE aBTOMOOUIIN SIBISIIOTCS
CIOKHBIMU TEXHUYECKHUMHU OOBEKTaMH, COCTOAIUMH B cpeaHeM u3 70 ThiCSY
AJIEMEHTOB, MMEIOIIUX pa3Hble TOKa3aTeM HAJEKHOCTH, TPEOYIoIIHe pPEeMOHTa U
00CITy>)KMBaHUSI, YTO COINPSDKEHO C 3aMEHOM 3amacHbIX YacTed M KOMILIEKTYIOIIHX.
Onnako, psa  HEJOCTATKOB B (DYHKIIMOHUPOBAHUU YK€ CO3JAHHBIX CHCTEM
YIOPABJICHUS CKJIAJ0M 3alacHBIX 4YacTed B OpraHu3amusax, OOCIyXUBAIOIIHUX MU
AKCIUTYaTUPYIOIIMX aBTOMOOWIBHBIA ~ TPAHCHOPT, MPOJOHKAET CYIIECTBOBATH.
Haubonee wyacras mnpobiemMa — TNEPENoOJIHEHHOCTh CKJIAJIOB, COIPOBOXKIaeMasi
NeOUITMTOM OJTHUX JeTaneil U N30bITKOM JIPYTHUX.

Boinensiercst  Oosbllioe  KOJIWMYECTBO  3a7a4  MaTepUATIbHO-TEXHHUYECKOTO
obecrnieueHus1, U3 KOTOPhIX HanboJee 3HAUMMBIMU SIBJISTFOTCS CIIE Y IOIINE:

- TapaHTUsl ONTUMAJbHBIX 3aMacoB 3alacHBIX YacTe W KOMIUICKTYIOIIHUX, a
TaK)Ke MyTel WX TOMOJTHEHNUS,;

- yIy4IlIeHUE TIPOIIECCOB 3aKa3a, MOKYMKU U MOCTABKU KOMIUICKTYOIIHX.

Ecnu nmepeuncnenHbie 3a7a4u BBITOTHSIIOTCS HEYOBICTBOPUTEIIBHO, CTAHITUU
TEXHUYECKOTO 0OCTY)KHBAHUS MOTYT UCTIBITHIBATD CIEIYIOITUE TPOOIEMBI:

- U3JUIIHKAE TPOCTOM  aBTOMOOWJIEW B  PEMOHTE, 3aTpPyAHSIONINE
(G YHKIIMOHUPOBAHUE MTPOU3BOJICTBEHHONW 30HBI U BEAYIINE K HEOOXOIUMOCTH TIOMCKA
BCE OOJIBIIUX TOMEIISHUM JJIsI XpaHSHUsS] aBTOMOOMJICH, OXKUIAIOIINX PEMOHTA WM
00CITy)KMBaHUS,

- pa3pactaHue ouepesiell Ha 00CTy)KUBaHUE;

- BO3pacTaHUE TOTOKA BBIHYXKJICHHBIX OTKA30B B OOCTY>KMBaHWH, CBSI3aHHBIX C
HEXBATKOM 3alacHBIX YacTel;

- TaJIeHue YPOBHS KOHKYPEHTOCIIOCOOHOCTH TMPEANPHUATHS Ha OTCYCCTBEHHOM
U WHOCTPAaHHOM pPBIHKAaX, MOHM)XCHUE TMOMYJSIPHOCTH KOHKPETHBIX aBTOMOOWMIIBHBIX
MapoK.

Pemmmth 3T mipoGaEeMBI TIO3BOIUT CO3JaHUE HAYYHO OOOCHOBAHHOM CHCTEMBI
YIpaBJICHUS 3allacaMHM 3aIllaCHBIX YacTeH Ha CTAHIIMKM TEXHUYECKOTO OOCITyKHBAHUS.

Takum oOpa3oM, HCCIICIOBaHMs, HANpPABICHHBIC HA IIOBBIINICHUE YPOBHS
MaTepHUaIbHO-TEXHUYECKOTO CHAOKEHUSI, IBJISIIOTCS aKTyaJIbHBIMU.

Crenenb pa3padoTaHHOCTH TeMbI HccJeoBaHusl. HayuHbie ncclienoBaHus
10 YNPABJIICHUIO 3allacaMH CTaHIUHA TEXHUYECKOTO0 OOCTY)KMBAHUS IPOBOIMIIHNCH
caenyromumu yaeHeiMu: @.H. ABgonbkunbiM, [.JI. bponeuxum, B.B. Bosaruneim,
AM. Tamxunckum, A.I'. 3apyounsmmv, H.M. MBamenxo, I'.B. Kpamapenko, E.C.
KysuenoBeiM, B.C. Jlykunckum, JI.Lb. MupotunbiM, O.D. IlociaBckum, B.A.
Cakosnu, H.B. CemenoBeiM, B.M. CepreeBeim, P.I'. XabuOymiumaeiM, A.M.
[lerinnubiM, B.A. IlletnHOM, a Takke MHOCTpaHHBIMU YueHbiMU JIx. Xemmm, J[x.
[Ipaitddenepom.

Takxke 3aMeTHBIM BKJIaJ BHecHuM Takue ydeHble, kak C.B. bynaros, B.JI.
I'epamu, B.A. MakcumoB, A.H. PemennoB. Bmecte ¢ TeM, COBpEMEHHBIE YCIOBUSA
TpeOyIOT MOBBIIICHUS YPOBHSI TOYHOCTH OMpPEACICHHS MOTPEOHOCTEM B 3alaCHBIX
YacTSAX U ONTUMU3AINKI YPOBHS 3aM1aCOB CTAHIIMKM TEXHUYECKOTO 0OCITYKUBAHMUSI.
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Pa0oyeil rumore3oil cTajgo NPEANOIOKEHUE O TOM, 4YTO 3(P(PEKTUBHOCTDH
paboThl MPEANPUATUNA, CHCHUATU3UPYIOMINXCS Ha OOCTY>KMBaAaHUU aBTOMOOWUIIEH,
MO>KET OBbITh YBEJIMYEHA IIPH YIPABICHUH CKJIaJ0M, OCHOBAHHOM Ha (DYHKIIMH cripoca
Ha 3amacHble 4YacTH M ONTHUMH3alUMeld YPOBHS MaKCHUMAJIbHOTO M MHUHUMAJIbHOTO
YPOBHEM 3ariaca.

Heabto HCCJIEAOBAHUS SABJISIETCS MTOBBIIIEHUE b pexTUBHOCTH
(GYHKIIMOHMPOBAHUS NPEANPUATUH, 3aHUMAIOIIUXCS 00CIIy>)KMBAaHUEM aBTOMOOMIIEH,
IyTeM CHW)KEHHS 3aTpaT Ha XpaHEHME 3allaCHbIX YacTeW Ha CKJIAJE U YCTPAHEHUS UX
nedunmra.

JUist MOCTMKEHHsSI LM MCCIeOBaHUs TMOCTaBIEHbI M pEUIEHBI CIEAYIOLINe
3a/layu:

1. IIpoBecT CUCTEMHBIN aHAIM3 METO/IOB U MOJIEEH yIpaBieHUs] MOCTaBKaMU
3aMmacHbIX YacTeH U KOMIUICKTYIOIIUX JIJIsi CTAHLIMU TEXHUYECKOT0 00CITYyKUBAHMUS.

2. Pa3pabotath OM3HEC-TPOIIECC OpraHU3allMd W BBINOJHEHUS PEMOHTHBIX
paboT HA CTAHIIUU TEXHUYECKOTO 00CTY>KUBAHMUS .

3. [IpoBecTH cTaTUCTUYECKUI aHATN3 BPEMEHHBIX PSIIOB MOCTYIUICHUS 3aBOK
Ha OTJEeIbHbIEC IPYIITBI ABTOMOOMIIBHBIX 3aMaCHBIX YaCTeH.

4.  Pazpaborath  MMHUTAUMOHHBIE  MOJEIM  OJHOMPOAYKTOBOM U
MHOTOIIPOIYKTOBOM  CHCTEM  yIpaBJIEHUs 3alacaMy  3allacHbIX dacTell u
KOMIUIEKTYIOIIUX JUIsl CTAHLIUU TEXHUYECKOT0 0O0CITY>KMBaHUS.

5. CdopmupoBars nokazaTenu 3(PQGEKTUBHOCTH U BKIIOUEHHUE aJIrOpUTMa
ONTUMU3ALUM B KOHTYp HMUTAI[MOHHOM MOJENH YHNpaBICHMs 3amacamMu CTaHLIHUU
TEXHUYECKOI0 00CTYKUBaHMUS.

6. OcyuiecTBUTh MNPOrPaMMHYIO pealu3aliio pa3pabOTaHHBIX METOJIOB,
aJTOPUTMOB Y MOJEJIEH.

O0beKTOM HccIe0BaHus SBISIETCS MpoLiecC NOTPeOIeHHs 3aacHbIX YacTen
U KOMIUICKTYIOIIMX HA  NPEANPUATUAX, 3aHUMAOLUXCA  OOCIyXKHUBaHHEM
aBTOMOOMJICH.

IIpeameT ucc/ieoBaHus: 3aKOHOMEPHOCTH MOTPEOJICHUS 3allaCHBIX YacTeil u
KOMIUIEKTYIOIIMX MPEANpUATUI, 3aHUMAIOIIUXCS 0OCITyKMBaHWEM aBTOMOOWJICH B
NEPEMEHHBIX YCJIOBHAX: IIPU U3MEHEHHH 00bEeMa 3aKa30B, CTOMMOCTU XPaHEHUS U
APYTUX MapameTpoB.

Mertoabsl  MCCIEAOBAHMSI: MATEMATHYECKMM  aHaIW3, MaTeMaTH4ecKas
CTaTUCTHKA U TEOPHUS BEPOSITHOCTEH, TEOPUS MAacCOBOT0 OOCITyKMBaHHUs, JIOTUCTHKA,
CUCTEMHBIM aHaJIN3, TEOpPUS MEHEDKMEHTa, HWMUTALMOHHOE M MaTeMaTHYECKOe
MO/IEJINPOBAHUE, TEOPHS OUEPEEH U yIPaBIICHUS 3alacamu.

Hay4yHast HOBM3HA COCTOUT B MPEJIOKEHHOM COBOKYIHOCTH METOJOB,
MOJEJIEl, aIrOPUTMOB W METOJWKHM YNPABIEHUS IIOCTABKAMHU 3alyacTedl M
KOMIUIEKTYIOIIHX:

- B paboTe MpeIokKEHBl MO TeHEPAallul MHOTOMEPHBIX B3aMMOCBSI3aHHbIX
BPEMEHHBIX PAJIOB, MO3BOJSIOIIME MOJEIUPOBATH MOTOKHU CIIyYaillHBIX 3asBOK Ha
3aMacHbIC YaCTH CTAHLIMI TEXHUYECKOT0 00CITYKUBAHUS M OTIMYAIOLIUECS OCHOBOM B
BU/JIE TEOMETPUUECKOr0 U 3KCIIOHEHIIMAJIBHOTO PACIIPEECIICHHS;



- oOHapyXeHa  B3aWMOCBSI3b  MEXKIY  JETalsIMH,  IPEIBApUTEIHHO
pasae’eHHBIMHA Ha TPYMIBI, 00JagaloNIue ampruoOPHOM 3aBUCUMOCTBIO MTOTPEOHOCTEH
U TOCTaBOK, MO3BOJISAIONIAS TEHEPUPOBATh B3aMMOCBSI3aHHBIE PSbI IOTPEOHOCTEH B
3aImacHbBIX YaCTsX;

- pa3paboTaHa OJHOIPOIYKTOBAsS WMHTAIIMOHHAS MOJICIb  YIPABICHUS
3armacaMu 3amacHbIX YacTeW pasInIHOW HOMEHKJIATYPBI, JUISI KOTOPBIX HMEIOT MECTO
cnenupuyIecKrue CIyJaiiHble BpeMEHHBIE 00beMBI 3aKa30B JJIs pean3aiii padboT 1mo
TEXHUYECKOMY OOCITY’)KHBAaHHIO U PEMOHTY aBTOMOOMIICH, TIO3BOJIAOIIAS OTIPEICIUTh
ONTUMAJILHBIN YPOBEHB 3aIllacOB Ha CKJIAJIC W OTIMYAIOMIASCS TEM, YTO MOXKET OBITh
ajanTHpOBaHA [UJIS PEIICHHWS 3a7a4, HAMNpaBJICHHBIX HA COKpaIleHHE TpaT u
oOecrieueHUEe MHUHHUMAJILHOTO YpPOBHS (DUHAHCOBBIX BIIOKCHUH M JePUIIUTA TIPH
M3MCHSIIOIITUXCS TTapaMeTpax XpaHEHUs 3alacoB, TAKWX Kak IleHA XpaHCHHWs, mrpad
3a OTCYTCTBHE U JIp.;

- pa3paboTaHa MHOTOIIPOJYKTOBash MOJECIIb YIPABICHUS CKJIAJIOM 3aIllacHbIX
YJacTeH, IMO3BOJIAIONIAS TMOJIy4aTh WH(OPMAIMI0 O MOMEHTE, CTPYKTYpe M oObeMe
3aKa3a Ha €ro IIOIOJIHGHHWE, YTO OO0ecredYrBacT Kak MOXHO Oosee 3 ¢heKTHBHOE
UCIIOJIb30BAHUE CKJIQJICKUX pECypCOB M OTIMYAIOIIAsCAd TEM, 4YTO IO3BOJISET
COBMECTHUTH IMTOCTABKH JIJISI CHUYKCHUS JIOTUCTHYCCKUX H3JICPKEK.

IoJi0keHNsl, BHIHOCHMbIE HA 3a1IUTY:

1. Mopgenu reHepaliii MHOTOMEPHBIX B3aWMOCBS3aHHBIX BPEMEHHBIX PSIOB
3asiBOK Ha aBTOMOOWJIBHBIE 3a4acTy JUIsl PEINPUSATHI aBTOCEPBHCA;

2. B3auMOCBSI3b MEXIy pPAacXoJOM M TOTPEOHOCTHIO 3alacHbIX dYacTei
OTIEIBHBIX TPYII JeTaleld, BbIIBICHHas © (opMmanu3oBaHHAs METOJaMU
KOPPEJSIMOHHOTO aHAJN3a;

3. ApantuBHas OJHOMPOAYKTOBAasS HWMHUTALMOHHAS MOJIETb YIPABICHUS
3armacamM 3am4acTe pa3IuYHOW HOMEHKJIATYPBI, IS KOTOPBIX HUMEIOT MECTO
crienududeckre ciydaiiHble BpeMEHHBbIE 00BEMBI 3aKa30B IS peasin3aliud padboT 1o
TEXHUYECKOMY OOCTY>KMBAaHUIO M PEMOHTY aBTOMOOMIICH;

4. MHOTONMPOAYKTOBAas WMMHTAIIMOHHAS MOJENb YIPaBJICHHS 3amacamu
3alMacHBIX YacTe, ¢ aNrOpUTMOM VIPAaBICHUS 3amacamMd MO MPOTHO3Yy TJIABHBIX
KOMITOHEHT, C TIOMOIIBI0 KOTOPOW MOXKHO TMOJIy4aTh HH(OPMAIMIO O MOMEHTE,
CTPYKType M o0beMe 3aKaza Ha ero MoIojJHeHHe, 4To obecneunBaeT d(hPEeKTHBHOE
MCITIOJIb30BaHME CKIIAJCKUX PECYPCOB, COKpAIIeHHE 3aTpaT U (PMHAHCOBBIX BIOKCHHH,
MUHAMM3AIMIO TehunuTa mpyu U3MEHSIOMNXCS TapaMeTpax MOMOJTHEHUS U XPAHCHHUS
3armacoB, TaKMX Kak: [eHa XpaHeHwusl, mrTpad 3a OTCYTCTBHUE U JP.

3. [IporpaMMHO-HHCTPYMEHTAJIbHAS cpena MOJIEJIUPOBAHUSA
MHOTOITPOTYKTOBOW CHCTEMBI YITPaBJICHUS 3allacaMy 3a9acTeid 1 KOMITIEKTYIOIIHX.

Teoperndeckassi M mNpakTHYecKass 3HAYMMOCTH PpadorTbl. Pa3paboranHas
METOJIMKA OTMPEIeNICHUsT ONITUMAIFHOTO YPOBHS 3alacoB HA CKJIJIe 3alMacHBIX YacTen
Ta€T  BO3MOXHOCTb  MOBBICUTH  3(PPEKTUBHOCTH,  pabOThl  MOPEANPUSITHIA,
3aHUMAIOIIUXCA OOCITYy)KMBaHHEM aBTOMOOWJICH, CBECTH 10 MHUHUMyMa 3aTpaThl
PECYPCOB M HIX TIOTEPH, & TAK)KE YPOBEHb YAOBIECTBOPCHHOCTH TIOTPEOUTEIEH.



Pe3ynbrathl uccienoBaHUN HMMEIOT MPUKIAIHONM XapakTep U MOTYT OBbITh
HCIIOJIb30BaHbl MPU COBEPIICHCTBOBAHUU TEXHOJOTMUYECKOTO Ipoliecca yIpaBieHUs
CKJIQZIOM 3alacHbIX YacTe CTaHUUMN TEXHUYECKOro OOCIyKHUBAaHMS, B y4yeOHOM
MPOLIECCE BBICIINX YUYE€OHBIX 3aBEJICHUN.

CTeneHb /10CTOBEPHOCTH Pe3yJbTATOB. J[OCTOBEPHOCTh PE3yIbTATOB
oOecrieunBaeTCs MPUHATON METOJNOJOTUEH HCCIeOBaHUsI, BKJIOYAloOmed B cels
COBPEMEHHBIE  HAy4yHbIE METOJbl:  KOPPEISIUOHHO-PETPECCUOHHBIN  aHAIIN3,
IJIAHUPOBAHUE SKCIIEPUMEHTA, UMUTAITMOHHOE MOJICIUPOBAHUE, a TAKXKE anpolalueit
npu  OOCYXJCHUU PE3yNbTaTOB Ha  MEXIYHAPOJHBIX HAYYHO-TIPAKTUYECKUX
KOH(pepeHIUAX. DTO MO3BOJIUIO O0ECHEUYHUTh JOKA3aTeIbHOCTh U OOOCHOBAHHOCTH
pa3pabOTaHHBIX MMOJX0JIOB U MOJTYYEHHBIX PE3YIbTaTOB.

CoorBeTcTBHE JHMCCEPTALMOHHON PpadoThl MACHOPTY CHEHHAJIbHOCTH.
BrimonHeHHbIE  MCClIeIOBaHMS — OTBEUalOT  (opMyse  macmopra  HAy4dHOM
cnenuanbHoctd  05.22.10 — «Dkcryaranmuss aBTOMOOWJIBHOTO TPAHCIIOPTay IO
NyHKTY 2 «OnTuMu3anus TIaHUPOBaHUS, OpraHU3allud U YIIPaBJICHUS MEPEeBO3KaMHU
NacCAKUPOB U TPY30B, TEXHUYECKOTO OOCITYXKMBaHHS, PEMOHTA M CEpBHUCa
aBTOMOOMJICH, UCTIOIB30BAHUS IPOTPAMMHO-IIECTIEBBIX U JIOTUCTUYECKUX TTPUHITATIOBY
U yHKTY 19 «MeTobl pecypcocOepekeHus: B aBTOTPAHCIIOPTHOM KOMILICKCE.

AnpobGanusi pa6oTbl. OCHOBHBIE PE3YyJIbTaThl PA0OTHI JOJI0KEHBI, 00CYKIESHbI
u  mnonyunnu omobpenme Ha: Il MexaynapogHoit HaydHOW KOH(EpEHIIUH
«AKTyaJbHbIE BOMPOCHl TPAHCHOPTA B COBPEMEHHBIX ycioBusax» (T. Caparos, 2016
r.), XVIII MexnayHapoaHoil Hay4dHO-TIPAKTHUECKON KOH(EpeHIIUU «AKTyaJbHbIE
IpoOJieMbl DKCIUTyaTallid aBTOTPAHCIOPTHBIX cpeacts» (r. Bmagummup, 2016 1.),
MexayHapoTHONM Hay4YHO-TIPaKTHUEeCKOW KoH(pepeHnnu «TpaHCIOpT M JIOTUCTHKA:
WHHOBAIIMOHHOE PAa3BUTHUE B YCJOBHUSX TVIOOQNIM3AIMU TEXHOJOTHUYECKHX H
SKOHOMHUYECKHX cBszei» (r. PoctoB-ma-flony, 2017 r.), III MexnyHapoaHoit
HayyHOM  KOoH(pepeHunu «IPDHEKTUBHOCTh TEXHMYECKOW  JKCIUTyaTalldd |
aBTOCEpPBHCA TPAHCIOPTHBIX M TeXHOJormueckux mamuu» (r. Capatos, 2017 r.), I,
IV MexnayHapoaHbIX HaydHO-TIpakTHuecknX KoH(pepeHnusax «Wubopmarmonnbie
TEXHOJIOTUW ¥ HHHOBAIMK Ha TpaHcmopre» (r. Open, 2017, 2018 rr.).

Peanuzaums pe3yiabTatoB padorbl. Hayunbie pe3ynbrarhl AUCCEpTAMOHHOMN
pabotel BHenmpeHbl Ha mpeanpuatusx 1. MockBel OO0 «Poned» dunmman
«AntypseBo»y, OO0 «CTO Omumm» W HUCHONB3YIOTCI B Y4eOHOM IIporecce B
OI'BOY BO «MoCKOBCKUH MONIUTEXHUYECKUN YHUBEPCUTETY.

Myoaunkanun. [lo pesynpraTam mcciaeaoBaHuid OmMyOJWKOBaHO 13 TedaTHBIX
paboTt, B ToM uucie 6 B BEAYLIUX WU3JAaHUSAX U3 MEPEUYHS PELEH3UPYEMbIX HAayYHBIX
KYpPHAJIOB U WU3JAaHUN, PEKOMEHJOBAHHBIX ISl OMyOJUKOBAaHUS OCHOBHBIX HAYYHBIX
pe3yJIbTaTOB JUCCEPTALUH.

Crpykrypa u o00beM JaucCepTAMOHHON PpadoTbl. OCHOBHAsT YacTh
JTYCCepTallid M3JIoKeHa Ha 175 cTpaHuIlax, BKIIOYAET B ceOs BBEJCHHE, 4 TIIaBHI,
3aKJIFOYCHHE, CIHMCOK HWCIIOIB30BaHHON JTepaTypsl W3 127 HamMeHOBaHWA © 3
MPUIIOKEHUM.



2. OCHOBHOE COAEP/KAHUE PABOTbI

Bo 66edenuu 060cHOBaHa aKTyaJIbHOCTh TEMBI, ONPEAEIICHBI LEJIb U 3aJauH,
00BEKT, TpeAMET W METOJbl HCCIeNOoBaHus, CHOPMYIUpPOBAHA MpaKTHYECKas
3HAYMMOCTh Pa0OTHI, MPUBEACHBI MOJIOKEHHUS, 00JIaJaloIIe HAYyYHOW HOBU3HOU U
BBIHOCHMbIE Ha 3allUTy, OOOCHOBaHa CTENEHb JOCTOBEPHOCTH PE3YJbTaTOB,
MIPUBEJICHBI CBEICHUS 00 anmpobanuu paboThl.

B nepeoii 2nase «CoctosiHue npoOJeMbl W aHaJU3 METOJOB M Mojelel
yIOpaBJICHUS 3allacaMH CTaHIMKM TEXHUYECKOro OOCITY>KMBAHHUS» TMPOBEJCH aHAIN3
OCHOBHBIX TOKa3aTejied TEeXHUYECKOTO COCTOSHUS aBTOMOOWJIEH, MOJJACpKaHUS UX
pabOTOCTIOCOOHOCTH M CBSI3aHHOM C JTHUM MOTPEOHOCTH B 3aMacHBIX YaCTSX,
MPOBEJCH aHaJIu3 HCCIEIOBaHUM Ha TeMy OOECHedYeHHUs 3amacHbIMU YacTIMHU
CTaHIIUN TEXHUYECKOTO OOCTY>KUBAHUS.

[IpoGnematrika ymnpaBjieHUs 3amacaMd HHTEpPECOBajla MHOTHUX YYCHBIX H
npakTUKOB Kak B Poccum, Tak u 3a pyOexom. IIpoBeneHHbIE MMH HCCIICIOBAHHS
JOCTaTOYHO XOpOILIO pa3paboTaniv TEOPUIO VYMpaBJIEHUs 3amacaMu, HO B
COBPEMEHHBIX IKOHOMUYECKHX peaiusx TpeOyeTcsl MOBBIMICHHE KadecTBa MOjeieit
yIPABJICHUS 3aracamu, 4TO JeJaeT aKTyaJbHbIM JNalbHEUINA MOUCK (PEKTUBHBIX
pELIeHH peICTaBICHHON MPOOIEMBI.

B paGote paccMoTpeHBl BONPOCH MOJEIUPOBAHUS CHCTEM YIIPABICHUS
NOCTaBKaMU 3aIaCHBIX YaCTed M KOMIUIEKTYIOIIUX JIJIi OpraHru3alyy TEXHUYECKOTO
oocinyxkuBanus (TO) u pemoHTa. B pamkax Mojeneil ymnpaBiieHHs 3amacaMu ObUI
NpOBEJIEH aHajau3 Mojenei 0e3 aepuiuTa U ¢ AeUIUTOM, a TaKKe PacCMOTpEHa
IBYXypOBHEBasi MOJIEJIb  YOPABJICHUS  3alacaMH, KOTOpas CTaBUT  3aJadd
BEPOATHOCTHOTO MojaenupoBanus. Kpome Toro, mnpejacraBiieHa Kiaccuukams
CTpaTeTruil yrpaBieHUs 3aracaMu, KOTOPbIE UCIOIb3YIOTCS HA MPAKTHUKE.

Cuuraercs, 4YTO 3amacHble YacTWU B TEUEHHE HEKOTOPOro JJIUTEIBHOTO
MHTEpBaJla BPEMEHHU MMEIOT PaBHOMEPHBIM CHPOC C MHTEHCUBHOCTHIO W €1./4ac (B
uHTepBasie Al mMeer mecTto MOTpeOHOCTH B M*Al 3amacHbIX dacTax. Takke B
MomeHThl 1o=0, {3, tp,... peanu3yrOTCs MOCTaBKH JAAHHOW HOMEHKJIATYpbl 0O0bEeMaMu
Qo, Q1, Qz,... cooTBercTBeHHO. [lanee Oymem paccMaTpuBaTh TUCKPETHOE BpeMs, a
3amachkl OyJIyT CUMTATbCS HEU3MEHHBIMHU 32 JeHb. B KadecTBe 1eneBOll (QyHKIHMH
MIPUMEHSIIOTCS 3HAUEHUS U3IEPIKEK.

f1(T,y)=fu(y(t), 0<t<T,)= Si vy =0)+ hilytlx(yt <0)+gn(T), 1)

rie y(A) — uamgukatop MHOXkecTBa A (Y(£)>0=y(y(1)>0)=1; y(t)<0=x(y(t)>0)=0,
f1(T,y) — yukums wsmepxex ympasienus 3amacamu; Y(f) - oObeMm 3amacoB st
ONpEIeICHHON HOMEHKIATYPBl 3alacHBIX 4acTell M KOMILIEKTYIOIIMX Ha MOMEHTHI
t>0, en.; T - uarepBan mwianupoBanus, Auei; N(T) - KOJIMYECTBO MMOCTABOK HA HTOM
UHTEpBAJE, €]1.; S — IUlaTa 3a XpaHEeHWe OJHOM MO3MIIMK 3a €IUHUILY BpeMeHH, pyo./
Mec; § — IuIaTa 3a JIOCTaBKy OJHOM mapTuu, pyo., h — mrpad 3a oTcyTCTBHE J€TaNH,

pyo.
JIBr>KeHHWE 3aMacHbIX YacTel Mo CKIaay MOKa3aHo Ha pucyHke 1.
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a) mojelb 0e3 aedunuTa 0) ¢ BO3MOKHBIM JI€UIIUTOM
Pucynok 1 - /IluHaMuKa ckiaacKoro o0bema 3amacoB ONpeneseHHbIX AeTalen

B camom MMpOCTOM BAPHAHTC PCIICHHUCM 3aJa4W OITHUMU3ALUU ABJISCTCA

Q= Z%Q’ a HauOoJee
UCIOJBb3yEeMbIMA Ha TPAKTUKE CTPATErHsIMU YMPABJICHUS 3amacaMH SIBJISIIOTCS:
nepuouyecKas CTpaTerusi, ¢ TOMOJHEHHWEM 3alacoB B 3apaHee 3aJaHHbIC
npomexxyTku ATi; cTpaTerus ¢ KPUTUUECKUM YPOBHEM, B KOTOPOMl MOIMOJHEHUE
MPOUCXOJIUT IIPU CHUXKEHUU 3aI1acOB JJO KPUTHUECKOTO YPOBHSI.

Jlanee B paboTe TPOBEACH CHUCTEMHBIM aHAJIM3 MAaTeMAaTHYECKHUX METOJIOB
NOJJIEPKKU YNPABICHUYECKUX PEIIEHUN IMpu opraHuzauuud ymnpasieHuss TO wu
PEMOHTOM, CHAENAaH BBIBOJ O TOM, YTO MMHUTALMOHHOE MOJEIMPOBAHUE IMO3BOJISET
co3faBaTh HauOoyiee aJeKBaTHbIE MOJENIH, KOTOpPble CHOCOOHBI YYUTHIBATH
pa3JINYHbIE BUJIbI CTOXaCTUYECKUX HEONPEAEIEHHOCTEH.

B mnmane wmonenupoBaHHs OJHOMEPHBIX BpPEMEHHBIX pSJIOB 33aKa30B Ha
oTpeJieieHHbIe 00BbEMBbI 3aMaCHBIX YacTed B paboTe Mpenjiaraercs MCIOJIb30BaHUE
MOJIEJI aBTOPETPECCHOHHOIO MpOoLiecca B COYETAHUU C MEXAHU3MAMU CIUIAXKUBAHUS
U CKOJIB3SIIIETO CPETHETO.

JIns aHanu3a TIOTOKOB 3aKa30B Ha OTHENbHBIE JE€Talud B JUCCEPTAllUU
UCIIOJIB3YETCS  KOMIUIEKC METOJOB CTaTUCTHMYECKOTO aHalu3a, a HMEHHO,
PETPECCUOHHBIN, KOPPEISAIUOHHBIN, TUCTIEPCUOHHBIN, (PaKTOPHBIN U APYyTHE.

B pabote pa3paboraHo omnmcaHue 3TarnoB padOT, CBA3AHHBIX C BBHIMOJIHEHUEM
00CTy>KUBaHUS U PEMOHTA aBTOMOOMIICH.

Bo emopoii 2nase «CtaTucTU4ecKuil aHaln3 MOTOKA 3aKa30B M pa3paboTka
AHAINTUKO-UMHUTALlMOHHOW MOJEJIA yOpPaBJICHHUS 3amacaMu JIeTAIed U y3JI0B
aBTOMOOWJICI»  JHMCCEpTAllMM  TpeJioKeHa  o0mas CTPYKTypa H  COCTaB
umutanmonHo wmoxaenu (MM) ynopaBneHust 3amacamu, MPOBEAEH JETajJbHBIN
CTATHCTHYECKHI aHajdu3 BPEMEHHBIX PSAJOB MOTPEOHOCTEH 3amacHBIX 4YacTel,
KOTOPBIM HaIlpaBJIEH Ha MapaMeTPU3ALMIO MPEIIOKEHHON MOJEIN C TOYKH 3PEHUS
OleHKH dA()PEKTUBHOCTH CTpaTeTUH YIPABICHHUS MPEANPUATAEM CEPBUCHOTO
00CITy>KMBaHUSI.

B xome mnOpoBeneHHBIX TEOPETUUECKUX  HCCIENOBaHWI  pa3paboTaHa
MMUTAIIMOHHAS MOJIEJIb CHUCTEMbl YIpPaBJICHUS 3amacamu, KOTopas oOecrnedyrBaeT
(opMHpOBaHUE MOCIENOBATEIBHOCTA COOBITHI B MOMEHTHI BpeMeHH 1 i, ...t ..., Ty,

oOmien3BecTHass  «(opmyna KBaJpaTHOTO  KOPHS)

IUI KaXXIOTO M3 KOTOPBIX 3a7aeTcsi MpeoOpa3oBaHHE COCTOAHMA mogemu Y; =Y,



(M3MeHEHHE KOJIMYECTBA 3alacHBIX YacTed Ha ckiaze), 1=12,..,N-1, rme

Y. =\Vi,V5,..., V. | - BekTOp cocTosiHus Moaeau. KpoMe Toro, B MOJENN YUUTHIBAIOTCS
i 11J2 n

cocrosiue X; = (Xl' Xy, X:n) BHENIHEHN cpe/ibl (MOTOK 3aKa30B HA 3alacHbIE YacTH) U

BEeKTOp ympasieHus U, :(uli,uiz,...,u,i) (UMKIUYECKUM TIepeBO MOJEIN IO JHSM B

TEUEHUE TOpU30HTA IUIaHUpOBaHUs). B 3TuMX o00o03HaueHus Jr0Oas UMUTAIIMOHHAS

MO/ieNib (B TOM YHCIE MOJENb YNPaBIEHUS 3aracaMu) ONpeAesieTcs 3aJaHueM
orneparopa F, KOTOpbIN onpeaesseT npeodpa3oBaHue B peKyppeHTHON (opme:

Y., =F(Y,X,,U,), i=12,...N-1. (2)

CtpyKTypa UMUTAIIMOHHON MOJIENIH MPEJICTaBICHA HA PUCYHKE 2.

I I
Bxonnrie | TaTamkn I
v |
AQHHBIC : CIIy4alHBIX |
| qucell :
| - l } >
I — E * 1 M
Moaynu 1 X v | OayJIb
npeodpa3oBaHus —p Mozens | cOopa u BbI
HCXOMHEIX | YIPaBJIIEMOI'O I BOJIA CTATHC-
. I obbexTa I TAYECKOU
JTAHHBIX
: : uHbOpMaIH
I —»
I I
I I
I G Monenb I
I I
CUCTEMBI
I <,
I YIIpaBJICHUS I
: : BrixonHsie
1 M I IaHHBIE
I I

Pucynok 2 - CoctaB VIM cuctemsl yrpaBieHHs 3aracamu

JIns1 mpoBeieHHsI UCCTIEAOBAHUM B KayeCTBE MOJIMIOHA ObUT BHIOpAH JUJIEPCKUMN
neHTp «Pomed» dmman «AntydseBo» T. MOCKBBI, OTKyna ObUIM B3STHI JaHHBIE TI0
pacxojly ¥ CTOMMOCTH 3alaCHbIX YacTel, CTOMMOCTH XPaHEHUS U MPOYUX MOKa3aTemeil.

B ocHOBY mnpoBeneHHbIX B pabOTe€ CTATUCTHYECKUX MCCIIEIOBAHUM MOJIOKEHO
MIPEJINOJIOKEHUE O B3AaUMOCBSI3aHHOCTH JETaJeil MPU TEKYIIIEM PEMOHTE aBTOMOOMIISA, TO
€CTh KOrJ]a 3aMEHa OJHMX JIETaJieil BeUeT 3a COOOM OJHOBPEMEHHYIO 3aMEHY U JAPYTHUX.
JIns mpoBeneHus aHanu3a ¢ LENbI0 MOCIEAYIOIIEH MapamMeTpy3ali WMHUTALHOHHON
Mozenu Obuta chopMHpPOBaHA COBOKYMTHOCTh HOMEHKJIATYPHI JeTallel, MpeaBaApUTEIHLHO
pazznenieHHasi Ha Tpynmbl. Jletanu B3aumocBsizanHbie ripu TO — rpynma I: 3 (MacisiHbIit
bwibtp), 4 (casionHblt (uuabTp), 5 (Bo3mywiHBIM GuAbTp aBurarens), 7 (cBeua
3akuranus). [eramu ky3oBHOoro pemonta - rpymma II: 47 (kperuienue Oamriepa), 49



10

(ycunutens Oamriepa), 50 (moaxkpbuiku), 7 (Kaumca KperieHus: 6ammepa). Jleranu ass
penynpeauTenbHOro pemonta - rpymma IIl: 78  (rugpoHaTsDKUTENh  peMHs
razopacnpeaenutenbioro mexanmsma (I'PM)), 39 (pemens I'PM), 87 (HaTsKHOM pOSTUK
pemus [ PM), 110 (matsoxurens pemust ['PM).

Ha ocHoBanMu peanu3anuy MpoLeIyp HENapaMETPUUECKOro OLEHUBAHUS
MOKa3aHa aJIeKBaTHOCTh aMIPOKCUMAIIMK pacrpenieieHnii o0bemMa pacxojaa Jetaneil 3a
OJIUH JI€Hb 3KCIIOHEHIUAIBHBIM WM T€OMETPUYECKHM pacnpeneneHueM. [lockonbky
KOJIMYECTBO JIeTalleil MPEJCTaBIsIeT 1IEeJI0e YUCIIO0, B pabOTe BBINOJHEHA CTAaTUCTUUECKAs
NpoBEpKa Ha TEOMETPUYECKOE pachpeiiesieHHe, KOTOpOe uepe3 €ro €IMHCTBEHHBIH
napamerp P (BEpOATHOCTh TMOSIBICHUS 3aKa3a Ha 3allaCHYK0 YacTb) HMEET

1 1-
MaTEMaTUYECKOE OKUIaHUE ME = ° U nucriepcuro DE = > 2p (pucyHok 3).

MepemeH.: 3IMY_03, Pacnpepn..'eometpuyeckoe , p = 0,00576
Kputepuin Xu-ksagpar = 1,128427, cc = 3 (ckopp.) , p = 0,399

160

—
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daHHOe KoNnMU4ecTBO 3anacHbIX YacTen, OH.
N
o

-
o N
o O

(00}
o

/

N

N

N
o

0 " " " . T
-100 100 300 500 700 900 1100 1300
0 200 400 600 800 1000 1200

KonuyecTtBo AHel, B KoTopble bbino 3atpeboBaHo

KonnuyecTBo 3aTpeGoBaHHbIX 3anacHbIX YacTel, ea.
Pucynok 3 - Iloaronka reoMeTpu4ecKOTo pacrpeeieHHs] 3allacHON 4acTu
MAaCJSTHBIA PUIIBTP

B pesynbraTe MpOBENEHHOIO aHAIM3a ITOKa3aHAa BO3MOXKHOCTb MOJEIUPOBAHUS
MOTOKA TOTPEOHOCTEH B 3allaCHBIX YacTAX B BUJE ITyaCCOHOBCKOTO, OJHAKO, IS
IIEJIOYMCIIEHHOTO BapHaHTa TEHEepaluy o0bheMa TMOTPEOHOCTEH 3a JIeHb HMCIIONIB3YETCS
TreOMETPUYECKOE PACTIPEACIICHUE.

[lpuBenen cmonenupoBaHHBIN TpaduK pacxoma 3amacHONW YacTH «KPETUICHHE
Oammiepay» (pucyHOK 4).

B paGote Takxe mNpoBeAEH KOPPENSIIIUOHHBIM aHalIW3, KOTOPBIA MOKa3aj
HAJIMYUE CYLIECTBEHHBIX KOPPEJSIUUNA MPAKTUYECKH MEXKIYy BCEH HOMEHKIATYpPOu
TPYIIbI 3aMMACHBIX YaCTEM.

B pabote npoBeneH Takke CEeKTpaabHbIN aHATU3 BPEMEHHBIX PSIOB 3asBOK Ha
COOTBETCTBYIOLIME TPYMIIbI 3aMACHBIX YaCTE€ M KOMIUIEKTYIOIINX, KOTOPBIM MTOKa3all
HAJINYHUE CE30HHBIX COCTABIISIOIINX.
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Mpadmk nepemerHon: 3IN_47
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Pucynok 4 - I'paduk BpeMeHHOro psiga o0beMOB 3aKa30B nmo3uuuu 47
(kperutenue Gammepa)
3HavueHWe 3amacoB jeTanel Z, B pa3paOOTaHHONW HUMHUTAIMOHHOW MOICIH
OJTHOTIPOJTYKTOBOM CHUCTEMBI YIpPABICHHUS 3amacaMy OIPEAEISeTCS Ha OCHOBAHHUU
PEKYPPEHTHOTO COOTHOIIICHUSI:

Zn1 =2Zn+ Nn+1 - f(zn+1 + Nn+t F-:,n+1), (3)
rne Ep+1 OMNpenensieT HeoOXOAMMBIH OO0BEM 3allacHBIX 4YacTeld Ha BpPEMEHHOM
uHTepBasie (n, nt+l]; mMn+1 ompenenseT o0beM 3aKa3aHHBIX 3aMacHBIX YacTell Ha
MOMeHT BpeMeHu nt+l; f(Znr1 + mMnar , &ne1) 3a7aeT QyHKOMOHAN OLEHKH
3aJIeliCTBOBAHHOTO 00beMa 3alacHbIX YacTeil Ha MOMEHT n+1.

B pamkax mepBoro pasjieiieHHs MOJEJleil ympaBlIeHHs 3amacaMyd BO3MOXKHA
JOIYCTUMOCTb U HEJIOMYCTUMOCTh HEPABEHCTBRA!
f(Zn+1 + Nn+1 §n+1) >/Zn+ MNn+1. (4)
Ecimu 3agomkeHHOCTh gomyckaeTcs, TO GOYHKUUS f(Zn1+Mns1, Ene1)=Ene1 |
HEepaBeHCTBO (4) IPUBOAUTCS K BHIY:
Zni1=ZntMn+1-Ens, ®)
a OTpHIIaTEeNIbHOE 3HAYCHHE BEJIMYMHBI 3araca TOBOPUT O TOM, YTO Ha JIaHHBIN
MOMEHT BPEMEHU HMEETCs 3a/J0/DKEHHOCTh, COOTBETCTBYIOIIASI MPOTHUBOIMOIOKHOMY
3HAYEHHUIO.
Ecnn 3a10/KeHHOCTh HE JOMYyCKaeTcs, TO II0JIaraeTcsi, 4TO 3asiBKU Ha
3aracHble 4acTU YIOBJIETBOPSIIOTCS TOJBKO B ClIy4yae MX HaJIW4YMs Ha ckiane (T.e.
MMEIOIINXCS 3allacOB), YTO BBIPAXKAETCS PABEHCTBOM:

f(Zn+1+nn+1, (:n+1)=min(Zn+T]n+1'E_>n+1) > 0. (6)
[Tpu 3TOM HepaBeHCTBO (4) MPUBOIUTCS K BUAY:
Zn+l:max(0, Zn+nn+1'§n+1)- (7)

B paborte Takke mpemmaraeTcs BKIIOYECHHE B KOHTYP MOJEITUPOBAHMS
CTpaTeTWW yIpaBJiCHUs 3amacaMu TuNa (Zmin, Zmax), ONPEICISIIONIYIOCS IABYMS
JNEUCTBUTEIIBHBIMU YUCIAMU Zmin U Zmax, AJIs1 KOTOPBIX CIPABEIJIMBO HEPABEHCTBO
0 < Znin < Zmax < .

B o6miem ciyuyae pazpaboTaHHas UMHUTAIIMOHHAS MOJENIb MUMEET CIEAYIOIINI
CIIMCOK YIPaBISIEMbIX MNapaMeTpoB: Zmin - MUHUMAJIbHBIA OOBEM 3amacoB MJis
dbopMUpOBaHUSA 3asBKU Ha MOCTABKY 3aMMacHbBIX 4acTeil; Zmax - MAKCUMAJIbHBIA 00beM
3anacoB Juisi (OpPMHUPOBAHHUS 3asBKM Ha I[IOCTaBKy 3alacHbIX dYacTeu; Tk —
MIEpEMEHHAs, KOTOpasl 3aJacT CIIydalHOE BPEMs pealu3alyyd MOCTABKH 3aMaCHBIX
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qacTell (MCXOMHOE paclpee/icHHe PaBHOMEPHOE M0 WHTepBany); I - TOPU30HT
IUIAHUPOBAHMSL CUCTEMbI YIPABJICHHS 3amacamu; | — MapaMeTp HWHTEHCHBHOCTH
3ampocoB Ha omnpeaencHuyto aetanb (u=1/(Mz+1), rne M; — cpeaHee 9yuciio 3ampocoB
3a eUHUILY BPEMEHH); S - [I€HA XPAaHCHUS OJHOMN MO3HIIUK 3a CAUHHILY BPEMEHU; J -
CTOMMOCTh IMOCTaBKH mapTuu: h — mrpad 3a oTCyTCTBHE AeTaNeii U ApyTHe.

VKpyrHeHHass OJOK-CXeMa alropuTMa MOIMPOrpaMMbI  MOJICTHPOBAHHUS
OJTHOTIPOJIYKTOBOM CHCTEMbI YIPABJICHUS 3amacaMy COICPIKUT ATalbl TeHEePAIUH
MOJICTIBHOTO psiZla 00BbEMOB 3alpOCOB, MPUHSTUS PEIICHUS TUIAHMPOBAHMS 3aKasa,
KOHTPOJIb KOJIMYECTBA OCTATKOB HA CKJIAJIe U JPYyTHE.

Mogenb GYHKIIHOHUPYET MUKIMYCCKH M TTO3BOJISICT MOJICIUPOBATH OT/CIbHbIC
BBIOOPOYHBIC TPACKTOPUU ISl PAa3UYHBIX KOMOWHAIMI MapaMeTpoB. B kauecTBe
TOPHU30HTA IUIAHUPOBAHMS OBLT IPHHAT OMH IO/,

VkpyrHeHHass OJOK-cXema pa3pabOoTaHHON MoOJenu MpeACTaBIeHa HUKE
(pucyHOK 5).

y
Mpu3Hak BbINOMHEHNS
3aKasa HeaKTMBEH
SigZak=0. t=0 Oct(t)<Zmin
BbiGop Tvina psiaa ¥ & SigZak=0
pacxogos 3[1 - Ras Hauano uukna P’
y t=t+1 -
dopmmpoBaHue lNnaHnpoBaHue 3akasa
napameTpoB psaaa Zmax Ha t+Tzak
pacxopos 3I1 - Ras HeT ]
] YcTaHoBKa nNpu3Haka
®opmuposarne BbINOSHEHNS 3aKasa
Ha4yanbHOro ypoBHS na SigZak=1
3anacos - Oct y ¥
v BenMYeHue sanaca
Oct(t) Ha Pri(t) Mepenaya BeNMYMHBI
PopmunpoBaHmne 3anaca Oct(t) Ha t+1
MaccuBa 3aka3os - Pri
C6poc npusHaka
| BbINOSIHEHWSI 3aKa3a
Sigzak=0 Aa
YMeHbLUeHne 3anaca < HeT

Ot a Fas)

Pucynok 5 - YkpynHeHHas 0J0K-cXeMa ajaropuTMa MoImporpaMMbl
MOJEINPOBAHUS OJHOIIPOAYKTOBOM CHCTEMBI YIIPABICHUS 3allacamu

[IpuBeneHHass WMHUTAUMOHHAS MOJEIb IIO3BOJISIET TOJYYWUTHh OTAEJIbHBIC
BBIOOPOYHBIE TPACKTOPUHU JBHXKEHHS 3alaCHBIX YacTeil Ha CKiIaae JUIsl pa3sInyHbIX
napaMeTpoB, BXOASIINX B MOJCIb (PUCYHOK 6).
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3amnac Ha cKiajae, €.
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I[HI/I MOACIIMPOBAHUA

Pucynox 6 - BeiGopouHnas TpaekTopus o0beMa 3amacoB B cliydae HEAOMYCTUMOCTH
3aJI0J>KEHHOCTEN
B nanpHedmux wuccreqoBaHUSX B KAyecTBE IIEJIEBOM MpUHATA (YHKIIHUS
U3JICPIKEK T10 YIPABJICHHIO 3allacaMM, pacCuuThIBaeMas 1o 3aBUCUMOCTH (1).
[IpenBapuTenbHBIN aHATU3 MOJEIU HAa OTIEIBHBIX KOMOWHAIUSIX (PaKTOpoB
MoKa3zajl HaJIMYHUE SKCTPEeMYMOB (YHKIMM 3aTpaT IJIs Pa3IUYHBIX 3HAYCHUH Zmin U
Zmax (PUCYHOK 7).

Wz nepxxku, pyo. W3 nepxku, pyo.

1 g x10° | _ o grtd

18 ' 1.8

1.7 - 17

1.6 | 16

15 - 15

1.4 - 1.4

1.3 - 1.3

26712 18 24 30 36 42 48 54 60 260 70 80 90 100 110 120 130 140 .en.

a) Zmin 0) Zmax

Pucynok 7 -lloBenenue QpyHKIMH 3aTpat MpH pa3InIHBIX KOMOMHAIUAX (PaKTOPOB

Bonpochkl  nmetanpHOrO  aHandM3a  AKCIEPMMEHTOB Ha  pa3paOOTaHHOMH
MMUTAIMOHHON MOJICJIM TPEJCTABIISIIOT OTACIBHYIO IOJACUCTEMY, ISl KOTOPOH
BBITIOJTHEHA IIPOrpaMMHAs peain3allds Bapvalid BceMH (aKTOpaMH MOJCTH C
MOCTpOEHUEM T'padUKOB M TAOIHI] PE3yJIbTaTOB.

B  mpemveii 2nage «llnannpoBaHWE OSKCIIEPUMEHTa W ONTUMM3ALMSA HA
MMUTAIMOHHOW MOJIECTM CHCTEMBI YIIPABJICHUS 3aracamMM JICTaJIC M y3JI0B aBTOMOOHIICID)
JTUCCepTaIld TPEIJIOKEHAa METOJMKA IUIAHUPOBAHHUS SKCIIEPUMEHTa Ha pa3paboTaHHOMN
MMUTAIMOHHOM MOJIEIM YIIPABJICHUS 3arlacaMy U PEILICHA 3a/1a4a ONTUMU3ALA TapaMETPOB
aropuT™Ma yIpaBJIeHHUs 3amacamMu. B pe3ymbrate, MOAENb  pacluupsieTca 110
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MHOTOMPOAYKTOBOIM C MPOU3BOJILHBIM aBTOKOPPEIMPOBAHHBIM TOTOKOM 3asBOK, a TaKXkKe
AITOPUTMAMH  YIIPABJICHUSI, OCHOBAHHBIMM Ha TPOTHO3HBIX 3HAYEHUSIX WHTEHCUBHOCTU
3aIPOCOB 3aIIACHBIX YACTEN.

B o0uieM ciyyae OCHOBHBIMU YIPaBIISIEMbIMU TTAPAMETPAMK MOJIENH SIBIISIFOTCS Zpmin
U Zmax, KOTOpble HEOOXOIUMO HAXOJWTh ISl TEKYIIMX 3HAUYEHUH OCTabHBIX (DaKTOpOB
CTOMMOCTH XPaHEHHS U TIOCTaBOK.

B pabote pazpaboraHa mporpaMMHO-aHAJIMTHYECKAss METOJMKA C HCIOJIb30BaHUEM
pa3MMuHbIX  (OPMATBHBIX ~ MOJIENICH  IUIAHUPOBAaHMS  OKCIIEPUMEHTa, a HMEHHO
JIBYXYPOBHEBBIX JIPOOHBIX (DAaKTOPHBIX IUIAHOB, TPEXYPOBHEBBIX IIaHOB bokca-beHkeHa,
METOJIOB CTOXAaCTMYECKOW aIlMpOKCUMAIIMKM W JPYTUX, TO3BOJSIIOIIMX OLEHUTh U
pamxurpoBath APGEKThI BCeX UccienyeMbix GakropoB mMojenu. VccienoBanus mokasanu,
9TO €ClM Ha Zmax MaKCHUMaJbHOE BJIUSHHUE OKa3bIBAET WHTEHCHUBHOCTH pPacxoja
neTaneu, To Ha Zmin - IITpad 32 OTCYTCTBUE.

Tak a5t MaciIsTHOr0 M BO3IYITHOTO (DMIIBTPOB, a TAKXKE JPYTMX 3alacHBIX YacTeH,
BBINIOJIHEHA OIIEHKAa MapaMETPOB T'€OMETPUYECKOro pacrpeneneHus. s momydeHHbIX
OLIEHOK TIapaMeTpOB TPOBEJCHO MOJICIMPOBAHUE U TIOJYYEHBI ONTUMAJIbHBIC 3HAUCHHUS
YIPaBJIIEMbIX MapaMeTpoB Zmin = 450 ef1., Zmax = 820 ex. (pucyHok 8).
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JIaHHBIN SKCIEPUMEHT TMOBTOPSJICA, M B pe3yibTaTe OblIa OIpejescHa
3aBUCUMOCTD BJIMSIHMSI MHTEHCUBHOCTH BXOJHBIX IIOTOKOB 3asBOK HA OITHMAaJIbHbIE
3HAYEHUs NMapaMeTpoB Zmin U Lmax.

[IpoBeneHHbIM aHaNW3 MOKA3aJl HAJIW4YME HEIMHEHMHBIX 3aBUCUMOCTEU W
CYILLIECTBOBaHME ONTUMAJIbHBIX 3HAYEHUN YIIPABIISIEMBIX I1apaMETPOB.

[lomumo Mopeneil reHepalMu OJHOMEPHBIX BpPEMEHHBIX PsOB B padoTe
IIPEJIOKEHBl MOJEIM TEHEepallud MHOTOMEPHBIX PsAOB, KOTOpPbIE HMUTHPYIOT
B3aMMOCBSI3aHHBIM MOTOK MOTPEOHOCTEN B OINPEACNICHHBIX AETANSAX, YTO IMOKA3aJIH
Mozenu (hakTOpHOro aHayu3a. /lajsee Ha OCHOBE MPOILEAYPHI CKOJIB3SIIETO CPETHErO
IIOJIy4Y€HAa COBOKYITHOCTb B3aUMOCBSI3aHHBIX U OKDPYIVIEHHBIX 3HAYEHUN BPEMEHHBIX
psanoB (pucyHOK 9), rae Zi, Zz, Z3 — BpeMEHHbIE Dbl MOTOKOB 3asBOK Ha PEMEHb
I'PM, rugponarsbxkurens pemHis [IPM  u  HartskHOM ponuk pemMHs ['PM
COOTBETCTBEHHO.
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Pucynok 9 - MHOeCTBO B3aUMOCBSI3aHHBIX U aBTOKOPPEIMPOBAHHbBIX
BPEMEHHBIX PsII0OB IIOCTABOK JIeTajiei

Hanee, Kak sl UCXOAHBIX MHOTOMEPHBIX BPEMEHHBIX PsAJIOB MOTPEOHOCTEN B
pa3IUYHBIX JETalsAX, TaK U MOJEJBHBIX, IPEIJI0KEHa METOIHMKa MPOTHO3a 3arpoca
JeTaJIeld, KOTOpasl yUYUTHIBAET KOPPEIALNOHHBIE B3aUMOCBA3U. MeToAMKa CONEPKUT
TPH OCHOBHBIX 3Tala:

- Ha MIEPBOM JTare pemraercs 3aaada GOpMUPOBAHUS TIABHBIX (PAKTOPOB, KaK
JMHEMHOTO TpeoOpa30BaHUs UCXOIHBIX 3a5BOK;

- Ha BTOPOM 3Tale pellaercs 3ajayda MOCTPOEHUs MPOTrHO3a JJIsl MOJYYEHHBIX
BPEMEHHBIX PSA0B ITIaBHBIX KOMIIOHEHT;

- Ha TPEThEM O3Talle BBIIOJIHIETCS OOpaTHOE MpPeoOpa3OBAHHUE IMOTYYEHHBIX
IIPOTHO3HBIX 3HAUYEHUI INIaBHBIX (PAKTOPOB 151 (POPMHUPOBAHUS TPOTHO30B UCXOJHBIX
PSAJ0B 3asBOK HA IMOCTAaBKH PA3JIMYHBIX TPYII 3alaCHbIX YacTel U KOMIUIEKTYIOIIHX.

Pa3paboTanHble MOAEIM MHOIOMEPHBIX BPEMEHHBIX PSAOB MOTPEOHOCTEN B
JEeTaJIAX U NpoLEeaypa MPOrHO3UPOBAHMS NOTPEOHOCTEN HA OCHOBE B3aMMOCBSA3aHHBIX
BPEMEHHBIX PAJOB SBIAIOTCA O0a30BBIMH I IOCTPOEHUS MHOIONPOIYKTOBOM
MOJIeNN yIipaBieHus 3anacamu (prcyHok 10).
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[pennoxeHHbIN aropuT™ Ia€T BO3MOKHOCTbh MOAETIMPOBATH OOBETMHEHHBIE CXEMBI
MOCTABOK PA3IMYHBIX TPYII 3aMaCHBIX YACTEH U KOMILIEKTYIOIIHX.

B pesynbrare peanuzaimu mporpammbl  OPMHUpPYETCS CEMEHCTBO BBIOOPOYHBIX
TPACKTOPHIA CITyYalHBIX BPEMEHHBIX PSIOB C HEBBIPOXKJICHHBIMU aBTOKOPPEIISILIMOHHBIMU U
KPOCCKOPPEIISILIMOHBIMU XapaKTEPUCTUKAMHU.

VYuuThIBas, 4To AJIS KQXKIIOW MO3UIMK CTPOUTCS MPOTHO3 MHTEHCHUBHOCTH, JTAHHBIC
MIEpeIaloTCs HAa BEPXHUM YpOBEHb MOJEIMPOBAHMUS, Ha KOTOPOM BBIOMPAECTCSl CTpaTerHs
COBMECTHBIX ITOCTABOK, YTO COKpAIIIaeT PacXobl Ha IOCTABKY.

B uemeepmon 2nage  «llporpammHas  peanuzanmss W anpooarus
pa3pabOTaHHBIX METOJIOB U MOJIENeH yIpaBJieHUs 3amacaMu CTAHIIUU TEXHUYECKOTO
00CITy>)KMBaHUS» PACCMOTPEHBI BOMPOCHI MPOTPAMMHOMN pean3aluu, anpodaruu
pe3yJabTaTOB HCCJICJAOBAaHUS W OIICHKA HKOHOMUYECKOW A(PEKTUBHOCTH OT
BHEJIPEHUS MPEITIOKEHHBIX METOJ0B U MOJICJICH YIIpaBlIeHHUS 3aracamu.

B pesynbrate TmpoBeAEHHBIX HCCIEAOBaHUN MpejiokeHa 0000IeHHas
MeToArKa (OPMHUPOBAHUS CTPATETHH YIIPABJICHUSI 3aIlacaMiy 3aMaCHBIX YacTeH.

AJIeKBaTHOCTh pa3pabOTaHHOM MOJEIM CHUCTEMbI YIIPaBICHUs 3aracamu
CKJIaJla 3amacHbIX YacTel CTAHIIMU TEXHUYECKOrO0 OOCITYXKHUBAaHHS JI0KA3bIBACTCS
3 PEKTUBHOCTHIO PE3YIHTATOB UMUTAIIMOHHOTO MOJICIMPOBAHUS HAa OCHOBE JaHHBIX
00O «Ponbdh» dunuan «AntydpbeBoy.

B pesynpraTe ampoOaunuu pa3paOOTaHHOW METONUKH OBUT TOJY4YeH psij
JIuarpaMM CpaBHHUTENILHOTO aHalu3a, T MPeACTaBICHbl 3HAUeHUs TIPEICKa3aHHbIX U
(dakTUYeCKUX 3HAYEHWW OCTATKOB 3amacHbBIX 4YacTte Ha ckiane. OnHako Oolee
000CHOBaHHBIM KPUTEPUEM aJIEKBATHOCTH MOJIENIM MPOTHO3a U YIIPaBJICHUS SBIISETCA
cratuctuka Pumepa (F-oTHoiuieHne), MOCTpOEHHAsT HA OCHOBAHWU BBIYMCIICHHBIX
3HAUYEHUHN TaOJIUIIBI TUCTIEPCUOHHOTO aHAIIN3A.

Jns BapuaHTa 3HA4YeHHMl oOcCTaTkoB Kputepus Pumiepa paBHo 43,8 1mipu
TaOJIMYHOM 3HA4YeHUM paBHOM 19 mis ypoBHs ommbOku 0,05, dro roBoputr 00
aJICKBaTHOCTH TPEIIOKCHHOW MOJIETH. AHAJIOTHYHBIE PE3yIbTaThl ObUTH TOIYUYEHBI
JUTSL IPYTUX BHUJIOB 3allaCHBIX YaCTEH.

Pa3paboTanHbple =~ KOMIIOHEHTHI ~ OBUIM  WCIONB30BaHBI ISl BBIIAYU
peKoMeHaanuii 1o (HOPMUPOBAHUIO TMAPAMETPOB CUCTEMBI YMPABICHUS 3aracaMu
000 «Pompd» dumunan «AntydhbeBo», B HUTOre DJKOHOMUYECKHHA OSDPEKT OT
BHEJIPSHHSI METOJIMKH COCTABHII 2,2 MJIH. PyO.

3. OCHOBHBIE PE3VYJIBTATHBI U BBIBO/IbI

Ha ocHOBe mpOBENEHHBIX TEOPETUYECKUX M  SKCIEPUMEHTAIBHBIX
WCCIIEIOBAaHUM pEIlIeHAa HAayyHas 3a/Ja4ya COBECPLICHCTBOBAHMUS CHCTEM YIIPABIICHUS
3amacaMM CTAHIIMH TEXHMYECKOTro OOCIy)XMBaHUSI Ha OCHOBE MPEIJI0KEHHBIX
HAay4YHbIX I[IOAXO0JaX, aIrOPUTMAx M MPOTPAMMHBIX MPOAYKTAX HMHUTALMOHHOTO
MOJICJIMPOBAHUSL TPOLECCOB YIIPABICHUS 3amacaMd, HUMEIONas CYHIIECTBEHHOE
3HA4YEeHUE JJISl Pa3BUTHSI aBTOMOOWILHOTO TPAHCIIOPTA.

1. BbimonHeH CHUCTEMHBIM aHAIU3 METOJOB U MOJeNield yIpaBieHUs
MOCTaBKaMHU 3allaCHbIX YacTeld M KOMIUIEKTYIOIIMX, IPOBEACH aHaIu3 Mojeneil 0e3
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nepuuurta M ¢ AeUUHUTOM, a TaKKe pPAcCMOTpPEHA JBYXYPOBHEBas MOJEINb
VIOpaBJIE€HUs 3amacamMu, KOTOpas CTaBUT 3aJadyd BEPOSITHOCTHOI'O MOJAEIUPOBAHUS,
MpeAcTaBlieHa Kiaccu(UKalMs CTpaTeruil yopaBlIeHHWs 3amacamH, KOTOpbIE
HCIIOJIB3YIOTCS Ha TIPaKTUKeE, pa3paboTana kiaccudukanus (pakropoB, BIUSIONIUX Ha
NOTPEOHOCTh CTAHLIUU TEXHUUYECKOT0 00CIIY>)KMBaHUS B 3aIACHBIX YACTSX.

2. llpennoxena oOmas CTPyKTypa M COCTaB HMMHUTAIIMOHHONM MOJEIH
yIpaBieHusl 3amacamu, pa3pabOoTaHbl U PEaqTU30BaHbl AJTOPUTMBbI MOJIETUPOBAHUS
OJIHONPOJAYKTOBOM M MHOTOMNPOAYKTOBOM CHCTEM yIpaBieHUs 3amacamu 0e3
neduurTa U ¢ AePUIUTOM, a TaKXKe JBYXYpPOBHEBas MOJEINb YIPABJICHHS 3aracamu
3aMmacHbIX YacTeH JJi CTAHIIMU TEXHUYECKOr0 00CITyKUBaHUSI.

3. Ha ocHoBe wucnonb3oBaHus pa3pabOTaHHBIX aJTOPUTMOB U MPOrpPaMMm
BEPOSATHOCTHOTO MOJIETMPOBAHMS TTOCTPOCHA UMUTAIIMOHHAS MOJIENb, MO3BOJISIONIAs
pemarb OJHONPOJYKTOBbIE M MHOTONPOJYKTOBBIE 3aJaud YIpaBieHHUs 3amacamu,
3a/layd  ONTHMH3AIMU  MapaMeTpOB  aJfOpUTMA  YNpaBJICHUS  3amacaMu, C
POU3BOJBHBIM aBTOKOPPEIUPOBAHHBIM TOTOKOM 3asBOK, a TaKXe allfOpUTMaMu
yIpaBJICHUSI, OCHOBAaHHBIMU Ha TMPOTHO3HBIX 3HAYCHHUSX WHTCHCHUBHOCTU 3alpOCOB
3aMmacHbIX YacTeH I CTAHIIUNA TEXHUYECKOr0 00CITy>KMBaHUSI aBTOMOOUIICH.

4, TlpoeneH neTalbHBIA CTAaTUCTUYECKHM aHAlW3 BPEMEHHBIX PSIOB
NoTpeOHOCTEeH 3alacHbIX YacTel, KOTOPBIM HANpaBIIeH Ha MapaMeTPU3aIUIo
NPEJIOKEHHON MOJENIU C TOYKM 3pEHUS OUEHKH 53(PGEeKTUBHOCTH CTpaTeruid
yIpaBlIeHUsl TPEINPUITHEM CEPBUCHOTO OOCTyXHUBaHUsA. B pesynbrare aHanmsa
BBIJIEJICHBI KJIACChl CIIYYalHBIX MPOIIECCOB M BPEMEHHBIX PSJIOB, HMEIOIINE
HauOOJbIIee MPAKTUUECKOE MPUMEHEHHE MPU MOJEIMPOBAHUHM TOTOKOB 3aKa30B U
norpeOHOCTE B 3amacHbIX dacTax. llpensoskeHa MeToaMKa NPOTHO3a 3arpoca
JeTalield, KOTopasi YYHUTHIBA€T KOPPEJSIIIUOHHBIE B3aMMOCBS3M MEXIY PacXoIoM
pasnUYHBIX 3amacHbeIX 4dacted. KondduimeHT Koppensiuy cOCTaBUJI 3HAY€HUE OT
0,25 1o 0,86 BHYTpH I'PYIIIbI CBI3aHHBIX 3aIIaCHBIX YaCTEH.

5. Jlna noBeimieHust 3QGEKTUBHOCTH PA3JIMYHBIX CXEM YIPABICHUS 3aracamu
3alacHbIX YacTed Ha CTaHUUMU TEXHUYECKOTO OOCIYXMBAaHUS M MOCIEAYIOIIEro
aHajgu3a Pe3yNbTaTOB NPEMJIOKEHA MPOrPaMMHO-aHAIUTHYECKass METOAMKa C
MCITOJIb30BAHUEM PA3THYHBIX (DOPMABHBIX MOJIEIECH ITAHUPOBAHMS KCIIEPUMEHTA, a
MMEHHO JBYXYpPOBHEBBIX JPOOHBIX (PAKTOPHBIX IUIAHOB, TPEXYPOBHEBBIX IIJIAHOB
bokca-benkeHa, METOJIOB CTOXaCTUYECKON aNIIPOKCUMAILIMU U JPYTUX, TTO3BOJISIOIINX
OIICHHUTDH U PAaHXHPOBATH IP(HEKTHI BCEX HCCIETYEMbIX (PaKTOPOB MOJIEIH.

6. IlpemnoxeH anrOpuUTM BBITIONIHEHUS DPAOOT, CBS3aHHBIX C BBIOJHCHHEM
Ou3Hec-Tpolecca PEerucTpalry, ydeTra U KOHTPOJIS TpoIllecca BBIMOJHEHUS
PEMOHTHBIX  PabOT,  KOTOPBIA  BKIIOYaeT  Ou3HeC-PYHKIHMH:  TPUEMKHU
COOTBETCTBYIOIIETO aBTOMOOWJISI MJIM arperaTa JJis BBIITOJHCHHUS PEMOHTHBIX padoT,
pa30OpKM W JAMArHOCTUKM KOMIIOHEHTOB, (OPMHUPOBAHUS TEXHOJIOTHYECKOU
JOKYMEHTallUl JUIsl pealiv3alldd PEMOHTHBIX paboT, ofliee IUIaHUPOBaHUE
HEOOXOJUMBIX  3alacHBIX YacTell U  KOMIUICKTYIOIIMX, HEOOXOJUMBIX IMpHU
OpraHu3alyy MPOU3BOJICTBEHHOU JESTEILHOCTH aBTOPEMOHTHOTO MPEANPUSITHSI.

/. Pa3paborana 0000uIeHHasT MeTOJAMKa (OPMHUPOBAHUS  CTpPATETUHU
YIpaBJICHUs 3allacaMy 3allacHbIX YacTell, BKIIOYAIOIasi CEMb ATANOB, OT MOJIY4YECHHUS
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CTaTUCTUYECKUX JaHHBIX, 70 (OPMHUPOBAHUS YNPABICHUECKUX PEHICHUU TI0
YOPABJICHUIO  3alacaMM  3allacHbIX  4acTe Uil  CTaHIMM  TEXHUYECKOI'O
oOcnyKuBaHHA. AJEKBaTHOCTb MOJEIM, pa3padOTaHHON B  HMCCJEIOBAaHUU,
MIPEJIOKEHHBIX METOAUK M CUCTEMBI YIIPABIICHUS 3allaCaMy CKJaJa 3alacHbIX YacTen
CTAaHIIMM  TEXHUYECKOTO  OOCHy)KMBaHMsSI  JIOKa3bIBaeTcsl  3(PPEKTUBHOCTHIO
UCIOJIb30BaHUs  pe3yapTaTtoB Ha npeanpusatusax OO0  «Pombd»  dunman
«AntypbeBo». Kputepuii duiepa npu npoBepke aJeKBaTHOCTU MOJEIU COCTABHII
43,8 npu TabJIMYHOM 3HAYEHUHU paBHOM 19. DxoHOMHMUeckHil 3ppeKT OT BHeApEeHuUs
METOJMKH Ha TOJIUTOHE COCTaBUI 2,2 MJIH. PYO.

OcHOBHBIC TMOJIOKEHUS] JAUCCEPTALMH ONMYyOJHUKOBAHBI B CJACAYIOLIUX
Nne4YaTHbIX padorax:

- B pelleH3UpPYeMbIX HAy4HBIX :KypHajax u3 «Illepeunsi peneH3upyembix
HAYYHBIX W3IaHUI, B KOTOPBIX [O0/LKHbBI OBbITh ONMYOJHKOBAHBI OCHOBHBIE
pe3yabTaThbl JUCCEPTAIMI HA COMCKAHHME YYCHOHM CTeNeHHM KaHIAWAaTa HayK, Ha
COMCKAaHUe YYEeHOIl cTeneHu JOKTopa Hayk» BAK:

1. Bugrimov, V.A. Evaluation of the frequency of diagnostics of
components and assemblies for transport and technological machines on the basis of
hidden Markov chains / V.A. Bugrimov, A.B. Nikolaev, B.V. Sakun, M.Yu. Karelina,
S.N. Satyshev // International Journal of Advanced Studies. — 2016. — Tom Ne 6. —
Ne 4. - C. 23-37.

2. Bugrimov, V.A. Management procedure of supplies of units , materials
and constituent parts for repair and maintenance support of transport and production
machines / V.A. Bugrimov, V.Yu. Stroganov, B.V. Sakun, Than Naing Min, P.S.
Yakunin // International Journal of Advanced Studies. — 2016. — Tom Ne 6. — Ne 4. —
C. 77-90.

3. byrpumo, B. A. MHcnons3oBanue (akTOpHOTO aHamm3a IS
ONTUMHU3ALMK pa3Mepa 3aKa3blBAEMbIX IMAPTUM 3alaCHBIX YacTed CTaHIUEH
texoocnyxuBanusi / B.A. byrpumon, A.B. KougparbeB, B.M. Capbaes, B.B.
boponynun // Hayunoe o6o3penue. — 2017. — Ne 2. — C. 65-71.

4, Byrpumos, B. A. MonenupoBaHue NpoOLECCOB YINPaBICHUS 3amacaMu
npennpustus aBrocepsuca/ B.A. Byrpumon, A.B. KonapateeB, B.. Capbaes //
Hayunoe o603penue. — 2017. — Ne 8. — C. 63-68.

d. ByrpumoB, @ B.A.  Crartuctuueckass  OCHOBa  HMMUTAlMOHHOTO
MOJICTTUPOBAHMS CHCTEMBI YIIPABIICHUS 3amacamMu MpeanpusTus aBTocepsuca / B.A.
byrpumos, A.B. Konnpatses, B.1. Capbae, B.B. bopoxynun / Mup tpancnopra u
TexHonornaeckux MamuH. — 2017, — Ne 1 (56). — C. 132-138.

6. byrpumoB, B.A. MopaenupoBaHue CHUCTEMBI YIOPABICHUS 3alacaMu
CTaHIMM TexHm4Yeckoro obcmyxuBanus / B.A. Byrpumon, A.B. Konapatses, B.U.
Capb6aes, B.B. bopoxynun // Mup TpancmnopTa u TeXHOiIorndeckux mammH. — 2017, —
Ne 4 (59). — C. 9-17.

- B IPOYMX U3TAHUAX:

1. byrpumoB, B.A. IIpouLeCCHO-OPUEHTHPOBAHHOE  MOJAEIUPOBAHUE
(GYHKIMOHUPOBAHUS TPEANPUATUS. cepBUCHOrO oOchyxuBanus / B.A. byrpumos,
A.A. Tlogb6epeskun, E.O. Ky3pmuuera, C.K. AraeBa // IlnanupoBanue wu
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MOJICJIMPOBAHUE B CTPOMTENBCTBE M HAa TPAHCHOPTE: MEXKBY30BCKMI COOpPHHUK
HayudHbIX Tpyaos. — M.: MAJIU, 2015. — C. 72-80.

8. byrpumoB, B.A. MoaenupoBanue OU3HEC-TIPOIIECCOB YIPABICHUS
3amacamMy KOMIUIEKTYIOIIMX Ha OCHOBE (pOpMajbHOM TEOpUU MPOLECCOB M aHaIu3a
ueHoBoit nmonutuku / B.A. bByrpumos, A.A. Ilon6epeskun, A.A. MBaxuenko, C.1O.
CmupHoB // [InanHupoBaHue U MOJAEIUPOBAHUE B CTPOUTENIBCTBE U HA TPAHCIOPTE:
MEXBY30BCKUI COOpPHUK Hay4YHBIX TpynoB. — M.: MAJIH, 2015. — C. 99-108.

9. Byrpumos, B.A. Knaccudpukauust (HakTopoB, BIUSIOIIUX HA MOTPEOHOCTH
NpennpusiTUi aBTOocepBUca B 3amacHbiX yacTsix / B.A. byrpumos, P.A. NBanos, A.B.
Konnpatees, B.1. CapbacB // AxTyanbHbie BOMPOCHI TPAHCIIOPTA B COBPEMEHHBIX
yCIOBUSAX: COOPHUK HayudHbIX craTed mo matepuanam Il MexayHnaponHoit Hay4dyHOM
koHpepenuuu 28 okta0ps 2016 r. — Caparos: Uznarensckuit qom «Paidt-OKCIIO»,
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