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BUITPOBYBAHHSA HECYUYHUX KOHCTPYKII“II?'I CHENIAJIBHOT O
PYXOMOI'O CKJIAQY HICJIA TPUBAJIOI EKCITYATAIIT

besnexa pyxy € mnaiieadciugiuioio 6umozor0 00 pobomu 3anizHuyb. 3 Memoio 3abesneyenus
be3nepebitinux nepeseseHb nacaxcupie i eawmadxcie 3anisHuysmu nionpuemcmeom AT «Yrpainceka
3ani3HUYAY, AKMYATIbHOIO 3ATUUAEMbCA 3A60AHHA WO000 3a0e3neyenHs eKCHnIyamayii pyxomoeo
CKNIA0y N03a NpU3HaA4eHo20 CMPOKY CAYHCOU. Buxooauu 3 ybozo, suniueac neoOXioHicms npogeoenHs
8UNP00YB8AHb, CHPAMOBAHUX HA CMEOPEHHS YMOB HO eKCHLYamayii pyxomo2o ckiady 3i 30epexjceHusm
OUHAMIYHUX | MIYHICHUX Xapakmepucmuk. B Oawuiti cmammi Hasedeni nopsdok, obcse i ompumati
pe3yabmamu  unpody8aHbL HA MIYHICMb mMa ONip 6MOMI PYyXOMO20 CKAAOy Nicais mpueanor
excniyamayii Ha Npuxkiadi CcneyianrbHo2o pyxomoz2o ckiaody, a came asmoopesunu muny ACla.
Ompumano pe3ynomamu  MAKCUMANbHUX — PIGHIG HaAnpye, CcepeoHbOK8aopamuite BiOXUNEHHS,
Koeiyienmu 3anacy onopy 6moMi, 3aNeNCHICMb PIGHS HANPYXNCEeHb GI0 weuokocmi pyxy. 3a
pe3yabmamamit. 00CiOHceHs po3poOIeHO MeXHIuHe pilueHHs, WO 00360159€ MemOOaMu MexXHiYHO20
0iazHOCMYBANHA  NPOBOOUMU  NPOOOBIHCEHHA MePMIHY cayscou asmoopesun muny ACla nicas
3a6epuleHHst NPUSHAYEHO20 TMEPMIHY CYHCOU.

Knrouoei cnoea: pyxomuil ckiao, Hecyui KOHCMPYKYii, aemoopesunu, eunpodyeanHs, MIyHICMb,
Onip 6MoMi, mepmiH CryHCOU.

Beryn. 3 metoro 3a0e3nedeHHsl BUKOHAaHHS mianpueMctBaMu AT «YKpaiHCbKa 3ai3HUL
BaHTA)XHHUX 1 MAaCaXUPChKUX IEPEBE3€Hb, AKTYaJIbHUM 3aBJAHHSIM € MPOJIOBKEHHS CTPOKY
ciIy:)kOM Ta 3a0e3nedeHHs O€3MeyHOi eKCIulyaTalii pyxoMoro Cckjaay, B TOMY YHCII
CIELIaIbHOIO PyXOMOIO CKJIany.

O6’exToM JfociikeHb oOpaHa aBToapesnHa Tumy ACla, ska BHKOPHUCTOBYETHCS
HixuHcbkoro nucraniiero curHamizamii 1 38 a3ky (IIY-11) perionansnoi ¢inii «IliBagenHo-
3axinna 3anizHuL» AT «YkpaiHcbka 3ami3HUIS» (puc. 1), 3 BHUEpIaHUM MPU3HAYCHUM
CTPOKOM CITyKOH.

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37
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Puc. 1. O6 ekt BUnIpoOyBaHb — aBTOApPe3nHa ACla

AHaJi3 OoCTaHHIX J0CTiTKeHb i MOcTaHOBKAa mpo6Jjemu. Ha croromHimHiii aeHb
npo0sieMu Oe3NeKH pyXy Ta BUSHAUEHHS PECypCy HECyUMX KOHCTPYKILIH pyXOMOro CKIaay, B
TOMY YHCJIi CIIELIATBHOTO PyXOMOTO CKJIaly, IPUCBAYCHA 3HAYHA KITBKICTh HAYKOBUX POOIT.

JocnimkenHs, BUKIaaeHl B marepiani [1] onmucyroTh cydacHHMil cTaH, mpoOieMu Ta ix
BUPIIICHHS, a TAKOXK CIIOCOOM Ta METOJIU MPOJOBKEHHS TEPMiHY CITy>KOM PyXOMOTO CKIIaTy.
B po6orti [2] npoBeaeHO DOCTIIKEHHS HECY4YUX KOHCTPYKIIN BiJ poOOTH 3 BaHTaKaMH, SIK
OCHOBHOTO YWHHHKA HAaBaHTaXCHb IS KpaHIB Ha 3ali3HUYHOMY Xoay. B pobGoti [3]
JOCTIPKEHHS CIelialbHUX BaroHiB PO3LIUPEHI YAApPHUMU BUIPOOYBAaHHSAMHU IJsI OOJIKY
HABaHTAXCHb MPHU PoOOTI B CKiaai moi3nmiB. Y pobortax [4, 5] mMpoBEAEHO MOCIHIKEHHS
HaNO1IbII OIU3BKHUX 110 0cOOIUBOCTSIM ekcrutyaranii 1o ACla aBToMoTpuc, ajne HeJOCTaTHRO
yBaru MpUAUICHO CTATUYHUM HAIPY>KEHHSIM BiJl BJIaCHOI Bar.

3 ypaxyBaHHSIM BHIIIE3a3HAYEHOIO MOXHA 3pPOOHMTH BHCHOBOK, IO pE3yJbTaTH aHANII3y
iHpOpMaIIIHUX JOKEpeNn 3 JOCIHiDKYBAHOTO IMUTAHHS CBiqUaTh MPO HENOCTATHIO KUIBKICTH
METOIMYHUX Ta TMPAKTUYHUX MaTepiaiiB Jisi BU3HAYEHHS BCIX HEOOXIMHMX TMMOKAa3HHKIB IS
NOJAJBIIONO TPOJOBXKEHHS TEPMIHY CIY)KOM HECydHMX METaJeBUX KOHCTPYKLIN aBTOMOTpHUC
tuny ACla.

B naniit cTarTi NpoBEACHO TEOPETUYHI Ta MPAKTHYHI JOCHTIKEHHS 3 OLIHKU Ta aHali3y
MinHOCTI aBToMOTpuc ACla, BU3HaUYeHHs KoedillieHTa 3amacy Omopy BTOMi, IO B CBOIO
Yepry AacTh MOJIMBICTh MOJANBLIONO MPOJOBKEHHS TEPMIHY CIyXKOU HECy4yHMX METaJIeBUX
KOHCTpyKUii aBToMoTpuc ACla, BU3HaUUTH O€3MeUHI HIBUAKOCTI PYXY.

Merta i 3aBaaHHA a0caizkeHHs1. MeTa poOOTH — ONUC MPAaKTUYHUX METOJIIB MPOBEACHHS
BUIMIPOOYBaHb Ha MIIHICTh 1 JOCHIJDKEHHS HaNpyXeHo-aedopMoBaHOro craHy. B pamkax
JAHOTO JOCHIIKEHHS BCTAaHOBIIOIOTHCS MOKA3HUKH MIIHOCTI 1 omopy BToMi. [Ipu mpomy
OCHOBHUMHU (haKTOpaMHu, SIK1 BIUTUBAIOTH Ha KOEQIIIEHT 3armacy Oropy BTOMH, €:

BEPTUKAJIBbHI 1 MO3J0BXKHI 3yCHIUIA, sIKi 3aJIeKaTh BiJl BIACHOI Bark i KOPUCHOTO BaHTaXy
pPYXOMOTO CKJaay, AWHAMIYHUX SIKOCTEH, OCOOJMBOCTEH KOHCTPYKIli, 1HTEHCHUBHOCTI
eKCILTyaTallii;

MaTtepial, 3 SKOro BHTOTOBJIEHA paMa, 3 ypaxXyBaHHSM HOTO Jerpajarii Mmiciisi TPUBaJIOl
eKCILTyaTallii;

TEXHIYHUN CTaH PyXOMOTI'O CKJIaay.

Jnis ocsirHeHHsI ocTaBIeHoT MeTH Oyl BU3HAUYEHI 1 BUPIIIEH] HACTYIHI 3aBAaHH:

aHaJli3 paHille TPOBEJEHUX JIOCIIKeHb B 00J1acTi BUIPOOYBaHb PYXOMOTI'O CKJIaAdy, B T.4.
CIIEIIAILHOTO;

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37
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aHaJIi3 HOPMATUBHOI 0a3u 3 BUIIPOOYBaHb PyXOMOTO CKJIAJIY;

pO3po0Ka, y3ro/pKeHHS MPOrpaMu Ta METOAUKH IIPOBEICHHS BUNPOOYBaHb;

MPOBEACHHS BUIIPOOYBAHb 1 OIlIHKA PE3yJIbTATIB;

pO3poOKa TEXHIYHOTO pINICHHS IS [OJAJBIIOr0 TEXHIYHOTO JiarHOCTYBaHHS 1
NIPOJIOBKECHHS TEPMIHY CITY)KOM BUITPOOYBAHOTO THITY PYXOMOTO CKJIay.

Marepiaau i meronu nocaizxeHHsl. X0J0BI MIIHICHI BHUIIPOOYBaHHS MPOBOISATH HUIIXOM
peecTparlii MpoIeciB B KOHTPOJBHUX TOYKAX JETajled paMH Ky30Ba IiJ 4ac IOCIiTHHIIBKHX
MOI3/IOK B JIiana3oHi eKCIUTyaTallifHuX IIBUAKOCTEH, SKIIO IIe HE 3arpokye Oesreri pyxy. 3a
pe3yibTaTaMyd BUMIPIOBaHb BUKOHYIOTH PO3PAaXyHKH, OIIHIOIOTH KOE(IIIEHT 3aracy Ormopy BTOMI.

Peectpartist BUMipIOBaHHX HPOIIECIB XOJOBUX BHUIPOOYBaHb Ha MILHICTh MPOBOAMUTHCS HA
NPSIMUX 1 KPUBUX AUISHKAX KOJii, CTPUIOYHUX MEPeBOJaX y BChOMY Jiana3oHi JTOMYyCTUMHX
eKCILTyaTal[iiHUX MIBUIKOCTEH.

Xom0Bi MIlHICHI BHUIPOOYBaHHS TMPOBOATH IIiJI Yac IOI3I0K B peaJbHUX yMOBax
eKCIUTyaTalii 3 peecTpamielo JUHaAMIYHHUX MPOLECIB 1 1edopmariii B KOHTPOIBHUX TOUKAX.

B mnpomeci xomoBux BumpoOyBaHb Ha MinHicTh aBToMOoTpuc ACla BUMIPIOIOThCH,
AQHATI3YIOTHCS TA OMIHIOIOTHCS TaKi BEJTMYHUHU 1 IOKa3HUKU:

HANpyrd B IO3J0BXHbOMY HANPSMKY Ha HIDKHIN Moymii Oalku paMu Ky30Ba MiX
KPOHIITEHHOM KPIIUICHHS PECOPHOTO MiABIIIYBAaHHS 1 IIEJIET0 OYKCOBOTO BY3Ja;

HATPYTH B MO30BXHHOMY HANPSMKY Ha HIDKHIH IMOJIUI OAJIKH IO LIEHTPY PaMU Ky30Ba;

Halpyru B TO3J0BXKHBOMY HANpsSMKy Ha HIDKHIA TONMUII Oajakd pamMu Ky3oBa Oils
KPOHILITEIHA KPIIJIEHHS! PECOPHOTO Mi/IBIIIYBaHHS;

MIBUKICTE PYXY.

Micust ycTaHOBKH TE€H30JIaTUMKIB MTPHU XOJA0BUX BUIIPOOYBAHHSX HABEJCHI HA PUC. 2.

Puc. 2. CxemaTH4He MO3HAYEHHS MiCIIb YCTAHOBKH T€H30pPe3NCTOPIiB HA HECYYHX
KOHCTPYKIiAX paMu Ky30Ba apToape3nnn ACla

PesyabraTn npociaigxenb. OOpoOka [JaHUX XOJOBUX BHUIPOOYBaHb Ha MIIHICTb
aBTOMOTPHCH Tependadae po3mUppPOBKY, 1AEHTU(IKAIIO Ta CHCTEMAaTHU3allil0 MapaMeTpiB
3apeeCTPOBAHMX NPOIECIB 1110 BUKIMKAIOTh JAMHAMIYHI Hampyru. Yactora ONUTyBaHHS
TEH30pPE3UCTOPIB MPH 3HATTI MOKa3aHb cTaHOBUTH 400 ['1.

Jocniani maHi rpynyroThes 3a JianazoHamu mBuakocted pyxy (10-20 km/roa.) 1 mo
OUISHKaX IUBIXy (mpsMa, KpHUBa, CTPUIKM M 1H.). Pe3ynbTraT BU3HAueHHS HANpYXEHb B
HECYYMX KOHCTPYKIIISIX MiJ Yac MPOBEIEHHS XOJOBHX MIIIHICHUX BUIIPOOYBaHb, HaBE/IEHI B
tabnuui 1, ne CKO — cepenHbOKBaipaTHUHE BIIXUICHHS.
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Jonyctumi Hampy>KeHHsSI MaTtepiany HeCydyuxX KOHCTPYKIii aBromoTpuc ACla mpuitHAITO
0,90;=221 MlIla.

[Tpuiimatroun MakcumalnbHUM KoedilleHT IuHaMikk Uil pociigHux wmicup Ky = 0.4,
CTaTUYHI HABAaHTAKCHHs OIIHEHI 1 MpHBEJCHI B TaOmuIi 2. MakcuManbHI eKCIUTyaTamiiHi
HABAaHTA)KEHHA B MICLAX YCTAHOBKM TEH30PE3UCTOPIB OI[IHEHO $K CyMy CTaTHYHUX 1
JUHAMIYHHUX HAMPY>KEHb.

Tabnuys 1. Pe3yabTaTH BU3HAYEHHS PiBHIB HANPYT 3a pe3yJIbTaTaMHU X0I0BUX MillHiCHHUX

BUIIPOOYBaHb
Jliama3oH MIBUAKOCTEH, KM/TOJT
Ka-nan 10-20 20-30 30-40 40-50 50-60 60-70 70-80
Maxc | CKO | Makc | CKO | Makc | CKO [ Makc | CKO | Makc | CKO | Makc | CKO | Makc |  CKO
Hanpyxenns, MIla
1 12,05 | 254 | 1328 | 3,20 | 12,84 | 3,73 | 1213 | 396 | 1061 | 3,77 | 12,32 | 435 | 16,79 531
2 22,69 | 366 | 1887 | 425 | 17,21 | 483 | 17,67 | 508 | 16,01 | 4,99 | 19,20 | 578 | 26,79 7,39
3 840 | 105 | 726 | 105 | 682 | 110 | 7,74 | 119 | 79 | 119 | 6,82 1,28 | 6,06 1,66
4 586 | 1,17 | 580 | 1,26 | 6,04 | 135 | 562 | 147 | 523 | 144 | 6,65 185 | 857 2,61
5 545 | 131 | 795 | 168 | 780 | 175 | 793 | 184 | 738 | 189 | 833 2,16 | 10,82 291

Tabruys 2. Pe3ynbTaTH BU3HAYEHHS HANPY’KeHb HECYYHX KOHCTPYKIiii apTomoTpucu ACla

Ne kanay MaxkcuManbHi AMHAMiYHI MaxkcuManbHi cTaTH4Hi MakcuManbHi cyMapHi
B Hanpy>keHHsa, MIla HanpyxkeHHs, MIla HanpyxeHHs, MIla
1 16,79 41,975 58,765
2 26,79 66,975 93,765
3 8,4 21 29,4
4 8,57 21,425 29,995
5 10,82 27,05 37,87

3a pesynbTaTaMu JOCHIIKEHb HAMNpPYKEeHO-I1e(OPMOBAHOTO CTaHy BCTAaHOBIICHO, IO
HANpY>KEHHS B HECYYHX METaJeBUX KOHCTPYKIIAX aBToape3uH Tuny AC1A He mepeBUIIyIoTh
nonyctumMux. IIpm 1bOMy BCTaHOBIIEHO 3HAa4yHE MIABMILEHHS pPIBHSA HaNpyXeHb B paMi
aBronpe3nHn ACla Ha mBuiakocTsax 70-80 xkM/roj B MOPIBHSHHI 3 PIBHEM HAaINpy>KeHb Ha
HMIBUJKOCTAX 110 70 KM/TOA.

Ha ocHOB1 oTpuMaHuX 3Ha4YeHb HAMPYXKEHb (TAOMHIIA 2), TPOBEICHO PO3PaXYHOK OMOPY
BTOMI HECYYHX KOHCTPYKIIill aBTOMOTpHC.

O1iHKY 0Mopy BTOM1 PO3PaxoBaHO 3a (POpMYIIO0:

— 9-1
n= Kgoy+y-om > [Tl]

M)

Ie O0_q — CepeAHe 3HA4YeHHS TpaHMIll BUTPUBAJIOCTI CTAHAAPTHOTO 3pa3ka IMpu
CUMETPUYHOMY LIMKJII HaBaHTa)KeHi, mpuiiMaemo o_; = 190 Mlla;

K, — xoedimieHT, 1mo xapakTepu3ye NOHMKEHHS TPaHUIl BUTPUBAJIOCTI KOHCTPYKIIT IO
BiJTHOIIEHHIO /10 TPAHUIl BUTPUBAJIOCTI CTAHJAPTHOIO 3pa3Ka;

Oy — aMILIITy/la HallPpy>KeHb 1HKITY;

O — CEpEIHE HANPY)KEHHS LIUKITY;

1) — Koe]ilieHT, 0 XapaKTepHu3ye BILUTUB acuMeTpii rukiy, P = 0,3;

[n] — nomycTuMmMiA KOedilieHT 3amacy onopy BTOM.

3HayeHHs Koe(ilieHTa, IO XapaKTepuszye MOHMKEHHS
BHU3HAYAETHCS 32 (HOPMYIIOIO:

TpaHMIll  BUTPUBAIOCTI

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

8



TEXHIKA I TEXHO.JIOI'I

Ko = "2 B 2

ne K; — xoedimieHT, Mo BpaxoBye BIUIMB HEOJAHOPITHOCTI MaTepiary JAeTaii, JJIs MPOKaTy
K; = 1,1;

K, — koedirtieHT, 1110 BpaxoBye BILIMB BHYTPIITHIX HanpyxeHb B AeTam, K, = 1;

m — koe(iIieHT, Mo BpaxoBye CTaH nmoBepxHi Aetam, m = 0,9;

y — Koe(iIieHT, 10 BpaxoBye BIUTHB po3MipHOro daktopy, ¥ = 0,5;

Pk — eexTrBHUI KOedIlIEHT KOHIICHTPAllil HaPY>KeHb Y By3J1aX CKIaaHOI popMH.

3HaveHHs KoedillieHTiB ornopy BToMmi juist 30H 1 — 5 aBromorpucu ACla, npuBeaeHo B
Tabnuii 3.

Honyctume 3Ha4eHHS KoedilieHTa 3anacy onopy Bromi [n] = 1,4.

[To pesynbraTtam po6oTH, BpaxoBytou [7-10] po3podieno Texuiune pimenss [11].

Tabnuys 3. 3navenns: koediuieHTIB 3anacy onopy BTOMi J0CTiAKYBAaHUX 30H aBTOAPEe3UHH

ACla
o ITapameTpu OLHKY ONOPY BTOMI

e ranary K, o y o n [
1 5,62 15,93 0,3 41,975 1,66
2 5,62 22,17 0,3 66,975 1,2
2* 5,62 17,34 0,3 66,975 1,44* 14
3 5,62 4,98 0,3 21 >2 '
4 5,62 7.83 0,3 21,425 >2
5 5,62 8.73 0,3 27,05 >2

*pu 0OMeXEeHHI IBUIKOCTI Ha piBHI 70 KM/TO.I.

Jana nmyGmikaiist 3pobiieHa B paMKax MpoekTy: "Po3poOka KOHIIENTyalbHUX OCHOB JUJIS
BiJTHOBJICHHSI e(D)eKTUBHOTO (PYHKI[IOHYBaHHS 3acTapiiuxX BaHTaXHUX BaroHiB (Development
of conceptual frameworks for restoring the efficient operation of obsolete freight cars)"
(peectpanivinuii Homep mpoekty: 2020.02 / 0122), ¢inancyBaHHS SKOTO 3TIHCHIOETHCS
HauionanbHuM GoHAOM JoCikKeHb YKpaiHa 3a KOIITH JepHKaBHOIO OIODKETY.

BucnoBku. Ha ocHOBI aHami3y HOCHIKEHb B 00JacTi BUMPOOYBaHb PyXOMOTO CKJIAIY,
HOpPMAaTHBHOI 0a3u 3 BUIPOOYBaHb PYXOMOIO CKJIaJy pO3pOOJIeHMH MiAXiA 10 MPOBEICHHS
BUIIPOOYBaHb CHEIIAJIBHOTO PYXOMOIo ckiaay Ha mpukiani asroape3uHu ACla. B pamkax
JTAHOTO MiJIXOAY po3po0JIeHO Ta HOTO/HKEHO MporpamMmy BUIPOOyBaHb.

3a pe3yiabTaTaMM XOJOBHUX MILHICHUX BHUIPOOYBaHb 1 JOCHIIKE€Hb HANpy>KEHO-
Ne(OPMOBAHOIO CTaHY BCTAHOBJICHO, 1110 HANPYXXEHHs B HECYYHX KOHCTPYKLISX aBTOMOTPHC
tunny ACla He mepeBUIIyIoTh JonycTuMuX. JlogaTkoBo BCTaHoBieHO miaBuiieHHS Ha 40%
piBHS HaNpyXeHb B MeXaxX JIOMyCTUMHX 3Ha4eHb B pami aBToMoTpucu ACla Ha HIBUAKOCTSIX
70-80 xM/Tof1, B IOPIBHSAHHI 3 pIBHEM HANPYXXEHb Ha MBUIKOCTAX 10 70 KM/TOI.

BinnoBigHICTh HOMYCTUMOTO 3Ha4eHHs Koe(illleHTa 3aracy ornopy BTOMI BUKOHYETHCS Ha
MIBUAKOCTAX 10 70 KM/TOI BKIIIOYHO.

3a pesynbTaTaMyd TPOBEAEHOI PpOOOTH BCTAHOBJIEHO MOXJIUBICTH  IOJAJIBILIOTO
IIPOJIOBIKEHHS TEPMIHY CIYKOHM HECYUMX MeTaleBUX KOHCTpYKIii aBToMoTpuc ACla mij yac
IPOBE/IEHHS KOHTPOJIIO TEXHIYHOTO CTaHy Ha TepMiH 10 60 pokiB 3 1aTH MOOYJOBH.
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TESTS OF LOADING STRUCTURES OF A SPECIAL ROLLING STOCK AFTER LONG
OPERATION

Traffic safety is an essential requirement for railways. In order to ensure uninterrupted transportation
of passengers and goods by rail by the enterprise of JSC "Ukrainian Railways", the task of ensuring the
operation of rolling stock outside the assigned line of service remains urgent. Proceeding from this, it
follows that it is necessary to carry out tests aimed at creating conditions for the operation of rolling stock
while maintaining dynamic and strength characteristics. This article presents the order, scope and results
of strength tests of rolling stock after long-term operation on the example of an ASla-type railroad car. The
results of the maximum stress levels, standard deviation, fatigue safety factors, the dependence of the stress
level on the speed of movement are obtained. Based on the research results, a technical solution has been
developed that allows using technical diagnostics methods to extend the service life of the ASla type
railroad cars after the end of the assigned service life.

Keywords: rolling stock, supporting structures, auto-rail, tests, strength, fatigue resistance,
service life.

3oipruk naykosux npaus /I1VIT. Cepia « Tpaucnopmui cucmemu i mexunonoziiy, 2021. Bun. 37

11



TEXHIKA I TEXHO.JIOI'I

DOI:10.32703/2617-9040-2021-37-2
UDC 656.22:330.322
JEL Classification L92: R49

Artem Mironovich'", Georgy Eitutis®"

! Executive Director, Regional Branch “South-Western Railway™, 6, Lysenko Street, Kyiv, 01601, Ukraine.

2 Professor, Department of Economics, Marketing and Business Administration, State University of
Infrastruture and Technology, 9, Kyrylivska str., Kyiv, 04071, Ukraine. ORCID: 0000-0002-3833-6875

*Corresponding author: eitutis.g@ ukr.net

CONDITIONS FOR THE DEVELOPMENT OF THE CRUSHED STONE
PRODUCTION IN UKRAINE AND COMPETITION ON THE TRANSPORT
MARKET

The article describes the production and use of crushed stone in Ukraine. The price factor of
production and sale of crushed stone in the foreign countries is given and the comparative analysis
with the Ukrainian producers is carried out. The dynamics of capacity and production of crushed
stone products in Ukraine taking into account export and import components is given. It is established
that the most capacious market is located in Zhytomyr region. It is noted that the share of crushed
stone production of the enterprises located on the territory of the Regional Branch "South-Western
Railway" is 44. It was found that only fruitful cooperation between two parties will get positive results,
which will certainly increase railway traffic.

Keywords: crushed stone, production technology, crushed stone fraction, price factor, market
capacity, market segmentation, transport component, and competition.

Introduction. The modern market of transport services is characterized by increased
competition between the enterprises of different modes of transport. This problem is
especially acute in the field of freight transport. In order to withstand this competition and
ensure the effective development of the industry, the railway transport companies are faced
with the task — to prevent the outflow of goods to other modes of transport, including motor
transport.

The low rate of renewal of the main means of production of the domestic railway transport
in the field of innovation and investment activities, led to the fact that the operation is almost
78%. And as a result, the railway transport carries out transportation by means of obsolete and
imperfect rolling stock, which is repaired by technological equipment that does not ensure the
safety of trains.

The evolution of the needs of the Ukrainian economy and the changing role of road, air
and river transport require qualitative changes in the company by defining a development
strategy in the medium term.

The purpose of adopting a new strategy for the development of the Joint-Stock Company
"Ukrainian Railways" for 2019-2023 (hereinafter - the Strategy) is to define the corporate
goals of the Company, which will be understood and accepted by the stakeholders, to focus
efforts on achieving them through strategic initiatives.

The Company's development strategy envisages the achievement of the following main
goals:
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meeting the needs of Ukraine in railway transportation and logistics in accordance with the
plans of economic development of the country and population mobility;

achieving and maintaining a strong financial position of the company, including by
intensifying the necessary investments in the main activities of UZ;

ensuring the safety of the railway transport for the customers, employees and third parties;

increasing the company's attractiveness to consumers and employees; and

introduction of the modern and effective management practices and principles.

And most important, to review the attitude of carriers to their partners — shippers and to
direct the vector of the operational and commercial activities in a customer-oriented direction.

The analysis of the recent research and problem statement. Ukraine has a high
potential for the production and export of crushed stone. Subject to the further state and
international support for the road construction and repair, the crushed stone market will
continue to develop more intensively.

It should be noted that the transport component in the total volume of marketable products
of the manufacturer of the construction goods has a significant share, which is about 10 -
50%. Therefore, such factors as the tariff for transportation of 1 ton and term of delivery of
cargo that creates preconditions of the transport market with the corresponding competition
have essential value for the manufacturer.

Five years ago, the proportion of crushed stone was 20% to 80% in favour of the railway.
Every year road transport increases by 3-5%.

If effective measures are not urgently introduced to improve the conditions of
transportation by railway, the volume of transportation of crushed stone by railway and road
will be adequate.

Among domestic scientists, the solution of the specified problems is devoted to the
scientific researches and publications: G.M. Kirpa, Yu. F. Kulaeva, G.D. Eitutis, V.K.
Myronenko, V.V. Chornyi, V.I. Pasichnyk, O.V. Sobkevych, L.V. Kushnir and others.

In the works of these authors, the presented materials require further research in the current
conditions of the railways, which are constantly changing, the issues of freight transportation
need a new research.

The purpose and objectives of the research. The purpose of the article is to cover the
problems of production and transportation of crushed stone by different modes of transport,
which requires increasing the efficiency of industrial enterprises and carriers and creating a
competitive environment in the field of logistics services.

Materials and methods of the research. Crushed stone is the most popular product, its
output is usually 85-95 percent of the total marketable products of the enterprise. Crushed
stone is produced divided into fractions (mm): 5 (3) —10; 10-20; 20-40; 40-70 (70-140). In
recent years, due to the use of the Western technologies in road and housing construction,
crushed stone companies produce up to 11 fractions. Crushed stone is used: as the main filler
of (heavy) concrete in all concrete and reinforced concrete building structures; as a large filler
of asphalt (and cement) concrete and ballast layer of pavements of roads and airfields; for the
upper embankment of the railway tracks; for all kinds of dumping, paving, and planning
works [1].

For lightweight concrete, crushed stone obtained from porous rocks is used, as well as artificial
porous fillers, especially vermiculite and perlite, which are the best material for sound and heat
insulation.

Today, the vast majority of domestic crushed stone plants do not use optimal technologies,
their equipment is not only physically worn out, but also morally obsolete. Many companies
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have exhausted the allocated reserves of raw materials. The industry is on the verge of
reconstruction and restructuring. This requires new approaches to the evaluation of raw
materials, technologies and equipment of plants, so as not to repeat their own mistakes in the
organization of production of non-metallic building materials [2,3].

The technological scheme of the enterprise should be optimal according to two criteria:

maximum output of cubic crushed stone;

flexible technology that allows you to respond quickly to changes in demand and avoid
overstocking with one or more fractions;

layout of the technological equipment, which allows to minimize the amount of transport
equipment (crushers over screens, roar over bunkers, etc.);

use of specialized equipment;

unification of the equipment (use of conveyors with one belt width, but with different
speed, etc.);

uniformity of loading of the equipment and stability of characteristics of initial material;
and high efficiency of working time, etc.

Technological schemes developed taking into account these rules are not only highly
efficient, but also the simplest [4].

Currently, the work is underway to improve the crushing equipment. Taking into account the
physics of the solid body and the theory of oscillations, vibrating buccal and conical crushers were
created. However, the scope of their application is limited by the physical and mechanical
properties of rocks, high yields (up to 25-30 percent?) significant wear of working equipment.
Additional tests are required to determine the rational scope of the crushers of this design.

The introduction of new technologies for the production of crushed stone requires an increase
in the cost of its production. The cost of producing cubic crushed stone is 15-20% higher than
usual. Up to 40% of screenings are formed. Therefore, the main task is the scientific and
economic justification of the need for crushed stone in quantitative and qualitative terms. The
analysis shows that the selling price of crushed stone in the United States, Europe and Russia is
almost the same and averages about $ 5 per ton.

Although in general the transportation of construction cargo occupies about 10 - 50% in
the total volume of marketable products [5,6].

The ratio between the prices of production and consumption on average in Ukraine is
estimated as two to one, which is due to transport, supply — marketing, tax and other costs. At
the same time, consumption prices differ significantly in some regions.

The increasing demand for crushed stone leads to an intensive increase in its production. In
2015, there was a significant reduction in the production of crushed stone, but since 2016 the
demand for crushed stone began to increase, which is due to the development of the construction
industry in Ukraine and the need for crushed stone as a filler. In 2018, the production of crushed
stone amounted to 81.9 million tons, which is 9.2% more than in 2014 [7].

Today in Ukraine there are many companies that produce crushed stone products. After the
crisis in the country, which was observed in 2014-2016, enterprises for the production
(extraction) of crushed stone are gradually updating the technological equipment, increasing
the quality of crushed stone (cubic). In recent years, the construction market is growing. The
largest growth of the building market is observed in Kyiv and Kyiv region, as well as in Lviv
and Odessa regions; the construction of commercial buildings decreased in the market of non-
residential buildings. The construction market is a significant consumer of crushed stone
products, which makes it possible to increase the volume of crushed stone production and,
accordingly, increase the company's revenues [7].
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The greatest demand in the market of Ukraine and neighbouring countries is crushed stone
fractions of 5-20 mm, less often — 5-10 mm, which is used for the production of asphalt,
concrete and reinforced concrete structures. Crushed stone of granite fractions 2040 mm,
40-70 mm is also in stable demand and is used in construction and repair of railway
embankments, tramlines, foundations of highways, when laying foundations of buildings and
structures, as well as for crushing into smaller fractions of crushed stone [8].

Ukraine has a high potential for the production and export of crushed stone. Subject to the
further state and international support for road construction and repair, the crushed stone
market will continue to develop. Crushed stone production and prices are constantly
increasing, which indicates the prospects for the development of this market.

The crushed stone market in Ukraine is characterized by a high degree of saturation due to
sufficient stocks of raw materials, which makes it possible to export products at competitive
prices (from 120 to 220 UAH per ton). The competition in this segment is also regional in
nature, because, due to the slight difference in geological composition and "factional™ crushed
stone, a key competition is observed in the field of logistics costs and the ability to deliver
products in different batches and modes of transport [9]. Insignificant imports are
characterized by the presence of own stocks, existing purchases are only local periodic in
nature and are associated with a specific demand (Table 1).

Table 1.Crushed stone market capacity in Ukraine, 2014-2018

Indicators 2014 2015 2016 2017 2018
Production, million tons 74.0 62.4 64.0 75.7 80.9
Import, million tons 0.1 0.1 Oh, 1 0.1 0.2
Export, million tons 23.4 12.0 6.7 8.5 6.4
Capacity, million tons 50.8 50.5 57.4 67.3 74.7
Growth rate, % -0.5 13.6 17.3 11.0

Source: data of the State Statistics Service of Ukraine, market operators, Pro-consulting assessment [7,10,11]

In general, the crushed stone market is experiencing an increase in capacity, which is
associated with the level of consumption and demand for road construction, construction of
residential and non-residential buildings. Raw materials are also used in other areas —
construction of drainage systems and others. At the moment, there is a positive trend in the
growth of construction in general (Fig. 1).
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Fig. 1. Dynamics of crushed stone market capacity, 2014-2018, million tons
Source: data of the State Statistics Service of Ukraine, market operators, Pro-consulting assessment [7, 10, 11].
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Segmentation of the crushed stone market by regions of Ukraine in 2014-2018 shows that
the most capacious market is located in Zhytomyr region. The share of crushed stone
production of enterprises located in the Regional Branch "South-Western Railway" is 44%
(Table 2).

Table 2. Crushed stone market capacity in Ukraine, 2014-2018, million tons

Indicators 2014 2015 2016 2017 2018
Capacity across Ukraine 50.8 50.5 57.4 67.3 74.7
Capacity in RB "South-Western 25.3 25.3 28.7 28.9 32.8
Railway", including by areas
Zhytomyr 15.7 15.3 17.4 18.5 18.2
Kyiv 4.7 4.8 5.4 3.8 5.9
Khmelnytsky 1.7 2.3 2.6 3.4 4.5
Vinnytsia 3.2 2.9 3.3 3.2 4.2

Source: data of the State Statistics Service of Ukraine, market operators, Pro-consulting
assessment[7,10,11].

The most popular fraction in all industries is crushed stone 5-20 mm. This granite crushed stone is
very often used in the construction of foundations, as well as for the manufacture of high
quality concrete and structures that are created from it. The same material was used and
continues to be used in the filling of airfield pavements, pavements and similar structures.

The dynamics of crushed stone production in physical terms in recent years shows a
tendency to increase. In 2015, there was a significant reduction in the production of crushed
stone, which was due to economic instability and the loss of a number of large economic
regions. The average value of crushed stone production for the period 20142018 was 71.4
million tons, and the average growth rate was 9.2% (Fig. 2).
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Fig. 2. Dynamics of crushed stone production in Ukraine, 2014-2018, million tons
Source: data of the State Statistics Service of Ukraine, market operators, Pro-consulting assessment [7,10,11].

Thus, by 2014, all cargo was sent to the Regional Branch “South-Western Railway” 38473
thousand tons, including construction cargo 20733 thousand tons or 54% of the total shipment
to the branches, in 2018 all shipments were sent to the branch in volume 38467 thousand tons,
of which 15548 thousand tons of building materials, which is 40% of the total shipment. It
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should be noted that in 2019 the percentage of shipments of construction goods to the total
shipment was 33% (table 3).

Table 3. Shipment of goods on the Regional Branch "'South-Western Railway"’, 2014-2019

Name of cargo Shipment of goods, tons

2013 2014 2015 2016 2017 2018 2019
Total 37715075 | 38473238 | 37081104 | 36889 021 | 40780 721 | 38 467 165 | 35 124 283
Coal 3965 3548 3362 9962 21337 14 481 17 342
Oil cargoes 1375744 | 249635 | 111504 | 732577 | 1047352 | 1034211 | 665567
Ferrous metals 43116 26 952 7855 11 849 4570 4007 2508
Forest cargoes 2533520 | 2,725385 | 2,852,830 | 2,609,929 | 1,712,376 | 1468320 | 632434
Cement 1,279,724 | 1222520 | 1204952 | 1351112 | 1139314 | 1,050,059 | 1039 106
Chemical and 331021 | 377382 | 466151 | 522003 | 489325 | 268434 | 103294
mineral fertilizers
Bread cargoes 6,265,386 | 7531784 | 8291603 | 9004861 | 10932105 | 11158377 | 13,750,793
Ferrous scrap 884967 | 904426 | 734371 | 627366 | 752629 | 753916 | 642792
Construction cargo 20,733,497 | 20930804 | 17777018 | 15056 621 | 17300 968 | 15548849 | 11 567 363
Lr;‘:étsrtggt%n”;:ggilcts 17695353 | 18822775 | 15,794,336 | 13084 123 | 15365 118 | 13889 109 | 10399 760
Refractories 891010 | 889392 | 779766 | 671971 | 730568 | 757891 | 549078

Source: Reporting data of the Regional Branch "South-Western Railway" [12].

The main reason for the decline in the transport of crushed stone by railway, it should be
said openly, is the fact that the vector of logistics of the railway transport was directed only in
favour of the railways, without taking into account the interests of the shippers.

Consider this problem on the example of the Unigran Company.

Unigran is one of the largest manufacturers of the construction products in Ukraine. The main
products are crushed stone, sand, screenings and paving slabs. In favourable periods of economic
growth large-scale road construction was carried out. They produced and sold six million tons of
crushed stone a year, and most transported it on their own. Since 2014, there has been a decline in
the production and transportation of crushed stone, in 2017-2018 there was a rise, and in 2019-
2020 - again a decline.

What problems, in the opinion of Unigran, have affected its production and economic
activities?

The main problem today is the insufficient number of available electric freight and diesel
locomotives. For example, at the station of gravity of the company - Penyzevychy there was
always a locomotive, which carried out shunting works and formed routes to departure.
Today, in addition to this station, the neighbouring ones are served: Irsha, Malyn,
Chopovychy, and the number of locomotives and crews has not increased [13].

The second problem is routing. Today Ukrzaliznytsia relies on the scheduled shipments.
However, in practice there is also a need to deliver goods in batches of cars and the company
is forced to carry out this transportation by road. And the railway naturally loses these
volumes of transportations. So a few years ago, automotive logistics worked only at a distance
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of up to 100 km, if more - was considered inefficient. Today, such transportation is already
carried out at a distance of 200-250 km.

Another problem is the lack of sites for the repair of freight cars, for this reason, dozens of
scarce freight cars are idle without repair for two - three months. In addition, prices for repairs
in recent years have risen significantly, that is, the cost of using your own car is constantly
growing. It is advisable to open this market to private repair companies so that there is
competition.

It is impossible not to agree with the specified problem questions of the company, which,
first of all have to be solved operatively by railway people. It is hard to deny that reforming
the operational vertical has impaired operational management. The newly created structures
have centralized transportation management, which is still inefficient today, including the
development of tariff policy. At the same time, the regional branches today do not have the
appropriate levers to manage and resolve all issues of operational and commercial work, and
require approval from Ukrzaliznytsia.

Thus, after the introduction of changes in the rates of payment for the use of own cars in
accordance with paragraph 3.4.2 of the Agreement on the provision of services for the
transportation of goods by railway, which changes came into force on October 1, 2020, the
fee for the use of cars has increased significantly during the first three day, as an example, the
cost of the service for the use of a universal semi-car on the first day increased 9 times (from
UAH 88.3 to UAH 800.0).

It should be noted that the additional financial burden on the car component (usage fee)
will lead to an increase in the cost of transportation logistics in the carrier's cars. At the same
time, the difficult situation for JSC “Ukrzaliznytsia” with the volume of traffic in the carrier's
cars may worsen.

The reorientation of loading of separate nomenclature groups of freights in private cars is
possible in the conditions of surplus of private cars, after increase in cost for use of the
carrier's car.

The management of the Regional Branch “South-Western Railway” proposed to reduce or
cancel the fee for the use of the carrier's own cars within 48 hours, which will allow cargo owners
and JSC "Ukrzaliznytsia" to use most CTL cars, which currently have worse technical condition
than private cars.

There are a number of other issues that need to be addressed by both railways and freight
owners. Only fruitful cooperation between the two sides will allow to obtain positive results,
which will certainly increase the volume of the railway transport.

Conclusions. The research identified the main prerequisites for the development of
crushed stone production in Ukraine and competition in the transportation market.

It is known that the crushed stone market of Ukraine is characterized by a high degree of
saturation due to sufficient stocks of raw materials, which makes it possible to export
products at competitive prices (from 120 to 220 UAH per ton). Competition in this segment is
mainly observed in the field of logistics costs and the ability to deliver products in different
batches and modes of transport.

At the same time, many enterprises have exhausted the allocated reserves of raw materials,
their equipment and technology are physically worn out and obsolete [14].

The introduction of new technologies for the production of crushed stone requires an
increase in the cost of its production [15].

The analysis shows that the selling price of crushed stone in the United States, Europe and
Russia is almost the same and averages about $ 5 per ton. Although in general, the
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transportation of construction goods account for about 10-50% of the total volume of
marketable products.

The ratio between production and consumption prices in Ukraine is estimated as two to
one, which is due to transport, supply, sales, tax, and other costs. At the same time,
consumption prices differ significantly in some regions [16].

If we take the data from 2014, then the proportion was 20% to 80% in favour of the
railway. Every year road transport grows by 3-5%. And in the coming years, if the specified
growth of traffic, road transport will reach the level of the railway transport [17].

On the example of Unigran Company, the main problems, which concern it at the present
stage as both the producer of crushed stone, and the carrier, are considered:

Insufficient number of freight electric locomotives and diesel locomotives for shunting and
export works;

negative impact of scheduled shipments organized by the railway on the timely departure
of certain groups of freight cars;

lack of sites for repair of freight cars, for this reason dozens of scarce freight cars are idle
without repair for two or three months.

It is impossible not to agree with the specified problematic questions of the company,
which first of all, have to be solved operatively by railway people. At the level of the regional
branch, appropriate measures are being implemented to improve operational and commercial
work, but unfortunately there are problems, mainly of a regulatory nature, such as the
introduction of changes in rates for own cars in accordance with paragraph 3.4.2 of the
Service Agreement on the organization of cargo transportation by railway, the changes to
which came into force on October 1, 2020.

The reorientation of loading of separate nomenclature groups of freights in private cars is
possible in the conditions of surplus of private cars, after increase in cost for use of the
carrier's car.

The management of the regional branch of the South-Western Railway proposed to reduce or
cancel the fee for the use of the carrier's own cars within 48 hours, which will allow cargo owners
and JSC "Ukrzaliznytsia" to use most CTL cars, which currently have worse technical condition
than private cars.

There are many other issues that need to be addressed by both railways and freight owners,
but only a fruitful cooperation between the two sides can achieve positive results, i.e. increase
production and transportation.
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HEPEAYMOBH PO3BUTKY BUPOBHUIITBA IIEBEHIO B VKPAIHI
TA KOHKYPEHIII HA PUHKY IIEPEBE3EHD

Y cmammi oxapaxmepuzoeani upobHuymeo i 3acmocysanHs wjebno Ha mepumopii Yxpainu.
Haseodeno yinosi paxmopu eupoornuymea i peanizayii wjebHwo 8 3apyOincHUX KpaiHax i 30iliCHeHO
NOPIGHSIbHULL AHANIZ 3 YKPAIHCoKUMU 6upobHukamu. Hasedeno Oounamiky emmocmi i eupobHuymea
webenesoi npodyxyii 6 Yxpaiui 3 ypaxysanHsam excnopmuoi ma iMnopmHoi ckiadosux. Becmanoeneno,
wWo HaubiIbW EMHUL PUHOK po3mawuosanuii 8 JKumomupcokii obiacmi. Bioznauero, wo numoma eaza
BUPOOHUYMEA WeOHIO NIONPUEMCMS, PO3MAWOBAHUX HA Mepumopii pe2ioHanbHo20 iniany
"[lis0enno-3axiona 3aniznuya” cmanosume 44%. 3'acoeano, wo minoku niioHa 63aemoodis 060X
CMOPIH 00380IUMb OMPUMAMU NO3UMUGHT Pe3yTbmamu, wo, 0e3yMO8HO, GniuHe HA 30iNbuUleHHs.
00cs2i6 nepesesetsb 3ANI3HUYHUM MPAHCHOPIOM.

Knrouoei cnosa: webinw, mexnonoeis supobnuymea, Gpaxyis webmio, yiHosull hakxmop, EMHICmb
PDUHKY, CecMeHmayis puHKy, mpaHCnopmua CK1ao08d, KOHKYPeHYIA.
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ITPOBJIEMA OBPUBIB ABTO3YEIIIB

IIpobnema obpugie agmosyenie 3aIUUAEMbCI AKMYATLHOW 08 3ANI3HUYHO20 mpaucnopmy. B
pobomi npugedeHi psao Oeghekmis, wo eusasieHo 6 00ipsanux aemosuenax. lIposedenuil ananiz
MiyHOCMI a8mo3yeny cei0uums Npo HAAGHICMb 3aNACy MIYHOCMI, ane 6useleHi 6 00ipeaHux
aemo3uenax degexmu nepesuwyioms yei 3anac. AHaz HOpMamueHoi OOKyMeHmayii ma memoois
KOHMPONIO AaBMO34enié CioYumv, wo Memoou pYUHIBHO20 Ma HepYUHIBHO20 KOHMPOIIO, WO
BUKOPUCMOBYIOMbCS NPU BUSOMOBILEHHI Md PEeMOHMI A8MO34enié Ha MOXCYMb 8 NOBHOMY 00CA3i
oxonumu Oegexmu, sIKi MOJHCYMb GUHUKAMU NPU iX ueomogienni. Tomy HABaNCIUBIUUM KPOKOM Y
supiwenti yici npodremMu NOBUHHO CMAMU NIOGUYEHHS SAKOCMI KOHMPOMO KOPNYCy aGMO3Yeny.
3anponoHosano GuUKOpUCMAHHA AKYCMUYHO20 KOHMPONIO, a4 came MIiHb08020 ab0 03epPKAIbHO-
MiHb0B020 Memody 0/ KOHMPOI X80CMOBUKA ABMO3Yeny 6 Micyi omeopy Hi0 KIUH msA208020
xomyma. Poboma memodie rpynmyemucs Ha sMeHUWeHHT aMnaimyou CUSHATLY NpU NPOXOONCEHHI uepes
HeCNIoOWHICMb Memany, wo 00380J8€ GUAGIAMU HAABHICMb GHYMPIWHIX Oeghexmis. L[i memoou
00360/15iMb  BUAGIAMU 3HAYHI GHYMPIWHI JTUBAPHI Oehekmu Muny HecnIoOWHICMb Memairy, wo
SMEHWUMb UMOGIPHICMb 00PUBY A8MO3UENni6 uepe3 HAsGHICMb Ybo2o muny depexmy. Ha iominy 6io
HAAGHUX MemoOi8 KOHMPONIO GHYMPIWHIX JUSAPHUX OedeKxmis, 3anponoHo6ami Memoou €
HEPYUHIBHUMU Ma MOXNCYMb OYMu 3ACMOCO8AHUM 00 6CIX AB8MO34enie NiCis He3HAUHOI Ni020mosKu
NOBePXHI 0151 KOHMPOTIO.

Knrouoei cnosa: asmosuen, oopus, HepyliHieHULL KOKMPOLb, YIbMPA3EYKOGUL KOHMPOIb, MIHbOBUL
Memoo, miyHicmb, be3nexda.

Beryn. O60B’S13K0M BCiX MpaIiBHUKIB 3aJ13HUYHOTO TPAHCIIOPTY € MOCTiHHE MiABUIIIEHHS
piBHA O€3MeKu pyxy, SK OAHOIO 3 HaWOUIbLI BaXJIMBHUX SKICHUX IOKa3HUKIB pPOOOTH
3aJII3HUYHOTO TPAHCIIOPTY, MOCTifHAa poOoTa 111010 MONEPEKEHHs 1 YCYHEHHS PUYHH, SIK1
NPU3BOJATE IO TOPYIICHb O€3MeKH pyxy Moi3aiB. Jlis BHUKOHAHHS 3a3HAYEHUX BHUMOT
MOBHMHEH MiABUIIYBAaTUCS KOHTPOJIb 32 YTPUMAHHIM y CIIPABHOMY CTaHl pyXOMOTO CKJIaJy Ta
00’€KTIB 1HQPACTPYKTYypH, 3a AKICTIO PEMOHTY Ta TEXHIYHOro 0OCIyroByBaHHS,
BIIPOBA/IKYBATUCSI HOBAa Ta BJIOCKOHAIIOETHCS ICHYIOYA TEXHIKA, MEpeloBl METOM Ipalll,
3acobu miarHoctuku [ 1-6].

AHaJti3 0CTaHHIX JOCTiIKeHb i MOCTaHOBKA MPo06.JieMH. 32 IHTCHCUBHICTIO BiTYEIliB B
MOTOYHUNA PEMOHT Ha YAApHO-TATOBE OOJAgHAHHA MOXKE mpuragatd 10 8 % BT BCIX
HECIIPaBHOCTEH, 0COOIUBO Yy MOi3/1aX MiABUIIIEHOT Baru i IOBXHUHH, Y 3UMOBY IOPY POKY IpHU
temneparypt Minyc 40-50 °C koiau MIIHICTh MeTaly aBTO3YeNy Ha PO3PHUB 3HUKYETHCS
Maibke B 2 pas3u, CKIQIHOMY Npo(diato Komii Ta MOMHJIKaMU MAIIMHICTa TPHU YIPaBliHHI
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MOI3/I0M, TpPHU PI3HHII BUCOT OCEH MDK CyYMDKHUMH aBrosuenamu Outbiie 100 MM
HANpY>KEHHS B TUIl aBTO3YeNy NpU OJHAKOBUX IPOKOIBHUX CHiax Ourbine B 3-4 pasu y
MOPIBHSHHI 3 CIIBBICHUM pO3TaIllyBaHHAM Ta iH. [7, 8, 9].

Y 1apHO-TAroBi MpWIAAN MPU3HAYAIOTHCS JUIS 3'€THAHHS OJWHUIIL PyXOMOTO CKIIAQAY MiX
co0or0, mepenaul 3yCuib, MOM'SKIIECHHS A1l IMX 3yCHJIb HA PYXOMHUH CKJIaJ, a TaKoX JUIs
YTPUMaHHS 34€IUICHUX BaroHiB Ha NEBHIM BiACTaHI OJWH Bif oaHOro. OIHUM 3 HaHOLIBII
HABAaHTA)XCHUX Ta TaKuUM, L0 MpAIlO€ B HAWOUIBII TSDKKMX yMOBax €JIEMEHTOM YJIapHO-
TATCOBOI'O MPUCTPOIO € Kopmyc aBro3deny. Kopnyc aBrosueny CA-3, puc.l, BUKOHaHUH y
BUTJISIAII TOPOYKHUCTOTO CTAJIeBOIO BWJIMBKY 3 HH3bKosieroBaHux craneir 20071, 20DJI,
roJIOBHA YaCTHHA SIKOTO [JIABHO MEPEXOAUTH B MOJIOBXKEHUN XBOCTOBHK [10].

NN

Puc. 1. llepepi3 xopnycy aBTo3ueny CA-3 3 mexaHisMmom

OCHOBHUM BHJIOM MOPYHICHHS O€3MEKH PyXy MOI3iB 1O HECIPABHOCTI AaBTO3YEHHOTO
oOnasHaHHA € OOpWMBM aBTO34YEMiB, Yepe3 TPIIIMHM B KOPIIYCi aBTO3uemy. Takoxk Bilomi
BUTIAJIKM CXOJY BaroHiB uepe3 Hai3l Ha oOipBaHMiA Kopryc aBro3uemny. bmuseko 15-20 %
TPIIIMH MPUXOASTHCS Ha MEPEMHUKY 1 CTIHKM KIIMHOBOTO OTBOpY, 11% - Ha T1I10 XBOCTOBOI
YaCTHHHM, pEIlTa - ¢ TPIIIMHUA B TUII TOJOBKH aBTo34emny. OTrJIss KOPIYCIiB aBTO3YEIHIB 3
TpIIIMHAMU 1 37JaMaMH XBOCTOBOI YaCTHMHHU ToOKa3aB, mo 60 % kopmyciB aBTO3YeHiB, KpiM
TOT0, MaJii Je(EeKTH TEXHOJOTIYHOIO MOXOKEHHS (TOBILMHA CTIHOK MEHIIE BCTAHOBJIEHOI,
nedextu mutBa) [7, 8].

Meta i 3aBaaHHsi qocaigxeHHsi. JOCTIDKEHHS Cy4acHOTO CTaHy KOHTPOIIO KOPITYCY
aBTO3YEINy Ta BU3HAYEHHS MOXJIMBOCTI MiABUILEHHS SKOCTI KOHTPOJIIO IIbOTO BY3JIa.

Marepianu Ta MeTOaH J0CTiIKeHHs. /[0 OCHOBHHX HECHPAaBHOCTEH KOPITyCYy aBTO3UEIY
CA-3 BigHocsThcs (puc.2) [8, 11]:

TpIMHU | B KyTaX, yTBOPEHUX YIapHOIO CTIHKOIO 31BY 1 O1YHOIO CTIHKOIO BEJTMKOIO 3y0a,
a TaK0>X MIXK LII€I0 CTIHKOIO 1 TATOBOIO CTOPOHOIO BEJIMKOTO 3y0a;

3HOCH 2 TATOBHUX 1 YAApPHUX [TOBEPXOHb BEJIMKOI0 1 MaJIoro 3y0iB;

3HOC MMOBEPXHI 3 yrmopy rojloBU aBTO34emy.

TPIIMHU 4 B MiClIl TEPEXOAY F'OJIOBU 0 XBOCTOBHUKA;

3IM’SATTS 5 CTIHKH OTBOPY ISl KJIMHA TSATOBOI'O XOMYTa;

TPIIMHHU 6 B CTIHLI OTBOPY JJIs KJIMHA TSTOBOTO XOMYTa;

3HOC 7 YIIOPHOI MOBEPXHI XBOCTOBHKA;

3HOCH § MTOBEPXOHB KOPITYCY B MICIIi JJOTHKY 3 TOBEPXHSIMHU OTBOPY YIapPHOT PO3ETKH;

TPILIMHM B KyTax MMPOPi3iB AJIS 3aMKa 1 3aMKOTpHUMaua,;
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Puc. 2. Micus momikokeHb i 3HOCIB KOpIyCy aBTO34eIy

Ha puc. 3 npuseneni ¢oro obpusiB koprycy aBrozueny CA-3. ¥V micui po3puBy 1O OTBOPY
JUTSI KJIMHA TSATOBOTO XOMYTa HasiBHI 3HAYHI 3a pO3MipaMu BHYTPIIIHI JedeKTr MeTany. 3riaHo 3
JCTY I'OCT 32885 [12] y upoMy Miclii MeTa IOBUHEH MaTH MOBHY 3aJIMBKY.

Puc. 3. Oopus kopnycy aBro3ueny CA-3 1o oTBOPY A5 KJIWHA TATOBOI'0 XOMYTa

[IpoTsirom poky Baron mnpubau3Ho 30 pa3 HaBaHTAKYEThCS CUJIAMU PO3TATYBAHHS Ta
CTHCHEHHS siKi jocsararoTh 250-300 Tc i HaBiTH MepeBHIYBaTH Iii 3HaueHHs cui [7, 13-15].
[IpoBegemo po3paxyHOK KOPIyCY aBTO34YENy Ha MIIIHOCTI caMe B MEPETUHI MOTO OTBOPY i
kiuH (puc.4, nmepepiz VI) [16-19].

Puc. 4. PozpaxyHkoBa cxeMa KOpILyCY aBTO34eILy
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Hanpyxenuii ctaH XBOCTOBHMKa KOPIIYCY aBTO3YeIy OLIHIOETbCA MpU Aii MO3J0BKHBOT
cunu postarysana 7, = 2,5 MH ta ctuchenns 7. = -3,5 MH npu eKcUeHTpUCUTETI LUX
cui e = 50 mm. Hanpyskenns B nepepisi VI Bu3HauyaroTh 3a GopMyInorw:

Oy =x0,, TOo, <[*0o;].

)

OTtpumaHni Hanpy>KeHHsI HETIOBUHHI MEPEBUIITYBATH TOMYCTHMI [t ctani Mapku 201" 1DJI 3
rpanuneo Texkydocti [0,]=400 MIla. HampyxkeHHs $Ki BUHUKAIOTh y PO3PaXyHKOBOMY

nepepi3i BU3HaA4aeMo 3a popMyiamu:

T
o, =L, )
— T P(C)
On= F ' 3)

ne W, F — MoMeHT omopy Ta IJioma HomepedHoro mnepepizy Bignosimgao, Wy = 260 oM’

F = 105,88 cm°.

7a2

_ 2
& a+a,

(4)

1€ a1, a2, @ — BIAICTaHi A0 po3paxyHKoBoro nepepizy VI, a1 = 650 mm, a; = 170 MM, a = 350 mm.
[TincTaBuBIIM JaHHI OTPHUMAEMO:
O, =4,09+23,61=27,70 kH/cm* =276,98 MH/m* <[400 MIla]

O, =—5,72+(~33,06) =—38,78 kH/cm? =—387,77 MH/m? <[400 MITa]

YMOBa MIIIHOCTI KOpITyCy aBTO34YeIly y Mepepi3i OTBOPY MiJ KIMH BHKOHYETHCS B 000X
BapiaHTaX MpPUKIAJaHHSI HABaHTaXEHb (PO3TAraHHs Ta cTUCHeHHs). OJHak, 3amac 1o
MIIHOCTI ckitanae e 3 % npu 1ii cruckarouoi cwm 1a 31% npu i cunu po3tsranss. [pu
HasBHOCTI y BUIIMBII BHYTPIMIHIX JAe(eKTiB, II0 3MEHUIYIOTh IUIOILY Iepepidy 3arac
MirHoCTi Gyze 3MenmyBatncs. Ilpu HasBHOCTI gedekTiB mromero 3,8 cM® Ta 36,28 oM’ i
OisbIIe BIANOBIHO Ul CTHCKAHHS Ta PO3TATaHHS YMOBa MIIIHOCTI KOPIYCY aBTO3YeNy Y
nepepizi OTBOPY MiJ KJIMH HE BUKOHY€EThCS.

Amnauti3 oOpuBIB aBTO3UEMIB MOKAa3aB, L0 IUIOIIA CTAPOi TPILIMHHU B MEPEMUYIll 1 CTIHKAX
OTBOPY MiJ KIUH Hepiako cTaHoBUTh 50-80% miomr neperuHy. 3a3HauMMoO, 110 MIIHICTh
aBTO3UEIICHHS HAOIMKA€ETHCS 10 MIITHOCTI XpeOTOBUX 0aJloK, 0COOIMBO y 4-BICHUX IIMCTEPH
[7]. BupimryBaTu mpo0seMy oOpuBiB aBTO3YEIiB 301IBIICHHSIM iX MIITHOCTI HEIOLIIBHO, CaMe
TOMY HEOOXIJHO MiJIBUILYBaTH SIKICTh KOHTPOJIIO KOPIYCY aBTO3Yelly, 3 METOI BHSBICHHS
HEJOMYCTUMUX /1€(EKTIB.

[Tpy BUTOTOBJEHHI, NMpHIMaHHI NPOAYKLIi Ta MPOBEACHH! IUIAHOBUX BHUIIB PEMOHTY
000B’sI3KOBO IPOBOAUTHCS HepyHHIBHUNA KoHTpoib (HK) neraneit aBrozuenHoro mpuctporo.
HK xopmycy aBTo3ueny Moke MpOBOJUTHCS HaCTyMHUMH Metonamu [20-24]:

[. MarHiTonopomKoBUM METOJOM HEpPYHHIBHOTO KOHTPOJIIO SIKUM 0Oa3yeTbcs Ha
NPUTATAHHI MAarHITHUX YaCTOK MAarHiTHUM IOJIEM PO3CIIOBAHHS, 1[0 BUHUKAE HaJ JePEeKTOM
IIpY HaMarHiyyBaHHI JeTali.
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II. BuxpocTpyMOBHUM METOJOM HEPYWHIBHOTO KOHTPOJIO SIKMA IPYHTYEThCS Ha aHami3l
B3a€MO/Iii 30BHIIIHBOTO EJIEKTPOMATHITHOTO TOJS 3 EJNIEKTPOMArHiTHUM MOJEM BHXPOBHUX
CTPYMIB, 110 HABOAATHCS B 00'€KTI KOHTPOJIIO 30BHIIIHIM TIOJIEM.

[II. ®epo30HAOBUM METOJOM HEPYHHIBHOT'O KOHTPOJIIO SIKUH IPYHTYETbCS Ha BUSBICHHI
(bepo30HA0BUM IEPETBOPIOBAYEM MArHITHOTO TOJS PO3CIIOBaHHS AEPEKTy B IMONEPETHBO
HaMarHiueHuX JETaJX 1 IepeTBOPEHHI HOT0 B €IEKTPUUHUI CUTHAI.

Po3risiHyTi METOIU KOHTPOJIIO JO3BOJISAIOTH KOHTPOJIOBATU BCIO MOBEPXHIO JeTaii abo
OKpeMmi 11 MiNSHKK 1 BHSABIATH IOBEPXHEBI 1 MiANOBEPXHEBI Ae(EKTIB THUIY TPIIUH
PI3HOMAaHITHOTO MOXOKEHHS, (DJIOKEHIB, 3aKaTiB, HAIPUBIB, BOJIOCOBUH, pO3IIapyBaHb Ta 1H.

[Ipu BUrOTOBNIEHHI aBTO34YEMiB HE pIiAIIE OJHOTO pa3y B MICALb NPU NEPIOJUIHUX
BUIPOOYBAHHAX KOHTPOJIIOIOTH HASBHICTH Ta PO3MIP BHYTPIMIHIX Ae(EKTiB MpH po3pizaHH]
KOPITYCY aBTO34eIy 110 MEePEeTHHAX B MICLISX, 3a3HAYCHUX Ha puc.5 [25].

1 \Y)
|
7 S | E— 7
i
&
b 10 150
|
I v

Puc. 5. Micug po3pizaHHsl KOpIycy aBTo34eny /sl KOHTPOJII0O BHYTPilIHIX AedekTiB

[Tpu mpoBenenni HK kopmycy aBro3deny He BHKJIIOUEHI TaKi MOMHIIKU SIK MPOITYCK Ta
BUSABIIEHHS XUOHMX nedekrTiB. [li moMunku MOXyTh OyTH BHUKJIMKaHI SIK HHU3BKOIO
kBasTi(hikaiero 1eeKTOCKOmICTa TaK 1 HU3KOK 1HIIHUX (aKTOPIB MOB’SI3aHUX 13 IIOPCTKICTIO
MOBEPXHI JIeTalli, JIOKAJIbHUMH 3MIHaMHU €JIeKTPOMArHiTHUX BJIACTUBOCTEH METally, 3MiHOIO
KPUBU3HHU KOHTPOJIHOBAHOI IIOBEPXHI Ta 1HII.

30HH TIPOBEJICHHS HEPYWHIBHOTO KOHTPOJIIO 3riHO 3 [25] moxaHi Ha puc.6
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Puc. 6. 3041 000B’513K0BOr0 HepYiiHIBHOT0 KOHTPOJII0 Kopnycy aBTo3ueny CA-3
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3rizHo 3 BuMoramu [25] HepyiHIBHHMI KOHTPOJb KOPIIYCY aBTO3YENy ITOBHHEH
NPOBOIUTHCSA OyIb-SIKHMH METOAAaMH, L0 3a0e3NnevyloTh HeOoOXiJHYy TOYHICTh, TOOTO
KOHKPETHI METOIM T4 METOJUKU KOHTPOJIIO LlIM HOPMAaTUBHUM JOKYMEHTOM HE OTOBOPEHI.

Ornsg MeroniB  KOHTpONIO mepeabadueHux [25] Ta BiANOBIIHUMH  IHCTPYKLISIMHU
VYkp3amizuuii [20, 23] noka3as, 1110 METOAM HEPYHHIBHOTO KOHTPOJIIO 3/1aTHI BUSBIISATH JIUIIIE
MOBEPXHEBI Ta MiJIOBEPXHEB] e(EeKTH KOPIYCy aBTO3UeNy, a pyWHIBHUN METOJl KOHTPOJIIO
HE MOJKE TapaHTyBaTH, 110 BHYTPIIIHI Je()EeKTH, 0COOIUBO B 30HI OTBOPY ITiJl KJIUH TATOBOTO
XOMYyTa, BIJICYTHI B IHIIMX aBTO34Yenax, ab0 He PO3MILIYIOTHCS B 30HI XBOCTOBHKA aBTO34YEITy
Jie He Tiepei0ayeHo 000B’ sI3KOBE pO3pi3aHHS.

SAx OGaunmo 3 puc.3 aedexTH TUTBA PO3MINIYETHCS BIIIHOWHI METalTy, a MOXKIUBUMHU
meroaamu HK siki cripomMoskHI BUSBUTH Taki AePEKTH 3 TOCTATHHO TOYHICTIO 3 aKyCTHYHHUMA
abo pamiamiiinuit meroau [26-28]. Cepen mux MeTOZIB HaiOLIbIIE PO3NOBCIOHKEHHS MpPU
nposeneHHi HK neraneit 3ami3HUYHOrO TpaHCHOPTY OTPUMAB aKyCTUYHHUM METO]| KOHTPOJIIO,
a caMe YJIbTPa3BYKOBHH METOJ KOHTPOJIO, SIKMM Hapasi YCIHIIIHO 3aCTOCOBYETHCSA MpPHU
KOHTPOJII OCeH, KOJC, YIOPHOrO KuIbIsl OYKCOBOTO MiAIIUIHUKA, TOBIIMHOMETpIi Ta
KOHTpOJIi 3BapHUX IBiB. lIIMpoke pi3HOMAaHITTS aKyCTUYHHX METOJIB KOHTPOJIO IO03BOJISIE
o0paT ONTUMAabHUN METOJ] KOHTPOIIIO I KOXKHOI AeTari.

30HM yIBTPa3ByKOBOTO KOHTPOJIIO KOPITYCY aBTO3YEIy B MICIIi OTBOPY IiJ KJIMH NOKa3aHa
Ha puc. 7. KonTpomoerbes 001acTh Ha BifcTadi 187 MM Bijl TOPIS XBOCTOBHKA.

Puc. 7. 3001 yIbTPa3ByKOBOI0 KOHTPOJIIO KOPIIYCY aBTO34eIy

Jis  yapTpa3ByKOBOTO KOHTPOJIO 3a3HAUEHOiI 30HM IPONOHYETHCS 3aCTOCOBYBATH
TIHBOBHHM a00 J3€pKaJbHO-TIHBOBUW METOJ. TIHBOBMI METOJ BITHOCHTHCS 1O METOJIB
NPOXO/KEHHS Ta 3aCHOBaHMI Ha IOCWJIAHHI y BHpIO SKUH KOHTPOJIOETbCA MNPYNKHHUX
KOJIMBaHb 1 peecTpallii IX IHTEHCUBHOCTI MiCIsl MPOXOJKEHHS 3BYKOBOI XBMJII uepe3 BHpIO.
Haituacrime BUNpoMiHIOBaY 1 MpHUiiMad poO3TAIIOBYIOTHCS MO Pi3HI OOKH 00'€KTa KOHTPOJIIO.
[Ipu nuHAMIYHOMY CKaHYBaHHI BOHU TIOBUHHI pyXaTHCS CHHXpOHHO. [lepeBaru mboro MeTory
HOJISATAIOTh B MEHIIIN 3aIeXKHOCTI BiJl opieHTalil 1edeKTy, HiXK B MeToi BinoOpakeHHs. Jlo
HEJIOJIIKIB JIAaHOTO METOAY BIIHOCATH HEOOXIAHICTH JBOCTOPOHHBOTO JOCTYIY JO JeTal,
HEOOXIJTHICTh CHHXPOHHOTO IMEpEeMIIIeHHs] BHUIPOMiHIOBaYa 1 MpHiiMada, HEMOXKJIHMBICTbH
BU3HAUUTHU KOOPJIMHATH AeeKTy. JJaHuM MeToaoM 100pe BUSABISIOTHCS BHYTPIIIHI Ae()EeKTH
MeTay po3MipoM Bix 8 MM. Cxema KOHTPOJIIO TIHBOBUM METOJIOM ITOKa3aHa Ha puc.S.
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Puc. 8. Cxema KOHTPOJIIO TIHLOBHM MeTO/I0M NPSIMUM IePeTBOPIOBaYeM Ta 300paKeHHS
CHTHAJIIB Ha eKpaHi 1edeKTOCKOMNA:
1 — BunpomiHioBay, 2 — npuiimMay; 3- gredekt; 4 — 00’ €KT KOHTPOIIO

[Tpu n3epKabHO-TIHBOBOMY METOJIi O3HAKOIO BHSIBIICHHS A€(EKTY CIYy>KUTh OcialOiIeHHs
aMIUTITYIU CUTHAIly, BIAOUTOTO BiJ MPOTHIIEkKHOI MoBepxHi (ii 3a3BUYail HaA3UBaIOTh JOHHOT
MOBEPXHEI0) BUPOOH. J[01aTKOBOIO MEPEBAaror ILOT0 METOAY B IMOPIBHSHHI 3 TIHBOBUM €
OJIHOCTOPOHHIN octyn (puc.9) — BunpominioBad (B) ta mpuiimau (I1) 3Haxonatecs 3 01HOTO
00Ky neTaii Ta MOXyYTh OyTH 00’ €JHaHI B OJJUH KOPITYC.

=
O ©

Puc. 9. Cxema KOHTPOJIIO 13¢PKATBHO-TiIHBOBMM METOAOM Ta 300pasKeHHs CUTHAJIB Ha
eKpaHi 1edeKTOCKONA

B 1l

3anponoHoBaHi METOAM KOHTPOJIIO JOLUIBHO BIPOBAKYBAaTH MPHU BUTOTOBJIEHI KOPIYCIB
aBTO3YENiB Ta MpH NpUHMAIBHOMY KOHTPOJI aBTo3uemiB YkpaadizHuuewo. Illogambii
JOCTIPKEHHS 1[bOTO MUTAHHS MMOBUHHI OyTH HampaBiieHl Ha PO3pOOKY BiJMOBIIHUX METOIUK
IPOBE/ICHHS YJIBTPAa3BYKOBOTO HEPYWHIBHOTO KOHTPOJIO Ta OIHKU pPe3yjibTaTiB IbOr0
KOHTPOJIIO, & TaKOXX MPOBEACHHS EKCIIEPHUMEHTAIFHUX JOCHIPKEHb 3 METOI0 BHU3HAYCHHS
e()eKTUBHOCTI 3aITPOMIOHOBAHUX PIIIICHb.

BucnoBku. IIpobrema oOpHBIB aBTO3YEIIB 3AIUIIAETHCS AKTYaJbHOIO ISl 3aJI3HUYHOTO
TpaHCTOPTY. SIK MOKa3aB aHai3 JiTepaTypy BUPILIYBATH 110 MPOOIeMy 30UTBIIEHHSIM MIITHOCTI
KOpIIYCY aBTO3U€My HelONUIbHO. ToMy HallBayKJIMBIIIMM KPOKOM y B BUPILLEHHI 1i€1 IpoOiIeMu
MOBUHHO CTATH MiJBUIIEHHS SIKOCTI KOHTPOJIIO KOPITyCY aBTO34ely. AHali3 METO/IiB KOHTPOJIIO,
0COOJIMBO 30HM OTBOPY I KIIMH TATOBOTO XOMYyTa TOKa3aB, IO MOXIIMBICTh BHSBJICHHS
BHYTPIIIHIX JeeKTiB MeTany (Iopy, paKOBHHU ) BKpail MaJia, Ta MO>KJIMBA JIUIIIE TIPHU IPOBEICHH1
PYHHIBHOTO KOHTPOJIO. ABTOpaMH 3aIlpOITIOHOBAHO BHKOPHCTAHHS aKyCTHYHOTO KOHTPOINIO, a
caMe TIHBOBOTO Ta J3€pPKaJbHO-TIHBOBOIO MeToay. llocTaBneHO NHMTaHHSA HEOOXiIHOCTI
PO3pOOKH BIMOBIIHUX METOAWK IPOBENICHHS YJBTPa3BYKOBOIO HEPYHHIBHOTO KOHTPOJIO, a
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TAKOXK TIPOBEICHHS EKCIIEPUMEHTATIBHUX JOCII/PKeHb. 3alpOIIOHOBaHI METOIM KOHTPOJIIO
HPOIIOHYETHCS 10 BIPOBAKEHHSI Ha €Tari BUPOOHUIITBA Ta IPUIMAaHHS MIPOJTYKIII.
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THE PROBLEM OF BREAKS AUTOMATIC COUPLING

The problem of breaks automatic coupling is becoming urgent for outbound transport. in the robot,
a number of defects are shown, which were found in the damaged car parts. Carrying out an analysis
of the equipment of the vehicle will indicate the presence of a stock of performance, and if there is a
defect in the deteriorated parts of the vehicle, it will be overwhelmed by the stock. An analysis of the
normative documentation and methods in the control of car breakdowns is necessary to provide
information on the methods of ruinous and non-rudimentary control, so that it can be done when
preparing and repairing car breakdowns. Tom found the crocodile in the first place in the world of
problems and is to blame for the increase in the quality of control to the body of the vehicle.
Proponent is the acoustical control, and the very thin or mirror-thin method for the control of the
shank of the autozchep in the screw hole before the wedge of the traction clamp. The robots of the
methods runtuyu on the change in the amplitude of the sighal when passing through the discontinuity
of the metal, which allows the appearance of internal defects. These methods allow the appearance of
significant internal defects such as metal discontinuities, but also to reduce the speed of car
breakdowns through the appearance of this type of defect. On the basis of the obvious methods for the
control of internal defects, the methods are projected that are irregular and can be stagnated to all
auto-breakdowns due to minor preparation of the surface for control.

Keywords: automatic coupling, break, non-destructive diagnostics, ultrasonic control, shadow

method, strength, reliability.
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JOCIIKEHHA IMHAMIYHOI HABAHTAKEHOCTI BATOHA-TLJIAT®OPMHU
3YJIEHOBAHOI'O THUILY 3 KPYIJIUX TPYB, 3ABAHTAKEHOI'O
KOHTEMHEPAMU-IUCTEPHAMM

Ilposedeno eusnavenHns OUHAMIYHOL HABAHMANCEHOCMI HeCy4oi KOHCMPYKYIL 6a2oHa-niamgpopmu
3UIEHO8AN020 MUNY 3 KPY2aux mpyo, 3a8aHmas)ceno20 KonmeurHepamu-yucmeprnamu. JJocniodxncenis
NPOGEOCHT WIAIXOM ~MAMEMAMUUHO20 MOoOeniosants. Po3e’s30k  pieuanb pyxy 30ilicHeHuli 6
npoepamuomy xomnaexci MathCad. Bcmanoeneno, wo npu 0ii nog30oedcHvoi cunu y 2,5 MH Ha
nepeoni ynopu asmosyeny, NpuckKOpeHHsi Ha nepuiy 3 OOKYy NPUKIAOEHHS CUNU CeKYilo 8a2oHa-
niamepopmu cknadae 27,7 m/c?, a na Opyey — 24,4 m/c’.

s 3meHuieHHs OUHAMIYHOI HABAHMANCEHOCMI Hecyyoi KOHCMpYKYii eazoHa-niamgopmu
PO32NAHYMO  MOJNCTUGICING  BUKOPUCIMAHHA HA HbOMY KOHYENmy YHPAWCHO20 NPUCMPOIO, AK
anbmepHamueHo20 8apianmy munogomy aemosueny. lacinna xinemuunoi emepeii yoapy npu ybomy
30IUCHIOEMbCSL 30 PAXYHOK CUTL 8 SI3K020 ONOPY, WO SUHUKAIOMb V) KOHYENMi.

3anpononosana peanizayiss  0036015€  3MeHWUMU ~ OUHAMINHY —HABAHMAICEHICMb — HeCy4oi
KoHcmpykyii éazona-naamegopmu na 10% y nopieHanui 3 UKOPUCIIAHHAM MUNOBO20 ABMO34ENHO20
npUCmpoio.

Ilposedeni Oocniddicennsi cnpuamumyms CMEOPEHHIO IHHOBAYIUHUX KOHCMPYKYIU B6A20HIG-
naamgopm ma nioguUweHHIO egheKmuHOCmi 6UKOPUCMAHHS 3ANIHUYHO20 MPAHCHOPM).

Knwuogi cnosa: mpancnopmna mexamika, 6a20H-niam@opma, Hecyya KOHCMPYKYis, OUHAMIUHA
HABAHMAJICEHICHb, KOHYERM YAPAICHO20 NPUCHPOIO.

Beryn. [IlizBuiieHHs e(eKTUBHOCTI BUKOPUCTAHHS 3ali3HUYHOTO TPAaHCHOPTY B
MDKHApOJHOMY CIIOJIYY€HHI 3yMOBIIOE HEOOXITHICTh BIPOBAPKEHHS B EKCILTyaTalilo
IHHOBAIlIMHUX KOHCTPYKIIM BaroHiB. Bimomo, 1o HaiOLIBIIOr0 pO3NOUIMPEHHS B
MDKHApOJAHOMY CIOJIyY€HHI AICTaad BarOHU-TIATPOPMHU, B TOMY YHCI1 34JIEHOBAHOIO THITY.
Oco0MUBICTIO BaroHiB-IJIATGOPM 3WIEHOBAHOTO THUITy € Te, L0 iX Hecydya KOHCTPYKIIiS
CKJIQJIA€ThCS 3 JIBOX CEKIIiM, K1 COUPAIOThCS HAa TpU BI3KU. B3aemomis cekuiit Mk co0oro
3/IIHCHIOETHCS 3a paXyHOK BYy3J1a 3WJIeHyBaHHs, Harpukiaa, SAC-1.

Jani BaroHu B TIPOIECI EKCIUTyaTallii MOXYTh 3a3HaBaTH Jii 3HAYHUX TOB3JIOBXKHIX
HAaBaHTA)XEHb, 1[0 HETaTMBHO BIUIMBAE HA MIIHICTh X HECYUYMX KOHCTPYKIIH, a TaKoX Oe3neKy
pPyXy. 3 METOI0 3MEHIIEHHS JTUHAMIYHOI HaBaHTAXKEHOCTI BaroHIB-MJIaTGOpPM 34JIEHOBAHOIO
TUINYy B@XJIMBUM € YJOCKOHAJIEHHsS iX KOHCTPYKIM HUISXOM BUKOPUCTAHHS HPUHIMIIOBO
HOBUX TEXHIUYHUX pimeHb. lle crpustuMe 3a0e3medeHHI0 MIIHOCTI (BTOMHOI) MIITHOCTI
HECYYHMX KOHCTPYKIiH, 3MEHIIEHHIO BHUTpaT Ha PEMOHTH B eKcIUTyaTauii, 30epexeHHIo
BaHTaXIB, 30KpeMa, KOHTeHHepiB (KOHTeWHepiB-IIUCTepH) abo 3HOMHHX KY30BIB,
3a0e3meueHHI0 Oe3neKu pyxXy TOMIO.
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AHAJI3 oCTaHHIX J0CTiIKeHb i mocTaHOBKa mpooJieMu. J[OCHiPKeHHS BILUTUBY 3MIIICHHS
BaHTa)Xy Ha IOKa3HMKUM pyXy BaroHa-margopMu mposeaeHo B podoti [1].  Ortpumano
3aJIEKHOCTI OCHOBHHMX JTUHAMIYHUX MOKA3HUKIB 3 OIJIAY Ha BETMUMHY IIBUIKOCTI PYXY.

Busnauenss nuHaMidHO! HABAHTAXKEHOCTI Ta MIIHOCTI JOBro0a3HOro BaroHa BUCBITIIFOETHCS
y po6oTi [2]. [IpoBeneHi qoCTiHKEHHS MiATBEPAMIN JTOULIBHICTD MPUHHATHX TPU MMPOSKTYBaHHI
BaroHa TEXHIYHUX PIllICHb.

BaxxnBo ckazary, 110 U MPOEKTYBaHHI IaHMX HECYYMX KOHCTPYKIIii BaroHiB HE BPaXOBaHO
3aXO0JIiB I0/10 3MEHIIEHHS 1X JUHAMIYHOI HABAaHTAKEHOCTI MPH il UKJIIYHUX HABAHTAKEHb.

AHami3 Hecydoi KOHCTPYKIIi BaroHa-ruiargopMu mpoBeneHo B poOoti [3]. OcobmuBicTio
BaroHa-1miarOpMu € MOXIIMBICTh PETYIIIOBAHHS KOPUCHOI JOBKHUHH 3aJIC)KHO BiJ rabapuTiB
BaHTaXY, KU HA HHOMY [IE€PEBO3STh.

B poboti [4] mpoBoauThCA aHaii3 HeCy4oi KOHCTPYKIii BaroHa sl iHTEPMOJAIBHHX
nepeBe3eHb BaHTaXiB. OCOOJMBICTIO HECY4Oi KOHCTPYKIII BaroHa € HAasBHICTh IOBOPOTHOI
wiaT(hopMu JUIs 3aBaHTAXKEHHS Ta PO3BAHTAKCHHSL.

OpHak B pO3MISHYTHX POOOTAaX JOCHIIKEHHIO TMO3J0BXKHBOI AMHAMIYHOI HAaBAHTAKEHOCTI
HECY4YHX KOHCTPYKIIiH BaroHIB 3a EKCIUTyaTalliiHIX PEKUMIB yBaru He Oyii0 MpUAiLIeHO.

BusnaueHHs OuUHAMIYHOI HaBaHTA)XEHOCTI BaroHa MpPOBOAUTHCS Yy poboti [5]. o yBarm
NPUIHATAN BUMAJIO0K BUKOPHCTAHHS PI3HUX THITIB Bi3KiB ITiJi BaroHaMu. [IpoananizoBaHO BIUIMB
TEXHIYHUX XapaKTEPUCTUK Bi3KiB Ha TMHAMIYHI TOKA3HUKHU BaroHa.

TeopeTuHi Ta EKCIEPUMEHTAIBHI OCII/DKEHHSI HABAaHTAKEHOCTI HECYYMX KOHCTPYKILH
BAaHTQ)XHUX BAaroHIB BUCBITIIOEThCS Y poOoTi [6]. [Ipuknan BUKOpUCTAHHS 3allpONOHOBAHOTO
MIXOy 3aCBITYMB HOTO MpPAIe3/IaTHICTh Ta e)EKTHBHICTD, & TAKOXK MPABWIBHICTD CIIPSIMYyBaHHS
BIIMOBITHMX HAyKOBO-IOCIIIHUX POOIT.

Pa3om 3 1M 3ax0iB 11010 3MEHILCHHS JHHAMIYHOI HABAHTAKEHOCTI HECYYMX KOHCTPYKITIH
BaroHiB B IaHUX POOOTAX HE 3aIIPOMOHOBAHO.

B pobGorax [7, 8] 3ampomnoHOBaHI Ta peayli3oBaHi 3aXOIU OO 3MCHIICHHS JIUHAMIYHOT
HABAaHTA)KEHOCTI HECYYMX KOHCTPYKIIIH BaroHiB MpH €KCIUTyaTalliMHUX pexxumax. JlocmimkeHHs
MPOBEJCHI LUIAXOM MaTeMaTUYHOTO MOETIOBAaHHS Ta MiATBEpIPKEHI KOMIT roTepHuM. OnHak
aBTOpaMH HE TPUALTSIIOCS YBard MHUTAaHHSM 3MEHIICHHS JUHAMIYHOT HABAHTAXKCHOCTI HECYUHX
KOHCTPYKIIiI/ TOBroOa3HUX BaroHiB.

AmHati3 nitepaTypHux pkepen [1-8] mo3Bosisie 3p00UTH BUCHOBOK, IO MATAHHSIM BH3HAUEHHS
JMHAMIYHOI HABAaHTAXKEHOCTI HECYYHX KOHCTPYKIIi BaroHiB 34JIECHOBAHOT'O TUITY 3 KPYTIIUX TPYO,
3aBaHTKEHNX KOHTEHHEepaMHU-IIUCTEPHAMH JI0CI HE MPUALTIIOCS HaJIe)KHOT yBaru. Lle Bukimkae
HEOOX1IHICTh MPOBEACHHS BIMOBIIHUX JOCTIIKEHb Ta HAMPAIIOBaHb B IIbOMY HATIPSMKY.

Mera i 3aBaaHHs1 JocaigKeHHst. MeToro CTaTTl € JOCIIIHKEHHS JMHAMIYHOI HaBaHTAKEHOCTI
BaroHa-1myaropMu 34JICHOBAHOTO THITY 3 KPYIJIUX TpyO, 3aBaHTQXEHOTO KOHTEWHepamu-
IMCTEPHAMH TDISIXOM MaTeMaTUYHOTO MOJENioBaHHs. s JOCATHEHHs 3a3Ha4e€HOl METH
BU3HAUCHI TaKi 3aBJaHHS:

1. Cknmacte po3paxyHKOBY CXEMY BaroHa-1uiaTr(yopMu 31WIEHOBAHOTO THUITY 3 KPYTIIUX TPYO /IS
BU3HAUYCHHS TIOB3I0BKHBOI HABAHTAKEHOCTI HECYYO0i KOHCTPYKIIIi;

2. IlpoBect MOAENIOBaHHS AMHAMIYHOI HABAHTa)KEHOCTI HECY4Ol KOHCTPYKIIi BaroHa-
wIaTGOpMHU 34JICHOBAHOTO THITY 3 KPYIJIMX TPyO TMPU BUKOPUCTAHHI TUIIOBOIO aBTO3YEITHOTO
TPUCTPOIO;

3. TlpoBecTr MOnENIOBaHHS AWHAMIYHOI HABAaHTAXXEHOCTI HECYy4oi KOHCTPYKIII BaroHa-
WIaTGOPMHU 34JICHOBAHOTO THUMY 3 KPYIVIMX TPyO NPH BUKOPUCTAHHI KOHIIENTY YIPSKHOTO
HPHUCTPOIO.
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Marepianu Ta MeToAM AOCJTIIUKeHHsI. 3 METOI0 3MEHIICHHS MaTepiaJIOEMHOCTI BaroHa-
wIaTGOpMH 3aMPOIOHOBAHO BIIPOBAKECHHS Y Or0 HECydy KOHCTPYKIIif0 Kpyrmx Tpyo [9]. Ha
0a3l  3amporOHOBAaHOi  KOHCTPYKIi  BaroHa-miiaropMu  CTBOPEHO  BaroH-rargopmy
3unenoBaHoro tumy [10], (puc. 1).

Puc. 1. Baron-niargopma 341€HOBAHOI0 THILY 3 KPYIJIMX TPYO

Jlnis BU3HAYEHHS! IWHAMIYHOI HAaBaHTaXKEHOCTI HECYy4oi KOHCTPYKIii BaroHa-TuiaThopMu
34JICHOBAHOTO THIy 3 KOHTEWHEpaMHU-IHUCTEPHAMHM IMIPH EKCIUTyaTalliifHUX pexuMax
HABaHTa)XEHHA (PO3TATHEHHSA-PUBOK) IPOBECHO MaTeMaTUUHE MOJIe0OBaHHs. Po3paxyHkoBa
cXeMa BaroHa-miaaTgopMu, 3aBaHTAKEHOTO KOHTeHHepaMHU-IIUCTepHAMH, HaBeJleHa Ha pHC. 2.
[Ipn nbOMy BUKOPHCTaHO MaTeMaTHYHY MOJeIb po3podsieny mpod. boromazom I'. I. [11].
JocnimkeHHs: mpoBeaeH] B TUIOCKIA CUCTeMI KOOpauHAT. BpaxoBaHo, 1110 Ha mepeaHi yrnopu
aBTo34YeIry Ji€ HaBaHTaxeHHS y 2,5 MH [12, 13]. B sikocTi npoToTrily 00paHO KOHTCHHEp-
nucTepHy tunoposmipy 1CC.

z

]

48— iy 138 _S

) S

ke Frp

Puc. 2. Po3paxyHkoBa cxema BaroHa-miatgopmu

KonreitHepa-1iicTepHy po3rIIiHYTI SIK TPUKPIIUIEH] MacH BITHOCHO paMH BaroHa-1iat(opMH.
BpaxoBaHo, 1110 KOHTeHHepa-IMCTepHU, PO3MIlLlEHI Ha BaroHi-atdopmi, MalOTh OJHAKOBY
3aBAaHTAKEHICTh KOTJIAa HAJTMBHUM BaHTa)KEM.

PiBHSAHHSA PyXY IIPH [IbOMY MAKOTh BUIJISIIL:
2
Mg, X, + Mg, -0 @pg, =S, = 2 Si— Ry, 1)
a1

Vg, @, + My, -0 Xy — 9@y - My, -h=1- FTP(SignAl _SignAz)"'

k- A=Ky - A,), @

Mg, Zmn, =K A+ Ky oAy — F, (SignA, —signA, ), 3)
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k k k
(mi +ZmijJ'xli +(mi g+ )M, ‘Cij]'fbul = my -1y &y =8, (4)
j=1 j=1 j=1

k k Kk
2| .1 .l o1
(la +Zmij'ciiJ'¢i +[mi'20i+zmij'cijJ'Xi +zmij'cij'|ij'§ ij —
j=1 j=1 j=1

—g~[mi-zci+zk:mij-cij}¢’i=0, (5)

=1

[mi+zk:mij]-‘z‘m,:0, (6)
i1

I &l —my; -1 X —my; -G -l $li+g -my -l Eli =0, 7
2

M;YJI,, . X.IM,, +MH/7,, 'h'q'jm],, = _Zsi +R,, 8)
=

Vr, - @mn, Mg, D%y = 9@y -Myy -h=1-F,(signA, —signA, )+
K, -

k- A=Ky - Ay) )

M s, 2, =Ky Ay +Ky - Ay — FTP(signA1 —signAz), (10)

k Kk k
j=1 j=1

j=1

K k k
2 /i . 11 23/
[Iﬂ“Lzmii'CijJ'("l +[mi'zci+zmij'cijJ'Xi +Zmij'cij'|ij'§ ij —
j=1 j=1 j=1
k
-9 .[mi Zg+ ) m 'Cij}(/’”i =0, (12)

i1
K
i-1

I &M —my by - X —my g by g+ gomy -l =0, (14)

) .
4 . .
Mg, =Mpy, +2-mp + 2 Nr=2p; =V-@pg, s Ko=25 +1-0py,
Si=f, -sign-(x,m[ —xij)

ne M, — maca i-i cexuii Barona-miargopmu; |, — MOMEHT iHepuii i-i cekuii Barona-

miatgopmu; S, — BeNMUMHA MOB3JOBXKHBOI CHJIM, fKa i€ Ha IepeaHi ymopu asTosuemy; f,, —
aMILTITYZIHE 3HAYEHHsI CHJIM CYXOTO TepTs; Mt — Maca Bi3ka; | — MOMEHT iHepIii KoJicHOT napu; I —
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paziyc cepeIHE3HOIIEHOrO Komeca; N — KITbKICTh BiceH Bi3ka; | — momoBuHa 6asu i-0i CeKIlil BaroHa-
mwiatgopmu; F,, — abCOMIOTHE 3HAYEHHS CHIIM CyXOrO TEPTS Y PECOPHOMY KOMIUICKTI; Ki, Ko —
JKOPCTKICTh TMPY)KHH PECOPHOTO IMiBIIIYBaHHs Bi3KiB BaroHa-ruiatrgopmu; K — KinbKicTh TOHIB
KOJINBaHb HAJIMBHOTO BaHTaXy; M; — Maca Tijla, sSKE€ CGKBiBAICHTHE i-My KOHTEHHEpY-IMCTEpHi 3
YJaCTHHOIO HAJMBHOTO BAaHTAXY, L0 HE MPUHMAE yJacTi y NepeMilleHHi BITHOCHO KOTIa; Mj — Maca j-
ro MasTHUKA Y 1-My KOHTEHHepi-IMCTEpHi; Z; — BUCOTA LIEHTPY Bard KOHTEHHEpPA-IIUCTEPHU, Cg —
BiJCTaHb Bifl IIIOIMHHM Zj = 0 10 TOYKHM 3aKPIIUICHHS J-TO MasTHHUKA Yy i-My KOHTelHepi-uucTepHi; ljj —

JIOBXKMHA J-TO MasTHHKA; |y — MpuBeAeHUI MOMEHT iHEepIl i-T0 KOHTEHHEpa-IUCTEPHH Ta HAJIUBHOTO

BaHTaXy, 10 HE IpHIMA€E ydacTi y pyci BiIHOCHO KoTia; lj — MOMEHT iHepuii MasTHUKA; X, @, Z —
KOOPJIMHATH, 1110 BiJTIOBIJIal0Th, BiJIOBITHO, MTOB30BXHKOMY, KyTOBOMY HaBKOJIO TIOB3/IOBXKHBOI BiCi
Ta BEPTUKAIHLHOMY TMEPEMIIICHHIO BaroHa-taTQOpMU; Xi, @j — KOOPJIWHATH, IO BiJIMIOBINAOTH,

BiJIMIOBI/THO, TTOB3/IOBKHHOMY Ta KyTOBOMY HAaBKOJIO MOB3J0BXKHBOI BiCi TIEpeMIllIeHHIO KOHTeiHepa-
nucTepHy; & — KyT BIIXMICHHS j-TO MasTHHKA BiJl BEPTHKAJII.

BeptukanpHi nepeMilieHHs] KOHTeHHEpa-IUCTEPHU BIIHOCHO PaMU BaroHa-TuiaThopMH He
BpaxoByBasiucs. Jlo yBaru Takox mpuiiMainacs MOJaTJIMBICTh HAJTUBHOTO BaHTAXXy BiJHOCHO
CTIHOK KOTJa KOHTEHHepa-IUCTepHU. Pyx HaNIMBHOTO BaHTaXy OMHCYBAaBCS CYKYITHICTIO
MaTeMaTHYHUX MasTHUKIB [11].

BusHaueHHs TiIpOAMHAMIYHUX XapaKTEPUCTHK HAIMBHOTO BaHTAXY 3iHCHIOBAIOCA 32
METOJIMKOI0, HaBeZeHO Yy [14]. ¥V sKocTi HaTMBHOTO BaHTaXy NpuUNHATUN OeH3uH. Ha
miIcTaBi MPOBEIEHUX PO3PAXYHKIB /Ul BUNIAJIKY MaKCHUMAJIbHO-IOIYCTUMOI 3aBaHTA)KEHOCTI
KOTJa KOHTeHHepa LUCTEPHH y BIANOBIAHOCTI 3 [15], oTpumaHo 3HaueHHs M = 6,8 1, |jj =
250 M2, TIpu 1bOMY BPaXOBAHO, 110 KOTEJI 3aIIOBHEHMIT Ha 95%.

Po3p’s3anHs audepeHianbHuX piBHSAHB 3/1MCHEHO 3a JonmoMororo Merona Pynre-Kyrra B
nporpamHomy komruiekci MathCad [16 — 19]. IloyatkoBi mepemilIeHHS Ta IIBHIKOCTI
NPUIHATI PIBHUMU HYJIIO.

Pesynbrati mocinimpkeHb JO3BOJIHMIN 3pOOMTH BHCHOBOK, IO TPUCKOPEHHS, SIKE i€ Ha
nepiny 3 OOKy MPUKIAJEHHS CUJIM CEeKIlil0 BaroHa-Tuiargopmu ckianae 27,7 m/c%, a Ha APYTy
— 24,4 m/c? (puc. 3).

a) 0)
28 25
- w'\
E s
T
m q_) TS
O 14 2, 125
% )
=
N4
O g«
a (=¥ \(‘13
= u =Fs
-125
-14
-25 — A
T - : 1] 1 2 3
v ! 2 3 t.c
t,c

Puc. 3. IlpuckopeHHs, AKi Ail0Th Ha HeCydy KOHCTPYKIiIO BATOHA-INIAT(OPMH 341€HOBAHOTO THILY
a) nepia 3 60Ky Aii cuim cekuis; 0) npyra 3 OOKy 1ii CHIIM ceKLis

Jlnst 3MEHIIeHHS JMHAMIYHOI HAaBaHTAXXEHOCTI HECy4doi KOHCTPYKIIi BaroHa-miiatgopMu
PO3MIISSHYTO MOMJIMBICTD BHUKOPUCTAHHSI HA HIH KOHUENTY YIPSDKHOTO IPHUCTPOIO, SIK
AIBTEPHATUBHOTO BapiaHTa THUIIOBOMY aBTo3ueny (puc. 4), [9].
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Puc. 4. KoHnenT ynpsizkHOro NpUCTPOI0 aBTO34YeIy
1 — xopmyc aBro3ueny; 2 — KIMH; 3 — MOPIIeHb; 4 — TPOCENbHI KIanaHu; 5 — yIopHa IIaHKa

[Tpu IbOMY KOHCOJIbHI YaCTHHHU XpeOTOBOI OaiKy BaroHa-ruiaTGopMu 3aroBHEHI B’S3KOIO
PEUOBHHOIO 3 JIEMI(PYIOYNMHU BIACTHBOCTAMH. J{J1s1 IepeTBOPEHHS KIHETHYHOI eHeprii yaapy
B EHEprilo JUCHUMALii B KOHLENT BXOIUTh IMOPLIEHb 3 JBOMAa APOCEIbHUMM KJIallaHAMU
(BmycKHMM Ta BUIYCKHUM). llepemada MOB3JOBKHBOTO HABAaHTAXKEHHS BiJl KOPIyCY
aBTO3YeIy Ha KOHILENT 3/1MCHIOEThCS Yepe3 ONOpHY IUIaHKY, sIKa MOCEPEIHUITBOM BHIIKU
nepeaae Horo Ha JABOXIMCKOBI mopmHi. [Ipu nepemimenHi mopmHiB B OiK IT’ATHUKA BaroHa
BIJIKPUBAIOTHCSA BITYCKHI KJIalaHW, MpH [bOMY BHIIYCKHI KiamaHu — 3akputi. Ilpu
3BOPOTHHOMY TEPEMIIICHHI TOPIIHIB (PUBOK, CTUCKAHHS) BIIKPHUBAIOTHCS BUITYCKHI KIIallaHU
MOPIIHIB, BMYCKHI — 3akpuTi. KoedillieHT B’SI3KOT0 OMOpY, IO CTBOPIOETHCS KOHIIETITOM
YIPSDKHOTO MPHUCTPOIO MOBUHEH OyTH He Hibkue 3a 70 kH/c - m.

PiBHAHHS pyXy BaroHa-maTopMH, 3aBaHTA)XKEHOIO KOHTEHHEpaMHU-IIMCTEpPHAMH, IpU
[[bOMY MAIOTh BUTJISIL:

2
M;m, 'Xnﬂ, +M17j7, 'h‘¢nﬂ, =S, - D). S —-Ry _,B'Xnﬂ,’ (15)
-1

Vi, P, + My, -0 Ry =9 @y, My -h=1- FTP(SignAl_SignA2)+
1k Ay —ky - A ) (16)

M Zn =K A+ Ky - Ay — FTP(signAl - signAz), (17)
k

k k
mi+Z:mij Sl mi-zci+2mij-cij -@I—Zmij-lijf’ijzsli, (18)
i1 -1

=1

k k k
2| .1 o1 B3
|a+zmij'cij ot mi‘zci+zmij‘cij X +zmij'cij‘|ij‘§ ij —
i1 -1 -1

k
—g.[mi'zci*'zmij'cij}(ﬂli:Ov (19)
j=L
k
mi+2mij Zyr; =0, (20)
j=1
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"[" ol . e "1._ _
L& —my -y - X —my - - by -9t + g -my -1 - &5 =0,

2
, . ..
My R, My W@y = —ZSi +R;,
i-1

Vi, Prn, + Moy, -h- Xpn, =9 P, Mpy, - h=I- FTP(SignAl - SignAz)"'
k. -

+|(k1'A1_ 2 sz

Mg 2 =K Ay +Ky - Ay — Fyp(SignA, —signA, ),

k k k
/s z : y/i z : g1 n
j=1 j=1

j=1

k k k
2 /i /i ”II__
(Iﬂ“Lzmii'Cij]'(/’- +[mi'zci+zmij'cijJ'Xi +Zmij'cij'|ij'§ ij —
j=1 j=1 j=1
k
-9 mi'zci+zmij'cij 9" =0,

=

3 ST 8 3/
Ly - &% —my by - X5 =y - - by - @7+ g -my -y - &7 =0,
Ie f — KoeilieHT B’ 3KOT0 OTIOPY, IO CTBOPIOETHCS KOHIETITOM YIPSXKHOTO MPUCTPOIO.
PesynbTaTi po3paxyHKy HaBeeHi Ha puc. 5.

0

=]

/

I
=3

[TprckopeHHs, M/c?
I
=
[TprcKopeHHst, M/c?

t, ¢ t,c -
a) 0)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

Puc. 5. llpuckopeHHs, siKi 1iI0Th HA HeCy4y KOHCTPYKIII0 BaroHA-NJIaT(OPMH 34I€HOBAHOTO THITY

a) mepina 3 00Ky JIii cuin cexiis; 0) apyra 3 00Ky il CHIIN CEKIIis
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PesynpTat nociifykeHb A03BOJNMIM 3pOOMTH BHCHOBOK, IO NPUCKOPEHHS, SKE Ji€ Ha
nepury 3 00Ky MPUKIIAJACHHS CHIIM CEKIIiI0 BaroHa-miaTgopmu ckiano 6mu3bko 25,0 m/c?, a Ha
JIpyry — o6mmsbsko 22,0 M/,

3amponoHOBaHa pealizalis J03BOJIAE€ 3MEHIIMTH IWHAMIUYHY HAaBAHTAXXEHICTh HECY4ol
KOHCTpYKLIi BaroHa-ruiarpopmu Ha  10% y MOpIBHAHHI 3 BHUKOPUCTaHHSM THIIOBOTO
ABTO3UYEITHOT'O MPUCTPOIO.

BucHoBku

1. CxnaneHo po3paxyHKOBY CXEeMY BaroHa-TiaTGOpMH 34JICHOBAHOTO THITY 3 KPYIIIHX
TpyO AJI BU3HAYEHHS MOB3/I0BKHBOI HABaHTAXXEHOCTI HECyuoi KOHCTpyKLii. BpaxoBaHo, 110
Hecyda KOHCTPYKIIis 3aBaHTaK€Ha YOTHPMa KOHTeWHepaMu-IucTepHamu tunopo3mipy 1CC.
JocnipKkeHHs MPOBEeH] B IJIOCKIA cHCTeMl KoopAuHAT. BpaxoBaHo, 110 Ha MepeaHi yrnopu
aBTO3UEIY JIi€ TIOB3IOBXHs cuia y 2,5 MH.

2. IIpoBezieHO MOJENIOBAHHS JTUHAMIYHOI HaBaHTaKEHOCTI HECydoi KOHCTPYKLIi BaroHa-
1aT(hOPMH 34IEHOBAHOTO THUITY 3 KPYIJIUX TPYO NMPH BUKOPUCTAHHI TUTIOBOTO aBTO3YEITHOTO
npuctporo. IIpu 11boMy BpaxoBaHo, 1110 KOTeJ 3a0BHEeHUH Ha 95%. P0o3B 130K pIBHIHb pyXy
3nilicHeHnii B mporpamHoMy komiuiekci MathCad. Pesynmpraté mociikeHb 103BOJIMIN
3pOOMTH BUCHOBOK, LII0 IPUCKOPEHHSI, SIKE /i€ Ha nepury 3 OOKy NPUKIIaJEHHS CUIM CEKIII0
BaroHa-tuiarhopmu ckianae 27,7 m/c?, a Ha npyry — 24,4 m/c?.

3. IIpoBeneHO MOJENIOBaHHS JUHAMIYHOI HaBAaHTAXKEHOCTI HECydoi KOHCTPYKLIi BaroHa-
w1aTGOpPMH 3WIEHOBAHOTO THUITY 3 KPYIJUX TPyO NMpH BUKOPUCTAHHI KOHLENTY YIPSHKHOTO
npuctporo. Ilpu 1npoMy KoedilieHT B’A3KOr0 OHOpPY, IO CTBOPIOETHCS KOHLIENTOM
VIPSHKHOTO TIPUCTPOIO TMOBHMHEH Oyt He Hmwkue 3a 70 xH/c - M. Busnadeno, mo
IPUCKOPEHHs, SIKe Jll€ Ha mepury 3 OOKy NPUKIaJEHHS CWIM CEKLI0 BaroHa-miaatdopmu
ckamae 25,0 M/c?, a Ha 1pyry — 6:1mu3bKo 22,0 M/c2.

3anponoHOBaHe pIIIEHHS [O03BOJSE€ 3MEHUIMTU JAWHAMIYHY HABaHTAKEHICTb HECydol
KOHCTpYKLIi BaroHa-ruiatrpopmu Ha  10% y mMOpIBHAHHI 3 BHKOPHCTaHHSIM THIIOBOTO
ABTO3UYEITHOTO TIPUCTPOIO.

IMoasixa

Jan1 gocmipkeHHsT TPOBEICHI B paMKax HAyKOBOI TEMH MOJOIUX BYeHUX ‘‘IHHOBaiitH1
3acaZl CTBOPEHHS pecypco30epiralounx KOHCTPYKTHBIB BaroHiB IUISIXOM ypaxXyBaHHs
YTOYHEHUX AWHAMIYHUX HABAHTAXEHb Ta (PYHKIIOHAIBHO-aJIallTUBHUX (IIEHI-KOHIIENTIB”,
sIKa BUKOHYETbCS 32 PaXyHOK KOIITIB JiepxaBHOro Oropkery Ykpainu 3 2020 p.
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INVESTIGATION OF THE DYNAMIC LOAD OF THE JOINT-PLATFORM OF THE JOINT
TYPE FROM ROUND PIPES LOADED BY TANKER CONTAINERS

The dynamic loading of the load-bearing structure of the articulated platform car made of round
pipes loaded with tank containers was determined. The research was conducted by mathematical
modeling. The solution of the equations of motion is carried out in the MathCad software package. It
is established that under the influence of a longitudinal force of 2.5 MN on the front stops of the
autocoupling, the acceleration on the first section of the platform car is 27.7 m/s? from the side of the
force application, and on the second - 24.4 m/s°.

To reduce the dynamic load of the load-bearing structure of the platform car, the possibility of
using the concept of a harness device on it as an alternative to a typical self-coupling device is
considered. The quenching of the kinetic energy of the impact is carried out due to the viscous
resistance forces arising in the concept.

The proposed implementation allows to reduce the dynamic load of the load-bearing structure of
the platform car by 10% compared to the use of a standard self-coupling device.

The conducted researches will promote creation of innovative designs of cars-platforms and
increase of efficiency of use of railway transport.

Keywords: transport mechanics, platform car, load-bearing structure, dynamic loading, harness
device concept.
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MOHITOPUHI' BUPOBHUYHUX ITPOLHECIB IIIAITPUEMCTB 3AJTIBHUYHOI'O
TPAHCIIOPTY

B nybnixayii 3anponomosana mouimopuneoea mexHono2ia asmomamusayii UpoOHUYMEa Ha
OCHOGI MEeXHON02TU a8moMamuyHol idenmugikayii, siKa 00360JUMb GIOCMENCYBAMU Y PEdlbHOMY
macwmabi 4acy Xxi0 BUKOHAHHA MEXHONO2IYHUX Npoyecis, 3a0e3neyumu Mincyexosy JLo2ICMuKy, d
maxoxc sukonamu yHKyYii besnexku docmyny ma ioeHmuixayii Ha 6upoOOHUYMEI.

Ha npuknaoi o0noco 3 6aconHux 0eno poseisiHymi munosi HeOoNiKu opeanizayii upoOHUY020
npoyecy, 001Ky ma idewmugpikayii Oemanei NIONPUEMCMBEA  3ATIZHUYHO20  MPAHCNOPMY.
3anpononosani winsAxu ma emanu 6NPOBAONCEHHS MEXHON02I asmomMamuytoi ioenmughikayii,
30KpeMd, 6KA3AHO, WO 68e0eHHs CUCEMU MOMIMOPUHSY BUPOOHUYUX Npoyecié NIONPUEMCME
3ANI3HUYHO20 MPAHCNOPMY OOYLILHO POOUMU HOEMANHO, NOYUHAIOYY 3 MEXHOA0TI WMPUXKOOYBAHHSL.
Jlemanvno pos3kpumo npoyec MOHIMOPUHZY NIONPUEMCME 3ANIZHUYHOZO0 MPAHCHOPMY, B83AEMOOI0
cy0 ’ekmis i 00 ’ekmis 6uUpOOHUUO20 npoYyecy.

Knwuosi cnosa: e6aconu, MOHIMOpUHe, WMPUX-KOO, padioMimka, GUpoOHUYUll npoyec,
agmomamuyna ioenmughikayis, Kapma MmexHoL02IUHA, T02ICMUKA CKIAOCHKA.

Beryn. BupoGHudi minprueMcTBa oOpoOIstoTh BEJIMKI 00CATH ManepoBUX JaHUX, 1 4acTo
ONKMCHU TMEpelalTbcs 3 TManepy B €JIEKTPOHHI CHUCTEeMM Ta Hazaj Oarato pasiB, 11100
BUPILIYBAaTH pi3HI CIykO0B1 3aBAaHHsA. BuxopucraHHs namepy B TakoMy o00cs31 BKpait
MapHOTpaTHE HE JIWIIE MIOA0 Yacy, BUTPAUEHOr0 Ha Mepeaady AaHuX, ajle i depe3 MOXHOKU
Ta MOMUJIKH, SIKI MOXKHA BHECTH, SIK TIPU BBE/IEHHI, TaK 1 pU 3UUTYBaHH1 iHPOpMaILlii.

VY BUpOOHMYMX Mpollecax Ha BaroHOOYIIBHHX Ta BarOHOPEMOHTHHMX 3aBOAaxX Ta JIEIO
BUKOPHCTOBYETHCSl 3acTapija cxema OOJIKYy JeTajei, He BeleTbcs OOJIK IepecyBaHHS
obiagHaHHA Ta mnepcoHanry. He 3a0e3medyeTbcss aBTOMAaTH30BaHUI JOCTYN II€PCOHAITY,
BIZICYTHIH 00K ()aKTHUHOT'O BUKOHAHHS, TOYATKY Ta 3aKiHUEHHS TEXHOJIOTTYHUX ONeparliil.

B nyOnmikamii yepe3 mnpu3My TEXHOJOTIH aBTOMaTUYHOI 1AeHTH(IKaLli po3riIsHyTa
MOHITOPHHIOBAa TEXHOJIOTISl aBTOMAaTH3allli BUPOOHUIITBA, SIKA JIO3BOJATH BIJICTEXKYBAaTH Yy
pearbHOMY MacmTadl dYacy XiJ BHUKOHAHHS TEXHOJOTIYHUX TIPOIIECIB, 3a0€3MEUUTH
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MDKIIEXOBY JIOTICTHKY, a TaKOXX BHUKOHATH (DYHKIIT Oe3MeKku JocTynmy Ta ineHTudikaiii Ha
BUPOOHUIITBI

AHAaTI3 0CTaHHIX J10CTiIZKeHb | mocTaHoBKa nMpodjaemMu. OQHUM 13 TPUKIAAIB peami3arii
CHCTEMHU OIEPATHUBHOTO OOJIKY Ha BUPOOHMLTBI MOke ciyxkutu cucrema TechnologiGS. B
JaHIi cucTeMi peaizoBaHi (YHKIIT: JIMITHO-3a0IpHUX KapTOK Ta BHJA4yl MarepiajiiB IO
1exax, BUJadi MarepiajiB Ta JIeTajieil B KoMOopax, KOHTPOJIb (aKTHYHOTO BUKOHAHHS POOIT,
KOHTPOJIb TIOTOYHOTO CTaHy OOpoOKkM jeTaysieid Ta iH. [2]. 3aBmaHHS MOHITOPHHTY Ha
BUPOOHHUIITBI BUPILIYBAIKMCA TAaKOXX aBTOpamu Iyomikamiii [3, 4]. 3acrocyBaHHsS TEXHOJOTIH
aBTOMATUYHOI iIeHTH}IKAII] B eKCIUTyaTallii pyXoMOro CKJIaay 3aji3HHIb PO3KPHUTE B MpaIli
[5]. TlutanHs BUPOOHMYOI JIOTICTHUKM BarOHOPEMOHTHUX MiATNPHEMCTB OCIIIKYBaIHCS
aBTopamu [6-9].

Merta i 3aBaaHHs AocailzkeHHsI. MeTOI0 JOCIIKEHHS € po3po0Ka croco0y MOHITOPUHTY
BUPOOHUYMX TIPOIIECIB MIANPHEMCTB 3aJII3HUYHOTO TPAHCIIOPTY, SIKUH BKIIFOUAE MapKyBaHHS
Ta igeHTH(iKamilo 00’€KTIB Ta Cy0’€KTiB BUPOOHHMYMX IPOIECIB HA OCHOBI TEXHOJOTIH
HITPUX-KOJYBAaHHS Ta paAloyacToTHOi iAeHTU(ikallii, 3a paxyHOK YOTr0 CKOPOTUTHCS
BUPOOHWYHIA ITUKIT, 3HU3UTHCS COOIBAPTICTH BUPOOIB Ta MiIBUIIMTHCS MPOIYKTUBHICTH TpaIli.

Marepiain Tta Meroam gociail:keHHsi. TexHomorii aBTOMAaTW4HOI ineHTH]IKAIIT AyxXe
MONIMPEHI B TOPTIBJII Ta B CKIAJChKOMY rocrmomapctBi. KokeH ToBap y cymepMapkeri mae
1IeHTH(IKAIAHUN SPIKK 1 B IIJIOMY BaXXKO YSBUTH TOPTiBIIIO O6€3 MapkyBaHHs. Jleski O1bIn
JIOPOT'i TOBapu MAIOTh JOAATKOBO 3aXMCHUMN SIPIMK JUIS 3aXUCTY BiJl KPAIKKH.

Puc. 1. 3acTocyBaHHS IITPUX-KOAIB B po3/piOHiii Topriii i ckaaacsKkoMy rocnogapcTsi

Ha ocHoBi TexHOOr1# aBTOMaTU4YHOI 11€HTU(]IKALlT TPOTIOHYETHCS PO3IJIIHYTH 1 CydacHy
MOHITOPUHI'OBY TEXHOJIOTiI0 aBTOMAaTH3allii BUPOOHUIITBA, fKa JIO3BOJATH BIACTEXYBAaTHU y
peanpbHOMYy MacmTabi dYacy XiJi BHUKOHaHHS TEXHOJIOTIYHMX TMPOIIECIB, 3a0€3MeYnuTH
MIXKIIEXOBY JIOTICTHKY, a TaKOX BUKOHAaTH (PyHKLIi Oe3lmeku JoCTynmy Ta ieHTudikauii Ha
BUPOOHUIITBI.

TumoBi HeAOMIKK TEXHOJIOT] opraHizanii BUpOOHUYOro Mpolecy, oKy Ta iqeHTUdiKamii
JeTanied MANPUEMCTBA BArOHHOTO FOCIIOIAPCTBA PO3IIITHEMO HAa TAKOMY MPHUKIaIL:

JeTalsiM YM BYy3JaM TPHCBOIOETHCS 3aBOJCHKI HOMEpH, sIKi 3aHOCATbCS B €CKI3HI
cnenudikauii y marnepoBoMy BUIUISAI. Takux ecki3HuX coenudikaniii 35 mamnok, nmo 50
CTOPIHOK KOKHA, SIK1 3HAXOJAThCA Y KOXKHOMY MiIPO3/IUTI MiANPHEMCTBA;

1eX, KU BUTOTOBIISIE KOHKPETHY Jl€Talb, 3[a€ TOTOBY MPOJYKII0 Ha CKIJAJ IO
3IaTOYHUM HaKJIaJHUM, KOMIpHUK iX mpuiiMae. Jlami nex, skoMy noTpioHa aeraib, BUIHCYE ii
3a norpeboro. 3a 1 3MiHY TakuxX AOKYMEHTIB, Kl MOTPeOYyIOTh MiAMKMCIB, HAKOMUYYETHCS
Oe3iy;
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3a JOTIOMOTOK0 CIIEIiabHUX TIporpaMm, po3podnerux y 1990 p., Bimmin aBToMarm3arii
CHCTEM YIPaBIiHHSI BUPOOHHULITBOM OOpOOJIsie 31aTOYHI, HApAIH, IIHHUKH, MaTepiajbHi Ta
TPYZIOBI HOPMATHBH, 3aKa3W Ta BHOCUTh Y HOPMATHBHO-IOBIAKOBY iH(OpMaIlito, poOIsaThCs
3BITH;

IlenTpanpbHa 3aBOJICbKA JA0OpaTOpisi MPOBOJIUTH IEPEBIPKY 3aco0iB  BUMIPIOBAIBHOI
TEXHIKM Ta 3ac00iB JOIMyCKOBOTO KOHTPOJIO. [ 1[bOTO, OKpiM TpaBipOBaHUX HOMEpIB 3a
KpecJeHHsIM, I1abJloHaM TIPUCBOIOIOTHCS  ifeHTU(IKAIIHHI HOMEpH Jlaboparopii Ta
3aHOCATHCSA y 0a3y y manepoBomy Burisifi. [llabnoniB Ha mignpuemcTsi 61au3bpko 3000 T,

IIepecyBaHHs JleTalleil, By3JliB Ta BaroHiB Ha MIJIPUEMCTBI BUMArae 3allOBHEHHS BEJIUKOT
KUJTBKOCTI JOKYMEHTIB.

OmauM 3 HaWMONYJSAPHIMIUX 1 HAWMNPOCTINIMX CIMOCOOIB iaeHTU(IKAIi € [TpuX-
koayBaHHA. [lITpux xoau OyBaroTh JNiHilHI Ta ABOMipHI. JIiHIIHI IITPUX KOAM 3YUTYIOTHCS B
OJHOMY HAmpsAMKY 1o ropusoHTasi. Haibinem posmoscromkeni EAN-8, EAN-13, Code39,
Codel128.

Code39 Haii01IbII PO3MOBCIOHKEHUH 1 BUKOPHCTOBYETHCS Ha pi3HUX BUpoOHUITBaX. el tum
KOJIy HE BMIIIYE€ KOHTPOJBHHUX PO3PSIIB, TOYMHAETHCS Ta 3aKIHUYETHCS CHEIIAIbHAM CTOII-
CHMBOJIOM, JI03BOJISIE KOAYBaTU OyIb-KY KUIBKICTh CUMBOJIB (OOMEXEHO HIMPHHOIO CKaHEpa).
HItpux-kon Code39 ckimamaeTbes 3 CUMBONY (3HaKy) - HAOOPY CBITIMX Ta TEMHHX CMYT, SIKi
KOIYIOTh 1udpy, Jirepy abo ciaykO0BUH CHUMBOJI, Ta MOIYJIIO — MIHIMAJIBGHOI IIMPHHU CBITIOI
a00 TEMHOI CMYTH.

JIBoMipHI IUITPUX-KOAW NpHU3HAYEHI AJS KOJIyBaHHS BEIMKOTO 00’eMy iHpopmamii Ha
MiHIManpHIM TuTomii. Po3mmdpoBka Takoro KoAy NPOBOAWUTHCS y JBOX BHUMIpax - IO
TOPU30HTANl Ta BepTHKam. J[BOMIpHI KOAM MOXYTh ICHYBaTH SIK CaMOCTIiiHI mKepena
iH(popmarii 6e3 3BepHEHHS y 0a3u JaHUX, YUM 3a0€3MeUyeThCsS MOBHA MOOUIBHICTD JeTajel
4y By3JiB. OCKUIBKM HITPUX KOJ JIPYKY€ETHCS Ta 3UMTYETHCS MalIMHAMU, iX 00poOKa 3aiimMae
MEHIIIE 4Yacy 3 OUIBIIO TOYHICTIO, YMM BBiA JaHWX BpyuyHy. [lpm pyuHOMYy BBOAI Yy
cepelHbOMY BHHHUKae onHa moMmika Ha 300 mozuriit. [Ipu poboTi 3 mTpuX KOIOM, TOMHIIKA
CKJIa/Ia€ MEHILIe OfHi€l HAa MUTbHOH 3unMTaHuX no3uiiil. IIBuakicte BBOAY iH(OpMarii npu
3unTyBaHHI WTpUX KoAiB y 100 pa3iB mBHLIE PYYHOTO BBOAY, 110 MPUBOAUTH J0 3HAUHOTO
HiABUIIEHHS €(QEeKTUBHOCTI Ta MPOAYKTUBHOCTI Oyab-sKoi omepauii. 3 BHUKOPHUCTaHHIM
TEXHOJIOTI] IITPUX KOJyBaHHS €(EeKTHUBHO BHKOPUCTOBYETHCS pOOOUMI 4Yac, CKOPOUYETHCS
HepcoHalN JUisd NpOBeIeHHs iIeHTU(]IKaliiHUX omepaliif, BeAeTbcsd TOYHMN OOJIIK JeTajei,
BY3JiB, IHCTPYMEHTYy, oOiajgHaHHs, mepcoHany. [lepcoHan mignpueMcTBa OTPUMYE
olepaTuBHY iH(pOpMallito, TaM Jie HoMy HOTpiOHO.

TexHouoris WTPUXOBOrO KOAYBAHHS B LIIJIOMY BKJIIOUA€ B ce0e Taki orneparii:

igeHTudikaIio 00’ €KTa MIITXOM IPUCBOEHHS IU(PPOBOTO, IU(POBOTO KOAY;

MOJIAaHHSI KOAY Y BUTJISII IITPHXiB 3 BUKOPUCTAHHSIM TIEBHOT CHMBOJTIKH;

HaHECEHHS LITPUXOBOTO KOy Ha (i3W4HI HOCIi (IeTajb, By30J, YIIaKOBKY, JOKYMEHTH,
€TUKETKH);

3YUTYBaHHS LITPUXOBUX KOJIIB;

JIEKOyBaHHS IITPUXOBUX KOJIB y MalIMHHI, BU3HAYEHHS JITEPOBUX, HUPPOBUX, JIITEPO-
U(POBUX JaHUX Ta Mepeaaya iX y KOMII I0oTep.

["amy3i 3acTOoCyBaHHS IITPUX-KOAYBaHHS PI3HOMAaHITHI:

IHBEHTapH3allisi — IITPUX KOJM aKTHBHO BUKOPUCTOBYIOTbCS HAa CKJIagax Ui OOMIKY
JieTanei, 00Ky o0alHaHHS y BUPOOHUYHX I1€XaxX, 3armaciB MaTepiaiis;

imeHTudikamis — MOCBIAUYEHHS OCOOMCTOCTI POOITHUKA 3 HAAPYKOBAHUM IITPUX-KOJAOM
BUKOPHCTOBYETHCS KOMIIAHISIMU Y BCbOMY CBITI;
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CHCTEMH PEeCTpallii yacy — MTPUX-KOJW BUKOPHCTOBYIOTHCS Il PEECTPAIlil TPUXOAY UM
BUXOAY 3 po0OOTH mepcoHanmy, L0 J03BOJSE MO30aBUTH BiJ ManepoBUX pO3KIAIIB Ta
ABTOMATHYHO PO3PaxOBYBATH 3apIUIaTy.

VY TEeXHONOTIYHHMI NPOIEC INTPUX-KOAYBaHHS Y BAroHOOYMIBHHUX 1 BaroHOPEMOHTHHX
HiANPHUEMCTBAX JAOIUIBHO BKIIFOYUTH HACTYITHE O0JIaJHAHHS:

CTalLllOHAPHI MEPCOHAIbHI KOMIT I0TEpH, MiJ €IHaHI 10 3arajbHO3aBOACHKOI Mepexi abo
TOYKaM PaJiofg0CTyIy;

MPUHTEPH ISl APYKYBAHHSI IITPUX-KOJIIB Ta CYIIPOBOKYBATLHUX JOKYMECHTIB;

PY4HI CKaHEPH IITPUX-KOIB;

MOOUTBHI TPOMHCIIOBI MIKPOKOMIT FOTEPH- TEpPMiHAIIN 300pY TaHUX.

OO06nagHaHHS PO3MIIIYETHCSA Y KOKHOMY I€XY, AUIBHHMII, CKJIai, TEpMiHAIM 300py JaHUX
OpUeHaHi 10 TOYOK pamiogoctyny. LITpux-Kox NPHUCBOIOETHCS BCIM  MANCPOBHM,
CJIEKTPOHHUM JOKYMEHTaM, IeXaM, iIbHHISAM, pOOOYMM MiCIIsIM, BaroHaMm, BY3JaM,
JIeTansM, OOJaJHaHHI0, poOOYOMY IHCTPYMEHTY, MIabJOHaM, KapTaM TEXHOJIOTIYHOTO
polecy, BCbOMY IepcoHany miampueMmcTBa. [Ipu Bumadi marepianiB y 1ex (HopMyeTbCs
JTIMITHA KapTa, sIKO1 MPUCBOIOETHCS MITPUX-KOJ, KOMIPHUKOM BiH 3UHUTYETHCS Ta (POPMYETHCS
00JikoBUI BHUTpaTHUI AOKyMeHT. HeoOximHi CympoBOIKYBalbHI JOKYMEHTH (HAKJIaTHA)
(GOPMYIOTBCS 1 3alOBHIOIOTHCSI aBTOMATHYHO, BKA3y€ThCS pEalbHA KUIBKICTh BHIAHOTO
MmaTtepiany. [Tonryk He0OXiTHOTO TOKYMEHTa CKJIAJIChKOTO 00JIIKY POOUTHCS aBTOMATHYHO IO
3YUTAHOMY IITPUX-KOIY.

PosramryBanHs mTpUX-KOAY Ha OBEPXHI KOUEHHS KOJIC AOUIIBHO /Il BUPOOHHKIB KOJIIC,
TOMY IO 1/€ajJbHO MIIXOAWTH JUIS IIBHIAKOTO CKAHYBAaHHS BEJIMKOI KUTBKOCTI KOJIIC, ajie
HE3pYYHO JUIsl BUPOOHHKIB KOJICHUX Iap, TaK sIK MITKAa CTa€ HEUYUTAOENbHOIO MICIs JBOX
o0epTiB 1o peiimi (puc. 2).

B Toii ke yac po3TairyBaHHs IITPUX-KOJY HA KOJIICHOMY JTIUCKY JOLIIBHO JJIsi BAPOOHHUKIB
KOJIICHUX TMap, TaK fK Ja€ MOXIIMBICTh JIETKO CKAaHYBAaTH 3a JIOTIOMOTO0 (hiKCOBaHMX
CKaHepiB, MITKHM 3aXMIICHI HAa BChOMY IMpPOTS31 MPOIECy CKIAJaHHA Ta JOCTYIHI HABITH Ha
eTarli ckiajianHs BaroHy. CUCTEeMH KOHTPOJIIO TEXHIYHOTO CTaHy KOJIICHUX Map 3aJ1i3HUYHOTO
PYXOMOTO CKJIa/ly PO3TIISIAl0ThCS Y Takux podorax aBropis [10-15].

wrpnx-kom Ha noBepXHi
KOUYEeHHs Koneca

Puc. 2. BapianTn po3TanryBaHHs IITPUX-KOAY HAa eJeMEHTaxX KOJiCHOI mapu

HITpux-KOAYBaHHS € CKJIAJOBOI0 KOMIUIEKCHOI CHCTEMH MOHITOPHHTY BHPOOHHYMX
OpPOIECiB MIANPUEMCTB 3aI3HUYHOIO TPAHCIOPTY pO3poOJIeHoi Ta 3amaTeHTOBaHOi Ha
Kadepi BaroHiB YKpaiHCHKOTO JIEP:KaBHOTO YHIBEPCUTETY 3a113HUYHOTO TpaHcmopTy [1].

[IpononoBana po3poOka BKIIIOYaEe MapKyBaHHS Ta i1eHTH]IKaIil0 00 €KTIB Ta Cy0’€KTiB
BUPOOHMYMX TMIPOILIECIB HA OCHOBI TEXHOJIOTIH INTPUX-KOAYBaHHA Ta pPaaiodyacTOTHOI
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imeHTu(dikaiii, 3a paxyHOK 4YOro IUIAHYETHCS CKOPOTUTH BHUPOOHMYMN IHMKJ, 3HU3UTH
co0iBapTicTh BUPOOIB Ta MiABUIIUTH NIPOAYKTHBHICTh Hpalli.

[IpornioHOBaHMiA CITOCIO MOHITOPUHTY BHPOOHHYHMX IPOIECIB MIIIPHUEMCTB 3aTi3HHYHOTO
TPAHCHOPTY 3IiMCHIOIOTH TakuM 4YUHOM. llomepeaHbo Ha KOXEH OO0’€KT YU CyO’ €KT
BUpOoOHMYOTro mporecy 10 3a TexHonorisMu 12 HaHOCATH YHIKaJIbHUW HOMEP y BHUIIISI
MITPUX-KOAy ab0 pamioyacToTHOl MiTKH 9 (puc. 3). YHIKaIbHHUMU HOMEpaMH MO3HAYAIOTh
nepeBaxHo mepcoHan 15, Baron 18 Tta ioro enemenTH 13, BUpOOHWYI MPUMIIICHHS, TUIOIII,
NO3H1Lii MOTOKOBOI JIiHIT Ta poboui Micig 17, Bupobuudi onepariii 19, BupoOuude obnagHanHs
Ta OCHAcTKy 14, mamepoBy IOKyMeEHTaIlilo Ta kpecieHHs 16. Ha nokampHOMY cepBepi
nianpueMcTBa 2 abo BeO-cepsepi 1 GpopmyroTs 6a3y naHUX, 10 SKOi 3aHOCATH BCl YHIKaJIbHI
HOMEpH 00’€kTiB Ta cy0’ekTiB 10 pa3om 3 iX NMOBHUM EJIEKTPOHHHM OIMMCOM. Y SKOCTI
€JICKTPOHHOTO OIKCY € TEPEBAKHO OCOOWCTI BIJOMOCTI MpO mMpaiiBHUKA 3 ¢oTorpadiero,
KpeCJCHHS, TEXHIYHa XapakTepucTuka Ta Qororpadii By3miB Ta AeTayiieid BaroHa ado
IHCTpYMEHTa, TEXHIUYHUI Ta TEXHOJOTIYHHMI MAcIOPTH BaroHa, TEXHOJIOTIYHI Ta reorpadidxi
KapTH, JOBIKOBa JliTepaTypa Ta KepiBHA JOKyMEHTallis. 3B’S30K MK MPOMapKOBaHUM
00’ektoM um cy0’ektom 10 Ta #HOro eJIeKTpOHHMM oOmHCOM y 0asi JaHUX 3HIMCHIOIOTH
3aCTOCOBYIOUM IepeBakHO TexHoJorii 11 Ta 3unTyroui npuctpoi 8. 3unTyrouu Koj 3 00’ekra
gn cy0’exkta 10 BiIKpHMBaOTh HOTO €ICKTPOHHUN ONMUC HAa KoMl roTepax 3,4 abo 3aHOCATH
iHdopmaiiro y 6a3y ganux cepsepis 1, 2.

ABromatu3oBani po6oui micusg (APM) 4 B3aeMOAIIOTh 31 3UUTYIOYHMH MPHUCTPOSIMH 8 3a
nornomororo iHTepdeiicy 7. Ilo kamamam 5, BuxopuctoBytoun napotoBy (LAN) abo
oe3apotoBy (WLAN) texnoorii, 3a0e3meuyrors 3B's30k APM 4 Mixk co00r0 Ta JIOKaJIbHUM
CepBEpOM MIiIPUEMCTBA 2, JIOKAJIBHOTO cepBepa MiAnpueMcTBa 2 3 KopuctyBadamu 3. Ilo
KaHajam 6 3a0e3neuyroTh 3B'130K BeO-cepBepa | 3 kopucTtyBauaMu 3 Ta JOKaJIbHUM CEPBEPOM
MiIPUEMCTBA 2.

Jis KO)KHOTO BaroHa, BPaxOBYIOUM HOTO eleMEeHTHY 0a3y, Ha JIOKaJIbHOMY CepBepi
nianpreMcTBa 2 abo Bed-cepBepi | GOPMYIOTh TEXHOIOTIYHUN MACTIOPT, SIKHI TOMOBHIOIOTH,
OHOBJIIOIOTH Ta 30€piraioTh MPOTATOM JKUTTEBOTO LUKIY BaroHa. TeXHOJIOTIYHMHA Hacropt
MICTUTh BIZIOMOCTI NEPEBAXXHO NP0 €JeMEHTHY 0a3y BaroHa, KOHTPOJIbHO-AIarHOCTHYHI,
TEXHIYHI Ta TEXHOJIOTIYHI MapaMeTpH, HOPMHU Yacy Ha orepallii, BiIOMOCTI Ipo BUPOOHUYE
o0JlaTHAaHHSA Ta OCHACTKY, TE€XHIKO-€KOHOMIYHI MOKa3HUKU, TEXHOJOTIYHY TOKYMEHTAIIIIo,
rpagiku Ta TPYJIOMICTKICTb BHUKOHaHHA poOOIT, pe3yabTaTh KOHTPOJIO, TaKOXK Y
TEXHOJIOTIYHUN MMacHopT 3aHOCSTH JIaHl PO BC1 HECTIPABHOCTI Ta B1IMOBH, SIK1 OyJIU BUSIBIIEHI
HPOTSTOM XHUTTEBOTO IIUKIIY BarOHa Ta BIJIOMOCTI IO 1X YCYHEHHS.

BianoBigHO 10 BHUPOOHMYOTO 3aMOBJIEHHA, IUIAHY MIANPUEMCTBA Ta TEXHOJIOTTYHOTO
[acropTy BaroHa, /Uil KOXKHOTO liexa abo BIJJIIJIEHHS Ha cepBepi mianpuemcrBa abo BeO-
cepBepl aBTOMaTUYHO (OPMYIOTH 3aBJaHHS y BUIVIAJAlI TEXHOJOTIYHOI KapTu (puc. 4).
TexHonoriuHa Kapra MICTHTh: THepenik omnepauii 20, IO OYiKyHOTh Ha BHUKOHaHHS,
BIJIBEICHUI Yac Ha X BUKOHaHHS 21 Ta BHUKOHAaBIIIB 26, BUMOTH Ha BHJIayy Ta 3aMOBJICHHS
3amyactuH 27, Marepialy Ta IHCTpyMeHTy 25. @ikcalilo BHKOHaHMX oIepauii
TEXHOJIOTIYHOTO TPOIECY, KOHTPOJIb TMOCIIAOBHOCTI oOmeparliii, BUIa4y Ta 3aMOBJICHHS
3al4acTuH, Marepiajdy, OCHAaCTKH Ta I1HCTPYMEHTY 3/iHCHIOIOTh NUIAXOM 3YHUTYBaHHS 3
TEXHOJIOTIYHOI KapTH IITPUX-KOAIB 9, MmonepeHbO0 HAHECEHMX LUISIXOM IpYKyBaHHS Oiis
KOXKHOI omepanii abo rpynu omepamniidi abo NUISIXOM 3YMTYBaHHS IUTPUX-KOIY abo
Pasio4acTOTHOI MITKH O€3M0ocCepeHbO 3 ApJHKa 00’ €KTa UM cy0’eKTa.

KoxxeH poOITHMK Mae KapTKy BHJaul 1HCTPYMEHTY 3 INTPHUX-KOJOM, NPH OJEpKaHHI
IHCTPYMEHTY 3YUTYETHCS IITPUX-KOJ IHCTPYMEHTY Ta NEPCOHAIBHUN MITPUX-KOJ pOoOITHUKA,

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

45



TEXHIKA I TEXHO.JIOI'I

naHi 3aHOCAThes y Oasy. [lepecyBaHHs JeTaneil MO IieXaM CTBOPIOETHCS 32 JIOTIOMOTOIO
MOJIYJIFO TIEPECYBaHHS JeTalieil. 3 CYNpOBOKYBAIBHOI KAPTH 3YHUTYETHCS IITPUX-KOJ,
nporpamMa  aBTOMaTHYHO  BHM3HAYAE€  MIAPO3IUI-OJEpXKyBad 3TiJHO i3  MPOXiIHOTO
TEXHOJIOTIYHOTO Tpolecy. 1'oToBa neTanb CYHpOBOJUKYETHCS MANepOBOI0 HAKIATHOKO 13
mTpux-kKoaoM. Haknanna nepegaerbes y OyxXraiarepiro 3aBojLy JjIsi 0OpoOKH.

BeG- cepaep
TNokansHui

cepeep |HTEDH€T
niapuemcTea

2

LAN, WLAN

InTepdhenc
B3aemogii

TexHonorii 34UTyBaHHA
WITPUX-KOAIB Ta
panioMacToTHUX MITOK

G

CkaHepu
LWITPKUX-KOAIB Ta
paniovacToTHUX

TexHonorii HaHeCeHHA WTPUX-
koaie Ta pagioyacToTHUX MITOK

Ob6’ekTu Ta
cy6 exTn
BupoBHWYoro
npouecy

10

Puc. 3. ®ynkunioHaiabHa cxemMa Croco0y MOHITOPHHIY BUPOOHHYHUX MPOIIECiB MiAMPHEMCTB
3aJi3HUYHOT0 TPAHCTIOPTY

Perua-
Onepauii 1...p | Mo 3aTprMKa Obnan- Ocnactka | IHCTpyMeHT Buko- 3am-
BaHUH HaHHS HaBellb YacTUHA
4ac
Ornepatis 1 - _t Hazsa Haspa Hasga TL1EB. Hassa
" 1 . g 1" g g - n
OneP:Il_uﬂ 2 _=-_: H.aj:a Ialssa H-a-::l:a H. :3 H.a:IBa
ﬁ T ﬁ ; t ﬁ ﬁ ﬁ
Onepauis P e Hazsga Hassa Hazga ILLB. Hassa
nyg - wag 1" .t iy T g
ﬁ T E. @ : ] @ H ﬁ
-
| | | | | | |
I I I I I [ [ [
20 21 22 23 24 25 26 27
9

Puc. 4. Texnonoriuaa kapra

BBeneHHs cucTeMH MOHITOPMHTY BUPOOHHYMX IMPOLECIB MIAMPUEMCTB 3allI3HUYHOTO
TPAHCHOPTY JOUILHO POOUTH MOETAIHO 1 TOYMHATH caMe 31 IITPUX-KOTyBaHHS:
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. imenTrdikaris mepcoHay

. IPUCB O€HHS IITPUX-KOMAIB JETAISAM, By3JIaM, TOKyMEHTaN
. BBEJICHHSI BUPOOHUYHX IPOTPaM.

. ineHTudiKamis uexis, migpo3AiiB, poOOUuX MicCIlh

. BBEZICHHS CKJIQJICBKOTO OOJIIKY,

. IPUCBOEHHS ILITPUX - KOJIB BarOHaM, TOTOBOI MPOYKIIii.

. BBEJJ€HHS 3BITHOCTI

HITpux-KoaM HEAOPOri Yy BHUPOOHHITBI, MOXYTh 3UUTYBAaTHCS pPAIOM CKaHYIOUHX
NPUCTPOIB, Ta BHUPOOJATHCH 3a JIOMIOMOTOK DPI3HOMAHITHHX TEXHOJOTIH JpPyKy Ta
MmapkyBaHHs. CucTeMa Ha MepIIMX eTamax He nmorpedye 3HAUYHUX BKJIAJCHb, OOJIaTHAHHS
NpocTe Yy BHKOPHCTaHHI, BapTiCTh JOCTyNMHA. 3a TONEPEAHIMU TiIpaxyHKaMH CTPOK
OKYITHOCTI TaKoi cucTeMH ifeHTudiKawii 2 poKu.

BucnoBku. BukopuctaHHs TEXHOJIOTIi aBTOMAaTH30BaHO1 11eHTH(IKAIT JO3BOJISIE 3HAYHO
NOKPAIIUTH YIPABIIHHA MaTepiaJbHUMU Ta 1HPOPMaLIHHUMHU MOTOKAMH Ha BCIX CTaaisx
JIOTICTUYHOTO MPOLIECY BUTOTOBJICHHS Ta PEMOHTY BaroHiB.

ExoHOMIYHA AOMIIBHICTh CIIOCOOY MOHITOPHHTY MiJIPUEMCTB 3aJi3HUYHOTO TPAHCIIOPTY
JOCATAEThCSI 32 PaXyHOK 3HIDKEHHS Cc00iBapTOCTI BUPOOIB 3a pPaxyHOK CKOPOYCHHS
BUPOOHWYOTO HUKIY IUIIXOM aBTOMATH3allli MPOIECIB PO3pOOIICHHS] BUPOOHUYMX 3aB/IaHb;
3aMOBJICHHS 3aIlYacTHH, MaTepially Ta IHCTPYMEHTY,; KOHTPOJI BUKOHAHHS BHUPOOHHYHMX
orieparii, TOCTYITy IIepCOHAITY Ta MePeMillleHHS 00’ €KTa YH Cy0’€KTa B MeKax MiANPHEMCTBA;
MiJBUIICHHS MPOAYKTUBHOCTI Mpalli MiANPHUEMCTBA 3ali3HUYHOTO TPAHCIOPTY HA OCHOBI
ajianTaii BApoOOHHYOTO NPOIIECy /Ui BUKOHAHHS BCIX 3aBOK IIPY MiHIMaJbHHX 3aTpaTax.

IMoasixka

Jani A0CaipKeHHST TIPOBEICHI B paMKax HAyKOBOI TEMH MOJIOJIMX BYCHHUX ‘‘THHOBaIiiH1
3acaJidi CTBOPEHHS pecypco30epiraloynmx KOHCTPYKTHBIB BaroHiB IIUISIXOM ypaxyBaHHs
YTOYHCHHUX JIWHAMIYHUX HABaHTaXEHb Ta (PYHKIIOHAIBHO-aIalITUBHUX (IICII-KOHIICTITIB”,
sIKa BUKOHYETBCS 332 PaXyHOK KOIITIB Jiep)aBHOTO Otokety Ykpainu 3 2020 p.
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MONITORING OF PRODUCTION PROCESSES
OF RAILWAY TRANSPORT ENTERPRISES

The publication proposes a monitoring technology for production automation based on automatic
identification technologies, which will allow real-time monitoring of the progress of technological
processes, ensure interdepartmental logistics, as well as perform access and identification security
functions in production.

On the example of one of the carriage depots, typical shortcomings of the organization of the
production process, accounting and identification of parts of a railway transport enterprise are
considered. The ways and stages of implementation of automatic identification technologies are
proposed, in particular, it is indicated that it is advisable to introduce a system for monitoring
production processes of railway transport enterprises in stages, starting with bar-coding technologies.
The process of monitoring railway transport enterprises, the interaction of subjects and objects of the
production process is disclosed in detail.

Keywords: cars, monitoring, barcode, radio tags, production process, automatic identification,
technological card, warehouse logistics.
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JOCIIIKEHHSA 3AJIMITKOBOI'O PECYPCY CIIEHIAJIBHUX BAI'OHIB

B cmammi  npogedeno 0ocniodtcenHs 3anumuKo8020 pecypey Hecyuux memanegux koncmpykyiu (HMK)
cneyianbHux 6azOHi6 Ol Nepese3eHHs CHeYKOHMUHSEHNY  HA OCHOBI  pe3Vbmamie MmexHiuHO20
OlaeHOCMY8aHHs. mMa MUNOBUX BUNpodyeamns. B Oinvuiocmi Haykogux nyonikayiti OOCRIONCYEMbCA
30ibUEHHSL CIPOKY eKCNLyamayii pI3HUX MURi6 NACANCUPCOKUX BA2OHI8 ULIAXOM YOOCKOHANIEHHS iX
KOHCMPYKMUGHUX 81acmusocmell. B 0ocnioscenni sukopucmosgyomovcs HACHynHi Memoou. CKUOGHHS 3
KIAUHIB, pecypCHi 8UNPOOY8AHHA HA MIYHICMb NpU 3IMKHEHHI, 8UNPOOYBAHHS HA CNiBYOap, CMAMUYHI
sunpoOysanna Ha miynicms. Ha niocmaei nposedenmHs MexXHIUHO20 OIiA2HOCYBAHHA MA MUNOBUX
BUNPOOYBAHb BUIHAYAEMBCS MONCTUBICTG BCIMAHOGIEHHS HOB020 NPUSHAYEHO20 MEPMIHY CTYHCOU BA2OHIS.
3anuwxosuii pecypc 6cmanon08ascs no 0OHOMY 3 MIHIMATLHUX PO3PAXYHKOBUX 3HAUEHb, OMPUMAHUX 3d
MAMEeMAMUUHOIO  3ANENCHICIIO Ol PO3PAXYHKY 3ATUWIKO8020 MepMiHy cayocou. [lpu eusnauenni
3AMUUKO0B8020 pecypcy Ni0 4ac Mmunosux eunpodyeéanb NpoeoOUNACh OYIHKA NOKA3HUKIE 3anacy onopy
6MOMI 3 BPAXYBAHHAM HANPYIHCEHHS HECYYUX KOHCMPYKYIll 6a20Hy ni0 uYac eunpobysamv. 3pobieHo
BUCHOBOK NpO e, WO CMAH HeCydux Memanesux KOHCMPYKYill CReyianbHUX 8a2OHi@ Ol Nepese3eHH s
CHeYyKOHmuMeenmy  Ricisi mpueanoi excniyamayii He Hadmudicacmvcs 00 epanuunozo. Ompumani
NpaKmuuni ma meopemuuni pe3ynbmamu 0aoms 3M02y NPOOOBHCUMU MEPMIH CIYHCOU CReyianbHUxX
6A20HI8 0I5l Nepese3eH sl CNeYKOHMUHSEHNY NOHAO 6CTMAHOGIEHUL 3A8000M-6UPOOHUKOM.

Knrouoei cnosa: cneyianvHi 6aconu, Hecyui Memanei KOHCMPYKYil, KOHMPOIbHI 8UNPOOYBAHHs,
3aAUWKOBULL pecypC.

Beryn. B 3B’53Ky 31 CKOpPOUEHHSM 1HBEHTAPHOIO NMApKy CHELIaIbHUX BarOHIB /Il IEPEBE3CHHS
CIIELIKOHTUHT€HTY TICIIs TOCATHEHHSI HOPMAaTUBHOIO TEPMIHY CITY»KOH, 3aKyIIBJICIO B HEIOCTATHIN
KUIBKOCTI HOBUX BaroHiB OyB BUKJIMKaHMH iX nediuuT. Komruieke pobiT 3 mpoJOBKEHHS TEPMIHY
CIyk0M mepeadayeHuii METOAMKOI TEXHIYHOTO J1arHOCTYBAaHHS MAaca)KUPCHKUX BaroHiB, 110
BUCITYKWJIM TIpu3HaueHud tepmiH [1, 13], Ta HOpMaTuBHUMHU JOKyMEHTaMH. AJie Hi ICHYyKOYa
METOJIMKa HE BpPAaxOBYe AESKUX OCOOIMBOCTEH MOIIKO/DKEHb €JIEMEHTIB KOHCTPYKIIi y mepiof
eKCIuTyatallii. ¥ TakuxX BHUIIQJKaX 3BUYANHI 3aCO0M TEXHIYHOTO JIarHOCTYBaHHS 3TiAHO 3 [1] He
JIAt0Th 3MOT'Y TIOBHOIO MIpOIO OLIIHUTH HIMOBIPHICTh MPOJIOBKEHHS TEPMIHY CITyOH BaroHa.

AHAJ3 ocTaHHIX J0CTiIKeHb i MocTaHoBKa mpodsaemu. Pecypc (TexHika) — HapoOITOK
HPUCTPOIO (MEXaHi3My) BiJl MOYATKy MOr0 eKCILTyatallii abo Micis peMOHTY 1 IO JOCSTHEHHS M
IPaHUYHOTO CTaHy, KU BU3HAYAETHCS HOPMATUBHO-TEXHIYHOK MOKyMeHTarliero [15, 2]. s
PI3HUX MEXaHI3MIB PeCypc MOXKe BUPAKATUCS B PI3HUX OJUHUIIAX BUMIPIOBaHHS, HAPUKIIA, B
roguHax poOOTH, KUIOMETpax MpoOiry, pokax, TOIIO. 3AJUIIKOBHA pECypc — CyMapHHM
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HaApOOITOK, 1110 MPOTHO3YETHCS 3a pe3yJbTaTaMH TEXHIYHOTO JIIarHOCTYBaHHS OOJIaJHAHHSA, BiJl
MOYaTKy KOHTPOJTIO HOro TEXHIYHOTO CTaHy JI0 TIEPeXoly y TpaHu4HuU cTaH [15].

OOrpyHTYBaHHSI HEOOXIJTHOCTI YTOYHEHHS TEPMiHY IPOJOBKEHHS KOPHCHOI eKCILTyaTarlii
MAaCaKUPCHKUX BAaroHIB PO3MIIAANINCS K B YKpaiHi TaK 1 B 3aKOpAOHHUX myOrikanisx [16,17]. B
HAyKOBOMY JIOCTI/DKEHHI [3] OOrpyHTOBaHO MPOJOBKEHHS TEPMIHY CITY)KOM MaCaKUPCHKHX
BaroHiB 3 ocepenkamu Koposii xpeOToBoi Oanku. Po3poOka pexkomeHmamiii i3 MpOJOBKEHHS
TEpPMiHY KOPHCHOI €KCILTyaTallli Maca)kKupChbKUX BaroHIB PO3MIISIHYTO B poOoTi [4]. B poborax [5,
6, 7] mocmipKyBamuch MpoOIeMH Ta OCOOIMBOCTI TEXHIYHOTO JIarHOCTYBAHHS IAaCaKMPCHKUX
BaroHiB. A B [8, 9], BUKOHYBaJIUCh YHCIIOBI pO3paxyHKH Ha 0a3i CKIHUEHHO-EIEMEHTHOI MOJIEN 3
ouinkoro MimHocTi mo I ta Il po3paxyHkoBux pexumax. Jlami 3 ypaxyBaHHSM MONEPETHIX
pEe3yJbTaTiB BUKOHYBAIHCh PO3PaXyHKH BTOMHOI ITOIIKOPKEHOCT] €JIEMEHTIB KOHCTPYKIUT JIIst
OLIIHKH 3aJIMIIKOBOTO TepMiHY ciry:kOu. Kpim toro, B [8] Oyam BUKOHAHI pO3paxyHKH /ISt HOBUX
BaroHiB 1 BaroHiB 3 MIHIMAILHUMH TOBIIMHAMU €JIEMEHTIB (BHACTIIOK KOpO3ii) Ta
PO3paxyHKOBHM IIUIIXOM OyB BCTAaHOBJIECHMH CYTTEBUI BIUIMB MEXaHIYHMX a00 3BapHHUX
MOMIKOKEHb (MiPi3iB), 3aJIeKHO Bl PO3MIpIB OCTaHHIX, HA TEPMiH CIIy>KOH BaroHis.

B Oinpmiocti mepepaxoBaHMX HAYKOBUX MMYOJIKAIisSX JOCHIIKYETHCS 30UTBIICHHS CTPOKY
eKCIUTyaTallil pi3HUX TUIIB MAaCKUPCHKUX BarOHIB IUIIXOM yJOCKOHAJICHHS iX KOHCTPYKTHBHUX
BJIACTUBOCTEH.

Mera i 3aBmaHHsi AocCHimKeHHsl. METOH JOCHIKCHHS € TIPOBEICHHS JIOCIIIKCHHSI
3aIMIIKOBOTO pecypcy Hecyunx MeTaneBux KoHCTpykmid (HMK) cremianpHux BaroHiB st
TICPEBE3CHHS  CIICIIKOHTHHICHTY 13 CTPOKOM CIIy)OW, 110 TmepeTHyB 41 pik Bin jgatu
BUTOTOBJICHHS JUTSI BCTAHOBJICHHSI MOYKITMBOCTI MOZAJIBIIOTO TIPOJAOBKEHHS CTPOKY CITYKOH

3aBaHHsAM JOCTIDKEHHST € BU3HAYCHHs 3aIuIIKoBoro pecypcy HMK cremiansHux BaroHiB
JUISL TIEPEBE3CHHS CIICIIKOHTMHTEHTY 13 CTPOKOM CIYXOH, mo mepeTHyB 41 pik Bing aatu
BUTOTOBIICHHS JUIA OINHKM TOKa3HUKIB MIITHOCTI Ta OMOpY BTOMi METOAaMH TEXHIYHOTO
JiarHOCTYBAHHS Ta TUTIOBUX BHIIPOOYBaHb.

Martepiaan Ta meToau aocaigkenns. Haiibinpm mommpeHMMH BaroHaMmu, siKi
BUKOPHUCTOBYIOTKCS IS IEPEBE3CHHS CIICIIKOHTUHTEHTY, € BaroHu moneni 61-4500 (puc. 1).

e

Puc. 1. Baron monedi 61-4500 1151 mepeBe3eHHs CHENKOHTHHTEHTY

Jli1st BUIIpOOYBaHb IAHOTO THITY BarOHiB BUKOPUCTOBYIOThCS HacTymHi Metoau [10, 12]:
CKMJAHHS 3 KJIMHIB — OLHKA BJIACHUX YacTOT KOJMBaHb Ta JUHAMIYHUX HalpYKEHb B
enemenTax HMK pamu 1 ky30Ba Barona. 3ajie)kHO BiJI KUTbKOCTI BUKOPUCTAHHUX KJIMHIB 1 MICITS 1X
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pO3TaIlyBaHHS ITi]] BIAMIOBIIHUMH KOJIECAMH BaroHa BH3HAUYEHI BUJIM KOJMBAHHS IPH MTPOXOI 1
CKHJIaHHI BaroHa 3 KJIMHIB;

pecypcHi BUIIPOOYBaHHS Ha MIIHICTh MPHU 3ITKHEHHI — BU3HAYCHHS 1 OIIHKA TUHAMIYHUX
HarpykeHb 1 aepopmanii B HMK pamu Ta Ky3oBa BaroHa Inpu NpHKJIaJaHHI HOPMAaTHBHUX
yIapHHUX CUJI Yepe3 aBTO3YeNHe o0nmaaHanus [2, 13, 14];

BUNPOOYBaHHS Ha CIIBYJap, MPOBEACHI NUIIXOM HAKOYYBaHHs JJOKOMOTHBOM BaroHa-0oika
Ha JIOCIIIHUI BaroH, SIKMM 3HAXOIUTHCS B MIANEPTOMY Ta BUIbHOMY cTaHaX. ChiBynapu npu
THITOBUX BUITPOOYBAHHSX MPOBOIMIIKCH 32 IIBUIKOCTSIMH, SIKi yKa3aHi B Tab. 1;

CTaTWYHI BUMNPOOYBaHHS HA MIIHICTh — BHU3HAYCHHS HAINPYXEHOTO CTaHy, Aedopmariii,
CTIHKOCTI €JIEMEHTIB KOHCTPYKIii Ky30Ba, paMH BaroHa Ta paMH Bi3Ka 3 peajbHO HAsSBHUMHU
TOBLIMHAMH Ha Mepio]] 00CTeKEHHS MPH il CTATUYHO MPUKIIAJEHOTO HABAHTAXKECHHSI.

Ha puc. 2 HaBejeHO cXeMH YCTaHOBKHM TEH30PE3MCTOPIB HAa paMi BaroHa BiAMOBIJAHO MPH
MIPOBE/ICHI KOHTPOJIBHUX BUIIPOOYBaHb.

Tabnuys 1. KinbkicTh cniBy1apiB Barona B KOKHOMY CTaHi

JiamazoH mBHIKOCTI KinpkicTh ciByaapisB
31TKHEHHSI, KM/TOJL [lianepruit BinbHuii ctan
CTaH
Bin 3 1o 6 Bk 3 3
Bix 6 no 10 Bk 3 3
Bix 10 mo 12 Bk 1 1

=== |
S= L

Ubopreba Sanka Xpeomoba oanka
A-A 5-6
7 2 B “ 56 7
Arueba oanxa lporuxra oaKa Hxrst oob ssaxa [ogpa Poskic

- L

8 77

>

Puc. 2. Cxema BCTaHOBJIEHHSI TEH30Pe3UCTOPIB HA HECYYMX MeTaJleBUX KOHCTPYKUIIsIX BaroHa
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Ha mincraBi mpoBeleHHS TEXHIYHOTO JIIAFHOCTYBAaHHS Ta THUIIOBHX BHUIPOOYBaHb
BH3HAYAETHCSI MOKIIMBICTD BCTAHOBJICHHSI HOBOTO ITPU3HAYEHOT0 TEPMiHY Ciiy»0u BaroHis [10].

3aMIIKOBUI pecypc BCTAHOBIFOBABCS 110 OJHOMY 3 MiHIMaJIbHHX PO3PaxXyHKOBHX 3HAYCHB,
OTPUMAHHUX 32 MaTEeMaTUYHOIO 3AIEKHICTIO JJIsI PO3PAXYHKY 3aJIMIIKOBOIO TEPMIHY CITyXKOH.
Skmo 3a pe3ynbTaTaMd pO3paxyHKIB BUSBHUTBCS, IO PECYpC BHUYCPIIAHH, TO 3aIUIIKOBUN
TEPMiH CITY>KOM BU3HAYAETHCSA 32 Pe3y/IbTaTaMU CTCHJOBHX BUIIPOOYBaHb HA BTOMY.

[lpr BU3HAYEHHI 3AJMIIKOBOTO PECYpCy IiJl Yac THIIOBHX BUIPOOYBaHb MPOBOIUIACH
OLIIHKA TIOKAa3HMKIB 3aracy ornopy BTOMi 3 BPaxyBaHHSM HAIPY)KEHHS HECYYMX KOHCTPYKIIIH
BaroHy I1iJl Yac BUMIPOOYBaHb.

OrinKy 3amacy ormopy BTOMi BAKOHAHO 3aBJISIKH YMOBI:

n=—=>[n], (1)

Je O, y — IPaHHL BUTPUBAJIOCTI (32 aMILIITYI010) HATypHOI JeTalll B Pa3i CUMETPUYHOIO LIUKILY

Ta CTAJIOro PEXUMY HABAHTAXKEHHS Ha 0a3i Bumpobysanmsa No=10" wmukiis, MITa.

040 — PO3PaxXyHKOBE 3HAUEHHsS AMIUITYyJH JUHAMIYHOTO HAIpY)KEHHS YMOBHOIO CHMETPUYHOIO
UKy, TpuBeAcHa J0 0a3u Ny, CKBIBAJICHTE 3a IIONIKOIKYBAHOI €0 DPEATbHOMY PEXKUMY
eKCILTyaTallifHIX BUIIAJKOBUX HAIPYXXECHB MPOTATOM IIPOEKTHOTO TepMiHy ciryx0u, MI]a.

[n] — momycTrMuii KOoedilieHT 3amacy ornopy BTOMI.
Po3paxyHkoBe 3HaUeHHS TPaHUIli BATPUBAJIOCTI BU3HAYAETHCS 32 POPMYIIO0

Oan =Oan X(l_sz‘gaa“ ) (2
Je O, — cepenHe (MeiaHHE) 3HAYEHHS IPaHULl BUTPUBAJIOCTI JIOCIIITHOTO 3pa3Ka;
Z, = 1,645 — KBaHTUJIb PO3NOJIiNTY, IO BiANIOBiIa€ OXHOCTOPOHHI iiMoBipHOCTI P =0,95;

8, =0,5 —xoediuient Bapiauii rpaHALi BUTPUBATOCTI.

Oy,

OgN = (;ﬁ’ (3)

ne o_q = 170 MIla — rpaHuIs BUTPUBAIOCTI;
(Kg)k = 1,5 — cepenHe 3HaUEHHS 3aralibHOr0 KOS(IIIEHTY 3HUKEHHS TPaHUIl BUTPUBAIOCTI HATYPHOT
JieTati 1o BiJIHOIIEHHIO 70 IPAHMIII BUTPUBAJIOCTI TIIJKOTO CTaHIapTHOTO 3paska [11].

Oae (4)
7 . . .
ne N, =10" — 6asoBa kinbkicTb LUKIIIB;
M — MOKa3HUK CTYIEHsS B PIBHAHHI KPUBOI BTOMH Y aMILTITY/Ii;
N, — cymapHa KinbKicTh LHMKIB JAMHAMIYHUX HANpYKEHb Ha PO3PAxXyHKOBHIl TEPMiH CIyKOH.

[IpuiimaeTtscs pakTuunuil TepMiH cayx0u — 41 pik;

o"P — 3HaueHHs piBHA HANPYKEHb 3 ypaXyBaHHAM ii MACOBOT JOMi IMijl 9aC eKCILTyaTallil.
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(®)

ne A —koedinienr srigno [11];

( Kb )k
JIeTai Mo BiTHONIICHHIO 10 TPAHUIlI BUTPUBAIOCTI TJIAIKOTO CTAaHIapTHOTO 3pa3Ka;

M —4 ta 12 y 3ajeXHOCTI BiJ THITy KOHCTPYKIIii 3rigao [11].

N, =4 xT,, 6)

— CepelHE 3HAYCHHS 3arajbHOT0 KOe(illieHTy 3HIKEHHS TpaHHUIl BUTPHBAJIOCTI HATYpHOI

ae Tp — CyMapHHii 4ac Jii AMHAMIYHUX HAIPY>KEHb.

T, =BxT,, @)

ne B — koedimient mepeBomy KajgeHIapHOTO PO3PAXyHKOBOIO CTPOKY CIIyKOHM y pOKax B 4ac
HETEePEPBHOTO PYXY B CEKYHIaX;
Ty — baxTudnuii cymapHuii yac 1ii IMHAMIYHUX HampysKeHs, Tk = 41 pik;

a 9
19 = —X —_—, 8
©2r \fy ®

ne a= 1,1 — koedimieHT mJsA Ky30Ba BaroHa;
g =9,81 M/c’ — IPHCKOPEHHS BiTBHOTO MaTiHHS;
for — cTaTMYHUI NPOTHH MiABILTYBaHHS.

3
B =365x 10\7"0 , 9)

ne L, — 126 kM — MaKcUMalbHUI cepeHbo1000Buit mpobir Barony 3AK;
V — 25 m/c, cepeans MBUAKICT NOT371a;

Po3paxynkoBi 3HaueHHsI N — KoedillieHTa 3amacy ornopy BTOMi y JOCTITHUX MICLSX BaroHy 3TiJHO
JACTY 7774:2015 [11] npuBeneHo y tad. 2.

Tabnuys 2. Po3paxyHKOBi 3HaAUEHHS N Yy TOCTITHUX MiCIISIX BaroHa

Howmep Hampy>xenns Bix cwt, mo Hanpyxenns CHIIN 3HaueHHs 3amac onopy BTOMH
KaHaITy BUHUKAIOTh IIJl 4ac pyXy | B3aemonii MiX BaroHamu, HaIpy>XeHb n
BaroHa MiJ| Yac KOJMBaHb | BarOHa 3 JIOKOMOTHBOM, a"P,
I ICKaKyBaHHSI, raJlbMyBaHHsl, CIiBYJIapiB, MIla
CKpY4yBaHHs KYy30Ba, 3 ypaxyBaHHsM ii MacoBOi
raJionyBaHHs Ta OOKOBOI | 4acTku i qac
xutaBuil, MI1a ekcmtyarartii, MITa
1 2,32 10,92 13,24 4,26
2 3,74 10,58 14,32 3,94
3 5,51 12,07 17,58 3,21
4 5,32 18,41 23,73 2,38
5 7,04 58,21 65,25 1,32
6 6,16 30,06 36,22 2,34
7 2,92 20,80 23,72 2,38
8 7,38 11,85 19,23 2,93
9 1,8 6,72 8,52 6,62
10 1,48 10,66 12,14 4,64
11 3,01 19,44 22,45 2,51
12 3,63 12,19 15,82 3,56
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JlommycTrMe HampyKeHHsS MaTepialy Hecy4YnxX KOHCTpyKmii ckiamae: 0,90, = 221 Mlla
srigao [11]. 3ona 5 mocnigHOrO BaroHy Mae cyMapHHH piBeHb HampyxkeHb 245,37 Mlla Ta

NEPEBUIYE 3HAYCHHA AOIYCTHUMHUX HAIIPYKCHBb IJIA HOBHUX Ta MO,Z[CpHiSOBaHI/IX BaFOHiB Ha
11% (ra6m. 3).

Tabnuya 3. CymapHi 3Ha4YeHHS HANPY:KeHb Y JOCTIIHUX MicIIX Barony B pamkax I pe:xkumy

Homep Hampyxenns Bix | HampyxeHHs Big cwi, mio Hampyxernst ~ cumn | CymapHi
KaHa BJIACHUX CWJI TSKIHHS | BUHMKAOTh TJ 9Yac pyxXy | B3aeMmomil MDK | 3HAUCHHS
Iy KOHCTpYKIii  (Tapw), | BaroHy I Yac KOJNMBAaHb | BarOHaMH, BAaroHy 3 | HAIPY>KCHb,

00J1aHaHHS, TTiICKaKyBaHHSI, JIOKOMOTHBOM, MIla
MacaxupiB, Oaraxxy Ta | CKpyIyBaHHA Ky30Ba, TaJbMyBaHHS,
iH., MIla rajonyBaHHs Ta OOKOBOi | CIIByJgapiB, y TOMY
xuTasuii, MIla yyCI aBapiifHuX
3iTkHeHb (250 1.,
MlIIa
1 10,9 2,32 53,18 66,4
2 10,9 3,74 38,91 53,55
3 10,9 5,91 98,3 114,71
4 10,9 5,32 68,95 85,17
5 10,9 7,04 227,43 245,37
6 10,9 6,16 159,06 176,12
7 10,9 2,92 81,95 95,77
8 10,9 7,38 37,01 55,29
9 10,9 1,8 44,68 57,38
10 10,9 1,48 51,45 63,83
11 8,3 3,01 70,24 81,55
12 - 3,63 28,3 31,93

BpaxoBytoun Te, mo OJHOYACHE NOEAHAHHS MaKCUMalbHUX MOB3JOBXKHIX (250 T Ha
aBTO3YEIIHOMY IPUCTPOI0) Ta BEPTHUKAIbHUX HABAHTAXXEHb € PIOKUM [O€THAHHAM
HecTpuATIUBUX  (akTopiB (wacticte cun  ckmagae  0,0000001), momanpma Oesrnevna
eKCIUTyaTallisl CHel[lalbHUX BaroHiB JJsI TEPEeBE3E€HHS CIEIKOHTUHIEHTY MOJJIMBA 3a
Mexxamu 41 poky Bin TOOyIOBHM TMpPU 3MEHIIEHOMY [EpIOJUYHOMY TEXHIYHOMY
JIarHOCTYBaHH1 HECYYUX KOHCTPYKIIIH B MOPIBHAHHI 13 3BUYafHUM MAaCa)KUPCHKUM BarOHOM.

BucHoBku. 3a pe3yiabTaTaMu NPOBEACHMX JIOCHIIKEHb, OYyJI0 BH3HAYEHO, IO CTaH
HECYYHX METaJIeBUX KOHCTPYKLIN CreliaJbHUX BaroHIB JJIS MEPEBE3CHHS CHEIIKOHTUHIEHTY
HiCJIsl TPUBAJIOI eKCILTyaTallii He HaOIMKa€eThCs 10 TPAaHUYHOTO.

TakuM YUHOM, OTpPUMaHI NPAaKTUYHI Ta TEOPETHUYHI PE3YyIbTaTH JAIOTh MOMIIMBICTh
NPOJIOBXKYBAaTH CTPOK CIY)KOM CIIEI[iaJIbHUM BaroHam /ISl TIEPEBE3CHHS CHEIIKOHTUHTEHTY
noHag 41 pik Bix moOyIoBH NpU NEPIOAUYHOMY TEXHIYHOMY IIarHOCTYBAHHIO HECYYHMX
KOHCTPYKIIA B HE piAlIe HDK OJAMH pa3 Ha 2 POKHM KOMIETEHTHUMH, AKPEAUTOBAHUMH
Oprasi3alfisMu.
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INVESTIGATION OF RESIDUAL RESOURCE OF SPECIAL RAILWAY VAGON

The article examines the residual life of load-bearing metal structures (NMC) of special cars for
the transportation of special contingent on the basis of the results of technical diagnostics and
standard tests. Most scientific publications investigate the increase in the service life of different types
of passenger cars by improving their design properties. The following methods are used in the study:
resetting from wedges, resource tests for impact strength, impact tests, static strength tests. On the
basis of carrying out technical diagnostics and standard tests the possibility of establishment of new
appointed service life of cars is defined. The residual resource was set at one of the minimum
calculated values obtained by mathematical dependence to calculate the residual service life. When
determining the residual resource during the standard tests, the evaluation of the fatigue resistance
margin was performed taking into account the stress of the load-bearing structures of the car during
the tests.

It is concluded that the condition of load-bearing metal structures of special wagons for
transportation of special contingent after long operation does not approach the limit. The obtained
practical and theoretical results make it possible to extend the service life of special wagons for the
transportation of special contingent beyond the established by the manufacturer.

Keywords: special wagons, bearing metal structures, control tests, residual resource.
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AHAJII3 3ABE3ITEYEHHS 3EPEKEHHSA BAHTAKHUX BAI'OHIB
Y CYYACHHUX YMOBAX EKCILJTYATAIIIT

Cyuacnuii cman 6aAHMANCHO20 6A20HHO20 NAPKY XAPAKMEPU3YEMbCA NIOGUWEHUM  QI3UUHUM
3Hocom y uaci. Henponopyitine ono6NeHHA pYXOMO20 CKAAOY, HU3LKA AKICMb PEMOHMY 6HACTIOOK
giocymuocmi  8i0N0GIOHOI  MOOepHi3ayii  8UPOOHUYUX — cucmeM,  OCODAUBOCMI  NPOBEOEeHHs.
HABAHMAIICYBATLHO-PO36AHMAICYBATILHUX ONEPayill 8 eKCnIyamayii 6Ucysaoms nioguujeHi umMozu 00
36epedicennss 8azonno2o0 napky. Okpemoi yeazu 3aciy208ylomb RUMAHHA 3A2ANbHO20 YNPABTIHHS
cucmemoro 30epedcenns na mparcnopmi. Konmpons 30epedicennsi 6aHMANCHUX 6A2OHI8 NOGUHHUL
npPoBOOUMUCA HA 6CIX emanax exkchniyamayii: npu 6aHmadcHux pobomax, npu nepeoadi 6
MIHCHAPOOHOMY A GHYMPIWUHbOMY CHOLYYEHHI, NPU MEXHIYHOMY 00ciyeosysanti ma pemonmi. Ilpu
YbOMY KOJCEeH eman nompeOye SUKOPUCMAHHA 6i0N0GIOHOI HOPMAMuHoOi O0oKyMeHmayii, aKd
3a6e3neyyc UKOHANHS YMOB 30epPediCeHHs BAHMANCHUX 8A20HIE 8 eKCNIIYAMAYii.

YV npeocmasneniii cmammi npogeeoeHo ananiz cy4dacHo2o CMAawy napky 6aHMANCHUX BA2OHIE 3
0271510y Ha 3abe3neyenns ix 30epedcenns npu excniayamayii. Busnaueno gaxmopu, ski € Haudinvw
BNAUBOBUMY 3 MOYKU 30pY eQEeKMUBHO20 YNPAGNIHHA 6A20HHUM napkom. Poszisnymo mooicnusi
cmpamecii 3abesnevennsn 30epedcenns. Haeedeno cmamucmuunuii mamepian no 6iomoseam ma
nowKoOdceHHaM 6azonie. Ha ocnosi yboco npogedena oyinka Haubinbui 6a20Mux 3a 6NAUBOM HA
3a6e3neyents 30epedicenHs 6a20Hi8 noodil. 3anponoHo8aHo NPaAKMuyHi pileHHsI N0 CMEOPEHHIO
eexmugnoi cucmemu 30epedxcerHs pyxomozo cKiady Ha mpaHcnopmi.

Kniouosi cnoea: 36epedcenns 6acowis, 3anisHuuHa iHgpacmpykmypa, nepesisHull npoyec,
NOUWIKOOICEHHSL 8A20HIB, 6A2OHHUL NADK.

Beryn. 3a ocTaHHI pOKM Ha 3ali3HUIAX YKpaiHM BigOyBarOTbCs MacIITaOHI IPOLECH
pe@opmyBanHs rany3i. OCHOBHa MeTa MpPOBEIEHUX CTPYKTYPHHUX TIE€PETBOPEHb INOJATae y
1JIBUIIEHH] €()EKTUBHOCTI BUKOPUCTaHHS ICHYIOUHMX MOTY)KHOCTEH IpH 3a0e31edeHHI BUCOKOTO
PIBHS SIKOCTI 3ai3HUYHUX I€peBe3eHb. BiAMITUMO, M0 CTPYKTYpHI Ta (YHKLIOHAIBHI 3MIHU
OKpPEMHX MiJICUCTEM Taiy3l MPOXOJWIM AYKE HIBHIKO Ta 3a KOPOTKMHA mpomikok yacy. [lpu
[IOMY 1HHOBAIlIIHI Mpolleck 0a3yBaMCs Ha ICHYIOUIM 1HPPACTPYKTYpi, SKa CTBOpPIOBAJacs B
IHIIMX YMOBaX Ta MPHU HIIMX MOKA3HUKAX BUKOPUCTAHHS PYXOMOTO CKIIay.

3HayHl 3MIHM Ha JaHOMYy eTami [poMIUIM B CHUCTeMI YOpPAaBIIHHA BaroHHUM
rocriogapcTBoM [1]. TIpakT4HO OMHOPITHI BarOHOPEMOHTHI A€o OyIU pO3MOJiUICH]I Ha J1Ba
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KJIaCH TOCIOJAPChKUX CYyO’€KTIB — pPEMOHTHI Ta ekciutyatamiiiHi. [lpu 1mpomy mpounum
Tpanchopmamii SK 3 MOAPIOHEHHSA, TaK 1 3 YKPYMHEHHS BHPOOHMYUX CHCTEM BKa3aHUX
nignpueMcTB. Baronu inBeHTapHoro napky AT «Ykp3ami3HULS» OTpUMaId CTaTyC BIACHUX
BaroHiB 3 BIJHECEHHSM Ha OallaHC BaroHOPEMOHTHHX 3aBOJiB abo ¢imiid. Bkazani
NEPETBOPEHHSI CTBOPWJIM HOBY CHUCTEMY B3a€EMOBIJTHOCHMH MDK PEMOHTHUMH Ta
eKCIUTyaTalliiHUMH TiATPUEMCTBAMH, TPU IIbOMY HEpI BUCTYIWINA y PO MOCTa4aIbHHUKIB
eKCIUTyaTaIliiHo1 iHppacTpyKTypH.

3amizHnuHui  TpaHcmopT 10 1991 poky xapakTepu3yBaBCS OJHOPIAHICTIO CHCTEMH
YIIpaBJIiHHA Ta BIJCYTHICTIO CaMOT0O MOHATTA «BJIACHI BaHTa)KH1 BaroHu». Ha cydacHuii MoMeHT,
KOJIM BarOHU HAJISKATh PI3HUM CTOPOHHIM OpraHi3allisiM, MUTaHHs 30€peKeHHs MapKy MOCTAI0Th
SK HIKOJM TOCTpo. Pi3HI miAXomu 10 BHKOPUCTAHHS PYXOMOTO CKJIaay B TIpoOIleci
HABaHTA)XyBaJIbHO-PO3BAHTAKYBAIGHUX OMNEpallii y JepKaBHUX Ta TNPHBATHUX KOMIIaHIH,
BIZICYTHICTh YITKO BHM3HAUEHOI BUIMOBIIAIBHOCTI 3a TOPYHICHHS YMOB POOOTH 3 PYXOMHM
CKJIAJIOM CTBOPIOE JTOBOJII HEBU3HAYECHY CUCTEMY 3a0e3MeueHHs 30epe)KeHHS BaroHiB.

AHaI3 OCTaHHIX T0CJIIKeHb i mocTaHOBKA nMpooOaemMu. [TutanHs B3aemMo/1ii BAaHTa)KHO-
PO3BaHTAXYBAIbHUX MAIIMH 1 MPUCTPOIB 13 3ali3HUYHMMHU BaroHaMH Ta TPHYUHH
BUHUKHEHHS HECIPABHOCTEH BaroHiB HaBeleHO y [2]. BUCBITIIEHO TeXHOJOTiIYHI IMpUHOMHU
HABaHTa)XyBAJIbHO-PO3BAHTAXYBAIBHUX POOIT, BUXOAIYM 3 YMOB 3a0€3ME€UYCHHS TEXHIYHO-
CIPAaBHOTO CTaHy BaroHiB. PO3rsiHyTO mepeaoBuil Ha TOW Yac JOCBiA pOOOTH 31 CKOPOUYCHHS
NPOCTOIB BaroHiB TMiJ BAaHTQXKHHMHU ONepamisiMu 1 3a0e3neueHHs iX 30epekeHHS Ha
MIPOMUCIIOBHUX 1 3QJII3HUYHUX MiITPHEMCTBAX.

AHaui3 TUHAMIYHOTO HABaHTa)KEHHS KOHTEHHEpPIB, PO3MILICHUX HA BAaHTAXHHUX BaroHaXxX
posrasigaeTbes y poboti [3]. ABTOopamMu BKa3zaHO, IO B YMOBax (YHKIIIOHYBaHHS
MDKHApOAHUX TPAHCIOPTHUX KOPUAOPIB Ta iHTEHCH}iKalii KOMOIHOBaHHMX IE€PEBE3CHb,
HEOOXIIHUM € CTBOPEHHS ONTHUMAalbHUX KOHCTPYKLINA TpaHCHmopTHHX 3aco0iB. [IpoBeneHo
JOCITIJIKEHHSI TIPUCKOPEHb, 10 AIFOTh Ha BaroHW 3 KOHTEHHEpaMH Ha OCHOBI PO3pOOJIEHHX
MaTE€MaTUYHUX MOJEIEH.

[TutanHs mniABUILEHHS O€3MeKH MepeBe3eHHS KOHTEHHEpiB MpH TPAHCHOPTYBAaHHI B
MDKHApPOJHOMY CIIOJTy4Y€HHI po3riisiHyTo B [4]. JlociimkeHo 0cOOMMBOCTI YMOB €KCILTyaTallii
BAaHTAKHOI'O PYXOMOT'O CKJIaJy MpH MepeBe3eHHI MOPCHKUM TPAHCIIOPTOM. 3a pe3yibTaTaMu
JIOCJIIJDKEHHS JUHAMIYHUX CKJIAJ0BHX HaBaHTaXEHb, IO IIOTh HAa TPAHCIOPTHI 3acolw,
3alpONOHOBaHI PEKOMEHMAllli CTOCOBHO pO3pOOKHM HOPMATHBHOI JOKyMEHTalil Ha iX
BUTOTOBJICHHS Ta MMOIAJIBITY eKCIUTyaTallilo.

AHami3 NPUYUH TIOMIKO/KEHHS BAaHTAXHHUX BaroHiB MpPOBOAMUTHCS B pobortax [5, 6].
[IporoHyeThCSI BHOPOBAKEHHSI MPOTPECUBHUX MIAXOAIB JO OpraHizailli TEeXHIYHOTO
KOHTPOJIIO Ha MyHKTaxX TEeXHIYHOi mepefaui pyxomoro ckiany. o no3Boisie maTu JieBuit
croci0 3armodiraHHs NpUHOMY Ha MaricTpajibHl KOJii MOIIKO/KEHUX BaroHIB.

Ocob6nuBocTi 30€peKeHHs BaHTAXXHUX BaroHiB IMPH PI3HUX yMOBaX eKCIUTyaTallii Ha
3aJTI3HUYHOMY TPAHCIIOPTI 3 OTJISIY Ha HAIIHICTh PyXOMOTO CKJIay pO3TJsiHYTO B [7-16].

Meta i 3aBaaHHsi qocjaigxeHHsi. MeTOl0 cTaTTi € po3poOKa MPaKTHUHUX 3aXO/AIB MO
YIIOCKOHAJIGHHIO CHUCTEMH 3a0e3leueHHs 30epeKeHHs] BAaHTXXHHUX BaroHiB. [ mocsrHeHHs
BUIIIE 3a3HaYEHOT METH IOCTABJICHI TaKi 3ajaui:

1. IlpoBecTn aHami3 iCHyIHOUOi cHCTEMH 3a0e3leyeHHs] 30€peKEeHHsS BaroHiB 3 METOIO
BU3HA4YEHHs (aKTOPiB, IO BIUIMBAIOTH HA ii €PEKTHUBHICTb.

2. Po3poOuTH MpakTHYHI peKOMEHAITiT M0 YAOCKOHAJICHHIO CHCTEMH 30€peKEeHHS BaroHiB
3a paxyHOK BUKOPHCTAaHHS KOMIUIEKCHOTO MiJIXOY.
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Marepianau Ta Meroau Jociil:keHHsi. 30€peXEHHS BaroHiB € AaKTyaJbHOIO HayKOBO-
MPaKTHYHOIO 3a/adeto. Ha moToYHMiE MOMEHT TEXHIYHHMU CTaH OLIBIIOCTI BAaHTQ)KHUX BAaroHIB
XapaKTepU3YeThCsl 3HAUHUM (DI3UUHUM Ta MOPAILHUM 3HOCOM. BUIBIIICTH BIZIMOB €JIEMEHTIB
KOHCTPYKIII BaroHiB BiJJOYBa€ThCA 32 PaXyHOK MOPYIIEHHS BUMOI HOPMAaTUBHHX JIOKYMEHTIB
IpY [IPOBEJICHHI BaHTAXKHUX OIEpalliif Ta eKCIUTyaTallii pyXoOMOro CKJIaay Ha MeX1 eKCILTyaTarii
PI3HHUX TPAHCIIOPTHUX CUCTEM. Y MIUJIOMY Ma€ MiCIe HEBiAMOBIIHICTE CHUCTEMU 30EpEeKEHHS
BaroHiB, 1o npuitHata Ha AT «Ykp3ami3HULS» 10 (PakTUUHMX YMOB EKCIUTyaTalii pyXOMOro
ciany (puc. 1) y cydacHux ymoBax poOoTu (NOTpeOuW BHBEICHHS BEPTUKATI (axiBIliB
30epeKeHHsI BATOHHOTO MApKy Yy OKPeMUi KOHTPOIrorunii miapo3at npu AT «YKp3amizHULID»):

J10 OCHOBHMX HEJIOMIKIB ICHYIOYO1 CHCTEMH 30€peKEHHS HAJIEKATh:

»  BijCyTHIiCTh mTpadiB 3a MOUIKOKCHHS BaroHiB;

»  BIJCYTHICTh PO3pOOJICHOTO Ta MPUIHATOrO MOPSJIKY KOMIICHCYBaHHS BUHHUMH Y
MOIIKO/PKEHHI BaroHiB BCIX 30MTKIB, SIKI MOB’S3aHi 13 MPOCTOSMU BaroHy y pemonri. Ha
ChOTOJIHI KOMIIEHCYETHCS JIMIIE HOPMOBAHUHM 4Yac, HANpHUKIan, A miBBaroHiB y TOB-2
HOpMOBaHUi yac ckianae 13 rog. Toxl K Ha MPAKTULI Yac MPOCTOIB BaroHiB y O4iKYBaHHI
CBOE€1 TI03aIIJIAHOBOI YEPTH PEMOHTY € 3HAUYHO OUTBIINM;

»  BIJCYTHICTb IOPUANYHO 3aTBEP/DKEHUX 3aKOHO/IAaBYMX HOPMATHBHO-TIPABOBUX AKTIB i3
NUTaHb KOHTPOJIIO 30€peKEeHHS BarOHHOTO TTApKY.

»  BIJCYTHICTh HOPMAaTHBHHUX JIOKYMEHTIB, SIKi JAIOTh MOKJIMBICTH 3a00pOHU (haxXiBLSAMH
AT «YKp3aJi3HHLS» BHKOPHCTAHHS Ta EKCIUTyaTalii MiANMPUEMCTBAMH I I3HUX KOJIK
HECIIPaBHOI'O TEXHOJIOTIYHOI0, TPAHCIIOPTHOI'O Ta I1HIIOrO OOJIaJHAHHA, IO B3aEMOJIE 3
BaroHoM (a0o Ko o0JiaJHaHHS HE BiJIIOBIIa€ BCTAHOBJICHUM HOPMATHUBaM);

Puc. 1. Anroputm (pyHKIiOHYBAaHHS CHCTeMH 30epeskeHHs] BATOHHOT0 TapKy
Ha AT «Ykp3aaizsHuus
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» BIICYTHICTh HAJICKHHMX  3apOoOITHMX IUIAT BUKOHABIIB  (OIVIsIa4iB  BaroHiB,
NpUHMAIBHUKIB BaHTaXy Ta 0araxy, KOMEPIIMHUX areHTiB), Kl 31iCHIOIOTh Oe3mocepeIHil
TeXHIYHUN Ta KOMEPIIMHUN Orjsa BaroHiB (B pe3yiabTaTi Ha MPAKTUINl BCE pijIie
3aCTOCOBYIOTBCS METOJIM MaTepialibHOI BiAMOBINATHHOCTI 32 MPUIMAHHS MOIIKOKEHUX a00
PO3YKOMIUICKTOBAHUX BaroHiB 13 IMiJ1 i3HUX KOJIi);

» BIJICYTHICTb 3aKOHOJIaBYOT'0 BILTUBY MiHicTepcTBa iHGPACTPYKTYpH YKpaiHH, CTOCOBHO
B3a€EMOJIIi TOCHOMAPCHKOI MisIBHOCTI TOpTIiB  (Oyap-sakoi ¢opmu BiacHocti) Ta AT
«YKp3aTi3HULISY;

» MOJJIMBICTh 3aCTOCYBaHHSI KaHATHOTO Ipei(epHOro BUBAaHTAKEHHS (TIICIST OTPUMaHHS
TUMYacOBUX J03BONIB Bin AT «YKp3ami3HHIS» Ta BIIACHUKIB BaroHiB), a HE BHUKJIIOYHO
BHUBAHTAXXCHHS TPaBIIYHUMU rpeiigepamu, siKi 3HAYHO MEHIIIE MOIIKOKYIOTh BarOHU;

» BigcytHicte Ha Beix IITII, craHmisx 1 MICISIX MacOBOTO BHBAHTaXXCHHS BaroHIB
cucteMu Bigeodikcamii BaHTaXHUX POOIT 13 BaroHamH, 3 JOCTYNOM 10 i€l iHdopmarii
NPUYETHUX 3aJT13HUYHUKIB;

» HEJIOCTAaTHE MaTepiallbHO-TeXHIYHE 3a0e3MeueHHs JOeTalsIMH JUIs BIAMOBIAHOIO 3a
oOcsiraMu peMOHTY Ti1 i3HUX KOJIii;

» BIJICYTHICTh Ha MPAKTHII CTPAXyBaHHS BCIX BAHTAXXHUX BAroHiB (JlaHa cHCTEMa
cTBOpmwia O JOJATKOBI YMOBH Ui TMOKpAIICHHS $KOCTI PEMOHTY BaroHiB Ta CIpHsIa
3MCHIIICHHIO (DaKTOPIB TX MOIIKO/KECHHS);

» HU3bKa BapTICTh KaJBbKYJAIiH 32 PEMOHT MOIIKO/HKEHUX BAaroHiB (OCHOBHI CKJIAJOBi
KaJbKYJIALIMA - 3apo0iTHA IJIaTa BUKOHABIIB Ta BapTICTh 3allaCHUX YaCTHH Ta MaTepiaiiB, sSKi
HE BIITIOB1Ial0OTh PUHKOBHM IIIHAM);

» HHU3bKHH piBeHb 3apo0iTHOI IUIaTH (axiBIiB, SKI BIAMOBIZAIOTH 3a 30CPEKCHHS
BarOHHOTO MapKy (IO Ma€ BIUIMB HAa YTPUMaHHS BHCOKOKBaTi(ikOBaHHMX (axiBIiB Yy
KOHKYPEHTHOMY CEpPEeJIOBHIILII Ta MOSABH (PAKTOPIB KOPYMHIIITHIX PU3UKIB).

[TinBummuTH piBeHb 30CpEKCHHSI BarOHIB MOXHA 32 JIBOMAa HampsiMamu. 3a MepIIuM - 1e
YIIOCKOHAJIIGHHSI KOHCTPYKIII BaroHiB, €JEMEHTIB TPaHCHOPTHOI iH(QPACTPYKTYypH Ta
TEeXHIYHUX 3aco0iB, IO 3AIMCHIOIOTH BaHTaxHi omepanii. Po6otn B 1poMy Hampsmy
MPOBOAATHCS TOCTIHHO, aje OOMEeXyrouuM (PakTopoM B JaHOMY BHUINAAKY € BIACYTHICTh
3HAUYHUX I1HBECTHUI[IH B HEOOXiNHI JOCTI[KEHHS Ta IHEPIINHICTH PO3BUTKY NPUUHITUX
TEXHOJIOTTYHHX TPOIIECIB.

3a ApyruM HampsMoM, 30epeXeHHs BaroHiB 3a0e3MeuyeTbcs 3MIHaMH Yy CHCTeMi
YIPaBJIiHHSA Ta KOHTPOJIO 3a €KCIUIyaTalll€l0 BaroHiB, HA OCHOBI MPOTPECUBHUX METOJIB Ta
MiXOMAIB 10 aHalli3y CTaHy BarOHHOTO MapKy Ta TPaHCIOPTHOI iHPpacTpykTypu. [Ipu npomy
HIBEJIOIOTHCA 3acTpial MIAXOAW [0 YIPABIIHHA 30€peKEHHSAM BaroHiB, MIABUILYETHCS
e(eKTUBHICTb BUKOPUCTAHHS 1CHYIOUOI MaTepialbHOI-TEXHIYHOI 0a31 Ta 3HIKYIOThCS BTpAaTH
B CHCTEMI €KCIUTyaTalli Ta peMOHTy BaroHiB. lle gae 3mory cTBep/pKyBaTH, L0 JAPYTrHi
HAIPSIM PO3BUTKY € TEPIIOUEPTOBUM.

Sk cBig4aTh CTAaTUCTUYHI JaHI NO €eKCIUTyaralli, KUIbKICTh MOLIKOMKEHHUX BaroHiB
3aUIIa€Thes  AOCUTh BHCOKOK. Tak y 2020 pori cepeaHbOCTaTUCTHYHA KITBKICTh
[IOIIIKO/DKEHNX BaroHiB ckiajga Onm3pko 200 ommuuis Ha Micaibk. Maibke Ha 30%
301IbIIMIIACS KUTBKICTh BUIAJKIB CXOJly BAaroHIB 3 KOJii y MOPIBHAHHI 3 MOMEPEIHIM POKOM
(Tabm. 1).
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Tabnuys 1. KinbkicTh BUNIAAKIB CX0y BAHTAKHUX BaroHiB
3 3aJTi3HUYHOI KoJIii 32 2020 pik

Ne PerionanbHa ¢inis KiaekicTh cxoais

o\ 2019 pix 2020 pix

1 TliBnenHo-3axigHa 22 10

2 [puaHinpoBchKa 294 405

3 JIbBiBCBKa 15 22

4 IliBnenna 9 17

5 Opnechbka 48 53

6 JloHenpKa 35 36
Pazom 423 543

He3Baxkaroun Ha TOCTiIMHI Tpo(dUIaKTHYHI Ta OpraHi3aiiiiHi 3aXxoAu IO 30epeKeHHIO
BaroHiB, sKi IHIIIIOIOThCS JlemapTaMEeHTOM BaroHHOTO TOCIIOAAPCTBA, Ha BHUCOKOMY piBHI
3QIMILAETHCS KIIbKICTh MOLIKOJDKEHUX BAarOHIB Y MOPCHKHMX Ta PIYKOBHX noprax. [Iporsrom
2020 poky rpeiepHUMH KpaHAMH TPU BAHTAKHUX OINEpaLifax OyJI0 MOUIKOIKEHO 572
BaroHiB, 1o ckiano 83% BiJ 3arajJibHOi KUIBKOCTI HOUIKO/UKEHUX OJMUHMLIB. [Ipu npomy
CepeHs CyMa BUTPAT Ha KOKHUH MOIIKOKEHUI BaroH ckjasa Oijbiie 2 THC. TPH.

Ha 3anmi3Huusx icHye BKpail BakKa CHUTYyalliss 3 PO3YKOMILJIEKTYBAaHHSIM BaHTAXHUX
BaroHiB. Tak, y 2020 pomi Oyno BusBieHo 3871 TepuTOpiaTbHO BH3HAYCHUN
PO3YKOMITJIEKTOBAaHUI BaroH 3 3arajbHOI0 CyMOIO MaTepiajlbHUX 30UTKIB Ouiblie 3 1MIIH.TpH.
B minmomy cmocrepiraetbcss TEHICHIIS 30UTBIICHHS BKa3aHUX BHUIAJKIB, IO NOTpedye
HEeralfHMX CUCTEMHHMX [ill y ramysi 3 MeTOI HpOTHU[Il BKa3aHUM HEraTUBHHMM SBUIIAM. Xoua
3a OCTaHHI POKHU 1O (paKTaM pO3yKOMIUIEKTYBaHHS MPOBOJUTHCS poOoTa sIK 3 00Ky (axiBIIiB
31 30epeKeHHs BaroHiB, TaK 1 IPAaBOOXOPOHHUX OPraHiB, MOBHOL[IHHO 3MIHUTH CUTYaLlil0, 1110
CKJIajiacs, Hapa3i He BJIAJIOCS.
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Jlnst yIOoCKOHAJIEHHST CUCTEMU YIIPABIIHHS 30€pEKEHHSIM BaroHiB MOTPIOHO BUPIIIUTH PSIJT
NPaKTUYHUX 3a]1a4.

[To-nepmie, motpedye 3MiH HOPMATUBHO-TEXHIYHE 3a0€3MEUEHHs IMPOIECIB eKCIuTyaTallii
BaroHIB Ta BHSBICHHS TIOIMIKO/DKEHUX oOauHUIL. Came 3 Ii€l0 MeTol  (axiBIsIMHU
JlemapraMeHTy BaroHHOTO rocrmojapcTBa, [Hcmekiii 31 30epekeHHs BarOHHOIO MapKy Ta
HaykoBuX mnpauiBHuKiB YKpIY3T 6yB po3poOienuii mpoekT HopMaTHBHOTO HoKymeHTy CTII
04-108:20 «Baronm BaHTaxHi. IHCTpyKIis 13 30epekeHHs mapky». JlaHuii crangapt
JIO3BOJIUTh KOHKPETH3yBAaTH Ta CTPYKTYpyBaTH BHMOTH JI0 PYXOMOrO CKJIagy Hpu
HABaHTa)XyBaJIbHO-PO3BAHTAKYBAJIILHUX OMNEpALifiX BCIX BUAIB BAHTAXHUX BaroHiB, IMpU
nepegavi Ta MPHUIOMI BAaroHIiB 3 KONk (HAa KOJIii) He3araabHOrO0 KOPHUCTYBAHHS, OTJISITY
BAaroHiB y TIyHKTax Tepeladli Ta BH3HA4Ya€ TMOPSAOK i MPaIliBHUKIB 3aJlI3HUIHOL
1HPPACTPYKTYpHU TPU PO3YKOMILICKTYBaHHI BAaroHIiB IO €IMHOMY IE€BHOMY alroputmy. B
[IJIOMY pO3pOOJIEHUH CTaHIAPT CTBOPIOE YMOBH JUIsl 0OOB’S3KOBOTO BMKOHAHHS BHUMOT 1O
30€peKEHHIO BArOHHOI'O IapKa.

[To-npyre, BBaskaeThCs 32 HEOOX1AHE PO3IIMPEHHS TOBHOBAXKEHb [HCIIEKIIIN 31 30epeKeHHS
BaroHHOTO MapKy, 3 METOIO BIAIOBITHOTO 32 00CSTaMU Ta SKICTIO KOHTPOJIO BCIX YUYAaCHHKIB
MEPEeBI3HOT0 TMpoliecy 3 OMISIAy Ha 30epekeHHs. 3a JOCBIIOM PO3BUTKY aHAJIOTIYHHUX
CTPYKTYp y IHIIUX KpaiHax, HEOOXITHIUM KPOKOM € 3a0e3reueHHsT He3aIeKHOCTI POOITHUKIB
1HCIIEKLIN MpU MPUHHATTI piteHb. OAHUM 3 BapiaHTIB € CTBOPEHHS HOBOT'O KOHTPOJIIOIOYOTO
Ooprany 3 MIMPOKMMH TIOBHOBXCHHSMH Ta TIpU BIJCYTHOCTI BIUIMBY Ha Jii #oro
MPEJICTAaBHUKIB 3 OOKY 3aJIi3HUYHUX aIMIHICTpalliif a00 MPUBATHUX CTPYKTYP.

[ToTpeOyroTh yAOCKOHAJICHHS 3aCO0M TEXHIYHOTO KOHTPOJIIO CTaHy PyXOMOTO CKJIaIy Ta
3ami3HUYHOI 1H(pacTpykTypu. s mpoBeneHHS MOCTIHHOTO MOHITOPUHTY TEXHIYHOTO CTaHy
BaroHiB, BU3HAYCHHA €(EKTUBHOCTI 3aXOJiB, MO CIPSIMOBaHI HA MiJABHIIECHHS 30€peKECHHS
BaroHiB JIOIUIBHUM € BBEJICHHS Ta BUKOPUCTaHHS pany KoedimieHTiB. Hampukman,
KOe(IIiEHTy BHUSBJICHHS TIOMIKO/DKEHUX BaroHiB, IMOBIPHOCTI O€3BIAMOBHOI po0OOTH,
napaMeTpy MOTOKY BiaqMoB Ta iH. [17].

B cyyacHux ymoBax HEOOXiJHO CKOpEryBaTH ICHYIOYi HOPMATHBHO-TIPaBOBI JOKYMEHTH,
K1 3000B’SDKYTh BCIX YYacCHHUKIB TIEPEBI3HOTO TIpoliecy 3abe3reuyBaTH 30€pEKEHICTh
BaroHiB. [Ipy IbOMY MOBUHHI HIBETIOBATHCA CYy0’ €KTHUBHI IHTEpECH OKPEMHUX YYaCHUKIB.

[lorpeOye mMiABUINCHHS OpUAMYHA OOI3HAHICTh TPAIIBHUKIB BAarOHHUX JIETIO, SKI €
BIAMOBITAILHUMU TIO BUTAJIKaM BUSBJICHHS BaroHiB i3 BUKPaJACHUMH JETAISMH, IO J03BOJIHUTH
iM e(peKTUBHO B3a€EMOJIISITH 3 IPABOOXOPOHHUMH OpraHaMy Ta BIIACHUKAaMU BaroHiB.

BBaxkaeThCs TOIITBHUM MPOBEEHHS! CUCTEMAaTUYHOTO MpodeciiHOro HaBYaHHS (DaxiBIIiB
Ta TMpPAIiBHUKIB, $KI B3a€MOMAIIOTh 13 MPOMHUCIOBUMM NIANPUEMCTBAMH (TIPALlIBHUKU
Beprukaneir JIC, BUJIE, HB/II), ctTocoBHO BHBYEHHS OCOOIMBOCTEH €(hEeKTUBHOTO JiTIOBOTO
CHUIKYBaHHSI, pUTOPUKHU, METOIB NEPEKOHaHb, HEMTpami3alii METOIB MaHIMyJsALIAH BUHHUX
y MOPYLIEHHSIX TEXHOJOTiH mpu poOOTi i3 BaroHHWM napkoM. [IpoBeneHHs Ha CUCTEeMAaTUYHIN
OCHOBI TiABUIIIEHHS KBaTi(iKaIlii CIeIiaIicTiB 13 30€peKeHHs] BATOHHOTO MapKy.

BucnoBku. Ha moToyHMii MOMEHT cKjanacs He3aJ0BUIbHA CHUTyallis i3 30epeKeHHAM
BaroHHoro mnapky. IIpoBeneHuil aHami3 CTaTUCTUYHMX J@HUX 3 €KCIUIyaTallli BaroHIiB Jae
3MOTY CTBEp/KYBaTH, IO JWHAMiIKa BHHUKHEHHS TIOIIKO/KEHb BAaroHIB 3aJIMINA€THCS
HETaTUBHOIO 1 y JGSIKUX BHUIIQJKaX Ma€ TEHJEHINIO /10 30UIBIICHHS BKA3aHOI CTATUCTUKH
MOIIKO/DKEeHb y 4aci. PimeHHsM naHol mpoOieMu € KOMIUIEKCHUHM MiaXia 10 3a0e3rneueHHs
30epeKeHHs, SKUH TONSIrac B YJOCKOHAJIECHHI HOPMAaTHBHO-TEXHIYHHX, TIPABOBHUX Ta
OpraHizalifHUX HaNpsMiB eKCIUTyaTallii pyxoMoro cKiany.
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ANALYSIS OF ENSURING THE SAFETY OF FREIGHT WAGON IN MODERN
CONDITIONS OF OPERATION

The current state of the freight wagon fleet is characterized by increased physical wear over time.
Disproportionate renewal of rolling stock, low quality of repair due to the lack of appropriate
modernization of production systems, the peculiarities of loading and unloading operations in
operation make increased demands on the preservation of the wagon fleet. The issues of general
management of the transport safety system deserve special attention. Control of safety of freight
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wagons should be carried out at all stages of operation: at freight works, at transfer in the
international and domestic communication, at maintenance and repair. In this case, each stage
requires the use of appropriate regulations, which ensures compliance with the conditions of storage
of freight wagons in operation.

The presented article analyzes the current state of the freight wagon fleet with a view to ensuring
their safety during operation. The factors that are the most influential in terms of effective
management of the wagon fleet are identified. Possible conservation strategies are considered. The
statistical material on failures and damages of wagons is resulted. Based on this, an assessment of the
most significant events in terms of the impact on ensuring the safety of wagons was made. Practical
solutions for creating an effective system for preserving rolling stock in transport are proposed.

Keywords: safety of wagons, railway infrastructure, transportation process, damage to wagons,
wagon fleet.
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ASSESSMENT CARTS STRENGTH INDICATORS WAGONS WITH EXPIRED
SERVICE LIFE

Currently, a significant number of units of specialized cars of 1520 mm gauge in Ukraine has a
service life that exceeds that assigned by the manufacturer. At the same time, many years of
experience in diagnosing and analyzing the operation of carts of these cars by specialized
organizations, shows that their technical condition after long operation shows that the specified
service life specified in the technical conditions in most cases far from the limit. This is largely due to
the significant margin of safety, which is laid down in the design, and the peculiarities of the operation
of a particular type of car. The paper considers the issues of assessing the operation of such cars on
the example of the carriage of the weighing car, bogie model 18-102, and the carriage of the
passenger car model KVZ-TsNII used in the track economy for transportation of workers. The average
daily mileage of such cars is 60-70 percent less than the average mileage that is laid down when
calculating the service life assigned by the manufacturer. The evaluation and methods of determining
the strength of the frames of carriages of special cars are performed. Conclusions are made based on
the results of the analysis of the strength of the carriages of special cars.

Keywords: bogies, control tests, resource, technical diagnostics, safety margin, resource
estimation, strength.

Introduction. Currently, a significant number of units of bogies of special cars of 1520
mm gauge in Ukraine has a service life that exceeds that assigned by the manufacturer. At the
same time, many years of experience in diagnosing the technical condition of freight,
passenger and weighing carts after long operation show that the service life specified in the
technical conditions is far from the limit. This is largely due to the significant margin of
safety, which is laid down in the design, and the peculiarities of the operation of a particular
type of car. Ensuring safe and timely freight transportation is one of the main tasks of railway
transport. In this regard, when at the end of the last century began to show a shortage of
freight rolling stock, including specialized, as well as taking into account the technical and
economic difficulties of its renewal after the appointed period, it was decided to partially
abandon the regulated service life for rolling stock units, the individual resource of which
allowed to solve their further trouble-free operation.
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In recent years, there has been a significant aging of the operational fleet of specialized
carriages. The fleet of weighing cars has more than 50% of cars that have served one and a
half or more years and a half of service life.

To address the issue of the possibility of further operation of weighing cars with a service
life exceeding not only the intended, but also one and a half, their technical diagnosis and
control tests are carried out.

Analysis of recent research and problem statement. To date, insufficient attention has been
paid to the study of the residual life of the load-bearing structures of bogies of special wagons
with a service life exceeding that set by the manufacturer. Thus, in [1] the results of researches of
bearing capacity of gondola cars of model 12-9745 are given. However, the purpose of such
research was to find structural reserves to reduce the material consumption of this model of cars.
Accordingly, the load-bearing capacity of the body structure with the simulation of wear typical
of 1.5 service life has not been studied. The article [2] presents the prospects for improving the
design of gondola cars, including by increasing the service life. However, it is proposed to
increase the service life of gondola cars by improving their design properties, for example through
the introduction of materials with improved characteristics. Analysis of the properties of structural
materials of car bodies of the new generation is given in [3]. The advantages of using new
progressive materials for separate components of car constructions are indicated in the work.
However, the issue of extending the implementation of this direction when extending the service
life of gondola cars is not paid attention. Measures to improve the load-bearing structure of the
gondola body in order to ensure the reliability of its attachment to the deck of the railway ferry are
given in [4, 5]. The calculation was performed in the software environment MSC Adams. The
study of resistance against overturning the car was carried out when it fits into a curve with a
radius of 250 m, taking into account different speeds. The issues of estimating the accuracy of the
capacity of railway networks intended for transportation of raw materials and finished products of
the mining and metallurgical industry are given in [6, 7]. The design features of the car for
intermodal transportation are considered in [8]. The car has a lowered middle part, and the
presence of the reversible part makes it possible to load / unload vehicles on / from it by scooter.
In [9] the results of researches on definition of character and level of influence of various freight
carts on durability of bearing systems of cars are resulted. However, the task of such a study did
not include the question of determining the appropriate impact on bodies that are operated outside
the standard period. Studies [10, 11] analyzed the features of the movement and interaction of
units of new rolling stock. And the corresponding researches for units with indicators reflecting
operational wear are not carried out. Summarizing the results of the above analysis, it can be
noted that at present the issue of the possibility of extending the service life of the load-bearing
structures of weighing cars has not been fully resolved. Taking into account the above, we can
conclude that the results of the analysis of information sources on the subject indicate the lack of
sufficient methodological and practical materials to determine the residual life of the frames of
bogies special cars.

The purpose and tasks of the study. The purpose of the work - to solve the scientific and
practical problem of creating theoretical provisions on the features of the assessment and
determination of the residual life of the frames of carts of special cars.

The purpose of technical diagnostics and control tests is to study the residual life and
justify the possibility of continuing the operation of carriages of special cars with exhausted
assigned service life, establishing the value of the extended service life.

The task of running strength tests of bogies 18-102 and KVZ-TsNII is to determine the
stress (strain) in the studied sections and points of the elements of the bogie.
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Features of carrying out a complex of works on definition of a residual resource of weight-
calibrating cars are:

the average daily mileage of special cars is 60-70% less than the mileage of freight and
passenger cars on the basis of which the test cars are made;

differences in the features of operation of special cars.

The above features must be taken into account when determining the residual life of the
bearing metal bogies models 18-102 and KVVN-TsNII.

Materials and methods of research. The objects of research were the bogie of the model
KVZ-TsNII (Fig. 1) of 1974 and the bogie of the model 18-102 (Fig. 2) of 1955, which were
operated with special cars.

Fig. 2. Experimental bogie model 18-102

To develop a scheme for the installation of strain gauges, the normative calculation of the
bogie model KVVZ-TsNII by the finite element method was performed to determine the most
loaded places. The calculations were performed for the most unfavorable possible
combination of simultaneously acting regulatory forces in accordance with the established
calculation regime I11.
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Mode Ill — operating mode, which takes into account the forces acting on the cart during
the movement of the car as part of the train on straight and curved sections of track and
turnouts with the allowable speed up to design speed with periodic service braking, periodic
moderate jerks and shocks, regular operation of mechanisms and car components.

The plots of stresses arising in the frame of the cart are shown in fig. 3, 4.

von Mises (N/mmA2 (MPa))
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Fig. 3. Example of a diagram of stresses arising in the frame of the bogie

Omax=110 MPa

Fig. 4. Example of a diagram of stresses arising in the frame of the bogie

The maximum stresses are 110-131 MPa, which is less than the allowable [c4] = 150 MPa.

When conducting running strength tests of bogies of the KVZ-TsNII and 18-102 models,
the stress (deformation) in the investigated sections and points of the bogie elements is
determined.

Running strength tests, bogie model KVZ-TsNII and 18-102, with the determination of
stress (deformation) in the studied sections and points of the elements are carried out on
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straight and curved sections of track, turnouts in the modes of traction, run and braking. The

tests are performed in the actual operation of the car.
In fig. 5, 6 shows a simplified diagram of the installation of strain gages on the cart during

the running strength tests.

Fig. 6. Simplified scheme of installation of strain gages on the bogie 18-102

The following is a calculation of the fatigue resistance of the bogie frames.

Based on the processing of running strength tests, the experimental data are grouped by
ranges of speeds, characteristic features of the road section (straight, curve, arrows, etc.),
modes of movement (acceleration, braking) of the car and determines the amplitude-
frequency composition of the stress-strain state in structural elements in the range from 0.3
Hz to 30.0 Hz, in order to estimate the coefficient of fatigue resistance according to the

formula:
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>[n], (1)

where ZaN _ endurance limit (according to the amplitude) of the full-length part according
to the symmetrical cycle and the set load mode;

Zas_ the calculated value of the equivalent amplitude of the dynamic voltage in the real
mode of operational random loads for the design life of the structure;

[n] — allowable coefficient of fatigue resistance.

The results of the assessment of the coefficient of fatigue resistance for bogies
KVZ-TsNII and 18-102 are given in table. 1, 2.

Table 1. The smallest calculated values of the coefficient [n] of the bogie 18-102

Loaded wagon Fatigue resistance margin, n

(Wiggmgght zone 1-4 (transition zones 5-9 (upper 10-15 zone (over-
maximum spéed ) radius R55 axle and'lower belts of spring beam)
81 km/h boxes) side frames)
1,75 >3 1,79

The recommended value of the coefficient of fatigue resistance for new bogie frames is [n]
= 1,8. It is allowed to reduce the n - coefficient of fatigue resistance, depending on the
accuracy of determining the parameters by calculation and experimental methods.

At speeds of 70 and above km / h the level of stresses in the most loaded zones of carts
increases: for a zone R55 of lateral frames in 1,5... 1,8 times, for overspring beams to 2
times. The most loaded zone is the zone R55 of the last in the direction of movement of the
axle section of the cart.

Given the running dynamic tests in real operating conditions (actual technical condition of
trucks and tracks, which corresponds to the operating conditions) in a fully loaded condition,
n = 1.75 with an estimated service life of 60 years inclusive (61 actual year) is satisfactory for
further operation.

Table 2. The smallest calculated values of the coefficient [n] of the bogie KVZ-TsNII
Fatigue resistance margin, n

Wagon weight
60 tons,
maximum speed
-120km/h

zones 1-3, 5-7 (upper

zone 4, 8 (upper

zone 9 (lower plane

plane of the plane transverse of the longitudinal
longitudinal beam of | beams of the frame) | beam of the frame)
the frame)
3,37 1,7 1,85

The allowable value of the coefficient of fatigue resistance of the load-bearing structures of
the bogie is [n] = 1,7. The smallest value of the coefficient of fatigue resistance corresponds
to zone 4 (transverse beam of the bogie frame) and is equal to 1.7 with an estimated service
life of 53 years. All other values of the fatigue resistance margin are 1.85 and higher.

This publication is part of the project: "Development of conceptual frameworks for
restoring the efficient operation of obsolete freight cars (Development of conceptual
frameworks for restoring the efficient operation of obsolete freight cars)" (Project registration
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number: 2020.02 / 0122), funded by the National Research Foundation Of Ukraine at the
expense of the state budget.

Conclusions. The input of theoretical research to determine the possibility of extending the
service life of carriages of special cars operated on the railways of Ukraine, it was determined that
the condition of the load-bearing metal structures of cars after long operation does not approach
the limit. After analyzing the value of the average daily mileage of special cars, it was found that
it is 60-70% less than the mileage of freight and passenger cars on the basis of which special cars
are made. Given the above differences in the design of cars, features of operation and lower
mileage, they must be taken into account when estimating the residual life.

During the calculations of the coefficients of the fatigue resistance of the frames of the
carts, the following is established:

the lowest value of the coefficient of resistance to fatigue of the cart 18-102 in areas R55
is 1.75;

the smallest value of the coefficient of fatigue resistance of the cart KVZ-TsNII in zones
4, 8is 1.7 with a permissible value of 1.7,

Thus, the obtained theoretical and practical results will allow to develop a set of works and
measures to assess the residual life of the frames of bogies KVN-TsNII and 118-102, which
are operated on the railways of Ukraine.
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! Kagenpa Baronn Ta Baromse rocroapctso, JlepxaBHuil yHiBepCHTET iH(QPACTPYKTYPH Ta TEXHOJOTIIL.
Byn. Kupuniseska 9, M. Kuis, Ykpaina, 02000
HayxoBo-mocmimHuil Ta OCHiZHO-KOHCTPYKTOPCHKHN IHCTHTYT 3ali3HHYHOTO TpaHcmopty AT
«Yxp3amizaunsy. By. . @exoposa 39, m. Kuis, Ykpaina, 03036

OCOBJIMBOCTI OHIHKH IMOKA3HUKIB MIITHOCTI BI3KIB CIIEHIAJIBHUX
BAT'OHIB 3 3AKIHYEHUM TEPMIHOM CJIYXKBA

B oanuii wac smauna xinekicmes 00uHuyb cneyianizosanux éacouie xkonii 1520 mm 6 Ykpaini mae
MEPMIH  CYoHCOU, AKULL Nepesuwye NpUHAYeHutl 3a8000M — GUPOOHUKOM. Y moi e uac
bazamopiunuti 00c8i0 0iacHOCMY8AHHS MA AHALI3 eKCyamayii 8i3Kie Yux 8a20HI6 cneyianizo8aHuMu
opeauizayiamu, NOKa3ye, wo ix MexHiyHul cmaun Nicjis MpuUanoi excniyamayii noxaszye, uo
3a3HAYeHUll 8 MEXHIYHUX YMOBAX NPUSHAYEHUL CMPOK CAyicou y Oinbuiocmi unadkie oanexuu 6io
epanuynozo. bazamo 6 womy ye nog’azano, Ak 3 icMOMHUM 3aNACOM MIYHOCMI, AKUL 3AKIA0EHUL NpU
NPOEKMY8aHHui, MaK i 3 0COOAUBOCMAMU eKCHAyamayii KOHKpemHo20 muny 6a2ownie. B pobomi
PO32ISHYMI NUMAKHS 3 OYIHKU eKCHyamayii maxux 6a2O0Hi6 HA NPUKIAdl Gi3Kad 6a20N08IiPOUHO20
sazona Mmooeni 18-102, ma 6izka nacadxcupcokozo 6acona moodeni KB3-I[HUW  axuil
BUKOPUCMOBYEMbCS )Y KOJMIUHOMY 20cnodapcmei 0 nepesezenus npayieHukis. CepedHb000008ull
npobic maxux 6acoHie Ha eiocomkie 60-70 meHwull 3a cepeoHbO eKCNAyamayitni npobdicu sKi
3aKAA0EH] NPU PO3PAXYHKY MEPMIHY CLyHCOU NPUSHAUEHO20 3A6000M BUPOOHUKOM. Buxonano oyinky
Ma ONUCAHO MemoOU BUSHAYEHHS NOKASHUKIG MIYHOCI pam Gi3Kié cheyianvbHux 6a2oHis. 3pobreHo
BUCHOBKU 3 Pe3VIbMAMAMU NPOBEOEHO20 AHANIZY 3 OYIHKU NOKAZHUKIE MIYHOCTI GI3Ki6 CNEyianibHUX
6A20HIB.

Knrouoei cnoea: 6i3xu, Konmponvti 6unpoOysants, pecypc, mexniyne 0iaeHOCMYBAHHs, 3anac
MIYHOCMI, OYIHKA pecypcy, MIYHICMb.
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ESTIMATION OF VEHICLE OPERATING TIME TAKING INTO ACCOUNT
THE INFLUENCE OF A NUMBER OF FACTORS

Modern vehicles operated on the railways of Ukraine have almost exhausted or exceeded their
resource. The overuse of financial and material resources for their maintenance continues. The
standard service life of vehicles was calculated on stable economic conditions of use of vehicles and
their timely updating in process of aging.

The service life of modern vehicles is determined by the influence of many factors, the disregard of
which can lead to significant costs, even in compliance with the standard service life.

For railway transport, these factors need modern clarification, as in operation their service life
often exceeds the standard or, as for intermodal transport, the service life does not have a strict
justification.

Accordingly, the article analyzes the issues of assessing the impact on the service life of vehicles of
the components of the cost of its maintenance and average daily mileage.

It is shown that, firstly, the definition of the service life of vehicles must be linked to the cost of
vehicle development, its creation, testing and production, the cost of operation and storage, as well as
additional costs, and secondly , with the optimal average daily mileage, at which all the costs are
minimal.

Keywords: vehicle, optimal average daily mileage, service life, minimum reduced costs

Introduction. In recent years, the railway has remained the main industry for the massive
transport of passengers and goods. In modern conditions, it is increasingly difficult for the
railways to ensure the transportation process, mainly due to the deterioration of the
infrastructure and the slow renewal of the locomotive and wagon fleet.

Against this background, it becomes more and more difficult for a vehicle to compete with
road transport not only in the carriage of passengers, but also in freight transport, especially
for short and medium distances.

In these conditions, attention should be paid to modern vehicles, in particular, intermodal
transport, the use of which in some foreign countries has reached 40% in the volume of cargo
transportation by all means of transport. For our country, it represents a significant additional
reserve in the use of the railway infrastructure. Already now it is necessary to formulate a
policy of retaining new vehicles, taking into account the accumulated experience of railway
transport.
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Analysis of recent research and problem statement. The development and optimization
of the work of new transport systems are devoted to the works of Aleshinskiy E.S., Butko
T.V., Vernigora R.V., Demin Yu.V., Kirpa G.M., Kozachenko D.M., Kotenko A.M. ,
Lomotko D. V., Postan M. Ya., Reser S. M., Shibaeva A. G., Yanovsky P. A. and others.

Considerable attention is paid to theoretical and practical issues of using new types of
transport both in our country and abroad.

So, at the Department of Operation and Repair of Rolling Stock and Department of Cargo
and Commercial work of UkrDUZT, a number of studies were carried out related to
determining the efficiency of transportation by intermodal transport [1-4].

Abroad, these works have received practical meaning for a long time. So, in European
countries, intermodal transportation is widely used due to their greater environmental
friendliness, low cost and mobility [5-7]. Also, intermodal transport contributes to increasing
the competitiveness of rail transport, while ensuring the delivery of goods "from door to door"
[8-10].

The use of the technology of piggyback, container and bimodal routes allows to reduce the
cost of transportation, helps to reduce the delivery time of goods and improve the quality of
freight traffic [11-13].

UkrDUZT also carried out fundamental research to substantiate the timing of a more
standardized use of traction rolling stock [14, 15], the accounting of which will allow to
determine the optimal costs and quality indicators of the use of other vehicles.

The purpose and tasks of the study.

The purpose of this work is to assess and simulate the influence of a number of factors on
the overall service life of a vehicle to ensure optimal reduced costs for their maintenance.

In accordance with this, the following tasks have been set:

to determine the factors affecting the service life of the vehicle;

to develop an algorithm for assessing the costs of these factors to ensure the optimal
service life of the vehicle and the required average daily mileage of the vehicle;

to evaluate the effectiveness of interaction of various types of transport.

Materials and methods of research.

The efficiency of a vehicle with a service life must be assessed taking into account a set of
the following factors: the function of the need for a vehicle and the costs associated with the
entire structure of the life cycle.

Let us formalize the problem as follows. Let the demand function of some argument be
given: integral F(x)or differential f(x). There has been given the function of the cost of

producing one vehicle from this argument z (x), the cost of developing, testing and
delivering the vehicle production Z,(x) the cost of operating or storing the vehicle per unit
of time Z,(x)-

It is necessary to determine the optimal number of vehicle types and such values of their
arguments, at which the total costs will be minimal.
It is important to select the types N, the arguments x,x,,...,x, Of which, and each

vehicle of the typek is applied in the range of the argument from X __;to X_. Then the total
costs can be determined by the formula.

izc (X% [F (Xc1a )= F(x, )Jdt — min @

k=0

N N
CN ZZ(F(XM)_ F Xk+l +zzp Xk+1 +
k=0 k=0

ot—

3oipnux nayrxoeux npaus JYIT. Cepin « Tpancnopmui cucmemu i mexuonociin, 2021. Bun. 37

77



TEXHIKA I TEXHO.JIOI'I

It is necessary to determine such a set X, including N, at which the value ¢, will be

minimal. The given problem is one-dimensional, since it has one parameter.

In practice, the fulfillment of the condition when the vehicle can be used with the argument
values less than the corresponding type and more than the previous ones is not required. That
IS, a vehicle with a standard service life can be used in excess of the standard period, which is
associated with additional costs.

The value of the argument X,_characterizes the given type of vehicle, and the value of the

argument to which this type of vehicle is applied is denoted Z, . We denote the function of
need F(x), the cost of production of one vehicle z (x, ), the cost of development, testing and
delivery of a vehicle for production Zp(xk), the cost of operating or storing a vehicle per unit

of time Zz_(x, ), additional costs per vehicle per unit of time Z,{ij. Then we have the
Xk

formula (1) as follows

Cy =

M=

N
(F(Zk+1)_ Flz ZO(Xk+1 + ZZ[) Xk+1
k=0

+].izc Xk+1)[F k+l)_ F(Zk)]dt+}iT¢(X)Z ( )dth — min

=
I
o

(2)

k=0 k=0 ’

Then the problem of determining such a set x_, Z, for which the value will be minimal,

arises.

The solution can be found by the random search method according to the structural
diagram (Fig. 1).

In this way:

we define N;

we get N —1 random numbers from a set of uniformly distributed from 0 to X . Adding

x, to them and arranging them in ascending order, we get the previous row Z, ;

getting N random numbers from the same population, and the previous ones, we have the
previous row X ;

replacing the values X_ andZ, from the previous series in such a way that Z, =X, , we

get the series Z, and X_for this attempt and perform the calculationsC,, ;
we repeat the cycle many times, memorizing the best option for C,;

compare the results with Z, = X, .
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x={0, xy.1}, where N-1

Xi1={0, Xn.1, Xn}

r~

x={0, ..., xn}

2i={0, ....., xn}

i=i+1
inz{or XN-1, XN}

c,, :gmzk-,)ﬁf(:k >>~zl,(xw)+gz,,(.\-k-m

+IZZL-("’A'1 )[F(:Awl)— F(-'A )]dl +

0 k=0

T N = _
+jz J(ﬂ(—\‘)z,,[;Jdth — min
X,

0 k=0,

i<m yes

no

C,

Y min

where 7. =v..

Fig. 1. Block diagram of the choice X_, Cy

. z .
Practice shows that dependence Z {—] can be of a different nature.
X

k
In the first case, it is a step function
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za(iJ =0 where — <1;
Xk Xk
Z
zé(iJ =7 %, where 1< — <2, 3)
Xk Xy

z z
Z,| —|=nZ*, where n<—<n+1
Xy X

In the second case, it is a function of the following form

z z
Zd(—) =0 where — <1,
Xk Xk

z z
Zo(—j:kb(——lJ where — >1. (4)
Xk Xk Xk

The second case is limiting with respect to the first case wheren — oo
In the first case, a heuristic method of solving the problem can be used. In the second case,
we write the equation as follows

N

G- IFla.)-F 2 e 20 32, )

N Yk T (5)
AL (x)[xi—ljdx [k, dt — min,

k=0 x, k 0

Due to the fact that v is not a discrete quantity, it is very difficult to solve the problem.
One of the possible methods of solution is a consistent search for » while solving the problem
of choosing the optimal series for each v.

Consider one of the cases of solving this problem. We accept the following assumptions

F(x)=bx where 0< X< Xy;
F(x)=0 where X <0; (6)
F(x)=bx, where x> x,.

Let us estimate the change of expenses by the following dependences
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Z, (X) =cx; (7

Then

f(x)=b where 0< X< X;
f(x)=0 where x <0where X > Xy,. (8)

Let us simplify the problem so that it is necessary to choose such value x_, assuming that

one type of vehicles is used. In this case, Z, =Xy and the expression (5) has the following
form

T Xy T
C, =bx, (axk + Iexkdt] +CX, + J‘b(x —1def k,dt =
0 X Xy 0

(©)
bk, 77,
2X,

= xk[be(a+eT)+c—;bkﬁT}+ —bk,Tx, — min.

Differentiating the expression (9) using X_, equating the derivative to zero and solving the
equation, we find a formula for calculating the optimal value x_ .

bk, T,

y’(xk):be(a+eT)+c+lbkoT+ =0 (10)
2 2%,
X, = Xy KT : (11)
c
2x, (a+eT)+ 25+ k,T

If we get x, > x,, then we need to accept X, =Xy .

To calculate the value X, for different service life of vehicles, the following initial data is

accepted:
costs of production of one vehicle z,(x,)=10-10° hryvnia;

the cost of development, testing and installation for the production of vehicles Z (x,)=10°
hryvnia;

cost of operation of vehicles per unit time hryvnia;
z

additional costs per vehicle per unit time Z{
X«

j =0,3Z,(x,)=0,3-20-10-10° hryvnia.
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The corresponding coefficients of equations (6), (7) are calculated for the standard service
life T =20 years. Thus recalculation of years of operation in kilometers of run was carried
out as follows.

TKM = SO 'tO/M ’ k/w .T’ (12)

where S, —average daily mileage of vehicles, S,=300 km/per day;
t,,, —number of days per month, t,,=30,4 per day;

k, —number of months in a year, k , =12 months;

T regulatory service life of vehicles.
Thus T, =S,-t,, -k, -T=216-10° km.

The following service life of vehicles T, =10 years (1-10°km), T, =15 years (1,62-10°km),
T, =20Yyears (2,16-10°xm ) were accepted for calculation.

The coefficients of equations (6), (7) were determined for the service life of T, = 20 years.

_M- a:ﬂ:463 hryvnia /km;
=5 Tameaer MY !
Z,(%) 10°
c=—"2—; ¢= =0,463 hryvnia /km;
T, 7 21610° b
Z.(x) 20-10-10° .
=—K e=——————————=0,093 hryvnia /km;
% T, CT10°216.10° Vi

7 6
-k, = 03-20-10 510 = 27,8 hryvnia /km,
T, 2,16-10

where x, —maximum range of cargo delivery, X, =10 km.
The value of the coefficient b is calculated for the entire period of operation of vehicles.

pol b=t kme
T, 21610

Values x, ,C, for the service life 7, are calculated using Excel and are shown in Table 1.
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Table 1. Values of quantities x, , C for service life T,

Service life T, year 10 15 20 25 30
Average daily mileage X, , li 260 320 360 400 430
Total costs Cy , hryvnia 38816 | 43218 | 53116 | 55681 | 61913

Graphic representations in the form Cy = f(7') ,7 = f(x_) are shown in Fig. 2

C ., 10° hryvnia
70000 CohT
=

60000 /,.-

50000 /

40000 .~

30000

o
0 10 15 20 25 30 Tyear
a)
Tyear
35
30
25
20
15
10
0 .
260 320 360 400 430
Y; km

Fig. 2. Dynamics of dependencies a) C = f(T ), b) T'= f(XK)

b)

As it can be seen from the above dependencies (Fig. 2), to ensure a given average daily range
of traffic at the appropriate service life T, it is necessary to comply with the mileage x_, taking
into account the amount of costs ¢, .

The nature of the change in costs from the service life at the optimal value according to 20
years increases, then slows down slightly to 25 years, but after this period increases again.
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Conclusions

1. When assessing the optimal service life of vehicles, the following costs must be taken
into account such as the development of the vehicle, its creation, testing and production, the
cost of operation and storage, as well as additional costs.

2. By modeling with the help of the developed algorithm, the optimal values X« and Cy for a
given vehicle with a period of use are determined. As it can be seen from the obtained
dependencies, where large T, the meaning in carrying out additional measures for the
maintenance of the vehicle disappears due to a significant decrease in the increase in value X .

3. The above provisions make it possible to make optimal decisions regarding the
expediency of interaction among various modes of transport to ensure the implementation of
the required transportation distance.
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! Tpodecop, Kadempa excrmyararis Ta peMOHT pyXOMOTO CKJIay, YKpaiHCHKHil IepKaBHHA yHIBEpPCHTET
3aJIi3HUYHOTO TpaHCTOpPTY, Mainan Peitepbaxa, 7, M. Xapkis, 61050, Ykpaina
Crapmmii Bukiagad, Kadempa ympaBIiHHS BaHTaXHOIO 1 KOMeEpLiHOIO poboToro, YKpaiHCBKUI
JIep>)KaBHUH YHIBEPCUTET 3ali3HUYHOTO TpaHcnopTy, MaiinaH Deiiepbaxa, 7, M. Xapkis, 61050, Ykpaina
3 Crapmmit Buknamau, Kapempa iHoseMHi MOBH, YKpaiHCHKHil Jep)KaBHH YHIBEDCHTET 3ali3HHYHOIO
TpaHcnopty, Maiinan ®eitepbaxa, 7, M. Xapkis, 61050, Ykpaina

OIIIHKA TEPMIHY EKCILTYATAIIII TPAHCIIOPTHHUX 3ACOBIB
3 YPAXYBAHHSM BIIVIUBY PALY YNHHUKIB

Cyuacni mpancnopmmi 3acobu (13), wjo excniyamyromvcsa Ha 3ani3HUYAX YKpainu, matidice euvepnanu
ceiti pecypc abo 1ioeo nepeguwunu. 11po0oeicycmucs nepesumpama QiHaHco8UX i MamepianbHUX pecypcie
Ha ix ympumanus. Hopmamusnuii mepmin excnnyamayii T3 6ye pospaxosanuti Ha cmadilbHi eKOHOMIUHI
ymoeu suxkopucmanua T3 i ceoeuacke ix OHOBNEHHA Y MIpY CMAPIHHAL.

Tepmin excnayamayii Cy4acHux mMpaHcnopmuux 3aco0ié GUSHAUAEMbCA BHAUBOM 0A2AMbOX
YUHHUKIG, HE BPAXYBAHMS AKUX MOJCe Npugecmu 00 3HAYHUX GUMPAM HAGIMb NPU OOMPUMAHHI
HOPMAMUGHO20 MEPMIHY eKCHLyamayii.

Lna 3aniznuunoco mpaumcnopmy yi YUHHUKU NOMPEOYIOMb CYYACHO20 VMOUHEHHs, OCKINbKU 6
excnyamayii mepmin ix pobomu uacmo nepesuwyye HOpMamusHui abo, K 01 IHMepMOoOaiIbHO2O0
MPAaHcnopmy, 63a2aii mepmin eKCRIyamayii He Mae cmpo2020 00TpyHmMY6aHH:.

Bionosiono 0o yvoco 6 cmammi npoananizoeaHi NUMAHHS WOOO OYIHKU GHAUGY HA MEPMIH
excnayamayii T3 cknadosux eumpam Ha 1020 YMPUMAHHS | cepeOHb000008020 npobizy.

Ilokasano, wo, no-nepute, 6usHauenHs mepminy excnayamayii T3 neobxiono ye’azyeamu 3
sumpamamu Ha po3pooky T3, tioco cmeopenns, 6unpoOyeanHs i NOCMAHOBKY HA BUPOOHUYMEO,
UMpAMamMy Ha eKCnayamayilo i 36epicants, a makodic 3 000amKOSUMU GUMPAMAaMy, d, no-opyeze, 3
ONMUMANBHUM NOKA3HUKOM CepeOHb000008020 npobicy, npu sAKOMY 6Ci HaBedeHi sumpamu
MIHIMATIbHI.

Knrouoei cnoea: mpancnopmuuili 3acio, OnmuManbHulil cepeoHb000008Ull npobie, Mmepmin
eKCnyamayii, MiHiManbHi npugedeHi sUmpamu.
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TEOPETUYHI JOCTIZKEHHA MOKJINBOCTI YJIAIITYBAHHSI
BE3CTHUKOBOI KOJIII B KPUBUX JIVISHKAX PAIAIYCA MEHIIE 350 METPIB

Tpaouyitina KoHCMPYKYisa 8epxHbOi 0Y008U KONl HA MAZICMPATLHUX 3ANIZHUYAX YKpaiHu 6 Kpueux
dinanxax padiyca menwe 350 M — ye nanxosa KOHCMpPYKyis koaii 3 Oepes ’anumu wnaiamu. Taxa
KOHCMPYKYis. KOMi He pPayioHanbHa npu OIFOYUX eKCHAYAmAayiuHux ymosax. 3acmocysanus Oiivu
npoepecusHoi be3cmuko8oi KOHCmMpYKYii Koaii 8 Kpusux padiyca menue 350 m obmedsicene 8 neputy
yepzy 3 ymMosu 3abe3neueHHs NONepeyHoi cMIKOCmi peuKo-wnanbHoi pewlimxu. J{nsa modcaugocmi
PO3ULUPEHHSL 3ACMOCY8AHHS Oe3CMUK080I KOHCMPYKYIL KOIL 6 Kpusux OLIsIHKAax padiyca menuie 350 m,
HeoOXIOHO 3Hamu 8eIUYUHU NONEPEUHUX CUTL 83AEMOOTI KOHCIPYKYIl 6ePXHbOI 6)Y008U KOTIIT 3 pYXOMUM
exinaxcem. 3HAMOYU cuil 83a€EMOO0il, MOJNCHA OYIHUMU HA AKY 6eluduHy Oyde 3abe3neuysamucs
nonepeyHa CMItKicmos peuKo-unaibHoi pewimky ma APUUHAMU KOHCMPYKMUBHI pilueHHsT no il
30L1bUEHHTO.

Y pobomi nasedena memoouxa eusnauenHs nonepeyHux 20pUOHMATLHUX CUT 83AEMOOII KONl i
PYXoMo20 exinadxcy 6 Kpusux paoiyca menuie 350 M 3 ypaxy8anHam K8a3icmMamuyHux cCmuckaloyux cui
6 noi30i Ilpuuunu BUHUKHEHHA YUX CUN NOB8 A3GHI 3 HAAGHICMIO eKCYEHMPUCUMEMm) 3aKpinienHs
X80CMOBUKA AGMO3YCNICHHA 6 20PU3OHMANLHINL mMa GepMUKANbHIN NIowuHi. 3a HaeeodeHowo
MemoOuKol0 NpogedeHi meopemuini po3paxyHKu 20pU30OHMANLHUX NONEPeyHUX CUl 83ae€MO0ii ma
BU3HAYEHT KoepiyicHmu cmitikocmi peuko-unaibHol peuimKk 6 Kpusux OLISIHKAX.

3pobneni 0CHOBHI BUCHOBKU WOOO MONCIUBOCI eKcnayamayii 6e3cmuKo8oi KOHCMpYKyii Koaii 6
Kpusux oinsinkax padiyca 350 m i menue.

Knrwouosi cnosa: 3aniznuuna xonis, 6e3cmuxkosa KOHCMPYKYisi Koii, Kpuei manozo padiyca,
nonepeyHa cmitikicmo, 20pU30HMAILHI NONEPeyHi CUTU.

Beryn. OcHOBHAa KOHCTPYKIIS 3aJ1i3HUYHOI KOJII Ha 3alli3HUIMX YKpaiHu — 0e3CTHKOBa
KOJisl TEeMIIepaTypHO-HANpPY)KEHOro THUIY ©0€3 Ce30HHOI pO3pSIKH TeMIEepaTypHUX
HanpyxkeHb. Ha puc. 1 HaBeneHO 3acTOCyBaHHS O€3CTHKOBOI Ta JAHKOBOI KOHCTPYKIIN KOl
Ha 3QJII3HUIIX YKpaiHu.
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M Be3cTUKOBA KOs

M JIarKOBa KOJIiA

Puc. 1. KoncTpykuis 3a;1i3HUYHOT KOJTii

Sk BUAHO 3 pHC.], TaHKOBAa KOHCTPYKIIIS 3aIi3HHYHOI KOJIIT HAa TAaHWIA Yac eKCILTyaTy€eThCsI
Ha YEeTBEPTi YacTUHI PO3rOpHYTOi JOBXKHHHM TOJOBHHX KOJNiM 1 ckiamae 6479,3 km. lLle
MEePEBAXHO MICIIS 3aJII3HUYHOI KOJIii, 1e 0€3CTUKOBAa KOHCTPYKIIiS HE MOKE 3aCTOCOBYBATUCS
3 KOHCTPYKTUBHUX OOMexeHb. Jl0 OJHMX 3 TakuX MICIb BIJHOCSATHCS AUISHKU KOJii, e
paniyc KpuBOi cTaHOBUTh MeHie 350 M. Ha puc. 2 HaBeieHO MPOTSHKHICTh KPUBHX JIUISTHOK
Ha TOJIOBHUX KOJIiSIX.

Z

%1000

=

=]

=

= 0

2

=

E R<200 m
g- 201<R<349 m
=

Paniyc kpusoi
Puc. 2. IIpoTsKHicTh KPUBUX AiIJSIHOK HA TOJOBHHX KOJiAX 3aJi3HULL Y KpaiHu

Sk BuAHO, KpuBI IUITHKM Kouii pamiyca 200-349 M MaroTh HpPOTSHKHICTH 593 KM, 11O
CTAHOBHUTH OJM3bKO 2 % BIiJ 3arajibHOI JOBKMHU T'OJIOBHUX KOJIH. AJjle came B IMX AUISHKaX
CHOCTEpIraeThcs MiIBUILIEHUI 3HOC peoK, rpeOHIB KOJIICHUX Map Ta IHTEHCHBHE HAKOIMUYEHHS
3anmuIkoBuX Jedopmaniit komi. JJo 25 % peiok, siki MaroTh JedeKTH KOHTaKTHO-BTOMHOTO
MOXOJKEHHSI HA TIOBEPXHI KOYEHHS, B TOMY YHCIII OOKOBHI 3HOC TOJOBOK PEUOK, 3HAXOMATHCS
caMe B TaKuX KpUBHX. JlepeB’siHi aiu, 110 3aCTOCOBYIOThCS Ha TaKUX JUJISTHKAX, MAtOTh 3HAYHO
MEHIINH CTPOK ciaykOH. binbmiicte kpuBux paniyciB MeHiie 350 M 3HaXOAATHCS B TIPCHKUX
palioHax, J1€ B3aEMOJsl KOJii 1 PyXOMOro CKJIaay YCKJIAIHSAEThCS HAsSBHICTIO 3HAUYHMX
TO3/IOBKHIX CHJI, BUKIIMKAHUX YXUJIaMH 3aTI3HUYHUX JTHIHN.

AHaJi3 OCTaHHIX [I0CJTiIxKeHb I MocTaHOBKAa mpodJjemu. J[ns 30imbIIEHHS pecypcy
poOOTH peHoK Ta IHIIMX KOHCTPYKTMBHUX €JIEMEHTIB B TaKUX IUISHKaX KoJiii, HE0OX1IHO
3MEHIIMTH CWJIM B3a€MOJil 3aJi3HUYHOI KOJii Ta pPyXOMOTO eKinmaxy. BpaxoByiouu, 1o B
KpuBHUX pajaiyca MmeHme 350 M 3aCTOCOBYEThCS JIaHKOBA KOJIS Ha JEPeB’SHUX IINaNax, TO
nepexii Ha O€3CTHKOBY KOHCTPYKIIO KOJIii 13 3ali300€TOHHUMH IIIAJaMU JIO3BOJHTH
CYTTEBO 3MEHILIUTH CHUJIM B3a€EMOJIl MK PEUKOBUMH HUTKAaMHU Ta rpeOHAMU KOJICHUX Map,
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MOJIOBXKHUTH PECYpC poOOTH KOHCTPYKTUBHUX €JIEMEHTIB BEPXHbOI OYJOBH KOJI1i, 3MEHIIUTH
OIlip pyxXy M0i3/1a Ta BUTPATH Ha PEMOHT PyXOMOT'O CKJIafy 1 peiikoBoi komii [1].

JlocmipkeHHST MOJKJIMBOCTI 30UIBIICHHS pecypcy poOOTH 3ali3HMYHOI KOJii B KPHUBHX
JUISTHKAX 32 paxyHOK apaMeTpiB peiikoBOT KOl JOCTIKYBaIUCh B podoTax [2-5].

VYnamryBanHss O€3CTHKOBOI KOJii B KpUBHX pazaiyca MeHme 350 M HeMOxJHMBe Oe€3
YIOCKOHAJIEHHSI KOHCTPYKIIii BEpXHBOI OyOBH KOJIii, IO 3aCTOCOBYIOTHCS B KPUBUX OLTBIINX
paaiyciB. IloTpeba B 3acTocyBaHHs 1HIIOI KOHCTPYKIII 3alli3HUYHOI KOJIi BHKIHMKaHA
301IBIIEHHSIM JIi1 CUJIOBUX (PAKTOPIB, K1 BIUTMBAIOTH HA TIONEPEYHY, MO3A0BKHIO CTIHKICTh Ta
MILHICTE 3aJII3HUYHOI KOJI.

JUis  mpoeKTyBaHHS HOBHMX KOHCTPYKIH €IIEMEHTIB BEpXHbOI OyHOBH KOJii 4YH
YIOCKOHAJICHHS ICHYIOUMX HEOOXIJIHO 3HAaTH BEIMYMHH CHJI, SKI OyAayTh [isATH Ha
KOHCTPYKLIIO KOJii B KpUBIH AUISHIN Ta 4 Oyzae 3a0e3redeHa MonepevyHa CTIMKICTh peiKo-
MINATBHOT PEITITKH.

Merta Ta 3aBIaHHS AOCTiIKeHHA. MeTor 1aHOl poOOTH € MPOBEICHHS TEOPETUIHUX
JOCTIIPKeHb TIOTIEPEYHO1 CTIMKOCTI O€3CTUKOBOI KOJii B KpUBUX AUISIHKaX pasiyca Big 200 m
110 300 M. 11t TOCATHEHHS 3a3HAYCHOT METH IOCTaBJICHI TaKl 3aBJIaHHS:

MPOBEJICHHS OCIIKEHb eKCIUTyaTallii KpUBUX AUISHOK Kouii 3 pagiycom R< 350 m;

BU3HAUCHHS CyMapHUX FOPU30HTAIBHUX CHII 3 YpaXyBaHHSIM KBa3iCTAaTHYHOT TO3I0BXKHBOT
CWJIM, UI0 [l€ TpU TalbMyBaHHI TOi37a, Ta KOHCTPYKTUBHUX OCOOJUBOCTEW 3UIIMHUX
TIPHJIAIIB;

BU3HAYEHHS YMOBH 3a0€3EUeHHS MOMEPEYHOI CTIMKOCTI KOJii B KpUBUX AUISHKAaX R< 350 m.

Martepiaiun Ta MeToaum JociaixkeHHsi. [lomepedHa CTIWKICTh KOMII 3aleKHTH BiJ
y BEpTUKAJbHIM Ta TOPWU3OHTAIBHIM IUIONMHI Ta OMOPY PEUKO-IIMAIBHOI PEHITKH
norepeyHomMy 3cyBy. Omip 3CyBy PEIIITKH 3aJI€KUTh BiJl XapaKTEPUCTHK Ta CTaHy MOBEPXOHb
HiAPEHKOBUX OTOP, CTYIEHS YIIUIBHEHOCTI 1 poay Oanacty, KOHCTPYKIIi MiAPeHKOBUX OIIOp,
XapakTepy nepenavi HaBaHTaXeHHs Ha onopu. CyTTeBUH BIUIMB Ha (OPMyBaHHS CyMapHOTO
OMOpY MOMEPEYHOT0 3CYBY PEHKO-IIMNAaIbHOI PEIliTKH Mae€ OOKOBa YKOPCTKICTH MOBOPOTY
perKH y BY3JI1 PEHKOBOTO CKPITJICHHS.

[Ipy BHU3HAUEHHI OMOpPY PEMKO-IIMANBHOI PENNTKH IMiJ BIUIMBOM Ha KOIIIO MOI3HOTO
KOJIICHOIO HaBaHTaKEHHS CIIIJI BPAXOBYBATH SK IIOYATKOBMM OMip INMajd MONEPEUYHUM
3mimeHHsaM Wy, Tak 1 CHIIM TepTs mmain mo 0anacTy mija BILTMBOM BEPTUKAIBHOTO OCHOBOTO
HaBaHTa)XEeHHA 2P. I'paHuuYHu oOmip MepeMillleHHI0 Tpynu mman B Oamacti Wy, 110
3HaXOJAThCA MiJl BIUIMBOM TOPU3OHTAIBHOI PaMHOi cHIM Y, 1 BEPTUKAJILHOTO OCHOBOTO
HABAHTAKEHHSI, MOYKHA BU3SHAYHUTH 3a hopmMyIoro [6]:

Wm:WOJrfmzPoc’ (]_)

ne 2P _ 3HaYeHHs OCbOBOT'O BEPTUKAJIBLHOIO HABAaHTAXEHH, SIKE CJiJ OpaTH piBHUM

CTaTMYHOMY HAaBaHTAKEHHIO (30UIBLICHHS OMOPY 3a PaXyHOK CHJI TEpTSA BiA JUHAMIYHUX

N00aBOK BiJl BEPTUKAJIBHMX CHJI MOXHA HE BPaxOBYBAaTH JUIs 3amacy CTIHKOCTI perko-
HIMaNbHOI PEITKH);

Ju Koe(iLieHT TepTs Iumaji mo OanacTy, IO 3aleKUTh BiJl CTaHy MOBEPXOHb, SKI
TPYThCS, MaTepially Oanacty, HOro HIUIBHOCTI, BOJIOTrOCTi, 3acMiueHocTl. [Ipuitmaerbesa ans

Koutii 31 mebeHeBUM OaacToM i =0,3-0,5, ansg koumii 3 MiMIaHO-rpaBitHUM OanxacTom S
=0,3-0,45;
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"o _ MOYaTKOBUH OMip TpynH INNal, M0 TEpPeMilyloThcsi, 0e3 BpaxyBaHHS
BEPTUKAJIHHOIO HaBaHTaXEHHA. PO3paxyHKH 1 eKCIIepUMEHTaNIbHI JOCIIKEHHS MTOKa3YIOTh,
0 B 3BHYAWHMX yMOBaxX Mpu Jii OOKOBHUX CHJI BiJ] KOJICHOTO HABaHTaXEHHS B pPOOOTI
aKTUBHO OepyTh y4YacThb TUIBKH 6-7 CYMDKHUX IIHaN, SIKI 3HAaXOJAThCS M 1AM
HaBaHTAXCHHIM. Ha oOCHOBI pekoMmeHpmamii bBroopo eKkClepUMEHTATIbHUX —JIOCHIKEHb

Mixknapoanoro coro3y 3amizauib (MC3) MokHAa mOpuiimMatu WO:]O kH nmna xomii 3

- W )
nepes’sstHuMu mmanamu i - 0=15 xH ms kosil 3 3a/1i300€ TOHHUMHU IITTATAMH.

3rigHo 3 [6], ymoBa 3a0e3meueHHS CTIMKOCTI PEWKO-IIMANBHOI pEHITKA Oyze
max
BUKOHYBATHCh B TOMY BHIIQJIKy, KOJM MakCHMMaJlbHa TOPU30HTAIbHA paMHa Cwia, # , 10

HepeaeThes BiJl KOJICHOI Mapy Ha pelku, He Oy/ie MepeBUIyBaTH TPAHUYHOTO OMOPY PEHKO-
MINaIbHOT PeIIiTKU nonepedHomy 3¢yBy W,,, TOOTO HOBHHHA BUKOHYBATUCh HEPIBHICTD:

Y <w, -[g], )

IS [8] — KOG(l)iI_[i€HT, 1o Hepez[6aqa€ MOJKIIMBE 3HWIKCHHS IIOIICPCUYHOT'O OIIOpPY 3CYBY

peMKo-IIINaNbHOI PEUITKH 0€3M0CepeIHbO MICHs PEMOHTY Kouii. 3BUYaiiHO NpUHMAarOTh [‘g]
=0,85 3 ypaxyBaHHSIM TOI'O, LI0 MICJsl PEMOHTY OIlip 3PYIICHHIO 3MEHIIYETHCS 10 BEIMUUHH,
mo cknagae 70-80% Bia MOYATKOBOTO 1 BiH BITHOBIIOETHCSA TUIBKH micis mpomycky 1,0-1,5
MJIH. T BaHTaxy OpyTTO.

CuroBa B3aeMOJIisl eKimaxy 1 Koxii B TOPU3OHTAIBHIM IUIOMMHI TPH pyci B KPHUBHUX
TUISTHKaX KOJii 3aleXHTh B CXEMHU BIMCYBAHHS eKkinaxy B kpuy. [lpu LLI/IHaMquOMy
BIIMCYBaHHI CIIiI PO3PI3HATH TPH MPHHIUIIOBO Pi3HI CXEMHU BIUCYBAHHS €KillaXiB B KPUBIHU:
BIJIbHE, TIEPEKICHE 1 XOPJ0BE, 10 AAal0Th PI3HOMaHITHI CXEMH CUJIOBOi B3aeMojii. Bennunnu
TOPU3OHTAILHUX MOMEPEYHUX CHJI, IO JIIOTh Ha KOJII0, MOXHAa BU3HAUYHUTH 3 PO3TIISILY
KO>KHO1 KOHKPETHOI CXeMH BIIMCYBaHHS, IPU 1[bOMY 3HAYEHHS iX B yCIX BMIIAJKaX 3aJI€XKHUTh
BIJI MTOJIOKEHHSI [IEHTPY MOBOPOTY €KiMaxy 1 BIACTaH1 BiJl HOTO JI0 OCl, IO PO3IJIAAETHCS, a
TaKO’ BiJl BEIMUYMHHU BEPTUKAIBLHOI'O OCHOBOI'O HABAHTAXKEHHS Ta Koe]illieHTa TepTs KOJIiC MO0
perini. Bei mepepaxoBani ¢akTopH, sIKi BIUIMBAIOTh HAa XapaKTEPHUCTUKY CHUIIOBOI B3a€MOJIii
KOJIii Ta pyXOMOTO €Kilaxy, BpaXOBYIOThCS MPU BU3HAU€HI OOKOBUX CHIIL.

Jis imrocTpanii MpakTUYHUX PO3PaXyHKIB PO3IIITHEMO NPUOJIM3HY CXEMY INEepEeKOCHOIO
BIIMCYBAHHS €KiNaXXy B KPUBY Ha pHC. 3 1 cXeMy pO3NOUICHHs CUJI Ha KOJIICHIH napi Ha puc. 4.

Puc. 3. Cxema nepekocHOro BMCyBaHHs 3-BiCHOI0 Bi3Ka B KpUBY
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— M
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-— 3 -] |
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Iy b gy

X St
Puc. 4. Cxema po3nojijieHHs1 cMJI HA KOJicHI mapi mix yac pyxy B KpuBiii

V [8] HaBeneHi HaOmkeH1 GOpMyIH A BUSHAYEHHS MONEPEYHUX CHJI, 10 IepeIatoThCs
Ha 30BHIIIHIO PEHKy uyepe3 30BHILIHE KOJECO MEPEeIHBbOI MO XOIy OCi s PI3HOMaHITHUX
ekinaxiB. J[Jisg OUIBII TOYHOrO BHU3HAYCHHS 3HAYCHHS CHIIOBOI OOKOBOI B3aeMOZIi KoJIi Ta
eKiMaXkiB MpH PycCi MOi3/1iB HEOOXiTHO KOPUCTYBATUCS TpadiK-TTacmopTaMu.

Haseneni gopmynu [8] mid BU3HA4YEHHS 3HAUY€Hb MOPU3OHTAIBHUX CUJI HE BPaxOBYIOThb
JiI0 KOJHMBAHHS HAJPECOPHOI Ta MiJIPEecOpeHOi YacTHHM eKimaxy mix dac pyxy. s
BU3HAYEHHS MaKCUMaJbHUX IMHAMIYHMX CHJI 3 ypaxyBaHHSIM 1HEpUiHHOI Ali KOJIMBaHHA
YaCTUH PYXOMOTO €KiMmaxy CIiJi BUKOPHUCTOBYBaTH Koe(dimieHTH OOKOBOi JWHAMIKH, fKi
MO’KHA BU3HAYUTH 32 HaBeleHUMU dopmynamu [8].

[Topsim 3 mepepaxOBaHUMH IONEPEYHHUMH TOPU3OHTAIBLHIUMHU CHJIAMH B3a€MOJIIT KOJii Ta
PYXOMOTO €Kila)XXy BHHHMKAIOTh JOJATKOBI TMOMEpEeYHi CHIIM, SKi He OynM BpaxoBaHi y
¢dopmynax HaBeneHux y [10].

JlonaTkoBi MONepeyHi CHJIM BUHMKAIOTh IPU pYCl MOi3Jla 3a PaxyHOK pO3TAryBaHb Ta
CTHCKaHb 10i3/1a Ha MPSIMUX Ta KPUBHUX IUITHKaX. [I[pHuuHI BUHUKHEHHS IUX CHJI TIOB s13aHi 3
HasIBHICTIO €KCLEHTPUCUTETY 3aKpIIJICHHS XBOCTOBUKA aBTO3YEIUICHHS B FOPU30HTAJIBHIN Ta
BEPTUKAJbHIA IUIOMMHI. 3HAYEHHS EKCICHTPUCUTETY OOYMOBIICHE BIIXHWJICHHSIM BiJ
HOPMAaJIbHOTO (IIPOEKTHOT'0) IIOJIOKEHHSI XBOCTOBUKA ABTO3UEIUIEHHS IPU BUTOTOBJIEHHI
eKinaky Ha 3aBO/l1, 3aBaHTAKEHHSIM BaroHy, 3HOCOM KOJIC, CTUCKAHHSM I10i3/1a.

[Tpu xBazicTaTUYHOMY CTHCKaHHI Moi3/a ioro manku L Ta 2a mij yac pyxy HamararoTbCs
NEPEKOCUTUCSA. YTPUMYIOTh iX B OCHOBHOMY IIOJIO)KEHHI IONEPEYHl 3B’A3KH, POJb SIKUX
BIJIIrPalOTh BI3KM 3 pPECOpPaMU Ta KOJICHMMHU MNapamu. [3 301IbIIEHHSM KBa3iCTaTUYHOTO
CTHUCKaHHSl T0i37a, NEepeKocH 3OUIbIIYIOTHCS, BUKIUKAIOUM 30UIbIIEHHS OOKOBOI Ta
BEePTHUKAIBHOI TPYNOBOI Jii KoJic Bi3ka Ha Koumiro. L1 JogaTKoBI monepeyHi Cuili MpUKIaaeH1
JI0 Bi3Ka Ta YTBOPIOIOTh B TOPU3OHTAIHHOMY HAmpsiMi JOJATKOBI OOKOBI B3a€MOJii KOJIIC
Bi3ka Ha kKomito. Ilpu mpomy Kosneca CyMDKHUX BI3KIB JilOTh Ha pi3HI PEWKOBI HUTKH,
HaMararouuch PO3TUCHYTH KOJIIO UM 3CYHYTH ii CyMIKHUMHU Bi3KaMU B Pi3H1 CTOPOHHU.

B kpuBuX IiIsiHKaX KoJiii ropu3oHTanbHa ckiiafgoBa Hr rpymnoBoi G0KOBOI fii KOJiC Ha KO0
NpU PO3TATYBaHHI MMOi3Ja KBA3ICTaTUYHOIO cwiiol0 F 3anexuth Bia 1€l cuim, pajiyca KpUBOi,
JIOBKMHU €KINaXy MK OCSMH 34eIUIeHHsI aBTO3YEIUIeHb Ta 3riHO [ 11] BU3HauaeThes hopMyrnoro:

90°(L +2a
Hh‘ = Fpn's ( )
TR (3)
F . .
Je 7 —KBa3ICTaTH4YHA PO3TATyHOYa CHJIa B MO131;

L — Bincranb Mixk XBOCTaMH aBTO3YETLIEHL PyXOMOT OJIMHHIII;
@ — NOBKHWHA aBTO3YEIUICHHS.
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H

Cuna ** R HampaBjeHa B CepeAMHY KPHBOI NMpH po3Tsarytounx cuwiax F. I3 ¢opmymnu (3)

cruigye, mo B npsaMux mpu R =0, H, = 0. B xpuBux ninsHkax kouii Oyae TUM Oiblna
JI0JIATKOBA I'pyrnoBa OOKOBa B3aEMOJIisl KOJIC Bi3Ka Ha KOJi0, 00yMOBIIeHA KBa3iCTATUYHOIO
PO3TATYIOUOI0 CHJIOIO B TOI3/11, YUM MEHIIHH pajiyc KpuBoi R Ta yum Ounbina BigcTaHb MiXK
XBOCTOBHKAMH aBTO3YETUICHHS.

[Tpu kBa3icTaTHYHOMY CTHCKAaHHI PyXOMOTO MMoi31a cuiioo F Ha mpsMux IUISHKax KOJii

. . . H
BUHHKAE I'pyIloBa 6OKOBa 11 KOJIIC B13Ka HA KOJIKO €, O6YMOBJICH3 CKCHCHTPUCUTCTOM e

3aKpIIUICHHS XBOCTOBHUKIB aBTO3YEIJICHb, Ta TPYNOBOi OOKOBOI B3a€MOil Ha KOJitO0 ~ 9,

00yMOBJIEHE TOPU3OHTAJIBHUM IOMEPEUYHUM MEPEMIIIECHHIM 8 Ky30Ba B 30HI Bi3Ka i3-3a
MEPEKOCIB 110 CXEMI «SUTMHKay. 3a3Ha4eHa CHITU 32 (POpPMYIIOr0:

F . L(6-L+e-l)
H&»: a-12 (4)

Bigmitumo, mo cuimu H, ; Hy HaIpaBJIeHI B CTOPOHY 30BHINIHBOI pEHKH KPHUBOI, IO

BaYXJIMBO IIPU PO3PAXyHKAX CTIMKOCTI KOJIii B KPUBUX.
Y dopmyii 4 MO3HAYCHO:

! _ nopxwuna Ky30Ba MK LIEGHTPaMH IMOBOPOTY (LIBOPHSIMH) Bi3KiB;
€ — eKCIICHTPHUCHUTET KPITUICHHS aBTO3YCTUICHHS;

o _ MoTIepevHe MepeMillleHHs Ky30Ba B 30H1 Bi3Ka 13-3a IEPEKOCY M0 CXEMI «SITHHKAY;

Fonuc _ KBa3iCTaTUYHA CTHUCKAIO4a CHjia B HOI31l. MakCUMAaJIBHO MOJKJIMBA KBa3icTaTHYHA
CTHCKaloua CHjia B aBTO3YCIUICHHI, IO 3 €JHY€E JOKOMOTHUB 3 IMOI370M, MPU PYCi MO HPsIMiid
TUTOMIA/III JOPIBHIOE CHJII 3YCTJICHHSI JJOKOMOTHBHHX KOJIIC 3 peHKaMH Ta BH3HAYAETHCS 32
dbopmyoro:

cy.0 o

F._=n-P -fm, 5)

e " — KinpKICTh OCcell B TOKOMOTHBI;
P . D .
1 — BepTUKAIbHE HABAHTAKEHHS BiJ] KOJIICHOI ITapy JIOKOMOTHBA Ha PEHKH;
oy _ KOeQiIieHT 34YeTICHHs KOJIIC KOJIICHOI MapH 3 peiikamu mpu ranbmyBanHi 0,22-0,25.
[Tpu pyci moizaa mo yxuiy Ta B KpUBiH, MakCHMajbHa KBa3iCTaTUYHA CHJIa CTUCKAHHS B
aBTO3YEIIJIEHHI, 10 3’ €THY€E JJOKOMOTHUB 3 TIO13/I0M, BUBHAUAETHCA 32 (OPMYIIOHO:

Fm,'.a =n- ‘Pa.-:' ) ﬁ‘q T AE + MR ) (6)
e i/ — [ojaTKoBa TpaBiTalliliHa CKIaJ0Ba TMO3J0BXKHBOI KBa3iCTATMYHOI CUJIH B
ABTO3YETUICHH1 /IS €KiMaxiB, 10 I1yTh 10 yXuiy ¢ ;
AF,

R — OAATKOBA CKJIAJIOBA MO3/I0BXHHOI KBa31CTATUYHOI CHIIM B aBTO3YETJICHHI eKiMaxy,
IO ifie 10 KPUBIH.

[To3moB»X HS KBa3icTaTUYHA CHJIa B aBTO3YETUICHHI IS €KIMaXiB, M0 PYXAIOTHCS MO YXUITY
I po3paxoByeTHCA 32 GOPMYIIOIO:
AE:QJ.wi—*Qn-mi, (7)

IS Q” — Maca JIOKOMOTHUBA,
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0, _ Bara 1oi3za;

@ o . .
! — MATOMHMH OITIp PyXy IO KPUBIH, IO pO3PaXOBYETHCA 32 (OPMYIIOI0:
w. =i
i g , (8)
ne ! — yXwi KoJii;
& — MPUCKOpEHHS CUIIM TSKIHHSL.

[To3moBXKHsI KBa3icTaTMYHA CHJa B aBTO3YCIUICHHI €Kilaka, IO PYyXaeThCs MO KPHBIi,
PO3paxoBYyeThCs 32 POPMYJIOLO:

AFy =0, @, +0, @, (9)

ne @ — nuToMuMii OMip PyXy Bill KPUBM3HM BU3HAYAETHCA 32 (HOPMYIION:
SIKIIIO JIOBXKHUHA I013]1a TOpiBHIOE 200 MEHIIA 32 JTIOBXKUHY KPUBOT
0

o =35% 1154

”” (10)
qu
2
@, = 0OJrl,S-a
R ; (11)
IpU TOBXKHHI 11013712 O1IBIIIIH 32 TOBXHUHY KPUBOL
S
,‘=(200+l§-a]- w
un
a 0
w, =35~ +15-a) "
rp ln : (13)

ne R — paniyc kpusoi,
S“P — JIOBXKHMHA KPUBOI,

a’ KYT IIOBOPOTY KpUBOI B pajiiaHax,

@ — niroya BeJIMYMHA HETIOTALIEHOTO BIIEHTPOBOTO MPUCKOPEHHS B KPUBIH.

Haiiripmii ymMoBM mpu po3paxyHKax IONEPEYHOI CTIMKOCTI peHKo-IINalbHOI PEUITKU
OyAyTb BUHHUKAaTH NpU PI3KOMY TajlbMyBaHHI MOi37]a B KpPUBIH IUISHII KOJii, OCKUIbKU
3 SIBISIETBCS JOJIATKOBA TPYMoBa OOKOBa Jisl KOJIC €KiMa)xy Ha KOJII0 BiJ CTUCKAIOUOl
M03/I0BXXHBOI KBa3icTaTn4yHOi cuiu. L{g cuna Oyne nisTé 3a MexaMH JIOKOMOTHBA y MOi3/1 1
HaIpaBJieHa B 30BHILIHIO CTOPOHY KpHBOi. 3Hau€HHs JOJATKOBOI OOKOBOi IpyIOBOi CHJIH,
pO3paxoBaHoi 3a GOPMYIIOLO (4) BaHTaXKHOTO Ta MACAKUPCHKOI0 M0i3/1a, TPUBOJUTHCS B Ta0I.
1. TTonepeyHa CTIMKOCTI peHKO-IINaNbHOI PELIITKNA MPOTH OOKOBOTO 3CYBY B TOPHU3OHTAIbHIN
IUTIOILMHI 32 MeXaMH1 JJOKOMOTHUBY B T0i3/11 Oy/ie BU3Ha4aTuCs GOpMyIIoro:

Y™+ Hy, <W, -[¢]. (14)
[TonepeuHy CTIMKICTh PEUKO-IIMATBHOI PEITITKH MOKHA OIIHUTHA KOE(DIIIEHTOM CTIHKOCTI
3a opmyroro:
Wy [e]
T (15)
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p—uit
I[ e K[’m

OJIMHMULII.

KOC(QIIIEHT CTIMKOCTI peHKO-IIMaabHOI PEUITKH TMOBHHEH OyTH Oiiblie

Tabnuys 1. lonaTkoBi 00KOBi CHJIN, III0 BUHUKAIOTH 32 PAXYHOK JIii M03I0BKHbOI CTHCKAIOYO01
KBa3iCTATHYHOI CHJIH

) Cuna R=200 m R=250 m R=300 M
Toizn Hée, kH Hoe, xH Hoe, xH
JlokomotuB BJI80, BaHTakHi BaroHM Ha 29.73 27,56 26,82

Biskax [{HII-X3, Bara noizna 4500 T

JlokomotuB BJIS0, BaHTa)kHI BaroHM Ha 27,14 25,5 24,12
Biskax [{HII-X3, maca moizna 2500 T

JlokomoTtuB UC-8, BaHTaKHI BArOHHU HA Bi3KaX
> 23,73 20,35 18,47
KB3-IIHII, maca noizga 1600 T

3a HaBEACHOIO METOAMKOIO OyiaM TpPOBENEHI pPO3paxyHKH IONEPEYHOi CTIMKOCTI B
TOPU30HTAJIBHIN IUIOIMHI PEeWKO-IINAIBHOI PEIIiTKY MPOTH HONEPEYHOro 3CYBY B KPHBIH
nustHI kol pamiyciB: 200 M, 250 M, 300 M. B po3paxyHkax mpuiimMasiach ITiJIKJIaIKOBa
KOHCTpyKLis Komi 3 tunoBumu ckpimieHHsmu CKJ65-b. Pesyneratn po3paxyHKy
KOe(II€HTIB CTIMKOCTI HaBOAATHCS y Tabxn. 2. [lpu BU3HA4YeHHI paMHUX CWJI TpUAMaacs
BE/IMYMHA HEMOTAIICHOTO TPHCKOPEHHS Ui BaHTaxkHOro moisaa 0,3 m/c? | s
nacaxupcskoro 0,7 m/c2.

Tabruys 2. 3naveHHs KoeiuieHTIiB monepeyHol CTIHKOCTI peiiko-IINMAIbHOT pelliTKH

. Papiyc kpusoi, m R=200 M R=250M | R=300wm
Eximaxx
Enextporo3 BJI 80 6e3 3uiicHyBaHHS Bi3KiB 15 1,83 2,26
Banrtaxuuii Baron Ha 4-X BicHUX Bizkax moxeni [THMM-X3 13 15 189
(Oe3 BpaxyBaHHS IMOTIEPEYHOI CHITH BiJI TaTbMYBAHHS) ' ' '
Banrtaxuuii Baron Ha 4-X BicHHX Bizkax moneni [THUM-X3 (3 102 117 13
BpaxyBaHHS MONEPEYHOI CHIIH BiJ] TATbMyBaHH) ' ' '

BucHoBku

1. I3 HaBeEHOrO TEXHIYHOI'O CTaHy 3aJi3HUYHOI KOJIii, PO3MILIEHOI B KPUBHUX pajiiyciB
350 M 1 MeHIIe, BHAHO WIO0 € TOCTpa HEOOXIAHICTH 3acCTOCYBaHHsSI OLIbII HaIIHHUX
KOHCTPYKLINH BepXHbOI OYyIOBM KOJii, OCOOJMBO Ha BaHTAKOHANPYXEHUX TUISHKAX 13
3aTsHKHAMH TT1IHOMaMH, pO3TalllOBaHUMH B TIPCHKUX paifoHax.

2. ITigBUIMTH HATIAHICT 3alI3HUYHOI KOJIi B KPUBUX MAJIOTO PajiyCy MOXHA IUIIXOM
3aMIHM JIepeB’STHUX IIMaj Ha 3al1i300€TOHHI 3 OJHOYACHMM YJAIITyBaHHSAM O€3CTUKOBOI
KOHCTPYKLIi KOJIii TeMIepaTypHO-HaNpy>KEHOTO THITY.

3. VnamtyBaHHsT O€3CTHKOBOI KOHCTPYKIII KOJIii TeMIlepaTypHO-HAIpYKEHOTO THUIY B
KpuBUX paxgiyca 350 1 MeHIIe MOXJIHMBE 13 30UIBIIEHHAM OMNOPY IO30BXHBOMY
NEePEMILEHHIO PEUKO-IINaTbHOT PEUIITKU B 6aJacTOBOMY HIapi.
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4. Ha oCHOBI MpOBECHUX TECOPETUYHUX PO3PAXYHKIB MOMEPEYHOI CTIHKOCTI KOHCTPYKITIT
KoJIii Ha 3ami300eTOHHMX Himaiax 3 THUIoBUMH ckpimeHHsMu CKI65-b moxHa 3pobutn
HACTYITHI BUCHOBKH:

4.1. B xpuBHX AUISHKAX KOJII i3 3MEHIICHHAM pajiiycy KPHBOi 3MEHIIYEThCS IOIEpEYHa
CTIHKICTh peHKo-mmaabHo1 penriTku. [Ipu pyci BaHTaxkHOTO BaroHy Ha Bi3zkax moaeni [[HII-
X3 no komnii 3 peiikoBuM ckpitutenusm CKJ165-b npu emopi yxnagannas mman 1840 mt/km B
KpuBiii paaiyca 200 M nmonepeyHa CTIMKICTh peHKO-IINaNbHOI PeUIiTKU 3MeHuTyeThes Ha 10 %
HOPIBHSHO 3 KpUBOIO paziyca 300 m.

4.2. lonatkoBa Misl TONEPEYHOI TOPU3OHTAIBHOI CHIIM, SIKAa BHHHKAE TPHU PI3KOMY
rajJbMyBaHHI T0i3/1a, 3SMEHIIIY€E MOTEPEeUHy CTIMKICTh Kouii B oMy Ha 30%.
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THEORETICAL RESEARCH OF THE POSSIBILITY OF JOINTLESS TRACK
ARRANGEMENT IN CURVED SECTIONS OF RADIUS LESS THAN 350 METERS

The traditional structure of the upper structure of the track on the main railways of Ukraine in
curved sections with a radius of less than 350 m is a link structure of the track with wooden sleepers.
This track design is not rational under current operating conditions. The use of a more advanced
jointless track design in curves with a radius of less than 350 m is limited primarily by the condition of
ensuring the transverse stability of the rail-sleeper lattice. To be able to expand the use of jointless
track construction in curved sections with a radius of less than 350 m, it is necessary to know the
values of the transverse forces of interaction of the structures of the upper track structure with the
moving carriage. Knowing the forces of interaction, it is possible to estimate by what value the
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transverse stability of the rail-sleeper lattice will be provided and to make constructive decisions on
its increase.

The method of determination of transverse horizontal forces of interaction of track and moving
carriage in curves of radius less than 350 m taking into account quasi-static compressive forces in a
train is given. The reasons for these forces are related to the presence of eccentricity of the auto-
clutch shank in the horizontal and vertical planes. Theoretical calculations of horizontal transverse
forces of interaction are carried out according to the given technique and coefficients of stability of a
rail-sleeper lattice in curved sites are defined.

The main conclusions concerning the possibility of operation of the jointless track structure in
curved sections with a radius of 350 m and less are made.

Keywords: railway track, jointless track construction, small radius curves, transverse stability,
horizontal transverse forces.
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INPOHEAYPA BUBOPY ACHHXPOHHOTI'O TSII'OBOTI'O EJIEKTPOIIPUBOY
JJISA IHHOBAHIMHOI'O PYXOMOTI'O CKJIIAAY METPOITIOJIITEHY

B cmammi obrpynmosano neoOxionicms GUKOPUCMAHHS ACUHXPOHHO20 MA208020 eNeKMpPOnpuUeooy
Ha pyxomomy cknadi memponoiaimery. Cehopmynvosano nepesazu GUKOPUCMAHHA ACUHXPOHHOZO
MA208020 €JIeKMPONpugooy y NOPI6HAHHI 3 KONEKMOPHUM HaA 0a3i 08USYHIE HOCHMIUHO20 CMPYMY.
Ilpoananizoeano xapaxmepucmuky Cy4acHO20 [HHOBAYIUHOZ0 PYXOMO20 CKAAOY Mempononimeny 3
ACUHXPOHHUM  MA208UM  €eKMPONPUBOOOM  GIMUUZHAHO20 MA 3AKOPOOHHO20 — 8UPOOHUYMEA.
Chopmynvosano ocobaueocmi 6ubOOPY ACUHXPOHHO20 MA208020 €eKMPONPUBody 3 UACMOMHO-
PecyIbo8aHUM KepYBaAHHAM O/l THHOBAYINHO20 PYXOMO20 CKAA0Y MA HABEOeHO ICHYIOUULl MUnoeuil
aneopumm 30MUCHEHH MaKozo ubopy. Po3ensnymo OCHOBHI NpuYuUHU HEPAYIOHATLHO2O GUOOPY
MA208020 ACUHXPOHHO20 €NeKMPONPUBoOy O0iisi PYXOMO20 CKAA0Y MempOnoiimery ma npoaHaniz08aHo
HACHIOKU MAKo2o 8ubopy. 3anpononosano yOOoCKOHAIUMU Npoyedypy UOOPY msa208020 ACUHXPOHHO2O
EeKMPONPUBOOY 3 YACTNOMHO-PEYIbOBAHUM KEPYBAHHAM Ol PYXOMO20 CKIA0Yy MempONnoiimeHy &
YacmuHi 8pAaXYBAHHS MAKO20 BAMNCIUBO020 EKCHIAYAMAYIliHo20 NOKA3HUKA 5K NUMOMI eumpamu
enekmpoenepeii Ha mszy. Bukonano eubip payionanvHux napamempie aCUHXPOHHO2O MA208020
eeKMPoOnpuUsody 3 YACMOMHO-PECYIbOBAHUM KEPYBAHHIM 3A 3ANPONOHOBAHOI0 NPOUEdypoio Ol
3A0aHUX XAPAKMEPUCMUK PYXOMO020 CKIady Mempononimeny. Busnaueno peszepsu exoHomil
eHepaopecypcie 0si 3a0aHUX YMO8 3A PAXYHOK BNPOBAONCEHHS HA THHOBAYIIHOMY PYXOMOMY CKIAOI
ACUHXPOHHO20 MA208020 €NeKMPONPUBOOy 3 DPAYIOHATbHUMU napamempamu. Bcmanosneno, wo
Xapaxmepucmuxa Koe@iyiehma KopucHoi Oii ms206020 ACUHXPOHHO20 OBUSYHA 6 3HAYHIN MIpi
BNIUBAE HA NOKASHUK NUMOMUX 8UMPAM eJleKMPOeHepeli Ha mszy pyXomo20 CKAady Memponoimeny
ma excnyamayiini GUmMmpamu.

Knrouoei cnosa: acunxponnuti mseosuil eleKmponpusoo, 6d2oH, Memponoaimet, pyxomutl CKiao,
NUMOMI 6UMPAmMuU eleKmpoeHepaii Ha msaey, YacmOmHO-pe2yib08aHe Kepy8aHHs.

Beryn Ta nocranoBka npo6sieMu. MeTponoiiTeH € JOCUTh BaKIIMBUM BUJIOM TPOMAJICHKOTO
TPaHCIIOPTY B MicTax-Meramojicax, Ha SKHA TpHUMagae 3HAYHA YacTUHA TMaCaKUPCHKUX
niepeBeseHb (Hanpukiaa, B Kuesi 6mu3bko 60 % Bin 3araibHOTO 00CATY MICBKHX TIEpEBE3CHBb
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3a0e3neuye MerpononiteH). Ha manuit wac B Ykpaini gie tpu merponodiitenn (KuiBchkui,
XapkiBcbkul, JIHIMPOBCHKUI), SIKi TIOCTIHHO PO3BHBAIOTHCS Ta PO3IIUPIOIOTH CBOK MEPEKY.
Tomy, B YKpaiHi pO3BUTOK METPOIIONITEHIB € JOCUTh aKTYaJIbHOO Ta IPIOPUTETHOIO 33/1a4€lO0.

OpnHak, y BITYM3HSHUAX METPOIOJITEHAX 3aIIUILIAETHCS JIOCTATHHO MHUTAHb, SIKi MOTPEOYIOTH
HarajgbHOro BupimeHHsA. llepmr 3a Bce, 1€ NUTaHHA PO3BUTKY Ta OHOBJIEHHS BaroHiB
METpOTIOJIITEHY, MiBUILCHHS €HEProe(eKTUBHOCTI PyXOMOTO CKJIaAy IiJ Yac eKCIuTyaTarlii,
HOKpAIIEHHS pecypco30epeKeHHs Ha PyXOMOMY CKJIaJIl.

AHaAJ3 OCTaHHIX [J0C/TIiIXKeHb. B oOCTaHHI pPOKH, 3 METOI0 CKOPOYEHHS CIIOKMBAHHS
€JIEKTPOEHEPIii Ha TArY, METPONOJITeHaMH YKpaiHU IOCTYIOBO BBOJMTHCS B €KCIUTyaTallllO SIK
HOBOCTBOPEHHI, TaK 1 MOJCPHI30BaHMN pyxoMmMui ckiaja. HaiiOuipine OHOBIIGHHS PyXOMOTO
ckiany 3aiiicaeno y 20142015 pp. B KI1 "KuiBchkuit MmeTpononiTeH" B paMkax BUKOHAHHS POOIT
3 KOMILIEKCHOI MoziepHi3allil BaroHiB Tumy € Ta ix Moxudikaliid IuisaxoM 3aMiHU KOJIEKTOPHOTO
TATOBOI'O JIBUI'YHA ITOCTIHHOTO CTPyMy Ha aCHHXPOHHHUH enleKTponpuBo. Ll poOboTH BUKOHAHO Ha
[TAT "KBB3" 3a yuwacti sk BiTuM3HSIHHX, Tak 1 iHO3emMHuX KommaHii (ITOCHU, KNORR-
BREMSE, Fuji-Electric, Mitsubishi electric Co., HBIT "Xaprpon-Excnpec JITA" ta inmux). Ha
JIaHUii Yac 3a [IUM [IPOSKTOM MOJICPHI30BaHO Ta eKCILTyaryeThest 135 Barowis [1].

["oTOBHUMHY BIJIMIHHOCTSIMH JIAaHOTO PYXOMOTO CKJIQJIy € MOKpAIIICHHI 1HTEp'ep Ta eKcTep'ep,
CTBOPEHHSI YMOB JUI IEpeBe3eHHs 0ci0 3 0coOIMBUMHU MOTpeOamMy, BIPOBA/KEHHS HA HbOMY
eHepro3oepiratoyoro OoOJNAJHAHHS, HAacaMIlepel CHCTeM peKyIeparii, MiKpOmpoIecopHOi
CHCTEMH KepyBaHHs, €(pEKTUBHOIO aCHHXPOHHOI'O IIPUBOJLY.

B miii poOOTI MPONOHYeThCS OUTBIN JETABHO 3YIMHUTUCH CaMe Ha 3acTOCYBaHHI
€(pEeKTUBHOIO ACHHXPOHHOI'O €NEeKTPONpPHUBOLY 3 YAaCTOTHUM KepyBaHHsAM. [l 11boro
CIIMPAIOYMCh Ha JAOCBIJ] EKCIUTyaTallii KOJIEKTOPHUX Ta aCHHXPOHHHX JIBUT'YHIB B CKJI[Ii TSTOBOTO
PYXOMOTO CKJIaJly BUKOHAHO iX MOPIBHAJIBHUN aHAII3.

3a pe3ynbTaTaMu MOPIBHSIIBHOTO aHAJI3y BCTAHOBJICHO HACTyMHE [2—4]:

TaHTeHIlIAIbHA CWJIA, BIIHECEHA JI0 OJMWHMII TUIOMI ITOBEPXHI pOTOpa, IS aCHHXPOHHOTO
TsiroBoro asuryHa (AT/I) B 1,5-2 pasu Oinbiie;

MIOTYXKHICTh, BIJIHECCHA JT0 OJIMHUIII TUTOIII ToBepXxHi potopa, st AT/ B 1,5-2 pasu Ouiblie;

miniiHa mBUAKICTE potopa ATl moxe mocsratu 80-90 m/c, 110 mepeBHUINye OMYCTHUMI
3HA4YEHHsI JTIHIMHOT IIBUIKOCTI JUIsl KOJIEKTOPHUX MAIHH;

npu 30epexeHHl vacTotu obepraHHs potopa ATJl Ha piBHI 4acTOTH OOEpTaHHS SKOpPS
KOJIEKTOPHOTO IBUT'YHa MOXJIUBE 30UIbIIeHHs: MoMeHTY AT/I Ha piBH1 50 %;

3a muToMOIO0 NoTyxHicTio AT/l B 2,5-3 pa3u nepeBuIllye KOIEKTOPHI TATOBI IBUTYHH, a HOTO
KoeiieHT KOpUCHOT il Ha 1,5-2 % BUIIE KOJIEKTOPHUX.

Cepen OCHOBHUX HEIONIKIB 3aCTOCYBaHHS KOJIEKTOPHUX JIBUTYHIB CJIi/1 3a3HAUYNTH:

HU3bKa HA/IIWHICTh KOJIEKTOPHOTO By3J1a Ta IITKOBOT'O arapary,

OOMEeXeHHs 3a yMOBaMM KOMYyTallli Ta MEXaHIYHOi MIIHOCTI HOTY)KHOCTI y BIJBEAECHHX
rabapurax;

3HAuYHI BUTPATH HA TEXHIYHE 0OCITYrOBYBaHHS 1 PEMOHT IiJ] Yac eKCILTyaTallii;

MIJBUILEHA Maca JIBUTYHA 32 YMOB HU3bKHX 3HAa4€Hb OOEPTOBOrO MOMEHTY, IO OOMEXYye
BUKOPUCTAHHS OMOPHO-OCHOBOTO MiJIBILITYBAHHS JBUT'YHA;

TBUIIEH] BUTPATH KOJILOPOBHUX METATIB Ta AKTUBHUX MaTEpIiaiB.

3a ymoB 3acrocyBaHHA AT/] Ha pyXxoMoMy CKJIaji METPOINOJITEHY MOXJIMBO peanizyBaTH
HACTYIIHI ITepeBart:

1) 3HayHe CHPOILIEHHS TANOBOrO JBUTYHA Ta MIABUIICHHS HAIIMHOCTI Yy TOpPIBHAHHI 3
KOJIEKTOPHUM (BIJICYTHSI HEOOX1THICTb IIOJICHHOTO OIJISTY KOJIEKTOPHO-IIIITKOBOTO BY3J1a);

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

98



TEXHIKA I TEXHO.JIOI'I

2) MIABMINEHHS HAAIWHOCTI KYy30BHOTO €JICKTPUYHOTO OOJIaHAHHS BHACIIIOK 3aCTOCYBaHHS
0€3KOHTAKTHHX MIPUCTPOIB EPETBOPEHHS MOTY>KHOCTI;

3) MOKpaleHHS TATOBUX BJIACTHBOCTEH pYyXOMOIrO CKJIJy METPOIONITEHY 3aBISIKU
BUKOPUCTAHHIO JKOPCTKOI TATOBOI XapaKTEPUCTHKH IIii 4ac OOKCyBaHHS. ICHYIOTH JOCHIHI
pe3yibTaTH, SIKi OKa3yrOTh 30UIbIIeHHS KoediieHTy 34yerienHs Ha 20-40 % [2, 5];

4) 30UTBIIICHHS TIOTY>KHOCTI Ta MOMEHTY TSATOBOTO JIBUTYHA 32 YMOB OJIHAKOBHX TaOapUTHUX
po3MipiB (BIACYTHIH KOJIEKTOP, OOMOTKH JIOIATKOBHX IOJFOCIB Ta KOMIICHCAIlIHHA OOMOTKA);

5) MiABHUIIEHHS MPOIYKTHBHOCTI Ta €KCIUTyaTallliHUX XapaKTePUCTUK BHACIIIOK pearizaii
nepeBar 3a HonepeHiMHI MyHKTaMH.

[lepeniueni mepeBarn He 3ajlMINAIOTh CYMHIBY B JOIUIBHOCTI BrpoBakeHHs ATJl Ha
3TI3HUYHOMY PYXOMOMY CKJIaJi, 30KpeMa BaroHax MeTponoiiteHy. LlpoMy mnuTaHHIO
OPUCBSAYCHO YMMAJO pOOIT SK BITYM3HSIHMX, TaK 1 3aKOpAOHHUX BueHHx [2-19]. Taki
JIOCJTIKCHHS BHKOHYBaJIMCh 3a ydacTio ['erbmana [.K., €Bcrad’eBa A.M., Kypbacora A.C.,
JIrobapcrkoro b.I'., Muanakanosa B.A., Poranosa H.A., XBopocra M.B., Ishikawa K., Asada T.,
Ortega D. Ta iHmmx BYeHUX. AHaJI3 WX JOCHIIKEHb J03BOJIMB BCTAHOBUTH, IO B CYYaCHHUX
YMOBaX PO3BUTKY IHHOBALIIHOTO 3aJli3HAYHOTO TPAHCIOPTY ICHYE TEHICHIUSI AKTHBHOTO
BrpoBakeHHsT AT/l 3 YacTOTHO-perynbOBaHMM KEpPYBaHHSAM SIK Ha PyXOMOMY CKJIafi
METPOTONITEHY, TaK i Ha 1HIIIOMY THITI JIEKTPOPYXOMOT'O CKIIaTy.

3a yMOB aKTUBHOTrO BrpoBa/LkeHHs AT/] Ha pyxoMoMy CKIaji MEeTpONOJITEHY, B Liil poOoTi
NPOIIOHYETHCST PO3TIIHYTH TEXHIYHI XapaKTEPUCTUKH ICHYIOYOTO IHHOBAIIHOTO PYXOMOTO
ckinany 3 AT/ Ta Oumbln JeTalbHO 30CEPEIUTH yBary Ha OCOOJIMBOCTAX 3/IHCHEHHS BHOODY
napametpiB ATJ] Ha erami ¥Woro mpoektyBaHHs. lle MATaHHS € JOCHTH aKTyaIbHUM, OCKUIBKU
3aBASIKM TPaBUJIBHOMY BHOOpY TapaMeTpiB €JIEKTPONPUBOAY 3 YaCTOTHO-PETYIbOBAHUM
KepyBaHHsM OyJie 3a0e3meuyBaTich epeKTUBHA EKCILTyaTallis pyXOMOTO CKJIJy METPOIOTITeHY
3aBJISIKH T1JIBUIIEHHIO HOT0 eHeproeeKTUBHOCTI Ta MiHiMi3allii BUTPAT MEePEBI3HOTO MPOLIECY.

Mera — mpoaHaii3yBaTd TEXHIUHI XapaKTEPUCTHKH CYYaCHOTO IHHOBAIIMHOTO PyXOMOTO
ckinany 3 AT/l Ta 4acTOTHO-pPEryIbOBAaHUM KEPYBaHHSM; PO3POOUTH MPOLEAYPY PALiOHAIEHOTO
BuOOpy napametpiB AT/l Ha eTarti MPOEKTYBaHHS PyXOMOTO CKIIafy.

MarepiaJj Ta pe3yJbTaTH AOCTIKeHb. AHATI3 Cy4aCHOTO 1HHOBALIIMHOTO pyXOMOTO CKJIAly
merpononiteHy 3 ATJl, skuii BuroroBnserbcs Ha mignpueMcrBax kpaiH CHJI, no3sonus
BCTQHOBHUTHU OCHOBHI MOJIJIi BaroHiB 3 SKUX (POPMYETHCS LieH pyXoMuii ckinaa. AHalli3 BUKOHAHO
3a pe3ysibTaTaMHu PO3IJISAAY TEXHIUHOI JOKYMEHTAIlli Ha MOJEJ BaroHiB, HayKOBO-TEXHIYHUX
craTelt Ta BikpuTuX mxepen [16, 17, 20-23]. Pe3ynbTaTi poBeAeHHS IIOTO aHANI3Y Ta OCHOBHI
TEXHIYHI XapaKTEePUCTHKU pyXoMoro ckiaay merpononiteny 3 ATJl, HaBeneHo B Tabm. 1.
30BHIIIHINA BUTJIS 3a3HaYCHUX 11013/11B MeTpononiteHi 3 AT/l 300paxeno Ha puc. 1-5.

Tabnuys 1. OCHOBHI TeXHIYHI XapaKTePUCTUKU PYXOMOI'0 CKJIaAy METPONOJIiTeHy
3 ACHHXPOHHHMM MPHBOIOM

[I’sstuBaronnnit | MogeprizoBanu | Yorupuaronnuii | LllectuBaronnu | II’sTuBaroHHuUit
noi3 [ 1 moisa 3a noizz «Pycuu» i pyxomuit noi3 [
HaszBa moka3uukis BUPOOHUIITBA MIPOEKTOM cxinag «Hesa» «Stadler»
ITAT «KBBE3» ®Donny 3eneHux
IHBECTHIIIH
1 2 3 4 5 6
KoHCTPYKTHBHI MOKa3HUKH PYXOMOTI'0 CKJIaxy
MoJieni BaroHis, 3 81-7080 81-556
SKHX C(POPMOBAHO gﬂggg 81-7081 gi:;ﬁ 81-557 M110, M111
PYXOMHUIA CKIIaz 81-7081-01 81-558
Cxema opMyBaHHS I'm+TIM+H IM+ Ca+HIMH M+ oy ImAHTIMHTH+
3qenyy TIv T AIve T JIBocekuiHuI ATV M ['M+2IIM+T'm
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Ilpooosocenns mabauyi 1

. BAT SAT «Baronmarn»
Hiznpuemcrso- ITAT «KBB3» ITAT «KBB3» «MetpoBarouma CTILIBHO 3 «S!@da 3AT <f]'HTaHHep
BUPOOHUK 1y Transportation MiHCcbK»
S.I.0.»
Cepenrs maca Tapu 32,1 29,2 48,2 26,8 36,5
BaroHa, T
Maca tapi pyxomoro 160,7 146,1 192,8 160,8 1825
CKJIaTy, T
Maca pyxomoro
clutally Tipit 278,2 262,0 344,6 273,0 2138
MaKCHMaJIbHOMY
3aBaHTaXEHHI, T
MaxkcumanbHui
CTPYM CIIOKHBaHHS 1475 1620 1000 1350 -
Barona, A
Bincotox MmoTopHHX
BATOHIB 100 60 67 67 100
Micricts pyxomoro 1658 1651 1428 1504 -
CKJIa]ly, TAaCKHPIiB
Maca tapu Ha OJHOTO
HacaxHpa, KT 96,9 88,5 135 101 —
Koncrpyauiiita 90 90 90 9 9
MIBHJIKICTE, KM/TOJ
Yac posrony moizzia
IO IIBMAKOCTI, C:
30 km/Tox 6,5 7,1 11,0 8,0 -
60 xm/Tox 13,7 18,1 24,0 18,0 —
80 xkm/Tox 21,2 32,9 39,0 29,0 _
IIpuckopenns no
HIBUIKOCTI 33 KM/TOS, 1,36 1,22 0,92 1,35 1,2
M/’
CrnoBinbHEHHS 31
mBuakocTi 90 km/roz, 1,19 1,1 1,1 14 1,3
m/c?
Hoxa3uuku AT/]
Tun AT/ STDa280-4B MB-5149-A 4-EFA18-32B MLU3839K/4 —
S Skoda :
dipma BUpOOHHK EMIT S.A., Ié\l/le:(t:iﬁkélglol Alstom, Transportation Stg:gLEaII
AT/, xpaina Tompma N Opaniis S.r.o., oo
Snonis . HIBeiinapis
Yexis
Howminamsaa
notysxuicts ATIL, kBT 180 150 160 167 120
Maca ATJI, kr 590 513 730 577 —
ITuToMa MOTYXHICTH
CIOXUBAHHS HA
OZUIHILLO MAcH B 305 294 219 289 -
HOMIHAIBHOMY
pexxumi podotn AT/,
kB1/T
Iloka3HUKH TATOBOro iHBEPTOPY
MAP-154-75V-
Tun TAroBoro FT 350-750, 256 Starler Rail
iHBepTOpY, hipMa- MEDCOM, Mitsubishi - 8MKM-1,2 Group,
BUPOOHHK ITonba Electric Co, Iseiinapis
SnoHist
Maca tsrosoro 1300 780 - 2100 -
iHBepTOpa, KT
ExcniiyaTaniiiHi noka3HUKH pyXOMOro cKJIaay
[TuToMmi BUTpaTH
€JIEKTPOEHEPTii Ha 36,8%) 31,0%) 41,0%*) 58,0***) 49,4***%)
TAry, BT-rog/T-km
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3axinuenns mabauyi 1

Pik noyatky 2012 2013 2002 2011 2019
BUPOOHHUIITBA

Pix BBeieHHS B

. 2015 2015 2003 2013 2020
eKCILTyaTalio

Kpaina, B sikiit
EKCIUTYaTy€eThCsl VYkpaina VYkpaina Pocis, bonrapis Pocist Binopyce
PyXOMHUH CKIaJ

Tepwmin ciyx6u, 31 20

. - - 50
pOKiB

Ipumirtka. [To3Hauka «—» 03Ha4Ya€ MPO BiACYTHICTh 3HAUEHHS MMOKA3HUKA Y BIJKPUTUX JDKepenax iH(popMallii.
*[ToKasHUK OTPHMAaHO 3a YMOB PyXy Ha NpPSMONIHIHHOMY IeperoHi JOBXHHOI 1700 M 3i DIBHAKICTIO CIOJIy9eHHS
42 kM/roX mif Yac MAKCHMANBHOTO 3aBaHTaxeHHs 10 mac/mM? Ge3 ypaXyBaHHS PEKyIepOBAHOI eHeprii 10 KOHTAKTHOI
Mepexi (IIBHIKICTH CIIOIyYeHHs 03 ypaxyBaHHs 4acy 3yIIMHKH Ha CTaHIIIT).

**)[[oKa3HIK OTPHMAaHO 3a YMOB PyXy Ha INPSIMOJIHIIfHOMY Ieperosi moBxuHOI 1700 M 31 MIBHIKICTIO CIONYyYSHHS
42 XM/TOJI T YaC 3aBAHTAXCHHSA 6,6 mac/M> Ge3 ypaxyBaHHS PeKyIlepoBaHOi eHeprii 10 KOHTAKTHOI MepesKi (INBHAKICTH
CIIOJTyYEHHs 3 ypaxyBaHHIM Yacy 3yMUHKU Ha CTaHIii 25 ¢).

***)[JoKkasHUK OTPHMAHO 33 YMOB PyXy Ha IPSIMOIIHIHHOMY meperoHi oBxuHOW 1700 M 3i IIBHAKICTIO CIIONyYeHHS
48 KM/rox Mij Yac MAaKCHMAIbHOTO 3aBaHTaxkeHHs 10 mac/mM? Ge3 ypaxyBaHHs PEKyIEpOBAHOI eHeprii 10 KOHTAKTHOI
Mepexi (IIBHIKICTH CIIOIYYEHHS 3 ypaxyBaHHIM yacy 3yIMHHKHU Ha cTaHMii 25 ¢).

%k #)[[OKAZHUK OTPHUMAaHO 32 YMOB pyXy Ha MpSMONIHIHHOMY IeperoHi goBxuHO0 1700 M 3i MIBUIKICTIO CIIOTYyYSHHS
48 KM/rox mif Yac MAaKCHMANBHOTO 3aBaHTaxeHHs 10 mac/mM? Ge3 ypaxyBaHHS peKyllepoBAHOI eHeprii 40 KOHTAKTHOI
Mepexi (IIBHIKICTh CIIOy4eHHs 03 ypaxyBaHHs 4acy 3yNMHKH Ha CTaHIT).

Puc. 2. 3aranbHuii BUTJIA MOI3aiB, 0 CKJIATAI0THCA 3 BaroHiB moxenei 81-7080, 81-7081,
81-7081-01
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Puc. 4. 3aranbuuii Buriasg noizaa «Hesay, mo ckiiagaerbes 3 BaroniB moaesei 81-556,
81-557, 81-558

Puc. 5. Baraannuii Burjsag noizaa «Stadler», mo ckiagaerses 3 Baronis moaeneit M110,
M111

AHai3 TeXHIYHUX XapaKTEPUCTUK HABEIEHOTO PyXOMOIO CKiaay Mmerpomnoniteny 3 AT/I
JTI0O3BOJIUB BCTAHOBUTH, 1[0 CEPEIAHS Maca Tapu BaroHiB 3HAXOJUTHCA B Mexax Big 26,8 T 10
46,8 T; MaKCUMaJIbHUNA CTpyM criokuBaHHs BaroHa — Bix 1000 A no 1620 A; maca Tapu Ha
onHOTO macaxupa — Bix 88,5 kr qo 135,0 kr; myckoBe npuckopeHHs — Bix 0,92 m/c? 110 1,36
M/c%; CTOBiNBHEHHS Tix gac ragpMyBaHHsS — Bin 1,1 m/c® 1o 1,4 m/c?. 3a pe3yJibTaTaMu
aHajizy TexHiuHux Xxapaktepuctuk ATJl, BcTaHOBIEHO, MO0 iX HOMIHAJIbHA MOTY>KHICTh
3HaxoauThesa B Mexkax Big 120 kBt mo 180 xBt; maca AT/l — Big 513 xr go 730 kr; murtoma

MOTYXKHICTh CIIOKHUBAaHHS HAa OJUHUII0 MacH B HOMIHAIbHOMY pekumi pobotu AT/ — Bix 219
kBt1/T mo 305 xB1/T.
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Pexxumu HaBantaxenb ATJl 11 pyXxoMOTO CKIIaAy METPOTIOIITCHY BU3HAIOTHCS YMOBAMU
ix excruryararmii. CimiJl 3a3Ha4uTH, IO JII PYXOMOTO CKJIaJy METPOIOJITeHY NpUTaMaHHI
ciendiuai  yMOBH eKcruryaTarii (OOMEXEHHsS TOTY)KHOCTi, YacTi MPUCKOPEHHS 1
raJlbMyBaHHSI, HE3HAUHA BiJICTAaHb MK CTaHI[ISIMHU, YacTO 3MIHIOBaHUH MPodisib KOMii TOIIO),
K1 00O0B'SI3KOBO HEOOXiAHO BpaxoByBarH i 4yac BuOopy mapametpie AT/I. Jlo pyxomoro
CKJIQJly METPOIOJITCHY 3aCTOCOBYIOTHCS crienn(iuHi BUMOTH 3a MOTYXKHICTIO. B TsAroBOMY
peXHUMI IyCKOBa TMOTYXHICTh P, KBT 3a3Buyaii oOMexeHa MPOMYCKHOI 3aTHICTIO
NPUCTPOIB eHepro3ade3neueH s (MaKCUMAIIbHIM CTPYMOM CIIO)KMBaHHS Ha OMH BaroH). Lle
00yMOBIIIOE€  BIiTHOIIEHHS MBHAKOCTEH Vmax/Vion=2,5-3,5. B pexuMi eIeKTpHIHOro
rajJbMyBaHHS BIZICYTHI >KOPCTKI OOMEKEHHsI 3a MPUCTPOSIMHU €HEPro3ade3neyeH s, OCKIIbKU
peKyIrepoBaHa eJIeKTPOCHEPTisl BUKOPUCTOBYETHCS IHITMMH CIOXKUBAa4aMU ab0 pO3CIIOEThCS Y
BUTIISAL TersioBoi eHeprii. Kpim Toro, GakaHo 3a0e3nedynTd IHTEHCHBHE TajlbMyBaHHS Ha
BHUCOKHUX IIBUJKOCTSIX 3 TUM, 1100 IPaHUYHO 3MEHUIUTH Yac pyXy Ha MEeperoHi (MOTYXHICTb
ATJl B ranbMiBHOMY PEXHMi Ma€ MEPEBHUIYBATH MTyCKOBY MOTYXHICTh TATOBOTO PEKHUMY).
[Ipy 1bOMY IIBUAKICTH TMOYATKY I1HTEHCHMBHOI'O TallbMyBaHHS 3a3BHYail IEPEBUILYE
MIBUJIKICTh BUXOJly Ha ITYCKOBY IOTYXHICTh y TATOBOMY PEXKHMi, OCKIJIBKH TPAHUYHI TATOBI
Ta TraJIbMiBHI 3yCHJUIS MAalOTh OYTH MPUOIU3HO OJHAKOBUMH. 3a MIBUAKOCTI Vmax 1HOAL MOXKE
3HAaJOOMTHUCh 3HWKECHHS MOTYXXKHOCTI B TSATOBOMY Ta TalbMIBHOMY pEXHMax 3a YMOBOIO
cratnuHoi cTiiikocti AT/, Takum uMHOM, TiA Yac MPOEKTYBAaHHS TATH PYXOMOTO CKIIaTy
METPOTIOJIITEHY TepelideHi 0COOIUBOCTI MAIOTh OYTH BpaxOBaHi.

Hageneni Ha puc. 6 KpuBi JaroTh ysBICHHS Mpo HaBaHTaxeHHS AT/] pyxomoro ckmamy
METPOTIOJIITEHY B IITATHOMY PEKHMMi €KCIUTyaTarii.

F,P4

F

Peoicum eanvomysanms Peorcum msazu

/N . ]

Vmax Vl me Vz 0 V,,m,, Vl Vmax

Puc. 6. XapakTepHi KpUBI IOTY>KHOCTI Ta CHJIM TATH JJISI PyXOMOI'0 CKJIAAy MeTPOINOJITeHY

Ha puc. 6 npuiinsTo Taki mo3HaueHHs: P — noTyxHicTh; F — cuna taru; Ve, — HOMIHAIBHA
MIBUIKICTh PYXY; Vyon — MaKCHMallbHa MIBUJIKICTH PyXy; Vi — IIBHIKICTH PyXy, 3a SKOI
BiZIOyBa€ThCS 3MiHA XapakTepy KPUBHUX IMOTYXKHOCTI Ta CHIM TATH (rajgbMyBaHHS); Vo —
HIBUJKICTB PYXY, 3a AKOi B110yBa€ThCS 3aMiHA €IEKTPUYHOTO ralbMyBaHHS THEBMAaTUYHUM.

KpiMm BuieHaBeneHUx OOMeEXeHb, MalOThb OYyTH BpaxoBaHI HOpPMAaTHBHI BHUMOTH 3a
YMOBaMHU TEMITY PO3TOHY Ta TaJbMyBaHHs PyXOMOTO CKJIaAy 3 METOI0 3a0e3MeueHHs] BUCOKOT
IPOMYCKHOI 3aTHOCTI Ha MEeperoHax Ta KOMQOPTHOCTI mepeOyBaHHS MacaXHUpiB y CaJoHI.
[Ipu npoMy miag yac HpoeKTyBaHHS Ta 3ilicHeHHs Bubopy ATJl BpaxoBylOThbCs Maca
PYXOMOI'O CKJIaay HpU PIi3HOMY 3aBAaHTAKEHHI Ta HAKJIAJAIOTHCS TE€BHI OOMEXKEHHS Ha
peaizalilo MakCUMalbHOI CHJIM TATH 3@ 3YEIUIEHHSM Ta MaKCUMaJbHUM IYCKOBUM
MOMEHTOM TSTOBOI'O JIBUT'YHA.
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3 ypaxyBaHHSM BHIIEHABEIECHOTO, HA pPHUC. 7 TPEACTABICHO B 3arajJbHOMY BHIJISA[II
ICHYIOUYHMI THIIOBHI alropuT™M BHOOPY aCHHXPOHHOT'O TATOBOTO €JIEKTPOIPUBOAY VIS MOi31a
METPOIIOJITEHY.

Opnak i yac 3aCTOCYBaHHS TUIIOBOTO MiAXOAY 13 MHOKMHU MOXKITUBUX PIIIIEHb MOXJIUBE
3MIMCHEHHST HepalioHaasbHoro BuOOopy AT/l Sk mpaBwmio, mig yac 3aCTOCYBaHHS THUIIOBOTO
HiAXO0Iy JUIsl BUPOOHHKA PyXOMOTO CKJIaJly TOJIOBHMM KpHUTEpieM € MiHiManbHa mina AT/ 3a
YMOB 3a0€3MeUeHHsS] BCTAHOBJICHUX OOMEXeHb. Jlami po3rissHeMO OCHOBHI (akTopH, sKi
NPU3BOJATH 10 HepamioHansHOro BHOOpy AT/l Ta MOKIMBI HACIIAKK TAKOTO BHOOPY Mija yac
3aCTOCYBAHHS THIIOBOTO IMIXO/Y.

@ SaBHaHHﬂ TEXHIYHUX XapakTepUCTUK mnoizaa

v

@ BusHaueHHs: 0OMEKEHb 3a IPOITYCKHOKO 3aTHICTIO IPUCTPOIB
EHepr03a6e3nequHﬂ (MaKCl/IMZLFILHI/IM CTpyMOM Ta l'lOTy)KHiCTIO
CIIOKMBAHHS T10T3/10M)

Yu BiAMOBI1AI0TH
o PO3T1HHI Ta TAJIBMIBHI TTIOKa3HUKH
HOpPMaTUBHUM 3HAYCHHSAM ?

Hi

| @ BusHauenHs 0OMexkeHb JUlsl CUIIM TSTH (TallbMyBaHHS) 38 |

L. . . MOJilemOBaHHﬂ pyXy Moi3aa Ha 3aJaHHUX AUSHKAX eKCIUTyaTariil
Koe(illieHTOM 34eIIeHHs KOJic 3 peiikaMu

i 9ac pyXy 3 MAaKCHMAaJIbHO J03BOJICHOKO MIBHAKICTIO Ta 33
rpadikoM

@ Bu3HaueHHs MiHIMaJIBHUX 3HAYEHb CHJI TSTH (ralbMyBaHHs),
3a SIKMX MakoTh 3a0e3redyBaTiHCh HOPMAaTHBHI BUMOTH 32
JMHAMIKOIO PyXy I0i371a
¢
@ Bubip kondirypanii noizna ta xapakrepuctux AT/ 3
ypaxyBaHHSIM 3a3HAYEHHX OOMEXeHb (BHOIp 3/1iliCHIOETBCS 3
BH3HAYEHOT 00J1aCTi MOXKIIMBUX 3HAYECHD)

Yu BigcyTHii
neperpis 06MoToK ATJ]
3aJIeXKHO BiJ Kiiacy isomsiii ?

Hi

¢ | @ Ocrarounwii Bu6ip AT/] ta koHdirypauii noisga
@ MoJenoBanHs pyXy Ioi3/a Ha IPSIMil JUISHIN 32 YMOB
peanizauii MaKCHMalbHOT CHIIH TATOBOTO (IajbMiBHOTO) 3yCHILIS

d)

Puc. 7. Tunosuii anropurm Budopy AT/I nJs noizga MeTponoiteny

Buoip AT/] 3i 3naunoio nomyscnicmio ma nycKkogum momenmom. TUIIOBUI aIrOpUTM
BUKJTIOYAE MOXJIUBICTH BUOOpYy AT/l 3 HemOCTaTHHOIO MOTYXHICTIO Ta HAMpaBIICHUA Ha
HeJIOMyIleHHs 1boro Qakrty. Sk npaBuiio, BigOyBaeTbes BubOip AT/l 31 3HaYHUM 3amacoM 3a
MOTY)KHICTIO Ta CUJIOIO TATH (rasibMyBaHHs). Ha npaktuii Bubip AT/l 31 3HauHUM 3amacom
JIOCUTh PO3MOBCIOPKEHE siBHIe. OCHOBHUMHU HETaTHUBHUMH HAcHiJIKaMHU Takoro BHOOpY €:
3aBHMIIEHA Maca pyXOMOIo CKJIaay; HepalioOHaJIbHE BHUKOPUCTAHHS PECYpCY TITOBOTO
JIBUTYHA; HU3bKa €(PEeKTUBHICTh HOro pobotu BHacmigok 3HmxkeHHd KK/, ockinbku BiH He
[pallo€ B HOMIHAJIBHOMY PEXKHMI, MIJBUIIEHA KUIBKICTh CIIO)KUBAHHSI €HEprIi.

Buoip AT/l 3 xapakxmepucmukamu koegiyiecnma Kopucnoi 0ii ma COSQ HU3bKOT
edhexmuenocmi. lleit Bumanok 3a3BUuail mpuTamMaHHUM, Kom odoupaerbes AT/l mMunynoro
nokoiiHHA. Ilpu mpoekTyBaHHI IHHOBALIMHOTO PYXOMOIO CKJaxy moTpioHo obupatu ATJ/]
OCTaHHBOTO TTOKOJIIHHS, SIKUH BUTOTOBIISIETHCS 32 CY9aCHUMH TEXHOJIOTISIMH Ta Ma€ 1HHOBAIIHHI
pILIEHHs, BHACTIJOK YOrO MOKPALIYIOTCS HOro TEXHIKO-€KOHOMIUHI XapaKTepUCTUKU Y
MOPIBHSHHI 3 MONEPEHIMU MOKOMIHHAMU. 32 YMOB peajti3allii 0JHaKOBOI MEXaHIYHOI eHeprii Ha
Bary ATJ] ocraHHBOrO Ta TMONEpPEIHIX MOKOJiHb, y OCTaHHIX CIOCTEPIraeThCsl OLIbIII
MacorabapuTHI MOKa3HUKH, IIIBUIIEHA €JIEKTPUYHA TMOTYKHICTh Ta KUIBKICTh CIIOXKUTOI
enekTpoeHeprii 3 Mepexi. Pesymbrarom BubOopy ATJl 3 XapakTepUCTHKaMH HU3BKOI
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e(EeKTUBHOCTI € 3aBHUILEHHS MacH PYXOMOTO CKJaay, 3Ha4yHI BTPaTd B TATOBOMY JIBUTYHI,
BHACJIIJIOK YOT'O IiABUIIYETHCS KUTBKICTh CIIOKUBAHHS €JICKTPOCHEPTIi.

Xapakmep 3minu xapakmepucmuk xoe@iuicnma Kopuchoi 0ii ma COSQ 3a1exCcHO 6i0
wieuoKocmi. Xapakrep 3MiHM LUX XapaKTEPUCTHK MOXKE 3AIHCHIOBATH 3HAYHMU BIUIMB Ha
KUIBKICTB CITOXKHUTOI €JIEKTPOSHEPTii 3 Mepexi. 3a 0JTHAKOBOI MEXaHIYHOI ITOTY>KHOCTI Ha Bally
JBUTYHIB Ta PIBHUX 3HAYEHHSAX KOe(ILI€HTIB KOPUCHOI Mii 1 COSQ B HOMIHAJIBHOMY PEXKHUMI
pobdoru ATJ[ mepeBara Mae HaJaBaTUCh TUM XapaKTEPUCTUKAM, SIKI BUXOJSTh Ha BHUCOKI
3HaueHHs e(EeKTUBHOCTI 1 COS(G Ha SKOMOra MEHIIMX IIBHJAKOCTSAX pyXy 1 30epiraroTh
MiJBUIICH] 3HAUYEHHS 10 MAaKCUMAJIbHOI IIBUJKOCTI pyXy Moi3aa MeTponoiiteHy. OCHOBHUM
HenonikoMm BuOopy AT/L 3 He3anoBUTbHIM XapakTepoM 3MiHU xapakrepuctiuk KKJI i cose €
MIJBUIIECHHS KITbKOCTI CIIOKHBAaHHS €JIEKTPOCHEPTil 3 MEPEexki Ta, K HACTIIOK, 301IbIICHHS
eKCIUTyaTalliiHIX BUTpAT.

Peanii choromenns taki, mo mig yac Budopy AT/l moTpiOHO BpaxoByBaTH €KCILTyaTaIiifHi
BUTPATH Ha MOI3]] MPOTATOM HOTO XUTTEBOTO MHUKITY. TOMy B Miii poOOTI MPOMOHYETHCS
it anroput™m BuOopy AT/, skuii AO3BOMUTH BpaxoOBYBaTH IepeniueHi ¢akTopu Ta
BUKITIOUYUTH MOIIMBICTh BHOOPY HEe(DEKTHBHOTO AaCUHXPOHHOTO TATOBOTO €IEKTPOIIPUBOIY,
IO JO3BOJIUTH Ha €Tamli MPOEKTYBAaHHS PYXOMOIO CKJIaay METPOIOJITEHY MOKpPAalIUTH
XapaKTEePUCTUKU 1101311a.

Bubip pamionansHux mapamerpiB AT/l 3ampornoHOBaHO 3a MPOLEAYPOIO, B OCHOBI SIKOI
MOKJIAICHO BHUPIIIEHHS 0araTOKpUTepialibHOI 3a/1a4i METOI0M T'OJIOBHOTO KPUTEPIIO.

VY3aranbHeHU MaTeMAaTUYHUI OMHC IIIbOBOI (PYHKINI 3amMpONOHOBAHOTO KPHUTEPIIO 3
BU3HAUCHHS panioHabHOTO AT/] MOXKHA TIPECTAaBUTH Y HACTYITHOMY BUTJISIL:

F(i)—) extremum, X € D;...D, , (1)

ne F(i) — TOJIOBHMH KpHUTEpil pamioHalbHOCTI; D — 00JacTh MOXJIMBHUX pillleHb, SKa
BHU3HAYAETHCSA MEKAMHU BIIMOBITHUX 3HA4YCHb (MapaMeTpuyHi oOMEXeHHs); k — KiUIbKICTh
NPUMHATUX OOMEXEHD IS MOIIYKY PaIliOHaJIbHOTO PIIIEHHS.

Sk ronoBHUM KpuTepiii oO0paHO MiHIMaJbHE 3HAYEHHsS IOKAa3HMKA IMHUTOMHUX BUTpAT
€JIeKTPOCHEprii Ha TATY, Ha IHIII KPHUTEpii BCTAHOBJIEHO OOMEXKEHHS — MaKCHUMAaJIbHI
3HaYeHHA CTPyMy Ta IMOTY)KHOCTI CHOXHBAaHHA II0i3/1a, peali3allis MaKCUMalbHOIO
KoedirieHTa 34eTIeHHs KOJIIC 3 peiikaMu, 3a0e3neueHHs] He0OX1JHOT TUHAMIKH pyXy Moi3/a.
3 ypaxyBaHHSAM OOpaHOTO KpHUTepilo (OpMYNIOBaHHS 3aayi palfioHamizauii: 3HaWTH Taki
napamerpu AT/l, 3a sikux 3a0e3nevyarbcss HOpPMATUBHI BUMOTH 3a IMHAMIKOIO PO3TOHY M0i31a
Ta MiHIMaJbHI TUTOMI BUTPATH €JIEKTPOEHEPTii B pOIleci eKCIlTyaTallii:

a =F{P, 1, F s Fuguik b, 1 ) —> min. )

nummsAzu

[TutomMi BUTpATH €NEKTPOCHEPTIT @pym maeys, BT TOI/TKM, Ha TATY MOi3[a METPOIOIITEHY
BU3HAYaI0Th 3a hopmysioro [24, 25]:

SU-T-4¢
a ==
ne U — 3HAaYeHHS HANpyrd Ha CTpyMoNpHiiMadi, B; | — 3HaueHHs CTPpYMY CIIOXKMBaHHS

noizzna 3a yac At, A; At — gac pyxy, ¢; M — Maca moi3ja METpoIoJiTeHy, T; L — qoBxkuHA
IIEPETOHY, KM.
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[lpugomy anst winboBOi (yHKLIT BCTAaHOBJIEHI TpPaHWYHI 3HAYCHHS NapaMeTpiB:
Pe[O0.. -Pmax]; l€[O0... Imax]; Fnin<F, SF\ymax; Fmin<F.. SF\ymax; Ve[0. .. Wmax],  W—Wmax;
bE[Obmax], Ig(pE[O...[e(ﬁmax],

1€ Prax, Imax — MakcMMaIbHi 3HAYEHHS TIOTY>KHOCTI Ta CTPyMY CITO>KHBAHHS ITOT3/I0M BiINIOBITHO;
Frin — MiHIMaJIbHE HEOOX1/THE 3HAYCHHS CHITH TSATH (Ta/TbMyBaHHSI), BUXO/ISTYM 3 BAMOT HOPMAaTHBHOT
JIOKyMEHTAITii 11010 3HAYCHb CEPEAHBOIO MPUCKOPEHHS! (CHIOBUTbHEHHS); F,,., (F.,, ) — CHJIa TATH
(ranmbMyBaHHA) 101313; Fymax — MakcUMalbHE 3HAUEHHS CWIM TATU (TadbMyBaHHS) IOi3za 3a
KOC(DIIIIEHTOM 3YeIICHHS KOJIC 3 PEHKaMU; Ymax — MAKCHMaIbHE 3HAYCHHsI KoeillieHTa 34eIyIeHHS
KOJIC 3 peifikaMd 3a HOPMAJIBHHUX YMOB; Dmax — MaKCHMalbHE 3HAYCHHSI TEMITy MPHCKOPEHHSI
(CHIOBUIbHEHHS) ITiJ| Yac PyXy Hoi3a B PeXUMAax TATW (raabMyBaHHA); legmax— MAaKCHMalbHE

e(eKTUBHE 3HAYCHHS CTPYMY TATOBOTO JIBUTYHA.

3a yMOB, SIKIIO IUJIbOBA (DYHKIIS Ma€ JEKUIbKa eKCTpeMalbHUX (MiHIMAJIbHUX) 3HAYEHb
OUTOMHUX BUTPAT €JICKTPOEHEPrii Ha TATY, TO o0upaeTbes AT/] 3 HaliMEHIIO0 BapTICTIO.

Anroputm BubGopy ATJ/], B sSKOMy 3alpolOHOBAaHO 3MAIMCHIOBATH BiIOIp METOIOM
TOJIOBHOT'O KPHUTEPIiO, IKUM 00paHO KPUTEPid MiHIMATBHUX MUTOMHX BHTPAT €JIEKTPOCHEPTil
Ha Ty PyXOMOTI0 CKJIaay, 300pakeHo Ha puc. 8.

Ilepuwiuii eman (3aBAaHHA XapaKTEPUCTUK MOi37a). 3 BUKOPUCTAHHSIM 3alpOIIOHOBAHOIO
anroputMy gaini BukoHaHo BuOip AT/l 3 4acTOTHO-peryjabOBaHUM KEpyBaHHSIM IS 3a1aHUX
MOKA3HUKIB PyXOMOTO CKIIay METponoJiTeHy (Tadm. 2).

/Jlpyzuii eman (oOMexeHHsI 3a eHeprozadesnedeHHsM). [IpuiiHsTo, 1110 32 MPOITYCKHOO
3[ATHICTIO CUCTEMH €Hepro3zade3neyeHHsl METPOMONITEHY MOi3 Mae OOMEXEHHS 3a CTPYMOM
cnoxxuBanHst 9000 A ta 3a notyxHictio 7000 kBT.

Tpemii eman (OOMEXEHHSI CUIH TATH (TalbMYBaHHA) 32 3UCIUICHHAM KOJIiC 3 peiikaMu.
OOMexxeHHsT sl CWId TATU (TalbMyBaHHsI) 32 KOE(IllIEHTOM 3YeIUIEHHS KOJNIC 3 pelKaMu
BH3HAYEHO 3a (hOpMYJIOI0:

Fy/max =G, -y N 4)

G;, — cuiia TshKiHHSA (3UilHa Bara), sKa npuIagae Ha MOTOPHUI BaroH mnoiszaa, kH;
W — PO3PAaXyHKOBE 3HAUCHHSI KOe(III€EHTA 3UCTIIICHHS 32 HOPMAJIbHUX YMOB;
N — KUIBKICTh MOTOPHHUX BaroHiB B MO13/11, IIIT.

Ipumirka. Po3paxyHkoBe 3HaueHHs KoedillieHTa 34eIUIeHHs KoJieca 3 PEHKOI0 AJIsl 10i3/1a METPOTIOJITEHY 3
ACHHXPOHHUM TATOBHM IIPUBOJIOM 32 HOPMaJbHHUX yYMOB OOMpAETHCS Ul peXuMy Tsaru Ha piBHi 0,22; s
pexumy ragpmyBanus — 0,2 [24, 25].
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/(D 3aBJaHHA TEXHIYHUX XapaKTEPHCTHK Moi3z1a

Bu3HaueHHS NMUTOMHX BUTpAT eJIEKTPOCHEPTii Ha TATY 110i3/1a

- - 3a pe3y/IbTaTaMU MOJCTIOBAHHS
@ BusHaueHHs 0OMeXeHb 32 IPOITYCKHOIO 3/[aTHICTIO IIPHCTPOIB
eHeprozabesnedeHHs (MAKCHMAIbHUM CTPYMOM Ta HOTYKHICTIO ¢
CIIOXKUBAHHS MOT310M) @ Bubip panionanbaux xapaxrepuctuk ATJ] Ta koHbirypamii

1013/1a 38 KpUTEPieM MiHIMAJIbHUX BUTPAT €ICKTPOCHEPTii Ha TATY

@ BusnauenHs oOMexeHb [T CHIIH TSIU (ralilbMyBaHHs) 38
K0e(hIIIEHTOM 3YEIUICHHS KOJIIC 3 peHKaMu

Yu BiANOBIAAIOTE
3riHHI Ta FaJIbMIBHI MOKa3HUKU
HOPMATUBHHM 3HAYCHHSM ?

Hi

@

@ BusHaueHHs MiHIMaIbHHUX 3HAYCHB CHIT TSATH (TIbMyBaHHS),
3a SIKHX MalOTh 3a6e311e4yBaTHCh HOPMATHBHI BUMOTH 3a
JIMHAMIKOIO pyXy I10i3/1a

@ BusznauenHs 001acTi MOKIMBUX 3HAUYEHD CHII TATH @MOHeHmBaHH” PYXy 1103718 Ha 3a{aHUX AUIAHKaX 'eKcnnyaTaui'l'
IiJ] 9ac pyxy 3 MAKCHUMAIIbHO JIO3BOJICHOIO IBUJIKICTIO Ta 3
(ranpMyBaHHs) .
> rpadikom

)
@ Bubip nexinbkox ¢GipM-Bupo6HukiB AT/, XapaKTepuCTHKU
SIKMX 3a0€3Me4yI0Th peaizalilo MAaKCUMAaJIbHO MOYKIIHBOTO
KoedilieHTa 3UeTUICHHS KOJIIC 3 pelKaMM 3 ypaXyBaHHAM
BH3HAYCHNX OOMEKEHb

v

@Moaemosam—m pyXy HOI371iB pi3HUX KOHpIrypaiit 3 o0OpaHuMU
ATJ/] Ha npsamiii QiISHII KOJiT 32 yMOB peatizanii MakCHMaJIbHOT I @
CHIIH TATOBOTO (rabMiBHOTO) 3yCHILIS

® ST

Puc. 8. Anroput™m Bubopy AT/I anst moizna MeTPONoJiTeHy MeTOI0M MPUITHATOrO roJI0OBHOTO
KpuUTepiro

Yu BincyTHiH
neperpiB ooMorok AT/]
3aJICKHO BiJ Ky1acy i3ousmii ?

Ocrarounmnii Bu6ip AT/] Ta xondiryparii moizna

Tabnuya 2. TexniuHi XapaKTePUCTHKU MOi3/1a METPONOJIiTEHY

Ne n/n ITapametp 3HaueHHs

Maca noi3zga merponoxiteHy (M, T)

1 — B IIOPO’KHBOMY CTaHi; 155,3
— 33 HOMIHAJILHOT'O 3aBaHTaKEHHS; 246,9
— 32 MAKCUMAJIbHOT'O 3aBaHTa)KEHHSI 262
3uinHa Bara MoTopHoro Barouna (G,,, kH)

2 — B IOPOXXKHHOMY CTaHi; 312,0
— 32 HOMIHAJILHOT'O 3aBaHTAKEHHS; 494,4
— 32 MAKCUMAJIFHOTO 3aBaHTAXKECHHS 543,5

3 Kinpkictp Barosis (Q, mT) 5

4 Koncrpykmiitaa mBuakicts (Vk, km/rom) 90
MaxkcumanabHa eKCIUTyaTalinHa LIBHJKICTE

5 80
(V, km/ron)

6 Jiametp xomneca (Dy, M) 0,825
Hanpyra Ha ctpymomnpuiimadi Barona (Ug, B )

7 — B peXUMI TATH; 825
— B peXuMi BHOIrY; 875
— B peKHMI raJlbMyBaHHS; 908
Koeoiuient inepiii o6eproBux mac (1+y )

8 — B IIOPOXKHBOMY CTaHi; 11
— 32 HOMIHAJILHOT'O 3aBaHTAKEHHS; 1,08
— 32 MAKCUMAaJIbHOTO 3aBaHTa)KCHHSI, 1,06

9 IMepenaroune 4ucio pexykropa (1) 6,95

10 KoeirienT kopucHOi i pemykTopa (Myey, %) 98

11 KoediuieHT KopucHOI il iHBepTOopa (1N, %0) 96

12 Maca AT/, ne Ginbmre (M, Kr) 700

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

107



TEXHIKA I TEXHO.JIOI'I

PesynbraTi po3paxyHKiB MaKCHUMajdbHO MOJIJIMBOI CHJIM TArd (TaJbMyBaHHS) 3a
KOe(IIIEHTOM 3UeIUIeHHs KOJiC 3 peiKamu sl pi3HUX Mojudikaiiil moi3aa, BUKOHAHUX 32
dbopmyroro (4), HaBeaeHO y TabI. 3.

Tabnuys 3. Pe3yJbTaTH pO3paxyHKiB CHJIHM TATH (TAJIbMYBAHHS)

MaxkcuManpHe 3Ha4eHHsI CHJIM TATH (TaJbMyBaHHs) moizna, kH
Kondiryparis TTopoxHiit Howminanbue Makcumainsae
noizaa CTaH 3aBaHTAXKCHHS 3aBaHTAKCHHS
Pexxum tsirn

M 343 544 598

AM+111T 275 435 478

3M+21I1 206 326 359

Pe:xuM rajibMyBaHHsI

M 312 494 544

AM+111T 250 396 435

3M+211 187 297 326

3a oTpuMaHuMU JaHUMHU (Tabj. 3) BCTAHOBJIEHO, IO MaKCUMaJlbHAa CHJA TITH 3a
3YCIUUICHHSIM B pO3paxyHKy Ha oquH AT/ mOBHHHA CTAaHOBHUTH: JUIS IOPOKHBOTO CTaHy — 17,2
kH; HoMiHanbHOTO 3aBaHTakeHHs — 27,2 kH; MakcuManbHOro 3aBanTaxxeHus — 29,9 kH; cua
raJIbMyBaHHS JUIsl TIOPOKHBOTO cTtany — 15,6 kH; HOMiHanpHOTO 3aBaHTakeHHs — 24,7 kH;
MaKCHMaJIbHOT'O 3aBaHTakeHHsI — 27,2 kH.

Yemeepmuii eman (BU3HAYCHHS MIHIMAJIbHUX 3HAYeHb CHJI TATH (TalIbMYyBaHHS) AJs
3a0e3neveHHss HEeoOXigHOI AuHaMiKk pyxy). liFouuM HOPMATHBHUM JTOKYMEHTOM [26]
BCTAHOBJICHO BUMOTH JIO JTUHAMIKHA PO3TOHY (TaabMyBaHHS) T0i3/1a METPOMOIITCHY. 3TiTHO
OTO JIOKYMEHTY IiJl 4ac po3roHy moizna Big 0 mo 33 kM/rox MOBHHHO 3a0e3MeuyBaTHCh
CepeqHe TPUCKOPCHHS HE MeHmne Hik 1,2 M/c?, a Takox IpU TaJbEMyBaHHI Toi3ma 3i
mBuakocti 90 km/rox 1o 0 — cepenHe COBUIBHEHHS HE MeHIIe HiX 1,15 M/c? 3a YMOB HOTO
HOMIHAJIILHOTO 3aBAaHTAXKCHHSA. 3 ypaxyBaHHSM 3a3HAUYEHOr0, TMOTPIOHO BHU3HAYUTH
MiHIMaJIbHO JOMYCTUMY CHIIy TSTW (TalbMyBaHHS), 32 SKMX MalOTh BIAMOBIAATH 3HAYEHHS
IPUCKOPEHHSI Ta CHOBUIBHEHHS HOPMAaTUBHMM BUMoraMm. Po3paxyHOK HeEO0OX1JHOI
MiHIMaJIbHOI CHJIH TSTH (TaTbMYBaHHSA), BUXOJSYH 3 BUMOT HOPMATHUBHOI TOKYMEHTAIlii 110]10
3HAYE€Hb CEPETHHOTO MPUCKOPEHHS (CIIOBUIHLHEHHS), BAKOHYETHCS 3a hopmyiioro [24, 25]:

Frin =m-0+p)-a + W, (5)

Je m —mMaca Ioizaa, T;
(I+7) — koediwieHT iHepLii 00EPTOBUX Mac M0i3/1a;
a — HOPMOBaHE 3HaU€HHs IPUCKOPEHHS (COBUIbHEHHS), M/c;
W' — ocHoBHHU# omip pyXxy noizaa, kH.
OcHOBHUI omip pyXy Moi3ga po3paxoBaHO 3a (HOPMYJTIOK MOIU(DIKOBAHOTO PIBHSIHHS
JleBica:
W =6,4-m+130-n+014-m-V + (0,046 + +0,0065(Q —1)) - A-V?) (6)

JIle N — 3arajbHa KUTBKICTh OCEH Ha ITOi311, IIT;
V' — mBHUIKICTH PyXy Moi3aa, KM/TOJ;
A —muIoIIa MepeIHbO1 MOBEPXHI, M2 (mpuitHsATO, 110 BOHA JOpiBHIOE 10 MZ).

Ipumirka. [IpuiiHsTo, 110 OCHOBHUI OMIp PyXY B PeXHUMI raJlbMyBaHHS 11013/1a JIOPIBHIOE HYJIIO.
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PesynpTat po3paxyHKy MiHIMATbHO HEOOXiqHOI cHIU TATU (TadbMyBaHHS) IS
3a0e3meueHHsT HeOOXiIHOT TUHAMIKY PYyXY M0i3/1a, IPEICTaBICHO B Ta0. 4.

Tabnuya 4. Pe3yabTaTu po3paxyHKiB CHIIM TATH (FaIbMyBaHHS)

MiHiMaIbHO TOTPiOHE 3HAUCHHS CHJIM TATH (TaJbMyBaHHS)
moizaa, kKH
. . .. TlopoxHiit Howminanbue Makcumainsae

Komndiryparis moizga

CTaH 3aBaHTaKCHHS 3aBaHTaXKCHHS

Pesxum 1M

M 210 332 352
AM+1TT 206 326 346
3M+2I1 203 320 340

Pe:kuM rajibMyBaHHs
M 196 312 331
AM+I1IT 193 307 325
3M+2I1 189 301 319

3a oTpuMaHMMH AaHUMHU (TaOy. 4) BCTAaHOBJICHO, IO MIHIMAJbHO HEOOXiJHA CHJIA JIJIs
3a0e3eueHHs] BUMOT 10JI0 JUHAMIKM pyXY B po3paxyHKy Ha oguH AT/l noBHHHA CTaHOBUTH
3aJIeXKHO BiJl KOHQITyparii moizaa:

a) JUIsl peXKUMY TSTU:

B nopokHboMmy ctani — 10,5...16,9 kH;

3a HOMIHAQJILHOTO 3aBaHTakeHHs — 16,6...26,7 kH;

3a MaKCHMMAaJIbHOI'O 3aBaHTakeHHs — 17,6...28,3 kH;

0) U1 peXKUMY rajJbMyBaHHS:

B OpokHbOMY cTaHi — 9,8...15,8 kH;

3a HOMIHAJIBHOTO 3aBaHTakeHHs — 15,6...25,1 kH;

3a MAKCUMAaJILHOI'O 3aBaHTaXxeHHsd — 16,6...26,6 kH.

Il'amuit eman (Bu3HAYeHHS O0JIACTI MOXKJIMBHX 3HAYEHb CHJI TATH (TIbMYBaHHS) IS
BuObopy AT/[). OOmacte MOXIMBHX 3HAa4e€Hb CHJI TATH (TaJbMYyBaHHS), SKy Mae
3abe3neuyBatn ATJ/l, 3HaXOAMTHCA MIK MAaKCHUMalbHO MOXJIMBUM 3HAUYE€HHSAM CHIIM 32
3YEIUICHHSM Ta MIHIMaJIbHO HEOOXITHUM 3HAYEHHSM 3a YMOB 3a0€3ME€UEHHS BUMOT II[0J10
nuHaMikd pyxy. BuGip ATJl HeoOXiHO BUKOHYBAaTH 3 ypaxyBaHHsS MOXJIMBOCTI peaizaiii
MaKCHMaJIbHO MOXKJIMBOTO PO3pPaXyHKOBOIO KOE(II[IEHTa 3UEIUIEHHS KOJIC 3 pelkamu Ta
OOMEXEHb 32 TEMIIOM IPHUCKOPEHHS (CHOBUIBHEHHS). 3a TEMIIOM MPHUCKOPEHHS B PEXHUMI
TSTU Ta CIIOBUIBHEHHS B PEXKHMMI TalbMyBaHHs HEOOXiJHO, 1100 BHKOHYBasiach ymoBa h<0,6
m/c® [26]. Sk MOKa3ye MPaKTUKa, JJI1 BUKOHAHHS LI€] YMOBHU n0T2pi6Ho, o6 MakcUMaibHe
3HauUEHHS IPUCKOPEHHS (CIIOBUIbHEHHS) HE nepeBulyBaiio 1,5 M/c”. TakuM 4MHOM, OTPIOHO
BCTAHOBUTH I'PAaHUYHE 3HAYEHHSI CUJIM TATHU (CIIOBUIBHEHHS) JOAATKOBO 32 IIUM MTOKa3HUKOM.

CepenHe npucKopeHHs (CIIOBUIBHEHHS) JUIs Pi3HUX KOHQIrypariil moisaa po3paxoByeThCs
3a popmyioro [24, 25]:

Fro — W

= U

m (1+y) '

Pesynbrati po3paxyHKiB 3Hau€Hb NPUCKOPEHb (CHOBUIBHEHb) JJIS PI3HUX MoAM(IKaIlii
noi3/1a, BAKOHAHUX 3a Gopmyioro (7), HaBeeHo B Tall. 5.
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Tabnuys 5. Pe3yJbTaTu po3paxyHKiB NPUCKOPEHD (CIIOBIIbHEHD)

3Ha4yeHHs IPUCKOPEHHs (CIOBIIbHEHHS) MO137a, M/c?
Kondiryparis . HowminanbHe MakcumansHe
N [TopoxHiii cran
noizaa 3aBaHTaKEHHS 3aBaHTaKEHHS
Pexum tsaru

M 1,98 1,98 2,05

AM+111 1,61 1,61 1,67

3M+2I1 1,22 1,22 1,27

Pesxxnm rajibMyBaHHS

M 1,83 1,82 1,89

AM+111 1,49 1,48 1,54

3M+2I1 1,14 1,13 1,17

VYTOuHEeHI MaKCHMaJIbHi 3HAYCHHS CHJIM TATH (TAJIbMYBaHHS) 3 ypaxyBaHHSIM JI0AAaTKOBOT
NEPEeBIPKH 32 TEMIIOM IPUCKOPEHHS! (CIIOBIIBHEHHS ), TPECTABICHO B Ta0II. 6.

Tabuys 6. Pe3yabTaTn po3paxyHKiB CHIIM TSATH (TaJIbMYBaHHS)

MakcuMalibHe 3HaUCHHsI CHITH TATH (TallbMyBaHHs) moizna, kKH
Kondiryparis . Hominansue MaxkcumanbHe
.. IlopoxHiii cran
moi3aa 3aBaHTAKCHHS 3aBaHTaXCHHS
Pexxum taArn
SM 261 413 439
4M+111 257 406 431
3M+2I1 206 326 359
Pe:xuM rajibMyBaHHsI
SM 256 407 432
4M+111 250 396 424
3M-+2I1 187 297 326

Takum 4rHOM, 3a pe3yJIbTaTaMH aHAJi3y Pe3yJabTaTiB PO3PaxXyHKIB BCTAHOBIEHO, IO IS
peamizanii npuckopeHast 1,5 M/c? 3a KoH(irypamii moizga 5SM oOpanuit AT]J[ wmae
3a0e3neyyBaTu CUy TSIrd Ha oboni koneca piBHy 21,2 kH; mma 4M+1I1 — 26,4 xH; ans
3M+2I1- 29,9 xH.

Hlocmuit eman (Bubip AT/ 3 pauioHanbHUMM XapakTepucTukamu). B nanomy BUnajaky amist
a”aii3zy Ta nojanbiioro Bubopy AT/l mpornoHyeThCsl pO3MISHYTH XapaKTEPUCTHKH BiJ] TPbOX
pi3HUX (ipM-BUpOOHMKIB (KUbKicTh AT/l anst posrmsimy Ta aHamizy iX XapakTepHCTHK
AITOPUTMOM HE OOMEXyeTbcs). TexHIUHI XapakTepUCTHKM oOpaHux s aHamisy AT/,
HpeJICTaBIeHO B Tab. 7-9. 3aneXHOCTI 3araibHOro KoedilieHTa KOPUCHOI /il 00paHuX TATOBUX
JIBUTYHIB 3aJI€KHO BiJl iX 3aBaHTaXeHHS HaBeneHo Ha puc. 9, 10. Coim 3a3HauuTH, 10
3alIeXHOCTI KoediuieHTa koprcHoi 1ii AT/ Bix 1pyroro ta TpeTboro BUpOOHHKIB 1IEHTHYHI.

Tabnuys 7. Texniuni xapaktepuctuku AT/] Bix nepiroro Bupoonnka

Ne n/n [Tapametp 3HaueHHs
1 2 3

1 Howminanpaa notyxHicts, (PH, kBT) 180
2 Howminansaa Hanpyra sxusnenss, (UH, B) 500+5%
3 HowminaspHa yacrora (fH, ') 63+2%
4 Howminaneuuii crpyMm (In, A) 264
5 HowminanmpHa yactoTta 06epranHs (nH, 00/XB) 1854
6 MakcuMalibHa yacToTa obepranss (nmax, 00/XB) 4200
7 KoedimieHT noTykHOCTI (COS () 0,84
8 Koeoiuient kopucHoi aii (n, %) 94
9 Howminanpuuii MomenT (MH, H-m) 927
10 MaxkcuMalTbHIH TYCKOBUH KPYTHHI MOMEHT B pexkuMi Tsru, (M, H-m) 1510
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Saxinuenns maobauyi 7

11 MakcHMalIbHU# KPYTHHI MOMEHT B peXuMi ranemyBanss, (Mr, H-m) 1380
12 Kuac i3oimsmii H

13 PoGoua Temneparypa, °C -40...+50
14 Maca, kr 590

Tabnuys 8. Texuiuni xapaktepucrtuxu AT/I Bin aApyroro BupodHuka

Ne n/n IMapametp 3HaueHHs
1 Howminanpaa notyxHicts, (PH, kBT) 150
2 Howminansaa Hanpyra xwusieHss, (Un, B) 610
3 Howminansna yacrora (fi, ') 50
4 Howminanpnuii ctpym (In, A) 178
5 HowminanpHa yactoTta obepranss (nH, 06/XB) 1480
6 MakcuMasibHa yacToTa obepTaHHs (nmax, 00/XB) 4200
7 KoedimieHnt notyxHoCTI (COS () 0,92
8 Koedirienr kopucuoi aii (n, %) 94
9 Howminansauit Moment (Mu, H-m) 968
10 MakcHMaJIbHUI MYCKOBHH KPYTHHII MOMEHT B pexxuMi Tsiru, (M, H-m) 1940
11 MakcHMaJIbHUI KPYTHHH MOMEHT B peXuMi rabmyBaHHs, (Mr, H-m) 1570
12 Kutac izomsiui H
13 Po6Goua remneparypa, °C -35...+40
14 Maca, kr 650

Tabauys 9. Texuiuni xapakrepuctuku AT/ Bix TpeTh0ro BUpoOHUKA

Ne n/mt [Tapametp 3HaueHHs

1 HowminansHa notyxHicts, (PH, kBT) 150
2 Howminanpna Hanpyra xusienss, (Un, B) 610
3 HowminansHa yacrora (i, ') 65
4 Howminansnuii ctpym (In, A) 185
5 HowminasipHa yactoTa obepranns (nH, 06/XB) 1900
6 MakcuMalibHa yacToTa obepranHs (nmax, 00/XB) 4200
7 Koeoirient noryxuocTi (cos ) 0,9
8 Koegirient xopucuoi aii (n, %) 92
9 Howminansnuit Moment (Mu, H-m) 930
10 MakcHMaITbHUH TYCKOBHI KPYTHHI MOMEHT B pexxumi Tsiru, (M, H-m) 1633
11 MakcHMalTbHI# KPYTHHI MOMEHT B peXuMi ranbmyBadss, (Mr, H-m) 1520
12 Knac i3omsmii H
13 Po6oua Temneparypa, °C -35...+40
14 Maca, kr 560

1, B.O.
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0,8 —

—7
’ _/_’_'_'—f"/
| e

0,41
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0,27 / MaxkcuMmanbHe 3aBaHTaKEHHS
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Puc. 9. 3anexnocti koedinienta kopucnoi aii AT/l Bix nepmoro BupodHuKa
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Puc. 10. 3anexnocTi koedinienra kopucHoi aii AT/l Bix npyroro ta TpeTh0oro BUpoOHHUKIB

[Ticna Bubopy xapakrepuctuk AT]l BUKOHaHO TEPEBIpKY iX MOMIJIMBOCTI peasli3oByBaTH
MaKCHMAaJIbHO PO3PaxoBaHy CHIy TSTH Ha 00011 Kojeca. [ bOro BU3HAYAETHCS MTyCKOBA
cHJIa TSTHU JIBUTYHA 32 (hopMyItoro:

ZMn/u M peo
Fo = 2 e, @

3a pe3yabTaTaMH pO3paxyHKIB BH3HAYCHO, IO 3a CBOIMHU XapakTepuctukamu AT/ Big
NEepIIOro BHPOOHMKA MOXKE peali3yBaTH MaKCHMajbHE 3HAYEHHS ITyCKOBOT'O MOMEHTY, SIKE
nopiBHioe 24,9 xkH; Bin apyroro Bupoonuka — 32,0 kH; Bix Tperboro Bupobnuka — 27,0 kH. B
NOJAJIBIIIOMY TPH BHUKOHAHHI MOJIENIOBAHHS Ta pO3paxyHKIB 1eid (akr moTpiOHO
BpPaxOBYBaTH.

3a pe3yinbTaTaMHd YTOYHEHHMX PO3paxyHKIB BCTAHOBJIEHO, IO JUIs KOH]irypamii moisaa
3M+2I1I 3a ymoBu 3actocyBanHs AT/l Bix mepimoro BUpoOHMKAa HE BUKOHYIOTHCS BUMOTH 32
JUHAMIKOIO PO3rOHY 1 rajibMyBaHHS, TOMY 1€l BapilaHT B IMOAAJBIIOMY BHKIJIIOYAETHCS 3
nociikenb. g koHgirypanii noizna 3M+2I1 3a ymoB 3actocyBanus AT/ Big apyroro a6o
TPETHOI0 BUPOOHMKIB 3 METOK BHUKOHAHHS BHUMOT 3a JUHAMIKOIO TajibMYyBaHHS HOTPIOHO
BIIPOBA/KYBAaTH KOMOIHOBaHE rajlbMyBaHHS. B momanbmmx AocCiHiPKeHHSIX, 30KpeMa Iij Jac
MOJIETIIOBaHHS pyXYy I0i3/a, B 3a3HaU€HI KOH(Irypailii 1ie BpaXxOBaHO.

Cvomuii eman (MOJENIOBaHHS PyXy MOi3AIB pi3HUX Monaudikamiiit 3 oopanumu AT/I).
MogentoBaHHsT pyXy TMoi3fga Ha MPsAMIA JUISHII KOJIi BHUKOHYBAJIOCH 32 JOTIOMOTOIO
CHeLiaJTi30BaHOTO  aTeCTOBAHOIO IpPOrpaMHOro 3a0e3ledeHHs 3a YMOB peaii3amii
PO3paxXyHKOBUX MaKCHUMaJIbHUX TATOBUX (FaJIbMIBHUX) 3YCHUJIb JJISl ABOX BUIAJAKIB:

— pO3TiH 10 KOHCTPYKIIMHOI MIBHAKOCTI Ta TajJbMyBaHHS JO MOBHOI 3yMUHKH MOi3/1a HA
NPSIMOJIIHITHOMY TeperoHi 0e3 yxXuliB;

— po3riH, BUOIT Ta ralbMyBaHHS MiJ 4ac pyXy Ha NPSAMOJIIHIHHOMY MEpEeroHi 3arajbHol
noBxuHU 1700 M Oe3 yxwimiB 3a yMOB peaiizaliii cepeaHbOl IMIBHUAKOCTI CIOJYYECHHS Ha
neperoxi 42 KM/ro.

B nporpamHomy 3a0e3nedyeHHi, 3a JOIMOMOIOI0 SIKOTO 3/1HCHIOBAJIOCH MOJENIOBAHHS,
OPURHATO HACTYIHI MPUIYIIEHHS: MOi3J PO3IJINAEThCA K MaTepiajibHa TOYKa 3 IIEHTPOM
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TSOKIHHS 110 CEPEJIMHI; Halpyra KOHTAaKTHOI MEpEeXi IS 3aJaHuX PEXUMIB TATH, BUOITY,
PEKYIEepaTUBHOIO TaJIbMYBaHHS € BETMYMHOIO He3MIHHOMKO. [Ipu 1boMy MaTeMaTH4HA MOJIENb
JI03BOJISIE BPaxOBYBaTH KOHCTPYKTHBHI Ta TEeXHIYHI ocoOmmBocTi moizma, 3miny KKJI
TATOBOTO JBHIYHA 3aJIe)KHO BiJl IIBUAKOCTI PyXy, a TaKOX JOCHIDKYBaTH EHEPTreTHYHI
MIPOLIECH B PEXKUMI PEKYIIEPAaTUBHOIO TAIbMYyBaHHS PyXOMOIO CKIIaAy METPOIOJITEHY.

3a pe3yapTaTaMH MOJIEIIOBAHHS BHU3HAUEHO JAMHAMIUHI Ta €HEPreTHYHI XapaKTepPUCTUKH
pyxy noizza.

Bocbmuii eman (BU3HAuCHHS NMUTOMHUX BUTpPAT EJIEKTPOCHEPrii Ha TATY 3a pe3yjibTaTaMu
MOJICNTIOBaHHA). Pe3ynmbrat 0OpOOKM 3MOJICNBOBAHMX PEXKHMIB PyXy TOI3IIB  PI3HUX
KOH(Irypariii, 3a IKUX BU3HAYCHO IIUTOMI BUTPATH EJIEKTPOSHEPTii Ha TATY, mojaHo B Tabdi. 10.

Tabnuys 10. Pe3ynbTaTH po3paxyHKiB MUTOMUX BUTPAT

3HaueHHs IMTOMUX BHTPAT EIEKTPOCHEPTii Ha TATY moi3za, M/c’
Kondiryparis [MopoxHiit Howminansue MaxkcumaneHe | ExonoMiuHuit
noizzia CTaH 3aBaHTAKCHHS 3aBaHTAKCHHS edexkT, %
AT/l Bix nepuioro BUpoGHUKA
M 43,5 33,8 32,1 —
AM+1T1 439 32,7 31,6 —
3M+2I1 — — — —
AT/l Bix 1pyroro BUpoOHUKA
SM 28,6 25,0 23,8 34,3
AM+1T1 29,1 24,6 23,4 33,7
3M+2I1 28,7 24,2 23,0 34,6
AT/l Bix TpeThOro BUPOOHUKA
SM 28,6 25,0 23,8 34,3
AM+111 29,1 24,6 234 33,7
3M+2I1 28,7 25,2 23,9 34,6

/Jlee¢'amuii eman (Bu3HayeHHs pauioHanbHUX xapakTepucTtuk AT]] Ta koudirypamii
noi3aa). 3a pe3ynbTaTaMu aHalli3y OTPUMAHUX 3HAUY€Hb MUTOMUX BUTPAT €JIEKTPOCHEPrii Ha
TATY BCTAHOBJICHO, IO HAWOIIBIN parlioHaTLHUM € KOoHirypamis moizna 3M+2I1 3a ymoB
Bukopuctanus ATJI Bix qpyroro BUpoOHUKA.

Jlecamuii eman (TepeBipKka BiAMOBIIHOCTI BCTAaHOBIEHUM HOPMATHBHUM TOKa3HUKaM
JUHAMIKM pyXy). 3TiIHO TEXHIYHMX BHUMOI PYXOMHH CKJaJ METpOIOJITEHY Mae
3a0e3meuyBaTi B HOMIHAJIbHOMY PEKHMI 3aBaHTaKEHHSI HACTYITHE:

po3rin g0 mBuakocti 30 km/ros: He OubIe 12 ¢;
po3riH 10 mBuAKoCTI 60 KM/Toa: He Oinble 26 c;
po3rin g0 mBuakocti 80 km/ro: He Oubie 35 c.

3a pe3ynpTaTaMH aHali3y OTPUMaHUX 3HA4YeHb Yacy pO3TOHY TMoi3ga 10 3a3HAueHUX
HIBUAKOCTEH B MPOIIECi MOJEINIOBAHHS BCTAHOBJICHO, 110 M0i37 koHpiryparii 3M+2I1 3 AT/
BIJl JIpyroro BUpPOOHHKa BIJIOBiAa€ BCTAHOBJIEHUM TEXHIYHMM BHMOraM (3a0e3MedyeThest
po3riH moizga ao mBuakocti 30 km/rox 3a 6,8 c; mo mBuakocti 60 km/rox — 14,8 c; no
mBuakocti 80 km/rox — 23,1 c.

Qounaduysamuii eman Ttiependavyac MOJCIIOBAHHA PyXy IMOi3[a Ha 3aJaHUX JIUISTHKAX
eKCITyaTallii 3a YMOB pPyXy 3 MaKCHMaJIbHO JO3BOJICHOI IIBUAKICTIO Ta B PEXHMI
rpadikoBoro pyxy miJ 4ac MaKCUMaJbHOTO 3aBAaHTAXKEHHS 3 METOI0 MEPEBIPKH TOTPUMAHHS
yMOB 3a HarpiBaHHsIM o0MoTok ATJl. MopentoBaHHS BUKOHAHO 3 YpaxXyBaHHSIM pPeaTbHOTO
npodimo kouii. Sk 1ochaiany AUISHKY Ui po3paxyHKiB o0paHo CBATOMMHCHKO-BpoBapchKy
minito KII "KuiBcbkuit MeTponomiTeH", sika Ma€ 4acTo 3MIHIOBAaHUN MPO(UIb 3 YUCICHHUMU
"MIKIUTUBUMHE" TTIAOMaMU Ta CITyCKaMH.
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3a pe3ylbTaTaMH MOJICIIIOBAHHS BH3HAYAETHCS €PEKTUBHE 3HAYCHHS CTPYMY Ha TATOBOMY
JIBUT'YHI 3a (hOpMyJI0t0 (TIEpeBipKa MOTY>KHOCTI 32 METOJIOM EKBIBAJICHTHOTO CTpymy) [24, 25]:

9)

ne T — 3arayibHU# yac pyxy Ha JOCHIAHIN JUIAHIN; /; — CepeqHiil cTpyM mig 4ac pyxy B
peXHMMax TATH abo TalbMyBaHHS; Atj — 9ac pyXy B peXHMax TSArd abo raJbMyBaHHSI;, N —

KiJIbKICTh BKJIIOYEHb KOHTPOJIEPA MAIIMHICTA B PEXKHUM TATH Ta FaJbMyBaHHS.

[Ticns "oro, oTpuMaHe 3Ha4EHHS MOPIBHIOETHCS 3 HOMIHAIBHUM 3Ha4eHHsIM cTpymy AT/L.
SIKmo oTpuMaHe 3Ha4eHHsI €(EKTHBHOIO CTPYMYy MEHIIE 3a HOMIHAJIbHE 3HAYEHHS CTPYMY
AT/l To ymoBa no HarpiBy AT/] BUKOHYy€eTbCS 1 H1Or0 MOXKHA OOMpATH.

Pesynbratn po3paxyHKy e(eKTHBHOTO 3HAUYEHHS CTPyMy [BUTYHa 3a pe3ylbTaTaMu
MOJICIIIOBAHHS 101372 MeTpornoiiTeny KoHdirypauii 3M+2I1 3 AT/] Bix npyroro BupoOHHKa,
300pakeHo B Tabum. 11.

Tabnuys 11. Pe3ynbTaTi po3paxyHKiB 3HaYeHb e()eKTHUBHOIO CTPYMY

. . 3aranpHuii yac 3HaueHHS
Konoiryparist . .
.. JlocninHa ninsHKa PYXy e(eKTUBHOTO
moi3aa
(T, x8) ctpyMy (leg)
Mope/oBaHHs 3i INBUAKICTIO 32 rpadikoM pyxy
AKaﬂeMMlCTGQKO - 38,47 146
JlicoBa
3M-210 Mlicora — 384 141
AKageMMICTECIKO
Axanemmicreuyko — Jlicora 76,87 144

— AKaJIeMMiCTEUKO
MopnewBaHHsS PyXy 3 MAKCHMAJIbHO JI03B0JIEHOI0 IMBHAKICTIO
AKageMMICTEIKO —

: 3155 178
JlicoBa
3IM+211 licosa 3137 e
AxaJIeMMICTEUKO
Akanemmicreuko — JlicoBa 62,92 176

— AKaJleMMiCTEUKO

Jeanaoyamuit eman (nepesBipka yMoBH 3a HarpiBoM ooMmoTok AT/I). 3a pesynabratamu
aHaJli3y OTPUMaHUX JIaHUX BUIHO, 110 YMOBA 3a HarpiBOM BUKOHYEThCS, ToMY oOpanuit AT]]
BIJI Ipyroro BUpoOHUKa U1l KoHPirypauii noizga 3M-+211 moxHa 3aCTOCOBYBATH.

3a pe3ynpTaTaMd MOJENIOBAHHS pPyXy TOI3MIB METPONONITEHY /IS 33JlaHAX yMOB
BCTAHOBJICHO, 1110 TUIbKH 3@ PaXyHOK BU3HA4YEHHs pallloHaJIbHOI KOH(DIrypalii moizaa Ta BUOOpy
parioHanbHUX napaMetpiB AT/ MOXIMBO AOCArTH eKkoHoMii enekrpoeHeprii 10 34,6 %. Ilpu
bOMY 32 JaHUMH Ta01. 10 MomMiTHO, 1110 OCHOBHUM ()aKTOPOM BILJIMBY Ha MMOKa3HUK MTUTOMUX
BUTpAT eJeKTpoeHeprii Ha TAry € napamerpu oopanux ATJ. Kondiryparis noizga takox
3IHCHIOE BIUIMB Ha MOKA3HUK MMUTOMHUX BUTPAT €JIEKTPOCHEPTii Ha TATY, MPOTE Ie BIUIUB
He3HauHuil (Ha piBHI 1,0-3,4 %). Takum umHOM, BHOIp palioOHAIBHOI KOH(Irypauii moizna
METPONOJIITEHY Ta 3acToCyBaHHs Ha HboMy AT/l 3 pamioHanbHUMM HapaMeTpaMy J103BOJIUTh
JOCATTA 3HAYHOTO EKOHOMIYHOro e(eKTy 3a paxyHOK 3MEHIIEHHS KUIBKOCTI MOTOPHHX
BaroHiB, MIJBUILEHHS €HEeProe(eKTUBHOCTI Ta €HEpPro30epekeHHs Ha PyXOMOMY CKJIajli,
3MEHIICHHs BUTpPAT HAa TEXHIYHE OOCIYyroByBaHHS Ta PEMOHT, L0 B IJIOMY CIPHUSTHME
3MEHIIIEHHIO BUTPAT 5K IiJ] 9aC BUTOTOBJICHHS MMO0i3/1a, TaK i 3MEHIICHHIO eKCILTyaTalliiHIX
BUTPAT NMPOTATOM HOT0 JKUTTEBOTO LIUKITY.

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

114



TEXHIKA I TEXHO.JIOI'I

BucHoBku

1. 3a pesynbraTamMu aHaji3y BCTAHOBJICHO OCHOBHI XapaKTEPUCTUKH CY4YacHOIO
IHHOBAI[ITHOTO ~ PYXOMOTO  CKJaJy  METPOIOJNITeHYy 3  aCHUHXPOHHUM  TSTOBUM
€JIEKTPOIIPUBOOM BITUU3HSHOTO Ta 3aKOPIOHHOTO BUPOOHHIITBA.

2. 3anpomoHOBaHO Ta PO3POOJEHO MPOIEIYypy BUOOPY pALiOHATHHOTO ACHHXPOHHOTO
TATOBOTO JIBUTYHAa Ta KOHQIrypamii moi3ga, B OCHOBI $KOi TOKIAJACHO BHUPIMICHHS
OaratokpuTepiaabHOI 3a7a4i METOJAOM T'OJIOBHOTO KPUTEPit0. SIK rOJIOBHMI KpUTepild 0OpaHO
MiHIMaJbHE 3HAUYEHHS MOKAa3HUKA MUTOMUX BUTPAT €JIEKTPOCHEPTril Ha TATY, Ha 1HII KpUTEpii
BCTAHOBJICHO OOMEXKEHHSI — MaKCHMaJlbHI 3HA4YeHHsSI CTPYMY Ta IOTY>KHOCTI CIIOKHBaHHS
noi3ja, peanizailisi MaKCHMalIbHOTO Koe(ilieHTa 34eTieHHsT KOJIIC 3 peKkamu, 3a0e3meueHHs
HEOOX1THOT AMHAMIKH PyXYy Moi3/a.

3. 3niiicHeHo BUOIp parioHanbHOro Ty AT/ 3a 3amponoHOBaHOIO MPOIEAYPOIO, KU
JT03BOJIMB BCTAHOBUTH, 1110 JJIs 33/IaHUX YMOB paIliOHANLHOIO € KOHirypauis noizaa 3M+211
3 BukopuctanasMm AT/l Bix apyroro BupoOHuUKa.

4. Pe3ynbTaTd IOCHIKEHb CBiAYaTh, IO 33 PAXyHOK BIPOBAKCHHS ONTHMAIbHOI
KoH(pirypamii moizga ta pamnionainpHoro BubOopy AT/l mMoximBo 3exkoHomutu 10 34,6 %
€JIEKTPOCHEeprii, [0 BUTPAYAEThCA Ha TATY, Ta B IJIOMY 3MEHIIIMTH €KCIUTyaTallliiHi BUTpaTH
B METPOIIOJIITEeHI ITiJ] Yac MepeBE3CHHS MacaXUpiB.

5. PiBeHb BIUIMBY Ha MOKAa3HUK MUTOMHX BUTPAT €JIEKTPOCHEPrii HA TATY B 3HAYHIN Mipi
3MIIMCHIOE 3AJICKHICTh KoedimieHTa KOopucHOi 1ii oOpanoro AT/l mopiBHSHO 3 00paHOIO
KOH(Iryparti€ero noizua.

[Tomampin  MOCHIKCHHS HEOOXIAHO 30CEpeAWTH Ha BH3HAUCHHI PE3EPBIB 3MCHILICHHS
eKCIUTyaTallliHUX BUTpPAT 3a PaXyHOK BIPOBA/DKEHHS IOi3[a ONTUMATIbHOI KOHpirypamii 3
pauionansauMu mapamerpamu AT/, a Takox mpoaHaii3yBaTé (HaKTOpW BIUIMBY Ha IOKA3HUK
MUTOMUX BUTpPAT €JIEKTPOCHEPrii Ha TATY Ta BU3HAYUTU PIBEHb TAaKOTO BIUIMBY KOXKHOTO 3
¢akropis.
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A METHODOLOGY TO SELECT ASYNCHRONOUS TRACTION ELECTRIC DRIVE
FOR INNOVATIVE METRO ROLLING STOCK

The paper deals with the justification of the need to use an asynchronous traction electric drive on
the metro rolling stock. The advantages of using an asynchronous traction electric drive in comparison
with a DC commutator motor drive are formulated. The characteristics of modern innovative metro
rolling stock with asynchronous traction electric drive of domestic and foreign production are analyzed.
Aspects of the choice of a variable frequency asynchronous traction electric drive for innovative rolling
stock are formulated and the existing typical algorithm of such choice is given. The main reasons for the
irrational choice of traction asynchronous electric drive for the metro rolling stock are considered and
the consequences of such a choice are analyzed. It is proposed to improve the methodology for selecting
a variable frequency traction asynchronous electric drive for the metro rolling stock in terms of such an
important operational factor as the specific cost of electrical energy for traction. The rational
parameters of the variable frequency asynchronous traction electric drive according to the proposed
procedure for the specified characteristics of the metro rolling stock are specified. The reserves of
energy savings for the given conditions due to the introduction of an asynchronous traction electric drive
with rational parameters on the innovative rolling stock are determined. It is established that the
efficiency factor of the asynchronous traction motor significantly affects the specific electric energy
consumption for the metro rolling stock traction and operating costs.

Keywords: asynchronous traction electric drive, car, metro, rolling stock, specific electricity
consumption for traction, variable frequency.
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MOJAEJIb JE®@OPMYBAHHSA BOJTIOKHUCTUX MATEPIAJIIB
BATATOCITPAMOBAHOI'O APMYBAHHA 3 PO3OPIEHTOBAHUMHU
BOJIOKHAMMH

3anpononosano Mmoldenv  0epopmyeamHHs BONOKHUCMUX —Mamepianie  6a2amocnpsimMo8anHo2o
ApMYBAHHS 3 PO3OPIEHMOBAHUMU B0JOKOHAMU. P036’s30K 3a0aui 6ydyemvcs 6 0ea emanu. Ha
nepuiomy emani 3a GIOOMUMU GIACMUBOCMAMU GOJOKOH | MamMpuyi GUIHAYAIOMbCA eheKmueHi
MEPMONPYIHCHI  IACMUBOCMI |  HANPYHCEHO-0ehopMOGaHUU  cmaH niocucmemMu 3 GOJOKHAMU,
OPIEHMOBAHUMU GIOHOCHO OCHOGHOI cucmemu KoOpOUHAm NeGHUM YUHOM. B ocnogy noknadeno
cmoxacmuyti Ougheperyitini PIGHSIHHSL Meopii MePMONPYICHOCHI i3 3ACMOCYS8AHHAM MEMO0Y YMOGHUX
momenmis. Ha Opyeomy emani 3a 00nomoeor 3a0anoi ynxyii po3nodiny Ha ocnosi cxemu Dotixma
0yoyembcsi MoOenb O0edhopMy8anHs BCIEL cucmemu 3a BUSHAYEHUMU GIACMUBOCHAMU NIOCUCTHEM.
Ompumani Kpusi 0epopmysanHs Ok NPOCMO20 HABAHMANCEHH T O0CTIONCEHO 0epopMySaHHs.
mamepianie npu  pi6HOMIPHOMY pPA3OPIEHMYBAHHI BONOKOH. Bcmamnoeneno, wo 6o10KkHUCHULL
KOMNO3UMHULL Mamepian 3 pO30PIEHMOBAHUMY BOJIOKHAMU & MAKpooO'emi € i30mponHum, a tio2o
ehekmueHi mepmMonpyHCHi NOCMILUHI CYMMEBO 3aeHcams 8i0 06 EMHO20 8MICHY 80JIOKOH.

Kniouosi cnoea: eonoxknucmuwlii mamepian 6a2amocnpamMO8aH020 APMY8AHHSA, PIGHOMIpHE
PA30PIEHMYBAHHSL  6OJIOKOH, — HANPYIHCEHO-0ehOPMOBAHUL  CMAH,  ePEeKMUGH]  MEPMONPYIHCHI
61aCMUBOCMI, KOMN'TOmepHa peanizayis.

Beryn. Komno3uTHi MaTepiany Ha OCHOBI Oe3MepepBHUX BOJOKOH 1 3B'SI3yr0UO1 X MaTpHIli
3a XapaKTepoM Opi€HTaIlii BOJIOKOH MOKHA DPO3IUIMTH Ha TPH TPYIH: OJHOCHPSIMOBAHI,
pi3HOCHIpSIMOBaHI B OJHIM IUIOMIMHI 1 HPOCTOPOBO-OpiEHTOBaHI. bararocnpsiMoBaHICTbH
BOJIOKOH JI03BOJISIE€ 3a0€3MEeYUTH HEOOXiAHY >KOPCTKICTh 1 MIIHICTh KOMIIO3HTY B Pi3HHX
HanpsIMKaXx, 110 BUTIAHO BiAPI3HSE IIi MaTepiajlu BiJ OJHOCTIPSMOBAHUX. TOMY BOJOKHUCTI
Marepiaiy 3 BOJIOKHAMH, PO30PIEHTOBAHMMH B IUIOIIMHI, TOOTO IIapyBaTO-BOJIOKHHUCTI
Mmarepiajiy, a TakoX OUIBII MPIOPUTETHI 1 MEHII JOCIIXKEeHI MPOCTOPOBO PO30PIEHTOBAHI
MaTepiajiu 3HaXOAATh HIMPOKE 3aCTOCYBAaHHs B 0araTbox raiyssx, A€ MOoTpiOHi JIerki Ta MillHi
KOHCTPYKII1i, 30KpemMa B OyJIIBHUIITBI TPAHCIIOPTHUX 3aCO0I1B.

AHaJTI3 0CTaHHIX J0CJTi2KeHb i MOCTaHOBKA NMpodaeMu. [IporHo3yBaHHs BIacTHUBOCTEH
MaTepiajiB, apMOBaHUX MPOCTOPOBO-OPIEHTOBAHMMM BOJOKHAMH, B TEOPETHUYHOMY IUIAHI €
3aauero, 3HAYHO CKJIQJHINIO B TMOPIBHAHHI 3 OJHOCHPSIMOBAaHMMHU BOJOKHUCTHMHU
MaTepiajgamMH. 3acTOCyBaHHS METOMAIB peryisipusaiii ctpykrypu [1, 2] B mpomMy BUNAAKY
MPU3BOAUTH A0 HEOOXIMHOCTI PO3B'A3yBaHHS MPOCTOPOBUX 3a/1ad MEXAHIKH 1 3aJI0BOJICHHS
IPaHUYHUX YMOB Ha CYTT€BO CKJIAJIHIN I'paHUIll CHOIYYEHHS KOMIOHEHTIB. ToMy B OLIbIIOCTI
PO3paxyHKiB KOPUCTYIOThCS IBOMa HaOIMKEeHUMH Tiaxogamu [3-5]. OQuH 3 HUX 3aCHOBaHHM
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Ha TIIOCJIIJOBHOMY 3aCTOCYBaHHI MOJIeJIl OJHOCIPSIMOBAHOIO BOJIOKHHUCTOIO Marepiamy.
BiamoBigHO 10 IIBOTO MiAXOMY HA MEPIIOMY €Tami BU3HAYAIOTHCS ©()EKTHBHI BIACTUBOCTI
KOMIIO3UTY, YTBOPEHOI'O IIOYATKOBOK MATPHULEI0 1 BOJOKHAMHU OJHOro HampsMky. Llei
KOMITO3UT CIIY’KUTh MAaTPHULEIO0 Ui PO3paxyHKY €(EKTUBHHX BJIACTUBOCTEH Ha JPyromy
eTarll, e BPaXOBYIOThCSI BOJIOKHA HACTYITHOT'O HANpPsMKY, 1 T.[.

Jpyruit HaOnKeHU MiAXi 3aCHOBAaHUM Ha 3aCTOCYyBaHHI MOM(pikoBaHOI cxemu DoiixTa
abo Peiica, 3rilHO 3 SIKOIO MPOCTOPOBO-apPMOBAHUN MaTepiayl PO3IJISNAEThCA K CYKYIHICTb
HiJicUCTeM, KO)KHA 3 SIKMX € OJHOCIPSIMOBAaHUM BOJIOKHHUCTHM KoMmIo3uToMm. Ha mepriomy
eTari BU3HA4al0ThCs BIACTUBOCTI MiJICUCTEM IO BiJOMUM BIACTHBOCTSM BOJIOKOH 1 MAaTpHII,
Ha Apyromy 3a cxemoro Doiixra abo Peiica — BIACTUBOCTI BCi€l CHUCTEMH IO BiJIOMHUM
BJIACTUBOCTAM MifcucTeM. B 000X mijgxomax oOUUCIIEHHs BIACTUBOCTEN OJHOCHPSIMOBAHOIO
BOJIOKHHCTOTO MaTepiaily, sk IMpaBUIIo, POBOJIATH Ha OcHOBI cxemu DoiixTa abo Peiica, mo
BHOCHUTB JOIATKOBI HOXUOKMU.

B po6orax JL.II. Xopomyna i O.M.Illukynu [6, 7] mobynoBana mMoaenb AedopMyBaHHSI
IPOCTOPOBO-aPMOBAHUX MaTepiayliB INPHU XapaKTEPHUX BHJAX IPOCTOPOBOIO apMyBaHHS:
BOJIOKHA PO3TAIIOBaHI MapajebHO KOOPAWHATHUM OCSM, IO JiaroHajsx Ky0a, a TakKoX
Y3I0BXK CTOpiH PIBHOCTOPOHHBOI'O TPHUKYTHHUKA 1 MO HOpMali A0 Hboro. HaGmmkene
BU3HAYCHHS €(QEKTUBHUX NPYKHUX XapaKTEPUCTHK MPOCTOPOBO-apMOBAHHMX MaTepialiB
npoBoaWIIOCsT B JABa erand. Ha mepmioMy erami BH3Ha4ajucsl BJIACTMBOCTI MIJACHUCTEM,
OpIEHTOBaHMX MEBHUM YHHOM IIIOJIO OCEH OCHOBHOI cHCTeMH KOOpAWHAT. Po3B’s3aHHs 3aqa4i
HEepUIOro eTany 3A1MCHIOBAJIOCS Ha OCHOBI MOJAEIl OJHOCHPSIMOBAHOTO BOJOKHHUCTOIO
Marepiany cToxacTUuHOi cTpykTypu [7-11]. Ha apyromy erami 3a cxemoro ®oiixta abo Peiica
BU3HAYAJIMCS BIACTUBOCTI BCI€T CUCTEMH IO BIZJOMUM BJIACTUBOCTSIM I1JCUCTEM.

Merta i 3aBaanHs gocjigkeHHs. MeToo naHoi poOOTH € nochipKeHHs ae(opMyBaHHS
IPOCTOPOBO-apMOBAHUX  MaTepiajiB 3 pO30PIEHTOBAHUMHM  BOJOKHAMHU. 3aBJaHHIMHU
JOCITIJDKeHHSI € TMo0ymoBa Mozeni JeopMyBaHHS INPOCTOPOBO-apMOBAHUX MaTepialiB 3
PO30PIEHTOBAHMMHU  BOJIOKHAMHM, BH3HAYCHHS  HAIPYKEHO-IE(POPMOBAHOTO  CTaHy i
e(EeKTUBHUX TEPMOIIPYKHHUX BJIACTUBOCTEH TaKHWX KOMIIO3UTHHUX MarepiaiiB, a TaKOX
JTOCJTIJDKEHHS 3aJIKHOCTI AehOpMYBaHHS KOMITO3UTY Bijl 00'€MHOTO BMICTY KOMITOHEHTIB.

Po3B’s130k  3amaui  OynyeTbcst B JBa erand. Ha mepmomy eTami 3a  BiJOMHUMH
BJIACTUBOCTSIMU BOJIOKOH 1 MaTpHIll BU3HAYAIOThCSI BJIACTUBOCTI MIJCUCTEMH 3 BOJIOKHAMH,
OpIEHTOBAaHMMH IIOJ0 OCHOBHOI CUCTEMH KOOpJAMHAT NEBHUM YMHOM. B OCHOBY mokiazieHo
CTOXACTHYHI AU(EPEHLINHHI PIBHSIHHS TE€OPIii MPYXKHOCTI 13 3aCTOCYBAHHSIM METO/Y YMOBHUX
MoMeHTiB [7, 12, 13]. Ha apyromy erami 3a JONOMOIOK 3a7aHoi (QYHKIIT po3MOILLY
BU3HAYAIOTHCS €(EKTHBHI BJIACTUBOCTI BCI€T CHCTEMH 3a OOYHCICHHUMH BJIACTUBOCTSIMH
nifgcucreM. Po3B’s130k 3 0azyeTbest Ha cxemi DoiixTa.

Marepiaau i MmeToau aociaigkeHHs. Po3risHeMo MpocTOpOBO apMOBaHUM BOJIOKHUCTHI
MaTepiail CTOXaCTUYHOK CTPYKTYPH, IO € CHCTEMOKO BOJIOKOH N HampsmkiB, 1MOB's3aHuX
Mmatpuuero. Lleit marepian Oynemo po3risaatH sk 0OaraTOKOMIOHEHTHHUM, BBaXKalOu, IO
MaTpHIIs 1 BOJOKHA KOXKHOTO HAIIPSIMKY € OKpEMHUMH KOMIIOHEHTaMu. bynemo BBaxaru, 1110 B
KO)KHOMY HampsIMKy € JIOCHTb BEJIMKa KUIBKICTh CTaTUCTHYHO PO3TAIIOBAHUX BOJIOKOH,
Mmarepiajll BOJOKOH - TpPaHCBEPCAIbHO-130TPONHUNA 3 BICCIO CHMETpii Y3[0BXK BOJOKOH,
Matepian MaTpHLi - i30TponHuil. BonokHa K -ro HampsMKy XapaKTepu3ylOThCS HAIPIMHHMU
KocuHycamu (puc. 1)

¥ =sing, cosg, ;¥ =sing, sing, ;) =cos b,
0<6, <7n/2;0< ¢ <2m;k=12,...,N). (1)
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X31

X1

Puc. 1. HanpsiMHi KoCHHYcH B0JIOKOH K -ro HanmpsiMky
Hexaii 06'eMHi BMicTH BOJIOKOH K -T0 HanpsMKY 1 MaTpHILli JOPIBHIOIOTH BIANOBIAHO ¢, 1

N
C,. 3arajgbHa KOHLEHTpalisi BOJIOKOH C, = ZClk , npuuoMy C +C,=1. BusHaueHHs
k=1

e(eKTUBHUX IMOCTIHHUX Marepiaxy OyaeMo NMpPOBOAMTH B jaBa eranmu. Ha meprmomy erami
BU3HAYAIOTHCS €PEKTUBHI BIACTUBOCTI MiJICHCTEMH, IIO € OJHOCIPSMOBAaHUM BOJIOKHUCTHM
MarepiaqoM, yTBOPEHMM BOJOKHaMH K -ro HampsMKy i 4YaCcTHMHOK MaTpuii 3 00'€eMHHM

BMicTOM C, =-2C, . Ha mpyromy erami Bu3HauaeMo e()eKTHBHI BIACTHBOCTI BCi€i cucTeMu
C
1

3a O0YHMCICHMMHU BJIACTUBOCTSAMH TijcucTeM. Po3B’si3aHHS 3a/avi MepHioro eramy OyaeMo
MPOBOJMTH HA OCHOBI MOJEII OJHOCIPSIMOBAHOTO BOJOKHHCTOTO MaTrepialy CTOXaCTHYHOIO
CTPYKTYpH, IPYTOro - Ha OCHOBI cxeMu DouxTa.

Busnauenna egpekmusnux mepmonpyscHux enacmueocmeil niocucmemu, w0 €
00HOCHPAMOGAHUM BONOKHUCMUM Mmamepianom. Hexaii MakpooO'eM BOJOKHHCTOTO
MaTtepiaxy IpOCTOPOBOTO apMyBaHHSI 3HAXOJUTHCA B YMOBAax OJIHOPIIHMX HABAHTAXKEHHS 1

. . . k k .
HarpiBy. [T03HauMMO TepMOIpPY:KHi TOCTiiHiI BOJI0oKOH K -ro Hampsmky l,f ', BY a MaTpHI

A, Wy, f,. Bynemo BUXOIUTH 3 piBHSHD PIBHOBAr'H B MIKPOTOYII

=0 @

CHIBBIHOIIEHb TEPMOIPY’KHOCTI

(k) (k) (k) (k) K K (k) (k) (k)
O-pq :(}‘11 ‘A12 )gpq +(2’12 8” +2‘13 833 )5pq _ﬂl 05pq;

(k)
(k) _ (k) (k) o (k) k) p- (k) _ (k) (k) _
O =iz & A6 — 50, O3 =2, &3 (p, 0, r=1, 2), (3)

1 criBBigHOIIEHs Kol
(k) _ (k) _ (k) (k)
& =ug), _%(ui'j +ulf ) (4)
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[TincrapuBmm (3), (4) B (2), IPUXOAUMO JO CTATUCTUYHO HENIHIMHUX PIBHSIHb PIBHOBAru
. . K . .
BigHOCHO Mepemimtens UY) B mincucremi

[(ﬂi(k) ﬂ,l(k))uo(k)] _,_[(ﬂi(k) +/fll(k))u0(k)
=203 <&, > 8y + (AP —25)) <6y > A <85> 6, - 065,
AP =—(249 <£,,>9) . (M1, r=12, p=1273). (5)

OnykTyanii mepemilieHb Ay)Ke Maii B THOPIBHSAHHI 3 iX CepelHIMH 3HAUYEHHSIMH TIpU
Xj — 00, TOMY Ha HECKIHYE€HHOCTI (IIyKTyallii mepeMilleHb NPUHMAEMO PIBHUMH HYJIIO.

YcepenHiotoun criBBiIHOMIEHHS (3), OTPUMYEMO BHpa3H IS CEPEIHIX HAMNpPYXKEeHb Y
BUTIISAL

() (k) (k) (I (k)
(k) 1 (k) 1 1
<Oy > (/111 “Ay V<& > A (A, <&, > +213 <&p> )0t
(k)
(k) 2 (k) :
+e0, <6l > " S 420 0w, <8l > ﬂl Hépq,
()
<o, >M=cWA, <& >0 4¢P <, > 1cA, <& > 12cP u, < 2 >0 —pLg;
<0, >0=2c920) <60, >89 1200, <65, 5% (p,g, r=12, 5=1,23), (6)

Ckopucrasmmch ¢pyHkuieto ['piHa, piBHIHHA (5) MOXHA IPUBECTH JI0 IHTErPAITBHOT POPMI.
3a IONMOMOrol MeToAy YMOBHHMX MOMeEHTIB [7, 12, 13], ycepeaHroroum Iii piBHSHHS 3a
YMOBHOIO IIIJIBHOCTIO, OTPHUMAEMO CHUCTEMY aireOpaiyHUX piBHSHb BIJHOCHO CEpeIHIX
nedopmarlliii KOMIIOHEHTIB B mijcucTemi. Bu3Haunmmo 3 miei cuctemu cepenni aedopmarii

. . . 1 k . 2 k . ‘o

KOMIIOHEHTIB B IMIJICUCTEeMI < & >®) 1 <& >k K (1)YHKLI11 cepenHix aedopmariit
k) .. . .

KOMIIO3UTY < &; > 1 miacrtaBumMo B BMpa3 (6). B pesynbrari OTpUMaeMo 3alekKHICTh

MaKpOHAIpyKeHb B MiJcUcTeMI BiJ MaKkpoedopMalliil B HiM 1 TeMIiepaTypu

(k) (k) (k) (k) (k) (k) (k)
<oy > _(/111 Ay )<éE > A Ay <&, > Ay <&y> )0~ B 00,
(k)
<o, >W=1, <g, > +1¥ <5, > —pWg;
<Ops >0 = 2/1&() <&p3 > (p, g, r=12), (7
a BUpa3u s ehEeKTHBHUX MOCTIHHUX MMiICHCTEMH MalOTh BUTIIAA [7-11]
k Ak k k 2
C1C1(/11(1)+21(2)_2ﬂ'2_2ﬂ2) .
20/ (&, + 1) + 5 (A1) +25)) +2m”
c e (A — A5 —2p)°

“© ® 2m®n
201 /u2p +C (Al 21 ) n(k) + 2m(k)

4 210 =k 4 2 268 ) -

19— 10 = ¢k (A~ AP) + 26k, -
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W) _ ok (k)+ckﬂ?_cfcf(ﬂ1(f)+ﬂ1(zk)—2%—zﬂz)(ﬂfsk)—ﬂq).
3 1713 2 k k(9 (k) (k) (k) ?
2} (A, +21) + CL (A + ) +2m
* 2c'ci (A - 4)°
() _ ok (00, ok 5
3 CAss +Cy (A, +2u,) — 2C (/124_”2)_}_0 (/fll(k) ﬂl(k))+2m(k)’
¢ (s — 1)
Gty +CAD 150
oo (A + A5 =24, —2u,) (B - ,).
26F (4, + 11,) +CE (AP + 4P) + 2m®
20 i (A5 - 2)BY-5) .
2¢{ (4, + )+ 5 (AP + <:>)+2m<k>’ ®

*(k) _ (k)
i) = C{ Ay +Co gty —

*(k K) |k
B =i+ B, -

*(k k ok k
ﬂs( ) =01:B3( )+C2ﬂ2 -

Jc

2m® = (A -2 )+ 205ty 20 = (A + A, )+ 265 (2, + a1, )i SY =AY+, (9)
SIKIIO KOPCTKICTh MaTPHIIi OLIbIIE dKOPCTKOCTI BOJIOKOH, 1

K k \1t K -1 K k \ 1
2m® =( (k)C1 o+ G J : 2n® =( (k)01 ot © J s :[%Jrc—zJ , (10)
Ay = 21, Ay + A, 2(4, + 1) Ay My

SIKIIO KOPCTKICTh BOJIOKOH OiJIbINIE )KOPCTKOCTI MAaTpPHIII.
SIK1110 BJIACTUBOCTI BOJIOKOH BCiX HAIPSIMKiB OJHAKOBI, TO

©W=2 pO=p (11)

i Bupasu (8) — (10) Bix ingexcy K He 3amexars.

Busznauenna egpekmugnux mepmoOnpysHcHuUx 61acmueocmeill CUCHEMU, WO €
60JIOKHUCIUM MaAmepianiom npocmoposozo apmysanns. EdextuBni noctiiini (8) - (10) €
KOMIIOHEHTaMHU TEH30piB MOJYJIIB MPYXHOCTI 1 TEPMIYHUX HAIPYKEHb B JOKAJIbHINA CHUCTEMI

xoopmuuar X\, ne Bice X\ mapanemsma Bomoxmam K -ro mampsvky. Ilepeiimemo 10
3arajbHOI1 CUCTEMU KOOpANHAT 3FiI[HO NEpETBOPCHHIO
(K)y (). 3 (K)
X = X5 % _a”x], (12)
ac
alY =cosg cosg,; a¥ =-sing,; o =sing, cosg,;
oY =cosf sing,; ay,=C0sq,; o =singsing,;
0 _ _aing- o —0 o®_
oy’ =-sIing; o’ =0; g =c0s6,. (13)
. . . * . . *(k cu
Toxi TeH30pH MOIYNIB TPYKHOCTI /?f,j,(rm) 1 TepMIUYHHX HaINpyXeHb ,Bij() B 3araibHii

CHCTEMI KOOPJMHAT BHPAXKAIOTHCS Yepe3 BIAMOBIAHI TEH30PH l,;,(nkn)', ﬁi;(k)’ B JIOKQJIbHIN
CHCTEMi KOOpJIUHAT CHiBBIAHOIIEHHIMHU
200 — a(k)a(k)a(k)a(k)f(k)' ﬂi’f(k) — a(k)a(k)ﬁ*(k)' _ (14)

ijmn pars ? j
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EdexTuBHI moCTiliHI BCl€i cHCTeMH BIANOBITHO g0 cxeMd DONUXT BHU3HAYAKOTHCS
bopmymnamu

2700

ijjmn

N 1N
*K). ™k *(k

chkﬂ’ljr(nn)’ ﬂij © =_chk ij( )-- (15)

k=1 C =

O |-

[TincraBnsroun (15) B (14) 1 mepexoas4u 10 MAaTPUYHUX TTO3HAYCHB, OTPUMYEMO
1< (k) o, (k) -, (k) -, (k) (k) o, (k) -, (k) - (k)
ﬂ’ljmn :azcm{[ail Oy O Oy " + O Oy Qs Ay +
k=1

1 m m2

1 .
(k) -, (k) (k) -, (k) (k) -, (k) (k) -, (k) (k)
+§(0"1 ajy rogap ooy, + oo’ )IA, +

(k) ., (k) -, (k) ., (k) (k) ., (k) -, (k) ., (k)
oy Ay Oy Ay’ + 0y Oy O Ay —

1
(k) , (k) (k) , (k) (k) -, (k) (k) -, (k) *(k)
_E(au A, Ty A N @y + o’ A, +

ralal

(%) (k) () (k)

1N g0 g® 20 4 [( et Ja oy oo
m3 “n3 i3 77j3

(k) -, (k) (k) (k) *(k)
3 O3 Uz O3’ As3 i1 &y (O @y’ + sy )As” +

(k) (k) (k) ., (k) (k) ., (k) (k) (k) (k) ., (k) (k) (k) (k) (k) (k) ., (k) *(k) -
H(e Az +03° A5 N g’ + g ay’) + (s, Ajz T3 Ay, M@y g + g @y g 3

1 m

+,

|

- DL K) o (k K) (K k K) (k)Y ok
ﬁij :Ezcm[(ai(l)a}l) +ai(2)a}2))ﬁl( ) +ai(3)a}3))ﬁ3( )]- (16)
k=1

®opmynu (8) - (10), (16) Bu3Ha4atOTh €PEKTHBHI TEPMOIIPYKHI BIACTUBOCTI IPOCTOPOBO
apMOBaHOTO MaTepialy uepe3 BIACTUBOCTI BOJIOKOH 1 MaTpHili. SIKIO BIaCTUBOCTI BOJIOKOH 1
ix 00'eMHUIT BMICT B KO)KHOMY HalpsSIMKy OJHAKOBI, TO

Cy =%: =an gY=5, (17)

IO COPOIILYE OOUNCICHHS.

Busnauenna egpekmugnux mepmonpysncHux énacmueocmeii 60J10KHUCMUX Mamepianie
nPOCMOPO6020 APMYSAHHA 3 PO3OPIEHMOBAHUMU 6010KHAMU. B BUIIANKy, KOIU BOJIOKHA
po3opieHToBaHi B mpocTtopi 3 Qynkuiero posmominy (6, @), edexruBni TepmonpyxHi
HOCTiHI BU3HAYaIOThCA 32 (opMyIaMu

7[” ”77
A :LZJ. ff(@ Q). d@d(p=izj. ff(é’ )a®a®aa 1 'dode;
ijmn o0 . ! pars 27 > ! ip 7"jg Z*mr “*ns “"pars !
7!’7 7T77
B =i2j ff(e )B. ded(p=i2j ff(e p)ailay B dody; (18)
" Tond ) ’ pa 274 ’ ip “ia ~pg ’

Slkmo BoOJIOKHA PIBHOMIPHO PO3OPIEHTOBAHI B MPOCTOPi, TO (DYHKIIS PO3MOIILTY Mae
BUTJISA]T

(6, p)=1. (19)
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[TincraBmsroun (19) B (18) 3 ypaxyBanusm (16) oTpuMyeMoO 130TPOITHUN MaTepiaj, y sIKOTO
3aJIeKHOCTI MaKpOHANpy>KeHb BiJ Makpoaedopmariii i TemmepaTypu BHU3HAYAIOTHCA 3a
dbopmynamu

<oy >=A" <&y, >6;+2u" <& >-f 06, (20)

JIe TIPY>KHI TTOCTiiHI MalOTh BUTJISI]T

17 = 90K + ) <120 + 2 + 2405 4325,

i = Ui+ )+ 1200 + )~ Wi + 225 @n

a Ay Ay Ay Aags Augs Aag BU3HAYAKOTHBCS 3a hopmymamu (8) — (11), (17).

Yucenvne 00CniONHceHHA 0epoOpMYBaAHHA G0JIOKHUCIMUX KOMHOZUMHUX Mamepianie 3
PO30piEHMOGAHUMU  60JIOKHAMU. 32 JIOTIOMOTOI) KOMITIOTEPHOTO MOJICITIOBAHHS ~ OYIIO
MPOBEJCHO YHUCEIbHE JOCTIKEHHS 3aJIeKHOCTI JeOpMYBaHHS BOJOKHUCTOTO KOMIIO3UTY 3
PIBHOMIPHO pO30piIEHTOBAHUMH BOJIOKHAMH BiJl 00'€MHOT'O BMICTY KOMITOHEHTIB. SIK KOMITOHEHTH
B3AT1 BiJTIOBIIHO BUCOKOMO/IYJIbHI BYTJICIIEBI BOJIOKHA 3 XapaKTepucTHKamu [ 14]

El =8TTla; E}=226TTla; v}=0,3; v;3=02; Gh=60TTla; (22)
00'eMHHM BMICTOM ¢, =0; 0,25; 0,5 0,75; 1,0 i eMOKCHUIHA MAaTPHUIL 3 XapakTepuctukamu [15]
E, =3 ITla; v,=0,35, (23)

. . . . . .. . 1 . 1
ne E,, v, —BiaAnoBiaHO Moaynb FOura i koedimient [lyaccona matpuiii; Eli EY, vl, ivis, Gl
i Gi; — BIAMOBIAHO MOIEpeYHHMiA i Mo310BXkHiH Moay:ti FOHra, koedinientn [Tyaccona i Moy

3CYBY BOJIOKOH, SIK1 ITOB's13aH1 3 i A, 2%3, 2/133, o hopmymamu
1

1 ,
ﬂhM%z:E%E%{E%[ —E—g]—zeiwﬂ STRSTIIY
1 1 1 1\. 1 1 1 E ]3; Ei . 1 1
A=Vt dn); A= (211"'/112)? 2_2G1 ' Au=Gl . (24)
1 12

. . 9} <O—ll> :
Ha puc. 2 nokasani rpaikd 3aJeKHOCTEH MAaKpOHANPYKEHHS , Bl
2

Makpoaedopmarii < e, > A1 pi3HUX 00’€MHHMX BMICTIB BOJIOKOH ¢, . Ha puc. 3-5 nokasani
KpHBI 3aJIe)KHOCTEN BIAMOBIAHO epekTuBHUX Moy FOura E -, koedpunuenta [lyaccona v

. wx . . KO > . .
i Mmoayinst 3cyBy G Bix ¢, . I'padiku MOKa3yroTh, 110 3aJI€KHOCTI 11 AZ BII <&, >, KPUBI

E", v , G icrorHo 3aiexars Bl 00'€eMHOTO BMICTY BOJIOKOH C; .
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<c, >/,
1
3
2
0,75
0,5
1
0,25
cl—O
— [
0 0,01 0,02 0,03 <g >

. <oy > . .
Puc. 2. 3anexnocTi MaKpoOHanpy:KeHHsA 1, BiA Makpoaedopmauii < g;; > AJs pi3HUX
2

00’€eMHUX BMIicCTiB BOJ1OKOH C;

E", GPa

80

60

. /

; yd
P

0 0,2 0,4 0,6 0,8 C,

*k
Puc. 3. 3anexnictb edpekTnBHOro Mmoxyuast FOura E - Bix 06'emuoro Bmicty BostokoH C,
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0,30

0,25

\

AN
AN

0 0,2 0,4 0,6 0.8 C,

Puc. 4. 3anexuicts epexTuBHOro kod3gduuuenty Ilyaccona vV Bix 00'emHOro BMicTy BOJIOKOH C,

G’, GPa

30

20

o /]
//

0 0,2 0,4 0,6 0,8 C,

Puc. 5. 3anexuicts edexrunoro moxyus scysy G Binx 06'emnoro Bvicty BoJ1okoH C,

BucnoBku. B naniii po60Ti mo6ya0BaHO MOJENb AePOPMYBAHHS TPOCTOPOBO-aPMOBAHUX
MatepialiB 3 pO30pi€EHTOBAaHMMHU BOJIOKHAMH, BU3HAUYEHO HANpy>KeHO-Ae(popMOBaHMii cTaH Ta
e(eKTUBHI TEPMOTIPYKHI BIACTUBOCTI TAKUX KOMITO3UTHUX MaTepiaiiB, a TAKOX JOCIIIKEHO
3aJIeKHOCTI 1e()OpMyBaHHA KOMIIO3UTY BiJf 00'€eMHOr0 BMICTY BOJIOKOH. BcTaHOBNEHO, 110
BOJIOKHUCTUH KOMITO3UTHHUI MaTepiaj 3 PO30PIEHTOBAaHMMH BOJIOKHAMHU B MakpooO'eMiB €
130TPONHUM, a HOro e(peKTHUBHI TEPMONPYXHI MOCTIHHI ICTOTHO 3ajiexaTb BiJ 00'€MHOTO
BMICTY BOJIOKOH.
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MODEL OF DEFORMATION OF FIBROUS MATERIALS OF MULTIDIRECTIONAL
REINFORCEMENT WITH NONORIENTED FIBERS

A model of deformation of multidirectional reinforcement fibrous materials with differently
oriented fibers is proposed. The solution to the problem is built in two stages. At the first stage, the
known properties of fibers and binder are used to determine the effective thermoelastic properties and
stress-strain state of the subsystem with fibers oriented in a certain way relative to the main
coordinate system. It is based on stochastic differential equations of the physically nonlinear theory of
elasticity using the method of conditional moments. At the second stage, using a given distribution
function based on the Voigt scheme, a model of deformation of the entire system is constructed from
the calculated properties of the subsystems. Strain curves are obtained for simple loading, and the
deformation of materials at uniform orientation of fibers is investigated. It was found that a fibrous
composite material with differently oriented fibers in a macrovolume is isotropic, and its effective
thermoelastic constants substantially depend on the volumetric content of fibers.

Keywords: fibrous material of multidirectional reinforcement, uniform orientation of fibers, stress-
strain state, effective thermoelastic properties, computer implementation.
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MOPIBHSIJIbHUM AHAJII3 METOIIB KOMITAKTHOI'O ITPEJICTABJIEHHS
T'PA®IYHOI IH®OPMAIIII

B cmammi npoananizosano ocrosHi xapaxmepucmuky memooie CmucHents epagiunoi ingpopmayii
i3 smpamamu ma oe3 empam (RLE, LZW, memoo Xaggpmana, DEFLATE, JBIG, JPEG, JPEG 2000,
Lossless JPEG, ¢gpaxmanvuuii ma Wawelet). E¢exmusna nepeoaua ma 36epedsicenis 306padicetsv 6
KOMYHIKAYIUHUX CUCTeMax HA 3aNi3HUYHOMY MPAHCHROPMI 3apa3 € 8ANCIUBUM 3A80AHHAM, OCKIIbKU
BeIUKI po3MIpU 300padicenb nompebyloms eeluKkux pecypcis 0is 30epicanns. Lle 3asdanns cmano
0ydice aKmMyarbHUM OCMAHHIMU POKAMU, OCKIIbKU CMAAU AKIMYATbHUMU NpoOaemMu nepeoavi
inhopmayii no menekoMyHIKAYIIHUX KAHANAX 38 3Ky MPAHCHOPMHOL IHhpacmpykmypu, a maxkooic €
genuka nompeba y npogeoenHi 8i0eokoH@epenyii, Oe 3a80aHHAM € eeKmusHe CHUCHEHHS
8i0e00anux, momy wo uum Oltbwull 0dcse Oanux, mum Oilbuia eapmicme nepedai iHgopmayii
8i0nosiono. Tomy 3acmocysants mMemooié CMUCHEHHS 300padxiceHb, AKi nepeddaiaioms 3MeHUIeHHs.
POo3MIipy ailny € upiueHHAM Yb020 3a80anHA. B pe3ynomami 0ocniodcenHs 8UOiieHO nepegazu ma
HeOoNiKU Memooie cmucHenHs. 30iliCHEeHO NOPIGHAIbHUNL AHANI3 OCHOBHUX MOJICIUBOCTNEl MEmOOi6
cmuchenHs epa@iunol inghopmayii. AkmyaneHicms noaseac 6 eghpeKmueHiil nepeoayi ma 30epercenti
epagiunoi  iHhopmayii, OcKinbKu GeaUKI OaHi BUMALAOMb GEeIUKUX pecypci@ Oas 30epicanHs.
Ilpakmuune 3nauenns noaseac y 6upiuleHHi 3a80aHHS eQEeKMUBHOZO0 3MEHUIeHHS PO3MIPIE OaHUX
WISIXOM 3ACMOCYBAHHS 8I00OMUX MEMOOI8 CINUCHEHHSL.

Knrouoei cnosa: cmucnenns, memoo, 300padiceHHs, NepemeoPeHHsl, XApaKmepucmuxu.

Beryn. 3apa3 icHye A0CUTH 0araro MeTOJiB KOMIIAKTHOTO IpeJCTaBiIeHHsS TpadiuHoi
iHpopmarii. OCHOBOIO OyNb-KMX METO/AIB CTUCHEHHSI JAHUX € BUKOPUCTAHHS MPUPOJHOL
Ha/JIMIpHOCT1 BHUXiAHOI iH(opMarii. Meroau ctucHeHHs rpadiyHoi iHpopMmanii po3polieHi
JUIsL 3HMOKEHHSI 00csTy BUXIIHOI 1H(opmalii 3a JOMOMOror NepeTBOpeHHs 0e3 BTpaT abo
NEpeTBOPEHHS 3 BTpaTaMu. ToMy Taki METOAM MOAUIAIOTH Ha CTUCHEHHS 3 BTpaTaMu Ta
cTUCHEHHs 0e3 BTpar [7].

CrucHenHs 3 BTpatamu (aHri. LOSSy compression) — me mepeTBOpeHHs BXiTHUX JaHHX Y
BUXIJHI JaHl, SKi MOBTOPIOIOTH 30BHIIIHI XapaKTEPUCTHUKH BXITHUX JTaHUX 3 PI3HUIICIO Y
o0cs3i. CrymiHb NOAIOHOCTI BXIAHMX 1 BHUXIZHUX JaHUX BU3HAYAETHCS CTYIEHEM
BIJIMOBITHOCTI TIEBHUX BJIACTUBOCTEH 300pa)KE€HHs, IO MPECTABIAETHCA 3aJaHUM TTOTOKOM
iHpopmanii. MeToau CTUCHEHHS 3 BTpaTaMH JI03BOJIAIOTH OTPUMATH 1CTOTHO OLUIbINI
KoeQILIEHTH CTUCHEHHS. AJie TpU I1bOMY BIJIOYBA€ThCA CIIOTBOPEHHS BHUXIJHOTO
300pakeHHs, MOTIpIIEHHS HOro skocTi. ToMy NpH MOPIBHSAHHI PI3HUX METOMAIB CTUCHEHHS
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HEOOXITHO BpPAaXOBYBaTH SKICTh BIAHOBJICHHS 300pakeHHs. CTHUCHEHHS 13 BTpaTaMu
HaifuacTime BUKOPUCTOBYETHCS JUIS MYJIbTUMEIIHHUX JaHUX, OCOOJIMBO JUIS TOTOKOBOI
nepeaayl 1aHux Ta tenedonii. MeToau 3 BTpaTaMu 3a3BUYaid 3aCTOCOBYIOTHCS /ISl CTUCHEHHS
300paxkens 1 aymio [7, 11].

CrucHenns 6e3 Brpat (anri. Lossless) — 11e mepeTBopeHHs BXIAHUX JTaHUX Y BHXI1JIHI JIaHi,
JIe 3aK0/I0BaHa iH(opMaIlis Moke OyTH BITHOBJICHA 3 TOYHICTIO 10 OiTa. MeTOu CTUCHEHHS
0e3 BTpaT 3aCTOCOBYIOTHCS Ul 3MEHILEHHS pO3Mipy AaHUX. 3 BUKOPUCTAHHSAM LIMX METOJIB
MOJJIMBO B TOYHOCTI BIJHOBUTHM NOYaTkoBi naHi. J[nsg koxkHoro 3 TumiB 1mdpoBoi
iHopmMartii, Sk TmpaBUIO, ICHYIOTh CBOi MeToAu CTHCHEHHs Oe3 BTpar [11]. PesynmpTaTom
CTHCHEHHs 0e3 BTpaT 3aBXIU € 3HWKEHHsI 00CITy BHUXIIHOTO MOTOKY iH(opMarii 6e3 3MiHK
roro iHdopmaTUBHOCTI, TOOTO 0€3 BTpaTtu iHPOPMAIIHHOI CTPYKTYpU. METOIM CTUCHEHHS
0e3 BTpaT BUKOPUCTOBYIOTHCS Yy cdepax, A¢ BaXKIUBI TOYHICTh JaHUX Ta IIBUIKICTH iX
nepeAaBaHHs MDK By3JamMM cucTeMd. Hanpukian y HayKoBHX 1 MEAMYHHMX MPUKIIAJIHUX
nporpamax, KOJHM BTpara iHdopmamii HenpumycTHMa abo cami IIyMH 300pakeHHS €
rojioBHOI0 iH(popMaliew. [IpakTuyHe 3HAYCHHS Mae came Horo amaparHa peamizamis. Taki
KOJIEpH BUKOPUCTOBYIOTH B OXOPOHHHMX CHCTEMax, CHCTeMax 30upaHHs iH(opmaii,
CYNyTHUKOBHUX, MIABOJHMUX Ta IHIIUX CUCTeMax (OTO- Ta BiJICOCHOCTEPEkKEHb, & TAKOXK B
ACTPOHOMIYHHUX 1IHCTpYMEHTaX 1 Teneckomnax [7, 10].

AHaJi3 OCTaHHIX JO0CJIiIKeHb i mocrtaHoBKa mpoOJjemu. [lepmumu Uit CTUCHEHHS
300pakeHb CTalld 3aCTOCOBYBATHCA 3BHYHI METOIM, IO BHUKOPHCTOBYIOTHCS B CHCTEMax
pPE3epPBHOTO KOIMIIOBAaHHS, MpPH CTBOpPeHHI AUCTpUOyTHBiB. Lli amroputmu cruckaiu
iHpopmamiro 6e3 3MiH. Benuki KommaHii BHUKOPHUCTOBYBAJM METOJIM CTUCHEHHS IS
30epiraHHsi BEJIMKUX MAaCUBIB JaHUX. [3 MOsABOIO IHTEPHETY BHHHKIA HEOOXIAHICTH Yy
BJIOCKOHAJICHHI ICHYIOYMX METOJIiB CTUCHEHHS, OCKUIbKU MPOITYCKHA 3AaTHICTh KaHaIB Oyrna
HaA3BUYaiiHO By3bkoio [1]. Tomy Oymu ctBopeni ¢gopmatu ZIP, GIF 1 PNG. Ilepmuit
yeninmauid apxiBatop ARC 103BOIISIB CTHCKATH CTHCKATH KiibKa (pailiIiB B apXiB, A0 TOTO XK
BuxinHi 11 Oynu Bimumaeni. ARC BukopuctoByBanma wmoaudixoBanuii meron LZW. 3
PO3BUTKOM KOMIT FOTEPHOI TEXHiKH, Ha 3aMminy metonqy LZW crtaB metonq DEFLATE. Cepen
HOBHUX MOXJHMBOCTEN Oyna (yHKIIs po30MTTS apXiBy Ha ToMu. Lls Bepcis 10Ci MOBCIOJHO
BUKOPUCTOBY€EThCS, HE3Bakatouu Ha mnoBakHUil Bik. dopmar 300pakens GIF (Graphics
Interchange Format) miaTpumye cTucHEHHS 300pakeHHs 6€3 BTpaT, 1 00MEKEHHI MaIiTPOIO B
256 xonbopiB. BiH 10 1ux mip momynspHUM, 0coOIMBO B 3B'SI3KY 3 MIATPUMKOIO aHIMaIlii.
3apa3 DEFLATE naiinonynsipHilIuii anroput™ CTUCHEHHs. OCKUIBKM OCTaHHIM 4acoM BCE
qacTillle BUKOPUCTOBYIOTh HOBI KJacH 300pa’keHb, CTapi METOIU IMEpecTali 3aJ0BOJIbHITH
BUMOTaM, IO TPEICTABIAIOTHCSA 10 CTUCHEHHA. lle mpuBeno 10 CTBOPEHHS HOBOTO THILY
AITOPUTMIB — CTHCKArOUMX 3 BTparorw iHdopmaii [6]. Sk mpaBuio, koediieHT apxiBarii, i
OTXe, BeIMYMHY BTPAT SIKOCTI B HUX MOXKHA 3a/1aBaTh. [Ipu 1ipoMy mocATaeThesi KOMIIPOMIC
MDK PO3MIPOM 1 SIKICTIO 300pakeHb. OHI€I0 13 CYTTEBUX MPOOIEM CTUCHEHHS 300paXKeHb €
BIJICYTHICTh QaJIEKBaTHUX KpUTEPIiB OI[IHKM BTpPaTH SKOCTI, TOMY IO SKICTb MOXeE
noripuryBaTuch Ha Oyab-skiii craaii oOpoOku (mpu omMdpoByBaHHI, HpU MEPEBOAlI B
oOMeXeHy MalliTpy KOJIbOPIB, NMPHU MEPEBEACHHI B 1HIIY CUCTEMY IPEACTaBIEHHS KOJbOPIB
JUIs APYKY, IPH CTUCHEHHI 13 BTpaTaMH).

Bigomo, mo maibke Bcs rpadiuHa iHdopmaris, SKa MiATa€ThCs CTUCKY, NMPH3HAYEHA IS
MOANIBIIOTO aHaI3y JIIOHHO. Kpallie BChoro BTpary sSIKOCTi 300pakeHb OLIHIOBATH Bi3yallbHO,
32 JOMOMOTOK 30py. BIIMIHHMM BBaXa€ThCS CTUCHEHHS, KOJU HEMOXXIIMBO BI3YaJIbHO
BIIDI3HUTH TOYAaTKOBE 300pa)KeHHS Ta BIiJHOBJIEHE IIICIS CTHUCHEHHS; HOPMAaJbHUM, KOJH
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MOYATKOBE Ta BiTHOBJICHE IICJIsSi CTUCHEHHS 300payKEHHS MOYKHA BIAPI3HUTHU TUIHKH ITOPIBHIOIOYU
JIBa 300paKCHHSI.

Ha npaxTuiii, HaBiTh IPH BIAMIHHOMY 30€peKeHH1 SIKOCTI, B 300paKeHHS MOXXYTh OyTH
BHECEHI perynspHi cnenudiuni 3miHu. ToMy MeTonuM CTHCHEHHS 3 BTpaTaMH He
PEKOMEHIYEThCSI BHUKOPHUCTOBYBAaTH IPH CTUCHEHHI 300paykeHb, sKI Hajgaial HEO0OXI1THO
JPYKyBaTl 3 BHCOKOIO SKICTIO, a00 0OpoOJsTH mporpaMamu po3mizHaBaHHs o0pasiB [4].
HenpuemHi edexTu 3 TakUMH 300paK€HHSIMH, MOXYTh BUHUKHYTH HAaBITh MpPH MPOCTOMY
Mmacirabysansi [2, 12, 15].

Meta i 3aBaaHHs aochailkeHHsi. Ha chorojgHi akTyaabHUM 3aBIaHHSAM e(EeKTHBHOL
nepegavi Ta 30epekeHHs 300pakeHb B KOMYHIKAI[IHHUX CHCTEMaX, OCKUTBKU BEIUKI PO3MIpH
rpadgigyHuX 300paKeHb BUMAraloTh BEJTUKHX PECYPCIB JIs 30epiranHs. 3aCTOCYBaHHS METOIIB
CTUCHEHHS 300pakeHb, SKI Iepe0avaroTh 3MEHIICHHS PO3MIpY (aiily € BUPIIICHHSIM IIbOTO
3aBaaHHs. [cHye 6arato po3po0IeHUX METOIIB CTUCHEHHS IpadiyHoi iHpopMallii, cepes SKuX
PO3PI3HAIOTH METOJIM CIPSIMOBAHI Ha KOMIIPECIIO Ta JEKOMIIPECII0 1 METOAM CIPSIMOBaHI Ha
CTYyMiHb CTUCHEHHS. Ta 3a3BUYall Taki METOAM PO3POOISAIOTH Ui BHU3HAUYEHUX THIIIB
rpadiunoi indopmarii. I, BiAMOBITHO, IJIS MIPOBEICHHS aHAI3Yy PI3HUX METOJIB CTHCHEHHS
300pakeHb HEOOXIJHO 3HATH Ha SKUH KiIac 300paxkeHb Tpeda OpiEHTyBaTHCS
(MOHOXpOMAaTHYHE, HAMMBTOHOBE, KOJBOPOBE, 300paXCHHS 3 HEMEPEPBHUM TOHOM,
JTUCKPETHO-TOHOBE 300pa)KE€HHS, 300pa)K€HHS, B SKHUX MPUCYTHI BENUKI 00JACTi OJHOTO
KOTbopy). ToMy CKJIaTHO pO3MEXKYBAaTH Ta CKIACTH YHIBEPCAIBHHI OMUC BiJOMHUX METO/IIB.
Lle Mo>kHA 3pOOUTH TUIBKHU ISl TATIOBUX METOJIIB 32 YMOBH BUKOPUCTAHHS THUIIOBUX METOJIIB
Ha TUNOBUX IaTdopmax [15].

Marepiajau Ta MeTOIH AOCTiTKeHHs. /[0 OCHOBHUX METOJIIB CTUCHEHHS iH(opmMartii 6e3
BTpar Hanexath merox RLE, meton LZW, meron Xaddmana, merox JBIG, merox Lossless
JPEG ta meron DEFLATE. Po3srisiHeMo iX gerajibHille.

1. Memoo RLE (Run Length Encoding) — oauH i3 HaicTapimmx i HARIPOCTIMIMX METOIIB
CTUCHEHHsI. JlaHWui MeToNl MpOoCTUi y peanizailii, OCKUTbKH HE BUMAarae J0JIaTKOBOI mam’sTi
pu KoMIipecii/nekommpecii. MeTo OopieHTOBaHHMI Ha 300pa’KCHHSI 3 HEBEIIMKOKO KUIBKICTIO
KOJIbOPIB 200 300pakeHHs 3 OUIbII BEIMKUMH OOJIACTAMHU KOJBOPY, SIKHH IMOBTOPIOETHCS.
RLE mae BHCOKY MIBHAKOJIIO Ta HE BUMAarae JA0JaTKOBOi mam'aTi mpu cTtucHeHHi. RLE wmae
HU3bKHUI CTYIIHb CTHUCHEHHS. 3aCTOCYBaHHS JAHOTO METOAY €(QEKTHUBHE INpU CTHUCHEHHI
pactpoBux ToHOBUX 300paxenp (BMP, PCX, TIFF), ockinbki BOHU MICTATH JAOBIi cepii
MOBTOPIOBAHUX TociiioBHOCTe# OaiTiB [7,11, 15]. 'omoBHoto nepeBaroro RLE € ioro Oimbin
HU3bKa PO3PaxXyHKOBA CKJIAJHICTh 3 OUIBII MPOCTUMH €TalaMHi KOJTyBaHHS Ta JEKOIYyBaHHS.
Ile cnusie mBUAKINA peanizalii B MOPIBHSHHI 3 IHIIUMHU METOAAMM KOJTYBAaHHS JUIsl Kpamoi
poboTH cTUCHEHHS 6e3 croTBOpeHb [3].

2. Memoo LZW (Lempel, Ziv, Welch — memoo Jlemnens-3isa-Benu). 1le yHiBepcaibHMiA
METOJl CTUCHEHHA 0e3 BTpaT oOpieHTOBaHUM Ha 8-0iToBi 300pakeHHA. CTHUCHEHHS
3a0e3MmeuyeTbesl OJHAKOBUMH TMIIaHIIOKKaMU OaiTiB y mororil. [Iporec cTucky Burisnae
JOCUTB MPOCTO: TOCTIAOBHO 3YUTYIOTHCS CHUMBOJH BXiJIHOTO TOTOKY W MEpEBIPSETHCS, YU €
TaKUi PSAAOK B CTBOPEHIH TaOnuIl pAaKiB. SKIIO PSAAOK €, TO 3UUTYEThCS HACTYITHUNA CUMBOJL,
a SIKIO PSAAOK BIJCYTHIH, TO B OTIK 3aHOCUTHCS KO/ JUTSI ONEPETHHOTO 3HANIEHOTO PAIKA, Y
TaOJIMLI0 3aHOCUTHCA PAJOK M MOYMHAETHCS MOLIYK 3HOBY. LZW yHiBepcaibHUN, OCKIJIbKU
came MOro BapiaHTH BUKOPHCTOBYIOTHCS B 3BHYAWHUX apXiBaTopax. BiH peamizoBaHuil y
dopmarax GIF, TIFF 1 TGA. OcHOBHUM HEAONIKOM IIbOTO METOAY € HHU3bKHH CTYIiHb
CTHCHEHHS Y TOPIBHSAHHI 31 CXEMOIO JIBOCTyIEHeBoro koayBanns [7, 11, 15].
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3. Memoo Xagppmana — iacMuyHUHA METOJ CTUCKY iHdOpMAaIii, aKTyaabHUW s
TEKCTOBUX (hailsliB, 16 CUMBOJIHM TEKCTY 3aMiHIOIOTHCS JAHIIOKKAMH OIT pi3HOI JOBXKHHH, 1
3a0e3rneyye 0JJHO3HAYHY OOYI0OBY KOy 3 HAMMEHILIUM JIs JAHOTO PO3MOILTY HMOBIpHOCTEM
CepeHIM YMCIIOM CHUMBOJIB Ha jJitepy. Merox Xaddmana npakTHUHO HE 3aCTOCOBYETHCS 110
300paxeHb y YUCTOMY BUIJISAL. 3a3BUYail BUKOPUCTOBYETHCS SIK OJMH 3 €TalliB KOMIIpeCii B
OipI CKIATHUX cxeMax. Lle emuHuii Meton, mo He 30UIbIIye po3Mipy BUXIIHUX JaHUX Y
HaWTipmioMy pasi (SKIIO HE BBaKaTH HEOOXITHOCTI 30epiraTH TaOJHIO MEPEeKOyBaHHS
pa3om 3 daitiom) [7, 11, 15].

4. Memoo DEFLATE 6a3yetbcs Ha komOiHanii anroputMmiB LZW (Jlemniens-3iBa-Bena) ta
Xapopmana. Meron DEFLATE pocratHbo mpocTHii y peainizamii, IIBUIKWH, IIUPOKO
BUKOPDUCTOBYETbCS Yy MporpamMHoMy 3abesnedeHHi. Hemomikom Merogy € HH3bKa
e(eKTUBHICTD KOJyBaHHs He3HauHOTro 00csary nanux. IlopiBasHO i3 MeTogamu RLE, LZW Tta
Xaddmana, meton DEFLATE € onTtumanbHMM 3a CIIBBIIHOIIEHHSAM SKOCTI BTpaTu. Tomy
JOLIIBHO PO3pOOUTH HOBUH MiXia 0 cTHCHEHHS 300pakeHb Ha ocHOBI Mmetony DEFLATE 3
BUKOPHCTAHHSAM €TaIly Ionepeanboi 00pooku. Ha nipoMy eTani moBUHHI MIATOTYBAaTUCS JIaHi,
SKi TO-TIepIle, MalTh MOBTOPIOBaHI ()parMeHTH, MO-ApYyre, MAlOTh BEIUKY KUIBKICTbH
OJIHAKOBHUX MKCeliB Ha 300paxkeHHi. Etamn nonepenuboi 0OpoOKM MOKe BKIIFOUATH HACTYIIHI
OCHOBHI aJITOPUTMH: BU3HAYCHHS KOJIbOPY (OHY; BU3HAUCHHS HAsSBHOCTI 300payKeHHS; aHAaJIi3
MO>KJIMBOCTI BIAJITICHHS ()parMeHTIB 300paKeHHS; JOBeIeHHs (DparMeHTiB 10 MPSIMOKYTHOL
dopmu; Ge3nocepenHs o0podka pparmenTiB 300pakeHHs. []01aTKOBO 30UTBIIUTH KOSQIIIEHT
CTHUCHEHHSI MOXJIMBO 33 PaXyHOK BHOOpPY KoibopoBoi Mozeni. Tak sik anroputm DEFLATE
CTUCKa€ 3a paxXyHOK pi3HOI YacTOTH 3'SBICHHS ITKCENIB Yy 300pa)keHi, TO OIMIIBHO
BUKOPHCTOBYBaTH KOJbOPOPI3HUIIEBY MOJieTb, B SIKIH Y JBOX KOJbOPOBUX KOMIIOHEHTIB
3HIDKCHUH JWHAMIYHUEN [iama3oH JaHuX s (QparMeHTIB 300paXXeHHS 3 OJHOTUITHHUMHU
psankamu [11].

5. Memoo JBIG (Joint Bi-level Experts) po3pobaeuuii rpymnoto excreptis 1ISO (Joint Bi-
level Experts Group) cremiaabHO Uit CTHCHEHHS OJHOOITHHX YOPHO-OUIMX 300pasKeHb
(nanpukmnan, 11 ¢akciB a00 BiJICKAHOBAHUX JIOKYMEHTIB), 1 MOXKE 3aCTOCOBYBATHUCS 1 110 2-X,
1 10 4-x OiTOBUX 300pakeHb, po30MBatOYM iX Ha OkpeMi OiToBi TomuHu. Metox JBIG tak
camMo K Meroa XadmaHa, BUKOPUCTOBYE JUIS YAaCTHX CHUMBOJIIB KOPOTKI JIAHIFOKKH, JUIs
pinkux — pnoBri. OmgHak Ha BiAMiIHY Big Hboro B Meroai JBIG BUKOpHUCTOBYIOTHCA
nociiioBHOCTI cuMBoiiB. JBIG no3Bossie kepyBaTu MOPSIKOM PO3OUTTS 300pakeHHS Ha
O1TOB1 IUIOIIMHYU, WIMPUHOIO CMYr B 300pa)K€HHi, piBHAMU MacmTaOyBaHHs. OcTaHHE
JI03BOJISIE JIETKO OpiEHTYBAaTUCS B 0a3l BENMKUX 3a po3MipaMu 300pakeHb, Meperiisgaroun
croyaTKy ix 3MeHImIeHl komii. HamamTyBaHHS 03Ha4eHHMX MapameTpiB J03BOJISE TPU
OTPUMaHHI 300pa)keHHs MO Mepexi abo Mo OyAb-IKOMY IHIIOMY KaHaly, MpPOIYyCKHA
3aTHICTh SIKOTO Majlla B TOPIBHSHHI 3 MOMKJIMBOCTSAMM IIPOIECOpa, pPO3MAKOBYBAaTH
300pakeHHs Ha €KpaHi MOCTYIOBO, 110 3a0e3Meuye oneparopy aHayli3 KapTHHKH 3aJI0BTO J10
KIHIIS Tpoliecy po3apxiBauii. XapaktepHoto ocoonuBicTio JBIG € pizke 3HMKEHHS CTYINEHIO
CTHCHEHHSI IPH MiJBUILEHHI PiBHS LIYMiB BXiHOro 300paxkeHHs [7, 11, 15].

6. Memoo Lossless JPEG po3poOienuit rpymnoro ekcreptiB 3 ¢ororpadii (Joint
Photographic Expert Group). JPEG-LS crBopeno Ha ocHoBi MeToay ctucHeHHs LOCO-I. Bin
icrotHO BiApizHAeThes Bix MeToniB JPEG ta JPEG2000, xouya Ha3Ba cxoka. Ha BijaMiHYy Bif
JBIG, Lossless JPEG opieHTOBaHMIT Ha TTOBHOKOJIHOPOBI 24-0iTOBI Ta 8-0iTOBI 300paskeHHS
0e3 mamiTpu (B rpamaiisx ciporo). Bin npejacraiise codoro cnerianbHy peartizaimito JPEG 6e3
BTpar. JPEG Brutouae nBa cocobu cTucHEHHS — 0e3 BTpaT 1 3 BTpaToro skocTi. Lleir meTon
PEKOMEH/IYEThCS BHKOPHCTOBYBAaTH B CHCTEMax 3 JIOBOJI OOMEXKEHHMH pecypcami,
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HaIpUKJIaJ, KOCMIYHUX CTaHIiAX 4u BeO-kamepax. Meron JPEG-LS cknamaerbcs 3 Tpbhox
OCHOBHUX €TalliB BUKOHAHHS: MOJICITIOBAHHS, TPOTHO3YBaHHSA Ta KOAyBaHHs. OCHOBHOIO HOTO
BIIMIHHICTIO BiJ] IHIIUX aJIFTOPUTMIB € MOAYJIb NMPOTHO3YBAaHHS Ta poOOTa 3 KOHTEKCTOM [7,
10, 11, 15] Ans nopiBHSHHS METONIB CTUCKY rpadiyHoi iHdopMmarlii 6e3 BTpaT po3riIsTHEMO
Tabiuro 1.

Tabnuys 1. IlopiBHAHHS OCHOBHUX XapPAKTEPUCTHK METOIB CTUCHEHHS TpadiuHoi

indopmanii 6e3 BTpaT

Hassa meTonmy OCHOBHI XapaKTepUCTUKU [epeBaru Ta HEMOTIKH METOTY
METOLy
Mertox RLE (Run CyTb mossirae y KoxyBaHHi Ilepesacu: mpocThii B peaizarlii, KOPUCHUH IS
Length Encoding) MOBTOPIOBAHUX 3HAYCHb HAJUTMIIKOBHX JAHUX, TAKHAX SIK KAPTHHKH 13
KOJILOPIB BEJIMKOO KUJIBKICTIO MIKCEITiB
Heoonixu: cTuck IpU3BONUTH 10 301IbIICHHS
poamipy daitny
LZW Ilepesacu: ipocTHii B peaiizanii, BUCOKa IIBUIKICTh
i [ToBTOpEHHS OTHOTUITHUX 6 .. , .
(meron Jlemnens-3iBa HOCiI0BHOCTE KOMBOpIB CTHUCKY, ge oTpe zfe JIO/IaTKOBOI MaM STi
Bemu) Heoonixu: manuii KoeQillieHT CTUCKY
Ilepesacu: BUCOKA NIBUJIKICTh CTHCKY, aKTyaJbHHMA
JUIsL TEKCTOBHX (haiiiniB, 3a0e3meuye 0JHO3HAUHY
NoOyI0BY KOy 3 HaiIMEHIINM 15l IaHOTO
Xaddmana Pi3Ha yacToTa MOSBH KOJIHOPIB posnozity ﬁMOBipH9CTeﬁ (?epe;:[HiM mcriom
CHMBOJIIB Ha JIITEPy
HeOdonixu.: IpaKTHYHO HE 3aCTOCOBYETHCS JI0
300pakeHb Y YICTOMY BHUIJIAI
DEFLATE CTHCHEHHS BiIOyBa€eThCS 32 Ilepesacu: mpocThil y peaizarii, IIBUIKAH, ITUPOKO
PaxyHOK Pi3KOi YaCTOTH BHKOPHCTOBYETHCS y IIPOrPAMHOMY 3a0e3IIeUeHHI
3" SIBJICHHSI TIKCEIB Y
DEFLATE 300pakeHHi Ta IX OJHOTUITHUX Heooniku: Hr3pKa e(peKTUBHICTH KOIYBaHHSI
PAAKIB HE3HAYHOTO 00CSTY JaHUX
Ilepesacu: n03BOIISE KEPYBATH TIOPSIOKOM
PO30UTTS 300paskeHHsI HA OITOBI IJIOIINHH,
CTHCHEHHS OMHOGITHIX HIMPUHOIO CMYT B 300pakeHHI, PIBHIMU
JBIG . MacmTaOyBaHHS (MOXKIIMBO TEeperysiiaTH
YOPHO-O1IKX 300pakeHb . .
300pa)keHHsI Yepe3 iX 3MeHIIeHi KoIii)
Heoonixu: 3HWKEHHS CTYNICHIO CTUCKY TIPH
ABUIIICHH] PiBHS HIYMIB BXIJHHUX JTaHUX
OpieHTOBaHMH Ha Ilepesazu: yHiBepcalbHUIA
Lossless JPEG HOBH(?KOJ'I.BOpOBi 24-6iToBi Ta Heooniku: Hn3pkuii koedilieHT cTHCKY (TIpH
8-0iToBi 300paxeHHs Oe3 CTHCKY 300paxxeHHs 0e3 BTpar)
AT TPH

OTxe, HaBeJIeHI BUIIE METOAM CTUCHEHHS 1HQopmalii 6e3 BTpaT € yHiBepcalbHUMHU Ta
OXOIUTIOIOTh BCl THUIK 300pa’ke€Hb, MPOTE MAIOTh 3aHAATO MaJEHbKUN KOE(DILIEHT CTHUCKY.
BukopucToByroun OJMH 3 METOJIB CTHCKY O€3 BTpaT, MOXHa 3a0€3NeUUTH CTUCHEHHS
300pakeHHs1 TPUOJIU3HO y JIBa pa3u, Xoya Iie 1 0arato B YOMY 3aJIe)KHUTh Bl XapaKTEPUCTUK
300pakeHHsI. MeTOIM CTUCHEHHS 3 BTpaTaMu HaiOIb1 eeKTHBHI, TPOTE BUMAratoTh TaKOX
OIIHIOBAaHHS 32 O3HAUYCHWMH BHINE KpPUTEPISIMH, OCKUIBKA BaXJIMBHM B MeETOJax
penpoayKyBaHHs - 3a0e3MeueHHs] paliOHAJIbHOTO BIATBOPEHHS OpHUTiHANY (QHAJOBOTO YU
1M (ppoBOTO) 3 MOBHUM HAOOPOM KOJHOPOBUX 1 TOHOBHX XapakTepucTuk [7, 11].
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Tomy, mpoaHaxizyeMo OCHOBHI METOJIM CTUCHEHHs TpadiuHoi iHpopmarii 3 BTparamu. Jlo
OCHOBHHX METOJIIB CTHCHEHHs iH(opMarlii 3 Brparamu HajexaTts meroq JPEG, meron JPEG
2000, dppaxransuuii Meton, Wawelet (pexypcuBumii MeTox). Po3ristHemMo iX aeTanbHile.

1. Aneopumm JPEG — onuH 3 HaWMOMMpPEHIMMX 1 JOCTAaTHRO MOTYXHHX MeToxiB. Ha
ChOTOJIHI BiH € CTaHJapTOM JUIs MOBHOKOJBOPOBOIO 300pakeHHs. BiH omepye obmactsaMu
8x8, Ha KUX SCKPABICTD 1 KOJIP MIHSAIOTHCS MOPIBHSHO IIABHO.

i
/
/
A
/
/
/
/

RVAYAYANANANANAN
AVANAYANANANANN
AVANAYANAN AN

/|
/|
/|
/|
/|
|
2
d

\
\

Puc. 1. OdaacTb 300paxenns 8x8

BHacmigok 1poro, mpu po3KJIAaHHI MaTpHIl TakKoi OO0JNacTi B MOABIMHHMK psn 1O
KOCHHYCAaxX 3HAuyIIMMH BUSBISIIOTbCA TiAbKM mepiui koegiuientu. CrtucHenHs B JPEG
3IHCHIOETHCS 32 paXyHOK IUIABHOCTI 3MiHU KOJBOPIB B 300paxenHi [11, 12, 15].

MeTo OXOIUTIOE MOBHOKOJIBOPOBI 24 OiTHI 300paxkeHHs (24 6ita Ha 1 Touky) abo
300pakeHHST B Trpajamisx ciporo 0e3 pi3kux mepexonuiB KoibopiB  ((oTorpadii).
Cumetpuunicts: 1 [11, 15].

Cxema alropuTMy CTHCHEHHS 300pakeHb 3a crannaproM JPEG HaBenena Ha puc. 2.

RGB [ncKpeTHO-
306paxeHHsA: RGB->YUV Ouckpetunsauin KOCMHyCHe KeaHTyBaHHA
CTucHeHe CTUCHeHHA RLE cTUCHeHHA ZigZag
306parKeHHsn XaddmaHa CKaHYBaHHA

Puc. 2. Cxema aJIropuTMy CTHCHEHHS 300paxkenb JPEG (/rcepeno: [T])

CrucHenHs 300paxkeHs 3a ctangaprom JPEG mae Taky mocimiIoBHICTh KPOKiB:

1) KonbopoBe 300paxeHHs nepeBoauThes 3 mpocropy RGB B mpoctip YCrCb.

VY 300paxenusx gopmary RGB e cyrTeBa xopensilis Mi KOJIbOPOBHUMH KOMITOHCHTAMH.
Komnonentu R, G i B neperBoproroTbess B KOMIOHEHTY Y 1 1Bl PI3HOKOJIBOPOBI KOMIIOHEHTH
UiV, dopmary YUV, ne Y — curnan sckpasocti, U 1 V — pi3HULEB] KOJIpHI CUTHAJH.

[TepeTBOpeHHS BUKOHYETHCS BiJl MIKCENS 10 MIKCENS 32 TAKUMHU (POpMYIIaMu:
Y =0.3R+0.59G + 0.11B 1)
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U =-0.15R — 0.29G + 0.44B )

V =0.62R -0.52G - 0.1B )
ne R, G, B —xonipHi curnanu 300pakeHHsI (YUepBOHMH, 3€JICHUH 1 CHHIN BIJIITOBITHO).

[IpencraBneHHs KOJbOPOBOro 300pakeHHs B cuctemi YUV 1ae MOXKIMBICT BUKOPHCTATH
0COOJIMBOCTI 30pOBOTO CHPUMHATTS 300pa’kKeHb JIFOJIUHOK — HU3bKY UYTIUBICT JIO0 TOYHOCTI
npeCcTaBIeHHS KobopiB [7, 12].

2) KoabopoBe 300pakeHHs1 po30uBaeThes Ha KpymnHi mikceni. [likceni KOXHOT KOJIbOPOBOi
KOMITOHEHTH 30MParOThCs y OJIOKH 8 X 8, sIKi HA3UBAKOTHCS OJMHUISIMH JJAHUX;

3) 3acTOCOBY€ThCS TUCKPETHE KOCHUHYC-TIEPETBOPEHHSI 1O KOXKHOI OJMHUIN JTAaHUX Ta
OTPUMYIOTh OJIOKH 8 X 8 4acTOT OJMHUI JaHUX (U1 3MCHIICHHS HaJJIMIIKOBOCTI JAHMX
300pakeHHs);

4) KBantyBanHs koxkHoro Osoky koedimieHTiB JIKII: koxHa 3 64 KOMIIOHEHT 4acTOT
OJIMHUIb JTaHWUX JUIMTBCA Ha cremnianbHe 4ucio — koedimient kBantyBanHs (QC), ska
okpyrisieTbest qo 1inoro. Bukonanns JIKII € maitbinpmn BaxkkuM 1is peamizamii. IIporec
KoayBaHHSA 13 3acrocyBaHHsAM JIKII: 300paskeHHst po30uBaeThes Ha OJ10KK po3MipoM 8x8 (Tipu
KOAYBaHHI KOJIbOPOBHUX 300pakeHb KOYKHA KOMIIOHEHTa 00pOOISETHCS HE3AIEHKHO).

B Mexxax xoxHOro 610Ky BHKOHYeThCs 1BoBUMipHE JIKII BiamoBigHO 10 BHpasy:

F(UV)=2C(U)CME_o 7o f (i, /)cos(ZE2T) cos (1T, “)
1
e Cx={vz X7 0 1o uv-—0,1,2...7.
1  x00,
IIpn l[GKOl[yBaHHi oOuncnoerbes 3sopotHe JIKII: _
F(ij)= 70 X7 C(W)C(VIF (u, v) cos(BE2T) cos (BT, ®)

. 16
e 1,J]—0,1,2 ... 7.

5) KonyBaHHs pe3ynbTyBaIbHUX KOE(IIEHTIB 13 3aCTOCYBAHHSAM CTATUYHOTO KOJyBaHHS
Xaddmana: yci 64 KBaHTOBAaHUX YACTOTHUX KOE(III€EHTA KOKHOI OJUHUII TaHUX KOJIYIOThCS
3 gonomororo komOiHauii RLE 1 anroputmy Xaddmana. Ha erani craTuuHOro KoayBaHHS
Kpim anroputMmy Xadmana, crienudikanis JPEG momyckae 3acTtocyBaHHS 1HIIMX METOJIB 3
METOI0 3MEHIIeHHS o00’eMy iHdopMalii, HaNpHUKIaJ 3acTOCYBaHHA apU(PMETHUYHOTO
koayBaHHs QM;

6) Ha octaHHbOMY KpOIli JOJA€EThCs 3arojioBOK 3 BuUKopHcTaHux mapamerpiB JPEG i
pe3ysbTaTu BUBOJATHCS B cTUCIMH (aiin. CTyIiHb CTHCKY 3a/1a€ThCSl KOPUCTYBayeM BiJl 2 110
200, xoua Ha mpakTULi Koe(illieHT cTUCHEHHs He nmepesuinye 20-25 [11, 12, 15].

VY JPEG e cBoi ocobmnuBocTti. Hait6inbm Bitomi «edext ['1060ca» 1 ApoOaeHHs 300paxeHHs
Ha kBajpaTu 8x8. Ilepmmii BUABIAETbCA HA TPAHMLAX PI3KUX MEX MPEAMETIB, YTBOPIOIOUU
CBOEPIIHMI «opeos». Po30UTTs Ha KBaapaTu BiIOYBAETHCA, KOJU 33JJa€THCS 3aHA/ITO BEITUKUMA
BIJICOTOK apXiBalii JJIsl JaHOTO KOHKpeTHOro 300paxxkeHHs. Henomnikom mMetony JPEG € takox
T€, 10 HEPIIKO TOPU3OHTAJBHI 1 BEPTHKAJIbHI CMYT'HM Ha JUCIUIET aOCONIOTHO HE BUIHO, 1
MOXYTh BHMSBHUTUCS TIJIBKM TpH JApyli Yy Burisai myapy. 3 uiei npuuunnun JPEG He
PEKOMEH/IYEThCSl BUKOPUCTOBYBATH B Tomirpadii mpu BHCOKHX Koe(]imieHTax CTHCHEHHS.
OpHak MpH 3aCTOCYBaHHI palliOHAIBHUX MEX CTHUCHEHHS 1 aJITOPUTMIB PO3MHUTTS TOYOK
pacTpyBaHHS BiH MOX€ PO3TIISIATHCS SK BapiaHT CTUCHEHHS JUIsl 3MEHIICHHS 00caTy (aiiry
MOBHOKOJIIPHOTO 300pakKeHHs B OpUTiHAI-MaKeTax BUJaHb, IKi OyAyTh ApyKyBatucs [7].
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JPEG.
Cxema anropuTMy CTHCHEHHS 300pakeHpb 3a crangaprom JPEG2000 npencraBieHa 3a Ha
puc. 3.
CermeHTHUI AvckpetHe
3CVB DIBHIB BeinsneT-
306pakeHHs: reHepaTop yBp IepEeTBOPEHHS KBaHTyBaHHA
CTUCHeHe CTUCHEHHS RLE cTUCHeHHA ZigZag
306paeHHA XaddmaHa KOAYBaHHA

Puc. 3. Cxema anroputmy crucHeHHsi 300pa:xkenb JPEG2000 ([orcepeno: [10])

Cxema anroputmy JPEG 2000 nyxe cxoxka Ha ©Oa3zoBy cxemy JPEG. Bigminnocti
HOJISITAIOTh Y TAKOMY:

3aMICTh TUCKPETHOro KocuHycHoro neperBopeHHs (/IKII) BUKOpHCTOBYETbCA QUCKpETHE
BeliBneT-nepersopeHHs (/BI);

3aMiCTh KoyBaHHs 0 XaddmaHy BUKOPUCTOBYETbCS apu(PMETHUHE CTUCHEHHS;

y QITOPUTM, 3 CAMOTO ITOYATKY 3aKJIAZICHO YIPABIIHHS AKICTIO 001acTeil 300pakeHHS;

HE BHMKOPHCTOBYETbCA SIBHO IHMCKpeTu3alis kommoHeHT U 1 V micis nepeTBOpeHHs
KOJIIpPHUX TPOCTOpiB, ockinbku mpu JIBIT MoXHa MOCATTH TOTO X pe3yibTary, aje JeIlo
Kpare.

Omxe, npu BukoHaHHi amroputmy JPEG 2000, na Binminy Bix amroputmy JPEG,
OTPUMYEMO:

MOKpAIIEeHY SKICTh 300payKeHHsI TP 3HAYHIM BETMYNHI CTUCHEHHS;

MiATpUMKa CTHCHEHHA Oe3 BTpar. Lle mae mae moxiuBicTh BukopuctoByBaTH JPEG mus
CTHUCHEHHSI MEIUYHUX 300pakeHb, B oJirpadi;

HiATPUMKA CTUCHEHHS OJTHO OITOBHX (2-KOJIbOpoBUX) 300pakeHb. Y JPEG npu ctucHeHH1
1-6iToBa kapTuHKa 30unbIIyBajacs B 8 paziB. [licma woro poOumacs crmpoOa CTUCHEHHS,
HEpIJIKO MEHII HiXK B 8 pa3iB. 3apa3 MoxHa pexkoMmenayBaTu JPEG 2000 sk yHiBepcanbHUN
METOS;

Ha piBHI ¢popmary JPEG 2000 nigrpumyeTbes mpo3opicTh. [Ipu cTBopeHHI WWW-CTOPIHOK
Tenep MOKHA HakimagaTu npo3opuii o He mumre B GIF, ame i 8 JPEG 2000. Kpim Toro,
OiATpUMY€ETbCss He suimie 1 GiT mpo3opocTi (MiKCenb Mpo30puil /HEMpo30pHii), a OKpeMHi
KaHaJl, 110 JI03BOJIMJIO 33/1aBaTH TUTABHUHM TIEpPEXil BiJI HEMPO30POTo 300paxKeHs 10 MpO30pOro
dony [12, 15].

3. @paxmanvruti Memoo — 1€ MaTeMaTUYHUN IpolLec KOAYBaHHS pacTpiB, Kl MICTSTbH
pearbHe 300pa)KeHHs, B CYKYMHICTh MaTeMaTHYHUX [aHMX, L0 ONHMCYIOTh (PpakTaybHI
BJIACTUBOCTI 300pakeHHA. MeToj 3acHOBaHMN Ha TOMY, IIO YCl NPUPOJHI 1 OUIBLIICTH
MITYYHUX OO’€KTIB MICTATHh HaJMIpHY 1H(OpMAIilo y BUIJISAAI OJHAKOBMX MAJIOHKIB, IO
noBTOprOIOThCs  ((paktanu) [13]. Meton 3acHOBaHW Ha TIPEACTABJICHHI 300pa)K€HHS B
KOMITaKTHIA (opMi 3a JIOMOMOror Koe]ilieHTiB cucTteMu irepoBaHux ¢yHkuid - CID
(Iterated Function System - IFS). CI® nepeBoasTh oaHe 300paXkeHHs B iHIe. [lepeTBOpeHHIO
HiJIAI0THCSI TOYKH B TPUBUMIPHOMY MPOCTOpi (X-KOOpAMHATA, Y-KOOpAMHATA, SICKPABICTh)
[11, 12, 13, 15]. To6TO, 3MiICHIOETHCS MOMTYK CaMOITOIIOHUX 00acTeli B 300pakeHHi. MeTo
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MATEMATHYHE MOJEJIIOBAHHA

BUKOPHUCTOBYE CHCTEMH JIOMEHHHMX 1 DPAHTOBUX OJIOKIB 300pakeHHs, OJIOKIB KBaJpaTHOI
dbopMu, IO MOKPUBAIOTH BCEe 300pakeHHs [5]. BiamoBigHO 10 MaHOTO METOIY 300pakKeHHS
po30uBaeThcs Ha 0€3J1iY HEMEePEeKPUTHX PAHTOBUX IMiI300pakKeHb 1 BHU3HAYAETHCS O€3714
HENEPEeKPUTUX JIOMEHHHX TMin300pakeHb. JIJIs KOXXHOTO pPaHTOBOTO OJIOKY alrOPUTM
KOJTyBaHHSI 3HAXOJUTh HAWOLIBII MIAXOAAIIMN JOMEHHHH OJIOK 1 apiHHE TIEpPETBOPEHHS, 110
NEepeBOUTh L€ JOMEHHMHA ONOK Yy ngaHuii paHroBuit Onok. CTpykTypa 300pakeHHs
B1JIOOpaKAETHCS B CHCTEMY PAaHTOBHX OJIOKIB, JOMEHHHX OJIOKIB 1 mepeTBopensb [11, 12, 15].

[Tporiec (pakTambHOTO CTUCHEHHS MOYMHAETHCS 3 TOTO, IO OEpyThCS JIBAa 1MEHTUYHI
eK3eMIUISIpH 300pakeHHd — A 1 b, o@MH 3 HHUX pO3AUIAETbCS HAa OJIOKH, IO HE
NEepeKpUBAIOThCA (PaHTOBi 00JIacTi), a HAa JAPYroMy 3aJaeTbcsi HaOIp TOMEHIB, SIKI MOXYTh
B3a€MHO TIEPEKPUBATHUCS, SIK 1€ TIOKAa3aHO Ha puc. 4.

A .-':I
g d !
- f
.r III
/
F | |'.I
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"‘;imrnni ofaacTi I":l.u-.'uennj odaacTi
a &

Puc. 4. Po3nonin Ha 300paxeHHi: a- paHToBHUX 00J1acTeii; 6 — JOMeHHHX o0JacTeii
(Horcepeno: [13])

[Ticnst bOTO AJI KOXKHOI PAHTOBO1 00JaCTl MiAOMpPaEThCs HAWOLIBII BiMOBIAHUI JTOMEH.
Homepu 1oMeHiB, BUKOPUCTaHUX NPU KOAYBaHHI KOKHOI paHTOBOi 00JacTi 3alMCyIOThCS Y
¢aiin. @aiin CTUCHEHOT0 300paKeHHS MICTUTh 3aroJIOBOK 3 1HQOPMAIIIE0 IPO PO3TALTYBAHHS
paHroBUx obyacTel 1 TOMEHiB.

@pakTaibHe CTUCHEHHS — Tpolec acuMeTpuuHuii. CTUCHEHHs TpUBae Habararo IOBIIE,
HDK po3nakoByBaHHs. Llg XapakTepucTHKa Ja€ MOKJIMBICTh €()EKTHBHO BHUKOPHUCTOBYBATH
METO/ Il 300pakeHb, Kl OE3MEePEPBHO PO3MAKOBYIOTHCS, A€ HIKOJIM HE CTHCKAIOTHCS.
Tomy ¢pakranbHUN METOJ JOLIIBHO 3aCTOCOBYBATH B 0a3zax AaHuX 300paxkeHb. [IpoGiemam
onTuMizanii ¢ppakTaJlbHOr0 CTUCHEHHS U(POBUX 300pakeHb NMPUCBAYECHA BEJIMKA KUIBKICTb
JOCHIJKeHb 3apyOikHUX ydyeHux. Ciig Biamituti pobdoty C. B. Bunokyposa [8], y skiii
PO3TISIHYTO MeToa (HPaKTATBHOTO CTHCHEHHSI 300pakeHb 3 BUKOPUCTAHHSIM IIPOCTOPOBO-
YyTJIMBOrO XellyBaHHsA. lIpore moci Mano yBarm NPUAUISETbCS METOAAM ONTUMIi3alLil
(b pakTaJbHOTO CTUCHEHHS, SIK1 O MaJlM OJJHAKOBO BHCOKI XapaKTEPUCTUKHU CTYIEHS CTUCHEHHS
1 SIKOCTI BIAHOBJIEHOTO 300pakeHHS. OCOONMBO AaKTyaJlbHUM Ha CHOTOAHI 3aJHIIAETHCS
NUTaHHS TO0YIOBH MIBUIKOIFOUYMX METOJIIB (PpaKTaabHOTO cTHCHEeHHs [13].

OTxe, mpoaHali3yBaBIId 0COOIMBOCTI (PpaKTaTbHOIO METOAY CTUCKY BU3HAYMIIM, IO BiH
3aTHUI 3a0e3MeunTH HaiiKpallle CIHiBBIJHOIIEHHS CTYNEHS CTUCKY 1 SIKOCT1 BIJHOBJIEHOTO
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300paxeHHs. MeToJ Mae Xopollli MEepCHeKTUBU MJs MOAANBIIONO PO3BUTKY. Y mporeci
NIEPETBOPEHHS 3BHYAHUX PAaCTPOBUX 300paxKeHb y (hpaKTalbHI € MOXKIMBICTh MacIITaOyBaTu
dpakTanbHe 300pakeHHS 0e3 IMosBH apTedakTiB 1 BTpaTH AeTajleH, SK 1€ XapaKTepHO s
pactpoBux 300paxkeHb [13]. ITlepeBarm (QpakTaaTbHOrO METOAY TWOJSATAIOTh y BHCOKHX
KoeQillieHTaX CTUCHEHHS Ta IIBUIKOCTI 3BOPOTHOTO MEPETBOPEHHS, a TAKOX MOXKIUBOCTI
MOJAJIBIIONO CTPYKTYPHOTO aHalizy 300paxeHHs. OHaK pe3y/bTaTi CTUCHEHHS 3aJIeXKaTh Bijl
MIPUHIMITIB BiIOOPY 0a30BHUX €JIEMEHTIB 1 JOMEHIB, a KOEQIIIEHT CTUCHEHHS 3aJICKUTh BiJ
MIOBTOPIOBAHOCTI 0A30BUX €IEMEHTIB. AJITOPUTM OPi€EHTOBAaHUH HA TTOBHOKOJIIPHI 300pakeHHS 1
rpagariii ciporo. dpakranbHe CTUCHEHHS peanizoBaHo y popmarti FIF [7].

OCHOBHUM HEJONIKOM (PpaKTaJIbHOTO METOAY € HHU3bKa INBUJAKICTh CTUCHEHHS. Bona
MOB’s13aHa 3 THM, IO JUIsl OTPUMAaHHSI BUCOKOI SIKOCTI 300pakKeHHS, JJIi KOXKHOTO PaHrOBOTO
0JIOKY HEOOX1JHO BHKOHATH Tepedip BCIX JOMEHHUX OJIOKIB. J[Isi KOXKHOTO TOMEHHOTO OJIOKY
HeoOX1JHO BHUKOHATH HE MEHIIE BOChMHU adiHHUX IepeTBopeHb. Llsg mpobnema po3B’sizaHa
TITBKU 9aCTKOBO. BHACTIIOK BiIMIYEHUX HEIOJIKIB Ie METO]l 3aCTOCOBYETHCS HA MPAKTHIIL
MOPIBHSHO PiJIKO.

[Tporiec ¢pakTabHOTO TEPETBOPCHHS acUMETPUYHUK. ToOTO BIATBOPEHHS 300paKCHHS
BiZIOyBaeThCsl HabaraTto MIBUALIE HIXK CTHCHEHHs. ToMy mepen JOCHiTHUKAaMH BiIKPUBAIOTHCS
MOXITUBOCTI  TOKpamieHHs e(eKTUBHOCTI Ta TOUIYKY IHIIMX CIOCOOIB  omTuMmisamii
dpakranbHOrO KOayBaHHs [13].

4. Wavelet — pexypcusnuii (xéunvosuit) memoo — 1€ CTUCHEHHS 3 BUKOPUCTAHHSIM CILJIECKIB,
AKI BU3HAYeHI JIMIIE HA YacTWUHI OONACTi 3aJaHHs apryMEHTy 1 MOXYTb PO3IIISIATUCS SIK
perTiky €auHOi 06a30BOi (PYHKIIIT, 10 BIAPI3HAIOTHCSA 3a MAcIITaOOM Ta pO3MIIIEHHSAM. lmes
METOAY MOJISITa€ B TOMY, 1100 30epirat y Qaiii pi3HULII0 MIX CepeTHIMH 3HAYSCHHSIMHU CYCIIHIX
OJIOKIB y 300paskeHHI, sKi 3a3BWYall NMpUHAMAaroTh 3HaueHHs Omm3bki g0 O [7, 15]. Meron
OPIEHTOBAaHM Ha CTHUCHEHHsSI KOJBOPOBHUX Ta YOPHO-OUTMX 300pakeHb 13 IUIABHUMH
nepexogamu. lneanbHUN Ui KapTUHOK TUIY PEHTreHiBChbKHUX 3HIMKIB. Croroai (axiBii
BU3HAYAIOTh HU3KY NIepeBar BEHBIECT-CTUCHEHHS B MOPIBHAHHI 3 METOJaMH, TOOY/I0BaHUMH Ha
OCHOBI JTUCKPETHO-KOCHHYCHOTO meperBopeHHss Dyp’e, ske BukopucroByerbes B JPEG.
BeiiBiieTHe CTUCHEHHS B Cy4aCHHX METOAaX KOMIIpecli 300pakeHb JO3BOJIAE 3HAYHO (710 TBOX
pa3iB) MiIBUILUTH CTYMIHb CTUCHEHHS YOPHO-OUTNX 1 KOJIbOPOBUX 300paXKeHb IPH MOPIBHAHHIN
BI3yaJIbHIM SIKOCTI CTOCOBHO METO/IB MOMNEPEIHbOro MokoiHus [7, 11, 12].

[ITupoke 3acTocyBaHHS BEHBIIET-NIEPETBOPEHHS 3HAMIILUIO B 3aBJaHHAX 0OpOOKH 300pa’keHb
(MOBa, CYNYTHMKOBI 300pa)kK€HHS, pEHTITE€HOIpamH), po3Mi3HaBaHHS 00pa3iB, NMPH BHBUEHHI
BIIACTHBOCTEl MOBEPXOHb KpUCTaliB 1 HaHOOOekTiB [16]. BeiiBneT-nepeTBopeHHs
BUKOPHCTOBYIOTbCSI Y MEIMYHIN [1arHOCTUII JUIsl CTHUCKaHHS 300pakeHb 3 HaWMEHIIUMU
BTpaTaMu iH(popmarii, nmoTpiOHOi aAns naiarHo3y. BeiiBner-neperBopeHHs OUIbII JOCKOHAII,
MOPIBHSAHO 3 nepeTBOopeHHAM Dyp’e. MeTolo HOBHX METOJIB aHAI3y MEIUYHUX CUTHANIB €
aBTOMAaTUYHE BCTAHOBJICHHS MPAaBWJILHOTO J1arHO3y 3a BIJCYTHOCTI JIKaps YU HEAOCTaTHIN
foro kpamigikaiii, 10 MIJBUILYE HMOBIPHICTh 1arHOCTYBaHHS 3aXBOPIOBaHb Ha paHHIX
cragisx.

Ha puc. 5 HaBemeHo mnpuKiIaa 3acTOCYBaHHS BEWBJETIB JI0 aHali3y pe3yJbTaTiB
eJleKTpokapaiorpadii.
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Puc. 5. Anani3 esekTpokapaiorpadii 3a 10oMorox HemnepepBHUX BeiiBjeT-NepeTBOPEHb

(Lowcepeno: [14])

KoedimieHTn HemepepBHOTO BEHBIET-IEPETBOPEHHS MICTATH iH(OpMaIi0 PO EHEepriro
OKpPEMHUX KOMIIOHEHT eJeKTpokapaiorpadii curHamy i mpo dvac ix mosiBu. lle mo3Bosse
OJTHOYACHO JIOCII/HKYBATH MOBUIBHY 1 IIBHIKY AMHAMIKY 3MiH KapiOCUTHAITY y Yaci.

[Inpoko 3acTOCOBYEThCS BEWBJIET-aHANI3 [0 JOCTIDKEHHS €JIEKTPOKApIiorpaMu IUIONy 3
a0JOMIHAJIBHUX CUTHANIB Marepi. Meron J03BONSiE YCYHYTH UIIYMH Ta OYHCTUTH
aboMiHATBHUN CHUTHAJ BiJ TOJIOBHOI BUCOKOAMILTITYAHOI nepeurkoan — EKT matepi. Curnan
abnominansaoi EKI™ 32 10mMOMOTror0 IUCKPETHOTO BEWBIET-PO3KIANy IPEACTABIAETHCA Y
BUIJISII CyMH allpOKCUMYIOUO] CKJIaJIOBOI Ta IETaNi3yIOUHX CKIIAJI0BHX [pHcC 6].

, |
r.‘l(‘

m x 0 o w0

Puc. 6. BeiiBaet-po3kian monedi EKT ([icepeno: [14])

Jlo mepeBar mporo MeToy MOYKHA BiIHECTH Te, IO BiH AYKE JIETKO J03BOJISIE peasi3yBaTu
MOYKJIUBICT TMIOCTYIIOBOTO «IIPOSIBIICHHS» 300paskeHHsI MpH nepeaadi oro no mepexi. Kpim
TOT0, OCKUIBKH Ha MOYaTKy 300pakeHHs MU (DaKTHUHO 30epiraeMo Horo 3MEHIIEHY KOIIiio, TO
e crpolrye Horo noka3 mo 3arosioBky. Ha Binminy Bin JPEG i ¢pakranbHOro anroputmis
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el MeToj He orepye OjiokaMu, Hanpukian 8x8 mikceniB. TouHime MU onepyeMo OJIOKaMH
2x2, 4x4, 8x8 1 Tak mami. [Ipore 3a paxyHOK TOTro, MO KOCQIIiEHTH JUIS IUX OJOKIB MU
30epiraeMo He3aJeKHO, € MOXKJIUBICTh JIOCUTD JIETKO YHUKHYTH JIPOOJICHHS 300paKeHHs Ha
Mo3aiuHi kBajapaTu [12].

3a ocTaHHI JCKITbKa POKIB BEHWBJICT-MEPETBOPEHHS CTaJO BIIOME SIK TOTYXHUUI
IHCTPYMEHT JUIsl CTUCHEHHS 300pakeHb. Biomi pi3HOMaHITHI MiIXO0/H, 1[0 MAlOTh CIIPaBYy 3
KOJIYBaHHSIM 32 JIOTIOMOTO0 BeliBieTiB. E(hekTUBHICTh KOAYBaHHS 3 IEPETBOPEHHSIM TIO CYTI
3aJIOKHTh BiJI CTUCHEHHS €HEprii ABOpiBHEBHM BeiiBieT-nieperBopeHHsM [9, 16]. CtBopeHHs
HOBO1 cMCcTeMHU (PYHKITIH «BEUBJICTIBY» 3IHCHUIIO CIIPABKHIO PEBOJIIOLIIO B TEOPii 00poOKH Ta
30epexeHHs CUTHAIIB, J03BOJISIIOYM cTHcKaTtu iHpopmanito B 100 -150 pasiB 6e3 cyrreBoi
BTpaTu sKoCTi. L{e 1 € roJOBHUM NpU3HAYEHHSM Ta JOCATHCHHSM BUKOPUCTAHHS BEHBIICT-
NepeTBOPEHb [9].

Otmxe, mNpoaHATI3yBaBIIM OCHOBHI XapaKTEPHUCTHKH METOJIB CTUCHEHHS TpadivyHoi
iH(popMarii 3 BTpaTaMu MpeICTABUMO Pe3yJIbTaTH MOPIBHAHHS y TaOIuIi 2.

Tabauys 2. IlopiBHAHHA OCHOBHUX XapaKTePUCTHK METOAIB CTUCHEHHS rpadidHoi
ingopmanii 3 BTpaTammu

HasBa merony OCHOBHI XapaKTePUCTHKH [TepeBaru Ta HEOTIKH METOLY
METOJy
Ilepesacu: TapHa SIKICTh BiJJHOBJICHOTO
300paKeHHS
JPEG BigcyTHICTB pi3KHX IpaHUIb Heoonixu: Edexr I'i6ca. BincyTHicTh
ABTOMATHYHOTO MEPETBOPEHHS Il MHOKUHU
BUIIAJKIB
JPEG 2000 BifgcyTHICTB pi3KHX paHuUIb Ilepesacu: mokpaleHa sKiCTh 300pakeHHS IPH
3HaYHI BENWYHHI CTHCHCHHS, IiITPUMKa
BincyTHICTB pi3KuX TpaHUIb CTHCHEHHS 0€3 BTpar, MiATPUMKa CTHCHEHHS OJTHO

0iTOBUX (2-KOJBOPOBHUX) 300pakeHb
Heooniku: BincyTHICTE aBTOMaTHIHOTO
NIePETBOPCHHSI AJIsl MHOXKHMHH BHITAJKIB
[oBHOKOMIPHI 300paKeHHS 1 Iepegazu: Bucokuii koeili€HT CTHCHEHHS,
rpagauii ciporo BHCOKa IIBHAKICTh 3BOPOTHOTO EPETBOPECHHS

MOXKIUBICTh MOAANBIIOTO CTPYKTYPHOTO aHaJi3y

300pakeHHs, po3Mip Pi3UYHUX TaHUX, SKi
OpaxranbHUi BUKOPHUCTOBYIOTHCS IS 3aMCy (hpaKkTaIbHUX

KOJIiB, 3HAYHO MEHIINI PO3Mipy MOYATKOBUX

pacTpoBHX JIaHUX.

Heooniku: Hu3bKa MIBUAKICTE CTUCHEHHSI, Y€pe3 110

METOJ] METO/] 3aCTOCOBYIOTh OPIBHIHO PiAKO

JPEG 2000

Wawelet CTuCHEHHS KOJIbOPOBUX Ta Ilepesacu: MOXIUBICTD CTHCHEHHS iH(pOpMaIIii 6e3
(pexypcuBHUiA YOPHO-O1IHX 300paxeHsb i3 CYTTEBOI BTPATH SKOCTI
CTHCK) IUTABHUMH NIEPEX0JaMU Heoonixu: X BiIHOCHA CKJIQJIHICTh

BucnoBku. OTke, npoaHatizyBaBmd METOAM CTHCHEHHS TrpadiuHOi indOpMmarii, MoXHA
BUSIBUTH HIMPOKUN CHEKTP PI3HUX BHUMOT Ta OOMEXEHb 10 300PaKeHHs s HOro
KOMITAKTHOTO TpejacTaBieHHs. JOCaianau, 1m0 OCHOBHMMH BHUMOramu 10 YHIBEPCATbHUX
METO/IB KOMIAKTHOTO MPEACTABIEHHS 300Pa&XeHb € BHUCOKI CTymiHb CTHCKY, SKICTh
CTUCHYTOrO 300PaXEHHs TaA IIBUAKICTh KOMIIPECIT/IeKOMIIPECIT, & TAaKoX BPaxXyBaHHS
IHIUBIAYaTEHOT Crienudiky 300PaKEHHS.

VYV pesyabTaTi JOCTIIKEHHS BUSBHWIM, 10 METOAM CTHCHEHHS 300PXEHHh 3 BTPATaMHU
MArOTh 3HAYHO KAl MOKA3HUKU CTUCHEHHS Y MOPIBHSHHI 3 IHIIUMU ICHYIOUYMMH METOJIAMH.
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B 6ararb0x CHUTyallisXx HEBEJWKI BTPATH JAHHX JOMYCTUMI TA KOMIEHCYIOTHCS 3POCTAHHIM
CTyNeHo CTUCHEHHs. BBaxaemo, 110 Cepex AOCIIKEeHUX MeTOHIB CTHCHEHHS 3 BTpaTamu
dpaktanbHUi  METOA € HAWOIIbIl MEPCHeKTHBHUM ISl HOJAIBIIOrO  PO3BUTKY,
BJIOCKOHAICHHS Ta MPAKTHYHOIO BHKOPHCTAHHS B KOMIT'IOTEPHHMX TEXHOJOTrisx. Bin mae
JEKITbKA YHIKaIbHHX OCOOJMBOCTEH Ta MEPEBar: BIAHOBIIEHHS 300PaKEHHs BIIOYBAETHCS
HA0AraTo MmBHUIIIE, BIACYTHI CHOTBOPEHHs HA TPaHMLl PI3KUX MEPEXONIB KOJIbOPIB,
MOXJIMBICTh BUKOPHCTAHHS JAHOTO METOY JJsi CTUCHEHHS 300PakKEeHb, SKi TOTYIOTH IS
SKICHOTO JIPYKY, 8 TAKO MACIITa0YyBaHs 300PaKEHb.

3apa3 icHye Oarar0 METOXIiB CTHCHEHHS 300PaKE€Hb, IESKI 3 HUX CTAHAAPTH30BaHI.
Onwucauni CTanaapTHI METOM Ta X KOMOIHAILT HE Aaf0Th OAHO3HAYHOT BIAMOBIAl PO TE, SIKI 3
HUX HaWkpami. Bce 3anexuTh Bix KOHKPETHMX BHMMOI 10 BIJZHOBIEHOrO MiCIsi CTHUCKY
306paKEHHs1, HASBHOIO anaparyPHOro Ta mPOrPaMHOr0 3a0e3NeyeHHs.

Omke, A0CATTH BEIUKUX KOEQIIIEHTIB CTHCHEHHS, BUKOPUCTOBYIOUH OAMH METOA (KpiM
¢$paKkTaIbHOr0), MNPAKTHYHO HEMOXJIMBO. TOMy eqQeKTHBHE KOIyBaHHS 300pa)keHb
BUKOHYEThCS 13 3acTOCYBAHHSIM JAEKITHKOX METOMIB 3a Aekigbka etamiB. L{a kOHUemis i
nokyidaeHa B OCHOBY CTaHAapPTIB, PO3pOOIEHHMX MIKHAPOAHOK —Opradisaifi€ro 1o
crangaprusanii (International Organization for Standartization —1SO).
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COMPARATIVE ANALYSIS OF COMPACT METHODS REPRESENTATIONS
OF GRAPHIC INFORMATION

The main characteristics of graphic information compression methods with losses and without
losses (RLE, LZW, Huffman's method, DEFLATE, JBIG, JPEG, JPEG 2000, Lossless JPEG, fractal
and Wawelet) are analyzed in the article. Effective transmission and storage of images in railway
communication systems is an important task now. Because large images require large storage
resources. This task has become very important in recent years, as the problems of information
transmission by telecommunication channels of the transport infrastructure have become urgent.
There is also a great need for video conferencing, where the task is to effectively compress video data
- because the greater the amount of data, the greater the cost of transmitting information, respectively.
Therefore, the use of image compression methods that reduce the file size is the solution to this task.
The study highlights the advantages and disadvantages of compression methods. The comparative
analysis the basic possibilities of compression methods of graphic information is carried out. The
relevance lies in the efficient transfer and storage of graphical information, as big data requires large
resources for storage. The practical significance lies in solving the problem of effectively reducing the
data size by applying known compression methods.

Keywords: compression, method, image, transformation, characteristics.
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3ACTOCYBAHHA IIJIIC JJIS1 OBPOBKHU 30BPAKEHD JIASEPHUX TPAC

Pozenanymo cyuacui npobnemu o6pobru 306padcensv nasepuux mpac. 1lpogedeno ananiz icHyouux
Ppitienb ma 0CmanHix 0ociodicend y cghepi 0bpodKu 300padicens nazepuux mpac. Busnauerno, wo ocmanni
PliwienHs Maioms psi0 HeOONIKIE8 8 YMOBAX 30ilbUeHHsT WBUOKOCT | WIbHOCMI NOMOKY iHGopmayii.
Takooic ichyloms npoonemu i3 HAOMIPHUM CROHCUBAHHAM elleKmpoeHepeii nio yac 06podKu 300padicers 3a
PAXYHOK HAOTUWKOBOT NOMYHCHOCTI MA YACY HAOX00MiCeH s iHghopmayii 0o npoyecopa.

Ilpeocmasneno cnoci6 0b6pobxu 300paxcens nazepuux mpac i3 sacmocyeannsm IIJIIC ma
napanenbHo-iEpapxiuno2o nepemeopents. llposedeno imimayiiine MoOeniosants memoodie 0oOpooOKu
KOOPOUHAM NJAM AA3EPHUX NYUKI6 Ma HABEOeHO 1020 pe3yIbmamu.

Hasedeno nopisnaunna pezyiomamie 00poOKU 300padiceHb 3 OONOMO20K) NEPCOHANLHO2O
Komn tomepa ma 3a oonomoeoio I1JIIC.

Ompumani peynomamu 003601510mMb oyiHumu eghekmusnicmv sacmocysannss IIVIIC ma memodie 3
BUKOPUCMAHHAM NAPANETILHO-IEPAPXIUHO20 NEPEeMBOPenHs N0 4ac 00POOKU 300padiCeHb a3epHUX MPAc.

3a paxymok manoco cnoocusants enekmpoenepeii ma egekmusnoi 06pobKu 300padxcend 3a
oonomozoro IIJIIC ma napanenvHo-iepapXiunoco nepemeopeHHs — O0aHa MEXHONO02IsA MAE GeUK
NepCneKmusu npu 3aCMOCY8aHHI Yy asmomoOinvhii 2anysi. 3 il 00nomo2oi0 MoxcHa 800CKOHANUMU
PO36UMOK 6€3NiNOMHO20 KepyB8anHs agmoMOOIIbHUMU 3acobamu, 0CoDIUBO ONsl eeKMPOMOOINIE.

Knrouoei cnosa: napanenvho-icpapxiuni nepemeopenns, IIJIIC, 0bpobka 300padicens, nazepi
mpacu, 1a3epHi naamu.

Beryn. OOpoOka 300pakeHb B peallbHOMY 4Yaci cTaja HEeBiI’€MHOI YacTHHOIO
MNOBCSKAEHHOro >XKUTTA. LIIBUAKICTH MOTOKY Ta 00’€MH [aHUX HEBIMHHO 3pOCTAIOThH 1
BUMAaraloTh Cy4YaCHMX pillleHb Yy iXx o0OpoOmi /uis 30UIbIIEHHS MNPOAYKTUBHOCTI Ta
e(eKTUBHOCTI X 00pPOOKH.

[Tpuctpoi, siKi BUKOPUCTOBYIOThCS AJIs1 300py, OOpOOKM 1 mMepenadi JaHWX MOBUHHI Oyau
BOJIHOYAC €KOHOMHUMH Ta €EKTUBHO TPOBOJUTH MONEPEIHIO 0OPOOKY JaHHX ISl 3MECHIIICHHS
HABaHTAKEHHS Ha cHcTeMy Ta ii KaHaaM 3B’s3Ky. OIHUM 13 HaHONTHUMAIBHIIIMX CHOCOOIB
BUPIIIEHHS 1aHOT TPoOJIEMH € CYITyTHUKOBI JIa3€pHI JiHIi 3B 53Ky. B Takux cucremax BaKIMBUM
€ TOYHE BHU3HAUEHHS KOOPJMHAT IUIIM Jla3epHUX NpomeHiB. Cucrema MOBUHHA IMPAIIOBATH B
pearbHOMY Yaci Ta e(pEeKTUBHO 1 EKOHOMHO BUKOPUCTOBYBATH CBOI pECYpPCH.
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B crarri HaBeimeHo pimeHHS JAaHOl mpoOieMH 3a  JOMOMOIOI  3aCTOCYBAaHHS
nporpamoBanux Jioriyaux interpansHux cxem (IUIIC). 3a pomomororo IUIIC mosxHa
e(heKTUBHO 00pOOIIATH 300paKEHHSI JIA3EPHHUX TpPac.

AHaJi3 0CTaHHIX JOCTI/I’KEHb TA NOCTAHOBKA MP00JieMH

AHaJi3 ICHYHOUMX METOJIB JWHaMIYHOI OOpOOKH IOKa3ye, IO CUCTEMHU 1 TPOTrPaMH,
pO3po0IIeHI Ha OCHOBI IIMX METOIIB, 0OPOOISIOTH 1 PO3MI3HAIOTH TUTLKH HA KOMITHOTEpax 1 He
MarOTh ONTHYHUX BIIJIAJICHUX KaHAJIB JJI1 OTPUMaHHS Bi3yasibHOI iH(GOpMaIlii, TOMy BOHU HE
MOXYTh pO3Mi3HABaTH JUHAMI4HI 00'€KTH B peaibHOMY Yaci [1].

[lepeBaru oNTUYHUX METOMAIB IMPOSBISIOTHCS B 33/1a4aX aBTOMAaTHU30BAHOTO PO3ITI3HABAHHS
Bi3yaJIbHUX 0O0pa3iB, fKi MONATalOTh B Kiacudikamii 30epekeHUX K BiIOMHX, TaK 1
BUITAIKOBUX (hOPM IIPH HASBHOCTI BTOPUHHHUX 30€pekeHb a00 mepemko . ONTHKO-aHAIOTOB1
MeTou OOpOoOKHM B TpOLIECi BHPINICHHS 3aBJaHb PO3IMi3HABAHHS 300paK€Hb HAHOUIBII
JIOITLTHPHO BUKOPHCTOBYBATH HA BXOJI CUCTEMHU 3 METOIO MONEPEIHBOI 00OpPOOKH 30eperKeHUX
300pakeHsb 1 Ui (OPMYBaHHS IEPBUHHUX MAapaMeTPiB OMUCY BXiTHOTO 300pakeHHs [2 - 3].

s nepBuHHOI 00pOOKHK 300paskeHb HEOOX1IHO 3aCTOCOBYBATH MPUCTPOI, SIKI €)EKTUBHO
MOXYTh IPALIOBATH B PEXHUMI PEabHOTO Yacy Ta €KOHOMHO BHKOPHCTOBYBATH PECYpCH i3
30epeKeHHSIM POAYKTUBHOCTI 1 €PEeKTUBHOCTI.

Meta i 3aBAaHHsA Jo0CJTiIKeHHsl. METOO IOCT/DKEHHS € JOBeIeHHS e(eKTHBHOCTI
BukopuctanHa [UJIIC nns o6poOku 300paxeHb J1a3epHUX Tpac IMYYKiB, ISl 3MEHIICHHS
HABAaHTA)KCHHS HA CHCTEMH JIA3EPHHUX JIIHIN 3B’ A3KY.

3aBmaHHAM JociipkeHHs € aHami3 3acrtocyBanHsa [IJIIC mns nmepBuHHOI 00poOKM
300pakeHb JIa3epHUX Tpac.

Marepiagun Ta MeTOAM IOCTII:KEeHHsl. Y CTAaTTi MPOBEACHO iMITalliifHE MOJEIIOBAHHS
METO/IB 00OPOOKH KOOPIUHAT IIJISIM JIa3epHHUX MYyUKiB. Y SKOCTi iMiTaTOpa BUKOPUCTOBYETHCS
MOETHAHHS TMPOTpaMHUX 3ac00iB Ta BXIJHMX MJaHUX 3allMCAaHUX Yy peaIbHOMY 4aci.
CrpykTypHa cxema 0OpoOKH JaHUX TaKOI KOMILJIEKCHOIO CUCTEMOIO TIoKa3aHa Ha puc. 1.

Hoge sHZ9SEHR DOPOTY
. Por] ExcnepTsa CHCTEME

HOPErVEAHER DOPOry
GIHapHEsami

Y

Uncnose sEa9EHER
TMORESEH TPOrEOTVERHAT

h

KC susnageHHT
EAPAXTEPHCTHE
OHHAMITHER 300paEeHD

IMiacHeTeMa
CHHXPOHIAMmIT

h 4
h 4
Y

Baza namux

A 4

CrrTema NpoTrEOSYEAHER »

Pesymerars EHsEATEHAA PesyneTaTs MpOrHOSYEAHER
XApaKTePHCTHE OF €ETa

Puc. 1. CTpykTypHa cxema imiTaTopa komm’10TepuzoBanoi cuctemu (KC) oopodxu
Ta NPOrHO3YBaHHS TPAC Ja3ePHUX MYUKiB
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[Iporpama, sika 3 BUCOKOIO TOUHICTIO BU3HAYa€ IIEHTPU 300pakeHb, MOCIII0BHO OTPUMYE Ha
BXIJl KaJipy TUHAMIYHUX 300paKeHb, sIKi 3HAXOATHCS B MaM sATi KoMl toTepa. OTpuMaHi Kaapu
30epiratoThcs B ABOBUMIpHOMY MacuBi. Ha mepmiomy erari oOpoOKH, IIBHIKO BHU3HAYAKOTHCS
TIOTIEPE/THI IIEHTPH 300pakeHb JiazepHoi TUIsiMU. Jlami MpOBOAMTHCS BU3HAYCHHS KOC(DIIIEHTIB
KOPEKIIii KOOpAMHAT LIEHTPY 00’ €KTa Ha OCHOBI METOy BU3HAUYEHHS IICHTPY 00 €KTa 3 BUCOKOIO
tounicTio. [lopir OiHapu3arii, Ha BOMY KpOIli, BCTAHOBIIOETHCS KOPHUCTYBadue€M BPY4YHY abo
MporpaMa BUCTABJISIE 3HAUCHHS 32 3aMOBUYYBAHHSAM [4].

Hacrynaum kpokom 00poOKH 300pakeHHs € Tiepeaya OTPUMAHUX Pe3yJIbTaTiB BU3HAYCHHS
LEHTPY 3 BUCOKOIO TOUHICTIO MPOrpami, 10 MPOrHO3YE KOOPAMHATH 300pakeHb UM JIa3epHUX
nydkiB. [lepmri pgekiipbka KaapiB, sKi BH3HAYCHI KOpPUCTyBaueM a0O Mporpamoro 3a
3aMOBYYBaHHSM, BU3HAYAIOTHCS SIK HABUAIBHI JJIs1 IporpamMu 1 mporuo3yBanHs. Ha mipomy kporti
nporpaMa HaKOIMYye OTPHMaHi JaHi, HA OCHOBI SIKMX B MailOyTHbOMY Oyae HpOBOJUTHCH
nporHo3yBanHs. [licis Toro, sik HaBYaHHS Oy/e 3aKiHYEHO, TPOrpaMa MPOTrHO3Y€E PO3TaAIlyBAHHS
LEHTPY JIa3epHOI IUISIMHU /11 HACTYITHUX JIEKUTBKOX KapiB. KinbKicTh Ka/piB I MPOTHO3YBAHHS
3a3/1aJieTi/b 3aMMcati KopucTyBaueM abo mporpaMa BUOHpae KUTbKIiCTh 32 3aMOBUYYBaHHsM. [Ticiis
TOTO, SIK TPOTHO3YBaHHS OyJIO TPOBEICHO, IMporpama 3alicye JaHi y MacuB. PesymbraTn
BU3HAUCHHS LIEHTPIB 3 MiJBUILEHOI0 TOYHICTIO 3aMCYIOTHCS J0JATKOBO. SIKIIO MacHB, B KU
Oynu 3amucaHi pe3yJabTaTH MPOTHO3YBAaHHS Mae pe3yNbTaTH, siKi OyJaM OTpHUMaHi Ha IOMepenHix
KpOKax, TO JlaHi TMOPIBHIOIOTHCS 3 PEaTbHUMH Ta BU3HAYAETHCS MOXMOKA MPOTHO3YBaHHS Ha
JaHoMYy erari. Pe3ynmbraTh, OTprMaHi B pe3ysibTaTi IPOrHO3YBaHHS BUBOAATHCS KOPHCTYBAUYEBi y
yuTabelbHOMY BUTJISII [S].

Jns toro, mo0 NOKpAIIWTH pe3ylbTaTH IPOTHO3YBAHHSA Ta IIJABUIIMTH IIBUAKICTH
00poOKH, 3HAYEHHS MOXMOKH MPOTHO3YBAHHS KOOPJAMHAT IICHTPIB HAJAIOTHCS Mporpami
KopucTtyBaueM. llicnmsi 1poro mporpama cama BH3HAYa€ 4d HEOOXIJHO KOpEryBaTH MOPIr
Oinapwu3arii ado iHII mapaMeTpu 0OpOoOKHU JaHKUX B CHCTEMI.

Jns 0OMiHY JaHMMH MK TpOrpaMaMH BHKOPHCTOBYIOTh OKPEMO BHIUICHI IOTOKH, 200
nam’sATh KOMIT'IOTepa. Y TepHioMy crocobi mepemada Ta oOpoOka JaHWX BigOyBaeTbCs
3HaYHO WIBHJIIE, OCKUIbKK 1HQOpMAIlis MepeaaeTsesi 0e3mocepeqHh0 MK MpoleaypaMu
nporpam, siki 00poOJISIFOTh J1aHi.

Jly)xe BaxJIMBUMH B HaBeeHIH cucTeMi € iH(popMaliifHi MOTOKH, TOMY IO BCl iHIII
MIOTOKH 3aJIeKaTh Bil HUX. [I0TOKM MaHMX TMOKa3yIOTh 3B S3KH MK KOMIIOHEHTAMH CHCTEMH
Ta MalOTh BEKTOp 1 Ha3By JaHMX, SKI mepenaroTh. Ha3BM MOTOKIB MarOTh OYTH IMPOCTUMHU 1
YITKO OIMKCYBaTH Ha3BU caMHX 00’ €KTIB 200 1X yacTHH. SIKIIO MEBHUX MOTIK OMPaIlbOBYETHCS
y JeKIJIbKOX Tmpoliecax, TO HOro Ha3Ba MOBMHHA MICTUTH Jit0, 110 Oyla BHUKOHAHA Haj
notokoM. Hanpuknan, sikio notik MaB Ha3By «Tpanzakiis», To micius npouecy «llepesipka
TpaH3akuii», BiH MaTuMe Ha3By «llepeBipeHa TpaH3akiis». [IoTOKH MOXKYTh MPOXOIUTH MiXK:

JIBOMa TIEBHUMH TIPOIIECaMH;

MIPOIIECOM 1 €JIEeMEHTOM 30epeKeHHsI TaHuX (Hampukiaz QaiinoBa cucreMa, MacHB, TOIIO);

MIPOIIECOM 1 30BHIIIHIM €JIEMEHTOM.

B cucremi IOLITBHO BHKOPHUCTOBYBAaTH IMOTOKM MIXK JIBOMa IpOLIECAMM, OCKUIBKH 1€
ONTUMAJIBHUI BapiaHT JUIsl MIJBUILICHHS MIBUAKOCTI 00poOKH 1HpopMalii 1 100pe miaXoauTh
Ui eeKTUBHOI 0OpOOKH JaHUX B peabHOMY Yaci [6].

VY imiToBaHill Mojem Ui HaWOLIbII e(EeKTHMBHOIO MPOTHO3YBAaHHSA Ta BU3HAYEHHS
pO3TalIyBaHHS IJISIM JIA3€PHUX ITYUKiB, JOUIIBHUM Oyze 3B’43aTH MPOLERypy, 10 BiAMNOBIAa€E
32 BH3HAYCHHS IIEHTPY KOOPAMHAT Ja3epHOI IUIAMH Ta TPOLEAYPY HPOTHO3YBaHHS
KOOp/MHAT.
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Y mnporpami Oyino peai3oBaHO KOMOIHOBAaHWUW MeETOJ] OOYMCIEHHS KOOpPJIWHAT 1
kiaacudikamii misM J1a3epHUX My4KiB 3 BUKOPUCTAHHSAM MPSIMOTO MapalielbHO-iEpapXiuHOro
nepeTBopeHHs [7]. Tak sk el METOJ CKIalaeThcs 3 JBOX €TariB (BU3HAYCHHSI KOOPJAMHAT
IUISIM JIa3€pHUX MYYKiB 1 IEPBUHHOI OLIIHKK 300paXKeHHS, @ TAKOXK OLIHKAa OTPUMAHOTO Ka/Ipy
3 BHUKOPHCTAaHHSAM TapajieJbHO-IEpApXIYHUX MeEpeX, TO I o0poOka BigOyBamace 3
BUKOPUCTAHHSAM CTaTUYHHUX 300pa)XeHb i1 TEepEeBIPKH aJeKBATHOCTI BHKOPHCTAHHX
anropuTMiB. BukoHnaHHs MojentoBaHHs OyJio mpoBeneHo 3a gomnomMororo mosu C#. Ilpuxman
00poOKH 300paskeHHS JIa3epHOI TPpacH NporpaMu NpecTaBieHui Ha puc. 2 [8].

JofpakeHHA ] |
Binrpima Tpacy

MinE=0
MaxE=320
Row=128
Column=255
Time{ms)=36

Puc. 2. Ilpukiaan o6poOku 300pakeHHs JIa3ePHOI TPacH NapaJie/IbHO-i€EpapXivYHOK MepesKero

[Tin yac BHKOHaHHS MpOrpaMu, KOPUCTYBaueBl B1I0Opa)arOThCS TUIBKM OCHOBHI JaHi
00poOKkM, Bcl 1HIN JeTaii 30epiraioTbCsl y JIOKalbHE cXOBHILE a0o (aiii, mo J03BOIIsIE
MIPOBOJIUTH MOAAIBIITY 0OPOOKY 300pa’KeHb.

ANropuTM, KM BHUKOPUCTOBYETHCS Ul pealizallii KOMOIHOBAHOTO METOIY OOYHMCICHHS
KOOpJMHAT 1 Kjacu(ikamli misM Ja3epHUX My4YKIB 3 BUKOPUCTAHHIM MPSMOTo HapajeabHo-
1€papX14HOTO NEPETBOPEHHS MPEJICTaBICHO Ha pHC.3.

Jls KOHTpONIO afeKBaTHOCTI, Oyl BUKOPUCTaHI 300pa’k€HHS MPOCTUX T€OMETPUYHUX
¢iryp, LEHTpU SKUX MOXHA BHU3HAUUTU BpPYYHY 3a Jomomororo dopmyn. s imitarii
300pakeHb, 10 OyJIM OTpPUMaHI B pealbHOMY CEpeIOBHIIl, TECTOBI Kajapu Oyau 0OpoOIieHi 3a
nomnomoroto [aycoBoro ¢ineTpy [9 - 10].

[Tpuxnanu Takux 300pa’keHb 1 pe3ysbTaTu iX 00poOKH HaBeleH1 y Tab. 1.
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Orpeniasss SHAROTHEHHA KoedilmenTy
Jofpamensx s CMOS EOPeMALI] Mi% XEOCTOBEME
EaMepH GVHEIIIME DOTOMHOTO

300paEeHHn 1 Voepe AN
XEOCTOBHME $VERIIAME OCTAHHIX
4 sobpazenb

1. PospaxvEox EOOPIHEAT MEHTPY
IIIAMHE IESEPHOTD My dEa.

2. OtpuManEd kocdimienty B

3. PimpTpams sofpamenE

KoedimienT mopemamii
= 0957

Hi
Tax Hi
Y Y
Ta-"'- [ToHOEHTH HATSHEA BuropmcTats
EDOPIHHAT MOMEpeHe SHATRHH

30epeReHER
EldLTRTpOEAHOTD
s00pasEeHEA 10
TIEM HTI

SHAROTEEHHET XEOCTOEHE
dyHEDIE 33 JONOMOTOM METOTY
mpadoro Il nepeTEopersHs

Kigems

Puc. 3. Cxema anroputMy KOMOiHOBAHOT0 METOY 00YHMCICHHS KOOPAMHAT i Kiacupikamii
IUIAAM JIa3€PHHUX MYYKiB 3 BUKOPUCTAHHAM MeTO1y PSIMOro napasnejabHO-iepapXiuHoro
nepeTBOPEeHHS
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Tabnuys 1. KoopaimHaTH TeCTOBUX 300pakeHb

Ne | TecroBe 300paxennst | Peanbhi O06pobnene OTtpumasni Koedimient
KOOPIWHATH | 300pa’keHHS KOOpAWHATH | (OpMH

1 X=65,5 X=65,5 r=0
Y=30,5 Y=30,5

2 X= 64,5285 X= 64,5284 r=1
Y= 64,5285 Y= 64,5284

3 X=64,5 X=64,5 r=1
Y=63,7413 Y=63,7410

Y Tabn. 2 HaBeJeHI XapaKTEPHCTUKU MapajelbHO-IEPapXiYHUX TEPETBOPEHb JUIS
TECTOBOTO 3 300pakeHHs No2.

Tabnuys 2. JlaHi nepeTBOPEHHS AJI TECTOBOTO 300pazkeHHsT Ne2

Martpuus
[Tapametp 128%128
KinbKicTh piBHIB 88
MakcumanbHa KiIEKICTE 128
PSIKIB
MakcumanbHa KiILKICTE 255
CTOBITYUKIB
MakcumaibHe 3HaUYE€HHS 528

Buxonsuu 3 iHpopMmariii, HaBegeHoi B Taba. 1, po3poOieHuit MeToa aieKBaTHO 00poOIIsie
TECTOBI 300paKEHHs, a caMe:

peasibHi 1 BU3HAU€H1 KOOPAMHATH LEHTPIB CITIBIAJAI0Th;

3a JIONOMOIOI0 METOJy Mepepi3iB, BUAUIAIOTHCS (IirypH, siki MaroTh CHaj SICKPaBOCTI,
HaOJIMKEHUH 10 raycoiny;

3a JIONMOMOTOK0 OPOrOBOrO (PUIBTPY, BUAUISAETHCS KOHTYp 00’€KTa, 110 3HAYHO 3MEHIIYE
KUIBKICTh JIaHUX JJIs MapajiebHO-1EpapXIyHOTO TMEPEeTBOPEHHS 1 30UIbLIYE IIBUAKICTh
00poOku 300paxenHs [11].

Jns Toro, 100 nepeBipuTH KOPEKTHICTh Pe3yJbTaTiB pOOOTH METO/1y, BUKOPUCTOBYBAIHCH
peanbHi Kaapu nazepHoi Tpacu. OOpobOka Tpac BigOyBamzach 3a JIOMOMOTOIO PO3POOICHUX
anropuTMiB Ha 0a3l komm’roTepa. Y Ta0n.3 HaBeAeHO 3HAYCHHS MOXUOKM TIOPIBHSIHO 3
METO/IOM Iepepi3iB Ha MpUKIaai KoopauHatu X Juig Tpacu 2 [12].
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Tabnuys 3. Nani koopauHaTu X s pparMeHTy Tpacu

Koopnunata X BimHocHa moxubka | Koopmunarta X BmeCH.a noxubxa

Koopnunara X TicIIsl MeToy O« , % mMerony micist 06poOku 11 By , % micaz

.. e 06po6ku I1I

nepepisiB nepepisiB Mepexero
Mepexero

64,23298 64,23298 0,693354 64,23298 0,59803809
64,17586 64,17586 0,60381 64,17586 0,508578376
64,21089 64,21089 0,65872 64,21089 0,563436345
64,29981 64,29981 0,79812 64,29981 0,702704658
64,29333 64,29333 0,787958 64,29333 0,692551957
64,28871 64,28871 0,78071 64,28871 0,685310808
64,34432 64,34432 0,867891 64,34432 0,772409863
64,41261 64,41261 0,974951 64,41261 0,879368189
64,51001 64,51001 1,127633 64,51001 1,031905994
64,47762 64,47762 1,076862 64,47762 0,981183148
64,50553 64,50553 1,1206 64,50553 1,024879813
64,51427 64,51427 1,134308 64,51427 1,03857412
64,48501 64,48501 1,088433 64,48501 0,992743036
64,36948 64,36948 0,907331 64,36948 0,811811928
64,24085 64,24085 0,705687 64,24085 0,610359248
64,25079 64,25079 0,721278 64,25079 0,625935206
64,26371 64,26371 0,741527 64,26371 0,646165646
64,22173 64,22173 0,67571 64,22173 0,580410311
64,30132 64,30132 0,800475 64,22173 0,580410311
64,30007 64,30007 0,798524 64,30007 0,703108825
64,30151 64,30151 0,80300 64,30007 0,701205512

OO6pobnsucs tpacu, mo mictare 1500 — 2000 kazpiB, mo BigoOpa)karoTh Pi3HI 3MIHU
crany armocdepu. Tak sk Kagpu 3HATI HA KaMepy, 1 HaJl HUMH HE MMPOBOANIACH MEPBHHHA
00poOKa, TO BUKOPUCTaHHS GUIBTPIB JUIs JJOJJaBaHHs IIyMY HE BiJOYBaJIOCh.

Jns nepeBipku KoopauHaT OyB BUKOPHCTAHUN METO] IepepisiB, poOoTa SIKOTO MoKa3zaHa
Ha puc. 4 [13 - 14].

JofpaneHHA

Bigxpuma Tpacy

A= §3.6650140646576

= 48.3334505351467

R= 1

Puc. 4. llpuxnag o0po0ku 300paskeHHS TPACH 32 J0TIOMOI0I0 MeTOAY Tepepi3iB
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[Ticns oOpoOKM Tpac, MOXHA MOOAYHMTH, IO CEPeIHS MOXHOKa OTPUMAHUX KOOpPIHUHAT
MeTooM mepepidiB ckimagae 0,51%, 3 makcuMmanpHOW MOXHOKO 2,5%, a OTpUMaHUX
KOMOIHOBaHMM METOJIOM OOYHMCIICHHS KOOpJMHAT 1 Kiacudikamii misiM Jla3epHUX IMYUYKIB 3
BUKOPUCTAHHSAM METOAY MPSIMOrO MapajiebHO-1€EPApXiYHOTO TEPETBOPCHHS  CepeaHs
noxuoOka ckiana 0,47% i1 makcumanbHa 1,6%.

@Di3uyHe MOJIETIOBaHHS OyJIO MPOBEIECHO 3 METOK OI[IHKKM KOPEKTHOI POOOTH CTBOPEHOI
KOMIT FOTEPHOT CUCTEMH 1 OyJI0 TPOBEACHO 32 CXEMOI0, OTIMCAHOK Ha puC. 5.

" SEEepPeIIO
TMuecnnei A i
EHIIPOMIHKYEAHHA i
'y =
o &
e 8%
ILIIC < Kamepa ol

l Mo xomm'roTepa

Puc. 5. Cxema npoBeieHHS T0CTiIKEHHSI MAKETY

Cucrema mpamtoBana HactynHUM 4uHOM. [TJIIC oOpobnsana na3epHuUil MPOMiHb, IO
NOTPAIISIB HA MAaTPUIIO KaMepu. Buninsiocs nuie 300paxkenHs po3mipom 128x128 Toyok i
3eJICHUIl CerMeHT KoJbopy (110 € mnepBUHHUM (inbTpoM 300paxenHs). Ilicns uporo,
OTPUMAaHUI KaJp MEpeTBOPIOBABCA Yy MaNiTpy ciporo 1 OyB BHBEICHHMN Ha IHMCIUICH.
[TapanenbHO, 32 JTOMOMOIOK PO3POOJIEHUX CXeM, BilOyBalach OOpoOKa MaHMX 3 KaMepu
(momryk LEHTpY KOOpAuHAT, KoedilieHTa T Ta 3Ha4YeHb MapajelbHO-1€papXiuHOTO
nepeTBopenHs) [15].

BusHaveHi KOOpAWHATH aBTOMAaTUYHO TEpPEAABAINCH 3a JIOTIOMOTOI) BUKOPHCTAHHS
MOCIIJOBHOTO MOPTY Ha KOMII IOTEp, 1€ BOHU BUKOPUCTOBYBAIHUCH JUISI TIOJIAIBIIOT 0OpOOKH.
3a HeoOX1THOCTI, TAKOK € MOXKJIMBICTh TIEpPEIaBaTH 1HIII JaHi, B 3aJIEKHOCTI BiJ] TIOIAIBIIIOTO
BUKOPHUCTAHHS MaKeTy.

Tabruys 4. @parMeHT JaHUX KOOPAUHAT OTPUMAHUX MPH POOOTI MaKeTa

Ne i/ | Koopaunara X Koopaunara Y Koedirient Koedirient Yac 06pobku
¢dbopmu r KOpeJsii (ms)

1 56,48267 58,1151 1 0,778437 7,86544

2 56,65417 58,09576 1 0,731094 7,89269

3 56,49627 57,91124 1 0,77181 7,79132

4 56,45757 57,83563 1 0,829857 7,33788

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

151




MATEMATHYHE MOJEJIIOBAHHA

Bakinuenns mabauyi 4

5 56,44509 58,122 1 0,751916 6,10182
6 56,55241 58,15756 1 0,609899 6,57161
7 56,61732 57,96613 1 0,639868 6,57161
8 56,65915 57,80936 1 0,790547 6,87245
9 56,61959 57,79524 1 0,567544 6,17812
10 56,6853 57,77822 1 0,958273 8,80611
11 56,6399 57,64521 1 0,99665 6,31328
12 56,64193 57,86174 1 0,975066 7,00543
13 56,62688 57,71103 1 0,882089 8,2295
14 56,44699 57,78909 1 0,954927 7,60384
15 56,43234 57,68323 1 0,546369 7,97335
16 56,52825 57,90018 1 0,63142 7,11334
17 56,57768 57,88917 1 0,806817 6,758
18 56,7397 57,84139 1 0,481076 7,71284
19 56,70863 57,82151 1 0,781503 8,52598
20 56,63724 57,84757 1 0,924255 7,73355

VYV 1abn.4 nokazaHo ¢parMeHT JaHHX, 10 OyJd OTPUMAaHI 31 JOMOMOTOI0 MakeTra, Mpu
IbOMY OYJIO NPOBEJEHO HEBEIMKE 3MILICHHS JIa3epHOI IUISIMM JJIs TOTO, IO MEPEeBIPUTH
peakuito cucreMu. s 1poro yazepHuil MOAyiab OyJio 3aKpiIUIEHO Ha MPYXHIN MiJCTaBIIl.
Takox OyJI0 BUKOPUCTAHO JIa3ep Masloi MOTYXHOCTI, TOMY IO OUIbLI MOTYXHHH J1a3ep Mir
MOLITKOIUTH MaTPUITIO 3BUYaiHOT KaMEpH.

Tabnuys 5. IlopiBHAJIbHA XapaKTePUCTHKA 3aTPA4Y€eHOI MOTYKHOCTI

[Inardopma CepemHs MIBUAKICTH Cepenns moTyxHicTh, BT | [IpoayKTUBHICTB,
00YHCIEHHS, MC KaJpiB/BT
[epconanpauit 45 36 0,62

koM torep (AMD
Athlon X4 640)

EP4CE22F17C6N 7 2,5 57

VY 1abi1.5 NOpIBHAHO XapaKTEPUCTUKU CEPeIHBOI MOTYXKHOCTI, 110 OyJia BUKOPUCTAHA JUIS
oOuncnenns 3a gonomororo ITJIC 1 koM’ totepa. OgHAK BapTO 3ayBa)XKUTH, 1[0 KOMII IOTEP
Moxke MaTu 3HauHy nepesary nepen I[IJIIC npu BuxopucranHi rpagignoro aganrtepa [16].
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Ane UIs TakuX HEBEJIMKHX 300pakeHb HOTO0 BUKOPHCTAaHHS € HEIOIUILHUM, TOMY IO Ha
nepeaavyy naHuX y rpadidHuil mporecop ine Oinblie yacy, HiX 3aiiMae cama obpooOka. Jlo
TOTO X TpadiuHU TpOoIecOp Ma€ 3HAYHI BUTPATH MOTY)KHOCTI, II0 MOXE TEPEBUIYBATH
BUTPATH CaMOTO LEHTPAIBLHOTO Tporecopa. ToMy BUKOPHCTAaHHS IIEHTPAJIBLHOTO MPOIECcopa
JUISl IOPIBHSTHHS € OUTBII JOIUIBHHIM.

Jns mopiBHSHHSA OyJ0 BUKOPUCTaHO KOMII'IOTEp 3 IEHTpajJbHUM mpouecopom AMD
Athlon 1l x4 640 (4 sapa, 3 I'T'). Byno BUMIpSHO PI3HHIFO MK CIOXHBaHHS KOMII'IOTEpa
Opyd TPOBEACHHI OOYHCICHb KOOPJAMHAT 1 MapajelbHO-1€pPapXidYHOTO TEPETBOPEHHI 1
CIIOXKMBAHHS TIpH poOOTI y 3BUUaiiHOMy pexxuMi. [Ipu Bukopuctanni [1IJIIC Gyno nmpoBeaeHo
BuMipu notyxHocti matu DEO-Nano npu ocHoBHi# TakToBii yactoti 100 MI'mI.

Tomy 3 (}i3MYHOrO MOJCIIOBAaHHS MOJXKHA IMOOAUWTH, IO 3BUYAWHUN KOMIT'IOTEP HE
JOIIUTLHO BUKOPUCTOBYBATH I 0OPOOKH y pealbHOMY 4aci, TOMY IO CepeiHii yac 00poOKu
300pakeHbh OUTBIIMKA HDK Yac HAAXOKCHHS KaJpiB 3 KaMepH 31 MBHAKICTIO 25 Kajapis/c.
Tomy wac oOpoOKM omHOTO 300pakeHHs HE Moxe Oytu OumbmuM HiK 40mc. Takox
HEHTpaJIbHUI Mpoiecop croxkuBae 6arato eHeprii y nopiasiaui 3 [JIIC y 14.4 pas.

Omxe Bukopuctanus [IIJIC e nabarato BUTITHIIIAM JIs 3aCTOCYBaHHS y BOYIOBaHUX
cucTeMax.

BucCHOBKH. Y CTaTTi pO3MIISIHYTO Cy4acHi nmpoOiieMu 0OpoOKH 300pakeHb Ja3epHUX Tpac.
byno mpoBeneHo aHaii3 ICHYIOUMX METOJIIB Ta OCTaHHIX JOCHIKEHb y cdepi oOpoOKu
300pakeHb a3epHux Tpac. [lpu aHami3i Oyno BU3HAYCHO, IO CydacHI PIIEHHS MalOTh Psi
HEJOJIKIB B yMOBAaxX 301IbIIIEHHS MIBUAKOCTI 1 MIUTBHOCTI MTOTOKY.

Y poGoti Oyno mpeacTtaBieHO CcrHoci0 O0OpoOKM 300pakeHb Ja3epHUX Tpac i3
3actocyBanHsM [IJIIC Ta mapanenbHO-iepapxidHOTO TepeTBOpeHHs. [IpencraBieHO
iMiTamiiiHe MO/ICTIOBAaHHS METO/IiB 00POOKH KOOPAWHAT IUISAM JIa3€PHUX MYYKiB Ta HABEJCHO
HOro pe3ysbTaTH.

Takox y CTarTi MOKa3aHO MOPIBHSHHS PE3yNIbTaTiB 00pOOKM 300pa)KeHb 3a JOIIOMOTOI0
MEePCOHAIBHOTO KoMIT'oTepa Ta 3a gonomororo [TJIIC. B pe3ynbraTi mOpiBHSHHS BUIHO, IO
3acrocyBanHs [IJIIC myist 06poOku 300pakeHb Ja3epHUX Tpac € ePeKTUBHIIINM.
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FPGA USAGE FOR PROCESSING IMAGE OF LASER BEAM

Considered modern problems of laser image processing. An analysis of existing solutions and recent
research in the field of image processing of laser beam. Determined that the latter solutions have a number
of disadvantages in terms of increasing the speed and density of information flow. There are also problems
with excessive power consumption during image processing due to excess power.

Also presented method of processing image of laser beam with the use of FPGA and parallel-
hierarchical transformation. Performing simulation modeling of methods for processing the
coordinates of laser beam spots and its results are presented.

Presented comparison of the results of image processing using a personal computer and using
FPGA.

The obtained results allow to evaluate the efficiency of FPGA application and methods with the use
of parallel-hierarchical transformation during image processing of laser beams.

Due to low power consumption and efficient image processing using FPGA and parallel-
hierarchical transformation - this technology has great prospects for use in the automotive industry. It
can be used to improve the development of unmanned vehicle control, especially for electric vehicles.

Keywords: parallel-hierarchical transformations, FPGA, image processing, laser beams, laser
spots.
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PO3POBKA MATEMATHUYHUX MOJIEJIEN ITAPAJIEJIBHO-IEPAPXIYHOT' O
INEPETBOPEHHA A1 EOFEKTHUBHOI'O OBPOBJIEHHS 306PAKEHD

Y cmammi posensinymo npobnemu cyvacuux mooenet ma memooié posnizHaeauHs iHgopmayii ma
300padicens, nposedeHa aHano2isi HagUanHs napaneibHo-iepapxiunux mepexc 3 RBE mepeoscamu. ¥ xo00i
auanizy OY10 8U3HAUEHO, WO 0OPOOKA 300padiCceHb 3a OONOMO20K0 MACKOBO20 Memoody He SUKOPUCHIOBYE
6ci nomysicnocmi bazamosioepuux cucmem. IIpoeedeno ananiz napanenbHo-iEpapxiunoco nepemsopeHHs
ma obpobrenHa 300padicens. Ilposedeno awnaniz mamemamuyHoi MoOeli HAPANENbHO-IEPAPXIYHO20
nepemeopenHs 0 NIOGUWEHHSL UGUOKOCI 34 OONOMO2010 NApanebHo20 hepemsopens. byno nposedeno
MOOeno8anHs aneopummy sukopucmogyiouu mogy C#, ona mecmy 6ynu GUKOPUCMAHT WUNYYHO CIBOPEH
300padicents 3a oonomoezoro I BU. Mooemosamu nposedeno onst nogrnoeo nepemeopenns 111, pezynomamu
MoOenmosanust  8i0obpasceni y mabnuyax. llapanenvro-iepapxiune nepemeoperusi 0iisi 00pOOeHHs.
300padcenb Mae GeNUKUL NOMEHYIan y MpPaHCROPMHUX CUCIEMAX, U020 MOJICHA GUKOPUCTHOBYEAMU Y
3a0ayax Oe HeoOXIOHO NpoeoOUmU WEUOKULL AHANI3 300pajiceHb 3 KaMepu, HANPUKIAo, HAAEHICMb
nepewKo0 Ha MpacKmopii pyxy mpaHcnopmy ma YHUKAHHSL 3iMKHEHHS, aHali3 HAsIGHOCMI NOWKOONCEHHS
acanemy Ha mpackmopii pyxy ma pecymogamHs niogicku Ona Higenmoeanus egexmy. Ompumani
pe3ynbmami y npoyeci MoOeno8aHHs 00360510Mb 3p0OUMU BUCHOBOK W0O0 WBUOKOOIi napanenbHo-
IEPapxiuHo20 nepemeoperts y 3a0a4ax oOpodIeHHs 300padceHts.

Knwuogi cnosa: napanenvho-icpapxiune nepemeopenus, o0poonenHs 300padxicenb, NapanevHo-
IEPAPXIUHi MepediCi.

Beryn. 3 nmpoBeneHux gochimkeHb [1] 3 BUKOPUCTaHHSIM MackKOBOI'O  METONY
po3mi3HaBaHHA 1HQoOpMaLii A8 3a7ad MIBUAKOTO pO3MI3HABAaHHS 300pakeHb, BHHMKAE
notpeda y BIOCKOHAJIEHHI MaTEMaTUYHOI MOJIeNTl TapajiesIbHO-1EpapX1YHOTO EPETBOPEHHS.

AHaJi3 ocTaHHIX J0C/Ti/IKeHb i MOCTaHOBKa NMpodJemMu. Binomo, 1110 HaBYaIbHE 3aBJaHHS
[Tl mepexi, 1o HaBUaeThes 3a aHanoriero 3 RBF [2] mepexxax mpakTuuHO 3BOAMTHCS 11O i1ei
KOHTPOJIbOBAHOTO HAaBYaHHS EJIEMEHTIB BHXIIHOrO piBHS Mepexi [3]. BukopucroByroun
3arajibHy 1/1€10 CTPYKTYPHOI OpraHizallli mTy4YHIX HEUPOHHUX MEPEX 3a CXEMOIO: BXITHUH Iap

- [IPUXOBAHUN map_> BUXiHUM 1map [4], moxkHa cuHTe3yBaTu [1I Mepexy, y sKii SK BXiTHUN
piBeHb BUKOPHUCTOBYIOTh NEPILIMIA PIBEHb MEPEXKI, SIK IPUXOBAHUH IIap BUKOPHCTOBYBATH PiBHI —
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2, Kk , e K — KiNbKICTh pIiBHIB NMPHXOBAHOIO IIAPY, a SK JUKEPEIO — BHXIOHHAN IHap, SKUi
TPAIUIIITHO BUKOPUCTOBYETHCS B INTYYHUX HEHPOHHUX Mepekax [S].

Mera i 3aBaanHs jgocijimkeHHs. [lpuckoputu posmi3HaBaHHS 300paKCHHS 3a
JIOTIOMOT'OF0 BUKOPUCTAHHS MapasiesIbHO 1€papXidyHoi 0OpOOKH TaHUX.

Marepianm Ta Meroam AochimxKeHHsi: JloCHi[UKEHHS MaTeMaTHMYHHX MOJAEJeH
napajieJIbHO-1€papXigYHOTO MEePEeTBOPEHHS ISl €PEeKTUBHOI 00pOOKH 300pakeHb.

Bxianwuit map

Buxignuii map

Mpmonanii ap 2,7 %
Puc. 1. Tpumaposa ctpykrypa I1I mepexi

Ha puc. 1. nmogano opranizamiiiny cTpykrypy OaratomapoBoi Il mepexi. KimbkicTb
€JIEMEHTIB MPUXOBAHOTO APy MOXKHA BU3HAYUTH 3a JIOBKHUHOIO MEPEKEBOTO alrOPUTMY i
TUM caMUM (popMaiizyBaTu Ipoueypy OOUNCICHHS KITBbKOCTI €IEMEHTIB IPUXOBAHOTO HIAPY

. W, ~W, )
[6]. Cepenni 3HaueHHst Bar = 1 -1 BH3HAuaKTHCA 3a (POPMYIIOO:

N
(») i A
;Wt , t=1Kk 1, (1)

N

=

ne N — pO3MipHICTh HaBYAILHOI BUOIPKH P.

Ha ocHOBi aHamizy po3BUTKY MapajelbHO-IEpapXiyHOTO MEPETBOPEHHS AJIS MIBUAKOTO
posmizHaBaHHs 1H(opmarii [/], MU CKIagaeMO CHUCTEMY PIBHSHb /I BU3HAUYCHHS

KOe(]iIiEHTIB HAJAIITyBaHHS W, =Wy y ¢opmi.
s t
2.
W, = t=2 i
(a+ > a)
; 1
2 an

(2)

2
W1a11

M@ Ta) @eya)

t
Y ;au _W13121+W2a131+"'+Wk73a1k172
@l e @ +>ah
£ t
W, = ;aﬂ _W1a121+W23131+"'+Wk72a;51’
) (a1k1+zaik) (a'fl+zaik)
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[
t . . o .
e D 8y, — eTANOHHI KOMIIOHCHTH KaJIpy IPOTSHKHOI TpacH, SIKUK PO3MI3HAETHCS;
t=2

7
29¢
568

BxigHuin wap

D
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N
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MpuxoBaHuin wap 1 dj1
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pUXOBaHWN Wap 2 ajq dig
3 4

Puc. 2. Ctpykrypa 6araromaposoi I1I mepe:xi

k

k
a. 2 . . .
Z i 8y T8, — noTouHi KOMIIOHEHTH Kajpy PO3Mi3HABAHHS TPACH.
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ITicist 3HaXOMKEHH 3HAYEHD Wi =W,y hopmyeMo piBHAHHS HOPMYBAHHS:
y y

W, wal,  weal weal 2"
d:k%+k%+“+k%“+k?:”kt- (3)
;an > A ;an ;au ;au

t=2

Jns Hopmamizarntii pe3yabrariB podotu I1I Mepexi 3 KopuryBaabHUMH Koe(illiEHTaMu, MU

K
. . t
BUKOPHCTOBYEMO OCHOBHY BJIACTUBICTh MEPEXKI — da, =28, [8].
t=2 i

Toni mpaBor0 YaCTMHOK HOPMYIOUOT'O PIBHSHHS € BIJHOIICHHS CyMH JOOYTKIB CEpeIHIX
3Ha4YeHb KOE(]IIIEHTIB KOPUTYBAHHS Ta KIHIIEBUX €JIEMEHTIB JI0 CyMH KIHIICBHX €JICMEHTIB
Mepexi.

[Ipu mpaBmiIbHOMY pPO3ITi3HaBaHHI 300pakeHb JTAETHCS HOPMOBAHE BHMipIOBAHHS d-1
Cryniab OJU3bKOCTI OJIMHUII € MIPOIO CXOKOCT1 pO3Mi3HaHUX 300paskeHs [9].

BukopucToByloun piBHSHHS HOPMYBaHHS, B SIKOMY W, =W, =..W,, =W, =1 yoxna
IIPOCTO BHKOHATH TOTIEPEIHIO Mpolenypy Kiacudikaimii 300paxkeHp, a MOTIM BiJIOBITHO 10
cuctemu chopmyBatu koedimienTu kopurysaHHs Wi ¥ Wii | BUKOHYIOUM THM CaMHUM

IpoIlelypy BU3HAYCHHS Bar JJIsl KOKHOTO KJIacy.
30KkpemMa, SKII0 MU IPOBOJMMO KiacHu(ikamio B peKHMi peabHOTO Yacy Ta aHali3yeMO
CYyCiJIHI KaJpH, PIBHSHHS HOPMYBaHHS Ha0yBa€ BUTIIAY:

R

Kk J
t .
Je Z a’ll —CymMa k-1 XBOCTOBHX CJIICMCHTIB,

t=2

J — HOMEp KaJipy, j=1im-1

2 \i+l . k i+l . . .
(an) T( 1) — 3HAYEHHS XBOCTOBUX €JIEMEHTIB 300pakeHb  BIJIMOBIIHO

HONepeaHbOro ( J - ro) i macrymuoro (J 1-r0) KaJIpiB.

BpaxoByroun Buiie3asHadeHy BiactuBicte I mepexi [10], piBHsHHS HOpMyBaHHs (3)
HaOyBae BUTIIALY:

j+1 j+1 j+1 j+

A R A

ko ) ko ) ko ) ko . (5)
XA | 2a A (2a

t= t=

Ockiibku TpU  OOYMCIEHHI BHpa3dy He NOTPIOHO BHU3HAYATH KIHIEBlI €JIEMEHTH

( 2)i+1 ( k)j+1 o j+1 N .
a,) =\a, npu  obpobui -T0 KaJpy, TO TMpH HOpMai3alii pe3yibTaTiB
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00poOnenns Bxigumx gaHux (S F8n) wac mpouexypd PpO3IMi3HABAHHA — 3HAYHO
CKOpPOYYEThCs. Y MOPIBHSAHHI 3 BIIOMHMH CTPYKTypaMH HeHpoHHUX Mepex [11], B skux s

IJ+1p

Opolenypy  pO3Mi3HABaHHS Yy  BUXIAHOMY  mIapi KaJIpy  HEMOXJIMBO

BHKOPUCTOBYBATH BXiHi mani J -ro kanpy.
Jlns 3ailicHeHHS HapaenbHO-1€EpapXiqyHOro MEPEeTBOPEHHS Ul MIBUAKOTO PO3ITi3HABAHHS
300pakeHb MPUUHATHUM € BHOIp 3 IocTymHOi IU(poBOi iHGOpMaIii cepeaAHbOro 3HaYECHHS

—t

di 3 OKpyIJIGHHSM JO HalOMMKYOro IJIOr0 Ta MOJANBIIMM (QOPMYBaHHS JBOX
B3aemonoB’si3aHux 11 mepex st 0OpoOIeHHS BiJ’€EMHUX PI3HHUIIEBHX KOMIIOHEHTIB [12]. ¥V
[IbOMY BHITQJKy JUIS KOXKHOI 3 1mux [1l Mepex MOXHa CKJIACTH CUCTEMY PiBHSHB, KOPCHIMHU
SIKOTO JIJIs BCIX PIBHIB, KPIM MEPIIOTO, € TapaMH KOe(iIlieHTIB peryaroBaHHs Gpopmu:

AJI ITO3UTHUBHHUX PIBHUIECBHUX KOMIIOHCHTIB — ( 1 " k4 ),

) . WO =wO
JUISl HETaTUBHUX PI3HUIIEBUX KOMIIOHEHTIB — (Y = = Wiy ).

Y upomy Bumaaky s nepmoro piBHs Il mepexi oOuuciroeTbest nuine KoegilieHT

(+)
KOpUT'yBaHHA Wl , OCKUIBKH € JIMIIC ITO3UTUBHI P1I3HUICB1 CKJIAA0B1.

[Tpu 00poOGsieHHI TOCHITOBHOCTI 300pa)XeHb HaHKpaimie BHUKOPUCTOBYBATH DPIBHSIHHS
HOPMYBaHHS JUUIsl IBOX CYCITHIX KaapiB 300paxens [13], Ha meprimomy 300pakeHHI BKa3aHa
IiHa AK eTayoH. To/i piBHAHHSI HOpMYBaHHS HA0yBa€ BUTIISILY:

W (a2)l  w.(a®)i TR ERTICAL Zk:VVt(ail)j
d= \kNl(an) n Wz(au) +"_+Wk’1(a11) T \:Vk(all) =) ) (6)

YE)T L@ XE) L@ TE@)”

=2 t=2

L~

e Wi+ W KOe(IIiEHTH peryaioBaHHs, [0 OTPUMaHI Mij 9ac MonepeaHbpoi 00poOKu
Ha Mepumx 300pakeHHsIX Hadopy;

tyi tyi- . . . . .
(a11) ’ (a11) — XBOCTOBI €JIEMEHTH BIJIIOB1IHO MIOTOYHOTO 1 MONEPEIHIX 300paKeHb.

3a3Buyail mpu 0OpoOIl MOCHIIOBHOCTI 300paykK€Hb HEOOX1HO BUSBIISITU HECIIOTBOPEHI
300payKeHHsI Ta BUKJIIOYATH iX 3 aHami3y Tpacu [14]. it mboro HeOOXiAHO BIOCKOHATICHHS
MaTemMaTuyHoi Mozesi. OCKITbKY HOPMOBAaHUI KpUTEP1il MOXKHA 3HANTH SIK JJI1 OTHOTO KaJpy
Tpacu, TaK i JjIs yciei Tpacu B 1iaomy, GopMyemMo MHOXUHY 4 KoedimieHTiB d;:

A=(d,,d,,..dy) )

ne N — KUTbKICTh 300paKeHb.

Ockinpkn 0 € Mipor BIANOBIAHOCTI MiK mapaMerpamu etanonHoi I[II mepexi Ta
napamMeTpaMu MOTOYHOI Mepexi [15], ToMy i-Ti €JIeMEHTH MHOXKHUHHU, SKI MalOTh HU3BKE
3HaYeHHs, MOXHA KJIacU(IKyBaTH K CIIOTBOPEHI 300pakeHHS:

(8)
300DAIICEHHA HECnOmeopeHe, AK d >y,
@), N@<), =177 pene, o T =4

306panC€HH}Z cnomeopere , B IHIHOMy BUIIAJAKY

ne X _ MOPOTOBHUI KPUTEPIH.
Ocximpxn 0<d 31’T0 0<y<1
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s sixicHol knacudikaiii Ta po3mizHaBaHHS MOCIIOBHOCTI 300paKeHb JaHUH MTOPOTOBUI
KPUTEPIiii MOKE OYTH BUKOPHUCTAHUH Y <«OKOPCTKHUX» PaMKaX:
0,8< ¥ =< 1 (9)

Jlyist 300paskeHb y SIKMX € 3HauHI CIIOTBOPEHHS BHACITIIOK, PEKOMEHIYEMO BCTAaHOBITFOBATH

MEHIII )KOPCTKI paMKH IOPOTOBOTO 3HAYCHHS:
04<y<1 (10)

CTBOpeHHsI amapaTHUX OOYHCIIOBAIILHUX 3ac00iB JUIsl peaiizaiii NeBHUX METOJIB HE
3aBXKIM € TPOCTUM 3aBIaHHSAM. BUTbIl TOro, HaBITH BIIOMI METOJIM a00 aJrOPUTMHU, SIKI BXKE
MalOTh TapajelbHICTh B MAaTEeMAaTHYHUX ONEpallisix, BCE OJHO BUMArarmTh J0JaTKOBOTO
aHajizy, abo TOBHOI 3MiHU TMOPSAIAKY pO3paxyHKIiB. bunbin TouHa Kiacudikailis BUMAarae
BUKOPUCTAHHS OUIBII CKJIaJHUX aITOPUTMIB, BOHa BUKOPUCTOBYE METOIM, SIKI aIanTyliOThCs
no crany kanaimy. Jlns peamizamii mbOro KpOKy MOXKHa BHKOPHCTOBYBATH IapajielIbHO-
lepapxiduHi Mepexi, SKi MarTh BIACTHUBICTh aJAaNTHBHOCTI INpH 30€pekeHHI IPOCTOTO
MaTEeMaTUYHOTO arapary, 1110 € BUT1AHUM IPU 00poOI1Ii 300pakeHb.

Jnst omiHKKM anropuTMiB TiepeTBOpeHHs G MOJIENIOBaHHS TPOBOIMIM HAa KOMIT FOTEpl Y
cepenosuni Visual Studio Ha moBi mporpamyBanHs C#. B skocti Tecty Oyl BHUKOpUCTaHi
HITYYHO CTBOPEHi 300paxkeHHs 3a noromororo ['BY. ['mubuHa koimmopy 300paxeHs — cipuii 8 OiT.
Crig TakoXX 3a3HAYUTH, IO I1i 300paKEHHS € OAHMMHU 3 HAWCKIaIHIIMX B 00poOIi. dakThyHi
300paKeHHSI, SIK TIPABUIIO, OLTBI B3a€MOTIOB’ s13aHi Ta 00pOOJISTIOTH HA0AraTo MEHIIE Jacy.

MojenoBaHHsT TPOBOAMIN JUIsi TOBHOTO TiepeTBopenHs I1I, ockinbku omeparopu S i T
3aJexaTh BiJ pe3ynbTariB G MmepeTBOpeHHsI, OT)KE 3arajbHi BUTPATH PECYpCiB HA aJlTOPUTM
KOPEJIOIOTh 13 BUTparaMu Ha G mepeTBOpEHHSI.

Hexait € S (S = 1, 2, 3...) HaOopH HEMyCTUX €JIEMEHTIB, L0 BU3HAYAIOTh 1HPOPMAILIFO.
KinbKicTh €71€MEHTIB y MHOKHHI Ha3MBA€TbCs ii JAOBXKMHOK (IO3HaueHHs L, - 1oBxkuHA
MHOXHHHA [). KIIBKICTh pI3HHX €NEeMEHTIB MHOXMHH Ha3MBA€THCS PO3MIPHICTIO i€l
MHOXUHH (II03HAYeHHS R,).

MarematudyHa  MOJEIb  IApaleibHOrO  poskiamxy  MHOKuHEM U = {a;},i = 1,n
NpeJICTaBIeHa TAKOI MOJICILTIO!

Mj
2

Il
M=o

(n-fnk )(aj - ay,

’L
’L

(11)

ne a;# 0, R — po3MipHICTb 11i€1 MHOKHUHHU.
Posrnsinemo aeranpHO anroput™ ¢popmyinu 11, sskuil mpartoe TakKUM YHHOM:
1. 3Hax0AMMO HEHYIbOBUH €JIEMEHT 3 HAMEHIIUM 3HAYE€HHAM — min.
2. [TizpaxoBy€eMO KiJIbKICTh HE HYJIBOBUX €IEMEHTIB Y psAaKy N.
3. 3HaxX0IUMO MepIINi eIeMEHT MHOXHHHU U 32 GOPMYIIOIO amin X N.
4. BigHIMaeMO 3HAYEHHS apmin 3 KOKHOTO HEHYJIHOBOTO €JIE€MEHTa PSKa, YTBOPIOIOUU
HOBHH PSIOK.
5. [ToBTOproeMo omneparii 1-4 Moku BCi €1€MEHTH BX1IHOTO PsAJIKa HE CTaHYTh PIBHUMU
0.
6. Ha Buxoni oTpuMyeMo Halip W, SIKHiA TepeacThCsl Ha HACTYITHUHN PiBEHb.
VY Tabn. 1 mpenctaBieHi cepeiHi pe3yibTaTH MOIETIOBAHHS JUIsl MaTpHIb PI3HUX
BHMIPIB.
Jlo mepeBar 11bOro METOy HaJleXkKaTh:
— po06OTY TIIBKU 3 JOJJATHUMU YHCIIAMU;
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— PO3MIPHICTh MAKCUMAJIBHOTO 3HAYCHHSI, IO HE TIEPEBUIIYE 2 OalTH.
Jlo HemomikiB MOXKHA BIJHECTH HEOOXIJIHICTh IOMIYKY KOXHOTO psiKa 100 3HAWTH
HaliMeHI1Ie Yncio, abo HOoro MoyaTKoBe COPTYBAHHS BiJl HAMOUIBIIOTO 10 HAWMEHIIIOTO.

Tabauya 1. XapaktepucTuka neperpopennsn I11 3 BUkopucTanHsM MiHIMAJILHOTO eJleMeHTAa

y onepatopi G
Marpuisa
IMapametp 4x 16x16 64x64 128%x128 256x256
4
KispKicTh piBHIB 15 144 578 1150 2140
MakcumanbHa — KUIBKICTB 6 56 253 512 964
PAAKIB
MakcumanbHa — KUIBKICTH 10 110 504 1022 1926
CTOBITYHUKIB
MakcumanbHe 3HaYeHHS 44 1680 4032 16000 64512
7
Yac BUKOHaHHS (MC) 41 189 4710 36000 251000

OaHuM 13 BUMAJKIB TaKOro MepeTBOpeHHs € G MEepeTBOPEHHs 3a MEePIIUM EJIEMEHTOM,
HaBEAEMO MOr0 aJrOpUTM:
1. bepemo nepuinii HEHYIHOBHIA €JIEMEHT — a.
2. [TinpaxoBy€eMO KiJIbKiCTh HEHYJIHOBUX €JIEMEHTIB Y pAaKy N.
3. 3HaX0aMMO TEpIINil eeMEHT MHOKHHH |L 32 PopMyInoro ag X N;
4. BimHiMaeMo Bil KOKHOTO HEHYJIBOBOTO €JIEMEHTa psAKa af, YTBOPIOIOYM HOBHM
PSIOK.
5. [ToBTOprOEMO KpokH 1-4, MOKH BCi €IEMEHTH BX1IHOTO psiika HE CTaHyTh piBHi 0.
6. Ha Buxoni orpumyemo Halip W, 10 NEepela€ThCsl Ha HACTYIHUN PIBEHb.
VY tabnuii 2 HaBeeHO Pe3yIbTaTH MOJICITIOBAHHS U1l MATPHIIh PI3HUX PO3MIpIB.
Jo mepeBar mporo Tumy mnepeTBopeHHs G MOXHa BITHECTH BIJACYTHICTh IOIIYKY
HaWMEHIIIOTO eJIeMeHTa (a2 OTKE MOBHOTO Mepedopy psliKa).
A HenonikaMH € HEOOXITHICTh POOOTH 3 Bil’€MHHMH YHCIIAMH, & TAKOX 3HAYHE 30LIbIICHHS
PO3MIPHOCTI OTIepaHIiB.

Tabnuys 2. Xapakrepuctuka nepersopenns Il 3 BUKOpHCTAHHAM MEPUIOTo eJieMeHTa

y onepatopi G
Martpuust
Mapamerp 4x4 16x16 64%64 128x128 256x256
KimpkicTh piBHIB 16 245 679 1364 2730
MakcuMansHa — KIIBKICTh 7 83 214 428 855
PSIKIB
MaxkcuMaabHa — KIJIBKICTE 12 164 442 886 1775
CTOBITYUKIB
MaxkcumainbHe 3HaueHHs 102
0 2,43E+04 5,92E+09 1,64E+12 2,01E+13
MinimanbHe 3HaYEHHS -
1132 -3,33E+04 -8,13E+09 -1,15E+12 -2,21E+13
Yac BUKOHAHHS (MC) 24 267 969 60520 415820

BucnoBku. Jlo mepeBar BHOOpY eleMEHTa 3a CepeAHIM 3HAUYCHHSIM HAJICKUTh BHCOKA
MIBUJKICTh, @ MIHYCM — HEOOXiAHICTh pPOOOTH 3 YHCIAMH 3 IIJIaBalOUOI0 KOMOIO.
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[TepetBopenns G 3 BUOOpPOM OyIb-SIKOTO €JIEMEHTa alrOPUTMIYHO TPOCTIIIe, ajieé BUMarae
pPOOOTH 3 TOCUTH BETMKUMH YUCIIAMH, A TaKOX 31IHCHEHHS POOOTH 3 BiJl'€MHUMH YUCIAMH.
[TepeTBopenns B G 3 BUOOPOM CepeTHLOTO apU(PMETHYHOTO B SIKOCTI MOYATKOBOTO 3HAYCHHS
Ma€ MPOCTy AITOPUTMIYHY CTPYKTYPY 1 JOCTaTHBO MIBUAKE, ajie AJIsT HOoro poOOTH HEOOXiaH1
MOJTYJT1 JUTst OOYHMCIICHHS YHCEI 3 TIaBal0YOI0 KOMOIO.

[TapanenbHO-i€papxiyHa 00poOKa 300pakeHb € Jy)K€ aKTyaIbHHM 3aBIaHHSAM Yy
cydacHOMYy cBiTi. Hapa3i kKOMI'FOTepHI Mpoiecopy pO3BUBAIOTHCS Y HAMPSAMKY MapaliebHOT
00poOKM JaHUX 1 TIOCHIZIOBHI METOAW CTalOTh 3aHAATO TMOBLIBHUMHU. Po3srisHyTra
MaTeMaTHYHa MOJIEIb MapayielIbHO-1€papXidyHOi 00poOKH 300pakeHb MOKAa3y€e MOTEHIA IS
OaratosiIepHOr0 aHajizy 300paKeHb, 0, MOTCHIIIWHO @€ MPUPICT Yy TOPIBHSAHHI 3
MOCJIIOBHUM aHAIi30M.
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DEVELOPMENT OF MATHEMATICAL MODELS OF PARALLEL-
HIERARCHICAL TRANSFORMATION FOR EFFICIENT IMAGE PROCESSING

This article considers the problems of modern models and methods of recognition of information
and images, the analogy of learning parallel-hierarchical networks with RBF networks. During the
analysis, it was determined that image processing using the mask method does not use all the power of
multi-core systems. The analysis of parallel-hierarchical transformation and image processing is carried
out. The analysis of the mathematical model of parallel-hierarchical transformation for speed increase by
means of parallel transformation is carried out. The algorithm was simulated using the C # language, and
artificially created images using microwave were used for the test. The simulation was performed for
complete Pl conversion, the simulation results are shown in the tables. Parallel-hierarchical
transformation for image processing has great potential in transport systems, it can be used in tasks where
it is necessary to quickly analyze images from the camera, such as the presence of obstacles in the
trajectory of traffic and collision avoidance, analysis of asphalt damage on the trajectory and suspension
adjustment to level the effect. The results obtained in the modeling process allow us to conclude that the
speed of parallel-hierarchical transformation in image processing problems.

Keywords: parallel - hierarchical transformations, image processing, parallel-hierarchical
networks.
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THE LEVEL OF DANGER IN CONTROLLED AIRPORT SECURITY

The functionality of the aircraft complex is determined by quality and safety. This is defined by the
relationship between the entities airport — aircraft — airspace. Operational safe management and
control at the airport is a directed action of independent factors. Their expression is embedded in the
feeling of security and safety of each air traffic participant. Fulfilment of the ethical characteristics of
security requires the implementation of management so that the control at the airport is carried out in
the relevant security zone. Construction of a safe state can be achieved if the chosen method of safety
experiments will faithfully reflect the real error in the control of air transport. The correctness of
safety control procedures can be verified by simulation and models built on a physical basis. The
motive of the article is to show one way of effective identification of errors in the management of
security controls actors of air transport.

Keywords: airport, security, control system, probability, sensitivity, danger.

Introduction. Analysis of recent research and problem statement. The security
experiment for airport control reflects in control experiments the content-accurate way of
scientific examination of the objective fact about the findings of danger is a way of verifying
the veracity of subjective (own) judgments about hypotheses and theories based on safety
theory [1]. Instead of the term experimental verification is often used in theories of security
and in determining the level limit control concept. The development and continuous
improvement of airport control equipment are inconceivable without carefully carried out
successful security controls. [2]. Such knowledge also increases the requirements for flight
safety, which is a condition that is encoded in the reliable operation of airport control systems.
This fact highlights the importance of understanding the hierarchy of safety [3]. When
researching the security of airport complexes, security checks are performed, preceded by a
control plan. The control plan assumes the airport security service to set the security level.
The nature of the chosen control requires a specific form. The type of safety features must, of
course, be assigned to the cognitive hazard detection method. The basic precondition for
performing inspections is a set time, which with a certain probability determines the intensity
of danger detection.

Materials and methods of researc
The sequence of detection of dangers by control mechanisms. The process of finding
hazards in the airport control process has a random character according to the sensitivity of

3oipnux nayrxoeux npaus JYIT. Cepin « Tpancnopmui cucmemu i mexuonociin, 2021. Bun. 37

165


about:blank
about:blank

OPI'AHIBALIA IEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

the control system, which can also be investigated by methods used in reliability theory. An
example is the time of detection of danger, which is an analogy of the time of its detection.

The published article [4] showed the applicability of the mathematical apparatus for the
readiness of the control safety system for the experiment to find the danger. The security
control method at each security hierarchical level includes a number of specific additional
sub-controls, the arrangement of which is presented in figure 1.

| Systematic Random
automated check
controls I controls

9

| Preventive | | Independent

controls I check
control

Fig. 1. Type hierarchy of airport security controls

When setting up a mathematical model of the correctness of security controls for hazard
detection, we assume that all inspected parts of air traffic participants and objects are
characterized by a certain possibility of how to detect (find) a potential danger. In general,
however, this is not so clear-cut. The probability of turning safety into danger also depends on
the sensitivity of safety control systems. Assume also that some controls are independent, i.
they do not only depend on direct checks but also the periodic acquisition of information from
other security systems (information service) [5].

To create a mathematical model for the identification of the hazards it is necessary to
determine the probability of detection of danger. These controls can be expressed in the
following forms: ®; v; J; 1, on time interval 7 <t < dd§ . It is necessary to accept this
condition at the specified interval in which we perform unit control of the j - type of security
control. In the following, we will accept the fact that the danger has not been detected until
now t = §. When checked is ®;(5) = constant. Let is determine P;(t), i.e. the probability that
the hazard was not detected even after the time t has elapsed, in time units of the airport
security inspection process. From the above statements, it is possible to focus on the
probability that the danger has not been detected even in time t + dt. Then the probability of
finding a danger will be [6]:

Pi(t +dt) = P;(t)[1— 6;dt] 1)
From equation (2) it is possible to write a differential equation for P; (t) :
d
= InP; = 6; )
dt
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Equation (2) is a fundamental equation in describing the process of finding (detecting) a
problem in the safety of aircraft systems.

Solution (2) for P; (t) It has the form:

P;(t) = Pyexp|—0; .t] C)

where P, — is the probability of not detecting the dangerous at first j-th of control [1].

Let us now point out the complexity of performing the security control carried out on the
air traffic participant. Several targeted security sub-checks will be used. Let these checks have
durability t; and be characterized by the intensity of the detection of the safety deviation 0.
Also, assume that the number of unit checks contains a - combined security controls ®; v; 5; t
see figure 1.

For such a case, fundamental equation (2) has notation [7]:

-0,0 <t <t
d
—IP(O= =ty SES G+t (4)
Oty ot by St b+t

The complete probability of finding a security problem during the security check is
described by the equation:
P](t) = Pojexp{—Hltl_..._ Bktk} (5)

Let us denote the general control time of one air traffic participant with a safety system as:
Te =t +t, + g,

and relative time values for each j-type of a check (protected area, mode area, passenger
check-in, etc.) as:

a =2, (6)
In this case, it is possible to write (6) in the formula:
P.(1e) = Poeexp{—(6ya; + . +6;a; + - + O, ax1 )T, } (7
or
P.(t,) = Ppe ¢+ p{—0,7.} (8)
where
0 = 610y + -+ 0ja;+ ...+ Oy 9)

In equations (8) and (9) it is possible to interpret the probability of security control of this type.
This is done at a specified point in time during the entire security check.

Because a number of controls are performed at each security level at the airport, many security
issues can arise. This is because they are intrusions into the security system. It is possible to
reliably determine their detection intensity for each hierarchical security level. For this reason, in
order to create a mathematical model for solving the area of probability finding of a potential
degree of danger, it is generally possible to use a continuous model (10) written [9]:

Ppy=a+p{—=0111—....=0;1;— ... =0, Ty} (11)
where:
T; — the security check time is at the i - th security level
n — the number of checks in the hierarchy of danger.

Equation (11) allows us to write the probability of finding a dangerous at the i-th level of
the check in the form:

P;(t) = exp{— 6,71,—....— 0;7;} (12)
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By comparing (11) and (12) at the i-th safety level, we obtain the initial value of the
probability of not finding (not occurring or not detecting) the danger at the beginning of the
level of control for the duration t,

Py; = exp{— Z‘fl_zll QnTn} (13)

The first experimental security checks confirmed the correctness of the compilation of
airport checkpoints and met expectations. It turned out that the use of 5 control checkpoints
creates preconditions for further use of the same control mechanisms. These reliably suppress
the impact of dangerous leaks in the environment of airport facilities [6]. In addition, it was
possible to create a time-space for imitation of danger, by which we randomly check the
control machines with signalling whether the skill and attention of the operators of security
checkpoints are at the required level of protection. [8].

Evaluation of security input control data for the airport. Designing the modelling of
each airport control system is an important process for the safe operation of the airport. With
the help of these systems, risks and hazards at airports are minimized. Distinguishing safe
zones and initial stages to distinguish initial hazards are another area of concern [9]. Included
in this problem area are detection safety sensors that can predictively select:

- responses to basic security intrusions into areas with the importance of protection from air
traffic controllers from security control systems,

- deployment of more accurate safety control systems

- own findings and observations [10].

Testing, monitoring
and
control protocols

Suggestions
from security services

v v
A A

» | ¢¥———
Airport control system g System analysis

| requirements g
Security control — || Integrated analysis

] management
requirements

: — =
Requirements for ~ f[—> Modular testing,
control mechanisms inspections

Models Coordinated security activities

< L

i

Strategically program of verification of air transport participants

Fig. 2. Verification strategy for air transport participants

The question of choosing the most suitable control mechanisms is formed by the regularity
of the dichotomy. It uses the analysis of finding hazards in the airport complex in its local
parts. The emerging increase in airport security breaches requires new progress in localizing
the functionality of the entire security control system. Such a direction indicates a change in
the reliability of the observed (controlled) system in achieving the area of a successful
solution of finding a hazard. If the functional reliability of the airport in security decreases, a
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critical condition arises, which will affect the correct operation of the security control. At
airports, it is clear that we need to demand the highest value of the trouble-free operation of
security control systems from the control mechanisms in place [11]. The composition of each
control mechanism affects the quality of control at the airport where it is implemented.

Here is an experimental example that has the character of further monitoring of the hazard.
This theoretical level clearly determines in which direction it is necessary to set the security
model fig. 3. This is clearly possible only by the mathematical expression of possible
problems expressed by probability theory with the necessary imagery, which will show the
application in practice. Any such control mechanism needs to be addressed in a
comprehensive way to describe complete security at the airport [12].

t - control operation time

achieved state of airport security B - airport area with its degree of knowledge

security models for air transport participants

control and observation
activities at the airport =t

>

K - airport conitive entropy

P - entropy of airport performance

Fig. 3. Determined entropy for airport security models

The problem of degradation of airport security shows that an isolated assessment of the
security problem, in general, is unjustified. The space of the airport is described in the
coordinate system by the entropy of time, the degree of knowledge of security control systems
and their operation. These airport management activities with precise models control the
security hierarchy at the airport [13].

For us, it is necessary to know and examine the resulting vector C - the state of security at
the airport. This vector requires knowledge of the input properties of security mechanisms at
the airport [6]. We can measure points in space in a given coordinate system with changing
coordinates of the airport security vector. Then all coordinates of the points in the airport
space change. This makes it possible to investigate the clear causes of the security
degradation of the airport complex if we have accurate values [14].

With a sufficiently long inspection time at the airport, the probability of finding danger is
approaching zero. Thus, even with the position of reality during long inspections, the success
of finding danger is accurate. In real conditions, we try to shorten the time of security checks
[15]. This is possible mainly at higher hierarchical security levels of airport facilities and
complexes. In this case, we approach the value of the lower limit of safety, which can be
determined in advance [6]. If the specified control value is known, then the mathematical
model of the comprehensive security control will take the form:

P;(t) = exp{— 0;1,—....— 0;7;} (14)

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

169



OPI'AHIBALIA IEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

The elements of the probability of detection of danger are arranged in series (for example,
the number of passengers before inspection). When the highest level of danger is found, the
whole series of checks is interrupted. Control mechanisms are being introduced in the whole
area of airport complexes [8]. Assessment of the state of security at the airport KoSice, we
have chosen an example of using actors of air transport (passengers) and aircraft type Airbus
A - 320.

The input values are:

taui=0:3:100; minutes; period of one security check:3min, number of checks per aircraft
A 330:200 passengers;

I=5; Number of serially connected passenger security checkpoints; the sum of the values of
the potentially dangerous elements found (pocket knife; scissors; weapon, etc.) converted into
working hours during the year of the security inspector, according to the numerical order of
the airport inspection posts:

S=sum([51 6 3 1]./10.74);

thetat=S.*taui; exponent,

Plt=2.718."(-thetat);

plot(taui,PIt,'r+"),hold on,

lambda=0.1473; at i=100 minute;

plot(taui,lambda,'k"),hold on,

xlabel (‘time of control at the level of finding dangerous elements’),

ylabel ('Initial probability of subsequent security check’),

title ("Probability of non-danger’, 'FontSize', 12),legend(‘'lambda”),

hold off,

y=-0.0015"+1

Probability of detection of a dangerous object

10 2% ) M 50 50 70 80 %0 100
Time controls at finding dangerous elements

Fig. 4. Nonoccurrence probability of danger

The task was to determine the initial value of the probability P,; thus finding a dangerous
element in a passenger. The result shows a simulation of a mathematical model (14) in the
MATLAB programming environment, the output of which is also the residual probability in
one-time control unit.
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= residuals
<10°
o T q

Quadratic: norm of residuals = 7.3314e-05

Fig. 5. Residual dangers progress in the control of passengers on a sample of 100 passengers

Conclusion. As can be seen from Figure 5, with a sufficiently large inspection time and
control safety positions of 5 or more, the probability of finding a degree of danger is
approached to zero. The control mechanism used with the required probability of non-
occurrence of danger at the end of the experiment lasts t = 100 min. The median time to non-
dangerous is Tg = 10; 50; and 90 minute at 200 passengers. As follows from the applied
MATLAB program, the meantime of non-occurrence of danger is at the level 7.3. 10> which
is a small expected value in the number of residues of Fig. 4. In real conditions, we try to
shorten the time of passenger screening. This is possible especially at higher hierarchical
levels of airport security with the help of sophisticated security systems. These must be
installed in a sufficient number of inspection posts. In this case, we approach the value of the
lower limit of safety, which can be determined in advance. The control system detects the
degree of danger if there is an element of danger with the character of the probability of
occurrence of danger. No higher dangerous was detected in the observed sample at the time of
the experiment when t =tk = 100 min.
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PIBEHb HEBE3IIEKH B KEPOBAHIN BE3IEII AEPOIIOPTY

QyHKYIOHANbHICMb  ABIAYITIHO20 KOMWIEKCY GU3Ha4aemvcs Axkicmio ma  Oeznekor. Lle
BUSHAYAEMbCS  63AEMO36'A3KOM  MidIC  CYO'eKmamu  aeponopm — JIMAaKk — NOGIMPSHULL RPOCMIP.
Besneune ynpaeninis ma KOHMpolb 6 Aeponopmy — ye cnpamoeana Ois nesanedcnux gakmopie. Ix
YOCOONIeHHsA 3aK1a0eHO 8 GIOYYymmi 3a2anbHoi Oe3neku, a MaKoxc Oe3neKu KON CHO20 YUACHUKA
noGimpsaHo2o pyxy. Bukonanns emuynux xapaxmepucmux Oe3neku uMacac 30ilUCHeHHs YNPAGIiHHs,
wob KOHmMpob pieHs besneku 6 aeponopmy 30MUCHIO8A6Cs Y 6I0N0GIOHIN 30HI besneku. [1ob6yoosa
be3neunoco cmamy modice 6ymu 00CASHYma, AKWO 00OPAHUL MemoO eKCRePUMEHMATILHUX O0CTI0NCEHD
w000 pisHa be3neku 00CMOGIPHO 8i00Opadicamume peanbHy NOMUIKY 6 YAPAGIiHHI NOGIMPAHUM
mpancnopmonm. Ilpasunvricms npoyedyp KOHmMpono 6e3neku MOodCHA hepegipumu 3d O0ONOMO2010
Mooenioganna ma mooenel, nobyoosanux na Qizuuniii ocnosi. Ocnogna mema cmammi noifeac 6
momy, wob nokazamu 0OuH i3 Cnocobié egheKmueHo20 BUABNIEHH NOMULOK 8 VAPAGIIHHI OpeaHaMU
KOHMPONIO 6e3neKu nosimpano20 mpaHcnopmy.

Kniouosi cnosa: aeponopm, 6e3nexa, cucmema ynpasiints, UMOGIPHICIb, YYMAUGICMb, Hebe3neKa.
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METOJ OHEPATUBHOI'O PO3C/IIAYBAHHA CXOKEHHS PYXOMOI'O
CKJIAZLY 3 PEMOK

B cmammi npeocmasneno 3acaou memooa onepamueHozo po3CiiOy8aHHSA CXOONCEHHS PYXOMO20
cknady 3 petiok. Llei memoo npusnaueHo Onsl UAGNEHHA HAUOINbUL CYMMEGUX MEXAHIYHUX NPUYUH
MPAHCNOPMHUX NOOIll 3 MUM, W00 HA NIOCMAB] OMPUMAHUX OAHUX 3HAXOOUMU HANPAMKU NOOATLULO2O0
YOOCKOHANEeHHS GUMO2 ©Oe3neKku pyxy wooo Ccmany YMPUMAHHA GAHMANCHUX 6A2O0HI8 i KOJii.
Pospobnenuii  memod ecmaHo8MOE  3a2aNbHULL  MEMOOUYHULL  HOPAOOK NPOBEOEHHS  UWIAXOM
KOMN TOMEPHO20 MOOENIO8AHHA OUHAMIKU PYXOMO20 CKIady 0a2amogapiaHmuux OO0CHO#CEHb U000
PO3PAXYHKY NOKA3HUKI6 Oe3nexu pyxy noizois, ma 6UseIse 3HAYYWICMb MEeXHIYHUX YUHHUKIE, SKI
CNPOBOKYBANU NesHy noodilo. 3a Yum Memooom onepamusHe po3Ciioy8aAHH CXOONMCEHHS PYXOMO20
CKNady 3 peltioKk IPYHMYEMbCA HA po3podyi adeK8amuux KOMN I0mepHUx mooeneti OUHAMIKU
6a20Hi8 y cKkaaodi noiz30is. I[Ipu yvbomy npu demanvbHo 8i000paXicalomvbcsi 6Ci 0COOIUBOCMI 8A20HA,
axull 3iuwoe 3 petiox nepuium. I[Ipedcmasnenuti Mmemoo IPYHMYEMbC HA 30CA0aX PAKMOPHO20
ananizy, Oe iHmepsanu 6apil0GAHHS YUHHUKIE NOOJII npedcmaeneHi 8 HAMypaibHUux OOUHUYSAX
sumipiosanns. Ilpu yvomy oyiHl08aHHA NOKA3HUKIE 0e3neKu 3d KONCHUM OO0CAI0OM NAAHY
eKcnepumenmy makoxc 30IUCHIOEMbCS 3 6paAXy8aHHAM ix posmipnocmi. Bracniook yboeo
nooy0osana (QyHKYis MHOMCUHHOI peepecii 3a 0OpanumM NOKA3ZHUKOM Oe3neku pyxy 0036015€ He
MINbKY GUHAYUMU SHAYYWICMb YUHHUKA NOOII CX00JiCEeHHs, aie U 6CIMAHO8UMU DIGEHb YUHHUKIE,
npu nepesuujenHHi AKUX NOPYWYIOMbCs Kpumepii Ge3neku pyxy, moomo eusHauamu paHuyi
obaacmi 3 NPUUHAMHUM pieHeM Oe3neKu pyxy.

Knrouoei cnosa: pyxomuil ckiao, cx00xiCeHHs 3 pelioK, KOMN 1omepHe MOOent08aHHS, OUHAMIUHI
NOKA3HUKU Oe3neKu pyxy.

Beryn. TpancrioptHi oii Ha 3a1i3HUISX, 0 TIOB’S3aH1 3 TPOILEIO MOI3/1B, 3a1€XKaTh BiJl
MHOXMHU TPUYUH SIK  O0’€KTUBHOTO, Tak 1 Cy0’€KTUBHOTO Xapaktepy. PiBeHb
eKCIUTyaTaliiiHoi 0e3MeKu pelKOBHX eKINaXiB y MEXaHIYHOMY CEHC1 BU3HAYA€ThCS FOJIOBHUM
YHHOM 3aracoM iXHBOI CTIMKOCTI BiJf CXOPKEHHS 3 PEHOK, M0 3aJeKUTh BiJ MOKA3HUKIB
JTUHAMIYHO1 B3a€MOJI1 XOJIOBUX YACTHH 1 KOMii. YMOBHU O€3meKku pyxXy MOi3/iB MEPEBAKHO
3a]eXaTh BiJl KOHCTPYKI[IHHUX XapaKTEPUCTUK 1 TEXHIYHOTO CTaHy XOJOBUX YacCTUH
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PYXOMOTO CKJIay Ta KOJIHHOI CTPYKTYypU. BinmoBiaHI YNHHUKY HAOyBalOTh BCe OLIBIIOT Baru 3
00’ €KTUBHMM ITiIBUIIIEHHSAM BUMOT JI0 SIKOCTI TIEPEBE3EHB IMaCaXHUPIB 1 BAHTAXKIB.

Sk BigoMoO, OLIBIIICTH TPAHCIIOPTHHMX IO TOB’s3aHA 3 BHUIAJKaMH CXO/DKCHb 3 PEHOK
BaHTaKHUX BaroHiB. CTaH BarOHHOTO MapKy CBLAYMTH IPO BIACYTHICTh MPOPUBHUX HAYKOEMHHUX
TEXHIYHMX PIlIeHb IIOJI0 KOHCTPYKIII BaroHiB Ta TEXHOJIOTIH iX ekcruryararii. Tak 3BaHi
{HHOBAIIIHHI PIlICHHs CPSMOBaHI BUKIIIOYHO Ha MOJIEPHI3AIlif0 iICHYIOUHX MPOEKTIiB. 3BOJIIKAHHS
3 TEXHIYHUM I€Pe030pOEHHSAM 3ali3HULb 32 PAXyHOK IONOBHEHHS TPAaHCHOPTHUMM 3aco0amu
HOBOI TeHepalii CTa€ OJHIEI0 3 MPOBIJHUX MPUYUH MOTOYHOrO NPOrpanly 3ali3HHYHOTO
TPAHCIIOPTY B KOHKYPEHIIIi 3 aBTOMOOUIEHUM.

BcranoBieHHS MEXaHIYHMX NPUYUH CXOKEHHS PYXOMOTO CKJIaAy 3 PEHOK € JIOCTaTHbO
CKJIQJIHMM 3aBJIaHHSAM 3 OIIYy HAa 3HAYHY KUIBKICTh YMHHUKIB, IO CHPHMSUIM CXO/DKEHHIO, W
HETMOBHOTY iH(opMmallii, sika XapakTepu3ye pisHOMaHITHI MpUIMHH a00 X 30ir CTOCOBHO MEBHOTO
BUMaAKy cxony. ITix gac cimy>k00BOTO pO3CITiTyBaHHS BCTAHOBIIIOETHCS BCSI MOXKITHBA 1H(OpMAITis
CTOCOBHO CXOJDKEHHS, M JJajli BOHA BUKOPHCTOBYETHCS B SIKOCTI BHXIIHOI JUIsl 3’ICYBaHHS TOTO,
K1 K caMe YMHHUKK OOYMOBWJIM JIOCIHIKYBaHY TPAaHCHOPTHY mozito. [Ipu 1boMy YMHHHMKaMU
NPUYNH CXOPKEHHS MOXKYTh OyTH 00CTaBHHH, XapaKTEPUCTUKH a00 MapaMeTpH, SIKi BiTHOCATHCS
JI0 PYXOMOTO CKJIaJly, pPeHKOBOI KOJii, PeXKUMY pyXy TOLIO.

B okpemux BHUMaakax po3ciiayBaHHsS CXOKEHb PYXOMOTO CKIIAIy 3 PEHOK 3aIMIIAIOTHCS He
3’sICOBAaHMMH NPUYMHM, 110 CHPOBOKYBAJIM IIPOLIECH BTPATU KOHTAKTY MIK KOJECOM 1 peHKolo,
TOAI SIK OyJIM BUKOHAHI BUMOTH 3 O€3MEeKH pyXy 3a BciMa HOPMATUBHUMHM JIOKYMEHTaMH. B 1ux
BUIA/IKaX HEJErKo 3’4CyBaTW OJHO3HAuHY MPUYMHY CXOAY, BHUSIBUTH Cepell JEKUIbKOX
HMOBIpHUX YMHHHKIB HAaHOUTBII CYTTEBHH Y BiJl’€MHOMY CEHCi, TOOTO TaKWi, 3a BiJICYTHOCTI
SKOTO CXO/DKEHHs1 He crajocst 0. Takok BaKIMBO 3’5ICOBYBaTHM HaWOLIbLI CYTTEBY NPUUMHY
CXODKEHHSI PYXOMOTO CKJIaay 3 PpEeWOK y BHNAJKY, KOJIM OJHOYACHO IIOPYIIEHI BHUMOTH
HOPMAaTHBHUX JOKYMEHTIB 3 O€3MeKHu pyXy 3a KijlbkoMa (hakTopamu.

AHaJli3 0CTaHHIX J0C/I/IZKeHb i IOCTAHOBKA NPo0JeMu. besneka 3aJII3HUYHOTO
TPAHCHOPTY SK KIIFOYOBA MpoOJieMa BKIIIOYAE IMHPOKUI CHEKTP CKIIATOBUX, CEPE SKUX YiIbHE
MicClle HaIeKUTh MUTaHHIM JAUHAMIKH PyXy TPaHCHOPTHHUX 3aco0iB [1-5]. B MexaniuHOMy ceHci
PIBEHb EKCIUTyaTallliHOI Oe3MeKH PEeMKOBUX €KIMaXKiB TOJJOBHUM YMHOM BHU3HAYAETHCS 3aMacoM
iXHBOI CTIMKOCTI B pelKoBiil komii [6-9]. Uepes 1ie B ramysi MeXaHiKd pyXOMOTO CKJIaay poJib
HAYKOBO-JIOCIITHUX pOOIT 3 BUBUEHHS Mepediry AMHAMIYHMX IPOLECIB, L0 BIUIMBAIOTh Ha
YMOBHU PO3BUTKY aBapifHUX CUTYaIlil MOB’A3aHUX 31 CXOKEHHSIMHU 3 PEHOK PyXOMOI'O CKJIaiy,
3aTUIIAETHCS TOCTPO AKTYAIBHOIO Ha BCIX €Tanax PO3BUTKY 3aIi3HUYHOr0 TpaHcnopTy [10-14].

Ba)ximuBuM MiIx010M 1110JI0 BCTAHOBJICHHS IPUYMHHO-HACIIJKOBOTO 3B’ 13Ky MK YMHHUKAMH
MO 1 CXO/KEHHSIMH PYXOMOIO CKJIady 3 PEHOK € BIITBOPEHHS ITUHAMIYHUX IPOLECIB, SIKI
CYNPOBOJUKYBaIU MOJi0. OTpUMaTu JOCTOBIPHI OLIHKM MOKA3HHMKIB O€3MEeKH PyXy 3a Pi3HUX
eKCIUTyaTallliHUX YMOB 1 IapaMeTpiB, Kl XapaKTepU3yIOTh TEXHIYHUIN CTaH PYXOMOTI'O CKIady H
KOJIii, JT03BOJIsIE KOMIT'IOTEPHE MOJEIIOBAHHS JMHAMIKM PYXOMOTO CKiaay. ToMy HaiOLibII
NEPCIEKTUBHUM B 1IbOMY BIJTHOIIEHHI BUSIBIAETHCS TEXHOJIOTISI KOMIT IOTEPHOIO MOJIEJIFOBAHHSI,
30pi€EHTOBaHA HAa MaTeMaTUYHY OLIHKY PHU3MKIB CXO/KEHHS PYXOMOIO CKJIamy 3 peHoK, Ky
PpO3po0JICHO B MEXax 3arajbHOi pO3paxyHKOBO-€KCIIEPUMEHTATIBLHOI KOHIIEMTT [ 15].

AHai3 10CHiPKeHb JUHAMIKU 1 0e3MeKH pyxy PeHKOBUX TPAaHCIOPTHHUX 3aco01 Ja€ MiJCTaBU
JUIsl TBEPDKEHHS, 1110 TPOOJIEMHUMHU HaNpsIMKaMy PO3BUTKY METO/IB OLIIHKU PU3UKIB CXOKEHHS
PYXOMOTO CKJIamy 3 peloK €: omepaTHMBHE BCTAHOBJIEHHS MMOBIPDHMX UMHHUKIB CXOJDKCHHS,
OLIIHIOBAaHHS PH3UKY CXO/DKCHHS 32 XapaKTEPUCTUKAMH TEXHIYHOTO CTaHy XOJIOBHX YacTHH
pyxoMoro ckiaxy Ta Kojii. Ha BiMiHY BiJ OonepaTHBHOIO BCTAHOBJICHHS NPUYMH CXOKEHHS
PYXOMOTO CKJIaJy 3 PEHOK OIIHIOBAaHHA PH3UKIB CXOPKEHHS BHSBIISIETHCS 3aBIaHHSIM 3
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JIEKITbKOMa KpHUTEpisiMU Oe3reku pyxy. B sKOCTI pH3HMKYy CXOPKEHHS NpUKHATA 1HTErpOBaHA
IMOBIpHICHa Mipa, TOB’Si3aHAa 3 YMOBAaMH IOPYIIEHHS OYyAb-sIKOTO 3 KpUTEpiiB Oe3rexku Ha
MHOKMHI THIIOBUX €KCIUTyaTallliHUX pPEeXKUMIB. TeopeTHuHy OCHOBY, CHUIbHY I 000X
HAIpsIMKIB, CKJIAJaloTh JOCTaTHHO PO3POOJICHI Ha JaHWH 4Yac METOAH OOYMCIIIOBAIBHOL
MEXaHIK{, SIKi BTUIMIIMCA B Cy4aCHOMY IIpOorpaMHOMY 3a0e3ledeHHI, MPU3HAYCHOMY JIJIs
MOJICITFOBAaHHS TMHAMIKH pyXOMoro ckiany [16].

Merta i 3aB1aHHs 10CJIiKeHHsI. METOIO CTaTTi € MPeACTaBICHHS METOa CTBOPIOBAHOTO
JUI OTEPaTHBHOTO PO3CIIAyBaHHS CXOJDKEHb PYXOMOrO CKJanay 3 peiok. 3aBnaHHsS
JOCIIJKEHHS TOJISTrae y pO3BUTKY MPUKJIAJHOTO HANPSMKY PO3pOOJIEHOr0 METOa.

Marepiaau Ta MeToau gociaizxennsi. OnepaTuBHE PO3CIITyBaHHS CXO/KEHb PYyXOMOTO
CKJIaAy 3 PEHOK IPYHTYETHCS Ha KOMIIGKCHOMY aHalli31 MOKa3HUKIB O€3IMEeKU W 3alydeHH1
BIJIMOBITHOTO MaTeMaTHYHOIO amapary, [0 HaJa€ 3MOTy BCTAaHOBHUTH 3HAUYIIICTh a0o
BaroMiCTh KOXXHOI'O 3 YMHHHMKIB. 30KpeMa 3acTOCOBYIOTbCS METOAM OOUYHCIIOBAJIBHOL
MEXaHiK{, Teopis IUIAHYBAaHHS EKCIEpUMEHTY, (hakTOpHUIl aHami3, Teopis HMOBIPHOCTEH,
OPURHATTS pillleHb Ta IITYYHOT'O 1HTEIEKTY.

3azanvna  xapakmepucmuka  po3poonioeanozo  memooa. Meron  ONEPATHBHOTO
PO3CIIilyBaHHSI CXOMKEHHSI PyXOMOro ckjiany 3 perok (nami — meron OPC) mpusHaueHo A
BUSIBJICHHSI CEpe]l MOMKIMBUX MEXaHIYHUX MPUYUH TPAHCIIOPTHUX MOAIN HalCyTTEBIMMX, 00 Ha
I1JICTaBl OTPUMAHUX JAHUX 3HAXOJIUTH HANPSIMKHU MOAAIBLIOTO YAOCKOHAIEHHS BUMOI Oe3MeKu
PyXy IIOJO CTaHy yTPUMaHHs BaHTAXHUX BAarOHIB 1 KOJIiT i yMOB iX paimioHaIbHOI eKCIuTyaTamii
0710 3a0e3MeueH sl NPUHHATHOrO piBHA Oe3neku pyxy. Merox OPC BcTaHOBIIOE 3aranbHUN
METOJJMYHUI MOPAJOK MPOBEICHHS [IUISIXOM KOMIT IOTEPHOTO MOJIEITFOBAHHSI TMHAMIKH PYyXOMOTO
CKJIaJly OaraTtoBapiaHTHUX JOCIIKEHb 1010 PO3PAXyHKY IMOKA3HUKIB O€3MEKN PyXy BaHTaKHUX
BaroHiB, IO 3IMIIIM 3 PEHOK, Ta BUSBISE 3HAYYIIICTh TEXHIYHUX YHWHHHUKIB, SIKi CIIPOBOKYBAJIH
TMIEBHY MO/IIIO.

Komm’toTepri Mozeni AMHAMIKM PYyXOMOTO CKiaay, po3pobmroBani 3a Meromom OPC
OOYMOBITIOIOTH TI€BHI BIIMIHHOCTI y TIOPIBHSIHHI 3 MOJCISIMH JHHAMIKA PYXOMOTO CKJIAJy, IO
PO3pOOIIIOIOTBECS 32 IHIIMM IPU3HAYEHHSM, HANPUKIAA, 3 METOI BUOOpY paliOHAIBHUX
napaMmeTpiB MiIBINIYBaHHA a00 MPOTHO3YBaHHsS pIBHS HABAaHTA)XEHOCTI Ky30Ba W XOJOBHX
YacTUH. 3araJlbHUM TpH  po3poOlll KOMITIOTEpHMX MOJeNed JAWHAMIKM 3a PI3HUMHU
NpU3HAYCHHSAMH € BHKOPUCTAHHS TIJIXOQY CHCTEMH TBEpAMX TII Ta 3aCTOCYBaHHS
CIIELIaTI30BaHOT0 IPOTPAMHOI0 320€3M1EUESHHS!.

JlHamiuH1 MOJIeIIl pyXOMOTO CKJIa1y, 1110 PO3pOOTIOIOTHCS 3 METOIO IOCIIIKEHHS CXOKEHD 3
peroK, MICTATh IMPHUHIUIIOBI BIJMIHHOCTI Bii MOJeNel 1HIIOro MpHu3HaueHHs. B mepury gepry,
BOHM MalOTh Bi10Opa’kaTW HE TUIBKM KOHCTPYKIIHMHI OCOOJMBOCTI PYXOMOIO CKJaay, IO
JIOCITIJDKY€EThCS, a i BpaxoBYBaTH yci HMOBIpHI YMHHHKH, 1110 IPOBOKYIOTh CXOJPKEHHSI, 30KpeMa,
Takl, 110 B1IOOpa)katoTh TEXHIYHUH CTaH pyxoMoro ckiamy ¥ komii. [Ipu moOynoBi Mopeneit
JMHAMIKU 32 (popMaTi3MOM CHUCTEMU TBEPAMX TiJ, BIIOMBAETHCS CTPYKTypa PyXOMOIo CKIIany i
napamerpu. Ilpy 1mbOMy BapitOBaTH YMHHHKAMH MOXJIMBO TUTBKM 32 PaXyHOK HAaJIEKHOI
napaMeTpu3allii Mojeni, 3aJMIIAloYd HE3MIHHOI ii cTpykTypy. OTxe Mojeni JUHAMIKU
PYXOMOTO CKJIay, KOTPi MPU3HAUEHO JUTSA JOCIiKEHHS CXO/IKEHb, MAIOTh BPaXOBYBATH 3HAYHO
OuIb1IMi 00CsT iH(pOpMarii, 11100 aeKBaTHO Bi10OPA3UTH MOIIIO.

JluHamiuyHa KOMIT IOT€pHA MOJETh MOXKe OyTH po3poOsieHa 3 PI3HUM CTYIEHEM JeTasizallii,
10 BiIOMBA€ThCs HA MeXax oOyacTi ii 3acTocyBaHHs. CTymiHb JeTami3alii Mojenel TUHAMIKU
OKpPEMHUX OJIMHHUIb 3AJI3HUYHOTO PYXOMOTO CKJIaay abo Toi3ia B IHUIOMY TaKOX
Oe3mocepeIHbO 3alIeKUTh Bi OOCTAaBMH TMOJii CXOJKEHHS, IO B pPI3HUX BHUMAJKAX
BIAPI3HSIIOTHCS.
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[TpoBeneHi JOCIIKEHHS IOAO0 PO3CIiyBaHHS CXOJKEHb BAHTAXKHUX BAroHiB 3 pehok
BHUSIBUJIY 3B’ SI3aHICTh IUX MOJI HE TIMBKU 3 KOHCTPYKUIMHUMU, a ¥ 3 eKCIUTyaTalliiHIMU
0COOMBOCTSMU BaroHiB. ToMy KOMIT'FOTEpHI MOJEN JHHAMIKH, IO 3JIYy4alOThCS IS
pO3CITiIyBaHHS CXO/KCHb, MAIOTh HA/JaBaTH MOKJIHUBICTh BpaxXyBaHHS €KCILTyaTalliiHOTO
3HOCY JieTajiel Ta By3JiB 1 3a0e31euyBaTH BapilOBaHHS LIMMHU [1apaMeTpaMu.

3 BHKOPHUCTaHHSIM TAaKUX KOMIT FOTEPHUX MOJIETIeH MPOBOAUTHCS JOCITIHKEHHS THHAMIYHUX
MIPOIIECIB, SIKI CYNMPOBOKYBAIM PyX TOrO UM IHIIOIO €KIMaKy Ha IUISHIN CXOKeHHsS. Tomy
HAJIOKHUTh BU3HAYATH BCl MIOKa3HUKH, 1110 XapaKTePH3YIOTh Oe3neky pyxy. Ilpu npomy ocobamBoi
yBaru mnotpedye BiAOOpaKeHHS B3a€MOJIi KOJIC 3 pelkamu, 1o OOyMOBIIOE HEOOXIIHICTh
MOJIEIFHOT'O OITUCY POOOYHX MOBEPXOHB KOJIIC 1 pEHOK.

OnepaTuBHE PpO3CIIAYBaHHS CXOPKEHHS PYXOMOIO CKJIQJy 3 peHoK, B Iepily 4epry,
IPYHTYIOTBCSI Ha PO3pOOII aIeKBaTHUX KOMIT FOTEPHHUX MOJIEeH TUHAMIKM BaroHiB abo moi3za.
3acTocyBaHHS MIAXOAY MiJACKCTEM IOAO PO3POOKH KOMIT FOTEpHMX MOAENEH JUHAMIKH, a caMe,
CTBOpEHHsI 0a30BHUX MOJIEICH BAaHTQ)KHUX BAarOHIB PO3IOBCIOKCHUX THUIIIB, HA/IA€ MOXKIIHBICTh
IPOBE/ICHHSI KOMIT FOTEPHOIO MOZIETIOBAHHA JMHAMIKU HE TUIbKM OKpEeMOro BaroHa, a il moizja B
minomy. [Ipu oMy [T TOCHTIIKEHHS! CXO/DKEHHS JIOLUTBHO OUIBII JeTalbHO BiIOOpakaTh BCi
0COOJIMBOCTI BaroHa, IKMi 31MII0B 3 PEHOK MEPIIHM.

TakuM 4yMHOM, B MOJENi IO0i3[a, BaroHM SIKOTO 3IHIUIM 3 PEHOK, 30epiraroThCsi OCHOBHI
eKCILUTyaTalliiiHi 0cOOIMBOCTI SIK TMO13/1a, TaK 1 OKpeMux BaroHiB. [Ipu mpoMy 3abe3nedyeThest
MOXKJIMBICTh KUIbKICHO OLIHIOBAaHHS BEIWYMHHM JMHAMIYHAX TIOKa3HUKIB O€3NeKu pyxy
BaHTaKHUX BaroHiB, cepe]] SKUX 0COOJIMBE MICIIE 3aiiMalOTh MOKA3HUKH CUJIOBOI B3a€MOJIIT KOJIIC
3 pelikamu, II0 HE MiIAIOTBCS Oe3NMocepeJHbOMY BHMIpIOBaHHIO. Kpim TOro, 3a paxyHOK
BUKOPHCTaHHS PI3HOI CTYIIEH1 JeTaji3allii MoJeNne NOCATaeThCsl pallioHAbHE CIiBBIIHOIICHHS
MK CKJIQJIHICTIO 3arajJlbHOi MOJIENI JWHAMIKH TI013/1a i o0csiroM iH(opMailii, ska € HeoOXiHOIO
IpY BCTAHOBJICHH] IPUYMH CXOJDKEHHS.

Meron OPC r1pyHTyeThesi Ha 3acagax (hakTOpHOTO aHaji3y, A€ IHTepBaId BapirOBaHHS
YHHHUKIB TO/Iii TIPE/ICTABIICHI B HATYPALHUX OJWHUIISIX BUMIprOBaHH:. [IpH 11bOMY OIIIHIOBAaHHS
IOKa3HUKIB O€3MEeKH 3a KOXKHUM JIOCHIZOM IUIaHY EKCIEepUMEHTY TaKoX 3IIMCHIOETbCS 3
BpaxyBaHHsAM iX po3mipHOCTi. BHacminok mporo nmoOyaoBaHa 3a pesyibratamMu Merony OPC
(GyHKIIE MHOXHMHHOI perpecii 3a OOpaHMM MOKa3HHKOM O€3MEeKH pyXy J03BOJISIE HE TUIbKU
BU3HAUUTH 3HAYYIIICTh YMHHUKA TOJIi CXOIKEHHS, aje i BCTAHOBUTU pIBE€Hb YWHHMKIB, TPU
NEePEBUILEHH] SKUX TOPYLIYIOThCS KpUTepii Oe3neKkH pyxy, TOOTO BU3HAUaTW IpaHuIll o0JacTi 3
MPUAHSATHUM PIBHEM O€3MEKH PYXY.

3aranpHa npouenypa meronry OPC momsirae B moOynoBi (yHKIIT MHOXHMHHOI perpecii Bif
NeBHUX (DaKTOpiB, Ji€ B SKOCTI HE3AIEKHUX 3MIHHUX ((pakTopiB) BUCTYNAIOTh YMHHUKH, IO
CYIPOBOKYBAIM MO0 CXO/DKEHHSI PyXOMOTO CKJIaay 3 peiok. B sikocTi 3anexHoi 3MiHHOI
PO3MIIAAAEThCSA TMOKA3HUK O€3MeKU pyXy, W pe3yibTaTd, 3a SKUMH 3/1HCHIOEThCS IMO0OYI0Ba
(YHKIIOHAIBHOT 3aJIeKHOCTI, OTPUMYIOTbCS Ha II/ICTaBl IPOBEJCHHS KOMII IOTEPHOTO
eKCIIEpUMEHTY IUIIXOM BHKOPHCTaHHS IEBHOI MaTeMaTHYHOI MOJETi JMHAMIKM PyXOMOTO
cknany. CtpykrypHy cxemy merony OPC npuseneno Ha puc.l.

Teopernune oOrpyHTyBanHs wmerony OP3 mossirae B 3aCTOCYBaHHI TOJIOKEHBb TeOpii
IUIaHYBaHHS EKCIIEPUMEHTY Ta (akTOpHOro aHamizy. B maremarmunux tepminax merox OP3
bopmyioeTbesl sIK BUOIp (DaKTOPIB E€KCIIEPUMEHTY, BCTAHOBJIEHHS iX PpIBHIB Ta IHTEpBAaJiB
BapitoBaHHs, MOOyJOBa IUIaHY EKCIEpHUMEHTY M TMPOBEJEHHsS 3TiHO pPO3pOOJIEHOro IUIaHy
JOCIIIB 3 BU3HAYEHHSM BITYKIB CUCTEMH Ha 3MiHY (PAKTOpIB Ta OTPHUMaHHS PIBHSHb perpecii,
KOE(ILIEHTH SIKUX XapaKTepU3yIOTh BIUTUB (DaKTOPiB Ha BIATYKH CHCTEMH.
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PO3CIITYBAHHA 3MIEHHA

L. . Basa KoMITIOTEpHHX
| Binfip 9HHHHKIR 3iFeHHs A1 MoTeeH JHHAMIKE
UBHHHEH 3 CHHS TPOBE/ICHHA €KCTTEPHMEHTY

EAHTQKHELS BATOHIR

MexaHisM i eHHs

BinoGpakeHHs daxTopie 2HeHHA
B KOMITIOTEPHIH MOZeN BaroHa

TT0Gy/10Ba IUTAHY €KCTIEPHMEHTY ‘

TIpoB e/ eHHS KOMITIOTEPHOTO
€KCIIEPHMEHTY 32 IUTAHOM

4{ ToGynora dyHayi perpecii

‘ IHTempeTaLia pesymbLTaTie ‘

Puc. 1. CtpykrypHna cxema meroga OPC

@opmysanna mhuoxncunu yunnukie. llepmmim eranom metoqy OPC € BcTaHOBIEHHS
MHOXMHM HMMOBIpDHMX UYMHHMKIB CXOMKeHHA F ={f;,f,,...,f,}, 33 AKAMH B MOJAJIBIIOMY

(OpMYETBCS TUIAH 1 IPOBOAMUTHCS KOMIT FOTEPHHUIA EKCIIEpUMEHT. B Me)kax BUKOPHCTaHHS METOTY
OPC yci 006cTaBUHH, XapakTEPUCTUKU M MapaMeTpy MOl CXO/DKEHHS YMOBHO MOJUISIOTHCS Ha
TPY TPYITH YNHHHKIB:

«cTani», 10 SIKUX BITHECEHO OCOOJIMBOCTI KOHCTPYKIIIi BaroHiB i yCTpii KOJIii 3a MIIaHOM
1 mpodineM Ha JUISIHII CXOJKEHHS,;

«KBa3i-CcTasli», 10 SIKUX BIJHECEHO YMHHMKH, 110 B LIJOMY BiIOMBAIOTh €KCILTyaTaliiHi
napaMeTpu ¥ XapakTepUCTHKH, 3MIHHI B PI3HMX HOJISX CXOJXKEHb, 30KpeMa, T€OMETpUYHI
PO3MIpH JieTasielt Ta BY3JIiB XOJ0BUX YAaCTHH BaroHiB, SIKI MAalOTh PO3KH]] 3HAYE€Hb B IIMPOKHX
Me)KaxX BHACIIJIOK TEXHOJIOTTYHUX JIOIYCKIB Ta €KCILIyaTal[iiHOro 3HOLYBAHHS;

CTOXACTUYHI, CTOCOBHO SIKHUX 1H(opMarllis B3araii BiJICyTHS.

Takuii 1oLl YMHHMKIB MPOBEIEHO 3 OIJISAY Ha 3HAYHY KUIBKICTh YMHHHKIB MOJIL
CXO/KEHHsI, a TaKOXX HEIOCTaTHICTh iH(opmalii CTOCOBHO okpemMux 3 HHX. Kpim Toro,
po3po0Ka KOMITI'FOTEPHHX MOJeNIel JAWHAMIKKM PyXOMOTO CKJIany, 33 SKHMH BH3HAYAIOTHCS
NOKa3HUKK Oe3leKku pyxy i 4yac KOMII IOTEpPHOI'O EKCIEpUMEHTY, HE € TpUBIaIbHUM
3aBIaHHIM. MeETOJl CHCTeMH TBEPAWX TUI, 3a SKUM Hapa3i MPOBOAUTHCS MOJECIIOBAHHS
JMHAMIKM PYXOMOT'O CKJIay, BpaXOBY€ CTPYKTYpy BaroHiB abo JJOKOMOTHUBIB 1 BiOuBae ii B
po3po0bitoBaHiit KoMIT I0TepHIM Mojeni. BonHouac, He po3po0iieHo MiAXOiB, IO JO03BOISIOThH
BapilOBaTU CTPYKTYPOIO CHUCTEMH, TOJI K MapaMeTpUYHE BapilOBaHHS B MOJEIIX AMHAMIKU
HE BUKJIHMKaEe yCkJaaHeHb. OTxke, IIe Ha eTami po3poOKH KOMII FOTEPHOI MOJAEN AMHAMIKU
PYXOMOI'O CKJaay MaroTh OyTH BpaxoBaHI KOHCTPYKIiHHI ocoOmuBocTI W 3abe3neueHa
MO>KJIUBICTB BIIOWTTSI B MOJIEJIl BCIX YMHHUKIB, 32 SKUMHU OyJ€ B MOAAIBIIOMY TTPOBOIUTHCS
KOMIT FOT€PHUH €KCIIEPHUMEHT, & CaMe YHHHUKIB MOJIi1 CXO/KEHHS.
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3a YMHHUKAMH 10111 CXO/PKEHHS, BIIHECCHUX JI0 «CTAUX», (OPMYBaHHs BapiaHTIB IUIAHY
KOMIT'FOTEPHOTO  CKCIEPUMEHTY HE€ 3IHCHIOEThCS, 1X 3HAYCHHS BHU3HAYAIOTHCS B
KOMIT FOTEpHIM MOJeNIl TUHAMIKH BaroHa OJIHOPA30BO 1 HE 3MIHIOIOTHCS Ha MPOTA31 BChOTO
KOMIT FOTEPHOT0  ekcnepuMenty. @DopMyBaHHS MHOXHHM HMOBIPHMX YHHHHUKIB MOMIIT
CXoukeHHd F ={f ,f,,..,f,}, 33 SAKUMH IPOBOJUTHCSI KOMII'IOTEPHHH EKCIIEPUMEHT,

BUKOHYETHCS 32 YUHHUKAMH, 1[0 BIJIHECEHO JI0 «KBa3i-CTAINX).

IIpu ¢opmyBaHHI MHOXWHM YMHHHUKIB F I8 mpoBeneHHS KOMIT IOTEPHOTO
eKCIIEPUMEHTY WIOJI0 TEXHIYHOTO CTAaHy BaHTaXHOTO BaroHa, [0 3IWIIOB 3 PEHoK
nepmuM, 3a MetogoM OPC pekoMeHayeThCs BKIIOYATH:

paziycu KOJIic BaroHa rj, (j=18);

MPOCITaHHS MPYKUH PECOPHUX KOMILJIEKTIB Ah i (] =14) ;

3a30pH B KOB3yHaX AZKl;, (j=14);

3HOC B IIJI ATHUKOBHMX BY3JaX B IO3J0BXHBEOMY WP i 1 TONEpPEeYHOMY HaIpsAMKax
wgj s (i=12);

3a30py B OYKCOBUX NPOPI3sAX B IO3N0BKHBOMY HAIIPAMKY W_b i (i=116);

3aBUIICHHS KIMHIB K}, (j=18) .

[Tpuiinara kinbkicTh (akTopiB K 3a1ekuTh BiJl 00CTaBUH MEBHOI MOJIi CXOKEHHS i
MO€E MIHSATHUCS B IIUPOKUX Mexax. [Ipu npoMmy moTpiOHO BpaxoByBaTH Te, IO 3arajibHa
KUIBKICTh BapiaHTIB PO3PAaxyHKiB, HEOOXIMHUX [IJs TPOBEACHHS KOMII IOTEPHOTO
eKCIEePUMEHTY, €KCIOHEHIlialbHO 3anexuTh Big K. Otxe, mpu (opMyBaHHI MHOXHUHH
YUHHUKIB F HaJICKHUTh MpUIMATH 3aXO0IU MI0J0 OOTPYHTOBAHOTO OOMEKEHHS KUIBKOCTI
YUHHHUKIB, OOMPAI0YH X 3a MPUHITUIIOM «HEOOX1THOCTI 1 JOCTATHOCTI».

[Tpaktnyne Bukopuctanus merony OP3 Bkioyae BCTaHOBIIGHHS PiBHIB Ta iHTepBaiiB Iy
KOKHOT'O YMHHHUKA, BKIIOUEHOro 10 mepeniky F. TeopetnuHo ansi KOXKHOTO 3 BiliOpaHUX
YMHHUKIB MOXJIMBO 00paTH Aekiibka piBHIB |, Harpukiian 2, 3 abo i Oinbline. Ajie BUXOATYH
3 TOTO, 110 30iTbIIEHHS KUTBKOCTI PIBHIB MPUBOIUTH A0 30UIBLICHHS KIIBKOCTI TOCIITHUX
BapiaHTIB, a TAKOK JIOIUIbHIIIE BCTAHOBIIIOBATH OJIHAKOBE YHMCIIO PIBHIB 3a BCiMa (akTopamy,
PEKOMEHIYETbCS ISl OMEPAaTUBHOTO  PO3CHiAYBaHHS CXO/DKEHHS BHKOPHUCTOBYBAaTH
MiHIMaJbHe YKicio piBHIB | = 2.

IntepBan BapitoBaHHA |l I OCHOBHMI (HyJIbOBHH piBEHb) 3a KOXHUM (DaKTOpOM
BH3HAYAIOTHCS SIK

f — f
|k= kmax2 kmln’ (1)

f + fimi
k max k min
fioy = —max —__kmin )
2

ne fopin 1 fumax— 1€ MiHiManbHE (piBeHb 1) U MakcuMainbHe (PiBEHb 2) 3HAYEHHS
¢dakTopis.

Kpim Toro, mis mojanbLIoro CHpPOLIEHHS PO3PaxyHKiB 3aMICTh pealbHUX (HATYpHHUX)
piBHIB f, BHMKODHCTOBYIOTbCS HOPMOBAaHI 3HAU€HHS YMHHUKIB, IO 3JiHCHIOETbCA 3a

AOIMOMOTI'OK0 MEPECTBOPCHHSA:
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f = fic = fro (3)
I

ne f, — HarypanbHe 3HaueHHs (akTopa; |, — IHTepBaa BapitoBaHHs; f,, — OCHOBHUIA

k
piBeHb; f, — HOpMOBaHE 3HAUEHHS.

B pesymbTari 1bOro mnepeTBOpeHHs KOXKHMH Qakrop f, npuilmMae Ha rpaHHLAX
BapirOBaHHsA 3HAYEHHA f, = +1, @ HA OCHOBHOMY piBHi — f, =0.

Cnoci6 opzanizayii nnany npoeedenna ekcnepumenmy. Ha mijncraBi 0JHOTO PO3PaXyHKY
(mayni gociiny) Ha MiJACTaBl KOMITIOTEPHOTO MOJICNIOBAHHS 3 MPUUHATHUM CTYyIEHEM
TOYHOCTI1 KUTbKICHO OOUMCITIOIOTHCS 3HAaYCHHSI IOKAa3HUKIB O€3MEeKH PyXy BaHTaXXHOTO BaroHa,
10 PyXaBcs 3 MEBHOIO MIBUIKICTIO V; HA AUIAHIT cXxony L.

SIK mokaszanM TpOBEIEH! JOCTIPKEHHS, Ui 3/1HCHEHHS KOMIT IOTEPHOTO EKCIIEPUMEHTY 3
BU3HAUCHHS BIUIMBY YMHHUKIB Ha CXO/DKEHHSI BaHTAXHUX BaroHiB 3a MerogoMm OP3 noctatHho
NpUiHATH 3aranbHui nuiax Barona Le = 300 m. [Ipu upomy MaroTh Takox OyTH BIiITBOpPEHi BCi
0COOJIMBOCTI KOJii MIONI0 XapaKTePHCTHK W TeoMeTpii mpo(iliB peiok Ta cTaHy yTpUMaHHS Ha
BiApi3KY L. [1l06 BimoOpa3zuTu cTaH yTpuMaHHS KOJI1 Ha MiJCTaBi JAHUX KOJTI€BUMIPIOBAILHOTO
BaroHa 3a po3po0JICHUM JITOPUTMOM (POPMYIOTHCS HEPIBHOCTI PEHOK 3 JIIBOTO 1 IPaBOro OOKY B
TOPU3OHTAIFHOMY W BEPTHKAIbHOMY HampsiMkax. [Ipu 1bOMy NpUHIMIIOBE 3HAUYEHHS Ma€e
«CHHXPOHI3allis)» HePIBHOCTEH 32 TUITHKOIO CXO/TY 1 MiCLIEM MO/IiT CXOHKEHHSI.

Buxonsauum 3 0 AOCHIKEHHS W 3HAYHOI KIUIBKOCTI HEOOXiTHUX PO3PaxyHKOBUX
BapiaHTIB, SKi BHHUKAIOTH [IPH MAaTEMATUYHOMY OTHCY 3aBIAaHHS PO3CIiTyBaHHS CXOJKCHHS,
nepeOupanns (akropiB 3 MHOXHHM F ={f,f,,..fg} Mae OyTm BIOPAIKOBAHUM i

IPYHTYBaTHCS Ha Teopil IUIAHYBaHHS EKCIEPUMEHTIB, LI00 3a0e3MeYuTH OTPUMAaHHS
MaKCHUMaJIbHOI KIJIBKICTI iH(hOpMaIlii mpyu MpoBeACHHI HAMMEHIIIOT KiITBKOCTI TOCHTIIiB.

[TpuliHATTS pIIEHHS I0J0 IUIAHY eKCHEpUMETHY IOKJIAJAeThCsl Ha JIOCIIAHUKA.
OCHOBHUMH BHUMOT'aMH, III0 BHCYBAIOTBCS IO IUIAHY EKCIIEPUMEHTY, € X OpPTOTOHAJIBHICTH 1
poToTabenbHICTh. B opTOroHanbHOMY IJIaHI BUKOHYETHCS yMOBa IAapHOi OPTOrOHAIBHOCTI
CTOBITYMKIB MaTpHIll TUIAaHYBaHHS. BUKOpPUCTaHHS pOTaTabenpHOrO IUIaHy 3abe3redye s
OyAb-KOr0 HampsIMKY BiJl LIEHTPY EKCIIEPHUMEHTY pPIBHO3HAYHICTh TOYHOCTI OIIIHIOBAHHS
(GyHKIIT BIATYKY Ha PIBHUX BIICTAHSX BiJ LIEHTPY €KCIIEPUMEHTY.

3a ekcTpeMaJbHUMHU 3HAYEHHSMHU IMMOKa3HUKIB O€3MEKH PyXy, 10 BU3HAU€HI Ha JUISHII
CXO/DKEHHS 3a KOYKHUM JIOCIIIJIOM, 3/IIMCHIOETHCS IX ONpPALIOBaHHS 11010 MOOYA0BH (PYyHKIIIT
MHOXHHHOIT perpecii Bia (akTopiB 3a METOJJOM HallMEHIINX KBaJpaTiB. PIBHAHHS MHOXXMHHOL
perpecii o0paHO 3 BpaxyBaHHSM TOJOBHUX JIHIMHUX e(deKTiB QakTopiB 1 iX B3aeMoiail HE
BUIIIE APYTOr0 NOPSIIKY Y BUTIISAL:

y=Y(f,fyf )=by+bf +. b f +b, i +b, f,f, +. b F fie (4)

e b, — BUIbHUH uneH piBHAHHA; by, (k =1,K )— ronosHuil (JTiHiiHuii) epexr k-ro paxropy;
Brr k2 (k1=LM,k2=1,M) — edexTn B3aemoii hakTopis i KBagpaTUIHI €PEKTH.
[Mlykani koeditientu Do, Dy, Dkike piBHSHHS (4) BH3HAYAIOTHCS B PE3yJbTaTi PO3B’SI3KY
CUCTEMH PiBHSHb TAaKOTO BUTIIAY:
Vi =bg + by fy +...+ by fi + b1,1 fi fy +b1,2 fii fa +"‘bK,K fi i (i :]-T\l) ) ®)

ne fi — 3HauenHs k-ro gakropy npu nmpoBepeHHi I-ro A0ciiny; Vi — eKCTpeMasibHi 3HAYCHHS
NOKa3HMKa O€3MEeKH pyXy, 1110 BU3HAYCHI Ha JAUISHII MOJiT CXOKEHHS.
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3a3HaueHe ~ 3aBAaHHS  BUPINIYETHCS  BIANOBITHO  MPHUHOHWIY  MaKCHMAaJbHOI
NpaBIONOAIOHOCTI, 110 3abe3rnedye oOuucieHHs koedimieHTiB Dy, Dy, Diike 3a meromom
Haiimenmux ksanpatis [10]. Ilpu npomy MiHIMI3yeTbCs QYHKLIS d(byb,...by ¢ ), KA

chopMoBaHa 3a MPUHIIUTIOM

@(by by ... D >=i[(yi Y (£;.D By B By i )T (6)

TakuM YMHOM L 3a/1a4a 3BOJUTHCSA IO CUCTEMH PiBHSHB, IO OTPUMYIOTHCS SIK IIE€PIIi
NOXI/IHI BiJl QYHKIT @ 3a KOKHUM mapameTpom Do, ... , bk, D11, ..., bxk:

o _

by )

@ _,

by
o>

dby

[Ticns 3anmucy cucremu piBHSAHB (7) 3 BpaxyBaHHS (6) OTPHUMYEMO CHUCTEMY JIiHIHHUX

PIBHSIHB I[0JI0 BU3HAYEHHS mapameTpis Do, ..., bk, b1, ..., bkk:

n
[y =Y (i)Yo, (f.byby,. by )=0
i=1
n
Y[y =Y (fi by )] Yo, (f.bg by, i )=0
i=1
n
_Z‘i[yi_Y(fi!bm )]- Yo, (fbgby,... b )=0 (8)
i=

Po3B’s3aBii cucteMy piBHsAHB (8) BiZHOCHO mapameTpiB Do, ... , bk, bi1, ..., bkk,

3HaXO/IMMO BCl KOE(IIIEHTH, @ OTXKE I KOHKPETHUM BUIIIAL IIyKaHOi QyHKUIi perpecii. Jis
o0uMCcIeHHs Koe(]ilieHTIB 3acTocoBaHO uMcioBUM Meron HeroToHa-I'aycca, 3a skum
po3pobiieHo KOMIT'IOTepHY Tporpamy B cuctemi Mathcad, mo Oyma mpotectoBaHa mnpu
00poO11i JaHUX KOMI FOTEPHOT0 EKCIIEPUMEHTY 111010 MOXKIIMBOCTI CXOJIKEHHS HalliBBaroHa B
MOPO’KHbOMY CTaHI.

BcranoBneno, mo BkiIodeHHS B (yHKHito perpecii (5) 10JaTKOBMX WYJIEHIB, SKI
BpPaxoOBYIOTh B3a€EMOJIII0 (PaKTOPIB BUIIE APYroro MopsaKy, NEPEyCKIaJHIOE MOJENb perpecii
1 He HaJjae JOJaTKOBOT 1H(popMalii 11010 OLIHIOBAHHS BIUIMBY YMHHHKIB MOJIT CXOKEHHS Ha
MOKa3HUKM Oe3NeKu pyXy, 30Kpema, Ha KoeQILIeHT 3amacy CTIMKOCTI KoJjieca MpOTH
CXOJDKCHHS 3 PeifOK 32 yMOB BKOUYBaHHsI I'peOCHs KoJieca Ha roJIOBKY perku Kee [17].

B pesymbrati po3paxyHky koeimieHtiB bo, ... , bk, b1, ..., bDkk BuU3HaUaeTHCS
aHAITUYHUN omHc (YHKIIOHATBHOTO 3B’S3KY TMOKAa3HUKIB O€3MEKH pPyXy 3 UYMHHUKAMU
TUHAMIYHOI CHUCTEMH 3a pe3ylbTaTaMH IPOBEIACHOTO EKCIIEPUMEHTY, IO JJ03BOJISIE
OIIIHIOBATH BILIMB ITUX YHHHHUKIB HA PIBEHb MOKa3HUKIB. TakuM 4yuHOM, KoedirieHtu by, ... ,
bk, b1, ..., bkk xapakTepu3yroTh BHECOK KOXKHOTO (hakTopa i iX B3aeMOJil B 3HAYCHHS
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IOKa3HMKa Oe3NeKku pyxXy BaroHa Ha JUISHII cXo/pkeHHs. llpouec mnepeHocy modarky
KOOpJAMHAT B IIGHTP NpOCTOpYy (haKTOpiB 3 KOOpAMHATAMH YK€ BAXIUBUI mpu 00poOIIi
JaHUX Oylb-SKUX EKCIIEPUMEHTIB, 110 ONHUCYIOTHCS MOJEIUII0 Yy BUIJISAI TINEpPIUIOIIMHH,
OCKIJIBKH JIO3BOJISIE OTPUMATH yCePEIHEHE 3HAUCHHS TSI Do.

@Dynukyia 6iocyky. llpuHuunoBuM eranoMm BukopucTaHHd metoay OP3 e 3’sacyBanHs, 3a
SKMM 3 TIOKa3HHUKIB O€3IMeKH pyxXy CIiJ aHaJi3yBaTH BIUIMB YAHHHUKIB HA MOJII0 CXOKCHHS.
3a I0IOMOIO KOMII'FOTEPHMX MOjeNed AMHAMIKM BAaroHiB Ha MiJICTaBl MOJENIOBAHHS
MIPOBOAMTHCS JIOCIHIIXKCHHSI CHJIOBOT B3a€MOJIl BaroHa 3 Komi€r. BuxigHi BeIWYWHU, M0
OTPUMYIOTHCS 33 KOXKHHUM JIOCIIAHUM BapiaHTOM, BKJIIOYAIOTh IOBHUHM CHEKTP YHOPMOBAHHUX
NOKa3HUKIB Oe3MeKH pyXy i TMHAMIYHUX sIKOCTel BaroHa [17].

3 anHamizy wMarepiajgiB po3CIiJyBaHb TPAHCHOPTHUX IHIIUJCHTIB BUXOJHUTH, IO
HAaWOIIBII TMOIIMPEHUM MEXaHI3MOM CXOJDKCHHS BaHTAXHHX BaroHiB 3 pelok €
MepEeKOYyBaHHS KoJjieca dYepe3 TOJOBKY peiiku. Tomy mnpum po3pobii meromy OPC
BpPaxoBaHO, 110 JIUIsl BAHTA)KHUX BaroHIB OCHOBHUM TIOKa3HUKOM O€3IEeKH pyXy € KoedimieHTa
3amacy CTIMKOCTI NMPOTH CXOJKEHHs 3 PEHOK 3a yMOB BKOYYBaHHS IpeOeHsi Kojeca Ha
TOJIOBKY PEHKH Kc, SIKHIA 3aJICKUTH Bijl KyTa HaXWiIy O TOPH30HTY TBIPHOI KOHYCOMOi0HOT
MOBEpXHI rpebeHst KoJsieca, KoedillieHTa TEepPTsS KOB3aHHS IOBEPXOHb Kojieca 1 perKH, M0
B3a€MOJIIIOTh, Ta BiJHOLICHHS BEPTUKAIBHOI 1 TOPU3OHTAIBHOI CKJIAJOBUX CHJI B3a€MOIIT
KoJieca 3 PerKoro, 0 Ji0Th 0 HOoYacHO [17].

B meroni OPC na mifcTaBi piBHS KoedilieHTa CTIHKOCTI Kee (OpMyrOThCs (DYHKIIT BIATYKY,
110 Bi10Opa)xaroTh CXUIBHICTH a00 MOTEHIIHHY MOXIIUBICT CXO/DKEHHS BAHTa)KHOTO BaroHa 3
periok. B SIKOCTI JOMOMIDKHOTO TOKa3HWKa O€3MEeKH, 3a SKUM TaKOX (OpMYEThCs (PyHKIIis
BIATYKY, XapakTepU3yIOud IOAI0 CXO/UKEHHS PYXOMOIO CKJIaay 3 peHOK, pO3IVIslaeThes
KOMOIHOBaHHI TIOKa3HUK Oe3neku Ky, KOMCHOT TapH, SIKUiA JO3BOJISIE aICKBATHO OI[IHUTH MIPOIISC
MOBHOI'O BKOYYBAHHS KOJIECa HA TOJIOBKY PEWKM 1 € OUTbII YYTJIMBUM JI0 PO3IMi3HABAHHA IMOJIIT
cxomkenns [ 18]. CyTh KpuTepiro 3a KOMOIHOBAaHMM TIOKa3HUKOM K, MOJISITaE B TOMY, 11O TTPOIIEC
BKOYYBaHHS TMOUICHO Ha JBi (Da3u: A0 KPUTHMYHOI TOYKM 1 BHILIE KPUTHYHOI TOYKH, A€ 3a
KPUTHYHY TOUKY Ha po(ii rpedeHs NpUitHATA MepIa TOUKa KOHTAKTY B ITPOLIECi BKOUYBaHHS 3
HaOUTBIIMM KYTOM HaxXuily YyTBOpIOIOYOi rpeOeHs. Brnponosxk apyroi ¢asu HpoJoBKEHHS
BKOUYBaHHS Kojleca Ha peiKy Bl KPUTUYHOI TOYKHM IPOMOHYETHCS BHKOPHCTOBYBATH
0e3rnocepeIHhO BETMYMHY MAMOMY KoJieca Z HaJ TOJOBKOIO PEWKU /ISl OIIHIOBAHHS OE3MeKH
CXOJDKEHHS, TOYMHAIOYH 3 MOJIOKEHHS, PU SIKOMY I'peOeHEBUI KOHTAKT BUSIBUBCS B KPUTHUHIN
TOYlll. 3aCTOCYBaHHS HOPMYBAHHS OJMHUII BIJICTaHI MaKCUMaJbHOI BHMCOTH MiTioMy 3a
BEPTUKAILTIO BiJl KPUTUYHOTO TOJIOKEHHS KoJieca /10 HOro MOBHOTO BKOYYBAHHS Ha TOJIOBKY
peliku TepeTBOproe 1€l KOMOIHOBaHM IMOKa3HUK O€3MeKH MpU IMPOJIOBKEHHI BKOUYBaHHS B
HeTIepepBHUH 1 TaKUi, 1110 3MeHIYeThest 10 0 ipy BUXO0/Ii rpeOeHs Ha BEpIIMHY TOJIOBKH PEHKH.

OOuparoun MOKa3HUKU OE3MEeKU pyXy BIANOBIIHO IHIIMX TUIOBUX MEXaHI3MIB CXOJDKEHHS
PYXOMOTO CKJIaJly 3 peHOK, 3alpOIIOHOBAaHUI METO]] TAKOXK J103BOJIsiE OyayBaTH (YHKIIII BIATYKY
BiJl BHM3HAUE€HMX YMHHHKIB MOJli, 30KpeMa s KOe(IIEHTIB 3amacy CTIMKOCTI 3a YMOBHU
BUTHCKAHHS K., i KOe(illieHTIB 3amacy CTIMKOCTI Bia mepekumanus K., B pasi MpUKIaaeHHS 10
BArOHa IIO3JI0OBKHIX CHJI, pamMHUX cual H, abo OokoBux cmi Hg Jlng nporo Ha AuIsHI
6e3nocepeTHbOr0 CXOPKEHHS OL[IHIOBAaHHS BUKOHYETBCS 32 BKa3aHUMHU BUXITHUMHU BEJIMYMHAMU,
NPUYOMY 3 BpPaxyBaHHS TOTO, IO CHJIOBI TIOKQ3HWKW MAalOTh OI[IHIOBATHCS 32 MaKCHMAaJTbHUMH
3HAUEHHSMH, Ha BIIMiHY Bifl KOe(illI€HTIB, 1110 OLIHIOIOTHCA 32 MiHIMAJIbHUMH 3HAYECHHSIMH.

Oco0nuBHil 1IHTEpEC MPHU YAOCKOHAICHHI 3alPOIIOHOBAHOTO METOJa CKJIAJIal0Th BUMAIAKH
CXOJ/KEHHsI, KOJIM MEXaHi3M CXOJy He BUABJICHO. B TakoMmy pa3i MOMIJIHMBO 3aCTOCOBYBATH
GyHKIIN BIATYKY 3a CYKYIHICTIO MOKa3HMKIB, IO MO€EIHYE YAcTKOBI MOKa3HUKH Oe3neKu
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PYXy 3a pI3HUMH THIIOBUMH ME€XaHI3MaMH CXOJKCHHsI Ha MIJCTaBl BpaxyBaHHS 1X BIJHOCHOT
3HAYYMIOCTI 200 MPOBOAMTHU TOMIYK CYTTEBUX YMHHHUKIB 3 3aJly4YCHHSIM METO/IB BEKTOPHOL
ontumMizamii. [Ipy 1mpoMy CKIaAHOCTI OOYMOBIIOE T€, IO KPUTEPIEM CXOAY 3a OJIHUMH
MMOKA3HMKAMH € MiHIMaJIbHI 3HAYEHHS, TO/I K IS 1HIITHX — MAKCUMAaJIbHI 3HaYCHHS.

Ananiz pesyromamie ma inmepnpemauin Qyuxyii pezpecii. 3a merogom OPC anani3
pe3ysbTaTiB BUKOHYEThCS Ha TijcTaBi moOymoBaHoi (yHKIiT MHOXHUHHOI perpecii (5), mo
JO3BOJIIE BU3HAUMUTU B3AEMO3AJICKHICTH MK IOKa3HUKOM O€3IeKH, 110 aHali3yeThCs, i
YHHHUKAMH TOAIT CXOMdy, Cepell THX, 1o BifiOpani mo mMHOXUHH (akTopiB F. PiBHsSHHS
perpecii TPakTyeThCS SIK PIBHAHHS IMOBEPXHI B OaraTopakTOpHOMY MPOCTOpi. Y BHUIAAKY
po3MIIALy B SKOCTI (PyHKIIT BIATYKY KoedimieHTa 3amacy CTIHKOCTI MPOTH CXOAY 3 PEeHOK 3a
YMOB BKOUYBaHHS TpeOeHs Kojeca Ha TOJIOBKY PeHKu, 110 MpomnoHyeThes 3a metogom OPC,
HIyKaHe PIlIeHHS CKJIAJAI0Th KOOPIMHATHU 13 3HAYCHHSMHU (DaKTOpiB BIAJAWHU II€T MOBEPXHI.
OCKUIbKM KUIBKICTh YHWHHHKIB, IO BIIOUPAIOTHCSA JJII IPOBEACHHS KOMII FOTEPHOTO
EKCIIEPUMEHTY IIIOJ0 BHSIBJICHHS HAWCYTTEBININX YWHHHUKIB TOMAIl CXO/KEHHS, BKIIOYAE
3HaYHy KiTbKicTh (akropie K (K > 2), To BigoOpakeHHs pe3yibTaTiB y BUTJISI MOBEPXHi
MOYKJIMBO 3/I1MCHUTH TUTBKH 32 ABOMA (paKTOpaMu, MpH (pikCyBaHHI iHIIHX.

Iarepnperanis pesynbrariB 3a merogoM OPC BkirO4ae OIIHKY BENTUYMHHU I HAIPSIMKY
BIUIMBY OKpeMHUX (PakTopiB Ta iX B3a€MOJii, a TaKOX CIIBCTaBJICHHS BIUIMBY CYKYITHOCTI
dakropis. Koeditient piBHIHHS perpecii HagaroTh iHPOPMAIIiIO PO Bary BIUIUBY OKPEMHUX
YMHHHKIB HA PiBEHb KOC(DIIIEHTIB 3amacy CTiiKocTi Kec.

Jns mpuknany po3rJSIHYTO pe3yibTaTd KOMIT FOTEPHOTO EKCIIEPUMEHTY 3a IIICThOMa
¢akropamu K = 6 CTOCOBHO OIIHKM CTIHKOCTI pyXy HalliBBaroHa Ha TpsMIid TUISHINI KOl i3
3aJI0BUILHIM CTaHOM yTpuUMaHHs. B sikocTi hakTopiB Oynu BuOpaHi: KoedilieHT TepTs KOB3aHHS
B II'SITHUKOBHX BYy3Jax fp; 3HOCHM B MO3I0BXHBOMY HAaIpSIMKY B IT'SITHUKOBHX By3iax WP (M);
KoedillieHT TepTs B KoB3yHax fS; 3aBuineHHst KinHiB Kl (M); 3HOCH B MO370BXKHBOMY HAIMPSIMKY
OykcoBux By3miB Wbl (M) i wb2 (M) mepmioro i apyroro Bi3kiB BimmnoBinHO. J[is KOXXHOro 3
Bi1iOpanux akTopiB Oyi10 BU3HAYCHO /Ba a0 TpH piBHI (TaOM. 1).

Tabnruys 1. PiBHi ¢pakTOpiB

dakrtop fp wp fs kl wh1 wb2
PosmipHicTh M M M M
PiBens 1 0,1 0 0,1 0 0 0
Pisens 2 0,4 0,005 0,4 0,015 0,004 0,004
PiBens 3 0,008 0,008

3a meronoM OPC pekoMeHIyeThCsl aHaNi3 W IHTEpIpeTalilo pe3yabTaTiB MPOBOJUTH HA
nigcrasi kapt [lapero. Lli niarpamMu mokasyroTh 3MiHY y BIJICOTKaX OUYiKyBaHOI'O CEPEIHBOTO
3HaueHHs (PyHKIIT BIATYKY Ha BEPXHIX Ta HUKHIX PIBHAX KOXXHOTO 3 akTopiB. UMHHUKHN abo
OPUYMHUA BTPATH SIKOCTI NPUBOJAATHCS B CHAJHOMY MOpsAAKYy 3Hauymocti. Ha puc. 2 1 3
HaBeZeHO Kaptu [lapeto, mo orpuMani B Mexax 3actocyBaHHsS wmeroxy OPC miono
KoeillieHTa 3amacy CTiiKOCTi Ko HamiBBarona npu mBHIKOCTIX pyxy 60 i 80 km/roz.
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Puc. 2. Ouinka edexty npu 60 km/roa

[Tonana Ha puc. 2 kapta [lapeTo 103BOJIsIE BCTAHOBUTH, IO MPHU IBHAKOCTI 60 KM/Tox
BU3HAYAJbHUI BIUIMB Ha KOEQIIIEHT 3amacy CTIMKOCTI BiJl CXOKEHb 3/iHCHIOIOTH
HENpAaLYl KIMHU 4d 30iJbIIeHe TepTs B I STHUKOBUX By3nax (mo 0,4) abo obumBa mi

dakTopu pa3om.

H i A-10,4172
f*tH -3, 0454
£ A2 651287
wptiwh2 //M 2 33859
feH 32311
WP T // 228221
wh? 741,970356
ik 7L1.8905
frtwb2 7-1.60165
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wbltwbl - 296181 1
wblawhl EE 1741895
p=,08

Puc. 3. Ouninka edexty npu 80 km/roa

SAx BumHO 3 puc. 3, roJOBHUMH (akTOpaMu IIOAO 3MEHILIEHHS 3aracy CTIMKOCTI BiJ
CXO/KeHb KoJieca 3 PeHKM /sl MOPO’KHBOI'O HAIIBBAaroHa IMpH IIBUAKOCTI pyxy 80 KM/roj
CTalOTh HEMpAIIoI0Yl KIMHU, 301IbIIEH] KOE(IIIEHTH TEPTSA KOB3aHHS B I’ ITHUKOBHUX BY3JIaX
pa3oM 3i 301IbIIEHUMH Koe(illieHTaMU TePTS B KOB3YHaX, 3HOCH B MO3J0BXHbOMY HAIPSIMKY
B I ITHUKOBHX BY3J1aX Ta CIIOJY4YEeHHS LIUX (aKTOpiB.

OnHakoBHi BIUIMB YAHHHUKIB Ha PIBEHb 3aI1acy CTIMKOCTI pyXOMOTO CKJIay IPOTH CXOKEHHS
3 PEHOK, 3YCTPIYa€ThCS JOCUTH PIJIKO, YaCTIlIe TPUYHHOK TMOJIi € HAsIBHICTh JEKUTBKOX
3HAUYIIMX B HETATUBHOMY CEHCl YMHHMKIB. 32 IPUHLMUIIOM [lapeTo cTBepKYyeThCs Take: BIUIUB

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

183



OPI'AHIBALIA IEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

(axTopiB Ha BTPATy SIKOCTi IOCUTH MOraHO PO3IMOJILICHHM, HEBETUKE YHCIIO MOXKIIUBUX MTPUYHH,
10 TIOTIPIIYIOTh CTaH, BiAMOBIAAIOTH 32 OUIBIIICTh BUHUKAIOUMX mpodnem. Otke, kaptu [lapero
JIOTIOMAararoTh BU3HAUMTH, HA 1110 caMe HEOOX1JHO 3BEPHYTH yBary 3 MIJUTIO ITiIBUIICHHS Oe3MeKu
PYXy PEUKOBHX TPAHCIIOPTHHUX 3aCO0iB.

BucnoBku. Mertoa omneparuBHoro posciigyBanHs cxomkeHHs (OPC) pospobiieno 3
METOI BUSIBJICHHSI HAMOLIBII CYTTEBUX MEXAaHIYHUX YMHHHUKIB CXOJDKEHHS PyXOMOTO CKIIaTy
3 pelok. Lleii MeToa BCTAHOBIIOE 3arajlbHU METOJUYHUN NOPAIOK MPOBEACHHS IUIAXOM
KOMIT FOTEPHOTO MOJIENIOBaHHS AMHAMIKHA PYXOMOTO CKJIaay OaraToBapiaHTHHX JOCIHiKEHb
HIOJI0 PO3paxyHKy MOKA3HUKIB Oe3NeKH pyXy MOi3/iB Ta 3a0e3neuye BUSBICHHS 3HAYYLIUX
MEXaHIYHUX YNHHHUKIB, K CIPOBOKYBAJIM MEBHY MO0 CXOJIKECHHSI.

Meton OPC pekoMeHIyeThCSl O BUKOPUCTAHHS Y BUIIAJKaX, KOJU MPUYMHA CXOJKCHHS
3a MaTepiajamMy pPO3CTiAyBaHHS TPAHCIOPTHOI MOl HE € OYEBHIHOIO a00 OJHO3HAYHOIO.
BukopuctanHs MeETOMy TapaHTye OTpPUMaHHsA 00 €KTHMBHOI KUIbKICHOI iH(opMarii 1moa0
MOKa3HHKIB OE3MeKH pyxy Ha TUISHII CXOPKEHHS OJUHMIII PYyXOMOTO CKIIAAy M BUSBICHHS
(GYHKI[IOHATPHUX Ta CTaXOCTHYHUX 3aJIEKHOCTEH MIK TOKa3HUKaMU Oe3leku pyxy u
MIEBHUMU YHHHUKAMH, IO CYITPOBODKYBAIN TPAHCTIOPTHY MO0,

Binnosigno wmeroxy OPC 3a umHHuMKamu mofii OynyeTbcs MHOXKMHHA perpeciiiHa
3aJICKHICTP MDK MIHIMAJIPHUMH 3HAYCHHSIMH KoedillieHTa 3amacy CTiMKOCTI TpOTH
CXOJDKEHHSA 3 peHOK 32 YMOB BKOUYBaHHS I'peOEHs KoJieca Ha TOJIOBKY PEeHKH, IO OI[IHIOETHCS
3a KOXXHUM KOMIT'FOTEPHHM JIOCIIZIOM Ha JAUISHII 0e3MOCepeaHbOr0 CXOKEHHS U
BiIOOpaXkaloTh CXUJIBHICTH a00 TMOTEHIMHY MOXIUBICTh CXOJDKEHHS TEBHOI OIUHUII
pyXOMOro cKkiiaay. BukopucTaHHS IHOTO METOAY PO3MOBCIO/DKYETHCS HA BHUSIBICHHS
YUHHUKIB TMOMAIl CXO/KEHHS PI3HUX OJMHUIL PYXOMOIO CKIAgy 3a YMOBH PO3POOKH
aJCKBAaTHUX KOMIT IOTEPHUX MOJeNeld iX JUHAMIKM 3 BpaxXyBaHHSIM KOHCTPYKIIMHHUX
0COOJIMBOCTEH Ta TEXHIYHOTO CTaHY XOJIOBUX YaCTHH.
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METHOD OF OPERATIONAL INVESTIGATION OF ROLLING STOCK
DERAILMENT

The article presents the principles of the method of operational investigation of rolling stock
derailment. This method is intended to identify the most significant mechanical reasons for transport
accidents in order to find directions to further improving the safety requirements for the state of
maintenance of freight cars and tracks on the basis of the data. The developed method establishes a
general methodological order of conducting computer simulation of the dynamics of rolling stock of
multivariate studies on calculating the safety indicators of train’s motion, and shows the significance
of technical factors that provoked a certain event. By this method, the operational investigation of
rolling stock derailment is based on the development of adequate computer models of dynamics of
cars in trains. In this case, in detail, all the features of the car, which descended from the rails, are
first. The presented method is based on the principles of factor analysis, where the intervals of varying
events are presented in natural units of measurement. In this case, the assessment of security
indicators for each research of the experiment plan is also carried out taking into account their
dimension. As a result, the function of multiple regressions on the chosen indicator of motion safety
allows not only to determine the significance of the factor of the ascent, but also to establish the level
of factors, with exceeding the criteria for motion safety, that is, to determine the boundaries of the
region with an acceptable level of motion safety.

Keywords: rolling stock, derailment, computer simulation, dynamic of motion safety indicators.
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PO3POBKA METOY KJIACTEPU3ALII ITOI3HUX CUTY AL

Bnpoeaooicenns inmenexmyanvHux cucmem Kepy8auHs TOKOMOMUBOM NOMpedye Oinbll SKICHUX
niox00ié 00 OYIHKU MA KOHMPOIIO NOMOYHOL NOi3HOI cumyayii, Hidc mi, SKI UKOPUCMOBYIOMbCS HA
CYUACHOMY MA2080MY PYXOMOMY CKAAOI. A8momamuyne UAGIeHH CKIAOHUX HEWMAMHUX CUMYyayitl 6
menepiwnii yac He nepeddbaveno. Hanpuxnao euznauennss Heepexmuernocmi Oii eanvm, nepesuileHHs
WBUOKOCHI, HAAGHOCMI nepewkod abo moodell Ha KOuii, NOZipuleHHs MA208UX 61ACMUBOCHel
PYXomo20 cknady ma iHule HOKIA0AEMbCA BUKTIOYHO HA MauwluHicma Jokomomued. Bpaxoeyrouu
BAJCIUBULL BNIUE NEpeNiueHUx (axkmopie Ha 0e3nexy pyxXy, NPOHNOHYEMbCSA BKIOYUMU 8 (QYHKYIT
aA8MOMAMU308AHUX MA IHMENEKMYAIbHUX CUCMEM KePY8aHHS PYXOM PO3NIZHABAHHA HEWMAMHOL
cumyayii i onogiwenns npo it eunuxuenns. Ipu kepysanni noizoom éci 06'cxmu knacugixayii (noismi
cumyayii) po3doumi Ha KiHyege YUCio Kiacie. s KOJNCHO20 KIACy 8I00MO I 8UBHEHO KiHYe8e YUCIO
00'exmie — npeyedenmis. 3a60anns Po3NIZHABAHHA 00pPA3I6 Noseac 6 momy, wobd ioHecmu HOBY
po3nizHasany cumyayito 00 aKo2o-HeOyov kaacy. Kiacugikamopom abo supiwanvhuum npaguiom €
npasuiio 8iOHeceHHs 00pasy noizHoi cumyayii 00 00H020 3 KNACI8 HA NIOCMASL 1020 8eKMOPY O3HAK.
Pospobneno nopsaoox knacugixayii noi3nux cumyayii, sKuil 0036018€ SUOLIAMU KIACMEPU 5K
3a6200H0 CKAAOHOT (opMuU 3a YMOBU, WO DI3HI YACMUHU AKUX KIACMePi6 3'€OHaHi TAHYI0NCKAMU
OU3LKUX 00UH 00 00HO20 elemenmis. Mipor 8iOMIHHOCMI CLyHCUMb K8AOpAm e8KAi0080i 8i0cmari

Knrouoei cnosa: noizo, posniznaganus cumyayitl, 6esnexa pyxy, Kiacmepusayis, Kiacugixamop.

Beryn. BrnpoBamkeHHs! IHTENEKTYyaJbHUX CHUCTEM KEpyBaHHS JIOKOMOTHBOM IOTpedye
OUTHII SIKICHMX TMIJIXOJIB JI0 OI[IHKM Ta KOHTPOJIIO MOTOYHOI MOi3HO1 CHTYyaIlii, HIX Ti, SKi
BUKOPHCTOBYIOTbCS Ha Cy4aCHOMY TSATOBOMY PyXOMOMY ckiafi. B TemepimHiii yac OCHOBY
iH(dopMalii Mpo MOTOYHMM CTaH MOi3/ly CUCTEMHU KEPYBAaHHS OTPUMYIOTH 3 PI3HOMAaHITHUX
JATYUKIB y BUIVIAI KIJIBKICHMX MOKa3HMKIB. OJJHAK MAIIMHICT JOKOMOTHBA, IIPU KepyBaHHI
MOi3/I0M KEPYETHCS B OCHOBHOMY SIKICHUMH TMOKa3HUKAMH, M0 HAHOIIBII MPHUPOIHBO IS
POOOTH JIFOJICHKOT0 MO3KY Ta MOBEIIHKHY JIFOAuHH [ 1, 2].
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Po3maiTicTe ekcruryaTaliiHUX yMOB, MiJl SKMMH 3BHYAHHO PO3YMIIOTh Bary i JOBXHHY
noi3ma, WOro omip pyxy, MOPAJOK MPONYCKY IMOi34a MO TNeperoHax, MOToJHI YMOBH,
YCTaHOBJICHI MOMEPEKEHHSIMH OOMEXKEHHS MIBHAKOCTI pyXy Ta 1H., CTaBUTh Iepen
MAIIMHICTOM y KOXHIM TOi3Ai 3aBAaHHs BHOOpY 1 peanizamii paliOHAIBHOTO PEXKUMY
BEJICHHS 110i3/1a, [0 BiJMOBiAa€ camMe JaHuM ymoBawm [3, 4].

AHaJti3 ocTaHHIX J0CTiKeHb. ICHYe AekimbKa MiaXxomiB 10 ¢opmaiizaiii yMOB, B SIKHX
TMIPALIOE JTF0IMHA-oniepaTop. B po6oTi [5] BUKOHaHA OIliHKA HAIHHOCTI JIFOIMHU, TPEICTABICHUI
HOBUU TIAXIM 10 OI[IHKK TOKAa3HUKIB JIIOACHKOI JISUTBHOCTI IMOJO 3aJICKHOCTEH cepel
BignoBigHux PSF, mo Ha3uBaerbes iHaekcoM edekTHBHOCTI pobdotu 3amizHuie (HuPeROI).
Pesynbratn mokasyioth, mo HuPeROI moxkHa e(QeKkTHBHO BHKOPHCTOBYBAaTH [UISi OLIHKH
eheKTUBHOCTI poOOTH omepaTopiB K GyHKII skocTi BiamoBiaHux R-PSF. OgHak B miux poboTax
HE B IOBHi Mipi MPOBEAEHO OLIHKY 1H(OpPMAIIHOI CKIIaJI0BOIO (haKTOPIB, IO BIUIMBAIOTH HA
oe3neky pyxy. Lle He mae po3yMiHHS TOTO, SIKUI 1HPOPMALIIHHUN BKJIa]] B OMKC Ta (hopMaTi3alito
HeOe3neyHol cuTyallii Hajae KoxkeH 3 (akropiB. JlocBin MOKasye, 110 BHHUKHEHHS OKPEMHX
TPAHCIIOPTHUX MOJIH CTajI0 MOXKJIMBUM TOMY, IO JIOKOMOTHBHA OpHraja HEBUACHO BUSBWIIA Ta
BizipearyBana Ha po3Butok HC [6].

Benuky Hu3ky poOIT MpH ONMUCAHHI MOI3HUX CHUTYalliil COpPSMOBAHO Ha JIOCIIKEHHS
HalOUThII eHeproe()eKTUBHUX crioco0iB BeneHHs noi3ny [7—10]. TyT nporiec kepyBaHHS MOi310M
PO3IIISIAETECS  SIK BUOIp ONTHUMAIBHUX TPAEKTOPI pPyXy 3 OJHOYACHUM ypaxyBaHHIM
MaKCUMAaJIbHOI KUJIBKOCTI pi3HMX (QakTopiB. [IpmdyoMy B pi3HMX poOOTax HABENEHO pi3HHN
NepeNtiK BIUIMBIB Ha €()eKTHBHICTh KepyBaHHS Moi3foM. [lpu BIpoBa/pKeHHI 1HTENEKTYaIbHUX
CHCTEM KEpyBaHHS PyXOM TOTpPIOHO Maru MOBHHK Tepelik (akTopiB, IO BIUIMBAIOTH Ha
eHeproedekTuBHiCTh mepeBi3Horo mporecy [11]. Kpim Toro, mis Outein SIKiICHOTO iX
BUKOPUCTAHHS ~ HEOOXiTHO MPOBECTH OLIHKY iX iH(GOPMATUBHOCTI Ta BIUIMBY Ha SKICTh
kepyBaHHs 1oi30M [12]. Tak B po6orti [13] po3risiHyTO CHCTEMHI BIACTHBOCTI iH(pOpMaNiitHIX
MOTOKIB, TPEJCTAaBICHO MOJENb, IO JO3BOJISIE PEECTpYBAaTH MEPBUHHY 1HOpMAIIIO, sKa
BiI0Opa’ka€ CHHXPOHHO THMYACOBI MPOIIECH JOHOPMaJIbHi, aHOMaJTbHi, TOCTHOPMAJTBHI, & TAKOXK
CHocoOU Oprasizaiii CHHXpPOHHO 3allMCaHMX MEPBUHHHUX JaHUX Ta crocoOu ix (opmyBaHHSA B
enuHUi 1HQopMalliHUKA mpocTip. Anle TyT HE pPO3MISIHYTO 1H(QOpPMAaliHMUX MOTOKIB, IO
HAJIXOMIATh Oe3mocepelHb0 /10 JIOKOMOTHBHOI OpHratd Ta J03BOJSIFOTH HAWOUIBII SIKICHO
BU3HAYUTH TIOTOYHY IOi3HY CHUTYAIIIIO.

Merta i 3aBaanns aociaiazkeHHsi. B mpoiieci kepyBaHHS pyXOM MOi3ay Mepel MallHICTaMU
Ta aBTOMAaTH30BAHUMH CHCTEMaMH KEPYBAaHHsS IIOCTA€ BaXJIMBE 3aBIaHHS — 3a0e3NeueHHS
Oe3nekn pyxy Ta eHeproe(eKTHBHOCTI Mpolecy nepeBe3eHb. [l 1boro HeoOXiJHO BUSBIATH
HEUITaTHI CUTYyallli Ha eTami iX BMHMKHEHHS Ta HE JIOMyCKaTu IX PO3BUTKY B aBapito abo
katactpody. Po3mi3HaBaHHs HEIITATHOI CUTYAIlli Ay>Ke BIINOBIIAIBHUM ITPOLIEC.

ABTOMaTHYHE BWSIBICHHSA CKJIAJHUX HEIITaTHUX CUTYyaliil B TeHepilHid Yac He
nepenbaueno. Hanpukiaa Bu3HaueHHs] Hee(heKTUBHOCTI /i1 TaJIbM, MIEPEBUILIEHHS IIBUIKOCTI,
HAsSBHOCTI Tepenikol abo JroJeil Ha KOJIii, MOTIPIIEHHs TATOBHX BJIACTHBOCTEH PyXOMOTO
CKJIaay Ta IHIIE TOKIAJacThCsl BUKIIOYHO HAa MAIIMHICTA JIOKOMOTHBA. BpaxoByroum
BOXUIMBHM BIUIMB TepeliueHux (akTopiB Ha Oe3MeKy pyxXy, MPOMOHYEThCS BKIIOYUTU B
(GyHKIIT aBTOMaTH30BaHUX Ta IHTENEKTyaJIbHUX CUCTEM KEpPYBAaHHS PYXOM pO3Ii3HAaBAHHSA
HEILITaTHOT CUTYaIlil 1 ONOBILIEHHA PO 11 BAHUKHEHHS.

MeToau KJIACTEPHOr0 AaHAJNI3y NpPM BHU3HAYEHHST OCHOBHHMX HiAXoaiB 10
pO3Mi3HABAHHS MOI3HUX CUTYaNiil. 3aBIaHHs KIACTEPHOTO aHAJI3y MOJsITae B TOMY, 00 Ha
MIJICTaBi JIaHMX, IO MICTATHCS Y MHOXHHI 2, po30UTH MHOKUHY 00'€kTiB ® Ha M [14] (m —
I[iJIe YMCIo, 10 BIAMOBIAA€ KITBKOCTI MPOCTUX MOIZHUX CHUTYaIlii) KiacTepiB (MiIMHOKHH)
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Cu Cy ...y Cp, Tak, mo06 KOkeH 00'€KT ] HaJle)KaB OAHIN 1 TUIBKM OJHIM IIIIMHOXKHHI
po30uTTA 1 00 00'€KTH, IO HANEKATh OAHOMY 1 TOMY X KJIacTepy, Oyiu CXiJ-HUMH, B TOU
yac K 00'€KTH, 110 HAJIEKATh PI3HUM KJIacTepaM OYJIu pi3HOPITHUMH.

PimennaM 3anadi KJIacTEpHOro aHAI3y € PO3OUTTS, IO 33J0BOJIBHSE JNESIKOMY KPUTEPIIO
ontuManbHOCTI. lleil kpuTepili MoXke NpeAcCTaBIATH CO00I0 JeaKuid (PyHKI[IOHAI, M0
BUpaXKa€ PiBHI Oa)KaHOCTI PI3HUX pPO3OMBOK 1 YrpynoBaHb, SIKUH HA3WBAIOTh LIJIHOBOIO
dbyukuiero [15]. Hampukman, sk miapoBa (QyHKINS MOKe OyTH B3sATa BHYTPIIIHBOTPYIIOBA
CyMa KBaJIpaTiB BiAXWIECHb

W:i(xj—i)zzixf—%(ixjj ) 1)

7€ Xj — sABIIsIE COO0I0 BUMIPIOBAHHS J-TO 00’ €KTA.

Jlyist BUpiIIeHHs 3a/1a4i KJIACTEPHOTO aHai3y HEOOX1JHO BH3HAYUTH MOHATTS MOIIOHOCTI i
PI3HOPITHOCTI.

OO0’extun I-i Ta J-if HMOTparsUIM O B OAMH KJIACTEp, KOJIHM BIJICTaHb (BIINAJIICHICTh) MIXK
Toukamu X; 1 Xj Oysna © JOCHTh MaJ€HBKOI 1 MOTpAIUIAAM O B Pi3HI KiIACTEpU, KOIM L
BiJICTaHbh OyJia O JOCHUTH BEIMKOI. TakuM YHMHOM, TOMAJaHHS B OJWH YW Pi3HI KIacTepu
00’€KTIB BU3HAYA€ThCS MOHATTAM BiacTani Mik X; 1 Xj 3 Ep, ne Ep - p-mipHe eBkiinoBuit
npoctip. Hein'emna ¢ynkuis d(X;, Xj) Ha3uBaeTbcs (HYHKIIEIO BiJICTaHi (METPUKOIO), SKILO:

a) d(Xi, Xj) = 0, ns Beix Xiu X3 Ep

0) d(Xi, Xj) =0, Toni i TinbkU TOAL, KO X = X

B) d(X; , X)) = d(Xj, X)

r) d(Xi, Xj) < d(Xi, Xk) + d(Xk, Xj), ae Xj, Xi u Xk — Oynp-sxi Tpu BekTopu 3 Ep.

3nauenns d(X; , Xj) ana X; 1 Xj Ha3uBaeTbcs BiACTaHHIO MK Xj 1 Xj 1 €KBIBaJEHTHO
Bizcrani Mix Gi i Gj BinnoBinHo obpanum xapakrepuctukam (fi, fo, fs, ..., f,).

Haii0inb1r 4acTo BKMBAIOTHCS HACTYMHI (YHKIIIT BiJCTAaHEH:

N | —

2

P
1. EBxinjioBa BiiCTaHb do(Xi, X)) = Z(xki - xkj)
k=1
p
2. I, — HOpMa dy(Xi, X)) = Z‘x/a _x/q‘ :
k=1
3. CronpemyM-HOpMa d.(Xi, Xj) = sup {Jxki — Xy ‘}
k=12 ..,p
p » /ﬁ
4.1, — HOopMa d,(Xi, X)) = Z‘xki —xkj‘ .
k=1

EBkiizoBa MeTpuka € HaiOuIbml momynspHoo. Merpuka |; HaWOimbmn Jsierka uis
oOuncienb. CrompeMyM-HOpMa paxyeTbcsi JIETKO 1 BKJIIO4ae B cebe mpouexypy
yHopsiAKyBaHHS, a |p-HopMa oxomuroe dyHkmii Bigcranei 1, 2, 3

Hexait n BumiptoBanb X1, Xo,..., Xn MOAaH1 y BUTIISAL MAaTPUIIl JaHUX PO3MIPOM p X N:
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Xll X12 Xln
X=| Xy Xpp wXop | = (Xp Xp0on X, ). )
X, X X

0 Xp2 X
Toni Bimcranp MK mapamu BeKTOpiB d(X, Xj) Moxe OyTu mpeicraBiIeHa y BTV

CUMETPUYHOI MaTPHIIi BiICTaHEH:

0 d, ..d,
D=|d, 0 .d |- )
dnl dn2 0

[ToHATAM, NPOTUIEKHUM BIACTaHI, € MOHATTSA NOAIOHOCTI MK 00’€KTaMH @, Ta wj. He
HeratuBHa ¢yHKuUiA S(Xi, Xj) = Sjj € Mipoto MoAiGHOCTI, SAKIIO:

1) 0< S(Xi, Xj)<1 ma X # X

2) S(Xi 5 Xj) =1

3) S(Xi, X)) = S(X; , Xi)

[Tapu 3HaueHb Mip TTOAIOHOCTI MOYKHA TIOETHATH B MATPHITIO MTOAIOHOCTI:

1s, .. s,
S=lsy 1 o5, | (4)
SuSny - 1

Bennuuny Sjj Ha3uBar0Th KOe)ilieHTOM HOAIOHOCTI.

Po3podka ajropurmy Kiacrepusaiii noisHux curyauiii. Posrissauemo [ = (I, b, ... In)
Ak MHOXuHY knactepiB {I1}, {I>},...{I,}. BubGepemo nBa 3 Hux, Hanpuknaz, /; Ta Jj, ki B
JIeSIKOMY CeHC1 OUThI ONMM3BKI OJMH 0 OJHOTO W 00'emHaemMo ix B oamH kimactep. Hosa
MHOXKHHA KJIACTEPIB, IO CKIaaeThes BiKe 3 n-1 knacrepis, oyzne {I1}, {l2}...., {{., I}, ..., {In}.

[ToBTOpIOIOYM TPOIEC, OTPUMAEMO IOCIIOBHI MHOKMHHU KJIACTEPIB, IO CKJIAJAOTHCS 3
(n-2), (n-3), (n—4) i T. a. knactepiB. B KiHI TpoleAypr MOXXHA OTPUMATH KJIACTep, IO
CKJIaJIA€THCA 3 N 00'€KTIB i 30ira€Thest 3 MOYaTKOBOK MHOKUHOMW [ = (I1, I, ... I).

Sk Mmipy BiicTaHl Bi3bMEMO KBaJpaT €BKJI10BOI METPUKHU dij2 1 obuncaumo matpuio D =
{dijz}, Ie dijz' KBaJpaT BifcTaHi Mix /; Ta [j (Tabm. 1).

Tabnuys 1. llonepenHs MaTpuns BiacTaHel

I I, I3 I,
Il 0 dlzz d13§ el dlnz
12 0 d23 s d2n
Iy 0 dzn
I, 0

Hexaii Bincrans Mix /; Ta /j Oyse MiHIMaJIbHOIO:
2 _ i 2 5 s
d,j =min {dij , ¢j} (5)

VrtBOopuMo 3a ponomororo /; u Jj HoBuii knacrep {I; , [j}. [Todbynyemo HoBy ((n-1), (n-1))
MaTpUIIO BijcTanel (Tadi. 2)
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Tabnuys 2. MaTpuus Bincranei

TN I L I I,
{Ti; I} 0 difs di% dif%s dij
I, 0 d,” di3 d%y
12 0 di j21 e d2n
I 0 dan
I, 0

VY Hill (n-2) psAAKU IS OCTaHHBOI MATpHIl B3SATI 3 TONEPEAHbOI, a MEPUIMA PAIOK
obunciaeHo 3aHoBO. OOYMCICHHS MOXYTh OYTH 3BEIICHI JI0 MIHIMYMY, SIKIIIO BJacCThCS
Bupazutu d jzmk =1, 2,...,n; (k #1 #]) yepe3 eJIEMEHTH NIEPBICHOT MATPHII.

[TouaTkOBO BH3HAYCHO BiJICTAaHb JIMIIE MK OJHOCIEMEHTHUMH KIacTepaMu, ajie Tpebda
BH3HAYaTH BiJICTaHI MiX KJlacTepaMH, IO MICTUTh OUIbII HDK OauH enemeHT. Lle mMorkHa
3poOUTH pI3HUMH CIIOCO0aMH, B 3aJIeKHOCTI Bil OOpaHOTO CIOCO0Y MH OTPHMAEMO
QITOPUTMHU KJIACTEPHOTO aHAII3y 3 PI3HUMH BJIACTHBOCTSAMH. MOXHA, HAIIPUKIIA, TOKJIACTH
BIJICTaHb MK KjacTepoM | + | Ta ACSIKMM IHIIMM KiIacTepoM K, pIiBHUM cepeaHbOMY
apuMeTHUHOMY 3 BijicTaHei Mixk Kiactepamu i i K i kmacrepamu j i k:

di+j,k =1 (di k + dj k)- (6)
AJle MO’KHA TaKOX BU3HAYUTH djyj« IK MiHIMAJIBHE 3 IIUX JBOX BiICTaHEH:
di+j,k = min (d| kK + dj k)- (7)

TakuM dYMHOM, ONUCAaHWN MEpHIMKA KPOK POOOTH arjJOMEpaTHBHOTO HEPAPXIYHOTO
anroputMy. HacTymHi KpOKH aHAJIOTIvHI.

JlocuTh LIMPOKHUI Kilac aJropuTMiB Moxke OyTH OTPUMAaHHUH, SKIIO JUIs NepepaxyHKy
BiJICTaHEll BUKOPHCTOBYBATH TaKy 3arajibHy (hopMyIy:

di+jx = A(w) min(dik dj) + B(w) max(dix djx), (8)
oe

A W di <d
W) = , ik <0
(W) w, +n, axuyo dy < dj

Wl’lj
A(W) = —————,AKuo dik >djk

nj + Wl’ll.

B(w) =———, dy <d:
(w) wn, +1. axuyo dy < dj

n;
B(W) = ——, AKWo dik>djk

wn; +n,
7€ Nj 1 Nj — KUIBKICTh €JIEMEHTIB y KJIacTepax 1 Ta j, a W — BUIbHHI IapameTp, BUOIp SKOro
BHU3HAUa€ KOHKpeTHUH anroput™M. Hampuknax, mpu W = 1 MM OIepKyeEMO Tak 3BaHUI

AITOPUTM «CEPETHBOTO 3B'S3KY», IS AKOro (opMmyia TMepepaxyHKY BIJICTaHEW MpuiiMae
BUTJISIA:

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

191



OPI'AHIBALIA IEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

di+jx = Ldik +Ldjk . 9)
n, +n; N, +n;

B nanomy Bumnajky BiJCTaHb MDXK JIBOMA KJIacT€paMM Ha KOKHOMY KpOILll pOOOTH alrOpuTMy
BUSIBISIETHCSL PIBHOIO CEPEHBOMY apu(METHYHOMY 3 BiJCTaHEH MK yciMa TaKUMHU Iapamu
€JIEMEHTIB, 1110 OJIH €JIEMEHT Napy HAJISKUTh 10 OAHOIO KJlacTepa, 1HIINH — 10 1HIIOro.

Haounwmii cenc mapamerpa W cTa€ 3pO3yMUTHM, SIKIIO MPUITYCTUTH W — co. Dopmyna
nepepaxyHKy BiJICTaHEH NpuiiMae BUTIISAA:

di+jx = min (d,k djk). (10)

[le Oyme Tak 3BaHWN QJITOPUTM «HAHOIMKYOTO CyCifa», SIKUH JIO3BOJISIE BUIUISITH
KJIAaCTEPH SIK 3aBTOJHO CKJIQJHOT ()OPMH 32 YMOBH, IO Pi3HI YaCTHHH TaKUX KIIACTEPiB
3'€JHAaHI JAHIIO)KKaMU OJM3BKUX OIHMH O OJHOTO €JeMEHTIB. B maHomy BHIaaKy BiJCTaHb
MDX JIBOMa KJIaCTepaMU Ha KOXKHOMY KpPOIll pOOOTH aIrOpUTMY BHUSBIISIETbCSA PIBHOIO BiJICTaH1
MiX JIBOMa CAaMHMH OJTM3bKHMH €JIEMEHTaMHU, 1110 HAJISKATh JI0 IIUX JIBOX KIIACTEPIB.

JlocuTh 4acTo MPUITYCKAIOTh, 110 MMOYATKOBI BIJCTaHI (BIAMIHHOCTI) MK €JI€MEHTaMH, 110
TPYIYIOTBCS, 3a/1aHi. Y NesKuX 3aaadax ue AiiicHo Tak. OHak, 3a1af0Thesl TUTBKH 00'€KTH Ta
iX XapaKTEepUCTHUKU 1 MATPUIIO BiJCTaHEH OYAYIOTh BUXOISYM 3 LUX JaHUX. 3aJICKHO Bill
TOT0, OOYHCIIOIOTBCS  BifcTaHi MK 00'ekTaMum abo0 MK XapaKTepUCTUKaMHU O0'€KTiB,
BUKOPHUCTOBYIOTBCS Pi3Hi CIOCOOU.

VY pasi knactep aHamizy 00'€KTiB HaOULIBII YacTO MipOIO BIAMIHHOCTI CIY)KHTh KBaJpat

€BKJIIJOBOI BiJCTaHl
m

dj = Z(Xm —Xpn) (11)
h=1
€ Xih, Xjh — 3Ha4eHHs - 03HaK¥ 114 i-T0 Ta J-ro 00'€KTiB;
M — YKCII0 XapaKTEPUCTHUK.
SIKIIO 03HAaKaM IPHMITMCYEThCS Pi3HY Bary, TO Iii BarM MOKHA BpaxyBaTd IPU OOYMCIICHHI
BIJICTaH1

5 = iwh (Xih ~ Xin )2 : (12)
he1

IHoxi sik Mipa BiAMIHHOCTI BUKOPUCTOBY€ETHCS BIJICTaHb, 10 00YUCIIIOETHCS 32 (HOPMYIIOI0

m
Aij = Z‘Xih ~ Xjn
h=1

SIK1 Ha3UBaIOTh: "XeMMIHroBUM", "MaHXETTECHCHKUM" a00 "CiTi-0I0K" BIJICTAHHIO.
[TprposHOIO MIpO0 MOJIOHOCTI XapaKTEPUCTUK 00'€KTIB y OaraTbox 3ajadax € KOe@ilieHT
KOpeJsLii MK HUMH

: (13)

N
Z(Xhi —-m )(th - mj)
= : (14)
")
ae mi .M ,& ,8 - BIONOBLAHO CepelHl 1 CpeAHbOKBAAPATUYHI BIAXWICHHS JUIS

XapaKTEPUCTHK 1 Ta j. Mipoio BIIMIHHOCTI MK XapaKTEpPUCTHKAMH MOXKE CITY)KUTH BEIUYHHA
1 —r. V nmesxux 3aBIaHHAX 3HAK Koe(iIlieHTa KOPEAIil HEBAXIMBUN 1 3JICKUTDH JIUIIE BifT
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BUOOPY OAMHUII BHMIPIOBaHHsI. B 1IbOMy BHMaaKy B SKOCTI MIpH BIAMIHHOCTI MIiX
XapaKTePUCTHUKAMU BUKOPHUCTOBYEThHCS l1-r, i |

MeToa BH3HAYEHHS MOI3HOI CUTYyalil HA OCHOBI KJAacTepHOro aHagizy. OTpumaHHs
BEKTOPY XapaKTEPUCTUK MOTOYHOI MMOT3HOT CUTYAIIil Y BUTIISAII
f

1not
f2noT
: 15
Cnom = ( )
finuT
fnﬂOT
1€ finor — 3HaYEHHS i-r0 (haKTOPY, 110 XapaKTEPU3YE MOI3HY CHUTYAIIIIO.
Hopwmanizanis oTpuManux BeTHYUH (HaKTOPIB 3TiAHO 3 BUPA30M
fo—f
i’() — 1ot I min , (16)
10T f _ f .
Imax min
e fimax (fimin) — MakcumanpHO (MiHIMAJIbHO) MOKJIMBE 3HA4YeHHsA i-r0 (akTopa B
eKCILTyaTarii.
Bu3HaunTy €BKII1A0BY BiICTaHb MIXK MEPIIOI0 CUTYALI€l0 Ta TOTOYHOIO Cipp
D(c) =, > (), ~Fre)? 7 (17)
h=1
ne f(c1)n — 3Hauenns h-ro paxropa, 110 XapaKTePU3ye CUTYALIIO C1.
BusnaunTu Bei Bincrani Mik Cy,, T2 D(Cj), pu i € [1;12] 3riguo (17).
[TepepaxyBatu 3HaueHHs Bifctaneid D(Cj) y BiAMOBIAHOCTI 10 BaroBux KoediiieHTiB
D’(ci)= D(ci) i, (18)

ne D’(C;)) — mpuBeacHe 3HAYEHHS BiJCTaHI MK TMOTOYHOIO CHTYAII€l0 Ta i-M KJIaCTEPOM
(e71eMEHTapHOIO MOI3HOI0 CUTYAIIIEI0);

Vi — BaroBUM KOE(IIEHT, 1110 BU3HAYAE BIIHOCHY BaXJIMBICTh KOKHOI i-1 cUTYyallii.

Takum 4yMHOM OTpuMaHa MHOXHMHa D, mo ckmagaeTbcs 3 BiJCTaHeH BiJg MOTOYHUX
dakTopiB, 1m0 GOPMYIOTh TOTOYHY CUTYAIlII0 KEPYBAaHHS JIOKOMOTHBOM, BiJl 0230BHX IMOI3HUX
CUTYaIIIH.

Enement D pamyroThCs BiJl MIHIMAIbHOTO 10 MakcuMmainbHOro 3HadeHHsT D={Dnin, ...,
D, ..., Dmax}-

[lepunii enemMeHT BU3HAYa€ OCHOBHY CHUTYaIlll0, IPYTUil 1 IeKUIbKa HACTYITHUX €JIEMEHTIB
BU3HAYalOTh JIOJAaTKOBI BIIMBM Ha OCHOBHY IIOI3HY CHUTYyallilo. 3HaHHS OCHOBHOi Ta
BIUTMBAIOYMX TIOI3HUX CHUTYyaIllil HEOOX1MHO JUIsi BHPOOJICHHS KEpPYIOYOro pIlIeHHS, M0
BPaxOBY€E BCl HACIIAKY JUIs Ti€l a00 1HIIOT CUTYaIlii.

BucnoBku. Posrismaroum mepenik TOI3HUX CHUTYyallld MOMKHA CKas3aTH, IO IIiJ dac
KepYBaHH IMO0{3/10M MAIIMHICT YaCTO 3HAXOAUTHCS B CKJIAJHUX OOCTaBHHAX, 10 00YMOBIIEH]
OJIHOYACHUM 3HAXO/KEHHSM Y JEeKUIbKOX IOi3HUX CHUTyalisx. | sKmo ams JoJuHu
NOCTIHHMIA MOHITOPUHI Ta BU3HA4YEeHHS OOCTAHOBKHM II€ NPUPOJIHIM mpouec, TO A
IHTEJNEeKTyalbHUX Ta aBTOMAaTU30BAaHMX CHUCTEM KEpyBaHHS HEOOX1IHO pOo3poOUTH
dopmarnizoBaHe ONMMCAHHS Li€l MPOLETYPH.
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B pasi kepyBaHHs 1oi3moM Bci 00'ekTH kimacudikariii (moi3Hi cuTyarlii) po30HUTi Ha KiHIICBE
4uco KiaciB. [ KOXKHOTo Kjacy BiZJOMO i BUBUCHO KIHIIEBE YHMCIIO O0'€KTIB — MPELEICHTIB.
3aBnaHHs pPO3Ii3HABaHHS 00pa3iB MoJsrae B TOMY, OO BiTHECTH HOBY PO3ITi3HABaHY CHUTYAIF0
1o Oynb- skoro kiacy. Kmacudikatopom abo BUpIIIATBHUM MPABUIOM € MPABHUIIO BiTHECECHHS
00pazy Moi3HOT CUTYyaIlii 10 OJTHOTO 3 KJIaciB Ha IMiJICTaBl HOro BEKTOPY O3HAK.

Po3pobaeno mopsiiok kiacudikarii moi3HUX CUTYaIlil, SKUW TO3BOJISIE BUIUIATH KJIacTepu
SK 3aBrOJIHO CKJIaJHOI (OpMH 3a yYMOBH, IO PI3HI YaCTUHU TaKUX KIacTepiB 3’ €qHaHI
JAHLIOKKaMU OJIM3BKUX OJMH /10 OAHOTO €JIeMEHTIB. Miporo BIIMIHHOCTI CITYy>KUTh KBaJpat
€BKJIIIOBOI BigcTaHl.
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DEVELOPMENT OF THE METHOD OF CLUSTERIZATION OF TRAIN SITUATIONS

The introduction of intelligent locomotive control systems requires better approaches to assessing and
monitoring the current train situation than those used in modern traction rolling stock. Automatic detection
of complex abnormal situations is currently not provided. For example, determining the inefficiency of the
brakes, speeding, the presence of obstacles or people on the track, the deterioration of the traction
properties of rolling stock, etc. relies solely on the driver of the locomotive. Given the important impact of
these factors on traffic safety, it is proposed to include in the functions of automated and intelligent traffic
control systems recognition of abnormal situations and notification of its occurrence. When driving a train,
all objects of classification (train situations) are divided into a finite number of classes. A finite number of
precedent objects are known and studied for each class. The task of pattern recognition is to assign a new
recognizable situation to a class. The classifier or decisive rule is the rule of assigning the image of a train
situation to one of the classes on the basis of its vector of features. An order of classification of train
situations has been developed, which allows to allocate clusters of any complex shape, provided that
different parts of such clusters are connected by chains of close to each other elements. The measure of
difference is the square of the Euclidean distance.

Keywords: train, situation recognition, traffic safety, clustering, classifier.
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DEVELOPMENT OF A SYSTEM MODEL OF TECHNICAL OPERATION
MANAGEMENT IN TRANSPORT INFRASTRUCTURE PROJECTS

The article considers the problems of quality management of repair and operation of technical
means in projects of development and maintenance of transport infrastructure, which is the most
important factor in improving living standards, economic, social and environmental safety. The
project quality management system and planning methodology are considered. It is investigated that
in order to improve this system it is necessary to solve the problem of integration of quality
management principles and their adaptation to transport infrastructure projects on quality
management of repair and operation of technical means and the ways of solution are shown.

A set of interrelated organizational and technological tasks and measures aimed at restoring the
normative transport and operational indicators of repair and operation of technical means of
transport is considered.

It is investigated that the process of project quality assurance at the level of quality management in
transport infrastructure projects consists of the adoption of planned systematic measures to ensure the
implementation of all envisaged processes. On the basis of researches the system model of criteria by
means of which it is possible to define system efficiency of development and realization of the
corresponding projects of transport infrastructure is offered.

As a result of solving this problem, a model of management and decision support for diagnostics of
technical means in transport infrastructure projects has been developed, which opens prospects for
planning and timely maintenance and repair of technical means of transport to ensure and improve
traffic safety.

Keywords: technical means, model, control system, monitoring, project, quality, system analysis.

Introduction. In today's market there is an increased interest in the issue of project
management quality. Increased interest in quality management of repair and operation of technical
means in projects of development and maintenance of transport infrastructure is the most
important factor in improving living standards, economic, social and environmental safety. It is
almost impossible to solve this problem only by controlling the system, ie by traditional methods.
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There should be a comprehensive, systematic approach, the implementation of which is possible
only within the management system based on systems analysis, namely the development of
strategy and organization of the technological process of operation of technical means [1].

Analysis of recent research and problem statement. One of the key issues in the
development of quality management of repair and operation of technical means in projects of
development and maintenance of transport infrastructure of Ukraine is project activity.
Accordingly, the relevance of the study of integration issues of quality management, as well as the
methodology of organization, planning, management, coordination of human, financial and
logistical resources during the life cycle, which aims to effectively achieve the project goal and
defined results in terms of composition and scope of work, their cost, sometimes, quality through
the application of modern methods of management technologies [2].

The most important parameter of the project, which can and should be managed is its quality,
and quality management involves the processes necessary to meet the needs for which it is
designed, as well as the quality and products of the project [3]. Examining the project quality
management system and planning methodology, the problem of integration of quality
management principles and their adaptation to transport infrastructure projects for quality
management of repair and operation of technical means remains relevant, which requires further
systematic research.

The purpose and tasks of the study. The purpose of the study is to form a system model for
ensuring the quality of design work during operation, repair and maintenance of technical means
of transport.

Objectives of the study: 1. To analyze the problems of quality management of repair and
operation of technical means in projects of development and maintenance of transport
infrastructure. 2. Investigate a set of technological tasks and measures that are necessary to ensure
the operation of technical means in transport infrastructure projects. 3. Define procedures for the
implementation of transport infrastructure projects for the operation of technical means of
transport. 4. Develop a system model for managing the operation of technical means of transport.

Materials and methods of research. Recently, quality management is perceived in its
final form as the final product. However, the problem of improving the quality of products
and services is so complex and diverse that its successful solution is possible only if all
participants in the production and technological process of repair and operation of technical
means not only care about the pragmatic side of this case, but also form a modern system of
views. , will improve the system and quality management, will develop the planning
methodology in infrastructure projects [4].

Quality in modern economic conditions is an integral target characteristic of each project
product. Without compliance with the planned parameters, quality standards of the project object
it is impossible to achieve the goal.

Under the project management we will consider a set of interrelated organizational and
technological tasks and measures aimed at restoring the normative transport and operational
indicators of repair and operation of technical means of transport and carried out under financial
and other resource constraints in a timely manner. The main reason for the development and
implementation of projects for the operation of technical means of transport is non-compliance
with regulatory indicators.

Within project management, there are two types of processes, the first of which are
management processes that are common regardless of the type of project, aimed at achieving a
common goal and include such groups of processes as initiation, planning, implementation,
monitoring and management and completion. The second type of process is a product-oriented
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process and consists in determining the main properties, characteristics and purpose of the
product, with the subsequent implementation of this complex in reality, in accordance with the
interests of all stakeholders in creating a project product. Good project management, aimed at
both groups of processes, is not enough to succeed. The key to success is a detailed, specific,
measurable quality criterion for managing all types of project processes [5]. Therefore, there is a
need to integrate quality management in the management of all types of processes, which will
meet the requirements of the customer not only the quality of the final product of the project, but
also its quality functional system.

The main parameter of the project quality is the quality of the product, namely the
transportation of passengers, goods, which is the result of execution. The quality of a product or
service is often understood as a set of its properties that determine the level of ability to meet
certain needs of consumers in accordance with their purpose.

In the management of the quality of operation and repair of technical means in transport
infrastructure projects, the concept of «quality» is considered in four aspects [6]:

1) product quality as compliance with market needs and consumer expectations, which is
achieved through accurate and effective identification of customer needs and expectations in order
to meet them;

2) the quality of development and planning, which is achieved through detailed and careful
development of the project and its product;

3) the quality of work on the project in accordance with the planning documentation, which is
ensured by compliance with the implementation of its plan, as well as ensuring the developed
characteristics of the product and the project itself;

4) the quality of resources involved in the implementation of the project and is achieved
through high-quality logistics of the project throughout its life cycle.

The quality assurance process at the level of quality management in transport infrastructure
projects consists of the adoption of planned systematic measures to ensure the implementation of
all envisaged processes necessary for the project to meet quality requirements.

The planning methodology is the most important factor influencing the quality of the project
and includes the following stages:

1. Definition of goals and their description. Quite often projects start without a clear goal.

2. Definition of technological stages. Implementation technology must be selected for the
project, which determines the stages of development. One of the typical planning mistakes is the
inconsistency of the technological cycle plan.

3. For technological stages it is necessary to define the list of tasks, to specify their
interrelation, sequence and the forecasted duration.

4. The need to agree on the resources allocated to the project. It should be noted that all
resources of the organization should be distributed centrally. Quite often there is a planning error
due to the fact that some scarce resources are used simultaneously in two different projects at the
same time.

5. Analysis and assessment of risks lead to the emergence of new tasks and to attract additional
resources.

6. Determining the price of resources determines the budget. One of the common mistakes is
that the budget is set without paying attention to the projected cost of the project.

The formation of a quality assurance plan should be based on a systematic approach. The
quality management process is a component of any project planning.

Quality assurance involves defining a standard, appropriate methods and quality requirements.
The integration of the requirements of 1SO 10006: 2005 and PMBOK [7] makes it possible to
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form a logical set of quality assurance measures, which can be presented in the form of a quality
assurance plan. Thus, the quality of the final result can be influenced by the method of influencing
its forming processes. All processes are elements of the system in which they operate. The quality
of construction of this system and the mechanism of its functioning affects the quality of its
components.

Transport infrastructure projects for the operation of technical means of transport are not
typical and are implemented according to a certain procedure. Quality parameters and the process
of its provision should be formed for each project separately. The task of ensuring the quality of
the project at the appropriate level is relevant at all stages of its life cycle and is implemented by
various procedures that are interrelated [8].

In order to ensure compliance of the achieved results of the project with the previously
established indicators, it is necessary to implement quality management through the following
processes: planning, quality assurance and control [9].

Quality planning is carried out as part of project planning, which must include work, the
implementation of which ensures the quality of results. The quality plan should determine how the
project will ensure the quality of work from the standpoint of organizational structure, resources,
technological support. An important element, at the stage of quality planning, is the development
of documents governing actions for quality control of project management and quality
management procedures. Quality planning begins with defining quality objectives, policies and
standards related to the content of the project. The actions and responsibilities of the team
members, which are necessary to achieve the goals and adhere to the standards, are then
determined. The result of quality planning [10, 11] is presented in the form of quality assurance
plans and management processes that ensure the implementation of these plans, and is achieved
by synchronization with the main (content planning, schedule, cost) and auxiliary (risk planning,
team) planning processes.

Quality assurance is carried out through the process of performing planned systematic
operations on quality management, which ensure the implementation of all the envisaged
processes necessary for the project to meet the established quality requirements. To control the
quality of the project, it is necessary to define control points and criteria, to determine the
compliance of project quality with the standards set in the quality assurance plan. The knowledge
and experience of quality assurance gained in the current project should be used in drawing up
quality assurance plans for subsequent projects.

The system model of criteria of management of operation of technical means thanks to which it
is possible to define system efficiency of development and realization of the corresponding
projects of transport infrastructure of improvement of management of quality of repair and
maintenance of technical means of transport is presented. The system model of quality of design
works at operation, repair and the maintenance of technical means of transport is the following:

[4.G.G..G)[G,() ~G, ()| di
4 =" T &)
[G, ()di

G =G,,i=12,.....N 2
where G, — value that characterizes the production and technological potential in transport
infrastructure projects in the i-th period of time;
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G, — useful work performed by transport infrastructure units for operation and repair of
technical means in the i-th period of time.

N

e, ~(EEnn Jarn(Faca Jarn Seea jarn [ ESen, )

i—1i-t i=1 p=1

K M

*(A+n)=(1+r )(%ihji Lji + 28,00 +§bichi +iZP:C1iPQip} ©)

= = ol
i=212,....M;i=12,...N;k=12,....K; p=12,..., P,

wherel; — the set level of profitability of functioning of technological processes of operation
and repair of technical means of transport on the i-th period of time (0 < r, <1); .

C;i, —the cost of the service provided to the p-name for the i-th period of time;

Q;, —number of services provided and performance of works in the environment of
functioning of technological processes on repair and operation on the i-th period of time.

h;i = h,; K, +hy K + 0, K + K + ke + e Ker s 4)

whereh,;, hy;, h,;— according to the standards of wage costs, materials, spare parts for the
mechanisms of the j-th name in the base period;

K,i, Kui, Ky — respectively, the index of growth of costs for wages, materials, spare parts for
the i-th period of time;

hg; , hrij, hery — respectively, the standards of costs for electricity, heat and compressed air in
the base period;

K, Kri, Keri — respectively, the growth indices of regulatory costs for electricity, heat and
compressed air in the i-th period of time.

4, = |Gy =Gy, for Gy ) Gy, ©)

A =[#(,G,,G)|G, (i) —G, ()| di, (6)

where ¢,(i,G,,G,) — weight function, which shows that the same deviations at different points in

time are not the same.
Criteria for system efficiency of works and implementation of relevant transport infrastructure
projects are defined by expression:

E, =max{R,,P }Amax{C,,M,, K,, S, } Amax{R,} Amin{T,E,C,.C,,C, L}, (7)

whereR, — return on assets; P, — productivity;C, — capital adequacy; M, — mechanical
armament; Kk, — equipment load factor;s,, — suitability of technical means; P, — technological
process productivity; T — technological process costs;E — energy consumption of the
technological process;c, — material costs;C, — cost of equipment;C — cost of operation of
technological processes; L, — level of job specialization.

Quality control is a mandatory element in order to achieve the planned quality indicators of the
project in the process of its provision. Which on the basis of intermediate observations of project
results makes it possible to determine compliance with regulations and standards and to develop
actions to eliminate deviations [12-15].
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Taking into account the system approach of the process, a model of management and decision-
making support of diagnostics of technical means in transport infrastructure projects has been
developed. Due to the functional and information communication and information exchange
processes between diagnostic procedures, the model is presented in the form of a diagram (Fig. 1).
The model itself reflects the mechanism of the intellectual decision support system in assessing
the state of technical means [1, 14], as well as the prospects of planning and timely maintenance
and repair.

R e A o s e b A e e i AT e A
: Data processing subsystems :
Databases for the operation 1 " |
of technical means N Clustering of data on the |- =, Bxoeit analisis sf :
1 operation of technical means | pil PRt |
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decisions X=(Xi s .Xa )| accordance FAXY) 1 % synthesis I X=X, X)) . : £
ding i ; | | synthesis T of |¢—————— representation of
a:;:r'x;:i;o Sa zuo . “:"‘h l(hc la\s}(s \ of the L di‘h:(l:mtic : (echnicgl means in
i Y “(Y;,....Y, )| of diagnosis 1 | diagnostic  [F n;odé] | Y=(Y...Xa) transport lrfimstructurc
’ 1| model projects
I I
. T = | Cmoroermoroerrmroe R AR ORI s o e
Level of decision The level of assessment The level of construction of
X 2 B0 C ICV! Str 7 o1
making of the actual condition he di AL GE Level of project
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Fig. 1. Model of management and decision support of diagnostics of technical means
in transport infrastructure projects

The analysis of the object of transport infrastructure includes the study of structural and
functional features of technical means. A list of key parameters that are diagnostic features of
subsystems and components of technical means, a set of inspection methods and a list of
defective conditions for each type of technical means is needed [6, 7]. Diagnostic assessment
of technical means is determined by the classification task:

X =(x1,%2 %) 2 Y = (Y1, Y2 o) V), (8)

where X = (x4, x5, ..., x,)—these are diagnostic parameters of technical means aggregated

by the principle of association with its elements and presented in the form of hierarchy; Y -

many classes of state of technical means connected with algorithms of actions on the
investigated object.

The obtained fuzzy model is used to estimate the actual technical condition Y* depending
on the monitoring of data on the parameters X*. Recommendations for operation,
maintenance and repair work are formed on the basis of diagnostic results and used by
engineering and technical personnel at the planning stage.

It is possible to develop recommendations on individual elements, including the analysis
and elimination of typical defects, as well as, accordingly, a comprehensive assessment of the
state of technical means, which helps to determine further strategies for operation.
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Thus, the proposed control model opens the possibility of interaction between the control
subsystem of monitoring and diagnostics and planning of the subsystem of a certain complex
based on the actual technical condition. At the same time, monitoring can be performed
periodically or on-line.

Conclusions. The problem of quality management of repair and operation of technical
means in projects of development and maintenance of transport infrastructure is analyzed. It is
determined that it is possible to solve it by improving the quality management system and
developing the planning methodology in transport infrastructure projects. The complex of
technological tasks and measures which is necessary for maintenance of process of operation
of technical means is investigated. The quality assurance process at the level of quality
management in transport infrastructure projects consists of the adoption of planned systematic
measures to ensure the implementation of all envisaged processes necessary for the project to
meet quality requirements. The formation of the quality assurance plan is based on a
systematic approach, which became the basis for the development of a management model
and support for decision-making diagnostics of technical means in transport infrastructure
projects. The paper develops a system model of operation management of technical means of
transport, which opens the possibility to determine the system efficiency of development and
implementation of relevant transport infrastructure projects, improvement of quality
management of repair and maintenance of technical means of transport.
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PO3POBKA CUCTEMHOI MOJEJI YIIPABJIIHHS EKCILTYATAIIEIO
TEXHIYHUMHU 3ACOBAMU B IPOEKTAX IHOPACTPYKTYPU TPAHCIIOPTY

Y cmammi poseasnymo npobremu ynpaeiinHs AKICIIO peMOHMY ma eKCniyamayii mexuiuHux
3acobie 8 NPOEKMAX pO3GUMKY mMd RIOMPUMKU  IHpacmpykmypu mpaHcnopmy, uwo €
HAUBANCIUGIUUM YUHHUKOM NIOBUWEHHS DIBHS JHCUMM, eKOHOMIYHOI, COYianbHOI Ui eKONOo2iUHOT
bezexu. Po3zenanymo cucmemy YAPAGAIHHA AKICMIO NPOEKmMy ma Memoooa02il0 NIAHY8AHH.
Hocniooceno, wo 01 800CKOHANEHHA OaHOI cucmemu HeoOXiOHO eupiwumu npobaemy iHmeepayii
NPUHYUNIE YNPABIIHHA AKICMIO ma iX adanmayiro 00 NPOEKMI8 IHGpacmpyKmypu mpaHcnopmy 3
VIPAGIIHHA AKICIIO PEMOHMY Md eKCHAYAmayii mexHiuHux 3aco0ie ma NOKA3aHO WISXU SUPIULCHHSL.

Pozenanymo xomnnexc 83acmonos’szanux opeanizayitino MexHoJI02IYHUX 3a60aHb | 3ax00i8, AKi
CNPAMOBAHI HA 8IOHOBNICHHS HOPMAMUBHUX MPAHCNOPMHO-EKCILYAMAYIHUX NOKA3HUKIE PEMOHMY md
excnyamayii mexHiuHux 3aco0ie mparcnopmy.

Jlocnioaceno, wo npoyec 3a6e3neuents AKOCMi NPOEKMY HA PIGHI YNPAGTIHHI SKICMIO 8 NPOEKMAX
IH(hpacmpykmypu mpancnopmy cKia0aemuvcs 3 NPUUHAMMA NIAHOBUX CUCMEMAMUYHUX 3aX00i8, WO
3abe3neyyoms GUKOHAHHA YCix nepedbaueHux npoyecie. Ha ocnosi 0ocniodcenb 3anponoHo8aHoO
cucmemHy Mooenb Kpumepiie 3a 00NOMO2010 SAKOI MONCHA BUSHAYUMU CUCTHEMHY eheKmusHicmb
PO3poOKU ma peanizayii 8iON0GIOHUX NPOEKMIB IHPPACMPYKMYPU MPAHCHOPTY.

Y pezynomami supiwenns nocmasienoi npobiemu po3pooieHo MoOeib YAPAGIIHHA Md NIOMPUMKU
NPUiHAMmMSL pilenb OldeHOCMUKY TeXHIYHUX 3aco0ié 68 NPOEKMAax HGpacmpykmypu mpancnopmy,
AKa BIOKpUBAE NepCHeKMuUsU NIAHY8AHHA [ CBOEYACHO20 MEXHIYHO20 00CNY208Y8AHHA MdA
PeMOHmMY MeXHIYHUX 3ac00i6 mpancnopmy 0iis 3a0e3nedentHs ma nio8ueHHs Oe3neKu pyxy.

Knrouosi cnoea. mexniuni 3acobu, mooenn, cucmema ynpasiiHHs, MOHIMOPUHE, NPOEKM, SKICMb,
CUCTMeMHUL AHAE3.

3oipruk naykosux npaus /IVIT. Cepia « Tpancnopmui cucmemu i mexuonoziiy, 2021. Bun. 37

203



3MICT

TEXHIKA I TEXHOJIOT'II

@omin O.B., Kapa C.B., IIpokonenxo II1.M, Typoseuys /I.A. BunpoOyBaHHs
HECYYMX KOHCTPYKIIH CHEIiaJbHOrO PYXOMOIO CKJaay Miclsi TPHUBAJIOi
eKCIUTyaTaril

Mironovich A., Eitutis G. Conditions for the development of the crushed
stone production in Ukraine and competition on the transport market

12

Hlanownuk B.IO., Illukynoe O.A. [Ipobiema 0OprBiB aBTO3UEIIIB

21

Josecvka A.O., @omin O.B. ]JlocnigkeHHS IUHAMIYHOI HABaHTAXKCHOCTI
BaroHa-miatrGopMu 34JECHOBAHOTO THUIY 3 KPYIJUX TpyO, 3aBaHTaKEHOTO
KOHTEWHEepaMU-LIUCTEPHAMU

31

@omin 0.B., Jloscvka A.0., Ckypixin /I.1, bonapenko B.B. MoHiTOpUHT
BUPOOHMYHX MPOIIECIB MiAMPHEMCTB 3aJII3HUYHOTO TPAHCIIOPTY

41

Paokeeuu M.M., Canponosa C.IO, Tkauenxo B.Il. JlociKeHHs
3JTUIIIKOBOTO PECYPCY CHEI[iaIbHUX BaroHiB

50

Bonowun /1.1, Illesuenxko O.B., Borowuna JI.B. Anaii3 3a0e3nedcHHS
30epekeHHs] BAHTA)XKHHUX BaroHiB B Cy4aCHUX YMOBaX eKCIUTyaTarii

59

Fomin O., Prokopenko P., Kara S., Fomin V. Assessment carts strength
indicators wagons with expired service life

68

Krasheninin A., Shapatina O., Ponomarenko V. Estimation of vehicle
operating time taking into account the influence of a number of factors

76

Teepoomeo B.M., Casanina I1.0. TeopeTuyHi IOCIIIPKCHHS MOMXJIHMBOCTI
ylamTyBaHHA O€3CTUKOBOI KOJii B KpHUBHX MIUISHKaxX panaiyca menme 350
METpIB

86

Cynum A. O.,Ycmenko O.B., Meavnuk 0.0., Jlomonoc A.1., Myscuuyk C.O.,
Conoesenr B.C. Tlpouenypa BUOOpY aCHHXPOHHOTO TSATOBOTO €JIEKTPOTPUBOTY
JUIs IHHOBAI[IHHOTO PYXOMOTO CKJIa/ly METPOTIOIITEHY

97

Hlukyna O.M. Mopens paedopMyBaHHS  BOJIOKHHCTHX  MaTepiaiiB
0araTocrpsIMOBAaHOTO apMYBaHHS 3 PO30PIEHTOBAHUMHU BOJIOKHAMU

119

MATEMATHUYHE MOJEJIIOBAHHS

I'epuiii O.A., Bympux H.O. TlopiBHSUIBHMI aHaIi3 METOIIB KOMITAKTHOTO
npeicTaBieHHs rpadiunoi iHpopMmarii

130

Tumuenko JI.I., Koxkpayvka H.I., /Kyx /.0., Kanayn B.A. 3acrocyBaHHs
TJTIC pyist 06po0ku 300paxeHb Ta3epHUX Tpac

144

Tumuenxo JII, Kokpayvka H.l., Tuxonoe A.O., /lyoosa H.b. Po3poOka
MaTEeMaTHYHUX MOJEJe TmapaselbHO-IEpapXiyHOTO TEePEeTBOPEHHS  JUIS
e(heKTUBHOTO 00pOOJICHHS 300pakeHb

156




OPI'AHIBALIA NEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

Kurdel P., Zaremba J., Korba L. The level of danger in controlled airport | 165
security

Hoomin  P.IO., Jlvomin FO.B., Yepuax [I.10., Hooxcenko B.C. Meron | 173
OTIEPATUBHOTO PO3CIIiIyBaHHS CXOKEHHS PyXOMOTO CKIIy 3 PEHOK

T'opoouenko O.M., Hegedpoe O.B., He3nina O.A., Tkauenko B.A. Po3pobOka | 187
METOJTy KJIacTepH3allii MOi3HUX CUTYaIlil

Kulbovskyi 1., Holub H., Melenchuk V., Chmyr V. Development of a system | 196
model of technical operation management in transport infrastructure projects




Hayko60-eupoonuye 6uoanHs

Scientific and production edition

36IPHUK HAYKOBUX ITPAIlb
JEPKABHOI'O YHIBEPCUTETY IHOPACTPYKTYPU TA TEXHOJIOI'TH
COLLECTION OF SCIENTIFIC PAPERS
OF THE STATE UNIVERSITY OF INFRASTRUCTURE AND TECHNOLOGIES

Cepis «TpaHcnopTHI cucTeMH i TEXHOJIOTI»

Series ""Transport Systems and Technologies"

Bunyck 37
Issue 37

Bignosinaneuuii 3a Bumyck 1. O. Casmnina

MMignmucano mo Bumanas 14.06.2021.
Ywm. apyk. apk. 11,97. O6x.-Bun. apk. 17,75.
Haknan 50 mpum. 3am. Ne 2151-09/21.

HanpykoBaHo B IpyKapHi pefakiiifHO-BHIaBHUYOTO BiIJILTY
Jlep>kaBHOTO YHIBEpCHTETY iHPACTPYKTYPH Ta TEXHOJOTIMH.
CgigonTo mpo peecrpartito Cepis IK Ne 6148 Bix 18.04.2018.
03049, m. Kuie-49, Byn. 1. Orienka, 19.



