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HAYKA TA ITPOI'PEC TPAHCIIOPTY

V]IK 347.776:001

C. B. MSIMJIMH""

1Ka(l). «Baronsl 1 BArOHHOE X03511CTBO», JIHENPONETPOBCKMI HALlMOHAIBHBIN YHUBEPCUTET KEJIE3HOLOPOKHOIO TPAHCIIOpTa
nMeHH akanemuka B. Jlazapsna, yi. Jlazapsna, 2, lnenponetpoBck, Ykpanna, 49010, ren. +38 (056) 776 84 98,
aI1. mouTa sergeymyamlin@gmail.com, ORCID 0000-0002-7383-9304

HEKOMIETEHTHOCTb B HAYKE U TEXHUKE - TOPMO3
ITPOTPECCA, NJIN O PEUJIEPCTBE B COEPE
HAYYHO-UCCJIIEAOBATEJIBCKHUX YCJIYT

Heab. B pabore HE0OXOIMMO NMPOBECTH aHAIH3 MPEANOCHIIOK BOSHUKHOBEHUSI HEOOPOCOBECTHON KOHKYPEH-
LMY Ha PbIHKE HAay4YHO-WUCCIENOBATEIbCKUX YCIYT Ul MpeNOTBpalleHus peiinepcrsa B Hayke. Meroauka. Ilpu
MIPOBEACHUH JJaHHOTO MCCIIEI0BAHUS MCIIOJIB30BaHbl METO/Ibl HAYYHOI'O aHaJIM3a U CHHTE3a, METO/ aHAJIOTHIi, METOx
9KCIIEPTHBIX OLICHOK. Pe3ybTaThl. PaccMOTpeHbl BO3MOKHBIE METO 1l HEKOHKYPEHTHOW OOpPHObI ITPY BBIIIOJIHEHUT
Hay4HO-HMCCIIEA0BaTeIbCKUX padoT. OOOCHOBaHA aKTyaJbHOCTh JAaHHOM MpoOiemsl. JlokazaHo 4YTO, MOITOMY HpO-
OseMa BO3HMKHOBEHUS MPEAIIOCBUIOK JUISl TOSIBJICHUS! HEKOMIIETEHTHOCTH HA PBIHKE HAyYHO-HMCCIIEI0BATEIBCKUX
YCIIYT M 33aJa4y¥ 10 €€ MPeAyNpesKACHUI0 1 MUHUMH3ALUH NaryOHBIX MOCIEACTBUN Ul Pa3BUTHS HAYKU U TEXHUKH
SBIISIFOTCS aKTyaJIbHBIMH, OCOOCHHO B TIEPHOJ CTAHOBJICHHS U TeM Oojiee peOpMUPOBAHUS BEAYIINX OTPACIIEH KO-
HOMUKH YKpauHbl. [IpoaHaln3npoBaHbl IPEIIOCHUIKA BO3HUKHOBEHHS M YCIIOBHS CYIECTBOBAHHUS HEKOMIIETEHT-
HOCTH B Hay4HOH AeATenbHOCTH. KiaccuduimpoBaHbsl OCHOBHBIE CIIOCOOBI PEiilepcTBa W MPUBEIEHO MX 0OOCHO-
Banne. HayuyHast HoBu3Ha. IIpennoxxeHo uccienoBaHME SIBIEHHS HEZOOPOCOBECTHON KOHKYpPEHLMHM B 00JIaCTH
Hay4HO-HMCCIIEA0BATENbCKUX ycIyr. IIpoaHamu3upoBaHbl METOABI M CPEACTBA KOHKYPEHIMHM MEXAY HayYHBIMHU
OpPTraHM3aLsIMU U OTACIbHBIMH YYEHBIMH B HEKOTOPBIX OONAcTsAX 3HaHMA. BriepBble BBOIAWTCS M PacKpPBIBAECTCS
TIOHSITHE «PEHIEpPCTBO» B MHTEIUIEKTyalbHOW cdepe. [IpakTuyeckasi 3HaUMMOCTb. Pe3ynbTaThl uccieqoBaHui
MOTYT OBITh HCIIOJIb30BaHBl IIPU aHAJM3€ JESATEIBHOCTH HAay4YHbIX W WHXKCHEPHBIX OpraHu3alui, KOTOpble
BBITIOJIHSAIOT Pa3IMYHbIe UCCIEIOBaHMS, JJIsi OLEHKH JOCTOBEPHOCTH W JISTMTUMHOCTH IOJYYEHHBIX PE3yJbTaToB,
a TaKxKe ISl PeIyNnpexIeHUs peiepcTBa B HayKe. Pe3ynbTaTsl MccienoBaHusl MMEIOT MPAKTHYECKYI0 IEHHOCTh
JUISl TOCYTapCTBEHHBIX M YAaCTHBIX OpPTaHHM3alMid IPHU ONpeeSIeHNH KOMIIETEHTHBIX MCIOJIHUTENEH Ha MpOBelICHNE
HayYHO-HCCIICIOBATEIILCKHUX YCIYT, B TOM 4HCIie dKcrepTn3. OcoOeHHO 3TO KacaeTcs 3KCIEpTH3, CBA3aHHBIX C OLIEH-
KOM MaTepHalbHBIX MOTEPh MM HEAOIOIYYEHHOTO J0X0/a, KOrja HEMpPEeAB3SITOCTh M HE3aBUCHMOCTD 3TOW OIIEHKH
SIBISIETCSI TAPAHTHEH MOy9YEHHS JOCTOBEPHOTO M 00BEKTUBHOTO PE3yJIbTATA.

Kniouegvie cn06a: HEKOMIIETEHTHOCTD; PEHIEPCTBO; HAYYHO-HCCIIEA0BATEIILCKIE YCIIyTH; HAllMOHAIbHas 0e30-
MACHOCTbH; COBEPLICHCTBOBAHHIE 3aKOHOJATEILCTBA

BBenenue CcaMbIM 3aHMMATh JOCTOMHOE MECTO B OOIIEM psTy
Hay4YHBIX opraHH3aum71, IMPOCTO HUCHOJIB3YIOT «XO-
poio oTpaboTaHHBIE» B 3KOHOMHKE CXEMBI yCTpa-
HEHUS TPSMBIX KOHKYPEHTOB, TUCKPEIUTHPYS HX
JACATCIbHOCTD «3aKa3HbIMHN» IICEBAOHAYYHbBIMU
JKCIIEPTU3aMU C YYaCTHEM HEKOMIIETEHTHBIX HC-
MOTHUTENEH; MO0 mpocTo Oe3HaKa3aHHO MPHUCBa-

Bo Bce BpemeHa, a OCOOGHHO B IOCIEIHEE
BpeMsl, HEKOTOpbIE OpraHu3anuy (WM UX OTICIIb-
HBIE ITPEACTABUTEIN), UMEIOIINE OTHOIICHUE K BbI-
HOJIHEHHIO ~ HAyYHO-HCCIIEIOBATENILCKUX — paboT,
BMECTO TOTO, YTOOBI MOJYYCHHBIMH JTOCTHIKCHUSI-
MH TIOITBEPKIaTh CBOIO KOMIIETEHTHOCTH U TEM
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WBAIOT PE3yJIbTAaThl HAYYHBIX HCCIEHOBAaHUI Ipy-
THX Y4YeHbIX U opraHuzanuii. [loaTomy mpobiema
BO3HUKHOBEHUS MPEIMOCHIIOK JJIs MOSBICHUS He-
KOMIIETEHTHOCTH HAa pPBIHKE HAyYHO-HUCCIIEI0-
BaTENbCKUX YCIYT W 33/Ia4¥ 10 ee Mpemymnpexie-
HUI0 ¥ MUHAMM3AITUH NaryOHbBIX TOCIEACTBHMA IS
pa3BUTUSl HAYKW W TEXHHUKH SBISIFOTCS aKTyalb-
HBIMH, OCOOEHHO B IIEPHOJ, CTAHOBIECHHUSI W TEM
Oonee pedopMHUpOBaHHS BEAYIIUX OTpAcied KO-
HOMUKH Y KpauHBI.

ean

B pabore mnpoaHanu3upoOBaHBl MPEANOCHUIKH
BO3HMKHOBEHHSI HEIOOPOCOBECTHON KOHKYPEHLMH
Ha PBIHKE HayYHO-HCCIICHOBATEIILCKUX YCIYT C LENIBbIO
IpeOoTBpalleHHs peiepcTBa B HAyKe.

MeTtoanka

HpI/I MPOBCACHUN OAHHOI'0 HCCICIOBAHUSA HC-
MOJIb30BaHbl METOJbl HAYYHOI'O aHaJin3a U CUHTC-
3a, MCTOQ aHaHOFHﬁ, MCTO/J OKCIICPTHLIX OLICHOK.

Pe3yabTathl

Iloctapaemcs nmaTh OTBET Ha BOIIPOC: YEM JKE
BBI3BAHO TMOSIBJICHUEC HAa PBIHKE HAYYHO-HCCIEIO-
BaTEJILCKUX YCIIyT HEKOMIICTCHTHBIX OpTaHU3aIlHii?

i 3TOro HEMHOro 0o0paTUMCS K WCTOPUH,
a TakXe MPUBEIEM TPAKTOBKY HEKOTOPBIX TEPMH-
HOB, KOTOpBIE OyIyT MCTIOIH30BAHEI B JAHHOM HC-
cienoBaHud. BO3MOXHO, 3TO W TOKaxeTcs Oa-
HaJIbHBIM, HO 0€e3 YEeTKOro MOHMMAaHHS OCHOBHBIX
TEPMHHOB JAIBHEHIINE PACCYKACHUS TEPSIOT
BCSYECKOE 3HAYCHHE.

Wrak, Hayka, B KIACCHYECKOM OIIpEIEIeHUH,
3TO «cdepa UYeIoBeUeCKOU ACITCIHHOCTH, (PYHK-
IS KOTOPOM — BRIPAOOTKA M TEOPETUUYECKAsl CHC-
TeMaTH3anusl OOLEKTUBHBIX 3HAHUNA O JIeHCTBH-
TENBHOCTH, OJIHA U3 (OpPM OOIIECTBEHHOT'O CO3HA-
HUS; BKIIFOYAET KaK JIEATENHHOCTD 0 MONyYeHHUIO
HOBOTO 3HaHUS, TaK U €€ pe3yJbTaT — CyMMYy 3Ha-
HUM, JeXKaMX B OCHOBE HAYYHON KapTHUHBI MHUPA;
0003HaueHNE OTIENBHBIX OTpaciieil HAyYHOTO 3Ha-
Hus. HemocpeacTBeHHBIC 1eNM — ONMHCaHUE, 00b-
SICHCHUE W TPEJCKa3aHUE IMPOIECCOB U SBICHUU
NIEHCTBUTEIHHOCTH, COCTaBJSIOMIUX IPEIMET ee
W3YYEHHUs, HA OCHOBE OTKPHIBAEMBIX €H0 3aKOHOB)»
[11, c. 863]. Ecim 5Ta TpakTOBKa KOMY-TO MOYKET
MoKa3aThCsl ycTapeBIled, To oOparumcsa Kk Ooiee
coBpeMeHHOMy HcTouHuKy: «Hayka — cdepa de-
JIOBEYECKOU ACSITCILHOCTH, HAIIPABJICHHAS Ha BHI-

pabOTKy M CHCTEMaTH3alUI0 OOBEKTHUBHBIX 3HAHUN
0 neictBuTeabHOCTU. OCHOBOW 3TOM AESTENBHO-
CTH sABIsieTCS cOOp (PaKTOB, MX TOCTOSHHOE 00-
HOBIIEHHE W CHUCTeMAaTH3alus, KPUTHYECKUH aHa-
JIN3 W, Ha DTOH 0Oa3e, CMHTE3 HOBBIX 3HAHWUH WIIH
0000111eHNI, KOTOPHIE HE TOJIHKO OMUCHIBAIOT Ha-
OJirofTacMble MIPUPOJHBIC WU OOLICCTBCHHBIC SB-
JICHWs, HO M TIO3BOJISIOT IMOCTPOUTH MPHUYUHHO-
CIIEJICTBEHHBIE CBS3M C KOHEYHOW IIENBIO MPOTHO-
3UpOBaHUA. T€ TEeOPUH U TUTIOTE3bI, KOTOPHIE MO~
TBEPXKIAIOTCS (DaKTaMU WM OIBITaMHU, (OPMYJIH-
PYIOTCSL B BHE 3aKOHOB MPUPOIBI WIIH OOIIECTBA»
[7]. Jannas ¢opMynupoBKa, B CBOIO odepelb, HO-
3aMMCTBOBaHa COCTaBUTENSIMU U3 [12].

«HexoMIeTeHTHOCTh — 3TO CBOWCTBO WM CO-
CTOSIHUE 110 3HAUEHWIO MPUIAraTeIhbHOr0 HEKOM-
TETEHTHBIM; OTCYTCTBUE JOJKHBIX 3HaHHUM, yme-
HHUIA, HABBIKOB U T. TL.» [8].

PeiinepcTBO — 3TO MOJyYeHUE IOPUIUYECKOTO
1 (M) GU3NIECKOTO KOHTPOJIS HAJl UMYIIECTBOM,
OM3HECOM TIPOTHB BOJIM COOCTBEHHHKA. B Hamrem
cllydae — 3TO 3aBIIaJICHUE BUJOM WJIM HalpaBJICHU-
€M  HAy4YHO-HCCIIEZIOBATENbCKON  JesTeNTbHOCTH
B OIPENEJICHHON OTpacii SKOHOMHKH, a TaKKe
HEMPaBOMEPHOE TIPHUCBOCHUE pPE3yJbTATOB HAy4-
HBIX HWCCIICJIOBAaHUN IPYyTUX HAy4YHBIX OpraHu3a-
UM WA YYEHBIX.

3HaYCHHE OCTAJIBHBIX TEPMUHOB MPUHUMACM
B WX OOIICIPUHITOM TOHMMaHUH. PaccMoTpum
nanee Oosiee MOAPOOHO MCTOKH WIIH TIPEIIOCHUTKA
MIPOUCXOXKIEHHSI U OCOOCHHOCTH peHIepCKUX TpH-
€MOB B MHTEIJICKTYaJIbHOU cepe.

[IpencraBuTenu HayKu yxe OOpamiaiuch K Te-
Me peimepcTBa [1-3, 9] 1 gaske MPOBOIWIM OTIpe-
NIeJICHHBIE TIPEIBAPUTEIIbHBIC HMCCICAOBAHMS 10
sToMy mnoBoay [4]. Hampumep, o «HabomeBIIeM»
u3IaraeT B CBOeH paboTe aBTOp CTaThU O peijep-
cTBe B HWHTEIUIEKTyanbHOU cdepe [10], oTmeuas
CXOXECTh TMOJXOJO0B U METOIOB IMPHUCBOCHUS pe-
3yJbTaTOB HAYYHOW JEATENBHOCTH (PYHKIIHOHEpa-
MU H aJIMAHUCTpaTOpaMH OT HaykH. B pesyriprare
3TOr0 HAy4YHbIC HApPaOOTKU IIEJBIX KOJUICKTHBOB
MPUCBAUBAINCh UMEHHO PEHICPCKUM CIIOCOOOM,
TO ecTb 0e3 corjacus, a TakXKe, He B3Upas Ha CO-
MPOTUBIIEHUE CO CTOPOHBI JEHCTBUTEIHHBIX pa3-
pabOTYNKOB UHTEIUICKTYAILHOTO MPOTYKTa.

[IpoGneme peiiepcTBa B 3KOHOMUKE MTOCBSIIIIE-
HO MHOTO JIUTEPATypbl B OCHOBHOM, IOPHINIECKO-
ro XapakTepa, TaK KaKk OHO HMEET BIIOJIHE KOH-
KpETHBIE ONpeJieNieH!s B CTaThsiX KpuMuHAIBHOTO
Konekca [5]. Uto xapakTepHO, B OTEUECTBEHHBIC,
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n 3apyOexHbie aBTOpH [17—19] oTMedaroT, 4TO
peiinepcTBo 0COOBIN pa3Max MpHOOPENIo B MOCTCO-
BETCKUX pecnyOiuKax U JJaxke MOXKET ObITh pealiu-
30BaHO BIIOJTHE 3aKOHHBIM ITyTeM, TaK Kak Oiaro-
Japs HECOBEPIIEHCTBY HEKOTOPHIX HOPMAaTHBHO-
MPaBOBBIX JOKYMEHTOB BO3MOXK-HO OCYIIECTBIIE-
HUE 3aXBaTa WIA CMEHBI COOCTBEHHHKA TPEIIpH-
stus [13]. Pefinepckuie mpreMbl U BapHAHTHI MTOCS-
raTejabCTB Ha MHTEIUICKTYaJbHYIO MPOIYKIUIO SB-
JIAIOTCS TPEIMETOM HCCIIEOBAaHUN YYEHBIX U3
pasHBIX CTpaH, B TOM YHCIE U Pa3BUTHIX, TAKUX
kak CIIA, Poccus, Kurait u Snonus [14—-17, 20—
22]. Ilpu 3TOM y4YHTBIBAIOTCS YCJIOBUSA B J0- U TIO-
CIIEKPU3HCHBIN TIEPHOJ, HO, KaK MPaBUJIO, ITH HC-
CIIEIOBaHMSA HE NAlOT OJHO3HAYHOTO «PEIenTa»
perieHus MpobJeMbl peiifiepcTBa B Hayke. B dem
JK€ OCHOBHBIE OTJIMYHUS ATOTO SIBJICHUS B 00nacTu
HAyKH OT KJIacCCHYecKoro nmoHuManus? U kak 3T1o-
My MPOTUBOIEHCTBOBATH?

HearenbHOCTh B HHTEIUIEKTYaJIbHOU cdepe pe-
TYJIUPYETCs HECKONIBKO JIPYTMMH HOPMaTHBHO-
MPaBOBBIMH JOKYMEHTaMH, TTO3TOMY TOIXOMbI He-
CKOJIBKO OTJINYAIOTCSI, HO CYTh OCTAeTCs MPEKHEN:
3axBaT C¢epbl ACATEeIHbHOCTH WM BBITECHEHUE
C pPBIHKA HAYYHBIX YCIYT KOHKYPHPYIOIIHX OMIO-
HEHTOB JHOO HEMpaBOMEpPHOE IPHCBOEHHE pe-
3yJIbTAaTOB UHTEIUIEKTYaJIBHOTO TPy Aa.

KakoBbl k€ HCTOKM TIOSIBIEHUSA peusiepcTBa
B Hay4HO-HMCCJEIOBaTeNbCKOW obmacTu? 31ech
MOXeT OBbITb HECKOJIBKO OOBsICHeHUH. Bo-nepBhIx,
3aUeM «HANpATaTbCsS» W OCBAaUBaTh HOBBIE cepsl
JIESITETbHOCTH TIyTEM JITUTEFHOW U KPOMOTIMBOU
paboThI 1O CO3JaHUI0 HAYYHBIX IIKOJ C MHOT'OJIET-
HUMH TPAJAULUAMH U (POPMHUPOBAHHEM SKCIIEPH-
MEHTaJIHHOM 0a3bl, a TAKKE 3aBOCBBHIBATH HAYUHBIM
aBTOPUTET Ha HAI[MOHAIBHOM M MEXIYHapOIHOM
ypoBHe? Beap MOXHO NpPOCTO MPOBO3TIACHUTH
«HYXKHYI0» OpPTaHH3al{I0 Ha BEJJOMCTBEHHOM ypOB-
HE TOJIOBHOW WJIM, TOYHEE, TJIaBHOM Hay4HOU op-
TaHU3alUEeH, 3aCTaBUTh BCEX «YBAXKaTb» €€ paspa-
0OTKH U OOBSBHUTH O TOM, YTO YPOBEHb 3THUX pas-
paboTOK COOTBETCTBYET MHPOBBIM CTaHIAPTaM.
Bo-BTOpBIX, HE HaJO MOATBEPKIAATH CBOW «BBICO-
KHI1» YPOBEHb HAyYHBIX 3HAHUH, TaK KaK 3TO U TaK
3aKpeIUIeH0 Ha YPOBHE BEIOMCTBEHHBIX HOpMa-
TUBHBIX JOKYMEHTOB. TO €CTh OJUH U3 «BEPHBIX)»
MyTel CO37aHUs MOHOIIOJIMU Ha Hay4yHbIe PabOTHI
B ONpEJEIIEHHONW OTPaciu — 3TO TUPEKTUBHOE Ha-
3HauYCHHUE TJIABHOM HAYyYHOM OpraHu3allMi Ha OCHO-
BaHWUU aIMUHUCTPATHUBHOTO TOJYMHCHUS U OOJIb-
IIOTO JKEJIaHHsI CTOPOH B 3TOM Y4YaCTBYIOIIHX.

W Bce OB HUYEro, HO OCOOCHHOCTh HAYYHOTO
MHpa B TOM, YTO HEJOCTAaTOYHO MEXaHMYECKH CO-
OpaTh MOJx OJHOW KpBIIIEH BBITYCKHHKOB pa3iiny-
HBIX BBICIIIMX YYEOHBIX 3aBEICHUH, Jake UMEIOIIIX
IUIUIOMBI ¢ oTimameM. HeoOxommmo chopmupo-
BaTh IEJIOCTHOCTh HAyYHBIX HCCIEIOBAHUN U 3aTEM
y>Ke 3aHUMAaThCsl KOMMEpPIIHAIN3aIlUeld pe3yIbTaToB
HAy9YHOTO Tpyaa, a He Haobopor. To ecTh, Korma
CHayajla BBIOMpArOTCA TNPHOBLIbHBIE HAIpPaBICHUSI
JeATeTbHOCTH, KOTOpble HapaOOTaHbl APYTHMMH Ha-
YYHBIMU OPTaHU3AIUAMH, a 3aTeM MPOCTO aJMUHH-
CTPaTUBHO BBITECHSIOTCS KOHKYpHUpYIOIIME Hayd-
HBIE OpraHU3alWK, HE JaBas MPU 3TOM BO3MOXKHO-
CTH Jae TMPEeTEeHI0BaTh Ha y4acTHe B TEHIepax
WA KOHKYPCHOM OTOOpE MCIOJTHHUTEIEH.

Bropoii, He meHee 3(Q(EKTUBHBIN, MyTh IO
«yCTpaHEHHUI0» KOHKYPEHTOB B HAyYHO-HCCIIEIO-
BaTeILCKOH cepe CBA3aH C 3aJACHCTBOBAHUEM TO-
CYJapCTBEHHBIX OPraHOB WIJIM CHJIOBBIX CTPYKTYP,
KOTOpBIE SABJIAIOTCS B TAHHOM CIIydae 10 CyTH JAeja
«MHCTPYMEHTOM» B HEUYHCTOILUIOTHOH OophrbOe 3a
ctepsl BnusHUA. Ecnu KOHEYHO Taknue TEPMHHBI
BO3MOKHBI B HayKe, TaKk Kak 37ecb He cgepsl
BIUSHHSI, a CKOpPEe BCEro BHIBI JICSITEIbHOCTH
B ONpEeAENeHHONH OTpacid DKOHOMHKH CTpaH#bl,
BBIPOKEHHBIC B BHJE HAyYHOT'O COIPOBOMKICHUS
PasBUTHS TOW MJIM MHOW OTPAaciy B LIEJIOM HJIH OT-
IenpHOTO ee¢ HampalieHHs. Kak 310 pabotaet?
OdyeHb MPOCTO: OpraHM3alysA, MPEeTeHAYoIas Ha
POJIb TIIaBHOW WJIM TOJIOBHOM, HO HE MMEIOIasi J0-
CTaTOYHO BECOMBIX apTyYMEHTOB B BHJE KBaIU(U-
[UPOBAaHHBIX HAYYHBIX KaJPOB W MHOTOJIETHETO
OmbITa paboThI, MOJKPEITICHHOTO BECOMBIM aBTO-
pUTETOM, HaydHOW 0a30#l, HAyYHBIMH IyOJIHKa-
IUSMH W TPU3HAHWEM Ha HAIMOHAIFHOM W MEX-
JIYHapOJIHOM YpPOBHE, MHUIIMUPYET KaKHe-HHOYIb
pasbuparenscTBa. OCOOEHHO 3TO YCIEIIHO MOXKET
cpaboTaTh B OTPACIAAX, Te MPOU3BOTUTCS OIEHKA
WIN TIPUEMKa COBPEMEHHOH TEXHHKH, B TOM YHCIIC
U HMHOCTpaHHOTO Ipou3BozcTBa [6]. Hampumep,
KOTJIa TIOJT BUJIOM BBICOKHX JIO3YHTOB CKPBIBAETCS
OananmpHOE TIpeciieZloBaHNe KOHKYpeHTOB. [Ipmaem
JUTSE TApAaHTUPOBAHUS PE3yNIbTaTOB Pa30HpaTeIbCT-
Ba TJIABHOM 3KCIEPTHOM OpraHu3aleil CTaBUTCA
OpraHM3anys, MpeTeHAyomas Ha HayYHOe TJIaBeH-
CTBO B ompenesieHHOW orpaciu. WM nanblie, Kak
B JIYYIIUX TPAJAHUIMUAX PEHIIEPCKUX 3aXBAaTOB OU3-
Heca, BCe YCWIHMS HalpaBJiIeHb Ha YyCTpaHEHUE
KOHKYPUPYIOIINX HAyYHBIX KOJJIEKTUBOB IIyTEM
UCKakeHHS (DaKTOB U PE3yNbTaTOB HX ACATECIHHO-
CTH 3a CYET WCIIONB30BaHUS HEKOMIIETEHTHBIX
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3KCIIEPTU3 CO CTOPOHBI 3aMHTEPECOBAHHOW oOpra-
HU3aluU. A eciu croja J00aBUTh U HEKOPPEKT-
HOCTb JICHCTBHU IIPEACTABUTENIECH CHIIOBBIX CTPYK-
Typ, TO BIIOJIHE MOXET OBITh PEAIN30BaH 3aMbICEI
M0 YCTPaHEHUIO0 KOHKYPEHTOB OT HAayKH, IKOOBI Ha
3aKOHHOM OCHOBAaHHMHU. JTO BCE PAaBHO, KaK €CIU
OBl Ha TPEANPHUITHH, Y KOTOPOTO OOHAPYKHIU
HejocTady 1o OyXraiTepuu, TJIABHBIM PEBHU30POM
WIN TpefcenaTeleM KOMUCCHH IO MPOBEpKE OBII
HA3HAYCH TJIABHBIA OyXrajirep 3TOro MpeINpu-
stus. Takue MeToAbl KOHKYPEHTHOTO MpPOTHUBO-
CTOSTHUSL B JAHHOM CJIydae HUYero oO0IIero ¢ Hay-
Kol He mMmeroT. HaoOopoT — OHM Aar0T BECOMBIH
MOBOJ [JIsl MPOKYPOPCKOM MPOBEPKU WA YIOJIOB-
HOTO MIPOU3BOJICTBA, HO YXKE CTOPOHBI HHULIMATOPA
U ee TIOCOOHMKOB (MMEHHO 3TO CIIOBO OTHOCHUTCS
K JOJKHOCTHBIM JIMLIAM, 3aHUMAIOLIUMCS TIpeciie-
JIOBAaHUEM YBAJKAEMbIX M ABTOPUTETHBIX HAYUYHBIX
OpraHU3alui U OTACTBHBIX YYCHBIX 0 UM OJHHUM
MOHATHBIM MOTHBaM). KoHeuHo, XoTenock ObI Be-
PUTH, YTO TaKHE OIMIMOKH TPOUCXOIAT CITydaiHO,
a He B pe3ysibTaTe KOPPYHIIMOHHBIX JIEUCTBUU.
A BOT 00pB00ii 32 3aKOHHOCTH ATO TPYJHO HA3BATh.

Takum 00pa3oM, MOXKHO TIOTIBITATHCS KIIACCHU(H-
IIUPOBaTh OCHOBHBIE CITOCOOBI peii/iepcTBa B MHTE-
JIEKTyaJIbHOH c(hepe Mo XapaKTepHbIM IPH3HAKAM:

— CHJIOBOH MeToJI (HO HE B CMBICIE (PH3UYECKOTO
3axBara, a B CMBICIE MPHUBICUYCHUS B KAYECTBE HC-
TIOJTHUTENS TIPEJICTaBUTEIIEH CHIIOBBIX CTPYKTYD);

— aIMUHUCTPATUBHBIA METOJ|, B Cly4ae, KOrjaa
peNaepcTBO OCYLIECTBISACTCA IOCPEICTBOM JU-
PEKTUBHOIO «HA3HAYEHUS OOHOW OpraHu3aluu-
MOHOIIONIUCTA (MM HECKOJIBKUX OpPTaHU3aLUi, YTO
OYeHb PEJKO) Ha BEHITNIOJIHEHUE OINPEICTICHHBIX HC-
KITIOUUTETBHBIX (PYHKINH;

— 3KOHOMHYECKUH METOJ, KOTJa IMpOCTO Mpe-
Kpamaercsl (MM CYIIECTBEHHO COKpaaercs) Qu-
HAaHCHUPOBAHHE BCEX OpPraHU3alUN, KpOME OIHOM
HEOOXOIUMOIA;

— CUTYaTUBHBIA METOJI, KOTJIa MOHOIIOJIBHOCTh
«HYXHOW» OpraHU3alluU-HCIIONHUTENsT paboT orl-
penensieTcs Ha KaKOW-TO MEepUO BpeMeHHU (HO 3TO
ckopee OoJiee M3OUIPEHHBIA aJIMUHUCTPATHUBHBIN
METOJ);

— CTPYKTYPHBIA METOA, KOrJa B CTPYKType OT-
paciny OCTaBJSETCS TOJIBKO OJMH HCIOJIHUTEIh
BCEX HAYYHBIX HCCIEIOBAHUM, U HET HUKAKOH Ha-
’K€ BUJIMMOM KOHKYPEHILMHU, HO 3TO TOXE pPa3HO-
BHUJIHOCTb aIMUHHACTPATUBHOIO METO/A.

Kakoii >xe Bo3MOKeH crioco0 MpOTHBOJACHCTBHS
(hopMUPOBAHNIO MOHOTIOJINH Ha KOHKPETHBIE BHIBI

Hay9IHO-UCCIICIOBATEIIbCKUX yCIyT? DTO, KCTAaTH,
HETaTHBHO CKa3bIBACTCS W Ha IIEHOBOH IMOJIIUTHKE:
KOTJa HET aJbTepPHATHBHI, TO U CTOMMOCTH padoT
MPAKTHYECKH HE CIIEPIKUBAETCS M CTaBUT MOTPEOU-
TEeJeH yCIIyT B )KECTKYIO 3aBUCUMOCTD OT «aIlleTH-
TOBY» HCIIOJTHHUTEIIS.

HaunGonee a3pdexkTHBHBIM cIOCOOOM TIPETISITCT-
BHSI TTOSIBJICHUIO pEeHIepCTBa B HAYIHOU cdepe sB-
JSIETCSl YeTKasi CTPYKTypa Hay4dHOTO COTIPOBOKJIE-
HUSI KOHKPETHOW 00JacTH 3HAHUS WIH OTpaciu
SKOHOMHUKHU. JTa CTPYKTYpa JOKHA 00eCTIeunBaTh
HE TOJILKO OCHOBHBIC NPHHIUIBI KOHKYPEHTHOM
Cpezbl, HO ¥ TOCTOWHOE KaueCTBO HayYHBIX yCIYT.

Hayunasi HOBU3HA U paKTHYecKast
3HAYUMOCTh

B pabote mpenioxeHo MccleI0BaHUE SBICHUS
HEeoOPOCOBECTHOW KOHKYPEHIMH B 00JacTH Ha-
y4HO-HCCcen0BaTeNbCKuX ycayr. Ilpoananusupo-
BaHBl METOJbI M CPEICTBAa KOHKYPEHIIMH MEXIY
HayYHBIMHA OPraHM3alUsIMH B Pa3IUYHBIX oOJac-
TAX 3HaHUWA. PackpbIBaeTcsi MOHATHE «peilaepcT-
BO» B MHTEJUIEKTYaJIbHOU cepe.

Pesynbrartel mccienoBaHuii MOTYT OBITH HC-
MI0JIb30BaHBI IIPH aHATU3E NESATEIBHOCTH HAYYHBIX
U UHKCHEPHBIX OPraHU3alMi, KOTOPHIEC BBINOJIHSI-
10T pa3fIMYHbIe UCCIEAO0BaHUs, Ui OLIEHKU J0CTO-
BEPHOCTH U JIETUTUMHOCTH MOJYYEHHBIX pe3yJlb-
TaTOB, a TaKXe IJI NpEeRyNpeKAeHus peilnepcTsa
B Hayke. Pe3ynbTaTel UCClIeIOBaHUS UMEIOT MpakK-
TUYECKYIO IIEeHHOCTh JJI1 TOCYJAapCTBEHHBIX M Ya-
CTHBIX OpraHu3alMid IpH ONpPEAETICHUH KOMIIe-
TEHTHBIX HCIIOJHUTENICH Ha NPOBEICHHE HAy4YHO-
HCCIIEZIOBATENbCKUX YCIYT, B TOM YHCIE JKCIep-
TH3. M 0coOeHHO TexX WCHOJHMTENEH, HesTeb-
HOCTbh KOTOPBIX CBSI3aHA C OLICHKOH MaTepUalIbHBIX
MOTeph WM HEJOIMOJNYyUYEeHHOrO J0X0Ja, KOorja
HEeNpeaB3ATOCTh M HE3aBUCHUMOCTh 3TOH OLICHKH
ABJSICTCSl TapaHTHEH IOJMy4YeHUs! OCTOBEPHOTO
1 00BEKTHBHOTO pe3yibTaTa.

BoiBoabI

Takum 00pa3oM, paccCMOTPEHBI HCTOKH U Me-
TOJBI peiiepcTBa B HAy4YHO-UCCIEA0BATEIBCKON
cthepe. K ncrokam perimepcTsa B HaAyKe OTHOCHTCS
HEKOMIIETEHTHOCTh HEKOTOPHIX HAYYHBIX OpTaHU-
3alui, KOTOpasi He MO3BOJISIET UM 3aKOHHO 3aHSTh
JIOCTOMHOE MECTO B DSy HAYUYHBIX YUpPEKICHUI
B BHJy OTCYTCTBHUS HEOOXOIUMOIO KOJUYECTBA
BBICOKOKBaJTM(UIIMPOBAHHBIX HAYYHBIX KaJpOB
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U HENOCTATOYHOI'O OIBITa MPOBEICHHS HAyYHBIX
UCCIIeIOBaHUH, HE TIO3BOJIIOMIMX C(HOPMHPOBATH
HEOOXOOUMBIM HayyHbI aBTopuTeT. Ho HYyXHO
YUHUTBIBAaTh, YTO HAay4YHBIE OpraHU3allH, [TOJBEPT-
mvecss peiiepckuM IpruemMam, TOJDKHBI HE BBDKHU-
JaTh W ONPAaBIBIBATHCSA, a JIOKA3bIBaTh HEKOMIIE-
TEHTHOCTh CBOMX OINIOHEHTOB IMBWJIN30BaHHBIM
IIyTeM C MPUMEHEHHEM KaK Hay4YHOM IeYaTH, TaK
U IPYTHX CPEICTB MAaCCOBBIX KOMMYHMKAIUH, IS
n300MMYeHUs]  TICEBIOHAYYHBIX  OpraHU3aLuil.
N 3T0 HE comepHMYECTBO ABYX WM HECKOJBKHX
HAyYHBIX YYpEeXJEHHUH, 3TO, B KOHEUYHOM HTOTE,
cyap0a mesbIX oTpaciel SKOHOMHKH.

Benp B pe3ynbrare HaydyHOro peljepcTBa, U3-
3a HEKOMIICTEHTHOT'O IIOAX0a U HU3KOH KBanugu-
Kalli¥ MCIIOJTHHUTENICH, MOTYT OBITh 3aryOJieHBI He
TOJIBKO OTHENbHBIE HAay4YHO-HCCIEN0BATENbCKHE
paboTBl, HO M LeNble Hay4YHbIC HaIPaBICHUS
B KJIIOYEBBIX OTPACISIX IKOHOMHUKHU. M 3TO yXe He
MIPOCTO CIIOPBI MEXAY YYEHBIMH M INCEBAOYYEHBI-
MH, U HE TIPOCTO 3aMe/JIeHNE B Pa3BUTHH Hay4yHO-
IO CONPOBOXKJIEHUSI KOHKPETHBIX OTPacied 5KOHO-
MHKH U WX 3G(OEKTUBHOTO Pa3BUTHA, a PeaTbHBIMA
TOPMO3 Hay4YHO-TEXHHUYECKOro mporpecca. M ato,
B CBOIO OuY€peib YK€ BOIIPOCH OOecreueHHs Ha-
[IMOHAJHHON ©0€30MacHOCTH M OYyIyIIero CTpaHbl
B IIEJIOM.
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HEKOMIIETEHTHICTb B HAYIII TA TEXHIII - 'AJIBMO
ITPOTPECY, ABO ITPO PEUJIEPCTBO Y CO®EPI
HAYKOBO-AOCIAHULOBbKUX ITOCJIYT

Meta. B po6oTi He0OXiJHO MPOBECTH aHANI3 BUHUKHEHHS MEPEeIyMOB HET0OPOCOBICHOT KOHKYPEHIIIT HA PHHKY
HAaYKOBO-JOCJIITHUIIBKUX TIOCIYT JIJIsi YHEMOJKIIMBIIGHHS peijiepcTBa B Hayli. Meroauka. [Ipu npoBeneHH] gaHOTO
JOCTIKCHHST BUKOPUCTaHI METOIM HAyKOBOTO aHANI3y M CHHTE3y, METOJ aHAJIOTil, METOJl SKCIIEPTHHUX OIIiHOK.
PesyabraTu. Po3risiHyTO MOXKIIMBI METOJM HEKOHKYPEHTHOi OOpOTHOM HPU BUKOHAHHI HAYKOBO-JIOCIIJHUIBKHX
po6iT. OOGrpyHTOBaHA aKTyalbHICTh AaHOi mpobiemu. JloBeaeHo, mo mpobdiemMa BHHUKHEHHS [IEPEIYMOB IS TIOSIBU
HEKOMIIETCHTHOCTI Ha PUHKY HayKOBO-JOCIIIHUIBKUAX MOCIYT 1 3aBIaHHS MO0 ii MONEPEKCHHS ¥ MiHiMi3arii
IIKIATMBUX HACHIIKIB JUIS PO3BUTKY HAYKH Ta TEXHIKH € aKTyaJbHHMH, OCOOJHMBO B IEPioJ CTAHOBICHHS, 1 THM
Oinbin, pedopMyBaHHS MPOBIIHUX Taly3ed eKOoHOMikM Ykpainu. IIpoanasnizoBaHi MepeIyMOBH BHUHUKHEHHS Ta
YMOBH iCHYBaHHS HEKOMIIETEHTHOCTI B HayKOBiil misimbHOCTI. KiacmdikoBaHO OCHOBHI CIOCOOHM peiinmepcTBa Ta
HaBeJeHO I1X oOrpyHTyBaHHs. HaykoBa HoOBM3HA. 3amnpoNOHOBAaHO IOCIHI/DKEHHS SBHUINA HEZOOPOCOBICHOI
KOHKYPEHIIii y Talxy3i HayKOBO-IOCTHITHUIBKUX mochyr. [IpoaHamizoBano Mmeroam W 3aco0M KOHKYPEHIT Mixk
HayKOBUMH OpFaHi3aHiﬂMH Ta OKPEMHUMHU BUCHHUMHU B JACAKUX 06.]'18.CT51X 3HAaHHA. Bnepme BBOAUTLCA Ta PO3KpHUBa-
€ThCS TIOHATTS «PEeHIepcTBO» B iHTeNeKTyanbHil cdepi. [IpakTHuHa 3HaYuUMicTh. PesynpraTé nocmimkeHs Mo-
KyTh OyTH BHKOPHCTaHI IPH aHaNi3i JisTIbHOCTI HAYKOBUX Ta IHXKCHEPHHMX OpraHi3allii, siki BUKOHYIOTh Pi3HI JI0-
CIiJDKEHHS, IJIS1 OLIHKA JOCTOBIPHOCTI Ta JIETITUMHOCTI OTPUMAaHUX Pe3yIbTaTiB, a TAKOXK JJIS TIOTIEPEPKEHHS pei-
JlepcTBa B Haylli. Pe3ynbTaTi JOCIIKEHHs] MalOTh NPAKTUYHY LIHHICTB JUIsl JIep)KaBHUX 1 IPUBATHUX OpraHizawii
NpY BH3HAYCHHI KOMIICTCHTHMX BUKOHABIB Ha INPOBEICHHS HAayKOBO-IOCHIIHHIBKHX IOCIYT, y TOMY YHCII
excrieptu3. OcoOIMBO 1Lie CTOCY€EThCS EKCIIEPTU3, TIOB’I3aHMX 13 OLIIHKOI0 MaTepialbHUX BTPAT YH HEAOOTPUMAHOTO
JTIOXOJY, KOJIM HEYIEePEHKCHICTh 1 He3aJe)KHICTD i€l OI[IHKU € TapaHTI€I0 OJepKaHHS AOCTOBIPHOTO Ta 00’ €KTHB-
HOT'O Pe3yJbTary.

Kniouosi cnosa: HEKOMITETEHTHICTD; PEHICPCTBO; HAYKOBO-IOCIITHUIBKI TIOCITYyTH; HAI[lOHAIbHA Oe3IeKa; BIO-
CKOHAJICHHS 3aKOHOJIaBCTBA
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INCOMPETENCE IN SCIENCE AND TECHNOLOGY -IT IS A BRAKE
OF PROGRESS OR ABOUT RAIDING IN THE FIELD OF RESEARCH
SERVICES

Purpose. The analysis of the prerequisite appearing of the unfair competition in the market of research services
to prevent raiding in science. Methodology. During the conducting of this study methods of scientific analysis and
synthesis, the benchmarking method, the method of expert estimations were used. Findings. Possible methods
of uncompetitive struggle during the performing of scientific research were examined. The urgency of this problem
was proved. Therefore, the problem of the prerequisite appearing for incompetence on the market of research
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services and the task of its prevention and minimization of adverse effects for the development of science and
technique is relevant, especially in the period of formation and the reform of the leading branches of the Ukrainian
economy. The prerequisite appearing and conditions for the existence of incompetence in scientific activity
were analyzed. The classification of the main ways of raiding was proposed and its justification was proved.
Originality. The investigation of the phenomenon of unfair competition in the field of research services was pro-
posed. The methods and means of competition between scientific organizations and individual scientists in some
fields of knowledge were analyzed. The concept of "raiding" was introduced for the first time in the intellectual
sphere. Practical value. The research results can be used to analyze the activity of scientific and engineering or-
ganizations, which carry out various studies to assess the validity and legitimacy of the obtained results, and to pre-
vent raiding in science. The results of the study have practical value for public and private organizations in the de-
termination of the competent performers to conduct research and development services, including expertise, and
especially related to the evaluation of material losses or lost earnings when the impartiality and independence of this
assessment is the guarantee of obtaining the reliable and objective results.
Keywords: incompetence; raiding; research services; national security; improvement of legislation
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METOAUKA BUZHAYEHHS OBCAI'IB CIIO’KNUBAHHA
EJJEKTPUYHOI EHEPI'II TA TEILIOTU HAYKOBUMU
IMIAPO3AIIAMMU YHIBEPCUTETY

Meta. EdexTrBHE CHIOXKMBAHHS IPUPOJHUX €HEPreTHYHUX PECYPCIB € OJHUM i3 MPIOPUTETHUX HAIPSMIB Jiep-
JKaBHOI TOJITHKH B Ccepl yNnpaBlliHHS HaBUAIBHUMH 3aKjiaJaMH Ta yCTaHOBaMH MiHICTEpCTBAa OCBITH 1 HAyKH
VYkpainu. OkpiM NOmIyKy # po3poOieHHsT HOBMX €()eKTHBHHUX Ta €KOJIOTIYHO YHUCTUX CHEPreTHYHHX CHUCTEM HeoO-
XiHa peaiizamisi ONTHMAIBHOTO YIPaBIiHHS PO3BUTKOM Ta €KCILUTyaTalli€lo iCHYIOUMX 00’ €KTiB, 3HIKEHHS 1X €Hep-
roBuTpar. MeToro 1aHoi poOOTH € po3poOKa METOAWKH PO3paxyHKy OOCSTIB CIIOKMBAHHS €JIEKTPUYHOI eHeprii
Ta TEIUIOTH HAYKOBUMH MiApo3ainaMu JIHIIPOIIETPOBCHKOTO HALlIOHATHHOTO YHIBEPCHTETY 3AII3HHYHOTO TPAHCIIO-
pTy imeni akagemika B. Jlazapsua (AHY3T) mis momaipmioro BCTAHOBICHHS NUISAXIB 3HIKEHHS €HEPTOBHUTPAT.
[Ipobnema momsrae B ToMy, 1o (y 3B 43Ky 31 CIIEIU(IKOI0 CXEMH €HeprolocTayaHHSI YHIBEPCUTETY) iCHY€E MEBHA
CKIIQJHICTP JIJIs1 BCTAHOBJICHHS JTIUMIHLHHUKIB €HEPTOHOCIIB Ta OTPUMAaHHS JaHUX PO iX CIIOKUBAHHS B OKPEMUX BiJl-
TaTyKEHHAX CTPYKTYPHHX MiApo3AitiB. [Ipy mboMy HEMOXIIHMBO SIKICHO OIIHUTH €HEPreTHYHE IOJIOKEHHS HayKo-
BHX Migpo3aiiniB. Meroauka. MeTtoanka BU3HAYSHHsI BUTPAT €NEKTPUYHOT €HEPrii Ta TeMJIOTH Ha ONaJICHHS MPUMi-
IIeHb HAYKOBHX ITiIPO3JUIIB YHIBEpCUTETY 0azyeTbcs Ha «MDKramay3eBHX HOPMax CIO)KMBAHHS €JIEKTPHYHOI Ta
TEIUIOBOI €Heprii JJIsl yCTaHOB Ta opraHizauiil OromketHol chepu Ykpainm» i «HopMax Ta BkasziBKax 1o HOpMyBaH-
HIO BUTpAT MajvBa Ta TEIUIOBOI €Heprii Ha ONaJieHHS »XHUTJIOBHX CIIOPY[, & TakOoK Ha TOCIONapChKi MOTpeOu
B YkpaiHi». Pe3yabTaTu. Po3pobiiena MeTomka po3paxyHKy OOCSTIB CIIOKMBAaHHS €JICKTPHUYHOI €Heprii Ta Teruio-
TH HaykoBuMH migposainamu IHY3T, sika 103B0oJIsie OTpUMATH AaHI PO CIOKMBAHHS €HEPropecypciB B OKPEMHUX
mizpo3ainax 0e3 mpsSMOro BUMIPIOBaHHS Ta NMpPOaHaNi3yBaTH €(QEKTHUBHICTH BIIPOBA/PKEHHS €HEpro3odepiratrodmx
texHosnoriid. HaykoBa HoBu3Ha. HoBru3Ha HayKoBO1 poOOTH IOJISrae y NpeICTaBiIeHi CHEPreTHYHNX BUTPAT Y BH-
IS IBOX CKJIQJOBUX Ta BH3HAUCHHI LUX CKIIAJIOBHX Ha OCHOBI IAHUX €HEPreTH4HOro ayauty. Lle nossosse otpu-
MaTH OOCSTH CIIOKUBAHHS €HEPrOpecypCiB i3 METOIO BIPOBAHKEHHS €HEPrOOMIAHNX 3aX0/iB B HAYKOBHX ITipO3-
nimax yniBepcutety. IlpakTnyHa 3Hayumictb. Po3poOiena metoamnka mMoxe OyTH BHKOpHCTaHA SIK MPAKTUIHUN
IHCTpyMEHTapiii 171 KOHTPOJIO CIOKMBAaHHA EHEPropecypciB y BKa3aHOMY YHIBEPCHTETI Ta Ha aHAJIOTIYHUX
00’eKTax.

Kniouosi crosa: meronuka; HOPMYBaHHS; NPWIAAN OOJIKY; eHeproedeKkTHBHICTb, EHEProHOCii; eHeproMeHe-
JDKMEHT; BUTPAaTH €IEeKTPOCHEPTil; BUTPATH TEIUIOTH

Beryn JICHHS HOBHX €()EeKTHBHUX Ta EKOJIOTiYHO YHCTHUX
EHEePreTUYHUX CHCTeM, HEOOXiJHA pealti3allis OITH-
MAaJILHOTO YIPABJIiHHS PO3BUTKOM Ta EKCILITyaTalliero
ICHYIOUMX 00’€KTiB, 3HIDKEHHS X EHEPrOBUTPAT.
VrpaBiiHHS panioOHATFHAM BUKOPHUCTAHHSIM TIPHPO-
THAX PECypciB Ha TakMX 00’ €KTaX MOBHHHO 3ilC-
HIOBaTUCh HAa BCIX CTaJisfX: BiJ BHPOOHHITBa (32
HasIBHOCTI BJIACHUX TEHEPYIOUMX MOTYXHOCTEH) 110

doi 10.15802/STP2015/38235 © O. M. Nwineko, B. I'. Ky3uenos, M. B. lllantana, [{. €. Ilantana, 2015

EdextuBHE ciOXKMBaHHA MPUPOJHUX EHEPreTHY-
HHUX PECypciB € OJHUM 3 IPIOPUTETHUX HAIPSMIB
JICP’KaBHOI TOJITHKY 3 €Heproe()eKTUBHOCTI Ta eHe-
pro3oepexxeHHs B cepi yrpaBiIiHHI HaBYATHBHIMHU
3aKjaJaMi Ta YycTaHoBaMH MIiHICTEpCTBa OCBITH
1 Hayku Yxpaiau [9, 10]. Oxpim nomryky ta po3poo-
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posnoniny Ta cioxkuBanus [2, 3]. Tlpu upomy 3miiic-
HIOETBCS CHEPTCTUIHNHN aHalli3 00’ €KTa, BU3HAYCHHS
peanbHUX OOCSTIB €HepreTHYHMUX BHUTPAT Ta BUSB-
JICHHSI MOXITUBOCTEH KOMIUIEKCHOTO ONTHMAaJIbHOTO
MMABUIIIEHHS €KOHOMIYHOCTI Ta €KOJOTYHOCTI TeX-
HiuHKX TporieciB. Li 3axomu B ycTaHOBaX AepKaBHOT
OCBITH CIIPSIMOBaHI TOJIOBHUM YHMHOM Ha €KOHOMIIO
OIODKETHHX KOINTIB 3a CIIOKUTI eHeproHocii. Ilep-
IIIUM Ta OCOOJIMBO BYKIMBUM KPOKOM Y ITi/IBUIIIEHHI
E€KOHOMIYHOCTI € BCTAHOBJICHHS peajlbHUX 00 €MIB
CIOKMBAHHSI €HEPTeTHYHMX PECypCiB 3aKiIagoM ado
YCTaHOBOIO B IIIIOMY Ta MO OKPEMHX HOTO MiIpo3i-
yax 30kpeMa [12]. be3 HasBHOCTI 1IMX JAHUX HEMOXK-
JUBE 3MIHCHEHHS CHeproeeKTUBHUX 3aXOMdiB Ta
€KOHOMIYHE OOIPYHTYBaHHS BIIPOBAJUKEHHS HOBIT-
HBOTO 00JIaTHAHHSI.

MeTta

Mertoro pobGOTH € po3poOka METOIUKH po3pa-
XYHKY OOCSTIB CIIOXHMBAaHHS €JIEKTPUYHOI eHeprii
Ta TEIUIOTH HAYKOBUMH Mmiapo3ainamu J[Himporer-
POBCBKOTO HAILlIOHAJIBHOTO YHIBEPCUTETY 3aili3HHU-
YHOTO TpaHCHOPTY iMeHi akanmemika B. JlazapsHa
JUTS TIOAJTBIIOTO BCTAHOBJICHHS IIUIAXIB 3HMKEHHS
EHEepPTrOBHUTPAT.

MeTtoauka

MeTomka BH3HAYEHHS BUTPAT EIEKTPUYHOL
€Heprii Ta TeIUIOTH Ha ONaJICHHS MMPUMIIIEHb HayKO-
BUX MiJPO3ALNIB YHIBEpCHTETY 0a3zyeThcs Ha «Mix-
rajfy3eBUX HOpMax CIIO’KMBAaHHS EIEKTPUYHOI Ta Te-
TUTOBOi €HEpTil I yCTAaHOB Ta opraHi3amiil Oromke-
THOT cepu Ykpainu» [6] Ta «Hopmax Ta BKaziBkax
10 HOPMYBAHHIO BUTpAT TTaJIBA T TEIUIOBOI eHEepTil
Ha OTIAJICHHS )KUTJIOBUX CIIOPY[, a TAKOX Ha TOCIO-
JapchbKi notpedu B Ykpaini» [7, 8].

3azanvhi nonoocenns. Ha cporogui JYWIBHU-
KH eJIeKTPUYHOI eHeprii BCTAHOBJCHI Ha TpaHUIl
po3IiieHHsT 0allaHCOBOI MPUHANICKHOCTI B TpaHC-
(dbopmaTopHiii migcTaHwii, a JIYMIBLHUKA TETIOTH —
B KoTelbHI yHiBepcutery. Kadenpu ta HaykoBi
MIIPO3IUTH YHIBEPCUTETY TPAIMIOIOTh B CIIIHHUX
NPUMIIIEHHSX, MPH IIbOMY YacTHHA L€l poOOTH
¢inaHCyeThCST 3 OIOJDKETY, YacTHHA 3a CHelliallb-
HUMH JoroBopamu. lloctae mUTaHHSA BH3HAYEHHS
BapTOCTi CHOXHMBaHHS EHEPropecypcis, 1o 00Ji-
KOBYETBbCS 3a CTATTE€l0 KOMYHaJIbHI BHUTpPaTH IMix
yac BUKOHAHHS po0iT. BupimeHHs 11010 3aB1aHHs
Ha OCHOBI BHUMIipIOBaHHS HEMOXIJIMBO Y 3B’s3KY
3 BIZICYTHICTIO JIIYMJIBHUKIB.

Jst po3po0KM METONWKN BU3HAYCHHS OOCSATIB
CTHOKMBaHHsI €JIEKTPUYHOI €Heprii Ta TeIUIOTH Ha-
YKOBHMH MiApO3AiIaMH yHiBepcuTeTy Oyno BUIi-
JICHO Ta MPOAHAaJi30BaHO:

— CTPYKTYpY, TOBHHH CKjiam OymiBeIh Ta CITO-
pyA, iX TpH3HAUCHHs, 3arajlibHy OIAIIOBAIBHY
TUIOIILY, KITBKICTh TEPCOHAITY, HASBHICTH MTPOEKTHOT
BHKOHABYOI JTOKYMEHTAIlil 3 BHECCHHMH 3MiHAMH
MO BIAXWJICHHS BiJl MPOEKTY MiJ Yac OyAiBHHIITBA
Ta mijJ yac ekcrutyatauii. Bymo 3niificHeno o3HalioMm-
JICHHS 3 IPOEKTHUMH KOHCTPYKTUBHHMH PillICHHS-
MU, TEIUIOTEXHIYHUMH XapaKTepUCTHKAMH KOHC-
TPYKLiH, CUCTEMOIO OMAJICHHS, BEHTWIIALII, eJeKT-
ponocTauaHHs, 00laHAHHAM JKepena TeTIoTH;

— indopmariito mus cKIamaHHs 00’ eMHO-TIIA-
HYBaJbHUX Ta TCOMETPHUYHHX ITOKa3HUKIB Oyi-
BeNb (po3TallyBaHHs, IJIaH 3a0ylOBH, IUIaHU IIO-
BEpXiB, BICOTA IMOBEPXiB, 3arajbHa BUCOTa OYIMH-
Ky, 3arajbHa IUIOIIA 30BHIIIHIX CTiH 3a HaNpsMKa-
MH CTOpiH CBIiTy, 3arajJpHa IUIOLIa CBITJIOBUX
OTBOPIB, TOIIIO);

— TIEPBUHHI JIaHi PO BUTPATH TEILTIOBOI Ta eje-
KTPUYHOI €Heprii 3a nonepeaniil i MOTOYHUH POKH;

— MapaMeTpu CHCTEM TEIIO- Ta ENEeKTPOIOCTa-
YyaHHS (DKepea Ta CXEMHU TEIUIO- Ta €JIEeKTPOIocC-
TavaHHsI, BY3JId BBOZIB TPYOONPOBO/IB, HAsSBHICTb
Ta TUIM MpUJIaaiB OOJIiKy €HEproHOCiiB Ta BUTpAT
TETIOHOCISA).

HaykoBo-mocnmiiHa 4yacTHHA  yHIBEPCUTETY
CKJIaJa€ThCsl 3 HU3KW HAYKOBUX MigPO3ALTIB, IO
po3TaioBaHi 0e3noceperHbO B HABYAJIBHHX KOp-
ImycaxX YHIBEPCHTETY i, 3a3BHYal, MPUKPITUICH] 10
neBHUX Kadenp. YacTWHa HAyKOBHUX POOIT BHKO-
HY€TbCA TPyNaMH HayKOBLIB Ha Kadeapax, 10 He
MalTh BUAUIBHHX TMpuMinieHs. llg1 obOcraBuHa,
a TaKOXX OCOOJMBOCTI HAsIBHOI €JICKTPUYHOI Mepe-
KI HaBYAIbHUX KOPIYCIiB YHiBEPCHUTETY YHEMOXK-
JIMBIIOIOTH BCTAHOBJICHHS JIIYMJIBHUKIB €JIEKTPUY-
HOi eHeprii OKpeMo Yy HaBYANBHHX MiAPO3IiNax
HAY. HasBHicTh HayKOBHX MiApO3ALTIB y HaB-
YaJbHAX KOPIyCcaxX TaKOX YHEMOIIUBIIOE Bimo-
KpEeMJICHHS BiJl iICHYIOUO1 TEIUTOBOI MEpexi 1 BCTa-
HOBJICHHS JIIYMJIBHHUKIB TEIUIOTH. TOMY KUTBKICTB
CIOXKUTOI enekTpuyHOi eHeprii i termoru HIAY
YHIBEPCUTETY BU3HAYA€THCA PO3PAXYHKOBUM IIUISI-
XOM 3a LI€F0 METOAHUKOIO.

1. Busnauenmns eumpam enekmpuunoi euepeii
Haykogumu nioposoiramu yHieepcumemy. Butpatu
enexrpoeneprii H/IU yHiBepcuTeTy, B KBT ron/pik,
CKJIQJIAlOTHCS 3 CYMH BUTpPAT EICKTPUYHOI eHeprii

doi 10.15802/STP2015/38235
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okpemumu minpo3aitamu HJY, 3a skumm 3akpir-
JIeHI IPUMIIIIEHHS JJIs1 BAKOHAHHSI HAYKOBUX POOIT
Ta BUTPAT €JICKTPOCHEPTii OKPEMUMH IpylaMH Ha-
YKOBIIB, III0 HE MalOTh OKPEMO BH[IICHUX IMPHMi-
IeHb TSI BHKOHAHHS HAyKOBUX POOIT, 3a CITIBBiJ-
HOILICHHSIM:

Wiy =S Wi+ S m
i=1 j=1

e Wn’ — piYHI BUTpaTH €JIIEKTPOCHEPTii i-M M-
po3aitom HAY yHiBepcureTy, KBT TO1/piK; Wej -
piuHI BUTPATH €JIEKTPOCHEPTii j-0I0 TPYIOI0 HAy-
KOBIIIB, III0 BUKOHYBAJIM HAyKOBI POOOTH y 3BiT-
HOMY TepioJi B MPUMILICHHSX, IO 3aKpilUIeH] 3a
kKadeapamu, KBT roa/pik; » — KUIBKICTB MMiAPO3i-
JB, IO MAIOTh 3aKPIIUICHI MPUMIIIEHHS IS BUKO-
HaHHS HayKOBO1 pOOOTH; M — KUIBKICTh TPyN Hay-
KOBIIIB, 1[0 BUKOHYBAJIU HAyKOBi pOoOOTH y 3BiT-
HOMY TIepiojii B MPHUMIMIECHHAX, IO 3aKPIiIUICHI 3a
kadeapamu.

Butpati enekTpoeHeprii OKpeMHM HAyKOBUM
MIIPO3AUIOM YHIBEPCUTETY, 3a SKHM 3aKpiIuIeHi
MPUMILICHHS 11 BUKOHAHHS HAayKOBHX JOCIIIIB

w

n>?

kBT rony piK, CKIIaJarOThCsa 3 OCHOBHHUX Ta
J0JaTKOBHX 1 BU3HAYAIOTHCA 32 CHiBBi,Z[HOH_ICHHHMZ

VV;z =W, + VV()U() > (2)

OCH

ne W

OCH

— OCHOBHI BUTpaTH eleKTpoeHeprii, kBt

roa/pik; W, ,, — NOAATKOBI BUTPATH €IEKTPOEHEP-
rii, kBT ron/pix.

Jlo OCHOBHMX BHUTpAT HaJeXaTb BUTPATH, IIO
MOB’sI3aHi 3 BUKOPUCTAHHSAM EJIEKTPONPUIIANiB, Ta-
KAX SK KOMIT'IOTEpH, OpITeXHika, naboparopHi
YCTaHOBKH, KOHAUITIOHEPH, OCBITJICHHS, CIICKTPHIH1
o0irpiBadi TOMIO, y MeXax MPUMILICHHS MiIpo3/i-
B KBT

rof/piK, MOKYTh OyTH BU3HAUYEHI 32 (POPMYIIOIO:

nmy. OCHOBHI BUTpaTh eneKkrpoeHeprii W

ocH ?

W,, = PTk,.. 3)
P

ne P — BCTaHOBJIEHA MOTYXXHICTb i-I'O €JEKTPO-

1
npunany, kKBr; 7, — KiabKiCTh T'OJUH BUKOPUCTaH-
Hsl BCTAHOBJIEHOI MOTYXHOCTI y piK, ron/pik; k.,
— Koe(ilieHT BUKOPHCTAHHS BCTAaHOBIIEHOI MOTY-

JKHOCTI i-TO €NEeKTPOIpuiIaay y pik. 3a BiICyTHOCTI
aHUX, Koe(iIlieHT BUKOPHUCTAHHS BCTAHOBJICHOI

MOTY)KHOCTI TPUAMAETHCS PIBHUM OIUHUIN; 1 —
KUJIBKICT ~ €IeKTPONpPWIIAiB, MO0 BUKOPHCTOBY-
FOTHCS TiIPO3ILTIOM.

Jlo 70AaTKOBHX BUTPAT €NEKTPOSHEprii Halle-
JKaTh BUTPATH, TTOB’s13aHI 3 BUKOPUCTAHHSAM €JICKT-
poeHeprii Ha OCBITJIEHHS KOPHIOPIB, TYyaleTiB
1 Ta IHIIMX MPUMIIMIEHb, SKHUMHA KOPHUCTYIOTHCS
CIIIBpOOITHUKY Tinpo3niry. JlomatkoBi BUTpath
eJIEKTPOeHeprii MOXKYTh OyTH BH3HAYEHi 3a MUTO-
MOI0 HOpMOIO [4, 6]:

Wiy = S =, (4)

3ae

Je ® — HOpMa BHUTpAaTH eJeKTpoeHeprii, KBT
roa/m” pik; S — MIOIIA KOPHUIOPIB, CAHITAPHUX BY-

.. . . 2 . .
3J1B 1 Ta IHIIUX MPUMIIICHb, M; 7, — KUIbKICTb

NpaliBHUKIB HAyKOBOTO MiApo3miny; n. ., — 3ara-

3ae
JIbHA KUTBKICTH CTYIEHTIB 1 NpalliBHUKIB HAYKOBUX
1 IHIMUX MIPO3IUTIB YHIBEPCUTETY (BU3HAYAETHCS
3a TaHUMU TUTAHOBOTO BIIIUTY YHIBEPCUTETY ).
bazoBa HOpMa BHTpar elNeKTpoeHeprii Hapya-
JHHUMH KOpIIyCaMH BHIIMX HaBYAIbHUX 3aKJIAdiB
ckragae o =20 kBt roa/m” pik [4].
3 iHmoro OOKy, JOAAaTKOBI BUTPAaTH €JIEKTPO-
EHeprii Tako’XK MOXKYTh OyTH BH3HA4YeHI HA OCHOBI
E€HEPreTHYHOTO ayAUTY 32 CITiBBITHOIICHHSM:

n
Wigo =Wey—=. ®)

c6
3ae
ne W, — BUTpaTH eNeKTPOeHeprii Ha OCBITJICHHS,
kBT ron/pik.

VVce = % chei];)ce s (6)
i=1

ne P

cei
HUKa B KOPHIOpax HaBUAIBHOIO KopIiycy, KBT;
T, ., — TepioJ BUKOPUCTAHHS OCBITIECHHS B PiK,

oce

— BCTAHOBJICHA HOTY)KHiCTL [-TO CBITHIIb-

roJ/piK; n, — KUIbKICTh BCTAHOBJIEHHMX OCBITIIIO-

BaJbHUX MPUIIAMIB, IIT.

3a TaHUMM BHKOHAHOI'O €HEpPreTUYHOro odcre-
JKCHHSI BUTPATH €JIEKTPOEHEpTii Ha OCBITJICHHS KO-
punopiB i TyaneTiB ckiaagarore W, = 62234 kBt

roz/pik.
2. Busnauenns sumpam mennomu H/IY ynisep-

cumemy. Butparu termorn HAY yHiBepcutery Ha
onaneudst Oy , B I'Ka/pik, CKIaNa0Thes 3 Cymu
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BUTPAT TEILUIOTH HAa ONAJIEHHS OKPEMHMHM ITiIpO3-
nminamu HJIY 3a criBBiIHOIIEHHSIM:

Qszq = Z le, > 7
i=1

ne O, — piuHi BUTPATH TEIUIOTH HA OMAJICHHS i-UM
migposaitom HJIY yHiBepcutety, I'kan/pik.

Pospaxynok piunux eumpam meniomu Hayko-
6UM niopo30inom. BUTpaTH TEIUIOTH Ha OMAJICHHS
OKpEeMOT0 HAayKOBOTO Miapo3airy, 'kan/pik, ckia-
JAIOTBCS 3 BUTPAT TEIUIOTH HAa ONAJICHHS MPUMi-
HIeHb HAYKOBOTO MiJpO3Aily, a TaKOXK KOPHIOPIB,
TyalleTiB i Take iHIIe:

Qn = QDCH + ano ’ (8)

ne (., — OCHOBHI BUTPATH TEIUIOTH Ha ONAJICHHS
nigposainy, I'kan/pik; Q,, — 10JATKOBI BUTPaTH
TEIIOTH Ha OIAJICHHS KOPUAOPIB, TYaleTiB i T. iH.,
I'kan/pik.

OCHOBHI BUTpaTH TEIUIOTH MiIPO3IIIOM 3a
OTNATIOBATBHIH Tiepion, ['kan/pik, CKIamnarTh:

0 =30 ©)

ne Q' — BUTpaTH TEMIOTH Ha OMATEHHS TiAPO3Ti-
My (-T0O  MiCAIsl  OMAaNIOBaJIbHOTO  IEPiofy,
I'kan/micsiib, n — KUIBKICTh MICSIIIB ONAIIOBAJIb-
HOTO TIepiofy.
Butpatn TemioTH Ha ONAJCHHS IAPO3ILTY
B MicsIb, B ['kan/Micsib, BU3HAYAOThCA 33 (Hop-
MyJomo [1, 6]:
0, =V x,

on

(10)

ne V' — 00’eM IpUMIIIeHHS, M>; K — KiIbKiCTB Ter-
JIOTH, 1[0 HeOoOXimHa IS OoHaJeHHs 1 M TIPHUMi-
IIEHHS, Tran/v’.

k=¢q,(1+K)) (¢ (11)

6H

~1,)107° 24 .,

ne g, =044

3 IUTOMa OIAIIOBAJILHA
M 200 K

o’
o

BPaxOBY€ BUTPATH TEIUIOTH HA OMAJCHHS rpoMali-
ChbKHX OyaMHKIB (32 maHumu [7, 8] mpuiiMaeThcs

XapakTepuctuka; K, = KOeQiIlieHT, 10

K, =0,25); Q) — BUTpaTH TEIUIOTH Ha OIAJICHHS

KUTIOBUX OyauHKiB; Q7 — Te came Ul TpoMaj-
CbKHX OyJMHKIB; f, — PO3paxyHKOBa TeMIIeparypa
y IpUMIllIeH] B onalltoBalbHuUil nepion; ¢, — cepe-
JIHS TEMIIepaTypa 30BHILIIHBOIO IOBITPS 3a Ola-
JFOBAJIBHUH MicCAIb (BU3HAYAETHCS 33 JaHHUMHU Me-
TEOPOJIOTIYHUX criocTepexens), ‘C; ny,; — Kilb-

KicTh [Ii0 OmajJIoBaJbHOrO Iepiogy B Micsli,
T10/Mics1Ib.

JlomaTtkoBi BHWTpaTH TEIUIOTH, [ 'Kan/MicsIlh,
MOXYTh OyTH OOYHCJICHI 3a CITiBBIIHOIICHHSIM:

< n
Mmic __ H
oo =Vooo K 5

(12)

3ae

ne V,,=76776 > — 06’eM TOMOMDKHHX HpHMi-
IICHb HOBOT'O i CTAPOr0 KOPITYCiB YHIBEPCHUTETY.

PesyibTarn

Po3pobrnena meroauka po3paxyHKy oOCSTiB
CHOKMBaHHsI €JIEKTPUYHOI €Heprii Ta TeIUIOTH Ha-
YKOBUMH MIpO3aiiaMy J{HIIPOIIETPOBCHKOTO Ha-
MIOHABHOTO YHIBEPCHUTETY 3allI3HMYHOTO TpaHC-
nopty imeHi akaznemika B. JlazapsiHa, sika m03BosiE
OTpUMATH JaHi NpO CHOXMBaHHS E€HEPropecypcis
Ha OKpPEMHUX MiApo3aimax 0e3 MpsSMOro BHMIpIO-
BaHHs Ta IMpoaHali3yBaTH e(EeKTUBHICTH BIPOBa-
JOKEHHsI €Hepro30epiratounx TeXHOJOT1H.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

HaykoBa HOBH3Ha ToJisirae B IOJIaHHI CHEpTe-
THYHUX BHTPAT y BHUDIAAI JBOX CKIQJOBHX
1 BM3HAQYE€HHI IMX CKJAJOBHX Ha OCHOBI JaHUX
eHepreTuyHoro ayaurty. lle mo3Bosisie oTpumMartu
0o0CATH CHOXHBAHHS EHEPrOpecypciB 3 METOH0
BITPOBA/KCHHS SHEPrOOINAHUX 3aX0/(IB B HAYKOBI
MiIPO3/ILIN YHIBEPCUTETY.

BucnoBxu

3anmpornoHOBaHO HAYKOBI MiJXOIU IIOJO BH-
3HAYCHHS OOCSTIB CITOKMBAHHS €ICKTPUYHOI eHep-
rii 1 TEIUIOTH HAYKOBHMH IiJIPO3ALSIaMH YHIBEPCH-
TETY, AKI MOXYTh OyTH BHKOPHCTaHI K IMPaKTU4-
HUAW 1THCTpYMEHTapiil I KOHTPOIO CIOKUBAaHHS
eHepropecypciB. HacTymHMM KpOKOM Ha WLISIXY
MiBUINECHHS e()eKTUBHOCTI BUKOPUCTAHHS CHEPTe-
THYHUX PECYPCIB € BIPOBAIPKEHHS CHCTEMH EHEp-
TeTUYHOT0 MEHEKMEHTY B yHiBepcuTeti [12, 13].
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METOJAUKA OINPEAEJIEHUA OBBEMOB IIOTPEBJIEHUA
SJEKTPUYECKOM SHEPTUU U TEILIOTHI HAYYHBIMUA
HNOAPA3AEJEHUAMU YHUBEPCUTETA

Heab. DpdexTrBHOE MOTPEeOIeHNEe TPUPOIHBIX SHEPTETUIECKUX PECYPCOB SBISIETCS OJHUM U3 TPHOPHUTETHBIX
HAaIpaBJICHUH rOCYAapCTBEHHON MOJIHUTHKH B cepe ynpaBieHNs yICOHBIMU 3aBEICHUSAMH U YUPSKACHUSIMA MUHH-
cTepcTBa 00pa3oBaHM M Hayku YKpaumHbl. Kpome momcka M pa3paOOTKH HOBBIX 3(PQPEKTHBHBIX M 3KOJIOTHYECKH
YHUCTBIX SHEPIeTUUECKUX CUCTEM HEOOXOIUMa peann3alys ONTUMAIBHOTO YIIPABICHUS PA3BUTHEM U DKCILTyaTalu-
el CylecTBYIOIUX 0OBEKTOB, CHIDKEHUE UX 3HEpro3aTpar. Llenbio naHHOM paboThI ABISIETCS pa3pabOTKa METOANKU
pacdera 00beMOB NOTPEOICHHS IEKTPUUYECKON IHEPIHH U TEIUIOTHI HAyYHBIMHU MOJpa3/ieneHusMu J{Hernponerpos-
CKOTO Hal[MOHAJBHOTO YHUBEPCUTETA JKEJIE3HOAOPOKHOTO TpaHCHOpTa MMeHH akajaemuka B. Jlazapsna (JJHYXKT)
JJId TOCJIEAYIOIIETO BLIABJICHUA nyTeﬁ CHMIKCHHU BHEpros3arpar. Hpo6neMa 3aKJIIO4acTCsa B TOM, 4YTO (B CBA3U
co crenuduKoi cXeMbl SHEProcHa0)KEHHsI YHUBEPCHUTETA) CYIIECTBYET OIpPEAEIEHHAs! CIOXKHOCTD JUIs YCTaHOBJIE-
HUSI CYETYMKOB SHEPTOHOCUTEJIEH U TOJIyYESHUs TAaHHBIX 00 MX MOTPEOJICHWH B OTIENBHBIX OTBETBIICHUSX CTPYK-
TypHBIX HoapasfencHuid. [Ipy 3ToM HEBO3MOYKHO KAaUE€CTBEHHO OLIEHUTH 3HEPreTHUYECKOEe MOJIOKEHHE B Hay4HBIX
nopaszieneHuax. Meroauka. MeToanka OIPEAENIeHUs] PacXoAOB AJIEKTPOIHEPIHMHM W TEIUIOTHl HAa OTOIUICHHE
MOMEIIEHUI Hay4YHBIX MTOJpa3AeIeHni yHUBepcuTeTa Oasupyercs Ha « MeXoTpacineBbIX HOpMax MOTPeOIeHNS JIeK-
TPUYECKOW W TEIUIOBOW DHEPTUHU AJS YUPEXKISHHH W OopraHW3anuil OromkeTHOW chepsl Yipamusny u «Hopmax
U IPENHCAaHNUAX 110 HOPMUPOBAHHIO PACXOJI0B TOIUIMBA M TEIUIOBOM SHEPTUH HA OTOIUICHHE XKUIbIX 3IaHUM, a Tak-
e Ha XO3SIMCTBeHHbIE HYX /bl B YKpanHe». Pe3yabraTbl. PaspaboraHHas mMeToanka pacyera o0beMOB NoTpedIe-
HUS DIIEKTPUYIECKON YHEPTUH U TEIUIOTH HayyHbIMH noapasaeneanamu JJTHY KT, mo3Bomnser momydnTs naHHBIE O3
MPOBEJCHUS NPSMBIX U3MEPEHUH U NMPOAHATU3UPOBATh 3(P(HEKTUBHOCTh BHEAPEHUSI SHEProCcOEPEralouX TEXHOIO-
ruii. Hayunasi HoBu3Ha. HoBu3Ha Hay4yHOI paOOTHI 3aKIII0YAETCS B IIPECTaBICHUH SHEPTETUYECKUX 3aTpaT B BHJIE
JABYX COCTaBJIAIOMINX W ONPCACIICHHUU 3TUX COCTABJIAIOMINX HAa OCHOBC JAaHHBIX SHEPreTUYCCKOTO ayauTa. 910 1M0-
3BOJISIET IOJYYUTH JJaHHBIE 00 0O0beMax MOTPEOJICHUSI SHEPrOPECYPCOB C IIEIbI0 BHEAPEHUS SHEProcOeperaronux
MEpOIpUSITHI B HAay4YHbIE MOpaseieHus yauBepcurera. [IpakTnyeckas 3HaunMocThb. PazpaboraHHas MeTonnka
MOXET OBITh MCIOJB30BaHA B KaueCTBE MPAKTHYECKOTO MHCTPYMEHTApHS UL KOHTPOJSA MOTPEOJICHNSI SHEprope-
CYPCOB B YKa3aHHOM YHHBEPCHUTETE M Ha aHAJOTWYHBIX 00BEKTaX.

Kniouegvie crosa: Meroiyka; HOPMHpOBaHHE, IPUOOPHI ydera; 3HEProd(PdeKTHBHOCTh; IHEPrOHOCHUTEI;
€HEPrOMEHEPKMEHT; PacXo/ 3JIEKTPOIHEPTHHU; PACXOJ TETIIIOTHI
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CONSUMPTION VOLUMES TECHNOLOGY OF ELECTRICITY
AND HEAT BY DEPARTMENTS OF THE UNIVERSITY

Purpose. Efficient use of natural energy resources is one of the priorities of the state policy in the sphere of uni-
versities and institutions of the Ministry of Education and Science of Ukraine. Besides search and development the
new efficient and clean energy systems it is necessary to implement optimal management of the development and
operation of existing facilities, reducing their energy costs. Purpose of this work is to develop consumption volume
technology of electricity and heat by scientific departments of Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan (DNURT) for further finding the ways to reduce energy consump-
tion. The problem is due to the specifics of University’s energy scheme. There is a difficulty for the installation of
energy meters and data acquisition about their use in individual branches and structural units. At the same time it is
impossible to assess qualitatively the energy position of scientific departments. Methodology. The method to de-
termine the electricity and heat consumption for space heating of scientific departments at the university is based on
«The intersectoral rules of electricity and heat energy for institutions and public sector organizations in Ukraine»
and «Codes and regulations on rationing of fuel and heat energy for heating the residential buildings as well as for
economic needs in Ukraine». Findings. Developed determining expenditure technology of electricity and heat for
heating by scientific departments at the DNURT named after Academician V. Lazaryan allows obtaining data on
energy consumption in individual units without direct measure and analyzing the effectiveness of energy saving
technologies. Originality. It is represented by energy costs in the form of two components and these components
are defined on the basis of the energy audit. This enables the energy inputs to implement energy efficiency measures
in the research departments of the university. Practical value. The developed method can be used as practical tools
to monitor energy consumption in the above mentioned university and in similar facilities.

Keywords: technology; regulation; metering devices; energy efficiency; energy source; energy management;
power consumption; heat costs
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WCCJEJOBAHMUE 3ATPSI3HEHWSI ATMOC®EPHOT'O BO3/IYXA
BBIBPOCAMU ABTOTPAHCIIOPTA B «YJIMYHBIX KAHBOHAX»
TOPOJIA

Heab. CraThs MOCBsIIEHa aHAU3Y COCTOSHUSL aTMOC(EPHOro BO3/lyXa MPH €ro 3arps3HeHUH BBIOpOCAMU aBTO-
TpaHcHopTa B T. JIHEpOmeTpoBCK, pa3padOTKe YHUCICHHOW MOAENTH W MPHUKIAIHON BBIYHUCIUTEIHLHOW MPOTPaAMMBI
JUIsl UCCJIEIOBAHMSI YPOBHS 3arpsi3HEHHs aTMOC(EPHOro BO3ayXa BbIOpOCAMH aBTOTPAHCIOpPTa HA YJHUIAX ropoja
MIpU HAJIMYHMKM HECKOJIbKUX 3/IaHWUW, PACIOJIOKEHHBIX M0 CXEME «yJIMYHbI KaHboH». MerToauka. /(s goctuxeHus
MOCTABJICHHOM 11eJIM U3y4YeHa TMHAMUKA U3MEHEHHsI KOHLIEHTPAIUK Pa3JInYHbIX BPEIHBIX BELIECTB, 3HAUEHUS KOTO-
PO¥i MOJTYYECHBI CO CTAIIMOHAPHOTO TIOCTa HAOIIOJICHHS 32 KAYeCTBOM BO3AYIIHOW cpelsl B T. JlHenporneTpoBck. Bri-
MOJTHEHA OIIEHKA YPOBHs 3arps3HEHUs aTMOC(EpPHOT0 BO3Iyxa OTPAOOTaHHBIMHU T'a3aMHU aBTOTpPaHCHOpTa (IO JIaH-
HBIM [ITaBHOTO ympaBleHHs CTAaTHCTUKHU B J{HemporeTpoBckoi obmactn). PazpaboTana MeToquKa YHCICHHOTO pac-
YeTa KOHIEHTPAINHU 3arps3HeHUsT aTMOC(EpHOTO BO3/AyXa BEIOpOCaMH aBTOTpaHCopTa. I pemenns rTuipoIiHa-
MHYECKOH 3aa4ll TI0 OIPEAETICHHUIO TTOJII CKOPOCTH BETPOBOTO MOTOKA Ha YJIHIIAX TOPOJA UCHOIh30BaIach MOICIb
OTPBIBHBIX TE€UECHUH HEBSI3KOW >KUIKOCTH; [UIS PEIICHHUs 3aJadHl M0 PacyeTy MpoIecca PpacCeHMBaHUS 3arpsI3HEHUS —
ypaBHEHHE KOHBEKTUBHO-AM(Py3noHHOrO TmepeHoca mpumecu. [jis peanusaivu MPEIIOKCHHOW METOIUKU
UCIIOJIb30BAINCH HESIBHBIE Pa3HOCTHBIE cxeMbl. Pe3yabTarsl. B padore pa3spaborana mMareMaTHuecKas YMCICHHAS
MOJIeJIb, @ Ha €€ OCHOBE CO3/IaH IMAaKeT MPUKIAJHBIX MPOrpaMM, MO3BOJISIOIIMN ONEPATUBHO MPOBOAUTH BHIYMCIIU-
TEJNBHBIC 3KCIICPUMEHTHI 10 OIIEHKE YPOBHS 3arps3HEHUS aTMOC(HEpHOTO BO3JyXa BEIOpOCAMH aBTOTPAHCIIOPTA
Ha yJIHLax ropoja Mpyu HATMYUKU HECKOJIbKUX 3JIaHUH, PacIlOIOKEHHBIX 110 CXeMe «yJIUYHbIA KaHbOHY». B pesyinbra-
T€ TPOBEACHHBIX HCCICNOBAaHMA OBLIM YCTAaHOBJICHBI 3aKOHOMEPHOCTH IO WM3MEHEHHWIO KOHIIEHTPAIMH OKCHIIA
yrieposia BO3JE PacCMATPHUBACMOM TPYMIBI 3MAaHWK TPH PA3NAIHON WHTCHCHBHOCTH BEIOpOCAa 3arps3HUTEINS.
Hayunas HoBu3Ha. Pa3paboTaHa dncieHHas MOJEIb, TO3BOJISAIOMIAS YIECTh THAPOINHAMIYICCKOE BIUSHUE TPYIIITEI
3IaHUI Ha pacceMBaHME 3arpsS3HAIONINX BEIIECTB MPHU U3MEHEHHH BEIHMYUHBI CKOPOCTH BETpa M BEPTHUKAIHHOTO
koddunumenta nupdysun ¢ Beicotoil. [IpakTyeckast 3HauuMocThb. [IpoBeeHne JaHHOTO KiTacca BEIYUCIUTEIh-
HBIX JKCIIEPHMEHTOB HEOOXOINMO B CIy4ae PEKOHCTPYKIMH MHKPOPAHOHOB ropoja, NMPH HIPOESKTHPOBAHUH
1 CTPOUTECILCTBE HOBBIX aBTOMaFHCTpaﬂeﬁ, HU3MEHCHHUU B CTPYKTYPC TPAHCIOPTHBLIX MMOTOKOB BHYTpPHU ropoja.

Kniouesvie cnosa: 3arps3HAIONINE BEIIECTBA; aBTOTPAHCIIOPT; METOJ OTPBHIBHBIX TEUCHUI; HEBSA3KAS KHUIKOCTD;
paccenBaHm€e BEIOPOCOB; Pa3HOCTHAS CXEMa; «YITHMYHBIN KaHbOH

BBenenue Opochl OT aBTOTpaHCIOpTa SIBISIOTCS Hambolee
TPyAHO perynupyeMbiMu. Cliegyer OTMETHTb, YTO
o01mast TeHASHLUS B MUPE — CHIDKCHHE J0NIU Iepe-
BO30K TPY30B KeJNE3HOJOPOKHBIM TPaHCIOPTOM,
KOTOpBIM, KaK H3BECTHO, OCYILECTBISET 3HAuU-

BriOpocsl OT aBTOTpaHCIOpTa B Tropolax sB-
JSIFOTCS. OCHOBHBIM HCTOYHHMKOM 3arpsi3HSIOIINX
BEIIECTB B aTMOc(epe, OHM MOCTOSIHHO PACTYT Kak
B YKpauHe, Tak U Bo BceM mupe. K Tomy *ke BbI-
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TEeTLHO MEHBIIIE BBIOPOCOB B aTMocepy Mo cpas-
HEHHUIO C aBTOMOOMIEHEIM. JTO CBSI3aHO C TEM, UTO
aBTOMOOWJIbHBIN TPAHCIIOPT, B OTJIMYKME OT KEJe3-
HOJIOPO’KHOTO, TIO3BOJISIET JOCTAaBUTh T'PY3 HEMO-
cpencTBeHHO Ha 00BekT. COBEPIICHHO OYEBUITHO,
YTO TakKas TCHACHIUS UMEET MECTO M B YKpauHe.
OTO 3HAYUT, YTO MHTEHCHBHOCTH aBTOJOPOKHOTO
TpaHcmopTa Oy/IeT YBeTHINBaThCS.

Hawubonpmuii BKIam B 3KOJOTHUECKHNA YIIEpO
(62,7 %) BHOCHUT aBTOTPAHCHOPTHBIA KOMILIEKC,
BKJIaJ JKEJIE€3HOJOPOKHOTO TPAHCIIOPTa JOCTUTAET
27,7 %, BozaymHoro — 4,5 %, mopckoro — 3,6 %
u peunoro —1,5 %. Bo Bcex BHIax HEraTHBHOIO
BO3JICHCTBUS «JTUANPYET» aBTOMOOMIBHBINA TpaHC-
mopT (myM — 49,5 %, Bo3neiicTBHe Ha KiIUMaT —
68 %, 3arps3HeHHE aTMOC(HEPHOTO BO3AyXa —
71 %), 3a HUM clenyeT KeJIe3HOAOPOKHBIN TpaHC-
mopt. Kaxmprii aBTOMOOMIIb BEIOPACKIBACT B aTMO-
cthepy ¢ orpaboraBmumu razamu okxosio 200 pas-
JIMYHBIX KOMITOHEHTOB. B BBIXJIONHBIX ra3ax co-
JiepKaTcsl YTIeBOJOPOIBI — HECTOPEBIUE HIIH HE
MOJTHOCTBIO  CTOPEBIIME KOMIIOHEHTHI TOTUIMBA,
JIOJIS KOTOPBIX PE3KO BO3PacTaeT, €CIU JBHUraTellb
paboTaer Ha ManbIX 000pOTaxX WIM B MOMEHT yBe-
JUYEHUs] CKOPOCTH Ha CTapTe, T. €. BO BpeMs 3aTo-
pPOB M y KpacHOTO curHana cetodopa. MiMeHHO
B 3TOT MOMEHT, KOT'/Ia HXKHMMAaIOT Ha aKCeIepaTop,
BBIZIEJISIETCS OOJbIIe BCErO HECTOPEBIINX YACTHIL:
npumMepHo B 10 pa3 6osblie, 4yeM npu padoTe IBU-
raTeiyisi B HOpMajJbHOM peXHMe. B BBIXJIOIHBIX Ta-
3aX JBHUTraTensd, paboTalwiero Ha HOPMAaIbHOM
OeH3MHE W PU HOPMAIIBHOM PEXHUME, COINEPIKUTCS
B cpeaneM 2,7 % okcuna yraepona. Ilpu cHike-
HUU CKOPOCTH 3Ta JI0Ji yBeauuuBaercs 1o 3,9 %,
a Ha MaioM xoay — A0 6,9 %. Oxcux yriepona,
YIJIEKUCIBIN Ta3 U OOJBIIUHCTBO JPYTHX T'a30BbIX
BBEIOPOCOB JIBUTATENICH TSHKEIIEe BO3IyXa, MOITOMY
BCE OHM CKAIUIMBAIOTCS Y 3€MJIHM M TPEACTABISIOT
3HAUUTEIBHYIO YTpO3y IS HAaceleHHUs B MeECTaxX
HAXOXKIEHUS aBTOMarucTpaieir. BoT mo3romy,
BO3MOXKHOCTh OTIEPATHBHON OILIEHKHA YpPOBHSI KOH-
[EHTPAINH 3arPS3HAIONINX BEIIEeCTB, KOTOPBIE TIO-
CTyNalwT B arMocdepy BMecTe ¢ padoOTON aBTO-
TPaHCIIOPTA, SBISETCSH aKTYaIbHOH 3amadeid dKo-
JIOTHYECKOi 0€30IacHOCTH rOpo/Ia.

B Hacrosmiee BpeMsi HCIIONB3YETCS HECKOIBKO
KJIACCOB MATEMAaTUYECKHX MOJICNICH IS peIleHUs
JIAHHOTO KJIacca 3ajad: SMIupuueckue Moaenu [3]
1 aHaTuTHYIecKue monenu [13], KoTopeie HE ITO-
3BOJISIFOT y4Y€CTh THIPOJMHAMUYECCKHE MPOIECCHI
MpHu 00TEKaHWW BO3IYITHBIM ITOTOKOM 37[aHHUI pa3-

JMYHON (OPMBI U Pa3MEPOB, a TAKXKE YHCIICHHbIE
Moaenu Ha Oaze ypaBHenmii HaBbe-Ctokca [14,
16—18], xoTOpBIE, YUUTHIBast 3TU MPOLECCHI, 3aHU-
MAloT I €AMHUYHBIX PAcUeTOB 0OJIbLIOE KOJIHYe-
CTBO BPEMEHH.

Ceronnsi, Korja YBETHMYHMBAETCS KOJHMYECTBO
ABTOTPAHCIIOPTa B K&KAOM TOpoje, HeoOXoauma
pa3paboTKa HOBBIX MAaTEMAaTHYECKUX MOAEIEH I
MIPOBEZICHNUS OIEPATUBHBIX YHCICHHBIX pPacdyeToB
M0 OIpPEJENEeHNI0 KOHLIEHTPAllUN 3arps3HEeHus ar-
Moc(epHOro BO3ayXa BEIOPOCAMHU aBTOTPAHCIIOPTA
BJIOJIb KHJIBIX YJIUI] TOPOAA «yJTUYHBIX KaHHOHOBY,
TI€ HaxXOJATCS aBTOMAarucTpajad C MHTEHCHUBHBIM
IBIDKEHHEM aBTOTPAHCIIOPTA.

Henn

Lenpto naHHON pabOTHI SBISAETCS aHAN3 CO-
cTOsIHUS aTMoc(epHOro Bo3ayxa ropoaa luempo-
HETPOBCKA, pa3pabOTKa YUCICHHON MOJENHN U IpH-
KJIAJHOW BBIYMCIIMTEIBHOM IPOrpaMMBbl JJIs HCCIIe-
JOBaHUsI 3arpsi3HEHUsT aTMOC(EPHOTO BO3yXa BbI-
Opocamy aBTOTpaHCIIOPTa Ha yJIMLAX Tropoia MpH
HaJINYMH HECKOJIBKUX 31aHUH, PACIOJIOKEHHBIX 110
CXEMe «YJIMYHBIA KaHbOH».

MeTtoaunka

IIpoBeneH aHanM3 CTAaTUCTHYECKHAX JIaHHBIX
MO BEJMYMHE BHIOPOCOB 3arps3HSIONINX BEIIECTB
B ropojie JIHENponeTpoBCKe, YTO MO3BOJIWIO Olie-
HUTH COCTOSTHHE aTMoc(epHOro BO3AyXa MpH €ro
3arpsi3HEHUH BBIOPOCAMH aBTOTPAHCIIOPTA.

Ha teppuropun [lHemponeTpoBcKa HAXOAUTCS
okono 1500 aBTOXO34HCTB, TrOCYIapCTBEHHOIO
TPaHCIIOPTa HACUMUTHIBAETCS OKOJIO 27 ThICSY €U-
HUII, B JINYHOM ITOJIb30BAHUH TPaXIaH HAXOAUTCS
oxono 123 000 aBToMOOMITEH.

IlentpanpHas rTeodu3mueckas oOcepBaTOPHS
YKpauHsl, KOTOpas OTCIEKHBAET COCTOSHHE BO3-
Oyxa B 53 ropoiax CTpaHbl, OMyOJHKOBana pew-
THHT CaMBIX 3KOJOTHUYECKU-3arPSA3HEHHBIX TOPO-
noB [11]. CormacHo emy JIHETIPOIETPOBCK 3aHH-
MaeT 14 MecTo B 3TOH TadnuIle.

B JlaemporieTpoBCcke pa3MelieH KOMILIEKC CTa-
[IMOHAPHBIX IIOCTOB HAOMIOAEHHS 3a KadeCTBOM
BO3IyLIHON cpensl (Tabm. 1). JlaHHbIe MOCTHI OCy-
MIECTBISIOT MOCTOSIHHBIT MOHUTOPUHT YPOBHS 3a-
TPS3HEHHS BO3AYIIHOM Cpeibl Pa3iuyHBIMU BpEJ-
HBIMH BELICCTBAMH.
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Tabnuna 1

ABTOMaTHYECKHUE MOCTHI KOHTPOJIA ATMOC(epHOro

BO31yXxa I. /IlHenponeTrpoBcka

Table 1

Automatic inspection stations of air

in Dnepropetrovsk city

IToct Nel np. Kanmnuna, 77
IToct Nel0O napk um. [lleBuenko
IToct Nel 1 1. OCTPOBCKOTO
IMoct Nel3 yi. ®unocodcekas, 94
IToct Nel9 yi. KpacHomnonsckast, 11
ITocT Ne20 yi. [lerpoBckoro, 38
ITocT Ne23 yi. Kapynsl, 125
IMoct Ne24 yi. b. Xmensnunxoro, 20
Ioct Ne25 mp. 'epoes, 21
IMoct Ne26 x/M JleBoOepeKHBIH
5 COmrfm [IOK m.p.
4|
3 K c.c.
2]
10
0 E;:::}L
250612 18.11.12 14.04.13 07.09.13 01.02.14
M Orcopyrnepopa ]l I Kup. Ml [IKcec.

Puc. 1. 3MeHeHne KOHIIEHTpauU OKCHJIa YTIiiepoia

Fig. 1. Concentration changes of carbon monoxide
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Fig. 2. Concentration changes of sulfur dioxide

Tak, Ha puc. 1-2 npeacTaBiieHbl JaHHBIE C T0-
cta Ne 1 mo BenWYMHE KOHILEHTpAIMM OKCHJA
yIaepoia U IUOKCHIAA Cephl 3a MepHoJ]] BpEeMEHU
€ 25.06.2012 mo 01.02.2014.

Amnanusupys JaHHble puc. 1-2, ciegyer oTme-
TUTh, YTO TIOKAa3aHMS JaHHOTO IOCTa HE IO3BOJIS-
10T OIICHHUTH BIIMSHUE aBTOTPAHCIIOPTA HA YPOBEHBb
3arpsa3HeHnsT aTMoc(epsl, TOCKOIBKY IOCT pa3Me-
IIIeH Ha OTNpEeTICHHOM PAacCTOSHHUU OT aBTOMaru-
CTpaH.

AHanM3 CTaTUCTUYECKUX JAHHBIX MO KA4YeCTBY
BO3IYLIHON cpenasl B ropoje JlHempomeTpoBCKe
MOKa3aj, 4To B psge paioHoB (ru1. OCTPOBCKOTO,
np. 'azersr «l[lpaBnay, . Jleanna) HaOnromaercs
MPEBBIIICHNE TPEAEThHO JOMYCTUMBIX  HOPM
YPOBHSI 3ara30BaHHOCTH 110 okcuay yriepozaa (CO)
u yraesogopony (CH). Haubonwsmmii ypoBeHb 3a-
TPS3HEHHS BO3IyXa OTMedeH Ha 1. OCTPOBCKOTO
— OJIHOM W3 TPAaHCIOPTHBIX Pa3Bs30K JlHemporer-
poBcka. OqHOM U3 TMPUYUH 3arpsi3HEHUS BO3AyXa
SBIISIIOTCSL OTPabOTaHHBIE Ta3bl ABTOTPAHCIIOPTA.
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Fig. 3. Emissions value (except carbon monoxide)

145000

140000 ]

TOHH

135000

30000 -

Okcup yrnepoaa

125000

120000 ; ; : : : ! !  FoA)
20051 20061 2007 2008r 2009 20101 20111 2012t

Puc. 4. BennunHa BEIOPOCOB OKCHA yriiepoa

Fig. 4. Value of carbon dioxide emissions
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20000 - B paGote GbLI BBIIOIHEH aHATIN3 HHTEHCUBHOCTU
12222 = M _ = SMMCCHH 3arPA3HAIOIIMX BEMIECTB OT aBTOTPAHCIIOP-

£ 14000 | Ta B JlHenponieTpoBckoii obnactu. /s aHanm3a uc-
512000 4 MOJIB30BAIMCH JAHHBIC | JIaBHOrO yIpaBieHHUS CTa-
10000 1 TUCTHKH B J{HETIpoTieTpoBCKOit obmactu [11].
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Puc. 5. BenmuuHa BEIOPOCOB JHOKCHAA a30Ta

Fig. 5. Value of nitrogen dioxide emissions
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Fig. 6. Value of sulfur dioxide emissions
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Fig. 7. Value of nitrogen oxide emissions
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Fig. 8. Value of soot emissions

[IpenocrapieHHbIe JaHHBIE ObLTH 00pabOTaHbI
U TIpeJICTaBJIeHbI B Buje rpadukoB (puc. 3—8), Ko-
TOpBIE JA0T BO3MOKHOCTh IPOAHAIN3UPOBATh IU-
HAMHUKy BBIODOCOB om 6cex 6udo8 asmompaHc-
nopma B atMmocgepy mo JlHemnporneTrpoBckoil 00-
nactu 3a nepuon ¢ 2005 roga mo 2012 rox xak mo
0o0muM BBIOpOCAaM, TaK W MO OTACIBHBEIM HX CO-
CTaBIISIIOIIMM: OKCHILy yTJepoAa, IUOKCHUIY a30Ta,
OKCHJY a30Ta, TUOKCHUIY cepbl, caxku. Kak BuaHO,
9TH II0KA3aTeH MOCTOSIHHO yBEJINUUBAIOTCA.

Kak BupHO W3 TpencTaBlIeHHBIX TpadUKOB
(puc. 3-8), B JlHenponeTpoBcKoii 00acTi HabIO-
Jaercst O0JIbIIasi SMUCCHS 3arpPSI3HSIOLINX BEILECTB
OT aBTOTpaHCIOpTa. MaKCHUMyM BBIOPOCOB OBLI
3aukcupoan B 2008 rogy, a 3aTeM CHIXKaETCs
npumepHo Ha 12 %, 4To, 04eBHIAHO, 00YCIOBIECHO
9KOHOMUYECKUM KPHU3UCOM, KOTOPBIH HadajCs
ocenbto 2008 roga. B HacTosee BpeMs nmpoucxo-
JUT yBEJIMUCHHUE BCEX BBIOPOCOB 3arps3HUTENCH OT
aBTOTPAHCIIOPTA, CPEAM KOTOPBHIX OKCHA yIiIepoaa
3aHUMAET JIUJANPYIOIIEe MECTO.

B pabote paccmatpuBaeTcst Mpolecc pacipo-
CTpPaHEHMs 3arpsA3HSIOIIMX BELIECTB HA YJMIE NPU
HAJIMYMM HECKOJBKUX 31aHHM, PACIIONOKECHHBIX I10
cXeMe «yJIM4YHbIH KaHboH» (puc. 9) [8-9, 14, 16, 18].

1
1 D00
00O
/oA A0
@100

000
o 2

ine

Puc. 9. Cxema pacdetHoii o0macTu:
= 3J1aHUA, 2 — MecTa SMHCCHU 3an$[3HPITeHeﬁ

Fig. 9. The computational domain:
1 —buildings; 2 — emission places of pollutants

Jisa omleHKHM ypOBHS 3arpsi3HEHUS aTMocdep-
HOTO BO31yXa BRIOPOCAMH aBTOTPAHCIIOPTa HEOO-
XOJIUMO TPEJBAPUTEIIEHO PEIIUTh THAPOTUHAMHU-
YECKYI0 3a/1ady IO OINPEACICHUIO TOJII CKOPOCTH
BETPOBOr0 MOTOKa Ha yhuue. [ peiieHus 3Tou
3aJau MPUMEHACTCA MOZICIb OTPBLIBHBIX BHUXPE-
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BBIX TEUCHHWH HEBA3KOW kuakoctu [6, 12], mo-
CKOJIbKY peIlleHHe 3TOU 3aJaud METOJIOM JUCKPET-
HBIX BHXpEH, KOTOPBI ObLT pacCMOTpeH B paboTax
[1, 89], mpencrasnsieT onpeneIeHHYIO TPYAHOCTh
B QITOPUTME pacyeTa Mol CKOPOCTH.

B 3ToM citydae 6a30BbIMH YpaBHEHUSIMH SIBIISFOT-
csl: ypaBHEHHe TiepeHoca 3aBuxpeHHoctH (1) u ypas-
Herne [lyaccona s pacdera dhyHKITHH ToKa (2):

00 Ouw Ove

—+—+—=0, 1
o ox Oy O
o’y 0
Vi Yo o, 2
ox~ Oy
ov Ou
rae ®= = 3aBHXPEHHOCTH; Y — (QYHKLHSI
X
TOKA.
KOMMOHEHTBI BEKTOpa CKOPOCTH BETPOBOTO
MOTOKA: U :8_\4/’ v=—a—w.
oy Ox

Tak Kak OTpBIB MOTOKA MPOUCXOIHUT B YIIIOBBIX
TOYKaxX 3/[aHUM, TO BO3ZHMKAET 33jada pacuera Ux
WHTEHCUBHOCTH, JUISl PEIICHNS] KOTOPOM HCTIONb3YeT-
sl IO/IXOJl, PACCMOTPEHHBIHN B paboTax [6, 12, 15].

Hns ypaBHenus IlyaccoHa Ha MOBEPXHOCTH
HPEISITCTBUI CTaBUTCS T'PAaHUYHOE YCIOBHE «HE-
npoTexkanus»: y = 0.

Ha rpanune Bxoja BO3IYyUIHOTO TMOTOKA B pac-
YeTHYI0 00JIacTh 3aJaeTcsi BEKTOpP CKOPOCTH BO3-
IOyIIHOTO II0TOKA W COOTBETCTBYIOIIEE 3HAYCHHUS
(DYHKLIMH TOKa \y ¥ 3aBHXPEHHOCTH ©: ¥ | axon = W(V),
0 | pyon = ().

Ha BepxHeil rpanuie pacueTHol 00jacTu Tak-
JK€ CTaBUTCS YCIOBHE «HEMPOTEKAHUSI»: \J = const.

Ha rpanunme BeIXOAa BO3AYIIHOTO IOTOKA M3
pacueTHON OONacTH CTaBATCA «MATKHE)» TpaHU4-
HBIE YCIOBHSI, HEOOXOJUMBIE IS 3aMBIKaHHsI pa3-
HOCTHBIX YPaBHEHHH.

Pemienne cranuoHapHON TUIPOAMHAMUYECKOU
3aJa4i HaXOAWTCS METOJIOM YCTaHOBJIEHHS pellie-
HUS 110 BpeMeHH f. J[ns 3Toro B HayaJbHBIA MO-
MeHT ¢ = 0 11 3aBUXPEHHOCTH CTABUTCSI Ha4yallb-
HOE yCIIOBHE THUTIA: | ~0 =0 mwm ® | ~0 = @o(x, ).

[Tocne pemenust ypasaenuit (1)—-(2) u pacuera
TMOJI1 CKOPOCTH BETPOBOTO MOTOKA peIIaeTcs 3a/a-
Ya 0 IEepeHoce 3arps3HAIOLIMX BEIECTB Ha YIIH-
nax. JIs MozenupoBaHMsA 3TOrO IIpolecca HcC-
MOJIB3yeTCd YpaBHEHHE IepeHoca MpUMecH B ar-
Mocdepe [6, 12, 15]:

ovC

oc +8L‘_C+E+GC = div(pgradC)+

E Ox

N

+ZQi(t)8(x_xi)8(y_yi) , (3

i=1

rae C — KOHIICHTpAITUs 3arps3HSIONIETO BEIISCT-
Ba;, U,V — KOMIIOHEHTHI BEKTOpa CKOPOCTH BETPA;

L= ( ux,uy) — k03 punueHT TYpOYJICHTHOM -
¢by3un; Q — WHTEHCHBHOCTH BBIOpOCA 3arpsi3HU-
Tes; 8(x —X; )8( V- yi) — nenbra-QpyHknus [u-
paka; X,,y, — KOOpAMHATHl MCTOYHHKA BBIOPOCA;

G — KO3((UIMEHT, YYUTHIBAIOIINN XUMHUYECKUI
pacmaj 3arpsi3HUTEIS; ¢ — BpeMs.

ITocTaHoBKa KpaeBbIX YCIOBUN NSl JTaHHOTO
YpaBHEHHUS pacCMOTpeHa B paboTax [5-0, 12].

s hopMupoBaHus BUa pacueTHOW 00acTH,
MOJIOKEHUST 3AaHWN, WX (OPMBI, HCIIOIB3YETCs
METOJ MapKHpPOBaHHUS pacdeTHOW obOmactu [12].
Pacder BBIMONHSAETCS HA MPSIMOYTOIBLHOW pPa3HO-
CTHOU ceTke. Mcnonb3ysi NaHHBIA METOA, MOXKHO
(dopmMupoBaTh 0Oy GopMy 3MaHUN Ha yIHIAX
1 BBIOHPATh UX B3aUMHOE PACIIOJIOKEHUE,

Memoo pewenus. ]I IUCIEHHOTO HHTETPH-
pOBaHHS YpaBHEHHWH THIPOIMHAMUKH HCIIOIB3Y-
I0TCSl HESIBHBIC PAa3HOCTHBIE CXEMbI. Tak uis WH-
TETPUPOBAaHUS YpPaBHEHUs MEPEHOCAa 3aBUXPEHHO-
CTH NIPUMEHSAETCS MOIePEMEHHO-TPEYToIbHAas pas-
HocTHas cxema [2, 7, 10]. Pa3HocTHBIE ypaBHEHUS
JUTST pacdyeTa 3aBUXPEHHOCTH Ha KaXKIOM Iare
pacIeruieHns UMETOT BH/I:

— Ha MepBOM IIIare pacileruIeHus

1 1 1

n+5 n . n+5 . n+5
SR N W e N N S N
At Ax
+ +
N Vi1 ®ij ~ Vi j Q1 0.
Ay
— Ha BTOPOM IIIare paciierieHus
n+l n+l - n+l - n+l
i T O N Uiy, j O, — U ;0 5 N
At Ax
- n+l - n+l
Vi i O e = Vi 0 -0
- )
Ay
R R R
roe u' = , U = , V= , vV = .
2 2 2 2
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3HaveHNe 3aBUXPEHHOCTH Ha Ka)IIOM pacueT-
HOM IIIare pacCuuTHIBAcTCS 1Mo GopMmyire «Oeryre-
rO cueTay.

3HaueHue HYHKIMU TOKA PACCUMTHIBACTCS C TIO-
MOLIbI0 PAa3HOCTHOH CXEMBbI CyMMapHOH ammpok-
cumarmu [5]. B aTom cimyuae, pa3HOCTHBIE ypaB-
HCHU 3aIlIUChIBAOTCS TaK:

— Ha TIEpBOM I1Iare

1
n+—

4_y"
Vi~V i
- B
At 2
— Ha BTOPOM IIiare
1 1 1 1 1
o " s s s s
Vi, Wiy Wi;” Wiy Vi;” ~Via .
- - s
At Ax? Ay?
— Ha TPETbEM IlIare
3 1 3 3 3 3
oo s +Z g oo oo
Vit VLS Ve VLt W vt
2 2 >
At Ax Ay
— Ha YETBEPTOM IIIare
3
n+7 R
WI,J B Wl,j _ i
- )
At 2
1
031,1 —Z((ﬂ TO; 10,0 +0)i,jfl)'

UuncneHHOe MHTErPUPOBAHUE YPABHEHUS IEpe-
HOCA MPHUMECH MPOBOAMTCS C IIOMOIIBIO HESIBHOM
Pa3HOCTHOM CXeMBbI paciueruienus [6, 12].

[Ipon3BogHast O BpeMEHM amIpOKCUMHUPYETCS
pa3zieNeHHON Pa3HOCTBIO «HA3a»:

n+l n
G -G

At

ac
ot

B KOHBEKTHBHBIX MMPOU3BOJHBIX CJIaracMbIC OM1-
HOHAIIPABJICHHOI'O MEPCHOCA 3alIMChIBAIOTCA B BUAC:

ouC _ou'C N ouwC_ ovC ov'C . ov C
ox ox ox oy oy dy
C y4eToM MpEeABIAYINEr0 BhIpaKEHMs KOHBEK-
THBHBIC TIPOU3BOIHBIC AMIPOKCUMHUPYIOTCS pasie-

JICHHBIMH PA3HOCTAMU «IIPOTUB IIOTOKA» Ha BEPX-
HEM BPpEMCHHOM CJIOC!:

+ n+l + n+l
ou'C - u1+1 /C z 1C

i-1,j _ r+, 0+l
=L,
ox Ax

_ n+l - n+l
ou Czul+ljc+l]_ ,jCl] —L Cn+1
ox Ax
+ n+l n+l
ov'C Vi /+1C C,j 1 + i+l
~ =L,C
Oy Ay
— n+l - n+l
o C V,,+1C T i,jCi,j _ -
= y .

oy Ay

KOMIIOHEHTBI CKOPOCTH # OIpENEISIOTCA Ha
BEPTUKAJIILHBIX I'PAHSAX PAa3HOCTHBIX SA4EEK, a KOM-
IOHCHTBI CKOPOCTHU V — HA T'OPU3OHTAJIbLHBIX I'pa-
HsAX. VHAEKCHl 3THX TIpaHed COOTBETCTBYIOT HH-
JIEKCaM S4YeeK, PACIIONIOKEHHBIX MIPABEE MIIN BBIIIE
COOTBETCTBYIOILEH I'PaHU.

Bropeie nmpousBogHbIE
CIICAYIOIINM 00pa3oM:

aNMnpOKCUMHPYIOTCA

n+l n+l

oC

i+l,j T Vi,
_(ux ) ~
Ax?
n+l n+l
C —
i,j i-1,j 3= i+l + il
—u, = =M_C"" +M_ C",
n+l n+l
(u GC) S
2
7 oy 7 Ax
n+l _ ~n+l
C
i il _
—n i,j i,j =M Cn+1+M+ Cn+l‘
y sz »y Yy

+ + + -
3nec L, L, L, M, M. M, -

YCIIOBHBIC O0O3HAYEHHUS Pa3HOCTHBIX OIEPATOPOB.
C y4eroMm IpHBEJCHHBIX BBIIIE 0003HAUEHHN pa3-
HOCTHBIM aHaOT ypaBHeHHS (14) 3anmchBaeTcs
1 n
cr-Cr.
—L L et e L LT +
At
— i+l n+l
+L,C"" +0Cj

LM+

xx’

— (M;XC}'l+l +L;xcn+1 +
+ n+l - i+l
+L,C" + L, C") + g,

O6o3HauaeM §;; — uncno «1» nmm «0», B 3aBU-
CHMOCTH OT TOTO, PAcIOJIOKEH WJIM HET B Pa3HO-
CTHOM suelKe «ij» UCTOUYHMK 3arps3HEHUs. JHaye-
HHUE ¢; PABHO MHTEHCHBHOCTH ¢; COOTBETCTBYIO-
IeT0 k-r0 UCTOYHHUKA, PAa3MEIICHHOTO B Pa3HOCT-
HOM sYeWKe «ij», NEJIEHHOW Ha IUIOWIAAb 3TOU
saeliku: g; =q; /(Ax Ay).

Pacmennsiem pa3HOCTHOE ypaBHEHHE Ha YETHI-
pe pa3sHOCTHBIX ypaBHEHHS Tak, YTOOBI HA KaKIOM
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hiare y4uThIBaJOCh JIMILB OJHO HalpaBlICHUE Iie-
peHoca BO3MYILEHUH, ONpEAeIsIeMOe 3HaKOM IIpU
KOHBEKTUBHOMW MPOU3BOAHOWU. B 3TOM Ciyuae pas-
HOCTHBIC YPaBHEHUSI UMEIOT BUJ:

1
— Ha TIEPBOM IIIare paciierieHus k = 2

Cl-’.l;k C n 1

Yoy (L+c’f+L+c")+
At

1 + ok - + ok o al
=Z(MXXC +M C"+M, C"+M, C")+

1
—Ha BTOpPOM Ilare paciueruieHus k =n+ >

c=n+—
4

ct —ce
S Yo ety St -
At 2 v 4

1 - c - c
=Z(MXXC" + M C+M,, CE+ M C)+

RS

4;|QI

3
—Ha TpeTheM IIare paciieruieHus k =n+ rk
c=n+—
2

ck —ce.
uJrl(Ltc’uLL- cy+2ct =
At 2 7 4

| A k ~ ok c
:Z(M“C +MLCT M, CT+ M C)+

— Ha YeTBEPTOM Iare pacuieruieHuss k=n+1,

A |®I

c=n+—
4

ct —c
#%(L; Ct+L ck)+%cf; =

1 - c - c
= (M C*+ M} C+M, C+M; C)+

B JAAaHHBIX PAa3HOCTHBIX YPABHCHUAX HCIIOJIB3Y-

N |QI

€TCs 3HAaYEHUe g, =

TOKAECTBEHHO PAaBHO HYJII0 BO BCeX sueiikax,
KpOMe TeX, TJe PacnojokeH HCTOYHHK BhIOpoca.

ITockonmpKky Ha KaXaOM Iare pacuierieHus
11a0JIOH Pa3HOCTHBIX YPaBHEHUH UMEET TPEyToJib-
HyI0 (hopMy, TO Ha BEpXHEM BPEMEHHOM CIJIO€ He-
u3BeCcTHOE 3HaYeHHWe QyHKIuH C HAXOAUTCS IO
METOJy «OeryIero c4era.

Pe3yabTathel

Pa3paborannas 4ncieHHas MOAenb Oblia TMpH-
MEHEHa JUIsl pacyeTa KOHIICHTPAllMU OKCHIA yTJe-
pona sl CXeMBI «YJITUIHBIA KaHHOHY» IIPU HATUIUHU
Tpex 3manuit (puc. 10—11). PaccmaTpuBanock nBa
creHapusl.

IlepBriil clieHapuii: Ha KaXIOW yJIUIE MPOUC-
xomuT BeIOpoc CO OT aBTOTpaHCIIOPTa C WHTEH-
cuBHOCTRIO O = 0,5 T/C.

Bropoii crenapuii: WHTEHCHMBHOCTH BBIOpOCa
CO Bo3se mepBOro 34aHHS BO3PACTaeT M CTaHO-
BuTCA paBHOU O = 1,2 T/C, a Ha OCTANBHBIX YIUIIAX
ocraercs Hem3MeHHo# O = 0,5 r/c. To ecth BTOpO#t
CLIEHApUI MOJENUPYeT CUTYyaluio, KOTrja Ha Iep-
BOH yJHIIE YBEIMYHWBACTCS HHTCHCHUBHOCTH JIBH-
KEHHS aBTOTPAHCIIOPTA.

Pacyer BBHIMONHSICS MPU CIEYIOMINX NTaHHBIX:
BBICOTA MEpBOro 31anus 16 m, nmuxa 20 M; BeICOTa
BTOpOro 31anus 16 M, nmuHa 15 M; BEICOTA TpEeThe-
ro 3manus 24 M, muHa 20 M. PazMepsr pacdeTHo#
obmactu: 125 M*x84 M.

Hnst ydera u3MEHEHHsI BEIUYUHBI CKOPOCTH
BETpa C BBICOTOHM Y Ha INpakTHKe HanOoyiee 4acTo
lgY/Y,

g /Y,

rac u) — 3HAaUCHHUE CKOPOCTU BETpa

WCIIOJIB3YIOT Monenu Buma [5]: u=u

u=u(Y/¥)",
Ha HEKOTOPOH (HMKCHPOBaHHOM BbICOTE 1) ;
n = 0,15+0,69 (3aBUCUT OT BETUYHMHBI IIEPOXOBA-
TOCTH ITOJICTHIIAIONIEH IIOBEPXHOCTH Y, M M Kjac-
ca yCTOWYMBOCTH aTMOcdepsl [S]).

Kax m3BecTHO, BeMMUnWHA MIEPOXOBATOCTH TMOJI-
CTUJIAIOLIEH IIOBEPXHOCTU ¥, NIPUMEPHO COCTaB-
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nger 10 % OT BBICOTBI 3JIEMEHTOB «BBICTYIIOBY
(TpaBBbl, ITOCEBOR), a IS CJIOKHOTO penbeda MecT-
HOCTH (AepeBbd, 3[aHUs) OHAa BapbUpyeTcs B AWa-
nazone Yo =1wm+10 ™M [2, 7].

Pacuem  rxosgpguyuenmos  mypbyrenmmoi
Ooughgpysuu. Ha mpakTrke Iisi pacdera BEIIMYHHBI
BepTHKaIbHOTO KO3(Punmenta muddysun, koto-
pBIf, KaK WU3BECTHO, OMpEAENseT CTeNeHb YCTOM-
YUBOCTH aTMOC(Ephl, UCHONB3YIOTCS pPa3IHYHbBIC
Moxaenu. Hanpumep, [3, 5]:

— 1t BBICOTHI ¥ > hh (hh — BBICOTaA IPU3EMHO-

hh
IO CJOST) MOXKHO CUMTATh: W, =Y +Kk 7 rae y —
1
ko dument monekyispaoit nuddysuu (B npu-
KJIaTHBIX pacueTax MoKHO monaraTtb Yy = 0), k; —
Koaddurent TypOyneHTHON nuddy3un Ha BBICO-
Te Y|, 3aBUCALIMH OT KOHKPETHOI'O peruoHa (B

CHIA wucmions3yrot 3Hadenue hh = 100 m; ky = 0,2
M/c s Y, =2wm)[5];
— Iuist BBICOTBL ¥ < hh, p =~ , TOPU3OHTAIB-

HBIH K03 dunment TypOynenTHol quddysuu pac-
cuuthiBaercs no dopmyne [3, 5]: ., =(0,1+1)u;
BEepPTHKAIIBHBIN KO3 duirent auddysun onpene-

Y
JSETCs TaK: W, =y+k17, e & = 0,102 m?/c,
1
BBICOTA MPHU3EMHOrO CJIOSi aTMOC(epbl OOBIYHO
npuHUMaeTcst paBHoit ~h = 50+100 M.
B pazpabotaHHO# YMCIEHHOW MOJEIN CKOPOCTh

BeTpa onpezensiercs 1o 3apucumoct u =u, (Y/Y,)",

rae u; = 4,5 M/c — 3HaUeHHe CKOPOCTH BETpa Ha BBI-
core Y, = 10 m; n = 0,15. 3HaueHrEe BEpTUKATIBLHOTO
koddunrenTra mudGy3un ONMpeaesieTcs 1Mo 3aBU-

m

CHMOCTH [, = k, , k=02, m=~1][3,5].

1

B pesynbrare npoBeneHHBIX HCCIIEIOBAaHUN ObI-
T yCTAHOBJIEHBI 3aKOHOMEPHOCTH II0 W3MEHEHHUIO
KOHIEHTpAIUU OKCUJA yIJIepojia BO3Je paccMarpu-
BAaE€MOW I'pYMIIbI 31aHUI [IPU PA3IMYHON UHTEHCHUB-
HOCTH BBIOpOca okcuza yriepoxa. Ha puc. 10-11
MOKa3aHbl 30HBI 3arps3HEHHsT aTMOC(EpPHOro BO3-
Iyxa Ui Kaxaoro cueHapus. Kaxnoe uncno — Be-
JMYMHA KOHIIEHTPAalWMH B IPOLEHTaX OT MAaKCH-
MaJIPHOTO 3HA4YeHHs KOHIEHTPALMH Ha PacdyeTHBIN
MOMEHT BpPEeMEHH. XOpOIIO BHJHO, YTO MOJ BIHS-
HHEM BBIOpPOCOB HAaXOASATCA BCE 3JaHMS HA YIHILE.
Haubonpiuee 3arps3HeHue HaOIIONAeTCsl B KaHBO-
HaX MEXIy HEPBbIM U BTOPBIM 3[JaHUSMH, a4 TAKKE

MEXKAy BTOPBIM M TPETBUM 3IaHUSMH — MecTa
SMHCCUM 3arpsA3HUTENS. DTO CBA3aHO C TEM, YTO
31ech GOPMHUPYIOTCS 3aCTOWHBIE 00IACTH.

],.' ________________________

K
qll.

)
1

Puc. 10. Pacnpenenenune xonnentparuu CO,
Cumax = 0,144 r/7’ (mepBsiit cienapuif)
1—100-75 %; 2 —74-41 %; 3 —40-10 %; 4 —<10 %

Fig. 10. Concentration distribution of CO,
Cnax = 0,144 g/m3 (the first scenario)
1—-100-75 %; 2 —74-41 %; 3 —40-10 %; 4 —<10 %

Puc. 11. Pacnpenenenue xonnentpauuu CO,
Chax = 0,151 r/M° (BTOpOIA CrieHapHif)
1 —100-75 %; 2 — 7441 %; 3 —40-10 %; 4 - <10 %

Fig. 11. Concentration distribution of CO,
Cnax = 0,151 g/m3 (the second scenario)
1—100-75 %; 2 —74-41 %; 3 —40-10 %; 4 — <10 %

= | C, o

0 T T r
4 a 12 16 20

rnu

Puc. 12. Pactipenienenue KOHIICHTPALIUH 3ar PSI3HATEIS
32 IEPBBIM 3[JaHHEM:
1 — mepBBIii cieHapuid; 2 — BTOPO ClieHapuit

Fig. 12. Concentration distribution of the pollutant
behind the first building:

1 — the first scenario; 2 — the second scenario
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Ha rpaduke (puc. 12) mokazaHo pacrpeneicHue
KOHILIEHTpAIMK 3arpsA3HUTENs] Ha I10JBETPEHHOMN
CTOPOHE NEPBOTO 3AHUS JUIS KaXI0TO CLIeHapusl.

Kax Buano u3 mpeacraBineHHoro puc. 12, pac-
XOXKIEHUE M0 BEIMYMHE KOHLEHTPALUW Ui pas-
JIMYHBIX CIIEHAapHeB HAOII0AaeTCsl HauuHasA C BBICO-
Tl 11 M 1 cocTtaBiseTr npuMepHO 8 %. DTO CBA3aHO
C TeM, YTO 3[aHHE BBINOJHJIET caMo 1o cebe 3a-
HIMTHYIO (YHKIHIO, T.€. SBISAETCS MEXaHHYECKUM
MIPENATCTBUEM Ha ITyTH PACCEUBAHUSI 3arPS3HUTEII.

Hay4ynasi HOBU3HA U PpaKTHYecKast
3HAYUMOCTh

Pazpaborana yncnenHas MOJelb, a Ha €€ OCHO-
BE MaKeT MPHUKIAIHBIX MPOrPaMM, MO3BOJISIOIIHNA
NPOBECTH  BBIYUCIHUTEIBHBIH AKCIIEPUMEHT IO
OILIEHKE YPOBHS 3arpsi3HEHHs aTMOC(HEPHOTO BO3-
Jyxa BBIOpOCAMH OT aBTOTPAHCIIOPTA Ha YIIUIAX
NP HAJTMYUH TPYIITEI 37[aHUH, PACIIOI0KEHHBIX 10
CXEM€ «yJIMYHBIM KaHbOH». [[OCTOMHCTBOM pa3pa-
0O0TaHHOW MOJETH ABJSETCS BO3MOXKHOCTh pacueTa
paccenBaHus BEIOPOCOB Ha YJIHIE C yYETOM H3Me-
HEHUS BEJIMYMHBI CKOPOCTH BETPa U BEPTUKAIBHO-
ro ko3¢ dpunuenta auddy3un ¢ BHICOTOH.

BoIBOaBI

B nmanHOi1 pabote pa3zpaboTaHa YncIeHHAS MO-
Iedb U MOJICIHUPOBAHUS 3arpsi3HEHUS aTMO-
c(hepHOro BO3IyXa Ha YJMIAX MPH HAIWYHH TPYII-
Bl 3JIAaHUH, PACMOJIOKEHHBIX MO0 CXeMe «YJIHIHBIN
KaHbOHY». OmpeaeneHue mojsi CKOPOCTH BETPOBOTO
MOTOKa, KOTOPOE U3MEHSETCS MPAKTUYECKU B KaX-
JIO TOYKE MPOCTPAHCTBA IO aOCOIOTHOW BEITNYH-
HE W TI0 HAIPaBIICHUIO 3a CYET OOpa3oBaHUS 3a-
CTOWHBIX 30H NMPHU OOTEKaHWM 3JaHU, MpencTaB-
JSeT OYeHb TPYAHYIO 3amady. Ecim ke paccmar-
puBaeTcs Trpymnmna 37JaHUH, PACIONOKEHHBIX TI0
CXeMe «YJIUYHBIA KaHBOH», U YUYUTHIBACTCS H3MeE-
HEHUE BEIUYMHBI CKOPOCTH BETpa C BBICOTOU, TO
MPUMEHEHUE METOJla TUCKPETHBIX BUXpeEl [8] s
pereHus] THAPOINHAMUYECKON 3aadd OYeHb yC-
JIOKHAET anroputM pacdeta. [loatomy, nms pere-
HUS THIPOIMHAMUYECKON 3a/aydl TPU THUIHYHBIX
CUTYaIlUsIX HWCTOJB3YETCS MOJENb OTPHIBHBIX Te-
yeHU HeBs3KoM xuakoctd. [lpouecc mnepeHoca
3arps3HAIONINX BEIIECTB HA yIIUIAX MOJACIUPYETCs
C TIOMOIIBI0 HECTAIMOHAPHOTO ypaBHEHHS KOH-
BEKTUBHO-TU(PPY3HOHHOTO TIEPEHOCa TPHUMECH.
J1s1 YuCIeHHOT0 UHTErPUPOBAHMS YPABHEHUN MO-
JIEJTA UCTIOJB3YIOTCS HESBHBIE PA3HOCTHBIE CXEMBI.

[IpoBenenne maHHOrO KJjacca BBIYUCIUTENb-
HBIX JKCIEPUMEHTOB HEOOXOJUMO B Cly4ae pe-
KOHCTPYKIMM MHKPOPaiOHOB ropoja, Mpu MpoeK-
TUPOBAHUU U CTPOUTENILCTBE HOBBIX aBTOMArucT-
paneif, W3MEHEHUH B CTPYKTYpe TPAaHCIOPTHBIX
MOTOKOB BHYTPH TOpOJa.
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AOCIIKEHHS 3ABPYTHEHHSI ATMOC®EPHOI'O ITIOBITPS
BUKNUJIAMMU ABTOTPAHCIIOPTY VY «BYJINYHUX KAHBUOHAX»
MICTA

Meta. CraTTs npucBsiueHa aHaji3y CTaHy aTMOC(EPHOTrO MOBITPS MPH WOro 3a0py/IHEHHI BUKUIAMHU aBTOTPAH-
cropTy B M. JIHIIPONIETPOBCHK, PO3POOII YACEIEHOI MOJICTI Ta MPUKIAIHOT O0YHCITIOBAIBFHOI IPOTPaAMHU JUTSI TOCTi-
JUKEHHSI pIBHS 3a0pyqHEHHsI aTMOC(HEpPHOTo MOBITPsI BUKHIAMHU aBTOTPAHCIIOPTY HA BYJIHMIPIX MICTa 32 HAasBHOCTI
JIeKUIbKOX OyaiBeNnb, pO3MIIIEHHX 332 CXEMOIO «BYJIMYHHMH KaHbHOH». MeToamka. [ MOCATHEHHS IOCTaBIICHOT
METH BHBYEHO AWHAMIKy 3MiHM KOHIICHTpaLii pi3HUX IMIKiIJIMBUX PEUOBHH, 3HAYCHHS SIKO1 OTPHMaHi 31 cTamioHap-
HOT'O 110CTa CIIOCTEPEXKEHHS 32 SIKICTIO MOBITPSHOIO cepenoBrIa B M. JIHIIponeTpoBChK. BuKoHaHO OLIHKY piBHS
3a0pyAHEHHS aTMOC(EPHOTO TMOBITPA BiANPAIbOBAaHWMHU ra3aMH aBTOTPAHCHOPTY (3a manuMu [ onoBHOTO ympas-
JIHHS CTATHCTHKH B J{HipomneTpoBchKii obnacti). Po3po0iieHo MEeTOAMKY YMCENbHOrO PO3paxyHKy KOHLIEHTpALil
3a0py/IHEHHsI aTMOC(EPHOTO MOBITPS. BUKUIAMH aBTOTPAaHCHOPTY. sl po3B’si3aHHs TiIpOAMHAMIYHOI 3a/1a4i 1O
BU3HAYECHHIO I0JIS1 IIBUJKOCTI BITPOBOTO MOTOKY Ha BYJHISX MiCTa BUKOPHCTOBYBajlaCh MOJEINb BIIPUBHUX TEdil
HeB’s13KOT PiZIMHU; JUTS PO3B’sI3aHHS 33/1adi 10 PO3PaxyHKY MPOLECY PO3CIIOBaHHS 3a0pyAHEHHS — PIBHSHHS KOHBE-
KTUBHO-IH(]y3iifHOTO TIepeHocy AoMimku. s peamizamii 3alponoHOBaHOI METOJUKH BHKOPHCTOBYBAIKCH HESIBHI
pizHunesi cxemu. Pesyabratn. ¥V poboTi po3pobieHo MaTeMaTHYHY YHCEIBHY MOJIENb, a Ha ii OCHOBI CTBOPEHO
MaKeT MPHUKIIAJHUX MPOTrpaM, 10 JI03BOJISIE OTIEPATHBHO MPOBOANTH 00UMCIIOBAIbHI €KCIIEPUMEHTH MO OLHIII PiBHS
3a0pyHEeHHsI aTMOC(HEPHOro MOBITPSI BUKWAAMH aBTOTPAHCIIOPTY Ha BYJIHMIX MICTa MPH HASBHOCTI AEKIIBKOX Oy-
JIiBEJb, PO3MILICHUX 32 CXEMOIO «BYJIMYHHUH KaHBHOH». Y pe3ysbTaTi MPOBEIECHHUX JOCIIKEHb OyJIM BCTaHOBIJIEHI
3aKOHOMIPHOCTI 110 3MiHI KOHIEHTpAIlii OKCUAy ByIJIelo Ouls Tpynu OyIiBelb MPH Pi3HIH IHTEHCUBHOCTI BUKHIY
3abpynnioBaua. HaykoBa HoBH3Ha. Po3po0iieHO umcenbHy MOAenb, 10 103BOJISIE BPaXOBYBATH TiAPOAMHAMIYHUN
BIUIMB IpyIH OyIiBesib HA PO3CiIOBaHHS 3a0py/JHIOIOYMX PEUOBHMH ITPU 3MiHI BEIMUUHU LIBHIKOCTI BITPY Ta BEpTH-
KaibHOTro KoedimieHty nudysii 3 Bucotoro. IIpakTuuna 3naunmicTh. [IpoBeneHHs 1aHOrO Kilacy 0OYHMCITIOBANIb-
HHUX €KCIIePUMEHTIB HEOOXiJHE y BUMAAKY PEKOHCTPYKIIi MIKpOPalOHIB MICTa, ITPU MPOEKTYBaHHI Ta OyIBHHUIITBI
HOBHUX aBTOMaricTpaJiei, Ipu 3MiHax B CTPYKTYpPi TPAHCIIOPTHUX IOTOKIB Y CEpeANHI MicTa.

Kniouosi cnoea: 3a0pynHIOIOYl pPEYOBHHH, AaBTOTPAHCIIOPT; METONl BIJIPMBHUX TEYil; HEB’s3Ka piJHHA;
PO3CiFOBaHHS BUKHU/IIB; PI3HUIICBA CXEMA; «BYJIUYHUIN KAaHBHOH
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RESEARCH OF AIR POLLUTION FROM TRAFFIC IN «STREET
CANYONS» OF CITY

Purpose. The article is devoted to state analyze of atmospheric air at its pollution with vehicle emissions in Dni-
propetrovsk city, the development a numerical model and applied computing program for research of air pollution
level with vehicle emissions on the streets when several buildings are located on the scheme «street canyony.
Methodology. To achieve the research purpose it was studied the dynamic of change concentration of different pol-
lutants that have been fixed on monitoring station of air quality in Dnipropetrovsk city. It was performed level as-
sessment of air pollution from traffic (according to the Main Statistical Office in Dnipropetrovsk region). It was
developed methodology for numerical calculation of concentration the atmospheric air pollution from vehicle emis-
sions. To solve hydrodynamic task of determining velocity field of wind flow in streets the model of separated flows
of an inviscid fluid was used; to solve the task of the calculation process of dispersion pollution the equation of con-
vective-diffusion transfer of pollutant was used. To implement the proposed methodology we used implicit differ-
ence schemes. Findings. In the work a mathematical numerical model was developed and computing programs on
its base were created. It allows conducting the computational experiments for evaluation the level of air pollution
from vehicle emissions on the streets when several buildings are located on the scheme «street canyon». As a result
of research regulations on change concentration of carbon monoxide near a considered group of buildings at differ-
ent pollutant emissions were established. Originality. This numerical model was developed which allows account-
ing the hydrodynamic impact of group buildings on dispersion of pollutants when the wind speed and the vertical
diffusion coefficient vary with height. Practical value. Conducting such class of computational experiments is nec-
essary in the case of reconstruction of city microregions, during the planning and construction of new highways,
change in the structure of traffic in the city.

Keywords: pollutants; traffic; separated flows method; inviscid fluid; dispersion of emissions; the difference
scheme; «street canyon»
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MODEL OF FEES CALCULATION FOR ACCESS TO TRACK
INFRASTRUCTURE FACILITIES

Purpose. The purpose of the article is to develop a one- and two-element model of the fees calculation for the use
of track infrastructure of Ukrainian railway transport. Methodology. On the basis of this one can consider that when
planning the planned preventive track repair works and the amount of depreciation charges the guiding criterion is not
the amount of progress it is the operating life of the track infrastructure facilities. The cost of PPTRW is determined on
the basis of the following: the classification track repairs; typical technological processes for track repairs; technology
based time standards for PPTRW; costs for the work of people, performing the PPTRW, their hourly wage rates ac-
cording to the Order 98-Ts; the operating cost of machinery; regulated list; norms of expenditures and costs of materi-
als and products (they have the largest share of the costs for repairs); railway rates; average distances for transportation
of materials used during repair; standards of general production expenses and the administrative costs. Findings. The
models offered in article allow executing the objective account of expenses in travelling facilities for the purpose of
calculation of the proved size of indemnification and necessary size of profit, the sufficient enterprises for effective
activity of a travelling infrastructure. Originality. The methodological bases of determination the fees (payments) for
the use of track infrastructure on one- and two-element base taking into account the experience of railways in the EC
countries and the current transport legislation were grounded. Practical value. The article proposes the one- and two-
element models of calculating the fees (payments) for the TIF use, accounting the applicable requirements of European
transport legislation, which provides the expense compensation and income formation, sufficient for economic incen-
tives of the efficient operation of the TIE of Ukrainian railway transport.

Keywords: enterprises; track infrastructure facilities; fees; service life

Introduction ted in accordance with the experience of the railways
of the EU-27. The Directive 91/440/EU, 95/19/EU
Directive, Directive 2001/14/EU [1] are the
governing Directives.

The so-called two-element rate structure with
fixed and variable constituents is introduced in
seven European countries. The first constituent is
determined by the relationship between the
planned needs of the operator and fixed costs for
track infrastructure enterprises. The variable
constituent is determined on the fact of use of the
network resources and is determined by mileage of
cargo ton-km [13].

The main problem of determination the fees for
the use of the track infrastructure facilities of rail-
way transport is that the people do not always un-
derstand the need to pay to the railways for the
economic benefits they generate. Therefore, it is
the railroads that are interested in evaluating and
offering the benefits providing the public with
compensation. The sources of fees will be different
in each case but they can be grouped into several
categories.

Determination of the fee level for the use of the
track infrastructure of railways should be implemen-
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One-element structure is calculated on the basis
of mileage (train-km) and gross freight turnover,
i.e. the fee is directly proportional to the actual use
of the operational activity intensity.

It is in the one-element structure the most of
marginal costs are determined on the basis of statis-
tical data, which much simplifies the method of de-
termining their level. However, a significant draw-
back of the one-element structure is a low level of
justification of conditionally fixed costs [12, 13].

If it is necessary to form and maintain the
internal competition, the presence of more than one
operator is an appropriate use of the two-element
fee. In cases there is no need to form a competition
the one-element fee is reasonable (high-speed
lines, one operator — the track infrastructure user).

In this case the track infrastructure enterprises
of Ukraine have to charge a fee on the basis of
projected costs and desired profits. But today there
is not the calculation model of fee for the use of
track infrastructure facilities.

Purpose

According to the above mentioned and the Para-
graph 1 and 5 of the Article 4 of the Section II «Fees
for the use of track infrastructure» of the Directive
2001/14/EU from February 26, 2001 [1] the purpose
of the article is to develop a one- and two-element
model of the fees calculation for the use of track
infrastructure of Ukrainian railway transport.

Methodology

The one-element model of the fee calculation is
based on the level providing the compensation for
expenses and generation of the profits sufficient
for economic incentive of efficient operation of the
track infrastructure enterprises.

Thus, the amount of fees for the use of track
infrastructure on the one-element basis can be
calculated by the formula (1):

reduced
Cre + Py

z PL 'gross (L}}glcl{flced )

Fees,, =

(1

where Cjedued _ are the reduced annual costs of
track infrastructure enterprises (TIE) of the struc-
ture of track infrastructure facilities (TIF) on the
railroad section; P — profits of the track infra-

Lreduced ) _ th e

structure enterprises; ZPLgmss( TIF

planned volume of operation activity on the rail-
road section, 1 000 ton-km gross (1 km of the re-
duced TIF structure of the main track length).

Recently, the EU-27 devotes much attention to
the effective operation of the railroad infrastructure.

April 4, 2008 the European Transport
Commission organized a workshop. It was
attended by participants from ministries, regulatory
bodies, railway infrastructure managers and
railway enterprises from different countries of the
EU. The workshop dealt with the issue of charging
fees for the use of railway infrastructure.

In November 2012 the Directive 2012/34/EU
was adopted, which is the most advanced basis for
the development of the fee charging methods for
the track infrastructure use [12].

In particular, the Paragraph 67 of the Directive
stresses that in order to establish a fair level of fee
(payment) for the use of track infrastructure; the
manager should charge the fee on the basis of clear
understanding of the factors affecting the operating
costs of the infrastructure [1].

Taking into account the above mentioned and
the influence factors of the TIE costs identified in
this work, the two-element model of determining
the fees for the TIF use were proposed. This model
takes into account the fixed (I) and variable (II)
components (2):

reduced
_ Cpyp "+ By
Feest a0 reduced
Z P Lgross (LTIF )

where k&, — is the coefficient taking into account

ki ky ky Ky ks (2)

the level of railway section capacity (according to
the Paragraph 4, 9 of the Article 7 of the Directive
2001/14/EU [1]); k, — is the increase coefficient

of the gross train weight, as compared to the design
coefficient (3 300 tons); k; — is the coefficient tak-

ing into account the increase in statistical loading
of the reduced car, ton/car (63 ton); k, — is the

coefficient of the operating speed increase; ks — is

the coefficient taking into account the cost increase
of 1 ton of the cargo that is transported by the rail-
way section over the average index of the cost pa-
rameter of 1 ton of the cargo «on the road».

The total volume of annual costs of the track
infrastructure enterprises on the j rail section under
the influence of operational factors caused by the
operation of the transportation activity subjects (3):
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__ ann .7 s.r. change
CT]Ej - C'TIFj + Cr.j. + Cclamp/' + CbAmAjA +

+C5 + ACfV_‘Z;”' +Coeey (3)

sl

Cry; — average annual costs for the PPTRW and

current maintenance of track infrastructure facili-
ties of the j section; C;’ — is the costs for solitary

replacement of rails; C;;. . — is the solitary re-

placement of clamps; C;;" — is the costs for the

need of solitary replacement of sleepers; C,ji’j"f" -

is the costs for ballast materials; AC)7" — is the

coefficient of the relative change of the workforce
value, needed for current maintenance of the track;

C

mechj

To ensure the reliable operation of the track
infrastructure facilities a complex of the planned
preventive track repair works and the approximate
interrepair scheme are assigned [8].

According to statistics of Ukrzaliznytsia [2] the
average traffic volume per 1 km of operational
track length is 21.6 mln ton-km gross. Thus, for the
entire standard operating period of the track
(25 years) the traffic volume of will amount
540 ton-km gross, which is much less than the
specified standard coefficient. On the basis of this
one can consider that when planning the planned
preventive track repair works and the amount of
depreciation charges the guiding criterion is not the
amount of progress it is the operating life of the
track infrastructure facilities.

The cost of planned preventive track repair
works (PPTRW) is determined on the basis of the
following: the classification track repairs; typical
technological processes for track repairs [10];
technology based time standards for PPTRW [3,
9]; costs for the work of people, performing the
PPTRW, their hourly wage rates according to the
Order 98-Ts; the operating cost of machinery;
regulated list; norms of expenditures and costs of
materials and products (they have the largest share
of the costs for repairs); railway rates [5]; average
distances for transportation of materials used
during repair; standards of general production
expenses and the administrative costs.

The experience of the TIF operation has shown
that with the increase of load intensity and the
speed of train traffic the costs for the workforce to

— is the costs for machinery.

perform the repairs, and therefore the need for
mechanization of PPTRW and the current
maintenance also increase.

The costs of machinery are calculated by the
formula (4):

n F E
_ Mehange vehicles
Cmech - (Z L + ) X
j=l1 ‘change change
T.I.F.
X kpass kgpe 12 Vmonth (4)
where E, ~~ — are the costs for the change of
change

machines and the use of machinery of the certain
type, grn./change; L — is the performance for

‘change
the change of machinery of the certain type,
km/change; E, ... — are the operating costs of
vehicles (rail trolley, locomotive, car, other equip-
ment providing the movement of workforce, track
machines and mechanisms), grn/h; n — is the num-
ber of machinery of different types, used for the
works of the current maintenance of track infra-

structure facilities; & — is the coefficient taking

pass
into account the loss of time for passing of trains;

k. — is the coefficient taking into account the

T.I.F.
Vmonth

volume of the general production expenses;
— is the monthly fund of works for current mainte-
nance of the track infrastructure, one km of the
main track (reduced km).

The above mentioned cost coefficients for the
PPTRW and current maintenance based on the
concept of the service life of the track infrastruc-
ture facilities are characterized by dispersion of the
realization time during the lifetime of the object.

For the purpose of the objective cost calcula-
tion and further calculation of fees (payments) for
the TIF use on the basis of cost level, one should
consider in economic calculations the time factor.

The total cost of the PPTRW for the entire ser-
vice life of the track infrastructure facility taking
into account the time difference of its realization is
determined as (5):

SL
PWADWAS )
t=1

where o, — is the discount coefficient that brings
the costs to the beginning of the service life period
of the track infrastructure facility, it is determined
by the formula:
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o =(1+7)" (6)

where r» — is the real (without inflation) rate of
return (discount rate).

Considering the above mentioned and the annual
costs of current maintenance, let us write the for-
mula for calculating the service life cost of infra-
structure track facilities of the j railway section (7):

SL
SL _ pm(c) r
Crip, =P+ ZPJ Opprrw +
=1

SL

+Zl)j‘m (x’tcAm. _l)l a’tSL (7)

t=1

where ¢ — is a number of the year of measures im-
plementation for PPTRW or current maintenance;

ij(") — is the cost of modernization (construction)

of the track infrastructure facility of the j railway
section; P/ — is the total costs of planned preven-

tive track repair works for the entire life cycle of
the track infrastructure object on the j railway sec-
tion with rails » — type, grm/km, including the cost
evaluation of such repairs for the sections with cer-
tain types of profiles and track category; o pprpyy —

is the discounting coefficient that reduces the costs
for PPTRW to the beginning of the service life for

the track infrastructure facility; P/™ — is the an-

nual cost of current maintenance works of the track
infrastructure facility of the j railway section;
a,., —is the discounting coefficient that reduces

tc.m.
the costs for current maintenance to the beginning
of the service life for the track infrastructure facil-
ity; ¢ — is an ordinal number of the year for imple-
mentation of the certain measure; £ — the loss ad-

justment expense of the track infrastructure facili-
ties that reached the service life limit is determined
proportionally to the re-performance in ton-km
gross; o, — is the discounting coefficient that

reduces the loss adjustment expenses to the begin-
ning of the service life.

Thus, the average annual costs of the PPTRW
and the current maintenance of track infrastructure
facilities of the j section on the basis of the service
life cost is equal to (8):

SL
CT[Fj

E ®)

r pa—
CTIFj =

where SL, — is a specified service life period of

the track infrastructure facility, years.

Previously it was stressed that the governing
factors of performance of the PPTRW complex are
the regulatory periods of their execution, but not
the performance of the track infrastructure facili-
ties [6]. However, the introduced regulations for
the PPTRW were developed excluding the eco-
nomic principles of operation, repair and replace-
ment of the track infrastructure facilities. Therefore
it would be reasonable to propose a mechanism of
economic optimization of the regulatory list and
the volumes of the PPTRW execution.

It is possible to solve this task using the Bell-
man equation.

In the modern operating conditions of the track
infrastructure facilities, as it was mentioned above,
the term of the PPTRW execution comes earlier
than the wear of the facility elements. Therefore,
the costs for maintenance of these facilities in the
normal conditions are sufficiently clear to account
and predict for the future. However, the cost in-
crease for the track infrastructure maintenance is
influenced by the following factors: motion speed
of the rolling stock, load on car and gross weight
of the train. These factors result in both the pro-
jected wear accumulation of the track infrastruc-
ture elements and the solitary breakdown with the
need in solitary replacement of the rails, clamps,
sleepers and ballast materials. The cost forecast for
these types of repair require additional study of
operational conditions and methodology design of
determining the costs for solitary replacement of
rails, clamps, sleepers and ballast materials.

The first structural element of the TIF, which
contacts with the factors of operating component is
the rail. The operating experience points out the
following types of defects: vertical wear, lateral
wear, fracture of contact-fatigue nature [7].

Hence, the costs for the solitary replacement of
rails can be determined by the formula (9) [6]:

k
C"=Y1L,0,(Cy=Cp) O
Jj=1

where L,; —is the coefficient of relative change (as

compared to the normative one) of the solitary re-
moval of the j linear element of the track; O, —is

the number of rails that are replaced in the target
year in the order of solitary replacement, replace-
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ment/ km-year; C ., C . — is the cost of the new

nij 2 ory
and the old rails correspondingly, grn./replacement.

Significant costs on the track infrastructure en-
terprises also make it necessary to provide a soli-
tary replacement of the clamps.

The frequent breakdowns and short service life
of the damping and insulating elements attract the
attention in the design of clamps that are in service.
The clamp construction itself is quite reliable but on
the sections with high load intensity and the rolling
stock weight taking into account the non-resistant
quality of the construction material the solitary
breakdowns become quite frequent phenomenon.

One can obtain the determination of cost value
for solitary change of the clamps in the previous
calculation using the principle of identity of the
clamp breakdowns — a solitary breakdown of rails,
noted in the paper [11].

Taking into account the average costs for the
solitary replacement of rails and the proportionality
coefficient the annual costs for solitary replace-
ment of clamps are be determined on the basis of
expression (10):

k
Cji;l;lp = ZLclampj Lrj Ozj (ijj - Corj) (10)

j=1

The most important structure element of the
track superstructure providing the transfer of loads
from rails to the roadbed is a sleeper. Type, mate-
rial, design, diagram of sleepers provide soft ride
and durability of both the rail and the running gear
of rolling stock.

Operating experience of the railway track re-
vealed the root cause of ferroconcrete sleeper
breakdown on the main tracks of the heavy-traffic
lines. It is the destruction due to mechanical damage
in the rail seats. The mechanical damage of ferrocon-
crete sleepers (rail shelling and splitting) is a criterion
of their service and the need in replacement.

The investigation of relationship between the
magnitude of mechanical wear of sleepers and op-
erational factors was carried out in the paper [11].

The cost value for solitary replacement of
sleepers can be determined by the formula (11):

k
G = stlj Oslj (CNSj - CUSj) (11)

Jj=1
where O, — is the average number of sleepers that

are replaced in the order of solitary replacement per

year, replacement/km; C — is the cost of the new
sleeper, gm./sleeper; Cyg — is the cost of the used
sleeper; L, — is the coefficient of relative change

(as compared to the normative one) of the solitary
removal of sleepers in the railway section j.

The ballast section is also the most important
element of the track superstructure.

Depending on the operational factors the
evaluation of the supporting subgrade was pro-
posed in the methodology [4].

Costs for ballast materials (12):

N K, m; K,

engthj

¢, (12)

b.m.j calcj

k
Cchange — Zab/ N
I

where o, — is the coefficient of relative (as com-

pared to the normative one) ballast consolidation in
the railway section j; N_, . — is the calculate norm

calcj
of the work force losses for the current track main-
tenance, people/km; N - is the number of work
days in the year; K, — is the share of works of

track alignment on all the works of current track

maintenance; m ; — cost of ballast material

cu.m./people-day; K, — is the coefficient tak-

engthj
ing into account the track length; C,; — is the price

of ballast materials grn./cu.m.

One can find the stress values in rails, sleepers,
ballast, which are included in the above mentioned
formulas using the theoretical-probabilistic methods
for the track calculation considered in the paper [11].

One sets at the value of relative change of work
force required for the current maintenance of the

track — AC" (13):

Co™ =k, AC, ky AC,, ky AC,

wfj

(13)

where k; — is the share (in fractions of a unit) of
the work force necessary for solitary removal of
rails during the current maintenance of railway
track; k, — is the share of the work force necessary
for solitary removal of sleepers during the current
maintenance of railway track; k; — is the share of
the work force necessary for the ballast resupply
during the current maintenance of railway track.

On the basis of this: &k, +k, +k; =1; k;, k,, k;
— is set in accordance to the effective standards —
work force losses on current track maintenance.
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Findings

The models offered in article allow executing
the objective account of expenses in travelling fa-
cilities for the purpose of calculation of the proved
size of indemnification and necessary size of
profit, the sufficient enterprises for effective activ-
ity of a travelling infrastructure.

Originality and practical value

The methodological bases of determination the
fees (payments) for the use of track infrastructure
on one- and two-element base taking into account
the experience of railways in the EC countries and
the current transport legislation were grounded.

The article proposes the one- and two-element
models of calculating the fees (payments) for the
TIF use, accounting the applicable requirements of
European transport legislation, which provides the
expense compensation and income formation, suf-
ficient for economic incentives of the efficient op-
eration of the TIE of Ukrainian railway transport.

The track infrastructure enterprises have to
charge the fees (payments) at their own discretion
on the basis of the projected cost level, the desired
incomes and the payment requirements, which can
ensure the correspondence of incomes of the infra-
structure enterprise to its costs for infrastructure
maintenance.

The most promising method of calculating the
fees for access to the TIF is the budget method. It is
based on state forecasting of socio-economic
development of the national economics, freight
industries and the need in railway transport products.
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MOJEJIb PACYETA BEJINMYNHBI CBOPA 3A JTOCTYII K OBPBEKTAM
ITYTEBOU NTHOPACTPYKTYPbBI

Heasb. VccnenoBanne HampaBieHO Ha pa3pabOTKy OFHO — WM IBYXDJEMEHTHOH Monenedl pacduéra IUiaTel 3a
UCIIOJIb30BaHKE ITyTEeBOH MH(PACTPYKTYPHI XKEIE3HOJOPOXKHOTO TpaHcnopra Ykpaunsl. Meroguka. CornacHo cTa-
TUCTUYECKUM JaHHBIM CPEIHECETeBOM 00bEM IIEPEBO30K, KOTOPBIH MPUXOAUTCS HAa | KM 3KCIUTyaTallMOHHOM JUTHHBI
nyTH, — 21,6 MiH. TKM OpyTTo. Takum 00pa3oM, 3a Becb HOPMAaTUBHBIM CPOK DKCIUTyaTalnu 1yt (25 ser) oobem
nepeBo3ok coctaBUT 540 MIIH. TKM OpYTTO, 4TO HAMHOTO MEHBLIE YCTaHOBJIEHHOI'O HOPMAaTHBHOTO ITOKa3aTelsl.
Hcxonst m3 3TOro, cyuraeM, 4YTO INPH IUIAHWPOBAHWUM IPOBENECHHUS ILJIAHOBO-TIPEAYNPEIUTEILHBIX PEMOHTHO-
myTeBoIx paboT (IIIIPIIP) n o6pemMa aMOPTH3AIMOHHBIX OTYHCICHUN PYKOBOISIIAM KPUTEPUEM SIBIISICTCS HE 00BEM
HapaOOTKH, a CPOK IKCIUTyaTalnu 00bEeKTOB MyTeBoi uHppacTpykTypbl. CronmMocth nipoBeaenus [ITIPIIP ompene-
nsiercst, ucxoas u3: 1) xiaccuuKanuy peMOHTOB ITyTH; 2) TUIOBBIX TEXHOJIOTHYECKHUX MPOLECCOB PEMOHTA IIyTH;
3) TexHOMOTHYECKH OOOCHOBaHHBIX HOpM BpeMmeHH Ha mpoBeaenue [IITPIIP; 4) 3arpar Tpyma pabodmx, 3aHSATHIX
nposenenueM [ITIPITP, ux 4acoBbix TapudHbIX cTaBoK (cornacHo [Ipmkazy 98-I1); 5) crommocTH sKcIuryaTtanuu
MalllMH ¥ MEXaHW3MOB; 0) pEriIaMeHTHPOBAHHOTO IIEPEUHs, HOPM PAaCXOJI0B M CTOMMOCTH PAacXOJI0B MaTepHalIoB
U u3eui (MMEIOT HauOOJIbIIUI yACTbHBIN BEC B pacX0/1ax Ha PEMOHTHI); 7) KeJIe3HOIOPOKHbBIX TapudoB; 8) cpea-
HECETEBBIX PACCTOSIHUH Ha NEPEeBO3KY MaTEPHAJIOB, KOTOPBIE HCIIOIB3YIOTCSl HA PEMOHTaX; 9) HOPM OOLIETIPOU3BO/-
CTBEHHBIX M aJMUHHCTPATHBHBIX pacxoiioB. Pe3yabTaThl. [IpeanokeHHble B CTaThe MOJENN MO3BOJISIOT BBINOJ-
HHUTb OOBEKTUBHBIN yUET PacXOA0B B IIyTEBOM XO3AHCTBE C IEbI0 pacuéTa 00OCHOBAHHOIO pa3Mepa KOMIICHCAUU
U HEOOXOIUMOW BENWYMHBI MPHOBLIN, JOCTATOYHBIX AT dPPEKTUBHON NESATENLHOCTH MPEINPUITUI ITyTeBON HH-
¢dpactpykrypsl. Hayunast HoBu3Ha. Pa3paboTaHbl METOIOJIOTHYECKHE OCHOBBI ONPENEJICHHS IUIAThl 33 MCIIOJIb30-
BaHME IYTEBOM MH(PACTPYKTYpHI C YUETOM OIBITa JKeNe3HbIX gopor crpaH EC n medcTBYOMEro TpaHCIOPTHOTO
3akoHOzarenbeTBa. [IpakTHyeckas 3HAYMMOCTD. B paboTe npeyioxkeHs! 0JTHO — U ABYXAJIEMEHTHYIO MOJIEIH pac-
yera ruiaThl (cOopa) 3a moibp3oBaHHE 00BeKTaMH IyTeBoM MHpacTpykTypsl (OIIN) ¢ yuerom nelcTByromux Tpe-
OoBanuii EBporeiickoro TpaHCIIOPTHOTO 3aKOHOJIATENBCTBA, KOTOPbIe 00ecreyaT KOMIIEHCAIHIO PacX00B H TI0JTy-
YeHHUEe NMPUOBUIN, JOCTATOUHBIX JUISI SKOHOMUYECKOI'0 CTUMYJIHPOBaHHS d((PEKTUBHON AESTebHOCTH NPEANPUITHI
IyTeBOH HHPPACTPYKTYPBI XKEJIE3HOJOPOKHOTO TPAHCIIOPTA Y KPaUHBI.

Kniouegvie cnosa: mpeaupusTusi; 00bEKThI yTEBOH HHYPACTPYKTYPHI; JKU3HEHHBIH IIHKIT

M. I. MILIIEHKO""

"Kag. «EKOHOMiKa Ta MCHEIKMEHT, JHIIPONETPOBCHKHIT HAILOHATBHIH YHIBEPCHTET 3ali3HIYHOTO TPAHCIIOPTY
iMeHi akagemika B.JIa3apsina, Byi. Jlasapsina, 2, IninponerpoBchk, Ykpaina, 49010, ten. +38 (056) 373 15 80,
e morrra mmi@ua.fm, ORCID 0000-0003-0372-1957

MOJEJIb PO3PAXYHKY BEJIMYUHU 3BOPY 3A TOCTYII
10 OB’EKTIB KOJIIMHOI IH®PPACTPYKTYPH

Merta. JlociipkeHHs CipsIMOBaHe Ha PO3pOOKy 0JHO — ab0 ABOXEJIEMEHTHOI MOJIeNiel po3paxyHKy IJIaTH 3a BU-
KOPHCTaHHA KOJIHHOI 1HQPACTPYKTypH 3aJIi3HWYHOTO TPaHCHOPTY YKpainu. MeToauka. 3TifHO CTaTUCTUIHHX
JTAHUX CepeHBPOMEPEKEBHIA 00CAT MepeBe3eHb, 10 MPUIatace Ha 1 KM eKCIUTyaTamiifHoi TOBXHUHH Koumii, — 21,6 MiTH.
TKM OpyTTO. TakuM 4MHOM, 3a BeChb HOPMAaTHBHUH TEPMiH eKCIUTyaTarii Kouii (25 pokiB) oOcAT mepeBe3eHb CKIae
540 muH. TKM OpyTTO, IO HabaraTo MEHILE BCTAHOBJIEHOTO HOPMATHUBHOIO IIOKa3HMKA. Buxomsuu 3 BUIe
3a3Ha4YE€HOTO, BBAXKAEMO, L0 ITPH IUIaHYBaHHI IPOBEICHHS [UIAHOBO-NIONEPE/KYBATBHIX PEMOHTHO-KOTIHHHUX POOIT
(IITIPKP) Ta obcsAry amMopTH3alliiHUX BiIpaxyBaHb KEpiBHMM KpHTepieM € He oOcsar HapoOiTKy, a TepMiH
eKcIuTyartaii 00’ekTiB KomiiHOI iH(ppacTpykTypu. Bapricte npoBenenns IIIIPKP Busnawaerbcsi, Buxomsauu 3: 1)
kiaacudikauii peMOHTIB Kouii; 2) THIIOBHX TEXHOJOTIYHMUX MPOLECIB Ha PEMOHT Kouiii; 3) TEXHOJOTiYyHO
o0rpyHTOBaHMX HOpM yacy Ha npoBeneHHs I[1TIPKP; 4) Burpar npaui pobiTHHKIB, 3aHsATHX mpoBeneHHsM [1TTPKP,
ix roguHHMX Tapuduux craBok, (3rimHo Hakazy 98-11); 5) BaprocTi ekcruryaraiii MaimiMH Ta MeXaHi3MiB; 6)
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EKOHOMIKA TA VIIPABJIIHHA

perJIaMeHTOBAHOTIO IepelliKy, HOpM BHTpPAT Ta BapTOCTI BUTPAT MaTepiaiiB i BUPOOIB (MaroTh HaHOLIbIIY MUTOMY
Bary y BUTparax Ha PEMOHTH); 7) 3aii3HMYHUX Tapu(diB; 8) cepelHbOMEpEIKEBHX BiJICTaHEH Ha IEPEeBE3CHHS
MarepiaiB, 110 BUKOPUCTOBYIOTHCS TIPH PEMOHTaX; 9) HOpPM 3aralbHOBUPOOHMYMX Ta aJMIHICTPATHMBHUX BUTpAT.
Pe3yabraTu. 3anpornoHOBaHI B CTATTI MOJENI JO3BOJISAIOTH BHKOHATH OO0'€KTHBHHUI OOJIK BUTPAT y KOIIHHOMY
TOCHOJApPCTBl 3 METOI0 PO3paxyHKY OOIPYHTOBAHOI'O PO3Mipy KOMIEHcAllil i HeoOXiZHOI BeNIWYMHU MPUOYTKY,
JIOCTATHIX sl e(eKTHUBHOI AISUTFHOCTI MIAMPHEMCTB KoJiiHOI iHppacTpykTypu. HaykoBa HoBH3HA. Po3pobneHo
METOZOJIOTIYHI OCHOBH BH3HAUEHHS IUIATH 332 BHKOPHCTaHHS KOJIMHOI iH(QPAaCTPYKTYpH, 3 ypaXxyBaHHAM JIOCBiIy
sami3Hup kpaiHn EC 1 girodoro TtpaHcmopTHOro 3akoHonaBcTBa. IIpakTmyHa 3Haummicte. Y poOori
3alpOIIOHOBAHO OJHO — Ta JBOXEJIEMEHTHY MOJeNli PO3paxyHKy Iuiatu (300py) 3a KOPHUCTYBaHHS 00 €KTaMH
kouiitHol iH(ppacTpykrypu (OKI), 3 ypaxyBaHHSIM Iif0uMX BUMOT €BpOIEHCHKOTO TPAHCHOPTHOTO 3aKOHOAABCTBA,
o 3a0e3rnevye KOMIICHCAIII0 BUTPAT Ta yTBOPEHHS MPUOYTKY, AOCTATHHOTO JUISI €KOHOMIYHOTO CTHMYJIFOBAHHS
e(peKTUBHOI MiSUTbHOCTI NIANPUEMCTB KOJIIHHOT IH(PACTPYKTYpH 3aJ1i3HUYHOTO TPAHCIIOPTY YKpaiHH.
Kniouosi crosa: mignprueMcTBo; 00’ €KTH KOJIHHOT IHPPaCTPYKTYPH; )KUTTEBUN LUK
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EKCINIYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY
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®OPMHUPOBAHUE UHTEJUIEKTYAJIBHOM MOJEJIN
©®YHKIIMOHUPOBAHUSI JKEJTE3HOAOPOKHOH
CTAHLMMU ITPU BBIITIOJIHEHHUU ITOE3/ITHOU PABOTbBI

Heab. /lannas HayyHas paboTa HampasiIeHa Ha (OPMHUPOBAHNE HHTEIUICKTYAIBHON TEXHOJIOTUH ONPEIeICHHS pa-
UOHATBPHOTO MYTH MpPHEMa TPY30BBIX IOE3/I0B HA OCHOBE TEXHHUKO-TEXHOJIOTHYHBIX ITAPaMETPOB. DTO, B CBOIO OYe-
penp MO3BONUT JAEKYPHOMY IO CTAaHIIMH MOJTYYaTh ONEepaTHBHBIC, 0OOCHOBAHHBIC PEIICHUs KacaTeIbHO BHITIOHEHHUS
MOE3HOM pabOThI B TPAHUIIAX JKEIE3HOJOPOKHOM cTaHIMU. MeToanka. B xauecTBe OCHOBHBIX 3JICMEHTOB UCCIIEIO-
BaHHS BBICTYIAOT TEXHUKO-TEXHOJIOTUUCCKHE TTApaMeTPhl KEIC3HOJOPOKHON CTAHIIMU TIPH BBITOIHCHUH TTOE3THOM
paboTsl. B 0cHOBY chopMUPOBAHHON MOJIEIN BBIOTHEHHS ITOC3THOM pabOThI MOJIOKEHBI METOABI HEHPOHHBIX CETEH,
KOTOpbIE MO3BOJISIOT chopMUpoBaTh caMo00yHarOIIyIOCs aBTOMaTH3UPOBaHHYIO cucteMy. Pesyabratel. Ilpencras-
JICHHAsI MOJICJTb BBITIOJIHEHHMS MTOE3IHOM PabOTHI JKEJIC3HOIOPOKHON CTAaHIIMHU PeaM30BaHa HA OCHOBE MCKYCCTBEHHBIX
HEWPOHHBIX CeTel NPH HCIOJIb30BAHMU AITOPUTMa OOYyUeHHs «C yuutesnem» B cpeae Matlab. Cpena Matlab taroke
UCTIONIF30BaHA [UI HETIOCPEACTBEHHON pean3alliil WHTEUICKTyaIbHOW aBTOMATH3UPOBAHHON CHCTEMBI yIPaBICHUSI
Moe3HOM paboToW MpeaHA3HAYCHHON I MHTETPUPOBAHUS B aBTOMATH3MPOBAHHOE pabodee MECTO NEeKYPHOTO IO
cTaHimy. Pa3paboTaHHYIO CHCTEMY TakXkKe IIeIecoo0pa3HO WHTErPHPOBATh HA aBTOMATH3MPOBAaHHOE pabouee MecTo
MOE3HOTO Jucrerdyepa. JJaHHOe MpeaioKeHHe LeNIecO00pa3Ho MPH YCIOBUM HAIWYUS JAUCIIETICPCKON MEHTpaIn3a-
IIUH Ha OTIPEJICIICHHOM YYaCTKe kKeJe3HOmopoxkHoro mytr. HayuHast HoBu3Ha. B pesynbpTare nccnenoBanus chopMu-
pOBaHa MOJIENTb TEXHOJIOTHH PAOOTHI KEJIC3HOIOPOKHON CTAHIMU MPU BBITOJHEHHH MTOC3HOI pabOThI ¢ AIEMEHTAMHU
HCKYCCTBEHHOTO MHTEIICKTa. MOJIeb MMO3BOJISET MPEIOCTABIATh 000CHOBAHHBIC PEIICHUS JCKYPHOMY 0 CTaHIIUH
KacaTesbHO BhIOOpA paliMOHAJILHOTO M OE3011aCHOTO BapUaHTa MpHeMa U 0e30CTaHOBOYHOTO TIPOITYCKa TI0E3/J0B C BO3-
MOYXHOCTBIO CaMOOOYUYEHHSI M MPHCIOCOONCHNS K M3MEHSIOMIMMCS YCIOBUSAM. DTO YCIOBHE NOCTHTAETCS 3a CUeT
MPUHIXIOB (GYHKIIMOHUPOBaHUS HeHpoHHOH ceTr. IIpakTnyeckas 3HauuMocTh. ChopMupoBaHHAsT aBTOPOM MOJEIh
HMHTEIUICKTyaIbHOW CHCTEMBI YIPaBIICHHS MPOIIECCOM ONPENeNICHHs PAIiOHAIBHOTO MyTH TPHEMa TI0E3/I0B pa3iiind-
HBIX KaTErOPHiA B ONIEPATUBHOM PEKUME MPEIOCTABIIET BOSMOXKHOCTE ACKYPHOMY IT0 CTAHIIUH HJIH ITOE3THOMY IHC-
MeTYepy OIMpPEACITUTh COOTBETCTBYOIIUI MapK (TIprieMa, OTIPABIICHHS, TPAH3UTHEIN) 1 [IeJIECOO0pa3HbIH MyTh TIpHeMa
WU TIPOITYCKAa TIPH YCIIOBHU OOecTieueHrs 0€301IacCHOCTH ABMKEHUsI. KapIuHaIbHBIM OTIMYHEM JaHHOW TEXHOJIOTHH
OT CYIIECTBYIOINUX SABJISICTCS BO3MOXXHOCTbH le/ICHOCO6HeHl/lH MOJCIIM K U3MCHAIOIUMCS YCJIOBUAM OKCIUTyaTalluu.
3T0 O3HayaeT, YTo B Cily4yae MNOSBICHHUS paHee HE BO3ZHMKAIOLIEH CHUTyalldM, MOJENb paccuuTaeT Haubolee parmo-
HAJTGHBIA BapUaHT BHITIOJTHEHUS TTOE3THON PabOTHI.

Kniouesvie cnosa: xene3HomOpoKHAs CTAHINS; TOe3qHas paboTa; NCKyCCTBEHHAs] HEHPOHHAS CETh; JEXKYPHBIHA
10 CTAHIINH; HHTEIUIEKTyalIbHas CHCTEMa

Beenenne VIMEHHO Ha XKEJIEe3HOMOPOXKHOW CTAHLHU 3apOXK-
JTAIOTCSl U TIOTAIAl0TCsS BaroHO- M MOE€3J0NOTOKH.

H(CHCSHOI[OPO)KHSJI CTaHIOUA SABJIACTCA OJHHM
OCHOBHBIM H CANHCTBCHHBIM pa6OTHI/IKOM, KOTO-

N3 OCHOBHBIX 3JICMCHTOB TpaHCHOpTHOﬁ CHUCTCMBI.
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EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

pBIi  PYKOBOAWT IIBHKEHHEM II0€37I0B SBIISIETCS
JIeKYPHBIM 1O CTaHUUU. B 3HaYMTENBbHON CTENEeHU
OT JaHHOTO OINEPAaTUBHOTO pabOTHHKA 3aBUCHT
KayecTBO W 0e30MMacHOCTh BBITIOJHEHHS JKCILTya-
TallHOHHOW paboTH. B CBS3M ¢ 3THM B TOCIIEqHEE
BpeMsl TOSBISAIOTCS MyONMMKalMKU B HAyYHO-TIpaK-
TUYECKUX W3JaHUAX, B KOTOPBIX aHAIU3UPYIOTCS
CYIIECTBYIOIIHE W TIPEAJIaraloTCsl MEePCIIEKTHBHEBIE
TEXHOJIOTHH, TIO3BOJIAIONINE OIEepaTUBHOMY pa-
0OTHHMKY MoNy4aTh Hambolee palroHaJbHBIE Ba-
PHAHTHI BBIITOJIHEHUS 3KCILTyaTallAOHHOW paOOTHI.
Tak B pabote [6] paccMaTpuBaeTCss BOIPOC IIO-
CTPOCHUSI UIMUTALIMOHHOW MOJIENIN PabOTHI KeJie3-
HOJIOPOKHOW cTaHIMH. B JaHHOM ciywae mpen-
MOJIaraeTcsi, 4To OOJIBINTYI0 YacTh NAHHBIX B CHC-
TEMy BBOJUT 4esoBeK-oneparop. COOTBETCTBEHHO
€CJIM YeJIOBEK-0IepaTop 00IagaeT MallbiM OITBITOM
paboTel (MEHee OJHOTO KaJlCHIapHOTO T0Ja), TO
B TIpOLIECCE BHIMTOJHEHUS CBOUX 00s3aHHOCTEH, CBSI-
3aHHBIX C MOEe3AHOH paboTol, BeNrKa BEPOSITHOCTD
HapyLICHUs TEXHOJIOTHYECKOro npoiecca [9].

B pabore [4] ¢opmanu3oBaHO MaTeMaTHue-
CKYI0O MOJENbh I OIEHKH TEXHUKO-TEXHOJO-
TUYECKHX TOKa3aTesieil paboThl IKEIIe3HOIOPOK-
HBIX CTaHIMH, 4TO OECCIOpHO SBISETCS 3HAUYH-
TEIBHBIM JIOCTHKEHHEM B OOJNACTH COBEPILIEHCT-
BOBaHUS TEXHOJOTUH JKCIUTyaTallHOHHON paboThI.
OpnHako ciexyer OTMETUTh, YTO B JAHHOM CITydae
paccMaTpuBaeTCss UMHUTANUS PaOOThl CTAHIIMU, KO-
TOpasi MO3BOJISIET KPUTHIECKH OIIEHUTH paboTy TOU
WIM U UHOM cTaHIMK Oe3 ydeTa BIUSHHS UYeloBe-
gyeckoro (akropa.

B paborax [2, 3] ocyuiecTBiIeH 3HAUYNTEIbHBIHA
CKayeK B HANpaBJICHWW aBTOMATHU3AlUU IIEPEBO-
304YHOTO TPOIIECCa, B TOM YHCIE U 32 CYET CHCTEM
MOJIICPIKKHU TIPUHATHS PEIIESHHH.

JlornuHBIM MPOJOKEHHEM paboOT B HaIlpaBiie-
HUU COBEPILEHCTBOBAHUS MEPEBO30YHOTO MpoIiec-
ca Ha KeJEe3HOJOPOKHBIX CTAHIMSX SIBISETCS CO3-
JTAaHNE WHTEIUIEKTYalbHBIX CHCTEM YIIPaBJICHUS
IIBIKEHWEM TI0e3710B. J[aHHOE TOJIOKEHHE CBHUE-
TETBCTBYET 00 aKTyalbHOCTH BBHIOPAHHOW 3amadu
WCCIIEZIOBAHUSI.

Hean

Ilenpto nmaHHOM HAay4yHOM CTaTbU SIBISETCA
(opMupoOBaHNE WHTEIUICKTYaIbHOH TEXHOJOTHH
ONpeAeNIeHUs] PallMOHAILHOTO MYTH TMpHEMa WU
0€30CTaHOBOYHOTO TPOITyCKa TPYy30BOTO oe31a Ha
OCHOBE TEXHUKO-TEXHOJIOTUYHBIX IapaMeTpOB,
KOTOpas MO3BOJIUT JACKYPHOMY IO CTaHUUHU TOJY-

YaTh OMEpPaTHBHBIC 0OOCHOBAHHBIC PEIICHHUSI Kaca-
TEIBHO BBIMOJHECHUS IMOE3AHON pa0dOThl B TpaHU-
1axX XKeJe3HOIOPOKHOM CTaHITHH.

MeTtoaunka

CornacHo 1eNH MOCTABJICHHOTO HAay4HOTO 3a-
JaHMs 11e51eco00pa3Ho MCIONIb30BaTh TaKOM MaTte-
MaTHYECKUH ammapar, KOTOPBIA MO3BOJIUT peallu-
30BaTh TEXHOJIOTHIO YTIPABJICHUS MOE30MOTOKAMU
B TpejesiaX JKEJIC3HOJOPOKHOU CTAaHIIUH U UMETh
BO3MOJKHOCTH TIPHUCIIOCA0INBATHCS K MEHSFOIINM-
cs ycnoBusM paboTel. To ecTh B JaHHOM Cllydae
UAET pedb O CO3JAaHUU CUCTEMBI, KOTOpas Oyjaer
croco0Ha caMo00yJaThCsl Ha OCHOBE JICUCTBHIA
4gejoBeKa (IeKYypHOTO 1o craHmuu). Ilpm 3Tom
MperonaraeTcs, 4ro pa3padaTbiBacMasi CHCTEMa
OyneT o0sasaTh BO3MOKHOCTBIO CaMOCTOSITEIBHO-
o HAKOIUIEHHS Oa3bl 3HAHWI Ha OCHOBE JEHCTBUN
OTIBITHBIX OMNEPAaTUBHBIX pPaOOTHHWKOB. B moce-
IyIOIleM, pa3pa0oTaHHas aBTOMAaTH3MPOBAHHAS
TEXHOJIOTHS YIPABJICHUS TOE3J]0MOTOKaMU OyaeT
KCIIOJIB30BaTh HAKOIUICHHYIO 0a3y uisi OBICTPOrO
M aJeKBAaTHOTO pearupoBaHMs Ha SKCILTyaTaIl[MOH-
HBIC JICHCTBHS, CBSI3aHHBIE C TIO0E3THON paboTol Ha
crannuu. Takum o0pa3oM, peub UACT O CO3JIaHUU
TaK Ha3bIBAEMOM HKCIIEPTHOM CUCTEMBI.

B npeamecTtByromux padotax ObLIM COBeEpIIe-
HBI TIOMBITKU pPEaH3allMd aBTOMATU3UPOBAHHBIX
TEXHOJIOTHI YIPAaBJICHUS MEPEBO30YHBIM MPOIIEC-
com. Tak B pabote [5] paccMaTpuBaeTCs MpoIece
(opMupoBaHUs 00BEKTHO-OPHEHTUPOBAHHOW MO-
e (YHKIIMOHHPOBAHHS — IKEIC3HOIOPOKHBIX
craHuuil. B pe3ynbrare 4yero JOCTUTHYTa BO3MOX-
HOCTh YCKOPHUTH pabOTHI MO pa3pabOTKE MOJEICH
paboThl CTAaHIMI W TOBBICUTH APPEKTUBHOCTH
MPOEKTUPOBIIMKOB M TeXHOJO0roB. OJHAKO B JIaH-
HOM CJIy4ae OTCYTCTBYET 3JICMEHT, KOTOPBIH OTBE-
YaeT 3a OMEPATHBHOCTHh MPUHATHS PEUICHHS B pe-
aTBPHOM MacIITade BpeMeHH.

OCHOBBIBasICh Ha MOCTABIICHHYIO 1IeJIb HAYYHO-
rO HCCIICJIOBAaHUSA W PACCMOTPEHHBIC JIUTEPATYP-
HbIC MCTOYHUKHU IIETIECO00pa3HO MEPEHTH K BBIOO-
py MeTroja, IpH MOMOIIM KOTOPOro MOKHO Oyjaer
CO371aTh AHAJIUTUYECKYIO CUCTEMY, MpEAHA3HAUCH-
HYIO JUISI yTPaBICHUS TOE3IHBIMH TIepeBIIKe-
HUSIMU 110 CTAHIIUH C JadbHEHIeH HHTETpalu ee
Ha aBTOMAaTH3UPOBAaHHOE paboyee MECTO ICKYyp-
Horo 1o crauiuu (APM JICIT).

OmHUM U3 COBPEMEHHBIX MaTEeMAaTUYECKHX Me-
TOJIOB, KOTOPBIA B OIPENEICHHON CTEMeHH COOT-
BETCTBYET BCEM paHEe ONpPE/ICICHHBIM TPeOOBaHU-
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sIM, SIBJISIETCSI METOJ MCKYCCTBEHHBIX HEUPOHHBIX
cerelt. CiieryeT OTMETHTD, YTO IO CBOCH apXHTEK-
Type BCE HCKYCCTBEHHBIC HEHPOHHBIE CETH pas-
JIETSIFOTCS. HAa HEWPOHHBIE CETH C MPOTPaMMHOI
n anmapatHoit peammsammert [11, 13]. Ilpm mo-
CTPOCHHH UCKYCCTBeHHOI HeliponHoii cetn (MHC)
3HAYUTENILHOE BHUMAaHUE YAESIeTCS BEIOOPY (YHK-
MW aKkTuBanmu. B maHHONM paboTe mpu mocTpoe-
ann MHC Oyzaer ucronp3oBaHa HEIMHEHHAS (QYHK-
LUl C HACBIILIEHHEM — curMou [1].

B ocHOBy pelieHns nocTaBjI€HHON 3aJa4yM Io-
CTPOCHHUS MOJENHU HUHTEIUIEKTYalbHON aBTOMATH-
3UPOBAHHON CHUCTEMBl YHPAaBIEHUS MPOLECCOM
OTIpEICIICHIS PAIlIOHATIFHOTO MyTH IpHEeMa T0e3-
JIOB PA3JIMYHBIX KATETOpUH OYyJEeT TOJOXKEHA KC-
KYCCTBEHHAas HEMPOHHAsI CETh C IBYMS CKPBITBIMU
CIIOSIMH ¥ CHTMOMIAJBLHON (DYHKIMEH aKTHBAITHH.
TeoperndyeckuM 0a3ucoM BBIOPAaHHOTO MOAXOAA
MOXET CcIyXuTh Teopema XextT-Humbcena [12],
KOTOpasi CBHUIETEIBCTBYET O BO3MOXKHOCTH OTO-
OpakeHust 7000 MHOrOMEpHOW (QYHKIUH He-
CKOJIBKMX TIEPEMEHHBIX B BHUJI€ JBYXCIOWHOW HEM-
POHHOH CeTH C 3aBeOMO H3BECTHOH (yHKIHEH
AKTHUBALIUH.

Takoil moAX0/ K MOCTPOEHUIO HEUPOHHOM CETH
MO3BOJISIET YYECTh MPEIABICTOPHIO HAOIFOIAEMBIX
MPOIIECCOB M HAKOMUTH MHGOPMAIHIO s (HOpMH-
pOBaHUS TPABWIBHOW CTPATETUH TIO YIIPABICHHUIO
MPOLIECCOM MPHUHATHUS MOE3[la Ha CTAHLUIO. DTOT
BHJI CE€TEH, KaK MPaBUIIO, IPUMEHSETCS B CUCTEMAX
YIIPABJICHUS TTOIBIDKHBIMU O0BEKTaMU, IOCKOJIBKY
WX TJIABHOM OCOOCHHOCTBIO SIBJISCTCS 3allOMHHA-
Hue nocnenoBatenbHocTed [7]. CorjmacHo 3TOMYy,
B JTaHHOW HaydHOH paboTe OYIYT HCIIOIH30BAHBI
MPUHITUIBI TTOCTPOCHHUS PEKYPPEHTHBIX CeTeH Ha
OCHOBE MPUMEHEHUSI COOTBETCTBYIOLIUX AJITOPUT-
MOB 00ydeHMs. VMcxXomsi U3 MOCTaBICHHOH 3a1ayw,
pa3paboTKH MOJIENH TIO YIPABIECHHUIO MPOLIECCOM
ONpeeICHNs] PallMOHAIBFHON MyTH THpueMa Moe3-
JIOB pa3IMYHBIX KaTeropuid Ha OCHOBE HEHpOH-
HOH ceTH, HEOOXOIUMO IMOCTPOUTH OTOOpaKCHHE
X —>Y Takoe, 4TOObl Ha KaXKAbI BO3MOYKHBIN
BXOMHON curHan cetm X QopmupoBancs Impa-
BHJIGHBIN BBIXOAHOW cuTHAN Y. OTOOpakeHUs 3a-
JAIOTCA KOHEYHBIM HA0OpOM Mmap 1O TUIY —

(<BXOH>,<H3B€CTHBIﬁ BLIXO,Z[>) .

Pe3yabTatsl

B kauecte nmpuMmepa yKa3aHHOI>'I napel 1o pe-
IICHUIO ITOCTaBICHHOU 3alavuy BO3MOKHO MPHUBECC-

TH OMHO3HAYHYIO Tapy, T.e. Mapy, KoTopas IpH
3aJIaHHOM BXOJHOM BEKTOPE MOXET MMETh TOJIEKO
OJIHO OMpEEICHHOE 3HAUCHHE BBIXOJA, WIH 3Ha-
YEeHUS BBIXO/Ia MOTYT OBITh CTPOTO OTPAHUYCHBI:

X—)Y:<x1:x27""xn>_)<Yl’Yz>:

(5, W), (D)

COTJIaCHO IPUBCACHHOI'O BBIPAXCHUA MOKHO IIO-
JIYYUTHh TUIIMYHOC OJHO3HAYHOC 3HAYCHUEC Ha BbI-
X0I€ CCTH:

X, — XapakTepucTuKa Iytu Nel;

X, — XapaKTEePUCTHKa IyTu Ne2;

. -
X, — XapaKTepuCTHKa Myt Ne n —1;
X, — XapaKTepUCTHKA M0e3/1a
Y, — nmapk mnpuema 2
Y, —myts Ne 5
CdopmupoBana napa TUTIA

(<BXOIL>,<H3BGCTHBII7] BI)IXOI[>) COOTBETCTBYECT I'pa-

(UvecKOMy OTPaKCHUIO CUTYallUH, MPUBEACHHOM
Ha puc. 1.

B panHOM ciydae 1enecooOpa3zHO OTMETHUTH,
YTO Cpeay IPEUMYLIECTB MPUMEHEHUS HEUPOHHBIX
ceTeil i MOJIENHMPOBAHUS OSKCILTYyaTaI[MOHHBIX
MIPOIIECCOB SBIIAETCS TO, YTO YHCIO Tap THWIIA

(<BXO,[[> ,<H3BeCTHLII>i BI:IXO,[[>) (TaK Ha3bIBACMBIX

MPUMEPOB OOYUCHHS) CYIIECTBEHHO MEHBIE 00-
[IET0 KOJIMYECTBA BO3MOXKHBIX KOMOWHAIMN 3HA-
YeHWH BXOJHBIX ¥ BBIXOJHBIX CHUTHAJIOB IIPU
MpreMe Ha KEJIE3HOJOPOKHYIO CTAHIIMIO TOE3/I0B
Pa3IMYHBIX KaTErOpUil.

[Ipu HemocpencTBeHHOM (POPMUPOBAHWUU HEH-
POHHOH CeTH W TOCTPOEHHUS B3aMMO3aBHCHMOCTH
BXOJHBIX W BBIXOIHBIX CHTHAJIOB IO BBITOIHEHHUIO
MOe3JHON paboThl HAa CTAHIMHU, TO €CTh MOCTPOe-
HUS oTOOpakeHHs X — Y HeoOXxomumo cobiro-
JeHHE CIIeTYIOIX TpeOOBaHUIHA:

— obecrieueHrie (OPMUPOBAHUS TPABHIBEHBIX
BBIXO/HBIX CHUTHAJIOB B COOTBETCTBHH CO BCEMHU
npuMepamMu o0ydaromiell BBIOOPKH, KOTOpask Mo-
KeT GOpMHUPOBATECS B pe3yibTaTe pabOTHI OIBIT-
HOTO OIIEPaTUBHOTO pabOTHUKA (IEKYpPHOTO IIO
CTaHIH, MAHEBPOBOI'O IUCIIETYEPA);
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Puc. 1. Bapuant BbIOOpa myTH nprieMa B 3aBUCHMOCTH OT COCTaBa TPAH3UTHOT'O 110€3/1a ¢ 1epepaboTKoii
W ClielMalIM3alny [TyTH COPTUPOBOYHOTO TapKa: TIe d, 0, 8, 2, M — 0003HAYaIOT CHELUATM3ALUIO Ty TeH

Fig. 1. Choice variant of approach track depending on the set of transit trains with processing and specialization
of the car yard track: where a, b, ¢ — represent the specialization of tracks

— obecrnieueHre (POPMHUPOBAHUST BEPHBIX BBIXOJI-
HBIX CHUTHAJIOB B COOTBETCTBUM CO BCEMH BO3MOXK-
HbIMHM BXOJHBIMHM CHUTHAJIAMH, KOTOpBIE HE BOILIU
B 00y4Yarolnyto BBIOOPKY. [laHHOE YCIIOBHE JOJIKHO
o0ecrieunTh afeKBaTHOE (PYHKIIMOHUPOBAHUE CIIPO-
€KTUPOBAHHON HEHPOHHON CeTH MNpU Mojadye Ha
BXOJl TIOE3AHBIX CUTYyallMil U CHUTyalluid, MPOUCXO-
JIIUX Ha CTAHIMU TPU BBIMOJHEHUM 3KCILTyaTa-
IIUOHHOH paboTHL. DTO TpeOOBaHNE B 3HAYUTEIHLHON
CTENEHH 3aTpyaHsIeT (GopMUpOBaHUE OOyUaroIiei
BBIOOPKH. J[J1s1 OIIEHKH YuClia HEMPOHOB B CKPBITHIX
CJOSIX OJHOPOIHOW HEUPOHHOM CETH MOXHO BOC-
MTOJTE30BATHCS (hOPMYJITION TSI OIIEHKH HEOOXOaMMO-
ro KOJIMYECTBA CHHAITHYECKHUX BecoB L, [7]:

&SLWSm E+lj(n+m+l)+m, 3)
1+log, N n
r1e n — pa3MEPHOCTh BXOJHOIO CHUTHAa; m —

PasMEpHOCTb BBIXOAHOTO CHUTHaja; N — YHUCIO
aJIeMeHTOB oOyuaromieil BrIOOpKU (ompenensercs
B JIONYCTUMBIX IpejeNiaXx MpH TECTHPOBAHHU pas-
paboTaHHOI HEHPOHHOU CeTH).

[Tocne onpenenennss HEOOXOAUMOTO KOIHYECT-
Ba BECOB, HEOOXOJUMO pacCUMTATh YMCIIO HEHWpPO-
HOB B CKPBITHIX CJIOsX [9]:

L

w

L= .
n+m

“4)

Kpome ¢opmyn (3) u (4) KommuecTBO BecOB
U CKPBITBIX CIIOEB MOYKHO PAacCUMTATh CIIETYIOIIIM

obpazom [7]:

2(L+n+m)SNS10(L+n+m), (®)]

ﬂ—n—mSLSE—n—m. (6)
2

[Ipomecc GyHKIIMOHUPOBAHUS MCKYCCTBEHHBIX
HEUPOHHBIX CETEW 3aBUCUT OT BEJIWYMHBI CHHAI-
ThYeckux cBsa3eil. CoriacHo 3TOMy aJeKBaTHOE
(YHKIIMOHUPOBaHWE HEWUPOHHON CeTH, KOTopas
MpeIHa3HAYCHA /IS pEIIeHUs TOCTaBICHHON 3aa-
4y, OyJIeT OCHOBBIBATHCS HA HAXOXKJCHHH OITHU-
MaJbHBIX 3HAYEHUH BCEX IEPEMEHHBIX BECOBBIX
Kod(hpuIIeHTOB.

YkazaHHas mpoIeaypa Ha3bIBaeTCd O0yUICHHUH-
€M HCKYCCTBEHHOW HelpoHHOU ceTtu. KauecTtBo
M aJeKBaTHOCTh (PYHKIIMOHHPOBAHHS CETH MO pe-
MICHUIO 33/1aYd YIPABJICHUS] TIPUHITHEM II0€370B
Ha JKCJIC3HOJOPOXKHYIO CTAaHIMIO OYyJIeT 3aBHUCETh
OT KadyecTBa BBIMOJHEHUS Ipolecca OOy4eHus,
OCHOBHYIO pOJIb B KOTOPOM OYyIyT WTpaTh OMBIT-
HBIC OTIEPATUBHBIC PAOOTHUKHU.

B nanHOi1 Hay4dHOI cTaThe OyneT HCIOIBE30BaH
METOJI IBOMYHOTO KOJUPOBAHHUS, KOTOPBIM MO3BO-
JUT B JanbHeiimeM (mpu oOydeHHH HEHWPOHHOU
CETH) YMCHBIIUTh HArPy3Ky Ha TEXHHUYECKUE yCT-
pOICTBA BBIUKCIEHUS NPU YYETE 3HAUUTEIHLHOTO
YHUClIa TapaMeTPOB, XapaKTEPUIYIONIUX COCTOSHHE
myTell W moe3da, MOCTYHArollero Ha CTaHIUIO
MpUEMa WK HEMPEPHIBHOTO MPOITYCKa.
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Taxum oOpa3om, IeecooOpa3HO OMpPeneTUuTh
BEKTOp, KOTOPBIN OyleT XapakTepu30BaTh COCTOS-
HUE MYTH B Buze Taom. 1 u 2.

B kadecTBe nmpuMepa BBIOpaH 3J€MEHT BXOJHOTO

BeKkTOpa X = {xl, Xyy ees xn} , KOTOPBIH XapakTepH-
3yeT COCTOSHHE IPOU3BOJIBHOTO IyTH, B pe3yibTaTe
gero nosydeHo x,_, =(1110). IIpu nexoaupoBanuu
OTpEZIETIEHO, YTO Ha MyTH C HOMepoM n—1 Haxo-
JWTCS HeraObapUTHBIN IOE3/1 C OIIACHBIM IPY30M.
Tabnuna 1

KopnoBbie 0003HaYeHHs NMPU3HAKOB NyTH

Table 1
Code signs of route
< 0 - S
% | Jlunrsucruueckas 2 Z = JIunrsucru-
2 E XapaKTEPUCTUKA e E E YeCKOE 3HAUCHUE
o
g NpU3HAKa < '8 g KoJa
1 3aHATBIN
1 CocrosHHIE TyTH
0 CB00OIHEII
Hamrne 1 I[IpucyrcTByer
> B IIO€3JI¢ BATOHOB
C HerabapuTHHIM 0 o
py3oM TCYTCTBYET
Hamauue 1 [IpucyrcTBytoT
3 B IO€3]I€ BarOHOB
C ONaCHBIMH 0 o
rpy3ami TCYTCTBYIOT
Hanuume macca-
JKMPCKOI'O I0€3- 1 HpI/ICYTCTByeT
J1a, C KOTOPbIM
4 BBIIIOJIHAIOTCS
MaCCaKUPCKUE
oneparuu (To- 0 OtcyTtcTByeT
caJika, BhICAJIKA)

Taxoke B KauecTBe NMPUMEPa IEMEHTa BXOIHO-
ro Bektopa X ={x,, X,,..., X,}, XapaKTepu3ylo-

ETO O3] MOCTYIAOIINA Ha CTaHITHIO, MOTyde-
Ho x, =(1000100).

IIpn pexooupoBaHMM OIpPENENIEHO, YTO Ha
CTaHLMIO NPHUOBIBaCT B pacOpMHPOBAHHE Hera-
OapuTHBIE TOE3x HOpMaTHUBHOM umHBL [locie
ompeJeNieHus crnocoda KOAMPOBAHHS BXOIHOTO
BEKTOpa HEOOXOJUMO BBIOPATh COOTBETCTBYIOIIUIA
aJTOPUTM O0yUYEHHUS HEHPOHHOH CEeTH.

AnropuTM 0OyYeHHS MCKYCCTBEHHOW HEHWPOH-
HOW CeTH TMpencTaBisieT coboir Habop dopmy,

KOTOpBIE MO3BOJISIOT MO BEKTOPY OMIMOKK BBIYHC-
JUTHh HEOOXOJMMBIE TIOMTPABKH JIJISl BECOB CETH.

Tabnuma 2
KonoBbie 0003HaYeHUsI MPU3HAKOB MPUOBIBAIOIIETO
noesaa
Table 2
Code signs of arriving trains
| Q S
= JIuHrBUCTHYECKAS 2535 JIuarBuctrge-
B S XapaKTEPUCTUKA S g § CKO€ 3HAYEHUE
(=1 o o
= MpU3HaKa 28 & KoJa
Hamrane 1 IIpucyrcrByer
1 HErabapuTHOCTH
B IIPHUOBIBAIOIIEM
noe3e 0 OTcyTCTBYET
Hannuue | n
B IIPUOBIBAIOIIIEM PpHUCYTCTBYIOT
2 Moe37ie BArOHOB
MAaCHBIMH
¢ omac 0 OTCyTCTBYIOT
rpy3amu
Tloe3n 1 Ha
3 TTOBBIIICHHOM
JUTUHHBI 0 Her
4 IMaccaxupckuii 1 pucyrersyer
1oe3 0 OrcyTCTBYET
5 Moesn 1 Ha
¢ epepaboTKOM 0 Her
6 IMoesn 1 Ha
0e3 mepepaboTKH 0 Her
Barouns! gns 1 Ila
7 OJIHOTO COPTHUPO-
BOYHOT'O MyYKa 0 Her

Jis xadecTBEHHOTO OOY4YeHHS CETH He00XO-
JIUMO TIPEIBSIBIATE ONHY W Ty K€ IMOE3JIHYIO CH-
Tyaluro, a TakkKe ee BO3MOXKHbIe Bapuarmu. Oco-
OEHHOCTHIO 00YYECHHSI ICKYCCTBEHHBIX HEHPOHHBIX
cerelt sBIsieTcsl TOT (DaKT, 4TO MOCIe MHOTOKpAT-
HOTO TIPEABSBICHHUS MPUMEPOB Beca CeTu cTabu-
JTU3UPYIOTCS, IPUYEM OHA B JaJbHEUIIEM Iperoc-
TaBJISCT MPABWILHBIC OTBETHI IPAKTHUUYECKU Ha BCE
BONPOCHI U3 0a3bl MaHHBIX. B TakoM cirydae cunra-
€TCd, YTO CCTh BbLIy4UYMJIa BCC€ MNPUMEPLI UIIU CETh
oOydeHa, WiIH ceTh HaTpeHUpoBaHa. Cumraercs,
YTO ISl TIOTHOLIEHHOW TPEHHPOBKH HEOOXOIMMO
3aJ1aTh HECKOJIBKO JICCATKOB, a JIy4Illle COTHU IPHU-
Mepos [10].
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Puc. 2. Bapuant BeiOOpa 1myTu nprema B 3aBUICUMOCTH OT KaTErOPHHU IT0E310B:
[IT — mapx npuGsITHst; CII — coprupoBounsrii napk; [10 — napk ornpasnenust; TP1, TP2 — TrpaH3uTtHble mapku

Fig. 2. Choice variant of approach track depending on the categories of trains:
RY —receiving yard; CY — car yard; PD — the Park of departure; TP1, TP2 — transit parks

B cooTBeTcTBUU C OIIpeIeIeHHBIMH YCIOBUSIMU
BO3HHKAET 3a7a4a OpPMHUpPOBaHHs HEHPOHHOI ce-
TH B AQHAJIUTUYECKOM M TpaUuecKoOM BHIEC IS
JTUHEWHOTO KEIEe3HOAOPOKHOTO O0BEKTa — JKEIe3-
HOOOPOXHasd CTaHL M.

B kadecTBe 00BEKTa IS MOJEIUPOBAaHUS U3-
OpaHa >KeJIe3HOMAOPOKHAS CTaHIUS XaphKOBCKOM
JUPEKIMHU TIO0 JKEJIE3HOJOPOKHBIM IEpeBO3KaM
(OcHoBa — mapk MPHUOBITHSA), KOTOpas B OIpee-
JIEHHOM CTEIEHU COOTBETCTBYET IIyTEBOMY PA3BU-
THUIO, IPUBEJCHHOMY Ha puC. 2.

Texyrmee cocTosiHAE HElpoHa B OOIIEM BHIE MO-
JKET OTIPENIEIIATLCA JUIsl TOCTABIEHHOM 3a1aul, KaK

10
S=Yx-w+b, (7

i=l1

Je X — HOMEp MyTH Ha CTaHIIUH, XapaKTePHCTHKA
moes3ia; w — Beca mapamerpa x; b — xoddpdunnu-
€HT CMEICHHUS.

[ocne Toro, kak ObIIO HOPMATHLHO ONPEAETICHO
COCTOSIHHE HEHpoHa B 00IIEeM BHIE, HEOOXOIUMO
OLIEHUTD YKMCIIO HEHPOHOB B CKPBITHIX CJIOSIX OJTHO-
POJTHOM HEHPOHHOH CeTH 0 BhIpaxkeHuto (3)

MSLW£2 1000 (10+2+1)+2,
1+9,97 10
182< L, <2628.

[ocne onpenenennss HEOOXOAUMOTO KOJIUYECT-
Ba BECOB, HEOOXOAMMO PAacCUUTATh YMCIO HEWpo-
HOB B CKPBITBIX CJIOSIX TI0 hopmyiie (4)

L= 850 =71.

1042

Taxum oOpa3zoMm, B 00IIEM BHIE BO3MOXKHO
BOCIIPOM3BECTH TIpadUUecKyl0 HWHTEPIPETAIHIO
HCKYCCTBEHHOU HelpoHHOU cet (puc. 3).

Puc. 3. [IByxcrnoiiHas peKyppeHTHas HEHpOHHAs CEeTh
JUTS OTIPENICIICHUS Iy TH IIpUeMa Ha JKeJIe3HOAOPOKHYIO
CTaHIIUIO

Fig. 3. Two-layer recurrent neural network for
determining the approach track of the railway station

Hcxons w3 mocTaBieHHOW 3a7adu pa3paboTKu
MOJEIHU O YIPAaBICHUIO MPOLIECCOM ONPEIEIICHUS
PalMOHAIBHOTO ITyTH MPUEMa MOE3/I0B Pa3IUIHBIX
KaTeropuii, HEOOXOJUMO IOCTPOUTH TaKOE OTO-
Opaxkenne X — Y, 4YTOOBI Ha Ka)JbIH BO3MOXK-
HBI BXOMHOW cwrHan X ¢opMHpOBAICS TIpa-
BUWJILHBIN BBIXOJHOM CUTHaAI Y

X—)Yz(xl, Xyy Xy, Xygs X5y Xgy Xgy Xgy Xg, x10>—>
(¥, 1) =

=(<X1, Xys X35 Xg5 Xs55 X X7, Xgs x10>’<Yl’ Yz)) ®)

Bxonnoii Bektop X MOXHO ONpEIENUTH Clie-
JTyIOTITUM 00pa3oM
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X, — XapaKTepUCTHKa MyTH |
X, — XapaKTepUCTUKA IMyTH 2
X; — XapaKTepHCTHUKA ITyTH 3
X, — XapaKTepUCTUKa IIyTU 4
X5 — XapaKTepUCTHKa ITyTH 5
X, — XapaKTepUCTUKA IyTH 6
X, — XapaKTepUCTUKa IyTH 7
Xg — XapaKTepHCTHUKA ITyTH 8
Xy — XapaKTEepUCTHUKA ITyTH 9

X,, — XapaKTepUCTHKa Moe3/1a

R <Y1 - nap1<> ‘
Y, —myTs

B xkadectBe mnpmmepa, OyIeT MpencTaBICHO
4yacTh OOy4aromiel BBIOOPKH JUISl CUTYAIlUH, TpU
KOTOPOH Moe3]1 ¢ HOPMAaTUBHOM MacCoi U IJTUHOM,
B COCTaBe KOTOPOTO cojepXxarcsi HeraOapuUTHBIE
W OMAacHbIC T'Py3bl, MPUObIBACT B pachopMupoBa-
HHUE W JOJDKEH OBITh NMPUHAT HAa BTOPOH cBOOOA-
HBIN TyTh MIapKa MpreMa cTaHnuu (Tadu. 3).

s noctrxkeHus HauOobiero agdexra, pas-
paboTaHHYI0 MOJENb LeIecoo0pa3HO HHTETrPUpPO-
BaTh B CYIIECTBYIOIME aBTOMAaTH3WPOBAaHHBIE pa-
Ooune MecTa ASKYPHBIX 10 cTaHnusaM. C 3ToH 11e-
JbI0 pa3paboTaH MPOTPaMMHBIH MOIYIb B Cpele
MatLab, KOTOpBIi TO3BOJISAET OCYIIECTBUTH IIPO-
mecc OOyYeHWS HEHPOHHOM CETH 10 METOIy —
o0ydeHue ¢ y4uTeseM, B KauecTBe KOTOPOTO JI0JI-
JKEH BBICTYTATh OMBITHBIN JEKYPHBIN MO CTaHIIUU
MOJT HEMOCPEIICTBEHHBIM HAOIIOJCHUEM PEeBH30pa
mo 0e30MacHOCTH ABM)KEHWS, HA3HAYEHHBIM JIJIS
JaHHOro ydactka [8]. B cooTBercTBUM ¢ 3TUM Ha
puc. 4 otoOpaxena pabodas 0OIACTh CO3IAaHHOU
HeliponHO# cetn. [locie Toro kak chopMHUpOBaH-
HYI0 HEHPOHHYIO CEeTh OBUIO O0YYeHO Ha ompele-
JICHHBIX TpPUMeEpax BhIOOPKH, (PparMeHT KOTOPOW
puBeAeH B Ta0I. 3, ObIT CPOPMUPOBAH TECTOBBIMA
pabounii UHTEpQEIC, KOTOPbIH Ha OCHOBE BBEICH-
HBIX MapaMeTpoB IyTeH COOTBETCTBYIOIIMX Map-
KOB M XapaKTePUCTUKHU MPUOBIBAIOIIETO 0e3/1a Ha
CTaHIINIO, TIPEJOCTABIAET PEKOMEHIAINN JEeXyp-
HOMY II0 CTaHIIMM O PAaIMOHAIBHOM ITyTH NpHUEMa
Ha OCHOBE y4eTa (paKkTOpOB OE30MaCHOCTH.

)

Tabnuma 3

®parmeHT 00y4alomnieii BELIOOPKH

Table 3

A fragment of the training sample

BxonHoii BEeKTOp U UCXOJIHOE
3HA4YEHHE CeTH

PacmmgpoBka maper
{ona} - {Bmxoz[}

JUISL CUTYaINH TIpHeMa
rnoesza Ha 2 myTh

0000
0000
0000
1000
1000
1000
1000
1000
1000
0000101

—{1, 2}

1000
0000
0000
1000
1000
1000
1000
1000
1000
0000101

—{1, 2}

1000
0000
1000
1010
1110
1010
0000
1100
1010
0000101

—{1, 2}

— 1 myTs cBOOOAEH
— 2 myTh CBOOOJCH
— 3 myTh cBOOOJIEH
— 4 myTh 3aHAT
— 5 myThb 3aHAT
— 6 Iy Th 3aHAT
— 7 MyTh 3aHAT
— 8 myTh 3aHAT
— 9 nyTh 3aHAT

— moe3 B pachopMu-
poBaHue

— 1 myTs 3aHAT
— 2 myTh cBOOOACH
— 3 myTh cBOOOICH
— 4 myTh 3aHAT
— 5 myTh 3aHAT
— 6 Iy Th 3aHAT
— 7 yTh 3aHAT
— 8 myTh 3aHAT
— 9 myTh 3aHAT

— moe3 B pacopMu-
poBaHue

— 1 myTs 3anAr

— 2 myTh cBOOOACH
— 3 myTh 3aHAT

— 4 yTs 3an4at (BM)

— 5 myTs 3ansrt (B3,
BM)

— 6 myTh 3aHaT (BM)
— 7 myTh cBOOOACH

— 8 myTs 3anaT (b2)
— 9 nyTs 3ansT (BM)
— moe3x B pachopMu-
poBaHHUe
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IIpumeuanne: BM — B3pbIBOONacHblE MaTepUalbl,
b2, B3 — OokoBas HerabapUTHOCTh, COOTBETCTBEHHO
BTOPOIl U TPEThEW CTEIEHH.

Neural Network

Layer Layer
Inpust Ot pust
e | . wi. ] | %
| -lJ h -+) o b +) P J"

Algorithms

Traning: RProp
Performance: Mean Squared Error

Progress

Epoch: o | | 1000
Tirne: [
21.5 |
1.00 l

o [ 0 16

1000 iterations
0:01:31 ]

Performance: 0.0100

1.00e-10

Gradient:

Vabdation Checks:

Plots

Parformance

Training State

Regression

Flot Interval: 1 epochs

Puc. 4. Pabouas o0nacTb chopMUpOBAHHOM HEWPOHHOU
CETH M0 OMPECIICHUIO PAIIMOHAIBHOTO MyTH
npreMa noesza

Fig. 4. The workspace of formed neural network with
the definition of a rational approach track of the train

RECEIVING PARK - INCOMING TRAIN PROPERTIES

tack#1 |1 | [ odd train [Itransit train
track#2 [0

track#3 [ 1

track #4 '_I: SOLUTION:
track#5 [0

TRANSIT PARK move train to track #2

track#1 (3 of receiving park
track#2 [0 _ m
track #3 1

Train NN
track#4 |1 __

Puc. 5. TecroBblii uHTEpdEiic 1eXKypHOro MO CTAHIIUU
JUTSL OTIPENICIICHUS Iy TH [IpHeMa 1moe3/ia

Fig. 5. The test interface of the station duty officer
to determine the approach track of the train

Ha puc. 5 oroOpaxkeHn paHee 0003HAYCHHBIN
uHTep(eiic, Ha KOTOPOM CMOJICIMPOBAHA CUTya-
1us mprieMa B pachopMHUpOBaHUE TPY30BOTO TOE3-
Jla, 3HAYUTEITHFHOE KOJMYECTBO BarOHOB B KOTOPOM
Oyner pachopMUPOBAHO B BEPXHHE ITyYKH COPTHU-
pOBOYHOTO Tapka. B coorBercTBum ¢ 3THM cop-

MHUpOBaHHasi MOJIEJIb HA OCHOBE HEMPOHHOW ceTH
MMpeaAJIOKUIIa BApUAHT NPUHATHA IIOC3]1a Ha 2 cBO-
00/HBIN MyTh MapKa IprueMa.

Hayunasi HOBU3HA U paKTHYecKast
3HAYUMOCTh

B nmanHo#t HayuHOl pabote copmMupoBaHa Mo-
JIeNTb pabOTHI JKEJIEe3HOIOPOKHOM CTAHIIMHU TIPH BEI-
TIOJTHEHUH TT0e3THON paboThI C AIIEMEHTaMH HCKYC-
CTBEHHOTO MHTEJUICKTa. JlaHHAs MOEb MO3BOJISIET
MPEJOCTABIATh 00OCHOBAHHBIC PEIICHUS JIEKYpPHO-
My TIO CTaHIIMH KacaTelIbHO ONTHMAaIBHOTO U 0e30-
IMaCHOr'0 BapuaHTa NPUHATHA WU IIPOITyCKa IMOE310B
C BO3MOXHOCTBIO CaMOOOyUYEHHS M TIPHUCIIOCco0IIe-
HUS K MEHSFOIIUMCSI yCIIOBUSM SKCILTy aTallHH.

Pazpabotan mporpaMMHBIN MOIyJTh HHTEIUICKTY-
IbHON CHCTEMBI YIPaBJICHHS IPOIECCOM OIpesie-
JICHU Iy TH TIpHeMa MOe37I0B Pa3InIHbIX KaTeropuH,
KOTOpPBI B OIEPAaTHBHOM pPEXHME IO3BOJISIET Jie-
JKYPHOMY TIO CTAHIIMU OIPEICIUTh COOTBETCTBYFO-
nmid mapk (IpueMa, TPaH3WTHBIA, OTIPABICHUS)
1 1eJIecO00pasHbIi MyTh MPHEMa MM MPOITYCKa MIPH
YCITIOBHH 00eCTIeUeHIsI 0€30MTaCHOCTH IBYKCHUSI.

BoiBoabI

1. B nmanHOW Hay4yHOW cTaTthe chopMHUpOBaHA
MOJIENh MHTEJUIEKTYyaJIbHOM aBTOMATHU3UPOBAHHOU
CHUCTEMBI YIIpaBJIEHHUS TIPOLIECCOM OIpEeesIeHUs
palMoOHAIIBHOTO MyTH MpHEMa MOE3A0B Pa3IMYHbIX
KaTeropuii, KOTopas B OMEPATHBHOM pEXHUME TIO-
3BOJISIET JEKYPHOMY IO CTAHIIUHU ONPEAETUTH CO-
OTBETCTBYIOIIMI Mapk (mpueM, TPaH3UTHBINA, OT-
MpaBlieHHE...) ¥ PAIlMOHAIBHBIA MyTh MPUEMa HITH
MIPOITYCKa TIPH yCIIOBUW OOeCTieYeHHs 0e30IacHo-
CTH JIBUKECHHS.

2. JInst mocTvkeHUs HauOOJBIIEeTro SKCILTyaTa-
MMOHHOTO 3 (dekTa TPemToKeHO pPa3padOTaHHYIO
MOJIEJIb MHTEIUIEKTYalbHOW aBTOMATU3WPOBAHHOU
CHCTEMBl YIpaBlIE€HUsI TPOLECCOM ONpeAeTIeHUs
palMOHANBHOTO MYTH MPHEMa MOE3JI0B Pa3INYHBIX
KaTeropuii MHTErpupoBaTh C CYIIECTBYIOUIUMHU aB-
TOMaTU3UPOBAHHBIMU PA0OYMMH MECTaMH OeXKyp-
HBIX 10 CTaHITUSIM.

3. Jlnst peanm3anny 3a1ad9d MHTETPALAU pas3pa-
6otannoit monmemu k APM JICII 6bu1 paspabotan
MPOTpaMMHBIA MOIysb B cpene Matlab, xotopsrit
MO3BOJISIET OCYIIECTBUTH Tporecc OOydeHHs Hew-
POHHOHM CeTH MO MEeTOAYy — OOy4YeHHE C YUUTEJIeM,
B KauecTBE KOTOPOTO JOJKEH BBICTYIATh OINBITHBIN
NEKYpPHBIA 110 CTaHIWU IO HETOCPEICTBEHHBIM
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®OPMYBAHHS IHTEJEKTYAJIbBHOI MOJEJII ©®YHKIIOHYBAHHA
3AJIBHUYHOI CTAHIII ]I YAC BUKOHAHHSA MMOI3HOI POBOTH

Mera. Jlana HaykoBa poOoTa cripssMOBaHa Ha ()OPMYBaHHS iHTEJIEKTyalIbHOI TEXHOIOTII BU3HAYCHHS PalliOHAIBHOI
KOJIil IPHHOMY BaHTAXHUX ITO13/[iB HA OCHOBI TEXHIKO-TEXHOJIOTIYHUX ITAPAMETPIB, SKa JO3BOJIUTH YEPTOBOMY IO CTa-
HIIi{ OTpUMYBaTH OIlepaTHBHi, OOTPYHTOBaHI PIillIEHHs 010 BUKOHAHHS MOi3HOI pOOOTH B Me)Kax 3ali3HIYHOI CTaHIIi.
Metoauka. B SK0CTi OCHOBHHX €JIEMEHTIB AOCTIHKEHHS BICTYIAIOTh TEXHIKO-TEXHOJOT1YHI TapaMeTpH 3ali3HIYHOT
CTaHI{ IpK BUKOHAHHI MO13HOT po6oTH. B 0CHOBY chopMOBaHOI MOAENI BUKOHAHHS MOI3HOI pOOOTH MOKIIaICHO METO-
JI1 HEUPOHHUX MEpEXK, SIKI JO3BOJISAIOTH ChOpMyBaTH aBTOMATH30BaHY CUCTEMY, KOTPAa MOXKE «CaMOCTIHHO HaBYaTH-
csi». PesyabraTu. [lpeacraBiena Mojenpb 100 BUKOHAHHS MOI3HOT poOOTH Ha 3aJli3HMYHINA CTaHLIl peai3oBaHa Ha
OCHOBI LITYYHUX HEHPOHHMX MEPEX NPH BUKOPHCTaHHI alTOPHUTMY HaBUaHHS «3 BUHMTENEM» B cepemoBuini Matlab.
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Cepenosuiiie Matlab Tako)k BUKOpUCTaHe [Uisl Oe3M0cepeIHbOI peatizalii iHTeNeKTyanbHOT aBTOMaTH30BaHOT CUCTEMHU
YIpaBIiHHS HOI3HOI POOOTO0 MPU3HAYCHOIO IS iHTETPYBaHHS B aBTOMaTH30BaHE poOOYE MicIie UeproBOro 110 CTaH-
1ii. Po3pobneny cucteMy TakoX JOIIIBHO IHTETPYBaTH Ha aBTOMAaTH30BaHe poboue Micie moi3Horo aucrnerdepa. laxna
MPOTO3UILIiS JIOLIJIbHA 32 YMOBHM HasBHOCTI JUCHETYEPCHKOI LEHTpasi3alii Ha MEBHIM AUIBHHII 3aTi3HUYHOI KOJIii.
HayxoBa HoBHM3HA. B pesynbraTi mociimkeHHs chopMoBaHa MOJECIb TEXHOJOrI pOOOTH 3ai3HMYHOI CTAHINI MPH
BUKOHAHHI MOi3HOI POOOTH 3 €leMEHTaMHU LITYYHOTO iHTenekTy. Moienb 103BOJIsiE HalaBaTH OOIPYHTOBAHI PillleHHS
YeproBoMy I10 CTaHIii 100 BHOOpPY paIliOHAIEHOTO Ta OE3NeYHOro BapiaHTa NpHioMy M 0e33yNMHMHHOTO HPOITYCKY
TMOI3/1iB 1 3 MOXJIMBICTIO CAaMOHABYaHHsI Ta MPUCTOCYBAHHS JI0 MIHIMBHX YMOB. LIsi yMOBa mocsiraeThbest 3a paxyHOK
NPUHIMIIB (YHKIIOHYBaHHS HelpoHHOI Mepexi. [IpakTuuna 3naunmictb. ChopmMoBaHa aBTOPOM MOJIETb iHTEIEK-
TyaJbHOI CHCTEMH YIPaBIIIHHS MPOIECOM BH3HAUCHHS PALliOHAIBHOI KOJIT MPUIOMY TOI3MiB pi3HUX KaTeropii B ome-
pPATUBHOMY PEXKHMi HaZa€e MOXIUBICTH YEPrOBOMY IO CTaHIIIl BU3HAYUTH BiAIOBIIHUIA MapK (TIpHHOMY, BiaIIpaBIleH-
HSI, TPAH3UTHHN) i pallioHaJIbHy KOJIifo ImpuiioMy abo MpoITycKy 3a YMOBH 3a0e3mnedeHHs Oesrmekn pyxy. KapamHas-
HOIO BIMIHHICTIO TaHOT TEXHOJIOTIi BiJl iCHYIOUHX € MOXKJIMBICTD IIPUCTOCYBAHHS MOJIEINI A0 MIiHIMBUX YMOB €KCILTya-
tamii. [le o3Hauae, mo y pasi NOSBHU CUTYalii, 0 paHille He BUHUKANA, MOJENb po3paxye HAHOLIbII parioHaIBHUAN
BapiaHT BUKOHAHHSI MTOT3HOT pOOOTH.

Kniouosi cnosa: 3anizHndHa CTaHIis; Moi3HAa poOOTa; MTy4YHA HEHPOHHA MEpeXa; YeproBUU 10 CTAHI{; iHTele-
KTyallbHa cHCTeMa

0.V. LAVRUKHIN"

"Dep. «Management of Cargo and Commercial Work», Ukrainian State Academy of Railway Transport, Feuerbach Sq., 7,
Kharkiv, Ukraine, 61050, tel. +38 (057) 730 10 85, e-mail creattel @ mail.ru, ORCID 0000-0003—-1302—4960

INTELLECTUAL MODEL FORMATION OF RAILWAY STATION
WORK DURING THE TRAIN OPERATION EXECUTION

Purpose. The aim of this research work is to develop an intelligent technology for determination of the optimal
route of freight trains administration on the basis of the technical and technological parameters. This will allow re-
ceiving the operational informed decisions by the station duty officer regarding to the train operation execution
within the railway station. Metodology. The main elements of the research are the technical and technological pa-
rameters of the train station during the train operation. The methods of neural networks in order to form the self-
teaching automated system were put in the basis of the generated model of train operation execution. Findings. The
presented model of train operation execution at the railway station is realized on the basis of artificial neural net-
works using learning algorithm with a «teacher» in Matlab environment. The Matlab is also used for the immediate
implementation of the intelligent automated control system of the train operation designed for the integration into
the automated workplace of the duty station officer. The developed system is also useful to integrate on workplace
of the traffic controller. This proposal is viable in case of the availability of centralized traffic control on the separate
section of railway track. Originality. The model of train station operation during the train operation execution with
elements of artificial intelligence was formed. It allows providing informed decisions to the station duty officer con-
cerning a choice of rational and a safe option of reception and non-stop run of the trains with the ability of self-
learning and adaptation to changing conditions. This condition is achieved by the principles of the neural network
functioning. Practical value. The model of the intelligent system management of the process control for
determining the optimal route reception for different categories of trains was formed. In the operational mode it of-
fers the possibility to the station duty officer or the traffic controller to determine the appropriate park (receiving,
sending, transit one) and efficient reception way or handling one on condition of train safety control. The cardinal
difference of this technology from the existing ones is the possibility to adapt the model to changing conditions. It
means that in case of a situation that had not been encountered previously the model will calculate the most efficient
way of train operation execution.

Keywords: railway station; train operation; artificial neural network; the station duty officer; intellectual system
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MOJEJIb OLIIHKH! 3AJIMIIKOBOI JOBI'OBIYHOCTI PAMHU
BI3KA JJOKOMOTHUBA 3 YPAXYBAHHSM ITOB3YYOCTI

Merta. [Ipo6iema BU3HAYECHHS 3aJIMIIKOBOTO PECYpPCY €JIEMEHTIB paMH Bi3Ka €JIEKTPOBO3iB Mae BEIIMKE 3HAYCH-
HS JUISl TPOTHO3YBAHHSI iX Oe3neyHoi poOOTH Ta YHHUKHEHHS MOXKJIMBUX aBapii Ha kouii. OCOOIMBO LI CTOCYETHCS
BUIIQJIKIB, KOJI B TAKUX €JIEMEHTAaX HAsBHI MOB3YY0-BTOMHI TPILI[MHH, SIKi 32 il IIUKIIYHOTO HABAHTAXXCHHS 3 BU-
TpUMKOI0 7| B IUKJI POCTYTH 1 AOCATAalOTh CBOTO KPUTHYHOTO po3Mipy. TyT mocrae mutaHHs PO PO3BUTOK TAKUX
nedekriB (TpimuH), X KiHETHKY i, B3araii, Ipo Mepio] iX JOKPUTUYHOTO pocTy. MeToto poboTH € po3poliieHHs
PO3paxyHKOBOI MOJeNi BH3HAYEHHS MEpiofy MOKPUTHYHOTO POCTY MOB3YYO-BTOMHHX TPIIIMH y pamax Bi3KiB
€JIeKTPOBO3iB, fKa BPaxOByBajla O OCHOBHI IapaMeTpH HAaBAHTA)KEHHS, T'€OMETPII0 eIeMEHTa KOHCTPYKIIi Ta
Tpinmuu. Meroauka. ChopMyab0BaHO PO3PAXYHKOBY MOJIEIb [l BU3HAYCHHSI IEPIOY JOKPUTHIHOTO POCTY MOB-
3y40-BTOMHHX TPIIIMH B €IEMEHTaX KOHCTPYKIiH paMu B YMOBax [Iii 3MiHHOTO B 4aci HaBaHTakeHHS. BoHa 6azy-
€ThCS HA TEPIIOMY 3aKOHI TEPMOJIUHAMIKH CTOCOBHO MEXaHIKH 3allOBUTLHEHOTO PYHHYBaHHS TUI Mif 9ac 3MiHHOTO
HABAaHTAXXCHHS Ta HU3HKOTEMIICPATYPHOI MOB3YYOCTi, KOJIM JOMIHYIOYa POJb MPH IIbOMY BiJIBOAHUTHLCS MEPioay He-
ycrasieHol moB3yd4ocTi (mepiia AiisiHKa KpuBoi nmos3ydocTi). HuspkoTremneparypHa IOB3y4icTh — 1€ HOB3YYiCTh
Mmatepianis 3a Temnepatyp Ty < 0,57, Ae Ty — TEMIIEpATypa IIaBIeHHs MaTepiany. PesyabraTn. OTprMaHo aHa-
niTiuHy (HOpMyJTy JUIS BU3HAYCHHS KOeQillieHTa IHTEHCHBHOCTI HAINPYKEHb NIKBOPHEBOI OAJIKM 3 TEXHOJOTIYHUM
otBopoM. [TokazaHo, 110 32 BU3HAYCHUMH EKCIIEPUMEHTAILHO KOHCTAHTAMHU Matepiany 3 BUKOPUCTAHHSM 3aIpoIio-
HOBaHHMX AaHAIITHYHUX 3aJeKHOCTEHl MOXKHA JIETKO BH3HAYATH 3aJMIIKOBHH DPECypc €JIEeMEHTIB paMu Bi3Ka.
HaykoBa HoBH3HA. 3alpONOHOBAHO HOBY MAaTeMAaTHYHYy MOJENb IJSl ONKHCY KIHETHKU TOIIMPEHHS MOB3y40-
BTOMHHUX TPIIIMH y paMax Bi3KiB €JIEKTPOBO3a 3a 3MIHHHX y Yaci HaBaHTa)XKEHb 13 PI3HUMH iX 9aCOBUMH BUTPHUMKa-
MU Ta BU3HAYCHHS HA Iill OCHOBI MepioAy JOKPUTUIHOTO pocTy TpimuH. [IpakTuana 3HaunmicTb. ChopmyrnpoBa-
Ha MOJIENIb MOX€E CIIYT'yBaTH OCHOBOIO IHXXEHEPHHMX METO[IB PO3PaxyHKy 3 BU3HAUCHHS 3aJIMIIKOBOTO PECypCy ejie-
MEHTIB KOHCTPYKLUIH i3 TPilIMHAMHU, 110 MPALIOIOTH 32 CYMICHOT i IMKJIITYHOTO HABAHTAXXEHHsI Ta HEYCTaJICHOT OB~
3y4OCTi.

Kniouosi cnosa: pama Bi3ka JJOKOMOTHBA; TIOB3y40-BTOMHA TPIIIMHA; 3aJIMIIKOBA JOBIOBIUHICTh; HU3bKOTEMIIEpA-
TYpHA MOB3Y4YiCTh; MEPiOj JOKPUTHIHOTO POCTY TIOB3Y40-BTOMHOT TPIIIMHU; KOS(ILIEHT IHTEHCUBHOCTI HAIPYKEHb

Beryn CTPOKY CIyOu. A TOMY AJsl BiIBEpHEHHs Herie-
penbadeHux aBapii BHHUKAe MOTpeda CTBOPEHHS
HaJIfHUX METOMIIB OIlIHKH 3aJIMIITKOBOTO PECYpCy
X HECY4HX €JICMEHTIB KOHCTPYKITIH.

3MiHa PiBHS SKICHOTO CTaHy PEHKOBUX IUIAXIB,
TEXHIYHOTO OOCIyTOBYBaHHS i YMOB €KCILTyaTarii
€JIEKTPOBO3IB OCTaHHIM YacoM Bce Oulbllie Tpu-
3BOJIUTH 10 TOSIB TPIIIMH paM Bi3KiB BaHTaKHUX

BanTaxni 1 macaXmpchKi €IeKTpOBO3H cepii
BJI [9, 10] craHOBIATH 3HAYHY YaCTHHY MaricTpa-
JBHUX E€JIeKTPOBO3IB, 10 €KCIUTYyaTyIOThCS Ha BIT-
YM3HAHUX ENeKTPU(IKOBAaHUX 3aII3HUYHUX JOPO-
rax. OgHaK BiZOMO, II0 HAa CHOTOJHI 3HaYHa 4Yac-
THUHA JAHOTO PYXOMOTO CKJIaly 3aji3HHUIb YKpaiHH
eKCITyaTy€eTbCAd 3 TEPEBHLICHHSIM IMPH3HAYEHOTO
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€JICKTPOBO3iB, iX pyHHYBaHHS, a BIOTaK i CXO-
JOKCHHsI 3 peiiok. PaMa Bi3ka eJIeKTpOpyXOMOro
ckinany (puc. 1) € OCHOBHUM HECYYUM BY3JIOM
KOHCTPYKIIil JIOKOMOTHBA, SIKUH TMPU3HAYCHUHN IS
PO3MIIIEHHS €IEMEHTIB TATOBOTO MPHUBOMAY, Tajlb-
MIBHOTO 00JIaJiHaHHSA 1 pecopHOi miaBicku. Yepes
paMmy Bi3Ka 3IIHCHIOETBCA IIepenada Baru Ky30Ba
Ha KOJIICHI ITapH, BOHA CIPUHMAE TaKOXK CHJIH TATH
1 ralbMyBaHHSI, 1[0 PO3BUBAIOTHCS KOXKHOIO KOJIiC-
HOIO TIaporo, 1 mepesae ix Ha paMy Ky30Ba, a IOTIM
Ha aBTO3YETIKY.

OnHMM i3 OCHOBHHMX €JIEMCHTIB paMH Bi3Ka,
SIKUH CIIPUIIMA€E CUITY TSTH 1 TalbMyBaHHS, € IIIKBO-
pHEBHII Opyc KopoOuacTtoro mepepizy 3 ABOMa
TEXHOJIOTIYHUMH OTBOpPaMH Ta KOHIYHHM II€PEX0-
JIOM B3JIOBX BHCOTH 3ariHOJICHHS, depe3 SKHii
MPOXOANTh IIKBOPiHB. SIK TOKa3ye MpaKTHKa,
B TIPOIlECi EKCIUTyaTallii paMd Bi3Ka 3apOKCHHS
TPIMH HaluacTtimie BiIOYBa€ThCS B TEXHOJOTiY-
HUX KPYTOBUX OTBOpPAax Ha HYDKHIN MOJUYINI IIIKBO-
pHeBoi Oanku (puc. 1). Ilomampmmii picT Takmx
TPIIIIMH MOJKE TPU3BECTH IO PYHHYBaHHS OaiKw,
a BiATaK i 0 MOBHOTO pPyHHYBaHHS paMH Bi3Ka Mij
yac pyxXy motsra. Takum 4HMHOM, MOYKHA TIPHITyC-
KaTH, [0 IIKBOPHEBa OalKka BU3HAYA€E pecypc pa-
MU Bi3Ka JIOKOMOTHBA. Buxoasuu 3 nporo, mocrana
3aJa4ya OIL[IHKMU JOBIOBIYHOCTI BI3Ka 3aJ€KHO BIJ
pO3MIipy TPIMIMHM, KA BUHHUKJIA 3 TEXHOJOTITHOTO
OTBOpY IIKBOPHEBOI OAJKH, 32 YMOB HHU3BKOTEM-
nepaTypHOI MOB3YYOCTi.

Puc. 1. Cxema pamu Bi3ka okomotnBa BJI-80:
1 — mkBOpHEBa Oanka; 2 — TEXHOJOTIUHI OTBOPH;
3 — IKBOPHEBHIA OTBIp

Fig. 1. Scheme of bogie frame VL-80:
1 — truck bolster; 2 — technological holes; 3 — pivoted hole

Ha niet yac o1iHIi pecypcy OCHOBHUX HECYUHX
KOHCTPYKIIfl PyXOMOTO CKIaay 3ajli3HHIb MpH-
CBSYEHO 0araTo HayKOBUX Mpallb. Tak, HAPUKIA],
y [4] 3anpornoOHOBaHO METOIUKY JJIs OI[IHKH JIOB-

TOBIYHOCTI 3aJIUIIIKOBOTO PECYpCy paM BI3KiB JI0-
KOMOTHBA, siKa T0OysoBaHa Ha 0a3i KOPEKTOBaHOI
rinoTe3u JiHIHHOTO CyMYBaHHS BTOMHHUX IOIIKO-
JOKEHb 3 BUKOPHCTAaHHSM IMOKa3HUKIB EKCILTyaTa-
MIHHOTO HaBAaHTAXCHHS 1 XapaKTEPHUCTHK OIOPY
BTOMI HATypHHX JeTajed Micis iX TpUBasoi eKc-
iyararii. BUKIaeHO METOMUKH BHU3HAYCHHS
CTPOKY CITy>KOU Ta 3aJTUIIKOBOTO PECYPCY XOJOBUX
YaCTUH PYXOMOT'O CKJIaJy Ha 0a3l CTEHIOBUX BU-
npoOyBaHb Majoi KUIBKOCTI JeTajeil 3 pi3HUMHU
TepMiHaMU eKCIuTyaTarii [6].

ABtopamu mpairi [1] po3pobiieHo MeToau
PO3B’S3Ky NpSIMUX 1 OOCpHEHUX 3a/1ad HaJliiHOCTI
paMm Bi3KiB BaroHiB eJIEKTPOIOI3/iB 3 YpaxyBaHHSIM
BUTIAJIKOBOCTI HABAaHTAXKCHHS Ta XapaKTEPUCTHK
OTMOpPY BTOMI 1 BHKOHAHO YHCJIOBI JTOCIIIKEHHS
XapaKTePUCTUK HATIHHOCTI.

Y [5] 3milicHEHO OIlIHIOBaHHS 3aJIUITKOBOTO
pecypcy pam Bi3kiB enekTpoBo3iB BJI-10 3a mgomo-
MoOror 3-ro po3paxyHkoBoro merony CepeHceHa,
AKUH Tiependadae po3paxyHoK KoedillieHTa mepe-
BaHTaXeHHs. Ha OCHOBI JiTepaTypHHUX AaHHUX IPO
BJI-10 po3poOHMK BH3HAYMB BUXIOHI JaHi IS
pO3paxyHKy HMOBIPHOCTI BUHHKHEHHS BTOMHHX
TPIIIMH Y HAaHOUTBIT HAITPYKEHUX MICIISIX paMHu.

Baromy wacTky HayKOBHX Ipanb MPHCBSIYCHO
MPOTHO3YBAaHHIO Ta MiJABUIIEHHIO BTOMHOI JOBrO-
BIYHOCTI OOKOBOI paMH Bi3KiB BaHT@)KHUX BaroHiB
[2,3,7,8].

OpHak y BUILE3raJaHuX Mparix 3alIporoHOBa-
Hi MOJIeli OIIHIOBaHHS PeCcypCy paM Bi3KiB €JeKT-
POBO3iB TPYHTYIOTHCS Ha CTCHIOBUX JIOCIIKCH-
HX a00 YHCIIOBUX METONaX. AHAIITUYHUX 3aJI€¥K-
HOCTEH JUI IOTO B JIITEPATYPHUX JDKEpenax He
BUSIBJIICHO, OCOOJIMBO TAaKHX, IO BPaXOBYIOTh TOB-
3y4iCTh.

Meta

Mertoto pobOTH € po3poOIeHHS PO3paxyHKOBOT
MOJIE/Tl BU3HAYCHHSI MEPIOAY AOKPUTHYHOTO POCTY
MOB3Y40-BTOMHUX TPILIMH B pamax Bi3KiB €JIEKT-
POBO3iB, sIKa BpaxoByBaJla O OCHOBHI mapaMeTpu
HaBaHTAXEHHS, TEOMETPII0 €IEMEHTa KOHCTPYKITii
1 TPIIUHH.

MeTtoaunka

Ilix 9ac pyxy JJOKOMOTHBA Ha IIKBOPHEBY Oa-
Ky pam® Bi3Ka Jli€ MOCTiHa TsAroBa cwia P, ska
301IBIIYETBCS (3MEHILYETHCS) 32 HOT0 CTapTy (3y-
nuHKKM) (puc. 2). Yac 3ynmuHKH 9 CTapTy JIOKOMO-
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THBa € HabaraTo MEHIUM 3a Jac Horo pyxy (TooTo
Jac HaBaHTaKEHHS 1 pO3BaHTaKEHHS 110i3/1a), TOMY
HUMH MOXEMO 3HEXTyBaTH. TakUM YMHOM HaBaH-
Ta)XEHHsI, 110 MPUIIAJAE HA paMy Bi3Ka JOKOMOTHU-
Ba, MOXXHA MOJIEJIIOBATH IUKJIIYHUM HaBaHTAXKEH-
HSIM 3 BUTPUMKOIO 7 B IIHKJII B YMOBax Jii HU3b-
kotemreparypHaoro mons Ty (7o < 0,575, Tay — TE-
MIeparypa IUIaBJICHHS MaTepialy eJeMeHTa
KOHCTPYKIIii), 10 3a0e3reuye B OCHOBHOMY IPO-
1[eC MOB3Y40-BTOMHOI0 pyiHyBaHH: (puc. 2). Tyt
T\ — TpUBAJIiCTh PyXy NOi3[a B TSATOBOMY PEXHMi;
T, — yac ynoBinbHEHHS pyXY; T3 — 4ac CTOSHKH; Ty
— gac npuckopeHHs pyxy; 11 >> T, + T5 + Ty. 3a
HaBaHTA)KEHHS, sIKe AOMIHYy€E B UK 7}, B IIKBOP-
HEBii 6amIi OymIyTh 3apOKyBaTUCH 1 PO3BUBATHCH
MOB3Y40-BTOMHI TPIillIMHHU.

A
p

Puc. 2. Cxema yacoBoi 3MiHHM B Yaci 30BHIIIHBOTO Ha-
BaHTaXEHHS IIiJ Yac pyXy 1 3yIHHKH oi3/1a

Fig. 2. Scheme of hours changes in time of the external
load during the driving and stopping of trains

TakuMm 4MHOM, 3ajlaya MOJATA€ Y BHU3HAYCHHI
MEepioAy IOKPUTHYHOTO POCTY MOB3Y4YO-BTOMHOI
TpimuHN  (KUTBKOCTI  IUKIIB ~ HaBaHTAKCHHS
N =N,), aka po3MmillleHa B IIKBOPHEBI Oanii pa-
MH Bi3Ka JOKOMOTHBA 1 BHUXOIHUTH 3 TEXHOJIOIIY-
HOTO OTBODY.

Po3B’si3yBaHHsl 3a/ayi BUKOHAEMO Ha OCHOBI
3alpOIIOHOBAHOI paHillle aHAJOTIYHOI PO3PaxyH-
koBoi Monemi [11] mis BU3HA4YeHHS Tepiomy IO-
KPUTHYIHOTO POCTY TOB3YYO-BTOMHUX BHCOKOTEM-
MepaTypHUX TPIIIKMH 332 3MIHHOTO B 4Yaci HaBaHTa-
JKeHHS. B OCHOBY Mojieni MOKIAACHO MPUHIIUITA
TepPMOJMHAMIKH, a caMmMe OaJaHCy CHEPreTHIYHUX
CKJIQJIOBUX JUIsSl €JICMEHTAPHOTO aKTa MOUIUPEHHS
TpiMHMA Ta OajaHcy IIBHUAKOCTEHW iX 3MiHH. 3a-
MUIIEMO PiBHSHHS KiHETHKH MOIIMPEHHS TOB3Yy40-
BTOMHOT TPINITUHHU Y BUTJISII

difdN =W, [oN Ty, —v,1 5 (1)

3a IMOYATKOBO] 1 KiHIIEBOI YMOB

N=0, 1(0)=1],;
N=N.(5), 1(N.(T))=1;

V(L)=ve. ()

Tyr W, — vactiuHa poOOTH IIACTUYHUX Ae(o-

pMalliif, ska TeHepyeTbCs CaMHM TUIOM IIiJ[ Yac
HOro pO3BaHTaKEHHSA 1 CTaTUYHOTO CTHCKY 30HH
nepe/pyHHYBaHHS; ¥, =G 8 — muToMa podo-

fmax
Ta TUIACTUYHUX JedopMalliii y 30HI mepenpynHy-
BaHHA 3a pOCTY IOB3Y40O-BTOMHOI TpIIIUHHU;
Yo =000 — il KpUTHYHE 3HAYCHHT; O

fmax
MaKCHUMaJbHE 32 LUKI PO3KPUTTA O, TPILIMHH B ii

BEPIIMHI 33 YCEPEAHCHOrO HANPYXCHHA O,

B 30HI NepeIpyHHYBaHHs, O, — KPUTHYHE 3HA-
yeHHs O, ; /) — MOYaTKOBUI pO3Mip TPILMHY; [+ —

TPAaHUYHUAN PO3MIp TPINTUHHU (U 1THOTO BUIAAKY

npuiiMaeMo HaOJFMKEHHS BEPIIMHU BTOMHOI Tpi-

OIMHA JI0 pedpa KOPCTKOCTI, PO3MIIIEHOr0 Ha

BHYTPIIIHIA CTOPOHI IIKBOPHEBOTO Opyca).
Eneprito  nedopmysanust W,, 1m0 BXOXHTH

B piBHAHHS (1) 3anmmremo Tak [11]

Wp = (x’ONGOf (([atmax (03 t) - 6tmin (O?t)]

2

LB (0.0 =8, 00 ). )

)

HIDKHE TTOPOTOBE 3HAUEHHS PO3KPUTTS O, TPIIH-

ne o MakKCUMaJIbHE 1 MIHIMalIbHE

thmax > ~ thmin

HU B 11 BEpIIWHI, 32 SIKOTO He BiOYyBAETHCS TTOB3Y-
40-BTOMHE PyIHyBaHHS; O, — KOHCTAHTAa, 5IKa BH-

3HAYAETHCS EKCIIEPUMEHTAIBHO.

OCKUIBKH MH PO3TIIATAEMO TIPAKTHYHI Yach
BUTPHUMOK, TO OCHOBHY JIOJIFO Yacy iHKyOaIliifHOTO
nepiony 3aiiMaThMe HeycTaleHa MOB3yYicTb (Tep-
ma nainsHka KpuBoi mos3ydocti [13]). Takox Bi-
nmomo [13], mo 3a BigHOMmEHHS TeMiepaTypu 1o/ Ty,
Bix 0,05 mo 0,3 medopmariisi mOB3y4OCTi 32 pO3TATY
3MIHIOETBCSL TPOTIOPLIAHO HATypalbHOMY JIOTapH-
¢my. Toxmi Ha ocHOBI pesynbrariB mpaui [13] mis
MepIIoi AUISHKH AiarpaMd TOB3YYOCTI PO3KPHUTTS
30HH NepeApYHHYBaHHS 3aIMIIIEMO TaK
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Bymas (0:1) =8y (0,0)+ BIn((1, +1)51). (4

Tyt B, t, — KOHCTaHTH, SIKi BU3HAYalOTh EKCIIe-
pumentanbHo; S, (0,0) — MakcumanbHe po3-
KPHTTS 30HHU TIepepyiiHyBaHHs Ha TIOYATKY [UKITY
HABaHTAXKEHHS; B 1n((t0 +1)t; 1) —  JI0JIaTKOBE

PO3KPHUTTS 30HM NepeapyHHYyBaHHS 3a paxyHOK
HOB3yYOCTI MPOTATOM LUKy HaBaHTaKeHHS (Ha-
Jani npuiiMaeTses, mo f, =1 rox). 3 (4) nerko
0,0) ), A& O, (0,0)
HIBUJKICTh PO3KPUTTS y BEPIIMHI TPIIIMHY 32 MOB-
3y40CTi B 30Hi IepeApyHHyBaHHS.

PizHumro poskpurts TpimmEn y dopmym (3)
3aIMIIEeMO Y BUIJISII

8 max (0,2) =8, (0,7) = 0,5[6

OauutH, mo B =5

tmax ( tmax (

(0,0) +

tmax

8, (0,0)15 In (5 + 1)) A= RY, (5)

e R — koedilieHT acuMeTpii IMKITy HaBaHTa)KEHHSI.
AHanoriuHo, K 11¢ 0yJio 3aIPONIOHOBAHO B IPAISIX
[11, 12], mBHAKICTH PO3KPUTTS TPIIIMHH TOB3yYO-
cTi SImax (0,0) MOKHA ITOJATH TAKOKO 3aJICIKHICTIO

Sumax (0,0) =4[ 8,1 (0,005 [, (6)

ne A, m — XapaKTEepPUCTUKU HHU3BKOTEMIIEpATYp-

HOI TIOB3y4OCTi MaTepiaily, sIKi BH3HAYalOThCS 13
ekcriepuMeHTy. ToJi 3 BpaxyBaHHSAM LIBOTO 1 CITiB-
BimHOMICHD (3), (5) piBHsHHS (1) MIs BU3HAYCHHS
MIBUIKOCTI TOMIMPEHHS MAaKpOTPIIIMHA Haly/e
BUTIISLY

1-R)* K?
% = (X'O4( E) Klzmax + A2 Aoy
Oy

B — X

e

2
xln(tO:_T —[K; + 4, ':K;Kf_é]m X
1

2

T _

xm[%:‘j (K-Ki.) O
1

3a HACTYITHUX IOYaTKOBOI 1 KIHIIEBO yMOB

N=0, 1(0)=1,;

Klmax (Z*) = KJC B (8)

ne E — monmynp FOnra; K, — MakCUMaJlbHE 3Ha-

Imax

4yeHHs Koe]illieHTa IHTeHCUBHOCTI HampyxeHb K

B mukii; K s — KpUTHYHE 3HAYCHHSI K, 3a nuxii-

YHOI'O HaBaHTAXXCHH, Kth — HHIXXHE IIOPOroBe
SHA4YCHHA KI , 3a SAKOI0O HE€ IPOXOAWTH ITOB3YYO-

BTOMHE pyiiHyBaHHsl; A, = 41,0, E .

Pe3yabTarn

Maroyn MIBHAKICTE POCTY TMOB3Y4O-BTOMHOI
TPILMHYU, 3HAYCHHS TOKPUTHYHOTO MEPioay JIETKO
3HANTH 32 3aJICXKHICTIO

N.=—oat [{{

- +A4,[K:
OLO (1 _ R)4 Imax 2[

Imax

/K}C]m X

2

ty+T

xln(uj [ K3+ ALK T KT %
Z‘1

-
T
xln(m) (K_I%C—K2 )dl .

Imax
tl

(10)

s poro BuUmaaxy 3HauYeHHs KoedillieHTa iH-
TEHCHBHOCTI HaNpyXeHh BU3HAYAEMO Ha OCHOBI
npaiti [14] 3a hopmyiioro

K, =onl F(ij, 9)
r

ne F (i) — mpoTabyaroBaHa 0e3po3MipHa MoIpa-
r

BKOBa (pyHKIIisI.

3a [maHUMHM TAONMMYHUX 3HA4YeHb (QYHKIIT
l

F (—j [14] ii Oyno ampOKCHMOBaHO METOIOM
r

HallMEHIITNX KBAJPaTiB i3 BHCOKOI TOYHICTIO (R2
He Menie 0,999) 3a 10moMororw Takoi 3aJIeKHOCTI

(puc. 3)

-1,7
F(£j=1,29(£+0,535j +0,768. (11)
r r

st moOymoBU KUTBKICHUX JiarpaM OIHKH 3a-
JIMIIKOBOTO pecypcy Oalku 3 HasBHOIO IMOB3Yy4YO-
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BTOMHOIO TPIIIMHOIO HEOOXIAHO BHKOHATH JOJaT-
KOBI €KCIICPUMEHTAJIbHI JTOCITIPKEHHS ISl BU3HA-
YCHHS [TOB3y40-BTOMHHUX XapaKTEPUCTUK MaTepia-
JIy paMH 3 ypaxyBaHHSIM TEPMiHY €KCILTyaTyBaHH:I
Bi3Ka, SAKi HEOOXITHO 3aKJIACTH I PO3pPaxyHKIB 3a
OTPUMAHOIO aHATITUYHOIO 3a1exkHicTIO (10).

F(l/r)

Puc. 3. AmpokcuMaliisi METOI0M HAMEHIIINX KBaApaTiB
Koe(ilieHTa IHTEHCHBHOCTI HAIPY>KEHb
JUIsl TPILMHYU OISl KPyroBOTO BUPI3y:
Kpyoiceuku — YUCIOBUH po3B’s130k [14],
cyyinoha ainis — 3anexHicTs (11)

Fig. 3. Approximation with the smallest squares method
of stress intensity factor for cracks
near circular neckline:
circles — numerical solution [14], solid line — dependence (11)

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

3anponoHOBAaHO HOBY MAaTeMaTHYHY MOJENb
JUII  ONUCY KIHETHKH TOUIMPEHHS II0B3Y4YO-
BTOMHHUX TpIIIMH y paMax Bi3KiB €JIEeKTpOBO3a 3a
3MIHHHX y 4aci HaBaHTaXXEHb 3 PI3HUMH IX Yaco-
BHMH BHTPUMKAMH 1 BH3HAYCHHsS Ha i OCHOBI
nepioly AOKPUTHYHOTO POCTY TpiluH. B ocHOBY
MOJielli MOKJIaIeHO MePUINK 3aKOH TEPMOANHAMIKH
JUISL eNIEMEHTAapHOTO aKTa PyWHYBaHHS 3a TaKOTo
BUJIy HABAaHTAXKCHb.

CdopmynboBaHa MOAEIE MOXKE CIIyTYBaTH OCHO-
BOIO IHJKEHEPHHUX METO/IIB PO3PaxXyHKy 3 BU3HAUCHHS
3aJIMIITKOBOTO PECYPCy €JIEMEHTIB KOHCTPYKIIH 13
TPIIIMHAMH, IO TIPALOIOTh 32 CYMICHOI Jii IMKJIiY-
HOT'O HAaBAaHTA)KCHHS 1 HEYCTaJIeHOT IT0OB3yYOCTi.

BucHoBku

[ToOymoBaHa po3paxyHKOBa MOJIEIIb JUISL OLIIHKH
nepiogy pocTy B pami Bi3Ka JIOKOMOTHBA MOB3yYO-

BTOMHHX TPIIIMH 32 NHKIIYHO-3MIHHUX HaBaHTa-
JKeHb 3 PI3HHUMH YaCOBMMH BUTPHUMKaMU y IHKJI
1 BU3HAYCHHS HA I[iii OCHOBI 3aJIUIIIKOBOTO PECYpCy
pamu Bizka. Monenb ypaxoBye OCOOIHMBOCTI €KC-
TUTyaTyBaHHS JIOKOMOTHBA B TSITOBOMY PEXHMI.
Bona nepenbayae MiHIMaJbHY KiJIBbKICTh €KCIIEpHU-
MCHTAJIbHUX JIOCHTI/PKCHb 3 BU3HAYCHHS KOHCTAHT
MaTepiany 1 Moxke OyTH IMOKJIaieHa B OCHOBY METO-
MK PO3PaxyHKY 3aJUIIKOBOTO PECYpPCY CHIIOBHX
€JIEMEHTIB PYXOMOTO CKJIaJly 3alli3HUIlb, ITiJ] Yac
BUKOPHCTAHHSI iX Y BAPOOHUYUX YMOBAX.
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MOJEJIb OUEHKH OCTATOYHOHN JOJTOBEYHOCTU PAMBI
TEJEXKHN TIOKOMOTHUBA C YYETOM ITOJI3YYECTH

Heas. [Ipobiema onpeneneHns: 0CTaTOYHOTO pecypca HIEMEHTOB paMbl TEJIEKKHU 3JIEKTPOBO30B UMeET 0oJbIIoe
3Ha4YEHHE AJISI IPOTHO3UPOBAHUS UX 0€30mMacHOi paboTsl M M30eXaHUs BO3MOKHBIX aBapuil Ha IyTH CIICIOBAHMUS.
Oco0eHHO 3TO KacaeTcsi CIydaeB, KOTJa B TaKMX 3JEMEHTaX MMEIOTCS YCTAIIOCTHO-TION3YYHEe TPEIIMHBI, KOTOPbIE
IIpU AE€HCTBUU LUKINYECKOW HAarpy3KU C BBIIEPKKOM 7' B LIUKJIE PACTYT U JOCTUTAIOT CBOEr0 KPUTUYECKOIO pa3Me-
pa. 31ech BO3HMKAET 3aJaya U3yUeHHUsI Pa3BUTHS TaKKX JAE(PEKTOB (TPEIIMH), TO €CTh IOJIyYSHHUS IaHHBIX 00 UX KH-
HETHKE, YTO ONpEAEIIeT MePHOA X JOKPUTHYECKOTO pocta. Llenpio paboThl sBisieTcst pa3paboTka pacdeTHOH MO-
JIeNIN OIpeaeNieHHs Mepruoia JOKPUTHUECKOTO POCTa MOJI3yUe-yCTaJOCTHBIX TPEIIMH B paMax TeJekKeK 3JIEKTPOBO-
30B, KOTOpasi YUUThIBaJIa OBl OCHOBHBIE IapaMETPhl Harpy3KH, TEOMETPHIO 3JIEMEHTa KOHCTPYKIMU W TPELIHHBI.
Metoanka. ChopmysupoBaHa pacyeTHas MOJENb JUIS ONpPENETCHUs Mepruoja IOKPUTHUYECKOTO pOCTa IOoJ3yde-
YCTaJIOCTHBIX TPEIUH B 3JIEMEHTaX KOHCTPYKIHU PaMbl B YCIOBHAX ACUCTBHS MIEPEMEHHOIO BO BPEMEHH HArpyke-
nust. OHa 6331/1pyeTc>1 Ha IMEPBOM 3aKOHC TEPMOJUHAMUKU OTHOCUTECIIbHO MEXAaHUKU 3aMCIJICHHOTO pa3pymCHU TEJI
IIPH [IEPEMEHHOHN Harpy3ke U HU3KOTEMIEPaTypPHOH MONI3Y4YeCTH, KOTAa JOMUHHUPYIOMAs POJIb IPU TOM OTBOAUTCS
nepuoay HeycraHoBuBILeics: non3ydectu (IlepBbiidi ydyacTox kpuBoil monsydectu). HuzkoremneparypHas monsy-
YECTh — JTO MOJ3YYECTh MaTepUanos npu temneparypax 1o < 0,57, rae Tr,, — TEMIEpaTypa IIaBIeHUs MaTepyua-
na. Pesyapratsl. [lonaydena ananurudeckas Gopmyina s onpeseneHus KoddduireHTa MHTEHCUBHOCTH HaIlpsiKe-
HHUH MIKBOPHEBOH OAJIKM C TEXHOJOTHYECKHM OTBepcTHeM. [Ioka3aHO, 94TO MO 3KCIIEPUMEHTAIBHO OIPEeICHHBIM
KOHCTaHTaM Mare€puajia ¢ UCIIOJIb30BAHUEM NPCIJIOKECHHBIX aHATUTHICCKUX 3aBHCUMOCTEH MOKHO JIETKO orpeac-
JSTh OCTATOYHBIM pecypc 3JI€MEHTOB paMbl Tenexkd. Hayuynast noBusna. IlpemioskeHa HoBass MaTeMaTHYECKas
MOJIeNb 7Sl OTIMCaHUsA KUHETUKU PaclpOCTpaHEHUs MOI3y4ye-yCTaTOCTHRIX TPELMH B paMax TEeJIeXeK IEKTPOBO3a
IIPH NEPEMEHHBIX BO BpEMEHU HAarpy3Kax C pasJIMYHbIMH UX YaCOBBIMU BBIAEPKKAMH U OINIPEJEIIEHUE HA 3TOM OCHO-
BaHMU TEpHOJIa UX JOKpUTHUecKoro pocta. [lpakTnyeckas 3HauuMocTh. [IpeioxkenHas B pabore MO/eNIb MOXKET
CIIy>KHTh OCHOBOM HHKEHEPHBIX METOJOB pacueTa OCTATOYHOrO pecypca DIEMEHTOB KOHCTPYKLHUH C TPEeLIMHAMH,
paboTarOLINX IPU COBMECTHOM AECHCTBUH LUKJINYECKON HATPy3KU M HEYCTAaHOBHUBIICHCS MTOI3YYIECTH.

doi 10.15802/STP2015/38241 © B. P. Cxanbepkui, 1. 5. oninceka, [. B. PynaBcekuii, P. 5. SIpema, B. P. Bac, 2015

59



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 1 (55)

EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

Kniouegvie cnoea: pama TeNeXKH JIOKOMOTHBA; IOJI3yde-yCTaJOCTHAS TPELIMHA; OCTaTOYHAasl JOJTOBEYHOCTH;
HHU3KOTEMIIEpaTypHas MOJI3y4YecTh; IIEPHOJ JOKPUTHIECKOTO POCTA; MOI3Yyde-yCTAIOCTHAS TPEIINHA; KOIQPHUITHEHT
WHTEHCUBHOCTH HAPSKEHUH

V. R. SKALSKYI', I. YA. DOLINSKA®, D. V. RUDAVSKYY?", R. YA. YAREMA®,
V.R. BAS”

'Dep. «Acoustic Emission Diagnostics of Structural Elements», Karpenko Physico-Mechanical Institute of the NAS of Ukraine,
Naukova St., 5, Lviv, Ukraine, 79060, tel. +38 (032) 263 12 64, e-mail skal@ipm.lviv.ua, ORCID 0000-0002-3799-0883

ZDep. «Acoustic Emission Diagnostics of Structural Elements», Karpenko Physico-Mechanical Institute of the NAS of Ukraine,
Naukova St., 5, Lviv, Ukraine, 79060, tel. +38 (032) 229 68 75, e-mail ira_dolinska@ukr.net, ORCID 0000-0003-1143-8895
*Dep. «Acoustic Emission Diagnostics of Structural Elements», Karpenko Physico-Mechanical Institute of the NAS of Ukraine,
Naukova St., 5, Lviv, Ukraine, 79060, tel. +38 (032) 229 65 46, e-mail rudavskyy@gmail.com, ORCID 0000-0001-5541-3003
4JSC «Lviv Locomotive Repair Plant», Zaliznychna St., 1a, Lviv, Ukraine, 79018, tel. +38 (032) 233 30 25,

e-mail general@lvivlrz.com, ORCID 0000-0002-1560-6078

S*JSC «Lviv Locomotive Repair Planty, Zaliznychna St., 1a, Lviv, Ukraine, 79018, tel. +38 (032) 233 02 96,

e-mail v_bas@mail.ua, ORCID 0000-0002—8308—-8807

ESTIMATION MODEL OF RESIDUAL LIFE-TIME OF LOCOMOTIVE
FRAME BOGIE WITH ALLOWANCE FOR CREEP

Purpose. The problem of determining the residual life of frame bogie elements of locomotives is a great impor-
tance for predicting their work safely and avoidance potential failures on the track. This especially concern cases
when such elements have creep-fatigue cracks which grow under action of cyclic loading with excerpts 7 in the
cycle and reach their critical size. Here the question of the propagation of such defects (cracks) arises, their kinetics
and about the period of subcritical cracks growth. The aim is to develop a calculation model for determination the
period of subcritical creep-fatigue cracks growth in the bogies frames of electric locomotive. The model takes into
account the basic parameters of load, geometry of the construction element and cracks. Methodology. The calcula-
tion model for determination the period of subcritical creep-fatigue cracks growth in structural elements of frame
under conditions of variable load time has been formulated. It is based on the first law of thermodynamics concern-
ing to mechanics of solids slow fracture at low temperature creep and variable loadings. It is assumed that the period
of unsteady creep dominates here (the first section of the creep curve). Low-temperature creep is creep of materials
at temperatures 7y < 0,57}, where T, — the melting point of the material. Findings. The analytical formula for the
determination of the stress intensity factor of truck bolster with technological hole has been obtained. It is shown
that by experimentally established constants of the material using the proposed analytical relations can easily deter-
mine residual resource of the bogie frame elements. Originality. The new mathematical model for describing the
kinetics of creep-fatigue cracks growth in the frames bogies of electric locomotive under variable in time loadings
with various time excerpts and on this base the period determination of subcritical crack growth has been proposed.
Practical value. Formulated model can serve as a basis for engineering calculation methods to determine the resid-
ual life of structural elements with cracks, working on joint action of cyclic loading and unsteady creep.

Keywords: bogie frame of the locomotive; creep-fatigue crack; residual life-time; low temperature creep; period
of subcritical creep-fatigue crack growth; stress intensity factor
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JOCJIKEHHS EKCILTYATAIIT CUJIOBOT'O OBJIAJTHAHHSI
CUCTEMMU TAT'OBOI'O EJIEKTPOIIOCTAYAHHA 3AJIIBHUID

Merta. B po0oTi mpoBoAMIINCE TOCIHIIXKEHHS eKCIUTyaTallii CHII0BOro obnaaHanHs Tsroux miacranuii (TT1) enek-
Tpru(hikoBaHUX 3aJi3HAIL YKpaiHun. HeoOXiTHNM € TONTyK HOBHX CYYaCHHX METOMIB 1 MiIXOMIB YAOCKOHAJIEHHS CHC-
TEMH MOHITOPHHTY, AiarHOCTYBaHHS Ta TeXHIYHOro obciyroByBaHHs i peMoHTy (TO i P) cunoBoro ob6nannanus TII.
Metoauka. [ TOCATHEHHS TIOCTABICHOI METH JOCTIHKEHO NWHAMIKY 3MIHHM TEXHIYHOTO cTaHy obOnamaaHHs TII 3a
ocranHi 11 pokiB Ha OCHOBI 3BiTiB aHaIi3y POOOTH rocroAapcTBa eaeKkTprdikallii Ta eneKTporocTayants Y Kp3aiizHu-
ui. [IpoBeneno mocmimkeHHsT OCHOBHHUX cucteM i3 opranizamii TO i P mpuctpoi TII enektprdikoBaHUX 3aJi3HHIIB.
Pe3yabTaTn. Y pe3ynbTaTi JOCIIHKEHHS BCTAHOBIICHO, 110 B OCHOBI HOBUX crpateriit TO 1 P jiexuTh aHaNi3 pHU3KKIB
eKCIUTyaTaIlil cTaporo YCTaTKyBaHHA a00 YCTaTKyBaHHS 3 TEBHUMHU AedeKTaMu (O0OCIYTOBYBaHHS yCTaTKyBaHHS
3a (pakTMYHUM TeXHiYHUM ctaHoM). [IpoBeseHe NOCIIPKEHHS OCHOBHMX IMPUYUH MOpYIIeHb 3a mepioxa i3 2002 no
2012 pp. HOpMaTILHOT POOOTH CHCTEMH TATOBOT'O €JIEKTPOINIOCTAuaHHs 3aJIi3HUIb YKpaiHu nokasye, 1mo 80 % npuauH
MOPYIIEHb CKIAJAl0Th: MOMIKOHKEHHSI OCHOBHOTO CHIIOBOTO oOnanHaHHs TII; BinKIFOUEHHS )KUBJICHHS CHEPrOCHCTE-
MOIO; TIEPEBaHTKEHHS Ta NepEeHAaIpyra; BIUIMB METECOPOJIOTiYHUX YMOB. I3 HuX 43 % cKJlaatoTh BiJMOBH OCHOBHOTO
cunoBoro obmagaanasa TII. ToMy B icHyIOUMX yMOBaxX €KCIUTyaTarii CHIIOBOTO enekrpoobmanaanas TI1 akTyansHIMEI
€ TIOCTIHUI MOHITOPHHT, BUIIPOOYBaHHS I JAiarHOCTHKA cTaHy OOJIaJHAHHS 31 CTBOPEHHSM 1 BUKOPHUCTaHHIM MIKpO-
MPOLIECOPHUX IHTEIEKTYalbHIX aBTOMAaTU30BaHUX CHCTEM MOHITOPHHTY Ta JiarHocTyBaHHs. HaykoBa HoBu3Ha. Po3-
TJISTHYTI HOBI HANpPSIMU MOAANIBIIOTO yaockoHaneHHs cucteMd TO i P TsaroBux migctaHuiit enekTpu(ikoBaHUX 3aii3-
HUIb. YTIepIIe 3alporoHOBaHI cydacHi crpaterii Ta Meroau ympaimiHHI TO i P TII enexrpudikoBaHUX 3ai3HUI
Ykpainy, siKi He po3riIaaaoThesl B «[HCTPYKIT 3 TEXHIYHOTO OOCITyrOBYBaHHS i PEMOHTY OOJaIHAHHS TATOBUX ITif-
CTaHIH, MyHKTIiB KMBJICHHS 1 CEKIIOHYBaHHS eNleKTpudikoBanux 3amizHUIb» [[E-0024. Bu3naueHi ocHOBHI mpo0ie-
MH, SIKi HEOOXiZHO BUPIIIMTH VIS BIIPOBaKEHHS AaHuX cTpareriid. [IpakTuyna 3HaunMicTs. BeranoieHo, mo cuc-
Tema IIIIP B ymOBax >KOPCTKOTO IEHTPATi30BAHOTO IUIAHYBAaHHS W KepyBaHHSA y HOBHX €KOHOMIUYHHMX YMOBax HE 3a-
Oe3neuye B OaraTbOX BUIMA/IKAX YXBAJICHHS Ta NPUHHATTS epEKTHBHUX pillieHb NP opranizaii Ta nposenexti TO i P.
Jocmimkeno, mo 1 micias HOpMaTUBHOTO TEPMiHY CITy>KOW 3HaYHA YacTHHA CHIIOBOTO obnamHaHHs TII 36epirae cBoro
pare3/aTHICTh PU CBOEYaCHOMY IIPOBEJICHHI BUNIPOoOyBaHsk, AiarHoctyBanb, TO i P Ta sikicHOMy 1X BUKOHaHHI.

Kmouoei crnosa: enexTponocTadyanHs; eJIeKTpruQiKoBaHi 3ai3HUIT; TATOBA MiJCTAHIN; 00N HAHHS; CTpaTerii, pu-
sukn TO i P; miarHOCTyBaHHSI, HAIFHICTh; MOHITOPHHT; (DaKTHYHUIN TEXHIYHHUNA CTaH;, CHCTEMAa TEXHIYHOI eKCILTyaTaIii

Beryn €JIEKTPOCHEPIreTUYHUX 00’ €KTIB 1 CHCTEM € OCHOB-
HUM B KOMIUIEKCI BHUMOT, IO TpeHd SBISIOTHCS
no Hux. EdextrBHE QyHKIIOHYBaHHS enekTpudi-
KOBaHOTO 3aJi3HUYHOTO TPAHCIOPTY B OCHOBHOMY
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3aJIeKUTh BiJ] HAJIHHOCTI EJIEKTPOIOCTauyaHHS.
V cBOIO Wepry HamaiiHICTh (PYHKITIOHYBaHHS €IIEKT-
POTEXHIYHOTO OOJaJHAHHS TATOBUX MiJCTAHINN
(TIT) 3amexxuTh Big Horo TexHiyHOro cTany. Cydac-
HE eJIeKTPOTEXHIYHE YCTAaTKyBaHHS Ma€ BHCOKI PO3-
PaxyHKOBI IOKa3HUKK HaIiIHOCTI, OMHAK B MpPOLeci
eKCIDTyaTarlii miJl BIUIMBOM Pi3HUX YHHHUKIB, YMOB
1 pexxuMiB pobotu ctan obnagnanus TI1 Gesmepep-
BHO TIOTIPIIY€ETHCS, 3HIDKYETHCS EKCIUTyaTaliiiHa
HAIIAHICTB 1 301IBLIYEThCS HEOC3eKa BUHUKHECHHS
BigMoB. Hapilinicts critoBoro oonagnands TI1 3a-
JISKUTh HE JIMUIE BiJ SKOCTI BUTOTOBJIEHHS, ale
1 BiJl HAyKOBO OOIPYHTOBAHOI eKCILTyarallii, paBu-
JBHOTO TEXHIYHOTO 0OCITyroByBaHHS 1 CBOEYACHOTO
pemoHTy. B OCHOBI nporiecy eKcIuIyaTallii eJIeKTpo-
ycrarkyBanHs TII nexkaTh mociioBHI B Yaci 3MiHH
TeXHIYHOTO cTaHy oOmamHaHHs TII, HasBHICTH pe-
3epBY, CBOEYACHICTh PEMOHTY, SIKICHE TEXHIYHE 00-
CIIyTOBYBaHHSI Ta 30epiraHHs, 3AiHCHEHHS MOHITO-
PHUHTY CTaHy TEXHIYHOTO 00JIaTHAHHS, TOIIIO.

Ha croronni 3HauHa 4acTMHA OONAIHAHHA €JeK-
TPOSHEPTETHYHOI  IHPPACTPYKTYpH  3aTi3HHIHOTO
TpaHCIIOPTY YKpaiHH BXKe BUYEpIana CBild pecypc
1 MoTpedye 3amMiHM a0o0 MOETAITHOT PEeKOHCTPYKIIl Ta
oHOBJICHHS. KpiM Toro, HEOOXITHO ITiABHIYBaTH
e(eKTHBHICTh BUKOPHUCTAHHS iCHYIOUOTO 00JaJHaH-
HS, 3aCTOCOBYBaTM HOBI METOAM MdiarHOCTYBaHHS
(haKTUYHOTO TEXHIYHOTO CTaHy OOJaJHaHHS, CKOpPO-
YyBaTH CKCIUTyaTalliiiHi BUTPaTH 1 MEPEeXOAWTH Ha
pecypco30epirarodi Ta eHepro3oepirarodi TeXHOIOT 1.
Haniitna po6oTta mpuCTpOIB eIeKTPONocTayaHHs Bi-
Jlirpae BaKJIMBY POJIb 3 TIUTaHb BUPIMICHHS Tpo0Ie-
MU Oe3IeKH pyxy Ha 3anmi3HuIgX Ykpainu. [Ipu mpo-
My OUIBIIOCTI BiIMOB €NIEKTPOYCTATKYBaHHs HCTa-
HITI €NIEKTPOIIOCTaYaHHs TIepeaye Tor abo iHIIHi
BUJI HAKOITMYECHUX YIIKOJDKeHb. Hanpukiay, BHaci-
JIOK TIOUIKO/DKEHHSI MPHUCTPOIB EJIEKTPONIOCTAYaHHS
Ha 3aJI3HUILIX YKpainu 3a 2012 pik OyIo 3aTpuMaHO
982 moi3mm Ha 959 roauH, y 2011 porti — 832 noizam
Ha 656 romun. lle Ha 17,0 % Oinblle 3a KUTLKICTIO
1 Ha 46,0 % Oinpiie 3a yacoM [1].

Sk 6aummo, pobiieMa 3abe3reueH s HaiiHOC-
Ti €JIEKTPOYCTATKYBaHHS Ta 3HIKEHHsI aBapiitHOCTI
cunoBoro obnagnanus TII B mpoueci excriyararii
CTa€ TEPLIOYEPrOBUM 3aBIAHHSIM CHCTEMH CEJICKT-
pornocTavyaHHs eNeKTprU(iKOBaHUX 3aTi3HUIIb.

Meta

Buxozsuu 3 BHIIEPO3MIIHYTOI MPOOIEMH, Me-
TOIO CTATTI € HOCHIKEHHS SKCIUTyaTallii CHIIOBOTO
obmagnanHs TII enexktpudikoBaHUX 3alli3HUID

VkpaiHH Ta TONIYK HOBHX Cy4YacHHX MeETO/IB
1 MAXO/IIB YOCKOHAJICHHS CHCTEMU MOHITOPUHTY,
JIarHOCTYBaHHA 1 TEXHIYHOTO OOCIyroBYBaHHS
B mpoueci excruryatamii TIIL. [linTpumka HeoOXin-
HOTO pIiBHA HAMIMHOCTI TATOBOTO EJIEKTPOIIOCTa-
YaHHS Ta 3HW)KEHHS aBapiifHOCTI CHJIOBOTO YCTar-
KyBaHHS.

MeTtoauka

TeopeTnyHOlO 0a3010 AOCHIKCHHS CTaIH pe-
3yJIbTaTH aHaNi3y poOOTH rocrofapcTBa eNeKTPH-
¢dikamii Ta eNeKTpomocTavaHHSA Y Kp3adi3HUIIL,
a TakoX IMyOJiKaIlid, skl MPUCBSIYEHI JTOCIIIKEH-
HIO JIOCBiIy 3 THTaHb SIKICHOTO BHPIIIEHHS IPO-
0JieM HaJlIHHOTO EJICKTPOIIOCTaYaHHS 3aJTI3HHIIb.

[linTpuMka HEOOXiMHOTO PiBHSA HaMiIHHOCTI 00-
namaanHs TII B mporieci #oro ekcruryararii 3a0e3-
MEIY€ETHCS CHCTEMOIO TEXHITYHOTO 00CITyTOBYBaHHS
i pemonTiB. BiamosigHo mo [3] cuctemu TO i P
o0nalHAaHHS TATOBOTO EJIEKTPOIOCTAYaHHS 3aii3-
HUIb — II¢ CYKYIHICTh B3a€MO3B’s3aHUX 3acCO0iB,
JIOKYMEHTAIlil TeXHIYHOTOo OOCIYyroBYBaHHS i pe-
MOHTY Ta BUKOHABIIIB, HEOOX1MHUX IS TiATPUMKH
1 BITHOBJICHHS SIKOCTI TPUCTPOIB, IO BXOMATH
B 110 cucremy. Meroto cucremu TO i P e ynpas-
JIHHS TEXHIYHUM CTaHOM OOJIQJIHAHHS MPOTATOM
ix Tepminy ciryxk0u abo pecypcy.

YTpuMaHHS TEXHIYHOTO OONIaJHAHHS 3alli3HU-
YHOT'O TPAHCHOPTY Ha BHCOKOMY E€KCILTyaTaIiiHO-
My piBHI HEMOXITHBE 0e3 00’ €eKTUBHOI iHpopMAITii
npo iX GpakTHIHUN TexHIYHUM craH. O0’exTH 3ai-
3HUYHOTO TPAHCHOPTY MICTATh BEJIHMKY KIUTBKICTbH
MIPHUCTPOIB, TpUBajia eKCIUTyaTallis SKuX Oe3 Halre-
JKHOTO JIIarHOCTYBaHHS TEXHIYHOTO CTaHy MOXe
MIPU3BECTH JI0 BUXOY X 3 JIaAy Ta 3HAYHOTO Marte-
pilaspHOTO 30UTKY.

OCHOBHUM TEXHOJIOTIYHUM 3aBIaHHIM TOCIIO-
JlapCTBa EJICKTPOIOCTAYaHHS 3ali3HUIL YKpaiHu
(«E») € sxicHe, Oe3nepebiitHe 3a0e3nedeHHs eNeK-
TPOCHEPTIEI0 TSATOBUX Ta HETATOBUX CIIO)KHBAUiB.
Jlns BUKOHAHHS IBOTO 3aBJAHHS ITiIPO3AUTH TOC-
nojpapctsa «E» MepeTBOPIOIOTh €JISKTPUYHY EHEp-
TiI0 Ha TATOBUX IiJICTAHIIIAX, IEPEIAIOTh EIEKTPO-
CHEPrilo 3aJaHuX MapaMeTpiB uYepe3 KOHTAKTHY
MEPEXKy N0 EIEKTPOPYXOMOTO CKIaay Ui TATH
MOT3/1iB, & TAKOX JKUBIIATH CTOPOHHIX CIIOKHBAYiB
gepe3 pailoHM elIeKTpomnocTadaHHsA. TexHiduHe 3a-
Oe3rneueHHs] BUKOHAHHS OCHOBHOTO 3aBJaHHS I'OC-
nonapctsa «E» MOXKHA PO3JIUIMTH Ha TPYITH:

1. ExcrutyaTaiiiss TEXHIYHUX TPUCTPOIB CICKT-
poriocTayaHHs, sIKa BKIIOYAE B cebe:
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— MOHITOPHHT Ta JAIarHOCTUKY TEXHIYHOTO CTa-
Hy OOJIaqHaHHS TATOBHMX IMiJCTAHI[IH, KOHTAKTHOT
MEpEexKi Ta paifioHIB eJIEKTPOIIOCTAYaHHS,

— TeXHIYHEe OOCIYTrOBYBaHHS i PEMOHT O0OIaj-
HaHHS TATOBUX IiJCTAHIIH, MOCTIB CEKITIOHYBaH-
HS, MyHKTIB MapajielbHOTO 3’€JHaHHA Ta oO0xaj-
HaHHS pailoOHIB €IeKTPOIIOCTauYaHHS.

2. 3abe3mnedeHHs TPOIeCy eKCINTyaTalii CHIIo-
Boro obnanHanns TII 3 BUpilIeHHIM MPOOIEM MO-
JIepHi3alii i OHOBIIEHHS OOJIaJHAHHS; BUJUICHHS
KOIIITiB HA €KCIUTyaTalliliHi BUTPATH; 3a0e3MeueHHs
KBaJiiKOBaHUM TepcoHaoM; 3a0e3neueHHs 3a-
MACHUMH YaCTUHAMM; 3[[IHCHCHHS MOHITOPUHTY Ta
SKICHOTO giarHocTyBaHHs oOnamHaHHs TIL.

Ha croromui po3BHTOK IIBHIKICHOTO PyXy Ta
3pOCTaHHS HOr0 IHTEHCUBHOCTI, 3aCTOCYBaHHS €jie-
KTPOPYXOMOTO CKJIaJy HOBOTO TIOKOJIHHS BHMara-
FOTh 3aMiHH 3acTapiioro oONaTHAHHS HHU3BKOI eKC-
IUTyaTaIiifHol HaIIHOCTI Ha BHUCOKOTEXHOJOTIUHI
OpUCTPOl MiABHMIIECHOI HAAIHHOCTI 1 30LIBIIEHOTO
pecypcy, BIIPOBAKEHHS! HOBUX METOIIB JiarHOCTY-
BaHHS TEXHIYHOTO cTaHy oOmamHanus TII Ta Bmoc-
KOHAJICHHSI ICHYIOUOi CHCTEMH TEXHIYHOTO OOCIy-
TOBYBaHHS 1 PEMOHTY TIPHUCTPOIB EJIEeKTPOIOCTa-
JaHHS eTeKTPpU(IKOBAHUX 3aITI3HAI Y KpaiHH.

3a3HaueHi OOCTaBMHU BKa3ylOTh Ha HEOOXil-
HICTh PO3POOKH HAyKOBO-OOIPYHTOBAHOTO KOMILIE-
KCY METO/IiB 1 3ac00iB, CITPSIMOBAaHUX Ha IIiABHIICH-
HSl HAQJIHHOCTI CHUCTEMH TITOBOIO EJIEKTPOIOCTa-
yanHs (CTE). Lle#t komIuieKkc MOBUHEH 0a3yBaTHCS
Ha JIETaTbHOMY aHalli3i BUXOMY 3 JIaay eleKTpooo-
nagaanHs CTE 3i 3acTocyBaHHSIM CydacHHX Marte-
MaTHYHHUX MOJIENICH 1 MeToiB. Pe3yabpTaTi Takoro
JTOCITiKEHHS] MO’KHA BUKOPHUCTOBYBATH:

— T 9ac po3poOKH 3aXOiB 3 IMiIBUIICHHS Ha-
JHAHOCTI TATOBOTO €JCKTPOINOCTAYaHHs 3aJli3HULb
VYkpaiHu;

—Tijg 9ac po3poOKH KOHIEMIIl cTparterii ore-
paruHoro ynpasiiaas CTE;

— I BUpILICHHS 3a1adi Oe3nepepBHOI Ta Ha-
niftHoi pobotu obnmamnanHs TII 3 MiHIManpbHUMHU
Butpatamu Ha TO i P;

— JUIs aHaJTi3y mpo0JieM BUHUKHEHHSI aBapidHUX
CUTYaIlill TATOBOTO EIEeKTPONIOCTaYaHHS 3aITi3HUIIb;

— JUIA BUPIMICHHS TIPOOJIEMH CKOPOYCHHS IIPO-
CTOIB OOJIaJiHAHHS Ta MO3aIuiaHoBUX poOiT 3 TO
1 P o6magnanns TII.

3 MeTor BHUpIMICHHS TPOOJIEMH ITiBHICHHS
skocti TO 1 P cucTtemMu TATOBOTO €IEKTPOIIOCTA-
YaHHS 3a113HUIL YKpaiHU BHKOHAEMO JIOCIIKCH-
Hsl HaJiHHOCTI 0OJaJHAHHS CHCTEMH Ta PO3TJISHE-

MO TIOPYIICHHS HOPMAaJIbHOI pPOOOTH TPHUCTPOIB
€JIEKTPOTIOCTaYaHHs PI3HOTO CTYICHS TSHKKOCTI.

AHani3 IUHAMIKM 3MIHM JAHUX [TOKA3HUKIB 3a
11 pokiB mokasas [1, 2], mo B mepiox 3 2002 mo
2007 p. cmocrepiraeTbCs 3MEHIICHHS KUTBKOCTI
BIZIMOB CIJIOBOTO OOJIaHAHHSI. A [OYHMHAIOYH
3 2007 p., e TOKa3HHK Ta KiTBKICTh MPUYHH, IO
BHKJIMKAIOTh WOT0, HaBMaKW 3pOCTaroTh (puc. 1).
B mepiry depry 1ie cToCy€eThCs MOPYIICHh HA KOH-
TaKTHIH MepeXi Ta TSATOBUX MiACTAHI[IAX.

3 HaBeneHHX TpadikiB 0aYMMO, M0 TOYNHAIOYH
3 2007 p., 3pociia KUTBKICTh MOPYIIEHB SIK MO BCiX
migposainax cnyxou «E» B migomy, tak i mo TII
3okpema. st TII ne 3pocranns ckinano 3 9 Bunaj-
kiB B 2007 p. mo 20 Bunaakis B 2012 p.

3a KUIBKICTIO 3aTpUMaHKX O3B B pe3yNbTari
MopymieHb (BiIMOB) CHIIOBOTO OOJIQJAHAHHS TATO-
BHX ITIJICTAHITI TaKOX CITOCTEPITa€ThCS TUHAMIKa
3pOCTaHHS 3aTPUMKH MOI3IIB 3a JOCHIHKYBaHUH
nepiox (puc. 2).

3 MeTo0 BHUSBICHHS NMPUYHUH MOPYIIEHb HOP-
MaJbHOT POOOTH CHCTEMH TATOBOTO EIEKTPOIOC-
Ta4aHHS 3aJli3HHUIb YKpaiHU BUKOHAHO JOCTiJI-
JKEHHSI OCHOBHUX NPUYHH TOPYIIEHb 3a Tepiojn
3 2002 mo 2012 p., pe3yabTaTH SKOTO HaBEICHI
y Tadm. 1.

OpHak, Taka BeIHMKa KiTbKICTh BUSBICHHUX I10-
pyILIeHh HOPMANBHOI POOOTH CHCTEMH TATOBOTO
eJIEKTPOTIOCTaYaHHs, sIKi HaBedeHi y Ta0m. 1,
YCKJIaTHIOE MOYJIMBICTh SIKICHO BUSIBUTH Ta Hajla-
TH OI[IHKY MOpPYIIeHh HOPMAaJIbHOI pOOOTH CHCTE-
MU TSTOBOTO €JIEKTPOIIOCTaYaHHS.

s BupimeHHs 1iel npoOieMu € Garato cy-
YaCHUX METOJIiB. Y I[bOMY HAIpsIMi AMMOHCHKI BUe-
Hi B MEpioJ CTAHOBJICHHS HAyKW TPO SKICTh Bimi-
Opayin ciM OCHOBHHMX METOZIB. 3acilyra BYEHHX
MOJISAITAE B TOMY, 110 BOHU 3a0€3MEYMIIN TPOCTOTY,
HAOYHICTh, Bi3yalli3amil0 0araThOX CTATHCTUYHHUX
METO/IiB, IEPETBOPUBIIH iX (PaKTUUIHO B e(hEeKTHBHI
IHCTPYMEHTH ONEepPaTHBHOTO KOHTPOIIO SIKOCTI [9].
OpauM 3 ceMu MeToiB € 3akoH [lapeto, mpuHIIMT
SIKOTO 3aCHOBAHHH Ha BIiIOKPEMJICHI BaKIIUBUX
(baxTOpiB BiJ MaJO3HAYYIIUX 1 HECYTTEBHUX Ta JIO-
3BOJIsIE CPOKYCYBAaTU 3YCHWIIS 1 pecypcu Ha ycy-
HEHHS HaHOUTBIIT 3HAYNMUX TIPOOIIEM.

[ToOynoBana miarpama Ilapero 3 mpuywMH MO-
pYILIEHh HOPMAJBHOI POOOTH CHCTEMHU TATOBOTO
€JIEKTPOIIOCTaYaHHsI eJeKTPU(IKOBaHUX 3aJi3HUIb
Vkpaiam, ski HaBemaeHi y Tabm. 1, 300paxkenHa
Ha puc. 3.
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Fig. 1. The dynamic violation of normal work of the electric supply device on the economy «E»
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Fig. 2. Dynamics of the number of delayed trains as a result of power supply failure
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Fig. 3. Causes of traction substation work disturbances
Taonums 1

IIpnyuHN NopyuieHb HOPMAJIBLHOI POOOTH CHCTEMH TATOBOI0 €JIEKTPONOCTAYaHHSA eJIeKTPH(ikoBaHUX

3aJi3HUNb YKpaiHu

Table 1

Causes of normal work disturbances of the traction electric of Ukrainian electrified railways
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2012 16 1 3 3 7 2 1 2 5
2011 23 2 2 3 1 4 26
2010 9 1 2 4 3 25
2009 25 2 3 1 1 4 25
2008 25 1 4 1 1 34
2007 8 1 4 1 1 13
2006 15 3 2 2 3 21
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2005 32 1 3 1 3 1 2 6 1 2
2004 41 2 2 8 3 5 4 1 8
2003 35 1 8 2 3 3 5 1 2 5
2002 55 7 5 2 5 5 3 6 6 13

Amnayiz giarpamu mokaszye, mo 80 % npuunH
MOPYIIECHb HOPMaJbHOI POOOTH CHCTEMHU TSATOBOTO
EJIEKTPOTIOCTaYaHHS eNeKTPU(IKOBAHUX 3aTi3HUIh
VYkpaiHu 3a IOCHiIKYBaHHH Tepioj CKIagaroTh:
MOIIKO/KEHHSI OCHOBHOTO CHJIOBOTO O0JIaJHAHHS
TII; BiAKIIOYEHHS J>KUBJICHHS EHEPrOCHCTEMOIO;

MIEPEBAHTAKCHHS Ta TEPEHANPYTA; Ta BIUIMB METEO-
pororiyaux ymoB. 3 HuX 43 % CKIagarTh BiIMOBU
OCHOBHOTO cuiioBoro obmamHanHs TII. Pesymeratn
JOCITI/DKEHHsI BiJIMOB OCHOBHOTO CHJIOBOTO OOJaj-
HanHs TII enexrpudikoBaHMX 3ai3HUIL YKpaiHH
3a 2000-2012 poku [1, 2], HaBeneHo y Tabm. 2.

Tabnums 2

Po3noagin nopymens HopMaJabHOI po60TH 0CHOBHOTO 001agHanHA TII enexrpudikoBanux
3aJi3HUOb YKpainu

Table 2
The distribution of the abnormal operation of the main equipment of traction substation
of electrified Railways of Ukraine
Iopymenns Tpancdopmaropu Bumnkaui - Pospsanuuku " = _
i = | S| = 3 & 5
Bcroro 2 £ 5 S s 2 Slw | Q| =|=22|Ez|5E&| 8 g | o
| Ze|Eg|§| 5|8 |25 8525|5258
- N - = 5" = =
2012 49 3 1 1 6 | 3 2 2 4
2011 58 2 4 4 5 3 1 1 1 9
2010 44 1 5 3 3 3 1 4 1 5 2
2009 43 2 1 3 4 1 1 1 4 1
2008 28 2 3 1 1 2 2 |2 1 3
2007 28 2 1 1 1 2 1 1 2
2006 28 4 1 1 1 2 2 1 1
2005 45 1 11 2 3 4 3 4 1 2 1
2004 58 1 1 6 | 4| 2 2 1 1 5 2 9
2003 64 3 7| 4 1 3 5 1 3 4 4 4
2002 96 3 1 3 8 5 5 2 8 1 3 4 9 2 3 6
2001 95 3 1 4 3 5 6 | 9 8 11 4 3 1 5 4
2000 120 1 1 3 5 713 2 | 4 3 3 14 | 9 2 3119
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Puc. 4. Po3nozin nmopymeHs podotu obiaaguanus TII 3a Tumamu ycraTkyBaHHS

Fig. 4. The distribution of failures of traction substation equipment on types of equipment

Jns BusneHns oonaguanas TII, crany sikoro
HEOOXIHO TPHUIUTATH TIEPIIIOYEeProBy yBary I dac
3IIHCHEHHS] MOHITOPUHTY, HiarHocTyBaHHs Ta TO 1
P, mobynyemo miarpamy Ilapeto 3a pesynbraramu
JIOCITIKeHHS, SIKi HaBeJieHi y Ta0um. 2 (puc. 4).

AHami3 miarpaMu TOKasye, IO OCHOBHUM 00-
JIaIHAHHSM 3 BHHH SKOrO 3OIMCHIOETHCS 79,59 %
nopymeHs HopManbHO1 podotu TII enextpudiko-
BaHMX 3aI3HUI YKpaiHW 3a AOCTIIKYBaHUU Tie-
pion e: BUMHKadYi, TpaHCPopMaTopu (K CHIIOBI,
TaK 1 BUMIPIOBAJIbHI), IPUCTPOI PETICHHOTO 3axXHC-
Ty, 130JIATOPH Ta MPUCTPOI JUCTAHIIIIHOTO 1 Tele-
ynpasiiHHs. Takok 06a4uMo, IO OCHOBHI HOPY-
mreHHs: HopMmainbHOI pobotu TII BigOyBaroThCs 3a
paxyHOK BUXOny 3 Jlany BUMHKadiB (29,58 %) Ta
tparchopmaropis (20,21 %).

VY eneKTpoeHepreTHYHUX CHUCTeMaX BHUCOKOBO-
JIBTHI BUMHKA41 BIITHOCATHCS 10 OOHUX 3 HAWOLIBIII
BINMTOBIMAIBHUX  BUIIB  €IIGKTPOOOIaHAHHS.
SIkicTh (pyHKIIIOHYBaHHS BHCOKOBOJBTHHX BUMH-
Ka4iB BH3HA4ae CTYMiHb HaIilHOCTi i eHeproOes-
MeKu poOOTH BCi€l cucTeMu mepenadi i po3noiny
€JIEKTPOCHEPrii SIK B HOPMAJIBHUX, TaK 1 B aBapili-
HUX pexuMax. Ll mpobiema TakoX CTOCYEThCS
CHCTEMH TATOBOTO €JICKTPOIIOCTAUYaHHS 3a13HHULIb.

3a JOMOMOrol0 BHCOKOBOJITHUX BHUMHKAaiB
3MIACHIOIOTHCS BIAKIIFOUEHHS aBapiifHUX CTPYyMiB
KOPOTKOTO 3aMHUKaHHS, OIleparlii KOMyTarlii eJIeKT-
poIocTauaHHs, a TaKOXX KOMYTaIlil, TOB’s3aHi 3i
3MIHOIO HampsIMKy IOTOKIB IOTY>KHOCTEH B €JIeKT-
poeHepreTHUHUX cucremax. OueBUIHO, L0 3aJICK-
HO BiJ poOOTHM BUMHKa4ya HOTO KOMYyTaUiiiHWIl pe-
CypC BUTPA4a€eThCsl HEPiBHOMIpHO. Bynb-sikum Bu-
MHKa4eM MOKHAa BHKOHATH Habarato Ouiblue ore-
pauiii KoMyTarii HOMiHaJBHOTO POOOYOTO CTPyMY,
HIK aBapiiiHOTO, SIKMH B JEKUIbKa AECATKIB pasiB
MIEPEBUIIyE POOOUMA CTpyM BHUMHKada. OCKUTBKH
crpoOu eKcIuUTyaTallii BUMUKAYiB MiC/Isi BUYSPIaHHs
iXHBOIO KOMYTALIMHOTO pecypcy NpH3BOAATH M0
3HAYHUX 30WTKIB, BAXJIMBOIO TEXHIYHOK 3a/1a4€i0
€ CBO€YACHA OIliHKA 3AJIUIITKOBOTO KOMYTAIIHHOTO
pecypcy 1bOro Kjiacy IpUCTPOIB.

OcHoBHui#l napk BumukadiB 110 kB cTaHOBIATH
BumuKkadi Tumry MKII 3 TepMiHOM ekcruTyaTarii 10
25 pokiB (6mu3bko 70 %) [1], siKi 3HATI 3 BHPOO-
HUILTBA, TPYAOMICTKI B eKCIUTyaTamii i He MaloTh
3aMacHUX YacTHUH.

CepenHbOpiYHA KITBKICTh aBapiiHUX BiAKIIIO-
YeHb Ha OJIMH XHUBJLSTUMK (higep KOHTAKTHOI Mepexki
B 2012 p. cranoButs 178 mpotu 207,5 y 2011 porri.
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EJIEKTPUYHUIA TPAHCITOPT

Y 2012 pomi mo 3ami3HHUINX 3aMiHeHO 26
IIBUAKOIFOYMX BUMHUKAYIB MMOCTIHHOTO CTPyMY i3
3alIaHOBaHUX 27, HA LEeH Yac 3alHIIaeThes B €KC-
ryatamii 425 MOpanmbHO 3acTapuinX BUMHUKAYiB
mocTiitHoro cTpymy Tuity Ab-2/4.

Ha 3MiHHOMY CTpyMi €KCIUTyaTyrOThCsl MacisHi
BuMukadi Tury BMO-27,5 ta BMK-25, mo matoth
HU3BKUU pECypc BIAKIIOYECHB, TOTPEOYIOTH T03a-
YeproBUX PEMOHTIB 1 MiUIATaroTh 3aMiHi. Jlo Toro
K, 11l BAMHKA4i Ha ChOT'OJHI 3HATI 3 BUPOOHMIITBA i
BiJICYTHI/i OOMiHHUI (OHJ 3aIT4acTUH I BHKO-
HaHHs peMmoHTiB. Y 2012 pomi i3 3amiaHoOBaHUX
13 BUMUKaYiB 3aMiHEHO JinIIe 7.

Tomy B Takmx ymoBax ekcruryararii TII myxe
aKTyaJIbHUMH € TeXHIYHHN KOHTPOJIb 1 TIarHOCTHKA
CTaHy BUCOKOBOJTHHX BHMHKAuiB, LI0 JO3BOJISI-
I0Th CBOEYACHO BHSBISTH JIedeKTr abo HeCcrpaBHO-
CTi, a TIOTIM OTIEpaTHBHO ycyBaTH ix. O4eBHUIHO, 110
JarHOCTHIII BHCOKOBOJIETHUX BHUMHUKAUIB, SIKi 3Ha-
XOJATHCS B €KCIUTyaTallil AUCTAHIIN eIeKTPONoCcTa-
YaHHS, CIiJ MPUAUIATH MiABHINEHY yBary. B meit
4ac TS BUPIIICHHS IIi€i MpoOIeMH B CUCTEMI eJIeK-
TpOTOCTayaHHs 3ali3HUILb, B TOMY YHUCHI 1 AiarHoc-
THUII BUCOKOBOJBTHOTO EJEKTPOYCTATKyBaHHS, Ba-
JKJIUBY POJTH BiMIITPAOTh CY9acHI METOIH 3 BUKOPH-
CTaHHAM HU(PPOBUX TPHUCTPOIB Ta CHCTEM Ha MiK-
poIIpoIiecopHii eneMenTHil 0a3i. [li MmeToau MaroTh
BaYXJTUBE 3HAYCHHS IS 3HOIIEHOTO eJIEKTPOoOo0IIaI-
HaHHS, B TEpIIy Yepry Ui MaclsIHUX BHMHKAUiB,
AKi Ha CHOTOIHI EKCIUTyaTyIOThCsSl 3HAUHO OijblIe,
HIX 1HIIOr0 crinoBoro oomaguanus TI1.

HactymauMm HampsMoM BHpIIEHHS MPoOIeMu
MABHUIIIEHHS HAIIHHOCTI CUCTEMHU TITOBOI'O €JIEKT-
poriocrauaHHs € e()eKTUBHE Ta SKICHE H1arHOCTY-
BaHHS (DaKTUIHOTO TEXHIYHOTO CTaHY CHIIOBHX
tpancpopmaropiB TII 3 MeTOO TOBHOTO BUKOPHC-
TaHHS HOTO pecypcey.

Tpauchopmatopu TII aucranHmii enexTporoc-
Ta4aHHS 3yMOBJICHI OCOOJUBOIO 3HAYYIIICTIO Y 3a-
OesmedyeHHi HamiiHOT POOOTH CHUCTEMH TATOBOTO
€JIEKTPOTIOCTaYaHHsI 3alli3HUIb, BHCOKOIO BapTic-
TIO, HEOE3MEeKOI0 BWHHKHEHHS YIIKODKCHB, SKi
BUKJIMKAIOTH 3HAYH]1 HACIIIKH.

Jiarpama posnoaity mopymieHb poOoTH 00maji-
Hauasg TII 3a Tamamu ycrarkyBaHHs (pHc. 4) moka-
3y€, 10 TIOLIKOPKEHHST TpaHc(HOpMATOpIB BiAHOCSTh-
Cs 10 OCHOBHHX 3HAYyIIMX MpOOJIeM MOpYIICHHS HO-
PMaTBHOT pOOOTH TATOBOTO €JIEKTPOIIOCTAYaHHS.

Ha meit wac Ha 3amizHuUIIX YKpaiawm 3 422 1o-
HIOKYBaJIBHUX Ta TATOBUX TpPaHC(POPMATOPIB Ha-
npyroto 110-220 kB 3HaxomaThcs B eKcruryarariii

337 TpancdopMaTopiB 31 CTPOKOM CIIyKOM TIOHAI
25 pokiB, mo cknagae 79 % Bix 3aranbHOi KiTbKO-
CTi MOHW)KYBAJIFHUX Ta TATOBUX TPaHCPOPMATOPIB.
3a HasBHOCTI TpaHCOPMATOPIB 3 TEPMIHOM EKC-
IoIyaraiii moHaa 25 pokKiB, CIyKO0aMHU €IEKTPOIIO-
crayanHs [liBgenHoi 3amizHmui (48 Ttpanchop-
MatopiB — 70 %), IliBmenHo-3axigHOi 3ami3HUII
(43 TpancdopmatopiB — 60 %), OnecrKkoi 3ami3Hu-
ui (37 tpanchopmaropis — 59 %) y 2011 pori
poOOTH 3 PEMOHTY i 3aMiHM HaBiTh HE IUIaHYyBa-
much. B 2012 porii BUKOHAHO KammiTadbHUA PEMOHT
11 tsroBux Tpanchopmaropis [1].

3rigHo 3 goaatkoM 2 «IHCTPYKIIT 3 TEXHIYHOTO
00CITyroByBaHHS 1 PEMOHTY OOJaTHAHHS TATOBUX
MIICTAHITIN, MyHKTIB JKUBJICHHS 1 CEKI[IOHYBaHHS
enekrpudikoBanux 3amizaupy (LE-0024), Tep-
MiH CIy»0H TpaHC(opMaropa CKIagae HE MEHIIE
25 pokiB, TIpu IbOMY 4epe3 12 pokiB HEOoOXiTHO
BHKOHYBAaTHU KalliTAILHUNA PEMOHT [6].

BukoHaHuii aHami3 TEXHIYHOTO CTaHy CHIIO-
Bux Tpanchopmaropis TII mokazas, mo 3 2006 mo
2012 pp. BimOymocs 30 MOIKOMKEHH Ta BiAMOB
TpancpopmatopiB [1, 2]. I3 yrcna momKomKEHUX
3amineHi 17 tpancdopmaropiB. AHali3 po3noIiTy
BiJIMOB 1 TIOITKO)KEHb CHUJIOBHUX TpaHC(opMaTopiB
3aJIOKHO BiJ Tepiogy IX eKCIulyaTallii HaBeACHO
Ha puc. 5.

AHaji3 po3MoAily BiIMOB i ITOIIKOKEHb CH-
JOBUX TpaHc(hopMaTopiB 3aleKHO Bij mepiogy ix
eKCIUTyaTalii J03BoJIsie 3pOOUTH TaKHi BUCHOBOK:

— PO3MOJII MAa€ YiTKO BUPAKEHUH MaKCHUMYM,
HaMOUIBIIA KUIBKICTh BIZIMOB 1 ITOLIKOIKEHD CHIIO-
BUX TpaHchopMmaTopiB croctepiraeTbest micas 10
1 30 pokiB. [lomkomKkyBaHiCTh TpaHCPOPMATOPIB HA
pieHi 15...20 % B mepmi 10...15 pokiB pobotu mo-
SCHIOETBCSI, B OCHOBHOMY, TPOSIBOM iCTOTHHX 3a-
BOJCHKUX AC(EKTiB KOHCTPYKLIT i BUTOTOBIICHHS;

— MaKCUMyM HOIIKOKYBaHOCTI CHJIOBHX TpPaHC-
¢dopmatopiB B mepion ekcrutyatamii 10...15 poki
30ira€ThCs 3 TEPMIHOM KaIliTAIBHOTO PEMOHTY, KU
B YMOBaX TATOBHX MiACTaHLiH, SK MPaBUIO, HE BHU-
KOHYETBCS Yepe3 BiACYTHICTh PEMOHTHOI 0a3u;

— 3HI)KEHHS TOLIKOMXKYBaHOCTI 110 25...30 po-
KiB eKcIuTyaTamii MOSCHIOEThCS BHPOOJIEHUM BHO-
paKkoOBYBaHHSAM OOJIATHAHHS 3 ICTOTHUMH Iedek-
TaMH IIISIXOM HOro 3aMiHU 1 4aCTKOBO BHKOHAaH-
HSIM PEMOHTIB;

— 3pOCTaHHS MOMIKO/KyBaHOCTI micis 30 pokiB
eKcIuTyaTamnii CBIMIUTh MPO HEIOCKOHATICTH CHC-
Temu pgiarHoctyBaHHa Ta TO 1 P. MoxnuBicTio
ICTOTHO TIPOJIOBKUTH TEPMiH €KCILTyaTallii TpaHc-
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¢dopmaropa Ta TIOBHOI'O BUKOPUCTAHHS 3JTHIIKO-
BOT'O pecypcy € 3AIHCHEeHHs SKICHOTO 1 CBOEYACHO-
ro JiarHOCTYBaHHS, PaHHBOTO YCYHEHHS BUSBIIC-
HUX Ne(eKTiB IIIIXOM HEIOpOTOTo BiTHOBIOBA-
JHLHOTO PEMOHTY.

JlocBin ekcrutyaraliii CuiaoBUX TpaHchOpMaTo-
piB mOKasye, IO 1 MiCJIi HOPMAaTHBHOI'O TEPMiHY
ciryk0u 3HayHa YacTHHA TpaHcopMaTopiB 30epi-

Yo

10 5

rn

ra€ CBOIO NPANe3aTHICTh 32 YMOBH JOTPHUMAaHHS
JOMYCTUMHX HABaHTAXKYBAJIBHHX PEKUMIB, CBOE-
YaCHOT'O BHKOHAHHS BHIIPOOYBaHb, JiarHOCTYBaH-
H$l, TEXHIYHOTO 00CITYrOBYBaHHS;, PEMOHTIB 1 SIKic-
HOTO iX BUKOHAHHS, 3 IHIIOTO OOKY TEPMIiH CITyKOH
TpaHchOpMaTOpa 3aJICKHUTh Bifl HOTO 3aJTHIIKOBOTO
pecypey [4, 13, 12].

’l
[&7)

20 b 14] A5

Puc. 5. Po3nozin BiZMOB 1 IOMIKOMKEHb CHIIOBHX TpaHC(OpMAaTOpiB 3a ImepioaMu eKciutyartaii, %

Fig. 5. The distribution of failures and damages of power transformers by periods of operation, %

3amiHa TpaHchopmaTopa; 2%

EKkcnnyaTayia bes
obmexeHb; 30%

KanitanbHwmit
pemoHT; 15%

eeneeens INERERERREN;

3amiHa BBOAE i

PEMOHT OKpEMMX

MigsvieHwit KoHTponb; 30%

Bysnie; 23%

Puc. 6. PesynbraTn 00cTe)KeHD TpaHC(HOpPMATOPiB

Fig. 6. The results of the transformers tests
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IlinTBepIKEHHSIM TIHOTO € pPe3yJbTaTH 00cTe-
JKeHb OUIbIIe TBOXCOT TpaHchopMaTopiB MOTYXK-
HictTio Big 6,3 mo 1000 MBT, BUTOTOBIIEHHX
B Ykpaini, Pocii, [1IBemnii i benprii i BcTaHOBIEHNX
B pi3HHX KiiMatn4yHUX 30HaX [10]. Maiixe 70 %
3 00CTeKEHUX TpaHC(HOPMATOPIB MaJId Harpallko-
BaHHS Oijbie 25 pokiB. BiIM3bKO MOJIOBUHM 3 HUX
BiTHOCHUTKCS 110 Benukux (Oiapmre 100 MBT). V3a-
rajJibHeHI pe3yJIbTaTH KOMIUICKCHHUX J1arHOCTHY-
HUX 00CTS)KEHb HaBeJICHI Ha puC. 6.

3a pesynbraTamu 00CTeXeHb BUIHO, Mo 30 %
TpaHchopMarTopiB, 3 4KuciIa OOCTEIKEHUX, MOXKYTh
MPOJIOBKYBATH EKCIUTyaTyBaTUCs 0e3 kOJIHUX 00-
MexeHb. | Bcporo smmie 2 % MaroTh OyTH 3aMiHe-
Hi. [HI1 TpanchopmaTopu BUMaramTh abo KarmiTa-
JIbHOTO peMOHTY (15 %), ab0 BITHOCHO HEBEIMKHX
1 Hemoporux BiTHOBHHUX peMoHTIB (23 %), abo
MPOCTO TiABHIIEHOTO KOHTPOIto (30 %).

Tomy mopsii 3 TUIAHOBOKO 3aMIHOKO 3acTapiyioro
00J1aIHAHHS HAHBXITUBIIIVM 3aBJIAHHSM € BUKOPH-
CTaHHsI TIOBHOTO POOOYOro pecypcy TpaHc(hopMaro-
PiB 32 paxyHOK KOMITJIEKCHOTO 3aCTOCYBAaHHS Cydac-
HUX METOJIB JIIarHOCTYBaHHS Ta TEXHOJIOTIH peMOH-
Ty 3a (paKTHYHAM TEXHIYHUM CTAaHOM OOJIaTHAHHSL.

Ha 1eit yac miarpumka HeoOXimHOI Mipu Ha-
JAHOCTI O0JIafHAHHS CUCTEMU TATOBOTO €JIEKTPO-
MOCTayaHHs 3ali3HULIb B TPOLECi eKCIuTyaTamii
3a0e3MevyeThes, Mo-TepIe, 32 PaXyHOK 3HAYHHUX
KoeiIIEHTIB 3amacy, sKi 3aKJIajeHi Mia 4ac Horo
CTBOPEHHSI, IMO-IIPYre CHUCTEMOI0 TEXHIYHOTO 00-
CIIyTOBYBaHHSI 1 IEPIOAMYHUX PEMOHTIB.

B ocnoBy nirouoi cuctremu TO 1 P TII cucremu
TATOBOT'O €JIEKTPOINOCTAYaHHS 3aJIi3HUIlb, 3TITHO
3 «lHCTpyKIi€l0 3 TEXHIYHOTO OOCITyrOBYBaHHS
1 pEMOHTY OOJIaTHAHHS TATOBUX ITiICTAHITIN, ITyH-
KTiB JKUBJICHHS 1 CEKIIIOHYBaHHS eJIeKTpU(iKoBa-
HUX 3amisHunb» 11E-0024 [6], nokmageHo moen-
HaHHSI TEXHIYHOTO OOCIYyroByBaHHsS 1 IUIaHOBO-
nornepea-xyBanbHUX peMoHTiB ([TI1P). [TpuHummy,
sIKi MoKJaieHi B ocHoBy cuctemu [1I1P [8]:

— YHUM CTapillie yCTaTKyBaHHS, THM BHUIIE Bipo-
TiTHICTH BUXOy HOTO 3 JIamy;

— HAKONMYCHA CTATUCTHKA J03BOJISIE PO3PAXY-
BaTH CepedHiil yac poOOTH YCTaTKyBaHHS Ta HOP-
MU TIEPiOTMIHOCTI PEMOHTIB;

— IUIaHYBaHHS 3aCHOBAaHE Ha IOIEPEKYBaIb-
Hill mpodinakTuuHiil aii.

OCHOBHUM TEXHIKO-€KOHOMIYHIM KPHUTEPieEM
cuctemu IIIIP cirykuTh MiHIMYM IIPOCTOIB yCTaT-
KyBaHHS Ha OCHOBI OPCTKOi periiameHTamii pe-
MOHTHHUX IHKIIB. BiIMOBiTHO 10 IBOTO KPHUTEPitO

MEePIOTUIHICTE 1 00’ €M POOIT 3 TEXHITHOTO 00CITY-
TOByBaHHS 1 peMOoHTY oOmangnanHs TII Bu3Haua-
I0ThCS 3a3/1aJIETiIb BCTAHOBJICHUMHU ISl YCIX BUIIB
YCTaTKyBaHHS THUINOBHMH HOpMaTHBamMH. Takuid
MiIXiA TTONEPeIKY€e MPOTrpecyrounii 3HOC 00Jai-
HaHHS 1 3MEHIIYE BipOTiHICTh BUXOIY HOTO 3 Ja-
ny. Cucrema I[P nmae MOXNHMBICTB MiIrOTYBaTH
KepOBaHy 1 IMPOTHO30BaHy Ha TPUBAIHH Tepiof
PEMOHTHY MPOTpaMy 3a BHJIAMH PEMOHTIB, THIIAMH
oOnamHaHHS, JUCTAHIISIMU TATOBOTO €JIEKTPOIOC-
tayaHHA Ta cayx6u LIE Ykpszanizaumi. Lle cmpo-
nIye TUIaHyBaHHSA NPOQITAKTHYHUX 3aXOJiB, HO-
3BOJISIE 3IHCHUTH MOTEPEIHIO MiATOTOBKY PEMOH-
THUX pOOIT, T03BOJIIE BUKOHYBATH iX B MiHIMaJIbHI
TEepMiHH, TIIBUIIYE SIKICTh PEMOHTY, IO 3a0e31e-
qye HEOOXigHy HAIIHHICTh EHEPromocTauyaHHs
cnoxxuBadviB. Takum uymHOM, cuctema [II1P mpwu-
3HaueHa I 3a0e3MeUeHHs HAIIHHOCTI €JIeKTpO-
YCTaTKyBaHHS CUCTEMH E€JIEKTPOIIOCTaYaHHs 3aIi3-
HUIb YKpaiHu B YMOBaX OPCTKOTO IICHTPalli30-
BaHOTO IJIAHYBaHHS 1 KepyBaHHS, CTaOiILHOTO 3a-
BaHTaXeHHs noTyxHoctelt TII mpu MiHIMaTEHOMY
ix pesepBi. OMHAK Y HOBUX €KOHOMIYHHX YMOBax
cuctema [1I1P He 3a0e3meuye y 6araThox BUMAIKax
YXBaJIeHHsS] Ta TPUUAHATTS €(PEKTHBHHUX 1 ONTHMa-
JIBHUX pimieHb. [le MOsSCHIOEThCS TaKUMU TPUYH-
Hamu Ta oOcTaBuHamu [8, 11]:

— yCepemHeHi 1 3acTtapii HOpMAaTHBH 1HCTPYK-
i 3 opranizamnii TO i P TIT;

— MpU3HAYCHHS NPOQITaKTHYHUX POOIT 3Aiic-
HIOETHCS 32 PETJIAMEHTOM 1 He 3alIe)HTh BiJl (ak-
THYHOTO TEXHIYHOTO cTaHy oOnamHanas TII Ha
moyaTok peMoHTy (01t 50 % poOIiT BUKOHYEThHCS
0e3 pakTHIHOT HEOOXITHOCTI) ;

— wiaHu-Tpadikk  TPOPITAKTHIHUX podIiT HE
BCTAHOBJIIOIOTH MPIOPUTET BUBOLY B PEMOHT Pi3HHX
BUJIIB eNleKTpoycTarkyBaHHs TII 3anexHo Bin pea-
JHHOTO (haKTUYHOTO TEXHIYHOTO CTaHy OOIaHAHHS;

—iJ Yac CKJIaJaHHS IUTaHiB-rpadikiB He Bpa-
XOBYETBCS HHU3Ka OOMEKEHb (TEXHOJIOTIYHHX, Ma-
TepialbHUX, THMYAaCOBUX, TPYJOBHX), a TAKOXK HE
nmependavyacTbesl IX ONMTUMI3AIiS 3 IO3HUIINi partio-
HAJILHOTO YIPAaBIiHHS CTaHAMU TIPOLIECY eKCILTya-
Talii i MOBHOTO BWUKOPHUCTaHHS PECYpPCy KOXKHOI
OJIMHHIII eneKkTpoycTaTkyBanus TII;

— BUKOHYETBCS 3aMiHa JieTalell 3 BEIIMKUM 3a-
JIMIIKOBUM PECYPCOM;

— BeITMKAa TPYIOMICTKICTh MPOQLIaKTHIHIX POOIT;

— 3HAYHA YHCEThHICTh PEMOHTHOTO TIEPCOHAIY.

Texniune nepeoOIaHaHHS 1 MOJICPHI3allisl BU-
MararTh 3HAYHUX IHBECTHIIIH, a CUCTEMY TEXHId-
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HOTO OOCIIyTOBYBaHHS 1 pPEMOHTY MOJYKHa YIIOCKO-
HAIIIOBATH IIIJISIXOM BIPOBAJKEHHS HOBUX TpOTrpe-
cuBHUX (opM ii opranizauii i ynpasminas [7, 5].
VY xo[li HOCHiKEeHb SK BITYM3HSIHUX, Tak i 3apy0i-
JKHUX aBTOpIB OyJI0 BHUSBJICHO, IO SKIO BUTPATH
Ha ekcrutyatanito no crpaterii [P npuiinsatu 3a
100 %, To BuTpaTH MO cTparterii aBapiiHUX peMo-
HTiB ckinagaTumyTh 130 %, a mo crparerii pemMoH-
TiB 32 PAKTUIHUM TEXHIYHUM cTaHOM — 70 %.

Buxoasiun 3 BUKOHAHOTO AOCIiIKEHHS, MOKHA
3poOWTH BHCHOBOK, IO icHyroua cuctema [II1P
CTajla HeaJeKBaTHOI SKOHOMIYHHM yMOBaMm (yH-
KLIOHYBaHHS CHCTEMH TSTOBOTO €IEKTPONoCTa-
YaHHS Ta eKCIuTyaTamii cuioBoro obmagnanHs TII
eIeKTPU(IKOBAHUX 3aJII3HUID 1 TIPOTUPIUNATH PUH-
KOBHM MeXaHi3MaM BUPOOHHYO-TOCIIONAPCHKOT [i-
SITBHOCTI 00 €KTIB TOCMOJApCTBa EIEKTPOIIOCTa-
gaHHsA YKp3amizauii. Ha cygacHoMy erarmi po3Bu-
TKY 3aIi3HUIB YKpaiHU YAOCKOHAJICHHS CUCTEMH
TO 1 P enexrpoycratkyBanus TII crtae onHiero
3 OCHOBHHUX 3a/1a4 MHiABUILIEHHSA HALIHHOCTI TArO-
BOT'O €JICKTPOITOCTAYaHHS Ta BHPIMICHHS ITPOOIeMH
ckopoyenHs Butpar Ha TO 1 P.

HesnmaTHicTh TpaauimiiHOT cUCTeMH OpraHizamii
TO i P edexTrBHO 1 HamilfHO 3a1m00iraT BiIMOBaM
eJIEKTPOYCTaTKyBaHHS MOTPeOy€e 3aCTOCYBaHHS HO-
Bux minxoxiB 3 opranizamii TO i P TII gucranmiit
eJIeKTpoIiocTadanus. [l BUpIMICHHS ITi€i TIpo-
Onemu HeoOXimHUI BUOIp Ta 3aCTOCYBaHHS Cydac-
HUX cTparteriidi Ta MeroniB ympasmiiaasa TO i P cu-
noBoro enekrpoodnagaanHsa TII mpoTsrom Bchoro
CTPOKY CITy’)kKOM 3 ypaxyBaHHSM PI3HHUX PEKUMIB
Horo GyHKIIOHyBaHHS.

Ha neit wac mns 3niviceennst nepexony Bix [IT1P
emextpoobmamHanas TI1 Mo)KHA 3arTpoTIOHYBaTH Taki
crparerii opranizamii TO i P cunooro enexkrpoo0iia-
maanas TI1 (ui migxomm 3 opranizauii TO i P ve po3-
TISIAIOTECS B «IHCTPYKIT 3 TEXHIYHOTO 0OCITyTOBY-
BaHHS 1 PEMOHTY OOJIaJIHAHHS TATOBUX MiJCTAHIIIH,
MYHKTIB JKUBJICHHS 1 CEKUIOHYBaHHs eleKTpH(iKo-
BaHuX 3ami3HUIEY 1IE-0024 [6]), a came:

— o0cmyroByBaHHS 3a (DAKTUYHUM TEXHITHUM
CTaHOM CHJIOBOTO enekTpoobnaananus T1I;

— cymimienns [1I1P 3 pemoHTOM 32 akTHIHUM
TEXHIYHUM CTAHOM;

— 00CIyTOBYBaHHS, SIKE OpIEHTOBaHE Ha Ha-
nitaicte — Metoguka RCM (Reliability-Centered
Maintenance);

— IUTAaHYBaHHSI Ha OCHOBI OIIHKH PH3HKIB IPO-
THO30BaHOTO 3aMIIKOBOTO PECypcy elIeKTpoodna-
nHaHHa T1I;

— TIPOIIECHUH TiIXiI A0 YIPABIiHHS CHCTEMOIO
TO i P enexrpoobnaauanns TII;

— CHUCTeMHHUH MiAXix 3 opraizamii Ta ympas-
nigHs TO 1 P enexrpoobiamnanns TIL.

BrpoBapkeHHs 3aIpOIIOHOBAHMX CTpaTeTid 00-
CIIyTOBYBaHHS 1 PEMOHTY enekTpoycrarkyBaHHs TI1
JIO3BOJINTG: IIABUINWATH HAMiHHICT, oOmagHandsa TI1
1 TATOBOTO E€JICKTPOIIOCTAYaHHS ITUCTAHIII B IIJIOMY;
ckopotuTy BuTpary Ha BukoHaHHs TO i P ta aBapiii-
Hi BUTpaTH 3a paxyHOK aHalli3y PH3HKIB; CKOPOTHUTH
BUTpATH Ha yTpuManHs oOnanHanua TII 3a paxyHOK
BiJIMOBH BiJI HEMOTPIOHMX PEMOHTIB i 3aMiH; CKOpO-
TUTHU Yac TiJJTOTOBKU 1 BAKOHAHHS pOOIT (T1iABUIIICH-
Hsl IX IPOAYKTHBHOCTI) 33 PaXyHOK JIETAJILHOTO TJa-
HYBaHHS; CKOPOTWUTH IUIAHOBI BTpaTH, OB’ s3aHI
3 BUKOHAHHAM DEMOHTIB 3a PaXyHOK ONTHMi3alii
rpadika i ToeqHaHHS POOIT; CKOPOTUTH CKIAICHKi
3aI1acy 3a paxyHOK JETAJIbHOIO IUIAHYBAaHHS; HOHHU-
3WTH 3aKyIiBellbHI I[IHW Ha HEOOXIIHMH Marepiaib-
HO-TEXHIYHUH Pecypc 3a paXyHOK JeTajbHOTo Iuia-
HYBaHHS; TIOHM3UTH BapTIiCTh MAPSAMHUX poOIT 3a
PaxyHOK JETAIBHOTO IJIAHyBaHHS, TOLLO.

Opnak ans peamizamii uxX crpareriii HeoOXin-
HO BHPIIIATH TaKi MPOOIeMHU:

— 3a0e3MeYnTH MOCTIHHUH MOHITOPHHT Ta OIIi-
HKY TEXHIYHOTO CTaHy eJeKkTpoycTaTkyBaHHA TII
eNeKTpU(iKOBAHUX 3aJiI3HUIIb;

— BIIOCKOHAJIUTH METOAM IarHOCTHKH Ta METO-
I TIPOTHO3YBaHHS (PAKTUYHOTO TEXHIYHOTO CTaHy
enexrpoycratkyBanHs TII;

— po3pobuTH KOMOIHOBaHI TEXHIYHI 3aCO0M Ii-
arHOCTUKYM 1 TIPOTHO3YBAHHS TEXHIYHOTO CTaHy
enekrpoycraTtkyBanHsa T1I;

— pO3pOOHUTH CydYacHiI MiKpOIIPOIIECOPHI TaT4H-
KU BUMIipy OCHOBHHX ITapaMETPiB CHIIOBOTO E€IICKT-
poobnaananHs TII 3 MeTOI0 CTBOPEHHS IHTENEKTY-
AIBbHUX aBTOMATH30BAaHUX CHCTEM MOHITOPUHTY Ta
IiarHOCTYBaHHS;

— pO3pO0OUTH aBTOMATH30BaHE pPOOOYE MicIie
(APM) geprosoro nepconany TII;

— pO3pOOUTH aBTOMAaTHU30BaHy CUCTEMY IUIaHY-
BanHd TO 1 P, MOHITOpHHTY Ta MiarHOCTYBaHHSI,
00JIIKy MarepiaJibHO-TEXHIYHOTO 3a0e3IeueHHs,
BUTpPAT PECYpCiB Ha OOCIYrOBYBaHHS i KOHTPOJIO
BHKOHAHHS poOIT, aHaNi3y BiJIMOB Ta TEXHIYHUX
MOpPYIIEHB, TOMIO;

— TOCTIMHO MiABUIIYBATH KBamiiKaIiio i mpo-
¢ecionanism mnepconamy TII, sxuii oOcmyroBye
€JIEKTPOYCTAaTKyBaHHSI.

BripoBamkeHHSI IPOTPECUBHUX CHUCTEM Ta Me-
TOIIB OOCIIyrOByBaHHS, SK IPAaBUJIO, IEPBHHHO
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BUTpaTHE, alie¢ B MOAAIBIIOMY BHKOPHUCTAHHS 3a-
IIPOIMOHOBAHUX KOHILEMIIH AO3BOJUTH IiIBUIIUTH
HaOiAHICTh eKCIUTyaTamii eJIeKTPOyCTaTKyBaHHS
TII, 3MEHIIUTH MPOCTOI YCTATKyBaHHS, MaKCHMa-
JBHO BHUKOPHUCTaTU PECYPC €JIEKTPOOOIIaTHAHHS
(exoHOMIsT (PIHAHCOBMX BHUTpAT), CKOPOTHTH BH-
Tpatu Ha BukoHaHHS TO i P, 3HM3MTH pU3NKH 30U-
TKIB, TOIIO.

Pe3yabTarn

VY pe3ynbTaTi AOCHTIIKEHHS BCTaHOBJIECHO, IO
B ocHOBI HOBHX MeromiB TO 1 P nexurs anamis
PU3HKIB eKcIuTyaTalii cTaporo ycTtaTKyBaHHsS a0o
YCTaTKyBaHHS 3 IEBHUMHU AcePeKTaMu (00CIyTOBY-
BaHHS enekTpooOnagHanHs TII 3a QaxTnuHUM
TEXHIYHUM CTAHOM).

Hapilina poboTa mpUCTPOiB eNeKTporocTadyaH-
HS BiZirpa€ BaXXJIUBY POJb 3 NMHATaHb BUPINICHHS
mpoOsieMu Oe3mneKku pyxXy Ha 3alli3HHIAX YKpaiHu.
IMIpu npoMy OINBIIOCTI BiIIMOB ENEKTPOYCTATKY-
BaHHS AWCTAHINHN €ICKTPOITOCTaYaHHs eIeKTpudi-
KOBaHUX 3aJi3HUIb Tepeaye TOH ado iHIIMA BHUJ
HAKOTMYEHUX YIIKOKEHb.

BukoHaHe JOCHIIKEHHS OCHOBHHUX IPHUYUH
mopytieHs 3a nepiox 3 2002 mo 2012 p. HOpMAah-
HOI pOOOTH CHCTEMH TATOBOTO EJIEKTPOIIOCTauYaHHs
3a]i3HULL YKpaiHu mokasye, mo 80 % mnpuuuH
MOPYIIEHb HOPMAIILHOT pOOOTH CHCTEMH TATOBOTO
CJICKTPOITOCTa4YaHHS 3a JOCIiIKYBaHUH TEepiox
CKJIQ/Ial0Th: TOIIKOKEHHS OCHOBHOT'O CHIJIOBOTO
ob0namuanns TII; BiIKITIOYCHHS )KUBJICHHS SHEProO-
CHCTEMOIO; TIEpEeBAaHTaXCHHS Ta IEpEHANpyra;
Ta BIUIMB METEOPOJOTIYHHX YMOB. 3 HUX 43 %
CKJIa/IalOTh BiJ]MOBH OCHOBHOT'O CHIIOBOTO 00Jaj-
HanHs TIL

VY xomi HOCTiKEeHHS BiIMOB OCHOBHOTO CHJIO-
Boro oOmamHanHs TII emekTpudikoBanux 3aiiz-
Hulb Ykpainu 3a 2000-2012 poku BCTaHOBJIEHO,
[I0 OCHOBHUM OOJaJHAHHSIM, 3 MPUYHHU SKOTO
3nificHIOEThe 79,59 % mopymieHs HOPMaIbHOI
pobotu TII, 3a gocmimKkyBaHWH Mepio]] €: BUMHKa-
4i, TpaHCopMaTOpH (SK CHIIOBi, TaK i BUMIipIOBa-
JIbHI), TPHUCTPOi PEJIEHHOr0 3aXUCTY, 130JIATOPU
Ta TPHUCTPOI TUCTAHIIIHHOTO 1 TEICyIpaBIiHHS.
B pesynbTari AOCHIIKEHHS BCTaHOBJICHO, IO OC-
HOBHI TOpyIIeHHs HopMaibHOI pobdotu TII BinOy-
BaIOThCA 33 PaXxyHOK BUXONY 3 JIaAy BHMHKAYiB
(29,58 %) ta Tpanchopmatopis (20,21 %).

Ha meit vac ocHoBHMIT mapk BuMukadiB 110 kB
ctaHoBNATh BuMukaui tumy MKII 3 Tepminom
ekcrutyaramii 1o 25 pokiB (6xam3pko 70 %), ski

3HATI 3 BUPOOHUIITBA, TPYIOMICTKI B eKCILTyaTamii
1 HE MarOTh 3aITaCHUX YacTHH. Takok Ha 3MIHHOMY
CTPYMi €KCIUTyaTyIOThCSl MAcCiIsiHi BUMHKaui THITY
BMO-27,5 ta BMK-25, mo MawoTh HU3BKHH pe-
CypcC BIAKIIOYCHB, TIOTPEOYIOTH T03a4EepPrOBHX pe-
MOHTIB 1 I UIATar0Th 3aMiHi.

Y 2012 porii 1o 3ai3HALSAX 3aMiHEHO 26 IIBUJI-
KOJIIFOYMX BHMMHKAUIB IOCTIHHOTO CTPyMy i3 3a-
IUTAaHOBAaHWX 27, Ha IIell Yac 3aJUIIA€ThCA B E€KC-
ryatamii 425 MOpanmbHO 3acTaplinX BUMHUKAYiB
nocrtiitHoro ctpymy tuny Ab-2/4.

o crocyersest excrutyatamii Tpanchopmaro-
piB, TO 3a iX HASABHOCTI 3 TEPMIHOM EKCIDIyaTarlii
nmoHaa 25 pPOKiB, CIYKOaMHU EIeKTPONOCTAuaHHS
[MiBmennoi 3anizaumi (48 Tpancpopmaropis — 70 %),
[MiBnenno-3axinnoi 3amizuui (43 TpaHnchopmaro-
piB — 60 %), Onmecwkoi 3amizuuti (37 Tpancdopma-
TopiB — 59 %) y 2011 poui poboTn 3 peMOHTY
1 3aMiHM HaBITh HE TIaHYBAJHCh.

ToMy B TakuX yMOBax €KCILTyartallii CHJIOBOTO
enekrpoobnannannas TII myke akTyanbHUMH € TIO-
CTIMHUI MOHITOPUHT, TEXHIYHUI KOHTPOJb 1 Jiar-
HOCTHKA CTaHy OOJIaJIHAHHSA, II¢ JO3BOJISIE CBOEYA-
CHO BHUSIBIIATH AC(PEKTH a00 HECIIPaBHOCTI Ta OIe-
pPaTHUBHO yCyBaTH 1X.

HaykoBa HOBU3HA Ta NPaKTHYHA
3HAYUMICTh

Po3rnsHyTi HOBiI HampsiMH TIOJAIBIIOTO YIO-
ckoHasleHHsa cucremMu TO 1 P TaroBux migcrafiii
eIeKTpU(IKOBAaHUX 3aNi3HUIL. Brepime 3amporro-
HOBaHI CyYacHI CTparterii Ta MEeTOAH YIpPaBIiHHS
TO i P TII enexrpudikoBaHux 3ami3HUIb YKpaiHy,
AK1 He pO3TIIAAOThCs B «[HCTPYKIIT 3 TEXHIYHOTO
00CITyTOBYBaHHS 1 PEMOHTY OOJaIHAHHS TATOBHX
MiFCTaHII}, MyHKTIB JXUBJICHHS 1 CEKI[iIOHYBaHHS
enekrpudikoBanux 3anizauiby [[E-0024 Ta BH-
3HAYCHI OCHOBHI MpOOJIeMH, SKi HEOOXiITHO BHUPI-
IIUTH AJ1s1 BIPOBAKEHHS IIUX CTPaTeTil.

Bceranosneno, mo cucrema IIIIP B ymoBax xo-
PCTKOTO LEHTPAi30BaHOTO TUIAHYBaHHSA 1 Kepy-
BaHHS Y HOBHX €KOHOMIYHHX yMOBax He 3a0e3me-
gyye y 0aratb0oX BHUIAJIKaX YXBaJCHHS Ta MPHAHAT-
T e(eKTUBHHX 1 ONTHUMAJIbHUX PIllleHb MiJ Yac
opranizariii Ta BukoHanst TO i P.

JocmimkeHo, mo i miciIss HOpMaTHBHOTO TEPMi-
Hy CJIyOW 3Ha4YHa YacTHHA CHUJIOBOTO €IEKTPOO00-
namgnanHs TII 30epirae cBor mpale3JaTHICTh 3a
YMOBH JOTPUMAaHHS JOMYCTUMHUX HABaHTaXKyBaJlb-
HUX PEXHUMIB, CBOEYACHOTO BHKOHAHHS BHIIPOOY-
BaHb, JIarHOCTYBaHHS, TEXHIYHOTO OOCIYTOBY-
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BaHHS, PEMOHTIB Ta SKICHOTO iX BUKOHAHHS, 3 1H-
moro OOKy TepMiH CIIyX)OW eleKTpooOIaIHaHHS
3aJICKUTH Bijl HOTO 3QJIUIIIKOBOTO PECypCy.

BucHoBku

1. Ha croromui 3HayHa dYacTWHa OOJaTHAHHS
€JIIEKTPOCHEPreTHYHOI 1HPPACTPYKTYpPH 3aTi3HUY-
HOT'O TPaHCIOPTY YKpaiHM BKe BHUUEpHana CBii
pecypc 1 otpedye 3amMiHM a00 MOETAHOT PEKOHC-
TPYKIIii Ta OHOBIIEHHA. KpiM TOTO, HEOOXITHO ITijI-
BUIIYBaTH €(EKTUBHICTh BUKOPUCTAHHS iCHYIOYO-
ro oOnaHaHHS, 3aCTOCOBYBAaTH HOBI METOJU Jliar-
HOCTYBaHHsI ()AKTUYHOTO TEXHIYHOTO CTaHy oOJia-
MHAHHS, CKOPOYYBAaTH CKCIUIyaTaliifHi BHTPATH
1 TIepexoanTH Ha pecypco3depirarodi Ta eHepros-
Oepiraro4i TEXHOJIOTI.

2. TexuiuHe nepeobaagHanHs 1 MozepHizaris TI1
eNeKTpu(IKOBAaHUX 3aTI3HUIP BUMAraloTh 3HAYHHUX
iHBecTHLil, a cucteMy TO 1 P MoxkHa yagocKoHarO-
BaTH IUISIXOM BIIPOBAKEHHS HOBUX IPOTPECUBHUX
dopM 11 opranizariii i yrpaBmiHHI. Y IHOMY HarpsMi
JIOCITI/DKSHHS SIK BITYM3HSHHX, TaK 1 3apyOiKHUX
aBTOPIB MMOKA3yIOTh, IO SKIIO BUTPATH HA EKCILTya-
Tamito o crparerii [1I1P nmpuitasta 3a 100 %, TO
BUTpATH TI0 CTpaTerii aBapiiHUX PEMOHTIB CKJIaaa-
tiMyTh 130 %, a o cTparerii peMoHTIB 3a (akTHu-
HUM TEXHIYHUM cTaHoM — 70 %.

3.V X0l BUKOHAHOTO JOCIIIKEHHST BUSBIIEHO,
mo icHytoua cucrema IIIIP crama HeamekBaTHOIO
E€KOHOMIYHHM YMOBaM ()YHKI[IOHYBaHHS CHCTEMHU
TATOBOTO €JCKTPOIOCTAaYaHHs Ta eKCIUTyararii
cunoBoro obmanHanus TII enexrpudikoBanux 3a-
J3HAI TPOTUPIYUTh PUHKOBHM MEXaHi3MaM BHU-
POOHUYO-TOCTIONAPCHKOI MiSIIBHOCTI 00’ €KTIB TOC-
MOJIapCTBa EJICKTPONOCTaYaHHs YKp3amizHuii. Ha
CydaCHOMY €Talli PO3BUTKY 3ali3HHIB YKpaiHu
ynockonaneHus cuctemu TO i P emexkrpoycraTky-
BaHHs TII cTae ogHi€r0 3 OCHOBHMX 3ajay ITiJ[BU-
IICHHS HaJIHHOCTI TATOBOTO EJICKTPOIOCTauaHHS
Ta BHUPIIMICHHS MPOOJIEeMH CKOPOUYCHHS BUTpPAT HA
TO1iP.

4. Metoto cyyacHHX MiIXOZiB IIOAO YIPaBIIiHHS
TO i P ycrarkysannsi, npuctpoiB TII €: yHUKHEHHs
a0o MiHiIMi3allis HACHIAKIB BIIMOB IIPHUCTPOiB; 3a0e3-
TICUYSHHST PEMOHTY 32 (h)aKTUIHUM CTAaHOM OOJIaJHaH-
Hsl; BUPIIIICHHS 3aBJIaHb 3 BUSIBJICHHS BiJ]MOB; OIITH-
Mi3allis IJIaHOBOTO OOCITyTrOBYBaHHS TOIIIO.

5. HaiiGinpmr epeKTUBHUM B JOBTOCTPOKOBIM
nepcerekTuBi € mepexig Ha cuctemMu TO 1 P, saxi
SKICHO Ta TOBHO BiZIOOpaarOTh MOTOYHUN CTaH
enexkrpoyctarkyBanus TII. Jlms mporo HeoOXimHe

BIIPOBKCHHS CyYacHHUX, MEPEBIPEHUX BITUU3HS-
HOIO 1 3apyOikHOIO TIpakTHKoo cuctemM TO i P,
a ne: TO i P 3a (pakTUYHUM TEXHIYHUM CTaHOM;
00CITyroByBaHHsI, SKC OpPIEHTOBAaHE Ha HAJIWHICTh
— meroguka RCM (Reliability-Centered Mainte-
nance); IUIAaHYBaHHS Ha OCHOBI OIIHKH PH3HKIB
MPOTHO30BAaHOTO 3AUIIKOBOTO PECYpPCY E€IEeKTPO-
obmagnanug TII Tomro.
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NCCIEJOBAHUE SKCIVIYATAIIUUA CUJIOBOI'O OBOPYOBAHUA
CUCTEMBI TAT'OBOT'O JIEKTPOCHABXEHUA KEJE3HBIX 1OPOT

Heab. B pabore npoBOAMIIMCH MCCIIEAOBAHUS IKCILTyaTallid CHIIOBOrO OOOPYAOBAaHUS TATOBBIX IOJCTAHIIMI
(TII) anexkTpuHIMPOBaHHBIX KEJIE3HBIX AOpor YKpauHbl. He00X0IMM MOUCK HOBBIX COBPEMEHHBIX METOJIOB H I10-
JIXO/I0B COBEPIICHCTBOBAHMS CHCTEMBl MOHHUTOPHHIA, AWATHOCTUPOBAHMS U TEXHHYECKOTO OOCITY)KHUBAaHHS WU pe-
MmoHTa (TO u P) cunmoBoro o6opynoBarus TII. Metoauka. [ 1oCTH)XEHUS TIOCTABICHHON LIEIH MPOBEACHO HC-
clleJOBaHUE TUHAMUKA M3MEHEHHUS TEXHHYECKOTO COCTOsHUS obopynosanus TII 3a mocmemame 11 met, Ha ocHOBE
OTYETOB aHaNIN3a PabOTHI XO3SICTBA ANMEKTPHUPHUKAINN U AIIEKTPOCHAOKEHU YKp3aau3HbIH. [IpoBeneHo nccieno-
BaHME OCHOBHBIX cucteM mo opranuzauud TO u P ycrpoiicts TII smekTpupHUIMPOBAHHBIX >KEJE3HBIX IOPOT.
Pe3yabTaTsl. B pesynbrare uccienoBaHusi yCTaHOBJIEHO, YTO B OCHOBE HOBBIX cTpateruid TO u P nexur ananus
PHMCKOB SKCILIyaTally CTaporo o00pynoBaHHs MM 000PYIOBaHUs C ONpeesieHHbIMH AedekTaMu (00CTy)KuBaHNue
o0opyznoBaHus 10 (PaKTUYECKOMY TEXHHUUYECKOMY COCTOsIHHMIO). [IpoBelieHHOE HCCeNOBaHHE OCHOBHBIX NPHYMH
HapyeHui 3a nepuo ¢ 2002 mo 2012 rr. HopMaJIbHOW PabOTHI CUCTEMBI TATOBOT'O AJIEKTPOCHAOKECHUS KEIE3HBIX
Jlopor YKpauHBI MOKa3bIBaeT, uTo 80% MPHYUH MOBPEKACHUS CUCTEMBI TATOBOTO JIEKTPOCHAOKEHHS 32 HCCIeIye-
MBI TIEPUOJI COCTABIISAIOT: OBPEXKACHNE OCHOBHOTO CHIIOBOTO obopynoBanus TII; oTkIo4eHHe MUTaHUS SHEPro-
CHCTEMOI; TIeperpy3KH U NepeHaINPsHKEHIE; BIHIHAE METEOPOIIOTHUECKUX YCIoBuil. M3 HuX 43 % coCTaBISIOT OT-
Ka3bl OCHOBHOTO cmiioBoro obopyzoBanust TII. TloaToMy B CyIIECTBYIOMIMX YCIOBHSX SKCIUTYaTalldd CHIOBOTO
anexTpoobopynoBanust TI1 oueHb aKTyalbHBI: NOCTOSHHBIH MOHWUTOPHWHT, MCIIBITAHUS U JHArHOCTHKA COCTOSHHUS
000pysOBaHUs ¢ CO3AaHUEM M MCIIOJIB30BAHHEM MHUKPO-IIPOLIECCOPHBIX MHTEIUIEKTYIBHBIX aBTOMAaTH3HPOBAHHBIX
CHUCTEM MOHMTOpHHTa U AMarHoctupoBaHus. HayuHnasi HoBu3HA. PaccMOTpeHbl HOBbIE HAaIpaBJICHUS JalbHEHIIero
coBepuieHCTBOBaHUs cucteMbl TO 1 P TATOBBIX MOJCTaHIMH AIIEKTPUPUIMPOBAHHBIX JKEJE3HBIX J0por. Briepsbie
MIPEUIOKEHBI COBpEMEHHBIE cTpaTeruu u Metoabl ynpasieHus TO u P TII snexTpudunnpoBaHHBIX KeJIE3HBIX H0-
por YKpauHBI, KOTOpBIE HE paccMaTpHUBatOTCs B «VHCTPYKIMU 1O TEXHUYECKOMY OOCITYXKMBAHUIO H PEMOHTY 000-
PYZIOBaHUS TATOBBIX MOACTAaHIWHN, IYHKTOB MUTAaHUS M CEKIMOHWPOBAHHS SJIEKTPU(HUIMPOBAHHBIX JKEIE3HBIX J0-
por» 113-0024. OnpeneneHp OCHOBHEIE MPOOJIEMBI, KOTOPBIE HEOOXOIUMO PEIIUTh [T BHEAPSHHUS JaHHBIX CTpaTe-
ruii. [IpakTHYeckass 3HAYUMOCTb. Y CTaHOBIIEHO, 4TO cuctema [IIIP B ycioBusIX &KECTKOro LEHTPATM30BAHHOIO
TUTAHUPOBAHMUS M YIIPABJIEHHUS B HOBBIX SKOHOMHYECKHX YCIOBUSIX HE 00eCIeyBaeT BO MHOTHX CIIydasiX 0Z00peHUs
1 NpUHATHS () (GEKTUBHBIX U ONTHMAIBHBIX PEeLIeHUH npu opranuszanuu u nposenenun TO u P. Mccnenosano, uto
W TI0CJIe HOPMATHBHOTO CPOKa CIIy>KObI 3HAYMTENbHAS YacTh CHIJIOBOTO AyeKkTpoodopynoBanus TII coxpanseT cBoro
paboTOCIHOCOOHOCTh TIPH CBOEBPEMEHHOM IPOBE/ICHUU WCIIBITAHWH, JUArHOCTHKH, TEXHUYECKOTO OOCIYKHBaHHMS,
PEMOHTOB ¥ Ka4€CTBEHHOM HX BBIITOJHEHHU.

Kniouesvie cnosa: 3nexTpocHaOX eHNE; MEKTPUPUINPOBAHHBIE JKEIE3HbIE JOPOTH; TATOBas MOJCTAHINL, 000-
pynoBanue; crpaterun; puckd TO u P; muarHoctupoBanne; HaAEKHOCTh, MOHUTOPHHT; (PaKTHIECKOE TEXHHYECKOE
COCTOSIHUE, CHCTEMa TEXHIHUECKON IKCILTyaTallinu
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STUDY OF THE MANUAL POWER EQUIPMENT OF TRACTION
ELECTRIFICATION SYSTEM OF THE RAILWAYS

Purpose. Investigation of the operation of power equipment of traction substations (TS) of Ukrainian electrified
railways. The search of the new modern methods and approaches improved monitoring, diagnostics and mainte-
nance of power equipment TS during operation to maintain the required level of reliability of the traction power
supply of electrified railway and limit the power equipment accidents TS. Methodology. The study of changes of a
technical condition of TSs’ equipment over the last 11 years was done for achieving this goal. This research was
done for solving problems of power supply railways with high quality on the base of the reports analysis of the man-
agement and power supply of Ukrzaliznytsia. Findings. It was found that on the base of the new methods of main-
tenance is the risk analysis of old equipment or equipment with some defects (rev servicing equipment for the actual
technical condition).Reliable performance of power supply devices has significant impact for solving the problem of
safety on the railways of Ukraine. Different kinds of accumulated damage are at the first place before of failures of
an electric power supply of electrified railway. The study of main causes of violations from 2002 to 2012 year
showed that 80% of the reasons disorders normal operation of the traction power supply over the period constitutes
next factors. There are damage to the main power equipment TS; power off the grid; overload and surge; and the
impact of weather conditions. The primary power equipment failure of TS are constituted about 43%. Relevant con-
stant monitoring, testing and diagnostics of the equipment with the creation and use of micro-processor smart auto-
mated monitoring and diagnosis are topical in the current operating conditions. Originality. The new directions for
further improvement of maintenance electrified traction substations for electrified railways were considered. Mod-
ern strategies and management techniques and maintenance TS electrified railways of Ukraine were proposed at the
first time. This methods aren’t covered in the "Instructions for maintenance and repair of equipment of traction sub-
stations, power points and sectioning electrified railways’ IT-0024. The basic problems for implementation of these
strategies were identified. Practical value. It was established that system outage under tight central planning and
management in the new economy does not provide, in many cases, approval and adoption of effective and optimal
solutions in organization and carrying out maintenance. It was investigated that a significant portion of electric
power equipment of TS even after normative life maintains its performance under the terms. There are allowable
stress regimes, timely testing, diagnosis, maintenance, repair and quality of execution; on the other hand the service
life of electrical equipment depends on its residual life.

Keywords: electricity; electrified railway; traction substation; equipment; strategies; risks of maintenance; diag-
nosis; reliability; monitoring; actual technical state system of technical exploitation
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JAJIIBHUYHA KOJIIA
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e momuTa irina_bondarenko@ua.fm, ORCID 0000-0003-4717-3032

CTOCOBHO IUTAHb MOAEJTIOBAHHA )KUTTEBOI'O HUKILY
JAEPOPMATHUBHOI POBOTH EJIEMEHTIB 3AJII3BHUYHOI KOJIII

Meta. B craTTi po3MISHYTO MOJETIOBAHHS JKUTTEBOTO LUKITy POOOTH €JIEMEHTIB 3aJi3HMYHOI KOJii I JOCi-
JOKEHHSI PO3BUTKY ITPOLIECIB 1e(hOPMATHBHOCTI SIK OCHOBH CTBOPEHHSI HOPMAaTUBHOI 0231 poOOTH Kouii 3a YMOB 3a0€3-
NeYeHHsT HaAilHOCTI 3aii3Huipb. MeToamka. J[isi TOCSrHEHHS METH BHKOPHCTAaHO 3acald Teopil pO3MOBCIOJDKEHHS
XBHJIBOBOTO MPOLIECY TPU OIUCI B3aEMOJIIT KOJii Ta pyxoMoro ckiany. Pe3yabpraTu. 3anponoHoBaHo Ta c(hOpMyIbo-
BaHO OCHOBHI ITOJIOKEHHSI CTOCOBHO HOHSATTS «OKUTTEBUHA LUKII JehopMaTuBHOI poOOTH Komii». BeranoieHo meron,
Ha OCHOBI SKOT'O OTPHUMAHO aJrOPUTM BWU3HAYEHHS PE3yJbTaTiB AWHAMIYHOIO BIUIMBY PyXOMOTO CKJIaay Ha KOJIIO.
CopMymb0BaHO OCHOBHI 3acalil CKIIAIaHHS PO3PAXYHKOBHX CXEM €JIEMEHTIB 3aJli3HHYHOI KOJii [T OLIHKHU TPOIIeCy
nedopMaTtuBHOI podoTH Koiii. Po3po0iieHo anropuT™, IO Ja€ MOKIIMBICTD OTPHMATH 3HAYEHHS IIOJIB HAIPY>KEHB,
nedopMariii Ta mepeMilieHb BCIX TOYOK €JIEMEHTIB KOHCTpyKmii koiii. Ha OCHOBI OTpHMaHMX TOJIB HAIpPYKEHO-
Je(OpMOBAHOTO CTaHy KOJIii CTBOPEHO aJTOPHUTM 31 BCTAHOBJIEHHS 3aJISKHOCTI MIpoIecy Ae(opMaTUBHOCTI Ta KITBKO-
CTi eHeprii, o HeoOXiAHO BUTPATUTH HA NedopmaTtuBHy poboTy koiii. HaykoBa HoBU3HA. JloCTiDKEHHS TIUTaHb 13
HaJIHOCTI KOJIii MOTHUBYE pO3pOOKY HOBHUX MOJENEH, IO JAF0Th MOXKJIMBICTh PO3MIIAATH ii MPOTATOM JESKOTO Ha-
npaioBaHHs. IcHye HeoOXiHICTh BU3HAUEHHS KPUTEPIiB, HA OCHOBI SIKUX MOJJIMBI OILIHKA Ta MPOTHO3YBaHHs 3MIHU
cTaHiB KoJii B mporeci ii excruryaTanii. B po6oTi 3arpornoHoBaHO OCHOBHI 3acajii, METOJIH, aJITOPUTM Ta TEPMIiHH I110-
JI0 JIOCTI/DKEHHs TIMTaHb 13 HagidHocTi koiii. [IpakTHyHa 3HAYMMICTh. AHANITHYHI MOZEINI, 10 3aCTOCOBAaHI MpU
BU3HAYEHI TapaMeTPiB MIITHOCTI Ta CTIHKOCTI KOJIii, ITOBHICTIO 3aJOBOJILHSIOTH ITOCTABICHUM 33/1a4aM, ajie He MOXXYTh
OyTu 3acTOCOBaHI [UIsl BU3HAYEHHS IIapaMeTpiB HaiitHOCTI Koiil. OJJHUM i3 TOJIOBHHX (haKTOPiB HEMOXIIMBOCTI 3aCTO-
CYBaHHsI LIMX MOJIeJIed € KBa3iMuHaMiYHUH minxix. ToMy, 3a3BHyaid, OTPUMYIOTH Ta JOCITIPKYIOTh HE caM AWHAMIYHUI
mporec poOOTH 3aTi3HUYHOI KoIlii, a fioro Hacmiaku. OKpiM TOTO, Taki MOJETI BiTHOCSTECS IO TUIOCKHX, IO TAKOX
JToJIa€ TIEBHI CKIIATHOIII ITOPIBHSIHHS Pe3yJIbTaTIB 3 €KCIIEPIMEHTOM, TaK SIK HEJIEeTKO B 00’€MHOMY TPOIECi BUIUTUTH
BIUTUB B Oro 0OMEKEHHX YaCTHHAX. 3aCTOCYBaHHS YHCETHHUX METOIIB PO3IIMPIOIOTH MOXIUBOCTI, e TAaKOXK yHe-
MO>KJIMBIIIOIOTE PO3IIIAA CaMOTO AMHAMIYHOTO MPOIECy, TaK SIK HEMOXJIMBO BBECTH IIPOLIECH, L0 0OYMOBIIIOIOTh pea-
KIIiI0 HAa HAaBaHTAXXECHH:S. TOMY 3alpOIIOHOBAaHE MOJENIOBAHHS J1a€ MOXKIIMBICTD PO3IIIAATH O€3MocepeiHbO JHHAMIY-
HHU TpoLec Ta 3pOOHUTH HOro OIIHKY 3aBISIKH BBEJCHOMY HOBOMY IapaMeTpy — JKMTTEBOMY LIUKIY JepopMaTHBHOT
poboTH KOIii.

Kniouosi crosa: MoJentoBaHHs; KUTTEBUI LUK, JeGOpMaTUBHICTH KOJIIi; 3aJIMIIKOBI AedopMallii; nparesnar-
HICTB; XBUJILOBE PO3IOBCIOPKEHHS; HAIPYKEHO-1e(hOPMOBAHUI CTaH KOJIii; HAAIMHICTh KOJIT; nepeMillieHHs KOl

Beryn IIMM TEPMIHOM CIy>kOu Kodjii), OasacTHa mpu3Ma
Ta 3eMJISTHE TIOJIOTHO (3 OUTBIIAM TEPMIHOM CITYK-
01 Koii), OTPUMYIOTh MOIIKOKEHHS B OUIBIIOCTI
BUMIAJIKIB HE Yepe3 Te, M0 3a OyAb-sSKuX (akTopiB
(MexaHiuHUX, aTMOC(heEpHUX, OI0JOTIYHMX) BinOy-

Bimomo, 1m0 HaWBaXXJIMBIiII €IEMEHTH KOHC-
TPYKIIT KOJIii, 110 BU3HAYAIOTh OE3MEKy PyXy MO0i3-
IiB, Taki SK pelKH Ta CTUKOBI HaKIagKu (3 MEH-
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BCS AWHAMIYHHNA CHJIOBUU BIUIMB PYXOMOTO CKJa-
Iy Ha HUX, 00 MEPEBUIIUB MEXKI MIIIHOCTI, HaBIiTh
3 BpaxyBaHHSIM CTaTHCTUYHOI Mdii IUX BILIMBIB,
a BHACJIJIOK 0aratopa3oBOTO MPUKIAJCHHS O HUX
PI3HOMaHITHUX 32 BEJIMYMHOI HAaBAaHTAXKEHB, II0
3YMOBUJIM PO3BUTOK IOIIKOKEHL 200 Je(EKTiB,
TOOTO BHACTIIOK PO3BHUTKY MPOIECY BTOMH SIK Ca-
MHX MaTepiajliB eJIEMEHTIB KOHCTPYKIIil KOJii, Tak
1 BTOMH KOHCTPYKIIi] 3arajoM.

OCKUIBKY MUTAaHHS IHTEHCUBHOCTI HAKOITUYEHHS
3aJIMIIKOBHUX JedopMaliiii B Kouii Oe3rmocepeHpo
MOB’A3aHO 3 €KOHOMIKOIO 1 eKCIUTyaTallii, T0 po3-
PaxyHKH Ta JOCHiJKCHHS 3aJli3HUYHOI KOJii pasom
13 TTapamMeTpaMu MIITHOCTI i TUMH, 1[0 BUPILIYIOTh
NUTAHHSA OE3NeKH, IOBHHHI JaBaTH MOKIJIMBICTD
BU3HAYATH 1HTEHCHUBHICTh HAKOIMYCHHS 3aJIMIIKO-
BUX nedopMarliii 3aJeXHO BiJl KOHCTPYKIII KOJIii,
CHCTEMH i1 YTPUMAHHS Ta BIUIMBY PYXOMOTO CKJIaay
1 ioro pexxuMy o0epTaHHS IO KOJIil.

B 1iif po6oTi CcTOITH 3a/1a4a 1010 MOJICITFOBAHHS
JKUTTEBOTO MUKy POOOTH €NeMEHTIB 3ali3HUYHOI
KOJIii IS AOCIDKEHHST PO3BUTKY IIporieciB aedop-
MAaTHBHOCTI, TOMY IIEpII 32 BCE HEOOXiJHO BCTaHO-
BUTH TEPMIHOJIOTIIO, SIKa PO3KPHUE 3MICT JIOCIIIKEHb.

IlepemymoBr BBEOEHHS HOBOTO KpHTEPiro.
[MpomoHy€TbCST BBECTH HOBHHA KpPUTEPI OIIHKH
3aI3HUYHOT KO — 1eOPMATHBHICTb.

3aJIe)KHO B BHIY pO3paxyHKy aeopMaTHB-
HICTb MOKE OYTH CTATHYHOIO Ta TUHAMIYHOIO, TIPH
YOMY CTaTH4Ha € CKJIaJOBOIO TUHaMi4HOI aedop-
MaTHBHOCTI.

CrartnvHa aeOpMaTHBHICTH KOJIii — BHHUKHEH-
HS TPYKHHX AedopMallii y HaBaHTaKeHid KOHC-
TPYKIii KOJil, BUKIMKAHUX SIK MPYXHAMH 3MiHAMH
dhopMu abo po3MIpiB €IEMEHTIB KOHCTPYKIIl KOl
YM IXHIX YacTHH, TaK 1 3yMOBJICHI UMM 3MiHAMH
nepeMilIeHHs] OKPeMHUX TOYOK KOHCTPYKIIi KOJTii.

SIKIIO pO3TIITHYTH 3MiHH, IIO BigOyBarOTHCS
B KOHCTPYKIIIi 3a1i3HUYHOI KOJIii, MpY BIUIMBI HaBa-
HTa)XEHHSI Bil pyXOMOTO CKJaly, TO TaKi eJIeMEeHTH
SK TIIIaHa TOMYIIKa, OalaCTHUM ImIap, IMiAKIAJKH,
MTPOKJIAJIKK Ta JepEeB’sTHI IITIay 3a3HAI0Th K Tepe-
MillleHHs, TaK i qedopmaltii; peiiku Ta 3a11i300eTOH-
Hi IMaTyi — TepeBaXHO IEPEeMIIlleHHs, 3eMIISTHE
MTOJIOTHO — TUTEKH JeopMariiro. Ko KOHCTPYKIIist
KOJIiT 3HAXOJMTHCS ITiJ] HABAaHTAXKECHHSAM, TOMI CYKY-
MHicTh Aedopmariil i mepeMilieHb €IEeMEHTIB, IO
CKJIaJaf0Th KOHCTPYKIIiIO 3alli3HUYHOI KOjii abo ix
YaCTHH, 1 € 11 1ehOpMaTHBHICTIO.

BBeneHHs HOBOTO KpUTEPiO MOBUHHO OYTH pe-
TEIhbHO OOTPYHTOBAaHO, TOMY IO HOTO HAasBHICTh

BHKJIMKAE JTOJAATKOBY BiAMOBiMaNbHICTh. KpiM TO-
ro, HOBUH KpUTepili MOBHHEH IOMOBHIOBATH iCHY-
104l He AyOmoroun ix. ToMy HIK4Ye HaBeIeHI Iie-
pEeIyMOBH, sKi OOTPYHTOBYIOTH BBEICHHS HOBOTO
KpHUTEpito.

1. SIKIIO PO3rJIsAaTH KOHCTPYKIIIO 3aTi3HUYHOT
KOJIii SIK HTICHY CHCTEMY, IO CKIIATAETHCS 3 OKpe-
MHUX €JIEMEHTIB (peioK, CKpiIUIeHb, Immaj, Oaract-
HOTO IIapy Ta 3eMIISTHOTO TMOJIOTHA), SIKi CXMJIBHI 10
3HOCY, TO Ha LILOMY €Tarli BiCyTHS €IWHAa METOAU-
Ka OIIHKY IPaIe3aTHOCTI TaKOi CHCTEMH.

2. JloTenep He Mae BUCHOBKIB Ta pEKOMEHIAIIii
1010 ONTHMAJILHOI KOPCTKOCTI KOJIii 3 TOUKH 30-
Py MOJIOBKEHHS CTPOKY ii eKCIuTyaTarii.

3. KoHCTpyKIIis pelKo-MMabHOT PenmiTKa 0e3-
CTHKOBOI KOJIiT mepeadavae yKJIaaaHHs Mo JOBKUHI
KOJIii OTHOTUITHUX €JIEMEHTIB 3 OJTHAKOBUMH Xapak-
TepUCTUKaMU. Taki eleMeHTH, SK PEHKOBI TUTITI
¥ 3a1i300€TOHH] IIIAId BiANOBIAAIOTH UM BHUMO-
raM, a CKpiruieHHs1 — Hi. B po0oTi cCKpirieHb OCHOB-
Hy pOJb BIHIrparoTh MPOKIAIKH, sIKi i Xapakrepu-
3YIOTh XKOPCTKICTh CKPIIICHHS. 3TiTHO 3 [5] skopcT-
kicth npoxanok [TPLI1-4, ITHIIT 31-1 moxe 3mi-
HioBatuch Ha 8 %, IIPII-2 3 moniyperany Ha 533 %,
a [1PI1-2 3 momiernneny ua 200 %, a He criBmagan-
HS iX TOBIIMHM MOXE 3MIHIOBATUCH B IHTEpBasIi
3 mm. o Texx BHOCHUTH PO3KHI B iX MKOPCTKICTb.
TakuM 9UHOM, KOPCTKICTh OJHOTHITHHUX CKPIIUICHB
3 MPOKJIAJAKAMH, SIKi BiZIIIOBIJAI0OTh TEXHIYHUM BHMO-
raM Ta pOo3TAalllOBaHi Ha CYCIOHIX IINanaxX, MOXYThb
3HAYHO BiIPI3HATHCH, IO 3BeIE OO0 MIiHIMyMy BCi
3YCHJUIA MIOJ0 3a0e3MEeUCHHST PIBHOKOPCTKOCTI 0e3-
CTHKOBOIT KOHCTPYKIIii KOJIIT HaBITh MiJ] Yac yKJIaJaH-
H# ii Ha MiATOTOBJIEHY ITif] IMATLHY OCHOBY.

4. 11106 edeKTMBHO BUKOPHCTOBYBATH CKpIIl-
JICHHS, HEOOX1JHO BCTAHOBMTH JJI1 KOXKHOI'O HOI0
TUIY ONTUMAIBHUNA PEXUM pPoOOTH, TOOTO iHTEp-
BaJ 3HaYEHb MOJYJIS MPYKHOCTI MiIINATBHOI OC-
HOBH. A po3poOKa BHUMOT IO JKOPCTKOCTi CKpiI-
JICHHS! 3aJI’KHO BiJ MOIYJISl IPY>KHOCTI ITiIIITaIIb-
HOI OCHOBH J1a€ MOJIMBICTb SAKICHO PO3pOOISITH iX
KOHCTPYKITIO.

5. He nocutb po3po0iIeHO METOAMKY MOCHJICH-
Hs Ta cTabimizamii 3eMJITHOTO MOJIOTHA 32 PaXyHOK
YKIaJaHHsI CTabUTI3yIOUHX IIapiB B 3aJICKHOCTI Bif
Kareropii koJiii. BBeJIeHHS HOBOTO KPUTEPIIO 1aCTh
MOYJIUBICTh PO3PAaXyHKY KOHCTPYKIIi cTabimizyto-
YOro Iapy Ui MMiJICHICHHS Ta cTadimizamii 3emMis-
HOTO TTOJIOTHA.

6. 3acTocyBaHHs CTa0iIi3yr0unX ImapiB Ta ede-
KTUBHE BHKOPHCTaHHS CKpPIIUIEHb 3TiTHO 3 Tapa-

doi 10.15802/STP2015/38247

© 1. O. bonpnapenko, 2015

79



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 1 (55)

3AJIIBHNMYHA KOJIIA

MeTpaM# Ae(pOPMATUBHOCTI KOJIil MOKE 3MEHIIIUTH
JIOJTFO TIPOTHHIB 3eMJISTHOTO TIOJIOTHA B 3aralbHOMY
NPOTUHI KOHCTPYKLIi A0 5 %, K B KOHCTPYKIIfX,
0 BUKOPUCTOBYIOThCA B 3aximniii €spomi. Lo
MO-TIepITe, MTOAOBKUTH CTPOK CIYXKOHM BCIiX eneme-
HTIB KOHCTPYKIIii 3aJli3HUYHOI KOJIii, a Mmo-apyre,
JONIOMOKEe 3a0e3NevyBaTH ONTUMAJbHY KOPCT-
KiCTh 0€3CTHKOBOI KOJIii 32 paXyHOK BUKOPHCTAHHS
YIOCKOHaNICHUX a00 pOo3poOJeHUX MPYKHUX elie-
MEHTIB KOHCTPYKIIii.

7. 3MiHa TEOMETPUYHUX THapaMeTpiB peHKOBOI
KoJlii (MMpHHA KOJii, MOJOXKEHHS TO pPIBHIO Ta
B IUIAHI, IPOCAIKN PEHKOBHX HUTOK) 1 KOHCTPYKIIT
Komii B miloMy (BENWYHMHHU TUieda OamacTHOI Mpu-
3MH Ta O0OYWMHU 3EMIITHOTO ITOJIOTHA, X BiAKOCH)
MOB’s13aHl 31 3MIHOIO CTaHy KOXXHOTO €JIEMEHTa
KOHCTPYKIIi 3almi3HWYHOI KOmii (THWIICTH mImad,
3a0pynHEHHS OallacTy, CTaH CKPIIUICHb Ta 3eMIIS-
HOro nosioTHa). ToMy He MOKHa pO3TIIAAATH 3MIHY
OIHMX TapaMeTpiB 0e3 BpaxyBaHHS iHIIUX. Tak
KPHUTEPiEM MPHU3HAYCHHS! KOMIUIEKCHO-030POBYO-
T0 PEMOHTY € KUTBKICTh BIJICTYTIB ¥ KiJIBKICTH He-
NPUPOAHUX IINAN i CKPIIUIeHb. AJie HA OOHY U Ty
K caMy KUTBKICTh BIJICTYIIIB MIPHITAJac pi3Ha Killb-
KICTh HECTPaBHOCTEH: BIACTYIIB 3a pIiBHEM Ta
B IUIaHi, IPOCAJOK, MepeKociB abo iX MoeqHaHHS.
Tomy 0e3 JaHWX CTOCOBHO CTaHy €JIEMEHTIB KOii
IJIaHYBaHHS POOIT i3 BCTAHOBJIECHHS PIBHOIPYX-
HOCTI 3aJI3HMYHOT KOJii He MOXke OyTH ONTUMallb-
HuM. [llo Takoxx nOBOAMTH HEOOXiMHICTH HOPMY-
BaHHS Je(OpPMAaTUBHOCTI KOJil Ta BCTaHOBIICHHS
B3a€MO3B’S3KIB 3 ICHYIOUUMH KPUTEPIsIMH.

8. Beenenns kputepito 1eopMaTuBHOCTI KOMii
MO€HAE PO3PaXyHKHU BEPXHBOI Ta HHKHBOI OyIOB
KOJIii TiJ 9ac BCTAaHOBJIEHHS KOHCTPYKIIII 3a TIEB-
HUMH YMOBAMH €KCILTyaTallii Ta HaBIIaKH.

9. BBemeHHs kputepito 1eOopMaTHBHOCTI KOMii
JO3BOJIUTH PO3POOUTH METOIUKY OO0 IpH3HA-
YEeHHS TEPMiHy 1 00CsATY pOOIT PEMOHTIB SIK BEpX-
HBOI, TaK 1 HMXKHBOI OYJOBU KOJIi 3aJ€KHO BiJ
Kareropii Komi yMOB eKCIuTyaTtamii Ta IpHUpOIHO-
KIIIMATHIHUX YMOB.

CrarnyHa JeOpMaTHBHICTh OILIHIOETBHCS 32
JOIIOMOTOI0 MOAYJISA NPYKHOCTI MiApeiKoBoi oc-
HOBH KOJIii.

Ane nedopmariii B KOHCTpYKILIT KOJIiT il BILUIK-
BOM 4Yacy JIii pyXOMOro CKJIaay Ta 3MiHU KJTIMaTH-
YHUX YMOB HE 3aBXKIU HaJICKaTh TUIBKU 10 IPYXK-
HUX, a 3a3BUYall BOHU € YaCTKOI IPYKHHUX Ta 3a-
JTUIIKOBHX Aedopmaniifi. OKpiM TOro, 3MiHEHHS
MIBUAKOCTI PyXy HPU3BOIUTH 1O TOTO, IO KOHC-

TPYKIliS MM BIUIMBOM pyXy II0i3Ia HE peanizye
MOBHUI MPOTHH, TOMY CTaTW4Ha Ae)OpMaTUBHICTD
€ 4acTKOI0 MPU BH3HAYCHHI HaAiliHOi poOOTH KOH-
cTpykuii komii. TakuMm YuHOM, MIiJ Yac MOMAEIO-
BaHHS JKUTTEBOTO ITUKIY POOOTH €JIEMEHTIB 3alli3-
HUYHOI KOJIiT I7Is1 TOCIiUKEHHS PO3BHUTKY TPOIECIB
nehOpMaTHBHOCTI HEOOXITHO PO3TIISAIATH JHHAMI-
YHI TIPOIIECH, SKi BiTOYBAIOTHCS IMPOTATOM TEPMIiHY
CITy’KOM KOHCTPYKIIi1 KOJTii.

Jdunamiuna neopMaTHBHICTP — BUHHMKHEHHS
MiJ BIUIMBOM HaBaHTa)XeHHS KOHCTPYKIi KoJii
neopMariif, BUKIMKaHUX 3MiHaMu (opmu, pos-
MipiB ab0 00’eMy eleMEHTIB 3a paxyHOK BiOpaii
€JIeMEHTIB KOHCTPYKIII KoJNii 4M iXHIX 4YacTuH,
3MiH BJIACTUBOCTEH MaTepiayiB €JIEeMEHTIB Ta 3y-
MOBJICHI BCiMa 3MiHaMHU MEpPEMIllEHHS OKPEeMHUX
TOYOK KOHCTPYKIIii KOJIii.

Merta

MeToro OCHTiDKEHHSI € MOJICTIOBAHHS JKUTTE-
BOro MKy AehOopMaTuBHOI poOOTH KOMii It JO-
CIIJKEHHS TIPOIIECy 3MiH CTaHIB KOJIii MPOTATOM
HAaITpaIfoBaHH 3a TIEBHUX YMOB.

MeTtoauka

Moperni, 3a SIKUMH BCTAHOBJICHI OIyCTHMi Ta
PEKOMEHI0BaHI 3HAYeHHA y HOPMATHBHHX JIOKY-
MEHTaX, MIOBHICTIO BUKOHYIOTh TIOCTABJICHI 3a7adi,
ajie He MOXYTh BiJIIOBICTA HA MUTAHHS OO iH-
TEHCHBHOCTI HAKOTHMYCHHS 3aJUIIKOBUX Acdop-
Mariii B kojii. ToMy cnodatky He0OXiTHO po3po-
OWTH IHCTPYMEHT, HA OCHOBI SKOTO MOXHa pPO3-
TIIJaTH 3a3HaueH] TUTaHHS.

B cydacHuX aHaANITHYHUX PO3paxyHKaxX OCHOB-
HOIO MIPUKHATA MOJIENb 3aII3HUYHOT KOJIii, /I TIpU-
HHATO peiiKy sSK Oanky, IO JIEXKUTh HA CYIITbHIN
MIPY’KHIA OCHOBI. /{7 MiIBHINEHHS TOYHOCTI PO3-
paxyHKy Ha MIIHICTh HEOOXiTHO BIOCKOHAJIIOBATH
CXEMH, sIKi 3aCTOCOBYIOTHCS IJIsl AOCIHIIKEHb B3a-
€MOJIiT KOITii Ta pyXOMOTo CKJIaxy. 30KkpemMa HeoO-
X1THO OpaTH 10 yBaru sk TPY>KHI i JUCHUITaTHBHI,
TaK 1 iHepUilHI BIACTHBOCTI MiAPEWKOBOI OCHOBH.
Ane 1 MOeNb TOBHICTIO BUKIIOYAE BUPIMICHHS
3aj1a4, OB’ I3aHUX 31 MIBHIKICHAM PyXOM, HaJliHHI-
CTIO POOOTH KOHCTPYKIi KOJIi Ta MOMKIIMBICTIO
MIPOTHO3YBAHHA il CTAHIB 32 4acOM.

JlocmimKeHHI0 TMHAMIYHOI peakii Ha pyXxoMe
HABaHTAXKEHHsI [PUCBAYCHO 0arato HayKOBUX
npans. OfHieo 3 nepmux poodit, ne Oyno po3ris-
HYTO PEAaKIlI0 OJHOBHUMIPHOI CHCTEMHU Ha PyXoMe
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HaBaHTaXeHHs, € podora JI. Axenb6axom [7], skuid
PO3MIISIHYB JMHAMIUHY PEakililo OJHOBUMIpHOI Oa-
7Ky THUMOILIEHKO, 10 JICKUTh HA MPYKHIA OCHOBI.
VY 1970 poui A. I1. ®@ininmos [6] omybiikyBaB cBO1
MoHorpadii, IPUCBIICHI aHAI3Y TAKUX CHCTEM.

[Ti3HiIe JOCTITHUKY ITOYATN PO3TIIAAATH OLIBII
CKJIaJHI TEpiONUYHO HEOJHOPITHI CHUCTEMH, IO
BpPaxoBYIOTH MIMAIBHY CTPYKTYpY Komii. ¥ 1981 po-
i JI. XKe3zektonb [10] omyOuikyBaB po6oty, 1ie Brie-
pie OyJIo PO3MIAHYTO PeaKlilo OAJKH, IO JEKHUTh
Ha TMEPIOIMYHUX CKBIIMCTAHTHUX OMOpaxX, Ha PyX
HaBaHTaxeHHsI. [licis mporo 0yJ0 BUKOHAHO BEJH-
Ky KUTBKICTD OCHTiIKeHb, NPUCBAYCHUX aHAJI3y fK
KOHTHHYAJIBHUX, TaK i MEePiOANIHNX OJHOBUMIPHHUX
cucteM. OcoOIMBO CITiJT BUAUTATH B i HUA3I POOIT
nyOmnikanii P. boraya, T. Kpsxkizincekoro 1 K. [Torma
[9], a Takox pobGoTy I1. M. Binonepkiscrkoro [8].

3 cepemman 90-X POKIB MTOYAITHCS MACOBI JTOCTi-
JOKSHHSI TPHBUMIPHHUX MOJIeNield 3ali3HHYHOTO TOJIO-
THa, MO OyJl0 3YMOBJEHO OYPXJIHBHUM PO3BHTKOM
BUCOKOIIBH/IKICHOTO 3aJTi3HHYHOIO TPAHCIOPTY. K
BUSIBUJIOCSI, TIOBEPXHEBI XBIJII B TPYHTI, 110 BUKJIU-
KaHI TaKUMM T0131JaMU, YMHSITH ICTOTHUI BIUIMB Ha
JMMHAMIKY PyXOMOTO CKJIaay, Ta OJHOMIpHI MOAENi
noKazaju ceOe HECHPOMOXKHHMH JJIS OTHCY PYyXy
[OI311IB 3 BEIUKUMH IIBUAKOCTAMU. OCOOIMBO CIIif
BiI3BHAYNUTH OIS/ MO BiIOMHUX O TOTO 4Yacy Moje-
nsx 3amisEngHOTo TojioTHa K. Kaote [12].

VY BcbOMy CBITi 3IIHCHIOIOTH YMCIICHHI Teope-
TUYHI Ta SKCIEPUMEHTAIbHI JOCHIKCHHS 3 BH-
BUYCHHSI B3aEMOJil OCHOBH 1 IPYHTY. AHATITHYHUM
IIUISIXOM BHPIIMIEHO BKpail OOMEXKEHY KITbKiCTh
TakuxX 3aBAaHb. Jls peanbHHX KE TPaHHIHUX
YMOB, XapaKTepHUX U 33134 PyHIaMEeHTOOY TiB-
HUIITBA Ta TIPHUYOI CIIPaBU, a TUM OLIBITIIC B HEO-
HOPIAHMX cepefoBuIiax [13], aHamiTHUHE PilleHHS
NPakTUYHO HEeMOXJMBe. ToMmy mepeBakHa Oib-
IICTh CYYaCHHUX OCTIKEHb Y I[bOMY HAMPSIMKY
3IIHCHIOEThCS 3 BUKOPUCTAHHIM YHCEIBHUX METO-
IiB, IIO MO3BOJIAIOTH OTPUMYBATH DILICHHS 3a
OyIb-KUX CKIAJHUX TPAHHYHHX YMOB.

Cepen pi3HUX YHCETHHUX METOJIB MEXaHIKH CY-
ITBHUX CEPEOBHUII HAUOUIBII JTOCKOHAIUM 1 IIH-
POKO 3aCTOCOBYBAHHM € METOJI KiHI[CBUX EIICMCHTIB
(MCE) [14]. IlprunHa HACTIIHKH BETHMKOI MTOITYIISI-
pHocti MCE monsirae B #ioro ajroputmi i 00poto
CYMICHICTIO 3 CHCTEMaMH aBTOMAaTHYHOTO MPOEKTY-
BaHHsA. [losiBa BHCOKOMPOIYKTHBHUX KOMIIT IOTEPIB
Mpu3BeNa J0 3HAYHOTO 30UTBIIECHHS TOCTIKEHb,
NpUCBAYCHUX (PI3MYHO HETHIHHMM 3agayaM Iiac-
TUYHOT 3MiHH, TPAHMYHOTO CTaHY Ta iH.

Ha crorogni icHyroe Oarato po3paxyHKOBHX
KOMIUIEKCIB 1 mporpam, 3acHoBanux Ha MCE. Haii-
OiTBII BIIOMUMH 1 yHIBEpCAJbHUMH 3 HHUX € PO3-
paxynkoBi kommiaekcu ABAQUS, ANSYS, LS-
DYNA, Nastran, Plaxis, IIK JIIPA Tta in. Takox
€ Oe3miu mporpaM, NpU3HAYCHHUX JJIsI BUPIIICHHS
CrerianbHuX 337349 abo mpobIeM By3bKOI CIIPSIMO-
BaHOCTI. BOHHM JO3BOJNSIOTE BECTH PO3pPaXyHKH
CKJIaJJHUX CIIOPY] Ha BIUIMB Pi3HUX HaBaHTaKEHb,
y TOMY 4YHCIi BHpIIIyBaTH 3agadi 3 BU3HAUYCHHS
HaTpy>KeHO-/Ie()OPMOBAHOTO CTaHy CHUCTEM 3 ypa-
XYBaHHSM B3a€MOJIIi IPYHTY i KOHCTPYKIIii.

OpHak BOHM MarOTh 1 HEAONIKH. 30Kpema,
B PO3paxyHKOBUX KOMIDIEKCAX Iij 9ac 00Ky B3a-
€MOJIIi TPYHTY Ta KOHCTPYKIIii BUKOPHCTOBYIOTHCS
TIIBKK Ti MOJEN, K 3aKJIafieHl Cro4arky (Iiac-
TUYHICTb, MOB3YyYiCTh, AUNATAHCIA Ta iHII. 0COO-
JIUBOCTI TPYHTIB), aJie¢ He BPaXOBYETHCS 3MiHA MIll-
HOCTI 1 MOPHUCTOCTI IPYHTY B Mpoleci aedopmy-
BaHHA. Jlo TOro X B ICHYIOUHX PO3PaxyHKOBUX
KOMIUIEKCaX BIJICYTHS MOJIIMBICTH BpaxyBaHHS
BCIX BH3HAYAJBbHUX (I3UYHHX ITapaMEeTpiB CHCTe-
MU KOHCTPYKLUii IPYHTY OJHOYACHO.

3araibHUM HEJOJIKOM IUX MOJENEH € Te, 0
BOHU HAJEKaTh 0 KpaloBUX 3ajad, TOOTO BHUi-
UIYIOTh 3aJady Ui KOHKPETHHX YMOB 1 HE NAIOTh
3MOTY Ha iX OCHOBi PO3pOOHMTH KOMIUIEKCH i3 3ara-
JHEHUAM ITiIX0JTOM BUPIIICHHS 3a7a9 1 TAKUM YHHOM
TaKOXX BHKJITIOYAIOTh BHPIMICHHS 3a/ad, IOB’s3a-
HUX 13 HaAidHICTIO POOOTH KOHCTPYKLIi KOmii Ta
MOJKJIMBICTIO MPOTHO3YBaHHS i CTaHIB 3a 4acoM.

B nporieci BUBUEHHS iCHYIOUMX HAMPSMKIB pO3-
BUTKY MOJIENCH, 110 HAaBECHI BHUIIE, Ta 3iCTaBIs-
I0YM X NMPUAATHICTH MIOJ0 ONMUCaHHS (Di3UKHU MPO-
IIecy B3aeMOZII KOl 1 pyXOMOTo CKIIamy, MIATUTH
BHUCHOBKY, III0 HEOOXiZHO 3aCTOCOBYBaTH MOZETI,
SKi 3aCHOBaHI Ha OIHUCI XBHJILOBOTO PO3MOBCIO-
JOKCHHST TIPY’)KHUX XBWJIb. 3acTOCyBaHHS Teopil
MOUIMPEHHST MPYKHUX XBHJIb JJISI BUPILICHHS 3a-
BJaHb HanpyXeHo-1e(OpMOBaHOTO CTaHy TBEpPAO-
TO TiJIa OMKCaHi B HU3MII (pyHAaMEHTAILHUX POOIT
KimacngHoi (i3uKu. Sk TeopeTHdHa OCHOBa OyiH
npuitHsTi podotu [1, 3, 11].

3acTrocyBaHHS TeOpii PO3MOBCIOKEHHS TMPYIK-
HUX XBWIb IS BHpIMICHHS 3a/a4 Hampy>KeHO-
Je(hOPMOBAHOTO CTaHY 3aJII3HUYHOT KOJTIi.

3rilHO 3 ICHYIOUOI TEOPIEI0 XBUIIHOBOTO PO3-
MTOBCIOJKEHHSI TIPY>KHUX XBHIIb, BOHU TTOMIIAIOTHCS
Ha 00’€MHI Ta TTOBepXHEBi. BimmosiaHo mo miHiHHOT
TEOpii MPY)KHOCTI B OAHOPIZHOMY 130TPOIHOMY
Cepe/IOBUINI TPW AWHAMIYHOMY BIUIMBI Ha HBOTO
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B OyIb-sIKiff TOYIlI BUHMKAIOTH JIBA BHINA 00’ €EMHUX
XBWJIb: TO3JIOBXKHI CTHCKY P 1 momepeuHi 3cyBy S.
OcTaHHi HE MOXYTh HOLINPIOBATHCS B PIAKUX 1 ra-
30MOi0HUX CepeloBHINAX, OCKIIBKU IIi CEepeIOBH-
ma He BOJIOIIOTH MPYKHICTIO GopMH. Y HHX MO-
JKYTh MOIIUPIOBATUCS JIUIIIE MO3I0BXKHI XBHUIII.

IIBUAKICTH PO3MOBCIOJKEHHSI XBHJIb B 3€MIIS-
HUX KOHCTPYKIIisX 3a [4] HaBenmeHa B Tabin. 1. 3Ha-
YeHHS IIBUJKOCTEH, HaBeJAeHUX B TalJ. 1, Mo)kHA
MOPIBHATH 31 MIBUAKOCTSAMH TOi3MiB. 3BiJKM Jil-
JIEMO BHCHOBKY, IO TP BiJIMTOBITHOMY CTaHi 3eM-
JISHOTO IOJOTHA IIBHAKICTh HABAHTAKEHHS HA KO-
JI0 HaBiTh OUNbINa, HIK MIBUAKICTE 11 peakiii.
A TIpu HEOJHOPIMHOMY CTaHi 3eMIISTHOTO TMOJIOTHA
B IOJOBKHIHM IUIOIMHI TaKe CIIiBBIIHOIIEHHSI MO-
JKe MPHU3BECTH JI0 BTPATH KONI€K CTIHKOCTI. AJe
TaKU{d BHJ CTIHKOCTI TOKH IO HE PO3TIISIIaBCs
B JOCIIDKEHHSIX CTIHKOCTI komii. Ile moB’s3aHO
OlsTpIIe 3 THM, IO TP MPYXKHIA PoOOTI 3eMIISTHOTO
IMOJI0THA MIBUAKICTh HABAHTAXKECHHS HA KOJIIO 3Ha-
YHO MEHIIA 32 MBUAKICTH 11 PO3MOBCIOKEHHSI.

IToBepxueBi akyctuuni xBwii (ITAX) — mpyskHi
XBHIII, IO MOIIUPIOIOTHCS Y3JI0BK MOBEPXHI TBEP-
JIOTO Tina abo y3I0BX KOPJOHY 3 1HIIUMHU Cepeo-
BumamMu. [TAX momiisMioTeCsS Ha ABa THIH: 3 BEp-
TUKAJIbHOK MOJIAPHU3AIIEID 1 3 TOPU3OHTAIBHOIO
MOJISIPU3ALII€IO.

Jlo HaMOIIBIT TTOMMUPEHUX TTPUBATHAX BHITAJIKIB
MMOBEPXHEBHUX XBUJIb MOXKHA BIJIHECTH TaKi:

—xBuai Penes, B K1acM4HOMY pPO3yMiHHI MO-
HIMPIOIOTHCA Y3I0BK KOPIOHY MPYIKHOTO MiBIPOC-
TOpPY 3 BakKyymMOM a00 JOCTaTHBO PO3PIIHKCHUM
ra3oBuM cepenosuiieMm, (SV tumy). LIBuUAKICTH
nomupeHHss xBuii Penes VR 3MiHIO€TBCS Bifg
0,874 mo 0,956 3nauenns VS. Erepris ix mokai-
30BaHa B MOBEPXHEBOMY IIapi TOBIIMHOIO BiJ OJI-
HIi€T 70 OBOX JOBXXUH XBUIIL,

— 3aTyXal04i XBHJI PeNeIBCHKOrO THITYy Ha KOP-
JIOHI TBEPJIOTO Tijia 3 PiHHOIO;

— HE3aTyXaroua XBUJIS 3 BEPTUKAJIBHOK TMOJISPH-
3ali€ro, Mo OLKUATH IO MEXi PIAWHY 1 TBEPAOTO Tija;

— xBuisi CTOHJII, TOMIUPIOETHCS Y3IOBXK TLIOC-
KOT MEXi JABOX TBEPIUX CEPEAOBHIL, MOAYINI IMpPY-
JKHOCTI 1 IIITBHOCTI SIKUX HE CHJIBHO BiApI3HAIOTH-
cs. Lls XBWISI CKIIamaeThbes HIOM 3 TBOX PeleiBCh-
KHX XBWIb (IO OJHIA B KOKHOMY CEpPEIOBHIII).
BepTukanbHa i rOpU30OHTATbHA KOMIIOHEHTH 3Mi-
HICHb B KOKHOMY CEPEIOBHINI 3MEHIIYIOTHCS MPH
BiITAJICHI Bil KOPAOHY TakK, IO €HEPTis XBUJII BU-
SIBIIIETHCSI 30CEPEIKEHOI0 Y JBOX TPAaHHYHHUX Ia-
pax TOBIIMHOO, IO JOPiBHIOE JOBKUHI XBHUJII;

Tabnuns 1
HIBuaKocTi NPYKHUX MO3J0BkKHIX VP Ta nonepeyHux Vs XBHIb
Table 1
Velocity of longitudinal Vp and cross Vs elastic waves
Twumu rpyHTiB Vp, m/c Vs, m/cV Vs/Vp
BononenacuueHni
BaJyHO-TaJIeUHi BiAKIIaJCHHS 500-1 000 250-500 0,60-0,70
ITiCKH 200-500 150-300 0,50-0,70
CYIICKH 250-700 150-400 0,45-0,60
CYTJIMHKHU 300-1 000 150-500 0,30-0,55
[JIMHU (BKJIFOUAIOYH KOPiHHI) 400-1 800 200-600 0,15-0,35
Boponacuyeni

BaJyHO-TaJICUH| BiIKIIaJICHHS 2 000-2 700 250-500 0,10-0,20
TTiCKH 1 500-2 000 150-300 0,10-0,18
CYIICKH 1 500-1 800 150-400 0,10-0,20
CYTJIMHKA 1 500-1 900 150-500 0,10-0,25
TIIMHY (BKITIOYAl0YN KOPiHHI) 1 800-2 500 200600 0,10-0,25
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— xBui JIsiBa — TOBEpXHEBI XBHJII 3 TOPU30HTA-
JIpHOM ToJisipu3arttiero (SH tumy), siki MOXKYTh TO-
IIMPIOBATUCS B CTPYKTYpl MNPYXXHOTrO IIapy Ha
MIPYXKHOMY MiBIpocTOpi. XBuis JIsiBa yTBOPIOETH-
cs TUTHKHU B Tmapi (abo madii mapiB) i3 3HIKEHOIO
HIBUJKICTIO MOTEPEYHUX XBWIb VS1, mo miacre-
JISTFIOTHCSI TOBIICIO OUTBII BHUCOKOIIBHIKICHHX ITO-
pin VS2. llIBuakicTs nmomupeHHs XBwib JIssa VL
3aJI€KUTHh BIJl YacTOTH KOJIMBAHb 1 3MIHIOETHCS
B Mexax: VS1 < VL < VS2. 'nubuna npoHUKHEH-
HSl XBWJII B MIiBIIPOCTIP 3MIHIOETHCS BiJl 9aCTOK J0-
BXXKHHHM XBWII 10 0araTbox JOBXKHUH XBWII 3aJI€KHO
BiJl TOBLIMHY LIapy /1, 4aCTOTH 1 mapaMeTpiB cepe-
nmosui. Came icHyBanHs xBuii JIsBa ax [TAX mo-
B’S3aHO 3 HASABHICTIO IIapy Ha MIBIPOCTOPi: MPH
h—0 rmmbOuHa NMPOHWKHEHHS XBWJII B MIiBIPOCTIp
MparHe 10 HECKIHYEHHOCTI 1 XBWJIS IEPEXOJIUTh
B 00’€MHY.

VY nmeskux BUNAJKaX HA MEXi CEpeOBHIL yTBO-
PIOIOTBCS OOMIHHI XBWJIi (BimOMTI 1 3ajoMIIeHI),
OB’ s13aHi 31 3MIHOIO THUITY XBHJIL.

Ha BinbHI# MOBEpXHI MIapyBaTOTO CEpeOBUIIA
MOXYTh PEECTPYBATHUCS TaKi TUITH XBUJIb:

— MO3A0BXKHI — NpsIMi, BiToOpakeHi 1 3ajomuire-
Hi (BiJ pi3HUX KOPAOHIB), a TaKOX pi3Hi BUIU Oa-
raTopa3oBO BiIOUTHX 1 3AJIOMIICHUX XBHIIb;

— TOTMIEPEYHI — THX K€ KJIaciB, 110 MO3/I0BXKHI;

— 0OMiHHI — BigOuWTI, 3aJ0MIIeHi 1 pi3HI KOMOi-
Hallii BiZOMTO-3aIOMIEHNX XBHIIb;

— mmoBepxHeBi xBuIIi Penest 1 JIsBa.

Juist 3B°SI3HUX TPYHTIB THUIOBOIO € KBa3iaHi3oT-
poIIis, IO MOB’s3aHa 3 TOHKOIIAPYBATICTIO CaMHX
mapiB. Y TaKOMYy CEpEIOBHUIII HE ICHYE YHUCTHUX
MO30BXKHIX 1 MOMEPEUYHUX XBHJIb, @ JIMIIE MMOMI0HI
iM KBa3iMO3/I0BXKHI 1 KBazinonepeuHi. OcraHHi, sIK
MPaBHUIIO, MOXYTh OyTH OBOX TuMiB: Turmy SH —

KOJIMBAaHHS YaCTHHOK IIapajelbHO INapyBaTOCTI
1 Ty SV KOJHMBaHHS YaCTHHOK TIEPIICHAUKYJISP-
HO mIapyBaTocTi. TakuM 4MHOM, HEOOXiTHO Omu-
caTé PO3IMOBCIO/PKCHHS BCIX BHIB XBHIb Ta Bpa-
XyBaTH IX CyMICHY IifO.

Ille omuMM 3 HEXOMNIKIB MOCHIIKEHHS I[LOTO
NHUTaHHS € Te, 0 BUMIpIOBAIFHA TEXHIiKa, IO 3a-
CTOCOBYETHCSI B EKCICPHMEHTaX, Ma€ HEBEIHKY,
MOPIBHSIHO 13 CIPaBXHIMH BHITPOMIHIOBAHHSIMH
XBHJIb, YACTOTY 3amucy. B Tabn. 2 HaBeaeHo indo-
pMallifo I0A0 OLiHKH KBa3iBiOpamii. Tak, sKIIo
PO3MIISTHYTO iICHYIOYY KBa3iJUHAMIYHY MOJEIb, IO
3aCTOCOBYETHCS B pO3paxyHKax Koii Ha MilHICTb,
MiJ 4ac pyXy pPyXOMOTro CKJiamy 3i MIBHUAKICTIO
30 km/To1, TIpH IOBHOMY iTHOPYBaHHI peakIii ere-
MEHTIB KOHCTPYKIIil KOJii Ha JMHAMIYHUIA BIUIUB
PYXOMOTO CKJIaay, TO 3a OJHY CEKyHIy Ha mudpo-
BOMY 3aliCi TIOBWHHI OTpuMatH: 87 BiIOWUTHX
XBHJIb Bijl BCi€i KOHCTpYKii, 335 — 6e3 3eMIomnoT-
Ha, 457 — Oe3 mimaHoi MOJYIIKKA 1 3€MIOJIOTHA,
5400 — 6e3 cumrydoi ocHoBH, 14 000 — TiIBKHU Bix
petikn. Beboro — 20 288 iMIymIsCiB.

3apa3 MakcHUMalbHa 4YacToTa IUCKpeTH3amii
3armmcy nupoBol anapatypu JoCTiaHOI 1abopaTo-
pii 4 xI', TOOTO MiXXK CyMIKHAMH BHUMipamMH TIpo-
xomuth 1/4 000 cexynn [2].

Kpim 3a3HadeHnX CHpoLIeHb, HE BPaXOBaHO SK
MiHIMYM IT’SITh TIOBEPXHEBUX TIPOIIECIB.

TakuM YUHOM, HEOOXiTHO PO3POOHUTH JHHAMI-
YHY MPOCTOPOBY MOJENb PO3MOBCIOKEHHS XBUJIb
B KOHCTPYKLUIT KOJIT 3 ypaxyBaHHSIM TOTO, III0 TOY-
HICTh PO3paxyHKy HMOBHHHA KOJHMBAaTHCh B MEXaxX
0,0001...0,000001 c, 3amexHO BiJ| XapaKTEPUCTHK
MaTepiaiiB eIeMEeHTIB KOJIil.

Tabnums 2
Ouinka npouecy kBa3iBiopanii
Table 2
The evaluation of quasi-vibration process
broverr | Ve | 1o | s mpoonmenn, ¢ | S oot | Kt
pelika 5100 0,18 3,52941E-05 28 000 7
Iimana 3500 0,2 5,71429E-05 17 500 4,375
me6iHb 400 0,4 0,001 1 000 0,25
micox 500 0,2 0,0004 2500 0,625
CyHicOK 700 3 0,004285714 200 0,05
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Pe3yabTarn

[Mig mporecom nedopMaTHBHOT poOOTH KOl
OyJeMo pO3yMiTH SBHUIIA JUHAMIYHOI JeopMarTu-
BHOCTI, IO BiZIOYBArOTHCS ITiJ] BILTMBOM PYyXOMOTO
CKIIamy.

Hnst ouinku mpouecy aedopmaruBHOi poOOTH
KOJTii CKIIaIal0ThCS PO3PAXyHKOBI CXeMH KOHCTPY-
KIIi1 KOJTii 32 TAKUX MTEPETyMOB:

1) 3ami3HUYHA KOJIisl PO3TIISAAETHCA SIK MTPOCTO-
poBa cucteMa 00’ €KTiB, IO € 30MpaHHsAM eJeMEH-
TiB KOHCTPYKIIi KOJIii, sIKi XapaKTepHU3ylThCS Te0-
METPUYHUMHU PO3MipaMu 1 Qi3UYHUMH BIaCTHBOC-
TAMH, BIIMOBIAHO OO HOPMATHUBHOI JIiTEpaTypH,
10 BU3HAYAIOTh HAMPSMOK 1 IIBUAKOCTI MOIIHUPEH-
HS XBWJIb, TOOTO SKICHY OIIIHKY Tporecy medop-
MaTHBHOI POOOTH KOJIi;

2) Ha 3ai3HUYHY KOJIO JiF0Th MacoBi (TsDKiHHS
1 iHepIii) Ta MOBEPXHEBI Pe3ybTaTH Jil JOTUIHUX
€IIEMEHTIB, CHIM f;, 110 BM3HAYalOTh KiJIBKICHY
OLIIHKY Tpolecy AepOpMaTHBHOI pOOOTH KOii;

3) 3ai3HUYHA KON € CHCTEMOK CYIIIBHUX
CEpe/IOBHIL, IO BOJOMIIOTH BIACTUBICTIO CTHUC-

.. m
KaHHA (p= lim — # const ) 3 IEBHUMH 3aKOHa-
AV—0 AV

MU MTOBOKEHHS;

4) cepenOoBHINA BOJIOAIIOTH CHJIAMH BHYTPIIII-
HBOTO TEPTsI, sIKi 0a3yIOThCS Ha MEPEAyMOBI, IIO
BITHOBNIOBAJIbHI CHJIM TPOMOPLIKHHI aMILTITYAl
KOJIUBaHb, & JMCUIATUBHI — MIBUIKOCTI MPOIECY
PO3MOBCIOKEHHSI;

5) po3rnAgaeThCsl PyxX CIHOJOMIHOTO CEPEeoBH-
1a — KOHTHUHYyMa — B €BKJIIJIOBOMY ITPOCTOPI 3 BU-
KOPUCTaHHIM a0COIIFOTHOTO Yacy.

OcHOBHa cucTeMa PIBHSHb PyXy CIOJOIIHOTO
CepeIoBHILA BUBOJUTHCS HA OCHOBI 3aKOHIB MeXa-
Hikn HproTOHA. Alle BOHA HE 3aMKHYTa, TOMY JIO-
MOBHIOETHCS 11 TEPMOJAWHAMIYHUMHU Ta (i3WIHUMH
CIiBBiTHOIIICHHSIMH.

Jlns BUBEICHHS PIBHSIHB 3aCTOCOBAHO SIK METO/I
Jlarpamxa, Tak i Mmerox Eitmepa, ToOTo po3risma-
€TBCSL PYX, 3 OJHOTO OOKY, TIEBHOI YAaCTKHU Cepeio-
BUINA, 3 IHIIOTO — NPUIHATO JO yBark HasBHICTh
3a[JaHOTO MOJIS IIBUJKOCTEH.

2
du_dv_0v, vy, (1)
dt= dt ot

% ) ) .
e 7 — JTOKaJhbHA 3MiHA MBUAKOCTI, IO BiI0OyBa-
t

€TBCS B TIEBHIM TOYIl TPOCTOPY 3a PaxyHOK HE

. ) ov
CTaI[iOHAPHOCTI TOJIS [IBUIKOCTEH; va— — KOHBe-
t

KTHUBHA CKJIAJIOBA, 1[0 € HACMIJKOM HEOHOPITHOC-
Ti MO MIBHAKOCTEH, 3MiHA IIBHAKOCTI IEpeMi-
IICHHS IEBHOI YacTKH 3a 4ac df 1o ny3i df .

JlokanpHa 4YacTHHA MPUCKOPEHHS JOPIBHIOE
HYJIFO, SIKIIO TI0JI€ IIBUAKOCTEH craijioHapHe (3a-
JISKUTH TITBKU BiJl KOOPJIUHAT Ta HE 3aJICKUTh BiJl
gacy). KoHBeKkTHBHa CKIIamoBa IOPIBHIOE HYIIIO,
SIKIIIO TT0JIC HIBUIKOCTEH OJHOPITHE.

VY BUMAAKy CTalliOHAPHOTO TOJNS IIBHIKOCTEH
JIiHISA TOKY (KpHBa, IO MPOBEJEHA B IICH Yac cepe-
JTOBUIIA, TA B KOXHIM 1 TOYI[I BEKTOpP MIBUIAKOCTI
HaIlpaBJICHUM 10 JOTHYHIA 10 Hel) 1 TpaekTopis
CIIIBIIAJAIOTh.

CyKkynHICTh JIiHI TOKY YTBOPIOE MOBEPXHIO.
B xo’xHii TOYII ITi€] TOBEpXHI BEKTOP IMIBHAKOCTI
V JIEKUTH B JOTUYHIN IUTOLIMHI.

Sxmo f(x,, X,, X;) =const — pIBHAHHSA MTOBEP-

XHi TOKY, TOo (v, grad f)=0.
Ha komito nie 30BHIIIHS cWiIa BiJ BIUIMBY Y-
XOMOTO CKJIaay:

F=F, sinot, 2)

ne F, — MakcuMalbHe 3HAUeHHs CUIIM TIpHU Jii py-
XOMOTO CKJIay Ha KOJIito, TOOTO 11 aMIuTiTY1a; of —
KxosmBaeTheda Big 0 1o m, Ta 3a el yac ¢, 1o 3aie-
JKUTH BiJl IIBUJIKOCTI PYXY, KOJIECO MPOXOIUTH BECh
LUK BIUIUBY HA KOJIFO: THCK 3 SIBJISIETHCS, MOCTY-
MOBO 30UIBIIYETHCS IO MAKCUMAIIBHOTO, Ta 3racae.

Cuna pUKIafaeThes B JIOKATbHIA CHCTEMI KO-
OpIIMHAT, 1 BECh MPOIEC PO3MOBCIOHKCHHS BimOy-
Ba€ThCsl B JIOKAJIBHUX CHUCTEMax KOOPIWHAT, SKi
NPUBOIATHCS JIO 3arajbHOI CHCTEMH KOOPJIMHAT.
Cuna 3aBXId NPUKIAJCHA B TOYI[ MOYATKY JIOKa-
JBHOT CHUCTEMHU KOOPAWHAT 1 3aBXIW CITIBIAJAE
3 BEPTHUKAIBHOIO BICCIO ITi€T JIOKATHLHOI CHCTEMH
KOOP/IMHAT.

PiBHSHHS €TIICOiAHOI XBWII, IO PO3TIOBCIOIKY-
€ThCs BI A1l 30BHIIHBOI CHJIM [1JIs [IEBHOI TOUKU:

s(x, y, z, t) = Asin(wt —kr + @), 3)

ne A — aMIiiTyia KOJMBaHb, () — 4acTOTa BIUIUBY
30BHIIIHBOI CHJIM; K — XBUJIBOBE YHCIO; ¥ — paji-
yC PO3MOBCIOKEHHS;, @ — (ha3a BiATIOBIMHOCTI 30-
BHIIIHIX Ta BHYTPIIIHIX KOJHMBaHb: SKIIO iX (a3u
CHiBMaAa0Th, TO @ =0, SIKIIO Pi3Hi, TO Q=T .
TakyM YMHOM MOCTAHOBKA JUHAMIYHOT 3amadi
3 BHU3HA4YEHHS TIporecy AePOpMaTHBHOI POOOTH
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3ai3HMYHOT KOJIii 3BOOUTHCS A0 TOTO, IIO B 3aja-
Hill oOmacti () HEOOXigHO 3HAWTH TONA HAaIpy-

KeHb O, nedopMauiil &, mepemiuleHb u; Ta
IUIBHOCTI  p;, INO 3aJ0BOJBHAIOTH PIBHAHHSA

B Oy/Ib-SIKMI MOMEHT Yacy ¢ :

— PyXy:
0%u.
vV + o= 28 @
-2y “f, or’ )
— 3 T'PaHUYHHUMHU YMOBAMU:
Gyt j=Tis (5)

] 1
— 3anexHocrel ['yka:

o, =hO; +2ue;, ©=ji(e,)=divu;  (6)

ij>

— 3anexxHocTei Komi:
—_ l .
€ —E(Mi,j +uj,l.), (7)
— 30epexeHHs Macu:

@+pdiv§=o. (8)
ot

OIUHUYHICTh PIMICHHS IOCATAETHCSA IUITXOM
(hopMyBaHHS MOYATKOBHUX:

u|t=0 = (Po(x’ ya Z)a

&g x3,) ©
81‘ o (Pl > Vs

Ta PaHUYHUX YMOB:
IENACREA IR (10)

KopekTHICTh pillleHHsI J0CATAE€ThCS BiAIOBII-
HOIO CTiHKicTIO 32 JIsmyHOBUM.

Po3paxyHKH 3a UM aJlrOPUTMOM HAIaloTh
MOJKJIMBICTh BU3HAYHUTU 3AIEKHICTh MiXK 3MiHAMHU
mporiecy AehopMaTUBHOI pOOOTH KOJii Ta CTAHAMH
Konil 32 NOKa3HUKAMHU HAIIHHOCTI.

MopenoBaHHS KUTTEBOTO LUKIY JepopMaTu-
BHOI po0OOTH 3ai3HMYHOI KOJii 32 yMOB 3a0e3Iie-
YeHHS HATIMHOCTI 3aTi3HULb.

Tenep BBaXkaeThCsl, 10 MpoOIeMa BU3HAUCHHS
PI3HOMAHITTS CHWJI, SKi JIFOTh Ha 3aJi3HWYHY KO-
JI10, BWPIIIEHA 3 JIOCTATHHOKO JUIS MPAKTHYHUX
notped crporicTio. | Bcs MpakTHUka MiATBEPIKYE
MPABWILHICTh TOJOXKEHHSI, 1[0 BUHUKAIOYH B KOl
3YCWIUIS, HANpyXXeHHs Ta naedopMariii migKops-

u

I0ThCSl IMOBIPHICHUM Ta CTOXaCTUYHHM 3aKOHOMi-
pHOCTSIM. OCKBUIBKH JTOCII/PKEHHS Pi3HOMAaHITHHX
MEXaHIYHUX XapaKTePUCTHUK 3aJi3HUYHOI KOJil
BHSIBJISIFOTB, III0 TaKi 11 XapaKTePUCTUKHU K MOITYJIb
MIPY’KHOCTI, TIPY’KHI XapaKTepUCTHUKA MaTepialiB,
3 SIKUX BUTOTOBJICHO €JIEMEHTH KOHCTPYKIIi KOJIii,
pO3MipH KOJIii Ta OKpEeMUX ii €IEMEHTIB, 10 BUMi-
PSHI B pi3HUX TOYKaX AUISHKH KOJIii, MOXYTb OyTH
OMHCaHi TUTLKA IMOBIpHICHUMH 3aKOHOMIpHOCTSI-
Mu. TOYHO Tak BpaxOBYIOUHM Bapiallii B KOHCTPYK-
TUBHOMY O(OPMIICHHI 1 TEXHOJIOTIYHOMY BUTOTOB-
JICHHI OJIHOTO 1 TOTrO X THUITy €Kila)a, MUTaHHS
npo 3’SCyBaHHsS BIUIMBY OyAb-SIKOIO €Kimaxka Ha
pEefKU PO3TIIANAIOTE, K 3a/a4y Teopil iMOBipHOC-
Ti. TakuM 9MHOM Teopis B3aEMOZII KOJIii 1 pyXoMo-
T0 CKJIaTy € OIHI€0 3 TIJIOK 3arajlbHOl CTaTHCTHY-
HOT MexaHiKku. | 1ae MOKJIMBICTD PO3TJISAY 1 OIHUCY
poboTH Koumii y yaci 3a BciMa rio0aibHUMH TMapa-
METpaMH MEeXaHIYHOI CHCTEMH.

Bci cuctemMu BONOAIOTH CHEPTi€0 — OJTHAM 3 OC-
HOBHHX TOHATH (Di3MKHU, IO BUKOPUCTOBYETHCS TIPH
pO3paxyHKax 1 TMOSCHIOE MEXaHIYHI, TETIOBI 1 €JIeKT-
puuHi siBUma. OHIEI0 3 BAXKIMBUAX MPOOIIEM TEXHIKA
€ OTPUMAaHHS, TIepeiada Ta BUKOPUCTaHHSI €HepTil.

SIKIIO po3risiiaTH KOJito K MOZAEIb, CTBOPEHY
3acobaMu  Teopil PO3MOBCIOJKEHHS MPYXKHHUX
XBHJIb, [0 SIBIISIE COOOIO CHCTEMYy OO0 €KTiB, sKa
BOJIOJII€ BJIACTUBICTIO 3aMKHYTOI CUCTEMH, TO I[iJI-
KOM MO>KJIMBO BHKOPHCTOBYBAaTH BCi 3aKOHH 30e-
pexxeHHs. lle mae MOXIHBICTh TOBOPHUTH PO 3Mi-
HY €Heprii sk CUCTEMH B IIJIOMY, TaK 1 KOXXHOTO
eJIeMeHTa KOJIii 30KpeMa 3a Oy Ib-IKHi 9ac poOOTH.

ApnanTartiss 3MiHA €Heprii KOHCTPYKINI KoJil
1 KOXKHOTO eJIeMEHTa 30KpeMa JI0 HOPM Ta JOIyc-
KiB yNalITyBaHHS Ta yTPUMaHHS HaJgae MOXKIIH-
BICTh MEpedTH 0 BU3HAYEHHS ii (Ta iX) craHy 3a-
JISKHO BT yMOB eKCIDTyaTarlii Ta yTpruMaHHS.

BenuunHu 3MiHM eHeprii H03BOJAIOTH MPOTHO-
3yBaTH CTaH Kouii, TOOTO OLiHIOBAaTH Ta mependa-
YaTH TOBEAIHKY KOJIii Ta 11 00’€KTiB 3 BU3HAYEHOIO
IMOBIpHICTIO, 13 BpaxyBaHHSAM BIUTHBY KOXHOTO
00’€KTa KOHCTPYKIIT KOJIi Ta KOXKHOT'O MapameTpa
BIUIMBY caMOro 00’€KTa TpH MEeBHUX BIUIMBAX PY-
XOMOTO CKJIafy.

3a 3aKOHOM TEPMOJAMHAMIKH:

8K +8U =84 +80. (11)

3HaueHHs 3MiHU KiHETUYHOI €HEeprii CTAHOBHTH:

5K o%u,
K = (E)St - IﬂaTZl’SuipdV . (12)
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3HaveHHs 3MiHM poOOTH, IO 3AIMCHIOETHCS 30-
BHIITHIMM CHJIaMH 3a TOHM e €JIEMEHT 4acy of
CTAaHOBUTH.

54 =m(csij,j +pﬁ)3uidV+moU.6ui. (13)
14 14

3MiHa BHYTpIIHBOI eHeprii Tina dU mopiBHIOE
cyMi 3MiHH poOoTH Aedopmallii Ta TEIIOBOI eHep-
rii 80, MO MepenaeThCs TiTY

8U = [[[ 08,4V +50. (14)
4

PiBHSIHHS TEIJIONPOBIIHOCTI B MPOCTOPI — OJI-
HOpiIHE:

2 2 2
X a—’j 8—2‘#3—’2’ =0, (15
ot ox~ oy oz

1€ X, y, z — BIAIOBITHO KOOPANHATH; ¢ —Yac; U —
TeMIeparypa B TOYI; ”L:o =d(x, y,2); a — Bi-

JIOMHH KOeiITie€HT.
B xo>kHI# TOUIl TOBepXHiI S KOHCTPYKITiT KOl
3a[1a€ThCS TEMIIEpATypa: u| =Y (P 0).

Y, (P, t) — BinoMa GyHKIISA TOUYKH IOBEPXHI S
Tadacy t>0.

3a UM PO3MOBCIO/UKCHHSM BU3HAYAETHCS Ki-
JIBKICTh TEIJIOBOI €HEprii.

Jani BUKOHYIOTBCS PO3paxyHKH 31 BCTaHOB-
JICHHSIM 3QJIKHOCTEH TporieciB 1eopMaTHBHOCTI
Ta KITBKOCTI €Heprii, 1Mo HeoOXiTHO BUTPATUTH HA
nedhopmaruBHy poboTy. Ta depes 3B’s30K 31 cTaHa-
MU HAJIHHOCTI MPOTHO3YETHCS MOBOKEHHS KOH-
CTpPYKUIi KoJIii 32 MIEBHUX YMOB.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

JlocmiKeHHsT TTMTaHb 3 HAIIHHOCTI KOJIii MOTH-
BY€E PO3POOKY HOBHX MOJICIICH, 10 JAF0Th MOXJIH-
BICTh PO3MJISAATH ii MPOTATOM JESKOrO HAarparlo-
BaHHA. [cHye HEOOXiHICTh BH3HAUEHHS KPHUTEPIiB,
Ha OCHOBI SIKMX MOXIIMBI OIIIHKa Ta TPOTHO3YBAaHHS
3MIiHU CTaHiB KOINii B Tiporeci ii eKcCIuTyaTartii.
B po0oTi 3amponoHOBaHO OCHOBHI 3acaju, METOIH,
ITOPUTM Ta TEPMIHU IIOJO JOCHIDKEHHS MUTaHb
3 HagiiHOCTI Koumii. [IpakTuyHa 3HAYMMICTh. AHaI-
THYHI MOJEI, 110 3aCTOCOBAHI i Yyac BU3HAYEHHS
rapaMeTpiB MIIHOCTI Ta CTIHKOCTI KOJIii, ITOBHICTIO
BIANOBIJAIOTh IOCTABJICHUM 3ajadaM, ajie He MO-
XyTh OyTH 3aCTOCOBaHi JJIsl BH3HAUCHHS IapaMeT-

piB HafgiiiHOCTI KoJii. OOHMM 3 TONOBHUX (aKTOPIB
HEMOXITUBOCTI 3aCTOCYBaHHS IIUX MOJICIEH € KBa3i-
muHaMivHAR Tinxin. Tomy, 3a3Budail, OTpUMYIOThH
Ta JOCITIHKYIOTh HE caM IWHAMIYHHN TIporiec podo-
TH 3aTi3HAYHOI KOJii, a oro Hacmiaku. Kpim Toro,
Taki MOJEN HaJeXaTh 10 IUIOCKHX, IO TaKOX
JIOAa€ TIEBHI CKJIAIHOLII TMOPIBHSHHA PE3yJbTaTiB
3 EKCIICPUMEHTOM, OCKLIBKH HEJIETKO B 00 €MHOMY
MPOIIeCi BUIUIMTH BIUIUB B WOTO OOMEKEHHX Yac-
THHAX. 3aCTOCYBaHHS YHCEIHLHUX METOJIB PO3IIH-
PIOIOTH MOXITHBOCTI, aJle TAKOXK YHEMOKIIMBITIOIOTh
PO3IIISIT CaMOro JAWHAMIYHOTO MPOILECY, OCKUIBKU
HEMO>KJIMBO BBECTH IIPOLECH, IO OOYMOBIIOIOThH
peaKilifo Ha HaBaHTAKCHHS. ToMy 3ampornoHOBaHe
MOJICTFOBAHHS J]a€ MOXJIMBICTh PO3IJIsIaTh Oe3mno-
CepemHhO JAMHAMIYHHMA TIPOIEC Ta OINHHUTH IIeH
MPOIIEC 3aBASKH BBEJACHOMY HOBOMY KPHUTEPIIO —
JKUTTEBOMY IUKITY 1e(pOPMATUBHOT pOOOTH KOTii.

BucHoBku

OO0i3HaHICTh B IIpoIecax B3aEMOIi KOJii Ta py-
XOMOTO CKJIaJly MPU3BOAUTH JI0 PO3TJISIY HOBHX 3a-
nad. OIHUM 3 HOBHX acIeKTiB IILOTO MPOLECY € BH-
pimeHHs1 3aga4 HagidHocTi Kkojii. CKiamoBOO Ha-
IHOCTI Kouii € QyHKIioHambHa Oe3neka komii. Ta-
KAM YHMHOM, HAMpPSMOK JIOCII/DKEHb € aKTYaJbHUM,
ajyie TaKkuM, 110 MoTpedye HOBOTO TIIXOMY IS BUpi-
IIICHHSI TIOCTABJICHOT ITPOOJIEMH.

BuBueHHS pO3BUTKY (Di3MKO-MAaTEeMaTHYHUX Me-
TOJIiB PO3B’SI3aHHS 33714 II0JI0 BU3HAYCHHS HAIPY-
JKeHO-71e(hOPMOBAHOIO CTaHy B MeEXaHilli aehopmo-
BaHOTO TBEPIOTO Tija JO3BONMIM OOpaTH METOI pi-
IICHHS MMOCTaBJeHOT 3aj1aui. TakuMm MeTozioM € 3a-
CTOCYBaHHS TEOPii pO3MOBCIOPKEHHSI XBUJIb.

Amnani3z pobOTH KOHCTPYKIIi KOJii JONOMIr BU-
3HAYUTHCH 3:

— MepeyMOBaMHU JUIsl CKJIAJJAHHS PO3PaxyHKO-
BUX CXEM KOHCTPYKILIi KOJIii;

— BU3HAYCHHSM CHJI, IO 3a]IisHI B IIPOILIEC] PO3-
TIOBCIO/DKEHHSI HABAaHTa)KEHb Ha KOJIII0;

— BU3HAYCHHSM HEOOXIHUX BENHYHH, SIKi Xa-
PaKkTepu3yIOTh MpPOLIEC PO3MOBCIOKEHHS HaBaH-
TakeHb. J10 OCHOBHUX BEJIMYMH BiJHOCSTHCS: TOJIS
mepeMiIiensb, aedopmariii, Harpy>kKeHb Ta 3HaYCH-
HSl BUTPAT BCiX BUIIB €HEPTii,

— KpUTepisiMH, SIKi HEOOXiTHO 3acCTOCOBYBAaTH
JUTSL PO3TIISILY TPUBAJIOT poOOTH KOJTii,

— ¢opMyITIOBaHHSM TEPMiHIB, SKi HEOOXiTHO
3aCTOCOBYBATH M dYac MOCTIDKCHHS TPHUBAIOL
poboTH Koutii.

Ha ocHOBI noeiHaHHSI 3HAHP IOJI0 MOXKITUBOC-
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Teil MeTOy PO3paxyHKy Ta MPOTiKaHHS (Hi3HYHOTO
poriecy poOOTH KOJIii BU3HAUCHO:

— OCHOBHWIA BHJ| PIBHSHHS PYXY;

— TOYaTKOBI YMOBH PO3PaxyHKY;

— IPaHUYHI YMOBH PO3PaxyHKY.

Po3po06iieHO anropuT™M BUKOHAHHS JIOCIIIXKCHb,
TOOTO TIOBHUH KOMIUIEKC MOAYJIIOBAHHS YKUTTEBOTO
UKITY Ae(OpPMATUBHOT pOOOTH 3a1i3HIYHOT KOJIiT 32
YMOB 3a0e31eUeHHS HAIIHOCTI] 3aJTi3HAII.

3aranpHI MaTepianu, IO HaBEJEHI B CTaTTi,
JTAIOTh 3MOTY MEPEHTH O BCTAHOBJICHHS XapakTe-
PUCTHK CTaHIB HaJIMHOCTI Ta 3aJIEKHOCTEH, SKi
OB’ I3YIOTh Mi’K CO0OI0 I1i CTaHH.
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K BOIIPOCY MOJAEJINPOBAHUA ’KU3HEHHOI'O
HUKJIA JE®@OPMATHUBHOU PABOTHI 9JIEMEHTOB

KEJE3HOAOPOKHOI'O ITYTH

Hean. B cratbe paccMOTPEHO MOJETMPOBAHKE HKU3HEHHOTO HUKIIA PaOOThI AJIEMEHTOB XKEJIE3HOIOPOIKHOTO MyTH
JUTSL UCCIIEIOBAHMUST PA3BUTHUS NIPOIIECCOB 1e(hOPMATUBHOCTH KAK OCHOBBI CO3/IaHUSI HOPMATHBHOM 0a3bl paboThI MyTH
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MPU YCIIOBUU OOECIICUCHHS HaISKHOCTH JKEJIE3HbIX Jopor. MeToauka. J{jis JOCTHKEHUS 1€ UCTIOIb30BaHbI OCHOBBI
TEOPHH PACTIIPOCTPAHEHHSI BOJIHOBOTO TIpoIlecca TPH OMMCAHWK B3aUMOJCHCTBUS IyTH W TOABIKHOTO COCTaBa.
Pesyabtatsl. [Ipeanoxens! 1 chopMyTHPOBaHBl OCHOBHBIE MOJIOKEHHS OTHOCHTEFHO TOHSTHS «OKW3HEHHBIN IHKI
JIeOpMaIIMOHHON pabOoTHl IyTW». YCTAHOBJIEH METOJA, Ha OCHOBE KOTOPOIO IONYYECH AaJITOPHTM OIPEICIICHUS
Pe3yIbTaTOB TUHAMHYECKOTO BO3AEHCTBHUS MOABM)KHOTO cOCTaBa Ha myTh. CPopMyIHpoBaHE OCHOBHBIC MPUHIIUIIBI
COCTaBJICHUS PACUYCTHBIX CXEM 3JIEMEHTOB YKEIe3HOJJOPOKHOTO ITyTH JUIS OICHKHU Tporiecca AeopMaTHBHON paObOTHI
nyTd. Pa3paboTaH anroput™, KOTOpBIA JaeT BO3MOXKHOCThH IMOJYYUTh 3HAUCHUsI MOJIEH HanpspKeHuid, nedopmanmit
U TMepeMelIeHUH BCeX TOYEK OHJIEMEHTOB KOHCTPYKIMH NyTH. Ha OCHOBEe MOJy4yeHHBIX IOJEeH HampspKeHHO-
JehOpMHUPOBAHHOTO COCTOSIHUSI ITYTH CO3/[aH ajrOPUTM 10 YCTAHOBJICHHIO 3aBHCUMOCTH Tporiecca Ae(hOpMaTHBHOCTH
W KOJIMYECTBA DHEPTHH, 3aTpayrBacMoil Ha nedopmatuBHylo padoty mytn. Hayunas HoBm3Ha. ccrnenoBanus Bo-
MIPOCOB HAJSKHOCTU ITyTH MOTHBHUPYIOT Pa3paOOTKy HOBBIX MOJIENIEH, JAF0T BOZMOXXHOCTh PACCMaTPUBAThH €€ B Tede-
HHUE HEKOTOpO# HapaboTku. CyIIecTByeT HEOOXOAUMOCTD ONPEICICHUS KPUTEPHEB, HA OCHOBE KOTOPHIX BO3MOXHEI
OIIEHKa W TPOTHO3MPOBAaHHME M3MEHEHHS COCTOSIHHI ITyTH B IPOIIECCE €ro dKCIUTyaTalnuu. B pabote mpemnoskeHbl
OCHOBHbBIE TMPHUHLHUIIBL, METOIbl, AJTOPUTM M TEPMUHBI, Kacalouluecs MPOBEIEHUs] HCCIEAOBAaHHUS BOIPOCOB
HanekHOCTH IyTH. IIpakTHyeckasi 3HAYUMOCTh. AHAUINTHYIECKHE MOJENH, UCIIONb3yeMbIe MPH ONpENeIeHUN Ta-
paMeTpoB TPOYHOCTH U YCTOWYUBOCTH IYTH, ITOJHOCTHIO YAOBIICTBOPSIOT MOCTABICHHBIC 3a1a4r, HO HE MOTYT OBITh
MPUMEHEHBI TSI ONpENeNeHHs MapaMeTpoB HaIeKHOCTH IyTH. OJHUM W3 TJIaBHBIX (PAaKTOPOB HEBO3MOKHOCTH
MIPUMEHEHUS 3TUX MOJEJIEH SIBIIsIeTCS KBa3uJMHaMU4ecKui noaxon. [loatomy, Kak nmpaBuiio, MOJIy4arOT U UCCIEAYIOT
HE OJMH JMHAMHIYECKUH Mporecc paboThI JKeJIe3HOAOPOKHOTO IIyTH, a €ro HMociencTeusi. Kpome Toro, Takme MoIenu
OTHOCSTCS K TUIOCKHAM, YTO TAKXKE JOOABIISET OIPEACICHHBIC CIIOXHOCTU CPaBHCHHUS PE3YIILTATOB C AKCIICPUMEHTOM,
TaK KaK HEJIErko B 0OBEMHOM IIPOIECCE BEINETUTH €0 BIMSHIE B OIPAHNYCHHBIX dacTsX. [IprMeHeHne YHCIeHHBIX
METOJIOB pacUIMpsieT BO3MOXKHOCTH, HO TaKKe JI€NaeT HEBO3MOXKHBIM PAaCCMOTPEHHE CaMOro IMHAMHUYHOIO Ipolecca,
TaK KaK HEBO3MOKHO BBECTH IPOIIECCHI, O0YCIABIUBAONIIE PEaKIMI0 Ha HArpy3Ky. [lo3ToMy mpemiokeHHOEe MOe-
JMPOBaHKE MO3BOJISET pacCMaTPUBATh HEMOCPEACTBEHHO JIMHAMUYECKHUIT TIPOLIECC M OLIEHHUBATh €ro Onarojaps HOBO-
MY KPUTEPHIO — )KH3HEHHOMY IIUKITY 1e(pOpPMAIIMOHHON pabOThI My TH.

Kniouegvie crosa: MopenupoBaHue; >KU3HEHHBIH MK, 1e()OPMaTHBHOCTb IIyTH; OCTaTOUHbIE AedopMaIuu; pa-
060TOCIIOCOOHOCTR; BOJTHOBOE PACIPOCTPaHEHHE; HAIPSDKEHHO-Ie(OPMHPOBAHHOE COCTOSHHUE IYTH; HAJCKHOCTD
IyTH; TIEPEMEIIEHUE ITYyTH
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TO THE MODELING ISSUES OF LIFE CYCLE OF DEFORMATION
WORK OF THE RAILWAY TRACK ELEMENTS

Purpose. This article highlights the operational cycle modeling of the railway track elements for the development
processes study of deformability as the basis of creating a regulatory framework of the track while ensuring the reli-
ability of the railways. Methodology. The basic theory of wave propagation process in describing the interaction of
track and rolling stock are used to achieve the goal. Findings. The basic provisions concerning the concept «the
operational cycle of the deformation track» were proposed and formulated. The method was set. On its base the al-
gorithm for determining the dynamic effects of the rolling stock on the way was obtained. The basic principles for
the calculation schemes of railway track components for process evaluation of the deformability of the way were
formulated. An algorithm was developed, which allows getting the field values of stresses, strains and displacements
of all points of the track design elements. Based on the fields of stress-strain state of the track, an algorithm to estab-
lish the dependence of the process of deformability and the amount of energy expended on the deformability of the
track operation was created. Originality. The research of track reliability motivates the development of new models,
provides an opportunity to consider it for some developments. There is a need to define the criteria on which the
possibility of assessing and forecasting changes in the track states in the course of its operation. The paper proposed
the basic principles, methods, algorithms, and the terms relating to the conduct of the study, questions the reliability
of the track. Practical value. Analytical models, used to determine the parameters of strength and stability of tracks,
fully meet its objectives, but cannot be applied to determine the parameters of track reliability. One of the main fac-
tors of impossibility to apply these models is a quasi-dynamic approach. Therefore, as a rule, not only one dynamic
process of the railway track is prepared and assayed, but also its consequences. In addition, such models are flat, that
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also adds some complexity to compare the results with the experiment, since the process is not easy to distinguish
the bulk of its limited influence in parts. The application of numerical methods extends the capabilities, and makes it
impossible to consider the dynamic process, because it is impossible to introduce the processes that govern the re-
sponse to the load. Therefore, the proposed modeling makes it possible to examine directly the dynamic process and
evaluate the process due to the new criterion, the operational cycle of the strain gauge.

Keywords: modeling; operational cycle; the deformability of the track; the residual strain; efficiency; wave
propagation; the stress-strain state of the track; track reliability; track travel
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JIO BUPIIIEHHS 3AIAY PO3PAXYHKY KOJIIf HA MIITHICThH I3
YPAXYBAHHAM HEPIBHONPY X KHOCTI NIJPEMKOBOI OCHOBH

Meta. Mozynb IPY>KHOCTI MiPEHKOBOI OCHOBH € OJIHIEIO 3 OCHOBHMX XapaKTEPHCTHK I OLIHKH HalpyXeHO-
nehopMarifiHoro craHy 3a1i3HM4HOI Koutii. ITnTaHHs 1mo/10 HeoOXiHOCT] B Pi3HUX BHIAAKaX BPaxOBYBaTH HEPIBHOIPY-
JKHICTB ITIIPEHKOBOT OCHOBH BXKE PO3IIIsiiaiiacs, OJIHaK pe3ysIbTaTH MICTATh J0BOJI CKJIaJHI MaTeMaTH4HI MiIX0M Ta He
BKJIQHAIOTECS. B MEXI CTAaHOAPTHOTO IHXKEHEPHOTO PO3paxyHKYy KoOJii Ha MimHiCTh. TOMYy METOI0 IaHOK poOOTH
€ OTPUMAHHSI PIIICHHS B PaMKax MPUITyLIEHb Ta HApOOOK 3a3HaueHOro NokyMeHTy. Metoauka. IIpononyeThest B AKOCTI
MOJIeNi PO3TIIIATH PEHKy SK OajKy, KOTpa Mae CYIJIbHE HABAaHTAKCHHS 3 TaKMM OOPHCOM, BIATIOBITHUM [0 3HAYCHHS
MOZIyJIS IPY>KHOCTI, 1110 A€ eKBiBaJEHTHHUI IPOTHH NPH BUTFHOMY OONHMpaHHI Ha OMOpPH. Y [BOMY BHIIAJKy HEPIBHOMIp-
HICTh MOJYIISl IPY’KHOCTI BPaXOBY€THCSI BIIIIOBIAHOIO 3MIHOIO OOpUCY HABaHTAKEHHS 1, 3 ACIKIMH IPHUITYIICHHIMH, A€
3MOT'y OTPHUMATH KOPEKTHBH I 3arajJbHOBIIOMUX 3aeKHOCTEH. Pe3yabTaTn. OTpuMaHO METOX BpaxyBaHHS IOCTYIIO-
BOI 3MiHM MOJYJIsl IPY>KHOCTI MiJIPEHKOBOT OCHOBU BBEJICHHSIM KOPEI'yBaJIbHOTO KOE(IlliEHTY B iH)KEHEPHHUI PO3paxyHOK
KOJIii Ha MilHICTh. PO3po0ieHo po3IIMpPeHHs! ICHYIOUOro PO3paxyHKy KOJIii Ha MIIHICTh Ul BpaxyBaHHs Pi3KOi 3MiHU
MOJIYJIsL TIPY>KHOCTI TiZPEHKOBOT OCHOBH (HAIPHKIIA[, PH MEPEXoAi 3 0anacTHOI KOHCTPYKLi Kouii Ha MicT). OTpuMaHo
XapaKTEePUCTUKY 3MiHH CHJI, [IIIOYMX Bil PEHKH Ha OCHOBY, B 3aJISKHOCTI BiJ| BiICTaHI 10 MOCTa Ha JIUISHII Migxo.y 3 Oa-
JacTHOI KOHCTPYKLIi Koutii. OTpuMaHi pe3yJibTaTH Iepepo3noALTy i chil IpH Pi3Kiil 3MiHI MO IPYXKHOCTI HiJpei-
KOBOi OCHOBH IOSICHIOIOTh YTBOPEHHS BEPTUKAIBHNX HepiBHOCTEH nepex moctoM. HaykoBa HOBHM3HA. Y IOCKOHAJIEHO
METOJMKY IHKEHEPHOTO PO3paxyHKY KOJil Ha MIITHICTh I BUKOHAHHS PO3PAaXYHKIB 13 YpaxyBaHHSIM HEePiBHOIPYKHOCTI
minpeiikoBoi ocHOBH. [IpakTu4Ha 3HAYUMicTh. OTpHMAaHi pe3yIbTATH TO3BOJIATH BUKOHYBATH {HXKEHEPHI PO3PaXyHKH
JUTSL OLIHKY MIITHOCTI KOJIii B MICIIIX HEPIBHOIPYXKHOCTi, 00YMOBIICHOI CTAaHOM KOJIil 200 0COOIMBOCTSMH KOHCTPYKITIi.
Takox cTae MOXKIMBOIO BHPILIIEHHST 3BOPOTHOI 3a1a41 — BU3HAYEHHS MOAYJIS IIPY>KHOCTI ITiIpEHKOBOT OCHOBH 3a Pe3yib-
TaTaMH HaTypHUX BUMIpPIOBaHb HAIIPYXXEHb B peHKax (3 ypaxyBaHHAM 3a3HAYEHUX YMOB).

Kniouosi cnosa: po3paxyHOK KoJlii Ha MIITHICTB; MOAYJIb MPYXXHOCTI MiIPEHKOBOI OCHOBH; HEPIBHOIPYKHICTH
MiIpeiKOBOT OCHOBH; HAIIPY)KEHHS B KOJIIT

MIITHOTO TIOJIOTHA TOIIO. MOro 3HaueHHs cKiaja-
€TBCS 3 YKOPCTKOCTI KOXKHOTO 3 €JIEMEHTIB, ajie He
B PiBHIi¥ Mipi, a 3 ypaxyBaHHAIM iX BKJamy y 3ara-
npHY Aedopmanito Ha MATH Aii. CTyIiHb X BKIaIy
Oyne CyTTEBO 3aJieKaTH BiJl AMHAMIKH IPOIECY.
UuM MEHITy »XOPCTKICTh Ma€ Imap, THM OibIna
YacTHHA NPOTHHY OyJe peani3oByBaTHUCS caMme 3a
paxyHOK Horo nedopmartii.

HepiBHONpYXHICTh MiAPEHKOBOT OCHOBU MOXE
BUHUKATH y Pi3HUX BHUmajakax. lle moxe Oyt Ha-
CIIIOK TOPYIIEHL CTaHY 3alli3HUYHOI KOJii — Ha-
SBHICTh TIPOCA/IOK, HEMPHUIATHUX CKpIIJIeHb, 3a-
OpynHenHs1 Oanacty tomo [7]. HaitOinpm wyTiu-

Beryn

Monysp npy>KHOCTI MiAPEHKOBOI OCHOBH € OJI-
HI€I0 3 OCHOBHHX XapakTePUCTHK I OI[IHKH
HarpykeHo-nedopmarliitnoro crany 3ami3HUIHOL
Kkoiii. BiH BHU3HA4Yae 3B’A30K MDK IIFOYOKO CHJIOK
1 nedopmMariiero — OJHE 3 MOJIOKCHB, HA IKOMY Oa-
3YEThCS CYYaCHUIN METOJ 1HKEHEPHOTO PO3PaxyH-
Ky KOJIii Ha MiIIHICTb.

[Tig MomyeM MpyXHOCTI B PIBHSHHSIX iHXCHE-
PHOT'O PO3PaxyHKY KOJIii Ha MIIHICTh MA€ThCS Ha
yBa3l pIBHOMIPHO pPO3MOJiIeHa KOPCTKICTh ITiJI-
peiikoBoi ocHOBH. Bijn 3HaUSHHS I[LOTO MOKa3HUKA
3HaYHO 3aJIeKaTh PE3YJIbTaTH PO3PAXyHKIB — M

MIPOTUHU, ¥ HampykeHHs. [IuTaHHS 3 aeKBaTHOrO
BpaxyBaHHs 1 BHUMIpIOBaHHS MOJIYJsS MPY>KHOCTI
MIepIII 3a BCE TIOB’s3aHi 31 CKIAMHICTIO (PI3UIHOTO
nporiecy, Mo BinoyBaeTscs. Ha Momys ipysKHOCTI
MipedKoBOi OCHOBU BIUIMBAIOTH BJIACTUBOCTI BCIiX
€JIEMEHTIB KOJII: IMaiu, MigKiIaaky, 0anacTy, 3e-

BHMH JI0 PO3BHHEHHS MICIlb HEPIBHOMPYXKHOCTI
€ NUISHKY 3 THTeHCHBHHUM pyxoM [3] abo 3 obmu-
paHHsAM Ha cnadki rpyHTH [13].

IcHye MeTomuKa pO3paxyHKy AIHCHOTO MOIYJs
MIPY’KHOCTI TUISHKY KOJii Ha OCHOBI HaTypHOTO BU-
MIpIOBaHHSI HAalpy>XeHb B peiiKax BiJ MOi3HOrO Ha-
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BaHTa)KCHHS, sIKa SIBJISIE COOOI0 BHPIIIEHHS 00epHe-
HOI 3a/1a4i 1HKEHEPHOTO PO3paxyHKy KOJii Ha Mill-
HicTb. JIOCBiJ 3aCTOCYBaHHS TakOi METOAUKHU Y PO-
borax KomieBunpoOyBaiapHOI Taiy3eBoi HAYKOBO-
nmociigaoi madoparopii JIHY3Ty BUSBUB BHUITaIKH,
KOJI HEMOXKJIBO OTPUMATH aJICKBAaTHI PE3yJIbTaTH.
Ile mMano Micre Ha TUITHKaX 3 CyTTEBUM TOPYIIECH-
HSIM CTaHy KOJIii, HAPUKJIal 3 HAIBHICTIO TIPOCAIKH
TpeThoro crymens [1].

3 inmoro 00Ky, HEPIBHOIPYXKHICTh MOXKe OyTH
3yMOBJICHA CaMOI0 KOHCTPYKIII€O 3ai3HUYHOI KO-
7ii — 1e Micus mepex MOCTaMH Ta HUISIXONPOBOJAA-
MH. Y LObOMY BHUNAIKy MOXE CIIOCTEpIiraTucst sk
pi3ka 3MiHa MOJyYJsSl TMPYXKHOCTI MpU Oe3rmocepe-
HBOMY TIPUMHUKAHHI 3BHYAHHOT KOHCTPYKIIIi KOl
1o 0e30aacTHOl, Tak 1 OUTBII-MEHIII TIOCTYIIOBA 3a
PaxyHOK 3aCTOCYBaHHS IMEPEXiTHUX AUISTHOK, PO3-
poOKa e(eKTHBHUX KOHCTPYKLIH SKUX TPUBAE M0
cboroaenHs [8, 10].

Meta

ITutanHs HEOOXIMHOCTI B PI3HUX BHITAJKaX Bpa-
XOBYBaTH HEPIBHONPYKHICTh MiAPEHKOBOI OCHOBH
BXE PO3MJISIAIUCS B POOOTaxX JACKIIBKOX aBTOPIB,
Hanpuknag [6, 9, 10, 12, 14]. [Ipu upomy Oyno 3a-
CTOCOBaHO pi3HI MaTeMaTW4yHi METOJIH: PO3BHTOK
MOJIeN KOJii, K Oallki Ha JUCKPETHUX omopax [6,
9]; Momenb B’s3KO-TIPYKHHUX cTepkHiB [12, 13] To-
mo. byno orpumaHo ajekBaTHI pillIeHHS B paMKax
nocraBieHux 3anad. OpHaK, pe3yJbTaTh MICTATh
IIOBOJII CKJIaJHI MaTeMaTH4HI IMIAXOOH 1 He BKIaga-
IOTBCSI B ME@XIi CTaHIAPTHOTO iHXEHEPHOTO PO3pa-
XYHKyY Koutii Ha MirtHIcTh [5]. Tomy meToro 11i€i po-
00TH € OTPUMAaHHS PINICHHS B paMKaX MPHUITYIICHb
Ta HApOOITOK 3a3HAYEHOTO JIOKYMEHTA.

KBiHTEeCEHIIiS METOOUKH iHXXEHEPHOI'o po3pa-
XyHKYy Ha MIiOHICTh — JIudepeHuiiHe piBHSHHS
MPOTHHY PEeHKHA — BU3HAYEHO caMe I PiBHOIPY-
KHOI OCHOBU. TOMY BHKOPHCTaHHS MaTeMaTHIHUX
CITIBBiAHOIIEHL, OTPUMAHMX Ha HOTO TPYyHTi, He-
MOYJIUBE JJISl BUIMAJKIB, KOJM MOXYJb TPY>KHOCTI
pi3HMIi B MeKaxX JTOBKHMHH NMPOTHHY peliku. besmno-
cepeqHe BBEIEHHS MOAYJS MPYXKHOCTI K (QyHKITT
BiJl IUTSIXY y PIBHSHHS MPOTHHY PEUKH YHEMOKIIH-
BITFO€ OTPUMAHHS aHATITHIHHUX PIllICHb.

IIponioHy€eTBCS SIK MOAENL PO3IISAATH PEUKY
gk Oanky, sika Ma€ CyIliJbHe HAaBaHTaXEHHS 3 00-
pHCOM, BIINOBIZHMM 10 3HAYCHHS MOIYJIS TPYK-
HOCTI, IO Ja€ E€KBiBAJICHTHUI MpPOTWH TPH Billb-
HOMY OOTIMpaHHI Ha JBi OMOpHU. Y OMY BUMAIKY
HEPIBHOMIPHICTh MOZAYJIS TIPYKHOCTI BPaXOBYETh-

Csl BIJNOBIAHOIO 3MiHOIO OOpHCY HaBaHTAKEHHS
1, 3 IESIKUMH MPHITYIICHHSAMH, J]a€ 3MOTY OTpHMa-
TH KOPEKTHBH IS 3arajIbHOBIJOMHX 3aJICKHOCTEH.

MeTtoauka

Jiroua Ha CHOrOAHI METOAMKA IPAKTUYHOTO
pO3paxyHKy KOJIil Ha MIITHICTh, SKa BUKOPHCTOBY-
€ThCSI ISl BUPILICHHSI HU3KH 337124 B3a€MOJIii KOJIil
1 pyXoMOro ckiajgy, BHKJIaaeHO B iHcTpykuii LI1-
0117 [5]. TeopernyHi MepeayMOBH METOIUKH PO3-
paxyHKy HaBeJCHO B JEKIIbKOX JDKEperax, Halpu-
knan [4, 11]. AHami3 METOJUKH 3 TOYKH 30pY Bpa-
XYBaHHS Pi3HUX (PaKTOPiB, y TOMY YHCI i MOIyJIs
MPY’KHOCTI TiApeHKOBOI OCHOBH, OyJi0 3iHiCHEHO
aBTOPOM B paMKax poOOTH [2], MPUCBAYEHOI aHa-
73y aJbTEepHAaTUBHUX METOOUK PO3paxyHKy Ha-
MPY’KEeHO-1e(DOPMOBAHOTO CTaHY 3aTi3HUYIHOI KO-
i, 30KpeMa i OOTPYHTYBAaHHIO 3arajbHHUX IPHH-
i (GopMyBaHHA MOJENI Koiii Ha OCHOBI Teopii
PO3IIOBCIOKEHHS IPY>KHUX XBUJIb.

Haragaemo, mo sik OCHOBHY MOJIENb LIS PO3-
paxyHKy Kojii Ha MIIHICTh NPUHHATO OaiKy He-
CKIHYEHHOI JOBXHHH, SIKa ONHMPAETHCS HAa PIBHO-
MPY’KHY OCHOBY 1 CIIpHiiMae HaBaHTaXXCHHS BiJ
MOOAMHOKOT BEpTHUKANBbHOT CHITH, pHC. 1.

P ()

T T L
m‘ —_— C]:f(x)

Yz

Vi

Puc. 1. Po3paxyHkoBa cxema IporuHy Oanku
Ha PIBHOIPYXHii1 OCHOBI

Fig. 1. Design scheme of beam deflection
on an elastic foundation

Toni nedopmoBanmii cTaH Oaku Oyne onucyBa-
THUCSI 3aTAITbHOBIIOMIM I (EpeHIITHIM PiBHIHHIM
4
EI d—4Z +Uz=0, (N
dx
ne EI — xopcTkicTh Oanky (peiky) Ha TPOTHH;
Z — BepTUKAIBHHUU MPOTUH PEUKH;, X — BIICTaHb
MO peiinl BiJl TOYKU HpuKkiIaganHs cuwin; U — Mo-
JyJIb MIPY>KHOCTI MipeiKOBOT OCHOBH.
OmauM 3 6a30BUX MPHUIYIIEHL TAKOTO ITiAXOIY
€ TIpsSIMa 3aJISKHICTh MK PEaKTUBHUM OIOPOM OC-
HOBH (¢ ) 1 MPOTUHOM PEUKH

q(x) =Uz(x) . )
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SIkmo
U =const ,

3)

TO po3B’s3aHHs piBHAHHA (1) 3 ypaxyBaHHSIM TIEB-
HUX TPAHUYHUX YMOB BiJIOMO
Pk .
z(x) =Ee_k" (coskx+sm kx), 4

ne P — BeprukanbHa cuia, JIit04a Ha pewky; k —
KOeQIIIEHT BiTHOCHOT )KOPCTKOCTI

N
4FET

BesnocepenHe BBeaeHHS MOIYJISl IPYKHOCTI SIK

)

¢bynakmii Bix musixy U = f (x) y PIBHSHHS TIPOTH-

Hy peiiku (1) yHEMOXIUBIIIOE OTpPUMaHHS aHai-
TUYHUX PillIeHb IS 3aCTOCYBAaHHS B 1H)KEHEPHHX
pospaxyHkax. @opmynu, sKi OTpEMaHi Ha OCHOBI
piBHsiHHS (1) 1 Horo pimeHHs (4) 11 po3paxyHKY
3THHAIOYOTO MOMEHTY B Tepepi3i peiiku, morepe-
YHOI CHJIM TOIIIO i, K HACJIIOK, HAIIPYXCHb B elie-
MEHTaX 3ali3HWYHOI Koumii [5], He MOXyTb OyTH
BHKOPHWCTAaHI JJII OKPEMOTO Tepepidy 3 BiIOMHM
MOJIyJIEM TPYKHOCTI MiIperKkoBoi ocHOBH. st ix
aJIeKBaTHOCTI yMoBa (3) MOBHMHHa BHKOHYBATHCS
xoua 0 Ha JTOBXKWHI BITIyTHOTO MPOTUHY PEHKH

Vax € {z(x) # 0}|U(x) = const . (6)

3aJIe)KHO B BEIWYMHU MOIYJIS TPYKHOCTI
MiAPEeHKOBOI OCHOBH [OBXHHA IIPOTHHY PpEHKH
MOJKe CKJIaJjaTH MPHOIU3HO BiJ 3 10 6 METpIB.

[t BUpiteHHs 3a/1a4di B yMOBaX HEBUKOHAHHS
yMoBH (6), MIPOMOHYETHCA PO3TISHYTH albTepHA-
TUBHY PO3PaxyHKOBY CXEMY: pelika NmpuiMaeThcs
K Oallka, 10 BiTbHO ONMUPAETHCS HA JIBi OMOpPH
1 IPOTHHAETHCS BiJl PO3MOALTICHOTO HABAHTAXKEHHS
q = f(x), puc. 2. llpu BignoBigHOMY 00pHCYy Ha-
BaHTa)XGHHS 1 BiZICTaHI MK ONOpaMH, TaKWH ITiJI-
XiJ1 1a€e pe3ysbTaT TOTOKHUN MONEPEIHBO PO3IIIs-
HYTOMY.

/L]:f(x)

F— 1

z=f(x) /

vz

Puc. 2. Po3paxyHkoBa cxema IporuHy OaiKu mpu
obmupaHHi Ha OTIOPH

Fig. 2. The design model of beam deflection during
the rest on supports

IIpu BukoHaHHi ymoBU (6) IUIsI TOTOXHOCTI
PO3paxyHKOBUX CXeM OOpHC HABaHTa)XEGHHS BU-
3HA€TbCs 3 piBHAHHA (1) 3a 3arajabHOBIIOMUMH
MU EepeHIIHHIME CITiBBITHOIIEHHIMH XapaKTepH-
CTHK IIPOTUHY OalKu

q(x)= %ke'kx (coskx +sinkx) . (7)

TakuM 4HHOM, JJIsl OTPUMAHHS PO3PaxXyHKOBOT
cxemu, sika Oyje BIAMOBITATH 3MIHHOMY MOIYJIIO
MPYXHOCTI migpelikoBoi ocHoBU U = f (x) , Ilo-
CTaTHBO 33JIaTH BiNMOBIIHUN OOpUC HAaBaHTAKEH-
Hi g = f(x).

PosrnsiHeMo BUMAIOK, KOJIM MOAYJIb TIPY>KHOCTI
3MIHIOETRCS JTiHIITHO. Ha puc. 3 300pakeHo obpwuc
3MiHHM HaBaHTAXXCHHS 110 JIOBXKUHI PEHUKH JJIs IBOX
BUNAJKIB: [/ — JAJIsl TIOCTIHOTO 3HAYCHHS MOJYJISI
Hpy>KHOCTI migpeiikoBoi ocHoBu U, 110 BiJNOBi-
nae piBHsHHIO (7); 2 — IS TIHIHHOTO 30UTBIICHHS
MOAYJIs IpYXKHOCTI Bix U, y ToYLi MpPUKIAAEHHS

cuau 1o U, y Todui mijJ yMOBHOIO ONOPOIO.

A q=/x)

Puc. 3. O6puc po3noaiicHAS HaBaHTaXCHHS
IO JTOBXKHUHI PEUKH:
I — 1 noctiiHOro 3HaYeHHs MOy npyskHocti (U, ); 2 — nns

JiHIHHOrO 301IbIIEeHH MOy I npyskHocTi (Bin U, 1o U,)

Fig. 3. The shape of the load compartition along
the length of rails:
1 — for constant values of modulus of elasticity (U, ); 2 — for

a linear increase of module elasticity (from U, to U,)

Jliss BUKOHAHHS IMOJAJBIINX PO3PAaXyHKIB 10-
OUTGHO TTOAATH HABAHTAXKEHHS, SIK 1Bl CKJIAJOBI:

4,19,

q9=9,+4,;
g, =f(x):U=U;
g, =f(x):U=U,.U,/q,

®)

Toni oOpuc HaBaHTa)KeHHsA ¢, BIANOBiJA€ JiHIi

«I» Ha puc. 3, a 0OpUC HaBaHTaKEHHsA ¢, HaBeJe-

HO Ha puc. 4.
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A q,x)

/—"\ X
0 \__

\4

Puc. 4. O6puc nopaTKOBOro HaBaHTAXEHHS ( ¢, )
0 JOBXKHMHI PEUKH

Fig. 4. Shape of additional load (¢, ) along
the length of the rail

SIK BUSIBWIIM JOCHIIDKEHHS, Y MEXKax IiISTHKA
HNporuHy QyHKLi0 ¢, = f(X) 3pyYyHO anpOKCUMY-
BaTH MOJIHOMOM BHILY

q,| x€ [Oi—;j =ax” +bx* +ex',  (9)

3n
ex'r—-x; k=f(U,).
e X mo X SU)

Buxogsun 3 3araapHOBIZOMHX CITIBBIIHOIIEHD
XapaKTEPUCTUK TPOTUHY OaJKW, MOXKHA BHU3HAYU-
TH 3TUHATLHUNA MOMEHT

M(x)= H q,dxdx + H q,dxdx .

[epma cknanosa popmynu (10) BU3HaYa€THCS
3 piBHsHHS (7), a npyra — 3 piBHSIHHSA (9)

(10)

M| xe 03—ﬁ =£e_k"(coskx—sinkx)+
4k 4k

Pk( ax” bx"* o
+— + +
41 10 6 3

(11

I'padix 3MiHM 3rHHAIEHOTO MOMEHTY MO JOB-
JKUHI pefiKu 300paXeHo Ha pUC. 5 JUI MOCTIHHOTO
MOAYJISl TIPYKHOCTI MigpetikoBoi ocHoBu (U, ) 1 3a
¢dopmynoro (11) anst yMmMOB 30iNbIICHHS MOMIYJIS
npyxHocri Big U, no U, .

Sk BUgHO 3 pHC. 5, B MICIII MEHIIIOTO MOIYJIS
MPY>KHOCTI MiAPEHKOBOI OCHOBH BiOyBa€eThCs 30i-
JIBIICHHS 3TUHAJIBHOTO MOMEHTY 32 PaxyHOK Iepe-
PO3MOIiTy IPOTUHY PEHKHU 3 30HHU OiJIBIII )KOPCTKO-
T0 OOTMPAHHS JI0 30HH O1IBIII TOAATIHBOTO.

HameBHo, s kopekiii came I1H)XXEHEPHOIO
PO3paxyHKy IOCTaTHBO OOIWTHCH Koe(ilieHTOM
k), , sxuii Oyne BpaxoByBaTH 30UIBIICHHS 3THHA-

JEHOTO MOMEHTY (@ BIAMOBIAHO 1 MaKCHMAaJBLHO
BIPOTiTHUX 3TUHAJIBHUX HANpPYXECHb B PEHIl) st
nepepizy 30iry cuiu 3 HaMEHIIUM MOJIYyJIeM Tij-
PENHKOBOI OCHOBU

M{}llaxUz =(1+kM)Mll}1lax. (12)
A M=f{x)
2
e
1 X
0 e B

Puc. 5. 3mMiHa 3rUHAIBLHOTO MOMEHTY
T10 TOBXKUHI PEeHKH:
1 — 171 TOCTIHHOTO 3HAYEHHST MOIYJIs npykHOCTi (U, ); 2 — ms

niniiiHOTO 36iNBIICHHST MOayIst ipyxkHocTi (Big Uy no U,)

Fig. 5. The change of bending moment along
the length of rails:
1 — for the constant values of modulus of elasticity (U, ); 2 — for

a linear increase of the modulus of elasticity (from U, to U,)

PosrnsHeMo iHIIHMI BUTIATO0K HEPIBHOIPYKHOC-
Ti miapelikoBoi ocHOBU. [Ipu nMpuUMUKaHHI 3BUYali-
HOI KOHCTPYKIIi1 Kouii no O6e30anmactHoi (miaxix g0
MOCTa) CIIOCTEPIraEThCs AYXKE pi3Ka 3MiHA MOIYJIIS
NPYKHOCTI mifpeiikoBoi ocHoBH. Takwii mepexin
He MOXe OyTH ONHMCaHO 3a HAaBEICHOIO BUILE Me-
TOAWKOI0. BpaxoByroun Jry’ke BEIHKY >KOPCTKICTh
KOJii Ha MOCTY, MOXXHA TPHHHATH BIICYTHICTbH
NPOTUHY MiJpeHKoBOi OCHOBH. B Takomy pa3i
SK PO3PaxyHKOBY CXEMY IPOIOHYETHCS BHKOPHC-
TOBYBaTH HaBeJIeHY Ha puc. 1, ane NpuiHATH, 10
3 OHOTO OOKY (IIPUMUKAHHA 10 MOCTY) peiika 00-
MUPAEThCS HA OMOpPY, puC. 6.

P ==1x)

V<

Puc. 6. Po3zpaxyHkoBa cxema NpOTHHY OaJKH
Ha IUISHII TiIXO0y 0 MOCTa

Fig. 6. Design scheme of the beam deflection
at the site of the approach to the bridge

[porun Ganmku Oyne OMUCYBAaTUCS KJIACHYHUM
piBHstHHSM — Qopmyna (1). [Ipu #oro po3s’sizaHHi
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HasBHICTh OONMMpaHHsA Oajdkyd Ha omopy Oyzae Bpa-
XOBaHE BIAMOBITHOI MPAHUYHOK YMOBOIO

z(b) =0, (14)

ne b — BiACTaHb BiJ TOYKHM MPHUKIATAHHS CHIIH
(MTOJIOKEHHS KoJieca) 10 MOCTa.,

Toni mporun peiiku (dpopmyna (4)) B gacTHHI
BiJl TOYKU MPUKJIATaHHS CHJIM 10 MOCTa OyJie BHU-
3HaYaTUcs 3a HOpMyIor0

Pke™

U(l - th)

ne B =kb — moka3HHK BifiCTaHi 10 MOCTA.

z(x) = (—tgPcoskx +sinkx), (13)

[HIII Ba)kKIMBI XapaKTEPUCTUKU — 3TUHAIBHUH
MOMEHT Ta CHWJIa, Jifoua Ha onopy (BUKOPHCTOBY-
€TBCS B IHKEHEPHOMY PO3PaxyHKY Ha MIHICTb [5]
JUISL pO3paxyHKy Harpy>K€Hb Ha ITOBEPXHI IINAJH,
B OajacTli Ta HAa OCHOBHIM IUIOLIANL[ 3EMJITHOTO
MOJIOTHA) — OyAyTh BU3HAYATHCS 32 TaKUMHU (op-
MyJIaMH, OTPUMaHUM 3a 3arajlbHOBITOMUMH Aude-
PEHLIAHUMHU CIiBBiJHOMICHHIMH XapaKTEPUCTHK
MIPOTHUHY OaIKH:

B 2k(1—th)(

—kx
O(x) = %(—tgﬁ cos kox +sin kx ),
1—-1gP

M (x) coskx +1gBsinkx) ; (15)

(16)

ne [ — BiIcTaHb M OCSAMH IINAJI.

®Dopmynu (14...16) He TIPOTUPIUITH BiAMIOBII-
HUM BUpa3aM y iH)XKEHEpHUX po3paxyHKax Ha Mill-
HICTH [5], 1 MOXYTh OyTH JONyYeHi 10 HUX Oe3Mo-
CepeHbO.

Z, MM

0 T T T T T T
0 025 05 0.75 1 1.25 1.5 L.75 2

1 Xx,M

Puc. 7. IIporus peiiku mo TOBKUHI BiJl TOUKH
MPUKJIaJIaHHS] CUJIN:
1 — 6e3 MpUMHKaHHS 10 MOCTa; 2 — 3 IPUMHKAHHIM
IO MOCTa Ha BijacTadi 1 M

Fig. 7. The beam deflection along the length from
the point of force application:

1 — without adjunction to the bridge; 2 — with adjunction
to the bridge at a distance of 1 m

PosrissreMo mipuKkIitan po3paxyHKy IiISTHKH KO-
Jii 3 MOAyJEeM MPYXHOCTI MigpeHKOBOI OCHOBU
50 MIIa 3 npuMHKaHHSIM JI0 MOCTa Ha BiJCTaHi 1 M
Bif ToukH npukianeHHs cuau y 100 kH. TTowarox
BIIJTIKY TIO OCi aOCHHC BiAIIOBITAE TOYIN MPHUKJIA-
nanHs cwid. ['padik mporuHy pedku 300pa)KeHo
Ha puc. 7 (JiHisg «2»). s nopiBHAHHS 300pakeHO
MIPOTHH /ISl BUMAKY BiICYTHOCTI MMPUMHUKAHHS 10
Mocrta (JiHis «1»).

I'padixy 3MiHM 3rHHATEHOTO MOMEHTY B peiii
1 CHJIH, TIO JTi€ BiJl peHKH Ha OMOPY, U BiIIOBiI-
HUX BUIAJIKIB 300paXeHO Ha pHC. 8 1 9 BIINOBIIHO.
M, xH™m

30 1
20 A 1

10 A /

0 T T T T T T
-10 A 025 05 0.5 1 .25 1.5 175 2
-20 A

30 7\_/2/

-40 -

Puc. 8. 3runanpHMl MOMEHT B peWIli 1O 11 TOBXUHI:
1 - 663 NPpUMHUKAHHA 10 MOCTa; 2— 3 IPUMHUKAaHHIM
JI0 MOCTa Ha BijgcTadi 1 M

Fig. 8. The bending moment at the rail along its length:
1 — without adjunction to the bridge; 2 — with adjunction
to the bridge at a distance of 1 m

O, kH
120
100
80
60 2
w0{ ' <
20 1
0 e —
207 025 05 075 1 125 15 175 2

T X, M

Puc. 9. Cuina, niroua Bix peiiku Ha oropy:
1 — 6e3 MpUMHKaHHS 10 MOCTa; 2 — 3 IPUMHKAHHIM
JI0 MOCTa Ha BiacTaHi 1 M

Fig. 9. The force acting from the rail support:
1 — without adjunction to the bridge; 2 — with adjunction
to the bridge at a distance of 1 m

3a HaBeeHUMH TpadikamMu BHUIHO 3HAYHHN
AKICHUI 1 YHCENbHUH Nepepo3NoAia 3a3HaYeHUX
XapaKTEePUCTUK IMPOTHUHY PEHKH. SIKIIO 3ruHab-
HUAW MOMEHT (i BiIMOBIAHO 3TMHAIILHI HANIPYKCHHS
B peiilli) 3MIHIOE 3HAK, aJIe 3aJUIIAETHCS PUOITH3-
HO TOTO X CaMOro piBHA, TO CHIIA, JIif0Ya Ha OMOpYy
(i BimmoBigHO HampyXeHHS B OamacTi i HA OCHOB-
HI{ MJIOIIAAIll 3€MJISHOTO IOJIOTHA), 3pocTae y 3,4
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pasy. SIkmo mpoaHami3yBaTH 3ajJeKHICTh ITHOTO
MOKa3HUKA Bij BiJICTAHI TOYKU MPUKJIAJAHHS CHIU
0 MOCTa, TO MO’KHA 3a3HAYNUTH, IO MAE€ MICIE
Habarato OinbIlle 3pOCTaHHS CHIIH, NTi04Y0i Ha ITiJ-
pelikoBi enemMeHTH Koiii. SIKicHO Takuii Tpadik
300paxxeHo Ha puc. 10.

0

0.25 b 0.75 1 125 15 L.75 2

Puc. 10. Cuia, niroua BiJ peiiki Ha OMOPY 3aI€IKHO
BiJl BIZICTaHI M)XK TOYKOO MPHUKJIATAHHS CHIIH
i TOYaTKOM MOCTa

Fig. 10. The force acting on the rail for support,
depending on the distance between the point of force
application and the beginning of the bridge

Buxonsun 3 piBHsHHA (16), MakcuManbHa Iis
Ha TIAPEHKOBY OCHOBY Oyne MaTH MicCIle Ha Bif-

. T . .
CTaH1 E MDK KOJE€COM 1 IIOYaTKOM MOCTa. I[J'ISI

PO3MIIIHYTOTO TPHUKJIAAY LS BIICTaHb CKJalae
npubmm3Ho 0,7 M.

Pe3yabTarn

3HaueHHs koediuienta k,, (popmyna (12)),

BHU3HAYCHOTO 32 BUIIICHABEICHOI METOAUKOIO, JIJIsI
pI3HHX BapiaHTIB 3MiHM MOJYJS MPYXKHOCTI HaBe-
JleHo y Tabu. 1.

Tabnuns 1
3HaueHHs KoedinieHTa k,, 3aJIe:KHO Bijl 3MiHM
MOJYJIl MPYKHOCTI MiPeiikoBoi 0CHOBH
Table 1

The k,, coefficient value depending on changes
in the elastic modulus in the rail base

U, U, , Mlla

MIla 30 40 50 60
20 0,077 0,115 0,130 0,131
30 0,044 0,063 0,067
40 0,022 0,029
50 0,008

Tak, HanpUKJIa, TPU 3MiHI MOZYJS MPYKHOCTI
Bixm 20 MIla B Touri mpuKIagaHHs Cwim (po3Ta-
nryBaHHs Koseca) 1o 50 MIla Ha kiHIli 30HU MPO-
THHY, 3HAYCHHS 3THHATBHOTO MOMEHTY 3pOCTaE Ha
13 % (me HaBITH MOPIBHSIHO 3 PO3PAXyHKOM ISt
PIBHOMPY>KHOI OCHOBH 3 MEHIIMM 3HAYEHHSIM MO-
IyJst mpykHocTi. Taka 3MiHa MOAYJS TPY>KHOCTI
MOJKE BIJIMIOBIATH MICII0 Ha KOMNii 3 CYTTEBOIO
mpocaako. B TakoMmy pasi 3pocTaHHS MOIYJS
MPYKXHOCTI HameBHO Oynae BimOyBatucs B 0oOMIBI
croponu. Toxi 3HaueHHs KoedilieHTa k,, IOBH-

HHO OyTH TIOJBOEHO 1 30iNbIICHHS 3THHAIBHOTO
MOMeHTy Oyne ckianati Bxe 26 %. Toai dopmyna
(12) Habyze Takoro BUTIISILY

Urv, =(1+2kM)M['}:aX. a7

SIKIo MOIyJb MPY)KHOCTI MigPEHKOBOiI OCHOBU
B TIepepi3i MmiJ] CUIIOK0 OCTaTHBO Benukuit (50 Mlla
Ta OUTBIIE), TO TTOMANIBIIE HOTO 30UIBIIICHHAS 0 J0-
BXHHI PeHKH (B pealbHUX MeXaxX) He IPUBOIUTH 10
BiAYYTHOTO TIEPEPO3NOALTY IIPOTHUHY PEHKH.

SIKIIo 3HAYEHHST MOAYJIS MPYXKHOCTI MO Kpasix
30HU MPOTHHY pelKu mocTaTHhO Benmke (60 Mlla
Ta OLIBINE), TO HASBHICTDH IJ CHIIOK «M’SKOTO»
MICIISl BXK€ HE MPUBOJUTH JIO MOAABIIOTO 301JTb-
HIEHHS 3THHAJIBHOTO MOMEHTY, IO TOSICHIOETHCS
HEMOJXKJIMBICTIO PEHKH 3a TaKUX YMOB IPOTHYTHUCS
BignoBimHO a0 piBHsAHHA (1) 1 mpu 1pomy 3abe3rre-
YUTU BUKOHAHHS YMOBH (2).

[epexin B Mekax MPOTHHY PEHKH 3 OLIBIIOrO
MOJIYJsl IPY’KHOCTI Ha MEHILIMH HE PO3IIIANAETHCS
— B TaKOMY BHUIIJIKy B Iiepepisi Mg cuiioro He Oyne
CIIOCTEpIraTHCsl 3pOCTaHHS 3THHAJIBHOTO MOMEHTY
1 BIMTOBITHO 3THHAILHUX HAPYKCHD B PEHIIi.

OTtpumaHHI pe3yabTaTH MEPepO3NOAUTY Mdii CHIT
NpH pi3Kii 3MiHI MoayJs mpykHocTi (puc. 10) mo-
SCHIOIOTh TIEPIIONIPUYMHY YTBOPSHHS BEPTHKANb-
HUX HEPIBHOCTEH Tiepen MocToM. Ha momambrmmmii
PO3BHUTOK HEPIiBHOCTI (OUIBII MOJIOTOMY TOIIMPEHi
Jaji BiJl MOCTa), OKPiM 3a3HaueHUX MPUYUH, OyIyTh
BIUTMBATH JTUHAMIYHI e()eKTH il BII MPOXOIKECHHS
PYXOMOTO CKJIaTy IO BJK€ HasiBHIM HEPiBHOCTI KOJIii,
JIOCITiKeH1, HarpuKIiiaz, B podori [10].

HaykoBa HOBM3HA i NPaKTHYHA
3HAYUMICTD

VY 10CKOHAJICHO METOIUKY 1HKEHEpHOTO po3pa-
XYHKY KOJIii Ha MIIIHICTh JUISI BUKOHAHHS PO3paxy-
HKIB 3 ypaxyBaHHSIM HEpiBHOIPY)KHOCTI MiIpei-
KOBOI OCHOBH.
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OTtpuMaHi pe3yNbTaTH J03BOJLITh BHKOHYBaTH
IH)KEHEpH] PO3paxyHKH JUTS OLIHKK MIITHOCTI KOJIii
B MICLSIX HEPIBHOMPY>KHOCTI 3YMOBIJICHOI CTaHOM
Koutii a00 ocoOmuBOCTAMH KOHCTPYKIii. Takox cTae
MOJKJTMBOIO BHUpIIIEHHS 0OepHEHOi 3a1a4ui — BHU3Ha-
YeHHST MOJYJISl MPY>KHOCTI MiJPeHKOBOI OCHOBHU 3a
pe3yJbTaTaMd HAaTYpPHHX BHMIpPIOBaHb Halpy>XeHb
B pelikax — 3 ypaxyBaHHSM 3a3HaYE€HHX yMOB.

BucHoBkH

1. OTpuMaHO MeETOXI BpaxyBaHHS IOCTYIOBOL
3MIHH MOJYJS TIPYXHOCTI MiPEeHKOBOI OCHOBH —
dopmynu (12) i (17) — 3aco00M KOperyBajibHOTO
koedimienTa (Tabm. 1) B MexkaxX iHXKEHEPHOT'O PO3-
paxyHKy KOJil Ha MIiI[HICTb.

2. BcTtaHoBieHO, 110 HASBHICTH JIOKAJbHOTO
3MEHIIEHHS MPYXXHOCTI MigpeldKoBoi OCHOBU (Ha-
MPUKIIAJ, Y MICIli MPOCAAKN) MOXKE 301IbIITyBaTH
3TMHAIOYM HaINpyKEeHHS B pelikax 1o 1,25 pasy.

3. Po3po0iieHo po3mIupeHHs 1HXEHEPHOTO PO3-
paxyHKy Kouii Ha MinHicTb — ¢popmynu (15) i (16)
— ISl BpaxXyBaHHS Pi3KOi 3MiHM MOJIYJIsl TIPYKHOC-
Ti MAPEUKOBOi OCHOBH (HAIPUKIIAL, TIPH TTEPEXOIi
3 0ajacTHOI KOHCTPYKII KOMii Ha MICT).

4. OTpuMaHO XapaKTepUCTHKY 3MIHH CHII
(puc. 10), mirounx Bil peHKHA HA OCHOBY, 3aJIC)KHO
Bil BIACTaHI J0 MOCTa Ha MAUIAHII MiIXOAy
3 0anmacTHOI KOHCTPYKLil Koumii, 0 Jae iHCTpy-
MEHT JUISl OLIHIOBAHHS Ta MPOTHO3YBAHHS PO3BHT-
Ky HEpiBHOCTEH.
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K PEHIEHUIO 3AJTAY PACYETA IIYTU HA IPOYHOCTD C YYETOM
HEPABHOYIIPYT'OCTH NOAPEJIBCOBOI'O OCHOBAHUA

Hens. Moaynp ynpyrocTH MOAPEIbCOBOTO OCHOBAHMS SIBJISICTCS OZHOW M3 OCHOBHBIX XapAKTEPUCTHK IS
OLIEHKH HAaNpsDKCHHO-A€(OPMUPOBAHHOTO COCTOSHHUSI IKEJIE3HOJOPOXKHOTO IyTH. HeobGXxoauMocTs B pas3HbIX
ClIy4yasiX y4YUTHIBATh HEPABHOYNPYTOCTh IOAPEIHCOBOIO OCHOBAaHMS HEOJHOKPATHO PacCMaTpUBAlach, OJIHAKO
pe3yapTaThl COAEPXKAIM JOCTATOYHO CIIOXKHBIE MaTeMaTHYeCKHe TIOJIXOJbl, a IIOJy4EHHbIE pELICHUs He
YKJIaJIbIBAJIMCh B TPAHUIIBI CTAaHJAPTHOTO MHXEHEPHOT'0 pacuera MyTH Ha MMPOYHOCTh. [109TOMY 11eN1bt0 TaHHO# paboThI
SBJISICTCSl TIONyYeHHE pelIeHHs B paMKax JOIYIIEHWH M HapaOOTOK OO003HAUYEHHOro JOKyMeHTa. MeToauka.
[Mpemtaraercss B KauecTBe MOJEIM PAacCMaTpHUBaTh PEJIbC KaK OajKy, KOTOpas MMEeT paclpeleieHHYI0 HarpysKy
TaKoOro0 OYEpTaHHs, COOTBETCTBYIOILETO 3HAYEHHIO MOMYJS YIPYrOCTH, YTO IaeT SKBUBAJIEHTHBIA NPOrud mpu
CBOOOJHOM pa3MelleHuH Ha omopax. PedyabTarbl. [lodyueH MeTon ydera IOCTEIICHHOTO HM3MEHEHHS MOIYJIS
YIIPYrOCTH MOJPENHCOBOIO OCHOBAHMS BBEICHNEM KOPPEKTHPYIOMIET0 KO3()(DHIMEHTa B NHKEHEPHBIN pacdeT MyTH Ha
MPOYHOCTb. Pa3paboTaHO pacImIMpeHue CyHIeCTBYIOIIETO paciyeTa IyTH Ha MPOYHOCTh AJIS y4eTa Pe3KOro M3MEHEHUs
MOZYJIs yIIPYTOCTH MOAPETHCOBOTO OCHOBaHUS (HAIIPUMED, TIPH Iepexoie ¢ OATacTHON KOHCTPYKIMH ITyTH Ha MOCT).
IMTomyyena xapakTepHCTHKa U3MEHEHUS! CHJI, ICHCTBYIOIINX OT Pelibca Ha OCHOBY, B 3aBUCUMOCTH OT PAacCTOSTHUS 110
MOCTa Ha yYacTKe MHOAXoja ¢ OamiacTHOM KOHCTpyKumu myTu. [lomydeHHbIE pe3ynbTaTel NepepaclpeeleHUs
JEUCTBHSA CHUJ HPU PE3KOM HM3MEHEHHM MOAYJSI YIPYTOCTH IMOJPEIECOBOIO OCHOBAHUS OOBACHSIOT 0Opa3oBaHHE
BEPTUKAJIBHBIX HEpoBHOCTeH mepel mMocToM. HayyHasi HOBH3HA. YCOBEPIICHCTBOBAHA METOAMKA HMH)XEHEPHOTO
pacdera IMyTH Ha NPOYHOCTH JJISI BHIOJIHEHHS PacyeToOB C yYETOM HEPAaBHOYNPYTOCTH HMOAPEIHCOBOIO OCHOBAHMS.
IIpakTHyeckast 3HaUMMOCTb. [lomydeHHbIe pe3yabTaThl MO3BOJISIOT BBIIONHATh HHXKEHEPHBIE pacyeThl AJIs OLIEHKH
MPOYHOCTH ITyTH B MECTAaX HEPABHOYIPYTOCTH, 0OYCIIOBIEHHOW COCTOSHUEM ITyTH MM OCOOCHHOCTSIMH KOHCTPYKIIUH.
Takxe BO3MOXKHO pelIeHHe 00paTHOM 3a1auu — ONpeeneHne MOIYJIsl YIPYroCTH HOAPEILCOBOIO OCHOBAHMUS IO pe-
3yJbTaTaM HAaTYPHBIX H3MEPEHHUI HAPSDKEHUH B PeJIbcax (C yIeTOM NPUBEACHHBIX YCIOBHH).

Kniouesvie cnosa: pacuer mnyTH Ha MPOYHOCTb, MOAYJAb YNPYTOCTH THOAPEIBCOBOIO OCHOBAHMS;
HEPaBHOYIPYTOCThb NOAPEIBCOBOIO OCHOBAHUS; HAPSXKEHUS B IIyTH

D. M. KURHAN""
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V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 37 31 542, e-mail kurgan@brailsys.com,
ORCID 0000-0002-9448-5269

TO THE SOLUTION OF PROBLEMS ABOUT THE RAILWAYS
CALCULATION FOR STRENGTH TAKING INTO ACCOUNT
UNEQUAL ELASTICITY OF THE SUBRAIL BASE

Purpose. The module of elasticity of the subrail base is one of the main characteristics for an assessment intense
the deformed condition of a track. Need for different cases to consider unequal elasticity of the subrail base repeat-
edly was considered, however, results contained rather difficult mathematical approaches and the obtained decisions
didn't keep within borders of standard engineering calculation of a railway on strength. Therefore the purpose of this
work is obtaining the decision within this document. Methodology. It is offered to consider a rail model as a beam
which has the distributed loading of such outline corresponding to value of the module of elasticity that gives an
equivalent deflection at free seating on bearing parts. Findings. The method of the accounting of gradual change of
the module of elasticity of the subrail base by means of the correcting coefficient in engineering calculation of a way
on strength was received. Expansion of existing calculation of railways strength was developed for the accounting of
sharp change of the module of elasticity of the subrail base (for example, upon transition from a ballast design of a
way on the bridge). The characteristic of change of forces operating from a rail on a basis, depending on distance to

doi 10.15802/STP2015/38250 © 1. M. Kypras, 2015

97



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 1 (55)

3AJIIBHNMYHA KOJIIA

the bridge on an approach site from a ballast design of a way was received. The results of the redistribution of forces
after a sudden change in the elastic modulus of the base under the rail explain the formation of vertical irregularities
before the bridge. Originality. The technique of engineering calculation of railways strength for performance of
calculations taking into account unequal elasticity of the subrail base was improved. Practical value. The obtained
results allow carrying out engineering calculations for an assessment of strength of a railway in places of unequal
elasticity caused by a condition of a way or features of a design. The solution of the return task on definition of the
module of elasticity of the subrail base by results of natural measurements of tension in rails taking into account the
given conditions is also possible.

Keywords: railways calculation for strength; module of elasticity of the subrail base; unequal elasticity of the
subrail base; tension in a railway
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THE PROCESS OF FORMATION OF RAILWAY WHEEL DAMAGES
AND TIRES IN OPERATION

Purpose. The dependence analysis of structural changes in the metal of railway wheels and tires from indicated
influences in operation, for the further development of strategy of service reliability growth. Methodology. Test
materials are the details selected from railway wheels which were taken out of operation beforehand because
of various damages. Micro-structural researches were made with the use of light microscope Epiquant and electron
microscope. The sizing of structural elements was done by using the methods of quantitative metallography.
Findings. Over the past few decades the rapid development of industry was supported by the steady growth of in-
tensity of using railway transport. In this case simultaneous increase of load at wheel set axle, with the increase of
speed was accompanied by natural increase of the amount of cases of premature wheels and tires’ withdrawing out
of operation. Railway wheel, except the formation of metal layer at rolling surface with the high defects concentra-
tion of crystal structure and first of all dislocations, falls under thermal influence from interaction with break blocks.
The nature of joint influence (cold deformation and heating) on the metal rim of a wheel is conditioned by the ap-
pearance of sufficiently high gradients of structural changes that can be considered as the influence on the level of
internal residual stresses. In case of the rise of volume part of carbide phase at a constant ferrite grain size, it is
achieved only by the increasing of dislocation nucleation sources without changing the number of annihilation posi-
tions. In this case the accumulation of dislocations at the initial stages of plastic deformation (in metal volume in
front of delta arm crack) will lead to the formation of cementite globes around certain interlocked dislocation den-
sity. In contrast the sharp increase of deformation hardening carbon steel parameters is observed. Originality. Dur-
ing the braking of locomotive the speed rise of metal heating at rolling surface is provided with the increase of tem-
peratures that is enough for the beginning of phase transformations. Under the further cooling there is the formation
of a number of structures formed from sliding to diffusive mechanisms. As a result the chosen areas become the
centers of future metal deformations on wheels’ rolling surface and tires. Practical value. Based on the study of
patterns of damages’ formation in railway wheels and tires from the peculiarities of internal metal structure and the
working conditions «Classifier of defects» was developed and «Technical tips for determination of causes of cracks
in solid-rolled railway wheels and destruction in generaly», which have been implemented on Ukrzaliznytsia.

Keywords: railway wheels; tires; microstructure; damage; destruction

Introduction formed which help to create a variety of defects
[2, 6, 14, 18]. Wheel impacts on splice joints can
cause the appearance of cracks on the rim.
Represented factors of operation with the metal
disadvantages on the requirements of technical
standard documentation on products can lead to
untimely operation elimination of railway wheels.

doi 10.15802/STP2015/38252 © N. A. Grischenko, 2015

In contact with the rail a wheel is under signifi-
cant static and dynamic loads. As a result in the
areas of wheels’ touching with the rails large con-
tact stresses are appeared. During the breaking be-
tween wheels and blocks large frictional forces are
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Over the past few decades the rapid develop-
ment of industry was supported by steady growth
of operation rate of railway transport. In this case
simultaneous increase of loads on the wheel set
axis together with speed increase was accompanied
by natural increase of the number of cases of pre-
mature wheels and tires’ withdrawing out of opera-
tion [11]. For reasons given just to adjust wheels’
withdrawal it is necessary to increase their produc-
tion about 5...10% per year [13]. Taking this into
account the problem of increasing service
reliability of railway transport is the urgent one.
The problem is quite difficult and depends on the
solution of a number of questions that have defined
the impacts on the level of operation reliability of
wheels and tires.

Purpose

The analysis of structural changes in metal of
railway wheels and tires from defined impacts dur-
ing operation for the further development of in-
creasing concept their operation reliability.

Methodology

Test materials are the details selected from
railway wheels which in turn prematurely due to
various damages were taken out of operation. Mi-
cro structural researches were made with the use of
light microscope Epiquant and electron micro-
scope. The sizing valuation of structural elements
of steel in a wheel was done by using the methods
of quantitative metallography [7].

Findings

Railway wheel without reference to the tech-
nology of its production must conform such re-
quirement as accumulation on its rim the necessary
level of tangential residual compressive stresses.
These stresses break the process of appearing and
increasing cracks of different origin [19].

Wheels that are produced under the technology
of hot deformation at thermal strengthening (after
the last shape-generating operation) are subjected
to constrain differential cooling. Roll surface and
the part of flank rim surface are cooled by heavy
water flow, wheel disc and wheel hubs are cooled
in the air. Then the wheel is subjected to dropping-
out in the mode: about 500 °C, 3 hours.

For producing the railway wheel the casting
technology under pressure is used. The wheel that

is produced with the help of such technology is
different with chemical composition of steel and its
structure.

Through this the wheels that are produced with
the help of various technologies have their design
peculiarities.

During thermal rim strengthening (the technol-
ogy of thermal deformation) the temperature of
rolling surface reduces quickly and comes up about
250 °C, when the disc and the hub of a wheel are
cooling much more slowly. That’s why in the
wheel rim (at rolling surface) tangential tensile
stresses are appeared, that considerably exceed the
mark of metal fluidity. The relaxation of these
stresses is done due to plastic deformation. At that
time a wheel disc is under the action of compres-
sive stresses. The process of temperature equaliza-
tion during cooling in the air after thermo strength-
ening and tempering of steel is accompanied by the
change of sign before formed stress field. Thus in
the rim the residual stresses become the compres-
sive stresses and in the disc they are tensile.
Above-mentioned conclusions as to the level and
the sign of residual stresses that appear in different
elements of a wheel are proved by known facts
[19]. The measurement of residual stresses showed
that in the wheel which was produced by technol-
ogy of hot deformation and the further thermo
strengthening mentioned stresses approximately in
twice, exceed the value of similar characteristics in
the wheel made by casting technology. Mentioned
differences are due to various structural metal con-
ditions according to the production technology and
the difference in division of thermal fields in the
elements of a wheel during cooling. It should be
noted that the level of residual stresses in the
wheels which are manufactured by the technology
of hot deformation meets the requirements of ISO
and State Standard Specification 10 791 [9].

Comparative analysis of internal structure of
the investigated wheels showed the existence of
differences and also a significant similarity. Indeed
if the rim of a wheel which is under accelerated
cooling has in general more fine-grained structure
and for these reasons higher strength properties
than in the condition of hot deformation for a cast
wheel the situation is different. Low cooling rates
lead to the formation of such primary structure in
different elements of a wheel (Fig. 1, a) which
with slight differences in dispersion is similar to
that which is observed after hot deformation.
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a

Fig. 1. The structure of spray wheel
(a — macrostructure, b — no solid).
Magnification: b — 100 times

Taking into consideration that the layer of metal
thermo hardening with high strengthening proper-
ties on the average is to 8% of rim volume, men-
tioned differences may be compensated for the ac-
count of dispersion increase of pearlite component
or the increase of its volume part. Indeed the in-
crease of the pearlite quantity in cast wheel for ac-
count of steel using with a high content of carbon
allowed exceeding the requirements as to the
strengthening properties of a wheel (State Standard
Specification 10 791) on average at 3% from higher
and at 25% from lower interval boundary as to
hardness on average at 18%. However plastic prop-
erties were lower due to the presence of coarse-
dispersion on pearlite structure and excessively high
carbon content of steel as a result an excessive
quantity of pearlite component is formed. Besides,
as addition researches of internal structure of metal
showed that the steel of cast wheel especially near
the surfaces has the slight adhesion (Fig. 1, b) and a
number of non-metallic inclusions in the form of
sulfides (total number below 0,5).

Recently the developments as to the proposals
in the direction of increasing the load on the rolling
stock elements are not left without attention the
wheel pair. On the basis of this the estimation of
the current level of stresses in the most loaded
places of wheels was conducted depending on their
structural features (Fig. 2) and the diagrams of op-
erational forces. It is established that the highest
stress concentration that occurs and operates in the
places of transition from the hub to the disc (appli-
cation area 1) and from the disc to the rim (applica-
tion area 2), as it is shown in Fig. 2.

a b

[\

Fig. 2. The places of stress determination on the wheels
produced according to the technology of hot
deformation (a) and casting ()

The level of stresses was defined by the meth-
ods described in the work [15], adapted to the form
of cast wheel which differs from the wheel shape
which was made according to the technology of
hot deformation. To determine the stress level the
form of a wheel was modeled by separate elements
of tetrahedral form, the total number of which rose
from 55 to 85 thousand. For the solution of the cu-
bic polynomials their coefficients were determined
by using parametric functions as given in [12]. On
the basis of this it is considered that the stress of

arbitrary point moving U (P) is the line of combi-
nation of tetrahedron moving;:
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()= 31,(PU (1)

Where [,(P) — linear function of coordinates,
which is equals to 1 at the top of (V]) and 0 in an-

other places of element; l—](Vj) — elastic moving

of the top V; of the element.

With the help of given methods the values of
stresses were identified that appear in the transition
areas between the elements of the wheel (applica-
tion areas 1 and 2) in Fig. 2. So for the wheel that
has the form shown in Fig. 2, and equivalent
stresses in application area 1 added the meaning

120 H/MMZ, and in application area 2 -

110 H / MM’ . The increase of radius of curvature in

two times for application area 1 resulted into re-
duction of the level of working stresses approxi-

mately at 20% (100 H/ mm”), and in application

area 2 they went down to 38 H/mm? . Thus taking

into consideration the given facts it is possible to
suppose that the increase of curvature in transition
areas between the elements of the wheel reduces
the equivalent stresses that occur in it during the
operation.

The magnitude of railway wheel skidding from
interaction in the places of contact with the rail
connected with durable properties significantly, as
metal on the rolling surface and on the working
surface of the rail [20]. On the basis of a suffi-
ciently large number of studies on modeling the
process of wear, as well as field testing it is de-
termined that the minimal values of the railway
wheels’ wear and rails are achieved by the condi-
tions of approximately the same values of their
hardness [11, 20]. On the other hand it is known
the same level of durable properties in steels can
be achieved by various structural condition — after
thermal hardening treatment —improvement, when
the carbide phase has globular form or after accel-
erated cooling (at speeds below the critical value)
laminar form [19].

The analysis of normative and technical docu-
mentation [1, 9] shows that in the conditions of
Ukraine the railway wheels mainly made of carbon
steel at 0,55...0,65% carbon while for the rail
higher carbon steel is used at 0,7...0,8% C. In hot-
rolled condition or after annealing the steel struc-

ture for railway wheels with stoichiometry can
have about 25% of structurally free ferrite. It is in
the form of layers separating the pearlite colonies
or at a sufficiently low cooling speeds in the form

Fig. 3. The structure of metal rim of railway wheel after
thermal hardening (), pearlite colony after 30% of
plastic deformation (b), (magnification 1 000 — a,

16 500 — b)

The increase in the rate of cooling such as dur-
ing thermal strengthening of wheels’ rim is ac-
companied by a simultaneous dispersion of pearlite
and partial reduction of the volume fraction of
structural free ferrite due to the formation of
pseudo-eutectoid. However even the usage of
highest possible cooling rates (limitation by the
geometrical sizes of wheels’ rim) does not elimi-
nate the presence of structurally free ferrite com-
pletely. According to normative and technical
documentation [19] it is allowed the presence of
structurally free ferrite in the form of irregular grid
on the limits of austenitic grains. At the same time
the cooling rate is sufficient to austenitic grains
after the removal of structurally free ferrite turned
into a finally differentiated sorbitol for pearlites
mechanism (Fig. 3, b).
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Thus the metal structure of railway wheels in
the volumes near the surface of the rolling surface
is the sorbitol pearlite with layers of structurally
free ferrite which provides the required level of
resistance to the processes of fatigue and wear dur-
ing operation.

In comparison with the laminar form of carbide
phase which is as a part of pearlite colonies is ca-
pable to plastic deformation, globular carbides for
example after the improvement on the contrary
even after deformation which leads to the complete
destruction of the product practically remain un-
changed [4]. In this case on the processes of de-
formation strengthening at metal loading it is very
important the location of carbide globules in the
matrix [17]. In case when globular particles are
mainly located along the boundaries of ferrite
grains (Fig. 4, a) the increasing of plastic proper-
ties is observed and particularly the resistance of
metal nucleation and propagation of cracks at low
temperatures.

The explanation of given example is based on
the fact that interfacial ferrite-carbide surface per-
forms the function of both source and the place of
annihilation of dislocations [1]. Based on this it
becomes clear that the increase of volume fraction
without changing the dispersion of carbides, is ac-
companied not only by the increase of durable
properties and that is the most important that the
resistance to nucleation and growth of cracks at
low temperatures of loading is increased.

In cases when the grain size of ferrite signifi-
cantly exceed inter carbide distance (Fig. 4, b) the
picture changes significantly. Taking into consid-
eration that interfacial surface of the ferrite globule
carbide has the ability to absorb the dislocations
only in the case when the fraction is located in the
slide area of dislocations; it becomes clear the role
of multiannual boundaries of ferrite in the devel-
opment of annihilation processes of dislocations
during plastic deformation. The result will be that
the increase of volume fraction of the carbide
phase at a constant grain size of ferrite will be ac-
companied by the increase of the number of
sources of dislocations while the number of places
of their annihilation remains unchanged. In this
case the excessive balance of dislocations will be
on the initial stages of plastic flow of the metal and
facilitate the formation of globular carbide layer
particles from mutually blocked dislocations. In
turn the formation of given volumes around the

carbides can be considered as future centers with
high probability of nucleation of submicrocracks.

& = o

Fig. 4. The structure of carbon steel after cold plastic
deformation and heating up to 700 °C, when the grain
size of ferrite (d ) is equal to the distance between
carbides (1) (a),and at d > A (b), (magnification
2000 —a, 4 000 — b)

On the basis of the analysis of the development
of the processes of deformation strengthening in
carbon steels with different morphology of carbide
component it becomes possible to determine the
optimal structural state of metal, taking into ac-
count the operating conditions of the product.

Thus the railway wheel except the formation of
metal layer on the surface of the rolling element
with a high concentration of crystalline defects and
first of all dislocations is open to thermal influence
from the interaction with brake blocks. The nature
of joint influence (cold deformation and heating)
on the metal rim of the wheel specified the appear-
ance of sufficiently high gradients of structural
changes which in turn can be considered as the
influence on the final level of internal residual
stresses. But the effect largely depends on numer-
ous factors the main of which are the degree of
metal work hardening of the wheel rolling surface
and the intensity of heating (energy density brak-
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ing, frequency and duration of interaction with
braking blocks). Taking into consideration the ex-
istence of temperature gradient from the surface of
the rolling element the intensity of the heating will
be accompanied by the development of the proc-
esses of structural transformations in metal.

In this case the character of given structural
changes will largely be connected with the distance
of the layers of metal from the surface of heating.
Thus in the surface metal layers due to the very high
temperatures up to 700...800 C, the fine-grained
ferrite structure with cementite particles of different
morphology is formed. Moreover the metal volumes
with a high degree of accumulated deformation
(higher libel) will correspond more fine-grained
ferrite structure with a high number of globular ce-
mentite with different ratios of mid-axles. In the
metal layer, through the development of the proc-
esses of coalescence and dynamic recrystallization,
the residual stresses from libel will be reduced sig-
nificantly and as a result there will be the increase of
the metal ability to deformation strengthening and
resistance to crack nucleation [10].

For more in-depth from the surface of the roll-
ing of metal layers for which the temperature does
not exceed 500...550 °C, the picture is different. It
is known that at temperatures of metal heating until
the beginning of recrystallization in curing cycle
polygonizational processes begin their develop-
ment. Their development is accompanied by the
redistribution of dislocations which are accumu-
lated during libel and eventually the configurations
in the form of polygonal sub structural distribution
surfaces. It should be taken into consideration that
the more complete the processes of polygonization
the less integrity of the development of recrystalli-
zation. Thus at a certain depth from the rolling sur-
face, a metal layer with fully or partially completed
processes of forming structures of polygonization
occurs. According to the different estimates [1] it
can be up to 70% of the accumulated density of
dislocations which almost all are in the bound
state. Numerous successive stages of braking ex-
cept heating will be accompanied by metal wear
from the rolling surface. The metal layer with po-
lygonal structure will be closer to the rolling sur-
face and in succession (in proportion to the defor-
mation gradient) will be opened to libel. New dis-
locations interacting with a polygonal structure
will be blocked which in turn will lead to the com-
plication of the development of the process of re-

crystallization and the required level of libel reduc-
tion will not be achieved. In this case the slow-
down of the development of relaxation of internal
stresses must reduce the metal ability to the defor-
mation hardening and as a result of such position
to reduce the resistance of wheel steel and emer-
gence of submicrocracks.

Thus at a certain depth from the rolling surface
of the railway wheel the metal layers with a high
level of fragility are formed. Experimentally ob-
serving the lack of appearing in the given metal
layer (except the examples of locations outside the
normative oxides restrictions, slag inclusions and
etc.) cracks can be obliged to the existence of the
broken grid of structurally free ferrite. The avail-
ability of such component in the structure of wheel
steel additionally promotes the development of
relaxation processes at achieving the maximum
possible concentration of crystalline defects in the
ferrite pearlite. One explanation is the very rapid
development of recrystallization of structurally
free ferrite in comparison with paralytic colony at
heating during the braking of rolling stock.

In modern conditions the increase of the mass
of rolling stock, with a simultaneous increase of
the intensity of movement, accompanied by the
increase of loading on railway wheels and rails.
Taking into consideration that under the conditions
of high traction and breaking powers the motion
process is on the verge of clutch, the question of
optimal structural condition of railway wheel, tires
and rails becomes relevant. Apart from this for
higher speed movement the temperature influence
is significantly increased especially in the area of
contact of the wheel (tire) -rail. The given impact
significantly connected not only with the structural
state of the metal, but also with the peculiarities of
the braking process. The comparative analysis of
the influence on metal on the rolling surface, using
disc brakes and block scheme, showed the exis-
tence of having much in common and also their
features. Taking into account the specific character
of loading, operating conditions, there is a certain
different and optimal structural state of the metal
of railway wheels and rails. Thus for the railway
wheels the thermal strengthening processes are
used especially for the amounts of metal rim which
help to form small differential laminar structures of
sorbitol with intermittent grid of structurally free
ferrite, which is located on the former multi angu-
lar austenitic boundaries. The rails, on the contrary
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are strengthening by thermal treatments, which
lead to the structures of improvement — the struc-
tural transformations by sliding mechanism with
the further steel tempering [16]. In this case the
structural metal state is the finely divided globules
of carbide phase evenly located in ferrite matrix.
Based on the analyses of the internal structure of
metal rim of railway wheel it is determined that af-
ter thermal hardening treatment the structure is a
ferrite-pearlite mixture of various degrees of disper-
sion and morphology, depending on the distance
from the surface of forced cooling [5]. During op-
eration the railway wheel is open to a variety of in-
fluences. Thus, the emerging metal libel on the roll-
ing surface having a certain gradient of values in the
depth of the rim at the same time with the tempera-
ture gradient on the rim thickness from the interac-
tion with a rail is determined the nature of structural
changes in metal. However the nature of structural
changes in metal of railway wheel during operation
may vary depending on the used braking scheme.
For braking schemes with the use of braking
pads it is determined that the compression of rail-
way wheels on the rolling surface helps with suffi-
ciently high speed to increase the temperature in
subsurface metal layers. In this case the tempera-
ture of heating according to various estimates [1]
in the metal layer up to 1 mm may be sufficient for
the beginning of phase transformations (up to
800 C). Thus, for the metal volumes which are
being heated up to 600...650 °C with the previous
cold hardening, adequate 40-50% of plastic de-
formation, in the places of pearlites colonies par-
tially formation is observed (depending on the de-
gree of plastic deformation and the heating tem-
perature) spheroidized carbide particles (Fig. 5).
The layers of structurally free ferrite after given
influence can turn into chains which consist of
small grains of different morphology. The reduc-
tion of the distance from the rolling surface at the
same time increases the cold hardening degree of
metal rim and the temperature of heating. As it was
determined by the research, the heating of carbon
steel from 0,6% C up to the temperatures of
700...720 °C after the previous plastic deformation
60...70% is accompanied by the development of
the processes of recrystallization, the grain size of
ferrite is inversely proportional to the heating rate
and the cold hardening amount.
Taking into consideration that the contact spot
of the railway wheel-rail has sufficiently small size

for one rotation of the wheel on the rolling surface,
a narrow strip with sufficient slander degree is
formed, while adjacent areas on the rolling surface
remain unchanged. So, only due to the interaction
of a wheel and a rail during free rolling, quite het-
erogeneous metal cold hardening on the working
surface of the rim occurs.

Fig. 5. The structure of pearlite colony of carbon steel
after deformation 30% of heating up to 65 °C.
(Magnification 2 000)

In the process of braking, during the interaction of
braking pads with the wheel, relatively equable metal
heating over the total contact surface is accompanied
by the development of the processes of structural
changes with simultaneous volume alignment and the
reduction of accumulated defects in the crystal metal
structure. Except this, the braking pads function as a
kind of tool that removes the surface metal layer in-
cluding the areas with little surface damages.

Thus, in the process of braking the equable
cutting of heterogeneous cold-worked with possi-
ble surface damages in metal layer takes place,
which can be considered as a kind of improving
quality process of the rolling surface. The surface
heating contributes to the relaxation of internal
stresses from the remains of work-hardened metal.

Further, during the railway wheel operation the
structural changes on the rolling surface will have
their development. After the end of braking stage,
without train stopping, the heated wheel with par-
tially removed damaged metal layer further is ac-
cessible to the plastic deformation with high tem-
perature heat. When the heating degree is enough,
the processes of relaxation of internal stresses on
the places are taken place. With the gradual reduc-
tion of temperature, the consistent development of
the processes of recombination of defects in the
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crystal structure up to about 400 °C, dynamic aging
strain up to 350...200 °C can lead to the increase
of durable properties at constant stock of plasticity
and in some cases to increase the plasticity and
brittle destruction resistance [4].

The nature of structural changes, during the rail-
way wheel operation, when using the disc braking
system, is different from the observed ones when
using the pads. At first, it should be noted the lack of
equable metal heating on the rolling surface. The
emerging of metal cold hardening from the interac-
tion with a rail as it is above mentioned has a very
high heterogeneity in the rolling surface. The energy
transmission at braking from the braking discs
through the axis of wheels’ pair on the place of con-
tact with a rail is limited by sufficiently little area.
Based on this it can be assumed that sufficiently large
voltages from a high energy density are appeared.
This is due to the relatively low heating temperatures
of subsurface metal layers of a wheel. In this case the
lack of development of relaxation processes (insuffi-
ciently high temperature), the accumulation of de-
fects in the crystal structure to the maximum possible
boundary and at diverse beginning of brake elements
operation to a failure of conditions of in adhesion, all
this will help to appearing of defects on the rolling
surface and the wheels removal out of service. Tak-
ing onto account the experimental data [8], which
showed that lately on the train, the cases of using the
disc braking system become more frequent, prema-
ture wheels’ withdrawal at a failure of the geometry
conditions. The rolling surface of railway wheel from
the form of like circle, relatively quickly turns into a
polygon. Given information can be considered as one
of the evidences of probability of structural changes
in the metal of wheel rim when using the different
braking systems.

Steels that are used for the manufacture of
wheels and tires, after hot plastic deformation as it
is showed above, have the structure that consists of
pearlite colonies and the areas of structurally free
ferrite. The increasing of cooling rate, for example
as at thermal strengthening treatments of railway
wheels simultaneously with the dispersion of pear-
lite colonies it is observed the decrease of volume
fraction of structurally free ferrite due to the for-
mation of pseudo eutectoid [7]. However even in
the case of achieving the highest cooling rates, it is
impossible to eliminate the allocation of layers of
unbound ferrite on multiangular boundaries of aus-
tenite grains (Fig. 6, @).

So, the optimal structure that can be formed in the
process of accelerated cooling of the rim of railway
wheel is laminar sorbitol with intermittent grid of
structurally free ferrite. Taking into consideration
sufficiently complex form of railway wheel and the
size variation of its elements, fully train wheel and its
individual elements can be under strengthening ther-
mal treatment. Such approach for the solving the
problem of increasing the reliability of railway wheel
service are depending on the loading conditions. One
of the possible characteristics can be the occurring
stresses that appear in wheel’s elements from inter-
ferences. Taking into account the structural peculiari-
ties of the wheel disc, the form of the diagram
stresses gave the opportunity to develop the process
of thermal strengthening treatment which allows
through the formation of structural state of a wheel
disc influences on the level of internal stresses of the
rim. So, during the using of forced accelerated disc
cooling, especially in the places of transition to the
rim and hub, due to the formation of bainitic struc-
tures at a certain depth from the cooling surface and
further self-tempering (adequate individual heating
up to temperatures of 600...650 °C) globular struc-
tures of carbide phase are achieved.

In comparison of the laminar form of cementite,
which is a part of pearlite colony is able to bear
large plastic deformation [7], globular carbides on
the contrary even after the degrees of deformation
when the metal is destroyed, remain practically un-
changed. In this case, the development of the proc-
esses of dispersive hardening largely determines the
metal behavior under loading. So in the case when
cementite globulars are located on the multiangular
boundaries of ferrite grains (Fig. 6, b), it is experi-
mentally observed the increase of metal resistance
nucleation and the growth of cracks, especially for
the relatively low temperatures [4].

The shown position by the ratio between the
number of nucleation sites and annihilation of dis-
locations during the metal slander is conditioned.
In the case of location of cementations globulars
on the multiangular ferrite boundaries, interfacial
surface of ferrite- cementite performs the functions
of both the source and the places of annihilation of
dislocations after they perform the deformation act
[4, 7]. Based on this it becomes evident that the
increase of volume fraction of cementite, even
without taking into consideration the dispersion,
increases the resistance to nucleation of cracks due
to the low level of deformational strengthening [4].
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Fig. 6. The structure of wheel steel from 0,6% C after hot plastic deformation (a), after quenching from the normal

temperature tempering at 650 °C, deformations 50..

.60%, annealing at 650 °C (b), after quenching from

the normal temperature tempering at 650 °C, deformations of 15%, annealing at 650 °C (¢).
Magnification 800 (a), 2 000 (b), 4 000 (c)

In a case when the grain size of ferrite greatly
exaggerates inter carbide distance (Fig. 6, c), the
picture is largely changed.

The given position of different absorption ca-
pability of dislocations after the elementary act of
the plastic deformation of metal is conditioned. In
comparison with multiangular ferrite boundaries,
interphase ferrite-cementite can be the place of
annihilation of dislocations only in the case when
cementite globular is located in crystallographic
glide area of dislocations. Then with the increase
of volume fraction of carbide phase, at a constant
grain size of ferrite only the increasing of sources
of dislocations’ nucleation is achieved, without the
changing the number of annihilation places. In this
case the accumulation of dislocations at the early
stages of plastic deformation (in metal volumes in
front of the delta arm of a crack) will form around
the cementite globulars certain density of inter

blocked dislocations. Based on this there is a sharp
increase of parameters of deformation hardening of
carbon steel [3]. Taking into consideration, that for
medium and high carbon steels the increase of de-
formation strengthening is accompanied by the
decrease of plastic properties, it can be considered
that in this case the metal volumes near inter phase
surfaces allocation will be the most likely places of
submicrocracks’ origin.

Thus, when using carbon steel with the number
of carbon when there is no possibility of eliminat-
ing the structurally free ferrite, optimal structural
condition should be considered as laminar struc-
tures. Pearlite colonies together with structurally
free ferrite take part in the plastic metal deforma-
tion, which makes possible the development of
annihilation processes, which help to break the
processes of nucleation and the growth of micro-
cracks in metal of railway wheels during operation.
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On the other hand, taking into account the
emergence of quite complex stress state of metal in
the wheel disc during operation it can be consid-
ered that the use of strengthening of thermal treat-
ment of disc will contribute to the change of the
stress field in the other elements.

Originality and practical value

In the process of breaking the rolling stock the
increase of heating speed of metal on the rolling
surface is accompanied by the temperatures’
growth, which is sufficient to the beginning of
phase transformations. There are the formation of
several structures from the formed of sliding to
diffusion mechanisms at further cooling. As a re-
sult, the indicated areas become the centers of fu-
ture metal destructions on the rolling surface of
wheels and tires.

Based on the study of regularities of damages’
formation in railway wheels and tires from the pe-
culiarities of internal metal structure and the oper-
ating conditions “The classifier of defects” was
developed and «Technical tips for determination of
causes of cracks in solid-rolled railway wheels and
destruction in general» should be introduced on
Ukrzaliznytsia.

Conclusions

Based on the analysis of occurring stresses in
the transition areas between the elements of a
wheel, the direction of the change of geometrical
sizes of the elements is defined, that will reduce
the equivalent stresses.

The analysis of changes in the internal structure
of carbon steel due to the heating degree from the
rolling surface shows that the proportional to the
temperature gradient the internal stresses are ap-
peared, which lead to the formation of destruction
origination in the places with low metal resistance.

The use of materials with a low coefficient of
heat transmission for the manufacture of braking
pads in the comparative conditions of braking in-
crease the temperatures’ gradient in metal near the
rolling surface.
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INPOLOEC ®OPMYBAHHS YIIKO’KEHD 3AJIIBHUYHUX KOJIIC
TA BAHJAXIB ITPU EKCINVIYATALII

MeTta. Y po0oTi HEOOXiTHO MIPOBECTH aHAII3 3aJIeKHOCTI CTPYKTYPHHUX HEPETBOPEHB y METali 3aJli3HUIHUX KO-
Jic Ta 0aHIaXiB Bil BU3HAYEHHMX BIUIMBIB MPH €KCILTyaTallii, I8 NOAAIbIIO] PO3POOKH KOHIEMIIT MiABUILEHHS 1X
eKcIuTyaTaniitnol HaxifiHocti. Metonuka. Marepian ais IOCHipPKeHb — (parMeHTH, BiniOpaHi BiA 3alli3HUYHHUX
KOJIiC, SIKi, B CBOIO 4Yepry, MoNepeayacHo, 32 paXyHOK PI3HOMAaHITHHX YIIKOPKeHb, OYyJIM BUIIyUYeHI 3 eKCIUTyaTalil.
MIiKpOCTPYKTYpHI JOCIIJDKEHHS TPOBOJMIM 3 BUKOPUCTaHHIM CBITJIIOBOTO Mikpockorna Epiquant. Ta elekTpoHHOTO
Mikpockona. OLiHKY po3Mipy CTPYKTYPHHX €JIEMEHTIB IPOBOAMIN, BUKOPUCTOBYIOUH METOAMKH KUIBKICHOT MeTa-
norpadii. PesyasTaT. B ocTaHHI AecATHPIYYS IPUCKOPEHUH PO3BUTOK MPOMUICIOBOCTI CYIPOBOKYBABCS HEYXH-
JBHAM 3POCTAaHHSIM IHTCHCHBHOCTI €KCIUTyaTallii 3ajli3HUYHOTO TpaHcmopTy. [Ipu mpoMy omHOYACHE ITiBUIICHHS
HABaHTaXCHHS Ha BiCh KOJICHOI MapH, Pa3oM i3 3pOCTaHHAM MIBHAKOCTI PYXY, CYIPOBOIKYBAJIOCS 3aKOHOMipHUM
301IBIIEHHSIM KiTBKOCTI BHIIAIKIB IEPeIIacHOT0 BUIYUYCHHS KOJIic 1 GaHIaXiB i3 eKcIuTyaTamii. 3ai3HIIHE KOJIeco,
OKpiM (OpMyBaHHS MPOIIAPKY MeTaia MO MOBEPXHI KOUSHHS 3 BUCOKOK KOHLIEHTpAIi€l NedeKTiB KpucTaaigyHol
OyZIoBH 1, B TIEpIILy Yepry, AUCIOKAIIH, M ITae€ThCSI TEMIIEPaTypHOMY BIUIMBY BiJ B3a€MOI{ 3 TaJIbMiBHUMH KOJIOI-
KaMu. XapakTep CyMICHOTO BIUIMBY (XOJIOAHE neOopMyBaHHS i po3irpiB) Ha MeTayl 0001y Kojieca 0OyMOBIIIOE BU-
HUKHCEHHS NOCTAaTHHO BHUCOKHX l"pa}liCHTiB CTPYKTYPHUX 3MiH, 110, B CBOIO 4UCPry, MOKE pO3TJIAAaTUCA, SIK BIIJIMB HaA
piBeHb BHYTPILIHIX OCTATOYHUX HanpyxeHb. [Ipu migBuieHHI 00’ €eMHOT YacTKu KapOinHoi dasu, npu He3MIHHOMY
po3Mmipi 3epHa (epuTy, HOCATAETHCS JHIIEC 30UThIICHHS JDKEpEeN 3apOJDKCHHS TUCIOKAaIild, 0e3 3MiHM KITBKOCTI
MICIIh aHITUIALIT. B IboMy BUITa Ky HAKOITMYEHHS TUCIIOKAIIH BXKe HA MOYATKOBHX €Tarax IIacTUYHOI aedopmartii
(B 00’eMmax MeTay Homnepeay Tupiia TpiluHu) Ipu3Bee 10 GOpMyBaHHS HABKOJIO TTI00YIIB IEMEHTUTY BU3HAYCHOT
IIITEHOCTI B3a€MO3a0JIOKOBaHUX MUCIoKamid. Ha mimcTaBi mbOTO CHOCTEpIiraeThes pizke IMiABUINEHHS ITapaMeTpiB
nedopManifHOTO 3MilHEHHS ByTrieneBoi crami. HaykoBa HoBH3HA. B mporeci rampMyBaHHS pPyXOMOTO CKIIAmy
MiABHUINEHHS IIBUIKOCTI PO3IrpiBy METANy Ha MOBEPXHI KOUEHHS CYIPOBOIKYETHCS 3POCTaHHAM TeMIepaTyp, HO-
CTaTHIX J0 MoYaTKy (pa3oBUX mepeTBopeHs. 1lpu momanpmomMy OX0I0oMKEeHH] BiIOYBa€EThCA MOSIBA HU3KU CTPYKTYD,
c(OpMOBaHHX BiJ] 3CyBHOTO 110 An(Y3iHHOro MexaHi3MiB. BHacIiIOK 1[bOro, BKa3aHi IUISHKH CTAlOTh OCEPEAKaMHU
MaiiOyTHIX pyHHYBaHb MeTaly Ha MOBEPXHI KoueHHS Koiic i 6anmaxi. IIpakTuyna 3Hayumicts. Ha ocHOBI BU-
BUCHHS 3aKOHOMIPHOCTEH (OpMyBaHHS YIIKO/PKEHb Y 3aJII3HUYHUX KoJiecax Ta OaHakax BiJl 0COOIUBOCTEH BHYT-
piHbOT OyJ0BM MeTally Ta YMOB eKciutyaratii po3pooneno «Kiacudikatop nedekriB» Ta «MeToandHi BKa3iBKU
3 MOPSIIKY BU3HAUCHHS NPUYMH BUHUKHEHHS TPILIMH B CYLIJIPHOKATaHUX KOJIECaX Ta PyWHYBaHHS B LILIIOMY», KOTpi
BIIPOBAPKCHO HA Y Kp3aJIi3HHULI.

Kniouosi crosa: 3ani3Hn4HI Kojeca; OaHIaxi; MIKPOCTPYKTYpa; MOLIKOPKEHHS; pyHHYBaHHS
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IMPOIECC ®OPMHNPOBAHUA HOBPE}KI[EHI/IIZI
KEJE3HOAOPOKHbBIX KOJIEC U BAHAAKEHN
ITPU SKCILVIYATALIUA

Heas. B pabote HEOOXOIMMO MTPOBECTH aHAJH3 3aBUCHMOCTH CTPYKTYPHBIX NIPEBPAICHUI B METaJUIE JKEIE3HOIO0-
POXHBIX KoyleC U OaHTaKeH OT ONpeNesIeHHBIX BO3ACHCTBUI IMPH 3KCIUTyaTalluy, I AajdbHEHIIed pa3paboTKi KOH-
LENLMY TOBBILEHUS UX 3KCIUTYaTallMOHHOM HaJeHOCTH. Marepuasl 1 MeToauka ucciaenoBanuid. Meroauka. Mare-
pHai U1 UCCIeN0BaHUNA — (hparMeHThI, OTOOPAHHBIE U3 KEJIE3HOIOPOKHBIX KOJIEC, KOTOPHIE, B CBOIO OYepeb, MPEeX-
JACBPEMCHHO, 3a CUCT PA3JIMYHBIX nospencueﬂmixi, 6I>IJ'II/I H3BATHI U3 OKCILUTyaTalluu. MI/leOCprKTyprle ucciaea0BaHus
MPOBOAMIA C KCIOJIb30BAHUEM CBETOBOTO MHKpOCKoma Epiquant. u 3JeKTpOHHOTO MHUKpockora. OUeHKy pa3smepa
CTPYKTYPHBIX 3JICMECHTOB MPOBOIIJIM, UCIOJBb3Ysl METOIUKH KOJMYCCTBEHHOH MeTauiorpaduu. PesyabraTel. B mo-
CJIeTHUE NECSTUIETUS] YCKOPEHHOE Pa3BUTHE MPOMBILUIEHHOCTH COMPOBOXAAIOCH HEYKJIOHHBIM POCTOM WHTEHCUBHO-
CTH DKCILUTyaTally >KEeJIE3HOIOPOKHOrO TpaHcnopTta. [Ipu 3ToM 0AHOBpEMEHHOE MOBBIILIEHHE HArPy3KU HA OCh KOJec-
HOM Mapbl, BMECTE C POCTOM CKOPOCTH JBHKEHUSI, COMPOBOXKAIOCH 3aKOHOMEPHBIM YBEJIMYEHUEM KOJIMUECTBA CIIyda-
€B TIPEXKIEBPEMEHHOTO U3BITHS KOJieC U OaHmaxel W3 dKcInTyaTauu. JKeIe3HOIOpOKHOE KoJIeco, kKpoMe (GopMHpo-
BaHMs MPOCIONKH MeTala MO MOBEPXHOCTH KAaTaHWS C BBICOKOH KOHIIEHTpamued Ie(eKToB KPHUCTALTHYECKOTO
CTpOEHHS U, B TIEP-BYIO OYepellb, MUCIOKAIA, IMOJBEPTacTCsl TEMIIEPaTyPHOMY BO3ICHCTBHIO OT B3aHMMOJICHCTBUS
C TOPMO3HBIMH KOJIOJKAaMH. XapaKTep COBMECTHOTO BIHAHUS (XONOTHOE AeOPMHUPOBAHHE M PAa30rPEeB) HA METAILT
00oma xojneca o0yciIaBIMBaeT BOSHUKHOBEHHE AOCTATOYHO BBICOKMX T'PAIMEHTOB CTPYKTYPHBIX W3MEHEHHH, 4TO, B
CBOIO Ouepe/b, MOXKET pacCMaTpUBaThCS KaK BIMSHHUE HAa YPOBEHb BHYTPEHHHX OKOHUYATENbHBIX HanpspkeHuH. [Ipm
MOBBIIICHUN 00BEMHOM J0JIH KapOUIHOHN (ha3bl, MPU HEU3MEHHOM pa3Mepe 3epHa (peppuTa TOCTHraeTCsl TOIBKO yBe-
JIMYCHUE UCTOYHUKOB 3apOKIACHUA )mcnoxaunﬁ, 663 HU3MCHCHUS KOJIMYECTBA MECT aHHUT'MJIALIUU. B stom cJiydyac Ha-
KOIUICHHUS JTUCIIOKAIMI y>Ke Ha HavalbHBIX dTalax IUIacTHYecKoil aedopmanuu (B 00beMax MeTajula BIEpEeqH YCThs
TPEIIMHBI) TMPUBEICT K (POPMHUPOBAHHUIO BOKPYT MIOOYJBI IEMEHTHTA OIMPEICICHHON IUIOTHOCTH 3a0J0KUPOBaHHBIX
Juciokarid. Ha OCHOBaHMHM 3TOrO HAONMIOAACTCS PE3KOE MOBBIMICHUE MapaMeTPoOB JIe(GOPMAIMOHHOTO YIIPOYHCHUS
yriaepoauctoii crani. Hayuynas HoBu3HA. B mporiecce TOpMOKeHHMST IOABIKHOTO COCTaBa IOBBIIICHHE CKOPOCTH pa-
30TpeBa MeTallia Ha TOBEPXHOCTH KaTaHHS COMPOBOXKIACTCS POCTOM TEMITEPaTyp, TOCTATOYHBIX JJIsI Hadana (pa30BBIX
npeBparieHuid. [Ipn nanpHeRIIeM OXIaXIeHHH POUCXOIUT MOSBICHHE Psiia CTPYKTYP, C(OPMIPOBAHHBIX OT CIIBIIK-
HOro K Ju(y3uoHHOMY MexaHu3MaM. BciencTBue 3TOro, yKa3aHHbIE Y4aCTKH CTAHOBSITCS odaramu OyIyLIMX pas-
PYIIEHH MeTajIa Ha IOBEPXHOCTH KaTaHuA Kosec u Oangaxkei. [IpakTuyeckas 3HaunMocTb. Ha ocHOBe n3ydeHus
3aKOHOMEPHOCTEH (hOPMUPOBAHUS TOBPEKICHUI B KEJIE3HOIOPOKHBIX KoJiecax W OaHIakax OT 0COOEHHOCTEH BHYT-
PEHHETO CTPOCHUS METaJlIa M YCIIOBUH dKCIUTyataiuu pa3padoransl «Kinaccudukarop aedhextoBy» u «MeToaudeckue
YKazaHud 1o MNOpAAKY OIPCACTICHUA NPUYUH BO3HUKHOBCHHUA TPCUIMH B ICJIbHOKATAHBLIX KOJCCaX W pazpylICHUA
B IIEJIOM», BHEJIPEHHbIE Ha Y Kp3aJIM3HbIIIE.

Kniouesvie cnosa: xele3HOTOPOKHBIE KoJieca; OaHIaKU; MUKPOCTPYKTYpa; MOBPEXKICHHUE; Pa3pyIICHHE
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BJIUAHUE JJETUPOBAHUSA HA TEMIIEPATYPY IPEBPALLIEHU A
«IIEPJIUT > AYCTEHHUT» B KOMIIVIEKCHO-JIEI'HPOBAHHBIX
BEJIBIX HYI'YHAX

Heab. B cTpykType M3HOCOCTOMKHMX CTajel U YyryHOB HE JIONYyCKaeTcs MPUCYTCTBUA IEpiUTa. Y CTpaHEHUE
MepJINTa IyTeM IPaMOTHOTO BBIOOpa pexuMa 3aKallK{ IpeJIojiaraeT 3HaH|ue TeMIepaTyp KPUTHUECKHX TO4YeK Ac,
1 Acs 17151 KOHKPETHBIX cTajield n 4yryHoB. Llesnbio paboTsl siBisiercst onpezenenue Baustaus V (ot 5 go 10 %) u Cr
(ot 0 1o 9 %) Ha TeMneparypHblii HHTEpBaJl (Pa30BO-CTPYKTYPHOT'O Mepexoja «IepIuT —> ayCTeHUT» (Touku Ac))
B KOMIIJIEKCHO-JIETUPOBaHHBIX Oenbix V-Cr-Mn-Ni uyryHax co cdepouau3upoBaHHBIMH KapOWIaMH BaHAIMs.
MeToauka. Vcnonb30BaHBl YyTyHBI JEBSTH PAa3IMYHBIX COCTaBOB, BBHIIUIABICHHBIE B JaOOPATOPHBIX YCIOBHAX
U TIO/IBEPTHYTHIe Moauduuupyomei oopadotke Mg-conepskamiei iuratypoil. B pabore mpuMeHeHB MeTaIorpa-
(bryecknii METOA aHANM3a, ONTHYECKAs AWIATOMETPHUS, SHEPTrOAUCIEPCHOHHAs cieKTpockonus. PesyabTarsl. Io-
Ka3aHO, 4YTO B HCCIEJOBAaHHBIX UyI'yHaX KpUTHYECKas TOYKa Ac; HaXOOWTCS B TEMIIEPATYpPHOM HHTEpBaJe OT
710-780 °C (amxusis rpanuna) go 730-850 °C (Bepxuss rpanuua). [IpeacraBneHsl JaHHBIE 10 KOHLIEHTPALUHA XPO-
Ma U BaHaAWSA B MaTPHIE YyT'YHOB, NOJYYEHBI PETPECCHOHHBIC BBIPA)XKEHHS, ONHCBHIBAIOIINE BIUSHUE COACPKAHUS
BaHaJWs U XpOMa Ha TEMIIEPATYPHbIE TPAHULIbI IPEBPALICHUS «IEPIUT —> aycTeHUT». HayuHass HoBu3Ha. [Tokasa-
HO, 4TO B MCCJICAOBAHHBIX UYT'YHAaX POCT COAEPKaHUS XpOMa MPHUBOIUT K MOBBIIICHUIO HI)KHEH M BEpXHEH IpaHuI]
TEMIIEPaTypHOTO MHTEpBaia MPEBPALICHUS «IIEPIUT —> ayCTCHUT»; BaHAIUH MOBBIIIAET JIHIIb BEPXHIOI I'PAHUILY
HHTEpBaJa. Y CTaHOBJICHO, YTO BIMSHHE XpOMa Ha KPUTHYECKYIO TOUKY Ac| peanusyercs Oiaronaps ero 4acTUIHO-
My pacTBOPEHHIO B MeTajndyeckoil Marpuile (koHneHtpanust Cr B aycrenute nocrturaet 7,0 %). Banamauii, BBUaYy
€ro He3HAYUTEIbHOT0 PACTBOPEHUS B MaTpHUIle (colep’kaHue BaHAAMs B TBEPJIOM pacTBOpe He mpesbiiaet 1,75 %),
BIIMSIET HA KPUTUYECKYIO TOUKY OINOCPEOBAaHHO, 3a CUET YBEIMUEHHs KOHIEHTPALUU XpOMa B MaTpPULIE BCIEACTBUE
Oostee akTUBHOTO CBA3bIBaHUS yriepoaa B kapouasl VC. IlpakTuyeckast 3HAYNMOCTB. [Ipe/yioskeHbl TemMiepaTyp-
HBIE€ MHTEPBAJIbI Harpesa noj 3akaiky Oesnbix V-Cr-Mn-Ni 4yryHOB co cdeponIu3npoBaHHBIMU KapOujaMu BaHa-
Jvst, 00EeCIICUYNBAIOIINE TIOyYCHNE B CTPYKTYpPE YyTYHOB ayCTEHUTHO-MAapTEHCUTHOM MaTPHIII IIPH TTIOJIHOM OTCYT-
CTBHH TIEPJINTA B CTPYKTYPE.

Kniouegvie crosa: KOMIUIEKCHO-JIETMPOBaHHBIE UYTYHBI; KPUTHYECKasl TOUKA; XpOM; BaHAIMH; KapOWIbl BaHa-
JIST; TIEPIIUT; AyCTEHHT; (ha30BBIi Mepexo.

Beenenne METaJJIMYecKasi MaTpula [OJDKHAa COCTOSTH W3
MapTEHCUTAa U OCTAaTOYHOTO ayCTeHHWTa B pa3iy-
HOM COOTHOIIEGHMH B 3aBUCHMOCTH OT YCJIOBHH
n3HamuBaHws [5, 8]. IlepauT B CTpyKType IyTryHOB
yCTpaHsieTcs 3aKalKoW M3 ayCTCeHHUTHOH oOxiacTu
[1, 4]. Jlnsg mpaBUIBHOTO BBIOOpA TEMIIEPATyPHI
HarpeBa Mo/ 3aKaJKy HeoOXOJUMO 3HATh IMOJIOXKe-

benble sernpoBaHHbIE YyTYHbI HALUIU IIUPOKOE
MPUMEHEHUE B TIPOMBIILJICHHOCTH Onaroaapsi cBoei
BBICOKOH HM3HOCOCTOHKOCTH [2—6]. M3BecTHO, 4TO
C LeNbI0 o0ecreveHnsT MaKCUMAaIbHOTO COTIPOTHB-
neHusl abpasUBHOMY HW3HANIMBAHUIO B CTPYKType
YyryHa HE IOIyCKaeTCsA IPUCYTCTBHUS IEPIINUTA;

doi 10.15802/STP2015/38255 © T. B. Ilactyxosa, B. I'. Edpemenxo, A. I1. Yeimsax, K. [umuazy, 10. I'. Yabak, 2015

113



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 1 (55)

MATEPIAJIO3HABCTBO

HUe Touku Ac;. M3BecTHO, UTO Ha TeMIlepaTypHBI
MHTEpBaJl OOPaTHOTO MPEBPALICHUS «IEPIUT —>
ayCTeHHUT» (T.. HA KPUTHIECKYIO TOUYKY Ac|) OI-
penensioniee BO3ACHCTBHE OKa3bIBa€T CKOPOCTh
Harpesa W, TJIaBHBIM 00pa3oM, — XMMHUYECKHUil COo-
ctaB ciutaBa. MHpoOpMaIys mo KpUTHYECKHM TOY-
KaM BBICOKOXPOMHCTBIX YYT'YHOB IpHBEIICHA B pa-
borax [3, 5, 7, 10]. B To *xe Bpems B TuUTEpaType
OTCYTCTBYIOT [JaHHBIE O KPUTHYECKHX TOUYKax
CIUIaBOB HOBOT'O Kjacca — YyI'yHOB co chepounu-
3UPOBAaHHBIMH KapOWaaMu BaHaIus. DTH YyTYHBI
B IOCIIEIHEE BpEMsI INPHUBIEKAIOT TOBBIIICHHBIN
HMHTEpEC HMCCIEeNoBaTeNe B CBSA3U C UX BBICOKUM
ypoBHEM TpuOOTexXHHUYeCKHX cBoWcTB [11-13, 16].
CdeponnnzupoBaHHOE COCTOSIHUE KapOUIOB BaHa-
Iusi 00ecreunBaOT 00pabOTKON paciiaBa JIUraty-
pamu, coaepxamumu Mg unu P3M [9, 15]. Ontu-
MHU3alMA XMUMUYECKOTO COCTaBa M TEXHOJIOTUH
TEPMHYECKOW 00pPabOTKH TaKUX Yyr'yHOB TpeOyeT
3HAHMS TEMIICPAaTyPHOro MHTEPBala MPEBPAILCHHS
«IepIuT —> aycTeHuT». B TO ke Bpems, ocoOeH-
HOCTH (ha30BO-CTPYKTYPHBIX TPEBpAIlEHHUI B yKa-
3aHHBIX YyTyHaX, BKJIIOYas U JaHHbBIE 00 HHTEpBa-
nax (ha30BBIX IEPEXOJO0B, OCTAIOTCS INPAKTHUCCKH
HEU3y4YeHHBIMHU, YTO TpeOyeT MpOBeNeHHs JOIOJI-
HUTEJBHBIX HCCIEIOBAHUM.

Hean

Henbto nanHOM paboTHI SBISETCS ONpEACIeHUE
TeMIIepaTypHOTro MHTepBana (ha30BOroO IpeBpalle-
HUSl «epaut —> aycteHuT» B V-Cr-Mn-Ni gyry-
Hax co c(heporIU3UPOBAHHBIMU KapOHIaMH BaHa-
JUsl, a TakKe OLIEHKAa XapakKTepa BIMSHHA COJEp-
JKaHWs BaHAIWs U XpoMma Ha TeMmIlepaTypHbIe Ipa-
HUIIBI 3TOT0 MHTEpBAJIa.

MeTtoanka

B pabote nccnenoBamm 6emsie V-Cr-Mn-Ni uyry-
HBI CO C(hepOouM3NUPOBAHHBIMU KapOUAaMH BaHA WS
JICBATA BapUaHTOB XUMHUYECKOTO COCTaBa. UyryHBI
BBITUIABJIUIA B JTAOOPAaTOPHOM J1Ba IIIATUKUIIOTPAMMO-
BOM MHIYKUIMOHHOW TIEYM W Pa3IMBAIM B T€CYAHBIE
¢opmel. Bee crnarer copepaxamu 3,0-3,3 % C, ~ 1,0 %
Si, 1,5-1,7 % Ni, 4,04,4 % Mn. BapsupoBamu co-
neprkanue BaHaaus — oT 5 1o 10 % u xpoma — ot 0 10
9 % (1abn. 1). B mpomuecce BeIUIABKK YyTYHBI 00pa-
OaTpIBaM JMTATYpOMl, comepkamen 5,68 % Mg, oc-
tanmpHOE — Ni, 171t cpeponmm3zalin KapOUIOB BaHa-
must. [locne BEIOMBKY 13 (DOPMBI M3 CIIMTKOB BhIpe3a-
JIM C TIOMOIIIBIO JIEKTPOUCKPOBOW 00paboTKu 00pas-
11bI, KOTOPBIE HITH(OBAIM B HYKHBIN pasmep.

Tabnuna 1

XHMHYECKHUI COCTAB ONBITHBIX CILIABOB

Table 1
The chemical composition of experimental alloys
g&l‘;}; ¢ Si | Mn | Ni | V | Cr
1 3,23 1 0,99 | 4,02 | 1,56 | 9,87 | 0,01
2 3,00 | 1,07 | 3,92 | 1,60 | 9,14 | 4,37
3 3,10 | 1,05 | 3,99 | 1,71 | 9,49 | 9,10
4 3,33 | 1,02 | 441 | 1,51 | 7,42 | 0,01
5 3,11 | 1,05 | 4,12 | 1,59 | 7,34 | 4,32
6 3,11 | 0,98 | 4,11 | 1,59 | 7,50 | 9,08
7 3,39 | 1,04 | 424 | 1,71 | 5,22 | 0,03
8 3,31 | 1,08 | 4,14 | 1,53 | 5,28 | 4,60
9 3,26 | 1,09 | 3,97 | 1,59 | 5,27 | 9,10

TemneparypHslil HHTEpBal NPEBPALLEHUS «IIE-
pPJIUT — ayCTEHUT» HAXOIWIU C MOMOIIBIO ONTHU-
YeCKOro IUIaToMeTpa Ha oOpas3lax IuaMeTpoM
2 MM 1 gymHOM 20 MM. CKOPOCTH HarpeBa COCTaB-
asura 0,5 °C/c. Vicnonb30Bajn JUThIE 00pasibl 9y-
TYHOB, cojepkauux He Ooinee 4,5 % Cr, B ux
CTPYKType MpHCYTCTBOBaja o-asza B BUAE Map-
TeHcuTa W mepnurta. Yyrysel ¢ 9 % Cr umemn
B JIUTOM COCTOSIHUM ayCTEHHWTHYIO MaTpHIy, IIO-
3TOMY HX IPEABAPUTEIIFHO MOABEPTald BhIICPKKE
npu 650 °C B TeyeHue 6 9 A7 IPEBPALICHUS ay-
CTCHUTA B IIEPIIHUT.

MHUKpPOCTPYKTYpY H3Yy4aiH C MOMOIIBIO ONTH-
geckoro mukpockoma «Nikon Eclipse L150». ®a-
30BBI XUMHUYECKUH COCTaB MCCIEAOBAIN C MOMO-
IbI0 YHEPTOAUCIIEPCHOHHOIO CHEKTpoMeTpa Gup-
Mbl «Oxford Instruments», BCTpOGHHOTO B 3JI€K-
TpouHHBIH MuKpockon JEOL JSM-6510.

Pe3yabTarthl

Meramtorpadudecknii aHaJM3 TIOKa3ajl, YTO
BCEC WCCJICJIOBAHHBIC UYTyHBl HMEIM B CBOEH
CTPYKType CQepOuIN3NpPOBaHHBIE  BKIOUEHUS
KapOWJIOB BaHAIUSA, OTHOCHUTEIHFHO PaBHOMEPHO
pacmpenenaeHHsIXx B o0beMe criaBoB (puc. 1, a).
OBrekTHKa Ha 0a3e kapouma VC He Oblia BhISIBIIC-
HA HU B OJHOM M3 CIUIaBOB. [loMHMO KapOHIOB
BaHAJHWA B XPOMCOZEPKAIUX YyTYHAX MPHCYTCT-
BOBajia PBTEKTHKA Ha 0a3e kapOuaoB xpoma Me;C;
(puc. 1, 6).
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Puc. 1. Mukpocrpykrypa uyryHoB Ne 1 (a), Ne 5 (6)
Fig. 1. Microstructure of cast irons Ne 1 (a), Ne 5 (b)

Pe3ynpraTel OuIaTOMETPUYECKHX HCCIEI0Ba-
HUH NpeacTaBIeHbI Ha pUC. 2.

Kak crmemyer W3 3TOro pHCyHKa, B IIpolecce
HarpeBa 10 ~ 700 °C (uKCHpOBaI MOHOTOHHOE
yBEeNIMYEHHE IJIMHbI O00pas3loB, CBA3aHHOE C HX
TEpPMUYECKUM paciuupeHueM. [Ipu Gonee BHICOKHX
TeMIepaTypax Ha AWIATOMETPUYECKHX KPHUBBIX
HarpeBa BCeX UyI'YHOB ObII BBISBJIECH y4acTOK, Ha
KOTOPOM HPOUCXOAMIO JINOO0 3aMEeAJICHUE YAIHHE-
HUsL 00pa3uoB, MO0 MX yKOpauuWBaHHE, YTO yKa-
3bIBAJIO Ha MPOTEKaHWE O—>Y MPEBpalleHus, uay-
mero ¢ yMmeHblieHHeM oObeMa. Takum oOpaszom,
BBISBJICHHBIH y4YacTOK (DAKTUYECKH YKa3blBall Ha
noJyiokeHue Kpurudeckoi Touku Ac;. Ilo meperu-
0aM Ha KpHUBBIX OBUIM ONpENENeHBl TeMIeparyp-
HbI€ MHTEPBAJIbI KPUTHYECKON TOYKH, T.€. €€ HIXK-
Hss (Acyy) U BepxHss (AC),) TPaHUIBL.

AHanu3 KpUBBIX TOKa3all, YTO B 3aBUCHUMOCTHU
OT JIETMPOBAHUS MHTEPBAJ MPEBPAILECHUS N3MEHS-
ercs ot 710-780 °C (Acy,) no 730-850 °C (Acyy)
(tabm. 2).
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Puc. 2. lunatomeTpudeckue KpUBbIe HarpeBa
HCCIIEIOBaHHBIX YyTYHOB:
a — 6e3 xpoma; 6 — coaepxkamux 4,5 % Cr; 6 — 9 % Cr

Fig. 2. Dilatometric heating curves of studied
cast irons:
a — Cr-free, b — bearing 4.5 % Cr, ¢ — bearing 9 % Cr

Tabauna 2

Temmneparypbl Acy, 1 AC; B HCCJAET0BAHHBIX
YyryHax

Table 2

Temperature Acy, and Acy, in the studied cast irons

t, Howmep crumaBa
Cluil234|5]6]7]8]09

Acy, | 710|710 | 720|720 | 720 | 730 | 710 | 710 | 720
Acy, | 780 | 840|840 | 780 | 810 | 850 | 780 | 790 | 820
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C 1enpio mOCTPOEHUsI MaTeMaTHYeCKOW MoJie-
T BIWSHUS BaHAIUs W XpoMma Ha TeMIepaTyp-
HBI WHTEpBAJI NPEBpaAlICHUS SKCIEPUMEHTANb-
HBIC JaHHbIE OBUTH TOIBEPTHYTHI PETPECCHOHHOMN
00paboTKEe ¢ TOMOIILI0 TAOIWIHOTO IIpoIeccopa
MS Excel. [TonyueHHbIE perpecCUOHHbBIC ypaBHE-
HUS IMEIOT CIEeIYFOIINN BU:

Acy,=711,5+ 0,93 [% Cr] +,02 [% V] +
+0,023 [% Cr] [% V], (1)
Acy, = 667,8 + 4,86 [% Cr] + 29,08 [% V] +
+0,50 [% Cr] [% V] - 0,27 [% Cr]* —
— 1,75 [%V]*, (2)

rae [% Cr], [% V] — comepkanue xpoMa U BaHa-
nsi, Macc. %, COOTBETCTBEHHO.

YpaBHEHHS BKIIOYAIOT CTATUCTUYECKH 3HAYH-
Mble KO3(QQUIMEHTHI perpeccud. Jl0CTOBEPHOCTH
YpaBHEHHH ITOITBEPKIACTCS BHICOKUMH 3HAYCHUSI-
Mu kooddummenta qerepmuHarmn: R* = 0,88 — st
yparenns (1) u R* = 0,97 — q1s ypaBHenus (2).
I'padmueckoe m3o0pakenust ypaBHenus (1) mpen-
cTaBJieHO Ha puc. 3. 13 3TOr0 pUCYHKA CIIeIyeT, 4To
XpOM TIOBBIIIAET Kak AcCp, Tak U AcCy,, NpUYEM
B OOJIbIIEH CTENEHW — TEeMIepaTypy OKOHYAaHUS
I[I—>A mpeBpamenus. Bnusiaue xpoma Ha Temrepa-
TYpHBIH WHTEPBAJI MPEBPAICHHUS BO3PACTALET C YBeE-
JMMYEHUEM coJiepKaHusl BaHamus B cruaBe. Oco-
OeHHO 3aMeTeH PocT Acy, B uyryHax ¢ 7,5-10 % V:
TeMIeparypa OKOHYAaHUS MPEBPAICHUS O] BITUS-
HHEM Xpoma moBbimaercs or 780-790 °C  mo
845-855 °C. Takoe BIMsSHHE XpOMa CBA3aHO C €ro
(hepputooOpasyroliell CHOCOOHOCTBIO, TPOSIBIISIO-
Ieicsl B Cy>)KeHHH 00JIacTH CyIIECTBOBAHUS ayCTe-
HUTa (B TOM YHCJIE — U 32 CUET MOBBIIICHUS HIKHEH
TEMIIepaTypHOH TPaHWIBI CYIIECTBOBaHUS Y-(hasbl)
[1, 3]. Banagmii akTuBHEE XpoMa CBSI3BIBACT yTJIe-
POl B CHEIUalbHBIC KapOW/Ibl, TIO3TOMY IOBBIIIIC-
HUE COJICpKaHWA BaHAAWA CHW)KAaeT KOIHYECTBO
yTaepoaa, KOTOpOoe MOKET OBITh CBSI3aHO XPOMOM
B Kapounel Me,C;, ciaenoBaTensHO, OOJBINE XpoMa
0CTaeTcsl B METAJUIMYCCKOW MaTpHIle, BIMsIS Ha TO-
JIOXKEHUE KPUTHIECKOH TOUKH.

[lonTBepkaeHUEM 3TOMY SIBJISIFOTCSL PE3yJIbTaThl
(a30BOr0 XMMHUECKOTO aHAJIM3a METAJUIMYECKON
MaTpHIIbI (2yCTEHNTAa) YyT'YHOB, IOKa3aHHbIE Ha PHC.
4. BunHo, 4TO KOHIIEHTpalusi XpoMa B ayCTEHUTE
MOHOTOHHO BO3pacTacT Mo Mepe yBEeJIHUUEHHs 00IIe-
TO coepXaHus BaHaaus B civiase: ¢ 3,14 mo 4,64 %
—BcmiaBax ¢ 4,5 % Cru c 5,21 go 7,01 % — B cruna-

Bax ¢ 9 % Cr. Takum 00pa3om, BaHAAWH yCHUINBAET
BJIMAHHC XpOMa Ha MOBBIIIICHHUEC TOUYKHN ACl.
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CopepxaHue xpoma, %

Temneparypa, °C
3
o
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760 + T T T T T
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Puc. 3. Bnusiaue xpoMa Ha TeMrepaTypy HUXKHEH (a)
u BepxHel (6) rpanunbl uHTepBana [1>A
MIPEBpalleHHs B UCCIICTOBAHHBIX YyTyHAX

C pa3IMYHON KOHLIEHTpAlUel BaHa us

Fig. 3. Influence of chromium on the temperature
of lower (@) and higher (b) limits of interval
of P—>A transformation in cast irons with
different concentration of V

——45%Cr
——9,0% Cr
2 . . T T T T

4 5 6 7 8 9 10 11

Copepxanue V vyryHe, %

Copepxanue Cr B aycteHute, %

Puc. 4. Biusinue oO1iero cojep)xaHust BaHaans
B 4yryHax, JerupoBaHsbix 4,5 u 9,0 % Cr, Ha conepxa-
HHUE XpoMa B aycTeHnuTe (nanaeie EDS-ananmm3a)

Fig. 4. Influence of V content in cast irons, alloyed
by 4.5 and 9.0 % Cr, on concentration of
chromium in austenite (data of EDS-analyze)
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I'padmyeckoe wm3o0paxkenus BoIpakeHUs (2)
MoKa3aHo Ha puc. 5. Ero aHanu3 mokasbIBaeT, 4To
B OTJIMYHME OT XPOMa, BaHAAWN MPAKTHYECKH HE
BIHMSET Ha TeMIepaTypy Hayajla NpeBpalleHus
(puc. 5, a), oAHAKO MOBBIIIAET TEMIIEPATypPy OKOH-
YyaHus mpeBpaileHus (puc.5, 6) o Mepe yBenude-
HUS ero KOHIEHTpaIuu oT 5 1o 7,5 %; mpu nais-
HEWIIeM TMOBBIICHUH COJIEPXKaHUsl BaHAIUS POCT
Acy, 3amemsiercs (pu 9 % Cr), mubo cMmensiercs
crabunmsanueit (npu 0—4,5 % Cr).

a—da 724
722 4
o 01 —e0%cr
S —0—-4,5%Cr
o 7184
> ——9% Cr
©
@ 716 -
=
(7]
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712 4
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CopepxaHnue BaHagusi, %
6—b 860

——0%Cr
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830 4
820 -
810 4
800 4
790
780
770 q

760 T T T T T
4 5 6 7 8 9 10
CopepxaHve BaHaausi, %

Temnepartypa, °C

Puc. 5. Biiusinue BaHaauist Ha TeMIlepaTypy HIKHEH
(a) n BepxHeii (6) rpaHuLbl HHTEpBaANa [I>A
NPEBPAIEHHS B HCCIIEIOBAHHBIX YyT'yYHaX
pa3nUYHOM KOHIEHTpalKel Xpoma

Fig. 5. Influence of on the temperature of lower (@)
and higher (b) limits of interval of P>A
transformation in cast irons with different
concentration of Cr

Bananwmii, kak ¥ XpoM, OTHOCHUTCSA K (pepputo-
00pa3yroIIuM 3JIEMEHTaM, PAaCIHIUPSIONIMM 00-
JIACTh CYIECTBOBAHUS O-(a3bl U CYKAIOIIMM ay-
CTEeHHTHYI0 00nacth. OTCYTCTBHE BIHSHHUS BaHa-
st Ha Ac), OOBSICHSIETCS €ro MaJIol KOHIICHTpa-
nyMel B MaTpHIle: Kak cieayeT u3 puc. 6, naxe
B uyryHe ¢ 10 % V coxmepkaHue JaHHOTO dJIEMEH-
Ta B ayCTeHHUTE Aocturaet aumb 1,75 %. Hecmot-
ps Ha 3TO, BaHaIWH TMOBBIIIAET Acy, (puc. 5, 6).
Takoe BrusHUE BaHAIUSA TPEAIIOIOKHUTEIHHO CBS-

3aHO C POCTOM COJICpXKaHUSI XpOMa B MaTpulle
(mepnuTe), MPUBOAAIIEM K JIETHPOBAHUIO 3BTEKTO-
UIHBIX KapOUJOB XPOMOM, UTO 3aTpyIHSET UX pac-
TBOpeHue npu II—A mpespamiennu, cisuras Acy,
BBEPX IO TeMIepaTypHoil mkane. Takum oOpazom,
BaHaJWH BIMSIET Ha TOYKY Ac; ONOCPEIOBAHHO
yepe3 U3MEHEHHE KOHLEHTPAalUU XpoMa B MeTall-
JINYECKOW MaTpHIIE.

—e—45%Cr
——9,0% Cr

Copepxanue V B ayctenute, %

0,5 T T T T T T
4 5 6 7 8 9 10 11
CogepxaHue V B uyryHe, %

Puc. 6. Biiusinue oO1iero cojiep)kaHust BaHaAMs
B UyTyHax, JerupoBaHssix 4,5 u 9,0 % Cr,
Ha KOHIIEHTPALIUIO BaHa Usl B ayCTEHUTE
(mannble EDS-ananusa)

Fig. 6. Influence of V content in cast irons, alloyed
by 4.5 and 9.0 % Cr, on concentration of V
in austenite (data of EDS-analyze)

[IpencraBienHple TaHHBIE ITOKA3aIH, YTO LIS 3a-
BepuieHus [I—>A mpeBpaiieHUs U JUIA TOJTY4EHUS
ayCTEeHUTHON CTPYKTYpHl TEeMIlepaTypa HarpeBa Wc-
CIIEZIOBaHHBIX YYTYHOB TOJ 3aKalKy JOJDKHA TIpe-
Boimath 815 °C npu 5 % V, 845 °C —npu 7,5 % V
1 855 °C — mpu 10 % V. D10 GBUIO MOATBEPKICHO
MOBEJICHUEM 3aKAIKH C HarpeBOM JO Ha3BaH-
HBIX TeMIlepaTypHbIx oOiacteil. Bo Bcex ciyuasx
B CTPYKTYpE CIUIaBOB OTCYTCTBOBAJIA IEPIUTHAS CO-
CTaBILAIONTAs, MATPHIla ObUIA TIPEACTaBIIEHA CMECHIO
MapTEHCUTA U OCTATOYHOTO ayCTEHUTA.

Hay'maﬂ HOBHU3HA U MPaKTHYECKasA
3HAYUMOCTDH

ITokazaHo, 9yTO B OENbIX KOMIUIEKCHO-JIETHPO-
BaHHBIX V-Cr-Mn-Ni 4yryHax co cdepouansupo-
BaHHBIMUA KapOWJaMU BaHAIUS, COJEPKAIIUMHU
5-10 % V u 50 9 % Cr, poct conepxaHus Xxpoma
MPUBOJIUT K TOBBIIICHUIO HUXKHEW U BEpXHEW rpa-
HUI] TEMIIEpaTypHOIO HHTEpBaja MpEeBpalleHus
«IepauT — aycTeHuT; npu 9 % Cr BepxHss rpa-
Huia nocturaer 845-855 °C. BiusHue BaHaaus
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TIPOSIBIISIETCS JINIIH B MTOBBIIIICHUN BEpXHEW TpaHU-
16l UHTEPBAJIA.

YCTaHOBJICHO, YTO BIUSHHE XpOMa Ha KPHUTHU-
YeCcKyl TOYKy Ac; peanmsyercss Omaromaps ero
pPacTBOPEHHI0O B METAIIMYECKON Marpure (KOH-
nentpamus Cr B aycteHute nocturaer 7 %); BaHa-
Ui, BBUIY €ro HE3HAYUTEIHLHOI'O PACTBOPEHUS
B MaTpHIle, BIUSAET HA KPUTHUECKYIO TOYKY OIIO-
Cp€a0BaHHO, 3a CYET YBCIIMUCHHA KOHICHTpALUH
XpoMa B MAaTpHIIE BCJICIACTBHE OOJice aKTHBHOTO
CBsI3BIBaHUS yriieponaa B kapounsl VC, a He B Kap-
OuaBI Xpoma.

[Tosy4eHbl perpecCHOHHBIC BBIPAXKCHHS, OIIH-
CBHIBAIOIIIME BIMSHHUE BaHAIUS W XpoMa Ha TeMiIle-
paTypHbIE IPaHUIBI TIPEBPAILCHUS «IEPIUT —> ay-
CTEHHT» B HCCJIETOBAHHBIX UYT'YHaX.

BriBoabI

1. ITokazaHo, 4TO B OENBIX KOMILIEKCHO-JIETH-
poBanHBIX V-Cr-Mn-Ni uyryHax co cdeponansu-
POBaHHBIMHM KapOHIaMH BaHaIus, COAEPKAIIUMHU
5-10 % V u 1o 9 % Cr, xpurudeckas Touka Ac,
COOTBETCTBYIOIIAs ()a30BO-CTPYKTYpHOMY IMEPEXO0-
Ny «IepIUT—>ayCTEHUT», HAaXOAUTCA B TeMIlepa-
TypHOoM uHTepBaie oT 710-780 °C (HmkHssA rpa-
auna) 10 730-850 °C (BepXHsisi IpaHuLIa).

2. KoHuentpamus xpomMa B METaNIM4EeCKON
MaTpule 4yryHos coctasiseT 3,14-7,01 %, yse-
JMYUBAsCh 110 Mepe IOBBIIEHUS OOIIEro couep-
JKaHHsl XpoMa M BaHaJus B cruiaBax. KoHIeHTpa-
1M BaHaUs B MaTpHIle He mpeBbimaet 1,75 %.

3. VCcTaHOBJIEHO, YTO XpPOM IMOBBIIIAET HIXK-
HIOIO U BEpXHIOI0 T'PaHUIBl MpPEBpaIlleHus «Iep-
JUT—>ayCTEHUT» B MCCICAOBAaHHBIX 4yTryHax; Ba-
HaJWU{ TOBBIIIAET JHIIb BEPXHIOK TPAHUILY, MpaK-
TUYECKH HE BIMSS HA HIDKHIOIO TPaHUILY.

4. VccnenoBaHHbIe YyTYHBI PEKOMEH/yeTCs Ha-
rpeBaTh MOJ 3aKaJKy J0 TeMIIepaTyp, MPEBBHIIIa0-
mux 815 °C mpu 5 % V, 845 °C —mpu 7,5 % V
1 855°C—mpu 10 % V.
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BIIJIMB JIET'YBAHHSA HA TEMIIEPATYPY IEPETBOPEHHSA
«JIEPJIUT - AYCTEHHUT» Y KOMIIVIEKCHO-JIEI'OBAHUX
BIJ/INX YABYHAX

Meta. Y cTpyKTypi 3HOCOCTIMKHX CTaJIeil Ta YaByHIB HE JJOIYCKA€ThCS NMPHUCYTHOCTI MepiTy. 3arnobiraHus Bu-
HUKHEHHIO MEpIiTy HUIIXOM IPaMOTHOTO BUOOpY PEXHMMYy TapTyBaHHS Iepelndavac 3HaHHS TeMIlepaTypd KpUTHY-
HHUX TOYOK Ac; i Ac; Ul KOHKPETHUX cTajiel 1 4aByHiB. MeToto poOoTH € Bu3HauYeHHs BILIMBY V (Bix 5 no 10 %)
1 Cr (Big 0 10 9 %) Ha TemneparypHUi iHTEpBaT (Aa30BO-CTPYKTYPHOT'O MEPEXOAY «HEPIIT —> ayCTEHIT» Y KOMILIe-
KcHo-neroBanux Oummx V-Cr-Mn-Ni gaByHax 3i cdepoinizoBannMu kapdimamu Banaziro. MeToauka. Bukopucrano
YaBYHH JIEB’SITU PI3HUX CKJIAIIB, sKi OyJIO BUIUIABICHO B JIAOOPATOPHUX YMOBaxX Ta MianaHo moaudikyBaHHIO Mg-
BMIIIYIOYOIO Jiratypor. B po6oTi BukoprucTano meranorpadivyHumii METO aHalli3y, ONTHYHA AUIATOMETPIisl, eHep-
roguciiepciiiia cnekTpockornis. PesyasTaTn. [Tokasano, mo B JOCTIHKEHNX 9aByHAX KPUTHYHA TOYKa AcC; 3HAXO-
JMTHCs B TeMIieparypHomy inrepsaii Bix 710780 °C (nmkus mexa) g0 730-850 °C (Bepxus mMesxa). IIpencrasieHo
JIaHl 10 KOHIIEHTpALlii XpOMy Ta BaHAIiI0 B MAaTPHUIll YaBYHIB, OTPUMAHO pPerpeciiiHi BHpa3u, 10 OMUCYIOTh BILTUB
BaHA/IiI0 Ta XpOMY Ha TEeMIIEpaTypHi MeXi IEpETBOPEHHS «IIepIiT — aycreHiT». HaykoBa HoBu3Ha. [Toka3aHo, 110
B JIOCJII/DKEHUX YaBYHaX 3POCTaHHS BMICTYy XpOMY IPHU3BOJIMTH JIO IiJIBUILEHHS HIKHBOI Ta BEPXHBOI MEX TEeMIIe-
paTypHOTO iHTEpBaly MEPETBOPEHHS «IIEPJIT —> AyCTEHIT»; BaHAAIA IiABHIIYE JUIIE BEPXHIO MEXY IHTEpBaly.
BcTaHoBIIEHO, 1110 BILIMB XpOMY Ha KPUTHYHY TOYKY AC| pealli3yeThCsl 3aBASKHA HOTO PO3UMHEHHIO B METalIeBil Ma-
Tpuui (koHuenrtpauist Cr B aycreniti nocsirae 7,0 %). Bananiii, 38akaroun Ha oro He3HayHe PO3UMHEHHS B MATPHLI
(BMiCT BaHail0 B TBEPJOMY PO3uMHi He niepeBuiye 1,75 %), BIUIMBae Ha KPUTHYHY TOYKY ONOCEPEAKOBAHO, 33 pa-
XYHOK 301JIbIIIEHHS] KOHIIEHTPALlil XpOMY B MaTpHIIl BHACIIJIOK OiJbII aKTHBHOTO 3B’SI3yBaHHS BYIJICLIO B KapOian
VC. IIpakTH4yHa 3HAYUMICTb. 3allPOIIOHOBAHO TEMIIEPATypHi IHTEpBaJIM HArpiBy iJ 3arapTyBaHHs Oimux V-Cr-
Mn-Ni 4aByHIB 31 cdepoigizoBaHuMHU KapOizamu BaHaJiro, 1100 3a0€3MEYUTH OTPUMAHHS ayCTEHITHO-MapTeH-
CHUTHOI MaTpHIIi 32 TIOBHOI BiZICYTHOCTI MEPIITY B CTPYKTYPi.

Kniouosi crnoea: KOMIUIEKCHO-JIETOBAaHI YaBYHH, KPUTHYHA TOYKa; XpOM; BaHAJiH; KapOiaW BaHAIIO; MEPIIT;
aycTeHiT; (ha3oBui nepexin
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EFFECT OF ALLOYING ON TEMPERATURE OF TRANSFORMATION
«PEARLITE—->AUSTENITE» IN COMPLEX-ALLOYED WHITE CAST
IRONS

Purpose. Pearlite is not accepted in the microstructure of wear resistant steels and cast irons. To prevent the
pearlite by means of appropriate selection of mode of quenching requires the knowledge of the temperature of the
critical points Ac; and Ac; for various steels and cast irons. Purpose of work is determine the effect of V (5-10%)
and Cr (up to 9%) on the temperature range of the phase-structural transformation "pearlite—austenite in the com-
plex-alloyed V-Cr-Mn-Ni white cast irons with spheroidal vanadium carbides. Methodology. Nine Mg-treated cast
irons smelted in laboratory furnace were used for investigation. The metallographic and optical dilatometric analysis
methods as well as energy-dispersive spectroscopy were used. Findings. It is shown that in irons studied the critical
point Ac, is in a temperature range from 710-780 °C (lower limit) up to 730-850 °C (upper limit). The data on the
concentrations of chromium and vanadium in a matrix of iron are presented, the regression equation describing the
effect of vanadium and chromium on the temperature limits of the transformation «pearlite — austenite» are ob-
tained. Originality. It is shown that increase the chromium content leads to growth of lower and upper limits of the
temperature interval of transformation "pearlite — austenite"; vanadium increases only the upper limit of the range.
It was found that the effect of chromium on the critical point Ac; is attributed to its solubility in the metallic matrix
(concentration of Cr in the austenite reaches 7%); vanadium, due to its slight dissolution in the matrix (vanadium
content does not exceed 1.75%), affects the critical point indirectly by increasing of chromium concentration in the
matrix due to enhanced carbon sequestration in VC carbides. Practical value. The temperature ranges of heating for
quenching of V-Cr-Mn-Ni cast irons with spheroidal vanadium carbides, which provides the formation of austenitic-
martensitic matrix without pearlite, is transformation proposed.

Keywords: complex-alloyed cast iron; the critical point; chromium; vanadium; vanadium carbides; pearlite; aus-
tenite; phase transformation
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ABOUT OPTIMIZING OF INVESTMENTS VOLUME TO IMPROVE
THE BASIC INDICATORS OF THE ENTERPRISE EFFECTIVENESS

Purpose. Profit and profitability of any, including transport enterprises are the main economic indicators of the
enterprise effectiveness. These indicators reflect the results and successful performance of the enterprise. On the
other hand the enterprise effectiveness in the long term, assurance of rapid development and competitiveness is
largely determined by the level of investment activity and the range of investment activity. The purpose of this study
is the feasibility of the method to determine optimal investments volume for improving these or others (selectable by
the management) principal economic indicators of the enterprise effectiveness. Methodology. The basis of the pro-
posed methodology for determining the optimal investments volume is the theory of optimal control, in particular,
the procedure of dynamic programming since a managed development process of the enterprise is a multiple stage.
This procedure, using a phased plan, allows not only simplifying the solution of optimization problems, but also
solving those, which are impossible to apply the methods of mathematical analysis. Findings. The expediency of
performing the calculations to determine the optimal investments volume to ensure high rates of enterprise devel-
opment was proved, it is a key to the effectiveness of the enterprise in the long term and it improves its competitive-
ness. Originality. It is shown that using methods of the optimum control theory one can calculate the minimum vol-
ume of capital investments for the improvement of economic indicators, which determine the enterprise effective-
ness. The proposed method of calculation does not depend on the specific content of economic indicators. The effec-
tiveness of this calculation method is demonstrated on a model example. Practical value. The proposed method of
calculating the minimum volume of capital investments to improve the economic effectiveness of enterprises is
quite simple, but at the same time enables, on the one hand, to determine priority directions of investment activity of
the enterprise. On the other hand it improves the manageability and transparency of business enterprises, increases
the head's confidence in the correctness of decisions.

Keywords: income; profitability; economic indicators; efficiency; optimal volume of investments; optimization;
competitiveness; controllability; dynamic programming

Introduction other hand the enterprises effectiveness in the
long-term prospects, assurance a high rate of de-
velopment and increasing competitiveness is
largely determined by its level and range of in-
vestment activity.

The volume of investments depends on many
factors. For example, volume of investments de-
pends on the distribution of the earned incomes on

Income and profitability of any, including
transport [5—7] enterprise are the main economic
indicators of enterprise effectiveness. These indica-
tors reflect the results and successful performance
of the enterprise. They will help determine the vi-
ability of the realizable business-project and to cor-
relate values of benefits and costs [10]. On the
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consumption and savings. With low per capita in-
comes most of them are spent on consumption.
Revenue growth causes an increase in their share
allocated to savings, which are a source of invest-
ment resources. Consequently, the share increase of
savings causes corresponding increase in the vol-
ume of investment and vice versa. Also the expected
net profit margin has significant influence on the
volume of investments. This is due to the fact that
profit is the main motive of investments. The higher
expected net profit margin the higher volume of
investments will be and vice versa [4, 6, 11].

As it is known [1-3], before the investment one
should perform a range of activities to substantiate
the effectiveness of investments at the enterprise,
called the investment project. Preparation of an
investment project is a long and sometimes very
expensive process consisting of series of acts and
stages.

The main purpose of the investment project, as
a rule, is increase the net income and profitability,
therefore increasing the efficiency of the enterprise
performance to the desired level. Consequently,
one of the stages of its preparation may be deter-
mining the optimal (minimum) volume of invest-
ments. This object can be effectively solved by the
methods of optimal management theory. Examples
of these methods application in economics are pre-
sented in papers [13, 14].

Purpose

In this paper we present a method for calculating
the minimum volume of investments to achieve the
desired values B, — net income and R, —

profitability of the enterprise. It is assumed that the
costs are known a, b C at

i—i+l,j i,j—>j+1° i—i+l,j—>j+1

the change-over from the level (£, R;) magnitudes
of income and profitability up to levels (F,;, R;),
(F, R;,,) and (F,,, R;,,) correspondingly, where
F<B,,R<R,,,i=0,1,.,N, j=0,1,.., M, -

i+l J+1o

numbers of steps calculations, and a step of
calculation are month, quarter or a year. These costs
may be calculated by using the discounting method,
i.e reduction of nonsimultaneous incomes and
expenses, carried out within the framework of
investment project to the single (base) moment in
time [6, 10]. All calculations are carried out in basis,
anticipated and in the setting prices.

Methodology

The proposed methodology is a dynamic pro-
gramming procedure [8, 9]. This procedure, using
a phased plan, not only let simplify the solution of
optimization problems, but also solve those of
them to which it is impossible to apply the meth-
ods of mathematical analysis.

Accordingly to this procedure, the process of
decision-making concerning investments begins
from the last & -step. On this step one choose the
solution that allows obtaining the greatest effect
(reaching the final level (B, R,) for a minimum

volume of investment). Having planned this step, it
can be attached to the penultimate (k—1) step,

which in turn, (k—2) and so on.

In order to plan k -step, one should know the
level (P, R) of the enterprise on (k —1) -step. If the
level (P, R) of the enterprise on (k —1) -step is un-
known, then one consider the various levels at this
step. For each possible level is selected so-called
conditionally optimal solution on the last, & -step.

Let us plan £ -step-by-step investment process and
(Pk—l,lﬂ Rk—l,l) > (Pk—l,2= kal,z) PRy (Pk—l,r’ kal,r) -
possible levels on (k —1) -step. On the last step we
will find conditionally optimal solution for each of
them. Thus, k-step has been planned. Really,
whatever level (P, R) on the penultimate step
was, we already know what solution should be ap-
plied on the last step. We proceed similarly to
(k—1) -step, only conditionally optimal solutions
should be chosen, taking into account already
selected suboptimal solutions on & -step and so on.
As a result, we are on the original level (£, R;) of
net income and profitability.

For the first step of assumptions about the pos-
sible level (P, R) we do not do, as the level

(R, R,) 1s known, but we find the optimal solu-

tion, taking into account all conditionally optimal
solutions, which have been found for the second
step. When passing from (£, R,) to (B, R,), we
obtain the desired optimal solution that provides
minimum volume of investments and their best
distribution on the steps of calculating.

Findings

As we have defined the performance level of
the enterprise with two parameters (P, R), then
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the optimal solution is convenient to search with
the geometric method on the plane POR , or rather
on bounded with lines P=F, P=F, R=R,,
R=R,
acceptable

of rectangle, which is the domain of
(R, Ry)
(P, R,) levels are well defined as two points of
the plane (Fig. 1).

levels. Initial and final

On fig. 1 vertical segments show profitability
increase at a constant value of income, horizontal
segments show income increase at a constant value
of profitability, and diagonal segments show simul-
taneously increase of income and profitability.

It is assumed that in one step one can increase
either net income on the amount AP, or profitabil-
ity on the amount AR or it is possible simultane-
ous increase both income and profitability. Here

L-h R — R,

n n,

AP =

, AR =

where n;,n, — numbers of steps, accordingly,

horizontally and vertically. Obviously, there are
many trajectories (solutions) that are represented as
broken lines (P, R) on which the point can be

moved around from (F), R)) to (B, R,). Thus,

from solution set we have to choose the single one
that will minimize funds expenses equal to the
amount of funds expenses for each stage corre-
sponding to the broken line.

To demonstrate the efficiency of the above
mentioned algorithm one should construct an optimal

Fig.1 solution for the investment process, shown in Fig. 2.
Rl.
{0} i1 i2) (K-i) (K-2) (K-1) (K)
R, 1 30— 3 —27+ 4 — 23— 7 1E| * 8 hT (F..R)
| | | | IE
7 5 5 8 7 & 4 10 10
a | | | I,/r '! T
T 32—*8—29—39‘—2{3—*4— 1—3—9—9—1{3
| | [ ] I8, |
A 10 7 & 4 3 4 & 7
| l |/ t t t
T 28—*4—24—?— — —2]—3—]5—?—]3—?—1?
| | | I'B, A
5 7 & 4 9 5 7 5 a
| I/' | . .~ | t
30— 5 - - 6 —{(23)- {19}— 7 —(18+— 4 —20}— 5 —{(25
[ | | | [ B, [ 4
4 3 5 4 4 8 4 3 4 5
I/" l i | | 1 1
R, T--32—5 —zs—:-' —24—4—22—5—24—?—23—3—3‘}A
8, ’
0 o n P

Fig. 2
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Fig. 2. On the horizontal, vertical and diagonal
lines are given the model parameters a

b

i,j—>j+1>

Suboptimal solutions will be represented by the
arrows coming out of circles, and the minimum
expenditure of funds will be recorded in circles. If
the point (P, R) is on the line £, that pass through

the (B, R,), then one can be moving around only

i—i+l,j 2

ci»i+l,jaj+l .

vertically to this point. This is the only solution
possible and optimal.

In our case there are four points on the straight
line k (4, 4,, 45, A,), for which a path of motion
in (B, R,) vertically is the only thing, and funds
expenditure are 10, 17, 25 and 30 units accord-
ingly. On the straight line £ point (P, R) may be
from points (B,, B,, B;, B,, B;) of straight line
k—1. Considering these points, we choose the
conditionally optimal solution for each of them,
taking into account conditionally optimal solutions
that have been found for points. If the point (P, R)
is in the point B, as a result of previous step, then
single (horizontally) funds expenditure is 4 units.

Three ways are possible from the point B, in to
the point (F,, R,): through point B, and funds
expenditure is 9 units; through point 4,, and funds
expenditure is 19 units; diagonally (and funds ex-
penditure is 10 units.). In this case the conditional
optimal solution is jump in vertical direction
(through the point B,).

Similarly, we find suboptimal solutions for
points B;, B,, B;. Then subsequently find subop-
timal solutions for points on other lines, until we
are at a point (R, R,), for which we establish the
optimal solution, therefore, the optimal solution for
the entire process. The final optimal solution is
shown in Fig. 2 with two parallel arrows. Number
32, standing next to the point (£, R,), mean
minimum funds expenditure for jump from this
point in to the point (5, R,) .

Originality and practical value

It is shown that using the theory methods of op-
timal control one can calculate the minimum vol-
ume calculation of capital investments for improv-
ing the economic indicators which are determine

the enterprise effectiveness. The proposed method
of calculation does not depend on the specific con-
tent of economic indicators. The effectiveness of
this calculation method is demonstrated on the
model example.

Suggested calculation method of minimum vol-
ume of capital investments in order to improve the
economic indicators of the enterprise effectiveness
is quite simple, but at the same time it allows, on
the one hand, determining major priorities for in-
vestment activity of the enterprise. On the other
hand it increases the manageability and transpar-
ency of economic activity at the enterprise, en-
hances the confidence of the head concerning the
correctness of decisions.

Conclusions

If for some node point there are several (two or
three) conditionally optimal solutions, then they
are all marked by arrows, and after that any of
them is selected. In these cases, the problem has
several solutions, if such nodal points belong to the
optimal trajectory.

We should note that the above mentioned calcu-
lation algorithm can be applied for any pair of the
economic indicators operating efficiency at any en-
terprise.
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OB OIITUMU3AIIUU OB bEMA MHBECTHUIIVH JIJIS YIYUIIEHUS
OCHOBHBIX MOKA3ATEJIEA Y®®EKTUBHOCTU PABOThHI
HPEANIPUATHUA

Hesb. [Ipubsuts 1 peHTa0CTBHOCTD JIF0O0TO, B TOM YHCIIE TPAHCIOPTHOTO, MPEANIPUSITHS — 3TO OCHOBHBIE KO-
HOMHYECKHE IMoKa3aTrenu 3PPEeKTHBHOCTH PaObOThI MPEANPHUATH. DTN MOKA3aTeNId OTPAXKAIOT PE3yJIbTaThl M YCIIEeI-
HOCTh pabots! npeanpusitus. C 1pyroi cTopoHsl, 3G deKTHBHAS AEATENBHOCTD MPEANPHUATHS B JOJITOCPOYHO mep-
CIEKTUBE, 00ECIICUCHNE BBICOKHMX TEMIIOB €TO Pa3BUTHSA U MOBBIMICHNS KOHKYPEHTOCIIOCOOHOCTH B 3HAYUTENBHOMN
Mepe ONpEeNeITIOTC YPOBHEM €r0 MHBECTHUIIMOHHON aKTUBHOCTH M JWANa30HOM WHBECTHLHOHHOM NESTENbHOCTH.
[lenpro TaHHOTO HMCCIIEAOBAHUS ABISIETCSI 0OOCHOBAaHME METOAA OINPEAEIECHHs ONTHMAIBLHOIO 00beMa MHBECTULINI
JUIsl YJTy4IICHHS 3TUX WU IPYruX (BBIOMpPaeMbIX PyKOBOJICTBOM) OCHOBHBIX SKOHOMHMYECKUX MOKazareneil s dek-
TUBHOCTH paboThl mpennpustus. Meronuka. B ocHOBe mnpejsiaraeMoil METOJMKH ONPENENICHHs] ONTHMAaIbHOTO
o0beMa WHBECTHLMH JIKUT TEOPUSI ONTUMAIBHOIO YIPaBJIEHHUS, B YACTHOCTH, MPOILEAypa ITUHAMHYECKOTO IpO-
rpaMMHUPOBAHUS, TaK KaK YNPaBIsAeMbli IPOLECC Pa3BUTHUS MPEANPUATHUS SBJIIECTCS MHOTO3TanHbIM. [laHHas mpole-
Jypa, UCIOJIb3ysl MOATAHOE IJIAHUPOBAHUE, MO3BOJIAET HE TOJIBKO YHPOCTUTh PELICHUE 33]a4 ONTHMHU3ALUH, HO
U PEINTh T€ U3 HUX, K KOTOPHIM HENb3s MIPUMEHNUTHh METO/BI MaTeMaTH4IecKkoro aHanusa. PesyabraTel. O60cHOBaA-
Ha 11e71ec000Pa3HOCTh MPOBEICHHS PACYETOB ISl ONPEAETICHISI ONTUMAIBHOTO 00beMa MHBECTHLIMH C LIeNIbI0 00ec-
MIEYCHNS BBICOKHX TEMIIOB PA3BUTHS NMPEANPHUATHS. DTO SBISETCS 3a10roM 3(GQPEKTUBHOCTH NEATEIBHOCTH Mpea-
HPUATHS B JIOJITOCPOYHOM MEPCTIEKTHBE U MOBBIIIEHHUS €r0 KOHKypeHTocnocoOHocTH. Hayunasi HoBu3Ha. [lokasa-
HO, 4TO C ITOMOIIbIO METOJIOB TEOPUH ONTHMAIILHOTO YIPAaBICHUS MOXHO MPOU3BECTH PAaciyeT MUHHMAIBHOTO 00b-
eMa KalHUTalbHbIX BIOKECHUH IS yIIydIICHNS] SKOHOMUYECKHUX TTOKa3aTelel, KOTOpbIe ONpeneisitoT 3(h(heKTUBHOCTh
pabotsl npeanpusitus. [IpemnoxxeHHas METOIMKA pacueTa He 3aBUCHT OT KOHKPETHOTO COJEpIKaHHsS dKOHOMHYE-
CKUX MoOKa3zaresneil. DPPEeKTUBHOCTh JTaHHOW METOIMKH pacyera MpoJEeMOHCTPUPOBAaHA HAa MOJEIHLHOM HpUMEpE.
IIpakTnyeckas 3HaunMocThb. [Ipennaraemas B craThe METOAMKA pacdyeTa MUHHMAIBLHOTO 00beMa KamnuTajJbHBIX
BJIOXKEHHMH ISl YITy4IIEeHHUs] SKOHOMUUYECKHX ToKa3areseil 3 (eKTUBHOCTH MIPEANPUSITHS JOBOJIBHO IPOCTa, HO B TO
JK€ BpeMsl MO3BOJISIET, C OAHOM CTOPOHBI, ONPEEIUTh IPUOPUTETHBIE HANPABJICHUsI WHBECTUILMOHHOMN AEATENbHO-
ctu npennpusatus. C Ipyroil CTOpoHbI, OHa NOBBIIIAET YIPABIIEMOCTh U IPO3PAYHOCTh X03AUCTBEHHOU AEATEIbHO-
CTH TIPEANPUSTHUS, TOBBIIIAET YBEPEHHOCTh PYKOBOIUTEINS B MPABUIBHOCTH IPUHUMAEMBIX PEIICHHH.
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PO ONTUMIBALIIO OBCAT'Y IHBECTHUIIIN JIJISA MOJIMIIIEHHS
OCHOBHUX NOKA3HUKIB E®@EKTUBHOCTI POBOTH
HNIAITPUEMCTBA

Merta. [IpuGyTok i peHTaOenbHICTE OyAb-SKOTO, B TOMY YHCII TPAaHCHOPTHOTO, ITiJIPHUEMCTBA — 1€ OCHOBHI
€KOHOMIYHI ITOKa3HUKU e(eKTUBHOCTI poOOTH minnpueMcTa. LI nokasHUKK BioOpaaroTh pe3ybTaTH Ta YCIill-
HIiCTh pOOOTH MiANpHEMCTBA. 3 1HIIOTO OOKY, e)EeKTUBHA JisTILHICTD MIAPUEMCTBA B JOBIOCTPOKOBIH MEPCIIEKTHBI,
3a0e3NeueHHsT BHCOKHMX TEMIIB HOro pPO3BUTKY W MiABHINEHHS KOHKYPEHTOCIPOMOXHOCTI 3HAa4YHOIO MipOIO
BU3HAYAIOTHCS PIBHEM HOTo iHBECTHIIMHOI aKTMBHOCTI Ta Jialla30HOM IHBECTHLIHHOI AisuibHOCTI. MeToo naHoro
TOCTIKSHHSL € OOTPYHTYBAaHHS METOIy BH3HAYCHHS ONTUMAIBFHOTO OOCATY iHBECTHIIN I MOJIMIICHHS UX a00
iHmmX (OOMpaHWX KEpPIiBHUIITBOM) OCHOBHHX EKOHOMIYHHX MOKa3HHKIB €()eKTUBHOCTI POOOTH MiAIPHUEMCTBA.
MeTtoauka. B 0CHOBI 3amponoHOBaHOT METOAWKH BHU3HAUYEHHS ONTHMAIBHOTO OOCATY iHBECTHIIN JIEKUTH TEOPIis
OIITHMAJIBHOTO YIPaBIIiHHSA, 30KpeMa, IpoLeypa JMHAMIYHOTO IIPOrpaMyBaHH, TaK K KEPOBaHUH IPOLEC PO3BUT-
Ky MiAnpHeMCcTBa € OararoeranHuM. [laHa mpolenypa, BAKOPUCTOBYIOUYH MOCTAIHE IJIaHyBaHHS, J03BOJISE HE Tillb-
KM CTIPOCTHTH piIlIeHHS 3a7ad ONTHMIi3allii, ane i BUPIIINTH Ti 3 HUX, IO SKUX HE MOXKHA 3aCTOCYBaTH METOIU Ma-
TeMaTHYHOro aHajizy. PesyabTaTn. OOrpyHTOBAaHO IOLUIBHICTH NMPOBENIEHHS PO3PaxXyHKIB Ul BU3HAYECHHS OIITH-
MAJILHOTO O0CSATY IHBECTHIIIN 3 METOI 3a0C3ICUCHHS BHCOKHX TEMITIB PO3BHUTKY mianpueMcTBa. Lle € 3amopykoro
e(peKTUBHOCTI JAISUIBHOCTI MIANPUEMCTBA B JOBrOCTPOKOBIi MEPCIEKTHBI Ta MiABHUIIEHHS HOT0 KOHKYpPEHTOCHPO-
MoxHocTi. HaykoBa HoBH3Ha. [loka3aHo, 110 32 JOMOMOTOI0 METOAIB TEOPii ONTUMAIBHOTO YNPABIIHHSI MOXXHA
3pOOUTH PO3PaxyHOK MiHIMAJIBHOTO OOCATY KaIliTaJbHUX BKJIAJCHb ISl TOKPAILCHHS! eKOHOMIUYHHX ITOKa3HUKIB, SIKi
BU3HAYAIOTh €(DEeKTHBHICTH POOOTH MiANPHEMCTBA. 3alPOIIOHOBAHA METOIMKA PO3PAXYHKY HE 3aJIC)KUTH BiJl KOHK-
PETHOTO 3MICTY €KOHOMIYHHX MOKa3HHKIB. E(QeKTUBHICT MaHOI METONMKH PO3PaXyHKY MPOJEMOHCTPOBAaHA HAa MO-
nenpHOMY Tpukiani. [lpakTuuHa 3HaunMicTs. [IponoHOBaHA B CTaTTi METOAMKA PO3PaXyHKY MiHIMAIBHOTO 00CS-
Ty KalliTATbHUX BKJIAZCHB JUIS MOJIMIIEHHS] €eKOHOMIYHHUX TIOKAa3HUKIB €(peKTUBHOCTI MiATIPHEMCTBA TOCHUTH TIPOCTA,
ajie B TOW kK€ Yac J03BOJISE, 3 OAHOTO OOKY, BU3HAUMTH MPIOPUTETHI HANIPSIMKH {HBECTHUIIIHOT OisSUTBHOCTI MigIpH-
eMCTBa. 3 iHIOro GOKy, BOHA MiJBHIIYE KEPOBAHICTH 1 MPO30PICTh TOCHOAAPCHKOI TisUNTBHOCTI MiANpPUEMCTBA, M-
BUIITY€ BIIEBHEHICTh KEPIBHHUKA y MIPABUIBHOCTI MIPUHHATHX PIIICHb.

Kniouosi cnosa: npnbyToK; peHTa0EIbHICTh; EKOHOMIUHI MOKa3HUKH; €PEKTUBHICTH POOOTH; ONTHMAIBHHNA 00-
CSIT 1HBECTHLII; ONTHUMI3allisl; KOHKYPEHTOCIIPOMOXKHICTh; KEPOBaHICTh; IMHAMIUHE TPOrpaMyBaHHs
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MODELING WORK OF SORTING STATION USING UML

Purpose. The purpose of this paper is the construction of methods and models for the graphical representation
process of sorting station, using the unified modeling language (UML). Methodology. Methods of graph theory,
finite automata and the representation theory of queuing systems were used as the methods of investigation.
A graphical representation of the process was implemented with using the Unified Modeling Language UML. The
sorting station process representation is implemented as a state diagram and actions through a set of IBM Rational
Rose. Graphs can show parallel operation of sorting station, the parallel existence and influence of objects process
and the transition from one state to another. The IBM Rational Rose complex allows developing a diagram of work
sequence of varying degrees of detailing. Findings. The study has developed a graphical representation method of
the process of sorting station of different kind of complexity. All graphical representations are made using the UML.
They are represented as a directed graph with the states. It is clear enough in the study of the subject area. Applying
the methodology of the representation process, it allows becoming friendly with the work of any automation object
very fast, and exploring the process during algorithms construction of sorting stations and other railway facilities.
This model is implemented with using the Unified Modeling Language (UML) using a combination of IBM Ra-
tional Rose. Originality. The representation process of sorting station was developed by means of the Unified Mod-
eling Language (UML) use. Methodology of representation process allows creating the directed graphs based on the
order of execution of the works chain, objects and performers of these works. The UML allows visualizing, specify-
ing, constructing and documenting, formalizing the representation process of sorting station and developing se-
quence diagrams of works of varying degrees of detail. Practical value. The usage of the Unified Modeling Lan-
guage (UML) based on software package IBM Rational Rose and allows to create processes of varying degrees of
detail, reduce the time expenditure for the process research of sorting station and get a clear graphical representa-
tion, as well as to reduce the human costs at the construction and improvement of existing technological processes.

Keywords: directed graph; sorting station; technological process; schedule of the station; parallel processes,
UML

Introduction be simple and intelligible for engineers who exe-
cute their development and modification on the
other hand. In this regard, the formalization of
technological processes of railway transport is an
important task for the railway transport.

The railway stations are multi-channel, multi-

Modern information technologies are one of the
priority directions of the development and im-
provement of transportation process management,
operation of infrastructure, and other processes on
railway transport.

The main goal of informatization of railway
transport is to provide all technological processes
and activities of railway transport with the infor-
mation and creation the information base for
maximum efficiency of industry. The main ele-
ment of information systems of operational control
in the train stations operation and the assessment of
their technical and technological characteristics is
the mathematical model of the technological proc-
ess. Methods that represent these mathematical
models should provide a high level of detail that
creates possibility of automatic information proc-
essing and decision making on the one hand, and to

phase, stochastic, dynamic, and ergatic queuing
systems. Technical equipment and technology of
their work are described with the technical and
administrative act, technological process and vari-
ous instructions and regulations. The total volume
of these documents at major stations can be up to
several thousand pages. Therefore, the formal rep-
resentation of technological processes in the avail-
able form for their automatic and automated analy-
sis is complicated enough.

The efficient way of representing the automa-
tion objects that provides highly informative and
intuitive presentation of information is a visual
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modeling. During the visual modeling each ele-
ment of the production process is represented in
the form of graphic symbols.

Graphical models have been already used for
the formal image of technological processes of
railway stations functioning since the initial stages
of railway transport operation.

One of the first methods of formal representation
of the technological processes used up to the present
time is the linear Gantt chart [11], reflecting the du-
ration of technological operations with the object,
their relationship between themselves and the ex-
ecutors that take part in the operation. The line
charts are the primary method of technological
processes image with a separate objects in the de-
velopment of technological documents [14]. The
network graphs are widely used as models of tech-
nological processes of maintenance facilities at sta-
tions [14]. They allow applying the newly devel-
oped mathematical tools to determine the total dura-
tion of processing objects. The general shortcom-
ings of linear Gantt charts and network diagrams are
that they include a hard list of works and their exe-
cution order. In fact, the trains’ technology service
at the stations can differ and vary in operational
conditions. Thus during the processing of transit
trains there are various technology options depend-
ing on the need to change locomotives, cars avail-
ability, requiring cuts repair, health devices of rail-
way automatics during the reception and departure
and other. Considering that each particular combina-
tion of local conditions requires a different display
in the form of a linear chart or network, such a de-
scription becomes quite cumbersome.

For fixation and subsequent analysis of work
stations, as well as to establish their technical and
operational indicators graphical model in the form
of a daily schedule is used [6, 13, 12]. The separate
operations are represented as an icon on the time
grid in it. The daily schedule has high informative-
ness and it is a convenient tool for analysis of the
technological process by the man, but it is actually
a separate replica of the station work and it is im-
possible to set the rules of its functioning.

State machines [4] and Petri nets [13]. Give
formal representation of the work stations technol-
ogy with the possibility of considering various op-
tions for its execution. These models represent the
processes in the form of discrete transitions from
one state to another. However, these models are
exclusively determined the procedure, and rules

execution of certain operations, the directions
choice of transition necessitates the additional
complexity of the model and development of spe-
cialized software [12].

Undoubtedly the technology of rail stations can
be presented as an algorithm [15], but due to the
complexity of the stations work these algorithms
are very inconvenient and cumbersome to analyze.

Since the early 90-ies visual programming lan-
guages began to develop rapidly, providing the
writing computer programs by manipulation of
graphical objects instead of writing their text, and
visual development tools that support them.

Today one of the most widely-distributed visual
programming languages, which are used for formal
description of business processes, is the unified
modeling language (UML) [12]. The modeling
language UML is an open standard that uses
graphic symbols to create an abstract model of the
system, the so-called UML models. UML was cre-
ated for definition, visualization, design and docu-
mentation of software systems mainly. UML is
used for software modeling, business processes,
system design and display of organizational struc-
tures. IBM Company has developed the Rational
Rose environment as visual development tools
products in UML. It is a powerful tool for analysis
and design of object-oriented software systems.
The Rational Rose environment allows you to
build a model of the technological process of the
sorting station quickly and easily. It provides both
an automatic data processing of computers and
hand modeling. This environment contains all the
components of the UML.

In this regard, the use of UML to formalize
technological processes of train stations potentially
creates conditions for improving the efficiency of
the process and reduces the costs for developing
the visual design tools.

Purpose

The aim of the article is to develop methods
and models of graphical representation of techno-
logical processes of railway stations by means of
the visual UML.

Methodology

In order to achieve the clear view of the techno-
logical process one should distinguish principal
groups from which it consists of:
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— the objects requiring action of the contractor
(executor);

— the set of operations;

— the persons who perform the work.

Locomotives and trains are objects for the sort-
ing stations. Every object on the station runs a cer-
tain number of jobs (operations), foreseeable by
the process and the implementation of technologi-
cal operations at the station provides the executors
(shunting locomotives, sorting stations and other).
Every technological operation should be made by
the executors of a certain specialization (for exam-
ple, inspection of cars carries out by a team of ser-
vice point, train sorting — shunting locomotive and
sorting station and other). At the same time the
executor of a separate specialization can perform
several different operations (for example, signal
operator performs the fixing of rolling stock and
cleaning brake shoes) [14, 16].

Two diagrams of states and actions can be used
for the modeling the process of sorting station at
the logical level in the UML system of IBM Ra-
tional Rose [10].

The state diagram describes the process of state
changing (fulfilled work of technological process)
only of one object. At this the changing of an ob-
ject state (rolling stock, trains) can be caused by
both internal processes and external agents. The
main purpose of this diagram at formalization of
the processes of train stations to describe all possi-
ble sequences and actions that collectively charac-
terize an object’s behavior during its dwell time on
the station. The state diagram is essentially a graph
of a special type, which represents a specific ma-
chine. The top of this graph are the works that are
carried out at the railway station and some other
types of machine elements that are shown with the
corresponding graphical symbols for the environ-
ment. Arcs of the graph are used to indicate the
transitions from state to state that characterizes the
end of the execution of the work and the transition
of corresponding signal to the following diagram
performers. The state diagrams can be nested into
each other [2].

The action diagram in UML has more features
during the displaying of technological processes of
railway stations. Diagram also is a graph that
represents a specific machine, but it has differ-
ences, that includes:

— on the actions diagram it can be distinguished
both states and actions, and actions, in turn, can be

represented in the form of a new diagram of state
or actions, receiving the nesting of diagrams;

— action diagram has a set of tools for presenta-
tion of operator’s «choice»;

—on the actions diagram the parallelism of the
processes can be shown;

—on the action diagram is the ability to repre-
sent the synchronization of processes (operations).

Let’s present a graph of technological opera-
tions of processing trains delivered in to process-
ing, in the presence of telegrams-consignor list
(Fig. 1). Using the environment Ratinal Rose a
graphical sequence of relevant works was con-
structed. They are executed during the train sort-
ing, that had arrived at the sorting station. (Fig. 2).

For an actions diagram (Fig. 2) during its de-
veloping such designators were used:

® _ the initial diagram state, waiting for the
signal to work. The diagram state that does not
contain any internal action;

m — the idle state of the transition signal to
work;

— — a simple transition is a relationship
between two sequential operations, that indicates
on the change of one another;

Can oing kst

— the transition state;

@ — the final state of the diagram, waiting
for the end of the work execution;

— the state of choice between two
or more works.

For the transition in diagram, it is possible to
fix the terms of transition and executants (group of
executants), who carries out the work. With this
purpose it is proposed a transitions signature in the
following form [2]: «The condition for the
transition (completed work)» («list of executors of
the following works»)/ «Action for transition».

For the works of transition execution there is a
list of fixed labels [1]

— entry — label that indicates on the operation or
the incoming document required for the work
execution that is performed at the time of entry;

—exit — label, pointing to the work, that is
performed at the time of exit;

— do — label indicating the operation that is per-
formed during the whole time while the relevant
work is performed;
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— event — label — «event» that indicates a single
action and can be performed during the stay of the
system in appropriate state.

Such «events» must be ordered in time action
diagram is characterized by the reflection of the
parallel actions of the objects involved in the process.
For the process in parallel, there is a station duty
officer, who receives and sends messages; there is a
train going to the railway station and the railway
station waiting for the arrival of the train for the

dissolution. A graphical representation is quite intel-
ligible to understand the process, execution of works
and objects at the railway station. On the action dia-
gram it is also shown the status of the process and
action separately. As in the state diagram, each state
or activity can build its process separately. For the
diagram (Fig. 2) executors of work — the station duty
officer, the team of service point and other objects
requiring action of the executor — station, train, set of
work are operations of the technological process.

Before the After the arrival of the train
Operations name arrival of the Time in min. Executor
ramo o s 100 15 20
Receiving, marking and transferring
the telegrams-consignor list to the Operator of station
shunting station operator, to the station and technology center
and technology center, service point
L .. Operator of station
The sorting list composition and technology center
Receiving the message about the number
of a train and the time of its arrival from Station duty officer
a neighboring
Notification of station and technology center,
service point and commercial inspection .
. . tat ty offi
point workers about the time and route of the Station duty officer
train’s arrival
Control check of the rolling stock Operator of station
X . and technology center,
in the input yard neck #
teletypist
Arrival of a train, fixing of rolling stock, Signal operators,
uncoupling and departure of train 3 locomotive team,
locomotive, the fencing of rolling stock -l workers of service point
Delivery of shipping documents 5 Operator of station
to the station and technology center - and technology center
Check of telegrams-consignor list, marking 10 Operator of station
and verification of shipping documents _ and technology center
- . . 3 Operator of station
Sorting list adjustment and technology center
Maintenance of the rolling stock, release 17 Workers of service
the brkes I "
Workers
Commercial inspection of rolling stock 17 of commercial
B i o

Fig. 1. The schedule of operations of the trains processing, delivered to processing, in the presence
of telegrams — consignor list
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. Hiny Exeoutant - Station duty officer

i Me arhal
 #niryl Exgcutant - Station duty obcer

1y
Frocessing ane

BAOaKIng-up Of roling S1GCK

Fig. 2. The action diagram for the technological process of trains processing that does not contain any internal action

Inspection of roling stock on the yard inlet neck

entry/ The train un the control point

s the frain in the neck?*

Write-off of the rolling stock by the operator of
station and technology center
entry/ Rolling stock

Avrival of a train, fixing of rolling stock, uncoupling and departure of the locomaotive, the
fence rolling stock

entry/ * Checking - Train passed the control point(TRUE)
entry/ Train arrival

l

Signal to Maintenance of rolling stock,
perfom( release of brakes
senice point {from Stete/Activity Model)
workers ) entry/ train on the station
Signal to perform({ Commercial inspection of

commercial rolling stock
inspection point {from StateActivity Model)
workers )

entry/ train on the station

Execution of the documents

N
/

entry/ train on the station

Fig. 3. The technological process view of arrival and inspection of trains on station
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Therefore, the following diagram shows the train
and in parallel its departure station and the process
of repetition and arrival of the train to the next sta-
tion. Arrival of a train at the station runs «The arri-
val and working of the train» process (Fig. 3).

Fig. 1. shows that for a given graph there are
two parallel operations:

— the maintenance of rolling stock, release of
brakes;

— commertial inspection of rolling stock.

Therefore, for such operations in view of the
process in UML is provided the parallel displaying
(Fig. 3). Each step is characterized by the execu-
tors and the condition of work completeness in
state. For work that is in the parallel actions sepa-
rate chart can be constructed. Their own works
chart on the designation of their parallel processes
or operations can be constructed too for each ex-
ecutor (duty officer of station and technology cen-
ter, shunting locomotive, and team of service
point). All parallel works should be completed. It
is necessary for the diagram, the completion of
train stay in state of parallel operations. It is the
main condition for transition to the next operation
in the diagram.

As it was described earlier, transition between
states can contain the mark — «label». If the transi-
tion label does not contain any event, it means that
the transition occurs as soon as any activities asso-
ciated with this condition would be completed. For
example, from the «arrival of a train, fixing of roll-
ing stock, uncoupling and departure of train loco-
motive, the fencing of rolling stock» there are two
possible transitions. The label of one of them in-
cludes the condition that «The train has passed the
control point». A conditional transition is executed
only if the condition evaluates to «truey, i.e. if the
duty officer has reported on the received informa-
tion and willingness to handle it, then the transition
to the next state occurs. Otherwise the station duty
officer waits for a notification.

At the given moment from the particular state
only one transition can be made; thus, conditions
help to avoid the dual result for any event. There
are two special states: input and output. Any action
related to the input event occurs when the object
enters the state. The output event occurs when the
object goes out of this state.

In the mode of train behavior in the system one
can identify actions that are reflected by transitions,
and actions that reflected by states.Although both

processes that are implemented, as a rule, by some
«executors» of technical process, they are treated in
different ways. Operations are associated with tran-
sitions and treated as an instantaneous and continual
one. Works are related with conditions and can last
long enough. The work can be interrupted as a result
of occurrence of some external event.

The representation of the process is quite easier
to understand and reduces the time needed to study
the process of the sorting station, because it has the
opportunity to present the process from general to
detailed. After the receiving the schematic display
of the technological process in the environment of
IBM Rational Rose user receives a text file with a
description of the constructed process. The file can
be applied in the analysis process and receiving
calculations of indicators of processes stations
formalization.

Findings

The methodology for the presentation of techno-
logical processes of sorting stations in the form of a
sequential execution of the operations and the tran-
sitions between them, as well as representation the
parallel operations and parallel action of object sort-
ing station in these diagrams were proposed for the
model development. All graphical representations
are performed using standardized UML and they are
represented as a directed graph with the states that is
enough to understand the subject area. Applying the
method of technological processes presentation, it is
possible to learn the operation of any automation
object very quickly. It is also possible to study their
work during the construction of general work algo-
rithms in detail with regard of sorting stations and
other objects of railway transport.

The proposed model representation of the proc-
ess of the sorting stations using standardized UML
and the editor IBM Rational Rose allows saving
graphic information in a text file. Using other
software tools one can automate the file parsing of
the process and calculate the efficient indicators of
the process formation.

Originality and practical value

In result of the research the method of mathe-
matical models constructing of technological proc-
ess of the sorting station was proposed.

This technique involves the use of unified de-
sign language UML that essentially allows reduc-
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ing the time to construct the model and to present
the process of sorting station; to specify, construct,
document, formalize the process, to develop a se-
quence diagram for different levels of detailing.

Conclusions

1. The use of the methods of graph theory and
method of object-oriented analysis during the de-
velopment allows realizing the graphical represen-
tation of the technological process by the proposed
method. With the help of actions diagram, the
work process, contractors of work, as well as con-
ditions and transitions between the operations in
the process can be reflected. It is a quite conven-
ient representation of the graph of the work process
execution at the sorting station.

2. The use of unified design language UML for
plotting actions, for displaying the processes of
formalization technology works of sorting stations
allows reducing the cost of technological processes
development and increasing the work efficiency of
the automated systems designers for railway trans-
port objects.
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MOJEJIOBAHHSI POBOTH COPTYBAJIbHOI CTAHIIII
3A 1O0ITOMOT'OIO MOBHM UML

Merta. JlocikeHHS cpsIMOBaHEe Ha TOOYI0BY METO/IB Ta Mojenell rpadigHoro nmpeacTaBiIeHHs TEXHOIOT19HO-
rO MpOLIECY COPTYBAJIBbHOI CTaHIil 3a JonoMoror yHidikoBanoi MoBu MonentoBanHs (UML). Meroauka. B sikocti
METOIB JOCIiIKEHHSI BUKOPHUCTOBYBAIMCH METOIH Teopii rpadiB, CKIHYEHHINX aBTOMATIB Ta TEOPii MpencTaBIeHHS
CHCTEM MacoBOro O0CIyroByBaHHs. ['padiuHe MmpeacTaBieHHS! TEXHOJIOTIYHOTO MPOLECY Peati3oBaHo 3a JI0MOMO-
roro yHigikoBanoi Mmou mozentoBanas UML. IlpeacraBieHHs TEXHOJOTIYHOTO MPOLECY COPTYBAIBHOT CTaHIIIi pe-
aJ1i30BaHO y BUIJISAI JiarpaMu CTaHiB Ta Jii 3a qomomororo komiiekcy IBM Rational Rose. liarpamMu MaroTh MOX-
JIMBICTh MOKa3aTH HapaJIelbHICTh POOIT COPTYBAIBHOI CTaHMIi, MapaeNbHICTh ICHYBaHHS Ta BIUIMBY OO €KTIB TeX-
HOJIOTIYHOTO IPOLIECY Ta Mepexif Bix oxHoro crany B iHmmid. Kommuekc IBM Rational Rose no3Bossie po3pobiasitu
JiarpamMu MoCyIiJOBHOCTI po0iT pi3HOro crynens aeranizanii. Pe3yabraTu. YV pe3ynprari JOCHIIIKEHHS PO3pO0IICHO
MeTo TpadigHOTO MPEACTaBICHHS TEXHOJIOTIYHOTO TPOLIECY COPTYBAIBHUX CTAHIIIM Pi3HOTO BUAY CKIATHOCTI. Bei
rpadivyHi MpencTaBlIeHHs] BHKOHYIOTHCS 32 OMTOMOTO0I0 yHi(ikoBaHOi MoBr UML, MpencTaBnsSioOThCS Y BUTIISAL Opi-
€HTOBAHOTO rpady 31 CTAHOM, IO € ITOCHUTH 3PO3YMUTHM IPH BHBUYCHHI IMPEIMETHOI 00IacTi. 3aCTOCOBYIOYH METO-
UKy TPEICTABICHHS TEXHOJIOTIYHHMX IPOIECiB, MOXHA IIBHIKO O3HAWOMHTHUCH i3 PoOOTOI0 Oymb-sKOro 00’€KTa
aBToMaTH3alii. MOXJINBO TaK0OX BUBYHUTH X POOOTH IpH 1OOYI0B1 aJrOPUTMIB BiJl 3aTajIbHUX POOIT 10 JETATbHUX,
10 CTOCYETHCS, B TOMY YHCII, i COPTYBJIBHUX CTAHIIIHM Ta iHIINX 00’ €KTIB 3aJ1i3HUYHOTO TpaHCHOPTy. [laHy MOzenb
peaii3oBaHoO 3a 1OMOMOroo yHiikoBaHoi MoBu MozaemoBaHHs (UML) 3 Bukopucrannsm komiiekcy IBM Rational
Rose. HaykoBa HoBH3HA. 3a paXyHOK BUKOPUCTaHHs yHi(ikoBaHOi MoBH MonemoBants (UML) pospo6ieHo mpen-
CTaBJICHHsI TEXHOJIOTTYHOIO MPOIIECY COPTYBaIbHOI cTaHIlii. Po3po06iieHa METOIOJIOTIs IPECTABICHHS TEXHOJIOT1Y-
HOTO IPOIIeCy, L0 JJO3BOJISIE CTBOPIOBATH OPiEHTOBaHI rpady Ha OCHOBI BUKOHAHHS JIAHIIOXKKA POOIT, 00’ €KTIB Ta
BUKOHaBIIB nux poOiT. MoBa UML no3Bosie Bizyaini3yBaTH, crieliM(ikyBaTH, KOHCTPYIOBAaTH Ta JIOKYMEHTYBATH,
(dbopmarizyBaTu MpencTaBlIeHHS TEXHOIOTIYHOTO IPOIIECy COPTYBAIBHOI CTaHIIIi Ta PO3POONIATH IiarpaMu MOCHTiIO0-
BHOCTI pOOiT pizHOTO cTymeHs Aeranizamii. [IpakTuyna 3HauMMicTh. Bukopucranus yHibiKoBaHOI MOBH MOZEITIO-
BanHs (UML) Ha ocHOBI porpamuoro komiuiekcy IBM Rational Rose mo3Bostsie: cTBOproBaTH TEXHOIOTIYHI MpoLie-
CH PI3HOTO CTyIIeHS JeTami3amii; CKOPOTUTH BUTPATH Yacy HA BHBUYCHHS TEXHOJIOTIYHOTO IPOIECY COPTYBAIBHOI
CTaHIiT Ta OTPUMATH HarJsiiHe rpadivyHe HOro MpecTaBieHHs; 3MEHIIUTH JIFOICHKI BUTPATH MPH 1OOYIOBI Ta yII0-
CKOHAJICHHI, ICHYIOUHX TEXHOJIOTIYHUX MPOIIECIB.

Kniouosi crosa: opieHToBaHuii rpad; cCOpTyBaJibHA CTAHIIISL; TEXHOJOTIYHHIA MpolLiec; MmIaH-rpadik poOOTH cTaH-
1ii; mapanenpHi nporecn; UML

A. B.TOPEOBA'"

1*Hayqﬂo-nccnenosaTenLcKa;{ 4acThb, JIHEMPONETPOBCKUI HAllMOHAIbHBIN YHUBEPCUTET KEJIE3HOAOPOKHOIO TPAHCIIOpTa
nMeHu akajgemuka B. Jlazapsna, yi. Jlazapsna, 2, luenponerposck, Ykpauna, 49010, ren. +38 (056) 776 90 59,
a11. mouta alexandra.gorbova @ gmail.com, ORCID -0000-0002-5612-2715

MOJEJUPOBAHUE PABOTBI COPTUPOBOYHOMN CTAHIIMU
C IOMOUIBIO T'PA®UYECKHUX MPEJICTABJIEHUI

Heab. VccnenoBanye HanpaBlieHO Ha MOCTPOCHUE METOMOB M MOJIeleil rpaiecKkoro MpeicTaBiIeH s TeXHO-
JIOTHYECKOTO IMPOIecca COPTUPOBOYHOM CTAHIIMK C TIOMOIIBI0 YHH(HUINPOBAHHOTO si3bIka Monenuposanus (UML).
Mertonuka. B xauecTtBe METOZOB HCCIIENOBAaHMS HCHOJIB30BAINCH METO/BI TEOPHU IpadoB, KOHEUHBIX aBTOMATOB
W TEOpPHH TPEACTABIEHUSI CUCTEM MaccoBOro oOcmyxuBaHus. ['paduueckoe MmpeacTaBieHne TEXHOIOTHYECKOTO MPO-
Iecca peajr30BaHo ¢ TIOMOIIBI0 YHH(PHITMPOBAHHOTO si3bIka MoaenupoBarns UML. [pencTaBieHue TeXHOIOTHYECKO-
ro mpolecca COPTUPOBOYHOM CTAHIMM PEAIM30BaHO B BUJAE IUArpaMMbl COCTOSHUH M JEHCTBUH € MOMOLIbIO KOM-
wrekca IBM Rational Rose. JlnarpamMmmel MOTYT IMOKa3aTh MapauIeNbHOCT Pa0OT COPTHPOBOYHOM CTaHIIUH, Mapal-
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JIETBHOCTh CYIIIECTBOBAHUS W BIHMAHHUS OOBEKTOB TEXHOJOTHUYECKOTO IpoIecca M IMEepexo] OT OXHOTO COCTOSHUS
B apyroe. Kommiexkc IBM Rational Rose no3Bossier pa3pabaTbiBaTh qUarpaMMsbl OCIEI0BATEILHOCTH padoOT pas3iny-
HOU creneHu aertanu3auuu. PeyabTarel. B pesynbrate uccnenoBanus pazpabotaH MeTON rpa4ecKoro mpeacraB-
JICHHSI TEXHOJIOTMYECKOTO MPOIIECCa COPTUPOBOYHBIX CTAHIIMI Pa3IMYHOTO BHA CIOXKHOCTH. Bee rpaduueckue npen-
CTaBJICHUS BBIIIOJIHAOTCS C IIOMOLIBIO yHI/l(i)I/lIJ,I/IpOBaHHOF O A3bIKa UML, MPCACTABIIAOTCA B BUAC OPUCHTUPOBAHHOT'O
rpada ¢ COCTOSHUEM, IOCTATOYHO MOHSITHBIM NP W3y4YEeHHUH MPeAMETHOI obnacty. [IpuMeHsist MeToauKy npencrasiie-
HUS TEXHOJIOTMYECKUX POLIECCOB, MOXKHO OBICTPO O3HAKOMUTHCS C pabOTOM J1I000T0 00BEKTa aBTOMATH3ALMH, & TaK-
)K€ M3YYHUTh TEXHOJOTMUECKUH IPOIECC MPH MOCTPOCHUH aJrOPUTMOB COPTUPOBOYHBIX CTAaHIMK U JPYTUX OOBEKTOB
JKEJIE3HOOPOXKHOTO TpaHCHopTa. JlaHHas MOiellb peain30BaHa C MOMOIIBI0 YHH(HIMPOBAHHOTO S3bIKa MOJICIIMPOBaA-
aust (UML) ¢ ucnions3zoBanmeM komriekca IBM Rational Rose. Hayunast HoBu3na. C y9eToM HCIOJIB30BaHUS YHU-
(urmpoBanrHOTO s1361Ka MogenupoBanus (UML) pa3paboTaHo mpencTaBIeHHE TEXHOIOTMIECKOTO MPOIIecca COPTHPO-
BOYHOH cTaHIUH. MeTOONOTHs TPEICTaBICHNSI TEXHOIOTHYECKOTO MPOIIecca MO3BOISET CO3aBaTh OPUEHTHUPOBAH-
HbIE Tpadbl HA OCHOBE IOPSIKA BBIIOJHCHUS EIIOYKH paboT, 0OBEKTOB M UCIIOJHHUTENCH 3THX pador. S3esik UML
MO3BOJISIET BU3YalIW3UPOBATh, CHEHU(UIIMPOBATh, KOHCTPYHPOBATh M JIOKYMEHTHPOBATh, (DOPMAIN30BATh HpECTaB-
JICHWE TEXHOJOTWYECKOTO MpoIecca COPTUPOBOYHON CTAHIMHU W pa3pabaThIBaTh AWArpaMMBbl HOCIEIOBATEIHHOCTH
padoT paznuuHoii crernenn neranuzaiuu. [IpakTudeckas 3HaYuMocTb. Vcnons3oBanne yHU(DUIIMPOBAHHOTO S3bIKa
mopaenupoBanus (UML) Ha ocHOBe mporpamMHoro komiuiekca IBM Rational Rose mo3BosisieT: co3aaBaTh TEXHOIOTU-
YeCKHe TPOLECCHl PA3IMYHOIN CTENeHH JIeTANIM3al1; COKPATUTh 3aTpaThl BPEMEHH HA M3yYEHHE TEXHOJOTHYECKOTO
npoliecca COPTUPOBOYHON CTAHLIMM W MONYYHUTh HaIJIAIHOE Ipaduueckoe MpeICTaBlIeHUE; YMEHBIINTD YeJI0BEYECKHE
3aTparThl IIPU MOCTPOCHUN M COBEPLICHCTBOBAHUH CYLIECTBYIOLINX TEXHOJIOTHYECKHUX MPOIECCOB.

Kniouegvie cnoea: OpueHTUPOBAaHHBIM Tpad; COPTUPOBOUYHAs CTAaHIMSA; TEXHOJOTMYECKHH Npolecc; IUIaH-
rpaduk padoTHI CTaHLUK; apajuiesibHble ponecchl; UML
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JOCJIKEHHS TH)KUHIPUHT'Y TPA®IKA B KOMIPIOTEPHIN
MEPE’KI YKP3AJII3HUILI 3A TEXHOJIOT'IEIO MPLS TE

Meta. Ha 3ani3HUYHOMY TpaHCIOPTI YKpaiHM HEOOXiIHMM € BHKOPHCTAHHS KOMII FOTEPHHX MEpEeX Pi3HHX
texHozoriit: Ethernet, Token Bus, Token Ring, FDDI Ta inmmx. B 06’ e1HaHHSIX KOMIT IOTEpHUX MEPEX Ha 3aJli3HU-
YHOMY TpPAHCIIOPTI JOLIJIBHUM € BHKOPHCTaHHS TEXHOJOTi INBUAKOI KOMYTalil MakeTiB y 0araTonpoTOKOJIBHUX
Mepexax MPLS (MultiProtocol Label Switching), mo 3acHOBaHa Ha BUKOPUCTAaHHI MITOK. Mepexi 3 KOMyTaIli€ro
MaKeTiB TOBUHHI NIepeaaBaT pi3Hi BUAN TpadiKy i3 3a1aHOIO SKICTIO 0OCIYroByBaHHA. METOI AOCHTIIKEHS € PO3-
poOka METOIWKH BH3HAYEHHS MOCHTIJOBHOCTI MPU3HAYCH