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B. U. TABPWJIIOKY

Kad. «ABTOMATHKA, TeJIEMEXaHHKA U CBA3b», JIHEIPOIIETPOBCKHI HALMOHATBHEINA YHHBEPCHTET XKEIE3HOAOPOIKHOTO
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KOHTPOJIb MEXAHUYECKHUX ITAPAMETPOB
HEUTPAJBHOT O PEJIE )KEJE3HOJOPOKHONU ABTOMATHKHA
HA OCHOBE BEUBJIET-AHAJIU3A

Heab. Hayunas pabora mpeaycMaTpuBaeT pa3pabOTKy METOJa KOHTPOJS MEXaHHUYECKHX IapameTpoB Heu-
TPAIBHOTO PeJIe JKEJIE3HOAOPO’KHOM aBTOMATHKH ITyTEM aHaJlM3a TOKOB B 0OMOTKE M KOHTAKTaX peje IpH ero mepe-
KIIIOUCHHSAX Ha OCHOBE BeiBieT-npeoOpazoBaHus. Mertoamka. B OCHOBY METOAMKH IIOJIOXKEH aHalM3 TOKOB
B OOMOTKE M KOHTAKTaX pelie MPHU ero MepeKIoUeHUsIX Ha IPUMepe AUCKPETHOTO BeiiBieT-npeodpasosanust (IBII).
PesyabTathl. V3MepeHbl U NMpOaHAIM3UPOBAHBI BPEMEHHBIC 3aBUCHMOCTH TOKOB B OOMOTKE M KOHTAaKTax IpH
BKJIFOYCHHUHU M BBIKIIOUCHUH pene (HAXOSIIIMXCS B UCIIPABHOM COCTOSHHH M C A€(EKTaMM), MOIyICHHbIC IPH pas3-
JIMYHBIX HanpsokeHusx Ha karymke (10, 12 u 14 B). Tlpu yBenudeHUH HApsHDKEHKs, TOAaBaeMOro Ha OOMOTKY perie,
CKOPOCTb HapacTaHHs TOKa B 0OMOTKE 3aMETHO YBEIWYMBAJIACh, HO IIOCTOSHHAS BPEMEHH LIENH M3MEHSIACh He3Ha-
YHUTEIbHO. MaKcuManbHble 3HAYeHUs TOKA, IIPU KOTOPBIX SKOPb HauyMHAJ JBIKEHHE AJIS UCIPABHBIX pelie, Majo
3aBUCENIM OT MPUIOKEHHOTO HampshKeHus. [ yJacTka 3aBHCHMOCTH, IPH KOTOPOH SIKOPb MOJHOCTBIO HNPHUTSHYT,
MOCTOSTHHAs! BPEMEHH HapacTaHWsl TOKa TAKKe Majo 3aBHCeNla OT MPWJIOKEHHOTO HalpshKEHHs. AHAIOTHYHBIE pe-
3YJIBTAThI TOJIYYEHBI JUIS TIOCTOSIHHON BPEMEHH YMEHBILEHHUSI TOKa TPH BBIKIIOUSHUH HAINPSDKSHUS U MIPU yepiKa-
HUH sikopsl. TOK TporaHus ¥ TOK OTITYCKaHHMS SIKOPS YBEIMYHUBAIUCH JJIsl peJie C TPy30M Ha SIKOpe MPONOPLUOHAIBHO
BECy Ipy3a, a TaKxKe JUIsl Pelie C ThIJIOBBIM KOHTAKTOM, M30I'HYTOM BHH3, B TO BPeMsI KaK ITpH U3rnOe THUIOBOTO KOH-
TaKTa BBEPX 3TU TOKHM MUMEIM MeHbIIHe 3HaueHus. KpynmHomaciuTaOHble (HU3K04YacTOTHBIC) Kodddumuentsr JBIT
MOTYT OBITH HCIIOJIB30BaHBI ISl OOJiee TOYHOT'O COINOCTABJICHUS TOKOB TPOT'aHHS, OTIIYCKaHHS M IOCTOSHHBIX Bpe-
MEHH HepexOoAHbIX mpoueccoB. Koaddurmentsr manoro macurraba JIBIT (BBICOKOYAaCTOTHBIC) MOTYT OBITH HCIIONb-
30BaHbI B KAYECTBE OTIMYUTENBHBIX NMPU3HAKOB JE(EKTOB MOABIKHON cucTeMbl peie. HayuHast HoBu3Ha. Briep-
BBI€, HA OCHOBE MPOBEICHHOTO MCCIEIOBAHNA, PEIUIOKEHO UCIIONB30BaTh JeTalH3Upyomue Ko3()UIUeHTH Tuc-
KPETHOTO BEHBJIET-IPeoOpa30BaHusl B KauecTBE NMPH3HAKOB AE(EKTOB MOJBMKHON CHCTEMBI pelie. ANNPOKCUMHU-
pyroiuue (craaxuparomniye) Ko3pOUIHEHTH MOTYT OBITh HCIONIB30BAHbL TS 00JIee TOYHOTO COMOCTABICHUSI TOKOB
TpOTaHHMsl, OTIYCKaHUSI U MOCTOSHHBIX BPEMEHHU NEPEXOIHBIX MPOLECCOB JUIS BBIABICHUS JNe(eKTOB dieKTpoMar-
HHUTHOH cucteMsbl perne. IIpakTuyeckasi 3HaAYNMOCTB. [IpoBeieHHbIE aBTOPOM HCCIIEAOBAHUS MOTYT OBITh HCIOJIb-
30BaHbl Uil pa3paboTKH aBTOMATH3MPOBAHHOTO CTEH/A KOHTPOJS TEXHHYECKOTO COCTOSHHUS HEHTPaJbHBIX pelie
KEJIE3HOIOPOXKHON aBTOMATHKH.

Kniouesvie crosa: >1€KTPOMAarHUTHOE peie; KOHTPOJIb IIapaMeTpoB; BeHBIET-IpeoOpa3oBaHue
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BBenenue

HecmoTtpst Ha HaOmogaeMblli B MOCIIEIHUE Jie-
CATHJICTUSI 3HAUUTEIBHBIN Mporpecc B pa3paboTKe
MHUKPOSJICKTPOHHBIX M KOMIIBIOTEPHBIX CHCTEM
KEJIe3HOAOPOKHON aBTOMATHKH, NPUMEHEHHUE pe-
JIEHHO-KOHTAKTHOW ammaparypbl B YCTPOMCTBax
CUTHAJIM3AIMK U CBSI3U OCTAeTCsl AOCTATOYHO -
POKUM. DTHM OOBICHSIETCS WHTEPEC K MCCIEeIOBa-
HUIO JJIGKTPOMEXaHHYECKHX IPOIECCOB, MpoTe-
KaloIMX B pelie MpU ero nepexioveHusx [1-6,
11-13, 16, 17].

Jns obecriedeHuss HEOOXOAMMOTO YPOBHS Ha-
JOSKHOCTH M 0e30macHOCTH (PyHKIMOHUPOBAHHS
PENeHHBIX CHUCTEM aBTOMATHKH, OCHOBHBIC Iapa-
METpPBI IEKTPUYECKUX pee HE0OXOIUMO IepHo-
JIMYEeCKH KOHTpohupoBath [1-2, 4, 5]. Dror mpo-
Lecc BBIIONHAIOT BPYYHYIO, YTO TpeOyeT 3Hauu-
TEJIBHBIX 3aTpaT BPEMEHM U HE oOOecledyuBaeT
HeoO0XoauMoi TouHocTH. OnKcaHHBIE B TUTEpaTy-
pe YCTpOWCTBa I aBTOMAaTH3allMyd KOHTPOJIS Ia-
paMeTpoB penie HE HAUUIM LIMPOKOTO IpaKTH4e-
CKOr0 TPUMEHEHMs H3-3a OrPAaHMUCHHOCTH HX
(YHKIMOHABHBIX BO3MOXHOCTEH, B YacTHOCTH,
u3-32  HEBO3MOXXHOCTH  aBTOMAaTHU3UPOBAHHOTO
KOHTPOJII MEXaHWYECKuX IapameTpoB peie. Hau-
Ooyee TEpCIEKTUBHBIM MPEACTABISETCS METOJ,
OCHOBaHHBIH Ha aHAIM3€ OCLMIJIOTpaMM TOKa ye-
pe3 0OMOTKy peJie P €ro BKIIOYEHHUH M BBIKJIIO-
yeHnu [/]. OmHako HHU3Kas paspeliaromias Cro-
COOHOCTB 3TOr0 METO/a HE I03BOJISUIA BBISIBISTH
XapakTepHble AUArHOCTHUYECKHE INPHU3HAKH MeXa-
HUYECKUX Ne(QEeKTOB pejie Ha HayaJbHOH CTaluH
ux Bo3HUKHOBeHus [4, 5]. Cioco6 aBTOMaTH3aI[MK
KOHTPOJISA MapaMeTpOB HEHTPAIBHBIX pelie XKeJes-
HOJIOPO’KHOM aBTOMAaTHKH, OCHOBAaHHBIN Ha COIOC-
TaBJICHUH DPE3YyJIbTaTOB MaTeMaTHYecKOTO Mojie-
JUPOBaHUs  DJIEKTPOMEXAHMYECKHX  IIPOLECCOB,
NPOTEKAIOLINX B pejie NMPH €ro BKIIOYEHUH U BbI-
KIIIOYEHHH, C pe3yjbTaTaMH H3MEPEHUH TOKOB,
MPOTEKAIOUINX Yepe3 OOMOTKY M KOHTAakTBl pejie
B MCIIPABHOM COCTOSHHM M C OIPEACICHHBIMH Me-
XaHUYECKUMH nedeKTaMu, npemaoxen B [4]. Me-
TOJI TIO3BOJIMJI BBISIBUTH BPEMEHHBIC U MEXaHUYe-
ckue AeeKThl, CBA3aHHBIC C HAapyLICHHWEM pery-
JIMPOBKH IOABHXHOM CHCTEMBI pejie, B YaCTHOCTH,
— HEOJTHOBPEMEHHOCTh 3aMbIKaHUSI ¥ Pa3MBIKaHUsI
KOHTaKTOB Pa3IMYHbBIX TPy, Apede3r KOHTAKTOB.
OpHako pe3yibTaThl KOHTPOJIS MEXaHWYECKUX I1a-
paMeTpoB peine ObUIM HENOCTATOYHO TOYHBIMU.
[TprunHOIi 3TOTO SBIISETCA HCIIOIB30BAHUE MOJTY-

OMITUPUYCCKAX BBIPAKEHHUN IS ONMHCAHHS Mar-
HHUTHOT'O COMPOTHBIICHHS BO3YIIHOTO 3a30pa, aH-
TUMArHUTHOTO ITH(Ta MEXKIY AKOPEM U Ceped-
HHKOM, MarHUTHBIX TIOTOKOB B CEPACYHHUKE, TTOTO-
KOB pacCesHHs, BUXPEBBIX TOKOB B cranm [3, 8].
3TI/I nmapaMeTpbl 3aBUCAT OT BEJIMYUHBI BO3AYUIHO-
ro 3a30pa 8, CKOPOCTH MEPEMEIIEHHs SIKOPST U T.]I.
CyMMmapHasi MOTPENIHOCTh TPH HCIOIb30BAHUHN
atux hopmya moxer nocruratb 20-30 %, uto He-
NpUEMIIEMO JUTS TPAKTHYECKOTO HCIIOJIB30BAHMS
[3, 8].

st BBIABIIGHHS MEXaHWYECKHX Je(PEKTOB
BIIEKTPOMArHUTHOTO pejie TMEPCHEKTUBHBIM IPEe-
CTaBJIICTCSA METOJ, OCHOBAHHBI HA aHAIHM3€ BpE-
MEHHBIX 3aBHCHMOCTEH TOKOB Yepe3 OOMOTKY
1 KOHTAKTbI PeJie MPU €ro MEPEKIIIOUEHHAX C PH-
MCHEHHEM allliapaTa MCKYCCTBEHHBIX HEHPOHHBIX
cereit (MHC) [6, 11]. Jus o6yuennss THC tpeby-
€TCsl MCIOJIb30BaHHE OOJIBIIOr0 KOJIMYECTBA TOKO-
BBIX XapaKTEPUCTHK JJIs pelie, OTPEryIUpOBAHHO-
r0 B COOTBETCTBUH C TEXHOJOTMYECKUMHU TpeOOBa-
HUSMH M pejie C OINpENeSICHHBIMU 3apaHee 3ajaH-
HBIMH MEXaHHYECKUMHU JedekTamu. DTO TakKe
3aTPYIHSET MPAKTHYECKOE TMPUMEHEHHE METO/Ia.
Coxpamenne Bpemenu odyuennss MTHC Bo3moxHO
Ha OCHOBE TPEBAPUTENHHON 00pabOTKH KCIEpH-
MEHTAIbHBIX JaHHBIX. YUYHTBIBas HE3HAYUTEIbHbIE
JIOKaJIbHBIC M3MEHECHHUS BO BPEMEHHBIX 3aBHCHMO-
CTAX TOKOB B OOMOTKE M KOHTAaKTax peje, IMOSB-
JSIFOIIMECS TP  BO3HUKHOBEHHH MEXaHUYECKHUX
ne(eKTOB, MEPCICKTUBHBIM ISl TIPEIBAPUTEIHHOM
00pabOTKN PE3yIbTATOB W3MEPCHHUN SIBIIICTCS Me-
ToJ BeliBneT-ananu3a curaaios [9, 10, 14, 15].

Hean

Ilenpio paboOTHI sABISAETCSA pa3pabOTKa METOoIa
KOHTPOJIA MCEXAaHHWYCCKUX IapaMETpPOB HeﬁTpaJ'[B-
HOT'O peJie JKEIC3HOIOPOKHOM aBTOMATHKH MyTEM
aHaJM3a TOKOB B OOMOTKE M KOHTAKTaX pene MpH
ero TEepEeKITIOYCHHUSX Ha OCHOBE BEHBIIET-IIPEO-
OpazoBaHwUs.

JIns moCTHKEHHS TIOCTABIICHHOW 11e7M Heo0XO0-
JIMIMO BBISIBUTH XapaKTEepHbIC MPU3HAKH Je(HEKTOB
pene, TpPOSBILIIONIMECS B BEHWBIET-CIIEKTPO-
rpamMmax.

MeTtoanka

B OCHOBY MCTOJIWKH IIOJIOKCH aHaJIMN3 TOKOB
B OOMOTKE M KOHTAaKTax peiie nmpu €ro nepeKIruc-
HUAX. TunuaHas BpEMCHHAs 3aBUCUMOCTb TOKa
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B OOMOTKE pesie MpU BKJIIOUCHUH €€ Ha MOCTOSH-
Hoe HampsbkeHue U, B MomeHT Bpemenu t=0
¥ BBIKJIIOYCHHH B MOMEHT BpEeMEHH t; myTeMm OT-
COCIMHECHHST OOMOTKH OT HCTOYHHMKA MUTAHUS U
3aMbIKaHUs] HAKOPOTKO [4—6] mpuBeneHa Ha puc. 1.
ITocne mogaun Ha OOMOTKY pejie HaNpsHKEHUS TOK
B 00MOTKE, BCJEACTBHE MHIYKTHBHOTO XapakTepa
€e CONPOTHBJICHMS, HapacTaeT IO 3aKOoHy, OJu3-
KOMY K OKCIIOHCHIMAIBHOMY, YTO HPHBOJIHUT
K YBEJIMYCHHUIO MarHUTHOTO MOTOKA B CEpPACUYHHKE
M MarHuTONPOBOJE pejle U, COOTBETCTBEHHO,
K YBEJIMYCHUIO CHIIBI MIPUTSDKEHUS sikops. [Ipu To-
Ke | CHJIa MarHWUTHOro nputskeHus f, mpesbl-
CHT MEXaHUYECKYI0 CHIIy MPOTHBOJCHCTBHS JBH-
xeHuIo sikops f, M sxopb HauHeT mepemernaThCs.
IIpu >TOM 3a30p MEXKIy SKOPEM U CepACUHHKOM
OyneT ymeHbmaThes oT 6 =9, 10 6 =29, rae o, —
BBICOTA aHTMMarHutHoro mrudra. B mpomecce

ABWXXCHHUS SKOPA CHIIBI fm u fc HN3MCHAIOTCA,

¥ TOJIHOE MPUTSDKCHHE SIKOPST BOSMOXKHO TP YC-
aosun f, > f. misa Bcex 3HaueHwmit &. B MomeHT

BPEMCHUHA t2 SIKOPb OJHOCTBIO IPUTAHCTCS U TOK

B OOMOTKE pejie MPOAOJKUT YBEIUYUBATHCA 110
3aKOHY, OJNM3KOMY K OKCIIOHCHIHAJIbHOMY, HO
C Jpyroil MOCTOSIHHOW BpeMEHM Ipolecca. B Mo-
MEHT BpeMeHHU l; HampshkeHHe Ha OOMOTKE BbI-

KIIFOYACTCSA U 0OMOTKA 3aMbIKAeTCsI HaAKOPOTKO.

Current
\\

0 2 314 15

Time

Puc. 1. BpemeHHas 3aBUCHMOCTB TOKa 4epe3 0OMOTKY
peJie IpH BKIFOYCHUH U BBIKIIIOUCHUH HAIPSOKCHUS

Fig.1. Time dependence of the current in relay coil un-
der voltage set-on and set-off

Tox B 0OMOTKE yMEHBIIACTCS B HMHTEpBaJE

t;.t, mo 3akoHy, ONIM3KOMY K DKCIOHEHIHAIBHO-

My. B MOMEHT BpeMeHH t, cuila MarHUTHOTO IIPH-

TSDKEHUS! SIKOPSI YMEHBIIAETCSI 10 3HAYCHUS CUJIbI,
cTpeMsllelics BEpHYTh SKOPb B HCXOJHOE IOJIO-
xeHue (0OYCIOBICHHOH BECOM SIKOpSI M YIpPYro-

CTBIO TIPY)KHH), M SIKOPh HAuyHET IBUTAThCA (WH-
tepsan t,.t;). B MOMeHT Bpemenu t; skopb 3aii-

MET IePBOHAYAIILHOE MOJIOKEHUE (8 = 80) .

[Ipu BKIIOYCHHMU pelie MPOMCXOIUT pPa3MbBIKa-
HHE ThUIOBBIX (HOPMAJIBbHO 3aMKHYTHIX) KOHTAKTOB
1 3aMBIKaHe (PPOHTOBBIX (HOPMAIBHO Pa3OMKHY-
TBIX), & MPH BBIKJIIOUEHUH, COOTBETCTBEHHO, MPO-
[ecc MPOTEKaeT B 0OPATHOM HAIPaBJICHHH.

[Ipy mnepeKIoueHH KOHTAKTOB BO3HHMKAIOT
yOpyrHue CWiIbl H3ruba KOHTAKTHBIX IUIACTUH
Y KOHTAKTHBIX MPYKUH, YTO TAKXKE HAXOAHUT CBOC
OTpakCHHE HA BPEMEHHBIX 3aBHCHMOCTSX TOKa
B 00MoTKe Katyiiku (puc. 1).

Tumel U mapaMeTpbl HEHTPaIbHBIX PENIe JKee3-
HOJIOPOXKHOM aBTOMATHKH, [T KOTOPBIX MPOBEJe-
HBI HCCIICIOBAHMSI, IPUBEICHBI B Ta0. 1.

Tabnumna 1
Tunsl 1 napaMeTpsl peJie
Table 1
Relay type and parameters
Homep Tun pene Room u,,.B U,.B
perne Om

R1 HMIII1-500
R2 HMIII1-500
R3 HMII11-2000
R4 HMIII2-900
R5 HMIII1-500
R6 HMIII2-1000
R8 HMIII2-900
R9 HMIII4-720
R10 HMII14-600

500 7,3 2,4
500 7,3 2,4
2000 16 6-9
900 75 2,3
500 7,3 2,4
1000 7,5 2,3
900 7,5 2,3
720 7,5 2,3
600 7,5 2,3

B Tabnuile mpuBeneHBI CIEAYIONINE MapaMeT-

pel: R, — HOMHUHAJIBHOE COIPOTUBIIEHHE OOMOT-

Ky pene; U, — HanpsKeHHe MOIHOTO MPUTSKEHUS
skopsi; U, — HanpsbKeHUe OTIyCKaHUs KOpSL.

st kaxzoro pelie mpoBeleHbl U3MEPEHHs IPH
Pa3IN4HBIX 3HAUYEHMSIX HANPsDKEHHs], 101aBaeMOT0
Ha OOMOTKY B HCIPAaBHOM OTPETYJIHMPOBAHHOM CO-
CTOSIHUH, a TaKXe IOocJe BHECEHMs pAJa MEXaHU-
YecKUX Je(EeKTOB IyTeM 3aKpeIUICHHUS Ha SIKOpe
OTpeICTICHHOI0 TPy3a, 3aKJIaJAKH TOHKOM IacTu-
HBI MEXAY KOHTaKTaMH, M3ruda KOHTaKTHBIX IlIa-
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CTHH M KOHTaKTHBIX MPYXWH WIH ITyTeM IIOJHOTO
M3BATUS KOHTAKTHBIX TPYIIIL.

[Ipu perucrpanuu Toka GPOHTOBIC U THUIOBBIC
KOHTAKTHl 3aMBIKaJI MEXIy COOOW, B pe3yibTare
4ero TOK 4epe3 HUX MIPEephIBACS TOJBKO MpH Iie-
perneTe MeKAy KOHTaKTaMH.

g 3amicu Toka B OOMOTKE W KOHTaKTax pelie
MOCIIEJIOBATENIbHO C HUMH B IIETb BKITFOUAIN PE3U-
CTOpPBI C ONpEJCICHHBIM COIMPOTUBJICHUEM, Ha-
NPSOKCHUE ¢ KOTOPBIX (MTPOTOPIHOHAIBHOE CHIIC
TOKa) MMOJJaBaJIi Ha BXOJI MHOTOKaHAJILHOTO aHaJI0-
roBo-1dpoBoro mpeobpaszosarens (ALIT). 3a-
MUCh CUTHAJa TPOBOJIWIM HAa KOMIBIOTEp, MOJI-
kIodeHHbIH K Beixoay AL wepes USB mopr.

Hanpspkenue mopaBaiy ot cTabMIM3UPOBAHHO-
r0 UCTOYHHUKA, MPU BBIKIIOUYCHUU HAPSDKEHUS 00-
MOTKY OTKITFOYaJd OT MCTOYHUKA M 3aMBIKAIH ee
BBIBO/IbI HAKOPOTKO.

Jlis BBISBIICHMSI XapaKTePHBIX IMPU3HAKOB Jie-
(eKTOB pelie 3amrcaHHbIe TOKHA aHAIM3UPOBAIU C
MTOMOIIIBIO BEWBIIET-TIPE00Opa3oOBaHus, Ul pealu-
3aiuu Kotoporo wucrois3oaan WaveletToolbox
MaTteMaTndeckoro nakera MatlLab.

Betignem-npeobpasosanue. BeiiBneT-npeodpa-
30BaHME MO3BOJSIET MPEACTABUTH HETEepPHOIIYe-
CKU{ CHTHAJl B YaCTOTHOW M BPEMEHHOW 00JacTh
W HCCIEOBATh KaXIbIii KOMIIOHEHT DPa3JIOKEHUS
C YYE€TOM YacTOTHONW M BPEMEHHOMW JIOKAJIM3allUU
[9, 10, 14, 15].

Pasnmuyator nBa TMMa BelBIET-TIpeoOpa3oBaHUS
— wenpepeiBaoe (HBII) u mmckpernoe (IBII).
HBII xapaxTepu3yioT Kak M30BITOYHOE U OOBIYHO
WCTIONB3YIOT JJIsl aHAJIM3a CUTHAJIOB M BBIJICIICHUS
€r0 XapaKTepHBIX 0COOEHHOCTEH, B TO BpeMs Kak
JBII Gosnee amekBaTHO B Cilydae HEOOXOIUMOCTH
yYMEHbBIIEHUS JaHHBIX. OCHOBHBIC IOJIOKCHUS
BEHBJIET-TIPe0Opa30BaHMsI U3TI0KEHBI BO MHOXKECT-
Be myOnukanuii [9,10,14,15].

HBIIT curnama f(t) ¢ xoHeuHOW sHepruei,
npuHagiexamero k L°(R) BekTopHOMY mpo-

CTPAaHCTBY, ONPCACIIAIOT KaK

CWT, f(a,b) = (f (1), ¥,,(t)):= j fOw (@,
rae W, (t) — dynkuus, obpasoBaHHas W3MEHEHH-

eM maciitadba U CMEIIeHUEM 110 BpEMEHHU (YHKIIUH
Y(t), Ha3sIBaEMOI «MAaTEPUHCKUM BEHBIETOM»

¥, (1) =[] 2 [ f (t)‘P(%) dt,

—00
rae a, beR, a#0 — macurabubiit K03hdureHT

1 CMCIICHUE COOTBCTCTBCHHO. MHOXUTEIb |a|_%

UCTIONIB3YIOT UIS HOPMHUPOBAaHUSI DHEPTrUHM IPH
pasIMYHBIX MacmTabax, 3Hak (*) o603HaUaeT KOM-
TUIEKCHOE COTIPSDKEHHE.

UcxonHblit curHais MOKeT OBITh BOCCTaHOBIICH
Ha ocHOBe nHBepcHoro HBII

o0 0

()= [ [ (CWT, iy (0) 7

Y 0 -

1
t)—dadb,
a,b( )az

rae ko3¢duuuents: C,, onpenenstorcs B BULE

= T |T(C§))|_2 do

a ‘/I\’(m) — dypre-ipeobpa3oBaHNE OT MaTEpPHH-

CKOro BeHBJIETA.

JBT curnana omnpenensieTca MyTeM JTHUCKPETH-
3aIiu KO3 GUITUCHTOB MacIITabupoBaHUS
Y CMEIICHUS] MAaTepUHCKOTrO BeMBieTa

a=ay u b=nbyay,

rae a, u b, — 3HavYeHws, yIOBICTBOPSIOIIHNE yC-
noBusM @, >1, by>0; m,neZ; Z - psxa nono-

JKATENIbHBIX uKcen. [Ipu 3ToM MaTepuHCKUI BEWB-
JIeT IPUHUMAET BUJ

—nb,
¥t =2, 2 jf(t)\v( L0080 ) o
ag
a  COOTBETCTBYIOIIIEE  JIUCKPETHOE  BEUBIIET-

npeoOpa3oBaHUE 3aAMUIIETCS B BUIE

DWT, f (m,n)=(f(t), ¥, .(t))= T fOWw (tadt.

—00

DWT npousBouT pas3iiokeHHE CHTHajla B MO-
Jocax ¢ IIMPUHOM, YBEIUYMBAIONICHCS JIMHEIHO
¢ yactotoil. B ciydae qBonyHOrO npeodpazoBaHus
(ay,=2 u by=1), kaxzaas monoca CreKTpa UMeeT
NPUOIU3UTENBHO LIMPHHY B OJTHY OKTaBY.

McxXonHbIl CUTHAT MOXKHO IOJIYYUTh B BHJIE
psna
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F()=22.Con¥n:
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OcHoBHAas Ues BEUBIIET-aHAIN3A 3aKII0YaCTCs
B Pa3lOXEHUH CHUTHAJA B CIEKTPHI C Pa3IMYHBIM
Mmacmrabom [14, 15], 9T0 MO3BONAET M3YUIHUTH E€TO
0COOCHHOCTU. AJITOPUTM COCTOUT U3 IOCIIEHA0Ba-
TEJILHOCTH Pa3NIOKEHUH C JUTENBHOCTBIO 2N
B Ha6op ABYX KOMIIOHETOB: JACTAIM3UPYIOUIUX KO-
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Ka)KZ0M YPOBHE BXOJIHOW CUTHAJI pa3iararor ¢ Io-
MOIIBI0 BBICOKOYACTOTHOrO ¢mibTpa B BU kom-
MOHEHTHI U HU3Ko4acToTHOTo ¢uibTpa B HY xom-
MTOHEHTHI, KOTOPHIE HCIOJB3YIOTCS 3aTEM IS Clle-
JIYIOIIETO pasyiokeHusl. JIuCKpeTHbI CUTHAM, Mpo-
xoxs uyepe3 HY m BY ¢unbtpsr, obpasyer naBa
BEKTOpa MEPBOr0 YPOBHS C alPOKCUMHUPYIOIUMHU
kodpdunueHTaMu A U JeTaIU3UPYIOUIUMH KO-

(@

Current
Current

Time (s)

spdummentamu  D,. I[Ipumenenne anamorudHoi

GunbrTpanuu K KodbduuueHTaMm A IPUBOJUT
K JalbHEHIIEeMy pa3loKEeHHI0O UX B allpOKCHMHU-
pytome A, n gerammupytompe D, xo3ddunu-
€HTBHI BTOPOTO YPOBHS. AHAJIOTUYHO MPOU3BOISATCS
pasyioKeHHs A0 HE0OXOIMMOTO YPOBHs. AMIPOK-
CHMHpYIOIIEe pa3JIOKCHUE SIBISCTCS HHU3KOYac-
TOTHBIM KPYITHOMACIITaOHBIM, a ACTAIH3UPYIONIee
— BBICOKOYACTOTHBIM MaJIOMAcCIITaOHBIM C BBICO-
KUM pa3pelieHHeM.

Pe3yabTathl

Pe3ynbpTaThl M13MEpEHU U aHAIN3a NPUBEACHBI
sl pene ¢ ycioBHbIM Homepom R10 (tabm. 1).
Jns mpyrux pene pe3yabTaThl U3MEPEHUH B IEIOM
COOTBETCTBOBAJIM PE3yJIbTaTaM, MOTYYSHHBIM JIJIsI
pene R10. OTo mo3BonseT pacnpoCTpaHUTh MOTY-
YeHHble B paboTe BBIBOJBI Ha BCE HCCIEIyeMbIe
TUIBI HeUTpanbHbIX pene (Tabn. 1), a Takke wmc-
MOJIB30BaTh pe3yabTaThl it 00yuenus MHC.

BpemeHHBIE 3aBHCHMOCTH TOKOB B OOMOTKE

¥ KOHTaKTax MPH BKIIOYECHUH U BBIKITIOYECHUH pee
UCTIPaBHOTO U ¢ JiepeKTaMu, U3MEPEHHbIC TIPU Ha-
npsbkeHusix Ha karymke 10, 12 u 14 B, npuBeneHsl
Ha puC. 2.

Time (s)

Puc. 2. BpeMeHHBIE 3aBHCUMOCTH TOKa B 00MOTKe (1) 1 KoHTakTax (2) mpH BKIIOYECHUH U BBIKIIOUEHHH peiie 6e3

KOHTAKTHOM Tpymisl (@, C, €), ¢ KOHTaKTHO# rpymmoi (b,

d, f), ¢ nonomHuTENBEHBIM TPy30M Ha sikope (g, i), ¢ u30-

THYTBIM TBUTOBBIM KOHTakTOM BBepX (N) 1 BHU3 (j), M3MepeHHbIE TPpU HaNpsDKeHusX Ha karymike: 10 B(a, b),
12B(c,d, g, h,i,j),14B (e f)

Fig. 2. Time dependences of the currents in relay coils (1) and in contacts (2) during relays switching on and off for

the relays without contact group (a, ¢, €), with contact group (b, d, f), with additional weight on armature (g, i), with

curved-up back contact (h) with curved-down back contact (j), measured under voltage applied to coils: 10 V (a, b),
12V (c,d, g, h,i,j), 14V (e, )
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U3 pucyHka BHOHO, YTO IpHU YBEIWYCHUH Ha-
HPsDKEHUS, TOAaBaeMOro Ha OOMOTKY pele, CKO-
POCTb HapacTaHHsl TOKa B OOMOTKE 3aMETHO yBe-
JMYMBajach, HO IOCTOSHHAs BPEMEHHU Mpolecca
M3MEHsIach HE3HAYUTEIbHO. MaKcUMalbHbIE 3Ha-
YEeHHs TOKOB, IIPHU KOTOPBIX SKOpPb HAaYMHAJI JIBU-
KEHHUE JUISL HCIPABHBIX peJie TaKKe Majlo 3aBUCEIH
OT MPHUIJIOKEHHOTO HaNpsDKEHHA. DTO 0OBICHSACTCS
TEM, YTO CHJIa 3JEKTPOMArHUTHOTO MPUTSHKEHHS
MPOMOPIIOHANIbHA MATHUTHOMY TTOTOKY B cepied-
HHUKE U, COOTBETCTBEHHO, TOKY B OOMOTKE.

IlocrosiHHas BpeMeHN HapacTaHUs TOKa I yda-
CTKa, TPH KOTOPOH SAKOPH IOJHOCTHIO MPUTSHYT

(t2"t3)' TAKIKC MaJIO 3aBUCCIAa OT IMPHUIIOKECHHOI'O

HanpspkeHust. [1ocTosiHHAs BpeMeHH H3MEHEHHs TOKa
IIPY BBIK/IFOYEHUU HAIPSDKEHUS U TOK YIEpyKaHU,
M3MEPEHHBIC JUTSl Pa3HBIX MPIJIOKEHHBIX MPH BKITFO-
YEHUM perie HANpPsHKCHHSX, MMEN OJNM3Kue 3Hade-
HHS B IIPe/IeNiax MOTrPEIIHOCTH H3MEPEHHUIA.

Tok TporaHus U TOK OTITYCKaHHs SKOPSI yBEJH-
YHUBAJIKMCh JUISL PEle C TPYy30M Ha SIKOpE IMPOIop-
IIMOHAIBHO Becy rpy3a (puc. 2 (g, 1)), a Takxke s
pene ¢ THUIOBBIM KOHTAaKTOM, H30THYTOM BHHU3,
B TO BpeMs Kak JJIsi U30THYTOTO KOHTaKTa BBEPX
9TH TOKH UMEITH MCHBIIINE 3HAUCHUSL.

Takum 00pa3oM, MOCTOSIHHbIE BpPEMEHH H3Me-
HEHUS TOKA MPU HETOJBIKHOM SIKOPE TPH BKIIIO-
YCHHH W BBIKIIOYCHHH pelieé M TOKH TPOTaHMs
N OTITYCKaHUA SKOPS MOTYT OBITh KCITOJIB30BaHEI
B KaueCTBE AMATHOCTHYCCKHX MPU3HAKOB HCIIPAB-
HOCTH SHCKTpOMaFHHTHOﬁ CHUCTEMBEI pelic.

ITo BpeMeHHOM 3aBUCHMOCTH TOKa B KOHTaKTax
VTSl Pa3HBIX KOHTAKTHBIX IPYII MOXKHO CYJIUTh O He-
OJIHOPOJTHOCTH 3aMBIKaHHs U Pa3MBIKaHHs KOHTAKTOB,
a TaKkkKe 0 HAJIMUKK Jpebe3ra KOHTAKTOB (pHC. 2).

i

¢ 65 1 15 2 25 ¢ 435 1 15 2 23
Tine (5)

BTopoil yyacToxk BpeMEHHOH 3aBUCUMOCTH TO-
ka (uHTepBan t.t, Ha puc. 2) COOTBETCTBYET Iie-

PEMEIIEHUIO SIKOPSI U TOJABUKHBIX JJIEMEHTOB pe-
ne. Ha ¢opmy kpuBO# TOKa Ha 3TOM y4acTKe OKa-
3bIBAIOT BJIMAHUE CHJIBI YIPYTOCTHU I/I3FI/I6aeMBIX
KOHTAKTHBIX TUIACTUH W KOHTAKTHBIX TPY)KHH,
a Takke cwia TpeHus. [loaToMy HapymeHus mpa-
BUJIBHOCTH PETYJIHMPOBKU TOJIBW)KHBIX DJIEMEHTOB
pelle MPUBOIUT K TOSIBICHUIO JTOTIOJTHUTEIBHBIX
0coOeHHOCTEH (IKCTPEMYMOB, TIEPETHOOB) HA HEM.
OpnHako, 3TH 0cOOEHHOCTH C€J1a00 BBIPAKEHBI U IS
WX BBIABICHUS TPUMEHEHO TUCKPETHOE BEHBIET-
npeoOpazoBaHue.

Bpemennast  3aBUCHMOCTH  KO3(HUIMIEHTOB
JIBII Toka B 0OMOTKE U KOHTAKTax peJic B UCIPaB-
HOM COCTOSIHUM M C HW30THYTBIMH KOHTaKTaMH
BBEpX W BHU3 NPUBEICHA Ha pHUC. 3.

3aBHCHUMOCTH MMPUBCACHLI TOJIBKO IJId aIlllpOK-

CUMUPYIOMNAX KO3(PPHUIMESHTOB (A) U Ui IBYX
JETATM3UPYIOINX KOI(P(PHUIMEHTOB C YpPOBHSIMH
7u9 (D7,D9). st pene B HCIPABHOM COCTOS-

HUU U pelie ¢ JeeKTaMH TOABMIKHOW CHUCTEMBI
3aMETHBI OTJIUYMS B BEJIMYHMHE U MOJIOKEHHUH JIeTa-
JIU3UPYIONINX KO3(PQPHUIMEHTOB, YTO IO3BOJIACT
WCIOJBh30BaTh 3TH KOA((UIIUSHTHI B Ka4eCTBE OT-
JUYUTEIBHBIX TPHU3HAKOB JE(PEKTOB TOJBHKHOM
CHUCTEMBI pene. ANmpokcuMHpyroiue Ko3dduim-
CHThI MOTYT OBITh HCIIOJIb30BaHbI AJIs OoJiee TOY-
HOT'O COTIOCTABIICHHS TOKOB TPOTAHHUSI, OTITYCKAHHUS
M TMOCTOSHHBIX BPEMEHU MEPEXOJHBIX IPOIIECCOB
NpU  BBISBJICHUHM JIS()EKTOB DJICKTPOMArHUTHOM

CHUCTCMBI.

g @5 1 15 2 23 e as 1 18 2 23
Thme ($)

Puc. 3. Bpemenusie 3aBucumoctu ko3¢ ¢unuentos JIBIT Toka B oOMoTke (8, C) u konrakTax (b, d) perne
B HCIPABHOM COCTOSIHUY (&, b) 1 ¢ n3rubamu koHTtakTos (C, d)

Fig. 3. The time dependences of the coefficients of discrete wavelet transform of the current in relay coil (a, c)
and in contacts (b, d) for the operable relay (a, b) and relay with curved contacts (c, d)
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Hayuynasi HOBU3HA M IpaKTHYeCcKast
3HAYUMOCTh

BrepBeie Ha OCHOBE MPOBEACHHOTO HCCIICIO-
BaHUS  MPEUIOKEHO  WCIOJB30BATh  JIETallU-
3upyrone KodhOUIMESHTHI JUCKPETHOTO BEHBIICT-
nmpeoOpa3oBaHusi TOKOB B OOMOTKE M KOHTAKTax
pelie B KauecTBe TMAarHOCTHYECKUX MPU3HAKOB Je-
(heKTOB TTOABMXHOU CHUCTEMBI pelle. ATIIPOKCHMH-
pytomue (criaxkuBaromiye) Ko3(hGUIMEHTH MOTYT
OBITh HCIIOJIL30BaHBI JJisi OOJiee TOYHOTO COTOC-
TaBJICHHUS TOKOB TPOTAHHWSA, OTITYCKaHHWA W TOCTO-
SHHBIX BPEMCHU NEPEXOJHBIX IMPOLCCCOB MJIA BbI-
SIBJICHUS. NTe(hEKTOB 3JICKTPOMArHUTHOH CHUCTEMBI
pere.

[IpoBeneHHbIE MICCIENOBAHUS MOTYT OBITH HC-
MOJIb30BaHbl JIJIS Pa3pabOTKH aBTOMATU3WPOBAH-
HOTO CTEHJa KOHTPOJS TEXHWYECKOTO COCTOSHUS
HEUTpaJIbHBIX peJie JKeNEe3HOIOPOKHOM aBTOMATH-
KH.

BoiBoabI

C nenbio pa3paboTKH METoJa KOHTPOIS MeXa-
HUYECKHX MapaMeTpOB HEUTPAILHOTO pelie kKeles-
HOJIOPOKHOW aBTOMATHKHU MPOBEACHBI UCCIIEI0Ba-
HUS M aHAllU3 BPEMEHHBIX 3aBUCHMOCTEH TOKOB
B 0OMOTKE M KOHTAKTaX peJie MPH ero Mmepexiroue-
HUSX JUIA UCHPABHBIX pejie U pejie ¢ 3aJaHHBIMHU
Je(eKTaMU MTOABHIKHOW CUCTEMBI.

[MocTosiHHBIE BpeMeHH H3MEHEHHS TOKOB IPH
HETOJBHYKHOM SIKOPE TMPH BKJIIOUEHUH Y BBIKIIIO-
YCHWUU peJie U TOKU TPOTAHUS U OTIYCKAHUS SKOPS
MOTYT OBITh BBIOpAHBI B KAueCTBE JUATHOCTHYE-
CKUX TMPH3HAKOB DIICKTPOMATHUTHOM CHCTEMBI pe-
Je.

KpynHomaciirabuple  (HM3KOYacCTOTHBIE) KO-
s pummentsr JIBII Moryt OBITH HCITONH30BAHBI
Uit OoJyiee TOYHOTO COIOCTABIICHHUS TOKOB TpOTa-
HUSl, OTITYCKaHUs, TOCTOSIHHBIX BPEMEHU MEePEX0/I-
HBIX MPOIIECCOB MPHU BBISABICHUH Je(EKTOB.

Koadduruentsr manoro macmraba JIBIT (BBI-
COKOYACTOTHBIE) MOTYT OBITh HUCIIOJIb30BAHbI B Ka-
YeCTBE MPU3HAKOB JIC(PEKTOB MOABUKHOMN CUCTEMBI
pene.
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B. 1. TABPIUJIIOKY

YKad. «ABTOMATHKa, TeneMexaHiKa Ta 3B’s130K», JHIMPOMeTPOBCHKHI HAL[IOHATEHIH YHIBEPCHTET 3aTi3HHYHOTO
TpaHcmopty imMeni akagemika B. Jlazapsina, Byin. Jlazapsiaa, 2, {uinpo, Ykpaina, 49010, ten. +38 (056) 373 15 04,
ein. motra VI.havryliuk@gmail.com, ORCID 0000-0001-9954-4478

KOHTPOJIb MEXAHIYHUX TAPAMETPIB HEUTPAJILHUX PEJIE
3AJII3BHUYHOI ABTOMATHUKHA HA OCHOBI BEMBJIET-AHAJII3Y

Meta. HaykoBa poGota mependagae po3poOKy METOAY KOHTPOJIO MEXaHIYHUX IIapaMeTpiB HEUTPaIbHOTO pelie
3aJI3HUYHOI aBTOMATHKH LIJISIXOM aHali3y CTPyMiB B OOMOTII i KOHTaKTax pejie Mpu Horo nepeMUKaHHi Ha OCHOBI
BeiiBneT-nieperBopeHHs. Meroauka. B 0oCHOBY METOMKH MOKJIAJICHO aHAIi3 CTPYyMiB B OOMOTIII Ta KOHTaKTax pele
npH HOoro mepeMUKaHHI Ha MPUKIAL AUCKPETHOTO BeiBner-neperBopeHns (JIBII). PesyabraTn. Bumipsui Ta npo-
aHaNI30BaHI YaCOBi 3aJICKHOCTI CTPyMiB B OOMOTLI i KOHTAaKTax MpU BKIFOYCHHI i BUKIIOUYCHHI pene (1o 3Haxo-
JSIThCS B CIIPABHOMY CTaHi Ta 3 Ae(eKTaMu), OTPUMaHi NpH pi3HuX Hampyrax Ha kotymui (10, 12 i 14 B). Ipwu 306i-
JBIICHH] HAPYTH, IO TOJAETHCS Ha OOMOTKY pelie, IIBUAKICTh HAPOCTAHHS CTPYMY B OOMOTIII TIOMITHO 301TBITY-
BaJlacsl, ajie MOCTiifHa Yacy JIaHLIOTa 3MiHIOBaJIacs He3HAYHO. MaKkcHMaibHI 3HaYeHHS CTPYMY, IPH SKHX SKIp IO-
YHHAB PyX UL CHPaBHUX pelie, MaJo 3aJIeKalll BiJ NPUKIageHOT Haupyru. st TiIstHKY 3aJIeKHOCTI, IPH SKii SIKip
MOBHICTIO NPUTATHYTHH, IOCTilHA 4acy HApOCTaHHA CTPYMY TaKOX Majo 3ajJekaja BiJ NPHUKIAJCHOI HaIpyTH.
AHaJIOTI4HI pe3ybTaTH OTPUMAaHIi JJIs TIOCTIHHOI Yacy 3MEHIIEHHS CTPYMY NPH BHKJIIOYCHHI HATIPYTH Ta MPH YTPHU-
MaHHi gKops. CTpyM pyIIaHHS Ta CTPYM BiJITyCKaHHS SIKOPS 301IBIIyBATUCS U pelie 3 BaHTaXXeM Ha SKOpi MpOoTo-
PLIKMHO Ba3i BaHTaxy, a TAKOX JUIA pelie 3 THJIOBUM KOHTAKTOM, 3iITHYTHM JI0 HU3Y, B TOM 4ac SIK IPU BUTHHI THIIO-
BOr0 KOHTAaKTy Bropy Ii CTPyMH Majld MEHII 3HaueHHs. BenwkomaciutabHi (HH3bKOYacTOTHI) Koedimientu JIBIT
MOXYTh OYTH BHKOPHCTaHi Ui OUIbII TOYHOTO 3ICTABJICHHS CTPYMIB 3pYIICHHs, BIANMYCKaHHS M MOCTIHHHMX yacy
nepexigaux npotuecis. Koedinientu manoro maciurady JBII (BHCOKOYACTOTHI) MOXKYTh OYyTH BUKOPUCTAHI B SIKOCTI
XapaKTepHUX O3HaK AedeKTiB pyxomoi cucremu peie. HaykoBa HoBH3HA. Briepiie, Ha OCHOBI IPOBEIEHOTO JIOCITI-
JUKEHHS, 3aIPONIOHOBAaHO BUKOPUCTOBYBATH JIETai3yl04i KOe(illieHTH AUCKPETHOTO BEHBIIET-TIEPETBOPEHHS B SIKOC-
Ti O3HaK Je(EKTiB PyXOMOi CHCTEMH pele. ATPOKCHMYFOUi (3rIapKyrodi) KoedillieHTH MOKYTh OyTH BHKOPHCTaHI
JUTS OLTBII TOYHOTO 3iCTaBIICHHS CTPYMIB 3pYIICHHS, BilITyCKaHHS Ta MOCTIHHMUX Yacy IMEPeXiIHUX IMPOIECIB st
BUSIBJICHHS NIE(EKTIB eJIeKTpOMaruitHoi cuctemu peie. Ilpakruuna 3HaunMicTs. [IpoBeeHi aBTOpoM JOCIiIKEH-
HsI MOXKYTh OYTH BHKOPHCTAaHI ISl pO3POOKH aBTOMAaTH30BAHOTO CTCHY KOHTPOJIIO TEXHIYHOTO CTaHy HEHTpalbHUX
perne 3aJIi3HNYHOT aBTOMATHKH.

Kntouoei crosa: enekTpoMartitHe pelie; KOHTPOJIb TapaMeTpiB; BEUBIIET-TIEPETBOPECHHS
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MECHANICAL PARAMETERS CONTROL OF THE NEUTRAL RELAY
OF RAIL AUTOMATICS BASED ON WAVELET ANALYSIS

Purpose. The scientific paper focuses on development of a method for mechanical parameters control of the
neutral relay of rail automatics by current analyzing in the coil and the relay contacts at switching based on wavelet
transform. Methodology. The methodology was based on current analysis of the relay coil and contacts currents
under its switching and analysis obtained results by using wavelet transform. Findings. The time dependences of the
current in coil and in contacts under switching on and off for the operable relays and relays with certain defects have
been measured at different voltages applied to coil (10, 12 u 14 V). When voltage applied to coil was increased the
rate of coil current increased, but time constant of the circuit was changed with voltage slightly. The current value
maximum at which the relay armature begun to move for the operable relays was depended on applied voltage
slightly. For the time interval, at which armature was putted to the relay core fully, time constant of the circuit was
changed with voltage slightly also. The maximum current value at which the armature starts to move to the relay
serviceable little dependent on the applied voltage. For site based in which the anchor is completely dragged con-
stant current rise time is also a little dependent on the applied voltage. Similar results were obtained for the current
reduction time constant with turning off the voltage and current confinement. The current pick-up and the current
release of the armature increases for the relay with the load anchor is proportional to the weight of cargo, as well as
for the relay contact with the rear, bent down, while the flexural rear contact up these currents have smaller values.
Large-scale (low-frequency) coefficients of DWT can be used for a more accurate comparison of the current pick-
up, and release time constants of the transient. Small scale coefficients fiberboard (HF) can be used as distinguishing
traits defects mobile relay system. Originality. For the first time, on the basis of the research proposed to use detail-
ing coefficients of a discrete wavelet transform as a symptom of mobile relay system. The approximation (smooth-
ing) ratios can be used for a more accurate comparison of the current pick-up, and release time constants of the tran-
sient to detect defects of the electromagnetic relay system. Practical value. The studies conducted by the author can
be used to develop stand-aided control of a technical condition of the relay neutral railway automation.

Keywords: electromagnetic relays; control parameters; the wavelet transform
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MPOBJIEMA YHOCA YI'OJIbHOM IIbLJIN

Heas. B pabore HeoOxoauMo mpoBecTH pa3paboTKy 2D 4nciieHHBIX MoeNel Uit IPOrHO3a 3arpsi3HEHUs aTMO-
cdepsl U TPAHCIIOPTUPOBKE CHIITyYHX I'PY30B B KEIE3HOJOPOKHOM BaroHe, a TakXKe CIoco0a 3aliuThl OKpYKaro-
el cpeibl M MPUMaruCTpaIbHBIX TEPPUTOPHN OT YHOCA IBUIM W3 ITOJYBaroHOB 3a CYET YCTAHOBKH BO3YIIHBIX
3aBec. MeToauka. [l pemieHns OCTABICHHON 3aJauyl pa3paboTaHbl YUCICHHBIC MO/IENIN, OCHOBaHHBIC HA IPUMeE-
HEHUH ypaBHEHWH JIBI)KCHHS HEBS3KOM HEC)KMMAaeMOW JKHIKOCTH M MaccorepeHoca. Jis 9ucIeHHOro HHTErpHpo-
BaHMS ypaBHEHHs TPAHCIIOPTA 3arpsA3HUTEINS HCIOJIb30BaIach HESIBHAs PAa3HOCTHAs cxema. JlJist YUCIeHHOTO MHTeT-
pupoBanus 2D ypaBHEHUs Ui NOTEHIMAIA CKOPOCTH MPUMEHSIETCSI METOA CyMMAapHOH anmpokcuManuu. Paspabo-
TaHHBIC YHCIEHHBIE MOAEIH COCTaBJISIIOT OCHOBY CO3JaHHOTO NaKeTa MPHKIagHbIX mporpamMMm. Ha ocHoBe mocTpo-
€HHBIX YHCJICHHBIX MOJIeJIe IpPOBE/ICH BBIYUCIUTEIbHBIM OJKCHEPHUMEHT TI0 OIIGHKE YPOBHS 3arps3HEHUs
aTtMoc(ephl MPH YHOCE YIOJILHOW MUK U3 ITOJyBaroHa M HAJTMYHK BO3JYIIHO 3aBechl. Pe3yabTaThl. PaspaboTans
2D ugmcrieHHBIC MOJICNH, KOTOPbIe OTHOCSTCS K Kiaccy «diagnostic modelsy». Jlanubie Moaenu yIUTHIBAIOT OCHOB-
Hble (hu3nueckre GakTopbl, BIUSIONINE Ha IIPOIECC pacCenBaHMs MBUICBBIX 3arps3HEHUI B aTMocdepe IpH TpaHc-
MOPTUPOBKE CHITYYHX Ipy30B. PazpaboTaHHbIC YHCIEHHBIE MOEIH O3BOJISIOT PACCUUTHIBATH MPOLIECC YHOCA IIBUIN
C Y4ETOM IPUMEHEHHsI BO3/IyIIIHOM 3aBEChl, yCTaHOBJICHHOW Ha nosyBaroHe. OHM TpeOyIOT HEOOJIBIINX 3aTpaT KOM-
MIBIOTEPHOTO BPEMEHH TIPH MTPAKTHUECKOH peann3anyy Ha KOMIIBIOTEpax Maloi 1 CpelHel MOIIHOCTH. BBIMOTHEHbI
pacyeTsl MO0 ONpEEICHUIO KOHIICHTPAIMH 3arpa3HUTENs 1 (JOPMHUPOBAHUS 30HBI 3arpsI3HEHUSI BOJIM3M BaroHa C Chl-
Iy4YuM Tpy30M B Maciutabe «microscale» ¢ ydaerom Bo3aymHbix 3aBec. Hayunasi noBusna. Cosnansl 2D uuncien-
HBIE MOJIEJH, TIO3BOJISIOLINE YIECTh CYLIECTBEHHBIC (DAKTOPBI, BIUSIOLINE Ha MIPOLECC PACCEHBAHUS 3arPA3HSIONIINX
BEIECTB B arMocdepe, 1 (OPMUPOBAHUE 30HBI 3arPSI3HEHUSI PU NEPEBO3KE CHIIYYNX I'PY30B KEIE3HOIOPOKHBIM
TpaHcnopToM. PaspaGoran cmoco0 3ammThl aTMOC(Ephl OT 3arps3HEHHMS MNpPH CHOCE CBHIIYy4YHX TPYy30B
C JKEJIE3HOJJOPO’KHOTO BaroHa, KOTOPhI OCHOBAH 110 TIPHHIMITY BO3AYIIHON 3aBechl. [IpakTHyeckasi 3HAUNMOCTD.
Paccmorpens! 3¢ eKTHBHBIE YUCICHHBIE MOJIENH, KOTOPBIE MOTYT OBITh IIPUMEHEHBI IPU pa3paboTKe MEPONPUITHI
10 OXpaHe OKPY)KaIOIIEH Cpelbl MPH SKCIUTyaTallUH JKEJIE3HOAOPOIKHOTO TpaHcnopTa. [IpeioxkeHHble MOIeNH T1o-
3BOJISIIOT paccunTarh 2D ruapoanHaMuKy BETPOBOTO MOTOKA, C YUETOM YCTAaHOBJICHHOW BO3/IyLIHOM 3aBECHI, M NPO-
IIecC MaccolepeHoca BpeIHbIX BeIecTB B aTMocdepe.

Kniouegvie crosa: 3arpsisHeHHe aTMOC]Epbl; TOJIyBaroH; MepeBo3Ka ChIITy4nX Irpy30B; YHCICHHOE MOJIEINPOBa-
HHE, BO3/yIIHAas 3aBeca
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BBenenue

B Hurepuu npoucxonuT WHTEHCHBHAsS 100bIYa
yrias. OTO TOPUBOIUT K (HOPMHUPOBAHUIO IBYX
0OJBIIMX TIPOOJIEM, C TOYKH 3PEHHUS 3KOJOTHYe-
CKOM 0e30TacHOCTH M oXpaHbl Tpyna. [lepsas mpo-
Oyiema — yHOC YrOJbHOW TBUIM NPH TPaHCIIOPTHU-
POBKE YISl JKEJIE3HOAOPOKHBIM TPAHCIOPTOM
(puc. 1). Takoif YHOC YrONBHON IBUIA TPHUBOIHUT
K 3arpsi3HEHUIO MyTEH, IPUMAruCTPAILHON Teppu-
TOpUH U pabouyuX 30H HAa TEPPUTOPHU ILAXT HIIH
MPEANPUATUAX, TJ€ UCTIOTIB3YETCS YTOMb.

Bropas mpobnema — yHOC YrOJNBHOW TBUIM OT
mrrabereld yriast WM IpHU ero MmorpysKe, pasrpyske.
B nmanno#l pabote OymeT paccMaTpuBaThCs pellie-
HUE TIEPBOH MTPOOIIEMBEL.

LY L i

Puc. 1. [TomyBaroH ajisi TpaHCIIOPTUPOBKH yIJIs
B Hurepuu

Fig. 1. The railway gondola car for coal
transportation in Nigeria

B pamkax nepBoii mpo0aeMbl MOKHO BBIJICIUTh
nBe 3anaun. [lepBas 3amaya — 3T0 MPOTHO3 YPOBHS
3arps3HEHUS OKPYJKAlOIIeH Ccpelbl NpuU  yHOCE
YTOJIBHOM MBUIK U3 JBUKYIIETOCs cocTaBa. Bropas
3amaya — paszpaboTKa METONOB, MO3BOJISIONINX
YMEHBITUThL WHTCHCHUBHOCTH 3arps3HEHHUS OKpPY-
JKarolied Ccpeapl NpPU YHOCE YrOJbHOH IBUIH.
B HacTosimiee Bpemst [UTs perieHusl IepBor 3a7adu
[0 OIICHKE YPOBHS 3arpsi3HEHUS OKPY KArOIICH
CpeJlbl UCTOJB3YOTCS AMIUPUICCKUE WIIH aHAJIU-
tuueckue moxaenu [3-6, 10, 12]. lanHbie Moaenu
HE YYUTHIBAIOT psf pU3N4YecKux (HakTOpoB, KOTO-
pBIe CYIIECTBEHHO BJMSIOT Ha (QopMHpOBaHUE
KOHIICHTPAIIMOHHOTO TIOJS MBUTM B arMmocdepe.
MOoHO yTBEpXKAaTh, YTO B HACTOSIIEE BPEMS Cy-
MIECTBYET OMNpENeICHHBIH MeUIIUT MaTeMaTHde-
CKHUX MOJIeJIeH JIJIsl PEIIeHUs 3TOM 3a/1auu.

Jns pemenus BTOpoM 3ajadyu MCIOJIB3YETCA
mojada CHEIUAIBHBIX PACTBOPOB Ha TPy3 WIH
mrradenb yris [2]. Ecinu tpanciopTupyercst yroib,
TMOOBITEI B Kapbepe, TO BO3MOXKHO €ro CMavHBa-
Hue Bonoi. Kaxxaplil U3 METOI0OB UMEET CBOM JIOC-
TOMHCTBA M HEJOCTAaTKH, HO aKTyaJlbHOW 3ajaueit
ocraercsi pa3paboTKa albTepHATHBHBIX METOJOB,
obnmamarommx ompeneacHHOW A()PEKTUBHOCTHIO
U He TpeOyIoMmUX OOJBIINX YKOHOMHYECKUX 3a-
Tpar MpH MPaKTHYECKON peasTu3aIiuu.

Heanb

Lensro nanHOW paboThI ABNseTCs pa3paboTka
2D yucnenHol MoJenu AJs MPOTHO3a YPOBHA 3a-
Tps3HEHUsT atMoc(epbl TPH SMHUCCHH YTOJIbHOH
MBUTH U3 ToTyBaroHa. CTaBUTCA 3a/ada CO3IaHUS
MOJIeNH, KOTopas Io3BoJisAia OBl pacCUMTHIBATh
MPOIECC YHOCA IBUTH C yYeTOM NPUMEHEHUS BO3-
JIYITHOM 3aBEChl, YCTAaHOBJICHHOW Ha IOJyBaroHe,
A TEM CaMbIM CIYyXXHT HHCTPYMEHTOM pEILICHUA
3aaydl Mo oueHke 3()(HEeKTUBHOCTH HPUMEHEHHS
JTAHHOT'O METOJIA 3aIUTHI IS Pa3IMYHBIX yCIOBHA
SKCIUTyaTalluy TPAHCTIOPTHBIX CPEJICTB.

MeTtoauka

Jlns  yMeHbIIEHWST HMHTCHCUBHOCTH BBIHOCA
YTOJILHON TBUTK W3 MOJyBaroHa MpeJiaraeTcs ue-
MOJb30BaTh CAMOMHIYIMPOBAHHYIO BO3YIIHYIO
3aBecy. Vmest pabOTHI Takoi 3aBechl 3aKIIOYACTCS
B cienyriieMm. [lo nepuMeTpy Barosna, B BepxHeu
€ro YacTH, pa3MelaloTcs BO3YyXOBOJbI, KOTOPEIE
UMEIOT CBEpXY Mepdopalmio Ui BEIX0a BO3LyXa.
CxeMa pacrosioxKeHUsT BO3yXOBOJIOB MOKa3aHa Ha
puc. 2. KoHIBI KaXJI0ro BO3MyXOBOJA OTKPBITHI,
HO MMEIOT OOpaTHBIN KiamlaH, KaKk Hampumep, s
BO3/yXOBOJI4, PACIOJIOKEHHOT0 Ha OOKOBBIX CTO-
poHax moyBarona (puc. 3).

[Ipu nBWXKEHWH MMONyBaroHa B TOT KOHEI[ BO3-
JyXOBO/Ia, KOTOPBIA HaNpaBIlIeH 110 HANpPaBJICHHIO
JIBIDKEHHS TI0€3/1a, HAYMHACT MOCTYNATh BO3AYX.

Bxondmuii B BO31yX0BOJA MOTOK BO3JyXa OT-
KpbiBaeT kianaH 4 (puc. 3), mpu 3TOM KiamaH 5 —
3aKkpbiBaeTcsa. [lOCTYNMUBIIMN BO3AYX JBUXKETCS
yepe3 mepdopanuio (ens) Hapyxy. DTOT Ipo-
[ecc YCIIOBHO TMOKa3aH Ha pHC. 3 BOJHHUCTHIMH
ctpenkamu. TakuM 00pa3oM, NpU JBIKSHUN Baro-
Ha BO3HUKAECT BEPTUKAbHAS BO3AYIIHAS CTPYS,
KOTOpasi KaK 3KpaH, PacloyIOKEHHBIN 110 TIepUMET-
py TMOJyBaroHa, MpemnsTCTBYET BBIHOCY YTOJIBHOM
TBUTA Ha IPUMArUCTPATIBHYIO TEPPUTOPHIO.

doi: 10.15802/stp2016/90450

18

© H. H. bensies, M. O. Onaguno, 2016



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBchKkoro

HALIOHAIIBHOTO YHIBEPCUTETY 3ali3HHYHOro Tpancmnoptry, 2016, Ne 6 (66)

EKOJIOI'A1 HA TPAHCITIOPTI

Puc. 2. Cxema pa3memnieHus BO3AYXOBOIOB
Ha KOpITyCe NOJIyBaroHa:
1 — BO31yXOBOJ, PacloIOKEHHBII BJI0JIb OOKOBOI CTEHKH
HOJIyBaroHa; 2 — BO3yXOBOJ, PACIIONIOKEHHBIH Ha TOPLEBBIX
CTEHKaX MONyBaroHa,; 3, 4 — nep¢opanus B BO3LyX0BOAAX

Fig. 2. Sketch of ducts set on the gondola car:
1 —aduct along the gondola car; 2 — a duct across
the gondola car; 3, 4 — the perforations in the ducts

3 4 3

>
—
1 Sk

/_..__._}J)_/)

~ccxni—
2

Puc. 3. Cxema Bo3gyxoBoza:
1 — BX0J] BO3YLIHOTO TI0TOKA; 2 —HANPABICHHUE JBHUKCHHS
noxyBarosa; 3 — ceuio knamnasa; 4, 5 — kinamnass

Fig. 3. Sketch of the duct:
1 - inlet; 2 — direction of gondola car movement;
3 — valve seat; 4, 5 — valves

Bapbupys miomanbs BXOAHBIX OTBEPCTUH BO3-
JyXOBOJa, TUIOIIAAh €ro IONEePEYHOTO CEYCHUH,
wiomaapb nepdopaniu, Ha OCHOBE a’poJHaAMHYE-
CKOI'0 pacyeTa, ONpeeNnseTcs CKOPOCTh BO3AYyII-
HOTO MOTOKa B BO3MYIIIHOW 3aBece M ee BEeIINYHHA,
B 3aBHCHMOCTH OT CKOPOCTH IBI)KEHHS COCTaBa
[7,8].

Mamemamuueckas mooens. Pacuer mporecca
YHOCA yTOJIbHOW TIBUTH U3 MOTyBaroHa MpOBOAUTCS
B JBa dTana. Ha mepBoM aTame permaercs 3afada
M0 OMpPENETCHUIO TOJsl CKOPOCTH BO3AYILIHOTO IO-
TOKA, C YYETOM B3aMMOJICHCTBUS €ro C IMOJyBaro-
HOM W BO3JIyLIHOM 3aBecoil. [[nsi pemieHus 3Toi
3a/laydl MIPUMEHSETCS YpaBHEHUE NSl MOTEHIMana
ckopocTH (MOJIeTh TE€UEHUS] HEBA3KOH HcaIbHOM
sxuakocta) [13]:

o%p  0?
2.2 o, (1)
ox° oy

rae ¢ — noreHurajl CKOpPOCTH, OChb Y HaripaBJICHa

BEPTHKAIBHO BBEpX (pHC. 2).
KOMIOHEHTBI BEKTOpa CKOPOCTH BO3/YyLIHOTO
MOTOKA PACCUUTHIBAIOTCS 110 3aBUCHMOCTSIM:

_dp ,_do
ox' oy

IloctanoBKa KpaeBbIX YCJIOBUH Mg JAHHOIO
ypaBHEHHs paccMarpuBaercs B padorax [1, 13].

ITocne ompeneneHuss MO CKOPOCTH BO3IYIII-
HOT'0 TIOTOKa BO3JI€ TOJyBaroHa, Ha BTOPOM JTare,
peraeTcs 3ajada o0 MepeHOCe MBUICBBIX 3arps3HE-
HUHl W3 momyBaroHa B arMmocdepy. s moctpoe-
HHAsS HaubOojee OOIIEH MaTeMaTHYECKON MOIen
OyIeM WCroib30BaTh (PyHAaMEHTAILHOE ypaBHeE-
HHe MaccornepeHoca [1, 4, 6, 14, 15, 16]:

oC ouC d(v—w,)C
—+ +
o ox

u

=div(pgradC)+

20 U)8(x-1)8(y-3), @

rac C - KOHUCHTpANUs 3arpsA3HAOLICTO BCIICCTBA
(HLIHCBOﬁ 33I’p$I3HI/IT€J'II>); U,V — KOMIIOHCHTBI BCK-

TOpa CKOPOCTH BO3AYLIHOTO MOTOKA; L =( ux,uy)
— ko3 dummentsr atMochepHOl TypOyJIeHTHOM
mubdysun; Q — MHTEHCHBHOCTH BBIOpOCA 3arpss-
HUTEJSI OT «HACBIU» B TOJYBaroHe WM OT IITa-
Oenst yris; 8( X=X )8( y-— yi) — JeNbTa-QyHKIUs
Hupaka; X, Y; — KOOpJUHAThl UCTOYHUKA BBIOPO-
ca; Wy, — CKOpOCTb IPaBHTallHOHHOTO OCE/aHHs
nbud; t — BpeMs.

ITocraHOBKa KpaeBBIX YCIOBUW ISl JAHHOTO
ypaBHEHHUS pacCMOTpeHa B paborax [1, 13].

B pa3paboTaHHOI YHCICHHONH MOJIEIH HMCIIOJIb-

3YIOTCSL CJICYIOIIUE 3aBUCUMOCTH JUIS 3aJlaHus
npodwirs BeTpa U kodDPUIMEHTOB aTMochepHO

muddysun [3, 5]:
y

Y.
- ; l"l' — k A
Y1 o Y1

m

u=u, s By =kou,

r7ie U — CKOPOCTh BeTpa Ha BbICOTE Y (MPUHUMAETCS
y, =10m); k,=0,2; k, =0,1; p=0,16; m~1.
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YucneHHOE WHTErpUpOBaHUE YpPaBHEHUH MO-
JICTM BBITIOJIHSIETCST HA TPSIMOYTOJIBHOW Pa3HOCT-
Ho¥ ceTke. [Ipu popmupoBaHum pacueTHoi obac-
TH HUCTIONB3YETCsl METOI MapkupoBanus [1, 13, 14].
C moMoIIbI0 MapKepOB 3aaeTCsl MOJOKEHHE Ke-
JIC3HOJIOPO’KHOTO BaroHa, (opma «HACHINU» Chl-
Myd4ero rpysa B IIOJYBaroHe, IOJIOKEHHE OTBEp-
CTHH BO3IyXOBOJA, Yepe3 KOTOpPbIC IOCTYIAeT
BO3/yX 3aBECHI.

Jns perieHus MoIenupyromux ypasHenui (1),
(2) mcmome3yercss MeTOH CETOK. YpaBHEHHE IS
NOTCHIMANa CKOPOCTH YHUCICHHO HHTETPUpYETCs
C TIOMOIIBI0 METOJAa YCJIOBHOW arlmpOKCUMAIHU
[11].

JInsl 9MCIIEHHOTO MHTETPUPOBAHUS YPaBHECHUSI
MacconepeHoca (2) mpuMeHsieTCs HesBHas pa3HO-
cTHast cxema pacmiervienus [1, 13, 15].

Ha 0CHOBE MOCTPOCHHBIX YHCICHHBIX MOJEICH
CO3/IaH TaKeT NPHUKIAIHBIX Hporpamm («generic
model»). [lns npoBeneHus pacyeToB Ha 0a3e ITOro
HaKeTa mporpamMM HeoOXOJMMO 33/1aTh.

1. Knacc ycroiunBocTr atMocdepsl.

2. TIpoduip ckopocTH BeTpa, CKOPOCTh BaroHa,
CKOPOCTB BO3/IyIIHOH 3aBECHI.

3. ®opMy HachIK CHIMYYEro rpys3a B IOIyBa-
TOHE.

VIHTEHCUBHOCTD BBIICIICHHS TIBUTH OT HACBIIH
B MIOJTyBaroHe PacCYMTHIBACTCS Ha Oa3e IMITUpHUUe-
cKuX 3aBucuMoOcTeit [16].

OtMmeruMm, 4TO Bpems pacuera 3agaun B 2D mo-
CTaHOBKE COCTABIISIET MOpsIIKa 5 c.

Pe3yabTathl

Pa3paboTaHHbIC YHUCIICHHBIE MOJICIIN OTHOCSTCSI
Kk kimaccy «diagnostic models». Jlanubie Mozenn
MOTYT OBITH WICTIOIB30BAHBI JJI OBICTPOTO CEPHii-
HOT'O pacyeTa 3arpsi3HEHUs] BO3AYLIHON Cpelbl A
Pa3HOOOpPa3HBIX CIICHAPHEB TPAHCIIOPTUPOBKH ChI-
My4nX Ipy30B B IodyBaroHax. IlocTpoeHHBIE MO-
JIeTM TI03BOJISIFOT OTNEPATHBHO MOIYYUTh KapTHHY
(dopMupyOIIMXCs 30H 3arps3HEHHS ITPH CIyBe
NBUTM ¥ TIPU UCTIOJIBb30BAaHUY BO3IYIIHON 3aBECHI,
CO3JJaHHOW Ha CTEHKAaX I10JIyBaroHa.

Ha 0a3e pa3paboTaHHBIX YMCJICHHBIX MOJCIIEH
a’pOIMHAMUKH M MaccollepeHoca ObUIN MpoBeje-
HBl TIapaMEeTPUYECKHE HCCICIOBAaHMS MO OLCHKE
3 PEKTUBHOCTH MPUMEHEHUST BO3IYIITHON 3aBECHI.
[Tpu mpoBeneHNU HCCIIeIOBaHUI MOJIAraioch, 4To
Ha TOJyBaroH ¢ rpy3om yris (puc. 4) nabGeraer
MOTOK BO3/yXa €O CKOpocThio 15 km/4. I'py3 Ha-

ChINaH B IIOJIyBaroH ¢ «ropkoi». ITomaranoce, 4yTo
MHTEHCHBHOCTh YHOCA MBUIM OT JIOOOr0 ydacTka
MIOBEPXHOCTH Tpy3a COCTaBIseT, B Oe3pa3MEepHOM
Buze, Q=a*100*V,*S, rae Vi, — MecTHast CKOPOCTh
BO3IYIIHOTO TIOTOKA BO3J€ COOTBETCTBYIOLIETO
y4acTka; S — mioniaas y49acTka OBEPXHOCTH TPy-
3a; 8 — MacmTabHBIi MHOXKHTENb, MecTHas CKo-
poctb Vi ompenensercs pacueTHbIM IIyTeM IIpU
pelIeHHH a’3pOAMHAMHUYCCKOW 3ama4un  (IepBblid
9Tal pemeHus). 37ech BaKHO MOAYEPKHYTh, YTO
TaKOM MOAXOX K OLCHKE BEINYMHBI MHTEHCHUBHO-
CTU yHOCA IIBUIA IIO3BOJISIET YUUMbIGAMb PA3Iuy-
HYIO 8elUYUHY MAcchl, BBIAETSEMON MBIIH OT pas-
JIMYHBIX yYaCTKOB HACBINM, TaK KaK MECTHAasl CKO-
POCTh BO3AYLIHOTO MOTOKA Be3ae — pa3Hast. Popma
HACBINIU YIJIS B MIOJyBaroHe 3a/1aeTcsi B MaTeMaTu-
YECKOW MOJIENH € TIOMOILBIO MapKEPOB.

Y

X

Puc.4. Pacuernas cxema:
1 — npoduie ckopocTH BeTpa; 2 — MOMYBaroH; 3 — Ipy3

Fig. 4. Sketch of computational region:
1 — wind speed profile; 2 — gondola car; 3 — cargo
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Pyuc. 5. 30Ha 3arpsa3HeHus BO3Je BaroHa
IIPU OTCYTCTBUM BO3YIIHOM 3aBECHI

Fig. 5. Pollution area near the car (no air injection)

PaccmoTrpum pesynprarel MogenupoBaHus. Ha
puc. 5 mpencraBiieHa 30Ha 3arps3HEHUsS, KOTOpas
chopMupoBaach Ipu CAYBE MBUIA U3 T0JIyBaroHa
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(BepxHsist 4acTh IONTyBaroHa), Korga HET BO3AYII-
HOM 3aBECHI.

3Ty 30Hy MOKHO YCJIOBHO pa3OUTh Ha ABE MOJ-
30HBI: MOA30HA 1 — 3TO 00MAcTh C OONBIIUM Tpa-
JMEHTOM KOHIIEHTPAIlMKM TIBUIA, KOTOpas (GpopMu-
pyeTcsi HENOCPEICTBEHHO HaJ HACHIIbIO TIpy3a
B BaroHe; Moj30Ha 2 — 3TO NIIel] MbpUTH HaJ TIO-
JIyBaroHOM.

Ha puc. 6 mpencrarieHa 30Ha 3arps3HEHUS
BO3JIC TMOJYBAaroHa MPH MPUMEHECHHH BO3IYIITHOM
3aBecbl  (CKOPOCTH B BO3IYIIHOW  3aBece
Vin.=14mlc).

8.41BE+B1

c

o
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—t . 2Z4E+B2
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coordinate x B.87ZE+81

Puc. 6. 3oHa 3arpsi3HEHHUS TIPU KCIIOJIB30BAHUN BO3-
JTyIIHOM 3aBeChI

Fig. 6. Pollution zone near the car with air injection

W3 puc. 6 BUAHO, YTO NMPU NPUMEHEHHUU BO3-
IyITHOW 3aBECHl MPOUCXOIUT OTKJIOHCHHWE 30HBI
3arpsi3HCHUs HaBEpX, TO ©CTh BO3JYIIHAs 3aBeca
CO3/aeT TOT ke 3P PeKT, uTo u mwiactiuHa (nediek-
Top). Heo6X01MMO TMOTIEPKHYTh, YTO 3TO CIIOCO0-
CTBYET JIBM)KCHHIO YACTHII MMbUIA B T€ CJIOU aTMO-
cepsl, TJe CKOPOCTh BeTpa 0OJIbIIIe, U TEM CaMbIM
MPOIECC PACCEMBAHMUS TPUBOAUT K CO3JAHUIO
B atMocdepe 30H 3arps3HEHUS C MEHBIEH KOH-
[EHTpaIel nmpuMecH (10 aHAJIOTHH PACCEUBAHMS
MIPUMECH TIPU €€ BBIOPOCE OT BBICOKHUX IMPOMBIII-
JICHHBIX TPYO).

Jis KOMUYEeCTBEHHON OIICHKU BJIMSHUS BO3-
JIyITHOW 3aBEChl Ha WHTCHCHUBHOCTH 3arps3HEHUS
MPUMATruCTPATBbHON TEPPUTOPHH  OMPEICIIIIACh
Macca meutm Mg, Ha TTOockocTH A-B, KoTOpas
COBIIAlaJla C BEpXHEW KPOMKOW TIOJIyBaroHa
(puc. 4). Tlpu mpoBeneHUH PAacYETOB BapbHPOBA-
JIach CKOPOCTH ITOTOKA B BO3MYyIIHOHN 3aBece Vi.
Pe3ynbraThl 3THX NapaMETPUYECKHX HCCIIEI0Ba-
HUll mpuBeneHb! B Ta0n. 1. OTMeTHM, 4TO B 3TOH
TabIuIe Macca IbUTH Ha Tpanune A-B, npencras-

nmeHa B Oe3pa3MepHOM BHIE, YTO HE BIMSCT Ha
aHaIu3 pe3yJabTaTOB HCCICHAOBAHUS, C TOUKU 3pe-
HUS WX OLEHKA OTHOCHUTEIHHO 3(PPEKTUBHOCTH
3aBECHI.

Tabnuma 1

Macca npuMecHu Ha IUIOCKOCTH, COBIIaJalouiei
¢ KPOMKOi1 00pTa moJryBaroHa

Table 1

Weight of the impurity at the plane coinciding
with the side edge of the gondola car

CkopocThb Her Vin. = Vin.=9,0 Vin.=
BIlyBa 4,6 m/c m/c 14,0 m/c
Maust 13,84 10,38 9,56 8,61

(macca
TIBLTH)

AHanmu3upys JaHHBIE, IPUBEICHHBIC B Ta0M. 1,
MOXKHO yTBEPXkJIaTh, YTO MPUMEHEHHUE BO3IYITHON
3aBEChl TIO3BOJIACT YMEHBIIUTh HWHTCHCUBHOCTD
BBIHOCA MBI M3 IIOJIyBaroHa.

Hayunas HOBM3HA M MpaKTHYeCKas
3HAYHMOCTh

Co3pana 2D uncnenHas MOAENb, O3BOJISIOIAS
paccuuThIBaTh (OPMUPOBAHHE 30H MBUICBBIX 3a-
TPSA3HEHUI BO3JIE JKEJIE3HOJOPOKHOIO MOITyBaroHa
IpY MEPEeBO3KE CHIIYYHX Tpy30B. PaspaboranHas
MOJACJIb JA€T BO3SMOXXHOCTD BBIIIOJIHUTE pacy€T I
Ciayuasi NPUMEHEHUs BO3AYIIHOM 3aBECHl, yCTa-
HOBJICHHOW Ha BaroHe. JlaHHasg Mojenb MO3BOJISIET
y4ecTb HauOoliee CYIIECTBEHHbIE (U3UUECKUEC
(axkTOphl, BIMSIONME HA MPOLECC pPACCEHBAHMS
NBUIEBBIX 3arpsisHeHuil B atmocdepe. Ilpeacras-
nenHas 2D uncnennas Monens OCHOBaHA Ha IpU-
MEHEHUM (PyHAaMEHTAIbHBIX YPaBHEHUH a’ponu-
HaMHKHU 1 MaccollepeHoca.

Oco0eHHOCTBIO pa3padOTaHHOW MOJENH SIBIIS-
€TCsl UCIOJIb30BAHUE CTAHAAPTHOW HMCXOIHOU HH-
¢dopmaruu, OBICTPOTAa B TOJIYYCHHU PaCUETHBIX
JaHHBIX M yA0OCTBO aHaM3a MOJyYyaeMbIX Pe3yJib-
TaTOB MPOTHO3A.

BriBoabI

Paccmotpena sddextusnas 2D uncnenHas mo-
JeTb ISl KOJIMYECTBEHHOW OIICHKH YHOCA YTOJIb-
HOI TBUIM W3 TIOMYBaroHa IPH MCIOJIB30BAaHUU
METO/Ia 3alUThl THUIA «BO3AYyLIHAs 3aBeca». JlaH-
Hasi MOJZIeNb TO3BOJISIET paccunTars 2D aspoamHa-
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MHKY BETPOBOTO ITOTOKA W IMPOIIECC MACCOTIEPEHO-
ca NbUIM Ha MPWICTAIONIUE K KEJIC3HOW Jopore
TEPPUTOPUH.

[anbHeilliee  COBEPIICHCTBOBAHHWE  MOZEIHU
ClieyeT MPOBOJAUTL B HANPABJICHUHM €€ Pa3BUTHUS
Ul pacueTta adponuHaMuku Ha 0aze 3D ypasne-
HHH.
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IMPOBJIEMA 3HECEHHA BYTI'TVIBHOI'O ITNJ1Y

Merta. Y po6oTi He0OXiTHO BUKOHATH po3poOKy 2D uncimoBux Mopenel s mporHO3y 3a0pyIHEHHS aTMocde-
PH TIpH TPAHCIIOPTYBAHHI CHUITyYMX BAaHTAXIB B 3aJi3HUYHOMY BaroHi, a TaKOXX CHOCO0y 3aXUCTy HABKOJIHMITHHOTO
CepeZIOBHUINA 1 IPUMAriCTPaIbHUX TEPUTOPIH BiJ 3HECEHHS HIUTY 3 MIBBArOHIB 332 PAXYHOK YCTaHOBKH IOBITPSIHUX
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3aBic. Meroamuka. [l po3B’si3aHHS [TOCTABJICHOI 3a/1a4i PO3pOOIICHI YHUCIOBI MOJeNi, 3aCHOBaHI Ha 3aCTOCYBaHHI
PIBHSHB pyXy HEB’SI3K0OT HECTUCIUBOI PiAMHY 1 MacomepeHocy. [ 9ncIoBOro iHTeTpyBaHHS PiBHAHHSA TPAHCIOPTY
3a0py/HIOBaYa BUKOPUCTOBYBAJIacs HEsBHA pi3HHIIEBa cxema. [Ins yucnoBoro iHrerpyBanns 2D piBHsSHHS 1ist 110-
TEHLIJIy MIBUAKOCTI 3aCTOCOBYETHCS METOJ CyMapHOI arpokcuMartii. Po3po0ieHi 4ncioBi Mozeni CKIaaalTh oc-
HOBY CTBOPEHOTO TaKeTa MPHKJIaJHUX mporpaM. Ha ocHOBI MOOYyZOBaHMX YHMCIOBHX MOJEINEH MPOBEIEHO 00YKC-
JIIOBaJIbHUI €KCIIEPHUMEHT 110 OLIHI PiBHS 3a0pyAHEHHs aTMoc(depy TIPH 3HECEHHI BYTJIBHOTO MY 3 MIBBaroHa Ta
HAsBHOCTI NOBITpsHOI 3aBicu. Pe3ynbTaTu. Po3pobieni 2D uncnosi Moneni, siki BitHOCAThCs 10 Kiacy «diagnostic
models». [lani Mojeni BpaXOBYIHOTh OCHOBHI (i3u4Hi (paKTOPH, IO BIUTUBAIOTH HA MPOLEC PO3CIFOBAHHS MUIIOBUX
3a0pyJHEeHb B aTMOc(depi MpH TPaHCIIOPTYBaHHI CHITyYHX BaHTaxiB. Po3poOiieHi 4ncioBi MoJieli JO3BOJISIOTE PO3-
PaxoByBaTH MPOLEC BUHOCY MY 3 YpaXyBaHHSAM 3aCTOCYBaHHS ITOBITPSHOI 3aBiCH, BCTAHOBJICHOT Ha Ha MiBBaroHi.
BoHM BHMararoThb HEBENIMKHX 3aTpaT KOMII FOTEPHOrO 4Yacy NpH NMPAKTUYHIA peajizamii Ha KOMIT'IOTepax Majol
i cepeHbO1 MOTYKHOCTI. BHKOHaHO PO3paxyHKH MO BH3HAYCHHIO KOHICHTpaLIl 3a0pyAHIOBaYa i popMyBaHHS 30HH
3a0pyHEHHS TIOONN3y BaroHa 3 CHIyYMM BaHTaXeM B Macmirabi «microscale» 3 ypaxyBaHHSIM TOBITPSHHX 3aBic.
HaykoBa noBu3Ha. CtBopeHo 2D umcioBi MoJielni, 0 T03BOJISIIOTh BpaxyBaTh iCTOTHI (pakTopH, 110 BIUIUBAIOTH
Ha TIPOoILIeC pO3CifOBaHHA 3a0pyAHIOIOYNX PEYOBUH B aTMocdepi, i hopMyBaHHS 30HM 3a0pyTHEHHS IIPU TIEPEBE3CHHI
CHUITyYHX BaHTaXIB 3aJI3HWYHUM TpaHCIOpTOM. Po3pobieHo croci® 3axucty armocdepH Bil 3a0pyAHEHHS NpU
3HECEHHI CHUIyYMX BAHTAXIB 3 3aJi3HUYHOIO BaroHa, SKUH 3aCHOBAHWHA 3a TPHHLMIIOM MOBITPSHOI 3aBicu.
IMpakTHyna 3HaYnMicTh. Po3risHyTi edekTHBHI YMCIOBI MOJENi, SIKi MOXKYTh OyTH 3acTOCOBaHI HpH po3poOri
3aXO0/liB 3 OXOPOHHM HaBKOJMIIHBOTO CEPEJOBHUINA IPH EKCIUTyaTallil 3aJli3HUYHOr0 TPAaHCHOPTY. 3amporoHOBaHi
MOJIETI JO3BOJISAIOTH po3paxyBatd 2D rinmponunamiky BITpPOBOTO MOTOKY, 3 ypaxyBaHHSM BCTaHOBJICHOI IMOBITPSIHOT
3aBicH, 1 MpoIlec MaCOMEPEHOCY MIKIITTMBIX PEYOBHH B aTMOCHEPI.

Kniouosi cnoea: 3abpyaHeHHsT aTMOoc]epH; HalliBBaroH; IMEPEeBE3CHHS CHITyYHX BaHTaXIB, YHCIOBE MOJICIIOBAH-
Hs, MIOBITPsIHA 3aBica
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COAL DUST EMISSION PROBLEM

Purpose. The article aims to develop 2D numerical models for the prediction of atmospheric pollution during
transportation of coal in the railway car, as well as the ways to protect the environment and the areas near to the
mainline from the dust emission due to the air injection installation. Methodology. To solve this problem there were
developed numerical models based on the use of the equations of motion of an inviscid incompressible fluid and
mass transfer. For the numerical integration of the transport equation of the pollutant the implicit alternating-
triangular difference scheme was used. For numerical integration of the 2D equation for the velocity potential the
method of total approximation was used. The developed numerical models are the basis of established software
package. On the basis of the constructed numerical models it was carried out a computational experiment to assess
the level of air pollution when transporting bulk cargo by rail when the railway car has the air injection. Findings.
2D numerical models that belong to the class «diagnostic models» were developed. These models take into account
the main physical factors affecting the process of dispersion of dust pollution in the atmosphere during transporta-
tion of bulk cargo. The developed numerical models make it possible to calculate the dust loss process, taking into
account the use of the air injection of the car. They require a small cost of the computer time during practical reali-
zation at the low and medium power machines. There were submitted computational calculations to determine pol-
lutant concentrations and the formation of the zone of pollution near the train with bulk cargo in «microscale» scale
taking into account the air curtains. Originality. 2D numerical models taking into account the relevant factors influ-
encing the process of dispersion of pollutants in the atmosphere, and the formation of the zone of pollution during
transportation of bulk cargo by rail were created. A way to protect the atmosphere from pollution during the
emission of bulk cargoes from the rail car, which is based on the principle of the air injection, was developed.
Practical value. The efficient numerical models which can be used in the development of environmental protection
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measures in the operation of railway transport were considered. The proposed model allows calculating 2D dynam-
ics of wind flow, taking into account the installed air injection, and mass transfer process of pollutants in the atmos-
phere.

Keywords: air pollution; gondola car; bulk cargo transportation; numerical simulation; air injection
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YUCJIEHHBIE MOJAEJIN AJIS1 TIPOTI'HO3A 3ATPA3HEHUSA
ATMOC®EPHOI'O BO3YXA BBIBPOCAMU ABTOTPAHCIIOPTA

Henn. Hayunas pabora mpeamonaraet: 1) paspa6otky 3D 4mCIIeHHBIX MOJeseH, KOTOPhIE MO3BOJSIOT PACCUH-
TBIBAaTh IPOLIECC 3arps3HEHUsI aTMOC(EPHOr0 BO3IyXa BHIOPOCaMU aBTOTPAHCIIOPTA; 2) CO3JaHHE MOJENEH, KOTO-
pbie JaBany Obl BO3MOKHOCTH IIPOTHO3MPOBATh YPOBEHb 3arpsI3HEHHs aTMOC(EPHOTO BO3IyXa B YCIOBHUSIX TOPOJ-
ckoii 3actpoiiku. MeToanka. [[i1s pemeHus 3alauu 10 OLEHKE YPOBHS 3arpsi3HEHUs] aTMOC(EPHOTro BO3/yXa BI-
OpocamMy aBTOTPAHCIIOPTA HCIIONB3YIOTCS (pyHIaMeHTaNbHble YPaBHEHUS a’dpOJUHAMHKH M MaccomnepeHoca. Jls
pewenus nuddepeHuaNbHbIX ypaBHEHHH adpOJIMHAMUKH U MaCCOIEPEHOCa MCIOIb3YIOTCS KOHEUYHO-Pa3HOCTHBIE
MeToJIbl. JIJIsl YMCIIeHHOTO MHTEIPUPOBAaHMs ypaBHEHHS MOTEHIMAIa CKOPOCTH NPUMEHSETCS METOJl YCIIOBHOMW arl-
NpOKCHManuK. YpaBHEHHE MU MOTEHIHalla CKOPOCTH, 3alllCaHHOE B Pa3HOCTHOM BHJE, pacUICIUIIETCsS Ha JBa
YpaBHEHUs, IpHUYEM Ha KaXXJIOM Ilare pacuieluIeHHs HEeM3BECTHOE 3HAUCHHE MOTEHIMANIa CKOPOCTH OINpeeNsieTcs]
TI0 SIBHOW cXeMe Oerymiero cuera, py 3TOM caMa Pa3HOCTHAs cXeMa — HesBHas. sl YMCIeHHOTO MHTETPUPOBAHUS
YpaBHEHHsI paccenBaHMS BBHIOPOCOB B aTMoc(epe NMpHMEHSETCS HEsBHas MONEPEeMEHHO-TPEYTrobHas Pa3HOCTHAS
CXeMa pacuieIuIeHHsl. BBIOpOCH OT aBTOTpacchl MOJCIUPYIOTCSI CEpHEil TOUCUHBIX MCTOYHHMKOB 33JaHHON MHTEH-
cuBHOCTH. Pa3paboTaHHBIC YHCICHHBIC MOJENN COCTABIISIIOT OCHOBY CO3/@HHOTO NMAKEeTa MPUKIAIAHBIX IPOrpaMM.
Pe3ysbTathl. Pa3paboranst 3D gucieHHBIC MOJIENH, KOTOPbIe OTHOCATCS K Kiaccy «diagnostic models». Jlanmbie
MOZENN YYUTHIBAIOT OCHOBHBIE (u3Hueckue (HaKTOpHI, BIMSIONIME HA NPOLECC PACCEMBAHUS BPEIHBIX BEILECTB
B arMmocdepe NpHu BbHIOpOCax OT aBTOTpaHCHOpPTa B ropoae. Ha OCHOBE NOCTPOSHHBIX YMCIEHHBIX MOENeH
IMPOBEACH BBIYMCIIUTEIbHBIN OKCIICPUMEHT TI10 OLCHKC YPOBHA 3arpsA3HCHUA BOSI[yLHHOﬁ Cp€abl Ha YJIHIE.
Hayunasi HoBu3Ha. ABTOpaMu pa3pabOTaHbl YUCICHHBIE MOJIEIH, KOTOPBIE MO3BOJISIIOT paccunTtaTh 3D asponnna-
MHKY BETPOBOTO ITOTOKA B YCJIOBHSIX TOPOJCKOH 3aCTpPOHKH M IPOIECC MAacCOIEepeHoca BEIOPOCOB OT aBTOTPACCHI.
BelInosHeHB! pacyeTsl 110 ONPEAEICHHUIO 30HbI 3arpsa3HeHHs], KoTopast (GOpMUpPYeETCs BO3JIE 3/IaHUH, pacloIoKEeHHBIX
BIOJIb aBToMarucTpany. IIpakTuyeckas 3HaunmMocTh. B pabore paccmoTpensl 3¢ ()eKTHBHBIC YUCICHHBIE MOJIEIH,
KOTOpBIE MOTYT OBITh IPUMEHEHBI TIPH Pa3pabdoTKe MEPONPHUITHH 110 OXpaHe OKpY’Karolle cpeasl MpU dKCINTyaTa-
LIMM aBTOMOOMJILHOTO TpaHCHopTa B ropose. PazpaboTaHHbIE MOJENN MO3BOJISIOT OLEHUTH pa3Mepsl, GopMy U HH-
TECHCUBHOCTb 30HBI 3aTPSI3HEHHS BO3JIE aBTOMArHCTPaIIH.

Kniouegvie cnoea: 3arpsa3HeHne atMocgepsl; aBTOTPAHCIIOPT; YHCICHHOE MOACINPOBAHHUE

Beenenne OMIIIPHYECKHE U aHAINTHYECKHe Momenu [3-5, 7,
9]. Takue Moaenu AalOT BO3MOXKHOCTD ONIEPATHBHO
MOJy4aTh AaHHBIE O BO3MOXKHOM YPOBHE 3arpss-
HEHHS aTMOC(EPHOTO BO3IyXa, HO HE YUUTHIBAIOT
CaMblil TTIaBHBIA (aKTOp — HAIMYHUS 31aHHH, KOTO-
pble 1eOpMUPYIOT TOJIe CKOPOCTH BETPOBOTO TIO-
TOKa M BCJIEICTBHE 3TOr0 (POPMHUPYIOLINECS 30HEI
3arpsi3HeHHs1 B aTMmocgepe.

[losTOMy B MHpe aKTUBHO pPa3BHUBACTCS YHC-
JICHHOE MOJETIMPOBaHUE IIpolecca 3arps3HEHUS
aTMOC(EpHOTO BO3IyXa BEIOpOCAMH aBTOTPAHC-
nopra [1, 2, 16]. OxHako B YKpauHe CyLIECTBYeT
ONpeNeNICHHbIM AeQUIUT YHUCICHHBIX MoOJeIeH,

B Hacrosimee Bpems yCHIIMIICS MHTEpEC K pas-
paboTKe Mojenel JJsl OIIEHKH YPOBHS 3arpssHe-
HUS BO3IYIIHOH Cpelpl BBIOpOCAMH aBTOTPAHC-
nopra (puc. 1) [1, 2, 13, 15, 16]. Dro cBs3aHO
C TeM, 4TO MPUMEHEHHE MeToAa (PU3NUECKOrO MO-
nemupoBanus [14] TpeOyeT 3HAYMTENBHBIX Mate-
pHAaNbHBIX 3aTPaT, BPEMEHH Ha MPOBEJCHUE DKCIIe-
puMeHTa, 00pabOTKy M aHanM3 MOJTYy4YEeHHBIX pe-
3yJIBTATOB.

ITpn ucnone30BaHNK METOJa MAaTEMAaTHYECKOTO
MOJIEIMPOBAaHUsT Hanbojiee YacTo NPUMEHSIOTCS
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OpPUCHTHUPOBAHHBIX Ha PEUICHUE 33]]a4 paccMaTpu-
BAeMOro KJiacca.

Puc. 1. BeiOpocsr oT aBTOTpaHCTIOpTa

Fig. 1. Emissions from motor vehicles

ean

Henbto manHOW paboThl SIBIsIETCS pa3padoTKa
3D CFD mopeneii st mporHO3a YPOBHS 3arpsizHe-
HUs aTMOC(EPHOr0 BO3AyXa B YCIOBHSIX 3aCTpPOM-
Ku BeIOpOocamm aBToMoOmiield. CTaBUTCS 3amada
CO3JIaHMs MOJIeNIel, KOTOpble JaBaiu Obl BO3MOXK-
HOCTb OINEPATUBHO NPOTHO3UPOBATH YPOBEHb 3a-
IPA3HEHHUA aTMOC(EPHOTrO BO3IyXa U OLCHUBATh
BIMSHUE aBTOTPAHCIOPTAa Ha CTENEHb JTOrO 3a-
IPSA3HEHHUS.

MeToauka

[l peiieHust 3a1auM MO MPOTHO3Y YPOBHS 3a-
Tpsi3HEHHUS aTMOC(EPHOTO BO3IyXa BBIOpPOCAMU
aBTOTPAHCIIOPTa OYIyT HCIOIB30BaThcs (yHMIa-
MEHTAJIbHBIC YPaBHEHHS a’pOJWHAMHKH M Macco-
nepeHoca. J{ns 4UCIIEHHOrO0 MHTETPUPOBAaHUS MO-
JEUPYIOIUX YPaBHEHHH OYyAyT MPUMEHSITHCS KO-
HEYHO-Pa3HOCTHBIE METO/IBI.

Mamemamuueckas moodenb. Modenv aspoou-
namuxy. OllEHKA YPOBHS 3arps3HEHUs aTMocdep-
HOTO BO37yXa BEIOpOCAMH OT aBTOTpaHCIOpTa Oy-
JIeT OCYIIECTBJICHA C YYEeTOM 3aCTPOHKH MpHUMaru-
CTpanbHON Tepputopun. [loaTomy, mis pemieHus
TaKOW 337124l HEOOXOAMMO OIPECITUTh TOJe CKO-
POCTH BETPOBOTO MOTOKA MPHU HAIUYHUU 3aCTPOUKH.
s pemeHust 3Tod 3a1a4u Oy/IeM MPUMEHSTH MO-
JIeNb WIeanbHON KUAKocTH. Ecnu cnenats mpen-
MOJIOXKEeHUEe O OE3BHXPEBOM BO3JIYIIHOM IOTOKE,
TO MOJCIIUPYIOIICEe YpaBHEHUE OYyIeT MMETh BH/I
[10, 12]:
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KomMmnoneHTs! BCKTOpa CKOPOCTHU BO3AYLIHOTO
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TloctaHoBKa KpaeBbIX YCJIOBUH IS JAHHOTO
ypaBHEHHUS paccMaTpuBaetcs B padore [10].

Moodenv macconepenoca. Jns MOIenupoBaHUs
paccemBaHus BEIOPOCOB OT aBTOMOOWIICH B aTMoO-
chepHOM BO3Ayxe OyJeM HCIOIb30BaTh CIEAYIO-
nree ypasuenwue [1, 6, 10, 11]:
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+2.Q1(1)8(x=x)3(y-y)3(z-7), (2)

rae C — KOHIIGHTpAIUsl BPEIHOTO BEIIECTBA B at-
MocdepHOM Bo3ayxe; U,V, W — KOMIIOHEHTHI BEK-
TOpa CKOPOCTH [BHYKEHUS BO3LYIIHON CpEIBI;
Hy By, 1, — K0dbGUIMEHTB aTMOC(epHOH Typ-

OynmentHo muddys3un; G — kodhduIMeHT, yIu-
THIBAIOIMH HM3MEHEHHE KOHIICHTPAI[MH 3a CYeT
XUMHUYECKUX PeaKiuii, MpOTEKAIoINUX B aTMocde-
pe ¥ BBIMBIBAHHSI BPEIHOTO BEINECTBA OCATKAMU
[5]; t — Bpems; X, V;, Z; — KOOpPIMHATHI PACIOJIO-
YKEHHSI TOYEYHOT'O MCTOYHHMKA BBIICICHHS TIPHMECH
(MecTo pacrionoxeHus aBTOMOOMIeit); W, — CKko-

POCTh T'PaBHTALlMOHHOTO OCCHAHWs 3arpsI3HUATECIIA,
Qi (t) — HMHTCHCHBHOCTH O3MHUCCHUHU TOYCYHOI'O HC-

TOYHHKA (MHTCHCHBHOCTH BBIOPOCA OT aBTOMOOM-
neif); 8(x—x)8(y—V;)d(z—7z) - obosHaueHue
nenbra-pyHkimn Jupaka.

Takum o6pa3om, 3arpsi3HEHUE TIPUMArUCTPAIIb-
HOHM TepPUTOPHU OT aBTOTPAHCIIOPTA MOJICITUPYET-
Csl Cepueil TOYCYHBIX MCTOYHHMKOB 3aJlaHHOW WH-
TeHCUBHOCTH. [10CKONBKY BBIOPOCHI OT aBTOMOOH-
Jell comepiKaT pasMYHbIC BPEIHBIC BEIICCTBA,
ypaBHeHne (2) HEOOXOMMMO WCIIONB30BaTh JIIs
paccerBaHUsl KaXJIOro KOHKPETHOTO BPEIHOTO
BEIICCTRA.
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IToctaHOBKa T'paHWYHBIX W HAYAIbHBIX YCIIO-
BHI ISl yPaBHEHHUsI MacCOIEPEHOCa PACCMOTPEHO
B paborax [1, 10].

Ha Bxoze B pacueTHyto 001acTh 3aJal0Tcs clie-
JyIOIKE 3HAYCHUS mapameTpos [5, 6]:

p m
z z

U | — ’Mz:kl R
4 4

u=

My =Koty 1y =1y,

rae U; — CKOpPOCTh BeTpa Ha BbICOTE Z; (MpUHHMA-
ercas 7, ~10m); k=0,2; k,=01; p=0,16;
m=1.

C moMoIIp0 MapKepoB B JAUCKPETHONH MOJCIH
3a/1aeTcsl TIOJ0KESHHE aBTOMATUCTPAINA, WHTCHCHB-
HOCTh BBIOPOCOB OT aBTOMOOWJICH W TOJIOKCHHE
3MaHUA B pacueTHOM ob6imacTu. DTO MO3BOJSIET
OuYeHb OBICTPO (HOPMUPOBATH «TEOMETPHUIO» pac-
4eTHOW 00JIaCTH, TO €CTh IOJOKEHHUE 3JaHUN, NX
(hopMy, MOJIO’)KEHUE ABTOMAruCTPaICH U T.1I.

Jusa pemenns auddepeHMaTbHBIX YpaBHEHUH
a’POIMHAMHUKN M MAacCONEepPEHOCa HCIMOIB3YIOTCS
KOHCYHO-Pa3HOCTHBIC METO/IbI. Tak JJI1 YUCJIICHHO-
0 WUHTETPUPOBAHUS ypaBHEHHs JUIS MOTCHI[HAJIA
CKOPOCTH TPUMEHSIETCS METOJl YCIOBHOW aIpoK-
cumaruun  [8]. TlpemsaputensHo, ypaHenue (1)
3aIMCHIBACTCS B IBOJIOIMOHHOM BH/IE!

oP 0°P 8*P O°P
T to 2zt
om o’ oyt oz

31ECh 1 — PUKTUBHOE BPEMSL.

©)

Ilpu m—> o pemienne ypauenus (3) Oymer
CTPEMUTBLCS K «yCTAaHOBJIEHHIO», TO €CTh K pelle-
uuro ypaBaenuns (1).

PasHOCTHBIE ypaBHEHMs IS YHMCIIEHHOTO pe-
merns (3), Ha KakI0M JPOOHOM Ilare paciierie-
Hus, uMmerot Bup [8]:
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+ 2 + 2 ,
Ay AZ

1
n+—
n+l 2 n+l n+l
Pi,j,k - I:)i,j,k _ I:)i+1,j,k - Pi,j,k +
At AX?
n+1 n+l n+1 n+l
I3i,j+1,k_ i,j,k + I:>i,j,k+l_|:)i,j,k
Ay? Az?

Ha xaxgom 1mare pacimeryieHUsl pacdeT Heus-
BECTHOU BEJINYNHEI MMOTCHIHAaJIa CKOPOCTHU UALCT IO
SIBHOH (popMyJie — MeTOLy Oerymiero cuera.

ITepen HavasOM YUCICHHOTO HWHTETPUPOBAHUSI
ypasuenus (3) 3amaercs mose MOTEHIMAIA CKOPO-
CTH [l «HAYaJIbHOTO» MOMEHTAa (DUKTHBHOTO
BpeMeHu. IIpormecc pacdera MO MOTEHIMANA
CKOpPOCTU 3aKaHYMUBACTCA IIPU BBIIIOJIHCHUU YCJIO-
BUSL:

n+l n
i,k _Pi,j,k‘sg’

rae Pinﬁ — HOBOE€ NPHUOIMKEHHE BEIUYUHBI MO-

TEHIIHaja CKOPOCTH; Pi”j « — Tpenplayliee 3Haye-

HHUE BEJIMYMHBI MOTCHIHANIA CKOPOCTH; & — MaJioe
YHCIIO.

[Mocne pacuera monsi MOTEHIMAA CKOPOCTH
OCYIIECTBISIETCSI PACUYET KOMIIOHEHT BEKTOpa CKO-
POCTH BO3YIIIHOTO MOTOKA HA MPAHIX PA3HOCTHBIX
SYEEK MO 3aBUCHUMOCTSIM:

_ Pi,j,k - I:)i—l,j,k
i,jk _Pi,j—l,k
Viik Ay ,
P..—P.
Wijk — |,j,kAZ i,j,k-1 .

IMocne pemnieHus 3a1a4d a3pOJMHAMUKH — OII-
peleseHust oSl CKOPOCTH BO3AYIIHOTO MOTOKA —
pelaeTcs 3ajada MaccolepeHoca 3arps3HAIONINX
BEIIECCTB OT aBTOMArucCTpaiu. 21.]'[51 YUCJIICHHOT'O
MHTETPUPOBAHUS YPAaBHEHUS MACCOIIEPEHOCa MC-
HOJIb3YETCS TIOIIEPEMEHHO-TPEYTOIbHAS Pa3HOCT-
Has cxema [10]. ITocTtpoeHme 5TOH pPasHOCTHOM
CXEMBI OCYIICCTBIICTCS MyTEM PACHICIUICHHS pe-
IICHHUsT UCXOHOIO yYpaBHEHHUS MaccorepeHoca (2)
Ha TI0CJIEI0BATENLHOCTh PA3HOCTHBIX ypPaBHEHHI
0oJiee MPOCTON CTPYKTYPhI, U3 KOTOPBIX HEM3BECT-
HOE 3HAYEHHE KOHIIEHTPALUH [IPUMECH OIpPEIEIs-
€TCSl METOJIOM OETyILEro CUeTa.
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Pe3yabTatsl

Hwxe mpencraBieHsl pe3yiabTaThl PEHISHHS 3a-
Jaud 10 OLICHKE YPOBHS 3arps3HEHUs atMocdep-
HOTO BO3[yXa BONHM3M JBYX 37aHWi. Psgom co
3AaHUSIMH TUTAHUPYETCS CTPOUTEIHCTBO aBTOMAru-
ctpanu (puc. 2). Kak BUIHO U3 puC. 2. aBTOMAru-
cTpaib orubaer mepBoe 3manue (mosurms 1,
puc. 2), koropoe umeer ['-06paznyo (opmy. Uu-
TeHCUBHOCTh »Muccuu CO 0T aBTOMAarucTpain
3a7aeTcs ¢ IOMOLIbIO NenbTa-GyHkuuu Jupaka, To
ecTh HabOpOM TOUYEYHBIX HCTOYHHKOB 3MHCCHH,
PacmooKeHHBIX 10 Tpacce aBromaructpanu. Cra-
BUJIaCh 3a/1a4a OLICHKH pPa3MepoB, (OPMBI 30HBI
3arps3HEHHS BO3JI€ aBTOMATHUCTPAIIH.

N
: 1]
L[ 3
===
2
0 X

Puc. 2. Pacuernas cxema:
1, 2 —3pmanusi, 3 — aBTOMArucTpaib

Fig. 2. Sketch of computational region:
1, 2 — buildings, 3 — highway

Ha mnocnenyroommx puCYHKax MpeaCTaBiIeHa
30HA 3arpsi3HEHUsT aTMOC(HEPHOTO BO3AyXa B pac-
YeTHOW 00NaCTH IS IBYX Pa3IMYHBIX YPOBHEHU IO
BeicoTe. Ha puc. 3 moka3ana 30Ha 3arpsi3HEHHS Ha
ypoBHe Z = 3 M. M3 3TOro pucyHka Xopouio BHIHO,
YTO TMEPBOE 37aHUE MOJHOCTBIO TOMANAET B 30HY
BIMSHUSL aBTOMArucTpaid. Mexay 3IaHUsIMH
dopmupyeTcss MOA30Ha ¢ OOJIBIIUM TIPAJUCHTOM
KOHIICHTPALU! IIPUMECH.

Ha puc. 4 nmokazaHa 30Ha 3arpsA3HEHUS aTMO-
cdepHOro Bo3ayxa Ha Ooiee BBHICOKOM YPOBHE —
z = 7,5 M (BeIcOTa 31anuit 6 M). CpaBHUBas puc. 3
U pHuc. 4 MOXXHO 3aMETHUTh pa3jHuus B XapakTepe
pacripeqienieHHs] B KOHLIEHTPALUU [IPUMECH Ha pa3-
HBIX BBICOTaX. Tak Ha OoJbIIel BHICOTE 30HA 3a-
Tps3HEeHHs Ooiee «pa3pekeHa», 4TO OOBIICHIETCS
TEM, YTO Ha JAHHOH BBICOTE MPOUCXOIUT Oolee
WHTEHCUBHBI CHOC TIPHMECH BETPOBBIM ITOTOKOM.
Ha 3T0if BhICOTE MO3WIUsSI BTOPOTo 3maHus (mpsi-
MOYTOJILHOE 3/IaHK€e — TIO3UIMS 2, PUC. 2) HE BHI-

Ha. [lo3umus mepBoro 3MaHus YETKO HE OYepucHa,
HO BHJHO OIPEICIICHHOE «IIOJKATHE» 30HBI 3a-
TpSI3HEHUSI B paliOHE MEXIy aBTOMAarucTpPalbio
Y TICPBBIM 3IaHHUEM.
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Puc. 3. 3ona 3arpsi3HeHHs BO3IE 3TaHUI
(ypoBens z = 3 M)

Fig. 3. Pollution area near the buildings (z =3 m)
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Puc. 4. 3ona 3arpsi3HEHUs BO3IIE 3TaHUI
(ypoBeHs z = 7,5 m)

Fig. 4. Pollution area near the buildings (z=7,5 m)

OTMeTnM, 9TO Ha pelieHue 3a1a9u moTpedoBa-
J10¢h 0k0J10 10 ¢ KOMITBIOTEPHOTO BPEMEHHU.

Hayunasi HOBU3HA U PpaKTHYecKast
3HAYUMOCTh

Co3pmanbl 3D uncneHHbIE MOJENH, MO3BOJISIO-
IIME PacCUUTHIBATh (DOPMUPOBAHUE 30H 3arpsi3He-
HUAU B YCIIOBHSAX 3aCTPOHKH BBIOpOCAMHU OT aBTO-
tpancnopra. [Ipencrapnennsie 3D unciaeHHBIE MO-
JISNIA OCHOBaHBI Ha TMPUMEHEHHH (PYHIaMEHTaJb-
HBIX YPaBHEHHUU a’pOIMHAMHUKHU M MacCOITIEPEeHOCa.

Oco0eHHOCTRIO Pa3pabOTaHHBIX MOJACIEH SIB-
JIICTCSL UCTIOJIb30BAHUE CTAHIAAPTHOW METEOpOJIO-
THYecKoi WH(OpMaIuH, OBICTPOTa B IONYYEHUH
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pacueTHBIX JAHHBIX W YIOOCTBO aHajm3a MOJy-
YaeMbIX Pe3yJIbTaTOB MPOTHO3A.

BoiBoabI

[Ipennoxenpt uywmcnennple 3D Momenn mns
OIIEHKH YPOBHS 3arps3HEHHs aTMOC(EpHOTO BO3-
Iyxa BeIOpocamu oT aBToTpaHcnopra. OcobeHHo-
CThIO TPEJIOKEHHBIX YUCIIEHHBIX MOJIEJIeH sBIIs-
eTcsi BO3MOXKHOCTh TIPOTHO3WPOBAHHS YPOBHS 3a-
TPSA3HEHHST aTMOC(EpPHOTO BO3/AyXa B YCIOBHUSX
3acTpoiiku. Pemienue a’spoIvHaMUYECKON 3amadu
0 OTIPEICTICHHUIO TIOJISI CKOPOCTH BO3IYITHOTO TIO-
TOKa, MpH HaIWYM{ 3JaHHH, OCHOBBIBAECTCS Ha
YHCICHHOM WHTETPUPOBAHWUW ypaBHEHWs IS TIO-
TeHIana ckopoctu. OTeHKa YPOBHS 3arps3HEHUs
aTMOC(EpHOTO BO3JyXa OCYIIECTBIIIETCS Ha 0ase
YpaBHEHHUS MacCOIEepeHOca, KOTOPOE YUHTHIBAET
KOHBEKTUBHBI W au(Py3HOHHBIN TepeHoC Npu-
MecHu B atMocdepe. Beibpockl oT aBTOTpacchl Mo-
JEUPYIOTCSL CepHell TOYEUHBIX MCTOYHHKOB, KO-
TOpBIE 3aJal0TCsl C IOMOILUBIO JeNbTa-(pyHKIUU
Jupaka. IlpennokxeHHble MOJAENUA JAIOT BO3MOXK-
HOCTh OIEPATUBHO TMOJNYYUTh HH(MOpMAIHIO 00
YpOBHE 3arpsi3HEHUs aTMOC(HEPHOTO BO3/yXa
B paiioHax, TJe MPOXOIIT aBTOMAaruCTPaH.

JanpHelilliee COBEPIIEHCTBOBAaHUE MoOJIeJel
ClIelyeT TPOBOAWUTH B HAINPABICHUU CO3JaHHUS
YHUCIEHHONW MOJENH, YYUTHIBAIOUICH XMMHUYECKYIO
Tpanchopmainio BEIOPOCOB B aTMOchepe.
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YUCEJIBHI MOJAEJII UIA ITPOI'HO3Y 3ABPY/IHEHHSA
ATMOC®EPHOI'O ITOBITPA BUKUJAAMU ABTOTPAHCIIOPTY

Meta. HaykoBa poborta nependavae: 1) po3pobky 3D dncenbHHX MoIeneH, siki T03BOJSIIOTh PO3PaxOBYyBaTH
npouec 3a0pyIHEHHs aTMOC(HEPHOrO MOBITPS BHKHAAMU ABTOTPAHCIOPTY; 2) CTBOPEHHS MOAENCH, sKi JaBalu
0 MOXKIIMBICTB TIPOTHO3YBATH piBEHb 3a0pyAHEHHSI aTMOC(EPHOTO MOBITPSI B yMOBaX MIiChKOi 3a0yJ0BH. MeTOTUKA.
Jns po3B’si3aHHSA 3a/1a4i 3 OIIHKY PiBHS 3a0pyAHEHHS aTMOC(EpPHOTO MOBITPSI BUKAIAMH aBTOTPAHCIIOPTY BHKOPH-
CTOBYIOTBhCS (PyHIAMEHTANBHI PIBHSIHHS acpONWHAMIKH 1 MacorepeHocy. s po3s’sa3anHs audepeHIialbHuX piB-
HSHBb aepOAMHAMIKM 1 MacoIepeHOCY BHKOPHCTOBYIOTHCS KiHIIEBO-PI3HHUIIEBI METOAM. 3 METOIO YHCENBHOTO iHTEr-
pYBaHHS PIBHSAHHS JUIS MMOTEHIiay IIBUAKOCTI 3aCTOCOBYETHCS METOJ] yMOBHOI anpokcumanii. PiIBHSAHHS 1u1s moTe-
HITiaJly MIBUAKOCTI, 3allCaHe B PI3HMIIEBOMY BUIJIANI, PO3MICIUIIOETHCSA HA BA PIBHSIHHSA, MPUIOMY HA KOKHOMY
KPOIl pO3LICTUICHHSI HEBIJJOME 3HAYEHHsI MOTEHIIaTy NIBUKOCTI BU3HAYAETHCS 32 SIBHOIO CXEMOIO O1KyUOro paxyH-
Ky, IIpU 1IbOMY cama pi3HHLEeBa cxemMa — HesiBHA. J{JI1 4MCeNbHOTO IHTETrpyBaHHs PIBHSHHS PO3CIIOBaHHS BHKHIIB
B aTMoc(depi 3aCTOCOBY€EThCSI HEsIBHA MONEPEMIHHO-TPUKYTHA Pi3HHUIIEBA CXeMa po3LIeruleHHs. Bukumyu Big aBTo-
TPacH MOJIEIIOIOTHCSI CEPIEI0 TOUYKOBHX JDKEpEN 3aJlaHoi iHTeHCHUBHOCTI. Po3po0ieHi uncenbHi Mozeni CKIagaloTh
OCHOBY CTBOPEHOT'O ITaKeTa NpUKIaaHuX nporpaM. PesyastaTn. Pozpobneni 3D uncensHi Moneni, ki HalexaTb 10
kiacy «diagnostic models». [lani Mozaeni BpaxoByHOTh OCHOBHI (i3u4Hi (haKTOpH, IO BILUIMBAKOTH HA HPOLEC PO3Ci-
FOBaHHS MIKiIJIMBUX PEUOBHH B aTMoc(epi Ipu BUKUAAX BiJl aBTOTPAHCIOPTY B MicTi. Ha ocHOBI moOynoBaHMX 49u-
CEJIbHUX MOJIejIeil BUKOHAHO OOYMCITIOBAIbHUI SKCIICPUMEHT 13 OLIHKH PiBHS 3a0pyAHECHHS MOBITPSHOTO cepeno-
Bumia Ha Byimii. HaykoBa HOBH3HA. ABTOpaMu po3poOJICHO YHCENbHI MOJENI, SKi JO3BOJAIOTE po3paxyBaTu 3D
aepoAMHaMIKy BITPOBOTO MOTOKY B YMOBaX MiChKOI 3a0yIOBH Ta MPOIIEC MAaCOIEPEHOCY BUKHIIB BiJl aBTOTPACH.
BukoHaHO po3paxyHKH 10 BU3HAYCHHIO 30HH 3a0pyAHEHHs, sKka GOpPMy€eThCs OLiist Oy/1iBeIb, pO3TAIIOBAHUX B3JIOBK
aBTomaricrpan. [IpakTuuna 3HaumMicTb. B po0OoTi po3risiHyTi edekTHBHI YUCeNnbHI MOJeN, sIKi MOXYTb OyTH
3aCTOCOBAHI MPHU PO3POOII 3aXO/iB i3 OXOPOHH HABKOJMIIHBOIO CEPEAOBHINA MPH CKCIUTyaTallii aBTOMOOIIBHOTO
TPaHCIOPTY B MicTi. Po3po0iieHi Moieli 103BOJISIOTh OIIHUTH PO3MIipH, (OpMy Ta IHTEHCHBHICTh 30HH 3a0pyIHEH-
Hs Ol1s1 aBTOMAricTpalti.

Knouogi crosa: 3a0pyaHeHHS aTMOC(EpH; aBTOTPAHCIIOPT; YHCEIbHE MOJICTIOBAaHHS
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NUMERICAL PREDICTION MODELS FOR AIR POLLUTION
BY MOTOR VEHICLE EMISSIONS

Purpose. Scientific work involves: 1) development of 3D numerical models that allow calculating the process of
air pollution by motor vehicles emissions; 2) creation of models which would allow predicting the air pollution level
in urban areas. Methodology. To solve the problem upon assessing the level of air pollution by motor vehicles
emissions fundamental equations of aerodynamics and mass transfer are used. For the solution of differential equa-
tions of aerodynamics and mass transfer finite-difference methods are used. For the numerical integration of the
equation for the velocity potential the method of conditional approximations is applied. The equation for the veloc-
ity potential written in differential form, splits into two equations, where at each step of splitting an unknown value
of the velocity potential is determined by an explicit scheme of running computation, while the difference scheme is
implicit one. For the numerical integration of the emissions dispersion equation in the atmosphere applies the im-
plicit alternating-triangular difference scheme of splitting. Emissions from the road are modeled by a series of point
sources of given intensity. Developed numerical models form is the basis of the created software package. Findings.
3D numerical models were developed; they belong to the class of «diagnostic models». These models take into ac-
count main physical factors that influence the process of dispersion of harmful substances in the atmosphere when
emissions from vehicles in the city occur. Based on the constructed numerical models the computational experiment
was conducted to assess the level of air pollution in the street. Originality. Authors have developed numerical mod-
els that allow to calculate the 3D aerodynamics of the wind flow in urban areas and the process of mass transfer
emissions from the highway. Calculations to determine the area of contamination, which is formed near the build-
ings, located along the highway were carried out. Practical value. Efficient numerical models that can be applied
when developing activities for environmental protection in the operation of road transport in the city. The developed
models allow to estimate the size, shape, and intensity of the contamination zone near the highway.

Keywords: air pollution; vehicles; numerical simulation
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3ACTOCYBAHHSA PEUTUHIOBUX MOJIEJEN
TA IHOOPMAIIAHUX TEXHOJIOI'IA AJ51 YIPABJIIHHA
AIMIHICTPATUBHO-TEPUTOPIAJIBHUMU KOMIIVIEKCAMMU

Meta. Y HayKoBiii poOOTI HEOOXiJHO PO3IIISTHYTH PO3BUTOK PEHTHHIOBUX MOJeNel Ta BiANOBIIHUX iH(pOpMa-
iHAX TEXHOJOTIH, MPU3HAYCHHUX U BUPIMICHHS KOMIUIEKCY 3a7ad cepH CTPaTETidYHOTO IUIaHyBaHHS aIMiHICT-
PaTHBHO-TEPUTOPIAFHIX 00’ €IHAHB, a TAKOXK OaraTOKpUTEPiallbHOTO YIPABIIHHS SKCILTyaTaIliel0 HEOTHOPITHIX
KJaciB 6aratonapaMeTpuaHux 06’ ekTiB. Metoauka. [Ipu BupimieHHi 3aBIaHb CTPATETiYHOTO ITaHyBaHHA aMiHICTpa-
TUBHO-TEPUTOPIAIFHOTO PO3BUTKY Ta YIPABIIHHS HEOJHOPITHUMH KJIACAMU KOHTPOJIHOBAHUX 00’ €KTiB 3aCTOCOBYETh-
Csl KOMIUIEKC y3TO/KCHHX METOIIB. A caMe — 06araToKpuTepialbHOTO aHaJi3y BIACTUBOCTEH 00’ €KTIB IUIaHYBaHHS
1 ynpaBiiHHS, A1arHOCTHKH ITapaMeTpiB CTaHy, IPOTHO3YBaHHS Ta YIPABJIHHS CKIaJHUMH CHCTEMaMH Pi3HHX Kia-
CiB, CTaHHU SKHX OLIHIOIOTHCS HabOpaMH PI3HOSIKICHMX MOKa3HHMKIB, a TAKOX MPEICTABISAIOTHCS 1HIUBIAyaIbHUMHE
MoJIeNIIMU Tiporiecy (GyHKIiOHyBaHHs. J[st peaizailii KOMIUIEKCY 3aBIaHb CTPATETiYHOIO IIAHYBAHHS Ta yIpaB-
JIHHS 3alPONOHOBAHO 1 CTBOPEHO iH(OPMAIifHY TEXHOJIOTIIO, K4 MICTHThH MPOLEIYPU BUPIIICHHS THIIOBUX 3a-
BZIaHb, 1110 peai3oBaHi Ha OCHOBI MporpamHoro 3abesneyeHHss MS SQL Server. PesyabTaTn. 3anponoHoBaHo min-
Xix 1o ¢hopMyBaHHsS MoJeel aHaNi3y Ta yNpaBIiHHS KJacaMH CKJIQJIHUX CHCTEM Ha OCHOBI PEHTHHIOBHX OLIHOK.
OTpHUMaHO PO3BUTOK PEHTHHIOBUX MOJENCH 3 aHaNi3y OaraTornapaMeTpHYHHX i GaraTOKpUTEpialbHUX CHUCTEM, Ke-
pYBaHHS SIKHMH BHKOHYETHCS Ha OCHOBI IapaMeTpiB MOTOYHOTO Ta MPOTHO30BAHOTO CTAHIB, IUIIXOM PO3MOIITY
HEOTHOPIMHUX pecypciB. Po3pobieHo mpouexypy aHaNi3y YyTIUBOCTI pEHTHHTOBOI MOIENi IO 3MiH ITapaMeTpiB
po3noxiny HeomHOpiAHUX pecypciB. CTBOpeHO iH(pOpPMaNiiHy TEXHOJOTII0 CTPATErivHOTrO IJIAHYBaHHS Ta YIPaB-
JHHS HEOAHOPITHUMH KJIacaMH 00’ €KTiB Ha OCHOBI Mojieli peHTHHroBux oniHok. HaykoBa HOBU3HA. Y cTarTi 3a-
MPOTIOHOBAHO MIJIXiJ] 10 BUKOPHUCTAHHS CYKYITHOCTI PI3HOPIAHMX TIOKA3HHUKIB PEUTHHIYBAHHS SK 3arajlbHOI MO IS
CTPATETIYHOTO TJIaHYBaHHS PO3BUTKY Ta YIIPABJIIHHSA HEOJAHOPIAHUMH KJlacaMU 00’ €KTIB, SIKi MOXKYTb OyTH OXapakTe-
pH30BaHi HAbOpaMH MapaMeTpiB, BUMIPSHHX 32 Pi3HUMH IKanamu. [Ipu boMy KOHTpPOIIb 32 OKPEMHMH eJIeMEHTa-
MU peaji3y€eThesl IUIIXOM 1MOo0YJOBH 1 3aCTOCYBaHHS iHAMBIAYyalbHUX IHTEJICKTyalbHUX MOJesel npoueciB GyHKIi-
OHYBaHHs. 3alPOIIOHOBAHO MPOLEAYPY OLIHKHM JOCTOBIPHOCTI ITPOTHO3YBAaHHS HA OCHOBI METOAY OaraTOBUMipHOI
niHilHOT exctpanossinii. IIpakTHyHa 3HAYMMICTB. 3aIPONIOHOBAHUN METOJ CTPATEriYHOTO IUIAHYBAHHS PO3BUTKY
CKJIQIHUX CHCTEM Ha OCHOBI PEHTHHIOBHX MOJENCH, a TakoX po3poOiieHa iH(opMalliiiHa TEXHOJIOTisl CTBOPIOIOTH
KOMIUIEKC aBTOMAaTH30BaHUX 3ac00iB I 3a0e3medeHHs] e()eKTUBHOTO €KOHOMIKO-TEXHOJIOTIYHOTO YIPABIiHHS MHO-
JKIHAMH HEOTHOPITHUX KiIaciB OararomapameTpudHux o0’ekTiB. B iH(opMmamiiiHill TeXHOIOTIi peHTHHTOBOTO OIiHIO-
BaHHS Peaji30BaHO MPOLEAYPH BUPIMICHHS THIOBUX 3aBJAaHb i3 CTPATEriYHOrO IUIAHYBAHHS PO3BUTKY Ta YIPABIIHHI
CKIIaJIHUMH 00’ €KTaMH (BU3HAYCHHS PEHTHHIY, aHAI3 YyTIMBOCTI, KIIACTEPU3aIlisl, JiarHOCTyBaHHsI, MPOTHO3YBAHH,
PO3IOIIN pecypciB, GaraToKpUTepiabHIN BUOIp iH.). 3aCTOCYBaHHS MPOMOHOBAHOT iH(GOPMAITIHHOT TEXHOIOTIi 10380~
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EKOHOMIKA TA VIIPABJIIHHA

JIsi€ aBTOMATH3YBATH 3aBJAHHS aHAJI3y Ta CTPATETiYHOTO IUIAHYBAaHHS PO3BHUTKY aIMiHICTPATHBHO-TEPUTOPIAIBHIX
KOMIDIEKCIB. TeXHOIOoTis MOke OyTH 3aCTOCOBaHA U KOHTPOJIIO, aHAITI3y, CTPATETi9HOTO TUIAHYBAHHS Ta YIIPaBITiHHI

PO3BUTKOM OJAHOYACHO JICKUILKOX THIIIB CKJIQIHUX CUCTEM.

Kniouosi crnosa: agmiHicTpaTHBHO-TEpUTOpiaIbHE YIPABIIHHS, KJIACH CUCTEM; CTpaTeTidHe IUIAHyBaHHS, PEHTH-
HTrOBa MOJIENb, OaraTOKpHUTEpiabHUN aHaNi3; HEOTHOPIAHI pecypcH; iH(opMalliiiHa TEXHOJOTisA; 1HIMBiITyaTsHA

MoJieNb (DyHKIIOHYBaHHS

Beryn

Y po6OTi BUKOHAHO PO3BHTOK MOJENCH ISt
CTpaTeriuHOr0 IUIAHYBaHHS PO3BUTKY CKIIAIHUX
COLIAIbHO-CKOHOMIYHHX, aJMiHICTPAaTHBHO-TEPH-
TOpiaNbHUX, BUPOOHMUYO-TEXHIYHUX Ta 1HIINX CHC-
TeM, a TaKOX METOMIB i iHPOPMAIIHHUX TEXHOJO-
rid (IT) mo Tx ympaBIliHHIO Ha OCHOBI y3arajibHe-
HHUX peiTHHroBuX omiHoK [2, 5, 6]. IIpu mpomy
BPaxOBY€EThCS OCHOBHHUI NpUHIMI (HOpMYBaHHS
CHCTEMHOTO YTIPAaBIIiHHSA, SKE TIOBHHHO BiJITOBia-
TH BHMOTaM 1 KPUTepisM 3a0e3MEeUeHHs] CTaJIOro
po3BuTKy. OcHOBOKO po3poOmennx mopenerd i IT
€ 0COOIHMBOCTI 3aBIaHb 1 MOJEJICH yHpaBIiHHI Ha
ocHOBI peiituaroBux ook (PO). Ile BukIMKaHO
TUM, 10 MPOOJIEMH KEPOBAHOTO PO3BUTKY CKIIaj-
HUX COI[IaJIbHO-€KOHOMIYHUX YTBOPEHb TICHO
MOB’s13aH1 3 OOMEKEHUMH MOXIIUBOCTSIMH (popma-
mizanii 3ama4 ynpaeiiHHS. Y 0araThox BUIAIKax
TyT MaroTh Micue ciabodopMarizoBaHi 3aBIaHHS
B 00JIaCTi NOJaHHS JaHUX, MOJENIOBAHHS 1 BiJIO-
BifHO — ymnpaBiiHHA. [lpuuMHAMH BUHUKHEHHS
TaKuX TUIIB 3aBJaHb € HAJ3BUYAWHO BHCOKA CKJIa-
HICTH PO3TIAHYTHX 00’ €KTIB YIpaBIiHHS, a Ta-
KOXX MPUTAMaHHUX IM KOMIUIEKCIB YMOB HEBH3Ha-
yeHocTi. MerononoriuHa Ta iHpopmaniiina mia-
TPUMKa TaKUX MPOIIECIB YIPaBIiHHSI TOBUHHA pea-
J3yBaTHCA MUITXOM BHIUICHHS 1 (HOPMYITIOBaHHS
0a30BOro HaOOpy THUIOBHX 3alad, sKi 3a0e3medy-
OTHCS BIAIIOBIAHUMH BHUXIJIHAMU JTaHUMH. 3acoOu
IT cTBOpIOOTH YMOBH I peaiizarlii MeTOIiB
pO3B’si3aHHs BH3HAYeHOI 0a30BOi CYKYMHOCTI THU-
MOBHX 3a/a4, a TakoX Uil GOpMyBaHHS Ta Mif-
TPUMKH B aKTyaJIbHOMY CTaHI HEeOOXimHOI iH(Op-
MaliiiHoi 6a3u.

VY po3risHYTHX 3a1adax yIpaBliHHS CKIaJHU-
MU 00’€KTaMu MOXYTh OyTH BUIIIEHI Taki THUIOBI
CKJIaJIOB1: YMOBH, (pOpMyITFOBaHHS 3aBIaHb, MOJC-
npHI  QopMmHu  BimoOpakeHHsT 00’€KkTa aHamizy,
3B’A3Ky MiXK BHYTPIIIHIMHU i 30BHIIIHIMU €IeMeEH-
TaMH YMOB, BCTAaHOBJICHI Ta HESBHI 3aJIKHOCTI
1 oOMeXeHHs1, pi3HOMaHITHa YacTo HeMoBHa iH)O-
pmatis po 00’ ekt iH. KoxkHOoMy 3 mepepaxoBaHux
€JIeMEHTIB MOXHa TOCTaBUTH Yy BiJMOBIIHICTh
BJIACTHUBOCTI, 1110 BH3HA4alOTh Ci1abky (opmariza-

[il0 3aBJaHHS B CHIIy HEMOBHOI iH(opmamii mpo
yMoBH Ta iH. HasgBHICTh B 3aBOaHHI IUTaHYBaHHS
abo ympaBiiHHSA X04a O OJHOTO 3 IepepaxOoBaHUX
(axTopiB HEBU3HAYEHOCTI poOUTH 1i cnabodopma-
Ji30BaHOM0, caboCcTpyKTypoBaHoto [4, 7, 8].
OCHOBHI TPYIHOIII CTBOPEHHS IPOIIOHOBAHOT
IT 3yMOBIIEHI KOMILJICKCOM 3aBllaHb, MOB’SI3aHUX 3
OTPUMAaHHSAM 1 YIpaBIiHHAM HEOJHOPIAHOIO 1H(DO-
pMmariiero, 3 OaraToKpuTepiadbHUM aHANi30M Jis-
JHHOCTI, a TaKOXX IIaHYBaHHSAM CTpPATeTii pO3BUT-
Ky Ha OCHOBI peiTHHroBHX owiHOK (mami ITPO).
BimMiHHOIO prCcOr0 00’€KTiB, U SIKUX MpH3HAUe-
Ha ITPO, € 3arampHa cTpykTypa iH(MOpMamiitHOT
0a3u — cUCTEMU PI3HOSIKICHUX MMOKA3HHUKIB, IO T0-
JAIOTh PE3yJIbTaTH MIsUTBHOCTI 3a JEsIKi Iepioau
(iHII BJACTHBOCTI CUCTEMH), 3TPYIOBaHi 3aJaHUM
criocobom. [pu 11bOMyY Yepe3 YUCIICHHICTh HAbopy
PO3MIITHYTUX CKJIaJOBUX Ta iH., HE iCHY€ 3arajbHOI
MOJeNl CHUCTeMH yhpaBiiHHA. g TOpiBHAHHS
OKpEMHX €JICMEHTIB MHOXXUH, Ha OCHOBI SIKUX BU-
KOHYEThCS aHalli3 BJIACTHBOCTEH CHCTeMH 1 1l
CKJIaJIOBUX, MPUHMAIOThCS PIIICHHS MO YIpPaBIiH-
HS, BBOJSATHCS TpaBUjIa OIIHKK Ta TOPIBHSIHHSI —
peliTuHroBi ominku. 3a momomoror PO pamxy-
IOTBCSI €IEMEHTH, 10 CIYXHUTh 3arajibHOIO BiIHOC-
HOIO OI[IHKOIO SIKOCTi €IIEMEHTIB, a YIPaBIiHHS
OKPEMHMH €JIEMEHTaMHU 3B’SI3yETHCS 3 TIiIBHUIICH-
HSIM PEUTHHTY 00’€KTa y CBOEMY Kiaci. ABTOMa-
THU30BaHE PO3B’SI3aHHS THIIOBHX 3a/a4 OaraToKpu-
TepiaTbHOTO0 BHOOPY BapiaHTIB, yIpPAaBIiHHI MHO-
KHHAMH 00 €KTIB, TNPOTHO3YBAaHHS NapameTpiB
CKJIaJHUX CHCTEM Ha OCHOBI €TaJIOHIB peai30BaHO
Ha ocHoBi 6a3 mammx CVYBJI MS SQL Server
[2, 13]. Taka ctpykrypa ITPO BigkpuBae MOXIu-
BICTb YIIPaBJIiHHS LIMPOKUM KOJIOM CKJIAIHUX CHC-
teM (AnminictpatuBai Tepuropianpui  O6’en-
HaHHA — ATO, mianpueMcTBa, HaBYAIbHI 3aKJIaIH,
MIEPCOHAIT Ta iH.) Ha OCHOBI 3arajbHOI TEOPETHUHOT
i mpuknaaHoi 0asu. [TocuaHHS HA MPHUHIUN CTa-
JIOTO PO3BHUTKY (SIK CTpaTeriyHoro 3aBaaHHsA (op-
MOBAQHOTO YIPaBIIiHH) BiloOpakae BUMOTY IIOJO
BCEOIYHOrO aHaji3y BIIACTHUBOCTEH, MOTOYHHX
1 TEepCIeKTUBHUX TIOTPeO EJIEeMEHTIB CHCTEM.
B uinomy 3aBmanusim ctBopenHs: ITPO e 3abesre-
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YeHHS MOKJIMBOCTI ITiIBUIIEHHS OOTPYHTOBAHOCTI
Ta JI€BOCTI IUIAHIB PO3BUTKY CKJIQIHUX COLiaJIbHO-
E€KOHOMIYHHX CHCTEM, MPOLenyp iX peaizarii.

Meta

Metoio poOOTH € PO3BUTOK PEHTHHTOBHX MO-
Jieyield Ta BIAMOBITHMX 1H(MOPMALIKHUX TEXHOJIO-
riid, TPH3HAYEHHMX JUI PO3B’S3aHHS KOMILIEKCY
3amad B 00JIaCTi CTPATETiYHOrO IUIAHYyBaHHS PO3-
BUTKY aJMiHICTPAaTHBHO-TEPUTOpPiaIbHUX 00’ €l-
HaHb. Sk 3acobu ympasiinHsa B IT nepembaueni
MeTOU 0araToOKpUTEpialbHOTO aHaNi3y BIACTHBO-
cTell 00’€KTiB yNpaBIiHHA, AIarHOCTUKU TapaMeT-
piB iX craHiB, KjacTepu3allil YHUCICHHUX NaHUX,
MPOTHO3yBaHHs 3HAYeHb HEOOXIJHHX IapaMeTpiB
CHCTEM, Ha OCHOBI SKHX i (DOPMYIOTHCS YIIpaBiIiH-
HS CKJIQJIHUMHU CUCTEMaMH PI3HUX KJaciB. 3MICTOM
nporoHoBaHoi Mozeni Ta IT € BukopucTanHs mpa-
BWJI «PEUTHHTYBAHHSI» SK MOJETI aHami3zy Ta
ynpasiinas. [Jani B IT nponec ynpasminHS moja-
HUI CYKYIHICTIO pillleHb TUIOBHX 3ajad, peajiza-
il AKUX CIIUPAETHCS HA ONMTHUMI3AlilHI MPOLETy-
pu OaraTOKpUTEPIATBHOTO 1EPAPXITHOTO 1 MEpeKe-
BOro aHanizy, pozpobinenoro T. Caati [8]. dns do-
pPMyBaHHS YIIpaBITiHHS BUKOPHUCTOBYIOTHCS
MIPOIIeTypH JIarHOCTUKY CTaHIB 00’ €KTIB Ha OCHO-
Bi Mepexx Koxonena [11], mpouenypu y3araibHeH-
Hs (knactepHuii anani3z [2, 3]), MeToau ekcrparo-
JISIIHOTO TTPOrHO3yBaHHs [7] 3 OI[IHKOIO JOCTOBI-
PHOCTI pO3paxyHKOBHX IapameTpiB, a TAKOX ILIa-
HYBaHHS  PO3BUTKY CHCTEMH Ha  OCHOBI
OaraToKpUTEpiabHOT MPOLEAYPH PaHKUPYBaHHS 1
BIIOPSAKYBAaHHS KOHTPOJLOBAHUX OO0 €KTIB IS
«00CITyTOBYBaHHS» — BUOOPY UEPrOBOCTI BUIIJICH-
Hs pecypciB, BUKOHaHHS POOIT TOIIIO.

MeTtoanka

Y po3mini 11 BUPIILICHHS 3aBIaHb CTPATETiUuHO-
ro IUIaHYBaHHS aMiHiCTPaTHBHO-TEPUTOPIAIEHOTO
PO3BUTKY 3aCTOCOBYETHCSI KOMIUICKC Y3TO/PKEHHX
METOJIB 0araTOKPUTEPIAIbHOTO aHai3y BIAaCTH-
BocTeil 00’€KTiB IUIAHYBaHHS 1 YNpaBIiHHS, Jiar-
HOCTHKH TapaMeTpiB CTaHy, MPOTHO3YBaHHS Ta
VIIPaBTIHHS CKJIAJHAMH CHCTEMaMH Pi3HUX KIIACiB,
(YHKIIOHYBaHHS SKHX OLIHIOETHCS HAbOpaMH pi3-
HOSIKICHUX MOKa3HHWKIB. B mepiny uepry po3BuBa-
IOTHCSI METOAM Ta 3aCO0M Ul BUPILIEHHS 3aBJaHb
aHaJi3y 1 ynpaBiiHHS KJacaMH CKJIQJHUX CHCTEM
Ha OCHOBI MojeJield PEeHTHHTOBUX OLIHOK. 3a3Ha-
YKMMO, 1[0 3aBAaHHS yNPaBIiHHS CKJIAIHUMH Opra-

HizamifiHo-rexuiunumu cucremamu (OTC) € oxn-
HUMH 13 HaWOUIBIN CKJIAAHUX 1 BiAIOBINAIBHUX,
TOMY IIIO 3aJIS)KHO BiJI KaTeropii CUCTEeMH BIUIMBA-
I0Th Ha €(QEeKTHBHICTh ()YHKI[IOHyBaHHS 3HAYHHUX
aaMiHICTPaTHBHO-TEPUTOPIATBHIX 00’ eTHAHB
(ATO), mianpueMcTB pi3HHX Tany3el iH. [2, 5, 8,].
Jlns Takux 3aBIaHb XapakTepHHUM € moTpeba
B aHaNi3i 3HAYHOI KUTBKOCTI Pi3HOPITHUX ITOKa3-
HUKIB (IECATKH, COTHI), BiICYTHICTH MOZEi CHC-
TEM YIIPaBIiHHSA Ta HEOOXIJHICTh 3aCTOCYBaHHS
nmocBimy kepiBHUWKIB. Jlo kareropii 3aBHaHb, SKi
MOXYTh OyTH BHpIlIEHI NPH LBOMY, HAJEKHUThH
TaKOX CTpaTeriyHe IuTaHyBaHHS po3BUTKYy ATO
pailoHHOTO, MICHKOTO Ta IHITUX PIiBHIB CYCHIIEHO-
rO0 YTBOPEHHS BIAMOBIMHO IO CyYacHOI KOHIICIIIIii
CTaJOro PO3BUTKY, a TaKOX CTBOPEHHS HEOOXil-
HUX 3ac00iB aBTOMAaTH3alii Ha OCHOBI Cy4YacCHHX
inpopmartiiianx texmomoriii (IT) i BigmoBimHUX
cucreM. OHUM 13 Cy9acHHX HaNpsMKIB peaizamii
TaKWX 3aBJIlaHb € METOJU JUIOBUX irop, sKi crps-
MOBaHI Ha (OPMYBaHHSA Yy KEpiBHUKIB YSB IIOJIO
KEpOBAHOCTI, JTI€EBOCTI 3aXO0/IiB YIIPABIIHHS TOIIIO.
3anpornoHoBaHi B poOOTI METOIUKH 1 BiIOBII-
Hi 3acobu ITPO moxyte OyTH 3acTocoBaHi s
JIOCHUTH IAPOKOTO KOJIA CKIIAIHUX OpraHi3aliiHo-
TEXHIYHUX Ta IHIIUX CHCTeM, (YHKIIOHYBaHHS
SIKUX BH3HAUYAETHhCS BEJIMKOI KUIBKICTIO TIOKa3HU-
kiB. IlizcTaBoto It pO3pPOOKH CHCTEMH SIBIISIETHCS
[MocranoBa Kabinery Minictpie Ykpainu Big 20
yepBHs 2007 p. Ne 833 «lIpo 3ampoBamxeHHS
KOMIUIEKCHOI OIIHKH COLIAJIBHO-€KOHOMIYHOIO
po3BUTKY ABTOHOMHOI PecmyOmiku Kpum, obmac-
teit, MM. KueBa Ta CeBactromons» [7]. YV Hiil Bu-
3HAYEHO METOJUKY PO3PAaxXyHKy PEUTHHIOBUX
ominok okpemux ATO Ha miACTaBi ITOKAa3HHKIB
IisIbHOCTI. 3anponoHoBani 3acoou ITPO mepero-
JIITh METOJUKY «PEUTUHTYBaHHS» Y IUIOUIUHY
ynpasninas OTC, y ToMmy 4ucii Ans mijed aBTo-
MaTH30BaHOTO ITAHYBAaHHS CTpaTerii pO3BUTKY Ha
OCHOBI MOPIBHSIHb PEHTHHTOBUX OL[IHOK.
MeTtonnka aBTOMaTH30BaHOTO (POpMYyBaHHS Ta
ONTUMAJILHOTO TIUIAHYBAaHHS CTPATETii PO3BUTKY
BKJIIOYAE CHCTEMY IMOKa3HHKIB AisuibHOCTI ATO,
CTPYKTYpy MaTeMaTH4YHOI MOJEN PEUTHHIOBOTO
OITiHIOBAaHHSI, CYKYITHICTh MaTeMaTUIHUX MOJCIICH
i MeToziB Ansi BUOOpPY Ta aHamizy e(QeKTUBHOCTI
3axofiB po3Butky ATO, BignoBimHEe MporpaMHe
3a0e3reveHHs Ta iH. SIk MeToau peaiisamii, pu-
3HAYCHI IS TUIaHyBaHHA cTpaterii po3Butky ATO
a6o TI, mpomoHyrThCS AINIOBI irpy — ONTUMAIIEHE
TUTaHyBaHHs BHOOpY CTpareriii po3BUTKY. Po3pob-
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JIeH] 3acagu Ta CTPYKTypa MiidoBoi rpu «CrpaTerii
PO3BHTKY» Ha OCHOBI aHaJi3y i mojansioro ¢hop-
MyBaHHSl CTpaTerii poO3BUTKYy, LIO BigoOpaxkae
pPEUTHHTOBE OIIHIOBAaHHS COIIAIbHO-€KOHOMIYHHUX
MOKa3HWKIB. [IpW IbOMY TPOMOHYIOTHCS KiUTbKa
CIIeHapiiB BUOOpY CTpaTerii, sk HaOOpy TOJIOBHHUX
MOKAa3HUKIB, 1X MPOTHO30BaHMX pIBHIB, a TaKOXK
cucTeM OOMEXKEHb pPEeCypCiB pI3HHX KaTeTOpii,
HEOOXITHUX IJIS1 PO3BHUTKY.

Meronamu peanizaiiii 3aBjaHb i3 IJIaHyBaHHS
cTpaterii pO3BHTKY €. HINIOBI irpH, MOPIBHIIEHUN
aHaji3 cTpareriii po3BUTKY, ONTHMAajJbHE IUIAHY-
BaHHS 3aBAaHb BUOOPY MapaMeTpiB cTpaTeriii pos-
BUTKY. Jlnsi BHpilIeHHS 3aBAaHb CTPATETiYHOTO
IJIaHYBaHHS MPOTIOHYIOTEHCS KiTbKa CIICHApIiB aHa-
JIi3y CTaHy CUCTEMH Ta BHOOpY CTpaTerii — Habopy
TOJIOBHUX 3aXOJiB, iX MOKa3HUKIB 1 iX MPOTHO30-
BaHMUX PIBHIB, CUCTEM OOMEXEHBL PECYpCIB Pi3HUX
KaTeropiii, HeoOXiTHUX JAJIsI 3a0e3MeUeHHsI CTaNIoro
PO3BHTKY, a came: cueHapiit C1: anani3 kepoBaHo-
CTi — BU3HAYEHHsI HaWOIIBII BIUNIMBOBUX IapaMeT-
piB; C2: camoaHani3 — aHam3 e)EeKTHBHOCTI 3aX0-
niB Ha momepenHix eramax; C3: HOpiBHAIBHUN
aHali3, 3 ypaxyBaHHSIM IMPOTHO3Y PO3BHUTKY TEPH-
topiii; C4: onTWMalbHE TUTAHYBAHHS — PO3MOJILIT
00MEXEHHUX pecypciB 3a chepamu, a TaKOK MikK
MOKa3HUKaMH PO3BHTKY OKpeMoi cdepHu.

IIpuknaz crieHapito TOPIBHAILHOTO aHATI3Y Ili-
7OBOI TpH Ui BH3HAYEHHS CTpATErii PO3BHTKY
ATO naBeneno Ha puc. 1. [Ipu 11b0My BUKOPUCTO-
BYIOTBCS TaKi TpyIH JTaHUX:

1. 3nauennst nokasHukis Wy 110 BU3HAYarOTh

possutok ATO. A,i=12,...,m.

2. OUiHKY MUTOMHX BHUTpAT IJIS1 OKPEMHUX IIO-
Ka3HHKIB.

3. ®iHaHCOBO-CKOHOMIYHI TTOKa3HUKH 3 ypaxy-
BaHHSIM 1HQIIALII.

4. 3axoau TpU3HAYEHI AJS TOKpALIeHHS TOKa-
3HukiB V = (V,,V,,...,V5(Xs)) .

Metoau ninoBux irop, peamizoBani y IT, mo-
3BOJISIIOTH OTPUMATH Ta OLIHUTH OYiKyBaHi pe-
3yJbTaTH CTPATETiUHOIO IUIaHYBaHHs. BoHM Takox
JIONIOBHIOIOTECST 3ac00aMHM aBTOMAaTH30BaHOI CHC-
TeMu OaraTokpuTepiajapHOro aHamizy (iepapxiuHa
Kiacudikarrist) Ta BHOOPY 3aX0IiB IS TJIAHYBaHHS
cTparerii po3BUTKY (3a METOIOM aHANI3y iepapxii,
T. Caari [8]), sk cKkiIaZOBOT CHCTEMH MHiATPUMKH
NPURHSTTS PIIEHb OO0 CTPATETiYHOTO PO3BUTKY
ATO, wmicekoi ab0 TPOMHCIOBOI TPaHCHOPTHOL

1HPPACTPYKTYpH iH.

OcobmuBicTh Ta edektuBHICTs ITPO 13 dhopmy-
BaHHsI YIIPaBJiHHS Ha OCHOBI JIJIOBHUX irop moJs-
rac y TOMy, IO B HUX «y[PABIiHHSA» MOJAHO SK
BUpIIIEHHSI CHCTEMH BIIIMOBIIHUX 3aBJaHb, SKi
MOTpeOyIOTh BUKOPUCTAHHA OOMEXEHHUX PECypCiB.
[MpuknagamMu Takux 3aBIaHb € TaKi.

1. Pospacynos peimamry ATO,
1
2. BigoDpaderHa yIopa IRy BUHAR

3. Bubip saxo1y noxpaniesHs noxasEnse Vel Xs)

4. BHzHAYEHHA KONTPOMEHIX BORAIHAKIE MPH 300t Vs Xs)

5. Ownnea paif mokassmkie X=X A

6. Pospayviok ook Todatosrs pecypos Us(X's)

7. Mpermosysants M8 nokazHms me ATOg

Puc. 1. Cxema cuieHapito MopiBHJIBHOTO aHANTIZY
JUIS 3aBJIaHb CTPATETiYHOTO IJIaHyBaHHS
po3Butky ATO

Fig. 1. Scheme script of comparative analysis
for tasks of ATA strategic planning

3aBnanns |. Maroun BcTaHOBIICHHH (3a1aHuMiT)
pecypc, HeOOXiqHO BU3HAYHTH TOKA3HHK, 8 TAKOK
BEIMYMHY HOTO 3MiHH (IPHPICT/3MEHIIEHHS), IO
3a0e3neuye Hafikpamuii (HaWBHIMN) OYiKyBaHHA
peiituar ATO (3amMKHEHa MOJEIb PO3MOALTY pe-
cypcy. Po3BuToK Meromy — ypaxyBaHHS KITBKOX
NOKa3HHKIB).

3aBmanns |l. Bimkpura Monens BU3HAYCHHS Ta
posnoziny pecypcy. BeranoBneHo OakaHWid peii-
tuHr ATO. HeoOXxigHO BH3HAYMTH. MIHIMaJIBHUN
noTpiOHMI pecypc (CHCTeMy pecypciB); MOKa3HUK
(cuctemy MOKa3HHKIB); MiHIMaJIbHY TMOTPIOHY Be-
JMYHHY 3MIiHM TIOKasHHKa (ImOKa3HWKIB) (mpu-
picT/3MeHIIeHHs), M0 3a0e3MevyrTh BCTAHOBIIC-
Huit pertunr ATO.

3apmanns IIl. AmramituuHe, po3paxyHKOBeE.
BBaxkaroTbcss BIJOMMMHM 3aIljIaHOBAHI IMOKA3HUKHU
3a BU3HAYCHUMHU cdepamu Juisi nepenideHux (yka-
3annx) ATO. HeoOxinHO po3paxyBaru Taki moTpi-
OHI OLIHKK IMX IIOKa3HUKIB JUIA JesKOol OnmHiel
ATO, 3HaueHHsS SKUX [O3BOJSATH MaTU PEUTHUHT
HE MEHIITNH, Hi’K BCTAHOBIICHUIA.

3apnanns V. Bigkpura Mopaenb BHU3HAYCHHS
HEOOXIIHUX PIBHIB Ta PO3MOILTY 0OMEXKEHOTO pe-
cypcy. Beranosneno 6axanuii peritunr ATO. Bi-
IoM1 3aIjIaHOBaHiI PiBHI TOKAa3HWKH 3a BU3HaUe-
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HuMu  cepamu IS TepenideHnx  (yKa3aHMX)
ATO. HeoOxiznHo (3a ymoB 3aBnanns 111) Bu3Hauu-
TH. MiHIMAJIBHHUIA MOTPiIOHUI pecypc (cucTemy pe-
CypCiB); MOKa3HUK (CHCTEMY TOKa3HUKIB); MiHIMa-
JIbHY MOTPiIOHY BEJIMYMHY 3MiHH MMOKa3HUKA (MOKa-
3HUKIB) (PUPICT /3MEHIIIEHHS), M0 3a0e3MeUyOTh
BcraHoBneHwni pedtuHr ATO. Ilepenik Takux 3a-
B/IaHb MOYKHA TTPOJIOBIKHTH.

PesyabTaTtu

3anmponoHoBaHui y poOOTi PO3BUTOK MoOAeen
YIpaBIiHHS Ha OCHOBI PEHTHHIOBHX OI[IHOK BH-
3HaYaeThcss TakuM. Y pobotax [2, 6, 10] mocui-
JOKYBaJIUCS 3aBJAaHHS KEPOBAHOTO PO3BUTKY CKJIa-
JHHUX COLIaJIbHO-€KOHOMIYHHUX YTBOPEHb, BKAa3aHO
iX TICHHMI 3B’SI30K 3 OOMEXEHHUMH MOXKIIUBOCTSIMU
¢dopmanizanii 3agay ynpasninas [1, 7, 14]. T'omno-
BHI MPUYMHA BUHUKHEHHS TaKKX TUITIB (KaTeropii,
Pi3HOBH/IIB) 3aBIaHb, SIKI HEOOXiIHO BHPINTyBaTH
NpU CTpaTeriYHOMY IUIaHYBaHHI Ta yTMpaBIiHHI
cknagaumu ATO Ta iH., TONATalOTh B PI3HOMAHITTI
KJIaciB 00’€KTiB, 0 MarOTh crenudidHi xapakre-
PUCTHKH, a TaKOX B ICHYBaHHI KOMIUIEKCIB yMOB
neBusHauenocti [3, 10, 11, 14]. PizHoMaHITTS
1 CyTTeBa HEOJHOPIMHICTH KIaciB 00’€KTIB ympas-
JIHHS ICTOTHO BiJIPI3HSIOTH 1 YCKJIATHIOIOTH TIPO-
Henypu IUTaHYBaHHS PO3BUTKY Ta YIpaBIiHHS
«EKCIUTyaTalli€0» TaKUX CUCTEM, B TOMY YHCI Bij
3aBJaHb YIPABIIHHA MApKaMW OJHOPITHUX TEXHi-
YHUX Ta IHIIAX CHCTEM (JIOKOMOTHBIB, BAaroHiB,
CNICKTPOABUTYHIB Ta 1H.), KOJH BPaxOBYIOThCS
3HAQUEHHs TMapaMeTpiB iX MOTOYHOIO CTaHy
[3, 9, 10].

DopManbHOI XapakTepHOIO BiJAMIHHICTIO BU-
3HaYeHOTO HaMH 00’€KTa yIpaBIiHHS € HasBHICTh
JEKUTbKOX KJTaciB KepoBaHUX 00’ €KTiB (KaTeropiit),
IO CKJIAAAIOTHCS 3 YUCIICHHUX MOAIOHHUX eJleMEeH-
TiB. OIHOYacCHO 3 LHUM PECYpPCH 3 YIpaBIIiHHSI
€ 3araIbHUMU — HEOJTHOPiIHI, OOMeXeHi 1 KiHIEBI.
Pa3zoMm 3 TUM neski MOJeili, METOIUKHA Ta aBTOMa-
TU30BaHi 3aCO0M yNpaBIiHHA MHOXKMHAMH TEXHid-
HUX CHCTEM, IapKaM{, 4YacTKOBO MOXYTb OyTH
BUKOpHCcTaHi s 06’ ektiB ATO.

BaxnuBoro 0co0nMBICTIO 3aBIaHb yNpaBIiHHS
Ha OCHOBI IIJIaHYBaHHS CTPATETiYHOTO DPO3BHUTKY
CKIIAJTHUX CHCTEM € 3HaYHI TPYIHOII IIOJ0 BCTa-
HOBJICHHSI KPUTEpIiB, SIKi JOCUTh MOBHO XapakTe-
pu3yBaiu O B LIOMY IIPOLIECH iX PO3BUTKY, TOOTO
TYT Ma€ Miclle HeBH3HAUEHICTh LiJeH yIpaBIiHHS.
Ha mnpaktuii HEMOXJIHBO YSBUTH KOMIUICKCHI,

OararorpaHHi 3aBIaHHS PO3BUTKY BEIHKHX MICT,
TEPUTOPIH, MIEPCOHAITY, K peai3allito Mojaeii ae-
SIKOTO OJTHOTO TIPUHIIMITY, HANIPUKIIAJ, BUTPATH —
BUTOZIN», «BUTPATH — €(EKTUBHICTH» TOIIO. ToMmy
nanl BBAXKAEThCs, LI0 HANWOUIBII JOLIJIBHUM JUIS
pearizarii 3aBIaHb pamioHaJLHOTO (ONMTHMABEHO-
ro) yNpPaBJiHHS CHCTEMaMH, IO PO3IIISAAAIOTHCS
B Il poOOTI, € IPUHITUI KBUTPATH — PE3YIbTATHY.
3rifHO 3 UUM NPUHLIUIIOM PAaLiOHANBHUM CIIijJ
BBa)XKaTH Take YNpaBIiHHS, AKe 3a0e3neuye HaiOi-
JBIT MOYJIMBOCTI MO3UTHBHHX 3MiH B KOMILIEKCI
cdep, M0 XapaKTepH3yIOTh QYHKIIOHYBaHHS Mic-
Ta, pailoHy, perioHny, OKpeMux MiANPHEMCTB, Iep-
coH i iH. [1, 2, 7]. Tyr Hao4HOW0 i 00’ €KTHBHOIO
MIPOI0  JIOCATHEHHS PE3YJIbTaTIB  KPO3BUTKY»
€ 3MiHa pEeUTHHTY.

Y mogeni, mo po3pobnserses, i I[TPO mmany-
BaHHS 1 YTpaBNiHHA, Yepe3 3Ha4Hy CKIAIHICTh
00’eKTa, OJJHUM 3 TOJOBHHUX MOJOXKEHb peaizamii
€ BUKOPUCTAHHS TPaBUJ Ta METOAMKH PEHTHHIO-
BOI OIiHKH (TIOPIBHAJIBHUHN aHaji3) B AKOCTI KOM-
TUIEKCHOI MOJIEIIi CUCTEMH YIIPABIiHHS PO3BUTKOM.
Jl1s boro 3a JIOIOMOTOr0 3aco0iB aBTOMAaTH3aIlil
peati3yloTh Taki 3aBJaHHs. y3aralbHCHHS JaHUX
Ha OCHOBI IpymyBaHHs (KJacTepu3allisi, BU3HAUEH-
HS «ONMM3BKHX» MK COOOI Ipyn 00’€KTIiB) 3 Me-
TOI0 3aCTOCYBaHHS MpPH YNPAaBIiHHI OJHAKOBUX
cTpareriii miif; GaraToKpuTepialbHUN ONTHMAIh-
HUMl BUOIp, K OCHOBA JyIs (hOPMYBaHHs pallioHa-
JMHHUX TUIaHIB yIPABIiHHS; MPOTHO3YBaHHS Ha OC-
HOBI TMPOTOTHITIB (€TalOHIB, MPENEAEHTIB 1 T.I.)
3aco0aMM EKCTPATOoJIALi, 0 TO3BOJISE HA PaHHIX
eramnax (popMyBaHHS MPOrHO31B BU3HAUYMTH OI[IHKU
pecypciB, 3HaueHHs IMapaMeTpiB Ta iH.; aHAI3 4y-
TIMBOCTI (BILIMBOBOCTI) PiBHIB 3HAa4Y€Hb OKPEMHUX
MOKA3HUKIB HA 3arajbHUN PEHTHUHT CKIIaJIHOI CHC-
TEMH; MOJICNIb JiaoroBoro aHamisy (B gopmi aiio-
BOI TpH) KEpPOBAHOCTI KOMIUIEKCOM ITOKa3HUKIB
TUSTBHOCTI CUCTEMH; — TIPOIIeypa IJIaHyBaHHS Ha
OCHOB1 3aCTOCYBaHHs OITHMAaJIbHOTO PO3MOALTY
pecypcis.

YV CBOIif CYKyITHOCTI 3a3Ha4CHi 1 HU3Ka 1HINX 3a-
BaHb, peanizoBani B ITPO, 3a0e3nedyoTs MOMKIH-
BICTh BUPIILICHHS [IIUPOKOT'O CIIEKTPA 3aBJIaHb yIpaB-
JIHHS PO3BUTKOM B Pi3HHX cdepax 3aCTOCYBaHHS Bif-
TIOBITHO JIO IPHHIIUITY «BUTPATH — PE3yJIETATH.

3agaui Ta 3arajgbHa CTPYKTypa iH(GopMamiiHOi
texHonorii ITPO, sk aBTOMaTm3zoBaHOro (opmy-
BaHHS 1 ONITUMAJIBHOTO TIaHYBaHHS CTpaTerii po3-
BUTKY, BKJIIOYAIOTH. METOAWKU 3 peanizamii 3a-
BIaHb IUIAHYBaHHS CTparerii po3BUTKY (AiT0Bi ir-
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PH, TOPIBHJIBHUI aHalli3, ONTUMAJIbHE IJIaHyBaH-
HS TTApaMeTpiB CTpaTerii po3BUTKY); CHCTEMY IIO-
Ka3HUKIB U1 OLIHKHM IISUIBHOCTI a00 BIIACTHBOC-
Tel 00’€KTIB, MaTeMaTHU4IHI MOJIENi PEHTHHTOBOTO
OIIIHIOBaHHS Ta aHami3y e(eKTHBHOCTI yHpaBIiH-
HS, 3aXOJiB Ta iH., MpOrpamMHe 3a0e3MEUEHHS 110
aBTOMaTH3allii 3aBIaHb aHaTi3y, TPOTHO3YBaHHS
Ta manyBaHHs. KoxHe 3 mepepaxoBaHHUX 3aBlIaHb
— TIEBHUH CleHapili JOCTIIKEHHsS BIaCTHBOCTEH
00’€KTIB SIK CUCTEMHM IMOKA3HHUKIB, IO y3arajbHIO-
€ThCSI HA OCHOBI peHTHHroBHX Mojenedi. Meroau
PO nonoBHIOIOTECS 3ac00aMu aBTOMAaTH30BaHOTO
GaratoxpuTepianpHOro aHamizy (iepapxiuna Kia-
cudikarris) i BUOOPY 3axX0[iB 3 IUIAHYBaHHS CTpa-
terii po3Butky (MAI) [8], sik ckiamoBux cuctemu
HiATPUMKU MPUAHATTS pillleHb 010 CTPATETivHO-
ro po3Butky ATO i iH.

3a3HaurMoO 1€ OAHY (YHKIiIO TUIAaHYBaHHS
PO3BUTKY 1 YIpPaBIiHHSA KJIacaMH HEOIHOPITHHUX
00’€KTiB, peasli3oBaHy B yJOCKOHAJCHIN perTHH-
rOBili Mozelni, a caMe: BIOPSAAKYBaHHS Ha OCHOBI
pO3paxyHKy PEUTHHTY Ja€ MOCHiIOBHICTh «00CITy-
TOBYBaHHSI» OKPEMHX EJIEMEHTIB KjaciB, (opmye
CTPYKTYpy AJisi BHOOPY palliOHAIFHOTO YIIPaBIIiH-
HA. 3pO3YMLJIO, MO MPH TaKOMY IiIXOMi 0 TpaK-
TyBaHHS «PEHUTHHTY» JUIS KOXKHOI OKpeMoi 3aiadi
IJIaHYBaHHSA 1 YOpaBIiHHSI HEoOXimHAa po3poOKa
BJIACHOI CHCTEMH IOKAa3HHKIB, IIKaJl BUMIPIOBaHb
napamMeTpiB i iH., [Ipore 3aranpHui 3MICT 1 mportie-
Iypa BHOOpPY YIIpaBJIiHHS MaTHMe TOMIOHY, pei-
TUHTOBY CTPYKTYPY.

Crpyxktypa nporpam [TPO 3a0e3neuye aBToma-
TU30BaHE PILICHHS HACTYNMHUX 3aBIJaHb y cdepi
VIOpPaBJIiHHS CKJIAJAHUMHM CHUCTEMaMH. YMpPaBIiHHSI
JeKiIpkoMa 0a3aMy JaHUX; aBTOMAaTW4HE IOCIIi-
JOKEHHsI BJIACTHBOCTEH YyTIHMBOCTI, SIK 3MiHa pei-
THHTY CHCTEMH TIpY 3MiHi PiBHIB 3HaUCHB Mapame-
TpiB, a TaKOX rpadivuHe BiToOpaKeHHS MOKa3HUKIB
YyTJIMBOCTI; OaraToKpuTepialbHUi aHaii3 i BHOIp
yrpasiias Ha ocHoBi MAI [8] i Moaudikartiit 1p0-
ro METOAY; aBTOMaTHYHHI Bif0ip Ha OCHOBI MipH
XKypapnboBa [1] cucremu OararonmapameTpUYHHX
NPOTOTHIIIB, EKCTPANOJISiiiHe MPOTHO3YBaHHS
3HAUCHb ITOKA3HMKIB Ui HOBHX ymoB [2, 1], 3i
CTATUCTUYHOIO OIIHKOIO OCTOBIPHOCTI OYiKyBa-
HOT'O pe3yJlibTaTy; KepoBaHe y3arallbHeHHS, «CTHUC-
HEHHs» JIaHWX — iX TpynyBaHHs B kiactepu. [lepe-
paxoBaHi 3aBJaHHS MOXYTh BHKOPHUCTOBYBATHUCS
JUIS PI3HMX KaTEropiii cucreM, MoJaHuX B 0azax
nmaaux komrurekcy ITPO.

OcHoBHa QopMa PEeUTHHIOBOT OLIHKM BU3HAYa-
eTbes BimmoBigHo 10 [5], Tomy B ITPO BHKOpHC-

TaHa Taka MOJICNIb PEHTHHTOBUX OIIHOK

B Xmaei = Kii <& X = Xninai
R — max—i ij 4 ij min—i ’ (1)
me X;; — OUiHKa i-ro mokasHuka s j-ro o6’ exra;

OYIOTH Ti/JBHINEHHS 3HAYeHb MPH PAlliOHATEHOMY
KepyBaHHI; N, — TIOKa3HUKH, IO MOTPeOyIOTh

max—i — Xmin_i); Ny — HOKA3HUKH, 5IKi TOTpe-

SHUXKXCHHA paI_IiOHaJ'II)HI/IX 3HA4YCHb, N = nl + nz i

PosrnssremMo 3aranpHy opMy Momeni pecypciB
B 3aJIa4ax TUIaHYBaHHs PO3BUTKY cucteM. [Ipu pe-
aizarii 3aB/iaHb ONTUMAIILHOTO PO3IOJALTY pPecyp-
ciB B ITPO Bukopucrani Taki JiHiiHI Moeni

W® =3 Axck <u o, )
il (k)

nme k — xareropist pecypcy j-ro 06’exta aHamizy,
10 BPAaXxOBYETHCS B IIJIAHI; Ci(jk) — TIUTOMI BUTPATH

pecypey Wj(k), BIJIHECCHI JIO BUMIpIOBaHb 3MiHH

MOKa3HUKa AXij Ha OJIMHMIIIO, ng)—rpaHHqu

3Ha4YeHHs pecypey, k=1, 2, ..., m.

IIpuknagoM 3aBHaHHS TMOPIBHSUIBHOTO aHATI3y
1 posmoxiny pecypciB, mnepeadadenoro B ITPO,
€ Take. BBakaroum BiJOMHMH 3aIlIaHOBaHI 3Ha-
YEeHHS AKX 3aJJaHUX MOKA3HWKIB JIJISI YaCTHHH
(Bcix) 00’exTiB, HEOOXIAHO OIHUTH HEOOXimHI
3HAYEHHsS [UX JX€ MOKa3HUKIB JUIsI KOHKPETHOTO
00’eKkTa Tak, Mmoo BiH OTpUMaB 3araJIbHUNA PEHTHHT
HE MEHIIMH, HK 3aJaHUi, a TAKOK BU3HAYUTH Pi-
BHI HEOOXiTHHUX JUIS [LOTO PECYPCIB.

PosrnsHeMo muTaHHS aBTOMATH3aIlii IPUIAHST-
TS pileHb i3 BUOOPY KepyBaHb HA OCHOBI METOIY
aHami3y iepapxiii Ta kiacrepusamii. B mel wac
MAI [4, 8] crae MiX@IUCIMIUTIHAPHAM HAMTPSIMKOM,
MpUiiMae CcTaTyc CTaHIApTy, 3a0e3nedyrodn Oara-
TOKpHUTEpiaibHE YIPaBIiHHSA CKJIQJHUMH CHUCTE-
mamu. Y ITPO peanizoBaHa sik cTaHAapTHA MPOLIE-
nypa MAI, Tak i oro mepexeBi ¢opmH, sIKi po3-
paxoBaHi Ha 0araTo KOPUCTYBaiB, a TAKOXK BEPCis,
IO peaiizy€e YTOYHEeHy NpoLeaAypy HepeBipKu y3-
TOJUKEHOCTI JaHmx. Taka wmoaudikamis MAI
NoB’si3aHa 3 TUM, MO (K TOKa3aB YMCIOBHH CKC-
MEPUMEHT) Y3TO/DKEHICTh T TaOIHIlh BETUKUX
po3mipie B MAI Hikosn He MOXe OyTH JOCSTHYTA.
Ie mpu3Beno 10 HEOOXiAHOCTI BBEACHHS HE OIHI-
€1, a KIJIbKOX TaOJUIlb JJIs PO3paxyHKIB IMOKa3HHU-
KIiB BIJIHOCHOT Y3TOJKCHOCTI, YTOYHIOKYHUX IPO-
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nenypy MAIL V [2] HaBemeHo mpuKIan MOMENTi
MALI nuist GaraTokpuTepialbHOTO BHOOPY TEXHOJIO-
TiYHOTO TpoLecy NepepoOKH BiIXOiB.

Jo 3amay aHami3y Ta KepyBaHHS KJIaCaMH TI0Ji-
OHUX O00’€KTIB BIAHOCATH Pi3HOMAHITHI 3aBIaHHS
KOHTPOJIIO Ta YNPaBIiHHA MHOKHHAMU TEPHTOPIiH,
MiAIPUEMCTB, yCTaHOB, MEpcoHamy iH. Merta: BuU-
3HAYCHHS TPYII MOMIOHUX MIX CO00I0 00’€KTIB s
BCTaHOBJICHHS 1 aHaJi3y 3aralbHUX BIACTUBOCTEH
00’€eKTiB (KOHTPOJBbOBAHE y3arallbHEHHsI MMOKAa3HU-
KiB 1 BHKJIIOYCHHS BiIMiHHOCTEH); pPO3PaxyHKiB
MPOTHO3HUX OIIHOK CHCTEMH BU3HAYCHHX IOKa3-
HUKIB, 3aCTOCYBaHHS CIIJIBHOI CTpaTerii ympas-
JiHHs 70 rpyn (dinancyBauHs iH.). CTymiHb MOIi-
6HOCTI (6MTM3BKOCTI) 3HAYEHB MMOKA3HUKIB 00’ €KTIB
BU3HAUYAETHCS 3a Mipoto XKypasnboBa. Hanpuknan,
MOAIOHICTh MOYKE€ BHU3HAYATHCS HAa OCHOBI ITOpiB-
HSHb aOCOJIOTHHUX 3HAYCHb I-T0 TMOKasHWKa (st
KOYKHOT'O BKa3aHOTO0):

I x0T <p;, (3)

Je p; — Jlama3oHu 3MiHH I-TO NOKA3HMKA, SKUH

BBAXAEThCSA HE CYTTEBUM (BHU3HAYAE KEPIiBHUK,
EKCIIEPT).

Ha ocHoBi 3Ha4eHHS pO301KHOCTEH MK OKpe-
MUMH XapaKTEPUCTUKaMU 00’ €KTiB (OPMYEThCS
3arajbHa OIliHKA IX CTyMeHs BiaMiHHOCTI (Mipa
XKypasiboBa) Ha OCHOBI MOPIBHAHHS YCiX mapame-

m

TpiB 00’€kTiB: B = ZbiWi , W
i-1

BIUTMBY TOKa3HHWKa. Km0 ymoBa Oim3bkocti (3)

— Kkoe(ili€eHT Baru

BUKOHY€eTbCs, TO b =1. [Topsmok BupilIeHHS 3a-

Jladi aHai3y Ta YIPaBIiHHSI MHOKHHAMH 00’ €KTIB:
— BUOIp CHCTEMM IMOKAa3HUKIB, IO BIUIMBAIOTH Ha
rpymnyBaHHs 00’ €KTIB; BU3HAUCHHS XaPaKTEPUCTHK
MOIIOHOCTI OILIHOK TTOKA3HHUKIB (II0pOTy OJIM3BKOC-
Ti); BHOIp KITBKOCTI OJM3bKUX IOKA3HUKIB IS
(hopMyBaHHS TPy MOAIOHUX 00’ EKTIB.

Cryniap momiOHOCTI OI[IHOK ITOKa3HHKIB, BH-
3HaueHuit y ¢popmi Mipu XKypasnbosa [1] — 3Baxe-
HE 3HAYCHHS, HOPMOBAHE 32 CePEIHIM:

200 = x) 1(xP + x?) <.

Jns  aHamizy Ta YOpPAaBITiHHA MHOXHHAMHU
06’exTiB (TepuTopii, YCTAaHOBH, IMEPCOHAN TOIIO)
B ITPO 3acTocoByIOThCS MpOLEAYPH METOAY BHU-
cxigHoi OaraTopiBHeBoi Kiaactepusarii [4, 11, 13].
IMpr 1mpOMY CTYIiHBb MOMIOHOCTI («OIM3BKOCTI®)

3HA4YEHb ITOKAa3HUKIB 00 €KTIB BU3HAYAETHCS Bil-
noBigHo 10 Mmipu XKypasnboBa [2, 1]. TIpomony-
€TBbCS 3aCTOCYBaHHS 3arajlbHOi cTpaterii ympas-
JHHS 171 eneMeHTiB rpynu (piHaHCyBaHHS, po3-
MOJIT pecypciB, 3a0xo4eHHs Ta iH.). Ha puc. 3 Ha-
BeZieHO Tpukiman  BikHa mporpamu  [TPO
3 pe3yJibTaTaMH KiacTepu3amii Oararornapamerpu-
YHUX 00’ EKTIB.

Ha puc. 5 HaBeneHO aHami3 eKOJOTIYHOTO CTa-
HYy paiioHiB J[HinpomneTpoBchkoi 001acTi Ha OCHOBI
€KOJIOTO-CTa0ITi3yI0UnX MOKa3HUKIB (JIICHCTICTB,
% no 3emenbHOro (OHJY; YacTKa MACOBHUII y 3€-
MenbHOMY (oHi, %; YacTka 3eMenb peKpealiitHo-
ro MpU3HAYCHHS 10 3eMesbHOro (Gonumy, %; BoI-
HUM  ¢GoHm 1m0 3emensHOro (ommy). Jliarpama
BU3HAYAE HOMEPH TPYII MOJIOHUX 3a MapaMeTpamMu
palioHiB, IO SIKMX MOKHA 3aCTOCOBYBATH «IPHOIH-
3HO OJIHAKOBI» 3aXO0J 3 KEPyBaHHL.

[Ipu crparteriuHOMy TUIAaHYBaHHI PO3BUTKY Ta
KepyBaHHI CKIaJHUMHU CUCTEeMaMH y OaraTboxX BU-
najgKax BHUPIIIYIOThCS 3a7adi MPOTHO3YBAaHHS I1a-
paMeTpiB Ha OCHOBI €TaJoOHIB ab0 TMOMEepeaHRO Bi-
noMux aHanoriB. Taki 3aBgaHHsl €(eKTHBHO BHpi-
IIYIOTBCS Ha OCHOBI Tpoleayp OaraToBUMipHOT
niniiHol ekcrpamossmii [7]. TIpu oMy CTaBUTHCS
MeTa: po3paxyBaTd MPOTHO3HI OLIHKU Pe3yJIbTYIO-
YMX TOKAa3HHKIB HOBOTO BapiaHTa CUCTEMH 3a Bi-
JIOMUMU 3HAYEHHSIMH TTOKA3HHUKIB KUIBKOX BapiaH-
TiB — ertayoHiB. IIpouenypa 3acToCOBYEThCS IS
OTPUMaHHsI TIPOTHO3Y 3a BIJCYTHOCTi IOCTaTHBOL
KIIBKOCTI CTATHCTHYHHX AaHUX (PO mapaMmerpu
€TaJIOHIB, TIPOEKTIB iH.); OTPUMAaHHS OPIEHTOBHUX
3HA4YeHb BapTOCTi Ta TEPMiHIB BHKOHAHHS IMPOEK-
TiB; BIJTHOBJICHHS HEBIJIOMUX XapaKTEPUCTHK TEX-
HIYHUX Ta OpTaHi3aIlifHUX CHCTEM; OIIHKH KaJapo-
BOI0 TMOTEHI[iAJly Ta HEOOXITHUX PECYypCiB s
3pOCTaHHS; OI[IHKK JIOCTOBIPHOCTI 3i0paHHX cTa-
THUCTHYHMX JAaHUX iH.

[ToniOHiCTP TOKa3HWKIB paiiOHIB BHU3HAYEHA
y HaouHil Qopmi meHaporpam, HpuKiIan TpyIy-
BaHHS pallOHIB HaBeJEHO Ha PUC. 5.
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Puc. 2. BikHO nporpaMu [uisi BU3Ha4€HHS TPYIyBaHHS 00’ €KTIB
(amcio 6M3BKHX MapaMerTpiB — 5, copmosano rpym — 11).

Fig. 2. The program window to determine the grouping of objects
(Including some options — 5, formed groups — 11).
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Puc. 3. BikHo niporpaMu aj1si MoAaHHs 0araTOBUMIPHUX JaHHUX

Fig. 3. The program window for multidimensional data presenting
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Puc. 4 Cxema MeToTy JTiHIHHOT €KCTPAITOJISIIIT:
a — TIPOCTip BUXITHUX CUTYyalild; 6 — IPOCTIp pillieHb

Fig. 4. Method scheme of linear extrapolation:
a — initial space situations; b — space of decisions
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Puc. 5. Jlennporpama nopaHHs pe3yJibTaTiB
KJactepusaiii 00’ eKTiB

Fig. 5. Dendrohrama presenting the results
of objects clustering

B ITPO peani3zoBani 3aBAaHHS aBTOMAaTUYHHUX
pO3paxyHKIiB IMPOTHO3HUX OIIIHOK PE3yNBTYIOUNX
MOKA3HUKIB HOBOTO BapiaHTa CUCTEMH 3 BiJOMUMH
3HAYCHHSIMH YaCTHHH TOKAa3HHKIB 1 YMOB Ha OCHO-
Bi BUKOPHCTaHHS JCKUIBKOX BiIOMHX BapiaHTIB —
erajoHiB (mpororumis). /s BOTO BHKOPHCTOBY-
€TbCSl Tpoleaypa JiHiiHOT excTpamossnii puc. 4
[7], me mpororunu BimbuparThCs 3 0asu JaHUX
AaBTOMAaTUYHO, BUKOPUCTOBYIOUM MeTpuKy JKypas-
mp0Ba 200 inmi meroaum [1, 11, 13], 3a BuxigHUMU
JaHi po IIyKaHWH BapiaHT, 3 OLIHKOIO JAOCTOBIp-
HOCTI TIPOTHO3HOT'O 3HAYEHHSI.

Jl1s OIiHKY aJIeKBaTHOCTI O0araTOBUMIPHUX JIi-
Hiltnux Mopmeneit exctpanomsiiiinoro (BJIE) mpo-
rHO3yBaHHS (IuB. puc. 4) mapaMeTpiB KOHTPOJIbO-
BaHHUX HEOJHOPITHUX KJIaciB 00’ €KTIB 3aCTOCYEMO
MPOLEAYPY, 3aMPOIIOHOBAHY Ui aBTOMATH30BaHOT
eKCIuTyaTamii MapKiB OAHOPIMHUX TEXHIYHHX CHC-
teM, exekrpuunux asuryHis (EX) [2, 3, 10]. IIpu
excrutyarauii mapkiB EJ] ¢dopmyroTbes 6a3u iHmu-
BigyansHux moxeneit (BIM-E]I), sixi 306epiratroth
MOCITiTOBHICTh 3HAUY€Hb KOHTPOJILOBAHUX Mapame-
TpiB. s OLIHKKM NMPOTHO30BaHMUX 3HAYCHB, KPIM
BiIacHOI iHAMBiAyanbpHOi Mozeni (IM), BUKOHY€Th-
cs BinOip mHOoxuHH «nonioaux» EJ[ i3 BIM-E]],
peam3yeThbesl 3arajibHa MpoIeaypa OIIHKH IIpo-
THO3HHUX MMOKa3HUKIB cTtaHiB B/

1.3a pmanumu IM i3 BIM-E]Jl BigOupaerscs

MHOXHHA «HOAIOHHX» {XEﬂk}, BUKOPHCTOBYIOUN
Mmogeni Koxonena abo BH3Ha4eHi MpoLELypH CIIi-
BCTaBJIeHHs 3paskis [11, 13].

2. Ha ocnosi {X,,} GopMy€TbCsl MHOXKMHA Ba-
pianTiB mporrHo3nux 3a BJIE 3HayeHp 3amaHoro

BUXiJHOTO mMapamerpa. KomOiHyBaHHSI eleMEHTIB
{X o} AO3BOIISIE OTPUMATH HaOIp MiIMHOXHH, SKi

BHKOPHCTOBYIOTBCS JUISl PO3PaXyHKy cepii mporxo-
suux ominok {Y,,;;(X)}, a Takok BusHAueHHs

CTaTUCTUYHUX MapaMeTpiB
BJIE.

3.3 sukopucrannam {Y,,,(X)}, {Xpnd dop-

myetbest (MPT) AY (X) = F(Y,;:(X)) perpeciii-
HAa MOJIelb 3aJCKHOCTI BIJIXWICHh IapaMeTpiB
craniB EJ] Big mporHosiB Ha ocHOBi metony BJIE,
muB. puc. 5. Tounicth MPI' BBa)ka€ThCsl TaKOX
1 TOUHICTIO HACTYITHUX MTPOTHO31B Ha ocHOBi BJIE.

4. Otpumana mozens> MPI' mepeBipseTbcs Ha
aIekBaTHICTh [4] i BUKOPHCTOBYETHCS IS IIPOTHO-
3yBaHHS CTaHiB KOHTposiboBaHoro EJI Ha ocHOBI
{X,4} Ta BJIE, puc. 4.

3aranpauit BUTISAL MPI, sika BUKOPHUCTOBY€ETh-
csl IUTA PO3paxyHKIB OUiKyBaHUX 3HAYEHb Mapame-
TpiB nesxoro EJI 3 BnacHoro IM mporuecy excmya-
TaIii, a TaKOX 3 MHOKHHOK) IIPOTOTHITIB» MOTOY-
HOTO CTaHy KOHTpoJiboBaHoro EJI HaBeneHo Ha
puc. 5. Monenb perpecii Mae BUTIISA

AY (X) =126,05-0,8Y,; ( X)

MPOTHO3YBaHHS 3a

Ta BCTAQHOBJIIOE 3B’SI30K MK pe3yJbTaTaMH Ipo-
rHosyBanns Y,,,;(X) Ha ocmosi BJIE, puc. 4,
a TaKOXX MOKJIMBUMHU 3HAYEHHSMH BIANOBITHUX
BiIXMIEeHb BHXimHoro mapamerpa AY (X). 3a
kputepiem Dimepa Ha piBHi 3Hauymocti §=0,05
niaTBepukye anekBarHicte moxeni MPIT [4]. Taki
MOZeNi BHKOPHUCTOBYIOTH [UISI IPOTHO3YBaHHS
1 TIOJANTBIIIOTO THIAHYBAHHS IPOIIECIB EKCILTyaTallii
napkiB EJI.

3a3Haunmo, mo npu QGopMyBaHHI 0a3 3HaHb
BIM-EJ] ypaxoByBamucs Taki Bxigni {X,} Ta Bu-

ximui {Y;) mapamerpn mporecis excruTyaranii.

Bxigni mapameTpu: mepion 4acy miciisi 0OCITyroBy-
BaHHs EJ], mepiox dacy micist OCTaHHBOTO JiarHo-
CTYBaHHS, 3HaYCHHs IapaMeTpiB Ha OCHOBI OIJIfi-
Iy, PO3PaxyHKOBI XapaKTEPHCTHKU CIIEKTpa CTpPY-
My Ha INONEpEJHIX Kpokax (t—1), (t—2); OLIHKK
napamMeTpiB 30BHIIIHBOTO CEPEOBHIIA Ha eTamax
(t-2), (t-1); OLIHKM JOCTOBIPHOCTEH TUIOBUX BHIIB
HecripaBHocTi EJI. BuximHi mapameTrpu: OdiKyBa-
Hull nepion 1o BigmoBu EJl; ouikyBaHa BenuunHa
BaptocTi pemonTy EJl; omiHKM HOCTOBIpHOCTI 1I0-
no Bm3HaueHHs craHiB EJI. 3po3ymiso, 1o npu 3a-
BIAHHAX YIIPABIIHHSA OKPEMHUMH KjacaMH 00’ €KTIB
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ATO cucremMn TOKa3HHUKIB OymyTh 3MIHIOBATHCS,
ajie cama TpoIeaypa BU3HAYECHHS HPOrHO30BAHUX
napaMeTpiB 3 OL[IHKOIO CTYIEHs JAOCTOBIpHOCTI Oy-
JIe 0OTHAKOBOO 200 THUIIOBOIO.

500

L;\ \ —— Delty
i —— Delty-R
600 -400 200 400 0 400
200
-300

Puc. 6. I'padiku 3aexKHOCTI BiIXUIICHD
MPOTHO30BaHKUX 3HAYEHb MMapaMeTpPiB 00’ EKTIB
(BJIE-exctpamnonsiiis, puc. 4)

BiJl BUMIPIOBAaHHMX TTOKA3HUKIB

Fig. 6. Graph of deviations predicted parameters
of objects (MLE-extrapolation,
4) of measurable indicators

Sk 3a3HaYaNOCh, aBTOMaTH30BaHe (POpMyBaHHS
Ta ONTHMAaJbHE IUIAHYBaHHS CTpaTerii PO3BUTKY
BKIOYae: 1) cucTeMy MOKa3HHKIB JisUIbHOCTI
ATO; 2) ctpykTypy MateMaTH4HOI MOAENi peiiTu-
HIOBOTO OIiHIOBaHHS; 3) CYKYITHICTh MaTeMaTHY-
HUX MOJEJeH 1 MeTOIB I aHali3y e(heKTHBHOCTI
Ta BHOOpY 3aXxOIiB ILIOJO PO3BUTKY TEPHUTOPIii;
4) mporpaMHe 3a0e3leUeHHs i3 aBTOMATH3arlii Ta
iH. HaBememo mpukiamu 3acrocyBanHs ITPO mis
peamizanii cueHapiiB IJIaHyBaHHS Ta YNPaBIiHHS
ATO. Ha puc. 7 HaBeZieHO BIKHO IpOrpaMu sl Bi-
OOpakeHHST pe3yJbTaTiB  0araTOKpUTEPiaIbHOTO
aHautizy Ha ocHOBI Metoauku MAI [8].

[puknan peanizauii 3aBmaHp 3a cueHapiem 1:
aHalli3 KepOBaHOCTI — BH3HAYEHHS HAWOLIBII
BINTUBOBUX TIOKa3HWKIB. MeTa: BU3HAYUTH CepH
1 CHUCTeMy IMOKa3HHUKIB, 3MiHA 3HAYCHb SKUX HaW-
Oimpmn cyrreBo BrumBae Ha pedTtmHr ATO, sk
y paMKax OKpeMoi c(epH MisUTBHOCTI, TaK 1 Ha iX
3araJlbHUd pEeHTHHT, BH3HAUEHUM UIs BCix chep
pasom.

Cdepa cnoxusuoro pusky. [lokaznuk «Abco-
JOTHUW TIPUPICT 00CATY peaizoBaHUX IOCIYT Ha
OIHy 0CcOo0y J0 BIJMOBIJHOIO TEpioAy THomepe-
JHBOTO POKY, TPUBCHBY». BIUTHB 3MiHM MOKa3HHKA
Ha PEUTHHT — MPW HE3HAYHIN 3MiHI MOKa3HUKA i3
40 (mesixe 3pocTtaHHs, MakcuManbHe — moHan 500
rpH) 10 80 BCTAHOBIIOETHCS Taka JAWHAMIKa peid-

THHTOBHMX OINHOK (paHKyBaHHS paifoOHIB). IIpH
3miHi 40 => 80 peliTuHr mo cdepi He 3MIHHBCA:
3 => 3, ane 3aranbHuil i3 6 craB 5; mpu 3miHi
40 => 0 peitruar mo cdepi 3MiHUBCA: 3 => 4, ane
3araJibHUA 3anuiuecs 6; mpu 3mini 40 => 500
pedTuHr 1o cdepi 3MmiHUBCA: 3 => 2, 3araibHUM
TaKOX CTaB 2.
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Puc. 7. BikHO mporpaMu 1st TOAHHS Pe3yIbTATIB
OaraTtokpurepiaabHOTO BHOOPY 32 MAI

Fig. 7. The window for presenting the results
of multi criteria choice by MAI

Cuenapiii 2. camoaHani3 — e(hEKTUBHICTh Ha
MOMepeIHiX eranax. MeTa: BU3HAYUTH HEIOIIKU
MOTIEePE/IHIX €TalliB, a camMe — BCTaHOBUTH chepu
1 cHcTeMy TOKa3HHKIB Y HHX, fKi MOXJHMBO OyJ0O
MOKPAIUTH, MPUYOMY 3MiHM 3HAY€Hb SKUX Hali-
Oinbn cyTTeBO BruBana Ha pedTuHr ATO. Chepa
IHBECTULIMHOI Ta 30BHINIHBOEKOHOMIYHOI IisUIb-
HocTi, [laBorpaacekuii paitoH. 3a CTATUCTUIHUMH
JaHUMU BiJICyTHiil po3BuTOK (piBeHb 0) mokas3Hu-
KiB. «Temm 3pocTaHHs (3MEHIIEHHs) 00CATY eKC-
opTy TOBapiB, % 1m0 BiAMOBITHOTO TIEPiOTy ITOTIE-
peaHboro poky», «Temm 3poctaHHs (3MEHILCHHS)
o0csry immopty ToBapiB, % o BiamoBimHOTO Ie-
piojly mormepeHbOro poKy». BiAmoBiqHO, HU3BKHM
BHUSIBUBCS 1 peUTHHT paifoHy 3a cdeporo — 15. Ha-
npukian, Oylla BCTAaHOBJIEHA HECBOEYACHICTH IIO-
JaHHS JaHuX a00 He BCi MOXIIMBOCTI BIUIMBY Ha
MMOKa3HUKU cdepu Oynmu BUKOpHcTaHi. HeoOxigHo
BU3HAUUTH PEHUTHHT palioHy Yy pa3i MOKpaIleHHS
YIpaBIiHHS.

Brumis 3MiHM MOKa3HUKA HA PEUTHHT — MIPU Ma-
JoMy piBHI 3poctaHHs mokazHuka Big 0 go 100
BCTaHOBIIIOETBCS Taka JUHAMiKa PEHTHHIOBUX
omiHok: mpu 3MmiHi 060x 0 => 100 peiftuHr MO
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chepi 3minuBes: 15 => 13, pa3om 3 TUM 1 3araiib-
HUI pedTuHr i3 6 craB 3; npu 3mini 060x 0 => 200
pelTuHT 1o cdepi 3MiHuBCs: 15 => 9, pa3om 3 TUM
1 3aranbHUA peWTHHT i3 6 cTaB 2. TakuMm 4YUHOM,
BUSIBIIAETHCA CYyTTEBUH BIUIMB IOKAa3HMKA Ha 3ara-
THHUN pEeHTHHT palioHy, HaBITh 0€3 IHIIMX TOKa3-
HUKIB yCiX cdep.

IIpuknagamu 3aBaans [TPO i3 mopiBHAIEHOTO
aHaji3y Ta ONTHMAIBHOTO TUIAHYBaHHS CTpaTerii
po3BUTKY obOnacti sik ckinaxy ATO e posmonin
obmexeHoro pecypcy (IeKiIbKOX BHIIB TaKOX)
Mk OaratbMa ATO. Ilpu 1pOMYy BCTAHOBJIEHO
rpaHUYHI PiBHI Ha 00CSATU BUKOPUCTAHHS PeCypciB
BU3HAYCHHUX KaTeropidd. Bimomi piBHI NMOKa3HUKHU
3a BH3HAYCHUMH c{epaMH MisUTEHOCTI Tepelide-
HUX ATO abo obnacti y uinomy. HeoOxinHo Bu-
3HAYUTH PO3MOJLN pecypciB Mixk okpemMumu ATO,
SKUN 3a0€3MeYnTh 3aralbHUA pedTHHT 007acTi
HAWBHUIIMK MOXKIIMBHHI TIPH 3arajJbHOMY pecypci, —
posmonin pecypciB mixk okpemumu ATO Ta cde-
pamMul JisUTBHOCTI, SIKUi 3a0€3Me4nTh pEeUTHHT 00-
JlacTi He MEHIINH, HIXK BCTAHOBJICHUH.

OpHUM 13 TOJIOBHUX THIIIB 3aBJaHb ONTUMAaJIb-
HOTO TUTaHyBaHHS cTpaterii po3Butky ATO € Ha-
CTyIHE. BU3HAYUTH MOTPIOHI 00CATH pecypciB pi3-
HUX KaTeropii, a Takox crnocid iX posmomiry Bil-
MOBiHO 10 BcTaHOBiIeHOTO peiitunry ATO.

HaykoBa HOBH3HA Ta IPAKTUYHA
3HAYUMICTh

VY craTTi 3anponoOHOBaHO BUKOPUCTAaHHS TOKa-
3HUKIB PEHTUHTYBaHHS K AEAKOI 3arajJbHOi MoJe-
Ji OIS CTPATETiuHOTO TUIAHYBAaHHS PO3BHUTKY
1 yIpaBIiHHS HEOAHOPIAHUMH KiIacaMHu 00’ €KTiB,
30kpema ATO. 3anponoHOBaHO MPOLETYPY OIIHKH
JIOCTOBIPHOCTI IPOTHO3YBAaHHS HAa OCHOBI METOIY
0araToBUMIpHOT JIHIMHOT EKCTPATIOJISII].

3anmpornoHOBaHUH METOJ] CTPATETiuHOrO MJIaHy-
BaHHsI PO3BUTKY CKJIAJHUX CHCTEM Ha OCHOBI peid-
TUHTOBUX MOjeJIel, a Takoxk po3podiieHa 1H(Op-
MalliifHa TeXHOJIOTisl, CTBOPIOIOTh KOMIUIEKC aBTO-
MaTH30BaHHUX 3ac00iB 1S 3a0e3meueHHs e()eKTUB-
HOTO  C€KOHOMIKO-TEXHOJIOTIYHOTO  yIPAaBIIiHHS
MHOXMHAMH HEOJHOPIAHUX KJaciB Oararornapame-
TpUYHUX 00’€KTiB. 3acTocyBaHHA Ii€i iHQOpMa-
mitao1 TexHomorii ITPO no3Bonse aBToMaTn3yBa-
TH 3aBJIaHHS aHaJli3y Ta CTPATETiYHOTO IJIaHyBaH-
HS aaMiHICTPaTHBHO-TEPUTOPIaIbHOTO PO3BHUTKY.
[InanyBanHs 1 kepyBaHHs 00’ ektamu B [TPO 6azy-
€THCS Ha BUPINICHHI THUIIOBUX 3aBJaHb, 3aIpOIIO-

HOBaHUX y po6oTi. [Ipy oMy KOHTPOJIb 332 OKpe-
MHUMH €JIEMEHTaMHU Peati3y€eThes MUITXOM MO0YI0-
BU 1 3aCTOCYBaHHs iHAMBiAyalbHUX iHTEJIEKTyalb-
HUX MOjeNel mporeciB QyHKIiOHyBaHHS. Takox
BOHA MO’ke OyTH 3aCTOCOBaHa JUISl IIUPOKOTO KOJa
IHIIMX KJIACIB CKJIaJHUX 00 €KTIB, SKI MOXYTh Oy-
TH OXapaKTepu30BaHI HabopaMu THapaMeTpiB, BH-
MIpSHUX 3a pi3HUMH mKagaMu. CyTTEBOIO BiaMiH-
HICTIO TaKUX 3aBJaHb YNPaBIiHHS, B TOMY YHCHI
npolecamMH eKCIUTyaTalii MapKiB TeXHIYHUX CHUC-
TEeM, SIBIISIETHCS ICHYBaHHS T'PYNHU KJIACiB, 0 SIKUX
Moe OyTH 3aCTOCOBaHA OJTHAKOBA iH(poOpMaIliiiHa
TEXHOJIOT'isl, MpeACTaBJIeHa y CTaTTi.

BuchnoBxku

Y po0oTi po3BHHYTO MiIXiA M0 (OpMyBaHHS
PEUTHHIOBHUX MOJENel CTpaTeriuHOro TUIaHyBaHHS
PO3BUTKY Ta YIPABIiHHS CKJIATHUMH CHCTEMAaMHU,
SIKi TIOJTaHI PI3HOMAHITHUMH KJIacaMH, IO MICTSTh
MHOXXHMHHU €JIEMEHTIB, a TaKOX IOJO YIpaBIiHHS
HUMH 33 PaxyHOK DPO3IOIUTY HEOTHOPITHHX pe-
cypciB. OO’€KTH KOHTPOIIO XapaKTepU3YIOThCS
HabopaMy TIOKa3HUKIB PI3HUX KaTeropiid, BUMIpsI-
HUX y pi3HUX mKanax. s po3paxyHKy MOpiBHS-
JIBHOI OIIHKHU SKOCTi YIIPaBIiHHS 3aCTOCOBYIOTHCS
MpaBWjia BU3HAYEHHS PEUTHHTY, SIKi yTBOPIOIOTH
3araJibHy MOJIENIb YIPaBIiHHS KJIacaMu 00’ €KTIB.
CrBopeHa iH(opMaliifHa TEXHOJIOTisI PEUTHHTOBO-
ro OIIIHIOBaHHS, B SKiM peanizoBaHO TPOIEAYPH
BUDILIICHHSI TUTOBUX 3aBJaHb 13 CTPATETi4YHOrO
TUTaHYBaHHs PO3BUTKY Ta YNPaBIiHHS CKJIQIHUMH
00’exktamu  (aHami3 YyTIMBOCTI, KJIaCTEpHU3aIlis,
NIarHOCTYBaHHS, NPOTHO3YBAaHHSI, PO3MOIIT pe-
CypciB, OaraTokpuTepianbHUi BUOIp iH.). TEXHOJIO-
Tis MOXKe OyTH 3aCTOCOBaHA JUJIsl KOHTPOJIIO, aHaTi-
3y, CTPaTErivHOTO IJIaHYBAHHS Ta YIPABIIHHS O-
HOYACHO JICKIIbKOMa THIaMH CKIIAJHUX CHCTEM.
[Tpu upoMy BiI3HAYAETHCS MOXKIHMBICTH BHKOpHC-
TaHHS JeSKUX THITB iHAWBIIyalbHUX iHpOpMAITiii-
HUX MOJEJeH MpOoIeciB eKCILIyaTallil TeXHIYHUX
CHCTEM.
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NPUMEHEHUE PEUTUHI OBBIX MOJIEJIEH
U UTHO®OPMAIIMOHHBIX TEXHOJIOTUHA AJIs1 YIIPABJIEHUSA
AIMUHUCTPATUBHO-TEPPUTOPUAJIBHBIMU KOMIIVIEKCAMUA

Hean. B Hayuynoil pabore HEOOXOOMMO PAaCCMOTPETh PAa3BUTHE PEHTHHIOBBIX MOJENEH W COOTBETCTBYIOUIHX
MH(GOPMALMOHHBIX TEXHOJOTHH, MPeAHAa3HAYCHHBIX ISl PEIeHUs] KOMIUIEKca 3a1a4d c()epbl CTPaTerniecKoro IJia-
HUPOBaHMS aJMUHICTPATHBHO-TEPPUTOPHAIBHBIX OObEINHEHHUH, a TaK)ke MHOTOKPUTEPHAIBLHOTO YIIPABICHUS dKC-
IUTyaTalue HeOJHOPOIHBIX KJIACCOB MHOTONapaMeTpHIecKuX o0bekToB. MeToauka. [Ipu penieHnn 3amay crpate-
THYECKOTO IUIAHWPOBAHMS aJMUHHACTPATHBHO-TEPPUTOPHUAIBLHOIO Pa3BHTHS M YIPABICHUS HEOZHOPOIHBIMH Kilac-
caMH KOHTPOJIUPYEMBIX OOBEKTOB NMPUMEHSETCS KOMILUIEKC COTJIACOBAHHBIX METOIOB. A HMEHHO — MHOTOKPHTEPH-
QIBHOTO aHajM3a CBOMCTB OOBEKTOB IUIAHMPOBAHUA M YIPaBICHHS, AWATHOCTHKU IIapaMeTpPOB COCTOSHHSA,
NPOTHO3HUPOBAHUS H YIPABICHUS CIONKHBIMH CHCTEMAaMH Pa3IMYHBIX KJIACCOB, COCTOSHUS KOTOPBIX OIIEHHBAIOTCS
HabopaMHu pa3HOKAYECTBEHHBIX ITOKa3aTeliei, a TakkKe MPeICTaBIIIOTCS WHAWBUIYaIbHBIMH MOJAEISMH Ipoliecca
¢yHKoHupoBaHus. [Iisl peanu3anuyu KOMIUIEKCa 3a/1ad CTPaTernueckoro IJIaHUPOBAaHUS U YIIPaBJICHHS MPEaJIo-
KEHa U co3/1aHa MH()OpMalMOHHAsI TEXHOJIOTHS, KOTOpask COJECPIKUT MPOLEAYPHl PEIICHUs] TUTIOBBIX 33/1a4, peaju-
30BaHHBIX Ha OCHOBE mporpammuoro obecreuennst MS SQL Server. PesyabTatsl. [Ipeanoxen noxxon x Gpopmu-
POBaHMIO MOZENEH aHall3a U YIIPaBJIEHHS KJIaccaMy CJIOXKHBIX CHCTEM Ha OCHOBE PEHTHHTOBBIX OlleHOK. [TomydeHo
pa3BUTHE PEUTHHTOBBIX MOJIEJEH aHaNIn3a MHOTONapaMETPUUECKUX M MHOTOKPHUTEPHAIBHBIX CHCTEM, YIPaBIICHHE
KOTOPBIMH BBIIOJHACTCS] HA OCHOBE TTapaMeTPOB TEKYIIEr0 M NPOrHO3UPYEMOTO COCTOSHHMH, IyTeM paclpeleeHUs
HEOTHOPOIHBIX pecypcoB. PaspaboTaHa mpouenypa aHaau3a 9yBCTBUTEIEHOCTH PEUTHHIOBON MOJEH K M3MEHEHH-
SM TIapaMeTPOB paclpeeseHHsT HeOJHOPOAHBIX pecypcoB. Co3naHa MHPOPMAMOHHAs TEXHOJOTHS CTPATErHIECKO-
ro IUITAHUPOBAHUS W YIPABJIEHHS HEOJHOPOAHBIMHU KIacCaMH OOBEKTOB Ha OCHOBE MOJENH PEHTHHIOBBIX OLICHOK.
Hayunasi HoBM3HA. B cTaThe mpeluioxkeH MOAXOJ K HCIIOJIb30BAHMIO COBOKYITHOCTH Pa3HOPOIHBIX IOKAa3aTeNeH
PEHTHHrOBaHUS KaK OOIIEH MOIENH IS CTPATErHYEeCKOT0 IUNIAaHUPOBAHUS PA3BUTHS U YIPABJICHHUS HEOTHOPOIHEIMU
KJlaccaMu OOBEKTOB, KOTOPbIE MOTYT OBITh OXapaKTepHU30BaHbl HaOOpaMy MapaMeTpoB, U3MEPEHHBIX M0 Pa3HBIM
mkanaM. [Ipu 3ToM KOHTPOJIb 32 OTAETBHBIMHU AJIEMEHTAMH PEAU3yeTCs IyTeM MOCTPOSHHS U IPUMEHEHUs WHIH-
BUAyaJIbHBIX HMHTEJUIEKTYaJIbHBIX MOJENeil mpoleccoB (yHKIMOHUpoBaHus. [IpeanoxkeHa mpoueaypa OLEHKH
JIOCTOBEPHOCTH ~ NPOTHO3UPOBaHWS HAa  OCHOBE METOAa MHOTOMEPHOW  JIMHEWHOH  AKCTPANOJISLUH.
IIpakTHyeckast 3HAYMMOCTD. [IpeIoKeHHBI METOJT CTPATETHYECKOTO TNTAHUPOBAHMS PA3BUTHS CIIOKHBIX CHCTEM
Ha OCHOBE PEHTHHTOBBIX MOJIENIEH, a TakxKe pa3paboTaHHas MH(OPMAIOHHAS TEXHOJIOTHSI CO3/al0T KOMILJIEKC aB-
TOMATH3HPOBAHHBIX CPEACTB st obecniedeHus 23 (HEeKTUBHOIO IKOHOMHUKO-TEXHOJIOTHUECKOTO YIPaBICHHs MHOXeE-
CTBaMH HEOJHOPOJIHBIX KJIACCOB MHOTOIIapAaMETPHYESCKHX 00BEKTOB. B MH(MOPMAIMOHHON TEXHOJOIHH PEHTHHIO-
BOT'O OLICHMBAHHMS PEaIM30BaHbI IPOLEAYPHI PEIICHHS THUIIOBBIX 3a[a4 110 CTPATETHYECKOMY IUIAaHUPOBAHUIO Pa3BH-
THS W yNpPaBJICHUS CIOKHBIMH OOBbekTaMu (OmpenesieHne peHTHHIa, aHaIn3 YyBCTBUTEIBHOCTH, KIaCTepH3aLus,
JMarHOCTUPOBAHMKE, IIPOTHO3UPOBAHIE, PACIIPEICICHHE PECYPCOB, MHOTOKPUTEPHAIIBHBIH BBIOOD ap.). [IpumeHeHne
npeagaraeMold MHQOPMALMOHHON TEXHOJOTUH MO3BOJISET aBTOMAaTH3MPOBATh 3aladM aHajHh3a U CTPATErH4ecKOro
TUITAHUPOBAHUS PAa3BUTHS aIMUHHUCTPATHBHO-TEPPUTOPHAIBHBIX KOMIUIEKCOB. TEXHOIOTHSI MOKET OBITh IPHMEHEHa
JUIs. KOHTPOJIS, aHallk3a, CTPAaTerHYecKoro IUIAaHWPOBAHUS W YIPABICHUS! Pa3BUTHEM OJHOBPEMEHHO HECKOJBKUX
THUIIOB CJIOKHBIX CHCTEM.

Kniouesvie crnosa: afMUHUCTPAaTUBHO-TEPPUTOPUATIBHOE YIIPABIEHHE, KIIACCHI CUCTEM; CTPAaTEerHuecKoe IUIaHH-
pOBaHME, PEHTHHTOBAasi MOJIENb; MHOTOKPUTEPUAIBHBIH aHaIN3; HEOJXHOPOAHBIE PECYpChl; MHPOPMAIMOHHAS TEX-
HOJIOTHUSI; MHANBULyaIbHast MOJEIb (JyHKIIMOHHUPOBAHHMS
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RATING MODELS AND INFORMATION
TECHNOLOGIES APPLICATION FOR MANAGEMENT
OF ADMINISTRATIVE-TERRITORIAL COMPLEXES

Purpose. The paper aims to develop rating models and related information technologies designed to resolve the
tasks of strategic planning of the administrative and territorial units’ development, as well as the tasks of multi-
criteria control of inhomogeneous multiparameter objects operation. Methodology. When solving problems of stra-
tegic planning of administrative and territorial development and heterogeneous classes management of objects under
control, a set of agreed methods is used. Namely the multi-criteria properties analysis for objects of planning and
management, diagnostics of the state parameters, forecasting and management of complex systems of different
classes. Their states are estimated by sets of different quality indicators, as well as represented by the individual
models of operation process. A new information technology is proposed and created to implement the strategic
planning and management tasks. This technology uses the procedures for solving typical tasks, that are implemented
in MS SQL Server. Findings. A new approach to develop models of analyze and management of complex systems
classes based on the ratings has been proposed. Rating models development for analysis of multicriteria and multi-
parameter systems has been obtained. The management of these systems is performed on the base of parameters of
the current and predicted state by non-uniform distribution of resources. The procedure of sensitivity analysis of the
changes in the rating model of inhomogeneous distribution of resources parameters has been developed. The infor-
mation technology of strategic planning and management of heterogeneous classes of objects based on the rating
model has been created. Originality. This article proposes a new approach of the rating indicators’ using as a general
model for strategic planning of the development and management of heterogeneous objects that can be characterized by
the sets of parameters measured on different scales. At this the control of separate elements is realized by the way of
individual mental models construction and application of functioning processes. The procedure for evaluating of the
prediction reliability based on multivariate linear extrapolation method was proposed. Practical value. The proposed
method of strategic planning of the complex systems’ development based on rating models and developed information
technology are representing the complex of automated tools to ensure effective economical and technological control of
non-uniform sets of multiparameter objects. The new solutions of typical tasks of strategic planning and development
of complex objects management procedure are implemented in the information technology of rating estimation (rating
definition, sensitivity analysis, clustering, diagnostics, forecasting, resource allocation, multi-criteria analysis etc.). Ap-
plication of the proposed information technology can automate the task of analysis and strategic planning of the admin-
istrative-territorial complexes. The technology can be used for monitoring, analysis, strategic planning and manage-
ment of several complex system types simultaneously.

Keywords: administrative and territorial management; classes of systems; strategic planning; rating model;
multi-criterial analysis; heterogeneous resources; information technology; individual model of functioning
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DEVELOPMENT OF PASSENGER TRAFFIC SERVICE QUALITY
MANAGEMENT SYSTEM OF RAILWAY ENTERPRISES

Purpose. At the present stage of development of Ukraine’s economy, passenger traffic service quality manage-
ment of railway enterprises became one of the main tasks to ensure their efficient operation. In terms of railway re-
forms and increased competition in the transport market, the discrepancies between the technological level of traffic
and the growing needs of society and the quality standards of transport services, the priority is the establishment of
quality management system for passenger traffic services in rail transport. This question should be considered in the
paper. Methodology. To achieve this goal and ensure a high quality level of passenger traffic services in rail trans-
port, which involves a combination of approaches to the position of consumers (determination of their satisfaction)
and railway enterprises (measurement of results and formation processes of service quality), the paper proposed
a passenger traffic service quality management system. The proposed methodical approach to formation of the pas-
senger traffic service quality management system in rail transport implements a principally new scheme of interac-
tion of elements during provision of services, where the inter-related resources (human, material, financial, informa-
tion), means, instruments and processes result in creation of quality transport service. Findings. The efficiency of
the passenger traffic service quality management system allows detecting the dynamic of improvement of the ser-
vices provided by the railway enterprises and building the system which is self-learning on the principles of con-
tinuous improvement. The paper grounded new principles of the passenger traffic quality management, which were
formed on the basis of general management principles, quality management principles and railway transport man-
agement principles. Originality. The work presents the developed passenger traffic service quality management
system targeted to meet the expectations of passengers from transport process while taking into account the eco-
nomic interests of railway enterprises. The basis of this system is conceptual principles, namely, goal, objectives,
subject, object, principles, functions and practical recommendations, which generally determine the relationship of
the basic elements of the passenger traffic service quality management in rail transport. Practical value. The practi-
cal value of the obtained by the author results is that their implementation will enable railway enterprises to forecast
the improvement of service quality level, taking into account their specific features and create solutions for control
and regulation of processes and passenger traffic service quality effects. The theoretical and methodological provi-
sions may be used in the formation, operation and improvement of the quality management system for passenger
traffic services in rail transport.

Keywords: quality; transport service; quality management system; passenger traffic; railway enterprises

Introduction ensure provision of transportation to the economy
and population, but also to form a new, competi-
tive segment of the railway business both in subur-
ban and long-distance passenger transport sector,
able to interact effectively with all stakeholders of
the transportation process, continuously improve

the services of passenger rail traffic rather than the (he quality of their work, despite the tariff restric-
freight transport services; therefore, it is the state  ONS and increased competitive pressure from
of passenger traffic complex that forms the image ~ Other forms of passenger transport. _
of the country’s rail system in the society. _ Improvement of passenger traffic service qual-
The current situation in the Ukrainian railway Ity today and in the future is the basis for attracting
transport sector is characterized by significant dy- Passengers to rail transport and improve profitabil-
namic changes. The present transformation sets for ity regardless of ownership and the nature of the
the railway the new complicated tasks — not only to  OPeration of passenger businesses. If previously

Passenger rail traffic has traditionally played great
importance at every stage of development of Ukraine,
both in the days of centralized management and at the
stage of transition to the market management.

Much larger percentage of the population uses

doi 10.15802/stp2016/90461 © M. V. Rudenko, 2016

48



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

Hayxka Ta nporpec Tpascrnopty. BicHuk J[HIIPOIETPOBCHKOTO
HaIliOHAJIBHOTO YHIBEPCHUTETY 3aiIi3HHYHOTO Tpancmopty, 2016, Ne 6 (66)

EKOHOMIKA TA VITPABJIIHHA

the main indicator of passenger traffic railway en-
terprises was a passenger-kilometer, today, the sen-
ior managers face the task of raising revenues
through the highest quality services to meet the
demand.

Purpose

The purpose of this article is feasibility evalua-
tion of existing theoretical principles and guide-
lines and development of the new ones for estab-
lishment of the quality management system for
passenger traffic services in rail transport.

Methodology

To achieve this goal and ensure a high quality
level of passenger traffic services in rail transport,
which involves a combination of approaches to the
position of consumers (determination of their satis-
faction) and railway enterprises (measurement of
results and formation processes of service quality),
the paper proposed a passenger traffic service qual-
ity management system.

The proposed methodical approach to forma-
tion of the passenger traffic service quality man-
agement system on railway transport implements
a principally new scheme of interaction of ele-
ments during provision of services, where the in-
ter-related resources (human, material, financial,
information), means, instruments and processes
result in creation of quality transport service.

The main provisions of the theoretical founda-
tions of quality management services are presented
in scientific works of domestic and foreign
scholars, including: Aristov O. V., Basovskyi
L. Ye., Hisin V. I., Hlichev O. V., lhnatenko O. S.,
llienkova S. D., Koifman Yu. I., Mazur 1. I., Ok-
repilov V. V., Redziuk O. M., Ukrainska L. O.,
Shvandar V. O., Fomichov S. K., Shapoval M. 1.,
A. Feihenbaum, K. Isikava, T. Konti,
Dzh. M. Dzhuran and many others, as well as the
international standards ISO 9001 version 2008 and
their identical Ukrainian national standards State
Standards of Ukraine 1ISO 9001-2008 [3].

The quality of transport services is examined
in the works by Barakhina V. M., Dykania V. L.,
Vorkuta A. I., Kryvoruchko O. M., Kudinova
L. O., Kulaiev Yu. F., Lihum Yu. S., Mirotin L. B.,
Ostrovskyi N. B., Reva V. M., Soslovskyi V. H.,
Spirin Y. V., Sych Ye. M., Trykhunkov M. F.,

Ulitska 1. M., Shynkarenko V. H., Shtanov V. F.
and others.

Findings

One of the trends in the market of railway
transport services is the differentiation of transport
services by levels, capacities and needs of consum-
ers, which in its turn necessitates the organization
of the quality management system as the basis of
efficiency and competitiveness of services pro-
vided to meet the requirements of consumers and
assess the degree of compliance of this service
quality to the requirements.

Therefore, finding ways to attract passengers,
improving efficiency and quality of passenger traf-
fic, as well as their management is a key focus of
the reforms conducted in rail transport at this time.

The economy of rail transport as a system of
production and logistic relationship has its own
specificity, which is determined by the complexity
of management — the railway sector, which consis-
tently provides basic services of cargo or passenger
transportation from point of origin to destination
point in compliance with the four principles (ac-
cessibility, reliability, convenience, efficiency),
and additional services — activities or works that do
not affect the performance by rail of its primary
function — delivery of cargo or passenger to the
destination, but increase customer satisfaction from
receiving the service (e.g., providing information,
telephone service, selling tickets via the Internet or
telephone, carrier service for passenger traffic,
etc.). We propose a functional scheme of the provi-
sion of passenger traffic rail services, elements
of which are marked by the functional feature
(Fig. 1).

The structure of the main rail service includes
not only the physical transportation of passengers,
but also some other operations that normally be-
long to the service, and their availability and high
performance are not considered mandatory, but
merely desirable to improve the image.

At the present stage of development of
Ukraine’s economy, passenger traffic service qual-
ity management of railway enterprises became one
of the main tasks to ensure their efficient oper-
ation. The need to improve the quality in modern
conditions is dictated by several factors: changes in
legislation, needs of scientific and technological
progress, requirements of consumers, development
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of domestic and international trade and ecological modern service quality management systems in-
situation in the country, etc. Problems of domestic  tended to improve the technical and technological,
enterprises and environmental factors lead to a de-  organizational and economic processes.

crease in their competitiveness; therefore, it is very The history of quality system development can
important to implement at railway enterprises the  be divided into six main stages (Table 1).

RAILWAY INFRASTRUCTURE.
PASSENGEER SERVICE, LOCOMOTIVE
SERVICE. TRANSPORTATION SERVICE
AND OTHER

l !

Basic services (organization of passenger traffic

RAILWAY STATION

! ; Additional services (complex of services
(pick-up / drop-off)) provided at railway stations)

ACCESS INFRASTRUCTURE — FAILWAY
COACH YARD STATION SQUARE. ACCESS WAYS, PUBLIC
TRANSPORT

! l

Basic services (perform operations to prepare
passenger trains for a journey (technical inspection,
cleaning, rebuilding, maintenance, equipment),
perform cleaning and supply of passenger trains to
passenger stations)

Additional services (public-private partnership)

Fig. 1. Types of services provided to rail transport passengers (developed by the author)
Table 1
Historical stages of quality management system development

Stages of quality
management system Characteristics of the stages of quality management system development
development

Stage 1. F. Taylor The first stage corresponds to the initial stages of system approach to management,
system when the first management system, F. Taylor system appeared. To ensure the success-

(1900-1920) ful functioning of a management company the first professional specialists in quality,
inspectors, were introduced. There was a system of staff motivation to improve the
work quality, there were requirements laid down in the technical specification (TS),
implementation of which was checked at the acceptance inspection. All properties of
the Taylor system made it a management system of the quality of each individual prod-
uct. The Taylor system played an important role in enhancing the productivity and
quality of products or services provided. The disadvantage of the Taylor system is that
it is functionally oriented, and therefore internally contradictory. Due to the fact that
every employee performs only the functions determined for him, performs only his
work, the defects, the deviations from the requirements, the incompliance of the manu-
factured product or services accumulate. Therefore, the quality of products or services
is not the way it was planned.
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End of Table 1

Stages of quality
management system
development

Characteristics of the stages of quality management system development

Stage 2. SQC -
Statistical Quality
Control systems

(1920-1950)

The second stage of development of quality management systems was associated with
the transition to process-oriented management, in which the subject of administrative
actions became the qualitative parameters of production processes. During this period,
the methods of statistical quality control were being actively developed; the sampling
control tools were being shaped. Designers, technologists and production workers had
to solve more complicated tasks in the field of quality, because they constantly faced
the problems of variation and variability and had to know what methods would allow
achieving their reduction. In the chain «supplier-company-consumer» the greater role
was played by standardized methods of statistical acceptance inspection.

Stage 3. TQC — Total
Quality Control system
(1950-1980)

The third stage is associated with the advent of total quality control system — TQC. At
this stage, there were documented quality systems that establish accountability and au-
thority, and determined engagement in the field of quality of all the management, not
just quality specialists. Increasing attention was paid to staff training. In this period the
systems and methods that had been developed in the Soviet Union acquired great im-
portance.

Stage 4. TQM — Total
Quality Management
system

(1980-1990)

The fourth stage is connected with transfer from TQC system to the system of total
quality management (TQM). At this time, there appeared a series of new international
standards for quality systems, including I1SO 9000 standards and MC 9000. The main
target orientation of the quality system that is based on ISO 9000standards is to ensure
the quality of products or services required by customer and to present the latter the
evidence that the enterprise can maintain this quality. TQM

Stage 5. MBQ -
Management

by Quality
(1990-2000)

The fifth stage of the quality management system began in the 90s of the twentieth cen-
tury. Due to the fact that enterprises in carrying out their operation began increasingly
to consider the interests of society, there appeared a new generation of quality standards
ISO 14000 establishing requirements for the management system in terms of environ-
mental protection and safety. As a result of these processes significantly increased the
role of consumer quality parameters, and significantly strengthened the attention of
management for companies and organizations to meet the needs of their own staff.

Stage 6. TQM
and MBT

(since 2000 till now)

ISO 9000 standards are being developed and updated. The development of quality
management in view of industrial enterprise features through the development and ap-
plication of specialized national and international standards of quality system creation.

A large range of products, wider service offerings enable consumers’ choice that is be-
coming more demanding in their tastes, which in turn leads to deepening of competition
between manufacturers and to new approaches to meet the growing needs and expecta-
tions, and improved quality methods.

Source: generalized and systematized based on [5, p. 52, 7, p. 48, 8, p. 57]

Analysing Table 1, it can be seen that each
stage begins with the introduction of a systematic
approach to quality management. Development of
quality management system includes first the de-
termination of what processes and structures
should be included in the quality system and what
functions they must perform in order to ensure the
required quality of service, and then the develop-

ment of the necessary regulations to carry out these
functions.

Service quality management system is a set of
organizational structures, methods, principles, in-
struments and incentives for installing, maintaining
and, where necessary, improving the quality of
services. Quality management system at railway
transport is guaranteed by organizational, legal,

doi 10.15802/stp2016/90461

© M. V. Rudenko, 2016

51



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

Hayxka Ta nporpec Tpascrnopty. BicHuk J[HIIPOIETPOBCHKOTO
HaIliOHAJIBHOTO YHIBEPCHUTETY 3aiIi3HHYHOTO Tpancmopty, 2016, Ne 6 (66)

EKOHOMIKA TA VITPABJIIHHA

economic and social subsystems that carry out
complex of measures aimed at ensuring the opera-
tion effectiveness and satisfaction of passengers’
transportation requirements.

The organizational subsystem is a combination
of organizational structure of passenger traffic ser-
vice quality management, organization of produc-
tion and labour, technical and technological service
delivery, quality management system and opera-
tor’s policy in the field of passenger traffic service
quality. The legal subsystem provides for state
regulation of the quality of services of passenger
transportation, regulations governing the formation
and determination of quality, legal, information
and metrological support. The economic subsystem
includes: passenger traffic services pricing, quality
cost management and risk management, provision
of universal services in terms of passenger traffic in
the conditions of state pricing, availability of pas-
senger traffic service quality management model,
etc. The social subsystem introduces workers to
control quality passenger transport services, motiva-
tion of workers in accordance with the performance
standards of quality and social protection system.

The organization of works in service quality
management in rail transport provides for a service
quality assurance system and the necessary meas-
ures to ensure its effective functioning.

We believe that to create a quality management
system for passenger traffic services, you must spec-
ify: management entity, object of management and
the mechanism of service quality control, i.e. the
process of influence of the entity on the object. Thus,
the management entity is the basis of quality system
— quality service at a railway enterprise (administra-
tive staff, drivers of trains, personnel of services and
internal training and control services), the responsi-
bility of which is to achieve and maintain a specified
level of quality service. The object of management is
the process of providing the service, during which the
quality is formed under the influence of management
entity.

The goal of management is to ensure the estab-
lished standards of service quality taking into ac-
count the economic interests of passengers and
railway enterprises. When determining the man-
agement goal, it is necessary to specify a set of
service features and the required level of its qual-
ity, and to find out whether they meet the needs of
passengers. Then it is necessary to ensure the
achievement of this goal at an acceptable level of

cost and profitability for a railway enterprise and
affordability of service tariff to a passenger.

Satisfaction of a passenger during transporta-
tion can be achieved only with the harmony be-
tween the responsibility of the management, per-
sonnel and material resources of railway enter-
prises and structure of the quality system.

The managerial authority of rail transport is re-
sponsible for policy in the field of service quality
and passenger satisfaction. Implementation of the
policy depends on how well the management en-
sure development and effective operation of the
quality management system.

The railway enterprise’s policy in the field of
quality defines the goals, objectives and principles
of its activities, and its senior management com-
mitment to quality.

The managerial authority of railway enterprises
should develop and document the quality policy
taking into account: class of services provided;
tasks in the field of service quality; methods of
implementation of tasks in the field of service
quality; the role of personnel responsible for the
implementation of the service quality policy.

Implementation of enterprise’s policy in the ar-
ea of service quality requires that when setting the
tasks, the following basic goals were determined:

— Passenger satisfaction by continuously im-
proved quality of services, ensured compliance
with legal requirements;

— Continued compliance with the requirements
and increased efficiency of the quality manage-
ment system and its processes on the basis of deci-
sions and actions based on analysis of actual data,
operation and results of the monitoring and meas-
urement of services, processes and quality man-
agement system as a whole;

— Continuous improvement of the processes
cthat ensure provision of the services with best
indicators of passenger satisfaction;

— Constant interaction with major operators on
quality;

— Technical re-equipment through the use of
modern technology and equipment and improve-
ment on this basis of the quality of services;

— Rise of material interest and continuous im-
provement of social conditions of employees.

Based on the main goals the railway enterprise
should formulate a set of the following tasks and
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measures in the field of quality:

— Increased revenues from passenger service
and provision of quality services;

— Marketing research of population demand for
transportation services based on surveys, question-
naires, statistics;

— Creation of an expanded network of service
centres;

— Licensing, standardization and certification
of services in transport;

— Creation of automated information system
network for reservation and sale of main and addi-
tional transport services;

— Economic feasibility study of fare for seats in
certain types of cars and maintenance services;

— Registration of applications for basic and ad-
ditional services in person, by phone, email, the
Internet, visit to a home or business;

— Ensuring completeness and timeliness of set-
tlements between a passenger and a railway enter-
prise;

— Ensuring technical and technological training
of passenger rolling stock to travel;

— Information service for passengers on trans-
port services, tariffs and prices;

— Collection and analysis of information on the
quality of passenger service and quality of sold
services, own and those of competitors;

— Improvement of existing and introduction of
new of services on the basis of supply and demand;

— Ensuring strict compliance of services pro-
vided to passengers with international standards
and requirements of customers;

— Training of highly qualified staff.

To perform the quality tasks by railway enter-
prises it is advisable to propose the structure of the
quality management system, allowing for all stages
of the provision of services to implement effective
management of the service quality, to measure and
improve it.

When forming the passenger traffic service
quality management system one must take into
account a number of principles (Fig. 2):

1. Technological principle. High quality of pas-
senger transport services requires high technologi-
cal performance of services by professionally
trained personnel. This principle is realized
through direct interaction if rail structures: passen-
ger companies, stations, various urban transport
services, catering services, as well as with the

mode of operation of hotels, cafes, restaurants, mu-
seums, exhibitions and other organizations.

2. Economic principle. Provides break-even op-
eration and full cost recovery of fixed corporate
service departments. To implement this principle,
it is important to determine the correct price and
amount of services to be sold, which will allow
achieving the balance of income and expenditure.

3. Marketing principle. The basic principle of
market orientation of service must be targeted,
high-quality, timely and reflect the desires and
needs of passengers. The workers of production
departments need to master the art of passenger
service, continuously improve the technology of
service, reduce cost, accelerate service without re-
ducing quality, and value their customers.

4. Logistic principle. It is a safe «door to door»
carriage of passengers in the shortest possible time
with maximum comfort which provides a full
range of services throughout the chain, from the
onset wish to travel to journey completion. Travel
arrangements can be divided into several parts or
operations: purchase of a ticket, the trip from place
of residence to the station and delivery of luggage,
travel by train and the trip from the station to the
destination (business travel, vacation, treatment).
All of the operations are inter-connected for a pas-
senger and independent for the service railway
structures, they run separately and are not com-
bined in a single service cycle, require a lot of con-
sumption of time, effort and energy of the passen-
gers. As a result, the journey instead of satisfaction
of a passenger leaves a negative impression. Logis-
tics service approach provides a full set of services
that remove these problems from passengers, both
in suburban and distant traffic.

5. Hospitality principle. Ways and quality of
service should be the same for all paying custom-
ers. Understanding of passenger’s needs, desire to
serve him/her as a dear guest, to help and assist
attracts customers because the well-served cus-
tomer is a kind of «living ads» among his/her
friends, co-workers and creates a positive image.

Satisfaction of passengers with traffic can be
achieved only with the harmony between the re-
sponsibility of the management, personnel and ma-
terial resources of railway enterprises and structure
of the quality system.

Rail transport operation should be assessed
from the standpoint of meeting the needs of pas-
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sengers, because they are not interested either in
the rate of empty mileage or performance of the
locomotive.

The process of passenger traffic service quality
management includes fulfilment of the following
functions:

— Forecasting. Analysis of trends in passenger traf-
fic service quality of the railway enterprises; analysis
of services in the present; identification of the main
patterns of quality and extrapolation of trends;

— Planning. Identification of targets in the field
of service quality; determination of the resources
(human, material, financial, information) and the
means by which it is possible to achieve the set
targets of quality improvement;

— Organization. Streamlining of the object of
management, identification of all components of
service quality; creation of a single information-
measuring system;

— Coordination. Solving of current issues and
coordination of on-going activities to build passen-
ger traffic service quality;

— Motivation. Development and taking the ap-
propriate decisions that encourage staff to activities
for ensuring quality performance of certain objec-
tives of railway enterprises.

— Regulation. Taking operational decisions and
their implementation in order to eliminate the de-
viations discovered as a result of service quality
control; forming of methods for integrated assess-
ment of passenger traffic service quality at the
railway enterprises on the basis of adaptation of
differentiated methods for assessing the quality of
Services;

— Control. Revealing the deviations from the
planned passenger traffic service quality manage-
ment processes; identifying the need to assess the
quality of services (analysis, accounting, perform-
ance monitoring, questioning of users).

The passenger traffic service quality manage-
ment system of railway enterprises is structurally
considered as a set of managing and managed
subsystems (entity and object of management)
(Fig. 3, 4).

Principles of service qua]itf,-' management

Taclmﬂlumal I}:t'll}ﬂ'li-: "‘siaﬂftmlz Logistic Hospitality
pI“Lth‘Lpl‘ principle prm-:tplﬂ principle principle

Fig. 2. Basic principles of passenger traffic service quality management system (developed by the author)
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Fig. 3. The passenger traffic service quality management system of railway enterprises,
direct communication feedback. Advanced cycle
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Fig. 4. The passenger traffic service quality management system of railway enterprises,
direct communication feedback. Elementary cycle

The managing subsystem is presented in the
form of relationship of two management cycles —
Advanced (functions related to the development
and mainstreaming of effective passenger traffic
service quality management system of railway en-
terprises) and Elementary (management of quality
of certain types of service providing processes)
[1, p. 7].

The service quality management system covers
all stages of the life cycle of passenger rail trans-
port services: marketing and transport service mar-
ket research, analysis of requirements to quality of
services, planning and forecasting of services, ser-
vice provision, service control and quality assess-
ment process, passenger satisfaction study process.

The functions of passenger traffic service qual-
ity management by railway enterprises is divided
into three main blocks: determining (D) — forecast-
ing and planning functions; rendering (R) — or-
ganization, coordination, control, motivation func-
tions; information-control (I) — control function
(Fig. 3,4) [1, p. 7].

MANAGED SUSBSYSTEM
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information services, service t.lun'n_q a after a trip
- additional services) tnp

“Transpe

Fig. 5. The transport process of passenger traffic
by railway enterprises

Analysis of the current passenger traffic service
quality management system of railway enterprises
is carried out to establish its compliance with State
Standards of Ukraine 1SO 9000:2007 and includes:

— Analysis of quality elements and their rela-
tionships as a part of a common set of services
provided to passengers, including the basic service
— carriage and maintenance services;

— Analysis of quality parameters for each sepa-
rate service;

— Calculation and analysis of the average qual-
ity indicators;

— Comparing the quality from the position of
a carrier and that of a passenger;
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— Analysis of the «structural inclusion» of the
quality of works into the quality of services and
further — into the quality of the enterprise [3].

The quality tools include various methods and
techniques for the collection, processing and pres-
entation of quantitative and qualitative data of the
passenger traffic services of the railway enter-
prises. All quality tools can be grouped by pur-
poses of their use:

— Quality control tools. Without control one
cannot control the quality and increase it. Most of
the control tools are based on the methods of
mathematical statistics;

— Quality management tools. The methods that
basically use quality indicators of service, they can
organize the information, structure it in accordance
with certain logic rules and use it to make ground-
ed management decisions;

— Quality analysis tools. The methods used to
optimize and improve services;

— Quality design tools. The methods used to
create services that realize maximum value for the
consumer.

Within the quality management system it is
necessary to develop the methodological ap-
proaches that establish requirements for the provi-
sion of service-related processes, including three
basic processes (marketing, design and provision
of services), operating in the «quality loop»

(Fig. 6).
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Fig. 6. «Quality loop» of passenger traffic services
of railway enterprises

The passenger traffic service quality manage-
ment system of railway enterprises is an integral
part of the rail transport management in general
and operated simultaneously with this system. In-
teraction of quality system covers all stages of the
«quality loop» from the study of variable demand
for rail services to the final meeting of require-
ments of regulations or passengers’ requirements
to the quality.

Relationship of rail transport services with pas-
sengers and with all facilities that ensure the solu-
tion of service quality management tasks is real-
ized with the help of «quality loop».

Analysis of capabilities to meet the require-
ments of passengers on the basis of available re-
sources is conducted during the railway services
market research. The result of the analysis of rail-
way services market research is planning of works
and resources necessary for their implementation,
determination of activities of the railway enter-
prises.

The overall planning of quality assurance
works is made during development of a compre-
hensive quality program, which shall contain the
following sections: goals and objectives of railway
enterprises for the next period; list and terms of
measures, including the timing and volume of in-
ternal audits; specific assignment of responsibili-
ties and powers of the staff of railway enterprises
to implement the planned activities; plan of
equipment upgrading or retrofitting; plan of staff
training (advanced vocational training) (including
the quality department staff); methodology for as-
sessing the goal of the program; correction proce-
dure of the program in case of non-compliance;
plan of financing the quality assurance works.

Implementation of documentary provision of
the selected activities is conducted when develop-
ing the passenger service provision and quality
assurance processes (formation of the basic re-
quirements for the provision of services by railway
enterprises; development and documentation of
passenger service procedures by railway enter-
prises; elaboration of service quality management
system documents).

The documentation of service quality manage-
ment system of railway enterprises is designed to
ensure the unity and permanent understanding of
the quality assurance goals and objectives, proc-
esses and procedures. It provides an opportunity
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for an objective assessment of the quality system,
allow solving the emerging controversial issues
regarding quality.

The documentation of quality management sys-
tem ensures the assignment of duties and responsi-
bilities of management and executors on general
quality management, establishes the procedure for
interaction while fulfilling the functions and solv-
ing problems to ensure the quality of rail services.

Implementation of service provision covers the
full range of processes for organization and provi-
sion of rail services; it can be subjected to addi-
tional controls at any stage of works both by the
quality service of railway enterprises and by the
public authorities. On the basis of analysis of the
requirements for work quality and performed ser-
vices one forms the corrective and preventive
measures, which close the cycle (general feedback)
of service provision by the railway enterprises.

Originality and practical value

The work presented the developed passenger
traffic service quality management system targeted
to meet the expectations of passenger from trans-
port process while taking into account the eco-
nomic interests of railway enterprises. The basis of
this system is conceptual principles, namely, goal,
objectives, subject, object, principles, functions
and practical recommendations, which generally
determine the relationship of the basic elements of
the passenger traffic service quality management in
rail transport. The practical value of the obtained
results is that their implementation will enable
railway enterprises to forecast the improvement of
service quality level, taking into account their spe-
cific features and create solutions for control and
regulation of processes and passenger traffic ser-
vice quality effects. The theoretical and methodo-
logical provisions may be used in the formation,
operation and improvement of the quality man-
agement system for passenger traffic services in
rail transport.

Conclusions

For effective operation of rail transport, it is
necessary not only to have different resources but
also to develop the processes for provision of qual-
ity services and mechanisms of their interaction.
So this shows the need to build a special system for

quality management, which is a set of organiza-
tional structure, distribution of authority and re-
sponsibilities, methods and resources required to
establish, maintain and improve the quality of ser-
vices of passenger rail transport.

Therefore, railway enterprises should always
strive for the highest possible satisfaction of pas-
sengers’ desires, expansion of variety of services,
increase in volume of work, improvement of eco-
nomic performance, increased goodwill by provid-
ing quality services on time and at competitive
prices.
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PO3BUTOK CUCTEMMU YIIPABJIIHHS AKICTIO ITIOCJIYT
IMACAKUPCBKUX IIEPEBE3EHDB INIAITPUEMCTB
JAJIIBHUYHOI'O TPAHCIIOPTY

Meta. Ha cygacHOMYy eTami po3BUTKY €KOHOMIKH YKpaiHM YHPaBIIHHS SKICTIO HOCIYT Maca)XKUPCHKHUX IepeBe-
3€Hb HIANPUEMCTB 3aJII3HUYHOTO TPAHCIIOPTY CTAJI0 OJHHUM i3 TOJOBHUX 3aBlIaHb 3a0e3MeueHHs X e()eKTUBHOT His-
JabpHOCTI. B ymMoBax pedopMyBaHHs 3a1i3HUYHOTO TPAHCIIOPTY Ta MOCHJICHHS KOHKYPEHIIT Ha PUHKY TPAaHCHOPTHHX
HOCITYT, TIPH HEBIIIOBIIHOCTI TEXHOJIOTIYHOTO PIiBHS MEPEBE3EHb 3POCTAIOYMM TOTpedaM CyCHiIbCTBa Ta CTaHap-
TaM SIKOCTI HaJaHHS TPAHCIOPTHHUX IIOCIYT, NPIOPUTETHOI'O 3HAYEHHS HaOyBae IMpolieMa CTBOPEHHS CHUCTEMHU
YIPaBIIiHHSA SIKICTIO MOCIYT MAacaKUPCHKHUX IMEPEeBE3eHb Ha 3aJli3HUYHOMY TpaHcIopTi. e nuTanHs HeoOXiTHO I10-
ciiauTH B ctarTi. MeToamka. J{ist TOCATHEHHS IOCTABJIEHOI METH Ta 3a0e31eYeHHs] BUCOKOTO PiBHS SIKOCTI IOCIYT
MacaXMPChKUX TepeBe3eHb Ha 3aJIi3HUYHOMY TPAHCIIOPTI, 10 Hependavae MOeIHAHHS MiAXOAIB 13 MO3MMLIT CIIOXKH-
BauiB (BU3HAYEHHS iX 3a/JI0BOJIEHOCTI) 1 MiAMPHEMCTB 3aJi3HUYHOTO TPAHCIIOPTY (BHMIp pe3yJbTaTiB Ta TPOIECiB
(hopMyBaHHS AKOCTI TIOCIYT), B pOOOTi 3aIPOITOHOBAHO CHCTEMY YIIPABIHHS SKICTIO MOCIYT MACaKUPCHKHUX TIepe-
BE3CHb. 3alIPOIIOHOBAHUN METOIMYHUI MiAXix 10 GOpMYBaHHS CHCTEMH YIPABIiHHS SKICTIO TOCIYT MACaKUPCHKUX
MepeBe3eHb Ha 3aI3HUYHOMY TPAHCIIOPTiI peallizye NMPUHIMIIOBO HOBY CXEMY B3a€MOJii €IeMEHTIB MpH HaJaHHi
TIOCITYTH, B sIKiil BOEIMHO OB’ s13aHi pecypcH (KaapoBi, MatepianbHi, (iHaHcoBi, iHdopmartiiiui), 3acobu, iHCTpyMme-
HTH 1 MpOIeCcH, B pe3ysIbTaTi 3IiMCHEHHs SKMX BHHHUKA€E SKiCHa TpaHCIOpTHA mociyra. Pedyiabratu. EdextnBHe
(YHKIIOHYBaHHSI CHCTEMHU YHPABIIIHHS SKICTIO MOCHIYT MacaKMPCHKHUX IEPEBE3CHb JIO3BOJIIE BHSBUTH JWHAMIKY
MOJITIIECHh HATAHUX MOCTYT MiAMPUEMCTBAMH 3aII3HUYHOTO TPAHCIIOPTY Ta MOOYIyBaTH CUCTEMY, IO CAMOHABYA-
€THCSl HA TIPUHIUIAX ITOCTIHHOTO yAocKoHalNeHHs. OOTpYHTOBaHO HOBI MPUHIMIH YIPABIIHHS SIKICTIO MTACaXKHPCh-
KHX TIepeBe3eHb, sKi OyJi cpopMOBaHi Ha OCHOBI 3arajbHUX NPUHLIUIIB YIPABIiHHS B LUIOMY, IPUHIMIIB yIIpaB-
JIHHS SKICTIO 1 IPUHIMIIB YIPaBJIiHHA Ha 3aJli3HUYHOMY TpaHcropti. HaykoBa HoBm3Ha. Po3poOneHo cucremy
YIPaBJIiHHSA SKICTIO MOCHIYT MAcaXKUPCHKUX IEePEeBE3CHb, OPIEHTOBAaHY HA 3aJ[0BOJICHHS OYIKYBaHb ITACaKUPIB BiJ
TPAHCIIOPTHOTO MpPOLECy 3 OAHOYACHUM ypaxyBaHHSM €KOHOMIYHMX IHTEpeCiB MiANPHEMCTB 3ali3HHYHOI'O TpaHC-
mopty. OcHOBOIO TIIi€i cucTeMH € po3poOJeHI KOHIENTYyalbHI 3acamd, a caMe — METa, 3aBIaHHs, IpPeIMeT,
00’exT, mpuHOWNHM, (QYHKII, TPAKTHYHI PEKOMEHAalii, SKi B LIJIOMY BH3HAYalOTh B3a€EMO3B 30K OCHOBHHX
€JIEeMEHTIB y CHCTEeMi VYIPABIIHHA SKICTIO MOCIYI IAaCaXUPCHKUX IMEPEeBE3eHb 3aTi3HUYHUM TPAHCIOPTOM.
IIpakTHyHa 3HaAYNMicTh. [IpakTHYHEe 3HaYCHHS OTPHMMaHUX aBTOPOM Pe3yJIbTaTiB IIOJITae B TOMY, LIO X peaiza-
1is1 TO3BOJIMTH MIiANPUEMCTBAM 3aJIi3HUYHOTO TPAHCIOPTY CIPOTHO3YBATH IIIBUILIEHHS PiBHS SIKOCTI MOCIYT 13 ypa-
XYBaHHSM IX KOHKPETHHX OCOOJMBOCTEil Ta copMyBaTH pIIIEHHS IOJO KOHTPOJIIO, PETYJIOBaHHS IPOILECIB
1 pe3yJNbTaTiB AKOCTI MOCIYT NMAaCAKUPCHKUX MepeBe3eHb. OOIpyHTOBaHI TEOPETHYHI Ta METOJIUYHI TIOJIOKEHHS MO-
JKYTh OyTH BUKOPHCTaHI IpH pOpMyBaHHI, (YHKI[IOHYBaHHI i BIOCKOHAJICHHI CHCTEMH YIIPABJIiHHS SIKICTIO MOCIYT
Naca)XUPChKUX TepeBe3eHb Ha 3aIi3HNYHOMY TPaHCHOPTI.

Kniouosi croea: sKiCTh, TPAaHCIOPTHA IOCIIyTra; CUCTEMa YIPABIIiHHS SIKICTIO; MACaXUPChKi NEPeBE3CHHS; Mijl-
MPUEMCTBA 3aJTI3HUYHOTO TPAHCIIOPTY
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M. B. PYJIEHKOY
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PABBUTHUE CUCTEMbI YIIPABJIEHUSI KAYECTBOM YCJIYT
ITACCAKUPCKHUX IEPEBO3OK IIPEAIIPUATHUA
KEJE3HOAOPOKHOI'O TPAHCIIOPTA

Heas. Ha coBpemeHHOM 3Tare pa3BUTHS 3KOHOMHMKH YKpaWHBI yNPABICHUE KadeCTBOM YCIYT MAcCaXKHPCKUX
MEPEBO30K MPEAIPHUATHI KEJIE3HONOPOKHOTO TPAHCIIOPTA CTAJIO OJTHOM M3 INIABHBIX 33j1a4 oOecrieueHus ux apdek-
TUBHO# JeATeIbHOCTH. B ycioBusix peopMUpOBaHHs HKEIE3HOAOPOKHOTO TPAHCIIOPTA U YCHIICHUSI KOHKYPEHIIUU
Ha PBIHKE TPAHCIIOPTHBIX YCIIYT, P HECOOTBETCTBUU TEXHOJIOTHYECKOTO YPOBHS MEPEBO30K PacTyLIMM MOTPEOHO-
CTSIM OO0IIlECTBA M CTaHJapTaM KauecTBa IPEOCTABICHUS TPAHCIIOPTHBIX YCIIYT, IPUOPUTETHOE 3HAUCHHE IIPHOOpe-
TaeT npobieMa CO3/1aHusl CHCTEMBI YIIPABJIEHHs KAYECTBOM YCIIYT ITaCCAKUPCKUX MEPEBO30K Ha KEJIE3HOI0POKHOM
TpaHCIopTe. DTOT BOIPOC HEOOXOAMMO paccMOTpeTh B cTathe. MeToauka. J{Jst JOCTHKEHNMS TOCTaBJICHHON LIEJIN
M 00ecrieYeHusI BBICOKOTO yPOBHS KadecTBa YCIYT IACCAXHUPCKHUX MEPEBO30K Ha XKEJIE3HOMOPOKHOM TpPAHCIIOPTE,
[PeIyCMaTPUBAOIINX COYCTAHHE IMOAXOJOB C MO3MIMH HOTpebuTesneil (ompeneneHne MX YIOBIECTBOPEHHOCTH)
U TPEINPHUATHI JKEIe3HOAOPOKHOTO TpaHCIopTa (M3MEpeHHe Pe3yiibTaToB H IPOLECCOB (POPMUPOBAHMS KAauyeCTBa
ycnyr), B paboTe HpeasioyKeHa CHCTEMa yIPaBICHNs] KaYeCTBOM YCIyT HACCAKUPCKHUX MEPeBO30K. [IpeiosKeHHBII
METOJMUECKUN MOJIXO0] K (POPMUPOBAHUIO CHCTEMBI YIPABICHHUSA KaueCTBOM YCIYT MACCaKMPCKHUX INMEPEBO30OK Ha
JKEJIE3HOIOPOKHOM TPAHCIOPTE peanu3yeT NMPUHIUIHAIFHO HOBYIO CXEMY B3aMMOJICHCTBUS 3JIEMEHTOB IpH Ipe-
JIOCTaBICHUH YCIYTH, B KOTOPOil BOCMTUHO CBS3aHBI pecypchl (KaJapoBbie, MaTepuaibHbie, (HHAHCOBBIC, HH(OpPMA-
[IMOHHBIC), CPEACTBA, HHCTPYMEHTHI M MPOLIECCH, B PE3YJIbTATE OCYIIECTBICHHUS] KOTOPHIX BO3HUKAET KaYeCTBECHHASI
TpaHCropTHas yciyra. PesyabTarsl. DQQekTuBHOE (YHKINOHUPOBAHNE CHUCTEMBI YIPABICHHUS Ka4eCTBOM YCIIyT
MACCAXHPCKUX TEPEBO30K MO3BOJIAET BBIIBUTH AUHAMUKY YIyYIIEHHUN MPENOCTABISIEMBIX YCIYr NMPeanpUSTUIMU
JKEJIE3HOIOPOKHOTO TPAHCIIOPTa U MOCTPOUTH CUCTEMY, KOTOpas caMoo0ydJaeTcsi Ha MPHUHIMIIAX TOCTOSTHHOTO CO-
BepuieHCTBOBaHUs. OOOCHOBaHBI HOBBIC NMPHHIMIIBI YIPABICHUS KaYECTBOM IMACCAKUPCKUX TEPEBO30K, KOTOPHIE
ObUTH COPMHUPOBAHBI HA OCHOBE OOLIMX NPHHIMUIIOB YNPABICHUS B LIEJIOM, IIPUHIMIOB YIPAaBICHUS KaYECTBOM
W TIPUHIMIIOB YIIPABJICHUS Ha XKEJIEe3HON0pokHOM TpaHcnopre. Hayunast HoBu3Ha. PazpaboTana cucrema yrpas-
JICHUs] KaUECTBOM YCIyT MAcCaKUPCKUX MIEPEBO30K, OPUCHTHPOBAHHAS Ha YIOBJICTBOPCHUE OXKUIAHUM NAcCaXUPOB
OT TPAHCHOPTHOTO MPOIECCa C OJHOBPEMEHHBIM YUETOM JKOHOMHYECKHX HHTEPECOB IMPEANPHUATHH >KEIe3HOI0-
poxHoro Tpancnopra. OCHOBOH 3TOH CHCTEMBI SBISAIOTCA pa3pabOTaHHBIE KOHIICNITYalIbHBIE OCHOBBI, & UIMEHHO —
Lelb, 337a4M, IpeIMeT, OOBbEeKT, IIPUHIMIBI, (YHKIIMH, TPAKTHUECKHE PEKOMEH/IAINU, KOTOpPhIE B LIEJIOM OIpee-
JISIOT B3aMMOCBSI3b OCHOBHBIX 3JIEMEHTOB B CUCTEME YIPABJICHUS KaueCTBOM YCIYT MAacCaXKUPCKUX IEPEBO30K Ke-
JIe3HOJIOPOKHBIM TpaHcriopToM. IIpakTHyeckast 3HauMMocCTh. [IpakTHyeckoe 3HaUeHUE TTOTY4YEHHBIX pe3yIbTaToB
3aKJIFOYAETCA B TOM, YTO UX PEanHu3aLus MO3BOJIUT NMPEIIPUATHIM KEIE3HOJOPOKHOIO TPAHCIOPTA CHPOTHO3UPO-
BaTh MOBBIIICHHE YPOBHSI Ka4eCTBa YCIYT C YUYETOM MX KOHKPETHBIX OCOOEHHOCTEH M c(OpMUPOBATH PELICHUE TI0
KOHTPOJIIO, PEryJMPOBAaHHIO TPOIECCOB M PE3YJIHTATOB Ka4eCTBa YCIYT MAaCCaKMPCKUX NepeBo3ok. OOOCHOBaHHBIE
TEOPETHUYECKHE 1 METOINYECKHE TIOI0KEHNSI MOTYT OBITh MCIIOIB30BaHBI TP (YOPMHUPOBaHNH, (HYHKIIMOHUPOBAHUU
W COBEPIICHCTBOBAHWH CHCTEMbI YIPABJICHUS Ka4e€CTBOM YCIYT MAacCRXUPCKUX MEPEBO30K HA JKEIE3HOJOPOKHOM
TpaHCIIOpTe.

Kniouesvle cnosa’ xadecTBO; TPAHCIIOPTHAS YCIYTa, CUCTEMa yNPABJICHHUS KA4eCTBOM; IACCAXKUPCKHUE TEPEBO3-
KU, TIPEINPHSTHS KEJIE3HOLOPOKHOTO TPAHCTIOpTA
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TEXHUKO-9KOHOMMNYECKASA OHEHKA NCITIOJIb3OBAHUA
KOJIEC IEPCIIEKTUBHOM KOHCTPYKTUBHOM CXEMbI
JJIAA PEJIBCOBBIX DOKUITAKEN

Heas. B cTatbe HEOOXOAUMO OLPENEIUTh TEXHUKO-IKOHOMUUECKYIO 3((PEKTUBHOCTh OT HCIOJIB30BAHUS KOJIEC
HEPCIEKTUBHOM KOHCTPYKTHBHOW CXEMBI B XOJOBOM 4acTH PeIbCOBOT0 dKunaxa (Barona). Meroauka. Dddekrus-
HOCTb HCIIOJIb30BAHHS KOJIEC MEPCIIEKTHBHOW KOHCTPYKTUBHOM CXEMBI 33 CUET CHYDKCHHUS CONPOTHUBIICHHS IBHXKE-
HUIO M N3HOCA TPeOHEH OIEHMBACTCS PACUETHBIMHU BEITMYMHAMH I'OOBOTO 3KOHOMHYECKOTO 3 deKTa OT BHEAPCHUS
U CpPOKa OKYIaeMOCTH 3aTpaT, HEOOXOAUMBIX ISl pa3pabOTKU M BHEAPEHHs IPEIUIOKEHHOrO Koneca. B cocrase
€MHOBPEMEHHBIX 3aTPaT YUUTHIBAIOTCS PACXObl, CBS3aHHBIE C IIPOBEACHIEM HAyYHO-HCCIEI0BATENBCKUX H OIIBIT-
HO-KOHCTPYKTOPCKHX PabOT, a TAKXKe JOMOIHUTEIbHBIC 3aTPaThl, HEOOXOANMBIC JUI N3TOTOBIICHUS KOJIEC MEPCIIEK-
TUBHOI KOHCTPYKTHUBHOH cxeMbl. Pe3ynbTaThl. B X0/e BBIUKMCICHUH W aHANIW3a 3KOHOMHYECKOH 3P (EeKTHBHOCTH
OT BHCAPCHUA KOJICC HepCHeKTHBHOﬁ KOHCprKTHBHOﬁ CXEMBbI, MMPOBCJACHHBIX Ha OCHOBC HMCXOJHLIX NAHHBIX JIs
IOro-3ananHoii xene3Hol JOpOry, onpejeseHa NPUObUTb, KOTOPYIO BO3MOXKHO IOJIyYUTh 3@ CUET CHIDKEHUS Clie-
JYIOIIUX dKCIUTYyaTallMOHHBIX PacxoJoB: 1) 3aTpar Ha 00TOUYKY rpeOHEl Kolec KOJNICCHBIX Map; 2) CTOMMOCTH TOII-
JUBHO-YHEPTeTUUECKUX PECYpCOB Ha TATY IOE3/0B; 3) CTOMMOCTH HMPOCTOSI BarOHOB B TEKYIIEM OTIEIIOYHOM pe-
MOHTE; 4) 3aTpar Ha PEMOHT U TEKyIee COACP)KAaHHE PENBCOBOro ImyTH. KpoMe TOro, MokeT ObITh JOTIOTHHUTEIHHO
BBICBOOOXK/ICHO HEKOTOPOE KOJIMYECTBO BarOHOB 3a CUET CHI)KEHHS MX MpPOcTos. Pacder 4ncToro AMCKOHTHPOBAH-
HOTO [I0XO0JIa OCYLIECTBILUICS CO CICAYIOIIMMH AOMYIICHUSAMHU: 1) pacueTHOro mepuoza; 2) OpHEHTHPOBOYHOTO
YBEIMYEHUS] CTOMMOCTH KOJISCHOHW Mapbl ¢ KOJIECAMH MEPCIEKTHBHOW KOHCTPYKTHBHOW CXEMBI 110 CPaBHEHHUIO
C TUMOBOH, 3) 3HAYCHMS TPUOBLIH 32 PACUCTHBIN MEPUOJ, KOTOPOS PACCUUTHIBATIOCH IIYTEM BBIYHCICHHUS CPEAHETO
mokasaTesisi (3a BEIYETOM 3aTpar Ha Hay4HO-HCCICI0BATEIbCKUE U ONMBITHO-KOHCTPYKTOPCKUE paboThl); 4) U3roTos-
JIeHHs MapKa KOJECHBIX Map ¢ KOJeCaMH HOBOM KOHCTPYKTHUBHOM CXeMbl. 3a paccMaTpHBaeMBblil NEPHO]| MOTyYeHa
pacueTHas BeJIMYMHA YUCTOIO JAUCKOHTHPOBAHHOIO JOXOJa M ONPENENeH CPOK OKYNaeMOCTH IIPOEKTa.
HayuyHnasi HOBH3HA. ABTOpaMH CJIeJIaHO 0OOCHOBAaHHE MOIXO0J0B K COBEPLICHCTBOBAHHIO KOHCTPYKTHBHON CXEMBI
KOJIEC, UCIIONB3yEMBIX B XOJ0BOH YacTH PEIbCOBOro dKuMaxa (Barona). IlpakTuyeckass 3HaUMMocTh. Meroanka
pacdera, mpeularaemMasi B HacTOSIIEH ITyOJIMKAalnK, MO3BOJISIET OLEHUTH TEXHHUKO-3KOHOMHYECKYIO IIeJIecoo0pas-
HOCTH MCIIOJIb30BaHUs KOJIEC NEPCIIEKTUBHON KOHCTPYKTHBHON CXEMBI B COCTaBE XOJIOBBIX YacTEil peJIbCOBBIX IKHU-
TaXKew.

Knrouesvie criosa: 3aTpaThl; KOJECO; OLICHKA; II0OKAa3aTeNH; MPUOBLIB; 3 (PEKTHBHOCTL

Beenenne 00pa3HO OCYIIECTBIATH MEPONPUSATHS, HaIpas-
JICHHBIC HA CHIDKECHUE COIIPOTHUBIICHUS IBUKCHUIO
moe3nos [3, 17, 19].

B pab6orax [11, 13, 21] npemsoxeHa mepcrekx-
TUBHAsA KOHCTPYKTHBHAas CXeMa KoJieca, IIpUMeHe-
HHUE KOTOPOI'O IO3BOJIUT YMEHBIIUTH COIIPOTHUBIIE-
HUE JIBUKEHUIO PEJIbCOBBIX JKUMAXEH W CHU3UTH

M3BecTHO, YTO OOMNBINAs YacTh HCIOJB3YyEeMOU
B paboTe >KEJIE3HOMAOPOKHOIO TPAHCIIOPTa SHEP-
THU pacxojyeTcs Ha Tsry moesznos [1, 2, 5, 6, 11].
J1y1s TOBBIMICHUS YHEPTETUUECKOH 3 (HEKTUBHOCTH
penBCOBOrO TpaHcmopTa (CHIKEHHS KOJIMYECTBa

HOTPeOIAEMbIX YPHEPrOHOCHTEIICH IPU TOM K€ HIIH
OonblieM 00beMe NMePEeBO30YHOM PaOOTHI) IeNeco-

HM3HOC KOHTaKTUPYIOIKX NoBepxHocteil. [Ipu pac-
CMOTPEHHH BO3MOXKHOCTEH WCIIONIb30BaHUS JIaH-
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HOI'0 TEXHUYCCKOIo pemcHudA, IMOMHUMO TpeGOBa'
HHI 10 0€30IaCHOCTH, HAJISKHOCTH KOHCTPYKIHU
U T.J. HEOOXOIMMO BBINOJHUTE OOOCHOBaHHE
U C TOYKH 3PEHHsI 3KOHOMHYECKOH 3(dexTnBHO-
CTH C YYETOM IpPEAINOJIaraeMbIX 3aTpaT U 0XKUAae-
Moro 3ddekra.

ean

Ompenenenne TEXHUKO-d)KOHOMHYECKOH d-
(DEKTUBHOCTH WCTIONB30BAHUS KOJIEC TEPCIEKTUB-
HOU KOHCTPYKTHBHOW CXEMBI B COCTaBE XOJIOBO
YaCTH PESIbCOBOTO DKHUMaxa (BaroHa).

MeToauka

D¢ GeKTUBHOCT HCIOIB30BaHUS KOJeC Iep-
CIIEKTUBHOM KOHCTPYKTHBHOM CXEMBl 3a CYET
CHIDKEHHUSI COTPOTHBIICHHS NIBIKCHHIO M HM3HOCA
rpeOHEN OICHWBAETCS PACUYCTHBIMH BEITUYNHAMU
TOJI0BOTO YKOHOMUYECKOTO 3PPeKTa OT BHEAPEHHS
U CpPOKa OKYIIAeMOCTH 3aTpar, HeOOXOIUMBIX IS
pa3paboTKK W BHEJPEHHS KOJIECHBIX Map ¢ Tpel-
JoXeHHBIMH Kojiecamu [4, 12]. B cocrase emuHo-
BPEMEHHBIX 3aTPaT YYHUTHIBAIOTCS PAacXOMbl, CBS-
3aHHBIE C TIPOBEICHWEM HAyYHO-UCCIEI0Ba-
TEJIbCKUX M  ONBITHO-KOHCTPYKTOPCKHX PadoT,
a TAaK¥XKC OOITOJIHUTCIIbHBIC 3aTPAThI, HeO6XOIII/IMBIe
JUISL M3TOTOBJICHUSI KOJIEC TEpPCIEKTUBHOW KOHCT-
PYKTUBHOM CXEMBI.

PesyJsbTaTthl

Pacyer m aHanm3 skoHOMHYECKOW APPEKTUB-
HOCTH BHEIPEHUS KOJECHOH Mapel C KOJECaMU
MEPCIEKTUBHON KOHCTPYKTHUBHOM CXEMBI B XOJO-
BOH YaCTH YETBIPEXOCHOTO IPy30BOr0 BaroHa mpo-
BeJCH Ha OCHOBE MCXONHBIX AaHHBIX mig HOro-
3anaaHoM KeJe3HOU JOPOTH, MOIYYEHHBIX U3 psiaa
OTKPBITHIX UCTOUHUKOB [8, 9, 14]. McxoaHblie naH-
HBIE JJI1 TEXHUKO-DKOHOMUYECKON OIICHKU Mpea-
cTaBjIeHBI B Ta0d. 1.

[TpuObLTE OT BHEAPEHUS KOJIEC MEPCIIEKTHBHOM
KOHCTPYKTHUBHOM CXEMBI MOXKET OBIThH ITOTyUYEHa 3a
CYET CHIDKEHMSI CIIEOYIONIMX SKCIUTyaTallMOHHBIX
PacxooB:

— 3aTpaT Ha 00TOYKY TpeOHEH KOJIeC KOJIECHBIX
nap;

— CTOUMOCTH TOIUTMBHO-DHEPICTHUECKHUX pe-
CYpCOB Ha TATY MOE3/I0B,;

— CTOMMOCTH MPOCTOSI BATOHOB B TEKYILEM OT-
LEMTOYHOM PEMOHTE;

— 3aTpaT Ha PEMOHT W TEKYIee COICp>KaHue
PETBCOBOTO MY TH.

Ta6nunma 1
I/ICXOZ[H])le JAHHBbIC
Table 1
Initial data

Enn-

HMIA

n3Me-
peHus

0603Ha-
yeHHe

Bennuuna
MOKa3a-Test

IToxazaremnn

[IpotsrxeHHOCTH
CEeTH KEeNE3HBIX
JIOpOT:.

—ITAO «Ykp3a-
JIM3HBIL»

Sys 21640

KM

— IOro-3anaguas KM 4 668
JKeJIe3Has opora

(FO3XK]I)

8103)1(,[[

I'py3oobopor Ha
CETH XKEJE3HBIX
JIOpOT':

-T1AO
«YKp3aJIU3HBILS»

MJIH
TKM

Gys 1950544

- 103X MITH 46 696,2

TKM

Giosxn

OxnmaeMoe CHHA- AD 0,3
xeHue (paxTopa
H3HOCA B KPUBBIX

y4acTKax IIyTH

NurencuBHOCTH 1 0,25
HN3HOCAa B l'[pSIMI)IX
10 OTHOLIEHUIO

K KPUBBIM y4acT-

Kam myTH [8]

OTHoOIIeHUE Kpu- 0,12
BBIX PaINyCOM
1000 m

1 MEHee K o01ei
JUTHHE JKEIC3HOU

JIOpOTH

Pyx

Cpennuii cpox t neT 4

CITy>K0BI KoJiec

Cpoxk cityx6b1 ocr Ti ner 15
KOJIECHOU Haphl

Barona [7]

IMapk rpy30BbIX 116 063
BaroHOB, YKCILTya-
TUPYEMBIX Ha CETH
ITAO «VYxp3amms-
HbILS» (TaHHBIC

2014 1)
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Kpome Toro, MoxeT ObITh JOMOJTHUATEIHHO BbI-
CBOOOXIEHO HEKOTOpPOE KOJMYECTBO BArOHOB 3a
CUET CHI)KEHHSI UX IPOCTOS.

CornacHo mpenctaBnenHbiM B [9, 20] craru-
CTHYECKHM JIaHHBIM, TPOILICHT BBITOJHEHHOW pa-
6oter Ha FO3X]I cocraBun 23,9 % ot o01iero rpy-
30000poTa Ha cetu gopor ITAO «Ykp3anu3HbILsa»
(mannbie 2014 1.). YaenpHOE KOIHYECTBO MCIOIB-
3yeMBIX TIPH 9TOM BaroHOB

A]OB}KZ]
Ngﬂ = 3'100'8103;1@ K Ko s
Nyy ~116063-— 229 .0,35.0,7=1,46 par /.
100-4 668
I[OJ'IS{ OTHOCHUTCJIIBHOIO  CHHMIKCHHUA  H3HOCA

rpeOHell KolieC ¢ Yy4eTOM IMPSMbIX y4acTKOB MYTH
ompenenseTcs mo hopmyre

(1—pyﬂ)-l+pyﬂ-Ad>.
(1_Pyﬂ)'1+9ya

(1-0,12)-0,25+0,12-0,3
(1-0,12)-0,25+0,12

Kz =1-

=0,25

Km: -

OKOHOMHS OT CHIKEHHUSI 3aTpaT Ha 06T0‘{Ky
KOJIEC OJTHOT'O BaroHa pPacCYHUTHIBACTCS IO (I)OpMy—
JIC

_ (Cos'n+CnEP+CHK)'m'K1/I3

HHK - t '

rie M — yucao ocei, m=4; C,; — CTOMMOCTb
obrouxn konec, C,; = 659 rpH; N — KOIUUECTBO
o0Touek 3a cpok ciyxOsl, N=6; C,, — cTou-

MOCTh IepeOpMUPOBAHHS KOJECHOH mapsl (1o
aanaeiM OO0 «IETAJIb BAI'OH» Cp =6 225

rpH [15]); C,; — cTonuMocTh HOBBIX KOJIEC,
Cyx =27000 rpH [18].

(659 -6+6225+ 27000) X
x4.0,25

I, = =9295 rph.

4

OHpC,HeIIPIM SKOHOMHIO OT COKpalleHHs Bpe-
MEHHU MIPOCTOST BATOHOB B PEMOHTE.
.. = tOE Y “Cap 'Km
LN VEC
*Wip

rne t,; — HOpMaTUB NPOCTOsl BaroHa IIpu 00TOYKe

MIOBEPXHOCTH KaTaHUsl OJHON KOJECHOW Iaphl
C Y4eTOM BPEMEHHU Ha OTLENKY BaroHa U BBIKATKY
KosiecHOH mapsl, (t,; =78 wacos [19]); Y — xouu-
gecTBO oTienok BaroHoB Ha KO3XK]] mo mpuumne
ectecTBeHHOro mM3Hoca, Y = 533 Bar [9]; e —
CTOMMOCTh OJIHOTO Yaca IPOCTOs BaroHa, €, =16
rpu/uac [9, 10].

_ 78-533.16-0,25
e 4668-1,46

=25 rpu/Bar.

PaccuntaeM KOJIMYECTBO BBICBOOOXKIEHHBIX
BaroHOB 3a CYET COKPAILLEHUS BPEMEHHU NPOCTOs
B TEKYIIEM OTLENOYHOM PEMOHTE IOCIIE BHEApE-
HUSI KOJIECHBIX Tap C KOJIECAMHM IMEpPCIEKTUBHOU
KOHCTPYKTUBHOM CXEMBI:

I le . tOE'Y'KI/B pyﬂ
SRR VS ’
rog "2 Vg V= Pyg
rae IJ, — cpemHSAs CTOMMOCTb BaroHa,

1], =765000 rpH. [18]; v — cpenHsis yyacTKoBast
ckopocts Ha FO3XK/], km/u (v =47,1 xm/q) [9]);
Troy — KOJMYECTBO 4acoB PaboThI (YMCTOrO NBH-

JKCHHs1) BaroHa B TOJI.
Bennunna TmZZ OTIPEIENISIIACh UCXOMS U3 TI0-

Jy4deHHBIX 1o cupaBke oT ITAO «VYkp3amizHULs»
aHHBIX 0 BpeMeHH obopoTta BaroHa no FO3X]] 3a
2015 rog, xoropoe coctaBiuseT ty 5 =3,69 cyTok.

KonruecTBO 060pOTOB BaroHa 3a roj

TOE_FOH =365/'[O_B .
Tos rog =365/3,69=98,92 o60poTos.

KonuuecTBO 4acoB YHUCTOro ABMXKEHHSI BaroHa
B IO

Tro :Tos_roz] 'tB_q ,

rac tB y — CpPCOHCC BPEMsI HAXOXIACHHS BaroHa

B JIBIOKEHNH, Ty y =11,34 4.

Trog =98,92-11,34=1121,75 vac.
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78-533-0,25 N
855,664 668-1,46

17, =765000-[

0,12

912 5 994rpm,
27 1-012) P

CornacHo mauubiM [9, 10, 18], 06bem BbIMON-
HenHo# FO3XK]] paboter 3a 2015 rog — V =97,077
MJIPJI. TKM OpYTTO, & KOJTMUYECTBO JEKTPOIHEPTHH,
3aTpaye€HHOE Ha TATY noe3n0B B rpanunax KO3X]I,
cocraswio 1203 muH. kBru [1]. YaemsHsrit pac-
XOI  DJIEKTPOSHEPTMHM TPH  3TOM  COCTABHII
A =132,82 xBt-u/10 ThIC. TKM OpyTTO.

HaiimeM 5KOHOMHIO OT CHIDKEHHS 3aTparT Ha
AIIEKTPOIHEPTHIO B PacyeTe Ha OJIMH BaroH:

Ayﬂ Vv -10° L gy Ky Py
S-M*

4 33P/B =

— CTOMMOCTBb OAHOI'0 KHJIOBATT-4daca
103K, (I, =2,37

rpa/kBr4); K, — KO3hQUIMEHT, OTpaKalomuii

rae H kBmy
QJICKTPOOHEPT U Ha

YMEHBIICHUE COMPOTHUBICHHUS ABHKCHUIO B KpHU-
BoIX. [IpoBenennbie panee pacuets [11, 21] moka-
3aJIM, YTO YMEHBIICHHE CONPOTHBICHUS JIBHIKE-
HUIO 3a CYET NMPUMEHEHHS KOJIEC MEPCHEKTHBHOM
KOHCTPYKTHBHOM CXEMBI B CPEIHEM COCTaBIISIET
15 %, to ectp K, =0.15.

132,82-9 057 284 x
x2,37-0,85-0,12
4 668-1,46

A3op g = =7530 rpu/Bar.

OO01rasg >KOHOMHSA Ha OIWH BaroH 3a CUET BHE-
JIPCHUST B XOJOBOM YacTH BaroHa KOJECHBIX Map
C KOJIeCAMH TEPCIECKTHBHON KOHCTPYKTHBHOI
CXEMEBI COCTaBHT:

Oopmy = e + Upp + g + A35p)
Dosut = 9295+ 25+2994+7530 =19 844 rpi.

Pacyer umcToro AMCKOHTHPOBAHHOTO JOXOJa
OCYIIECTBIISUICA CO CIEIYIOIINMH IOy IIEHUAMU:

— pacuetnsnii epuon: ¢ 2016 mo 2032 rog;

— OPHEHTHPOBOYHOE YBEIHMYEHHE CTOMMOCTH
KOJIECHOU IIapbl C KOJIECAMU IEPCIEKTUBHOW KOH-
CTPYKTUBHOW CXEMBI 110 CPaBHEHHIO C TUIIOBOM —
AC =6000 rps;

— 3HAYCHHWE NPHOBUIM 3a PACUCTHBIN TMEPUO.
pPaCcCUUTBIBAJIOCH ITIYTEM BBIYUCICHUA CPEIHETO
nokaszaTens 3a BbelyeToM 3aTpar Ha HUP, OKP
U U3rOTOBJICHHE MApKa KOJECHBIX MMap ¢ KoJecaMu
HOBO# KOHCTpYKTHBHOM cxemsl (2016 u 2017 rr.),
TO €CTh

m=1-0-3,

rae I1 — oxunaemasi IpuObUIb; [] — IICHA eUHH-

el m3aenust; O — 00beM H3TOTOBIIEMON TPOIYK-
muu, O =500 BaroHoB; 3 — enWHOBpEMEHHBIE
3arpatsl Ha nposenenne HUP, OKP u nsrorosne-
HHUE MapKa KOJIECHBIX Map ¢ KoJecaMy HOBOM KOH-
CTPYKTUBHOM CXEMBI,

— k03 PUIMEeHT TPUBENACHUS BBIYUCIISICH TI0

¢dopmye [16]:
o, =1+E)",

rae t — pacdeTHbI nepUoOj BpeMeHH; E — Hopma
muckonTa (E = 30 % — onTHMUCTHYCCKHNA CIlCHA-
pHif).

YUuCThlii JUCKOHTUPOBAHHBIN J10X0J 32 pacyeT-
HBIM Tepuoja MmoyiyueH B pasmepe E =14,85 mun
TPH, 9TO B IlepecyeTe Ha OJWH BarOH COCTABIISET
AE =29,7 TBIC. TpH. B CcooTBeTCTBHMHU C pacuera-
MH, KaK MOKa3aHO Ha puc. 1, CpOK OKymaeMoCTH
NpPOEKTa COCTaBUT T, =4 roaa 1 mecs,.

YOO, mMnH rpH
15

10
Tox =4 roga 1 mec.
S ’

20‘?

=10

-15 /
201 —
-25

-30
1

) ! ! >r0
22 2024 2026 2028 2030 zopzfon

Puc. 1. BenuuuHa 41CcTOr0 JUCKOHTHPOBAHHOTO J0X0/1a
OT BHEJIPEHUS KOJIECHBIX Map C KojecaMu
MEePCIEKTUBHOM KOHCTPYKTUBHON CXEMBbI

Fig. 1. Net present value from introduction of wheelsets
with wheels of perspective constructive scheme

Hayunasi HOBU3HA U PpaKTHYecKast
3HAYUMOCTh

O060CHOBaHBI TIOJXOIBI K COBEPIICHCTBOBAHUIO
KOHCTPYKTHUBHOW CXEMBI KOJIEC, HCIIOJIb3YEMbIX
B XOJIOBOM YaCTH PEIbCOBOTO JKUMaxka (BaroHa).
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ITo mnpennaraemoil MeToJauKe pacueTra OIlEHEHa
TEXHHUKO-3KOHOMHUECKasT 3PPEKTUBHOCTh UCIIONb-
30BaHMsI KOJIECHBIX Map ¢ KOJecaMH IMEepCIeKTHUB-
HOW KOHCTPYKTHBHOW CXEMBI B COCTaBE XOJOBBIX
4acTel pelbCOBBIX IKUIMAKEH.

BriBoabI

B pabore omnpezneneHa BO3MOXKHAsI SKOHOMHUS
CPEICTB 3a CUET BHEAPEHUS KOJIEC NMEPCIIEKTUBHON
KOHCTPYKTHBHOM CXEMBI B COCTaBE XOJOBBIX dac-
TEH PEJIbCOBBIX 3KUIAXKEHU 110 CPAaBHEHUIO C THIIO-
BBIMM KOJIECAMU. 3a PacCMaTpUBAaEMBbI pacUeTHBIN
MEPHUO/ TOydeHa pacdeTHas BEIWYMHA YHCTOTO
JTUCKOHTHPOBAHHOTO JI0X0/a OT BHEAPEHHS KO-
JIECHBIX Tap C KOJIECaMH MEPCIEeKTUBHON KOHCT-
PYKTHBHOHN CXEMBI H OINpPENENEH PaCUETHBIA CPOK
OKYTIaeMOCTH MPOEKTA.

CIINCOK UCIIOJIbB3OBAHHBIX
NCTOYHUKOB

1.  Amnamiz poOoTH 3ami3HUIP YKpaiHW 3 MO3MLIT
BIUIMBY IHTCHCHUBHOCTI TEpEBE3C¢Hb HAa 3HOC iH-
dpactpykrypu / M. B. Kypra, 1. I1. KopsxeneBuu,
10. C. bapam, H. 1. Bepxormsmosa // BicH.
JHinporeTp. Hall. yH-Ty 3aJIi3H. TPaHCII. M. aKaj.
B. JlazapsHa. — [mimpomerposcek, 2007. -
Bum. 19. - C. 265-270.

2.  Acraxo, II. H. CompoTuBincHHE IBIKCHHIO

JKEJIC3HOAOPOIKHOTO  TIOJBIKHOIO  cocraBa [/
I1. H. AcraxoB. — Mocksa : Tpancnopr, 1966. —
178 c.

3. bnoxun, E. II. ITloBBIIEHHBIM M3HOC KOJIEC
U peNbCOB — BaKHeMImas npobjeMa Tpancmopta /
E. I1. boxun, C. B. Msamiun, H. Y. Cepruenxo //
3ani3Hn4HUHA TpaHcopT Ykpainu. — 2011, — Ne 1.
- C.10-14.

4.  brnoxwuna, A. C. Metoj oneHKH Tpoduiieii Koiec
noaswxkHOro cocrasa / A. C. brnoxuna // Bich.
JuinporeTp. HaIl. YH-TY 3alli3H. TPaHCIH. iM. aKas.
B. Jlazapsina. — [uimponerpoBchk, 2009. —
Bumn. 26. — C. 176-181.

5. Tomy6enko, A. JI. CrierieHue KoJjieca ¢ peibCOM.
— Jlyranck : BYT'Y, 1999. — 476 c.

6. TI'ycekoBa, . B. KoMruiekcHasi oneHka nmapamer-
POB, XapaKTePU3YIOIIUX U3HOC IPeOHEl OaHaaxei
KOJICCHBIX TIap JIOKOMOTHBOB B KPUBBIX : aBTOpEd.
Juc. ... kaua. texd. Hayk | 05.22.07 / T'ycbkoBa
Mapuna BrnagumuposHa ; Poct. roc. yH-T myTteit
coobmenns. — Pocros-Ha-/lony, 1997. — 18 c.

7. JCTY 4835:2008. KomicHi mapm BaroHis
MarictpanbHuX 3ami3HANs Komii 1520 mm. Tex-
migni ymosu (FOCT 4835-2006, IDT). — Kuis :
Hepxcnoxuscrannapt, 2008. — 14 c.

10.

11.

12.

13.

14.

15.

16.

17.

EfityTic, I'. Amnani3 mpOIyKTHBHOCTI 3ai3HHIb
Vxpaiuu / T'. Eitryric, O. Hukudopyx, B. Kapros
/l 36. Hayk. mp. Jlep. €KOHOMIKO-TEXHOJIOT. YH-
Ty TpaHncn. Cepis: «EkoHOMIKa 1 yHpaBITiHHA». —
Kuis, 2015. — Bun. 31. - C. 64-77.

3aranpHa iHdopmarlis [DnekTpoHHbIH pecype] :
Odiuiitnuii BeO-caiiT Ykp3amnizHuui. — Pexxum o-
cTyma: http://uz.gov.ua/about/
general_information/. — 3arn ¢ skpana. — IIpoBe-
peHo : 15.04.2016.

30ipHuK TapudiB Ha MepeBe3eHHSI BaHTAXIB 3ali-
3HUYHUM TPaHCIIOPTOM YKpaiHu : 3aTB. Hakazom
M-Ba TpaHCnopTy Ta 3B'si3Ky YKpainu Bix 26 Oe-
pes. 2009 p. N 317. [3i 3mimamu]. — Kuis, 2009. —
163 c.

Muxaiinos, E. B. CHmkeHne KHHEMaTHYECKOIO
MPOCKAaJIb3bIBAHUS IO PEJIbcy KoJIeca PeIbCOBOTO
9KHUMaxa ¢ MoABMKHBIM rpebuem / E. B. Muxaii-
noB, B. A. Cnames, C. A. CemenoB // Becrth.
BHY um. B. lans. — 2013. — Ne 18 (207), u. 1. -
C. 28-34.

MsmmmH, C. B. Onenka skoHOMIYecKor 3ddek-
TUBHOCTH MHBECTHUIIMOHHOTO IPOEKTA IS JKeles-
HOJOPO’KHOTO TPAaHCIOPTa C HCHOJb30BAaHUEM
pazmuansix MetonoB / C. B. Mamun, A. C. bio-
xuHa, 3. X. Ilewoesa // Bicu. Jlainmpormerp. Harl.
YH-TY 3aJli3H. TpaHCI. iM. akax. B. JlazapsHa. —
Huinponierposerk, 2010. — Bum. 32. — C. 268—
273.

IMar. Ne 105612, xi. B 60 B 17/00. Koneco peiiko-
BOrO TpaHCIOpTHOro 3acody / Muxaiinos €. B.,
T'opoynor M. 1., KpaBuenko K. O., Cemenos C. O.
; 3a9BHUK 1 mateHToBnacauk CHY im. B. Jlamsa. —
3agen. 08.10.2015 ; omy6m. 25.03.2016, brom.
Ne 6. -4 c.

IToka3HUKH BaHTAKHHX I[EPEBE3CHb [DICKTPOH-
HbIit pecypc] @ Odimitiauii BeG-caifT YKp3amizHu-
1. - Pexum JIoCcTyna:
http://uz.gov.ua/cargo_transportation/general_info
rmation/indicators_of transit/. — 3arm. ¢ sxpana. —
Iposepeno : 11.11.2016.

PeMOHT KoJIecHOM mapsl [DNeKTpoHHbIH pecypce] :
00O «JleranpBaron». — Pexum nocryna:
http://detalvagon.etov.com.ua/product/310303-
remont-kolesnoy-pari.html. — 3arn. ¢ skpana. —
IMposepeno : 11.11.2016.

Carxmudd, M. DddexruBHas ¢uHAaHCOBAS HEA-
TenmbHOCTh. CeKpeThl (PUHAHCOBBIX THPEKTOPOB /
M. Carxmmpd, M. [donHemaH ; mep. C aHIIL
. A. Kynukosa ; og o6ur. pen. JI. A. Paobix. —
Mocksa : Bepuna, 2009. — 496 c.

Tkauenko, B. II. Kunemaruueckoe comnpoTus-
JCHHE JIBWKCHUIO PEJbCOBBIX  OKHMaxked /
B. II. Txauenko. — Jlyranck : H3n-so BVYIY,
1996. - 200 c.

doi 10.15802/stp2016/90467

© C. A. CemeHos, E. B. Muxaiinos, A. I'. Peiinemeiictep, 2016

65



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

Hayka Ta nporpec Tpancropry. BicHuk J[HIIponeTpoBchKoro
HALIOHAIIBHOTO YHIBEPCUTETY 3ali3HHYHOro Tpancmnoptry, 2016, Ne 6 (66)

EKOHOMIKA TA VIIPABJIIHHA

18. ®wmman «[lantorunckuit BP3» ITAO «VYkp3amu3-  20. HO3X]] orpemonTHpoBaina cBbiiie 4,5 Thic. rpy30-

HBIIS» [DekTpoHHBI pecypc]. — Pexum mocty- BBIX BaroHoB [Jmextponnsbiit pecypc] : Llentp
ma: http://usv-ua.all.biz. — 3arn. ¢ skpana. — Ipo- TPAHCIIOPTHUX CTparerid. — PexuM mocrtyma
Bepeno : 11.11.2016. http://cfts.com.ua/news/. — 3aru. ¢ skpana. — Ipo-
19. UYynpakos, E. B. CHmxkeHue n3Hoca Kojiec 1 peiib- BepeHo | 25.04.2016.

coB 3a cuér muddepenrmansHoro Bpamenus ko- 21, Mikhailov, E. The possibility of reducing kine-
JIECHBIX Tap HETATOBOTO MOJBIKHOTO COCTaBa matic slip with two-point contacting with rail
TIPY ABM)KEHHUH B KPUBBIX YYacTKax ITyTH . JTHC. ... wheel railway vehicle / E. Mikhailov, S. Semenov,
kaua. TexH. Hayk : 05.22.07 / Yynpaxos Erop E. Panchenko // TEKA Commission of Motoriza-
BunagumupoBud ; Hayu.-uccimem. HH-T K- tion and Power Industry in Agriculture. — 2013. —
TpaHcm. — Mocksa, 2016. — 225 c. Vol. 13, Ne 1. — P. 139-145.

C. 0. CEMEHOBY, €. B. MUXAMJIOB?, O. I. PEi/IEMEICTEP?

"Kad. «Jlorictmumne ynpapminns Ta 6e3meka pyxy Ha TPaHCIOpTi», CXiTHOYKpaiHChKHMiT HAL[OHANBHIH YHIBEpCHTET
iMeni Bomogumupa Jas, np. Lienrpanenuii, 59A, CeBeponorenpk, Jlyranceka o6i., Ykpaina, 93400,

ten. +38 (064) 522 89 76, en. nomra semen_opugt@mail.ru, ORCID 0000-0002-5236-4557

?Kad. «JloricTuune ynpapinns Ta 6e3meka pyxy Ha TpaHCIopTi», CXiTHOYKpaiHChKHil HALIOHABHIH YHIBEPCHTET
imeni Bonoaumupa Jasns, np. Lenrpansuuii, 59A, CeBepononensk, Jlyrancoka 061., Ykpaiuna, 93400,

ten. +38 (064) 522 89 76, en. morura mikhailov_evv@mail.ru, ORCID 0000-0002-6667-5348

3Ka(1). «BaroHu Ta BaroHHe rocrnonapcTBo», JIHimponeTpoBChKMii HA{iOHANBHUN YHIBEPCHTET 3ai3HUYHOTO TPAHCIIOPTY
imeni akagemuka B. Jla3apsina, Byin. Jlazapsina, 2, J{uinpo, Ykpaina, 49010, Ten./daxc +38 (056) 793 19 16,

es. nomra reidemeister@mail.ru, ORCID 0000-0001-7490-7180

TEXHIKO-EKOHOMIYHA OIIHKA BUKOPUCTAHHS KOJIIC
HEPCIIFiKTI/IBHOi KOHCTPYKTHUBHOI CXEMU
JJIS1 PEUKOBHUX EKIITAKIB

Merta. B ctaTTi HEOOXiTHO BU3HAYUTH TEXHIKO-EKOHOMIUHY €()eKTUBHICTh BiJl BAKOPUCTAHHS KOJIIC MEPCIEeKTH-
BHOI KOHCTPYKTHBHOI CXEMH y XOJIOBiil yacTHHI peiKoBOTO eKimaka (Barona). Meroauka. E(QeKTHBHICTS BUKOPHC-
TaHHS KOJIIC NEPCIIEKTHBHOT KOHCTPYKTUBHOI CXEMH 33 paXyHOK 3HIDKEHHS OIOPY PyXy Ta 3HOCY IpeOeHiB OIiHIO-
€TBCSl PO3PAaXyHKOBHMH BEJIMUMHAMH PIYHOI'O EKOHOMIYHOTO e()eKTy Bijl BIPOBA/DKEHHS Ta TEPMiHY OKYITHOCTI BH-
TpaT, 110 HeOOXiAHI st pO3pOoOKH i BIIPOBaPKEHHS POIIOHOBAHOTO Kojieca. Y CKJIaJli OIHOPa30BUX BUTPAT BPaxo-
BYIOTHCSI BUTPATH, IIOB'sI3aHi 3 IPOBEAECHHIM HAayKOBO-ZAOCIIHUX Ta JOCIIIHO-KOHCTPYKTOPCHKUX POOIT, a TaKoX
JIOJIATKOB1 BUTPATH, HEOOXIAHI Ui BUTOTOBJICHHS KOJIIC MEPCIIEKTHBHOI KOHCTPYKTHBHOI cxemu. Pe3yabtaTm.
B xozi o0uncneHp Ta aHaNizy eKOHOMIYHOI e()eKTHBHOCTI Bi/I BIIPOBAKCHHS KOIIIC MEPCIIEKTUBHOI KOHCTPYKTHB-
HOI CXeMH, MTPOBEACHNX Ha OCHOBI BUXiTHUX HaHUX I [liBIeHHO-3aXiMHOI 3ali3HUI, BU3HAYCHO MPUOYTOK, SIKIHA
MOJKIIMBO OTPUMATH 33 PaXyHOK 3HMDKCHHSI HACTYNHHX CKCIUTyaTallidiHUX BUTpar: 1) BHTpaT Ha TOUiHHS rpeOeHiB
KOJIiC KOJIICHUX Tap; 2) BapTOCTi MaJMBHO-EHEPIeTHYHNX PECYPCIB HA TATY TOI3iB; 3) BAPTOCTi MPOCTOO BaroHiB
y MOTOYHOMY BiJUEITHOMY PEMOHTI; 4) BUTpAaT Ha PEMOHT Ta TIOTOYHE yTpuMaHHs Koiii. Kpim Toro, Moxe 6yTH no-
JaTKOBO BHUBUIBHEHO AESKY KiNBKICTh BaroHIB 3a paXyHOK 3HIDKEHHS iX IpocToro. Po3paxyHOK 4nMCTOro AMCKOHTO-
BAHOTO  JIOXOJy  3MAIHCHIOBAaBCS 3  HACTYNHHUMH  TPHUOYIICHHSMH. 1)  pO3paxyHKOBOTO  mepiony;
2) Opi€HTOBHOTO 30iJBIICHHS BApPTOCTI KONICHOI MapW 3 KOJECAMH MEPCIEeKTUBHOT KOHCTPYKTHBHOI CXEMH
y TIOPiBHSHHI 3 TUTIOBOIO KOHCTPYKIIi€0; 3) 3HAUCHHsI PUOYTKY 3a PO3PaXyHKOBHUil TEPiol, KUl pO3PaxOByBaBCsI
IUIIXOM OOYHCIICHHS CEepeJHbOr0 MOKa3HWKa (32 BHUpPAxXyBaHHSAM BHTpPAT HA HAYKOBO-AOCTIJHI Ta JOCIHiAHO-
KOHCTPYKTOPCHKi po0OTH); 4) BUTOTOBJICHHS MapKy KOJIICHUX Tap i3 KojecaMd HOBOi KOHCTPYKTHBHOI cXemu. 3a
JIaHWH T1epioJl OTpUMaHa po3paxyHKOBa BEIMYMHA YHCTOTO AUCKOHTOBAHOTO JIOXOJy 1 BU3HAYCHUH TEPMiH OKYITHO-
cti mpoekty. HaykoBa HoBM3Ha. ABTOpaMu 3po0JIeHO OOIPYHTYBaHHSA MiJAXOMIB A0 BIOCKOHAJICHHS KOHCTPYKTHB-
HOI CXEMH KOJIC, BAKOPHUCTOBYBAHNX Y XOJOBIf YacTHHI peifiKoBOro ekimaxka (Barona). [IpakTHYHA 3HAYMMICTD.
MeTtoamka po3paxyHKy, IPOIIOHOBaHA B IIiif ImyOiKaii, J03BOJISIE€ OMIHUTH TEXHIKO-€KOHOMIYHY HOIUIEHICTh BHKO-
pHUCTaHHS KOJiC MEPCIeKTHBHOT KOHCTPYKTHBHOI CXEMH y CKJIa/li XOI0BHX YaCTHH PEUKOBUX EKiMaXiB.

Knrouosi crosa: BUTpATH; KOJieco; OLIHKA; MOKA3HUKH; NPHUOYTOK; e(hEKTHBHICTh
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TECHNO-ECONOMIC ASSESSMENT OF THE USE OF WHEELS OF
PERSPECTIVE STRUCTURAL SCHEME FOR RAILWAY VEHICLES

Purpose. The article is aimed to the definition of technical and economic efficiency from the use of wheels of
perspective structural scheme in the undercarriage of the rail vehicles (wagon). Methodology. The use efficiency of
wheels of promising design scheme by reducing the motion resistance and wear of the wheel flanges is estimated by
calculated values of estimated annual economic effect of implementation and payback period of the costs required
for the development and implementation of the proposed wheel. Non-recurring costs include the cost associated with
conducting research and development work, as well as the additional costs required for the manufacture of wheels of
promising design scheme. Findings. In the course of computation and analysis of the economic efficiency from in-
troductions of wheels of promising design concept, carried out on the basis of the initial data for the South-West
railway, it was determined the profit which can be obtained by reducing the following operating costs: cost of re-
turning the wheel flange on wheel sets; cost of fuel and energy resources for train traction; the value of the idle of
cars in the current uncoupling repair; cost of repairs and current maintenance of rail track. In addition, it can be addi-
tionally released a number of cars by reducing their downtime. The calculation of net discounted income is carried
out with the following assumptions: calculation period; estimated increase in the cost of wheel sets with wheels of
promising constructive scheme compared to the model, the values of net profit for the accounting period, which was
calculated by calculating the average value minus the cost of research, development and manufacturing of wheelset
park with wheels of new design scheme. For a given billing period, the calculated value of the net discounted in-
come was obtained and the payback period of the project was determined. Originality. The approaches to the per-
fection of design scheme of wheels, used in running gear of railway vehicles were substantiated. Practical value.
The calculation method proposed in this publication allows evaluating the technical and economic feasibility of us-
ing the wheels of promising design scheme in the running gears of railway vehicles.

Keywords: costs; wheel; evaluation; performance; profit; efficiency
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PRESENTATION OF THE RAIL FREIGHT MARKET’S
CONCENTRATION WITH RESPECT TO THE GAS MARKET
WITH THE HELP OF THE HERFINDAL-HIRSCHMAN INDEX

Purpose. To demonstrate the current level of concentration on the rail freight market and to find a feasible long-
term way for its expansion and progress by exploring and comparing it to another industrial branch well ahead on
the road of concentration. Methodology. To identify an industrial branch being at an appropriate level of concentra-
tion, therefore being suitable for the purpose. To adapt the Herfindahl-Hirschman Index (HHI) for measuring the
level of concentration of the market. Finally, to make a series of comparisons between the levels of concentrations
of the two markets. Findings. In terms of concentration of the market, the liberalisation was more successful in the
gas sector than in the rail freight sector, in Hungary. Therefore, the Hungarian gas sector is to be abandoned for
comparison purposes and another, more suitable should be picked. Figures in the charts and findings of the applica-
tion of the HH Index demonstrate that the liberalisation process in the energetics sector in Estonia has been most
efficient. The methods of the Estonian process may be applicable for reducing the level of concentration on the rail
freight market in Hungary. Originality. Novelty as far as the application of the Herfindahl-Hirschman Index for the
purposes of the investigation is concerned. An innovative approach to analyse the structure of the rail freight market
by a test, which has been unique so far in Hungary. Practical value. By using a mathematical method, a market
suitable for testing can be selected. The results of the analyses can be adopted for the purposes of the rail freight
market.

Keywords: rail; gas; market; liberalization; Herfindahl-Hirschman Index; freight

Introduction

In this paper we point out that compared to oth-
er sectors ahead with the liberalization, the degree
of liberalization of rail freight can be defined.
A possible way to this comparison is the applica-
tion of the Herfindahl-Hirschman Index (hereinaf-
ter HHI). The HHI index shows the concentration
of the market, the lower the value the more liberal-
ized the particular market is. Our study will show
that the liberalization of rail freight cannot be con-
sidered satisfactory. To find a solution to this prob-
lem, the method to be applied is that we examine
the liberalization processes of industries showing
similarities to rail freight with other, specific char-
acteristics [14].

We will select an industry based on some of the
important features, and examine its process of lib-
eralization to receive guidance in the future on how
the liberalization of Hungarian rail freight can be
made. In our article we examine the natural gas
service among the industries, and we will compare
this the rail freight on the basis of the HHI index.

We will introduce the HHI index, its forming’s
mathematical method, and what consequences can
be drawn from it regarding the degree of liberaliza-
tion. Then we will determine the HHI index of the
natural gas industry and the rail freight. Based on
this data we will point out the differences and ten-
dencies in numbers and draw conclusions.

The purpose of research. The Hungarian rail
freight as well as a number of other services should
be liberalized. One reason is that the liberalized
market creates the conditions for that the quality,
the performance and the low price should mean the
competitive edge and not the speculative instru-
ments and the abuse of a dominant market position
[1]. This is the interest of the sector as it contrib-
utes to development, and also the interest of the
consumers as they can enjoy higher value services
with more choice besides a better price-
performance ratio.

Because of all these reasons the European Un-
ion (hereinafter EU) also provides directives for
the liberalization to the legislators. These direc-

doi 10.15802/stp2016/90474

© B. Farkas, 2016

69



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

Hayxka Ta nporpec Tpascrnopty. BicHuk J[HIIPOIETPOBCHKOTO
HaIliOHAJIBHOTO YHIBEPCHUTETY 3aiIi3HHYHOTO Tpancmopty, 2016, Ne 6 (66)

EKOHOMIKA TA VITPABJIIHHA

tives are 91/440/EEC, 95/19/EK, «First Railway
Package» (2001), «Second Railway Package»
(2004), «Third Railway Package» (2007), «Forth
Railway Package» (2013) [4]. These directives
have gradually prescribed the advancing of the lib-
eralization process. The liberalization of Hungarian
rail freight has already begun, but not yet com-
plete. The long-term goal of our research is to find
a solution to the question of how the liberalization
of Hungarian rail freight sector can be continued
[10]. For this we chose the method to examine the
process of liberalization in other industries which
are already ahead of or even been liberalized on an
acceptable level [5].

The method. In this paper we deal with that
how to select the example industry, which industry
should we consider sample to find guidance to the
further liberalization of Hungarian rail freight. For
this in the first round we should find such indus-
tries, which are more similar to rail freight with
regard to characteristics. Such common character-
istics are, for example, that we talk about a service,
which is associated with a physical network, which
network is multi-level depending on how large ar-
ea it covers. If we had found the market with these
characteristics, we would have needed to choose
the most suitable among them. We also judge this
suitability with the degree of liberalization, be-
cause only then we can conclude that the choice
described above is ahead to the liberalization proc-
ess, that is, whether we can draw progressive les-
sons from it? We determined the degree of liberali-
zation by using HHI. In this paper we are moving
forward in the above-described steps.

Choosing the appropriate industry. The service
sector similarly networked as rail, the other infra-
structure sectors, namely drinking water supply,
natural gas supply, district heating and electricity
services [8]. There is no nationwide network of
district heating, but only local, so we can ignore
this sector. The remaining three has national and
international level as well. Among them the natural
gas service has both regional and national, and also
international level, so we find this sector suitable
for further analysis, which determines the degree
of liberalization by using HHI [2].

Presentation of Herfindahl-Hirschman Index
(HHI). The Herfindahl-Hirschman Index shows
how concentrated a particular market is, that is

how well its shares are distributed among the par-
ticipants [3]. The more even the share of the mar-
ket participants is, the smaller the HHI is, and in
case if less participants have more shares, then the
HHI will be higher. Its forming is done by the sum
of squares of the market operator’s shares:

HHI =Zn:ri2,
i=1

where n — the number of market operators; r, —
the share of i operator.

Its value is between % and 1, or it is also usu-

al to substitute r, with the number value of per-

centages, then the upper threshold is 10000, this is
more expressive.

We distinguish three levels of classification of
the markets’ concentration based on the HHI:

According to the US classification:

— Non-concentrated market: HHI below 1 500

— Less concentrated market: HHI between
1 500 and 2 500

— Highly concentrated market: HHI above
2 500

According to the Hungarian classification:

— HHI below 1 000 — non-concentrated market

— HHI between 1 000 and 1 800 — less concen-
trated market

HHI above 1800 — highly concentrated market
[12].

Presentation of the calculation and its results.
In the following diagrams (see Fig. 1, Fig. 2,
Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, and Fig. 8) we
can see the companies’ market share of the natural
gas service and the rail freight market. In the fol-
lowing diagrams the letters are the names of the
rail freight market actors in Hungary (A, B, C, ...).
The figures show the percentage share calculated
in freight ton-km basis. After the graphics present-
ing the certain years, in summary we will illustrate
the evolution of HHI in terms of rail freight and
natural gas service, in the period from 2010 and
2015.
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The proportion of the Hungarian rail freight market in 2010
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Fig. 1. The proportion of the Hungarian rail freight market in 2010
Source: own work (National Transport Authority)

The proportion of the Hungarian rail freight market in 2011
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Fig. 2. The proportion of the Hungarian rail freight market in 2011
Source: own work (National Transport Authority)
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The proportion of the Hungarian rail freight market in 2012
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Fig. 3. The proportion of the Hungarian rail freight market in 2012
Source: own work (National Transport Authority)

The proportion of the Hungarian rail freight market in 2013
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Fig. 4. The proportion of the Hungarian rail freight market in 2013
Source: own work (National Transport Authority)
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The proportion of the Hungarian rail freight market in 2014
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Fig. 5. The proportion of the Hungarian rail freight market in 2014
Source: own work (National Transport Authority)

The proportion of the Hungarian rail freight market in 2015
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Fig. 6. The proportion of the Hungarian rail freight market in 2015
Source: own work (National Transport Authority)
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Fig. 7. The HHI indexes of the Hungarian rail freight from 2010 to 2015 broken down by years
Source: own work (National Transport Authority)

ESTIMATED HHI INDEX PER EU MS AT UPSTREAM
SOURCING COMPANIES’ LEVEL 2011-2015
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Fig. 8. The HHI index of the European countries’ gas trade and market in 2011 and in 2015
Source: ACER calculations based on Eurostat and Eurostat Comext, BP Statistical Report, Frontier Consultancy
desktop research for GTM 2014 and NRAs data. (See annex 1 for methodology clarification)
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Rail freight. The HHI index of rail freight fluc-
tuated between 4500 and 7000 in the period from
2010 to 2015 (Chart 1-6), showed a clear decrease
until 2013 and then began to rise (Chart 5). With
these HHI indexes, unfortunately, the rail freight
market is in the «highly concentrated» category.
This is because the share of one of the market op-
erators is overwhelming, this company’s share af-
fected the tendencies the most. From this it is visi-
ble that the circle of market operators has steadily
expanded, this has not significantly improved the
concentration of the market since new entrants
hold only a small share of the market. The liberali-
zation process is not satisfactory, the market com-
petition’s conditions of fair, quality and perform-
ance based, serving the interest of the consumers in
the long run are not met.

Natural gas service. From Chart 9 can be con-
cluded that Hungary had the largest increase in
market concentration from all EU Member States
[13]. In Estonia, however, it shows that it came
back nearly 50% from the highest concentration
[6]. This is because of the good differentiation, the
choice of good product range and good economic
decisions [9, 15].

Conclusions

All these show that the liberalization of Hun-
garian rail freight still intends to continue. The
structure of the market is required to be homoge-
nized to comply with European Union directives
and to make passible the development of a healthy
market competition bearing in mind the interest of
consumers. As a result of our research we can see
that the liberalization efforts have not been suffi-
ciently successful in the natural gas supply market
[7]. By taking into account this and the previous
considerations, it can be said that it is not worth-
while examine how the liberalization of this indus-
try has been implemented in Hungary. Instead, we
must seek for another, more suitable example of
industry hereinafter. Or further studies would be
necessary in the energy liberalization of Estonia,
because as the above figure shows, Estonia could
reduce its market concentration very well. As an-
other direction of our research, we will examine
the gas industry market and position of Estonia.
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MPE3EHTALISI KOHIEHTPALII BAHTAKHOI'O
3AJIIBHUYHOI'O PUHKY LIOJ0 F'A30BOI'O PUHKY
3A JIOIOMOT OIO IHJIEKCY XEP®IHJIAJIS-XIPHIMAHA

Merta. /laHa cTarTst Mae 3a METy IPOJEMOHCTPYBATH NOTOYHUI PiBEHb KOHIEHTpALii pUHKY 3aJi3HHYHUX BaH-
T@XKHUX TEPEBE3CHb Ta 3HAWUTH AOIIBHUM MOCTIHHUN CIOCiO WOro PO3MIMPEHHS 1 MPOCYBaHHS, JOCIIIKYHOUYU
1 MOPIBHIOKOYH HOTO 3 IHIIMMH MPOMHUCIIOBUMH TaTy3sIMH, SIKI JOCSTIIM 3HAYHUX YCHIXiB HA LUIAXY 10 KOHLEHTpALil
punky. Metoauka. Y po6oti HeoOXifHO: 1) BU3HAYHUTH MPOMHUCIOBY Tany3b, IO 3HAXOAUTHCS HA BiANOBITHOMY
PiBHI KOHIIEHTpALIiT, 1, OTXKe, MPUIATHY s 1€l METH; 2) aanTyBaTH iHJeKc KoHIeHTpaiil Xepdinmans-Xipimana
(IXX) mst BUMIprOBaHHS PiBHS KOHIIEHTpAIll PUHKY; 3) 3pOOWTH, HApeNITi, Psi MOPIBHAHL PiBHIB KOHIIEHTpPAITii
IBOX pUHKIB. Pe3yabTaTu. 3 TOUKH 30py KOHIICHTpAILii pUHKY B YTOPIIHHI JiOepamizamis Oyina OUTbII yCITIITHOO
B ra30Biif rary3i, HK B rary3i 3ali3HHYHUX BaHTKHUX MEpeBe3eHb. TOMY yrOpChKy Ta30BY Taily3b CIIil BUKITIOUH-
TH 3 TIOPIBHSAHHS Ta BUOpaTH iHIIy, OimeII BigmoBigHy. L{udpwu, HaBexeHi B TaOIUIAX, 1 pe3ylbTaTH 3aCTOCYBAaHHS
IXX cBiguaTth mpo Te, 1m0 mporiec Jibepaiizarii y ramysi eHepretuku Ectonii Oy HaiOunem edexTuBHEM. J[s
3HIDKCHHS PiBHS KOHIICHTpAIlil HA PUHKY BaHTAKHUX 3aJi3HHYHUX [IEPEBE3CHb B YTOPIIUHI MOXYTh OYTH 3aCTOCO-
BaHi MeToju Jyibepanmizanii Ectonii. HaykoBa HOBH3HA. Y CTaTTi BOEpIE PO3TJIIAETHCSA 3aCTOCYBAHHS 1HIEKCY
Xepo¢inpana-Xipmmana Juisi METH JOCITIDKEHHsI. BUKOPUCTOBYEThCS IHHOBALIHUI MiAXiA O aHali3y CTPYKTYpH
PHHKY 3aJi3HMYHUX BaHTKHHUX IEPEBE3CHb 3a JONOMOTOI0 TECTy, SIKUH J0ci OyB YHIKaJbHUM JUIsi YTOPIIMHH.
IMpakTHyHa 3HaYMMicTh. 3 BUKOPUCTAHHSM MaTeMaTHYHOTO METOJIy MOXKHA BUOpATH BiANIOBITHUHN JJIsl TECTYBaH-
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HSl pUHOK. Pe3ynbratu aHaii3iB MOXKYyTh BUKOPHCTOBYBATHCS JUIsl LJICH PUHKY 3aJli3HUYHMX BAaHTXKHHUX IHepeBe-
3CHB.
Kniouosi crosa: 3anmizHuns; ra3;, puHOK; mibepamnizarmis; iHaexc Xepdingams-XipMaHa, BaHTaKOIEPEBE3CHHS

B. DAPKACY

I

Kag¢. «TparcnopTHOE MaIMHOCTPOEHNE U aBTOMOOHMIIECTPOCHUE», By manemTckuii yHUBEepCHTET
TexXHOJIOrHil U skoHOoMuKH, Miiegyetem rkp., 3, Bynanemr , Benrpus, H-1111, ten. +36 1 (463) 10 51,
s mouta farkas.balint@mail.bme.hu, ORCID 0000-0001-5388-9905

NMPEZEHTALIMA KOHIHEHTPALIMU I'PY30BOI'O
KEJE3HOAOPOKHOI'O PBIHKA B OTHOIIEHUH I'A30BOI'O
PBIHKA C IOMOIbIO NTHAEKCA XEPOUHIAJISA-XUPIIIMAHA

Henasb. /lanHas cTaThsd UMEET CBOEH LENBIO MTPOAEMOHCTPHPOBATh TEKYIIUN YPOBEHb KOHLEHTPALIMY PBIHKA XKe-
JIE3HOJIOPOKHBIX TPY30BBIX IE€PEBO30K M HAWTH 1enecooOpa3HbIil IOCTOSHHBIA CHOCOO €ro pacIIMpeHus
U TIPOJBMIKEHMS, UCCIEys U CPABHUBAS €r0 C APYTUMH IPOMBIIIIEHHBIMU OTPACIISIMHU, KOTOPBIE JOCTHIIIN 3HAYH-
TEJIBHBIX YCIIEXOB Ha MyTH K KOHIEHTpauuu peiHka. MeToauka. B paGore HeoO6xomumo: 1) onpeneianTs mpOMBIII-
JIEHHYIO OTpacilb, HaXOSLIYIOCS HA COOTBETCTBYIOLEM YPOBHE KOHLEHTPALUH, U, CIEA0BATEIbHO, IPUTOJHYIO UL
9TOM 1eNH; 2) aJanTUpOBaTh HHIACKC KOoHIeHTpaimn Xephunaans-Xupmmana (UXX) st usmepeHus ypoBHs KOH-
[EHTPAIK PBIHKA; 3) Clenarh, HAKOHEIl, Psi CPABHEHHH YpOBHEH KOHIICHTpALUi JBYX PHIHKOB. Pe3yabTarthl.
C TOYKM 3peHHsI KOHLEHTPAlMX pbIHKa B BeHrpuu nmbepanm3zanus Obuta OoJiee yCIenHoOM B ra30Boi 0Tpaciu, 4eM
B OTPACIIH JKEIE3HOAOPOXKHBIX IPY30BBIX MepPeBO30K. [103TOMy BEHIepCKyIO ra30BYI0 OTPACHb CIEAYET UCKIIOUUTH
W3 CPaBHEHUS U BBIOpATh Opyrylo, 6onee moaxoasamtyro. Lndpsel, npuBeneHHbIe B TAOIMLAX, U PE3yIbTAaThl PUME-
HeHust XX cBUAETENbCTBYIOT O TOM, YTO MPOLECC JTUOCPaIN3alliK B OTPACIH SHEPTETHKA JCTOHNH ObLT Hanbosee
¢ dekTuBHBIM. JIIIs1 CHI)KEHNSI yPOBHS KOHIIGHTPAMU HA PBIHKE IPY30BBIX JKEJIE3HOMOPOXKHBIX IIEPEBO30K B BeHr-
puM MOTYT OBITH IPUMEHEHBI METObI TuOepanu3anuu Dcronun. HayyHas HoBu3Ha. B craThe BepBbie paccmart-
puBaeTcs MpUMEHeHHe MHAekca XephuHaans-XupmmMana s 1eneil ucciaenopanus. Mcmons3yeTcs HHHOBAITMOH-
HBII TIOJXOJ K aHAIU3y CTPYKTYPBI PBIHKA KEJIE3HOJOPOXKHBIX I'PY30BBbIX IEPEBO30K C MOMOLIBIO TECTA, KOTOPBIH
JI0 cuXx 1op Obul YHHKanbHbIM it Benrpuu. IlpakTndeckas 3naunmocTb. C HUCMONB30BaHHEM MaTEMaTHUECKOTO
METO]1a MOYKHO BBIOPATh MOJXOSIINH AJIsl TECTUPOBAaHKS PHIHOK. Pe3ysbraThl aHaIM30B MOTYT HCHOJIB30BATHCS IS
LieJIeH PhIHKA JKEJIE3HOJOPOKHBIX I'PY30BBIX IIEPEBO3OK.

Kniouegvie cnoea: xene3Has 1opora; ra3; pelHOK; JmOepanu3anus; UHIeKe XephuHaais-XupiMaHa; rpy3ore-
PEBO3KU
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HHPOI'HO3YBAHHS OIIHKU XAPAKTEPUCTHUK
HOBUX TPAHCIIOPTHHUX 3ACOBIB

Meta. HaykoBa po0GoTa Mae 3a MeTy IPOrHO3YBaHHS OLIIHKM XapaKTEPUCTUK TATOBHUX 1 HETSATOBUX TPAHCIIOPT-
HUX 3ac00iB, sKi OyTyTh 33JOBOJIHATH ¥ BiAMOBIIaTH MOTpeOaM Ta BUMOTaM 3ali3HUYHOI Taiy3i, 10 MOCTIIHO po-
3BUBa€THCS. MeToanKa. AHalli3 TEXHIYHOTO CTaHy iCHYHOYOro MapKy pyXOMOIo CKJIaay (TSArOBOTO Ta HETATOBOTO)
3aJi3HMIb YKpalHU CBIIYMTH PO HOro 3HaYHE CKOPOYEHHS, SKE BiJOYBAETHCS y 3B’SA3KY 3 MOPAIBHUM 1 Qi3MYHAM
3HOCOM, a TaKOX HEJOCTaTHIM Ta OOMEXEHHMM NpPUIOaHHSAM HOBHX OJMHHIb TSATOBOIO M HETATOBOI'O PYXOMOTO
CKJIamy B MOTPiOHIN KiNBKOCTi. B cuTyarii, sika ckianacsi, BHHUKAE HEOOXIIHICTH MOITYKY METOIWK BHU3HAUCHHS
TEXHIYHUX XapaKTePUCTUK PyXOMOro ckiamy. OJHUM i3 TaKUX aKkTyaJbHHX Ta ¢()CKTUBHUX 3aXOIIB € IPOBEICHHS
MIPOTHO3YBaHHS BU3HAYAIOUNX XapaKTEPUCTHK TPAHCIIOPTHHUX 3ac00iB Ha MIACTaBi MPOIECIB iX BiATBOPEHHS B yMO-
BaX OOMEXEHHX PECypCiB i3 BUKOPHCTaHHIM Oe3nepepBHOI eKcroHeHianbHol GyHKIii. Ha ocHOBI ¢yHKIiT mBUa-
KOCTi MPUPOCTY MipH MPOTHO30BAHOTO MOKA3HHWKA TPAHCIOPTHOTO 3aC00y BH3HAYAETHCA JIOTICTUYHA XapaKTepHC-
THKa, SIKa IPU HEOOMEKEHUX pecypcax Mae BUTJISAI €KCIIOHEHTH, a MPH MaliuX — rnpsmMoi. Pe3yabTaTu. 3a 3anporio-
HOBAHOI0 MCTOJMKOIO, BHXOJS4M 3 OTPUMAHHX JaHHX, BU3HAYCHO O4iKyBaHy (epcrextuBHy) Benmuuny &;. Lle

BIJIHOILICHHS BAHTAXOIITHOMHOCTI 0 00’ €My Ky30Ba Ul HETATOBOTO PyXOMOTo ckiiany (HamiBBaroHiB) Ta MacH A0
MOTY>KHOCTI — JUIsL TATOBOT'O PYXOMOTO CKJIa[y, [0 BU3HAYAIOTh CTYIIIHb JOCTOBIPHOCTI IPOTHO3Y Ta CEPeIHbOKBA-
JpaTUYHy TTOXHOKY IPOTrHO3y. BOHM MOKa3yl0Th BUCOKY TOYHICTh MPOTHO3Y 32 BUKOHAHOKO METOJHUKON. B pe3yib-
TaTi 11e JO3BOJIUTH OI[IHIOBATH 3 BUCOKOIO JOCTOBIPHICTIO HEOOXITHI XapaKTEPUCTHKH TPAHCIOPTHUX 3aC00IB y MPo-
rHO30BaHOMY poui. HaykoBa HOBM3HA. ABTOpaMH 3alpONIOHOBAaHA KOHIIETIIIS POTHO3YBAHHSA OI[IHKH XapaKTepH-
CTHK TPAHCIOPTHHX 3ac00iB JJIS MPUHHATTS pillleHb MO0 iX nepcrnekTuBHOCTI. IIpakTHyHa 3HaYuMicTh. Meto-
JIMKa MPOTHO3YBAaHHS JIO3BOJIUTH JIOCTOBIPHO BM3HAUWTH TEXHIUHI ITOKa3HMKU TATOBOTO Ta HETSATOBOTO PYyXOMOTO
CKJIaay, sIKi 3a/I0BOJIbHATUMYTh Cy4YaCHUM BHMOTaM 3aJi3HUYHUX MEPEBE3CHB, Y TOMY YHCII Ha CTaii MPOEKTyBaH-
Hs Ta NP BUKOHAHHI MOJIEpHi3allii ICHYIOYHX TPaHCIIOPTHUX 3aCO0IB.
Kniouosi crosa: TpaHCTIOPTHI 3aC00M; TEXHIUHI XapaKTEPUCTUKN TPAHCIIOPTHUX 3aCO01B; PECypCH IiIPHEMCTB

Beryn raiy3eil rocroaapcTea. B yMoBax 3HOIIEHOCTI OC-
HOBHHMX (OHJIB 1 HEOOXIAHOCTI MPUIHSTTS BUBAa-
KEHUX PIMIeHB MO0 TOJANBIIOT0 PO3BUTKY 1 (Pi-
HAHCYBaHHS Trally3i IMOCTAIOTh 3aBAaHHS IIOJO 3a-

Iepen 3ami3HUYHUM TPAHCIOPTOM MOCTABICHI
CKJIaJHI 3amadi mono 3ade3nedeHHs CTaOLIBHOCTI
MEPEBE3CHh HACEJICHHS Ta BaHTAXIB JUISl PI3HUX
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Oe3ITeueHHsT OHOBJICHHS TPAHCIIOPTHUX 3aco0iB 3
ypaxyBaHHSM HaOyTOro VCIIIIHOTO IOCBimy ix
BUKOPUCTaHHs 1 3a0e3neueHHs iX ONTHMalIbHUX
XapakTepucTUK. Bce 16 BU3HAYAE aKTYalbHICTh
pO3B’s3aHHS 3a7a4 MPOTHO3YBAHHS OITIHOK Xapak-
TEPUCTHK TPAHCIIOPTHHX 3aCO0iB.

Meta

B ymoBax pedopMyBaHHS 3aTi3HUIHOI Tary3i
Tpeba BUPILIIMTH MUTAHHS OO0 BUOOPY TEXHOJIO-
rii yTpuMaHHS TPaHCIIOPTHHUX 3acO0iB 3 OZHOTO
00Ky, a 3 iHImoro — Tpeda BU3HAYMUTHUCH, AKi Biac-
TUBOCTI MOBHHHI MaTH HOBi TPaHCHOPTHI 3aco0u.
Sk mokasye OOCBiA HU3KU KpaiH, B OCHOBY CTBO-
PEHHSI TPAHCMOPTHHUX 3ac00iB Tpeda MOKIACTH JI0-
rictmaHi migxomu. lle HagacTh MOKIIMBICTH IS
CTBOPEHHSI aJalTOBAHOIO IiJi KOHKPETHI 3ajaadi
KOpHUCTyBaua ab0 OpeHJaTopa TPaHCIOPTHOIO 3a-
co0y.

Po3B’s13aHHA mUX 3a7ad HEMOXIIHBO 0e3 ypa-
XYBaHHs IOTIEPEeIHBOTO JOCBiAYy Ha OCHOBI NPHH-
[UMIB TEPCIEeKTUBHOCTI, 3aKiHUYEHOCTI, e(eKTUB-
HOCTI 1 CHCTEMHOCTI.

3 HayKOBOi TOYKH 30py i€ BU3HAYAE PO3POOKY
MaTeMAaTHYHUX MiAXOMIB sl TMPUHHATTA pillleHb
II0/10 OLIHKU XapaKTepUCTUK TPAHCHOPTHUX 3aCO-
0iB.

MeTtoauka

MogentoBaHHS TIPOIIECIB PO3BUTKY TEXHITHHUX
3ac00iB € CkIagHOI0 3amaueto. OpHaK JesKi pe-
3yJIBTaTl MOXYTh OyTH OTPHMAaHI IUIAXOM aHaJi3y
3arajibHUX 3aKOHOMIPHOCTEH 1X pO3BHUTKY [2, 4].

Po3srnsiHeMo mpouec BiATBOPEHHS TPaHCIOPT-
HUX 3aco0iB B YMOBax OOMEKEHHX PEeCypciB.
B npomy Bumaaky iHOMI IPUHMAIOTh, IO

d
_a =a 1_§ él
dt k
TOOTO IIBUAKICTH MPUPOCTY 301TBIIYETHCS MPOTIO-
PUitHO KITBKOCTI CTBOPEHHMX TPAHCHOPTHHX 3aCO-

0iB Ta 3MEHIIIYETKLCS IO Mipi BUUEPIaHHS PECypCiB
TpaHCIIOpTHUX 3aco0iB. TyT & — Mipa CTBOpPEHOTO;

@)

a ta k — xoedinieHTn.
Iarerpyroun piBasuus (1), orpumyemo

11 1 1

S-Z=| === exp [Falt-t)] (@

IIpuitmaemo 3a mouaTok Bimiky t=t,=0, Toxi

11 1 1
2o 22 exp (-at) 3)
& k \&
k
&= " :
1+ —-1] exp (-at)
So
IMoznaumBmmm b=| —-1|, orpumaemo pis-

0
HSTHHSA JIOTICTUYHOI KpUBO1 y KaHOHIYHIH (hopmi
k

5= 1+b exp (-at)’

(4)

BigMitumo, 1o 1€ piBHSHHS MOXKHA 3aIlMCaTH
1 B TAKOMY BUTJISII

£=A [1+th (a, +bt)]. (5)

HiiicHo, migcTaBisioun 3HaueHus th, otpumye-
MO

L, X0 (3, +bt) —exp (-a,-b)]_
exp (2, +bit) +exp (-2, -by)

B 2A
~1+exp (-2a,-2bt)’

a nosmaumum 2A=Kk, exp(-2a,)=b, 2b =a,

E=A

(6)

OTPUMYEMO piBHSIHHS (4).

B Tomy Bumazky, b>>1  Tob6ro

SIKIIIO

L >>2 abo i<<£, o ¢Gi3MYHO O03HAYAE Ma-
2 k 2
JUHA CTYMiHb BHKOPUCTAHHS 3aralbHUX PeCypciB
(pecypcu HeOOMEKEHI), OTPUMYEMO €KCITOHEHITia-
JIbHY 3aJICKHICTD
k

E_,zB exp (at)~&, exp (at). (7)

A mpu Manux at (oomexeHi pecypcu), mo ¢i-

3WYHO O3HAYa€ BIAXWJICHHS BiJ BHUXITHOTO CTaHy,
OTPUMYEMO JIHIHHY 3aJIeKHICTD

Ex&, (1+at):éo +&qat. (8)

OTxe mpoliec, aHAIOTIYHUN MPOLECY PO3IIUpe-
HOTO BiZITBOPEHHSI B yMOBaX OOMEXKEHHX PeCcypciB,
OIHCYEThCS JIOTICTUYHOK KPHUBOK ((DYHKIIEW Ti-
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mepOOJIiYHOrO TAaHTEHCY), TPH HEOOMEXKEHHX pe-
cypcax — eKCIIOHEHTOI0, a MPU MaJIUX — IPSIMOIO.

[IporHo3yBaHHsI BU3HAYATBHUX XaPAKTCPUCTUK
TEXHIYHUX TMPHUCTPOIB MOXE BUKOHYBAaTUCH 3 BH-
KOPUCTaHHAM SK HEMIEPEPBHUX, TaK 1 CTYIMHYATHX
GyHKITIH.

PosrnsHeMo mepmuii BUMIaAo0K, KO siK Oe3rie-
pepBHi (QyHKIIIT MOKHA BUKOPUCTOBYBATH TakKi 3a-
JIEKHOCTI:

— nminiiiny §=a+bt; (9)

— excnoHeHuianbHy & =¢, exp (bt); (10)

— rinepbomniuny £ = A [1+th (a+ bt)]. (11)

Hexaii € inpopmaris npo 3MiHy JesIKMX BU3HA-
JalOuuX XapakTepUCTHK & y daci, I[0 IMojaHa

y ¢opmi cykymHocti N Touok &, t, &,,
t, ..., &y, ty-
VY BUMaAKy MiHIAHOT QyHKIIT
&=a-+bx, (12)
ne
1 N
X=t—-=>"t; (13)
N =
1 N
a=t-—>§; (14)
N5
N
Zéixi
b=- (15)

P
N

IR

[Momunka &, Bu3Ha4YaeTbes 3 piBHsHHSA (12)

o 1 2 N 2
Gé:— T NXx +in ,

\/ﬁ Z Xi2 i=1

€ G — CepeAHbOKBAIPATUYHE BiJXWUIICHHS BEJH-
yuH &; BiJ 3arajabHOi TEHAEHLIi PO3BHUTKY, SKY

(16)

HaOIMKEHO MOKHA BU3HAYUTH 32 (OPMYIIOI0

o< |13 (g -a-bx).

NI (17)

VY BUNAAKY €KCIIOHEHITIANhHOI (YHKITIT MOXKHA
3aCTOCYBaTH TaKU{ HAOIMIKEHUN METO

g=g, exp (bt). (18)

3Bincu
INg=Ing, +Dt. (29)
IToznaunmo
Ing=y, (20)
Ing, =a. (21)

[epeiinemo Temep Big t 70 HOBOi 3MIHHOI X

N
3a yMOBH, 1[0 ZXi =0, ne X; — HasBHI OPJUHATH.
i=1
Ou4eBHUIHO, 110

N
x=t—%2ti.

i=1

(22)

Tomi

y=a+bx (23)

3a HasBHOIO iH(pOpPMAIlIEI0 MOXXHA BHpaxXyBaTH
Y; Ta X;, BUSHAYUTH a Ta D MeTOZ0M HallMEHIINX

KBaJpaTiB IS JNiHIAHOT QyHKIIT

N
in Yi
_im

— =l i
a= , b="5

N quz

i=1

(24)

[ToxuOky BuximHoi iH(popmauii G HaOIMKEHO
MOYKHA OOYMCIINTH, BUXOISIYN 3 BIAXWIEHBb HOCIIi-
JHHUX TOYOK BiJl pO3paxyHKOBUX

N
Z(yi —a—bx)?
i=1

N -1 '

o=

PesyabTaTtu

3a mpHUBENEHOI0 METOIMKOK BHKOHAEMO PO3-
paxyHKH &; JUIS HETATOBOT'O Ta TATOBOTO PYXOMO-
ro ckiany. B tabn. 1 HaBemeHi XapaKTEPHUCTHKH
3MIHEHHS 3 YacoM t; BIAHOILIEHHS BAHTAXOIIIH0OM-
HOCTI 10 00’€eMy Ky30Ba HamiBBaroHis &; (rpagu

1, 2, 3 mo 15 Baronax (N=15)) ta macu 10 OTYX-
HOCTI JUIS TSTOBOTO PyXOMOIO CKIamy & (rpacdhm

1, 2, 3 no 12 nokomotuBax (N=10)). Buxomsuu
3 BKa3aHUX JaHUX, BU3HAYCHO OUYIKyBaHy BEJHYH-
HY BIJHOIICHHS BAaHTaXOIJHOMHOCTI 10 00’eMy
Ky30Ba &; Ul HaNiBBArOHIB Ta MOTYXKHOCTI 10
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Macu &; Ui TAroBoro pyxomoro ckiagy B 2016

pOTIi i CTYIIIHE JOCTOBIPHOCTI MPOTHO3Y .

BukopuctoBytoun ¢opmyay (20), mocmizoBHo
PO3PAXOBAHO y;, X; Xyi X Jlami po3paxoByemo a
ta b 3a popmysnamu (24)

b, = 3,953 _ -0,0019.
1917

— TS TATOBOTO PyXOMOTO CKJIany:

37,22

— JIJIsl HETATOBOT'O PYXOMOTO CKIIay: @ 10 3722,
a, =M=—0,0608. :ﬂ:_oy()()()l?.
2192
Tabnuns 1
Pe3ysbTaTH BUKOHAHUX PO3PAXyHKIB
Table 1
Results of the calculations
JI1g HETSAroBOro pyXoMOro CKiaxy
Mogens & f Yi X XY, X7 (y; —a—bx;)?
BaroHa
1 2 3 4 5 6 7 8

12-726-05 0,9091 1969 -0,0953 -20 1,9062 400 0,001647
12-532-80 0,9452 1973 -0,0564 -16 0,9016 256 0,000239
12-1000-01 0,8904 1977 -0,1161 -12 1,3929 144 0,00074
12-1000 0,9452 1979 -0,0564 -10 0,5635 100 0,001685
12-753 0,9324 1983 -0,07 -6 0,4198 36 0,001982
12-119-02 0,7841 1985 -0,2432 -4 0,9729 16 0,014453
12-127 0,9211 1989 -0,0822 0 0 0 0,003346
12-764 0,9459 1990 -0,0556 1 -0,0556 1 0,007882
12-132 0,7898 1992 -0,236 3 -0,708 9 0,00691
12-127 0,9211 1989 -0,0822 0 0 0 0,003346
12-764 0,9459 1990 -0,0556 1 -0,0556 1 0,007882
12-132 0,7898 1992 -0,236 3 -0,708 9 0,00691
12-1295 0,8523 1995 -0,1598 6 -0,9591 36 0,000034
12-295H 0,8485 1996 -0,1643 7 -1,1501 49 0,000032
12-791 0,875 1999 -0,1335 10 -1,3353 100 0,002423
12-132-03 0,7898 2004 -0,236 15 -3,5402 225 0,001019
12-1592 0,8612 2005 -0,1494 16 -2,39 256 0,003479
12-7023 0,7811 2006 -0,247 17 -4,1996 289 0,001184
> - 29 842 -2,1012 - -8,181 1917 0,047054
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3akiHuyeHHs Tabx. 1

End of table 1

JU71st TATOBOTO PYyXOMOTO CKITamy

Monens TemioBo3a & t; Y; X; XY Xiz (y, —a—bx )2

1 2 3 4 5 6 7 8
TI'100 53,3 1959 3,99 -17 -67,80 289 0,06951
Tr101 46 1960 3,84 -16 -61,45 256 0,01347
TIr102 41 1964 3,72 -12 -44.,70 144 0,00000
TT'106 33,5 1964 3,52 -12 -42,27 144 0,04052
TE109 40 1969 3,70 -7 -25,90 49 0,00051
T2120 33 1976 3,51 0 0,00 0 0,04592
2TE137 37,5 1985 3,64 9 32,72 81 0,00714
2TE126 63 1987 4,16 11 45,71 121 0,19029
2TE116VYI1 38,6 1994 3,66 18 65,96 324 0,00291
TEII 150 32 2004 3,48 28 97,34 784 0,05774
Y - 19 762 37,22 - -0,38 2192 0,42802

3a dopmyoro (25), micas momnepeaHix pospa-
XyHKIB B rpagi 8 orpumano o, , o,

!

G, = _0,047054 =0,05797;
V. 151

o = 242892 _4 02378,
10-1

JIiss BH3HAUYCHHS OYiKyBaHOI BENUYMHH
B MOTpPiOHOMY poui Ha ocHOBi popmyn (20), (23)
Ta (22) 3amumemo

&= exp{a+b[t—%2ti H

3BIIKM U1l HETATOBOTO Ta TATOBOTO PYXOMOTO
ckinany Ha 2016 p.

¢, =exp[ -0,1401-0,0043(2016 - 29842/15) | =

=0,776 t/m*:
&, =exp {3, 722 — (-0, 00017)(2016 —%ﬂ =

=41,0417 xr/x.c.

BpaxoByiount, mo C =1, —timn/2, po3paxo-
BYEMO CEPEIHBOKBAPATHYHY TIOMUJIKY MPOTHO3Y

1
t_ﬁzti

= 1+3 ,
TN c
2
2016 22842
o - 0,05797 143 15
N T 2006 —1969
2
=0,0394 1/m°%;
19762 \?
L 00378 | T
w10 2004-1959 |
2

=0,024699 «kr/k.c.

OCKINIBKH pe3yNbTaTH CTaTHUCTHYHOTO MPOTHO-
3yBaHHS BiIPI3HSIOTHCS HE3HAYHO Bifl Pe3yNbTaTiB
EBPUCTHYHOTO NMPOTHO3YBAaHHS, MOKHA IIPHITYCTH-
TH, 0 B PO3MVITHYTOMY NPOMDKKY Yacy CTpHOKIB
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He Tmepembavaerbes. Tomi MOXKHA BHUKOPHUCTATH
00u/IBa METOIU Ta MOBTOPUTH PO3PaXyHKH, BKIIIO-
YMBIIM HOBI HAIIBBArOHM Ta OM3€JI, IO BCTAHOB-
JIOIOTHCS Ha MOJIepHi3oBaHi JokomotuBn YMESI],
Caterpillar 3512B DITA, sk m0JaTKoOBi TOUYKH
(N=16) Ta (N=11) BiamoBigHo.

Yepes Te, M0 MOPSIOK PO3PAXyHKIB B LOMY
BUIAJKY TaKHi )K€, K 1 B IOMEPEIHLOMY, HaBee-
MO pe3yJIbTaTH PO3PaXyHKY

g =0,7998 1/m®, o, =0,0176 1/n°;
g =42,775 r/x.c. o, =0,001862 xr/k.c,

TOOTO MaTeMaTH4HE O'—IiKYBaHHSI BCIIMYMHHU, sKa
MMPOrHO3YETHCH, 3MIHIOETELCS €1a00.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYMMICTDL

3anpornoHoBaHa METOJMKA MPOrHO3yBaHHS JI0-
3BOJIUTH JOCTOBIPHO BHU3HAYUTH TEXHIYHI IMOKa3-
HAKH PYXOMOTO CKIIamay, SKi 3aJ0BOJBHATHMYTH
CyYyaCHMM BHMOTaM 3aJli3HUYHUX IICPEBE3CHb,
y TOMY YHCIi Ha CTaJil IPOCKTYBaHHS Ta MPH BU-
KOHaHHI MOJIepHi3amii ICHYIOUMX TpPaHCIOPTHHUX
3aco0iB.

BucnoBxu

1 Ha mincraBi mpeacTaBieHOi METOIUKH MOX-
Ha KOHCTATyBaTH, IO NMPOTHO3YBaHHS OI[IHKH Xa-
PaKTEPUCTUK TPAHCIIOPTHUX 3aCO0IB JTO3BOJISIE BH-
3HAYaTH O4YIKyBaHy BEJIMYUHY &, 3 BHCOKOIO TOY-

HICTIO CTYTICHSI JOCTOBIPHOCTI ITPOTHO3Y Ta HE3HA-
YHOIO CEPEIHBOKBAIPATUIHOIO TOMUIIKOIO.

2 Ilpouec, 1m0 aHANOTIYHUN MpPOILECY PO3ILU-
PEHOTO BiATBOPEHHS B YMOBaX 0OMEKEHUX pecyp-
CiB, OMUCYETHCS JIOTICTHYHOIO KPUBOKO (PYHKITIERO
rinepOoJIiYHOTO TAaHTEHCY), INPH HEOOMEKEHUX
pecypcax — €KCIOHEHTOI, a MpU Majux — Mps-
MOIO.

[IporHo3yBaHHsI BU3HAYAIBHUX XaPaKTEPUCTHK
TEXHIYHUX MPHUCTPOIB MOXKE BUKOHYBATHCS 3 BU-
KOPHUCTaHHIM SK HEMEPEepPBHUX, TaK 1 CTYMHYATHX
GYHKITIH.

3 JIns HeTArOBOro pyXOMOTo cKiaay 0e3 iHHO-
BalllMHUX MIIXOXIB HNOKA HE BIOAETHCI IOOUTHCSH
36uIbIIeHHS &; =Q / V, ToOTO MpuBeAEHOI Baru J0

00’emy HamiBBarona. Lle mae migcrtaBy CTBEpIKY-
BaTH MPO HEOOXIJAHICTH 3aXOJiB B I[bOMY HampsM-

KY.

4 CTOCOBHO TATOBOTO PYyXOMOT'O CKJIJy MOX-
Ha 3pOOHUTH BHCHOBOK, IIO TOYHICTH PO3pPaxyHKiB
3HAXOAUTHCSA Ha JOCTATHBO BEJIIMKOMY PiBHI, TOMY
o Hampukiaf, nounHatouu 3 2014 poky Ha 3ai3-
Hungx  KaszaxcraHy eKCIUTyaTyeTbCs —TEIUIOBO3
TE33A (Evolution ES44ACi) — BanTaxHUil Temn-
JOBO3 3 ACHHXPOHHUM TSATOBHM IIPHUBOJOM, IO
BHITYCKA€THCS JIOKOMOTHBOOYAiBHUM 3aBogoM AT
«Jlokomorus Kypactupy 3ayutu» B Acrai, &;

SAKOIro cniBna):[ae 3 PO3paxyHKOBHUM.
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ITPOTHO3UPOBAHUE OHEHKU XAPAKTEPUCTHUK
HOBBIX TPAHCIIOPTHBIX CPEJACTB

Heas. Hayunas paboTa cBOEl IEIbI0 HMEET MPOrHO3UPOBAHNE OIEHOK XaPaKTEPUCTUK TATOBBIX W HETATOBBIX
TPAHCIOPTHBIX CPEACTB, KOTOPBIE OYAYyT yIOBIETBOPSTH U COOTBETCTBOBATH MOTPEOHOCTSAM U TPEOOBAaHUAM IOCTO-
STHHO Pa3BHBAIOIICHCS JKETE3HOI0POKHON oTpacian. MeToauka. AHaIN3 TEXHUUYECKOTO COCTOSIHUS CYIIECTBYIOIIIE-
Tro napKa IIOABMXKHOI'O COoCTaBa (THFOBOFO nu HCT)IFOBOFO) JKCIC3HbIX Z[OpOF praI/IHLI CBI/IZleTeJ'II)CTByeT O €0 3Ha4Yu-
TEIBHOM COKpPAI[CHUU, KOTOPOE MPOKUCXONT B CBSI3U C MOPAIbHBIM U (DU3MYCCKUM M3HOCOM, a TAK)KE HEIOCTaTOu-
HBIM M OTPAaHHYCHHBIM IPUOOPETCHUEM HOBBIX CIUHHI] TATOBOTO M HETATOBOTO MOIBIKHOI'O COCTaBa B HY)KHOM
KOJIMYECTBE. B CIIOKUBIIEHCS CUTyallMd BO3HHKACT HEOOXOJUMOCTh MOMCKA METOJUK ONPEACICHHUS TEXHUYCCKUX
XapaKTEPUCTHK TOJBIKHOTO cocTaBa. OIHON W3 TaKWX aKTYAIBHBIX U 3((EKTHBHBIX MEp SBJSICTCS MPOBEIACHUC
MIPOTHO3UPOBAHUS OTPEACIIAIOIINX XapaKTEPUCTHK TPAHCIIOPTHBIX CPEIICTB Ha OCHOBAaHWH IPOIIECCOB MX BOCIIPO-
W3BOJICTBA B YCJOBHUSAX OTPAHUYCHHBIX PECYPCOB C HCIIONF30BAaHUEM HETPEPHIBHOMN 3KCIIOHCHIIMATFHON (DYHKINH.
Ha ocHoBe (hyHKIIMH CKOPOCTH MPHUPOCTA CTEICHH MPOTHO3UPYEMOTO TTOKA3aTelsl TPAHCIIOPTHOTO CPEICTBA OIpe-
JIEJIIeTCsl IOTUCTUIECKask XapaKTepUCTHKA, KOTOpasi P HEOTPaHMUEHHBIX pecypcax UMeeT BUI] KCIIOHEHTHI, a IPU
MajblX — npsMoil. Pesysbratsel. 1o npennoxeHHOH METOIMKE, UCXOs U3 MOJYyUYEHHBIX AAHHBIX, OIPEIEIICHO OKHU-
Jaemyto (MEPCICKTUBHYIO) BeaUduHy &;. DTO OTHOLICHHE IPY30HOABEMHOCTH K 00BbeMy Ky30Ba ISl HETSATOBOTO
MOJIBMXKHOTO cOCTaBa (IOJyBAarOHOB) M MAcChl K MOIIHOCTH — JJISl TSITOBOTO MOJIBH)KHOTO COCTABa, OIMPEAEISIONINE
CTEIeHb JJOCTOBEPHOCTH IPOTHO3a M CPEIHEKBAJAPATHYHYIO OIMIMOKY MporHO3a. OHU MOKa3bIBAIOT BHICOKYHO TOY-
HOCTh TIPOTHO3a TII0 BHIIOJIHEHHONW MeETOAuKe. B pesymbraTe 3TO TMO3BOJHUT OICHHBATH C BBICOKOM
JIOCTOBEPHOCTRIO  HEOOXOIWMBIC XapaKTCPUCTHKH TPAHCHOPTHBIX CPEACTB B IPOTHO3HPYEMOM  TOIY.
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EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

Hayunasi HOBU3HA. ABTOpaMH NPEJIOKEHA KOHIETILUS IPOrHO3UPOBAHUS OLIEHKH XapaKTEPUCTHK TPAHCIIOPTHBIX
CPEICTB AJIsl MPHUHATHA PEHIEHUH OTHOCHTENBHO UX IepcrnekTuBHOCTH. IlpakTHyeckas 3Ha4YMMOCTh. MeTonuka
MPOTHO3UPOBAHUS MO3BOJIMT JOCTOBEPHO OINPENENINTh TEXHUYECKHE IOKA3aTENU TATOBOTO U HETATOBOTO IOABHXK-
HOTO COCTaBa, KOTOPbIE Oy/AyT YAOBIETBOPSATH COBPEMEHHBIM TPEOOBAHMSIM JKENIE3HOIOPOKHBIX MIEPEBO30K, B TOM
YHUCJIC HA CTAJIUU IIPOCKTUPOBAHUS U IIPU BBIIOJIHEHUH MOACPHU3ALUU CYIIECTBYIOIIUX TPAHCIIOPTHBIX CPEACTB.

Kniouesvie cnosa: TpaHCIIOPTHBIE CPENCTBA; TEXHUYECKUE XAPAKTEPUCTUKH TPAHCIIOPTHBIX CPENCTB; PECYPCHI
HPEANPUATHI
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FORECASTING OF PERFORMANCE EVALUATION
OF NEW VEHICLES

Purpose. The research work focuses on forecasting of performance evaluation of the tractive and non-tractive
vehicles that will satisfy and meet the needs and requirements of the railway industry, which is constantly evolving.
Methodology. Analysis of the technical condition of the existing fleet of rolling stock (tractive and non-tractive) of
Ukrainian Railways shows a substantial reduction that occurs in connection with its moral and physical wear and
tear, as well as insufficient and limited purchase of new units of the tractive and non-tractive rolling stock in the
desired quantity. In this situation there is a necessity of search of the methods for determination of rolling stock
technical characteristics. One of such urgent and effective measures is to conduct forecasting of the defining charac-
teristics of the vehicles based on the processes of their reproduction in conditions of limited resources using a con-
tinuous exponential function. The function of the growth rate of the projected figure degree for the vehicle &; de-

termines the logistic characteristic that with unlimited resources has the form of an exponent, and with low ones —
that of a line. Findings. The data obtained according to the proposed method allowed determining the expected (fu-
ture) value, that is the ratio of load to volume of the body for non-tractive rolling stock (gondola cars) and weight-
to-power for tractive rolling stock, the degree of forecast reliability and the standard forecast error, which show high
prediction accuracy for the completed procedure. As a result, this will allow estimating the required characteristics
of vehicles in the forecast year with high accuracy. Originality. The concept of forecasting the characteristics of the
vehicles for decision-making on the evaluation of their prospects was proposed. Practical value. The forecasting
methodology will reliably determine the technical parameters of tractive and non-tractive rolling stock, which will
meet the modern requirements of the railroading, including at the design stage and while upgrading the vehicles.
Keywords: vehicles; technical characteristics of vehicles; resources of enterprises
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ABTOMATHU3UPOBAHHBII U3MEPUTEJBHBIN KOMILJIEKC
JIJISA IPOBEJEHUS ITIPUEMO-CIATOUYHBIX UCTIBITAHUI
TATOBBIX JEKTPOJABUTATEJIEN IOCTOSIHHOI'O

N ITYJIbCHPYIOHIEI'O TOKA

Henn. B padore Heo6X011MO: 1) 03HAKOMHTH YHTATEINSI C COBPEMEHHON KiTacCH(pUKAIUEH CPEACTB U3MEPCHUSI
W UAarHOCTHKH, C IPOOJIeMaMH aBTOMATH3aluK U3MEPEHUI OCHOBHBIX IIAPaMETPOB TP BBIOJIHEHUHU ITPOTPAMMBI
KBATH(DHUKAIMOHHBIX MCIBITAHUI TATOBBIX JJIEKTPOJBUTATENCH; 2) 1aTh PEKOMEHIAIMH 110 MOBBIIICHHIO TOYHOCTH
W3MEpPEHNH, CHW)KEHHIO TPYAOEMKOCTH pPabdOT sl TPOBENCHUS HW3MEPEHHUH, CHIDKCHHIO TpeboBaHWil
K KBaTHHKAIMU O0CITY)KHBAIOLIErO MepcoHana; 3) MPeACTaBUTh MPAKTHUYCCKYIO PEATH3aLHI0 M3MEPHTEIBHOTO
KOMIIJIEKCa, IOCTPOCHHOTO Ha OCHOBAaHMM PEKOMEHMAINH, U3JI0KEHHBIX B cTaTthe. MeToauka. [IpuBenena kiaccu-
(uKanys CpencTB W3MEPEHHsI M ITUArHOCTHKU. PaccMOTpeH mepedeHb 000pyIOBaHUs, KOTOPOE MOXKET HCIIOJB30-
BaTbCsl B M3MEPHTEIBHBIX KOMIUICKCAX, a TaKKe BapUaHTbl CTOPOHHEr0 M3MEPHUTEIBHOIO KOMILIECKCA
U M3MEPHTEIBHOTO KOMIUICKCA, UCTIOJB3YIOLIEr0 CUCTEMY YIPaBICHHUS CTEHIOM. IIpe/ioxkeHbl nX (yHKLIHOHAIb-
Hble cxeMbl. COIoCTaBIIeHbl JOCTOMHCTBA M HEIOCTATKH JaHHBIX CXEM IUIs COCTAaBJICHHS PEKOMEHIAIMI 1o obiac-
TSIM HX ONTHMAaJbHOTO NpuMeHeHus. PedyabTartbl. [IpoaHannsupoBaB (QyHKIMOHAJIBHBIE CXEMBl M3MEPHUTEIIBHBIX
KOMIIJIEKCOB, OBIIIO YCTAHOBJIEHO, YTO MCIIONB30BaHHE MUKPOKOHTPOJUIEPA CUCTEMBI YIIPABJICHHUS B Ka4eCTBE U3Me-
PHUTEJILHOTO KOMILIEKCa 1eJIecO00pa3Ho B Cilydyae, ecii U3MEPEHHs] HOCST, B OCHOBHOM, (YHKIHIO KOHTPOJISL Hall
MpPOLIECCOM HCTbITaHul. Mcnonb30BaHnEe CTOPOHHErO M3MEPHUTENHLHOTO KOMILIeKca Ooliee 1eecoo0pa3Ho B TeX
cllydasx, Koriaa TpeGyeTca: HUCKITIOYUTDH 3aBUCUMOCTD OT CUCTEMbI YIIpaBJICHUS CTCHAOM, o0ecIeunTh BBICOKYIO MO-
OMIIBHOCTB, a TaK)XKe CHU3UTH TpeOOBaHMS K KBaIM(HKaUK 00CITyXHBaroliero rnepcoxnasa. Hayunasi HoBH3HA.
ABTOpOM IPOM3BEJICH KPAaTKU 0030p CpeAcTB n3MepeHus. Pa3zpaboTaHbl (yHKIIMOHAIBHBIE CXEMBI H3MEPHTEIBHBIX
KOMIIJIEKCOB, HCIIOJIB3YIOLIMX CUCTEMY YIPABJICHHUS CTCHIOM M CTOPOHHETO M3MEPHTEIBHOrO KOMIUIEKCA, Ipeio-
JKEHBl KPUTEPHH U1 OLECHKU MX ONTHMajbHOTO nmpuMmeHeHus. IlpakTnyeckas 3HayumocTb. Ha ocHoBe mperio-
JKEHHOW (DyHKIIMOHAIBHOW CXeMbI ObLI COOpaH M3MEPUTENILHBIA KOMIUIEKC Ha 0a3e allapaTHOro M HPOrpaMMHOIO
obecrieuenns kommannu National Instruments. B xadecTBe mepBHUHBIX TpeobpasoBateineil s U3MEPEHU# TOKOB
W HanpspDKEHUH ObUTH MCIOJIb30BaHbl gaTuuku Gupmbel LEM. Brnaromapsi koMnakTHeIM pazmepam IaccH, ero yjaa-
J0ch 00BETMHAUT B OHOM KOPITyce C OJOKOM MHUTaHUS IS JaTINKOB. TakuM o6pa3oM, yJaioch YMEHBIIUTH rada-
PUTBI BCEr0 KOMIUIEKCA, YIIPOCTUTDL U YCKOPUTH €TI0 MOATOTOBKY K U3MEPEHUM.

Knrouesvie crosa. KBalu(pUKaIMOHHBIE NCIIBITAHWSA, TATOBBIE JICKTPOJIBHIATENH; CTEHI B3aHMMHOW HarpysKH,
M3MEPUTENBHBIA KOMIUIEKC; (YHKIMOHATIbHAS CXeMa
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BBenenue

[Ipu aBTOMAaTHM3alMU MPUEMO-CIATOYHBIX WC-
MIBITAHUH TATOBBIX 3JIEKTPOABHUTaTeNlell BO3HHUKAET
HEOOXOIMMOCTh B aBTOMATH3UPOBAHHOM cOope
u 00pabOTKEe MaHHBIX, MOJIy4YaeMbIX B IMpOIECCE
ucneITanuii [2, 7].

IIpu mpoBeneHNH MPUEMO-CAATOYHBIX MCIIBITA-
HHII HeOOXOJMMO POU3BOIUTH M3Mepenus [3,11]:

— 1okKa sikopsa TO/L;

— Toka B 00MoTke Bo30yxaenus TO/L;
HampspxeHus Ha TO/1;

COIIPOTUBJICHUS 0OMOTOK;

— DIEKTPUYECKOW TPOYHOCTH MEXBUTKOBOM
Y KOPITyCHOM M30JIALINH;

— COINPOTHBJICHUS H30JISILMM  OTHOCHUTEIBHO
KOpITyca U MeXy OOMOTKaMH;

— Temmeparypsl 0oMoTok TO/;

— gactoTsl BpamieHus TO/;

— OueHUs KOJUICKTOPA;

— BUOpanuu.

3amaya U3MEepEeHUS MOXKET OBITH perieHa ABYyMs
crocobamu:

1. O6opynoBaTe CTEHJ] CTOPOHHHM HW3MEpH-
TETBHBIM KOMIUIEKCOM.

2. Ucnonp30BaTh M3MEPUTEIIbHBIC KaHAJBI CUC-
TEMBI YIPABJICHUS CTCHJOM U Iepe/laBaTh JaHHBIC
Ha OBM nmns mocnexpyromiei mx oOpabOTKH H CO-
XpaHCHUSI.

B mannoii pabore OymyT mpoaHaIM3WpPOBAHBI
o0a BapwaHTa, pPacCMOTPEHBI HMX JOCTOMHCTBA
W HEIOCTATKH, a Takke OYyIyT CIeJaHBI BBIBOJIBI
0 BO3MOXKHBIX 00J1aCTAX MX PUMEHCHHUS.

Hean

[enbto AaHHOW PaOOTHI SIBISAETCS O3HAKOMIIE-
HUE C BO3MOXXHBIMU BapHUaHTaMHU MOCTPOCHUS U3-
MEPHUTEIBHBIX KOMILUIEKCOB, PEKOMEHJAIUU [0
BBIOOPY HM3MEPHUTEIBHOTO KOMIUIEKCA MPUMEHU-
TEeTHHO K ucmbITaHusM TO/], a Taxke 0030p cyie-
CTBYIOIIIETO U3MEPUTEIBHOTO KOMILJICKCA.

MeTtoauka

Knaccudukanust cpeacTB M3MEpeHUs W Juar-
HOCTHUKH mpuBeneHa Ha puc. 1 [1].

Hwxke mpencraBieHo 000pyJOBaHUE H3MEpPH-
TEJIBHOTO KOMIUICKCA, MpUHAAJIEKAIee K pac-
CMOTpPEHHBIM BBIIIE KJIaccaM CPEICTB H3MEPEHHUS
Y TUarHOCTHKH.

Puc. 1. Knaccudukaius cpencTB u3MepeHHst

U JUarHOoCTHKH

Fig. 1. Classification of measuring instruments

and diagnostics
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K anmapatHbIM cpelncTBaM OTHOCSTCS:
JATYUKU TOKA U HANPSHKCHUS;
JTATYUK YaCTOTHI BPAIICHHUS;
JATINKHA TEMIEPATYPHI;
JaTYNKH BUOpAIINH;
BUJICOKAMEPBI JJIsl OLICHKA KOMMYTAI[UH;
— CpeAcTBa BU3yalIN3alllH.
K mporpaMMHBIM cpeacTBaM OTHOCSITCS:
CHEeLUAN3UPOBaHHBIE TPOrPaMMBl 00padoT-
KU JaHHBIX,

— VHHBEpCaJTbHBIC IPOTPAaMMBI  OOPabOTKH
JTAaHHBIX.

K mporpammHo-anmapaTHbpIM CpelcTBaM OTHO-
CATCH!

— MHUKPOKOHTPOJIJIEPBl CHUCTEMBI YIPaBJICHUS
CTCHJIOM B3aUMHOUN Harpy3KH;

— aHAJIOTOBO-IU(POBBIC TTPEOOPA30OBATEIH;

— OBM s 00paboTKu OTOOpa)KeHUS U Xpa-
HEHUS TAaHHBIX U PE3YJIbTATOB UCIIBITAHUN.

K BHEnIHuM cpencTBamM OTHOCSATCS:

— JaTYUKH TOKA, HAIIPSKEHUS,
JTATYUKU BUOpaIUH.
K BMOHTHpPOBaHHBIM CpeICTBaM OTHOCSTCS:
— JaT4YUKH TEMIEePaTypHI;
BUICOKaMEpBI IS OLIEHKH KOMMYTAIIHH.

K cnenmann3upoBaHHBIM CpPEICTBaM OTHOCSAT-
csl:

— CIeNHMaIH3UPOBaHHbBIE MPOrpamMMbl 00paboT-
KH JaHHBIX;

— JaTYMKH TOKA ¥ HAPSDKEHUS,

— JaT4MK YaCTOTHI BpallleHHS,

— JIaTYUKH TEMIIEPaTyphl;

— JIaTYUKH BHOpaIMH.

K yHHBepcanbHBIM cpeicTBaM OTHOCSATCS:

— YHUBEpCaJbHBIE MpOrpaMMbl  00paboOTKU
JAHHBIX;

— MUKPOKOHTPOJIJIEPHl CUCTEMBI YIIPABJICHUS
CTEHJIOM B3aUMHOM HArpy3KU;

— OBM gns 06paboTku 0oTOOpakeHusI U Xpa-
HEHHS JaHHBIX U Pe3yJIbTaTOB UCIIBITAHUH;
BUAECOKaMephI UL OLIEHKU KOMMYTall|Y,
aHaJoroBo-1H(ppoBEIe peodpazoBaTey,
CPEACTBA BU3YaIN3aLUH.

K anamoroBeiM cpencTBaM OTHOCSTCS:

— aHaJIOTOBBIE JIATYHKH.

K mudpossM cpencrsam oTHOCSTCS:

— OBM mis oOpaboTku oToOpakeHHs W Xpa-
HEHUsI TaHHBIX U Pe3yJIbTaTOB UCTIBITAHUN;

— CpezAcTBa BU3yaIH3allUN.

K ananoroBo-uupoBeIM cpeacTBaM OTHOCSAT-
Csl.

— 1udpoBBIC TaTIUKH,

— BHJCOKaMephI AJIs1 OLICHKH KOMMYTALIH;

— MUKPOKOHTPOJIJIEPHl CUCTEMBI YIIPABJICHUS
CTEHJIOM B3aUMHOM HArpy3KHU.

[lo crenenu BnusHUS Ha OOBEKT BCE BBILIETIE-
PEUUCIICHHBIE YYyBCTBHUTEJIBHBIE 3JIEMEHTBHI SIBJIS-
FOTCSl TACCUBHBIMH.

Ha puc. 2 mnpencraBneHa ¢yHKUMOHAIBHAS
cXeMa CTOPOHHETO U3MEPUTEIHHOTO0 KOMILIEKCa.

Harume 1
LU= | AITI
Monynp
Jarumx 2 I I[y .%,
e cbopa 3BM
R| [|uf AL FRHEIL USB
Jaruux 3

Puc. 2. dyHKIMOHATIBHAS CXeMa CTOPOHHETO
M3MEPHUTENILHOTO KOMILIEKCa

Fig. 2. Functional diagram of a third-party
measuring complex
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IMox matumkamu Ne 1, 2 u 3 yciioBHO 0003Ha-
YEeHBI JTaTYMKH C BBIXOJHBIMH CUTHAJaMH B BHJIC
HapsDKEHMs, TOKa U 1 poBoro koxa. Kak BumHO
u3 puc. 2, sce Allll nepemaroT curHaJI HA MOIYJIb
cOopa JMaHHBIX, KOTOPHIA B CBOIO OYepenb MO Ka-
Hany USB nepenaer nanusie Ha OBM.

JanHoe pemenne o0mamgaeT pPSIOM JIOCTO-
WHCTB, TVIABHBIMH U3 KOTOPBIX SIBJISIOTCS BO3MOXK-
HOCTh HapalllUBaHUs KOJUYECTBA JaTYMKOB B TIpe-
Jleax AOCTYITHBIX W3MEPHUTENbHBIX KaHAIoOB 0e3
M3MCHCHHUM B anmapaTHOH KOH(HTypanud U BO3-
MOXHOCTh TOJ00pa ONTUMAIBHON YacTOTHI JHUC-
KpeTu3aluu i Hyx1 usmepenuii [5]. ns obpa-
OOTKM W coXpaHeHHWs IaHHBIX Ha OBM wmoryt
MPUMEHATHCS KaK CIEHUATU3UPOBAHHBIC IMPO-
rpaMMbl, HalWCAaHHBIC i KOHKPETHOW 3aJiayu,
TaKk ¥ yHHBEpPCAIbHBIE, MO3BOJISIOMINE TTOIH30BaA-
TEISIM CaMUM BBIOpaTh HEOOXOAWMBIC JCHCTBUS
00pabOTKH TaHHBIX.

Ha puc. 3 mpexacraBiena QyHKIHOHAIBHAS
CXeMa H3MEpPUTEIHFHOTO KOMIDIEKCa, HCIIONB3YIo-
[IETO CHCTEMY YIPABJICHHS CTCHIOM.

JlaHHOE pelieHne TIO3BONSIET HCIOJB30BaTh
yK€ yCTaHOBJIEHHBIE HATYMKH CHCTEMBI yIpaBie-
HUS JJI1 U3MEPEHHS TaKUX MapaMeTPOB, KaK TOK
SKOpSl M TOK 00OMOTKH Bo30yxaenus TOJ] [12-14].
Jis u3MepeHust Ipyrux mnapaMeTpoB HEOOXOAMMO
WCIOJIb30BaTh JIONOJHHUTEIbHBIC JaTYUKH, MOJI-
KIIOYCHHBIE K  MHKPOKOHTPOJUIEPY  CHUCTEMBI
ynpaenenus. Ha prc. 3 yka3aHo DOMOTHUTEIHHOE
ALTI, xoTopoe MOXKET OBITh MOAKIIOYEHO K MUK-
POKOHTPOJIIEPY, €CIU IS U3MEpeHuil TpeOyeTcs

Ooiee BBICOKAas YaCTOTa JUCKPETH3AalUU HIIH
oonpmas paspsgHocth AlIIl. CroutT OTMETHTS,
YTO Ui PabOThl TAKOTO H3MEPUTEIHHOTO KOM-
mieKkca Tpedyercs Oojee CI0KHOE MPOTrpaMMHOE
obecrieueHUEe CHCTEMBl ympaBlieHuss u Ooee
CJIOKHBIH, a 3HAYMT, ¥ OOJiee TIOPOTO MUKPOKOH-
Tposiep. Ilporpammuoe obecrieueHue mis obpa-
0OTKH JaHHBIX W3 KaHAJIOB CHUCTCMBI YIIPABJICHUS,
KaK TpaBUjIo, TPeOyeT CIEIUATbHBIX, COOTBETCT-
BEHHO, JIJIsI JTIOOBIX M3MEHEHUH B HACTPOHKAX Mpo-
rpaMMBbI TyOOKHX 3HAHWI B TPOrPaMMHUPOBAHUH.

Pe3yabTaTthl

Hwmxe mpencraBieH W3MEepUTENBHBIA KOM-
IJIeKC, COOpaHHBIM Ha 0asze ammapaTHOTO W TIPO-
rpaMMmHOTO Obecrieuenust kommanuu National In-
struments.

AmnmaparHas 1iatgopMa TO3BOJSIET BBIIOI-
HSTh M3MEPEHHUs LIMPOKOTO JAuarna3oHa (u3nye-
CKMX BEJIMYHH, TPEOYIOIUX pPAa3IUYHBIX YacTOT
JUCKPETU3alNH JUIA UX MPABHIBHOTO BH3yalbHOTO
OTOOpaKeHUS M afeKBaTHONW 00paboTku. [Ipn sToM
anmapaTHas miaTdopmMa UMEeeT MOAYJIbHYIO CTPYK-
Typy, TO3BOJISIONIYIO TPY HAJMYUU OJHOTO IIacCH
yCTaHaBIMBATh HA HETO MOIYJHU IS WU3MEPEHHUs
oonbmHCTBa TUMOB curHanoB [9, 10]. Crnemyer
OTMETHTBH, 4YTO ammapatHas IaTgopMa MOJIHO-
CTBIO YJIOBIIETBOPSIET HYKJIAM TPUEMO-CHATOUHBIX
ucnbiTanuit TOJ[ o yacTn M3MepeHus: pa3IHuHbIX
(U3NUECKIX BETUYUH.

Harax 1
O lve | At
Hnrepdeiic
Jorae2 | Mimpo- ) )\ [ ananocne- | o> 9BM
B KOHTPOJLICD OBaTeNk- :

O R[Lrl iUm CHCTEMBI —'/ HOTO TIOJ- USB

I yTIpaBIIeHNA KIIFOUEHHS

Jar=mk 3 HeLIsh

Puc. 3. dyHKUMOHANTBHAS CXEMa H3MEPHTEIBHOTO KOMILIEKCa,
HCTIONB3YIOLIETO CUCTEMY YIIPABICHHUS CTEHIOM

Fig. 3. Functional diagram of measuring complex
using a stand management system
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[IporpamMmuas maardopma mpeacTaBiceHa cpe-
noit rpaduueckoro nporpammupoBanus LabVIEW
(Laboratory Virtual Instrumentation Engineering
Workbench), koropas mommep:kuBaeT Kak Iporie-
IypHOE TPOrpaMMHUpOBaHHE, TaK H OOBEKTHO-
opueHtupoBanHoe [6]. Cremyer OTMETHTB, 4TO
JAHHAsl cpejia, TPEeXJe BCEro, OPHEHTHPOBaHA Ha
paboTy ¢ MOTOKaMH IaHHBIX M HUMEET Ui ITOTO
psn 6a3oBeix QyHKIMiA. Kpome sToro, oHa conep-
XKHUT OOIIMpHBIE OUONMMOTEKH (YHKIHNA. pa3pado-
TaHHBIX IO Y3KOCIEMaIbHbIe 3ana4un (06paboTKa
3BYKOB, Buaeo u T.im.). LabVIEW mo3Bonser uH-
KeHepaM, oOyanaronM 0a30BBIMH  3HAHUSAMHU
B MPOTpaMMHUPOBAHHH, JETKO CO3JaBaTh W OTJIa-
’KHBATh TIPOTPaMMBbI IPAKTHUECKH JIFIOO0H CIIOKHO-
ctu. Bmecre ¢ LabVIEW nonp3oBatensm mnpemgoc-
TaByseTcs mporpamma SignalExpress, ona He Tpe-
OyeT HaBBIKOB MPOTPAMMHUPOBAHUSI U Cpa3y HIaeT
BO3MOJKHOCTB TI0JIb30BATEIIO MPHUCTYIUTh K 3aIlu-
cu U obpaboTke naHHbIX. Tak kak SignalExpress
SIBJISICTCSL TIPOTPAMMOM, a HE Cpemoil pa3paboTKH,
CIIEZIOBATENIbHO, OHA MEHEE YHHBEpCAlbHA, YeM
LabVIEW, HO 3TO 4YacTHYHO KOMIIEHCHPYETCSI
BO3MOXXHOCTBIO HWHTETpAIMU TIPHIOKEHUH, CO3-
nMaHHeIX ¢ moMonsio LabVIEW (tak HaspiBaeMbIx
BUPTyaJIbHBIX puOopoB) B SignalExpress. Oxnako
JUTS. HYK PUEMO-CIATOYHBIX UCTBITAHUA B MOJI-
HOM Mepe xBaTaeT Bo3MokHocTel SignalExpress.

JAst HOCTPOSHHMST KOMILIEKCA HCIIOJIb30BAJIHCH:

— 4-x cnoroBoe USB-maccu NI CompactDAQ
[9];

— 32-x kanampHOe AIIl ans w3mepeHus Ha-
npsokernst NI 9205 [8];

— 4-x xananpHOE ALl mst m3mepenns Toka NI
9227 [8];

— matuuku LEM [4];

— BCTPOCHHBIA PEryJUPyeMbIii OIOK MUTAHUS
JUTSL TaTYNKOB,;

— COCIMHHTENbHBIC IIPOBOJIA;

— HOYTOYK C yCTAQHOBJCHHBIMH Ha HEro Mpo-
rpammamu LabVIEW u SignalExpress.

Bnaronapsi KOMIakTHBIM pa3MepaM LIacCH, €ro
yAaI0ch OOBEIUHUTE B OJJHOM KOpITyce ¢ OJOKOM
MUTaHUS U JaTYMKOB. TakuM o0pa3oM, yaanoch
YMCHBIINTh TabapuThl BCEro KOMIUIEKCa, YIIPO-
CTUTh U YCKOPUTD €r0 MOATOTOBKY K H3MEPEHHUSM.

HayuyHasi HOBU3HA ¥ MpaKTHYeCKas
3HAYHMOCTh

B pabote mpoBeneH 0030p CpPeaCcCTB U3MEpEeHUs
u nuarHoctukd. [IpencraBieHsl ¥ poaHATU3UPO-
BaHbl BO3MOXXHBIC BapUAHTHI IOCTPOCHUA U3MECPU-
TEIBPHOT0 KOMIUIeKca. B kauecTBe mpumepa mpen-
CTaBJIEH CYIIECTBYIOIIUM HU3MEPUTENbHBIM KOM-
TUIEKC.

BoiBoabI

CpaBHHBAas BBIIICYKA3aHHBIC PEIICHUS, MOKHO
3aKIIOYHTh, YTO NPHUMEHCHHE CTOPOHHETO H3Me-
PUTEITBHOIO KOMIUIEKCA HMMEET CICAYIONIHMe Ipe-
HUMYIIIECTBA:

— HE3aBUCHMOCTh OT CHCTEMbI YIpPaBJICHUS
U HE3aBUCHUMOCTH CUCTEMBI YIIPABJICHHUA OT U3ME-
PUTEITHHOT'O KOMILIEKCA,

— OOJBIIYI0 YHHBEPCATHLHOCTD, OJaromapst Mo-
JyJIBHOM KOHCTPYKLHUU COBPEMEHHBIX H3MEpU-
TEJBHBIX CUCTEM;

— BBICOKYI0 MOOWJIBHOCTh, BO3MOXXHOCTh HC-
MOJIb30BaTh HE TOJBKO HEMOCPEJICTBEHHO Ha CTEH-
ae;

— OTHOCHTENBHO  HEBBICOKHE  TpeOOBaHUS
K TIOJITOTOBKE 00CITY KUBAIOIIETO MePCOHAA.
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JAHHBIX JJIS TPUIOKCHUH, TPEOYIOIIMX BbI-

A. 10. IPYBELIbKUIY

"Kad. «EnexTpopyXoMuii CKIIaz 3ai3HHIb», JHIPOIeTPOBCHKIH HAIOHATEHUI YHIBEPCHTET 3a/Ii3HIIHOTO
TpaHCIopTy iMeHi akagemika B. JlasapsHa, By JlasapsHa, 2, {ainpo, Ykpaina, 49010, tex. +38 (0562) 33 55 38,
exnt. nourra drubeskiy@mail.ru, ORCID 0000-0001-5691-0925

ABTOMATHU30BAHUI BUMIPIOBAJIbHU KOMILJIEKC

JIJIS1 BAKOHAHHS IPUMMAJIBHO-3JIABAJIBHUX BUITPOBYBAHDb
TATOBUX EJEKTPOJABUI'YHIB NOCTIMHOI'O

TA IYJbCYIOUOT'O CTPYMY

Merta. Y po6oTi HeoOXinHO: 1) 03HAHOMHUTH YHTaya 3 CydacHOO Kiacu(ikaiiero 3aco6iB BUMIpIOBaHHS Ta Jiar-
HOCTHKH, 3 MpoOJIIeMaMH aBTOMATH3allii BUMipIOBaHh OCHOBHHX IapaMeTpiB MPH BUKOHAHHI MPOTpaMu KBajidika-
[HUX BUIPOOYBaHb TATOBHMX €JIEKTPOIABUTYHIB; 2) JaTH PEKOMEHIAIIT MOI0 MiABUIIEHHS TOYHOCTI BUMIpIOBAHb,
3HIDKCHHS TPYIOMICTKOCTI POOIT [IT BUKOHAHHS BHMIpPIOBaHb, 3HIDKEHHS BUMOT /10 KBamidikamii 06cIyroByro4oro
nepcoHaiy; 3) HaJaTH MPAaKTHYHY peasi3allifo BAMipIOBAIBHOTO KOMIUIEKCY, MOOYI0BAHOTO HA MiACTaBi MpaKTHY-
HUX peKOMEHAaIlil, BUKIaJeHnX y ctaTti. Meroauka. HaBeneno knacugikarito 3aco6iB BUMIpIOBaHHS Ta JiarHOC-
TUKH. Po3misiHyTO mepeltik o0najHaHHs, SIKE MOXKE BUKOPHUCTOBYBATHCS Y BUMIPIOBAaJIbHUX KOMILIEKCAX, a TaKOXK
BapiaHTH CTOPOHHHOTO BUMIPIOBAJBHOIO KOMIUIEKCY Ta BUMIPIOBAJIBHOI'O KOMIUIEKCY, III0 BUKOPUCTOBYE CHCTEMY
YIPaBJIiHHS CTEHJIOM. 3alpoIOHOBAHO iX (DYHKIIOHAIBHI CXeMH. 3IiCTaBJICHO MepeBaru i HEJONIKU IUX CXeM IS
CKJIQJIaHHs PEKOMEH/AIIN 110 00JIacTsX X ONTHMaJIbHOTO 3acTocyBaHHs. Pedyabrarn. [IpoananizyBasimm ¢yHKi-
OHAJIBHI CXEMH BUMIPIOBAJIbHUX KOMIUIEKCIB, OyJI0 BCTaHOBJIEHO, IO BHKOPUCTAHHS MIKPOKOHTPOJIEpPA CHCTEMH
VIOPaBIiHHS SK BUMipIOBaJHHOTO KOMILICKCY JOLLIBHO B pasi, SKIIO BUMipPIOBaHHS MalOTh, B OCHOBHOMY, (DYHKIIif0
KOHTPOJIIO HAJ NPOLIECOM BHUIPOOYBaHb. BHKOpUCTaHHS CTOPOHHBOTO BHUMIpIOBAJIBHOI'O KOMIUIEKCY IOLIIBHIIIE
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EJIEKTPUYHUIA TPAHCITIOPT

B THX BHIIQJIKaX, KOJIA MOTPIOHO: BUKIIOYHUTH 3aJICKHICTh BiJ| CHCTEMH YIIPABIIHHSA CTECHIOM, 3a0€3IIEYUTH BHCOKY
MOOUTBHICTh, @ TAaKOK 3HM3UTH BUMOTH A0 KBasidikauii o6ciayroBytodoro nepconany. HaykoBa HoBu3Ha. ABTO-
POM BHKOHAaHWH CTHUCIIUH OrJIsij] 3ac00iB BUMIpIoBaHHS. Po3po0iieHo (yHKIIOHAIbHI CXeMH BUMIPIOBAaJIbHUX KOM-
TUIEKCIB, 110 BUKOPUCTOBYIOTh CUCTEMY YIPABJIIHHA CTEHAOM Ta CTOPOHHBOTO BUMIPIOBAJIbHOTO KOMIUIEKCY, 3aIpo-
TIOHOBaHI KpUTepil AJIs OLIHKH X ONTUMaJIbHOrO 3acTtocyBaHHA. [IpakTHyna 3HaunMicTh. Ha ocHOBI 3anporoHo-
BaHOI (DyHKLIOHAJILHOT cXeMu OyB 310paHUil BUMIpIOBAJIBHUI KOMIUIEKC Ha 0a3i anapaTHOTO i MporpaMHoro 3ades-
neuyenns kommanii National Instruments. SIk mepBuHHI TIepeTBOprOBadi ISl BUMIPIOBaHL CTPYMIB i HAmpyr OyIIH
BUKOpHUCTaHi Jatdnku Gpipmu LEM. 3aBasaxu koMnakTHEM po3Mipam mmiaci, Horo Baanocs 00’ €THaTH B OTHOMY KOp-
myci 3 OJIOKOM >KUBJICHHS IS aTYKiB. TakMM 4MHOM, BIAJIOCS 3MEHIIUTH rabapuTH BCbOrO0 KOMIUIEKCY, CIIPOCTH-
TH Ta IPUCKOPUTH HOTO MIATOTOBKY O BUMIPIOBaHb.

Kniouosi cnosa: xBanidikamiitHi BUIPOOYBaHHS; TATOBI IEKTPOIABUTYHHU, CTCHJI B3aEMHOTO HABAHTAKCHHSI; BU-
MipIOBATEHIH KOMILIEKC; (PYHKIIOHAThHA CXeMa
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AUTOMATED MEASURING COMPLEX FOR ACCEPTANCE TESTING
OF DC AND UNDULATED-CURRENT TRACTION MOTORS

Purpose. In the paper it is necessary: 1) to familiarize the reader with the modern classification of measurement
and diagnostics, familiarize with problems of automating the measurement of basic parameters during program exe-
cution of qualification tests of traction motors; 2) to make recommendations to improve the measurement accuracy,
reduce labor intensity of work for carrying out measurements, and reduce the requirements for the qualification of
the staff; 3) to provide practical implementation of measurement system, built on the basis of the practical recom-
mendations contained in the article. Methodology. The work presents the classification of measurement and diag-
nostic tools. The author considered a list of equipment that can be used in measurement systems, as well as third-
party options for measuring complex and measuring complex using stand management system. Their functional
schemes were proposed. The author compared the advantages and disadvantages of these schemes to make recom-
mendations on areas of their optimal use. Findings. Having analyzed the functional scheme of measuring systems, it
was found that the use of the control system microcontroller as a measuring complex is expedient if the measure-
ments have largely a test process control function. The use of a third-party measuring complex is more appropriate
in cases when it is required: to eliminate dependence on the stand management system, to provide high mobility and
reduce the requirements for the qualification of the staff. Originality. The work presents a brief overview of the
measurement means. The author developed the functional schemes of measuring systems using stand management
system and third-party measuring complex, proposed the criteria for evaluating their optimal use. Practical value.
Based on the proposed functional diagram, the measuring system on National Instruments hardware and software
basis was set up. The sensors by LEM Company were used as primary transducers for the measurement of currents
and voltages. Thanks to chassis compact size, it was united in one body with the power supply for sensors. Thus, it
was possible to reduce the size of the entire complex, simplify and speed up its preparations for the measurements.

Keywords: qualification tests of traction motors; loading-back stand; measuring system; functional diagram
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KOPCTKICTb IPUKPIIJIIOBAYIB TIPOMI’)KHUX CKPIIJIEHD
JAEPEB'SIHUX HIITAJI ITPU 11 TOPU30OHTAJIBHUX
INOIIEPEYHUX CUJI

Mera. He3Bakaroun Ha MOCTiiiHe 30UIBIIICHHS MPOTSHKHOCTI TISTHOK 13 0€3CTUKOBOIO KOJIEI0 HA 3a1i300€TOH-
HUX IITajax, [epeB’sHi MIMaiy — e OJUH i3 BapiaHTiB MiAPEHKOBUX OIOp, M0 eKCINTYaTYIOThCS Ha JOCTaTHBO Be-
JIMKIN KiJIBKOCTI HANPSIMKIB, 30KpeMa, 3alMIIaloThCsl Oe3abTepHATUBHUME B KPUBHUX paaiycamu 0 350 M, a Takoxk
y TOJOBHHMX KOJNiSX MeTporoiiteHiB. OCHOBHUMH BHJaMH MPHUKPIILTIOBAYIB Y HAWOUIBII PO3MOBCIOKEHUX THUIAX
NPOMIXXHUX PEHKOBHX CKPIIUIEHHSX JUIsl A€PEB’SIHUX LAl € KOJIIHHI KOocThIIi Ta mrypynu. OCKUIBKY iICHYI0Y1 B KPH-
BUX JUISHKaX KOJii OCOOJMBOCTI KOHTAKTYBaHHSI CUCTEMH «KOJIECO-pEeHKa» MalOTh CYTTEBUH BIUIMB Ha IPOLECH
B3a€MO/Iii 3aJII3HUYHOT KOJII Ta PyXOMOI'O CKJIajy, B poOOTI HEOOXiJTHO BU3HAYMTH XKOPCTKICTh KOJIHHUX IIypYHiB
Ta KOCTHJIB, SKi Oe3nmocepeHb0 NMPUIMAIOTh y4acTh Y (JOpMyBaHHI IPOCTOPOBOI )KOPCTKOCTI BY3JIiB IMPOMDKHHUX
PEWKOBHX CKPIIUICHD P i TOPU30HTANBHIX NonepeyHux cuit. Meroguka. JlociipKeHHs )KOPCTKOCTEH MPUKPiI-
JFOBa4iB MPOBOAMINCH SKCIIEPUMEHTAIBHO ISl JBOX THINB NMPOMIDKHUX peHkoBHX ckpimieHb — JJO ta «Metpo».
Jis ipoBeieHHsT eKCIIEPUMEHTANBHIX BHMIPOOYBaHb 0yi0 oOpaHo 10 mociimHMX AISHOK Ha KONIAX PEriOHaIbHOI
¢inii «IliBgenna 3amizau» [TAT «Yip3amizHUIs», 1a 8 — Ha ronoBHUX Kouisax KI1 «XapkiBCEKHI METPOIIOITITCHY.
KoxHna 3 nocmigaux IUISHOK 3HAXOAMIACh Y IPUOTU3HO OAHAKOBUX EKCIUTyaTallifHIX yMOBax, aje Maja pi3Hy Be-
JUYUHY MPOMYUICHOTO TOHHAXY. Pe3dyabTaTH. OTprMaHi 3HaYEHHS KOPCTKOCTI KOJIMHMAX KOCTHIIIB Ta LIyPYIiB.
HayxoBa HoBu3HA. ABTOpamH Briepiie Oyl OTpHUMaHi eKCIIepUMEHTANbHI JIaHi 11010 3MiHHU JKOPCTKOCTEH MPUKPI-
ToBaviB (KOMMHUX MIyPYIiB Ta KOCTHIIIB), 3aJIEKHO Bill TepPMiHy €KCILTyaTarlil sl MariCTpaabHUX 3ali3HHIb Ta
KoJIiil MeTpornoiiteHi. Lle 1ae 3Mory BUKOHYBaTH pO3paxyHKH BEJTMUMHU TOPU3OHTAIBHUX HONEPEYHHUX CHIT Y KPH-
BUX JIUISHKAX KoJii (30Kkpema B KpHBHX i3 paaiycamu MeHIne 350 M), a TaK0X IPOTHO3HO OLIIHIOBATH 3MiHY iX PiBHS
B nporeci ekcruryatanii. [IpakTnyna 3HaunmicTb. Ha 0CHOBI OTpUMaHUX €KCIEpHUMEHTAIBHUX JaHuX OyJo BCTa-
HOBJICHO, 1110 3MiHa XOPCTKOCTI KOJIITHUX HIYpYIIiB Ta KOCTHJIIB, 3aJIE)KHO BiJ TEPMiHY CIIy>KOHM, HOCUTh HEJIHIHHUI
xapakrep. [IpoBeieHI TOCTIKEHAS JO3BOJITIOTH OUTBII PaliOHATBHO MiAXOIUTH A0 IMATAHHS BH3HAYCHHS ONTHMA-
JBHOI KOHCTPYKIIT IPOMIKHUX PEHKOBHX CKPIIUICHb, BUXOJASYM 3 KOHKPETHHX YMOB €KCIUTyaTalii, a TAKOX CHpHS-
TUMYTB po3poOIli 3aX0/IiB MO0 MiABHUIICHHS HAIIIHOCTI POOOTH BY3IiB MPOMDKHIX PEHKOBHX CKPIIICHb IS JIe-
PEB’SIHUX M.

Kurwouosi cnosa:. peiikoBa omopa, TPOMDKHI pEHKOBI CKpIIUIEHHs; BEpXHs OymoBa KOJil; IIMai; pEHKH;
JKOPCTKICTB; eKCIIEpUMEHTANbHI JOCIIIKEHHS
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3AJIIBHMYHA KOJIIA

Beryn

KoHcTpykitis xonii Ha gepeB’ssHUX mImanax oOy-
JIe 3aCTOCOBYBATHCH Ha MaricTpadbHUX 3aTI3HUIIIX
Ykpainu 1me A0cuTh TpuBanuil yac. Ile 3ymoBiieHO
TUM, L0 HaHOIIBII PO3MOBCIOKEHA KOHCTPYKIIis
— 0e3cTHKOBa KOJIisl Ha 3a7i300€TOHHUX IINTANIaX —
Mae OOMEXEHHS NpHU 3acTocyBaHHi. Hacammepen
TakKi 0OMEXECHHS CTOCYIOThCS KPUBHX JUISHOK KO-
nii 3 pagiycom mernm Hix 350 m. BigmiaHoto pu-
COI0 B3aeEMOJII KOJIii Ta PyXOMOTO CKIanay B KpH-
BUX JIISTHKaX KOJIii € BUHUKHEHHS 3HAYHUX TOpU-
30HTAJILHUX MOMEPEYHUX CHIT.

MeTta

MerToro mporo JOCHIIKEHHS € eKCIepUMEHTa-
JIbHE BU3HAYEHHSI )KOPCTKOCTEH MPUKPIMIIIOBaYiB —
KOCTHIJIIB 200 IIypymiB MpH il TOPU30HTAIHHHUX
MOTIEPEYHUX CHJI Ha MiAKIAJKHA MPOMIKHUX CKpII-
JIeHb JUIA JIepeB’STHUX MINaju Ta BCTAHOBJIEHHS 3a-
JISKHOCTEH 3MiH X MapaMeTpiB Mif 4ac eKCILTy-
aTauii KoJii.

MeTtoanka

JIns1 BUKOHAHHS JOCITIIKEHb B3a€EMOIIT KOJIii Ta
PYXOMOTO CKJIaTy B KPUBHX MaJIUX PafiyCiB CIIif
BUKOPHCTOBYBAaTH IMEPEBAKHO YHUCIIOBI METOU
JOCHIDKEHDb, OCKIJIBKA caMe Takl METOIHU HAI0Th
MOJKJIMBICTh, Ha BiJIMiHY BiJl €KCIIEPHMEHTAIBHAX
JOCHIPKEHb B KOJii, OTPUMYBATH pe3yJIbTaTH MPH
TOYHO BIJOMHX BUXIIHHUX JaHUX.

B pobGorax [2—4] posrasiHyTo poOOTY IT'STH
THITIB CKPITUICHB I JepeB’ THUX IITIA, SKi 3aCTO-
COBYIOTBCS Ha MAariCTpaJlbHUX 3ali3HUIAX, Ta
cKpimieHHs TUIy «MeTtpo». OTpuMaHi MaTeMaTu-
YHI 3aJI€KHOCTI, SKi ONMUCYIOTh POOOTH ITUX CKPIII-
JICHb TiJ €10 BEPTHKAIBHUX Ta TOPU30HTAIBLHUX
MOTEePEYHUX CHUIL

Uwuciosi mocmikeHHS B3aeMoJlii Komii Ta py-
XOMOTO CKJIamy IJII YMOB MaricTpadbHUX 3ai3-
HUIb 3IHCHIOIOTHCSI B OCHOBHOMY 3 BHKOPHCTaH-
HSM IUIOCKUX pO3paxyHKoBux cxeM [5, 6]. Tlpwu
IIOMY KOJIisI PO3TJISIAAE€THCS Y BUTIISNI Oakd, 110
CITUPAETHCS HA CYLIIBHY MPY>KHY 0CHOBY. OCHOBHI
HENOJIKM TaKoi po3paxyHKOBOI CXeMHU OyJu BUCBI-
TJeHi paHime B podoTax [7—10].

B poborax [1, 5, 6] »opcTkocTi Komil B TOUII
KOHTAKTy «KOJIECO-PEHKHM» Y BEPTHKAIHLHOMY Ta
TOPU30HTAIBHOMY IMOTIEPEYHOMY HANPSMKY MpH-
WMaTH TOCTIHHUMH Ha OCHOBI  JIOCTiKEHBb

[11-13]. Ane pesynbratu aHamily, 3poOJCHOMY
B poboTax [2—4], cBimYKT, 1110 HA BETUYHUHY TOPHU-
30HTAJIBHOI MOMEPEYHOI JKOPCTKOCTI PEHKOBUX
OTIOp CYTT€BO BIUIMBA€ PiBEHb BEPTHUKAIBHOTO Ha-
BaHTAKCHHSI.

MaremaTuyHi MOAE€NI JAWHAMIYHHUX CHCTEM
«eKIMaXXk—KOoJIisg» IMOBUHHI BKJIIOYATH B cebe, 30K-
pema, mojeni (GopMyBaHHS NMPOCTOPOBUX KOPCT-
KOCTEH IiIpeKoBOi OCHOBH, HANpPHUKJIAl, MPOCTO-
POBHUX JKOPCTKOCTEH BY3JIIB MPOMIKHHX PEHKOBUX
CKpIIJICHB.

Sk mpaBuIo, MPY’KHI JiHIMHI 1 KyTOBI TIepeMi-
MIEHHS PEWKH Ha OIOpi CKJIANAIOTHCS 3 TepeMi-
IICHb 3a PaxyHOK JaedopMalliii mpyXHUX €JIeMEH-
TiB y By3Jli MPOMIKHOIO CKPIIJICHHS 1 MPYXHHUX
nepeMilleHb mman B 0anacri.

s BU3HAUYE€HHS TOPU3OHTAIBHOI IONEPEYHOT
JKOPCTKOCTI OJHOTO 3 OCHOBHHMX NPOMIKHHX pei-
KOBUX CKpIIUIeHb I AepeB’ sHuX mmai tuamy 1O
B poOOTi 3ampoITOHOBAHO PO3PAXYHKOBY CXEMY,
ska HaBeneHa Ha puc. 1. LIs cxema 3aCTOCOBY€EThCS
32 TaKUX YMOB. Jisi TOPH3OHTAIBHOI IMOTIEPEIHOT
cwtd C,; BUKIMKA€E TUIbKA TOPU3OHTAJIbHE Tepe-

MIIIIeHHsT pedKu 0e3 1i KpydeHHs; MK ITiIOIIBOIO
peiiKy, MiIKIaaKOK I KOCTHIISIMH 3a30pH BIACYTHI.

K

Puc. 1. PozpaxyHkoBa cxema By3iia
ckpirutenss tTay J10

Fig. 1. Diagram of DO-type fastening node

YMoBa piBHOBaru y BY3Ji CKpIIUICHHS Ma€ BU-
IS
R,=F,+mQ,,

ne F,, — cuna Teprd migknaaku mo mmaini; Q. —
OIip OJHOI'0 KOCTHJIS MOIEPEYHOMY BiPKUMAHHIO;
M — KUIBKICTh OCHOBHHUX 1 OOIIMBOYHUX KOCTHIIIB
Y BY3JIi CKPITJICHHS.
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Ho nononanns cunu Tepra F,,, ropu3oHTaNb-
HUX TIOTIepeYHUX Aedopmaiiil y By3imi CKpITUIeHHS
HE BiIOYBa€ETHCS.

Toxni ymMoBH TiposiBY 1 (hOpMyBaHHS TOPU30HTA-
JBHOT TOIepevHoi KopcTkocTi ckpimnenHs JO
MOXHA II0J]aTH HACTYITHUMHU BHPa3aMH:

—mpuR, < f R,

C, =,
M)
-mpuR, > f R,
C,=m-C,

me R, 1 R, — xitoui Ha BY30J CKpIIUICHHS BEpTH-

KaJbHa 1 TOpU3OHTAlbHA ToOmNepeuHi cuiu, KH;
fion — KoeillieHT TepTs MiAKIAAKM MO I,
C, — KOPCTKICTh KOCTHJISI TIPH HOTO TOTIEPETHOMY
Bimxumanui, kH/Mm.

Ha xomisix MeTpOmoOJiTEeHIB 3aCTOCOBYETHCS
MPOMiXKHI peHKOBi CKpituleHHs Tuny «Metpo»
(puc. 1), Ta mepeB’stHi ITANTH, SKi 3aKIaeH] Y MO-
HoJiTHUI OeroH. Crienudika KOHCTPYKUIi CKpim-
JIeHHs1 TUIY «MeTpo» B TOMY, IO BOHO HE CTBO-
pIO€E OIIip peiKaM MpH iX KyTOBUX TEPEMIIIEHHIX
(kpy4eHHi), TOMY JKOPCTKICTh OTIOPH ITPU KPYUEHHI
peliku y IbOMY BHITIQJIKy Oy/ie TOPIBHIOBATH HYIIIO.

Kpim TOTO, TOPH30HTANBHI TTONIEPEYHi TepeMi-
IICHHS JIEPeB’sIHUX IIMaJl, SKi OMOHOJIYeHi y Oe-
TOHI HE MOKJIMBI, TOMY FOPHU30HTaNbHA ITOIIepeyHa
JKOPCTKICTh OMOPH JUIsl KOJNIH METPONOJITeHY
CKJIQIA€THCS BHUKIIOYHO 3 TOPH30HTAIBHOI IOIIe-
PEYHOT JKOPCTKOCTI CKPITICHHS.

Po3paxyHkoBa cxema Uil BU3HAUYCHHS TOPH30-
HTAIHHOI IOTIEPEYHOI KOPCTKOCTI CUCTEMHU «IIif-
KJIaJIKa — KOJIiifHI UIypynu» HaBelleHa Ha puc. 2.

Rz

=3 R%ﬁjﬁ? Y A

—

Q::I |

—l

Fip

W/

Puc. 2. Po3paxyHKkoBa cxema By3Ja CKPIIICHHS
tuny «Metpo»

Fig. 2. Diagram of «Metro» -type fastening node

L[}I CXEMa 3aCTOCOBAHA 3a TAKUX YMOB: TOPHU30-
HTaJIbHa CuJjia Ry BUKJIUKAE TITBLKU TOPHU3O0HTAJIb-

He TiepeMilleHHs peliku 0e3 ii Kpy4eHHs, MiX IIi-
JTOTIBOIO PEHKH, MITKIAAKOIO 1 IIypPyIIaMH 3a30pH
BiJICYTHI.

YMoBa piBHOBaru y BY3Ji CKpiIIeHHS Oyne
MaTH BUTTII

R, =Fp+m-Q,,

ne F,, — cuna teprs minknaaku mo mmani; Q, —
OIlip OAHOTO IIypyIa IMONEPeYHOMY BiPKUMAaHHIO;
m — KUTbKIiCTb IYPYIIiB y BY3Ji CKpiruteHHs (m = 4).

Ho nononanua cuiau tepta F,, ropu3oHTalb-
HUX TONepeyHux aedopMaliil y cucTeMi «IiaKia-
JIKa — KOJIMHI IIypynu» He BiI0YBA€ThCS.

Toni ymoBH TIposiBY i (hOpMyBaHHS TOPHU30HTA-
JHHOT TONEepPEedHOi KOPCTKOCTI BHPaXKarOThCsl BU-
pazamu

—mpuR, < f R,

Cyp =0 @
-mpuR, > f R, ’
Cyl =m- Cm
ae C, — OpCTKICTh IIypyna NpH BiIKUMAaHHI,
H/wm.

Jlst BU3HAYCHHSI KOPCTKOCTI KOCTHUIIB TIPH iX
MOMEPEUYHOMY BIDKUMaHHI, Y3TOJUKCHHS POOOTH
SKUX BU3HAYA€ >KOPCTKICTh ckpirwienHs J[O npu
TOPU30HTAIBHUX TIONIEPEYHNX BUTHHAX PEeKH, OyB
BUKOPUCTaHUH MPUCTPild, 3aTajJbHAN BUTIISII SIKOTO
HaBeCHUN Ha puc. 3.

Puc. 3. [Ipunan st BUSHAYCHHS [TOTIEPEUHUX
nepeMilieHb elneMeHTiB ckpimenHs J1O
BIJHOCHO 1ITIAJIN:

1 — pamka; 2 — 3axoruToBayi; 3 — IUIACTHHA; 4 — TOMKpaT

Fig. 3. The device for determining the transverse
displacement of DO fastening elements relative
to the sleeper:

1 — frame; 2 — grippers; 3 — plate; 4 — jack
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3AJIIBHMYHA KOJIIA

[Ipuctpiit cknanaeTbcs 3 paMKy, Mae Creriaib-
Hi BIATHHH, 32 JOMOMOTOI SKHUX 3aXOILTHOETHCS
TOJIOBKA 1 MiAoIBa peiku 3 60Ky oci koumii. Hapan-
TaXXCHHS Ha TOpEIb MINaly 3a1aBajocs TiapaBii-
HuUM JoMmkparom [II'-5, mTok sikoro ymnmpaBcs
B TOpeIlb IIMajH, a OCHOBA — B TIPUBApEHY J0 paM-
KM IUIaCTHHY. 3HAYCHHS HaBaHTaXEHHs (iKCcyBa-
JIUCSI TI0O MAHOMETPY, BMOHTOBaHOMY B IMUIIHAID
noMkpara. [lepeMillieHHs MMaMH IOAO0 ITiTONIBH
peiiku Bu3Havaaucs ingukatopom 14-10.

[lepen movaTkoM IOCTIIKEHHS KOCTHII TOOU-
BaNucs, 0agacT y TOpIS INMATU BiJKOMyBaBCsS Ha
rmbouny 10 cm. J{ins BUKITIOYECHHS BIUIMBY CHII Te-
PTS LINaay 1Mo 0ajlacTy pedKOBY HUTKY BHUBIIIYBa-
nu Ha BucoTy 15-20 mm aBoma momkparamu JI'TI-
8. Ilicnst mpOro Ha MIMAaNy BCTAHOBIIOBABCS MPH-
CTpild, TOMKpAT, 1HAUKATOP MEPEeMIllleHHS 1 MMOoYu-
HAJIACS BUNPOOYBaHHS.

HaBanTtakeHHs Ha 1INy MPUKIANAIOCS CXif-
gacTo 1mo 5 KH 110 mocsATHEHHS TIepeMilIeHb MaTn
piBaux 0,6 MM, 1110 € peaTbHUMH TIEPEMIIICHHIMU
MIiJOMIBY pelKy B KOl mpu pyci B KpuBiil pafiy-
com 350 M. JloctaTHiM BHSBIISBCS PiBEHb HaBaH-
Ta)XeHb, K npaBwio, 38—40 kH ans HOBUX mImai
1 20-25 xH ans1 craponpuIaTHUX.

BunpoOyBannsi Oynu BUKOHAHI HAa BOCBMH [Ii-
JSIHKaX, CKCIUTyaTaliiHI XapaKTePUCTUKU SKHX
HaBeneHl B Tabn. 1. Ha xoxkHi# minsHIi Oyio BH-
Mpo0yBaHO HE MEHIIE HiXK 25 ImaJt.

Jns BU3HA4YEHHS KOPCTKOCTI IIYpYMiB OyJH
BHKOHAHI BHUIIPOOYBaHHSA 3a JOIMOMOTOI0 IIPH-
CTpOIO, 3arajbHUN BUIJISA AKOTO HaBEIECHUM Ha
puc. 4. IlpucTpiii cKIamaeTbesi 3 TiAPaBIIYHOTO
noMkpary 3 3ycwuisim 20 kH, mtok sikoro ynupas-
cs y pebopay MiIKIagKd, a OCHOBA JOMKparta Iie-
penaBasa 3yCHJUIA Ha 3Pa3KOBUH CTaTUUHUHA AHU-
Hamometrp JJOCM-5. JluramMmomeTp, B CBOKO 4epry,
nepefaBaB 3yCHWJUIL Ha OHNOp, SIKHH ONHMpaBcCs
y TiIOWBY peHKH 3 MPOTHWIEKHOTO OOKY KOJIii.
[NepemimeHHs MiAKIAAKA LOAO MIMANIA BU3HAYa-
much iHgukatopom [4-10.

[epen mouaTKkOM AOCIHIIPKEHHS 32 TOITOMOTOFO
JUHAMOMETPUYHOTO KJI04a KOHTPOJIIOBABCS pi-
BEHb HATSATHEHHS IMypPYyMiB CKpiryieHHs abo m1o0u-
BaHHS KOCTHJIIB.

Hnst mikBiganii mo¢TiB 1 3a30piB IMiIKIAIKY
MOINEPEAHPO HABAHTAXYBAIM CHIIOIO, SKa IOpIB-
HIoBaja 6,5 kH 3 mojanemMM MOBHHUM pO3BaHTa-
sxeHHsM. [Ticyist Iboro MoYnHanoCs BUMPOOYBaHHS.

Taonums 1

XapakTepucTHKH JOCTITHUX JIIAHOK I BU3HAYEHHSI MapaMeTpiB
BEPTHKAJIbHOI })KOPCTKOCTI KOJIIIHAX KOCTWIIB NNPH BiIXKHUMAHHI

Table 1

Characteristics of test sites to determine the parameters
of vertical rigidity of track spikes when displaced

Ne ning- Bennunna Bcranosnena Paniyc xpuBoi TepmiH ciry>x0u Kol
HKH BaHTa)KOHAIPY>KEHOCTI MIBUAKICTD PyXy JTTHKH (poxkiB)
1 20 65 400 7,5
2 9 60 330 2,5
3 15 65 344 59
4 18 70 320 6,8
5 17 70 300 3.8
6 22 70 310 0,8
7 14 60 365 8,3
8 55 75 340 91
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Puc. 4. IIpuctpiit 1y BUSHAYEHHS )KOPCTKOCTI IYPYIIIB
IpH 1X BiPKUMaHHI

Fig. 4. The device for determining the screw rigidity
during displacement

HaBantakeHHs, Ha MiAKIAAKY MPHKIAAATIOCS
cximyacto 3 kpokoMm 3,5 kH 10 mocsraeHHs nepe-
MIIIEeHb, sKi cknaganu 0,2 MM, 110 BiJIIOBiaE pea-
JHHUM NEPEeMILICHHIM HiAKIaaKy B KOJii mpu pyci
B kpuBiit R = 300 M. BunpoOyBanHs Oynu BUKOHa-
Hi Ha 10 mingHkax Kouii perioHaapHOI Gimii «Ilis-
nenna samizaunsg» [TAT «Ykpsami3Huis» Ta Ha 8
ninsakax KII «XapkiBcbkuii METPOIOJITEH», fAKi
BiZIPI3HSUINCH TepMiHAMU eKcIuTyaraiii. Ha xoxHii
ousHOl Oyno BUmpoOyBaHo He MeHmie Hik 10
LImat.

BruB excrutyarariiHuX YWHHHUKIB B KOMIi Ha
BEJIMYMHU JKOPCTKOCTI HIYpYyIMiB IMpPH TOPU3OHTA-
JHLHOMY HaBaHTa)KEHHI OL[IHIOBAaBCS KOe(ilieHTOM
KOpeJsLii.

PesynabTarn

B mporeci ekcruryaranii *OpCTKICTh KOCTHIIIB
Ta IIypyMiB 3MEHIIYETHCS, 3aJIE)KHOCTI LIUX BEJHU-
YHH Bifl TEpMIiHIB CIy»Ou HemiHiliHi (puc. 5, 6).

ExcriepuMenTanbHi gaHi Oyiau anmpOKCHMOBaHI

IIOKA30BUM piBHHHHSIM:
C=R/A, 3)

ne t — Tepmin excrutyarartii Kol (poku).

Cepenns moMuiIKa anpoKcuManii Ui piBHAHHS
(3) cknamae 7,8 %.

6.5

6.0

KOPCTKICTb, KH/M

55

5.0

4.5 ®

4.0 T T
0 2 4 6 8

TEpMiH cryxow, poku

——TeopeTHYHa KpBa @ eKCIepHMEHTalbHI 1aHi

Puc. 5. I'padix 3a1e:»KHOCTI )KOPCTKOCTI KOJTIHHUX KOC-
THWJIIB BiJI TEPMiHY eKcIutyararii Kol

Fig. 5. Graph of dependency of track spike rigidity
on the track life

122.0

1215
121.0 °\
1205

120.0 ®

XKOPCTKICTb, KH/M

1195

119.0 T T
0 2 4 6 8 10

TEpMiH cryxou, poku

——TeopeTHYHa KpUBa @ eKCIepPHMEHTalbHi 1aHi

Puc. 6. I'padik 3ane:KHOCTI YKOPCTKOCTI KOTIMHUX 1Ty~
PYIIiB BiJ TEpMiHY eKCIUTyaTarii KoJii

Fig. 3. Graph of dependency of track screw rigidity
on the track life

ExcriepuMenTanbHi gaHi OynM anmpoKCHMOBaHi
MOKA30BUM PIBHSHHSIM:

C, =121,17:10°- 0,604-10° !,  (4)

ne t — repmin excrutyarartii Kol (poku).

Cepenns noxuOka anpoKCHMAIIi] Uil piBHSIHHS
(4) cxnanae 8,7 %.

BrumB iHMMX eKCIUTyaTalliiHuX YMHHUKIB Ha
JKOPCTKICTh LIyPYyTiB, B TOMY YHCJIi MOMEHT HaTs-
Ty, BUSBUTHU He Baanocs. JlocnimpkeHHs moka3aiy,
[I0 MOMEHT HATATY INyPYIiB BIUIMBAB TUTBKU Ha
BEJIMYMHY IMOYATKOBOI CHIIH, IPH SIKiH MOYNHAIOCH
BUOipKa MOQTIB i 3a30piB.
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HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTh

B po0oTi Ha OCHOBI JaHWX EKCIECPHUMEHTAIb-
HUX POOIT OyiHM OTpUMaHi 3HAYEHHS >KOPCTKOCTI
NPUKPIIUIIOBAYiB AJs] TPOMIKHHUX CKpIMJICHb IS
JIepeB’ STHUX M — KOCTHJIIB Ta IIyPYIIiB.

Brepmie Ha BiAMiHY Bix iHmHX pobiT Oymu
OTpHMaHi 3a3HaveHi MapamMeTpu He TUIbKH y Qik-
COBAHOMY Yaci, a 1 3aJIe)KHO BiJ Yacy eKcruryarariii
komii. Taka iHpoOpMAIlis 1ae MOXKIIUBICTh BUKOHY-
BaTH PO3PaxXyHKH TOPHU3OHTAIBHHUX MOIEPEYHUX
CHJI B KPHBHX Mayux paiiyciB (Menme Hix 350 m),
OITIHIOBATH 3MiHM IUX CHJI ITiJl 9ac €KCILIyaTallii.
Criji 3a3HaYUTH, 10 HA CHOTOJHI B TAKMX KPHBHX
YKJIQAAl0THCSl TUIBKH AEpeB’ sIHi ITaH.

Otpumana iHQOpMAaIisS IO3BOJSE BH3HAYATH
ONTUMaJbHI KOHCTPYKLIi MPOMIXKHHX CKpIIUICHb
JUTSL TAKUX YMOB 3 TOYKH 30py AWHAMIKH B3a€MOJI1
KOJIIT Ta PyXOMOTO CKIIay.

BucHoBku

OTpumaHi eMIipuYHi 3aJIe)KHOCTI YKOPCTKOCTI
KOCTHJIIB Ta IIyPYIiB MPOMDKHUX CKpPIIUIEHb IS
JlepeB’ THUX IIMTaj TP Ail TOPU30HTAIBHHX ITOTIe-
peYHHMX CHJI BiJ TepMiHIB ekcrutyaramii koumii. Lli
JlaHl € CKJIaJJOBUMH BUXIJHUX MapaMeTpiB IUIsl BH-
KOHAHHS YUCIIOBUX HOCIIIHKEHb B3acMOmil KOJIil Ta
PYXOMOTO CKIIay.
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"KECTKOCTH NPUKPENUTEJEN NPOMEXKYTOUYHBIX
CKPEIVIEHUU IJ1A JEPEBAHHBIX HIITAJI
MPU JEMCTBUU T'OPU30OHTAJIBHBIX IONEPEYHBIX CHJI

Heab. HecMoTpst Ha NOCTOSIHHOE yBEJIMYEHUE HPOTSHKEHHOCTH yYacTKOB C OECCTBIKOBBIM IIyTEM Ha xkejie300e-
TOHHBIX LINAJIaX, JEPEBIHHBIC LIIAJIbl — 3TO OJUH U3 BAPUAHTOB IIOJPEIbCOBBIX OIOP, KOTOPBIE IKCILLYaTUPYIOTCS
Ha JIOCTaTOYHO OOJIBIIOM KOJIMYECTBE HAIPABJICHUH, B YACTHOCTH, OCTAIOTCS O€3aJbTepHATUBHBIMU B KPUBBIX pa-
nuycamu 10 350 M, a Takke B IIaBHBIX MyTSIX METPOMOIMTeHOB. OCHOBHBIMHU BHJIAMHM IIPHUKpENUTENeil B Hanboee
PacpoCTPaHEHHBIX THUMAX MPOMEXYTOUYHBIX PENBCOBBIX CKPEIJIEHUSAX Ul JEPEBSHHBIX IIIAIl SBISIOTCS IMyTEBBIE
KOCTBUIM | IIypymbl. IIOCKONBKY CYIIECTBYIONIHE B KPUBBIX yJacTKax ITyTH OCOOEHHOCTH KOHTAaKTa CHCTEMBI «KO-
JIECO-PEIIBC» UMEIOT CYHIECTBEHHOE BIIMSIHHE HA MPOLECCHl B3aUMOJEHCTBHUS JKENE3HONOPOKHOTO IYTH U TOABHK-
HOTO COCTaBa, B paboTe HEOOXOAMMO ONPEEIHUTh KECTKOCTh MyTEBBIX HIyPYIOB M KOCTBUIEH, KOTOPbIE HEMOCPE-
CTBEHHO YYacCTBYIOT B (JOPMHPOBAaHMU MPOCTPAHCTBEHHOM >KECTKOCTH Y3JI0B IPOMEXYTOUYHBIX PEJIbCOBBIX CKpETl-
JICHUH NIpU BO3ACHCTBUM NOPU30HTAIBHBIX NONEpeuHbiX cuil. Meroguka. MccnenoBaHue )KeCTKOCTH PUKPENUTE-
JIel POBOAMIIOCH IKCIIEPUMEHTAIIBHO JUISL IBYX THUIIOB POMEXKYTOUYHBIX PeNbCOBBIX ckperienui — JI0 u «Metpo».
st mpoBeieHnst SKCIIEpUMEHTAIBHBIX UCTIBITAHUH ObLIO BHIOPaHO 10 OMBITHBIX yYacTKOB Ha MyTSAX PErHMOHAIBHOTO
¢ummana «tOxxHas xene3nas gopora» OAO «Ykp3anusHbls», u 8 — Ha ri1aBHBIX myTsix KIT «XapskoBckuit MmeTpo-
nosuteH». Kaxapli U3 ONBITHBIX yYaCTKOB HAXOAUJICS B IPUMEPHO OJUHAKOBBIX AKCILTYyaTallUOHHBIX YCIOBHUSAX, HO
HMeEIl pa3sHylO BEIMUYHHY IPOIYIIEHHOrO TOHHaXa. Pe3yibTarhl. [lomyyeHsl 3HaU€HMsI )KECTKOCTH ITyTEBBIX KOCTbI-
nei n mypynos. HayuyHast HOBU3HA. ABTOpaMy BIIEpBBIE OBUTH IOJTyYCHBI 3KCIIEPUMEHTAIBHBIC JaHHBIC 110 U3Me-
HEHHIO JKECTKOCTEH MpUKpenuTeneil (IyTeBIX MIyPyIOB M KOCTBUICH) B 3aBUCHMOCTH OT CPOKa IKCIUTyaTAIluH IS
MarucTpaibHBIX JKEJIE3HBIX AOPOT U ITyTEH METPOIIOIUTEHOB. DTO MO3BOJISIET BBIMOIHITE PACUETHI BEMYMHBI TOPH-
30HTAJIBHBIX IIONMEPEYHBIX CHJI B KPUBBIX Y4aCTKaxX MyTH (B YaCTHOCTH B KPHBBIX C paguycamu MeHee 350 M), a Tak-
JK€ MPOTHO3HO OLIEHUBATh M3MEHEHHE MX YPOBHS B Ipouecce skcruryaranuu. IIpakruyeckas 3Haummocts. Ha
OCHOBE TIOJyYCHHBIX JKCIIEPUMEHTAIbHBIX JAAHHBIX OBIJIO YCTAHOBJIEHO, YTO M3MEHEHHE KECTKOCTH ITyTEBBIX IIy-
PYIIOB U KOCTBUIEH, B 3aBUCHMOCTH OT CpOKa CIIy’»KObl, HOCUT HEIMHEWHBIN XapakTep. [IpoBeneHHbIE HCCIea0BaHUs
MO3BOJISIOT OoJiee parMoHaIbHO MOIXOANUTE K BOIPOCY ONpeAeTIeHNs ONTUMAIBHOW KOHCTPYKLIUH IPOMEXYTOYHBIX
PEIBCOBBIX CKPEIUICHHH, NCXO/S U3 KOHKPETHBIX YCIOBHH JKCIUTyaTalllH, a TakKe MOTYT CIOCOOCTBOBATh pas3pa-
00TKE MEpONPHITHI O MOBHIMICHUIO HA/ICKHOCTH paOOTHI Y3JIOB MPOMEKYTOUHBIX PEJILCOBBIX CKPEIUICHUH IS
JICpEBSHHBIX IIMal.

Knrouesvie cnosa: penbcoBast onopa; MpoMeKyTOUHBIE PENbCOBBIE CKPEIUIEHHSI; BEpPXHEE CTPOCHUE IyTH; IIMa-
IIBl; PEJIBC; KECTKOCTh; 3KCIIEPUMEHTAIILHBIE UCCIIEI0BAHUS
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RIGIDITY OF INTERMEDIATE FASTENING SCREWS
AND SPIKES FOR WOODEN SLEEPERS
UNDER THE ACTION OF HORIZONTAL LATERAL FORCES

Purpose. Despite the steady increase in the length of sections of continuous welded rail on concrete sleepers,
wooden railway sleepers, as one of the options of under-rail bearings, are still operated on a sufficiently large num-
ber of areas, in particular, remain uncontested in the curve of up to 350m radius, as well as on the main ways of
subways. The main types of fasteners in the most common types of intermediate rail fastenings for wooden sleepers
are track screws and spikes. Since the «wheel-rail» system contact peculiarities existing in track curved sections
have a significant impact on the processes of interaction between the railway track and rolling stock, it is necessary
in this work to determine the rigidity of the track screws and spikes, which are directly involved in the formation of
spatial rigidity of the intermediate rail fastening nodes under the influence of horizontal transverse forces.
Methodology. The study of the track screw and spike rigidity was conducted experimentally for the two types of
intermediate rail fastenings — DO and «Metro». To carry out experimental tests, 10 test sites were selected on the
roads of the regional branch of «Southern Railway» of «Ukrzaliznytsia», and 8 — in the main routes of KP «Kharkiv
Metro». Each of the test sites was in approximately the same operating conditions, but had different values of passed
tonnage. Findings. The values of the track screw and spike rigidity were obtained. Originality. The authors first
obtained the experimental data on variation in rigidity of track screw and spike, depending on the useful life for the
main railways and subway routes. This allows calculation of the horizontal shear forces in track curved sections
(particularly in curves of up to 350 m radius), as well as the forecast evaluation of their level change during opera-
tion. Practical value. Based on the experimental data, it was found that variation in rigidity of track screw and spike
depending on the lifetime is nonlinear. These experiments allow a more rational approach to the issue of determin-
ing the optimal design of the intermediate rail fasteners, based on the specific operating conditions, and may also
contribute to the development of measures to improve the reliability of the components of intermediate rail fasten-
ings for wooden sleepers.

Keywords: support rail; intermediate rail fasteners; track structure; railway sleepers; rail stiffness; experimental
research

REFERENCES

1. Velinets V.P. Eksperymentalni doslidzhennia horyzontalnoi poperechnoi zhorstkosti reikovykh nytok pry
riznykh konstruktsiiakh reikovykh skriplen [Experimental investigations of horizontal lateral stiffness of rails
under different designs of rail fasteners]. Nauka ta prohres transportu — Science and Transport Progress,
2015, no. 6 (60), pp. 57-64. doi: 10.15802/stp2015/57018.

2. Verigo M.F., Kogan A.Ya. Vzaimodeystviye puti i podvizhnogo sostava [The interaction between the track and
rolling stock]. Moscow, Transport Publ., 1986. 558 p.

3. Verigo M.F. Vzaimodeystviye puti i podvizhnogo sostava v krivykh malogo radiusa i borbe s bokovym iznosom
relsov i grebney koles [The interaction of the track and rolling stock in horseshoe curves and control of hori-
zontal wear and wheel flanges]. Moscow, PTKB TSP MPS Publ., 1997. 207 p.

4.  Darenskiy O.M., Belikov E.A. Analiz rozvytku teorii rozrakhunkiv zaliznychnykh kolii [The theory develop-
ment analysis of railways calculations]. Zbirnyk naukovykh prats Ukrainskoho derzhavnoho universytetu
zaliznychnoho transport [Proc. of Ukrainian State University of Railway Transport], 2015, no. 154,
pp. 149-155.

doi 10.15802/stp2016/90483 © O. M. [Japencwkuid, 0. JI. Tynei, 1. O. IToranos, A. C. Manimescbka, 2016

103



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

Hayka Ta nporpec Tpancropry. BicHuk J[HIIponeTpoBchKoro
HALIOHAIIBHOTO YHIBEPCUTETY 3ali3HHYHOro Tpancmnoptry, 2016, Ne 6 (66)

3AJIIBHMYHA KOJIIA

5. Yakovlev V.F., Semenov L.1., Frolov A.l., Poletayev V.I. Issledovaniya uprugo-dinamicheskikh kharakteristik
puti v gorizontalnoy ploskosti [Research of elastic and dynamic characteristics of the track in the horizontal
plane]. Trudy Leningradskogo instituta inzhenerov zheleznodorozhnogo transporta [Proc. of Emperor Alexan-
der | St. Petersburg State Transport University], 1977, no. 280, pp. 82-99.

6. Kravchenko N.D. Usloviya raboty relsovykh nitey pri vozdeystvii bokovoy nagruzki [Working conditions of
rails under the action of lateral load]. VNIZhT, seriya «Dostizheniya nauki i tekhniki — v proizvodstvo» [All-
Union SRIRT, Series «Advances in Science and Technology — into Production»]. Moscow, Transport Publ.,
1977. 38 p.

7. Lysyuk V.S. Veroyatnostnyye issledovaniya zhestkosti puti [Probabilistic studies of track stiffness]. Vestnik
VNIIZhTa - Vestnik of the Railway Research Institute, 1981, no. 6, pp. 53-56.

8.  Malishevskaya A.S., Fast D.A. Formuvannia prostorovoi zhorstkosti reikovykh opor metropolitenu [Formation
of spatial rigidity of metro rail supports].Mir nauki i innovatsiy — World of Science and Innovation, 2015, vol. 1, issue 2
(2), 48-55.

9.  Tuley Yu.L. Analiz prostorovoi zhorstkosti skriplen DO [Analysis of spatial rigidity of DO-type fastening
node]. Zbirnyk naukovykh prats UkrDUZT [Proc. of Ukrainian State University of Railway Transport], 2015,
no. 157, pp. 82-85.

10. Tuley Yu.L. Analiz formuvannia zhorstkostei skriplen typiv D-2, D-4, KPPD-2 ta SKD-65D [Analysis of
stiffnesses formation of fastening node, types D-2, D-4, 2, KPPD and SKD-65D]. Zbirnyk naukovykh prats
UkrDUZT [Proc. of Ukrainian State University of Railway Transport], 2016, no. 159, pp.109-118.

11. Bogacz R., Czyczuta W., Konowrocki R. Influence of sleepers shape and configuration on track-train dyna-
mics. Shock and Vibration, 2014, vol. 2014, p. 1-7. doi: 10.1155/2014/393867.

12. Bogacz R., Konowrocki R. On new effects of wheel-rail interaction. Archive of Applied Mechanics, 2012,
vol. 82, issue 10-11, pp. 1313-1323. doi: 10.1007/s00419-012-0677-6.

13. Frangopol D.M. Life-cycle performance, management, and optimization of structural systems under uncer-
tainty: accomplishments and challenges. Structure and infrastructure engineering: Maintenance, Management,
Life-Cycle Design and Performance, 2011, vol. 7, issue 6, pp. 389-413. doi: 10.1080/15732471003594427.

Cmamms pexomendosana 0o Opyky O.m.H., npog. B. JI. Ilempenxom (Vkpaina), o0.m.n., npog.
M. A. Inyeinum (Vpaina)

Hanitinna no penkosnerii: 29.08.2016
[puitasra go apyky: 30.11.2016

doi 10.15802/stp2016/90483 © O. M. [Japencwkuid, 0. JI. Tynei, 1. O. IToranos, A. C. Manimescbka, 2016

104



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIponeTpoBChKoro
HaLiOHAIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2016, Ne 6 (66)

THOOPMALIMHO-KOMYHIKAIIVMHI TEXHOJIOI'T
TA MATEMATHUYHE MOJIEJIFOBAHHSA

UDC [004.7-047.72]:656.2

V. M. PAKHOMOVAY

¥Dep. «Electronic Computing Machines», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 89, e-mail viknik.p1988@mail.ru,
ORCID 0000-0001-8346-0405

NETWORK TRAFFIC FORCASTING IN INFORMATION-
TELECOMMUNICATION SYSTEM OF PRYDNIPROVSK RAILWAYS
BASED ON NEURO-FUZZY NETWORK

Purpose. Continuous increase in network traffic in the information-telecommunication system (ITS) of
Prydniprovsk Railways leads to the need to determine the real-time network congestion and to control the data
flows. One of the possible solutions is a method of forecasting the volume of network traffic (inbound and out-
bound) using neural network technology that will prevent from server overload and improve the quality of services.
Methodology. Analysis of current network traffic in ITS of Prydniprovsk Railways and preparation of sets: learn-
ing, test and validation ones was conducted as well as creation of neuro-fuzzy network (hybrid system) in Matlab
program and organization of the following phases on the appropriate sets: learning, testing, forecast adequacy
analysis. Findings. For the fragment (Dnipropetrovsk — Kyiv) in ITS of Prydniprovsk Railways we made a forecast
(day ahead) for volume of network traffic based on the hybrid system created in Matlab program; MAPE values are
as follows: 6.9% for volume of inbound traffic; 7.7% for volume of outbound traffic. It was found that the average
learning error of the hybrid system decreases in case of increase in: the number of inputs (from 2 to 4); the number
of terms (from 2 to 5) of the input variable; learning sample power (from 20 to 100). A significant impact on the
average learning error of the hybrid system is caused by the number of terms of its input variable. It was determined
that the lowest value of the average learning error is provided by 4-input hybrid system, it ensures more accurate
learning of the neuro-fuzzy network by the hybrid method. Originality. The work resulted in the dependences for
the average hybrid system error of the network traffic volume forecasting for the fragment (Dnipropetrovsk-Kyiv) in
ITS Prydniprovsk Railways on: the number of its inputs, the number of input variable terms, the learning sample
power for different learning methods. Practical value. Forecasting of network traffic volume in ITS of
Prydniprovsk Railways will allow for real-time identification of the network congestion and control of data flows.

Keywords: forecasting; network traffic; volume; neuro-fuzzy network; hybrid system; term; membership func-
tion; set; adequacy; error

Introduction

To make a forecast of the network traffic pa-
rameters there are used various methods and tech-
niques that are widely spread in the analysis of
time series of economic indicators [9-10]. In gen-
eral, if the set n of discrete values

{y(t), y(,)...,y(t,)} at successive time points
t,,t,....t,, then the forecasting problem lies in fore-
casting the value vy (t,,;) at a future time point
t,.,. The forecast usually has an error, but this er-

ror depends on the used forecasting system. High
efficiency of the forecast is achieved with the use
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of neural networks [1, 11-13]. The forecasting
problem can be solved based on the following neu-
ral networks: multilayer perceptron (MLP), radial
basis function (RBF), generalized regression neural
network (GRNN), Volterra networks, Elman net-
works and ANFIS-system, the overview of which
is done in [7]. Fuzzy Neural Networks (hybrid sys-
tems) are designed to combine the advantages of
neural networks and fuzzy inference. They allow
you to develop and apply the models in the form of
the rules of fuzzy production systems, for the
building of which the neural network capabilities
are used [5]. In particular, the adaptive network of
fuzzy inference (Adaptive-Network-Based Fuzzy
Inference System, ANFIS), which is implemented
in the Fuzzy Logic Toolbox application of Matlab
program [4]. The main stages of neuro-fuzzy net-
work operation include: formation of the rule base
of fuzzy inference system; phasing of input vari-
ables; aggregation; activation; accumulation; de-
fuzzification of output variables, the functioning
algorithm of such a system is provided in [6]. Spe-
cifically, [2] proposed a hybrid forecasting system
(24 hours ahead) for the suburban passenger flow
and [3] formed a hybrid model for forecasting the
wagon loading volume for two previous days.

Purpose

To develop the method for forecasting the vol-
ume of network traffic (incoming and outgoing)
through the use of neuro-fuzzy network (hybrid
system) for the considered fragment (Dnipropet-
rovsk-Kyiv) in ITS of Prydniprovsk railway.

Problem statement

Continuous increase in network traffic volume
in ITS of Prydniprovsk Railways requires its fore-

casting to prevent network congestion and improve
service quality. One of the possible solutions can
be the network traffic volume forecasting method
that would avoid such an overload (including that
of the server). The study used the real traffic data
of the most important fragment (Dnipropetrovsk —
Kyiv) in ITS of Prydniprovsk Railways for the pe-
riod 21.03-26.03.2016. The analysis of inbound
and outbound traffic in the direction of finding
long-term dependency (hours, days) was con-
ducted. For illustrative purposes we built the charts
of network traffic volume for the analyzed ITS
fragment. As an example, Figure 1 shows out-
bound traffic for fragment length of 24-hour time
series on different days of the week.

Figure 1 shows the trend of behaviour of the
network traffic volume for the week: it is about the
same on Monday, Tuesday, Thursday and Friday;
there are regular changes in a given period. So, in
particular, the traffic volume is lower and more or
less stable from 00:00 to 7:00, significant and un-
stable traffic from 8:00 to 17:00, and again the
lower and relatively unchanged traffic from 18:00
to 23:00. On Wednesday the volume of network
traffic is the highest, and on weekends the traffic
volume is much lower than on weekdays. The fig-
ure shows that the volume of outbound traffic on
Wednesday as compared to Monday, Tuesday,
Thursday and Friday is about 1.3 times higher. To
make a (day ahead) forecast of the network traffic
volume we selected the interval from 8:00 to
17:00, where it has significant variations, but for
weekdays (Monday, Tuesday, Thursday, Friday)
when the nature of traffic is approximately the
same. Thus it was decided to make a (day ahead)
forecast of the traffic volume x(t) based on the data
of the previous three days: x(t-1), x(t-2), x(t-3).

Traffic volume, 108 bursts

22:00 |
23:00

Fig. 1. Volume of outbound traffic in ITS (Dnipropetrovsk — Kyiv)
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Methodology

1 — Preparation of sets. To make a forecast it is
necessary to prepare the following sets: learning,
test, validation ones. The prepared set will affect
the efficiency of learning and testing processes, as
well as the ability of the network to solve the prob-
lems it faces during operation. To prepare the set
we made a special array of 100 examples close to
reality. To form the learning set the first 50 values
of the created array were used while the other 50
values were used for the test set. To form a control
set we used the real data of the fourth day, which is
not considered.

2 — Creation of neuro-fuzzy network in Matlab.
The task of forecasting the traffic (inbound, out-
bound) at the section Dnipropetrovsk-Kyiv is re-
duced to the problem of time series forecasting,
usually for such problems there is selected Sugeno
type system. For the purposes of linguistic assess-
ment each input variable has two terms (maximum
and minimum value), the membership function is
chosen as Gaussian (gaussmf), for assessing the
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resulting variable the set membership function is of
linear type. In the knowledge-base editor the set
fuzzy inference rules are as follows:
if x(t-1)=min and x(t-2)=min and x(t-3)=min,
then x(t)=1;
if X(t-1)=min and x(t-2)=min and x(t-3)=max,
then x(t)=2;
if X(t-1)=min and x(t-2)=max and x(t-3)=min,
then x(t)=3;
if x(t-1)=min and x(t-2)=max and x(t-3)=max,
then x(t)=4;
if x(t-1)=max and x(t-2)=min and x(t-3)=min,
then x(t)=5;
if X(t-1)=max and x(t-2)=min and x(t-3)=max,
then x(t)=6;
if x(t-1)=max and x(t-2)=max and x(t-3)=min,
then x(t)=7;
if X(t-1)=max and x(t-2)=max and x(t-3)=max,
then x(t)=8.
The structure of the designed fuzzy inference
system is shown in Fig. 3.

18 Wembership funchon pighs, P04 petis

WX Uy

nput variable “x{l-1)"

Fig. 2. Membership function of the first input variable before and after system learning

input inputmf rule

outputmf output

Logical Operations
and
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not

Click on each node to see detailed information

||| Update | | Help | | Close |

Fig. 3. Structure of the designed hybrid system
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As shown in Fig. 3, the system has 5 layers.
The first layer (input) — has three nodes (x(t-3),
x(t-2), x(t-1)), where the input data are conveyed.
The first layer performs dividing phasing of each
variable, defining for each j-th rule of inference

of the membership coefficient according to the ap-
plicable phasing function. The second layer (in-
putmf) consists of 3-2=6nodes, because each
input variable corresponds to 2 terms, performs
aggregation of individual variables x;, determining

the resulting value of the membership coefficient
for vector x (the activation level of inference
rule); this layer is nonparametric. The third layer
(rule) is TSK function generator; this is a paramet-
ric layer which involves adaptation of the linear
weight determining the function of TSK model
inference. The fourth layer (outputmf) consists of
membership functions for each fuzzy inference
rule (number of nodes of this layer corresponds to
the number of rules 2° = 8); this layer is nonpara-
metric. The fifth layer (output) is normalizing, it
has a single node, which corresponds to the output
of the system; this layer is nonparametric.

3 — Learning of fuzzy neural network. When
learning the hybrid method (hybrid) was selected
as the method of optimization (optim. method),
which combines the least-square method and the
reduced reverse gradient method; the number of
iterations of learning (epochs) is 40. As an exam-
ple, the diagram of membership function of the
first input variable before and after system learning
is shown in Fig. 2.

4 — Testing of hybrid system. The hybrid system
testing is conducted on the test set. Testing results

4

Traffic volume, 10° bursts

500 900

—e— Actual value

as compared to the system learning results are
shown in Fig. 4.

5 — Analysis of hybrid system adequacy. To as-
sess the quality and accuracy of the forecast of the
created hybrid system we calculated MAPE (Mean
Absolute Percentage Error) by the formula:

N
MAPE =1} 20-201 10094

Z(t)
t=1

)

where Z(t) - real data at time point t; Z,(t)— pre-
dicted data at time point t; N — number of hours.

Forecasting of the network traffic volume was
conducted from 8:00 to 17:00 (total hours N = 10).
MAPE values are: 6.9% for the forecast of inbound
traffic volume, 7.7% for the forecast of outbound
traffic volume. As an example the actual and pre-
dicted volume of outbound traffic in ITS of Dnie-
per Railways (Dnipropetrovsk-Kyiv) is shown in
Fig. 5.
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Fig. 4. Results of learning and testing
of neuro-fuzzy network
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Fig. 5. Actual and predicted volumes of outbound traffic
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Findings

1 — The study of dependence of the average
error of the hybrid system learning on the num-
ber of its inputs. The study involved the average
error of the created hybrid system learning with
different number of inputs: 2, 3, 4. In all the ex-
periments, the length of the learning set was 50
examples, the number of epochs — 40, system
learning was conducted by hybrid method. The
obtained data resulted in the built diagrams of
the dependence of the average error of the hy-
brid system learning on the number of its inputs
for inbound (outbound) traffic in ITS of
Prydniprovsk Railways for the considered frag-
ment Dnipropetrovsk-Kyiv and are presented in
Fig. 6.

The figure shows that lowest value of the av-
erage error of the hybrid system learning is:

0.8
0.7
0.6
0.
0.
0.
0.
0.
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t=

error, 108 bursts

Average learnin
G Uh

P )

I

0.27-102.10° = 2.7-10? bursts for inbound traffic;
for outbound traffic is provided by 4-input hy-
brid system at the learning set consisted of 50
examples.

2 — The study of dependence of the average
error of the hybrid system learning on the num-
ber of terms of its input variable. The study was
conducted on the created hybrid system, which
has three input variables; in all the experiments
the length of learning set consisted of 50 exam-
ples. Let us analyse the value of the average er-
ror of the hybrid system learning based on the
number of terms of its input variable: 2, 3, 5.

The obtained values resulted in the built dia-
grams of the dependence of the average error of
the hybrid system learning on the number of
terms of its input variable by different learning
methods that are presented in Fig. 7.

3 A

Number of inputs
—4&— Inbound traffic

= Outbound traffic

Fig. 6. Dependence of average error of the hybrid system learning
on the number of its inputs
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Fig. 7. Dependence of average error of the hybrid system learning
on the number of terms of its input variable
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The figure shows that when the number of
terms increases (from 2 to 5), the average error of
the hybrid system learning decreases: from
0.69-10° to 0.45-10°.10°=4.5 bursts by the hybrid
learning method; from 1.36:10° to 0.83-10° bursts
by the back-propagation method. Thus, learning of
the 3-input hybrid system (5 terms for each input
variable) is more accurate by the hybrid method
than by the back-propagation method.

3. The study of dependence of the average error
of the hybrid system learning on the learning set
power. For the study we took the learning set of
different lengths: 20, 50, 100. The study was con-
ducted on the hybrid system with three input vari-
ables; the learning cycle was 100 epochs. The ob-
tained values resulted in the built diagrams of the
dependence of the average error of the hybrid sys-
tem learning on the learning set power according to
the learning algorithms that are presented in Fig. 8.

The figure shows that when the learning set
power increases (20 to 100 examples) onto 3-input
hybrid system, its average learning error decreases:
from 0.72:10° to 0.41.10° bursts by the hybrid
learning method; from 2.28-10° to 1.07-10° bursts
by the back-propagation method. Thus, learning of
the hybrid system is more accurate by the hybrid
method at learning set power of 100 examples.

Originality and practical value

The originality of the work includes the ob-
tained dependences for the average hybrid system
error of the network traffic volume forecasting for

the fragment (Dnipropetrovsk-Kyiv) in ITS of
Prydniprovsk Railways on: the number of its in-
puts, the number of input variable terms, the learn-
ing set power for different learning methods. The
practical value is that forecasting of network traffic
volume in ITS of Prydniprovsk Railways will al-
low for real-time identification of the network
congestion and control of data flows.

Conclusions

1. The work presents the conducted analysis of
the volume of network traffic (inbound and out-
bound) in ITS of Prydniprovsk Railways (Dni-
propetrovsk-Kyiv) based on the real data. For fore-
casting (day ahead) the volume of network traffic
the interval from 8:00 to 17:00 o’clock was se-
lected, where there are significant variations, but at
that time of the week (Monday, Tuesday, Thurs-
day, Friday) when the nature of traffic is approxi-
mately the same.

2. There were prepared the learning, test and
validation sets based on actual data for the period
21.03.-26.03.2016. Forecast of the network traffic
volume in ITS of Prydniprovsk Railways (Dni-
propetrovsk-Kyiv) is made using a neuro-fuzzy
network (hybrid system), which was designed in
Matlab program. The hybrid system input is sup-
plied with the network traffic volume for the past
three days; forecasting of the network traffic vol-
ume was conducted from 8:00 to 17:00 (total hours
N = 10); MAPE values are: 6.9% for inbound traf-
fic; 7.7% for outbound traffic.
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Fig. 8. Dependence of average error of the hybrid system learning on the learning set power
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3. The experimental study was conducted over
the dependence of the average error of the hybrid
system learning on: the number of its inputs (first
study), the number of input variable terms (second
study), the learning set power (third study) by dif-
ferent learning methods: hybrid, back-propagation.
Significant impact on the average error of the hy-
brid system learning has the number of input vari-
able terms. In ITS of Prydniprovsk Railways (Dni-
propetrovsk-Kyiv):

— The first study showed that the most accurate
volume forecast of the inbound traffic (learning
error 2.7-10%) and outbound traffic (learning error
19:10%) is achieved with 4-input hybrid system at
the length of the learning set of 50 examples;

— The results of the second study showed that
increase in the number of terms (from 2 to 5) of its
input variable leads to decrease in the average
learning error: from 0.69-10° to 4.5 bursts by the
hybrid method; from 1.36:10° to 0.83-10° bursts by
back-propagation method. Thus, learning of the 3-
input hybrid system that has 5 terms for each input
variable, is more accurate by the hybrid method;

— The results of the third study showed that in-
crease in the learning set power (from 20 to 100
examples) onto 3-input hybrid system leads to de-
crease in the average learning error: from 0.72-10°
to 0.41-10° bursts by the hybrid method; from
2.28-10° to 1.07-10° bursts by the back-propagation
method. Thus, the learning is more accurate by the
hybrid method at the learning set power of 100
examples.
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IMPOTHO3YBAHHS OBCSIT'Y MEPEKEBOI'O TPA®DIKA

B IHOOPMAIIMHO-TEJEKOMYHIKAIINHIN CUCTEMI
IPUIHINTPOBCHKOI 3AJII3HULII HA OCHOBI
HEHPOHEUYITKOI MEPEXKI

Merta. ITocriiite 36imbpmeHHs 00csary Mepesxxaoro Tpadika B iHopmariiiiHo-TenekomyHikamiiii cucremi (ITC)
[TpuaHIIPOBCHKOI 3aMi3HUII TPU3BOANUTE 10 HEOOXiTHOCTI BH3HAYCHHS B PEAJbHOMY 4aci MEepeBaHTaKEHHS B Me-
pexi Ta 3AifiCHEHHS KOHTPOIIO TOTOKIB JaHWX. OXHUM 13 MOXKIIMBHX PIIIEHb € METOJ IPOTHO3YBaHHS 00CATY Me-
pexHoro Tpadika (BXiZIHOTO Ta BUXITHOTO) 3 BUKOPHUCTAHHIM HEHPOMEPEKHOT TEXHOJIOTI, 1110 T03BOIUTh YHUKHYTH
NepeBaHTAXKCHHS cepBepa Ta MiJBUIIUTH AKICTh nociayr. Meroauka. B poOoTi BUKOHaHI aHali3 iCHYyIOUOro Me-
pexxnoro Tpadika B ITC IpuaHinpoBChKOi 3a1i3HHUII Ta MiATOTOBKA BHOIPOK: HABYAILHOI, TECTOBOI, KOHTPOJIBHOT,
a TaKoX CTBOpEHHs B mporpami Matlab HefiponeuiTkoi Mepexi (ribpuaHoi cuCTeMH) Ta OpraHi3allis Ha BiANOBia-
HUX BUOIpKax TaKMX €TaIliB. HABYAaHH:, TECTYyBaHHs, aHAJI3 aJIeKBaTHOCTI nMporHo3y. PesyabraTn. {1 ¢pparmenta
(AuimponerpoBcbk — Kuis) B ITC TpuaHinpoBehKoi 3ami3uui 3ailicHenuit nporHo3 (Ha 100y Briepea) obcsry me-
pexHOro Tpadika Ha OCHOBI TIOPHIHOI CHCTEMH, 1110 CTBOpeHa B mporpami Matlab; swauenns MAPE cknanae: 6,9 %
s obcsry BXigHOTO Tpadika; 7,7 % mia oOcsary BuximHoro Tpadika. BussieHo, mo cepeqHs moxuOka HaBYaHHSI
riOpUIHOT CHCTEMH 3MEHNIYETHCS TPH 301IBIICHHI: KiTbKOCTi BXoaiB (Bix 2 mo 4); kximekocti TepmiB (Bix 2 10 5)
BXiZIHOT 3MIHHOT; IOTYKHOCTI HaBuasapHOi BuOipkH (Bix 20 mo 100). 3HauHwHii BIUIMB HA CEPEIHIO TIOXHOKY HABUAHHSI
riOpuaHOI cHCcTeMH Ma€ KiNbKiCTh TepMiB ii BXiAHOI 3MiHHOi. Bu3HaueHo, Mo HalilMeHIIe 3HaYeHHsI CepeIHbO] Mo-
XHOKM HaBUaHHSA HaJa€ YOTHPHU-BXigHA TiOpHIHA cucTeMma, OifbII TOYHO 3iMCHIOETHCS HABYaHHS HEHPOHEUITKOL
Mepexi 3a riopugaum MerogoM. HaykoBa HoBu3Ha. OTpUMaHi 3aJIE)KHOCTI CepeAHbOI MOXUOKHM HaBUYaHHS Ti0pu-
HOI CHCTEMH MPOTHO3YBaHHs 00cAry mepexkHoro tpadika dparmenta ([JuinpomnerpoBcbk—Kuis) B ITC Ipuanin-
POBCBHKOI 3aJIi3HHMINI BiJl: KUTBKOCTI 11 BXO/IB, KUTBKOCTI TEPMIB BX1JIHOT 3MIHHOT, OTY>KHOCTi HABYaJIbHOI BUOIPKH 32
pi3HMHu MeTonaMu HaByaHHA. [IpakTH4Ha 3HauYMMicTh. [IporuosyBanHs oocary mepexsoro tpadika B ITC IIpu-
JIHITTPOBCHKOT 3aJIi3HMLI O3BOJIUTH B PEAUIFHOMY 4Yaci BU3HAYMTH MEPEBAHTAKEHHS B MEPEXi Ta 3MIMCHUTH KOHT-
POJIb IOTOKIB JaHUX.

Kniouogi cnosa: mporHo3yBaHHs; MEpeXXHUH Tpadik; o0car; HeHpoHediTKa Mepexka, ridpuaHa cCUcTeMa; TepM,;
(hYHKIIiSI MPUHAICKHOCTI; BUOIPKA; aJIeKBaTHICTh; TOXHUOKA
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l*Ka(p. «DNEKTPOHHBIC BHIYUCIUTENBHBIC MAIIHHBI», JIHEPONETPOBCKUIT HAIIMOHAIBHBIA YHUBEPCUTET
JKEJIe3HOJIOPOXKHOTO TPAHCIOPTa UMEHH akanemuka B. Jlasapsna, yi. Jlazapsna, 2, [Jaunpo, Ykpauna, 49010,
ten. +38 (056) 373 15 89, ai1. moura viknik.p1988@mail.ru, ORCID 0000-0001-8346-0405

IMPOTHO3UPOBAHUE OFBEMA CETEBOI'O TPA®UKA

B HH®OPMAIIMOHHO-TEJIEKOMMYHUKAIIMOHHOMN CUCTEME
IMPUIHEITPOBCKOM JJOPOI'I HA OCHOBE

HEUPOHEUYETKOM CETH

Heas. IlocrosHHOE yBennueHNe o0beMa ceTeBOro Tpaduka B MHOOPMAMOHHO-TEICKOMMYHHKAIIHOHHON CHC-
teme (MTC) TpuaHenpoBCKOii KeIe3HO# TOPOTH MPUBOINT K HEOOXOIMMOCTH OTpENEIEHNS B PealbHOM BPpEMEHH
MEePErpy3KH B CETH U OCYIIECTBICHHUSI KOHTPOJIS IOTOKOB AaHHBIX. OIHUM U3 BO3MOXKHBIX PEIICHUH ABISIETCS Me-
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TOJ HPOTHO3MPOBaHUs 00beMa ceTeBoro tpaduka (BXOJHOIO U BBIXOJHOIO) C MCIIONB30BAHUEM HEHPOCETEBOMH Tex-
HOJIOTHH, 4TO IO3BOJIUT U30€KaTh IEPETPy3KH CEpBepa U MOBBICUTH KadecTBO yciyr. Meroauka. B pabote npose-
JIeHBI aHANN3 cymiecTBytomero cereBoro Tpaduka B UTC IpuaHenpoBcKoif xKene3Hol JOPOTH U OATOTOBKA BEIOO-
POK: y4eOHOM, TeCTOBOH, KOHTPOJIBHOH, a Takke co3aanue B mporpamme Matlab ueiiponeuerkoii cetu (rubpumHoit
CHCTEMbI) M OpraHM3aIKs Ha COOTBETCTBYIOUINX BBHIOOPKAX CIEAYIOIIMX ATAMOB: 00yYeHHE, TECTHPOBAHKE, AHAITH3
aleKBaTHOCTH mporHo3a. Pesyabrathl. [ns dparmenrta (Juenponerposck—Kues) 8 UTC TlpuanenpoBckoit xe-
JIC3HOM TOPOTH OCYIIECTBIICH NMPOTrHO3 (Ha CYTKHU BIepea) oObeMa CeTeBOro Tpaduka Ha OCHOBE THOPHIHOW CHCTE-
MBI, co31aHHo# B mporpamme Matlab; snauernne MAPE cocrasnser: 6,9 % nist o0bema Bxosiero tpaduka; 7,7 %
Juist o0bema BeIXozsuiero Tpaduka. BeisiBieHo, yTo cpenHsis omnOka 00ydeHHs: THOPHIHOM CHCTEMBI YMEHBIIIAeTCsl
OpH yBEIMYICHUH: KoindecTBa Bxoa0B (0T 2 10 4); konudectBa TepMoB (0T 2 10 5) BXOAHO# MEpeMEHHOIT; MOIIHO-
ctu obyuaroriieit Beioopku (o1 20 o 100), GosbIiioe BIHSHIE Ha CPETHIOK OIHOKY 00YUEHHUS THOPUIHONW CHCTEMBI
OKa3bIBaET YMCIIO TEPMOB €€ BXOJIHOH mepeMeHHOH. OnpenesieHo, YTo HauMEHbIlee 3HAYeHHE OMIMOKH 00y4YeHUs
naet 4-BxomHas THOpHUIHAS cucTeMa, 0ojiee TOYHO OCYIIECTBIISICTCS 00yUeHNEe HEHPOHEUETKON CeTH 10 THOPHIHO-
My metony. Hayunass HoBu3Ha. [loydeHsl 3aBUCHIMOCTH CpeJHEH OMMOKH 0OydeHHs] THOPHIHONW CHUCTEMBI MPo-
THO3HMpOBaHMs 00beMa ceteBoro Tpaduka pparmenta (Iuenpornerposek — Kues) B UTC IpuaHenpoBCKoi 10porH
OT: KOJIMUECTBA BXOJIOB, KOJMUECTBA TEPMOB BXOHOI IMEPEMEHHON, MOIITHOCTH 00y4arolieil BHIOOPKHU TPH pa3iny-
HBIX MeTonax o0yueHus. [IpakTnyeckas 3HauuMocTsh. [IporHozupoBanue odbema cereBoro Tpaduka B UTC IIpu-
JTHETIPOBCKOH JTOPOTH MO3BOJIUT B PEAJbHOM BPEMEHH OIPENEIIUTh NEPEeTpy3KH B CETH M OCYILECTBUTH KOHTPOJIb
MIOTOKOB JJAHHBIX.

Kiouesvie cnosa: nporao3upoBanue; ceTeBor Tpaduk; 00beM; HeHPOHEUETKas CeTh; THOPUIHAS CUCTEMA; TEPM;
(bYHKIMS TPUHAJIEKHOCTH; BEIOOPKA; aeKBaTHOCTh, OIINOKa
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BJINAHUE XUMHNYECKOI'O COCTABA YYI'YHA
HA MEXKX®A3ZHOE PACHPEAEJEHUE Mn

Hens. B HayuyHO# paboTe mpenmoiaraeTcs pacCMOTPETh MOJTYUYCHHE 3aBHCHMOCTEH COIEp)KaHWS MapraHia
B MeTaumueckoit ocaoBe (Mn,) u koaddummenta ero mexdasnoro pacmpenenenus (KPy,) oT xumudeckoro
cocraBa uyryHa B cucreme Fe—C—Cr—Ni—-Mn. Meroauka. HccenoBanu uyryssi, comepkamme 1,09...3,91 % C,
0,6...54 % Mn, 11,43...25,57 % Cr u 0,19...3,01 % Ni. Jlsst moCTpOCHHS MaTEMaTHUCCKON MOJIEITH PACIIPEICIICHHSI
MapraHia UCIIONB30BAIN METOJ] aKTUBHOTO IIAHUPOBAHMS SKCIIepUMeHTa. UyTryH BBIIUIABILUIM B MHIYKIIMOHHOII I1e-
Y1 C OCHOBHOM (yTepoBKoil emkocThio 60 kr. Pe3yabTaTsl. MapraHen, siBisisich KapOuI000pa3yIoIuM 3JIEMEHTOM,
pacmpenensicss MeXIay KapOuaaMu U MeTaJuTMueckoil ocHOBOM. [Ipu momoiy MeTo/10B MaTeMaTH4eCKOH CTaTUCTH-
KU YCTAQHOBJICHBI PErPECCUOHHBIC 3aBUCUMOCTH KOHLIEHTPALMK MapraHiia B OCHOBE M Kod(pQuimeHTa ero Mexdas-
HOTO pacrpezeneHus ot conepkanus B uyryHe C, Mn, Cr u Ni. Konuenrparus Maprasia B OCHOBE U3MEHSJIACh OT
0,37 % npu 1,09 % C, 0,6 % Mn, 11,43 % Cr u 3,01 % Ni mo 5,79 % npu 1,09 % C, 5,4 % Mn, 25,57 % Cr u 0,19
% Ni. MunnmansHOe 3HaueHrne Kod(duimenTta Mexdastoro pacnpenenenus cocrasmio 0,16 B uyryHe, comepika-
mrem 1,09 % C, 0,6 % Mn, 25,57 % Cr u 3,01 % Ni. Ilpu 3naueHnsx koapduimenta KPy, mensme 1, Mmapraners
NPEUMYILECTBEHHO KOHIICHTPUPOBAIICS B METAJUIMYECKOI OCHOBE. MakcumanbHoe 3HaueHne koddduuuenta KPyp,
cocrasmio 2,48 mpu 3,91 % C, 0,6 % Mn, 11,43 % Cr u 0,19 % Ni. Xapakrep pacrnpeaeneHuss Maprauiia omnpee-
JISUICS. KONWYECTBOM KapOHIOB M COOTHOIIICHUEM XpOMa U yTIepoja, OnpeAessstomuM Tin kapouna. CocraB kapOu-
10B (opMupoBaiics B pe3ysibTaTe KOHKYPHUPOBaHUS KapOumoobpasyromux uieMentoB. Hayunas nosusna. Ilomy-
YeHBl PErPECCHOHHBIC 3aBUCHMOCTH COJICPIKaHMsI MapraHiia B ocHOBe M koadduirenrta ero MexxdazHoro pacrpeze-
JICHHUST OT XMUMHYECKOro cocraBa uyryHa B cucteme Fe—C—Cr—Ni-Mn. YcraHoBieHa 3aBUCHMOCTD pacIipeie/ieHuUsI
Maprasiia oT npoueccoB popmupoBanus kapounos. [IpakTuyeckast 3HaunMocTh. [loydyeHHbIE 3aBUCUMOCTH T10-
3BOJISIFOT IIPOTHO3UPOBATh COJICP)KAHNUE MApraHiia B METAIUTMYECKOH OCHOBE M MOTYT OBITh MCIOJb30BaHbBI MPH Pa3-
paboTKe HOBBIX COCTAaBOB U3HOCOCTOMKHX UyTyHOB.

Kniouegvie cnosa: 4yryH; Maprasell; pacnpeneiieHue; kKapOua, MeTaulnyecKkas OCHOBa

Beenenue rudeckas noOaBKa NPH TNPOU3BOJICTBE CIUIABOB.
Bonee BbICOKME KOHIEHTpALMM MapraHua oodecrie-
YUBAIOT IMOJyYE€HHE CIEKTPa 3aKaJOYHBIX CTPYK-
Typ OT MapTEHCHTa A0 aycTeHuTa. Mapranen 00-
pasyeT coOCTBEHHBIE KapOHIbl U BXOOUT B COCTAB
KapOMIOB Kele3a M XpOMa, YTO CHMKAET €ro
KOHIIEHTpallMI0 B METAJUIMYECKOM OCHOBE M OKa-

Mapraser sBIsS€TCA OJHMM W3 OCHOBHBIX Ire-
THPYIOIIHMX DJIEMEHTOB B BBICOKOXPOMHUCTHIX UyTy-
Hax. Ero comepaHue B METAIIMYECKOH OCHOBE
OTIpEeIENISET e CTPYKTYpy M CBOMCTBA. B Kommue-
ctBe 10 1,0 % mapraner; BBOJUTCS KaK TEXHOJO-
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3bIBAaeT BIMSHUE HAa CTPYKTYPY M CBOMCTBA UyryHa
[4, 12, 14].

HeoOxomumocTs  3amaHHOM ~ KOHLEHTPALUH
MapraHiia B METAJUIMIECKOl OCHOBE CBSI3aHA C €ro
OTPHUIIATEIHHBIM BIIUSHHEM Ha 00pabaThIBAEMOCTh
4qyryHa [/] 1 TONIOKHUTETBHBIM BIUSHUEM Ha U3HO-
COCTOMKOCTh, OCOOCHHO, MPH YAAPHBIX Harpy3Kax
[11, 2].

[IpenenbHas pacTBOPHUMOCTh MapraHia B O—
(haze B cucreme Fe — Mn cocrasnsier okono 3,5 %
[5]. Maprawnern ¢ y— xene3oM o0pa3yeT psj Hempe-
PBIBHBIX TBEPJBIX PAcTBOPOB. TakuMm oOpa3oM, oH
MPEUMYIIECTBEHHO KOHIEHTPUPYETCS B BBICOKO-
yraepoaucThix Gaszax (aycreHurte u kapoumax). 1o
JMaHHBIM [4], COOTHOIIIEHHE KOIMYECTBA MapraHia
B KapOuJax K €ro Co/ep>KaHHIO B CIIJIaBE COCTaB-
nsiet 4:1, mpu 3TOM MOBBINICHUE COJEPKAHUSI Map-
TaHla B CIIaBE HE OKa3bIBACT BIHMSIHUS HA JTO CO-
otHomeHue. [Ipu yBeNmW4eHNH COAEpIKaHUS yTIie-
poJa KOJMYECTBO MapraHua B KapOuaax CHIKaeT-
cs, 4YTO OOBSICHAETCS Pa3NUYHOW CTEMCHBIO
o0eHeHN METAJUTMYECKOW OCHOBHI. PaBHOBECHOE
OTHOIIIEHHE MapraHia B KapOuaax K ero coiepika-
HUIO B OCHOBE yCTaHABIMBAETCS MOCJE JOBOJBHO
MPOJIOJKUTENILHON BBIIEPIKKU MPU BBICOKUX TEM-
neparypax. Cienyer oTMeTUTb, 4To Kapoun MnsC
crabunen npu temneparypax csbime 900 °C. Kap-
ouny Fe;C B cucreme Fe — C cOOTBETCTBYyeET Kap-
oux Mn;C; B cucreme Mn — C [8].

Mex¢asHoe pacrnpeneneHue Maprania B CHC-
Teme Fe — C — Mn B mocTaTO4YHON CTEIEHU UCCIIe-
moBano I'. . Cunemanom [8 — 10]. B pa6ore [8]
MOKa3aHO, YTO paclpejieieHue MapraHia MexXIy
KapOuJaMH U ayCTEHUTOM, a TaKXKe MEKIy aycTe-
HUTOM U (EPPUTOM 3aBHCHUT OT €T0 COJICPIKAHUS
Temreparypsl. [lo Mepe yBeln4eHUs coIep KaHMs
Mmapranna B uyyryne ot 0,26 mxo 35,69 % xo3ddu-
[UECHT pachpelesieHuss MapraHia CHIKaicsa ¢ 2,5
mo 1,18. [NoBwiieHre TeMmmepaTypbl 3aKajKd 0
1 100 °C nonm3uino xko3¢pGUUKUEHT pacipeaeieHus
maprania g0 1,01 mpu 35,69 % Mn. B pabote Tak
e ormedaercs, uro npu 1 140-1200 °C mapraueir
crabunusupyet kapoun (Fe,Mn);Cs.

B pabote [9] moka3zaHo, 4TO B yCIOBHUSIX IBTEK-
TOMJJHOTO PaBHOBECHS B IIEMEHTHTE PACTBOPSETCS
o ~ 30 % Mn, a B kapouzae Fe;C3— o ~ 37,5 %
Mn. VBenuueHne KOHLIIEHTPAMK MapraHIla CBBILIE
25 % BBI3BIBAET MOCTEIIEHHOE 3aMEIllEHUE JIeTUPO-
BaHHOTO I[EMEHTHTA BTOPHUYHBIMH KapOHIaMu
Mn;C;. O6pa3oBaHue 3BTEKTOHMTHOH CMECH W3
¢deppuTa M THX KapOUIOB HAOIIOMAETCS TIPH CO-

nepkaHuu Maprafma cBeime 3-5 %. BemeactBue
o0pa3oBaHHA BTOPUYHBIX KapOWIOB cojep kaHue
Maprafia B 3BTEKTOMJHOM ayCTCHUTE CHUKACTCS
¢ 29,6 % npu 1160 °C mo 13,2 % mpu 570 °C.

ITo mauuem [10], B cucreme Fe — C — Mn ms
MOJYYEHUS] YyTYHOB C BBICOKOW TBEPJOCTHIO MaT-
PHIBI COAEpIKAHUE MapraHila JOJDKHO COCTaBISTH
2-5%.

Astopamu [6] oTmeuaercs, uto B cucreme Fe —
C — Mn o6pa3zyercs kapoun (Fe,Mn);C, B koTopom
Mapraser] pacTBOpseTCs B OOJBIINX KOJINYECTBAX,
MPU 5TOM PacTBOPUMOCTH MapraHila YMEHBIIAETCS
C TIOHIDKEHHEM TeMIlepaTypsl. B aroii cucreme,
npu cogepkannn Mapranina oomnee 20 %, oOpazy-
ercs kapoumnas ¢aza (Mn,Fe)3Cs, mpencTaBisio-
mrast co0oi kapOuj MapraHia, B KOTOPOM PacTBO-
PEHO Kele30.

JlernpoBaHue YyTyHOB XPOMOM, OOJaaoIINM
OoJiee BEICOKUM CPOJICTBOM K YTJIEPOAY, YEM Map-
raHel, OKa3blBaeT BIMSHHE Ha MpPOLECCH KapOu-
N000pa3oBaHMs M, KaK CIEACTBHE, BIHMIET Ha pac-
IpenesieHne MapraHna. JTO CBS3aHO C TEM, 4YTO
Maprasen 1 XpoMm o0pa3yloT u3oMopdHbie KapOu-
IIbI ¥ BO3HUKAET KOHKYPUPOBAHHE 3THX 3JIEMEHTOB
pu GOPMHUPOBAHKH KapOUTHOU (a3wl.

CyliecTBeHHOE BIMSHHE MapraHiia Ha CBOWCT-
Ba BBICOKOXPOMHUCTBIX UYYTYHOB IPOSIBIACTCS
B BO3JCHCTBHM Ha MPOIECCH KapOug000pa3oBa-
HUS, (OpPMUPOBAHUS CTPYKTYphl METAJUIMYECKOU
OCHOBBI M, COOTBETCTBEHHO, Ha paclpeieieHue
xpoMma. B mporecce oxnakieHus OTIMBOK, COIep-
’KaHHe XpoMa B KapOWIax MOBBIIAETCS, YTO CBS-
3aHO C 3aMellleHHeM aTOMOB MapraHia B KapOumax
aTomamu xpoma [13].

U. U. UpmuaeiM [12] mokasaHo, 410 B 4yry-
Hax, copeprkamiux 6onee 10 % Cr, pacnpenenenue
Mapranua 3aBucut ot otHomeHus Cr/C, kotopoe
ompexaenser Tun kapouma. B uyryne ¢ 12 % Cr
u 6 % Mn npu 3 % C KoHIEHTpalus MapraHia B
ocHoBe cocrasiser 3,5 %, a npu 2 % C — noBbI-
maercs g0 6,5 %. B ugyryHax, comepxammx a0
1 % Mn, ero xoureHTpamus B meMmeHture B 1,5
pasza Bblme, 4eM B aycreHuTe. [Ipu OTHOIIEHUM
Cr/C = 7 x03hduIMeHT pacnpeelicHus MapraHia
npubmmkaercss K eguHune. lcexoms w3 3TOTO,
MOXKHO CJlieNaTh BBIBOJI, 4TO KoadduimeHt pac-
npesieNieHns] Mapraiia B XpOMHUCTBIX YyT'yHax 3a-
BHUCHUT OT THIa 00pa3yromierocs kapouaa xpoma.

B nameit padote [3] mokazaHo, 4TO MOBBIIIE-
HUE COJICPXKAaHUSI XpoMa B Uyr'yHE YMEHBIIAeT KO-
JMYECTBO MapraHiia B KapOuaax M, COOTBETCTBEH-
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HO, CHI)KaeT ero KoddduuueHT Mexda3Horo pac-
npezencHus. B aTux paboTax moka3aHo, 4TO B Uy-
ryHax, conepxkammx 11-30% Cr, npu conaep-
xannn Mapranna a0 0,6 % oH nmpakTHyecku Bech
HaxoAWICs B MeTaJIMYecKol ocHoBe. IIpu moBbI-
IICHUU COfep kaHus mapranna o 4 % u Goyee oH
PaBHOMEPHO paclpeAessuics MEXAy KapOumamu
u ocHOBOH. Tepmuueckass 00pabOTKa XpPOMHUCTOTO
YyryHa CHU)KaNa COJiepKaHue MapraHiia B KapOu-
nmax. [Ipu sToM, uem BbIlIe ObUIa TEMIEpaTypa
TepMooOpabOTKH, TeM OOJBIIIE aTOMOB MapraHIia
3aMeIaIOCh AaTOMaMH XpoMa.

Takum 00pa3oM, MOXKHO C/IeIaTh BBIBOA O TOM,
Mex(pazHOe pacHpe/ieliCHUs] MapraHia B BBICOKO-
XPOMHUCTBIX YyTyHax 3aBHCHUT OT €ro KOJIMYeCTBa,
COJICpKaHUS YIiiepoJia U XpoMa, a TaK ke JIPYrux
JJIEMEHTOB U (DaKTOPOB, OKA3bIBAIOIINX BIIHSIHUC
Ha TPOIIECChl KapOu1000pa30BaHUS.

CucreMaTH3UpOBaHHBIE JTaHHBIE 0 MEX(pa3HOM
pactipeneneand MN B MHOTOKOMITOHEHTHOHM CHC-
teme Fe — C — Cr —Ni — Mn orpanunuensl. [Toatomy
JUTS. TIPOTHO3UPOBAHUSI CTPYKTYPHI M CBOWCTB Uy-
TYHOB STOW CHCTEMbI HEOOXOAMMO 3HATh COJEP-
JKAHWE MapraHila B METaJLTHYECKONW OCHOBE U OCO-
OeHHOCTH ero Mex(a3HOTo pacupeneIcHus.

Hean

Ilens paboThl 3aKiTrodasach B MONYyYSHUH per-
PECCHOHHBIX 3aBUCUMOCTEH COJEpKaHHS MapraH-
1Ia B OCHOBE M KO3(uimeHTa ero mexhasHoOTro
pacmpeneneHnsi OT XMMHYECKOTO COCTaBa YyryHa
B cucteme Fe — C — Cr — Ni — Mn.

MeTtoauka

Jns moctpoeHuss MaTeMaTU4ecKOW MOAeNH
pacnpenenenust Mapradmna B cucteme Fe — C — Mn
— Cr — Ni ucronp30Baiyu METOl aKTHBHOTO TUIAHHU-
poBanus SKcniepuMenTa (tadi.1).

UyryH BBIDIABISUIM B WHAYKIIMOHHOW TIeYH
¢ ocHOBHO# (yTepoBkoit emkocThio 60 kr. Conep-
skaHue kpemHus cocrasisuio 0,8-1,2 %, cepwr 10
0,02 %, dochopa mo 0,03 %. Temmeparypa *Kua-
koro uyryHa cocraeisuia 1 390-1 410 °C. Ombir-
HBI€ YYTYHBI UCCIIEOBAIH B JINTOM COCTOSIHUHU 0e3
TepMHUYECKOW 00paboTKH. {11 BBISABIEHUS CTPYK-
TYPHBIX COCTABIISIONINX TPUMEHSIIA TPABUTEIb
Mapbne. AHanu3 CTPYKTYPHl MPOU3BOIUICS IIO
U3BECTHBIM MeTouKam [1].

XHUMHUYECKUM COCTAaB METAUIMYECKOW OCHOBBI
W KapOHUIIOB OMNpEACISUTH B JOKAIBHBIX TOYKaxX Ha
mukpockorne PEM 10611.

Koaddumment  pacmnpenenenus  mapraia
(KPwmn) ompenernsuii Kak OTHOIICHHE COACPIKAHUSI
Mmapranua B kapoumax (Mn,) k ero couepkaHHIO
B ocHoBe (Mn,).

Tabnuma 1

MaTtpuua niiaHupoBaHuA APOOHOro GaKTOPHOro
sKcnepumenta 2°

Table 1
Matrix of fractional factorial experiment
planning 2**
YpoBHU BappupoOBa- daxropsl
HUS (HaKTOPOB Mn
C,% | Cr,% o ' Ni, %
0
OcHOBHOI 0 2,5 18,5 3,0 1,6
HuTepnan A 1,0 5,0 1,7 1,0
3e3gnoe | 1,414 | 1,41 | 7,07 2,4 1,41
J1€490 A
Bepxuue +1 3,5 23,5 4.7 2,6
+1,41 | 391 | 2557 | 54 3,01
4
Hwxuane -1 1,5 13,5 1,3 0,6
- 1,09 | 1143 | 0,6 0,19
1,414
Pe3yabTaTthl

[Ipu nepBUYHON KpUCTAIU3aLMU YyTYHOB 00-
Pa30BBIBATIMCH KapOHIbI JKeIe3a U XpoMa, JIETHpo-
BaHHbIE MapraHieM. THm kapOuga M €ro cocTaB
3aBUCENl OT KOHLEHTpAalMH KapOuaooOpas3yromunx
3JIEMEHTOB M UX KOHKYPHPOBaHUS NpH ero ¢op-
MHUPOBAaHWH, & TaKKe OT U3MEHEHHUS PacTBOPHMO-
CTH MapraHua B KapOujax, B IIPOLECCE OCTHIBAHUS
OTJIMBOK.

VYBenuueHune cojepkaHUsl Mapraniia B 4yryHe
NPaKTUYECKH HE OKa3bIBaIO BIMSHHUE HA THIl 00pa-
3yIOIIKMXCA KapOUIOB, HO MPUBEIO K M3MECHEHHIO
METaJUTMYECKONH OCHOBBI OT (PEPPUTHOM IO aycTe-
HUTHOM.

B pesynbrate MaTeMaTnueckoi oOpabOTKH 3Kc-
NEPUMEHTAIBHBIX AAHHBIX IIOJYYEHBl PErpecCHOH-
HBIE 3aBUCUMOCTH COJICP)KaHUsI MapraHiia B OCHOBE
1 K03 PuIeHTa ero MexK(a3HOro pacrpeaeIeH s
ot conepxanus C, Mn, Cr u Ni B uyryHe:

Mn,= 0,72C +0,697Mn +0,145Cr —0,058CMn
—0,039CCr -0,022CNi +0,007MnCr -1,945;

KPwmn= 6,711 -1,383C -0,383Mn -0,148Cr —
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0,603Ni +0,28C? +0,004Cr>  —0,03CCr
+0,014MnCr  +0,088MnNi  +0,018CrNi -
0,134(Cr/C).

JlaHHbIE ypaBHEHHS SBIISTIOTCS MaTEMaTHYECKH
BEPOSITHOCTHEIMH B COOTBETCTBHUU C KPUTCPUSIMH
CreiogenTa, @umepa u Koxpena. MuHuManbHbIC
W MaKCUMallbHble 3Ha4YeHHWs (PyHKIWN Tpencras-
JIEHEI B Ta01. 2.

AHanm3 Tabi. 2 MOKa3bIBAET, YTO MaKCUMAIh-
HOE COJIepKaHWe MapraHila B OCHOBE o0OecrieunBa-
eTCsl TPH MUHUMAILHOM COJEpXKaHHH YTiepoja
U HUKEISI U MaKCUMAaJIbHOM COJAEPXKAaHUH Xpoma
¥ Mapraniia. MuHUManbHOE COJEp>KaHue Mapras-
11a B OCHOBE HAOJFOAeTCs TP MUHUMAIBHBIX KO-
mnaectBax C, Mn, Cr u MakcuMaJIbHOM KOJIMYECT-
Be Ni.

Tabnuma 2

MunnMaJbHble H MAKCHMAJIbHbIE 3HAYEeHHSA
dynxmumii: Mn, u KPy,

Table 2
Minimum and maximum values of functions: Mn,
and KPw,
E % E Cocras, Macc. %
£ g £
= <3 B )
S > A C Mn Cr Ni
Mn, | min | 0,37 | 1,09 | 0,60 | 11,4 | 3,01
3
max | 5,79 | 1,09 | 540 | 25,5 | 0,19
7
KPy, | min | 0,16 | 1,09 | 0,60 | 25,5 | 3,01
7
max | 2,48 | 3,91 | 0,60 | 11,4 | 0,19
3

MuHHMaNbHOE COJIepXKaHWEe MapraHia B Kap-
O0ugax, COOTBETCTBYIOLIEE MHUHUMAJIbHOMY 3Haue-
auto KPy,, HabmomaeTcss mpu MUHHUMAJIBHOM CO-
JepKaHUM yIiiepoAa U MapraHia B YyryHe, a Tak-
K€ MaKCHMAJIbHBIX 3HAYEHHUSIX XpOMa M HHKES.
Hawubonpmee 3nauenne kodddunuenta KPy, yc-
TAHOBJICHO MPH MUHHMAJILHOM COJCPIKaHUH B Uy-
ryae Mn, Cr u Ni, a Takke NpH MakCHUMaJbHOM
coJep)KaHUM yTiepoaa.

3aBHCUMOCTH COAEP’KaHHUS MapraHiia B OCHOBE
ot konuuecta B uyryHe C, Mn, Cr u Ni (puc. 1)
HOCWJIN JTUHEHHBIA XapakKTep.

[NoBeiieHue comepkanust Mn B 4yryHe MOBBI-
IIaJI0 €r0 KOHIIGHTPALMIO B OCHOBE, OJIHAKO 3TO
MOBBIIIICHAE HE MMEJO MPOIIOPIUOHATBHON 3aBU-
CHMOCTH.

[Ipu yBeauueHUH COACPKAHMS XPOMa B UyTyHE
KOHIICHTpAIlMsl MapraHila B OCHOBE IOBBIIIAIACH,
YTO CBSI3aHO C 3aMEIICHHEM AaTOMOB MapraHiia
aToMaMH Xpoma B KapOugax.

[ToBbIleHME COACPIKAHUS YIIIEpPOAa B UyryHE
YBEIMYUBAIO KOJIMYECTBO KapOUIOB M, KaK CIE-
CTBHE, CHIDKAIIO cojepkanue Mn B OCHOBE, Kpome
4qyryHoB, coaepxkamnmx 11,5 % Cr u 0,6-2,0 % Mn.
B 3THxX 4yryHax npu yBelIMUYEHHH YTIIEpOAa, Ipe-
HUMYIIECTBEHHO (OPMHUPOBATUCH KapOUIbI I[EMEH-
TUTHOTO THIA, O0JIaaroIINe MEHbBIICH PacTBOPH-
MOCTBIO MapraHiia IO CpPaBHEHHIO ¢ KapOumaMu
Me;Cj3 [7], 9TO MOBBIIIATO COACPIKAHUE MapraHIla
B OCHOBE.

IMosermenve coaepskanust Ni B 4yryHe yMeHb-
I1aJI0 paCTBOPUMOCTh yTJIEpOJia B ayCTCHHUTE, YTO
CHOCOOCTBOBANIO YBEIMYCHHIO KOJMMUYECTBA KapOu-
JIOB M HE3HAYUTEJILHO MOHIKAIO cozepxanue Mn
B OCHOBE.
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Fig. 1. Influence of C, Cr, Mn and Ni on the Mn
content in the base

Puc. 2 u 3 wumocrpupytot Biausaue C u Cr Ha
KO3 UIMeHT MexpazHoro pachpeneneHus Mn
B 3aBUCHMOCTH OT XMMUYECKOTO COCTaBa YyT'yHOB.
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Fig. 2. Influence of C on the interphase
distribution of Mn depending on the cast iron’s
chemical composition

Biusuue yriepoga Ha pacopeieiicHHEe Map-
raHma OOBSACHIETCS H3MEHEHHMEM KOJIUYECTBA
U THna odpasyronmxcs kapoumos. B uyrynax, co-
nepxkamux 11,5 % Cr u 1,1 % C, o6pa3oBbIBaNINCH
kapouasl Me;Cs. Tlpu yBenmuueHnn yriiepona mpo-
UCXOJUJIO TIOCTEIICHHOE 3aMEIleHUe 3TUX KapOu-
OB KapOwWmaMu IIEMEHTHUTHOTO THIIA, O00Jajaro-
IIMX MEHBIIICH PaCTBOPUMOCTBIO XpOMa U MapraH-
113, YTO CHIKAIO KO3 UIUEHT Mex(a3zHOro pac-
npenenenuss Mapranna. Ilpu 2,7 % C cHmwxeHue
KOHIICHTpAIlMK XpoMa B KapOuaax W3MEHHUIIO Tep-

MOJIMHAMHYECKOE PABHOBECHE JIIEMEHTOB, 00pa-
3YIOMUX KapOWUIbl, YTO CIOCOOCTBOBAIO POCTY
KOHIICHTpAIlMM MapraHiia B KapOWaax IEeMEHTHUT-
HOTO THUIMA W TOBBIIAIO0 KOI(QQPHUIMEHT ero pac-
TIpeJIeNIeH s, TPy JajbHEHIeM yBeTHYeHUN yTIe-
pona B 4yTyHe.
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Fig. 3. Influence of Cr on the interphase
distribution of Mn depending on the cast iron’s
chemical composition

B uyrynax ¢ 25,5 % Cr u 1,1 % C o0pa3oBbI-
BaJIMCh BBICOKOXPOMHUCTBIE Kapouasl MeysCs, co-
nepkamue 56-66 % Cr. YBenudenne comeprkaHus
yraepoaa 1o 1,7 % npuBOAMIO K NOBBIMLIEHUIO KO-
JMYECTBA KapOWOB, MPH 3TOM MPOUCXOJHUIO TO-
CTENIeHHOE 3aMelieHne KapOumoB Mey3Cq KapOu-
nmamu Me;Cs, obsafaromumMu 00jiee BHICOKOW pac-
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TBOPUMOCTBIO MapraHIla, 9TO TMOBBIIAIO KO3 hHU-
LUEHT pacnpeneneHus mapranua. Ilpu nanbHei-
IIeM YBEIUYCHUH YIiIepoJia KOJIMYSCTBO KapOUI0B
BO3PACTAJIO, YTO BBI3BIBAJIO CHMXKECHUE KOA(PPUIIHU-
enta KPy,. Ilpu 3,3 % C HaumHAIOCH MOCTEIICH-
HOe 3amelneHue kapoumoB Me;Cs; kapOumaMu 1e-
MEHTUTHOTO THIA C PACTBOPUMOCTBIO XpOMa JI0
20 %, 4yTO CHOCOOCTBOBAIO YBEIMYCHHIO B HUX
KOHIICHTpAIlMM MapraHiia ¥ COOTBETCTBEHHO IIO-
BhIIAN0 K03 dunment pacnpeneneHus KPy,.

IMoBbimeHue comepxanus Maprania ot 0,6 1o
5,4 % B uyrynax, coaepxamux 11,5 % Cr u 0,2 %
Ni, noHmxkano KodpPUIUESHT pacrpeaeieHus Map-
TaHIa, 4TO 00BACHIETCS 00pa30BaHUEM ayCTEHUTA
U TIOBBIIICHUEM PACTBOPUMOCTH MapraHiia B Me-
TAJJIMYECKON OCHOBE.

[Ipu yBenuyeHnuu B uyryHe Hukens g0 3 % ay-
crerut obpasosbiBasics npu 0,6 % Mn, 4to cHu-
KaIo KO3(QQHUIMEHT paclpeneicHus Maprasia
W M3MEHSIO XapakTepa ero BiusHus. [Ipu MoBbI-
HICHUM KOHIICHTPAIIMK MapraHia B 4yryHe Kod¢-
(GUIMEHT pacmpeneNieHusl MapraHiia BO3pacTall.
[ToBbimenre conmepkaHus B YyryHEe Xpoma Jo
25,5 %, yBenMuMBajIO MHTEHCHMBHOCTH POCTa KO-
s unmenta pacmpeneneHUsT MapraHia 1Mo Mepe
MOBBIIICHHUS €r0 KOHIICHTPAIIUY.

B uyrynax, comepxariux 25,5 % Cr u 0,2 % Ni,
kod(pummenT pacrpeneneHuss Mapradia He 3aBH-
cel OT €ro KOJIMYECTBA B YYyTyHE. YBEIUYECHHE
B UyTYHE HUKEJsI cMemalio 3ToT 3¢ dekr B obacTsb
Oosiee HU3KUX KOHIEHTpANUi XpoMa. ITO CBA3aHO
¢ oOpazoBaHHEM pa3TUIHON METaUTMIECKOH Oc-
HOBBI U COOTBETCTBEHHO C Pa3IMYHON PacTBOPU-
MOCTBIO B HEil yrieposa.

HayyHasi HOBU3HA U IpaKTHYeCKast
3HAYUMOCTh

YCcTaHOBNIEHO, 4YTO OCHOBHBIMH (haKTOpaMH,
OTIPENEISIOMMMH BEIUYNHY KO3((UIMEHTa MEX-
(azHOrO pacmpeneseHrs Maprania B KOMIUIEKCHO
JIETUPOBAaHHBIX YyryHaX, SBISETCS COZAEpKaHHE
B HUX MapraHiia U XpoMma, KOJINYeCTBO U THIl 00pa-
3YIOIINUXCS KapOHIIOB.

Ilonmy4yeHHBIE PpPETPECCUOHHBIE 3aBUCHUMOCTH
MO3BOJISIIOT IIPOTHO3UPOBATh CONEPIKAHUE MapraH-
Ila B METaJUINYECKOM OCHOBE M MOTYT OBITh HC-
MOJIb30BaHbl TIPU pa3padOTKe HOBBIX COCTABOB H3-
HOCOCTOMKHX 4yT'YHOB.
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BIIJIMB XIMIYHOTI'O CKJIALY YABYHY HA PO3IIOAIJ Mn
INOMIK ®PAZAMU

Merta. Y HaykoBiif po0OOTi mependadacTscsl PO3TIIIHYTH OTPUMAaHHS 3AJIEKHOCTEH BMICTy MapraHIfio B MeTaje-
Biit ocHOBi (Mn,) Ta Koedirrienta #oro posmominy momix dazamu (KPy,) Bix XiMiYHOTO CKJIagy YaByHY B CHCTEMI
Fe—C-Cr-Ni-Mn. MeTtoauxka. JlocmimkyBaiu yaBynu, siki mictamu 1,09...3,91 % C, 0,6...5,4 % Mn, 11,43...25,57
% Cr 1a 0,19...3,01 % Ni. JTist moGymoBH MaTeMaTHYHOT MOJIEI] PO3IOILTY MapraHIlio 3aCTOCYBATH METO/I AKTHB-
HOTO IUIaHYBaHHsI €KCIIEpUMEHTY. UaByH IUIaBWIIM B IHIYKLIHHINA medi 3 Jy)HOIO (yTepoBKolo eMmHicTio 60 Kr.
PesyabraT. Mapratsenp sk eeMEHT, 10 YTBOPIOE KapOiau, po3noAUIIBCs MOMDK KapOiiaMu Ta METalIeBOIO OCHO-
BOI0. BUKOpHCTOBYIOUM METOJM MaTeMaTUYHOI CTATUCTHUKH, OyJI BCTAHOBIICHI perpeciiiHi 3aJIeHOCTI KOHLIEHTpa-
il Maprasio B OCHOBI Ta Koe(ilieHT Horo po3moniny nomix ¢a3amu Bia BmicTy B yaByHi C, Mn, Cr ta Ni. Konte-
HTpAIlis MapraHiio B OCHOBI 3MiHroBanack Bijx 0,37 % mpu 1,09 % C, 0,6 % Mn, 11,43 % Cr ta 3,01 % Ni x0 5,79 %
npu 1,09 % C, 5,4 % Mn, 25,57 % Cr ta 0,19 % Ni. MinimanbHa BenuanHa koedirienty posmominy ckiana 0,16
B uaByHi, skiit mictus 1,09 % C, 0,6 % Mn, 25,57 % Cr u 3,01 % Ni. ko Bennunna xkoedirienty KPy, Gyma me-
HIre 1, To MapraHenp IepeBa)KHO KOHIICHTPYBABCS B MeTaJieBiii OocHOBi. MakcuMaibHa BeIHYUHA KOC(IIiEHTy
KPy, cxnana 2,48 npu 3,91 % C, 0,6 % Mn, 11,43 % Cr u 0,19 % Ni. Po3moin Maprasifio 3ajiexan Bij KiJIbKOCTI
KapOi/iB Ta CHIBBIJHOIICHHS XPOMY [0 BYIJICLIO, L0 BH3Ha4ano Tum kapOimy. Ckmax kapOimiB ¢opmyBascs
BHACJTIJIOK KOHKYPYBaHHS €JIEMEHTIB, 110 yTBOpioBanu Kap6inu. HaykoBa HoBu3Ha. OTprMaHHI PErpECUBHI 3aJIeXK-
HOCTI BMICTY MapraHilf0 B METaJICBii OCHOBI Ta KoedillieHTa Horo po3moaiTy MoMixK (a3aMu BiJ XiMIYHOTO CKJIaLy
qapyHy B cuctemi Fe—C—Cr—Ni—Mn. BcraHoBieHa 3ai1eXHICTh PO3MOLTY MapraHifo Bi OpoleciB (hopMyBaHHS
kap6inis. [lpakTuyna 3HaYMMicTh. OTpHMaHi 3aJIEKHOCTI I03BOJISIOTH MPOTHO3YBATH BMICT MapraHIllO B MeTaJleBii
OCHOBI Ta MOXKYTh OyTH BUKOPHCTaHI ITPU po3po01li 3HOCOCTIHKMX YaBYHIB HOBOTO CKJIaJTy.

Kniouosi crosa: uaByH; Mapraselnib; po3ro/it; kap0Oil, MeTajeBa OCHOBa
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INFLUENCE OF THE CAST IRON’S CHEMICAL COMPOSITION
ON THE INTERPHASE DISTRIBUTION OF Mn

Purpose. This paper focuses on obtaining the dependencies of the manganese content in the metallic base (Mn,)
and its interphase distribution coefficient (KPy;,) on the cast iron’s chemical composition in the system Fe — C — Cr
— Ni — Mn. Methodology. The cast irons containing 1.09...3.91 % C, 0.6...5.4 % Mn, 11.43...25.57 % Cr and
0.19...3.01 % Ni have been studied. The active experiment design techniques were applied to build a mathematical
model of manganese distribution. Cast iron was smelted in the induction furnace with the capacity of 60 kg, with
basic lining. Findings. Manganese, being a carbide-forming element, distributed between carbides and the metallic
base. With the use of the mathematical statistics methods, regression dependencies of the manganese concentration
in the base and its interphase distribution coefficient on the C, Mn, Cr and Ni content in the cast iron were estab-
lished. The manganese concentration in the base varied from 0.37 % at 1.09 % C, 0.6 % Mn, 11.43 % Cr and 3.01 %
Ni t0 5.79 % at 1.09 % C, 5.4 % Mn, 25.57 % Cr and 0.19 % Ni. The minimum value of the interphase distribution
coefficient was 0.16 in the cast iron containing 1.09 % C, 0.6 % Mn, 25.57 % Cr and 3.01 % Ni. When the KPy,
coefficient values were lower than 1, manganese concentrated predominantly in the metallic base. The maximum
value of the KPy, coefficient was 2.48 at 3.91 % C, 0.6 % Mn, 11.43 % Cr and 0.19 % Ni. The manganese distribu-
tion pattern was determined by the carbides’ quantity and chromium and carbon ratio that determined the carbide
type. The carbides’ composition was formed as a result of carbide-forming elements contention. Originality. Re-
gression dependencies of the manganese content in the base and its interphase distribution coefficient on the cast
iron’s chemical composition in the system Fe — C — Cr — Ni — Mn have been obtained. The dependency of the man-
ganese distribution on the carbide forming processes has been established. Practical value. The obtained dependen-
cies allow predicting the manganese content in the metallic base and may be used during the elaboration of the new
wear resistant cast irons compositions.

Keywords: cast iron; manganese; distribution; carbide; metallic base
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OBOCHOBAHME PAIIMOHAJIBHBIX KHHEMATHUYECKHUX
XAPAKTEPUCTUK ®OPMOBOYHOI'O BUBPOCTOJIA

Hean. OgauM n3 3(h(HEKTHBHBIX CIIOCOOOB IMOIYYEHHS OTIMBOK CIIOKHOH (DOPMBI SBISIETCS JINThE O rasudu-
mupyeMsiM Mozensm (JIT'M) B Bakyymupyembie Gpopmbl (KoHTeitHepbI). [10BBIIIEHHE KauecTBa 3TOTO CIIOCO0a JIUThSI
TpeOyeT cOBEpUICHCTBOBaHUS METOIUKH GopMOBKH. DOPMOBOYHEIN ITpoLIEcC MpeycMaTpuBaeT MOCIoWHOe BUOpa-
IMHOHHOE YIUIOTHEHHE IeCKa B KOHTeWHepaxX. bonmpmmHCTBO nMuHHMKA ydacTkoB JIIM ocCHamieHBI BHOpPOCTONIAMU
C MHEPIIMOHHBIMI BHOpaTOpaMH, ¢ MPUBOJOM OT aCHHXPOHHBIX JJICKTPOIBUTATENEH, paboTaOMX HA HOMUHAIB-
HBIX YacTOTaxX BpamleHWs. [IepCIeKTHBHBIM HANpPaBICHHUEM COBEPIICHCTBOBAHUS METOAWKHA (DOPMOBKH SIBIIICTCS
panmoHaibHast HACTPOMKa TaKuX MapaMeTpoB BHOPOCTONA, KaK BHOPAIMOHHOE TIEpEeMEIICHNE, CKOPOCTh B yCKOpe-
HHEe. OTH TapaMeTphl OIPENeNIIOTCS YIPYro-MacCOBBIMH XapaKTEPUCTUKAMU CHCTEMBI «BHOpocToI—(opmar
1 BO3MYIIAIOIIMMH CHJIAMH, CO3/1aBa€MBIMU WHEPIIMOHHBIMU BHOpaTopaMu. Llenpro ncciemoBanus SBISETCS ONpe-
JIeTIeHNE PalOHAIBHBIX JMAla30HOB HACTPOWKHU MapaMeTpoOB BUOPATOPOB CTOJA, IPU KOTOPBIX MPOUCXOINUT Kade-
CTBEHHOE TOCIIOWHOE yIUIoTHeHHe GopmMoBo4HOro recka B opme. Meroauka. Kpurepuem sdpdextruBHOCTH Ha-
CTPOKH XapaKTepHCTHK BHOPOCTONA MPHMHATH 3HAYCHHS YCPEIHCHHBIX yCKopermii 6,5-7,5 m/c’, cooTBeTcTBYIO-
MM HauOOJBIIEH CTENEHHW YIUIOTHEHHS CyXoro (DOPMOBOYHOIO MeCKa W JMana3oHy 3HAY€HHH YCKOPEHHH
9-9,5 m/c? s mpuaHus MECKy «IICeBIOTeKydecTH». [l weleil HeCleI0BaHus Obula Pa3paboTaHa MaTeMaTHYC-
CKasi MOZIeNb KoJIeOaHHUH MOJBIKHOM yacTi BUOPOCTOJIA ¢ IBYMS THIIAMH JIMTEHHBIX KOHTEHHEPOB ISl yCTaHOBHB-
IIIXCS ¥ TIEPEXOTHBIX PeXUMOB paboThl. Pe3yabTaThl. B mporiecce nccnenoBanuii konebanuit (GopMbl Ha MaTeMa-
TUYECKOH MOJETHN BBITONHEHBI PacdeThl COOCTBEHHBIX YACTOT KOJICOAHUH TPH Pa3IMYHBIX YIPYTO-MacCOBBIX Xa-
paKTepUCTHKAX CHCTEMBI. [10CTpOEHBI aMILTUTYAHO-4aCTOTHBIE XapakTepucTuku (AUX) mepemernieHuii 1 yckope-
HUM TOABIKHOM HYacTH CTOJIa C KOHTEHHEpPOM, TIOCIOHHO 3alloNIHEHHBIM  (DOPMOBOYHBIM  IIECKOM.
Hayunast HoBu3Ha. ABTOpOM IIpEJIOKEHA METOAMKA ONPEECIICHUs 1UAlla30HOB YaCTOTHOM HACTPOMKU MHEPLIMOH-
HBIX BHOPATOpPOB CTOJIa, MO3BOJISIONIAS MOIYYUTh KAYECTBEHHOE YIFIOTHEHHE CYyXOro ()OpMOBOYHOIO Tecka B op-
me. [IpakTHyeckasi 3HAYUMMOCTB. B mponecce GOpPMOBKH, COrNIAaCHO TEXHOJIOTUH JINTHS M0 Ta3U(pHIUPyEMBbIM MO-
JIeTIsIM, M3-33 TIOCJIOMHOM 3aChIIIKW MOJIENN (POPMOBOYHBIM IIECKOM Macca (opMbI Bo3pacraeT. M3MeHeHne macco-
BOW XapaKTEPUCTHKH (OPMBI TPeOYEeT ONEpaTHBHOTO M3MEHEHHUs KMHEMAaTHYECKON XapaKTEepUCTUKH BHOpOCTOIIA —
BUOpalMOHHOTO ycKopeHHs. IlpemiokeHHass MareMaTHdeckass MOZAENb IO3BOJISICT ONPENeNUTh JHMANa3oHbl Ha-
CTPOWKH YaCTOTHBIX ITapaMeTPOB MHEPIIMOHHBIX BUOPATOPOB (POPMOBOYHOTO CTOJIA HA BCEX dTanax (popMOBKH.

Kniouegvie cnosa: BuOpalmoHHOE YIUIOTHEHHUE; POPMOBKA; BUOPOCTOJI, MaTeMaTH4ecKas MOJIeJlb, COOCTBEHHBIE
4aCTOThI; aMIUIUTYJHO-4YACTOTHAS XapaKTePUCTUKA
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BBenenue

TexXHOMOTHYEeCKUM TIPOLIECCOM JIUThS 3aroTo-
BOK JeTalieil cloxHOH (GopMbl mo razupunmpye-
MbeIM MozenisiM (JITM) B BakyyMupyembie (OPMEI
(KOHTElHEPHI) MPEIYCMOTPEHO 3aIOJHEHHE II0-
JIOCTell MOJENH MEeCKOM U TOCJenyollee ero yi-
JIOTHEHWE. AKTyallbHOCTh COBEPIIEHCTBOBAHUS
CITIOCOOOB  YIUTOTHEHHSI (OPMOBOYHOTO  ITecKa
B JIMTEHHBIX KOHTEMHEPAX, KaK OJHOTO U3 BaXHBIX
stanoB nporiecca JI'M, otmeuaercs B [11, 14, 15],
MPH OTOM OTCYTCTBYET €JMHOE MHEHHE O Tapa-
MeTpax BHOpanuu GOpM C MOICITSIMH, HMEIOIIUMHU
TUIOXO 3aIOJHSIEMBIE — KTEHEBBIE» MECTA.

B nacrosiiee Bpems Ha ydactkax JII'M npume-
HSIOT BUOPAIIMOHHBIA W Ta30AMHAMHYECKHH CITO-
co0OnI yrutoTHeHus niecka [4, 5, 13, 16, 17, 18].

BonpmmnacTBO nuHul yyactkoB JI'M ochaie-
HBl BHOPOCTOJIaMH C WHEPIIMOHHBIMU BHOpaTopa-
MU C TPUBOJOM OT aCHHXPOHHBIX 3JIEKTPOJBHIa-
Teslell M MUTaHueM Tpex(a3HbIM TOKOM YacTOTOM
50 I'm. BuGpocToNbl IPOEKTUPOBAINCH O] OTIpe-
JIEJIEHHYI0 HOMEHKJIATYpy OTIMBOK, OJHM3KHUX TIO
Macce U cil0KHOCTH. Cerofss CHMIBHO BO3pocia
KOHKYpPEHIMS B JINTEHHOM IPOW3BOJACTBE, U pac-
HMIMPUIICSA TIepedeHb TPeOyeMbIX OTIMBOK. s mo-
JYYCHUS] KAUYeCTBEHHOTO JIUThS HEOOXOAUMO W3-
MEHSTh PEXHMBI M MapaMeTpsl BHOpaLuHM CTOJA
B COOTBETCTBHH C MapaMeTpaMy HOBBIX OTIHUBOK
1 (PU3UKO-MEXaHMYECKHMHU CBOMCTBAMH JINTEHHBIX
KOHTEHHEPOB.

OKCIIepUMEHTaIbHBIE HCCICIOBAHMS TOKA3aIH
XOpOIITNE Pe3yNbTaThl YIUIOTHEHUS Pa3HBIX KBap-
LEBBIX TECKOB MPHU MPaBUIBHO BBIOPAHHBIX Mapa-
MeTpax BuOpanuu yxe depe3 20 ¢ paboTsl BUOpa-
TopoB cTomna [7].

B nacTosmeit pabote onpeneneHsl KHHEMaTHde-
CKHE MapaMeTpsl mporecca GOPMOBKH C MPUMEHE-
HUEM BHOPOCTOJIOB B JIMHUSX YK€ CYIIECTBYFOIIIX
yuyactkoB JII'M. [Ins pacuera 3THX NapaMETPOB
ObUTH pa3paboTaHbl MATEMAaTHUYECKHE MOJICIH Pabo-
THI BUOPOCTOJNIA B YCTAHOBHBIIHUXCS M TEPEXOIHBIX
pexnmax. C momompio II9BM B makere Mathcad
Ha MaTeMaTHYECKHX MOJENAX OBLIO HCCIIEIOBAHO
BIIMSIHUE YIPYTO-MAaCCOBBIX XapaKTEPUCTHK W Ta-
pamMeTpoB BUOPATOPOB HA TWHAMUKY paOOTHI CTOJIA.
[lomy4yeHo W penIeHO YacTOTHOE ypaBHEHHE ISt
omnpeielieHNs KPUTUYECKHX YacTOT BHOpOCTONA.
[locTpoeHbl aMITTUTYIHO-9aCTOTHBIE XapaKTepH-
CTHUKH TIEpEMEIICHN W YCKOPEHHWH BHOPOCTOJIA

C IByMs THITAMU KOHTEHHEPOB M Pa3HBIM 00BEMOM
3arpy>kKeHHOTO B HUX (POPMOBOYHOTO TIECKa.

[lonmy4yennsle B paboTe pe3ynbTaTbl PacuyeToB
U TIOCTPOCHHBIEC AITOPUTMEI B ITOJTHOM 00BbeMe MO-
TYT HCIIOIB30BAaThCS HA JTarnax MOJICPHHU3AINH
VOPYTHX ONOp  JEWCTBYIOMMX  BHOPOCTOJIOB
U TIOJTHOM aBTOMAaTH3alUH IPOIecca BUOPALOH-
HOTO YIUIOTHEHHS Ha OCHOBE HMH(OPMAIMOHHBIX
TEXHOJIOTHI YTpPaBJICHUS C HMCIOJIb30BAHHEM HH-
tepteiica RS—485 u coBpeMEHHBIX WHBEPTOPOB.
[TpumeHenne WHPOPMAIMOHHBIX TEXHOJOTHUH I10-
3BOJIUT TOJIHOCTHIO MCKIIOUNThH OMIMOKH OmNeparo-
pa, YIpaBISIOMIEr0 BUOPOYIJIOTHEHHEM IECKa
KOHTEWHEPOB, TIOBBICUTH  IPOHM3BOIUTEIEHOCTD
¥ Ka4eCTBO JIUTHSI.

ean

KauecTBeHHBIE OTIMBKH C HCIOJIH30BAaHHEM
ra3uuImMpyemMbIx MOACNCH IMOIydJaloTCs MPH yC-
JIOBUM KaYeCTBCHHOTO YIUIOTHEHHS CyXOro Qop-
MOBOYHOI'O II€CKa B JIUTCHHBIX KOHTeiHepax. Jd-
(heKT YIUIOTHEHHUS HACBHITHBIX I'PY30B B OCHOBHOM
ONpEeaeNsieTcs] BEJIMYMHOM YCKOPEHHI BO3ACHCT-
BYIOIIUX HA MECOK. DKCIEPUMEHTATbHBIMA METO-
JIaMH OTpeJeNieH Nana3oH pallioOHAIBHBIX 3HAYe-
HU YCPEIHEHHBIX YCKopeHuil 6,5-7,5 m/c?, coot-
BETCTBYIOIINN HAMOOIBIICH CTENEHU YIUIOTHCHHUS
Ccyxoro (popMOBOYHOTO TIECKa, W JUAINA30H 3Haue-
HEil yckopenuit 9-9,5 M/c® s HpemaHus mecky
MceBIoTeKy4decTd. s BHOPAIMOHHOTO YIUIOTHE-
HUSl CBITyYWX MaTepHalioB HauOoJiee INUPOKO
MPUMEHSIOTCS HMHEPIMOHHBIE BUOPATOPHI, CO3-
Jarorye KojaeOaHus B BEPTHKAIHLHOM M TOPHU30H-
TalbHOM IIOCKOCTSIX. Hanboliee BRICOKHE CTEIICHU
YIUIOTHEHHSI MaTepUaoB JIOCTUTAIOTCS MpU pabdo-
Te BUOpaTOpoB B auana3zone 8,3-36,7 I'r [2].

C 1enpr0 MUHAMM3AINE YHEPTETUIECKUX U Ma-
TEPUATBHBIX 3aTpaT BHOPOCTOJBI C pa3MEIICHHBI-
MU Ha HUX (popMamu (KOHTeHHEpaMH) HacTpauBa-
10T 11 pabOThl BOJIM3M UX COOCTBEHHBIX YaCTOT.
Takas HacTpoiika XOpOIIO MOAXOAMUT ISl YIUIOT-
HEHUsl MaTepUajioOB C OJMHAKOBOW Maccoil. B nu-
TEMHOM IPOU3BOJICTBE JE€TaJIel C UCIOIb30BaHUEM
rasupUIMPyeMbIX MoOjeIeH (OPMOBOUHBIN MECOK
3aChIMaeTcsl B JINTEHHbIE KOHTEHHEPHl HECKOJIbKU-
MH CJIOSIMH, TO €CTh Macca KOHTeiHepa B Imporiecce
¢dopmoBku n3mensiercsi. Kondurypanust mozpeneit
B OOJIBIIIMHCTBE CIIy4acB UMEET CIOXKHYIO (opMmy,
MO3TOMY TIepe]l YIUNIOTHEHHEM TecKa HEO0OXOAMMO
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o0ecneunTs ero ABMKECHUE B TPYAHOIOCTYITHBIE —
«TEHEBbIE» MeCcTa MOJIeJIel OTIMBOK.

Lenpro paboTHI SBNSETCS ONpe/eeHne 3Haue-
HUIl HACTPOMKH MapaMeTpoB BUOpOCTONA, obecre-
YUBAIOIIMX 3aIOJIHEHUE KTEHEBLIX» MECT MOJENEH
OTIIMBOK TIECKOM M TIOCIIEAYIOIIEe €ro yIUIOTHe-
HHE.

Jnst mocTykeHHs yKa3aHHOW 1enu paboThl He-
00X0IMMO PEIINTh CIEAYIOIINe 3a1a4H:

1. Pa3paboTarh MaTeMaTHICCKHE MOJIEIH KOJIe-
OaHuil A7 yCTaHOBMBIIETOCS W MEPEXOAHOTO pe-
JKUMOB paboThl BUOpOCTOIIA.

2.C moMompI0 KOMITBIOTEPHOTO MOJIEITHPOBa-
HUS JMHAMHUKH BUOPOCTOJA TTOJyYUTh PallOHAIb-
HBIE TapaMeTpel YNOPYTHX ONOp BUOpOCTONA
Y TUATia30HbBI HACTPOHKH pabodeii yacTOTH BUOpa-
TOPOB ISl pa3HbIX YPOBHEW 3alOJIHEHUS JIUTEH-
HBIX KOHTEHHEPOB TIECKOM.

MeTtoauka

B nannHol pabote pa3paboraHa maTemaTHUe-
CKasi MOJIeNIb KOJICOAHWI MOIBWIKHOW YacTH BHO-
pocToiia ¢ AByMsl TUIIAMH JINTEHHBIX KOHTEHHEPOB
B YCTaHOBHUBIIHUXCS M MEPEXOAHBIX peKUMax pado-
Thl. MaTeMaThdeckass MOJENb OIHCBHIBAETCS CHC-
TEeMOH OOBIKHOBEHHBIX IU((PEepeHINANBEHBIX YpaB-
HEHUI BTOpPOTrO mopsaka. UWclieHHOe pelnieHune
3THX YpaBHEHHI MO3BOJISET TOIYUUTH CIIEKTP COO-
CTBEHHBIX YAacTOT BHOpOCTONIa M AaMIUIUTYIHO-
YaCTOTHBIE XapaKTEPHCTHKH YCKOPEHHH, naeicT-
BYIOIIUX Ha CyXOW (DOPMOBOYHBIN MECOK IS pas-
JUYHBIX 3HAYCHUH YIPYro-MacCoBBIX XapaKTepH-
CTUK BHOpPOCTOJNa M TAapaMeTPOB HACTPOHKH €ro
MHEPLUUOHHBIX BHOPATOPOB. AHAIHM3 aMIUIUTYJHO-
YAaCTOTHBIX XapaKTEPUCTHUK YCKOPEHH pa3periact
ONpENeNINTh palMOHANbHBIE HapaMeTpsl BHOpPO-
CTOJla M PEXUMBI HACTPOWKH BHUOPATOPOB, COOT-
BETCTBYIOIIME (hazaM ICEBIOTEKYYeCTH M YIUIOT-
HEHHsI POPMOBOYHOTO IECKA B JIMTEHHBIX KOHTEH-
Hepax.

Mamemamuueckas modenv Koaebanuil uOpo-
cmoaa ¢ koumetnepom. IIpu MOCTpOSHUN pacyeT-
HOHM cxembl BuOpocTona (puc. 1) ObUTH MPUHSTHI
CIIeTyIOIINe TOMYIIEeHHS:

— paccMaTpHBalOTCs Masble KojieOaHusi BUOpo-
CTONa;

— BUOpPOCTOJ, KOHTEHHEPHI C MEeCKoM olJasia-
IOT COCPEAOTOYECHHBIMH MaccaMh U aOCOIIOTHO
JKECTKUE;

— aMOpTH3aTOPBl BHOpPOCTONAa HMMEIOT JIMHEH-
HYIO XapaKTEpPUCTHKY BOCCTaHABIMBAIOIIEH CHJIBI,

— BOCCTaHaBIMBAIOLIasl CHJIOBas XapaKTepH-
CTHKa aMOPTH3aTOpa UMEET JIBe HEe3aBUCHUMBIE CO-
CTaBJIAIOIIHE: BCPTHUKAJIBbHYIO 1 I‘OpI/I3OHTaJ'H)HyIO;

— DHeprusi KojJeOaHWH pacceuBaeTCsi TOJBKO
B aMOpTH3aTopax 3a CYET BHYTPEHHETO TPEHHUS
Y MIPONOPLIMOHATIBHA CKOPOCTH;

— ¢yrmameHnT BHOpocTOia abCOJIOTHO KECT-
KW,

— KoJeOaHusl CHpPOCHUPOBAHBl HA IUIOCKOCTD
BBHJIy CHMMETPUYHOCTH BHOPOCTOA;

— KOHTEHHEp JKECTKO YCTAaHOBJEH Ha BHOpO-
cToie;

— YCTAQHOBJEH OIWH BHOPATOp, CO3JAIOIIUH
BO3MYIIAIOUIYIO CHJIY B BEPTHKAJIBHOM MIIOCKOCTH.
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Puc. 1. PacuerHast cxema BUOpPOCTOJIa C KOHTEHHEPOM

Fig. 1. Calculation model of the vibrating table
with container

l'opu3zoHTaNBHBIC BUOPATOPHI YCIOBHO Ha CXe-
Me He MOKa3aHbl.

KonebarenpHasi cucTreMa MMEET TPH CTEIICHU
CBOOO/IBI: IBE IMHEUHBIX X, Y U OJHY YIJIOBYIO
m, J — TNpUBEACHHBIC HMHEPIMOHHBIE XapaKTepH-
CTHKH CTOJIa W KOHTEWHepa; Mp — macca aucOa-
JaHca BUOpaTopa; e — OKCICHTPUCHTET MAacChl
nrcOaanca BuOpaTopa.

Ypasnenus c60600mnbix Konrebanuii 6ubpocmona
¢ koumetinepom. CBOOOIHBIC KOJIeOaHHS BHOPO-
CTOJIa C KOHTEHHEPOM OIUCHIBAIOTCS YPAaBHEHUSMHU
Jlarpamxa Il ponma [8, 9]

d{oT ) oT oIl od
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rae T, 11 — kuHETHYECKas U MTOTCHITMAIbHAS HEP-
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ruu kosnebarenbHOU cuctemsl; t — Bpems; 0, G —
0000IICHHBIE KOOpPAWMHATHI W CcKopocTH; D —
(GYHKIUS pacCEUBAHUS SHEPTHH.

B xadectBe 0000IIEHHBIX KOOPAWHAT TPHHSITHI
KOOPJIUHATHI X, Y, & IIEHTpa Macc KojebaTeabHOM
CHUCTEMBI.

Kunertnueckas SHEPrus CUCTCMbI
1, . . .
T =E(mx2 +my? + Jocz) .

[loTeHnmanpHass SHEPTUs CHUCTEMBI, HaKarIlId-
BaeMas Tpu jaedopMaliu aMmoOpTU3aTOPOB

I =<:1[y2 +(L(X)2:|+C2(X+bot)2 :
DyHKIUS PaCCeUBAHUS SHEPTHH
® =Py ¥ +(La)" |+B, (X+ba)’

Ilocne MoACTAHOBKM KMHETUYECKOM M INOTEH-
UaIbHOM sHepruil B ypaBHenus Jlarpamxa Il pona
U anreOpandyeckux NpeoOpa3oBaHUN TOITYYCHBI
omHOpOmHBIE  nuddepeHInATbHBIE  yYpaBHCHUS
JIBUKCHUS, OTMMCHIBAIOIINE CBOOOIHBIC KOJICOAHUS
BUOpOCTOJIa C KOHTEHHEpOM 0Oe3 yuera pacceuBa-
HUS DHEPTUU B CHCTEME

my +2c¢,y =0;
mX + 2¢,X + 2¢,ba =0;

Jéi+ 202bx+2(c1L2 +c2b2) =0.

DyHKIHS pacCEUBAHUS YHEPTHH, KaK U3BECTHO,
HE OKa3bIBACT CYIIECTBEHHOTO BIHMSHUS Ha COOCT-
BEHHBIE 4aCTOTHI cucTeM [1], mosToMy B ypaBHe-
uust Jlarpamka He mojcTaBisuiach. IlepBoe ypas-
HEHHE CHCTEMBI OIMUCHIBACT BEPTHUKAIBHBIC KOJie-
0aHuUs CTONA M HE CBSI3aHO C OCTAJIbHBIMU YpaBHE-
HUSIMH, TO3TOMY PacCMaTpPUBACTCS OTACIBHO OT
OCTallbHBIX. BTOpOe W TpeThe ypaBHEHHS OIMUCHI-
BalOT TOPU30HTANBHBIC U YTJIIOBBIE KOJICOAHUS CO-
OTBETCTBEHHO. PacyeT MHEPIMOHHBIX XapaKTepu-
CTHK KOJe0aTeNbHOW CHCTEMBI BBITIOJHEH Ha OC-
HOBaHUM dYepTexed BHOPOCTONIA, KOHTEHHEPOB H
(haKTU4YEeCKOH TUIOTHOCTH (HOPMOBOYHOIO TIECKa.
WHepIiioHHbIe XapaKTEPUCTHKK JBYX THUIIOB KOH-
TeHEPOB W TMOJBIKHON YacTH BHOpOCTONA Tpe-
cTaBlieHbl Ta0J. 1, 2. YcoBHO, Malblii U OOJBIION

KOHTEeHeps! Ha3BaHbl «SMall» u «great» coorser-

CTBCHHO.

Tab6numa 1

HHepuHoHHbIE XapaKTEPUCTUKN KOHTEHHEPOB

Table 1
Inertia characteristics of containers
T Kot~ Macca, xr
TeltHepa .
Konteitnep Tecox O6mast
small 290 885 1175
great 324 1294 1618
Oxkonuanue tabm. 1
End of table 1
a2
Tutnt Kor- MoMeHT UHEepIUH, KI'M
TelHepa
Konreiinep IMecox O0mas
small 53,5 94 178
great 69,6 174 281
Tabnuma 2

HNHepumoHHbIe XapaKTePHCTHKHU CTOJIEITHULBI
BHOpOCTO/1a ¢ KOHTeliHepaMu

Table 2

Inertia characteristics of vibrating table
countertop with containers

. I'naBHBIK
Tun xonreitnepa | Macca, kr 2
MOMEHT WHEPIIHH, KI*M
small 1756 387
great 2200 519

Cobcmeennvle uwacmomovl Kojaebanuti 8udpo-
cmoaa ¢ xoumetinepom. Hanbonee KavyecTBEHHO
VIDIOTHEHHE TIECKa TPOUCXOIUT MPH paboTe BUO-
POYIIOTHSIOIUX YCTAHOBOK Ha YacTOTax, OJIn3-
KUX K COOCTBEHHBIM YacToTaM Kojebanuii [12].

CobOcTBeHHBIE ~ YaCTOTHI  TOPU3OHTAJIBHBIX
W YTJIOBBIX KOJieOaHWI TMOABMXHOM YacTH BHOpO-
CTOJIa C KOHTEHHEPOM OMNpEACIAIOTCS TpHU pelle-
HUM YaCTOTHOTO YPaBHEHUS
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mJp* —2[mL201+(J +mb2)cz} p? +4cc,l? =0.

CoOcTBeHHasT 4acTOTa BEPTUKAIBHBIX Koleba-
HUH MOJIBM)KHOM YacTH BHOpOCTONIa C KOHTeElWHe-

poMm

B mpomecce popMoBKH Macca KOHTeiHepa U3-
MeHsieTCsl. BHavaje 3achllaloT MMOPHHUI0 IecKa
U (HOPMHPYIOT TaK Ha3bIBAEMYIO IIOCTENIb MOJIE-
nu». Jlanee (HOPMOBIIHMK YCTAHABIHUBAET MOACIH
U TIOCJTOWHO 3achIaeT ee meckoM. Kaxmaomy ciioro
rmecka HeoOXOAMMO C TIOMOIBIO BHUOpAIMH IIpH-
JIaTh TEKY4YECTh», a 3aTEM €r0 YIUIOTHHUTb.

C uenpio onpesieNieHns] BIMSHHUS MacChl MecKa
Ha COOCTBEHHBIE YACTOThI BEPTHKAJIBHBIX, T'OPH-
30HTAJIbHBIX M YTJIOBBIX KOJEOAHHH C MOMOUIBIO
I[15BM B makere Mathcad [6] Obutn periensl mo-
JIy4eHHBIC BBIIIE YaCTOTHBIC YPABHEHHS IPHU Clie-
JYIOIIMX MCXOAHBIX JaHHBIX (koHTeitHep small):

m=1057...1756  kr; J=303...386 kv’
L=0,45 m; b=0,5 m; C;=2,04 MH/m; C,=0,33
MH/m.

Binusinue mMacchl MOJIBUXKHOW 4acTH BHOPOCTO-
Ja ¢ KOHTEWHEPOM Ha COOCTBEHHYIO 4aCTOTY MOXK-
HO YBHUJIIETh Ha Tpadukax (puc. 2).

 Be prvoam sam omed s

9 Semvergd ey Sl T e b ai

Vimozam xomiazmc

Puc. 2. 3aBucuMOCTb COOCTBEHHBIX YaCTOT
OT MacChl KOHTEHHEPA € IIECKOM

Fig. 2. Dependence of the natural frequencies
on the container mass with sand

CoOcTBeHHas 4acTOTa YTIIOBBIX KoJeOaHU cu-
CTEMBl M3MEHSETCS HE3HAYMTEeNFHO, a COOCTBEH-
HbIE YaCTOTHI KOJEeOaHUM MO JIMHENHBIM 0000IIEH-
HBIM KoopAuHaTaM wu3MeHstorcss Ha 20-25 %.
OueBHIHO, IUIsI Ka4eCTBEHHOTO IOCIOHHOTO YII-

JIOTHEHMS TeCKa B KOHTEHHepax HeoOXOAWMO W3-
MEHSITh TIapaMeTphl paboThl BUOPATOPOB.

Ha OonbiIMHCTBE CYIIECTBYIOIIMX CTOJOB YC-
TAQHOBIIEHBl HWHEPIMOHHBIE BUOPATOPHI OOIIEro
Ha3HAYEHUA C PYYHOM AMCKPETHOM HaCTpONKOU
CTaTUYECKOro AucOananca M 4acTOTOW KoyieOaHuit
46,3-47,5 I'u. OmepaTMBHO MEHATh HapaMeTphI
BAOpAIMi C TENbI0 TONYYEHHs PalHOHAIBHBIX
3HaUYCHUN BHOPOYCKOPEHHI CTONAa ¢ KOHTEHHEPOM
BO3MOXHO H3MEHEHHEM 4YacTOThl TOKa MHUTAHHS
ACUHXPOHHBIX JJIEKTPOJIBUTATEIEH C ITOMOIIBIO
COBpPEMEHHBIX MOJTYNPOBOJHUKOBBIX HHBEPTOPOB.

Buinyoicoennvle xonebanus subpocmona ¢ Kom-
MmelHepoM 8 YCIMAHOBUBUEMCS pedcume pabombi.
YpaBHeHHS TUHAMHKH BHOPOCTOJA B YCTaHOBHB-
nreMcsi pexxuMe pador 0e3 yduera TUCCHIIATHBHBIX
CHJI COZIepKaT B MPaBOH YaCTH BO3MYIIAIOIINE CH-
Tl © MOMEHT OT MHEPIIMOHHOTO BHOpaTopa. DTH
muddepeHInanbHbIe YpaBHEHHS JOCTaTOYHO XO-
pOLIO OTpaXkaloT AMHAMHUKY MAIlMHBI B HEPe30-
HAHCHBIX PeKUMaXxX pabOThHI

my + 2,y = myew’ cos(wt);
MX + 2C,X + 2¢,bo. = Mpew” sin (ot );

J 6+ 2C,bx + 2(clL2 + czbz)a =mpehe’sin(ot).

KaxxoMy 3Ha4e€HUIO aMIUTUTYIbI COOTBETCTBY-
€T CBOsI HamboJiee BBITOAHAS YaCcTOTa KOJICOAHUH,
NpU KOTOPOW JOCTHTaeTCs MakCUMAalbHOE YILIOT-
HeHue (POPMOBOUYHOTO mecka [2].

IIpeamonaraemerii Tum BHOpaTopa cTOja —
NB-99 ¢ MakcMMalbHBIM MOMEHTOM CTaTHYECKO-
ro gucbamanca 0,114 kr-mM. AMIUIUTYIHO-
yacTOTHBIE xapakTepucTuku (AUX) BuOpocTona
C MPUHATHIMH BBINIE UCXOJAHBIMU TAHHBIMUA M KOH-
TeitHepoM «small» ¢ «ImocTenp» MOIEH M OTHUM
BuOparopom (puc. 3-5) MOKa3BIBAIOT pPa3BHUTHE
KoeOaHuii TI0 BceM OOOOIIEHHBIM KOOpAMHATAM
cucteMbl. Ha 3THX pHCYHKax XOpOIIO BHICH POCT
aMIUTUTYl Koje0aHWii Ha KPUTHYECKHUX YaCTOTaxX
cuctembl. [Ipu yCTaHOBKE Ha BHOPOCTOJE MaphI
OJIMHAKOBBIX CHHXPOHU3UPOBAHHBIX BHOPATOpPOB,
CO3/IAIOIINX BO3MYIIAMONIYI0 CHITy HCKIFOUHUTEIh-
HO B BEPTHKaJIHHOM HAIPABICHUHU, BO3MOXKHO HC-
CNE/IOBAaHHE TOJBKO BEPTHKAIBHBIX KOJICOAHUI
C YYETOM JMCCHUITATHBHBIX CHIL.

duddepenumanbHoe ypaBHEHHs JBHKCHUS,
OMHUCHIBAIOIIEE BBIHYXKICHHBIC KOJeOaHus BHOPO-

doi 10.15802/stp2016/90496

128

O©II.T. AHodpues, 2016



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBchKkoro

HaLIOHAIBHOTO YHIBEPCHTETY 3alli3HHYHOro Tpancmnoptry, 2016, Ne 6 (66)

HETPAULIIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MU

CTONa C KOHTCWHEPOM C YYeTOM pacCeHBaHMUsI
OHEPrun B CUCTEME

my + 2By + 2c,y = mpesin ot.

PerieHne 3TOro ypaBHEHHs HE MPEICTABIISET
HUKakux TpyaHocted [9]. Vckopenue cucTeMBI
C YYETOM pAaCCEUBaHHsI DHEPIUH B PE3MHOBBIX
aMOpTH3aTOpax, O0O0ECIeYnBAOIIee TalllCHUE aM-
TUTATYJ] cBOOOIHBIX KonebOanuii Ha 90 % 3a N me-
pHOIOB
. Fo' .
y= - sin(wt+a),

2,3kIn10
m (kz—m2)+4 N 3
2mn

rae k =.,/2¢c; / M — coOCTBEHHAS YaCTOTA CUCTEMBEI,

N=5 — KOJWYECTBO NEpPUOJIOB
¢ ymeHblLIeHneM aMIuTyabsl Ha 90 %.

Konebanuit

E—.

—]
)

=]
[

0 3 10 13 £Tx

Puc. 3. AUX BepTUKaJIBHBIX KOJIEOaHUIT CHCTEMBI

Fig. 3. The amplitude-frequency characteristics
of the vertical oscillations of the system

Puc. 4. AUX rOpH30HTAIBHBIX KOJICOAHUH CHCTEMBI

Fig. 4. The amplitude-frequency characteristics
of the horizontal oscillations of the system

o, RE

=3}
A

0 3 10 15 £z

Puc. 5. AUX yrinoBbeIx KoieOaHUH CHCTEMBI

Fig. 5. The amplitude-frequency characteristics
of the angular oscillations of the system

s ompeneneHns mapaMeTpoB BHOPOBO30YK-
neHus ¢ noMoisio [I9BM ObUIM BBINIOJIHEHE! Ba-
PHaHTHBIE pacyeTbl BEPTUKAJIbHBIX BHOPOYyCKOpE-
HHM CTONAa C KOHTelHepamu THmoB «SMmall»
n «great» s pa3auyHbIX 3HAYEHUH KECTKOCTH
amMopTH3aTopoB croia (puc. 6, puc. 7). XKectkocTh
aMOPTU3aTOPOB BapbUpPOBAJACh IIyTEM M3MECHEHHS
UX BBICOTBL. B pacuerax cymMMapHbIi CTATHUECKHNA
MOMEHT jucOanaHca JABYyX BHOpPaTOpPOB THIA
NB-99 npunsar pasusM 0,228 kr-Mm.

Ha AYX BuGpoyckopenuii (puc. 6, 7) myHk-
TUPHBIMU JIMHUSIMHM BBIJICJIEHa 30Ha YCKOPCHHMH,
cooTBeTCTBYIOIMAsT J()(HEKTUBHOMY YIUIOTHEHHIO
necka. AUX BHOPOYCKOpEHHH CHCTEMBI IOCTpOE-
HBl 7Sl 3arpy’KCHHBIX TEPBBIM CJIOEM IIeCKa —
«IIOCTENBI0» KOHTEHHEPOB MPH PA3IMYHBIX HKECT-
KOCTSIX amopTu3aTopoB. Kpurepuem BbIOOpa Ke-
CTKOCTH OIOpP CTOJIa MPHHATO OTCYTCTBUE IPEBbI-
IIeHNS YCKOPEHHS CBOOOJHOTO MajAeHHs MPH MPO-
XOXKIEHUU CUCTEMON PE30HAHCHOW 30HBI IIPH 3a-
Tpy3Ke KOHTEHHepa MECKOM <IOCTENH». XOpOLIo
BUAHO, YTO INpHEMJIEMas XapaKTEPHCTHKAa YCKO-
peHmii TOJydeHa TIPHU BBICOTE aMOpTHU3aTOpa
H=90 mm (1,583 MH/m).

AUYX BHOPOYCKOpPEHHIA CHCTEMBI C MTOCIOWHOM
3arpy3koil mecka B KoHTeiHepbl (puc. 8, 9)
U ¢ aMmopTH3aropamu ctoja BeicoToli H=90 mm
(1,583 MH/m).

doi 10.15802/stp2016/90496

O©II.T. AHodpues, 2016

129



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

Hayka Ta nporpec Tpancropry. BicHuk J[HIIponeTpoBCbKOro
HaLIOHAIBHOTO YHIBEPCHTETY 3alli3HHYHOro Tpancmnoptry, 2016, Ne 6 (66)

HETPAULIIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MU

oo 1

L]

= ympem cacfomEac Jorm moermoTewRsEE
mam

ER JITOTRARIC THCHER

Puc. 6. AUX yckopenwmii KoHTelHepa Tuma «small»

Fig. 6. The amplitude-frequency characteristics
of accelerations of container type «small»

4
Yeaoparae crofogac ! Foxm moesgovemm |
/na.imm Y e
4

¥, et

40 i
Puc. 7. AUX yckopeHmii KoHTelfHepa Thma «great»

Fig. 7. The amplitude-frequency characteristics
of accelerations of container type « great «

Yeroperae cxofomoe
‘remarer ez

S
i

Sosa prow s mora

£

Puc. 8. AUX yckopenuii koHTeiiHepa Tumna «small»
C pa3IMuYHOM 3arpy3Koi mecka

Fig. 8. The amplitude-frequency characteristics
of accelerations of container type «small»
with different load of sand

Veroperdo crobomoro Soxa moermoevessee
- ez

*
o~

Puc. 9. AUX yckopeHuii KOHTeliHepa THa «great»
C pa3IMuYHOH 3arpy3Koi mecka

Fig. 9. The amplitude-frequency characteristics
of accelerations of container type «great»
with different load of sand

Hunamuxa eepmuxanvhix Koiebanuil npu pas-
eone. Konebanmst croita ¢ KOHTEHHEPOM TIpH pas-
roue (TOPMOXKEHHH) C MOCTOSIHHBIM YTJIOBBIM YC-
KOpCHHEM  omuchiBaeTcs  IuddepeHnnanbHbpM
ypaBHEHHEM

my + 2By +2¢c,y =

et et
= mpe| (@, +et)’ sm7—scos7 :

rae f — kodpPULIUEHT BI3KOTO TPEHHUS, My — Ha-
JaibHas yIjoBas CKOpOCTh BHOpaTopa; € — yrio-
BOE yCKOpeHHe BUOparopa,; t — Texyiee Bpemsi.
VYpaBHeHHE OBUIO pEIIEHO YUCICHHBIM METO-
JIOM C TIOMOIIBIO KOMITBIOTEpA JUIS PacCMOTPEH-
HBIX THUIIOB KOHTEHMHEPOB C pa3HOM 3arpy3Koi mec-
KOM, C pa3HBIMHU YTJIOBBIMH YCKOPEHHSIMU U BBICO-
toit amoptuzaropa H=90 mm (1,583 MH/m). AHa-
JU3 PE3yNIbTATOB pacdeTa YCKOPEHHWH Mayoro
koHreitHepa (puc. 10) moaTBepikaaeT MPaBUILHBIH
BBIOOP JKECTKOCTH aMOpTH3aTopa (OPMOBOYHOTO
CTOJIa — YCKOPEHUSI BEPTUKAIBHBIX KoJicOaHUi He
MPEBBIIIAIOT PEKOMEHJIOBAHHOTO JIMANa30Ha yCKO-
PCHUIA, a aMIUTUTYIbI KOJIeOaHUI TIPUMEPHO B JBa
pa3a MeEHbIIE, YeM AaMIUTHTYIbl KOJEeOaHWH IpH
CTaIlMOHAPHOM peXxuMe paboTsl BUOpaTopoB. Bri-
Oer BHOPAaTOPOB MPOUCXOAUT C MEHBLIMM yCKOpe-
HHEM, YeM NPH ero pasroHe, U 3TOT HEAOCTATOK
MO>KET TIPHBECTH K POCTY 3HAYCHUH BHOpPOYyCKOpe-
HUM TpH TPOXOXKICHHH COOCTBEHHBIX YaCTOT
(OPMOBOYHOTO CTOJIA, COMPOBOKAAIOLIMICS pazy-
IUIOTHEHHEM Necka B KoHTeiHepe. C menblo uc-

doi 10.15802/stp2016/90496

130

O©II.T. AHodpues, 2016



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBchKkoro

HaLIOHAIBHOTO YHIBEPCHTETY 3alli3HHYHOro Tpancmnoptry, 2016, Ne 6 (66)

HETPAULIIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MU

KJIFOUYEHHsI 3TOTO BPEIHOI'O SBJIEHUS KEJIATEIbHO
OCYIIECTBIIATh JUHAMUYECKOE TOPMOXKEHUE BHO-
paTopoB.

%.
HS

ETu

Puc. 10. /lunaMuka ycKOpeHHI Majoro KOHTeHHepa
IIPU Pa3roHe

Fig. 10. Acceleration dynamics of small container
at acceleration

PesyabTartsl

ITo pesympraTam pacueroB AUYX BHOpO-
YCKOPEHUH oOmpeJielieHbl YacTOTHBIC HaIa3OHbI
paboTsl BUOpaTopoB i 3((HEKTUBHOTO YIUIOTHE-
HUS IIecKa IBYX THIIOB, pacCMaTpUBaeMbIX B CTa-
The KOHTEiHepoB (Tabn. 3, 4). AMIUIUTYBI yCKO-
pPEHUH KOHTEHHEPOB B TEPEXOJHBIX pPEXKHMAX
B JMara3oHe HU3IIEeH cOOCTBEHHOW Y4acTOTHI (op-
MOBOYHOTO CTOJIA MPUMEPHO B JBa pa3a MEHbIIC
aMIUTUTYJl YCKOPEHUI KOHTEHHEPOB HpU yCTaHO-
BHUBIIIUXCS pEXUMaX pPabOThl MHEPIIMOHHBIX BHO-
paropoB. IloaTomy, ecnu 3Ha4YeHUS YCKOpPEHUM
pasroHa M TOPMOXKEHHUSI BHOPAaTOpPOB OyIyT Onu3-
KM, TO pa3yIJIOTHEHHUS TIecKa MOCie ero YIUIoTHe-
HUSI HE IPOU30MIET.

Tabnuma 3

YacToTHble AUANA30HbI 3(PPEeKTHBHOIO YIVIOTHEHUS
necka B KoHTeiiHepe Tuna «small»

Table 3

Frequency ranges of efficient sand compaction
in the container type «small»

3arpy>keHHOCTh KOHTeHHepa meckoM, %
Juanazon
«ITocTenp» 25 50 75 100
Hauano 23,51 270 | 29,7 | 320 | 34,1
Komnern 26,18 29,6 | 32,3 | 34,7 | 36,9

Tabnuua 4

YacroTHble Anana3oHbl 3(PpGeKTUBHOIO YIIIOTHEHUS
MecKa B MaJOM KOHTeliHepe

Table 4

Frequency ranges of efficient sand compaction
in the small container

3arpyKeHHOCTh KOHTEHHepa rneckoM, %
Jwnanazon
«[locTenp» 25 50 75 100
Hauaso 25,8 30 33,2 | 36,1 | 38,7
Komnen 28,4 32,6 36 39,1 | 41,9

BepxHue W HIWKHHE TpEAETbl 3THUX YaCTOT-
HBIX JUAIa30HOB OTIMYAIOTCA HE3HAUYUTENIHHO —
B 3aBHCHMOCTH OT 3arpy3Kd II€CKOM, BCEro Ha
2,6-3,0 I'it. J1nst Haie)KHOTO YIIPABJICHUS YaCTOTOM
paboThl BHOPATOPOB B TAaKUX Y3KHX IUAMA30HAX
MPEMOYTHTEIBHO YIPaBICHHE WX HHBEPTOPOB
MIPOBOJNTE C TIOMOIIBIO KOHTpOJUIEpa ¢ UuHTEpdEii-
cam RS-485.

Hayunasi HOBU3HA U PpaKTHYecKast
3HAYUMOCTh

[Ipennoxena MmeToAuKa ONpeAeTeHHs Haria-
30HOB YaCTOTHOW HACTPOWKH HHEPIIMOHHBIX BHO-
paTopoB CTOIA, TO3BOJSIONIAS TONYYHTh KadecT-
BEHHOE YIJIOTHEHUE CYXOro ()OPMOBOYHOTO TEeCcKa
B (opme.

B mpormecce GpopMOBKH 0 TEXHOJIOTHUH JIUTHS
Mo ras’u(UIUpPyeMbIM MOJEISIM H3-3a MOCIIOHHON
3aCBIIKK MOJAENd (OPMOBOYHBIM MECKOM Macca
(dhopmel Bo3pactaeT. M3MeHeHHE MacCOBOW Xapak-
TEepUCTHKH (DOPMBI TpeOyeT OnepaTHBHOTO H3Me-
HEHUS KUHEMAaTUYECKOW XapaKTEPUCTHKU BHOPO-
cTola — BUOparmoHHOTO YyckopeHus. [lpen-
JIOKEHHAsT MaTeMaTH4YecKash MOJIENb II03BOJIIET
OTPENICTUTh TUANA30HB HACTPOUKH YaCTOTHBIX
MapaMeTpoB WHEPIMOHHBIX BHOPAaTOPOB (opMoO-
BOYHOTO CTOJIa Ha BCEX dTanax (hOPMOBKH.

PCSYJII)TEITI)I I/ICCJ'IC,ZIOBaHI/Iﬁ SABIIAFOTCA HUCXOMI-
HBIMU JaHHBIMH JJIs1 Pa3pabOTKU alroOpUTMOB pa-
0OTBI KOHTPOJLIEPA, YIIPABISAIONIETO HHBEPTOPAMHU
(qacToTHBIMH TpeoOpa3oBaTEIAIMK) BHOPATOPOB
(OpMOBOYHOTO CTOJa B TpoLEcce MOCIOWHOTO
YVIUIOTHEHUs ()OPMOBOYHOTO TIECKa B JHTEHHBIX
KOHTEeIHepax.
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BriBoabI

1.TlocTtpoena maremaTHdeckas MOZENb KOJe-
Oanwuii BHOpPOCTONA C ABYMS TUIIAMHU KOHTCHHEPOB,
MO3BOIISIONIAS  ONPEACTUTh pPAlMOHANBHBIE Ha-
CTPOMKHM €ro XapaKTEePUCTHK JJISI PEKMMOB «IICEB-
JOTEUEHHS» U YIJIOTHEHUS! POPMOBOYHOTO TECKa.

2.WccrenoBaHo BIUSHHE YIPYTO-MAacCOBBIX
XapaKTepUCTHK BHOPOCTOJIa Ha COOCTBEHHBIE 4Yac-
TOTBI KOJICOAHUH.

3. [locTpoeHbl aMILTUTYJHO-4aCTOTHBIE Xapak-
TEPUCTUKHA BUOPOYCKOPEHUH CTONIA C ABYMSI THUIA-
MU KOHTEHHEPOB.

4. TlogrotoBieHbl TaONMUIBI YacTOTHOW Ha-
CTpoiiku BUOpaTopoB cToia it 3((HEKTUBHOTO
YIUIOTHEHHUS (POPMOBOYHOTO TIECKa.

5.U3yyeHa nuHamHKa pasroHa BUOpPaTOpOB
CTOJIa C TIOCTOSIHHBIM YTIJIOBBIM YCKOPEHHEM.

6. /Inama3oHbl pEeKOMEHJIYEMBIX YacTOT JIOCTa-
TOYHO Y3KH€, IOITOMY PEKOMEHAyeTcsl o0ecreyun-
BaTh aBTOMATUYECKYIO MOJACPKKY 3aJaHHOM yac-
TOTHI C IOMOIIBIO KOHTPOJIIEPA.

7.Pe3ynpTaThl HCCIENIOBAHUN SIBIAIOTCA HC-
XOJTHBIMU JaHHBIMH I Pa3pa0O0TKH alIrOPUTMOB
paboTBl KOHTpOJUIEpa, YIPABISIONIETO YacTOTOU
BpAaIleHUs] WHEPITMOHHBIX BHOPaTopoB (HOpPMOBOY-
HOTO CTOJIa.
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OBIPYHTYBAHHS PAIIIOHAJIbHUX KIHEMATUYHUX
XAPAKTEPUCTUK ®OPMYBAJIBHOI'O BIBPOCTOJY

Meta. OgauM i3 e(heKTHBHHUX CITOCOOIB OTPMMAaHHS BUJIMBKIB CKIaaHOI (DOPMH € JIMTTS IO MOJCIIAX, IO Ta3H-
dixyroteest (JITM), y Bakyymytodi ¢popmu (KoHTelHepwH). [TiABUIIEHHS SIKOCTI IIbOTO CITOCOOY JUTTS BUMArae BIOC-
KOHAJICHHA MeToIuKN hopmyBaHHsA. DPopMyBabHUI Tporiec nepeadadae momapose BiOpariifHe ymiabHEeHHS MiCKy
B KOHTeWHepax. binbnricts minid qutsaok JI'M ocHareHi BiOpOCTONaMu 3 iHEPHIHHUMHE BiOpaTopamu, 3 IPUBOIOM
BiJl aCHHXPOHHHUX €JIEKTPOABUIYHIB, IO NMPALIOIOTh Ha HOMIHAIBHUX 4acToTax oOepraHHs. llepcrieKTMBHUM Ha-
NPSIMKOM YZIOCKOHAJICHHSI METOAMKH (OPMYBaHHS € pallioOHaJIbHa HACTPOMKa TaKUX IapameTpiB BiOpocToiy, siK
BiOpamniiiHe nepeMileHHs, MBHAKICTh 1 npuckopeHHs. L{i mapaMeTpy BU3HAYAIOTHCS MPYKHO-MACOBHMH XapakTe-
PHCTHKaMHU CHCTEMH «BiOpocTin-opma» i 30yproBaIbHIMHU CHIIAMH, 1[0 CTBOPIOIOTHCS 1HEPIIHHUMH BiOpaTOpamH.
MerToro OCHIIPKEHHS! € BU3HAUCHHS PalliOHAJIbHUX J1alla30HIB HaJAIITyBaHHS MapaMeTpiB BIOPOCTOINY, MPHU SKUX
BiOYBa€ETHCS SKICHE MOMIAPOBE VINIIbHEHHS (OPMYBAIBHOTO MICKY B (hopMi. MeToauka. Kputepiem edeKTHBHOCTI
HANTAIITYBAHHS XapaKTEPUCTHK BiOPOCTOTyY TPHIHSTI 3HAYCHHS YCepEIHEHHX TpHCKopens 6,5-7,5 m/c?, Biamosin-
HIM JI0 HaifGiIbII0] MipH yIIiIbHEHHS CyXoro (JopMyBaIbHOTO MiCKY Ta Jiama3oHy 3HAYeHb mprcKopens 9-9,5 m/c?
JUIS HaJlaHHSA TICKY «ICEBIOIUTMHHOCTI». J[s mine#t mocmimkenHs Oyia po3pobieHa MaTeMaTH9HA MOJCIb KOJH-
BaHb PYXOMOi YaCTHHHU BiOpOCTONIy 3 IBOMa THIIAaMH JIMBAPHUX KOHTEHHEPIB UL CTAIMX 1 MEPEXiTHUX PEKHMMIB
pobotu. PesyabTaTu. Y mpomeci IOCTIKEHb KOJIMBAaHb (pOpMH Ha MaTeMaTHUHill MOJelli BUKOHAaHI pO3paxyHKH
BJIACHUX YacTOT KOJHMBaHb MPH PI3HHUX IMPYKHO-MAaCOBUX XapaKTEpUCTHUKaX cucTeMu. [loOynoBaHi aMILIiTyIHO-
4yacToTHI Xxapaktepuctuku (AUX) mepeMillieHb i TPHCKOPEHb PYXOMOI YaCTHHH CTONTY 3 KOHTEHHEPOM, MOLIAPOBO
3aroBHeHUM (popMyBasibHUM MickoM. HaykoBa HOBM3HA. ABTOPOM 3allpOIIOHOBAHO METOJMKY BH3HA4YEHHS Jiara-
30HIB YaCTOTHOT'O HAJAIITYBaHHS IHEPIIHHUX BIOPATOPiB CTOIY, IO JO3BOJISIE OTPUMATH SIKICHE YIIUIBHEHHS CyXO-
ro ¢hopmyBasbHOTO TicKy B Gopmi. [IpakTHuHa 3HAYMMIicTh. Y npoueci popMyBaHHS, 3TiTHO 3 TEXHOJIOTIEIO JIUT-
TS TI0 MOZETIX, IO Ta3u]iKyIOTHCS, Yepe3 MOMIapoBY 3aCHUIIKy MoJAeT (OpMyBaIbHHM ITICKOM Maca (OpMH 3poc-
Tae. 3MiHa MacoBO1 XapaKTepUCTUKU (JOPMHU BIMAarae OIepaTHBHOI 3MiHH KiIHEMaTHYHOI XapaKTEPHUCTHKH BiOPOCTO-
Jqy — BIOpauwifHOro NPHUCKOpPEeHHs. 3amporoHOBaHA MaTeMaTHYHa MOJENb, L0 J03BOJISIE BH3HAYUTH MAialla30HU
HACTPOMKM YaCTOTHHUX MapaMeTpiB iHepIIHHUX BiIOpaTOpPiB (POPMYBaIBHOIO CTOJIA HA BCIiX eTanax (opMyBaHHS.

Kniouosi cnosa: Bibpariiine ymiapHeHHS; popMyBaHHS,; BIOPOCTLI, MaTeMaTHIHa MOJEIh; BIACHI YaCTOTH; aM-
IUTITYy THO-4aCTOTHA XapaKTePHCTHKA
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Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 18, e. mail anofriev@mail.ru, ORCID 0000-0001-7997-3523

JUSTIFICATION OF RATIONAL KINEMATIC CHARACTERISTICS
OF MOLDING VIBRATING TABLE

Purpose. One of the efficient ways to obtain castings of complex shape is lost foam casting (LFC) in the evacu-
ated molds (containers). Upgrading the quality of this casting method requires improvement of molding techniques.
The molding process involves layer-by-layer vibratory compaction of sand in the containers. Most of the lines of
LFC sections are equipped with vibrating tables with inertia oscillators driven by induction motors, operating at
nominal speed. A promising way of improving the molding technique is the rational setting of the following parame-
ters of vibrating table: vibration displacement, velocity and acceleration. These parameters are determined by the
elastic-mass characteristics of the system «vibrating table — mold» and perturbing forces created by inertia oscilla-
tors. The aim of the study is to determine the rational range of setting the parameters of oscillators at which the qual-
itative layer-by-layer compaction of the molding sand in the mold takes place. Methodology. The efficiency crite-
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rion for setting characteristics of the vibrating table there were taken the values of averaged accelerations of 6.5 —
7.5 m/s? corresponding to maximum compaction degree of dry molding sand and the range of acceleration values 9
- 9.5 m/s? for giving the sand «pseudo-yielding». For the study it was developed a mathematical model of oscilla-
tions of the movable part of vibrating table with two types of casting containers for steady and transient operation
modes. Findings. In the process of research of the mold oscillations it was calculated the natural frequencies of
oscillations at different elastic-mass characteristics of the system using a mathematical model. It was constructed
the frequency response of displacements and accelerations of the moving part of the table with container filled
with molding sand layer-by-layer. Originality. The author proposes a method of determining the range of fre-
quency setting of inertial oscillators of table, which make it possible to obtain qualitative compaction of dry molding
sand in the mold. Practical value. In the process of molding using the lost foam casting models the mold mass is
increasing due to the layer-by-layer filling of the mold with molding sand. The change of mass characteristics of the
mold requires operational change of the kinematic characteristics of the vibrating table — vibration acceleration. The
proposed mathematical model allows determining the ranges of setting the frequency parameters of inertial oscilla-
tors of molding table at all stages of molding.

Keywords: vibratory compaction; molding; vibrating table; mathematical model; natural frequencies; frequency
response
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ANALYSIS OF INFLUENCE OF DESIGN CHARACTERISTICS
OF INCLINED BUCKET ELEVATOR ON THE POWER OF ITS DRIVE

Purpose. One of the main elements of the inclined belt bucket elevators is their drive. To determine the drive
power, it is necessary to carry out calculations according to standard methods, which are described in the modern
literature. The basic design parameters are the productivity, lifting height, type and properties of the transported ma-
terial, the angle of inclination. It is necessary to build a parametric dependence of the driving power of the elevator
on its design parameters, which takes into account the standard sizes and types of buckets and belts. Methodology.
Using the methodology of traction calculation of inclined belt bucket elevator there were built parametric depend-
ences of efforts in specific points of the route of the elevator, as well as the parametric dependences of the drive
power of high-speed elevators with deep and shallow buckets on their design parameters and characteristics.
Findings. On the basis of constructed parametric dependencies, it was found that the function of changing the value
of the elevator’s power from design capacity (at fixed lifting height, type of cargo, belt speed) is piecewise constant
and monotonically increasing. It was built a graphical representation of elevator drive power on the angle of its in-
clination within acceptable limits of change. The resulting relationship is non-linear and monotonically decreasing.
In general terms the intervals of project performance values, which provide a constant value of drive power of in-
clined elevator were defined. As an example of the obtained results it was observed the process of dependence con-
struction of the drive power on design capacity and inclination angle of the elevator for transporting the fine coal.
Originality. For the first time there were constructed the parametric dependences of drive power of inclined
bucket elevator on its design parameters that take into account the standard sizes and types of buckets and belts.
Practical value. Using the constructed dependencies enables relatively quick determination of the approximate val-
ue of the drive power of high-speed inclined elevators with deep and shallow buckets at the design stage and high-
quality selection of its basic elements in the design of specific characteristics: type of cargo, productivity, lifting
height, angle of inclination.

Keywords: inclined elevator; bucket; drive; power; productivity; cargo; angle of inclination

Introdiction and high-volume production with wide use of au-
tomatic lines. A special type of stream-flow trans-
portation machines is inclined belt bucket eleva-
tors. Generally, elevators are the lifts that are used
for vertical and steeply inclined (at an angle 60—
82°) displacement of bulk and piece cargo without
intermediate loading and unloading. Their use
when transporting materials increase the efficiency
of the production process in many industries:
chemical, metallurgical, engineering, etc.

Increasing the pace of economic development
is impossible without technical re-equipment of
production. The successful solution of this problem
is largely determined by implementation of new
technologies with the use of stream-flow transpor-
tation machines. They have great performance and
length of transportation and can replace batch ma-
chines in traditional application fields, such as
hauling, handling and warehousing operations.
These machines have become very popular in mass
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The main publications describing the structure,
design features, performance and design parame-
ters of elevators, including the inclined ones are
the following works [5-9, 11-15]. To determine the
drive power of inclined elevator it is necessary to
conduct a detailed calculation of its elements and
perform a selection of basic elements of the drive.
The order of these calculations is described in de-
tail in the works [8, 9]. It should be noted that the
use of traditional calculation methodology of the
elevator’s drive requires a lot of time. To improve
the design process of the inclined elevator’s drive
it is necessary to define a scheme that makes it
possible to determine the required drive power
value depending on the specific design parameters:
the type of load, lifting height, track inclination
angle and performance using simpler calculations.
The works [2-4] of one of the authors include simi-
lar scheme for vertical elevators and conveyor
belts. The natural generalization and continuation
of these works will be the construction of schemes
for inclined elevators. This is because the inclined
elevators as opposed to the vertical ones include
the component of tension force related to the force
of belt friction on the support elements.

Purpose

The article is aimed to construct and analyze
the parametric dependence of inclined elevator’s
drive power on its design parameters (type of load,
lifting height, angle of inclination, performance)
taking into account the standard sizes and parame-
ters of buckets and belts.

Methodology

In general, for design of stream-flow transpor-
tation machines one should have the following ba-
sic data:

— diagram of machine track with indicated
places of loading and unloading;

— appointment, conditions and operation mode
of machine and the place of its installation;

— the required performance;

— characteristics of transported cargoes.

Thus, the initial data for design calculation of
the elevator are such values as the transported ma-
terial (its density and physical and mechanical
properties) lift height of cargo, inclination angle of
elevator to the horizon, required performance.

To construct general dependence of drive pow-
er on the performance there will be used the re-
quired coefficients at the values that make it possi-
ble to calculate the corresponding values of the
required drive power for specific types of cargoes.

By analogy with [3] let us consider the value o
that takes into account the properties of transported
cargo for further studies:

o =3,6vpy. (D)
Linear content of the elevator’s bucket:
i Pr Pr
_0 = =, (2)
t 36vpy «

where o — is a value that takes into account char-
acteristics of the cargo and is calculated using de-
pendence (1), t m/l h; y —is a coefficient of bucket

fill (according to the physical and mechanical
properties of cargo); t — is a spacing of the buck-
ets, m; p — is a cargo density, /m®; v — is a speed
of the belt movement, m/s.

According to the value of linear content of ele-
vator’s bucket calculated from the formula (2) the
type and spacing of buckets in accordance with the
table 1 recommended by the wok [9] are selected.
Selection of buckets type depends on the properties
of the material, which is being transported. Deep
buckets are used for free-flowing, dusty and small
pieced cargoes; the shallow ones — for non-free-
flowing cargoes.

To take account physical and mechanical prop-
erties of the cargo, which is being transported in
further calculations let us construct the correspon-
dence tables of elevator parameters specified in the
Table 1 to the performance value expressed by the
formula (2) in the parts of coefficient o . The ob-
tained data will be tabulated in the Tables 2, 3 for
elevators with deep and shallow buckets respec-
tively.

Based on the design value of elevator produc-
tivity and the type of material, which is being
transported according to the Tables 2 and 3, the
bucket parameters, their spacing on the belt and the
required width of the belt are selected. Characteris-
tics of deep and shallow buckets are shown in the
Tab. 4.
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Table 1
Value of linear content of buckets
Bucket
Bucket width
B mm Belt width B, | Spacing of the deep shallow
b1
mm buckets t, mm i i i i
0’ 2 l/m 0’ 2 lm
t
1 2 3 4 5 6 7
100 125 200 0.2 1 0.1 0.5
125 150 320 0.4 1.3 0.2 0.66
160 200 320 0.6 2 0.35 1.17
200 250 400 1.3 3.24 0.75 1.87
250 300 400 2.0 5 1.4 35
320 400 500 4.0 8 2.7 5.4
400 500 500 6.3 12.6 4.2 8.4
500 650 630 12 19 - -
650 800 630 18 28.6 - -
800 1000 800 32 40 - -
1000 1200 800 45 56.25 - -
Table 2
Dependence of parameters of deep buckets on the elevator’s productivity
Bucket width B, mm Belt width B , mm Spacing of the Bucket capacity Elevator
buckets t, mm iy, | productivity, t/h
100 125 200 0.2 o
125 150 320 0.4 1.3a
160 200 320 0.6 20,
200 250 400 1.3 3.24a
250 300 400 2.0 5a
320 400 500 4.0 8a.
400 500 500 6.3 12.6a
500 650 630 12 190,
650 800 630 18 28.6a
800 1000 800 32 40a
1000 1200 800 45 56.25a.
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Table 3
Dependence of parameters of shallow buckets on the elevator’s productivity
Bucket width B, , mm Beltwidth B mm Spacientg (;f t;:% buck- BUCKeitocjpaCity Elevator ;:;gductivity,
100 125 200 0.1 0.5a
125 150 320 0.2 0.66a
160 200 320 0.35 1.17a
200 250 400 0.75 1.87a
250 300 400 14 3.5a
320 400 500 2.7 5.4q
400 500 500 4.2 8.4a
Table 4
Description of elevator buckets
Bucket type Internal size of bucket, mm Bucket ca-
width B, outreach A, height R pacity, |
Rounded deep one D 100 50 65 25 0.1
100 75 80 25 0.2
125 90 95 30 0.4
160 105 110 35 0.6
200 125 135 40 13
250 140 150 45 2.0
320 175 190 55 4.0
400 195 210 60 6.3
500 235 255 75 12
650 250 275 80 18
800 285 325 85 32
1000 310 355 95 45
Bucket type Internal size of bucket, mm Bucket ca-
width B, outreach A4, height R pacity, |
Rounded shallow one S 125 65 85 30 0.2
160 75 100 35 0.35
200 95 130 40 0.75
250 120 160 55 14
320 145 190 70 2.7
400 170 220 85 4.2

For clearness of further research let us take the

conveyor belt according to State Standard 20-85 of
the type BKNL-150 as traction body of elevator. The
actual number of spacer plates of the belt can be 3-6.

The belt thickness is determined by the formula
dy =0, +id; +9,,,

©)
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where 8, =3 mm, 5, =15 mm — is the thickness

of rubber coatings from the working and non-
working sides of the belt; 5, =1,6 mm — is the

thickness of fabric insert ply, i — is the number of
fabric insert plies.
The weight of one running meter of belt is de-

O, =10"° B6,p,9 (4)

where p, =1100 kg/m® — belt density.

Involving the formulas (3)-(4) in the calculation
let us present the table of correspondence of width
and linear weight of the belt with a different num-
ber of insert plies to design values of elevator pro-

termined by the formula

ductivity for deep and shallow buckets.

Linear weight of belts for deep buckets

Table 5

Bucket width B , | Linear weight of | Linear weight of | Linear weight of | Linear weight of | Elevator productivity,
mm the beltat i =3, the belt at the beltat i =5, the belt at t/h
N/m 1=4,N/m N/m i=6,N/m

125 12.5 14.7 16.8 19.0 o

150 15.0 17.6 20.2 22.8 1.3a

200 20.1 235 27.0 30.4 20,

250 25.1 29.4 33.7 38.0 3.24a.

300 30.1 35.3 40.4 45.6 5a

400 40.1 47.0 53.9 60.8 8a

500 50.1 58.8 67.4 76.0 12.60

650 65.2 76.4 87.6 98.8 19a

800 80.2 94.0 107.8 121.6 28.6a

1000 100.3 1175 134.8 152.0 400

1200 120.3 141.0 161.7 182.4 56.25a

Table 6

Linear weight of belts for shallow buckets

Bucket width B, | Linear weight of | Linear weight of | Linear weight of | Linear weight of | Elevator productivity,
mm the beltat i =3, the belt at the beltat i =5, the belt at th
N/m i=4,N/m N/m i=6,N/m

125 12.5 14.7 16.8 19.0 0.5a
150 15.0 17.6 20.2 22.8 0.660
200 20.1 235 27.0 304 1.17a
250 25.1 29.4 33.7 38.0 1.87a
300 30.1 35.3 40.4 45.6 3.5a
400 40.1 47.0 53.9 60.8 5.40
500 50.1 58.8 67.4 76.0 8.4a

Distributed weight of cargo per 1 m of belt is

determined by the formula:

_Pre oy

e = 3,6v

()

where

A=
3

g

6V
belt speed, N-s/kg-m.

— coefficient depending on the

The dependence of value of distributed weight

of cargo on the design productivity calculated by
the formula (5) is given in the Table 7.
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Table 7
Distributed weight of cargo
Bucket Distributed cargo weight Elevator productivity Distributed cargo weight Elevator productivity
width B, , during operation of elevator | with shallow buckets, | during operation of elevator with deep buckets,
mm with shallow buckets N/m N/m with deep buckets N/m N/m
100 0.50A 0.50 oA o
125 0.660) 0.660. 1.3a)r 1.3a
160 1.17ar 1.17a 20 20,
200 1.87ar 1.87a 3.240) 3.24a
250 3.50A 3.5a 50h 50
320 5.40\ 5.4a 8o 8a
400 8.4a 8.4a 12.60 12.6a
500 - - 190 190
650 - - 28.60\ 28.60.
800 - - 4000 400
1000 - - 56.250\ 56.25a
Linear weight of the belt with buckets is deter- The estimated weight of deep and shallow
mined by the formula: buckets is given in the Table 8 [9].
m.g Invc_)lvir)g the formulas (6)-(7) in the calculation
q, =q, +—=, (6) and taking into account data from the Table 8 let us
t determine the dependency of linear load on the

where m, — bucket weight, kg (Tab. 8).
Linear burden on the loaded strand is deter-

mined using the formula:

loaded strand of elevator on the productivity values
for deep and shallow buckets. The obtained results
of calculations for belts with different number of
insert plies is presented in the Tables 9, 10.

o =0y + 0 - (")
Table 8
Estimated mass of elevator’s buckets
Bucket width, mm Wall thickness, mm Weight of ane bucket, kg
Deep Shallow
100 2 0.5 0.4
125 2 0.7 0.6
160 2 0.9 0.7
200 3 2 15
250 3 3 2
320 3 5 5
400 4 11 10
500 5 18 -
650 5 23 -
800 6 28 -
1000 6 33 -
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Table 9
The linear load on the loaded strand for deep buckets
Bucket Distributed Linear load on Linear load on Linear load on Linear load on Elevator
width weight of loaded strand at loaded strand at loaded strand at loaded strand at productiv-
B, , mm cargo q,, the belt with i =3 the belt with the belt with the belt with ity, t/h
N/m g, . N/m i=4 q,,N/m i=5 q,,N/m i=6 q,, N/m
100 oA 37+o) 39.2+0) 41.3+0h 43.5+aA o
125 1.30n 36.4+1.3aA 39+1.30A 41.6+1.30r 44.2+1.301 1.3
160 20\ 47.7+2aA 51.1+20A 54.6+20A 58+2ar 20
200 3.24ah 74.1+3.240M 78.4+3.240) 82.7+3.240\ 87+3.240) 3.240,
250 Sah 103.6+5aA 108.8+50A 113.9+50A 119.1+50A 5a
320 8ah 138.1+8aA 145+8ahr 151.1+8a 158+8aA 8a
400 12.60) 265.7+12.60A 274.4+12.60A 283+12.60A 291.6+12.6aA 12.6a
500 19aA 345.2+19aA 356.4+190A 367.6+19aA 378.8+19aA 19a
650 28.60\ 438+28.6aA 451.8+28.601 465.6+28.60\ 479.4+28.60\ 28.60
800 4001 443.3+400A 460.5+400A 477.8+400A 495+400A 400
1000 56.250A 524.6+56.3aA 545.3+56.3aA 566+56.30h 586.7+56.30A 56.250
Table 10
The linear load on the loaded strand for shallow buckets
Bucket width Distributed Linear load on Linear load on Linear load on Linear load on Elevator
B,, mm weight of loaded stran_d at | loaded strar!d at | loaded straqd at | loaded strar!d at pr_oductiv-
cargo g, the belt with the belt with the belt with the belt with ity, t/h
N/m i=3q,,N/m i=4 q,,N/m i=5 q,,N/m i=6 q,,N/m
1 2 3 4 5 6 7
100 0.501 32.1+0.50) 34.3+0.50\ 36.4+0.50) 38.6+0.50) 0.5a
1 2 3 4 5 6 7
125 0.660A 33.4+0.6601 36+0.660\ 37.8+0.6601 40.4+0.6600 0.66a
160 1.170M 41.5+1.1700 44.9+1.1700 48.4+1.17ah 51.8+1.170A 1.17a
200 1.87aA 61.9+1.870L 66.2+1.870L 70.5+1.870L 74.8+1.87a\ 1.87a
250 3.50h 79.1+3.50A 84.3+3.5a\ 89.4+3.50A 94.6+3.5a\ 3.5a
320 5.40h 138.1+5.40)1 145+5.4a\ 151.1+5.40M 158+5.4a0A 5.4a
400 8.4ah 246.1+8.40)\ 254.8+8.40 263.4+8.40)\ 272+8. 40\ 8.4a

Traction calculation of inclined bucket elevator
is performed by the method of encirclement, the
basic principle of which is to identify specific
points of the track where the belt tension is

changed. At this tension in the next (i+1) point is
equal to the sum of belt tension in this (i) point

and the belt movement resistance in the area be-

tween these points:

Sy =S +W,

i+l "

Sz = Smin > 5qW .

In case of drive drum rotation (Fig. 1) in
clockwise order the minimum tension will be at the
point 2 — S, . This tension in the belt during normal

scooping satisfies the following condition:

©)

The belt tension force at the point 3 consists of

tension force S,, drum resistance and resistance to

(8)

scooping of cargo W,_,:
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S, =kS, +W,_,, (10)

where k =1,08 — coefficient of tension increase in

the belt with buckets when bending around the
drum.

Fig. 1. Scheme of inclined bucket elevator

Resistance to material scooping is determined
using the formula:

k
W2-3 = s ) (11)

where k; — is a coefficient of scooping (Nm/Kkg),
which is determined by specific work expended for
scooping of 1 kg of material. At the speed of buck-
ets v=10..1,25 m/s k,=12,5..25 Nm/kg for
powdered and small pieced  materials,
andk, = 20...40 Nm/kg — for medium pieced mate-
rial.

Thus, substituting formulas (8) and (11) to (10),
we have:

Choosing the valuek, =25 N m/kg (which
meets all cargoes) we have:

S, =7,95q,,. (13)

We assume that the belt with buckets at the
track sections 3-4 and 1-2 (Fig. 1) is supported by
direct roller supports.

The specific weight of moving parts of roller
supports for loaded (section 3-4) and unloaded
(section 1-2) strands is determined by the formu-
las:

oo =7 (14)

(15)

o
Oon =7
r

where G. — weight of rotating parts of the upper

and lower rolers.

For further calculations the tables of estimated
values of the distances between rollers of loaded
strand (Tab. 11) and the characteristics and sizes of
roller supports shown in the Table 12 will be used.

Ordinary roller supports of the strand 1-2 are

set with the spacingl’, twice as high as I . The

dependence of the weight of ordinary roller sup-
ports on the belt width is presented in the Table 12.

To facilitate further studies, it is assumed that
the cargo has a density in the range of 1 ... 2 t/m®.
Using the formulas (14)-(15) let us present the val-
ues of specific weight of moving parts of roller
supports for loaded and unloaded strands depend-
ing on the belt width and width of the bucket. Cal-
culated values of the specific weight will be pre-
sented in the Table 13.

k
S,=q, (5, 4+ —S] . (12)
g9
Table 11
The estimated value of distances between supports of loaded strand I;
Material density Distances between supports of loaded strand at the belt width, mm
3
p. Um 400 500 650 800 1000 1200 1400...1600 | 1800...2000
1 1500 1500 1400 1400 1300 1300 1200 1100
1.2 1400 1400 1300 1300 1200 1200 1100 1100
more than 2 1300 1300 1200 1200 1100 1100 1100 900
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Table 12
Weight of ordinary direct roller supports
Belt width B, mm Weight, kg
400 6.0
500 75
650 10.5
800 18.5
1000 22.0
1200 25.0
Table 13
The estimated values of the specific weight of moving parts of roller supports
for loaded and unloaded strands
. . . Bucket width B, , mm
Specific weight of moving parts
320 400 500 650 800 1000
loaded strand q,,, N/m
40 50 75 132 169 192
uloaded strand g, , N/m
20 25 375 66 84.5 96

For clearness of further calculations at the
buckets with width less than 320 mm, let us take
the value of specific weight of moving parts of
roller supports for loaded and unloaded strands
branches q,, =40 N/m, q,, =20 N/m, respec-

tively. We also accept that working conditions of
the elevator will be difficult; therefore, the resis-
tance coefficient of the belt movement along the
rollers in future will be equal to 0.03.

Traction forces at the points 1 and 4 are deter-
mined using the formulas:

Sy =Sy, =53+ Wy, =
=7,950), + (0, + 0o, ) H - C-CtgB+0,H ,(16)
S1 =Sy =Sy + Wy =

=50, +(0, +qo,)H -c-ctgp+q,H, (17)

where H - lift height of cargo, m; B — inclination
angle of elevator, degree; c¢=0,03 - resistance

coefficient of the belt movement along the rollers.
The dependence of traction forces values at the
point 4 calculated by the formula (16) on the value

of design productivity, bucket type and amount of
insert plies are summarized in the Tables 14-15.

The dependence of the values of tension force
at the point 1 calculated by the formula (17) on the
value of design productivity, bucket type and
amount of insert plies of the belt are summarized
in the Tables 16-17.

Tractive effort accounting rotational resistance
of the drive drum is determined using the formula:

F,=S,—-S; +(k'-1)(S,+5,), (18)

where k'=1,08 — is a resistance coefficient of
drive drum rotation.

After algebraic transformations in the formula
(18) we have:

F =1,08S, 0,925, . (19)

The values of tractive effort taking into account
the drum rotation resistance depending on the val-
ues of design performance, bucket type (deep and
shallow) and the number of insert plies of the belt
are summarized in the Tables 18-19.
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Table 14
Traction force at the point 4 at deep buckets
Bucket Traction force at the Traction force at the belt | Traction force at the belt | Traction force at the belt | Elevator
width | peltwith i=3 S,,N withi=4 S,,N withi=5 S,,N withi=6 S,,N productiv-
B,. ity, th
mm
100 37H+ol (7.95+H)+ | 39.2H+0 (7.95+H)+ | 41.3H+aA(7.95+H)+ | 43.5H+a (7.95+H)+ o
+(77+0)) cHctgp +(79.2+a)) cHctgp +(81.3+a)) cHctgp +(83.5+a) cHctgp
125 | 36.4H+1.3aA(7.95+H 39H+1.30 41.6H+1.30A(7.95+H 44.2H+1.3ar 1.3a
)+ (7.95+H)+ ) (7.95+H)
+(76.4+1.30A)cHctgp | +(79+1.30A)cHctgp +(81.6+1.30A) +(84.2+1.30A) cHctgp
cHctgp
160 47 TH+200 51.1H+20 54.6H+200(7.95+H)+ | 58H+2a) (7.95+H)+ 20,
(7.95+H)+ (7.95+H)+ +(94.6+200) CHCtgB | +(98+20%) cHctgp
+(87.7+2a) cHetgB | +(91.1+2a) cHctgp
200 74.1H+3.2400(7.95+ | 78.4H+3.240A(7.95+ | 82.7H+3.240A(7.95+ 87H+3.240) 3.24a.
H) H)+ H) (7.95+H)+
+(114.1+3.2400)cHct +(118.4+3.240)) +(122.7+3.240)cHct +(127+3.2401)
ap cHctgp ap cHctgp
250 103.6H+5a\ 108.8H+50 113.9H+50A(7.95+H) | 119.1H+50) (7.95+H) 5a.
(7.95+H)+ (7.95+H)+ + +(159.1+50) cHctgp
+(143.6+5a)) cHctgp | +(148.8+5a)) cHctgp | +(153.9+5a)) cHctgp
320 138.1H+8al 145H+8a\ 151.1H+80A(7.95+H) | 158H+8aA(7.95+H)+ 8a
(7.95+H)+ (7.95+H)+ + +(198+802) cHctgp
+(178.1+8al) cHctgp | +(185+8a)) cHctgp | +(191.1+8a)) cHctgp
400 265H+12.60A(7.95+ | 274.4H+12.60A(7.95 | 283H+12.6a\(7.95+ | 291.6H+12.6aA(7.95+ 12.60.
H) +H) H) H)
+(315.7+12.60M)cHCt | 1+(324.4+12.600) +(333+12.6010) +(341.6+12.60)
9p cHctgp cHctgp cHctgp
500 345.2H+19a\ 356.4H+190A(7.95+ | 367.6H+190A(7.95+ | 378.8H+190A(7.95+H 19a
(7.95+H) H) H) )
+(420.2+19a)) +(431.4+19a)) +(442.6+19a)) +(453.8+190)
cHctgp cHctgp cHctgp cHctgp
650 438H+28.60 451.8H+28.60A(7.95 | 465H+28.600(7.95+ | 479.4H+28.60\(7.95+ 28.6a
(7.95+H) +H) H) H)
+(570+28.60) +(583.8+28.60) +(597.6+28.60)cHct +(611.4+28.60)
cHctgp cHctgp ap cHctgp
800 443.3H+400\ 460.5H+4000(7.95+ | 477.8H+4000(7.95+ | 495H+400\(7.95+H) 400,
(7.95+H) H) H) +
+(612.3+40a)) +(629.5+40a)) +(646.8+40a)) +(664+400)) cHctgp
cHctgp cHctgp cHctgp
1000 | 524H+56.30A(7.95+ | 545.3H+56.30A(7.95 | 566H+56.300(7.95+ | 586.7H+56.300(7.95+ | 56.250
H) +H) H)+ H)
+(716.6+56.30)cHct +(737.3+56.30) +(758+56.3a)) +(778.7+56.30)
ap cHctgp cHctgp cHctgp
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Table 15
Traction force at the point 4 at shallow buckets
Bucket Traction force at the Traction force at the Traction force at the Traction force at the Elevator
width | peltwith i=3 S,,N | beltwith i=4 S,,N | beltwith i=5 S,,N | beltwith i=6 S,,N | Pproductiv-
B,. ity, t/h
mm
100 32.1H+0.5aA(7.95+ 0.5a
H) 34.3H+0.500(7.95+ | 36.4H+0.50A(7.95+ | 38.6H+0.50A(7.95+
H) +(74.3+0.5aA) H) +(76.4+0.5a}) H) +(78.6+0.5a))
*+(72.1+0.502) cHctgp cHctgp cHctgp
cHctgp
125 | 33 4H+0.660(7.95 3%"';33;“ 37.8H+0.660A(7.95 | 40.4H+0.6600(7.95+ | 0-06¢
+H)+(73.4+0.66a)) y +H) +(77.8+0.66aA) | H) +(80.4+0.66a))
cHctgp +(76+0.660) cHctgp cHctgp
g cHctgp g g
160 41.5H+1.1700(7.95 | 449H+1.17a0\(7.95 | 48.4H+1.170)(7.95 | 51.8H+1.170)(7.95+ 1.17a
+H) +(81.5+1.17a}) | +H) +(84.9+1.170}) | +H) +(88.4+1.17aA) | H) +(91.8+1.17aA)
cHctgp cHctgp cHctgp cHctgp
200 61.9H+1.87aA(7.95 | 66.2H+1.87a)\(7.95 | 70.5H+1.870A(7.95 | 74.8H+1.870)(7.95+ 1.87a
+H) +H) +H) H)
+(101.9+1.870A)cH | +(106.2+1.87ar)cH | +(110.5+1.870A)cH | +(114.8+1.87a))cHC
ctgp ctgp ctgp tgp
250 79.1H+3.500(7.95+ | 84.3H+3.50A(7.95+ | 89.4H+3.5aA(7.95+ 94.6H+3.5ar 3.50
H)+ H)+ H)+ (7.95+H)
+(119.1+3.5a))cHct | +(124.3+3.500)cHct | +(139.4+3.50A)cHct | +(134.6+3.50A)cHct
ap op op ap
320 138.1Hf_.|£)1ax(7.95 1AE;>ISEEH4;>LA 151.1H15|_.|4)1(x7u(7.95 158H+5.4001 5.40
‘ (7.95+H)+
+(178.1+5.4a))cHct | +(185+5.4ar)cHctg | +(191.1+5.4aA)cHct +(198+5.4a).)cHctgp
ap 9B
400 246.1H1&|3_.|£)1ax(7.95 254.8HJ;€|5_.|A)100L(7.95 263.4H18|_.|4)1a7»(7.95 279H+8 4 8.40
(7.95+H)+
+(296.1+8.4a))cHct | +(304.8+8.40))cHct | +(313.4+8.4aA)cHct +(322+8.400)cHetgp
ap 9B 9B
Table 16
Traction force at the point 1 at deep buckets
Bucket Traction force at the | Traction force at the | Traction force atthe | Traction force at the Elevator
width B, , belt with i=3 S, belt with i=4 S, belt with i=5 S, beltwith i=6 S,, | Productivity
mm N N N N . Uh
1 2 3 4 5 6
100 37H+500+ 39.2H+50A+ 41.3H+5aA+ 43.5H+50A+ o
+57cHctgp +59.2cHctgp +61.3cHctgp +63.5cHctgp
125 36.4H+6.50A+ 39H+6.50A+ 41.6H+6.50A+ 44.2H+6.50A+ 1.3a
+56.4cHctgp +59cHctgp +61.6cHctgp +64.2cHctgp
160 47.7H+100A+ 51.1H+100A+ 54.6H+100A+ 58H+100A+ 20
+67.7cHctgp +71.1cHctgp +74.6¢cHctgp +78cHctgp
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End of table 16

Bucket Traction force atthe | Traction force atthe | Traction force atthe | Traction force at the Elevator
width By, belt with i=3 S, belt with i=4 S, belt with i=5 S, beltwith i=6 S,, | productivity
mm N N N N '
1 2 3 4 5 6
200 74.1H+16.20A+ 78.4H+16.20A+ 82.7TH+16.20A+ 87H+16.20)+ 3.240
+94.1cHctgp +98.4cHctgp +102.7cHctgp +97cHctgp
250 103.6H+2500+ 108.8H+2500+ 113.9H+2500+ 119.1H+250+ 5a
+123.6¢cHctgp +128.8cHctgp +133.9cHctgp +139.1cHctgp
320 138.1H+4002+ 145H+400A+ 151.1H+4002+ 158H+400A+ 8a
+158.1cHctgp +165cHctgp +171.1cHctgp +178cHctgp
Table 17
Traction force at the point 1 at shallow buckets
Bucket width Tractive effort at Tractive effort at Tractive effort at Tractive effort at Elevator produc-
B,, mm the belt with i =3 the belt with the belt with i =5 the belt with tivity, t/h
S,,N i=4 SN S, N i=6 S,N
100 32.1H+2.50A+ 34.3H+2.5aA+ 36.4H+2.5aA+ 38.6H+2.50A+ 0.5a
+52.1cHctgp +54.3cHctgp +56.4cHctgp +58.6¢cHctgp
125 33.4H+3.3aA+ 36H+3.3ar+ 37.8H+3.3aA+ 40.4H+3.3aA+ 0.660
+53.4cHctgp +56¢cHctgp +57.8cHctgp +60.4cHctgp
160 41.5H+5.8500+ | 44.9H+5.8500+ | 48.4H+5.8500+ | 51.8H+5.850A+ 1.17a
+61.5cHctgp +64.9cHctgp +68.4cHctgp +71.8cHctgp
200 61.9H+9.350A+ | 66.2H+9.350A+ | 70.5H+9.350A+ | 74.8H+9.350A+ 1.87a
+81.9cHctgp +86.2cHctgp +90.5cHctgp +94.8cHctgp
250 79.1H+17.500+ | 84.3H+17.50A+ | 89.4H+17.50A+ | 94.6H+17.50A+ 3.5a
+99.1cHctgp +104.3cHctgp +109.4cHctgpB +114.6¢cHctgp
320 138.1H+27 0+ 145H+27 0+ 151.1H+27 0+ 158H+27 02+ 5.40
+158.1cHctgp +165cHctgp +171.1cHctgp +178cHctgp
400 246.1H+4200+ 254 8H+420)+ 263.4H+420)+ 272H+4200+ 8.4
+271.1cHctgp +279.8cHctgp +288.4cHctgp +297cHctgp
Table 18
Tractive effort on the drive drum at deep buckets
Bucket
width Elevator
B Tractive effort at the Tractive effort at the Tractive effort at the | Tractive effort at the belt | produc-
b beltwith i=3 F,N | beltwithi=4 F N | beltwithi=5 F,N withi=6 F,N tivity,
mm th
1 2 3 4 5 6
100 | 5.9H+0oA(4+1.08H)+ | 6.3H+oA (4+1.08H)+ | 6.6H+0A (4+1.08H)+ | 7H+oA (4+1.08H)+ a
+(30.7+1.08aA)cHct | +(31.1+1.080A)cHctg | +(31.4+1.080A)cHctg | +(31.8+1.08aA)cHctg
gp
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End of table 18

Bucket
width Elevator
B Tractive effort at the Tractive effort at the Tractive effort at the | Tractive effort at the belt | produc-
b belt with i=3 F,N | beltwithi=4 F,N | beltwithi=5 F,N withi=6 F,N tivity,
mm th
1 2 3 4 5 6
125 5.82H+1.300(4+1.0 6.2H+1.30) 6.7H+1.30) 7.1H+1.30M 1.3
8H) (4+1.08H) (4+1.08H) (4+1.08H)+
+(30.6+1.401) +(31+1.4a)) cHctgp +(31.5+1.401) +(31.9+1.40)) cHctgp
cHctgp cHctgp
160 7.63H+2aM 8.2H+20\ 8.7H+2aA 9.3H+2a\ (4+1.08H)+ 20
+(32.4+2.1601) +(33+2.16a)) +(33.5+2.160}) cHctgp
cHctgp cHctgp cHctgp
200 11.9H+3.2400(4+1. | 12.5H+3.240A(4+1. | 13.2H+3.240A(4+1. 13.9H+3.240\ 3.240
08H) 08H) 08H) (4+1.08H)
+(36.7+3.501) +(37.3+3.501) +(38 +3.501) +(38.7+3.50)) cHctgp
cHctgp cHctgp cHctgp
250 16.6H+50) 17.4H+50) 18.2H+50\ 19.1H+5a) 5a
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(41.4+5.40)) +(42.2+5.40)) +(43+5.4a)) cHctgp | +(43.9+5.40)) cHctgp
cHctgp cHctgp
320 22.1H+8a\ 23.2H+8a) 24.2H+8a\ 25.3H+8a) 8a
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(46.9+8.64a1) +(48+8.64a)) +(49+8.640)) +(50.1+8.64aA)
cHctgp cHctgp cHctgp cHctgp
400 42.5H+12.60A(4+1. | 43.9H+12.600(4+1. | 45.3H+12.60A(4+1. 46.7H+12.60A 12.6a
08H) 08H) 08H) (4+1.08H)
+(73.5+13.601) +(74.9+13.601) +(76.3+13.601) +(77.7+13.60))
cHctgp cHctgp cHctgp cHctgp
500 55.2H+190A 57H+190\ 58.8H+190\ 60.6H+190A 19a
(4+1.08H)+ (4+1.08H)+ (4+1.08H) (4+1.08H)
+(101.7+20.5a)) +(103.5+20.5a}) +(105.3+20.5a)) +(107.1+20.5a})
cHctgp cHctgp cHctgp cHctgp
650 70.1H+28.6aA(4+1. | 72.3H+28.60A(4+1. | 74.5H+28.60r(4+1. 76.7H+28.60\ 28.60
08H) 08H) 08H) (4+1.08H)
+(167.8+30.9a)) +(170+30.90A) +(172.2+30.9a)) +(174.4+30.90))
cHctgp cHctgp cHctgp cHctgp
800 70.9H+4002 73.7H+400 76.4H+40a\ 79.2H+400) 400
(4+1.08H) (4+1.08H) (4+1.08H) (4+1.08H)
+(196+43.20A) +(198.8+43.20)) +(201.5+43.20)) +(204.3+43.20))
cHctgp cHctgp cHctgp cHctgp
1000 | 83.9H+56.30A(4+1. | 87.2H+56.30r(4+1. | 90.6H+56.30A(4+1. 93.9H+56.3a\ 56.250
08H) 08H) 08H) (4+1.08H)
+(202.9+60.8a)) +(206.2+60.80)) +(209.6+60.8a)) +(212.9+60.8a))
cHctgp cHctgp cHctgp cHctgp
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Table 19
Tractive effort on the drive drum at shallow buckets
Bucket . . . .
width Tractive gffort at the Tractive gffort at the Tractive gffort at the Tractive gffort at the Elevator
B beltwith i=3 F,N | beltwith i=3 F,N | beltwith i=3 F,N | beltwith i=3 F,N | productiv-
b i=3 F,N i=4 F,N i=5 F,N i=6 F,N ity, t/h
mm
100 5.1H+ah (4+1.08H)+ 5.5H+ah (4+1.08H)+ 5.8H+ah (4+1.08H)+ 6.2H+aA (4+1.08H)+ 0.5a
+(30+1.08aA) cHctgB | +(30.3+1.08ar)cHctgpf | +(30.6+1.080A)cHctgp | +(31+1.08a)) cHctgp
125 5.3H+1.3aA(4+1.08H) | 5.8H+1.30A(4+1.08H) | 6.0H+1.3aA(4+1.08H) | 6.5H+1.30A(4+1.08H) 0.660.
+(30.1+1.4a}) cHetgp | +(30.6+1.40A) cHetgB | +(30.8+1.4a)) cHetgp | +(31.3+1.40A) cHctgP
160 6.6H+20 (4+1.08H)+ | 7.2H+20\ (4+1.08H)+ | 7.7H+20) (4+1.08H)+ | 8.3H+2a) (4+1.08H)+ 1.17a
+(31.4+2.16a))cHctgP | +(32+2.16aA) cHetgB | +(32.5+2.160A)cHctgp | +(33.1+2.16aA)cHctgp
200 9.9H+3.240\(4+1.08H) | 10.6H+3.24a\(4+1.08H) | 11.3H+3.240A(4+1.08H) | 12H+3.24a) (4+1.08H)+ 1.87a
+(34.7+3.50)) cHetgB | +(35.4+3.50A) cHetgB | +(36.1+3.5a)) cHetgp | +(36.8+3.50) cHctgp
250 12.7H+5aA (4+1.08H)+ | 13.5H+50A (4+1.08H)+ | 14.3H+50) (4+1.08H)+ | 15.1H+50 (4+1.08H)+ 3.5a
+(37.5+5.4a}) cHctgB | +(38.3+5.40A) cHetgB | +(39.1+5.4a)) cHetgB | +(39.9+5.401) cHctgp
320 22.1H+8aA (4+1.08H)+ | 23.2H+80A (4+1.08H)+ | 24.2H+80A (4+1.08H)+ | 25.3H+8a) (4+1.08H)+ 5.40
+(46.9+8.6aA) cHctgp +(48+8.6a)) cHctgp +(49+8.6aA) cHctgp +(50.1+8.6a)) cHctgp
400 |39.4H+12.60A(4+1.08H)|40.8H+12.60A(4+1.08H) |42.1H+12.60(4+1.08H) | 43.5H+12.6aA(4+1.08H) 8.4a
+(70.4+13.6a)) cHctgp | +(71.8+13.60A) cHetgP | +(73.1+13.6a)) cHctgp | +(74.5+13.601) cHctgp

Estimated kinematic scheme of the elevator’s
drive is shown in the Fig. 2.

23 &

Engine power is determined by the formula:

j— FOV
1000n "

(21)

Calculated power of the engine is determined

by the formula:

Fig. 2. Scheme of bucket elevator drive:
1 —engine; 2 — elastic clutch; 3 — locking device (ratchet); 4 —
reducing gear; 5 — chain transmission; 6 — drive drum; 7 — belt

Efficiency coefficient of the drive is determined
by the formula:

N=NgNenNe » (20)

where n, =0,96 - efficiency coefficient of reduc-
ing gear; m, =0,95 — efficiency coefficient of
chain transmission; n_, =0,98 — efficiency coeffi-

cient of clutch.
Thus,

N=ngNe"N, =0,96-0,95-0,98=0,89 .

P,=n,P,

g =My (22)

where n, =1,1...1,2 —is the safety factor.
Since n=0,89and n, =11 then using the for-
mulas (21) and (22) we obtain the following:
kv
910001

=0,001F,v . (23)

Dependence of the calculated engine power on
the values of design performance, bucket type,
number of insert plies of the belt, speed of the belt
movement and lifting height of cargo calculated
using the formula (23) taking into account data
from the Tables 18-19 are summarized in the Ta-
bles 20-21:
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Table 20
Calculated power of engine at deep buckets
Bucket
width Engine power at the Engine power at the Engine power at the Engine power at the Elt(ajvatt(_)r
B,, | beltwithi=3 P, W | beltwith i=4 P W | beltwith i=5 P, W | beltwith i=6 P, W prﬁy“f/r""'
mm ’
1 2 3 4 5 6
100 v [5.9H+o) v [6.3H+a) v [6.6H+a) v[7TH+aA o
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(30.7+1.08ar)cHct | +(31.1+1.080d)cHct | +(31.4+1.08aA)cHct +(31.8+1.08a))
9p] 9p] 9Bl cHctgp]
125 | [5.82H+1.3aA(4+1. [6.2H+1.30 [6.7H+1.30 [7.1H+1.300(4+1.08 | 1.3a
08H) (4+1.08H) (4+1.08H) H)+
+(30.6+1.40))cHctg +(31+1.4a)) +(31.5+1.401) +(31.9+1.40))cHctg
Blv cHctgplv cHctgB]v Blv
160 V[7.63H+20) [8.2H+20) [8.7H+2an v[9.3H+20A 20,
(4+1.08H) (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(32.4+2.16a)) +(33+2.16aM) +(33.5+2.16a\)cHct +(34.1+2.160M)
cHctgp] cHctgplv gplv cHctgp]
200 [11.9H+3.2aM(4+1. | [12.5H+3.2aA(4+1.0 | [13.2H+3.200(4+1.0 | [13.9H+3.2aA(4+1.0 3.24a
08H) 8H) 8H) 8H)
+(36.7+3.501) +(37.3+3.50}) +(38 +3.501) +(38.7+3.50})
cHctgpB]v cHctgB]v cHctgpB]v cHctgB]v
250 [16.6H+5ar [17.4H+50A [18.2H+5aA(4+1.08 [19.1H+5aA 50
(4+1.08H)+ (4+1.08H)+ H)+ (4+1.08H)+
+(41.4+5.40)) +(42.2+5.40)) +(43+5.4a))cHctgp] +(43.9+5.401)
cHctgB]v cHctgB]v v cHctgB]v
320 [22.1H+8ar [23.2H+8aA [24.2H+8ar [25.3H+8aA 8a
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(46.9+8.64aA)cHct +(48+8.64a)) +(49+8.64a)\)cHctgp | +(50.1+8.64ar)cHct
gplv cHetgp]v v gplv
400 | [42.5H+12.60M(4+1 | [43.9H+12.600(4+1. | [45.3H+12.60\(4+1. | [46.7TH+12.60A(4+1. 12.6a
.08H) 08H) 08H) 08H)
+(73.5+13.6a}) +(74.9+13.6a)) +(76.3+13.6a)) +(77.7+13.60))
cHctgBlv cHctgplv cHctgBlv cHctgplv
500 [55,2H+190A v[57H+19a) v[58,8H+19a) v[60,6H+190\ 19a.
(4+1,08H)+ (4+1,08H)+ (4+1,08H) (4+1,08H)
+(101,7+20,5a\)cH +(103,5+20,5a1) +(105,3+20,5a}) +(107,1+20,5a1)
ctgBlv cHctgp] cHctgp] cHctgp]
650 | [70,1H+28,601(4+1 | [72,3H+28,6aA(4+1, | [74,5H+28,600(4+1, | [76,7H+28,6aA(4+1, 28,60
,08H) 08H) 08H) 08H)
+(167,8+30,9a\)cH +(170+30,90A) +(172,2+30,9ar)cHc | +(174,4+30,90))cHc
ctgplv cHetgBlv tgp]v tgBlv
800 [70,9H+400A [73,7H+400A [76,4H+400A [79,2H+400A 40a
(4+1,08H) (4+1,08H) (4+1,08H) (4+1,08H)
+(196+43,2a)) +(198,8+43,2a)\)cHc | +(201,5+43,20A)cHc | +(204,3+43,2a))cHc
cHctgBlv tgplv tgplv tgplv
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End of table 20

Bucket
width Engine power at the Engine power at the Engine power at the Engine power at the Elgvatt(_)r
B,, | beltwithi=3 P, W | beltwith i=4 P, W | beltwith i=5 P, W | beltwithi=6 P, W pri‘;y”f”:"'
mm '
1000 | [83,9H+56,3aA(4+1 | [87,2H+56,30r(4+1, | [90,6H+56,3aA(4+1, | [93,9H+56,30r(4+1, | 56,250
,08H) 08H) 08H) 08H)
+(202,9+60,8a))cH | +(206,2+60,80))cHc | +(209,6+60,8ar)cHc | +(212,9+60,80))cHc
ctgplv tgplv tgplv tgplv
Table 21
Calculated power of engine at shallow buckets
Bucket
width Engine power at the Engine power at the Engine power at the Engine power at the Elzvattgr
B,, | beltwithi=3 P, W | beltwith i=4 P, W | beltwith i=5 P, W | beltwith i=6 P, W prﬁy”f”']"'
mm ’
100 [5,1H+o) V[5,5H+a) V[5,8H+a) v[6,2H+0) 0,5a
(4+1,08H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(30+1,08a)) +(30,3+1,08a1) +(30,6+1,08a)) +(31+1,08aA)
cHctgp]v cHctgp] cHctgp] cHctgp]
125 [5,3H+1,301(4+1,08 | [5,8H+1,30A(4+1,08 | [6,0H+1,301(4+1,08 | [6,5H+1,30A(4+1,08 0,660
H)+ H)+ H)+ H)+
+(30,1+1,401) +(30,6+1,4a}) +(30,8+1,401) +(31,3+1,40))
cHctgp]v cHctgp]v cHctgB]v cHctgplv
160 [6,6H+2a) [7,2H+20) [7,7H+20) [8,3H+2a) 1,17a
(4+1,08H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(31,4+2,160)\)cHct +(32+2,16a)) +(32,5+2,16a\)cHct | +(33,1+2,160))cHct
gplv cHctgB]v gplv gBlv
200 [9,9H+3,240) [10,6H+3,200(4+1,0 | [11,3H+3,20A(4+1,0 | [12H+3,240)(4+1,0 1,87a
(4+1,08H) 8H) 8H) 8H)
+(34,7+3,501) +(35,4+3,501) +(36,1+3,501) +(36,8+3,501)
cHctgB]v cHctgB]v cHctgB]v cHctgp]lv
250 [12,7H+5aA(4+1,08 [13,5H+5aA [14,3H+5aA [15,1H+5a) 3,5a
H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(37,5+5,401) +(38,3+5,4a)) +(39,1+5,401) +(39,9+5,40)
cHctgBlv cHctgBlv cHctgB]v cHctgp]v
320 [22,1H+8aA [23,2H+8ar [24,2H+8a\ [25,3H+8a\ 5,40
(4+1,08H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(46,9+8,601) +(48+8,6aM) +(49+8,60)) +(50,1+8,601)
cHctgp]v cHctgp]v cHctgB]v cHctgplv
400 [39,4H+12,6aA(4+1, | [40,8H+12,600M(4+1, | [42,1H+12,60A(4+1, | [43,5H+12,60A(4+1, 8,4a
08H) 08H) 08H) 08H)
+(70,4+13,601) +(71,8+13,601) +(73,1+13,60A) +(74,5+13,6a))
cHctgp]v cHctgp]v cHctgp]v cHctgB]v
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Findings

Let us analyze the influence of design parame-
ters of inclined bucket elevator for transportation of
fine coal on the power of required drive. Taking into
account the physical and mechanical properties of
fine coal according to the recommendations pre-
sented in the work [9] it was selected the belt eleva-
tor with spaced deep buckets and centrifugal dis-
charge. The speed of belt movement is v=1,6 m/s;
fill factor of the bucketv =1,6; t/m° —density of fine

coal; lift height of the cargo H =10 m; inclination
angle of elevator to the horizontal =75
Under these conditions the coefficient are:

o=3,6vpy=36-1,6-1,0-0,8=4,61 (t m/l h);

9
A=3,6vpy——= =
a py 3.6v pVY

=1,0-0,8-9,8=7,84. (N/m)

At this the dependence of calculated power of
electric engine of the elevator’s bucket on the de-
sign performance is given in the Table 22.

Taking into account standard values of power
of three-phase asynchronous squirrel cage motors
of 4A series with synchronous frequency of

rotation 1000 rev/min for the drive of inclined
elevator for transportation of fine coal it was com-
piled the table of correspondence of design
performance and the required engine power.

Analyzing results of calculations presented in
the Table 23 it can be concluded that the depend-
ence of elevator drive power on its design per-
formance (at fixed lift height, type of cargo, the
angle of inclination to horizontal) in general is
a piecewise constant monotonically increasing
function. At this the productivity values given in
the last column of the Table 23 should be consid-
ered as such, in which the power value varies and
is equal to the appropriate value given in the sec-
ond column of the Table 23. But to the value of
4.61 t/h the power is 0.75 KW due to the minimum
of such power in the engines of such class. Accord-
ing to calculations it was plotted the dependence of
inclined elevator drive for fine coal transportation
on the value of design productivity (Fig. 3).

To determine the graphic dependence of eleva-
tor drive power on its inclination angle we take the
initial data: transported material — fine coal; pro-
ductivity Pr=20 t/h lift height H =10 m; speed
of the belt movement v=1,6 m/sec.

Table 22
Calculated power of the engine at deep buckets

Bucket Elevator

width Engine power at the Engine power at the Engine power at the Engine power at the productiv-
B,, | beltwithi=3 P, W | beltwithi=4 P, W | beltwith i=5 P, W | beltwith i=6 P,w | ity,th
mm
100 520 533 543 555 4.61
125 614 627 651 670 6
160 899 918 934 953 9.22
200 1438 1457 1480 1502 14.9
250 2158 2184 2210 2239 23.1
320 3306 3341 3373 3409 36.9
400 5452.5 5493 5538 5588 58.1
500 7935 7988 8045 8109 87.6
650 11533 11603 11673 11746 131.8
800 15251 15341 15430 15519 184.4
1000 20939 21039 21144 21261 259.3
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Taking into account the fact that P =76,3-ctgp+1751,2. (24)
a=4,61ttm/lh - and Pr=20 t/h for calculation

of drive power the dependency in the 5th line and
first column will be used (Tab. 20).

Substituting the initial data for calculation into
resulting dependence we obtain:

Graphic dependence of value of elevator drive
power when transporting fine coal with design
productivity Pr=20 t/h on the angle of its inclina-
tion within B=m/3...m/2 is presented in the Fig. 4.

Table 23
Engine power at shallow buckets
Bucket width B, , mm Engine power P, kW Engine type Elevator productivity, t/h
100 0.75 4A80A6Y3 4.61
125 0.75 4AB80A6Y3 6
160 1.1 4A80B6Y3 9.22
200 15 4A90L6Y3 14.9
250 2.2 4A100L6Y3 23.1
320 4.0 4A112MB6VY3 36.9
400 55 4A13256Y3 58.1
500 11.0 4A160S6Y3 87.6
650 15.0 4A160M6Y3 131.8
800 18.5 4A180M6VY3 184.4
1000 30 4A200M6VY3 259.3
304 - ] AT
1P kW P, kW
25
207
15
10
5]
U_||||||||||||||||||||||||||||| T T[T T T T [T T T T [T T T T [T TT T [TT1
1] a0 100 150 200 250 300 1.1 12 13 1.4 15
Pr, t/h Beta, rad
Fig. 3. Dependence of elevator drive power Fig. 4. Dependence of elevator drive power
on the productivity on the angle of inclination
doi 10.15802/stp2016/90497 © V. M. Bohomaz, M. V. Borenko, S. V. Patsanovskiy, O. O. Tkachov, 2016

153



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HaLiOHAIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2016, Ne 6 (66)

HETPAMLIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MH

Originality and practical value

It was plotted the analytical dependence of ele-
vator drive power on its design parameters (type
and characteristics of the cargo, lifting height, in-
clination angle, productivity), which takes into ac-
count the standard sizes and types of buckets and
belts.

Using this dependence makes it possible rapid
determination of the approximate value of drive
power of inclined elevators with deep and shallow
buckets and performing high-quality selection of
its key elements at the specific design characteris-
tics.

Based on the proposed dependences it was plot-
ted graphic dependence of power influence of re-
quired inclined elevator’s drive on design produc-
tivity at the fixed lift height, inclination angle, and
the type of cargo. It was also presented the graphic
dependence of drive power on the inclination angle
of elevator at the other fixed design parameters.

Conclusions

For inclined belt bucket elevators it was plotted
analytical dependence of the drive power value on
its design parameters. This makes it possible to
obtain the required drive power value taking into
account the type and physical and mechanical
properties of the cargo, the value of lift height, in-
clination angle, design productivity and working
conditions, involving only one calculation formula.
As an example of involving the obtained results it
was considered the process of plotting the depend-
ence of drive power on the design productivity of
elevator for fine coal transportation. For such ele-
vator it was plotted the parametric and graphic de-
pendence of drive power on design productivity
and inclination angle of elevator taking into ac-
count the standard parameters of buckets and prop-
erties of electric engines. It was established that the
function of varying the value of elevator power on
the design productivity (at fixed lifting height, type
of cargo, inclination angle) is piecewise and mono-
tonically increasing, and the dependence of eleva-
tor power value on its inclination angle (at fixed
design productivity, lift height, load type, the speed
of belt movement) is non-linear and monotonically
decreasing.
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B. M. BOTOMA3", M. B. BOPEHKO?’, C. B. IALJAHOBCBKUIT®", 0. 0. TKAUOB*

Kad. «BilicbkoBa miaroToBka crieriaictis JlepxaBHoi ClewianbHOi Ciry:K6H TPaHCIIOpTy», JIHIIPONeTPOBCHKMI
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49010, Texn. +38 (056) 373 19 09, ex. momra bmw1961@ukr.net, ORCID 0000-0001-9578-3906

¥Kad. «BilichkoBa MiArOTOBKA crieriaticTin JlepaBHoi CIemianbHOi CIly:K6H TPAHCIIOPTy», JIHIIPONeTPOBCHKMIL
HalliOHAJBHUH YHIBEPCUTET 3aJIi3HHYHOTO TPAaHCHOPTY iMeHi akafemika B. Jlazapsiaa, Byn. JlazapsHa, 2, Jlninpo, Ykpaina,
49010, texn. +38 (056) 373 19 09, en. mowrra psven68@i.ua, ORCID 0000-0002-1628-3733

#Kad. «BiiicbkoBa miaroToska cueniaicris JlepkaBHoi crieiansHoi ci1yxGu TpancopTy», JIHIIponeTpoBesKuil
HAIlIOHAJBHUI YHIBEPCUTET 3aIi3HUYHOIO TPAHCIIOPTY iMeHi akaaemika B. Jlazapsna, Byn. JIazapsina, 2, JIHinpo, Ykpaina,
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AHAJII3 BINVIMBY NPOEKTHUX XAPAKTEPUCTHUK HOXUJIOI'O
KIBIIIOBOI'O EJJEBATOPA HA IIOTYXKHICTbh MOI'O IIPUBOIY

Meta. OtHIM i3 OCHOBHHX €JIEMEHTIB ITOXHMJIMX CTPIYKOBHX KiBIIOBUX €JIEBATOPIB € IX mpuBiA. [ BUSHAUEHHS
MOTYXHOCTI TPHUBOJNY HEOOXiJTHO BHUKOHATH pO3paxyHKH 3a CTAaHJAPTHHMH METOIUKaMH, SIKi HaBeaeHi
B cyd4acHill nitepatypi. OCHOBHUMH MIPOSKTHAMHU apaMeTpaMU TaKHX €JICBaTOPiB € MPOLYKTUBHICTh, BUCOTA IIiJI-
HOMy, THII Ta BIaCTUBOCTI TPAHCIIOPTOBAHOTO BaHTAXY, KyT Haxmiy. B po6oTi HeoOXiHO OOy IyBaTH apaMeTpu-
YHY 3aJISKHICTh MOTY>KHOCTI MIPUBOAY €JeBaTopa BiJ HOro MPOEKTHUX IapaMeTpiB, sIKa BpaxoByBasa O CTaHIApTHI
PO3MipH i TUIH KOBIIIB Ta CTpidoK. MeToauka. BUKOPHCTOBYIOUH METOIVKY TATOBOTO PO3PAaXyHKY HOXHMIIMX CTPi-
YKOBHX KiBIIIEBHX €JI€BATOPiB, TOOYAOBAHO MapaMEeTPUUHI 3aJI€KHOCTI 3yCHIIb Y XapaKTepHUX TOYKaX TPacH eleBa-
TOpa, a TAaKOX 3AIEKHOCTI MOTYKHOCTI MIPUBOAY IIBUIKOXITHUX €IE€BATOPIB i3 TTHOOKUMH Ta MINKMMH KOBIIAMHU
Bijl X POEKTHUX MapameTpiB Ta xapakTepucTuk. PesyabraTn. Ha ocHOBI mo0Oy/j0BaHNX MapaMETPUYHUX 3aJI€XKHO-
cTeil BCTAHOBIICHO, 1110 QYHKIIiSA 3MiHH BEJIMYUHH MOTYKHOCTI €JeBaTopa Bijl MPOEKTHOI MPOAYKTUBHOCTI (mpH (ik-
COBaHUX BHUCOTI MiHOMY, THITi BAHTaXYy, KyTi HAXMUITY) € KYCKOBO-CTAJIOK Ta MOHOTOHHO 3pocTaruoto. [To6ynoBa-
HO TpadivyHy 3aJeXHICTh MOTY)XHOCTI NMPUBOJY €JEeBAaTOpa BiJl KyTa HaXWJly B JIOyCTHMHUX MeXax HOro 3MiHH.
OTprMaHa 3aJEXKHICTh € HENIHIIfHOI0 Ta MOHOTOHHO CHaJaio4olo. Bu3HaueHi B 3arajbHOMY BUTJSIII iHTEpBAIN
MPOEKTHHUX 3HAYeHb MPOAYKTHBHOCTI, IO 3a0€3MeUyI0Th MOCTIHY BEJIMYMHY HOTY)KHOCTI IPUBOAY HOXUIIOTO €Jie-
Baropa. SIK MpHKIaj 3aJy4eHHs OTPUMAaHHX Pe3yJIbTaTiB PO3MILHYTO MpoLec MOOYIOBH 3aJIeKHOCTEH MOTYKHOCTI
MPUBOJAY BiJ MPOEKTHOI MPOAYKTHBHOCTI Ta KyTa HAaXWy eJieBaTopa Ul TPAHCIOPTYBAHHS JIPiOHOTO BYTLLIA.
HaykoBa HoBHM3HAa. ABTOpamMH BIepIIe MOOYAOBaHI MapaMeTPUYHI 3aJIEKHOCTI MOTY)KHOCTI HPUBOIY ITOXHIIOTO
KIBIIEBOTO €JIeBaTOpa BiJ HOTro MPOEKTHHX MapaMeTpiB, sIKi BPaXOBYIOTh CTaHIAPTHI PO3MIPH i THIM KOBIIIB Ta
ctpidok. IIpakTnyHa 3HaunMicTh. Bukopuctanns moOyqoBaHUX 3aJIeKHOCTEH A€ MOXKJIMBICTH BiJHOCHO IIBHI-
KOT'0 BU3HAUCHHS MPUOJIN3HOTO 3HAYECHHS TOTY>KHOCTI IMIPUBOJY MOXMWIMX IBHIKOXITHUX €JIEBATOPIB i3 MNIMOOKMMHU
Ta MIUIKMMHM KOBIIAMH Ha CTaJil MPOEKTYBaHHS, a TaKOX MOXJIMBO BHKOHATH SKICHMW MiAOIp HOrO OCHOBHUX
€JIEMEHTIB NpPU KOHKPETHUX IPOEKTHUX XapaKTEPUCTHKaxX: THUI BaHTaXy, NPOAYKTHBHICTb, BHCOTa IHiIiomy,
KyT HaXUIy.

Kniouosi crosa: noxunuii eneBatop; KiBlI; IPUBLJ; TOTYXHICTh; IPOAYKTUBHICTh; BAHTAX; KYT HAXUITY
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AHAJIN3 BJIUAHUSA ITIPOEKTHBIX XAPAKTEPUCTHUK
HAKJIOHHOI'O KOBIIOBOI'O 3JIEBATOPA
HA MOIIHOCTbD EI'O IPUBOJA

Iens. OgHUM U3 OCHOBHBIX 3J€MEHTOB HAKJIOHHBIX JEHTOUHBIX KOBIIOBBIX 3J€BATOPOB SIBIISETCA UX MPHUBOJ.
Jnist onpernenieHns MOITHOCTH TPHBOJA HEOOXOJMMO HMPOBECTH PAcUeThl MO CTAHIAPTHBIM METOJHMKaM, KOTOphIE
W3JI0KEHBI B COBPEMEHHOH JuTepaType. OCHOBHBIMH ITPOEKTHBIMH HapaMeTpaMy SIBISIFOTCS TPOM3BOANTEIHHOCTS,
BBICOTA TOABEMA, THI M CBOICTBA TPAHCIOPTHPOBAHHOTO MaTepHasa, Yroyl HakioHa. B pabore HeoOxoanmo mo-
CTPOUTPH MAPAMETPHUECKYIO 3aBUCHMOCTD MOIITHOCTH IIPUBOJIA 3JIEBATOPA OT €T0 MPOEKTHBIX MapaMeTpoB, KOTOpas
YUUTHIBaJa OBl CTaHAAPTHBIE pa3Mephl M TUIBI KOBIIEH U JieHT. MeToanka. Mcrnonb3ys METOIUKY TSATOBOTO pacte-
Ta HAKJIOHHBIX JICHTOYHBIX KOBIIOBBIX 3JIEBATOPOB, MOCTPOEHBI MAPaMETPUIECKUE 3aBUCUMOCTH YCHIIMH B Xapak-
TEPHBIX TOYKAX TPAcChl AJIEBATOPA, a TAK)KE 3aBUCHMOCTH MOIIHOCTH MPUBOJA OBICTPOXOJHBIX 3JI€BATOPOB C IIIy-
OOKMMHM M MEJIKHMH KOBIIAMH OT MX IPOEKTHBIX MapaMeTpoB U XapakTepucTuk. PesyasTaThl. Ha ocHOBe mocTpo-
CHHBIX MapaMETPUIYCCKUX 3aBUCUMOCTEH YCTaHOBJICHO, 4YTO q)yHKHI/lH N3MEHCHUA BCJIMYMHBI MOIIHOCTH 3JIEBATOpa
OT MPOCKTHOH MPOU3BOAUTENHHOCTH (P (PUKCHPOBAHHBIX BBICOTE MOIABEMA, THIC IPY3a, CKOPOCTH JBHIKCHUSI
JICHTBI) SIBISIETCS KYCOYHO-TIOCTOSHHOM M MOHOTOHHO Bo3pacTarolneil. IloctpoeHa rpadudeckas 3aBUCHMOCTb
MOIITHOCTH MPHUBOJA 3J€BaTOpa OT yIjia HAKJIOHA B JOMYCTUMBIX Npenenax ero u3MeHenus. IlomyueHHas 3aBucu-
MOCTb SIBJISICTCSI HEJIMHEIHOM 1 MOHOTOHHO yObIBatomiei. OnpeneneHsl B 00IIeM BUe WHTEPBAIbI IPOSKTHBIX 3Ha-
YEHUI MPOM3BOANUTEIHHOCTH, KOTOpPBIE OOECIEYHBAIOT MOCTOSHHYIO BEIMYMHY MOIIHOCTH IIPUBOJA HAKJIOHHOTO
aneBaTtopa. B kadecTBe mpuMepa MPUMEHEHHUS ITOJyYEHHBIX PE3yJIbTATOB PACCMOTPEH IPOIECC TTOCTPOCHUS 3aBH-
CHMOCTH MOIITHOCTH HPHBOAA OT MPOEKTHOH MPOM3BOJUTEIFHOCTH U YIJIa HAKJIOHA 3JIEBATOPa VISl TPAHCIOPTHPOB-
K1 Menkoro yrisi. HayyHas HOBU3HA. ABTOpaMu BIIEPBBIE TOCTPOCHBI TAPAMETPUUECKHE 3aBUCMOCTH MOIITHOCTH
MPUBOJA HAKJIOHHOTO KOBILIEBOTO 3JE€BATOPa OT €ro MPOEKTHBIX HapaMeTpOB, KOTOPHIC YUUTHIBAIOT CTAHIAPTHBIE
pa3Mepsl U TUIBI KOBUIEH U J1eHT. IIpakTHYecKkasi 3HAYMMOCTD. Vcronb30BaHue IOCTPOEHHBIX 3aBUCUMOCTEN AAET
BO3MOXHOCTb OTHOCHUTCJIIBHO 6I)ICTpOFO OIIPECACICHUA HpI/I6J'II/I3l/ITeJ'leOFO 3HAYCHUA MOLIHOCTH IIPUBOJA HAKJIOH-
HBbIX 6bICTp0XOI[HI>IX 3JICBATOPOB C FJ'Iy6OKI/IMI/I 1 MCJIKMMH KOBIIAMMU Ha CTaU MMPOCKTUPOBAHUS. A Taxke MOKHO
BBITIOJIHUTH Ka4ECTBEHHBIN HOI[60p €ro OCHOBHBIX 3JICMCHTOB ITPU KOHKPCTHBIX IMPOCKTHBIX XapaKTepI/lCTI/IKaX: THIIC
rpys3a, IPOU3BOIUTEIBHOCTH, BBICOTE IOJbEMA, YIJI€ HAKIOHA.

Kniouesvie cnosa: HakIOHHBIN 371€BATOP; KOBIL; IPUBOJ; MOIIHOCTb; IPOU3BOIUTEIBHOCTD; IPY3; YIOJI HAKIOHA
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TYPES OF STEEL AND CONCRETE COMPOSITE
CABLE SPACE FRAMES

Purpose. Modern terms of the construction generate the need to find new structures, including roof systems that
would meet modern requirements. An important aspect in finding constructive solutions for new structures is the use
of reliable and advanced materials. Considering this, the decision to develop the new space structures to a wide im-
plementation in practice of domestic and foreign construction are relevant and perspective direction of building
structures development. Methodology. Given the results of previously conducted theoretical research of existing
types of space roof structures find promising areas of improvement or creation of new structures that should be de-
void of weaknesses and imperfections of analogs and they should have an economic effect through rational use of
materials. Findings. Types of steel and concrete composite cable space frames and structural features of its elements
are developed and considered. The steel and concrete composite cable space frame is a completely new kind of
space structure system that has the original structural concept and it was designed to cover large-span industrial and
public buildings. The basic elements of that structure system are modular element of the bottom chord and space
steel and concrete composite module that consists of tubular rods and reinforced concrete slab. All modular ele-
ments are made in the factory. With bottom chord modular elements and space steel and concrete composite mod-
ules can be assembled three types of longitudinal elements. It is the beam element, arched element and hanging ele-
ment. Also with the modules can be assembled various structure system and their combinations. Number of space
steel and concrete composite modules and bottom chord modular elements, which is needed to collect steel and con-
crete composite cable space frames, is determined by calculation and optimal designing. Recommended dimensions
of the modular elements of the steel and concrete composite cable space frames are presented. Originality. The new
efficient construction roofs that appointment for covering large-span buildings were developed by the author. Prac-
tical value. Developed steel and concrete composite grid-gable roofs are designed for industrial and civil construc-
tion. Applications of developed designs for the construction of large-span covering objects provides a significant
economic benefit through the efficient use of materials.

Keywords: plate; tube; bar; bolt; module; top chord; bottom chord

the overall cost and duration of the construction
Introduction project, so there is a requirement to improve and
finding the new structures systems, including space
structures that would permit largely achieve
savings of materials and reduce complexity of
technological processes.
This was the cause of the idea of developing
the new concept of the space steel and concrete
composite systems that not only will combine in

There is a problem often in building sector,
which lies in the complexity of work and material
overruns due to no effective use. This situation in
the construction has developed due non-
compliance existing industry design solutions to
modern requirements that over time morally and
physically obsolete. These factors directly affect
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themselves the results of previous studies [5, 6, 10]
and will have positive properties of existing spatial
structures, but will have own unique properties are
specific to them.

Analysis of recent sources of research and
publications has shown that steel and concrete
composite is a material that were used very widely
in various fields of construction [3, 8, 9, 11, 14,
15]. Currently the main directions of research the
steel and concrete space structures are related with
the improvement of methods of calculation and
constructive solutions as well as study influence of
different types of load on the stress-strained state
andsoon|[4,7,12,13].

The analysis of previous studies has shown that
most of the steel and concrete space structures are
monolithic. However, prefabricated structures,
which would allow building curved surface, have
not developed yet.

Purpose

To develop and present main types of steel and
concrete composite cable space frames that will
allow building large-span roof system applied to
transport infrastructure.

Methodology and Findings

There is an opportunity to build cover buildings
various sizes and shapes, including various
membrane curvature, domes, and others due to that
steel and concrete composite cable space frames is
modular. Considering the novelty of the structure
concept of the steel and concrete composite cable
space frames a priority task is to define the field of
application these structures and to develop several
types of forms and structural elements.
Concurrently all samples that were developed were
patented. The basic elements of that structure
system are modular elements of the bottom chord
(Fig. 1) and the steel and concrete composite space
modules that consists of tubular diagonal and
reinforced concrete slab (Fig. 2) [2].

In general, the basis of the steel and concrete
composite space module is reinforced concrete or
steel-concrete square slab. It plays the role of the
top chord of the steel and concrete composite cable
space frames. In general, dimensions of the rein-
forced concrete slab can be different and are calcu-
lated, but the recommended dimensions of the slab
in the plan are 1.5x1.5 m or 3x3 m. The diagonals
are made of circular cross section, preferably with

a tube, which plays the role of the lattice of the
structure. The angle between tubular diagonal and
their horizontal projections o can be for as conven-
tional space grid structures, but recommended 45°.
The steel and concrete composite space modules
are combined to each other by means of the nodal
connections in a plane of the top chord (Node 2,
see. Fig. 3) in the plane of the bottom chord (Node
1 see. Fig. 4), construction of which can be differ-
ent design depending on the type of steel and con-
crete composite cable space frames [1].

Fig. 1. Modular elements of the bottom chord of steel
and concrete composite cable space frames:
1 - steel rode; 2 — steel plate with hole

A

.__f‘. 4 1 / g }b

Fig. 2. Steel and concrete composite space module:
1 - reinforced concrete slab;
2 — tubular diagonal
3 —node on top chord (node 1);
4 — node on bottom chord (node 2)
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Reinforced concrete slab Reinforced concrete slab
Nodal welded element

Weld

Bolt with hex head capNut
and partially threaded

Tubular diagonal Tubular diagonal

Steel plate 1

Weld

Weld

Steel plate 2

Clearance hole for
bolt with hex head cap
and partially threaded

Weld

Steel plate
with clearance hole

Fig. 3. Example of the nodal connections
on a plane of the top chord (Node 2)

Tubular diagonal Tubular diagonal

Square

teel plat
steel plate Modular element

/. of the botton chord

Bolt with hex head cap Washer
and partially threaded

Trapezoidal steel plate
with a hole

Fig. 4. Example of the nodal connections on a plane
of the bottom chord (Node 1)

The node on plane of the top chord includes the
nodal welded element, which consist of three steel
parts: rectangular steel plate 1, rectangle trapezoid
steel plate 2 and rectangular steel plate with clear-
ance hole. These steel plates are connected with
electric arc welding. Two nodal welded elements
that are part of steel and concrete composite space
modules are connected with partially threaded bolt
with hex head cap through the clearance hole.

The node on plane of the bottom chord includes
the nodal welded element, which consists of two
steel parts: square steel plate and trapezoid steel
plate with clearance hole. These steel plates are
connected with electric arc welding.

To reduce the weight of the steel and concrete
composite space module was offered improved
design solution, the essence of which was to use
the plate as the top chord, which is made from
lightweight concrete or ferrocement, as well as
tubular rods were used, which are made from high-
strength steel. As a result, the lightweight element
of structure was patented. Lightweight element of
structure is part of the steel and concrete composite
cable space frames and can be used in the
construction of large-span public and industrial
buildings. The effectiveness of lightweight
elements consists in low weight, ease of
installation, low complexity manufacturing, short
period of the construction. It should be noted that
lightweight elements are made entirely in the
factory.

With bottom chord modular elements (see
Fig. 1) and space steel and concrete composite
modules (see Fig. 2) can be assembled three types
of longitudinal elements. It is the beam element,
arched element and hanging element (Fig. 5).

Longitudinal elements can be used equally
effectively as cover for large and small spans (Fig.
5) and be an alternative to precast concrete system,
which consist of hollow or ribbed panels that are
mounted on truss or beams, also composite steel
deck concrete roof system.

Longitudinal elements, which do not exceed the
length of the dimensions of transportation are
completely manufactured and assembled in the
factory. In this case, longitudinal elements are de-
livered to the building site as a complete construc-
tion. This will greatly reduce the complexity of
assembly and installation and reduce the total dura-
tion of the construction steel and concrete compos-
ite cable space frames. The effectiveness of com-
plete factory manufacturing of the modular or lon-
gitudinal elements is especially evident in the case
when elements have constructive improvements
that are designed to simplify and reduced the
length of works. For example, Fig. 6 shows the
steel and concrete composite space module with
a steel frame, the effectiveness of this solution lies
in the frame that serves as not only a means to
strengthen the slab, but also to connect the mod-
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ules to each other in the case of welding. In addi-
tion, steel frame also serves as a permanent form
during concreting of module. Fig. 7 shows another
example. It is the steel and concrete composite

space module, which besides steel frame has addi-
tional elements — steel shelves, which serve as an
aid in the installation the construction.

Types of longitudinal elements:

_
Hanging element

Support
node

Beam element

h+1/3%b | Arched element

b=6...24 m b=6...24 m

B=12..48 m

[=12..36m

Fig. 5. Variants of roof system are made from longitudinal elements

Steel frame from Reinforced concrete slab

a channel bar

Weld

Tubular diagonal

Example of the nodal
connections on a plane
of the bottom chord

Kind of modular element
of the bottom chord from steel strip

Fig. 6. Improved designs of the steel and concrete
composite space module with a steel frame

Reinforced concrete slab
Steel frame from
a channel bar

Steel shelve

Tubular diagonal Tubular diagonal

Example of the nodal
connections on a plane
of the bottom chord

Kind of modular element
of the bottom chord from steel strip

Fig. 7. Improved designs of the steel and concrete
composite space module with steel shelves
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Curvature of longitudinal elements or steel and
concrete composite cable space frames is provided
by reducing or increasing the length of the modular
element of the bottom chord L (see Fig. 1), in
consequence of which between steel and concrete
composite space modules is formed mutual angle.
However, it should be noted that the curvature of
the arch of steel and concrete composite cable
space frames is limited and depends on conditions
of fixing. While designing of steel and concrete
composite cable space frames need to remember
that the modular element of the bottom chord are
designed to work only in tension. Thus designing
these systems should take the following geometric
dimensions of its constituent elements and
geometric parameters that will prevent the
emergence of effort compression elements in the
modular element of the bottom chord. Determining
some optimum geometrical parameters of these
structures were presented in [2]. In general, for
steel and concrete composite cable space frames
with recommended dimensions of the steel and
concrete composite space module and angle
between diagonal and its horizontal projection, the
relationship between the length of the modular
element of the bottom chord and angle has barely
noticeable curvilinear nature.

Originality and practical value

The steel and concrete composite cable space
frames are the new kind of effective space grid
structures that allow saving of material resources
and reducing construction laboriousness because
the bottom chord of the frames are made of
flexible rods. These rods in its essence and idea are
not designed for compression, so for the
manufacture of such rods there is no need to apply
rigid and massive types of metal rolling to provide
a load carrying capacity and rigidity of the frames.
This specifics of the designed frames are closely
associated with the utilize of high-strength steels
for manufacturing elements of the bottom chord,
because as we know in tension elements
effectively apply high-strength steels. This fact
was found after comparison between developed
frames and typical design solutions of long-span
roof system had been conducted. It has been found
that the steel and concrete composite cable space
frames can be lighter than typical roof systems
about at 32-72%.

Conclusions

The steel and concrete composite cable space
frames are the new kind of large-span structures,
which have significant advantages, in particular,
they are lighter and have lower complexity of
manufacturing and assembly than analogues. The
basic elements of that structure system are modular
elements of the bottom chord and space steel and
concrete composite modules. Modular elements of
the bottom chord, steel and concrete composite
space modules and three types of longitudinal
elements are used for construction large-span
industrial and public buildings. Thanks to its
modular design the steel and concrete composite
cable space frames can be varied expressive
architectural outline and shape. Flat double-layer
grid is the simplest type of the steel and concrete
composite cable space frames. This type of
structures is used efficiently for small spans like
that structure that installed on individual supports
or on a contour.

In general, from modular elements can be
erected not only the proposed system but also
many others, including steel and concrete
composite cable space frames, which have
complex shapes or combinations for covering
hangars for aircraft, machinery or equipment, etc.
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THUIIN TPOCTOPOBUX CTPYKTYPHO-BAHTOBUX
CTAJIE3AJI30OBETOHHUX KOHCTPYKIIN

MeTa. YMOBH iCHYIOYOT0 OY/IBHHIITBA MOPOXKYIOTh HEOOXITHICTh MONIYKY HOBHX KOHCTPYKIIiH, 30KpeMa Io-
KPHTTIB, 5IKi O 3aJI0BOJIBHSJIM CY4acCHUM BHMOTaM. Ba)XJIMBUM MOMEHTOM Yy IOUIYKY KOHCTPYKTHBHHUX DillIeHb HO-
BUX KOHCTPYKILIH € BUKOPHUCTAaHHS HaAilHHUX 1 Cy4acHHMX MarepiajiB. BpaxoByrouu 1ie, pilieHHs po3poOHTH HOBI
MIPOCTOPOBI KOHCTPYKIIIi 3 METOI0 HIMPOKOTO BIPOBAPKEHHS B MIPAKTHKY BITYN3HSIHOTO H 3apyOiKHOTO OYyIiBHUIIT-
Ba € aKTyaJbHUAM 1 MIEPCIEKTHBHUM HAIPSIMKOM PO3BUTKY OyIiBeNbHUX KOHCTpYKLiH. MeToamka. 3 ypaxyBaHHSIM
pe3ynbTaTy MONEepPEeAHbO NPOBEICHOI0 TEOPETUYHOTO IOCITIPKCHHS ICHYFOUHMX THINB IPOCTOPOBUX KOHCTPYKLIi
MOKPUTTIB 3HAHACHO TMEPCIEKTHBHI HANPSAMKH IX YIOCKOHAJCHHS a00 CTBOPCHHS HOBUX KOHCTPYKUIH, AKi Oyim
6 He numIe mo30aBieHI HEJOMIKIB Ta HEJOCKOHAJIOCTEH aHANOTIB, aje i Maji eKOHOMIYHHUNA e(eKT 3a paxyHOK parli-
OHAJILHOT'O BHKOPHCTaHHS MaTepianiB. Pe3yabTaTH. Po3po0iieHO Ta pO3INISHYTO THIIM IIPOCTOPOBUX CTPYKTYPHO-
BaHTOBHX CTaJe3ai300€TOHHUX KOHCTPYKIiH Ta KOHCTPYKTHBHI OCOOIUBOCTI iX eleMeHTiB. IIpocTopoBi cTpyKTyp-
HO-BaHTOBI CTaJIe3a1i300€TOHHI KOHCTPYKIIIl — aOCOIIOTHO HOBHUI BUJ] IIPOCTOPOBUX HECYUUX CHUCTEM i3 OPHUTIHAIb-
HUM KOHCTPYKTHBHHUM PIllIEHHSIM, 1110 MPHU3HAYEH] JJIsl TOKPUTTS BEIMKONPOJIITHUX MPOMHUCIOBUX Ta TPOMAJICHKUX
OyniBens i ciopya. OCHOBHUMH eJIeMEHTaMH TaKuX KOHCTPYKIIN € MOJYJIbHI eIEMEHTH HW)KHBOTO MOsica Ta Mpoc-
TOPOBI CTae3ani300eTOHHI MOy, SIKi CKJIQNAIOThCs 13 IUINT Ta TpyOUacTUX CTPIKHIB. Bei MOmylbHI eleMeHTH
BUTOTOBJISIIOTBCS. B 3aBOACHKMX YMOBaX. 3 MPOCTOPOBHX CTaje3a]1i300€TOHHUX MOJYJIB 1 MOAYJBHHX €JIEMEHTIB
HIDKHBOTO TIOSICAa MOXYTh 30MpaTHCS TPU TUIH JTiHIHHUX €JIEMEHTIB: OANKOBUH, apKOBHUI 1 BUCSUMIA, a TAKOX Pi3HI
Hecydi cuctemH Ta X komOiHamii. KiTbKicTh MPOCTOPOBUX CTalle3ami300€TOHHUX MOAYJIIB Ta MOIYJIBHUX €JIEMEHTIB
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HIDKHBOTO TI05ICa, 110 HEOOXiTH1 A 30MpaHHs MPOCTOPOBUX KOHCTPYKIIN, BA3HAYAETHCSA PO3PAXYHKOM Ta BapiaHT-
HUM TIPOEKTyBaHHAM. HaBeneHO pekoMeHAOBaHI po3MipH MOAYJIBHUX €IEMEHTIB CTPYKTYPHO-BAHTOBOI CTae3alli-
300eToHHOT KOHCTpYKIil. HaykoBa HOBM3HA. ABTOpPOM pO3p00JieHi HOBI e()eKTHBHI KOHCTPYKIIii MOKPHUTTIB, SIKi
NIPU3HAYEHI JUIsl IEPEKPUTTS BEIMKONPOIITHUX OyniBenb Ta ciopy/. IpakTuuna 3HauuMicTb. Po3pobiieHi crase-
3aJ1i1300€TOHHI CTPYKTYPHO-BAHTOBI MOKPUTTS MPU3HAYUCHI /IS MPOMHUCIIOBOTO Ta IIMBUILHOTO Oy IIBHHUIITBA. 3aCTO-
CYBaHHSI PO3pOOJICHNX KOHCTPYKIIH JUIs 3BEJCHHS NMOKPHUTTS BEIUKONPOJITHUX OYZiBENIb Ta CHOPYHA IO3BOJISE
OTpHUMaTH 3HAYHUI EKOHOMIYHUI e()eKT 3a paXyHOK palioOHAIbHO BUKOPUCTAHUX MaTepialiB.

Kniouosi croea: nnactuna; Tpy0a; CTPUKEHB; OOJIT; MOJYJIb; BEPXHIH MOSIC; HUKHIN TOSC

. M. TACUIY

1*Ka(b. «KoHCTpyKIMU U3 MeTaJlIa, IepeBa U IIacTMace», [10JTaBCKUil HAMOHAJIbHBIM TEXHUYECKUM YHUBEPCUTET
nmenu FOpust Konjpartioka, np-t ITepBomaiickwuii, 24, ITonrasa, Ykpauna, 36011, e-mail grigoriigm@gmail.com,
ORCID 0000-0002-1492-0460.

THUIIBI TIPOCTPAHCTBEHHBIX CTPYKTYPHO-BAHTOBBIX
CTAJIEXKEJE30BETOHHBIX KOHCTPYKIIUI

Hean. YcnoBusi CyIeCTBYIOIIETO CTPOUTENBCTBA TTOPOXKAAIOT HEOOXOAMMOCTh TOMCKAa HOBBIX KOHCTPYKIIHH,
B YaCTHOCTH ITOKPBITHH, KOTOPbIE OBl YIOBJIETBOPSIIM COBPEMEHHBIM TpeOOBaHMSIM. BaKHBIM MOMEHTOM B ITOHCKE
KOHCTPYKTHUBHBIX PEHICHHH HOBBIX KOHCTPYKIHMH SIBIISIETCS MCIIOJIb30BAaHNWE HAJCKHBIX U COBPEMEHHBIX MaTepHa-
JIOB. YUHTBIBast 3TO, PEUICHUE pa3padoTaTh HOBBIC MPOCTPAHCTBEHHBIE KOHCTPYKIUH C IENBIO MIMPOKOTO BHEApPE-
HUS B IPAKTHKY OTEUECTBEHHOTO U 3apYOEKHOIO CTPOUTEIHCTBA SABIISIETCS AKTyalbHBIM M MEPCIIEKTUBHBIM HAlpaB-
JICHUEM PA3BUTHSI CTPOUTEIBHBIX KOHCTPYKIMA. MeToauka. C ydeToM pe3ynbTara IpeiBapUTEIbHO MIPOBEJEHHOTO
TEOPETHUYECKOTO UCCIIEIOBAHNS CYIIECTBYIOIIUX THIIOB IIPOCTPAHCTBEHHBIX KOHCTPYKIMH IOKPHITUII HallICHbI TIep-
CIICKTUBHBIC HAIIPpaBJICHUA WX YCOBCPUHICHCTBOBAHUA WJIM CO3JaHUSA HOBBIX KOHCprKHMﬁ, KOTOpbIC 6])1_]'[1/1 6])1 HC
TOJILKO JIMIICHBI HEJAOCTATKOB U HECOBEPIIICHCTB aHAJIOrOB, HO U UMEIU Obl S3KOHOMUYECKUN 3P QEKT 3a cUeT pa-
[IMOHAJIBHOTO MCIOJIb30BaHUs MaTepuaioB. Pe3yabrarhl. Pa3zpaboTanbl 1 pacCMOTPEHBI TUIIBI IPOCTPAHCTBEHHBIX
CTPYKTYPHO-BAHTOBBIX CTaJIeXKeJIe300€TOHHBIX KOHCTPYKIMH M KOHCTPYKTHBHBIE OCOOEHHOCTHM HMX 3JIEMEHTOB.
[IpocTpaHCTBEHHBIE CTPYKTYPHO-BAaHTOBBIE CTalEXKeNne300€TOHHbIE KOHCTPYKIMH — aOCONIOTHO HOBBIA BWJ IPO-
CTPAHCTBEHHBIX HECYIUX CHCTEM C OpPUTMHAIBHBIM KOHCTPYKTUBHBIM PELICHUEM, NIPEJHA3HAUECHBI ATl MOKPHITHS
OOJIBIICTIPOIETHBIX MPOMBIIIIEHHBIX W OOIIECTBEHHBIX 3JIaHWH M coopykeHHH. OCHOBHBIMU 3JIEMEHTAaMH TaKHX
KOHCTPYKIHH SIBIISIFOTCSI MOIYJIBHBIE 3JIEMEHTHI HIDKHETO TOsICa W MPOCTPAHCTBEHHBIE CTaJIEKeNe300€TOHHBIE MO-
JyJH, COCTOSIIINE U3 IUTUT U TPyOdaThIX CTepKHEH. Bce MOgynbHBIE 3IEMEHTHI U3TOTABINBAIOTCS B 3aBOJICKUX yC-
noBusix. C MPOCTPAHCTBEHHBIX CTAIEKEIE300€TOHHBIX MOJYJIEeH M MOIYJIBHBIX 3JEMEHTOB HIDKHETO MOSICAa MOTYT
COOMpaThCS TPU THIIA JTMHEHHBIX 3JIEMEHTOB. OAJOYHBIN, apOYHBIA M BUCSYHHN, a TAKKe pazIMYHBIC HECYIUE CHC-
TCMBI U UX KOM6I/IH3HI/II/I. KonuuectBo MMPOCTPAHCTBEHHBIX CTaIle)KeJ'Ie306eTOHHI)IX Mouynei& U MOAYJBbHBIX 3JICMCH-
TOB HIYKHETO Nosica, He0OX0JUMOe Ul cOOpa MPOCTPAHCTBEHHBIX KOHCTPYKIMH, ONpeieNseTcs pacieToM U BapH-
AHTHBIM IIPOEKTUpOBaHUEM. IIpHuBeIeHbl PEKOMEHIyEMbIE pa3MEPbl MOAYJIbHBIX 3JIEMEHTOB CTPYKTYPHO-BAHTOBOM
cTajexene300eToHHOM KoHcTpykunu. Hay4unasi HoBH3HA. ABTOpOM pa3paboTaHbl HOBbIE 3((EKTHBHBIC KOHCT-
PYKUMH TIOKPBITHH, KOTOpBIE TpeIHAa3HAYEHBl MJJIsI TEPEKPHITHS OOJIBIICHPOIETHBIX 3[JaHUl M COOpY>KEHHH.
I[pakTuyeckass 3HAYNMOCTB. Pa3zpaboTaHHbBIE CTalIe)KeIe300€TOHHBIE CTPYKTYPHO-BAaHTOBBIE ITOKPBITHS TIpeIHa-
3HAYEHBI JUI MPOMBIIUICHHOTO M TPaXXJAHCKOTO CTPOUTENLCTBA. IIpiMeHeHne pa3paboTaHHBIX KOHCTPYKIMH IS
BO3BEJICHUS TTOKPHITHH OOJIBIICHIPOIECTHRIX 3AaHIH U COOPY>KEHHUI MTO3BOJISET MOTYYNTHh 3HAYNTEIBHBIA 3KOHOMH-
yecKnit 3¢ eKT 3a cYEeT palOHAIBFHO HCHOIb30BAaHHBIX MaTEepHAaIOB.

Kniouesvle cnosa: nnactiHa, Tpy0Oa; CTEpKEHb; OONT; MOTYJIb; BEPXHUII MOSC; HIKHUH TOSIC
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JOCJIILIZKEHHSA HAITPYKEHOI'O CTAHY
MOIUPIKOBAHOI'O MOHOJIITHOI'O BETOHY

Meta. Crarrsi HpUCBSYEHA JOCTI/DKEHHIO HAIPYXXEHOro CTaHy MOAN(IKOBAaHOTO MOHOJITHOTO OEeTOHYy
NPUPONHOTO TBepAHEHHs. Meroauka. [lns JOCSATHEHHS TOCTAaBICHOI METH IPOBEAEHI  JOCIHIIKEHHS
MIKPOCTPYKTYPH JAHCHEPCHO MOAM(IKOBAaHOI IEMEHTHOI MaTpuii OeTOHY, MEXaHI3My CTPYKTYPOYTBOPEHHS
MOIU(IKOBAHOTO OCTOHY TPUPOJHOTO TBEPAHCHHS, BHU3HAYCHI METOAW HAAIHHOI OWIHKKA JeOopMaTHBHUX
BacTuBocTeil OeToHy. Pe3yabTaTH. PO3BUTOK BHYTDIIIHIX HAaNpyXeHb MO-Pi3HOMY BIUIMBAa€ HAa BIIACTHBOCTI
6erony. IIpu HapocTaHHI TemIepaTypHO-ycaakoBux aedopmaliii y 4aci i, omke, nMpu 30UIbIICHHI CTPYKTYpHHX
HaIlpy>XeHb y [IEMEeHTHii 000JIOHIII HABKOJIO 3epEH 3allOBHIOBAYa MOXYTh PO3BUBATHCS [Ba IPOTHIC)KHHUX HPOLIECH:
30HA IUIACTUYHOrO INIMHY abo 30Ha TpimmH. HaykoBa HoBHM3HA. BCTaHOBIEHO, IO KOMIUIEKC CTPYKTYPHHX
ocobnmBocTel MOIU(IKOBAHOTO OETOHY INpH Iepeaadl HaBaHTaXEHHsI IPU3BOJUTH 10 (opMyBaHHS IIMPOKOI 30HU
nepenpyiHyBaHHs, 34aTHOI NOTJIMHATHA 3HAUYHMK 00’eM mpyxHOI eHeprii aedopmarii, mo 3ade3redye OTpUMaHHS
MPOEKTHHX JIe)OPMATHBHUX BIACTUBOCTEH OCTOHY cliemialbHOro npu3HaueHHs. OTpuMaiy MoJabIINi PO3BUTOK
YSIBJICHHSI TIPO BHU3HAUCHHS KPHUTEPIiIO TPIIIMHOYTBOPEHHS MOIM(IKOBAaHOTO OETOHY, IO TBEPIHE B NPHUPOIHHUX
ymoBax. IIpakTuyna 3HaunMicTs. OTprMaHi PiBHSAHHS JO3BOJISIOTH BUPIIIMTH NUTaHHS PO MiHIMAIbHUN piBEHb
CTPYKTYpPHUX Halpy>XeHb Y MOHOJITHOMY OETOHI NP MEBHOMY HACHYEHHI HOT0 KPYIHUM 3allOBHIOBAYeM, a TAKOX
OIIIHUTH BIUIMB CTPYKTYPHHUX HANpPYXCHb Ha BIIACTHBOCTI OCTOHY. Y 3BHUAHHX OCTOHIB 3 BiTHOCHO TOHKOIO
[EMCHTHOI0 OOOJIOHKOIO IPH TEMIIEPaTypPHO-YCAAKOBUX JAe(opMallisix BHHHKAIOTh BHCOKI TaHTCHINaNbHI Ta
HEBEJIMKI pafiajbHi HAPY>KEHHA. Y MPUPOJHUX YMOBAX Ili HAIIPY)KEHHS BHIE B pe3yNbTaTi MiIBUIICHHS 3HAYCHD
Ag(t), 4OTO HE CrIOCTEpiraeThes y MoaudikoBannx 6eToHiB. Y MoaudikoBaHUX GeTOHAX HAMOLIBITY HEOE3MEKy st
CTPYKTYpPH TIPEICTABISAIOTh JIMIIE TAHTEHIIabHI HANpYyXEeHHSA. 3MiHA YCAaIKOBHX HANPYXEHb y dYaci Mae
onHo3HauHMK Xxapaktep. CymapHi TeMieparypHO-ycaakoBi aedopmaiii MaroTb NWIKONOAIOHWI rpadik. s
MO IU(iKOBAHOTO OCTOHY aMILTITYa KoauBaHb Ha 48...53 % menie. 1le 103BOIUTH BUPIIIATH PSIT TEXHOJOTIYHUX
3aBJjaHb MPH 3BEICHHI MOHOIITHUX OY/iBEb.

Kniouosi  crosa: wmonudikoBaHuii OETOH, MOHOJITHUN OCTOH, HampyXeHWil cTaH, naedopMaTHBHI
XapaKTEePUCTUKH

Beryn AKICHO HOBOTO MigXOXy, 3AaTHOTO 3a0e3MeunTH
MMOBHY  peai3alfilfo  B’SDKYYHX  BJIACTHBOCTEH
IIEMEHTY 1 MOTCHLIMHUHN 3amac MIIHOCTI OeTOHY
[20, 21].

Y  npupomHHUX ~ yMOBax Yy  pe3ynbTaTi
HEPIBHOMIPHOTO HarpiBaHHsA (0XOJOKEHHs) abo
BUCHXaHHs (3BOJIOKEHHS) MO mepepizy OeTOHHMX
KOHCTPYKIIiii BUHHMKA€E TEMIEepPaTypHO-BOJIOTiCHUI
TpamieHT 1, OT)Ke, BIIACHI HANpPYXKEHHS, YpiB-
HOBa)keHi B 00’ eMi Bci€l KOHCTpYKIii. SIKicHO iHII
BHYTPIIIHI  HampyXeHHI —  CTPYKTYpHI —
BUKJIMKAIOTHCS TEMIIEPATypPHO-BOJOTICHUMHU  Jie-
¢dopmalissMi B aHI30TPOINHIN CTPYKTypi O€TOHY.
AHai3 CTPYKTYPHUX Halpy)XeHb OCTOHY MOKa3aB,
IO BeJIWYMHA IX 3HAYHA 1 YacTO MepeBaxKae
TpaHMII0  MIIHOCTI  MaTepiamy  [13,  16].
CTpyKTYpHI Hanpy»XeHHS BPiBHOBaXYIOTBCSI B 30Hi
3epeH 3amnoBHioBaya [10-12].

CygacHWii piBeHb PO3BUTKY OyHiBHHUIITBA
BUMAara€ MOJNAIBIIOTO  PO3BUTKY  KOHIEMIIii
OETOHIB HOBOrO IIOKOJIHHS, sSKI HEOOXimHl i
CIPUIHATTS 3POCTAIOYUX BIUIMBIB MPUPOIHOTO
1 TEXHOTEHHOTO XapakTepy, a TaKoX JUIs
0COOJIMBHX YMOB eKcIutyaraitii [8, 9, 17].

OtpumanHs O€TOHIB  HOBOTO  TOKOJIHHS
3 BHCOKHMH €KCIUTyaTalliiHUMH BIACTHBOCTSIMHU
(BEB) Mae 3abe3medyBaTucs  TEXHOJOTIEO,
3aCHOBAHOI0O  HAa  BHKOPHCTaHHI  iCHYIOUYOi
BAPOOHMYOI 0a3u i TpaaumiifHux marepianiB. Taxi
O0eTOHM TIOBMHHI MaTu MinHicTh kiacy B 70
1 BHWIIE, MiJABHINCHY MIUIBHICTh 1 JIOBTOBIYHICTB,
30epiratoumt BCi TepeBard, fKi 3po0mmm  ix
OCHOBHHUM KOHCTPYKITIHHAM MarepiagoM
OyaiBHUIITBA. Y IOCKOHAJICHA TEXHOJIOTIS BUMAarae
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CyOMIKpOCTPYKTYpHI Hanpy>KeHHS BUHHKAIOTh
y IIEMCHTHIA MaTpuili OETOHYy TP PO3BUTKY
KPUCTAJIOTIIDaTHUX ~ HOBOYTBOpeHb  [7,  22].
JocmipkeHHS 1MX Hamnpy»XeHb 3HAYHO YCKIaJ-
HEHI, TOMYy IO BOHHU YpIBHOBAKEHI B MIKpO-
CKOMIYHMX 00’€MaxX IEMEHTHOI MaTpHili OEeTOHY.
Po3BUTOK MIKpOTpILMH KpUcTami3awii B OETOHI He
cnoctepiraerbesi. Lle, BoueBub, MOXKHA MOSICHUTH
KaIJIIPHO-TIOPUCTOIO Oy1I0BOTO IIEMEHTHOT
marputi. bineir Toro, icaye mymka [15, 17] npo
KOPUCHICT,  HAalpy>KeHb  KpHCTaji3amii, 1o
MNOJIMIIYIOTh ~ MIIHICTh ~ CIaliKd ~ CIIOHTaHHO
3pOCTAlOYMX HOBOYTBOpEHb. OUiKyBaTH pI3KUX
BIZIMIHHOCTEH HaNpyXEHOro CTaHy TBEPIHY4Oro
reJl0 B PI3HHX YMOBax HE JOBOAUTHCA UeEpes3
MOJMJIMBOCTI ~ pefnakcaulii  HamnpyKeHb  IIpH
nedopmariii mop matepiany [18].

e y 1980 p. T. T'ancen [3] BcTaHOBUB, IO
mepir TPIKMHU B OCTOHI 3’SBISIOTBCA Yy Billl
NEKUTBKOX A0, y TOW Yac SIK TEOPETUIHHH Tepiof
TPIIMHOYTBOPEHHS TIOBHHEH OyB CTaHOBUTH
5 TxkHIB. Y 1bOMY X Orfisii OyJio BCTaHOBJICHO,
10 YTBOPEHHS TPIIIMH 3aJCKUTh HE TUIBKH BiJ
BEITMYMHM yCaIKH, aje 1 Bix (i3HKO-MEeXaHITHUX
BIIACTUBOCTEH OeTony. TpinHOCTIHKICT
y  Oimpmiii  Mipi  BuU3HAuUanacs  OPUPOIOIO
3allOBHIOBaYa. 3allOBHIOBAdYi BEIUKOi MPY>KHOCTI
CIIPHSUTH  PO3BUTKY  TPINTMHOYTBOPEHHS.  3a
naHuMu [4, 5] po3Taryroui HampyKeHHsI B OETOHi
Bil ycaAKM LEMEHTHOTO KaMEHIO CTaHOBISTDH
4,0...5,0 MIla. BenuuunHa UWX HaNpPYyXEHb,
obunciena asropamu [14, 23], cranosuts 12-16
MlIla, ToOTO TepeBHUIye MIIHICT, MarTepiany Ha
postsr. O.5. Bepr [2], sikuii Takox AOCTIIKyBaB
yCaaKOBI HAaINpy>KEHHs, BCTAaHOBHUB, IO YCalKa,
imenTnuna oxosjomkenHio Oerony Ha 70 °C,
BUKJIMKA€E HAMPY>KEHHs, OJIM3bKi 10 BKa3aHUX.

Y  MoHOmiTHOMY  O€ToHi IIPUPOAHOTO
TBEPAHEHHS Ba)XXJIMBY POJIb BIJIrparoTh JBa BHON
BJIACHUX HAIIPY’KCHB!

a) HaNPY)KCHHsI MEPIIOr0 POy BiJ TPai€HTIB
TEeMITepaTypHO-BOJOTiCHUX nedopmariit ()
mepepizy eJIEeMEHTIB XapaKTePH3YIOThCSA IEBHOIO
OpI€HTAIII€I0 3AJIEKHO BiJl TEOMETPUYHUX OOPHUCIB
KOHCTpYyKUiit [1, 6]. HampyxenHs mepmioro poxy
YacTO HA3WBAIOTh MEXaHIYHHMH, OCKUIBKH BOHH
BH3HAYAIOTHCS METOIaAMHU TEOPii MPYKHOCTI,

0) CTPYKTYpHI Hampy>XeHHsI IPYroro poiay Bixa
TEMIIEPaTypPHO-BOJIOTICHUX jAedopmaiiii B  aHi-
30TpomnHiil cTpykTypi Oetony [1, 6]. HanpykeHus
JIPpyroro poay TIEBHUM YHHOM Opi€HTOBaHI

BIZTHOCHO TOBEPXHI YaCTHHOK 3amoBHIOBada. J{iis
iX BW3HAUYEHHS, KpiM Teopii MPYXKHOCTI 1 ImIac-
TUYHOCTI, HEOOXINHUHM TaKOoX aHami3 CTPYKTypH
Marepiaiy.

BoueBuap, mo mois OUX HANpPYKEHb JTyKe
pi3HI, ane Oe3CyMHIBHE iX B3a€MHE HaKJIAJCHHS
1 CHUIPHMH BIUTMB Ha CYLUIBHICTh KOHCTPYKIIiH
1 pemakcamito HampyXeHb Yy 4daci. MiIHICTB
1 nmedhopMaTUBHICTh OETOHY 3aJleKaTh B OCHOB-
HOMY BiJl Hampy’>KeHb MEPIIOro i IPyroro pomuy,
TOMY KpHUTEpii  TpPILIMHOYTBOpPEHHS OeTOHY
HeOOXiMHO BH3HA4YaTH Bixg 11X cHoubHOI  Ail
3 ypaxyBaHHSM BiKy MaTepiary i 30HU KOHCTPYKIIii
[3]. Binbmr toro, mpu po3risAmi MPYKHOI 3amadi
PO3BHTKY  TPIIIMHOYTBOPEHHS B  OETOHHHX
€JIEMEHTaX BBaXKAETHCS CIHPABEAJIHBOIO aJIIUTHUB-
HICTh HAIIPY>KEHb MEPIIIOTO i APYTOTO POIY.

Sk BimOMO, OCTOH € TPYKHO-TUIACTHYHUM
marepianom [4, 5], 1 us mepegymoBa cripaBeanBa
JWIIe  9acTKOBO. Y  Oynb-KOMYy  BHIIQJIKY,
y BUHUKHEHHI TPIIIWMH BEIUKY pOJb BiIirparoTh
IUTACTUYHI  BJIACTUBOCTI O€TOHY. Y  3B’S3Ky
3 TMOCTYNOBOIO 3MIHOKO B 4aci BOJIOTICHI
nedopmariii po3BUBAIOTHCS MOHOTOHHO. Yepes ix
TPUBAJIMHA PO3BUTOK HANpYXKCHHS, SKi BHUK-
JHMKAIOThCS HUMH, 3HAYHO PENaKkcyrTh y 4yaci [2].
TakuM 4MHOM, IPOSIB IUIACTHYHUX BIACTHUBOCTEU
0CTOHY TYT HAUTIOBHIIIHH.

Merta

Mertoro poOOTH € AOCIHiIKEHHS HANpY>KEHOTO
CTaHy MOAW(IKOBAHOTO MOHOJIITHOTO OETOHY
MPUPOTHOTO TBEPAHECHHS. 3aBIaHHS JOCIIIHKCHHS
monsArae B 3amoOiraHHI BUHUKHEHHIO TEXHO-
JIOTIYHUX TPIIMH B KOHCTPYKLIAX Big TeM-
nepaTypHO-ycaakoBuX aedopmaniii 6eToHy B Mpo-
1eci Horo TBEpIHEHHS.

MeTtoaunka

JIIst JOCATHEHHS MMOCTaBICHOI METH BHUKOHAHI
MOCIIKEHHST  (opMyBaHHS ~ MIKPOCTPYKTYPH
Monu(pikoBaHOI [EMEHTHOI MaTpuii OeToHy
3 BU3HAYCHHSM MEXaHI3My 3HIKCHHS TPIlUHO-
YTBOPEHHSI; BU3HAYCHI METOAM HAIINHOI OI[IHKU
nehopMaTHBHUX XapaKTEPUCTUK OCTOHY.

PesyabTaru

Po3BUTOK BHYTpIIIHIX HAaNpy>KeHb MMO-Pi3HOMY
BIUIMBAE Ha BIACTUBOCTI OeToHy. [Ipu HapocTaHHI
TeMITepaTypHO-YCaAKOBUX nedopmMamii y daci
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1, OTKe, TIpU 30UTBIICHH] CTPYKTYpHHUX HANpyKEeHb
y  IEeMEHTHIH  OOOJOHIII  HABKOJO  3epeH
3allOBHIOBa4a  MOXYTh  pPO3BUBATHCS  JBa
MPOTHJICKHHUX MPOIECH: 30HA TUIACTHYHOTO UIHHY
a0o 30Ha TPIMIKH.

MoXIUBICTh OyAb-SKOTO 3 HPOLECIB 3aJICKUTH
Bi MIHOCTI 1 TIPYXHHX  XapaKTepUCTHUK
Matepiany. BHKOPUCTOBYHOUM TEOPi0 MII[HOCTI
marepiany [3-5], ymoBa yTBOpEHHs IUIACTUYHOT
30HM HaBKOJO 3€pHA 3allOBHIOBAYa 3alUIIEThCS
Y BUTIIAI

T — V .AE (t) < knn RI
mac1+V +1—V -2
Kl K2

@)

VYMOBY T0YaTKy YyTBOPEHHS 30HH TPILIMH
3alUIIeMO, BHUKOPHCTOBYIOUHM 3alexHICTh Depe
JUTsL MILTHOCTI OeTOHY Ha po3Tsr [2]

e (1+2V)-0,5-AE(t) 1,7
T v 1V ‘E\/E'
K1 K2

)

3BifICH BUPA3UMO 3aICKHICTh AE !
a) 3 YMOBH yTBOPEHHS ITACTHYHOI 30HU —
KR (1+V 1=V

AE,, = : + ;
2V K, K,

@)
0)3 YMOBM yTBOPECHHS 30HU TPILLIHH —

AE,, =3fRE[ L+ 5

=
Ky K,

BoueBuip, AN MO3UTHBHUX — TEMIIEPATYp
rpaHuyHi aedopmalii TPILMHOYTBOPEHHS 3aBXIH
3HAYHO MeHIIe JedopMalii MIacTHYHOrO TUTHHY.
B o06macri HepeanbHHX cKIaAiB 6eTony npu V> 0,8
MOMJIMBUM TPOSIB  TUIACTHYHOTO TUIMHY TIpH
HU3BKUX 3HAYECHHAX R/ K, ToMy B mOZaJbIIOMY

(4)

CIi pO3TIISAIATH JIWIIIE YMOBY TPIITMHOYTBOPECHHS
AK HaWOUIbII WMOBIPHMH HACHIJOK 00 €MHHX
nedopmariiit 6eTony.
PiBasiHHS ~ piBHOBarm
€IeMEHTa, BHJIUICHOTO 3
3aMmoBHIOBaYa, Ma€e BUTIISL [5]

Uis  cepuIHOTO
00OJIOHKM HABKOJIO

2'(Gp—GT)+rddGrp=O (5)

Jie I — paaiyc 000JIOHKH €JIEMEHTA.

Jnst 3o  TpimmH npu  o; =0  micad
PO3/IUIEHHSI 3MiHHUX BOHO HalyJle BUTIISAY
do dr
o ©)
(¢ r

p
IHTerpyroun ofepkaHe pIBHSIHHA Yy Mekax
asr<r,nge It —paiiyc 30HU TPilllUH, 3HAHAEMO

Incrp =-2Inr+InH . 3Bigcu o

H
b :F . Buxopuc-

TOBYIOYM TPaHUYHI YMOBH, BH3HAYUMO JOBLIbHY

NOCTIHHY IHTETPYBaHHS TPH [=a, G, =0C,.

H :cspa‘d2
4 )

3BixcH, BpaxoByIOUH & :E; ocra-

2

TOYHO G, =G F PiBHSHHSA cripaBeIMBE JTUIIIC
r

pa

y M@Xax 30HH TPill[HH.

PanmiansHi Hanpy>XeHHS HAa MEXi TIPYKHOI 30HU
1 30HHM TPIIIMH PiBHI MDXK CO0O0, & TaHICHINATbHI
HaNpYXEHHS NpH I =I; y I'paHUL PiBHI MIITHOCTI
Matepiaqly Ha pO3TAT Yy JaHUd MOMEHT 4acy
tio; (t) = Rp (t) . 3 1i€i YMOBH MO>KHA BU3HAYHUTHU

paziyc 30HH TPIIIHH

3
Ir

V. 1+2ﬂ3d3 AE(t)
G‘(T):Z S (v vy e O
n3d3 Ky K
x(1+0,5¢,)
Tyr npuithato b=n-d. TIlpu wubomy
KoedilieHT 1 MoXe OyTH BH3HAuYeHHWHA 3a
BEIMYMHOIO BIJHOCHOTO BMICTy 3allOBHIOBada

. 1
B OJMHUILI 00’ eMy OeToHy V M =—F——.
23V
Paniyc 30HM TpIIIMH HAaBKPYIW 3allOBHIOBaYa
JIOPiBHIOE

I —dx
==
2
X l - AE, (8a)
2 —p~(1+V)+—p-(l—V) —AE, -V
K, 2
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3 omeprkaHoi GopMyII BHIHO, IO PO3MIip 30HU
TPILIMHOYTBOPEHHS 301IbIIYETHCS 31 301IbIICHHIM
po3mipy yacTHHOK 3aroBHIoBava (d) i gedopmariii

AE(t). 3anexuicts (8a) MoOkHA CIPOCTHTH,

MpUiHSABIIM, Hanpuknaa, K;=K i ?p =Eq

d AE(0)
=32 4Eq(1+0,5¢,)—2AE(t)-V (89)

BukoHaemMo aHamiz pajianbHUX 1 TaHTEH-
[iabHAX HANpy>XeHb y TPYKHIA 30HI 0OOJIOHKH
3aII0BHIOBAYA.

VY Teopil mpyKHOCTI PO3MIISHYTO 3ajady Mpo
Halpy>XeHUil cTaH B OCECUMETPUYHUX TijlaX, 3 SIKOi
BIZIOMO:

du 2A
E =—=—+8B, 9a
Podr r (%a)
u A
Ep=—=—3+B, (96)
r r
ne U — pagianbHe 3MIMIEHHS JaHOI TOYKH
eJIeMEHTA.

000JI0HI],
3akoH ['yka,

HampyxenHs B PO3YUHHIM
BUKOPHCTOBYIOUM  y3arajlbHCHUM

JTIOPIBHIOIOTH:
E,
c,=—— 2u,E; +(1-,)E _, |, (10a
p 1‘“1—2H12[ By +( Hl) pl]( )
E,
or=————E.+u,E_|. 100
T 1‘“1_2M12[T W p:| (1006)

IMigcrapnsrounn B piBHaHHA (10) 3HaueHHS
BigHOCHHX nAedopmariiii 3 (9), orprMaemo

E,
Op=7—— 7%
I-m -2y
2A
{_F.a—zw)m(nm)}, (11a)
E, A
oy =——| —=-(1-2n, )+ B(1+ . (116
= A2 B | @19
Juns  ommcy — BIIACTHBOCTEH  Marepiaiy,

SKBIBaJICHTHOTO TPUUHATIA CTPYKTYpHiH Mozeni,
HEOOXiJIHO 3HAWTH CiM TMOCTIHHMX I1HTErpyBaHHS,
nilicHux s koxkHoro mapy (4, B, A1, By, Aa, Ba,

Az). Ims  1BOTO  BUKOPHCTOBYIOTBCS — YMOBH
PIBHOCTI Ha CTHUKY KOXXHOTO WIapy eleMEeHTa
pamianbHux 3cyBiB (90) 1 Hampyxenp (1la)
Y BUTIISII

U=Ar+Br? o, =3KA-6L-K-Br?, (12

ne K — o0’eMHHl MOIyIJb TIPY>KHOCTI MaTepiainy
JaHOTO 1IIapy; A — T[apaMmeTp IONepevHoi
MPYKHOCTI.

HaBeneni  piBHSHHS  CHpaBeUIMBI  JIHIIE
y mapax eJeMeHTa BUIbHUX TpilmuH. [l 30HH
TpiluuH, A€ npuiiMaetbcs ymoBa o7 =0,
BH3HAYMMO HOBI iHTerpanbHi ¢popmu piBHsaHb (12)
3 HACTYITHUX YMOB.

Ipu o; =0 i3 3arampHOrO 3aKoHy Iyka
caiaye:

E _Z abo E; =— %p (13)
PTR T HE-

BupasuBmu pagianeHy aedopmaiiiro  gepes

. U y
MEPEMILICHHA Er = d_ , BHAUJAEMO.
r

c =d—U-E.

Podr (14)

Opnepxxana 3anexHicth o, Bigx U, a Takox

p
piBHsHHs piBHOBard (5), J03BOJISAIOTH 3allMCATH
PIBHSIHHSI CIIUTBHOCTI AedopMaIliii Ha TiISHIT MiX
TpillMHAMMU:

dU 2 dU

dr® r dr

[arerpyBanHs oOTpuMaHoro augepeHIiiHoro

PIBHSIHHS  JIPYyroro IMOPSAKY MNPU3BOJUTH  JIO
3aJIeKHOCTI:

0. (15)

U=A+Br. (16)

g BimmrykanHs A i B HeoOXimHO B JaHOMY
BU3HAYHWKY 3aMiHUTH  BIAIMOBIHO  TepIIWi
1 ApYTHIA CTOBIIIII TIPABOIO YaCTHHOIO PiBHSIHb.

K BH3HAYeHO 3 (QOpPMYyJH, OJIepKaHOi

3 yMOBH, IO I; =a

max

K — KlKZ

K, = (K = Ky) Vo )
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pu V=0 K
Knax = K; -

[ocriiini inTerpyBans A 1 B m03BonsoTH
BUPIIIYBaTH LTy HU3KY 3aBIaHb. Bupasu s

mx =Ky a mpu V=10

BU3HA4YEHHs mHocTiiHux mnpu I =0 micnsa
€JIEMEHTapHUX CIPOLICHb MAalOTh BUTIIAL!
A=f<sy -3p°—(1-V)/K, -V K,
3
(18)

|3=—3<syb3-£
K

1

BukopucToBytoun 11i 3Ha4eHHs B piBHsHHI (11)
CHIIBHO 3 KPUTEPIEM TPIIIMHOCTIMKOCTI, a TaKOX
3anexkHicTh (17), MOXIMBO OOYHMCIMTH YMOBHU
30epekeHHsI CYyIITFHOCTI MaTepiaiy, 1o 3ajJekaTh
BiJl BEJIMYMHM TPAHUYHUX YCAIKOBUX Je(opmMarii
OeToHy.

3amnumnemMo PIBHSHHS TaHTEHI1aTbHUX
HaNpYXXEeHb I BUMAJKY T[OBHOTO PO3KPUTTS
TPIIIMHA B PO3YMHHIA  obomoHHmI  Ir =Db,

a AE, Bupa3uMo yepe3 rpaHHYHY yCaKy PO3UHHY

i o0’emHe HacWiyeHHS OCTOHY  KPYITHHM
3aloBHIOBaYyeM. Toxi  AificHI  TaHTeHLiaIbHI
HAMpYXXEHHS 3 ypaxyBaHHsIM iX penakcarii
JIOPIBHIOBATUMYTh

3V |AE
o = 1 V[l]V =R,, (19)

+ p—

2l —+——|S

Ky K,
me S — GyHKOIA penakcarii BHYTPIIIHIX
Hanpy>KeHb, PiBHA JJI TEPMIHY TBEpAHEHH: 28 1110
S=1+0,5¢, (20)
TYT ¢, — XapaKTepUCTUKa  MOB3YyYOCTi,

MPUIMAETHCS I TEPMIHY TBEpIHEHHS OeTOHY 28
ni6 pisaoro ¢ =2,0.

Busznaunmo BEITUYUHY TaHTeHIIATbHUX
Halpy>keHb K (YHKIIO 00’€MHOTO HACHYCHHS
OCeTOHY KPYITHUM 3aIlIOBHIOBAYEM

B 3-Ep-K-V-(1—V)
o = ,
2-S-[(1-V)+nV ]x

x[(1+V)-n+(1-V)]

(21)

ne E, — ycaakoBa jedopmanis pO3YMHHO]
000JIOHKH O€TOHY; N — BIJHOIICHHS MOJYJIiB

00’eMHOT TIPY)KHOCTiI 3allOBHIOBaYa 1 pPO3YUHY
n=XKe
Ky
i 1bOro HEOOXigHO BU3HAYMTH TOXIIHY
do/dV i npupiBasTH T Hym0. OgHaK, OCKITBKH
B 3araJlbHOMY BHUIJISAJI TOXiJHE PIBHSHHS JOCHUTh
TPOMI3JIKE, TO 1€ CKJIaJHE CTAHOBHIIEC MOXKHA
00iliTH, Jaro4W BeNWYMHAM 7 TI€BHE 3HAYEHHS
1 au(epeHIIoloYd  KOHKpPETHE PIBHSHHS IPH

JaHoMy 3HaueHHi n. Hampuknax, npu n=1
TaHIeHLialbHI HANPYXEeHHS TOPIBHIOIOTH
3-E, -K
p 2
oy =—V-(1-V).
Y
TaxuMm unHOM,
3-E -K
d_cz#.(l_zv)zo,
dv 4S
sBigku  mpu  n=1V, =0,50; ananoriuno
n=2,Vym =0,38.

onm

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

1. BcraHOBIEHO, IO KOMIUIEKC CTPYKTYPHHX
ocobOMBOCTE MOAM(IKOBAHOTO OETOHY IIpH
nepefavdi  HAaBaHTKEHHS  TPU3BOJUTH IO
(opMyBaHHS IIMPOKOI 30HHM TepeApyHHYyBaHHS,
3MaTHOI TIOTJIMHATH 3HAYHUKA O00’€M TpyXKHOI
eHeprii medopmarii, mo 3ade3nedyye OTpUMaHHS
MPOEKTHUX JIeOPMAaTHBHUX BIACTHBOCTEH OCTOHY
CHeLiaIbHOTO TIPU3HAYCHHS.

2. OTpuMany MoAaiblIMiA PO3BUTOK YSBICHHSA
PO BU3HAYEHHS KPHUTEPII0 TPIIIMHOYTBOPEHHS
MOIM(hiKOBaHOTO Oerony, 10 TBEpJHE
y IPUPOJHHUX YMOBAX.

OtpumaHi pIiBHIHHS JO3BOJISIOTH BHPIINIUTH
MUTaHHS TPO MiHIMaNbHUI PiBEHb CTPYKTYPHHUX
HaNpy>XeHb Y MOHOJITHOMY OETOHi NpH MEBHOMY
HAaCHYCHHI Or0 KPyITHUM 3alIOBHIOBAYEM, a TaKOXK
OLIHUTH BIUIMB CTPYKTYPHHUX HampyXeHb Ha
BIacTUBOCTI OeroHy. lle m03BONUTH BUPIIIUTH
HHU3KYy TEXHOJIOTIYHMX 3aBJaHb TP 3BEACHHI
MOHOJITHHUX OyIiBETIb.

BucnoBxu

1.V 3BuuaiiHux O€TOHaxX 3 BIIHOCHO TOHKOIO
[EMEHTHOI0 OOOJIOHKOIO TP  TEMIIepaTypHO-
ycagkoBux aedopmaiisix BHHHMKAIOTH  BHCOKI
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NCCIIEJOBAHUE HAIIPAKEHHOI'O COCTOAHUA
MOINPUIINPOBAHHOI'O MOHOJIMTHOI'O BETOHA

Heab. Crarhsi NOCBSILEHA MCCIIEJAOBAHUIO HANPSDKEHHOTO COCTOSHHSA MOAM(HIMPOBAHHOIO MOHOJIMTHOTO
OeroHa ecrecTBeHHOrO TBepjaeHHs. Metoauka. J[1si TOCTHXKEHUS ITOCTABICHHOW LIENN IPOBEACHB! UCCIEA0BaHUS
MHUKpPOCTPYKTYpHl MOAW(GUIMPOBAHHONH IIEMEHTHOM MaTpHIbl OETOHA, MeXaHHM3Ma CTPYKTYpooOpa3oBaHuUs
MOJU(UIIMPOBAHHOTO OETOHAa ECTECTBEHHOTO TBEPJCHUS; ONpPEJeNICHbl METOAbl Ha/IeKHOH OIEHKH HPOYHOCTH
O6erona. PesyabTarhl. Pa3BuTHe BHYTpPEHHHMX HANpPSOHKEHHH IO-pasHOMY BIHMSIET Ha cBoWcTBa Ocrona. Ilpm
HapacTaHWM TEMIIEPAaTYypHO-yCaJOUHbIX JAedopManiii BO BpPEMEHH W, CJIEJOBATENbHO, IPH YBEIHYCHUH
CTPYKTYPHBIX HAIIPSHKEHHH B ILIEMEHTHOW 00O0JIOYKE BOKPYT 3€PEH 3alloJIHUTENsI MOTYT pa3BHBAThCA [Ba
MPOTUBOIOJIOXKHBIX MIPOLIECCa: 30Ha INTACTUUECKOTO TEUEHHs WM 30Ha TpeuinH. HayyHass HOBU3HA. Y CTaHOBIIEHO,
YTO KOMIUIEKC CTPYKTYPHBIX OcoOeHHOcTel MonuduuupoBaHHOro OGeTOHa NpH Iepegade HAarpy3Kd NPUBOIUT
K (OPMUPOBAHUIO OOMIMPHOW 30HBI Mpenpa3pylIeHUs, CHOCOOHOW MOTIJIOIATh 3HAYMTENBHBI 00BEM YHpyroi
9HEpruu JeGopMalyH, 4TO 00ECIIeUnBaET MOJYYEeHHE TPOSKTHBIX J1e()OPMATHBHBIX CBOMCTB OETOHA CIIEIMAIBEHOTO
HasHavyeHus. [lonmyunnu nanpHeliiee pa3BUTHE MPEACTABICHUSI 00 ONpENesIeHUH KPUTEpUsl TPEIMHO00pa30BaHuUs
MOJM(UIIMPOBAHHOTO OETOHA, TBEPZCIOIIEr0 B E€CTECTBEHHBIX YycnoBusX. I[IpakTHdeckasi 3HAYNMOCTD.
[onmy4eHHple ypaBHEHHS TO3BOJIAIOT PEUIMTH 3aJadyy O MHHHMMAJIBHOM YpPOBHE CTPYKTYPHBIX HaNpsDKEHHUH
B MOHOJIUTHOM OETOHE IIPH OINpEJEICHHOM HACBHIIIEHUN €T0 KPYIHBIM 3aI0JIHUTENEM, a TaKXKe OLIEHHUTH BIUSHUE
CTPYKTYPHBIX HAamNpsOKCHWH Ha CBOicTBa OcToHa. B OOBIYHBIX OETOHAX C OTHOCHUTENFHO TOHKOW IIEMEHTHOM
000JI09KOI TIpH TEeMITEpaTypHO-YCaJOYHbIX Ae(OPMAIMIX BO3HUKAIOT BHICOKHE TaHI'CHIMAIbHBIC M HEOONbIINE
paauaigbHbBIC HANPSDKEHUS. B ecTeCTBEHHBIX YCIOBUSAX 3TH HANpPSDKEHUS BBIIIE B PE3YJIbTATE IMOBBILICHNS 3HAUCHUH
Ag(t), gero He HabmromaeTcss B MOAU(DUIMPOBAHHBIX OeToHaX. B MomudUIMPOBaHHBIX GeTOHAX HAUOOIBIIYIO
OMAacHOCTh MJISI CTPYKTYpPbl TPEACTAaBISIOT TOIBKO TAHICHIMAJIbHBIC HANpsDKeHUs. VI3MEHEeHue ycaJOdHBIX
HaNpsDKeHUH BO BPEMEHM MMEET OJHO3HAuHbIN xapakTep. CyMMapHbIE TEMIEpaTypHO-yCaJOuHbIE Ie(opMannu
HUMECIOT MUI000pa3Hklid rpaduk. s MoaudunrpoBaHHOro OeToHa aMILIUTYAa KosieObanuit Ha 48...53 % Menbiie.
3TO MO3BOJIMT PEIIUTH Pl TEXHOJIOTHYECKUX 3a71a4 MPY BO3BEJICHUN MOHOJIMTHBIX 3/IaHUH.

Kniouegvie  cnosa: MomuuIUPOBAaHHBIH  OETOH, MOHOJHTHBI OETOH, HANpPSDKEHHOE  COCTOSHHE,
nedopMaTuBHBIE XapaKTEPUCTHKH

D. V. RUDENKO"

Dep. «Urban Construction and Management», Zaporizhzhia State Engineering Academy, Lenin Av., 226, Zaporizhzhia,
Ukraine, 69006, tel. +38 (098) 214 04 85, e-mail veberc@ukr.net, ORCID 0000-0003-0827-042X

RESEARCH OF THE STRESS STATE OF A MODIFIED
IN-SITU CONCRETE

Purpose. The article focuses on investigation of the stress state of a modified in-situ concrete of natural
hardening. Methodology. To achieve the aim, the research of the microstructure of the modified cement matrix of
concrete, as well as the mechanism of structure formation of modified concrete with natural hardening was
conducted; the methods for reliable evaluation of concrete strength were defined. Findings. The development of
internal stresses affects the properties of concrete differently. With an increase in temperature-shrinkage
deformations in time and, thus, with increasing structural stresses in the cement sheath around the grains of the filler
two opposite processes may develop: zone of plastic flow or cracking. Originality. It was established that the
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structural features complex of the modified concrete when the load transfer leads to the formation of extensive zones
of prefracture which is able to absorb a significant amount of elastic strain energy that provides the design
deformation properties of the concrete for special purposes. Ideas about the definition of the criteria of cracking
modified concrete, hardening under natural conditions had further development. Practical value. The resulting
equations allow to solve the problem about the minimum level of structural stress in monolithic concrete in
a saturated large placeholder, as well as to assess the influence of structural stresses on the properties of concrete. In
normal concrete with a relatively thin cement sheath at temperature-shrinkage deformations, high tangential and low
radial tension occur. In vivo, this stress is higher as a result of higher values of Ag(t), which is not observed in the
modified concrete. In the modified concretes only tangential stresses are the greatest danger to structures. The
change of shrinkage stress with time is straightforward. The total temperature-shrinkage deformations have
a sawtooth graph. For modified concrete the amplitude is 48...53% less. This will allow solving a number of
technological challenges in the construction of monolithic buildings.
Keywords: modified concrete; in-situ concrete; stress state; deformation characteristics
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BaHTaXiB.

M. M. Binaes, M. O. Onaoino

[Ipobaema 3HECEHHS BYT1JILHOTO MTUITY.

M. M. Finaes, M. O. Onaoino

UwncenbHI MOJEII IS TIPOTHO3Y 3a0pyIHEHHS aTMOC(EPHOTO MOBITPS BUKAIAMHU

ABTOTPAHCIIOPTY.
M. M. Binzes, O. C. Cragincoka, P. B. Kupuuenxo

Exonomika Ta ynpapJ/iHHS

Hanpsmku po3BUTKY eKCTpeMalbHOTO Typu3My B YKpaiHi.

JI. B. Mapyemniok

Crparerisi iIHHOBAIIHOI TisSTIHOCTI MPOMUCIIOBUX i ATIPUEMCTB.

M. C. Kpasuenxo, H. B. Mapuenxo

CrpaxoBuii puHOK YKpaiHu: CydacHHI CTaH Ta MPOOJIEMH PO3BUTKY.

JI. B. Mapyenwk, O. B. Yopnosgin, K. B. bina, A. O. Yoosuuenxo, Anyn Kymap
Hlapma

BrockoHaneHHS! CHCTEMH TEIUIONIOCTaYaHHs CTy IMiCTeUKa

YMaHCHKOTO HAIliOHAJIHHOTO YHIBEPCUTETY CaJ[iBHUIITBA.

A. @. ['onoguyx

[MixuieHHs epeKTUBHOCTI pOOOTH CUCTEMH TETUIONOCTAYaHHS
iH(pacTpyKTypu rpoMasicbkuxX OyniBens Ha mpuknani JJHY3T.

O. M. ITwinvxo, B. I'. Ky3neyos, /. K. Hyenxo, B. O. 'abpineys
3acTocyBaHHS pEHTHHTOBHX MOJIENEH Ta iHPOPMAIiIfHUX TEXHOIOTiH

IUIs1 YIIPaBJIiHHS aIMiHICTPaTHBHO-TEPUTOPIaIbBHUIMU KOMIUIEKCaAMH.

O. M. ITwinvro, B. B. Cxano3zy6

Po3BuTOK crcTeMu yIpaBIiHHS SIKICTIO TIOCTYT MMAaCaXKUPCHKUX MEPEBE3CHD
MiANPUEMCTB 3aTI3HUYHOTO TPAHCIIOPTY.

M. B. Pyoenko

TexHiK0-eKOHOMIYHA OITIHKA BUKOPUCTAHHS KOJIiC ITePCIEKTUBHOT
KOHCTPYKTHBHOI CXEMH JJIs1 PSUKOBUX EKIMaxKiB.

C. O. Cemenos, €. B. Muxatinos, O. I'. Petioemeticmep

[Ipe3eHTallis KOHIIEHTpAIlil BAHTAXXHOTO 3aTI3HUIHOTO PUHKY IIOI0 Ta30BOTO
PHHKY 32 JIOTTIOMOT 00 iHAekcy Xepdinmans-Xipumana.

b. @apkac

Excruryaraniss Ta peMOHT 32c00iB TPAHCIIOPTY

Y n0cKOHaNIEHHS TEXHOJIOT1] PEMOHTY CIIeI[iajli30BaHUX BAHTAXKHUX BaroHIB.
B. M. Bybnos, 1. IO. Keban, M. b. Mankxesuu

BusHaueHHs eHepro3aomapKy0unX peKUMIB BEJICHHS MTOT3IiB.

J. M. Kucrui

JlociaKeHHsl CTPYKTYPH BarOHOIIOTOKIB 10 MPUOYTTI Ta BiAMpaBiIeHH]
COPTYBaJbHOI CTaHIIi X.

I'. I. Hecmepenko, M. I. My3uxin, B. JI. ['opobeys, C. I. My3ukina
JlocmiKeHHS TPOITYCKHOT CIIPOMOXHOCTI COPTYBaJIbHOT CTaHIII.

C. I My3zuxina, M. I. My3uxin, I". I. Hecmepenxo
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BuzHaueHHs MOTIMHAHHS €HEpPTii TaCUTENeM KOJIMBaHb BAHTA)KHOTO BaroHa
B aBapiifHOMY peXuMi pyXy.

A. B. bonicenapcokuii, FO. I'. Cobonescora, C. C. [loseaniox, A. B. bamiz
Y nockoHaneHHs TeXHOMIOTii pobotu binopyckkoi 3ami3Huii B yMoBax
3aCTOCYBaHHS €JIEKTPOHHHUX TOKYMEHTIB.

M. M. Konoc, M. A. I'onuap

JlocIipKeHHS BIUIMBY TEXHIYHOTO CTaHy TaJbMOBHX YIOBIJIbHIOBAYIB

Ha MepepoOHy CIIPOMOXKHICTh COPTYBAIBHUX TipPOK.

. M. Kozauenxo, C. B. I pesyos, T. B. bonsanoscvka

3HMKEHHS IBUAKOCTI BiJJUEIIB HA IIOYATKy COPTYBAIBHUX KOJIMH,
OCHAILICHUX CUCTEMOIO PO3MOIIIEHOTO PEryIOBaHHsI LIBHIKOCTI.

O. A. Haszapos

Po3paxyHOK onTUMaNBHIX IHTEPBATIB I BHOOPY PEKUMIB B3a€MOI{ CTAHIIIH

Ta KOJIiH He3arajJbHOTO KOPUCTYBAHHS.
1. O. €nosuni, €. M. ITomunkin

BuxopucranHS MiKpOKOHTPOJIEpA TSI BUMIPIOBAaHHS YaCTOTH 00EepTaHHS Baja

TiIpaBIivHOI Iepeadi TemIoBo3a.

1 B. XKyrxosuyvkuii, 1. A. Knrownux

[Iporao3yBaHHS OIIHKK XapaKTEPUCTHK HOBUX TPAHCIIOPTHUX 3aCO0iB.
0. C. Kpaweninin, O. B. Knumenxo, O. B. I[lonomapenxo

EnexTpuuHuii TpaHcnopT

AHaJi3 muTaHb eHepPro30epekeHHS Ta eHEProehEeKTUBHOCTI
MiJ] 9ac eKCILTyaTallii pyXoMoro CKjaay METPOIOJITeHY.
A. B. llonuenxo, A. O. Cyaum, O. C. Ciopa, O. O. Menvnuk, B. B. @edopos

Monens mporecy peanizallii TAroBoi CHIIH JBUTYHA MarHiTOJNEBITYIOYOTO T0i3/a.

B. O. llonaxos, M. M. Xauanypioze

EneproszbepexeHHs IpH eKcIutyartanii B JOKOMOTHBHHUX AETIO MIPUCTPOIB
13 HEpeTryJIbOBaHUM EJIEKTPOIIPUBOJIOM.

JI. B. [Iyouneys, O. JI. Mapenuy, O. IO. baniiiuyk, A. C. Kopmozy3
ABTOMaTH30BaHHH BUMIpPIOBAILHIH KOMITICKC IS BAKOHAHHS
MpUiiMaIbHO-37aBATLHUX BUMTPOOYBaHb TATOBUX EIEKTPOJIBUTYHIB
MOCTIHHOTO Ta MyJIBCYIOUOTO CTPYMY.

A. 1O. Jlpybeyvruii

SaJiZHUYHA KOJIif

MopemtoBaHHS TPOIECY PO3BUTKY BEPTUKATLHUX medopmMariiil 3ami3HIIHOT
KOJTii.

. M. Kypean

BcTanoBneHHS JOMMyCTUMHUX MIBUAKOCTEH PyXy IMOI31IIB 110 KPUBOTIHIHHIX
CTPUIOYHHX IEepeBOIaX.

O. M. Ilamnacos, C. O. Toxapes, €. O. [lamaacos

OOrpyHTYBaHHS BHOOPY MOJIENI 3MIHH JieIEKTPUYHUX BIACTHBOCTEH
HECYIUTPHUX CHUCTEM.

JI. B. Tpukos, 1. B. baciany

JlocikeHHS TTepeI4acHOTO pyHHYBaHHSI 3a1i300€TOHHHX 1IN Ha
MarictpanbHuX Komisx [TAT «Ykp3ami3Hutis.

B. B. Kosanenxo

[epcnextuBu yknanauns ckpimwienss tuny CK/l 65-b B KpuBUX AiISHKAX KOl

Majioro paiiyca.

M. I1. Hacmeuux, P. B. Mapkynv

ExcrniepuMeHTabHI JOCIIIKEHHS B3a€MOZIT KOIIi Ta pyXOMOTo CKIIany
B MeXax 3°131y.

M. A. Apbysos, O. M. [lamnacos, C. O. Toxapeg
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Po3paxyHOK XapaKTEpHUCTHK KOPCTKOCTI Ta MPY>KHOCTI pEMKOBOI HUTKH
MIpH KpyYeHH] IMiJT Ai€10 BEPTHKAIBHUX 1 TOPH30HTANBHUX CHJL.

E. I Jlaninenko

JocnimKeHHs aepoJUHAMIYHOTO TUCKY TIPH NMPOXOIKEHHI BUCOKOLIBHIKICHOTO
moiz3a.

C. T. [Icabbapos

OCHOBH MaTeMaTHYHOTO ONKCY XBHIBOBOT MOJIEJi IOIMIMPEHHS HANPYyKEHb
y 3aNli3HUYHIH KOl

. M. Kypean

JXKopcTkicTh NPUKPITUIIOBAaYiB MPOMIKHUX CKPIIUICHB IE€PEB’ STHUX LITTal
IpH Aii TOPU30HTAIBHUX TIONEPEUHUX CHIL.

O. M. Jlapencoxuii, fO. JI. Tynet, /. O. Ilomanos, A. C. Maniwescovra

Indopmanilino-komyHikauniifHi TeXHOJIOTIi Ta MAaTeMaTHYHE MO/1ETIOBAHHS

KoncrpykTrBHa MOAENb aganTamnii CTPYKTyp AaHUX B ONEpPaTUBHiM mam’ATi:
Yactura [. KoHCTpYIOBaHHS TEKCTIB IIPOTPaM.

B. I. Hlunxapenxo, I". B. 3abyna

Mozens aBTOMaTH30BaHOI CUCTEMH MIATPUMKU NPUHHATTS pillieHb
IHUCHIETYEPCHKOTO YIIPABIIHHSA MICHBKHM NacaXUPCHbKUM aBTOTPAHCIIOPTOM.
B. A. Jlaxno, B. M. Cobuenko

Amnari3 rpadika BHKOHaHOTO pyXy B iH(opMaLiiiHii cucTemi

AT «Yxp3ami3HHALS»: TEPCIEKTHBH PO3BUTKY.

C. M. Osuapenko

[Ipo BUKOHAHHS CKJIQJHUX OTEpalliil y HENO3UIIHHINA CHCTEM] YHCIICHHS
3aJIMIIKOBUX KIIACIB.

0. []. Honicoxuii

KoncTpykTrBHA MOAETH afanTamii CTpYKTyp JaHUX B ONCPATUBHIM mam’ATi:
Yactuna 1. KoncTpykTopu crieHapiiB i mpoueciB aganrarii.

B. I Hlunxapenxo, I'. B. 3abyna

IIpo nepeTBOpeHHs NPEACTABICHHS YUCENl Y 3aJIMIIKAX 13 OHIET cUCTEMHU
MOJTYJIiB B iHIIIY.

0. []. Honicoxuii

MopemtoBaHHS MOIA(DIKOBAaHOTO METOY aHATI3y iepapXiit 3acobaMu
KOHCTPYKTHBHO-TIPOAYKIIHAX CTPYKTYD.

T. M. Baceyvka

MozentoBaHHS TEMIIEPATYPHUX IOJIiB Y TBEPAOTIIBHUX TETJIOBUX
aKyMyJIATOPax.

C. C. benimenxo, B. O. Iwyenxo, B. O. I'abpineys

KoncTpyKTHBHE MOZIETIOBaHHS 30HU PO3MOAUTY €HEprii peKkynepauii TsIru
MTOCTIHOTO CTPYMY.

B. I. Hlunxapenxo, O. I. Cabnin, O. 1. Isanos

[IporHo3yBanHs 00csry MepesxeBoro Tpadiky B iHpopMaLiiHO-
TeIeKOMyHiKamiiHii cucteMi [IpuaHIIPOBCHKOT 3aTi3HUITI

Ha OCHOBI HEHPOHEUITKOT MepexKi.

B. M. Ilaxomosa

Marepiajio3HABCTBO

BruimB XiMiqYHOTO CKJIaIy BUCOKOXPOMUCTUX YaBYHIB Ha 0OpOOIIOBaHICTh
pi3aHHIM.

B. B. Hempebko

BB TemriepaTypu caMOBiAITycKa Ha MIITHICTh AMCKA 3aJII3HUYHOTO KoJieca
MICJISl MPUCKOPEHOTO OXOJIOMKEHHS.

JI. I. Baxynenxo, /]. M. Boromosa, C. B. IIpoiidax, M. A. I puwenxo,

1 O. Bakynenxo

Jo nuranns yrBopeHHs kap6iniB Fe;C ta Fe;C; y BUCOKOXpOMHCTHX YaByHaX.
B. B. Hempebko
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[lepeBaru ekcrpec-MeTo1y BU3HAUCHHS MacH OKAJIMHU 1 3HEBYTJICIILOBAHOTO
nrapy OyHTOBOT'O MPOKATY.

E. B. Ilapycos, O. b. Cuuxos, C. I. I'yoenxo, 1. M. Yyiixo, JI. B. Cacypa
VYMOBH 3a0€31eUeHHs SKOCTI BiTHOBIICHMX HAIUIABICHHSIM 3QII3HHYHHUX KOJIIC.
0. A. I'atisoponcwvruil

B XiMigHOTO CKJIaay YaBYHY Ha po3moAil Mn moMixk dhazamu.

B. B. Hempeoko, 1. I1. Boauok

Herpaauuiiini Buau Tpancnopry. MamimHu Ta MeXaHi3MHU

JlocTimKeH ST 3aIEKHOCTI TIOTYKHOCTI TIPUBOTY CTPIYKOBOTO KOHBEEPY

BiJ] HOTO MPOECKTHUX MapaMeTpiB.

B. M. boeomas

Oco0OIMBOCTI KOJIMBaHD MPUBOJHIX MEXaHI3MIB POTOPIB.

B. C. Jloseukin, IO. B. Yosnwk, A. I1. Jlawxo

OOrpyHTYBaHHS LIEHTPYIOYOi 3AaTHOCTI HOBOT KOHCTPYKILii OapabaHiB
CTPIYKOBHX KOHBEEPIB.

B. B. Cyenobos, C. B. Paxwa, I1. A. I punvko

OuiHKa )XKMBYYOCTi METAIOKOHCTPYKILIN TIPH MOJENTIOBaHHI (pakTopiB
eKCIUTyaTaIlii.

O. M. I'ibanenxo, T. C. Tpoghumuyx

OOrpyHTYBaHHS pallioOHAIBHUX KIHEMAaTHYHHUX XapaKTEPUCTUK (HOPMYBAIBEHOTO
BiOpocTOIY.

11 I". Anoghpics

AHai3 BINIUBY NMPOEKTHUX XapaKTEPUCTUK MOXUIIOTO KiBIIOBOTO efieBaTopa
Ha MOTY’KHICTh HOTO MPHUBOAY.

B. M. bocomasz, M. B. bopenxo, C. B. [layanoscovkuii, O. O. Tkauos

Pyxommii ckan i Tara noizais

MeTo00Ti9HI OCHOBY BU3HAYEHHS €KCILUTyaTalliHHUX XapaKTePHUCTHK
HECaMOXiTHOTO PYXOMOTO CKITamy.

JI. A. Mypaosin, B. IO. Hlanownuk, A. A. Miwenxo

Bu3HaueHHs TOMYyCTUMHX CHJI P OIIHIOBaHHI CTIMKOCTI BAHTAXKHUX BaroHIiB
BiJ BUYABJIIOBAaHHSA B IOI37aX.

A. O. llseyw, K. I. XKenesnos, A. C. Axynos, O. M. 3aboromnuii, €. B. Yabaniok
3acrocyBaHHs porpamMHoro komruiekcy APM Winmachine npu npoekTyBaHHi
Ta po3paxyHKax y MallmHOOYXyBaHHI.

JI. O. Heoyorca, A. O. llseys

MogepHi3arlis Sk croci® MOMINIIeHHS BAKOPUCTAHHS YHIBEpCAILHIX BaroHiBs.
O. I'. Petioemeticmep, B. O. Kanawnuxk, O. A. [lluxynos

3aJIe’KHICTh BIACTUBOCTEH ITHEBMATHYHOI PECOPH Bijl THEBMATHIHOTO OTIOPY
JpOCeJIs.

O. I'. Petioemeticmep, A. B. Kisiuesa

[Ipo dhopMy KprBOT HaITOBHEHHS TaIbMiBHUX NJIIHIPIB Y BaHTAKHUX MOI3aX.
JI. B. Vpcynsax, I'. Batiuiynac, A. M. Pomaniok, B. [lempenxo,

K. C. Cmenyenkosa

Jlo mUTaHHS IPOAOBKEHHS KOPUCHOTO TEPMiHY CITy>KOHM BaroHiB IS
TIePEBE3CHHSI OKATHIIIIB.

B. I'. Anoghpies, O. I'. Petioemeticmep, B. O. Karawnux, B. I1. Kyreuios
CriBBiTHOIIIEHHS MiK OTIOPOM KOUYCHHIO Ta KOB3aHHIO B IINTUITHUKAX KOYCHHS.
JI. M. bonoapenxo, M. O. ba6’ax, C. O. HAxosnes, C. O. Icmin, I'. 0. Mockanwog
MoientoBaHHsI 3ITKHEHb BarOHIB IIPU CyXOMY TEPTi B OMOpPaX BaHTaXY.

C. M. Bacinves, A. JI. Kenesnsxos, JI. I1. [lenxosikosa

CreHyioBi KaTKOBI BUIIPOOyBaHHS B UeCEKOMY TEXHIYHOMY YHIBEPCHTETI.

A. Kanisooa, I1. bayep
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MaremaTuyHa MOJIE/b KOJIMBAHb KOJICHOT ITapH 3 HE3aJIC)KHUM 00EpPTaHHAM
KOJIIC B TOPU3OHTANIBHIN TUTOMIHHI.

C. B. Mawmnin, O. A. Kupunvuyk , B. C. Memuoicenxo

BukopucTanHs IIECTUTPAaHHUX CYIUIBHOMETAJICBUX caMocTonopHux FS-raitok
Y pPyXOMOMY CKJIa/Ii 3aJli3HUIs IMUPHHA Kouii 1 520 mm.

P. Kpaiic, B. C. Jlicnuyuii

I\;IMOBipHiCHO-(i)iSI/I‘-IHI/II‘/'I MIAX14 1T OIMCAaHHA Ta BU3HAYEHHS HAAIHHOCTI
BaroHiB.

JI. A. Mypaosin

TpancnopTHe OyAiBHHIITBO

B3aeM03B’ 5130k Mik TEXHOJIOTTYHUMH (PaKTOPaMH Ta OCHOBHHMH BJIACTUBOCTSIMH
MEXaHOAKTUBOBAHUX NPIOHO3EPHUCTUX OCTOHIB.

B. I. bonvwaros, M. O. €niceesa, C. A. l]epbax

CTpyKTypOyTBOpEHHS B OETOHAX IMiIPEUKOBUX OCHOB.

B. B. Kosanenro, IO. JI. 3asyw, I1. O. ITwinvko, C. B. Kosaneuxo

Briue 3BepHEHHS MaTPUIl Ha CKJIAJHICTh METOAY KIHIICBUX €IEMEHTIB.

M. Cubic, A. Cmouxesuu-Bouyexoscvra, A. llumuar-I pauix

Hanpyra cranesoi TpyOu, mpokiiaieHol B yMOBaxX HEIOCKOHAJIOCTI TpyO

Ta HEOHOPITHOCTI TPYHTY.

K. I'opcki, P. JI. Ienamoeuu

B3aemMHO 0f1HO3HAYHI HENiHIMHI TEPETBOPEHHS MPOCTOPY 3 TOTOKHOIO
TUIOIIMHOIO.

A. JI. Manuii, T. B. Yavuenxo, A. C. llepbaxk, FO. A. Ilonyousk,

T. B. Cmapoconvcobka

3HIKEHHS PiBHS KOPO3iiHOT HeOE3MeKH MPH paIlioHaIbHOMY KOHCTPYIOBaHHI
METaJIOKOHCTPYKIIIi.

O. M. T'ibanenxo

ExcniepuMeHnTansHe TOCHTiHKEHHS PO3IIOAITY TOPH30HTAIBHOTO THCKY

Ha To(ppoBaHi CTaNEBi CTIHKU CHIIOCY.

B. B. Kauypenxo, /]. O. banunixos

OriHKa BIUIMBY YKPITUIEHHS 3éMJISTHOTO TIOJIOTHA IPYHTOIIEMEHTHIMH
eJIeMEHTaMH.

B. JI. [lempenxo, O. JI. Tiomokin, 1. O. Cessmko

Beron Ha ocHOBI nucniepcHO MOIKM(iIKOBAHOT IIEMEHTHOI CUCTEMHU.

/. B. Pyoenxko

Oco06IMBOCTI KOMIUTIEKCY OypOBHOYXOBUX pOOIT MpH OYIiBHAIITBI
beckuncekoro TyHesto.

B. JI. Ilempenxo, O. JI. Tiomokin, C. T. Ilpockypus

Tumy mpoCTOPOBUX CTPYKTYPHO-BAHTOBHX CTAIC3aTi300€TOHHUX KOHCTPYKITIH.
I M. I'aciu

JlociayKeHHsT HAaNpy»KeHOTO CTaHy MOAN(IKOBAHOTO MOHOIITHOTO OETOHY.
. B. Pyoenxo
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TemaTuueckuii ykazarejb xypHaia «Hayka u nporpecc Tpancnopra.
BecTHuK /IHENMPONEeTPOBCKOI0 HAIMOHAJIBLHOI0 YHUBEPCUTETA
JKeJIE3HOIOPOKHOT0 TPaHcnopTa» 3a 2016 roa

HaspaHue cTaThu Homep
KYPH.
FO0naspeI
80 et [lladpany Jleornay MowuceeBuay .

ITamMsiTHBIE JAThI
Y4eHbI-TUHAMUK U JUHAMAYHBIN uenoBek. K 80-etuto npodeccopa
Bukropa [lanunosuya JlanoBrya.
Mamnun C. B. 5
Wmxenep, mexanuk, yaenbri. K 80-ertnto co aas poskmeHus mpodeccopa
CaBuyka Opectra MakapoBuya.
C. B. Mamnun, C. C. [{loseaniok 5

Hayka u nmporpecc TpaHcnopTa

Pa3BuTHe HanpaBieHUS «KOHIUITMOHUPOBAHUE BO3AYXa» HA KEIE3HOAOPOKHOM
TPaHCIIOPTE: HAYKOMETPUIECKUN acCIIeKT.
T. A. Konecnuxoesa, O. B. [lomunosa, C. P. Konecuuxkoes 3

ABTOMATH3MPOBAHHbIE CHCTEMBbI YIIPABJICHHs HA TPaHCHIOPTe

[ToBEIIIEHNE TOYHOCTH OTNIPEACIICHUS TTOJIOKCHIS TT0e3/1a Ha yJacTKe

MPUOIMKEHUS K TTepee3y.

B. U. I'aspuniox, O. M. Bosusk, B. B. Menewixo 1
O MeTronax pacdeTa pelbCOBBIX IIeTell C y4eTOM CBOHCTB ()eppOMarHeTHKOB

B YCJIOBHSIX BIIUSHUS ITOMEX TATOBOTO TOKA.

A. FO. JKypasnes 1
YHUGHUIMPOBAHHBIN METOJT TPOBEPKH PIEKTPOMATHUTHON COBMECTHMOCTH

MEXIY TTOABMYXHBIM COCTAaBOM M CHCTEMOM O0HApyKEHHS T0e3/a.

A. Bsnonw, JI. Adamcku, IO. @ypman 3
VYmpaBieHue CKOPOCThIO CKaTBIBAHUS OTIICTIOB NMPU YMEHBIIIEHUN TOPMO3HON

MOIIIHOCTH 3aMeITUTEIICH.

/. H. Kozauenxo, B. U. Booposckuii, C. B. I pesyos, H. . bepe3oaviii 3
VYmpasienue, KOHTPOJb, JOKYMEHTAIUS CUCTEMbI CUTHAIU3AI[UU

U ee 0€30IMacCHOCTb.

M. Kuyko 3
MoienupoBaHue YCTPONCTB CBsI3U, 00€CIICUMBAIOIINX 0€30aCHOCTh

Ha eJIe3HBIX I0porax.

M. @panexosa, I1. Jloneii 5
KoHTposb MexaHN4eCKUX MapaMeTPOB HEUTPAIBHOIO PEIIE KEJIE3HOIOPOKHON
ABTOMATHKU HA OCHOBE BEUBIIET-aHAIN3A.

B. U. I'aspuniox 6

JKO0JIOTHSI HA TPaHCHOpPTe

DKCHpecc-MeTo1 OIEHKU MOTEHIIMATIEHOTO TEPPUTOPUATIEHOTO PUCKa

TIPH aBapHsiX Ha TPAHCIIOPTE.

H. H. benses, JI. . Mynmsan 1
CFD monenupoBaHue a3pOMOHHOTO PeKUMa B pab0O4MX 30HAX B YCIOBUSIX
HCKYCCTBEHHOH MOHH3AIMH BO3/IyXa.

H. H. benses, C. I'. [{vicanxosa 1
3amuTa atMocdepsl B Ciy4ae aBapuy IPU TPAHCIOPTHPOBKE OMACHBIX TPY30B.
A. B. bepnos 1

YucneHHOE MOAEIMPOBAaHHUE PACIPOCTPAHCHNS XUMHUUECKH OIIACHOTO BEILIECTBA
IIpY aBapUM Ha XKEJIE3HOU 0pore.
H. H. benses, JI. . Mynmsan 2
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Hassanue cratbu

Komrneke yucineHHbIX MOJIeNel Il pacyeTa KOHLIEHTPAIUN a3pOHOHOB
B IIOMEUICHUSIX.

H. H. Benses, C. I'. [{picanxosa

MOHUTOPUHT pallOaKTUBHOCTH cTyaeH4eckoro ropoaka JJHYXKT.

JI. @. Jlonuna, B. I1. Kunesot, []. B. Acmaxos, H. B. Kanumbem

Brusare BHOpoakyCTHYECKUX MapaMeTpoB MOIBHIKHOTO COCTaBa Ha BEIOOD
palMOHANIBHBIX 3HAYEHHUI X0I0BOM 4acTH JTOKOMOTHBA.

1O. B. 3enenvro, JI. A. Hedyarcas, A. A. llsey

HccnenoBanue ocaxaeHus IpUMECE B TOPU30HTAIIBHOM OTCTOMHUKE.

B. A. Kosauuna

Moienu OIIEHKH YPOBHS 3arpsi3HEHUS aTMOC(EphI ITPH TPAHCITOPTHPOBKE
CBIITYYUX TPY30B.

H. H. Benses, M. O. Onaouno

[Ipobnema yHOCA YTOJIBHOH TIBITH.

H. H. bensies, M. O. Onaouno

UwrcneHHbIe MOCITH JIIS IPOTHO3a 3arpsi3HEHHs aTMOC(EpHOTo BO3ayXa
BBIOpOCaMU aBTOTPAHCIIOPTA.

H. H. Fenses, E. C. Cnasunckas, P. B. Kupuuenxo

JKOHOMHKA U yIIPpaBJICHHE

Hampasienus pa3BuTus S3KCTPEMAILHOTO Typu3Ma B YKpauHe.

JI. B. Mapyenrok

Crparerust HHHOBalIMOHHON JEATEITHHOCTH ITPOMBIIUICHHBIX TPEIIPUSTHI.
M. C. Kpaguenxo, H. B. Mapuenxo

CrpaxoBoi PIHOK YKpauHbBI: COBPEMEHHOE COCTOSTHUE U TIPOOJIEMBI PA3BUTHSL.
JI. B. Mapyeniok, E. B. Yepnoson, E. B. benas, A. A. Yoosuuenxo,

Anyn Kymap Llapma

Y coBepIIeHCTBOBaHHE CUCTEMBI TETUIOCHA0KEHHS CTYATOPOIKa

YMaHCKOro HallMOHAIBHOTO YHUBEPCUTETA CaI0BOJICTBRA.

A. @. I'onosuyk

[ToBermerne 3(hPeKTUBHOCTH pabOTHI CUCTEMBI TEIIOCHAOKCHHSI
MHQPACTPYKTYPHI OOIIECTBEHHBIX 3aHuil Ha mpuMepe JHYXKT.

A. H. ITwunvrko, B. I'. Kysueyos, /1. K. Alyenxo, B. A. ['abpuney
[MpuMeHeHue PeUTHHTOBBIX MOAeIel M HHPOPMATUOHHBIX TEXHOIOTUH

JUTS yTIPABJICHUS aIMAHUCTPATUBHO-TEPPUTOPHATHHBIMI KOMITJIEKCAMH.

A. H. Iwunvro, B. B. Ckanosyo

Pa3BuTHE cUCTEMBI yIIpaBIIeHUS KaueCTBOM YCIIYT MAaCCAXUPCKUX MEPEBO30K
MPEPUATHH JKETe3HOJOPOKHOTO TPAHCIIOPTA.

M. B. Pyoenko

TexHUKO-3KOHOMUYECKasl OIICHKA UCTIOIB30BAHUSI KOJIEC IEPCTIEKTUBHOM
KOHCTPYKTHUBHOM CXEMBI JIJISl PeITbCOBBIX DKUTIAXKEH.

C. A. Cemenos, E. B. Muxaiinos, A. I'. Petioemeticmep

[Ipe3eHTanus KOHIEHTPALUU TPY30BOTO JKEIE3HOJOPOIKHOTO PHIHKA B OTHOIIEHHUH
ra30BOTO PBIHKA C MOMOIIIBIO HHJeKca XephuHaansi-XupiiMaHa.

b. @apkac

3KCHJ’IyaTaHI/Iﬂ H PEMOHT CPEACTB TPaHCIopTa

CoBepIieHCTBOBaHNE TEXHOJIOTHH PEMOHTA CIEIHATN3NPOBAHHBIX
TPY30BBIX BaroHOB.

B. M. Bybnos, U. FO. Keban, H. . Mankesuu

Omnpenenenne sHeprocOeperaomux peKUIMOB BeIEHUS TTOE3I0B.

Jl. H. Kucnvii

HccnenoBanne CTpyKTYphl BATOHOIIOTOKOB TI0 IPUOBITHIO M OTHPABICHUIO
COPTUPOBOYHOM CTaHLIHH X.

I Y. Hecmepenrxo, M. U. Mysvixun, B. JI. ['opobey, C. U. My3vikuna
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JKYPH.

Hassanue cratbu

HccnenoBanue NponmycKHOW CIIOCOOHOCTH COPTHPOBOYHON CTAHIIHH.

C. U. My3vikuna, M. 1. Mysvixun, I'. 1. Hecmepenxo 2
Omnpenenenue MOTIOMICHAS YHEPTHH TACUTEIEM KOJIeOaHH TPpy30BOTO BaroHa

B aBapUITHOM PEKHUME JBIKCHUS.

A. B. Bomicenapcxuii, FO. I'. Cobonesckas, C. C. J[loseaniok, A. B. bamue 4
CoBepIICHCTBOBAHKE TEXHOJIOTHH PAa00THI 0EJI0PYCCKOM JKeIe3HOM TOporu

B YCIIOBHSIX IPUMEHEHHMSI 3JICKTPOHHBIX JOKYMEHTOB.

M. M. Konoc, M. A. I'onuap 4
HccnenoBanne BIUSHAS TEXHUYECKOTO COCTOSIHUS TOPMO3HBIX 3aMe THTENeH

Ha 1epepadaThIBaIOIIYI0 CIOCOOHOCTh COPTUPOBOYHBIX TOPOK.

/. H. Kozauenxo, C. B. I pesyos, T. B. boasanosckas 4
CHMXeHHne CKOPOCTH OTIICTIOB B Ha4Yalie COPTUPOBOYHEIX MTyTEH,

OCHAIICHHBIX CHCTEMOU paclpeieIeHHOTO PEeryINPOBaHUS CKOPOCTH.

A. A. Hasapos 4
Pacyer onTrManbHBIX HHTEPBAIOB AJIS BEIOOpA PEKUMOB B3aUMOICHCTBUS

CTaHITUH ¥ ITyTeH HEOOIeTro MOJIb30BaAHMS.

U. A. Enoeoun, E. H. [lomuvinkun 5
Hcnonp3oBaHre MUKPOKOHTPOJLIEPA JJIsl U3MEPEHHUS 4aCTOThI BPAIICHHUS Bajia
THIPABINYECKON TIepejad TEeTI0BO3a.

U. B. Kykosuyruu, 1. A. Knrownux 5
[Iporuo3upoBaHue OIEHKN XapaKTEPUCTHK HOBBIX TPAHCHIOPTHBIX CPEJCTB.
A. C. Kpawenunun, A. B. Knumenxko, E. B. I[lonomapernko 6

DJIeKTpUYeCKHil TPAHCIOPT

AHanu3 BOIIPOCOB 3HEProcOepekeHns U SHeprod3PpQeKTHBHOCTH MpU

9KCIUTyaTallly MOABHKHOTO COCTaBa METPOIIOJIUTEHA.

A. B. [lonuenxo, A. A. Cynum, A. C. Cuopa, A. A. Menvrux, B. B. @edopos 3
Mogens mporecca peanu3aluy TATOBOW CHITBI ABUTATEN MarHUTOJIEBUTHPYIOIIECTO
noesfa.

B. A. llonaxos, H. M. Xauanypuose 4
DHeprocOepeKeHNe IPH SKCILTyaTalliy B JIOKOMOTHBHOM JIETIO YCTPOUCTB

C HEPETYJIHUPYEMBIM IEKTPOIPHUBOIOM.

JI. B. [Iyouney, O. JI. Mapenuu, A. IO. banuiiuyx, A. C. Kopmoeys 5
ABTOMaTH3UPOBAHHBIN U3MEPUTEIBHBIN KOMIUIEKC [T IPOBEICHHUS

MPUEMO-CIATOUYHBIX UCIBITAHUH TATOBBIX AIEKTPOABUTATENIEH TOCTOSIHHOTO

U IIyJIbCUPYIOLIETO TOKA.

A. E. llpybeyxuti 6

Kesie3HOZ0POKHBIN NYTH

MozenupoBaHue Mpolecca pa3BUTHS BEPTUKAIBHBIX AedopMaruii

KEJIe3HOI0OPOXKHOTO ITyTH.

/. H. Kypean 1
YcTaHOBIEHNE IOITyCTUMBIX CKOPOCTEH ABMKECHUS IOE3/10B 110 KPUBOJIMHEHHBIM
CTPEJIOYHBIM NIEPEBOIAM.

A. M. Ilamnacos, C. A. Toxapes, E. A. [lamnacos 2
O6ocHoBaHUE BEIOOPA MOAETH U3MEHEHUSI TUAJICKTPHUECKUX CBOICTB

HECTIJIOIIHBIX CUCTEM.

JI. B. Tpuxos, U. B. bazuany 3
HccnenoBanue npexaeBpeMEHHOTO pa3pyILICHHs )KeIe300eTOHHBIX HINa

Ha MaructpaibHbIX NyTIX [TAO «YKp3aau3HbILsN».

B. B. Kosanenxo 4
[epcnexrusrl yxnaaku ckperienus tuna CKJ 65-b B kpuBbIX y4acTkax myTH

MaJIOTO paguyca.

M. II. Hacmeuuxk, P. B. Mapxyno 4
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Hassanue cratbu

DKCnepuMeHTABHBIE HCCIICIOBAHNS B3aUMOACHCTBHS T TH U TIOJABHKHOTO
COCTaBa B Mpenenax Chesa.

M. A. Apoy3os, A. M. [lamnacos, C. A. Toxapes

Pacuer xapakTepuCTHK )KECTKOCTH U YIIPYTOCTH PETbCOBON HUTH

MpU KPy4ECHUH TI0J] BO3JCHCTBHEM BEPTHKAIBHBIX U TOPH30HTAIBHBIX CHIL.
3. U. Jlanunenxo

HccnenoBanne a3poIuHAMHYECKOTO TABICHUS TIPH TTPOXO0KIECHUN
BBICOKOCKOPOCTHOTO TI0€3/1a.

C. T. J[rcabbapos

OCHOBBI MaTEMaTHYECKOTO OMTMUCAHUS BOJIHOBOW MOJIENN PACIIPOCTPaHEHUS
HaANPSOKEHUH B KEIE3HOT0POKHOM ITyTH.

/. H. Kypean

KectkocThb HpHerHHTCJ’Ieﬁ MMPOMCIKYTOYHBIX CerHJ’IeHHﬁ AT ACPCBAHHBIX IITTAT

MIPH ACHCTBUY TOPU30HTAIBHBIX TOMEPEYHBIX CHIL.
A. H. Japeuckuu, FO. JI. Tynei, /. A. [lomanos, A. C. Manuwesckas

HNudopManmoHHO-KOMMYHHUKANMOHHBIE TEXHOJIOT U

U MATEMATHYIECCKOEC MOJIC/IMPOBAHUE

KOHCprKTI/IBHaH MOZCIb aJanTallui CTPYKTYp JaHHBIX B OHepaTHBHOﬁ maMsTH.

Yacts I. KoncTpyupoBaHue TEKCTOB IIPOTpaMM.

B. U. Hlunkapenxo, I'. B. 3abyna

Mojenb aBTOMaTU3UPOBAHHON CUCTEMBI OAAEPKKH NMPUHATHS PEILICHUH
JUCTIETYEPCKOTO YIIPABIEHHS TOPOJICKAM MACCAKUPCKUM aBTOTPAHCIIOPTOM.
B. A. Jlaxno, B. M. Cobuenko

Amnanu3 rpaduka UCIOTHEHHOTO ABHXCHUS B HH)OPMALIMOHHON CHCTEME
[TAO «YKp3anu3HbILA»: NEPCIIEKTUBBI PA3BUTHSL.

C. H. Osuapenxo

O BBITIOTHEHUH CIOXKHBIX OTIEpaIfil B HEMO3UIIMOHHON CHCTEME CUHCIICHHUS
OCTaTOYHBIX KJIACCOB.

10. /1. Honucckui

KoHcTpykTHBHAS MOZENb aAaNTALMK CTPYKTYP AAHHBIX B ONIEPATUBHOM MTaMSTH.

UYacts 1. KoHCTpyKTOpEHI ClIeHapHEB U MPOLIECCOB aJanTallHH.
B. U. Ulunkapenxo, I'. B. 3ab6yna

O nipeoOpa3oBaHY MPEACTABICHUN YHUCET B OCTATKAX U3 OJHON CUCTEMBI MOAYJICH

B JIPYTYIO.
0. JI. Ilonucckuii

MonenupoBanre MOIUGHUIIMPOBAHHOTO METO/Ia aHAIIN3a UEPAPXUI CpPEACTBAMU

KOHCPYKTUBHO-TIPOAYKIMOHHBIX CTPYKTYP.
T. H. Baceyxas

MonenupoBaHre TEMIIEPATyPHBIX MOJIEH B TBEPIOTEIbHBIX TETUIOBBIX
AKKyMYJISITOpax.

C. C. benumenxo, B. A. Hwenxo, B. A. 'abpuney

KoHcTpyKTHBHOE MOJICTUPOBAHNE 30HBI PACIIPEACICHUS SHEPIUU PEKyTIEepaLuy

TATY IOCTOSIHHOT'O TOKa.

B. U. Hlunkapenxo, O. U. Cabnun, A. I1. Heanos

[Iporuo3upoBanue oObeMa ceTeBOro Tpadrka B UHGOPMAIIMOHHO-
TEeJIEKOMMYHHUKAIMOHHOM cucteMe [IpuiHenpoBCKOi JOPOry Ha OCHOBE
HEHUPOHEUETKOMN CETH.

B. H. Ilaxomosa

MarepuaJioBeienme

BnusiHMe XMMHYECKOTO COCTaBa BEICOKOXPOMHUCTBIX YYT'YHOB
Ha 00pabaThIBaeMOCTh pE3aHHUEM.
B. B. Hempebko
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Hassanue cratbu

BrnusiHue Temneparypbl CaMOOTITYCKa Ha TIPOYHOCTD AUCKA JKEIE3HOIOPOKHOTO
KoJIeca Mocje YCKOPEHHOTO OXJIaXKACHUS.

JI. U. Baxynenxo, []. M. Boromosa, C. B. Ilpoiidax, M. A. I puwenxo,

U. O. Baxynenko

K Bompocy obpazoBanus xapounos Fe;C u Fe;C; B BLICOKOXpOMHUCTBIX YyTyHaX.
B. B. Hempebko

[IpenmMymiecTBa 3KCTIpecc-MeTo 1a ONPEIEICHNS MacChl OKAJTMHBI

1 00€3yTIepOKEHHOr0 CJI0si OYHTOBOTO MpoOKara.

3. B. lapycos, A. b. Coiukos, C. U. 'yboenxo, U. H. Yyiixo, JI. B. Cazypa
YcnoBus obecrieueHnst KauecTBa BOCCTAHOBJICHHBIX HAINIABKOH
KEIJIe3HOI0POKHBIX KOJIEC.

A. A. Tatigoponckuii

BrustHre XMMIUecKoro coctaBa 4yryHa Ha Mexda3Hoe pacrpenenenie Mn.

B. B. Hempeoko, U. I1. Boruox

Howmep

HeTpaI[I/II[I/IOHHLIe BHIbI TPaHCIIOPTA. MaluuHbI 1 MeXaHU3MbI

HccnenoBanne 3aBUCUMOCTH MOIITHOCTH IIPUBO/IA ICHTOYHOTO KOHBEHepa

OT €ro MPOEKTHHIX MapaMeTPOB.

B. H. bozoma3z

OcoOeHHOCTH KOJIeOaHUil MPUBOTHBIX MEXaHH3MOB POTOPOB.

B. C. Jloserixun, FO. B. Yoesniok, A. I1. Jlawuxo

O06o0cHOBaHNE IEHTPUPYIOLIEH CITOCOOHOCTH HOBOM KOHCTPYKIMH 0apabaHoB
JICHTOYHOTO KOHBelepa.

B. B. Cyenobos, C. B. Paxwa, I1. A. I’ punvko

Or1ieHKa )KUBYYECTH METAJLIOKOHCTPYKIIUH MPU MOJCIUPOBAaHUH (DaKTOPOB
SKCIUTyaTalluy.

A. H. I'ubanenxo, T. C. Tpopumuyx

OO0ocHOBaHWE PAITMOHATHLHBIX KHHEMATHIECKUX XapaKTEPUCTHK (POPMOBOTHOTO
BUOpOCTOINIA.

1. I'. Anogpues

AHanu3 BIUSHUS MPOEKTHBIX XapaKTEePUCTHK HAKIIOHHOTO KOBIIIOBOTO 3JI€BaTOpa
Ha MOIIHOCTh €r0 MPHUBOJIA.

B. H. boeomas, H. B. bopenxo, C. B. Ilayanosckuii, A. A. Tkauos

ITonBUKHOI COCTAB JKeJIE3HBIX IOPOT U TATrA M0e310B

MeTOo07I0TMUeCKHE OCHOBBI ONIPEACICHHS SKCIUTyaTallMOHHBIX XapaKTEPUCTUK
HECaMOXOJIHOTO TIOJIBUKHOTO COCTaBa.

JI. A. Mypaosn, B. FO. lllanownuk, A. A. Muwenko

OnpeeneHre TOMyCTUMBIX CHII IIPH OIICHKE YCTONYHMBOCTH IPY30BBIX BATOHOB

OT BEDKMMAHUS B MMOE3/ax.

A. A. Hlsey, K. U. XKenesnos, A. C. Axynos, A. H. 3abonomnuiil, E. B. Yabanwx
[Ipumenenue nporpaMmuaoro koMmimiekca APM Winmachine nmpu npoekTupoBaHUT
Y pacyerax B MallIHHOCTPOCHUHU.

JI. A. Heoyacas, A. A. lllgey

MonepHr3anus Kak Croco0 yIIyqIeH s HCIOTb30BaHU YHUBEPCAIHHBIX BarOHOB.

A. I'. Petioemeiicmep, B. A. Kanawnux, A. A. Illukynos

3aBHCUMOCTH CBOWCTB MHEBMATHYECKOW PECCOPHI OT THEBMATUYECKOTO
COIIPOTUBJICHUS IPOCCEII.

A. I'. Petioemeiicmep, A. B. Kusuuiesa

O ¢opme KpuBOI HATOTHEHUS! TOPMO3HBIX [IMJIMHAPOB B TPY30BBIX MOE3JaX.

JI. B. ¥Ypcynax, I'. Batiuuynac, A. H. Pomaniok, B. [lempenko, E. C. Cmenuenxoga
K Bompocy npouieHus ojae3Horo CpokKa Ciry>KObl BArOHOB

JUISI IEPEBO3KHU OKaTBILIEH.

B. I Anogppues, A. I. Peiioemeticmep, B. A. Kanawnux, B. I1. Kynewios
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Ha3Banue ctatpu Crp.
KYPH.

COOTHOIIICHHE MEXTy CONPOTHBICHUSIMHU KAUCHUIO U CKOJIBKEHUIO
B IOAIIMITHAKAX KaUuEHHUSI.
JI. H. bonoapenxo, H. A. babsik, C. A. Axoenes, C. A. Hcmun, I'. FO. Mockanes 3 161
MoaenupoBaHue COyaapeHH BarOHOB MPH CYXOM TPSHHH B OIOPax rpysa.
C. M. Bacunves, A. /]. Keneszusaxos, JI. I1. [{enxosuxosa 4 116
CTeH/I0BbIC KATKOBBIC UCIBITAHUS B UCIICKOM TEXHHUYECKOM YHUBEPCUTETE.
A. Kanusooa, I1. Baysp 4 125

Matemarudeckast MOJICIb KOJICOAHUH KOJICCHOM Maphl C HE3aBUCHUMBIM BPAIICHHEM

KOJIEC B TOPH30OHTAIBHOM IJIOCKOCTH.

C. B. Mamaun, O. A. Kupunvuyx, B. C. Memuvloicenko 4 134
[MpuMeHeHue nIeCTUTPaHHBIX [ETLbHOMETATITUYECKUX caMocTonopsumxcs FS-raek

Ha TIOJBUPKHOM COCTaBE XKeJIe3HbIX Aopor Konen 1 520 mm.

P. Kpaiic, B. C. Jlecnuuuii 5 152
BeposTHOCTHO-(DU3UYECKUIT TOIXO/T ISl OTIMCAHUS U ONPEICTICHUS HAJCKHOCTH

BaroHOB.

JI. A. Mypaosn 5 168

TpaHcnopTHOE CTPOUTEIHCTBO

BzaumocBs3b MEKAY TEXHOJOTHUCCKUMHA q)aKTOpaMI/I 1 OCHOBHBIMH CBOMCTBaMH
MCXAaHOAKTUBUPOBAHHBIX MCIIKO3CPHUCTBIX OETOHOB.

B. U. borvwakos, M. A. Enuceesa, C. A. [l[epbak 1 193
CrpykTypooOpa3oBaHue B O€TOHAX MOJPEILCOBBIX OCHOBAHHM.

B. B. Kosanenxo, FO. JI. 3aay, I1. A. lTwunwvxo, C. B. Kosareuxo 2 174
BrustHue oOpaieHust MaTpHIlbl Ha CI0XKHOCTh METO/Ia KOHEUHBIX 3JIEMEHTOB.

M. Coibuc, A. Cmouxesuu-Botiyexoscka, A. Hlumuak-I pavux 2 190

HanpsbkeHue ctanbHOM TpyOBI, IPOJIOKEHHOW B YCIOBHIX HECOBEPIIICHCTBA TPYO

1 HEOJTHOPOJHOCTH TPYHTA.

K. I'opcxu, P. JI. Henamoeuu 3 171
B3anMHO 0JHO3HAYHbBIC HEJIMHEHHBIE MPE00Pa30BaHus POCTPAHCTBA

C TOXKIECTBEHHOH IIJIOCKOCTHIO.

A. 1. Maneui, T. B. Yavuenxo, A. C. ll]epbax, FO. A. [lonyonsx,

T. B. Cmapoconvckas 3 181
CHMXeHHE YPOBHS KOPPO3UOHHOM OMACHOCTH MPH PAllMOHATEHOM

KOHCTPYHPOBAHUU METAIUIOKOHCTPYKITHIA.

A. H. T'ubanenko 4 141
OKCIEePUMEHTAIBHOE HCCIICIOBAHUE PACIIPEICIICHUS TOPU30HTAIEHOTO JIABJICHUS

Ha TOPPUPOBAaHHBIE CTALHBIC CTEHKH CHJIOCA.

B. B. Kauypenxo, /]. O. bannukos 4 151
OreHkKa BIUSAHUS YKPEIICHHUS 3€MJITHOTO TIOJIOTHA TPYHTOIIEMEHTHBIMU

3JIEMCHTAMH.

B. JI. Ilempenxo, A. JI. Tromorun, . A. Ceamxo 4 161
Beron Ha ocHOBE MUCTIEPCHON MOTUGUITUPOBAHHON IIEMEHTHOW CUCTEMBI.

/. B. Pyoenko 4 169

Oco0eHHOCTH KOMIUTEKCa OYpPOB3PBIBHBIX pa0OT MPH CTPOUTEIIHCTBE
Becknackoro ToHHEIIS.

B. JI. I[lempenxo, A. JI. Tromokun, C. T. I[Ipockyphs 5 178
THMbl MPOCTPAHCTBEHHBIX CTPYKTYPHO-BAHTOBBIX CTANICKEIC300€TOHHBIX

KOHCTPYKITUH.

I M. I'acuti 6 158

HccnenoBanne HanpsHKEHHOTO COCTOSHUS MOJU(PUIIMPOBAHHOTO MOHOJIUTHOTO
OeToHa.
/. B. Pyoenko 6 166

186



Subject Index to the Journal «Science and Transport Progress.
Bulletin of Dnipropetrovsk National University of Railway Transport»

for 2016
. . Journal
Article title number Page
Hero of the day
The 80th anniversary of the birth of Shafran Leonid Moiseyevich 1 7

Memorable Dates
Energetic scientist and dynamic person. To the 80th anniversary of professor
Viktor Danilovich Danovich birth.
S. V. Myamlin 5 7
Engineer, mechanic, scientist. The 80th anniversary of professor
Savchuk Orest Makarovych birth.
S. V. Myamlin, S. S. Dovhaniuk 5 12

Science and Transport Progress

Obtaining of new knowledge in concerning «air conditioningy at the railway
transport: scientometric aspect.
T. O. Kolesnykova, O. V. Pominova, S. R. Kolesnykov 3 7

Transport Automated Control Systems

Improving the positioning accuracy of train on the approach section to the railway

crossing.

V. I. Havryliuk, O. M. Voznyak, V. V. Meleshko 1 9
About track circuit calculation method dependent on ferromagnet properties in

conditions of traction current noise influence.

A. Yu. Zhuraviev 1 19
Unified verification method of electromagnetic compatibility between rolling stock

and train detection systems.

A. Bialon, D. Adamski, Ju. Furman 3 20
Controlling the speed of rolling cuts in conditions of reduction of brake power

of car retarders.

D. M. Kozachenko, V. I. Bobrovskyi, C. V. Grevtsov, M. I. Berezovyi 3 28
Command — control and signaling system documentation and its safety.

M. Kycko 3 41
Modelling of safety-related communications for railway applications.

M. Franekowa, P. Liiley 5 15

Mechanical parameters control of the neutral relay of rail automatics based

on wavelet analysis.

V. 1. Havryliuk 6 7
Transport Ecology

Express method of estimation of the potential territorial risk in case of accidents
on transport.

M. M. Biliaiev, L. Ya. Muntian 1 30
CFD simulation of air ion regime in work areas at condition of artificial air

ionization.

M. M. Biliaiev, S. G. Tsygankova 1 39
Atmosphere protection in case of emergency during transportation of dangerous

cargo.

O. V. Berlov 1 48
Numerical simulation of toxic chemical dispersion after accident at railway.

M. M. Biliaiev, L. Ya. Muntian 2 7
Complex of numerical models for computation of air ion concentration in premises.

M. M. Biliaiev, S. G. Tsygankova 2 16

187



Journal

Article title number

Page

Monitoring of radioactivity at DNURT campus.

L. F. Dolina, V. P. Kilovyi, D. V. Astakhov, M. V. Kalimbet 3 49
Influence of rolling stock vibroacoustical parameters on the choice of rational values

of locomotive running gear.

Yu. V. Zelenko, L. O. Neduzha, A. O. Shvets 3 60
Investigation of admixture sedimentation in the horizontal settler.

V. A. Kozachyna 4 7
The assessment models of air pollution during transportation of bulk cargo.

M. M. Biliaiev, M. O. Oladipo 5 22
Coal dust emission problem.

M. M. Biliaiev, M. O. Oladipo 6 17
Numerical prediction models for air pollution by motor vehicle emissions.

M. M. Biliaiev, O. S. Slavinska, R. V. Kyrychenko 6 25

Economics and Management
Directions of extreme tourism in Ukraine.

L. V. Martsenyuk 1 55
Strategy of innovative activity of industrial enter-prises.
M. S. Kravchenko, N. V. Marchenko 2 25

State and problems of development of insurance market of Ukraine.
L. V. Martseniuk, O. V. Chornovil, K. V. Belaya, A. O. Udovychenko,

Anoop Kumar Sharma 2 36
Heat supply system improvement of campus at Uman National university

of horticulture.

A. F. Golovchuk 3 76

Improving the efficiency of the heating system for public buildings infrastructure

in the context of DNURT.

O. M. Pshinko, V. H. Kuznetsov, D. K. Yatsenko, V. O. Gabrinets 3 97
Rating models and information technologies application for management

of administrative-territorial complexes.

O. M. Pshinko, V. V. Skalozub 6 33
Development of passenger traffic service quality management system of railway

enterprises.

M. V. Rudenko 6 48

Techno-economic assessment of the use of wheels of perspective structural scheme

for railway vehicles.

S. A. Semenov, E. V. Mikhailov, O. H. Reidemeister 6 61
Presentation of the rail freight market’s concentration with respect to the gas market

with the help of the Herfindal-Hirschman index.

B. Farkas 6 69

Operation and Repair of Transport Means
Repair technology improvement of specialized freight cars.

V. M. Bubnov, I. Yu. Kebal, M. B. Mankevych 1 62
Energy saving modes definition of trains handling.

D. M. Kyslyi 1 71
Study of car traffic flow structure on arrival and departure at the marshalling yard X.

G. I. Nesterenko, M. I. Muzykin, V. L. Horobets, S. I. Muzykina 1 85
Study of working capacity of the marshalling yard.

S. I. Muzykina, M. I. Muzykin, G. I. Nesterenko 2 47
Determination of energy losses by shock absorber in a freight car at crash mode.

Y. V. Bolzhelarskyi, Yu. H. Sobolevska, S. S. Dovganyuk, A. V. Batig 4 15

188



Journal

Article title number

Page

Improving the technology of Belorussian railway in conditions of electronic 4 24
documents usage.

M. M. Kolos, M. A. Gonchar

Study of technical state impact of brake retarders at the processing ability of humps.

D. M. Kozachyenko, S. V. Grevtsov, T. V. Bolvanovska 4 37
Reduction in cuts speed at the beginning of a sorting sidings, equipped with

quasi-continuous speed control system.

O. A. Nazarov 4 47
Calculation of optimal intervals to choose the modes of interaction between stations

and non-public tracks.

1 A. Yelovoy, Ye. N. Potylkin 5 30
Use of microcontroller for measuring shaft speed of diesel locomotive hydraulic

transmission.

L V. Zhukovytskyy, 1. A. Kliushnyk 5 43
Forecasting of performance evaluation of new vehicles.
O. S. Krasheninin, O. V. Klymenko, O. V. Ponomarenko 6 79

Electric Transport

Analysis of energy saving and energy efficiency issues during operation of the metro
rolling stock.

A. V. Donchenko, A. O. Sulym, A. S. Siora, A. A. Melnyk, V. V. Fedorov 3 108
Implementation model of motor traction force of maglev train.
V. O. Polyakov, M. M. Khachapuridze 4 55

Energy saving during operation of equipment with non-controlled electric drive

in locomotive depot.

L. V. Dubynets, O. L. Marenych, O. Yu. Baliichuk, A. S. Kortohus 5 54
Automated measuring complex for acceptance testing of DC and undulated-current

traction motors.

A. Yu. Drubetskyi 6 88

Railway Track

Modeling of development vertical deformation of railway track.

D. M. Kurhan 1 100
Establishment of the permissible train speed on the curved turnouts.

O. M. Patlasov, S. O. Tokariev, Ye. O. Patlasov 2 98
Rationale for choosing the change model of the dielectric properties of discontinuous

systems.

L. V. Trykoz, 1. V. Bahiiants 3 120

Research premature destruction of concrete sleepers on the main lines of public

company «UZ».

V. V. Kovalenko 4 63
Prospects for laying the fastening of the type CKJ165—b in the curvesd track sections

with small radius.

M. P. Nastechik, R. V. Marcul 4 71
Experimental investigations of interaction of track and rolling stock on crossovers.
M. A. Arbuzov, O. M. Patlasov, S. O. Tokariev 5 64

Calculation of characteristics of stiffness and elasticity of rail threads when torsion
under combined action of vertical and horizontal forces.

E. I. Danilenko 5 79
Investigation of aerodynamic pressure during the high-speed train passage.
S. T. Djabbarov 5 92

The basis of mathematical description for wave model of stresses propagation
in railway track.
D. M. Kurhan 5 101

189



Journal

Article title number

Rigidity of intermediate fastening screws and spikes for wooden sleepers under
the action of horizontal lateral forces.
O. M. Darenskiy, Yu. L. Tuley, D. O. Potapov, A. S. Malishevskaya 6

Information and Communication Technologies and Mathematical Modeling
Constructive model of data structures adaptation in ram. Part I. Program text
constructing.
V. I. Shynkarenko, H. V. Zabula 1

The automatic system’s model of decision-making support for dispatching control
of the city passenger traffic.

V. A. Lakhno, V. M. Sobchenko 2
Analysis of train sheet in the information system of JSC «Ukrzaliznytsia»:

perspective.

S. M. Ovcharenko 2
About complex operations in non-positional residue number system.

Yu. D. Polissky 2

Constructive model of adaptation of data structures in ram. Part II. Constructors

of scenarios and adaptation processes.

V. I. Shynkarenko, H. V. Zabula 2
On the transformation of representation of numbers in the residuo from one module

system to another.

Yu. D. Polissky 3
Modelling the modified method of analytic hierarchy process by means

of constructive and productive structures.

T. M. Vasetska 4
Modeling of temperature fields in a solid heat accumullators.

S. 8. Belimenko, V. O. Ishchenko, V. O. Gabrinets 5
Constructive modelling for zone of recovery energy distribution of dc traction.

V. I. Shynkarenko, O. I. Sablin, O. P. Ivanov 5

Network traffic forcasting in information-telecommunication system
of Prydniprovsk railways based on neuro-fuzzy network.
V. M. Pakhomova 6

Material Science

The influence of chemical composition of high-chromium cast irons

on the machinability.

V. V. Netrebko 1
Influence of self-tempering temperature on strength of railway wheel disk

after accelerated cooling.

L. I. Vakulenko, D. M. Bolotova, S. V. Proydak, M. A. Grischenko, I. O. Vakulenko 2
About the issue of carbides Fe;C and Fe;C; formation in high-chromium cast irons.
V. V. Netrebko 3

Advantages of rapid method for determining scale mass and decarburized layer
of rolled coil steel.

E. V. Parusov, A. B. Sychkov, S. 1. Gubenko, 1. N. Chuiko, L. V. Sahura 4
Terms of ensuring quality of the railway wheels built up by welding.
O. A. Haivoronskyi 5

Influence of the cast iron’s chemical composition on the interphase distribution
of Mn.
V. V. Netrebko, I. P. Volchok 6

Non-Traditional Transport Modes. Machines and Mechanism

Research of dependence of belt conveyer drive power on its design parameters.
V. M. Bohomaz 1

190

Page

96

109

61

70

78

88

130

81
114

125

105

122

109

138

96

136

115

131



Article title

Specialty of rotor’s drive mechanism oscillations.

V. S. Loveikin, Yu. V. Chovnyuk, A. P. Lyashko

Rationale for centering capacity of redisigned belt conveyor drums.

V. V. Suglobov, S. V. Raksha, P. A. Hrynko

Metal structures survivability assessment when simulating service conditions.
O. M. Gibalenko, T. S. Trofymchuk

Justification of rational kinematic characteristics of molding vibrating table.
P. G. Anofriev

Analysis of influence of design characteristics of inclined bucket elevator
on the power of its drive.

V. M. Bohomaz, M. V. Borenko, S. V. Patsanovskiy, O. O. Tkachov

Rolling Stock and Train Traction

Methodological fundamentals of determination of unpowered rolling stock
maintenance characteristics.

L. A. Muradian, V. Yu. Shaposhnyk, A. A. Mischenko

Determination the permissible forces in assessing the lift resistant factor of freight
cars in trains.

A. O. Shvets, K. I. Zhelieznov, A. S. Akulov, O. M. Zabolotnyi, E. V. Chabaniuk

Application of APM winmachine software for design and calculations in mechanical

engineering.

L. O. Neduzha, A. O. Shvets

Modernization as a way to improve the use of universal cars.

O. H. Reidemeister, V. O. Kalashnyk, O. A. Shykunov

Dependence of air spring parameters on throttle resistance.

O. H. Reidemeister, A. V. Kivisheva

About waveform of braking cylinder filling in freight cars.

L. V. Ursuliak, G. Vaiciunas, Ya. M. Romaniuk, V. Petrenko, K. S. Stepchenkova
To the issue of extending the service life of cars for transportation of pellets.

V. H. Anofriev, O. H. Reidemeister, V. A. Kalashnyk, V. P. Kulieshov
Relationship between rolling and slip resistance in rolling bearings.

L. M. Bondarenko, M. O. Babyak, S. O. Yakovlev, S. O. Istin, G. Yu. Moskalev
Cars impact simulation at dry friction in cargo supports.

S. M. Vasilyeu, A. D. Zheleznyakov, L. P. Tselkovikova

Roller rig testing at the Czech technical university.

J. Kalivoda, P. Bauer

Mathematical model of wheelset oscillations with independent wheel rotation
in the horizontal plane.

S. V. Myamlin, O. A. Kirilchuk, V. S. Metyzhenko

Applicability of FS-all-metal self-lock nuts for railway rolling stock of 1 520 mm
gauge.

R. Kreis, V. S. Lisnychyi

Probabilistic-physical approach to describe and determine the reliability of cars.
L. A. Muradian

Transport Construction

Correlation between technological factors and basic properties of mechanically
activated fine concretes.

V. I. Bolshakov, M. O. Yelisieieva, S. A. Shcherbak

Structure formation in foundation slab concrete.

V. V. Kovalenko, Yu. L. Zayats, P. O. Pshinko, S. V. Kovalenko

Impact of matrix inversion on the complexity of the finite element method.

M. Sybis, A. Smoczkiewicz-Wojciechowska, A. Szymczak-Graczyk

Journal
number

Page

147

158

119

124

136

169

180

129

148

157

165

148

161

116

125

134

152

168

193

174

190

191



Journal

Article title number age
Effort of steel pipe jacking in terms of imperfection pipes and heterogeneity 3 171
of ground.
K. Gorski, R. L. Ignatowicz
One-to-one nonlinear transformation of the space with identity plane.
A. D. Malyi, T. V. Ulchenko, A. S. Shcherbak, Yu. Ya. Popudniak,
T. V. Starosolskaya 3 181
The decrease in the level of corrosion hazard in the rational design of metal
structures.
O. M. Gibalenko 4 141
Experimental study of horizontal pressure distribution on corrugated steel silo walls.
V. V. Kachurenko, D. O. Bannikov 4 151
Estimation of subgrade strengthening influence using soilcement elements.
V. D. Petrenko, O. L. Tiutkin, I. O. Sviatko 4 161
Concrete based on modified disperse cement system.
D. V. Rudenko 4 169
Features of drilling-and-blasting at construction of Beskidskiy tunnel.
V. D. Petrenko, O. L. Tiutkin, S. T. Proskurnia 5 178
Types of steel and concrete composite cable space frames.
G. M. Gasii 6 158
Research of the stress state of a modified in-situ concrete.
D. V. Rudenko 6 166

192



3MICT

ABTOMATH30BAHI CUCTEMH YIIPAB/ITHHA HA TPAHCIIOPTI

B. 1. TABPUJIIOK .
KOHTPOJIb MEXAHIYHIX ITAPAMETPIB HEUTPAJIbHUX PEJIE
3AJIIBHUYHOT ABTOMATHKU HA OCHOBI BEUBJIET-AHAJIIBY ......oovoieieeecececeeeeessse e 7

EKOJIOI'TA HA TPAHCHOPTI

M. M. BLUISIEB, M. O. OJIAAIITIO
IMTPOBJIEMA 3HECEHHS BYTTTIBHOT'O TTIHLY ....cuiiiiiiiiiieiiiieeeteeeet ettt sttt st 17

M. M. BUISIEB, O. C. CJIABIHCBKA, P. B. KHPUYEHKO
UM CEJIbHI MOJEJII ULA TIPOI'HO3Y 3ABPY IHEHHSA
ATMOCOEPHOI'O ITIOBITPA BUKJIAMU ABTOTPAHCIIOPTY ..ottt 25

EKOHOMIKA TA YIIPAB/IIHHA

O. M. IIIIIHBKO, B. B. CKAJIO3YB 3 3 3
3ACTOCYBAHHS PETUHIOBUX MOJIEJIEA TA IHOOPMALIHMX TEXHOJIOTTiA
JUISL VIIPABJITHHS AJIMIHICTPATUBHO-TEPUTOPIAJIBHUMU KOMIUTEKCAMI ......coocseescceeescceesseeessene 33

M. B. PYJEHKO
PO3BUTOK CUCTEMMU VYIIPABJIIHHS AKICTIO IIOCIIYT
IMACAXXNPCBKUX IMTEPEBE3EHD ITIAITPUEMCTB 3AJIIBHUYHOI'O TPAHCIIOPTY ...ooviiiiiiiiiiiieecececeee 48

C. 0. CEMEHORB, €. B. MUXAIJIOB, O. I'. PEHJIEMENCTEP
TEXHIKO-EKOHOMIYHA OIITHKA BUKOPUCTAHHS KOJIIC

MEPCITEKTUBHOI KOHCTPYKTUBHOI CXEMM JUIST PEUKOBUX EKITIAYKIB ... vveooveeoeeeeee e eseeeeeseeeeeseens 61
B. PAPKAC

MIPE3EHTALIS KOHI[EHTPALII BAHTAYXHOT'O 3AJII3BHUYHOIO PUHKY

II0/I0 TA30BOI'O PUHKY 3A JIOIIOMOTI'OIO THJIEKCY XEPOIHIATIS-XIPIIMAHA ... 69

EKCIUVIYATALIA TA PEMOHT 34CObIB TPAHCIIOPTY

O. C. KPAIIEHIHIH, O. B. KIMMEHKO, O. B. TIOHOMAPEHKO
IMPOIHO3YBAHHA OLIHKH XAPAKTEPMCTHUK HOBUX TPAHCITIOPTHUX 3ACOBIB........ccocooviiiiiiiiiiiciiiice 79

EJIEKTPHYHHUH TPAHCITOPT

A.1O. IPYBEIIbKHUH

ABTOMATH30BAHWI BUMIPIOBAJIbHII KOMITJIEKC

JIJ1s1 BAKOHAHHSI TIPUMMAJIBHO-3JIABAJIBHAX BUITPOBYBAHbD

TATOBUX EJIEKTPOABHUI YHIB ITOCTIAHOTO TA ITYJIBCYIOUOI'O CTPYMY ..o 88

3AJIIBHUYHA KOJIIA

0. M. IAPEHCHKHI, 10. JI. TYJIEH, ]I, O. IOTATIOB, A. C. MAJIIIIIEBCHKA
JKOPCTKICTD ITPUKPIIUIFOBAYIB [TPOMDKHUX CKPIIUIEHD JEPEB’ SIHUX HIITAJI
ITPU JIT TOPU3OHTAJIBHUX TIOTIEPEUHMX CHIL.......cooovoiveieieioeiee e ssssss s 96

TH®OPMALIMHO-KOMYHIKAILIMHI TEXHOJIOI'Ti
TA MATEMATHUYHE MOJEJTIOBAHHS
B. M. TAXOMOBA

ITPOTHO3YBAHHT OBCAT'Y MEPEXXEBOI'O TPADIKA
B IHOGOPMAIIMHO-TEJIEKOMYHIKAIIMHINM CUCTEMI ITPUJIHITTIPOBCHKOI 3AJII3HULII

HA OCHOBI HEMPOHEUITKOT MEPEIKL..........ooorvoiveisieoesoecseesses e sssesssessesssss s ssss s s sssssssssssssssssssssssssssenns 105
MATEPIAJIO3HABCTBO

B. B. HETPEBKO, I. I1. BOJTYOK

BIUIMB XIMIYHOI'O CKJIAZLY HABYHY HA PO3IIOJII Mn IIOMDK @A3AMMU ..o 115

193



HETPAJTUIIIHHI BUIH TPAHCIIOPTY. MAIIIHHH TA MEXAHI3MH.

II.T'. AHO®PIEB
OBIPYHTYBAHHS PAIIIOHAJIBHUX KIHEMATUYHNX XAPAKTEPUCTUK
DOOPMYBAJIBHOI'O BIBPOCTOILY ...ttt sttt

B. M. BOTOMA3, M. B. FBOPEHKO, C. B. TAIJAHOBCEKHI1, O. 0. TKAUOB
AHAJII3 BIUIUBY ITPOEKTHUX XAPAKTEPMCTHK ITOXUJIOIO KIBLIOBOI'O EJIEBATOPA
HA TIOTY)KHICTD TIOTO TIPHIBOJIY ..o eeeees e s es e s ee s eeseees e eseeeesseeessesesseeenes

TPAHCIIOPTHE BY/IIBHUI]ITBO

I'. M. TACI
TUIIN [TPOCTOPOBUX CTPYKTYPHO-BAHTOBUX CTAJIE3AJII3OBETOHHUX KOHCTPYKIII

1. B. PYEHKO
JIOCJIIJUKEHHS HAIIPYKEHOT'O CTAHY MOJIU®IKOBAHOI'O MOHOJIITHOT'O BETOHY.........

TEMATAYHAN MMOKAKYAK )KYPHAJIY «HAVKA TA IIPOTPEC TPAHCIIOPTY.
BICHHUK JHIITPOIIETPOBCBKOI'O HAHIOHAJIBHOI'O YHIBEPCUTETY 3AJIIBHUYHOI'O
TPAHCITOPTY» BA 2016 PIK ...

194



COJIEPKAHUE

ABTOMATH3HPOBAHHBIE CUCTEMbI YIIPABJIEHUA HA TPAHCIIOPTE

B. 1. TABPUJIIOK .
KOHTPOJIb MEXAHUYECKHX [TAPAMETPOB HEUTPAJIbHOI'O PEJIE
JKEJIEBHOJOPOXHON ABTOMATHUKU HA OCHOBE BEUBJIET-AHAJIMBA ....ccoooiiiiiiiiiiiieeeceeeeneeeeeee s 7

IKOJIOTHA HA TPAHCHOPTE

H. H. BEJISIEB, M. O. OJTATAIIO
ITPOBJIEMA YHOCA YT OJIBHOM TTBITIHL........couiiiiiiiiiiieieiienictet ettt sttt sttt st 17

H. H. BEJIAEB, E. C. CIABUHCKA/4, P. B. KHPUYEHKO
UM CJIEHHBIE MOJEJIN UIA TTIPOT'HO3A 3ATPA3SHEHUA
ATMOCOEPHOI'O BO3JIYXA BBIBPOCAMMUM ABTOTPAHCIIOPTA .......ooiiiiiiiiiiiiiiicieitceeee et 25

IKOHOMHKA H YIIPAB/IEHUE

A.H. IIIWHBKO, B. B. CKAJIO3YE 3
TIPUMEHEHUE PEUTHHIOBBIX MOJIEJIEN M KHOOPMAIIMOHHBIX TEXHOJIOT Wi
JULA YIIPABJIEHUS AJIMUHACTPATUBHO-TEPPUTOPUAJIBHEIMU KOMIITIEKCAMI ..ccccoccceccreseeseesnes 33

M. B. PYJEHKO
PASBUTHE CUCTEMbBI YIIPABJIEHWT KAYECTBOM YCJIVI ITACCAXKUPCKUX TTEPEBO30K
MPEAITPUATHUU XEJIE3HOJOPOXKHOI'O TPAHCIIOPTA ..o 48

C.A. CEMEHOB, E. B. MUXAIJIOB, A. I'. PEHEMEMNCTEP
TEXHUKO-3KOHOMUYECKA 51 OLIEHKA UCIIOJIb30BAHI A KOJIEC

IEPCIIEKTMBHOM KOHCTPYKTUBHOM CXEMBI /1 PEJIbCOBBIX DKUIAKEH ..o 61
B. DPAPKAC

MNPE3EHTAIIMA KOHIEHTPAIIMU I'PY30BOI'O XXEJIE3HOJOPOXHOI'O PBIHKA

B OTHOHIEHUUM I'A30BOI'O PBIHKA C ITOMOIIBIO MHAEKCA XEPOUHJAJIA-XUPIIMAHA .....c.ccccveeiiiiiiinne 69

IKCIUVIYATALTUA U PEMOHT CPE/[CTB TPAHCIIOPTA

A. C. KPAIIEHUHHWH, A. B. KIMMEHKO, E. B. TOHOMAPEHKO
IMPOTHO3MPOBAHUE OIIEHKM XAPAKTEPMCTUK HOBBIX TPAHCIIOPTHBIX CPEJICTB .....ccccooiiviiiiiieicieice 79

JIEKTPHYECKHH TPAHCITOPT

A. E. IPYBEIIKHAIA

ABTOMATH3MPOBAHHBIN N3MEPUTEJILHBIN KOMITJIEKC

JIJ1S1 TIPOBEJIEHMSI TIPUEMO-CJIATOYHBIX UCITBITAHUM

TSATOBBIX BJIEKTPOABUTATEJIEM [IOCTOSHHOTO U IIYJIBCUPYIOILELO TOKA ..o 88

JKEJIE3HO/IOPOKHBIH ITYTh

A. H. TAPEHCKHI, 0. JL. TY.J'!’EI‘/'I, A. A. IIOTANIOB, A. C. MAJINIITEBCKAA
JXKECTKOCTD ITPUKPEIWTEJIEN ITPOMEXYTOYHBIX CKPEIJIEHUN
JUIA AEPEBAHHBIX IHITAJI ITPU AEMCTBUY TOPU3OHTAJIBHBIX ITOITEPEYHBIX CHII .......ccocviiiiiiiiicicicee 96

HHOOPMAITHOHHO-KOMMYHUKAIIHOHHBIE TEXHOJIOT'HH
U MATEMATHYECKOE MOJE/INPOBAHUE
B. H. TAXOMOBA

ITPOTHO3VMPOBAHHUE OB BEMA CETEBOT'O TPA®HKA .
B THOOPMAILIMOHHO-TEJIEKOMMYHUKAIIMOHHOU CUCTEME ITPUJHEIIPOBCKOU JJOPOI'

HA OCHOBE HEMPOHEUETKOM CETH .....oeeveeeeeeee et eeeeeee et e et eeeeeee et eeseeeee e essesseaeteeseseseaessesseessesesssseneeeseeneseeens 105
MATEPHAJIOBE/[EHHE

B. B. HETPEBKO, H. I1. BOJTUOK

BJIMSIHUE XUMUUYECKOI'O COCTABA UYT'YHA HA MEXX®A3HOE PACIPEJEEHUE M ... 115

195



HETPA/TUITUOHHBIE BU/Ibl TPAHCIIOPTA. MALLIMHBI U MEXAHH3MbI

II.T. AHO®PUEB
OBOCHOBAHME PAITMOHAJIbHBIX KHHEMATUYECKNX XAPAKTEPUCTHK
DOOPMOBOYHOI'O BUBPOCTOJIA ..ottt ettt ettt sttt et sttt ae s et et s e ae e ae e e 124

B. H. BOTOMA3, H. B. BOPEHKO, C. B. TAIIAHOBCKHIA, A. A. TKAYOB
AHAJIA3 BJIVSTHUS TTPOEKTHBIX XAPAKTEPUCTHK
HAKJIOHHOT'O KOBIIIOBOT'O DJIEBATOPA HA MOITHOCTD ET'O TIPHBOJIA ..o eeneone 136

TPAHCIIOPTHOE CTPOUTE/IBCTBO

I'. M. TACUI
TUITbI TIPOCTPAHCTBEHHBIX CTPYKTYPHO-BAHTOBBIX
CTAJIEXEJIE3OBETOHHBIX KOHCTPYKITHII ...ttt et ee s e st s e sees e e ees e e seee e 158

1. B. PYIEHKO
WCCJIEJIOBAHUE HATIPSDKEHHOT'O COCTOSIHUSA
MOJIUDPUIITPOBAHHOTO MOHOJIATHOT'O BETOHA ........oooeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeseseeeseees oo seeeeseeseseseeeeeeeeseesesesseeee 166

TEMATHYECKHUI YKA3ATEJIb )KYPHAJIA «<HAYKA U IIPOTPECC TPAHCIIOPTA.
BECTHHK JHEITPOIIETPOBCKOI'O HAHUOHAJIBHOI'O YHUBEPCUTETA
KEJE3HOAOPOKHOI'O TPAHCITOPTA» 3A 2016 TOJL .......ceoiiiiiiiieiieienieeeeeteeee ettt 181

196



CONTENTS

TRANSPORT AUTOMATED CONTROL SYSTEMS

V. 1. HAVRYLIUK
MECHANICAL PARAMETERS CONTROL OF THE NEUTRAL RELAY

OF RAIL AUTOMATICS BASED ON WAVELET ANALYSIS ...ttt s 7
TRANSPORT ECOLOGY

M. M. BILIAIEV, M. O. OLADIPO

COAL DUST EMISSION PROBLEM .......ooiiiiiiiiiiitieentetetetee sttt ettt ettt st sttt st st sa et be et et ae s e eneene 17
M. M. BILIAIEYV, O. S. SLAVINSKA, R. V. KYRYCHENKO

NUMERICAL PREDICTION MODELS FOR AIR POLLUTION BY MOTOR VEHICLE EMISSIONS ........ccccceoiviniiiinens 25

ECONOMICS AND MANAGEMENT

O. M. PSHINKO, V. V. SKALOZUB
RATING MODELS AND INFORMATION TECHNOLOGIES APPLICATION
FOR MANAGEMENT OF ADMINISTRATIVE-TERRITORIAL COMPLEXES ........ccccoiiiiiiiiiiiiiiiieiicieeecie st 33

M. V. RUDENKO
DEVELOPMENT OF PASSENGER TRAFFIC SERVICE QUALITY MANAGEMENT SYSTEM
OF RAILWAY ENTERPRISES ... s s 48

S. A. SEMENOV, E. V. MIKHAILOYV, O. H. REIDEMEISTER
TECHNO-ECONOMIC ASSESSMENT OF THE USE OF WHEELS

OF PERSPECTIVE STRUCTURAL SCHEME FOR RAILWAY VEHICLES........ccccoiiiiiiiiniieieeeseseseeetee e 61
B. FARKAS

PRESENTATION OF THE RAIL FREIGHT MARKET’S CONCENTRATION WITH RESPECT

TO THE GAS MARKET WITH THE HELP OF THE HERFINDAL-HIRSCHMAN INDEX .......cccccceiiniiniiniiiiniiieniciee 69

OPERATION AND REPAIR OF TRANSPORT MEANS

O. S. KRASHENININ, O. V. KLYMENKO, O. V. PONOMARENKO

FORECASTING OF PERFORMANCE EVALUATION OF NEW VEHICLES .........ccccooiiiiiiiiiiiicce 79
ELECTRIC TRANSPORT

A. YU. DRUBETSKYI
AUTOMATED MEASURING COMPLEX FOR ACCEPTANCE TESTING
OF DC AND UNDULATED-CURRENT TRACTION MOTORS .......cociiiiiiiiiiiiiiictetceete sttt 88

RAILWAY TRACK

O. M. DARENSKIY, YU. L. TULEY, D. O. POTAPOV, A. S. MALISHEVSKAYA
RIGIDITY OF INTERMEDIATE FASTENING SCREWS AND SPIKES
FOR WOODEN SLEEPERS UNDER THE ACTION OF HORIZONTAL LATERAL FORCES ...........ccccoiviiiiiiiiiiiiiiin 96

INFORMATION AND COMMUNICATION TECHNOLOGIES
AND MATHEMATICAL MODELING

V.M. PAKHOMOVA

NETWORK TRAFFIC FORCASTING IN INFORMATION-TELECOMMUNICATION SYSTEM

OF PRYDNIPROVSK RAILWAYS BASED ON NEURO-FUZZY NETWORK .......ccccoiiiiiiiiiiiiiitiiciecieecesceeaee 105
MATERIAL SCIENCE

V. V.NETREBKO, I. P. VOLCHOK

INFLUENCE OF THE CAST IRON’S CHEMICAL COMPOSITION

ON THE INTERPHASE DISTRIBUTION OF M ......ccooiiiiiiiiiiiiiiii s 115
NON-TRADITIONAL TRANSPORT MODES. MACHINES AND MECHANISMS

P. G. ANOFRIEV
JUSTIFICATION OF RATIONAL KINEMATIC CHARACTERISTICS OF MOLDING VIBRATING TABLE .................... 124

197



V.M. BOHOMAZ, M. V. BORENKO, S. V. PATSANOVSKYI, O. O. TKACHOV
ANALYSIS OF INFLUENCE OF DESIGN CHARACTERISTICS

OF INCLINED BUCKET ELEVATOR ON THE POWER OF ITS DRIVE ......cccooiiiiiiiiiiiiiiiiiiciceecececeeeie s 136
TRANSPORT CONSTRUCTION

G. M. GASII

TYPES OF STEEL AND CONCRETE COMPOSITE CABLE SPACE FRAMES .......cccccciiiiiiiiiiiiiiinieiceececieeeie e 158
D. V. RUDENKO

RESEARCH OF THE STRESS STATE OF A MODIFIED IN-SITU CONCRETE...........ccccccoiiiiiiiiiiiiiiicicceeeeens 166

SUBJECT INDEX TO THE JOURNAL «SCIENCE AND TRANSPORT PROGRESS.
BULLETIN OF DNIPROPETROVSK NATIONAL UNIVERSITY
OF RAILWAY TRANSPORT» FOR 2000 .........cooiiiiiiiiiiieeee ettt s 187

198



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

BUMOTI'M 10 O®OPMJIEHHSI CTATEHA

Jo nmy6nikauii B xypHasi NpuiiMaroThCs CTaTTi YKpaiHCBKOIO, pocilickkoio abo aHrmiiicbkOI0 MOBaMu TNpoGiem-
HOTO, Y3araJIbHIOKY0r0, METOJMYHOTIO XapaKTepy, OPHTiHANBHI HAyKOBI, MPaKTH4HI JOCITIIKEHHS, AKi pauHille Hize
He BHIABaJIMCH.

Marepianu HeoOXiIHO HAAaBaTH B IPYKOBAHOMY Ta eIeKTPOHHOMY BUrisai y nporpami Microsoft Word 2003
abo 6ineIn pauHiil Bepcii — daiinu *.doc (dainu *.docx, *.docm He npuitmaroTeca). s HaGopy dhopmyn Buko-
pucroByetsesa MathType 5.

Haykora cTaTTd NOBHHHA Bignoeigaty sumoram 1. 3 [locranoru BAK Yipaiuu Ne 7-05/1 Binx 15.01.2003 poky.

Marepiani peleH3yrTLCS YIEHaMH peJakiliiiHol Koserii sKypHaly Ta CTOPOHHIMH HE3aIeKHUMH eKCNepTaMH,
BHXOISYH 3 MPHHOHITY 06’ €KTHBHOCTI Ta 3 MO3HLIH BHIIMX MIXKHAPOHHX aKaIeMi9YHHX CTaHIapTiB AKOCTI, Ta peaa-
ryroThed. Penakuis 3anumae 3a cobor0 MpaBo Ha CTUITICTUYHY MPAaBKY PYKOMHCY.

Bumoru miono o6cary HayKoBHX cTaTeif, MOBidomM/ieHb, BIATyKiB Ta peuensiii:

—  orsaoBi Ta npobnaemMui cratti — 1o 45 000 3uakie 3 npobinamu (7—-10 c.);

—  3araneHi cTatTi 3a pyOpukamu Buaanss — o 30 000 3xakiB 3 npoGinamu (5-7 ¢.);
—  Haykose noBinomneHHs — 10 8 000 3HakiB 3 npoGinamu (1o 2,5 ¢.);

—  Bigryk abo peuenzis — 1o 6 000 3nakiB 3 npobinamu (oo 2 c.).

Marepian HanaeTbesa y dopmati A4, BpaxoByrouyH Tabauui, inocTpauii, cmicoK BUKOpUCTaHUX mkepen. Crarri,
Ginbiui 3a 06CAroM, MOXKYTh OYTH NPHHHATI 1O PO3TJIsLY Ha MiAcTaBi pilleHHs peaKoerii.

¥Bara! 3rigHo 3 MDKHAPOJHHMH CTAHAAPTAMH SIKOCTI HAYKOBHX my0Jikauiii HeoGXiqHMM €: HAsSBHICTL aB-
TOPCHKHMX PO3LIMPEHHX i CTPYKTYypoBaHHX pe3toMe (pedepariB — abstracts), y T.4. aHITIHCEKOK MOBOIO, peLIEH3iH,
MPUCTATEHHHUX CIUCKIB JiTepaTypH B poMaHChkoMy andagiti ToLwo.

Pexomenayemo CKOpHCTaTHCH NpaBHIAMH o odopmieHHs craTtei KYpHATY:
http://library.diit.edu.ua/HTMLs/scientists/Vumogu/Vumogu.pdf.

Jas 3pa4i crarri 40 APYKY aBTOpy/aBTOpaM HeolXiaHOo:

1. Ina enexrponHoi indopmauil chopmyBaTu Bci MaTepiany B m’aTH daiiaax:

—  Ilepumii — i3 TEKCTOM CTATTi Ta aHOTaLil 3 Ko4oBUMH ciioBamu. Ha3ga daiiny — npizeuiie Ta idiui-
anM aBTopa (MepLIoro CriBaBTOPa) JATHHCHKUMU JTiTepamu, Hanpukiaa: Ivanov I stattia.doc.

— Jipyruii — 3 po3IIMPEHHMH BiZJOMOCTSIMH PO aBTOpa/aBTOpiB (NpizBulue, iM’s, no GaTLKORI; Mocana;
HayKOBHIii CTyNiHB; yUeHe 3BaHHsA; Miclle poboTH abo HaBYaHH:A; aJpeca e/IEKTPOHHOI MOLUTH; HOMEPH
KOHTakTHUX Tenedonis). Hazga daiiny — Ivanov Il vidomosti.doc.

- Tperiii — peuensis (Binckanorana). Hazea daiiny — Ivanov_II recenziia.jpg.

—  YersepTuii — ExciepTHHII BHCHOBOK (BiICKaHOBaHUIA, CKIIaAEThCA Y BinbHIN opmi). Hasea daiiny —
Ivanov_II_vysnovok.jpg.

— ID’armit — Jlinensiiinuil noroeip (Binckanosanuii). Hasea ¢aitny — Ivanov Il dogovir.jpg. Teker go-
rogopy: http://library.diit.edu.ua/HTMLs/scientists/Vumogu/license.doc.

2. lns npyxosanoi indopmanii. [lo penaxuii HanaroTees ocobreTo ab0 HaICHIIAIOTHECH MOLITOK Taki MaTepia-
nmu: 1) aBa OpyKOBaHMX NMPHUMIPHMKM PYKONHCY 3 MiANHCAaMH BCiX CIIIBaBTOPIB Ha OCTaHHBEOMY apKylli poGoTH;
2) opurinan JlileHziiHOro A0roBOpy 3 MiANHCAMHU BCiX CIiBAaBTOPIB; 3) OpHIiHAT €KCIIEPTHOrO BHCHOBKY; 4) peko-
MeHaLlisi 1o OPYKY 3a MiAMKUCOM BilNOBiJaTBHOrO pefakTopa po3ainy (ans cniepoditaukie JTHY3T).

BignosizajabHicTe 3a 3MiCT cTaTTi, NPaBUJILHICTB, TOYHICTH i KOPEeKTHICTh HHTYBAHHHA, NOCHIAHL
TAa NepeKJaay MoKJIagacrbecsi HA ABTOPIB.

OcraToyHe pimeHHs moao mydaikanii yxBaiioe peqakuifiHa KoJieris JKypHaJy.
CraTTi, BiaxujaeHi peaakuiiiHoi0 KoJiericio, MoBepTalThCs ABTOPaM AJIS 100N PALIOBAHHSA.

IllanoBHI aBTOPH, 3aNIPONIYEMO A0 CHiBPOGITHHIITBA!

3 nuraHb onyGaiKyBaHHSA 3BepTaliTecs A0 peAakuii X ypHaJy 3a agpecolo:
HaykoBo-TexHiuna Gibmioreka (ayn. 166),
JlninporneTpoBchkKUit HAlliOHATTEHUH YHIBEPCHTET 3Ti3HHYHOTO TPaHCNOPTY iMeHi akanemika B. Jlazapsua,
Byi. JlazapsHa, 2,
M. duinpo,
YkpaiHa,
49010
e-mail: visnik@diit.edu.ua
Anpeca caiity xypHany: http:/stp.diit.edu.ua/

199



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

HayxoBe Buganusa

HAYKA TA IPOTPEC TPAHCHOPTY.

BICHUK JHINPONMETPOBCBKOI'O HAIIIOHAJIBHOI'O YHIBEPCUTETY
3AJI3BHUYHOTI'O TPAHCHOPTY IMEHI AKAJJEMIKA B. JIA3APSIHA
Ne 6 (66) 2016
(YyKpaiHChKOI, POCIHCHKOI Ta aHTIIHCHhKOI MOBaMH )

BigmoBinansHuit 3a Bunyck —A. I. Mupropojaceka
Komn’rotepHe Bepctanus —JI. A. KoOyunis
JlitepatypHa 06po6ka —O. M. Bpyb6neBcbka

®opmat 60X 84'%. VM. apyx. apk. 23,13, Tupax 300 mp. 3am. Ne 37.

JAuninponerpoBchbKU HANIOHAJNBbHUN YHiBepcUTET 3aJi3HUYHOIO TPAHCHOPTY
imeni akagemika B. Jlazapsana
Aopeca pedakyii, eudoasys:
By JlazapsHa, 2, kim. 267, M. [{ainpo, 49010, Ykpaina
Ten.: +38 (056) 371-51-05
E-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua
Aodpeca JinvHuyi onepamuseroi noniepagii:
Byn. Jlazapsua,2, kim.1201, m. Juinpo, 49010, Vkpaina
Ten.:+38 (056) 47-19-66, dpakc:+38 (056) 47-19-83

L 2K 2B 2R AR /4

Hayunoe usznanue

HAYKA TA NPOI'PEC TPAHCIIOPTY. BICHUK JHINPONNETPOBCBKOI'O HAIIIOHAJIBHOI'O
YHIBEPCHUTETY 3AJIBHUYHOI'O TPAHCHOPTY IMEHI AKAJAEMIKA B. JA3APSJHA

(HAYKA U IIPOTPECC TPAHCIHIOPTA. BECTHUK JHEINNPOIIETPOBCKOI'O HAIITMOHAJIBHOTI O
YHUBEPCUTETA KEJE3HOJOPOXHOI'O TPAHCIIOPTA UMEHU AKAJEMMUKA B. JIA3APSIHA)
Ne 6 (66) 2016
(Ha YKpPaMHCKOM, PYCCKOM M QHTJIIMHCKOM s3BIKaX)

OTBeTcTBEHHBIN 32 BeiNyck —A. . Mupropojackas
Komnbpooreprnas Bepctka —JI. A. Kobynus
JIuteparypuas o6paborka — O. M. BpyOuneBckas

®dopmar 60X 84'/s. Vc. meuar. nmct. 23,13, Tupax 300 sx3. 3ax. Ne 37.

JlHeNpoONeTPOBCKHIl HAHOHAJBbHBIH YHHBEPCHTET JKeJE3HOJAOPOKHOT0O TPAHCNOPTA
HMeHH akaaemuka B. Jlazapsna
Aopec pedarkyuu, uzoamens:
yi. JlazapsiHa, 2, koM. 267, r. [{aunpo, 49010, Ykpauna
Ten.: +38 (056) 371-51-05
E-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua
Aopec yuacmrka onepamugnou noiuepauu:
ya. Jlazapsana,2, xkom.1201, r. Auunpo, 49010, Ykpauna
Ten.:+38 (056) 47-19-66, ¢paxc:+38 (056) 47-19-83

L 2K R K K
Scientific Edition

NAUKA TA PROGRES TRANSPORTU. ViSNIK DNIPROPETROVS’KOGO NACIONAL’NOGO
UNIVERSITETU ZALIiZNICNOGO TRANSPORTU

(SCIENCE AND TRANSPORT PROGRESS. BULLETIN OF DNIPROPETROVSK NATIONAL
UNIVERSITY OF RAILWAY TRANSPORT NAMED AFTER ACADEMICIAN V. LAZARYAN)
No. 6 (66) 2016
(in Ukrainian, Russian and English languages)

Responsible for issue —A. I. Myrhorodska
Computer makeup —L. A. Kobuliya
Redaction —O. M. Vrublevska

Format 60X 84'/. Conventional printed sheet 23,13. Circulation 300. Order no 37.

Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan
Address of editor and editorial office
Lazaryan St.,2, r.267, Dnipro, 49010, Ukraine
Tel.: +38 (056) 371-51-05

E-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua
Address of small offset printing office

Lazaryan St.,2, r. 1201, Dnipro, 49010, Ukraine

Tel.: +38 (056) 47-19-66,Fax:+38 (056) 47-19-83



a. us c,st

aHRdAY Eﬂnﬂa%}oxﬂﬂ
J09HLIEI0-0B0NARH [OXSIHIEIA
BhesAondoy smemody

::_mnx>=§m:_sﬁuo§

eHsdeERY "g BXINaVEIE HOW W
- ArdousHedl 0JOHKMHEIVEE LainadasiHA yuHaveHomes vninasodisuoduHy

MVIHB01D0VA

WINEXVOAU XMBOJNABH LLOONIS

L¥3:




66L-1°(99)9 '9L0Z ‘eHsdese|( g exWaeNe 1Haw] ALdoudHedL oloHhUHEIrRE ALaLnddagiHA cloHaueHoINeH oloyqsaodiauodulHiy ¥uHoig “ArdoudHeds dadiodu eL exfeH

(dunuQ) 9999-L0EZ NSSI
(ulid) 68¥€-L0EZ NSSI

io

io

io

8

EIREENDRT S ey N <1

3

e o e e
EO

TR SR R ()

2

>

9



	1
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	21
	182.pdf
	10003
	10004




