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BILIUB MPO®LITIO KOJIECA TA TBEPJIOCTI HA CTIMKICTD KOJIII
3 PI3BHUMHU KOHCTPYKIIAMU CKPIIIVIEHD

Anomauin. Buxouani excnepumenmanvii OOCHONCEHHI WOO0O GCMAHOBNEHHS MEXHIUHUX
napamempie nPOMINCHUX Petiko8UX CKPINieHb Wo0o 3a0e3neyenHs N03008XHCHbOI CMIUKOCTI Petiko8UxX
HUMOK, 6CMAHOGNEHHSI TEXHIUHUX NApaMempie NPOMIJICHUX PEUKOBUX CKPINIeHb W00 3a0e3nedeHHs.
N030062CHbOL  cmitikocmi  petikogux Humok. IIpoananizoeani O00CHIONCEHHS 6NIUSY MEXHIYHUX
Xapaxmepucmux meepoocmi npu 83aemooii peliku ma Koaeca i ixub02o 6Nausy Ha pideHsb NO3008ICHIX
CUTL 83AEMOOI] MIdC eleMeHmamu KOJii ma KoIiC pyxomMo2o CKAAdy 8 eKCHIyamayii Ha 3a1i3HUuysx
Yipainu. Ilicna nouamxy excnayamayii KOMICHUX nap 3 30iIbWEHUM 3HAYEHHIM MEepOOCmi
HOPYWUNIOCS. ONMUMATIbHE CRIBBIOHOULEHHS MEepOOoCmi PelKos8oi i KonicHol cmaii. 3 pisHux oxcepern
w000 83aEMO0II peliku ma Koieca 8i00MO, WO Kpawly 3HOCOCMINIKICMb 6 napi mepms QUABIAIOMb
Memanu 3 npubIUIHO 00HAK0B010 meepdicmio. Ha ocHosi ompumanux 0aHux 6UKOHAHI pO3PAXYHKU ma
npogedeHull iXHill ananiz 3 po3poOKOI0 PEKOMEHOAYill w000 NOOANbULOL eKCILYamayil.

Knrouoei cnoea: peiikosa «xonis, cmiukicme pyxy, 2OPU3OHMATbHI CUTU, NO3008ICHI CUIU,
NPOMIJICHI CKPINIEHHA.

Beryn. 3amizHuynMii  TpancnmopT VYKpaiHM pO3BHHYTa Taily3b TOCHOAApPCTBA 3  IMOTYXKHOIO
iHppacTpykTypor. KpiMm Toro, Ha yKpaiHCHKHX 3ali3HUILIX JOCUTH CKIIQJHI YMOBH €KCIUTyaTalii, sKi
XapaKTepU3yIOThCs CYMIIICHHM PyXOM TMOi3liB, MPHU SKOMY OJHUMH MariCTpaSIMH PYXalOThCs SIK
MacaKUPChKI MOT3/1M, TaK 1 BaHTaXHI noi3au. Bee e yckiaiHioe yMOBH ekciutyaTaitii. ToMy npooOiiema
B3a€MOIiT peHOK 3 KOJIeCaMH € JTOCUTh aKTyaJbHOIO 1 Ha JTaHWI Jac.

AHaJNi3 ocTaHHIX AoCTiKeHb i mocTaHoBKa mpodJemu. llinBumieHWt 3HOC Mapu «peika —
KOJIECO», 3MEHIIIEHHS J>KUTTEBOTO IMKIY OaHmaxa, OOYMOBWJIO BHHHUKHEHHS BEIUKOI KIUTBKOCTI
JIOCJIJKEHB 3 POOJIeM 3HUKESHHS CHJIOBOT Ta (DPHUKIIIMHOT B3aEMOJIIT B CHCTEMI «KOJIECO — peiiKay, sKa
Ha JITaHWH Yac OKpiM 3HA4YHOI €KOHOMIYHOI CKJIamoBoi Mae Oe3nocepenHill BIUIMB Ha OE3MEeKy pyXy.
HaBeneno anani3 BIUTMBY 3MIHHHUX yMOB €KCIUTyaTallil Ta TEXHIYHUX XapaKTEePHUCTHK B3a€MOJII mapu
«pelika — KoJIeco» Ha 3HOC TIOBEPXHI KaTaHHs KOJIIC Ta MOBEPXHI KOYEHHS peHoK.

Meta i 3aBpaHHsi AocaigKeHHsl. Mera poOOTH TONATaEe y BH3HAYCHHI BIUIMBY TBEPAOCTI
B3Aa€EMOJIIIOUMX €JIEMEHTIB Ha iXHil 3HOC, NPH PI3HUX KOHCTPYKLISIX CKPIIUICHb Ta PI3HUX CTYIEHAX
3HOCY KOJICHUX map. I3 3MiHOIO 3HAYEeHHsI TBEPIOCTI MOBEPXHI KOYEHHS KOJICHHX Tap MOPYIIUIOCH
ONTHMAJIbHE CIIBBIAHOLICHHS] TBEPIOCTI PEHKH Ta KOJIC PyXOMOIO CKJaay B pe3yJbTaTi BHHUKIIO

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
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TiIBUIIICHHS 3HOIIYBAHHS CJIEMCHTIB SKi MAalOTh MCHIIEC 3HAUYCHHSIM TBEPAOCTi. BiAMmoBigHO 10 METH B
po06oTi Oynu TocTaBIIeH] Taki 3aBAaHHS JAOCIIIPKEHHS: BCTAHOBJICHHS TEXHIYHHUX MapaMeTpiB CKPIIIeHb
o0 3a0e3neueH s CTIHKOCTI PeHKOBIX HUTOK. JOCTiIKeHHS MPOBOMIINCH Y JIEKLTbKA eTalliB:

1. TlinGip miASAHOK AJIS MPOBEACHHS EKCIEPUMEHTAJBHUX JOCHIHKEHb 3 Pi3HUMH KOHCTPYKLISIMH
BBK nipu pi3HHX eKcIUTyaTaliiHuX yMOBaX.

2. Po3po0Oka METOMUKH MPOBEACHHS EKCIICPUMCHTAIBHUX MOCIIIKEHb IOA0 CTIHKOCTI KOmii Ta
3MiHU PODITIO KOJTICHUX OaHAaXIB y MPOIieci eKCIUTyaTarlii.

3. [IpoBeneHHs eKCIIEPUMEHTAIBHUX JOCIIIPKEHb MO0 CTIHKOCTI KOJIl Ta mapaMeTpiB KOJICHUX
map JOKOMOTHBIB.

4. OO6poOka OTpUMaHMX JAHWUX X aHAII3 Ta PO3PAXYHKH CUIIOBOI B3a€MOII.

VY3aranpHeHHsI pe3yNbTaTiB JOCTiKEeHHs, (OpMyBaHHS BHCHOBKIB Ta pPO3pOOKa pEKOMEHIALiH.
Buxonsun 3 MeTH AOCTIHKEHHS OCHOBHHMH KPUTEPIsIMU JAJsi BUOOPY EKCHEPHUMEHTABHUX IiJISTHOK
Oynuy: THIT MPOMIXKHOTO CKPIIJICHHS, BAHTAKOHATIPY>KEHICTh, MPOMYIIEHUI TOHHAX.

OCHOBHI CKCHIEPUMEHTAJbHI JIOCTI/DKCHHS TPOBOAWIMCH Ha OE3CTHKOBIM KOJIi B MeEkax
MaricTpajibHUX AUISHOK 3aTi3HUI Ta B JOKOMOTUBHOMY ferno. KpiM TOro yacTrHa eKCliepUMEHTAIbHIX
nMaHux Oynma OTpMMaHa Ha KOHTPOJBHHX MUISTHKAX PO3MIMIEHUX Ha BUPOOHWYO-HABYAIHHOMY TOJITOHI
YVHIBEPCHUTETY, 0 MiCTUTh AUISTHKY Komii 31 ckpirutenHsamu Tamis: Kb, KITI-1(Cb-3), KIIII-5.

OxpemMo TimiOpaHo JiNSHKA 3 HAWOUIBIIO BaHTAKOHATPY)KEHICTIO, SIKI PO3IISIamUcS TpU
o0rpyHTyBaHHI po3mupeHHs chep 3actocyBanHs ckpimeHas KIII1-5. OcHOBHUME XapaKTepUCTHKaMHU
IUIIHOK Oynn Ge3cThkoBa Kouis, periku tuny P-65, UIC60, mmanm 3amizo6eToHHi, 6anacT meOeHeBni,
npoMixkHi peiikoBi ckpimienns turi: Kb, KIII1-1(Cbh-3), KIII1-5, BanTa)koHaNpY»XeHICTh AUSTHOK Bif 20
Jo 60 Ta BHIe MJIH. T KM OpYTTO/ KM 3a piK, IBHAKICTh PyXy Hacaxupchkux Bifg 100 mo 160 km/rox,
BaHTaXXHUX — 70 1 80 KM/TO/, pyXOMUI1 CKIIa]l SIKUI 3aHXOAUTHCS B KCIDTyaTallii Ha 3aTi3HUIIX Y KpaiHH
— THUIOBI KOHCTPYKIii BaroHis; jokomotuBu BJI-80, UC-4, YC-8, JIC-3; emekrtpomoizmu: Hyundai
Rotem, EKp1 «Tapnan».

Y mporeci ekcruTyaTarii eleMeHTH TMPOMIKHOTO PEHKOBOTO CKPIIICHHS MiAJA0THCS MOCTIHHOMY
JMUHAMIYHOMY BIUTHBY B IPOIIEC YOTO BHHUKAIOTH 3aJIMIIKOBI Aedopmartii.

OCHOBHOIO 3a7a4yel0 € BCTAHOBJEHHS (DaKTHYHOTO CTaHy eNeMEHTIB NPOMDKHUX CKpIIUIeHb i
3a1i300€TOHHUX IIITaJT, 3HAXOKEHHSI MAaKCHMAJIBHOI CHITH OTIOPY PEHKH MO3I0BKHEOMY TIEPEMIIICHHIO,
SIKi 320€3MeUyIOThCS CKPIIUICHHSMH P Pi3HUX yMOBax eKcrutyararii [1].

[MpoananizyBaBiiu TUHAMIKY CY4acHOTO PO3BUTKY BHMIPIOBAJILHHX CHCTEM TPOQIIIO KOIIC, MOYKHA
3pOoOKTH BICHOBOK, 1110 Ha TEMEpilIHiif Yac 3aco0H, 10 3aCTOCOBYIOTHCS JJIsl KOHTPOITIO MOBEPXHI KOUEHHS
KOJIICHMX TIap MArOTh MOTYXKHI JPKEpelia BUIPOMIHIOBAHHS, CIIPUHHATTA (OTO 300paykeHb, MIBUIAKOMiIOUI
MpUCTPOi 00poOIIeHHS iH(pOPMAIL, IO /1A 3MOT'Y 30UTBIIUTH TOYHICTh BUMIPIOBaHb [ 5, 6].

OCHOBHMMHU €JIEMEHTaMH CHUCTEM SIBJISIIOTBhCS 3acO00M OOpPOOKHM oTpuMaHoi iH(popMallii Ta pkepesa
BUITPOMiHIOBaHHS. [3 HaBeneHoi Talmuimi | BHAHO IIO 3HAYCHHS MIBHAKOCTI PYXOMOTO CKIamy IS
pI3HMX CHCTEM 3HAYHO BIJIPI3HAIOTHECS 1 MAarOTh BENMKHHA Jialla30H, aje BOHHU JIOCTaTHI II100
BUMIPIOBaHHS MPOBOIUIIMCH ITiJ] Yac pyxy [7].

Tabnuys 1. TexHidHi XapaKTePUCTHKU CHCTEM KOHTPOJIIO MApaMeTPiB KOJiCHHX map

IIBuaxicTs
. . IMoxubka A Pyxy
Cucrema IMapameTpH siKi BUMIPIOIOTCS . PYXOMOTO CKIIay,
BUMIpPIOBaHHS, MM
KM/TOJ
Tread View Ipodine Koneca, BUCOTA M TOBIIMHA TPEOEHS +0,5 8
Bucora u ToBIMHA rpebens, TOBLIIMHA 0003,
WPMS HIHMHA TPCOCHA, TOBII a 60

IPOKAT Ha MOBEPXHI KOYCHHS
IIpodine xoneca, BUCOTa U TOBIIUHA TPEOCHS,
WheelSpec JiaMeTp KoJeca, TOBIIMHA 0001, MPOKAT Ha Hewma maamnx 100

MOBEPXHi KOYEHHS], TIOB3YHH
[TIpodine u niamMerp Kojeca, BUCOTA M TOBIIMHA >+0,2; 11 AuameTpa
rpeOeHs, TOBIMHA 000713 koJreca +0,4

WIS 80
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3axinuenns mabauyi 1

IIpodins u giameTp Kojeca, MOB3yHHU, hopma
Argus pod A p Koreea, yHH, dop +0,2 12
KOJTiC
Bucora u ToBirHa rpeGeHsl, TOBIMHA 00012,
WheelScan [IIHHA TP » TOBI Aa, +0,05 30
[IMPHHA MIOBEPXHi KOYCHHS SIKa 3HOUTYETHCS

Jns OGe3mocepeAHROTO TPOBEACHHS EKCIEPHUMEHTAIBHUX TOCTIKEHb pPO3pobiieHa METOInKa
BHKOHAHHS POOIT HA MIFOYMX MIISHKAX 3aJII3HUYHOI Koiii. J[jis BUMIpIOBaHHS mapaMeTpiB KOJIICHHUX
nap BUKOPHCTOBYBACH Ja3epHuii mpodinomerp (puc. 1, a) [8, 9].

o6 3moaentoBaTH pOOOTY PEHKOBHX HUTOK Ha TIO3JI0BXKHIH 3CyB, HOTPIOHO CTBOPUTH BiIOBITHY
CHJIOBY 10, IO BiJIMTOBia€ XapakTepy peaabHUX MPOIECiB B3a€MOIi KOmii i pyXoMOoro CKIamy, Ui
nepeAaBaHHs CUIIM Ha PeiiKy OyJ0 BUKOPHCTAHO TiIpaBliuyHUiA KOJIIHHUN NPUCTPiil cTBOpeHnH Ha 0as3i
TiZpaBIiYHOrO PO3TrOHINKKA CTHKOBHX 3a30piB P3 25 110 (puc. 1, 0).

3HaXO/PKEHHS 3yCHIUIA, SIKE MepelaeThCcs Ha PeKy BH3HAUYANIOCH 3a IMOKAa3aHHSIMH TiAPaBIigHOTO
MaHOMETpa SKUi OyB MiAKIIOYEHUN B TiApaBiiuHy cuctemy mnpuiany [14]. Uepe3 3HaYeHHsS THCKY
3HAXOJIWJIUCh BIJIOBIIHI BeMMYMHM CWil. HaBaHTa)kKeHHS MOCTYIOBO 30LIBIITYBAIOCH JI0 TOTO MOMEHTY
MOKU HE BiZOYNEThCS 3pUB PeWKH 1 MOAABIIMKA 11 3CYB IO €JIEMEHTaX CKPIIUICHHS, II¢ 3HAYCHHS i
BBQKAJIOCS 32 KPUTHYHY CHITY TIPH SIKif BTPA4a€eThCsl MO3OBXKHS CTIHKICTh PEHKH.

Ha nitoumx ninsHkax O€3CTHKOBOI KOJii BUKOHYBAJIUCH HA PO3PSAHUX JIAHKAX MK PEHKOBHMH
IUITAMHU. 3 TOYKH 30py OLIHKK POOOTH CKPIMJICHb TaKi MUISHKH OUTBII BUPaKEHO NEMOHCTPYIOTH
MOJKJIMBOCTI CKPIIJIEHh OCKLIBKH IMiJIal0TECA HAMOUTPIIUM THHAMIYHAM HABAHTAXXEHHAM 1 X yMOBH
pobotu € Baxxuumu [2].

Po0otu 13 gociipKeHHs TOAUIAIOTHCS Ha MiATOTOBYI, OCHOBHI Ta 3akiito4Hi. B miaroToBuuii mepios
BUKOHYETBCS OIS KOJii, BU3HAYAETHCS CTaH OajacTHOTO IIapy, IIMaj, elIEeMEHTIB CKpPIiIUIeHHS,
BHU3HAYAETHCSA KIIBKICTh HEMPHUIATHUX Ta AE(PEKTHHUX, MEePEBIpsIEThCA BETMYMHA CTHKOBHX 3a30PiB.
PesynbTaTtu ornsgy 3aHOCATBCA B KypHad Qikcamii oTpUMaHHX AaHUX Ui MOAANbIIoi oOpoOKH i
y3aranbHeHHs. HamidaeTbesl meBHA KiJbKICTh CKpIIUIeHb, 10 OyIyTh 3a1isHi y BUNpoOyBaHHAX. JaHi
CKPITUICHHS 3aJTMINAIOTHCS 3aKPIIUICHIMH 1 PIBHOMIPHO PO3MOIIICHHIMH IO JOBXKUHI peHKH.

JocnipkeHHs: BUKOHYIOTbCSL TIPH TEMIIEpaTypi perok ONHM3BbKOI [0 TeMIepaTypH 3aKpilieHHS.
[MpucTpiéi po3MilIyeThCs HAJ CTUKOM TaK, MO0 cepeirHa MpHiIaay 3HAXOJWiIach HaJ 3a30poM, i
BUKOHYIOTHCSI BUMIPIOBAaHHS THCKY THUCKY SIKHI 30UIBITYETHCS IO TOTO MOMEHTY TTOKH B KOHTPOJIBHUX
nepepizax BigOymeThCsS 3MIIEHHS MiJOMIBU PEeWKH BiMHOCHO (ikcoBaHmX Touok. Ilicms dikcamii
3HAYEHb THUCKY IMPHITUHIETHCS TEPEMIIIEHHsT PEWKH, MPHUCTPI MEepeMillyeThCsl B iHIIE Micle s
BUKOHAHHS JIOCJIiDKECHB.

[Ipny BUKOHAHHI eKCIIEPUMEHTAJIbHHX BHMIpIOBaHb OOpOOKa OTpPHUMaHUX pPe3yJIbTATiB
BUKOHYBaJIaCh 332 HABEJICHUM HIKYE allTOPUTMOM:

1. OrpumaHHS TIOKa3aHb THCKY BIJIOBIJIHO JO pPO3POOJEHOI TEXHOJOrIT MPOBEACHHS
EKCTIEPUMEHTY.

2. BukoHyeTbCs pO3paxyHOK I03/I0BKHBOT CHITH OTIOPY IEPEMIIICHHIO PEHKOBHX HUTOK.

3. BuzHaueHHs MO3/I0BKHBOTO YTPUMYIOUOTO 3YCHIUIS, 1[0 CTBOPIOETHCS OJTHUM CKPITUICHHSIM.

Po3paxyHOK BETMUMHHU IOTOHHOTO OIIOPY MO3/I0BXXHEOMY 3CYBY PEHKOBUX HUTOK.

Oco0nMBOCTI TPOBEAEHHS JIOCHTIDKEHb, IO BPAaXOBYIOTHCS IPHU ONPANIOBAHHI OTPHUMaHHX
pe3yibTaTiB:

HABaHTA)XEHHS CTBOPEHE CIEIialIbHUM TiJIpaBIidYHUM TMPHIAJ0M MEPElAEThCsl Ha YCi 3aKpiluieHi
CKpIIJIEHHSI PIBHOMIPHO, OCKUIBKHM NPYXHHHA HEpepO3MOALT TiI0YMX 3YCHIIb PEHKOBOIO HHUTKOIO
HE3HAYHUM;

BIJTHOCHOIO 3MIHOIO JIOBKUHU PEHKOBOT HUTKH MOXKHA 3HEXTYBATH;

yacTMHA CHJIM, HEOoOXiTHa AJsl MOJOJAaHHS CWJI TEPTS B HAKIaJKaX CTUKOBOIO CKpIMJICHHS HE
BPaxOBY€ETHCSI, OCKIJIBKM CTUKOBI OOJITH pO3KpYyUeHi Ta BUOUTI 3 MOTAIB;
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JUIA  HIBENIOBAaHHA BIUIMBY CHJ OIOpPY, IO CTBOPIOIOTBCA PO3KPIMJICHUMH TPOMIKHUMU
CKPIIUIEHHSAMH MK PEHKOFO 1 T IKJIaIKO0 UM IIIAJIO0 BKIIATAIOTHCS KOTKOBI OITOPH;

BAMIPIOBAaHHS TMPOBOIIINCH TPH TEMIEpaTypl PEeHKOBUX HHUTOK ONM3BKIN MO TemmepaTypu
3aKpITUICHHSI TIPH K1 BUKIIOYAIOTHCS BUMAAKH 3JIUTUX Ta HAAMIPHO PO3TATHYTUX 3a30piB B CTHKaX i
BIUIMBY TEMIIEPATypPHHUX CHUII,

KOHTPOJIb TIEPEMIIIEHh PEHKOBHMX HHTOK BHKOHYBAaBCS B PO3MIUEHHX TMepepi3ax BiTHOCHO
MIPEHKOBUX OTIOP

CKJIaJHICTh BUKOHAHHA PO3PaxyHKIiB MO0 BIUIMBY NpOQiT0 Ta TBEpAOCTI MOBEPXHI Kojieca Ha
CHJIOBY B3a€MOJIIIO 3 peiKaMHu.

Puc. 1. Jlazepunii npodinomeTp a) Ta cxeMa cneliaabHOr0 TiAPaBJIiYHOTr0 MPUCTPOIO
171 IPOBEIeHHA eKCIEPUMEHTATbHUX BUNPOOYBAHb 0)
1 —kopnyc, 2 — bax ons macaa, 3 — 2iOpoyuninop, 4 — KIuHU 3aMUCKHI, 5 — KIANau nepenyckHul,
6 — Hacoc, 7 — canyn, 8 — ponuk, 9 — eaoicins, 10 — npyscuna cmaicua, 11 — manomemp
2iopasniunull

Jnst GimpIl MOBHOTO 1 MIMPOKOTO JOCHIIKEHHS POOOTH CKPIIUIEHHS MPOBENECHO BUMIiPIOBAHHS
BEJIMYMHU 3HOCY €JIEMEHTIB. BennunHu 3HOCY €NeMEHTIB CKPIIJICHHS BH3HAYAINCS MUITXOM Pi3HUII
HATYpHUX BHMIpIOBaHb 1 HOpMaTHBHUX. HaTypHi BHMiprOBaHHS BUKOHYBAIUCH O€3MOCEpeHBO Ha
KOJTIT IUISIXOM X TUMYaCcOBOTO BUJIYUYCHHS 3 KOJII.

IIpoBoammucek OGe3rocepeHi BUMIpIOBaHHS T€OMETPUYHHUX PO3MIpPIB IMiIPEUKOBUX IMPOKIAIOK Ta
130JIF0I0YMX BKJIAJMIINIB, OCKUTBKA BOHM BHUTOTOBJIEHI 3 HAaWOUIBII 3HONIYBAJIBLHMX MaTepialiB Ta ix
CTaH BEJIMKOK MIpOI BIUIMBA€ Ha MpalE3JaTHICTh CKpiwieHHs B nitomy [3]. ['eomerpuuni
BUMIPIOBaHHS TPYXXHOI KJIEMH B JaHUX JIOCHIDKEHHAX HE BHKOHYBAJIHMCh, OCKUIBKH 32
T€OMETPUYHUMH MTOKa3HUKaMHU 00’ €KTUBHO OLIHUTH IPAIe31aTHICTh KIIEMH HEMOXKIIHBO.

Ha ninsiHKax KoJii HAaTypHI BHMIPIOBAaHHS BUKOHYBAJIUCh HPU CYYIIbHIU 3AMIHI eleMeHmis
ckpinaenns Tany KIIII-5, 1m0 103BOIHIIO TEXHOIOTTYHO BUKOHATH BEJIUKY KUTBKICTH BUMiPIOBaHb.

IIpy poMy OJHOYACHO BWUKOHYBaBCS TEXHIYHHN CYNpOBiA, (ikcallisi pe3yinbTaTiB JOCHIIKEHb.
[MepeBipsucs HAsSBHICTh TPYXHHUX KJIEM Ta HIUTbHICTh IPUTHUCKAHHS HUMH PEHKOBHUX HUTOK. Po3mipu
BKJIQJIMIIA 130JIFOI0YOr0 BHU3HAYAIKCS 32 JIOMOMOTOK MITAHTEHIIUPKYJS KOJIMHOTO TOBIIMHA HIXKKH
BKJIAJMIIA Ta TOBIIMHA BKJIQAWINA y NEPETUHI MiJ KIEMOIO BUBHAYANACA V HAUOINbW 3HOUEHOMY
micyi. Bel pe3ynbTaTi JOCHiHKeHHS Oy OTpaIibOBaHi Ta y3arallbHeHi 3a BiAMOBIIHAMH O3HAKAMHU.

AHami3 JaHUX T[I0Ka3ye, Ha eKCIePUMEHTAJIbHUX JIITHKaX 4YacTo 3yCTPIiYaeThCsl BHUCOKA
JIeeKTHICTH 3/0 mmmai, KpiM TOTo € BeJIMKa KUIbKICTh HeMpUAaTHUX mmai — 10 13 %, gxi motpedyioTh
3aMiHH, B TIPOLEC] eKCIUTyaTalil BiAMi4aeTbcs BITHOCHO BEJIMKA KiJIbKICTh HENPUIATHUX CKPIIUICHb Ta
iX eJeMEHTIB, sKa B JISIKUX BUIaakax ckiagae Bix 9 g0 20 i Ounbine %; Ha MepeBakHINA KiIBKOCTI
JIOCHIJDKEHUX JUITHOK B 30HI CTHKIB CIOCTEPIraeThCs MiJBUINECHUH BUXiJ[ CKPIIUICHb y HETPHJATHI,
npu pizaux tunax ckpimeHas KIII-1 (Cb-3), KIIII-5, Kb BincoTok HempumaHUX CKpIIIEHb HPH
OJIHAKOBHUX YMOBax eKCIUIyaTaiii y cepeJHbOMY Ma€ MOMIOHUI piBeHb, TaKOXX BapTO BIAMITHUTH
3pOCTaHHs PiBHSI JeQEKTHOCTI CKpIIUIEHHS Ha JIJISTHKaxX 3 BHUINOK BaHTAXOHANpYyXKeHicTio [4] Ta
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eKCILTyaTalli€r0 Koiic i3 30umbiieHor TBepaictio [11, 12, 13]. B po6oti [15] Ha ocHOBI aHami3zy
CBITOBOTO JOCBITy Ta €KCIIEPUMEHTAIBHHUX TOCIIIKEHb MIWIUIM BUCHOBKY: MiJBHINEHHS TBEPAOCTI
kousieca Ha 1 HB B 30iibIIye 3HOITYBaHHS B3a€MOJIiF0401 apu peiiku ta koneca Ha 1 — 2 %.

OCKiIbKM OCHOBHOIO METOI0 EKCIIEPUMEHTAIBHOTO JOCTIKEHHS € OIiHKa Mpane3JaTHOCTI
CKpIIJIEHb TpH iX poOOTi HA YTPUMAaHHS PEUKOBUX HUTOK B MO3I0BKHBOMY HAmNpsIMKY, BiIIOBIAHO
3a0e3MeyeH sl MO3JOBKHBOI CTIHKOCTI O0€3CTUKOBUX IUTITEHl — BHHWKA€ MUTAHHSA BIUTUBY KLIBKOCTI
BKITFOUEHHUX B POOOTY PEUKOBUX CKPITUICHD HA BEIMYHHY CHJIH OMOPY MO3I0BXKHHOMY 3cyBY [10].

BinnoBigHO mpW BHKOHAaHHI €KCIIEPUMEHTAJIBHUX IOCIHIPKEHb MO JOBXHHI PEHKOBHX HUTOK 0
SKUX TPUKIAAATI0Ch TO3I0BXKHE 3YCHIUIS 3alTUIIAIach pi3Ha KiIBKICTh Mpare3gaTHuX CKPIIUIeHb, M0
JTA€ MOXKITUBICTH CIIIBCTABUTH 3aJIEXKHOCTI CHJII OMTOPY BiJ KITBKOCTI MPHUKPITIIFoBayiB [ 14].

3a oTpuMaHMMH pe3yJlbTaTaMH JOCT/DKEHh Oyinu MOOYJOBaHI 3aJIGKHOCTI IMO3JOBKHIX
YTPUMYIOUUX CHJI BiJl KUTBKOCTI IPOMIXXHUX PEHKOBUX CKPIIUIEHb ISl PI3HUX JOCHITHUX AUTSTHOK, SIKi
BiJIPI3HSAIOTHCS EKCIUTyaTalliiHUMI YMOBaMHU Ta KOHCTPYKTUBHUMHE OCOOIHMBOCTSIMH Kol (puc. 2, 3).

20

% ..
20 15
5: 1,1542x + 1,671

2 LK p

...... 10

10 = Or=28,8
5 MJH. T 5 @1=295MIH. T
KM
KM 6pyTTO/...
0 bpyTTO 0 pyrro/
6 11 n 6 8 10 12 N
a) 0)

Puc. 2. 3ane:xHicTh MO3A0BKHIX YTPUMYHOUYHX CHJI BiJl KUILKOCTI BKJIIOYEHHX Y POOOTY
NPOMIKHHX pelikoBuX ckpimiens: a) Tuny Kb, 6) tumy KIIII-1

25

10 @ [=24,3 MAH. T %

"""" KM 6pyTTO/ 5 A MAH. T KM
> KM 3a piK, 6pyTTO/ KM
0 T=0MAHT 0 32 piK,...

6 8 10 12 14 n 6 8 10 12 14 n

a) 0)

Puc. 3. 3ane:xxHicTb MO3X0BKHIX YTPUMYIOUHX CHJI Bil KJILKOCTI BKJIIOYEHHX Y POOOTY
NnpoMizkHuX peiikoBux ckpimiens tuny KIIII-5 npu BaHTaskoHANPYKEHOCTI Olib1e:
a) 30 MJIH.T KM OpyTTO/ KM 3a pik 0) 50 MJIH.T KM OpYyTTO/ KM 3a pik

3agavya BU3HAYCHHS TOPU3OHTAIBHUX CHJI B3a€MOJIIT KOJIIC 1 peliOK B IOEIHAHHI i3 BpaxyBaHHIM
npoiar0 Ta TBEPAOCTI € JOCHTh CKJIATHOK, TOMY pE3yJbTaTH PO3PaXyHKIB BHUKOHYBAJIUCH 3
JIOTIOBHEHHSIM B QJITOPUTM BXKE ICHYIOUOi METOJHMKH PO3PaXyHKY TI'C€OMETPHUYHHX XapaKTEPHCTHK
3HOLICHOTO MNPO(ITI0 3a CIPOIICHHM METOJIOM HE 3aBXKAM CIIBIAaIM i3 pe3yibTaTaMH, sKi
OTPUMYBAJINCh EKCIIEPUMEHTATBHUM HUIAXOM [13].

YucoBi 3HAYEHHS CHJI B3a€MOJii OTPMMaHi i3 BHKOPHCTaHHSAM TIporpamoro makery Maple.
Po3paxyHKH BHKOHYBAIMCH i3 BpaxyBaHHSM CTaHy TBEPAOCTI Ta T€OMETPHUYHOI NMOBEPXHI KOYEHHS
KOJIICHMX Map JIOKOMOTHBIB, sIKi OynM BiINOBIZHO pO3IiNeHI Ha Kojeca 3 HOBUM mpodisem,
CEpEeIHLO3HOIICHUM Ta 3HOMIEHHM. Bci po3paxyHKH MPOBOIWINCH 13 BpaxyBaHHSIM B3aeEMOJIIT
TSATOBOT'O PYXOMOTO CKJIaJy i3 iBoMa turnamu peiiok P65 i UIC60.
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[Tpu po3paxyHKax CyMapHUX FOPU30HTAIBHUX CHJI OTPUMaHI pe3yJbTaTH HABEICHO HA PUCYHKY 4.
Jlis JinsHOK KOJii 3 OJTHAKOBUMH YMOBaMH €KCILTyaTallii Ta KOHCTPYKTHBHUMHE XapaKTePUCTHKaMHU
CIIOCTEPIra€ThCsl MPAKTHYHO JIiHIKHA 3aJIeKHICTh TO3OBXKHIX YTPUMYIOUMX CHJI Bifl KUTBKOCTI
BKJIFOYCHUX y POOOTY MPOMIXHUX PEUKOBHX CKpimieHb [14]. Ha oCHOBI mpoBeneHOro aHamildy B
pOoOOTi MPOMIOHYETHCS BUKOPUCTAHHS CYy4aCHOTO 00JIaIHaHHS JIJIsl BUMIPIOBaHHS [TapaMeTpPiB MOBEPXHi
KOYCHHsI KOJIC, 10 3MEHIINTh METPOJIOTIYHY MOMHIIKY, SKa MPU3BOJUTH JI0 HEOOIPYHTOBAHOTO,
MOCIIIITHOTO 00TOYyBaHHS OaHIAXKIB.

OCKUTbKH  JIOCHIKCHHSI TPOBOMIIMCh, HAa CKCHEPUMEHTAIBHUX JUISIHKaX, IO MAroTh Pi3HI
KOHCTPYKTHBHI XapaKTEPUCTUKU Ta Pi3HI eKCIUTyaTalliiiHi YMOBH, TOMY OTPHMaHI pe3ylbTaTH OyIu
PO3MOIiIEH] 32 BIAOBITHAMHI O3HAKAMH.

Mpase koneco

M

0f 200 400 600 800 1000

Howuii npodis /

Puc. 4. 3nayeHHs1 cyMapHOI nonepe4YHol rOPU30HTAIBHOI CHJIN

Cepeauiii sioe

Swomeint npodite

Bucnosku. [lpomixkne ckpimnenns tuny KB 3a ymMoB mpaBuibHOT ekciutyaranii 3a0esmedye
JIOCTATHI! OTOHHIN OMip MO30BKHBOMY 3CYBY PEHKH, KU MPH MPOMYIIEHOMY TOHHAXI 293 MIH T
ckiamae B cepemnbomy 25,4 xH/M, a mpum mpomymieHoMy ToHHaXI 488 mmH T — 22,1 xH/M; Ha
IUISTHKaX, JIe¢ He 3a0e3MeuyloThCs BCTAHOBJICHI HOPMH YTPUMAaHHS CKPIIUICHB CIIOCTEPIraeThCs
3HW)KEHHSI IOTOHHOTO OIIOpY Ha BENWYHHY OJU3bKO0 12 %.

3a pesynbTaTaMH BHUKOHAHOTO aHAi3y BCTAHOBIEHO TaKi YMHHHMKH: 30UTHIIMIACH TOTYXHICTH 1
Maca KOHCTPYKIiH Kouii, 301IbIIMIACH KOPCTKICTh MigPEHKOBOT OCHOBH, 301IbLIMIACE TBEPAICTH
MOBEPXHI B3a€EMOJIIl, KoJieca Ta PEHKHW, ajie CNiJl 3ayBaKMTH IO 3MiHA TBEPAOCTI BiiOyJach He
MPOMOPIiiiHO. BiAmoBigHO 30UTBIIMINCH BEIWYWHN KOHTAKTHHX IOTHUYHHUX HAIMPYXKEHb y BEPXHIX
mrapax TOJOBKM PEWKH 1 BHACHOK LBOrO 3pocia iHTEHCHUBHICTh HAKONMWYEHHS KOHTAKTHO-
BTOMJTIOBAJILHHX JIEEKTiB BEPXHIX IIapiB MOBEPXHI KOUEHHS 3aTi3HUYHHUX PEHOK.

ITpomixkne ckpimienHs tumy KIIII-1 (Cb-3) 3abe3neuye MOrOHHIM OHip MO3LOBXHBOMY 3CYBY
peiiku Ha piBHI, KUl IpH MporryieHoMy ToHHaxi 220 MITH T ckiagae B cepeanpomy 19,3 kH/m, a pu
nponyieHoMy TonHaxi 400 mum T — 14,1 kH/M; B mopiBHsHHI 3 THIOBUM cKpitieHHsM Kb
CIIOCTEPITAEThCSl 1CTOTHE 3HW)KEHHS BEJWYMHU IMOTOHHOI'O OMNOPY IMO3J0BXKHBOTO 3CYBY PEHKOBHX
HUTOK. MOHa BiIMITHTH, 1110 BeIMYMHA OTOHHOTO MO340BXKHBOro onopy 14,1 kH/M HabmmkaeTbcs
JI0 TPAaHMYHOI PO3PaxyHKOBOI MeXi IpH SIKIidH MOKe OyTH BTpaueHa IMO3JI0BXKHS CTIHKICTh PEHKOBHX
TUTITEH MTPH 3aCTOCYBaHHI EKCTPEHOTO rallbMyBaHHS.

[Tpomixne ckpirenns tuny KIIII-5 Ha modaTtkoBOMy Tepiofi eKcIuTyaTallii 3abe3rnedye HajiliHe
NPUTHCKAHHS PEUKOBOI HUTKHU 10 MiAPEHKOBUX OMOP HIYMM HE MOCTYyNarouuch ckpimienHio tuny Kb
Ta 3a0e3reuye MOTOHHIH Omip MO3I0BXKHBOMY 3CYBY pefiku 0iu3bko 29 kH/M. B niporieci excryarariii
JTAHOTO CKPITUICHHS BHSBIEHO PI3HWH XapakTep 3MiHM MapaMeTpiB Mpale3JaTHOCTI Ha AUITHKaX 3
PI3HUM piBHEM BaHTaXOHAIPY>KEHOCT.
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INFLUENCE OF WHEEL PROFILE AND HARDNESS ON TRACK STABILITY
WITH DIFFERENT CONSTRUCTIONS OF FASTENINGS

Experimental researches on establishment of technical parameters of intermediate rail fastenings
concerning maintenance of longitudinal stability of rail threads, establishment of technical parameters
of intermediate rail fastenings on maintenance of longitudinal stability of rail threads are carried out.
The researches of influence of technical characteristics of hardness at interaction of a rail and a
wheel and their influence on the level of longitudinal forces of interaction between elements of a track
and wheels of a rolling stock in operation on the railways of Ukraine are analyzed. After the start of
operation of wheel pairs with the increased value of hardness the optimum ratio of hardness of rail
and wheel steel was broken. It is known from various sources regarding the interaction of the rail and
the wheel that metals with approximately same hardness show better wear resistance in the friction
pair. Based on the obtained data, calculations were performed and their analysis was carried out with
the development of recommendations for further operation.

Keywords: rail track, stability of movement, horizontal forces, longitudinal forces, intermediate
fastenings.
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BU3HAYEHHS HABAHTAKEHOCTI HECYY0i KOHCTPYKIIII
BAT'OHA-IIVIAT®OPMMH 3 EHEPI'OIIOI'JIMHAJIBHUMMU BAJIKAMHU

g 3MeHwieHHA — HABAHMAdICEHOCMI  Hecy4oi  KOHCMpYKYii  eazoHa-niamgopmu  npu
EKCNIYamayiiHuUx pexcumax, 30Kpema MaHesposux CnigyoapsanHaX, 3anpOnoOH08AHO BNPOBAONCEHHS 8
il cxkradosi enepeonozaunanbHo2o mamepiany. aue piwenHs peanizyemvCs ULIAXOM CMEOPEHHS
BAMKHEHOI KOHCMPYKYIL Xpebmoeoi ma OCHOBHUX NOB3006ICHIX OANIOK, 3ANOBHEHUX HANOBHIOBAYEM 3
NPYHCHO-8 SA3KUMU BLACMUBOCMAMU. J]OCTIONCEHHS NPO8edeHi CIMOCOBHO 8A20HA-NAAmMpOpMU MoOei
13-401. /lns obrpynmysanus 3anponoHO8aHO20 pilueHHs 30IUCHEHO MAmeMamuyHe MOOen08aAHHS
OUHAMIYHOI HABAHMANCEHOCMI Hecy4oi KOHCMPYKYIL 8A2OHA-NIAM@POPMU, 3A6AHMAINCEHO20 0BOMA
KoHmetHepamu-yucmepuamu munoposmipy 1CC npu manesposomy cnigyoapsnui. Po3zs’sa3ox
mMamemamuiHoi Mooeni nposedenuti 3a memooom Pynee — Kymma 6 npocpamHoMy KOMNIEKCi
MathCad. Bemanosieno, wo OUHAMINHA HABAHIMANCEHICTNb HECYHOT KOHCMPYKYIT 6a20HA-NAAMDOpMU
3 YpaxyeauHam 3anponoHO8aHUX piuiens 3meHuyemscs Ha 3,2% y nopieHauHi 3 Hecy4oi KOHCMPYKYii
be3 HanogH8aua.

Ilposedeno pospaxynok Ha MiyHicmb Hecywoi KOHCMpPYKYIl 6a2oHa-niam@opmu 3a memooom
CKIHYEHUX eleMeHmis, SKUll peani3o8ano 6 npozpamHomy xomniexci SolidWorks Simulation.
Pezynomamu pospaxynxie nokasanu, wjo MakcumanbHi eK8i8anreHmMHi HANPYIICeHHs He Nepesuiyions
donycmumux 3navenb ma Ha 14% Hudcue 3a mi, WO GUHUKAIOMb )y MUNOGIU KOHCMPYKYII 8a20HA-
naam@opmu. Ilposedeni 00CHiONCEHH CRPUSMUMYMb CMEOPEHHIO [THHOBAYIUHUX KOHCMPYKYIU
BAHMANCHUX 8A2OHIE MA NIOBUUEHHIO e(heKMUBHOCTI BUKOPUCMARHS 3AII3HUYHO20 MPAHCHOPY.

Knrouoei cnosa: mpancnopmua mexauika, 6a2oH-niam@opma, Hecyua KOHCMPYKYis, OUHAMIYHA
HABAHMAMNCEHICMb, MIYHICND.

Beryn. [lepcriekTuBy iHTEerparii 3aji3HUIYHOTO TPAHCIIOPTY B CUCTEMY MIKHAPOJHUX KOPHIOPIB
3YMOBJIIOIOTH HEOOXiTHICTh CTBOPEHHS 1 BIPOBAKECHHS B SKCILTyaTallil0 iIHHOBAIHHIUX KOHCTPYKIIiH
BaroHiB 3 IMOKPAIICHUMU TEXHIKO-CKOHOMIYHMMHU ITOKa3HWKaMu. HaHOUIbI MOIMIMPEHUM THIIOM
BaroHa y MbKHapOJJHOMY CIIOJIy4EHHI € BarOHH-TIaT(hOpMH, 11e 00yMOBJIEHO MOXKIIMBICTIO TIEPEBE3EHb
Ha HUX MOOUILHUX TPAHCTIOPTHUX 3aCO0IB.

OCHOBHHMM HECYYHM €JIEMEHTOM BaroHa-miaTgopmu € pama. B yMoBax ekciuTyaTaliiHuxX pexxuMmiB
BOHA BHUIIPOOOBYE 3HAKO3MiHHI HampyskeHHA. Lle 00yMOBIIO€ MOIMIKOKEHHS paMH Ta HEOOXiAHICTh
3IIHCHEHHS] MO3aIUTAHOBUX BUJIB PEMOHTY. Y 3B’SI3Ky 3 LIMM BHUHHKAa€ HEOOXiIHICTb MPOBEACHHS
JIOCITI/DKEHb  IIOJI0  MOXJIMBOCTI 3MEHIICHHS HAaBaHTAXXCHOCTI paMu BaroHa-ruiaropmMu B
eKCIUTyaTallii IUIIXOM ypaxyBaHHs MPUHIUITB MyJIbTH(YHKIIIOHAILHOCTI MIPU MPOEKTYBaHHI.
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AHaji3 ocTaHHIiX mocaimkeHb i mocraHoBka mpodsemu. B myOmikamii [1] mpoBeneHO aHami3
KOHCTPYKIII BAaHT@)KHOTO BaroHa MJIs IHTEPMOJAJIbHMX IIepeBe3€Hb. BaroH npusHaueHWd A
MIePEBE3CHHS BAHTAKHUX aBTOMOOIIIB 3aJTi3HHIICIO.

AHali3 KOHCTPYKIIi BaroHa Jyis MepeBe3eHb BENMKOBArOBHX BaHTAXIB HaBeleHHH y poOoTi [2].
Bucsitieni 0co0aMBOCTI po3paxyHKy Ha MIIHICTh Hecydoi KOHCTPYKIIi BaroHa, siki MiATBEPIWIN
JIOIUTHHICTH 3aIPOIIOHOBAHUX MIPH MPOEKTYBaHHI PillIeHb.

BaxnmBo ckasarm, IO 3ampoNOHOBaHI KOHCTPYKIIi BaroHiB-miatGopM He MependadaroTh
MOJKJIMBOCT] 3MEHIICHHS 1X TWHAMIYHOT HABAaHTAKEHOCTI B eKCILTyaTaLlii.

3axony MIOA0 MOIEpHI3allil pyXOMOTO CKIaay Ajs MiABHINEHHS €(PEeKTHBHOCTI BUKOPHCTAHHS
po3rsHyTI y poboti [3]. BukoHaHO OIIHKY MIITHOCTI HECY40i KOHCTPYKIIi riat(opMu Ha ITiacTaBi
KOMITJIEKCY PO3PaXyHKOBHUX 1 €KCTIEPUMEHTATBHUX JOCIiIKEHb.

Bu3HavyeHHs MOKAa3HUKIB MIIIHOCTI JOBro0a3HoOi KOHCTPYKILil BaroHa-uiaThOpMH MPOBOIUTHCA Y
pobori [4]. Po3paxyHOK 3mifiCHEHHIA A7l TBOX BapiaHTIB 3aBaHTAXEHHA, NMPHU SKUX OyJIO OTPHMAHO
HaO1IbIIl 3rMHANBEHI MOMEHTH. BU3HAaUeHHS MakCHUMalbHUX CKBIBAJICHTHUX HANPYKEHb Y OCHOBHHX
HECYYMX €JIEMEHTaX PaMH 3IHCHEHO 3a METOJIOM CKIHUECHUX EJICMCHTIB.

OpHak mpyu LBOMY HE PO3IISIHYTI HUTAHHS MOXXJIMBOCTI 3MEHIICHHS HABaHTa)KCHOCTI HECYUHMX
KOHCTPYKI[ifl BaroHiB-IIaTGOpM B €KCILTyaTarlii.

[TuraHHsS 10O MOXKIMBOCTI 3aCTOCYBaHHS METOJIB TEOPETUYHHX 1 EKCIEePHUMEHTATbHUX
JIOCITI/PKEHb MIITHOCTI OCHOBHHMX HECYYHX €JIEMEHTIB KOHCTPYKIIH JOBro0a3HUX BaroHiB-TLIATHOPM
po3rnsHyTi y myomikamii [5]. HaBegeHo pe3ynmbTaTi po3paxyHKy HECYUHX €IEMEHTIB KOHCTPYKIIii Ha
BTOMY 3 BUKOPUCTAHHSIM OOYHMCIIOBAILHOI'O KOMIUIEKCY, IO pealli3ye METOJl CKiIHUEHHHX €JIEeMCEHTIB
crangapty IBM-PC.

Oco0nMBOCTI TPOEKTYBaHHS 3alli3HWYHOTO BAaroHa [UIS IHTEPMOJAIBHUX TIIEPEBE3EHb 3
a/IalITOBaHOIO 3aBaHTAXKYBaJIbHOIO TIAT(HOPMOIO PO3MIISIHYTI y po0oTi [6]. [TpuiiHATI KOHCTpYKIIiHHI
pileHHsT OOIPYHTOBaHI CTATHYHMMH Ta JTUHAMIYHMMHU JOCTIDKEHHSMH B MPOTPAMHHX KOMILIEKCAaX
ANSYS ta ADAMS/Rail.

BaxnmBo ckasary, mo B JaHUX poO0Tax HE PO3TIISIHYTI MATAHHS MOKPAIIEHHS MIITHOCTI HeCydnX
KOHCTPYKIIill BaroHiB-11aT(opM MUITXOM 3MEHIICHHS 1X TUHAMIYHOT HABAHTa)KCHOCTI B eKCILTyaTallii.

B pobotax [7 — 9] mpoBoaUTECS BH3HAYEHHS HABAHTAXEHOCTI HECYUMX KOHCTPYKIIA BaHTaKHHUX
BaroHiB 3 HANOBHIOBaYaMM B iX CKJIQJ0BHX. Pe3ynbTaTH MpOBEAEHUX PO3PAXyHKIB MHiATBEPIMIN
JOLTBHICTh 3alpONOHOBaHOTrO pimeHHs. OJHaK aBTOpaMHd HE NPHUAUBIIOCS YBard BH3HAYEHHIO
HABAHTKEHOCTI HECY4ol KOHCTPYKIi BaroHa-mjaaTGOpMH 3 HANOBHIOBauYe€M B ii CKJIaJIOBHX,
3aBaHTaKEHOI'0 KOHTEHHEepaMH-LIUCTEPHAMH.

AmHani3 miteparypaux mxepen [1 — 9] mo3Bosie 3pOOUTH BHCHOBOK, IO NMHTAHHS TOKPAIEHHS
MOKa3HUKIB MIITHOCTI HECYYHX KOHCTPYKIIIH BaroHiB-ruiaThopM NUISTXOM 3MEHIICHHs] HABAaHTaKEHOCTI
NpY eKCIUTyaTaliiHUX PEeKUMax € aKTyaJIbHUMH Ta MOTPEeOYIOTh TOCTIKEHHS 1 PO3BUTKY.

Merta i 3aBaaHHsl JOcJdigKeHHs. MeToro cTaTTi € BUCBITJICHHA pE3YJIbTaTiB BH3HAYEHHS
HABaHTA)KEHOCTI HECy4Ooi KOHCTPYKIii BaroHa-miaTgopMu 3 €HEepromnoriHHANEHUME Oanmkamu. s
JIOCATHEHHS 3a3HAYEHOT METH BU3HAYEH] TaKl 3aBIaHHS:

MIPOBECTU MaTeMaTUYHE MOAEIIOBAHHS AUHAMIYHOI HABAaHTa)KEHOCT1 HECY401 KOHCTPYKIIi BaroHa-
IaTGOPMH 3 EHEProNOTTHHAILHIMHU OalKaMy P MaHEBPOBOMY CITiBYIapsiHHI;

MPOBECTH  PO3PaxXyHOK Ha  MIIHICTh  HECydoi  KOHCTPYKIii  BaroHa-muatrGopmMu 3
€HEProNOrIMHATBHUMY OaJIKaMH [IPY MaHEBPOBOMY CHIiBYAAPSHHI.

Marepiaau Ta Meroau aociaigxeHHs. [ 3MEHIICHHS HaBaHTa)KEHOCTI HECY4Oi KOHCTPYKLIil
BaroHa-mmaTQopMyd IpH eKCIUTyaTalilHUX pEeKUMax, 30KpeMa MAaHEBPOBUX  CITiBYJApSHHIX,
3aMpoONOHOBAHO BIPOBAHKEHHS B 1i CKJIaJOBI E€HEPromnorIMHAILHOIO MaTepiany. [lane pimeHHs
peari3yeTbcs LUIIXOM CTBOPEHHS 3aMKHEHOI KOHCTpPYKWii XpeOTOBOi Ta OCHOBHUX ITOB3IOBXKHIX
0aJIoK, 3aMOBHEHUX HAIOBHIOBAYEM 3 TMPYKHO-B’SI3KMMHU BIAcTUBOCTAMH (puc. 1, 2). Sk mpoTtoTun
o0pano BaroH-miaThopmy mozeii 13-401 3 ypaxyBaHHsIM MOJEpHI3allii BiAMOBIAHO a0 mpoexty HBI]
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«BaroHn UIISAXOM TOCTAaHOBKM HA HECydy KOHCTPYKLiIO (DITHHrOBHX YMOpPIB AT MOXKIUBOCTI
TepeBe3eHHs KOHTEHHEePIB.

a) 0)

Puc. 1. llepepi3 xpe0TOBOI HaJKN paMu BaroHa-miaaTgopmu
a) munoea, 6) yOOCKOHAIeHA

Puc. 2. IIpocTopoBa MoJe/Ib Hecy4oi KOHCTPYKLii BaroHa-miiaTgopmu

BusHaveHHs onTHMalbHUX MapaMeTpiB npodiaro XxpeOToBOT Ta MOB3AOBXKHIX OaloK 3IiHCHEHO 3a
pe3epBaMH MIIIHOCTI THITIOBOI KOHCTPYKIIii pamMu. 3 ypaxXyBaHHSM 3alpOINIOHOBAHOTO YJOCKOHAJICHHS
CTa€ MOKIIUBUM 3MEHILICHHSI TAPH HECY40l KOHCTPYKIi Ha 3% y MOpiBHIHHI 3 BATOHOM-IIPOTOTHUIIOM.

3 Merolo OOIDYHTYBaHHS 3alpOIOHOBAHUX PIIICHb IPOBEACHO BU3HAYEHHS IUHAMIYHOT
HaBaHTAXEHOCTI BaroHa-ulaTGopMM Yy TOB3AOBXKHIK riomuHi. JIs 1pOro BHKOPHCTaHO
MaTeMaTH4YHy MOJIEIb, po3pooiieny mpod. boromazom I'. 1., sika onucye AMHaMIYHY HaBaHTaXXEHICTh
JOBro0asHoOro BaroHa-IiaTGoOpMy, 3aBaHTAKEHOTO YOTHPMA KOHTCHHEpPaMHU-LIMCTEPHAMHU IIpH il
MOB3JIOBKHBOI CHJIM Ha 3afHiid ynop aBrtosuemny [10]. OgHak y paMKax JaHOTO AOCIHIIKEHHS MOAEIb
JIOOTIPAI[bOBAHO IIUIIXOM BpaxyBaHHS MPYKHO-B'SI3KMX 3B’A3KiB B pami. Po3paxyHkoBa cxema
HaBeJleHa Ha puc. 3.

36ipnux naykosux npaus /{YIT.Cepia « Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
15



TEXHIKA I TEXHOJIOI'TI

2 N 2
AL i Z
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Puc. 3. Po3paxyHKoBa cxemMa BaroHa-miaT(opmu, 3aBaHTAKEeHOI 0
KOHTeliHepaMH-IMCTePHAMM

BpaxoBano, 1m0 BaroH-TuTaTGopMa  3aBaHTAXEHWH JBOMAa KOHTEHHEpaMHU-IIMCTEPHAMU,
tunopo3mipy 1CC. Pyx HanmMBHOTO BaHTaXy B KOTJII ONKMCYBaBCA CYKYIHICTIO MaTeMaTHYHHX
masTHuKiB [10]. Bu3HaueHHs TiApoAMHAMIYHUX XapaKTEPUCTUK HAJIMBHOTO BAHTAXYy 3iHCHIOBANOCS
32 METOAWKOW, HaBeneHoro y [11]. SIk HanuBHHMA BaHTaX NpUAHATHA OeH3uH. Ha migcrasi
NPOBEICHNX PpO3paxyHKIB Uil BUMAJKy MaKCHMalbHO-IOMYCTHMOI 3aBaHTaXEHOCTI KOTJIa

KOHTelHepa-1IUCTepHHU Y BiANOBIAHOCTI 3 [12], oTpuMaHo 3HayeHHs M = 6,8 T, [;; =250 T - M2,

2
My Ky +M g 0@y =S, —ZSi—ﬂ-X—C-X, 1)
i=1
Inﬂ '(bnﬂ +M,m 'h'xnﬂ — 9P 'Mnﬂ -h=I- FTP(SignAl _SignAz)+ 2)
kA=K, - A, ),
M - Zr =Ky - Ay +Ky - A, — Fp(signa, —sign, ), 3)
k k k )
m; +Zmij (=% )+ My -z +Zmij “GCjj (D _CDi)_Zmij 1y &y =S5, 4
-1 -1 -1

k k
Ia""zmij'ci? '(¢Hﬂ_¢i)+ mi'zci+zmij‘cij '(jénﬂ_xi)+zmij'cij'lij'éij_
-1 = '

) )
-9 mi'zci+zmij‘cij '(Cﬂnﬂ_(Pi):O’
1
K
mi+zmij “Zpy =0, (6)
i1
L ‘gij =y by - Ky —my ey Ly g +gemy - 'Eij =0, (7
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ac

n-l
! . — . —_
My :Mnﬂ"'z‘mr"'_rz s A =2 =l opg Ay =2+,

!
Si = fmp 'Sign'(xnﬂ _Xi)

Mz — Maca Hecy4oi KOHCTpYKMii BaroHa-matpopmu; lz; — MOMEHT iHepuii BaroHa-maThopMu
BITHOCHO MOB3JI0BKHBOI OCi; S, — BEIMYMHA MOB3I0BKHBOI CUIIH yAapy B aBTo3uen; f,, — ammitynHe
3HA4YEeHHS CHJIM CYXOro TepTs; M,— maca Bi3ka; | — MoMeHT iHepuii koxicHOi mapu; I — paniyc
CepeIHE3HOIIEHOr0 Kolleca; N — KiIbKIiCTh oceli Bi3ka; | — mojoBuHa Ga3u BaroHa-tuiatdopmm; Frp —
a0COJIIOTHE 3HAYCHHS CHIIM CYXOro TEpTs y PECOPHOMY KOMIUICKTi; Ki, K, — JKOPCTKICTBH MpYKUH
PECOPHOIrO MiBINIYBaHHS Bi3KiB BaroHa-matGopMu; K — KiIbKICTh TOHIB KOJHMBaHb HAIWBHOTO
BaHTaXy; M; — Maca Tijla, K€ EKBIBaJeHTHE i-My KOHTEHHepy-IIMCTepHI 3 YaCTHHOIO HATHUBHOTO
BAHTaXY, 1[0 HE MPUHMAE yyacTi y NMepeMillleHH] BiTHOCHO KOTIa; Mjj — Maca j-ro MasTHHKA y i-My
KOHTEHHepi-IIUCTEPHI; Z¢ — BUCOTA LIEHTPY Bark KOHTEIHepa-IUCTepHHU; Cjj — BiACTaHb BiJl IUIOMIUHU
zi=0 0 TOYKH 3aKpPIIUICHHS j-TO MasTHUKA y i-My KOHTeIfHepi-ucTepHi; lj — IOBKXHHA j-TO MasTHHKA;
|y — npuBeneHUI MOMEHT iHepLii i-T0 KOHTeHHEepa-UUCTEPHH Ta HATMBHOTO BAaHTAXY, L0 HE NpUilMae
ydacTi y pyci BigHOCHO Korina; lj — MOMeHT iHepuii MasTHUKa; X, ¢, Z — KOOpDAUHATH, IO
BiJIIOBIIAl0Th,  BIiAMOBITHO, TIOB3IOBXXHHOMY, KYTOBOMY HAaBKOJIO TIOB3JIOBXXHBOI OCi Ta
BEPTHKAIILHOMY TIEPEMIIIEHHI0O BaroHa-tuiaTGopMu; Xj, @i — KOOPAWHATH, IO BiAIOBINAIOTH,
BiIMIOBIIHO, TIOB3JIOBXXHHOMY Ta KyTOBOMY HaBKOJIO IOB3/IOBXKHBOI OCi MEpeMillleHHIO KOHTEeHepa-
HUCTEepHHY; & — KYT BIIXUICHHS j-TO MasTHHKA BiJl BEPTHUKAJII.

Ilpu upomy x, <30mm [10, 13], sxmox, >30mM, Tomi X, =X. BepTukampHi nepeMileHHs
KOHTEHHepa-IUCTEPHU BiTHOCHO paMH HE BpaxoByBajucs. BenuuuHa CHIM MOB3JIOBKHBOTO yAapy,
IO Ji€ Ha BaroH-tuiatdopmy, mpuitHATa piBHOIO 3,5 MH.

[Ipm mpoBeneHHI po3paxyHKIB BpPaxOBaHO, IO HeCyda KOHCTPYKINS BaroHa-tiaTGopMu
criupaeThcs Ha Bi3ku mojeni 18-100. Po3p’s3anus audepeHmiaibHUX piBHAHL PyXy 3IIHCHEHO 3a
metonoM Pynre-Kyrra B mporpamuomy komiutekci MathCad [14, 15]. TTouarkoBi mepeMileHHs Ta
MIBUIKOCTI TPUUAHATI piBHEMH Hymio [16, 17]. BpaxoBaHo, 10 OPCTKICTh €HEPrOMOTrINHAIEHOTO
Mmarepially, SKMM 3amoBHeHa xpeOroBa Oanka ckiagae 78 kH/M, a koedilieHT B’SI3KOro omopy —
105 kH-c/mM. MakcHMalbHi PHCKOPEHHs CKIatH 38,7 M/c? Ta BHHHKAIOTH B MOMEHT yaapy (pc. 4).

—_
(=}

| [TpHCKOPEHHST, M/c?
[e=)

—_—
(=}

-20

—40
0 5 10 15
t,c
Puc. 4. Ilpuckopenns, Ki Ail0Th HA HeCy4y KOHCTPYKIiIO

BaroHa-miatgopmu npu yaapi
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Jlani BenwuuMHA MPUCKOPSHHS Ma€ JIOJATHE 3HAUYCHHSI Ta IICHsA HEBEIMKOTO CTPHOKA 3aTyXae.
OtpumaHe TpUCKOpeHHS Ha 3,2% HIK4Ye 3a Te, M0 OTpPHMaHe UIA HeCcydoi KOHCTPYKIIi BaroHa-
miaTdopMu O€3 HAITOBHIOBAYa B paMmi.

Ha nacTymHOMy eTami JOCIi/PKEHHS MPOBEACHO PO3PaxXyHOK HAa MIIHICTh HECYydoi KOHCTPYKIIiL
BaroHa-maThopMu. B siKoCTi po3paxyHKOBOTO BUKOPUCTAaHHM METOJ CKIHYCHHX EJICMCHTIB, SKH
peaizoBaHo B nmporpamHomy komruiekci SolidWorks Simulation.

CKkiHYeHO-eIleMEeHTHAa  MOJEeNh  HeCcy4oi  KOHCTPYKIi ~ BaroHa-uiarGopMud  yTBOpEHA
i3omapaMeTpuyHUMH  TeTpaeapamMu. OnTuManbHa  KUIBKICTH — TETpaciApiB  po3paxoBaHa  3a
rpadoananitaaauM Meronom [18, 19]. Kinbkicth enemeHTiB citku ckiana 395117, BysmiB — 131579,
MakcuMaibHANR pO3Mip eleMeHTy ciTku nopiBHioe 100 MM, MiHiManpHuid — 20 MM, MakcUMalbHE
CIIIBBiAHOIIECHHS OOKIB eleMeHTiB — 719,38, BiICOTOK €JIEMEHTIB 3 CIIBBIAHOLICHHSAM OOKIB MEHIIIC
tprox — 11,1, Oimbine pecatn — 18,8. Kinbkicte enemeHTiB B Komi ckiana 9. CriBBiIHOIIEHHS
301TBIIEHHS pO3MIpY eeMeHTiB — 1,7.

IIpu ckmamgaHHi pPO3PaxyHKOBOI CXEMH BpaxOBaHO, IO HA HECydyy KOHCTPYKIIIO BaroHa-
IaThOpPMH i€ BEPTUKAIbHE CTAaTUYHE HaBaHTAXCHHS P,, sKe ImpuKiaganocs 10 GiTHHIOBUX YIOPIB
Yy BUDIAJI JUCTAHIIHHOTO 3 YpaxyBaHHSIM BUCOTH IIEHTPY Bard KOHTCWHEPIB-IIMCTEPH, a TaKOMXK
TTOB3/I0BYKHE HaBaHTa)KeHHs P, Ha 3a/iHIN yriop aBTo3uerny (puc. 5).

Puc. 5. Po3paxyHkoBa cxeMa HeCy40i KOHCTPYKIii BaroHa-miaTgopmMu

Marepian MeTanoKOHCTpYKLii — cTainb Mapku 0912C. 3akpimieHHs: MoAemi 311HCHIOBAJIOCS B 30HAX
oOnupaHHs paMd Ha Bi3KM. HasiBHICTH TNpPYKHO-B’S3KOTO MaTepialy B pami MOJIENOBanacs
IIOCTaHOBKOIO 3B’S3KIB 3 BIJNOBITHMMH XapaKTEPHCTHKaMH 3a JOIIOMOTOI0 OIii HpOrpamMHOTO
kommiekcy SolidWorks Simulation. Pesynbratn po3paxyHKy HaBeleHi Ha puc. 6.

von Mises (N/m?)
2.972e + 008
2.724e + 008
- 2.477e + 008
- 2.229e + 008
- 1.981e + 008
- 1.734e + 008
. - 1.486e +008
- 1.238e + 008
- 9.907e + 007
- 7.430e + 007
4.954e + 007
2.477e + 007
8.319e — 002
Puc. 6. Hanpyskenmii cTaH Hecy4oi KOHCTpPYKIii BaroHa-mjaatTgopmu
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MakcuMaibHi eKBIBaJeHTHI HaNpy>KEHHS NpU IboMY 3a(ikcoBaHi B 30HI B3a€MOJil IIBOPHEBOI
Oamkm 3 xpebroBoro Ta cikiamu 297,2 Mlla. OTtpumaHa BenmWYWHA HANpPY)XEHb HE TEPEBUIIYE
Joryctumi Ta Ha 14% Hupkde 3a Ti, 110 BUHUKAIOTh y THIOBiH KoHCTpyKLii [20].

Bucnosku. 1. IIpoBeseHo maremaTHyHe MOJCTIOBAaHHS AMHAMIYHOI HABaHTaXKEHOCTI HECY4ol
KOHCTPYKIi1 BaroHa-miat(GopMu 3 eHepronoranHaIbHUMH OaJIkaMy TIPU MaHEBPOBOMY CITiBYIapsIHHI.
MakcHManbHi IPUCKOPEHHs CKIaTH 38,7 M/c’ Ta BHHHKAIOTh B MOMEHT yaapy. OTpumana BeIHINHA
npuckopeHHs Ha 3,2% HIDKYa 3a Ty, IO pO3paxoBaHa IS HECYy4oi KOHCTPYKIIii BaroHa-TIaTGOPMHU
0e3 HaloOBHIOBAYa B paMmi.

2. TIpoBeficHO pO3paXxyHOK Ha MIIHICTh HECy4ol KOHCTPYKIi BaroHa-ruiarhopmu 3
EHEPrONOTINHATPHIME OallkaMd TIpM MaHEBPOBOMY CHiBynmapsHHi. [lpm 1poMy MakcmMambHi
€KBIBaJICHTHI Hampy>KeHHA 3a()iKCOBaHi B 30HI B3a€MOJil IIBOPHEBOI OanKH 3 XpeOTOBOIO Ta CKIIAU
297,2 Mlla. PopaxoBaHa BenmMuMHa HANPY>XEHb HE MEPEBUIILY€E OMYCTHMI Ta Ha 14% HIKYe 32 Ti, WO
BUHUKAIOTH y TUTIOBIM KOHCTPYKIIiT

[TpoBeneHi AOCHiIKEHHS CHPUSATHMYTh CTBOPEHHIO 1HHOBAaLliHHMX KOHCTPYKIiH BaHTa)KHUX
BaroHiB Ta MiIBUIICHHIO ¢()eKTHBHOCTI BUKOPUCTAHHS 3aJIi3HUYHOTO TPAHCIIOPTY.
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DETERMINATION OF LOAD-BEARING CAPACITY OF A FLATCAR
WITH ENERGY-DEPENDENT BEAMS

In order to reduce the load of the load-bearing structure of the flat wagon during operating
conditions, in particular shunting operations, the use of energy-globalizing material in its composition
was suggested. This solution is implemented by creating a closed design of the backbone and the main
restrained beams filled with a reinforcement with pipe-in-noise properties. Investigations were carried
out with regard to the flat car model 13-401. In order to substantiate the suggested solution the
mathematical modeling of dynamic load-carrying capacity of the flat wagon loaded with two tank-
containers of 1CC size at shunting coupling was carried out. The mathematical model was developed
by the Runge-Kutt method in the MathCad software. It was found that dynamic load of the flat car
load-bearing structure with the suggested solutions reduced by 3.2% in comparison with the load-
bearing structure without a surge suppressor.

The strength of the load-bearing structure of the flat wagon was calculated by the method of joined
elements, which was implemented in the SolidWorks Simulation program complex. The results of
calculations showed that the maximum equivalent loads do not exceed the permissible values and are
14% lower than those occurring in the typical flatcar design. The conducted research will contribute
to the creation of innovative designs of freight cars as well as to the increase of efficiency of rail
transport utilization.

Keywords: transport mechanics, flatcar, load-bearing structure, dynamic load, strength.
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YIPABJIIHHA BUPOBHUYUMH PUSUKAMU B TEXHOJIOT'TYHUX
CUCTEMAX BA'OHOPEMOHTHUX INIAITPUEMCTB

Ha nomounuii momenm axkmyanvbHOW HAYKOBO-MEXHIYHOIO 3a0a4el0 HA 3aNI3HUYHOMY MPAHCHOPMI
Yipainu € mooeprizayis eaconopemonmuo2o xomnaekcy. JIiHHI niONpueEMcmea 3 pemMonmy 6a2oHie
Xapakmepuszylomscs HeOOCMAMHIM memMnom po3eumxy y uaci. Ile eupascaemovcs y 3HAUHOMY
QizuuHOMy mMa MOPANILHOMY 3HOCI OCHOBHUX (POHOIG NIONPUEMCME, BENUKUMU MAMEPIalbHUMU
8MpaAMamu 8 nPoyeci PEMOHMY 8a20HI8, NIOBUUIEHOIO CODIBAPMICIIO PEMOHMY, HU3bKOIO MEXAHIZ3AYIEN0
ma aemomamu3ayiclo OCHOBHUX Ma OONOMIJICHUX npoyecié supobnuymea ma in. Marouu na yeasi, wo
3AMI3HUYHUL MPAHCHROPI € KPUMUYHOIO 3d 3HAYEHHAM CKIIA008010 MPAHCHOPMHO20 KOMNAEKCY YKpainu,
CMBOPEHHSI  NPOSPECUBHUX BUPOOHUYUX CUCTEM HA OCHOBI NPUHYUNIE BUPOOHUYOI  J102iCMUKU
68AXCAEMBCSI HEOOXIOHUM KPOKOM 0151 NOOANBULOZO PO3GUMKY 2ATIY 3.

Y npeocmasneniii cmammi npogedeno ananiz cyuacnozo cmamy 6a20HOPEMOHMHUX NIONPUEMCING.
3pobneno 6ucHo6oK npo HeoOXIOHICMb AHANIZY PUSUKY Y GUPOOHUYUX NpoYecax 3 02NA0y HA CKIAOHI
ymosu @ynxyionysanns. Hasedeno npuxiad anrcopummy peanizayii cucmemu YNpaguiHHa pusuKamu
ma ii ocnosnux ckaiadosux. Ilposedeno ananiz ocHOGHUX MemoOié 6NIUBY HA PUSUK ) GUPOOHUYIL
cucmemi. 3anponoHo8aHO NPAKMUYHI DIUUEHHS NO OMPUMAHHIO KIIbKICHUX NOKA3HUKIE OYIHIOBAHHSL
PUBUKY Y 8UPOOHUYUX NpOYecax peMOHmY 6acoHié 3a 0onomozorw Mapxoscvkozo ananizyeanus. B
yinomy cucmema YNpaeniHHA PUUKaMu O0360UMb 3HAYHO 3HUSUMU MAMepianbHi empamu npu
DEMOHMI 6G2OHIS.

Knwuogi cnoea: eazonopemonmui nionpuemcmed, upoOHUYA N02ICMUKA, CUCTeMA YNPAGLiHHA
pu3uKamu, Cmax UPoOHUYOI cucmemu.

Beryn. BaronopemonTtHi mianmpuemctBa YKpaiHM (QYHKLIOHYIOTH B CKIaJHHX TEXHIKO-
E€KOHOMIYHMX yMoBax. Ha MmoTouHMii MOMEHT y 3ali3HHYHIM ramy3i MalTh Miclle HECHPHUSITIHMBI
(akTopu IS PO3BUTKY BaroHOPEMOHTHOI 0a3u. OKpiM BiJIOMHX HACIIAKIB BIJICYTHOCTI peasibHOI
IporpaMu MOJEpHi3alii 3aJi3HUYHOIO TPAHCIOPTY 3a POKM ICHYBaHHS YKpaiHW — KPUTHUIHUN
MOpalbHHN Ta (HI3MYHUA 3HOC TAPKY PYyXOMOTO CKIIaTy, 3acTapiini BUpOOHWYI (OHIU, 3HIKCHHS
npodeciiHOro PiBHS MITATy BUKOHABIIB B TEXHOJOTIUYHMX CHCTEMAax MiAMPHEMCTB, HA IEpIIe Micle
BUHILIM Tpo0JIeMHU pecypCcHUX OOMEXEeHb Ha BCiX eTanax eKCcIuTyaTalii BaroHis.

JieBUM MexaHi3MOM HIBENIOBaHHS HETaTHMBHOI'O BIUIMBY EKOHOMIYHHX KOJHMBaHb MOXe OyTh
BUKOPUCTAHHS MOJICPHI30BaHUX BHPOOHMYMX CHUCTEM, sIKi (POPMYIOTHCSI Ha OCHOBI JIOTICTHYHHX
NPUHIMIIB 3 OJIHOYACHUM CTBOPEHHSM JIOTICTHYHHAX CHCTEM SIK JIOKAJbHOTO PiBHS (OKpeMmi
BaroHOPEMOHTHI MiJIIPUEMCTBA), TaK 1 3arajlbHUX, y MeXax BCi€l 3ali3HUYHOI iH(QPACTPYKTYpH.
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P03BUTOK JIOTiICTUYHUX CHCTEM B Pi3HUX JAepKaBax, Y HEOJAHOPIAHUX MIPOMHCIOBUX CEKTOPAX MOKa3ye
iX e()eKTUBHICTE B TIOPIBHIHHI 3 TPAIUIIIHHIMH CHCTEMaMHU OpraHi3aiii BApOOHHUIITBA.

JocBin 3acTocyBaHHS METO[IB Ta MIAXOAIB BHPOOHMYOI JIOTICTHUKH A€ 3MOTY CTBEpPKYBaTH, IO
MOJICpHi3allis BHUPOOHHMLTBA MOTpeOye HE JMIIE HAYAIBLHUX YMOB CIpPHUSHHS HOBOMY HAaIPSIMKY
YIpaBIiHHS BUPOOHMITBOM. BHHHKAae HEOOXiHICTH MOCTIHHOIO MOHITOPHHTY Yy dYaci BCIX IpOLEciB
BUPOOHHYOI CHCTEMH 3 METOI0 KOHTPOJIO BHPOOHMYHMX BTpaT Ta YAOCKOHAJICHHIO EIIEMEHTIB
BUPOOHWIITBA, IMO 3a0€3MECUYNTh HEOOXIMHMM PO3BUTOK TiampueMcTBa. KITIOYOBHM — eJIeMEHTOM
3a0e3MeueHHs] BKA3aHOTO KOHTPOIO MOXKe OyTW cHcTeMa YNpaBliHHA BHUPOOHMYMMH PU3HKAMH Ha
T ATPHEMCTBI.

AHaJIi3 OCTaHHIX X0CTiT:KeHb i MOCTAaHOBKA MPo0JeMHU. 32 OCTaHHI POKH MUTAHHS OI[IHIOBAHHS
PUBUKIB B CKJIaJHUX TEXHIKO-EKOHOMIYHMX CHUCTEMaX BHUKIMKAIOThH IiIBUILICHY 3alliKaBJICHICTH 3 OOKY
HayKOBOI CIIIBHOTH. B mepiry yepry 1ie moB’s3aHo 3 MOTiPLIIEHHSM €KOHOMIYHHX YMOB (DYHKIIOHYBaHHS
MPOMHCIIOBUX MIJIIPHEMCTB Ta HEOOXiTHOCTI 3a0e3MeYeHHs X TUHaMIYHOI CTIHKOCTI y Jaci.

Tak, 3araipHi MiXOAM 10 aHAJI3y PU3UKIB B POMHCIIOBUX CUCTEMaX po3risiaatoThes B [1]. OcHOBHI
TPUHLIUITN T4 HACTAHOBH JI0 YIIPABIiHHS PU3UKIB B YMOBAX MiANPUEMCTB Ta OpraHi3amiil 3 ypaxyBaHHIM
BIUIMBY PH3MKOBUX CHTYyalliii Ha SKICTh mnpoaykmii y [2-4]. BIUuMBH BHHUKHEHHS PHU3HKIB Ha
eKOHOMIYHHMI cTaH mignpuemcts y [5-12]. V [13, 14, 17, 18] mpoBemeHO B3a€EMO3B’SI30K MiX
NPUIHATTSM PIllIeHb B MPOLIEAYPax YIPaBIiHHS iH)KEHEPHUMH CHCTEMaMH Ta KPUTHYHICTIO iX BiIMOB.

[Ipobnema 3abe3medeHHs CTIHKOCTI i€EpapXiYHUX CHUCTEM 3 OTJIIy Ha iCHYIOUi HEBU3HAYEHOCTI MpH
aHami3i pu3uky HaBeneHo y [15]. IMuraHHsS BHKOpHCTaHHS HMOBIPHICHOTO OIIIHIOBAHHS PU3HUKIB B
eNIeMEHTaX KPUTHYHHX IH(pacTpykTyp po3riisiHyTo B [16]. AHami3 pU3MKIB iH)XEHEPHHX CHCTEM 3
BUKOPHUCTaHHIM MeToay Tarydi ajis 3a0e3neueHHs MaKCUMAaJIbHOT SIKOCTI TOTOBOT MPOAYKIIT HABEACHO Y
[19]. Tlpaktuuni TPHUKIAAM OIIHIOBaHHSA pH3UKIB po3riasitHyto B [20]. TluTaHHA BHUKOPHUCTAHHS
MOKA3HUKIB BOYKIIMBOCTI y PO3POOJICHUX MOJICIISX OL[IHIOBaHHS PU3HKIB PO3IJISHYTO B [21].

OcobnuBocTi 3abe3neveHHs] HeoOXiMHOTO PiBHA HAAIMHOCTI MiANPHEMCTB 3aTi3HUYHOI Tamy3i B
CKJIQJIHUX YMOBax (DyHKIIIOHYBaHHS PO3TIISTHYTO B [22-23].

Mera i 3aB1aHHs A0CTiAKeHHI. METOIO CTaTTi € po3po0Ka MPaKTHYHUX 3aX0/(iB 00 CTBOPEHHS
Ha BaroHOPEMOHTHOMY MiJIPUEMCTBI CHUCTEMH YIPAaBIiHHS PU3UKaMHU 3 TOYKH 30pY BUKOHAHHS
BAPOOHMYMX 3aBIaHb MMPH MiHIMAIFHUX BHTPATaX Ta MaKCHUMaJbHIM SIKOCTI TOTOBOI MPOIyKIii. Jist
JIOCSITHEHHSI BHIIE 3a3HAYE€HOI MeTH OyJIM TTOCTaBJICHI TaKi 3aadi:

1. Po3rnsiHyTH OCOOIHMBOCTI CTBOPEHHSI CHCTEMH YIIPABIIIHHS PU3UKAMHU Ha OCHOBI ICHYFOUHX T IXOJIiB.

2. Po3poOuTH TIpakTH4HI peKOMeHJAlii 3 OTPUMAaHHS TOKa3HWKIB KUIBKICHOTO OIiHIOBaHHS
PU3UKIB Y BUPOOHUYIH CHCTEMI.

Marepiaau Ta wMetoau aociaimkeHHsi. BaronopemonTtHi miampuemcra (BPII) VYkpainu
(GYHKIIOHYIOTh B CKIIQJIHUX €KOHOMIYHMX yMoOBax. Ha cydacHMH MOMEHT MpOUECcH YIpaBIliHHS,
MarepiallbHO-TEXHIYHOTO TOCTa4aHHS Ta MIATPUMAHHS TEXHOJIOTIYHOT 0a3u XapaKTepu3yIThCs
HecTaOlIpHICTIO Ta HeBH3HaueHicTio [23]. Curyamis, mo ckiagacs, HoTpedye po3podku Ta
BIIPOBADKCHHSI JIEBUX MEXaHIi3MIB BIUIMBY Ha BUPOOHWYI CHCTEMH 3 METOI 3HWKEHHS
He3aryIaHOBaHUX BUPOOHWYHX BTPAT Ta HiBEIIOBAaHHS HETATHBHUX (DaKTOPIB.

BupoOHnua misyibHICTP B YMOBaX PHHKOBHUX BIIHOCHH XapaKTEpU3YEThCS MOCTIHHUM PHU3UKOM
OTPUMAHHSI HETaTWBHOTO pe3yibTaTy. Ha mpakTHili 11e MOXIJIMBO HaBECTH Y BHIJISII CYKYITHOCTI
HMOBIpHICHUX HACHIJKIB 00paHMX YNPaBIiHCHKUX pillleHb. CHcTeMa 3 OIIHIOBAHHS 1 aHAJI3y PH3HKIB Y
BUPOOHHUYIN CHCTeMi MOXe OyTH BHKOPHCTaHA TPU PEMOHTI BaroHiB sl 3a0e3le4eHHS HEOOXiITHOTO
PIBHS SIKOCTI TOTOBOI POAYKILiT IPH MiHIMAJTLHUX BUTpATax BCiX BUIIB pecypcis (puc. 1).

Pusuk — me A00yTOK IMOBIPHOCTI 3aIllOMisSIHHS IIKOAW Ta BEIUYMHU I[i€l MIKOAU y KUIBKICHOMY
BuMipi. Pusuku, siki BHHUKAIOTh B TpoOLECi BUPOOHHMYOI MiSUIBHOCTI MalOTh BIUIMB SK Ha came
HiATPUEMCTBO, TaK 1 HA 3aMOBHHUKA MPOAYKLii. YIIpaBIiHHSA pU3UKaMH — L€ Ipouec ineHTudikamii ta
aHaJli3y PU3WKIB 3 MOJANBHINIUM NPHUHHATTSIM PillleHb MIOJ0 KOPETYBATbHHUX Ta MOMEPEIHKYBATBLHIX
i 1Mo MiHIMI3amii PU3MKOBHX TMOJMIN, 3HIKECHHS HMOBIPHOCTI BHHUKHEHHS HECIPHUATIMBOIO
pe3yibTaTy 3 HeraTUBHUMH HACTIIKAMH Ta MaTepialbHUMH BTpaTaMu.
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Puc. 1. llpuknan cucTeMu ynpasJjiHHa pu3dnkamu B ymoBax BPII

3a ocTaHHI POKH MPOIEIYypH YIPABIIHHS PI3HUMHU COLIAIBLHO-CKOHOMIYHUMH CHCTEMaMHU B
CKJIQJIHUX yMOBaX (PYHKIIOHYBAaHHS CTBOPWJIM OKpEMY Taly3b YIPaBIiHHA — PU3UK-MEHEIKMEHT.
PH3uK-MEHEKMEHT — IIe CYKYIHICTh YCiX BHIIB poOiT, MOB’SI3aHUX 13 IIaHYBaHHSM, pealizalli€lo,
KOHTPOJIEM Ta TOKPALICHHSIM JisSUIbHOCTI 3 ympaBliHHs pu3ukoM. [Iponienypu ynpaBiniHHS pU3UKaMU
Ta MiIXOM, 3aCHOBaHI HA IX OIIHIl, MOXXYTh BUKOPHCTOBYBATHUCS JUIS BUKOHAHHS PI3HHUX 3aB/aHb.
Tomy, Hacamnepen, Mae OyTH BU3HAUY€Ha 3arajbHa MeTa Ta 3a]ladi IPOBEJCHHS TAKOTO aHAIII3Y.

CucreMa ynpaBliHHS pU3MKaMH JIsl 3a0€3MEeUYeHHs SKOCTI Ha BarOHOPEMOHTHOMY ITiJIPUEMCTBI
BUKOPHUCTOBYETHCS TAKMMH IiPO3/iJIaMu:

BiginoM koHTponto sikocTi (BTK) anst omiHioBaHHsS sSIKOCTI MarepiaiiB Ta 3allaCHHX YaCTHH,
KOHTPOJIIO SKOCTI NMPOMDKHUX TEXHOJOTIYHHMX €TaliB, & TaKoX BiJIPEMOHTOBAaHOI MPOAYKUIl NpU
BUITYCKY Ta y Ipoleci 30epexeHHs;

BiJUIIJIOM MaTepialbHO-TEXHIYHOTO IIOCTa4aHHS NpH BUOOpPI Ta OLIHIOBAHHI IOCTadyabHUKIB
MaTepiaJbHUX PecypciB;

TEXHIYHUM BIIJIOM MNPH HPOEKTYBaHHI TEXHOJOTIYHHMX TMPOLECiB, po3poOli HOPM BHUTpAT
MaTepiajiB B MPoIeci BUPOOHMIITBA, JIJIsl ONTUMI3allil TeXHOJIOTYHUX MPOLIECIB;

BiJUIIJIOM YIPAaBIiHHS SKICTIO MPH CKJIAJaHHI IIOPIYHUX OTJISAIB MO SKOCTi, MPH PO3pooii
MporpaM HaBYAHHS, ayAUTI TEXHOJOTIYHOTO 001 HAHHS.

s ynipaBiliHHSI pU3MKaMU MOKHA BUKOPHUCTOBYBATH KIIACHYHY MOJIETb, SIKa MICTHTB TaKi €Taru:

1HILIFOBaHHS NPOLIECY YIPABIIHHS PU3UKAMH;

3arajibHe OLIHIOBAaHHS PU3HKIB (imeHTH]iKawis, OLiHKa 1 aHaJi3 PU3HUKY);

KOHTPOJIb PU3HKIB (3HI)KEHHS PiBHA PU3MKY a00 MOBHE 1X YCYHEHHs);

iH(pOpPMYBaHHS PO PU3HUKH (BCEpPEIUHI MiANPHUEMCTBA);

aHaJIi3 OTPUMaHHUX PE3y/IbTaTiB (MOHITOPHUHT).

3rifHo aHajgizy OUIBLIOCTI JKEpEen 3 OIIHIOBAHHSA PHU3MKY B yMOBax pi3HUX COIaJbHO-
E€KOHOMIYHHMX CMCTEM MOJKHA BKA3aTH TaKi METOJIU BIUIMBY Ha PU3UK Y BUPOOHHUINH CUCTEMI:
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1. 3HIKEHHS PU3UKY — JaHUK METO]] MOJISIrae B po3poOii 1 BOPOBaHKEHHI 3aX0/iB AJIsl 3HUKEHHS
IMOBIPHOCTI BHHHMKHEHHS 1 WOJAIBIIOrO BIUIMBY HACHIAKIB PHU3UKY [0 TPHHHITHOTO pPiBHA
(kamTambkHUH PEMOHT TEXHOJIOTIYHOTO oOmamHaHHs BPII, BmpoBamKeHHS CHCTEM ONTHMI3Arlil
BUpOOHNYIKX mporeciB — 5S, TPM, VSM ta in.).

2. Ilepenaya pu3uKy — METOA IMOJISITa€ B Iepeajpecallii HAaCHiAKIB peamizalii pu3UKOBOI cUTyalil
TPEeTiif CTOPOHI (HAPUKIAl, CTPaXyBaHHs €JI€MEHTIB BUPOOHNYOT CHCTEMH ).

3. BigxuneHHs BiJl pU3UKY — YCYHEHHS CXWIBHOCTI 0 PU3UKY NUISIXOM BIPOBAKEHHS 3aXOiB IO
3ano0iranHi0 MaiOyTHIX HeOaxaHuxX MOAINd (HampuKIaA, TEXHIYHE IEPEOCHALICHHS LEeXiB Ta
TUTBHUAIS).

4. IIpuitHATTS pU3UKY — B JAHOMY BHUIIAJIKY BiIOyBa€ThCS 30€pe)eHHs pU3UKY Ha iICHYIOUOMY PiBHI
NpY Oro MOCTiIHHOMY MOHITOPHHTY 1 po3po0Li IIaHy Aii Ha BUMAA0K peatizalil pu3suKOBOi CUTYyaIlii.

Bci By pu3ukiB y BUpOOHHYI CHCTEMI Ta BUMAIKH iX TPOSBY 3 ypaxyBaHHSAM Pe3yJbTaTiB OLIHKH iX
IMOBIPHOCTI 1 HACTIIJTIKIB, @ TAKOX BHOOPY 3aC001B KOHTPOJIO (DIKCYIOTHCS B PeeCTpi pu3MKiB (Tabm. 1).

Taonuys 1. llpuxkaan peectpy pusukis 1ist BPII

Ne mo3. | HalimenyBaHHs mo3uii peectpy 3MiCT MO3UILIi peecTpy
1 AHani3 pu3uKy Onuc MOXKIIMBAX 00CTaBUH BUHUKHEHHS PU3UKY
Bup pusuky BiamosigHo 10 npuitHsaToro Ha BPIT
2 Bun pmsuxy AP ¥ BULTIOBIIHO 1O TIPHHIL
kjacugikaTopa pU3HKiB
L CTpyKTypHUH NigpO3AiJ, y MeXax JisSUIbHOCTI SIKOTro
3 Jlokaimizaris pusuKy TPYKTYP P Y

BHSIBJICHUM pU3HK
Bennumnna iMOBipHOCTI TOIT 1 aHAaJI3 BIUTUBY Pi3HUX
4 OIiHIOBaHHS PU3HKY HACJIJIKIB (B OJIMHUIISX Y 3aJISKHOCTI BiJl
BUKOPHCTOBYBAHHUX METOJIIB OIIHKH)
[lomepenniii 7OCBi HACTIAKIB [Tonepeani BimIMOBH Y BUPOOHMYiH cUCTEMI 1 TOCBi

5 . .
BiJI PU3HKY pearyBaHHsI Ha HaCIiIKU
. OOpanuii METO YIIPaBIIHHA pU3UKOM (IIeEpegaya
6 BigHoIIIEHHS 10 PU3HKY P A yHp pH (nepenavia,
3HIDKEHHS 200 MPUIHATTS)
. OO6paHuii KOHTPOJIBLHUN MEXaHi3M 1 i (PEMOHT
JIi1 1o 3HMKEHHIO 1 KOHTPOJTIO .
7 - o0J1aIHaHHS, BIIPOBAKCHHS J0JaTKOBUX METO/IIB
p Y KOHTPOJTIO Ta iH.)
. . BcranoBneHi TepMiHU POBEIEHHS 3aXO/IB 110
8 Tepminu 3axoiB PR O
MiHIMi3alil HeraTUBHUX HACHIIKIB
. . . BiamosizanbHi 3a peanizamniro gl M0 KOHTPOIIIO 1
9 BinnosinanbHui A A P 1o 4 P

3HW)KEHHIO PU3UKY Y CHCTEMI

MaiiOyTHi cTaH BHPOOHMYOI CHCTEMH NPSMO 3aJeKUTh Bil ii MOTOYHOrO CTaHy 3 OMNIALY Ha
HaJIMHICTh CKJIAJ0BUX BHUPOOHMYOIrO Mpoliecy. Marouyu Ha yBasi, 1m0 (YHKIIOHYBaHHS CHCTEMH
KOHTPOIIIO PHU3MUKIB y 3aralLHOMY BUTISAI MOBHHHO 3a0€3MEYUTH CTIHKICTH TPOIECIB PEMOHTY
BaroHiB [22], mMoHa BHKOpHCTOBYBaTH MapkoBchbke aHamizyBaHHs [4]. lanuii MeToj] 103BOJISIE
BU3HAYATH FOTOBHICTh BUPOOHUYOT CHCTEMH JIO TPOBEICHHSI TEXHOJIOTIUYHKX Ofepallii 3 ypaxyBaHHSIM
JIOCTaTHHOT'O PIBHS MaTepialbHUX CKIAIOBUX (3alaCHUX YaCTHH, TEXHOJIOTIYHUX PECYPCIB Ta iH.).

Bupobunya cucrema y BUNIaIKOBUI MOMEHT 4acy Moe OyTH B OTHOMY 3 TPhOX MOKJIMBHX CTaHiB:

» craH IIOBHOI Mpare3aaTtHocTi (FOTOBHOCTI) — B CHCTEMI JOCTaTHIH piBeHb HEOOXIIHUX
pecypciB, mparie3aaTHUi CTaH TEXHOJIOTYHOro 00JIaJHAHHS Ta OCHAIIICHHS Ta 1H.;

» CTaH YaCTKOBOI Ipale3aTHOCTI (3HIKEHHs ¢(EeKTHBHOCTI) — B CUCTEMI BiJICYTHI HEKPUTHUYHI
pecypcH, SKi MOKYTh BIUTMHYTH Ha 3araJibHUH Yac MPOBEJICHHS TEXHOJIOTTYHHUX OIepallii, Mae Micie
3HWKEHHS eDEKTUBHOCTI eKCILTyaTallii 001aJHaHHs B Pe3yJIbTaTi MTOMIKO/HKEHB Ta 1H.;
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» CTaH BiIMOBH — HEMOJJIMBICTh BUKOHAHHS BHPOOHHYOTO 3aBJaHHS BHACIIIOK BiCYTHOCTI
KPUTHYHUX 32 3HAYEHHIM pEeCypciB, aBapiifHa BiIMOBa TEXHOJOTIYHOTO O0JIa{HAHHS Ta iH.

KoHreniiisi cTaHiB jae MOXJIHMBICTh OTPHUMATH CTOXACTUYHY MATPHUIIO IMOBIPHOCTI MEPEXOny 3
OJTHOTO CTaHy B iHIIIH 3 OTPUMAHHSAM KUIbKICHUX TMOKa3HUKIB PU3UKY. SIK BHUXiAHI AaHi MOXXHA
BUKOPUCTOBYBATH iIHTEHCHUBHICTh BiIMOB — A, 4acTOTY PEMOHTY — W (aJs1 Oe3nepepBHUX MOJiH) abo
HWMOBIPHICTH 3MiHU CTaHIB y BUPOOHMYOMY TPOIIEC.

Ha mepmomy erami Oymyerscst Tpad cTaHiB cUcTeMH. SIKIIO KUTBKICTH CTaHIB JOPiBHIOE 3, TO
rpa¢iqHO cucTeMa MaTHUMe BUTJISLI;

Sy
Az
Az
Az
S3
Ao

Puc. 2. llpuknan rpady cTaHiB cucTeMHu

Axmo P; — imMoBipHicTs TiepeOyBaHHS BHpOOHHYOI cucteMH B ctaHi 1 (i = 1, 2, 3), To MoXxHa
3alUcaTy CUCTeMy JudepeHialbHuX piBHAHL KonMoroposa, sika Oyie MaTH TaKHid BUTIISLI;

P{ = Xy1Py + A31P3 — (M2 + Aq3)Py,
Py = A12P; + h3aP3 — (ha1 + ha3) Py, (1)
Py = X3Py + ha3Py — (A31 + A32)Ps,

KoxHe 3 BkazaHUX piBHSHb MOXXe OyTH BHIIy4YeHE, a BiANOBigHA HOMY IMOBIpHICTh BHUpa)Ke€Ha
yepes iHII 3a JIOTIOMOTOK0 HOPMYBaJIbHOT YMOBH:

P1+P2+P3=1 (2)

SIK110 NPUIHATH NPUITYIIEHHSI, 0 BUPOOHUYMI TIPOLIeC CTalliOHAPHUH, TO MOXiHI KMOBIpHOCTEN
npuiiMaroThes gopiBHO0YMMY (. I Toni cucTema piBHSIHB MPUIIME BUTIISA;
(M2 +Aq3)Py = ko1 Py + A31Ps,
(21 + A23)Py = hioPy + A3, Ps, 3)
(31 + h32)P3 = hy3Py + Ay3Py,

BupimenHs: BkazaHoi CHCTEMH DPiBHSHb 3 ypaxyBaHHSIM HOPMYBAJIbHOI YMOBH JO3BOJISIE OTPUMATH
cepeziHi 3HaYeHHs MMOBIpHOCTEH ab0 4acy 3HaXOMKEHHSI BUPOOHMYOI CUCTEMH B TOMY YH 1HIIIOMY CTaHi.

BucHoBku. TexHIUYHUI PO3BUTOK BarOHOPEMOHTHHUX ITiAIMPHUEMCTB BUMAara€ HOBHX IIIXOIIB 0 iX
yrpaBniHHs. J[0aTKOBUM €JEMEHTOM MOJIEPHI30BaHMX BHUPOOHMYUX CHCTEM MOXe OyTH cHUCTeMa
yIpaBIliHHS BUPOOHWYMMH pU3MKaMH. BoHa 103BONUTH MPOBOJUTH MOCTIMHWI MOHITOPHHI CTaHIB
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BUPOOHUYMX MPOIIECIB 3 OTJISAAY Ha Mpale3/[aTHICTh €JIEeMEHTIB CUCTEeMH. Pe3yibTaToM BIIPOBAKCHHS
Oyzne MiHiIMi3aris BHPOOHUYHX BTPAT Ta MiABUIIEHHS SKOCTI TOTOBOT MPOIYKIIii.
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MANAGEMENT OF PRODUCTION RISKS IN TECHNOLOGICAL SYSTEMS
OF WAGON REPAIR ENTERPRISES

At the moment, the modernization of the wagon repair complex is an urgent scientific and technical
task on the railway transport of Ukraine. Wagon repair companies are characterized by insufficient
pace of development over time. This is expressed in significant physical and moral depreciation of
fixed assets of enterprises, large material losses in the process of repairing wagons, high cost of
repair, low mechanization and automation of basic and auxiliary production processes, etc. Bearing
in mind that railway transport is a critical component of the transport complex of Ukraine, the
creation of advanced production systems based on the principles of production logistics is considered
a necessary step for further development of the industry.

The presented article analyzes the current state of wagon repair companies. The conclusion is
made about the need for risk analysis in production processes given the difficult operating conditions.
An example of an algorithm for implementing a risk management system and its main components is
given. The analysis of the main methods of influencing the risk in the production system is carried out.
Practical solutions for obtaining quantitative indicators of risk assessment in the production processes
of wagon repair with the help of Markov analysis are proposed. In general, the risk management
system will significantly reduce material losses when repairing wagon.

Keywords: of wagon repair enterprises, production logistics, risk management system, state of the
production system.
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MACTUJIBHA KOMIIO3UIIA JJIA HIABULIEHHSA
3HOCOCTIHKOCTI BAXXKOHABAHTAXKEHUX ITAP TEPTS

3anpononosano cnocib ueomosnenHs MacmuibHOi KOMNO3UYil, KA 003601A€ CYMMEBO 3MEHUUMU
SHOULYBAHHSA PELlOK 3ANI3HUYHOT KO ma KOJIC pyXoMOo20o CKIady y npoyeci Hanpayoeants, 3anobdieae
eNeKMPOXIMIUHILL KOPO3ii Memany nap mepms «KOLeco — pelikay, a maKoxic cmabdilizye Genuyuny
Koe@iyicnma mepms Ha ONMUMATLHOMY PIGHI Yepe3 00CUMb KOPOMKULL 4aAC HANPAYI08AHHS.

Excnepumenmanvui 0ocnioscenHs 3HOCOCMILIKOCMI nposedeHi Ha napi mepms «3pa3oK Mmamepiany
banoadicy 3ani3HUYHO20 KOAeCd — 3pA30K MAMepIany 3ani3HUYHOI petikuy npu CRi8iOHOWEHHI meepooCcmi
mamepiany banoasicy (meepdicmo 3a Poxeennom, wxana HRC-35,3) 0o meepoocmi mamepiany petixu 1,1.
Pesynemamu  sunpobysanv  ceiowamv, wo y GUNAOKY GUKOPUCHIAHHS MACMUILHOLI KOMRO3UYIT
«npomuciose macmuno mapku Bio Rail 3 dobaskoro nanomamepiany petikuy snoutysanns spaska iz
Memany peiku nicis mpbox 200UH HANPAYIOBAHHS NPAKMUYHO He chnocmepizanocy. llpuwomy cepedne
3HaUeHHs KoeiyicHma mepms npomazom mpbox 200UH HANpayioeants niompumyeanoce Ha pieHi 0,25,
WO € ONMUMATLHUM OJiA NApU Mepms «KOeco — Petikay.

Knrwouosi cnoea: macmunvna KomMnosuyis, 3HOCOCMIUKICMb, 3ANI3HUYHI peliku, KOJLecd pyXomoz2o
CKAa0y, HaHOMamepiai.

Beryn. CTBOpeHHS 1 BIIPOBaDKEHHSI pecypco30epirarounx TEXHOJIOTIH € OHIEI0 13 HAHBaXITUBIILIMX
aKTYaJIbHUX TPOOJIEM CydacHOTo MamnHoOyryBaHHs. CTOCOBHO 3aJli3HUYHOTO TPAHCIIOPTY BaXKITUBOIO
3a71a4ero € MOIIYK CIIOCO0IB MiIBUIIEHHS 3HOCOCTIMKOCTI TpeOeHiB OaHaaXiB KOJIIC pyXOMOTO CKIany i
OIYHUX TpaHel PeoK y KPUBHX JIUISTHKAaX KOJIil.

[Ipouec 3HOUIYBaHHS BKa3aHUX €JIEMEHTIB € JOCUTH CKJIAJHUM 1 IHTEHCHBHICTb MOTO 3aJISKUTh HE
TIBKKM BiJl XapakTepy MEXaHIYHOi B3aeMOJil Koiieca i3 pEHKOI, SKUM BH3HAYAETHCS (HOPMOIO
KOHTaKTYIOUMX JeTajiell, MEXaHIYHUMH BJIACTHBOCTSIMH MaTepialiB KOHTAaKTYIOUMX JeTajel,
HIBUJKICTIO PYXY, OCOOMUBOCTSIMU OYZOBH 3aJIi3HUYHOI KOJIi Ta KOHCTPYKIIi Bi3KiB PyXOMOT'0 CKIIamy
tomro. Ha meit mpomec BrimmBae i HU3Ka iHIMMX (HaKTOpIB, SIKI 9aCOM JOCHTHh BaXKO (hopMai3yBaTH —
HasBHICTH BOJIOTH, MY, MACTHIIFHUX TUISIM, JIOKAJIbHIX T€OMETPUIHHUX HEPIBHOCTEH PEHOK 1 OaH/1aXkiB
Koyic Tomo. ToMy MOXIJIMBOCTI TEOPETHYHOIO BHPILICHHS JaHOI NPOOJeMH, CKaXiMO, IIISIXOM

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
30



TEXHIKA I TEXHOJIOI'TI

MaTeMaTUYHOTO MOJACTIOBAHHS KOHTAKTHOI B3a€MOJIl peHoK 3 Kojlecamu, € J0CUTh oOMekeHuMH. Jlo
TOT0 K 3MiHa KOHCTPYKIIi1 KOJi1 i pyXOMOro CKJIaay moTpedye JOCUTh BETUKUX KalliTATbHUX BKIIA/IEHB
1 dYacy, TOMy Ha CBOTOJHI TPIOPUTETHUM HAMPSIMKOM BHUPIMICHHS MPOOJIEMH ITiBUIICHHS
3HOCOCTIHKOCTI € JyOpikaiis peiiok i koiic [1]. Ockijbku BKa3aHi mapu TepTs € Mapamu BiIKPUTOTO
TUIY, TO MACTHJbHI Marepiand, sKi BHUKOPHCTOBYIOTHCS JUIS IXHBOTO 3MallyBaHHS TOBHHHI
BIJINOBIIaTH TIEBHUM BUMOTaM, i3 SKMX OCHOBHUMH €: BUCOKA €(eKTHBHICTH 3MAallyBaHHS TOBEPXHI
KOHTAKTY y JOCUTHh IMIMPOKOMY Jiara3oHi KIIIMaTHYHUX TeMIIepaTyp, MPOCTOTa HAHECEHHS 1 3AaTHICTh
YTPUMYBATUCh y 30HI TEPTS MPOTITOM MEBHOTO Yacy, BHCOKHM OMip KOHTAKTHUM HaBaHTAKCHHSM,
3armobiranHsa Kopo3sii MeTairy, 3a0e3nedeHHs] ONTHMAaIFHOTO 3HAYeHHS BEIMYHHH KOeillieHTy TepTs i
Horo cTabUTBHOCTI y TMpoleci HAaNpamroBaHHSI, MOXXKEKOOE3MEeUHICTh 1 MIHIMATbHUN BIUTHB Ha
JOBKIJUIS, IOCTYIHICTD 1 TOMipHA BapTiCTh.

MacTunpHi KOMIO3HII1, sIKi Hapa3i BAKOPUCTOBYIOTHCS B YKpaiHi i CBiTi, HE BIIMOBIAal0TH TIOBHOIO
MIpOI0 HaBEJCHWM BHMOTaM. ToMy po3poOii HOBHUX MACTHJIFHHUX MarepiaiiB i ITiJBUIICHHSI
3HOCOCTIHKOCTI B)KKOHABAHTAXKCHUX TIap TEPTS MPUALISETHCS BEJIMKA yBara.

AHaJji3 ocTaHHIX HOCJHiIKeHb i MocTaHOBKa mpoodsemMu. [IpoTsrom OaraTboX pPOKIB 3yCHILISA
HAYKOBIIIB CHPSMOBAaHI Ha BCTAHOBIICHHS 3aKOHOMIpHOCTEH (PI3UYHUX SBUI, IO TPOTIKAIOTH Yy
MOBEPXHEBUX IlApaX METAJIEBUX Map TEPTA. 3a yMOB TEpTs y IOBEPXHEBUX IIapax MarepialiB
KOHTaKTYIOUMX  JleTajeld  BHUHHKAIOTh 1  MEepeMINIYIOTbCS  JUCIIOKAIli, CTBOPIOIOTHCS 1
CaMOOPTaHI3YIOThCS HOBI CTPYKTYpH, IO TIOB’S3aHi i3 MOAPIOHEHHSIM KPHUCTAJITIB Ta 3MiHOO
Opi€HTaIlil 3epeH BIAMOBIAHO J0 HAMPSIMKIB il CHJI, BUHHKAIOTh II€BHI TEKCTYpH, 3MIHIOIOTHCS
BEJINYMHHU XapaKTEPUCTUK MEXaHIYHUX BIACTUBOCTEH CTPYKTYPHHX CKJIQJIOBHX Ha YCiX PIBHAX — BiJ
Mikpo- 10 Makpo- [2, 3] . Lli mporiecu CyTTeBO 3alexaTh BiJl CyMICHOCTI MarepiaiiB MmapH TEpTs.
BHeceHHsI y 30HY TepTs MACTHIIBHUX MaTepialiB MOKe PaliKaIbHO 3MIHUTH XapaKkTep i IHTeHCUBHICTh
BKa3aHUX TIPOLIECIB, 3aBASKH YOMY 3 SIBISIETBCS MOXKIIMBICTH TIEBHOIO MIpOIO YIPABIATH iX
NPOTIKaHHSIM BHKOPHUCTOBYIOYM MAaCTHJa PIi3HOTO XIMIYHOTO CKJaay, KOHCHCTEHIII, pPi3HOMaHITHI
MPUCAIKU O MAaCTHJI TOLIO.

Haiibinpmri  odikyBaHHS, y /[JaHOMY HampsMi, TOB’s3aHI 13 BHUKOPUCTAHHAM SK MPHCAIKU
HaHOMarepialdiB i HAHOPYHKIIOHAILHUX MPHUCAIOK i3 BHCOKOw0 aucrepcHicTio (10 ... 200 uHM) i
PO3BHHEHOIO IIHTOMOIO TTOBEPXHEKO (10 600 M? / T). UHCeHH] HAYKOBi TOCITIDKEHHS TTOKa3yIOTh, [0
YIBTPAIUCIIEPCHI MaTepiaiy, siKi CKJIaJaloThC 3 HaaMallnX MOP(OIOTiYHUX eIeMEHTIB — KPUCTAIIIB,
3epeH, Top, AUCIEPCHUX BKIIOYEHb, MIO 3HAXOIATHCS y TEPMOJWHAMIYHO HEPiBHOBA)KHOMY CTaHi,
MaroTh YHIKaJbHI (DI3WYHI BIACTHBOCTI, SKI HEIOCSXHI Ui TPaauIiiHUX MartepiaiiB. 30Kpema
MEXaHiYHI BJIACTUBOCTI HAHOPO3MIPHHX TMOPOIIKIB CHIIBHO BiJIPI3HAIOTBECA BiJl BIACTHBOCTEH
MacCUBHHUX MaTepialliB aHAIOTIYHOTO XiIMIYHOTO CKJaxy. BHacHiok BiICYTHOCTI IPOTSDKHUX 1e(heKTiB
CTPYKTYpH (JIUCIIOKAIlil, MIKpOTPIII[MH, MiKPOKaBEpH) BHCOKA TBEPIICTh HaHOMAaTepialiB 3a3BUYail
HOEHYETHCS 3 BUCOKOIO IUIACTHYHICTIO [4, 5].

Hapasi BUAinsSrOTh 9OTHPH OCHOBHMX MEXaHI3MH BIUTMBY HAaHOMATepialiB Ha 3HOITYBaHHS Map TepTs i3
MeTaneBux MmarepiamiB [6, 7]. [lepmmii NoB’si3aHMil 13 BHHUKHEHHSIM Ha Je(eKTax TOBEPXOHb TEPTS
AKTUBHUX IIGHTPIB 3apO/KEHHS 1 PO3BUTKY CHENU(pIUYHNX HAHOKPUCTATIYHUX CTPYKTYp y BHUIIISII
MIKPOIOKPHTTSI, IPUIOMY L€l MPOLIEC KOHTPOJIOETHCS EHEPri€ro, 0 BUAULIEThCS i Jac Tepts [8]. Y
pe3ynbTaTi Ha TIOBEPXHI KOHTAKTY BUHUKAE TaK 3BaHa CEPBOBUTHA IUTIBKA, SIKA CKJIAJIAEThCS MIEPEBAXKHO 3
VABTPAIUCIIEPCHUX YaCTUHOK MaTepiany. Cama CepBOBHTHA ILTIBKA € JOCUTH MOPUCTOI0, TOMY Y TIopax
3aTPUMYEThCS. MACTHIIbHMI Marepian. KoHTakTHI MOBEepXHi AeTaield MaloTh NMEBHUN penbed 1 JiHCHUI
KOHTAKT BiZIOYBa€ThCS Ha MOPIBHSHO HEBENHWKIH IDIOIII HABITh 32 yMOBH AedopMallii MoOBepXHEBUX IIIapiB.
CepBOBHTHA TUTIBKA 30UIBIINYE Y JIECATKA pa3iB (PaKTUUHY IUIONTY KOHTAaKTy AETaieil i 3HAYHO 3MEHIIyE
piBeHb KOHTAaKTHUX HaNpYy)KeHb. Taka IUTiBKa 3aXUILa€e IIOBEPXHi TEpPTS BiJl 3HOLTYBAHHA 1 32 IEBHUX YMOB
peanizye MexaHi3M BHOIPKOBOT'O IIEPEHOCY YACTHHOK METANY i3 Iapy MacTWIa Ha IOBEPXHI TEPTA JeTallel
[8], THM caMuM migBuIye TX JOBrOBIUHICTH 332 PaXyHOK TaK 3BaHOIO PEMOHTHO-BIJHOBIIIOBAJILHOIO
edekTy. Y BUMAJKY CTAIEBHX JieTallell Taka TUTiBKa MOXKE YTBOPIOBATHCH TIPH BUKOPUCTAHHI MACTHIIBHUX
MarepianiB, MOJEKYIU SIKMX BKJIIOYAIOTh NPHUEAHAHI aTOMH METAJiB i3 HEBUCOKOIO TBEPHICTIO — Mifi,
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0JIOBa, CBUHIIIO, IIMHKY, ATFOMIHI0, Cpi0ia, 3010Ta i iH. ToMy JUIs BHECCHHS METAICBUX HAHOMATEPIaJliB y
MaCTHJIbHY KOMIIO3HUITII0 9YacTO BHUKOPHCTOBYIOTh COJI JKHPHHUX KHCIOT ab0 KOMIUIEKCHI CIHONYKH
MOJTIBAJICHTHUX MeTaiB [9].

I[poTe yBary AOCHIIHUKIB MPUBEPTAIOTH W iHIII, TEXHOIOTTYHO MPOCTILIi Ta YacTO JEMIEBIIi CrIOCOOU
CTBOPCHHS METAIIOBMICHHUX TIPUCAJIOK 10 MACTHJI, a caMe 0e3M0CepeIHE BUKOPHUCTAHHS Y SKOCTI JOOaBOK
METaJIEeBIX HAaHOIIOPOIIKIB Pi3HOI aucriepcHOcTi. [IpudoMy BUKOPHCTOBYIOTHCS HE TILTBKHA HAHOTIOPOIIKH
3raJlaHuX M’SKAX METAIIiB, ajle ¥ CIOIyK XpOoMY, HIKEIO, 3aJ1i3a, KOOaJIbTy Ta iH., HAAIUIACTUIHUX CIDIaBIB
tury Bi-PbSn, Pb-Sn, Zn-Sn, Pb-SbSn, a Takok HemeTaleBUX MaTepiaiiB MPUPOJHOTO abo MITyYHOTO
TTOXOpKEHHS (TpadiT, amMas, crmikaty Ta id.) [10 — 16]. Ha TemepinrHiii gac po3po0aeHo JOCHTh 6araTo
TEXHOJIOTIM ITPOMUCIIOBOTO BHTOTOBJICHHS TAaKHX TIOPOINKIB, CEpel SKHX HAHOLIbIIE TIONMMPEHUMH €
razoasHuii CcHUHTE3, ENEKTPHYHUI BHUOYX TIPOBITHMKIB, KAaTOAHE pO3NIJICHHS, MEXaHIYHE Ta
yABTpa3ByKoBe aucrepryBanus [17 — 19]. B 3anexxHocTi Binm BUOpaHOi TEXHOMNOTrii Ta OCOOIMBOCTEH
yCTaTKyBaHHS PO3MIpH YaCTHHOK MaTepialy MOXYTh BiIPI3HATHCH y JECATKH pa3iB, KPiM TOTO TBEPIICTh
TaKMX YaCTMHOK MOXKE TEpPEBUIIYBaTH TBEPIICTh MaTepianiB mapu TepTa. Bce 1e cyTTeBo BIUTHBaE Ha
niepeOir MpoIIeciB Y 30HI KOHTaKTY JIETAIICH.

[le ommH MexaHi3M MTiABUIIEHHS 3HOCOCTIHKOCTI (TIEPeKOYyBaHHS MO TBEPAUM YaCTUHKAM) JTOCHUTH
PiAKO peaizyeTbes y YUCTOMY BUTIISAI. BiH MPOSBISETHCS Y THX BUMAIKaX, KOJH TBEPAiCTh YACTHHOK
MOPOIIKY MPHOJIM3HO JIOPIBHIOE TBEPIOCTI IOBEPXOHb TEpTSA, a IiXHIdH 00’€eMHWA BMICT Yy
3MaIyBalbHIA KOMIIO3HIIIT BUCOKHIA.

[HmIi gBa MexaHi3MU BIUIMBY (3pi3aHHS BUCTYIIIB Ta 3alIOBHEHHS BIIAJWMH) TIOB’s3aHi 3 HAsSBHICTIO
BIJTHOCHO TBEPAUX HAHOPO3MIPHUX YAaCTHHOK Yy 30HI KOHTaKkTy. Y IIbOMY BHIAAKY CYIJIbHA
CEpBOBHTHA IUTIBKA HE CTBOPIOETHCSA, a TBEPHAiI YACTHHKU CIpPUSIOTH iHTEHCH]iKamii mpomeciB
IUTACTUYHOTO Ae()OpMyBaHHS HEpPIBHOCTEH Ha MOBEPXHSAX TEPTS, LIO MPU3BOAUTH A0 BUHUKHEHHS
JpidHOAMCIIepCHOT (Cy03epeHHO1) CTPYKTYpU Y TOBEPXHEBHX IIapax aeTani. YacTHHKH HOPOIIKY
CUJIBHO J1e(hOpMYIOThCS, MOAPIOHIOIOTHCS 1 TAKOXK CTAIOTh €JIEMEHTaMUu Cy03epeHHOi cTpykTypu |20,
21]. YactuHa iX 3amOBHIOE MIKPOKaBepHM Ha TMOBEPXHAX TEPTS, 3a PaxXyHOK UYOTO 3arajibHa
IIOPCTKICTh ITOBEPXOHb 3MEHIIYEThCA. Taka CTpyKTypa 3a0e3ledye IMiIBUINCHI XapaKTePUCTUKH
MII[HOCTi MaTepiary, BKIIO4al0YH TBEPIICTbh, OMip pyHHYBaHHIO 1 TPIIMHOCTIMKICTD, 32 PAXYHOK YOO
1 MIBUIIYETbCA 3HOCOCTIWKICTh Map TepTsA. 3BICHO, IO Mepedir IUX TMPOILECiB 3alIeKHUTh Bij
CYMICHOCTI MarepialliB map TepTs, MacTWI 1 HAHOMOPOIIKIB, IO BHUKOPHCTOBYIOTHCA Y SKOCTI
npucanok. ToMy JJIsi BCTAaHOBIICHHsI 3arajlbHUX 3aKOHOMIpHOCTeW IHX (Pi3MYHHMX SBUII TOTPiOHO
MPOBOJIUTH TOJAJIBIII TOCIIIKEHHS.

Y nasii poOOTI PO3IJSIHYTO PE3YJIbTaTH EKCIIEPUMEHTANbHUX JIOCTIDKEHb 3HOCOCTIHKOCTI
PerKoBOi cTasi 3a YMOB CyXOT0 TEpTs Ta TEPTs i3 3MalIlyBaHHSAM IPOMHUCIOBUM MacTHIIOM, a TaKOX
3aMpPOIOHOBAHOK MAaCTUIIBHOK KOMIIO3HIIIEI0 Ha HOT0 OCHOBI.

Marepiaiu Ta MeToau Jochi:keHHs. s TpoBeneHHS  eKCIIEPUMEHTIB Ha  TepTs
BUKOPUCTOBYBAJIM CepiliHy BUNpPOOyBasibHY ycTtaHOBKY 2070 CMT-1 i3 mongatkoBuM oOjagHaHHSAM
JUISL aBTOMaTHYHOI (pikcalii MOMEHTY 1 CHJIM TEepTsi, TeMIEepaTypy y 30HI KOHTAKTY Ta 3HOUIYBaHHS
3pas3kiB (aHajoro-nudpoBuii Momyias «Triton 2402Ux»), a Takox [ aBTOMAaTH30BaHOI OOpPOOKH
EKCIIEPUMEHTATIbHUX JTaHuX (mporpamMuuii komiuieke «T2402 Readery).

ExcniepumMenTalibHi 3pa3ku (puc. 1) BUrOTOBIISUIN i3 pelikoBoi craimi mapku K74, mo mana Takuii
XIMIYHHMIA CKJIaJ] 32 OCHOBHMMHU KOMITOHeHTaMu: Byrjeibs — 0,67%, kpemuiii — 0,32%, mapraHenp —
0,94%, 3amizo — ocHoBa. J[7s BUTOTOBJIGHHS KOHTP Tila BUKOPHCTOBYBAJIHM CEPEIHE BYIJICLIEBY
KoOJTicHY ctanb 2 [22].

ExcriepiMeHTH MTPOBOIMIIN 32 TAaKUX YMOB: 4actora obepranHs — 300 06/XB., ciila HOPMAIILHOTO
thcKy — 555 H, wac 6e3nepepBHOi poboTu — 3 rox.

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
32



TEXHIKA I TEXHOJIOI'TI

\L 2 A'—"—'T-
<t ™ %
//_
g>/ 10
@X
/“——\

/

[

\ s
Q) /\ 07

1X45
RN 2 hacku
S \\ //
(1)6 ~_ |

10

Puc. 1. Cxemu: (a) 3pa3ka i (0)koHTpPTiIA

[lepen movyaTkoM eKCIiepUMEHTIB Ha O1YHHMX (HEpoOOUMX) IpaHsX 3pa3KiB i KOHTP Tijla BHU3HAYAIH
TBEpIiCTh MartepianiB. BumiproBanua TtBepaocti (3a Poksemnom, mxanma HRC) 3pificHroBamu
nopratuBHuM TBepaomipom COMPUTEST SC Bupoonuntea ¢ipmu ERNST (IlBefinapis) i3
BUKOPUCTAHHSM ITiJICTaBKH, SIK MIOKa3aHo Ha puc. 2. HaBaHTakeHHsI Ha alMa3HUI 1HIESHTOP y BUIIIAIL
KOHYyca 3 KyToM Iipu BepuuHi 110° cranosuio 49 H.

BcraHoBieHo, 110 CHiBBiAHOLIEHHS TBEPAOCTI Marepiany KOHTp Tiia (TBepaicTh 3a Poksemiom,
mkana HRC-35,3) 1o TBepaocri 3pa3kiB MaTepiaiay peliku ckiaaae 1,1,

Benuuuny 3HOIIYBaHHS 3pa3ka BU3HAYAIN 32 JOTIOMOTOI0 OE3KOHTAKTHOTO 1IHAYKTHBHOTO JaTUYMKa
nepeMillleHHs y MiHIMaJIbHOMY Tepepisi 3paska.

Puc. 2. Teepaomip COMPUTEST SC
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JocnimpkyBany 3HOLTYBaHHS 3pa3KiB B yMOBaxX CyXOro TEpTs Ta TepTs i3 3MallyBaHHAM MacCTHIIOM
Ta 3alPOMOHOBAHOI0 MACTHIFHOI KOMITO3HITIE0, yCi PeXKUMU HaBeneHi y Ta0. 1.

Tabnuys 1. Pe;xMMHU TEPTS1, W10 TOCTiIKYBAJIHNCS

Pexxumu tepta
Marepian _ _
3pasky Cyxe Macruio Mactuno Bio Rail +
TepTA Bio Rail HAHOTIOPOIIIOK CTai
K74
Crans K74 + + T

Hapasi mgns nmyOpikanii pefiok Ha neskux auisHkax IliBneHHO-3axigHOl 3ami3HUII  YKpaiHu
BUKOPUCTOBYIOTh MacTiiio Mapku Bio Rail ¢pipmu AIMOL [23] i Tomy came BoHO Oyiio BUOpaHe Juist
MIPOBEICHHSI TOCITIKEHb.

ABTOpaMH TaTeHTy [24] 3ampolOHOBaHO SIK TIPHUCAIKU JI0 TMPOMHUCIOBUX MAcTWI, SIKi
BUKOPUCTOBYIOTBCS JIsl 3MallyBaHHA Ba)KKO HABAaHTAXCHUX Map TepTs (30Kpema, Kolieco — peika)
J0JaBaTl HAHOMETAJI CKJIAJOBOI MApu TEPTS 3 MEHILOIO TBEPAICTIO (Y AaHOMY BHUIAIKy HAaHOMETAal
peiikn). ToMmy i CTBOpEeHHS MaCTHIBHOI KOMITO3HWIT y Mactwino Mmapku Bio Rail nomasamm
Ha"onopomok ctanmi K74. Hanomopomok crami K74 BUTOTOBISAIM METOIOM €JEKTPOEPO3iHHOTO
JUCTIEpTyBaHHs TpaHys Matepiany npucagku y 40% cnuproBomy cepemosuii [19]. B skocti rpanyn
BUKOPHCTOBYBAJIM CTPYXKY 13 BiIXO/1iB MeXaHIYHOi 0OpOOKHM TPU BUTOTOBJICHHI 3pa3kKiB i3 ctani K74.

OTpumaHy BKa3aHHM CIIOCOOOM CYCICH31I0 BHTPUMYBaJIH Y BHUTSXKHIH madi 10 MTOBHOTO
BUTIAPOBYBaHHS piAvHU. Bucymenwii nHanomopomok map aucrnepchicts 100 ... 300 M. Bwmicr
JI00aBKHM y MacTHJIbHIA KOMITO3HLiT cKinanas npubauzHo 10 mac. %.

3MalryBaHHsT KOHTAKTHOI MapH 3AiHCHIOBAIM OJHOPA30BO IUIAXOM HAHECEHHS [BOX Kpareib
YHCTOrO MacTuia a00 MacTHIILHOI KOMITO3MIIIi Ha KOHTAKTHY IMOBEPXHIO 3pa3Ka.

PesynbTaTtu excnepumentiB. Ha mymky 06araThox MOCHiTHHWKIB €()EKTHBHICTH 3aCTOCYBAaHHS
TPaIUIIHHUX MACTHIIPHAX MaTepialiB Uil BUCOKOHABAHTAXKEHUX Tap TEPTS i3 METAJIEBUX MaTepiaiB
(Hampukiam, Kojleco — pellka) € HE3HAYHOI, OCKUIBKM Oa)KaHWM €(PEeKT CYTTEBOIO ITiIBUIICHHS
3HOCOCTIMKOCTI JIOCATA€ThCS JIMIIE 332 YMOBH OJIHOYACHOTO 3HAYHOTO 3HW)KCHHS BEIWYHHU
Koedimiedty Tepts. s map TepTs THITy KoJieco — pelika ONTHUMallbHI 3Ha4eHHs Koe(illieHTa TepTs
Ha TOBEPXHI KOYEHHS TOJOBKHM PEMKH 3HaxXoIAThcs y miamasoni 0,3 ... 0,35, a Ha OiuHid rpaHi
rosnoBku peiiku — 0,2 ... 0,25 [25, 26]. Ockinbky py 3MEHIICHHI CTATHYHOTO KoedimieHTa TepTs f
KoeQiIlieHT 3USTUICHHS KOJiC JIOKOMOTHBA 3 PeHKaMH TAKOK 3MEHIITYEThCS (IS 3aJIeXKHICTD € OJIM3BKOi
o mapaboiigHoi [26]), TO MPH CYTTEBOMY 3HMKEHHI BEMTUYHHU [ PEKUMHU TATH MOXYTh CTaTH
HEeCTal[iOHAPHUMH, [0 BIUIMHE Ha Oe3MeKy pyXy, OCOOJMBO Ha KPWUBUX MAUISHKAax Komii. Tomy
PO3TISTHEMO, SK 3MIHIOEThCA BEIMYMHA KOEQIlliEHTY TEPTS B MPOIECi eKCIIEPUMEHTY 3aJIeKHO BiJl
PEKUMY BUIIPOOYBaHb.

VY pexumi cyxoro TepTsa KOeQillieHT TepTs CTpiMKO 3poctae (puc. 3) i mocsrae 3HaueHus 0,9. Le
NpPU3BOJUTH JO TIOSBM HAa TOBEpPXHI 3pa3ka AedeKTiB, M0 TOB’s3aHi i3 3HAYHOI TUIACTUYHOIO
nedhopMaIli€ro MoBEpXHEBUX IIAPiB.

30BciM iHIMN XapakTep 3MiHH Koedinienta Tepts f npu 3mantyBansi. [Ipu 3mairyBaHHI YHCTHM
MAacCTHJIOM BiH CIIOYaTKy JELI0 3MEHIIYEThCs Bia modatkoBoro 3uaueHs 0,22 mo 0,15 (3a paxyHOk
PO3irpiBy 3pa3ka i 3MEHIIIEHHS B’ 3KOCTI MacTuia), a MOTiM MOCTYyoBo 3poctae Ao 0,3.

HobaBka mo Mactwia HaHomopowmky crtami K74 chopuse mBuakiii craOimizanii BeIMYMHU
KoedilieHTa TepTsS Ha ONTUMAILHOMY piBHI 0,25, MO MiATBEPIKYE MOXKIIUBICTh BUKOPHCTAHHS TaKOT
J100aBKH JUTS MIZBUIIECHHS 3HOCOCTIMKOCTI 3aIi3HUYHUX PEHOK.
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KoediuieHT TepTa

—e— wmacTio Bio Rail

0,6 uacTrae Bio Rail
T HEHOMOPOIIOK

CYXE TEpTR

Yac, T, ron

Puc. 3. 3mina y yaci koediuienTa TepTs a1 3paskiB i3 crani K74

Ha puc. 4 HaBeneHi miarpamMu 3HOITYBaHHS PEHKOBOI CTalli IJIsl BUOPaHWUX PEXUMIB TEPTS (IUB.
Tabn. 1). Benmnunna Ah € aOCcoOMOTHUM MOKAa3HUKOM 3HOIIYBAaHHS, L€ PI3HHUIS MiX MOYATKOBUM i
MOTOYHMM 3HAYCHHSM TOBIIMHU 3pa3Ky y MiHIMambHOMY mepepisi (muB. puc. 1). Y pexxumi cyxoro
TepTs 3pa3ku posirpiBanmuchk Maibke a0 330°C, e MmeBHMM YHHOM MOTJIO BIUTMBATH HA TOYHICTH
BU3HAYCHHS BEJIMYMHU 3HOIIYBAaHHA OE3KOHTAKTHUM AaT4ukoM. lIpoTe, 3BakarouWm Ha HEBEIHKI
po3Mipu 3paskiB, iX TeMIepaTypHE pPO3IIMPEHHS MOXKHA He Opartu mo0 yBaru. KoHTpoibHI 3aMipu
PO3MIpiB 3pa3KiB MICI 3aKiHUEHHS €KCIEPUMEHTIB ITOKA3ali, IO MOXUOKK y BU3HAYCHHI BETUYHHU
3HOILYBaHHS 3pa3KiB HE MepeBUILyBanu 4%.

3MalryBaHHsI 3HAYHO 3HIKYE IIBUAKICTh 3HOITYBaHHS 3pa3Ka PerKoBOI cTalli — Micisi TPhOX TOJMH
TEpTS WOTrO0 po3Mip y MiHIMalmbHOMY mepepisi 3miHuBcs Ha 0,09 MM. Y BUNagky BHUKOPUCTAaHHS
MacTHJIbHOI KoMIO3uIii «Mactwio Bio Rail + manomopormok crami K74» 3HomryBaHHsS 3paska 3a
BUIIIEBKAa3aHNUX YMOB ITPOBEICHHS EKCIIEPUMEHTY B3araji He 3adiKcoBaHO.

3HOLLYBaHHSA 3pa3kKis

=}
o

—e— wacriio Bio Rail

ih,mm

wactno Bio Rail
+ HAECTOPOIIOE

cy%e TepTa

L] 0,5 1 15 2 2,5 3 3,5

Puc. 4. liarpamu 3H011yBaHHA 3pa3kiB i3 crani K74

AHajiz pe3yjbTaTiB exkcmepuMeHTIiB. [l TOSCHEHHS OTpUMaHMX pe3yjbTaTiB  Oyia
BUKOPHCTaHA BiJJOMa METOJWKA BU3HAYCHHS CTYIEHS IOMIKO/HKEHHS MIKPOCTPYKTYPH Matepiairy
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NOBEPXHEBHX LIAPIB 32 MapaMeTpaMH PO3CilOBaHHs 3Ha4eHb TBEPAOCTI Miciisi BUNpoOyBaub [27, 28],
Ha 0a3i sKoi po3pobneno JlepxaBuuii cranmapt Ykpaiuu [29]. Sk OCHOBHHII mapaMeTp y AaHOMY
HOPMAaTHBHOMY JTOKYMEHTI IPUHHATO BEIMYUHY M y po3noait Beitbymna, sika Mae ceHc koedimieHTa
TOMOTEHHOCTI Martepiany. Lo BennunHy MoOXXHa BU3HAuuTH 3a (opmynoro ['ymbens, ska npu
BUKOPHUCTaHHI Ycen TBEPAOCTi 32 POKBeIIoM Mae BUTIISIL:

[y

1 - -
m = 0,4343 d(n) mZ(lgHi —IgH)"| ,
i=1

ne BenuunHy d(n) BU3HAYAIOTh 32 HOMOTPaMoro [29] 3aleKHO BijJ KIUIBKOCTI BUMIPIOBaHb N
H; — 3HaueHHs TBepIOCTi 3a i-M BUMiproBaHHSM; [gH — cepenHe 3HaUeHHs TorapudMa TBEPIOCTI 3a
pe3yiabTaTaMH 711 BHMIPIOBaHb. 3TiMHO cTaHAapty [29] 3HaueHHS KoeQillieHTa TOMOTEHHOCTI m
BU3HAUYaNM 3a pesyinpraramMu 30 BUMipIoBaHb, y 1lboMy BUNaaky d = 1,1124. TouHicTh BU3HAUYEHHS
m ckiaagana £0,05.

®dizpuHe OOIPYHTYBaHHSA 3raflaHoi METOIAMKH IOJIrae B TAaKOMY: IUCIEPCis XapaKTEPUCTUK
MEXaHIYHUX BJIACTUBOCTEH MpUTaMaHHA BCIM MaTepiajlaMm, a CTYIiHb iX PO3CIIOBaHHs 3aJICKUTh B
OCHOBHOMY BiJ] iX CTPYKTYpPHOTO CTaHy. TOMy 3a BEJIMYMHOIO IapaMeTpiB 3aKOHY PO3MONLNY, SIKUH
OTHCY€E PO3CIIOBAHHS IIEBHUX XapaKTEPUCTHK MEXaHIYHWX BIACTHBOCTEH (a came — TBEpPOCTI)
Marepially MOXXHa OLIHUTH XapakTep 1 CTyMiHb 3MIHM CTPYKTYpHOTO CTaHy MOBEPXHEBUX MIapiB
MaTepialy KOHCTPYKIIII B pe3y/IbTaTi TEPMOMEXaHIYHOI'O HaMpaIfoBaHHS.

BenmukuM 3HaueHHSIM Koe(ilieHTa TOMOTEHHOCTI BIAMOBiga€ HU3BKUI PIBEHb PO3CIFOBAHHSI
XapaKTePUCTUK MIKpOTBEPJOCTi i, BIAMOBINHO, Kpallla OpraHi3amis MIKpPOCTPYKTYPH MOBEPXHEBUX
apiB MaTepiainy.

OCKiTbKY y HAIIOMY BHITAJKy MOYATKOBI 3HAYeHHs Koe(ilieHTa TOMOTEHHOCTI Ta CepeqHboi (3a
pesynpratoM 30 BUMIpIOBaHb) TBEPAOCTI NEMIO BiPI3HAIMCH IS PI3HUX 3pasKiB (ake BOHHU
BUPI3aJINCh 13 PI3HUX YACTWUH TOJIOBKM PEHKH), TO IS TOAAJBIIONO aHANI3y PEe3YIbTaTH BUMipIOBaHb

MIKPOTBEPAOCTI 1 OOYMCIIEHb CTYIEHIO TONIKOKEHHS CTPYKTYpH Matepiany MpeACTaBIsud Yy
H-H, m-m . . .
= 2.100% Ta Amzm—O-IOO%, ne imgexc 0 Bimmosigae
0 0
MOYaTKOBOMY (YMOBHO HEIOIIKOKEHOMY) CTaHy MaTepiaiy.
BumiproBaHHST MIiKpOTBEpJIOCTi Ui BHU3HAYEHHs BIHOCHWUX BenwumH AH i Am  3mificHiOBamM

nopratuBHuM TBepaomipoM COMPUTEST. Pesynbratu anami3y HaBe[eHO y TaoOm. 2.

BiIHOCHUX BemnuumHax: AH =

Tabnuys 2. 3miHa cepeHbOi TBepAOCTi po0ouoi YacTHHHU 3pa3ka Ta KoedilieHTa
TOMOTeHHOCTI 32 Pi3HHUX Pe:KUMIB TepTs

Pexxumu tepts
ITapameTpu - -
Cyxe Mactuio Mactuno Bio Rail +
TepTS Bio Rail HaHonopomok craii K74
3MiHa cepeTHbOol +8,5 +9,8 +14,7
tBepaocTi, AH, %
3MiHa KoeQilieHTy 72 31 29
romorennocti, Am, %

HaBeneni pgani cBimyaTh mpo Te, IO BHACHIZOK TEpPTS TOBEPXHEBI IIApW Marepiary
MOIIKOKYIOTHCS, a TXHSI TBEPAICTh 30UIBIIYEThCs. PexkrM TepTs CyTTEBO BIUIMBaE Ha IIi mpoiiecu. B
yMOBaxX CyXOro TepTsl CTYIiHb TIONIKO/DKEHHS Marepialy 3a OIHKOW 3MiHM KoedillieHTa
TOMOTEHHOCTI € HaiOumbmow — 72%, 0Opu LbOMY TBEPHICTh BHACHIZOK IOBEPXHEBOTO
nedopMarliitHoro 3MinHEHHS 30UIbIIyeThcs numie Ha 8,5%. HaliMeHnie MomkoKeHHs i BoJHOYAC
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HaiO1IbIIe 3MIITHEHHS CTIOCTEPIra€ThCsl y BUMAAKY TEPTS i3 BUKOPUCTAHHSAM MACTUIBHOI KOMITO3HIIT
«vacTuiao Bio Rail + manomopomiok crami K74» (nus. Tabi. 2).

IIpn anamizi oTpuMaHWX pe3yNbTATIB CHiI 3BEPHYTH yBary Ha OyXe BaXIHWBY neTanb. [lpu
BUKOPHUCTaHHI K MO0OaBKH JI0 TMPOMKCIOBHX MAaCTHJ HAHOIOPOIIKIB TAKMX MAaTepialiB SK Milb,
natyHb, Opon3u [30, 31] MOXyTh CTBOPIOBATHUCS CIICKTPOXIMIUHI Tapu 4Yepe3 3HAYHy PI3HUIO
SJIEKTPOXIMIYHMX TIOTEHINAJIB MaTepialiB AeTaii 1 Jo0aBku. [ BIAKPUTHX CTaJeBHX Iap TEPTS
(mampukiIam, KoJieco — pelika) BHKOPHUCTAHHS TakuX 1T00aBOK € HENPUUHATHHUM, OCKIIBKHA Ha
BIIKPUTOMY TOBITpi 1€ IPUBEAE A0 KOPO3ii KOHTAKTYIOUUX AeTaneld. 3anponoHOBaHE BUKOPUCTAHHS
K TOOAaBKM B MAaCTHJIO HAHOIIOPOIIKY i3 MaTepialy Mapy TepTsS i3 MEHIIOK TBEPAICTIO 3amodirae
BHHHUKHEHHIO €JICKTPOXiMITHOI KOPO3ii.

[Ie onHi€r0 mepeBaror0 BUKOPHCTAHHS HAHOMOPOIIKY PEHKOBOI CTalli SIK 3HOCOCTIMKOI 100aBKU
JO TPOMHCIOBUX MAacTHJI € HOro MOMipHa BapTiCTh, OCKUIBKM BUXIJHOI CHPOBHUHOIO Ui HOTO
BHUTOTOBJICHHS € BiJIXOIW IPH BUTOTOBJICHHI PEHOK.

BucHoBkHu. 3anpornoHOBaHO CIOCIO CTBOPEHHS MAaCTHIBHOI KOMITO3MINI JJIS  IIiABHUILNEHHS
3HOCOCTIHKOCTI Ba)KKOHABAHTAXKCHUX Tap TEPTH, y SKid SK MPUCAIKHU sl MPOMHUCIOBHX MAaCTHI
BHKOPUCTOBYETHCS HAHOMATEPIaT TApH TEPTS 3 MEHIIIOK TBEPIICTIO.

PesynpraTti excriepuMeHTIB Ha mapax TepTs «3pa3oK MaTepiany OaHJaxy 3ai3HHYHOTO Kojeca —
3pa30K Marepiaiy 3aJli3HUYHOI PEHKW» MOKa3alH, 0 Y pPa3i BUKOPUCTAHHS MPOMHCIOBOIO MACTHIIA
mapku Bio Rail 3 mo6aBkor Hanomarepiany mapu TepTs 3 MEHIIOK TBEPAICTIO, TOOTO i3 MeTaly
peiiKK, 3HONIYBaHHS 3pa3Ky i3 MeTally PeHKH Micisi TPhOX TOJUH HAMpPAIOBAHHS MPAKTUYHO HE
CHoCTepiranoch. AHAJOTIYHI JJOCTIAN i3 BUKOPUCTAHHSIM TUIBKM MacTWiIa TPOMHUCIOBOI Mapku Bio
Rail moka3zanu ripiri pe3ysibTaTH.

BcraHoBieHO, M0 13 BUKOPUCTAHHSM 3alpOITOHOBAHOT MACTHUIIBHOT KOMITO3MIIIT Cepe/THE 3HAUCHHS
KoeilieHTa TepTs MPOTATOM TPHOX TOAWH HAINpalIOBaHHA MIATPUMYeEThCcsl Ha piBHi 0,25, mo €
ONITUMAJILHUM JIJIS TAPU TEPTS «KOJIECO — PEUKay.

Takox g0 TepeBar 3ampoIOHOBAaHOI MACTHIBHOI KOMITO3HWINT CIIiJl BITHECTH 3armoOiraHHS
BUHUKHEHHIO €JIEKTPOXiMiYHOI KOpO3il y BIIKPUTHX CTAJIEBUX Mapax TepTS «KOJeco — peikay Ta ii
MOMIpHY BapTiCTh.

Bu3HaunTy HEOOXiTHY KOHIICHTPAIIII0 MAaCOBOT YaCTKH 3alPOTIOHOBAHOI MPHUCAJKA HAHOMETATY J10
MacTHJI TPOMHUCIOBMX MapoK 3 METO OTPHUMAaHHS MAaKCHMAIbHOTO e(eKTy MiABHIICHHS
3HOCOCTIHKOCTI Ba)KKO HABAaHTa)KCHUX Map TEPTS MOXHA 33 3MIHOIO BEIMYMHU HOPMAIBHOTO THUCKY Y
30H1 KOHTAKTY.
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LUBRICANT COMPOSITION FOR INCREASING
WEAR RESISTANCE OF HEAVY-LOADED FRICTION PAIRS

The proposed new lubricating composition, which significantly reduces the wear resistance of the
rails and wheels of rolling stock during operation, prevents electrochemical corrosion of friction pairs
“wheel — rail” and, most importantly, stabilizes the coefficient of friction at the optimum level after a
relatively short operating time.

The experiments performed on the friction pair “sample of the bandage material of the railway
wheel — a sample of the rail material” at the ratio of hardness at the bandage material (Rockwell
hardness, HRC scale - 35.3) to the hardness of the rail material 1,1. Test results show that in the case
of industrial lubricant, the BioRail brand, with the addition of nanomaterial friction pair with lower
wear hardness of the rail metal sample after three hours in operation was practically not observed.
Moreover, the average value of the friction coefficient for three hours of operation had been
maintained at the level 0.25, which is optimal for the friction pair “wheel — rail”.

Keywords: lubricating composition, wear resistance, rails, wheels of rolling stock, nanomaterial.
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BUKOPUCTAHHS 30JIOILJIAKIB Y JJOPOKHBOMY BY JIBHUIITBI
3 MO3UIII EKOJIOTTYHOI BE3IIEKA

Y pobomi Oocnidocyembcs npakmuxa 3aCMOCYSAHHA  30M0UWATAKIE MA  301U-6UHOCY MENI0GUX
€/IeKMPOCMAHYIN Y O0POHCHbOMY OYOIBHUYMEI, AK 0OUH i3 CNOCODI8 YMUNI3ayii NPOMUCTOBUX 8I0X00I8.

Memoro 0ocnioscenns € susHauenus ximiunoeo cxkiady zonouinaxie TEC 0nia 6UBYEHHA MOMCIUBOCHII
BUKOPUCIANHSL IX 51K CUPOBUHY 0711 O0POJICHbO20 OYOisHUYmMea. [l ocsieHeHHs: memu OYu NOCAGAECHI
MAKi 3a60AHHA; BUSHAYUMU OCHOBHI (Dizuxo-ximiyni eracmugocmi 3onu ma sonoutiakie TEC, naoamu
€KOI02IUHY OYIHKY BUKOPUCHAHHS OAHUX BI0X00i8 Y O0POHCHLOMY 0YOIGHUYMEI.

Ximiynuii ananiz 3onouinaxie 3miiecoxoi, Kpusopizokoi, Tpuninbcoxoi, Cnos ancokoi TEC nposoouscs
0ns susHauenns ocHosnux xomnonenmis: Si0O,, Al,Os;, Fe,03 CaO, MgO, SOs; Na,O i K;0. Buicm
saoickux memanie (BM) eusnaueno 3a 0onomoeoro memooy amomHo-a0copoyitiHo20 aHauisy.

Jlocniooiceno mizpayiiiny 30amHICMb CRONYK GANCKUX MEMANi6 i3 O0PONCHLO20 NOAOMHA NpU
BUKOPUCMAKHI  30JI0WAAKI6 npu  Oy0ieHUYmMeEl asmoMoOLIbHUX O0opie 3a 00NOMO20l0 HobY008U
KOHYeHmpayiliHo-noeapu@mivnux oiazpam. [ns npoeHo3yeanHs miepayii CHOIYK 8ANCKUX MemAnie y
008KIIA NpU X BUKOPUCHMAHHI Y OOPONCHLOMY OVOIGHUYMBI NOOYOOBAHO OKPEMO 3ANeAHCHICHIb
KoHYenmpayii Halibinbw 8ipo2ionux ionie (na npuxiadi kynpymy) [Cu(OH), %] 6id pH cepedosuwya.
Hosedeno siocymuicmv miepayii cnoayk Kynpymy y HEUmpanbHOMY Ma JYHCHOMY Cepedosuilyi, ujo
Ppobumb ix suxopucmants be3neyHum. AHANO02IYHI PO3PAXYHKU GUKOHAHO OJIsl IHUUX 8AICKUX MEMAi8.

Knrouoei cnosa: 3onounaxu TEC, miepayiiina 30amuicmo, 8axcki Memaiu, O0OPONCHI OCHOBU.

Beryn. B Vkpaini Bxke Hakonmueno y Biasanax TEC monag 360 muH. T 3omomtakis. Ilpu npomy
yraizyerbes npubmuzno 0,5...0,7 MIH. T 30J0NUIAKOBHX BiIXOMiB, MO CTaHOBUTH 8,3...11,7%.
Takumu Temmamu 70 2035 poky obcsr 3omoBiaBaiiB gocsrae 415 muH. T. Jlana npoGiema Oyne e
AKTyaJbHOIO TPUBAJIUM Yac, OCKUIbKM BYIUUIS 3aJMILMTHCSA BAXKIMBUM EHEPrOHOCIEM B YKpaiHi
oHaliMeHIIe Ha HaHOIMKYi IeKiIbKa JecsITKiB pokiB [1].

[Ipaktuka €Bpornelicbkoro Coro3y y 1IbOMYy NUTaHHI KapIWHAIBHO BiJpi3HAeThca. B €C mopiuyno
YTHIII3yeThCs He MeHie 44% 3osonutakoBux Biaxomaie. Y Jlawii, Itanii ta Higepnanmax oauH 3 BHIB
3omu ytuitizyersest Ha 100%, 30kpeMa BUKOPHCTOBYETHCS Y OyJiBHULITBI 3aMicTh micky (puc. 1) [1].

HaBiTh mpu HOpMaJIbHIM eKCITyaTallil 30JI0IIaKOBIIBAIIB MAtOTh MICIIe MPOSBU HECTIPUATIUBUX
Te0eKOJIOTTYHUX TPOIIECIB 1 SBHUIIL, SKi MOPYIIYIOTh EKOJIOTIYHY PIBHOBAry B paoHax iX pO3MilllCHHSI.
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CxiiaqyBaHHsS Takoro oOOCATY 30JIOINUIAKOBUX MAaTepialliB Ma€ HETraTUBHI EKOJIOTIYHI aCIeKTH:
CIIOKMBAaHHS BOJHW, 3a0pyAHEHHS TIPYHTY, CTi4HI BOJAW, HETaTWBHWUI BIUIMB Ha TPYHTOBI BOJIH,
3a0pynHeHHS TOBiTpsA mnpu mwieHHI BigBamiB [2, 3]. Tomy BupimeHHS mnpoOneMu yTHIi3amil
30JI0IIUIAKIB € AYXKE aKTyaIbHUM.

Ykpaina €C
3MilIaH1 3aIIOBH
LEMEHTH; fOBAY;
29 17,2
OeToH Ta
OceToHHI .
BUPOGH; OeToHHI
IIEMEHT; 10 cyxi 6110KH;
57 OymiBeIb 9,5
HL n06aB .
cyMmiLl; a 110 1H1IIE; 9
JIOPOIKHE 4 5 _
OyniBHU e;:l;y,
urBo; 0 !

Puc. 1. HampsiMu BUKOPUCTAHHS 30JI0LLJIaKOBHUX Binxoais [1]

BMicT KOMIOHEHTIB y 30JI0IIUIAKaX MOXKE 3HAYHO MEPEBUIIYBATH 3HAUYEHHs iX KOHIEHTpaliil y
3eMHii kopi: CaO Moxe nepeBunyBaTH 3Ha4eHHs y 4...12 pasis, Al,03 —y 2 pasu, Fe,0O; —y 1,5...3
pasu, MgO — y 2...3 pa3u. YacTo y BYTrimbHUX Bifgxonax YKpaiHM HpPUCYTHI CBHHEIb, MiJb, IIUHK,
KaJMiii, XpOM, HiKeJlb Ta iH., @ TAKOXK PagioHyKIianu. TokcH4Hi Ta MiHEepaJibHI KOMIIOHEHTH MPUCYTHI
y MiHepanbHii (a3l Ta B opraHiyHux yacTuHKax. Haiibinbiry HeOe3neKy BOHU CTaHOBIISTH PU BILTUBI
Ha TIOBITPS y CKJIami Mty (KBapil, MYJIT, TOKCHYHI €JIEMEHTH-IOMIIIKHA, KOHJICHCOBaHI apOMaTH4Hi
BYIJIEBONHI) Ta/ab0 y BoAHIN (a3i (TOKCHYHI MIKpOEIEMEHTH y PYXOMii, BOJOPO3UMHHINA (Hopmi).
Kpim Toro mkiyuBi pedoBUHH, 110 NepeOyBalOTh y CKIIAAl 30J0NLIAKOBUX BiJIXOMiB, MOXYTh MaTh
KyMYJIITUBHY [Hif0. BOHM MOXyTh NpH3BECTH OO Jerpajanii €eKOCHCTEMH Ta BHHUKHEHHS DPi3HHX
3aXBOPIOBaHb JIIOJMHM, Y TOMY YHCII OHKOJIOTIYHHX [3].

3ononutakosi Bigxoau TEC (31IB) — ne TBep/i NpOAYKTH 3TOPSHHS BYTULIA, IO CKIAAIOTHCS B
OCHOBHOMY 3 TIIOPOJIOYTBOPIOIOUMX KOMIIOHEHTIB. MiHepanbHa 4YacTHHA BYTUIBHOTO MaJWBa Ha
85...95% cknanmaerbcs 3 INIMHUCTUX MiHepalliB, aprimiTiB, aneBpomiTiB. [xmi 5...15% — cnomykw,
TOJIOBHMM YHMHOM, 3ajli3a, KaJbIlil0 Ta MIKPOSIEMEHTIB. 30JIONLIAKOBI BiIXOAHM € JIPiOHO3EPHUCTUM
MaTepiajoM, TPETHHA 3ePeH SIKOro Mae po3Mipu 1...5 MM, XapakTepUCTHKH 30JIOILIAKOBUX BIJIXOJIIB
BIJIPI3HSIOTECS. HA PI3HUX TEIUIOSNEKTPOCTAHINNX, OCKUIBKHA 3aleXaTh BiJl OCOOIHBOCTEMH
MiHEpaJIOTIYHOTO CKIIQJy BYTULISA, CIMOCOOYy WiATOTOBKH TajMBa JIO CHAaJIOBaHHS, TEXHOJOTI]
CHIAJTIOBAHHS, CHUCTEMH OYMIICHHS JMMOBHX Ta3iB BiJ 30/ Ta crnocoly ii TpaHCHIOPTYBaHHS B
30JI0BiABAJIH.

AHani3 oCTaHHiX JOCHiI:KeHb i MOCTaHOBKA mpodjeMH. AHaJ3 3aKOPJAOHHOTO JIOCBiITY
CBIZIUUTBH, IO OJHI€I0 3 HalmnepcrnekTuBHIMUX cdep yrwmzanii 1B moxe i Mae OyTH AOpOXKHE
OyaiBHULTBO, IIPOTEe B YKpaiHi 30JI0ILIAKOBI BIIXOAW BUKOPHCTOBYIOTH BKpail pigko. Tak Kommanis
ATEK Enepro momoBina mpo peamizaliifo yHIKabHOTO sl KpaiHM TpoekTy — OymayBanHi 900 m
noporu B paiioni bypmtuacbkoi TEC 3 BUKOpHUCTaHHSIM 30JI0IILIAKIB.

3 kpaiH 3axigHoi €Bponu MEpCreKTHBHI TEXHOJOTIT I0J0 BHUKOPWUCTAHHS 30JIONLIAKIB TPU
OyaiBHUITBI aBTOMOOUTBHUX JOPIT BUKOPUCTOBYE DpaHIlis, AKa 3aCTOCOBYE «CyXe» BUAAIEHHS. 307a
TEC BHKOpPHCTOBY€ETBCS Y BCIX €JI€MEHTax JOPOXKHBOI KOHCTPYKIIL: SIK Yy BEPXHIX IIapaX OCHOBH SIK
KOMITOHEHT B'S)KY4Oro, TaK i B HIDKHIX MpOIIapKax JOPOXKHBOTO OJSTY SIK MiHEpalbHUU Matepial,
VKpIIUIeHU# rigpaBniuvHuM B sokyunM. Takox 3IIB 3actocoByioTe ist yKpituieHHs rpyHTY. s
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opranizanii npouecy yrumizanii y @panuii icHyI0Th Jep>kaBHi MiNbru Ui Oi3HECY, 1110 BUKOPUCTOBYE
30Ty, Ta 3ampoBa/DKEHO 3a00pOHM HA BHUKOPUCTAHHS IHIIMX, OUTBII BUTPATHUX OYIiBETbHHUX
MaTepiaiB, Takux sIK I'PyHT i1 micok. Tomy maibke 100% 3omu fine Ha momamplly NepepoOKy Ta
yruiizaniro [5].

Y CIIA 30512 BUKOPHUCTOBYEThCS y MOPTIAHALEMEHTI B OCTOHI, SK 3allOBHIOBAY ISl JTOPOXKHIX
OCHOB 1 Hacumax. lIpu 1pOMY MOKpamIyOThCS MAEAKI XapakTepUCTHKH OETOHIB: MiBUIIYETHCS
MIIHICTh 1 30UTBIIYETHCS MOBTOBIYHICTH OETOHHOTO BHPOOYy. MaciTabHe 3acTOCYBaHHS 307 B
OyamiBHUALTBI Jopir movanocs 3 1986 p. 3apas, mo0 CTUMYIIOBATH IIUPIIE BUKOPUCTAHHS MPOAYKTIB
3ropsiHHA Byrimsi, PenepanbHe areHTCTBO 3 OXOPOHHM HABKOJHUIIHBOIO CEPENOBHUINA, MiHICTEPCTBO
eHepreTuku Ta OenepanpHe YIPaBIiHHA aBTOMOOUTFHUX JOPIT, a TaKOK AMEpHUKaHChKa acoIiamis 3
BUPOOHUIITBA 301M BYriuis Ta ['pyma 3 yTwmizamii TBepAMX MNOOYTOBHUX BiOXOIiB CIIJIBHO
CHoHCOPYIOTh «IlapTHEPCTBO BUKOPHCTAHHA MPOAYKTIB CHATIOBaHHS BYriuisi». [Ipoekt npusHayeHnit
JUISL IEMOHCTpAIIil €KOJIOTIYHUX TIepeBar Ta MOTEHIIIHHMX HACIIKIB BUKOPHCTAHHS 30JI0IUIaKIB [6].

Y Himewuuni mis npoxyktuBHoro BukopuctanHs 3I1IB Ha 0aratbox eneKTpoCTaHLifAX 3BOJISTH
cuiocu eMHicTiO 40...60 THC. T 1 000B’13KOBO OYAYIOTh HEBEJIMKI CHIIOCH 3 JOOOBOIO Ta JIBOJI0O0BOIO
EMHICTIO, 3 SIKUX BiOMPAIOTh MpoOU I 1a00paTOPHOTO aHAIi3y 30J7M, IO 00O0B’S3KOBO IS 30IIH,
SKa BHUKOPUCTOBYEThCA y OymiBenbHiW iHmycTpii. Llopiuno y Himewumni 3,1 MiH. T UOeMeHTY
3aMIiHIOETBCS 30JI00. 32 PaxyHOK LBOTO EKOHOMJITBCS pECcypcHu Ta €Hepris, HeoOXigHa s
BAPOOHUITBA IIeMeHTy [7, §].

Ananiz Ta oOWiHKa TIJ00aJbHUX EKCHEPUMEHTAIBHUX MJAaHUX I[IOJ0 BHUKOPHUCTAHHSA 301U Y
JIOPO’KHBLOMY OYJIiBHUIITBI BHKOHaHa aBTopamu [9]. [lpore yTwiizallis 30JOIUIAKOBUX BIIXOIIB Y
OymiBHUITBI Ma€ MEBHI TEXHIYHI i opranizaniiiHi npobyiemu. 301a HEOTHOPIIHA 32 CBOIM CKJIaJOM Ta
pPO3MIpOM YacCTHHOK, a OyZiBeNbHA MPOMUCIOBICTH BHCYBA€ JKOPCTKI BHUMOTH [0 XapaKTEPUCTHK
cupoBuHU. TakoXk, dYepe3 HEOJHOPIAHICTH CBOTO IMOXO/HKEHHS, y CKJIail 30M MOXYTh OyTH
KOMITOHEHTH, HeOakaHi JI THX Y 1HIIMX BUPOOHUIITB, 30KpeMa TOKcuyHi BM.

Y OGinpmiocTi BHIAAKIB MOTPiOHO, MO0 MaTepian OyB CyXWM, a y 30JIOBiBaiax BiH 3aBXKIH
BOJIOTHH, IO TaKOX AOAA€ TPYIHOIIIB OYyIiBEIHHHM OpTaHi3alisM. 30JIONLIAKH, M0 YTBOPIOOTHCS
NpY CHAJIOBaHHI BYT1JUIS 3 PI3HUX POJIOBHII, MAIOTh MiHEPAJOTTYHHUN Ta XIMIYHUI CKJIaJ, IO iCTOTHO
BiJIPI3HAETHCA, 1, TOMY, BUMArarmTh IHIANBIAyalbHOTO BHOOPY IPOIECY MepepoOKH 1 parlioOHaTbHHX
HampsMiB ekcruryaramii. L[i mpomecn MaroTh Ha yBaszi TpyHOMICTKI jabopaTopHi Ta 3aBOJCHKI
BUTIPOOYBaHHSI.

Merta i 3aBmaHHs JoCHiIzKeHHS. Y naHiii poOOTI JOCIHIKYEThCS MpPAaKTHKa 3aCTOCYBaHHS B
JIOPO’)KHEOMY OYNIiBHHIITBI 30JIONIIAKIB Ta 30JM-BHHOCY TEIUIOBHX €JIEKTPOCTAHINH, SK OIWH 13
Croco0iB yTHITi3aIlii MPOMHUCIIOBUX BiJIXOIB.

MeTol JOCHIKEHHST € BHM3HAuUEHHS XIMIYHOro ckiany 3osomnniakieB TEC s BUBYCHHS
MOJJINBOCTI BUKOPUCTAHHA iX SIK CHPOBUHY ISl AOPOKHBOTO OymiBHUUTBA. {51 TOCATHEHHS METH
OyiaM TOCTaBIleHI Taki 3aBJaHHS: BHU3HAYWUTH OCHOBHI (Di3MKO-XIMi4HI BIACTHBOCTI 30IIK Ta
sononutakie TEC, HamaTw €KOJOTiYHY OIIHKY BHUKOPUCTaHHS JaHUX BiJXOHIB Y JOPOKHBOMY
OYIIBHUIITBI.

Marepiaiu Ta MeTOAH IOCTIT:KeHHHA. Y JOCTIKEHHI K KOMIIOHEHT CHUPOBUHHOI CyMil
BUBYAJMCS 30J0NUIaKK BiaBaniB 3wmiiBcbkoi, KpuBopizbkoi, Tpuminecekoi, Cnor’sHcbkoi TEC.
['panynoMeTpUYHUN CKJIQJ 30JH-BHHOCY, I TIMTOMa TMOBEPXHS BHU3HAYAIUCS BIAMOBITHO [0
HOpMaTHBHUX 1 MeToanyHux BuMor COY 42.1-37641918-104:2013, ICTY b B.2.7-119-2003, ACTY
b B.2.7-205:2009, ACTY b B.2.7-211:2009, ABbH B.2.3-4:2007, I'bH B.2.3-37641918-554:2013,
JACTY b B.2.7-30:2013.

XiMiuHUH aHaJi3 3011 TPOBOIUBCS JJI1 BU3HAYCHHS OCHOBHUX KOMMOHEHTIB: Si0,, Al,Os, Fe,0s,
CaO, MgO, SO;, Na,O i K,O. BmicT BaxXkux MeTasliB BUZHAYEHO 3a JOMOMOTOI0 METOAY aTOMHO-
a7IcopOIIHHOrO aHaTi3y.

Posrasaemo ckiaz 3omonuiakiB psagy TEC Ykpainu, o BUKOHAHO Y paMKax JaHOTO JOCTiIKCHHS
Ta iHmmMu aBTopamu [10-15] (tabu. 1).
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KpiM HaBeeHMX MaKpOEJIEMEHTIB, 1110 CKJIaJIal0Th OCHOBHY Macy BiJXOJIiB, 30JIOILIAKOBI BiIXOIH
MICTATh MIKPOJIOMIIIIKA TaKMX EJIEMEHTIB SK ITWHK, Taliii, CBHHEIb, XpOM, MapraHellb, KOOaJbT,
HIiKeIb, PTYTh, MHIII SIK, CypMa, BaHaJli{f, CTPOHIIIH, TepMaHii, 0op, Oepuiiit, prop Ta in. [16].

3a gomoMoror meTporpagiyHOro aHamily HaMH JIOBEACHO MPHUCYTHICTH Yy 30JI0MIAKy 3MIiiBCBKOT
TEIJIOCNICKTPOCTAHINIT OIUIABJIICHUX 3€PEH KBapIly, IO MArOTh BIJIOBiJHI TOKa3HUKU 3aJIOMJICHHS. B
niepuepii i3otporrHO 3 N=1,470-1,490, a B 1IeHTpaibHii YacTHHI 3epHa NMOAIOHI 10 KBapiy 3 N.=1,554,
No=1,543. MoxkHa criocTepiraTy MpUCYTHICTh HEMPO30PHX OYPHX 31 CIIAOKUM METaJIeBIM OJIMCKOM 3epeH
rigpokcuaiB ¢epymy. Takox BusiBIeHO Oimi, HamiBIpo3opi 3epHa, iMOBipHO, BomactoHiTy CaSiO; 3
Ng=1,632, N,=1,619. 3Haiineni xoBro-Oypi 3epHa 3 N =1,645 #iMOBIpHO BKa3ylOTh Ha NPHCYTHICTH
amomMocuiikartiB pepymy. Cimomomioni 3epHa 3 N=1,625-1,638 BKa3yroTh Ha 3ai30aTFOMOCHITIKATHAH
ciaza. CriBBiTHOIIEHHST MiHEPaIbHOI (Da3u i CKJIa 3MIHIOETHCS, ajie MOXKHA 3a3HAYMTH, 1110 TIEPCBAKAIOTH
y 30JI0IIIAKY AFOMOCHJIIKATH, CHTIKATH KaJbIIio 1 CKiia (puc. 2). Baxki MeTau 30cepeKeHi TOJIOBHUM
YHHOM y amop(i30BaHUX TIMHUCTHX YaCTHHKAX, Y MEHIII Mipi y IDIAKOBOMY CKIJI Ta IIe MEHIIE Y
3epHaxX KBapLoBoro micky. CriBBiHOIICHHS «30J1a; IUIAKOBI YaCTUHKU: KBAPIIOBHI 3alIOBHIOBAY» MOXKHA
BU3HAYUTH y CIIBBITHOMIEHH 5K 8...12 : 61...64 : 20...31%.

Tabauys 1. Cepenniii XimiuHuii ckiaajg 3omonuiakoBux Binxoais TEC

| Si0, | ALO; | Fe,0; | CaO | MgO [ Na,O| K,O0 | SO

BiacHi gocnipKeHHs

3uiiBcpia 40-60 | 10,7-20,4 | 4,0-10,2 29% 0,5-5,0 - 0,06-2,0
KpuBopi3zbka 50,8 21,8 10,8 2,4 1,3 - 2,1
Tpuninbchka 38-42 | 20-25 12,1 10,0 1.4 - 11
CIioB'sHCBKA 48-53 | 22-26 8 2-4 15 - 2,4
AHaJi3 JIiTepaTypHUX JaHUX

bypurmamenia [10, 111 9211 55 6-266 [93-130| 2% | 1,924 | 05 | 1545 | 0204
Crapo6erriBcbka [12] 44-50 | 24-30 6-8 2,5-4,6 - 1,2
Kpamaropceka TEIL[ [12]| 49,4 22,5 17,1 10,1 - -
Byrneripcrka [12] 16,7 40,6 23,0 8,4 - 0,02
MupoHnisceka [12] 67,8 19,8 10,9 55 2,8 2,1-7,0
JlagmxuHcbKa [13] 46-55 19-25 9-12 1-1,6 - - - 0,5-0,7
Jlo6poTaipchka [14] 46,7 21,4 17,4 4.4 2,0 0,5 1,8 0,4
3anopizbka [15] 53-57 18-22 17-20 2-3 | 1,216 - 15
Knapk y 3emHiit kopi 55,3 14,3 6,7 4.8 3,3 3,2 | 3,2 -

0,235

60 50 40 30 20 10 =
Puc. 2. Pentrenorpama 3osonuiaky 3miiBebkoi TEC
Amnani3 3ononutakis 3miiBeskoi, Kpusopiszekoi, Tpuminsckoi, Cnos’sacekoi TEC minTeepmxkye

HasBHICTh y 3pa3Kax PyXOMHX ()OPM CBHHIIIO, KypIyMy, IIUHKY, XpOMY, HiKeIr0 (puc. 3) y KiJIbKOCTI,
IO Y JIeKiIbKa Pa3iB MEPEBUIYIOTh TpaHUYHO JlorrycTumi kKoHIeHTparii (C1K).
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VY 3omoBinBani BiOyBaroThes ABa npouecu. [lepmmii — e BUnapoByBaHHS BOAX Ta YTBOPEHHS TaK
3BaHUX «IUIDKIBY» y 30moBiaBaimi. «[Imsmk» € cyxor MUISHKOI YacTHHOK mwiny. Jpyruit mpomec —
iHDITBTpaliss BOAW Ta HAIXOKEHHS PO3YMHEHHX (OPM TOKCHYHHX KOMIIOHEHTIB 30JIONDIAKIB Yy
MiJ3eMHI BOJIU Ta BOJOWMHM T03a 30J0BinBany [4]. Hamu takox Oyiio paHiiie JOCHIHKEHO MIrpailito
BaXKUX MeTaiB i3 30i0BiaBany 3miiBchkoi TEC [2]. Tomy MoKHA IPUITYCTUTH, IO TIOIIOHUI ITpOIIeC
13 MITpaIi€0 BaKKAX METANIB Y JOBKIUIIS MaTUME MICIIE 1 TPH BUKOPUCTAHHI 30JIONIIAKOBHUX BIIXO/IB
y JOPOKHBOMY OYJIiBHWIITBI HAIIPHUKIIA] IIPH OYIiBHUIITBI OCHOBH JOPOKHBOTO TIOJIOTHA, YKPIIJICHH]
IPYHTIB, TIpH MPOKJIaJIaHHI MaPiB JOPOKHBOTO OJIATY.
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= Pb Cu Zn Cd Cr Ni

® 3miiBchka M KpuBopixkcbka « Tpuninbebka ™ Cnos'sHcbka 1 ['JIK y rpyHTI*

* Hakas MO3Y 14.07.2020 Ne 1595 Tirieniuni peraMeHTH JOMYCTAMOTO BMICTy XiMiYHHX PEYOBHH y IPYHTi

Puc. 3. Bmict Bazkkux MetaniB y 3oaonuiakax TEC (pyxauBa ¢gopma)

OueBuHO, 1110 1IeH cnociO 1o3Bomsie yrumizyBatd Bigxoau TEC, Bupiliye ekoyoriudi mpooieMu i3
HAKONMMYCHHSIM 30JIO0IUIAKIB Ta 3BUILHCHHSIM TEPUTOPIi, IO BIABOAUTHCS I/ 30JIOBIBAIM, & TaKOXK
3HIKY€E BapTicTe OyamiBHMITBA Joporu. HeoOximwicts yrumizamii 3omounwmiakiB TEC  mukTyerbes
€KOHOMIYHHUMH MIpKYBaHHSIMHM Ta BHMOTaMHM OXOPOHM JOBKUULIA. 30JIOLUIAKOBiIBAIM 3a0pYAHIOIOTH
TOBITPSIHUA Ta BOMHHMH OaceiHW, 3MIiHIOIOTH XIMIKO-MiHEpaJIbHHH CKJaj IpyHTiB. [lwimiHHS BijBamiB
HETaTHBHO BIUIMBaE€ Ha 37I0pOB’S JIIOJEH Ta TPOAYKTHBHICTH CLILCHKOTOCTIOAAPCHKHUX YTiNlb. 3amiHa
TIPUPOJTHOT CUPOBHUHY HA 30JI0ILIAKHK CIIPUSE OXOPOHI HAJIP, a JIKBiallisl 30JI0NLIAKOBIIBAIB CIPHUSITIINBO
MO3HAYAEThCS HA €KOJIOTIYHOMY cTaHi. OfHAK CITiJi BUBYUTH JIOIIbHICTh BUKOPUCTAHHS THX YU 1HIIHX
BUJIIB 30JIM Ta [UIAKIB HAa PI3HUX THIAX IPYHTIB IS TOrO, MO0 He 3ITKHYTHCS 3 TPOOIEMOI0 Mirpariii
TOKCHYHUX KOMIIOHEHTIB 13 IOPO’KHBOTO ITOJI0THA Ha IIPUJIETII CLTBCHKOrOCIOAAPCHKI YT

Hocmimkeni 3pa3ku 3o00nu1aKy aBTopu [17] BiTHOCATE 10 BiXOMAIB 3 BUCOKUM BMiCTOM TOPHOYNX
PEUOBHH, III0 YHEMOXXJIMBIIOE IX 3aCTOCYBaHHsI y OYAiBHHIITBI JOPOXKHIX MOKPUTTIB. BTpatu mnpu
npokaproBaHHi cTaHoBiATh 60...76%. JlaHe cTBepIKEHHS HE € YMOBOIO JJsl BiIMOBH BiJ
BUKOpHUCTaHHs 30iu Ta nuiakis TEC, ane migcraBa asi TOJATKOBUX JOCIHIIKEHb 30JIOLUIAKIB SIK 3
€KOJIOTYHOI TOYKH 30Dy, TaK 1 3 ypaxXyBaHHSIM MMUTaHb O€3MEKU Ta JOIITEHOCTI.

[lpy BUBYEHHI MOXJIHMBOCTI Mirpamii Ba)KKHX MeTaNiB 13 WIapiB JOPOKHBOTO OMATY CIiJ
BpaxoByBatu pH cepenoBuima. OCKiIbKY pyxJIuBi popMi MOXKYTh yTBOPIOBATHCS Y OKPEMHX YMOBaX.

Ha mincraBi moOy0BaHUX HaMW KOHIICHTpAIIHO-Iorapi)MiuHUX JiarpaM MOXHA MPOTHO3YBaTH
PYXJIMBICTh CIIOJIYK BOKKHX METaJIiB Yy 3ayexxHocTi Big pH cepenosuina (puc. 4). Jliarpama BKkazye Ha
yrBopenns ionis [CU(OH), *"]. V xucnomy cepenosuui 6ymyTh npucyTHi iorn Cu®’, KinbKicTh sSKHX
31 30impmieHHsiM pH B rpyHTOBOMY po3uMHI pi3ko 3MeHmyeTbcsa. Hanpukman, npu pH=4,5
KoHueHTparis ionis [Cu?’] Moxe mocrurati 1 moms/m, mpu pH=5 1g[Cu®*]=-1, T06TO KOHIEHTpAITis
ionis [Cu”*] ne Gyne nepesunrysatu 0,1 Mos/n, a ipu pH=6 1g[Cu’*]=-3, T06TO KOHIEHTpALs iOHIB
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[Cu™] me 6yme mepeBumysatm 0,001 Mmomb/m, mam mpu pH Gimbure 7 kimbkicts [Cu®] crae
HE3HA4YHOI0, yTBOpIoeThest HepozunHHud Cu(OH), 1 Tineku mpu pH Onu3skomy no 14 B HesHauHii
KimbkocTi yTBOprotoThea 10HH [Cu(OH)3], po3dmMHHICTH SKMX TPOXHW OLIbIIe, HIXK PO3YUHHICTH
Cu(OH),, omHak Tex He3HAYHA.

Jnis cnpomeHHs MPOrHO3YBaHHA Mirpamlii CHONYK KympymMy MOOYIOBaHO OKpPEMO 3ajJeXHiCTh
KOHIIeHTpauii Haii6item Biporigaux ionie [Cu(OH), *"] Bixm pH cepeoBHIma Ta CTBOPEHO IiHIO
TpeHTy. 3a JOMMOMOTOI0 OCTaHHBOI MPEACTABIMO TEHIEHIII] y TaHOI MOMeNi i 3p00OMMO IMOBIpHICHUI
nporHo3 (puc. 4). 3anexHiCTh POZYMHHUX CIONYK KyIpyMmy Bia pH miggaeTsest Takiii 3aKOHOMIpPHOCTI:

Ig[Cu(OH),%"=0,0068+pH> — 0,0089+pH? +2,2185+pH + 9, 251 (1)

JaHa 3aliexHIiCTh AyXke T00pe Y3ro/pKYEThCs i3 MoOymIOBaHOI KOHICHTPAIliHO-IOrapru(Mi4HOO
Iiarpamoro, Ipo Mo TOBOPHUTH TOCTOBIpHICTH ampokcnmartii R°=0,99. IIpu pH IpyHTYy Oinmbire 6,5...7
KYIIPYM YTBOPIOE BaKKOPO3UUHHI CIIOJIYKH, 110 HE OyIyTh MIFPyBaTH y HaBKOJHIIHE CEPEIOBHUILE, Y
NPUWIETJIUX JI0 TIOPOXKHBOTO ITOJIOTHA TPYHTI Ta IPYHTOBHX BOJaX HE OyAyTh MPHCYTHI PO3YMHHI Ta
JIETKOAOCTYIIHI /TS POCIIUH CIIOIYKH KynpyMy. ToOTO HaBHIb IPH HASBHOCTI y 30JI0IUIAKY KYIPYMY
Yy HEUTPaIFHOMY Ta JIY’)KHOMY TPYHTaxX Mirparlisi He MaTHMe MicCIIe.

lg[Cu(OH], >

3

y = 0,0068x3- 0,0089x2- 2,2185x + 9,251
RZ=10,9939

Puc. 4. 3anexnicts yreopenns yactunok [Cu(OH),?"] six pH rpynToBoro cepexosuma

AHaJIOTiYHI 3aJISKHOCTI HAMHU MOOYIOBAHO ISl THIIUX CIIOJYK METATIB: IUIFOMOYMY, IIMHKY, KaJMIIO,
XpOMY, HIKEITIO Ta iH., Ha MIJICTaBi SIKMX MOXKHA CyJUTH TPO MOXKJIMBICTh MITPAIlifHUX MPOIECIB CIIOTYK
BAXKUX TOKCHMYHMX MeTajiB y moBkiut [17]. Hampukian npu pH<6,5 mmomOym Oyne 3HaxXoauThes y
posumHHiit gopmi y Burmaai  Pb®. TIpu pH=9-13 yTBOproioThes Heposumumi wacturkn [PH(OH), %™,
rosioBuuM unuHOM PD(OH),, Mmirparis crnomyk IuiroMOyMy He BiIOYBa€ThCs, CIOCTEPIraeTbCsi HOro
HAKOIMYCHHs. Y TaKMX YMOBAaX BUKOPHCTAHHS 30JIOIUIAKIB, II0 MAIOTh y CBOEMY CKIJIAJ IUTIOMOYM He
HpEeCTaBIsIE HeOe3IEKH U JOBKULIA. PO3YMHHI CIIONYKH IIMHKY, XpOMY, HIKEIFO 3/1aTHI YTBOPIOBATHCS
K y KHCIIOMY, TaK 1 Yy HEWUTpalbHOMY CEpelOBUII|, JWIle Yy JIy)KHOMY i BM 3HaxomsaTbcs y
Ba)KKOPO3UYHMHHIH (OpMi 1 HEe BIIOYBa€ThCs iX MIiTpaltisi y HABKOIUIITHE CEPEAOBHIIIE.

Ockisnbku yacto y ckiani BiaxofiB ByriibHux TEC (TELL) Ykpainu npucytsi Pb, Cu, Zn, Cd, Cr, Ni
TOIIO, & TAKOXK PAIOHYKIIIAA ABTOPH MiAKPECIIOIOTh BaKIMBICTh MOCTABICHHX MMUTAHb SIK 3 TO3MUINH
EKOJIOTTYHOT OE3IeKH, TaK 1 B 3B 513Ky 3 MEPCIIEKTHBAMH BUKOPHUCTAHHS 30JI0ILIAKOBIX MaTepiais.

3 ypaxyBaHHSIM CBITOBOI'O JIOCBiy MOXKHA 3allpONIOHYBaTH TaKi 3aXOAW LIOAO aKTUBizamil
3aCTOCYBaHHS 30JI0IIJIAKOBUX BiJIXOJIIB Y JIOPOKHHOMY OYJIiBHUIITBI:

1. 3 Meroro ckopoueHHs oOcsrie 3omoBiaBaniB TEC MaroTh BiamyckaTH iX CHOKHBayaM
0e301U1aTHO, IO CJIii BCTAHOBUTH HA 3aKOHOJIABYOMY PiBHi.
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3. HeoOxigHO BHKOHATH pETiOHATBHI JOCII/KCHHS 3 BHBYCHHS CKOJOTIYHUX Ta OYAIBEILHUX
BiactuBocTel 3o5onuiakiB TEC Ykpainu 11 HagaHHS MPOSKTHIM OpraHi3arlisiM HeoOXiaHoi iHpopMarii.

4. Ha perioHadpHOMYy piBHI 3000B’s3aTH TPOEKTHI OpraHizamii mepemdadaTé BUKOPHCTAHHS
30JI0ILIAKIB Y MMPOEKTaxX aBTOMOOIIBHUX HUISXIB.

5. HeoOximHo mependauyuTH 3aX0IUd CKOHOMIYHOI MiITPHUMKH JOPOXKHIX OpraHizaiiii, 10
3aCTOCOBYIOTH 30JIOIIIAKH, Ta iX €EKOHOMIYHOTO CTUMYJTFOBAHHS.

BucHoBku. 3072 BiJ ByTUUIA Pi3sHUX POJOBHIN KPaiHU CyTTEBO BIAPI3HAETHCS XIMIYHUM CKIIAIOM,
BMICTOM 1 CHIBBiIHOIICHHSM TOJIOBHUX €JIEMEHTIB, a TaKOX MPUCYTHICTIO Ta KUIBKICTIO Ba)KKHX
METaJiB, 10 € BU3HAYAJIBHUM Ul aHaJi3y AOLIUIBHOCTI IPOMHUCIOBOIO BUKOPUCTAHHS 30JI0IIIAKIB Y
JIOPOXKHEOMY OymiBHHITBI. TOMy y KOXHOMY KOHKPETHOMY BHUNAIKy HEOOXiJHE KOMITIEKCHE
JOCHTIDKeHHSI XIMIYHOTO CKJaay 3osonutakiB. JlocmimpkeHHs, cOpsMOBaHI Ha MOHITOPUHT H
OLIIHIOBAaHH;I BIUIMBY 30JIOMIJIAKIB Ha HABKOJHIIHE CEPEIOBHILE, MAIOTh NMPUBEPHYTH yBary (axisIliB
IIOZI0 BHUPIIICHHS MPOOJIEMHU YTHITI3allil 30JI0NIIAKOBUX BiTXOMIB 3 ypaxyBaHHSIM CBITOBOTO JOCBITy
Ta 3MEHIICHHS IKIAJUBOTO BILUTUBY IIUX BiIXO/iB B Maii0yTHHOMY.

HeoOxiaHicTh yTHIi3allii 30JI0ILIAKIB AUKTYETHCS CKOHOMIYHUMH MIpKYBaHHSMH Ta BHUMOTaMHU
OXOpPOHH JOBKULIA. 30J0IUIAKOBIABAIN 3a0pyIHIOIOTH TOBITPSHUNA Ta BOJHWN OaceiiHH, 3MiHIOIOTH
XiMIKO-MiHEepallbHUH CKiIaj TPYyHTIiB. lIwmiHHS BiABalliB HETraTWBHO BILTMBAE HA 370POB'S JIOACH Ta
MPOAYKTHBHICTH CLIBCHKOTOCIOJAPCHKUX YTib. 3aMiHa MPUPOAHOI CHPOBUHH Ha 30JIOLUIAKU CIIPHSIE
OXOpOHI HaJp, a JKBIIAIlis BiABAIIIB CIIPUATINBO MO3HAYAETHCS HA €KOJIOTIYHIi 00CTaHOBIII.

Anle BHKOPHCTOBYBAaTH 30JIONUIAKH CIiJ TUTBKH TICIS PETENBHOTO MOCTIKEHHS HOTO CKIamy.
Hocmimkenuit cknaj 3ojonuiakie 3MiiBebkoi, Kpupopisekoi, Tpuninbcbkoi, Cios’sHcbkoi TEC,
BCTAHOBJIEHO TPUCYTHICTh TakuxX MmetamiB sk Pb, Cu, Zn, Cd, Ni, y KiapKOCTAX, 0 Y AECATKH pasiB
nepeuirytote ['JIK y rpynTi. JlocmimkeHo MirpaiiiiHy 3JaTHICTh CIIONYK BaXXKUX METaliB i3
JOPOKHBOTO TIOJOTHA TPH BUKOPUCTAHHI 30JIONUIAKIB NMPH OYAIBHHUITBI aBTOMOOUIBHMX JAOpIT 3a
JIOTIOMOTO00 1OOYI0BH KOHIIEHTpaniiHo-orapudMivHux giarpam. Ha npuknani Kynpymy A0OBeACHO,
0 TIPH BUKOPHUCTAHHI 30JIONIIAKIB Y HEUTPAIFHOMY Ta JY)KHOMY CEPEIOBHII MIrpamis ¥ JOBKULIA
HE MaTHME MiCIle, IO Ja€ 3MOTY BHKOPHCTOBYBATH 305 Ta 3ononuiaku TEC s BmamtyBaHHS
JOPOKHBOT OCHOBH. AHAJIOT14HI PO3paxyHKH BUKOHAHO 1 JIS 1HIIMX BAKKUX METATIIB.

ABTOpaMH JOCITIDKEHO KapTy TIPYHTIB YKpalHH Ui aHajily MOXKIHUBOCTI BHUKOPHUCTaHHS
30JI0IIUIAKIB Y TOPOKHBOMY OYAIBHUIITBI, IO IUIAHYETHCS OOTOBOPIOBATH Y HACTYITHUX ITyOJiKAIIisAX.
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THE USE OF ASH AND SLAG IN ROAD CONSTRUCTION
IN THE POSITION OF ENVIRONMENTAL SAFETY

This paper explores the practice of using ash and slag and fly ash from thermal power plants in
road construction as one of the ways to dispose of industrial waste.

The purpose of the study is to determine the chemica | composition of TPP ash and slag to study
the possibility of using it as a raw material for road construction. To achieve the goal, the following
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tasks were set: to determine the main physical and chemical properties of ash and ash and slag from
thermal power plants, to give an environmental assessment of the use of these wastes in road
construction.

Chemical analysis of ash and slag from Zmievskaya, Krivorozhskaya, Trypilskaya, Slavyanskaya
TPPs was carried out to determine the main components: SiO,, Al,O3, Fe,03, CaO, MgO, SO;, Na,O
and K>O. The content of heavy metals was determined using the method of atomic absorption analysis.

The migration ability of heavy metal compounds from the roadway using ash and slag in the
construction of roads has been studied using the construction of concentration-logarithmic diagrams.
To predict the migration of heavy metal compounds into the environment when they are used in road
construction, a separate dependence of the concentration of the most probable ions was plotted (for
example, cuprum) [Cu(OH), "] on the pH of the environment. The lack of migration of cuprum
compounds in a neutral and alkaline environment has been proven, which makes their use safe.
Similar calculations were made for other metals.

Keywords: TPP ash and slag, migration capacity, heavy metals, road bases.
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MJIAXA TA NEPCOEKTUBU Y IOCKOHAJIEHHST BAT'OHIB-1YMIIKAPIB,
IMPU3HAYEHUX JJIA EKCINIYATAIII MAT'ICTPAJIBHUMH
KOJIISAMH 1520 MM

Y cmammi poszensinymo mooeni 8a2omig-0ymnKapie, saKi CKAa0aroms OCHOBHY YACHMKY Y 6A20HHOMY
NapKy — MA2iCmpaibHo20 — 3ani3HU4Ho20  mpancnopmy  koaii 1520 mm. Haeedeno mexuiuni
Xapaxmepucmuky Hatloinbul nowupeHux mooenell 8a20HI6-0YMNKAPI6 MAICMPalbHO20 NPUSHAYEHHS.
Ilpeocmasneno KoHcmpykmusHi ocobausocmi eazona-oymnkapa mooeni 31-638, npusnauenozo ons
MPAHCNOPMYBAHH MA MEXAHI308AHO20 PO3BAHMAINCEHHS] CUNKUX I KycKosux eanmadicie. Hagedeno
CYYAcHi Mooelli 8a20HI8-OYMNKAPIE BIMYUZHAHOZ0 MA THO3eMHO20 8UPOOHUYUMBA OJid MALICIMPATIbHO20
3ani3HUYH020 mparncnopmy xkouii 1520 mm, axi 6yau cmeopeHni ma nocmaegieni y cepitiie UpoOHUYMEo
NPOMA2OM OCMAHHIX POKIG. 3a pe3yIbmamamu NOPIGHANbHO20 AHANI3Y MEXHIYHUX XAPAKMEPUCMUK
6A20HIG-OYMNKAPIE MUHYI020 NOKOJIHHA 00 CYUACHUX MOOeNell 8a20HIG-0YMNKAPIE 8CMAHOBNEHO, WO
OOHUMU 3 20]I06HUX Nepesaz OCMAHHIX € 3HUINICEHHS MACU Mapu, NIOBUWEHHS BAHMANCONIOUOMHOCHI i
00°emy Ky306a, NIOCUNEHHSL MIYHOCMI | HAOTUHOCMI OKpeMux 8y3/ie ma cucmem. Busnaueno npobremmi
8Y3IU MA CcUCmeMu ICHYIOUUX Mooenel Ba20Hig-0YMNKApie Ma2iCmpanbHO20 HNPUSHAYEHHS 34
pesyrvmamamu ix excniayamayii, Axi nompebyloms nooanbuio2o niocunenusa. Busnaueno ocnosHi
HanpamMKu 800CKOHAIEHHS KOHCMPYKYII CYUACHUX MOOenel 8a2oHig-0yMNKapie 04 MAa2iCmpanbHO20
3ani3HUYH020 mpauncnopmy konii 1520 um.

3anpononosano mexuiuni 6uMozu 00 8a2OHIG-0YMNKAPIE HACTNYNHO20 NOKONIHHA, AKI NIAHYEMbCA
cmeopumu ma 8npoeaoumu 00 CepitiHoco SUPOOHUYMBA Y HAUOIUNCUT POKU ONsl eKCnayamayii Ha
KOJISAX MazicmpanbHo2o 3aniznuynoeo mpancnopmy. C@opmosano mexuiuni umocu 3 ypaxyeaHHsIM
pe3yibmamis 00CIiONCeHb KOHCMPYKYILL CYYaACHUX BA2OHIB-0YMNKAPIE MALICMPATIbHO20 NPUSHAYUEHHS,
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0271510y MEXHIYHOI MA KOHCMPYKMOPCbKOi 00KyMenmayii Ha Yi 6a20HU, @ MAKONC AHAIZYEAHHS BUMO2
ma nobasxcamb 3amo8HuKi8. (OOIPYHMOBAHO HeOOXIOHICMb NpPOBeOeHHs BiONOBIOHUX HAYKOBO-
00CHIOHUX ma O0O0CAIOHO-KOHCIPYKMOPCLKUX pobim 3 po3poONeHHs 8a20HI8-0YMNKAPI8 HOB020
NOKONIHHS 0151 MAZICIMPATLHO20 3ANI3HUYHO20 MPAHCHOPMY.

Mamepianuy cmammi cnpusmuMyms CMGOPEHHIO HOBUX MoOOenell 8aA2OHIg-0yMNKapie Ois
Maz2icmpanbHo20 3AN3HUYHO20 MPAHCNOPMY Ma 2UOOKIl MoOepHizayii icHyroyux mooenetl, a maKoic
RIOBUUEHHIO eDeKMUBHOCIMI iX eKCnyamayii.

Knrwuosi cnoea: eazon-oymnxap, KOHCMPYKYIS, MAZICMPATbHUL  3ABHUYHULL  MPAHCROPM,
MIYHICMb, pecypc, MexXHiYHi XapaKkmepucmuKu.

Beryn Ta mocraHoBka mpo0JieMu. Baron-mymmkap — BaHTaXHUH BaroH 3 MPHCTPOEM IS
MEXaHI30BaHOTO PO3BAHTAKEHHSI CUIKHX Ta KYCKOBHX BaHTaxiB. /s 3a0e3medeHHs: HEoOXimHOT
MIITHOCTI MAJIOTH Ky30Ba TyMITKapa 3po0iieHa 0araTomapoBolO 1 CKIIaaEThCA 3 MMOKIAIEHOTO HA paMy
HIDKHBOI'O CTaJ€BOTO JIMCTA, aMOPTH3YIOYOIr0 IMPOLIAPKY, 1 BEPXHHOIO CTAJEBOIO JIMCTAa (IAKeTy
nuctiB). Ha BinmMiHY BiJ iHIIMX BaHTa)XKHUX BAaroHIB AyMIIKap Ma€ Ky30B, II0 HAXWISETHCS MiJ] 4ac
PO3BaHTaKEHHA, 1 OOpPTH, SIKI BIAKUIAIOTHCS MiJ 4ac Haxmily Ky3oBa. Haxuim Ky3oBa 3abe3neqyeThest
MHEBMATHYHUMH [WIHIPAMH, IAPHIPHO MiABIIMIEHUM HAa KPOHIITEHHAX HIDKHBOI paMH BaroHa.
CtrcHeHe TIOBITPS 10 THEBMATUYHHUX IMIIHAPIB MOJAETHCS BiJl KOMIIPECOpa IOKOMOTHBA. Y BHUXiTHE
TMOJIOXKEHHS MMiC/IS PO3BAHTAXKEHHS KY30B BCTAHOBIIIOETHCS IIiJT JII€I0 BIACHOI Bark abo MPUMYCOBO 3a
JOIIOMOTOI0 [TOCA0YHUX MTHEBMAaTHYHUX LIWTIHAPIB.

Baronu-gymnkapu cKj1agarThCsl 3 TAKUX CHCTEM Ta KOMIUIEKTYIOUHMX BY3JiB:

X0J10BOi YacTuHH (2-, 3-, 4-0ChOBI Bi3KH, paMU Bi3KiB 3 IMOMEPEUYHOIO OANKOI Ta OOKOBHHAMH,
KOJTicHI mapu 3 OykcaMy Ha MiAIIMITHUKAMH, PECOPHI KOMIUICKTH);

BEPXHBOI paMH 3 Ky30BOM, OCHAI[EHMM OOpTamu, IO MiJHIMAIOTHCS, BIAKHUIAIOTHCS ado
KOMOIHOBaHUMU;

HWKHBOI paMu: XxpeOToBa Oainka, OydhepHi OpycH, IIBOpHEBi OaNKH, IMIIHAPUYHI OaIKH;

ABTO34EIHUX IPUCTPOIB;

YIApHO-TATOBUX MPUCTPOIB;

rajgbMiBHOI CHCTEMH;

ITHEBMATHUYHOTO (200 TipaBIiYHOTO) 00JIaIHAHHS JJIsl HAXWITY Ky30Ba;

BaXKIIPHOT CHCTEMH MEXaHi3My BiJIKpUBaHHS OOpTiB.

Baronu-ymnkapu B OCHOBHOMY 3aCTOCOBYIOTHCSI IS TPAHCTIOPTYBAaHHSI PO3KPUBHHUX TIOPIJl Y BiJIBAJIH,
KOPHCHHUX KOMAJIMH Ha CKJIaju a00 30arauyBajibHi (haOpuku, mopi it Oy [iBHUIITBA 3a113HHULIb.

B miii poGoTi 3amporoHOBaHO OLIBII JETANFHO 30CEPENUTHCS Ha BaroHax-AyMIIKapax,
MPU3HAYEHUX JJIs eKCIUTyaTallii MaricTpalbHUME KOJIISIMH 3aJTi3HUIB 3 HUPHUHOO 1520 MM.

AHaJni3 ocTaHHIX T0CTiIZKeHb Ta MOCTaHOBKa mpoduaemu. B Ykpaini craHom Ha cepenuny 2021
poky HamiuyBasock 2085 BaroHiB-IyMIIKapiB, NMPHU3HAYEHUX [UI EKCIUIyaTalii MaricTpajJbHUMHU
komisimu. [Tpu oMy Ha cepenuny 2020 poky BaHTaXHHH MapK HajdidyBaB 2336 BaroHiB-IyMIIKapiB
[1], ToOTO 3a piK KUIBKICTh BaroHiB-IyMIKapiB 3MeHImiIach Ha 251 oaunuii (6sau3sko 11 %). PiBens
3HOCY LIOT'O THITY PyXOMOI'O CKJIaAy OAMH 3 HalOUIbIIuX 1 ckianae 98 % [2].

Ha panmii uwac B excmyarauii AT «YKp3adi3HHLS» Ta OINEpaTOpiB MPHUBATHUX KOMIIaHiA
3HAXOJIUThCS TMOHaJM 15 pi3HUX MOZEJCH BaroHiB-IyMIIKapiB Ta ix Momudikamid [3]. Anaiis
ICHYIOYOTO BITUM3HSHOTO TMapKy BaroHiB-IyMITKapiB MariCTpalbHOTO MpPHU3HAYEHHS JI03BOJIUB
BCTAaHOBHTH, 0 MOTO OCHOBY CKJIaJIal0Th Baronu mozeneit SBC-60, 31-638, 31-656, 31-673, 31-675,
31-676, 31-945 Ta ix moamoikaii, siki modymoBani me y 60-90 pokax muHyn0oro cromitrs [1-5].
Baronu-gymnkapu 3a3HaueHUX Mojeneld cepiiHo BuUroToBistiuch Ha BAT «KamiHiHrpaacekui
BaroHoOynmiBHMI 3aBO», BAT «J/lemuxiBcbkuii MammuoOyaiBauN 3aBoa», BAT «CraxaHOBCHKUIt
BaroHoOymiBHMI 3aBom» [3, 4]. Cmixg 3a3HauMTH, MO JCAKi i3 BUIIE MEPENTIYSHUX IMiIIPUEMCTB
NPOJIOBXKYIOTh CEPIHHWI BUIYCK 3a3HayeHnX Mojeneil. OCHOBHI TEXHIYHI XapaKTEPUCTHKH IIHX
MOJIeJIeH BaroHiB-AyMIIKapiB 300pakeHo B Tabuil 1.
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Tabnuys 1. TexHiuHi XapaKTepUCTHKU BaroHiB-AyMIKapiB MarictpajbHoro npu3naienns [3, 4]

HaiimenyBaHHs Mojens Barosa-gymnkapa
XapaKTEePUCTHKU SBC-60 | 31-638| 31-656 |31-673| 31-675 | 31-676] 31-945
BanTtaxomiioMHICTb, T 60 60 60 66 67 67 66
O6’em Ky30Ba, M° 26,3 26,2 32 35 35,2 35,2 36
Maca Tapu Barosa, T 29 27 27,8 27,5 26,4 26,7 28
KoeoiuieHT tapu 0,48 0,45 0,46 0,42 0,4 0,4 0,42
[uromuii 06'em, M%/T 0,44 0,44 0,53 0,53 0,53 0,53 0,55
Po3paxyHkoBe HaBaHTakeHHS Big komicHoi | 215,1 212,7 2149 230,5 230,3 230,3 | 2305
napH Ha peiiky, kH (tc) (22,00 | (21,7 | (21,9 | (23,5 | (235) | (235 | (23)5)
[ToronHe HaBaHTaxeHHs, KH/M (TC/M) 4.4 2l 726 - 7.4 735 78,0
i (76) | (735 | (7.41) (79 | (7.5 | (8.0)

KoHcTpykuiliHa IIBUAKICTE, KM/TOJ

Ha MaricTpaabHHUX KOJIisIX; 120 120 120 120 120 120 120

Ha MPOMUCIIOBUX KOJISIX 75 70 70 70 70 70 70
ba3za BaroHa, MM 7500 7500 7500 7500 7500 7500 | 7500
JIOBXKHHA 110 OCAX 3YCIICHHSA, MM 11720 | 11830 | 11830 | 11830 | 11830 | 12450 | 11830
KinpkicTh po3BaHTaXXyBaJbHUX IIJTIHAPIB, MIT 4 4 4 4 4 4 4
MakcumasbHa IUPHHA Ky30Ba, MM 3210 3210 3204 3197 3185 3185 | 3240
KyT Haxmiy Ky30Ba IiJ 9ac po3BaHTaXCHHS, ° 45 45 45 45 45 45 45
MinHimMansHUH pajiyc BONCYBaHHSA B KPHBY, M 80 80 80 80 80 80 80
HopmatuBHUIt cTpoK CITy>K0H, pOKiB 22 22 22 22 22 22 22
Pik noctaHOBKM Ha cepiliHe BUPOOHHITBO 1962 | 1971 1978 1988 1990 1993 | 1992
Pik 3HATTS 3 cepiiHOrO BUPOOHHIITBA 1972 - 1988 1995 - - -
Tabapur 1-T 1-T 1-T 1-T 1-T 1-T 1-T

3HaYHUH BHECOK Y PO3pPOOKY, CTBOPEHHS Ta BIPOBAUKEHHS BaroHiB-IyMIIKapiB MaricTpajbHOTO
npu3HaueHHs 3poownn crhiBpoOiTHukn BAT «KaminiHrpancekuii BaroHoOyniBHUE 3aBom», BAT
«/lemuxiBcbkuit MammHoOyMiBHUE 3aBoj», BAT «CraxaHoBchbkuii BaroHoOymiBHuM 3aBoqy , [IpAT
«/lHinmpoBaroHMai» Ta psjay IHIINX TiANpUEMCTB. Pe3yibpTaT mpaili WX KOJEKTUBIB BUCBITICHO B
poborax Jlorinosa O.l., Adanackina M.€. [4], KabnykoBa B.A, CaBuyka O.M. [5], Kanmukosa B.I".,
Kyznenoa O.I'. [6], [Hagypa JI.A. [7]. Cnig 3a3HauWTH, IO BIPOBA/HKEHHS BaroHiB-IyMIIKapiB
JIO3BOJIMJIO MiJBUINUTH MPOAYKTUBHICT Mpalli Ta CYTTEBO 3HM3UTH BHTPATH HA HABAHTAXXYBAJIbHO-
PO3BaHTAXYBAIIbHI POOOTH.

3a nmaHuMHM 3 BIAKpPUTUX JUKepen iH(opmarii BioMo, IO cepel MepelideHuX Mopeleil Ha
BITUM3HSHUX 3JTI3HUIIX HAWOUIBIIY YacTKy CKIIaJIal0Th BaroHU-IyMIKapu mozeri 31-638, 3o0BHimHI i
BUTTIST SIKOTO 300paskeHo Ha puc. 1. ToMy KOHCTpPYKIIHHI OCOOJNMBOCTI BaroHiB-AyMIIKapiB st
eKCIUTyaTalii MaricTpalbHUMH KOJIISIMU NIPOIIOHYETHCS PO3IIITHYTH came Ha MPUKJIal i€l mommpenoi
MOJIEIT.
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a)
Puc. 1. 3oBHiumHili BUrIs1 BaroHa-gymnkapa mojaeni 31-638:
a — y MTOPOXKHBOMY CTaHi; 0 — y 3aBaHTa)XKEHOMY CTaHi

Baron-gymnkap mozeni 31-638 npezacrasisie co000 CyLiIbHOMETANEBY 3BapHY KOHCTPYKIIIIO, sIKa
CKJIaJa€ThCsl 3 HACTYIMHHX OCHOBHHMX BY3JiB: Ky30Ba, HIKHBOI pamH, CHUCTEMH DPO3BAHTAXCHHS,
aBTOMATUYHOTO TallbMa, JBOX JBOBICHHUX BI3KiB Ta YHapHO-TATOBMX mnpwnaniB. Hwkas pama
NpU3HAYEHA JJIsl CIPUUHSATTS yIApPHO-TATOBUX 3yCHIIb Ta Niepe/iadi HaBaHTaXXEHb BiJ] Ky30Ba Ha Bi3KH.
BepxHst pama 3 HACTUIIOM MiJIJIOTH, IBA BIAKUIHUX IMO3JI0BKHIX OOpTa Ta JI00OBI CTIHKU 3 BHYTPIIIIHBO
PO3MIIIEHUMHU MeXaHi3MaMH BiIKpHUBaHHS OOPTIB CKIIAal0Th Ky30B BaroHa-IyMITKapa.

Konctpykiiito Barona-mymmkapa wmopeni 31-638 3ampomnoHOBaHO pO3TISHYTH Ha TPHKIAL
KpECJICHUKA, SIKUH 300pakeHo Ha puc. 2.

Ky30B Barona ckinafaeTscsi 3 BEpXHBOI paMH 3 HACTHIIOM ITJIOTH (2), TBOX TOOOBHX CTIHOK (8) Ta
JIBOX TMO3A0BXKHIX 00pTiB (3). B m1000BHX CTiHKaxX MOHTYIOTHCS MEXaHi3MH BiTKpuBaHHsS OopTiB (9).
Ha mmxniit pami (1) po3MilnyroThest TpyOOIIpoBOaM Ta 00JagHaHHS aBTOMaTHYHOTO rambma (4) Ta
CUCTEMH po3BaHTaxeHHs (5), aBro3uenHuid npuctpiid (7). Huwkas (1) Ta BepXHS pamMu 3 HACTUIOM
miuTory (2) BaroHa OMmMAparoThCs Ha Bi3KH (6).

HwxHus pama cknagaetbes 3 XpeOTOBOi Oanku, 1BoX OydepHHMX CTIHOK, JBOX IIBOPHEBUX Ta
YOTHPHOX LMITIHAPOBHX OAIOK 3 KpoHIITeHHaMu (puc. 2). XpeOToBa Oanka Mae KopobuacTuil mepepi3
Ta BUKOHAHA 3 IBOX ABOTaBpiB (Ne 45), mepekpuTux 3BepXy Ta 3HU3Y JUCTaMU TOBIIMHOKO 12 MM Ta
mmpuHoto 450mM. IIIBopHEBI KpOHIITEHHM 3BapHI CKIANAOTHCS 3 BEPTUKAIBHHX IITaMIIOBaHUX
pebep toBmuHOKWO 10 MM. L{uniHApOBI KpOHIITEHHH 3BapHi KOPOOUYACTOTO MEpepily, CKIAJaroThes 3
IITAMIIOBAaHUX BEPTUKAIBHUX pedep ToBHIMHOIO 10 MM, NMEpeKpHTHX 3BEpXy Ta 3HH3Y JHCTaMU
TOBIIMHOO 14 MM.

1 040-1 080

324

1) 4 I5 6 7
Puc. 2. Kpecienuk Barona-ngymnkapa moaeni 31-638

Bepxusi pama 3BapHa Ta CKJIQUA€ThCS 3 IICHTPAITGHUX I1037I0BXKHIX, OOKOBHX, HIBOPHEBUX,
WIIHAPOBUX Ta MPOMDKHHUX morepeyHux Oanok. IlIBopHeBi, HUIIHAPOBI Ta MPOMIXHI MONEpeyHi
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OaJIki BCTAHOBJICHI Ha TIO3JIOBXKHI IEHTPAIbHI Oallky, a CBOIMHU KIiHISIMH Ha 3€TOINOJIOHY TOJIHIIIO
00KOBHX OaJIOK.

ITo3noBxkHIHT OOpPT CKIIAAAETHCS 3 BEPXHBHOTO Ta HIDKHBOTO TMOSICIB, BHYTPIIIHBOTO JHCTa Ta
BEPTUKAIBHUX 30BHILIHIX KOPUTOMOMIOHMX IITAMIIOBAHUX JIHMCTIB, PO3MIIIEHUX IO BCi IOBKHWHI
Oopta. BepxHniii nosc ckmagaerbes 3 mBenepa (Ne2()) Ta mMITAMIOBAHOTO KO3UPKA, ITiJICHICHOTO
BEpPXHIM Ta BHYTpImHIM nuctamu. HikHIA mosic sBisie coboro mBenep (Ne24), mimcuineHuit 3HU3Y
KOCHHKaMu. Jlo HIKHBOTO IIBEJIepa IO HOro KOHTYPY IPHUBAPEHO II'SATh IMETENb 3 IITaMIIOBaHOIO
JIUCTA TOBILUHOIO 22 MM.

JloGoBa CTiHKA CKIIAZAa€ThCS 3 BHYTPINIHHOTO JIUCTA TOBIMUHOIO 8 MM, SKHH PO3MIMIEHUH ITif
HaxXwjioM JI0 BEPXHBOTO JIMCTa HACTWIYy IIAJOTM Ky30Ba Ta YOTUPbOX BEPTUKAIBHUX CTIHOK 3
BHYTPILIIHIM Ta 30BHIIIHIM KpOHIITeHHaMU. BepTukanbHi CTIKM BUKOHAHI 3 BIAITHYTHMHU KpasMH, SKi
MaroTh BHpi3 mupuHolo 160 Ta goBxuHOO 510 MM. KpoHIITEHHM BHUKOHAHI MITAMIIO3BAPHUMH 3
JucTa TOBIIMHOI0 10 MM.

OCHOBHI Hecy4i eIleMEHTH HIDKHBOI paMH Ta Ky30Ba BUTOTOBIISIOTHCS 3 HU3HKOJETOBAaHUX CTalei
0912, 091°2C, 09121, 09T 2C/1-12.

Baronn-gymnkapu moxeni 31-638 obnaanani qeoBicHIMY Biskamu Moxeni 18-100 a6o 18-1009.

Baron-gymmnkap momeni 31-638 Mae MexaHi3M BigKpwBaHHA OOpTIB Ta MMHEBMATUYHY CHUCTEMY.
MexaHi3M BiIKprBaHHSI OOpPTIB MOHTYETBCS yCepeanHi T0OOBOT CTIHKM 1 CKIIAAAEThCS 3 ABOX JIUTHUX
Ba)KEJIB, MIAPHIPHO 3aKPIiIUVICHUX Ha LIEHTPAJILHOMY BaJMKY, IBOX PETYIIOBAJIBHUX TAT, 3'€AHYIOUHX
JUTI Baxkelli Ta TeTii OOpTiB, ABOX YIOPHUX TAT, 3'€MHYIOUMX JIHTI Bakedl 3 KPOHIITEHHAMH Ha
HIDKHIA pami. 3a JONOMOTOI0 pEryMIOBAILHUX TAT 3AIMCHIOETHCS PETYNIOBaHHS 3a30py Mik
MO3I0BXKHIM OOPTOM Ta JI000BOIO CTIHKOI. MeXaHi3M BiIKpUBaHHs OOpTa 3alPOESKTOBAHO 3 Ky30BOM
TAaKUM YHMHOM, 1[0 OOPT 31 CTOPOHM PO3BAHTAKECHHS BIAKPUBAETHCS BHU3, a3 MPOTHIEKHOI CTOPOHHU
3aJIMIIAETHCS B 3aKPUTOMY ITOJIOKEHHI.

[THeBMaTHYHA cHCTEMa JyMITKapa CKIAJIAa€ThCs 3 JBOX CAMOCTIMHUX, HE3AICKHUX OJHA BiJ 1HIIOL
CHCTEM: TajbMIBHOI Ta IHEBMAaTHYHOIO pPO3BaHTaXeHHA. [anbMiBHAa cucTeMa MpU3HAYEHA IS
TaJlbMyBaHHs BaroHa-IyMIIKapa i CKJIAJA€TbCs 3 TalbMIBHOI MaricTpali, TaJbMiBHOTO IMIIIHApA,
TOPU3OHTAIBHUX TAT, aBTOPETYJIATOpa, AaBTOPEKUMY, TOPU3OHTAIBHUX BaXKENiB, 3allaCHOTO
pe3epByapa, MOBITPOPO3MOILTBHIKA, 3aTSHKKH, PO3'€JHYBaIHLHOTO KpaHa, KiHIIEBUX KPaHiB.

CucremMa MHEBMaTHYHOT'O PO3BAHTAKEHHSI MIPU3HAYEHA JUI HAXWIy Ky30Ba BaroHa-IyMIKapa i
yac PO3BAHTAXCHHA Ha Oylb-AKy CTOPOHY 3aJi3HUYHOI KOJiI Ta CKJIQIaEThCs 3 IKUBUIIBHOI
PO3BaHTaXyBaJbHOI ~MaricTpami, TOBITPOPO3MOAUIGHNKE, MWIHAPIB HAaxXWIy Ky30Ba, KpaHiB
KEepyBaHHA pO3BaHTaXEHHsIM. LlmmiHAapum Haxwily Ky3oBa 3a0e3ledyloTh HaxXWwil Ky30Ba BaroHa-
JyMIIKapa IUISIXOM HOro MOBOPOTY BiJHOCHO HMKHBOI paMu Ha KyT 45°.

JilficHo, TmTpOTArOoM TPUBAJOIO Yacy 3a KOHCTPYKIIEH Ta  TEXHIKO-€KOHOMIYHHUMH
XapaKTepUCTHKAMH 3a3Ha4eHi MOJeJi BaroHiB-IyMIKapiB 3aJO0BOJBHSIIN MOTPeOU 3alli3HHIL Ta
MIPOMUCIIOBUX BITUM3HSHUX mianpueMcTB. OMHAK, HAa TAHUHA Yac 3ai3HUI Ta MPOMHCIIOB] BITYH3HSIHI
miAnpreMcTBa  MOTPeOYIOTh  BUKOPHCTaHHS ~ CyYaCHHMX  IHHOBAIIMHUX  BaroHiB-JyMIIKapiB
YIIOCKOHAJIEHOT KOHCTPYKIii 3 MOKpaIleHNMH TEXHIKO-€KOHOMIYHHMHU XapakTepucTukamu. Jlo
OCHOBHUX HEONIKIiB KOHCTPYKIii BHIE3a3HAYEHUX MOJEJIe BaroHiB-AyMIIKapiB, B TOMY YHCIHI
BaroHa-aymikapa Mozaeii 31-638, ciij BiIHECTH: HU3bKI BAHTXOIIAHOMHICTh Ta MUTOMUIN 00'eM, 1110
3yMOBIIIOE BHUCOKE 3Ha4YeHHs Koe(ilieHTa Tapu, BHKOPHCTaHHS B KOHCTPYKIIi BaroHiB craiei
MUHYJIOTO TIOKOJIIHHS 3 HEAOCTaTHIMH (Pi3UKO-XiMIYHUMHU (MIITHOCHUMH Ta KOPO3iECTIHKUMHU
XapaKTepUCTUKAaMH) IOPIBHSIHO 3 CyYaCHUMH MapKaMH cCTaledl Ta CIUIaBiB, CKJaJHa TEXHOJOTis
BUTOTOBJICHHS BaroHiB (ITiJIBUIIICHA MaTEPialOMICTKICTh Ta TPYAOMICTKICTh), HEIOCTATHS HaJliHICTh
poOOTH MexaHi3My PO3BAaHTAXXEHHS y 3MMOBUH MEpiof 3a HU3BKUX TEMIIEPaTyp HABKOJIUIIHBOIO
CEPEeIOBHINA TA iHIIII.

Crijx 3a3Ha4UTH, 10 POOOTH OCTAHHBOTO MEPIOAY 3a I[UM HAMPSIMKOM B OCHOBHOMY 30CEpeJDKEHi
Ha TIJIBUIICHHS HAJIMHOCTI Ta YJOCKOHAJCHHS KOHCTPYKINi iCHYIOUMX MO BaroHiB-IyMIIKapiB
Ta BH3HAUCHHS IX 3aIMIIKOBOro pecypcy [8-11]. B poboti [8] 3 MeTor0 ymocKOHaleHHsS BaroHiB-
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JYMIIKapiB 3allpOMIOHOBAHO MPOEKT MiJICHICHHS OCHOBHUX €JIEMEHTIB KOHCTPYKUii. B mocmimkeHHsIX
[9, 10] 3ampomoHOBaHO MiAXiZ 3 TPOMOBKEHHS TEPMiHY CIYXOHM ICHYIOUMX MOJEIeH BaroHiB-
nymrikapi. JlocmimkeHHs, mpoBeaeHi B podoti [11], HampaBieHi Ha YOOCKOHAIEHHS BEPXHBOI paMu
BaroHa-gymmnkapa Ilpm npoMy JOCHITHO-KOHCTPYKTOPCHKMX Ta HayKOBO-AOCHITHHX POOIT,
HampaBJIEHUX Ha PO3POOKY HOBHUX KOHCTPYKIIH BaroHiB-IyMITKapiB 3 MOJIMIIEHUMH MOKa3HUKAMHU Ta
JTOCTTKEHHS X XapaKTEepHUCTHK OCTAaHHIM YacOM MPH/ILIEHO HEJJOCTaTHHO yBaru.

AHami3 HasBHUX JITEPaTypHUX IDKEpels, (aKkT CTapiHHS MapKy BaroHIB-AyMIIKapiB MaricTpajibHOTO
MPU3HAYCHHS Ta HEOOXiAHOCTI HOro TEPMIHOBOTO OHOBJICHHS, IiJTBEPAWB aKTYaIbHICTh MPOBEIACHHS
JIOCITIDKEHB 3 MOJIEPHI3aIlii iICHYFOUMX Ta CTBOPEHHS IPHHITUIIOBO HOBUX MOJIENEH BarOHiB-IyMITKapiB IS
eKCIITyararlii MaricTpalbHUMK KomisiMu. OTKe, JUIi OHOBJIEHHS TMAapKy PyXOMOTO CKIIAAy 3aji3HUIb B
IIIIOMY Ta BaHTAXXHUX BAaroHIB 30KpeMa, HEOOXiHE CTBOPECHHS BaroHiB-IyMIKapiB HOBOT'O ITOKOJIIHHSL
Tomy, Tema TaHOTO AOCTIIKEHHs, HAMPABJICHA Ha PO3TIISL KOHCTPYKTUBHUX OCOOJIMBOCTEH 1 TEXHIYHHX
XapaKTEPUCTUK CyYaCHHWX BaroHiB-IyMIKapiB, MPU3HAYECHHUX IS eKCIDTyaTallii MariCTpabHIMH KOJIisIMA
1520 MM, a TaKOXK IIUISIXU Ta TIEPCTICKTUBH iX YAOCKOHAJICHHS 3 YpaxXyBaHHSIM CYYaCHHUX JOCSATHEHb HAYKU
1 TEXHIKH, € BXKIIMBOIO 1 aKTyaJILHOIO /IS PO3BUTKY BITYU3HSIHOTO APKY 3aII3HUYHOTO TPAHCTIOPTY.

Meta — pO3TIISHYTH TEXHIYHI XapaKTePUCTUKHA CYYaCHUX BaroHiB-AyMIKapiB, MPU3HAYCHUX IS
eKCIDTyaTallii MariCTpalbHUMH KONIAMHA IHpHHO 1520 MM; mpoaHami3yBaTH TIOIIKOKEHHS
€JIEMEHTIB HeCcy4oi KOHCTPYKIIi Ta Ky30BiB BaroHiB-AyMIIKapiB B TIPOILECi eKCIUTyaTamii s
BU3HAYCHHS OCHOBHHX IIISIXIB Ta MEPCIEKTHB YAOCKOHAJICHHS; 3alPONOHYBATH TEXHIYHI BUMOTH 10
BaroHiB-AyMIIKapiB MaricTpaabHOTO IPU3HAYEHHS HACTYITHUX MOKOJHb.

Marepiaa Ta pe3yJabTaTu AOCTiIKeHb. 3a pe3ylbTaTaMH aHali3y JaHHWX 3 BIAKPUTUX JKepel,
KOHCTPYKTOPCBKOT 1 TEXHIYHOI JOKYMEHTallii pi3HUX BHUPOOHHKIB BaroHiB-IyMITKapiB BCTaHOBIICHO,
0 MPOTATOM OCTAHHIX POKIB BITYM3HSHUMU ITiJIIPUEMCTBAMH TIOCTABJICHO Ha BUPOOHHIITBO JBi HOBI
MOJIeJIi BaroHiB-AyMIKapiB, MpU3HAUYEHUX ISl eKCIUTyaTamii MaricTpaibHUMHU Kojisimu. Lle Baron-
nymnkap mogneni 31-4154 supoouunrea [IpAT "AninpoBaronmam” ta mojeni 32-8525 BupoOHUIITBA
TOB M3 "Kapmaru" (puc. 3). TexHiuHi XapaKTepHCTHKH 3a3HAYEHUX BaroHiB-AyMIIKapiB
BITYM3HSHOTO BUPOOHUIITBA TIPEICTABICHO B TAOIHII 2.

i o

Puc. 3. 3oBHilIHIi BUTJISI BAroHiB-TyMIKaPIiB 1J151 MaricTpajJbHUX KOJili Moaesti
31-4154 (a) Ta mogei 32-8525 (0)

Tabnuys 2. OcHOBHI TeXHIYHi XapaKTePUCTHKHU BaroHiB-IyMIKapiB

HaliMmeHyBaHHS XapaKTEPUCTUKHU 31 411;;0%% BarOHa_HyMHKagZ_SSZS
1 2 3
BanTaxori1iioMHICTE, T 68,5 68
006’em Ky30Ba, M 38 36
Maca Tapu Barosna, T 25,5 26,0
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3axinuenns mabauyi 2

1 2 3

Koeoiuient tapu 0,372 0,382
ITutomuii 06'eMm, M/T 0,555 0,529
Po3paxngOBe HaBAHTAKCHHS BiA 230,5 (23.5) 230,5 (23,5)
KOJIICHOI Tapu Ha perky, kKH (tc)
IToronne HaBaHTaxeHHs, KH/M (Tc/M) 77,0 (7,85) 54,94 (5,6)

2 T 3 BUCOTH 2 T 3 BUCOTH
PozpaxynkoBe ynapHe HaBaHTaKEHHS 2 M Ha MIICHTIKY BaHTaXy | 2 M Ha MiJCHIIKY BAaHTaXy

TOBIIMHOO He MeHme 0,3 M |ToBuuHOO He MeHie 0,3 M

Iupuna Koumii, MM 1520 1520
KoncTpykmiitHa mBUAKICTH, KM/TOIT 120 120
baza Barona, Mm 7750+5 780045
JoBkrHa N0 OCAX 3YEIUIEHHS, MM 11970£20 12020£20
Moxers piska 16109, 281750, 18-1750, 18-7055
I'abapur o F'OCT 9238 1-T 1-T
KMPII/II{;}I\:I’EIIJ\I/IBHI/IH pajiiyc BOMCYBaHHS B 80 80
HopmatuBHWMiA CTpOK CiTy>k0H, POKiB 22 22
Pik mocraHoBKkH Ha cepiiiHe BUPOOHUIITBO 2015 2020
[lignpreMcTBO-BUPOOHHUK [IpAT «/InimpoBaronmarmn» TOB IM3 «Kapmatn»

B xpainax MutHoro Coro3y HpOTArOM OCTaHHBOTO HEPIOAY IOCTABJICHO Ha CepiliHEe BUPOOHULITBO
BaroHU-gyminkapu moneneit 32-9792 (BAT «Pysximmam», Pociiiceka @enepartist, M. Capancek, 2014 p.),
32-5188 (AT «HBK «YpanBaronszaBojy», Pociiicbkka @exnepais, M. Huxniit Tarin, 2018 p.), 32-626,
32-626-01 (BAT «3aBox MeTanokoHCTPYKIIiit», Pocitickka Denepartist, M. Earensc, 2019 p.), 32-6982,
32-6982-01 (3AT «TuxsinCnenMamr», Pociticbkka deneparis, M. Tuxsin, 2019 p.), mo npuzHaveHi
JUTsI eKCILTyaTallil MaricTpaibHUMHU KomisMu 1520 mwm.

[NopiBHsMBPHUK aHANI3 TEXHIYHOI JOKyMEHTamii Ha BarOHU-AyMIIKAPDH MUHYJOTO TOKOJIHHS Ta
CyJacHHX MOJIENIe BITYM3HSIHOTO 1 IHO3EMHOTO BHPOOHHMIITBA, TIPH3HAYEHWX JUIS EKCIUTyaTarlii
MaricTpajJbHUMH KOJISIMH, JI03BOJIMB BCTAHOBHUTH, IO OCTAHHI MArOTh INEpPEBard 3aBISKH: 3HIKEHHIO
MacH Tapw; MiJIBUIIECHHIO BAHTAXOMIIHOMHOCTI Ta 00’ €My Ky30Ba; TIOKPAIIIEHHIO TOKa3HUKIB MIIIHOCTI Ta
HAJIIITHOCTI OKpEeMUX BY3J1iB; TIOKPAIIEHHIO XOJIOBUX TUHAMIYHHX, TAIbMIBHUX Ta 1HIIUX KCIITyaTaIliiHAX
XapaKTEPUCTUK; 3HIDKSHHS MAaTepiaJIoEMHOCTI 1 TPYIOMICTKOCTI BHUTOTOBJICHHSI BAaroHIB; 3aCTOCYBAaHHS
CYYacHMX TEXHOJIOTIH 3BapIOBaHHS, CKOPOYEHHS EKCIUTyaTal[iiHMX BHUTpaT HA PEMOHT Ta TEXHIYHE
00CITyTOBYBaHHS.

Ha panmii yac OCHOBHMMH JOKYMEHTaMH, SIKi BCTAHOBJIIOIOTH BHUMOTH JI0 HPOEKTYBaHHS Ta
BUTOTOBJICHHSI CYYaCHHX BaroHIB-IyMIKapiB Ui iX eKcrutyaraiii Ha tepurtopii Ykpainu, € JJCTY
7598 [12], ACTY 7776 [13], ACTY I'OCT 33211 [14], LI11I-0001 [15], IIB-11J1-0013 [16], Hopmu-83
[17], Hopmu-86 [18], Hopmu-96 [19], P/1 24.050.37 [20].

st mopanbInoi MoJIepHi3alil iICHYIOYMX MOJEICH Ta PO3POOJICHHS MPHUHIIMIIOBO HOBUX MOJE/ICH
BaroHIB-AyMIIKapiB, NpPHU3HAYCHUX JUIS eKCIUTyaTamii MaricTpaabHUMu Koiismu 1520 M,
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MPOaHaTi30BaHO TOMIKOJKEHHSI €IEMEHTIB HEeCy4Oi KOHCTPYKIII Ta Ky30BiB LIHX THIIB BaHTAKHHX
BaroHiB B ekcrutyaramnii. OCHOBHOIO METOI0 TaKOIO aHaNi3y € BHUABIECHHS MaJOHAIIHUX EJIEeMEHTIB
Hecy4ol KOHCTPYKINT ICHYIOUHMX MOJeNiel BaroHiB-IyMIIKapiB, fKi MOTPeOyIOTh MEPIIOYEpPrOBOrO
YIOCKOHAJIEHHS, T2 PO3POOJICHHS BUMOT 10 TEXHIYHUX XapaKTEPUCTHUK UX THUITiB BAHTAXKHUX BaroHiB.

Tomy, cnemiamictu JI1 «YkpH/[IB», a came HaykoBO-mOCHiIHOI J1TaOOpAaTOpii BaHTaXXKHOTO Ta
CIEIMIaTbHOTO PYXOMOT'O CKJIaJay, TPOBENHM TEXHIYHI OOCTE)XEHHs Ta c(hOpPMYyBIM OCHOBHI BHIU
MOIIKOJ/PKEHb €JIEMEHTIB Hecydoi KOHCTPYKIT Ta Ky30BiB, sIKi MalTh OYTH YCYHEHHI IiJ 4ac
BUKOHAHHS HAa3HAYCHHUX BUAIB PEMOHTY. TakoX JOAAaTKOBO MPOAHATi30BaHO MPUYMHH MO3aIIaHOBUX
BUJIIB PEMOHTY BaroHiB-IyMITKapiB 3 BukopucTanHsaM 6asu nanux [IOL] AT "Ykpzamizauns". ITix qac
MIPOBEICHHS TOCIIHKEHb aHATI3yBaHHIO Ta TEXHIYHOMY OOCTEXEHHIO TIi/IIaBAINCh BarOHU-IYMITKapH
Mozeel Ta ix Moaudikarliif, ki HaBeACHO B TaOJ. 1, Tak K Ii MOJEIi € HAHOUTBII MOMUPESHUMHU 1
CKJIaJal0Th OCHOBY MapKy BaroHiB-AyMIIKapiB B KpaiHi.

Beporo TexHiuHe oOCTe)KeHHsS IMpoBeaeHO 155 BaroHam-gymmkapam pisHHX Moxeneil. Jleski 3
BUSIBJIICHUX TOIIKO/KEHB 1 Ie()eKTIiB MiJ 4ac BUKOHAHHS TEXHIYHUX 0OCTE)KEHb 3a3HAUYEHUX MOJEeNeH
YOTHUPHUBICHUX BaroHiB-IyMITKapiB HaBeIEHO Ha puc. 4.

Puc. 4. 3oBHilIHIN BUrIsA1 NOMIKOMKEHb eJleMeHTIB HeCy4HX KOHCTPYKUiH Ta Ky30BiB
BaroHiB-AyMIKapiB:
a — TPIlMHA BEPTUKAJIILHOTO JIUCTA XPeOTOBOI OaJIKK B MICII 3’ € THAHHS
3 LIBOPHEBOIO; 0 — 1e()eKT HUXKHBOTO JINCTA MIBOPHEBOI OAJIKH; B — BiAPUB Ta TPillIMHA yIIOpa
KPOHIITEIHA Bil HIPKHBOTO MOSICY MO3/A0BXHBOT0 00pTa; T' — TPIlMHA BEPTUKAIBLHOTO JINCTA
LIBOPHEBOI'0 KPOHUITEHHA

3a pesyibTaTaMy aHaJi3yBaHHS IaHUX BHUSBICHUX IIOIIKO/DKEHb B TIPOLEC eKCIUTyaTamlil Ta
TEXHIYHOTO OOCTEKEHHS YOTUPHUBICHUX BaroHiB-JIyMIIKapiB BCTAHOBJICHO TaKe:

MaJIOHAJ[IHHUMH €JIEMEHTaMH Hecydoi KOHCTPYKIII Ta Ky30Ba, sSKi HaH4acTille MOMIKOIKYIOTHCS
Ta BUXOIATH 3 JajJy, € €JIEMEHTH OOpTa MO3I0BXKHBOTO, IMIIHAPOBI Ta HIBOPHEBI KPOHIITEHHH,
IWJTIHIPY PO3BAaHTAKEHHS, J1000Ba OaJika pamMu, yIOpH Ky30Ba;
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XapakTepHUMH MOLIKOPKEHHSIMU OOpTa MO3A0BKHBOTO € BM ATHHH Ha BHYTPIIIHIM Ta 30BHILIHIN
CTOpoHaxX, nedopmMaris CTIHOK, TPIIMHN B JETANIAX Ta 3BApPHHUX IIBaxX, MPOTHHU €JICMEHTIB OOpTa;
[ITIHIPOBUX Ta IIBOPHEBUX KPOHINTEHHIB — TPIIIMHNA B KOPITYCi Ta BIAPUBHU B MICIAX iX KPIMJICHHS
JI0 paMy Ky30Ba; IIJIIHIPIB PO3BAHTAKEHHSI — KOPO3isf, MEXaHiuHi MOIIKOKEHHS, 3HOC Ta OOpUB
KpiIieHb; J100OBa 0ajka paMu — BM ATHHHM, TPILIMHHU, IPOTMHU; YIOPH — 3HOC Ta OOpHUB; EIEMEHTH
HECY4YMX KOHCTPYKIIii — TPIIIMHU B MICISIX 3’ €THAHHS XpeOTOBOI Ta MIBOPHEBOI 0AIOK;

OCHOBHMMH NpPUYMHAMH BUHUKHEHHS IIOIIKO/DKEHh B eJeMEHTax Oopra Ky3oBa — YyaAapHi
HaBaHTA)KCHH ITiJ Yac 3aBaHTA)KEHHS BaHTAXKY; B KPOHIITEHHAX Ta IWIIHAPaX — HABAaHTaXEHHS IiJ
yac pO3BaHTaKEHHS BaroHiB; B JIOOOBiH Oamii, ymopax, MICIAX 3’€JHaHHI XpeOTOBOI Ta IIBOPHEBOT
0aJloK — TMO370BXKHI HaBaHTKEHHS I Yac CIIByAapsHb BaroHiB Ta CyMicHa i BEPTHKAIbHUX i
MO3/I0BXKHIX HABaHTa)KEHb B EKCILTyaTallii.

AmHaniz mpoOneMHUX BY3JB Ta CHCTEM ICHYIOUMX MOJIeJied BaroHiB-AyMIIKapiB MaricTpalbHOTO
TIPU3HAYEHHS B TIPOLIECi eKCIDTyaTallii, CydacHUX TEHJISHIIIN PO3BUTKY, PE3yIbTATIB JOCIIIKEHb Cy4acHIX
MOJIENIeH, BUMOT 3aMOBHHKIB, a TaKOXX OTJISII JITEpaTypHUX JDKEpelsl, KOHCTPYKTOPCHKOI Ta TEXHIYHOI
JOKYMEHTAIlii, J03BOJIUB BU3HAUMTH HACTYITHI IEPCIEKTHBHI IIIIIXM PO3BUTKY KOHCTPYKIIIH IIUX BaroHIB:

CTBOPEHHSI BaroHiB-IyMITKapiB B rabaputi Trp 3 0ChOBHM HaBaHTaXXEHHSM 23,5 TC, O TO3BOIUTH
3MEHIIUTH Macy TapHd, IIBUIINTH BaHTAKOMIIHOMHICTh, IO B IJIOMY JO3BOJHTH TEPEBO3UTH
O1ITBITY KUTBKICTH BAaHTAXKY;

30UTBIIEHHST BaHTAXKOIIIJHOMHOCTI BaroHa 3a PaxyHOK MaKCHMAaIbHO €(EeKTHBHOTO BHKOPHCTAHHS
rabapury 1-T, B TOMy 9HCTi TiBarOHHOTO MPOCTOPY, IO JO3BOJUTH 30UIBIINTH BAaHTAKOITHOMHICTh
BaroHa;

30UIBLICHHST BAHTAKOMITHOMHOCTI BaroHa IUIAXOM pO3POOJICHHS IIMPOKOI HOMEHKIATYpHU
BaroHiB-AyMITIKapiB 3 OCbOBUM HaBAHTAXKECHHIM 25 TC;

PO3IIMpEHHS HOMEHKJIATYpH BaroHiB-AyMIIKapiB 3aJleXXHO BiJ XapakTepy BaHTaXy, IO
MePEBO3UTHCS (CKANBHI TOPO/IU, OyAiBENbHI MaTepiaiy TOLIO);

MiIBUIICHHS BaHTAXOIIIHOMHOCTI Ta 00'eMy Ky30Ba IIISXOM CTBOPEHHS IIECTHOCHOTO BaroHa-
JTyMITKapa 34JICHOBAHOTO THITY 3 OCHOBHM HAaBAaHTAKEHHSM 25 TC;

PO3pO0JICHHS BaroHiB 3 BUKOPUCTAHHSIM 1HHOBAI[IHHUX Bi3KiB Ta KOMILICKTYIHOUUX JeTalIeH 10 HUX
HOBOTO TOKOJIHHS], a TAaKOX IHIIMX 3HIMHHX BY3JIIB Ta CHCTEM IIOKpAIIeHOi KOHCTPYKIi, IO
JTIO3BOJIUTH TOKPANIUTH JWHAMIKY 1 TUIABHICTH PyXy BaroHa, 30UTBIIUTH CTPOKH MIDKPEMOHTHHX
po0irie. B 1ijOMy BUKOPUCTaHHS TaKWX BAaroHIB JIO3BOJIUTH ITIJBUIIUTH OC3IEKy Ha 3ai3HUYHOMY
TPAHCHOPTI Ta 3HU3UTH BaPTICTh KUTTEBOTO IUKITY BaroHa;

YIIOCKOHAJICHHS ICHYIOYMX Ta CTBOPEHHS NPHHIMIIOBO HOBHX THIB HECYYHX KOHCTPYKIIH
BaroHiB-AyMIIKapiB, B MOOYAOBI SKHX 3aCTOCOBYIOTHCS IHHOBAIliliHI TEXHIUHI PillIEeHHS Ta MaTepiaiu
MIiJBUIIEHOT MIIHOCTI, 10 CHPHUATAME ITiJIBUIIICHHIO MIIIHOCTI Ta HAJIMHOCTI, 301IBIICHHIO CTPOKIB
MIX TPOBEJIEHHSIM KalliTaJbHIX PEMOHTIB Ta CTPOKY CIIY>KOW BaroHa,

3MII[HEHHS Ta YJOCKOHAJICHHS HECYYMX KOHCTPYKIH BaroHiB-AyMIIKapiB Ta iX OKpPEeMHX
KOMIUICKTYIYHMX YaCTUH 3 METOIO MIABUIIEHHS HAIIHHOCTI, JJOCATHEHHS PIBHOMIPHOTO HaBaHTaXCHHS
€JIEMEHTIB HeCy4ol KOHCTPYKII Ta 301JbIICHHsT TEPMiHY CITy>)KOM 32 paXyHOK 3MEHIICHHS BIUTUBY 1
HOIIKO/DKEHb BiJl yJApHOTO HABAHTAKCHHS IMiJ Yac 3aBAHTAXKCHHS, PO3BAHTAKEHHS Ta CyMICHOT Aii
BEPTUKAIBHUX 1 MO37I0BKHIX HABaHTa)XEeHb B €KCILTyaTallii;

3aCTOCYBaHHS HOBITHIX TEXHOJIOTiH 301pKH Ta 3BapIOBaHHS, IIO JO3BOJIUTH 3MEHIIWTH BILUIMB Ha
HaBKOJIMIITHE CEPEIOBUIIE, TPYIOMICTKICTh Ta BapTICTh BUTOTOBJICHHS BarOHIB.

BpaxoByroun, pe3yabTaTH TEOPETHYHHX Ta EKCHEPHUMEHTABHHUX JOCITIPKEHb ITij] 9aC TOCTaHOBKU
Ha BHPOOHHMIITBO CYYaCHUX BaroHiB-IyMIIKapiB MariCTpaJbHOrO MpPU3HAYEHHsS Ta cPopMyIbOBaHi
OCHOBHI LUISXM Ta MEPCIEKTHBH iX YAOCKOHAIEHHS, 3allPOIIOHOBAHO BCTAHOBHTH TaKi BHUMOTH JI0
NPOEKTYBaHHS BaroHiB LOT'0 THITy HACTYITHUX HOKOJIIHB (Tab:x. 3).
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Tabnuys 3. OCHOBHI BUMOI'M 10 TEXHIYHHUX XaPAKTEPHCTUK BaroHiB-IymMnkapis
MAaricTpajbHOI0 NPU3HAYEHHS HACTYIHUX MOKO/JIiHb Ta KOMILIEKTYIOUHX 10 HUX

. Bumoru no
Ne HaiiMenyBanHs napamerpy
n/n (XapaKTepUCTHKH) fToKasHiia
(XapakTepHCTHKH)
3arajabHi BHMOTH
1 | HaBaHTa)XeHHsI Ha BiCbh, TC 23,5 (25,0)
KoHcTpyKuiiiHa IBUAKICTh PyXy BaroHa, KM/To
2 | - Ha MaricTpaJbHUX KOJMIisIX; 120
- Ha TIPOMUCIIOBHX KOJIISIX 70
3 | Iluroma mMaTepialoOeMHICTh <0,38
4 ITutomuii 00’eMm, M/T >0,53
Bumoru 10 noka3HUKIB 0e3MeKH Ta BIVIMBY HA HABKOJIMIIHE cepe/l0BHILE
5 | KoedimienT 3anmacy cTiHKOCTi KoJieca BiJl CXOIy 3 peHOK >14
6 KoedimieHT 3amacy momepeyHoi CTIHKOCTI Kojleca Bijl IepeKUIaHHS Ha 30BHIIIHIO ~90
CTOPOHY KPUBO1 -7
7 KoedimieHT 3amacy momepeyHoi CTIHKOCTI Kojeca Bi epeKUIaHHs Ha BHYTPIIIHIO ~91
CTOPOHY KPUBO1 -7
8 PiBeHB 30BHINTHROTO IIYMY MiJ 9ac pyxXy 3i mBuAKicTo 80 KM/TOA Ha BixcTaHi 25 M Bix <85
oci kouii, 1ba -
BuMoru 10 noka3HUKIB IMHAMIKY TA IJIABHOCTI pyXy BaroHa
9 KoediieHT BepTHKaIBbHOI AMHAMIKH Ky30Ba <0,5
10 | KoedimieHT BepTHKAIBHOI IMHAMIKH HE0OPECOPEHOT paMH Bi3Ka <0,6
KoedimieHT ropu3oHTaNBHOT AMHAMIKA
11 | - B mOpOXXHBOMY CTaHi <03
- B 3aBaHTKEHOMY CTaHi <0,25
[TpuckopeHHs Ky30Ba BEpTUKAJIBHI y YacTKax (
12 | - B mOpOXXHBOMY CTaHi <0,4
- B 3aBaHTKEHOMY CTaHi <0,25
[TpuckopeHHst Ky30Ba TOPU30HTANIBHI Y YaCTKax g
13 | - B IOPOXXHBOMY CTaHi <04
- B 3aBaHTAXKCHOMY CTaHi <0,2
BuMoru 10 noka3HUKiIB BIVIMBY BArOHA HA BEPXHIO 0Y/10BY 3aJ1i3HHYHOI KOJTil
14 I[.I/IHaMi‘IHi HanpYKEeHHs PO3TATHEHHS B KPOMKaX IIONIBY PEHKH B IPSIMHUX 1 KPUBUX <240
IUITHKAX 3a1i3HUIHOI Kouii, MIla -
15 Bi‘ll.{i CHITH, SIK1 TIepeatoThCs BiJl Koeca Ha PelKy, 33 YMOBH MIIIHOCTI peHKOBHX <100
CKpiIUieHb, KH -
16 | JAmHamivHe BepTHKaJbHE HABAHTAXKCHHSA BiJ] KoJjeca Ha perky, kH <210
17 | AmHamivHe TOTOHHE HAaBaHTa)KCHHS Ha 3AJI3HUYHY KOJIIO Bij Bi3ka, KH/M <168
18 | Hampy>keHHs Ha OCHOBHIiH IDIOMIA/I 3eMJISTHOTO mostoTHa, MIla <0,08
BumMoru 10 MixkpeMOHTHHMX iHTepBaJIiB, CTPOKIB CJ1Y:K0M BATOHA Ta HOT0 KOMILIEKTYIOUMX
19 | MixpeMOHTHHI MPOOIT IO MEePIIOTo MEMOBCHKOTO PEMOHTY ICIISI HOOYIOBHU, TUC. KM > 500 (5)
(pokiB) -
20 | MixpemonTHHI TpoOir Mix HacTynHEMH [P, THC. KM (pOKiB) > 360 (4)
21 | MinimManpHUIA IPoOIr MiXK TEXHIYHIM 00CITyTOBYBAaHHIM, KM 1500
[pusHayeHnii (HOPMATUBHUIT) TepMiH cIy)0H (eKcIuTyararlii), poKiB:
22 | - BCbOTO >32
- JI0 TIEPIUIOTO KaiTaJIbHOTO PEMOHTY >16
23 | IliJIIMITHUKY KaceTHOTO THUILY JuIsl OyKCOBHX BY3JIIB 3 aJalTepoM, 110 3a0e3MeUyoTh > 1,0 (16)
6e3peMOHTHHH TpoOir, MIIH. KM (POKiB) -
24 | TIpoGir OyKCOBHX BY3IIIB, 1110 320€31e4yI0Th OE3pEMOHTHHI MPOOIT KOJIICHUX Iap, MIIH. KM >0.8(8)
20,

(pokiB)
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IIpoooesicenns mabnuyi 3

25 | IIpoGir mo 3HOCY MEeTaNeBUX YaCTHH NPYKHUX KOB3YHIB, GPUKLIIHHIX TIIAHOK Ta KIMHIB, > 1.0
MJIH. KM -
26 | IIpoGir mo 3HOCY By37na I’ ATHUK-TIAM ITHUK, MITH. KM >0,5
27 | IIpoOir mo 3aMiHM BTYJKH, MITH. KM
- TATBMiBHOI BaXXUTBHOI TIepenadi >1,0
- MiABINTYBaHHSA TaJbMIBHOTO Oammaka > 0,36
Bumoru 10 pecypcey, HaiiiHOCTi, MilIHOCTi BaroHa Ta iioro KOMILIEKTYIOUHX
28 | KoedoimieHT 3anacy onopy BTOMi eJIeMEHTIB KOHCTPYKIIil BaroHa >2.,0
29 | KoeoimieHT 3anacy BTOMHOT MiIHOCTi O0KOBOi paMu Ta OaJIKi HaJAPECOPHOI >2.,0
30 | IaTeHCHBHICTB 3HOCY KOJeca (3aCTOCYBaHHA KOJIIC 3 eKOHOMIYHO-BUTiTHIM Tpodinem), > 02
Mm/10% kM -
31 | 3acrocyBaHHS HEHTPAILHOTO MiABINTYBaHHS 3 HEJIHIIHOIO XapaKTEePUCTUKOIO, B TIKOMY 6-10°
pecypc BUTHX IPYKHH 0€3 31aMiB, HUKIIIB
32 | MiuHicTh cTaii, 3 K0T MOBUHHI BUTOTOBJISATHCH OCHOBHI HECYYi CJIEMCHTH Ky30Ba BaroHa,
MIIa
- 3€T, IBOTaBp XpeOTOBOI Oaiku > 375
- IBOPHEBI, IPOMDKHI LMIIIHAPOBI 3 KPOHIITEHHAMH, ICHTPaAJIbHA, TOPLEBI OAJIKH > 375
- €JICMCHTH MO3JIOBXKHIX OOPTiB, JJOOOBOI CTIHKH, HIDKHS O0B’s13Ka Ta IHIITHX CJIICMCHTIB > 345
Bumoru 10 rajbMiBHOI cucTeMu
HasBHa Ta B
33 | PozgineHa cucTeMa 3i CTAaHAAPTHAM KOMIUIEKTOM TallbMiBHOTO OOJaqHAaHHS*) poboto3gaTHOMY
CTaHi
lanemiBHEN KoedimieHT
a) KOMITO3HUIIIHHI KOJIOAKH
- IOPOXKHIii cTaH; >0,22
34 | - 3aBaHTa)KEHHH CTaH; >0,14
0) 9aByHHI KOJIOJIKA
- MOPOXKHIii cTaH; >3.,5
- 3aBaHTaXXEHUN CTaH >6,5
Buxin mroka raisMiBHOTO IHJIIHIPA, MM
35 | - KOMITO3HI[i}iHI KOJOIKH; 50-100
- YaBYHHI KOJIOJIKA 75-125
THCK MOBIiTPs y TaTbMIBHOMY LHTIHAPI, Krc/cM”
a) KOMIIO3HUITIfHI KOJIOAKH
- IOPOXKHIii cTaH; 1,2-1,6
36 | - 3aBaHTa)XE€HHI1 CTaH; 3,0-3,4
0) 4aBYHHI KOJIOJIKA
- IOPOXKHIii cTaH; 1,4-2,0
- 3aBaHTaXEHUH CTaH 4,045
37 3aCchyBaHHﬂ KOJIec030epiralounx KOMIO3HIIHHUX KOJIOOK 3 YaBYHHUMH BCTaBKaMH 3 > 036
po0OiroM, MITH. KM -
38 (1)\/[O>KJ'II/IBiCTB YTpUMaHHS BaroHa B 3aBaHTA)KCHOMY CTaHI CTOSHKOBHM T'aJJbMOM Ha yXWIT, > 30
%0 B
39 | TlanpMiBHUE NUIAX MO131a Ha yXuii 6 %o 31 mBuaKOCTe# 80; 90; 100 KM/TOX BIAMOBIAHO, M = IO(iOi 650})300,
40 | TanpMiBHUE nutx moi3aa Ha yxumi 10 %o 31 mBuakocreit 80; 90 kM/roj] BiIMOBITHO, M <1200; <1500
41 | TanpMiBHMIE IUISX 101314 HA IUIOMAAI 31 mBUAKOCTI 120 kM/Toa, M <1700
Bumoru 10 KOHCTPYKUii BaroHa-AyMnkKapa Ta ioro cucrem
42 | UlupuHa Kouil, MM 1520
43 | T'abaput 1-T a6o Tmp
44 | MiHimMaJbHUIT pajiilyc BIUCYBaHHS B KPUBY, M 80
45 | Kyt Haxmiry Ky30Ba Iij 9ac po3BaHTAKEHHS, ° >45
46 | Bux po3BaHTa)KCHHS JIBoCTOpOHHE
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3axinuenns maon. 3

IIneBMaTnyHa 3
MOJKJIMBICTIO
IMCTaHIIHOrO
PO3BaHTa)KEHHS

47 | Cucrema po3BaHTaKEHHS

2 T 3 BUCOTH 2 M
HA T ICUTIKY
48 | Po3paxyHKOBe yapHE HaBaHTA)KCHHS BaHTAXY
TOBIIWHOIO HE
mewniie 0,3 m

*) IIpumimka. T1ig cTaHAAPTHAM KOMIUICKTOM TajJbMiBHOTO 00 HAHHS MAETHCS HA YBa3i MOBITPOPO3MOALIBHHIK,
TaJbMIBHUM IIMITIHAP, BaX1JIbHA MIEpeada 3 aBTOPETyJIATOPOM, aBTOPEKHM, TIOBITPOMPOBII, 3aMacHUIA pe3epByap,
KIiHIIEBI Ta po3’€AHyBaJIbHI KpPaHH, 3’ €IHYBaJIbHI pyKaBa, 3’ €THAHHSL.

TakuM 9uHOM, 3aIIPOTIOHOBAHO TEXHIYHI BUMOTH IS BarOHiB-IyMIIKapiB HACTYITHOTO MTOKOJIHHS,
10 MPU3HAYCHHI JIJIS eKCIDIyaTallil MaricTpaJlbHUMU KoJisiMu 1520 MM, SIKi MOXKYTh CTaTH 0a30BUMH
i1 Yac CTBOPEHHsI HOBHX Ta MMOOKIN MOEpHi3allii iCHYFOUMX MOJIeJIeH IUX THITIiB BaroHiB.

BucHoBkn

1. IlopiBHAMBEHUE aHAI3 TEXHIYHOI TOKYMEHTAIlil Ha BaroHU-TyMITKAPH MUHYJIOTO TTOKOJIHHS Ta
Cy4acHUX MOJIeNel BIiTYM3HSHOTO BHPOOHMIITBA, MPU3HAYCHUX MJIsI SKCIUTyaTalii MaricTpajJbHHMHU
KOJIISIMH, JTO3BOJIMB BCTAHOBUTH, IO OCTaHHI MalOTh IEpEeBard 3aBIsSKW 3HIKCHHIO MacH TapH,
MiBUIICHHIO BAaHTAKOMITAOMHOCTI Ta 00’€My Ky30Ba, 3aCTOCYBAaHHIO MIIIHHX Ta KOPO3i€CTIHKHX
CTaJieil, CKOpOUYeHHS eKCIUTyaTallifHNX BUTPAT HA PEMOHT Ta TEXHIYHE 00CIYrOByBaHHSI.

2. PesympTaTM TEXHIYHOTO OOCTEXKEHHS Ta aHai3yBaHHS JaHUX [O3AIUIAHOBUX PEMOHTIB
JTO3BOJIVIIA BU3HAYUTH €JIEMEHTH HECYYHX KOHCTPYKIIH Ta Ky30BiB, sIKi HAif9acTillIe MOMKOIKYIOThCS
B MpoIleci eKCIUTyaTarii Ta SKi HEeoOXiJHO BIOCKOHAIHWTH Ta 3MIIHATH Tif 9ac po3poOJeHHS i
MOCTAaHOBKM Ha BUPOOHUIITBO HOBHX MOJEJCH YOTHPHBICHUX BaroHiB-AyMIKapiB abo moaudikarii
icHyloUMXx. BcTaHOBJICHO OCHOBHI NpPWYMHU BHHUKHEHHS IOIIKO/DKEHb Ta JE(PEKTiB EJIeMEHTIB
HECY4YHMX KOHCTPYKIIii Ta Ky30BiB BaroHiB-TyMITKapiB.

3. OCHOBHMMH TIEPCIEKTUBHHUMH UIISXaMH [OJAIBIIOTO PO3BHTKY  BaroHiB-JIyMIIKapiB
MaricTpaitbHOrO MPU3HAYEHHS MAIOTh CTaTH: 3HIDKEHHS MacH TapH 3a PaxyHOK 3aCTOCYBaHHs HOBHX
KOMIIO3HIIIHHAX MaTepiajiB Ta aJlOMiHIEBUX CIUIABIB; MiABUIEHHS BaHTAXOIIHOMHOCTI 32 PaXyHOK
BUKOpUCTaHHS radaputy T,,, 30UIbIIEHHS OCHOBOTO HaBaHTAXEHHS 25 TC, CTBOPEHHS IIECTHOCHOTO
BaroHa 34JCHOBAHOTO THITY; PO3IIMPEHHS HOMEHKIIATYPH BaroHiB-JIyMITKapiB 3aJI€XKHO Bifl XapakTepy
BaHTaXYy, II0 IEPEBO3UTHCS; OINTHMi3allis BUKOPUCTAHHS rabapuTy; 3aCTOCYBaHHs TMPHHIIUIIOBO
HOBHX TEXHIYHHMX PIllIeHh T4 MAapOK CTaJieil IMiJBUIIEHOT MIIIHOCTI; 3HIKEHHS BapTOCTI KUTTEBOTO
OUKJITYy 32 paxyHOK 30iJbIICHHS MDKPEMOHTHHX HOPMAaTHBIB Ta CTPOKY CIIy>)KOM Barosa,
3alpOBAKCHHS HOBITHIX TEXHOJIOTiH 301pKH Ta 3BaprOBaHHSI.

4. 3anpornoHOBaHO TEXHI4YHI BUMOTH /10 BaroHiB-AyMIIKapiB MaricTpajibHOrO NPU3HAYEHHS HOBOTO
MTOKOJIIHHS, SKi MOXYTb JIONIOBHUTH iCHYIOYl HOPMATHBHI JJOKYMEHTH B YaCTHHI 3araJlbHUX BUMOT JI0
PO3paxyHKIB Ta IPOSKTYBAaHHS HOBUX 1 MOJCPHI30BAaHMX THITIB BAHTAXKHHX CIICIIaI30BAaHUX BaroHiB.

[omanpri gocmikeHHs HEOOXiTHO CIPSIMYBaTH Ha BUKOHAHHS BiAMOBIAHUX HAYKOBO-IOCIITHUX
Ta JOCHIHO-KOHCTPYKTOPCHKHUX pOOIT TMIOAO CTBOPEHHS TPUHIMIIOBO HOBHX Ta TJIHOOKIH
MoOJIepHi3allii iICHYIOUHX MOJieieii BaroHiB-AyMIKapiB MaricTpabHOTO MPU3HAYEHHS 3 TIOKPAICHUMHU
TEXHIKO-€KOHOMIYHUMH XapaKTEPHCTHKAMH.
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APPROACHES AND PROSPECTS OF IMPROVEMENT OF DUMP CARS
FOR OPERATION ON 1520-mm MAINLINE RAILWAYS

The article deals with the models of dump cars, which form the major part of the mainline railway
car fleet of 1520 mm. The technical characteristics of the most common mainline dump cars models
are given. The design features of the dump car model 31-638, designed for transportation and
mechanized unloading of bulk and lump cargo, are presented. Modern models of dump cars of
domestic and foreign production for the main railway transport of 1520 mm track, which were
constricted and put into serial production in recent years, are presented. The results of comparative
analysis of technical characteristics of dump cars of the last generation to modern models of dump
cars showed that one of the main advantages of the latter is reduction of container weight, increase of
load capacity and body volume, improving of strength and reliability of separate units and systems.
The problem units and systems of the existing models of main-line dump cars are determined based on
the results of their operation, which need further strengthening. The focus areas of improving the
design of modern models of dump cars for the 1520 mm main railway vehicles are defined.

The technical requirements for the next generation dump cars, which are planned to be constructed
and put into serial production in the coming years for operation on the mainline railway tracks, are
proposed. The technical requirements are formed taking into account the research results of modern
mainline dump cars design, review of technical and design documentation for these railway vehicles,
as well as analysis of requirements and wishes of customers. The necessity of carrying out relevant
research and engineering works on the development of new generation dump cars for the main
railway transport is substantiated. The content of the article will contribute to the construction of new
models of dump cars for the main railway transport and significant upgrading of existing models, as
well as increase the efficiency of their operation.

Keywords: dump car, design, main railway transport, strength, lifetime, technical characteristics.
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REPAIR OF CEMENT, GRAIN, MINERAL WAGONS AND GONDOLA CARS
IN A SINGLE FLEXIBLE ASYNCHRONOUS FLOW

The publication updates the issue of wagon repair in modern conditions and highlights the main
problems associated with the method of organization of work. Low productivity is due to outdated
equipment and worn-out rolling stock, poor training of staff involved. The article contains the main
provisions of changing the method of repair, calculating the possibility of loading production
positions, calculating the program of repairing wagons, determining the number of ways of their
routes, analyzing the shortcomings of flexible asynchronous flow, developing solutions for testing
flexible flow in computer simulations. Summarizing this material provides an opportunity to consider
and develop a project based on the Stryi Wagon Repair Plant for flexible flow or its modification to
increase repair capacity. The article calculates the time of repair of wagons by the flow method and
using a flexible asynchronous multichannel method of repair, the graphs show the difference in
downtime between the same types of wagons and the type of repair, provided that they are taken in the
same condition before repair work. From these calculations, it can be concluded that the streamlined
method of repair has exhausted all its resource potential, and will continue to incur the cost of paying
employees, maintenance of equipment and other costs associated with production.

Keywords: Flexible asynchronous flow, overhaul, depot repair, wagon repair method.

Introduction. Repair base in modern conditions depends on the location of hub stations and the
traffic congestion that run within 200 km.

In Soviet times, all repair companies were divided into certain classes of repair depending on the
area of repair positions, the flow method of work organization was often used, the weight of cars was
less, their number compared to the current number of wagons is 60%. Since now the weight of an
empty wagon is 25 tons one needs to take into consideration the cranes, transport carts, transborders,
tilters, the weight and size of the wagon. To make it easier to calculate, the weight of gondola car and
the size of the grain wagon are considered [1].

One of the options to improve the repair of wagons is to use a new method of organization (flexible
flow) [2], as the best option for the use of time, repair capacity, materials and repair area. This method was
developed in the late twentieth century. Since then, the requirements for repairs have changed as well as
technologies and instructions; existing wagon models have been modernized, and new models have been
developed that are more suitable for transporting various goods (fastenings have been unified).

Analysis of recent research and problem statement. Currently, there are many articles on the
organization of repair of wagons by the stationary method and flow, but these methods were proposed
in the 50°s of last century, when there was a relatively small flow of goods and a small transport
network. Now the world is globalizing which encourages people to transport more goods for various
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purposes. The number of repair units is growing every day, and repair capacity can not abruptly move
from one method of repair to another. One more problem problem is that capacity of repairs were
developed not only for certain types of repairs but also for certain types of wagons, most of which are
grain, mineral wagons, gondola cars, cement wagons and platforms. Whilst there are not many
problems with the platforms except for running deficiencies, the situation with all other types of
wagons is much more complicated [3]. There are big problems with the construction of the upper and
lower strapping, as well as with the intermediate beams and end walls that can not withstand the load
when sorting wagons on the slopes.

The purpose and objectives of the research. Over time, the repair base of Ukraine and the CIS
countries has not been reconstructed or modernized, exhausted its repair stock and stock for repair
capacity, so the equipment that was put into production was not replaced, reached their limits of safety
and maintainability, so the failure rate increases in a geometric progression with each start of the
equipment, which has theoretically been proved with the help of a new mathematical model, taking
into account the random nature of the arrival for repair of different types of wagons, their models, and
different types of scheduled repairs (depot repair (DR), depot repair with extension (DRE), overhaul).

This scheme of wagon repair can be used at existing enterprises with low costs for reconstruction,
modernization, reconstruction.

The shops provided for repairs according to the flow method scheme can be converted into the one
for repairs according to the flexible flow scheme [5] with the help of small adjustments and costs for
modernization. It will allow to increase the production of repaired wagons by 20-30% due to the fact
that that already repaired and handed over to the receiver wagons are removed from the module (shop)
and transported to the station for further operation.

Most depots built in the 70-80’s of the twentieth century were divided into classes by species. In
this way companies could repair only one type of wagons. There is now a need to focus on the main
bulk of wagons transporting cement, mineral, grain, as well as gondola cars.

We developed a project for the reconstruction of the wagon repair shop on the basis of SWRP
located in the Lviv region [6]. The wagon downtime was calculated without reducing the quality of the
work provided by the technological process. According to the results, 36 modules 5 meters in width
can be placed taking into account the size of separate wagon in width. In turn, 36 modules can be
divided into 6 repair items. Each module is to be staffed with personnel [7] and equipment that
provides a technological process for scheduled repairs (DR, DRE, overhaul) for cement, mineral, grain
wagons as well as gondola cars.

These types of wagons are of the largest percentage:

gondola cars — 45%;

grain wagons — 20%;

cement wagons — 15%;

mineral wagons — 10%;

other wagons — 20%.

The above mentioned distribution is due to the types of goods in transit through or produced in
Ukraine, it is mainly raw materials. Cargoes follow the route (“Silk Road”) and it allows to repair and
service the rented transit wagons.

One of the key factors in modernization, reconstruction of already existing repair facilities in
western Ukraine is the border with the European Union (its members). This makes it possible to repair
European wagons in the territory of Ukraine according to European standards (European wagons are
smaller in size than the ones from the CIS countries) [8].

In today’s world, businesses seek to reduce the cost of repairing equipment, increase capacity and
promote their products. The management of Ukrzaliznytsia is no exception, and wishes to increase the
share of repaired cars for transfer to leasing companies, private individuals and to carry out
transportation [10]. Against the background of the global crisis, all capacities were then partially, if
not completely, suspended. Due to recent events and the background of the gradual launch of capacity
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and getting the economies over recession, it is possible to increase production, transportation and
repair. So we proposed to calculate the possibility of repairing gondola cars, grain, mineral and cement
wagons, which make up the bulk of the wagons of the entire Ukrzaliznytsia park. These types of
wagons undergo various types of repairs during their operation: DR, DRE and overhaul. The
technological processes used to repair such wagons are very different for these types of repairs. So, if,
say, shop receives 12 different wagons arrive the types of repair vary depending on the types of
wagons. The only common thing is their disability to operate.

Thus, in the late 50’s, a flow method was proposed which provided for the sequential placing of
wagons. This method allowed to move from object to object [9]. However, taking a closer look at the detail
of this repair procedure, one can see that wagons that go in a chain one after another with different amounts
of repair cause delays and in some positions they linger longer than others, people and equipment are idle,
and work cannot be performed because some positions are occupied by other wagons [12]. It was then
proposed to use preparatory areas and leveling positions. This allowed to summon the wagons to one
volume of repairs. But this did not bring the desired result. In the late 70’s it was proposed to use the
division of wagons according to the volume of repairs. Therefore, they were divided into light wagons
(small amount of work needed), medium and heavy (with overtime repairs) in combination with
preparatory positions and equalizing positions. However, it did not bring much benefit to the repair [11]. At
first, reserves were created that allowed to smooth out the beat and rhythm of the release of wagons. Over
time, backlogs have decreased, but repair problems have begun. It was impossible to control the quality of
repairs; non-compliance with the technological process led to an increase in the percentage of failures
during the running of freight wagon. Constant disruptions of monthly (annual) repair plans took place.

Already at the end of 2008 during the global crisis it was clear that all repair methods of the
organization had exhausted all resources and new methods of organization were needed. The use of flexible
asynchronous multi-channel multiphase flow was proposed in Dnipro National University by Prof.
Vladyslav Myamlin. That allowed to repair the wagon regardless of its type and type of repair following a
strict structure of the technological process that would be based on its technological condition.

There are two solutions for the transportation of wagons to enterprises. The first is the laying of a
track with a width of 1425 mm; the second is the laying of the 3rd rail. In this way, it is possible to
unload the border checkpoints and transfer the responsibility for lifting wagons to already existing
enterprises.

| I 11 v \' Vi
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Figure 1. Organization of a flexible method of wagon repairs
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According to this form of organization and placing of wagons it is possible to organize 125 ways of
following the wagon on a separate unique way at the expense of free modules on positions. Due to
this, the wagons pass without delay those positions that are not provided by the technological process
or are not needed in this case due to their condition. For example, when repairing cement or grain
wagon, some cars do not need to repair the roof in the 5th position; nor for a mineral wagon to replace
the transom arches, or for gondola car to do the right work and rivet the lower and upper strapping.
Given that the wagons can arrive with any damage, regardless of the time between repairs, both DRE
or overhaul with extension and only in some cases overhaul can be performed. The latter is now
tended to be avoided because the operation time of the wagon after the overhaul is not enough for full
payback and benefit to its owner [13]. The following damages are observed after accidents on the
railway: the propeller of the spine, broken body racks, deflection of the upper strap, broken (damaged)
side frames of the cart, damage to the pivot beam. In such cases, more time is needed to spend on
repairs and quality control of repairs to avoid possible complaints. Such wagons can be up to 2 times
longer to repair than a normal car undergoing the DR and up to 3-4 times longer than a car passing
through DR or DRE. Taking into account such probabilistic factors, the flexible flow can be managed
due to the fact that there will always be a free way for the wagon to follow the free module positions.
At the same time, the stationary flow will be useful for individual cases of repair of special equipment
or special cars where there is not need to follow stable production. Such method is now used only for
non-mass models [14]. At the same time, the flow method does not cope with the flow of mass series
of wagons and the number of their types undergoing scheduled repairs, thereby causing a load on the
stations to which they are driven. This leads to high costs and losses for sorters at stations and for
trains following through the station.

Having considered all the problems associated with the flow and stationary method, it can be
concluded that the repair facilities need to be urgently converted into new repair methods to prevent
shutdowns and collapse at stations and repair plants.

We collected data for 12 variants of cases with different wagons requiring DR, DRE and overhaul:
grain, mineral, gondola cars and cement wagons. For each such option, we examined 40 wagons with
their downtime at all stages in the technological process [4]. Calculations of the probability of
following the wagons on different routes according to the scheme of flexible flow have been carried
out. The average downtime of the car, taking into account the probability of repair has been collected
and summed up.

The graphs show a downtime of cement, mineral, grain and gondola car at 6 positions for 40
wagons during DR.

THE AVERAGE VALUE OF DOWNTIME OF CARS BY POSITION
DURING THE DR OF THE CEMENT WAGON
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Figure 2. The average value of downtime of cars by position during the DR of the cement wagon
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THE AVERAGE VALUE OF DOWNTIME OF CARS BY
POSITION DURING THE DR OF THE MINERAL WAGON
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Figure 3. The average value of downtime of cars by position during the DR of the mineral wagon

THE AVERAGE VALUE OF DOWNTIME OF CARS BY
POSITION DURING THE DR OF THE GRAIN WAGON
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Figure 4. The average value of downtime of cars by position during the DR of the grain wagon

THE AVERAGE VALUE OF DOWNTIME OF WAGONS BY
POSITION DURING THE DR OF THE GONDOLA CAR
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Figure 5. The average value of downtime of wagons by position during the DR of the gondola car

From these figures we can conclude that the downtime of cars is a probabilistic number and it cannot be
brought to the ideal value in the usual organization of repairs (stationary or flow), so these methods began
to bring only loss of time for wagon repairs due to its structure and sequence of actions.
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When considering the structure of the flexible flow organization and comparing it with all the
repair methods currently proposed, there is an obvious difference in the number of repair modules,
which increases the number of repaired wagons in compliance with the technological process.

To ensure the competitive state of the railway, it is necessary to increase the capacity of wagons
through repair stages and reduce the downtime of cars at repair positions [15]. To meet these two
parameters, one needs to upgrade existing businesses or build new ones. Our research compares both
scenarios of further development of the repair of wagons in Ukraine.

Conclusion

It can be concluded that for enterprises located within the city limits, it is easier and more efficient
to reconstruct existing enterprises. If the company is located outside the city, it looks reasonable to
demolish all constructions and develop a new project. Given that the existing facilities were built and
developed in the post-war period, they were located close to the stations, and no one thought about
expanding the repair positions and further development of the repair industry. The area around these
enterprises got urbanized, which now complicates the work of the company in the installation and
removal of repair facilities.

Flexible asynchronous flow is one of the most popular in repair companies, as it allows to use all
repair facilities in compliance with the technological process.

Advantages of flexible asynchronous flow:

minor changes in the location of repair positions in wagon repare shops;

adherence to the technological process;

maintenance of quality control;

increased load factor of repair equipment;

increased number of repair units in the annual plan;

Disadvantages.

The main drawback is that this method is not used in the CIS and it is not possible to calculate all
the bottlenecks, even using the most advanced calculation methods. There are also no specialists who
can train staff to more effectively use all the benefits of this method.
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PEMOHT HEMEHTOBO3IB, 3EPHOBO31IB, MIHEPAJIOBO3IB, ITIBBAT'OHIB
B €IMHOMY I'HYYKOMY ACUHXPOHHOMY IIOTOLI

Ilybrikayis axmyanizye NumaHHs PeMOHMY GA2OHI8 8 YMOBAX CYYACHOCMI Md GUCEIMIIOE OCHOBHI
npoonemu, nog’s3ami 3 Memooom opeauizayii pobomu. HuzbKy npooykmusHicms poOomu nos s3any 3
3acmapinum 00IAOHAHHAM MA 3HOUWEHUM PYXOMUM CKAAOOM, CIAOKUM HAGUAHHAM 3A0ISHO20 NEPCOHATY.
Poboma micmums  OCHOBHI  NONOJICEHHA 3MIHU MemoOy PEeMOHMY, NPOPAXYHKY —MONCIUBOCHI
3A8AHMANCEHHST BUPOOHUX NO3UYTT, PO3PAXYHOK NPOSPAMU DEMOHMY BA20HIG, BUSHAUEHHS KilbKOCHI
WUIAIXI6 NPAMYBAHHS 6A20HIB, AHANIZ0M HEOONIKI8, NO8 A3AHUX 3  CHYUKUM ACUHXPOHHUM NOMOKOM,
PO3P0OKOI0 pillierb, Wo BUHUKAIOMb NPU NEPESIPYi SHYUKO20 NHOMOKY NPU KOMN TOMEPHUX MOOETHBAHHSIX.
Lliocymosyiouu, yei mamepian Hadae MONCIUGICMb OISl PO32T0y Ma po3pobIeHHs. npoekmy Ha 6a3i
Cmputicbkoeo Bazonopemonmnozo 3a600y Ha eHyuKutl nomix abo 1o2o Moougixayii Onst nio8uujeHHs.
PEMOHMHUX ROMYIICHOCHEN. Y cmammi nPo8edeHO PO3PAXYHKU NO YACY PEMOHMY 8A2OHI8 3a NOMOKOBUM
MEMOOOM Ma 3 GUKOPUCTHAHHAM SHYUKO20 ACUHXPOHHO20 MO KAHATLHO2O MEMOOY PEMOHINY, 3 HABEOEHUX
2pagikie GUOHO PIZHUMBCS YAC NPOCHIOIO MIdHC OOHAKOBUMU TMUNAMU BA20HI8 A BUDY PEMOHMY 3a YMOBU,
WO 8A2OHU B38MO 3 OOHAKOBUM CIMAHOM Neped NOYAMKOM PEMOHMHUX pOOIm. 3 Yux po3PAXyHKI8 MOJCHA
3p0OUMU BUCHOBOK, WO NOMOKOBULL MemOO0 PEeMOHM)Y BUYEPNA8 8ecb CBIli peCypCHUll nomenyial, ma
Hadani Oyde mpuHOCUMU 3AMPAMU HA ONIAMY NPAYIGHUKAM, 0OCTY208Y8AHHSA YCIMAMKYSAHHS WA THLI
sumpamu, nog s13ami 3 GUPOOHUYMBOM.

Knwuogi cnosa. emyykuti acuHXpOoHHUU NOMIK, KANIMANbHULL PEMOHM, O0eNno6CbKULl peMOHm,
Memoo peMOHMY 8A2OHIB.
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CUCTEMATHU3ALIA EKOHOMIKO-TEXHOJIOTTYHUX CTAHIB
MNACAKHUPCHKHUX BATOHIB B EKCILJTY ATALIIT

Edhexmusnicmv nacascupcokux nepegesenv 3aNi3HUYHUM MPAHCHOPMOM 3a1edCumv 6i0 pieHs
MEXHIYHO20 CMAHY NACANCUPCLKO20 PYXOMOo20 cocmaga. Taxooic eadcnuge 3HAYEHHsA MAE cucmema
DPEMOHMY ma MEeXHIUHO20 00CIY208)8AHHS.

Aemopamu npoaHanizoeano MeXHOA0IUHI CMAHU, 8 SKUX MOMHCe 3HAXOOUMUCHL RACANCUPCLKUL
6aeon nio yac excnayamayii. Ilokazano, wo 4ac 3HaxX00HCen s y 3a3HAUEHUX CINAHAX ma CYyKYNHiCmb
MEeXHON0STYHUX Onepayill, AKI NpU YbOMy BUKOHVIOMbCSA, HENOBHOI MIpOI 8i000padicaoms 38 s3Ku
MIDIC CRONCUBAHUMU OIS IX 30ILICHEHHS pecypcaml, eKCRILYamayiiiHumMu UmMpamamu Ha yi pecypcu ma
OMPUMAHUMYU PE3YTLIMATNAMU.

Y cmammi nasederno pesynomamu cucmemamusayii mMexHOAOLIUHUX CIAHIB NACANCUPCHKUX BUA2OHIS.
Tlpu yvomy suxopucmano nopsOOK 0ONIKY eKCNyamayiiiHux 6UMpam 3a OCHOBHUMU 8UOAMU eKOHOMIYHOT
OiAIbHOCMI  3aNI3HUYHO20 mpaHcnopmy Ykpainu. 3anponoHoéano cucmemy MexXHIKO-eKOHOMIYHUX
NOKas3HuKie. Bowa xapaxmepu3ye HAABHICMb MA e@eKMUSHICMb BUKOPUCTHANHA  eKCITYAMAayitiHux
8UMpAm HA eKCHIYamayilo ma YMpUMAaHHA Y MEXHIYHO CHPABHOMY CMAHI NACANCUPCHLKUX BA2OHMIG.
Ob1pyHmo8ano NoHAMMS «eKOHOMIKO-MEXHON02IYHULL CIAH NACANCUPCHKO20 8A20HAY.

Cucmemamuzayisi 003601UNA NOEOHAMU HA HAYKOGIL OCHOGI MEXHOA0IUHI Ma eKOHOMIYHI acneKmu
excniyamayii ma YmMpumMauHs NACAXCUPCHLKUX 6a20HI8 y MeXHIUHO cnpasHomy cmani 6 ymosax AT
«Yrpsanisnuyay. Lle 003601umeb YOOCKOHAMUMU CUCEMY NOKA3HUKIG MEXHIKO-eKOHOMIUHOI OYiHKU
ehexmusHoOCMi BUKOPUCIANHS NACANACUPCLKUX 8A20HI6. 3anpononogana cucmema oyoe 6UKOPUCAHA OISl
00IPYHIYBAHHS 8APIAHMIE OHOBNEHHS NAPKY NACANCUPCOKUX 8ALOHIE 30 PAXYHOK NPUODAHHS HOBUX 3PA3KI8
abo mooepHizayii icHyrouux 3 ypaxysauuam eapmocmi sxcummesozo yuxny (LCC).

Knwuosi cnosa: nacaxcupcokuii 6acoH, eKcniyamayis, mexHiune 00C1ye08y8anHs, NIAHOBULL
DPEMOHM, HCUMMEBULL YUK, eKCHAYAMAYIlHI BUMPamu.

Beryn. 3amizHHYHHN TPaHCTIOPT 3AIMIIAETHCS BaXKITMBOIO CKJIAJOBOI0 YACTHHOK) TPAHCIIOPTHOI
cucTeMHu YKpaiHu, Ha HOro 4YacTKy MpHIIaJae 3HAYHUN BIJICOTOK MACaXKUPOOOIry, 10 BUKOHYETHCS
yciMa BHIaMH COLIaTbHOTO TPAHCTIOPTY.

[ligBumenHss e(peKTUBHOCTI BHUKOPUCTAHHS MAaCaXUPCHKOI'O PYXOMOTO CKJIQAy 3aJIMIIAETHCS
OJIHIEI0 3 BaXKJIMBUX 3ajay, L0 CTOATh B TENEPIIIHIA Yac Mepe] 3ali3HHYHOKI Taly33i. Aje
OaratopiyHa TeHIEHLis (I3UYHOrO Ta MOPAIBHOTO 3HOCY MapKy NacaXUpChbKuX BaroHiB AT
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«YKp3alli3HULA», SKY Jy)Ke BOKKO 310aTH 0€3 3alydeHHS O0araTOMUTbHOHHUX 1HBECTHIIIH,
HETaTHBHO BIUIMBA€E Ha MiABUINEHHS e()eKTUBHOCTI iX eKcruryaTarlii. @akTHIHO rmepeBakHa OiTBIIICTD
IHBEHTapHOTO TAapKy MaCaKUPChKUX BaroHiB BmacHocTi (imii «[lacaxkupcbka KoMmaHis» BKe
BiJIpalroBaja cBiil pecypc, OCKIIbKY Il BATOHU B OCHOBHOMY OyJiH 30y/10BaHi 1€ y IpyTiid MOJIOBUHI
XX cr. lllopoky 3HaYHa KiJIbKICTh BarOHiB MOTPEOY€ BUKIIOYECHHS 3 MAPKY

bararopa3zoBe BIZHOBJICHHS Mpale3JaTHOCTI MACAKUPCHKUX BaroHiB IIJISIXOM IPOBEICHHS
IJIAHOBUX BH/IIB PEMOHTIB (BKJIIOYAIOYM KaIliTAIBHO-BITHOBIIOBATLHAN PEMOHT 3 TIOIOBXKCHHSIM
TEpMiHy CIyXOM) MPHU3BENO A0 TOTO, IO BUTPATH HA MIATPUMKY MpPale3gaTHOCTI Maca)KMPChKHX
BaroHiB MEPEBUILYIOTh BUTPATH Ha NpuAOaHHA HOBOI'O PyXoMoOro ckiaany. Lle oOymoBiroe nopanpiie
3pOCTaHHS COOIBAPTOCTI TMACAXKUPCHKUX IIEPEeBE3eHb Ta 3MEHINCHHS 1X PEHTA0CIBHOCTI. 3aKOHOM
VYxpainu «IIpo [depxaBuuii 6romxer Ykpainu Ha 2021 pik» Oyno 3aTBepIKEHO OIOKETHY MpOrpamy
«OHOBNICHHSI PYXOMOTO CKIaay Misi TMepeBe3eHHA MacaXWpiB Ta MOJEpHi3amii 3ali3HUYHOI
1HGPACTPYKTYpH I PO3BUTKY IACAXKUPCHKUX IIEPEBE3ECHD.

TakuM YMHOM, TIEPIIOYEPTOBOIO 33/4a4et0 3aJII3HUYHOI Tamy3i B cdepi MacakupchbKuX MepeBe3eHb
€ OHOBJICHHSI MACaXXHPCHKOTO PyXoMmoro ckiaay. OHOBIEHHS MapKy MacaXUPCHKUX BaroHiB MOXKe
3MIMCHIOBATHCS SIK 32 PaxXyHOK MPHUI0aHHS HOBUX CyYaCHHX 3pa3KiB, Tak i 32 paXyHOK MOJepHizarii
icHyrounx. B 060X Brmaakax 1ei 3axij nmependadae 3HaUHI KalliTaIbHI BKJIAJICHHS.

Ha TenepiniHiit 4ac y CBITOBIii MPAKTHUIl B OCHOBY TEXHIKO-CKOHOMIYHOTO OOIPYHTYBaHHS BUOOPY
BapiaHTa OHOBJICHHS PYXOMOTO CKIIaay, Y TOMY YHCIi 1 3aJi3HHYHOTO, TOKIAJEHO METOJIOJOTII0
OIIIHKHU XHUTTEBOTO MUKITY. Ll MeTomonoris m03Boisie HafaTH €KOHOMIYHY OIIHKY allbTepPHATHBHUX
BapiaHTiB. [IpoBeneHHs Takoi OLIHKM mependadae JOCKOHAJIC BUBUCHHS Ta ypaxXyBaHHS €KOHOMIKO-
TEXHOJIOTIYHUX BJIIACTHBOCTEH HOBOT TEXHIKH.

AHaJi3 ocTaHHIX JocaiTKeHb i mocTanoBka npodaemu. [Tutannasm 3abe3neueHAst epeKTHUBHOCTI
Ta SKOCTI MAaCaXHPCHKHX IMEpeBe3eHb Ha 3aNi3HUINX YKpaiHa NpHUCBSYCHA 3HAYHA KUIBKICTh
JOCHTIDKeHb SK HAyKOBIIB, Tak 1 (axiBmiB 3aii3HMYHOTO TpaHcnopty. OCHOBHI HampsMu
YIOCKOHAJIEHHS! pOOOTH MAaCaKUPCHKOTO TOCIMONAPCTBA Y PHHKOBHX YMOBaX BHCBITJIEHI y poOoTax
npod. B. M. Camconkina [1, 2] ta npod. O. O. [lerpenko [3]. OcranHili BBaxae, 1110 BIACHUX KOIITIB
3aIi3HALG HEJOCTaTHBO ISl MIiABUIICHHS e()EeKTUBHOCTI MAaCaXMPCHKUX TEpeBe3eHb 1 HE0OXiITHO
3aJTy4eHHs 30BHIIIHIX IHBECTUIIIHHUX MTPOTPaM.

VY crarti [4] npoaHani3oBaHO CTaH MapKy MAcaXHMPCHKUX BaroHiB Ta 3po0JIEHO BHCHOBOK IIPO
HEOOXiZHICTh HEralHOIO OHOBJICHHS IACaKUPCBKOTO PyXOMoro ckiamy. Y pobotax [5, 6] momaHo
Pe3y/IbTaTH CTATUCTUYHOI'O aHaNi3y BEJIMYMH 3HOCIB Ta MOIIKO/KEHb BY3JiB MAaCaKUPCHKUX BAarOHIB
pi3HUX POKiB TOOYZOBH, IO BIANPAIIOBANMA CBId TepMiH CIIy>KOM, Ta pO3poOJeHi BiAMOBIIHI
peKOMeH Iallii MoJaabIIoro BiJHOBICHHS iX mpare3aatHocti. b. SI. OcramokoM B gociimkeHHl [7]
PO3MIIAAIOTECS  MUTAHHS yOOCKOHAJEHHS CHUCTEMH PEMOHTY MacaXKUPCbKHX BaroHIiB IMicCis
MIPOJIOBKEHHsI TEPMiHY iX eKcIuTyaraliii. 3ampornoHOBaHO JEKiIbKa BapiaHTIB MPOJOBKECHHS TEPMiHY
eKCILTyaTallil MacaXMPChKUX BaroHiB.

B crarri [7] aBTOpamMu 3a IOMOMOTOK0 METOJY OI[IHKM IHBECTHI[IMHMX MPOEKTIB 3poOieHa
E€KOHOMIYHA OIliHKa JIEKiJTbKOX MOXKJIMBHX BapiaHTIB MPOJOBXKEHHS TEPMiHY CIYKOU MacaKMPCHKHX
BaroHiB MmicyIsl 3aKIHYEHHsI HOPMAaTUBHOTO CTPOKY. BH3HaUeHo, 110 caMUMH €KOHOMIYHHMH € BapiaHTH
MOJIOBKEHHSI TePMiHYy CITy’)KOM NacaKUPCHKUX BaroHIB IICIs TEXHIYHOTO HMiarHOCTyBaHHS Ta KP-1.
AJe 1ie He 3aBXIU MOXJIMBO 3 TEXHIYHOi TOYKH 30py. 3poOJEHO BUCHOBOK PO TE, IO B YMOBAax
JeiluTy THBECTHIH HA TPUAOaHHS PyXOMOI'O CKJIaJy MOXKHA W JOIUIBHO MapajieiIbHO BUKOHYBATH
KaIliTaJbHO-B1IHOBIIOBAJIbHUN PEMOHT BaroHiB.

ABtopamu nociikeHHs [9] BU3HAYAEThCA MICIIE, SIKE 3aiMarOTh SKCILTyaTalliiiHi BUTPaTH B CHCTEMI
BUTpPAT 3aJII3HUYHOTO TPAHCIIOPTY, SIK BOHM BIJJHOCSATHCSI Ha COOIBAapTICTh MEpeBE3CHb, Ta BCTAHOBICHI
KpuTepil BU3HAYECHHS CKJIaly pOOIT 3a TOCIOIapCTBAMHU, IO YTBOPIOIOTH eKCIUTyaTalliiHi BUTpaTu. Takox
JOCTIPKEHO MiAXOAM J0 00JIKY eKCINTyaTalifHIX BUTPAT 3aJ1i3HUYHOTO TPAHCIIOPTY.

B poboti Kpicriana Ilonticcenni [10] momano icTopuyHy OOBiIKY LIOAO TOHSATTS BapTOCTI
KHUTTEBOTO LUKy, BU3HAYEHO OCHOBHI OOJIACTI 3aCTOCYBaHHS BapTOCTI )KUTTEBOTO ITUKITY, PO3KPHUTO
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MOJKJIMBOCTI BUKOPUCTAHHsI BapTOCTI )KUTTEBOTO IIMKIY B TCHACPHHUX 3alUTaX, BU3HAYEHI CKIIaTHOCTI
B PO3PaxyHKY BapTOCTI JKUTTEBOTO ILIUKITY.

VY crarti [11] po3risHyTO METOAWYHI MiAXOIM IO OIIHKKA BapTOCTI KUTTEBOTO IUKIY BHpPOOY B
rany3i MammHOOYIyBaHHS Ta MOOYAOBH KpUTepilo BimOopy MmammHoOynmiBHOI mpoaykuii Ha Oasi
BapTOCTi JKUTTEBOTO LIUKITy BUPOOY.

VYV nocmimkennsx [12, 13] BHKIaAeHO OCHOBHI IOJO0XEHHS METOIO0JIOTIT BU3HAYECHHS XKHTTEBOTO
LUKy Ta HOro BapTOCTI IIOKO TATOBOTO PyXOMOro ckiaaay. CTOCOBHO BHU3HAYEHHS XKHUTTEBOIO LUKITY
NacaXUPCHKOT0 BaroHa KOHIIENTYaJIbHUI MiIXiJ BUKIaAeHO B poooTi dpaxisuiB YkpV3T [14].

VY pobotax [15, 16] BUKIaAeHO CydYacHi MOTIISIU HA TEPCIEKTUBH B 00JacTi MPOTHO3yBaHHS
BUTPAT HAa YTPUMAHHS TEXHIYHUX 00’ €KTIB y KOHTEKCTI BAPTOCTI )KUTTEBOTO LIUKITY.

Ane y 3a3HaueHUX po0OOTax, SIK MPABWIO, PO3MIISNAIOTECA a00 CyTO TEXHiuHI (TEXHiKO-
TEXHOJIOT14Hi), a0 CyTO €KOHOMi4HI aclleKTH eKCIUTyaTalii macaXMpchbKux BaroHiB. Kpim Toro, mi
aCIEeKTH HEAOCTaTHHO BPAxXOBYIOTh BUMOIHM /10 OHOBJIEHHS PyXOMOTO CKJIaJy B IUIAHI OLIHKH HOTO
JKUTTEBOTO LUKITY. TOOTO MOHATTS «EKOHOMIKO-TEXHOJOTIUHHMH CTaH MacaXKUPCHKOTO BaroHay», Ha
JKallb, 10 CHOTOJIHI HE Ma€ HAYKOBOTO MIATPYHTs. ToMy aBTOpH BBaXKalOTh, 1[0 HACTYITHUM KPOKOM Y
NOJANBIIOMY PO3BUTKY KOHLENLIi J>KUTTEBOrO LUKIY € TO€AHAHHS Ha HAayKOBIM OCHOBI
TEXHOJIOTIYHUX Ta EKOHOMIYHHMX AacIleKTiB eKCIUTyaTallii i yTPUMaHHS NacaKUPCHKUX BaroHIiB B
TEXHIYHO clipaBHOMY cTaHi B ymMmoBax AT «YKpalHcbKa 3ami3HHLIS.

Mera i 3aBaaHHsl AocaigxkeHHs. MeTor0 poOOTH € CHCTeMaTH3alis TEXHOJIOTIYHUX CTaHiB
MACaKUPCHKUX BaroHiB BiAMOBIAHO A0 MOPSAKY OOJMIKY €KCIUTyaTallifHUX BHTPAT 3 OCHOBHHX BHIIB
E€KOHOMIYHOI AisTIbHOCTI 3aIi3HUYHOTO TPAHCIOPTY YKpaiHu.

Jl1st OCATHEHHS TTOCTABJICHOT METH HEOOX1THO BUPIIINTH TaKi 3aBIaHHS:

MIPOBECTH aHAIl3 iICHYIOUMX TEXHOJIOTIYHUX CTaHIB MacaXMPCHKOTO BaroHa IMPOTATOM KUTTEBOTO
UKITY;

OOIPYHTYBATH TOHATTS «EKOHOMIKO-TEXHOJIOTIYHHIA CTaH MAaCaXKUPCHKOTO BarOHa;

CHCTEMAaTH3yBaTH TEXHOJOTIYHI CTaHM MACaKUPCHKUX BAaroHiB 3a BUAAMH CIOJIYYEHb Y
BiJIITOBITHOCTI IO EKOHOMIYHOTO OOIIKY.

Marepiajiu Ta MeTOIM JOCTiIKeHHsI. 3apOIIOHOBaHA aBTOpaMu y nociipkeHHi [14] xackamgHa
MOJIEIb JKUTTEBOTO UKITY MACRKUPCHKOTO BaroHy BKIOYae B ceOe I°sITh eramiB. Po3risHeMo Oinbin
JnetaqbHO eran «EKcmlyaTaiis MacaXMpChbKOTO BaroHay», SKAH BKIIFOYAE TPONECH MPUHHSITTS
TPAHCIIOPTHOK KOMITaHi€r0 (IipO3/iIoM) BaroHa, BBEACHHS HOTo B POOOYMI MapK BaroHiB s
0e3nocepeTHFOr0 BUKOPHUCTAHHSI BiIOBIIHO IO MPU3HAYEHHIO (Y TOMY YHCII TapaHTiHHUN CTPOK),
MiATpEMKa TIApKy BaroHiB B YCTaHOBIEHOMY CTYIEHiI HOTO TOTOBHOCTI JI0 BUKOPWUCTAHHS IMUIIXOM
MPOBEJICHHS KOMIUIEKCY 3axofiB (y TOMYy 4YHCII TEXHIYHOTO OOCIyrOBYBaHHS Ta PEMOHTY),
CIpSIMOBaHUX Ha 3a0e3mneueHHs Ta (a00) BiJHOBIEHHS MPAIe3/1aTHOCTI Ta CIIPABHOCTI BaroHiB.

[linTpuMka TapKy BaroHiB B TOTOBHOCTI JI0 BUKOPHCTAaHHS BHUKOHYETHCS 3TiJTHO BHMOT,
pernamentoBanux Haka3oM [IAT «Ykp3anizaus» [17]. Tobro ne texHiune odcmyrosyBanus (TO-1;
TO-2; TO-3), motounuii pemont (IIP) 3 BiguemneHHsM BaroHa BijJ CKIaay TOi3[a, TMOTOYHE
YTpUMaHHS MaCaXUPCHKUAX BaroHiB ( B TOMY YHCIIi OOCIIyTOBYBaHHS BaroHIB Ha MUISIXY MIPSAMYBaHHS).

CTOCOBHO IUIAaHOBHMX BHIB PEMOHTY (HE BpaxOBYIOUM Yac 3HAXOKECHHS BaroHiB Mia dac
NpsMyBaHHS B PEMOHT Ta B OYiKYBaHHI PEMOHTY) TAaCa)XKHPCHKHI BaroH MOXE 3HAXOIUTHCS VY
JernoBcbkoMy peMoHTi (/IP), xamitanpHOMYy pemoHTi mepiioro oocsry (KP-1) abo apyroro obGcsry
(KP-2), xamitansHo-BigHOBIIIOBaNIbHOMY peMoHTI (KBP) abo kamitanpHOMY pEMOHTI 3 TPOAOBKEHHIM
tepminy ekcrutyaramii (KPIT). Bymemo BBaxkatw, mo I1ie Tak 3BaHi «TEXHOJOTIYHI CTaHU»
MacaXXMUPCHKOT'O BaroHa.

AJe yac 3HaXO/DKEHHS y 3a3HaYCHUX CTaHaxX Ta CyKyIHICTh TEXHOJIOTIYHHX OMNEpauii, sKi mpu
IbOMY BHKOHYIOTHCSI, HEIIOBHOIO MipOIO BiZ0Opa)aroTh 3B’SI3KM MK pecypcamy, IO CHOXKHUBAIOTHCS
JUTSL 1X 3/1IMCHEeHHS, eKCIUTyaTalliiHUMI BUTPaTaMH Ha IIi PeCypCH Ta pe3yibTaTaMH, sIKi BU3HAYAIOTh
e(eKTHBHICTh BUKOPUCTAHHA pecypciB. KpiM Toro ciiJi BU3HAYUTH MEXaHi3M PO3MOALTYy OTPUMAaHOTO
pe3yibTaTy 3a OKPEeMHMH HamlpsIMKaMH. TakuM YHMHOM, HEoOXiZHa po3poOKa CHUCTEMH TEXHIKO-
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EKOHOMIYHHMX T[IOKa3HHWKiB, IMI0 XapaKkTepuU3ye€ HasBHICTH Ta e(EKTHUBHICTh BHUKOPUCTAHHS
eKCIUTyaTallifHNX BUTPAaT Ha eKCIUTyaTalil0 Ta YyTpUMaHHI B TEXHIYHO CIpPaBHOMY CTaHi
MacaXXMPChKUX BaroHiB. BoHa MOBUHHA BKITFOYATH JIaHi, [0 XapaKTEPU3YIOTh CKIIaJ] eKCIDTyaTaliiHuX
BUTpAT y BIAMOBIAHOCTI 10 AiF0UO0i CHCTEMH OONiKY, HAasSBHICTh, HAAXOKEHHSI Ta BUTpaTa y Hpoueci
eKCIUTyaTallii, XapaKTepUCTUKH €PEeKTUBHOCTI iX BUKOPUCTaHHS Ta iH. Bcee e BU3Hauae eKOHOMIUHUH
ACTIEKT MOHATTS «EKOHOMIKO-TEXHOJIOTIYHUHN CTaH MaCaKUPCHKOTO BarOHay.

B mopaneiioMy 3a3HaueHHMH TIAXiM JO3BOJUTH HANATH MOMJIMBICTh YIOCKOHAIUTH CHCTEMY
MOKA3HUKIB TEXHIKO-€KOHOMIYHOI OIIHKM €()eKTUBHOCTI BUKOPUCTAHHS MACAXUPCHKUX BaroOHIB, IO
ICHYIOTh, Ta TOKJIACTH i{i B OCHOBY OOIDYHTYBaHHS BapiaHTIB OHOBIEHHS MapKy MacaXKUPCHKUX
BaroHIB 3a pPaxyHOK NpuAOaHHS HOBUX 3pa3KiB a00 MopepHi3amii iCHylOYHX 3 YpaxXyBaHHSIM
JKUTTEBOTO IHUKITY.

VY Tabauui 1 cucTeMaTH30BaHO TEXHOJOTIYHI CTAaHH MACaKUPCHKUX BAarOHIB 32 BUJAMHU CIIOTY4YeHb
Y BIATIOBITHOCTI 10 EKOHOMIYHOTO 00JIiKY 3a cTaTTsaMu « HoMeHkarypu BuTpar....» [18].

Tabnuys 1. TexHoJOTiYHI CTAHH MACAKUPCHKUX BATOHIB B eKCILTyaTalil
Ta IX eKOHOMiYHMA 00J1ik 32 BUJAMHM CIIOJTYy4Y€eHb

Ne crareii 3a BUaMu criony4eHb
L BHYTPIITHbOCPKABHE
Texnonoriunuii cran (KpiM OpUMiCBKOrO 1 | IIpUMiCHKeE i
perioHanbpHOTO) Ta perioHaibHe
MiKHapoaHe
EximipyBaHHS aca)KHPCHKUX BaroHiB 1008 2003
O6c¢yroByBaHHS BaroHiB y MacaKMPChKUX MOi3aaxX 1009 2004
Texniune oOcmyroByBanHs 3a mporpamoro TO-1 'y 1020 2020
MyHKTaX ()OpMyBaHHS i 000POTY MaCa)KUPCHKUX BaroOHiB
Texniune oOcmyroByBanHs 3a mnporpamoro TO-2 'y 1021 2021
MyHKTaX (JOpMyBaHHS i 000POTY NMACaKUPCHKUX BarOHiB
Texniune oOcmyroByBanHs 3a mnporpamoro TO-3 'y 1022 2022
MyHKTaX (JOpMyBaHHS i 000POTY MaCaKUPCHKUX BaroOHiB
Texniune oOciyroByBanHa 3a mnporpamoro TO-1 4007 4007
MACaKUPCHKUX BaroHiB Ha UISAXY MPSIMYBaHHS
[ToTouyHMiT pPEMOHT 3 BIMYEIUICHHSAM ITaCaKMPCHKUX
. 7

BArOHiB 600 6008

€IOBCHKUII PEMOHT NAacaKUPCHKUX BarOHIB 6009 6010

p p

KamitansHuii peMOHT MacaKUPChKUX BaroHiB 6012 6013
KarmitansHo-BiTHOBIIOBAILHAN PEMOHT B yMOBAX JICTIO 6012 6013
KamitanpHuii peMOHT (B yMOBaX J€MO) 3 MPOJIOBKEHHSIM 6012 6013
TEPMiHY eKCIuTyaTalii

ExcrutyaTartiiiiHi BUTpaTH 3a KOXKHOIO 13 cTaTeil Ta 1X CKJaJl perjiaMeHTyrThcs HoMeHKIaTyporo
BUTPaT 3 OCHOBHUX BHUJIB E€KOHOMIUHOI MiSJIBHOCTI 3ali3HWYHOTO TpaHCHOpTy Ykpainu. OOmik
(bakTUYHUX eKCIUTyaTaliiHUX BUTpPAT 3a LHMMH CTaTTSIMHA BEAETHCS BIAMNOBIIHUMH OKPEMHUMHU
MiAPO3/iIaMHy Ta B LIJIOMY 10 Y Kp3asIi3HHUIL.
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KoxHa i3 craTei CK1aaeThCs 3 eKOHOMIYHO OJHOPITHUX CICMCHTIB!

omata mparii, B®™;

BiJJpaXxyBaHHS Ha COIiAJIbHI 3aX0/1¥ (Ha TemepimHii yac — €uHUI comianbHui BHECOK), B3,

marepianu, BY,;

nanuso, B";

eJeKTpoeHepris, B¢

amopTtu3airis, B2,

iHmi, B™,

EneMeHT BUTpaT «AMOpTH3AIiS» B TMOJAIBIIOMY HE BKIIOYAEMO JI0 YPaxXyBaHHS y BiJIOBIIHOCTI
JI0 TIOJIOXKEHB METO/I0JIOTI i OI[IHKH JKUTTEBOTO UKy PYXOMOTO CKJIaay 3ami3Huilp [12, 13].

CymapHi eKcILTyaTalliiiHi BUTpaTH 3a i-F0 CTATTEI0 BUTPAT TEXHOJIOTIYHOTO CTaHY MAaCaKUPChKUX
BaroHiB 332 BUJIOM CIIOJIYYCHHSI BU3HAYAIOThLCS 3a (POPMYIIO0

B=) 8, &)
j

Ie Bi] — BUTPATH 3a |-M €JIEMEHTOM -1 CTaTTi BUTPAT TEXHOJIOTIYHOIO CTaHy MaCaKUPChKUX BArOHIB 3a
BUJIOM CITOJYYCHHSI, TPH.;

] — €JIeMEHT BUTpAT TEXHOJIOTIYHOTO CTaHy MacakKUPChKUX BAarOHiB.

CyMmapHi eKcIuTyaTalliiiHi BATpaTH 3a j-M eJIeMEHTOM BUTPAT TEXHOJIOTIYHNX CTaHIB MACaKMPCHKHX
BaroHiB 332 BUJIOM CIIOJYYSHHSI BU3HAYAIOTHCS 32 (POPMYIIO0

Bl = Z B, (2)

e B) — BuTpaTH 3a j-M eneMeHTOM i-i CTAaTTi BUTPAT TEXHONOTIYHOTO CTAHY MACAKMUPCHKUX BArOHIB 32
BUJIOM CIIOJTY4€HHS, TPH.;
i — CTaTTsI BUTPAT TEXHOJIOTIYHOTO CTaHy MACAKUPCHKUX BaroHiB 32 BUJOM CIIOTyYCHHSI.
CymapHi eKcIUTyaTalliifHi BUTPaTH 32 BUIaMHU CIIOIYYCHHS NMacCaKUPCHKUX BaroHIB BU3HAYAIOTHCA
3a popmymnamu:
y BHYTPIIIHBOJIEP>KaBHOMY (KPiM MPUMICBKOT'O 1 PETIOHAILHOT0) Ta MiXKHAPOJHOMY

z BB,CL.M = Z BB;[.M.i = Z BE];;;.M ’ (3)
i j

y IPUMICBKOMY 1 periOHATBHOMY
E Bn.p = E Bn.p.i = E Bg{.p' (4)
i j

ne Byyamir Bupi — CyMapHi eKCIUTyaralliiiHi BUTPaTH 3a i-OK0 CTATTEI0 BUTPAT TEXHOJIOTIYHOTO CTaHy
MacaXMPCHKUX BArOHIB BIAMOBIIHO, Y BHYTPIIIHBOJIEP)KABHOMY Ta MIXXHAPOJHOMY CITONYYEHHI 1 y
MPUMICHKOMY Ta PETiOHANEHOMY CIOYYeHHI, TPH.;

B e Br][_p — CyMapHi eKCIUTyaTaliifHi BATPATH 3a J-UM €JIEMEHTOM BUTPAT TEXHOJOTIYHUX CTaHIB
MACaXXUPChKUX BaroHiB BiJNIOBiHO, Y BHYTPINIHBOAEP)KABHOMY Ta MIDKHAPOJHOMY CIOJYYEHHI 1 Y
NPUMICBKOMY Ta PEriOHATbHOMY CIOIYy4€HHI, TpH.

®opmyBaHHsT (paKTHYHUX EKCIUTyaTal[iiHUX BUTPAT 32 TEXHOJOTIYHMMH CTaHAMH TMaCaKUPCHKHX

BaroHiB 3a BUJaMH CIIOJIyUYEHHS HaBEIEHO y Ta0yuIsaxX 2 1a 3.
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Tabruys 2. @opmyBaHHs PAKTHYHUX eKCIUIYaTAUiiHUX BUTPAT 32 TEXHOJIOTIYHMMH CTAHAMM NMACAKUPCHKUX BAaroHiB
Y BHYTPIIIHBO/AEP:KABHOMY (KPiM NPHUMicbKOI0 i perioHajJbLHOro) Ta Mi>KHAPOAHOMY CHOJIYYeHHI

N No Enement Butpar
TexHonoriyHui cTan Pazom

CTaTTl | QOpnara | BigpaXyBaHHs Ha
parti COITiJTbHI 3aX01

Marepianu | [TanuBo | Enextpoeneprist | Inmn

S H 0.1 c.3 M I e iH
ExinipyBaHHS Maca)xupchKUX BaroHiB 1008 Bltos Bidos Bioos Bioos Bioos Bi%os Bioo0s
OOcIyroByBaHHs BaroHIB y MacaXUPChKHUX MOi31ax 1009 B609 B{$oo BYo09 Bfooo Bloo9 B g B1oo9
Texniune oOciyroByBanHs 3a mporpamoro TO-1 y

= 0.1 c.3 M oy e iH
MyHKTaX ¢dopmyBanHs ¥ o0opory macaxupcekux | 1020 Blobo Bida0 BYo20 Bio20 Bio20 Bi'o20 Bio20
BaroHiB

Texniune oOciayroByBaHHS 3a mporpamord TO-2 y
nyHkTtax (QopmyBaHHS # o0opory macaxupcbkux | 1021 Blo51 Bigo1 BYo21 Blo21 Bo21 B2 Bio21
BaroHiB

Texniune oOciayroByBaHHS 3a mporpamoro TO-3 y

& 0.1 c.3 M I e iH
MYHKTaX ¢dopmyBaHHs ¥ o0opoTy macaxupcekux | 1022 Blou2 Big22 Bi022 Bio22 Bio22 Bi%22 B1o22
BaroHiB
Texniune oOcmyroByBaHHs 3a mnporpamoro TO-1 4007 gon pea B o Be gin B
MACAKUPCHKUX BATOHIB HA NUIAXY NPSIMYyBaHHs 4007 4007 4007 4007 4007 4007 4007
[loTouHmnii peMOHT 3 BiJUEIUIEHHSIM MNACAKHUPCHKUX -
0.1 C.3 M I e 1H
BACOHIB 6007 Bgo7 Bgoo7 Bgoo7 Bgoo7 Bgooz Beoo7 Bsoo7
. 0.1 c.3 M Il e iH
JlemoBChKHII PEMOHT MAacaKUPCHKUX BarOHiB 6009 6009 Bgooo Bgooo Bgooo Bgooo Bsooo Bgoog
A o . 0.1 Bc.3 BM BI Be BiH B
KamitanpHuil peMOHT IaCa)KUPCHKUX BarOHIB 6012 6012 6012 6012 6012 6012 6012 6012
Pa39M y BHyTpiH.IHBOI[ep)KaBHOMy (KpiN{ MPUMICBKOTO 1 z : gon z Bes Z B Z B Z Be gin z B
PETIOHAIEHOTO0) Ta MIXXHAPOHOMY CTIOIY4YEHHI BAM BAM BA-M BA-M BAM z : BAM BAM

36ipnux naykoeux npaus /{YIT.Cepia « Tpancnopmui cucmemu i mexnonociin, 2022. Bun. 39
78



TEXHIKA I TEXHOJIOT'TI

Tabnuys 3. @OpMyBaHHA eKCITyaTAUIMHUX (PAKTUYHUX BUTPAT 32 TEXHOJIOTIYHUMH CTAHAMU NMACAKUPCHKUX BaroHiB Y NPUMiCbKOMY
i perioHaJIbHOMY CIIOJTy4eHHi

No EnemenT BuTpar
TexHoNOTiYHMUN CTaH 1o : Pazom
mwiata | BimpaxyBaHHs Ha . . .
CTarTl } Apaxys Marepiamn | IMamuso | Enextpoenepris | Immi
mpaii | coliajibHi 3aX0au
ExinipyBaHHS MacaXMPChKUX BaroHiB 2003 B3503 BS5503 BJoo3 B3o03 B3503 B3003 B3003
OOGcyroByBaHHs BaroHiB y MacaXUpPChbKUX MOT31ax 2004 B304 BS54 Boo4 B3ooa B35o4 B¥os | Baoos
Texniune oOciayroByBaHHS 3a mporpamord TO-1 y
nyHktax (QopMmyBaHHs W o0opory macaxupcbkux | 2020 B35%0 B5320 B3020 B3o20 B35%0 B%020 B3020
BaroHiB
Texniune oOcayroByBaHHS 3a mporpamord TO-2 y
nyHkTax (opmyBaHHs ¥ oOopory macaxupcekux | 2021 B3ha B5§,1 BYo21 B3o21 B30 B%021 Byo21
BaroHiB
Texniune oOciayroByBaHHS 3a mporpamord TO-3 y
nyHkTax (QopmyBaHHsS ¥ oOopory macaxupchkux | 2022 B335 B5§,, B2 B3o22 B3o%2 B3022 Byo22
BaroHiB
Texniune oOcimyroByBaHHs 3a mnporpamoro TO-1 4007 go pea B BU Be i B
MMACAKMPCHKMX BATOHIB HA NIIAXY NPSIMYyBaHHs 4007 4007 4007 4007 4007 4007 4007
[lorounmii peMOHT 3 BiJUEIUICHHSIM MACAKUPCHKUX -
0.I C.3 M I e 1H
BATOHIB 6008 Bgoos Bgoos Bgoos Bgoos Bgoos Bgoos Bgoos
JIenoBChKHIA PEMOHT ITacaKMPChKUX BaroHiB 6010 Bedho B&do Bgo1o Bgo1o Bedio B& .o Beo1o
: > ; 0.1 c.3 M 1} e iH
KamitansHuil peMOHT MacaXNUpPChKHUX BaroHiB 6013 Bevis Bégia Bgo13 Bgo13 B¢o13 Bgo13 Bso13
P : : : ; 0.1 c.3 M I e iH
a30M Y IIPUMICBKOMY 1 PETIOHAIBHOMY CIOJIYy4E€HHI1 Brp Bip Bip Bup Bip Bip Bup
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Bucnosxku. Amnamiz iCHYIOYMX TEXHOJOTIYHHMX CTaHiB MAacCaXUPCHKOTO BaroHy JO3BOJIMB
CHCTeMAaTH3yBaTH 1X y BIAMOBIIHOCTI /IO TOPSAKY OOJIKY eKCIUTyaTaliiHAX BUTPAT 3 OCHOBHUX BHIIB
€KOHOMIYHOI JiSUTBHOCTI 3ali3HWYHOTO TPAHCHOPTY YKpaiHW Ta HAa HAYKOBiii OCHOBI IMO€THATH
TEXHOJIOTIUHI 1 EKOHOMIUHI acIIeKTH eKCIUTyaTalii Ta yTpUMaHHs NacaXMPChKUX BAaroHiB B TEXHIYHO
CIPaBHOMY CTaHi B yMOBaxX YKpaiHCBHKOI 3ai3HHL IPOTATOM KHUTTEBOTO LUKITY.

CucremaTu3arllisi Ta HAyKOBE TTOEIHAHHS TEXHOJOTIYHAX 1 eKOHOMIYHHAX aCMeKTiB eKCIUTyaTarlii Ta
YTpUMaHHS MacaXMUPCHKUX BArOHIB B TEXHIYHO CIIPABHOMY CTaHI JO3BOJIIIIO OOTPYHTYBAaTH MOHSTTS
«EKOHOMIKO-TEXHOJIOTTYHHUI CTaH MacaKUPCHKOTO BaroHay.

B mopanpmoMy BHW3HAUEHHMH IMAXiM JO3BOJIHMTH HANaTH MOXIIMBICTH YJOCKOHAIMTH CHCTEMY
MTOKa3HUKIB TEXHIKO-€KOHOMIYHOI OIliIHKH €()EeKTHBHOCTI BHKOPHUCTAHHS MACAKUPCHKUX BaroHiB, IO
ICHYIOTb, Ta IOKJIACTH ii B OCHOBY OOIDYHTYBaHHsI BapiaHTIB OHOBJICHHS MapKy HacaXKMPCHKHUX
BaroHiB 3a paxyHOK NpHUIOaHHS HOBHX 3pa3kiB ab0 MoJepHi3alii iCHYIOUHX 3 ypaxyBaHHSIM
KHUTTEBOTO UK. Lle € HacTymHHUM KpPOKOM PO3BHTKY KOHIICTIIii XHTTEBOTO HUKIY CTOCOBHO IO
MacaXUPCHKOT'O BaroHa, siIKy OyJe MOKJIaJeHO B OCHOBY (POPMYBaHHSI BapTOCTi >KUTTEBOTO LUKIY 3
METOI0 MiHiMi3allii BUTpaT 10 MOB’sA3aHi 3 MPUAOAaHHIM, BTUICHHIM Ta €KCIUTyaTalli€l0 HOBUX 3pa3KiB
TEXHIKH, a TAKOXK JUIs1 BUBHAYEHHS 11 JIIMITHOI LIIHH.
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SYSTEMATIZATION OF ECONOMYKO-TECHNOLOGICAL STATIONS
OF PASSENGER CARS IN OPERATION

The efficiency of passenger transportation by rail depends on the level of technical condition of the
passenger rolling stock. The repair and maintenance system is also important.

The authors analyzed the technological states of a passenger car can during operation. It is shown
that the time spent in these states and the set of technological operations that are performed at the
same time do not fully reflect the relationship between the resources consumed for their
implementation, the operating costs of these resources and the results.

The article presents the results of systematization of the technological states of passenger cars. At
the same time, the procedure for accounting for operating costs for the main types of economic
activity of Ukrainian railway transport was used. A system of technical and economic indicators is
proposed. It characterizes the availability and efficiency of the use of operating costs for the
operation and maintenance of passenger cars in a technically sound condition. The concept of
"economic and technological state of a passenger car" is substantiated.

The systematization made it possible to combine, on a scientific basis, the technological and
economic aspects of the operation and maintenance of passenger cars in a technically sound condition
in the conditions of JSC "Ukrzaliznytsia". This will improve the system of indicators for the technical
and economic evaluation of the effectiveness of the use of existing passenger cars. The proposed
system will be used to justify options for updating the fleet of passenger cars through the acquisition of
new models or the modernization of existing ones, taking into account the cost of the life cycle.

Keywords: passenger car, operation, technical maintenance, scheduled repairs, life cycle,
maintenance.
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OINIHKA TEXHIYHHUX ITAPAMETPIB IOKOMOTHBA
JUJISA BAJII3BHUYHOI'O KAP’EPHOI'O TPAHCIIOPTY

IIpogedeno oyiHKy OCHOGHUX MEXHIYHUX Napamempie 10OKOMOMuUGa Ol Kap €pHO20 3ANi3HUYHO20
mpancnopmy. Busnaueni pospaxynkoei napamempu J10KOMOMUSY MA 6CHMAHOBIEHO, WO OOMUYHA
nomyoicrhicms cmanogume 6700 kBm, a msazose 3ycunia 0as pospaxynkogozo pescumy — 1300 kH.
Buxonano pospaxynxu msa2060i Xapaxkmepucmuku J0KOMOmMueda. 3anponoHoeamo npoyeoypy
BU3HAYEHHS NAPAMEMPI6 pencumie pobomu 10KOMOMUBA NPU 6UKOHAHHI NOI3HUX 3A0aY, 8 OCHOBY AKOI
Jledicums 00pooKa pe3yibmamis po3e a3anHsa ma20680i 3a0a4i Ha OLaAHYl wisaxy. Becmanoenerno, wo 0ns
mecmogoi OIIAHKU WIIAXY 3HAYHY HACMUHY HACY V MA2080MY Petcumi JTOKOMOMUE NPAYIE 3
Hasanmasicennsam, ske cmanosumsv 10...25% wHominanbHoco, y 36’A3Ky 3 UUM 3ANPONOHOBAHO
peanizysamu pexcum pyxy 3 GIOKI0OUEHHAM MA208UX eNeKMPOOSUSYHIE. 3anponoHO8aHo 3acmoCy8anHs
00pmogoi  cucmemu  HAKONUYEHHS — eHepeil, WO 00360IUMb  AKYMYTIO8AMU  eHepeilo  npu
€/1eKMpPOOUHAMIYHOMY 2ATbMYBAHHI. 3aNPONOHOBAHO Y3A2ANbHEHY cXeMy mA2080i cucmemu, AKa
0038071UMb peanizy8amu cnocoou niosUeHHs eHepeoeheKmueHOCmi pyxomozo ckaiaoy.

Knwuogi cnosa: noxomomus, cuna maeu, ma2o8uii e1eKmponpugoo, eHepeoeheKmusHicms.

Beryn. JlexapOoHi3alito €KOHOMIKM Ta JOCSATHEHHS KIIMAaTHYHOI HEHTPaJbHOCTI BHU3HAYCHO
NpiOpUTETHUM HanpsiMmoM y HamionanbeHiii ekoHOMiuHill cTpaterii Ha mepiog mo 2030 poky [1].
BinnoBigHo 10 3a3HaueHMX IiJiell HiANpPUEMCTBA TipHUYO-METANYpriiiHoOl Tamys3i chopmymroBain
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BJIAaCHI MpPOrpaMu €KOJOri3alii BHUPOOHHUYMX TMPOLECiB, y SKUX MpPIOPUTETHE Micle 3aiiMae
BIIPOBA/KCHHS IHHOBAIIHHAX TEXHOJIOT1H Ha YCiX eTarnax BUpOOHHUIITBA [2].

AHaJi3 ocTaHHiX JociailzkeHb i MOCTaHOBKa mpoOiaeMu. BaximBoO JaHKOIO y BHPOOHHIITBI
3aJTi30pyJHOTO KOHIICHTPATy € MepeBe3eHHs TipChbKOi MacH 3 Kap’epy A0 MepepoOHOr0 KOMIUIEKCY
koMmOiHaty. Ha 1mpoMy erami HIMPOKO 3aCTOCOBYETHCS 3ali3HUYHAN TPAHCIOPT, SKUH MOXKeE
BUKOPHCTOBYBAaTHUCH K CaMOCTIHHO (31ebinmpimoro Ha Kap’epax KpuBopizpkoro OaceiiHy), Tak 1 y
CKJIa/li KOMOIHOBAaHOTO CIOCOO0y BWBe3eHHsS ripchkoi macu (Hampukian, Ha IIpAT «lloxaraBepkuit
I'3K»). Ha enexTpudikoBaHuX AiIMSHKAaX Ui IBOTO 3aCTOCOBYIOTHCA MOI3AH, IO CKIAJAIOTHCS 3
nymrikapiB Ta TsaroBux arperatiB OIIE1A(M) (puc. 1, a) mpu enextpudikariii 3MiHHUM CTPyMOM Ta
TsroBi arperatu [TIE2Y/M nipu enextpudikaiiii mocTiiHUM CTpyMOM. [ 0JIOBHUMHE MepeBaraMu Bif iX
3aCTOCYBaHHS € BUCOKUH KOe(ilieHT KOPUCHOI Aii Ta HU3BKI 3aTpaTy Ha MEPEeBE3CHHS TiPChKOI MacH.
Ha neenextpugikoBaHUX AIASHKaX BUKOPUCTOBYIOTH TeroBo3u 2TE10B/M, 2TE116, TEM2, TEM7
(puc. 1, 6).

Xoua BUIIE3a3HAYCHI JIOKOMOTHBH 3a0€3MEUYIOTh BOJIIHHS IOI3/1iB, OJHAK BOHWU MAalOTh TPUBAJi
TEpMiHU eKcIutyataii (i 4acTo eKCIUTyaTyIoThCs y TOHaJ PEKOMEHJOBaHI BUPOOHHUKOM CTPOKH).
JpyruM BaXIWBHM HEAONIKOM € MiABHINEHE Yy TOPIBHSAHHI i3 Cy4aCHOIO TEXHIKOK CIIO)KMBAaHHS
MAIMBO-CHEPTeTUYHUX PECYPCiB, IO MOB’sI3aHe 3 BUKOPUCTAHHAM 3aCTAPUINX TEXHIYHUX PIlIEHB MPH
NMoOYJIOBI TSTOBOTO €IEKTPONPUBOIY Ta AONMOMIKHUX CHCTEM (HaBiTh 3 ypaxyBaHHS MOJEpHi3alii Ta
YaCTKOBOI 3aMiHM oOnamHaHHs). Buxomom i3 mi€i cuTyarlii BBa)KaeMoO TepexiJ M0 3acTOCYBaHHS
HOBITHBOT'O TSITOBOT'O PYXOMOT'O CKJIazy.

Puc. 1. JlokoMmoTuBH /151 32J1i3HUYHOI0 Kap’€PHOI0 TPAHCIIOPTY
a — msroBmii arperat OIIE1AM, 6 — temioBo3u TEM7

3BaXKarouM Ha BHCOKY CHEPreTHYHY Ta €KOJIOTiYHY €(EKTHBHICTh €IEKTPHUYHOI TATH BITUYM3HSHI
TipHUYOM00YBHI MiANPHEMCTBA TUIAHYIOTh IHTEHCUBHO PO30YJOBYBAaTH CHCTEMH EIEKTPHYHOI TSTH
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BHYTPILIHBOTO 3aJII3HUYHOTO TpaHcnopty [3]. 3a ouinkamu [4], Ha eNEKTPUYHY TATY y Kap’ epi
npumagae 10 85% BCHOTO CHOXHUBAHHA eHeprii. ToMy CTBOpEeHHS pPyXOMOIO CKIaAy HOBHHHO
BiOyBaTHUCS 3 TO3WIINA 3a0e3MedeHds HOT0 BHCOKOI eHeproeeKTUBHOCTI Ta HU3BKOTO BIUIMBY Ha
HaBKOJIMIIHE cepenoBuie. Jlo TakuxX TEXHOJOTIH y eIeKTPUUHIH TsI31 MOYKHA BiIHECTH: pEKyNepaLito
eHeprii y moeqHaHHI i3 3acTOCYBaHHIM OOPTOBHX CHUCTEM HAKOMUYCHHs eHeprii [5-9], BiaximoucHHs
TATOBHX EJEKTPOJBUTYHIB TpH pPOOOTI 3 dacTKkoBuM HaBaHTaxeHHsMm [10, 11], xepoBanmit
eJIEKTPOTIPUBONl AOMOMDKHUX cucteM [12-14]. OnTuMmizamis €HEepProcrmoXMBaHHS 3a0€3MMeUyeThCs
BI/IMOBITHUMH QJITOPUTMAMHU KEPYBaHHS cUCTeMaMu JJokoMoTtuBa [15-18].

Ha croronmHimmHii JeHs HAWMOMMPEHINION IMPAKTHKOK € 3aCTOCYBAaHHS HA PYyXOMOMY CKIIaii
TATOBOTO aCHHXPOHHOTO enektporpuoay [19, 20]. ¥V poboti [21] npoBemeHO OOIpYHTYBaHHS
MOJJIMBOCTI 1 JOIUIBHOCTI 3aCTOCYBaHHSI aCHHXPOHHOTO TSTOBOTO €JIEKTPOIPUBONY Ha Kap’ €pHHX
JIOKOMOTHBAX, a TAKOX 3alIPONIOHOBaH] TEXHIYHI MapaMeTpH MEPCIEKTUBHUX Kap €PHUX JIOKOMOTHUBIB.
Pa3om 3 TuM BBaXxaeMo 3a AOLIbHE IPOBECTH YTOYHEHHS 3alIPOIOHOBAHUX XapaKTEPUCTHUK 3 METOIO
CTBOPEHHS IOKOMOTHUBY, HalO1bII €)eKTUBHOTO B YMOBaX eKCIUTyaTalii y Kap’epi.

MeTo0 po0oTH € OLiHKAa TEXHIYHUX MapaMeTpiB JIOKOMOTHBA Ui €IEKTpH(IKOBAHHWX JiHil
3aJII3HUYHOTO Kap’ €PHOTO TPAHCIIOPTY.

Marepiaau Ta MeToau gocaigxerns. [Iponenypy OoIiHKM TEXHIYHUX MapaMeTpiB MPOBEAEMO Ha
npukiiani jsokomotuBa s I[IpAT «llontaBcekuii ['3K». Ha mpomy mianmpueMcTBi 3acTOocOBaHa
CHUCTeMa eJeKTpUYHOi Tsaru 3miaHOoro crpymy 10xB, 50T'm. Ha enextpudikoBaHux ImiHIsSIX
ekcroryatytotbes Tarosi arperatia OIIE1A(M). IlepeBe3eHHs ripchKoi MacH 3MIHCHIOIOTHCS MOCTIHHO
chopmoBanumu ckianamu 3 14 aymnkapie 2BC105. Maca 3aBanTakeHoro aymmkapy — 156 T.
OOMekeHHS IWBUAKOCTI pyxy — 20 kM/roa. 3a pe3ylbTaTaMy aHanizy npodijiB AUISIHOK BCTAHOBIICHO,
IO PO3paxyHKOBHH (KepiBHUI) miniiom ckinanae O6mu3bko 40 %o. Homxuua mimiiomy — 450 M, Ha
migiiomi po3ramoBaHa KpuBa 3 paaiycom Ommszbko 500 M. Takox € apinsgakm i3 yxuiaom 30 %o
noexkuaol0  500...600 M. 3a TEXHONOTIYHMMH YMOBaMH POOOTH pyX TMOI3AYy Bl MYHKTY
NEepEeBaHTAXKEHHS 10 epepOOHOr0 KOMIUIEKCY 31HCHIOETHCSI BATOHAMH YIIEPEa.

PospaxyHku BUKOHAHO BiAmoBigHO [22].

JloTHuHa cuna TArM po3paxoBY€EThCS 32 BUPA30M

Fo =¥, (0NN, (1)

ne W, — po3paxyHKOBHUi KOe]illieHT 3UeTICHHs Koieca 3 peiikoro BiamosiaHo 1o [23],
g, — OChOBE HaBaHTAXEHHsI JOKOMOTHBA,

N, — KUJIbKICTb OCell IOKOMOTHBA B OJHIH CeKIii,

N, — KiJIbKICTh CEKIIiif JOKOMOTHBA.

Cuia onopy pyxoBi BUSHAYA€EThCS K

R =(NLMO W+ (Ny My )Wy, (2)

M, =(q,N, )N
ae M, — Maca JOKOMOTHBY, BU3HAYAEThCS 32 BUPA30OM - (qo 0) L,

Wi narommit OTTip PyXOBi JIOKOMOTHBA,

Nw _ kinpkicts IOyMIKapiB, IpuiiMae piBHOIO 14,

Mw _ maca nasantakenoro OyMIKapa, IpuiMaeMo piBHOIO 156 T,

W _ marommit OITip PYXOBI JyMITKapa.
[MuTomuii omip pyXoBi JJOKOMOTHBA Ta BaroHiB y 3arajJbHOMY BHIJISJ{I BU3HAUYAETHCS 32 TAKUM
BUPA30OM
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W =W, + W, + W, +W, +W, +W,

©)
W o o . .
Jle  °— OCHOBHHH IMHUTOMHI OMIp PyXOBI,

Wi JTOJTATKOBHUI MMTOMHUM OITip PyXOBi B/l yXuiy,
Wr_ nonarkoBumii muTOMMIA omip PyXOBi Bi pyXy y KpHUBiH,

w . o . .

P— TOIaTKOBUI MUTOMMIA OITip PYyXOBI BiJ pyXy BaroHamu yrepes.

Po3paxyHKoBi BUpa3u AJisl BUSHAYEHHS MIUTOMOTO ONIOPY HaBeJeHO B [24].

Posrmsaemo 12-tu, 16-tm Ta 18-TH BicHI JTOKOMOTHBH. Pe3ynpTat po3paxyHKIB MpH Pi3SHOMY
OCbOBOMY HaBaHTa)XCHHI HaBeJleHO y Tabn.l. Po3paxyHkoBa MIBHJIKICTh BU3HAYAETHCS SK TOYKA
MEPEeTHHY KPUBOI CHIIH OIIOPY PYXOBi Ta KpUBO1 0OMEKEHHSI 110 3YETICHHIO.

Tabnuys 1. Po3paxyHKOBi mnapaMeTpHu JIOKOMOTHBA

HaiimenyBaHHs apameTpa Bennuuna

KinpkicTs oceli TOKOMOTHBA 12 12 16 16 16 18
HapanrasxeHns Ha BiCb, T 31,0 33,0 225 25,0 27,5 225
Cuna Taru JJokoMoTHBa, KH 1173 1197 1162 1210 1252 1207
Po3paxyHkoBa MBUAKICTH, KM/TOJT 115 18,4 8,6 19,7 33,4 21,4
JoTryHa MoTyXHICTh, KBT 3750 6120 2780 6620 11615 7175

AHani3 qaHux B Ta0n. 1 mokasye, mo npu po3paxyHKOBIH MIBUAKOCTI PyXy Ha KEPiBHOMY ITiTHOMI
cuna Taru ctaHoBuTh 1173...1252 kH i 3miHIOeTHCS HecyTTEBO. Lle 00yMOBIIEHO THM, IO CHJIa TSTH,
sKa CIIPSIMOBaHA Ha TIOAOJIAHHS ONOPY Bif yXuiy, ckiamae o6muspko 1000 kH (85% Bim 3arampHOTO
OTIOpY pyXy moi3aa). 3 ypaxyBaHHS JESKOTO 3alacy JOUUIFHO MPUHHATH 32 PO3PaXyHKOBY CHITY TSITH,
piBay 1300 xH.

BonmHowac i3 Tabm.l  BuUIIIMBae, IO PO3pPaxyHKOBA LIBHIKICTh 3MIHIOETbCA Yy HIMPOKOMY
niama3oHi — Bix 8,6 km/rox 0 33,4 KM/TOJI, BHACTIIOK YOTO TAaKOXK 3MIHIOETHCS TOTUYHA TIOTYKHICTh
nokomoTrBa — Bix 2780 kBt mo 11615 xBt. 3Baxaroum Ha Te, IO AOMyCTHMa MIBHIKICTH PYXY
cTaHOBUTH 20 KM/4, JOLIJHHUM BBaKA€EMO 3a0€3MEYMTH MOMXJIMBICTh PyXy MOI3[AYy Ha KEpiBHOMY
MiHOMI 31 MIBUIAKICTIO, OJM3bKOIO JO0 MaKCHMMabHO JomyctumMoi. L1ifi yMOBI 3a10BOJIBHSAIOTE 16-TH
BICHMI JIOKOMOTHB 3 OCHLOBMM HaBaHTa)XK€HHsSIM He MeHmie 25,0 T ta 18-t BICHHH JIOKOMOTHB 3
HaBaHTaXEeHHSIM 22,5 T. JIOTU4HY MOTYKHICTh IPH IIbOMY MOKHA MPHHHATH piBHOIO 6700 KBT.

Jlo1aTKOBOTO JIOCIII/DKCHHSI BUMAaraloTh BapiaHT 12-TH BICHOrO JIOKOMOTHBA. [y JIOKOMOTHBA 3
OCHOBHMM HaBaHTaXEHHsM 31 T Ha kepiBHOMY yxuiti 40 %o piBHOBa)kHa MIBUIKICTH ckiazne 11,5 km/rog
npu poTH4HiA motyxHocti 3750 kBt, a Ha ningHm 3 yxwinoMm 30 %o mpu mid ke ITOTHYHIN
noTyxHocTi — 14,6 xm/ron. ToOTO, BHACTIZOK 3MEHIICHHS IIBUAKOCTI PyXy Ha JUISHKAX 3 CYyTTEBUM
YXWIIOM 3pOCTE€ TPUBANICTh PyXy IO HHUX, a OTXKE 3pOCTe 1 CyMapHH dYac pyxy Ha MIUISHIII.
MOXIHUBICTh 30UTBIICHHS TPUBAIOCTI peiicy poOOTH MOTpedye T0AaTKOBOTO Y3TOKEHHSI.

st 12-Ti BICHOTO JIOKOMOTHBA 3 OCHOBUM HaBaHTaXECHHSM 33 T MOTPiIOHO JOJATKOBE BHBUCHHS
B3a€MO/IIT IOKOMOTHBA 3 iIH)PACTPYKTYPOIO Kap’€py B LLJIOMY.

3 Tabn.l BuaHO, MO A 3017BIICHHS PO3PAaXyHKOBOI LIBHIKOCTI pyXy HeoOXinHe 30iibIIeHHs
OChOBOTO HABaHTaXECHHs a00 KUIBKOCTI Oced JIOKOMOTHBA. lle TOSCHIOWOTHCA THM, IO CHIA
3YCIUICHHS MPU POOOTI HAa KPHUBIH 1O OOMEKEHHIO 3YCIUICHHS 3MEHINYEThCSA 31 301IbIICHHSIM
MIBUAKOCTI. 3 iHIIOTO OOKY, 301JIbIIICHHS OCHOBOTO HABAHTAXKEHHS a00 KiJTbKOCTI OCEH JIOKOMOTHBA €
JIOIIUTEHUM 3 TOYKH 30py 3a0e3rleueHHS yMOB CTaOUILHOTO BOJIIHHS TMOI3AIB TpH 3HIKCHHI
KoeQIIiEHTA 3UCTUICHHS.

['pannuHy po3paxyHKOBY TATOBY XapaKTEPUCTHKY JTOKOMOTHBA 34inmHOIO Macoro 400 T mojgaHo Ha
puc. 2.
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Puc. 2. T'panuuni TAroBa Ta raJisMiBHa XapaKTePUCTHKHU JOKOMOTHBA
1 — oOMexeHHsI 110 34eIUICHHIO; 2 — CHJIa OMOPY PYXY Ha PO3PaxyHKOBOMY YXIIIL;
3 — cuia onopy pyXy Ha TOPU3OHTAIBHIN MUISHIN 4 — TpaHMYHA TATOBA XapaKTEPUCTUKA;
5 — rpaHnYHa raabMiBHA XapaKTEPHCTHKA

[Ipu BU3HAYEHHI MPOEKTHHUX MOKA3HHUKIB €HEproe)eKTUBHOCTI Kap’ €PHOTO JIOKOMOTHBA JOIIIHHO
Opi€HTYBaTHCS Ha BHMOTH 0 JIOKOMOTHBIB MaricTpaJlbHOro TpaHcnopry. s JiokomoTHBa 3
ACHHXPOHHUM TSTOBHM €IIEKTPONPHUBOAOM Ta IKUBICHHAM BiJI Mepexi 3MIHHOTO CTpyMy
HOPMATHBHUMH JOKYMEHTaMH BCTAHOBIIIOETHCS 3HAYEHHs KoedilieHTa KopucHoi aii He mentre 0,86
npu poOOTi y TpPHUBAJIOMY pEXHMi 3 HOMIHAJIBHOI MOTY)KHICTIO, TMPU HOMIHANBHIA Hampy3i Ha
CTpyMOTIpHiiMa4eBi IpH IIBUJIKOCTI, fKa BIiJANOBiJae TPUBAIOMY peXHMy poOoTu. Bemuunmna
KoeilieHTa MOTYKHOCTI MOBUHHA CTaHOBUTH He MeHIre 0,95 npu poOoTi 3 MOTYKHICTIO Y Jiama3oHi
25...100 % Bix HominanbHOi. ToO0TO BuUMOrM Mo Koe(iLi€EHTY IOTYKHOCTI BPaxOBYIOTb 3MiHY
PSKHUMIB POOOTH JIOKOMOTHBA, a JOJATKOBHUX BUMOI 110 KoedillieHTa KopucHoi il He mae. OnHak,
aHaJli3 eKCIEePUMEHTAIBHUX JaHUX IOJI0 €HEPrOCTOKMBaHHS PYXOMOTO CKJIagy 3 aCHHXPOHHHUM
TSATOBUM €JIEKTPOIIPHBOJIOM Ha MariCTpaJbHHUX 3aji3HHUIPIX IOKa3ye, IO CyMapHa BUTpara eHeprii
MU JIOKOMOTHBAMHU JUIsl 3HAYHOT YaCTHHU IOi3HOI poOOTH OlTbINa, HIXK Y BHITAIKY PYXOMOTO CKIIa Ly
3 KOJICKTOPHUMHU €JICKTPOABUTYHaMH [25]. Y OLIBLIOCTI BUIMAAKIB MPUYMHOKO IIbOMY € caMe podoTa
JOKOMOTHBA, O0JIQJIHAHOTO ACHHXPOHHUM TATOBHM E€JIEKTPOIPHBOJOM, Y PEXHMax 3 IOTYKHICTIO
MeHIlIe HOMiHambHOI. ToMy BBakaeMO 3a HEOOXigHE TPOBECTH JOCTIPKEHHS PEXUMIB POOOTH
JIOKOMOTHBA. Lle MOXKIIMBO BUKOHATH IIUITXOM MOJICTIOBaHHS PyXY IMOTATA.

MaremaTHyHa MOZIETb PYXY MOTATA K OJHOMACOBOT CHCTEMH Ma€ BHTJISL]]

@ _

dt
6,
dt

F-F,
(4),

ne M — maca noisna,
P _ xoedimieHT BpaxyBaHHs Mac, IO 00ePTAIOTHCA, IPUITHATHIA piBHIM 1,1,
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V_ MIBUAKICTH I1013/1a,

S_ LUJISAX, 1110 TIPOMACHO,
F, — notuuHa cuna (Tsru ado rajJbMyBaHHS) JIOKOMOTHUBA,
F, — cuia omnopy pyxy JJOKOMOTHBA.

Y ¢opmyni (4) mpUHAHATO, MO BUKOPUCTOBYETHCS TINBKU E€JIEKTPOAWHAMIYHE TalbMyBaHHS.
[lpuiimaemMo, mI0 TpaHWYHA TaJIbMiBHA XapakTepUCTUKA CHMETPUYHA TPaHUYHINA TATOBIH
XapakTepuCTUILi BiHOCHO oci abcmuc. [IpuiimMaemo, mo cuna TiIru (TalbMyBaHHsI) MOKE HpUIMaTH
Oynb-siKke 3HaUeHHs B 00JacTi, sika oOMekeHa TPaHUYHOIO TATOBOO (TaIbMIBHOIO XapaKTEPHCTHUKOIO)
[26]. InTercuBHicTE 3MiHK moTH4HOI crnn — 70 kH/c.

Cuna onopy pyxoBi BH3HAuUaeTbcsi 3a BHpa3oM (2) 3 ypaxyBaHHAM (3) Ta peKOMEHJALIMH,
HaBeAeHuX y [24, 27, 28]. lonycTiMa MBHAKICTH pyxy — 20 KM/TOI.

MopgenoBaHHS BHKOHAHO ISl BapiaHTa PyXy HaBaHTAXEHOTO JIOKOMOTHBA-CKJIAy Bill IYHKTY
nepeBaHTaXeHHs 10 ApodapHoi ¢adbpuku. Maca moi3na npuiiHara piBHOIO 2584 T (JIOKOMOTHB Macoro
400 T ta 14 mymmnkapiB Macoro 156 T koxkeH). Pe3ynbraTé po3B’si3aHHSA PiBHAHB PyXy HaBEICHO Y
BUTIIAAAI TpadikiB Ha puc. 3 1a 4.

AH, m

V, km/rox
DR

225

< | | | | | | | | | | | | | | | | | | |
=D
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 S, M

Puc. 3. llIBuakicTh moi3zna Tta npodiiap musaxy
1 — 3anmekHICTh MIBUAKOCTI PyXy 0i3/1a BiJl MIIAXY; 2 — MPOMiiah NUISIXY

AHani3 3aJeXHOCTI MIBHAKOCTI Bif 4acy (puc. 3) mokasye, 1m0 MOi37 MPaKTHYHO BECHh MUIAX
pYyXa€eTbes 3 AOMYCTUMOKO MIBHIKICTIO. 3MEHIIEHHS MIBUAKOCTI 0 16 KM/Tox Mae Miclie Ha KPyTHX
miiioMax Ta TOSICHIOETbCS 1HEPTHICTIO TPHU 301UNbIICHH] CHIM TSrd. [lepeBHINEHHS JAOMYCTHMOL
IIBUJIKOCTI CKJIaa€ MeHIe 1 KM/ToI., o 00yMOBJICHO aITOPUTMOM POOOTH CUCTEMH KEpYBaHHSI.

TpuBamicTs peicy Bim IyHKTY NepeBaHTaXEeHHA 10 napoOapHoi ¢abpuku cranoButh 1900 c
(31,7 x8.).
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Puc. 4. Pe3yJIbTaTH TATOBUX PO3PAXyHKiB
a — 3aJIeKHICTh MIBUJIKOCTI BiJl 4acy; 0 — 3aJIe)KHICTh JJOTUYHOT CHIJIH BiJ 4acy;
B — 3aJIEXKHICTh JOTUYHOI MOTY>KHOCTI BiJl yacy

1 | 1 1 |
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AmHani3 3a1eKHOCTI MIBHIAKOCTI BiA vacy (puc. 4, a) CBiAYUTH, 11O MOi3A MPAKTHYHO BECh Yac
pyXa€eTbes 3 AOMYCTUMOIO MIBHKICTIO. 3MEHIIEHHS MIBUAKOCTI A0 16 KM/TOm Mae Miclleé Ha KPyTHX
MmigiioMax Ta TOSCHIOETHCS IHEPTHICTIO MpHU 30iNbIIeHH] chiM Tiard. llepeBHImEHHS MOMyCTHMO1
HIBUJKOCTI CKJIaJae MeHIe 1 km/rol, mo 0o0yMOBJICHO arOpUTMOM POOOTH CHCTEMH KEpPYyBaHHSI.

AHai3 3aJeKHOCTI JOTUYHOI CHIIM JIOKOMOTHBaA (puc. 4, 0) CBigquuTh, 10 poOOTa HA TPAHHYHIN
TATOBIM XapaKTEPHUCTHUIl 3MIMCHIOETHCS TPU PO3TOHI, IMiJl Yac pyXy Ha KEepiBHUX MigiioMax Ta MIpH
ranpMmyBaHHI. [lix wac pyxXy Ha ONAHII OUISIXY HAWOIIbIIEe 3HAYEHHS NOTHYHOI CHIIM CTaHOBUTH
osm3pko 600 kH. [Ipu npoMy HaliyacTiiie cuiia TATH Mae 3HaueHHs He Oinbie 300 kH.

AHai3 3aJeXHOCTI JOTHYHOI MOTYXHOCTI (puc. 4, B) CBIOUHTH, MO PoOOTa 3 PO3PaXyHKOBOIO
MOTY>KHICTIO 3/TIHCHIOETHCS TIPY PO3TOHI, Ha PO3PaXyHKOBHUX ITiTOMax Ta mpu raasMmyBanHi. 1 i1 gac
pyXy MO AiNSHOI HaiOinplIe 3HaueHHs MOTUYHOI MOTYXHOCTI ckinagae 3500 kBt. Haifwacrime
JIOKOMOTHB IIPALIOE 3 JOTUYHOIO MOTYXKHICTIO, sika He nepeBuirye 2000 kBT.

Bapto 3BepHyTH yBary, L0 3aJ€XHOCTI IOTHYHOI CHJIM Ta JOTUYHOI IOTY)XHOCTI MaroTh
IICHTUYHUHI BUTIISL, OCKIIBKH PYX 3I1MCHIOETHCS TIPU MMPAKTUYHO MOCTiHHIA MIBUIKOCTI.

s Onbll  AETANBHOTO aHAJi3y PEXKHMIB POOOTH TATOBOTO EICKTPOIPUBOAY IPOBEICHO
BU3HAYCHHS IMapaMeTpiB Horo poOoTH y TAToBiit obmacti. Ha puc. 5 mokazaHo po3moii IIBUAKOCTI Ta
JMOTUYHOI CHJIM y TATOBiM 0ONAcTi mif 4ac pyxy BiA IMyHKTY MEpPEBaHTAXEHHS 10 30aradyBabHOT
(habpukm.

F, xH
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Puc. 5. Po3noain mBUAKOCTI Ta JOTHYHOI CHJIM Y TATOBIIi 001acTi
1 — rpaHnYHa TAroBa XapaKTEPUCTHKA, 2 — FPaHUYHA TajJbMiBHA XapaKTEPUCTHKA

Jis OIiHKK TpHBAJOCTI POoOOTH BUKOHAEMO TaKy Mpolenypy. Po3minmumo TsaroBy oOmacTh Ha
Jliarma30HM 32 IMIBHJIKICTIO Ta CHIIOK TATH. YWcenbHI 3HaUEHHS Jiama3oHiB HaBeneHO y Tabn. 2. Jlns
KOXHOIT 13 MOXKJIMBUX KOMOIHAI[IH Jliara30HIB BU3HAYAEMO TPUBAIICTh POOOTH SIIEKTPOITPHBO/LY.

Ha puc. 6 monano rpadiune 300paxkeHHsI pO3MO/ITY Yacy y BiJICOTKaX Bij 3arajJbHOTO 4acy pyxy
mo minstHmi. Ha puc. 6 1 mami Ha mkami «Ny» 4yucenbHE 3HAYEHHsS BKa3dye HOMEp [iama3oHy 3a
MIBUAKICTIO, Ha mKaimi «Np» — HOMep Hianma3oHy 3a JOTHYHOIO cuiior. Ha BepTukanpHiM mikami
MOKa3aHO TPHUBATICTh POOOTH Y BiJICOTKAX BiJl 3arajibHOTO Yacy.
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Tabnuys 2. Po3moaia TaroBoi odaacTi Ha giamazonn

Howmep niamazony 3Ha4YeHHs MBUAKOCTI Howmep niamazony 3Ha4YeHHS TOTUYHOI CHUIIN
3a HMIBUJKICTIO y Iiama3oHi, KM/TOx 3a JOTHYHOIO  |(TI0 MOAYIMIO) y niana3oHi, kH
CHJIOIO
1 0...1 1 0...100
2 1...2 2 100...200
3 2.3 3 200...300
4 3...4 4 300...400
5 4...5 5 400...500
6 5...6 6 500...600
7 6...7 7 600...700
8 7...8 8 700...800
9 8...9 9 700...900
10 9...10 10 900...1000
11 10...11 11 1000...1100
12 11...12 12 1100...1200

13 1200...1300

[EEN
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|

H
(6}
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16 15...16 — —
17 16...17 - -
18 17...18 - -
19 18...19 - -
20 19...20 - -
21 20...21 - -
22 21...22 - -

Jist OIiHKK JOTHYHOI TOTY)KHOCTI PO3TIITHEMO PO3IMOALT Yacy poOOTH Ha TPUKIAMI Pyxy 3i
MIBUJIKICTIO, OJIN3BKOIO JI0 AOMTyCTUMOI, IK HAHO1JIBII TPUBAJIOTO PEXXUMY POOOTH.

AHai3 JaHux, 3a pe3ybTaTaMu SIKUX M0OYJ0BaHO 3aJIeKHOCTI Ha pHC. 6, TIOKa3ye, 1110 TPUBAIICTh
poOOTH JIOKOMOTHBA y pexumi Tsiru ckiamae 66,2 % (1258 c), y ranbMiBHOMY pexumi —
11,9% (227 ¢), y pexxumi Bubiry — 21,9 % (415 c).

3Ha4yHy YacTHHY Yacy JOKOMOTHB IMPAIIO€ Y TATOBOMY PEKUMI B Jiama3oHi 31 MBUAKICTIO OIU3BKO
20 xkm/roJ Ipy 3HAYEHHSX CHJIM TSTH, K1 He nepeBuilyoTh 300 kH.

TpuBamicts poOOTH 3 CHIOK TATH, SKa BIiJIOBIA€ MaKCHUMaJbHIM Ha TpPaHWYHIN TATOBIH
XapaKTePUCTHIIl, CTAHOBUTH 1,7% BiJI 3araJIbHOTO 4acy pyxy.

VY Tabn. 3 HaBeneHO PO3MOINI Yacy MpHU PoOOTi JJOKOMOTHBA y TATOBOMY PEXHMI Y Jiana3oHi
mBuaKocTi 19...20 kM/Toa, Ha KU IPUITaIa€ 3HAYHA TPUBAIICTH POOOTH.

3 Tabn. 3 BUIUIMBAE, IO MiJ Yac pyxXy IOi34a y PEeKUMI MiATPUMAHHS LIBHUAKOCTI Y TATOBOMY
PEKUMI TATOBUH ENEKTPOIPHBIJ HaWyacTille MpaIfoe 3 MOTYXHICTIO He Oimpime 1500 kBT, mo
CTaHOBUTH 22% BiJl HOMIHAJILHOT OTYXKHOCTI. Y PEXHUMI €IeKTPOAMHAMIYHOTO TalbMyBaHHS TATOBUN
EJIEKTPOTIPUBI]] HAMOUIBII TPUBAIHIA Yac mpalftoe 3 NoTyxkHicTio 10 2500 kBT (37% HOMiHaNBHOI) Ta 3
MOTYXHICTIO, OJIM3BKOIO 10 HOMIHAJIBHOI.

Burpara eneprii Ha Tary «Ha koneci» — 435 kBr-ron, mocTymHa Juisi 3amacaHHSI €Hepris «Ha
kouteci» — 232 kBr-ron.
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Puc. 6. Po3nogii yacy podoru npu pyci y npamomy HamiBpeiici
a— Yy peXuMi TArH; 0 — y peKUMi €JIeKTPOJUHAMIYHOTO TaJIbMyBaHHS
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Tabnuys 3. Po3noain yacy po6oTu mig yac pyxy 3 A0NYyCTHMOIO HIBHAKICTIO

Howmep 3HaueHHs Tpusainicts poboTn y Tpusainicts poboTn y
Jiama3oHy MOTYXHOCTI YacTKax BiJl 3aralbHOr0 | 4acTKaX Bij 3arajbHOTO Yacy
3a TOTUYHOIO y Iiama3oHi, Yacy poOOTH y peKUMI poboTH y pexxumi
MOTYXKHICTIO kBT TSTH, raJbMyBaHHS,
% %

1 0...500 23,6 6,5

2 500...1000 27,8 6,2

3 1000...1500 19,1 6,2

4 1500...2000 4,8 51

5 2000...2500 1,9 8,7

6 2500...3000 11 3,6

7 3000...3500 0,7 4,0

8 3500...4000 0 3,2

9 4000...4500 0 58

10 4500...5000 0 2,9

11 5000...5500 0,2 2,5

12 5500....6000 0,4 2,5

13 6000...6500 0,4 4,0

14 6500...7000 2,6 8,7

AHAJIOTIYHO BHILE BUKIAJICHOMY, BHKOHAHO TSTOBI PO3PaxyHKH Ta TMPOBEACHO aHami3 Ix
pe3ynbTaTiB A BUMIAJIKY PYXY MOi3/a Y 3BOPOTHOMY HAIIPSIMKY — BiJl ApoOapHoi (habpuKu A0 MyHKTY
nepeBaHTaXeHHA. llpu 1pOoMy Maca TMOpPOXKHBOTO IyMIKapa NpHUHAHATA pIiBHOIWO 52T, pyx
3IIHCHIOEThCS y CIOCIO «JIOKOMOTHB yrepea». Ha puc. 7 momaHO po3mofinl TpUBajocTi poOOTH
TATOBOTO E€JIEKTPONPUBOIY I 3BOPOTHOTO HAMpsIMy PyXy — Binl ApoOapHoi (GaOpuku A0 MyHKTY
HepeBaHTAKECHHSL.

AHalmiz pe3ysibTaTiB PO3paxyHKiB JJsl LOTO BHUMAJKYy  CBIIYATH, LIO0 TPHUBATICTh pPoOOTH
JIOKOMOTHBA y pexuMmi Tsru ckiagae 56,3 % (1062 c), y ransmiBHOMY pexumi — 13,0% (246 ¢), y
pexumi Bubiry — 30,7 % (578 ¢) Big 3aranbHOro yacy pyxy. 3aransHuii yac pyxy — 1887 ¢ (31,5 xB.).
Burpara eneprii Ha Tary «Ha Kojieci» — 193 kBt-rox, moctymHa i 3amacaHHs €HEpris «Ha KOJIeci» —
101 xBr'rox
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Puc. 7. Poznogia yacy podotu mia yac pyxy y 3B0poTHOMY HamiBpeiici

a—y peXuMi TAr", O —y PEeXHUMI eJIEKTPOANHAMIYHOTO IraIbMyBaHHS

VY Ttabn. 5 HaBeNEeHO JaHi MPO MOTYKHICTh Ta TPUBAIICTH POOOTH TiJ[ Yac Pyxy 3 JOIMyCTUMOIO
94

HIBHJIKICTIO.
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Tabnuys 5. Po3noain yacy po6oTu mig yac pyxy y 3BOPOTHOMY HANPSIMKY

Howmep niamazony 3HaueHHs Tpusainicts poboTn y Tpusainicts poboTn y
3a JOTHYHOIO MOTYXKHOCT1y | YacTKax BiJ] 3arajikHOr0 | 4YacTKax BiJl 3araJibHOTO 4acy
MOTYXHICTIO Jiama3oHi, gyacy poOOTH y pexumi | poOOTH y pexkuMi raibMyBaHHS,

kBT TSTH, %

%

1 0...500 54,5 13,0
2 500...1000 27,2 12,6
3 1000...1500 50 10,5
4 1500...2000 1,9 9,3
5 2000...2500 0,7 15,4
6 2500...3000 0,9 5,6
7 3000...3500 11 3,6
8 3500...4000 0 2,0
9 4000...4500 0 2,8
10 4500...5000 0 -
11 5000...5500 0 -
12 5500....6000 0 -
13 6000...6500 0 -
14 6500...7000 0,1 -

3 Tabn. 5 BUIUIMBAE, WO M Yac pyxXy Moi3la y peXHMi MiATPUMAHHS HIBHIKOCTI Y TATOBOMY
PeXKHMI TATOBHU E€JEKTPONPHUBIJ HaiuacTile Mmpaimoe 3 TMOTYXHIcCTI0 He Oimpmre 1000 xBt, mo
CTaHOBHUTH 15% Bi HOMIHATBHOT MOTYKHOCTI. Y PEKUMI €IEKTPOAMHAMIYHOTO TalbMyBaHHS TATOBUH
€JIEKTPOTIPUBI HAMOUIBII TPUBAIMH Yac mpaioe 3 MOTyxHicTio 10 2500 kBT (37% HOMiHaNBHOI), a
MaKCHMaJlbHa TMOTY)KHICTh y PEXHUMI €IeKTPOIMHAMIYHOTO ranpMyBaHHS He nepesuirye 4500 kBt
(67% Big HOMIHAIILHOT).

Y3aranbpHIOIOUH pe3ysbTaTH, 0auMMo, 0 3HAYHY YaCTHHY Yacy TATOBHUH €IeKTPONPHUBIJ MPAIIOE Y
PEeKUMI 3 HEITIOBHUM HABaHTAKEHHSAM. 3a pe3yJbTaTaMH aHalli3y €HepProCHOXUBaHHs MaricTpaJbHUMHU
eNIEKTPOBO3aMH 3 ACHHXPOHHMM mpuBoAoM [25], came 1e MNPU3BOAUTH IO IiJBHUIIEHOTO
EHEeProcroKuBaHHA. J{J1s1 YCYHEHHS IIbOTO HEJONiKa MPOBITHUMH BUPOOHHKAMHU TSATOBOTO PYXOMOTO
CKJaay MpPOTOHYIOThCS alrOPUTMU KEPYBaHHS, NpPU SKUX BIJIKIIOYAETHCS YaCTHHA TITOBHX
ACHMHXPOHHHUX eyiekTpoaBuryHiB [11]. Tomy BBakaeMo JOIIBHEM TP PO3pOOI TATOBOTO
EJICKTPONPUBOJIY 3aCTOCYBaTH TAaKWHM MiAXiJ, SKHA TEXHIYHO MOXE OYyTH peali30BaHHMU NUISIXOM
MOBiCHOTO 200 MOBI3KOBOTO PETYJIOBAHHS CHIIH TATH.

BHacnigok  3acTocyBaHHS — €JIEKTPOAMHAMIYHOIO  TaJibMyBaHHS  BHHUKAE  MOXIIUBICTBH
aKyMYJTIOBaHHsI eHeprii 3 moxanbinum ii Bukopuctanusam [29, 30]. B ymosax IIpAT «ITonTaBchKuii
I'3K» 3acTocyBaHHS CHCTEMH HAKOIMYCHHS CHEPril Ha IOKOMOTHUBI 320€31eUnTh:

3armacaHHs eHeprii peKyrepaiii Ta i BTOpHHHE BUKOPUCTAHHS,

KUBJICHHS TATOBOTO IIPUBOLY MiJl Yac PyXy Ha HeelIeKTpU()IKOBAaHMX AIISHKAX 3 TEXHOJIOTTYHUMU
nepei3aaMu i Kap €pHUX CaMOCKH/IIB;

AaBTOHOMHHI pyX, 30KpeMa 0e3 MiIKIOYeHHs OI4HOro CTpyMonpuiiMaya Ha MyHKTax
NepeBaHTaKECHHS;

HMiATPUMAaHHS TATOBOI MOTY>KHOCTI IIPY HU3bKOMY PiBHI HAaIIPyTH Y TATOBIH MEpexi;

POOOTY JOMOMDKHUX CHCTEM JIOKOMOTHBY TIPH OMYIIEHOMY CTPYMOIIPHIMAYI.

VY3aranbHeHY CXeMy TATOBOTO €JIEKTPONPHUBOAY ITOAaHO Ha puc. 8.
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Puc. 8. Y3aranbHeHa CTpyKTypHa cxeMa TATOBOI CHCTEMH JIOKOMOTHBA
TT — tsroswuii Tpanchopmarop, CHE — cructema HakOTUYEHHS €HepTii 3 MOT0KyBaTbHUMHI
nepetBoproBauamu, 4QS1 — Tarosi 4QS-neperBoprosayi, 4QS2 — 4QS-nepeTBOpIOBaY JOTIOMIKHUX
cuctem; TI — saroi inBepTopu, [1J1 — qonomixkHi iHBepTOpH Ta MKepena xuBienHs, BI'P — 6ok
TaJlbMiBHUX pe3ucTopiB, Tl — TSroBi acnHXpoHHI enekrpoasuryHu, CBII — coxkuBadi BacHUX
moTpeo

JIOKOMOTHB OTpHMYy€ JXUBJCHHS BiJl KOHTaKTHOI Mepexi 3MiHHOTO CcTpymy Hampyroro 10 kB
nmpoMuciioBoi dactoTu. llepBrnHHAa 0OMOTKa TpaHCopMaropa depe3 eNeKTPHYHI amapaTth 3aXucTy
NPUENHYEThCA IO KOHTaKTHOI Mepeki. BropuuHi TsroBi oOMoTkm TpaHcdopmatopa TT kuBIATH
TsaroBi 4QS-meperBoproBaui 4QS1, BHXiA SKHX YTBOPIOE MPOMDKHHA KOHTYp 3 MOCTiHHOIO 3a
BEJIMYMHOIO HAmpyrow. Bim MpoMiXHOTO KOHTYPY XHUBIATHCA TATOBI iHBepTopm TI, Bim sxumx
OTPUMYIOTH JKUBJICHHS TSIOBI acMHXpOHHI enektpoiBuryHu TJI. TsroBa cucrema oOmagHyeThCs
0510KOM ranbMiBHUX pesucTopiB BI'P miist peoctatHoro ransMyBaHHS.

Jns sxuBneHHs coxuBadiB BiacHuX notped CBII 3acTocoBano 4QS-niepeTBoproBay JOMTOMIKHUAX
cucrem 4QS2, 1o BUX0Iy SKOTO M €IHYIOTHCS TOMOMIXKHI IHBEPTOpH Ta Jukepena xusneHas /1.

CHE d4epe3 moromkyBaibHI TMEpeTBOPIOBAdl MiJl’ €AHYIOTCS 1O TNPOMDKHUX JIAHOK TATOBHX
IHBEpTOPIB Ta JDKEpes JKUBJICHHS CIIOKMBadiB BIacHUX motped. [Ipum 1mpoMmy piBeHb Hampyru y
NPOMIDKHUX JIAHKaX TATOBOT'O €IEKTPOIPUBOY Ta CUCTEMH BIACHUX MOTPeO pi3HUH.

TakuM 4YMHOM, MTOKa3aHa Ha pUC.8 cxeMa TATOBOI CHCTEMH 3a0e3MeUHTh peani3aliio ycix QyHKIIiH,
HEOOX1IHUX Ui 3a0e3MeYeHHs eHeProe()eKTUBHOCTI JIOKOMOTHBY.

Bucnosku. [IpoBesieHO OLIIHKY TEXHIYHUX MapaMeTpiB JOKOMOTHUBY Ul Kap €PHOTO 3a1i3HUYHOTO
TpPaHCHOPTY. 3a pe3yibTaTaM{ PO3PaxyHKIB BCTAHOBIEHO, 110 16-Tu Ta 18-TH BiCHI JJOKOMOTHBH 3
OCHOBHM HAaBaHTAXXCHHSM HE MEHIIEe 25 T 3aJ0BOJBHSIOTH YMOBaM TOi3HOI poOOTH. MOXIHBICTh
ekcruryatalii 12-Th  BICHMX JIOKOMOTHBIB 3 OChOBMM HaBaHTaxkeHHsM 31...33 T motpelye
JOJaTKOBOTO IOCIiIKEHHSI.

JJis OIiHKH pEXXUMIB POOOTH TATOBOTO E€IEKTPONPHBOAY BUPIIICHO TSTOBY 3ajady. BeraHoBiIeHO,
0 3HaYHA YaCTHHA Yacy pyXy I0i3/a BiOyBaeThCsA 3 MOTYXKHICTIO MEHIIe HOMiHaIbHOI. [le Moxe
NPUBECTH 10 301IbIICHHS CHEPrOCIIOKUBAHHS.

3 METOI0 CTBOPEHHSI €HEproe)eKTHBHOTO JIOKOMOTHBA 3allPOTIOHOBAHO 3aCTOCYBAaHHS PEKUMIB
POOOTH 3 BIJKITFOUSHHSM TATOBUX aCHHXPOHHHUX €JIEKTPOJIBUTYHIB Ta OOPTOBOT CUCTEMH HAKOTIMYCHHS
eHeprii Juis aKyMyJIOBaHHS €HEprii MpH eJIeKTPOAMHAMIYHOMY TaJlbMyBaHHI. 3alpOrOHOBAHO
y3araibHEHy CXEMy TIrOBOi CHUCTEMH, SKa JO3BOJIIE peaji3yBaTH BHILE3a3HAUYEHI CIocoOu
MIJBHUIIEHHS CHEProe(PEKTUBHOCTI PYyXOMOIO CKJIay.
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Aemopu eucnosnowoms wupy nooaKy oupexmopy TOB «Mukonaiscokuili meniogo30peMonmHuil
3a600» C.B. Pou 3a cnpusHHs OOCHIONCEHHIO, Y MOMY HUCH 34 AKMYyaivbHy iHpopmayito wooo
peanvHux nomped GiMUUSHAHUX NIONPUEMCIE 2SIPHUYO-8UOOOYBHOI NPOMUCIOBOCI Y PYXOMOMY
CKAAOI Ma MOXNCAUGOCMI AHANIZY Pe3yIbMamie eKCHAyamayii MOOepHIi308aH020 MS208020 Acpecamy
OIIEIAM, a makooic 1yuHi KpUMUYHI 3aY8ANCEHHS WOOO0 PE3YIbMamis 00CTI0ONCEHHS.
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EVALUATION OF TECHNICAL PARAMETERS
LOCOMOTIVE FOR RAILWAY CAREER TRANSPORT

The main technical parameters of the locomotive for quarry railway transport have been
evaluated. The design parameters of the locomotive have been determined and it is established that the
tangential power is 6700 kW, and the traction force for the design mode is 1300 kN. The calculations
of the traction characteristics of the locomotive have been performed. The procedure for determining
the parameters of the locomotive operating modes during train tasks performing has been proposed,
which is based on the processing of the results of traction task solving on the section of the track. It
has been established that for the test section of the track a significant part of the time in the traction
mode the locomotive operates with a load of 10... 25% of the nominal, therefore it has been proposed
to implement the mode of movement with disconnection of traction motors. The use of an onboard
energy storage system, which allows the accumulation of energy during electrodynamics braking has
been proposed. The generalized scheme of traction system which allows realizing ways of increase of
energy efficiency a rolling stock has been offered.

Keywords: locomotive, traction force, traction electric drive, energy efficiency.
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MOJEJ/Ib BCTAHOBJIEHHA BEJIMYUHHU BUTPAT HAJIMBA HA TAI'Y
JAU3EJIb-TIOI3AIB TA PEUKOBUX ABTOBYCIB

Y cmammi posenawymi numanms 6USHAUEHHS GUMPAmMU NATUGA HA MAZY OU3ETLHO2O0
MOMOPBALOHHO20 PYXomo2o ckaady napky excniayamayii AT « YVxpsaniznuyiy. Cpopmosani xpumepii
ONMUMATLHOCIE MAMEMAMUYHUX MoOenel ma pO32IAHYIMO MemoOuKy umpamu namiea Ha msiey
noizoie. Bcmarnosneno HegionogioHicms NOMOUHO20 Memoody 8UMO2AM AOANMUBHOCHI, anapamHo-
nPo2pamnoi opieHmosanocmi, nPOCMOmMuy 6UKOPUCAHHA MA GUSHAYEHA He8IONO0GIOHICIb CIMAHOApPMY
ISO 50001 «Cucmemu enepeemuunozco menedxcmenmyy. 1 paghiuno 6idobpasiceno izuunuil npoyec
sUmMpamu  nAanuea Ha ma2y OU3ETbHUM MA208UM DPYXOMUM CKIAOOM MA Memoody 3aMilyeHHs.
3anponoHO8aH0I0 MameMamuiHoI0 MOOeLII0 8 YMO8ax ekchiyamayii. Bcmanoeneno ochoghi ckiaoogi
eumpamu nawueéa ma Mmemoou ix eusnaueHnHsa. 3anpononosano Ha 6a3i 3aKomy 30epedicenHs
MEXAHIYHOI eHepeii MoOelb BUSHAYEHH 8UMPAm NAIU8A ma HAdAHa euuepnHa IHgopmayia no 6cix
ckaaoosux mooeni. Hasedeno pezyiomamu po3paxynky Koegiyicnmis eniugy ma npuseoeHutl nepenix
mexHiunux ocobonusocmeu napky excnayamayii AT «Yxpsaniznuyiy. Ha 6a3i peanvnoco ms2o8020
naeua « Oxmupka-CMOpOOUHO» 6CMAHOBNEHO GUMPATNY NAUEA HA ALY, XOAOCHUL Xi0 ma 3a2anbHUli
00°eM CROJMCUMUX eHep2opecypCi6 pPIsHUMU munamu msa2o8ux o0ouHuysb. I pagiuno e6idodpasicero
nepepaxyHox eumpamu naiueéa Ha 1 nacasxcupa 6KazaHoz20 nieda 00Cnye08y8anHs ma HAOAHO
pexkomenoayii no eQexmueHomMy GUKOPUCMAHHIO MA208020 PYXOMO20 CKAAOY U  GUSHAUEHO
HeoOXiOHICb 3ACOCYBAHNS ABMOMAMUZ0BAHUX CUCTEM 3 HOPMYBAHHSL.

Knwuogi cnoea: mopmysanns eumpam, ms206i PO3PAXYHKU, eHep2opecypcl, Mamemamuine
MOOENOBAHHS, MA20BUTL PYXOMUL CKAAO.

Beryn. OcHOBHY 4acTHHY cOOiBapTOCTI IepeBe3eHb JU3EIbHUM PyXOMUM CKJIAJOM € BUTPATH Ha
eHepropecypcu. B yMoBax IopoK4aHHsS NaMBHO-CHEPTETHYHHX PECYpPCIB Ha CBITOBHX PHHKax
BUHHMKA€E TOCTpa MOTpeda B iX OIIAJHOMY BUKOPHCTAHHIO, MUJIBHOMY KOHTPOIIO 33 MOTOYHHMH
00’eMaMH CTHIOXXMBaHHS Ta BiJIMOBIHOCTI OTPUMAHOI KOPUCHOI pOOOTH BENMYMHAM SIKICHUX YH
00’€eMHUX TIOKa3HWKIB POOOTH TATOBOTO PYXOMOro ckiany. HexTyBaHHS MONIOHMMH 3aa4aMu
MPU3BOJIUTH B JIMCHOCTI HE JIMIIE A0 ITiIBUIIEHHS Tapudy TepeBe3eHb, alle 1 10 3HUKEHHSI TaCaXKHUPO-
Ta BaHTA)XOBIIIPaBHUKIB, KOHKYPEHTOCIIPOMOYKHOCTI 3aJ1i3HHYHOTO TPAHCHIOPTY YU TOBAPIB U IMOCITYT
Ha CBITOBHX PHHKaX, a00 MPOIBITAHHIO HEYECHUX HA PYKY MMPAIiBHUKIB 3aJi3HUIb Ta TX MOIDTIYHUKIB.
AmHaji3, 00poOKa Ta MOIIYK HUIAXIB 3 OMIAAHOI0 BUKOPHCTAHHS MMaJMBa I BIUIMBOM TEXHIYHUX
0CcOOJHMBOCTEH TSITOBOrO PYXOMOTO CKIIaAy, BIACTUBOCTEH mpodimo wnuisxy, rpadiky pyxy,
KJIIMaTHYHUX YMOB Ta MOTOYHOI TEXHIYHOI 030pOE€HOCTI BUPOOHMYMX MigpO3ALIB uM (il - maroTh
3MOTY MiJBUIIUTH €HEProeeKTUBHICTh, 3HU3UTH MOKAa3HHKH EHEPrOEMHOCTI Ta BCTAaHOBUTU
cO01BapTICTh MPOYKIIii 3aTi3HUIIb, IO € OCHOBOI HOPMYBaHHS MAINBHO-CHEPTETHYHIX PECYPCIB.
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AHani3 ocTaHHiX nocaiTxkeHb i mocraHoBka mpodjemu. s obmiky 00’eMy BHKOPHCTaHHS
€HEepropecypciB Ha MepIIOMY eTalli HeOOXi1THO BCTAHOBUTH BCI CHJIM IIIO JIFOTh HA O3]l Ta BUKOHATH
TATOBI po3paxyHKH. be3niu (axiBIliB MPUCBITUIN CBOI Mpalli Mpaii MATAaHHSIM BHPIIICHAS PiBHSIHHSI
pPyXy moi3la mij BIUIMBOM 30BHIIIHIX Ta BHyTpimHiX cui. Cepex HHUX BHIUILE€Tbea mpansg Ocumoa
C.I. [1], B sxiit chopMOBaHO MiAXOAM JO BU3HAUCHHS CHJI BIUIMBY Ta CKJIAJOBUX DIBHSHHS PyXY
Moi3/a, a TAKOX MiAX0H 10 (OpMyBaHHS TATOBO-€HEPTeTHYHIX PIBHIHD Ta ()aKTOPiB BIUIMBY Ha HHX.
Ilxepeno [2] poskpuBae OCHOBHI €HEPreTHUYHI XapaKTEPUCTHKHA Ta IMTOMI CHJIH Pi3HMX THIIB
pyXxoMoro ckiany. BaxJIMBUM NHUTaHHSM CIIOKUBAHHS PECYpPCiB HA JPYroMy €Talli KUTTEBOTO LUKITY
TATOBOTO PYXOMOTO CKJIaAy € 00’€MH BHUKOPHCTaHHS TalliBa Ta BIJHECEHHS iX HAa BECh Iepiof
eKcIDTyaTallii, mo rapao chopMmyrnboBaHo B poborax TaprakoBcekoro E.JI., y mxepem [3] BiH c
KoJieraMu ()OpMYIOTh KOHIIETIIIO BIUIMBY Ta MOIIYKY LUISXiB BHOOPY HOBOTO UM iCHYIOYOTO HapKy
JUI TIEpeBE3eHHsI MacakupiB Ha 0a3l CIOXKWUTHX TMaJMBHO-CHEPreTHYHUX pecypcax. [lomryk
paIlioOHaTbHAX PEXHMIB BeIEHHS T0i3/1a, CTBOPEHHS IMPOTPaMHHUX MPOAYKTIB 3 TATOBUX PO3PaXyHKIB
Ta HOPMYBaHHS €HEPropecypciB pi3HUX THIIIB PyXOMOTO CKJIaay HaBeieHO B mpaii [4]. 3akopmoHHi
HAYKOBIII, 110 BUBYAIOTh MUTAHHS MiHIMI3allii CIIO)KMBAaHHS MAJIMBHO-CHEPIETHYHUX PECYpCiB Ha 0asi
JUHAMIYHAX CHUCTEM aJalTHBHOIO O€3MepepBHOIO KOHTPOJIO XaPaKTEPUCTHK PYXOMOIO CKJIaLy
HaBeZieHO B mparix [5-8]. HeoOximauMm QakxTopoM TepeBi3HOro Mpollecy € 3abe3medeHHs Oe3mekn
pyxy, 1o HaBezneHo B mkepeni [9]. HaniiinicTs Ta 6e3BiIMOBHICTH poOOTH, a00 BIUIMB 3HOLICHOCTI
JeTaneil Ha BY3diB Ha Koe(illieHTH HOPMOYTBOpPEHHs po3risiHyTo B mpari [10]. MogpemoBaHHS
€HEePrOCIIOKMBAaHHS i BIUIMBOM Tmpodimo mmsxy BukoHaHo B mkepeni [11]. o Hemomikis
3aKOPJOHHUX TMpalb CIi BIJHECTH HEBIAMOBIJHICTh THIIIB PYXOMOTO CKJIaay Ta OCOOJHMBOCTCH
excrutyaraiiii. Ilpu aHamizi HOpMAaTMBHHX JOKYMEHTIB [12-14] 3 HOpMyBaHHS BUTpAT MaUBHO-
eHepreTnuHUX pecypciB AT «YKp3ami3HUI» BHUSBICHO HEOOXITHICTh PO3pOOKH, KOpEryBaHHS Ta
3aMiHM 3acTapiIMX METOAMK (3acHOBaHMX Ha mpansgx 70-x pokiB mpodecopa Momspuyka) Ha
MPOrpaMHO OpPIEHTOBAaHI Ta JUHAMIYHO CTiHKI MareMaTHYHi Moneii. Tak sK BIICYTHICTh
aBTOMATH3aIIi MPHU BEIHKUX 00’€Max OOYMCIIEHb MPU3BOANTH TO BCTAaTH MWIBHOCTI 32 KOHTPOJIEM, a
B&XKICTh 3aMiHH YM KOPETYBaHHS MMOTOYHUX HOPM JI0 MepeBUTpar enepropecypcis [15]. Tpams [15]
peani3ye 6a3y 0 BIPOBAKCHHS HOBUX MIXOIB 3 00YHCICHHS (PaKTHYHHX HOPM BUTPAT PecypciB Ha
TATY Ta KOHTPOJIO 3a iX CMOXMBaHHSAM Ha Bcix piBHAX AT «Ykp3amizauii». ToMmy BUpilIEeHHSM
npobjeMu € po3poOKa anapaTHO-OPIEHTOBAHO! Ta AJaNTHBHOI MaTEeMaTHYHOI MOJENi 3 THYYKOIO
CHCTEMOIO KOPETYBaHHSI HOPMOYTBOPIOIOUHMX TTapaMeTpiB.

Merta i 3aBmaHHsl JocaiqxKeHHs1. PO3risHyTH NMUTaHHS BU3HAYCHHS BUTPATH TaJMBHA HA TATY
JU3EJIbHOT0 MOTOPBaroHHOT'O PyXOMOT'0 CKJIaay Ta chopMyBaTH MO0 OCHOBHI CKJIafoBi. BcraHoBUTH
NOTOYHY METOIUKY Ta ii HemoJiku. 3armponoHyBaTH Ha 0asi 3aKOHY 30€peKEeHHS] MEXaHIYHOI eHeprii
MaTeMaTHYHy MOJiellb HOPMYBAaHHS BUTpPATH MalWBa BUPOOHWYMMH MiApo3AiiaMu 4 QimisMu 3
BpaxyBaHHSM IIOI3HMX YMOB Ta OCOOJHMBOCTEH MapKy TATOBOIO PYXOMOIO CKjiany. BcraHoBuTH
KpHUTEPii ONTUMAIBHOCTI T4 BUMOTH 0 MOAENI. 3allpONOHYBaTH aAalTUBHY, IPOIPAMHO OPi€HTOBAHY,
iHTYiTHBHY Ta BianoBimHy ctangapty 1SO 50001 «CucteMn eHepreTHYHOTO MEHEIKMEHTY» MOJIeIh
BU3HAUEHHSI BEIMYMHHU BUTPAT NAJIMBA HA TATY TU3ENb-TI013/IiB Ta peHKOBHUX aBTOOYCIB.

Marepiaa Ta Meroan aociigkeHHsi. B mpomeci ekcruryaranii TArOBOTO pyxOMOIoO CKiIaay IMif
BIUIMBOM Tpadiky pyXy, 3aCEJCHOCTI BAaroHIB MacaKUpaMH, TEXHIYHUX OCOOJMBOCTECH OJMHUIb
eKCIuTyaTalii, mpoQiao IUIIXy, METEOPOJOTIYHUX YMOB YHM iHIIUX (PAKTOPIiB BHHUKAE TOTpeda B
3a0e3MeyeH i ONTUMAFHUX PEXXUMIB BEICHHS TMOI3/y, Ta SIK HACHIIOK EKOHOMIYHO OOTPYHTOBaHUX, 3
TOYKY 30py €Heproe(eKTHBHOCTi, HOpPM BUTpaT nanuBa. 1 3a0e3medeHHs L€l MOXIMBOCTI
HEOOXiJITHO BHKOPHCTOBYBATH JIiaHEpPU30BaHI MaTreMaTW4Hi MoOJeNi, TOOTO Taki WI0 MaloTh
MaKCHUMajJbHE HaONMKEHHS (YU CHiBHOAJAIOTh B KOHTPOJBHHUX TOYKAX) 0 KPUBOi ONTUMAJILHOTO
BUKOPHUCTaHHS eHepropecypciB. IlinTBepIKeHHAM ONTUMAIBHOCTI CIYrye HAaKONMYEHMH B XO.i
eKCIUTyaTallii JIOCTOBipHHUH 00’ €M CTATUCTHYHHX JIaHUX, JIOCTYIHICTh BHKOPUCTAHHS Ta MaKCHMallbHA
iH(OpPMATUBHICTh MOJIETI, amapaTHO-NPOrpaMHa OPIEHTOBAHICTh Ta BIJIIMOBIJHICTh HOPMATHBHUM
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JOKYMEHTaM, MPOCTOTa KOPEryBaHHS HOPM Ta 3acTOCYBaHHS A0 HOBOTO (UM 3 MajlUM TEpMiHOM
eKCIDTyaTallii) TATOBOTO PyXOMOTO CKIIafy.

3rimo [1, 12-14] po3paxyHOK HOPMH BHUTpAT MaJWBa Ui TEIUIOTATOBOTO PYXOMOTO CKJIAIy
BUKOHYIOTbH 332 BUPA30M:

n=ny-K, K, -K-K K. +2"-An_+K,-n +n -0, K, )

e N, — BUXiIHI HOPMH BUTPAT IH3EIBbHOTO MAjNBa, SKi BH3HAYAIOTHCSA TATOBO-CHEPreTHYHUM
MAacTOPTOM TEIUIOBOT'O PyXOMOTO CKIafy, ke/10 muc. m.km.op;

K,y K, — koediuieHT, sKuii BpaXxoBye 3MiHy ONOpPY MOI3/1a B 3a1€XKHOCTI BiJl 0COONIMBOCTEH HOTO
(bopmyBaHHS;

Kq Ky — KoeQiieHT BIUIMBY CTYMEHS BHKOPHCTAHHS BAHTa)XOITHOMHOCTI BAaroHiB (B TaHOMY
BUTIAAKY BiTHOIIEHHS CTATHYHOTO HaBaHTaKEHHS Ha Bich 10 17,5 T);

K; K, — xoedimieHT CKIaJHOCTI HOPMOBAHOT IiJIBHUIL;

K; K, — temneparypHuii koedilieHT HOpMOBaHOTO HEPiOAY;

K; K, - — KkoedilieHT 1110 BpaxoBy€e TEXHIYHHIl CTaH TATOBOTO PyXOMOTO CKJIANLY;

Z 7' — KUIBKICTB 3yIIUHOK, SKi nepeabadeni rpadikom pyxy moizzais Ha 100 noiz0o-km;

AN_ — BUTpaTH eIeKTPOEHEprii Ta NanuBa HAa BINHOBICHHS KiHETHYHOI eHeprii, BTpadeHoi HpH
ranbpMyBaHHi, ke/10 muc. m.km.op;,

Ky K, — koedilienT X0m0cTOr0 X0y JOKOMOTHBA, BUPAKEHHH BiTHONIEHHSM Yacy XOJOCTOTO
XOJ1y JI0 3arajJbHOTO Yacy pyXy Hoi3za;

! . . . [V

Ky K|, — koedilient xo10cToi po6oTH u3eNs, BUPaKEHHIT BiTHOMICHHSIM Yacy poOOTH JIU3els 3a

o0y 10 3araibHOI TPUBAJIOCTI CTOSTHOK;

n, N, — BUTpaTH AU3EIBHOTO MauBa Ha XomocTuii xin mpu Ky, = 1K, =1;

0.0, — koedillieHT CTOSHOYHOTO Yacy, AK BiTHOIIEHHS Yacy 3YMUHOK, Tepe/I0aueHuX PO3KIaI0M

PYXY, JI0 3araJIbHOTO 4acy pyxy Imoi3na.

Bupa3 (1) 11t MOTOpBaroHHOT0 PyXOMOTO CKJIay Ma€ psiji HEAOIIKIB Cepel SIKAX CIIiJ| BIIMITHTH:

BiJICYTHICTh TSTOBO-CHEPIeTUYHUX IMACTIOPTIB B MOTOPBAarOHHMX BUPOOHHYUX MiAPO3JiNax UH
¢imisgx, CKIamHICTh IX OTpuMaHHSA ©Oe3 BCeOIYHMX BHUIPOOYBaHb PYXOMOTO CKIIaNy, HHU3bKa
JIOCTOBIPHICTh OTPUMaHUX 3HAYeHb MPHU 3MiHI yYMOB KCIUTyaTallii 4d TpH 3MiHI COCTaBHOCTI
(KiTBKOCTI TOJIOBHHX, MPUYIITHUX Ta MOTOPHHX BAaroHiB);

CTaTHCTHMYHA HEHANPalbOBaHICTh Ta HEMOXJIMBICTh 3arajbHOrO Yy3araJlbHEHHS 10 CepisiM
Koe(iIi€HTa 110 BPaXOBY€E TEXHIYHUI CTaH TATOBOTO PyXOMOT'O CKIIAIY;

HEMOJJIMBICTh TCOPETUYHOTO BCTAHOBJICHHS KOC(QII[IEHTY XOJOCTOrO0 XOAY JH3EIbHOIO
MOTOPBaroHHOTO PYXOMOTO CKJIaJy;

BaXXKICTh pealrizallii Ha eJIeKTPOHHO-O0YHCIIOBANBHIA TEXHIIl Ta MPOrpaMHa HEMPHUCTOCOBAHICTH
TATOBO-CHEPTETHYHHX MACTIOPTIB;

HeBignoBigHicTh BuUMoram I1SO 50001 «CucreMu EHEPreTUYHOTO MEHEKMEHTY», K
OCHOBOIIOJIO’KHOTO JOKYMEHTY POOITHUKIB 3 €eHEPrOMEHEIKMEHTY

CKJIaJHICTh POOOTH AJISl MAILMHICTIB IHCTPYKTOPIB 3 TEIUIOTEXHIKH Ta 1HIIOTO MEPCOHAIY BiIJiNiB
OB’ SI3aHKX 3 PECYPCO30EPEKEHHSIM Ta HOPMYBAHHSIM.

UYepes 1e BCi MOTOpPBAroHHi JIENO BUKOPHCTOBYIOTh CTATUCTHYHHN METOJI HOPMYBaHHS IO Mae
HENOJIIKW y BaXXKOCTI 3aCTOCYBaHHSI Ta BEJIMKOro 00’eMy craTHCTHUHOI iH(opmauii. BpaxoByroun
BHUIIIE 3a3Ha4YeHE 0YJI0 3alPOIIOHOBAHO EPrOHOMIUHY, IIPOrPaMHO OPIEHTOBAHY, IHTYITHBHO 3PO3yMLTy
Ta TaKy II0 MOXXE€ BpPaxOBYBaTH OCOOJIMBOCTI TEXHIYHOI €KCIUTyaTallii OKpeMoi OJMHHI TATOBOTO
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PYXOMOTO CKJaay TpH 3MiHI SKICHUX 4M 00’€MHHUX IMOKa3HWKIB MareMaThyHy Mmojenb. 'padiune
BimoOpakeHHs (Di3MYHOTO TPOIECY BUTPATH TMAJIMBa Ha TATY AU3EIBHUM MOTOPBArOHHHM PYyXOMHM
CKIIQJIOM Ta METOJXy 3aMIIIeHHs 3aIlPONIOHOBAHOI0 MOJEIIII0 B yMOBaX eKCIUTyartallii 300pakeHo Ha
puc. 1.

G, T.y.n. I - - | .
¥ | KpuBa TegpeTu4HOI BUTPaTU eHepropecypcie B npoueci
! nepeMi‘ €HHA noisga matematuaHol mogeni G,(x)

T T

KpuBa TeopeTuMuHOI BUTPaTK eHepropecypcie B npoueci
~nepemilyeHHs noisga Gy(x)_

Kpuea $parTuuHol BUTpaTH 3 3

| TepepropacypcisBnponect | | | | S W T T & 1T T (7 T T
> « - A . ; )2

nepemiuierHa noisaa Gs{x)

v - - - 74 /. X
®a30BuiA 34BUT NPOLIECiB NPUCKOPEHHA Ha 3ynMHKaxTa | 7 X, yM. 0.
NiATPUMKM KiHeTUYHOI eHeprii B npoueci pyxy noisga

Puc. 1. I'padiune BinodpakeHHs PpisuaHOro mpouecy BUTPATH NMAJTUBA HA TATY AU3eTbHUM
MOTOPBATOHHMM PYXOMHM CKJIA/IOM Ta MeTOAY 3aMillleHHSl 3alPONOHOBAHOI0 MATEMATHYHOIO
MO/EeJUTI0 B YMOBAaX eKCIuTyaTamii

®diznyHa CyTh MpOIECy 3aMiHM KpHUBOi (PAKTHYHOI BUTPATH €HEPrOpECypCiB IMpH TNepeMilleHHI
noisna G,(X) na teopernuny G,(X) monsrae y nogini nepmoi na xyckosi simpizku I, I, 1, 1,, I
(K TakuX WIO BIAMOBIAAIOTH BUTpAaTaM MajMBa HAa BiTHOBJCHHS KIHETUYHOI CHEPTii MpH 3yHMHHKAaX
M0i3/1a Ha CTAHIISIX YU 3YNHMHOYHHMX IYHKTaX) Ta MPOMIDKKK MiXX HUMH (11O BiJIIOBIIalOTh BUTpaTaM

Ha TOJOJIaHHS CHJI ONOpYy PyXy Ta HAKONMWYEHHS 4YM JMCHIALiI0 NMOTeHUidHoi eHeprii). Hactynmaum
KPOKOM € 00’ €JHaHHS OJHOTHUITHUX 3a 3MICTOM Ta CEPEIHIX 3a IIBHUAKICTIO BUTPAT MajuBa Y BUIIIAAL

teopernunoi kpusoi G,(X) BuTpar emepropecypcis B mporeci mepemimenns noizna. Ipu meoMy
BenmuuHu  KyckoBux  BimpiskiB K, K,, K;, K,, K, marote  onmakose  3HauenHs

L+ +1L+1,+1
k, =k, =k; =k, =Kk, =const) wo Bianosizae Bennunni 12 ; L5 TIpomixok [Xl, X2]

kpusoi G, (X) BinmoBinae BuTpatam manuBa Ha HiATPUMAHHS CEpeIHBOI LIBMIAKOCTI PyXy Toi3za, B

TOW JK€ Yac TPOMINKOK [0, Xl] Ha BiJHOBJEHHS KiHeTHYHOi eHeprii. Toxl BuTpaTH eHeprii Ha
BUKOHAHHS KOPHMCHOI pOOOTH 3 MNepeMillleHHs pyXoMoro ckiamay € cyma mwiommn €2, ta €2,

yTBOpeHHX Biccio aberuce Ta kpusoo G, (X) , 1m0 Mae BUI iHTErpaabHOrO BHpa3y:

G=j91(x)-dx+jgz(x)-dx, )
0

X
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ne Q;, €2, — BiANOBIAHO MJIOMWA KPUBONIHIMHUX (Iryp BUTpPaT NajuBa HA BiAHOBICHHS
KiHETHYHOI €Heprii Ta MOoA0IaHHS CHJI OMOPY i BpaxyBaHHsI MOTEHIIHOTO BILIUBY NPOQiIto, ym.00.;
X;, X, — BIANOBIAHO XPOHOMETPUYHI BeIMYMHHU (pa3 3ABHUTY MPOLECiB NPUCKOPEHHS Ha 3yMHUHKAX

Ta MATPUMKH KiIHETHYHOI eHepril B mporieci pyxy moizaa, ym.oo.

Posrnsaemo apyruii iHTerpan Bupasy (2) — 3a CBO€IO CYTTIO KUTBKICTh €HEpTii SIKy HeoOXiTHO
BUKOPHUCTATH JIJIsI MATPUMKH CepeIHBOI IBUIKOCTI € CYMOIO KIHETUYHOI Ta MOTEHIIHHOI eHeprii Ta €
3aKOHOM 30€peKeHHs eHeprii, Toal piBHAHHS (2) Oyae MaTH BUA:

V7 -V,

[©,09-dx=m. +g(h,—h,)|, 3)

ne Vi, V, — BianoBisHO MBUAKOCTI HAa MOYATKY Ta B KiHIli PO3IVIAHYTOTO €1EMEHTa, M/C;
h,, h, — BinnosixHO BHCOTH Ha MOYATKY Ta B KiHIIi PO3IIIAHYTOTO €l1EMEHTA, M,

. . 2.
g — npuckopeHns BibHOTrO maninusa, g =9,81.m/c”;
M — maca moi3na, ke.
3 iHmoro OOKy mpaBa yacTHHa BUpasy (3) € BelMYMHA HEOOXiMHOI MEXaHiuyHOi eHeprii, Tomi
BUKOPHCTABIIN 2-i 3akoH HpioTOHA BUpa3 Oyme MaTw BUI:

m.[ V2 W

, +g(h,—h)[=m-a:S, 4)

e & — IPUCKOPEHHS PyXy, M/c’;

S — IOBKHHA TUITHKH IEPEMIIICHHS, M.

3rigao [1] mpuckopeHHS pyxXy — Le € JI0O0yTOK KOEQili€eHTy MHUTOMOIO NPUCKOPEHHS Ta
anredpaivHol CyMU CHII IO TiFOTh Ha MOT3/, TOMI PIBHIHHS MPHIME BUTIIS;

V2Z-V2

m- %‘*‘g(hz_m) =m'§'s'(f|< _w_bT), (5)
£ et nic?

€ ¢ — KO€(IIIEHT NTUTOMOTO IIPUCKOPEHHS, ——_ ;

bi 1| p p HIxH

f, by, @ —BinnmosinHo muTOMI CHTH TATH, raNBEMIBHI Ta CHIM onOPY pyXy, H/KH.

VY piBHSHHI NUTOMHX CHJI ONOPY B SIKOCTI 3aCTOCOBAHOI IIBHIKOCTI CIiJI BHKOPHCTOBYBaTH
BEJIMYMHY BiJHOIICHHS MPOHJIEHOr0 NUIIXY 10 4Yacy 0e3 BpaxyBaHHS Yacy IOHaJ HOPMOBAHOTO
NPOCTOI0 (CTOSHKM TIOi3[]a HA CTaHIil YW B 3yMMHOYHOMY NYHKTI TOHan | XBHIWHY) — s
3armo0iranHs 3aHKEHHS! HOPMH TP (PAKTHYHO OLTBIINX TUTOMHUX CHIIAX PYyXY.

3 iHmoro OOKy BUTpaTH MajiBa HA TATY MOTOPBATOHHUM PYXOMHM CKJIaJIOM MOXKIIHBO PO3IUINTH
Ha CKJIaJIOB1 BUpa3y:

G=G, +G,_, ©)

ne G;, G, , — BiANOBIAHO BUTPATH MalMBA B PSKUMAX TATH Ta HA XOJIOCTOMY XO/i, Ke.
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TsroBi BUTpaTH MOMXJIMBO PO3IUIMTH Ha CKJIAAOBI BHUTPAT EHEProOpecypciB HEOOXiAHWX A
IPUCKOPEHHS 11013712 Ta MIATPUMKH CepeTHbOI MBUAKOCTI PyXY, IO Ma€ BHI:

G, =G, +G,, , (7

ne Gy, G, - BignosigHo BUTpaTH TManmBa IS TPHCKOPEHHS MOi3My Ta HiATPUMKH CEPEIHBOI
HIBUJKOCTI PyXY PyXOMOTO CKJIafy, Ke.

Y 3arajpHOMY BUIIISIII BUTPaTa €HEPropecypciB ISl TMATPUMKN CEPeIHBOI MBUAKOCTI PyXY OXUHHIL
eKCIITyarTarlii € iHTerpajgoM (yHKIIii TATOMOI BUTPATH MaJFBa POTATOM Yacy YH MUIXY, MO 32 PI3HIHAM
3MICTOM € 3Ha4YCHHSIM BIiJIIOBITHOI IHTErpaJIbHOI IOl Ha KoedilieHT edekTuBHOCTI (A ) IepeTBOPEHHS

eHeprii cuJIOBOi YCTaHOBKM Ta mepeaadi (——) TOTYXKHOCTI ¥ (i3WYHOrO BUMIpHHUKA
e
(1 Tk = 0,278+10° xBme200) TepeTBOpEHHS EHEprii MPH CTATHX 3HAYCHHAX BHMIpPHHKIB TATOBHX

po3paxyHKiB (kitomerpax Ta ToHax). Toxi Bupas nns G;; 6yne maru Bux:

9()-dS = 2- [, (x)-dx = m-g-o,2k78-w-g-s ,

X ep
ne § — muroma BHTpara manuBa Au3elieM Ha MaKCHUMalbHIN MMOTYKHOCTI, k&/kBm-200;

Gn = 3

O ey N

keqb — CepeqHbO3BAKEHUI Koe(illieHT KOPUCHOI Ail AWU3eNb-T0i3y YM PEeHKOBOTO aBTOOYCYy Ha
oOpaHoMYy IuIedi 00CITyroByBaHHs, %0;

0,278 — nepeBinuuit KoeilieHT.

BimokpemuMmo MOBXHHY MAUISHKA TepeMimeHHs S 3 Bupady (8), mo € cepeaHbO3BaKEHOIO
BUTPATOIO NATMBA HA MPOXOKEHHS 1 KioMeTpy mutsixy (nami (') Ta BU3HAYAETHCA BUPA3OM:

g=M§:0278:3.g

Ky

©)

' . . . o .
I[aHa BUTpaTa IajrBa g IIOBHMHHA BIAIIOB1AATH BUMOT'aM 3MIHHU ITO13HHUX O6CTaBI/IH, AHaJIOI''YHe

Bupa3y (1), cepen SKMX aKTyalbHHUMH JUII MOTOPBAarOHHOTO PYXOMOTO CKJIaay € BIUIUB
TEMIIepaTypHUX YMOB, MPO(DIII0 IUISIXY, 3YCTPIYHOIO UM OOKOBOTO BITPY Ta TEXHIYHOTO CTaHy
onuHMLI excrutyaTtanii. OCKUIBKM apaMeTp TEXHIYHOro CTaHy BKE 3aKiIaJieHrH 3a (pi3MUHOI0 CYTTIO B

CepeIHbO3BKEHHH KOeili€HT KOPUCHOT il keqb y BHTJISIl 3MEHIIICHHS UM 3017IbIIEHHS, TO BUpas (9)

. . !
JUIs OOYUCIICHHS CePEeIHbO3BAXKEHOI BUTPATH MajMBa Ha MPOXOMKeHHA 1 Kinomerpy muisixy § Oyne
MaTH BUJ:

, m-£.0,278-@ -
g = f k g ’ kmeMn : ki : k«impy s (10)

e

K — BIANOBIIHO KOE(ILIEHTH BILUIMBY TEMIICPATypHd OTOUYHOUOI'O CEpPEIOBHIIA,

Ac kme,\m’ ki’ eimpy
npodisifo LUIIXy Ta 3yCTPiuHOro Y OOKOBOTO BITPY.
AHalni3 TEXHIYHOro 3a0e3leyeHHsl CTaHLii, po3’i3HUX IYHKTIB YU BY3JTiB a0o OIWHHIb

eKCIUTyaTallii MOTOPBaroHHUX Jero 4 (il BKa3dye Ha BiJICYTHICTh aHEMOMETPIB Ta (QIIOrepiB Ha
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Mmepexi AT «YKp3ami3HUIL»; B CBOIO depry 0e3 JOCTOBIpHHX JaHUX BHUKOPUCTAaHHS KoedilieHTy

BIUIMBY 3YCTPIYHOTO YM OOKOBOTO BiTpY keimpy HE € MOXIIUBUM, TOMY km.mpy =1. 3miny napamerpy
BITPOBOT'O TIOTOKY MPOMOHYETHCS BPaxOBYBaTH Ha 0a3i cepeTHb03BaKEHOT0 KOeilieHTy KOPHCHOT il
K., ynpomosxk HopmoBaHOro mepiofy.

Amnani3 mxepen [1-2, 12-15] Ta cratuctuvHOi iHGOpMAIlil 1O BIUIMBY TEMIIEPATypU OTOYYIOUOTO
CepeIoBHINA BKAa3ye Ha HEOOXIMHICTh (I BUKOHAHHS YMOBH anapaTHO-IIPOrPaMHOI OPiEHTOBAHOCTI
Ta 3pyYHOCTI BUKOPUCTAHHS) MEPETBOPEHHS CTATUCTUYHHUX JaHWX Ta TaOMMaHWX naHux 3 [12-15] 3
JIOITyCTUMOIO TIOXUOKOIO 10 (POPMYITBHOTO BUpa3y BUIY:

K,.,=a+b"’t, (11)
ne @', b' —ueBinomi koedirienTy piBHAHHS;

0
t — Temmeparypa 0TOUyHOUYOro cepeIoBHUIIa, oc.
Toni 3HaxomKeHHs HeBigoMux Koediientis @’ i b’ 3BoauThCs 10 BUpIlIEHHS CHCTEMH PiBHSIHD:

n n n

a' . Z Oti2 + b’ . Z Oti = Z 0ti kmeﬂmi

i=1 i=1 i=1

, (12)

n

a- >, +b’-n=Zn:kmni
i=1

i=1

B xoxi o6uncnens meromom Kpamepa Oymu otpumani HeBimomi koedimientn @’ i b'. Cepemus
noxu6ka ckana A = 0,12 %, a supas s K, Mae Bu:

k =-0,0043°t+1,0648, (13)

memn

Buxopucrtaemo Bupas 3 mxepen [1, 12-13] nns obuncneHHs kKoedillieHTY BILIMBY MPOQio MIIAXY
Ha MOTOPBaroHHUM PyXOMHUU CKJIaJ, 1110 Ma€ BUJI:

k, =1+C, - (i, — Ai;), (14)

e Ca — KOC(IIIIEHT, 1110 BU3HAYAETHCS 3AJICKHO Bijl IIBUAKOCTI PyXY;

I, — exBiBaeHTHHI yXWI, %o;

Al; — BenMumMHa BiIHOCHOT poOOTH cHI iHepLii moizaa, %o.

3nauenns C._ , sk cka3aHO BHILE, 3aJI€KUTh BiJl IIBUAKOCTI, TOMy apI'yMEHTOM € CaMeé BOHA, TOM
a?’ )

npuBeneMo Horo 10 ¢opmyiabHOTO Buay. CTaTMCTHYHI AaHi Ui OOYUCIEHb OTPUMaHi 3 aHallizy
CTaTHCTHKH MOTOPBArOHHMX Jerno Ta iHdopmartii 3 mwkepen [1, 12-13]. TlopsAmaok MOTIHOMY Ta THIT
piBHSHHS BH3Hadasoch Ha 0a3l OTpuMaHOi MOXUOKM OOYHMCIICHb, HaliMEHINA 3 SIKUX HAJICKHTh
MOJIIHOMY 3-TO TIOPSIIKY BHIY:

C,=a"-V’+b"-V?+c"-V +d", (15)

ne a”,b”, ¢”, d” —HeBigoMi Koe]illieHTH piBHSIHHS.
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Toni 3HaxomkeHHS HeBimoMmux koedimieHTiB a”, b”, ¢”, d” 3BOAMTBCA 10 BUPIMICHHS CHUCTEMH

PIBHSIHB:
a’- Zn:Vi6 +b"- Zn:ViS +c- Zn:Vi“ +d". Zn:Vf = Zn:Vigcai
i1 i1 i1 i1 i1
a" zn:vf +b"- En:vi“ +c"- ivﬁ +d"- zn:vf = zn:vfcai
K = ] i-1 -1 i=1 -1 (16)

2" YV D IVE e Y VE Y, =DV C,
i=1 i=1 i=1 i=1 i=1
VI VIR VTN VY
i=1 i=1 i=1 i=1

B xomi oOumcienp meromom ['ayca Oynu orpumani HeBigomi koedimientd a”, b”, c”,d”.

Cepenns noxubka cxiana A = 0,23 %, a Bupas 111 C, mae Buz:
C, =10°-(0,054-V®-9,5-V? +233.V )+ 0,343, (17)

Benuurna BigHOCHOI poGoTu cun iHepuii moizma Al; srigno [1, 12-13] B 3anekuth aMiue Bif
eKBiBaJeHTHOro yxuny I,. Tomi mpuBemeMo Horo 10 (GopmyiabHOro Buay Ha 6asi indopmarii 3

mkepen [1, 12-13] Ta 3a HaiiMeHIIO MOXUOKOIO (OTPHUMAHOI MPHU OOYKMCIICHIX) BU3HAYUMO HOTO SIK
MOJIIHOM 3-TO MOPSIJIKY BHITY:

A, =a”-i,> +b”-i,> +c” i, +d”, (18)

ne a”,b”,c”,d"” - HeBimomi koeillieHTH PiBHSIHHSI.
Toni 3HaxomkeHHs HeBioMux koedimientie a”,b”, c”, d” 3BoAUTHCS 10 BHUPILIEHHS CHCTEMH

PiBHSHB:
n n n n n
2" Y ie b Y i e Yt +d”-YiE = YidAj
i=L i=L i=1 i=L i=1
n n n n n
a”’-Zif +b’"-Zi:’ +C"'-Zi: +d”'-z:ie2 :Z:iezAii
i=L i=L i=L =1 i-1
kmeﬂm = n n n n n > (19)
a’”-Zie“ +b'"~2i§ +C'"-Z:ie2 +d"’-z:ie = ZieAii
i=L i=1 i=1 i=L i=L
n n n n
2" Y i +b"- Y iz +c"- Y, +d"-n =3 A
i=L i=1 i=1 i=L

B xomi oOumcienr meromoMm [ayca Oyim oTpumani HeBimomi koedimientn a”,b”,c”,d”.
y y p

Cepenns noxuoOka ckiana A = 0,34 %, a Bupas misa Al; mae BunI:

Ai, =0,0027-i,° —0,0615-i,° +0,0914 -i, +0,1944 , (20)
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BukonaeMo knacuuny (i3u4Hy nepeBipKy BipHOCTiI OTPUMAHOTO BUMipHHKA BUpasy (8):

M H K2
m~c—2~g-mxz- kBm-200 _ Jloic - ke -10° _ 2,78-107" kBm - 200- k2 -10° o 21)
H kBm - 200 kBm - 200 ’
kH

[Mepmmii inTerpan Bupasy (2) — 3a CBOEIO CYTTIO Lie KiITBKICTh €Heprii Ky HeoOXi1THO BUKOPUCTATH
JUTSL BiAHOBIJICHHS KiHETHYHOI €HEpril BUTpadeHOI Ha 3yNIMHKY MOi37a:

Gy =le(x)-dx, (22)
0

Y 3aragpHOMY BUTIISIAII BUTpaTa €HEPropecypciB IS BiHOBICHHS KIHETUYHOI eHeprii BUTpadeHoi
Ha 3yIHUHKY I013/1a € IHTerpajoM (PyHKIIii MATOMOT BUTPATHU MaJKMBa MPOTIATOM Yacy YM IUIAXY, 110 32
(bi3UIHAM 3MICTOM € 3HAYEHHSAM BiIOBIAHOT IHTErpalIbHOI TUTONT Ha KoedimieHT epexTruBHOCTI (A )

MIEPETBOPEHHS €Heprii CHJIOBOT YCTAHOBKH Ta Mepeaadi (i) MOTY>KHOCTI ¥ i3HYHOTO BUMIpHHUKA
e

(1 Jix = 0,278+10° kBme200) TepeTBOpEHHS eHEprii MPH CTATHX 3HAYCHHAX BHMIPHHKIB TATOBHX

PO3paxyHKiB (KiJJOMETpax Ta TOHaX) Ha KUTBKICTh 3yMMMHOK MPOTATOM IIUISIXY OpsiMyBaHHs. ToJi Bupa3

IS GK OyJe MaTh BUJ:

n,-m-£-0,278-@-g-S
k

X1 S
GKzi-le(x)~dx:Ig(S)~dS: , (23)
0 0

e

ge N, — KUIBKICTh 3yNHMHOK HA LUISIXY HPAMYBaHHS AW3EIBHOTO MOTOPBAarOHHOTO PYXOMOTO

CKJIa/ly BiJl TyHKTY BiJIIPaBICHHS 10 IIyHKTY IPU3HAYCHHS, WM.

Sk Oyno cka3aHO BUIE Ta MPOJAEMOHCTPOBAHO HA PHUCYHKY |, BENMYMHH KyCKOBUX BiJIpi3KiB
K, Ky, Ky, K,, Ks  marore  omnakose smauenns (K, =K, =k, =k, =k, =const), Bennunna
CEepeIHLOTO MPHUCKOPEHHS 3apikcoBaHa Ha PiBHI (BCTAHOBJICHO JOCIIIHUM IUISIXOM Ha 0a3i aHamizy
MIBUJKOCTEMIPHUX CTPIiYOK Ta OCOOMCTOrO CHIJIKYBAaHHS 3 JIOKOMOTUBHMMH Opuragamu) 60 xm/200,
TOOTO BENMYMHA BUTPAT HA BiHOBJIECHHS KIHETHMYHOI €Heprii B MareMaTW4Hii mozeni € const. Tomi
NpaBy CKJIAJIOBY BUpa3y (23) mpeacTaBuMO y BUTIISII BUTPATH €HEPrii Ha MPUCKOpEHHS A0 60 x2/200
1 monu TATOBOTO PyXOMOTrO CKJIamy (BpaxyBaHHS BIUTMBY IOI3HHX YMOB He OyJ0 HO NpUYMHI X

nonepenuboi dikcanii y Bumipank G, ), mo € 3a pizuuno0 CYTTIO BUpa3oM:

£-02718w-S P, _(R-t,+P,-t,+..+P t,)

T2t — e
ep m - Zti
i-1
e Pe — cepenHs e(heKTUBHA NOTYKHICTh €KCILTyaTOBaHOI OJIUHUILL, KBm*200;
P,P,,..,P, — Bemununau eheKkTHBHOI CIIOXKHBAHOI IMOTY)XKHOCTI EKCIUTyaTOBaHOI OJMHHIL,
kBme200;
t,t,, ..., t,...,{, —4ac poboTu Ha BiANOBiAHIN CIIOXKUBAHIH TOTYXHOCTI, 200,

N — KUJIBKICTh PeXXUMIB pOOOTH, MIT.

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
109



TEXHIKA I TEXHOJIOI'TI

BipnicTb BkazaHOTro BHpa3y nepeBipuMo (i3u4HO Ha MPEIMET BiAMOBIAHOCTI OAMHUIIb:

n Ho 00

CTEM m?-10°  2,78-10 " kBm- 200-10°
H === ’ a
xkH

CTpyKTypyeMO JTiBY YacTUHY piBHSHHS (24) Ta IpeacTaBUMO y BHIIISIAI KoedillieHTa, TOI BUpa3
JUTsE 00YHCIIEHHS KITBKOCTI €Heprii sSIKy HeoOXiJHO BUKOPUCTATH [T BiJHOBJICHHS KiHETUYHOI eHepril

BI/ITpa‘IeHO'I' Ha 3yIIUHKY HO'I'SHa GK 6yI[e MaTu BU:
GH=n3'k3‘g'ij’ (26)

ne K, — xoedimieHT ;x0pCTKOCTI PO3TiHHUX MPOLECIB, KBm*200/T;
P,, —3uinHa Bara c()OpMOBAHOTO TU3EIb-TI0I3ly UM PEHKOBUX aBTOOYCIB, T.

34

Bipnicts Bupasy (26) nepeBipumMo (pi3udHO HAa MPEIMET BiIMOBIAHOCTI OJHUHHUIIb:

Ke xBm-200
m- =K

. 2, 27
KBm-200 m

3aMiHa Macu MOTOPBaroOHHOTO pyXxoMoro ckiany M Ha 3uinHy Bary P,, mae Ha meTi npuBeneHHs
JI0 CTAaHJAPTHUX MO3HAYOK IPABHJ TATOBHX PO3PaxyHKiB. [Ip 1IbOMy BpaxyeMo TaKOX 3aCelICHICTH
BArOHIB MacaxupamH Ta ix pedamu, Bigoopasusum ix y Burmsigi P, +10-n, 3amicte M Bupasy (10),
NpOTe y BIUIMBI KiJIbKOCTI NATMBa JUII KOMIICHCAlii KIHETHYHOI eHeprii Ha 3yMUHKaX 3aJIHUIIIMO JIUIIE
P, . [IpHuiHO0 BKa3aHMX MaHIMyJISIii CIyrye crerudika TpaHCIOPTY: MOcaaIKa-BUCaIKa TacaXupiB

y BaroHW, Ta BpaxyBaHHs iX y BUTpaTax Ha 3amoOiraHHs JUcHMamii eHeprii B mpomeci pyxy. Tomi
Bupas (10) Oyne matu BuI:

g (P t10:0,)£:0278 57 g
K,

Je N, — KUIbKICTh BaroHIB y CKJIaJi JU3eNb-TI013/1a UM PEHKOBHUX aBTOOYCIB, IIT..

-(-0,0043°t +1,0648) -k, , (28)

OpHOYACHO 3 WM, JUI MOXKJIMBOTO YHUKHEHHsI 3aBUIIEHHS HOPMH BHTPATH Ha TATY BHACIIZOK
«HEJIOBAaHTAKEHHS» MACAKUPaMH 3 OarakeM 4YM IepeBaHTaKCHHS HACEJICHOCTI BAaroHiB, 3aCTOCYEMO
KoediIlieHT BIUIMBY 3aCEICHOCTI AM3eIb-TI0i3/1a UM PeHKOBOTro aBToOyca. Takox BpaxyeMo JOIaTKOBI
BUTpaTH MajMBa, IMOB’s3aHI 3 BiJIHOBICHHSAM Tpadika pyxXy 4depe3 3yNuHKH (TMpH 3yMUHINI 4Yac Ha
HO/IOJIAaHHS TSATOBOTO IUIeYa 3pOCTAa€ Ta BUHUKAE TTOTpeda 301IbIIyBaTH CEPEeIHIO IBUIKICTD PYXY L0
B CBOIO 4epry 30UIbIy€e BUTpATy HajMBa) Ta IMOHAJHOPMOBUI MPOCTiil Ha CTAHINSAX YM 3yNUHOYHHX
MyHKTaxX (BUTPaTH MaJMBa IOB’S3aHI 3 HarOHOM Yacy XOJY), Y BHUIJISAI BiJICOTKOBOTO 30iNbIICHHS
BUTpaTH TaNvBa. BipHICTh BKa3aHMX TBEPIKCHb MiATBEP/DKYETHCS OCITIJHOI EKCIUTyaTalli€lo B
MOTOpBaroHHomy neno «CBatoBo», «JIro0oThH» Ta sokoMoTuBHOMY Aeno «Kwui-Ilacaskupcekuii».
Toxi Bupa3 it 00UMCIICHHS 3arajbHAX BUTPAT MAIMBA MA€ BH/I:

_ ky ~(S~g'+n3~k3-g-Pw)~(t+n3~1x6+An3)+

G X.X
t X,

Lo (29)

ne Ky — xoedimieHT 3am0BHEHHS BaroHiB macakmpamu (U1 ManoHacenaeHux moizmis — 0,95;
cepenHbo3aceneHux — | ta cupHo3acenenux — 1,05);
t —yac Ha momoMaHHsA BifCTaHI Bijl IyHKTY BiAIPaBIEHHS 10 KiHIEBOrO NPU3HAYEHHS, XB;
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0, — HOpMa BHTPATH MAIMBA IU3EJIEM Ha XOJIOCTOMY XOJi, KI/XB;
t,x. — 4ac poOOTH qu3eisl Ha XOJOCTOMY X0y (BH3HAYa€eThCSl Ha OCHOBI TSATOBUX PO3PaxyHKIB,

KOHTPOJIBHO-IHCTPYKTOPCHKHX Ta AOCIHITHUX MOT3/I0K) , XB;

N, — KUIBKICTh 3yNMHOK Ha NUIAXY MPSAMYBaHHS €JICKTPOINOi3/a BiJl MyHKTY BiANPAaBICHHS JO
MYHKTY MPU3HAYCHHS, IIIT;

AN, — gac MOHAJIHOPMOBOTO MPOCTOIO (Y BUMAJIKY TPUBAIOCTI 3yIMIUHKH MOHA] | XBUIIMHY), XB;

1 xB. — yac Ha 3yNWHKY 01372 (BCTAHOBIIEHA CEPEeIHS BEIHMYMHA Ha 6231 XpOHOMETPAXKY).

Pe3ynbraTty po3paxyHKiB 3a TATOBUMH XapaKTEPUCTUKAMU MOTOPBAaroHHOTO pyxomMoro ckiamy AT
«YKp3aJli3HUI» OTPUMAEMO 3HAUCHHS BEJIMYMH HEOOXIAHMX KOC(]IIIEHTIB Ta 3BEAEMO iX pa3oM 3
MACIIOPTHUMH XapaKTEPUCTUKAMH 10 Taomuiti 1.

Tabnuys 1. Pe3ynbTaT po3paxyHKiB Ta AesiKi NaCHOPTHI JaHi AU3eJbHOT0 MOTOPBATOHHOTO
pyxomoro ckjaany AT «Ykp3amizaumi»

TTutoma ITuroma . ..

Tun BuTpata BUTpaTa Ha HOTy)KHl?TL . 5 KOC(I)II_I1€H’1:

XOTOCTOM CHIIOBOT epeHBO3BAKEHNH | IKOPCTKOCTI

pi’XKEZ;;O H;ﬁlg];fg xony g Y YCTaHOBKH KK k,, % PO3TiHHMX

KZ/KBm'ZOé KZ/ZOgX. | P wBm npotecis, %
1 0,22862 8,4 538 0,508 0,04995
JP1A 0,21467 8,4 736 0,508 0,04939
JIEJI-02 0,21505 3 505 0,514 0,04485
EA'A.I\.GSOM 0,22 2,8 315 0,535 0,04186
Eﬁﬁo'\" 0,2199 3,1 382 0,535 0,04186
630M 0,2199 5,6 382 0,535 0,04186
PA2 0,218 2,8 1400 0,535 0,04186
JII-1 0,31956 25,2 1470 0,501 0,04995
JATII-1 0,31956 25,2 1470 0,501 0,04995
JIIKP-2 0,21795 4,2 390 0,535 0,04485
JIIKP-3 0,20918 8 588 0,535 0,04485

OckinbkM 4Yac poOOTH Ha XOJOCTOMY XOJy € JAWHAMIYHUM WapaMeTrp Ta 3aJeXHUTh Bij
0co0IMBOCTEH eKCIUTyaTallii Ta IOTOYHUX BUMOT Ipadika pyxy — OyiI0 3apOroHOBaHO OOYHCITIOBATH
HOro sSIK 4aCTHHY BiJl 3arajlbHOTO 4Yacy, BiJICOTOK SKOTO € BiJHOIICHHS 3arajlbHUX BUTPAT MAJMBa 10
BUTPAT MaJHBa HA HOMIHAJIBHOMY pexuMi poOoTH. [Ipy nmboMy reHepyroda CHpOMOXHICTD CHIIOBUX
YCTaHOBOK BPaxOBYEThCS Ha PiBHI HaMEHINOT 3 CHJIOBOTO O0JIaJIHAHHS CKJIAJAIbHOI OJMHUII, a MPU
Bupasy (29) mo

HAsBHOCTI JEKUIBKOX CHJIOBHMX arperariB HeoOXigHO mpuBecTH ckiamoBy J,, -t .

MHOKHHH Ha TX KUIbKICTh. Toi BUpa3 /it 00YMCICHHS Yacy X0JIOCTOrO X0y OyJie MaTH BUIJISL:

- =t-(1— ky (S-g +o,74;gF.>Pz).(s +n, +An, )J, (30)

ne P — MakcumanbHa reHepyroua CIIPOMOKHICTH CHJIOBOI YCTAQHOBKH (y BHIAIKY JEKIIBKOX
JU3eIiB — MOTY)KHICTh BU3HAYAETHCS K BEJIIMUYMHA HAHMEHIIOI 3 MOTY)KHOCTEH BCiX CHEPreTHYHHX
YCTaHOBOK), KBm*200.

[IpakTrdHa anpobarisi MaTeMaTHYHOI MOJIENI BU3HAUCHHS BUTPAT MaJMBa HA TATY JU3EIb-TIOI3]iB
Ta pEHKOBHX aBTOOYCIB 3xilicHIOBajach Ha 0a3i TsaroBoro mieda OxTupka-CMOPOAMHO Al Pi3HUX
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TUMIB pyxoMmoro ckmany. [loi3gHi yMOBH BH3HAYeHi SIK: CepelIHbO3aBAHTAKCHWH AW3EIbHUN
MOTOPBArOHHAN PYXOMHUH CKJaj, BiICTaHh 38 KM, THIT KOJii CTHKOBHH, Yac IOJOJIAHHS BiJICTaHi
3rigHo rpadika pyxy 1 roxa. 12 xB., ekBiBasieHTHHH yXxui 1,115 %o), KUTBKICTh MPOMIKHUX 3YTTHHOK
Ha IUIIXY NMpSMyBaHHs 6 (4Yac MOHaZHOPMOBOro mpoctoro mo rmiatdopmi KipikoBka — 20 xB.),
Temneparypa nositps -25 °C, 0iHOUACHO MPALIOIOTh Yei Au3eri. PesynpTaT po3paxyHKiB 3BeieHi
no Tabnuii 2. B pe3ynbraT nepepaxyHKy BUTPATH NalliBa Ha | macaxkupa HaBeJeHi Ha puc. 2.

Tabnuys 2. Pe3ynbTaTH pO3paxyHKiB Ta AesiKi NACHOPTHI JaHi AU3eJbHOT0 MOTOPBATOHHOTO
PYXOMOro CKJIaAy Ha TAroBomy miedi OxTupka-CmopoanHo

Koedinient muromoro
- £ Burpatn Burparu 3 )
Al i Bara MPUCKOPEHHS & , et ATHBA HA araJbHi
PYXOMOTro Pox 2 x. G surpatn G
CKJIaIy " mlc mary Gy | ke XX , K2
HIxH ke
1 210 100,35 6,45 106,8
JP1A 174 79,35 11,72 91,07
JEJI-02 218 90,40 2,21 92,61
PAG20M
MTU 51 27,86 2,23 30,09
PAG620M
MAN 52 0,00895 28,37 2,67 31,04
630M 204 55,72 6,01 61,73
PA2 125 59,10 5,64 64,74
JII-1 318 204,91 19,25 224,16
JATJI-1 438 294,84 28,85 323,69
JIIKP-2 188,9 102,59 10,05 112,64
JIIKP-3 190,9 104,16 5,65 109,81

BAEsoNi PA620M
EN-02 MAN
AP1A MTU

a1

Puc. 2. I'padiune BinoOpaskeHHs NepepaxyHKy BUTPATH NajuBa Ha 1 maca:kupa mjieda
oo6cayrosyBanasa Oxrupka-CmopoauHo napky exkcniayaranii AT «Ykp3aaisHuns»

Haii0inbpm eHeproe)eKTHBHUM, 3 TOYKM 30py BHTpaTH Ha 1 macaxupa (Tpu cepeaHii
3aBaHTAXEHOCTI), € mu3enb-11oi31 JIP1A, o i 3HaX0AUTHCS B IOTOYHIHM eKCILTyaTallii Ha IJiedi.

BucHoBku. Po3risiHyTO THMTaHHS BU3HAYCHHS BHUTpPATH TMAJIMBHA HAa TATY JIU3EIHHOTO
MOTOPBArOHHOI'O PYXOMOIO CKJIaAy Ta C()OPMOBAHO HOro OCHOBHI CKJaJ0OBi. BCTaHOBJICHO MOTOUHY
METOJIMKY Ta T HEJONIKH. 3amporoHOBaHO Ha 0a3l 3aKoHy 30epeKeHHS MEXaHIYHOI eHepril
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MaTeMaTHYHy MOJelb HOPMYBAaHHS BUTpaTH MalyMBa BUPOOHWYMMH MiApo3AiiaMu 4 QimisMu 3
BpaxyBaHHSM IIOI3HHX yYMOB Ta OCOOJIMBOCTEH MapKy TSITOBOTO PYXOMOTO CKiIamy. BcraHoBieHO
KpHUTepii ONTUMATBHOCTI Ta BUMOTH J0 MOJIEJNI. 3alpOIIOHOBAHO aJallTHBHY, IPOTPAMHO OPi€HTOBAHY,
iHTYiTHBHY Ta BianoBimHy ctangapTy 1SO 50001 «CucteMn eHepreTHYHOrO MEHEIKMEHTY» MOJETb
BU3HAUEHHsSI BEJIMYMHU BUTpaT NaluBa Ha TATY JAM3EIb-TIOI3NIB Ta peikoBux aBToOyciB. B
HOAATBIIOMY IOIIJIBHO BIPOBAJAUTH MaTeMaTHYHE MOJCIIOBAHHS Ta MEPEBECTH 3aIllPOIIOHOBAHY
MOZENb B IPOrPaMHHI MPOIYKT JJIsl BCTAHOBJICHHS PAIliOHAJIbHUX HOPM HA BEICHHS I10i3/a, MOUIYKY
3HIKCHHS PECYpPCiB Ha TATY Ta MAacOBOI MPAKTUYHOI anpoOarrii.
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MODEL OF SETTING THE AMOUNT OF FUEL CONSUMPTION
FOR THE TRACTION OF DIESEL TRAINS AND RAIL BUSES

The article deals with the issues of determining the fuel consumption for traction of diesel multiple unit
trains of the fleet of JSC "Ukrzaliznytsya". The criteria for the optimality of mathematical models are
formed and the method of fuel consumption for train traction is considered. The inconsistency of the
current method with the requirements of adaptability, hardware-software orientation, ease of use was
established, and the non-compliance with the ISO 50001 “"Energy Management Systems" standard was
determined. The physical process of fuel consumption for traction by diesel rolling stock and the method of
substitution by the proposed mathematical model under operating conditions are graphically reflected. The
main components of fuel consumption and methods for their determination are established. Based on the
law of conservation of mechanical energy, a model for determining fuel consumption is proposed and
comprehensive information is provided on all components of the model. The results of the calculation of the
impact coefficients are given and a list of technical features of the operation park of JSC "Ukrzaliznytsya"
is given. On the basis of the real traction arm Okhtyrka-Smorodino, the fuel consumption for traction,
idling and the total amount of energy resources consumed by different types of traction units are
established. The recalculation of fuel consumption per 1 passenger of the specified service shoulder is
graphically reflected, recommendations are given for the efficient use of traction rolling stock, and the
need for the use of automated rationing systems is determined.

Keywords: cost rationing, traction calculations, energy resources, mathematical modeling, traction
composition..
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OIITHKA BILUIABY PEXXUMIB POBOTU CUCTEMHU EJEKTPUYHOI srn
HA BTPATH BI1 HEPIBHOMIPHOCTI CIIO’KMBAHHA EJJEKTPOEHEPT1I
TA 3AXOIN IIOJ0 IX 3BHUKEHHSA

B cmammi pozensdaemvca axmyanvha npoOiema HepiHOMIPHOCMI e1eKMPOCHONCUBAHHA HA
3ANIBHUYHOMY MPAHCHOPMI ma Kpoku, no ii sHuoicennro. IIposedenuti ananiz ymos excniyamayii
msa206020 pyxomozo cknady. Ha ocnosi pezynomamis nposedernoco ananizy Hadamo xapaxmepucmuxiu
pesicumam pobomu ma208020 PYXomMo20 CKIAOY 3ANIZHUYHO20 MPAHCHOPMY MA eHepeemudHUmM
npoyecam y cucmemi enexkmpuynoi mseu npu ix peanizayii. Hasedeno paxmopu enausy, wo
npu3600amsb 00 GUHUKHEHHS eHepeemUYHUX 8mpam Yy pe3yibmami HepiGHOMIPHOCI MA208020
eNeKMPOCNOJNCUBAHHSA.  3aNPONOHOBAHO  NOKA3HUKU  ONA  OYIHKU  HEPIGHOMIPDHOCI  mMsA208020
eNeKMPOCNOINCUBAHHA. K NOKA3ZHUKU NPONOHYEMBCA GUKOPUCTNAHHA THMESPATbHUX eHEePeMUYHUX
NOKa3HUuKi6 nik-ghakmop ma rxoegiyicum gopmu. Ilik-pakmop xapaxmepusye pieenb HAOIUUKOBOL
HOMYACHOCMI CUCTNEMU eNeKMPONOCMAYaHHs, Koeiyicum opmu — empamu 6 cucmemi mseo6020
eNeKMPONOCmMayanta. 3a OaHuMU NOKA3HUKAMU OYI0 NpoGedeHo OYIHKY Yacosux oOiazpam
ENeKMPOCNONCUBAHHSL  Ha  Qidepi ms2060i niocmanyii NOCMIUHO20 CMPYMY 3ai3HUYi  ma
eneKmponoizoom mempononimeny. Pezynomamu KinbKicHOI OYiHKu niomeepouny Hecnpusmiueuil
6NIUE  BUSHAYEHUX (DAKMOPI6 HA HEPIBHOMIDHICMbL MA2068020  eleKmpochodcusanus. byno
BCMAHOBNIEHO, WO PeNCUMU POOOMU eNeKmPONnoi30a Memponoimeny npo8oKyOms GUHUKHEHHS Oilblu
SHAYHUX eHepIemUYHUX 6Mmpam 6 eleMeHmax CUCmeMu MmAa2068020 el1eKmpOnoOCmMa4ants y NOPIGHAHHI
i3 3anisHuyero. JlosedeHo, w0  pexynepamueHe — 2aibMYSAHHA  NOCUTIOE  HEPIBHOMIDHICHb
€1eKMPOCNONACUBARHSA, 30IMTbULYIOUU 3A6AHMANCEHICTNG MAL060I MepediCi ma CRPUAYY SUHUKHEHHIO
CMpYMI@ IMRYIbCHO20 Xapakmepy y Cucmemi msA208020 eNeKMpPONOCMAayants. 3anponoHoeaHo
KOHYenyii' 3 N000AanHs NPodaIeM HEPIBHOMIPHOCI MA208020 eNEKMPOCHONCUBANHHS MA GUKOPUCTIAHHS]
HAOIUUWKOB0I eHepeii pekynepayii, wo IPYHMYIOMbCA HA SUKOPUCTNAHHI HAKONUYYBAYA eHepeii sK
000amK08020 0HcepeNa HCUBLEHHS MA208020 eNeKMPONPUBOO).

Knrouoei cnosa: pedicum pobomu, HEPiHOMIPHICMb CHONCUBAHHS elleKMmpOeHepeii, empamu, niK-
gaxmop, koepiyienm ghopmu, Hakonuyyeay eHepeii.

Beryn. Ha nanmii yac 3aii3HWYHUE TpPaHCIOPT BiAirpa€ 3HAYHY COIiajbHY POJIb B €KOHOMIII
Vkpainu. He3Baxkaioun Ha CTpIMKICTh aBTOMOOLNI3aWii, 3ami3HUYHMHA TpaHCHOPT YKpaiHu
3aJIMIIAETHCS TMPOBIJHOIO TaNy33l0 B JAOPOKHBO-TPAHCIIOPTHOMY KOMIUIEKCI KpaiHW, 3a0e3nedyroun
82% BaHTaXHUX 1 Maibke 50% macaXMPCHKUX TepeBe3eHs [ 1].

Cepen OCHOBHHMX IIPIOPUTETIB HALIIOHAJIBHOI TPAHCIIOPTHOI cTparerii Ykpainu Ha nepiog mo 2030 p.
€ 30epeXeHHs KOHKYPEHTOCHPOMOXKHOCTI Ta MiABHLICHHS €()EKTUBHOCTI TPAHCIIOPTHOI CHUCTEMH
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VYkpainu [2]. [lpu 1npoMy 3MEHIICHHS TPAHCIOPTHUX BUTPAT Ta 30iIbIIEHHS €()EKTHBHOCTI
TPAHCTIOPTY BHIUISIOTHCS SK OZHI 13 OCHOBHHX 3aXO0/IiB 10 TOCSITHEHHIO TIOCTABJICHUX ITITEH.

3 3araibHOTO 00CATY CHOKHBAHOI €NEKTPH(PIKOBAHUM 3aTI3HUYHUM TPAHCIIOPTOM €JIEKTPOSHEPTIi
OcHOBHA ii yacTuHa, 80...84 %, BUKOPUCTOBY€EThCS O€3MOCEPEAHBO HA TATY MOI3AIB Ta CKJIaJac 3HAUHY
4acTKy BHpPOOHM4YOI coOiBaprocti mnepeBeseHb [3, 4]. Ha puc. 1 HaBeaeHo pmiarpamu
enexrpocriokuBaHisa AT «YKP3AJII3ZHULS» 3a 2014-2019 pp.
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Puc. 1. Cnoxuanns ejexrpoeneprii AT «YKP3AJIIZHUIIS» 3a 2014-2019 pp. [5]

3 oAy Ha CTpaterivuHi i, MO BU3Ha4YeHi HarlioHambHOIO TPaHCIOPTHOIO CTpartericlo YKpaiHu Ha
nepiox 1o 2030 p., colianbHO-€KOHOMIYHY pOJb 3aJi3HMYHOTO TPAHCIOPTY Ta HOrO EHEpProeMHICTB,
PO3poOKa TEXHIYHMX 3aCO0IB 1 TEXHOIIOTIH 3 BUKOPHCTAHHS ITOTEHIATY €Hepro30epekeHHs Y CHCTeMaX TSTH
€ TIEPILIOYEPrOBOIO 33Ja4CH0 38151 320€3MeUeHHS TOAAIBIIIOTO PO3BUTKY TPAHCIIOPTHOI raty3i YKpaiHu.

AHAJIi3 0CTAHHIX JOCTIKEeHb i MOCTaHOBKA MPo0JeMH. AHaJli3 CUTYallil CBIIYNTb, 1110, HE3BAKAIOUU
Ha 3HAYHUM MPOTrPeC Y TEXHIYHMX 3ac00aX eJICKTPUIHOI TATH, 0arato SHEPreTUIHUX MPOOJIeM BHUSBIIFOTHCSI
HE JIMIIIe HEeBUPIIIEHNMH, a ¥ HaBITh YCKIQIHIOIOTHCS. Crienmdiuyaa 0COONUBICTD €JIEKTPHYHOIO TPAHCIIOPTY
TIOB’s13aHA 31 3HAYHOIO HEPIBHOMIPHICTIO CIIOKMBAHHS €JIEKTPOSHEPTil M1 Yac pyxy Imoizia [6], a Takox 3
BEJIMKMMH BTpaTaMH €JIEKTPOEHEPril B CHCTEMI TSTOBOIO €JIEKTPONOCTayaHHs. HecnpusTimBuil pexum
EIIEKTPOCIOKUBAHHS BeJIe JI0 BArOMUX BTPAT €HEPrii B TATOBIii Mepexi, B arperarax TSATOBHX ITi/ICTAHINH 1 B
NIEPBUHHIA Mepexi 3MiHHOTO 3-(hazHoro ctpyMy. CkiazoBa BTpar BiJ €Heprii, O iine Ha TATy, MOXe
nocsratu 12% [4, 7]. 3HauHy yacTKy BTpaT HPOBOKYE HEPiBHOMIPHICTH CHOKHBAHHS €Heprii. IX 3HaueHHs
MOYKe JI0CSITaTh B YMOBax 3ai3nuLl 6 % Ta moHaiimeHiie 8% B ymMoBax Metporodiiteny [4, 7, 8].

3HauHUH TOTEHLia] eHepro30epeKeHHs! KPUEThCA Y BUKOPUCTaHHI PEKYIEPaTHBHOI'O TAJIbMYBaHHS
[9-11]. 3a pi3HuMH OI[iHKaMKM NOTEHIIAT CHEPro30EepeKEHHsS BiJl BUKOPHUCTAHHS PEKYIEPAaTUBHOIO
rajJbMyBaHHS € 3HAYHHUM 1 BU3HAYAETHCS JIBOMA OCHOBHUMH (DPaKTOpAMH: YACTKOKO €HepTil CIIOKUTOT JUIst
MIOOJIAHHS OTIOPY PYXY Ta €(PEKTHBHICTIO MEPETBOPEHHS €JIEKTPUYHOI €HEPrii B MEXaHIuHy 1 HaBIaKH.
OpnHak CKJIaIHICTh TEXHOJIOTTYHOTO MPOLECY Y3TOKEHHS PEKUMIB POOOTH TSATOBOTO PyXOMOTO CKIIAIY
B CHCTEMi EJNEKTPUYHOI TATM pOOHMTH HEMOXJIMBUM BHKOPUCTAHHS BCHOTO  TOTEHINAIy
eHepro30epekeHHs BiJ pealizarii peXkuMy peKyrepaTHBHOTO ranbMyBaHHS [12, 13]. Ha ceoromi
MakcUMallbHa EKOHOMisl eHepril BiJ peaii3alii peKylepaTHBHOIO TaJIbMYBaHHS Yy BaHTaKHHX Ta
MaCAKUPCHKUX MIKPETIOHATBHUX MEPEeBE3CHHIX cKianae juiie 3...12 %, a y MICbKUX Ta MPUMICHKUX
nacaXupchkux nepesesennsix — 15...25 % [4, 14].

Bupimensst npobneM, NoB’si3aHUX 3 HEPIBHOMIPHUM CHOKHBaHHAM EJIEKTPOECHEPIii EIeKTPOPYXOMHUM
CKJIaJIOM 1 TiIBUIIIEHHS €()eKTHBHOCTI BUKOPHCTAHHS PEKYIEPATHBHOTO TAIbMYBAHHS, € TIEPIIOYEPrOBUMH.
YV naHoMy HanpsiMi BeZE€ThCS 3HAUHA KUIBKICTb JIOCITIHKEHD SIK BITYUM3HIHUMM, TaK 1 3apyODKHUMH BUCHHMH.,
Sk noKa3ye MpakTHYHUN JOCBI/ TEXHIUHI PIlIEHHS 1010 BUPIILIEHHS JaHOI MPOOIEMaTHKH 3HAYHOIO MIipOIO
(iHaHCOBO 3aTpaTHI Ta MOXYTh OyTH €KOHOMIYHO He OOIPYHTOBaHI [T Ti€l UM 1HIIOT 00JacTi 3aCTOCYBaHHS.
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HesBakatoun Ha MOMyJISIPHICTH TAHOTO HAMPSIMKY TiABUILEHHS eHEProe()eKTUBHOCTI CUCTEM TSITH, JI0 TETiep,
HE TOBHOIO MipOI0 OKpPECIICHO DPEeXUMH pPOOOTH CHCTEMH TSTH, IO HPH3BOIATH 1O BHHUKHEHHS
MaKCHMAJTLHUX €KOHOMIUHHX 30HTKIB BiI HEPIBHOMIPHOCTI TATOBOTO €JICKTPOCIIOKUBAHHS Ta 3aJIMITIA€THCS
HE JI0 KiHLIS PO3KPUTUM MUTaHHS MOJIMBHX KOHLETIIIT KepYBaHHS €HEproOOMIHHUMU IPOLIECaMU Y CHCTEMI
TATH 33718 1i 3HIKeHHS. TakuM YMHOM MOYKHA CTBEPIIKYBATH, IO JaHa 33/1a4a € aKTyaJ bHOK Ha ChOTOJTHI
Ta MOTpeOye MPOBENICHHS IETATTLHOTO PO3IJISLY.

Merta Ta 3aBAaHHS JAOCJTIKEHHs] — aHAJTI3 PEXIMIB POOOTH TATOBOTO PYXOMOTO CKIIA[Ly, BU3HAUCHHS
XapaKTepPHUX OCOOJMBOCTEH iX TPOTIKAHHS Ta 3aXOJiB IIOAO 3HIKCHHS BTPAT y CUCTEMi TSATH Bij
HEPIBHOMIPHOCTI €JIEKTPOCTIOKUBAHHSI.

st mocsATHEHHS TOCTaBIeHOT MeTH OyITM BU3HAYEHI TaKi 3aBJaHHS:

MPOBECTH aHaJIi3 YMOB €KCILTyaTalii TATOBOr0 PyXOMOTO CKIIaJly 3aJli3HHYHOTO TPAHCIIOPTY;

BU3HAYUTH ()aKTOpH, LIO0 BIUIMBAIOTh HA BHHHKHEHHS BTpAaT B €IEMEHTAaX CHCTEMH TATUM YHACTiZOK
HEPIBHOMIPHOCTI €JICKTPOCTIOKUBAHHS,

BU3HAYNTH KOHLIETIi KEpyBaHHS €HEProOOMIHHMMHM TIPOLIECAMH Y CHUCTEMi TSATH 3 HaKOMUYyBayeM
EHEprii, 10 CIPUATUMYTh 3MEHIIICHHIO HEPIBHOMIPHOCTI €JIeKTPOCHIOKHBAHHS.

Marepianm Ta Meromu Aochaimkennsi. CHcTeMa eNeKTpUYHOI TIrM — 1e  crenudidaa
€IIeKTPOCHEPreTHYHA CUCTEMA 3 PyXOMHMH HaBaHTaKCHHSIMH. BoHa, sIK TIpaBHII0, XapaKTepr3y€eThCsl 3HATHO
HECTIPUSITIIMBIIIMY 3HAYEHHSMU TOKAa3HWKIB HEPIBHOMIPHOCTI €IEKTPOCHOXXHMBAaHHA. [HIa OCOONMBICTH
BU3HAYAETHCS 3aCTOCYBAHHSAM PEKYIEPaTHBHOTO TalbMyBaHHA. HepiBHOMIpHICTH CITIOXMBaHHS €HEprii B
ENIEKTPUYHIN TSI31 Ma€ TEHEHIIIFO IO TIOCHUIICHHS, IO TOTIPIIYe 1i eHepreTHYHI Ta eKOHOMIYHI TTOKa3HUKH, Ta
BHMarae 3aBHIICHHS BCTAHOBJICHOI MOTYXKHOCTI BCIX BUIIIB OOJIaJJHAHHS B CHCTEMi eNleKTporocTadanus. e
TIOB’$5I3aHO HacaMIiepell 3 YMOBaMH EKCIUTyaTallii TSrOBOrO PyXOMOro CKJIaay Ta HeOOXiTHICTIO 301TbIICHHS
TPOITYCKHOI 3/IaTHOCTI.

'YMOBH eKCIUTyaTallii TArOBOI0 PyXOMOI'0 CKJIa Ty 3ali3HUYHOIO TPAHCIIOPTY NependadatoTh HOro poooTy
y TPhOX PEKHMax — TAra, BUOIr, TaibMyBaHHA. Y LIJIOMy 4YacTOTa Ta TPHBAIICTh peasizamii pexXKnMiB
3aIEKUTH Bi Oarathox (akropiB. BusHadansHIME (DaKTOpaMu € TOBXKWHA TIEPETOHY, 3a[aHHi Jac Pyxy 1O
TIEPETrOHY Ta MPO(iIb MIIAXY.

Byno npoBeaeHo ananmiz rpadika pyxy MOI3IiB MDKPETIOHAJIBHOTO CIIONYYCHHS, 10 OOCIYrOBYIOTh
«IIOITYJISIPHI» HAIPSIMKH TTACAKUPCHKHX TepeBe3eHb 0 Ykpairi [15]. Pe3ynbrat aHastizy nokasaim, o y
98% BuMaIKaxX Yac MPOXOKEHHs MIKCTAHIIIMHIX UISTHOK OunbImii 3a 15 xB., a y 58% Ounbimii 3a 45 xB.

(puc. 2).
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Puc. 2. T'icTorpama po3noijieHHs1 4acy MPOXOMKeHHs MIKCTAHIIIHHIX AIITHOK HA HAHOLIb I
MOMYJIIPHUX MAPIIPYTAaX NACAKUPCHKUMM TMOI3IaMU AAJ1eKOr0 CIoJTy4eHHs
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Taxoxx Oyno mpoBeneHo aHaii3 rpadiky pyxXy NpUMICBKUX ToTsriB 1o IliBnenHii 3amizaumi [16]. YV

NPUMICBKOMY CIIONy4eHHi 11t 93% BunaakiB ner yac He nepeBuiye 15 xB. (puc. 3, a), U1l METPONOITEHY
3 xB. (puc. 3, 0).

40 35
35 30
f;’ 25
e 20
w7 20 N
2 15 15
10 10
3 5
0 0
O N B R S T A S S
LR o — T p— p— et p— p— p— e o
t. XE t, XB
a) 6)

Puc. 3. T'icrorpama po3nogijieHHs Yacy NPOXoIKeHHsI MiKCTAHI[IHHUX TiJITHOK NMOI3IaMu:
a) Ha [liBaenHiii 3ai3HUII Y IpUMICEKOMY criofy4deHHi; 0) KuiBchkuit MmeTporoniteH

Taki 3Ha4YeHHS Yacy TNPOXOPKEHHS 3YMOBJIEHI YMOBaMH EKCIDIyaTallii, a came; BIICTAHHIO MDK
3yMMHKaMHA Ta TpadikoM pyxy moizmiB. Tak, HapUKIa, TOBKHUHA TeperoHiB [liBIeHHOT 3ai3HNII, Ha SIKUX
eKCIUTYaTYIOThCS €IIEKTPOIIOI3M IPUMICHKOTO CTIONy4eHHs y 95% BumakiB He epeBHIye 6 KM (puc. 4, a).
Ha ITiBnenHo-3aximniii — 11 kM (puc. 4, 0).
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Puc. 4. T'icrorpamu po3no/ijieHHs HeperoHiB N Bif iX KiJibKkocTi N Ha SIKHX eKCITyaTyIoThCs
NPUMICBHKI eJIeKTponoi3au:
a) rio [liBnenHiit 3amiznui; 0) [liBnenHo-3aximHii 3amizaui [17]

Haiibinbpln HecHpUATIMBEM UISI CUCTEMH EJIEKTPHYHOI TATH € PEeXUM TrW, a came. (aza po3roHy,
OCKIJIbKM BOHA CYIIPOBO/IKYETHCS KOPOTKOTPHBAJIMM CIIOKMBAHHSAM €HEprii MiKOBOI MOTY>KHOCTI. 3TifHO 3
HABEJICHUMH CTATUCTHYHHMH JIaHWMH, IO HaiiMeHiie 1 pa3 koxHi 15 XB., Y BHIAJKy TPHUMICHKUX
MACAKUPCHKUX TEPEBE3eHb, Ta 3 XB., Y BHIAJIKY MICHKHX MaCaKUPCHKHUX TEPEeBE3CHh METPOIONITEHOM,
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TSITOBUH PYXOMHMI CKJajJ CIIOXKMBAE EHEPrif0 MKOBOI TOTY)XKHOCTI. [IpM LbOMy YacoBWiI HPOMDKOK
CIOKMBaHHSA € KOPOTKUM. lle BHKIIMKaHO HEOOXimHICTIO 3a0e3redeHHs] BUCOKOTO 3HAYCHHS CEpEeIHBOL
MIBUIKOCTI pyXy MO meperody. CepeaHe 3Ha4YeHHS ITyCKOBOTO TPHCKOPEHHS, y BHIAKY IPHUMICBKOTO
crionyuenns cranouts 0,7 M/c’ Ta 1 /¢’ 1 enmekrpomoi3niB Merporoniteny. CepelHe 3HAUCHHS
VIIOBIIHHEHHS, Yy BHMAIKY TPUMICHKOTO CIIONydeHHs, CTaHOBUTHL 0,6 M/c” Ta 1 M/c® [Ist eneKTpomnoi3 s
METpOIIONITEHY, & MaKCHMaJlbHa IIBHUIKICTh ekcrutyartamii gocsrae 160 ta 80 xm/ronm BimmomimHo. st
T ITPAMKH 33aHOI IIBHUIKOCTI PyXy HPOIIEC PO3TOHY I0i3/la Ha OKPEMIX MeperoHax MOXKe 3/11HCHIOBATHCS
HEOAHOpa30Bo. [lepeBeieHHs TATOBOTO PYXOMOTO CKIIay Y PEKHM TSTH ISl TOBTOPHOTO PO3rOHY T0i3aa
3ICHIOETBCS Y Mexax 15 — 25% Bin 3aranpHOi KitbKoCTi moi3miB [18]. AHami3 CTATUCTUYHHX JAaHUX
TPUBAJIOCTI pexkrMiB podoTty enekrpornoizniB EITJI2T-007 na gistart cr. CkamiB — cT. CTpHit oKa3as, 110
HaHO1IBII HMOBIpHA TPUBATICTH BKIFOUESHHS TATH, O53bK0 70%, ckiamae Bix 10 mo 35 ¢ (puc. 5).
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TPHEAMICTE PEEHMY TATH, C
Puc. 5. CtaTHCTHYHMIA PO3MO/ILJI TPUBAJIOCTI PEsKUMY TSTH 32 O/IHe BKIIOYeHHs [16]

3rigno 3 [18] TpuBaicTh pexuMy BHOITY €IEKTPOIOi3/1iB MPUMICHKOTO CHIONyYeHHS 3aiimMae Bij 30
10 80% 3aranbHOro yacy pyxy no mneperosy. s cepenHbOi JOBXKUHHM NEPEroHy 3 KM Ied 4ac
CTaHOBUTh Onm3bko 65%. Illo crocyerbcsi BaHTaXHHMX TIepeBe3eHb TIpadik pyxy NOI3IiB
pO3pOONSEThCS TAaKUM YHHOM, MIOO0 MiHIMI3yBaTH KUIBKICTh 3YMUHOK BaHTOKHUX TOI3AIB Ha
3a00pOHHI CHIHaAM Ta NOPOMDKHMX CTaHLUisX. TakuM YMHOM  BaHTaXHI IEPEBE3CHHS
CYTIPOBOKYIOTHCS OLIBII PIBHOMIPHHUM CIIO)KMBAHHSM ITOTYXHOCTI 3 TATOBOI MEPEeXki 32 KOHKPETHUI
nepiof uacy. lle Takox MOB’s3aHO 3 HEOOXITHICTIO MOCTIMHOTO MIATPUMAHHS MIBUIAKOCTI PyXYy, IO
BUKJIMKAHO 3HAYHUM OIOPOM pyxy. OTiKe peKUMH POOOTH TATOBOTO PYXOMOTO CKIIaJy MiCHKOTO Ta
NPUMICBKOIO 3aJi3HUYHOIO TPAHCIIOPTY MOXHA OXapaKTEpHU3yBaTH SK IMOBTOPHO-KOPOTKOYACHI 3
BUCOKO IHTEHCHBHUM, HECTAJIUM CIHOXHBAHHSIM Ta T'CHEPYBaHHSM EHEprii 3HAYHOI IMOTY>KHOCTI.
YacoBi MpOMIKKH CITOKUBAHHS Ta TeHEpYBaHHs €HEpPril CKIaJar0Th JeCATKU CeKyH/. [ BaHTa)KHUX
Ta MDKPEriOHaJbHUX TMACAKUPCHKUX TOI3OIB PEKUMH POOOTH MOMKHA OXapaKTepU3yBaTH SK
JOBTOTPHBAII Jie OCHOBHUI YacOBHUIl IHTEpBa LUKy PYXY CKJIAJa€ PEKUM TATH Ta rajJbMyBaHHS, a
MIOTYXHICTh CIIO)KMBAaHHS Ta TeHEPYBaHHS 3 TOUYKH 30py HEPIBHOMIPHOCTI €JIEKTPOCIIOKUBAHHS, O1JTbII
30anaHcoBaHO po3noniieHa y vaci. ll{o crocyeTbcsi peskuMy raibMyBaHHS TO Ha ChOTOJHI Cy4acHi
3pa3kd TSATOBOTO PYXOMOIO CKJIaAy OOJaJHYIOTBCS CHUCTEMaMH PEKYNEepaTHMBHOTO TajbMyBaHHS.
PekyneparnBHe rabMyBaHHS € JJOCTaTHBO €()EKTUBHUM 1HCTPYMEHTOM 3MEHIIIEHHSI 3aTpaT eHeprii Ha
TATY MOI3/1B, OCOONMBO JIsi TATOBUX CIIOXKMBAYIB 3 MOBTOPHO-KOPOTKOYACHUMHU PEKUMaMH POOOTH.
OxHak, 3 TOUKU 30pY HEPIBHOMIPHOCTI CIIOKMBAHHS, BUKOPHCTaHHS PEKYINEPAaTUBHOTO raJbMyBaHHS
CYTTEBO TOTipIye cutyaiito. Lle moB’s3aHo 3 BAHUKHEHHSM y TATOBIH Mepexi iMITyJIbCiB 3BOPOTHOTO
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CTPYMy KOPOTKOi TpPHBaJOCTi. Y 3B’A3Ky 3 MpOOJIEMOI0 BHUKOPHCTaHHS EHEPrii peKylnepaTUBHOTO
TaIbMYBaHHS TPUBAIICTH IIUX IMITYJIBCIB CTPYMY € KpaifHE KOPOTKOIO.

OTxe MICBKHHA Ta TMPUMICBKHHA €ICKTPUYHANA TPAHCIIOPT CTBOPIOE OiIBIT HECTPHSITINBI PEKHME
pOOOTH CHCTEMH €NEeKTPOIIOCTauaHHs, MPOBOKYIOYM BHHHKHEHHS JOAATKOBHX BTPaT B eJEMEHTax
cuctemu. Ha puc. 6 mpuBeaeHO 4acoBi JiarpamMy TATOBOTO €JIEKTPOCHOKHMBAaHHS Ta peKyreparii 3a
onvH 00epT eneKTpornoi3aa Ha JiHil XapKiBChKOTO METPOIIOIITEHY IS ABOX PI3HUX AAT 3 OJJHAKOBHM
JTHEM THKHS Ta B OJHAKOBUI YaCOBHM MPOMIKOK TOOH
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Puc. 6. YacoBi giarpaMm NOTYKHOCTi TATOBOI'0 €JIEKTPOCIOKMBAHHS TA €HEProBiIHOBJIEHHS
32 O/IMH 00ePT eJIEKTPOIoi3/1a Ha JiHil XapKiBCbKOIr0 MeTPOIOJITEeHY ISl JIBOX Pi3HUX AT
3 OIHAKOBHM [IHEM THKHA Ta B OJHAKOBHI YaCOBHUI MPOMiKOK 100U

Ha puc. 7 npuBeneHo m000Bi giarpaMu eJEKTPOCIOKMBaHHSA Ha (imepi TATOBOI MiACTaHIT
NOCTIHOTO cTpyMy 3amii3Humi. Jliarpamu moOy/mIoBaHi Ha OCHOBI JaHMX CTPYMIB Ta Hampyr Qiaepis
TATOBOI MIACTAHIIIi MOCTIHHOTO CTPYMY 3aJi3HUIl, IO OTPHUMaHi 3a JOMOMOTOI0 iH(OpMAaIliiHO-
JIIarHOCTHYHOTO KOMIUTeKCY «PeriHay (IucKkpeTHicTh BUMIprOBaHHS 1 C.).

HaBenmeni w4wacoBi jiarpamMu SICKpaBO IJTIOCTPYIOTh IMIYJIBCHUEH XapakTep CHOXHBAaHHS
€JIEKTPOCHEPTii TATOBUMH HaBaHTKEHHSAMH. HeraTHBHI 3HaYeHHS IOTYKHOCTI (pUC. 7) HE OB’ si3aHi
3 peKylepaui€ro eHeprii, a CBiqUaTh JHIIE NPO IEPETIKaHHS IOTYXKHOCTI 4epe3 IIMHU TATOBOI
MiJCTaHMii 3 iHIKMX (QigepHUX 30H. SIK BiJIOMO MOTYXHICTh TATOBUX IiJCTaHINM PO3PaxOBYEThCS 13
CepeIHh0 MAaKCHMAIBHUX CTPYMIB CHOXWBaHHS. [3 4acoBoi miarpamu (puc. 7) mobpe BHIHO, IO
BCTaHOBJIEHA MOTYXXHICTh TATOBOI MiACTaHILIii 3HAYHO 3aBHUILEHA B MOPIBHSAHHI 3 CepelIHBOJ000BOIO
MOTYXKHICTIO.

MomeHTH pUOYTTS Ta BiJIIPaBICHHS €IEKTPONOI3/IiB METPOIIONITEHY Ha CTAHIII 10 MapHOMY Ta
HEMapHOMY HaNpsIMKY, TPUBAIICTh Ta IMOCIIZOBHICTh PEKUMIB X POOOTH € B3a€EMHO HEY3TOPKEHUMH,
TOOTO € HE3aJEeKHUMHU MOAIAMU. TakMM YMHOM KWMOBIPHMM € BHHUKHEHHS BUIAJKy HaKJIAJaHHS
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IMIYJIbCIB CIOXKWBaHHA. Y BHIIQAKY e€KCIUTyaTamii TSATOBOTO PYXOMOTO CKJIany 3 CHCTEMOIO
PEKYIepaTHBHOTO TajJbMyBaHHS Pa3oM 3 IIMM BHHHKAE IMPoOJieMa HAUTHIIKOBOI €Heprii peKymepartii.
i mpobnemMu TakoX BIACTHBI 1 CUCTEMi €NEKTPHYHOI TITH Y SAKIM eKCIUTyaTYIOTBhCS €IEeKTPOIIOI3 N
JUTSL 3I1CHEHHS IPUMICHKHX MAacaKUPCHKUX MEPEBE3CHb.
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Puc. 7. YacoBi giarpaMm NOTYKHOCTi eJIeKTPOCIIOKUBAHHS HA (igepi TAroBol miacranmii
NMOCTIITHOTO0 CTPpyMY

st wacoBux miarpam (puc. 6, 7) 0yio IpoBeIeHO KUTBKICHY OILIHKY HEPIBHOMIPHOCTI CIIOKUBAHHS
eHeprii y ganux Bunajakax. OIiHKa MPOBOAMIIACS HA OCHOBI IHTEIPAJIbHUX CHEPIeTUYHHUX MMOKA3HUKIB
nik-paxTop (hopmyna 1) Ta xoedinient Gopmu (dhopmyna 2). [ik paxTop sABIIsIE COOOO BiTHOMICHHS
MaKCHMaJIbHOI OTYKHOCTI CIIO’KMBaHHS JI0 1 cepeTHhOr0 3HAYCHHSI 32 TIepioJl yCepeTHEHHS:

H: Pmax — Pmax (1)

P 1k ’
4 T_!P(t)dt

T — mepion ycepemHeHHS,

Pmax — MakCHMaJibHA MTOTYKHICTh 3a Hepion T;

P., — cepenHe 3HaueHHs OTYXKHOCTI 3a nepion T;

P(t) — MmuTTEBA OTYXKHICTB;

KoedirienT dopmu siBiisie COOOKO BiJHOILICHHS JIF0Y0r0 3HAUSHHS TOTY)KHOCTI 3a TIePiojl yCepeTHSHHS
J10 ii CepeHbOr0 3HAUEHHSI:
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1T
—IPZ(t)dt
P, Ty
K=o Vo @
Po L pcpyt
T{ (1)

T — mepion ycepeaHEHHS;

P, — cepenHe 3Ha4eHHs MOTYXKHOCTI 3a nepiof T,
P(t) — MmuTTEBA OTYXHICTB;

P, — mitode 3HaYeHHs OTY>KHOCTI 3a riepiof T.

Brpatu y cuctemi enekTporoctauaHHs MOKHa BBaKaTH NPOMOPLIHHMMH KBaApaTy KoedilieHTa
¢dopmu. llepion ycepemHeHHS Ma€ BiIIOBIIATH XapaKTEpHUM Tiepionam rpadiky pyxy.
JlaHi iHTerpaibHi MOKa3HUKU JIO3BOJISIOTH OIIHUTH MO3UTUBHHN e(EeKT Bijl 3alpOBaJKCHHS TEXHIYHUX
pillieHh IIOA0 KepyBaHHA TMpoLecaMHd EHEepProoOMiHy Yy CHCTeMax eJeKTpUYHOI Tsru. Bonn
XapaKTepU3yIOTh TaKi KpUTEPii:

I1ik-thakTOp — HAANHIIIKOBA MTOTYXHICTh CHCTEMH EJIEKTPOTIOCTAYaHHS;

KoedirienT (hopMu — BTpaTH B CUCTEMI TATOBOT'O EJIEKTPOIIOCTAYaHHSI.
VY tabnumi 1 mpuBeneHO pe3ybTaTd KUTHKICHOI OLIHKHM HEPIBHOMIPHOCTI TSATOBOTO €IIEKTPOCTIOKHUBAHHS
JUTS TIPEACTABIICHUX PaHIIIIe TiarpaM eeKTpOCoKuBaHHS (puc. 6, 7).

Tabnuys 1. Pe3yibTaTH KiJIbKiCHOI OLIHKY HEPIBHOMIPHOCTI TSITOBOTO €J1eKTPOCTIO:KUBAHHSA

[nTerpanbHuit Pucytok 6 Pucynok 7
EHEePreTUYHMIA Bunano 1 Burmaok 2
HOKa3HHUK 3 pek. bes pek. 3 pex. bes pexk. Hoba 1 Jlo6a 2
rajbM. rajbM. TaJIbM. rajibM.
[Tik-hakTop 13,05 7,82 12,75 1,57 16,84 10,54
KoedirtienT dhropmu 3,92 2,06 3,65 1,88 2,01 1,94

Jisi MeTpornolniTeHy Iepio]] yCepeIHEeHHsS BIATOBIiIaB dYacy OJHOTO 00epTy eiekrporoizmy. s
TSATOBOI MiAICTaHIIIT Tepioji ycepeaHeHHs OyB piBHUN oxHii 1001. CyTTeBy po30iKHICTh IOKA3HHUKIB MIK-
(haxTopa Ans 9yacoBuX rpadikiB €IEeKTPOCHOXKWBaHHS 3 (ifepa TATOBOI MiJCTAHIN MOXKHA TOSCHUTH
3MIHOIO IHTEHCHBHOCTI 3aBaHTa)XKEHHA M€l (pimepHOi 30HU mpoTaroMm aBox Ai0. Takoxk Oyia mpoBeneHa
OIlIHKA 32 PI3HUX TEXHIUYHHMX peaiizaliii peKUMIB TalbMyBaHHS EJIEKTPOINOi3JOM METPONOJITEHY — 3
BUKOPUCTAHHAM DPEKYIEePaTHBHOIO TalbMyBaHHs (pHcC. 7) Ta MpU TIEPEeTBOPEHHI €Heprii rajlbMyBaHHSA y
TEIJIOBY (BiJ’€MHI 3HAUEHHS IOTYXHOCTI Ha YacOBUX JiarpamMax He BPaxOBYIOTBCS IIPU TPOBEICHHI
PO3paxyHKy IHTErpabHAX EHEPreTUYHHX MOKAa3HHUKIB). 3 OTPHMAaHMX pe3yJbTaTiB MOXKHA 3pOOUTH
BUCHOBOK, 10 pEKyIllepaTHBHE TajJbMyBaHHS IIOCWIIIOE HEPIBHOMIPHICTh  €IEKTPOCIIOKUBAHHS,
30UIBIIYFOUYH 3aBaHTAXKEHICTh TATOBOT MEPEXi Ta CIPHsI€ BAHUKHEHHIO CTPYMIB IMITYJILCHOTO XapakTepy B
CWJIOBHMX arperarax TArOBOi MiJCTAaHIii Ta CHUCTEMH 30BHIIIHBOTO €JIEKTPOIOCTAYaHHsS YHACHiZOK
HEY3TO/KEHOCTI PEeXHMMIB pOOOTH TATOBUX HABAHTAXKEHb. 3 CHEPreTUYHOI TOYKW TPaH3UT EHepril
pekyrmeparii Mo TATOBId Mepexi MPHU3BOAWUTH JO0 BUHHKHEHHS HEMPOAYKTUBHUX BTpaT B ellEMEHTax
TATOBOI Mepexi Ta i I0J]aTKOBOT 3aBAaHTAKEHOCTI.

Ha cporognHi omHMM 3 OCHOBHHMX I1HCTPYMEHTIB JUIS TIOJOJIAHHS IpOOJieM HEpiBHOMIPHOCTI
ENIEKTPOCTIO’KUBAHHSI T4 BUKOPUCTAHHS HAJUIMIIIKOBOI €Heprii pekyreparii € iHTerpaiii HaKomuIyBaviB
eHeprii y cucremy Taru [6, 12, 18, 19]. Bonn Buctynaiots y poni aemngipylodyoro eiemMeHTa Mix
TeHEPYIOUMMH YCTAHOBKaMU 1 COXKMBAaYaMK CUCTEMH TATH Y HECTalliOHApHUX pexkuMax [6, 7, 12, 20]. Ha
3aJTI3HUYHOMY TPAHCIIOPTI HAHOLIBIIIOr0 PO3MOBCIOPKEHHS HAOY/IM €JICKTPOXIMIUHI, IHAYKTHBHI, €EMHICHI
Ta iHepuUiiiHi HakomuuyBaui eHeprii [21-24]. Bubip TOro 4m iHIIOr0 THIy HaKONMHWYyBada 3YMOBJICHHI
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BIIMOBITHICTIO MOT0 TEXHIYHMX XapaKTEePUCTUK BUCYHYTHUM KpHTepiaM. SIK mpaBuino BHOIp THILY
HAKOMHMYyBada MPOBOJUTHCS 32 TAKUMH KPUTEPISIMH: TpaBeMETpHYHA MIUTHHICT €HEprii; TpaBeMeTpruIHa
IIUJTBHICTG TIOTY)KHOCTI; 00’€MHa MIUIBHICTH €Heprii; 00’€éMHa IIUIBHICTh TOTYXKHOCTI; €(EeKTUBHICT
3apsIHO-PO3PSIHOTO IMKITY; IHTEHCHUBHICTH CAMOPO3PSAY; KUIBKICTh LHKIIIB pOOOTH; MUTOMA BapTiCTh;
Oesneka ekciutyaTanii. ToOTo BHOIp THIy HakomudyBaua eHeprii € OaraTOKpUTEpiabHOIO 3aJadero i
HAJISKUTH JI0 337a4 BHOOPY HAHKpAIIoro MPOEKTHOTO pimteHHA. lIpu poMy BaromicTb KpHTEpiiB MOXe
OyTi pI3HOIO BIATIOBITHO 1O YMOB eKCIDTyaTamii, MICIl PO3MIIIEHHS, BU3HAYCHHX OOMEXEHb Ta
NpPUTAMAHHUX PEKUMIB POOOTH TSTOBMM HAaBaHTaKECHHAM. 3a MicleM iX poO3MilIeHHS y CHCTeMi
EJIEKTPUYHOI TATH ICHY€E JEeKiJTbKa BapiaHTiB, a caMme. PO3MIIIEHHS X Y CHCTEMI eJIeKTPOIIOCTauYaHHs Ta Ha
0opTy pyxoMoro ckmaay. SIK IMOKasyloThb pe3yibTaTH MOCHIDKEHb IPH HMOBTOPHOTO-KOPOTKOYACHHX
pexnMax poOOTH TATOBOTO PYXOMOTO CKJIAAy ONTUMAaJIbHHM BapiaHTOM PO3MIIICHHS HAKOMHYyBada €
po3MiIieHHsT 6e3rmocepe L0 Ha OOpTy pyxoMoro ckiaany [6-8, 14, 22]. V nopiBHSHHI 31 CTalliOHAPHUMH
HAKOMMYyBadaMH, 11 JOAATKOBO PO3KPHBAE MOMKIIMBICTD BUKITIOUUTH TPAH3UT €HEPTii MO TATOBIN Mepexi
Y MOMEHTH PEKYNEPaTUBHOTO TATbMYBaHHS T4 CKOPOTUTHU HOTO MPH TSATOBOMY €HEProCIIOKUBaHHI. Takox
HAKONMYYBaul €HEePTii 3HaXOATh PO3MOBCIOKECHHS 1 cepel aBTOHOMHOT'O TSATOBOI'O PYXOMOTO CKJIATy ISt
3a0e3redeH s OUTHIIT PIBHOMIPHOTO 3aBAHTAYKEHHS J3EII.

OCHOBHOIO 33[auel0 TPH BHKOPHCTaHHI HAKONMHWYyBada €HEpPrii y CHCTeMi TSTH € OpraHi3allis
OINITUMAIFHOTO KEPYBaHHS IMPOTIKAHHAM €HEProOOMIHHMX IPOIECIB 32 PaXyHOK Y3TOKECHHS PEKUMIB
poOOTH HakomU4YyBada €Heprii Ta cucTeMu Tsaru. Ha puc. 8 mpemcTaBiIeHO MOXIIMBI  KOHIISIIIIi
ONITHMAIILHOTO KEPYBAaHHS TPOTIKAHHIM €HEProOOMIHHHX TIPOIECIB 32 PaxXyHOK Y3TO/DKEHHS PEKHUMIB
poOOTH HaKOMIMYyBava €HEpPrii Ta CHCTEMH TATH.

Konnenmist Nel mnepeabavae crabumizamilo TpPaH3UTY MOTY)KHOCTI 1O CHCTEMi TSITOBOTO
SJICKTPONIOCTaYaHHs y MOMEHTH IIKOBOTO ENEKTPOCIIOKMBAHHS TATOBUM PYXOMHUM CKJIAZIOM 32
paxyHOK TMONEpPEHbO HAKOIMMYCHOI EHEprii eJIEKTPUYHOro rajbMyBaHHS. [laHa KOHIEMIs HeE
BUKJIIOYAE TIepeadl elIeKTPOSHEePTii Y MepexKy Mij 4ac pexkUMy €JIEKTPUYHOTO TanbMyBaHHA. OqHaK
3HAYeHHS MOTY)XHOCTI MPH [HOMY MIHIMI3y€ThCS 3a paXyHOK HAKONMMYEHHS EHEeprii 3 MiKOBUM
3HadeHHAM. [t xonmermiii No2 Ta Ne4 mporec kepyBaHHS €HEprooOMiHOM Yy MOMEHTH MIKOBOTO
EJICKTPOCIIOKMBAHHS TATOBUM PYXOMHUM CKJIZIoM € aHayioriyauMm konuemnmii Nel. Konneniii Ne3 Ta
Ne5 mepenbadaroTh 3HIDKEHHS IBHIKOCTI 3MiHH TIOTYXKHOCTI €JEKTPOEHEpPTii, M0 CII0KUBAETHCS
TSATOBUM PYXOMHM CKJIQJIOM TIPOTSTOM PO3TOHY MOI3/y 3a PaXyHOK IONEpeIHb0 HAaKOMMYEHOI eHepril.
IIporiec HakomMUEHHS €HEPrii JJis JaHUX KOHIEHIiH Biapi3HseThes. 1[0 CTOCYEThCSI BUKOPUCTAHHS
€JICKTPOCHEPTii PeKyIepaTHBHOrO rajibMyBaHHs TO KoHIeniii Ne2 ta Ne3 mepeadauaroTh pealtizailito
peXHUMY 3apsijly HAKOIHMYyBaya y MPOMIKKHM 4acy KOJHM T0131 ciixye Ha BuOiry. Jlns xonuemnmiin Ned
ta NoS pexuM 3apsay HakomMdyBaya peaNli3yeTbes HANMpOTA3l dYacy peawizamii  pexumy
PEKYIEpaTUBHOTO TIbMYyBaHHS. 3a paxyHOK pealizallii pexkuMy 3apsy HakoludyBaya y BKa3aHUH
MPOMIXKOK dacy BiOyBaeThCs OOMEXKEHHS TIIKOBOTO 3HAYEHHsS TIOTYXKHOCTI EJIeKTPOCHEepTii
peKyreparii Ta 3HWKEHHS IIBHKOCTI il 3MIHM Y CUCTEMI TSATOBOTO €JIeKTPOIIOCTaYaHHS!.
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Puc. 8. Huxnorpamu po60oTH 00pTOBOro HAKONMMYYBa4a eHeprii 3a pi3HUX KOHUenuii
oprasizanii kepyBaHHsI eHeprooOMiHHUMHU NMPOLECAMH Y CUCTeMI TATH
HE — naxonnuyBau eneprii; TM — cuctema Tsrosoro enexkrponocradanss; TPC — tarosuii pyxomuit
cknag; T — pexxuM Tsru; B — BuOir; I' — pexxuM eneKTpuaHOro TanbMyBaHHs; Py — TOTYXHICTh
€JICKTPOCHEPTi, 1110 MPOTIKAE 110 CUCTEMI TATOBOI'O €JIEKTPOIIOCTAYaHHS; Prpc — MOTYXKHICTh
eslekTpoeHeprii Ha ctpymonpuiiMaui TPC

BucnoBku. [IpoBeneHuii aHamiz yMOB eKCIUTyaTalil TSATOBOTO PYXOMOTO CKIIAy 3ai3HHYHOTO
TPAHCHOPTY IOKa3aB, IO XapaKTEPHUMH JAJISl MPUMICHKOTrO 3alli3HUYHOTO TPAHCIOPTY € MOBTOPHO-
KOPOTKOYacCHI PEXUMH POOOTH 3 BHCOKO IHTCHCHBHHM, HECTAJUM CHOXXHMBAaHHIM Ta T€HEPYBaHHSIM
eHeprii 3HaYHOT MOTY>KHOCTI TPUBAIIICTIO JIECSTKH CEeKYH/. Pe3ylnbTaTu mpoBeeHOro aHaji3y YacoBHX
JgiarpaM  eJeKTPOCHOXXHMBAaHHS HNPUMICBKOIO Ta MICBKOTO €JeKTPOTPAaHCIOPTY IO0Ka3aB, 10
eKCIUTyaTallisl eJIEKTPONOI3AiB METPOIOJITEHY CYNPOBOKYETHCS OUIBII 3HAYHOIO HEPiBHOMIPHICTIO
€JIEKTPOCTIOKMBAHHS Ta OUTBII CYTTEBUMH BTpaTaMW B arperatax CHUCTEMH TATH Yy TIOPIBHSHHI 3
€JIEKTPOTIOI3JaMH TIPUMICBKOTO CITONYYeHHs. [HTerpaibHi €HepreTHYHi MOKa3HUKH MiK-(GakTop Ta
KoedimieHT GOpMH TO3BOJIAIOTH KiIBKICHO OLIHUTH HEPiBHOMIPHICTh CHIOKMBAHHSI €JIEKTPOCHEPTil Ta
BEJIMYMHY BTpaT y CHCTEMi TICOBOTO E€JIEKTPONOCTadaHHSA. BcTaHOBIEHO, 10 peamnizamiss pexuMmy
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ralpMyBaHHs 3  peKymepaui€ero eHeprii Npu3BOAUTH 10  30iNbLICHHS  HEPIBHOMIPHOCTI
CJICKTPOCTIOKMUBAHHS Y CHCTEMI TSTH Ta NPU3BOAWTH 10 BUHUKHEHHS JTOJATKOBUX BTPAT y CHUCTEMI.
HageneHo ofHi i3 mepceKTUBHUX KOHIIEMIIiM KepyBaHHS MPOTIKAHHAM €HEPrOOOMIHHHX MPOIIECIB 32
PaxyHOK Y3TOIXCHHSI PEKUMIB POOOTH HAKOMUYyBaua €HEprii Ta CUCTEMH TATH, IO CIPHUITUMYTh
3MEHIICHHIO HEPIBHOMIpPHOCTI €JEKTPOCHOXHMBaHHA. B mogampmomy wmae OyTH TIpOBEICHO
MOPIBHSJIBHY OIIHKY HaBeIEeHWX KOHIICMIi KepyBaHHS €HEeprooOMIHHMH IPOIECiB 3a KpHUTEpieM
«MIHIMyMY BTpar» 3 BpaxyBaHHSAM CKJIQJHOCTI peali3amii alropuTMy KepyBaHHS CYMICHOI poOoTh
€JIEMEHTIB CUCTEMH EIEKTPUYHOT TATH.
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ASSESSMENT OF THE INFLUENCE OF THE OPERATING MODES
OF THE ELECTRIC TRACTION SYSTEM ON LOSSES FROM UNEVENNESS
OF ELECTRICITY CONSUMPTION AND MEASURES TO REDUCE THEM

The article considers the current problem of uneven electricity consumption in railway transport
and steps to reduce it. The analysis of conditions of operation of traction rolling stock is carried out.
Based on the results of the analysis, the characteristics of the modes of operation of traction rolling
stock of railway transport and energy processes in the system of electric traction during their
implementation are given. The factors that lead to energy losses due to uneven traction power
consumption are presented. Indicators for estimating the unevenness of traction electricity
consumption in the case of the subway and suburban rail transport are proposed. The use of
integrated energy indicators peak factor and shape coefficient is proposed as indicators. The peak
factor characterizes the level of excess power of the power supply system, the shape coefficient - losses
in the traction power supply system. According to these indicators, the time diagrams of electricity
consumption at the feeder of the railway traction substation and the subway electric train were
evaluated. The results of the quantitative assessment confirmed the adverse effect of certain factors on
the unevenness of traction power consumption. It was found that the modes of operation of the subway
electric train provoke more significant energy losses in the elements of the traction power supply
system compared to the railway. It is proved that regenerative braking increases the unevenness of
energy consumption, increasing the load on the traction network and contributing to the emergence of
pulsed currents in the traction power supply system. Concepts for overcoming the problems of uneven
traction power consumption and the use of excess energy recovery are based on the use of energy
storage as an additional power source for traction drive.

Keywords: mode of operation, uneven power consumption, losses, peak factor, shape coefficient,
energy storage.
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BU3HAYEHHS IHOOPMATUBHUX CKJIAJTOBUX METOJIOM IIBUAKOI
EKCHECOTI'PAMMU IJISAA BIBPOJIAT'HOCTYBAHHA HIAIINUITHUKIB
KOYEHHA

Y cmammi  posensoaromvcs  eracmusocmi - memoody — wieuodkoi  excyecospamu Ol
8i0po0diacHOCMY8AHHA NIOWUNHUKIE KOYEHH eNeKMPUYHO20 O08USyHA. 3eaxcaroyu Ha HeOoliKu
KAACUYHUX MemOo0ig 8i0p00IacHOCMYBAHHA ) 4ACOBOMY NOOAHHI, 08 6UOOPY NPULIHAMHOL YACMOMHOT
cmyeu 0ns 0emoodyaayii ma nodoyoosu cnekmpy 008i0HOI 8IOpayii 3aNPONOHOBAHO BUKOPUCTOBYEAMU
MemoO WEUOKOI eKcyecoepamu, sIKa po3paxo8ye CHEeKMPATbHULl eKCYec CUCHATY ma BU3HAYAeE
YEHMPAIbHY YACTOMY Ma WUPUHY YACMOMHOI cMyeU. YNpooosic eKCnepuMenmaibHux 00CaioNceHb
peecmpysanace  ibpayis NIOWUNHUKA KOYeHHsl eleKMPUYH020 O0BUSYHA MOMOP-KOMNpecopa
enexkmposoza YC7 ma 6y0yeascs wupoxkocmyeosuii cnekmp 6iopayii. [ns ompumaHHs cnekmpie
008i0HOI 8iOpayii Ha wupokocmyzosomy cnekmpi 6 dianasoui 0 — 9 kly 3a donOMO20K eMniPUYHO20
nioxody 0oupanucs 8i0N0GIOHI YOMUPU YACMOMHI CMyeU 3 Pe30HAHCHUMU chaeckamu. Ha scoonomy 3
noby008anux cnekmpie 006i0HOI Gibpayii GIONOGIOHUX IHPOPMAMUBHUX CKAAO08UX ceped Oe3niui
BUNAOKOBUX KOMNOHEHMI8 6UABIeHO He 0yn0. 3acmocysamnHs memody WeEUOKoI eKkcyecozpamu
003601UN0 0Opamu 8i0NOGIOHY YACTMOMHY CMY2Y 3 HAUGUUUM eKCYeCOM OJist 30TUCHEHHs 0eMOOYaAYil.
Ompumanuii cnexkmp 008i0HOI  ibpayii micmus Oydce GUPANCEHI MPu 2APMOHIKU HACMOMU
NEPEeKOYY8aHHSL POIUKIE BIOHOCHO 306HIWHBLO20 KilbYs, WO BION0Gi0ae Oia2HOCMUYHIN O3HAYI
HeCnpasHo20 306HIUHBOZO Kby NIOUMUNHUKA KOYEHHS.

Knrouoei cnosa: amniimyoa, eibpayis, O0sucyH, OiaeHOCMYSaHHs, O0IianasoH, ekcyec, 006IOHA,
RIOWUNHUK, CHEKmMp, Yacmoma

Beryn. Y pi3sHOMaHITHMX —Taily3siX HPOMHCIOBOCTI MeXaHidyHe OOJIaHaHHS 3aCTOCOBYE
MIAIUITHAKA KOYECHHS, EJIEMEHTH SIKUX MOXKYTh 3a3HABATH TOMIKO/KEHb 1 B pa3i MOXIJIHMBOI BiIMOBU
OyXe BIUIMBAaTH Ha BapTICTh PEMOHTY BCTAaTKyBaHHS, fKa 3HAYHO BWINA 32 BapTiCTh 3aMiHU
MiAIUITHUKIB. 30KpeMa B MOPCHKIH Taiy3i BUXiJ 3 Jlaly €JIeKTPHUYHHUX IBUTYHIB i3 MPUYMH BiAMOBH
HiIIAITHAKIB KOYEHHS CTaHOBUTH 37 % [1].
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Takox Big TEXHIYHOTO CTaHy MIiALIMIHUKIB KOYEHHS OYKCOBHX BY3JIB Cy4YacHOTO
BHCOKOIIIBUAKICHOTO PYXOMOTO CKJaay 3aleXuTh HOro Oe3BiIMOBHA EKCILTyaTallis BIPOJIOBXK
TPHUBAJIOTO Yacy. 3rifHO 3 [2] BiAMOBU OYKCOBHX BY3JIiB BUCOKOIIBUIKICHUX TMOI3/IiB CTAHOBIATH 22 %
cepel iHIIMX BiIMOB €KiNa)KHOT YaCTHHU.

3n1e6inpmoro BiAMOBH B MiJIIMIHHUKAX TPAIJIIOTBCS TEpendacHO W BHUKIMKaHI KOPO3i€lo,
TpilIMHAMH, pPAaKOBHHAMH, OpakoM 3MallyBaHHA, IOTPAIUITHHAM CTOPOHHIX KOMIIOHEHTIB MiX
KUIBISIMH, HaAMIPHUMH HaBaHTA)KCHHSIMM, HemepenOauyBaHUMHU HACTIIKAMHU BHACTIIOK TEILIOBOTIO
BIUIMBY. [lepeniueHi NpPUYMHHM BiAMOB YIPOAOBXK TPHBAJIOrO dYacy aKkTyalli3yloTb pO3pOOKY
e(heKTUBHUX IIarHOCTHYHUX 3aXO07iB, 30KpeMa METO/IiB BiOpaIiifHOTO 1iarHOCTYBaHHSI.

AHai3 ocTaHHIX I0CTiIKeHbL i MOCTaHOBKA MpodaeMu. BiOpamiiiHi cHTHaIM POTUKOBUX
MiAIIUITHAKIB KOYEHHsI 3 MOIIKOKCHHSMH MICTSATh OaraTo 3aBajJ Ta CTOPOHHIX KOMIIOHEHTIB, IO
YCKIJIQJAHIOE OTPUMAaHHS KOPHCHOI iH(popMalii A PaHIIHbOTO AiarHOCTYBaHHS TEXHIYHOTO CTaHY.
3aranpHOBXKHUBAHI METOAM BiOPOMIarHOCTYBAaHHS MalOTh CIIUTFHY BIIACTHBICTB, SIKA MOJATAE B MOTPEOi
MONIEPEHBOr0 BHOOPY YACTOTHOI CMYTM B SIKil NPOSBISIOTHCSA AIarHOCTUYHI O3HAKH HASBHHUX
MOLIKO/P)KEHb.

Jns momonaHHS HEAONIKIB CIEKTPaldbHOI MIUIBHOCTI MOTYXHOCTI [[Baiiepom OyB po3pobieHuit
METO]] KCIIECy B YaCTOTHOMY ITOJIaHHI, SKHH PO3pPaXxOBY€E EKCIIEC aMIUTITY I CIIEKTPATbHAX CKJIAI0BHX,
BU3HAYAIOYH BIUIMB TAPMOHIK, SIKi BHACTIIOK BHIAJAKOBUX KOJUBAaHb 3a3HAIOTH PO3MUBAHHSA [3].

HarxneHHuii nuM MeTomoM, AHTOHI PO3POOMB METOX CHEKTPATBHOTO €KCIIEeCY, KU OOUHCIIOE
ekcrec OOBimHOT BiA(ITPTPOBAaHMX CHTHANIB 3 peallizalli€l0 aJalTUBHOTO TIPOIECY CMYTOBOI
¢binpTparii, mo 3pemTor 03BOJWIO HOMY PO3POOMTH METOJ EKCIIeCOTpaMM, ska 0a3yeTbcs Ha
BikoHHOMY nepeTBopenHi @yp’e (BIID) ta cnextpansHOMy ekcueci [4, 5]. OTxe, creKTpalbHUHA
eKCIIeC BOJIOAIE€ 3MATHICTIO BWSIBIATH W JIOKANi3yBaTH HASBHICTh KOPOTKOTPUBAIHMX CKIAJIOBUX
curHaiy. OJHak ajsi BUSIBICHHS BY3bKOCMYTOBOTO KOPOTKOTPHUBAJIOTO (parMeHTy B WIyMi CIif
3Ba)KaTH Ha 3QJISKHICTh CIEKTPAJIBHOTO €KCIECY Bijl YaCTOTH i 4aCTOTHOI pO3/ibHOCTI [6].

Y KOMepIiliHMX MiarHOCTHYHUX CHCTeMax aJrOpUTMH OOpOOKHM CHTHANIB TMepeadadaroTh
BUJICHHS BY3bKOYACTOTHHX [ialla30HIB JUIsl MOJANBIIOTO OTPHUMAHHSA OOBIAHOI, OJHAK MOJIOHMIA
MiAXiA He 3IaTeH PO3B’s3aTH MPOOJIEMY ONTUMAIBLHOTO BHOOPY HEHTPAJIbHOI YaCTOTH ¥ INUPUHH
OakaHOI YACTOTHOI CMYTHM OCKUIBKH IIi JBa MapaMeTpy HEBiJOMi HaBiTh ampiopi ¥ oOMparoThCs
EeMITIPUYHO, a CHIIbHI 3aBaJid Ta iHIII KOMIIOHEHTH CHTHANY, SIKi 3 SBJISIOTHCS BIIPOJOBXK poOOTH
SIICKTPUYHOTO 3aBJIaHHs, MOTJIMOIIOITH 3rajjany npooiemy e Ounbiie [7].

Mera i 3aBaanHs gocaixzKeHHsI. MeTOI0 CTAaTTi € BU3HAYCHHS IEHTPAIBLHOI YaCTOTH Ta IIMPHUHU
YaCcTOTHOI CMYTW BiOpamidiHOTO CHTHATY IiIIUITHUKA KOYSHHS JUIS MOLIYKY TiarHOCTUYHHUX O3HAK
HOro TEXHIYHOTO CTaHy METOIOM IIBUIKOI EKCIIECOrPaMH.

3aBIaHHs JOCIIHKEHHS € TAKUMU:

OOTPYHTYBATH NEpEeBary METOY IIBH/IKOI €KCLIECOTPAMH;

3aifiCHUTH  BIOpOMIarHOCTYBaHHS MIAIIMITHUKA KOYEHHS EJIEKTPHUYHOTO JBHTYHAa MOTOP-
KoMripecopa enexTpoBosa UC7.

Marepiaau Ta Metoaum nociaigxeHHs. OCHOBHOIO ijie€r0 BiOpPOJIarHOCTYBaHHS € BUSIBICHHSI
XapaKTepHHUX YacCTOT, SKi HOCSTHh KBa3iNMepiOAWYHHNA XapaKTep 1 BIACTHBI IMOMIKOKEHHSM €JIEMEHTIB
MiIIUITHAKIB KOYEHHS. 3Ba)KAI0UW Ha IMITyJIbCHY MpPUPOAY, HaBiTh cliabka BiOparis BHACTiIOK
PaHHBOTO IMOIIKO/PKEHHS EJIEMEHTIB MiINIMITHIUKA Ma€ IMUPOKOCMYTOBUH Xapakrep. 3 sBISIOTHCS
HEeCydYi, SKi MOJENIOITHCA CIA0KUMH BiOpallilHUMH CKJIaJIOBUMH, # BiOpamis 3 O3HaKamMu
HOIIKO/DKEHHS MOKe OyTH JIeMO/TyIbOBaHA B MPUHHATHIA YaCTOTHIM CMy3i 3 TIOQIBIIUM BUAIICHHIM
00BIJTHOT Ta OJJHOYACHOIO 130JISIII€I0 3aBa/I.

MeTtoanka BiOpoaiarHOCTYBaHHS CKJIaJa€ThCS 3 TAKUX €TalliB:

peecmpayia 6iopayii. AHaNOroBUiA BiOpaliiHUI CUTHAII PEECTPYEThCS BiOpaliiHUM JaTYMKOM Ha
TiAIUITHAKOBOMY BY3JIi €JIeKTPHYHOTO JIBUT'YHA 3 TIOJABIIUM HA0YTTSAM JUCKPETHOT (OPMU 3aBIISIKU
aHanoro-nup)poBoMy MepeTBOPIOBAYY;
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cmyeosa ¢pinempayis. Lludposa cMyroBa ¢inbTparfisi 3aly4aeTbcsi IO TUCKPETHOI BiOpariiHOL
MOCIIIOBHOCTI B TPWUHHATHIM pPE30OHAHCHIN YacTOTHIM CMy3i, IO MO3BOJIAE€ TMO30YTHUCH 1HIIUX
CKIIQJIOBUX TI03a MeXaMH OOpaHOi CMyTW Ta MiABHIIUTH BHAUMICTH CIHA0KHX IMITyJTbCHUX
KOMIIOHEHTIB Y MeXax 00paHoi CMyTH;

sudinenus 006ionoi. O0BinHa BiAdiABTpOBaHOI BiOpamiiHOI CMYTH BHIUIAETHCA 3aBISIKH
nepeTBOpeHHo ['inbepTa;

cnekmp 006i0HOI. BunineHa 00BiHA TEPETBOPIOETHCA HA CIIEKTP OOBIAHOI B SKOMY MOKJIHBO
BHSBUTH YACTOTHI CKJIaI0BI, SIKi BIACTHBI MOIIKO/PKEHHSIM Ha PaHHIX CTafisIX po3BHUTKY [8].

HaiicknagnimmMm € gpyrwid  ertam  BiOpOMiarHOCTYBaHHS, OCKUTBKM —BiOpariiiHi  cHTHaIn
MiJIIATTHAKIB KOYEHHS MICTATh IIyM 13 HeBimomuM BigHomeHHsaMm curHaiw/mym (BCHI). e
BiJTHOIICHHSI BU3HAUYA€E 3AJICKHICTh MOTYXXHOCTI CUTHATY JO MOTYKHOCTI IIyMYy W MOXXE OLIHIOBATH
piBenp 3aBaj. [lomiOHMI IIyM CYTTEBO MPUXOBYE KOMIIOHEHTH BiOpaIifHOTO CHTHANY, SIKi MICTATH
iHdopMaIlito mMpo HasABHI MOMIKOKEHHA B MexaHiuHuxX By3max. BCII 3a3Buuaii He miagmaeThes
KOHTPOJIIO, TOMY NEPioANYHA IMITyJbCHA KOMIIOHEHTA, III0 MiCTUTh iHPOPMAIIiIO PO MOLIKOKESHHS,
NpUXOBaHa B IIyMi Ta ii eQeKTHBHE BHIUICHHS € YCKIagHEHUM. YacTWHA JiarHOCTHYHHX METOIIB
3/aTHA BH3HAYATH HASBHICTH MEPIOJMYHUX IMIYJIHCHHX KOMITOHEHTIB y 4acoBiil (opmi BiOpartrii 3a
pesynpTaTamu 004YrcIeHHs KoeilieHTa eKCIecy 3 MOAaIbIIM MOPIBHAHHSAM OTPUMAaHOTO 3HAUYEHHS 3
MOPOTOBUM 3HAYCHHSM, sKe JOpiBHIOE TpboM [9]. Slkio oOumcieHe 3HAYCHHS 3apEECTPOBAHOTO
CUTHAJy MeHIIe ab0 IOPIBHIOE TPHOM, TO IMEPIOJUYHA IMITyJbCHA KOMIIOHEHTA BiJICYTHS, a 3HAYUTH
BiJICYTHE ¥ momkopKeHHs. OHAK 3a/IeKIapoBaHe MPUIYIeHHAS M030aBieHe Oyb-IKUX JTOKa3iB, SKi
CIIUPAIOTHCS Ha BiATIOBIAHY TEOPIIO.

KopotkoTpuBaini iMmynbcHi cKiafoBi 4acoBoi (opmu BiOpamii MiAIIUIHUKIB Y YaCTOTHOMY
IPOCTOPI PO3MOBCIOKYIOTHCS B3TOBXK IMUPOKOI YAaCTOTHOI CMyTH, a 30y/DKEHHS 3 HaWBHUIIOIO
aMIUTITYA0I0 (IKCYeTbCS HABKPYTM PE30HAHCHOTO BY3bKOCMYTOBOTO Jiama3oHy. 3ae01IbIIoro
NEepioNYHI KOPOTKOTPHUBANl CKJIaJOBI B 3apeecTPOBAHMX BiOpalifHMX CUTHAJIAX MiAIIUITHUKIB
KOYEHHS 3aXOBaHi B IIyMi Y BiAMOBIMHUX CMyTaX yChOTO YaCTOTHOTO Jialla3oHYy.

AHTOHI 3aIlpOTNOHYBaB OiTbII JOCKOHAIUN METOJ| — MIBHJIKY €KCIIECOTpaMmy, SKa PO3TIISIAE TiTbKU
oOpaHi 4YacTOTHI CMyrH Ui TOOYIOBH €KCLIECOTpaMH Ta BOJIOJI€ KOPOTHIOK TPHUBATICTIO
obuuncnenns [10]. IlIBuaka ekciecorpama po3paxoBye creKTpalbHuil ekcuiec curhHany Ha (f, Af)
wionmHi. Yacrora f i wacrtotHa posmiibHicTh Af € KIIOYOBMMH I BH3HAYCHHS aMILTITYIH
CIIEKTPAJILHOIO EKCIeCY, a MOIIYK iX Haikpamoi KOMOIiHaIlli J03BOJIIE OTPUMATH MaKCUMAaJIbHHI
eKCIleC, [0 ¥ BU3HAYA€ KOHIICMINI0 MIBUAKOI ekcuecorpamu. llei meTon mias oOpoOKHM CUTHATY
3amydae 1/3-OiHapHe aepeBo (QUIBTPIB i3 MOJANBIINM KOHCTPYIOBAHHSAM JIEPEBOIOIIOHOTO CMYTOBOTO
¢ineTpy. Lleit nporec ckiiagaeTbes 3 TAKMX KPOKIB:

Kpox 1. BinOyBaeTbcsi MO CHEKTPAIBHUX MEXK. 3apeecTpOBAaHHM CUTHAI 3HAXOAWUTHCS Ha
HyJIbOBOMY piBHI B 4actotHiii cmy3i Af € [0, Fs/2], ne Fs— uactota muckperusarii. € aBi cxemu
HOITY YaCTOTHHX CMYT Ha IIbOMY KPOIIi:

nojin piBHA 0 Ha JIBI YaCTWHM: HU3BbKY Ta BUCOKY YacTOTy ¥ OTpuMaHHS piBHS 1. YacTOTHI cMyrn
JIBOX 4acThH nepeOyBaroTh y miamazonax [0, Fs/4] ta [Fs/4, Fs/2];

nonin piBHA 0 HAa TPW YaCTHHHW: HU3BKY, CEPEIHIO Ta BUCOKY 4YacTOTH 3 (opMyBaHHAM piBHS 1,6.
Tpu yacTtoTHi cMyru mnepeOysaroTh y miamazonax [0, Fs/6], [Fs/6, Fs/3] i [Fs/3, Fs/2], mo €
€KBiBaJICHTOM TOITy 4acToTHOI cMyrH [0, FS/2] Ha Tpn yacTUHH.

JBi yacTuHu piBHSA 1 BUKOPHCTOBYIOTH UIS IMOJAJIBIIOTO MOALTY. 3TiJHO 3 MEPIIOI CXEMOIO
MOJUTy YOTHPU YACTHHH, a caMe. HHW3bKa-HM3bKa 4acTOTa, HU3bKa-BHCOKA YAacTOTa, BHCOKA-HU3bKA
4acTOTa, BUCOKA-BUCOKA YacTOTa HAJIEKATh PIBHIO 2. 3TiHO 3 APYTro0 CXEMOIO IIIiCTh YaCTHH, a CaMe:
HU3bKa-HU3bKa 4acTOTAa, HU3bKAa-CEPEAHs 4acTOTa, HU3bKa-BUCOKA YAcTOTA, BUCOKA-HU3bKA YAacTOTa,
BUCOKa-CepellHsl 4acToTa Ta BHCOKA-BHCOKAa YacTOTa Halexarh piBHIO 2,06. IloBTOpeHHsS 3ramaHux
KpPOKIiB PO3KJIaZiaHb TPHU3BEAE [0 JOCATHEHHS MEXI HaWHIKYOI YacTOTHOI KOMITOHEHTH, IO
Bigmosinae pisuro k [0, Fs/2!]. Hacamkisewp oTpuMyOTh BiANOBiIHY KOHCTPYKIHIO 3 4aCTOTHHM
MOJIOM — HIBHIKY €KCIiecorpamMy, 1o 300pakeHa Ha puc. 1.

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
130



TEXHIKA I TEXHOJIOI'TI

Kpox 2. 3pilicHIoeThCs BiAHOBIEHHA curHany. [licns moniny curHainy B 4aCTOTHOMY MOJAHHI 3TiJHO 3
KPOKOM 1, cinijJ 3MiHCHUTH 3BOPOTHE MEPETBOPEHHS KOXKHOI YaCTOTHOI KOMITOHEHTH JUISi OTPHUMAaHHS
CHUTHaly B YacoBoMmy mnofaHHi. Lleii merox 3amydae BikoHHe meperBopeHHs Dyp’e Ta dimpTp i3
KiHLEBOIO iIMIyNbCHOIO Xapaktepuctikoro (KIX) mis poskiaganss Ta GinbTpalii CHTHAMIIB.

) PigHi (Af),
Pigene 0 MouaTkosa YacTtotHa cmyra K(0;1) 0 |—1/2
Hu3bka yactota K(1;1) Bucoka yactota K (1;2) Ploewel 4 _1_ 1/4
Husbka yactoTa CepegiHa yacToTa Bucoka vacToTa 16—+ 1/6
K (1,6;1) K (1,6;2) K (1,6;3) !
Pigenn 2| HW3bKa-HM3bKa Hu3bKa-BMcoka BncoKa-HU3bKa B1COKa-BMCOKA 2 1/8
K (2;1) K (2;2) K (2;3) K (2;4)
Hu3bka- Hu3bka- Husbka- Bucoka- Bucoka- Bucoka-
HWU3bKa cepefHA BMCOKa HU3bKa cepeaHa BMCOKa 2,6+ 1/12
K (2,6;1) K (2,6;2) K (2,6;3) K (2,6;4) K (2,6;5) K (2,6;6)
K3;1) | KG:2) | K3:3) | k3:4) | KG3s) | KEe) | kG | kEe) e 3 L 1/16
K(m;1) K(m;n) 3,61 1/24
) k —— 1/2k+
| | | | ] f
0 Fs/8 Fs/4 3Fs/8 Fs/2

Puc. 1. YacToTHO-cMyroBuii po3moziJ i3 3actocyBannsim 1/3-6inapHoro nepesa (piibTpin

3amydaloTh MeXi JBOX YaCTOTHHX CMyT Ha piBHI 1 ans KOHCTpYIOBaHHS HaBOX (DiIbTPIB:
HU3bKO4acTOTHOTO No(N) Ta BHcokouacToTHOTO hy(N)

() =h(n)e * =n(n) COS(ﬂTnL jsin[%nj

j37zn 37 3
h(n)=h(n)e 4 =h(n)|cos % + jsin %

)

ne h(n) — musprouactotauit KIX ¢inbtp 3 wacrororo 3pisy fc = 1/8 + €. Ha upomy erami curnain
3a3Hae (inbTpamii CKOHCTPYHOBaHMMHU HH3BKO- i BHCOKOYAaCTOTHHUMHU (UIBTpaMy JUISi OTPUMAaHHSI
BHUCOKOYACTOTHOTO T HU3bKOYAaCTOTHOTO CUTHAIIB.

Lleii MeTox BHKOPUCTOBYE TpH TpPyd MEK Yy 4YacTOTHOMY INOAaHHI Ha piBHI 1,6 s
KOHCTPYIOBaHHS TPhOX (UIBTPIB: HU3BKOYACTOTHHH (DITBTP, CMYroBUH (iNbTp, BHCOKOYACTOTHUI
¢inbTp. HacamkiHenp OTpPUMYIOTh HHM3bKOYACTOTHHM CHTHAJNI, BHCOKOYACTOTHHH CHTHAN 1 CIIEKTp
yCepeMHI BHUCOKOYACTOTHOTO ¥ HU3bKOYACTOTHOTO CHUTHAJIB. 3a aHAJOIIYHUM CICHApieM i3
BUKOPHUCTAHHSIM YOTHPHOX MEX Yy YaCTOTHOMY IOJAaHHI OTPUMYIOTH PiBEHb 2 Ul KOHCTPYIOBAaHHS
¢inbTpa it OTpUMaHHS YOTUPHOX KOMITOHEHT CUTHAITY.

Kpok 3. TloOynosa miBuakoi ekcuecorpamu. Ciiifi po3paxyBaTh KOXHY KOMIIOHEHTY 3TiTHO 3
KPOKOM 2 ¥ 3alOBHUTH BiANOBiAHI MO3MLIT Ha cxeMi puc. | i3 3aly4eHHSIM Pi3HUX KOJIBOPIB AJIs
BiJIOOpaKeHHS BiAMOBIIHUX 3HAYEHB CKCIIECY.

Kpok 4. Tlomyk BimmoBigHoi kommoHeHTH. Ciij BiAIIyKaTH KOMIIOHEHTY, sIKa BIJIIOBIJIA€E
MaKCHUMaJIbHOMY 3HAYEHHIO eKCIecy Ta 3MIMCHUTH 11 IeMOAYIALI0 3 NOAAIbIIOI MOOYIOBOIO
cHekTpy oOBiaHoi BiOparii [11].
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YOponoBx eKCIepUMEHTANbHUX JOCHiIKeHb Ha IMepuioMy erani  BiOpoAiarHOCTYBaHHS
3MIMCHIOBANIACh PEeCTpallis NU(MPOBUM CaMOMUCIIEM BiOpaIiifHOTO CHTHANTy MiAIIUITHUKOBOTO BY3Ja
eJIeKTPOIBUTYHA MOTOpP-KoMmIpecopa enekTpoBo3a UC7 1’ €30eeKTpUIHNM BiOpOaKCEIepOMETPOM Y
yactotHOMY Aianasoni 0 — 9 kI'1 (puc. 2, 3). YactoTta obepranHs Baimy craHoBmia 7 1.

202 1 | |
0 0.5 1 15

c
Puc. 3. Yacora ¢gopma 3apeecTpoBaHOr0 BiOpaliiiHOT0 CUTHAIY MiTIIMITHUKA KOYEHHSA

3arajbHOBXKHBAaHUM METOJIOM, KWl JEMOHCTPYE II€BICTh YIPOAOBK 0araThOX POKIB, € aHawi3
00BiIHOT BiOpallii 3a pe3yabTaToM pe3oHaHcHOi aemoayisuii [8]. [Iporenypi nemomyisiii nepeaye
no0yZ0Ba Ta aHaji3 IHUPOKOCMYTOBOIO CIIEKTPY BiOpauii (puc. 4).

001 s
0.008

0.006

m/ic?

0.004

0.002

N M MMM A Nl AMA A AK psk oAU A A AL A A A s i M SAMRAA )
0 1050' Ll 2000 3000 ~ -~ 4000 = '5600 6000 7000 8000 Sewm- 9(;00
ry

Puc. 4. lllupoxocMyroBuii cieKTp Bidpauii miimmnHuKa KOYEeHHS

Binmomo, mo oOBigHa BiOpawii I1€MOHCTpPY€ BHUCOKY UYTJIMBICTh A0 HAsSBHUX LIMPOKOCMYTOBHX
3aBaj, SIKi CIIOTBOPIOIOTH KIHIEBHH pe3yibTaT [iarHOCTyBaHHsA. YacTKOBO YHHMKHYTH ITOJIOHOI
HECHPHUATIMBOI OOCTaBHHHU JI03BOJISE MOMEPEAHIN IHTYITUBHHI BHOIp MPUHHATHOI YaCTOTHOI CMYIH
BCEpEeAMHI K01 HasABHI pe3oHaHCHI criecku [8]. Ha puc. 4 BigokpemiieHi YOTUPH YAaCTOTHI CMYTH 3
BiJITOBITHUMH CILIECKAMHU.

Yorupu criekTpu 00BiIHOT BiOpalii y 3a3HaueHUX Jiaria3oHax HaBeICHI Ha puc. 5.
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Ha koxnHOMy moOynoBaHoMy crekTpi oOBimHO1 BiOpalii HasiBHa BeJIMKa KUIBKICTH TapMOHIK
("JepBOHI TIO3HAYKH), OJHAK PO3paxoBaHi 3a KJIACHIHUMH BUpaszamu [12 — 15] xapakTepHi KoMOiHaITi1
TapMOHIK, SKi BJIACTHBI BiJIOBIIHWM IIOIIKO/DKEHHSM €JIEMEHTIB MiAIINITHAKA KOYSHHS BiJCYTHI.
Oxpema m’siTa poTopHa rapmonika 5¢f,s (puc. 5 0), mepia f,,, i Tpets 3f,,,, rapMoHiku yacToTH
MIEpEeKOYyBaHH POJMKIB BiJHOCHO 30BHIIIHBOTO Kilbls (puc. 5 0, B) He J03BOJSE BCTAHOBUTH BHJ
TTOTITKOPKEHHS 3 BHCOKOIO TOCTOBIPHICTIO.

1 ' ! 5*f06 ¥

0 50 100 150 200 250

0 50 100 150 200 250

ry
B)
<107
T %
6
~ +* *
Ly v ¥
s 4 . YLy y ¥ LS vy
2
|
0 \ \ \
0 50 100 150 200 250
ry
r)

Puc. 5. CniexTpu 00BigHOi Bi0panii:
a) y miana3oni 0,9 — 1,5 x['u, 0) y mianasoni 3,0 — 3,5 k['u, B) y mianaszoni 4,0 — 4,5 k['1, r)
y nmianazoHi 8,4 — 9,0 k[’

PesysnbraroMm pearizalii METOLy HIBUAKOI SKCIIECOIPAaMH CTaB PO3PaxXyHOK LIEHTPAIbHOI YaCTOTH
f. = 120 I'u, mmpunu gacrotHoi cmyru B, = 240 I'm y sAKiif eKcIiec JOCAT MaKCHMMAJIbHOTO 3HAYEHHS
Kmax = 4,7 (puc. 6).
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B orpumaniii 4acTOTHIN cMy3i, e eKcliec JOCAT HAWBHUILOTO 3Ha4YeHHS, BigOyBajach NEMOIYILLIS 3
HOJAJIBIIOK TOOYIOBOK CIeKTpy 0OBigHOI BiOparii (puc. 7). 3rigHo 3 [7], mis edexkTuBHOrO
BIOPOMIarHOCTYBAaHHS TiIIIMITHAKIB KOUEHHS JOCTATHRO BUSBUTH Ha CIIEKTPi OOBIIHOI BiOparii 70 TPhOX
TapMOHIK, sIKi BIJIIIOBIJA0TH O3HAL[ TOIIKOHKCHHS €JIEMEHTIB T IIMNHNKa. He3Baxkaroun Ha CKIIAIHICTh
OTpUMaHHS TIOCIIIOBHOCTI TPhOX TAPMOHIK, sIKi MOXKYTh IIBUIIKO CIIAJATH aX JIO PIiBHS 3aBajl, BIAIOCS
BU/IUTATH KOMOIHAIIiO 3 TPHOX TAPMOHIK YaCTOTH NMEPEKOTyBaHHS POJUKIB BITHOCHO 30BHIIITHHOTO KiBIIS:
fiome=31Tm, 2ef,,,=63T1, 3ef,,=94Tu IloxgibHa koMOiHalis € [IAarHOCTMYHOK O3HAKOIO
TIOIIKO/IXKEHHSI 30BHIIIHLOTO KUIBIIA 1 € IOCTATHROIO JUTS peattizailii e()eKTUBHOTO BiOPOiarHOCTYBaHHSI.

fo-kurt.2-K =47 level 6.5, Bw= 239.5833Hz, fc=119.7917 'y

pigeHb k
8enu4yuHa ekcuyecy

0

0 5 10 kly
Puc. 6. llIBugka excuecorpaMa 3apeecTpoBaHoi Biopamii mixmunmHuka KoYeHHsI
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Puc. 7. Cniextp 06BiaHoi BiOpauii y gianmazoni 0 — 240 I'y
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THE IDENTIFICATION OF INFORMATIVE FEATURES BY THE FAST KURTOGRAM
TECHNIQUE FOR THE VIBRODIAGNOSTICS OF ROLLING BEARINGS

The paper deals with the properties of the Fast Kurtogram technique for the vibrodiagnostics of
rolling bearings of electric motor. Taking into account the disadvantages of the classic tools of
vibrodiagnostics in the time domain, the proper frequency band selection procedure was suggested for
the further demodulation and envelope spectrum extraction. Fast Kurtogram represents the spectral
kurtosis value of the signal on the (f, Af) plane. The frequency and the frequency resolution are used
as the key functions to determine the magnitude of the spectral kurtosis. The best combination makes
the kurtosis maximum. During the experimental research the vibration of the rolling bearing of
electric motor of electric locomotive ChS7 series was acquired. The broadband spectrum in the
frequency range 0 — 9 kHz was extracted and with the help of empiric approach the four frequency
bands with resonance excitations were selected. None of four envelope spectra did not have any
informative features among numerous random components. After the selection of a proper center
frequency and the frequency band by the Fast Kurtogram, the extracted envelope spectrum has shown
the series of harmonics related to the outer race faults.

Keywords: amplitude, band, bearing, diagnostics, envelope, frequency, kurtosis, motor, spectrum,
vibration
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CONCEPTUAL APPROACHES FOR DETERMINATION OF PRODUCTION
AND TECHNOLOGICAL POTENTIAL IN TRAFFIC ROLLING STOCK
PROJECTS

The article considers the problems of managing the efficiency of use of production and
technological potential of rolling stock. It is investigated that in order to improve the efficiency of
functioning it is necessary to determine the conceptual approaches of the components of the processes
of maintenance and operation of rolling stock. This requires the use of technical means and methods
of monitoring the technical condition of the wheelsets of the rolling stock.

It is investigated that the possibility of successful solution of one of the important tasks of the railway
industry risk of improving the quality of repair and restoration works and prolonging the life cycle of
rolling stock is possible by ensuring control over finished products and improving process management.

It is determined that the form of the concept of conceptual approaches to determining the essence
of production and technological potential of maintenance and operation of traction rolling stock is a
model of the life cycle of maintenance and development of its operation.

A detailed analysis of the advantages and disadvantages of existing methods of quality control of repair
of wheelsets of railway rolling stock. Ways to increase the life cycle of wheelsets are considered. The
mathematical model of a complex estimation of quality of repair of wheel pairs that will increase efficiency
of operational work of a rolling stock and safety of transport process is offered.

The paper considers the components of conceptual approaches to improving the functioning of
production and technological potential of the transport complex in the projects of traction rolling stock.

Keywords: traction rolling stock, model, diagnostic methods, technical means. production
potential, information technology.

Introduction. Improving the production and technological processes of the primary links of the
transport complex requires a focus on specific production conditions and economic ties that have been
established. Today, the level of functioning of the transport complex in a market economy is largely
determined by the efficiency of their production and technological potential. Production and
technological potential has a complex structure that includes resource and functional components. For
their effective use it is necessary to provide management on the basis of modern understanding of
essence and definition of potential of the enterprise [1-3].
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Therefore, a necessary condition for solving this problem is the study of conceptual approaches to
the definition and essence of production and technological potential in the projects of traction rolling
stock, its components.

The purpose and objectives of the study. The purpose of the study is to analyze the nature and
determine the components of the production and technological potential of the processes of
maintenance and operation of traction rolling stock.

Obijectives of the study: 1. To analyze the problems of managing the efficiency of production and
technological potential of traction rolling stock. 2. Investigate the model of the quality control process
for the repair of wheelsets, which is based on gquantitative indicators that characterize the technological
process of repair in terms of workload and quality indicators. 3. Investigate the life cycle model of
support and development of traction rolling stock. 4. To propose the components of conceptual
approaches to the definition and essence of the production and technological potential of the transport
complex in the projects of traction rolling stock.

Materials and methods of research. To study the effectiveness of the use of production and
technological potential of the traction rolling stock of the transport complex, it is necessary to
determine the conceptual approaches of the components of the processes of maintenance and operation
of rolling stock. This requires the use of technical means and methods of input, interoperative and
output non-destructive testing of the technical condition of wheelsets. Factors such as a significant
percentage of worn-out rolling stock, increased repair quality requirements on the one hand, and the
need to increase productivity on the other, require the development of new effective methods of non-
destructive testing of wheelsets, components and rolling stock [5,6].

Currently, during the defectoscopy of the elements of the wheelsets of the rolling stock of railway
transport, such control methods as magnetic powder, eddy current, ultrasonic control methods.
However, with the various methods of non-destructive testing used in defectoscopy, there are still
omissions of dangerous defects of wheel pairs (cracks in the disc, ridges and rims of the wheel, cracks
in the middle, neck and insidious part of the axle) and quite often. The main reasons for the omission
of defects are the low level of automation of the control process. In addition, the control process by the
methods mentioned above requires prior preparation of the control surface, scanning of the entire
monitored surface with sensors and time consuming [7].

Therefore, the creation of new conceptual approaches to methods of control and diagnosis of
wheelsets is a necessary condition for improving the safety of trains and ensuring efficient operation at
all stages of the life cycle of wheelsets of rolling stock. The creation of these methods is the basis for
the development of an automated control system for wheelsets.

The modern technological process of repairing wheelsets as an object of control is characterized by
the following factors: complexity, multifactorial, vague manifestation of causal relations in the
organization of structural units of the industry, distribution of target functions in time and space, a
wide range of materials, parts and components. are in constant contact with technological equipment.
The main resources to increase the productivity of wheel pair repair are the modernization of repair
quality control technology and the introduction of modern measuring equipment based on information
technology and the development of a database of automated control systems for repair processes.

The use of control systems in the process of repairing wheelsets to ensure the control of finished
products and increase the efficiency of process management opens the possibility [9] of successfully
solving one of the important tasks of the railway industry risk of improving the quality of repair and
restoration work Therefore, the form of the concept of conceptual approaches to determining the essence of
the production and technological potential of maintenance and operation of traction rolling stock is a model
of the life cycle of maintenance and development of traction rolling stock (Fig. 1)

During the study, the control systems of technological parameters mentioned above were analyzed,
as well as the parameters of the quality of wheel pair repair in the technological process [4]. Based on
the analysis, a mathematical model of the process of quality control of repair of wheelsets of rolling
stock was proposed, which will increase the energy efficiency of repair [8,15].
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Fig.1. Life cycle model of support and development of traction rolling stock operation

This mathematical model of the process of quality control of wheel pair repair, based on quantitative
indicators that characterize the technological process of repair in terms of volume of work and quality
indicators. These indicators characterize the wheelset as a finished product in terms of its suitability for
operating conditions and compliance of technical parameters of the wheelset to the requirements of
regulatory and technical documentation, which is the basis of working condition [10,16].

The model is based on indicators of quality of repair, namely the law of distribution of random
variables which characterize process of repair according to conditions of observance of technological
discipline, qualification of workers and a technical condition of technical means.

n hz
_ Cj=1ny

Fp =——=¥/.1Gj/n, 1)

where n — the number of operations;

h,,, —normalized complex assessment of the j-th operation;

h, — actual comprehensive assessment of the j-th operation;

G; — coefficient that takes into account the completeness of operations on the quality of repair of
wheelsets of rolling stock. In practice, the coefficient depends on the type of operations performed
during the repair of wheelsets.
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The model of comprehensive assessment of the quality of repair of wheelsets and the life cycle
model of support and development of traction rolling stock is the basis of the conceptual approach to
determining the essence of production and technological potential of maintenance and operation of
traction rolling stock. .

Based on this, the article investigates the components of conceptual approaches to improving the
functioning of production and technological potential of the transport complex in the projects of
traction rolling stock.

According to the first component of the conceptual approach of production and technological
potential, it is proposed to understand the real volume of work provided that the full amount of
resources, which characterizes the available capabilities of the transport complex [11-13].

The second component of the conceptual approach of production and technological potential is
characterized as a system of economic relations that arises between economic entities of different
economic levels to form a production result with the most efficient use of transport resources, the
current level of technical means and methods of control and diagnostics of rolling stock.

According to the third component of the conceptual approach of production and technological
potential is understood the potential volume of work performed, the potential of fixed assets. Potential
opportunities for the use of material and labor resources. According to this component, the production
and technological potential does not include information, investment and innovation economic
resources that provide not only the use but also the development of production potential.

The fourth component means the amount of work in certain units of labor costs for a limited period
of time the main potential of employees using existing production assets in two modes of operation
and optimization of processes in the transport complex [14].

The fifth component of the conceptual approach of production and technological potential means
the ability of the enterprise to perform the required amount of work for maintenance and operation of
traction rolling stock.

When studying the components of conceptual approaches to improve the functioning of production
and technological potential of the transport complex in the projects of traction rolling stock should
also consider their main shortcomings, which should be avoided when defining this concept, which is
the basis for further research.

Conclusions. The problem of management of efficiency of use of production and technological
potential of traction rolling stock is analyzed. The mathematical model of the process of quality
control of wheel pair repair, which is based on quantitative indicators that characterize the
technological process of repair in terms of workload and quality indicators, is studied and proposed.
The model of the life cycle of support and development of traction rolling stock operation is presented.
The components of conceptual approaches to the definition and essence of the production and
technological potential of the transport complex in the projects of traction rolling stock are proposed,
which will increase the indicators of the main aspects of the production and technological potential.
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KOHIEIITYAJIBHI IIIAXOAU BUSHAYEHHA
BUPOBHNYO-TEXHOJIOI'TYHOT'O NIOTEHHIAJY B ITIPOEKTAX
TATOBOI'O PYXOMOTI'O CKJIAAY

Y cmammi pozensinymo npobaemu ynpaeninHa epexmusHocmi SUKOPUCMAHHA SUPOOHUYO-
MeXHOI02TYH020 NOMEHYIATLY PYXOMO20 CKIady. Jocniodiceno, wo 051 B00CKOHANEHHS eheKMUBHOCTI
DYHKYIOHYBAHHS HEOOXIOHO BUBHAYUMU KOHYENMYAdbHi NiOX00U CKAA008UX NPOYecié mMexHiuHo2o
00CY208Y8aHHA MA eKCHAyamayii pyxomoeo cknaody. /s yvo2o HeoOXIOHO 3aCMOCY8AHHSA MEXHIYHUX
3acobie ma mMemooie KOHMPOJI0 MEXHIYHO20 CIMAHY KOMICHUX NAP PYXOMO20 MA208020 CKAAOY.

Jlocrioocero, wo MoACIUBICMb YCRIUWHO20 PILUEHHST OOHIET 3 BANCIUBUX 3A0aY 3ANIZHUYHOL 2any3i
PUBUKY NIOBUYEHHS IKOCTT PEMOHMHO-BIOHOBTI0BAILHUX POOIM Ma NPOOOBICEHHS HCUMMEBO20 YUKTY
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TEXHIKA I TEXHOJIOI'TI

PYXOMO20 CKNAOY MOMNCAUBE 3A PAXYHOK 3a0e3neueHHs. KOHMPOMIO 3a BUNYCKOM 20MOo80i npooyKyii i
niOBUWEeHHS eqheKMUBHOCTNI YAPABIIHHA MEXHONI02IYHUM NPOUECOM.

Busnaueno, wo ¢opmoro Konyenyii KoHyenmyanbHux nioxodié 00 GU3HAYEHHA CYMHOCH
BUPOOHUYO-TNEXHONIOTYHO20 NOMEHYIANTY MEXHIYHO20 00CTY208Y8aHHS MA eKCHIAYamayii mseo6020
PYXOMO20 CKAADY € MOOETb HCUMMEBO2O YUKTY NIOMPUMKU MA PO3GUMKY 11020 (DYHKYIOHYBAHMSL.

Ilposedeno Odemanvhuil ananiz nepesaz ma HeOONIKI8 HAABHUX MemMO0i8 KOHMPOIIO SAKOCHI
DPEMOHMY KONICHUX Nap pyXomo2o cKiady 3alisHU4YH020 mpancnopmy. Posenanymi winsaxu nioguueHHs
EKCHIYamayii JHCUMmeLO20 YUKy KOMCHUX nap. 3anponoHo8ano MamemMamuyny mMooeib KOMIIEKCHOT
OYIHKU AKOCMI PEeMOHMY KOMICHUX nap, wo NiOsuwums egeKxmuericms eKchiyamayitiHoi pobomu
PYXomo2o cknady ma 6e3asapitiHicmes nepegizHozo npoyecy.

Y pobomi poszensinymo ckiadogi KomyenmyaibHux nioxodie 00 NOKPAUJeHHS QYHKYIOHYS8AHHS
BUPOOHUYO-TNEXHONIOTYHO20 NOMEHYIANy MPAHCNOPMHO20 KOMNIEKCY 68 HNPOeKmax mse08020
PYXOMO20 CKAAOY.

Knrouoei cnosa: mszosuil pyxomuil cxiad, Mooeib, Memoou OideHOCMUKU, MEXHIYHI 3aCOOU.
BUPOOHUYUT ROMEHYIAN, THPOPMAYIUHI MEXHON02I].
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PO3PAXYHOK MIITHOCTI KPUIIIKHU JTIOKA HATIIBBA'OHA
I3 HOJIIMEPHOI'O KOMITIO3UIIIMHOI'O MATEPIAJIY

Y cmammi nasedeni pesynomamu po3paxyHKy MiYHOCMI YOOCKOHAAEHOI KOHCMPYKYIL KPUWKU JTHOKA
Haniegazona. Ocoonugicmio YOOCKOHANEHHSL € BUSOMOGIEHHST TUCA 13 NOJIMEPHO20 KOMNOZUYILIHO20
mamepiany, a 068’a3yeanns — i3 [1-nodibnozo npoginto, nepekpumozo copuzonmaneHum aucmom. llpu
YbOMY MOMEHM ONopy nepepizy VOOCKOHANEHOI KOHCMPYKYil 008 s13y8aHHs GIOHOCHO NONEPEHHOL OCi
s0imvuyemocs Ha 17,5% y nopisusnui i3 munosum nepepizom. Badicnuso ckazamu, wjo 3anponoHo8ana
Kpuwika aroxa mae macy Ha 12% Husicuy 3a munogy KOHCMpYyKyiro.

s eusHauenHsi OCHOBHUX NOKA3ZHUKIE MIYHOCMI 3anpONOHO8AHOI KOHCMPYKYII KpUKU JTI0KA
HANi68ACOHA NPOBEOCHO PO3PAXYHOK NPU OCHOBHUX cXxeMax ii Hagammadicenus. Bcmanoeaeno, wo 3
YPAxXy8aAHHAM 3ANPONOHOBAHUX DIUUEHb MAKCUMANbHI HANPYICEHHS 8 MUCMI Kpuwiku aoka Ha 25%
HUDICUI HidIC Y MUNosill KOHCMpPYKYii, a 6 006 azyeanni — na 10%.

IIposedeni docaiodcenss CRpUSMUMY b 3MEHUEHHIO HOUKOONCEHb KPUULOK TOKI6 8 eKcniyamayii
ma eumpam Ha YMPUMAHHA HANI6BACOHI8, A MAKONC OYOYMb KOPUCHUMU HANPAYIOBAHHAMU NpU
NPOEKMYBAHHI IX CYUACHUX KOHCMPYKYIUL.

Knrwouosi cnoea: mpancnopmna  Mexawixa,  HANIBBA2OH,  KPpUWKA  JIOKA,  MIiYHIiCHb,
HABAHMANCEHICTNY, 30epediceHsl Hani88a2oHIs.

Beryn. OpHuM 3 OCHOBHUX (akTOPiB YCHIIIHOIO PO3BUTKY €KOHOMIKH € 3JaroJpKeHe
(GYHKIIIOHYBaHHSI TPAHCIIOPTHOI Taiy3i. Bijomo, mo ojHi€0 3 HAHOLIBII MEPCIEKTHBHUX CKIIaJI0BUX
TPAHCHOPTHOI iHPPACTPYKTYPH € 3aTII3HUIHUI TPAHCTIOPT.

3HayHy YacTKy BiJl 3arajbHOrO BaHTAXKOOOIry BaHTAXIB, AKi IMEPEBO3SITHCA 3aJI3HULICIO CKIIANAIOTh
HACHUIIHI Ta HABaJIIOBaJIbHI. [lepeBe3eHHs TaKMX BaHTAXKIB 3IMCHIOETHCS 3/ICOLIBIIIONO Y HarliBBaroHax.
[lpy 1bOMY ONHHMM 3 HAWOUIBIN MOIIKO/PKYBAHUX €JIEMEHTIB HECYYMX KOHCTPYKIM HaliBBaroHiB €
KpUIIKH JIIOKiB (puc. 1). Hanpukiaz, 3a gannmu 2019 p. nuine 3a HECHPaBHICTIO 3aropiB KPUILIOK JIFOKIB
NOTOYHUE peMoHT npoiiuui 35750 Baronis. Lli nani Bu3HauyeHi Ha migcTtaBi 0OpoOku ganux ['TOL] V3.

Taka oOcTraBHHA 3YMOBJIIOE HEOOXIJAHICTh JOJATKOBUX KaIliTAJIbHUX BKJIQJCHb Ha PEMOHT
CKJIaJJOBHX HAIiBBAaroHiB, a BiJIIOBIAHO BUKJIMKAE IX BUMYIIEHUH MPOCTiH.

VY 3B’A3Ky 3 UMM HEOOXiJHUM € CTBOPEHHS 3aXOJiB, CHPSMOBAaHMX Ha MOKpPAIIEHHS MOKAa3HUKIB
MIITHOCTI KPHIIOK JIFOKIB HAIIIBBArOHIB MPU EKCILTyaTalliHHIX pEXKUMaX.
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AHani3 ocTaHHIX JOCTi:KeHb i MocTaHOBKA mpodjemu. [ 3abe3nedeHHs] MIIIHOCTI KPUILIKA
JIOKa HAamiBBaroHa apropamu poOoTu [1] 3amponoHOBaHO 3aXOAM IOJO 11 yIOCKOHAJICHHS.
OCOONUBICTIO KPHIIKY JIFOKA € MOCHUJICHE BUKOHAHHS OOB’S3YBaHHs, INIAJAKHI JINCT Ta BUKOPUCTAHHS
JUTUX KPOHIUTEHHIB. TakoX y KOHCTPYKLIi € JOAAaTKOBI PO3KOCH isi 3a0e3neueHHs AOCTaTHBOI
MinHoCTi. OIHAK 3aIPONOHOBaHE yIOCKOHAJICHHS CIIPSIMOBAHE Ha MOCHJICHHSI 00B’I3yBaHHS Ta BY3JiB
KpIIUIeHHS KPUIIKH JifoKa. [Ipu 1iboMy aBTOpaMu He 3arpoIIOHOBAHO 3aXO0/iB MO0 MOCHIICHHS JINCTA
KPHIIIKH JIIOKA.

Puc. 1. llomkon:keHHs1 KPUIIIOK JIIOKIiB HANIBBATOHIB
a) TpilrHa B 00B’s3yBaHHi ; 0) nedopmarist 0OB’13yBaHHS;
B) medopmaliis JIMCTA,; T) KOPO3iiHI MOMIKOKEHHS

Oco0IMBOCTI MPOBEICHHS PECYPCHHUX BHIIPOOYBAaHb HIBIB MIPUBAPKH €IEMEHTIB KPITUICHHS KPHUIIKH
JIIOKa y HaliBBaroHi 3 METOK BU3HAYEHHS iX MIITHOCTI BUCBITIIOIOTHCS B poOOTi [2]. BcTanoBieHo,
IO [IBH MPUBAPKH JICPIKABOK TETENb Ta MIAHOK-ICPKABOK KPHIIKH JIFOKA B HAIIBBAroHi BUTPUMAIH
OPUAHIATAN JUIST KPUIIKK JIIOKa Pecypc eKCIulyaralii MpoTsIroM dacy BiJ OyaiBHHITBA JI0
KaIliTalbHOr0 pEeMOHTY. Pa3oMm 3 1uM y poOOTi HE MPOBOIMIIOCS IOCIKEHb MO0 BHU3HAYCHHS
MIITHOCTI KPUIIIKH JIFOKA, a aKIIEHT 3pO0JICHUI Ha CKJIaJOBUX 11 KOHCTPYKIIii.

Bu3HadueHHS OCHOBHMX TOKA3HUKIB MIITHOCTI KPHIIKH JIFOKa YHIBEpCAJbHOTO HaIiBBaroHa Mpu
NajiHHI BaHTaXy Ha Hei MPHUBOIUTHCS B poOoTi [3]. PesynabTaru JOCTIIKEHHS BCTAHOBWJIH, IO
TUTIOBA KOHCTPYKIliS KPUWIIKU JIFOKa HE BIAMOBiZa€ yMOBaM MIITHOCTi, OCKUIBKH TPU 3aBJaHOMY

36ipnux naykosux npaus /{YIT.Cepia « Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
144



MATEMATHYHE MOJAEJIIOBAHHA

peKHMI MarOTh Miclie 1i MOImKO/KkeHHs. OJHaK aBTOpaMM HE 3allPOIIOHOBAHO 3aXOJiB IIOJO0
YIOCKOHAJIEHHS KOHCTPYKIIIT KPHUIIIKA JTFOKa /IS 3a0e3medeHHs 11 MiIIHOCTI B eKCILTyaTaIii.

OOrpyHTYBaHHS BHUKOPWCTAaHHS TIIOJIMEPHUX KOMIIO3HTHHX MarepiaiiB y BaroHoOyxyBaHHI
NpUBOIUTHCA B poOoTi [4]. IIpu mpoMy 3ampomnoHOBaHI MaTepiain mependavdaeTbes 3aCTOTOBYBATH
JUTS HACTUITy TiAJIOTH BaroHa. BHUCBiTieHI pe3yabTaTH eKCIIEPUMEHTAIBHUX JTOCTIIKEHb 32 METOAOM
MpecyBaHHSI KOMIIO3UTYy y ¢opmi. Pazom 3 1muM aBTOpaMH HE MPOBOAUTHCS HOCIIHKEHHS
BIIPOBAPKCHHSI TAHUX MaTepiajliB B KPUIITKH JTIOKIB HalliBBaroHiB.

B po6ori [5] BUCBITICHO MEPCIEKTUBH 3aCTOCYBaHHS MOJIMEPHUX KOMIO3HMLIHHUX MaTepiatiB y
BaroHOOymyBaHHI. HaBeeHO 0cOOIMBOCTI 3aCTOCYBAaHHS TAKMX MaTepialliB CTOCOBHO KPHIIKH JFOKA
HamiBBaroHa. [IpeacraBieni pe3ynpTaTH pO3paxyHKy Ha MIIHICTh KPUIIKHU Jtoka. OgHAK TPH IOMY
aBTOPaMH MPOBOJUBCS IOCTATHBO CHPOLICHUH 11 pO3paxyHOK Ha MillHICTb.

B po6Gorti [6] HaBemeHO 0COOIMBOCTI yIOCKOHAJCHHS KPWIIKM JIIOKAa HamiBBaroHa. ABTOpaMu
3aIpOTIOHOBAHO 3aMiHy MPOMIII0 JUCTA, SIKUH y YaCTHWHI KPIIJICHHS Mae€ CTyIiHYacTy (opMy Ha
01 panioHanpHUH Tpodins. HaBeneHi pe3ynpTaTu po3paxyHKiB Ha MIIHICTh KPUIIKH JIFOKa. Pasom
3 UM 3alPONOHOBaHE YAOCKOHAICHHS HE CIPHSE 3MEHIICHHIO KOPO3IMHMUX MOIIKOKEHb KPHUIIOK
JIOKIB Y eKCILTyaTaIlii.

Jnst 3a0e3nederHsT MIIIHOCTI KPHIIIKA JIF0Ka HaliBBaroHa B poboTax [7, 8] 3amporioHOBaHO 3aX0/T1
o0 1 ynockoHaieHHs. OCOOIUBICTIO KPHUIIIKY JIIOKA € T, [0 BOHA CKJIAJIAEThCS 3 JIBOX JIUCTIB, SKi
3a MepuMeTpoM B3aeMoitoTh depe3 Ll-monione 068’ s3yBanHs. [IpocTip, KWl yTBOPIOIOTH JTUCTH Ta
00B’sI3yBaHHs, a TAaKOX IO IEPUMETPY KPHILIKM JIIOKA, 3allOBHEHUH NPY>KHO (IPY>KHO-B A3KOIO)
peuoBHHOW0. Pa3oM 3 MM Taka KOHCTPYKIsI KPUIIKH JIIOKa BHKIUKAE CKIIAJHOLII NPU TEXHIYHOMY
00CIyroByBaHHI i PEMOHTI.

Amnamni3 miteparypHaux mpxepen [1 — 8] m03Bossie 3p0OUTH BUCHOBOK, IO MUTAHHS YAOCKOHAICHHS
KPHILIOK JIFOKIB HAIliBBaroHIB AJIsl 3a0€3MeUYCHHS iX MIIIHOCTI y eKCIUTyaTallii € TOCUTh aKTyalbHUMH 1
MOTPeOYIOTh MPOBEACHHS BiANOBITHUX JOCHTIIKCHb.,

Mera i 3aBgaHHs gocaigxeHHs1. METOIO CTATTI € BUCBITIICHHS PE3yIbTaTiB PO3PAXyHKY MIITHOCTI
YIOCKOHAJIEHOI KOHCTPYKITii KPUIIIKY JIFOKA HaIliBBaroHa i3 MOJIIMEpHOT0 KOMITO3UIIITHOTO MaTepiay.
Jl1s1 mocsArHeHHs 3a3HaYeHOT METH BU3HAYEHI Taki 3a1ay4i:

3aMpONOHYBATH 3aX0H LIO0 YAOCKOHAIEHHS KOHCTPYKII] KPUILKH JIFOKA HalliBBaroHa;

NIPOBECTH PO3PAaXyHOK HA MIHICTh KPHUIIKH JIFOKA HaIliBBaroHa MPH OCHOBHHUX EKCIUTyaTamiiHUX
peKMMax HaBaHTAKCHHSI.

Marepianm Ta MeToauM AOCTiIKeHHs. THIIOBA KOHCTPYKISl KpHWIIKK JIIOKa HaliBBaroHa
CKJIJIA€THCSI 3 JIKCTA 1, JI0 IKOTO KpiUThesi 00B’A13yBaHHS 2, 3aIlipHi KpOHIITEHHu 3 Ta et 4 (puc. 2).

s 3a0e3medeHHs] MILHOCTI KPMILIKHM JIIOKA TPH EKCIUTyaTaliiHUX PEeXUMax HaBaHTAKCHHS
MPOTIOHYETHCSI BATOTOBIICHHS JICTA 13 TIOJIMEPHOTO KOMITO3UIIIIHHOTO MaTepiaiy, a 00B’sI3yBaHHS — 13
[I-moxibHOTO TIPOdiNTFO, MEPEKPUTOTO TOPU3OHTANBHUM IJucTOM (puc. 3). B 30max B3aemomii II-
nogi0HOro NpodiIto 3 TOPU3OHTATEHUM JIUCTOM € MOXIIMBUM CTBOPEHHS OKPYIJICHHS AJIs1 3SMECHILICHHS
KOHIIEHTpAIlii HaNpyKeHb.

Puc. 2. Kpuiuka Jjiloka HaniBBarona
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a) 0)
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Puc. 3. Ilepepi3 00B’A3yBaHHA KPUIIKH JIOKA
a) TATIOBe; 0) YAOCKOHAJIEHE

[Ipu upoMy MOMEHT omopy nepepilzy yIOoCKOHaIEHOI KOHCTPYKIii 00B’A3yBaHHs BiJHOCHO oci Y
(puc. 4) 30inpmyersest Ha 17,5% y MOpIBHSHHI 3 THIOBUM mepepizoM. BaxumBo ckaszaru, o
3aMpoIOHOBaHA KPHIIIKA JIFOKa Ma€e Macy Ha 12% MeHIIly 3a THUIIOBY KOHCTPYKIIitO.

80

68

180

Puc. 4. OcHOBHi reoMeTpU4Hi po3Mipi nepeTuny 00B’sI3yBaHHS

JUis. BU3HAYEHHS! MIIIHOCTI KPHIIKK JIFOKAa MPOBEICHO PO3PAXyHOK B IPOTPAMHOMY KOMILIEKCI
SolidWorks Simulation, sikuii peanizye MeTox CKiHUYEHHX ejeMeHTIiB. I'padiuni po6oTH 3ilicHeHI B
nporpamuomy komiuiekci SolidWorks. TIpocTopoBy Moiesb KPHIIIKH JIFOKA HABEJCHO Ha PHUC. 5.

a) 0)

Puc. 5. YaockoHaleHa KPHILIKA JIIOKA HAIIBBATOHA
a) BHI 3BepXy; 0) BUJ 3HNU3Y
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B pamkax nmaHoi cTaTTi MpOBeNEHO BHM3HAYEHHS MIIHOCTI KPHUINKU JIIOKA MPU TaKUX peKUMax
HaBaHTaXeHHS [9, 10]:

Ilil pO3MOJIUIGHOTO B IIEHTPI KPHWIIKH JIOKa 3a IUiomero 25x25 cM HaBaHTaxkeHHa y 50 kH
(I cxema);

I 33 TUIOMICI0 KPHUIIKH JIIOKAa DPIBHOMIPHOPO3MOJiIEHOTO HaBaHTaxeHHs y 69,9 kH, ske
CKIIQ/IA€THCS 3 CHITM Baru OPYTTO KPHUIIIKH JIFOKA Ta TuHaMidHOTO HaBaHTaxeHHA (Il cxema).

OCKUTbKH KapKac KpPHWINKH JIIOKa € METaJieBUM, a JIUCT — 13 IOJIIMEPHOr0 KOMIIO3HIIIITHOTO
Marepiaity, TO BOHH PO3pPaxOBYBaJHCs OKPEMO.

OCHOBHI MIIHICTHI XapaKTepUCTUKNA MaTepiay JHcTa 3Be/ieHi 1o Tabi. 1. BpaxoBaHo, mo BiH Mae
JHIAHI TPY>XHI OPTOTPOTHI BIACTHBOCTI.

Tabnuys 1. OcHOBHI MiLIHICTHI XapaKTepUCTHUKHU MaTepiaty JucTa

Ha3zsa napamerpy 3HayeHHH
Monyns npyxaOCTi, MIla 2,42-10°
Koedimient [lyacona 0,394
Monyns 3cyBy, MIla 318,9
Meska MIITHOCTI B HANIPsIMKY BoJiokoH, MITa 1100 — 1300
Mexa MIIHOCTI B TONEPEYHOMY HAIPSIMKY 650
BookoH, MIla

SIK pO3paxyHKOBHI BHKOPUCTAHMH KpUTEpid MaKkCHMalbHHX HampyxeHb [11, 12]. 3akpiruieHHs
JUCTA 3AIMCHIOBATIOCS B 30HaX WOTO B3aeMOJIii 3 KapkacoM. [Ipu 11bOMy BUKOPHCTOBYBAIIOCS KOPCTKE
3ameMieHHs . JIMcT po3rmsmaBcs  y  BUIUIAI  OOHOIIAPOBOI  00OJOHKM. s TpuKiIafgeHHS
HaBaHTA)KCHHS 32 IIEHTPOM JIMNCTa Ha HHOMY BCTaHOBIIOBAJacs HaKIajKa, sKa iMiTyBana 30HY il
HaBaHTa)XEHHS Ha HBOTO.

Ilpu cknagaHHi CKIHYEHO-EJIEMEHTHOI MOJIENI BUKOPHCTaHI i3omapameTpuuti Tetpaeapu [13 — 15].
KinekicTe enemeHTiB ciTku mopiBHIOEe 127876, By3miB — 63940. MakcUManbHUI pO3Mip €IEeMEHTY
ciTku gopiBHIoe 120 MM, MiHiManbHUH — 10 MM.

ITpu cknanaHHi po3paxyHKOBOI CXEMH KPHUIIKHM JIFOKa 32 i1 IEeHTPOM NPHUKIAAAIO0Cs] HaBaHTAXKEHHS
P,y 50 xH (puc. 6).

W
i

Puc. 6. Po3paxyHkoBa cxeMa JIMCTa KPHIIKH JIOKA

PesynmbTati po3paxyHKiB IMOKa3aid, IO MaKCHMalbHI HaNpyKeHHS BUHUKAIOTH B CEpeAHIl
YaCTHMHI KPHILIKH JII0Ka Ta ckiagaots 102,3 Mlla, ToOTO HEe NMEPEBHIIYIOTh JOMYCTUMHUX 3HAYEHB |9,
10] (puc. 7, 8). OTpumani HanpykeHHS Ha 25% HWKY1 HIX Yy TUIOBIH KOHCTPYKIIi KPHILKH JIFOKA.
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SZ (N/m?)
4 1.023e + 008
r 9.380e + 007
o ; - 8.528¢ + 007

X
- 7.675e + 007

- 6.823e + 007

( - 5.971e + 007
. 1 B 5.118e + 007
. - 4.266e + 007

\ £ - 3.414e + 007

= L 2.5

\\/ 2.561e + 007
l 1.709¢ + 007

8.565e + 006
4.112e + 004

Puc. 7. Hanpy:keHH# CTaH JHUCTa KPUIIKH JIOKA

MakcuManbHi TepemilieHHs 3adikcoBaHi B CepelHid YacTWHI JHCTa 1 JOPIBHIOIOTH OIU3BKO
6,0 MM (puc. 8).

URES (mm)
6.215e + 000
5.697e + 000
- 5.180e + 000
- 4.662e + 000
- 4.144e + 000
- 3.626e + 000
.‘ 3.108e + 000
- 2.590e + 000
- 2.072e + 000
- 1.554e + 000

1.036e + 000
5.180e — 001
1.000e — 030

Puc. 8. IlepeMilieHHs1 B BY3J1aX JINCTA KPUIIKH JIIOKA

Jns BH3Ha4YeHHS MIIHOCTI KapKaca KpHWIIKH JIIOKa TPOBEACHO pO3PaXxyHOK Ha MIIHICTb.
Po3paxyHkoBa cxema Kapkaca HaBeJeHa Ha puc. 9. BoHa Bkirouae BepTHKalbHEe HaBaHTaXeHHS P, a
TaKoX peakuii P, Ha Jil0 BEPTUKAIbHOIO HABAaHTAKEHHs. 3aKpilIeHHs MOJeNi BiI0OyBaocs 3a MeTii.
Martepian KOHCTPYKIIT — CTaJib 3 JIIHIMHUMH 130TPOITHUMH BJIACTUBOCTSIMHU.

IIpm cknmamgaHHI CKiHYEHO-€JIEMEHTHOI MOJIeNi BUKOPHUCTaHI i30MapaMeTpu4Hi TeTpaeapu.
Kinbkicte enemenTiB citku nopiBHIOE 217640, By3miB — 67421. MakcuMallbHUN PO3MIp €IEMEHTY
citku nopisaioe 100 MM, miHiMampHuE — 20 MMm. KiNbKiCTh €JEMEHTIB B KOJi JIOpiBHIOE 9, a
CIIiBBiTHOIIIEHHS 301IBIIIEHHS PO3Mipy eneMeHTiB — 1,8.
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Puc. 9. Po3paxyHkoBa cxeMa KapKaca KpMIIKH JIIOKA

PozpaxyHok mpoBeneHwmii 3a kputepiem Mizeca. PesynpTaTu po3paxyHkiB HaBezeHo Ha puc. 10, 11.

von Mises (N/m?)
1.927e + 008
l 1.766e + 008
- 1.606e + 008
- 1.445e + 008
- 1.284e + 008
- 1.124e + 008
9.634e + 007
8.028e + 007
- 6.422e + 007
- 4.817e + 007
3.211e + 007

1.606e + 007
0.000e + 004

Puc. 10. Hanpy»eHHi CTaH KapKaca KPUILIKH JIOKA

Pe3ysnbrat po3paxyHKIB MOKa3ajM, [0 MAaKCUMalIbHI €KBIBAJCHTHI HANPYXCHHS 30CEpEKEHI B
cepeaHbOMY IOSIC] Kapkaca Ta ckiafgaoTh 192,7 Mlla, a oTxe He NepeBUILYIOTh JOIMYCTHMI 3HAYEHHS
[9, 10]. Orpumana BennumHa HanpykeHb Ha 10% HmK4a 3a HAUOPY>KEHHA B THIOBIM KOHCTPYKIIi
KPUILIKH JIIOKA.

MaxkcumMabHi epeMilieHHs 3a(iKcoBaHi B 3allipHUX KPOHIUTEHHAX 1 TOPiBHIOIOTH 8,4 MM.

URES (mm)

8.398e + 000

l 7.698e + 000

- 6.998e + 000

- 6.298e + 000

- 5.598e + 000

- 4.899e + 000

4.199¢ + 000

3.499¢ + 000

- 2.799e + 000

- 2.099¢ + 000

1.400e + 000

6.998¢ — 001

0.000e + 000
Puc. 11. IlepeminieHHs B By3J1aX KapKaca KPUIIKH JIIOKA
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Takox po3paxyHOK MpoBeAeHUH 1 crocoBHO Il cxemMn HaBaHTa)keHHS KPHUILKH Jtoka. [Ipu mpomy
MaKCHMaJlbHI €KBIBaJICHTHI Hampy»XeHHs B nMucTi ckiamu 97,4 Mlla, a 008’ s3yBanni — 176,1 Mlla.
OTxe MIHICTh 3alpONOHOBAHOI KPHWIINKH JIOKAa IPH PO3MNITHYTHX CXeMax ii HaBaHTaXCHHS
3a0e3meuyeThCs.

HactynHum KpokoMm B paMKax JaHHMX JOCTIKEHb € BH3HAYCHHS MIIIHOCTI KPHWIIKH JIIOKa NpU
TUHAMIYHUX Ta HaTHOPMOBAHWX HaBaHTA)KEHHSX, K1 MalOTh MICIIe ¥ eKCILTyaTaIlii.

BucHoBkn

1. 3anponoHoBaHO 3aX0AM IOJO YAOCKOHAIEHHS KOHCTPYKIII KPHUIIKW JIFOKa HamiBBaroHa. [lpu
[IOMY TIPOIIOHYETHCS BUTOTOBIIEHHS JIHCTAa 13 TMIOJIMEPHOTO KOMITO3WIIIHOTO Marepiamy, a
00B’s3yBaHHs — 13 [l-momiGHOTO mTpOdimo, NEepeKpUTOro IUCTOM. MOMEHT OIopy mepepizy
YIOCKOHAJIEHOT KOHCTPYKIii OOB’s3yBaHHS BIAHOCHO MONEpeuyHoi oci 30impuryerscst Ha 17,5% y
MOPIBHSIHHI 3 THUIIOBUM IEpepi3oM. YIOCKOHaJeHa KOHCTPYKIIsl KPUIIKH JIOKa Mae macy Ha 12%
HIDKYE 32 TUIIOBY KOHCTPYKLIIO.

2. IIpoBeficHO pO3paxyHOK Ha MIIHICTh KPHUIIKKA JIIOKA HamiBBaroHa IpH OCHOBHHX
eKCIUTyaTallifHuX PeKMMaxX HaBaHTaKEHHs. MaKcUMallbHI Halpy>KEHHS B JINCTI KPHIIKH JIFOKa TIPH
I cxemi HaBaHTa)keHHS BHHHKAIOTh B HOTO cepefHiil wactuHi Ta ckiamatote 102,3 Mlla, To6TO He
NEPEBUILYIOTh AOMYCTUMHUX 3HaU€Hb, 110 HA 25% HIDKYI HDK y THUIOBiH KOHCTPYKLIT KPUIIKH JIFOKA.

MaxkcuManbHi €KBiBAICHTHI HampyXeHHS B OOB’SI3yBaHHI 30CEpe/KEHI B CEpeIHBOMY MOSCi
Kapkaca Ta ckimamaroth 192,77 Mlla, a omke He MepeBHINYOTH gomycThMi. OTprMaHa BeNWYHHA
HanpyxeHb Ha 10% HiKua 3a HapyXEeHHS B TUIOBINA KOHCTPYKILIi KPHUIIKH JIFOKA.

MaxkcuManbHi eKBiBAICHTHI HaNpYyXeHHs B JUCTi ripu 11 cxemi HaBanTaxkeHHs ckinanu 97,4 Mlla, a
B 00B’si3yBanHi — 176,1 MIla. OTxe MIIHICTh 3aIPONOHOBAHOT KPHILIKU JIOKa TPU PO3TISTHYTHX
cxeMax i HaBaHTa)KeHHS 3a0€31euy€eThCS.

[IpoBeneHi qoCiKEHHS CIPUIATUMYTh 3MEHIICHHIO MOIIKOPKEHb KPUIIIOK JIFOKIB B CKCIUTyaTallil
Ta BUTpaT Ha YTPUMAaHHS HaIiBBaroHiB, a TaKoX OyIyTh KOPHUCHHMH HANpalfOBaHHSAMH TpU
MPOEKTYBaHHI iX Cy9aCHUX KOHCTPYKITiH.
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CALCULATION OF STRENGTH OF HALF WAGON COVER MADE OF POLYMERIC
COMPOSITE MATERIAL

The article presents the results of computer simulation of the strength of the improved design of the
hatch cover of the gondola. A feature of the improvement is the production of a sheet of polymer
composite material, and binding - from a U-shaped profile covered with a horizontal sheet. At the
same time, the cross-sectional resistance of the improved strapping design relative to the transverse
axis increases by 17.5% compared to a typical cross-section. It is important to say that the proposed
hatch cover has a mass 12% lower than the typical design.

To determine the main strength indicators of the proposed design of the hatch cover of the gondola,
the calculation was performed for the main schemes of its load. It was found that, taking into account
the proposed solutions, the maximum stresses in the sheet of the hatch cover are 25% lower than in
the standard design, and in the binding - by 10%.

The conducted researches will help to reduce damages of covers of hatches in operation and
expenses for the maintenance of gondola cars, and also will be useful developments at designing of
their modern designs.

Keywords: transport mechanics, gondola car, hatch cover, strength, load, gondola car storage.
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MOBYJIOBA MOJIEJII HEJITHIMHOT' O JE®@OPMYBAHHS
IMPOCTOPOBO-APMOBAHHUX BOJJOKHUCTHUX MATEPIAJIIB
3 PO3OPIEHTOBAHUMU BOJTIOKHAMMU

3anpononosana mooenb HeNiHiliHO20 0ehOpMYBaHHA NPOCMOPOBO-APMOBAHUX BONOKHUCIUX
mamepianie 3 pO30PIEHMOBAHUMY BONOKHAMU I (Di3uyHO Heniniinow Mmampuyero lIpocmoposo-
apmoeanull  BOJOKHUCMUL MAmepian po32ia0acmocs 5K 0a2amoKOMNOHeHmMHUll mamepian 3
BUNAOKOBUM PO3MAULYBAHHAM 60IO0KOH. B ocnosy noxnadeni cmoxacmuuni ougepenyiiini pignanHa
Qizuuno HeniHiuHOi meopii npyscHocmi. PiuwenHs 3a0ayi npo HanpysiceHo-OeopmieHuli cman ma
eexmusHi  nACMUBOCMi  KOMNO3UMHO20 Mamepiany 0YOYEmvCsa 3a MemoOOM YMOBHUX MOMEHMIE
JILII Xopowyna.. Po3pobnenuii ancopumm 6UHa4eHHs e@QeKmusHux 0epopMamuHux 61acmueocmel
NPOCHMOPOBO-APMOBAHO20 Mamepiany 3 QizuuHo Heninilinow mampuyero. Piuenns Heninilinux piHAHb, 1o
8PAxX08YIOMb il (hi3uUHY HeNiHIlIHICMb, OYOYEMbCA 30 IMEPAYIHUM MEMOOOM.

Bcmanosneno 3axon 368's13Ky Midkc MAKPOHANPYHCEHHAMU | MaKpoOoeghopmayismu 6 npocmopoeo-
APMOBAHOMY MAMepiani ma 3a1ediCHOCMI cepedHix 0ehopmayiti i HaAnPyJs’ceHb 8 1020 Mampuyi 6i0
maxpooeghopmayiu. [lobyoosani xkpuei OdegpopmysanHs mamepiany Oisl PI3HUX 3HAYEHb 00'€MHO20
emicmy 6010KoH. Buguena 3anexcnicmo egpekmusnux oepopmamuerHux é1acmugocmeti npoCcmopogo-
APMOBAH020 Mamepiany 8i0 00'eMHO20 6MIcmMY 60JIOKOH. J[0CHiONCEHO 6NAU6 HENIHIUHOCI Mampuyi
Ha 0eopMy8aHHs NPOCHMOPOBO-APMOBAHO20 KOMRO3UMHO20 Mmamepiany. Bcmanoseneno, wo
HeNHIUHICMb  Mampuyi Cymmeso 6NIUBAE HA epekmusHi 0ehopMamueHi 61ACMU8OCMi ma
Hanpys*ceno-0eq)opmosanuli cman npoCcmopo8o-apMo8aAHUX MAmepianie.

Knrouosi  cnosa:  modenv  HeniniliHo20  Oepopmyeanms, — GOJOKHUCMUL — Mamepian
0a2amocnpamMo8aH020 apmMy8anHs, piHOMIpHE PO30OPICHMYB8ANHS 60JIOKOH, HENIHilHe deOpMy8aHHs.
Mampuyi, HAnPys#ceHo-0ehOpMOsanull cmaH, e@ekmusHi O0e@opMamueri 1ACMUEOCmi, GNIUG
HeNIHIIHOCMI, KOMN TomepHa peanizayis

Beryn. BaximBa Ta akTyaipHA poOIeMa CTBOPEHHsI Oe3IMeYHUX Ta Ha[IHHUX eJIEeMEHTIB KOHCTPYKITii
JUis  aBiaOymiBHOI Trajy3l YCKIAQIHIOEThCS  HEOOXIJHICTIO MaKCHMAaJbHOTO 3MEHIICHHS Bard
KOHCTPYKTHBHHX €JIEMEHTIB 3a YMOBH 30epeKeHHs ix MinmHocTi. Lle m03Boisie CyTTE€BO 3HMBHTH SK
eKCIUTyaTalliiHi BUTPATH, TaK 1 3a/I0BOJBHUTH >KOPCTKI EKOJOrYHI BUMOTH 10 JITaJbHHUX amapaTiB. Y
CBITOBIIf MPaKTHUIII 1€ 3a3BUYAl JOCATAETHCS MPU NPOSKTYBAaHHI Ha OCHOBI BUKOPUCTAHHSI ATFOMiHIEBUX
CIUIaBIB ([J1sI TIOJNIETIICHHS BHPOOIB), THUTAHOBHUX CIDIAaBIB (i1 3a0e3le4eHHs] MII[HOCTi), a TaKoX
KOMIIO3UTHHUX MatepianiB. TeHaeHuil cydacHOro amiaOymyBaHHS CBi4aTh Npo 30UIBIICHHS YaCTKH
BUKOPUCTAHHA CaMe KOMITO3UTHHX MarepiaiiB. [lo 3Ha4HMX IepeBar KOMIIO3MTHHUX MaTepiasliB CIIiJ
BIIHECTH 1X Mally IIUTBHICTh, BUCOKI XapaKTEPUCTUKU CTATHYHOI MIITHOCTI Ta MIIHOCTI MPU BTOMI, OMip
Kopos3ii Ta iHmN. 3aBAsKM aHi3oTpomii JaedopMamifHO-MIHOCTHUX BJIAaCTUBOCTEH KOMIIO3UTHHX
MarepianiB 3’ SIBJSIETHCS] MOXKIIMBICTh CTBOPIOBATH €EKTHBHI MaTepiaiy i3 3aJaHOI0 CTPYKTYPOIO.
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OpHUMH 3 HAUJOCTYNMHIMIMX 1 HEAOPOTHMX KOMIIO3MUTHUX MarepiaiiB, 10 HAHOUIbII iHTEHCHBHO
BUKOPHUCTOBYIOTECA B aBiaOyIyBaHHI, € CKJIOIUIACTUKHA Ta BYyTJIemacTHKH. CKIOIUTACTHKHA — BUJ
KOMITO3HMINIMHMX MaTepialliB — IUTACTHYHI MaTepialid, M0 CKIANAlOThCA 31 CKIOBOJOKHHUCTOTO
HaIoOBHIOBauYa (CKJISIHE BOJIOKHO, BOJIOKHO 3 KBaplIly Ta iH.) Ta CHOJIYYHOI PEYOBHHU (TEpPMOPEAKTHUBHI
Ta TEPMOIUIaCTUYHI MoJiMepu). ByriemnacTuku CTBOPIOIOTBCS HA OCHOBI BHCOKOMOIYJIBHHX
BYTJICIIEBIX BOJOKOH Ta moxiMepiB. Taki Marepiad TOCTYMAalOThCS cTam 3a aOCOMOTHUMH
3HaYEHHSIMH MEXi MIITHOCTI, ane y 3,5 pasy Jermie il i IepeBUIIyIOTh CTallb 32 TUTOMOIO MIITHICTIO.
[Tpu BUrOTOBIICHHI PIBHOMIIHUX KOHCTPYKIIi 31 cTaji Ta Byriie-a00 CKIOIIACTUKY, TaKa KOHCTPYKILis
Oyne B KimbKa pasiB Jermia 3a craneBy. s HamaHHs 1€ OibIIOT MIITHOCTI BYTJIE-1 CKIIOTUIACTHKH
KJIaxyTh LIapaMH, II0pa3y 3MIHIOIOYM KyT HampsAMy BOJIOKOH. Illapu CKpIIUIIOIOTBCA 3a IOTIIOMOTOO
enokcuaHux cMoul. Ille OUTbIIy KOPCTKICTh 1 MIIHICTh KOMIIO3UTY Y PI3HHX HampsMKax 3a0e3rneuye
OaraTocnpsIMOBaHICTh BOJIOKOH. TOMY BOJIOKHHCTI MaTepiand 3 BOJOKHaMH, PO30PIEHTOBAaHHUMH B
TUTOMIMHI, TOOTO MIApyBAaTO-BOJOKHHUCTI MaTepiaid, a TAKOXK OUTBII MPIOPUTETHI 1 MEHII JOCIiMKEeH]
MPOCTOPOBO PO30PIEHTOBaHI MaTepiald 3HAXOAATH IIMPOKE 3aCTOCYBaHHS B 0araTboX Taly3fx, Je
NOTPiOHI JIeTKi Ta Mil[HI KOHCTPYKIIii, 30KpeMa B TPaHCIIOPTHHX 3ac00ax.

B 3B’A3Ky 3 HMPOKMM 3aCTOCYBAaHHSIM KOMIIO3UTHHMX MaTepialiB aKTyaJbHUM 3aBAAHHIM €
BUBYEHHsS] MEXaHIYHOI MOBENIHKM KOMIIO3WTHHUX MaTepiaiiB I dYac HaBaHTaxeHHA. llopsm 3
EKCIIEPUMEHTAILHIMHA METOJIaMH BH3HAYCHHS BIACTHUBOCTEH KOMIIO3UTHHUX MaTepialliB iHTEHCHBHO
PO3pOOISAIOTECSL Teopii, MPHUCBSUEHI BHBUEHHIO iX nedopMyBaHHSA Ta pyiHyBaHHS. lIpoBomsaTecs
JOCIT/DKEHHST MIOAO BH3HAYEHHSI HANpPYXEHO-Ae(pOpPMOBAHOTO CTaHy, IPOTHO3YBaHHS (hi3HKO-
MEXaHIYHUX BIACTHBOCTEH, BUOOPY ONTUMAILHOI CTPYKTYPH KOMITO3UTHHUX MaTepialis.

AHaJii3 0CTaHHIX J0CTiIKeHb i mMocTaHOBKA MpooJeMu. [Ipu 301/IbIIICHHI HABaHTAXXCHHS 0araTto
ONHOPITHUX 1 KOMITO3UTHHX MATEpiaiB TPOSIBISIOTh HENIHIWHUN XapakTep 3aleXKHOCTeH MIiX
MaKpOHAIPYKCHHIMHU Ta MakpoaedopMmaitisimMu. L{e Mmoxke Oyt 00yMoBIieHE (i3MYHOI HEIHIHHICTIO
nehopMyBaHHS KOMIOHEHTIB [1]. Takuii BuA HENIHIMHOCTI € THUIIOBUM I KOMIIO3HMTIB Ha OCHOBI
TUTACTUYHOI METaJIeBOi MaTPHIIi, @ TAKOXK HA OCHOBI MOJIIMEPIB MPH MiIBUIIEHUX TEMIIEPaTypax.

BonokawucTi MaTepiany 3 BOIOKHAMH, PO30PIEHTOBAHUMHE B TIPOCTOPI, ITUPOKO BUKOPHUCTOBYIOTHCS
B JICTAJISIX TPaHCIOPTHHUX 3ac00iB, IO MPAIOIOTh B YMOBAaX BHCOKHX CHJIOBUX Ta TEMIIEPATypHHX
HaBaHTaXeHb. TOMY POTHO3yBaHHS iX HEIIHIMHUX BIACTUBOCTEHN € aKTyabHUM.

Mertomu po3B’si3aHHS HENHIHHUX 33]]a4 MEXaHIKH TBEPAOTO Ne(OPMIBHOTO TiJla pO3POOIISIUCS B
pobotax bnenna /l. [2], Kayaepepa I'. [1], JIyp’e A.L [3], Mutpomnonscekoro }0.0., bepe3oBcrkoro
A.A. [4, 5], HoBoxmmoBa B.B. [6], Green A.E. & Adkins LE. [7], Hill R. [8-9], Ogden R.W. [10-11]
Ta iH. B Oinpmocti poOiT 3aCTOCOBYBAaBCS METOJ PO3KJIAJAHHS DIlIEHHS 3a CTYNEHSAMH Malloro
napameTpa, NpUYoMy IpU PO3B’sI3aHHI KOHKPETHUX 3a7ad OOMEXKYBalIHCS, SIK HNPABHIIO, MEPLIMMHU
JIBOMa WICHAMH pO3KJIajaHHs. B 3B’sI3Ky 3 MM po3B’s3aHHS 3ajad MpO HeJiHilHe nedopMyBaHHS
MaTepiaiiB OTPUMAaHO I ciabo HeNiHIHHUX JedopMariif, ToOTo I Takux aedopMartii, s SKuX
Matepiai JedOopMyeThCS 3a HENHIMHAM 3aKOHOM, OJIM3BKUM [0 JiHIHHOTO. BUBUeHHIO MexaHidHOI
MOBEJIHKK KOMIIO3UTHUX MAaTepiaiB 3 KOMIIOHCHTaMH, IO HENiHIHHO aedopMyroThcs, abo
MarepialiB, o0 HeJiHiiHO AedopMyroThes, mpucBsueHi podboru Bacunbesa B.B. ta Congaroa C.A.
[12], Kperepca A.®. ta Menbapaica F0.I'. [13], Manmeiictep A.K. ta AAncona 10.0. [14], XopomyHa
JLII. Ta Macnosa B.I1. [15], Lypnana L.A. [1], Hill R. [9-10], Ogden R.W. [11-12] Ta iH.

Po3B’s13aHHs ninifiHOT 3amadi mpo AeOpMyBaHHsS CTOXACTHYHO HEOHOPIJHUX KOMIIO3HTIB
pi3HUX TUMIB apMmyBaHHS Oyno otpuMano XopomryHoM JLIL. [16, 17]. Pi3ni acriektn nedopmyBaHHS
BOJIOKHUCTHX Ta IIapyBaTO-BOJOKHMCTHUX KOMIIO3UTHHUX MATEPiajiiB 3 HEJIHIHHOI MaTpHICI OyiH
BuBYeHI B poborax Xopomryna JLII., [ukynmn O.M. [18-28]. OxHak st MaTepialiB IpOCTOPOBOTO
apMyBaHHS aBTOPH BUBYAIIM JIMILE JIiHIlHE nedopmyBanns [18, 29, 30]. He Oyno nodynoBaHo mozeni
nehopMyBaHHS IPOCTOPOBO OPIEHTOBAHMX BOJOKHHMCTHUX MaTepialiB Yy pasi  HENHIHHOTO
JnepopMyBaHHS MATPHUIIL.

Meta i 3aBnaHHs AociailzkeHHs:. MeTolo JIaHOT poOOTH € MmoOymoBa MOJAET Ta JIOCIIJKEHHS
HENHIHHOTO J1e)OpMyBaHHS IPOCTOPOBO AaPMOBAHMX BOJOKHHCTHUX MaTrepiajiiB. 3aBIaHHIMH
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JOCHIDKeHHST € moOynoBa MoJeNi HeNiHIHHOrO nedopMyBaHHS TaKHX MaTepialiB, po3poOKa
ANTOPUTMY BH3HAYCHHS HAINpPYKEeHO-Ie()OpMOBaHOTO CcTaHy Ta e(QeKTUBHUX JehOpPMATUBHHUX
BJIACTHBOCTEH MPOCTOPOBO apMOBAHOTO MaTepiady 3 PO30PIEHTOBAHWMH BOJIOKHAMH Ta (Di3MdHO
HEJTIHIMHOK MAaTPHIICIO, a TAKOX JOCTIKEHHS 3aJIeKHOCTI JeopMyBaHHS MaTepialy BiJ 00’ €MHOTO
BMICTy MaTpui. B OCHOBY MOKIafeHO CTOXacTH4HI Iu(epeHianbHi piBHAHHSA (Di3MYHO HENMiHiHHOT
teopii npyxuocTi JL.IT. Xopomryna [16-19].

Marepiajim Ta MeTOAM AOCTIIKeHHsI. PO3TIITHEMO IPOCTOPOBO AapMOBAHUN BOJOKHHUCTHI
MaTepian CTOXaCTHYHOIO CTPYKTYPH, IO € CHCTEMOIO BoToKoH N HampsMKiB, MOB’I3aHMX MaTpPHIIEIO.
Le#t marepianm OymemMo poO3TISAaTH SK 0araTOKOMITIOHEHTHHM, BBa)KAalOUW, IO MATPHIL 1 BOJIOKHA
KO)KHOTO HAampsIMKy € OKPEeMHMH KOMIIOHEHTaMH. byJeMo BBakKaTH, IO B KOKHOMY HANpPSIMKY €
JOCUTh BEJHMKA KUIBKICTh CTaTUCTUYHO pO3TALIOBAHMX BOJIOKOH, MaTepiall BOJOKOH —
TPaHCBEPCAIBHO-130TPOITHIMA 3 BICCI0O CUMETpii Y3IOBXK BOJIOKOH, MaTepial MaTpUIli — i130TPOITHHM.

Bonokna K -ro HanmpsaMKy XapakTepusyloThcs HAPAMHUMH KOCHHycamu (puc. 1)

7 =sing, cosg,;y =sind, sing, ;7 =cos g,
(0<6,<7/2;0< ¢ <2m;k=12,...,N). 1)

X31

X1

Puc. 1. HanpsiMHi KOCHHYCH B0JI0OKOH K -ro HampsiMky

HaGmmkeHe Bu3Ha4YeHHS €(EKTHBHUX MPYKHHX XapaKTEePHCTHK MPOCTOPOBO-apMOBAHHX
MaTepiajgiB OyJaeMo MNpOBOAWTH B JBa eTanmu. Ha mepiromy erami BH3HAYarOTHCS BIACTHBOCTI
MiICHCTEM, OPI€EHTOBAaHHMX I[EBHUM YHHOM IIOJI0 OCE OCHOBHOI CHCTEMH KOOpAHMHAT. P03B’s3aHHS
3a7a4i TMEepIIoro eTamy 3MIHCHIOBATOCS Ha OCHOBI MOJETl OJHOCHPSIMOBAHOTO BOJIOKHHCTOTO
Mmarepiany croxactuuHoi ctpyktypu [18-27]. Tlpu 1pomy po3B’si30Kk 0a3yBaBcsi Ha CTOXACTHYHHX
nudepeHIifHIX PIBHSIHHIX TEOPil MPYKHOCTI 13 3aCTOCYBaHHSIM METOIY YMOBHHX MOMEHTIB [16-19].
Ha npyromy erami 3a qornoMororo 3aaHoi GpyHKIIT po3noAiny BU3HAYa0ThCsl e)eKTHBHI BIACTUBOCTI
BCi€l cUCTeMU 3a 00YHMCIIEHUMH BIaCTUBOCTSIMU TizcucTeM. Po3B’s130k 0asyeTbest Ha cxemi Doiixra.

Hexaii 06’emui BMicTH BonokoH K -ro mampsmky i matpumi JopiBHIOIOTH Bimmosizuo Cy i C,.
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N
3aranpHa KOHIIGHTpAIisl BOJIOKOH C; = chk, npuaomy C, +C, =1. Busnauenns edeKTHBHHX
k=1

MOCTIHHUX Marepiary OyJeMo MPOBOJUTH B JiBa eTanu. Ha mepioMy erami BU3HAYalOThCS e(DEKTHBHI
BJIACTUBOCTI TIJNCUCTEMH, IO € OJHOCIPSMOBAHHUM BOJIOKHUCTHM MarepiajoM, YTBOPCHHUM

. . . C
BONOKHaMH K -ro HampsMKy i 4acTHHOIO MATpHIli 3 06’eMHHM BMicToM C, =-2=C, . Ha mpyromy

eTarni BU3Ha4aeMo e()eKTUBHI BIIACTUBOCTI BCi€T CUCTEMU 3a OOYHCICHUMU BIACTUBOCTSIMU ITiJICHCTEM.
Po3p’s3aHHA 3amadi MepIioro eramy OyJeMO MIPOBOJUTH HAa OCHOBI MOJIENI OJHOCTIPSIMOBAHOTO
BOJIOKHHCTOT'O MaTepiany CTOXaCTUYHOO CTPYKTYPH, JPYroro — Ha OCHOBI cxemu DoiixTa.
Bu3znauenna egexmugnux Oeghpopmienux  enacmueocmeil  GONOKHUCHMO20 mamepiany
npocmopogozo apmysanns. Hexali MakpooO’eM BOJOKHUCTOTO MaTepialy MpOCTOPOBOTO apMyBaHHS

3HAXOJUTHCA B YMOBaX OJHOPIIHMX HABAHTAKEHHsA. 1l03HAuMMO NpyXHi crami BomokoH K -ro
HaIPSIMKY i”( ' a npyxHi xoedirientn Marpuui A, M, 3anexars Bin medopmanii, A, (€), ty(€).

Bynemo Buxoauty 3 piBHSIHb PIBHOBArd B MiKPOTOYIIi

o=0, (2)

i j

CHIBBiIHOIICHb NPY>KHOCTI
(%) (k) (k) (k) k) (k) k) (k) .
O-pq z(ﬂil ’212 )gpq +(112 Enr +ﬂ'13 €3 )5pq’

w_2® w0, 0. K. ®) _9a,. K _
Op =y &, + g3 855 s Ops =24 €3 (p, g, r=12), (3)
1 criBBigHOIIEHb Kot

® _ ) _ ® 00
&l =u) —%(u” +u ) (4)

[Mincrapupmm (3), (4) B (2), IpUXoANMO 1O CTATUCTUYHO HETIHIMHUX PiBHSHH PIBHOBArd BiJHOCHO

MepeMilleHb Ui(k) B MiJCUCTEMI
K k) OCk k k)3 ,0(k
[(ﬂi(l) _ﬂfz))um(,r)],r +[(ﬂ1(1) +ﬂi(2))ur,(r )],m =
k k k k K) 4k k .
=223 <&, > 6, + (AP - 25) <&y > A <555 >V Sl
(2 (), =—(AD <35>, (M1 r=1,2 p=123). )

®uyKkryanii nepeMilleHb JIy’Ke Malli B TOPIBHSHHI 3 iX CEPEJHIMU 3HAYEHHAMH npu Xj —> 00,

TOMY Ha HECKIHYEHHOCTI (pyKTyalii mepeMilieHb NPUHMaEMO PiBHIMH HYIIIO.
YcepenHtotoun criBBigHOMEHHS (3), OTPUMYEMO BHPa3M JUIsl CEPENIHIX HAPYKEHb Y BUTIISI

R PP G R (S ISP ( RN (> BEI (O NN (S B (0
<Oy > =6 (A -y )<5pq> 07 (A <& >+ <é&p> )5pq+
() 2 K (k) 2 W),
G A <> 0y 20 1y <&y > ]
(k)
<oy >=c2," <, > +eVAY <ggy >N 492, <2 >N +2c0 u, < €5, >1;

<0, >0=2e1027 < &7, >0 42010 1, < £2, 51 (p, g, r=12 s=1 2, 3), Ay it,  (6)
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Ckopuctasmmch (yHkuieto ['piHa, piBHSHHA (5) MOXXHA MPHUBECTH N0 iHTerpanbHOI popmu. 3a
JIOTIOMOTOI0 METOIy YMOBHHX MOMEHTIB [16-19], ycepemHiorounm 1i piBHSHHS 3a YMOBHOIO
IIUTBHOCTIO, OTPUMAEMO CHCTEMYy anreOpaiyHuxX piBHSAHb BIHOCHO CepefHix aedopmarii
KOMIIOHEHTIB B mijcucreMi. Bu3Hauumo 3 1mi€i cucrtemMu cepeaHi nedopmaiiii KOMIIOHCHTIB B

. . 1 k) . 2 _(k . .y Ky .
macucreml < & >0 <& >0 gk (ynkuii cepennix aepopmaniii  Kommnosuty < & >0

mifcTaBuMO B Bupa3 (6). B pe3ymprari oTprMaeMo 3aNeKHICTh MaKPOHANPY)KEHb B IMiJCHUCTEMI BiJ
Makpoieopmariiii B Hird

(k) (k) (k) (k) (k) (k) (k) (k) .
< O-pq > = (//111 _212 ) < gpq > +(ﬂ'12 < 8rr > +//113 < 833 > )5pql
k
<on>W=y <, >% 440 < g, >0
<0, >1=223 <e,,>9 (p, g, r=12), (7

a BUpasu [uisi eheKTUBHUX KOe]ilieHTIB micucTeMu MatoTh Burisy [18-20]

. ) (AN 4 A 20 — 2 )?
09 4 2709 _ k(40 1+ 20y 4265 (A 4 1) ——0G (A + A o ;
1 2 (A AL 2 (A + 14) 201‘((%+ﬂ2)+clz((ﬂi(1k)+ (21<))+2m(k)
) ) KK (A0 — 400 Z2, Y2
1(k)_ z(k)ch(ﬂl(f)—ﬂl(:))+205y2— A i 'L;Zm(k)n(k)
k k(o (k k
2C; i1, +C, (2'1(1) _/11(2)) + n® 1 2m®
et () + 42 -2 ~ 20 )08 =)
2 (4, + ) + €5 (A +A457) +2m™
* 266 (0 1)
) k200 | k(1 42, )— 3 ;
e ) G )+ (D + D)+ 2
Clkcg(ﬂ“ﬁ)_fuz)z . (8)

k k 1 (k) (k) ’
Cily +Cy Ay +5

*(k K 4 (k k
35)20121(3)4'(:2/12 -

*(k) _ R~k g (k) k
Ay’ =C Ay +Copy —

e
2m (A - ) 205 2% =t A+ AP+ 25 + i 8 =LA s 9

SIKIIO YKOPCTKICTh MaTPHIIi O1JIbIIIE )KOPCTKOCTI BOJIOKOH, 1

k k k

C O\l v 1 L
om® :( (k)C1 — G, j - on® :[ (k)C1 — C, ] - g® :(%+C_2j , (10)
Ay — Ay 24 Ay + Ay 24+ ) Ay’ My

SIKIIIO JKOPCTKICTh BOJIOKOH O1ITBIIIE dKOPCTKOCTI MATPHIIL.
SIk110 BIACTUBOCTI BOJIOKOH BCiX HANPSMKIB OJHAKOBI, TO

AW =4 (11)
i Bupasu (8) — (10) Bix uumexcy K He 3anmexars.
EdexrusHi koedimient (8) — (10) € KOMIOHEHTaMH TEH30PIB MOJAYJIB IPYKHOCTI 1 TEPMIUHUX

- . k . k
Hamnpy>XeHb B JIOKQJIbHIA CHCTEMI KOOpJIUHAT Xi( ) ne Bich Xé ) napanensHa BomokHaMm K o

HaNpsIMKYy.
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[NepetinemMo A0 3arajqbHOI CUCTEMH KOOPIMHAT 3T1THO HepeTBopeHHIO
x =% X =afx;; (12)

ac

af =cosf, cosg,; o =-sing,; al(?‘f) =sing, cos g, ;

oY =cosg, sing,; ak, =cose,; a =sing, sing,;
¥ =—sing,; o =0; ‘k)—cose (13)

*,

Tomi TeH30pM MOIYIIB MPYKHOCTI ﬂf,jr(m) B 3araJIbHI CHUCTEMi KOOpPIWHAT BHPAXKAIOTHCS UYepe3

. [ *(k)! .o . ..
BIAIIOB1OHI TEH30PHU ﬂ’ljrgm) B JIOKAJIBHIW CUCTEM1 KOOPAUHAT CITIBBIIHOMICHHAMMA

k k k k k) 2*(k)’
A = oWl 17 (14)

EdexruBHi KoedimieHTH BCi€l cucTtemMu BilMOBIAHO 10 cxemu DoNXTa BU3HAYAIOTHCS POpPMyIaMu
(k)
ﬂﬁjmn - zclk Jmn (15)
[Mixcrasmstoun (15) B (14) i mepexoas4n 10 MAaTPUYHUX TO3HAYEHb, OTPHMYEMO

ZClk{[Ol(k)Ol(k)Ol(k)Ol(k)+a(k)a(k)a(k)a(k)+

umn =

+= (Ot(k) (k) )(a(k) (k) r(nk) (k))] (k)
(k) o, (k) (k) (k) (k) o, (k) (k) (k) _
Hay ooy +agy oy gl ay
(a(k) (_k) (k) (k))(a(k) (k) (k) )] *Z(k) +
J
+aPa a1 +[(a(k) 9 4 4909)oMa +aP o (@Wal +abal) AL +
k k k k k k k k k k k k k k k k * k

®Dopmynu (8) — (10), (16) Bu3HaUarOTh e(EKTUBHI MPYKHI BIACTUBOCTI IMTPOCTOPOBO apMOBAHOTO
Marepially yepe3 BIaCTUBOCTI BOJIOKOH 1 MaTpuui. 3ayBakuMo, 10 B BUNAAKy (i3n4HOi HETiHIHHOCTI
Matpuil, OckibkH A,(< &, >),Uy(< & >), ui edexTuBHI TPyXHI KOeDIiEHTH TakoK €
GbYHKIISIME cepeHiX B Hill negopmaniit < &, >.

SIk110 BIacTUBOCTI BOJIOKOH 1 iX 00'€MHUI BMICT B KOXXHOMY HAIPSIMKY OJTHAKOBI, TO

ij ij

C, =L g0 - g 17)
LN )

10 CHPOIIY€E 00YMCICHHS.
Busnauenna egpekmusHux npyjncHux 61acmueocmeil 6010KHUCMUX MAMePIanie npocmopogozo
apMy6aHHs 3 PO3OPIEHMOBARUMU 60JI0KHamu. B BunaJiky, KOJIM BOJIOKHA PO30PI€HTOBaHI B MPOCTOPi

3 pynkuiero posnoginy f (6, @), ebexrusni npysxHi koedilieHTH BU3HAUAIOTHCA 32 OPMyIaMU
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e 1 2”% * 1 2”% (k) o, (k) o, (k) (k) 9> /

ﬂ’ljmn :Z .[ J. f(49, (0)ﬂ,pqrsd9d¢) ZE J- Jl f(e, ¢)aip ajq X Cg ﬂ’pqrs d@dqz), (18)
00 00

SIK110 BOJIOKHA PIBHOMIPHO PO30PIEHTOBAHI B MPOCTOPI, TO PYHKIIisI PO3MOILTY Ma€E BUTIISA

(0, p)=1. (19)

[MigcraBmsroun (19) B (18) 3 ypaxyBanusm (16) oTpuMyeMo i30TpOHHHMH MaTepial, y SKOTO
3aJIe)KHOCTI MaKpOHAIIPYXEHb BiJl MaKpo e opMaIliii BU3HAYar0ThCS 32 popMynaMu

<oy >=A" <&, >0,+21 <& > (20)

Jie epeKTUBHI Koe(illiEHTH MalOTh BUTIIS

A= %[9(%{1 +702) =120y + Agg) + 240+ 30,15

7 = i+ A $A2(0e + Ai) 425, + 215 (21)

& A, Ay Aig, Aagy Aug» Aee BH3HAUAIOTBCA 32 hopmymamu (8) — (11), (17).

Anzopumm 0na 6U3HAUEHHA e(eKMUBHUX 0eOPMAMUBHUX 61ACHUBOCHENl MA HANPYIHCEHO-
dehopmosanozo cmany komnosumy. EdextuBHi gedopmaTuBHI KOE(DIliEHTH MPOCTOPOBO-
apMOBaHUX BOJIOKHHUCTHX MAaTepialiB 3 pO30PI€HTOBAaHUMH BOJIOKHAMHU 1 ()i3MYHO HENiHIHHOO
MaTpuIel0 Bu3HaYarThes 3a Gopmynamu (8) — (11), (17), (21) i € GyHKIIsIMU CepeHiX B MaTpHIIi
nedopmariit < g, >.

EdextuHi xoedimieHTH OyneMo BH3HAYATH iTEpallifHUM METOJOM 32 HACTYITHUM alTOPHUTMOM.
HynboBe HaOmwkeHHsI BiAmoBimae Bumaaky @izuuHO JiHiMHOT Matpuni. Tomi Ans HyJTBOBOTO
HaOJIMKeHHS

GG [/1111 + 1112 —22,(0) - 24, (0)]2
2¢,[4, (0) + 1, (0)] +c, (ﬂ111 + ﬂilz) +2m’
GG, [/1111 - /1112 =24 (O)]2

11 2mn
2¢, 11,(0) +¢, (4, 112)+n+2m

¢ L% + 2, — 24, (0)— 244, (O)ILAL — 2, (O)].
2¢,[4, (O)+ﬂ2(0)]+cz(ﬂ111+2112)+2m ’
0] _ gl _ 2c,¢ [4; -4 (O)F .

fos” =Gt Gl O+ 2 O o O, (i - A 2m

GG, [)“L —H (O)]2 .
Clkzuz (0)+ C21“24 +3

1+ A =Gy (A + ) + 26, [4, (0) + 14, (0)] -

*1[01 - *2[0] =, (A4 —App) +2¢,14,(0) -

11*3[0] = Clﬂ113 +C4, 0)- 4

ALEO] =C 14%4 +C, 44, (0) -
(22)
e

2m=c, (2111 _1112) +2¢,14,(0); 2n=c, (1111 +2112) +2¢,[4,(0)+44,(0)]; s= Clﬂ’:-4 +C,14,(0),
(23)
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SKIO YKOPCTKICTh MaTpHIIi O1JIbILIE )KOPCTKOCTI BOJIOKOH, 1

CZ Cl 4 CZ

2m={1Cl —+ G }; 2n=[1cll+ }?5:[—1 }
Ay~ 214,(0) A+, 2(4(0)+44,(0) Aan 1,(0) (24)

SKIO YKOPCTKICTh BOJIOKOH O1JIbIIIE 5KOPCTKOCTI MaTPHII.

- 1 N N . . . -
A0 =[O+ A1) 12028 + A + 24717 + 3]

1. . « « . « «
0 = S+ A+ 122087 28 = 47+ 2257, (25)
o o 2 @ - A 1K™ K, ) -3K™IK, 0 - K (4™ - 72 )
<gf >0= 0 — —
6¢,10 (1, (0) — 14 1[K, (0) - K, ]
0] —_

M A s, (26)
¢l ) -1

<&, >0+

Ac
V= 5[2( 1[01 * /112[0]) + 411350] + /13350]]; K, = 9 [2(/1111 + /1112) + 42113 + /1313];

_ 1
H :%[(2111+ﬂ112)+12(/114 +ﬂée)_4/1113 +2/13%3]- (27)
I[H;I IICpIIOro HAONVKEHH OTPHUMAEMO

*1[1] + *2[1] =G (1111"’2112)"’2(:2[/‘{2 (<&, >[O])+/U2 (<& >[0])]_
oA A, 24, (<8, > - 2u, (<, S
2¢, [, (< &, > ) + w1, (< &, )]+ ¢, (4, + A,) +2m’
1 a1 [01y72
W2 e (AL = AL) + 20,0, (< &, ) — CC[ A — A — 21, (< &, >)]

2mn
2 <&, > +c (AL -12)+
leuz( 2 ) 2(/111 1'12) n+2m

2111 + /L.lz — 212 (< & >[O]) - 2:“2 (< & >[O])][ﬂ113 — ﬂz (< & >[0])] .
2¢,[4, (<, >[0])+ﬂ2 (<& >[0])]+C2 (ﬁ'lll_'_illz)_'-zm ,
MW _ o gl [0] [0y _ 2¢,¢,[A; — 4 (<&, > .
o Gl (S e S e e )+ (2, S, (2 + ) 2
GG, [124 -1,(<¢g, >[0])]2
Clkll'lz (<& >y + C 4+ .

*351] = 12113 +C,4 (<& >[O])_C1C1[

M _ 1 [0]
i =Cly + oy (< &, >7) —

(28)
1 “ “ “ . . .
770 = O ¢ A 12028+ 4 + 205 4 3
1 *]| *| *| x| *| *|
H = I 4 ) #1208+ 28 - 40 4 228, (29)
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g2 Sl Z,U**[l][ﬂz (<& > — 1 ](K**[l] - lZ1 )_3K**[11[K2 (<& ) Kl ](,U**[l] — )
! 6C,1 M, (< &, > -1 1K, (< &, >™) - K, ]
1] =
ad [’;1 —<g; >, (30)
Cluy (<&, >) - ]

<&y >0t

e
K 220+ A0 + 440+ ), (31)

[ i N —ro HaOMMKEeHHS

*1[n] + *zgn] =G (/1111 + ﬂ'llz) +2¢,[4 (<&, >[n71]) +u,(<¢g, >t )]-
oo+ A, 24, (<6 > ) 20, (<6, S
2c,[4 (g, > 4 w(<e, S+ C, (2111 + 1112) +2m’

11 [n-1]y72
AT 0 ¢ (AL — ALY+ 20,0, (< &, SY) — C,C[ A — Ay — 21 (< &, > )]

2mn '
2c, 1, (<&, >N+, (AL -A0)+
(<&, )+C, (A4 —A) n+2m
[n] Clﬂis +64 (<&, > l])
GG [ﬂ111 _'_/1112 —24,(<¢g >0 1]) -2, (<s, >0 11)]”13 -4 (s >[n71])] .
2¢, [4, (<&, > + w1, (< &, >IN+, (4 + A5) +2m ’
=0 A+ 6 [ 4 (< g, XM + 24, (< 5, SN -
_ 2¢,¢, [A; A (<&, > _
2¢,[4 (e, >[n_1]) + 1, (< &, >[n_l])] +GC, (ﬂ'lll + j'112) +2m
“in o C,[ A, — 1, (< &, >
A8 =0 Ay + Gty (< &, S — C& 2l lu[zng] — ) :
Cl (<&, >" ) +C, A, +5S (32)
10— Lo ) 1200 28 2080 <320
i ) 1 *[n] 21 [n]) +12(Z*[n] + ﬂ-ﬁén]) 4 *[n] + 2@[”]] (33)
<2 Sh Zﬂﬁln][luz (<& >Ir) — ]( K™ — Kl )_3K**[n][K2 (<& > — Kl ](,U**[n] — Iy ) y
! 6C21U**[n][,u2 (<& >[n71]) -1 ][K, (< &, >[n71]) - Kl 1
**[n]
X< &, >0+ 'ul <& >, (34)
(oA 72 (< &, > ) ]
e
K™ = [2(31 A+ 20 + 4" + 20, (35)
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3anmponoHOBaHUI METOA J03BOJISIE BU3HAYNUTH €(DEeKTUBHI KOEQIlIEHTH MPOCTOPOBO-aPMOBAHOTO
BOJIOKHHUCTOTO MaTepially 3 pO30pI€EHTOBAaHMMH BOJIOKHAMH Ta (HI3MYHO HENIHIHHOI MATPHUICIO 3
OyIb-SIKUM 33/IaHUM CTYIIEHEM TOYHOCTI.

JociakeHHs1 BIVIMBY HeJiHIHOCTI MaTpuui Ha AeopMyBaHHSI KOMIIO3HMTY. SIK KOHKpETHY
3agady OylnemMo JOCHTiKyBaTW HeNiHiliHe IedOpMyBaHHS MPOCTOPOBO-apMOBAaHUX BOJIOKHHCTHX
MaTepiaiiB 3 PO3OPIEHTOBAHMMH BOJOKHAMH 1 ()i3WYHO HETIHIHOIO MaTpPHUIIEI0, B SKOTO MOIYIb

06’emuoro ctucky Matpuni K, e cramim, a Moaynb 3cyBy [, 3amaeThes GYHKIIERO

Hoz ng< zkz ,
Hoo
/12(< & >) = ' (36)
w41t e g K

Hop 2‘]§’ T 24 ’

A€ Ly, iy, K, =0y, ,% — cram wMarpuml mareplany, Oy — MeXa Ii IJIMHHOCTI,

2 _ 2 ’ 2 r % 2 ’ : : : b2
Ji=(< Epg > <Ep > )2, < &pq > — NI€BIATOP CEPEHIX B MATPHLLL nedopmarrii.

3a J0MOMOroI0 KOMII'IOTEPHOTO MOJIEIIOBaHHS OyJI0O MPOBEICHO YHCEIbHE JOCITIKECHHS
3aNIeKHOCTI AehopMyBaHHS BOJOKHHCTOTO KOMIIO3HUTY 3 PIBHOMIPHO PO30PIEHTOBAaHMMH BOJOKHAMH
BiJl 00’€MHOTO BMICTy KOMIIOHEHTIB. Ik KOMITOHEHTH B3STi BIJTOBiTHO BUCOKOMOJYJbHI BYTJIEIEBi
BOJIOKHA 3 XapakTepucTukamu [31]

Ef =8TTla; E,;=226TTa; v;,=03; v;;=0,2; G;;=60Tla; (37)
06’emumm Bmictom € =0; 0,25; 0,5; 0,75; 1 i emoxcuama marpuus 3 xapaxrepuctuxamu [19, 31]
E,=3Ta; Vv,=035 E,=002IMa; 0y =0,12TTla; (38)
ne E,, v, — Bixnosizso moxyns FOHra i koediuient Iyaccona marpuni; E;i E;, v;, i Vi3, Gy, i
Gll3 — BIATIOBIAHO MONepeyHwmid 1 mo3A0BXKHiIM Moaym FOHra, koedimientu [lyaccona i momyi 3cyBy

. . 1 1 1 1 1
BOJIOKOH, sIKi 0B 513201 3 Ay, Ay, Az, Ay A dopmynamn

-1

1
Fh 2 —EE B 2- 2 |-2BN0R) | A+ =Gl
12
El 1
AmviVh A AmGhe A g 2oger [ =G 39
12

Ha ocHOBI oTpumaHHX 3ajexHOCTEd OyNo JOCHiKeHO e(EeKTHUBHI JiarpaMd HENiHIHHOTO
nedopMyBaHHS TPOCTOPOBO-APMOBAHOT'O BOJIOKHHCTOTO MaTepiary 3 po30pi€HTOBAHMMHU BOJIOKHAMH
Ta (I3MYHO HENIHIHHOI MaTpPHUIEI0 NMPH PI3HUX 00 €MHHX KOHIIEHTPAIiSIX BOJOKOH B BHIIQJIKY
3aJ]aHUX MaKpoIapaMeTpiB.

<&, >#0;, <0, >=<0,>=0. (40)

B 1upomy Bumaaky 3rizHo (20) MakpoHampyxkeHHss <Op; > B KOMIIO3UTI TIOB’Si3aHi 3

Makpojiehopmariiero < &y > CHIBBIIHOUICHHIM
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BA” +2u7 )" (41)

<oy >= <& >
11 i ok 11
A +u

Ha puc. 2 HaBeneHO rpadiki 3aMeKHOCTEH MAKPOHAMPYKEHHS 0'11% Bix Makponaedopmartii
2

< &)1 > AN IpocTOPOBO-apPMOBAHOT'O BOJIOKHHCTOTO MaTepially 3 PO30pi€HTOBAaHMMH BOJIOKHAMH Ta

(GI3MYHO HENHIMHOI0 MaTPHIICIO MPH PI3HUX 00’ €MHHMX KOHIICHTPAIISIX BOJIOKOH C;. Sk Oadmmo,
¢iznuHa HENMiHIHHICTE MATPHILI MaTepialy iCTOTHO BIUTUBA€E HA XapakTep Aiarpam aedopMyBaHHS A
BCiX 3HAYCHHSX 00 €MHOTO BMICTY BOJIOKOH C; <1 .

<o, >/n,

0,3

0,25

/

0,2

0 0,01 0,02 0,03 <€ >

Puc. 2. 3a7e5KHOCTi MAKPOHANPY/KEHHS < "117 Bi1 Makpoaedopmauii st < &, >
M

NPOCTOPOBO-APMOBAHOI'0 BOJIOKHHCTOI0 MaTepiajly 3 po30pi€cHTOBAHMMH BOJIOKHAMH
NpH Pi3HUX 00'€EMHHUX KOHIEHTPAaLiAX BOJIOKOH C;

BucHoBku. B miii po0oTi mpoBeaeHO AOCIHIIPKEHHS HEIIHIHHOrO ae(opMyBaHHS MPOCTOPOBO-
apMOBAaHMX BOJIOKHHUCTUX MatepianiB 3 (ismuHo HemiHiiiHOIO Matpuieto. [loOymoBaHo Mopenb
HENHIHHOTO NeOPMYBaHHS TAaKMX KOMITO3MUTHHX MarepiaiiB, PO3poOJICHO ajJroOpuTM BU3HAUCHHS
HaIpy>KeHO-1e(OPMOBAHOTO CTaHy Ta e(EeKTHBHHX Je(OpPMATHBHHUX BIACTHBOCTEH IMPOCTOPOBO-
apMOBaHHUX BOJIOKHHCTHX MaTepiayliB 3 PO30PI€EHTOBAHMMH BOJIOKHAMH Ta (I3MYHO HETIHIHHOIO
MAaTPHIICIO, a TAKOXK JTOCIIKEHO 3aJIeKHICT 1ehopMyBaHHs MaTepiay Biff 00’€MHOTO BMICTY BOJIOKOH.
BceranoBneno, mo Qi3uuHa HENiHIMHICTP MATpHIl ICTOTHO BIUTMBAE HA XapakTep Jiarpam

neopMyBaHHS Ha BCiX 3HAYEHHSX 00 €MHOro BMICTy BOJIOKOH C;<<l. Ha BiaMiHy Bii BUMAAKy

JHIHHOTO Ae(hOpMyBaHHS MAaTpUIl, KOJIM 3aJIe)KHOCTI MaKpOHAIpYy>KeHb BiJl Makpojedopmaliiii €
TMHIHHAMH, MaTepial 3a MEXer NPYXKHOCTI aeopMyeThcs 3a MapadOoJidYHUM 3aKOHOM TPH BCIiX

00’€MHHUX KOHIIEHTpaIlisX BoJokoH C; <<1.
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CONSTRUCTION OF A MODEL OF NONLINEAR DEFORMATION OF SPATIALLY-
REINFORCED FIBER MATERIALS WITH DISORDERED FIBERS

A model of nonlinear deformation of fibrous materials of multidirectional reinforcement with misoriented
fibers and a physically nonlinear matrix is proposed. A spatially reinforced fibrous material is regarded as a
multicomponent material with a random arrangement of fibers. It is based on stochastic differential
equations of the physically nonlinear theory of elasticity. The solution to the problem of the stress-strain
state and the effective properties of the composite material is constructed by the method of conditional
moments of L.P. Khoroshun. An algorithm for determining the effective deformative properties of a spatially
reinforced material with a physically nonlinear matrix has been developed. The solution of nonlinear
equations taking into account its physical nonlinearity is constructed by an iterative method. The law of
connection between macrostresses and macrostrains in a spatially reinforced material and the dependence
of average strains and stresses in its matrix on macrostrains have been established. Material deformation
curves are plotted for various values of the fiber volumetric content. The dependence of the effective
deformative properties of the spatially reinforced material on the volumetric content of fibers has been
studied. The influence of the nonlinearity of the matrix on the deformation of a spatially reinforced
composite material is investigated. It has been established that the nonlinearity of the matrix has a
significant effect on the effective deformative properties and the stress-strain state of spatially reinforced
materials.

Keywords: model of nonlinear deformation, fibrous material of multidirectional reinforcement,
uniform misorientation of fibers, nonlinear deformation of the matrix, stress-strain state, effective
deformation properties, influence of nonlinearity, computer implementation.
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MOJEJIOBAHHSI TA IHTEJIEKTYAJIbHUM AHAJII3 IAPAMETPIB
TOHAJIbBHOI'O PEUKOBOI'O KOJIA

s 80oCKOHANEHHS 8I00OM0O20 MemoOy NIOSUWEHHS 308A00CMIUKOCHI MOHAILHO2O PEUK08020
KOJ4, 3ACHOBAHO20 HA GUPI3AHHI 3A6a0 6 IHMEPEANax MIdNC IMAYIbCAMU KOPUCHO20 CUCHATY,
npogedeHUll AHANI3 KOIUBAHb YACY NPOXOONCEHHS CUSHATLY 8 MPAKMI nepedaydi MOHAILHO20 PeliK08020
KOJIA 3A1IeACHO IO NAPAMEmpIs8 1020 poOOMuU. YACMOMU CUSHATIBHO20 CIMPYMY, O0BNCUHU PElKO80T
JIHIL, onopy i301ayii ma memnepamypu HABKOIUUIHbO20 cepedosuwyd. s yvoco po3pobieno
iMimayitiHy Mmooenb pobomu MOHANLHOZ0 PelKo8020 KOAd. 3a pe3yibmamdamu  MOOen8aHHs
cmeopeHa perayilina 0a3a OaHUX 3i 3HAYEHHAMU XAPAKMEPUCUK GUMIPIO8AHb. 3 SUKOPUCMAHHAM
MemoOi8 [HMENeKMYANbHO20 AHANIZY SU3HAYEHO, WO OCHOBHUM (DAKMOPOM, SKUU GNIUBAE HA UYAC
NPOXOOJICEHHSI CUSHALY Y MpaKmi nepedaii MOHAIbHO2O PelKo8020 KOId, € YaACMOMA CUSHATbHO20
cmpymy. BusnayeHi 0CHOBHI 3a1eliCHOCIE napamempie pobomu mMOHAIbHO20 PEliKo8020 KOAd ma 4acy
npoxoodicens cuenary. Ompumani pe3yromamu 0036010Mb NIOGUWUMU 3A8A00CMILKICb pobomu
MOHANbHUX PEUKOBUX Kill 3a PAXYHOK MOYHIWO20 HANAUIMYBAHHS THMEPBANYy BUPI3AHHI 34800 MIdC
IMIYIbCAMU KOPUCHO20 CUSHATLY.

Knrouoei cnosa: monanvhe peiikoge Koo, imimayitina moodens, 6a3a OAHUX, iHMeNeKmyarbHUll
ananiz, 3a6a00CmMiuKicmes.

Beryn. OcHOBHUM KONIWHMM [aTYMKOM Ha 3ali3HUINMX YKpaiHM € peiikoBi Kkoma i Bimg iX
0e3mepebiitHoT poOOTH 3a1eKUTh O€3BIIMOBHICTh Ta OE3MEUHICTh MpoIlecy NepeBe3eHb. Ha miasiHKkax
HIBHJIKICHOTO PYyXY IIUPOKE PO3MOBCIOKEHHSI HaOynH ToHalbHI peiikoBi kona (TPK). PeiikoBi kona
NPAIOIOTh Y CKIAJHAX YMOBAaX JIii BEIHMKOI KUIBKOCTI 3aBajl. BripoBaykeHHSI JOKOMOTHBIB Ha OCHOBI
ACHXPOHHUX  EJIEKTPONPUBOJIIB, 3aCTOCYBAaHHS IIEHTPATi30BAHOTO EJIEKTPUYHOTO  OIAaJCHHS
MAaCaXUPCHKUX TOI3/[iB, BUKOPUCTAHHS TUPUCTOPHOTO IMITYJILCHOTO PETYIIOBAHHS TATOBHUX JIBUTYHIB
CTBOpIOE HeOe3MeyHi 3aBagu B TOMY uHchi B pobouomy niamazoni yactor TPK [1, 2]. Tomy
aKTyaJbHUM € YAOCKOHAJIECHHs METOAIB MiABHUIICHHS 3aBafocTiiikocTi podotu TPK.

AHaJIi3 OoCTaHHIX JDOCTiIKeHb i MocTaHOBKAa mpodaemu. Y mnyoOmikaimisx [3, 4] HaBomUTHCS
npukian (paHIy3bKUX OaraTOpiyHHX JOCTiIKEHb, B PE3yJbTaTi SKHX po3poOiieHe Oe3CTHKOBE
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peiikoBe koo UM71 3 HU3BKOIO YacTOTOI0 MOJIYJISIMIi, IO AEMOHCTPY€E TapHi XapaKTEPUCTHKH 3
3aBajocTifikocTi. Kwuralichki MOCHiAHWKHM 3a3HA4aOTh [5], MmO Ha OCHOBI (paHIy3pKOi MOmeN i
perikoBoro po3pobiieHo Oe3cTukoBe peiikoBe koo ZPW-2000A, mo 30epirae TexXHIUHI IEepeBarud
UM71, mae nigBullieHy HaJIilHICTh Ta aKTyali30BaHE BiJIIOBIIHO JJO BUMOT KUTANCHKOI 3aJi3HUIL.

ABtopu crarti [6] ansg migBuineHHs HaxaidHocTi pobotn TPK mpomoHyroTh BHKOpHCTaHHS
PEKYPEHTHHX HEHPOHHUX Mepe 3 JoBrotpuBayioro nam’stTio (LSTM) Ha OCHOBI BHKOPHCTaHHS
JOCTYIHHMX [aHMX, II0 BUMIPIOIOTHCA. [IpM 1IbOMYy BOHM MOZENIOIOTH HANpyry CUTHALYy 3aBISKU
noOyznoBi maremarnynoi moneni TPK. 3a pesynmpraramu ix BHMiproBaHHS IaHI Mepexi Kpaiie
BUKOHYIOTP 33j[adi 3 iIeHTH]IKaIlil HECIIPaBHOCTEH, Hi’kK 3TOPTKOBI Mepexi. [TamiiichKi JOCITITHIKA B
Marepiam [7] Takok HaBOAATH MPHUKIA] MonemoBaHHsA Ta Bepudikarii TPK Ha BuCOKomBHAKICHIH
marictpani Typun — HoBapa, i Big3Ha4aioTh 3HaYHy J0mOMOTY MojentoBaHHs podotn TPK y pizHux
yMOBax eKCIUTyaTalii, MPOTHO3YBaHHSA BIUIMBY 3aBal, LIO0 MOXKE 3aMiHUTH Cepilo MOoMepeaHix
BUMIpPIOBaHb Ta MPHUCKOPUTH IPOLEC HAIAINTYBAaHHS OOJaJHAHHS TOHAIBHOTO PEMKOBOIO KOJIa Ha
Micr.

Benuka KibKiCTh JOCIIKEHB, 110 CTOCYIOThes TPK, mpucBsiueHa came mpo0iieMi 3aBajoCTiHKOCTI
ix pobotu. Y crarti [8] 3a3Ha4yaeThCsA, MO EIEKTPOMATrHITHI 3aBaJi Ta HECIIPUATIHBI MOTOIHI YMOBH
MOXYTh CYTTEBO 3MiHIOBaTH MapaMeTPH CUTHAJIBHOTO cTpyMy. sl yCyHeHHs HeOe3NMeuHUX BIUIMBIB
MPOTIOHYETHCS 3aCTOCYBaHHS aBTOMATUYHOT CUCTEMH JliarHOCTUKH mapameTpiB podotu TPK Ha ocHOBI
Helpo-HediTkoi Joriku. Y po6oTi [9] aBTOpM aHami3ylOTh BIUIMB TEMIIEPATYpH HABKOJIHUIIHHOTO
cepenosuia Ha HafmiitHicTh pobotn TPK 3a momomororo monem miHiWHOI perpecii. Anme y maHiit
po0OTI He 3anponoHOBaHo 3ac00iB MOKpalieHHs HagiitHocTi pobotn TPK y ckimagHux ymoBax.

VY crarrax [10, 11] mocmipKyrOThCS METOIM 3aXHCTY Bill 3aBaj TATOBOrO cTpymy. B pobori [12]
3aIpOIIOHOBAHO aBTOMAaTH30BaHE BUSBJICHHS 3aBajl 3a PaXyHOK 3aCTOCYBaHHS BEHBIIET-TIEPETBOPECHHS
Ta BUKOPHCTaHHS HEWPOMEPEKEBOTr0 Kitacudikaropa.

Ane 3amporoHOBaHI METOAM IiJBHIIEHHS 3aBaJIOCTIMKOCTI HE JIO3BOJISIOTH IOBHOIO MIipOIO
BUKITIOUUTH (PakT BIUIMBY 3aBaJl Ha MpuiiManbHy amapatypy TPK, Tomy mocmimkeHHS bOTO MTUTaHHS
3aJIMILIAETHCS AKTyaJIbHUM.

VY ny6mnikamisx [13-15].onucaHo MeTOM MiABHMINEHHS 3aBaJOCTIMKOCTI TOHAJBHUX PEHKOBUX KiJ,
0 JT03BOJISIE 3MEHIIIUTH BILTUB 3aBaj HA BXOJi KONIHHOTO MpHiiMaya B iHTEpBajaX MiX IMIyJIbCaMH
curHany koHtpomo crany TPK. [lns peamizamii manoro meromy mo amaparypu TPK momatkoBo
BBOJIUTHCS PpErylibOBaHA JIiHIA 3aTPUMKH, TE€HEpPaTop OJWHOYHOrO IMITyJIbCY 1 KepOBaHUH
€JIEKTPOHHUM KJIIOY.

Perikose kono 1 PelikoBe kono 2
KoninHun KoninHwun KoninHun
TpaHchopmartop TpaHcdopmartop TpaHcdopmaTtop
KoninHwni
inbTP
v? 2y
X JiHi 4
_ 1 eHeparop iHis Jinis eHeparop =
ENeKTpoHHWi 1
KJ'IFI)O‘-{ [ OOVHW4HOIO [&— 3aTPUMKUN 3aTpUMKM »| onvHIHOMO i EJ'IeKw'I:IF:(()):HI/IVI
iMryrnecy 1 1 2 iMmyrcy 2
\ \
KoniiHuii KoniiHuii KoniiiHuii
npuimay 1 reHepartop npunimas 2

Puc. 1. CTpykTypHa cxema peajizanii MeToay miaxBumeHns 3aBagoctiiikocti TPK
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Peamizyerbcss januii MeTOA 3aBASKM PO3MHMKAaHHIO KEPOBAaHOTO EJIEKTPOHHOTO KII0Ya Ha BXOJl
KONIMHOTO TpHWiiMaya Tifi Yac BICYTHOCTI IMITyJIbCiB KOPHCHOTO CHUTHANY, 3aBISKH YOMY
3MEHIITY€ThCS KUTBKICTh 3aBaj], 0 HAIXOIATh Ha BXiJ KojiitHoro mpuitmada TPK. Jlinis 3aTpumku B
JAaHOMY BHIIQJKy 3aTpUMY€ KEpYIOUMi CHUTHA], IO MOJAETHbCS Ha BXiJ T'eHepaTropa OAWHHUYHOTO
IMIyJIbCy, Ha Yac MPOXOKECHHSI KOPUCHOTO CUTHAY 3 BUXOXLY KOJIMHOr0 reHeparopa depe3 perlkoBe
KOJIO Ha BXiJ KOJIHHOTO MpHitMaya.

MeTta i 3aBAaHHsi JOCTIIKeHHsA. METOI0 TaHOTO MOCTIDKCHHS € MiIBHIMIECHHS €()EeKTHBHOCTI
3ampornoHoBaHoro Metoay [13-15] 3a paxyHOK aHai3y 3aTPUMKH MPOXOKEHHS CHTHAITY 3aJI€KHO Bif
Horo Hecy4doi YacTOTH, MOBXKHHH PEHKOBOI IiHIi, 3HAYEHHS OIOpY I130JAIil Ta TeMmmepaTypH
HABKOJIMIITHBOTO CEPEJIOBHINA 3 METOI IMIABUIICHHS TOYHOCTI HaJNAIITyBaHHA JiHII 3aTPUMKH
BIZIMOBIAHO JO KOHKPETHUX YMOB. J{JIs1 TOCATHEHHS TOCTaBICHOI METH BUPIIIYIOTHCS TaKi 3aBJaHHS:

pPO3pOOHUTH iMiTalliiiHy MOJAENs POOOTH TOHAIBHOTO PEHKOBOrO KOJa 3 YPaxyBaHHSM BIUTUBY
KOJIMBaHb OMOpPY 130JAIil Ta TeMIlepaTypd HABKOJHIIHBOTO CEPEeNOBHUINA JUIA PI3HOI JOBXKUHH
peiKoBoOi JiHIi Ta HECY4O0l YACTOTH KOPHCHOTO CUTHAITY;

po3pobuTH 0a3y AaHUX, IO CKIAAAETHCS 3 PETryNOBANBHUX TAOIHUIb IS PI3HUX 3HAUCHD YaCTOTH
curHany TPK, nmomxuHM pelikoBoi JiHIl, omopy i30Jsimii Ta TeMmmepaTypr HaBKOJIHUIIHBOTO
CEPEeIOBHIIA.

Marepiaau Ta MeToaHM AOCJIiIKEeHHsI. 3 METOI0 MiJABHIIEHHS €(EKTHUBHOCTI 3alPOMOHOBAHOTO
MeTony migBuIIeHHs 3aBagoctiiikocti TPK po3pobnena imitamiiina moxens pobotu TPK Tpersoro
MOKOJIIHHS 3 BUKOPHCTAHHSIM IPOrpaMHOro MaTeMatuaHoro komruiekcy Matlab ta Simulink (puc. 2).

1 a T E l,
CymixHa + —+ + + o+ +  |CymixHa

) P
L i [

||

Tinia 3B8'A3KY i F_eﬁehz;Tap_ - - - Ilinin 3B'A3Ky

\ MOAYNHYUX IMNYNBCiB

I

'MauinynaTop _”_I_I_ !

1. | I_ |
. -+ * : Koninuii npuitmay

| oooo \

a4 |

|

|

——]
+ |o——a

|

|
Brnok :
thineTpy
|

leHepaTop
L HECY40ro KONMBaHHA
brnok koniiHoro reHepatopa
Puc. 2. Ctpykrypa imiTauiiiHoi Moaeli TOHAJBLHOTO PeHKOBOI0 K0J1a TPETHOr0 MOKOJIiHHS

CTpykTypa MOJETI CKJIQJA€ThCcst 3 OJIOKIB, IO MOJICIIOIOTh POOOTY KOJIHHOrO TeHepaTropa,
KONIMHOTO (inbTpa, TiHIA 3B’SI3Ky NpW IEHTPATi30BAaHOMY pO3MIIIEHHI araparypu, KOJIHHUX
tparcdopmaropiB (KT), peiikosux mniHiii (PJI) cymixkHUX peiiKoBUX KiJl, peHKOBOI JIiHIii Ta KOJIHHOTO
npuiiMaya. biok KoniiHOro reHepaTopa npeACTaBIeHUH TeHEPaTOPOM HECYUOi YaCTOTH, FeHEPaTOPOM
IMIyJbCiB 1 MaHiMynATOpoM. I'eHepaTop Hecy4oi 4acTOTH BUPOOIIS€ CHHYCOIAaIbHNUI CUTHAT 3a1aHol
YacTOTH 1 AaMIUNTyIW, SKAH HAJAXOJWTh HA TMepmuid BXiJ Manimynstopa. Ha npyruit Bxin
MaHInyJasITopa IMOJAEThCS IMIYJbCHUM CHUTHAA 3 YacTOTON MOIYJAIii. MaHInyasaTop BHKOHYE
OTIepallil0 MHOXCHHSI CHHYCOINaJbHOTO CHTHATYy HECydoi YacTOTH 3 IMITyJbCHUM CHTHAIIOM, KU
BUPOOJISIETBCSL 3 YaCTOTOK MOYJIsIii. biok kosiHOTO (ibTpa BUKOHAHWI HAa OCHOBI €JIEMEHTIB
€MHICHOTO, aKTHBHOI'O 1 PEaKkTUBHOTO omnopiB. OCHOBOI ONOKIB KaOeJbHUX 1 pEeHKOBHX JiHIH €
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MOJIENb JiHii 3 PO3NOAIIEHUMH MapaMeTpaMy. Takok BpaXxOBaHO BIUIMB PEUKOBHUX JiHIH CyMiKHHX
ninsHok Ha ¢yakuionyBaHHs TPK 3a paxyHOk BIUIMBY omopiB cyMixkHuX AistHOK PJI Ha mepenanwuit
CHUTHAJI 32 IOTIOMOT OO MOCTiHHOT MOINPEHHS CUTHAITY .

BrnmB kKonmMBaHb TeMIEpaTypH HABKOJIHWIIHBOTO CepefoBHINA Ha mepenady curHairy B TPK Oymo
BpPaxoBaHO Yepe3 3MiHy KIIOMETPUYHOTO OIOpPY PEHKOBOI HUTKH 3aJIe)KHO Bif TEMIEepaTypu peikw,
BiAMOBITHO 710 BUpa3y [16]:

R =Ry [l+a(t—20)], (1)

a

ne R,, — kinmomerpuunuii onip npu temneparypi +20°C,

o — TeMiepaTypHuil koedilieHT onopy (ass peiikoBoi craini cranoBuTh 0,0461 1/rpan.),

t — remmeparypa peiiku, Tpaj.

Jlnst mepeBipky aJeKBaTHOCTI pO3p00JICHOT MOJIENI 3a pe3yIbTaTaMu MOJICIIIOBaHHS OyJia OTpuMaHa
BHUOIpKa eMITIpHYHUX 3HA4YeHb HANpPyTd Ha BXOJI KONIWHOTO MpHiiMada 3alie)kKHO BiJ JOBXHHHU
peiikoBoi TiHIl, YaCTOTH CHUTHAJIBFHOIO CTPyMy Ta Omopy Oamacty. 3a JOIIOMOTOI0 IPOTPAMHOTO
komIiutekcy Excel mi mani Oynu mopiBHsIHI 3 BUOIPKOIO BIAMOBIAHMX peaibHUX 3HAYCHb HANpPYTH Ha
BXOJIi KONIHHOrO MpHuiiMaya Ta MPOBENEHUI MUCTIEPCIiHIMIA TOPIBHIBHUNA aHAN3 JaHWX BHOIPOK 3
oOpannm piBHeM 3Hauymocti 0,05. Pesynpratn momaxo B Tadm. 1.

Tabnuys 1. Pe3ynabTaTi AMCHEpPCiiiHOro aHaIi3y BUOIpOK 3HAYEHb HATIPYTH HA BXO|
KOJIifiHOr0 npuiiMaya, OTPMMAaHUX HA PealiIbHOMY 3Pa3Ky Ta 3a J0IO0MOI0I0 MOJe/TI0BAHHSA

Kpurtnune
Cyma P-3nauenns 3HAYEHHS
xepeno kBagpatie | Cryminp | Cepeaniit Kpwurepiit (piBeHb KPHUTEPIiIO
Bapiarii BIIXWJICHb | CBOOOJM | KBajapar ®dimrepa 3HAYYIIOCTI) dimepa
Mix rpynamu 0,00128 1 0,00128 | 0,134000233 | 0,718586948 | 4,413873419
Bcepenni rpyn 0,17194 18 0,009552
Pazom 0,17322 19

Otpumane 3HaueHHs Kputepito Dilepa € MEHIIMM 32 KpUTHYHE, a TaKOX OTpuMaHe P-3HaueHHS 3
JIOBipUOI0 HMOBIpHICTIO 95% MiATBEPKYE TIMOTE3Y MPO HEICTOTHICTH BiIMIHHOCTEW JBOX BUOIPOK.

3a nmomomororo po3poOieHoi Mozeni Oyina MpoBeleHa cepis HOCHiIKEHb, 3a PE3yIbTaTaMH SKUX
copMoBaHa pensiiiiiHa 6a3za AaHKMX 3 TaOJIMIIMU BiIIOBITHOCTI 3Ha4eHb nmapamerpiB poborr TPK Ha
OCHOBI 521 BuMiproBaHHsL. [1J1s1 MOJIEITIOBaHHSI BHKOPHCTOBYBAINCH 3HAYEHHS YaCTOT CUTHAIIBHOTO CTPYMY
TPK Tpersoro mokominas 420 ', 480 I, 580 I'm, 720 I'm ta 780 I', 3HAUYeHHS MOBXHUH PEHKOBOI JIiHIT
200 m, 500 M, 800 M ta 1000 M, 3HaUeHHS OomopY 130wt 1 Om kM, 2 OM kM, 10 OM kM, 25 OM- kM
ta 50 OM'KM, 3Ha4YEHHs TEMIIEPATYPU HaBKOJIMIIHLOrO cepepouiia -30°C, -20°C, 0°C, 20°C, 40°C.

UYac, axuii BUTpavaeThCs Ha MPOXOKEHHs curHayioMm Tpakty TPK, OyB oTpumaHWii Ha OCHOBI
pi3HUII 3HaYeHHSI a3y CUTHAJIHHOTO CTPYMY MiX MOYATKOBOKO (ha3010 Ta ()a30r0 Ha BXOJ KOMIHHOTO
npuiimaya.

3a J0MOMOT010 MaKeTy iHTeJIeKTyanpHoro ananizy Data Mining s Excel 6yB npoBenenwuii anasi3
KJIIOYOBHX (PAKTOpiB BIUIMBY Ha BEIMYUHY Yacy 3aTPUMKH MPOXOUKEHHS CHUTHANIB Cepel YacTOTH
CHUTHAJILHOTO CTPYMY, JOBXHMHH peikoBoi JiHiI Ta omopy i3ossuii. Pesynpratn mnokasaiu, mIo
HaHOUIBIIMI BIUIMB HA Yac 3aTPUMKH Ma€ 4acTOTa CUTHAIBHOTO CTpyMy (puc. 3).
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PaxTop n Sﬂnqennﬂn IMigxoauTh n
fi, Ty 780 <035 L
fu, Ty 720 <035 [
[PK, m 200 <035 |

Riz, Oni-xawr »>=25 < 0,33 |
Ju, I'y 580 035 -047
Riz, Onrrw 2-10 0.35-047
g, Iy 480 035-047
g, Iy 420 056 - 0,67
Ju, Iy 420 »= 067
Riz, Onvi-xv 1-2 == .67
EPE mat 1 == {067
Riz, Oni-xw <1 == {067
{PK, M 300 >= 0,67

Puc. 3. Pe3y1bTaTH iHTe1eKTYAIbHOI0 aHATI3Y KJIOYOBHUX (PAKTOPIB BILIMBY
HA MapaMeTp 4acy 3aTPMMKH, MC

3a momoMoror BHOIPOK OTPUMAHHX 32 pe3yjbTaTaMHd MOJEIIOBAHHS JaHWUX MOOyAoBaHi rpadiku
BILTMBY MapaMeTpiB poOOTH Ha Yac 3aTPUMKH MPOXoDKeHHs curHany y Tpakti TPK (puc. 4-6).
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Puc. 4. 3ane;kHicTh Yyacy 3aTPUMKH CHTHATY Bij fioro Hecy4oi yactoTu (Ipx=1Kxm)
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Puc. 5. 3anexHicTh yacy 3aTpUMKH CHTHAJY Bix onopy 6anacty (mis lp=0,8 km)
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Puc. 6. 3anexnicTs yacy 3arpumMku curdaiay Bin xosxunu PJI (R;=1 Om-km)

BucnoBku. Po3pobneno imitaniliny mozens podotn TPK Tperboro mokominus. JlaHa mojenb
BpPaxOBY€ BIUIMB JIOBKMHHM PEHKOBOTO KOJA, OMOPY i30Jilii Ta TeMIeparypyd HaBKOJIHMIIHBOTO
CepeloBHUINA HA XapaKTEPUCTUKU CUTHATY. B pe3ynbraTi MOJETIOBaHHS CTBOPEHO pelsliiiHy Oa3y
JMAHUX 31 3HAYCHHAMH XapakTepucTuk 521 BumiproBaHHS. Ha OCHOBI IHTENEKTyallbHOTO aHAII3y
BU3HAYEHO, 1110 OCHOBHUM (aKTOPOM, III0 BILIMBAE HA BEJIMUUHY Yacy MPOXOJKECHHS CUTHATY Y TPaKTI
nepemayi TPK € mapamerp 4acTOTH CHTHaJIBHOTO CTpyMy. TakoX BH3HA4YEeHO, IO 3HAYCHHSA
TeMIlepaTypy HaBKOJMIIHEOTO CEPElOBHINA HE Mae CYTTEBOTO BIUIMBY Ha 4Yac 3aTPUMKH. 3a
pe3yibTaTaMy aHallizy OTPHUMaHHWX AaHWUX BH3HAYCHO, IO MiHIMAIBHHNA 4Yac MPOXOKEHHS CHUTHATY
0,246 mc Biamosinae curnany 3 yactotroro 780 'y mpu qoBxkuHI perikoBoi miHii 0,2 kM 1 omopi 1305l
50 Om. Makcumansauit uac 0,927 Mc BiamoBigae curaany 3 yactoToro 420 [’ mpu moBXuHI pelKoBOi
minii 1 kM 1 omopi i3omsmii 0,85 Om kM. CepenHe 3Ha4eHHS Yacy MPOXOKEHHSI CUTHANTy CTaHOBHTH
0,4565 mc, cepenHbokBagpatuyHe BiaxwieHHs — 0,1453 mc i aucnepcis — 0,0211 mc?. 3mina bazu
CUTHAJy TIPU TPOXO/KEHHI PEeWKOoBOI JiHII MpAMO MPOMOPIliiiHA MOBXKHHI PEHKOBOI IiHIi, 4acTOTI
CHUTHAJIBHOTO CTpyMy 1 0oOepHEHO mpomnopuiiHa omnopy i3oisuii. OTpuMaHi pe3yiabTaTH A03BOJISIOTH
MiIBUIIATH 3aBAIOCTIHKICTh pOOOTH TOHAILHUX PEHKOBHX KiJl 32 paXyHOK TOUYHIIIOTO HaJallTyBaHHS
JIHIT 3aTPUMKH BIAMOBITHO 1O YMOB POOOTHM Koja. A OTpuMaHa iMiTaliiiHa MOJEIb J03BOJISE
pPO3pOOISATH YTOYHEHI pEryioBalibHI TaONWINl TMPH KOJWBAaHHI OCHOBHHX TMapaMeTpiB POOOTH
TOHAIBHUX PEHKOBHX KIJI.
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SIMULATION AND INTELLECTUAL ANALYSIS OF AUDIO FREQUENCY TRACK
CIRCUIT PARAMETERS

To improve the method of increasing the noise immunity of a audio frequency track circuit, based
on cutting out interference in the intervals between useful signal pulses, an analysis was made of
fluctuations in the signal transit time in the transmission path of a audio frequency track circuit
depending on its operation parameters: signal current frequency, rail line length, insulation resistance
and ambient temperature. For this, a simulation model of the operation of a audio frequency track
circle has been developed. Based on the simulation results, a relational database was created with the
values of measurement characteristics. With the use of intellectual analysis methods it was determined
that the main factor affecting the signal transit time in the transmission path of the audio frequency
track circuit is the frequency of the signal current. The main dependences of the operation parameters
of the audio frequency track circuit and the signal transit time are determined. The obtained results
help to increase the noise immunity of the operation of audio frequency track circuits due to a more
precise adjustment of the interference cut-off interval between the useful signal pulses.

Keywords: audio frequency track circuit, simulation model, database, intellectual analysis, noise
immunity
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JOCHIIDKEHHA MOJEJI ACUHXPOHHOI'O TAI'OBOI'O IBUT'YHA
EJIEKTPOBO3A 3MIHHOI'O CTPYMY

Ilepcnexmuenuii  enexmpopyxomuii ckiao (EPC) 6azyemovcsa Ha 3acmocy8amHi acUHXpOHHUX
msazogux osueynie (AT/]) i3 KOpomKkO3aMKHEHUM POMOPOM. 3ACMOCYBAHHA ACUHXPOHHO20 MA208020
enexkmponpusody (ATIl) ooszseonse: 30invuwumu nomyosschicms, cuny mseu ma  weuokicme EPC,
nIOSUWUMU HAOTUHICIMbL MA 3HUSUMU 8APMICIb JHCUMIMEBO20 YUKLY, 30LIbUUUmu mepmin CAyscou.
Kpinm mozo ATII noositinoco owcusienns Oae 3mocy 3abesneyumu pyx noizdie sK HA OLISHKAX
nocmitiHozo cmpymy Hanpyeoro 3 kB, max i na Oinaukax 3minHoeo cmpymy Hanpyeorw 25 kB
yacmomoro 50 'y 6e3z 3aminu EPC. Y cmammi po3ensiHymo mamemamuyHy mMooeib ACUHXPOHHOZO
MsA206020 08USYHA 3 YPAXYBAHHAM eeKMPUUHOI MA MeXAHIYHOI YacmuHu Ma206020 el1eKmponpusooy.
Moodenv onucye erexmpomazHimmi npoyecu ¢ 00MomKax cmamopa y Qikcoeamitl cucmemi KOOpOuHam
a, B, y, oci axoi cymiweni 3 ocamu ¢az A, B, C cmamopa. Ilpoyecu 8 KOpomMKO3AMKHEHOMY DOMOPI
onucani 6 o0bepmosit cucmemi koopouwam a, b, c¢. Ilpu molemoeanni Mmexaumiunoi yacmuHu
e/1eKmponpusooy  BUKOPUCIOBYEMbCA ~ OCHOBHE — DIGHAHHA — OUHAMIKU,  AKe  XapaKmepuszye
CNiBBIOHOWIEHHSA MIdC 0OEPMATbHUM eeKMPOMASHIMHUM MOMEHMOM | MOMEHMOM ONOpy HA 84y
enexkmpoosucyna. B 3anpononosaniti moodeni 3a 00NOMO20i0 GYHKYIOHATLHUX OA0Ki6 OibniomeKu
Simulink peanizoeani memoou imimayitinozo i cmpykmypHo2o Mmooentosanhs. Moodenv 003805€
docridoicyeamu  nepexioni npoyecu 3 Ypaxy8aHHAM: HECUHYCOIOHOCMI ma acumempii Hanpyeu
HCUBTIEHHSL, HACUYEHOCTE MACHIMHOT cucmemu; egexmy SUmiCHeHHs1 CMpyMy 8 NPOGIOHUKAX POMOpa;
HAAGHOCMI MIJCEUMKOBUX 3AMUKAHL 6 0OMOMKAX CMAmopa ma NouKOOJICeHb CMPUICHIG pomopa.
Mamemamuuna modenv peanizosana sKk mampuuna Simulink—moodenv acunxpouHozo 0euzyHa 6
MatLab. /Jocmosipnicme mamemamuunoi modeni nepegipsnace npu NpPo8eOeHi  GipMyanrbHUx
00Ci0dHCeHb eleKMPOMEXAHIYHUX XapaKMepUCmuK acunxponnozo ogucyna muny A/A914. Ompumani
pe3yabmamu  niomeepounu a0ek8amHicms po3podaeHoi Mooeni ma MOMCIUBICMb GUKOPUCTAHHSL
PO3po0ONeHOI MOOeni 8 IHUWUX NPAKIMUYHUX 000AMKAX.

Knrouosi cnoea: mamemamuyna mooenv, ACUHXPOHHULU MA206ULl OBUSYH, IMIMAYIiHA MOOeb,
ACUMEMPUUHULL PEICUM, HECUHYCOIOHICMb HANPY2u.

Beryn. Ha taroBomy enextpopyxomomy ckiaai (EPC) 3ami3HuIb aKTHBHO BHIPOBAIKYIOTHCS
acHXpOoHHI TaroBi aBuryHu (ATJI), SK Ha QUISTHKaX MOCTIHHOrO CTpyMy 3 Hampyroro 3 kB, Tak i
3MIHHOTO CTpyMy 3 Hampyror 25 kB 1 wactororo 50 I'm. BcraHoBneHO, M0 3acTOCYBaHHS
peryJIboBaHOTO acHHXpPOHHOTO TAroBoro npuBoay (ATII) va EPC noaBifiHOrO )UBJIEHHS € HAO1IbII
nepcnekTuBHUM [1].  TligBUIEHHS KOHCTPYKIIHHOT IIBHIKOCTI JIOKOMOTHBIB 0a3yeThcsi Ha
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3actocyBaHHi motyxkHUX AT/l 3 KopoTko3amkHeHHMM poTopoM. [lokazoBum moxe Oytu ATII
enextpoBo3a JIC3, me perymoBaHHA peXHMIB pPOOOTH TATOBUX JBUTYHIB 3HIHCHIOETHCS
PEryJIIOBaHHAM Hampyrd 1 4YacTOTH CTPyMY Ha OOMOTKax CTaTopa 3a JONOMOTOX aBTOHOMHHX
inBepropiB Hanpyru (AIH). AT/l npauroroTe B MIHMPOKOMY [iama3oHi KyTOBOi IIBHUAKOCTI Ta
HaBaHTA)KCHHS TPHU JKUBJICHHI HECHHYCOIJHOIO iMIyNbCcHOIO Hampyrot. [Ipm HU3BKMX YacToTax B
JIBUTYHI BHHHUKAIOTh 3HAa4YHI MMyJbcalliiiai MoMeHTH. Lle cTBOproe 3Ha4HI MeXaHIYHI HABAaHTAXEHHS Ha
CTPWKHI poTOpa Ta iHmI By3nu ABUTyHA. Uepe3 xomyTtamiiHi mporecu B AIH B oOmoriii craropa
BUHHKAIOTh HeOe3neuHi A i307suii 0OMOTKM cTaTopa mepeHanpyrd. 3HauyHi mynbcamii CTpyMy B
00MOTKaxX JBHUTYHA CIIPHSIOTH 30UIBIIEHHIO BTPAT €HEPTii, MiABUIIEeHHIO Temreparypu ooOMoTox AT/]
1, B pesymbraTi, — M0 mepeayacHoi BimMoBH. HeoOximuumii piBenp HamifiHocTi ATII B mporeci
eKCIUTyaTallii B Meplry 4epry 3aJIe)KUTh BiJ] MapaMeTpiB CHIIOBOTO Kojia Ta cuctemu kepyBaHHS ATIIL,
AK1 3yMOBJIOIOTH XapakTep MepexiIHuX NpoLeciB Ta Horo eHepreTudHi nokasHuku. Monens AT/, sika
npecTaBieHa B JaHiil poOOTi, B CKIaai MOJENi BXiIHOTO YOTHMPHKBAIPAHTHOIO IE€pPEeTBOproBaua [2]
HajJa€ MOXJIMBOCTI s komriekcHoro pgociimkeHHs ATII EPC 3minnoro crpymy. B mporeci
excrutyaranii AT/l MoxuBi Taki qedeKTy, sIk 3aMUKaHHS BUTKIB 0OMOTKH CTaTOpa Ta MOIIKOKEHHS
(0oOpuB) cTprxkHIB 0OMOTKH poTopa . ToMy po3poOka MareMaTHIHOT MOZEIT , IO BPaXOBY€ HASIBHICTH
nedekTiB, HEeoOXiTHa TaKoX I PO3POOKH CIOCOO0IB 1 3aCO0IB PaHHBOI JIarHOCTUKH TEXHIYHOTO
CTaHy TATOBHX JIBUTYHIB.

AHaJi3 ocTaHHIX HOCTiIKeHb i MOCTAHOBKA mpodaemu. Bimomo, 1o 3anexHo Biff MPUHHATOT
CHCTEMH KOOPAWHAT MOJIeJIi aCHHXPOHHUX JBUTYHIB AUISTHCA Ha TPU KIIacH:

e Mozeni y mpupoJHuX TpudasHux cucreMax koopauHat ctaropa (ABC) ta poropa (abc);

e Mojen y 1Bo(a3HUX OPTOrOHAJILHUX CUCTEMAaX KOOPIMHAT;

e Mojeni 1Boda3Hi 3 BUKOPUCTAHHIM e(DEKTHBHUX a00 aMILTITYIHUX 3HaUCHb CHTHAIIB.

VY 6inbirocti po6iT [3 — 6] mpu MoJeNOBaHHI ACHHXPOHHUX MAallliH BUKOPHCTOBYIOTHCS IBO(da3Hi
MoOJeNi, sIKi TMependadaroTh BUKOHAHHS YMOB CHMETpii OOMOTOK cTaropa Ta poTopa, CUMETpii Ta
CHHYCOIZAaJbHOCTI HAmpyrd >KuBieHHS. OcoONuBOi yBard 3aciyroBye METOA CHUMETPHYHHX
CKJIaJJOBHX, B SIKOMY CHCTEMa HECHMETPWUYHOI HANPYTH CTaTopa 300paKyeThbes, SIK CyMa MPSMOi i
3BOPOTHOI MOCIiOBHOCTI [7]. B crarTsax [8 — 11] mpoBeaeHO JOCIHIHKCHHS Ta aHalli3 €HePreTUIHOT
e(heKTUBHOCTI ACHHXPOHHHX JBWTYHIB 3arajlbHOTO TPU3HAYEHHS B peXHMax HECHUMeTpii Ta
HECHHYCOIIHOCTI HAPyTH XHUBJICHHA. 3HAUHY YBary MpHIUIEHO NUTAaHHAM YIOCKOHAIEHHS MoJeJeit
AT]J] 3 METOIO OIIIHKK TEXHIYHOTO CTaHy Ta JiarHOoCTUKY MamuH [12 — 15]. Marematruna mozens AT/ 3
KOPOTKO 3aMKHYTHM POTOpPOM, ommcaHa y poGoti [16], mpusHaueHa uisi aHaumisy CramioHapHHX i
TIEPEXiTHUX TIPOIECiB NPH HASBHOCTI MOIIKO/HKEHh CTPWXKHIB poropa. DisnyHi Tpoliecd B MallvHI TPH
TOIIKO/PKEHH] B CTATOPHUX OOMOTKAx Ta B «OUISAUiil KIITII» POTOpa JOCITI/PKEHI TaKOX 32 JOMOMOTO0
MareMatuaHol Mojiesi AT/l 3 BUKOPUCTaHHSM IITYYHUX HEHPOHHUX MEpex y podori [17].

Y AOCKOHAIEHUH METOJI CIIEKTPAIBbHOTO aHANi3y TATOBOIO CTPYMY €JIEKTPOBO3iB 3MIHHOTO CTPYMY
Ta YAOCKOHAJEHY MOJellb poOOTH aCHHXPOHHOTO TATOBOTO JBUTYHA 32 YYacTIO HECUMETPHYHHX
00MOTOK CTaTopa po3MISIHYTO y cTaTTax [18, 19].

HesBaxatoun Ha JOCHUTH BENUKY KUIBKICTH ITyOmikariii, mpucBsdeHux nociimkeHHro AT/,
aKTyaJIbHUMH 3aJIMIIAIOTHCS IUTAHHS AOCIiIKEHHS eeKTiB HACHUSHHS MarHiTHOrO KOJIa, BUTICHEHHS
CTpyMY B POTOPI Ta iH.

Po3paxyHKOBiI JaHi MOKa3ylOTh Ha 3HAYHUA BIUIMB HEIIHIHHOCTI KPHUBOI HaMarHidyBaHHS
MarHiTONpPOBOAY Ha CTPYM CTaTopa, CTPYM HaMarHidyBaHHsS, CyMapHi BTpaTu i BTpatu B craii. llpu
nociipkeHHl xapakrepucTik AT/l yacTo 3acTOCOBYIOTBCS MOJENi, SIKi HE BpPaxOBYIOTh peaibHi
¢bi3u4HI TIpollecH, IO MPOTIKAIOTh B MAIWHI NPH XHUBJICHHI HECHHYCOINMHO Hampyrow Bin AIH.
Binpiicte  Mozmened  po3po0NIEHO  CTOCOBHO ACHMHXPOHHUX JBHUTYHIB  3arajlbHOTEXHIYHOTO
NPU3HAYEHHS, SIKi KHUBISATHCS BiJl MEPEXi CHHYCOIIHOIO HANPYTOl0, PiBEHb SKOI JOCTaTHHO OMU3BKUI
110 HOMiHaNbHOI. Pexxumu podotr AT/] tsaroBoro EPC perynoroThCsi aBTOMAaTH30BaHOK CHCTEMOO
KEepYBaHHA 3TiHO 3 ONTHUMaJIbHUM 3aKOHOM YacTOTHOTO YNpaBlliHHs, CHOPMYJILOBAHUM aKaJIeMiKOM
M. Koctenkom. Ilpu npoMy perymtoeTbesi 4acToTa CTpyMy B OOMOTKaxX CTaTopa, IiBeAeHa Harpyra
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Ta KOB3aHHA. B JaHili CTaTTi 3ampONOHOBAaHO MATPUYHY MOJENb ACHHXPOHHOTO MPHUBOLY,
HAaBaHTAXXEHOTO TOI30M 1 peayizoBaHy Ha ii OCHOBI Komm 'totepHy Simulink-monens. B momeni
nepeadadeHa MOXKIMBICTh (POPMYBaHHS BXiHOT Hampyru ¢a3 cratopa SK HKEPErIoM CHHYCOIITHUX
curnainis Sine Ware 6i6riomexu SOUrCes Tak i iHBEpTOpOM HANPYTH Y BiANOBIAHOCTI 3i cxemoro EPC.
[TpoBeneHo pocmimkeHHs nepexiguux mnpouecie B AT/l 3 ypaxyBaHHSM acuMeTpil HaIpyrw,
HACHYEHHS MarHiTHOI CUCTEMH, HECHHYCOITHOCTI CTPYMY Ta PEXUMIB pOOOTH.

MerTa i 3aBaaHHsi AocJaiT:KkeHHs. MeToio pobotn € po3poOka MartematudHoi moxenmi ATIT ms
JOCHIDKeHHS. BIUTMBY Ha eleKTpoMexaHiuHi xapaktepuctuku ATJl Takux ¢akropiB: acumerpii
HAIpyTH, HACHYEHHS MAarHITHOI CHCTEMH, HECHHYCOIMHOCTI CTpyMy 1 HampyrH, neheKTiB 0OMOTOK
craTopa i poTopa.

Marepianu Ta Metoau gociaimxenns. Monens ATJl ckiagaeThes 3 NEKTPUIHOT Ta MEXaHIUHOL
YacTUH. B OCHOBY KOMII'IOTEpHOI MOZENl TMOKIaJeHO MaTeMaTH4Hy MOAeNIb TpugazHOro
ACHHXPOHHOTO JBUTYHA 3 KOPOTKO 3aMKHYTHM POTOPOM B HEPyXOMiil cuctemi KoopauHat o,p,y [20],
oci sikux cymimeHi 3 ocsmu ¢a3z A, B, C craropa. Taka monens mnpumatHa 0e3 JOAaTKOBHX
MIEPETBOPEHB PIBHSHB AJIsI TOCTIHKCHHS PI3HOMAHITHAX aCHMETPHUYHHX PEXXUMIB pOOOTH, TTOB’ I3aHUX
3 aCUMeTpiero mapaMeTpiB (a3 crtaTopa i poTopa, HECHHYCOIMHICTIO 1 ACHMETPI€I0 HAMIPYTH JKUBIICHHS
Ta HAsBHICTIO B HI BHIIMX TapMOHIMHUX CKIafoBuX. llpm BHpilIeHHI MOCTaBIEHUX 33134y
BUKOPUCTOBYBAJIMCS KJIACHYHA TEOPis EICKTPHYHUX MAIIMH, MaTEMaTHYHHUN amapar Teopii MaTpuib
Ta iMitamiiine mopemoBaHHS. [lpm martemarmunomy omwmci ATJl mpuitmMaemo Taki JOITyIIEHHS:
HAMarHivyroo4i CUId OOMOTOK PO3MOIIEHI CHHYCOIMHO B3IO0BXK KOJIa PIBHOMIPHOTO MOBITPSHOTO
3a30py; BTPAaTH Ta HACHYCHHS MarHITHUX KiJl y CTATOPI 1 pOTOPi BiACYTHi; 0OOMOTKHM CTaTopa Ta poTopa
CHUMETPHYHI, TOOTO MalOTh OJHAKOBY KUIBKICTh BHUTKIB; MMapaMeTpyd OOMOTOK pOTOpa MPHBEICHI IO
cTaropa.

Marematnyna Moneib AJl BKJIIOYAaE CHCTEMY PIBHSHbL PIBHOBard Hampyrd cTaropa i poTopa,
3alUCaHuX Yy BiAmoBimHOCTI 3 3akoHOM Kipxroda y TpudasHiii mpupoaHii cUCTeMi KOOpIWHAT.
Cucrema mudepeHIifHNX pIBHAHb EIEKTPUYHOI PIBHOBAarWm Kil cTaTtopa i poTropa Uisi MHTTEBHX
3HaYeHb HAIPYTH, CTPYMIiB i MOTOKO3YEIUICHb, 3alicaHnX y MaTpuuHii dopmi [20, 21], mna ALl 3
KOPOTKO 3aMKHYTHM POTOPOM Ma€ TaKHid BUTIISIIL:

. dyg,
. dy
A VA ia va
ne [is]=|ig|; [wsl=|vg|: [lirl=]iy|; [wrl=|wp |- (2
I Yec Ic Ve
[Us], [is], [Ws] — Marpuii MWTTEBMX 3HAueHb TNPHKIAAEHOl HANpPYTH, CTIpyMy i

noroko3yenyienHs a3 A, B, C obMoTKH cTaTopa; ['r ], [l//r ] — MaTpHli MUTTEBUX 3HAYEHb CTPyMY i

noroko3ueryieHHs1 Ga3 a, b, c 0OMOTKM poTopa. MaTpuIli akTHBHHUX OTOPIB CTaTOpa 1 MPUBEACHUX JIO
CTaTOpa aKTUBHUX OIOPIB POTOpPA MAIOTh BHUTJISIL:

Ry 0 O Ry 0 0
[Rs]=| 0 Rg 0 |; [Re]=| O R, O 3)
0 0 Rq 0 0 R
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OO6epToBHif MarHiTHUIN TOTIK B3a€EMOIHAYKIII CTBOPIOE TOTOKO3YEIUICHHS MAIIUHHU, O0yYMOBIICHE
MPOTIKaHHSAM CTpyMy HaMarHidyBaHHs. l[loToko3ueruieHHsi Oynp-sikoi ¢asu cratopa 1 poTopa
BU3HAYAIOTHCS BEIMYMHOK) BIACHOI 1HIYKTHMBHOCTI OOMOTOK 1 B3a€EMHOI I1HIYKTHBHOCTI 3 ycima
iHImMMH oOMoTKamu. J{nsl mpukiany, NOTOKO34eruieHHs ¢a3u «A» cratopa i gasu «a» poropa Hpu
HeHacwmdeHoMy MarHiTorpoBoai AT/

'//AZLA'A+LAB'B+LAC'C+LAa'a+LAb'b+LAc'C; (4)

l//a = LaAIA + La.BIb + LaCIC + Laia + Lablb + LaCiC’ (5)
ne L, La —Binnosinno ingykrusrocti das craropa i potopa;

ny — B3a€MHI 1HIYKTHBHOCTI Mi)k OOMOTKaMH X i Y.

AHaJNOTI4YHO 3anUCYIOThCA piBHSAHHS s pemtd ¢az AT/l Cucrema piBHSHB TOTOKO3YEIIICHD IS
KOHTYPIB CTaTOpa 3aIUIIETHC B TAKOMY BUTIIAII:

Wa = LAiA+ LABiB + LACiC + LAaia + LAbib + LACiC;
vg = LBAiA + LBiB + LBCiC + LBaia + LBbib + LBCiC; (6)
ve =leala el *helc Theala +lep’y *Lecle:

Cucrema piBHSIHb TOTOKO3YEIUICHD /U KOHTYPIB pOTOpa Ma€ TaKUH BUTIIS!

Cuctema piBHSHb TOTOKO3YEIJIEHb AJIs1 KOHTYPIB CTaTopa B MaTpUuHii Gopmi Mae BUIIIAL;

Yal | La Lea Lac| |'a| |Laa Lap Lec| |ia
ve|=|lsa B Lec |*|'B|*|'Ba B LBC [X|'h [ (8)
vel Itea e Lo ic] Ltca We Lec] Lic

Cucrema piBHSHb TOTOKO3YETIJIEHb AJIsl KOHTYPIB POTOpA :

va| |Laa LaB Lac| |'a la Lap Lec| |ia
LbB LbC X iB + Lba Lb Lbc x ib . 9
Ve LcA Lep I‘cC iC Lca ch L ic

Bimomo, 1m0 MarHiTHMH MOTIK MAaIIMHHU CKJIAaJAa€ThCsl 3 TOJIOBHOTO MAarHiTHOTO MOTOKY i MOTOKY
po3scitoBaHHs. ENeKTpoMarHiTHHA 3B’S30K MK CTaTOPOM 1 DPOTOPOM 3IIHCHIOETBCS TOJIIOBHUM
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MarHiTHUM MOTOKOM B3aeMOIHAYKUil @, sikuii cTBoptoe EPC B3aeMoinaykuii B 0OMOTKax crtaropa i
poropa. IuaykTuBHI omopu 0OMOTOK cTaropa X; i poropa X, OOyMOBJIEHI HasSBHICTIO TOTOKIB
pO3CifoBaHHS, OB’ I3aHUX TIJIFKU 3 IUMHU KOHTypamu. CTpyM HaMarHidyBaHHS MAIIMHA 3aJIEKHUTH Bif
IHAYKTHBHOTO OTIOPY B3a€MOiIHIYKIIii

Xm =oLm, (10)

Jie W1 — KyTOBA 4acTOTA 00EPTAHHS OIS 0OMOTOK CTaTopa, ¢ )

L,, — TOBHA 1HAYKTUBHICTH OHIET (ha3y OOMOTKHM CTAaTOpa BiJf OCHOBHOTO MAarHITHOTO MOTOKY MPH
HasBHOCTI CTPyMiB y iHIKX ¢a3ax (IHAYKTUBHICTH BiJl YaCTHHW MAarHiTHOTO MOTOKY, CTBOPEHOTO
caMoI0 OOMOTKOIO 1 IHIYKTUBHICTD Bijl YaCTUHH IIOTOKY, CTBOPEHOT'O iHIIUMH OOMOTKaMH CTaTopa).
IIpn mpoMy 3aranbHa IHAYKTHUBHICTH (pasm cratopa Lg i dasm portopa L, CKIamaroTbCs 3 MOBHOI
IHAYKTHBHOCTI 1 IHAYKTHBHOCTI PO3CIFOBaHHS:

3a ymoBH cuMeTpii (a3, CHHYCOiNaThbHOCTI MarHiTOPYIIiHHOI CHIIH, PIBHOMIPHOCTI TIOBITPSTHOTO

3a30py 1 MPUBEIEHHS BCiX BEJWYHMH 0 OOMOTKU CTaTopa iHAYKTHBHOCTI Ta B3a€MHI iHIYKTHBHOCTI
BU3HAYAIOTHCSI TAKAUMH PiBHSHHSIMU:

- _2 3 :
La=Lg =Lc =§Lm(1+30s).
la=Lp =L =3Lm(1+30y);
T T
Lag =Lec =Lca =Lap = Lye = Lea =—3Lm:

L Ly
O'S Z_I—Srﬁ- ;Ur :_Ln?,

(11

ne Lgs, Lyg, Og, 0, — BIANOBITHO IHAYKTHBHOCTI po3citoBaHHs (a3 craropa i poropa Ta
Koe(IIIEHTH PO3CISIHHS CTaTopa i poTopa.

B3aeMHi iHIYKTUBHOCTI MK (pazaMH cTaTopa i poTopa 3ajekaTh BiJl KyTa MOBOPOTY POTOpa ¥, Ta
ONUCYIOThCS] TAKUMU BUpazamu [21] :

- _ _2 .
Lpa =Lgb =Lce =5 Ltmcos(rr);
Lap =Lleec =Lca = % L cos(yy +2?”); (12)

L, =L, =2 4z
Lae =Lga = Lcp = 5 Lm c0s(yr +5).

ITo3zHauumo: ¢ = (]/r), Cy = (r +2T7T)1 cy= Oy +4Tﬁ);

4 G &
C= C3 Cl 02 ; (13)
b &3 ¢
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[MigcraBmsroun B (8), (9) Bupazu (11), (12), (13) oTpumaeMo il MOTOKO3YEIUIEHb KOHTYPIB
cTaTopa Ta poTopa 3a yMOBU CUMeTpii (a3 Taki piBHIHHS B MaTPUIHINA (Hopmi:

ss -5 —2| [i |
l//A S 2 2 A Cl C2 03
vg [=5tm| -3 J -3 |x|ig |+lm|c3 o o ; (14)
Ve -3 -3 5| |ic 2 %3 4]
Cy C N s -3 -3 i
e, 103 %2 A 2 L i °
Vp |=3m|C & G |x|ig |*3tm| =3 9 x| (15)
Ve ¢ ¢ 4] |ic] -3 -5 o | Ll

Bupasu (14), (15) MicTsITh Taki MaTpHUIli iHAYKTHBHOCTEH:

&

w)
—
=]
|
= N

|—
3

1
S 2N

[Lr]=4

3km

N N

— MaTpUIl IHIYKTUBHOCTEH 0OMOTOK CTaTOpa;

C3

C | — MaTpuIls B3a€EMHHX IHIYKTHBHOCTEH OOMOTOK CTAaTOpa 1 pOTOpa;

)
C3 = LSI‘ — MaTpHIls B3aEMHUX 1HIYKTHUBHOCTEH 0OMOTOK POTOpA i CTaTOPA;
1
2
% — MaTpHIls 1HIYKTUBHOCTEH 0OMOTOK POTOPA.

Or

BpaxyBanns acumetpii ¢a3 cratopa i poropa AT/, Y npoueci ekcrutyaranii ATl B pe3yibraTi
JMMHAMIYHUX HaBaHTa)KE€Hb Ha CTPIDKHI POTOpA, BiOpallii Ta MOCTIIHOT 3MiHU JIIHIHHUX TeMIIepaTypPHIX
PO3IIMPEHb B MaTepiani CTeP)KHIB pOTOpa BiJOYBarOThCS HE3BOPOTHI MPOLECH, IO HPUBOAATH 10
3MIHU aKTUBHOTO 1 1HIYKTHBHOTO OMOpPiB poTopa. [Ipu HasBHOCTI MOMIKOIKEHb B OJHOMY MiCIli
pOTOpa MaTPHIIS AKTUBHUX OMOPIB POTOPA, IMPUBEACHUX JO OOMOTKH cTaTtopa Oy/ie MaTy BHIJISL

Rokyr 0 0
[Res]=| 0 R, 0], (16)
0 0 R

ne Ky —KkoedirienT, mo BpaxoBye 4acTKy 30inbIIeHHs onopy das3u poropa (Kpy >1).
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3MeHIIeHHs! IHAYKTUBHOCTI (ha3u poTopa BBOAMMO 32 JOIIOMOTOK0 KoedimieHTa krl <1. lle nmpusene
Lok
JI0 3MiHHM KOeili€eHTa PO3CisIHHS pOTOpa O = L, T@Marpui IHAYKTHBHOCTEH poTOpa [Lr] .

Uepes xomyrariiiHi mpouec B AIH B oOMOTII cTaTopa BHHHKAIOTh HEOE3MEYHI IS 130Tl
0OMOTKHM cTaTropa NEpeHanpyrd, e MOXKe CTaTh MPUYMHOI0 MpOoOOI0 i30wii 0OMOTOK craTopa i
MDKBHTKOBHX 3aMHKaHb B KOTYIIKax cratopa. [Ipu 3aMHKaHHI BUTKIB 3MEHIIY€ETHCS aKTUBHHMA OIMip

(R A RB, RC) BiIMOBiAHOT (ha3u, IHAYKTUBHICTH PO3CIFOBAaHHS Ta MOBHA IHAYKTHBHICTH [Lm] oHi€l

¢da3u OOMOTKHM cTaTopa. 3HaueHHS BKa3aHUX MapaMeTpiB 3aleKHUTh BiJ KUIBKOCTI BHUTKIB, IO
3aJHIIaThes B podoTi. Hanpukian, npu 3amukanHi B asi 4 craTopa:

j— — 2 =

e R L L — BIANOBIZHO AaKTHUBHUM OIIl IHAYKTUBHICTh PO3CIIOBAHHS, IIOBHA
A& A Mo A Hkm ATOBIA P, 1Y P :

IHIYKTHBHICTb TIOIIKOKEHOI (ha3u;
k d - KoeilieHT acuMeTpii;
Wi .
kd = — Koe]iIieHT acuMeTpii,
e W, , W — KUIBKICTh 3aMKHYTUX BUTKIB Ta 3arajbHa KUIbKICTh BUTKIB Yy (as3i.

[Tpu oMy MaTpHIlsl iHIYKTUBHOCTEH OOMOTOK cTaTtopa

1 _1

Sk "2 72
[Ls]=3k4tm| -3 & -3, 18)

1 1
7 "7 9%
[Micns mincranoBku B (14), (15) Bupasis (2) Ta BBeJeHUX MO3HAYEHb, OTPUMAEMO:

[ws]=[ts]x[is]+[tsr I<[ir ] (19)
[ ] =[Les Ix[is ] +[Lr [ <[ir ] (20)

Ha ocHOBI ekcniepuMeHTANBHUX JaHUX pexumMy xojoctoro xoxy AT/l tuny AJ1914, orpumanux
IpY KUBJICHHI CHHYCOIIHOIO HAIIPyrol, po3paxoOBaHO MarHiTHUH NOTIK @, MOTOKO3YEIJICHHS Y Ta

NOBHA IHAYKTUBHICTb OfiHi€T (a3u oOMoTku cTaTopa Ly, . CTpym HamarniuyBanus |y, 3MiHIOBaBcs B

mexax 04215 A. I'padiku 3aieXHOCTEH MAarHiTHOTO TIOTOKY, IOTOKO3UYEIUICHHS Ta IOBHOL
IHIYKTHBHOCTI MIpUBEIeHI Ha puc. 1
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- L?”

0 0 40 60 80 100 120 140 160 180 200
0 T 200
Puc. 1. I'padiku 3aj1e:xkH0CTell MATHITHOTO MOTOKY, NOTOKO34YeNJIEHHSI TA MOBHOI iHAYKTUBHOCTI
oaHi€l a3y 00MOTKHM cTaTOpa Bi CTPyMY HAMarHiuYyBaHHS

KpuBa moBHOT iHIYKTUBHOCTI (pa3u anpOKCHMOBaHa IMTOJIIHOMOM YETBEPTOTO MOPSIAKY
_ 4 3 2
Lm_alﬂ+bly+cly+dly+k, (21)

ne a, b, ¢, d, k — koedimientn anpokcnmarii: a = — 1.965e™; b = 1.218e®; ¢ = - 2.277e®;
d=1.487e° k=0.045.
[MoeaHyroun BEKTOPH MOTOKO3YEIJICHD 1 CTPYMIB CTATOpa i pOoTOpa Ta MaTpHLli iHAYKTUBHOCTEH B

OJIHE IIiJIe, OTPUMYEMO:
vo]-[tal i o

e |:1//0], [Lo], [io} — 00’eHaHI MaTPUIll TOTOKO3YEIUIeHb, CTPYMIB Ta KJIITHHHA MAaTPHIIA

IHIYKTHBHOCTEH
affmflefi s w

3 (18) matpwuist 00’ eqHaHUX CTPYMIB CTaTOpa i POTOpa Ma€ BUTIIS:
. -1
[io]=[ %" (v . 23)

-1 . .

ae |:L0 — o0epHEeHA MaTPHUIIS 1HIYKTUBHOCTEH.

[Ipu mMopenroBaHHI MeXaHIYHOI YaCTHHHU €NEKTPONPUBOJY BHKOPHUCTOBYETHCS OCHOBHE PIBHSHHS
JUHAMIKH, SIKE€ XapaKTepH3ye CIIiBBIJHOLICHHS MK 0O€pTaJbHUM €JIEKTPOMAarHiTHUM MOMEHTOM i
MOMEHTOM OIIOPY Ha BaJly €JIEKTPO/IBUTYHA:

do _
392 Mgy -My, 22

ne J — momenT inepuii Ha Bamy AT/I;
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() — xyToBa yacToTa obepranns Bana AT/,
M EM MO_ BIJIMOBIIHO €NIEKTPOMAarHiTHUH MOMEHT i MOMeHT omnopy Ha Baimy AT/l. PiBHsHHA

enekTpomarHitHoro momeHty AT/] mae Burmsan:

M p J1r D (25)
EM~ R T '
3 s Dlg
0 1 -1
me D=|-1 0 1 | — mocriiiHuii MaTpUIHHHA KOe]IlieHT.
1 -1 0

MowmeHT iHepIii JBUTYHA ¥ iHepiii Macu moi3a, npuseaeHui 1o Bany AT/I, MOXHa 3amucaT Tak:

P+Q)(1+y)R2
R o o6
Ndﬂzﬂ

ne J p — MPHUBEICHHIT MOMCHT iHEepILii;
P, Q — BixnmoBimgHO Bara JOKOMOTHBA Ta TOI312a;
Y — xoedimieHT iHepIii moizaa;
Rk — pajiyc KOJICHOI Tapwu;
N d~ KiTbKicTh AT/] B €IEKTpOIIPUBO/II €JICKTPOBO3a;
77 — K.K.J. TATOBOTO PEAYKTOPa;

M — TiepeiaBalibHE BiIHOIICHHS TATOBOTO PEIYKTOPA;
Jnst po3paxyHKy MOMeHTY oropy Ha Bairy AT/ 3 ypaxyBaHHsM 110i3/1a 3aCTOCOBaHa (Gopmyia:

M. - ViR
0~ Ndnz,u d (27)

ze Wk — MOBHHH OMIp pyXy MOTSTA.

CTpykTypHa cxeMa MoaeJi. 3rilHO 3 BHUXIJHUMH IIOJIOKEHHSAMH 1 piBHsHHAMU (1-27) B
CepeIOBHIII TIPOTPAMHHMX 1 IHCTpyMEHTaIbHUX 3aco0iB MatLab po3pobiena (yHKITiOHATEHA MOJETH
AT tuny AII914 3 KOpoTKO 3aMKHYTHM poTopoM (puc. 2). OCHOBHI TEXHIUHI XapaKTepHUCTHUKU
enekTpoaBuryna tTuny AJ1914 npuseneni B Tabmumi 1.

Tabauys 1. OcHOBHI TeXHiYHI XapaKTePUCTHKH eJleKTpoABUIYHa THIY A/1914

Ne Ha3zpa Bennuunna
1 | IoryxHicTh Ha Baiy, KBT 1200

2 | Hampyra niniiina, B 1870

3 | Cuna cTpyMy TPHUBAJIOTO PEXUMY, A 450

4 | YacToTa HanmpyrH KuBJIeHHA, | 1T 55,9

5 | Yucno nomocis 2P 6
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No Hazpa Bennuuna

6 | Ctpym xomoctoro xouny, A 51,3

7 | AxruBHui omip $asu cratopa npu Temneparypi 150°C, Om 0,0344

8 | AxTuBHHII omip 0OMOTKH pOTOpa IPUBEACHHMI 1O CTATOPa IIPH 0,0275
temneparypi 150°C, Om

9 | InnykruBHuii omip ¢asu craropa npu yactoTi 50 I'n, Om 0,213

10 | [aaykTHBHMIA omip 0OMOTKM pOTOpa MPUBEICHHUN 0 CTaTopa 0,161
mpu gactoTi 50 I'r;, Om

OynkmionaneHa Mmonenb AT (puc. 2) nmae 3Mory po3paxoByBaTH TMEpeXifHI TMporecu i3
BpaxyBaHHIM acUMeETpii (a3, HECHHYCOiJHOCTI HANPYTH, CTPyMY Ta HACHYECHHS MarHiTOIPOBO/LY.

Tk Subsystem CY
I_n g

N
DC Voltage AR
(2400 V) B

Sine Wave1-3

- N

3
i

Inverter o {MS]
-0

Manual Switch

P Lokomotiwe, T ]
g=9.81
Q Zug.T v
4 wo Interpreted
* ATLAB Fof® =I|:|

1
Ms] e+ [P 3
Sum2  Integrator

I

Gain8

[
wi x

I
+
A

: u
S tr () h
Lm 5

> 1 _|_> Lm Fen2
s 4 s s 0 u 1
Integratord | P tr ir Matrix_L M t S

gratord arame ulr_'—p r Matrix_| " omen <

#{gamma ain2 Integratori

MATLAB Function 1 MATLAB Function 2 MATLAB Function 3 1
Gainl s [
(I ®

Gaind  Integrator3

uvedd

lﬁg " ‘ i | . N . ' I-Scc:-e1
| Is | Ir ‘ M w

Display1

Subsystem

Puc. 2. ®ynkuionanbHa mogeab AT/]

Bxingna nanpyra ¢as craropa U A’ UB' U C (opMyeTbCS JUKEpEIOM CHHYCOiqHOT Hampyru Sine

Wave 6i6miorekn Sources. st TOCHiKeHHS] HECUMETpii BXiJHOI HANpPyrd JOCTaTHBO B JDKepeax
Hampyru BBeCTH HeoOXinHi mnapamerpu Hanpyru. JKusnenHs ATJ] wa EPC 3aiiicHioeThes
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HecuHycoinHoto Hampyroto Bin AIH, skuil mepeTBOpioe Hampyry JaHKH IOCTIHHOTO CTpyMy B
TpHudaszHy, peryipoBaHy 1Mo BennunHi B Mexax 0+1850 B Ta mo gactoti B mexax 0+150 I'm.

EnexrpomarnitTamii pospaxyHok AT/ AJ1914, srimHo 3 meroamkoro HJII «EmexkrpoBaxkmarmy,
nepeadayvae BapiaHTH KUBJICHHI Bil CHHYCOIHOTO JDKepesia HApyTH MPH CTEHIOBUX BUIIPOOYBaHHSIX
Ta HECHMHYCOIJHOIO HAalpyro Ha eNeKTPOBO3i BiJ MEpeTBOPIOBaYa YacTOTH. MOXIHBICTh
JOCITIDKSHHs €JIeKTPONPUBOLY NMPU BKa3zaHWX Hampyrax 3abesmedyerbcs kimrodom Manual Switch.
Hampys3i jaHKu MOCTIHOTO CTpyMy BiAmoBigae mpkepeno moctiHoro crpymy DC Voltage Source 3
ammityzoro 2400 B. B Mozeni crioyaTKy BU3HAYAETHCSl MOTOKO3YETICHHS CTAaTOpa 1 POTOpa MUIIXOM
interpyBanHs piBHsSHDb (1). Bei momampmii omepariii MareMaTW4HOT MOJETl BHKOHYIOTBCS 3a
JIOIIOMOT 00 TporpaMuux 3aco6iB ¢yukiiii MATLAB Functionl-3. ITpu ieomy 8 MATLAB Functionl
PO3paxoBYIOTbCS BCi HeoOXimHi mapamerpu mozeni, a B MATLAB Function 2 BHKOHYHOTBCS
PO3paxyHKH CTPYyMiB cTaTopa Ta poTopa. Po3paxyHOK eleKTpOMarHiTHOIO MOMEHTY 3iHICHIOEThCA 3a
nomnomororo MATLAB Function 3.

JlocaiizkeHHs1 mepexiqHUX eJeKTPOMATHITHMX MpoueciB B pe:kuMi XoJiocToro xoay. B xonmi
MOJICTIFOBAHHS TPOBEJACHO JOCIIDKEHHS TMEPeXiHUX EJICKTPOMArHiTHUX TMPOIECIB B PEXHUMI
XOJIOCTOTO XOIy, TPH 3pYIIEHI eIeKTPOBO3a 3 Micls 0e3 HaBaHTWKEHHS Ta B CKIAJl TOi3na.
Enexrpomarnitai mporiecu AT/l 3anmexars Biff HallpyTW, 9acTOTH CTPyMY, HaBaHTAXEHHA Ta Bij
pEeKUMY POOOTH, SIKMI BH3HAYA€THCS 3aKOHOM YacTOTHOTO yrpaBiiHHs akajgemika M. Kocrenka. B
nepiox mycky Hampyra skusineHHsT AT/l moBHHHA ITaBHO HApOIIyBAaTHCh BiJl MiHIMAJIbHOTO 3HAUCHHS
JI0 HOMIHQJIBHOTO 3HAYCHHS CHHXPOHHO 31 30UIBIICHHS YacTOTH CTpyMy crartopa. Ocumiorpama
MOMEHTY Ha Bany aBuryHa mpu Hampy3si 300 B i wactori 10 ['m mokazana na puc. 3, a. [lomaua Ha
CTaTop HOMIHAJNBHOI HAmpyrd ] Yac IyCKy HEJAOMYCTHMa B 3B'SI3KY 3 OOMEXKEHHSIM IO
MaKCHMabHOMY CTpyMy (puc. 3, 0).

M, Hy a) M 0)

.

= —

oy =
-.nuquﬁgo;

g

Puc. 3. OcunsorpaMmu MOMEHTY Ha BaJly ABUI'YHA
(a) npu 3HUEKeHi Hanpy3i skuBJeHHs i yacToTi ctpymy 10 I'n
Ta (0) IPU HOMiHAJILHIN HATIPY3i B peKUMI TATH OJMHUYHOIO eJIeKTPOB03a

M" ;mw E

[

<
=
i
[
iy
=

[lpm 3pocranHi Hampyru BiAOyBaeThCs TPOIEC HACHYEHHS MAarHiTHOTO KOJa BHACIIJIOK
30impmienHss EPC  B3aeMoiHAyKIii, MarHiTHOTO TOTOKY B3a€MOIHIYKIiI Ta MAarHiTHOI 1HAYKIIi.
OcumiorpaMu MOMEHTY Ha Bally JBHI'YHa Ta 4acTOTH oOepTaHHs Banmy npu Hanpysi 0,5U, npu
3pyIICHHI TOTATa MPUBEJCHI BIANOBIIHO HA puc 4, a Ta 4, 0. 31 301IbIICHHSIM HAaBAaHTAKEHHS 3POCTAE
KOB3aHHS POTOPA, 30UIBbIIY€ETHCS CTPYM OOMOTOK cTaropa i 3meHmyerscsi EPC B3aemoinmykuii. Ilpu
301IbLIIEHHI KOB3aHHS B POTOpi BiOYBA€ThCS 3MEHIICHHS iHAYKTHBHOTO OINOPY B3a€MOIHIyKHii i
301IBIICHHS] CTPyMYy HaMardigyyBaHHs. OcIiiiorpaMy MOTOKO34eIuieHHs ctatopa Ta poropa AT/l npu
3pYLICHH] €JIeKTPOBO3a 3 MiCIlsl MOKa3aHi Ha puc. 5. OcuuiorpaMu MOTOKO3UYEIICHHS CBi4aTh, 10 B
noyatkoBuil nepion mycky 0 — 0,5 ¢ amMmiTyAa TOTOKO34EIUIEHHS 3pOCTAE, MICIIs YOTro BiIOYBAeThCS
pobota AT/l mpu NMpakTUYHO CTaOITLHOMY PiBHI IMOTOKO3YEIUICHHS MPH HE3MIHHOMY MAarHiTHOMY
MOTOI[l HaMarHiuyyBaHHs. B poTopi xapakTep MOTOKO3YEIJICHHS 3MIHIOETHCS 3aJICKHO BijJ KOB3aHHS
poTopa.
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Puc.4. OcunnorpaMmm MOMeHTY Ha Bajly ABUIYyHa (2) Ta 4acTOTH o0epTaHHs BaJy (0)
npu Hanpy3i 0,5U, npu 3pyuieHHi norara

3amponoHoBaHa MaTeMaTHYHA MOJENb OMHCYE EIEKTPOMATHITHI MPOLECH Y CTATOPHUX O0OMOTKax
ACHHXPOHHOTO JIBUTYHA B HEPYXOMIill CHCTeMi KOOpIUHAT, CyMileHii 3 ocsimu ¢a3 A, B, C ctaropa, a
TIPOLIECH B POTOPi — B 0OEPTOBIH cHCTeMi KOOpAMHAT poTopa &,0,C. BUKopHCTaHHS MaTeMaTUIHOTO

amapary i gociimkeHas AT/l Mae 3Ha4HI TPYAHOIII.
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Puc. 5. OcuuiorpaMmu NoToKo34erJieHHs1 CTaTopa (BepXxHsi) Ta poropa (HuaxHs) AT/]
NPH 3pYylLIeHHi eJIeKTPOB03a 3 Micls

[Iupoki MOXKIIMBOCTI JUIsl aHANI3y enekTpomarHiTHuX mporeciB B AT/l Hamae 6ibmioreka Simscape
Library Simulink, B migpo3mimi SimPowerSystems sikoi € GJIOKH BipTyaJbHHX aCHHXPOHHHX MAIIIKH.
Bukopucranns ix € HalOUIbII 3pyYHHMH Y 3aCTOCYBaHHI P pealtizawii MareMaTnuHoi Mozeni. OHak,
HEOOXi/IHO BpaxyBaTH, IO B OCHOBI CTaHAapTHUX SPS-Mojenell acHHXpOHHUX JBHUTYHIB OiOmioTekn
SimPowerSystems MatlLab nexxare piBHSHHS imeani3oBaHOl eKBiBaJEHTHOI JBOGA3HOI MAIIWHU B
opToroHaNTbHUX JBO(a3HUX KoopmuHaTax. Tomy SPS-moneni He 3abe3neduyroTh HEOOXiTHWN piBEHb
ajieKkBaTHOCTI Tipu  jociimkerns acumerpii ATJ[. B Simulink € MokmuBicTs TOEIHYBATH METOIN
IMITaliifHOTO 1 CTPYKTYPHOTO MOJICITFOBAHHS Ta CTBOPIOBATH S-MOJIENi 32 JIOTIOMOTO0 (DYHKITIOHATIBHUX
omokiB Gibmiorexn Simulink. B 3anporionoBaniii (yHKIioHanBHIH Mozeni Bukoprctani Onokn MATLAB
Function, inTterparopu, mimcwmroBaui Ta iHmi  (QyHKIOHATbHI S-OJOKH, sIKI OMUCYIOTH MPOIECH B
ACHMHXPOHHOMY eJiekTporpuBoi. [lepenbaueHa MOMIIUBICTh JKUBJICHHS (DYHKIIOHAIBLHOT S-MOmeni Bif
BipTyansHOi SPS-moneni Onoka >kuBieHHs DC-3AC. YiockoHaneHHS JaiOTh 3MOTY JOCHTIIKYBaTh
NpoLecH SK B CHUMETPUYHOMY, TaK i B aCHMETPUYHOMY DEXHUMax pPOOOTH aCHHXPOHHOTO TATOBOTO
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TPUBOJTY TIPH >KUBJICHHI SIK CHHYCOITHIM, TaK i HECHHYCOITHUM cTpyMoM. OTpHUMaHi pe3yabTaTH CBiT4aTh
PO TIPANE3AaTHICTh MOZETI 1 MOXIIMBICTD 1I BUKOPHUCTAHHS TIPH AOCIIIPKEHHI MEPEXiTHUX IIPOIECiB B
enmekrpomMarHiTHUX Kkomax ATJ[. OmiHka ageKBaTHOCTI MOZETI TPOBEICHA MUIAXOM IOPIBHSIHHSIM
OTPUMAaHHUX Pe3YJIbTATIB MOJIEIIOBAHHS 3 EKCTIEPUMEHTAIbBHUMH JAHUMH JJOCTIKEHb €JIEKTPOMEXaHIYHUX
xapaktepuctuk AT tuny AJ1914, npencrasnenimu 3aBogoM «EnekrpoBakmarn». OTpruMaHi pe3ysibTaTu
MATBEPIUIN aIeKBATHICTH PO3POOJIEHOI MOZEI Ta MOMJIMBICTh BUKOPHUCTAHHS pO3pOOJICHOI MOJIEIi B
IHIIIX TPaKTUYHUX JojaTkax. Po3pobiera Moaess qae 3Mory BUPINTYBaTH MIMPOKE KOO TOCITITHHITBKIX
Ta MOHITOPUHIOBUX 33]1a4, TIOB’I3aHKX 3 PO3pOOKOIO Ta ekcruryatariero AT/,

BucnoBku. 1. Po3po6nena matpuana Simulink — momens AT/l 3 KOpOTKO3aMKHEHUM POTOPOM,
sKa JTO3BOJISIE JIOCIHIPKYBAaTH TEPEeXigHI MpolecH 3 ypaxyBaHHSIM: HECHHYCOIAHOCTI Ta acHUMeTpil
HaNpYTrH XUBJICHHS; HACHYEHOCTI MarHiTHOi cUcTeMH; e(eKTy BUTICHEHHsS CTPyMy B INPOBIIHHKAX
pOTOpa; HAsBHOCTI MXKBUTKOBHX 3aMHKaHb B 0OMOTKAaX CTaTopa Ta MOLIKOKEHb CTPHIKHIB poTOpa.

2. BukopucTtaHHS METOZIB IMITalliHHOTO 1 CTPYKTYPHOTO MOJEIIOBAaHHS Ha 6a3l (PyHKIIOHAIBHUX
OomokiB  6i0miotekn  Simulink  3a0e3meuyloTh  MOMXJIMBICTH  PO3MIMPEHHS  (YHKIIOHAJTBHHUX
MOJKJIMBOCTEH 3aIIpONIOHOBAHOI MOJIETT.
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RESEARCH ON THE MODEL OF ASYNCHRONOUS TRACTION ENGINE
OF THE AC ELECTRIC LOCOMOTIVE

Promising electromotive rolling stock is based on application of asynchronous traction engines with a
short-circuited rotor. The use of asynchronous traction motor controller allows: increase power, tractive
force and speed of electromotive rolling stock, promote reliability and bring down the cost of life cycle,
increase lifetime. In addition to this asynchronous traction motor controller of double power gives an
opportunity to provide train traffic through the areas of direct current with a voltage of 3 kV as well as on
the areas of alternating current with voltage of 25 kV at a frequency of 50 Hz without replacement of
electromotive rolling stock. In the article the mathematical model of asynchronous traction engine is
considered taking into account electric and mechanical part of traction motor controller. A model
describes electromagnetic processes in stator windings in the fixed o, p, y coordinate system, which has its
axis combined with the axis of stator phases A, B, C. Processes in a shortcircuited rotor are described in
the rotating a, b, ¢ coordinate system. For the modeling of mechanical part of motor controller basic
equation of dynamics, that characterizes ratio between an electromagnetic torque and section modulus in
the shaft of the electric motor, is used. In a proposed model simulation and structural modeling methods
were implemented by means of function modules of the Simulink library. A model allows to investigate
transition processes given: nonsinusoidal and asymmetric supply voltage; saturation of the magnetic
system; current crowding out effect in the rotor conductors; presences of shortings between the turns of the
stator winding and damages of rotor rods. A mathematical model is implemented as matrix Simulink model
of asynchronous engine in MatLab. Credibility of the mathematical model was checked up while
conducting virtual researches of electromechanics characteristics of asynchronous engine of type
AD914.The outcome confirmed the adequacy of the implemented model and the possibility of the
implemented model to be used in other applications.

Keywords : mathematical model, asynchronous traction engine, simulation model, asymmetric
mode, nonsinusoidal tensions.
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ANALYSIS OF EMPIRICAL RESEARCH OF STUDENTS AND GRADUATES
OF THE FACULTY OF «RAILWAY TRANSPORT MANAGEMENT» ABOUT
THE STATE OF PSYCHOLOGICAL CLIMATE IN RAILWAY SUBDIVISIONS

In order to develop corporate culture in the Ukrainian railway subdivisions, this article analyzes
the empirical research of the psychological working climate at the regional branch of «South-Western
Railwayy JSC «Ukrainian Railways». The empirical research was conducted in the form of a
guestionnaire, based on three methods: assessment of the psychological atmosphere in the team
(according to A. F. Fiedler), determination of the index of group cohesion (K. E. Sishor), assessment
of job satisfaction (V. A. Rozanova). The research results showed the level of work satisfaction of
employees of the selected unit (specialists in transport technology) for various factors.

Keywords: organizational culture, psychological climate, work satisfaction, empirical research,
transport technologies.

Introduction. This article is the fourth in a series of articles on the state of corporate
(organizational) culture in the railway transport of Ukraine. The first article [1] was devoted to the
research of the necessity to use the principles of organizational culture in the system of railway
transport specialists formation. The research findings showed that obtaining positive results in the
reform of Ukraine's railway transport is possible only with the use of effective personnel management,
the implementation of which is based on the principles of corporate culture.

The second article [2] concerned the impact of staff on the socio-economic activities of transport
subdivisions. In the course of the research it was established that the labor potential is a vector
guantity, based on which, the task of organizational culture is to set the right direction of development
and the nature of the labor potential of the transport organization. The research results was proposed
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method of calculating the labor potential of the organization over time, and also was formalized
universal criteria for the growth of labor potential.

The third article [3] in a set of articles is devoted to the analysis of the directions of influence of
organizational culture on the activity of transport enterprises. Based on the research, it was found that:

a) the total growth of individual capabilities of employees leads to an increase in the potential of
workers' enterprises as a whole, an effective tool for which is the organizational culture;

b) organizational culture can help increase the competitiveness of the transport company, as
increasing labor potential has a positive effect on the results of economic activity of the enterprise.

This article is devoted to continuing the research of the necessity to improve and develop corporate
culture in transport enterprises. The relevance of the chosen research topic is due to growing competition in
the transport sector, which requires, in turn, a set of measures to increase the competitiveness of transport
enterprises. This requires not only investment in equipment and technological processes, but also the
implementation of a wide range of organizational and managerial and socio-cultural innovations.

Analysis of recent research and problem statement. In the previous articles of the authors [1-3]
the theoretical bases of organizational culture, features of its formation and application at the
enterprises of railway transport of Ukraine are stated.

The research [4] identifies the main directions of organizational (corporate) culture application in
railway transport in the future, and structural developments for the corporate culture management in
the scale of the company. An example of the organizational culture methods use in the passenger
economy of a railway company is also given.

Publications [5-10] provide an overview of the application of psychological methods and tools, as
well as vocational training in Ukraine and abroad. An attempt is made to analyze and suggest the use
of certain aspects of these components of organizational culture.

In [14] the authors determined that in railway transport corporate culture is a system of values, beliefs,
ideas, symbols, norms of behavior, traditions and rituals that are formed at the enterprise, reflect its
individuality, are reflected in the behavior and interaction of employees with one another and with the
external environment. The article focuses on the assessment of corporate culture on such key elements as
the most important characteristics of the organization, the overall leadership style in the organization,
management style in the organization, the unifying essence of the organization, strategic goals, success
criteria. In addition to these elements, an analysis of the propensity for a certain type of organizational
culture was also conducted. According to the research, the existing corporate culture in the field of railway
transport tends to a hierarchical type.A number of works by scientists of different years are devoted to the
study of corporate culture in various sectors of the economy and railway transport [15-21]. For example,
Hrebinska S. 1., Kalinichenko L. L., Vanchenko L. V., Hrebenyuk H. M., Korin M. V., Tokmakova I. V,.
Kuzub A. V. and others. Authors of most of these works look into the socio-economic aspect, motivation as
one of the factors in the development of the individual employee, which affects the activities of the
railway company, the psychological aspects of employees and more.

In the research [22], the authors analyzed the state of corporate culture in transport companies in
Slovakia and Germany. The authors found in Slovakia a hierarchical corporate culture with dominant
features, such as compliance with rules and regulations (top managers of these companies continued to
show a tendency to use it), and in Germany since approximately 2014 was introduced and developed clan
corporate culture (top managers focused on the needs of employees and their development). The authors of
the research recommend that top managers in Germany stay in this trend, and for top managers in Slovakia
it is proposed to change their perception and consider employees a key factor. Employees are the owners of
new creative ideas that allow companies to build their competitive advantage.

If the authors of the previous research surveyed top managers, the authors of the article [23] conducted a
survey of 64 European transport companies of different ages. The aim of the work was to identify
differences in the perception of the desired level of corporate culture by different generations. It has been
suggested that members of each generation differ not only in their behavior but also in their views and
values. Managers adapt the management style, leadership and motivation of employees so that well-
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motivated employees can properly influence the efficiency of enterprise processes. According to the
research results, the authors found that all generations of respondents working in European transport
companies prefer a clan corporate culture for five years.This culture emphasizes employees, customers and
traditions. Loyalty and teamwork are considered the main tools for business success. The authors state that
the hypothesis of the existence of generational differences in the perception of corporate culture has not
been confirmed.

We can also highlight the work of foreign scholars in the field of corporate culture on the activities
and efficiency of enterprises in various fields, namely Yanica P. Dimitrova, Silvia Lorincova, Milo$
Hitka, Zaneta BalaZova, Maria Magdalena Criveanu, Katarzyna Turon, Do Huu Hai, Nguyen Minh
Hai, Nguyen Van Tien and others [24-28].

The purpose and tasks of the study. To determine the state of some aspects of corporate culture at the
Regional Branch of the South-Western Railway in the opinion of specialists in transport technology.

Materials and methods of research. An empirical study in the form of a questionnaire was
conducted in june-july 2021. The questionnaire was based on three methods: assessment of the
psychological atmosphere in the team (according to A. F. Fiedler), determination of the index of group
cohesion (K. E. Sishora), assessment of job satisfaction (V. A. Rozanova).

49 people working in various positions in the regional branch of the South-Western Railway
(hereinafter — «SWR») of the Joint-Stock Company «Ukrainian Railways» were interviewed. The
average age of the subjects was 28.6 years (minimum — 21 years, maximum — 42 years); average
length of service — 7.6 years (minimum 1 year, maximum 19 years).

The control group of respondents consisted of recent graduates or part-time students majoring in
«Transport Technology» Faculty of «Railway Transport Management» of the State University of
Infrastructure and Technology. The survey was voluntary and was conducted by the authors in May-
June 2021. G. V. Popova, Candidate of Psychological Sciences, Professor of NTUU KPI, assisted in
the preparation of the questionnaire.

The corresponding empirical database (DB) of answers of respondents in Excel is formed. The
control group of employees is divided into 5 subgroups according to experience: 1 subgroup (up to 3
years) — 6 people; 2 subgroups (3-5 years) — 18 people; 3 subgroups (6-10 years) — 11 people; 4
subgroups (11-15 years) — 7 people; 5 subgroups (more than 15 years) — 6 people.

Accordingly, five database tables were formed: DB1, DB2, DB3, DB4, DB5, with which
calculations were performed.

1. At the first stage of the study, the psychological atmosphere was determined to find out what
prevails in the team of employees with different work experience. To do this, a method of assessing
the psychological atmosphere in the team by A. F. Fiedler [11].

The essence of the questionnaire: the proposed table (table 1) shows the opposite content of a
couple of words that can be used to describe the atmosphere in the team. The closer to the right or left
word in each pair is the sign «+», the more pronounced this sign in the team.

Table 1. Test material (questionnaire) by A. F. Fiedler

1 |2 |3 |4|5|6 |7 |8
Friendliness Animosity
Consent Disagreement
Pleasure Displeasure
Productivity Unproductivity
Warmth Coldness
Cooperation Inconsistency
Mutual support Malevolence
Enthusiasm Indifference
Interest Boredom

(Source: [11])
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The answer to each of the 9 items is evaluated from left to right from 1 to 8 points. The left is the
sign «+», the lower the score, the more favorable the psychological atmosphere in the team, according
to the answer. The final indicator ranges from 9 (the most positive assessment) to 72 (the most
negative).

Evaluation criteria for the psychological atmosphere of employees:

— high level = from 9 to 36 points;

— average level = from 37 to 54 points;

— low level = from 55 to 72 points.

In the table 2 and Fig. 1 shows the % ratio of employees with different length of service and their
results.

Table 2. Levels of feeling the well-being of the psychological atmosphere in employees
with different experience according to the method of A. F. Fiedler, %

The level of Subgroups
psychological 1 subgroup (up | 2 subgroup (3- | 3 subgroup (6- | 4 subgroup (11- | 5 subgroup (more
atmosphere to 3 years) 5 years) 10 years) 15 years) than 15 years)
High 16,7 % 0% 0% 14,3 % 0%
Average 16,7 % 333% 72,7 % 71,4 % 50 %
Low 66,6 % 66,7 % 27,3% 14,3 % 50 %

Graphical display of data is shown in Fig. 1.
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Fig. 1. Percentage of levels that have employees with different work experience

Comments and conclusions: almost 90 % of employees with short work experience (up to 3 years)
assess the psychological atmosphere as satisfactory and lower. Of the most experienced group (more
than 15 years of experience), no one rated the psychological atmosphere as high. This should alert the
management of the SWR.

2. Employee satisfaction with the method of Rozanova was determine at the second stage of the
reserch [12].

To do this, it is proposed to answer 14 questions (table 3) with answer options (for each question):

a) 1 —extremely dissatisfied,;

b) 2 — not satisfied;
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¢) 3 —not completely satisfied;

d) 4 — satisfied;

e) 5 — completely satisfied.

The numerical order of option is equal to the score (points).

Table 3. Research of determining employee satisfaction with the method of Rozanova

Questions

Points

3 |4 |5

1. Your satisfaction with the company (organization) where you work, in
general

2. Your satisfaction with the working environment (temperature, noise, comfort,
etc.)

3. Your job satisfaction

4. Your satisfaction with the coherence of the staff members

5. Your satisfaction with your chief's leadership style

6. Your satisfaction with the professional competence of your chief

7. Your satisfaction with the salary (in terms of its compliance with your labor
contribution)

8. Your satisfaction with the salary in comparison with how much for the same
work is paid at other enterprises

9. Your satisfaction with job promotion (professional promotion)

10. Your satisfaction with the opportunities for promotion

11. Your satisfaction with how you can use your experience and abilities

12. Your satisfaction with the requirements of work to the intellect

13. Your satisfaction with the length of the working day

14. To what extent would job satisfaction affect your search for another job?

(Source: [12])

According to this test, you can score from 14 to 70 points.

This test can also be used to assess the satisfaction of the whole team or group. In this case, the
arithmetic mean of the indicators are used. The evaluation of the results is carried out on the following
scale:

a) 15 — 20 points — extremely dissatisfied (1);

b) 21 — 32 points — not satisfied (2);

¢) 33 — 44 points — not completely satisfied (3);

d) 45 — 60 points — satisfied (4);

€) more than 60 points — completely satisfied (5).

In the table 4 presents the results of testing processing on 14 questions.

Table 4. General test results

Assessment Subgroups
1 subgroup (up | 2 subgroup (3-5 | 3 subgroup (6- | 4 subgroup (11- | 5 subgroup
to 3 years) years) 10 years) 15 years) (more than
15 years)
Arithmetic 41 48,7 42,5 40,1 42,7
mean

Graphical display of results — in Fig. 2.
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Overall job satisfaction

. m length of work more than 15
years

completely satisfied m length of work 11-15 years

satisfied
. length of work 6-10 years
not completely satisfied

not satisfied m length of work 3-5 years

extremely dissatisfied

m length of work up to 3 years

0 10 20 30 40 50

Fig. 2. Overall job satisfaction of employees in groups of length of work

Comments and conclusions: the second group of employees (3-5 years of work) is mostly satisfied
with their work, all others are not completely satisfied. The main reasons may be low wages and
uncertainty about the future.

In the table 5 provides information on satisfaction with each of the factors of Rozanova's test.

Table 5. Factors of employee satisfaction, %

Subgroups

Factors 1 2 3 4 5

D+2) | @+B) | (D+2) | @HE) | D+ | BHE) | DHR) | BHE) | DH2) | B+E)
2 3 4 5 6 7 8 9 10 11

1
1. Your satisfaction
with  the company
(organization) where
you work, in general
2. Your satisfaction
with  the  working
environment 50,0 | 50,0 | 22,2 | 50,0| 18,2 | 455 | 28,6 | 429 | 16,7 | 50,0
(temperature,  noise,
comfort, etc.)
3. Your job
satisfaction
4, Your satisfaction
with the coherence of
the staff members
(team)
5. Your satisfaction
with  your chiefs| 16,7 | 50,0 | 22,2 | 50,0 | 36,4 | 36,4 | 429 | 429 | 50,0 | 33,3
leadership style
6. Your satisfaction
with the professional
competence of your
chief

16,7 | 50,0 | 11,1 61,1 | 18,2 | 63,6 | 143 | 429 0,0 | 50,0

16,7 | 33,3 00| 77,8 00| 818 | 28,6 | 14,3 0,0 | 50,0

16,7 | 33,3 00| 722| 18,2 | 455 | 429 | 429 | 16,7 | 33,3

16,7 | 66,7 | 16,7 | 556 | 455| 36,4| 00| 429 | 50,0| 33,3
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Continuation of the table 5

1 2 3 4 5 6 7 8 9 10 11
7. Your satisfaction
with the salary (in
terms of its compliance | 66,7 | 0,0 |44,4 | 27,8 | 72,7 | 18,2 |100,0|0,0 |833 |0,0
with your labor
contribution)
8. Your satisfaction
with the salary in
comparison with how
much for the same
work is paid at other
enterprises
9. Your satisfaction with
job promotion | 33,3 | 16,7 | 11,1 | 55,6 | 455 | 18,2 | 429 |14,3 | 16,7 | 333
(professional promotion)
10. Your satisfaction
with the opportunities | 33,3 | 33,3 | 16,7 | 50,0 | 72,7 | 18,2 | 57,1 0,0 | 16,7 | 16,7
for promotion
11. Your satisfaction
with how you can use
your experience and
abilities
12. Your satisfaction
with the requirements | 33,3 | 33,3 | 5,6 778 | 36,4 |364 | 143 | 28,6 | 50,0 | 33,3
of work to the intellect
13. Your satisfaction
with the length of the | 16,7 | 33,3 | 16,7 | 72,2 |91 |72,7 |143 |714 | 16,7 | 83,3
working day
14. To what extent
would job satisfaction
affect your search for
another job?

66,7 | 33,3 (444 (278 [636 |91 |[714 |00 |833 |00

50,0 | 16,7 |56 |66,7 | 18,2 | 455 | 143 |28,6 | 16,7 | 83,3

50,0(333 |56 |556 |273 |273 286 |143 |00 |00

Below in Figures 3 — 16 present a graphical representation of Rozanova's test factors. In this case,
comments on each factor are provided below the figure, where the results are not obvious.
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% 1
100

80
60
40
20
0 i .

length of work up  length of work length of work  length of work  length of work
to 3 years 3-5 years 6-10 years 11-15 years ~ more than 15 years

M below average I above average

Fig. 3. Percentage of satisfaction with the organization as a whole

Analyzing the test results in Fig. 3 we can conclude that the more experience, the greater the level

of satisfaction with the organization. Personnel management of JSC "UZ" should pay attention to the
motivation of young people.

% 2
150
100
50

0 .
length of work length of work  length of work  length of work ~ length of work
up to 3 years 3-5 years 6-10 years 11-15 years ~ more than 15 years
M below average ¥ above average

Fig. 4. Percentage of satisfaction with the working environment

The level of satisfaction with the working environment is higher than the level of satisfaction with
the organization. The reason for this is that people like the work itself, which is confirmed by Fig. 5-6.
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" 3
100
80
60
40 -
0 7 T T |
length of work length of work  length of work length of work  length of work
up to 3 years 3-5 years 6-10 years 11-15 years  more than 15 years
M below average i above average
Fig.5. Percentage of job satisfaction
% 4
100

‘®m B B I =
0— T T T 1

length of wotk  length of work length of work length of work  length of work
up to 3 years 3-5 years 6-10 years 11-15 years ~ more than 15 years

M below average M above average

Fig.6. Percentage of satisfaction with the coherence of the staff members (team)

The authors did not expect such a high level of satisfaction with the coherence of those production

units where students and graduates of the specialty «Transport Technology» work.

% 5

100
80

60
40
20
O T T T T 1

length of work length of work length of work length of work length of work
up to 3 years 3-5 years 6-10 years 11-15 years more than
15 years

[ below average ¥ above average

Fig. 7. Percentage of satisfaction with the chief's leadership style
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As can be seen from Fig. 7 negative assessment of leadership style is directly proportional to
experience, it has increased 3 times in a conditional 12 years. This is clearly a dangerous situation for
lower- and middle-level SWR leaders.

% 6
100

80
60
40
; =
0 T T T T 1

length of work length of work length of work | length of work length of work
up to 3 years 3-5 years 6-10 years 11-15 years more than
15 years

M below average M above average

Fig. 8. Percentage of satisfaction with the professional competence of your chief

Estimation in Fig. 7 fully correlates with the assessment of the chief's competence. Quantitative
coincidences may be explained by the fact that respondents did not have the opportunity to meet in
person with the moderator of the questionnaire to provide comments on the difference between the
style and competence of the chief.

The assessment of salary satisfaction is fully expected, it is explained by the difficult economic
situation in JSC «UZ» and in Ukraine as a whole. Young professionals are happy with their earnings,
because this is their first experience and most of them have not yet started a family.

OA) 7

120
100
80
60 -

20 -

length of work  length of work  length of work length of work length of work
up to 3 years 3-5 years 6-10 years 11-15 years more than 15 years

M below average M above average

Fig. 9. Percentage of salary satisfaction
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OA) 8

120
100 -
80 -
60 -
40 -
20

length of work  length of work  length of work  length of work  length of work
up to 3 years 3-5 years 6-10 years 11-15 years  more than 15 years

M pelow average i above average

Fig. 10. Percentage of salary satisfaction in comparison with how much for the same work is
paid at other enterprises

Indicators of this factor are also predictable. They are explained by the lack of wage growth for
several years due to the decline traffic volume in rail transport. At the same time, there are some areas
(IT, banks, trade, logistics companies), as well as new businesses with foreign investment and
management, where wages are quite high.

% 9
80

60

40 -

20 l

0 - 1 | !

length of work  length of work length of work length of work length of work
up to 3 years 3-5 years 6-10 years 11-15 years more than
15 years

Hbelow average & above average

Fig. 11. Percentage of satisfaction with official (professional) promotion
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0% 10
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0 ! 1 | | !

length of work length of work length of work length of work length of work
up to 3 years 3-5 years 6-10 years 11-15 years more than
15 years

M below average M above average ‘

Fig. 12. Percentage of satisfaction with the opportunities for promotion

The greatest dissatisfaction with the opportunities for promotion belong to employees with
experience of 6-15 years, because they are professionals with experience, intention and confidence in
their abilities. This is also the expected empirical result. But the level is too high — more than 70 % in
the third subgroup and almost 60 % in the fourth.

% 11

120
100
80
60
40
20

0 T T T T T

length of work length of length of length of length of

up to 3 years work work work work more
3-5 years 6-10 years 11-15 years than 15 years
i below average ¥ above average

Fig. 13. Percentage of satisfaction with how you can use your experience and abilities

Data in Fig. 13. correlate with the data in Fig. 12. Positive self-esteem of people has increased
almost 5 times from the first to the fifth subgroup in accord with length of work.
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% 12
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length of  length of length of length of length of
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3 years 3-5 years 6-10 years 11-15 years than 15 years
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Fig. 14. Percentage of job satisfaction to intelligence

50 % of young professionals believe that their intellectual level is higher than the tasks offered to
them. This can be explained by the high risk of transport technology and the desire of management to
prevent accidents, as well as the level of automation, which young people know better than people
with significant experience.

o 13

120
100

80
60
40
20 l
0 . . . .

length of work length of work length of work length of work length of work
up to 3 years 3-5 years 6-10 years 11-15 years more than
15 years

H below average W above average

Fig. 15. Percentage of satisfaction with the length of the working day

Almost all subgroups of employees are more satisfied than dissatisfied with the length of the
working day. This is due to the tradition of railway transport and the "focusing" of trade unions on this
indicator.
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M below average M above average

Fig. 16. Percentage of how job satisfaction would affect your search for another job

Young workers (50 %) are ready to look for another job, with experience of 11-15 years — twice as
little , and 15-year-old professionals do not want it. We should also pay attention to the fact that there
are many places in Ukraine where there is no other job than rail transport. The situation is quite
logical, for a more definitive estimate requires comparison with another production area.

3. In the third stage of the research was determined cohesion of employees in order to define
whether there is a union of people into a single whole or, conversely, there is a difference in the
interrelation in the team with different work experience. To do this, a method to determine the
cohesion of Sishor was used [13].

To do this, each of the test subgroups must choose one answer to each of the five questions - table 6.

The number of answer points is given in parentheses.

Scale or levels of group cohesion [13]:

more than 15.1 points — high;
11.6-15 points — above average;
7-11.5 — average;

4-6.9 — below average;

4 and below — low.

The average scores of employees with different length of work and their results are shown in the
table 7 and in Fig. 17.
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Table 6. List of questions to determine cohesion

1. How would you rate your group affiliation?

a) | feel like I am a member of it, part of the group (5).

b) | participate in most activities (4).

c) | participate in some activities and do not participate in others (3).
d) I do not feel that I am a member of the group (2).

e) I'm living and existing separately from it (1).

f) 1 don't know, it's hard to answer (1).

2. Would you move to another group if such an opportunity arose (without
changing other conditions)?

a) Yes, | would like to go very much (1).

b) Most likely I would move to another group, than | stayed (2).
c) | do not see any difference (3).

d) Most likely to remain in this group (4).

e) | would like to stay in this group very much (5).

f) 1 don't know, it's hard to say (1).

3. What are the interrelations between members of your group?
a) Better, than most groups (3).

b) Approximately the same as in most groups (2).

c) Worse than in most groups (1).

d) I don't know, it's hard to say (1).

4. What is your interrelation with management?

a) Better than most groups (3).

b) Approximately the same as in most groups (2).

¢) Worse than in most groups (1).

d) I don't know. (1)

5. What is the attitude to the case in your group?

a) Better than most groups (3).

b) Approximately the same as in most groups (2).

c) Worse than in most groups (1).

d) I don't know. (1).

(Source: [13])

Table 7. Levels of cohesion perception of people in the group of workers with different length of
work according to the method of K. E Sishor (arithmetic mean)

Assessment Subgroups
1 2 3 4 5
Arithmetic mean 14,67 14,78 14 12,14 11,83

Arithmetic mean = | 14,67 +3,89 | 14,78+5,50 | 14+491 | 12,14+526 | 11,83 +3,47
Standard deviation

The following formulas (1-2) were used to determine the arithmetic mean and standard deviation
(table 7)

2 %i(h)
arithm. == —; 1)

n;
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Zj:(xi —aryth.m.;)?

stdev.; = i1 - (2
n; -1

where x; — the number of the subgroup of the control group (j =1, 2,..., 5);
n; — number of persons in the j-th subgroup.
Graphical display of data is shown in Fig. 17.

Cohesion of people in the group

high level = length of work more than 15
i years
above average = m length of work 11-15 years
average level length of work 6-10 years

below average m length of work 3-5 years

low level m length of work up to 3 years

0 5 10 15

Fig. 17. The average mean of employees with different length of work and their levels

From Fig. 17 it is obvious that the cohesion of people is above average level for all groups of
respondents. This is a positive point that should be used by personnel management when choosing
forms of organizational work. Also it should be noted that the unanimity of assessment among young
professionals is higher, due to youthful maximalism.

Conclusions

1. It should be noted a fairly high level of satisfaction with the work environment, which can be
explained by the fact that people like the work itself. This is typical of «real railwaymen» who are
patriots and even «fansy of railway transport.

2. The results of a high level of satisfaction with the coherence of those production units where
students and graduates of the specialty «Transport Technology» work were unexpected, which can be
explained by the professional level or long period of work in one unit.

3. A negative assessment of the style and competence of lower and middle managers of the SWR is
directly proportional to the experience of transport management staff: the more experience, the less
positive assessment.

4. The greatest dissatisfaction with the opportunities for promotion belong to employees with
experience of 6-15 years, because they are professionals with experience, intention and confidence in
their abilities. This is also the expected empirical result. However, it should be noted that the level of
dissatisfaction with promotion is too high: more than 70 % of employees with 6-10 years of lengh of
work and almost 60 % — for 11-15 years of experience.

5. 50 % of young professionals believe that their intellectual level is higher than the tasks offered to
them.

6. Cohesion of people in linear structural units is above average for all groups of respondents,
regardless of experience.
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7. Given the dynamic structural and economic changes in JSC «Ukrainian Railwaysy, this reserch
recommended to be done regularly every 2-3 years [29]
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OCHOBHI HIAXOJU 10 YIIPABJIIHHA PYXOM CYJHA HA KYPCI

Ynpaeninus pyxom cyona na Kypci — 6axiciuéa MOpCbKa AKICb, WO UHAYAE eheKmUsHicmb
Kepy8aHHsi CYOHOM. YMo8u 008KiNIA, 8 AKUX HEOOXIOHO 8upiuLyeamu 3a80AHHS 3 YNPAGIIHHA KYPCOM,
Mawomy pizHy npupooy — 00MedceHa SUOUMICIb, WMOPMOBA N0200d, O00AeOeHIHH:, MIIK080004,
NPUNIUGHI S6UWA, BY3bKI YMOGU, HAAGHICMb IHWUX CYyOeH mouwjo. Yci yi acnekmu He MOJNCHA
KOMNJIEKCHO PO32TAHYMU MPAOUYTUHUMY MAMEMAMUYHUMY Memooamu, 3abe3neuyodu HeoOXIOHY
aoexkeamuicms pakmuyHo2o npoyecy.

B oauiu pobomi oceimneni icnyioui nioxoou 00 YNPAGNIHHSA PYXOM CYOHA HA KYPCI Maki sK
KYPCOBUIL CNOCIO YNPAasaiHHs, YNPAGIIHHSA 3a 30VPEHHAM, YAPAGLIHHA PYXOM CYOHA HA KYPCL HA OCHOGI
NPUHYUNY 00820CMPOKOBO20 NPOSHO3Y8AHHS, NPONOPYIlIHO-IHmMezpaibHo-Oupepenyitnutl (I11]) 3axon
VIPAGNiHHA (YNPAGTIHHA 30 BIOXULEHHAM), THMENEKMYAIbHi NiOX00U 00 YNPAGIIHHS CYOAMU, 30Kpema,
cuHepeemuyHUll NioXi0, BUKOPUCMAHHA HEUPOHHUX Mepedic, HedimKoi JN02iKu ma eBoMoYIHUX
(eeHemUUHUX) ANeOPUMM-MO8.

Knirouosi cnosa: keposanicms, 30ypenns, gioxunenus, [11/]-3axom.

Beryn. TouHIiCTh ympaBIliHHA CyIHOM Ha Kypci € akTyallbHOIO mpoOiemoro. JlocmimkeHHS B
rajiy3i ynpasiiHHS KypCcOM CyJHA Ba)\JIMBI B OO0JIACTI YNpaBIiHHSI PyXOM CYJAHA, B SKiil TOYHICTh
VIpaBIiHHS KypCOM CyJlHA 3aBKIU Oylia akTyalnbHOI TpobieMoro. Uepe3 HeBU3HAYEHI 30BHIIIHI
BIUIMBHU IPU KEPYBaHHS CYyJHOM BUKJIUKA€E TPYIHOILII.

ITpu mocaami abo BHUcamli JIOIIMaHa PEXUM MaHEBPYBaHHS CyJHA TOBHHEH OyTH CTIMKUM Ha
NEBHOMY Kypci; KyT IIBapTyBaHHsS HEOOXiJHO MOCTIHHO peryiaioBaTH Mij Yac IIBapTyBaHHS, 1 JUIs
BOI'0 MOJETb KOHTPOJIO cTalinizauii Kypcy MOBMHHAa OyTH IE€peTBOpEHa Ha MOJIEJIb KOHTPOJIIO
BIZICTeXKEHHS KypCy, 110 O3HAYa€, 10 KOHTPOJIb BUTPUMYBAHHS Kypcy MOBUHEH OyTH OilbLI TOYHUM
1 MympTUMOAaIbHHM. KpiM TOro, 3 TOCTYNOBHM TPOCYBaHHSM JIOCII/DKEHb I1HTEIEKTYyalbHUX
0C3MUTOTHUX KOMEPIIMHMUX cyneH, crabimi3amis Kypcy Tako Mae OyTH po3MIMpeHa 1o obiacti
MaHEBpPYBaHHS B IOPTY.

AHaJi3 ocTaHHIX J0CTiIKeHb i MOCTAHOBKA MPo06JieMHu. Bennka KiTbKiCTh aBTOPiB MPHUCBSITHIH
cBOi poOOTH MPoOIIEMi KEPOBAHOCTI CyTHA, CEpell SIKUX HEOOXITHO BUAUNTH (pyHIaMEeHTalIbHI poOOTH
I'.B. CoboneBa, P.A. Ilepmuna, FO.JI. BopobiioBa Ta T.I. ®occena [1-4]. Tak camo Bizomi podotu
3apyOixkHux aBropiB K. Homoro, €.B. JleBannoscki 1 1. Makkanyma [5-7]. ¥V nux poboTax HaBeneHO
JIOKJIQJIHUI MaTeMaTHYHHUI OITUC JIMHAMIKW Cy/IHA 1 HABOJSITHCS PIBHSHHS HOTO KEPOBAHOCTI.

Mera i 3aBaaHHs JocaimkeHHs. MeTa qaHOI CTAaTTi - OMIAJ CyYacHHMX IIJAXOJIB JO YIpaBIiHHSI
CYJTHOM Ha KypcCi Ta aHai3 iX e)eKTUBHOCTI 3 TIO3HIIii 3a0€3MeYCHHs OC3MEeKH IIaBaHHSI.

Martepiajiu Ta MeToaH HociaimkeHHs. [Ipu kypcoBomy crioco6i (puc 1(a)) cyaHO yHpaBiaseTbes
Mo Komracy, Oe3 ypaxyBaHHS 30BHIIIHIX 30ypeHb 1 OOCTaBMH IUIaBaHHSA, pyx 0e€3 CyaHa MiX
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NYTHOBUMH TOYKaMH He Kopuryerbcs. [Ipu Takomy crocoOi BiAXWICHHS Bifi HAMIYEHOTO HUISXY
BiIOYBa€ThCS 32 PaxyHOK [Iii SIK 30BHINIHIX, TaK 1 BHYTPIMIHIX ()aKTOpiB MaKCHMAaIIbHO, IUIAHOBA
TpaekTopisi He BpaxoByeThcs. CyIOHO HIKOIM HE TMPHie B MYHKT NpPHU3HAYEHHS, XO4Ya BIH
BUKOPHUCTOBYETBCS Ha Bipi3Kax IUIIXY MK oOcepBatismu [8].

A

Puc. 1. A) Kypcosuii cnocio kepyBanus. B) Bin « WP 1o WP». B) 3a Binxunenns. I') 3a 36ypeHHsM

Pexxum aBTOmpoBoakM 3a MapiipytoM «Bim WP mo WP» (Way point steering) (puc 1(0))
MOCITITOBHO 3aCTOCOBYETHCS TICIS KOXHOTO MOBOPOTY HAa HOBUH Bimpizok Mapuipyty [9]. Tomy
PO3TIISIHEMO CIIOYATKy aqrOPHTM YIPABIIHHS JI0 BBEJCHOT OJHIET MyThOBOT TOUYKM B, MOYMHAIOYH Bij
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MOMEHTY BKJIKOYEHHsS LLOr0 pexXuMy B Todli. [Ipumyctumo, cyaHo ciimysano Kypcom Ko, Oyio
o6paro (yHKIiI0 «3 3amanon kyrosoro memkiction A, (0,1+1,0¢C)6ins nosopory Ha kype z0
Toukd B. 3 MoMeHTy BKIroueHHs pexumy «Way point steering» cucreMa KepyBaHHs 4Yepe3 Malvid
inTepBan gacy At (0,1+1,0 ¢) mounHae po3paxoByBaTu nenenr [/, Ha Touky B, a Takox 3HaYeHHS

¢byHKLIT, 0 33a7a€ 3MiHY Kypcy, 3T1IHO alrOPUTMY:

AKIIO |HJ _KJ|>5 o K3y =Ky, + @A, 1)
we Kyy =11 -y.

ne § - Mana BenuunHA; K - 3HAaUCHHS OTOYHOTO KypCy.

Perymsitop BupoOnsie mepekiaaku kepma juist 3abesmeuennst pisaocti K; ta K,;. Kinuem
MIOBOPOTY BBAXKAETHCSA MOMEHT, KOIU B HEPLIUiA pa3 yMoBa |H ; — K, | >0 ue BuKoHyeThcs. Ilicis

LIbOTO 33 AITOPUTMOM 3HAXOMAThCs 3HadeHHs K,; mis pyxy y Hampsmky mo touku B. 3HaueHHs
TMeJIeHra Ha TouKy B y 11boMy BUIaJIKy BHUIIPaBIIAIOTHCS MOMPABKOIO HAa KyT 3HOCY } . SIKIIO CynHO

3HOCUTBCS BITPOM 1 TeWi€l0, TO TpPHW YTPUMaHHI KypCy Ha IYThOBY TOYKY TPAEKTOpisS CyIHA
BIIXWJISIETHCS BiJl HANPABJICHHSA HA 1[I0 TOYKY, ke OyJO0 B MOMEHT 3aKiHYCHHsI TIOBOPOTY Cy/JHA Ha
Kypc 1o Hei. J[yist 3MeHIIIeHHs] TaKOTO BiIXUJICHHS CJIiJl BpaxXyBaTH KyT 3HOCY. Moro 3HaYeHHS MOXe

OyTH 3Hal/ICHO IHTETPYBAaHHSM ) = a”J.(H -K )dt , a0 OTpHMAaHO 3a JaHMMHU NPUHOMOIHJMKATOpa

GPS. 3 ypaxyBaHHSIM KyTa 3HECEHHs Ha 3aJaHy IYTbOBY TOUKy Hampasiserbesa He Il cyana, a
BEKTOP HIBUAKOCTI HOTO PyXYy.

Ipu xypcoBomy 1o BiaxunenHio crocobi (puc 1(8)) KK, = IK| +AK xypc cyana 3MiHIOEThCS
1Iopasy, KOJM TPOBOAMTHCS BU3HAUCHHS MICLS 1 BCTAHOBIIOETHCS, IO BiAOYJOCS HENPUITYCTHME
3MIIIEHHS BITHOCHO IuIaHOBaHOI Tpaektopii. Ilepepaxynok kypcy [K, mpoBOIMTBCS 3a MOTOYHHM

3HAYEHHSIM KOOPJIUHAT 1 MOJAIBIIOT HOJOPOXKHBOI TOUKHM, 1 YMM YacTille BU3HAYAETHCS MicLE, THM
TOYHIIIIE CyIHO BHIJIC B HAMIYCHY TOUKY.

Jns perymtoBaHHS 00’€KTaMH KepyBaHHS, SK TPaBHUJIO, BUKOPHCTOBYIOTH THIIOBI PETYISTODH,
Ha3BU SKHUX BIAMOBIJAIOTh HA3BaM THUIIOBHUX JIAHOK:

[1-perynsitop, nponopuiiiHuil perymsitop. [lpunnun aii nonsrae B ToMy, IO PETYISTOP BUPOOIIsIe
KepYIUHii BIUTUB Ha 00’ €KT POTOPIIHO BETNYMHI TOMHIIKHU (MM OibIna nomiika E, TuM Oimsimit
Kepyrouni BIUIUB Y).

I-perynsrop, iHTerpyrounii perynstop. KepyBanus npornopuiiiHo 10 iHTerpaty BiJ IOMHIIKH.

H-perynsarop, mudepenimiroounii peryistop. CTBOPIOE KEPYOYHil BIUIMB TIABKA TNpPU 3MiHI
perynboBaHoi BenmumuuHH. Ha mpaktuni mpocti I, 1, I perymsatopu KOMOIHYIOThCS B PETYIISITOPU
suny 11, TTJ, TTI.

3anekHO Bif OOpaHOro BHUTIISLY PETYISITOp MOXKE MaTH TpomopliiiHy xapakrtepuctuky (I1),
npornopiiiHo-iHTerpanbHy xapaktepuctuky (I1I), mpomnopuiliHo-audepeHiansHy XapaKTepUCTUKY
(ITJ1) abo mpomopiiitHO-iHTEerpambHy (130[pOMHY) XapaKTEPUCTHKY 3 BIUIMBOM 3a moxigHoto (I111-
perynarop).

[pu npomnopiitinomy 3akoHi ynpaeninas ([I-perynsrop) piBHSIHHS cucteMu «AP-cymHO»:

fW AW = kP M, @

ne M 'y — HaBeneHuit 30yproroUmit MOMEHT.

Cucrema crabimizaiii kypcy 3 [I-perysisTopoM i HECTIHKUM Ha Kypci CYIAHOM Hemnparie3aaTHa. s
CTifKNX Ha Kypci cynen [I-perymsarop € HeedekTuBHUM. Uepe3 HEBUKOHAHHS HUM 300YTTS CYIHO
S —
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3IHCHIOE KOJIMBAaHHS MO0 3aJaHoro kKypcy. Kpim Toro, mpu aii Ha CyaHO OTHOCTOPOHHIX (pakTOpiB
CHCTeMa Ma€ CTaTUYHY MOXHOKY, SKa MPOTOPIIiifHa MOCTIiHIN CKIaI0oBiii MOMEHTY 30BHIIIHIX CHI. 3
Ha3BaHUX NMpUUIWH [[-perynsarop BBaxKaeThCsA HE3aAOBUIHHUM JUTA cTabiTi3alli KypCcy MOPChKHX CYZCH.

[Ipu nponopuiiino-gudepenuiinomy 3akoni ynpasininas (I1J]-perynsTop) piBHSIHHS BUIBHOTO PyXY
CAVg mae Burisin [10]

K.k, k.k;
e Wy = T_’ Wy = .
1 1

Iopisarotoun [I-perynsrop i [1J]-perymsitop ans cTiikux Ha Kypci Cy/ieH, MOKHA ITOMITHTH, IO B
OCTaHHBOMY € OLTbIlIe MOXKIMBOCTEH 330BOJBHUTH BUMOTH JI0 SIKOCTI ympaBiiHHA. TyT KoedimieHT

P+ 2y, ¥ + @, =0, ©)

Oinbple B (ksk1 +1) pa3, Hix y [I-perynsaropi. lle npu3BoauTh 10 OUIBII MIBUAKOIO 3aracaHHS

KOJINBaHb MPH MPUXO/i A0 3a7aHoro Kypcy. [Ipu 30BHIIIHBOMY BIUIMBI cTaTudHa moxuOka mpu [1/1-
3aKOHI YTMPaBITiHHS, BU3HAYAETHCS THM e BHpa3zoM, o i B Il-perymstopi. ABropymeoBi 3 I1JI-
3aKOHOM YIPaBJIiHHS 3HAUIUIN IPAKTUYHE 3aCTOCYBAHHS 1 BUITyCKAIOTHCS IIPOMHUCIIOBICTIO.
Kepytounm opranom y cucTemi aBTOMaTtW4Horo ynpasmiHHsA kypcom cyana (CAVYKC) e
aBTOPYNHOBHIA. B OCHOBI #Oro poOOTH NEXUTH MPOMOpPUiHHO-iHTerpanpHO-nudepenmiiauii (I11/])
3akoH ympaBmiaag. CydacHi AP 3a3Bu4aiil BKirouaroTe 610k mporpam ManeBpiB (BIIM) i perymsrop,
110 BUPOOJISIE€ CUTHAJ MEePEKIIaiKy KepMa 3aJIe)KHO BiJl TOMIIIKY YIPaBIiHHS (IPUHLIUT YIPABIiHHS 32
BigxuneHHsam). [IIJ]-perynsarop y cydacHOMy po3yMiHHI OyB 3ampOIOHOBaHHMH Y CTaTTi Mukomu
Minopcrkoro B 1922 pomi. Bin 3anponoHyBas, 110 MO>KHa BUKOPHUCTOBYBATH TaKHi KEPYIOUNH BILIUB

u(t)=ke(t), k>0, (4)

ne k — mesika mocriiiHa.

Puc. 2. Buxin cynna Ha kypc npu kepyBanuni U (t) =ke (t)
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[Mpu T I-anroput™i piBHSIHHS CHCTEMH CTa0lIi3alii Kypcy npuiMae BUTIISIL
P W =k, (0P + Pk [ Pdt)+ M . (5)

Judepenuirooun 1e piBHIHHS, OTPUMYEMO

dM

oW +(kk, 1) P +k kP +k kP = (6)

Y pexnmi, mo BcraHoBuscs W =0. Cucrema 3 I[lIJI-perymstopoMm crilika, Komm Bci il

KoeilieHTH TO3UTHBHI (ks K, il) kK, > 7,k K; . Cratiuna noxu6xka npu IT1/]-3aK0Hi 1OpiBHIOE HYIIO

Y__ =0, T1o0To cuctema cTadimi3allii Kypcy € aCTaTUYHOIO.

yer

OpauM i3 crmoco0iB MiABUINUTH SKICTh YTPUMaHHS Cy[IHA Ha Kypci € YIpaBIiHHA 3 JOJAaTKOBHM
KaHaJoM 3a 30ypeHHsAM. HailOinpIm O4eBHIHUM CIIOCOOOM MIJABHINUTH SKICTh YTPUMaHHA Ha Kypci
MPEJICTABIISIETHCS. YIPABIIHHSA 3 JOJATKOBUM KaHaJoM 3a 30ypeHHsM. Takuil croci® ynpaBiiHHS
noTpedye HASIBHOCTI Ha Cy[HI JOAATKOBUX MATUWKIB, IO BIUMIPIOE TIApAMETPH BITPY Ta XBUIIIOBAHHS
Ta TepeAarTh iH(GOpPMAII0 [0 HHUX 10 aBTOPYJIHOBOI dYepe3 BIAMOBIAHI KOMIICHCAIINWHI JIAHKU.
ABTOPYJBOBHI Jajli Ha Iiif OCHOBI 3[IIHCHIOE TIEPEKIIAAKY KepMa Ha KyT, HEOOXiTHHUN ISl YCYHEHHS
MOJKJIMBOTO 3HECECHHS 3 33/IaHOT0 KypCY, BUKIUKAHOTO UM 30ypeHHsM. OCHOBHY 30ypIOIOYOMY Hist
mpu cTabimizalii Ha Kypci Hajjae MOPChKE XBHITIOBaHHSI.

VY BigKpUTOMY MOpi, SIK MOKa3ylOThb JIOCHIIKEHHS, BOHO HeperyisipHe. Kpim Toro, B mropMoBy
MOTO/ly Ha BJACHI KOJMBaHHS CyJHA Ha Kypcl HAaKJIQJAIOTHhCS BUMYIICHI KOJNWBAHHS - HUIITIOPEHHS.
[lpsamuit 3B'I30K MK BUMIpEHUMH 3HAaY€HHSIM 30BHIIIHROTO OOYpPEeHHS 1 BEIMYHHOIO KyTa
PO3IIYKYBaHHS, HUM BHKJIMKAHOTO, CKJIAJHO PO3paxyBaTH. Takuil 3B’S30K MOYKHA BU3HAUYUTU TUIBKH
CTaTHCTHYHMMH METOJIAaMH 32 JOTIOMOTOI0 KOpesiiiauX QyHkuiil. BuHnkae HEOOX1IHICTh Y CTBOPEHHI
MaTeMaTH4YHOI MOJelNi sl KoMIleHcamii 30ypeHHs KyTOM TEepeKNIaKu KepMma. Y po0oTax AESKHX
CyYacHHX aBTOpiB, 30kpema [11], mociimKyeTbcsi MOXIMBICTH CTBOPEHHSI TAKHX KOMIICHCATOpiB. Y
poboti [12] po3pobnenuii edekTuBHMIA alropuT™ craliiizaiii CyJAHa Ha Kypcl MpH MOCHiIOBHOMY
34YMCJICHHI Ta oOcepBailii pyxy CyaHa. 3alpoIlOHOBAaHO ajirOpUTM OOJIIKY BEKTOpIB Tedil Ta BiTpO-
XBIWJILOBOTO 30YpEeHHS B TOYATKOBIM TOYI HUIIXY Cy/JHA, BBaKAIOYM MOJIYJNb BiJHOCHOI HIBHUIKOCTI
CyAHa TOCTiHHMM. Y poOOTi HaBeJCHO MOJeNIb BH3HAUEHHS EJIEMEHTIB pyXy CyAHA Y BUIJIAMI
ITOPUTMY, IO MPEJCTABISE IMOCIIIOBHICTh ONEpaTopiB MPUCBOIOBAHHS, Ta OMEPATOpPiB BBOIY, JPYKY
Ta BUXOJIY, CKJI/IAI0Th OJIOK-CXEMY HOTo MpOorpaMHoi peasizarii. Y craTTi HaBeIeHO TaK caMo alrOpHTM
pO3paxyHKy MOMYJTIB 1 BHYTpINIHIX KyTiB BEKTOPHOTO TPUKYTHUKA, YTBOPEHOTO B pe3yibTaTi
oOcepgarrii. OcTaHHIM KPOKOM OYJIO PO3IJISHYTO MOBEPHEHHS Ha JIHIIO MUIAXY CyJIHA 332 HACTYITHHI
BiIpi30K uacy, piBHHMH onHiil Tomuni. [Ipu 1mpomy 30epiraerbesi MOAYNb MIBHAKOCTI CyIHA, MOIYJb i
HaNpPsIMOK BEKTOPY CYMapHOTo 30ypeHHS, a IIISX0BA IMIBUIKICTH CyHA € 3MiHHOO (puc. 1(T)).

Ile omHUM METONOM YIPABIIHHS PYXOM € YIOPaBIiHHA Ha OCHOBI JIOBFOCTPOKOBOTO
nporuo3yBanHst [13]. BiAmoBigHO 10 i€l JOBroCTPOKOBOTO MPOrHO3YBaHHSI, TOBEIHKA CY/IHA, Yepe3
Horo iHepHilHOCTI, Ha JEJIKOMY HEBEIMKOMY TIPOMDKKY 4Yacy MOXKe JJOCHUTh TOYHO OyTH
CIIPOTHO30BaHA, III0 32 CBOEIO CYTTIO € OUIBII JTOCKOHAJIUM aHAJIOTOM Mii JAU(EepeHIIHOro KaHaTy
M[I-perynstopa. JlaHuit minxin, ofHaK, BAMara€ 3HAYHO OUTBIINX OOYHCITIOBAIBLHUX BUTpar. Y
KO>KEH KOHKPETHUH MOMEHT 4acy poOMTHCS MPOTHO3 3HAYEHb KypCy CylHa Ha TpuBaiuid TepMiH. Llei
NIPOTHO3 IPYHTYETHCSA HAa MaTeMaTHUUHIN MOJeNi JUHAMIKM CyJHa sIK 00’€KTa yrnpaBiiHHs (IBHO ab0 B
ANTOPUTMI YNPaBJiHHS). ABTOPH METOJly BBaXKarOTh, IIO 3 HOTO JOMOMOTOK MOXKHA Oyze Kpaile
BpaxyBaTH MIHIUBY JTWHAMIKy cynHa (0COONMBO B YMOBaX XBHJIFOBAaHHS), 3a0€3MEUHBIIH THM CAMUM
Kparle Horo yrnpasiiHHA.
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[Tporuo3 3anmexuTh BiJ ClieHAPil0 YIPaBIiHHSA B MallOyTHBOMY, sSIKE epea0ayaeThCcs MOCTIHHUM Ha
BECh Yac MPOTHO3YBAaHHA. 3 ACKLIBKOX CIICHAPIiB yIpaBIiHHSI BUOMPAETHCA CTPATETis, 0 3a0e3Medye
HalKpamry CXOXICTh BHXIHOT KOOpPAWHATH (CHpaBXHIM Kypc) OO 3HA4YeHHAM, IO 337a€ThCS.
Crpareris, BuOpaHa siK HaliKpalia, 3aCTOCOBYETbCA MOTIM SIK KepyIOUHMH BIUIMB, MPOTE TiLIBKH Ha
3aJaHuil yac. Y HACTYMHHUH MOMEHT JUCKPETHOTO 4acy BCs MPOLEAYpa MOBTOPIOETHCS, B pe3yabTaTi
yoro 3abe3redyeThcsi yTOUHEHa Kepyroua mis. Taka cTpaTeris Bifoma IIiJi Ha3BOIO CTparerii
YIPaBIiHHS 110 TOPU30HTY, IO BiTATSETHCS.

OcTaHHIM YacoM JUIsl LiJIeH yNpaBIiHHS CKJIQJHUMHU HENIHIMHUMH 00’ €KTamH, IO MPAIfolTh B
YMOBaxX HEBH3HAUCHOCTEH, B SIKOCTI aIbTEPHATHBU TPAAMIIIHUM IIiIX0/1aM, BCE IIUPIIE TTOYNHAIOTH
3aCTOCOBYBATHCS METONW 1HTENEKTyaJbHOTO VYIPAaBIiHHS 1, 30KpeMa, CHHEePreTHYHWH IiaXil,
BUKOPUCTaHHS HEHPOHHUX MEPEX, HEUITKOI JIOTIKM Ta €BONIOUIHHUX (T€HETUYHHX) alrOPUTM-MOB.
[TonibHi migxomum 10 YHpaBIiHHA PYyXOM CYAHA TOKH OCBITICHI Majlo, MPOTE KUIBKICTh POOIT,
MPUCBSIYEHUX i TeMi, 3 KOXHUM pOKoM 30utbmryerscsi [14-15]. B ocHOBHOMY, ifei IITy4HOTO
IHTENIEKTY TPOIIOHYETHCS pealli3yBaTh TPU CTBOPEHHI CUCTEM MIiATPUMKM NPUHHATTS pillleHb
CYJHOBOJiSl B CKJIQJHUX CUTyallisiX YIHpaBliHHSA cygHOM. Jlo Takux cHUTyamiid BiTHOCATH: BHUOIp
ONTHMATBHOTO MapIIPYyTY; OILlIHKA PU3UKIB; YIIPABIIHHS PyXOM CYIHA Ha TPAEKTOPIi.

BucHoBku. 3a pesynbprataMy aHami3y, OMUCaHI B JITEpaTypi METOAHW BIOCKOHAIICHHS ICHYFOUHX
CIOCOOIB YIPABIIHHA PYXOM CyIHa MOXKHA PO3IUIMTH Ha JBI TPYNU: TPATUIIAHUN MiaxXin Ta
3aCTOCYBAHHS KOHIICIIIIT «M’SIKHX OOYMCIICHbY», a CaMe. BUKOPUCTAHHS HEHPOHHUX MEpPEeX, HEUiTKOT
JIOTIKH Ta €BOJIOUINHUX (T€HETHYHUX ) AITOPUTMIB.

HatinommupeHinmM € ynpaBiiHHSI CYAHOM 32 BIIXWJICHHSM, IO € HEOOXIIHUM, aje¢ HEIOCTATHIM
Ut 3a0e3meyeHHs Oe3NeKkH CYIHOIUIABaHHS, OCKUTBKM BOHO BPaxoOBYE TiNBKH HOPMAIIbHUI BIUIHB
30BHIITHROTO 30ypeHHs 0e3 ypaxyBaHHS HOTO HampsMy. PerymioBaHHS pyXy cydaHa 3a 30ypeHHSIM
MiIBUINYE SIKICTh YTPUMaHHS CyAHA Ha JiHil Mapupyty. OJHAK MHUTaHHS BUKOPUCTAHHS IaHOTO
METO/Y IPY BUPIILICHHI 3a/1a4 YIPaBIiHHSI PYXOM CyJHA B JIITEpaTypi MOKHU IO BUCBITIICHI Mallo, IO
JI03BOJISIE BBAKATH IIeH HAIIPSIM JIOCTIKEHb IEPCIEKTUBHIM Ta aKTYyaJIbHHUM.
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MAIN APPROACHES TO SHIP TRAFFIC CONTROL ON COURSE

The management of the vessel's course on the course is an important maritime quality that
determines the effectiveness of the vessel's management. The environmental conditions in which
course management tasks need to be addressed are of a different nature - limited visibility, stormy
weather, icing, shallow water, tidal phenomena, narrow conditions, the presence of other vessels, and
so on. All these aspects cannot be comprehensively considered by traditional mathematical methods,
ensuring the necessary adequacy of the actual process.

This paper highlights the existing approaches to the management of ship traffic on the course such
as course management, disturbance management, ship traffic management on the basis of long-term
forecasting, proportional-integral-differential (PID) law of control (deviation control), intellectual
approaches to court management, in particular, synergetic approach, use of neural networks, fuzzy
logic and evolutionary (genetic) algorithms-languages.

Keywords: controllability, perturbation, deviation, PID law.
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AHAJII3 EOEKTUBHOCTI IIOBYJ1OBU MEPEXI
TPAHCIIOPTHO-JTOT'ICTUYHHAX KOMILUIEKCIB HA OCHOBI
®AKTOPHO-PEUTUHIOBOI MOJIEJII

Y cmammi npedcmaeneni pesyibmamu ananizy e@ekmueHOCmi 3aCMOCY8AHHI (HAKmMopHo-
Pelimunz08020 Memooy UpiuieHHs 3a0adi 3HaAX00HCEHH ONMUMANLHUX MICYb POSMIWEHHS elleMeHmi6
JIOCICMUYHOI  MPAHCNOPMHO-MUMHOL  iHpacmpykmypu VKpainu 3 MiHIMI3ayiero mMpaHcnopmuol
pobomu 3 nepegesensb sanmaoicis. 1lpoeedeno susHawenns 00CMamHuboi i eKOHOMIYHO OOTPYHMOBAHOT
KIIbKOCMI  JIOCICMUYHUX — MPAHCHOPMHO-MUMHUX — KOMWIEKCI8 0Nl NepepobKu  IMNOPMHO20
BAHMANCONOMOKY 3A0AH020 00CA2).

Y Oocnidoicenni  suxopucmani memoou cucmemHo20 ma GAKMOPHO2O AHANIZY PO3PAXYHKOBUX
napamempie nepepooKu  6aAHMANCONOMOKIE 3  YPAXYBAHHAM MPAHCNOPMHUX, EKOHOMIYHUX —ma
AOMIHICIPAMUHUX (akmopie po3sumxy mepumopii. Bcmarnoeneno, wo 8iodomi memoou, po3pooneni 0
BUSHAYEHHST MICYb POSMIWEHHA OKPeMUX MPAHCHOPMHO-IOSICMUYHUX YEHmMPIS, He 00360Ja10Mb
onmumizysamu 6I0N0GIOHY J02ICMUYHY THGPACMPYKMYPy OPIEHMOBAHY HA NepPepOOK) AHMANCONOMOKY 8
Macumaobax mpancnopmHoi cucmemu Kpaitu.

s no6yoosu epexmusHo2o po36 a3Ky 3a0aui ONMUMANTbHO20 POIMIUEHHS 0eKIIbKOX 102ICIMUYHUX
MPAHCNOPMHO-MUMHUX KOMNJIIEKCI8 3aNPONOHOBAHO MemoO GU3HAUEHHS (OAKMOPHO-PEUMUH208020
nomeHyiany egexmuenocmi micm OnsL IX posmiwjenHs Ha mepumopii Ykpainu 3 ypaxyeauwmsm
MPAHCNOPMHUX, EKOHOMIYHUX Ma a0MiHicmpamuenux gaxmopie. Ilposedeno oyinky mpancnopmuoi
pobomu ona 165 nacenenux nynxkmie Yxpainu, saxi exnouaioms micma 3 nacenenusam oinvuie 30 000
ocib, a makodic, Haceneni NyHKmMu, 8 AKUX CIMEOPEHO MUMHI NOCMU, ab60 8AHMANCHT NYHKMU NPONYCKY
yepe3 Mummnull Kopoon Vkpainu. [{ns KojicHo20 Micma 8paxo8ano 6i0HOCHe CRONCUBANHA IMNOPIMHOZ0
BAHMAICONOMOKY NPOOOBONILUUX THOBADIE.

3a Hasedenum aneopummom  NpOBeOeHO PO3PAXYHKU 0N eapianmis, wjo  nepeobauaioms
DyHKYIOHYBaHHSL 810 00HO20 00 Oecsimu JOZICTMUMHUX MPAHCROPMHO-MUMHUX KOMWAEKCI8 HA 6Cill
mepumopii Ykpainu. Ananis pe3yniomamie npogeodeHux po3paxyHKie ceiouums, uwjo 00ca2 mpaHcnopmuor
pobomu eqheKkmuHo 3MeHULYEMbCA Y BUNAOKY CIMEOPeHHS 8i0 1 00 5 mpancnopmHuo-Mumnux 102icmudHux
komnuexcie. Ilooanvuie 30inbuients KiTbKOCMI JIOZICMUYHUX MPAHCHOPMHO-MUMHUX KOMNIIEKCI8, a
BIONOBIOHO | KANIMANLHUX BKIAOEHb, He NPU3E0OUMb 00 CYMMEBO20 3MEHUEHHS CYKYNHOI MPpaHcnopmuoi
pobomu. Bionogiono gpaxmopHo-petimune0o8utl nOmeHyian 0jisa Micm, @ 30Hi AKUX CIGOPEHHSL N02ICIUYHUX
MPAHCROPTHO-MUMHUX KOMNIIEKCI8 € HANOLbW PayioHansHum i mae maki 3uavenns: Juinpo —0,46; Kuis

—0,46; Jlvsie — 0,54, Odeca — 0,69, Xapxis —0,62.
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Haseoeni  pesynomamu 3 oyiHKu eeKmueHoOCmi ONMUMAILHOZO PO3IMIUJEHHST  JI02ICHUYHUX
MPAHCNOPMHO-MUMHUX KOMNIEKCI8 MOJMCYMb MAmMu 8NpOBAON’CEHHS 6 YKPAIHCObKIU MpaHCHOPMHIU
cucmemi npu nooy00si 102icmuyHoi iHpacmpykmypu 3 nepepoOKu 8aHMANCONOMOKI8 00CMAMHbBO
BeUKUX 00CA2I8.

Knwuogi cnosa: mpancnopmuo-nozicmuuna ingpacmpykmypa, mpaHcnopmuo-Mumui KOMIIEKCH,
daxmopno-pelimun208uLl Memoo, 102iCIMuKa.

Beryn. TpancnopTHO-NoricTUYHa iHQPAaCTPyKTypa € OAHUM i3 BU3HAYABHUX (aKTOPiB ePEeKTUBHOCTI
riepeBe3eHHs, 30epiraHHs Ta TOCTaBKU TOBapiB 30BHIITHLOTOPTOBEIBHOTO 00iry. ToMy ymockoHaneHHS Ta
MoOy/IoBa JTOCTaTHRO PO3BHHEHOI TPAHCIIOPTHO-JIOTICTHYHOI iH(PPAaCTPYKTYpH BH3HAUECHI SKMPIOPUTETHI
3aBaanHs HartioHanbHOT TpaHcnopTHOI cTparerii Ykpainu Ha nepiox 1o 2030 p. [1].

OCHOBY TpPaHCHOPTHO-JIOTICTUYHOI iHPPACTPYKTYpH CKJIAAAIOTh TPAHCIOPTHI LUIAXH Ta
BIINIOBiZHA MepeXa JIOTICTHYHHUX TpaHCIOpTHO-MUTHHX KomiwiekciB (JITMK) [2]. Opranizartis
pobotn JITMK 3milicHIOETBCS Ha OCHOBI IUIaHYBaHHSA 1 paliOHAIBHOI JOCTAaBKU (II€PEeBE3CHHS)
BaHTAXIB Bijl MiCI[b MIEPETUHY KOPAOHY 1 JO MiCILlb CIIOKMBaHHS MUIIXOM PO3PaxyHKy Ta peaiizarii
ONTHMANBHHUX JIOTICTHYHHMX JaHOIOTiB. OJHIEI0 13 OCHOBHUX TpOOJIEeM CTBOPEHHS MeEpexi
JIOTICTUYHUX TPAHCIOPTHO-MUTHUX KOMIUIEKCIB € MUTAHHSAMU BU3HAYEHHS ONTHMAJIBHOI KUIBKOCTI
TaKMX KOMILUIEKCIB B PErioHi Ta iX B3a€EMHOTO PO3TallyBaHHS I10 PETiOHAX KpaiHW. Y 3B’S3Ky 3 UM
po3poOKa Ta yIOCKOHAJIEHHS METOAOJIOTI] BU3HAYEHHS ONTUMAIIBHOT KUTBKOCTI Ta MICIlb PO3MIIIEHHS
€JIEMEHTIB JIOTICTHYHUX TPaHCIOPTHO-MUTHHUX KOMIUIEKCIB € aKTyaJhbHOI0 SK HAyKOBOK, TaK i
MpUKIAAHOIO 3a1aueto [3, 4, 5].

AHaji3 oCTaHHiX [JoCHiIkeHb 1 TOCTAaHOBKA mpo0JeMu. BakiIMBICTh IMOAABIIOTO
YIOCKOHAJIEHHS! METOJOJIOTIYHHUX IMiAX0AiB ()OpMyBaHHS 1 ONTHMI3amii TPaHCIOPTHO-IOTiCTUYHOI
iHQPacTPyKTypu OOIpyHTOBaHA B LIJIOMY psli HAYKOBUX Tpallb. Pe3ynbTaTH AOCHIIKEHHS NMUTaHb
MOB’S3aHMX 3  MOJICpHI3allict0  00’€KTIB  TPaHCHOPTHO-JIOTICTUYHOI  IHPPACTPYKTypH  Ta
YIOCKOHAJICHHSM PI3HUX METOAIB BU3HAUCHHA IX ONTUMAJbHOIO MICHE3HAXOKEHHS, a TaKOX
nepcriektuB po3BuTKy JITMK i TpaHcmopTHO-cepBiCHHX IEHTpiB B YKpaiHi HaBelneHi B MoHoOrpadii
[2]. OcHoBHi 3akoHOMIipHOCTI (pOpMyBaHHS CBITOBOI TpPAaHCIIOPTHO-JIOTICTUYHOT 1H(PACTPYKTYpH
cucremMaTn3oBani B crarti [3]. B HaykoBux poOortax [4—7] mpoBeaeHO aHaili3 Ta y3arajJbHEHHs
MEPEI0BOr0 JOCBIAY KpaiH €Bponu Ta CBITY 1 BU3HAUCHI MOXJIMBI HAPSMKH HOTO 3aCTOCYBaHHS 10
P030yI0BU TPAHCIIOPTHO-JIOTICTUYHOT iHPPacTpyKTypH YKpaiHu. MoIIMBI BapiaHTH yIOCKOHAIEHHS
CTPYKTYPH JIOTICTHYHUX TPAHCIIOPTHO-MUTHHX KOMIUIEKCIB PO3MIIsIHYTI B poOoti [8]. ParionanbHi
pimennst kpain €C 3 obnamTyBaHHs iHPPACTPYKTYPH MHTHOTO KOPJOHY JUIsl COPUSHHS TPAHCIIOPTY 1
Toprieni HaBeneHi y 3BiTi OBCE [9]. BuzHaueHi OCHOBHI HampsiMM yIOCKOHAJEHHS TEXHOJOTiH
BUKOHAHHSI MHTHUX (DOpPMaJbHOCTEH IPH IEepeMillleHHI BaHTaXiB 1 TPaHCIOPTHUX 3acO0iB uepes
MUTHUH KOPJOH.

Pe3ynpTaTi aHanmizy NPOEKTHHX pillleHh 3 TOOYAOBH apXiTEKTypH TPaHCHOPTHO-JIOTICTHYHHX
CHUCTeM HaHOUTBII PO3BUHYTHX KpaiH CBiTy Ta peami3alii BiAMOBIAHMX iHQOpMAaLiHHUX CHUCTEM
JIOTICTUYHOTO yIpaBiiHHS HaBexeHi B poOotri [10]. IIpoGmemu ePEeKTUBHOCTI JIOTICTUYHOT
TPAHCIOPTHO-MHUTHOI 1H(PACTPYKTYpH Ta OIIIHKH TPAH3UTHOTO TOTEHIiaNy YKpaiHH PO3IIISHYTI B
poboti [11]. Hampsimu Ta mepcnekTHBH po30yAOBH TPaHCHOPTHO-IIOTICTUYHOI 1HPPACTPYKTYypH B
VYkpaiHi Ha OCHOBI Cy4acHHX TEXHOJOTIUYHHX PIllIeHb 3allPOIIOHOBaHI B cTatTi [12].

Opranizaniini  ta iHGpacTpyKTypHi (akTOopH, a TakoX YMOBH JOIIJIBHOCTI CTBOPCHHS
MIDKHAPOIHOTO JIOTICTUYHOrO LEHTPY copmynboBaHi B podoti [13]. BuzHaueHi MOXKIIUBI Kepena
¢inancyBaHHs OyZiBHHLTBA PETIOHAIBHOIO JIOTICTUYHOTO LUEHTPY 3 BUKOPUCTAHHIM SIK OIOJKETHHX,
Tak 1 HeOw/pKeTHUX (IHBECTHIIHHUMX, 3amo3udeHuX) KomriB. CydacHi TeHJIEHIIi pPO3BUTKY
pETiOHANBHUX TPAHCHOPTHO-JIOTICTHYHUX [EHTPIB Ta MOXIUBOCTI iX 3ampoBa/pKEHHS B YKpaiHi
nmpoaHaizoBaHi B myOumikarii [14]. BaxmBicTe 3acTOCyBaHHS MiXKHAPOIHOTO JOCBiMY PO30YyIOBH
TPAHCHOPTHO-JIOTICTUYHUX  LEHTPIB Ui €(QEeKTUBHOIO PO3BUTKY TPAaHCHOPTHO-JIOTiCTHYHOI
inppacTpykrypu obrpynroBana B poGori [15]. TIpoGmemu yIOCKOHAJIEHHS CTPYKTypH Ta
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(GYHKLIOHYBaHHS MHUTHUX TEpMiHAJIB y CKJIaAi JIOTiICTUYHUX TPAaHCIOPTHO-MHTHHX KOMILJICKCIB
cucteMarn3oBaHi B po0oTi [16]. B mybmikamii [17] HaBeaeHi pe3ynbTaTH CHUCTEMaTH3aIlii OCHOBHUX
¢akTopiB i MeToniB (HOpPMYBaHHS Ta yIOCKOHAJEHHS TPAHCIIOPTHO-JOTICTHYHOI 1H(PPACTPYKTYpH.
Kommnekcauit  Meton  (axkTopHO-peHTHHTOBOi  onTuMizamii MOOYJOBHM JIOTICTHYHOI  Mepexi
TPAaHCIIOPTHO-MUTHUX KOMIUICKCIB 3ampornoHoBanuii B poboti [18]. B pobGorax [19, 20]
3aIpOTIOHOBAHO Ta PO3POOJIEHO METOAMKY KOMIUIEKCHOI OIIHKM e(eKTHBHOCTI 00’ €KTIB MUTHOI
iHppacTpykTypu. MeTomuKy MOIETIOBAaHHS Ta JOCTIDKEHHS mapaMeTpiB  (yHKI[IOHYBaHHS
TPaHCHOPTHO-JIOTICTUYHOTO LIEHTPY HaBeldeHO B myOmikamii [21]. B myOmikamii [22] pospobieHo
iMiTariiiHy Mojenb (YHKIIOHYBaHHS BaHTAKHOTO MHTHOTO KOMIDIEKCY, SK 00’€KTa MHUTHOI
iH(pacTpyKTypH.

PazoM 3 THUM MUTaHHS YAOCKOHAJIEHHS METOAOJIOTii BH3HAYEHHS ONTHMAIBbHOI KIUTBKOCTI
JIOTICTUYHUX  TPAHCIOPTHO-MHUTHUX KOMIUIEKCIB Ta iX MepepoOIroBabHOI  CIIPOMOXKHOCTI
TOBapOMOTOKY Tipu (OpPMYBaHHI 3arallbHOJIEPXKABHOI JIOTICTUYHOI 1H(PPACTPYKTYpH MOTpedye
MOJANBIIOTO PO3BUTKY.

Mera i 3aBnaHHsl JochaizkeHHs. MeTow JaHOi CTAaTTi € BH3HAUEHHS PalliOHAIBHOT KUIBKOCTI
JOTICTUYHUX  TPaHCMOPTHO-MHTHUX KOMIUIEKCIB Ta IX TepepoOIOBaIbHOI  CIIPOMOIKHOCTI
TOBapONOTOKY TIpu (POpMyBaHHI 3aranbHOAEPIKABHOI JIOTICTUYHOI iH(GPACTpyKTypd Ha OCHOBI
KPHUTEPiI0 ONTUMI3allii BUTPAT Ha iX OyIiBHUITBO.

BiiamosigHo 10 maHoi MeTH poOOTH Oy MOCTABIIEH] TaKi 3aBAAHHS:

MPOBECTH CHUCTEMHHH aHami3 Ta BCTAHOBHTH 3alIe)KHICTh BHTpaT Ha OYAIBHHITBO i
nepepoOIIOBaTBHOT CIIPOMOXKHOCTI AJISl BIIOMHX TPAaHCIIOPTHO-JIOTICTUYHNAX KOMILIEKCIB B YKpaiHi;

BU3HAUUTH OINTHUMAJbHY KUIBKICTh JIOTICTUYHHMX TPaHCIOPTHO-MHTHHX KOMIUIEKCIB Ta iX
nepepoOTIOBAIbHY CITPOMOKHICTh Ha OCHOBI MiHIMIi3aIlii BUTpaT Ha iX OyIiBHUIITBO;

MPOBECTH TOPIBHSUIBHUI aHalli3 pe3ynbTaTiB BH3HA4YeHHS ontuManbHOi KijmbkocTi JITMK 3a
KpHUTEPisIMU: (PaKTOPHO-PEHTHHIOBOTO aHaJi3y, MiHiIMi3amii TpaHCTIOPTHOI poOOTH Ta BUTpaT Ha ix
OyIiBHUIITBO.

Marepiajiu, MeTOAN Ta Pe3yJabTaTH JOCTiIKeHHs. Y CIIIITHICTh CTBOPEHHS YKPaiHCHKOI Mepexi
JIOTICTUYHUX TPAHCIOPTHO-MUTHUX KOMIUIEKCIB B YKpaiHi HampsMy 3aleKuTh BiJ AOCTOBIPHOCTI
OIIIHKM HEOOXiTHMX O0OCATIB, a TaKOX BHU3HAYEHHS MOXKIUBUX JDKepen (piHaHCYyBaHHSA peaizamii
BIJIIOBITHUX  1HPPACTPYKTYpHUX TPOEKTiB. JlIs dYoro HeoOXiMHO 3acTOCyBaTH BIAIOBiAHI
TEXHOJIOTIUHI pillIeHHs] KpaiH, SIKi JOCSIIM 3HAYHWUX YCIMIXiB B PO3BUTKY BJIACHOI TPAaHCIOPTHO-
sioricTiuHol iHppacTpykTypu. OAHUM 13 HAHOUTBII €(PEKTUBHUX Ta CYYaCHUX IIJIXOJIB IHBECTYBaHHS
B p0o30yIOBY TpaHCIIOPTHO-NOricTHYHUX Mepex € nocsig CLUA, Kanaau, €sponu Ta Kutaro.

3a manumu Pamm 3 jorictmyHOro MeHemKMeHTY moHan 70% HaiOinpmux kopmopamiii CILIA
KOPUCTYIOTbCS TOCIyraMH creniaigizoBaHux Jorictudaux ¢ipm. Kommanii oOuparoTh €IUHOTO
JIOTICTUYHOTO OIeparopa, SKOMY MO)XKHa Oyno O IOBIpUTH BCIO CYKYITHICTH ONepalliii 3 JTOCTaBKH
NEBHUX BHUIIB BaHTaxiB. B ayTcopcunrosomy joricruunomy Oizneci CLIA, Tak camo fK i B 1HIIMX
KpaiHax CBITY, JIFOTb JIBI OCHOBHI TIpyNu TPaHCHOPTHO-JIOTICTHYHHMX (ipM: 3 BIACHUM MapKoM
TPAHCHOPTHUX 3ac00iB, MiIHOMHO-TPAHCIIOPTHOTO W 1HIIOTO YCTATKyBaHHS, & TaKOX CKJIaJCHKHMH
notyxxHocTsiMu (asset — based) i mocepemHuipki Qipmu (nonasset — based). HaiiGinpmumu
crnemianizoBaHuMHu ¢ipMamu B Tamysi jorictuku € «UPS Supply Chain Solutions», «C. H. Robinson
Worldwide», «Menlo Worldwide», «Expeditors International of Washington Inc» 1 «Penske
Logistics» [23].

KommaHii, mo Hajekarb 10 NMEpIIOi IPYyNH, OCHOBHOIO TiSUIbHICTIO SIKHX, SIK IIPABUIIO, € BAHTAXHI
NepEeBE3eHHS, YacTO HAJalOTh JIOTICTHYHI TOCIYTH 3 BHCOKOIO JIOJAaHOI0 BapTICTIO. 30Kpema,
nigposnin «Penske Corp.», 110 3aiiMa€eTbCs JTI3MHIOM BaHTaXIBOK, IPOIOHYE TaKi BUIHM CEPBiCy, SK
MEHEDKMEHT 1 CKJIaJyBaHHS, BUKOPHCTOBYIOUM BiacHUM mapk 3 200 tuc. aBromoO6imiB. Ille oxna
NpUYHHA, YOMY MPOMUCIOBI 1 ToproBenbHi kommaHii CIIIA Bce wacrinie 3BepTarOTHCS JIO MOCITYT
CHeMiani30BaHNX JIOTiCTHYHMX (ipM — 3pocTaroda CKJIAJHICTh JIOTiICTUYHUX pIlIeHh B YMOBAax
3acTOoCyBaHHS eNeKTpoHHOI TexHiku Ta I[HrepHery. Tomy B CILIA aKTHBHO PO3BMBAETHCS TaKHUN
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CTYIIHb PO3BUTKY JIOTICTHYHHUX MOCTYT — Ie (DipMH-KOHCYIbTaHTH 3 MHUTaHb JOTicTUKH (abo 4PL-
OTICPATOPH).

Takum uymaom B CHIA iHBecTHINl B HalllOHANBHY MEPEXY JOTICTHYHHX KOMIUIEKCIB HOCSATH
npuBaTHUi xapaktep. B CIIA koMmmekcH, CIodYaTKy, sIK MPaBUJIO CTBOPIOIOTHCS MPUBATHUMHU
KOMITaHisIMH, B TEpIIy 4Yepry Ajsl BIACHHUX MOTpeO, MpoTe JepKaBHA MOJITHKA IIOAO PO3BHUTKY
MiAIPUEMHAIITBA Ta 3aXUCTY BEJIMKUX HAI[IOHAJHHUX TUIATHUKIB MOJATKIB Ha MIKIEPKaBHOMY PiBHI
MPU3BOIUTH 10 TOTO, IO JIOTiCTHYHA 1H(YPACTPYKTypa TaKUX KOMITaHI CTPIMKO PO3BHBA€THCS 1 B
MOJANBIIOMY 3[aTHA HAJaBaTH YHIBepCaJbHI JIOTICTHYHI TOCIYTd, B TOMY YHUCI 3a IEpKaBHUMH
noTpebamu, sik Ha Tepuropii CILIA, Tak i 3a ix mexamu [10, 23].

B tpancnoptHO-noricTHUHIN iHPpacTpykTypi KaHanu HamaHHS JTOTiICTUYHAX TOCITYT 31HCHIOE€THCS
AK TPaguUiiHUMH TPAHCIIOPTHUMH, CKJIaACBKUMHU ¢ eKCHeAUTOPCbKMMH (Qipmamu, Tak i
ayTCOPCUHTOBUMH KOMIIaHiIMH. BuTpatu Ha JOTicTUKY cTaHOBIATH Onmm3bko 12% BBII kpainum.
binpmricTe JOTiICTHYHUX Olepamii BUKOHYIOThCA Oe3nocepenHbo (ipmamu 0€3 ydacTi JOTICTHYHUX
nocepeanrkiB. KommaHii KOPHCTYIOTBCS TOCITyraMy CHELiali30BaHUX JIOTICTHYHHX (ipM B
OCHOBHOMY JJIi BHUKOHAaHHS HACTYNMHUX JIOTICTUYHUX ONepaliid: BHYTPIIHI Ta MDKHAPOIHI
NIEPEBE3EHHS, EKCIEAUPYBAaHHS Ta MHUTHA OYMCTKA BaHTaXiB. BUKOHaHHS JOTICTUYHHMX IOCIYT B
Kanani mozinseTscst Ha Taki Tpu OCHOBHHX BUaH [21]:

1) Asset-Based Transportation Services (ABTS) — nuiire nepeBe3cHHsT BAaHTAXKIB;

2) Asset-Based Non-Transportation Services (ABNTS) — morictuusi mociyry, Imo moB’si3aHi 3
MaTepiaJbHUMU TOTOKaMH;

3) Non-Asset Based Logistics Services (NABLS) — nociyru nocepeHHKiB.

VY ckmanacekoMy rocrnoaapcTBi KaHamu BUAUISIOTBCS TP OCHOBHUX BUAM CKJIaliB: IPUBATHI,
3arajgbHOTO KOpHCTYBaHHs (myOiiuHi) ¥ koHTpakTHI. Komna#ii, 10 HaAAarOTh MOCIYTH MyOIIYHUX i
KOHTPaKTHUX CKJIQIIB, 3AIHCHIOIOTH TaKOXX IIMPOKHH Jiana30H CyMDKHUX OIEpallifi, BKIIOYAIOYH
CTpaxyBaHHS, OIIHKY 30MTKiB, MiATOTOBKY TOBapHO-TPAHCIOPTHUX JOKYMEHTIB, KOMIUIEKTAIiIO
BaHTa)XHUX IMMAPTii, MiCIIeBl aBTONEPEBE3CHHS, PO3PAXyHKH 32 TOBAPH.

OCHOBHMMH CIO’KMBa4aMH JIOTICTHYHUX mocayT y KaHazi € xommanii 00poOHOI TpOMHCIOBOCTI,
ontoBoi # po3apiOHoi Topriemi. JlorictuHa iH(pacTpykTypa KaHaam Takok € IepeBakHO
MIPUBATHOIO, TIPU I[bOMY BOHA TICHO ITOB’si3aHa 3 JoricThayHIME KoMmaHisMu i3 CIIA y 3B’s13ky 3 4nm
ii cTpykTypa Ta QyHKUiT 100pe KOPEeCTIOHAYIOThCS 13 JIoTicTHYHOM iHppacTpykTyporo CLIA.

B HimeuunHi TpaHCIOPTHO-JIOTICTHYHI KOMIUIEKCH (pOpMyBaHcsl IEpeBayKHO Ha OCHOBI HAsIBHUX
TPAHCHOPTHUX BY3JIB 1 3ai3HMYHHX JiHIA. ToMy mepeBakHa OLTBIIICTh TUX KOMILIEKCIB 3a0e3mneuye
yMOBH e()eKTHBHOI B3a€MOJIil aBTOMOOIIBHOTO i 3aIi3HHYHOTO BHJIB TPAHCIOPTY, € TaKOX TPbOX-
MOJIYJIbHI JIOTICTHYHI KOMILUIEKCH, SIKi 3a0e3MedyroTh B3a€EMOIIF0 MOPCHKOTO, aBTOMOOUIBHOTO Ta
3aTi3HMYHOTO BB Tpancnopty [10].

Himenpka Mopens  OyMiBHHIITBA JIOTICTHYHMX  KOMIDIEKCIB — XapaKTEPH3YEThCS  TaKUMHU
0COOJMBOCTSMU: CHJIbHA JIepXKaBHA IIATPUMKA HA BCIX PIBHAX; YYacTb JIEP)KaBHOIO CEKTOPY
IPYHTY€ThCs Ha (efiepalibHUX 3aKOHAX 1 3aKoHax QelepabHUX 3eMeb; (eaepanbHuii OlpKeT Oepe
yuactb y ¢iHancyBaHHi iHBectumiid uepe3 «Deutsche Bahn AG» (Himeupki 3ami3HHIN); MIMPOKO
MPAKTUKY€EThCS BUAUIEHHS JAOTalliii Oromkeram (QenepanbHUX 3€Melb, IUTFOBUX JOTAaIlid Ta
KPEAWTYBaHHS IO KOHKPETHUM IHBECTHIISIM; (DiHAHCOBA MIATPUMKA IHBECTHIIINA 3IIHCHIOETHCS 5K
(denepaibHUMU 3eMJISIMH, TaK 1 MICIIEBUM CaMOBPSAYBaHHSAM. Y Mil MO/ 4iTKO BU3HAYEHI JKepena
IHBECTHUIIITHUX KOIITIB: iIHBECTOPH, AKi 0aKar0Th 3pOOHUTH JOCTYITHOK iH(OPACTPYKTYPY JOTICTHIHUX
oTepaTopiB; TPAHCIIOPTHI KOMIIaHii; Cy0’ €KTH, IO YTBOPIOIOTH 00’ €THAHHS 3 MPUBATHUM KaIliTaJIOM;
OFO/KETHI KOIITH 1 MiNbOBI GoHAM (eepaTbHUX 3eMelb; IporpamMu i (eaepainbHi HOHH, CIIPSIMOBaH1
Ha PO3BUTOK 1H(pacTpyKTypu; noTtamii micT Ta perioHis; norauii ta nporpamu €C. lHBecTHLIHHUIHA
KalliTajl JIOTMOBHIOETHCSI OaHKIBCHKMM KpeauToM. CTBOpEHI JIOTiCTHYHI KOMIUIEKCH YHPaBIISIOTHCS
yepe3 HarisjIoBI OpraHW, SIKi CTBOPIOIOTHCS PI3HUMU KOMIIAHISIMA — YYacHHKAMU TIPOEKTY:
iHBECTOpaMH Ta/ab0 1HBECTHIIMHUMH KOHCOPIiyMaMH; KOMITAHISIMUA 3 PO3BHTKY; MYHIIUIAIITETAMA
MICT Ta pallOHiB; acoliallisiIMU Ta CriIKaMHu. JlepKaBHUN CEeKTOp Oepe y4acTh y PO3BUTKY JIOTiCTUYHOL
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1H(GPACTPYKTYpH SIK Ha CTaJil MIaHyBaHHS, TaK 1 IpW pealtizalii iIHBECTUIIMHUX MPOEKTIB MOOYIOBU
JOTicTHYHUX KomrutekciB [10].

Y KHP naganss noricTuyHuX i ()iHAHCOBHX ITOCTYT y 30HaX BiUIbHOI TopriBii (Free Trade Zones)
PETYIIOETHCS MPUHLUIOBUMH TOJOKEHHSAMH, IO PETJIAMEHTYIOTh Tepelik MAisiIbHOCTI, (GopMy
BJIACHOCTI, BiJNOBIHICTh MEBHHUM YyMOBaM, HAasBHICTb JOCBiAY IisUIBHOCTI y cdepi MiXHApOAHOI
TOPTiBIIl, MDKHAPOJHUX BAHTAKHUX IIEPEBE3CHb, OoOMexeHUi TepmiH mii ta imme [10]. Takumu
MOJIOKECHHAMHM BH3HAYEHO, IO JIOTICTUYHI MIANPUEMCTBA 3 1HO3EMHHMH IHBECTULISIMH MOXYTh
3MIHCHIOBATH TMOCIAYT'W 3 TIEPEeBE3EHHs BaHTaXiB, CKJIAACHKOTO 30epiraHHs, HaBaHTa)KyBaHO-
pO3BaHTAXYBAlbHUX  POOIT, MMAaKyBaHHIO, KOHCOMNiJamii, KOMIUIEKTamii, iHdopMalifHOMy
CYIIPOBODKEHHIO, & TAKOXK MOCIYTH IO O(OPMIIEHHIO 30BHIIIHBOTOPIOBEJIBHUX IOTOBOPIB CTOCOBHO
eKCIOPTY 3a3HAa4eHUX BaHTaxiB. [Ipu 1bOMy Xoua O OIWH 3 YYAaCHUKIB — 1HBECTOPIB CHIILHOTO
MiANPHEMCTBA TIOBUHEH MaTH MO3UTUBHHUNA JAOCBiNL poOOTH B Taly3i MIDKHApOJHOI TOPTiBIIi,
MDKHApOIHUX BaHTAXHUX ITEpPEeBe3eHb, a00 MPAKTHUKY SIK areHTa 3 TaKuX INepeBe3eHb. JisIbHICTh 1Mo
CTBOPEHHIO CHIIBHUX TPAaHCIOPTHO-JIOTICTHYHUX KOMIUIEKCIB 3 1HO3€MHHMH 1HBECTHLISMH Ta
3alpPOBAKCHHSl JIOTICTUYHOTO cepBicy (TIepeBEe3eHHs] BaHTaXiB, CTBOPEHHs iH(popMaiiiHO-
00YMCITIOBAJIBHUX MEPEXKEBUX CHCTEM YIPaBIiHHS IIEPEBE3CHHSAMH) MOPCTKO KOHTPOJIOETHCS
JIEP>KaBOIO IIIISTXOM BUAadi 103BoiB. [Ipu 11boMy po3mmpeHHst cpepu AisTbHOCTI TaKUX IMiIPUEMCTB
(po3MIMpeHHsT aCOPTUMEHTY JIOTICTHYHHUX IMOCIYT) BiOYBA€THCSA TINBKH BIAMOBITHO /IO 3aKOHOIABYO
3aTBEPKEHUX IPOrpam.

CToCcOBHO p030yIOBH TPaHCIOPTHO-JIOTICTUYHOI iH(ppacTpykTypu YKpaiHH HEOOXiTHO 3a3HAYNTH,
mo ¢opMyBaHHS HaiioHaabHOi Mepexi JITMK € nmocrarHho CKIaaHOKW 1 0araTOIUIaHOBOIO
npoOJIeMOr0, OCKUTBKM >KOJHA TPAaHCIOPTHA KOMIaHis YKpaiHH, SK CaMOCTIHHMH TOCIONApChKUI
Ccy0’eKT He B 3MO03i 3a0e3MeUnTH TaKWid piBeHb OyMiBHUITBA. ToMmy ais 3abe3medeHHs HaJeKHOTO
piBHs (iHAHCYBaHHS TaKMX MAacIITAaOHUX MPOEKTIB HEOOXIMHO 3alydaTH sSK iHBECTOPIB Ta MapTHEPiB
NPYBATHI TPAHCIOPTHI KOMIAaHIi pa3oM 3 BUKOPHCTAHHAM MiXKHAPOAHOI IOTIOMOTH Ta JAEPKaBHHX
pecypciB, MO MO3WUTHBHO BIUIMHE HAa TMPOIEC CTBOPEHHS Ta (YHKIIOHYBaHHSA JIOTiCTUYHOI
iH(pacTPyKTypH YKpaiHCHKOI TPAaHCTIOPTHOT CHCTEMHU.

ExoHOMiYHY JOLIIBHICTE CTBOPEHHS yKpaiHChKoi Mepexi JITMK omianMo nuisixom BU3HAUYEHHS iX
ONTUMABHOI KITBKOCTI MPH MIHIMANBHHUX 3arajbHUX SKCIUTyaTalliiHUX BUTPATaXx Ha BCIO MEPEXKy i3
BHU3HaYeHNM 00csaroM nepepodku. Tomi ontumanbha kinbkicth JITMK Oyzne BU3HaUaTHCh YMOBOIO:

. r —_rr r -
Erzag:Erb-i'Ertr_)mlnE Zag—Eb+Etr —)mln, (1)
r . RV . .
ne E'zag— 3aransHi excrutyataniiini BuTpaTH Uit po3paxyHkoBoi kinbkocti JITMK;
E'y — cykynni BuTpaTi Ha OyaiBHHUITBO BH3HA4YeHOI KitbkocTi JITMK 3a1aHo1 MOTYKHOCTI;
r . . . . .

E'tr — cykynHi BUTpaTH Ha mepeBe3eHHs 3a/IlaHuX 00CSTiB TOBapiB ist BuszHaueHoi Mepexi JITMK;
I — po3paxyHnkoBa KinbKicTh JITMK (B nanomy Bumnaaxy mpuiiMaroTbest 3Ha4eHHS Bif 1 10 10).

CykynHi BUTpaTd Ha OymiBHMITBO HeoOximHol kimbkocTi JITMK Ha xokHOMY erarii
00YHCITIOBAHOTO €KCTIEPUMEHTY BH3HAYCHO K CYKYIHICTh BUTpAT Ha OyAiBHUIITBO KoxHOro JITMK:

E"y=E"p1 +E"ppt+... +ETp,Ey= E'py+ E'po+...+ E'pr. 2)

CykynHi BUTpaTH Ha 3a0€3MEYEHHS INEePEeBE3CHHS NPOAYyKLil Ha KOKHOMY piBHI pO3paxyHKY
BH3HAYaIOTHCS TaK:

r —_ 7T [g—
E'y =T i_sacanvna X GE tr— T i zag ¥ G ) (3)
r .
ac T" i_3a2aﬂbHaT i zag — 3arajbHa TpaHCHOPTHa p060Ta 10 BHUKOHYETHBCSA KOXHOMY PI1BHI1

PO3paxyHKY;
G — cepenniit Tapud Ha repeBe3eHHs | T BaHTaXy Ha BijicTaHb | KM (1)1 IEpeBE3CHHS MTPOOBOIBYNX
BaHTaXiB aBToTpancnopToM ckianae 0,1 mom. CIIA 3a 1 T-xm) [24].
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3 MeTol0 BH3HAYeHHsS BHUTpaT Ha OyniBHHLTBO KokHOoro JITMK Ha OCHOBI eMITipHYHHX JaHHX
MPOBEJICHO aHaNi3 CepeqHiX BUTpAaT Ha OYIIBHUITBO CKJIAJICHKAX KOMIUIEKCIB Ml 0OpoOKH
IMITOPTHUX TIPOJOBOJBYMX TOBApiB B YKpaiHi 3aleXHO Bix 00CATY TaKoro KOMIUIEKCy. Pe3ympratn
aHanmizy HaBeieHo B Tabm. 1. IIpu mpoMy BimHOcHa cepeans BapTicTh OyaiBauuTBa JITMK mns
nepepoOku | THC. TOHH BaHTaXy BH3HAaYCHA 32 QOPMYJIIOIO:

Pror = 222280, = B, 1Q 1000, (4)

ne PioPor— BimHOCHA cepenns BapTicTs OyniBaunTea JITMK as mepepo6ku 1 Tuc. T BaHTaxy;
E®*, E®™, — BapricTs GyaisuuuTea JITMK BCTaHOBICHOr0 06’ €My 3a JaHMMHU TabuLi 1;
Q — obcsr nepepoOku BaHTaxiB y Bignosignomy JITMK.

Tabnuys 1. BapTticTb OyAiBHMUTBA BiIOMHX TPAHCIIOPTHO-JIOTiCTUYHUX IEHTPIiB
JJIS1 IepepoOKH MPOA0BOJILYHUX BAHTAKIB B Y KpaiHi

Hazpa O6csrn Bapricts ce ;gili[;ggH%CTb
JIOTiICTUYHOTO nepepooKu OymiBHUITBA 6 piélHI/I TBI; a1

HEHTPY BaHTaXiB (T) (mM1H.$) ¥§c. T I(lMJIH. $)
Komnri 12000 21 1,750
Nestle 13000 22 1,692
CkaHauHaBisA 20000 24 1,200
CkaHauHaBisA 22000 25 1,140
Ice-Terminal 25500 27 1,059
Roshen 45000 38 0,850
Nestle 48000 39 0,813

HaBeneni mani Tabm. 1 J03BOJISIOTH BCTAHOBUTH 3aJICXKHICTH BIIHOCHOI CEpPEIHBOI BapTOCTI
oynisauiTBa JITMK mts mepepoOku 1 THC. T BaHTaXy BiJl epepoOIIOBAIBHOT CIIPOMOKHOCTI TaKOTO
KOMIUIEKCY, IKa 3 JIOCTATHBOIO JUISl NPAKTHYHUX PO3PaxyHKIB TOYHICTIO alPOKCUMYETHCS CTEIICHEBOIO
¢yHKIi€ero, puc. 1.

P BigHocCHa cepeaHA BapTicTb OyAiBHMUTEA AOT CTMYHOMO TPAHCNOPTHO-MMTHOTO
ser KOMMeKey A0A nepepobku 1 TUC. TOHH BaHTamy
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Puc. 1. 3anexxnicTb cepeqHbOI BapToCcTi OyAiBHHIITBA
Bil nmepepo0d/oBaabHOI cipoMo:kHocTi JITMK

Amnaiiz HaBeZieHOI 3aJIe)KHOCTI BKa3ye, IO BiHOCHa cepenHs BapTictb OyniBHuuTea JITMK ms
nepepoOku 1 THC. T 3MEHIIYETHCS 31 30UIbIIEHHAM IepepobiroBanibHOI cipomokHocTi JITMK. Takuit
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PE3YNbTaT € LIIKOM 3aKOHOMIpHUM, OcKiTbKu npH OyaiBHULTBI JITMK icHYt0Th mOCTiHHI BUTpATH SIKi
MPAaKTHYHO HE 3aJeXaTh BiJ MepepoOSIOBaIbHOI CIIPOMOXKHOCTI, a caMe: BUTpPAaTH Ha PO3pPOOKY
MPOEKTHOI JAOKyMeHTalii, 0hOpMIIeHHS AO3BUIBHUX AOKYMEHTIB, K TEpe] MOYaTKOM Oy/iBHHUIITBA,
TaK 1 MiCas WOro 3aBepIieHHs, a TaKoXX Ha OO0JAIUTYBaHHS 3ac00aMU KOHTPOJNIO, IOXKEKHOI,
O0XOpOHHOI curHaiizanii Tomo. Kpim Toro, npu OyaiBaunTei JITMK 6inbmioi noTyXKHOCTI BiTHOCHa
cepemHsl BapTICTh OAWHUIN OyNiBETHPHWX MaTepialliB Ta poOIT € 3aBXIW MEHIIOI y 3B S3KYy 3
BEJIMKUMH 00CATaMHU 3aMOBIICHHS .

3a pesynpTaTaMH TPOBEACHHUX MJOCHTIDKeHb BHU3HAYEHI onTHMainbHI motyxkHocTi JITMK mus
KOXKHOTO PIBHSI pO3paxyHKy iX 4YMCeNIbHOCTI Ta Micip po3rtamyBaHHs [18]. Ilnsxom ampokcumarii
BU3HAYAETHCS (DYHKIIA 3aJIe)KHOCTI cepeanboi BapTocTi OyaiBHunTBa JITMK nmi1st mepepo6ku 1 tuc. T
BaHTaXy BiJ TMOTYXHOCTI KOMIUIEKCY, puc. . BpaxoByrounm BU3HAYEHI MOTY>XKHOCTi JIOTiICTHYHUX
TPaHCHOPTHO-MHUTHUX KOMIUIEKCIB i BUKOPUCTOBYIOUM OTPUMAaHy 3aJIeKHICTh, PO3PaxoBaHO BUTPATU
Ha OyniBHMLOTBO KoxkHOTO JITMK Ha BiAmoBimHOMY piBHI, @ TAKOX CYKYITHI BUTpaTh Ha OyJiBHHIITBO
HeoOximHoi kimpkocti JITMK 3a dopmynoro 2. Pesympratm po3paxyHKIB CYKymHHX BHUTpaT Ha
6yniBanITBO E'p, CyKymHHMX BHTpaT Ha 3abesmeucHHs mepeBe3eHHs mpoaykuii E'y Ta saramemmx
eKCIUTyaTallifHiuX BHUTpaT Erzag B $§ MIH. AN KOXXHOTO BapiaHTa HPOBEAECHOTO OOYHCIIOBAHOTO
eKCIIEPUMEHTY HaBEJICHO Ha PHC. 2.
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Puc. 2. CxeMa BU3HAYEHHSA ONTHMAJLHOI KiabkocTi JTMK
Ha OCHOBi PO3PaXyHKY CYKYNHHX eKCITyaTalliiiHuX BUTPAT

AHaniz OTpUMaHUX pe3ynpTaTiB (puc. 2) CBiAYMTH MI0 HaWMEHIIEe 3HAYEHHS 3araJbHUX
eKCIUTyaTallifHuX BHUTpaT Bixmosigae mepexi 3 S-tu JITMK norictTuuHMX TpaHCTIOPTHO-MHUTHHX
KOMIUIEKCIB. JlaHuit pe3ynbTaT 100pe KOPECIOHIYEThCS 31 3HAYCHHIM ONTHMabHOT KinbkocTi JITMK
BU3HAYEHOI HA OCHOBI (haKTOPHO-PEUTHHIOBOI MOJENI 3 MiHIMI3aIli€l0 TPAaHCIOPTHUX BHUTpAaT Ha
nepeBe3eHHs BaHTaxiB [ 18]:
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E"jag =E"p + ETtr > min Kj= (ki1 Qi1 + K20 + ...+ Kp Qjpt ...+ K Qjm) /M, (5)
Erzag :Erb+Ertr ﬁminAiyzag:Z(Aiyl+Ai’2+ ...+Ai’n)—)min, (6)

ne Kj — 3HaueHHs KOMIIIEKCHOTro KoedilieHTa (aKTOPHO-PEHTHHIOBOI onTHUMIi3alii Mt j-TO
HACEJICHOTO MYHKTY;
Qip — 3HaYEHHS (haKTOpa JUIA j-rO HACETIEHOTO IIYHKTY;
P — KiTBKIiCTh aKTOPiB, IO PO3MIIANAOTECI. P=1, 2, ..., M;
Qjp = 1 3a HasABHOCTI BiANOBIAHOTO (haKTOPA,
Qjp = 0 3a BigcyTHOCTI (haKTOpAa,
Kjp — BaroBuii kKoeiIi€eHT, MO T03BOJILE OUIBII TOYHO BPaXyBaTH €KCIICPTHY OLIHKY BIUIMBY (hakTOpa
P Ha 3HaYCHHS KOMIUIEKCHOTO KoedirienTa uis i-ro HaceiaeHoro myHkTy; 0<k;,<1;
A i j — TpaHCHIOpTHA po0OOTa MEPEeBE3eHHs BAaHTAXKIB 1A j-To HaceneHoro myHKTy Bix i-ro JITMK, ska
PO3paxoBYETHCS 32 POPMYIIOIO:

Erzag =Erb+Ert,,—>minAi,j:Tij-KjZWj-Lij-Kj. (7)

ae Tij— TpaHCcIIOpTHA poOoTa siKa BUKOHY€EThCs Mijl yac goctaBku W Ton BaHTaxy 3 i-roro JITMK B
J-1i HaceJIeHUIA MyHKT;
W; — nmotpeba o06cAry iMIOPTHOTO BaHTaXXOMOTOKY j-T'O HACETIEHOTO MyHKTY;
Lij— BizcTanb Mix j-M HaceneHUM IyHKToM Ta i-M JITMK.

IIpu mpoBeneHHI po3paxyHKiB (DaKTOPHO-PEUTHHTOBOI OIIHKA OOpaHWX MICT JUISI PO3MIIEHHS
JITMK 3a ¢opmynoro (5) BpaxoByBaHO Tpu Ipynu (HaKTOPIB:

TpaHCHOPTHi (akTopwy;

eKOHOMIuHi (pakTopw;

aZMiHICTpaTHBHI (haKTOpH.

PesynpTaT po3paxyHKiB 3a HaBeJCHHM airoputMoM Juist BapiaHtiB Mepexi JITMK, mo

nependauae GpyHkuionyBaHHs Bif 1 10 10 KOMIUIEKCiB Ha BCill TepUTOpii YKpaiHu HaBeAeHO Ha puc. 3
[18].
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Puc. 3. 3anexnicTs 00cATy cymMmapHoi TpaHcHopTHOI po6oTH Bix kiabkocTi ITMK
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Hageneni nmani puc. 3 mokasyroTh, 10 0OCST TPaHCHOPTHOI POOOTH €()EKTUBHO 3MEHIIYETHCS Y
Bumnaaky ctBopeHHs Bin 1 mo 5 JITMK. [lomansmre 36insmenns kinpkocti JITMK He mpusBoIuTh 110
CYTTEBOTO 3MEHIICHHS CYKYIHOI TpaHCoOpTHOI pobotu. ToOTO, y BHIAAKY pPO3TISHYTOTO
BaHTAXXOMOTOKY ONTHMAIBHUM € CTBOPEHHSI 3araJibHOAEPKAaBHOI TPAaHCIIOPTHO-JIOTICTUYHOT MEpexi y
ckiami st JITMK B micrax Kuie, duinpo, JIeeiB, XapkiB, Oneca (tadm. 2). Kpim Toro, anai3
CITIBBiTHOMIEHHS 0OCITYTOBYBaHHS BaHTa)KOMOTOKY MO KOMIUIEKCAaX CBIMYHUTH, IO JUIA BapiaHTta 3 5
JITMK po3nofain BaHTaXXOMOTOKY € JAOCTaTHBO 30alaHCOBaHWUM (TaOI. 3), MO0 TaKOX MiATBEPHKYE
BHUCHOBOK IIPO ONTHMANBHICTh CTPYKTYPH 3 5-TH KOMIUIEKCIB AJISl pO3TIIIHYTOTO BULIAMIKY.

Tabauys 2. PaKTOPHO-PETHHIOBA OLIHKA A/ II’ATH ONTHMAJIbHUX HACEJIeHUX MYHKTIB

Hacerne- TpancniopTHi Exonomiuni AnMiHicTpaTHBHI
HUiA bakTopu bakTopu bakTopu K;
ITYHKT T, | TO, | TO; | TD, | TOs | EDy | ED, | EO; | EDy | EDs | AD; | AD, | AD,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Juinpo 1 - 1 - - 1 - - 1 - - 1 | 046
Kuis 1 - - - - - - 1 1 1 1 1 1 | 046
JIbBiB - - - - - 1 - 1 1 1 1 1 1 | 054
Opneca 1 1 - 1 - - - 1 1 1 1 1 1 0,69
XapkiB 1 1 - 1 - - - 1 1 1 1 1 1 | 062

Tabnuys 3. Po3noais mepepodku BanTakonoToky mjsi m’satu JITMK

YacTka
Micto Hepepo@ntanLHa Tpancnoptra pobora 0GCITyTOBYBAHHS
cupomoxkHicTs JITMK, T. niepesesens 3 JITMK, T-km BAHTAXKONOTOKY, %
Huinpo 24269,22 3060025,5 27,94
JIbBiB 18403,06 2692450,8 24,58
Kuis 28758,34 2426756,5 22,16
Xapkis 16332,34 1627440,2 14,86
Opeca 12246,03 1145761,0 10,46
Bceboro 100008,99 10952434,0 100,00

BucHoBku. AHami3 pe3ynbTaTiB MPOBEACHUX PO3PAXYHKIB BHU3HAYEHHS ONTHMAIBHUX MICIh
po3mimenns JITMK Ta HeoOXimHOI iX KiJBKOCTI Ha OCHOBI (DaKTOPHO-PEHTHHTOBOTO METOIY
JIOBOJIUTH, 1110 3aCTOCYBAHHS 3aIIPONOHOBAHOTO IiIXOIY J103BOJISE:

1. BusHaunTt ONTHMaNbHY KUIBKICTh Ta mepepodmroBanbHy crnpomoxHicTe JITMK Ha ocHOBI
KPHUTEPIit0 ONTHUMI3allii BUTPAT Ha iX OYAIBHHUIITBO i3 ypaxyBaHHIM 3aJIaHOTO 00CATY BAHTaKOTIOTOKY.

2. BpaxyBatu 1ipu BUpillIeHHi 3a/ja4 piBHOIO MipOIO TPAHCIOPTHI, EKOHOMIYHI Ta aJIMiHICTPAaTHUBHI
dakTopH, sKi BIUIMBAlOTh HAa PO3MINICHHS EJIEMEHTIB JIOTICTUYHOI TPaHCHOPTHO-MHUTHOL
1H(QPaCTPYKTYpH, Ta JOMYCKAE y3arallbHEHHS ISl BpaXyBaHHsI OiIbIIIOT KUTBKOCTI (haKTOpiB.

3. 3actocyBaHHA MeTOLy 103BOJIsiE€ c(hopMyBaTH 0a3u JaHMX BH3HAYEHUX OO’ €KTIB JIOTICTUYHOI
TPaHCIOPTHO-MHUTHOI iHYPACTPYKTYpH (MICTKICTh KOMIUIEKCIB, 30HA 0OCITyTOBYBaHHsI) Ta PO 00CSITH
nepepoOKH BaHTaXIB JUIsi TPUAHSATTS YNPaBIiHCHKUX pIilIeHh 3 MOJIEPHI3allii Ta TPIOPUTETHHX
HanpsIMiB PO3BUTKY TPAHCIOPTHOI iHPPaCTPYKTypH KpaiHH.

4. B mojaibpioMy JOMUTEHO MPOBECTH JOCIIPKEHHS (DAaKTOPHO-PEHTHHTOBOI ONTUMI3AIlii CTPYKTYpH
Ta MeTo/1iB (POPMYyBaHHS PEriOHATIBHIX MEPEX TPAHCIIOPTHO-JIOTiCTHYHOT IHPPACTPYKTYPH.

TakuMm 4MHOM, Pe3yJbTaTH MPOBEICHOTO JIOCIILKEHHS MiATBEPIDKYIOTh €(EeKTUBHICTh 3aCTOCYBaHHS
(aKTOPHO-PEHTUHIOBOTO METONYy Ul BUpILIEHHS 3aaad onTuMizauii po3mimenHs o6’extiB JITMI Tta
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MOXITUBICTh BUKOPHCTaHHS OTPUMAaHHUX PE3yJIbTaTiB JJIsI BCTAHOBJICHHS JIOCTATHBOI KUTBKOCTI TaKHX
00’exTiB B Tporieci po30ymoBu ykpaiHcekkoi mepexki JITMK, a Takox BupimeHHS OUTBII HIMPOKOTO
CHEKTPY 33/1a4 TIOB’I3aHMX 3 PO3BUTKOM JIOTiCTHYHOI Ta TPAHCHIOPTHOI iIHPPaCTPyKTypH.
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ANALYSIS OF THE EFFICIENCY OF BUILDING A NETWORK OF TRANSPORT
AND LOGISTICS COMPLEXES BASED ON THE FACTOR-RATING MODEL

The article presents the results of the analysis of the effectiveness of the factor-rating method of
solving the problem of finding the optimal location of elements of the logistics transport and customs
infrastructure of Ukraine with the minimization of transport work on cargo transportation. A sufficient
and economically justified number of logistics transport and customs complexes for processing the
imported cargo flow of a given volume has been determined.

The study uses methods of systematic and factor analysis of the calculated parameters of cargo
processing, taking into account transport, economic and administrative factors of territorial
development. It is established that the known methods developed to determine the location of
individual transport and logistics centers do not allow to optimize the relevant logistics infrastructure
focused on the processing of freight traffic in the transport system of the country.

To build an effective solution to the problem of optimal location of several logistics transport and
customs complexes, a method for determining the factor-rating potential of urban efficiency for their
location in Ukraine, taking into account transport, economic and administrative factors. An
assessment of transport work was conducted for 165 settlements of Ukraine, which include cities with
a population of more than 30,000 people, as well as settlements with established customs posts or
cargo checkpoints across the customs border of Ukraine. For each city, the relative consumption of
imported foodstuffs is taken into account.

According to the above algorithm, calculations were performed for options that provide for the
operation of one to ten logistics transport and customs complexes throughout Ukraine. The analysis of
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the results of the calculations shows that the volume of transport work is effectively reduced in the
case of the creation of 1 to 5 transport and customs logistics complexes. Further increase in the
number of logistics transport and customs complexes, and consequently capital investments, does not
lead to a significant reduction in total transport work. Accordingly, the factor-rating potential for
cities in the zone where the creation of logistics transport and customs complexes is the most rational
and has the following values: Dnipro —0.46; Kyiv —0.46; Lviv —0.54; Odesa —0.69; Kharkiv —0.62.

The results of the evaluation of the effectiveness of the optimal location of logistics transport and
customs complexes can be implemented in the Ukrainian transport system in the construction of
logistics infrastructure for the processing of cargo flows of sufficiently large volumes.

Keywords: transport and logistics infrastructure, transport and customs complexes, factor-rating
method, logistics.
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3ABE3NEYEHHS MOPEXITHOI'O CTAHY HABAJTIOBAJIBHOI'O CYTHA
HA ETAIII TPOBEAEHHSA BAHTAKHUX OIIEPALIIA

Ilposedenns sanmadichux onepayii HA8AIOBATLHUX CYOeH (Dankepis) € 8iON0GIOANbHUM emAanom y
npoyeci ix excniyamayii, OCKiIbKU SUHAYAE piGeHb ix Oe3neKku Ha Maubdymubomy nepexooi. /[ns
bankepig 8uCy8arOMvCs NiOBUWEHT BUMO2U U000 POSMIWEHHs 6aHMAdICY ma baracmy 3 be3nepepeHum
KOHmponem ixuvoi ocmitnocmi ma miynocmi. 1106y006a 6anmaicHo2o niamy cyoHa HOKIA0AEMbCS Ha
BAHMANCHO20 NOMIYHUKA KANIMAHA, AKULL  KOPUCHIYEMbCS  CYOHOB0I0  OOKYMEHmayiero ma
CneyianizoeanuMy  KOMI IOMEPHUMU  3acobamu  HAOaHuMu  CYOHOOYOIGHUKOM.  3azeuuau  yi
IHCMPYMEHmU PO3PAXOBAHI HA 0OMENCEHY KIbKICMb CMAHOAPMHUX 8APIAHMIE 3A8AHMAICEHHS CYOHA,
ma He 8paxosyioms 6aeamo Gaxmopis, siKi Mod’cyms sunuxamu y oitichocmi. Poboma no cxnadariio
BAHMANCHO20 NJAHY CYOHA CMAE Npoyecom, AKUl 3aumae bazamo 4acy ma He 3aexHCOU 2apaHmye
ehexmuericmv [ Oe3neky CyoHa Ha KOJNCHOMY 3 tioeo emanie. Tomy nowyk iHcmpymenmie O
NPOBEOeHHsI BAHMANCHUX Onepayitl banKepié 3 NOCMilHUM 3a0e3neyenHaM YCix MOpexionux saxocmeti
CYOHA Ha De3neYHOMY Di6HI 3aIULUAEMbCS AKMYAIbHUM.

Y cmammi 3anpononosano 3acanvHuii nioxio 00 (QOPMYBAHHA MHONMCUHU OONYCMUMUX
3a6aHMAIICEHb HABANIOBANLHUX CYOEH 3 YPAXYBAHHAM 00OMediCenb AKI HAKIA0aromvCs GUMO2AMU
MIHCHAPOOHUX KOHBEHYIl 00 be3nepepeHo2o 30epediCen st iX MOpexiOH020 CMaH).

Knrouoei cnoea: mopexioui sikocmi CyoHa, HABANIOBAIbHE CYOHO, BAHMAJICHI onepayii, nocaoxa
CYOHA, OCMITIHICMb CYOHA, MIYHICMb CYOHA, ONMUMI3AYIS, GAHMANICHUL NIIAH CYOHA.

Beryn. MopexigHuii cTaH CyJHa BKIFOYA€E BiJIOBIIHICTh MapaMeTpiB HOTO OCTIHHOCTI, TIOCAAKH i
MIITHOCTI JIOMyCTUMHUM MeXaMm, IO 3a0e3MeduylorThcss B TPOLECi eKCIuTyaTamii KOPEKTHUM
3aBaHTaXCHHSM CyJiHa. BUMOTH 11010 OCTIHHOCTI, IOCAJKHU Ta MII[HOCTI CY/[HA € YHIBEpPCATIbHUMH IS
BCIX THIIB CyIeH 1 3akpimuieHi kojekcamum MixHapogHoi Mopcebkoi Opranizanii (MMO) Ta
JOKYMEHTaMHM CYAHOIUIaBHHMX PericTpiB okpemux Kpain. IIpoBeaeHHs BaHTaXKHHMX orepauiit
HaBAIOBAIBHUX CyJeH (OajkepiB) € BiJMOBIIAIbHUM €TAllOM y MpOIeci iX eKcIuIyaTarlii, OCKIIbKH
BU3HAYAE PIBEHb OE3MEKH cy/lHa Ha MalOyTHhOMY mepexomi. Jiust 6ankepiB BUCYBArOTHCS IMiJIBUILICHI
BUMOTH MIOAO TaKHUX OIepauiil 3 Oe3NepepBHHM KOHTPOJEM iXHBOI OCTIHHOCTI, MO3IOBXHBOI Ta
MiCIIeBOT MIIIHOCTI. [CHYI0Y1 Ha TaKUX CyJHAaX IHCTPYMEHTH JUIsl IJIaHyBaHHS BAHTAXXHHUX OTepallii He
OXOILTIOIOTH yCi MOXJIMBI clieHapii iX MNpoBeleHHA. B ymMoBax 0OMEXEHOro 4Yacy MpOBeICHHS
NOPTOBUX OIlepaniid, 1€ MOXX€ MpPU3BOAUTH A0 HEe()EeKTUBHOIO IUIAHYBaHHS BaHTa)KHO-
PO3BaHTaXyBaJbHUX POOIT CyAHAa 3 HACTYNHOI THMYacoBOIO a00 YacTKOBOIO BTPaTOl0 HOro
MOPEXIJIHUX SKOCTEH.

AHaji3 oCTaHHIX JOCTiAKeHb i mMocTaHoBKa mpodjemu. [lutaHHsAM ekcruTyaTalii Cy4acHUX
OankepiB npucBsiueHo podotu [1, 2, 3].
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[Tpob6nemam moOyn0BH BaHTaKHOTO TUIAHY Ta MPOBEACHHS MOPTOBUX OMepalliii HaBaIrOBaJIbHHX
CyJleH TIpUCBsYeHi pobotu [4, 5, 6].

MiXHapOIHOI0 MOPCHKOI0 OpPTaHM3AIi€l0 OYyJI0 MPUHHATO HU3KY KOHBEHIIIH, Y SIKHX 3aKpiruieHi
BHMOTH JIO TIPOBE/ICHHS BAHTAXXHUX OIEpalliii MOpChKUX cynaeH [7, 8,9, 10, 11].

3aranpHi OPUHOUNK ONTHMIi3allii BaHTOKHHUX ONepalili HaBaTIOBaJbHUX CYICH PO3TISHYTI y
cratTax [12, 13].

MarematnyHi MoJedi BaHTaKHUX OIEpaliii HaBAMFOBAJFHUX 1 yHIBEPCAIBHHUX CYyNIEH, a TaKOX
BUKOPUCTAaHHS METOMAIB JiHIHHOTO MpOorpamMyBaHHsS JJs BUpIIIEHHS 3aJa4 oONTHUMi3amii Oymu
po3risHyTi y pobotax [14, 15].

IlocranoBka 3amadi (popmarizamii 3aBaHTaKEHHS HABATIOBAILHOT'O CY/IHA PO3TJISIHYTa y CTaTTi [16].

Mixnaponna Mopcbka koHBeHliss COJIAC Bumarae Biag mepcoHany CyAeH IUIaHYBaTH Ta
MPOBOJMTH BaHTAKHI OTEpalii TAKUM YHHOM, 100 CYIHO BiANOBIAATI0 YCIM MOPEXIAHUM KPUTEPIsIM y
OyIb-SIKMi1 MOMEHT X OTeparlliii i 0yJ0 TOTOBO A0 BUXOAY B MOpE Ha OyAb-IKOMY iX eTari.

Ha naBanroBambHMX CyAHAX ICHYIOTH 1HCTPYKLii IIOJO KOPEKTHUX BapiaHTIB 1X 3aBaHTaXeHb
(Loading manual), abo cremianbHi BaHTaXHI MPOrpaMH, sKi JO3BOJSIOTH OLIHUTH MapamMeTpu
MOPEXiZHOTO0 CTaHy CyAHA 3a BHOpaHMM BapiaHTOM HOTO 3aBaHTaXEHHs. 3aBJaHHS BaHTAXHOTO
MOMIYHUKA KalliTaHa TOJISATae y BH3HAYEHHI BapiaHTa 3aBaHTAXEHHS, IO BiAINOBIAE JOMYCTUMHM
napamMeTpaM OCTIHHOCTI, MOCagKd Ta MimHOCTi cynaHa. Lle 3aBoaHHsS YacTKOBO peaji3oBaHO B
JIOKYMEHTAIIi1 [[0/I0 TUTIOBUX 3aBaHTAXEHH CyJIHA, AKI OXOILTIOIOTH JaJIeKO HE BCi MOXKIMBI CUTYaIlil
3aBaHTaXEHb, MOYJIMBY HOMEHKIIATYpPy BaHTaXKIB Ta 0COOIMBOCTI MaliOyTHROTO peiicy cymaHa. Takum
YMHOM, MOITYK ONTUMAIILHOTO BAaHTAXKHOTO TUIAaHY MOXKE BUMAaraTv 3HAYHUX 3YCHIIb BiJTIOBiAaJbHOTO
MePCOHAIY.

BuxopuctanHs cy4acHOI OOYHCIIOBAaJbHOI TEXHIKM JO3BOJSE PO3paxyBaTH JOMYCTHUMI
3aBaHTAXKCHHS CyJlHA 3 YpaxyBaHHAM OOMEKEHb 3a KPUTEPisIMH MOPEXiIHOCTI, 32 YMOBH, [0 TPOILIEC
3aBaHTaXXCHHS CyJIHA (OPMai30BaHO Ta PO3POOJIECHO AITOPUTMH Ta IPOTrPaMH HOTO 3aBAHTAXKCHHS.

[lomyk w™eTomiB onTUMi3alii TMPOBENEHHS BaHTAKHUX oOlepamii OajKepiB 3aIHIIAETHCS
akTyanbHuM. OCHOBHMMH €TalaMH TaKOTO IMOIIYKYy OyAyTb KOpEKTHEe (OPMYJIIOBAaHHS CHUCTEMHU
o0OMeskeHb, [0 HAKJIAAAal0ThCsl 3a0€3MeYeHHsIM HEOOXOAHNX MOPEXiJHHUX SIKOCTEH cylHa Ta iHIIMMHU
(hakTopamu, MOCTAHOBKA ONTUMI3aIliiHOI 3a/1a4i Ta BUOIp MAaTEMaTHIHUX METOIIB AJIS i1 BUPILIICHHS.

Mera i 3aBaaHHsl Jgociail:keHHs. MeToro craTTi € (GOpMyIIOBaHHS CHUCTEMH OOMEXEHb, SIKi
HaKJTAJafoThCsl 3a0e3MeUeHHsIM MOPEXiJIHUX SKOCTeH Cy/JHA Ta aHalli3 MOXIIMBOCTEH BHU3HAYCHHSI
JIOITyCTUMHX BapiaHTiB 3aBaHTaXEHb CYJIHA, [0 3aI0BOJIGHSIOTH IIMM OOMEKEHHSIM.

Marepiaau Ta Metoau aociimxkeHHs. [lpu 3arampHuX BHMOTrax 3a0e3NeUeHHS MOPEXiTHUX
SAKOCTEH Pi3HI THIHM MOPCBKUX CYyJI€H MAaIOTh JTOJATKOBI BUMOTH, ITOB’s3aHi 3 0COOIMBOCTAMH IXHBOI
KOHCTPYKIIiT 200 TEXHOJIOTIi IepeBE3eHHS BAHTAXIB.

Tak, ns yHiBepCaJIbHUX CyIeH NPH 3aBAaHTAXCHHI T'€HEPAJbHHUX BAHTAXIB BUCYBA€ETHCS DAL
criel(igHNX BHUMOT, IO SKHX HaJeXaTh, TEpII 3a Bce, HEOOXITHICTh ypaxyBaHHS CYMIiCHOCTI
BaHTaXIB, 1[0 3HAXOJATHCS B OJHOMY BaHT)KHOMY IMPUMIIICHHI, BEJIMKa KiIBKICTh MapTili BAaHTaXY,
IO TIPUAMAIOTBCSL JI0 TIEPEBE3EHHs, MOCTIJOBHICTh IOPTIB BHBAHTXKEHHS MapTid BaHTaXy,
HEOOX1THICTh OOMEKEHHS KUTBKOCTI SIPYCiB BAHTAXKY 3aJIS)KHO BiJ MIITHOCTI Tapy BAHTAXKHOTO MICIIS.

VY cBOIO Yepry, 0 HABATIOBAIBHUX CYJIEH uYepe3 iX 3HaYHy JOBXKWHY BUCTABJSIFOTHCS IiIBHIICHI
BUMOTH II0JI0 3a0e3MeveHHs! JOMYCTHMUX HaBaHTaXXCHb, 3HAYCHHS SKHUX JIMITYIOTHCS 3araibHOIO
MO3/I0BKHBOIO Ta MICIIEBOIO MILHICTIO KOPIIyCY CyZHA, L0 BU3HAYa€ PsJ OCOOJIMBOCTEH BaHTa)KHUX
omepariii mmx cyaeH. Hacammepen, BaHTaxHI Ta OanacTHi omeparlii OanmkepiB 3A1HCHIOIOTHCA
onHouyacHo. [Ipuyomy, 3ajJ€KHO BiJi KUIBKOCTI TPIOMIB CyJHA, IO OJHOYACHO OOpOOJISIOTHCS, Ta
MUTOMOI'0 BAHT)KHOT'O 0OCSATY BaHTaXYy, BaHTa)KHI Ta OanacTHi onepallii pOBOAATHCS B KUTbKa €TamiB
(mo mBamuATH).

Ha naBanroBapHHMX Cy/JHAX 3a3BHYall iCHY€ 1HCTPYKIIiSI MO0 X CTaHJAPTHUX 3aBaHTAKECHb, SKa
HAJIA€ThCsl OYAIBHUKOM CYJ/IHA, CTPYKTYpa SIKOi 3aJIE)KUTh Bijl IUTOMOTO BAHTKHOTO 00CSTY BaHTaXy
1 KUTBKOCTI TPIOMIB, IO OJHOYACHO OOpoOsroThCa. [IpUMITHO, IO 10 3aBaHTaXXKEHHS B TaKUX
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IHCTPYKILISX MPOMOHYETHCS JIMIIE OAWH THUN BaHTaxy. [l KOXXHOrO cTaHIapTHOTO BapiaHTa
MPOBEJICHHS BAaHTAXKHUX OIEpalliii B 1HCTPYKIlil HAaBOAWTHCA TOCTIIOBHICTh €TAIliB 3aBaHTAKEHHS
CylHa, KOKEH 3 SKHX XapaKTepu3yeTbcs HAOOpPOM TPIOMIB, IO 3aBAHTAXKYIOTHCSA, 1 MPUPOCTAMH
BaHTa)Xy B HHX, a TaKOXX KOMOIHAII€I0 TaHKIB, 3aJliTHUX B OamacTHUX omepamisx. [lo 3aBepiieHHI
KO>KHOTO 3 €TaIliB CyIHO MMOBUHHO TiepeOyBaTH y IOyCTUMOMY MOPEXOJHOMY CTaHi.

VY curyanii HECTaHTAPTHUX 3aBAHTAKEHb HABATIOBATBHUX CYyJCH, HE OXOIUICHHX IHCTPYKIIEO
CynHOOYIIBHUKA, BUHUKAIOTh CKJIAJHOIINI 3 IJIAaHYBAaHHSAM Ta MPOBEAEHHSIM BaHTAXXKHHUX OTeparliil i3
3a0e3MeUeHHAM HAJeKHOTO MOPEXiHOrO CTaHy CyAaHa, e(QEeKTHBHUM BHKOPHCTAHHAM HOTO
BaHT)XKOMICTKOCTI Ta BaHTAXOIMITHOMHOCTI. Y IhOMY BHUNAJIKy BHHHKA€ MpOOIeMa y MPOBEISHHI
BaHTa)XHUX OTIEpalliii, IKy CyTHOBOiN 3MyIICHWH BHPINIYBATH CAMOCTIHHO, pPO3POOIISIIOUN TMEperiK
MIOCITITIOBHUX €TaliB, Ha KO)KHOMY 3 SIKUX BHPIIIYETHCS 3aBAAaHHS MIOA0 PO3MIIIEHHS MaKCHMalbHO
MOJJIMBOI KIIBKOCTI BaHTaXy y TPIOMax 3 ypaxyBaHHSM OJHOYAcHOi 0OpoOKHM HEOOXigHOI Tpymnu
OamacTHuX TaHKiB. [Ipr mboMy Mae BUKOHYBaTHCSl HU3Ka OOMEKEHB MI0A0 3a0e3MeYeHHsT MOPEXiTHUX
SIKOCTEW CyJHa.

Omxe, OOMEXKEHHS, 10 HAKJIaJal0ThCS Ha Pi3HI BapiaHTU 3aBaHTa)KCHHS CY/HA, 1 [0 BU3HAYAIOTh
MHOKHHY JJOIYCTUMHX 3aBaHTa)KE€Hb, MOYKHA TIOIUTMTH Ha KiTbKa TPYIL.

Jo mepmioi Tpyny MOXHa BiTHECTH 3aralibHi IJIsl BCIX THUIIIB CyJeH OOMEXEHHS IIOAO0 MOCAIKH
CyJIHa, a IO APYroi rpynu — 0OMeKeHHS 3 HOro OCTIHHOCT.

Posrisinemo nepiry rpymy oOMexeHsb, o 3a0e3redye MopexXiqHuii ctan cyaHa. Jlo HuX Hajexars,
TIEpeyciM, OOMEKEHHS MO0 MOCAAKH Cy/AHA, TOOTO, CEPENHs NOIMyCTHMa Ocaaka cyaHa Ty, i
JonycTuMi Mexi oro maudpepenty d. 3a3Buyaii g0 i€l rpymu BigHOCATH mie 1 kpeH cyana K. Ha
NPaKTHII CyTHOBHI IIEPCOHAN HAMAraeThCs HE JOIYCKAaTH 3HAYHUN KPEH CYIHA MPOTSATOM BaHTAKHUX
oreparliid, TOMy MU MOKEMO HE BBOJIUTH OKPEMHX OOMEKEHb 110 KpEeHY CY/HA.

Cepenns momyctuMa ocanka cynaHa Tg, OOMEXKYETbCS BUMOTaMM MiKHAPOIHOI KOHBEHIIIT MPO
BaHTa)XHy Mapky [10], Z0KyMeHTalli€l0 CYyAHOOYIIBHUKA, PEHCOBUX HaBIralliiHUX OOMEKEHb OCaJIKH
CyllHa, a TAKOXK KPUTEPi€EM MIHIMAIBHUX OCAIOK HOCOM Ta KOPMOIO JJIsl HEIOMYIICHHS CIEMIHTY 4H
OTOJICHHS TBUHTA.

Taxum yrHOM BUHUKAE OOMEKEHHS 110 Ty

Tmin =< Tcp < Tmax (1)
1€ Trmin Ta Tipgy — BUIOBIIHO HIKHSA Ta BEPXHS MEXKI CEPEIHBOT OCanku cyHa Tey,.

MiHimManbpHe TpaHWUYHE 3HA4YeHHS JudepeHTa d;, MOXHA NPUHHSATH PIBHUM HYJIO, OCKUTBKH
3a3BUYail HEe JONYCKaeThes MU(EpeHT Ha Hic Cy/aHa, IO TOB’sS3aHE 3 TPYAHOLIAMH NPOBEACHHS
0aJacTHUX OIepaliii Ta pPO3PaXyHKOM KIUIBKOCTI BaHTaXy Ha cCynHi. MakcuMmaibHE 3HAYCHHS
TUQepeHTy d,,q, PETYIIOETHCS HASBHUMH Ha CY/AHI TaOJHISIMU 3amipy Oaiacta Ta IHINNX DiJuH,
OOMEXCHHSIMU B POOOTI CYyIHOBOTO OOJIaJHAHHS, KPUTEPiEM XiakocTi cymHa. OOMEXEeHHs I0J10
nmudepeHty d :

d € [0, dygy] 2

OOmMexeHHs, Mo 3a0e3nedyoTh HeoOXiqHY OCTIIHICTh CyzIHa BifHeceMo 110 apyroi rpynu. Bonu
BUpaXXeHI, Hacamriepe]], 0OMEeXEHHsIM, HaKIIaICHHM Ha MOYaTKOBY METaIlEeHTPUYHY BHCOTY h:

hmin <h< hmax (3)

1€ Rypin Ta Rpygy — BIIOBIIHO HIMOKHSI T BEPXHS MEXKI IIOYaTKOBOT METALIEHTPUYHOT BUCOTH h.
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MiHimManbHe 3HA4YCHHS METALEHTPUYHOI BHCOTU Ry, JiMiTyeThCs BuMoramu MMO 1o
MOYaTKOBOI OCTIMHOCTI CyzieH, a caMe MIKHApOJHUM KOJEKCOM OCTIHHOCTI HETOIIKOIKEHOTO CY/HA,
a TaKOXX KOJEKCOM O€3NEYHOIro IEpeBe3eHHsS 3€pHAa HACHIIOM, AJs HAaBAJIOBAIBHUX CYHAEH, IO
MEPEeBO3ATh 3¢PHOBI BaHTaX1 1 CTAaHOBJIATH BiamoBiauHo 0,15 ta 0,30 M.

BepxHst Mexxa moyaTKOBOi METAlleHTPUYHOT BUCOTH M,p,, HE JiMiTyeThCs BuMoramu MMO, ane
MOJKE BCTAHOBJIIOBATHUCS CYJHOIUIABHUMHU KOMIIAHISIMU 715 BIACHUX CYZCH.

Taki mapameTpu OCTIHHOCTI CynHa, SK NEPEKUIAIOYMA MOMEHT My, MAaKCUMAJbHE IUIEYE
JiarpaMu CTaTHYHOI OCTIHHOCTI Ly, 4, KYT KPEHY CYJHA HA SIKUH MPHIIAIa€ MaKCUMAITBbHE TIeYe O,y gy,
Ta KyT 3aX0Ay miarpamu 6,,, 3HAXOIATHCS 3a JOIOMOTOIO0 JiarpamMy CTaTHYHOI OCTIHHOCTI, a ix
BEJIMYMHU JIIMITYIOTBCSI HOpDMAaTUBHUMH BUMoOTramu KonekciB MMO Tta Perictpamu cynHoIUTaBCcTBa
OKpEeMHX KpaiH 0 TOYaTKOBO1 OCTIHHOCTI CyJeH.

Tak, 3rifHO 3 UMK BHMOraMH, MakCHMajbHE IUI€Ye AiarpaMd CTATHYHOI OCTIHHOCTI ly,,, Mae
OyTu He meHIue 0,20 M a7 cyaeH 3aBaoBxkKu 105 M nipu KyTi KpeHy Oinbimomy Hixk 30°.

Kyt kpeny 6,4, IpH SIKOMY TJIeYe AiarpamMH CTaTUYHOI OCTIMHOCTI JOCSTaE MaKCUMYMY, TOBUHEH
OyTtu mHe mentre 30 °.

Kyt 3axonmy miarpamu ctaTH9HOT OCTIHHOCTI 8,,, TOBHHEH OyTH He MeHie 60°.

BigHomienHss NepeKuaanbHOro MOMEHTY My, 10 HAKPEHSJIBHOrO MOMEHTY M, (Kpurepii
MOT'0/IN) TOBUHEH OyTH Oinbiie abo gopiHioBaTH 1 [17].

Tperss rpymna mapameTpiB XapakTepu3ye 3arallbHy MO3J0BXKHIO MIIHICTH CyIHA 1 BUPaXaeThCs
IPaHUYHO JOIMYCTUMUM 3HAYEHHSM 3THHAIBHUX MOMEHTIB BM; i mepepizyrounx cun SF; anst i-ro
KOHTPOJIBHOTO Tepepidy CyAHa. MaKCUManbHO [OMyCTUMI 3HAYCHHS 3THHAIBHOTO MOMEHTY 1
nepepi3yovoi CHITH Il KO)KHOTO KOHTPOJIBOBAHOTO MEPEPi3y € MOCTIHHUMU 1 HABOASATHCS Y CYAHOBIH
JIOKYMEHTAIII1 3 BAHTKHUX OTIEepaIlii.

Jlo wi€ei * Tpymu MOKHA BigHecTH i MicueBy Mminmicts P, sika XapakTepu3yeTbCs BiHOIICHHSM

Baru MPUHHATOTO BaHTAXy A0 IUIONII BAaHTAKHOTO MPUMIIIEHHS, B SKOMY BaHTaX 3HAXOIUTHCS. Y
CYITHOBI¥ JOKyMEHTallii BKa3aHi JOMyCTHMI HaBaHTa)XCHHS HA KBAaJPATHUH METP IJIOUI BaHTaKHUX
MPUMIIIEHb Ta BEPXHBOI MaTyOH.

Bei mapamerpu, 1o JIMITYHOTBCS 1 XapakTepusyloTh Mopexinnué crtan cymana T, d, h,

Mpep, lmaxs Omax> Osaxe BM;, SF; 1a P, e dynkuismm BomoromHaxHocti cymsa D Ta iioro

HOB3I0BXHBOTO M, Ta BepTUKaJILHOTO M, cTaTnaHNX MOMeHTIB. [Iprnuomy 3 MoMeHTOM M, 11OB’s13aHi
mudepeHTt d, 3ruHalbHI MOMeHTH BM; Ta mepepizytoui cunu SF;, a 3 MOMeHTOM M, — mo4aTkoBa
METalleHTpHYHa  BHcOoTa h  Ta  XapaKTepUCTHKH  JiarpaMd  CTaTM4YHOI  OCTiHHOCTI
Myep, lmaxr Wmax) Usax- OTKE, BUXOAAYM 3 TPAHUYHUX  3HAYEHb  Apay, Amin,  Mmax
Myeps bmaxs Omaxs 6sax BM;, SF; ta P, siki BucyBarots BUMOry 110 3a0€311€UEHHS MOPEXiTHOTO CTaHy
CyJHa, MOXXHa 3HAWTH TPAHWYHI 3HAYCHHS BOJOTOHHAXKHOCTI CyIaHAa D,,,, TPaHUYHI 3HAYCHHS
M ta MI'**  jioro mOB3IOBKHBOIO MOMEHTY, a TaKOX BepxHI0O M™% ta mmxnio MIM" rpanumi
BEPTHKAJIBHOTO MOMEHTY.

Skuo mo3HaunTH 4epes D', My, M, BiINOBIZIHO BOJOTOHHAXHICTH Ta CTATHYHI MOMEHTH, IO
BUHHUKAIOTh TPH JESIKOMYy OOpaHOMYy BapiaHTI 3aBaHTaXEHHS CyJHAa, TO OYEBHUAHO BCi Ti
3aBaHTA)XEHHS, JUIS SIKMX CIPaBETHBI Taki 0OMEXEHHS:

!
D" < Dmax

M € [Mpin, MPex], 4

M, € [Mm, MIeX]
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HaJle)kaTh 10 MHOXHHM K JOMyCTUMHX 3aBaHTaKEHb 32 BUMOraMu 3a0e3nedeHHs HeoOXiTHHX
MOpEXiTHUX sKOCTeH cyaHa. [IJis KOHKpETHOTo THIy CyIHa MOTPIOHO BpaxoBYBaTH AOAATKOBI
crierdigai 0OOMEXEHHS, SKi MOXYTh YHEMOXIJIMBHTH YACTHHY 3aBaHTaKEHb cepel AOMyCTUMOL
MHOXHHH BapiaHTiB K. Tak, Hanpukinaz, ass OankepiB, sSKi MEpeBO3SATH 36PHOBI BaHTaXi, J0AaTKOBOIO
rpynor obMexeHb OyayThb BUMOTH MIKHApOTHOTO KOAEKCY 3 OE3MEeYHOro MepeBe3eHHS 3epHa
HACHUIIOM, OJJHVIM 3 AKX € KyT KpeHy Bix 3MimeHHs 3epHa [11].

3 mo3utii 3a0e3rnedeHHs MOPEXiTHUX SIKOCTEH CyIHA, MPOTATOM 3aBAHTAXEHHS CyIHA HEOOX1ITHO
Opi€HTYBATHCS HE Ha KiHIEBUIl MopexigHuit ctan cymHa D'(ty), a Ha KOXEH MOTOYHHN HOro cTaH
D'(t), 3 mouaTky HaBaHTaXCHHs 1 10 WOro 3aBEpIICHHS, TOOTO Ma€ BHKOHYBATHCS CHCTEMa
00MEXEeHb:

D'(t) < Dmax
My (6) € [MP™, Mo, ()
My (t) € [Mp™, My,
t € [0,t],
ne t;, — MOMEHT 3aKiHUYeHHS BaHTXHUX OTIEpaIliid CyTHa.

JonatkoBUMH «BUPOOHUYNMI» OOMEXECHHSMH ISl HABATIOBAILHUX CylIeH MOXKYTh OyTH:

KUTbKICTh BCTAHOBJICHHX €TalliB BAHTAKHUX ONEpalliil y IopTy;

KUTBKICTh HAsIBHUX BaHTaKHHX 3ac00iB B MIOPTY Ta iX MOTY>KHICTH;

3a0e3MeYCHHS HEPO3PUBHOCTI KOHOCAMEHTHUX MaPTiii;

PO3MIIICHHS BaHTAXY y TPIOMAaXx 3 ypaxyBaHHSAM POTAIlii OPTIB 3aBaHTAKEHHS-PO3BAHTAKCHHS,

KUTBKHCh BAaHTAXY JIO PO3MIIIIEHHS B KOXKHOMY 3 TPIOMIB Cy/THA;

KUIBKICTh 0aJIaCTy JIJIsl KOJKHOTO 3 TaHKIB, Ta IIBUKICTh BUKOHAHHS 0aJacTHUX OIepalliii;

IlepepaxoBani 0OMeXeHHS MarOTh BiTHOIIEHHSA 10 (hOpPMYyBaHHS ONTHUMI3aIliiHOI 3a7adi pa3oM 3
00MeXEeHHSIMHU, 1110 3a0e3MeYyI0Th MOPEXiJHUI CTaH Cy/IHA.

Onrtumizaniiina 3aja4a Moxe OyTH cOpMyJIbOBaHA TakuM YUHOM. OOMEXEHHSIMH BHCTYMAalOTh
BUMOTH JI0 TIOCAJKH, OCTIHHOCTI, 4Yacy MpPOBEJICHHS BaHTAKHUX OMEpallid, psa BHPOOHHUMX
nmapaMeTpiB AKi 3alexarb BiJ crenudikd caMoro cyjHa Ta TOpTy, a B SKOCTI KpPUTEPIirO
ONITUMAJILHOCTI BUOMPAIOTHCS TApaMETPH 3araibHOI TO3JJ0BXKHBOT MIITHOCTI, SIKi CIIiJl MiHIMI3yBaTH y
MPOIIEC BAHTAXHUX OIEPaIlii.

BucHoBKkH. Y cTaTTi aBTOPOM BHUCBITIICHO NMPOOJIEeMY HEIOCKOHAJIOCTI ICHYIOUMX IHCTPYMEHTIB 3
IUTAaHYBaHHs BaHTQ)XHUX Olepaliii HaBATIOBAJILHUX CY/EH Ta aKIIEHTOBAHO HEOOXiTHICTh CTBOPEHHS
HOBHX YHIBEpPCAJIbHHUX METOJIB CTBOPEHHS BAHTKHOTO IUIAHY CyJHA. 3allpOTOHOBAHW 3arajibHUN
migxing 1m0 ¢dopMyBaHHS Oe3lidi JOIMyCTUMHUX 3aBaHTa)KeHb HABaNIOBAJIHHOTO CY/IHA CTBOPIOE
nepeIyMOBH JUIs IOCTAaHOBKHU 3a/1adi 00 BUOOPY ONTHMAbHOI cTpaTerii MpoBeIeHHsS BaHTaKHUX
omeparliii 3a KpuTepieM O€3MepepBHOrO JIOTPUMAHHS HEOOXIJIHUX 3HAYCHb MOPEXOJHHUX SKOCTEH
cynna. ChopMmynboBaHa cucteMa OOMEKEHb, SIKI HAaKIaIAIOThCs MapaMeTpaMi MOPEXOJHOTO CTaHy
CyJHa, Ta HaBeJeHa HU3KAa BUPOOHMYHMX MapaMeTpiB, SKI XapakTepU3YIOTh B3a€MOMII0 CyaHA 3
noproM. BaHTaxkHi oneparlii HaBaJTIOBaIbHUX Cy/EH IOBHHHI Ha BChOMY X HPOTs3i 3a0e3neuyBaTu
JIOTYCTHMI 3HAYCHHSI TOCAJIKK CYyJIHA, HOTO OCTIMHOCTI, 3araJlbHOT MO3J0BKHBOI Ta MICIIEBOI MII[HOCTI.
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ENSURING THE SEAWORTHINESS OF A BULK VESSEL AT THE STAGE
OF CARGO OPERATIONS

The seaworthiness includes the conformity of the parameters of the vessel's stability and strength to
the permissible limits, which is provided during the port loading and discharging operations.
Requirements concerning the ship's stability and strength are universal for all types of vessels and are
postulated in the International Maritime Organization (IMO) codes and documents of the shipping
registers of different countries. The cargo operations of bulk carriers are responsible moment, as it
determines the level of their seaworthiness and maritime safety at the sea voyage. For bulkers raised
strict requirements in regard of cargo distribution and ballast operations with continuous control of
their stability and strength. The search of methods for optimal performing cargo operations of the bulk
vessels with assurance of all seaworthy parameters at the safe level remains actual.

The bulk carriers usually have instructions for their standard loading options provided by the
ship's builder, the character of which depends on the specific cargo volume and the number of holds
processed at the same time. For each standard variant of cargo operations, the instructions provide a
sequence of stages of loading the vessel. At the end of each stage, the vessel must be in acceptable
seaworthy condition. In the situation of non-standard loading of bulk carriers, which are not covered
by the shipbuilder's instructions, there are difficulties with planning and conducting cargo operations
to ensure proper seaworthiness of the vessel, efficient use of its carrying capacity. Ship personnel must
independently deal with the distribution of cargo, sorting through various loading options, which is
not always efficient and time consuming. At the same time, a number of restrictions on the
seaworthiness of the vessel must be met.

The purpose of this article is to analyze the possibilities of determining acceptable variants of
loading of the bulk vessel, which satisfy the limitations imposed by parameters of the seaworthiness
and marine safety. The limitations imposed by the requirements of continuous vessel’s seaworthiness
were considered and divided into groups with a view to creating an optimization task. The general
approach to formation of a number of permissible loading of the bulk vessel, proposed in the article,
creates preconditions for setting the task of choosing the optimal strategy of carrying out cargo
operations on the criteria of continuous observance of seaworthy characteristics of the vessel.

Keywords: Seaworthiness, bulk carrier, cargo operations, the vessel seating, the vessel stability,
the vessel strength, optimization, vessel’s loading plan.
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WAYS TO RESTORE NATIONAL TRANSPORT AND LOGISTICS ACTIVITIES
IN THE POSTWAR PERIOD

The article is devoted to the issue of finding effective ways to restore the sector of transport and
logistics activities of the country in the postwar period, which is currently relevant for Ukraine. The
state of international transportation during the war is analyzed. It is established that the process of
restoration of the transport and logistics sector in the country is already underway and consists of a
number of measures in the field of customs, logistics and transports. The experience of restoring the
transport sector in European countries as part of the national critical infrastructure is considered. It
is determined that one of the main conditions for effective economic recovery is international support.
The key programs, diplomatic and legal documents that formed the basis for the creation of
international support for Ukraine in economic recovery in general and the transport sector in
particular are considered. The basic directions in which the action of the specified support for
transport and logistics activity is directed are established.

Keywords: transport and logistics activities, postwar period, international support, critical
infrastructure

Introduction. In the 22 years of the 21st century, there have been more than 60 wars, military
conflicts, uprisings and coups (more than 10 in Europe) that have caused varying degrees of damage to
infrastructure, economic, energy and industrial failures. In the post-war reconstruction of these
industries, one of the most important conditions is the quality of the transport component. It is the
well-adjusted transport and logistics activities of the country that determine not only the direct
restoration of the national economy, but also the preservation and further development of international
relations, which are of key importance for modern economies of developed countries.

Therefore, the issue of rebuilding the domestic transport infrastructure, adapting the transportation
process to military and post-war conditions of operation, restoration and increase of transportation is
currently an urgent problem, the solution of which is based on returning to the prewar level of national
economy and its further development.

Analysis of recent research and problem statement. The issue of restoring the transport
component of the economy in the postwar period, including logistics and warehousing, is the subject
of research by many Ukrainian and foreign scientists. Among them should be noted works of general
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methodological nature, as well as works of economic, political nature, combining theoretical and
applied aspects and highlighting foreign experience.

Political publication [1] about Russia’s invasion of Ukraine was based on false premises, faulty
assumptions, and a weak strategy. With the development of the conflict, heavy losses have led to an
increase in the workload of the attacker. Existential warfare using scattered light infantry tactics with a
high level of motivation shows military and political leaders how the political context continues to
impose restrictions on the people and the economic condition of the state.

The article [2] predicts changes in global and regional incidences of armed conflict for the 2010
2050 period. Predictions are based on a statistical model estimated on data on socioeconomic and
demographic characteristics as well as information on previous conflicts and conflicts in neighboring
countries. Predictions are obtained through simulating the behavior of the conflict variable implied by
the estimates from this model.

The developing of models for predicting national conflicts is essential for international resource
allocation strategies that affect both regional and global security and stability. The publication [3]
proofs this. It is devoted to modeling complex regional environments which is achieved through
economical and interpretable models. Using an unique set of open-source data, a set of regional
models is being developed that predict transition states out of violent conflict. In addition, the
controlled variables of the previous study are considered for inclusion in the developed models.
Conditional logistic regression models detail the complex political, cultural, and ethnic characteristics
of the six geographic regions, as well as capturing the obvious and subtle differences between regional
neighbors currently experiencing violent conflict and those who are not.

The author of the article [4] used systematic analysis to highlight the main directions of the
country's recovery from an economic point of view. Special attention is paid to the study of the stages
of post-war reconstruction, key measures of the government and international organizations.

Analyzed in [5] the world experience on the possibilities of restoring economic ties and relations
between enterprises in the post-conflict period includes different models depending on the
characteristics of the conflict. A methodical approach to the choice of a model for restoring broken
economic ties of enterprises that are on different sides of the line of demarcation and determination the
conditions of its use is proposed.

Some of studies [6-9] show that transport costs have a serious negative impact on the transport
process, even in peacetime, and in many cases transport costs can support trade even more than
customs.

The purpose and tasks of the study. However, the issues of restoring both direct national
production and the organization of the process in the field of transport infrastructure and logistics
activities in post-conflict areas, which determines the relevance of the article, determines its purpose
and objectives, remain insufficiently studied.

Materials and methods of research. Many states, including Azerbaijan, the Balkans, Syria,
Georgia and others, have faced the need to rebuild areas whose economies and infrastructure have
been destroyed by hostilities. The use of international experience in the field of restoration and
development of destroyed territories is a prerequisite for post-war planning, including in Ukraine. At
the same time, the normalization of life in the regenerating territories of Ukraine has its difficulties,
differs from many similar problems in the above countries, as it goes far beyond solving only
logistical and financial problems and is associated with a number of problems. [10-12].

In the restoration of the territories affected by the war, special attention is paid to the transport
infrastructure. The importance of this industry is due to the fact that stable transport and logistics
connections of the regions contribute to the rapid recovery of management. In addition, during military
operations, roads and transport points are usually the most damaged and destroyed as strategically
important objects for the movement and storage of military equipment and, consequently, as
battlefields.
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As of May 2022, as a result of hostilities on the territory of Ukraine, about 23% of railway tracks
were damaged, including 6,3 thousand km of main tracks. In the first quarter of 2022 exports
amounted to 102,9% compared to the first quarter of 2021, imports — 94,4% compared to the same
period last year (Fig. 1). At the same time, foreign trade operations were conducted with partners from

214 countries.
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Fig. 1. Monthly dynamics of changes in exports (a)) and imports (b)) of goods,

% to the corresponding period of the previous year, cumulative total

If in the first two months of the quarter external transportation was carried out mainly in peacetime,
in March the nomenclature of goods and their volumes of transportation changed in relation to similar
indicators of the same period of previous years (Table 1). Thus, the least changes in exports of wood
and wood products, electric machinery, increased 1,75 times exports of oil and some petroleum
products. Imports of oils, ferrous metals, wood and polymers, as well as non-strategic goods — clothing
and footwear, precious and semiprecious stones — decreased the most.

Table 1. Structure of external cargo transportation in 2022

Share Share Share
) ) Share
Cargo category n total compared to Cargo category n total compared to
in 2022, | March 2021, in 2022,
% % % March 2021,%
exports imports

mineral fuels, oil, 20,1 71,7 mineral fuels, oil, 28,2 90,3
petroleum products petroleum products
chemical products 2,1 32,2 chemical products 14,5 30,1
products of plant 18,8 52,1 products of plant 4,0 33,7
origin origin
machines, electrical 13,4 73,4 machines, electrical 17,0 16,9
equipment equipment
base metals 16,6 33,4 base metals 3,2 17,8
food products 3,4 27,2 food products 3,5 19,6
wood, wood 5,8 93,3 means of land 7,7 6,6
products transport
fats and oils 7.5 419 polymeric materials 54 15,5
Others 12,3 others 16,5

(Source: [13])
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Restoration of any industry, including transport, is impossible without a combination of approaches
to the renewal of the old and the construction of new ones. Preparation for the post-war recovery of
both the transport component and the country's economy as a whole should be a detailed analysis and
comprehensive study of international experience on this issue. In particular, for those states that have
similar territorial, political, economic and other general aspects of functioning.

Based on past experience in the restoration of transport and logistics infrastructure, it is impossible
not to turn to the heritage of their ancestors. Thus, the consequences of the Second World War in the
European part of the former USSR in the field of railway transport were damage to 65 thousand km of
tracks, destruction of 13 thousand bridges, more than 4 thousand railway stations and about 500
thousand units of rolling stock. The implementation of measures to restore the railways was then
divided into three main stages:

1. laying of main tracks, restoration of bridges and the minimum required number of tracks at
stations, arrangement of temporary communication, water supply and other structures;

2. restoration of locomotive, wagon and energy facilities and bringing all restored structures to a
condition that ensures normal train movement;

3. complete restoration of the railways to the pre-war level of capacity.

Immediately after the liberation of the districts from occupation, the issues of launching transport
routes, primarily railways, to meet the needs of supplying the front and advancing troops were
resolved. Subsequently, these established lines and routes were used to improve the organization of
transportation in order to recover the economy as soon as possible.

The priority issues on the railway were the provision of resources: reduction of car downtime at
stations, improvement of freight operations, maximum satisfaction of the needs of industrial transport
in rolling stock. In air transport, the greatest attention was paid to the condition of runways, in
automobile — the number of trucks, fuel economy. In water transport, important measures were the
clearing of waterways using self-propelled and non-self-propelled fleets, the use of small rivers for
navigation, and the strengthening of port mechanization. The transport measures were based on the
approved socio-economic development plans.

After the military conflict in the Donbas in 2014 the Eastern Ukraine Recovery and Peacebuilding
Assessment was carried out jointly by the European Union, the United Nations, and the World Bank
Group, and with the leadership and participation of the Government of Ukraine [14]. According to the
results of the report on the assessment of aggregate needs for the reconstruction of the infrastructure
and social services sector of Ukraine, the transport component is allocated the largest part of the funds
to improved standards (the «building back better and smarter» principle) — 44%. This is due to the fact
that the transport infrastructure has multiple linkages with the social cohesion and economic recovery
components of the regions. The rehabilitation and reconstruction of damaged infrastructure will
provide opportunities to introduce labor-intensive construction technologies.

The authors of the document emphasize that rehabilitate and reconstruct critical transportation
infrastructure and associated maintenance should be carried out in several stages:

rehabilitate the state road and bridges network,

rehabilitate municipal infrastructure (roads and bridges),

rehabilitate railway and air transport infrastructure,

provide for maintenance of state and municipal transport networks.

Particular attention needs to be paid to forecasting and attracting foreign investment, their
distribution by sectors of the economy and qualitative and quantitative indicators of results.

According to [15] transport and energy are the main sectors of critical infrastructure in the system
of national security and interests of the European Union. Critical infrastructure restoration and
protection means measures aimed at ensuring the functionality, continuity and integrity of critical
infrastructure in order to prevent threats and risks, as well as to neutralize their consequences and
quickly upgrade the infrastructure in case of failures, attacks and other violating cases. Critical
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Infrastructure Directives have already been implemented and put into practice in countries such as the
Slovak Republic, Bulgaria, Hungary, Poland, Norway, Switzerland and others.

According to the concept of critical infrastructure, it is necessary to focus on systems, networks and
individual objects, the destruction or disruption of which will have the most serious negative
consequences for the national security. Elements within critical infrastructure, in turn, can also be
ranked in order of national importance. Therefore, the critical infrastructure sectors are divided into a
number of groups by purpose, including the following:

energy supply to the industry;

information technologies and communications;
ways of communication by types of transport;
drinking water supply chains;

risk management systems;

support of important social functions, safety and health of the population.

Thus, Ukraine is geographically part of the pan-European energy and transport space, and therefore
linked to European critical infrastructure, which opens up opportunities for joint solutions to critical
infrastructure reconstruction and security issues between the authorities of Ukraine and Europe.

The experience of the restoration of the country during the last war period shows that, despite the
peculiarities of each state, the timing and sequence of the implementation of restoration measures are
of key importance. While the dynamic growth of the economy should be a long-term goal, the main
short-term goal should be to ensure that the population can restore the main means of production,
transportation and communication and improve security.

In the context of the early resumption of transport and logistics activities in Ukraine, a number of
measures have already been taken to adapt and develop enterprises in the transport sector and the
economy as a whole. The authors propose to divide these measures into three groups — customs,
logistics and transport (Table 2).

Table 2. Measures for the priority resumption of transport and logistics activities
under martial law

Group List of activities
1 2
Customs 1. the import duty, excise duty and value added tax, which were to be paid

by individuals during the importation of motor vehicles into the customs
territory of Ukraine in accordance with the specified list, were abolished.
Features of preferential customs clearance for legal entities are established,;

2. confiscated motor vehicles for the needs of the armed forces were brought
to the customs territory of Ukraine;

3. a zero rate of excise tax on motor gasoline, heavy distillates and liquefied
gas has been set. VAT taxation of operations on supply of these resources, as
well as crude oil products to the customs territory of Ukraine has been
reduced.
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Logistics 1. a number of logistics hubs have been set up in the western regions of the
country to facilitate the importation of humanitarian aid and its prompt
distribution;

2. European Humanitarian Hub compatible with Slovak Republic has been
established. Its structure includes: a direct railway line to Ukraine, an
international airport, an extensive network of roads of international
importance and a developed transport and logistics infrastructure;

3. relocation of Ukrainian enterprises from the zone of active hostilities is
carried out with the involvement of the railway and the national postal
operator.

Transports 1. organized free evacuation of more than 3,5 million people by rail across
the country and in neighboring countries;

2. the procedure of nationalization of about 15 thousand railway cars of the
occupying country continues.

(Source: by authors)

Obviously, the restoration of transport, social and energy infrastructure in Ukraine is crucial in the
postwar development of the country. The main source of funding is international grants and loans.

The main legal basis for the European Union's support for the comprehensive reconstruction of the
country through a combination of grants and loans is the program “Reconstruction of Ukraine”. The
Strategic Plan for the “Reconstruction of Ukraine”, approved by the European Commission, contains
the key reforms and investments needed to create the right conditions for Ukraine's reconstruction and
sustainable development.

The directions of complex reconstruction of the country according to the program are:

1. reconstruction of transport infrastructure with ensuring high mobility of movements;

2. reconstruction of social infrastructure, in particular housing, medical institutions, educational
institutions, etc.;

3. recovery and development of the energy and digital industries in accordance with European
standards.

The signed memorandum of cooperation in the field of transport between Poland and Ukraine on
April 24, 2022 contains provisions on increasing freight traffic across the western border of Ukraine,
establishing a joint logistics company, joint technical and organizational solutions to minimize
differences in customs clearance, problems of different railway widths. The document also mentions
the search for new railway routes and rolling stock to cover the planned volume of traffic for the
export of goods that previously went to Europe through seaports.

This issue needs to be considered separately, as a result of the blockade of ports, international
transportation of export cargo has been suspended indefinitely. Given that the three strategically
important types of cargo for export are grain, ferrous ores and metals, export flows were directed by
rail and road, but their capacity is almost 10 times lower than that of seaports.

During the Summit of the International Transport Forum on May 19, 2022, a Memorandum on
Transport Cooperation between the United States and Ukraine was signed [16], which provides for the
implementation of projects for the restoration and development of key transport and logistics activities
of the country. The main areas are as follows:

in railway transport — renewal of the fleet of locomotives and wagons by 2030; creation of a
system of high-speed railway connections between large cities; increasing the transport infrastructure
of large cities;

in road transport — modernization of existing roads, installation of automatic weighing stations on
them; introduction of the latest technologies to reduce greenhouse gas emissions; further electrification
of transport;
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in aviation — development and implementation of environmentally friendly aviation fuels and other
clean technologies in accordance with international standards; addressing airspace security and civil
aviation.

One of the planned options for rebuilding the destroyed infrastructure of the country should be the
use of assistance and experience of industrial and transport modernization of the Republic of Korea as
one of the world's leading manufacturers of machinery and equipment on alternative energy sources.

Conclusions. Thus, the resumption of transport and logistics activities in the post-conflict period is
a complex and multifaceted process. Based on the experience of reconstruction of world powers, we
can say that its success is influenced by a number of important factors, including a clear and consistent
recovery plan based on existing experience and competence of developers, willingness of relevant
sectors to adapt, comprehensive approach to solving problems, availability of international financial
and technical support, etc.
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METO/l 3BHAXO/’KEHHAA EHEPTETUYHUX NEHTPIB ®PAT'MEHTIB
30BPAKEHD JIASBEPHUX TPAC

Posensinymo memoo 3Haxoooicennss emepeemuuHux Qpacmenmis 300padicenb 1A3epPHUX MPAC 8
PeanvHoOMy 4acy ma 1020 3acmocy8anHs 01 3a0ay posnisHasanus obpasis. Ilpusedeni meopemuuni
gI0OMOCII, EeKCNEePUMEHMATIbHE OOCHIONCEHHS. | NPOSPAMHA peanizayis CUcmemu po3Nni3HABAHHS
00pazie nodibHO20 00 NPUPOOHUX CIPYKIMYP.

Ilposedeno amaniz ocmamnix pobim 3 Hetpobionoeii ma pobim noG a3aHux 3 MOOeO8AHHAM
HEUPOHHUX MeXxanismie. BuseneHo oCHOBHI npobiemu Yy iCHyIOUUX pobomax, nos’si3aHux 3
MOOENI0BAHHAM CUCEM CRPULIHAmMmMSL iHhopmMayii npupooHUM cnocoboM.

Memoio docniddcennst € npoepamue 3aCmoCy8ants Memoody 3HAX00ICEHHS eHePLeMUYHUX YEeHMPIE
00pasie 6 peanbHoMy Macumadi wacy 0 ONMUMIZAYIL YUX eHepeemuyHUX YeHmpie.

3asoannam 0ocniodicenns € ananiz 3aCMOCy8aHHsL MEMOOy 3HAXOONCEHHS eHePeemMUYHUX YEeHMPI6
Ppazmenmis 306padicensb 1a3epHUX Mpac.

Ilposederno onuc memody ananizy 306padiceHv 1a3ePHUX MPAC HA OCHOBI USHAUEHHS YEHMPY 8alU
HA OCHOBI MOMEHMHUX O3HAK.

Hasedeno npuxiao pobomu ma onucano oCHOSHUL (QYHKYIOHAL Npocpamu 00pobKu 300pasicets
JIA3epHUX mpac.

Tlooano 3pasxku emanonnux obpaszie ma okpemux pacmeHmie NPOMANCHUX IA3EPHUX MPAC, U0
BUKOPUCMOBYBANUCA V) XOOI eKCHEPUMEHMIB, 4 MAKONC KPUBI 3HAXOOIHCEHHS IX eHepeemuiHUX YeHmpis.

IIposedeno xomn’romepne MOOemosanus 00poOKU 300pajcenv IA3epHUX MPAC, 8 pe3yabmami
K020 NOKA3AHO A0EKBAMHICMb 0OUUCTIEHUX Pe3yTbmamie.

Knwowuoei cnosa: nazepui mpacu, napaienvHo-icpapxiuni nepemeopenHs, 00podKka 300paiceiv,
JAA3epHi NIAMU.
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Beryn. Meroro naHOi CTarTi € MporpaMHe 3acTOCYBaHHS METOAY 3HAXOIKCHHS €HEPreTHYHUX
[EeHTPiB 00pa3iB B peaTbHOMY MAacCIITadl 9acy I ONTUMI3allii TUX eHEePreTHIHNX IIeHTPIB.

Po3BHTOK KOMIT'IOTEPHHUX TEXHOJIOTIH MPOSBISIETECSA B €BOJIOIITHOMY TIEPEXO/Ii Bi TPaguIliifHAX
cTpyktyp (o Helimana 1O eKCHEpTHHX CHCTEM Ta IHTENEKTYalbHOI HEHPOTEXHIKH, L0 iMITye
JiSUTBHICTD MO3KY JIIOJJMHH, 1HTEJNEKTyalbHi Ta 0OYHCIIOBAJIbHI 3aCO0M MIOCTOrO MOKOJiHHA. MoXkHa
BIICBHEHO CKa3aTH, [0 HaWKpalUM MPUCTPOEM Ui MapajelbHOI0 IEPeTBOPEHHS ONTHYHOI
iHdopMmarlii € OKo — HaWOUIBIN yHIKalbHA CEHCOpPHAa cHUCTeMa JIOOWHU. JIIoAChKHH MO30K — IIe
NPUPOAHIN Tpolec, B sIKOMY oOpoOisieTbes ceHcopHa iH(opMaris. [lutanHs momsrae B ToMmy, 4H
MOJKHA 3pOOHTH MOJIENb MPOIIECY CIPUHHATTS CEHCOPHOI iHGOopMaIlil OKOM 3a JOMTOMOTOI0 peaizamii
HelponoaibHo1 cructemMu 00poOku nanux. IIpoananizyBaBmu octaHHi podoTn B cdepi Helipobiomoril
Ta HampaloBaHHS TOB’SA3aHI 3 MOJICIIOBAHHIM MEXaHi3MIB HEHpOMoaiOHOI CEHCOpPHOi 00pOOKHU
JaHWX, MOXXHAa BHIUTUTH, IO € HE3PO3YMUIMMH Taki MUTAaHHS: SIK (OPMYETHCS B3aEMOIis
HelipoacaMOI1ei B KOpi TOJIOBHOTO MO3KY JIFOJIMHH, 1X CITiIbHA poOO0Ta Ha eTarli JJOKaJIbHIX HEHPOHHUX
Mepex; SK MiJ Yac CKOOPAMHOBAHOTO BIUIMBY OAHOYACHO OaraTbOX MOAPa3HHUKIB BigOyBaeThCs
00’€eTHaHHS MPOCTOPOBO BIJJOKPEMIICHUX aKTUBOBaHUX HeiipoacamOieii JI. Xe00a y BepTHUKAIbHUX Ta
ropu3oHTaIbHUX Tpacax? Came TOMy B CTaTTi TPOBEACHO IOCTIDKEHHS TIiMOTETWYHOI MOJei
IIPOCTOPOBOTO 00 €AHAHHA Ta CTPYKTypyBaHHS JaHUX B KOPI TOJOBHOTO MO3KY JIIOAWMHH, SKi
Hanexath 10 chepu oOpoOkM Ta posmizHaBaHHS 00pa3iB. OOroBoproBaHi B CTATTI MOJENi BCE IIE
OinpIe BiTHOCHO CXOXI Ha MPUPOAHI KOMIT FOTEPH, e BOHH MOKa3yIOTh HOBHM, OUTBII JOCKOHAIMI
MiAXig 70 peamizamii MallMHHUX OOYMCIICHb, KW MOXXHA BUKOPHUCTOBYBATH JJISi CTBOPEHHS HOBHX
CHCTEM MIiKpONpOILECOPiB Ta KOMII'IOTEPiB 3 HOBITHBOIO apXiTEKTyporo. Takok BOHHU JI03BOJSIOTH
BUHANTH HOBUHU MiAXij 1O OIiOJIOTIYHMX CUCTEM. 3pa3KoM JaHOTO MIiAXOIY € 3acald KOJICKTHBHUX
PO3paxyHKIiB y CHUCTeMax KOJIEKTHBHOTO NPHUUHATTS pillleHb, SIKUM HEeoOXigHa KOJIEKTHBHA poOoTa
0araTbOX MPOCTUX PIlIEHb, B PE3YJbTaTi SKUX YXBaIIOEThCS OLIBII CKIIQJAHE BUPIMICHHS 3a
JIOTIOMOT0I0 00’ eHaHHA iH(opMamii Ha MPOTI31 KOPOTKOTOo MPOMiKKY dacy. Crnmparouuch Ha
00poOKy HepoOioIOTIYHIX JaHUX 3 TeOpii CTPYKTYpyBaHHs CEHCOPHOI iH(OpMaIlii B MO3KY JIOIMHH
Ta TIEBHI 0COOJIMBOCTI TOTO SK BIAIITOBaHI pO3PaxXyHKH y KOpi OyII0 BUSBJICHO JEKLIbKA HECIiBIIAAIHb
y TPUPOIHUX CUCTEMaxX pO3Mi3HaBaHHS OO0 €KTIB 1 CUTYyalii, fKi AyKe YCKIAJHIOIOTh TEXHIUHI
BUMOTH Ta CHIBNAaJarOTh 3 OCHOBHUMM BHMOTaMH, HEOOXIZHUMH Ui IHTENEKTyaJbHHUX CHCTEM
00YHCIICHHS JaHUX.

AHaJi3 ocTaHHIX A0CTiTzKeHb Ta MOCTAHOBKA Mpoosemu. [l yac npoBeieHHs aHali3y OCTaHHIX
JIOCITI/DKEHb B 00JIaCTi HEHpoOMepex, TOB’S3aHUX 3 MOJCIIOBAHHSAM CHUCTEMH CIPUUHATTS 00pasiB
NPUPOAMHMH CEHCOpaMH, 0yJI0 BU3HAUCHO, IO HEBIAOMO, SIK came, B KOPi TOJIOBHOTO MO3KY JIFOAMHH,
NPOBOJMUTHCS CyMicHa poOOTa YTBOPEHHMX HeWpoacamOiieli Ta iX poOoTa Ha eTami JIOKaJbHHX
HelipoMmepex. Takok HE3po3yMijo, sSK caMme, Mij dYac Jii 0araTh0X 30BHIIIHIX TOJPa3HHKIB,
BiJI0OyBa€eThCs iHTETpyBaHHA HelipoacamoOieii Jl. Xe60a y BepTUKaIbHUX Ta TOPU30HTAIBHUX Tpacax.

Mera i 3aBaaHHsl AociilskeHHsl. MeTO0 IOCIIIPKEHHS € NPOrpamMHE 3aCTOCYBaHHS METONLY
3HAXO/KCHHSI €HEpreTUYHUX IEHTPIB 00pa3iB B pealbHOMY MacliTadl dacy Ui ONTUMI3alii IHux
EHEepreTUYHUX IeHTPIB.

3aBoaHHAM JOCHIPKEHHS € aHajli3 3aCTOCYBaHHS METOLY 3HAXO/KCHHS E€HEPreTHUHHUX LEHTPIB
(parMeHTIB 300paXKeHb JIA3EPHUX TPac.

Marepiaau Ta MeTOAM JOCTiIKeHHSl. Y CTaTTi MPOBEACHO OMKMC METOAY aHaji3y 300pakeHb
JIa3epHUX Tpac Ha OCHOBI BU3HAYEHHSI [ICHTPY BarOMOCTI Ha OCHOBI MOMEHTHHX O3HaK [4 — 6].

1. Jlna BchoOro ¢parMeHTa Tpacu 3HaXOAUTHCS TOUKA 3 MAKCUMAaJILHOIO sIcKpaBicTio Tmax.

2. Big makcuManbHOi sickpaBocTi OepyThcst N 3HaueHb sickpaBocti Tmax-w, w=1, 2.N. V
nporpaMi € MOKJIMBICTH BUOMpAaTH HeoOXimHy KinbkicTe N 3HaueHb sckpaBocTi. KpaifHi Touku 3
ackpasicTio TMAX-C yTBOpIooTh KpaiioBy JiHito. Takum unHoM Bu3Havamuca N kpailoBux JiHiH [7].

3. JIAs KOXXKHOTO KpaloBOTO KOHTYpPY BH3HAUAIMCS MOMEPEIHI HEHTPH OKPEMO Ul KOXHOI
KOOpJIMHATH:
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4. 3HaxoAAThCS YCEPEOHCHI KOOpIWHATH JUIsi BChOro (parMeHTa Tpacu (IAaHUMH U
yCepeIHIOBaHHS € KOOPAWHATH LEHTPY KOXKHOTO KPaliloOBOTO KOHTYDY).

5. Tlomyk eramoHHOrO 300paskeHHs. [lms HaBYambHOI BHOIPKH 3HAXOIATHCS JUIS KOXKHOTO
(dparmMeHTa Tpacu ycepeAHEHI 3HaYCHHS LIEHTPIB KpalloBUX KOHTYPIB, 3 SIKUX CKIAAA€ThCA (PparMeHT
Tpacu. s popMyBaHHS €TAIOHHOTO 00pa3y BUKOPUCTOBYBajacs pi3Ha KiJbKIiCTh (hparMeHTiB [8].

6. Etan TyHenroBaHHS MPOBOJUBCS 1O YCEpEIHEHHWX 3HAYCHHSX IEHTPIB KpallOBHMX KOHTYPIB Ta
3a/1aHiil TOYHOCTI y MiKCeNsIx (HasBHA MOXIIMBICTD 337aTH HEOOX1THY TOYHICTB) [9].

7. Etan 00poOku moTouHuX (parMeHTiB Tpacu. Ha npomy eTari y pasi momajganHsi ycepeaHEHUX
3HaYeHb [EHTPIB KPaHOBHX KOHTYpiB ()parMeHTy TpacH y TYHENIb E€TaJIOHHOTO 00pa3y (parMeHT
TPacH BBKAECTHCH «XOPOIIMMY, iHaKIIe — «moranum» [10 - 11].

8. Jlnst «xopomioro» gpparMeHTy Tpacu BUKOHYETHCSI ONTHMI3allis Bar 3a popmymoro (2):

N-1N-1 1 N-1N-1
=— S YW Y) (x+8). y=— > > w(f(x, ) (y+5,). @
M x=0 y=0 M x=0 y=0

i meHTpu yTBOPIOIOTH KiHIIEBUH pE3yIIbTaT.

Ha puc. 1 300paxkeHO BIKHO NIporpamu, PO3IiJICHE Ha JBI YaCTUHU: B MEPINIA — PO3MIIICHO
indopmaito npo eranonnuii o6pas(nanens «ETAJJOHHUI OBPA3»), y apyriit — ¢parMeHT TpacH,
sikuit mopiBHIOETHCS (Tanens «OBPA3 J1JISI TIOPIBHSIHH S »).

Oxpemo Bugineno obnacts «ITAHEJIb MEPEX».
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Puc. 1. Burasix ro1oBHOro BikHa po0oTH mporpaMu

[Iporpama micTuTh B 001 HACTYNHUH QyHKIIOHAT:

¢yHKUioHan BUOOpPY YaCTMHM JIA3€PHUX Tpac JUIsl CTBOPEHHS ETAIOHHOrOo oOpa3y abo s
(G parMeHTy TpacH, sika IMOPiIBHIOETHCS;
MOYKJIMBICTD 30€pEerTH eTAIOHHUI 00pa3 Ta Oro aBTOMaTH30BaHHUN BHOIP MPH OOUMCIICHHSIX;
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MOJKJIUBICTh CTBOPHUTHU €TAJOHHUN 00pa3 CTPYKTYpH HEHPOMEpEXKi, a TAKOXK MOPIBHSUIbHUI 00pa3
3a TOTIOMOTOF0 BKa3aHHS KUTBKOCTI KPOKiB KOJyBaHHS Ta TOYHICTb;

MOJKJIMBICTh aBTOMaTH30BAHOTO OOYMCIIEHHS PO3MIpy MATPHIN Ha Pi3HHUX 1€papXiyHUX eTamax Ta
BiJOOpa’kE€HHsI €IEMEHTIB X MATPHLIb;

CTBOPEHHS Ta APYK IpadoBOro AepeBa napaielibHO-iepapXivHOl MepexKi;

MOJJIMBICTh KOJYBaTH Ta JEKOAYBaTH €TAJIOHHUHA 1 MOPIBHAIBHUI 00pa3W 3a JOMOMOTOI0
BKa3aHHs KUTBKOCTI KPOKIB KOAYBaHHS Ta TOYHOCTI;

MOJKJIMBICTh KOAYBaHHS Ta AEKOAYBaHHS MAaTPULb HA Pi3HUX i€papXiyHUX eTamnax;

BH3HAYEHHS YacTy, HEOOX1HOTO /JIsl POBEIEHHS O0YNCIICHb;

BimoOpakeHHs 00pa3iB B pe3ybTaTi JeKOTyBaHHS;

CTBOPEHHSI METOy NpenapyBaHHs 3 BUKOPUCTAHHSM TMOIMYJSLIIHOTO KOAYBaHHS, 110 MICTHTh B
co0i aBTOMAaTH30BaHHW MOMIYK ONTHMAIBHOTO TOPOry, MiAPAaXyHOK HYJIbOBHUX, HETaTUBHHUX Ta
MTO3UTHUBHHUX TIPETIapaTiB;

CTBOPEHHS 3a JOMOMOTO0 MOIMYJISIIHHOTO KOMYBaHHS YPiBHOBa)KYIOUMX KPHUBHUX, IIO MIiCTHUTH B
€001 MOXKJIHBICTh KOE(iIIEHTHOT KOpEISIii MpenapaTiB Ha pi3HUX iepapXxiuHux ertanax [12];

MOJKJIBICTh HaJaIITyBaHHS 3BITY;

MEpe)XHe TOpIBHAHHS HAa pI3HUX I€papxXiyHAX eTamax, IO aBTOMAaTHU3y€ BCTAHOBJICHHS
KOCQIIIEHTIB KOPENAIii MPH PI3HUX BXIMHUX JAHUX, II0 B PE3yJbTaTi Ja€ MOXJIHMBICTh OTPUMATH
posropHyTHii 60 ctucnwmii 3BiT [13];

30epekeHHs BCiX MPOBEACHNUX JTOCII B JJIsT MOXKIIMBOCTI IIEPETJIsiIi iCTOPil;

PO3TOpHYTa AOBiAKA /Il KOPUCTYBAYiB.

VY tabn. 1 mogani 3pa3ku €TAIOHHUX 00pa3iB Ta OKpeMHX (pParMeHTIB MPOTHKHUX JIA3EPHHUX Tpac,
10 BUKOPHCTOBYBAINCS y XOJi EKCIHEPHMEHTIB, a TAaKOX KPWBI 3HAXOKEHHS iX EHEpreTHYHUX
nenTpis [14 — 15].

Tabauys 1. 3pa3ku odpasiB Ta ¢pparMmeHTH Tpac

Etanonnmnii 06pa3 cpopmoBano i3 10% ¢parmenTiB Tpacu Nel:
[SCR_001.BMP...SCR_010.BMP];

Ilepuii S ¢pparmenTiB Tpacu Ajs NOPiBHSHHS

CTh KpallOBUX KOHTYPIB: 3, TOUHICTb, miKcemiB: 1.

=0

Kinbk

BOF
55}
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a5},
40~
35)-=
305
25p--
20f--
15
10§~
sf:
ok t t + =t f - - t T

1 2 3 4 5 6 7 8 9 10

DpamIeHT TpacK

3HaYeHHA KOOPAMHAT No oci aBouMc Ta opaw

= ¥ - eTanoH ¥ - nonepegHii UeHTp & X - Nicna HaB4YaHHa
Y - eTanoH — Y - nonepegHii UeHTRp ® Y - Nicna HaBYaHHA

Hentp eranony: (37;42). I'pannui tynemo: X = [31...33], Y = [48...50]; % “xopommx
300pa:kenn”: 0.
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KinbkicTh kpaiioBux KoHTYpiB: 1, TouHicTh, mikcemiB: 1.

Hentp eranony: (24;33). I'pannui tynemo: X = [23...25], Y = [32...34]. % “xopomux
300pazkenn”; 0.

KinbkicTh kpailoBuUX KOHTYPIB: 3, TOUHICTH, TIKCETIB: 2.

+ + t . f t - + t
1 2 3 4 5 5 7 g 9 10
DpamieHT TpacK

3Ha4YeHHA KOOPAMHAT No oci abcupMc Ta opam

e ¥ - TENOH ¥ - nonepegHii UeHTRp B X - NicNa HaBYaHHA
Y - eTanoH — ¥ - nonepegHii UeHTp ® Y - NiCNA HaB4YaHHA

Hentp eragony: (30;45). I'pannui tynemnro: X = [28...32],Y =[43...47]. % “xopoummnx
300paskeHn”: 67.

KiaskicTh kpaiioBux KoOHTYpiB: 1, TouHicTB, TiKCEMIB: 2.

Lentp eranony: (47;65). I'pannui tynemio: X = [45...49], Y = [63...67]. % “xopommx
300paskenn”: 11.

Eranonnuii o0pa3 cpopmoBano i3 20% d¢parmentis Tpacu Nel:
[SCR_001.BMP...SCR_020.BMP];

KinbkicTh kpaiioBuX KOHTYPIB: 3, TOUHICTB, TIiKCeNmiB: 1.
Hentp eranony: (30;48). I'pannui tynemo: X = [29...31], Y = [47...49]. % “xopomux
300pakenn”: 5,3.

KinbkicTh kpaiioBux KoHTYpiB: 1, TounicTh, mikcemis: 1.
Lentp eranony: (47;68). I'pannui tynemio: X = [46...48], Y =[67...69]. % “xopommx
300pa:kenn”: 0.

KinbkicTh kpailoBUX KOHTYPIB: 3, TOUHICTH, TIKCETIB: 2.
Hentp eragony: (30;52). I'panunui tynemo: X = [28...32], Y = [50...54]. % “xopomiux
300paxkenn”: 36,8.

KinpkicTh KpailoBuX KOHTYPIB: 1, TOUHicTh, MiKCETIB: 2.

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
248



IHOOPMALINHI, TEJEKOMYHIKAIIAHI
TA PECYPCO3BEPITAIOYI TEXHOJIOT'TI

L e I R L A N B s SR R L
1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20
DpamieHT TpacK

3HaqeHHa KOOpAMHaT No oci abcumc Ta opam

e ¥ - ETANOH — X - nonepeaHii UeHTp B X - NiCNA HaBYaHHA
Y - eTanoH — Y - nonepegHii UeHTp ® Y - Nicna Hag4aHHa

Lentp eranony: (47;68). I'pannui tynemio: X = [45...49], Y = [66...70]. % “xopommx
300paxkenn”: 11.

Eranonnuii odpa3 cpopmoBano i3 30% d¢parmentis Tpacu Nel:
[SCR_001.BMP...SCR_030.BMP];

KinbkicTh KpaiioBuUX KOHTYPIB: 3, TOUHICTB, TIiKCeNmiB: 1.
Hentp eranony: (31;47). I'panunui tynemo: X = [30...32], Y = [46...48]. % “xopomiux
300paxkenn”: 6,9.

KiaskicTh kpaiioBux KoHTYpiB: 1, TouHicTh, mikcemis: 1.
Hentp eranony: (47;70). I'pannui tynemo: X = [46...48], Y =[71...72]. % “xopommx
300pazkenn”: 0.

KinbkicTh kpailoBUX KOHTYPIB: 3, TOUHICTH, TIKCETIB: 2.

frerrerrrtrrrreertrrrrrrer et tretrrr f fret f it t
1234567891011 1314 16 18 2020 23 25 27 29
PpamieHT TPacK

3Ha4eHHA KOOPAMHAT No oci abcLyic Ta opau

e ¥ - £TEANOH - ¥ - nonepegHii UeHTp B X - NiCNA HaBYaHHA
Y - eTanoH — Y - NoNepegHiil UEHTP W Y - NiCNA HaBYaHHA

Hentp erajony: (29;46). I'panunui tynemio: X = [27...31], Y = [44...48]. % “xopouiux
300pazkenn”: 35.

KinbkicTh kpaiioBux KOHTYpIB: 1, TOuHicTh, TiKCETIB: 2.
Lentp eranony: (47;70). I'pannui tynemio: X = [45...49], Y = [68...72]. % “xopommx
300paxkenn”: 3,4,
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VY X0[li eKCTIepUMEHTY MPOBOIMIIOCS 3HAXOIKCHHS CHEPTeTUYHUX LIEHTPIB €TAIOHHUX 00pasziB. Sk
eTaIoHH1 Oparnucs o0pasw, o Oynu parime copMOBaHi i3 MEBHOI (3a3HadeHoi y Tab. 1) cykymHOCTI
(dbparMeHTiB Tpac Ta 30epexkeHi mporpamoro «OOpobOka 300pakeHb JIa3epHUX Tpac» 1 IMOAAbIIe
MOPIBHSIHHSA 3 IHIIMMHU (pparMEeHTaMH Tpac IPOBOAMIOCS caMe ISl HUX.

BucnoBku. Y po0oTi ommcaHo METOA 3HAXO/DKEHHS EHEepreTMYHUX IEeHTPiB (parMeHTiB
300pakeHb Ja3epHUX TPac 3a JOMOMOTOH BUKOPHCTAHHS MPUHIIMIIB MOMYJALNIHHOTO KOJAYBaHHS B
HelpoMepexi 3 MaKCUMAIIbHUM MPHOIIDKEHHST O0YHCIIEHB IO TaKUX, SKi BiI0OYBalOTHCSA B MPUPOTHUX
HEHPOHHUX MEpeKax TOJIOBHOTO MO3KY JIFOJUHH.

Y TopiBHSAHHI 3 ICHYIOUHMH CTPYKTYpamH HEHpOMeEpeX, A€ Uii OO4YHCIIeHb OepyTh aOCOIOTHI
KpuTepii moo0u, B 3aIPOIIOHOBAHOMY METOJIi 3aCTOCOBYIOTHCSI HOPMOBaH1 KpHUTEPii.

[TpoBeneHO KOMI'IOTEpHE MOJETIOBAaHHA 0OPOOKHU 300paKeHb JIa3ePHUX TPac, B pe3yJbTaTi SIKOTO
MOKa3aHO aJeKBATHICTh OOUMCIICHUX PEe3yIbTAaTiB.

Y Xozi mpoBeeHHS eKCIIEPUMEHTY HaMU BCTaHOBJIEHO, IO MPW 3MEHIICHHI KUTBKOCTI KpailoBHX
KOHTYPiB €HEPreTUYHUI [IEHTDP €TANOHY 3MILIYETHCS Y CTOPOHY OUTBIIOI aKTHBHOCTI JIa3€pHOI TpacHu.
Bumuii BiZICOTOK XOpOIIMX 300paXKCHb ITIBHIYETHCS 3aBIAKH 30UIBIICHHIO TOYHOCTI, a, OTXKE, i
301UTBIIICHHIO TPAHUIIh ETAIIOHHOTO TYHEIO.

[Ticns omTumizamii Bar €HEPreTUYHHX IIEHTPIB «XOpOMUX» 300pakeHb MH 0adynMo, IO IIi
EHEepreTUYHI EHTPU MaKCUMaJIbHO HaOJIMKAIOTHCS 10 CHEPTETHYHOTO LIEHTPY €TATOHHOTO 00pasy.
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METHOD OF FINDING ENERGY CENTERS OF LASER PATHS IMAGES FRAGMENTS

Considered method of finding energy fragments of images of laser tracks in real time and its
application for image recognition problems are considered. Given theoretical information,
experimental research and software implementation of the image recognition system similar to natural
structures.

Presented an analysis of recent work on neurobiology and work related to the modeling of neural
mechanisms. The main problems in the existing work related to the modeling of information
perception systems in a natural way have been identified.

The aim of the study is the software application of the method of finding the energy centers of
images in real time to optimize these energy centers.

The task of the research is to analyze the application of the method of finding the energy centers of
fragments of images of laser paths.

Carried out the description of the method of analysis of images of laser tracks on the basis of
determination of the center of gravity on the basis of moment signs is carried out.

Described an example of work is given and the main functionality of the laser image processing
program.

Presented samples of reference images and individual fragments of long laser paths used in the
experiments, as well as the curves of their energy centers.

Shown computer simulation of laser path image processing was performed, as a result of which the
adequacy of the calculated results.

Keywords: laser paths, parallel-hierarchical transformations, image processing, laser spots
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MODELING OF MANAGEMENT OF INTELLIGENT SYSTEMS IN TRANSPORT

The article considers topical problems of modeling control processes in intelligent systems in transport.
Management of such systems also involves control and monitoring of the processes of their design and
maintenance. The article proposes an ontological model of process control of intelligent systems in
transport. The proposed ontological model is necessary for the formation of a common understanding of
the essence of the subject area, which is the transport sphere (transport systems, transport enterprises,
vehicles and transport infrastructure). The proposed ontological model contributes to the presentation of
knowledge in a form that is convenient for their processing in the intelligent system of transport; ensuring
the possibility of obtaining and accumulating new knowledge.

The proposed ontological approach provides multiple use of knowledge and previously developed
ontologies. The proposed approach allows the use of modern multi-agent technology, when each agent has
its own ontological model. The considered ontological approach to modeling of management of intelligent
systems allows to pass to automatic control of processes in these systems (in the presence of the
corresponding restrictions).

The developed ontological model of the subject area is planned to be expanded and supplemented with
new components, imposing appropriate restrictions. The OWL software code obtained from the simulation
results in Protégé can be further used within the knowledge base of the intelligent system, processing this
information in various software applications, including Java applications.

Keywords: management, design, intelligent system, multi-agent technology, information resources,
knowledge base, modeling, ontological model.

Introduction. The use of modern information and intelligent technologies, various models of
processes that occur in different subject areas (SA), contributes to the solution of existing problems of
intellectualization of solving problems in different SA (in particular, in transport).

To avoid situation where the costs of designing and maintaining intelligent system (IS) exceed the
benefits of its use, it must be manageable and viable. To do this, the processes of designing and
maintaining IS (including IS in transport (IST)) should be replaced by the IST process management
process. This means solving problems, in particular, designing and maintaining IST using special
high-level control mechanisms [1].

The development of IS management systems should be based on the principle that all design
decisions that affect the characteristics of IST should be improved in the process of accumulating
experience in its use.

In our time, the problems of development, use and maintenance of IS in various SA (including
transport) remain relevant and not fully resolved.
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The paper proposes the use of ontological approach for formalized description of the IST
processes, including the processes of its design and maintenance.

Analysis of recent research and problem statement. Conceptual information resources (InRes)
of IS, including knowledge bases, have declarative and structural representation. These InRes can be
represented in the form of appropriate models (for example, semantic network, production or
hierarchical model, frame or graph model) [2 — 5].

The structure of the model is defined by some meta-information, and each term in it belongs to
some class defined by this meta-information.

Meta-information of conceptual InRes can be considered as: its ontology; the grammar that
generates this resource; scripts for dialogue with the user when editing this resource; the basis of the
query language for this resource from the IST side. Conceptual InRes IRK is pair:

IRk = <MlIn, Cont>, where MIn is meta-information and Cont is the actual content of this resource.

Nowadays, technologies in which the IS problem solver is built from agents are becoming
increasingly popular. These are the so-called multi-agent technologies [6, 7].

In [8], agents are represented as declarative-procedural InRes. In [9], the solver consists of set of
blocks, and each block consists of message ontology and set of productions. Moreover, each solver
consists of the following InRes:

network of agents that determines which agents are included in the solver;

control graph that allows agents to find recipients of messages they send;

distribution scheme that sets restrictions on the parallelization of agents when executing the solver
in multiprocessor environment.

In [10], it is shown that the user interface model can also be represented as declarative InRes,
consisting of: task models; SA models; user models; presentation models; dialogue scenario models.

In [11], the behavior of interface is completely defined by declaratively presented model of the
interpretation process.

The conceptual system of InRes is included in its meta-information and allows presenting InRes in
form that is understandable to those who manage it (the manager) through the process of visualization
(in the form of semantic network or text).

To include experts from different SA into the management process, each InRes is associated with
its own formally presented conceptual system.

In [12], the means of managing (creating, editing, modifying) declarative InRes (ontologies,
knowledge bases, etc.) is the semantic network class editor, which:

interprets meta-information (meta-information is created by knowledge engineer);

generates interface for managing this InRes.

The purpose and tasks of the research. The purpose of the article is to discuss the problems
associated with IST management processes (in particular, their design and maintenance), as well as
possible methods for their solution using multi-agent technology and ontological modeling of the
corresponding SA.

Materials and methods of research. All IST components and connections between them can be
represented as appropriate models (semantic networks, ontological models, etc.). In particular, IST can
be represented as:

InS = <KB, TS, Cl>,

where KB is the knowledge base (and other InRes - databases, ontologies, meta-ontologies, etc.),
TS is the problem solver that implements the functionality of the system, Cl is the user interface.

The goals of managing these components of IST are distinct and, to certain extent, independent.
This causes the presence in the architecture of the control system of IS the presence of the following
subsystems: InRes control; problem solver control; user interface control.

Based on this, in IST control (management) system, there should be components that support the
following types of control:

manual control (iterative change by person of IS properties);

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
254



IHOOPMALINHI, TEJEKOMYHIKAIIAHI
TA PECYPCO3BEPITAIOYI TEXHOJIOT'TI

automatic control (changing the properties of IS without human intervention);

automated control (mixed type of control) [13].

Manual management of IS components brings their content in line with the content perceptions of
users who manage these components. These users (SA experts, knowledge engineers, IS developers,
designers, ergonomists, cognitive psychologists, etc.) will be called managers.

In table 1 presents the problems of manual control of IS and ways to solve them.

Automatic management of IS. The problems associated with the automatic control of IS are

presented in table 2. The first of them has already been considered in table 1.

Table 1. Problems related to manual control and methods for solving them

Ne Problem Solving

1 Heterogeneous classes of control Declarative representation of relationships between
objects: InRes, problem solvers, user different control objects (using process and process
interfaces control models, interface models, etc.)

2 | Achieving consistency in IS Representation of InRes to each user-manager in
management (IS components are terms of its formally represented conceptual system

interconnected and their independent
management can disrupt these ties)

3 Heterogeneous composition of the Reduction of the problem of manual management
group of user-controllers for each class | of IS to the problem of manual management of
of control objects declarative InRes (in other words, representation of

all IS components in the form of declarative InRes,
in particular, using ontologies and meta-ontologies)

Table 2. Problems associated with automatic control and methods for their solution

Ne Problem Solving

1 Heterogeneous classes of control Use of systems of rules and mechanisms with
objects: InRes, problem solvers, user feedback
interfaces

2 | Heterogeneity of the states of the Use of internal mechanisms (embedded in IS)
control object (automatic control together with external mechanisms

during the periods of operation of the
object and between these periods)

3 | Achieving consistency between Use of meta-information in mechanisms of external
automatic control mechanisms and automatic control
manual control mechanisms

4 | Different Degrees of Uncertainty in Use of problem-dependent control mechanisms
Automatic Control Problems along with problem-independent ones

The heterogeneity of classes of control objects (in particular, components of IST can be objects)
does not contribute to finding common, problem-independent solutions for automatic control
problems. Therefore, problem-dependent solutions are also used.

For automatic management of knowledge bases, problem-dependent mechanisms are used (for
example, for the ontology of diagnosing the technical condition of vehicle, for the ontology of
innovation and investment activities, including transport enterprise).

An example of such automatic feedback control mechanism is iterative algorithm for inductive
knowledge base formation, which consists of two asynchronous processes:

1) processing incoming examples from the training sample and transferring the result (set of
alternative knowledge bases) to the second process;

36ipnux naykosux npauys /1 YIT.Cepia «Tpancnopmui cucmemu i mexnonoziin, 2022. Bun. 39
255



IHOOPMALINHI, TEJEKOMYHIKAIIAHI
TA PECYPCO3BEPITAIOYI TEXHOJIOT'TI

2) choosing from many examples of the best knowledge base and updating the working
knowledge base.

An example of problem-independent mechanism for automatic user interface management is
mechanism for automatic adaptation to user data and characteristics. This mechanism generates visual
representation of the interface based on the dynamic characteristics of the user. Problem solvers can be
automatically controlled by both problem-dependent and problem-independent mechanisms.

An example of problem-independent mechanism in problem solver is the automatic parallelization
of the functioning of agents on multi-agent platform [7]. In accordance with the multi-agent approach,
IST management can be carried out at the following levels:

IST subsystems (components) operate in parallel with each other and are launched for execution
through the control subsystem based on information about the user's authority;

agents within each IST subsystem interact with each other asynchronously using communication
subsystem based on the control graph (control tree, goal tree, decision tree, etc.);

parallelization of agents within IST is controlled by the agent distribution scheme of this IST;

uniform load on the nodes of the computing farm (server, client computers, multiprocessor
systems) is achieved by the balancing algorithm.

An example of problem-dependent mechanism is the automatic control of problem solver of expert
system for technical diagnostics of transport objects (vehicles, infrastructure transport objects) [14].

The solver control mechanism, when the results of monitoring the knowledge base, performed
every time it is changed, makes it possible to reduce the set of tested hypotheses during processing
(technical diagnostics) by the solver of each detail (each vehicle node, transport infrastructure object
or part thereof, etc.) by based on rigid system of rules.

The consistency of the mechanisms of automatic and manual control is carried out through the use
of meta-information in the mechanisms of external control.

Using meta-information allows you to:

present InRes in form understandable for user-managers;

managing users to monitor the process of automatic InRes management (for example, knowledge
bases) of the corresponding IS.

With low degree of uncertainty in the automatic control task, the automatic control mechanism is
built on the basis of system of rules, and with high degree, it is necessary to use automatic control
mechanisms with feedback.

Iterative methods of inductive knowledge formation and automatic adaptation to the characteristics
of IS users are built on the basis of feedback mechanisms, and the mechanisms for automatic
parallelization of the functioning of agents and automatic adaptation to data are implemented on the
basis of rule systems.

Automated management of IS. The problems associated with the automated management of IP are
presented in table 3. The first two of them have already been considered in table 1 and table 2.

Table 3. Problems associated with automated control and methods for their solution

Ne Problem Solving

1 Heterogeneous classes of control Manual adjustment of the results of automatic
objects: InRes (knowledge bases), control. Teaching systems to solve problems.
user interfaces, problem solvers

2 Heterogeneous composition of the Representation of InRes to each user-manager in
group of user-controllers for each terms of its conceptual system Use of problem-
class of control objects dependent control mechanisms together with

problem-independent ones.

3 | Combining manual and automatic Reduction of the problem of manual control of IS

control mechanisms to the problem of manual control of its InRes
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Sharing the mechanisms of manual and automatic control provides the opportunity: the user-
manager to correct the results of automatic control; show the solution of particular problems that are
generalized by automatic control mechanisms and used by the solver.

An example of automated control task is the task of debugging technical knowledge bases, where
monitoring the knowledge base regarding selection of diagnostics (states) of transport objects
(vehicles or transport infrastructure objects) reveals errors and inaccuracies in this knowledge base.
The mechanisms of inductive formation of knowledge bases determine the options for eliminating
these errors and inaccuracies, and the SA expert who manages the knowledge base chooses from these
options those that he considers the best.

Complex ontology of designing IS of technical objects (in IST — dynamic transport). Let's consider
some aspects of building complex knowledge structure in IST using complex ontology as formal
theory of knowledge interpretation.

Complex ontology of design, as complex system of knowledge, integrates the analysis and
interpretation of heterogeneous information and involves the development of algorithmic and software
tools for representing ontological knowledge and working with such knowledge. Among the directions
for creating IST ontology system, one should highlight, in particular: organization ontology; project
ontology; research-topic ontology.

The implementation of these areas is associated with the solution of problems of representation,
search and processing of information using ontological knowledge [15, 16].

In the work, ontological model of managing the processes supported by IST (including the
processes of its design and maintenance) was chosen as the model of the ontology of SA.

The model of IST is based on complex ontology and makes it possible to formalize control
processes in such dynamic SA as transport. SA under consideration consists of technical, transport
facilities (vehicles, equipment, etc.), transport infrastructure facilities (buildings, stations, bridges,
railways, repair depots, etc.), as well as links between all these objects.

IST design is carried out at various levels of abstraction (detailed reflection of elements, properties,
characteristics, etc.). Such structure can be implemented with varying degrees of detail, depending on
the characteristics of the design tasks.

The creation of formal system that describes the behavior of controlled complex dynamic object
(which is IST) is carried out on the basis of conceptual model of the essential properties of studied SA,
which determines construction of dynamic knowledge base of IS and provides the possibility of formal
and rigorous definition of concepts and patterns of natural classification.

Conceptual model of ontology. The system that describes the knowledge base during the
functioning of IST in real time contains elements that provide ontology modification based on
standard procedures of complex ontology and meta-ontology. Building conceptual model of IST
ontology involves the following steps:

1. Formalization of complex ontology:

Modernization of the classical model.
Modernization based on the system concept.
2. Formalization of meta-ontology:
Model based on the concept of the system.
Model based on formal theory.
3. Formalization of theoretical models of knowledge engineering:
Model "Field of knowledge".
Model "Pyramid of knowledge".
4. Formalization of ontology axioms:
Axioms of identification.
Axioms of planning.
Axioms of computation.
Objects in this ontological model are systematized according to the functional feature of their
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properties, which are part of the class hierarchy. Links determine the structure of system, and elements
determine the function of nodes in this structure. Structure can be refined into more detailed
descriptions of specific classes of model objects by separating properties (at each level of model).

The considered classification can be refined (renamed, extended, supplemented by derived classes)
depending on the task of information processing and changes in knowledge about IST. For example,
class INFORMATION STRUCTURE in property classification can be refined by highlighting the
properties STRUCTURE BY MANAGEMENT and STRUCTURE BY DATA. This will entail
allocation in classification of components within the class INFORMATION COMMUNICATION of
subclasses of communications COMMAND TRANSMISSION and DATA TRANSMISSION, which
can be assigned appropriate designations.

When formalizing the task of building ontology knowledge base, the interpreted characteristics of
the system improve and simplify its use for managing IST (including its design and maintenance),
especially in emergency and extreme situations.

The ontology model used describes the computer interpretation (construction of formal system
models) of SA related to the formalization of the task of monitoring the functioning of IST and
modeling emergency and extreme situations that arise during operation.

Ontological model of SA. The development and formalization of complex ontology when creating
design and maintenance management system IST involves formal representation based on the
conceptualization of knowledge of SA model, which describes set of objects and concepts, knowledge
about them and relationships between them.

Subject area Dsa is part of reality to be reflected on the basis of intelligent technologies in order to
obtain new information about its properties. Dsa is interpreted as part of the real world that has
semantic localization (spatial, temporal, functional, etc.).

Considering the semantic space of studied SDsa, it is necessary to perform semantic localization of
its subdomains SDsa; (i=1, ..., n). SDsa = {SDsay, ..., SDsA,, ..., SDsAq}.

Semantic localization in IST is associated with definition of the boundaries of individual Dsa
subdomains (SDsa;) in SDsa semantic space that encompasses them. At the stage of knowledge
formalization, the components of subdomains included in SA Dsa can be considered as set P of their
semantic properties Pj;:

OMspsas = {P11, P12, ..., Pt ..., OMspsan = {Pn1, Pn2, ..., Pam}.

In this case, there is intersection of sets of semantic properties of different SDsa;

OMspsar N... N OMspsai N...N OMspsan # {0}

Which allows us to write down the criterion for the localization of Dsa in semantic space

OMSDSAl N... N OMSDSAi Nn...N OMSDSAn = {0}

Necessary criterion for the existence of SA Dsa is the distinguishability of its properties in
presented semantic localization. For the set of properties P of model of SA Dsa under study, its unique
identification follows. At the same time, the properties remain identical to themselves for time that is
sufficient to construct SA Dsa model and use it in IST knowledge system.

When modeling IST processes, functional completeness and logical integrity of model are of great
importance. The functional completeness of SA Dsa model does not imply the most complete
reflection of the properties of objects, but only the fixation of those properties that are necessary and
sufficient for solving the tasks of IST management (including its design and maintenance).

The criterion for the functional completeness of the SA model depends on the class of tasks being
solved and requires the determination of the criterion for the depth of detail SA. The formal statement
of problems allows us to highlight the features of the current situation, the modeling of which is
necessary and sufficient for choosing solutions for the design and maintenance of IST.

The complex ontology that is used in the development of the IST management system (in
particular, its design and maintenance) can be based on various formalizations.

Formalization of the ontology of SA. The conceptual foundations for formalizing ontologies of
various SA were considered in [14, 17, 18]. In [14, the allocation of classes of terms, relations and
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transformations corresponding to physical and abstract entities for solving SA problems (in our case,
in transport) is described.

The SA representation serves as signature for the development of subject knowledge model. Let us
define ontology of SA Dsa as:

Ont(Dsa)s = <T(S), R(S), Ax(S)>,

where S (Subject) is set of SA Dsa objects, T(S) is finite set of classes of terms (concepts) of SA
Dsa that have features that make up their distinctive feature in ontology; R(S) — finite set of relations
between term classes; Ax(S) is finite set of axioms (functions, interpretations) defined on ontology
classes and relations.

A natural constraint imposed on the sets T(S), R(S), and Ax(S) is their finiteness and non-emptiness.
The elimination of the emptiness of the sets R(S) and Ax(S) makes it possible to use hierarchical
system of concepts interconnected by various relationships.

Concepts are organized in hierarchies, the links within which are structured in such way as to carry
out logical conclusion based on the transition from the general to the particular and vice versa.

Theoretical aspects of "knowledge engineering"” when interpreting the behavior of complex object
(technical, transport, intellectual, etc.): determine the basis for the formation of dynamic models "field
of knowledge" and " pyramid of knowledge "; require clarification; should be focused on strategies for
presenting and interpreting information in complex systems.

Let's consider these questions on the examples of complex ontology implementation when building
the " field of knowledge " and "pyramid of knowledge " models.

The "field of knowledge" model is informal description of the main concepts and relationships
between them, identified from the knowledge system of the studied SA. The formation of the "field of
knowledge" is carried out at the stage of structuring and is the first step towards the formalization of
knowledge. When designing and maintaining IST, the “field of knowledge” model should be
considered as complex dynamic structure.

One of the directions for the implementation of modern trends in the construction of the "field of
knowledge" model is associated with the concept of ontological engineering — one of the approaches
to the semiotic modeling of SA [19].

The semiotic model of the “field of knowledge” of SA Dsa can be represented as follows:

SMpss = <Sin, Sem, Pr>,

where Sin is the syntax; Sem is the semantics; Pr is the pragmatics.

The operational model of SA Dsa within the framework of the semantic structure is represented as:

OMps, = <S¢, Sf>,

where Sc is the conceptual structure; Sf is functional structure.

The “field of knowledge” model is being improved on the basis of applied semiotics methods
within the framework of the situational management approach [20]. The implementation of the
approach to the formalization of the "field of knowledge" based on semiotic modeling opens up new
possibilities for using complex ontology in formalizing the knowledge of complex systems.

The “pyramid of knowledge” model can be represented by the following interpretation:

F: Pkn — Pkn*,

where Pkn = (S, T, R, St); Pkn* = (S, T*, R*, St*); S is the set of SA objects; T* — meta-concepts of
higher level of abstraction than T; R* — meta-relations; St* are meta-strategies.

An example of implementation of "pyramid of knowledge" is the interpretation of procedural
component of IST knowledge base. The implementation of information transformation mechanisms in
the “pyramid of knowledge” model depends on the complexity of current situation and is determined
by different functional structures. One example of such structure is information flow when choosing
the preferred solution in the IST process management system (including design and maintenance).

Ontological approach to IST design. The application of the ontological approach simplifies the
process of optimal design, allows solving the main tasks of modern design at various stages of creating
IST, and coordinating the parallel work of IST developers and the IST management system.
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IST process management is process that includes, in particular, following steps:

Preparation of terms of reference for the development of IST and its monitoring.

Development of the SA model (with precise definition of the SA objects, their characteristics,
properties and relationships), its verification and testing.

Development of IST architecture.

Development of the IST information base structure (knowledge base, database, ontology, meta-
ontology, etc.) and its dynamic modification.

When implementing these stages, the technology of parallel design is used, which provides direct
and feedback connection between the current and previous stages. When designing IST, it is advisable
to use the decomposition method. Based on the basic principles of IST optimal design, knowledge-
oriented information technologies are introduced into the design process using the example of
applying the concept of ontological knowledge bases.

Ontological knowledge bases contribute to the presentation of design process data in the form of
structure with clearly defined relationships between the various components of the process, the
integration of various design data, and the organization of links between various stages and design
tasks. By formal ontological model we mean triple:

Ou=<S, R, Fun>,

where S is finite set of SA objects; R is finite set of relations between the SA objects; Fun is finite
set of functions (interpretations) defined on objects. Consider the IST design ontology, which contains
the concepts of SA, the interpretation of knowledge and relationships within this area.

Let us describe the ontological approach in the form of the following algorithm of actions:

1) compiling dictionary based on the terminology of SA for which IST is being designed;

2) using dictionary, obtaining ontology of SA that reflects the relationships between concepts;

3) verification by experts of the created ontology of SA, support and filling of the ontology.

The thesaurus of SA can be used as tool for standardization and formalization of knowledge, as
well as for providing access to users who solve IST process management tasks (including design and
maintenance).

Thesaurus of SA is designed to solve the following tasks:

classification and unification of the concepts of SA;

classification of methods and tasks of IST design;

construction of descriptions of methods and tasks of IST design in knowledge bases.

The IST process management ontology (including design and maintenance) uses thesaurus and is
required to:

develop and fix common understanding of the area of knowledge under consideration;

present knowledge in form that is convenient for their processing in IST;

provide opportunity to obtain and accumulate new knowledge;

provide the possibility of reuse of knowledge (including reuse of ontologies).

To represent the IST design ontology, the ontology description language OWL (Ontology Web
Language) [21] was chosen, which consists of the following components: classes, class properties, and
individuals (representatives of classes or properties). The construction of the IST ontology is
performed in the ontology editor Protégé [22].

The developed ontological model is represented as an ontograph. Protégé allows you to formally
check the ontological model (in particular, check for the absence of errors, the presence of all
necessary links and dependencies within the ontology).

Conclusions. The complex ontology used in IST is defined as semantically-oriented information
environment of conceptual generalization, which provides the possibility of integrating knowledge
while formalizing current information.

The main advantages of using the proposed ontological approach to managing IST processes, in
particular, are:

compact representation of the knowledge system of SA (specification and conceptualization);
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the possibility of searching for information in the knowledge system of the obtained ontology
(obtaining reference and training information);

setting and solving the necessary applied tasks within the framework of SA (for example, tasks of
design and maintenance IST);

possibility of gaining new knowledge and development of IST (management system of IST);

the possibility of using modern multi-agent technology, when each agent has its own ontological
model.

The proposed ontological approach to IST control (management) allows moving to automatic
process control (if there are appropriate restrictions). In the absence of restrictions, but in the presence
of ontological models of individual agents, automated control is used.

The developed ontology of SA is planned to be expanded and supplemented with new components,
imposing appropriate restrictions.

The program code in OWL obtained from the simulation results in Protégé can be further used
inside the knowledge base, processing this information in various software applications, including
Java applications.
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MOJEJIOBAHHA YIIPABJITHHA THTEJIEKTYAJIBHIMA CUCTEMAMHM
HA TPAHCIHOPTI

Y cmammi  posenaoaiomvcs  akmyanvhi  npooOnemMu  MOOeNO8AHHS  NPOYECié  YNpaeniHHs 6
IHMENeKMYanbHUX CUCMeMax Ha MPancnopmi. YNpaseniHHa maxkumu cucmemami nepeobaiac makolc
KOHMPONb | MOHIMOPIHE NPOYECI8 IXHLO2O NPOEKMYBAHHSA MA CYNPOBOOdCeHHA. B cmammi 3anpononosano
OHMONO2IYHY MOOETb YRPAGTIHHS NPOYECAMU IHMENEKMYAIbHUX CUCTEM HA MPAHCROpMI. 3anpononoeana
OHMONIOZIUHA MOOelb HeoOXIOHa 0Nl (OPMYBAHHA 3A2ANbHO20 PO3YMIHHA CYMHOCMEU NpeoMemHoi
obnacmi, fKOI0 € mMpaHcnopmua cgepa (MpaHcnopmHi cucmemuy, MpaHCHOPMHI NIONPUEMCMEA,
mpancnopmui 3acobu ma mMpaHcnopmua iHgpacmpykmypa). 3anpononHosana OHMONOIUHA MOOeNb
CNpUsiE NPeOCMABIeHHIO 3HANb Y 8U2A0I, AKULL € 3PYYHUM OIS IXHbOI 0OPOOKU 8 IHMENeKMYAIbHIll Cucmemi
HA MPAHCROPMI; 3a0e3NeUeHHI0 MONCIUBOCTT OMPUMAHHS A HAKONUYEHHS HOBUX 3HAHD.

YV sanpononosarnomy onmonociunomy nioxodi 3abesneuyemvcs 6aeamopazose SUKOPUCMAHHS 3HAHD
ma, pauiuie po3pooneHux, OHMONO2IU. 3anponoHo8anull NiOXi0 00380NAC BUKOPUCHOBY8AMU CYUACHY
MYTLIMUAREHMHY — MEXHON02I0, KOMU KONCHOMY da2enmy 6I0no6i0ac c60s1 OHMONO2IUHA MOOeNb.
Posensnymuti  onmonociunuti nioxio 00 MOOENOSAHHS YRPAGTIHHS  THMENACKMYAIbHUMU  CUCTEMAaMU
003607151 nepeumu 00 asMOMAMUYHO20 YNPAGNIHHA NPOYecamu 6 Yux cucmemax (3a HAasiHOCHI
BIONOBIOHUX 0OMEIICEND).

Pospobneny onmonoeiiny mooens npeomemuoi 2ay3i nianyemsbCsa po3uupumu ma 0ONOGHUMU HOBUMU
CKIIA00BUMU, HAKIABUIU 8IONOGIOHI 0OMedcents. Ompumanuil 3a pe3yibmamamu mooemosants ¢ Protége
npoepamuuti ko0 OWL mooicha naodani euxopucmosyeamu 6cepeduni 0a3u 3HAHL [HMENEKMYAlbHOL
cucmemu, 00pooOIIOUU YO THGOPMAYIO 8 PI3HUX NPOSPAMHUX 30CMOCYHKAX, 6 momy uuci, i Java-
3aCMOCYHKAX.

Knwuogi cnoea: ynpaeninns, nNpocKmy8awus, —IHMENEKMYAIbHA —CUCMEMA, MYTbmMUd2eHmHa
MeXHON02Is, THpopmayitini pecypcu, OA3a 3HAHb, MOOENHOBAHHS, OHMONIOZIHA MOOEb.
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RESEARCH OF BIOENERGY POTENTIAL ON IMPROVING ENERGY
EFFICIENCY AND ENVIRONMENTALITY IN TRANSPORT PROJECTS

The article considers the problems of energy efficiency management of the rolling stock of the
transport sector. The operation and operation of vehicles are analyzed and it is determined that road
transport is the main consumer of energy resources in the transport sector, which is about 90%. Road
transport requires 6.5 times more fuel than rail, and 5 times more fuel than sea or river.

It has been studied that the transport sector has a negative impact on environmental friendliness
due to high emissions. To successfully solve this problem, it is necessary to use bioenergy, which will
increase the energy efficiency and environmental friendliness of the transport sector and is a strategy
for the development of the transport sector of the country and the European Union.

An analytical review of legislative acts, namely EU directives and national transport strategy for
the period up to 2030, which regulate the promotion of energy efficiency in transport.

The main groups of tools and the use of information technology are considered, which allow to
achieve the set goals in the development of energy efficiency in transport.

The impact of alternative fuels resulting from the processing of biological waste or biological raw
materials for the country's transport sector, in particular road transport, which will significantly
reduce CO2 emissions, has been studied. Biofuels are able to provide clean energy for all modes of
transport and are currently the most important type of alternative fuel. Its influence on improving the
energy efficiency and environmental friendliness of the transport sector has been studied.

Keywords: energy efficiency, information technologies, transport sector, bioenergy, monitoring,
diagnostics, environmental friendliness.

Introduction. Ukraine's transport sector is a critical sector for reducing greenhouse gas emissions.
Transport accounts for about 19% of the world's energy use and a quarter of CO2 emissions related to
the fuel and energy sector. The entire transport system of Ukraine is dependent on imports of oil and
gas, which leads to increased energy efficiency in transport. In recent years, there has been a decrease
in energy consumption. If we talk about road transport, it is the main consumer of energy resources in
the transport sector, which is about 90%.

Comparing the transportation of the same cargo on different modes of transport, road transport
requires 6.5 times more fuel than rail, and 5 times more than sea or river [1].

In the European Union (EU), the transport sector is one of the biggest air pollutants, a source of
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greenhouse gas emissions, and has a negative upward trend. According to [1], from 1990 to 2012,
emissions in the EU increased by 20%.

To achieve the targets set by the EU Transport White Paper, emissions must be reduced by 67% by
2050. The current EU transport system cannot be called sustainable either in terms of energy
consumption or the types of energy resources used.

To ensure the energy efficiency of the transport complex, it is necessary to use alternative fuels
from renewable raw materials. What is the basis of the strategy for the development of the transport
sector in terms of improving energy efficiency and environmental friendliness.

The purpose and objectives of the study. The aim of the study is to analyze the impact of the use
of alternative fuels from renewable raw materials for the efficient operation of the transport sector and
increase energy efficiency and environmental climate of our country.

Objectives of the study: 1. To analyze the problems of the impact of the transport sector on
environmental friendliness and energy. 2. Investigate solutions that will increase energy efficiency. 3.
Investigate the impact of alternative sources of fuel from renewable raw materials on improving
energy efficiency and environmental friendliness of the country's transport sector.

Materials and methods of research. The strategy of development of the transport sector of the
country and the EU is to ensure the energy efficiency of the transport complex is the use of bioenergy.
Therefore, the EU is trying to build a legislative framework that would maximize the development of
energy efficiency in transport. In particular, key EU legislation in this area:

Directive 2009/28/EC on the promotion of the use of renewable energy sources establishes a
general legal framework for the production and promotion of energy from renewable sources. Among
other things, it sets a target for the use of 10% of RES energy in the transport sector.

Directive 2014/94/EC “On the development of infrastructure for alternative fuels”. The key
objectives of the directive are: reducing the dependence of EU transport systems on oil, reducing
greenhouse gas emissions under the EU Climate and Energy Package, improving urban air quality,
increasing the competitiveness of the European economy, stimulating innovation and economic
growth. The directive sets out the steps to be taken to develop the EU's single transport market,
namely the deployment of a network of electricity and bio-filling stations, the development of
harmonized EU standards and common technical specifications, and the provision of relevant,
consistent and understandable information to consumers [2-3].

Directive 2009/30/EC on fuel quality introduces mechanisms for monitoring and reducing
greenhouse gas emissions. The provisions of the Directive apply to all types of petrol, diesel and
biofuels used in motor vehicles, as well as diesel used for off-road vehicles.

Directive 2009/33/EC “On the development of environmentally friendly and energy efficient vehicles”
is aimed at the widespread introduction of environmentally friendly cars. It stipulates that the energy and
environmental consequences of the use of cars throughout their lives should be taken into account when
purchasing cars, as provided for in the Public Procurement Directives and the Civil Service Regulation. If
such impacts are to be monetized and taken into account when deciding to purchase a car, the costs
associated with operating the car must be calculated according to the general rules set out in the Directive.
EU Regulation Ne443/2009 requires a reduction in CO2 emissions from new cars to an average of 120 g/
km and a further reduction to 95 g / km from 2020. This requirement alone will achieve more than 30% of
the emission reduction target for the non-ETS sector. The main goal of the Roadmap to a Single European
Transport Area is to define a long-term strategy for the development of the EU transport system in order to
make it more efficient, safe and secure. The roadmap is designed for 2050 with intermediate targets for
2020 and 2030 and sets ambitious targets for energy efficiency, reduction of oil dependence and
greenhouse gas emissions, and technological development.
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The National Transport Strategy for the period up to 2030, which was adopted by our Government
in 2018, is dedicated to the issue of increasing energy efficiency and environmental friendliness of
transport, namely:

improving pedestrian infrastructure, parking areas, limiting the speed of vehicles and developing
infrastructure for bicycles;

establishing the obligation to comply with environmental standards;

introduction of economic incentives for the transition of freight and passenger traffic to more
environmentally friendly rail and water transport; * introduction of a system of tolls from road users
depending on the ecological class of the car;

introduction of economic measures to stimulate the use of more environmentally friendly modes of
transport in cities (electric cars, public transport, bicycles);

stimulating the use of alternative energy sources, as well as environmental modes of transport and
special equipment, etc..

To develop energy efficiency in transport, the so-called main groups of tools are used, with which
you can achieve your goals. Consider these groups of tools. The most effective group of tools are
fiscal instruments, which operate on the principle of paying more for less environmentally friendly
transport and reducing the cost of purchasing or using more energy-efficient and environmentally
friendly cars. In particular, the fuel tax has been introduced in many countries around the world and
has a significant impact on the energy efficiency of used cars. Another group that is no less effective is
the infrastructure tools that introduce charging station networks that will reduce emissions. Another
area of work to reduce emissions from transport should be the development of infrastructure for
cyclists and pedestrians. EU administrative countries have been requiring mandatory certification of
cars according to environmental standards since 1988. Today, the EU has Euro-6 standards that set
minimum environmental requirements for cars manufactured or imported into the EU. In Ukraine, the
introduction of Euro-6 standards was postponed until 2020. To monitor the current technical condition
of cars in many EU countries introduced a mandatory roadworthiness test, which, including
compliance with environmental requirements is also checked. If the level of harmful emissions is
exceeded, the car will not pass the technical inspection and will not be allowed to operate.

The next group of information tools. Improving energy efficiency and environmental friendliness
in transport is impossible without raising the awareness of end users. That is why it is important to
conduct information campaigns on the use of bioenergy and transport.

Therefore, the development strategy provides for the mandatory use of liquid biofuels
(biocomponents) in the field of transport.

The main purpose of the draft Law is to create an effective legislative mechanism for the
development of a competitive market for the production and use of bioethanol and biocomponents in
transport in Ukraine.

The draft law is aimed at implementing the provisions of Directive 2009/28 / EC of the European
Parliament and of the Council of 23 April 2009 on the promotion of the use of energy from renewable
sources in energy consumption of RES in transport and the implementation of Ukraine's commitments.
accession to the Energy Community [4-7].

The project proposes to legislate the mandatory content of liquid biofuels (biocomponents) in all
volumes of automotive gasoline released from places of fuel production, places of wholesale trade in
fuel and places of retail sale of fuel, except for gasoline with an octane number of 98 and above and
gasoline supplied for the needs of the Ministry of Defense, the State Reserve and for the creation of
minimum reserves of oil and petroleum products.

According to the project, from May 1, 2022, the content of liquid biofuels in all volumes of
gasoline should be at least 5 percent.

Biofuels have been around for many years. In fact, people have been using vegetable oil-based
diesel engines for much longer than petroleum-based diesel fuel. Over the last decade, biofuels have
come to the fore as a key way to address our carbon footprint and our dependence on fossil fuels.
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According to the 2014 EU Fuel Directive, biofuels are currently the most important type of
alternative fuel, accounting for 4.7% of the total fuel used by EU vehicles in 2011. It will also
significantly reduce CO2 emissions. Biofuels are able to provide clean energy for all modes of
transport.

Biofuels are an alternative type of fuel that results from the processing of biological waste or
biological raw materials. For road transport, it can be in the form of biodiesel or biogasoline, where a
certain amount of biofuel is mixed with traditional gasoline or diesel fuel. In fact, EU Directive
2009/30 / DC allows the mixing of ethanol with gasoline up to 10% of the volume and content of
FAME (biodiesel methyl ester of fatty acids made from natural fats) in diesel fuel not more than 7%.
In April 2018, the UK government announced its goal to double the current amount of bio-matter in
diesel fuel from 4.75% to 9.75% by 2020 and then to 12.4% by 2032. Most fuels already include some
bio-raw materials, and we don't even realize it.

Sources of biofuels include corn, sugar cane, palm oil, rapeseed oil, soybeans and ethanol. Crop-
based sources, such as rapeseed oil, help to "remove™ CO2 from the atmosphere during the growing
process, helping to compensate for CO2 emissions from oil combustion. For example, bioethanol is
classified as carbon-neutral because any CO2 released during production is removed from the
environment by the crops themselves. However, the use of raw materials for fuel has some
disadvantages. Withdrawal of land that was previously used for growing crops may affect the price of
crops. Biodiesel currently uses about 30,000 square kilometers of arable land across the EU, and is
expected to increase in the future.

Companies around the world are investing and implementing biofuels in a variety of ways. In the
UK, the global fast food corporation McDonald’s is converting vegetable oil from their kitchens into
biodiesel, which they use to refuel more than half of their trucks. The United States recycles waste
from Auckland, California. In Australia, a Queensland refinery produces biofuels from recycled tire
waste. Laboratory tests have shown that this diesel is no different from a diesel derived from fossil
fuels, and has all the necessary characteristics.

The growing use of biofuels has a significant impact on lubricants. In any engine, a small amount
of fuel goes into the oil. The current generation of engines with low emissions and higher performance
operates at higher temperatures. This means that lubricants also work at higher temperatures than in
the past [8, 11]. Biofuels are less stable than other fuels and are easily oxidized. The combination of
higher temperatures and biofuels causes increased oxidation, which in turn creates carbon deposits in
the engine and reduces the viscosity of the lubricant. Biodiesel, like all fuels, gets into the oil pan,
where it contributes to the deterioration of oil quality.

With regard to lubricants, the wider use of biofuels raises two key issues. The first is the deposits
formed as a result of oxidation, they limit the flow of oil and lead to increased wear and, consequently,
reduce engine life. Second, the increase in carbon deposits due to oxidation in the grooves of the
piston rings, which limit the movement of the rings and increase the friction and wear of the cylinders.
These deposits are abrasive on the parts they come in contact with and lead to higher component wear.

As engines and fuels change, lubricants must adapt to new conditions. To solve the problem of
oxidation created by fuel, motor oils are developed using high-quality base oils and additives to
increase resistance to oxidation [9-10]. Currently, this applies to oils that are designed and tested for
vehicles running on 20% biofuels. However, if the engine was running on 100% biofuel, it would need
a completely different oil, as well as different intervals for its replacement.

Any car engine oil contains 70 to 80% base oil, so it is possible to increase the use of renewable
materials, as do fuel companies. They can be obtained from vegetable sources such as rapeseed oil or
palm oil.

Secondary lubricants can also play a big role. Engine oil does not wear out - it is contaminated with
deposits in the engine. With proper collection, treatment and cleaning procedures, used engine oil can
be converted to high quality base oil and mixed with high quality lubricants.
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«One gallon of used engine oil provides the same 2.5 liters of [base] oil as 42 gallons of crude oil».
US Environmental Protection Agency

In the short term, biofuel use is expected to continue to grow. In the long run, electric cars will
dominate [12-14]. This will require further innovation in the lubricants industry, as electric vehicles do
not require standard motor oils at all. However, they need advanced cooling systems and transmission
lubricants to ensure efficient operation of vehicles. Meanwhile, the recommendations for users remain
the same: use the right high-quality oil from a well-known supplier, which includes the latest additives
to combat the effects of biodiesel and meet all the needs of modern engines. The balance of each
additive in the finished lubricant is very complex and is the result of many studies and tests. The
slightest over-processing of an element by only 0.001% can destroy the whole balance.

In the early 2000s, some biodiesel consumption was already recorded, especially in Germany and
France. In the period from 2004 to 2010 there was a significant increase in biofuels to the overall level
of 4% (in terms of energy content) of transport energy. However, growth halted until 2016, probably
due to uncertainty over the restrictions on indirect land use change (ILUC). In recent years (following
the publication of the ILUC Directive), growth has resumed. On average, biodiesel (FAME and HVO
together) accounted for 6.4% of diesel energy consumption in 2019. Bioethanol averaged 3.7% of
gasoline energy consumption [15-16].

About 30% of biofuels consumed in the EU-28 in 2019 are classified as "modern biofuels", ie they
are produced from residues and waste (including used oils for biodiesel). They can be doubled to
achieve 10% RES in transport at EU level.

The share of electricity (one third of which is renewable) is 1.7% of total energy consumption by
transport. This is mostly the case for rail transport - the use of electricity in motor vehicles in 2019 is
still insignificant (0.08% of total energy consumption in transport), but growth can be expected in the
coming years.

Conclusions. The work of the country's transport industry is analyzed, in particular the problem of
impact on the environment and energy. The shortcomings of the impact of the functioning of the
transport sector on the environment have been identified. It is proposed to solve the problem by using
bioenergy, namely biodiesel and biogas. The development of bioenergy makes it possible to expand
the range of available energy sources, strengthen the country's energy security, promote energy
independence of the state, improve the environment. The experience of using this type of biofuel in
different countries of the world is analyzed and it is determined that the EU will reduce the
evaporation of fossil fuels by 50% by 2030, and by 100% by 2050. It is determined that the increase of
energy efficiency and environmental friendliness is possible through the use of alternative fuels from
renewable raw materials.
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JOCIIIKEHHSA ITIOTEHUIAJTY BIOEHEPTETUKHA HA IIIJIBULIIEHHSA
EHEPTETUYHOI E@GEKTUBHOCTI TA EKOJIOTTYHOCTI B ITIPOEKTAX
TPAHCIIOPTY

YV cmammi  pozenamymo npobiemu  ynpagninms  eHepoeheKmugHIiCmIO  PYXOMO20  CKIAOY
mparcnopmuozo cexkmopy. llpoananizoeano pobomy ma excniyamayiro mpaHCnOpmHux 3acobie ma
BUBHAYEHO, WO ABMOMOOINbHUL MPAHCNOPM € OCHOBHUM CHONCUBAYEM eHepemUYHUX pecypcis y
MPAHCNOPMHOMY ~ceKmopi, wo cmanosums Oausvko 90%. s nepesesenv asmomoOiibHuM
Mpancnopmom nompiono y 6,5 pasie Oinvbuile naiusa, HIdIC 3ani3HUYHUM, 1 Y 5 pa3zie Oinbuue Hidic
MOPCLKOMY YU PIUKOBOMY.

Hocniosxceno, wo mpancnopmuuil CeKmop MAc€ He2amuHuli 6njaus Ha eKOJI02IYHICMb, 3A80AKU
genuKomy obcsaey eukudis. s ycniwnoeo piutennss 0anoi npobremu HeoOXiOHO 3ACMOCYBAHMS
bioenepeemuxu, Wo 003601UMb NIOGUWUMU eHePeOedEeKMUBHOCHI | eKOI02IYHOCHb MPAHCNOPMHO20
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CEKmopy ma € Cmpamezic€lo po36UmMKy MPAHNOPMHO20 CEeKmopy Kpainu i kpain €eponelicbkozo
Coro3y.

Ilposedeno ananimuunuii 02110 3aKOHOO0AsHUX akmis, a came. oupexkmus €C ma HayioHanibHOl
mpancnopmuoi cmpamezii Ha nepiod 0o 2030 poxy, AKi peciameHmyoms CIMUMYII08aHHS PO3ZGUMKY
eHepeoepexmueHocmi Ha MPaAHCNoOPmi.

Poszenanymi ocuosHi epynu iHcmpymenmie ma UKOPUCMAHHSA [HQOPMAIUHUX MeXHON02IU, AKI
003801A110Mb 00CA2MU NOCMABNIEHUX Yillell 8 PO3BUMK) eHepeoedeKMUBHOCME Hd MPAHCNOPMI.

Hocniosiceno 6niue anomepHamugHo2o udy NAIUBA, AKUL OMPUMYEMbCA 8 Pe3yTbmami nepepooxu
Oionoziunux 8i0x00i6 abo 0ion02iUHOI CUPOBUHU 0N MPAHCNOPMHO20 CeKOpPY KpaiHu, 30Kpemd
ABMOMOOIILHO2O0 MPAHCROPMY, WO Chpusmume icmomuomy ckopouentio euxudie CO2. Bionanuso
30amHe 3abe3neyumu Yucmy exepeiio 01 6Cix 6udi¢ MpaHcnopmy mda 6 OaHull Yac € HatOiibul
BANCTUBUM MUNOM  ATLIMEPHAMUSHUX 6U0I8 nanuga. Jocriodxiceno 1020 6naue Ha NiOSUUEeHHS
eHepzoepexmusHoOCmi ma eKoi02iYHOMI MPAHCHOPIMHO20 CEKMOPY .

Knrouoei cnosa: enepeoeexmusnicmos, HPOpMayiini MexHoON02, MPAHCNOPMHULL CEKmop,
bioenepeemuxa, MOHIMOPUHe, 0iAeHOCMUKA, eKOA02ITYHICb.
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3ACTOCYBAHHA METOAY KJIACI/I(I)IKAILIIi JAHUX TA HEMPOHHHUX
MEPEX JJIA HNIJABUINNEHHSA 3ABAJOCTIMKOCTI PEMUKOBOI'O KOJIA

Y cmammi 3anpononoeana onmumizayis iCHYIO4020 NPUCMPOI0 RIOBUWEHHS 3A8A00CIUKOCTI
MOHANBHUX PEUKo8UX Kil. 3a paxyHoK mo2o, W0 CUSHATbHUL CIPYM ) MOHANLHOMY PEUuKo80oMY KOJi
A6715€ 00010 CUSHAN MOHATBHOL 4aCTMOmMU, MOOVIbOBAHUL IMIYIbCAMY, MO 3080SKU POIMUKAHHIO
mMpakmy nepeoaui MOHANLHOZO PEelKOB8020 KOA HA 6X00I KOMUHO20 NpuiMaya nio yac iHmepeaie
MIHC IMRYILCAMU CUSHATIBHOZ0 CIPYMY MOJICHA 3AXUCMUMU KOJIUHULL NPUtiMay 8i0 8niusy Ha HbO20
3a6a0. /{15 8paxysants 4acy 3ampumMKu Ha NPOX0O0HCEHHS CUSHATY 3 8UX00Y KOJIUH020 eeHepamopa Ha
6XI0 KOMUHO20 NPUUMAya y RPUCmpoi nio8uUeHHs 3a6a00CMIUKocmi nepedbavena aiHis 3ampumKu.
Ane uac npoxoodiCeHHs CUSHANLHO20 CMPYMY Y MPAKmi MOHAIbHO20 peliko8020 KONAd MOdice
KOJIUBAMUCH 3ANIEHCHO 8i0 1020 napamempie pooomu. [na ypaxyeaunHs yux KOJUBAHb MdA NIOSULYEHHS.
epexmueHoCcmi  BUKTIOUEHHS 3a6a0 8 IHMEPBaiax Midc IMAYIbCAMU KOPUCHO2O0 — CUSHATY
3anpONOHOBAHUL MEMOO A0ANMUBHO20 YAPABIIHHA JIHICIO 3AMPUMKU, KU 003601UMb A0ANMYEamu
napamemp 4acy 3ampumKy 3a1exHCHO 8i0 008HCUHU PEUK080i NiHil, HeCyyoi uacmomu cucsHaty, onopy
i3onAYii ma wacmomu MoOYI004020 cueHALY. 3a80aKu supiulenHo 3a0adi Kiacugikayii Oanux, wo
Mmicmame iHopmayiio wooo 6nIugy napamempie pobomu MOHAILHO2O PeliKo8020 KOAd HA Hac
NPOXOOIICEHHS CUSHALY, OVI0 0OPAHO ONMUMATILHY CIMPYKINYPY MOOei HA OCHO8I HEelPOHHUX MePEXC,
AKa peanizye memoo adanmueHo20 YNPAaeIiiHs TIHIEI0 3aMPUMKUL.

Knrouoei cnosa: mownanvhe peiikoge KOO, KiAcu@ixayis, [HMEIeKMYaibHull aHali3 OaHux,
3a6a00CMIUKICMb, HEUPOHHT Mepedici, 6a3a OaHUX.

Beryn. IlizBuineHHs MBHAKOCTEH pyxy TMOI3AiB BUCYBa€ HOBI BHMOTH IIOJAO 3aXONiB 3
BJIOCKOHAJICHHST Ta MOJEpHi3allii CHCTeM, sKi BiJIIOBIIAIOTh 3a OE3IEKy MPOIECY IePEBE3CHb.
BaxnuBuM eneMeHTOM JaHUX CHCTEM € PEHKOBI KOJIa, BiJl HAIIHHOCTI pOOOTH SKHUX 3aJIeKUTh PoOOTa
CHCTEM 3aJ1I3HHYHOT aBTOMATHKH.

Junist BupiieHHS MPOOJIeMH BiIMOB PEHKOBHX KiJl y 3B’SI3Ky 3 HECHPABHICTIO 130JFOIOYMX CTHKIB
CTaJld BIIPOBAPKyBaTHCS OE3CTHKOBI PEHKOBI Koja, 30KkpemMa TOHaNbHI peiikoBi kona (TPK). Bonn
NPAIOIOTh Y CKIaJHUX YMOBax Jii BEJIHMKOI KUIBKOCTI 3aBaj BiJ TATOBOTO CTPyMY, aTMochepHHX
BIUIMBIB, 3aBaJl, BUKIMKAHWUX BIPOBA/UKCHHSM HOBUX TNEPCIEKTHBHUX BHIIIB EJIEKTPOPYXOMOTO
CKJIaJTy, 1[0 HETaTHBHO BIUIMBAE Ha 3a0e3MeveHHs eJeKTpoMarHiTHol cymicHocTi podotu TPK [1, 2].

AHani3 ocTaHHIX [IoCTilKeHb i mocTaHoBka mpoOJgemu. J[[ns BupimeHHS TpoOIEMU
3aBajioctiiikocti TPK y pisHuX KpaiHaX MPOAOBKYIOTH po3poliisTics MoaepHizoBani Buau TPK [3-5].

Po3BuTOK TEXHOJIOTIH [O3BOJIIE BHUKOPWUCTOBYBAaTH SIK araparHi pillleHHS Ha OCHOBI HOBOI
NEPCHEKTUBHOI eneMeHTHOi 0a3u, Tak 1 egeKTHBHI nporpamHi aiaroputMmu. llepcnexTHBHUM
HampsIMOM € BIIPOBA/KCHHS HOBITHIX TEXHOJOIIH Ta alrOpUTMiB IUTYYHOTO IHTENEKTY s
MOKPAIICHHS 11eHTr(IKaIlli HEeCITPAaBHOCTEH, MPOTHO3YBaHHS BiIMOB Ta IIJABHILEHHS 3aBa{0CTIHKOCTI
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TPK [6]. s BUpIIICHHS AaHUX 3a]1a4 JOCTITHUKU 3aCTOCOBYIOThH TaKi 3aC00M, SIK HEHMPOHHI MEpexi
[7, 8], meitpo-HewiTKy JOTIKYy [9], BeliBneT-iepeTBOpeHHs [10], TIMONHHY Mepexy MepeKoHaHb [5]
aJTOPUTM KOMOIHOBAHOTO JiepeBa pillleHb Ta Teopito MHOXKHH [11], MeTom omopHHX BeKTOpiB [12],
ANTOPUTM AWHAMIYHOTO TpaHchopMyBaHHA dacy [13]. BukopucTaHHs cydyacHUX TEXHOJIOTIH JO3BOJISIE
3HAYHO MiABHIUTH XapakTepucTuku HagiiHocti TPK, ToMy akTyansHHM € 3aada BOpOBaKEHHS iX
Jutst MoaepHizanii BuaiB TPK, 110 3acTocoByOThCS Ha 3aTi3HALAX Y KpaiHu.

Mera i 3aBaaHHSl JOCHiIKeHHSl. METOIO TPOBEACHOTO JOCTIDKEHHS € 3aCTOCYBaHHS
MEPCIEKTUBHUX 3aCc00IB IITYYHOTO iHTENEKTY 1 IHTENEKTYaJIbHOTO aHalli3y AaHWX IS TOKPALICHHS
3aBagocTiiikocti TPK, mo 3acTocoByroThcsl Ha 3ami3HUINX YKpaiHd. st IpOoro BUPIMIYIOTHCS TaKi
3aBJIAHHS:

* MiABUIIMTH €(EeKTHBHICTh BiIOMOTO MPHUCTPOIO MiABHIIEeHHS 3aBagoctiiikocti TPK 3a paxyHok
PO3pOOKHM METOY alalTUBHOIO YIPABIiHHS JiHIEI0 3aTPUMKH;

* IpoaHanizyBaTH BIUIMB mHapamerpiB pob6otu TPK Ha BenuuuHy uacy 3aTpUMKH, BHKOHABIIH
kiacu(ikalilo JaHUX 3 3aCTOCYBaHHSM aJrOPUTMY JiepeBa pillieHb;

* PO3pPOOUTH MOJIEIb pealtizallii aJanTHBHOTO METO/Ty YIIPABIIiHHSA JiHI€I0 3aTPHUMKH.

Marepiaau Ta mMeTonm mociigeHHs. Bimomwmii mpucTpii miaBumieHHs 3aBanoctiiikocti TPK
[14], axwii mO3BONSIE BUKIIOYATH HAIXO/KEHHS 3aBaj] HA BXiJ KOJIMHOTO MpHiiMada 3a PaxyHOK
PO3MHUKaHHsI TPAKTY Mepeadi CUTHAY Ha Yac IHTepBaly MiX iMITyJIbcaMH CUTHaIIbHOTO cTpyMy TPK.
CurHabHUHM CTPYM TOHAJIBHHUX PEHKOBUX Kill TpeThoro mokomiHHs (TPK-3), mo BUKOpHUCTOBYIOTHCS
Ha YKpaiHCHKiA 3alli3HUIN, SBJIsIE COOOI0 CHUTHAJI HECY4Oi TOHANBHOI YacTOTH, IO MOIYTIOETHCS
iMIynbcaMH 3 4acToTolo 8 abo 12 I'm. B iHTepBamax MiX HMMHU iMITyJbCaMH HiSIKOTO KOPHCHOTO
CUTHAITy Ui KOJNIHHOTO TNpHuiiMada HE HaIXOAWTh, ale MOXYTh HAaJXOIWTH 3aBajd, MO AiOTH Ha
peiikoBe ko0. ToMy sl BUKIIOUEHHS [Iii IMX 3aBaJ HA BXO/I KONIHHOTO MpHiMava MiJKITF0YaeThCs
KEpOBAaHUN EJIEKTPOHHUM KIIOY, SIKUA PO3MHUKAE TPAKT [0 KEPYKOUOMY CHUTHaly, IO HAAXOAMTH 3
reHepaTopa OJMHUYHOTO iMITyNbcy. [TuTaHHS CHHXpOHI3alii PO3MHUKaHHS €JICKTPOHHOTO KII0Ya came
MiJ] 9ac iHTEPBaTy MK IMITyJIbCAMHU BUPIIIYETHCSA TaKuM 9UHOM. KOpHCHUWI CUTHAN, 10 TOJAETHCS Y
tpakT TPK, omHOYacHO 3 THM MOJAEThCA Ie ¥ HA JHIFO 3aTPUMKH, 9ac 3aTPUMKH SKOI BiJIMOBimae
Yyacy MPOXO/PKEHHsSI KOPUCHOTO CHTHANy 3 BHXOAY KOJIIHHOTO reHeparopa 4epe3 perlKoBy JIiHIIO Ha
BXiJ KOJiifHOTO mpuitmMada. Buxin miHii 3aTpUMKH TiAKIIOYEHO J0 BXOIYy T€HEepaTropa OJUHUYHOTO
IMIyJbCy, SIKUH BHPOOJISAE KEPYIOUUil IMITyJIbC, 32 SIKUM €JIEKTPOHHUH KIIIOY 1 pO3MUKae TpakT. st
e eKTHBHOT POOOTH JTaHOT CXEMH CIIiJ] 3a3HAYHTH, 1[0 TPUBAIICTH IMITYJIbCY TeHepaTopa OJUHUYHOTO
IMIyJIbCy MTOBHHHA BIJIIMOBIJATH YaCTOTI MOJYJIALIT KOPUCHOTO CUTHAITY, a JIiHisl 3aTPUMKH [TOBHHHA
OyTH peryabp0BaHOIO BiAIOBIAHO O Yacy MPOXOKEHHS! CUTHAIY 0 TPaKTy, 00 3 OJHi€l CTOPOHH HE
BUKJIMKAaTH XUOHY 3aiHATICTb PEHKOBOTO KOJA, @ 3 1HIIOI CTOPOHM BHKJIIOYUTH BIUIUB MAaKCHUMYyMY
3aBaji Ha KONIMHWMU mpuiiMad. AJie Yac TPOXOJDKEHHS CHTHANy Y PEHKOBOMY KOJII € 3MiHHOIO
BEJIMYMHOKO, sIKa 3aNeXuTh Bif yMoB pobotn TPK. I uum Tounimie mei yac Oyae BH3HAYCHUH, THM
Bumly 3aBajocTiiikicte TPK wmoxxna Oynme 3a0e3neuntd. ToMmy aiisi BUDIIIEHHS 3a/adi TOYHOTO
BU3HAUEHHSI 4acy 3aTPUMKH 3allpOIOHOBAHO PO3POOUTH METOJ| aJalTUBHOTO YIPABIiHHS JiHIEID
3aTPUMKH, IO TOJATAE B TOYHOMY HAIAIITYBaHHI Yacy 3aTPUMKH CHUTHAIY 3aJIe)KHO BiJ| MapaMeTpiB
pobotu TPK: wacroru Hecydoro curnany, nosxuau TPK, onopy i3o1ii Ta 9acTOTH MOTYIISAIII.

Jns ananizy BIUIMBY AaHuxX napamerpiB podotm TPK Ha dac pO3MOBCIOJKEHHS CHTHATY
BUKOpHCTaHa iMitaiiina moxaenb TPK [15], sika Oyna mnepeBipeHa Ha ajekBarHicTh [16]. 3a
JOIIOMOT'OI0 MOJISJIIOBAaHHSI CTBOPEHO 0a3y AaHuX 3 518 BUMiproBaHb.

3a TOTIOMOT0F0 TAKETY iHTEeNEeKTyallbHOTO aHaii3y naHux st Excel BukoHaHa kinacudikamii 1aHux
Ha OCHOBI QJITOPUTMY JIepeBa PillleHb 3 METOI BU3HAUCHHS KITFOUOBHX apaMeTpiB, 0 BILUTUBAIOTH HA
BEJIMYMHY Yacy 3aTpuMKH (puc. 1).
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Riz_ mOm
>= 7246
fH_ My 1
=720
m— | Riz_ mOm
< 7246
L
Riz_ MOm
< 6355
fu_ Ty —
=780
= Riz_ MOm
>= 6355
Riz_ mOm
< 16748
fPL_ kM not 1
= 200
fH_ My 1 Riz_ mOm
= 420 >= 16748
1 fPL_ KM
=200
Riz_ MOm
>= 8434
fPLL_ kM not
=200
fH_ T 1 Riz_ MOmM
= 480 < 8434
- 1 fPLL_ kM p— |
= 200
L 1
fPLL_ kM
= 200
fH_ My 1
= 580
L 1 fPLL_ kM not
=200
L 1]

Puc. 1. ]lepeBo pillieHs AJs napaMeTpy 4acy 3aTPHMKH, OTPUMAaHe 3a pe3yJIbTaTaMu
kaacudikanii gJanux

[Tpu xnacudikamii anropuT™ po3MOIINB Aialla30H 3HaYeHb BEJIMYMHU Yacy 3aTPUMKH CUTHANIB Ha
5 iHTepBaIiB, KOXKEH 3 KX MMO3HAUYEHUH IEBHUM KOJIFOPOM Ha TiCTOTrpaMmi JiepeBa pillieHb.

Tabnuys 1. Ilo3HaYeHHS IHTeIEKTYaTbHOI0 aHAJI3Y TaHUX

3navenns inTepBany | KiibkicTh 3HaYeHb t3, 110 ImoBipHicTb, % I'icrorpama
3, MC BiIMOBIZaIOTH iHTEpBaIy
<0,35 118 32,06 [ ]
0,35-0,47 83 22,8
0,47-0,56 79 21,75 [ |
0,56-0,67 59 16,46 [ |
>=0,67 23 6,93

Pesynbpratn knacugikallii moka3yoTh, 10 OCHOBHUM (DakTOpOM, SIKHH BILITMBA€E HA 3HAYEHHS 4acy
3aTPUMKH, € YacTOTa HECYUOTo CHUTHAIY. 3aBJASKH [IUM BHCHOBKAM iHTEIIEKTYAILHOTO aHalizy Oyio
BUpIIIEHO O0paTH CTPYKTYpY MOJENi aJanTHBHOTO MPHUCTPOI0 YIPAaBIiHHS IIHIE 3aTPUMKH,
pealti3oBaHy 3a JIOTIOMOTOK) IPOTrpaMHOTO Komruiekcy Matlab, ioro posmmpens Simulink Ta Neural
Network Toolbox i HaBeneHy Ha puc. 2. Jlo ckiiaay JaHOT MOJIEINi BXOJATh 11’ ITh HEMPOHHUX MEPEK,
KOXKHA 3 SIKMX BUJA€ 3aTPUMKY AJIs 5 BiANOBIIHUX YacTOT, 10 BUKOPUCTOBYIOThCS y TPK-3: 420 I'w,
480 I'm, 580 I'm, 720 I'm ta 780 T'm. [lyis 3HAaXO/PKEHHS TOYHOTO 4acy 3aTPUMKH Ha BXiJ Momemi
HAJIXOSITh BXIiJHI JlaHi, MO CKJIAJAal0ThCs 3 3HAYCHHS YaCTOTH HeCcydoro curHany, noBxuHH TPK,
3HAYCHHS ONOPY 1301111 PEeHKOBOT JIIHIT T2 YACTOTH MO TYJISIIII.
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h
g

HedpoHHa mepexa 4
Puc. 2. Ctpykrypa Mojeni aianTHBHOTO MPUCTPOIO YNPABJIiHHS JIHI€I0 3aTPUMKH

broku mepeBipkM 4YacTOTH HECY4Oro CHUTHAlIy MEpeBIpsAIOTh 4M 30ira€Tbcsi 4acToTa HECYHYOro
CUTHAJY, 1110 HAJIXOUTh Y BXIIHUX JJAHUX, 3 YaCTOTOIO BiIIOBIIHOT HEUPOHHOI Mepexi. SIKIIO Tak, TO
Ha BUXiJ OJIOKY HIEPEBIPKU HAJXOIUTh JIOTIYHA OJUHMIIS, SKIIO Hi — TO JIOTIYHUHA HYJIb. TakuM 4YMHOM
Onoxu //-I5 oOHyNSAIOTH CBOi BUXOAM, SIKIO YacTOTA CHUTHAIIy HE BIAINOBiZAe€, 1 Ha BHUXiX cyMaTopa
HaJXOAMTH JIMILIE 3HAUCHHS 4acy 3aTPUMKH BiJl HEHPOHHOI Mepexi, sika BUJa€ TOUHUHN pe3yIbTaT came
JUISL TaHOi HEeCy4oi YacTOTH CHTHANy 3a pe3yjbTaTaMH aHalily iHIIUX TPhOX BXiJHHX MapaMeTpiB:
noexuan TPK, omopy i3omsuii Ta wactotn Momynauii. CTBOpEHHS! OKpeMOi HEMPOHHOI Mepexi ams
KOXKHOI HECY4Oi YaCTOTH CUTHAIy J03BOJISIE MIIBUIINTH TOUHICTh PE3yJIbTaTy Ta 3MEHLIUTH MOXHOKY
MO/ICITFOBAHHSI.

HetipoHHi Mepexi sSBISIOTH COOOK0 MEPLEHTPOH 1 MAIOTh CTPYKTYPY 3 IMPSIMUM PO3IOBCIOIKEHHIM
CHUTHAJly 1 3BOPOTHHUM pPO3MOBCIOJUKEHHSIM TOMWJIKH. AKTHBaLidHOIO (QYHKLIEIO € Tiagka i
Oe3nepepBHa (PYHKIIIS TIepOOTIYHOTO TAHTCHCY.

Yorupu HEHWpOHHI Mepexi, SKi aJanTyiTh BEJIUYMHY 3aTPUMKH JJIS CUTHATIB 3 HECY4YUMH
yactotamu 420 I', 480 I'm, 580 I'm i 780 ['m Oynu HaBueHi 3a momomororo Merony JleBenOepra-
Mapxksapnara [17, 18], npu3zHayeHoro U1 ONTUMI3aLlil MapaMeTpiB HENMiHIMHUX perpeciiHux MoaeseH.
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Bximauit curnan mae surmsin Y = f(w,x), me f(w, X) € perpeciitHoro Mozeto, o BimoOpaxkae
3aJIeKHICTh MK BXiIHUMH 1 BHUXIIHUMH CUTHaJlaMH HaB4aHHS. Ha mowatky poOOTH anroputmy
3a1a€ThCSl TMOYATKOBUI BeKTOp mapamerpiB W, SKWH Ha KOXXHOMY HACTYITHOMY KpOIli iTeparii
KOPHUTYETHCS HA BEIMYMHY IIPUPOCTY:

Aw=(373+pul) 3 (y- F(w), (1)

ne M — mapamertp peryisipu3sallii, SKui Ha3HAYaEThCS HA KOKHIHN iTepallii anropurMmy,
J — marpuns Sko6i ¢pynxuii T (W, X) B Touni W,

I — opumyana MaTpums.
Kpurepiem npu ontumizalii € cepeJHbOKBaApaTUIHA IIOMIJIKA MOJICII Ha HaBYaJIbHIN BHOIpIi

N
20, = F(w.x))’
mse = = _ )
N
PoGora meTtomy copsMOBaHO TIOCHIIJOBHE HAONMKEHHS IOYaTKOBUX 3HAYEHb MapaMeTpiB 0
IIyKaHOTO JIOKAIBHOTO ONTUMYMY. AJTOPUTM 3YNHHSEThCS Y pasi, SKIO 3HAYEHHS I1apamerpa
npupocty AW HacTymHOI iTepallii MeHIe 3aaHoro 3Ha4YeHHs ab0 3HaMICHI MapaMeTpy MPHUBOISTH

IMOMUJIKY HaBYaHHA MCHIIIC BCTAHOBJICHOT BEJIMUNHU
|| f (VVI ! X) - y(X)” < 83(1() ' (3)

ne Y(X) — Buxinuuii HaBuanbHuit BeKTOD,

& — BCTAHOBJICHA JOITYCTHMAa BEJIMYHNHA ITIOMUJIKH.

3a0

[ HaBuaHHS I'SATOI HEMPOHHOI MeEpexi, L0 aJanTye BEIMYUHY 3aTPUMKH AJSl CUTHAJTIB 3
Hecy4oro gactotoro 720 I'm, kpamwmii pe3ynsTaT moka3aB MeTo OaieciBchKoi perymsapusantii [19], ms
MiICTPOIOBAHHS Bar Ta 3MillleHb, B OCHOBI SIKOTO BUKOPUCTOBYEThCS MeTo1 JleBenOepra-MapkBapara.
Januit MeToq MiHIMI3y€e KOMOIHAIIFO KBaJpaTiB IMOMHJIOK 1 BaroMOCTi Ui OTPHMAaHHS HaWKpaImx
y3arajbHIOIOUYHNX BIACTUBOCTEH HEHPOHHOI Mepexi.

Ta&zuwz 2. Pe3yﬂbTaTl/I HaBYaHHA TAa MOACJIOBAHHSA HeﬁpOHHHX MEpPEK

Heiiponna mepe:ka 1(420 I'n) | Heiiponna mepe:xa 2 (480 I'n) | Heiiponna mepeska 3 (580 I'y)
ITomunka HaBuanus 1,54 10° ITomunka HaBuanus 5,87 10° [Momuka nagyanus 210
I'padik perpecii Ipadi :
adik perpecii I'padik perpecii
5 Cymapna: R=0.99754 pagix perp padix perp
[=]
g 0.9 O Data T Cymapsa: R=0.99766 Cymapna: R=0.99342
Fit e - 08 ©
; 08h YT 8 075 o Dlala S 0657 © Data
o o Fit o Fit O
< T SY=T + 08 Y=T -
07 E 0.65 E 055)
[=2] @ Y E k
g < ? 06 o) Z o5
n 06 T 055 ¢ -
: 4 § o y ol
g 05 s & o04fo
a =3 s )
= s s ‘ s s 2 0450 g
2 05 06 07 08 09 ) 5 035
& Meta 4 05 06 07 08 2 04 05 0.6
A Merta A MeTa
TTommika MonesroBaHHs 5,1 107 ITomrka MOIETFOBAHHS 1-107 ITommika MonemroBaHHs 1,6+ 107
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3axinuennss mabiuyi 2

Heiiponna mepe:ka 4 (780 ') | Heiiponna mepexa 5 (720 ')
4,5810” 1,74-10°
I'padik perpecii
I'padik perpecii
© CymapHa: R=0.99997

o  Cymapna: R=0.99602 < 0
g 8 ©  Data

o : 25 )

» 05 O Data o Fit

o . '

+ Fit + ool Y=T

m 0457 Y=-T =

L% e ]

S o4} O = 15

2 9) 10

=2} L

& 035 !

] =]

o g S

= = .

2 025ib | . . [ 5 10 15 20 25
2. 0.3 0.4 0.5 4

& Mera Meta

Iomrka MoaemroBaHHS 2,2 107 ITomrxa MonemroBaHHS 4, 8- 107

st OIIHKM MiJBUIICHHS TOYHOCTI HAJAITYBaHHS 3aXHUCHOI'O YacOBOTO IHTEpBaly 3a YMOBH
BUKOPHCTaHHS 3alPOTIOHOBAHOTO aJalNTHBHOTO METOMY YHIpaBIiHHS miHiero 3arpumku s TPK-3
MIPUITYCTUMO, IO 332 YMOBU 3BHYAWHOI poOOTH IiHiSA 3aTpUMKH Oyna O HamamToBaHAa HAa CEPeTHE

3HAYCHHS 4Yacy 3aTPpUMKH, mo cTaHoBUTh [ =0,4565 mc. MakcumanbHe 1 MiHIMallbHE 3HAYCHHS

3cep
Yyacy 3aTPUMKH CUTHAITY CEpe]l pe3yNIbTaTiB BCIX BUMIpIB CTAHOBUTH BIAMOBITHO 1, ., = 0,9269 Mc s
curHaiy 3 4yactororo 420 ['n npu moBxuHi pelikoBoi miHii 1 kM 1 onopi i3omstmii 0,85 OM kM, 1t i, =
0,2464 mc curnany 3 yactototo 780 't mpu noBxkuHI peiikooi niHii 0,2 kM i omopi i3omstii 50 Owm..
ToOT0, amanTUBHUI METOJ yHpaBIiHHA JiHiero 3aTpuMkn s TPK-3 mo3Bossie miaBUITUTH TOYHICTH
HAJIAITYBaHHS YaCOBOTO IHTEPBAIY Y BUMAAKY i, . 110 0,47 Mc, a y BUNIAAKY t, ;. 0 0,21 Mc.

BucnoBku. VY CTarTi 3amnponoHOBaHA ONTHMI3allisl ICHYFOUOTO MPUCTPOIO MiJABHUIICHHS
3aBaJIOCTIMKOCTI TOHATBHUX PEeHKOBUX Kill. J[71s1 OinbIn e(heKTHBHOTO BUKITFOUEHHS 3aBaj] B iHTEpBAIax
MK IMITyJbCAMHA KOPUCHOTO CHTHAY 3allpONOHOBAaHUM METOJ aJalTHBHOTO YIPABIIHHS JIHIEIO
3aTPUMKH, SIKUH JIO3BOJHUTH aJallTyBaTH IapaMeTp 4Yacy 3aTPUMKH 3aJIe)KHO Bifl JIOBXKWHH PEHKOBOI
niHi{, HECy4oi 4YacTOTH CHUTHAJy, ONOpYy i30JALil Ta YacTOTH MOJIYJIOIOUOr0 CHUTHAdy. 3aBISKU
pesynpTaTaM Kiacudikaiii JaHuX, Mo MICTAThH iHpopMaIlito mpo BB napamerpis podborn TPK Ha
Yyac TMPOXOPKEHHS CHUTHATy, Oylo oO0paHO ONTUMANbHY CTPYKTYpY MOJENi Ha OCHOBI HEWPOHHHX
MEpex, 110 pealizye MEeTo/l alalTUBHOTO YIIPaBJIiHHSA JiHi€l0 3aTpUMKH. J[aHa Mozenb noOyaoBaHa Ha
OCHOBI HEHPOHHUX MEPEX, 110 MAIOTh CTPYKTYPY 3 MPSIMUM PO3MOBCIOPKEHHSIM CUTHAITY 1 3BOPOTHUM
PO3MOBCIOJDKEHHSIM TTOMUNKH. J{1si HaBUaHHs BUKOpUCTaHi meroqu JleBenOepra-MapkBapara Ta
OaifeciBcbkOi peryispu3ariii. [IOMuIKM HaBUAHHS CKIIAIU 1,54-10%, 5,87-10°, 2:10® , 4,5810° ,
1,74-10'8. 3anporoHoBaHWi AAaNTUBHUN METOJ| aJalTHBHOTO YIPABIIHHS JIHIEIO 3aTPUMKH IS
TPK-3 3 Hecyuoro vactororo curHany 420 ' pu goBxkuHI peiikoBoi miHii 1 kM 1 omopi i3omsmii 0,85
OM'KM JI03BOJISIE TIJIBUIIUTH TOYHICTh HAJIAIITYBAaHHS Yacy 3aTpUMKHU curHaiy a0 0,47 mc.
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DATA CLASSIFICATION METHOD AND NEURAL NETWORKS APPLICATION
FOR INCREASING NOISE IMMUNITY OF AUDIO FRUQENCY TRACK CURCUIT

The article proposes the optimization of the existing device for improving the noise immunity of audio
frequency track circuits. Due to the fact that the signal current in the audio frequency track circuit is a tone
frequency signal modulated by pulses, by opening the transmission path of the audio frequency track
circuit at the input of the track receiver during the intervals between signal current pulses, the track
receiver can be protected from interference. To take into account the delay time for the signal to pass from
the output of the track generator to the input of the track receiver, a delay line is provided in the device for
increasing noise immunity. But the time of passage of the signal current in the path of the audio frequency
track circuit may vary depending on its operating parameters. To take into account these fluctuations and
to increase the efficiency of eliminating interference in the intervals between useful signal pulses, a method
of adaptive control of the delay line is proposed, which allows adapting the delay time parameter
depending on the length of the rail line, the carrier frequency of the signal, the insulation resistance and
the frequency of the modulating signal. By solving the problem of classifying data containing information
about the influence of the operation parameters of the audio frequency track circuit on the signal transit
time, the optimal structure of the model based on neural networks was chosen. This model implements the
method of adaptive control of the delay line.

Keywords: audio frequency track circuit, classification, data mining, noise immunity, neural
networks, database.
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