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Results of theoretical and experimental investigations of railway rolling
stock dynamics and strength, including high-speed rolling stock,
wheel/rail wear, safety of motion are presented in the abstracts.
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CymMmimeHna koJtisi — BIJIETIHHS, CIUIETiHHSA, NlepeciueHHs

Kopnoyxona K. B.
AT «JIHITPONIETPOBCHKHIA CTPIIOYHUNA 3aBOI»
kornouhova@dsz.dp.ua

Throughout its history, railways in different countries were built with
individual gauge. At the junction of railway systems with different track
gauges, as a rule, re-installation of wagon bogies with an appropriate
track gauge was used, or the cargo was reloaded and passengers were
transferred. It is advisable (for example, for the sake of sharing the
infrastructure) of investing a track along which rolling stock of different
track gauges can move — in this case, the tracks are aligned.

Ha mpoTsieHnn cBO€ MCTOPUHU KEJIE3HOW JOPOTH B Pa3HBIX CTPaHAX
CTPOMJIMCh C WHAMBMIAyaJdbHOM mMpuHONM Kkojeun. Ha crbike
JKEJIE3HOAOPOKHBIX CUCTEM C PA3JIMYHON IIUPUHOM KOJIEU KaK IPaBUIIO
UCIIOJIb30BATIOCh 1epeyCcTaHOBKH BaroHHbIX TEJIeXKEK c
COOTBETCTBYIOIICH IIMPUHOW KOJIEM, WM MEperpyxaimm Ipy3 H
nepecakuBain  naccaxupoB. LlenecoobpazHo  (Hampumep — paau
COBMECTHOTO HCITOJIb30BaHUS MH(PACTPYKTYPHI) BIOKEHHUS IyTH, II0
KOTOPOMY MOXET JBUIaThCs MOJBHUXHOM COCTAaB PAa3IUYHOM HIMPUHBI
KOJIEH — B 3TOM CJTy4ae BBIMOJIHAETCS COBMEIICHUE Ty TEH.

[TpoTsirom cBoei icTopii 3adi3HMII B pI3HUX KpaiHax OyIyBajuCh 3
IHAUBIAYaJbHOIO MIMPUHOIO KOdii. Ha CTUKY 3ali3HMYHUX CHCTEM 3
pi3HOI0O  IIMPUHOIO  KOMii  §K  MpaBWIO  BHKOPHCTOBYBAJIOCh
NEPEBCTAHOBJICHHS BATOHHUX BI3KIB 3 BIMOBIAHOIO IIUPHUHOIO KOJIi, YU
NEepeBaHTAXYBaJIM BAaHTAX Ta IepecaKyBalM MacaxupiB. [louiabHO
(HampuKiaa 3apaAd  CyMICHOTO BHUKOPHCTAHHA 1H(PACTPyKTypH)
BKJIQJIaHHS KOJIiI, MO fAKii MOXE pyXaTHCh PYXOMHH CKJIaJ Ppi3HOI
HIMPUHU KOJIIT — B IIbOMY BHUIAJIKy BUKOHY€ETbCS CyMIIIEHHS KOJii.

CyMimeHHs KON — 3’€QHAHHSA KOJNIM 3 PI3HOI IIUPUHOK HA
OJIHOMY 3E€MIITHOMY IIOJIOTHI B pa3l MiAXOAYy KOJiH A0 3araJbHHUX
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MEePEBAHTAXYBAILHUX MalIaHYHKIB, TuTaTGopM uu ckiais [1].
Yacrime Bchoro cymimarTbes nBi komii (1520 mm Ta 1435 mm)
(puc. 1), ane icHyIOTH 1 iHIII KOMOiHAIii CyMIIIEHHS SIKIIO PI3HUIA
napamMeTpy MUPUHU KOJIK JOCTaTHS, 00 PO3TallyBaTH PEHKY MEHIIOT
Koutii B OiNIbIITy, a OJ{Ha peiika BUKOPHCTOBYEThCA SIK 3arajbHa (puc. 2).

Puc. 1 — YoTupboXHUTKOBA Puc. 2 — TppoxXHUTKOBA
CyMiIIIeHa KOJTist cyMilIeHa KOs

Bukopucranns cymimieHoi Koiii B HOPIBHAHHI 3 JJBOMa OKPEMUMU
KOJIISIMU JUTSI BIZTIOBITHOT IIMPUHH A€ MOXKJIMBICTh €KOHOMUTH TLIOIILY
Ta KOIITH Ha OyAIBHULTBO IITYYHHUX CHOPYJ (3€MeIbHI HACUIIH, MOCTH,
TyHelll), a TaKOX KOHTaKTHOI Mepeki Ta NMPUCTPOIB cUrHamizamii. B
VYkpaiHi BHKOPHCTOBYETbCS UYOTHPHOXHHUTKOBA CyMillleHa 3aJi3HUYHA
KOJIisl JUTsl CyMIIeHHs Ko mmpuHoto 1435 mm ta 1520 MM Ha ofHiN
MiperKoBii OcHOBI (puc. 3).

Komia 1435 am
Komia 1520 yum

Bick Koot 1520w
Bick Ko 1435w

Ulnana 442

Puc. 3 — Cymimena 3anizauuna koiis (1520 mm ta 1435 mm)

B Vkpaini mumpuna xodmii 3ami3Hune — 1520 MM, a B KpaiHax-cyciaiB
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— 1435 MM. 3amikaBIeHICTh B IPOEKTI CTBOPEHHS CyMIILIEHOI KOJIT € He
TIIBKA Yy  YKpaiHCBKMX  3ali3HU4YHHMKIB. Jlo 1BOro  mpoekTy
MPUIUBISIOTHCS MOJBCHKI Ta Y€ChKi 3aTI3HUYHHUKY.

ByniBHUIITBO Takoi Kouii BiJ JEpKaBHOTO KOPIOHY MO CTaHIIii
CxiuHiB aHoHCyBaB y aucronai 2019 poky eKcodibHUK YKp3ali3HUL
€ren Kpasnos, ko niepedyBaB 3 BizutoM y JIbBoBi. Ilicis peamizamii
BOTO TPOCKTY MMACAKUPHU OTPUMAIOTH IIBUIKICHE CIOJMydYeHHS 3i
JIsBoBa 10 Kpakosa, [1paru, Bigns.

3 MOsBOIO MariCTpaibHOI CyMilIeHOi KoJii BHHHKAae morpeda B
KOHCTPYKIIAX, 110 3a0e3Mevyarh po3raly>KeHHs KOJiH, CIUIETIHHSA KOJil
1520 MM 31 CTPUTOYHUMHU ITepeBOIaMU KoJTii 1435 MM, mepeciueHHsI KOl
1520 mm koutiero 1435 Mm.

AT «/IaC3» Mae KOHCTPYKTHBHI PIllICHHS 3a3HAYCHUX KOHCTPYKIIIH
1uist periok tumy P50, mo BukopuctoByBanuch 3a yaciB CPCP Ha minisx
0e3 cucreMu 3ac00iB curHami3anii, menTpaiizamii Ta 6okyBanus (CLIb):

- 1n 810 — Brnetinns tuny P50 mapku 1/11 xomii 1435 MM B Komi€ro
1520 mm (puc. 4).

Puc. 4 — Brunerinns np. {n 810 Ha BunpoOyBansHoMy cTeHai AT
«TaC3»

Brnerinns 3abe3nedye po3raimyKeHHs KO CyMmilleHoi Kojii Ha
okpemi komii 1435 mm ta 1520 mm. Komis 1520 MM — no npsimiit kouii,
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komig 1435 MM — mo OokoBiii komii. KOHCTPYKTHBHO KOHCTPYKIIis
CKJIAZIAa€ThCsl 3 OKpeMoi xpectoBuHH P50 1/11, 2-X KOHTppEeHKOBUX
BY3JIiB Ta IPUEIHYBATLHUX PEHOK 3 KOMIIEKTOM KPIMTWIBHUX €JIEMEHTIB
— MiJKIaJ0K, KiIeM, OOJITIB, raiiok Ta 11ai0. BreTiHHSA BKIagaeThbCcs Ha
nepeB’siHi 1y0oBi OpycH.

- In 760 — crutetinHs niepeBoy cTpigounoro tuiy P50 mapku 1/11
koii 1435 mm 3 xomiero 1520 MM (puc. 5).

CruteTiHHS BUKOPUCTOBYETHCS B Pa3i HEOOXIAHOCTI MPOXOKEHHS
PYXOMOTO CKJIaay MO MpsiMiid Koiii mupuHoo 1435 MM, a mo GOKOBii
KONl — MPOJOBXKEHHS CyMilleHoi Kojii. 3a3HaueHa KOHCTPYKIIis
CIUICTIHHSA 3MOHTOBaHAa 3 BHKOPHCTAaHHSIM CEpIHHX eJIEMEHTIB
XPECTOBHH, KOHTPPEWKOBUX BY3JIIB Ta CTPUIKM Ha KOCTUIBHOMY
ckpimeni. IlepeBeneHHsT BICTPSKIB BUKOHYETHCS PYYHHUM II€PEBIIHUM
MEXaHi13MOM, 10 HE MOXe OyTH BUKOPUCTAHO HA HOBUX JIIJITHKAX.

Puc. 5 — Cnnerinnsg nepeBofy ctputounoro tumy P50 mapku 1/11 komii
1435 MM 3 kouiero 1520 MM Imi yac BKIIagaHHS

- JIn 985 — crierinHs nepeBoy cTpinounoro tunmy P50 mapku 1/11
komii 1435 mwm 3 komiero 1520 mm (puc. 6).
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Puc. 6 — Cruterinns nepeBofy ctpinounoro tumy P50 mapku 1/11 komii
1435 MM 3 komieto 1520 MM Ha BunipoOyBanbHOMY cTeHai AT «AHC3»

Ls KOHCTPYKILis CIUIETIHHS 3a0e3redye MPOXOJUKEHHS PyXOMOTO
Ckiaay mo OokoBii koumii mupuHO 1435 MM, a mo mpsmiil komii —
IPOJOBXKEHHSI CyMilleHol Komii. B KoHCTpykuii MakcUManbHO
BUKOPUCTAaHO CepiHI €JeMEHTH 3a HEOOXIJHICTI0O HEe3HaYHUX
noorpaioBanb. KpimieHHs peWKoBHX €IEeMEHTIB /0 TMIiJIKIAIKh B
JOCTYITHUX MICISIX Ha MiAKJIAZKaxX 3 BUCOKOIO pebopnroro. B crucmux
MICIISIX BCTaHOBJICHO 1HAMBIAyalibHI MiAkaanaku. Kpimienns pamHoi
peiikiu 3 BHYTPIIIHBOTO OOKY BHKOHAHO IUIACTHHOIO THPY’KHOIO,
pO3TalIoBaHoO B noAyui. KpinieHHs niakianok 10 1epeB’ stHUX OpyciB
mypynamu. IlepeBesieHHs BICTpsIKIB BUKOHYETbCS PyUYHUM INE€PEBIAHUM
MEXaHI3MOM, TOMY CIUIETIHHS HE MOXe OyTH BHKOPHUCTaHO Ha HOBUX
eJIEKTPU(PIKOBAHUX JUISTHKAX.

- In 194 — cruterinng tuny P65 mapku 1/11 3 mepeciueHHAM Kol
1520 MM koutiero 1435 mm.

[ToTpeba B 111i1 KOHCTPYKIIii BUHUKAE, KOJIM 00M1B1 HUTKH Kouii 1435
MM TOBHMHHI mepeTHyTH Koiito 1520 mm (puc. 7). Ilpoekr mporo
crutetinHg po3pobieno Ha AT «/IuC3», ane BUTOTOBIECHHS LIe HE
BUKOHYBAJIOCh.
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Puc. 7 — Cxema Bkiananus cruietinas tumy P65 mapku 1/11 3
nepecidyeHHsaM kodii 1520 mm koumiero 1435 Mmm

CrneTiHHS Ma€e 4YOTUPHU BICTPSKH 31 3MIIIEHHSAM MEepPeaHiX TOPIIB
KPUBOTO Ta MPSIMOTO BiJIHOCHO OJHMH OJHOTO. [lepeBeneHHs KOXKHOTO
BICTpAKA  BHMKOHYETbCS ~ OKpeMHM  ejnekTtpornpuBogoM  CII-6.
[TpoxomKeHHS pyXOMOT0 CKJIaIy O IpsAMiil Koiil mmpuHoio 1520 mm, a
1o O0KOBi# Kol mmpuHOI0 1435Mm.

[Tigxmanaku 3 BUCOKUMU pedopaamu Ta kiaemamu [TKJI 3 mypynHuM
KpIIJICHHSIM J10 OpyciB. MakcuManbHa HIBUAKICTh PyXy MO CIUIETIHHIO —
40 xm/ronuny. [limpeiikoBa oCHOBa JepeB’siHI AyOOB1 OpycH.

CrBopeHo nepxxaBHuil crangapt Ykpainu JJCTY b B.2.6-209:2016
«IlImanu 3ami300€TOHHI MOMEPEAHbO HANPYKEH1 JUISl 3ali3HULB KOl
1520 mm 1 1435 MM. TexHiuHI YMOBHY» BIAMOBIIHO SKOTO JUIS CyMIIIEHOT
komii BuroroBmsitorhess mmanu  CB3C  (II2C-1). PosramyBanHs
peitkoBux Hutelt Ha mmani Cb3C (ILI2C-1) naBeneHo Ha puc. 8.

Biacranp Mk poOounMmu rpansaMu peiok komii 1520 MM Ta Koumii
1435 mm cknanae 400 MM 3 oHOTO 60OKY Ta 485 MM 3 1HIIOTO.

Cyd4acHi BUMOTH 1O KOHCTPYKIIIH CyMiIlI€HOT KOJIIi:

- NIEPEBEICHHS BICTPSIKIB MIOBHHHO BUKOHYBAaTHCh
€JIEKTPONIPUBOIOM;

- TUN peiiku noBuHeH Oyt P65;

- IPYMUKao4i AUISHKY MOBUHHI OyTH BKJIa/I€HI HA 3a11300€TOHHIM
mmani Ch3C (IH2C-1);

- miIpeiikoBa OCHOBA KOHCTPYKIIIH CyMIIIEHO1 KOJIi1 — 3a11300€TOHHI
gn 1y0oBi OpycH.
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Puc. 8 — OcHOBHI reOMEeTpUYHI CIIBBIHOLIECHHS cyMimieHoi koumii 1520
1 1435 mm 3 peiikamu tumy P65 Ha 3anmizoberonnux mmanax Cb3C
(II12C-1)

ITig yac nocmiKeHHsS BUKOPUCTOBYBAJIMCH MPOEKTU KOHCTPYKIIIH
CYMIIIEHOT KOJIii 3 KOHCTPYKTHBHUMH PILICHHSIMH, 110 iCHYBaJIX 3 YaciB
CPCP (du 760, du 810, In 985), nepxkaBHUIl cTaHAapT YKpaiHu Ha
3aJ1i300€TOHHY IIIMAITy JJIsl CyMIIIeHO1 KoJii 3 peiikamu tuiy P65 (JICTY
b B.2.6-209:2016 «IlInmanu 3ami300€TOHHI MOMEPEIHBO HANPY>KEH1 AJIs
3ani3HuLb Komii 1520 mm 1 1435 mm. TexHiuH1 yMOBH»), CydacHi BAMOTH
Ta HOpMH 3aii3HUYHOT ramy3i (L{I1-0269 «IHcTpykiis 3 yaamTyBaHHS Ta
YTPUMaHHS KOJIi 3aJI13HULb Y KpaiHm»).

BrpoBajkeHHss B eKCIUTyartallifo JiISHOK CYMIIIEHOi KOJil
noTpelye:

- po3poOKy TEXHIYHOTO 3aBAAHHS Ha OCOOJMBOCTI KOHCTPYKIIii
€JIEMEHTIB. SIKi CIUIETIHHSA HEOOX1THO pO3pOOUTH — CTPUIOUHINA MepeBi
cruteTiHHs komii 1520 MM um 1435 MM, cyMidkHA KOJTisSl pO3TalIOBY€ETHCS
[0 MPSIMOMY HAIPSIMKY CTPUIOYHOI'O MEPEeBOAY YU MO OOKoBOMY. fKi
BIUIETIHHS HEOOX1IHO po3poOuTH — npsima kouist 1520 mm un 1435 mwm;

- pO3pOOKYy Ta Y3TOIUKEHHS 3 3aMOBHHKOM KOHCTPYKTOPCHKOI
JMOKYMEHTAIlli Ha HeOOXiHI KOHCTPYKIIii;

- pO3pOOKY MOCTAaHOBYOI JOKYMEHTAallli Ha KOHCTPYKIIii;

- BUTOTOBJICHHSI JJOCJITHOTO 3pa3Ka;

- IPOBEIEHHS MONepeaHIX BUIIPOOYBaHb 3a y4acTi 3aMOBHHUKA,

- BKJIQJIaHHS B JIOCIIIHY €KCILTyaTalliio;
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- IPOBE/ICHHS MPUIIMATIBLHUX BUMPOOYBAHb.
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The impact of resource-saving measures, such as indiscriminate cleaning
technology, on the technical condition of the fuel apparatus was also
assessed by testing the diesel injector nozzles on the stand before and
after the indiscriminate cleaning technology. To determine the effect of
indiscriminate cleaning technology on the quality of fuel spraying during
testing, a method of trapping glycerol droplets was used, followed by
microscopic analysis.

Bnussaue mep  pecypcocOepexkeHusi, TaKuX KakK  TEXHOJIOTHS
Hen30UpaTeabHOH OYMCTKH, HA TEXHUYECKOE COCTOSHUE TOIJIMBHOTO
arrapara Takke OI[CHUBAIOCh ITyTeM HCIBITaHHs (POPCYHOK TU3EIBHBIX
(GOpCYyHOK Ha CTEHJAE [0 W TOCie TEXHOJOTMH Heu30upaTeabHOI
OourcTKH. UTOOBI ONpeAenuTh BIMSHUAE TEXHOJIOTUU HEU30MpaTeIbHON
OYHMCTKH Ha KaueCTBO PacIbUICHHs TOIUIMBA BO BPeMs MCIIBITaHUH, ObLI
WCTIOJIB30BaH METO]I YJIaBIUBAHUSI KalleJlb TIUIIEPHHA C MOCIIEIyFOIINM
MHUKPOCKOITMYECKUM aHAIIU30M.
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BB 3axomiB  pecypco30epekeHHs, TakuX K  TEXHOJOTis
HEBUOIPKOBOT'O OYHIIECHHS, HA TEXHIYHUI CTaH MaJIMBHOTO amapary
TaKOX OIIHIOBAJIOCA HUISXOM BHUMNPOOYBaHHA (DOPCYHOK AM3EIBHUX
(GOpCYHOK Ha CTEHII J0 1 MICJIsl TEXHOJIOT1i HEeBHOIPKOBOTO OYHUIIICHHS.
1100 BU3HAYMTH BILTUB TEXHOJIOT1{ HEBUOIPKOBOTO OUHUILEHHS HA SKICTh
PO3MMWICHHS MMajuBa MiJ Yac BUIPOOyBaHb, OyB BHUKOPUCTAHHI METOJ
YIIOBIIIOBAHHSl Kpameib [IIEPHHY 3 MOJAIBLIIMM MiKPOCKOIIYHUM
aHaII30M.

Oninka BIUTMBY 3aCTOCYBaHHSI pecypco30epirarounx 3axo[iB
(HampuKJaa, TexHOJOrii 0e3p030ipHOr0 OYMINEHHS 3 BHKOPUCTAHHSIM
OpPUTIHAIBHUX MPHUCAZOK) Ha TEXHIYHMH CTaH MAJIMBHOI amaparypu
IPOBOJIUTHCS NUISIXOM BHIPOOYBaHHS (DOPCYHOK IHM3ENsi HAa THUIOBHX
creHaax tumy A-106 mo Ta micns 3acTOCYBaHHS 3allpOIIOHOBAHOT
texHosorii. Ilpm BunpoOyBaHHAX KOHTPOIIOETHCS THCK BIIPUCKY,
ripaBiiyHa MIIBHICTH (OPCYHOK, TEPMETHUYHICTh, a TAKOX Bi3yaJlbHO
OLIIHIOETHCS AKICTH PO3MWIIOBaHHS NanuBa. PesymbraTé BUIIPOOYyBaHb
MOKa3ajM, 110 Ha TUCK BIPHUCKY 1 TiAPaBIiYHY MILIBHICTH (POPCYHOK
3aCTOCYBAHHSI 3aIIPOIIOHOBAHOI TEXHOJIOT1] 0€3p0301pHOr0 OUUIICHHS HE
BIUIMHYJO. [Ipn mpoBeneHH1 BUnpoOyBaHb (opcyHOK Ha cteHni A106
AKICTh PO3MUIIOBAHHS OLIIHIOBAJIACh Bi3yaJbHO, 1110 103BOJIMIIO BUSBUTH
TUIBKM 3HAuHI 3MIHU B po0Oo0Ti GopcyHKH. Tomy A OLIHKMU BIUIUBY
3aCTOCYBAHHS 3alIPOIIOHOBAHOI TEXHOJIOT1] 0€3p0301pHOr0 OUUIIIEHHS Ha
SKICTh ~ PO3MWIIOBaHHSA MainuBa (QopcyHKamMu HeoOXigHO  Oyio
3aCTOCYBATH OLIBII TOYHUH 1 JOCTOBIPHUN METOJ OIIHKH.

IIpoBeneHHs JOCHKEHb MO PO3MWIIOBAaHHIO TajluBa, a
0C00JINBO, 1I10JI0 BU3HAUEHHS PO3MIpIB 1 KUIBKOCTI Kparesb, € CKJIaJHOO
1 TPYJOMICTKOIO 3ajaueto . ICHyIoTh pi3Hi MeToau [uid 1i BUpPIIIEHHS:
MIKpOKIHO3HOMKA Kpanesb B (akesni, pOTOMETPUUHUNA METO/, BIPUCK B
posmiaBieHH mapadiH 3 MOJANBLIIMM 3aMOPOKYBAHHSM Kpamenib i
MIPOCIFOBAHHM iX 4epe3 CUTa, CIIEHTOMETPUYHHUN MeToa Ta iH. Bei mmi
METO/IM, BUMAararoTh CKJIaJHOTO YCTaTKyBaHHS 1 3HaYHHMX BUTpAT 1 HE
3aBXJIM MOXKYTh OYTH 3aCTOCOBAHI B JOCTIIPKEHHSX, 1110 TPOBOASTHCS B
yMOBax BHUpOOHHMITBA. /[l BHU3HAUEHHS  BIUIUBY  TEXHOJIOTIi
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0e3p030ipHOTO OYMINEHHS Ha SKICTh PO3MWIIOBAHHA MAJNWBa, IPH
BUNIPOOYBAaHHSX 3aCTOCOBYBAaBCSI METOJl  YJIOBIIIOBaHHS  Kpareib
TJIIEPUHOM, 3 HACTYITHUM MiKPOCKOIIIYHUM aHaJli30M.
300pakeHHsT 4epe3 O00'€KTUB MIKPOCKONA IOTPAIUIIE B

BiJIeOKaMepy, Jie IEPETBOPUTHCS B IUPPOBHiA Bineocurnan. Lleit curnan
HAJIXO/UTh B KOMIT'IOTEp 1 IEPETBOPIOETHCS B PACTPOBE 300pa)KEeHHS.
OtpumanHs 1 moxmambma 00poOka rpadidHOrO  300pakeHHsS
3IIMCHIOETHCS 32 JONIOMOT'OIO CIIELiaIbHOT'O IPOTPaMHOTO 3a0e31eUeHHS
SIKE JTO3BOJISIE:

— TPOBOAMTHU KaliOpyBaHHS 1 BBOAUTH MacIITaOHUI KoedillieHT;

— TPOBOAMTHU (PiIBTPaLii0 300paKEeHHS;

— TEPeTBOPIOBATH 300pa’KCHHS B HETaTHUBHE;

—  BijmoOpakaT 300pa)XeHHs 10 TOPU30HTAJII 1 BEPTHUKAJI;

—  PO3ILIATH 300paKEHHS I10 BiJITIHKaM;

— TIepeTBOPIOBATH 300pakeHHS B OiHapHE (YOpHO-Oine);

— mpoBoauTH OOpOOKY KpaiB 300paskeHHs (BUAaNsATH HeOaxaHi

00'€KTH IO Kpasix 300paKeHHS);

— TPOBOAMTHU PYUHI JIiHIAHI BUMIPH;

— TIPOBOAMTHU PYUHI BUMIPIOBAHHS IIOILL;

— TPOBOAMTU ABTOMATHYHUI aHaii3 300pakeHHs (0OYMCIEHHSA

JHIMHUX PO3MIPIB 1 TIJIOII);
— TpyIyBaTH JaHi, OTpUMaHI IIPU aHalli31 300pakeHHsL.
OOpoOky Ta aHami3 pe3yibTaTiB BHUIPOOYBaHb (POPCYHOK

JOLUTBHO BHKOHYBAaTH CTAaTUCTMYHUM METOJIOM, NpHUIMaouu s
BIJIHOCHOI KpUBOI IMapaMeTpu 3a 3alexHicTio Po3zina-Pammiepa:

S(z)=1-exp —(%}

ne A ta B — nocTiiiHi, sIK1 BU3HAYAI0THCS HA OCHOBI €KCIIEPUMEHTaTbHUX
JaHUX.

[Tapamerp B, 3BaHMil 1€ KOHCTAHTOIO PO3MIPY, € PO3MIp Kparuli, sKa
PO3/iIis€ BITHOCHY CyMapHy KpUBY Tak, 110 63,2% BChOTO PO3MUICHOTO
MajuBa CKJIAJEHO 3 Kparelb, PO3MIpH SKUX MEHIIe, a 36,8% — 3 kpamneisb
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po3mipom Oinbie. [Tapamerp A XxapakTepusye IUPUHY PO3NOILTY, TOOTO
CTYMiHBb OJTHOPIAHOCTI Kpareib 3a PO3MIpOM Z.

TakuM 4MHOM, IPU BUKOPUCTAHHI PO3POOICHOTO MPOTPaAMHOTO
3a0e3nevyeHHss OyJ0 OTpUMaHO, IO MNpH 30EpEeKEHHI THUCKY Mojadi
MaJIMBA 3aCTOCYBAHHS TEXHOJIOT1T 0€3p030ipHOT0 OUUIIICHHSI TIPU3BOIUTH
JI0 3MEHIICHHS PO3MIpY Kparesb po3MIIeHOro nanmsa. Lle npu3Boauts
70 30UTbIIEHHS TUTOMOI MNOBEPXHI, NPUCKOPEHHIO BUIAPOBYBAHHS
najguBa, i, sSIK HACIHIJIOK, IO TMOJIMIICHHS SKOCTI CyMIIIOYTBOPEHHS, 5K
CI TpOIeCcy 3TOpsiHHS 1 TIOKPAIICHHS TEXHIKO-€KOHOMIYHHX
MOKa3HUKIB pOOOTH TEIIJIOBO3iB.

Ha ocHOBI 3ampomoHOBaHOTO METOAY Ta PO3pPOOJIEHOTO
IporpaMHOro 3a0e3nedyeHHs Oyiau po3poOJeHi peKOMEHJAIil Jis
BUTOTOBJICHHS BUIPOOYBAIBHOIO CTEHAY JUISI BU3HAYCHHS SKOCTI
PO3MITFOBAHHS TAIMBA (POPCYHKAMH.

Mopepnizanis 0ydgepHoro 0Opyca eJieKTPpOBO3y KepPYBAHHS
TArosoro arperary IIE2Y

bannikos 1. O., Pankesuu A. B., MyntsH A. O.
JIHIMPOBCHKUN HalllOHAIBHUM YHIBEPCUTET 3aJ1I3HUYHOTO TPAHCIIOPTY
M. akan. B. A. Jlazapsina
bdo2020@yahoo.com

The main results of a theoretical study devoted to the analysis of the
stress-strain state of the design of the buffer beam of the electric
locomotive control traction unit PE2U are presentsd. As a separate task,
an estimation of the possibility and effectiveness of attaching a special
safety bracket to the front wall of the buffer beam was made. Constructive
recommendations for improving the performance of the buffer beam are
given.

[lpuBeneHB OCHOBHBIE pPE3yJIbTaThl TEOPETHUECKOTO HCCIIEIOBAHUS
MOCBALICHHOTO aHAINU3Y HAaINpsHKEHHO-Ae()OpPMUPOBAHHOTO COCTOSHUS
KOHCTPYKIIMKH Oy(depHoro Opyca d>JIEKTpOBO3a YMPABICHUS TATOBOTO
arperara [I92V. B kauecTBe OTHENBbHON 3aJauu paccMaTpUBaiach
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OLIEHKa BO3MOXXHOCTH Ta 3((HEKTUBHOCTU NMPHUKPEIUICHUS K NepeaHei
cTeHke OydepHoro Opyca CIEIMAIILHOTO CTPAXOBOYHOTO KPOHIITEHHA.
[IpencraBineHbl  KOHCTPYKTUBHBIE  PEKOMEHJAIMA  OTHOCHTEIBHO
yiyuiieHus: pabotel OydepHoro opyca.

HaBeneni  OCHOBHI  pe3ysbTaTH  TEOPETHYHOTO  JOCIHIKEHHS
MPUCBSYCHOTO aHAJII3y HANpPYKEHO-1e(hOPMOBAHOTO CTaHy KOHCTPYKIIii
OydepHoro Opyca eneKkTpoBo3a KepyBaHHs TaroBoro arperaty [IE2V. Sk
OKpeMa 3ajJaya po3risfalach OLIHKa MOXJIMBOCTI Ta €(EeKTUBHOCTI
MPUKPITUICHHS. IO MEePEAHbOi CTIHKH OydepHOro Opyca crnemialbHOTO
CTpaxyBaJlbHOTO  KpoHIuTeiiHy.  [IpencraBieHi  KOHCTPYKTHBHI
peKOMeH Iallii o0 MoKpameHHs podotu OydepHoro Opyca.

B Tenepimniii vac Ha psAl TipHIY0100YBHUX MIAMPUEMCTB Y KpaiHH
ta kpain CH/I mponoB-xyeThcsl eKcIlTyaTallis TATOBUX arperariB cepii
[1E2. Boru Oynmu po3poOieHi Ta cepiifiHO 3amylieHi B eKCIUTyaTallilo
nounHaroun 3 60-x pokiB XX cropiyus Ha JIHIIPONETPOBCHKOMY
eJleKTpoBo300ymiBHOMY 3aBomi (Ha Ttemep — JII «J/lHimpoBChKMit
€JIeKTpOBO300YMiBHMI  3aBoa»). Hamami TsaroBuit arperar OyB
MOJIEPHI30BaHUH 3 YaCTKOBUM IOKPAILIEHHSM TATOBUX XapaKTEPUCTHK 1
orpuMaB no3HadyeHHs [IE2Y. BiH cknanaBcs 3 e1eKTpOBO3y KepyBaHHS
MOCTIMHOrO CTPyMy Ta JBOX CaMOXIJHUX AyMIKapiB. B mpaxtuii
eKCIUTyaTalii HepiIKo eJIEKTPOBO3 KEpyBaHHs IOYaB 3aCTOCOBYBATHCH
AK CaMOCTIHA TIroBa OJUHUIIL PYyXOMOrO CKJIaJy, HaKIITaJIT
JIOKOMOTHBA.

OCKIUIBKM CTPOK €KcIlTyaralli 0ararbox Takux mamuH carae 40-50
pPOKIB, TO Bce 4acTimle IX eKCIUIyaTallis CyHIpOBOUKYETbCS
pPI3HOMAHITHUMM BIIMOBAaMM Ta aBapisIMM 3aBASKH B TOMY 4uCIl H
BHCOKOMY PiBHIO 3HOCY HECYYHMX KOHCTPYKTUBHHX eleMeHTiB. OHUM 3
TaKMX BAXKJIMBUX KOHCTPYKTUBHMX €JE€MEHTIB € OypepHuil 6pyc, skuit
(bakTHUHO Oe3mocepeIHbO CIPUIMAE 3yCHIUIS BiJ] aBTO3YEIUICHHS. ToMy
MOHITOPHHTY HOr0o Ha/liifHOT poOOTH MPUIUISETHCS 0COOJIMBA yBara.

VY 3B’3Ky 13 AyXe IMIHMPOKUM MOLIMPEHHSIM MPOrpaMHUX 3aco0iB
aHai3y poOOTH MiJ HaBaHTAKEHHSM KOHCTPYKIIH mepeBaxxHO Ha 0asi
METOAY CKIHUEHHX €JEeMEHTIB 3’SBMJach MOJJIMBICTh OLIHHUTH
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HanpysxeHo-aedpopmoBanuii ctan (HIAC) B Tomy umcni # OGydepHoro
6pycy. Moro pospaxyHku Ta KOHCTPYIOBAHHS BUKOHYBAJIMCh B CBiil 4ac
13 3aCTOCYBaHHSM JOBOJIi CHPOIIEHUX MOJEJEH Ta 3BICHO MPOCTOPOBA
po6oTa IOr0 KOHCTPYKTUBY HE ITpUiiMaiack 10 yBaru. ToMy OCHOBHOIO
METOI0 BUKOHAHHMX JociipkeHb Oyna ominka HJIC Oydepnoro Opyca
€JIEKTpOBO3y KepyBaHHsi TaroBoro arperary IIE2Y 3 HamaHHsM
BIJIMOBITHUX PEKOMEHAIN MO0 MOKpAIIeHHsT Horo poOoTH mij yac
eKCIuTyaTartii.

Takox  [OIAaTKOBOIO  MPAKTHMYHOIO  3a/adeio, SKa  TaKoX
po3risganach MiJl 4Yac JOCHiPKeHb Oyla OILiHKa MOXIUBOCTI Ta
e(eKTUBHOCTI MPUKPIIIICHHS OO MEpeAHboi CTiHku OydepHoro Opyca
CHELIaJbHOIO  CTPAaxXyBaJbHOIO  KPOHIUTEHHY. @DYHKLIA  IbOTr0O
KPOHIITEHHY TOJNSATa€ B YTPUMaHHI 3B’SI3KM  €JIEKTPOBO3-BaroH Yy
BUIAJIKY iX pO3YEIUICHHS I/l Yyac pyXy Ha JJOBOJII KPYTHUX yXHiax abo y
3B’A3Ky 31 3HOCOM Ta IOIIKO/DKECHHSIMH aBTO3YCIICHHSA. Y TPHUMAaHHS
nepeadayvano HasiBHICTh JOJATKOBOT'O JAHLIOTA, SIKUH 1 IPUKPIIIIIOBABCS
JI0 CTpPaxyBaJbHOIO KpOHIUTEHHY. DaKTUYHO L€ € H0JaTKOBUU
CBOEPIIHMIT aBapiiiHuil 3aci0 Oe3neKu, sSIKuii ToYaB 3aIPOBaPKyBaTUCh B
MPaKTHUIIl eKCIUTyaTallii eeKTPOBO31B KepyBaHHSI.

KonctpykTuBHO OydepHuii Opyc sBiisie cO0010 CKIIAAHY IPOCTOPOBY
IUTACTUHYACTY KOHCTPYKIIiO 13 rabaputHuMuU po3mipamu 2,1x1,5 m. [lo
Ookax Opyc MpHETHYETbCA A0 TO3JIOBXKHIX HECydux Oalok paMu
€JIEKTPOBO3y KEPyBaHHS, fKI MaloTh KopobOuacTtuii mepepi3. Bucota
6pyca cranoBuTh 0,4 M. BepxHiil mucT Mae TOBIIMHY 1 CM, HHXKHIN JIUCT
— 1,4 cM. B xoHCTpyK1IiT OydepHOro 6pyca HasiBHI HOTUPH BEPTUKAJIbHI
CTIHKM TOBIIMHOIO 0,8 cM, sSKi MO€AHYIOTh MK CO0OI0 BEpXHIH Ta
HWKHIM JUCTH. B HIKHBOMY JHCTI Ta B BEPTHKaJIbHMX CTIHKax
nepeadaveHi OTBOPH, sIKi JEI0 MOJETIYI0Th KOHCTpYKUito. [{eHTpanbha
yacTuHa  OydepHoro  Opyca, A€  pPO3TalIOBYEThCS  CHUCTEMA
aBTO3YEIUICHHS, Ma€ JOJATKOBY CHUCTEMY CHELiaJbHUX YIOpiB Ta
MIIKPIUTIOIYNX €JIEMEHTIB. 3arajbHa maca KOHCTPYKIlii OydepHOTro
Opyca csarae 1 400 kr.

Oninka HJC xonctpykuii OydepHoro Opyca BHKOHYBaBcs 13
3aCTOCYBaHHAM IPOEKTHO-00uMcIIoBaIbHOrO KoMmiuiekcy SCAD for
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Windows. Xoua BiH € OyIiBeIbHO-OPIEHTOBAHOIO MPOTPAMHOIO
pO3pO0OKOI0, MPOTE JAOBOJI KOPEKTHO MOXKE OyTH 3aCTOCOBAaHHWH 1 AJIA
aHayizy poOOTH MamUHOOYMIBHUX KOHCTPYKIiH. [l 3a0e3nedeHHs
BIPOTIIHOCTI  OTpUMYyBaHHMX pe3ynbTaTiB  ominka HJIC  Takox
MPOBOJMIIACH 1 B MpOrpaMHOMY KoMmIuiekci Nastran mpu npuOIun3HO
OJIHAKOBIH CITIl CKIHYEHUX E€JIEMEHTIB.

OkpeMHM THTaHHAM IJl 4Yac MOJETIOBAHHS KOHCTPYKLIi
OydepHoro 6pyca Oyji0 MUTaHHS OO0 BpaxyBaHHsS IMEBHOI JOBXHHHU
OOKOBHX HECY4YMX OQJIOK paMu €JIEKTPOBO3Y, AK€ BiJl LOTO CYTTEBO
3aNIeKUTh PO3MOJUT 3yCHIIb B KOHCTPYKIii. JlocmiaHuM msxoM Oyio
BU3HAYEHO, 10 NPUHHATHAM € MOJICTIOBaHHS 0alloK Ha JOBXKuUHI me 1,5
M BiJ 33JHbOI CTiHKU OydepHoro 6pyca (mpubau3Ho 4 BUCOTU OATKH).
L{poro BUSIBIIIETHCS TOCTATHBO Ui YHUKHEHHS BILTUBY >KOPCTKOCTI Oa-
nok Ha H/IC koucTpykuii 6ydepHoro Opyca.

CKiHYCHHO-CIIEMEHTHA MOJIENIb KOHCTPYKIi OydepHoro Opyca
gBIAsa CO0OI0 TIIacTUHYacTy cucreMy. OCHOBHMM BHU3Ha4YallbHUM
BUJIOM HaBaHTAXEHb, BIANOBITHO [0 YHUHHUX HOPM, MpPHUMaBCS
MO370BXKHIA cTuck 3ycwuisM B 250 T1. Ilpm aHamizsi pobotu
CTpaxyBaJIbHOTO KPOHIITEHHY 33/1aBaJIOCh PO3TATYIOYE HABAHTA)KECHHS B
140 1. Bci po3paxyHKHM BUKOHYBIMCh B (DI3UYHO Ta T€OMETPUYHO
JIHIMHIN TOCTAHOBIII.

oo orpumyBaHux pe3yibrariB omiHkd HJC koHcTpykuii
OydepHoro Opyca enexkTpoBo3a KepyBaHHsS TsaroBoro arperaty [1E2Y
CIIiJi KOHCTaTyBaTH HacTynHe. HalOulbll HaBaHTa)KEHUM €JIEMEHTOM
OydepHoro Opyca € BHYTpIIIHS BepTUKaJIbHA CTiHKA, Ha SKid
pO3TallOBaHi  yHNOpH, IO  CIOPUMMAIOTh  HAaBAaHTAXKEHHS  BiJ
aBTo3ueryieHHs. PiBeHp HampyxeHb B Hid csraB 350 Mlla npu
nornyctumoMy piBHI B 180 MIIa. Takoxx MOXHa BHIITUTH 1€ 3 30HU B
KOHCTpYKILii OydepHoro Opyca, B IKMX piBeHb HaNpykeHb gocsarae 170-
190 MIla. Bci BoHM po3ramioBaHi Ha HWXKHboMY JucTi. Ha iHmmx
JIUISTHKaX KOHCTPYKIIi Halpy>KeHUl cTaH € OuIbIl pPIBHOMIPHUM Ta
Hanpy>KeHHs He MEepeBUIyIOTh B 1ijioMy piBHsA 100 MIla. 3a paxyHok
MO3aIIEHTPOBOTO TPHUKIAJAaHHS HABAHTAXECHHS BiJl aBTO3YEIUICHHS
CIIOCTEpIrajgoch BepTHKaNbHE AeopMyBaHHS KOHCTpYKILii OydepHoro
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Opyca, sike gocsraio 18 mMm.

Taxkuit HJC mnoTtpeOyBaB NEBHHMX 3axOJiB MO0 ITiCHJICHHS
KOHCTpyKLii OydepHoro Opyca. ns mporo Oynu mpoanaiizoBaHi 6
KOHCTPYKTUBHHMX BapiaHTIB IiJICUJICHHS 30HH YIIOPIB CUCTEMOIO pedep
xKopcTKocTi. [lpu mbOMy pO3MIISANANOCh SK iX BEpPTHKAIbHE, TakK 1
TOpU30HTANIbHE po3TallyBaHHS. HailiOunbil epexkTUBHUM BHUSIBUBCS
BapiaHT 13 OCTAHOBKOIO YOTUPHOX TOPU3OHTAIBHUX PeOep KOPCTKOCTI
TOBIIMHOIO TIO 16 MM, 1110 3HU3WJIO PIBEHb HAMPY>KCHB B 111 30H1 Maiike
B/Biui. Takoxx Oyiu 3anpONOHOBAaHI 10/1aTKOB1 JIOKaJIbHI KOHCTPYKTHUBHI
3minu, 11 BupiBHioBaHHS HJIC koncTpykuii OydepHoro opyca.

[IpukpituieHHs CHEIiaIbHOTO CTPaxyBaJbHOTO KpPOHIITEHHY, SK
MOKa3aju pe3yabTaTu MojentoBaHHs, cyTTeBo noripurye HJC nepennpoi
cTinku OydepHoro Opyca. PiBeHb HampyXeHb B OKPEMHX JIJISTHKAX
30unbinyeThest 1o 370 MIla. [{ns BupiBHioBanus HJIC posrmsganack
cHUCTeMa CHeUiaJbHUX MiACHIIOIYHUX pedep  KOPCTKOCTI,  sIKi
aHaNII3yBaJIUCh B BEPTUKAJIbHIN, TOPU3OHTANbHIN, BisUIONOMIOHINA Ta
KOMOIHOBaHIi MOCTaHOBII. B pe3ynbrari OyB BU3HAUCHUI HaOLIBII
palioHaJbHUI KOHCTPYKTHBHHUI BapiaHT, SKH MpOTE MPHU3BIB 0
30UIBIIEHHST Macu KOHCTpyKuii OydepHoro Opyca (pazom i3
CTpaxyBaJIbHUM KpoOHIUTeHHOM) Maibke Ha 350 kr. Takox mo
pesynbrarax ouinku HJIC camoro crtpaxyBajbHOrO KpOHIITEiiHa OyB
HAJaHUM  psSA  pEeKOMEHJalid  [0J0  BJOCKOHAJICHHA  HOTO
KOHCTPYKTHBHOTO PilllCHHS.

EdexTuBHiCTL BUKOPHCTAHHA AKYMYJISITOPIiB TemJia JJIs
onaJjieHHA TelIulb

Bopnyn M. B., Capunibkuit M B., Jlanimescrkuii B. B.
JepxaBuuit Bulmii HaByabHUM 3akaj «[IpuaHinpoBcbka aepkaBHa
aKkajieMisi OyliBHUIITBA Ta apXiTEKTypHU»
klmari@ukr.net

The stable microclimate in greenhouses is provided by different
engineering systems such as heating, ventilation, lighting, etc. These
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systems require a lot of energy. Energy consumption can be reduced by
using solar energy and heat accumulator. The purpose of this research is
to determine the optimal heat accumulator for equalizing temperature
amplitude inside the greenhouse under atmospheric effects in spring.
st obecrieyeHns CTaOUIBHOTO MHKPOKIMMATa TEIUTMIBI 000PYAYIOT
CHCTEMaMH OTOIUICHHS, BEHTHIISAIIUH, OCBEIICHUS, KOTOPhIC JUIsI CBOCH
paboTel TpeOyOT MHOTO SHEPrur. CHU3UTH UCTIOIH30BAHUE YHEPTHH TIPU
OKCIUTyaTalliil TEIUIAI] BO3MOXKHO TIPH HCIOJIb30BAHUU COJTHEYHOMH
SHEPTUM M aKKyMmyJsisiTopa Teruia. lLlenmpro uccienoBaHust SBISIETCS
OIPENICJICHUE ONTHMAIBHOTO CYTOYHOTO TEIUIOAKKYMYJISITOpa st
BBIPABHUBAHMSI BHYTPEHHEH TEMIIEpaTyphl B TEILTUIIE TPH aTMOC(EpPHBIX
BO3/ICHCTBUSX B PAHHE-BECCHHUH MTEPUO/I.

Jlnst 3a0e3nedyeHHss CTabUIbHOTO MIKPOKIIIMATy TEIUIMI[l OCHAUIYIOTh
CHUCTEMaMHU OTAJICHHS, BEHTHJIAII, OCBITJICHHS, SIKi JJIS CBO€i poOOTH
noTpeOyroTh 0OaraTo eHeprii. 3HW3UTH BHUKOPHCTAHHS €HEprii mpu
eKCIUTyaTallii TeIUIb MOXIIMBO MPU BUKOPUCTAHHI COHSYHOI €Heprii i
aKyMyJisiTopa Teria. MeToro TOCIHiIKEHHS € BA3HAYEHHS ONTHMAaIBLHOTO
I000BOTO  TEIUIOAKYMYJISITOpa JUIs  BUPIBHIOBAHHS — BHYTPILIHBOT
TEMIIEPATyPH B TEIUTHII TPH aTMOC(EPHIUX BIUITMBAX Y PAHHBO-BECHSIHUN
nepiof.

OCHOBHI BUTpaTH €Heprii B CHOpPyAax 3aKpUTOrO TIPYHTY
B1J1I0YBalOTHCS Ha iX OOIrpiB MpHU 3HIKEHUX TemrepaTypax. Butpatu Ha
€HEepProHoCii € BU3HAYaJIbHUM (akTopoM npu GopMyBaHHI cOOIBapTOCTI
TETUTHYHOT MPOAYKITi 1 cTaHOBIATH Bix 3010 70%.

VY 3BHUalHIM Temauui NpoTAroM J00M CHOCTEPIra€ThCsl HIMPOKHMA
Jiana3oH KOJMBaHb TEMIEPATYp 1 BOJIOTOCTI NOBITPS, a PI3HULT AEHHUX
1 HIYHUX TeMIlepaTyp B TeIulMli cTaHOBUTH Oinbiie 40 °C HaBiTH y
BECHsIHUN mepiof. HasBHICTP BEIWMKHMX TIUIONI CBITJIOMPO30POTO
OTOPOJDKEHHS TaKOX CIpHUsie BTpaTaMm eHeprii. Tak, B Temumi mepiof
3aBISKH CBITJIONPO30PUM KOHCTPYKIISIM TeMIepaTypa IOBITPS B
TEIUIML MIBUAKO MiJABUIIYETHCS IO PIBHA, SIKUM 3HAYHO NEPEBUILYE
HEOOX1AHUI TeMIepaTypHU pexXuM, 1 1HOL, JHIIEe TUIbKU MPUPOIHBOT
BEHTHJIALIT MOBITPSI HEAOCTATHBO JUIs BUAAJICHHSA HAAJMILKIB Teruia. B
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XOJOAHUN TIepioJ, HABMAKH, Yepe3 MPO30pl MOKPUTTS TEIUIUIb TEIUI0
Iy’)K€ IIBUAKO BTPA4Ya€ThCcsl 1 Uil MIATPUMKHA MIKPOKJIIMATy B
OPUMIIIEHHST TEIUTUIb MOTPeOyIOTh MocTiiiHOrO omaneHHs. Lle Bce
IOPU3BOJUTE 10 3HAYHMX BUTPAT €HEprii, 10 poOUTh POCIMHHHUIITBO
3aKpUTOTO TPYHTY HAHOLIBII €HEProEMHMM 1 BUTPATHUM HAMpPSMOM
CUIBCBKOT'0 IOCIIO1apCTBA.

ExoHomist eHeprii i 3HW)KEHHSI aMIUTITYJM KOJHMBAaHb TEMIIEpaTyp
BCEpEeANHI TETUIUIII ITiJT Yac 11 eKCIUTyaTallii y paHHbO-BECHSIHUMN MepioJ]
MOXe OyTH JOCATHYTa 3a paXyHOK BHKOPHCTAHHS COHSYHOI €Heprii B
CHCTEMI TeIUIONOCTayaHHs TEIJIMIIL 32 IOTIOMOI' 00 aKyMYJISITOPIB TEILIA.

AKyMysSITOpHM TeIUla MOXKHa KJIAcH(iKyBaTH 3a XapakTepoM
OpOLECiB, M0 MPOTIKAIOTh B TEIUIOAKYMYJIOIOUOMY Matepiaii.
Haiibinpi mommpeHNMH € aKyMyJISITOPH €MHICHOTO THITY, B SKHX
BUKOPUCTOBYETHCS TEIJIOEMHICTh aKyMYJIIOIOYOrO Marepiaiay, IIo
HarpiBaeTbCsl (OXOJOMKY€EThCS) O€3 3MIHM HOTO arperaTHoro CTaHy.
TennoakyMyIr0l0UMM MaTepiajgoM B TaKMX TEIUIOAKYMYJSATOPAaX MOKE
Oyt OeToH, KaMmiHb, IeTJia, BOJa Ta iX IOEJHAHHA, a B SIKOCTI
TEIUIOAKYMYJISITOPIB  MOXKYTh  BHUKOPHCTOBYBATHUCh KOHCTPYKTHBHI
€JIEMEHTHU CIIOPYAM: MIJUIOra, HENpo30pl CTIHW, abo TpyHT. Takox B
SKOCTI aKyMyJIITOpPIB Teljla MOXYTh BHKOPUCTOBYBAaTHCh OKpEMI
IpeIMETH BCTAHOBJIEHI B TETTULI (EMHOCTI 3 BOJIOI0, KAMIHHS).

Tennoakymyiorodya 3A4aTHICTh MaTepialiB 3aJeKUTh BiJ IXHBOI
TEIUIOEMHOCTI 1 PI3HULI TemmepaTyp. 3 YyCiX TEeIUIOaKKYMYJIIOHYHX
MmarepiajiB BoJla Ma€ HAHOUIbIIY TEMJIOEMHICTb.

MeTor0 [OCHIIKEHHSI € BHM3HAUYEHHS ONTHUMAJIbHOTO J1000BOTO
BOJISHOTO  TEIJIOAKYMYJISTOpPAa /s  BHUPIBHIOBAaHHS  BHYTPILIHBOT
TEMIIepaTypy B TETUTUII IPY aTMOC(HEPHUX BIUTMBAX y paHHBO-BECHSIHHIA
nepiof.

Jlnst BU3HAYEHHS /Iiara3oHy J0O0O0BUX TEMIIEPAaTypHUX KOJIHBAHb B
CepelMHI TEIUIMIl TPOBEIEHO eKCIEePUMEHTalIbHI  JOCHIHKEHHS
TEIUIOBJIQ)KHOCTHOTO PEXUMY TeIUIMLl 0e3 TEeII0aKKyMYJIIOUYHX
3ax0/iB MpU aTMOC(EepPHUX BIUTUBAX JJIsl KIIIMaTHYHUX YMOB M. JIHimnpa.

besnepepBHi BUMIpIOBaHHS TeMIepaTypud 1 BOJOTOCTI MOBITPS
3nifcHIoBaMCh Ha BucoTi 0,3 M 1 2,2 M BiJ piBHS MOBEPXHI IPYHTY B
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cepeluHl 1 30BHI TEIUMI MOroguHHO B mepion 3 23.03.2019 p. —
06.04.2019 p. BuwmiproBanHs TemIepaTypyd 1 BIJIHOCHOI BOJIOTOCTI
MPOBOJIMIINCH 3 BUKOpUCTaHHAM muppoBux matyukiB Tinytag Ultra 2.
BcranoBieHo, 1110 J1iana3oH KOJIMBaHb TEMIIEPATYpPU BCEPEAMHI TEIUINL
MPOTITOM EKCIEPUMEHTAIBHOrO nepioay ckiagae Bix -1 °C mo 52 °C.
I1e Bka3ye Ha Te, 1110 HABITh Y BECHSIHUI NIEp10J1, BHYTPILIHSA TEMIIepaTypa
B TEIUIMI HE BIANOBINAE BCTAHOBICHMM HOPMaM TEMIIEPATypH
BHYTPIIIHBOTO MOBITPS ISl HOPMAJIBHOT'O POCTY 1 PO3BUTKY POCIIUH.

Jist  mocmimkeHHs e(EKTHBHOCTI BUKOPHCTAHHS aKyMyJsiTopa
TeIula B TEIUIUL 3alIPOIIOHOBAHO TEIUIOTEXHIYHY MOJIENb, KA BPaXOBY€
TEIUIOHAJXO/KEHHST BiJl COHSYHOI pajialii, TelIoBi BTpaTH uepe3
OrOPOJDKYIOYM  KOHCTPYKIIT 1 TEMJIOTy, IO HAaKOIUYY€eEThCS Yy
akymynstopi. Jns gaHoi Mopeni TEIUTHINT BCTAHOBJICHI 3aJI€KHOCTI
TeMIepaTypy TEII0AKyMYJIATOPa, BHYTPIIIHBOI TeMIEpaTypH TEIUIMLI 1
TEeMIIepaTypy 30BHIIIHBOTO TMOBITPs Bif yacy. [Ipu domy, 3ayiexHICTh
TeMIlepaTypy 30BHIIIHBOIO MOBITPS BiJ Yacy 3aJjaHa YMCENIbHO, 3T1IHO
eKCIepUMEHTANbHUX JaHuX. CKiajeHl piBHAHHS TEIUIOBOTO OajaHcy
TeIUIMLi. 3anpoloHOBaHA MaTeMaTU4HAa MOJENb TEIUIMLI J03BOJIsIE
BU3HAUUTHU 3MIHU TEMIEPAaTypu BHYTPILIHBOTO MOBITPS 1 TEMIIEpaTypH
TEIUIOAKYMYJIITOpa B 3a3HaYEHUH Tepio]] Jacy.

Po3paxyHku 3MiH BHYTpPIIIHBOI TeMIepaTypd B TEIUIMLI 1
TeMIepaTypu  TEIJIOAKyMyJsTOpa  TMPOBEIEHO 32  JIOTIOMOIOIO
MPOrpaMHOTO KOMIUIeKCy wxMaxima. [[ns mpoBeneHHs Bepudikarlii
MaTeMaTHYHOI MOJeNl TEeIUIMLI BUKOHAHO PO3PaxXyHOK 3MiHHU
BHYTpIIIHBOI ~ TeMmeparypu B  Teuul  0e3  ypaxyBaHHS
TeIUIoaKyMyJisiTopa.  Pe3ynbTaTM  po3paxyHKIB  CHIBHAJAlOTh 3
eKCIIEpUMEHTAJIbHUMHM  JIaHUMH, 1€  MIATBEPDKYE  BIPHICTb
3alpONOHOBAHOT MaTEMaTUYHOI MOJIEIi TETIIHIIL.

Ha ocHOBiI 3ampormoHOBaHOI MaTeMaTHYHOI MOJEIl TEeTUIUIIl
BU3HAYEHO  ONTUMAJIbHUM  JOOOBHMH  TEIUIOAKYMYISATOp IS
BHUPIBHIOBaHHS TEMIEpAaTyp B CepeAuHl IOCHIIKyBaHOI TEIUIMI Yy
PaHHbO-BECHSHUI Mepioj.

BcranoBieHi 3a1eXHOCTI MK 00’€MOM Ta IJIOMIEI0 aKyMYJIIO040i
MOBEPXHI TEIUIoaKyMyJsiTopa 1 Horo edpextusHictio. [Ipu ogHakoBoMy
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00’eMi e(EKTUBHICTh TEIUIOAKYMYJISATOpA IIJIBUIIYETHCS 33 YMOBH
30UTBIIEHHS TIJIOMII aKyMYJTIOI0YO0i TOBEPXHI.

3anporoHoBaHa MaTeMaTUYHA MOJIENb TEIUTUI JT03BOJIsIE 0OpaTH
ONTUMAIBHUI 00’ €M 1 po3MipH T0OOBOTO TEIUIOAKYMYJIATOPA I OYIb-
SIKOT TETLITHIII.

OO0unc/IeHHS TOYHOCTI NPOTrHO3YBaHHs BH/IB HeCIIPaBHOCTei
TATOBHUX PEAYKTOPIB €JIEKTPONOI31iB

bynn6a B. 1., Muxankis C. B., XonakiBcekuii A. M.
PerionansHa ¢imist «IliBneHHa 3a1I3HULIH
VYkpaiHChKHI Jep)KaBHUI YHIBEPCUTET 3a1i3HUYHOTO TPAHCIIOPTY
svm_m(@kart.edu.ua

The forecasting of the technical state of the traction gearboxes of electric
trains was done by the fitted ARIMA models with an 80 % confidence
interval for the period since the 71%' 3™ level maintenance up to the next
2" Jevel current repair. After disassembling 14 traction gearboxes of
electric trains the five types of faults were detected. Despite high
complexity, the absence of the automatic process for the calculation and
the necessity of performing several iterative procedures, the calculated
minimum value precision of the ARIMA model forecasting is equal to
91.4 %.

[TporHo3upoBaHHE TEXHUUYECKOTO COCTOSHUS TATOBBIX DPEIYKTOPOB
3JIEKTPOTOE3I0B OCYIIECTBISIOCH moaxoasamumMu ARIMA Moxaensamu 3
80 % noBepuTenbHBIM UHTEPBAIOM C 72-0r0 TO-3 u 1o cnenyromero TP-
2. Tlocne pa3bopku 14 TATOBBIX PEIYKTOPOB IJIEKTPOIIOE3/IOB OBLIO
BBIABIIEHO S5 BUAOB HeucnpaBHocTeld. Hecmorps Ha Oosblryto
CJIO)KHOCTBh, OTCYTCTBHE aBTOMAaTH3MPOBAHHOTO IIpoIlecca IMoJcYeTa U
HEOOXOJIMMOCTh  OCYIIECTBJIIEHUS ~ HECKOJBKUX  HMTEPALMOHHBIX
npoIlenyp, pacuyUTaHHOE  HAWMMEHbIIEe  3HAYeHHWE  TOYHOCTH
nporrosupoBanust ARIMA moaensto cocrasiuset 91,4 %.
[TporHo3yBaHHS TEXHIYHOTO CTaHy TSATOBUX PEIYKTOPIB €JIEKTPOINOi3/IiB
3nificHIoBasIoch mpunacoBanuMu ARIMA moxensimu 3 80 % moBipunm
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iHTepBasioM 3 72-oro TO-3 1 no nacrynsoro [1P-2. ITicist po3oupanus 14
TATOBUX PEAYKTOPIB EJIEKTPOIOi3aiB OyJI0 BHUSBIECHO IT'SITh BHUJIB
HecrpaBHOCTe. He3Bakaiounm Ha BUILY CKJIAaIHICTh, BiJICYTHICTh
ABTOMATUYHOTO TIPOIECY MiAPaxXyHKy Ta HEOOXIAHICTh 3IIMCHEHHS
JEKUIbKOX iTepalifHuX HpOIenyp, MiJpaxoBaHe HAWMEHIIE 3HAYCHHS
TouHOCTI nporHo3yBaHHs ARIMA mozenito cranoButs 91,4 %.

Bi0pariifHi CUTHAJIM TATOBUX PEAYKTOPIB €JIEKTPOIOI3/IiB MICTATH
BOXJIUBY 1H(OpPMAIIiIO PO TEXHIYHUI CTaH 3y04YacToOro 3a4yerieHHS Ta
M1IIMITHAKIB KOYeHHs. TOMy B TEXHOJIOTIT 11arHOCTYBAHHS € BAKIIUBOIO
¢ikcaris THX 3MiH y CUTHaJAX, sIKi BKa3ylOTh Ha HAOJIMKEHHS BiIMOBH.
Tomy 3anopyxkoro ycnimzoro nepexony 1o cuctemu TO it IIP Tsrosoro
(TPC) Ta mortopBaronHoro pyxomoro ckiany (MBPC) 3a TexHiunum
CTaHOM € peaii3aiis TOYHMX METOMIB IPOTHO3YBaHHA, SIKI 3aTHI
BM3HAYATH Yac HACTAaHHS BiJIMOBHM i HaJaBaTH 3MOTY BUAaCHO BXKHMBATH
BIJINTOB1/IHI MPEBEHTHBHI 3aX0JIH.

HesBaxkatroun H©Ha 0e3imiy MeETOMIB TPOTHO3YBaHHSA, Oarato
JOCTIAHUKIB 30CEpeNuyIics Ha 3acCTOCYBaHHI Ta MOrIHOJEHHI Teopil
YacOBUX PpAJIB Yy TakuxX JoJaTKax, fAK (iHaHCH, BUPOOHUIITBO,
yIpaBJliHHA. Y YacOBUX ps/iax € 0JlHA 3MiHHA Ta ii monepeHi 3HaueHHs
i 3aBXIM HasBHE TNPUITYIIEHHS PO BHIAJKOBUN BIUIMB YHHHUKIB 3
HaBKOJIMIIHBOTO CEpEJOBMIA HAa 3MiHHY, BeEJIMYMHA SKOI Mae
MIPOTHO3YBATUCh, TOMY BHCHOBOK IPO MalOYTHIO TOBEMIHKY YaCOBHX
psaiB poOUTHCA 3 iX MONEpeAHIX 3HAaueHb. Y MPOTHO3YBaHHI HaOyiu
MOIIMPEHHS JIETEPMIHOBAHI METOJU E€KCIMOHEHIIIWHOTO 3TJIa/KyBaHHS,
aHaJi3y TpeHIy W CTOXacTHuYHI MeToau. Mojenb perpecii ynpoBapKye
3aany (GOpMy IUTs OTIMCY BITHOIICHHS MK 3QJIC)KHUMH i HE3aJIC)KHUMHU
3MIHHUMH 9aCOBOTO PSY, 1[0 HE 3aBXKIU J103BOJISE€ BBAKATH IO MOJIEIh
aJIeKBaTHOIO TS TPOTHO3YBAHHS BiIIIOBITHUX BENWYHH. TakoK MOJIeNh
perpecii BOJIOJI€ CTaHJAPTHUM NPUIYLIIEHHAM TMPO CTATUCTUYHY
HE3aJIeKHICTh BEJIMYMHU MOMMWIKH, X04a 3/1e01IbIIOro peajbHi 4acoBi
psau 3anexarb ab0 MalOTh ABTOKOPEJALII0 MIXK CBOIMH CKJIQJOBHUMH.
HaTtomicTh cy4acHi METOAM MAIIMHHOTO HaBYaHHS M1030aBiIeHI MOTpedu
3IACHIOBAaTH MPUIYILIEHHS 11010 BU3HAYEHHS 3aJI€KHOCTI B MOJIENI Ta
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ABTOMATUYHO BHM3HAYAIOTHh 3TaJaHy 3aJICKHICTh YIIPOJOBXK IPOIECY
HaBuYaHHA naHux. HelpoHHI mMepexi Oiyblie Mpu3HaueHi I POOOTH 3
YaCOBUMH PSAaMHU 31 CKIQJHOIO Ta HENIHIHHOI CTPYKTyporo. [HImmm
M1X0J0M JI0 MOJICTIOBAaHHS YaCOBUX PsI/IiB € BUKOPUCTAHHS METOAOJOT T
Bokca-Jl>xeHkiHca ab0 iHTErpOBaHOI JTUCKPETHOI CTOXACTUYHOI MO
aBToperpecii 1 koB3Horo cepenuboro (ARIMA), sika onepye BXiTHUMH
3MIHHUMH i 11030aBJIsi€ TOCTIIHNKA TOTPeOU BUOOPY BaroMux 3MiHHHX
ab0 ¢opMH 3aJICKHOCTI MK HHUMH Ta BHKOPHCTOBYETHCS Y HUBII
JOJIaTKIB.

3Bakarouu Ha Opak 4iTKUX a00 eMIIIPUYHUX MpaBWiI 13 BUOOPY
HaWKpaIoi MOJeli I IPOTHO3YBaHHS TEXHIYHOTO CTaHy OO0JIaHAHHS
TPC ta MBPC, pouinpbHO oOupaTH Ty MoOJEb, sKa BOJIOAIE
HAaMEHIIMMH TIOMWJIKAMH 332 pe3yJbTaTaMH MOJICITIOBAHHS, T
JTOCTIAHUK Ma€ IIyKaTH KOMIIPOMIC MK TOYHICTIO NMPOTHO3YBaHHS Ta
CKJIQ/IHICTIO METO/Ia, SKIIIO TOYHICTh OJTHAKOBA, TO TIEPEBAru HATAIOTHCS
MPOCTIIIOMY METO/IOBI.

ARIMA wMopens 30aTHa ONMHMCYBaTH YacoBi PsSAM 3 O3HAKAMHU
HECTAI[lOHAPHOCTI Ta CHHTE3y€ JBa pI3HI METOAM MOJCIIOBaHHS
4yacoBoOro psany: aBroperpecii (AR) 1 koB3Horo cepenuboro (MA).

Anroput™m nobynoBu APIMA mozeni MiCTUTB Taki CKJIaJI0Bi:

1) imenTudikarist Moaemi;

2) OIIHFOBAaHHS MOJICITI;

3) mepeBipka aqeKBaTHOCTI MOJIEIIL;

4) mpakTU4HE 3aCTOCYBAaHHS MO/ AJIsl IPOrHO3YBaHHSI.

ExcriepuMeHTanbHi JOCTIIKEHHST MPOBOAMIUCS BUOIPKOBO Ha
YOTUPHAALUATH TATOBUX PEAYKTOpax TPhOX enekrporoizai cepii EP2T.
YpoaoBx MiKPEMOHTHOTO iHTepBaidy Mix aABoma [IP-2 mpoBoaunucek
cimpecsat m’ate TO-3 ta m’sare I1P-1. Ha koxxnomy TO-3 Tta IIP-1 B
OTJISIZIOBOMY CTiiiNi 3/iMiCHIOBANIACS peecTpallisl BiOpaliitHux peanizarliii
YOTUPHAALUATH TITOBUX PEAYKTOPIB 3 OOKYy MiAIIMIHUKA KOYEHHS
nepeAHbOT KPUIIKU peayKTopa. Peectpauis BinOyBanacs Ha IIICTAECATH
mectu TO-3 Ta m’stu [IP-1 ta wa I1P-2 mepen po3bupannsm. [ns
KOXKHOTO 13 3apeecTpoBaHMX BiOpauiiHUX peani3aliil po3paxoByBajlach
¢dpaxTaibHa PO3MIPHICTh MOKPUTTA. [IpOrHO3yBaHHS TEXHIYHOTO CTaHY
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3nilicHIOBaJIOCh Ha pemty neB’sith 1TO-3 1 mo [IP-2 3 HacTymHuUM
MOPIBHAHHAM (aKTUYHOTO TEXHIYHOTO CTaHy IIiCIs po30upaHHs
penyktopa Ha [IP-2 i3 mporHozoBaHMM 3HaueHHSIM (paKTaIbHOI
PO3MIPHOCTI MOKPUTTS. [3 YOTUpHAAUSTH PEAyKTOPIB CIPABHUMU
BUSIBWINCS JI€B’SATh, PEILITa MAJIM TaKi HECIIPABHOCTI:

1) HemoCTaTHS KUTBKICTh MAacTHIIA B PEYKTOPI;

2) 3HOC pOJIMKA ITiIITUITHAKA TIEPEAHBOI KPUIIIKU PEAYKTOPA;

3) TpimmHAa KIS MiITUITHAKA TEPEIHBOT KPUIIKH PEIYKTOPA;

4) Binkon 3y0a mecTepHi peayKTopa;

5) pyliHyBaHHsSI MiJIIMIIHUKA TMEPEAHBbOI KPUIIKU peayKTopa i
TpimuHa 3y0a MIecTepHi.

CkonctpyiioBanumu ontumansHuMu ARIMA mozaensamu 3aificHeHe
MPOTHO3YBAaHHS TEXHIYHOTO CTaHy TATOBUX peaykropiB i3 80 %
JOBipYMMH iHTepBaiaMu. JlOBIINII mepiol MPOrHO3YBaHHS MPU3BOIUTH
710 CTPIMKOTO PO3IIMPEHHS JOBIPYHUX IHTEPBAJIB, 1[0 HE BIACTHBO JISI
MoJeNel 13 CHJIBHO BHPAXCHHM TPEHIOM, SKi HE 3aCTOCOBYIOTH
mQepeHIIiFOBaHHS.

TounicTh mporHo3yBaHHs npunacoBaHumMu ARIMA wmonensmu €
TaKoI0:

— JUIsl CTIpaBHOTO peaykKropa: 96,3 %;

— mst 1) Bumy HecnpaBHocTi: 93,8 %;

— U1t 2) BUAy HecnipaBHOCTi: 95,1 %;

— st 3) BULy HecnpaBHoCTi: 97,5 %;

— 11t 4) Buny HecnipaBHoOCTi: 91,4 %;

— s 5) Buay HecripaBHOCTI: 95,1 %.

OTxe, THYyUYKICTh MeTO0M0T1i bokca-/[)eHKiHca 103BoIIse€ 00upaTH
HaWOLIBII TPUUHATHUN miAKIac Mozenei 3-moMik AR- ta MA-
cki1agoBoi. st BCix 6 BUJIIB TEXHIYHOTO CTaHy JOCIHIKYBAaHUX TATOBUX
pPEAYKTOpIB HaWKpalie MpunacyBaHHS TpoJeMOHCTpyBana jumie AR-
CKJa/ioBa, TUMYacoM MA-CKJIaioBa sIK HAOAMHIII TaK 1 B MOEJHAHHI 3
AR-cknmazoBoro peanizoByBajla BHIII 3Ha4YeHHS 1H(GOPMATUBHOTO
KpuTepito Akaiiki Ta baiiecoBoro iHdopmariiiiHoro kpurepito. 31iiicHeHa
ctpyktypHa ineHtudikamis ARIMA wmogmenedt uisi  BIAMOBITHUX
TEeXHIYHUX CTaHIB. YCHIlIHAa peaizalis JUCKPEeTHHX CTOXACTUYHUX
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APIMA mopeneit notpeOye Juie HasIBHOCTI JUCKPETHUX BEIMYUH, SIKi
HAKOIMHUYYIOTHCS MPOTATOM BiJMOBITHUX €KCIIEPUMEHTIB. Taki HeI0IIKH
APIMA Mopneneii, ik BUINA CKJIATHICTh, TOTpeOa B 31HCHEHH] ACKITBKOX
ITepalliiHuX TpoLeayp Ta HEMOXKJIMBICTh peami3alii aBTOMaTHYHOTO
IpoIeCy HE BIUIMBAIOTh HA TOYHICTh MPOTHO3YBAHHS, HAWMEHIIIE
3HAYCHHSI SIKO1 32 pe3ysbTaTaMu AOCiKeHb csrano 91,4 %.

TexHoJIOTIYHI MapaMeTpu npouecy yuiJibHeHHs IPYHTIB
HHUKHBOI Oy10BH KOJIii

I'maBanmpkmii K. 11,
JIHINPOBCHKMIA HAIlIOHAILHUIN YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
M. akan. B. A. Jlazapsina
kazimir.glavatskij@gmail.com

The construction of modern high-speed railways requires guaranteed
stability of the lower track structure during the design period of its
operation. It is necessary to ensure maximum productivity and minimum
energy intensity of the proposed technological processes. The scientific
basis for adjusting the parameters of sealing machines and technological
schemes of their use in order to accelerate the process of sealing and
reducing the number of machin.

CTpOUTENBCTBO COBPEMEHHBIX CKOPOCTHBIX JKEJIE3HBIX IOpOr Tpedyer
rapaHTHUPOBAHHOW YCTOMUMBOCTM KOHCTPYKLMH HIDKHEH KoJiem B
TEUYEHHE TIPOCKTHOTO TMepHoAa €€ OJKCcIuryaraiud. Heobxomammo
o0ecrneynTh MaKCHUMAJIbHYI0 HPOM3BOJUTENBLHOCTh M MHHHUMAJBHYIO
9HEPrOEMKOCTh TpeIaraéMbIX TEXHOJIOTHYECKUX TpolieccoB. Hayunas
OCHOBa JJIsl HACTPOMKM IapaMeTpoB IUIOMOMPOBOYHBIX MAIUH U
TEXHOJIOTHYECKHE CXEMBl HMX WCIIOJB30BAaHMUs C IIETBI0 YCKOPEHUS
npoliecca MIoOMOMPOBaHUS U YMEHBILIEHHUS KOJIMYECTBA MAIUH.
ByniBHHIITBO CydacHWX MIBUAKICHUX 3aJII3HUIb BUMAara€ rapaHTOBaHOI
CTIMKOCTI KOHCTPYKILIi HUKHBOI KOJIIi MPOTATOM HMPOEKTHOIO Mepioay ii
ekcruryaranii. Heo6xiHo 3a06e3neunT MakCUMalbHy MPOAYKTUBHICTS 1
MiHIMaJIbHy €HEePro€MHICTb 3alPOIIOHOBAHMX TEXHOJOTIYHUX MPOLECIB.
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HaykoBa ocHOBa 11 HACTPOMKHU MapaMeTpiB IIOMOYBaTbHUX MAIluH 1
TEXHOJIOTIYHI CXeMH 1X BUKOPUCTAHHS 3 METOI MPUCKOPEHHS MPOIECY
MIOMOYBaHHSI Ta 3MEHIIICHHS KUTBKOCTI MaIIIHH.

[Tpu Oy 1iBHUITBI 3aMII3HUYHHX JOPIr CTabIIBHICTB iX IPOCTOPOBOTO
PO3MIILLEHHSI BU3HA4Ya€ IapaHTOBaHA MOPCTKICTb I'PYHTOBOIO MAacHUBY
HIDKHBOI OyIOBH KOJIiT IPOTATOM BCTAHOBJICHOTO TEPMiHY EKCIUTyaTarii
JIOPOTH 32 YMOBHU BUKJIFOUCHHS (aKTOPIB, sIKI MOKYTh 3MIHIOBATH 3a1aH1
(b13MKO-MeXaHiIuHI BIACTHBOCTI YIIITbHEHOTO TPYHTY.

[Tpu BubGopi I'VM BuzHayanpHuMu (akTopamu € 3a0e3neyeHHs
MaKCUMaJIbHO MOXJIMBOI Yy JaHMX OOCTaBHHAX TPOIYKTHBHOCTI Ta
MiHIMaJIBHOI COOIBapTOCTI BUKOHAHHS POOIT.

[le MOXIMBO 3a pPaxyHOK MPHUCKOPEHHS YIIUIbHEHHS TPYHTY
IUIAXOM CKOPOYEHHS BHUTPAT Yacy Ta EHEProHOCIIB 1 3MEHIIEHHS
3aranpHOi KimbKocTi ['YM, 3amissHUX y TEXHOJIOTIYHOMY IIpOIeCi
yuiiibHeHHs. CKOpOYEHHS BUTpAT 4acy Ta €HeproHOCiiB MOXKHa JOCSATTH
i ABUIIUBIIY iIHTEHCUBHICTD YIIIIbHEHHS IPYHTY, TOOTO aKTHBI3yBaBILN
YIIITBHIOBANBHY Iit0 Ha HEOro PO I'YM, Hanpukiaa, BUKOPUCTOBYIOUH
PO OGnokyrouoi aii Ha TPYHT 1 3MIHIOIOYHM B IIUPOKOMY Jliara3oHi ix
3arajibHe PUBAaHTAKEHHs. 3MEHIIUTH 3arajibHy KiIbKicTh I'YM MoxHa
[UISTXOM CTBOPEHHS MAIIWH HOBOTO IIOKOJIIHHS, KOMITOHYBAJIbHI
CTPYKTYpPHI CXeMH SKUX BKIr04ain 6 PO KOTKOBOro i MJIONIaJKOBOTO
MIEPECYBHOT0 TUITY CTATUYHOI 1 AMHAMIYHOT JIii.

{06 nopiBHATH ePeKTHBHICTH POOOTH pi3HUX TIpyl ['YM pizHuX
BUPOOHUKIB 3alpONOHOBaHAa METOJMKA BHU3HAUEHHS BIJHOCHUX Ta
y3arajbHIOIOUMX MOKAa3HMKIB JaHUX MalldH Ha OCHOBI BIJOMHX iX
TEeXHIYHUX XapakTepuCTUK. [Ipu 1bOMy, Ha OCHOBI y3araJbHIOIOYHNX
MOKa3HUKIB poboTH I'YM pexkomMeHJoBaHI 3MIHM PpO3PaXyHKOBHX
Jiama3oHiB  iX OCHOBHMX 1 JONOMDKHHUX TIapaMeTpiB Ha crafil
NPOEKTYBaHHS 3 METOI pPO3LIMPEHHS O00JacTi palioHaJIbLHOTO
BUKOPUCTaHHS MAIIMHM MpPU YUIUIbHEHHI TPYHTY 3a pPI3HUMH
TEXHOJIOTITYHUMHU cxeMaMmH. Po3paxyHok 1 BuOip pamioHaJIbHUX
niana3oHiB napamerpiB I'YM BHKOHYETbCS HA OCHOBI MaTe€MaTUYHOTO
MOJICJIIOBaHHS iX e(eKTHBHOI B3aemoAii 3 TpyHTOM. Po3mmupeHHs
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niama3ony 3actrocyBaHHi ['YM 3abesnedye BBeneHHS B iX CTPYKTYpy
BiOpariiiaux cuctem (BC). Tpaguiiiai ['YM marots, nepeBaxkao BC 3
KOPCTKO (PiKCOBaHUMH TapameTrpamMu (BEKTOp 30Yyprorovoi CHIIH,
aMILTITy/1a, 4acTOTa KOJIMBaHB), IO CYTTEBO OOMEXY€E TEXHOJIOTTYHI
YMOBH 1X BUKOpUCTaHHA. Y cydacHUX ['YM komOiHOBaHE 3aCTOCYBaHHS
pizHoTunHuX PO oOMexeHe, sSIK MpPaBUIIO, CIUIBHUM THUIIOM, JO SIKOTO
BOHHM BIHOCATHCS (HAmNpHUKIAl, A KOTKIB 3aCTOCOBYIOTHCS TUIBKH
BaJIblll, IO BIJPI3HIIOTHCA KOH(DIrypaIi€o 30BHINIHBOI ITOBEPXHI:
MWTIHIPUYHI TTIAJICHBKI, PEeNIiT4acTi i T. iH.).

Mopnepnizanis ['YM 3a MoaylIbHUM MNPUHIMIIOM Ma€ CYTTEBI
nepeBary nepej iHmyMMHI BapiantaMi. BoHHM MOJSTaloTh y TOMY, 1I0: TI0-
nepie, OKpemi iX KOHCTPYKTHBHI eJleMEHTH (0coOnuBO poboue
obmagHannsa Ta PO) MOXKHA BUKOHYBATH Y BUIJIA YHI(DIKOBaHUX OJIOKIB
— MOJYIIB, 3 SIKUX, 3QJIKHO B1J] TEXHOJIOTTYHUX BUMOT, MOKHA 310paTu
noTpioHy KoHPirypamito ['YM; mo-apyre, He MOTIPITYETHCS TOYATKOBUI
CTaH MAalIMHH, 0 SKOTO, MPU HEOOXITHOCTi, MOXHA MOBEPHYTHCS Yy
KO)KHUH ~ MOMEHT;  TO-TPET€,  3MEHIIYEThCS  HOMEHKJIATypa
KOHCTPYKTUBHUX €JIEMEHTIB 1 MallMH Yy IJIOMYy, OCKUIbKH KOXKHA
MalImHa MOK€ KOMIUIEKTYBATHCS 3MIHHIMHA MOYJISIMH, IO TIPU3BOJAUTH
JI0 TOJIIMIIEHHS X SIKOCTI 32 paXyHOK TJTMOOKOTO MPUITPALFOBAHHS.

Bukonani JOCIIIKEHHS, cucTeEMAaTH3aIsa 1 HarIagHe
MPEJICTABICHHS CIIBBIIHONIEHh MiX TEXHOJOTIYHHUMH IapamMeTpaMu
BIOPOKOTKIB JJIi BU3HAUEHHS J1alla30HIB iX palllOHaJbHUX 3HAYEHb 1
ONTUMAJILHUX TOKAa3HUKIB pOOOTH. Il NMPHUKIATHOIO BUKOPHUCTAHHS
3apONOHOBAaHUX PIlLIEHh aBTOPOM pPO3pO0JIEHI KOMIOHYBAJIbHI CXEMHU
MmatuH 3 PO y BUIII/1i KOTKIB 1 BIOPOILTHUT.

TpaguiiiiHo yIIUIBHEHHS TpPYHTY Mpud HOro yKJIagaHHI Yy
TEXHOJIOTIYHY CHOpYAYy 3a0e3MeuyeThcsi MEBHOI  IMOCIHiJOBHICTIO
3aCTOCYBAHHSI KOMIUJIEKCY MAIlUH JJI 3€MJISSHUX poOIT, cepell SKUX
nepury Tpyiy CKJIaJaiTh MAIIWHU, 10 3aCTOCOBYIOThCS JUIS KOIAHHS,
TPaHCTIOPTYBaHHS, YKJIaJaHHA 1 NMpoQUIOBaHHS I'PYHTY (€KCKaBaToOpH,
Oynbl103epH, CKpenepu, rpeiaepn), a qpyry rpyny — Biacue ['YM. Ilpu
bOMY, MallIMHK MEPUIOi IPYIH MiJ Yac poOOTH YaCTKOBO YIIUILHIOIOTh
ITPYHT CBOIMHM ONOPHO-XOJOBHUMH MPHUCTPOSMH  (TYCEHHLSIMH 1
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KOJIECaMH), 2 MAITMHY JIPYToi IPYIU OCTATOYHO CTaOUTI3YIOTh KOKHUH 3
MPOMDKHUX 1 OCTAHHIN IIIApU TPYHTY.

Jnsa  inteHcudikamii yIIIIbHEHHS TPYHTY s 3€MIICPHIAHO-
TPAHCIIOPTHUX MAaIIWH TEpIIoi Tpynu (30Kpema s OyJbI03epiB)
3allpONOHOBAHI  BapiaHTH  TEXHIYHUX  pilleHb  OyJbJI03epHO-
VIIUTHHIOBAJIBHUX POOOYMX OpPraHiB, Ha sIKI OTpUMaH1 MaTeHTH Y KpaiHu
Ha BUHAXOIH.

IIpu mnoennanHi B oxHid ['YM pisaux tumiB PO  (KOTKiB,
BIOpOIIOMIAIOK, TPaMOiBOK) CYTTEBO 3MIHATHCA 11 TEXHOJIOTIYHI
MOXXJIMUBOCTI, a TaKOX CKOpoTuThcsi mapk ['YM. ABropom
3alpONOHOBAHI KOTKM 3 OaraTbMa pOOOYMMH BaJbIIMH  PI3HUX
niameTpiB 1 popmu iX poOOUMX MOBEPXOHb OJIOKYIOYOI /il HA TPYHT, Ta
KOTKM, Ha 0a3i SKUX BCTAHOBJICHI BiOPOIUIOMAAKH 1 TpamMOiBKH 3
poOoUKMU MOBEPXHAMHU OJIOKYI0UO] A1 HA TPYHT, K1, IpU HEOOXiTHOCTI,
MOJKHA 3aMiHUTH Ha TpaauliiiHi rnaaeHski. [IpukinamoM HOBHX BHIIB
I'VM 3 kom6inoBanumu PO € psii 3anmaTeHTOBAaHUX aBTOPOM TEXHIYHHMX
pilieHs.

3arajJpHOI0 XapaKTEpHOI OCOOIMBICTIO BCIX 3alpOINOHOBAHUX
TEXHIYHUX pIlIEHb € iX OyA0Ba 3a MOIYJbHUM IMPHUHIMIIOM, OCOOJIMBO
CTOCOBHO IIBUAKO3MIHHUX POOOYMX OpPTaHiB UM iX poOOYHX OBEPXOHB,
a takoxx BC monynbHoro tuny (BCMT), mo cripusitoTs iHTeHcUiKaiii
IpoIeCy YIIUIBHEHHS IPYHTY LUIIXOM MOCTYIOBOTI'O Mi/IBUILIEHHS THCKY
B 30HI KOHTakTy pobounx noBepxoHb PO 3 IpyHTOM 3a paxyHOK
BUKOPUCTaHHS J0JaTKoBOI 30yprorouoi cuiu. [Ipu npomy BekTOp
30ypIOlOYO0i CHJIM MOKE 3a/JaBaTHCS SK JHCKPETHO, Tak 1 Yy
aBTOMaTHUYHOMY PEXKHUMI, 3aJI€KHO BiJl CTYNEHS YILIIbHEHHS TPYHTY, LI0
BUMIPIOETBCS ~ a00  JUCKPETHO  CHEUIaJbHUMH  [EPEHOCHUMH
BUMIPIOBAJIbHUMH MPUCTPOSIMH, a00 MOCTiHO B mpoueci podotu ['YM
3a paXyHOK BMOHTOBAHOI B ii KOHCTPYKIIIIO CJIIIKYIOUYO0i BUMIPIOBAJIbHOT
CHCTEMH.

bazoBoro rimoTe3oro mpu po3poOiii HoBuX BUAIB ['YM € cTBOpeHHs
Hanpy’keHb Ha MOBEpXHI KOHTaKTy iX PO 3 rpyHTOM, 10 NMEPEBUIIYIOTh
MEXY IUIACTUYHOCTI, 3 OJHOYACHUM 3a0e3MeueHHSIM OOMEKEHHS
BUCIIM3aHHS TPYHTY 3-MiJ iX poOOoYMX MOBEPXOHb, TOOTO OJIOKYBAaHHS
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rpyaty. Ilpu 1bOMYy OYIKye€ThCS MIABUINEHHS MPOAYKTUBHOCTI
YIIUIbHEHHS TPYHTY 3@ PaXyHOK CKOPOYEHHS 4acy JOBEIEHHS MacHUBY
TPYHTY JI0 CTAaHy MAaCKHUMAaJIbHO MOXKJIMBOTO YITUIbHEHHS.

OcoOnuBicCTIO 3ampornoHoBaHUX KOHCTpyKmii PO I'YM e ix
YHIBEpCAJIBHICTh, sKa, KpiM 1HIIOrO, Tmepeadadyae MOMKIHBICTh
0JIOKOBAaHOTO YIIIJIBHEHHS TIPYHTY, LI0 0OE€3yMOBHO IIpHU3BElE M0
301IbIIEHHS 1X MPOIYKTUBHOCTI 32 PAaXyHOK 30UIBIICHHS MHTOMOTO
trucky Ha TpyHT PO 3 BC i cTBOpeHHSI yMOB HE BUCIIM3aHHS TPYHTY 3-TM1]1
KOHTaKTyI0401 3 HUM noBepxHi PO.

Po6oui noBepxHi PO 6mokyro4oi aii po3pobieHi Ta JOCTiIKYOThCS
s ycix BuaiB I'YM. Ilpu oMy BU3HAYEHI J1lalla30HMU 1X pamioHaIbHUX
napameTpiB.

[opsimox pobotn PO I'VM xapakTtepu3yeTbcsi ad0 TMOCTYIOBHM
3MEHUIICHHSAM IX KOHTAaKTHOI IUIOIII 3 TIPYHTOM 3a paxyHOK 3MiHHU
po3mipiB 1 ¢opmu ix poOodoi TOBEpPXHI, HANPHUKIAT, IOCTYIOBE
3MEHUICHHS JllaMeTpa IIIHAPUYHOTO METAJIeBOI0 KOTKA, BCTAHOBJICHHS
Ha WOT0 MOBEPXHIO 3MIHHUX OaHIaXIB 3 KyJIadyKaMH 3MiHHUX PO3MipiB
Ta MpoQLII0, NOCTYNOBE 30UIBIIEHHS TUCKY B MHEBMAaTUYHMX KOTKaX,
abo mocrtynose 30UIblIeHHs HaBaHTaxeHHs Ha PO 3a paxyHok BCMT,
e(peKTUBHICTb POOOTH sIKOi BHM3HAUAETHCA 30KpEMa 3a PAXYHOK
parioHaIbHOTO BUOOPY hopMH 1 po3MipiB J1eOaIaHCIB.

3anpornoHoBaHi PO3pOOKM MPHUHLUIOBUX BapiaHTIB TEXHIYHUX
pimiers PO I'VM 11 npuckopeHoro 0J10K0OBaHOTO YIIIIBHEHHS IPYHTY
3a0e3nedaTh JOCSATHEHHS OYIKYBAaHOIO pe3ylnbTaTy 3a paxyHOK
IPUCKOPEHHS TPOLECY VYIUUIBHEHHS IPYHTY UUIAXOM 30UIbLICHHS
pobodoro HampyeHHs IPyHTY mia noepxHero PO 3a paxyHok i#oro
6soxyBaHHs. [Ipoliec yuiulbHEHHS IPYHTY M1 OJIOKYIOYOK OBEPXHEIO
PO T'YM Oynie He TUIBKH y BEPTHKAIBHOMY, aJle 1 y TOPU30HTAJIBHOMY Ta
NOXUJIOMY HampsIMKy, IO MiJBUIIUTh €(QEeKTUBHICTb 1 SKICTh 1
VIIUTEHEHHS.
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TexHo10rist eHeproe)eKTUBHOI0 KONAHHSA IPYHTIB
0yJibJ103epaMM 3 HENIOBOPOTHUM BiIBAJIOM Ta 00’ €MHOI0 HOKOBOIKO
CHCTEMOI0 VISl IPH CIIOPY/IZKeHHI HUKHBOI 0y/10BH KOJIil

I'maBanekwii K. 1., Fop6enxko 1O. O.
JIHITPOBCHKHI HAITIOHAIbHUIA YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
iM. akana. B. A. JlazapsiHa
kazimir.glavatskij@gmail.com

The urgency of exploring new bulldozer equipment is driven by increased
energy efficiency and productivity of ground works. Conducted
theoretical and experimental studies comparing which in the first
approximation can be concluded about the superiority of the proposed
new technical solution over the traditional bulldozer working body. The
conducted experimental studies indicate the need to improve the
mathematical and physical model.

AKTYyallbHOCTh HCCJIEIOBAaHHUS HOBOTO OYJIbI03€pHOr0 000pYIOBaHUS
o0ycioBieHa HOBBIIIEHUEM HHEeprodPpPeKTUBHOCTU u
MIPOU3BOIMTENILHOCTH 3eMJISIHBIX paboT. [IpoBeneHsl TeopeTHuecKkue u
HKCHEpUMEHTAIbHbIE HCCIIEOBAHUs, CPaBHUBAs KOTOPbIE B IEPBOM
MPUOIMKEHUN MOKHO CJIENIaTh BHIBOJI O TPEBOCXO/ICTBE MPEIIaraeMoro
HOBOT'O TEXHMUYECKOTO PELICHMs] HaJ TPaJuLHMOHHBIM OYJbI03€pHBIM
pabouum opranom. [IpoBeneHHbIE YKCTIEPUMEHTAIBHBIE HCCIIECTOBAHUS
yKa3bIBalOT HA HEOOXOJUMOCTh COBEPILIEHCTBOBAHUS MaTEMaTHUECKOM 1
¢bu3nueckoil Mmoenu.

AKTyanbHICTh JOCHI/PKEHHS HOBOTO OyJbJ03epHOr0 0O0JaJHaHHS
oOyMOBJIeHa MIJBUIIEHHIM €Heproe(eKTUBHOCTI Ta MHPOAYKTHBHOCTI
3eMIISIHUX poOiT. IlpoBeneHO TeopeTHyHI Ta eKCIepUMEHTaIbHI
NOCTIKEHHS, TOPIBHIOIOUM $SIKI B TEepuIoMy HaOJIMKEHHI MOKHA
3pOOUTH BUCHOBOK IIPO MEPEBary 3alpornoHOBAHOTO HOBOT'O TEXHIYHOTO
pIlIEHHST HajA TpaguliifHUM OyJibJ03€pHUM POOOYUM  OpPraHOM.
[IpoBeneHi excriepuMeHTaIbHI TOCIIKEHHS BKa3yIOTh HAa HEOOXITHICTh
BJIOCKOHAJICHHSI MaTEMaTUYHOT 1 (P13MIHOT MOJIEIII.
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JIOUimBHICTh POBEACHHS TOCIIHKCHb 00YMOBJICHA TUM, 110 B HAIII
yac BEJHMKY YyBary MPUIUISIOTH MOJEpHi3amii iICHYI4YHX abo po3poOiIr
HOBUX MAIlMH I8 3eMJSIHMX poOIT Ta  MABHINEHHS  iX
eHeproe(eKTuBHOCTI. Bimomi AoCHiKeHHST 1 KOHCTPYKTHUBHI PIiIlICHHS
wiockux HoxkoBux cucteM (HC): TpaauuiitHOro THIy i3 pO3MIIIEHHSAM
PIXKYy4YHX KpaiB HOXKIB Ha OJHIN JIiHIT; 3 BUCTYNAIOUUM CEPEAHIM HOXKOM,
3 BUCTYTAIOYMMHU HOKAMHU 1 O1YHUMHU KOCUHKaMH, a TAKOX MIPOCTOPOBUX
HC 3 po3MimieHHsIM HOKOBUX IUIACTUH MO MPSIMOKYTHOMY Ipodifto, a
takok HC 3 HOXOBUMM IIIaCTUHAMH Tpamenienomionoi dopmmu. Ix
NPOBEJCHHS Ha PIiBHI HAYKOBHX POOIT CBIAYUTH MNP0 AaKTyalbHICTh
po3pobku HoBux BB HC mmst Oynbao3epis.

AKTyalbHICTb AOCHIIKEHb OyJbI03€PHOr0 O0IaJHAHHS MOJISTae y
TOMY, 11100 MiABUIIATH €(hEKTUBHICTH Ta MPOAYKTUBHICTh BUKOPUCTAHHS
HEMOBOPOTHOTO OYyJIbIO3EPHOTO BiBaia 3a pPaXyHOK BUKOPHCTAHHS Yy
HbOMY KOMOiHOBaHOi HO0BO1 cuctemu (KHC) HOBOTO THITY.

Metow pobotu € po3pobka edektuBHOi KOHCTpYyKiii KHC nmms
HETIOBOPOTHOTO OYyJIb03EPHOTO BiZ[Bajla HA OCHOBI 3aCTOCYBaHHS KOCOTO
pi3aHHA 1 KONaHHS TPYHTY.

TeopeTnuHi 1 eKCiepUMEHTaNIbHI JOCIIIKEHHS TPOIECy B3aeMOIL
po6ounx opratis (PO) Oynb03epiB 3 IpyHTOM NMPU3BEAYTH /10 CIIILHOTO
pe3ynbTaTy — 3HW)KEHHS €HePrOEMHOCTI MPOIECYy KONMaHHSA IPYHTY Ta
3MEHIIEHHS Koe(]illieHTa MUTOMOTO OIOPY KOMAHHS.

3anporoHoBaHa HOBAa KOHCTPYKINs BiaBana Oynbmozepa 3 KHC
nependauae, mo posmimenHs KHC 3 6oky 1000Boi mIomuHN BiiBania
Oynpmo3epa XapakTepusyerbes posMipamu H;, H>, Hs, ki
XapaKTepU3yTh NPONOPLIHHUI PO3MOALT 3aralbHOT TOBIIUHU CTPYKKU
Hyon, BUPI3aHOI BUCTYIIHUMH TOYKaMu A 1 B Bliepen Ha BelU4YuHY L 1
Bulle Ha BenuuuHy H> Touku C pixydoro kpato OHC. Posmip H;
XapakTepHU3ye 3MIMIEHHS TOYOK A 1 B monepeny 1 Hux4ve Touku C.

3 MeTol BHUSBICHHS B3aEMHOrO BIUIMBY mapamerpis PO
eKCIIEpUMEHTAaIbH1 JOCTIPKEHHSI TPOBOAWINCA Ha MiJACTaBl Teopii
IUITaHYBaHHSI EKCIIEPUMEHTIB, a pe3yJbTaTH OO0poOsIMCS MeTolaMHu
Teopli IMOBIPHOCTI Ta MaTeMaTHUYHOI CTaTUCTUKU. OCHOBHI MapamMeTpu
PO Oynbmozepa 3 OHC, mo onTuMi3ylOThcs 1 3MiHIOBaHI B XO/Ii
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EKCIIEPUMEHTIB: MOJIOBXKHS BiJICTaHb MK ToukaMu A-B-C, 3MiHa SIKOTO
XapaKTEPHU3ye Ha Ky BiJCTaHb L Oy 1y Th BiijaieHi TOUYKHU A 1 B BiJ TOUKH
C B TOpU3OHTANBHIN ITUIONMINHI; BEPTUKAJIbHA BIJICTaHb MK TOUYKaMH A-
B-C, 3MiHa gKOTO XapakTepusye Ha Ky BenuuuHy H> un H3, OynyTh
3MilIeHi Toukd 4 1 B BigHOCHO Touku C 'y BEPTHKAJIBLHOMY HAIPSIMKY;
TOBIIMHA CTPYXKKH /1; KUTBKICTD T1ap HOKIB BiJ] OJTHIET IO T’ ATH.

Jlisi TEOpeTHYHOTO BU3HAUEHHS MHUTOMOTO KOEQilli€eHTa OMOopy
rpyHty komaHHio KHC BuKOpHCTaHO pIBHAHHS TArOBOroO OajaHcy
Oymibao3epa.

JUis BU3HAuUEHHs JOBXKHMHM pixydoro kparo Hoxa mii KHC 3
JIAMaHOIO JIHIEIO JIe3 HOXKIB BUKOHAHO TEOPETUYHHUN PO3PAXYHOK ISt
TOPU30HTAIFHOTO Ta BEPTHKAIBHOTO 3MimieHHs To4ok A-B-C KHC na
6a3i pizmunoi monemi BigBana Oynpnozepa JJET-250, y macmrabi 1:10.

[Ipu pmocnipkeHHI Mpolecy KOMaHHS IPyHTY OyJibA03epHUM
BimBaioMm i3 KHC Ha ¢i3uuHiil MoJem 3amporoHoBaHa cxeMa poOoTH
BiJ[Bajla BiJl MOYAaTKy poOOTH 110 MOBHOrO0 HAOOpy MPU3MHU TIPYHTY.
CriouaTKy BifBaJd 3HAaXOAUTHCS Yy TIOYATKOBY IIOJIOKEHHI; TIOTIM
BiOyBaeTbcss omyckanHs PO po mnosepxHi rpyHty. Ilicng mporo
cnocrepiraemo eran 3arnubiseHHs HC Ha MakcuManbHy TIIHOUHY
3arnu6neHHs. [IpoimoBny neBHUH BiAPI30K IUIAXY HA TOBXHUHI HA0Opy
MPU3MH, Bif[BaJl TIOBHICTIO 3allOBHIOE IPYHTOBY MpPHU3MY IPYHTOM, IO
BI/ITIOBI/JIa€ MOJIO’KEHHIO MAKCUMAJIBHOTO 3allOBHEHHSI 00’ €My IPYHTOBOI
MIPU3MH BiABaJIa.

3 MeTor BHABIEHHS B3a€MHOIO BIUIUBY MapameTpiB poOOYoro
obnagHanus (POG6) excriepuMeHTaNbHI JAOCTIHKEHHS TIPOBOIMIKMCS Ha
mifcTaBi Teopii MIaHyBaHHs €KCIIEPUMEHTIB, a Pe3yJIbTaTH 00pobsIncs
MeToJaMH Teopii KUMOBIPHOCTI Ta MaTEMAaTUYHOI CTATUCTHKH.

OcnosHi mapametpu POG 6ynpao3epa 3 KHC, mio ontumi3yroThes i
3MIHIOBaH1 B X0/l €KCIIEPUMEHTIB: 1) MOJOBXKHSI BIACTaHb MK TOUKaMH
A-B-C, 3MiHa SIKOTO XapaKTepU3ye, Ha sIKy BiJICTaHb L OyayTh BiagasieHi
To4Ykd A 1 B Bix Toukn C B TOpU30HTAIBHIN IUIOMIMHI; 2) BEpTUKAJIbHA
BIICTaHb MUK TO4YkamMH A-B-C, 3MiHa SKOTO XapakTepu3ye Ha SKYy
BenuuuHy H>uu Hs, OyayTh 3MmimieHi Toukd A 1 B BinHOCcHO Touku C'y
BEPTUKAJIBHOMY HAINpPsMKY; 3) TOBIIMHA CTPYXKKU /1; 4) KUIBKICTH Hap
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HOXIB BiJI OJTHIET 10 LIECTH.

3rilHO IUIAaHYBAHHS EKCIEPUMEHTAIbHUX JIOCIIIKEHb MPOBEIECHA
nepma cepiss pocmigiB st 15-tm BapiantiB KOHC 3 TpukpatHum
IOBTOPEHHSAM  KOXKHOro  gociuigy. JlochmikeHHs mOpoBeneHi 3
BUKOPUCTAHHSAM CyYacHOi BUMIPIOBAJIBHOI CHCTEMH 3 MPOTPaAMHUM
3a0e3MeueHHsIM Ta BUBOJOM DPE3yJbTaTiB HA MOHITOpP KOMII'lOTepa Ta
3alMCcOM Y BIATOBiAHI (aiiii, a TaKOXK 3 BUKOPUCTAHHSM aHAIOTOBO-
IU(GPOBUX MEPETBOPIOBAYIB JJIsl HAIVISIHOCTI KOHTPOJIO CHJI ONOpPY
KOTIaHHS TPYHTY.

Ilepen koxuMM gociigoM: 1) 3agaBanacs rIMOMHA KOMAHHS TPYHTY
BiZ 5 10 30 MM 3 KpOKOM 5 MM; 2) CTBOPIOBAIACS MOTPiOHA IIIIBHICTE 1
BOJIOTICTb IPYHTY.

[Tig wac koxHOrOo nocmimy: 1) BHKOHyBasiocs Bifeo (iKCyBaHHS
npoliecy KOMaHHs IPyHTY; 2) 3anMcyBaiacs CHJIa Ta 4yac KOMaHHS IPYHTY
710 HabOpy MOBHOI MPU3MHU TIEPE]T BiBAIOM.

[Ticns koxHOTO AOCHiAY BUMIpIoBaKCs: 1) NUISIX KOMAHHS TPYHTY
110 HabOPy IMOBHOT MPU3MHU MIEPEJT BiTBAIOM; 2) 00’ €M MPU3MHU BOJIOUIHHS
rpyHTY; 3) BTpatu rpyHTy y OiuHi Banuku. Ha OCHOBiI oTpuMaHHX
pe3ynbTariB A KOXKHOTO JOCHIAY po3paxoBaHO: 1) IIBHUIKICTh
KOMaHHS; 2) TMOTYXKHICTh KOIMAaHHSA; 3) €HEProeMHICTh KOMaHHS, 4)
Koe(DIiIiEHT MUTOMOTO ONIOPY KOMIAHHIO.

Otpumana ¢ororpama mnpoluecy KOHmaHHS IPYHTY OyJIbJA03€pHUM
BigBasioM 3 KHC 3 xapakTepHUMU MOJI0KEHHSIMH poO0YOro 00s1aJHaHHS
1, 30kpema, BinBaia. [Ipum nboMy ciif 3BEepHYTH yBary Ha XapakTepHi
3CYBH TPYHTY Yy TNpHU3MY, IO CIPHUSE€ 3MEHIIEHHS WOro BTpaT Ta Ha
JIOBXUHY NUIIXy HaOopy IpyHTY y mpusmy. Lli ocobmauBocTi mporecy
KOTaHHS  CHOPUSAIOTH 3MEHIICHHIO IUTOMOi  €HEpProeMHOCTI Ta
iABUILEHHIO TPOAYKTUBHOCTI.

BucnoBku. 1. Jlocmimkena ¢§i3uyHa MOJEIh HEMOBOPOTHOTO
BigBasa Oynpaozepa 3 KOHC wmae cyTTeBi mepeBard MOpPIBHSIHO 3
HEMOBOPOTHUM BiJBajoM Oyibao3epa 3 TpaaumiiiHoro HC 3a Bcima
OCHOBHMMHU JOCHITHHUMH MapaMeTpamMH, a caMme: CepeJHE 3HAuYeHHS
MPOMYKTUBHOCTI 30umbmmnocss Ha 5%, cepeaHs cwia KOMaHHS
3menmmiacs Ha 30%, cepeqHs MUTOMa EHEProeMHICTh 3MEHIINIacs Ha

33



XV Mixnapoana koHdpepeHuis «IIpobieMn MexaHiKH 3a1i3HUYHOTO TPAHCIIOPTY»

41% a cepenHiit muToMHI KOE]IIIEHT OMOPY KONAHHIO 3MEHIIMBCS Ha
40%.

2. HaitbinpImmii BiICOTOK MO3UTHBHOI 3MiHH BKa3aHUX MOKA3HUKIB
BiAmoBigae ¢i3MYHIM MOENI HEMOBOPOTHOTO BifBana Oyibao3epa 3
KOHC 3 momoBxHIM 3MilleHHSIM KpaiB HOXIB X1=50 MM Ta omHi€r0
Maporo HOXiB, (X2=1).

3. HaiiMeHIIn# BiZICOTOK MO3UTUBHOI 3MIHM BKa3aHUX MapaMeTpiB
BiAmoBigae Gi3MYHIM MOZENII HEMOBOPOTHOTO BifBana Oylbaosepa 3
KOHC 3 momoBxHIM 3MilleHHsM KpaiB HOXIB X1=55 MM Ta nBoma
napaMu HoOXiB (X2=2), mpuuoMy y IOMY BHUMAJAKYy CEpeaHs Cuiia
KonaHHA (i3UIHOT MOJIeNi HEMOBOPOTHOTO BifgBaa Oynpao3epa 3 KOHC
Ooinpmia Ha 3,4% 3a BIANOBIAHY CUy AJIE HEMOBOPOTHOTO BiJBajia
Oynbao3epa 3 Tpamuiiinoro HC, a npoaykTuBHICTE — MeHIIIa Ha 35% 3a
MPOIYKTUBHICTH, HEMOBOPOTHOTO BifBasia OyibAo3epa 3 TPaAULliIHHOIO
HC.

4. Cepen BapiaHTiB (pi3MUHHUX MOJICJCH HETIOBOPOTHOT'O BijBasa
oymnpao3epa 3 KOHC npyroto 3a epekTUBHICTIO € MoJienb 3 X 1=50 MM Ta
X2=5 map HOXiB, TpeTbO — MoAeINb 3 X 1=50 MM Ta X2=4 mapu HOXIB,
4eTBepTOr0 — Mojienb 3 X1=50 MM Ta X2=3 nmapu HOXIB.

Crig 3a3HaYUTH, 110 30UTBIIEHHS TPU3MHU BOJIOUIHHS IPYHTY TIepe]]
B1JIBaJIOM B1A0YBA€ETHCS y TOMY YHCII1 1 3@ paXyHOK BCTAHOBJIEHHS O14YHUX
KOCHHOK BiJ[BaJla 301IbIIEHUX PO3MIpIB.

3arajbHEe 3MCHIIECHHS MUTOMOI €HEPrOEMHOCTI MPOIECYy KOMaHHS
IPYHTY BiJ1I0YBa€ThCs 132 paXyHOK 3aMiHHM OJIOKOBAHOTO KOTIaHHS IPYHTY
HaITIBBIILHUM.

TexHoJi0ris 3acTocyBaHHs BiOpaniiHUX yIIIIbHIOBAJBHUX
MAIIMH 3 PO00YMMH OBEPXHAMH 0J10KY0UOI Ail A1 yIIiIbHEeHHS
IPYHTIB HH:KHBOI O0y10BM KOJIil

['maBanpkwmii K. 11., Yepkyninos B. E.
JIHINPOBCHKHIA HAIlIOHAILHUHN YHIBEPCUTET 3aJII3HUYHOTO TPAHCTIOPTY
M. akan. B. A. JIazapsiHa
kazimir.glavatskij@gmail.com
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This thesis is related to the development and substantiation of physical
models of variable working bodies of vibroplates and vibrations for
effective sealing of bulk binding soil, as well as soil under normal
conditions of occurrence. The purpose of the work is to increase the
productivity of GUM in order to ensure maximum soil compaction by
applying profile surfaces of the working bodies of the GUM of dynamic
action with relief working surfaces of blocking action on the soil.

OTOT TE3UC CBS3aH C Pa3pabOTKo M 00O0CHOBaHHMEM (U3HUECKUX
MoOJIeNieH TIepEeMEHHBIX pa0O4YMX OPraHOB BUOPOILTUT W BHOpAIUil Jist
3 (PEKTUBHOTO YIUIOTHEHUS HACBITHOTO TPYHTA, a TaKkKe TpyHTa B
HOPMAJIbHBIX ~ YCIIOBHSIX — 3ayieraHus. llenpro  paboThl  siBiIseTCs
MOBBIIIICHUE  MPOAyKTHBHOCTH ['YMa ¢ 1enpio  obecrieueHUs
MaKCHUMaJIbHOTO YIUIOTHEHHSI TPYHTa IYyTEM HAHECEHHS MPOQPHILHBIX
noBepxHocTel pabounx opraHoB ['YMa auHaMUYeCKOTO ACUCTBUS C
penbeHBIMU paOOYMMHU TTOBEPXHOCTSAMHU OJIOKHPYIOLIETO JIEHCTBUS Ha
TPYHT.

[l Te3a moB's3aHMil 3 PO3POOKOIO Ta OOIPYHTYBAHHSM (PI3UUHHX
Mojiele 3MIHHUX poOOYMX OpraHiB BHOPOIUIMT 1 BiOpariil ams
€(eKTUBHOTO YIUIUIBHEHHS HACHIIHOTO IPYHTY, a TaKOX TPYHTY B
HOPMaJIbHUX yMOBaxX 3ajisiraHHs. MeToo poOOTH € IIiJIBUIICHHS
npoayktuBHocTi ['YMy 3 Meroro 3abe3ledeHHs MaKCHMajIbHOTO
VIIUIBHEHHS TPYHTY MLUIIXOM HAHECeHHsS MNpO(UIBHUX IOBEPXOHb
pobounx oprasiB I'YMy nuHamiuHOi Oii 3 penbeHUMH POOOUHMHU
MOBEPXHAMU OJIOKYIOUOTO /i Ha TPYHT.

BiOpoTpam0iBKK BUKOPUCTOBYIOThH MPH YILIUIBHEHI CIIOPYKEHOTO
IPYHTOBOTO TIOJOTHA 3ali3HUYHOI KOJii, Yy 3BSI3KY 3 THUM, LIO
NepCreKTUBHA TEHJEHIsl OpraHizamili IIBHAKICHOTO pyXy, KU
NOB’SI3aHUM 3 SIKICTIO YTBOPEHHsS HMKHBOI 1 BEpXHBOI OyJOBM KOJIi.
30kpema, HIKHSI 0yZ10Ba KOJI1i CYyTTEBO 3aJIEKUTH BiJ] IKOCT] YIILTbHEHHS
rpyHty. Kpim Toro, cTBoprorouu Apyri Kojlii Ta 30UIBIIYIOUM pajiycu
KPUBHUX, MOXHA JOCATTH IM1IBUILIEHHS HIBUAKOCTI pyXy Ha 06a31 ICHYIOUHUX
3ami3Hulpb. BiOporpamOiBku 3a0e3nedyioTh e(eKTUBHE YIIIIbHEHHS
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3B’S3HUX Ta HE3B’SI3HUX IPYHTIB (Y TOMY YHCII 1 KPYIHO YJIaMKOBHX, a
TaKOXX CyXOil IVIMHHM), K IPaBUJIO, HA JIPyroMy eTaill iX YUIUIbHEHHS,
TOOTO Ticiis poOOTH MAaLIHH KOTKOBOTO TUILY. O0IacTh iX BUKOPUCTaHHS
MOLIMPIOETHCSI HA YUIUIBHEHHS IPYHTOBOIO IOJIOTHA JOpIr, SKi
OyIylOThCsI, Tepea Ta MICHs YKIAAKd achaabTHOTO YU OETOHHOTO
MMOKPUTTS, IS YIIUIBHEHHSI OCHOBH 1] 1aMOaMu Ta BIJIKOCIB HACHITIB, B
oOMekeHNX rabapuTHUX yMOBaX 1 HE3pyUYHHUX MICISIX Ta MPU YIIIIbHEHH]
3aCUIIaHUX KOTJIOBAHIB, TPAHLIEH, SIM.

OcHoBHa mepeBara TpaMOiBOK Iepea KOTKaMH y TOMY, IO IIMMHU
MallliHaMHM MO’KHa MPOAYKTUBHO YUIUIBHIOBATH IIApU I'PYHTY 3HAYHOI
TOBIIMHK, TPOBOJUTH YIIUIGHEHHS OKPEMHUX MUISHOK HACcHIy Ta
BUKOPHUCTOBYBaTH iX B KOMIUIEKCI 3 IHIIMMH YIIUIbHIOKOYUMHU
MaIlInHAMH.

EdexTrBHE ylIIIbHEHHS 3B’ I3HUX Ta HE3B SI3HUX IPYHTIB MOKJIMBE
3  BHUKOPHUCTaHHAM BiOpomomanok 1  BiOporpam6OiBok.  Taki
rpyHTOYymUIbHIOOYI MamuHu (I'YM) BUKOPUCTOBYIOTHCS, MEPEBAXKHO,
IpHU YIIUTBHEHHI HE3B’S3HMX YW CJIa00 3B’S3HUX TPYHTIB (IIIIAHUX,
cymimanux). O6nacTe iX BUKOPUCTAHHS MOLIUPIOETHCS TAKOXK Ha yci
oOcsru poOIT, MOB’A3aH1 3 JOKAJIBHUM YUIUIbHEHHSM TPYHTY Y MICLSIX,
Ba)XKOJOCTYITHUX UM B3araji He JOCTYITHHUX JUIS MallIMH KOTKOBOTO TUITY.
Taki MalIMHU MOXXYTh OYyTH BUKOPUCTaHI HE TIJIBKU JUJISI OCTAaTOUYHOTO
03/100J71eHHs YIIUIbHEHOI MOBEPXHI, a 1 JJI MPOMIDKHOTO YIIIIbHEHHS
TPYHTY.

Bei Bimomi I'VM cratuunoi 1 nuHamiyHOi i moOyaoBaHi 3
ypaxyBaHHSIM OCHOBHOTO TIPUHIMITY YIIUTBHEHHS TPYHTIB, a came
CTBOPEHHS Ha TIOBEPXHI IPYHTY HaNPy>KEHb, 1110 HE TIEPEBUILLYIOTh MEXY
MJIACTUYHOCTI TPYHTY.

Byno 6 mominbHO 3acTOCYBaTH 1i MAIIMHU TSl 3B SI3HUX IPYHTIB,
CTBOPUBILIM Ha IIOBEPXHI KOHTAaKTy poOOYOro oOpraHy 1 MaIIMHU
HaNpy’>KeHHsI, 110 MEPEeBUIIYIOTh MEXY IJIACTUYHOCTI, THUM CaMUM
MPUCKOPUBIIN TPOLEC YIIUIbHEHHSI TPYHTY i poOOYMM OpraHom
(OCKIIBKH PO3IMOB3aHHS TPYHTY 3HIDKYE MPOJYKTHBHICTH MAIIMHHU). A
Te, M0 TPYHT Oyae TMepeMillyBaTUCh y BEPTUKAIHHOMY HAIPIMKY,
MOJKJIMBO BHMKOPHCTaTH SK KOPHUCHY pid. 3a paxyHOK IIbOTO BiKe
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YIIUTBHEHOTO TPYHTY MU OTPUMYEMO Iepeiaiody JIaHKy BiJ HOBEPXHi
pobodyoro oprany A0 IIapiB HE YIIUIBHEHOTO TPYHTY, SIKi MOMEPEIHBO
BiJICHIIaHi 1 IPH LIbOMY MOXJIUBO iX TOJJATKOBO YIIUTBHHUTH.

OcHoBHa miepeBara TpaMOIBOK 1 BIOPOIUIOMIAOK TMEpel KOTKAMH Y
TOMY, L0 IIUMH MaIIMHAMH MOKHA MPOIYKTHBHO YIIUIFHIOBATH IIapU
IPYHTY MOPIBHSIHO 3HAYHO OUIBLIOI TOBIIMHHU, a TAKOX MPOBOJUTHU
VIIUTBHEHHS OKPEMHUX MUISHOK HACHIly Ta BHUKOPHCTOBYBAaTH iX B
KOMIUIEKCI 3 IHIIUMHU YIIIIbHIOBAJIbHUMHI MalllUHAMH.

MogpepHizaniss pobounx OpraHiB TaKUX MalIMH 33 MOIYJbHHM
MPUHIIMIIOM Ma€ CYTT€BI MEpeBaru mepes HIIMMU BapiaHTaMu. BoHu
HOJISATAIOTh Y TOMY, IIO:

- Tmo-mepie, OKpeMi iX KOHCTPYKTHUBHI €JEMEHTH MOXHa
BUKOHYBAaTH Y BUIIISAI YHI(DIKOBaHUX OJIOKIB — MOJYJIIB, 3 IKHX, 3AJICIKHO
BiJl TEXHOJIOTIUHUX BUMOT, MOXHa 310paTu MOTPiOHY KOH]Iryparito
po6ouoro oprany (PO) ymiasHIOBaIEHOI MAITMHH;

- MO-Apyre, HE TMOTIPUIYEThCS MOYaTKOBUM craH 0Oa3zoBoro PO
MaIluHH, J0 SKOT0, IPpU HEOOXiTHOCTI, MO’KHA ITOBEPHYTHUCS y KOXKHUH
MOMEHT;

- TIO-TpeTe€, 3MEHINYEThCS HOMEHKIATypa KOHCTPYKTHBHHUX
€IEeMEHTIB 1 MallMH Yy I[JIOMy, OCKUIBKM KO)XXHAa MallliHA MOXe
KOMIUIEKTYBAaTUCS 3MIHHUMH MoxaylsiMu PO, 1o mnpu3BOIUTH 10
HOJIMNIIEHHS X SIKOCTI 3@ paXyHOK TJTMOOKOTO MPONpAIfOBaHHS.

[TepeBaramu po3poOKH MOBEPXOHb OJIOKYIOUOT il € MOMJIHBICTH
OOMEXEHHSI BUCIIM3aHHSA TPYHTY 3-IiAg Ojokyrodoi moepxHi PO i
BUKOPUCTAHHS TPYHTY, SIK TIEpeNalvoi JAaHKH IS YIIITbHEHHS HIKHIX
nIapiB.

B ocHoBi po3poOku PO 3 moBepxHEr OJIOKYIOUOi il JICKHUTH
tpamuuiiauit PO BiOporutu. [l BHUKOHAHHS IEPCIEKTHBHO-
MONTYKOBHX JIOCIII/KEHB 3aIPONOHOBaH1 BapianTu npodimo PO:

a) I[l-moxibuuii npodine PO mocTiliHOTO MonepedHoro mnepepiszy 3
BHUCOTOIO, PIBHOIO TOBIIMHI CBIXO BIJCHIAHOIO IIapy TPYyHTY,
NPU3HAYEHOTO [l HACTYITHOT'O YIIIIbHEHHS;

0) aHasioriuHui BapiaHTy (a) npodiab 3 BEPTUKAIbHUMU TOHKHUMH
MOJOBKHBO PO3MILIEHUMH IJIAaCTUHAMH, BHUCOTOIO, piBHOIO BHcOTI II-
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NnoAiIOHOTO MPOQLTIO, IO MOAUISIOTH OOMEKEHY HUM 30HY YIIUIbHEHHS
TPYHTY Ha MIEBHY KIJIbKICTh YaCTHH 3a/1aHO1 (hopmu;

B) aHajoriuHuii Bapianty (0) mpodinb 31 3MIHHOIO IIUPUHOIO
IUIACTHH, TIOCTIHHOIO BIPOAOBXK YCI€T iX TOBXKHUHH;

T') aHAJIOT1YHUH BapiaHTy a) Mpodias poOOU0i MOBEPXHI TPUKYTHOTO
1 XBUJISICTOTO TIOTIEPEYHOTO MEPETUHY (KUIBKICTh BCTABOK 3MIHHA);

1) BapiaHTH, aHayoTiuHi (a), (0), (B), (T), 31 3MIHHAM MEPETUHOM
Mepepi3oM IO BHUCOTI, MIMPUHI YW OJHOYACHO IMPOMOPIIHHO IO JBOX
BKA3aHUX MapaMeTpax.

OCHOBHHMM MapaMeTpoM MpH BU3HAYEHHI MPOAYKTUBHOCTI poOOTH
pobodoTro oprany 3 pi3HUM BHJIOM IIOBEPXHI Ta KUTBKICTIO pedep € 00’ eM
YIIIJTbHEHHS, 3MEHIICHHS SIKOTO MPOMOPIIINHO 3MEHIIEHHIO IO
MOTIEPEYHOTr0 MEePEeTHHY YIIUIBHEHOTO TpyHTY. lIpu oMy BIacHUMH
JOCTIPKEHHSIMU TIEPEBIPEHO, IO AJIS PI3HUX IPYHTIB MaKCHUMaJjbHE
3MEHIIEHHS 00’ eMy TIpH Horo yiiiibHeHH1 ckianae Big 15 mo 40%.

3 MeTOI0 MOpIBHSAHHS Pe3yJbTaTiB EKCIEPUMEHTY 3 BiIOMHUMH
MallMHAMH BHCOTY BIJICHIIAHOTO LIapy TPYHTY OepeMo CTaHAApTHY s
OLTBIIOCTI BIOPOTUINT.

['eomeTpuuHi mapameTpu poOOIOro OpraHy BHOMPAEMO 3 YMOBH, 110
oOMexyBaui OyayTh pu poOOTI TOXOAUTH 0 3a3JANIET1/1b YIILUTEHEHOTO
ITPYHTY Ta IIMpUHA B NeEpeaHid dYacTHHI poOouYoro oprany Oyze
MOCTIMHOIO 1 IOPIBHIOBATH IIMPHUHI KIACUYHOT BIOPOIUIUTH.

Bukonanus poGouoi moBepxHi PO penbedHOO mNpusBeae 1o
3017bIICHH 11 KOHTAKTHOI TUIOIII 3 TPYHTOM, a, OTXKe, 1 O 3MEHIIICHHS
MUTOMOTO THCKY Ha rpyHT. Lle 103BOMUTH OUIBII TUIABHOTO BUAAISTH 3
YIIUIBHEHOTO MacUBY Ta30MO1I0HY 1 piiMHHY (a3y IpyHTY.

PenbedHicTh 30BHIMIHBOI MOBEPXHI YUIUIBHEHOIO ILIApYy TPYHTY
CTBOPIOBaTMME YMOBU JUIsI JOAATKOBOTO OJIOKYBaHHS HAaCTYITHOTO
HACUIaHOIo HIapy TPYHTY MPHU HOro yIIIIbHEHHI.

3acTocyBaHHs 3MIHHUX pobouMx MIOBEPXOHb
IPYHTOYUIUIbHIOBAIBHUX ~ MAlIMH  OJOKyro4oi  Jii  JO3BOJIUTh
iHTeHCcuiKyBaTH mpolec cTadurizalii yiJbHEHOr0 MacuBy TPYHTY 3a
YyMOBHM 30UIBIIEHHS MPOAYKTHUBHOCTI MaIlMH 1 PO3MIUPEHHS iX
TEXHOJIOTTYHUX MOXKIIMBOCTEH.
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Hocainxenns pakTopis, 0 BILIMBAIOTH HA 0e3MeKy
(yHKUioOHYBaHHS 3aJi3HMYHOI TPAHCIIOPTHOI CHCTEMM 1 il
nmiacucreMm

Kiroer C. O., Measenes €. 11.
CxinHoykpaiHCbKHI HalioHANBHUM yHIBepcHuTeT iM. B. Jlans
sergistreet@gmail.com

A theoretical study is devoted to the analysis of factors that affect the
safety of the functioning of the railway transport system and its
subsystems. To ensure the protected status of the RTS, it is necessary to
minimize the influence of internal organizational and technological
factors. It was established that for the timely identification of factors that
have a significant impact on the safety of the functioning of railway
transport, it is necessary to develop a software package for predicting the
level of safety for individual subsystems.

Teoperndeckoe rccnea0BaHKE MTOCBALICHO aHANIN3Y (DaKTOPOB, KOTOPHIE
BIMSIOT Ha 0€30macHOCTh (DYHKIIMOHHPOBAHUS IKEIEIHOJOPOKHOMN
TPAHCHOPTHOM CHCTEMBl M €€ MOACHUCTEM. YCTAHOBIEHO, 4YTO IJIs
CBOEBPEMEHHOTO BBISBICHHS (DAKTOPOB, OKA3BIBAIOIINX CYIIECTBEHHOE
BIMsHHE Ha 0e30MacHOCTh (YHKIIMOHMPOBAHUS HKEJIE3HOJOPOKHOIO
TpaHCIIOPTa, HEOOXOAMMO pa3paboTaTh MPOrPaMMHBIM  KOMILIEKC
IPOTHO3UPOBAHUS YPOBHS O€30MIACHOCTH IO OT/JIEJIbHBIM MOJICHCTEMAM.
TeopeTnuHe JOCHKEHHS TPUCBAYEHE aHalmizy (akTopiB, SKi
BIUIMBAIOTh Ha Oe3rneKy (pyHKIIOHYyBaHHS 3aJi3HUYHOI TPaHCHOPTHOT
CHCTEMHM Ta ii mijicucteM. BcTaHoBIIEHO, IO JIJI CBOEYACHOT'O BUSBJICHHS
YUHHUKIB, 1[0 POOJIATH ICTOTHUH BIUTUB Ha Oe3neKy (DyHKIIOHYBaHHS
3aJII3HUYHOTO  TPAHCHIOPTY, HEOOXITHO pPO3pOOUTH  IPOrpaMHUM
KOMIIJIEKC MIPOTHO3YBAHHSI PiBHS O€3MeKH 0 OKPEMHM ITiJICHCTEMAM.

HoBi ymoBM ekcrutyaTamii Ha 3aii3HUISIX YKpaiHM MOB’sA3aHi 3
IHTerpamiero YKp3ali3HUIl B MDKHApOJHY CHUCTEMY TPAHCIOPTHUX
KOPUOPiB IPU3BOASATH 10 HEOOX1HOCTI pO3BUTKY Ta BIIPOBAPKEHHIO Ha
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MariCTpaJlbHHUX JIIHIAX TEXHIYHOTO MPOrpecy, MOJEpHi3allii pyXxoMoro
CKJaay, YAOCKOHAJICHHIO TEXHOJOrll IepeBe3eHb Ta IM1JBUIICHHIO
MIBUJIKOCTI  pyXy 3ali3HUYHOTO pyxomMoro ckmamy. IligHarTs
MaKCUMaJbHUX HIBUAKOCTEH pyXy MOI3[IB CHPUATUME MPUCKOPEHHIO
JOCTaBKM TMACAKUPIB M BaHTaXiB, a TaKOX 30UIBLICHHIO MPOITYCKHOI
CIIPOMOXHOCT1 3ali3HUIb. [liABUICHHS HaWOLIBIINX JOMYCTUMHUX
MIBUAKOCTEH € OJHUM 13 3aco0iB [ MiTHATTS MAapHIPyTHHUX
MIBUJKOCTEH pyXy Moi3miB. Bce 1ie 103BOIUTh MOCHIMTH 1HTErpaIiiHi
npolecu MK KpaiHaMu, ajie MPU3BOAUTH 10 HEOOXiTHOCTI KOHTPOJIIO Ta
KUIBKICHOI OI[IHKM JUHAMIYHOT HaBaHTaKEHOCT1 PyXOMOTO CKIIay JUIs
3abe3neueHHs 0€3MeYHOro Ta HAIITHOTO CIIOTyYeHHSI Ha 3aTI3HULISX.

Orinka cTany cipaB 11100 3a0e3neueHHs 0e3neku PyHKIIIOHyBaHHS
B BAaHTOXKHOMY TOCIIOJIaPCTBI BUMArae BU3HAUYCHHS OCHOBHHX MPOOJIEM y
il cdepi Ta po3poOku HUIAXIB iX BUpimeHHs. Cepel HUX TOJOBHOIO €
MEPEeBE3CHHSI BaHTaXI, OCKUIBKH OUIBIIICTh MIFOYMX HOPMATHBHHUX
JOKYMEHTIB HE Nepen0avyaroTh OIIHKY piBHA O0e3Meku (PyHKIIOHYyBaHHS
3ai3anaHoi TpancnoptHoi cuctemu (3TC).

Hopmanene ¢yskuionyBanHs 3TC MOXIMBO TUIBKM HUISIXOM
3J1arOJKEHOT 1 ONepaTUBHOI poOOTH TPyl MIJCUCTEM: IHPPACTPYKTYpH,
KOMEPIIfHOI, BaHTa)KHOi, MAaHEBPOBOI 1 MOI3HOI, IO MPEICTABIAIOThH
co0010 CBOEPITHI TEXHOJIOTIUHI MPOLECH 3 XapaKTEPHUMHU Ji1 KOKHOTO
3 HUX 0coOnuBOCTSAMHU. KOKHa 3 MiICHCTEM Ma€ BIIACHY TEXHOJOTIO
poOOTH, CBOE TEXHIYHE OCHAIEHHS, BJacHI OCHOBHI (OHIHU, CBIH
creniaibHO MiArOTOBICHUN TEXHIUHUI MepcoHal.

Bci migcuctemu 06'emHaHi MK cOOOI0 BHYTPINIHIMH 3B'SI3KaMH 1
BCTYINAIOTh MDK CO0OI0 B TEXHIYHI, TEXHOJIOTIYHI Ta (iHAHCOBO-
€KOHOMIYH1 BIJIHOCHMHM, 0€3 4O0ro HEMOXJIMBO HOpPMaJbHUI mnepedir
nepeBizHoro mporecy. Yitkoi 1 Oe3mepebiiiHoi poOOTH cucTeMH,
BHUKJIIOYEHHS BUMAJKIB BHHUKHEHHS PH3UKIB, TOCATHEHHS METH 1
BUPIIICHHS TOCTaBICHUX 3aBJaHb MOXJIUBE JOCSITTH TITBKU NUISIXOM
TicHOI B3aeMOJil IJACHCTEM MDK Cc000X0, BHKOHAHHSIM BHMOT
pErIaMeHTYIOUuX JOKYMEHTIB, JOTPHUMAaHHSIM HOPM 1 HOPMATHUBIB
pobotr. 3 METO BHSBJICHHS HaWOLIBIN 3aJeKHUX BiJ HACTaHHS
BUIMA/IKIB PU3UKY MIJCHCTEM PO3TIITHEMO IIsSIbHICTh KOKHOI OKPEMO.
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Komeprmiitna  migcucrtema — 3[AIMCHIOE — 3aJy4eHHS  KJIIE€HTIB
3aJII3HUYHOTO TPAHCIOPTY, YKJIAJCHHA JOrOBOPIB Ha MEpeBe3CHHS,
MapKETUHTOBI JOCHIKeHHs, (DiHAaHCOBI omeparlii Tomo. L migcucrema
He BILIMBac Ha BaacTuBocTi 0e3nexku 3TC, OCKUIBKY HE Ma€ BITHOIIEHHS
JI0 OpraHi3allii mepeBi3HOro Mporecy, He Oepe yJacTi B HbOMY, a JIHIIIE €
HirOTOBYMM €TaroM, 0e3 sIKOro rnepeBe3eHHs He BiA0yAeThCs K Taka.

MasneBpoBa MificHCTEMa peali3yeTbCs 3a JOMOMOTOI0 KOMILUIEKCY
MaHEBpPOBUX pOOIT: CBO€4YacHa 1 SKICHA BiAYCIUICHHS-TIPUYETIIICHHS
BaroHiB, iX IMEpecTaHoOBKa, COPTyBajbHI omepamii Tomo. [Ipu mpomy
MpaIiBHUKY MIACUCTEMH 3000B's13aH1 3/1IICHIOBATH MaHEBPOBI orepartii
TaKUM YHHOM, MO0 3ale3medyBayiacsi Oe3meka pyxy, 30epeKeHHs
BaHTaXIB 1 PyXOMOro ckjiamy. Y MAaHii MicUCTEeMi TaKOX MOXYTb
3'IBUTHCS HEOE3IeUHI YHHHUKH 1 BUIAJIKH PU3UKA, IO MPU3BOISITH 10
nopymieHHss Oe3meku dYepe3 TMOMHIKM TEXHIYHOTO IepCcoHaly,
HeOe3NMeYHUX BIJIMOB TEXHIYHUX 3aco0iB, TIOPYIICHHS BUMOT
HOPMATUBHUX JIOKYMEHTIB.

[loi3Ha mimcucTema 3AIMCHIOE CBOIO IiSUTBHICTH 32 JIOTIOMOTOIO
KOMIUIEKCY MIACHUCTeMU 1H(GPACTPYKTYpPH: PYXOMHH CKIIaJ, LUIAX,
CHUCTEMHU E€HEPronoCTauyaHHs, aBTOMATHUKH, TEJIEMEXaHIKd 1 1H. SBmse
co0010 CYKYIHICTh TEXHIYHUX 3ac00iB, (YHKIIIOHAJIBHO
B3a€MOIOB'SI3aHUX 1 NMPU3HAYEHUX JJI BUKOHAHHA IOi3HOI poOOTH B
perJaMeHTOBaHUX YMOBax. TyT TakoXX MOXIHWBE BUHUKHEHHS
Bpaxkarouux (paxTopiB uepe3 HeOE3MeKy BiJIMOB TEXHIUHHUX 3aco0iB,
MOMMJIOK TalliBHUKIB, HETOTPUMAaHHSI HOPMATHUBHOI JOKYMEHTAIlii.

[Tincucrema iHQpacTpyKTypu BKIItOYae B cebe BCl rocrnoiapcTsa,
3a0e3meuye TMEpeBi3HUNH MpoIec 3a JJAOMOMOIOI HaJaHHS MOCITYT
po0OTOI0 OCHOBHMX (DOHJIIB: KOJIWHUN PO3BUTOK, €JIEKTPOIOCTAaYaHHs,
PYXOMHMIA CKJIaJl, CUCTEMH AaBTOMAaTHKH 1 TeIEeMEXaHIKU, 3B'S30K,
BOJIOTIOCTAa4YaHHS 1 BOJIOBIIBEICHHS Ta 1H. be3nepeObiitHa poOoTa TEXHIKH
1 oOiagHaHHS, CBO€YacHe 1 SKICHE NpPOBEeNEHHS 11 TEXHIYHOTO
00CITyTOBYBaHHS 1 pEMOHTY O€3ITOCEpEIHhO BIUIMBAE Ha 3a0€3MeYeHHS
6e3nexu B 3TC.

3 BHIIEBUKIAAECHOIO BHAHO, IO 3 TMO3UIIl 3a0e3meueHHs
6esneuynoro crany 3TC AOMIMBHO PO3MISIIATH YOTUPHU IMiICUCTEMHU:
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1HpPaCTPyKTYpH, BaHTaXHY, MaHEBpOBY 1 Mmoi3Hy. besmeky poGotu
TPAHCIIOPTHOI CUCTEMH B LIJIOMY BU3HAYAE€ThCS O€3MEKOI0 CKIIaJ0BUX 11
€JIEMEHTIB: TEXHOJIOTIYHHUX ITiJICCTEM, MTPOIECIB 1 OMepartii.

Ha migcucremu, sk i Ha camy 3TC, BrumBarTh 30BHIIIHI 1
BHYTPIIIHI YMHHHUKH. 30BHIIIHI (AaKTOPH NPU3BOAATH J0 YHCICHHHX
KEPTB 1 BTpAT MaTepiaibHUX I[IHHOCTEH, TPUBAIMM 1 MacIITaOHUM
€KOJIOTIYHUM 3a0pyTHEHHSIM.

Jo 30BHIIIHIX (aKkTOPiB, 110 BIIMBaOTh Ha 3TC, BITHOCTH:

- IPUPOJIHI: CTUXIHHI TNXa, TOBEHI, 3eMJIETPYCH, yparanu, 3CyBH Ta
1H.

- TEXHOJIOTIYHI: BUKUIM pajiallii, BUTIK HEOe3MEUHUX MPOIYKTIB 3
HIKIJUTMBUX BUPOOHUITB, BUOYXxu peakTopiB AEC Ta iH.

- COIaNbHI: TONITUKA YypsAY, TEPOPUCTUYHI aKTH, JEBaIbBallii,
3pOCTaHHS I[IH Ha EHEPropecypcd Ta IHIII CKJIaJ0BI TPAHCIOPTHOI
MIPOJYKIIiT Ta iH.

Sk BUJHO 31 CKIAMOBUX 30BHINIHIX (PaKTOpiB, BIUIUB Ha JaHE
CepeIOBHINE MPAIiBHUKIB 3aJII3HUYHOTO TPAHCIIOPTY HEMOKIHBO. J[iIst
CKOPOYEHHS PO3MIpiB BTpAT BiJ BIJIUBY 30BHIIIHIX (DaKTOPIB HEOOX1THO
MPOBOAUTA  MPOQUIAKTUYHI ~ 3aXOJH, CHPSMOBaHI HA  3aXHUCT
TEXHOJIOT1YHHX MPOIIECIB.

Takum uymHOM, 3 To3uIlii 3abe3neuyeHHs Oesneku pyxy B 3TC
JOLUIBHO PO3MIIAIaTH TUIBKK BHYTPILIHI a00 eKcIulyaTauiifHi ¢akropu,
Ha sKI MOXJIUBUH BIUTUB TPAI[IBHUKIB 3aJTI13HUYHOTO TpaHcmopTy. Ha
OCHOBI aHaJi3y cTaHy Oe3MeKH Ha 3ali3HULAX YKpaiHu B OCTaHHI POKH,
BC1 BHYTPIIIIHI YUHHUKHA MOKHA PO30UTH Ha J1BI TPYNH:

- Oprafi3alifHO-TEXHOJOTIYHi, IO BKJIIOYalOTh B  cebe
OprasizaiiiiHy poOOTy CHUCTEMH BiJi MOMEHTY NPUHOMY BaHTaXy [0
NepEeBE3eHHS 10 MOMEHTY HOro BUJiaul BAaHTaX0O0AEPKyBavy;

- TeXHIYHI, SIKI BKJIIOYaIOTh B ce0€ CHpaBHICTb POOOTH TEXHIKH,
o0J1aJiHaHHS, PyXOMOTO CKJIaay Ta BCi€l iHPpacTpyKTypu CHCTEMH.

BusiBneno, mo 6e3mocepeTHpO0 MPUYUHOK TOPYIICHHS Oe3meKu
¢yukuionyBanHs 3TC € BiAMOBM TEXHIYHUX 1 amapaTHUX 3aco0iB,
BHUKJIMKAaHI HEOE3NMEYHUMHU TMOMUJIKAMH TEXHIYHOTO TEpCOHATY,
MOPYLIEHHS pPErJIaMEHTYIOUMX JIOKYMEHTIB, HH3bKa BHMKOHABChKa

42



XV Mixnapojana koHpepeHis «IIpobieMu MexaHiKH 3a1i3HUYHOTO TPAHCIIOPTY»

JTUCLHUIUTIHA TPAliBHUKIB, HU3bKUH PIBEHb YIPABIiHHS Ta KOHTPOJIIO, a
1HOA1 1 HEOe3meyHi /i1 BaHTaKOB1AIPABHUKIB.

Takum uwmHOM, uis 3a0esnmedeHHs 3axuiieHoro crtany 3TC
HEOOXIJTHO 3BECTH JO0 MIHIMyMYy BIUIMB BHYTPIIIHIX OpraHi3aliiHO-
TEXHOJIOTIYHUX (haKTOpiB, M0 Tmependadae, TMO-TepIie, HasBHICTH
TBEPAUX 3HaHb 1 OE3yMOBHE BHUKOHAHHS HOPM YTPUMaHHS TEXHIYHHX
3ac00iB B CIIpaBHOMY CTaHi, HOPSAKY 1 MpaBUi poOOTH B YCiX JIaHKaX
ckyagHoro mporecy. Ilo-apyre, HEOOXiAHO MPOBOAUTH 3MIHU IIOUUX
HOPM, BUMOT, TIOPSAKY Ta IPABHI POOOTH, BUKIIMKAHI HOBUMH YMOBaMH
po0OTH, BIPOBAKYBATH OUIBII JOCKOHAII TEXHIYHI 3ac00iB Ta iHII
YMOBH, 1110 BUMAraroTh MEPETJISITY 1 KOPUTYBAHHS TIFOUUX HOPM 1 TIPABHIT
poboTH.

Jlnst BUABIICHHST OCHOBHHX (hakTopiB, mo BrumBaooTh Ha 3TC, i
PO3poOKHU MPOPIIAKTUYHUX 3aX0/iB HEOOXITHO PETyJIsipHEe MPOBEACHHS
MOHITOPHHTY Ta MIPOTHO3YBaHHS CTaHy Oe3reku poOOTH BCiX MiJICUCTEM.

YaockoHa/leHsi TATOBUX PO3PAXYHKIB VISl ACAKUPCHKHUX
noi3aiB

KoGenp M. O., Kamia M. 1., Kucmuii /{. M.
JIHINPOBCHKUI HAIlIOHAJILHUI YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
iM. akaz. B. A. Jlazapsina
dmitriykisliy@gmail.com

The research is devoted to the operating reduce passenger train traction
expenses by choosing economically justified conduct of the individual
regimes. Using a mathematical simulation model trains, solved the
problem of the definition of rational management locomotive for the
individual phases of motion and compiled relevant functional
dependencies. Rational management energy-saving functions allow you
to calculate the trajectory of train movement, excluding the timetable.

HccnenoBane NOCBAIICHO CHIDKEHHUIO 3aTPaT Ha TATY MOE3/0B 3a CUET
BbIOOpa 00OCHOBAHHBIX PEKUMOB BEIEHHUS Maccakupckoro mnoesna. C
MOMOIIIBI0 MaTEMaTUYeCKOro MOJAETMPOBAHUSA, PACCMOTpPEHa 3ajaaya
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OTIpeIeTICHUS paIoHATBHOTO yIpaBIeHUS MaCCaKUPCKUM
JJOKOMOTUBOM U  OIPEHICICHBl COOTBETCTBYIOINIHME 3aBUCHMOCTH.
OyHKIMKA yHPaBIEHUS TMO3BOJSIOT BBIUUCISTH JYHEProcOEperaronyro
TPACKTOPHIO JBMIKCHHUS MTACCAKUPCKOTO MOES3/1a.

JlocipkeHHsT TPUCBSAYCHO 3HUKCHHIO BHUTpAT Ha TATY MOI3IIB 3a
paxyHOK BHOOpPY OOIPYHTOBAaHHUX PEKHUMIB BEACHHS IMACaKUPCHKOTO
moizga. 3a JOMOMOrOK MAaTeMaTUYHOTO MOJCIIOBAHHS, PO3TIISHYTO
3aJlady BHM3HAYCHHS PAaI[ilOHAJLHOTO KEPYBAHHS IMaCaAKUPCHKUM
JIOKOMOTHBOM Ta BHU3HAYCHO BIANOBIAHI 3ayiexHOCTI. DyHKIHIT
KepyBaHHS  JalOTh 3MOTy  OOYHCIIOBATH  CHEPro3aolla/uKydy
TPAEKTOPIIO PYXY MACAKUPCHKOTO TOi3/1a.

OCHOBHUM 3aBIAaHHSM TEOPii TATH € AOCIIHKEHHS Ta PO3paxyHOK
pyXy moi3aiB. Y KiIacHuHild MeXaHilli 1 B TeXHIUHIA KIOEPHETHUIIl TaKOXK
MPOBOJATH PO3PAXyHKH Pyxy Tl 1 cuctem. OmHak 1imi i MeToau
BUPILLIEHHS 3aBJlaHb LIUX TPbOX CHOPIAHEHMX rany3ed 3HaHb MalOTh HE
TUIBKH CIIAJKOEMHUI 3B'SI30K, a i IesIK1 BIJIMIHHOCTI, SIK1 HEOOX1HO MaTH
Ha yBa3l MpU PO3PaXyHKY 1 IOCIIKEHH] PyXYy MOI3/1B.

Jlns po3paxyHKy pyXy Hoi3fa MOBHHHI OyTH 3a/aHl Maca CKJany,
cepisi JJOKOMOTHBA, TalbMiBHI 3aco0H, Mpodisib KOMii, po3TalIyBaHHS
cranuii Ha jiHil. [loTpiOHO BU3HAUMTH MEXaHIYHUH pyX 1 mapaMeTpu
CTaHy PYXOMOIO CKJajy, 10 3a0e3MeuyloTh JAOCSITHEHHs MOCTaBJIEHOI
METH MpHU AOTPUMAaHHI YMOB 0€31eKH 1 HaJlifHOCTI pOOOTH JIOKOMOTHBA.

3 MOCTAaHOBKM 3a/layi MpO YIpPAaBIiHHSA PYyXOM MoOi3/1a BUAHO, LI0
MOBa i€ TPO KEPOBAHMUN PyX CKIIAJHOI CHCTEMH, IO MEPECITiTy€e TIEBHY
Mmery. [lyis BU3HAUEHHS METH 1 BHOOpPY METOJy PpO3PaxyHKIB pyXy
CKJIAJHUX CHCTEM IIMPOKO BUKOPHUCTOBYETHCS TaK 3BaHWU CHUCTEMHUIA
X1/, CyTHICTb SIKOTO TOJISITA€ B TOMY, IO JUISI JOCITIDKEHHS MTOBETIHKU
CHUCTEMH HEOOXITHO BpaxOBYBATH B3a€MO3B'SI30K PI3HUX EJIIEMEHTIB
cucreMu. B3aeMo03B's30Kk MOBHHEH OyTH PO3MNISHYTUH HE K IPOCTa
MEXaHIYHa CYKYIHICTh €JIEMEHTIB, a SK €EIHICTh iX B3aEMOJIIA B
nocsirHeHHI MeTH. OTxe, moi3a OyneMo po3risiiaTH He SIK aBTOHOMHY
CUCTEMY, a SIK JIJAaHKy B CHCTEMI 3aJli3HHMIIl, a HOro pyX — K 4aCTUHY
TEXHOJIOTIYHOTO TMPOIECY IEepeBe3eHb. BiANOBiAHO 1O CHCTEMHOTO
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HiAX0My MeTa pyXy I0i3/1a MOBUHHA BU3HAYATHCSA BUXOJSYH 3 LIJIHOBOI
¢GyHKUIi J0oporW, sika 3BOAUTBHCS [0 3a0€3MEUEHHS MaKCUMaJIbHOI
IPOIYCKHOT 1 MPOBI3HOI 3/1aTHOCTI 3aJ1I3HUIb IUISIXOM 301JIBIIICHHS MaCcH
1 IIBUAKOCTI pyXy Im0i3/1B. 3pO3yMuI0, YHPABIIHHA PYyXOM MOKe
HepecililyBaTH i 1HII 3aBJaHHsI, aJie BC1 BOHU MIOBUHHI BUPIIIyBaTHUCS B
paMKax OCHOBHOi MeTH. LIl MOXXHa JOCAITH LUIAXOM YNpPaBIIHHA
CTaHOM 1 MOBEIIHKOIO CUCTeMHU. TakuM 4MHOM, pyX TOi3/1a Ha BiAMiHY
BiJ] IPUPOJIHOTO PYXY € IIeCHpsAMOBaHUM. Tak sIK MOi311 € €JIEeMEHTOM B
CHCTEMi 3aJi3HMLI, TO YMPABIIHHA HOrO pyXOM MiAMOPSAKOBAHE
6OBOI (PyHKIIIT, TEXHOJIOTIT epeBe3eHb 1 opraHizaiii pyxy moi3ziB 3a
rpagikom.

Jlns noTpuMaHHs rpadika pyxy MallMHICT, KEPYIOUHCh PeXKUMHUMHU
KapTaMu Ta BJIACHUM JOCBIZIOM, HiATPUMY€E IIBHUIKICTH PyXy Moi3a,
BIZIMOBIHY rpadiky pyxy. 3a yMOBH, LII0 KUIBKICTh 3yIIMHOK HEBEIHUKA,
s 3a7ada HE € CKJIAJHOI0. Y pa3i BEIMKOI KUTbKOCTI 3yIMHHOK, IO
nepeadayvae 3yluHKU Ta PO3IOHU, 33]1a4a YCKIIaIHIOEThCS.

OTxe, MPOTIOHYEMO 00paTH KPUTEPIEM ONTUMATHLHOCTI BUKOHAHHSI
rpadika pyxy noizui. [Ipu Tomy, po3rit noizaa, Ko po3risgaTH Horo
3 TOYKM 30py HAKONWYEHHS KIHETHMYHOI €Heprii, BHUKOPHCTOBYE
HaOIbIly KUIBKICTh €HEPropecypciB, TOMY JOJATKOBUM KpPUTEpPiEM
ONITUMAIIFHOCTI BB)KATUMEMO TPUCKOPEHHS T013/1a.

Jlns peanizaiii mporpamu €HEproonTHMi3alii peKuMiB BeIACHHS
NaCXUPCHKUAX TOI3IB  MPONOHYEMO BHKOPHCTATH OINTHMi30BaHUI
KJIACUYHUA METOJ TATOBUX PO3PaXyHKIB 3 BIPOBAKEHHAM (YHKIII1
ONTHUMI3AIli] 110 IPUCKOPEHHIO, TOMY OUIKYBaH1 Pe3yJIbTaTH PO3PaXyHKIB
MaroTh 3HU3UTH BUTPATH eHepropecypcis 10 5%, 3araibHuM 4ac Moi3IKu
0e3 BpaxyBaHHsl IPOCTOIB Ha CTaHLIAX Mae 30utbmuTUCh 10 10%, a
TEeXHIYHA MIBUJKICTh 3HM3UTUCH 10 6%. Cuig 3ayBakuTH, 10
PO3paxXyHKOBHM Yac pO3roHy 3 BUKOPUCTaHHIM (QYHKIIT ONTUMI3AIi] 1O
NPUCKOPEHHIO € CTaJlOI0 BEJIWYMHOIO, IO BIUIMBA€ HA MOJIMIICHHS
BUKOHaHHS Tpadika pyxy moi3miis.
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OueHka U NPOrHO3MPOBAHHE Pecypca TYPHOIO BaroHa
nocJie JJIMTEeTbHOU IKCILTyaTalluu

Konosanos E. H., [lytsaTo A. B., benory6 H. B.
VYupexnenue oOpazoBanus «benopycckuil rocy1apcTBEHHBIH
YHUBEPCUTET TPAHCIIOPTaA»
konovalov(@belsut.gomel.by

The techniques of definition and prediction of a resource of passenger
cars's construction with a different technical condition are offered. It is
based on use of tests's results of the typical representative and realized in
the form of the computer program. Results of application of a technique
for the passenger cars for personnel after long-term service are resulted.
Dependences of a residual resource for different areas of a bearing
construction from their technical condition are received. Importance to
expense of a resource of different types of loads is defined.
[IpemioskeHbl METOIUKH ONpEACTICHHUS W TPOTHO3MPOBAHUS pecypca
KOHCTPYKIIMM JICTKOBBIX aBTOMOOWJICH C PAa3JIUYHBIM TEXHHUYECKUM
coctossHueM. OH OCHOBaH Ha WCIOJB30BAHWU PE3YJIHTATOB TECTOB
TUIMYHOTO MPEJICTABUTENS] M pPEaTU30BaH B BUJE KOMIIBIOTEPHOU
nporpammbl. [IpuBeneHbsl pe3yibTaThl MPUMEHEHHS METOIUKH IS
JIETKOBBIX ~ aBTOMOOMWJIEH /sl TepcoHana [ocje MHOTOJIETHErO
obciyxuBanus. [lomydeHbl 3aBHCHMOCTH OCTAaTOYHOTO pecypca s
pa3NUYHBIX BHUJIOB HECyIled KOHCTPYKIMM OT HUX TEXHHYECKOTo
coctosiHusi. OrperniesnieHa 3HAYUMOCTh 32 CYET pecypca pa3HbBIX BHUIOB
Harpy3ox.

3anpornoHoBaHi METOAWKH BH3HAUEHHS Ta TPOTHO3YBAaHHS PECypcy
KOHCTPYKIIIH JIETKOBUX aBTOMOOLIIB 3 PI3HUMH TEXHIYHUMH YMOBaMHU.
Bin 0a3yBaBcsi Ha BUKOPHCTaHHI pe3yJbTaTiB TECTIB THUIIOBOTO
NpeJCTaBHUKA Ta pealli3aBaHWi y BHIJISAI KOMITIOTEPHUX HpPOTpaMm.
[lpuBeneni pe3ynpTaTd 3aCTOCYBaHHS  METOJUKH  JIISL  JIETKHX
aBTOMOOUTIB Il TepCcoHaNy Ticis 0araTopiyHOro OOCIyrOBYBaHHS.
OTprMaHO 3a1eXKHOCTI 3AJIUIIKOBOTO PECYPCY AJIs PI3HUX BUJIB HECYUOl
KOHCTPYKIIi BiJl iX TEXHIYHOTO CTaHy. Bu3HaueHO 3HAYMMICTH 3a
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PaxyHOK pecypcy pi3HHX BUIB HABAaHTAKEHb.

TypHble BaroHbl OTHOCSTCS K CIIy>)KEOHO-TEXHHUYECKOMY THILY U
npelHa3HayeHbl Ji1 pa3MEIleHUs MepcoHana, OOCIyKHBAIOLIETO
yTeByl0 TeXHHMKy. Ha benopycckoil keie3HOM Iopore B KadecTBe
TYPHBIX HCIOJIB3YIOTCS BaroHbl MacCaXUPCKOTO THUIA Pa3JIUYHBIX
MOJEJIEH, CpeIU KOTOPBIX CYILIECTBEHHYIO O 3aHUMAIOT BaroHbI
moxaenerd 47K wu 47]1, mocrpoiiku 3aBoga Ammengopd (I'AP),
HOPMAaTUBHBIX CpPOK CIYyKObl KOTOpbIX cocraBiuser 28 user. K
HACTOSIIIEMY BPEMEHHM COIJIac-HO HOPMAaTHUBHOM JOKYMEHTAallud Ha
OCHOBE TEXHHMYECKOIO0 JIMarHOCTUPOBAHMS  METAJUIOKOHCTPYKLUH
BaroHOB, CPOK CIYXOBbl JJsl CIY>KeOHO-TEXHUYECKOTO MOABHKHOTO
cocTaBa MOXET ObITh TpomieH A0 45 ner (npu BBINOJIHEHUH
COOTBETCTBYIOUIUX YCIOBUH U JUCKPETHOM KOHTPOJE TEXHUYECKOTO
COCTOSIHUS), 110CJIE€ KOTOPOTO BHE 3aBUCHUMOCTH OT €r0 TEXHUYECKOTO
COCTOSIHMSI, BarOH MOJJIEKUT UCKIIOUEHUIO0. B TO ke BpeMs mpakTuka
AKCIUTyaTalMd, a TaK)K€ MOHMTOPUHI TEXHHUYECKOI'O COCTOSIHMS (Ha
OCHOBE IMPOBEJCHUSI TOJIIMHOMETPUM M BHU3yalbHOTO KOHTPOJIA),
MIOKa3aJIM, YTO B OTVIMYKE OT ps/ia APYTHX MOJEIEH BarOHOB, 3a4acTyIO
UMEIOIMX  CYIIECTBEHHO MEHBUIMH CPOK  CIIyKOBI, HecyIas
KOHCTpyKUHUsl BaroHoB mojened 47K u 47]] Haxoautcs B Xopolem
COCTOSIHUH.

[TonBuxkHOM cocTaB, MMEIOIIUMN 3HAYUTEIBHBIA CPOK CIYXkKOBbI,
TpeOyeT JNOMOJHUTEIBHOTO KOHTPOJS A obecrieueHus: 6€30MacHOCTH
JBUKEHHUs. B CBA3M ¢ yeM, KpaliHe Ba)KHO 3HATh HE TOJILKO COOTBETCTBUE
IPOYHOCTH  HECYIIEW KOHCTPYKLMH aKTyaJbHOM  HOPMAaTHBHOMN
JNOKYMEHTallmuu, HO U (axkTuueckue  (U3NKO-MEXaHUUECKUE
XapaKTepUCTUKU MeTallIa.

Jl1st 060CHOBaHUS OCTATOYHOTO pecypca TypHOTO BaroHa mociue 45
JIeT HKCIUTyaTalliH BHITOJIHEHBI CIIeyIole padoThl:

— aHaIM3 TEXHUYECKOW NOKYMEHTAIlWW, YCIOBHUW JKCILTyaTaluH,
UHGOPMALIUK TIO TPOBEJCHUIO TEXHUUYECKUX OCBHIETEILCTBOBAHUN U
PEMOHTOB;

— pa3paboTaHbl JUArHOCTUYECKHE KapThl METAJUIOKOHCTPYKIUH
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BaroHAa, BBIIIOJHEHbl BU3YAJIbHbII KOHTPOJb, WM3MEPEHHUE TOJILIUH
9JIEMEHTOB KOHCTPYKLMHU, KOHTPOJIb CBAapHBIX IIBOB U OCHOBHOI'O
MeTajula, OTOpaKOBKa BaroHOB, a Takke OTOOp oOpasma ¢ XyAmum
TEXHUYECKUM COCTOSIHUEM JUIsl IPOBEACHUS UCTIBITAHUM;

— pa3pa0oTaHbl KOMIIBIOTEpHBIE MOJEIM U BBIIOJIHEHBI
BUPTYyaJIbHbI€ HUCIBITAHUSA BaroHa C y4eToM (DakTHUYECKMX 3Ha4eHUM
TOJILIUH 3JEMEHTOB KOHCTPYKLUHU JUISl OIpPENEIEHUs COOTBETCTBUS
JerpagpOBaHHON KOHCTPYKLIUU TpeOOBaHUAM aKTyaJbHON
HOPMAaTUBHOH JI0KyMEHTAaLIUN;

— TPpOBEIEHbl HATYpHbIE KOHTPOJIbHBIE HWCHBITAaHUS HECYyILIeH
KOHCTPYKIIMU BaroHa Ipy XapaKTEPHbIX peKUMAaX HarpyKeHUs;

— BBIIOJHEH AaHalu3 pe3yJbTaTOB pPACYETOB M HUCIBITAHUH,
YCTaHOBJIEHBI IIPOOJIEMHBIE 30HBI HECYLIEH KOHCTPYKLMH W3 KOTOPBIX
BbIp€3aHbl 00pa31bl JUIsl HCCIEI0BAHUS XUMUUYECKOIO COCTaBa U (PU3UKO-
MEXaHUYECKUX XapaKTEePUCTUK MaTepHalia HECYIed KOHCTPYKIINU;

— YCTaHOBJIEHbl XUMHMUYECKMH COCTaB U (PU3MKO-MEeXaHHUYECKHUEe
CBOWCTB Marepuajia HECYIIEW KOHCTPYKIIMU BaroHa Iocie JIUTEIbHON
9KCIUTyaTalliy, B TOM YUCIIE TPees BBIHOCIUBOCTH;

— BBIINIOJIHEHA PAaCcYEeTHO-3KCIEPUMEHTAIbHAS OLEHKAa OCTaTOYHOI'O
pecypca Hecylleld KOHCTPYKLMM BaroHa C Y4Y€TOM IPOBEIEHHBIX
UCIBITAHUN HATypHOrO OOBEKTAa M YCTAHOBJIEHHBIX XapaKTEPUCTHK
MaTepuaa.

TakuM 00pa3zoMm, Ha OCHOBaHMM KOMILIEKCA MPOBEJIEHHBIX padoT
YCTAQHOBJICHO, YTO Ky30B BaroHa 00JIaJaeT OCTaTOYHBIM PECYpCOM He
MEHee 7 JIeT HKCILTyaTaluu.

B TO Xe BpeMs, OCTaeTcsi HEpEIIEHHOW 3ajJada OIpeNeIeHUs
OCTaTOYHOTO pecypca (WM YyCTaHOBJIEHMSI €ro OTCYTCTBHUS) HeCylIeH
KOHCTPYKIIMM BaroHa IIPpM TEXHUYECKOM COCTOSSHUM OTJIMYHOM OT
COCTOSIHMSI BaroHa (TUIIOBOTO MPEICTaBUTEINSI), MPOIIEIIEr0 KOMILIEKC
COOTBETCTBYIOIMX HCHBITAaHUN. Peanu3anus onucaHHBIX BbIIE paboOT
MO3BOJISIET JJIsi 1-O KOHTPOJBHOM TOYKM HeCylled KOHCTPYKUIUHU
UCTBITAHHOTO BaroHa € j-M TEXHUYECKMM COCTOSHHMEM (TOJIIMHOMN
MeTaljia) NOJdy4YUTh 3HaYE€HHE OCTaTOUYHOro pecypca. st onpeneneHus
OCTaTOYHOTO pecypca i-0i KOHTPOJIbHOW TOUKH HECYIIeH KOHCTPYKLIUU
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¢ (J*+1)-M TEXHHYECKUM COCTOSHUEM HEOOXOJAMMO HMETh MAacCCHB
3HAYEHU AaMIUIUTYJIHbIX 3HAYEHUH JMHAMUYECKUX HaINpsHKEHUN B
paccMaTpuBaeMOil KOHTPOJIBHOM TOYKE C TONIIUHOW Tpu k-om
XapakTepHOM peXUMe HarpyxkeHus. 3aecb — Kod3(pduuueHt j-ro
COCTOSIHUM CHCTEMBI, YYWTBHIBAIOUIMA W3HOC (YTOHEHHE) Hecylei
KOHCTPYKILUU B 1-Oi KOHTPOJILHOI TOUKE.

Y4YuTHIBas, YTO MOJYyYEHHUE MACCHUBA IKCIIEPUMEHTATBHBIX JaHHBIX
TUHAMHYECKUX HaNpsHDKEHUH I KaXKIOro XapaKTepHOro pexuma
Harpy’)keHUsT M MIMPOKOTO JHMara3oHa HW3MEHEHHWH 3ajaya BecbMa
JOPOTOCTOSIIIAs ¥ 3a4aCTYIO HE BBIIOJIHUMAs, HEOOXOAUMO pa3padboTaTh
METOAMKY OIpe-ACJCHUs MacCHBa COOTBETCTBYIOUIMX AMIUIMTYIHBIX
HANpPSDKEHUH HA OCHOBE HMEIOIUXCS JKCIEPUMEHTANIBHBIX JTAHHBIX
TUIIOBOTO MPEICTaBUTEINA. Pemenne mocTaBieHHON 3a/1a4i BHIIIOITHEHO
HA OCHOBE pe3ylbTaTOB BUPTYAIbHBIX HCIBITAHUNW  HECyUIeH
KOHCTPYKIIMU BaroHa (KOMILJIEKC pacueTOB HAa OCHOBE KOMITBIOTEPHOTO
MOJICTIMPOBAHUS), KOTOpPbIE  IO3BOJSIOT  MOJYyYUTh  U3MEHEHUE
HANPSDKEHUH B 1-0M KOHTPOJILHOM TOUYKE JIJIst K-T0 XapakTepHOro pexxuma
HArpy>keHUsl B 3aBUCUMOCTH OT TEXHUYECKOTO COCTOSIHUA j.

[TpakTHKa BBITIOJHEHHS PACUETOB, B TOM YHCIIC MPUMEHHUTEIEHO K
00BEKTy HMCCIIeIOBAaHUS HACTOSIICH pabOTh, MOKa3ana, 4YT0 U3MEHEHUS
SKBUBAJICHTHBIX HAMPSHKCHUH OT TOJIIMHBI 3JIEMEHTOB TIPH PAa3TMIHBIX
pEeKHUMax Harpy>XeHHs C BBICOKOW JOCTOBEPHOCTHIO allPOKCHMHUPYIOTCS
JUHEHHBIM YypaBHEHHEM. Kpome TOoro, yCTaHOBJIEHO, YTO IPOLEHT
M3MEHEHHUs HaMpPsDKEHUN B MOJYYEHHBIX 3aBUCHUMOCTSIX NIl IIIMPOKOTO
CHEeKTpa HArpy3oK B Tpenenax KakKIoro Inara HM3MEHEHHsI OCTaeTcs
MPAKTHYECKH HEU3MEHHBIM.

Takum oOpazom, O0a3upysch Ha HKCIEPUMEHTAIBHBIX JaHHBIX
UCIIBITAHUN THUMOBOTO TMPEACTABUTENS W TONYyUYEHHBIX PACUETHBIX
3HAYCHHSAX, TIOJY4YeHa BO3MOXKHOCTH OIPEIENICHHs] MPOTHO3HBIX,
pacueTHO-IKCIIEPUMEHTANBHBIX 3HAUCHUN TUHAMHYECKUX HaAMpPsDKEHUN
B -0l KOHTPOJILHON TOYKE KOHCTPYKIIUHM BaroHa B 3aBHCUMOCTH OT j-TO
TEXHUYECKOTO COCTOSIHUS 7Sl K-TO XapakTepHOro pekrMa Harpys>KeHHsl.
Wcxonst n3 BBIIEU3I0KEHHOTO, JUISI TTOTYYSHHS TPOTHO3HBIX PACUETHO-
OKCIIEPUMEHTANBHBIX 3aBUCUMOCTEH TIPH pEeXHME HarpyXeHHus C
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HIMPOKUM CIIEKTPOM HArpy30K JOCTATOYHO BOCIIOJIB30BATHCS OJHOM W3
pacueTHBIX 3aBUCHUMOCTEH, UTO CYyIIECTBEHHO oOJjerdaer o0beM
BblYMCIICHUM. [loiydeHHBII MacCUB JMHAMMYECKUX HAIPSOHKCHUHN
MOACTABIISIETCS B METOAUKY OLIEHKM OCTAaTOYHOIO pecypca, NMpPUYEM B
Ka4yeCTBE JIOMOJIHUTEIBHOW 53K30T€HHOM MEPEMEHHOW, Hapsay Cco
3HAYEHUSIMU MEXaHUYECKUX XAPAKTEPUCTUK MaTepHalla, CE30HHOCTHIO
JKCIUIyaTalMd W T.OL., BBICTYNIAeT I1ApaMeTp, CBA3AHHBIA C
Tr€OMETPUUYECKUMHU XapaKTEPUCTUKAMH OOJIACTH B KOHTPOJIBHOM TOYKE
WIM €€ aHAJIOI OTHOCUTENIBHO XapaKTEPUCTUKU KOHTPOJIbHOM 00J1aCTH
TUIIOBOTO MPEACTaBUTENS.

B pamkax anpo0auuy npHUBEIEHHOrO MOAXO0/Aa MPOrHO3MPOBAHUS
OCTaTOYHOI'0 pecypca YCTAHOBJIEHO, YTO OLEHKY pecypca Hecylleu
KOHCTPYKLIMHM BaroHa € TEXHUYECKUM COCTOSHUEM OTIUYHBIM OT
COCTOSIHMSI ~ THUIIOBOI'O  MPEJICTABUTENII  MOXHO  BBINOJHATH  C
HCIIOJIb30BAHUEM PE3yJIbTaTOB JKCIEPUMEHTAIbHBIX HCCIEI0BAHUMI
MOCJIEIHETO, IPUYEM IPH INPOTHO3UPOBAHUU CIEAYET paccMaTpUBaTh
COBOKYITHOCTh  3aBHUCHUMOCTEH pecypca KOHTPOJBHBIX oOjacTeit
KOHCTPYKTUBHBIX 3JIEMEHTOB OT UX FT€OMETPUUECKHUX I1apaMETPOB.

Onenka XAPAKTEPUCTUK AKTHBHOI'0 MaTE€pHaJia *KEJIE3HOI'0
IJIEKTPOAA IICJTOYHOI0 AKKYMYJATOPA MJISI TPAHCIIOPTHBIX CUCTEM

Komens H. J1., Kocteips M. B., Kopmnau C. B.
YKpauHCKu roCcy1apCTBEHHbBI XUMHUKO-TEXHOJIOTUYECKUI
YHUBEPCUTET
WNHcTuTyT TpaHcnopTHBIX cucteM U TexHosornii HAH Ykpaunst
kkknd@ua.fm, kostyrya 59@i.ua

The study is devoted to multifractal analysis of iron oxide powders in
order to assess their characteristics as the active material of alkaline
battery electrodes. The results of the statistical analysis of iron powders
in the form of multifractal spectra and numerical constants are obtained.
It is established that the synthesized iron powders have the fractal self-
similarity properties.
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HccnenoBanue NMOCBALNICHO MYJbTU(PPAKTATHHOMY aHAINU3Y HOPOIIKOB
OKCHJIOB JKeJie3a C IIeNIbI0 OIICHKHM UX XapaKTEPUCTHK KaK aKTHBHOTO
Martepuaiga 3JEKTPOJOB  IIEJIOYHOTO aKkKymyistopa. [lomyueHsl
pe3yJIbTaThl CTATUCTUYECKOTO aHAIIN3a KEJIE3HBIX MOPOIIKOB B (hopMme
MYJIbTH(PPAKTAIEHBIX CHEKTPOB U YUCIOBBIX KOHCTAHT. YCTaHOBIICHO,
YTO CHHTE3MPOBAaHHBIC KEJIE3HBIC TTOPOIIKH 00JIaAalT (PpaKTaTbHBIMU
CBOWCTBaMH CaMOII0100usI.

JlocnmipkeHHsT TPUCBYEHE MYJIbTH(PpPAKTAIPHOMY aHalli3y IOPOIIKIB
OKCHJIIB 3ajli3a 3 METOI0 OIIHKH iX XapakTepUCTHUK SIK aKTHBHOTO
Marepiany eleKTPOIiB JYXKHOTo akymyistopa. OTpuMaHO pe3yibTaTd
CTaTUCTUYHOTO aHayizy 3aJi3HUX HIOPOIIKiB B dopwmi
MyJIbTH(PaAKTATLHUX CHEKTPIB 1 YMCIOBUX KOHCTAHT. BCTaHOBIIEGHO, 1110
CHHTE30BaHI 3aJli3HI MOPOIIKM MaroTh (PpaKTalbHI BIACTUBOCTI
CaMOITOI0OHOCTI.

B HacTosimiee BpeMsi Ha jKeJIe3HOJJOPOKHOM TPAHCIIOPTE OCHOBHBIM
ABTOHOMHBIM MCTOYHHUKOM IUTAHHS JIEKTPHUYECKUX IIeTIeH yIpaBIeHNUS,
OCBCIICHUS | ITyCKa JIN3eJIeH, a TAK)KE PE3CPBHBIM HCTOUHUKOM TTUTAHUS
SIBIISTIOTCSI aKKYMYJISITOPBI 1 aKKYMYJISITOPHBIE OaTapew.

Kak nHamboisiee pacnpocTpaHeHHbIE, IIETOYHbIE HUKEIb-)KEJIE3HbIE
OaTtapeu He cojepKaT Ae(PHUIIMTHOTO U BPEHOTO JJIsi 3JJ0POBbS CBUHIIA,
Oosiee CTOMKHM K AMHAMHYECKUM BO3JEHCTBUAM (BHOpaLuu, TpsCKe) Ha
TPaHCIOPTHBIX yCTAHOBKAaX, MEHEE UyBCTBHTEIBHBI K Iepe3apsiaaM U
KOPOTKHM 3aMbIKaHHsIM, Oojiee MpOCThl B OOCITYKMBAaHUU M UMEIOT B
OONBIION CPOK CIIy)KOBI Kak MO MHKIAM 3apsa-pa3psia, TaKk W 110
BpEMEHU paboTHhI.

AKTUBHBIM MAaTEpUAIIOM OTPHIIATEIBHBIX JJIEKTPOJOB HHUKEIh-
KENe3HOr0 AaKKyMYJISTOpa SIBJSETCS MOPOLIOK XeJe3a M €ro OKCHIBI.
HecmoTpss Ha TO, 4YTO JK€NE30-OKCHIHBIE DJIEKTPOABI B IIEIOYHBIX
aKKyMYJISITOpax JaBHO M3BECTHBI, 0 CHUX MOp HE YJAJOCh YCTPAHUTh
MIOCJIEJICTBHSI €r0 OCHOBHOTO HENOCTaTKa — OJIM30CTH BOJOPOIHOTO
NOTEHIMaga W OOYCJIOBJIGHHOM  3TMM  TepMOJUHAMUYECKOMH
HecTaOmpbHOCTH. OJTHAKO HU3KAsi CTOMMOCTb, BBICOKAsl yCTOMYUBOCTH K
OTPABJIAIOLINM MPUMECIM, FIKOJIOTHUECKasi 6€30MacHOCTh U CIOCOOHOCTh
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K TIOJHOHM peKynepanuy, BBICOKAas TEOpETHYecKas yAeIbHas €MKOCTh
JIeNaloT €ro BecbMa IPUBJIEKATEIbHBIM OOBEKTOM Ui M3ydeHus. J{is
OLIEHKM XapaKTePHCTUK MAaTEpPUalOB, HCIOIb3yeMbIX B KauecTBE
KOMIIOHEHTOB AaKTHUBHBIX MacC, BCErJa HCHOJB3YIOT MpocTeiline
reOMETPUUYECKNE CBOMCTBA YacTUIl MOPOLIKOB — CPEIHUN pa3Mep U
pacnpezenenue no pamepam. OgHaKo AJis XapaKTePUCTUKH YacTUIl UX
dbopma mMeeT HE MEHEEe BAaXXHOE 3HAYCHHE, YEeM UX pa3Mephl.
CpaBHUTEIIBHO HOBBIII MeTOA (ppakTadbHOrOo aHaiIM3a IO3BOJSET
paccMaTpuBaTh T€OMETPUYECKHE OCOOCHHOCTH CTPYKTYPHO CIIOMXKHBIX
O00BEKTOB HA KOJIMYECTBEHHOM YPOBHE M MOJIy4YaTh HOBYIO MHTEPECHYIO
nHpOpPMALIHIO 0 MEXaHU3MaX 00pa30BaHUS aHAIMZUPYEMBIX CTPYKTYP.
OObexkTamu aHanu3a SBJISIOTCS IUIOCKUE HM300paxeHus — Qororpaduun
IUTMGOB,  ANEKTPOHHO-MUKPOCKONIMYECKHE CHUMKH  MOBEPXHOCTH
MaTepuaioB, Qororpaduu MOPOIIKOB, T.€. F€OMETpPHUECKHE (QUTYpPbI
CJI0)KHOM XaOTHYHON (OPMBI.

JKene3npie BOPOILIKY FTOTOBUIIM ITyTEM XUMHUUYECKOTO OCAXKIACHUS U3
pacTBOpoB cyibdara Kene3a MO pa3IMYHBIM  TEXHOJOTHSM, C
MOCIEAYIOIUM MEXaHUYeCKHM AucrneprupoBanueM. lcciemyembie
oOpasipl (oTorpadupoBaiv ¢ MOMOIIBIO ONTHYECKOTO MHKPOCKOTMA C
yBenuueHueM 10 x400. Ilomyuennsie dotorpaduu o06padaThIBAIUCH
nporpammoii  MathCad, cuuThBatomeid ¢aitn  nzobpakeHuss u
BBIUMCIISIONIEH OOHIyl0 JJIMHY KOHTypa 4YacTWll, U B pe3yJibTaTe
nojyyanu  3HaueHuss XaycnopdoBoil (pakTanbHON pa3MEpPHOCTH.
HecMmoTpst Ha IPOCTOTY, AITOPUTM MOSKET J1aBaTh BIIOJIHE TPUEMIIEMBII
pesyabTatr. s kpuBoit Koxa on naer 3Hauenue 1,25 (Teopernyeckoe
3Hauenue 1,27). OpHako, H3-3a HEOOXOAMMOCTH TpEeABapUTEIbHON
MOJrOTOBKM  M300pakeHHM peajbHbIX OOBEKTOB  (OMHapHu3aius,
CerMeHTalus, yJlaneHusi (OHOBBIX MOMEX U JIp.) 3TOT METOJ OKa3ajcs
Masio3(dextuBHbIM. [103TOMY HCIIOTB30BAIN UMEIOIYIOCS B OTKPBITOM
JOCTYTIE CIiennabHyo porpammy ImagelJ ¢ mnaruaamu FracLac u Fiji,
KOTOpass o00ecreunBaeT YIpPaBIsSEMYyI0 KOPPEKLHUIO H300pakeHHi,
CTaHJIapTHU3ALMIO ONepaluil MpeoOpa3oBaHUs PUCYHKOB U BBIYHMCIICHUE
MYJIbTH(QPAKTAIBHBIX CIIEKTPOB.

["aGaputHble pa3Mepbl YacCTHUI] MHPOM3BOIBHONH (OpPMBI YI00HO
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npeacTaBuTh yepes auameTp depera (Haubosbliee pacCTOSHUE MEKITY
JIBYMs TOYKaMHU Ha KOHType). Pe3ynbTaTbl CTaTUCTHYECKOIO aHaln3a
YacTUI] TO3BOJMJIM  BBIUUCIUTH  (PYHKIUIO HX  HOPMAaJbHOTO
pactipenenenus no nquamerpam ®depera. CpeaHee 3HaueHHe AUaMeTpa
®epera cocraBuio 10,18 nukceneit win 3,40 mxm. [lpumepHo Takue xe
3HAQYEHUs MOJYYaJUCh M MO APYTUM THUIIaM HOPOUIKOB THUAPOKCHUAA
xene3a. O4eBHIIHO, ATO MPEAENbHBIM pa3Mep, 10 KOTOPOro MOXHO
MEXaHUYECKH JAucreprupoBarh mnopomok. Ilpegen coorsercTByeT
IPUMEPHOMY PpABEHCTBY JHEPruU pa3pyLICHUs arjJioMepaTtoB H
BO3pacTaloIedl npu JIpoOJeHMH TOBEPXHOCTHOM HHEPruM YacTHull.
Od4eBHIHO, YTO BCE YACTHUIBI B CHCTEME NPEICTABISIIOT COOO0M
arjaoMepaTthl M3 KpUCTAJUIOB. [lake CBEXEOCaXKJIEHHbIE TI'MIPOKCUIbI
00J1a/1at0T HEKOTOPHIM YPOBHEM KPUCTAJIMYHOCTH, A BBICYIIEHHBIE U
TeM 0oJiee BOCCTAHOBJIEHHBIC IPHU BBICOKMX TEMIIEpaTypax MOPOLIKU
UMEIOT YETKO BBIPAKEHHYIO0 KPUCTAJUIMUECKYIO CTpYyKTypy. CTpoeHue
arJoMepaToB BCEX Pa3MEPOB JIOJIKHO OTPaXKaTh FEHETUYECKYIO CBSI3b CO
CTPOCHUEM E€IMHUYHBIX KPUCTAIIJIOB, U 3Ta CBA3b MOKET MPOSBIATHCS B
CYLIECTBOBaHUHU (PPAKTATIBHBIX CBOMCTB CAMOMNO00MS.

OnTuMHu3MpoBaHHblE  (PpakTajgbHbIE  CHEKTPHI,  IOJYYEHHbIE
CTaTUCTHUYECKONW 00pabOTKOM, UMENH TUITMYHYIO JUI1 MyJIbTH(PPAKTAIOB
dopmy nuddepeHunanbHON (YHKIUM paclpeieseHUus] BEpOSITHOCTEH.
BaxxHbIM KpuTepueM sBIsSETCS HaIW4YMe HEIMHEWHOCTH (M3JI0Ma) Ha
MyJIbTU(pAKTANbHBIX  CIHEKTpaxX, 4YTO TaKXKe  yKa3blBaeT Ha
CyLIeCTBOBaHME (PpaKTaIbHBIX CBOMCTB CTPYKTYpbI. [Ipu 3TOM 3HaueHne
XaycnophoBoit (PpakTanbHOM pa3sMEpHOCTH B OOJACTH W3THOOB Ha
3aBUCHUMOCTSIX HOJTyYEHHBIX MyYJIbTH(paKTATBHBIX CIIEKTPOB
COOTBETCTBOBAJIO BEIMYMHE, OIPEAEIAEMON MO APYrUM criekTpam. Jlist
PEryJSpHBIX (DpaKTaJOB HIM HEPPAKTAIOB ITOT CHEKTP HUMEET BHJ
IIPSIMOM JINHWH.

Anroput™m obOpabaTbiBaeT cepuu (pParMEHTOB HM300paKEHUS
(cmyuaitHble WK 3aJaHHbBIE pa3Mepbl BBIOOPOK, UX (hopMa M KOJIMYECTBO,
MOBOPOTHI (pparMeHTOB U T.A,) U OTOMpAECT ONTUMAIBHBIA BapuaHT, B
KOTOPOM 3HaueHusi (yHKIMU B MAKCUMyMe€ IIJIaBHO CTBHIKYIOTCS 0e3
nedopmaruii. Bum 9Toii pyHKIMH, MOTYYSeHHON MOCIe CTaTUCTHYECKON
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00pabOTKM [aHHBIX, CIYXHT KPUTEpPUEM KayecTBa ONTHUMAIbHOMN
BBIOOPKH, TIO JaHHBIM KOTOPOM M JENaeTcsl BBIBOJ O THUIIE CTPYKTYPBHI.
PesynbraThl MOMy4arOTCS METOJOM IIO/CYETa KOJIMYECTBA HEMYCTBIX
SYEEK B HAJIIOKEHHBIX CETKAX C YMEHBIIAIOIIUMCS Pa3MEpPOM STUEHKH.

Hpyroii cnoco0 ¢pakTadbHOrO aHajdM3a OCHOBAH Ha IIOJCUETe
KOJM4YecTBa pabouux MHUKCENeH, COCTaBISIOMIMX H300paxeHus, B
sAYerKax MEHAIONMXCs ceToK. CpaBHEHHE HEKOTOPBIX IaHHBIX PacyeToB
00onMH criocobamMu JaeT J0CTATOYHO OJIM3KHUE 3HaUCHUS XaycnophoBoi
pasmepHoctd B wuHTepBaie 1,6633-1,6956 ¢ koadduimeHTOM
koppemsiuuu 0,9889.

TakuM 00pa3zom, CTaTUCTUYCCKUI aHaM3 ¢ororpaduii mMopoIIKa
THIPOKCHUIA Kelle3a, BBIMOJIHEHHBIN ¢ MoMoIIbio mporpamm Imagel u
FracLac, naer o0O0OCHOBaHHOE 3aK/IIOYEHHE O HATUYUU Yy HEro
(bpakTalbHBIX  CBOMCTB  camomoioOus. DOTO  yKa3bplBaeT  Ha
CYIIIECTBOBAHHE JJIEMEHTOB BOCIIPOU3BEICHHS CTPYKTYPBI
KpUCTAJIJTIMYECKOH OCHOBBI B Ipollecce 0Opa3oBaHUsS HOBBIX (a3 MpH
BBICOKOTEMIIEPATYPHOM  BOCCTAHOBJICHMHM  THUApPOKCcHIa.  bazoBas
CTPYKTypa B OMNpEIEIICHHON Mepe COXpaHsAeTCs Kak Mpu 0Opa3oBaHUU
arJoMepaToB B IIpOIEcCe CHHTE3a, TaK W IMPH HMX MEXaHWYECKOM
paspylieHuH. 3aKiIioueHHe O Haluuuu (paKkTadbHBIX CBOMCTB U
KOJIMYECTBEHHBIX IIapaMeTpax CHIETaHO Ha OCHOBAaHUH PE3yJIbTAaTOB
CTaTUCTHYECKOH 0O0pabOTKM M300paKeHWH MHOXKECTBa  YacTHIL.
TOYHOCTh W JOCTOBEPHOCTH OIIEHOK B COOTBETCTBUU C H3BECTHBIMHU
CTaTUCTMYECKUMHM 3aKOHOMEpPHOCTSIMH  yBEJIMYMBAETCSI IO  Mepe
BO3pAacTaHMsl KOJMYECTBA YacTHI] (M KOJMYECTBA H300paKeHWM) M
Habopa MeTo/10B 00paboOTKH.

IIpyMeHeHre HAHOKOMITIO3UTHBIX JJIEKTPOJAHBIX MATEPHAJIOB
AKKYMYJSTOPHBIX CHCTEM B TPAHCIIOpPTE

Komens H. /1., Kocteipsa M. B., Kopnau C. B.
YKpanHCKu# rocyapCTBEHHBIM XUMUKO-TEXHOJIOTMYECKUI
YHUBEPCHUTET
WNHceTuTyT TpaHcopTHBIX cucteM U TexHosornii HAH Vkpannst
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kkknd@ua.fm, kostyrya 59@i.ua

The results of studies on the development of methods for synthesizing
composite materials for electrodes of lead-acid and alkaline batteries are
presented. The influence of the components of electrode materials on the
electrochemical, electrical, corrosion and mechanical properties of the
electrodes of battery systems is examined.

[IpencraBieHbl pe3yiabTaThl HCCICAOBAaHUI IO pa3pabdOTKE METOJIOB
CUHTE3UPOBAHUS KOMITO3UTHBIX MAaTepUATIOB 3JCKTPOJOB CBUHIIOBO-
KHACJIOTHBIX M WICJTOYHBIX aKKyMYJISITOpOB. PaccMoTpeHo BiHsHHE
KOMIIOHCHTOB 3JISKTPOJHBIX MATEPHAIOB HA JJICKTPOXHUMHUYECKUE,
AJEKTPUUECKUE, KOPPO3UOHHBIC U MEXAaHHUYECKHE CBOMCTBA 3JIEKTPOIOB
AKKYMYJISITOPHBIX CHCTEM.

[IpencraBieni  pe3ynbTaTd  JAOCHIDKEHb 3  PO3POOKHM  METOMIB
CHHTE3YBaHHS KOMIIO3UTHHX MaTepiajiB  eJEeKTPOJiB CBUHIIEBO-
KUCJIOTHHUX 1 JIY’)KHUX aKyMyJSTOPiB. PO3IJIsSIHYyTO BIUIMB KOMITOHEHTIB
CJIEKTPOAHHUX MaTepialiB Ha eIeKTPOXiMiuHI, eIeKTPUYHi, KOPO3iifHi Ta
MEXaHIYH1 BJaCTUBOCTI €JIEKTPO/IIB AKYMYJISTOPHUX CHCTEM.

B HacTosimmee BpeMs 3HAYMTEIbHO TOBBIIIEHBI TpPEOOBaHMS,
npeIbsABIseMble K XUMUYECKUM UCTOUYHMKAaM Toka. HecMoTps Ha To, uTO
MIOTBITKN CO3JJaHUSl aKKyMYJISITOPOB HOBBIX TUIIOB IPOJOJDKAKOTCS, HU
OJIMH M3 CYIIECTBYIOUIMX THUIIOB aKKyMYJSITOPOB HE OTBEYAeT BCEMY
KOMILIEKCY TpeOOBaHUM, MPEIbABISIEMbIX COBPEMEHHOM TEXHHUKON —
OBITH JIEUIEBBIM, 3KOJOTMYECKH O€30IacHbIM M UMETh INpHEMIIEMBIE
INEKTPOXUMHUYECKNE XaPAKTEPUCTUKH.

Ha >xene3HOZOPO’KHOM TpPaHCHOPTE B KadeCTBE OCHOBHOIO H
PE3EPBHOIO0 MCTOYHMKA SHEPIMM, a TAKXKE Ul 3alycKa JHU3EJIbHOTO
JBUTATENsl MCHOJB3YIOT aKKyMYJIATOPbl TpeX KJaccoB: OBICTPOTO,
CPEIHEro M JUIMTEIBHOTO pa3psaaa. AKKYMYJISTOPBI ObICTPOTo paspsia,
WIM CTapTepHble, CIyXaT JUId 3allyCcKa JU3EJbHBIX JIBUTaTEJEH.
AKKyMyJISTOpPBl CPENHEr0 Kilacca HMIMPOKO HCIOJIb3YIOTCS B KaueCTBE
OCHOBHOT'O MCTOYHHKA SHEPTUU. AKKYMYJSTOPHI JUIUTEIBHOIO pa3psiia
NPUMEHSIOTCS KaK pe3epBHBIN MCTOYHUK B arperarax OecriepeOoifHOro
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nuTaHus. OCHOBHBIMH THIIAMH BBIITYCKAaEMbIX AKKyMYJSTOPOB JUIS
MOJBMKHOTO COCTaBa SABJAIOTCS CBUHLOBO-KUCHOTHbIE (CKA) n
[IEJIOYHbIE, OCOOEHHO HHKENb-)KEIEe3HbIe U  HUKEIb-KaJMHUEBBIC
aKKyMYJIATODBI.

OnnuM U3  BO3MOXHBIX HampaBieHuit moaepHusauuu CKA
ABJIACTCS UCIIOJIB30BAHNE KOMITO3UIIMOHHBIX CHUCTEM Ha OCHOBE CBHHIIA,
colepKamiero B KadyecTBe  JHUCIEpPCHON (a3l  pasnuyHble
HeMmeTajiyueckue  Marepuansl.  KommosuTel  MoryT — obnanath
MOBBIIIEHHBIMA MEXAHUYECKUMH CBOMCTBAaMHU, 3JEKTPOIPOBOAHOCTBIO,
KOPPO3MOHHOH CTOMKOCTBbIO, M MOTYT OBbITb HCIOJb30BaHbl IS
W3TOTOBJICHUSI MJIM MOAM(DHUKAINU DJIEKTPOAHBIX OCHOB M AaKTHBHBIX
Macc.

OxHUM U3 CrOCOOOB TOJMYYEHHS TAaKUX MATEPUATIOB SIBISETCS
EKTPOOCAXKACHUE  METANIOB B TAKUX  YCIOBHUAX, KOTOpbIE
MPEMSTCTBYIOT MOJYYEHHUIO TalbBaHUUYECKUX OCAJKOB C PEryJsipHOI
KPUCTAJNIMYECKON  CTPYKTypod. Mcrnonp30BaHME  HaHOpPa3MEPHBIX
BKJIFOUEHUN MpHU D3JIEKTPOXUMHUYECKOM COOCAXJIECHHUU METalIOB U
JUCIIEPCHBIX HEMETAJUIMYECKUX MAaTepHaloB II03BOJIAET IIOJIy4YaTh
Marepuanbl C BBICOKOM yJIEIbHOM IOBEpXHOCThIO. [lomyuenue
JNEHIPUTHBIX, @ U3 HUX JUCIEPCHBIX OCAIKOB SBISAETCS OAHUM W3
HampaBJIeHUH HaHOTexHoJoruu. CBOWCTBa KOMIIO3UTHBIX OCaJIKOB
MOXKHO BapbUpOBaTh, MOJAOMpas MaTepualbl U TEXHOJIOTHYECKHE
YCIIOBUSL OCAXKACHHUS.

N3y4anu cBONCTBAa CHHTE3UPOBAHHBIX KOMIIO3UIMOHHBIX OCaJKOB
CBUMHIA C HAHOAMCIIEPCHBIM a’pOCHJIOM, TI'paUTOM, YIJIEPOIHBIMU
HaHoTpyOkamu (YHT). M3mepenust y1enbHOro 3J1eKTPOCOPOTUBIEHUS
KOMITO3UTOB CBHHEL-a3POCHIJI, CBUHEI-TPA(QUT MOKa3aIl 3HAUUTEIbHOE
€r0 YBEJIMYEHUE C MOBBIIIEHUEM KOHIIEHTPAMK AUCIIEPCHBIX YACTHI] B
anekTponutax. [IpeamnonoxeHo, 4to Hab0naeMblil 3PPEKT cBA3aH C
BKJIIOUEHUEM B MATpHUIly CBHHIIA HEDJIEKTPOIPOBOAHBIX YaCTULI,
M3MEHEHUEM MaKpOKPHUCTAJUIMYECKOM CTPYKTYpbI ocajka,
KOHIICHTPUPOBAHUEM  HEDJIEKTPONPOBOAHOM (a3bl Ha TIpaHUIAX
KpHUCTAJIJIOB CBUHIIA.

Bbutn u3y4yeHbl 0COOEHHOCTH 3JEKTPOKPUCTAIUIM3ALINY, CTPYKTYpa
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¥ MOP(OJIOTHs KOMIO3UTHBIX OCAJKOB Ha OCHOBE CBHHIIA, MTOJTYYEHHBIX
U3  QJIEKTPOJIUTOB,  COJEpXAllUX  yIJIEpOJHbIE  HAHOTPYOKH.
OKCHepUMEHTAJIBHO J10Ka3aHo, 4To B npucyrctBuu YHT cBHHIIOBBIE
OCaJIKU BBISBISUIM CKJIOHHOCTb K JIEHAPUTOOOpa3oBaHUI0. MeTonaom
CKAHMPYIOIIEH  DJIEKTPOHHOM  MHUKPOCKOIIMM  YCTAHOBJIEHO, 4TO
KpHUCTaJIbl CBUHLA B OCaJIKe, COXpaHsAs B LeJOM (opMy MPaBHIBHBIX
MHOTOTPaHHBIX (UTYp, COAEp)KaTH BHYTpU ceOsl KarcyJIMpOBaHHBIC
rJ100yJibl, @ TPaHU KPUCTAJUIOB — 3TO OTKPBITHIE MOPHI C YaCTUYHO
BPOCIIMMH BHYTpPb TJI00yJIaMH.

Hcnonbp3oBanue HaHOPa3MEPHBIX BKJIIOUEHU I pu
JJIEKTPOXUMUYECKOM  COOCQXKJEHHUM METANIOB U JIUCIEPCHBIX
HEMETAJUIMYECKUX MAaTepUajioB I03BOJSET IMOJIy4YaTb MaTepUalbl C
BBICOKOM YJIEJIbHOM IOBEPXHOCTbIO, YTO 3HAYUTEJBHO YIIydILIAeT
JJIEKTPUYECKUE, KOPPO3UOHHBIE U IKCILTyaTallMOHHbBIE XapaKTEPUCTUKU
CBUHLOBBIX 1eKTpo10B U B 1esioM CKA. A nosydueHue 1eHAPUTHBIX, a
U3 HHUX JUCHEPCHBIX OCAAKOB SBIIETCA OIHUM U3 HalpaBICHUN
HAHOTEXHOJIOTUH.

ONEKTPOOCAKICHUE JAcT BO3MOKHOCTb HE TOJBKO IIOIYYHUTb
KOMIIO3UT OTIPEENIEHHOTO cocTaBa (IyTeM J00aBOK 10 AJIEKTPOIUTY WU
UCIIOJIb30BAaHUSl IIPEABAPUTENBHO JIETUPOBAHHOTO aHOJA), HO H
YIIYYIIUTh COCTOSIHME MOBEPXHOCTH PELIETKH IyTEM HAHECEHUs Ha
MOBEPXHOCTb  PEIIETKH  TOHKOI'O ClI0S  KOMIIO3UIIMOHHOTO
INEKTPOXUMHUYECKOTO MOKPBITUS. ODKCHEPUMEHTAIBHO JI0KA3aHO, YTO
MOBBILICHHAS KOPpPO3UOHHAs CTOMKOCTB TaKoN peleTKH
o0OecrieunBaTbcsi HE TOJBKO CO3JaHHUEM BHEIIHET0 KOPPO3UOHHO-
YCTOMUUBOTO CII0sI, HO M 60Jiee OAHOPOJHON CTPYKTYpOil MOBEPXHOCTH
CBUHIIOBOTO  Marepuana. B cBoro  ouepeap, OJHOPOJHOCTD
MOBEPXHOCTHOTO  CJIOSI CIIOCOOCTBYET TMPOTEKAHUIO PABHOMEPHOM
MOBEPXHOCTHON KOppO3UM 0€3 JIOKAIM30BAHHBIX KOPPO3HOHHBIX
pa3pyIleHHii ¢ KaTacTpOo(hUIECKUMU TMOCIEACTBUIMHU.

OaHUM U3 BapUaHTOB MOAU(PHUKAIIUH KEJIE€30-0KCUAHOTO JIEKTPOIa
IEJIOYHOTO AKKyMYJISITOpa SBJISETCS CIIOCOO MOJMYYEeHHUs SKEIEe3HOTO
MOPOILIKAa, OT KOTOPOTO 3aBHCHUT €ro JUCIEPCHOCTh, KpUCTAIITHYECKast
CTPYKTYpa, MOp(OJOrus MOBEPXHOCTH, M KaK CJIEJICTBHE —
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AJIEKTPOXMMUYECKHE  CBOMCTBAa B  MpoLeccax  3apsja/paspsia.
CymiecTBeHHOE BIUSIHUE Ha CBOMCTBAa O€3/1aMEIbHBIX 3JIEKTPOIOB
OKa3bIBAET TAK)KE UX COCTAB U CIIOCOO U3rOTOBJICHUS.

MeTogoM MOTEHIUMOIMHAMUYECKOTO LHUKIMPOBAHUS — U3Yy4ald
ANEKTPOXUMUYECKUE CBOWCTBA IIPECCOBAHHBIX JKEJIE3HBIX 3JIEKTPOJIOB,
COJiepKalllX B AaKTHUBHOW Macce A00aBKMU Pa3IUYHBIX YIIIEPOTHBIX
MatepuainoB (rpadur, caxxa, YHT). DkciepuMeHTAIEHO JI0Ka3aHO, YTO
npeiBapuTesibHas 00paboTKa )KeJIe3HbIX OPOIIKOB B BOJIOPOAHOM cpejie
MO3BOJIACT NOJYYUTH 3HAUUTCIIBHOC YBCIIMUYCHUC pa3p;111H0171 C€MKOCTHU
AJIEKTPOIOB B Ipoliecce LUKIMpOBaHUA. [Ipu 3TOM CyIIecTBEHHOTO
pas3auuus  MeXAy THUIIOM YIJIEpOJHOM J100aBKM M IapameTpaMu
MOJIyYE€HHBIX BOJBT-aMIIEpOrpaMMm (BBICOT IMHUKOB TOKa, €MKOCTEH U
MOTEHIIMAJIOB ITUKOB) HE OOHAPYKEHO.

DKCHEepUMEHTAIbHO YCTAaHOBIIEHO, YTO B BOCCTAHOBJICHHON (opme
KENE3HbI TOPOIIOK 00JagaeT BBICOKOM 3JIEKTPOIPOBOIHOCTHIO,
MO3TOMY HET HEOOXOJMMOCTH BKJIIOYEHHS B AaKTUBHYIO Maccy
AJIEKTPOTPOBOIHBIX MAaTePUATIOB. AHAIOTUYHBIA 3PPEKT UMEIT MECTO,
€CIIM BOCCTAHOBJICHHIO B BOJOPOJHOM Cpe/ie MOABEpPralics MOPOIIOK
OKCHJIOB KeJle3a, a yIrJIepoJHble J0OaBKH BKJIIOYAINCh B 3JEKTPOIHYIO
Maccy nocJje onepanuy BOCCTaHOBIeHU. B To xe BpeMs ncnosab30BaHne
MOJINMEPHOTO CBA3YIOIIEr0 HEOOXOANMO JJIsi MEXaHUYECKOW TPOYHOCTHU
NIEKTPOAOB. DJEKTPO/IbI, BOCCTAHOBIIEHHBIE B BOJOPOIHON Cpesie NOCIe
MIPECCOBaHUS MOPOLIKOB JHOOOr0 COCTaBa, paCTPECKUBAIUCH U TEPSIU
CBOIO MEXaHUYECKYI0 IPOYHOCTb.

Takum oOpaszoM, mporpecc B co3gaHuu Ooisiee d(PPEKTUBHBIX U
HA/IKHBIX AKKYMYJIATOPHBIX CHCTEM BO3MOXEH 3a CYET CO3JaHus
HOBBIX MaT€praIoB U q)YHKIII/IOHaHI)HBIX I[O6aBOK K aKTHUBHBIM MacCaM
3JIEKTPOJIOB, TOBBIIIAIONIUX TEXHUKO-DKOHOMHMYECKHE IOKa3aTelH,
IMPOYHOCTD, JOJITOBECYHOCTD, 3KOJIOTUYHOCTD H  YTHIM3alHuro C
BO3MOKHOCTBIO PEIPOAYKIIMH HanboJiee IEHHBIX MaTepHAJIOB.
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CTBOpeHHH JiHIKHM Cy4YaCHUX BaroH-1miaT(opM BUPOOHNITBA
AT «KprokiBcbkuid BAaroHoOya1iBHMIA 3aBOI 1JIS NePeBe3eHHS
BeJIMKO-TOHAKHUX KOHTeHHepiB

JIleBuenko C. B.
ITAT «KprokiBchbKuii BAroHOOYAIBHUM 3aBOJI»
gruzvag?2(@kvsz.com

The aim of the work is to improve he technical and economic
characteristics (increase of the carrying capacity), with the
implementation of brand-new schemes and design solutions, while
ensuring a high level of transport safety, quality and reliability, efficiency
and competitiveness, and will expand the range of freight cars produced
by the plant.

Lenbto paboThl SBISIETCS  yIAY4YIIEHHE TEXHHUKO-IKOHOMHYECKUX
nokaszarteneil  (yBeNMUCHHE TpPy30HOJBEMHOCTH), C BHEIPEHHEM
NPUHIUINHAAIGHO HOBBIX CXEM M KOHCTPYKTOPCKHX pEIIeHUH, C
OJTHOBPEMEHHBIM 00ECIIEYeHHEM BBICOKOTO YPOBHsS 0€30IacHOCTH
MEepPEeBO30K, YPOBHS KadecTBa H HAJACKHOCTH, SDPEKTUBHOCTH U
KOHKYPEHTOCIIOCOOHOCTH, a TAK)KE MO3BOJIMUT PACIIMPUTh HOMEHKIIATypy
TPY30BBIX BarOHOB, BBIITYCKAEMbIX 3aBOJIOM.

MeToro poOOTH € TOKpaIIeHHS TEXHIKO-€KOHOMIYHUX IMOKa3HHKIB
(301/IbLIIEHHST BaHTAXOIMIJHOMHOCTI), 3 BIPOBAKEHHSIM HPHUHIIUIIOBO
HOBHX CX€M 1 KOHCTPYKTOPCHKHX PillIeHb, 3 0THOYACHUM 3a0€311eUeHHIM
BHUCOKOTO pIBHSI O€3MeKH IEepEeBE3EHHs, PIBHS SIKOCTI Ta HaAIMHOCTI,
€(eKTUBHOCTI Ta KOHKYPEHTOCIIPOMOXKHOCTI, a TaKOX J03BOJIUTh
PO3IIMPUTH HOMEHKJIATYpy BaHTOKHUX BAroHiB, BHUTOTOBJICHUX
3aBOJIOM.

B yMoBax cyyacHOTo TpaHCHOPTHOTO PUHKY aKTyaJIbHUM € MUTaHHS
B3a€MOJII Pi3HUX BUAIB TpaHcropTy. OnHUM 3 HalOUIbII eeKTUBHUX
CHoco0iB  JIOCTaBKM  BAHTaXIB € KOHTEHHEpPHI  IepeBe3eHHS.
TpancnopTyBaHHS 3a I0IOMOI'0OI0 KOHTEHHEPIB — 1€ HAWOLIbII 3pyYHUI
Ha CBHOTOJHINIHI MOMEHT CHOCiO MepeBO3UTH BeNHKI HapTii TOBapiB
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MPAKTUYHO Ha Oyb-sKi BificTaHi. be3 KOHTeiHepiB He 00XOmAThCs Hi
BHYTPIIIIHI, HI MDKHApOIHI BaHTa)XHI TPAHCIIOPTHI MEPEBE3ECHHS, TOMY
10 BOHM HAWOUIBII €KOHOMIYHI 1 YHIBEpPCaJbHI cepe]] IHIINX CIOCO0iB
MePEBE3CHHS PI3HUX BAHTAXIB.

BpaxoByroun Te, 10 KOHTEHHEpHI MEPEBE3CHHS KOPHCTYIOTHCA
MOMUTOM Ha MEpeki 3ali3HuIb YKpaiHu, a TakoX KpaiH
noctpagsHcekoro npocropy, ITAT «KprokiBcekuii BaroHoOyniBHUIH
3aBO/I» BHPINIUB PO3POOMTH CydYacHI BaroH-miaTGopMu  Pi3HHX
tunopo3mipiB (40-ka, 60-tu, 80 Tu GyTOBI) 111 OLIBIIOTO 3a10BOJICHHS
noTped KOPUCTYBAUiB BaroHiB.

Baron-nmatdopmu BUPOOHUIITBA [TAT «KprokiBchKuii
BaroHOOYIIBHUI 3aBO/A» MAlOTh MiJABHUILEHY BAHTAKOMIAMOMHICTH B
MOPIBHSHHI 3 KOHKYpEHTaMH BHPOOHUKAaMH BaroH-miaTgopm, sKi
JI03BOJISIIOTH MEPEBO3UTHU OUIBIITY KUIBKICTH BaHTaXy IPH OJHAKOBIH
JOBKWHI CKJIQTy TIOi3/TiB.

KoHCcTpykTHBHE BHKOHAHHS JIHIHKM Cy4acHHUX BaroH-Ijiatgopm
BupoOuunTBa I[TAT  «KprokiBcekuii  BaroHoOyMiBHHHA  3aBO/»
CKJIQ/Ia€ThCA 3:

- Pamu BaroH-1utaTdopmu, sika B CBOIO YEPTy CKIAAETHCS 3 OAIKU
XpeOTOBOI 3BapHOi KOHCTPYKIIi KOpPOOYAacCTOro 3MIHHOTO MO BHCOTI
nepepizy, CUCTEMH INPOMIKHUX, IIKBOPHEBUX Ta KIHIIEBHX OaJloK, a
TakoX OOKOBUX OaNOK 3BapHOT KOHCTPYKIIii ABOTABPOBOIO MEPEPi3y;

- Cucremu (pITMHrOBHX OO, sKa 3a0e3nedye HaJlliHE KPIIUIEHHS
BEJIMKO-TOHAKHUX KOHTEHHEPIB;

- TunoBoi raJbMIBHOI CHUCTEMH, XOJOBOI YACTHHH Ta THUIIOBOT'O
aBTO3YEITHOTO MPUCTPOIO.

I[TAT «KprokiBchkuii BaroHOOyXIBHUN 3aBOJ OIMpPAIOBaB JOCUTH
0araTo KOHCTPYKTHBHHX PIllIeHb, aJie caMe I1¢ BUKOHAHHS 3a0e3meuye B
MOBHIM Mipi BCi HEOOXITHI TOKAa3HWKH HAJIIHHOCTI Ta MIITHOCTI
KOHCTPYKIIii, 0 TATBEPIKEHO KOMILIEKCOM BUIPOOYBaHb.

I xoua B maHuii yac BaroHOOyIyBaHHsI TIEPEKUBAE TEP10J] PI3KOTO
cnany, IIAT «KprokiBcbkuii BaroHoOyAiBHHUN 3aBOJ» MPOAOBXKYE
MpaIOBaTH HaJl CTBOPEHHSM HOBOI1, OUIBII JOCKOHAJIOT TEXHIKH.

Sk mokasye CBITOBMIA JOCBiJl, TOBHA 3yNHWHKA HAYKOBO-TOCIITHUX
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TMIOIITYKiB B KPU30BUH Mepio]] € Hee()eKTUBHUM METOJOM €KOHOMIi1 BUTpAT
1 HaJam MOXE 3aBJaTH Ie OUIBII CEPHO3HOTO €KOHOMIYHOTO 30MTKY
HiANPUEMCTBY BiJICYTHICTIO 3aTpe0yBaHOIO IHHOBALIMHOT MPOAYKIIi.

KoHuenuisi mepcneKTUBHOIO NacaKUPCbKOr0 BaroHa
JJOKOMOTHBHOI TATH

Jloktionos /I. B., Ctporos O. M., bopmuk M. M., llIkpabuxk I. O.
ITAT «KprokiBcbkuii BAaroHOOY1iBHUI 3aBO)
tr_socnazn@kvsz.com

The aim of developing the concept of the advanced passenger coach of
locomotive traction is to provide a modern passenger compartment
sleeping coach for operation on railways with a track gauge of 1520 mm
at a speed of up to 160 km/h, with improved technical-and-economic
characteristics, innovative technical solutions, to increase in the level of
passenger transportation comfort, and to decrease the cost of maintenance
and repair.

Lenbto pa3pabOTKM KOHIETIMU TIEPCIIEKTUBHOTO ITaCCaKUPCKOTO
BaroHa JIOKOMOTHUBHOW TSTU SIBIISIETCSI CO3/1aHUE COBPEMEHHOTO
MaCCaXUPCKOTO KYIMEHHOTO CHATbHOTO BaroHa IS AKCIUTyaTalluH T10
XKene3HbIM Joporam kosien 1520 mm co ckopocthio 0 160 xm/4, ¢
yITy4IIEHHBIMA TEXHUKO-IKOHOMHUYECKUMHU XapaKTePUCTHKAMH,
WHHOBAIIMOHHBIMU ~TEXHUYECKUMHU PEUICHUSAMH, Ui  yIy4dlIeHUsS]
YCIIOBHI TIEPEBO3KHM ITACCAKUPOB, COKPALICHHS 3aTpaT Ha PEMOHT M
00cCITy’)KHBaHUE MOJIBUKHOTO COCTABA.

Metoro po3poOKM KOHIIEIIIi MePCIEeKTUBHOTO MACaKUPCHKOTO BaroHa
JIOKOMOTHUBHOI TATU € CTBOPEHHS CY4aCHOT'O MACaKUPChKOT0 KYIEHHOTo
CMaJBbHOTO BaroHa Ui eKCIuTyaTallli Ha 3ami3Hungx Komii 1520 mwm 31
MBUAKICTIO 0 160 KM/TOA, 3 MOKpAIIEHUMH TEXHIKO-€KOHOMIYHUMH
XapaKTEPUCTUKAMH, I1HHOBAIIMHUMH TEXHIYHUMH PIIMICHHSAMH, IS
HOJIMIIEHHS] YMOB II€pEBE3€HHS IacakUpiB, CKOPOUYEHHS BHUTpAT Ha
PEMOHT Ta 00CITyTOBYBaHHS PyXOMOTO CKIIay.

61



XV Mixnapoana koHdpepeHuis «IIpobieMn MexaHiKH 3a1i3HUYHOTO TPAHCIIOPTY»

Baronn mnacakupchki KyreiHi cHajibHI JIOKOMOTHBHOI TSTH, SIK
HEBiJ’€MHAa YaCTHMHA IACaXXHPChKOTO PYXOMOIO CKJIAJy 3ali3HMLb,
3a0e3MeuyoTh 3pOCTAlOUMi TMOMMT HAa TOCIYTH  3ali3HHYHOTO
TpaHcnopTy. ChOrofHi NEpPEeBI3HUKY BCE CKIAIHIIIE 3aJ0BOJIBHITU
3pOCTarOuuii 3 KOXKHUM POKOM IOMHT Ha CEPBICHI MOCIYTH Y CHIaIbHHUX
MACAKUPCHKUX BaroHax, 0COOJIMBO B YaCTHHI MiIBUILIEHHS LIBUJIKOCTEN
PYXY MOi3/1iB, IPH OJJHOYACHOMY 301JIBIIIEHH] TOKa3HUKIB KOM(POPTHOCTI,
eHeproe()eKTUBHOCTI, OE3IMEKH PyXY.

VY 3B’513Ky 31 3HAUHUM 3HOIICHHSM MAapKy MaCaKUPChKUX BaroHiB, y
TOMY 4YMCII KyNeWHUX CHAJbHUX, 30UIBIICHHAM IONUTY Ha TypU3M
BCEpPENMHI KpaiHi, Yy HAIIOHAJTBHOTO TIEPEBI3HUKA MACAKHUPCHKUX
3amizHnyHuX mepeBe3eHb (AT «Ykp3amizuuis») mocraiga mpobiema
BiJICYTHOCTI TAaCa)XMPCHKOTO PYXOMOTO CKJIany, KOTpUH BIAMOBigaB Ou
CyyacHMM  BuMoram. Peamizamis  KOHIeNIii 31  CTBOPEHHA
MEPCHEKTUBHOTO TMAaCAKUPCHKOTO KYNMEWHOrO0 BaroHa JIOKOMOTHBHOT
TATH JI03BOJIUTH MEPEBI3HUKY KOHKYPYBaTH y O0poThOl 3a MacaKupiB 3
IHIIMMU BUJIaMU TPAHCTIOPTY JUIS NMAaCaKUPCHKHUX TIepEeBE3€Hb, CTBOPUTH
npuBabIUBILIT yMOBM TNpU BUOOpI CHOCOOYy BHIY TPAaHCIOPTY IS
O1310K.

Jnis 3a0e3meveHHs CBOIX XapaKTEePUCTHK CyYaCHUN MacakKUPChKHUM
PYXOMHMH CKJIaJ] TOBMHEH OYTH OCHAIEHUI BIANOBIAHUMHU IO
TEXHIYHOMY pIBHIO KOMIUIEKTYBAJIbHUMH BHpOOaMH, OCOOIMBO
XOJJOBUMH YaCTHHAMH, 5IK1 3a0e31euaTh Kpallll MOKa3HUKH 110 TUIaBHOCTI
PYXY Barosa, J103BOJIATh 30UIBIINTH MI)KPEMOHTHUH MPOOIT.

Crneuianictu [TAT «KBB3» mnocTiiHO BHKOHYIOTH TEXHIUHUI
HAarJjsi/1 32 BArOHaMH BJIACHOT'O BUPOOHMIITBA, 10 JIO3BOJISIE ONIEPATUBHO
OTPUMYBAaTH BIITYKM €KCIUIyaTyIOUUX OpraHizalii Ta HacaKupis,
BUKOHYBATH BJIOCKOHAJIEHHS! KOHCTPYKIIT Ta peani3alilo ONTUMaIbHUX
piIIeHb IPH CTBOPEHHI HOBOT'O PyXOMOTO CKJIadYy.

VY KoHIenuii MepcrneKTUBHOrO MacakKUPChbKOr0 KyNEHHOTro BaroHa
JIOKOMOTHBHOI TSTUM PO3IJISAAE€TECA MOXIIUBICTh peajizaiii pi3HHX
IHHOBaIliIfHUX  BNPOBA/PKEHb  NUIIXOM  3aCTOCYBaHHS  TaKHX
KOHCTPYKTUBHUX PillICHb:

— 30UIblIeHa IIMPUMHA Ky30Ba BaroHa, Yy TOPIBHSAHHI 3
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NacaKUPCHKUMHU KyNEWHUMH BaroHaMU, IO 3apa3 eKCIUIyaTyIThCs Ha
3aTI3HULSIX YKpaiHU — BUKOHAHHSI IEPCHEKTUBHOIO BaroHa y rabapuri
1-T;

— OCHAILEHHS BaroHa TE€pPMETHMYHUM MIKBarOHHMM II€pEXO0/0M,
ABTO3YEITHUM IPUCTPOEM >KOPCTKOTO TUILY;

— BHMKOPHMCTaHHS XOJOBHUX YacTUH 3 IOKPALICHUMHU TEXHIYHUMHU
XapaKTepUCTHKAMU — Bi3KiB Mozeneit 68-7115 ta 68-7115 Bukonanns 01,
13 Koe(ilieEHTOM TUTABHOCTI PyXy BaroHa He OiIbIIe HiXk 2,8, 13 THCKOBUM
raJlbMOM Ta KIIINIOBUMH MEXaHi3MaMH, 13 MPOOIrOM JO MEepIIoro
JEMOBCHKOTO peMOHTY 3 poku abo 600 Tuc. Km;

— 3aCTOCYBaHHsS IUIAHYBAJBHOTO DpIIICHHS BaroHa 3 OJHHUM
TaMOYpOM 3 HEpOOOUOT CTOPOHU;

— pO3TalIyBaHHS JIBOX TyaJeTiB 3 HEpoOOUOi CTOPOHU BaroHa;

— BXiJgH1 Oi4H1 JBepi MPUTYJIbHO-3CYBHOTO THILy, TaMOYpHi JBepi
3CYBHOTO THILY;

— 3aCTOCYBaHHS CBITJIOAIOJHUX CBITUIILHUKIB;

— 3a0e3rme4yeHHsT MiCIsl Ui  BCTAaHOBJICHHA iH(MOpMAIifHUX
OpUCTPOiB (MOHITOPIB) B KOXKHOMY MAacCaKUPCHKOMY KyTie, MO SKHX
nacakupoBi OyJe momaBaTucs iH(OpMallis IpO MapuIpyT CIIiyBaHHS,
HMIBUJKICTh PyXY, PEKJIAaMHUN KOHTEHT, BiJIeO- 1 ay1i0po3Baru TOIIO;

— MOJKJIMBICTh 1HJIUBIAYaJbHOTO PETyJIIOBaHHS TEMIIEpaTypHu IO
KyTe /Ui 3a0e3neueHHs KOM(POPTHOTO MIKpOKIIMATY.

TakuMm 4nMHOM, 3a rocTpoi MOTPeOH B OHOBJIEHHI MACaKUPCHKOTO
PYXOMOTO CKJay, 301IbLIEHHs MOMUTY Ha BHYTPIILIHIA TypHU3M, BKpai
HEOOXIZTHO CTBOPEHHS TEPCIEKTUBHOTO MACAKUPCHKOTO KYIEHHOTO
BaroHa JIOKOMOTHMBHOI TSTM, KOHCTPYKISl SKOTO JacTb 3MOTY
32/I0BOJIbHUTH  BUMOTH [MACAKUPIB MIOJ0 TIJBUINEHHS CEpBICY
nepeBe3eHb, CTBOPUTH KOHKYPEHIIIIO JJISl 1HIIUX BUAIB MACaKUPCHKOTO
TpPaHCTIOPTY, 3a0e3MeYuTH MiJBULICHHS PIBHSA €Heproe(eKTUBHOCTI,
peamizanii HalKpamux KOHCTPYKTOPCHKUX DIIlI€Hb 13 BUKOPHUCTaHHIM
HaKOIMMYEHOTO JIOCBIAY y MOOYA0B1 MAaCaKUPCHKOTO PYyXOMOTO CKJIay.
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Jlo nuTaHHsA onTUMi3auii Kopmycy 0yKcH BAHTa’KHOI0 BaroHa

Maptunos I. E., Kinageko H. C.
VKpaiHChKUH JIepPKaBHUI YHIBEPCUTET 3aTi3HUYHOTO TPAHCTIOPTY
(YxpAY3T)
kladkonadiia@gmail.com

The study is devoted to the methodology and optimization calculation
results of the axle box conical bearing unit of a freight car construction.
The main ways to increase the durability of a tapered bearing and axle
box as a whole are presented.

HccnenoBanre NOCBANICHO ONTHMHU3AIUU OYKCOBOI'O KOHHYECKOTO
MOAIITUITHUKOBOTO y3JIa TPY30BOro BaroHa. [IpencTaBieHBI MeTOJbI
MOBBIIICHUS JIOJIFTOBEYHOCTH KOHUYECKOTO IMOJALIMITHAUKA U OYKCOBOTO
y371a B IIEJIOM.

JlochikeHHsT  MPUCBAYEHE  ONTHUMI3alii  OyKCOBOrO  KOHIUHOTO
IIIIAITHAKOBOTO BY3Jla BaHTaXXHOro BaroHa. [IpemcraBieHi meTomu
M1BUIIEHHS TOBMOBIYHOCTI KOHIYHOTO MiIIIMITHUKA Ta OYKCOBOTO By371a
B LIJIOMY.

B po6oTi po3riasiHyToO NUTaHHS ONTUMI3aLlli KOHCTPYKIIi OYKCOBOTO
MiJIIMITHAKOBOTO BY3Jla 3 METOIO MiJABHINEHHS TOBrOBIYHOCTI POJUKIB
migmunHuKa. [ToctaBieHa 3agada BUpiryBaiach MIITX0OM 3a0€3medeHHs
PIBHOMIPHOTO PO3MOIiTY HAaBaHTa)KEHHS B3/IOBK YTBOPIOKOYO1 POJIMKA Ta
BHUPIBHIOBAHHS HAaBAHTAXKEHHS MK POJMKAMH, 10 3HAXOIATHCA B 30HI
HaBaHTaKEHH.

OnTtumizaniiHa 3agada He Moxe OyTh chopMmyiaboBaHa MpHU
BIJICYTHOCTI MaTeMaTH4HOi MOAeNl 00'eKTa MPOEKTYBaHHS, MPHU LILOMY
BHJI MAaTeMAaTHYHOI MoOjel Oe3mocepeqHh0 BU3HAYAE JOIUIBHICTH 1
MOJKJTUBICTh 3aCTOCYBaHHS TOTO YM IHIIOTO MeTody. JlJisi BHUpIIICHHS
MOCTABJIEHOI 3a/aul HEOOXIMHO MOOyayBaTH TEOMETPUYHY MOJIETh
OYKCOBOTO MiIIUITHAKOBOTO By3ia, po3pooutn CE Moxens, BUSHAUYUTH
3a/lauy ONTHMI3alii, MmiaIOpaTd METOA ONTHMI3alii Ta BUKOHATH
ONTUMI3AIIIIO.
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3aBaHHS MapaMeTPUIHOI ONTHMI3aIlii 3BOJWIOCS JO MiHIMi3allil
MaKCHUMaJIbHUX KOHTAKTHUX HANPYXEHb 0j, POJIMKIB, 110 3HAXOIATHCS B
30HI HaBaHTaxeHHsjen. LlimpboBa (yHKIS Mae HACTYNMHUN BUTIISAL
F(R) = max;e,05(R) — min.

Jlis  BUpINICHHS  TIOCTaBIEHOI  3a/ladl  BUKOPHUCTOBYBABCS
CUMIUIEKCHHUH MeToa (METOJ IOCHTIJIOBHOTO TOJIMImeHHs). [xes
CHUMILJIEKC-METOIy MOJISIra€ B TOMY, 11100 3HAWTH SIKECh BUXI1/IHE OIOPHE
pimenHs X (KyTOBYy TOYKYy) OIYKJOro OaraTOrpaHHHKa, a IOTiM,
HepexoAsyd BiJl BEpPUIMHU JO BEpIIMHHU, JOCAITH ONTHMAJIbHOIO
pilIeHHs, B SKOMY 3HA4€HHS LUIHOBOI (QYHKIII Oyae ONTUMAIbHUM.
Opnak onTUMi3alis KOHCTPYKIIi B Takiii ¢GopMi YCKIAQIHSIETHCS
HEOOXIJHICTIO TOCTiIHOI TepeOyaoBH CKIHUYEHO-EJIEMEHTHOI MOZEei
OYKCOBOTO MiJAUTUITHUKOBOTO By3Ja, 10 MPU3BOJUTH 10 HEOOXiTHOCTI
IPOBEICHHS BEITMKOTO 00CATY pO3paxyHKIiB i BUTPATH 4acy.

3aBaHHA ONTUMI3ALIT s TPAKTUYHUX PO3PAXYHKIB 3BOJUIIOCS 10
0e3yMOBHOI MiHIMIi3allii 32 OMOMOTr00 MeToay ITpadHUX (YHKIIH.
Takum umHOM, 3ajaya ONTUMI3alil BUIVISAAE€ HACTYNHUM YHHOM:
F(P;, q;) = maxo,(R) + YX_, q¥ - min, xinexicTs BapilioBaHHUX
napameTpiB Oyie npuitMaTy HacTYyMHi 3HaYeHHs ¢;>0 abo ¢;<0.

Jlig BU3HAYEHHSI HANpy>KeHO-1€(OpPMOBAHOTO CTaHy PO3pOOJIEHOT
pPO3paxyHKOBOI ~ MOJIeJli  BUKOPUCTOBYBAaBCSI ~METOJ  CKIHUEHHHUX
enemenTiB (MCE) B mepeMilieHHsIX B (OpMYJIIOBaHHI MPOCTOPOBOT
KOHTAakTHOI 3ajaui. CTaTUYHUN aHali3 PO3PaxXyHKOBOI  CXEMHU
IPOBOAMBCS IIPH J11i Ha HET MAKCUMAaJIbHOTO HaBaHTa)KEeHHs B po3Mipi 360
kH. Ha ocnoBi no6ynoBanoi CE mozeni npu BUpIlIEHH] MOCTaBIECHUX
3aBlaHb  ONTHUMI3allii TPOBOJWIUCS  PO3PAaXyHKH  HaNpyKEHO-
e OpMOBAHOIO CTaHY.

PesynbraT mocsraBcsi 3a paxyHOK 3MiHHM KYTy Haxwily HalmpsMHHUX
BIJTHOCHO TOpPU30HTAJbHOI IUIOIIMHM Ta 30UIBIIEHHS IUIOIIMHU
KOHTAaKTYI04Oi OBEPXH1 HalPIMHUX ajantepa 3 01YHOI paMol0 Bi3Ka,
npu oMy Oyja 3MEHIIeHa BiACTaHb MK HampsMHUMH. Byson 3
ONTUMI30BAHOI KOHCTPYKIIIEI0 aJanTepa Mae€ 3HAYHO  MEHIIl
MaKCHUMaJbHI HaNpy>KeHHS IOPIBHAHO 3 JOIMYCTUMHUMHM, BIJICYTHIH
"kpailikoBuii  edext". Came Take PO3NOJIICHHS  KOHTaKTHHUX
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HAaBaHTAXXECHb CIpPUSAE MaKCUMAJIbHIA  JIOBTOBIYHOCTI  OYyKCOBOTO
HiIIMITHIKOBOTO By3J1a.

Bukopucranas MeToaiB Teopii "'BUKUIIB" /151 OLIHKH
HaAifHOCTI BATOHIB

Maprunos L. E., Tpydanosa A. B.
VKpaiHCbKUH IepKaBHUH YHIBEPCUTET 3aJIi3HUYHOTO TPAHCIIOPTY
(YxpAY3T)
kladkonadiia@gmail.com

The paper is devoted to the improvement of methods for assessing the
durability of freight cars. The method of determining the reliability
indicators of freight cars has been formed, the peculiarity of which is
taking into account the probabilistic nature of the existing loads.

CraThsl  TIOCBAIIICHA  COBEPIICHCTBOBAHWUIO  METOJOB  OIEHKH
JOJTOBEYHOCTH  Tpy30BbIX BaroHoB. CdopmupoBaHa MeETOIUKA
ONpENIeJICHUs]  TIOKa3arelneld  HAJeKHOCTH  TIPY30BBIX  BaroHOB,
0COOEHHOCTBIO KOTOPBIX SIBISIETCS YYET BEPOSITHOCTHOTO XapakTepa
CYIIECTBYIOIUX I'PY30B.

Crarts mpucBsiYeHa BIOCKOHAJICHHIO METOJIB OI[IHKH JIOBTOBIYHOCTI
BaHTaXHHX BaroHiB. ChopMoBaHa METOAMKA BU3HAUEHHS IMOKA3HUKIB
HAOIMHOCTI BaHTAXXHUX BaroHiB, OCOOJHMBICTIO SKHX € OOIIK
IMOBIPHICHOTO XapakTepy iCHYIOUMX BaHTaXIB.

3ai3HUYHUN TpaHCHOPT YKpaiHU € OJHIEI 3 HaMBaXKJIMBILIMX
rajiy3eil HapoJHOTO TOCIOAApCTBa KpaiHWU, OCKUIBKHM BIH BHUKOHYE
MEepPeBXHY OUIBLIICTh BaHTAKHHUX 1 TMMACAXUPCHKUX IEPEBE3EHb.
[TepmodeproBuM 3aBJIaHHSM HAYKOBI[IB 3aJTUIIAETHCS yIOCKOHAICHHS
METOJIIB PO3paxyHKy IIOKa3HHKIB HAJIHHOCTI E€JIEMEHTIB BaroHiB 3
MOJIAJIBIIIMM BUKOPHUCTAHHSIM OTPUMAHUX PE3YNIbTATIB JJI PO3POOKH
3ax0/iB 1o 11 HiABUILEHHIO.

['onoBHUM HEMOIKOM TEPEBaXHOI OUTBIIOCTI ICHYIOUHX METO/IIB
BU3HAUEHHS HAAIHHOCTI € BHUKOPHCTaHHA TMPHUIYIICHHS PO
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JNETCpPMIHOBAHUH XapakTep BCIX BUAIB HaBaHTakeHb. HaBiTh BenmuuHa
BEPTUKAIBHOTO  JUHAMIYHOTO  HABAaHTAXEHHA  3TIJHO  AII0YHM
HOPMAaTUBHUM JIOKYMEHTaM OOYHCIIIOETHCS SIK MOCTiHA BEIMYMHA, SIKa
3aJIeKUTh TOJIOBHUM YHMHOM BiJ IIBHAKOCTI PYXy Ta >OPCTKOCTI
pecopHoro miaBimyBaHHS. Xo4a (paKTUYHO HA HEl BIUIMBAE BEIMYE3HA
KUIBKICTh YUHHUKIB 1 MalKe BCl BOHU HOCSTh CTOXaCTUYHUHN XapaKTep.

OpHMM 3 HaNpPSMKIB YJOCKOHAJICHHS METOJIB OI[IHKK HaJiHHOCTI
€JICMEHTIB KOHCTPYKIIiH BAaHTQ)XKHUX BaroHIB € ypaxyBaHHs 1X (aKTHUHOI
3aBaHTA)XKEHOCTI B 3aJIEKHOCTI BiJl IMOBIPHICHOTO XapakTepy MIIOYHX
HABaHTA)XEHb.

Baron € ckimamHOO MexaHIYHOIO cucteMor. Ilpu mpoxomkeHHi
HepiBHOCTEH KoIii Ha OyIb-SKHI €JIeMEeHT KOHCTPYKILi BaroHa AifOTh
30BHIIIHI HABaHTaKEHHS . BOHU MOXyYTh OyTH Pi3HI 32 MOXOKEHHAM
Ta MPUIMAIOTh BUIAJKOBI 3HAUEHHS 3 JAESIKOTO MPOCTOPY MOMIIMBHUX
30BHIIIHIX HaBaHTaXeHb (. 3MiHAa IUX HaBaHTaXCHb Yy 4dYaci €
BUManKoBuil mpouec. CTOXacTUYHY TIOBEIIHKY €NEeMEHTY, IO
pO3TIIANAEThCS, OyJeMO XapakTepu3yBaTH €JIEMEHTAaMU U, SKi €
yacTKaMH BIANOBigHOrO Tmpoctopy U MOXIUBUX CTaHiB, SKUN
o0upaeTbcs TAKUM YMHOM, 100 32 HOro AOMOMOIOI0 B paMKax oOpaHOi
PO3pPaxyHKOBOI CXE€MH TMOBHICTIO OyB OINHMCAHWN CTaH BIAMOBIIHOTO
€JIIEMEHTY.

[Ipn HOpManbHIM ekcrulyaTalii mapaMmerpH, 110 XapaKTepU3yIOTh
(GYHKI[IOHANPHUN CTaH €IEMEHTY, W10 PO3TJISAa€ThCA, MOBUHEH
3HAXOJIUTHUCS Y BCTAHOBJICHUX MEXaX Ha MPOTA31 BCHOI'0 HOPMAaTHBHOTO
CTPOKY CITy>kOu. MaTeMaTH4HO IIe BiAMOBIIa€ 3HAXOIKEHHIO €JIEMEHTIB
u y gomyctumiil obmacti (2 mpocTopy aomyctuMux ctadiB V. Buxin
BUIA/IKOBOTO Iporecy V(t) pyHKIIOHYBaHHS BiNOBITHOTO €JIEMEHTY 32
MeXI1 JOIyCcTUMO1 00J1acTi {) MPU3BOANTH 10 OTO BIMOBH.

[Ipouilenypa OIIIHKM JIOBrOBIYHOCTI, IIO MPOIMOHYETHCS, OyIe
CKJIaJIaTHCS 3 HACTYITHUX €TAalliB:

- CTBOPEHHS  PO3pPaxyHKOBOI  MoOJeNi  BiJIOBITHOTO
CJIEMEHTY Ta BU3HAYCHHS MEXH IPOCTOPY JOMYCTUMHUX
CTaHIB;

- moOyaoBa MoOJei JAWHAMIYHOTO BIUIMBY PIZHHX 34
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MOXO/KEHHSM HABaHTa)XCHb HA €JIEMEHT KOHCTPYKIII,
JOCII/DKEHHST XapaKTePUCTHUK OTPUMAHUX BHITAIKOBUX
MPOILIECiB HABAHTAXXCHb;
- BHM3HAQYCHHS WMOBIPHOCTI  MEPETHUHY  BHITAJKOBUM
MPOIIECOM HABAHTAXKEHHS MEXI MPOCTOPY JOMYCTUMHUX
CTaHiB;
- 00YHCIeHHS XapaKTEpUCTHK Oe3BiIMOBHOCTI 0OpaHOro
€JIEMEHTY 3 MOJAIBIIUM BU3HAYCHHIM PECypCy.
3a3HaveHa mpoleaypa Oyia MOCHTH YCIINIHO BHKOPUCTAHA JUIS
OLIIHKH JOBTOBIYHOCTI OyKCOBHX HIAIIMITHUKOBUX BY3JiB BaHTKHUX
BaroHisB.

Jlo NUTAHHS BU3HAYEHHSA CHJIL, Ail0YUX HA OYKCOBi By3J11
BAHTA:KHHUX BATOHIB B Mpoueci ix ekcmiryaranil

Maprunos I. E., Tpydanosa A. B., lloskyn B. O., Snosa 1. B.
VYxpaiHCbKHii Aep>KaBHUN YHIBEPCUTET 3aJ1I3HUYHOTO TPAHCIIOPTY
(YxpVY3T)
kladkonadiia@gmail.com

The axle bearing assembly of a freight wagon is considered as a complex
mechanical system influenced by various factors. The random nature of
the behavior of the axle node is caused by the scattering of both its own
properties and the existing loads. These include radial forces, axial forces
and forces resulting from the misalignment of wheel pairs.
[TonmuMHUKOBBIA y3€d1 TpPYy30BOIO BaroHa paccMaTpUBaeTcs Kak
CIIO’)KHAsl MEXaHWYecKas CHCTeMa, Ha KOTOPYIO BIUSIOT pa3iIMyHbIE
¢dakTopsl. Ciay4yallHBIH XapakTep MOBEICHHUS Yy371a OCH OOYCIIOBIIEH
paccessHHEM KaK €ro COOCTBEHHBIX CBOWCTB, TaK M CYIIECTBYIOIIMX
Harpy3ok. K HUM OTHOCSTCS paguanbHble CUJIbl, OCEBBIE CHIIBI U CHJIBI,
BO3HUKAIOIINE B PE3yJIbTATEe CMEIIECHHSI KOJIECHBIX TIap.
[TiAmMHUKOBUI By30J1 BAHTa)KHOT'O BaroHa pPO3IIIAAA€ThCS SK CKIIAIHA
MeXaHIYHa CHCTEeMa, Ha SKy BIUIMBAIOTh pi3HI (akTopu. Bumnaaxosuii
XapakTep MOBEAIHKH By3j1a oci 0OyMOBJIEHUH pO3CIIOBaHHAM SIK HOro
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BJIACHMX BJACTHBOCTEH, TaK 1 ICHYIOUMX HaBaHTaxeHb. J[0o HHX
BIJIHOCSATBCS PajialibHI CHJIM, OChOBI CHJIM 1 CHIJIM, III0 BUHUKAIOTh B
pe3yabTaTi 3cyBY KOJIICHHX Tap.

besneka mnepeBe3eHb € MPIOPUTETHUM HAMPSIMKOM JiSUTBHOCTI
3aJ3HUIb. [i 3a0e3MMeYeHHs 3aIeKUTh BiJ 3J1aroKeHol poboTH BCIX
CTPYKTYPHUX TiAPO3ILTIB, aje, 3 ypaxyBaHHSIM MAacCOBOCTI MapKy
BaHTOKHUX BaroHiB, iX HaJiiiHa po0OOTa € OJHUM 3 HAWBAKIMBIIINX
YHHHUKIB, 1110 BIUTUBAE HA €()EKTUBHICTH (PYHKIIOHYBAHHS 3QJI13HUYHOTO
TPaHCHOPTY.

BykcoBuii TiAIIAITHUKOBUN BY30JI € OJHUM 3 HAWBaXJIMBIIIUX
€JIEMEHTIB XOJOBUX YaCTHUH BaroHa, BiJl TEXHIYHOIO CTaHy $KOI'O
3HaYHOI0 MIpOI0 3aJeKUTh HAJIMHICTE BaroHa B IIJIOMY. 3arajiom
TOYHICTh METOZIB OLIHKK Ta TMPOTHO3YBaHHS HaAIHOCTI pPoOOTH
OYyKCOBHX BY3JIiB B 3HAYHIH Mipi MOXe 3aJI€’KaTH BiJ] KITBKOCTI (haKTOpiB
BpaxoBaHUX B iX Mojensx. MeToau OIiHKM HaAlHHOCTI 0a3yloThcs Ha
JOCUTh TPOCTUX TIOJOKEHHSAX Ta BPAXOBYIOTh OJHMH, /[BA YHMHHHUKA.
[TiAmMIHUKOBUI By30J BAaHTa)XKHOTO BaroHa SBJIslE COOOI CKIIAJHY
MEXaHIYHy CHUCTEMY, Ha SKy [IIOTb PI3HOMAHITHI CHUJIM, TOMY IIpH
pO3paxyHKax JOBTFOBIUHOCTI CJHiJl BU3HAUUTH DAL CHJI KOTPI MOXKYThb
3HAYHOI MIpOI0 BIUIMBaTH Ha poOOTy OYKCOBOro BYy3/1a, Ta IpHU
pO3paxyHKax BpaxOBYBaTH i1X CyMICHY JiIO.

B npouieci ekcmtyaratiii pyXxoMoro ckjiajay Ha 3ali3HUYHIN KoJii Ha
HbOTO [IIOTh PI3HOMAHITHI HaBaHTaXXEHHSA. 30KpeMa Yy 3arajllbHOMY
BUMAJKy Ha OyKCOBMHM MIJIIMIIHUKOBUHA BY30J [l€ pajiajibHe
HaBaHTAXEHHs BIJ] Bard Ky30Ba Ta BaHTaXy, OCbOBI 3yCHILIA,
NEPEeBAHTAXXEHHS i/ 4Yac KOJMBaHb BAaroHy Yy pycCl, IEpPeKiC KOJICHOI
mapy B IJIaHI  BHACHIJIOK  KOHCTPYKTMBHUX  OCOOJIMBOCTEH
TPHOXEJIEMEHTHUX BaHTAXHUX BI3KIB. Tak SK OJHHM 3 HEIOJIKIB
TPbOXEJIEMEHTHOTO Bi3Ka € BIJICYTHICTh JKOPCTKHUX 3B’SI3KIB, Ta SK
HACJIIJIOK MO>KJIMBICTB 3a01raHHs O1YHUX pam, IPH L[bOMY Ha KOHCOJIbHY
YaCTHUHY paMHU IMEepeNaroThCs J10JATKOBI 3rMHAIbHI 1 KPYTHUH MOMEHT,
10 MO’K€ 3HAYHO BIUTUBATH Ha Kopmyc OykcoBoro By3ia. Kpim Toro
KOHCTPYKIIi IEJENHOro OTBOpYy Oi4HOI pamMu 1 OyKcoBOro By3ia
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nepeadavyae HasBHICTh IO3OBXXHBOTO 1 IOMEPEUYHOTO 3a30piB MiXk
MPUJIMBaMU KOPIycy OyKCH 1 IIENENHOT HApaBIIsiouo0i, uepes Kl MOKe
3MIHIOBATHUCS XapaKTep IX KOHTAKTY 1 K HACHIOK Pi3HOT BETUYMHU CHUII
MePeKoCcy B MiALIUITHUKY.

Takox mpu po3paxyHKy AOBIOBIYHOCTI OyKCOBOTO By3ja Oa)kaHO
BpaxoBYBaTH CTaH KOJii, XapakTep BaHTaXy (CUNKHH ab0 IITY4YHHUIA),
BIUIMB  HABKOJHUIIHBOTO  CEpelOBHINA  (TeMIeparypa, BOJIOTICTh
30BHIIIHKOTO TOBITPs) 1 T. . TOOTO y 3araJilbHOMy BHITaJIKy KUIBKICTh
HaBaHTA)KCHb HAOJIMKAETHCSA JO HECKIHYCHHOCTI (1—0).

Age, He BCl 13 3a3HAUYEHUX YMHHUKIB MalOTh OJHAKOBHM BILTUB Ha
HAIIWHICTh MIAMHUITHUKOBOTO By3JIa BaroHy: JesiKi BIUTMBAIOTh JIUIIIE HA
edeKTUBHICTh HOro poboTH ab0 KOHTPONEHPUIATHICTH MiJ Yac PyXy.
ToMy HE0OXiTHO BU3HAYMTH HAHOUIBII 3HAYHI CHJIM 1110 BIUIMBAIOTH Ha
¢byHKI[IOHYBaHHS OyKCOBOTO By3na. /1o HUX MOXHA BIJHECTH pafialibHi
CHJIH, OCBOBI CHJIM Ta CHJIM BUHUKAIOYi B HACIIOK IEPEKOCIB KOJTICHUX
nap. OcTaHHI MOXKYTh 3HAYHO BIUIMBATH HA OYKCOBUH IMiIIMITHUK TaK SIK
3MEHIIYIOTh 3a30pM MDK €JeMEHTAaMH KOYCHHS IIiIIIMITHUKA, Ta
BUKJIMKAIOTh 30UIBIICHHS KpaHoBUX €(EKTIB B  PO3MOIIICHHSIX
HampyXeHb B MarTepiall pOJUKIB Ta JOPIKOK KOUEHHS KiJIelpb
MM AIIAITHAKA.

MoneupoBaHne KOHTAKTHOTO B3aMMO/IEHCTBHS NMapbl KOJIECO-
pejibe

Hosorpyackuii JI. C., Onpasxara H. 1.
HuctutyT npobaem npounoctu umenu I'.C.ITucapenko HannonanbHoM
aKaJIeMHH HayK Y KpauHbl
nol@ipp.kiev.ua, opravkhata@ipp.kiev.ua

The technique of research of processes of development of contact
interaction of a wheel and a rail considering the action of operational
factors at power parameters in the contact zone, corresponding to real
ones in the operation of railway transport is presented.

[lpencraBneHa MeTOIWKAa  HMCCIEAOBAaHMS  NPOLECCOB  Pa3BUTHSA
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KOHTAKTHOTO B3aUMOJCWCTBUS KOJIeCa M pelibca C YYETOM BIIUSHUS
9KCIUTyaTallMOHHBIX (AaKTOPOB Ha TMapaMeTpsl MOIIHOCTH B 30HE
KOHTAaKTa,  COOTBETCTBYIOIIME  peaJbHBIM B  OJKCIUTyaTalluu
KEJIE3HOIOPOIKHOTO TPAHCIIOPTA.

[IpencraBnena MeToAMKa AOCIIHKEHHS MPOLECIB PO3BUTKY KOHTAKTHOI
B3a€EMOJIii Koieca 1 pedku 3 ypaxyBaHHSM BIUIMBY €KCIUTyaTalliiHUX
¢dakTOpiB Ha mMapaMeTpu MOTYKHOCTI B 30HI KOHTAKTy, BiJIIMOBiJIHI
peaNbHUM B EKCILTyaTalii 3aJ1i3HIYHOTO TPAHCIIOPTY.

KenesHoopoKHBIN TPAHCIIOPT UIPAET BAKHYIO POJIb B dKOHOMUKE
HE TOJIbKO YKpauHbl, HO U JIpyrux EBpomneickux crpad, 0cOOEHHO MpU
MaccoBbIX  niepeBo3kax. CTpeMieHHME  JKCIUIyaTallUOHHUKOB K
MOBBIIIICHUIO YKOHOMHYECKOW 3(PPEKTHBHOCTH MEPEBO30K 3a CUeT
HOBBILICHUSI MacChl U CKOPOCTH JIBHYKEHHS IOE310B JIOBOJBHO 4aCTO
IPUBOJUT K YBEIMUEHHUIO CBEPX JIOIMYCKAEMbIX INOTOHHBIX U OCEBBIX
Harpy3oK, 4YTO BbI3BIBAECT pa3pyLICHUE OTBETCTBEHHBIX JJIEMEHTOB
MOJBUKHOTO COCTaBa M IKEJIE3HOJOPOKHOTO IIyTH, HPOBOLUPYS
aBapuiHbIE CUTyallMM U YaCTUYHYIO UJIH ITOJIHYIO OCTAaHOBKY JIBUYKEHUS.
Upes3BbI4aiiHO BayKHBIM JUJIS IPEIOTBPALLCHUS TAKUX CUTYallUH SBIISETCA
TEXHUUYECKOE COCTOSIHUE Mapbl KOJIECO-PEIIbC.

JIJ1s1 OLIEHKM TEXHUYECKOTO COCTOSIHHS Taphl "Kojieco-penbc” u ee

HecyIen CIIOCOOHOCTH HCIOJIb3YIOTCS pe3ybTaThI
JKCIIEPUMEHTAJIBHBIX UCCIIEIOBAaHUM B3aUMOJAEUCTBUS KoJieca U pelibea.
Hccnenoanus BBINOIHSIOTCS Ha OTIBITHBIX ydacTKax

YKEJIE3HOJJOPOKHBIX MyTeH, UCCIIEOBATEIbCKUX CTEHAAX C OJHUM WU
IBYMsl HaTypHbIMH oObekTamu. Ilpu wHccienqoBaHUM — KMHETUKH
B3aMMOJIEMCTBHSl KoJieca M pelbca Ha HATYpPHBIX OOBEKTaX WM
NOoJHOMAcIITaOHBIX 00pa3lax 3HAYUTEIbHOE BHUMAaHHUE YACTSIIOT
OILICHKE BEJIMYMHBI KOAPPUIMEHTA CHETUICHUS MEXAy HUMHU, UX U3HOCY
U pa3pyLICHUIO, CONPOTHUBIICHUIO KA4YECHUs, W3MEHEHHIO TI'€OMETPHUH
KOHTaKTUPYIOIIUX ITOBEPXHOCTEMN. B MEHBIIIEH CTEIEHU
COCpEOTOUMBAIOTCA HA W3YYEHUHM CaMOW 30HBI KOHTAKTa — KUHETHKHU
3apOKIEHUST W Pa3BUTHS B 3TOM 30HE JePEKTOB KOHTAKTHO-
YCTAJIOCTHOTO XapaKTepa, BKJIAJIOM B Pa3BUTHE ITUX MPOLIECCOB TPEHUS,
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a TaKKe BIMSIHUS IPOXOXKICHHUS SJIEKTPUUECKOIO TOKA Yepe3 30HY
KOHTAaKTa.

Hanuuune TIroBoro uiax TOpMO3HOTO MOMEHTOB YBEJINYUBAET 30HY
CKOJIBJKEHUS, YTO SIBISETCS OJHOM U3 OCHOBHBIX IPUYMH H3HOCA U
pa3pylLIeHUs] MaTEpUaIOB, IIPOIPECC KOTOPBIX MOXKET YCUIIUBATHCS MPU
JEeWCTBUU TaKOT'0 SKCILTYaTallUOHHOTO (PAKTOpa KaK IEKTPUUECKHUI TOK
OOJIBIIION TIJIOTHOCTH, KOTOPBIM MPOXOAUT uYepe3 30HY KOHTaKTa, U 3a
CUeT BIUSHUSA (PAKTOPOB BHELIHEN CPEIb.

BbiOOp  KOHCTpYKLUMOHHBIX  MaT€pUaJoOB W ONTHUMAJIbHBIX
TEXHOJIOTUH UX 00pabOTKH /17151 U3rOTOBJICHUS HECYILIIUX 3JIEMEHTOB Iy TH
U KOJIEC OCYUIECTBIISIIOT, KAaK IPaBUJIO, MO pe3ysbTaTaM HUCIbITAaHUI
MOJICJIBHBIX 00pa3loB MNpocToil (GopMbl ¢ ueTko 0003HAUCHHOMH
reoMeTpuel KOHTaKTHOW 30HBL. IIpu Takux HCHBITaHUAX HEOOXOAMMO
peann30BaTh NapaMeTpbl HE TOJIBKO KOHTAKTHOH AedopMaliiy o0pasLos,
HO U o0mel jgepopmanuy, BbI3BAaHHOM U3ruboM  oOpa3lua,
UMUTHPYIOLIUM YCJIOBUS pabOThI peinbea. [ oleHKH BKiala TpeHus B
paspylIeHHe MaTepUaIoB, UMEET CMBICI IIPOBECTU MCCIEAOBAHUS 30HbBI
B3aUMOJICHCTBUS IIPU UCIIBITAHUAX Mapbl HA KOHTAKTHYIO YCTAJIOCTh 0€3
OOKaThIBaHUS TEJ, UCKJIIOUMB, TAKUM 00pa3oM, TPEHUE CKOJIbXKEHUS U
kayeHus. C LeNblo peain3aluy TaKoro UccieloBaHus Obul pazpaboTaH
1 000CHOBaH METO/1 SKCIIEPUMEHTAIIBHOTO MO/IETUPOBAHUSI KOHTAKTHOTO
B3aMMOJIEHCTBHS Tapbl KOJIECO-peibc Ha 00pa3lax MpocTod (Gopmel ¢
YEeTKO ONPEJEICHHON TIeOMEeTpUYecKol (OpMON KOHTAKTHOM 30HBI
(cxema KOHTaKTa "IMIMHIP-TUIOCKOCTH"). POOOTHI BBIMOIHEHBI B pAMKax
rocOromkerHoil  Tembl  «KiHetnka miacTuyHOro  JeopMyBaHHS
KOHCTPYKLIMHUX CIJIaBiB HpPU CKJIAJAHOMY HABAaHTAXKEHI, a TaKOX B
yMOBaxX €KCTpeMalbHO HU3bKUX TemmepaTyp» (Ne I'ocpecropanuun
01170002230).

Jns AKCIIEPUMEHTAJILHOTO WCCJIEIOBAHMUS KOHTaKTHOTO
B3aMMOJICHCTBHS  Taphl  KOJECO-peibc  ObUla  MOJAEPHHM3MPOBAHA
YHUBEpCajJbHasi YCTaHOBKA JUIsl HAHECEHWsS! TPEIIMH YCTaJIOCTH, YTO
MO3BOJIMJIO UCTIBITHIBATh Ha KOHTAKTHYIO yCTalOCTh 0€3 OOKaThIBaHUS
oOpasmpl  MpocTol  (POPMBI, HMHUTHPYIOIIME TMapy KOJECO-pebC.
"Obpazen-penbc”"  mpeacTaBiser  co0oil  OanKy  IpSMOYTOJIBHOTO
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CCYCHUs, YCTaHABJIMBAEMYIO Ha JBYX omopax, a '"oOpasem-koieco" —
MUJIUHAD, 3aKPEIUICHHBIH B crenuaibHOW oboiime. [Ipu mcnbrTaHusx
00pa3ubl (GUKCUPYIOTCS OT MPOJOIBHBIX M MONEPEUHBIX MEPEeMEIIeHUI:
"oOpazen-pensc" — TpU MOMOIIM YMOpPOB, a "oOpasem-koyieco" —
CHEeLMATBHBIM JIEpXKATeJIeM, YTO IMO3BOJISIET (PUKCHPOBATH MOJOKECHUE
KOHTaKTHOM 30HBI. YPOBEHb HArpy3Kd 3aJaeTcs MPY>KUHOM CiKaTus,
HavanbHas JnedopManus KOTOPOW OIMpeaeNsieT YCHIHEe B KOHTAKTHON
30HE, M CHUCTEMOW pbIYaroB (MepelaTouyHOe 4YHUCIO paBHO Q).
HuknuuHOCTh HArpy>XeHUs O0pasloB OT HyNIs A0 HEOOXOIUMOM
BEJIMYMHBI, 33/1aBa€MON HACTPOMKOM MPY>KUHBI, BBIMOIHACTCS MPH
IOMOIIM HAXMMHOI'O 3KCLIEHTPUKA, IOCa)KEHHOT0 Ha Ball MOTOpa-
penyKTOpa U B3aUMOJACHCTBYIOIIETO C AepkaTeneM ""oOpasia-koneca'.

Jlia peanu3anyy peanbHbIX PEeKUMOB 3KCILTyaTalluy Mapbl KOJIECO-
pelbc TMpU  MOJAETUPOBAHMU KOHTAaKTHOTO B3aMMOJCHCTBHS 0Oe3
oOKaTbIBaHUS, BBHIOOP pa3MepoB OOpa3LOB U PEKUMOB HarpyKEHHUS
ClelyeT MPOU3BOJHUTHb, OCHOBBIBASICh HAa pE3yJibTaTax pacuyeToB Ha
MPOYHOCTh BEPXHETO0 CTPOCHHUS IMYTHU U PACUYETOB KOHTAKTHBIX
HANpsDKEHUH TpU B3aUMOJICHCTBUHM Kojieca U penbca. B pesynbrate
pacyeToB, ONpEeNseTcs 3HAa4eHHE HOPMAJIbHOTO HAIpPSDKEHUST IpU
u3rube peiabca U 3HaU€HUE HOPMaJIbHOTO KOHTAKTHOTO HAMPSIKEHUS, YTO
MO3BOJIUT OIPEAETUTH pa3Mepbl 00pa3I0B, PACCTOSHUE MEXKIY OIOpaMH
Ha KOTOpble onupaercs "oOpasem-pensc', a TakkKe 3HAUYEHHUE
BEPTUKAIbHONM  HArpy3ky, HEOOXOOUMOM JUIsi  BOCIPOM3BEIACHMS
JIEMCTBYIOILIETO YPOBHS KOHTAKTHBIX HAIPSKEHUI.

B kauectBe mpumepa Jii  MOJAEIUPOBAaHUS  PACCMOTPEHO
B3aMMOJEHCTBHE TIPy30BOTO MarucTpaJbHOro 3ijexkTtpoBo3a BJISO c
KoJIeel, BBIMOJIHEHHONM u3 penbcoB Tuma P65. CoriacHo pacyeram
HauOOJIbIINEe HATIPSDKEHUS TpHu u3rude penbca coctaBisitoT 90 Mlla, a
HOpPMAJIBHBIE HaIpsDKEHUs B 30He KOHTakTa 1264 MlIla. Hcnonb3ys
MOJIyYEHHbIE 3HAUEHHUS JACHCTBYIONIMX HANPsLDKEHUH OMpeieeHHbI
pasmepsl ob6pasnoB ("obOpazer-pensc” — 140x20x10 mMm; "obOpasen-
Koieco" — pamuyc obpasuma 5 mm, mupuHa 10 MM) ¥ MapameTpsl
UCHBITAaHUN (paccTOSTHUE MeEXAy ONOpaMU Ha KOTOpBIE OIUpPaeTcs
"obpasern-pensc” — 120 MM, BepTukanbHoe ycunue — 2,28 kH). Pacuetnas
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yacToTa Harpyxenus cocrasiser ~11 I'n. s uzroroBneHust o0pason
B KayecTBe MOJIEIBHOIO MaTepuajia Oblia HCIIOJNIb30BaHA CTallb 45,
TepMooOpaboTKka KOTOpo Ha TBepaocTh 325...373 HB, mno3Boiser
MOJIyYUTh 3HAYCHHS] €€ MEXAaHHYECKMX XapaKTEePUCTUK OJM3KUMHU K
3HAYEHUSIM XapaKTEPUCTUK PesIbcoBO ctanu M76.

[To mepe pocra KoIMYeCTBa LUKIOB HATPY>KEHUS MTePBOHAYAIIbHBII
KOHTakT '"oOpasma-koneca" wu '"oOpasma-penbca’ 1O JUHUH —
paciupsieTcs, npuHUMas BUA npsimoyrojibHuka. llupuna konTakta B
JaHHBIE MOMEHT BpPEMEHHU ONPEIENAETCS BEIUYMHON HAKOIUIEHHBIX
yOpyToIuiacTudeckux aedopManuii  KOHTAKTUPYIOLUIUX 3JEMEHTOB.
YBenuueHue miomaan KOHTaKkTa MPUBOIUT K YMEHbBILIEHUIO 33JaHHOTO B
HayaJje HUKJINYECKOTO HArpy>KeHHUs YPOBHS HOPMAJIbHBIX KOHTAKTHBIX
HanpspkeHui. [l obecriedyeHusl IOCTOSTHCTBA UX 3HAYEHUS B TEUECHUU
SKCIIEPUMEHTAa IPOU3BOAUTCS KOPPEKIIMs YPOBHS Harpy3ku. B mporecce
MUKIMYECKOTO Ae(OpMUPOBAHUS TPOUCXOAUT CMITHE MOBEPXHOCTEH
KOHTaKTa, HAKOIUIEHHE OCTaTOYHBIX JAeopMaiuii, 3apokIeHue U
pa3BuTHe neeKToB, HUMEIOLIUX KOHTaKTHO-YCTaJIOCTHOE
npoucxoxzaenue. Jns momydeHus uHDOpPMALUU O  COCTOSHUHU
B3aWMOJICVCTBYIOIIMX  MOBEPXHOCTEM B  MPOLECCE  HCIBITAHUN
HE00X0IMMO (UKCUPOBaTh: MU3MEHEHUs pa3MepoB 0Opas3lioB B 30HE
KOHTAKTa; MOSBJIEHUE U Pa3BUTHE MOBEPXHOCTHBIX /I€(EKTOB; BHICOTY
MOBEPXHOCTU penbeda; BeJIWYMHY Harpy3ku u T.0. C 3Toi 1ebio
UCIOJIb3YIOTCS AIEKTPOHHO-ONTUYECKOE HAOIIOACHNE; CHATUE PEIUIHK C
MOBEPXHOCTEH KOHTAaKTa; MHUKPOCTPYKTYPHBIE HCCIEIOBaHHUS 30HbI
KOHTaKTa;  U3MEPEHHs]  MHMKPOTBEPIOCTH U  3JIEKTPUYECKOTO
COIIPOTHBIIEHUS B 3TOM 30HE; TEH30METPUUECKHUE U3MEPEHHSI Harpy3KH U
IepeEMENICHU M.

PazpaboTanHblii MOAXOJ MOJEIUPOBAaHUS B  JAOOPAaTOPHBIX
YCIIOBUSIX COOTBETCTBYIOLMX pEAJbHBIM YCIOBUAM U pPEKUMaM
JKCIUTyaTalluy Mapbl KOJIECO-PENbC, MO3BOJSET JOCTOBEPHO OLIEHUTh
KOHTaKTHYI0 yCTaJOCThb MaTepuajoB TakKoil mapbl, NPAKTUYECKU
UCKJIIOYMB BJIMSHUE TPEHUS HA Pa3BUTHE YCTATOCTHBIX MPOIIECCOB.
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BuszHauyeHHs1 3MiH TEXHIYHOI0 CTaHY KOJIil 3 BAKOPHCTAHHAM
Teopil BiTHOBJIEHHS

[Tatnnacos O. M., ®enopenko €. M., lynsra . A.
JIHIPOBCHKUI HalliOHAJILHUH YHIBEPCUTET 3aII3HUYHOTO TPAHCIIOPTY
iM. akan. B. A. Jlazapsina
rapunzeeelliza@gmail.com

Ensuring train safety and improving the economic situation are
paramount concerns for railways. Planning of repair and track works is
one of the important stages of managing the technical condition of the
upper track structure. The purpose of the study is to determine the state
of the upper track structure based on the application of recovery theory.
The dependences that reflect the work of the elements of the upper
structure of the track as a whole are determined.

ObecnieueHre OE30MACHOCTH TOE30B M YIJIYUIICHUE SKOHOMUYECCKOMN
CUTYyallMH SIBJISIIOTCS MEPBOCTETIEHHOW 3ajaueil JUIs »KeNe3HBIX JIOpOr.
[InaHupoBaHHE PEMOHTHBIX M MYTEBBIX Pa0OT SIBISCTCS OJHUM U3
BO)XHBIX JTAllOB YIPABICHUS TEXHUYECKHM COCTOSHHEM BEPXHETO
cTpoeHuss myTtH. Llenp wuccinenoBaHus — ONPEAETUTb COCTOSHUE
CTPYKTYpPBl BEpPXHEr0 TYTH HA OCHOBE NPHUMEHEHHS TEOpUH
BoccTaHoOBJeHUsA. OrpenesieHbl 3aBUCUMOCTH, OTpaXkarole padoTy
JJIEMEHTOB BEPXHEW CTPYKTYPHI IOPOKKHU B IIETIOM.

3abe3neueHHs O€3MEKH MOI3/IB 1 MOIMIIEHHS €KOHOMIYHOI CUTYyaIlil €
NEepIIOYEPTOBUM 3aBIAaHHAM JUIA 3ai3HUIb. [maHnyBaHHS PEMOHTHUX i
JOPOXHIX pOOIT € OJHUM 3 BaXJIMBHUX €TaIliB YHNPABIIHHS TEXHIYHUM
CTAaHOM BEPXHbOI OymoBU KoJiii. MeTa AOCTiPKeHHSI — BU3HAYUTH CTaH
CTPYKTYPH BEpPXHbOI'O IIIJIIXy Ha OCHOBI 3acTOCYBaHHsS Teopil
BIIHOBJICHHs. Bu3HaueHO 3aJeXHOCTI, MO BiIOOpaXKawTh POOOTY
€JIEMEHTIB BEPXHBOI CTPYKTYPH JTOPIXKKH B IIIIIOMY.

3abe3neueHHs Oe3MeKH PyXy MOI3MIB 1 MOMIMIIEHHS eKOHOMIYHOTO
CTaHOBMINA € TIEPIIOYECPTOBUMH 3aBJaHHSAMH 3ai3HUIG. [lmaHyBaHHS
PEMOHTHO-KOJIMHUX POOIT € OJHUM 3 BaKJIMBHUX €TaliB YHpPaBIiHHSA
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TEXHIYHUM CTAHOM BEPXHbBOI OyIOBH KOITii.

[Ipy KOMIUIEKCHOMY ITiIX0J1l BU3HAYEHHS TEXHIYHOTO CTaHy KOJIii
Ba)XXJIUBO BIOCKOHAJIOBATH 3aCO0M JIarHOCTUKH, PO3PaxXyHKOBI METOAU
OIIIHKH 3MiH Ta IPOTHO3yBaHHS CTaHy BEPXHHOI OyOBH KOJIii.

Y I0CKOHAJICHHS YIPaBIIiHHSA TEXHIYHUM CTAaHOM BEpXHbOI OyIOBH
KoJii B yMOBax €KcIUIyaTalii CIpsMOBaHE Ha HiATPUMAHHS CUCTEMH
yYTpUMaHHA KOJIii Ha piBHI, BIAMOBIIHOMY PIBHIO CY4YacHOi TEXHIKH, 1
CIpHsi€ TMABUIIICHHIO OE3MEeKH PyXy Ta e(EKTUBHOCTI yTPUMAHHS KOJTIi.

Cran cHuCTEeMH «3ali3HUYHHUHA KOJIs» XapaKTepU3YeEThCS TaKUMH
MOKA3HUKAMH SIK: TEPMIH CIIyKOU, MPOMYIIeHUI TOHHAXK, BUJIU 1 TEPMiHU
MPOBEICHHS PEMOHTHO-KOMIMHUX poOiT, ¢akTopu BIUIMBY Ha IX
KUTBKICHI XapaKTEPUCTUKH.

[ToxigHUMU BiJ HUX € KUIbKICTh AedekTHux enemeHTiB komii H(T),
MOB'I3aHUKA 3 HUM 00'eM pPEMOHTHHX poOIT 1 BIANOBIAHI CyMapHi
MIPUBEJICHI BUTPATH.

B mporeci excrutyaTariii 3ay1i3HUYHOT KOJIii BiJOYBa€ThCs CTapiHHS
fioro enemeHTiB. KibKIiCTh MeeKTHUX €IEMEHTIB 3ali3HHYHOI KOl 3
JOCTaTHIM CTYNEHeM TOYHOCTI MOXKHAa BM3HAYUTH 3a JOIOMOIOIO
3aCTOCYBaHHsI TEOpii BIJIHOBJIEHHS, TaK SIK BOHA HAWOUIBIIOI MIPOIO
BpPaxoBY€ KIJIbKICTh 1 TEPMIHH IMPOBEJCHUX HPOMDKHUX PEMOHTHHX
poOIT.

B Teopii BiiHOBIEHHS TPUHHATI HACTYIIHI MOHATTA 1 TO3HAYCHHS:

H (t) — xinbKicTh 1eheKTHUX €IEMEHTIB Ha OJUHUII JOBXKHHH KOJIii
B MOMEHT 4acy t ;

N — KiIBKICTh €IEMEHTIB Ha OJMHUIIIO JIOBXKHUHH KOJIIi;

U (t) — IMOBIpHICTH TOTO, LII0 32 HANpAILIOBaHHS t OKPEMO B3SATHI
eneMeHT Oyze neexTHUM;

Y — 4aCTHHA 3aMiHEHHX 1e()EeKTHUX EJIEMEHTIB;

T — MOMEHT, KOJIM TIPOBOJIUTHCS 3aMiHa Ae(PEKTHOTO eIeMEHTY.

MeToro JOCHTIJKeHHSI SBISETbCS BHU3HAYEHHS CTaHy BEPXHBOI
OyZI0BH KOJIii Ha OCHOBI1 3aCTOCYBaHHsI T€OPii BITHOBJICHHS.

BusnaueHo 3anexxHoCTi, IIO BiOOpaxarTb poOOTY EJIEMEHTIB
BEPXHbOI OYyJJOBH KOJIi B LIJIOMY, @ TaKOX JIOAATKOBOIO ONOPY PyXy
MO13/1iB B 3aJI€)KHOCTI BiJl CTPOKIB 1 BU/1iB IPOBEIEHUX PEMOHTHHUX POOIT.
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OTpuMaHHI MaTeMaTU4HI MOJIETI PEMOHTIB NPU yKJIaJaHHI HOBHX
€JIEMEHTIB Ta NP BHUKOPHUCTAHHI EJIEMEHTIB, IO 3HAXOIWJIHMCS IIif
BIUIMBOM HAaBaHTA)KEHHS B TOM 4ac, 110 ¥ €JIEMEHT, KU 3aMIHSIEThCS.

IIpo0sieMn KOHTPOJIENPUAATHOCTI OYKCOBHMX BY3JIiB 10
TeIVIOBOI0 KOHTPOJII0

[TeryxoB B. M.
VYkpaiHChKUI Aep)KaBHUI YHIBEPCUTET 3aTi13HUYHOTO TPAHCTIOPTY
hiitwagen@gmail.com

The current state of the suitability of axle boxes for remote thermal
control is analyzed. It is determined that the main parameter of the
technical condition of the axle box assembly is the temperature of the
neck of the axle of the wheel pair. Therefore, the reliability of assessing
the condition of the axle box will depend on the relationship between the
temperature of the control point of the axle box body and the temperature
of the axle neck. It is shown that there are a number of factors that
significantly affect the reliability of determining the technical condition
of axleboxes by means of thermal control.

[Ipoananu3upoBaHO COBPEMEHHOE COCTOSIHHE MPUTOJHOCTH OYKCOBBIX
y3JI0B K JMCTAaHIIMOHHOMY TEIJIOBOMY KOHTpoito. OmpeneneHo, 4to
OCHOBHBIM IapaMeTPOM TEXHUYECKOTO COCTOSHHUS OYKCOBOTO Y3Ia
SBIISIETCS  TeMIlepaTypa UIeWKM ocu KojecHo mapel. [loatomy
JIOCTOBEPHOCTh OLIEHKHM COCTOSIHUSI OYKChbl OyAET 3aBHCETh OT CBSI3U
MEXIY TEeMIIepaTypoil KOHTPOJbHOM TOYKM KOpIlyca OyKChl U
Temneparypoil meiku ocu. [lokazaHo, 4To cymiecTByeT psiji GakTopoB,
CYUIECTBEHHO  BIHMSIONIMX  HAa  JIOCTOBEPHOCTb  OIpEEsICHUs
TEXHUYIECKOTO COCTOSTHUSI OYKC CPECTBAMHU TETIOBOTO KOHTPOJISL.
[IpoananizoBaHO Cy4acHUM CTaH NPUAATHOCTI OYKCOBHUX BY3JIB J0
JTUCTAHIIMHOTO TEIUIOBOMY KOHTPOJIIO. BH3Ha4YeHO, 10 OCHOBHUM
napaMeTpoM TEXHIYHOT0 CTaHy OyKCOBOT'O By3Jla € TeMIIepaTypa MUHKH
oci koJyicHOI mapu. ToMy JOCTOBIpHICTH OIIHKM CTaHy Oykcu Oyze
3aJIeKaTH BiJ] 3B'SI3Ky MK TEMIIEPaTypOI0 KOHTPOJIBHOT TOUKU KOPITYCY
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Oykcu 1 TemrepaTyporo muiiku oci. [TokaszaHo, 1o iCHy€ psiji YMHHUKIB,
10 BIUIMBA€ Ha JIOCTOBIPHICTh BH3HAYEHHS TEXHIYHOTO CTaHy OYKC
3aco0amMH TEIIOBOTO KOHTPOJIIO.

Haiibinpin mmpoke MOMMPEHHS Ha 3ali3HUIX CBITY OTpPHUMAIH
CHCTEMH JUCTAHLINHOIO TEIUIOBOro KOHTpoJto Oykc. Taki cucrtemu €
YVHIBEpCAIBHUMH 1 MOXYTh TpH3HAuaTHCA s KOHTPOJIIO  SIK
MacakKUpPChKUX, TaK 1 BAHTAXHUX BAaroHiB, a TAaKOX 1 JOKOMOTHBIB.
OnHak, B OCTaHHI POKH 3'SIBHJIUCS psja OpoOieM, M0 BUKIUKaHI
MOMUJIKOBUMHU CUTHAJIAMHU TPUBOT'H, SIK1 BUAAIOTHCS LIUMU CHCTEMaMH.

Tpeba ckazaTtu, 1o Iie, SK MPABUJIO, HE IMOB'A3aHE 3 TCXHIYHUMHU
HECNPaBHOCTSIMM CaMHUX CHUCTEM KOHTPOJIIO abo 31 NOMMJIKaMHU iX
MPOTrpaMHOTO 3a0€3MEUCHHS.

[IpoBenenuil aHami3 mMoOKa3aB, II0 1€ BHM3HAYAETHCS PAIOM
HACTYITHHX MPUYNH:

- PI3HOMaHITHUM KOHCTPYKTHBHUM BUKOHAHHSAM OyKCOBOTO BY3I]a,
a TaKOXX CaMHX XOJIOBHX YaCTHH BaroHis;

- 3aCTOCYBAHHS PI3HUX THUIIIB IiIIIUITHUKIB;

- BUKOPUCTaHHSI pI3HUX TUIIIB MacTUJIa.

OnTHuyHi cUCTEMHU, SIKI BAKOPHCTOBYIOTHCS B MPUPEHKOBUX Kamepax
MPUCTPOIB JUCTAHLIMHOTO TEIUIOBOTO KOHTPOJIO OPIEHTOBAHI B IEBHY
¢ikcoBaHy TOUKY IPOCTOPY 1 HE MOXKYTb ii 3MIHIOBAaTH B 3aJISKHOCTI BiJ
KOHCTPYKIIii X0M0BUX dacTWH. [IpM 1IbOMYy, OCHOBHHM IIapameTpoM
TEXHIYHOTO CTaHy OyKCOBOT'O By3ja € TeMIlepaTypa IHUHKH 0Ci KOJIICHOT
napu. ToMy JOCTOBIpPHICTH OLIIHKM CTaHy OyKcH Oyze 3anexatu Bif
3B'SI3Ky MDK TEMIIepaTypor0 KOHTPOJBHOI TOYKM KOpIycy OyKcH 1
TEMIIepaTypOIO IIHMIKH OCI. T. €. Koe(iIlieHTa 3B'sI3Ky TEMITepaTyp IIHHKH
oci 1 KOHTPOJBbHOI TOYKH, Ha SKy OpIEHTOBaHAa ONTHYHA CHCTEMA.
BinnoBinHO, 0/1HA 1 TaXK MPUPEHKOBHIA KaMepa OTPUMYE TETIOBOT CHUTHAI
BiJl pI3HUX €JIeMEHTIB OyKCOBOTO By3Jia BaroHiB.

Takox cucTema TErIOBOro KOHTPOJIIO HE MOK€ BU3HAYaTHU H1 TUI
MIAIIAIHAKA, Hi T HOro MacTHIIA.

I, Takum umHOM, €()EKTHUBHICTH 1 JTOCTOBIPHICTH JUCTAHIIHUX
CHCTEM TEIUIOBOTO KOHTPOJIIIO 3HUKYETHCS.
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VYV uux yMmoBax, mpu po3poOKHM HOBHX XOJOBHUX YacTHH, a00 iX
KOMITOHEHTIB, @ TaKOXX MPH 3aKYIBIl 1HO3EMHOT'O PYXOMOTO CKJIaTy
HEOOXITHO TPOBOJUTH NEPEBIpKYy HOro KOHTPOJEHPUAATHOCTI IO
BITYU3HSIHUX CUCTEM TEIJIOBOI'O KOHTPOJIIO.

Takox MpOMOHY€ETHCA TSI KUTBKICHOT OLIIHKH KOHTPOJICIPUIATHOCTI
OyKCOBOIO By3Ja PYyXOMOIO CKJaay A0 JUCTAHIIHHOIO TEIIOBOIO
KOHTPOJIIO 3aCTOCOBYBATH KOE(III€HT 3B'SI3KY, KU BU3HAYAETHCS SK
BIJJTHOLIEHHS TeMIIepaTypu KOHTPOJIBHOI TOYKM Ha KOpIyci OykcH 10
peanbHOi Temreparypi IUNHKH OCi.

YpaBuenus Jlarpanxa kak MHHCTPyYMEHT MO/1eJTUPOBAHUSA
3JIePOBBIX MHEPIMOHHBIX BO3/IeCTBUI Ha
MATrHUTOJIEBUTHPYIONIIUIA 10e3/]

[Tonsxos B. A., Xauanypuaze H. M.
HNuctutyT TpaHcnopTHbIX cucteM U TexHonoruii HAH Ykpaunst
p v a 725@i.ua

The reference systems, that accompany the cars of a magnetically
levitated train in the motion, are convenient for considering of this
motion, but are not inertial. The correctness of such a considera-tion
requires the compulsory accounting of the additional Euler’s inertial
influences on the train’s elements. The algorithm for such influences
accounting, using the Lagrange’s equations, was created in the work.
Cucrembl oTcYeTa, KOTOpBIE CONpPOBOXKAAIOT BAaroHBI TI0€371a C
MarHUTHOH MOJIBECKOM B JIBUKEHUU, YIOOHBI JJIS1 pACCMOTPEHHSI 3TOTO
JBYDKEHUS, HO HE SIBIISIIOTCS MHEPIUOHHBIMU. [IpaBHIIBHOCTH TaKOTO
paccMoTpeHus TpeOyeT o00s3aTeIbHOr0 y4era JAONOJHHUTEIbHBIX
MHEPLHUOHHBIX BIMSHUNA Diiyiepa Ha JIeMeHTHI roe3na. B pabote co3ngan
QITOPUTM y4yeTa TaKUX BO3JCHCTBUH C MCIOJIb30BAHUEM YPaBHEHUH
Jlarpanxa.

Cucremu BiIUTIKy, SIKI CYNPOBO/KYIOTH BaroHW Ioi3/la 3 MarHiTHOIO
MIIBICKOIO B PyCi, 3py4yHI IS pO3MVBIAY IBOTO pPyXy, ajie He €
iHepuiiHUMHU. [IpaBUIBHICTE TAKOTO PO3IJISAY BUMAarae 0OOB'S3KOBOTO
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00Ky T0OJIaTKOBUX iHEpIiitHNX BIUHBIB Eiinepa Ha enemenTn moizaa. B
poOOTI CTBOPEHO ANTOPUTM OOJIIKY TaKUX BIUIMBIB 3 BHKOPHCTAHHSIM
piBHsHB Jlarpanxa.

BcenenctBue psaa BECKMX NPUYUH, YIPABIECHUE JIBUKEHUEM
Maruuronesutupymoomero  mnoesna  (MJIII)  gomkHo ~ BecTuch
aBTOMaTu4eckw, “directe in moventur”. B To e Bpemsi, 1r000€ xKenaeMmoe
NBUKEHHE apTedakTa B KayecTBe Oaszuca CBOETO IMOCTPOCHHS HMEET
JBUKEHHE €CTECTBEHHOe (He ympaisieMoe). [loaTomy HMMEHHO ero
MOJEJIb MOJUIEKUT IPUOPUTETHOMY IIOCTPOEHUIO.

Peansubie pBmwxkenus MIII, kak mpaBwio, HE SBISAIOTCA
UCKITIOYUTENIbHO PaBHOMEPHBIMH M MOCTymnaTtelbHbIMU. Haubonee
YA0OHO M €CTECTBEHHO MCCJIEI0BAaTh UX OTHOCUTEIBHO CUCTEM OTCUETa
(CO), compoBOXKHAIOMIMX SKHUMAKA B JIBIKEHUH. Takue CHCTEMBI,
OJIHAKO, HE€ SBJSIIOTCS HHEpUHalbHbIMH. Ilo3TOMy mpOCTpaHCTBO
koHpuryparuii (ITK) mexanmueckoit moacucremsr (MII) noesna, mpu
TakOM pacCMOTPEHHMM, YTPayMBaeT CBOWCTBO E€BKJIMJOBOCTH, a MAJIs
KOPPEKTHOI'O OMMCAHMS UCCIAEAYEMON JUHAMUKH B €€ MOJEIH JOJIKHBI
OBITh YUTEHBI SUJIEPOBBI — IEPEHOCHBIE M KOPHUOJIUCOBBI — MHEPLIMOHHbBIE
BozeiicTBus (DVB) Ha snemenTsl pacuétHoil cxemsl (PC) MIT MUIIL.

TpaguIIMOHHBIM HMHCTPYMEHTOM CO3JaHMUSI MOJeNel JUHAMHKU
ABIAOTCS ypaBHeHus: Jlarpamka. OnHuM u3 0a3uCHBIX SJIEMEHTOB
QITOpUTMA MX HCIOJB30BAaHUS SIBISETCS TMOCTPOEHUE BBIPAKECHUS
kuHetnuecko sHeprun (KD) cucrembl. MMeHHO 3TO BbIpaxkeHUe
JOJDKHO SIBJISITBCSL OCHOBHBIM MapaJurMajbHBIM HMCTOKOM OIMCAHUS
UCCIIEyeMON [MHAaMUKH, B TOM uucie — ynomsaHyTteix OHMB. Ha
MIPaKTUKE, OJHAKO, COOTHOIIEHUS JUIsl ONpeAeNeHUs] 3HAUYeHUN TaKux
BO3/IEHCTBUIL, B aDCOTIOTHOM OOJIBIIMHCTBE UCCIIEJOBAHUHN, TIOTYYat0TCs
HE C WCHOJb30BaHUEM  BbIpakeHMss KO, HO  JUPEKTUBHO-
BOJIBIOHTAPUCTCKU BBOJSATCS B IpaBble YaCTU ypaBHEHUN IUHAMHKHU.
[Ipu 3TOM yKa3aHHBIE BO3JECHCTBHS alpUOPHO IMOJIATAIOTCS OOBIYHBIMU
CUJIaMH, KOUMHU, HUMMaHEHTHO, HE SBJISIFOTCS.

Uto6er OUB na snementst MIT MJIIT morim ObITH OnpeneneHsl C
UCIIOJIb30BaHUEM BbIpakeHuss €€ KO, 3To BbBIpakeHHE JIOJKHO
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MPEUHU3NOHHO COOTBETCTBOBATH KOHKPETHBIM YCIIOBUSIM PAaCCMOTPEHHUS
mpolecca JABWXKEHUA. B 4YacTHOCTH, €clii OHO paccMaTpUBAETCS
OTHOCUTENIbHO HemHepIualbHbIX CO, TO 3TO OOCTOATEILCTBO, MPH
NOCTpOeHUU BbIpaxkeHus: KD, M0MKHO OBITh HENPEMEHHO YYTEHO.
PauyonaneHbIM Iy Th Takoro yuéra — onpeaenenue Merpuku 11K MII.

[Ipu pemenun muorux 3agad nuHamuku MJIIT B kauectBe PC ero
MIT nenecoobpaszno npuHATh HaO0p omopHbIX Ten (OT), coennHEHHBIX
CBS3MHU Yepe3 MOJATIUBBIE 3JIEMEHTHI. Torna Moiesb TOM JUHAMUKH —
JIuHeWHas KoMOuHanus ypaBHeHui nemxenus takux OT, a OVIB Ha ogHO
U3 HUX SBISIOTCS MATTEPHOM TAaKOTO BUJA BO3JAEHCTBUM Ha MOE3[
BuenoM. [loaToMy B pabore anroputMm HaxokJaeHUs BbpakeHuit DB
MIPOJIEMOHCTPUPOBAH HA MPUMEpPE MX MOJdydeHus i oraenbHoro OT.
[Ipexxne Bcero, BwlpaxkeHue ero KD Opuio 3ammcaHo B ¢opme,
HEIMOCPeICTBEHHO yuMThiBatomiel metpuky IIK Tenma. /[Ins ommcanus
ATOW METPHUKHU, ObUT TOCTPOEH COOTBETCTBYIOIINNA METPUUECKHUI TEH30D
(MT). [IBmxkenue Tena paccmaTpuBalioch oTHocuteiabHo CO,
conpoBoxaatomend skunax MIIIL, B coctaB PC MII kotoporo oo
BxoauT. [lockonpky Takas CO unepuuanbHoi He siBisgercs, To [IK OT —
HE €BKJINJIOBO M 1T03TOMY MT 3TOro npocTpaHcTBa OTJIMYEH OT CUMBOJIA
Kponekepa. bynyun wncnosb3oBaH, B cocraBe BblpaxkeHus KO OT,
QITOPUTMOM ypaBHEHUM Jlarpawka Mg IOCTPOEHUS MOJEIU €ro
nuHaMuKu, HalineHHsld MT oOecrieunBaeT KOMITJIEKCHBIM y4&T 3TOM
MOJIENBIO BO3JICUCTBHS HA TEJO KAK HHIOTOHOBBIX CHJI MHEPIMHU, TaK U
OUB.

Co3maHHBIA ~ QJITOPUTM  TIO3BOJISIET HCMOJB30BaTh YPaBHEHUS
Jlarpanka B KayecTBE YHHUBEPCAJIbHOIO MHCTPYMEHTA MOJAEIUPOBAHUS
BCEX BHUJOB HWHEPIMOHHBIX BO3JACHCTBUN MpU JAUHAMHYECKUX
uccie10BaHusaX, B ToM yucie, MJIII. DTum pemiena 3agavya HacTosuiei
YaCTH UCCIIEI0BAHMUS.
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Mertoa KipJian B noc/igxeHHi MmeTajieBUX MaTepiaJiiB

[poiinak C. B., Bakynenko I. O., binenpkuit M. P.
JIHITPOBCHKHI HAITIOHAIbHUIA YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
iM. akana. B. A. JlazapsiHa
proydak.sv(@ukr.net

The manifestation of the effect of plasma glow of an electric discharge
on the surface of samples of metallic materials has been experimentally
confirmed, and the possibility of using the Kirlian method for non-
destructive assessment of their structure, processing features and
properties has been shown.

DKCIepUMEHTAITFHO TOATBEPXKICHO MposiBiIeHUE d((heKTa mIa3MeHHOTo
CBEYCHHUS DICKTPUYECKOTO paspsila Ha MOBEPXHOCTH 0O0pa3loB
METAJUIMYECKUX MaTepHajioB, IOKa3aHa BO3MOXXHOCTH IPHUMEHEHUS
merona Kupnman g HepaspylIalomied OLEHKH WX CTPYKTYpBI,
0COOCHHOCTEH 00paOOTKH U CBOMCTB.

ExcriepuMeHTanbHO MiATBEPHKEHO MPOSBICHHS €(eKTy I1a3MOBOTO
CBITIHHSl €JIEKTPUYHOIO pO3psily Ha IOBEpPXHI 3pa3KiB METaJEBUX
MartepialiB, IMOKa3aHa MOXJIMBICTh 3acTocyBaHHs Merona Kipmian ams
HEpYHHIBHOI OIIIHKM iX CTPYKTypH, OCOOJMBOCTEH 0O0poOku Ta
BJIACTUBOCTEN.

Merton, 110 3acTOCyBaNu JUIst AOCIHIKEHb, OyB BinkpuTHii y 1939 p.,
3anareHToBaHuil y 1949 p. dizuorepanesrom C. J1. Kipnianom pazom 3
apyxuHoo B. X. Kipmian, Ha yecTh SKHUX 1 OTpUMaB Ha3By. Bonu
po3poOunu HOBHM crocid ¢ororpadyBanHs 00’€KTiB, Xouya MOJI0HI
JOCHIU MPOBOAWIMCH 1 paHime. EQexkT cBITIHHSA pi3HUX 00’€KTiB B
€JIEKTPOMArHiTHUX MOJISIX BUCOKOI HANPYXEHOCTI BIIOMUH Bike Oibliie
JIBOX CTOJNITh — BIEPIIE HOT0O CIOCTepiraB HiMelbkuil ¢i3uk npodecop
I".JlixTenOepr (1ie sBuIIe BigoMme mia Ha3Bow «diryp JlixTrenbepray),
mi3Hime gocuimkyBamm . O. HapKeBHq-ﬁO,HKO, Huxomna Tecna Ta iHmri
BUEHI B pi3HUX KpaiHax. Ha BigmiHy Bijg omtuyHoi ¢otorpadii Ta
peHtreHorpadii  3ampornoHoBaHui moapyxoksaM  Kipiian — crnoci6
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Bizyauizauii 1 poTorpadyBaHHs 3a TOTIOMOTOI0 CTPYMiB BUCOKOT 4aCTOTH
BiIoOpakaB TomorpadiuHy KoHGIrypamiro Ta JICICKTPUYHUN CTaH
npeamera. C. JI. Kipmian oTpumaB aBTOpChKE CBIJOLITBO HAa METO[
«BHCOKOYACTOTHOI (oTorpagii» 3a JOMOMOIOK YyJIOCKOHAJIEHOTO HUM
pezoHaHc-Tpancopmatopa  Tecma.  baratopiuni  eKCnepUMEHTH
JI03BOJIMJIM HAKOIIMYUTH BEJIMKUI HayKOBUI MaTepiall i CTBOPUTH LIUINI
psiA mpuCTpOiB A "BUcokodacToTHOI" pororpadii.

Edexrom Kipniana Ha3uBarOTh IJIa3MOBE CBITIHHS €JICKTPUYHOTO
pO3psay Ha MOBEPXHI MPEIMETIB 1 TiJ, KOPOHHHIA Oap’epHHUI po3psii B
ra3i HaBKpyTrd 00 €KTiB, SIKi 3HAXOASATHCS B 3MIHHOMY E€JIEKTPUYHOMY
noni Bucokoi yactoTu (10-100 xI'1r), Koyin BUHUKAE Pi3HUIIS TOTSHIIATIB
MK €JIEKTPOJIOM 1 AoCHiKyBaHUM 00’ ekToM Bix 5 1o 30 kB. Enextpon
1 00’€KT po3/isieH1 M’k COO0I0 TOHKHM IIAPOM TOBITPS (TIETEKTPUKOM),
MOJICKYJIH SIKOTO AMCOLIIOIOTH MiJ JII€I0 MOTY>KHOTO MarHiTHOTO MOJS,
110 BUHUKAE M)XK HUMH. B IbOMy MOBITPSTHOMY POMIXKKY BiJIOYBaIOThCS
TPU IpPOLIECH - 10HI3allis 1 YTBOPEHHS aTOMApHOTO a30TY; «KOPOHHUID
pO3psia Mk 00’€KTOM 1 €IEKTPOJIOM; TIEPEXil eICKTPOHIB 3 HIDKIMX HA
BUIII €HepreTu4Hi piBHI Ta Hazaa. llepexii CympOBOMIKYETHCS
BUIIPOMIHIOBAHHSIM KBaHTYy CBITJa. BenuunHa mepexony 3aleXHuTh Bif
BJIACHOTO €JIEKTPOMArHiTHOTO MOJIS JIOCIiIXKYBaHOTO 00’€KTa, TOMY B
pPI3HUX TOYKax €JEKTPOHU OTPUMYIOTh PI3HI IMIYJIbCH, TOOTO
nepexoAdaTh Ha Pi3HI EHEepreTWyHi piBHI, IO MPHU3BOJUTH JO
BUIIPOMIHIOBAaHHSI KBAaHTIB CBITJIa pI3HOI JOBXUHU Ta eHeprii. Lle
pPEECTPYETHCS PEHTI€HIBCHKOIO ILTIBKOIO (Y YOPHO-0110My 300pakeHH1)
abo Ha KoJpOpoBHIl (oTonamip (y KOJIbOPOBOMY 300pak€HH1), MpH
IIbOMY, B 3aJIe)KHOCTI BiJl 00’€KTa, «KOPOHa» CBITIHHSI MOXe OyTH
po3dapOoBaHa B pi3Hi KOJIbOPH.

Ha cporogenns B VYkpaini meron Kipmian, mocnipkeHHS 3a
JIOTIOMOTOI0 SIKOTO Ha3MBAlOTh KipiiaHorpagiero, BUKOPUCTOBYETbCS B
MeanuHii npaktumi (podotu a.M.H. [liconpkoi JI. A.), ane creuianictu
BU3HAIOTH, 1[0 CIIEKTP 3aCTOCYBaHHS Ha0araTo MUPIIHA, 1€ TPAKTUIHO
BCl cdepu MiSTTBHOCTI JIOAWHHU - CLIBChKE TOCIOAApPCTBO, Oi0JOTis,
reosioris, HEpyMHIBHHUI  KOHTPOJb SIKOCTI NPOMMCIOBUX BHPOOIB,
BUSIBIICHHS JIe(EKTIB B IUIIBKaX Ta MOKPHUTTSX, MICISX CKJICIOBaHHS Ta
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3BaplOBaHHS, Ie()EKTOCKOIisl TOBEPXHI METAJIIB 1 CIUIABIB, JOCIHIIKCHHS
KPUCTAJIIYHUX CTPYKTYp HAIBIPOBIAHUKIB, KPUMIHATICTHKA Ta iH.
Metoa 3HaYHO BIUIMHYB Ha PO3pOOKY CIEIiaIbHUX BHIIB KOHTPOIIO
MarepiajgiB B aepoOKOCMIuHIA TexHimi. Ham 3emisk, crmiBpoOITHUK
YxkpH/II Texnonoriii mamuHoOyayBanHs C. ®. Pomaniii, ydeHs Ta
MOCIIOBHUK MOApYyxoks Kipnian, po3poOuB Ta BIPOBAJAUB y MPAKTUKY
OUMA  psigi  TpUCTPOiB, 3acHoBaHuMX Ha edekti Kipmiana, sxki
3aCTOCOBYBAJIKCH ISl KOHTPOJIIO BUPOOIB MiAMIPUEMCTB PAKETHOI Tajy3i,
a TaKOX JIarHOCTUKH B MEIUIIVHI.

JocnmipkeHHs B JaHii poOOTI TPOBENCHI 3 BUKOPUCTAHHSIM
npuctporo mozaeni PEK-1, crBopenoi Ha 6a3i amapary AI'PJ, sikumit
po3pobuB Ta 3amarentyBaB C. ®. Powmaniii. PEK-1 BupoOHuiiTBa
VYkpaincekoro HJII TexHomoriii mamumHOOymyBaHHS (M. JIHITPO)
MPU3HAYCHUH JUTsl peecTparlii Ha goTorarnepi a0 peHTTeHIBChKIiM MUTiBIT
300paxeHsb Kipiian CBITIHHS ManbI[iB JIFOJAWHA Ta IHIIMX OO0 EKTIB.
dororpadyBaiu MpH Pi3HIN KUTBKOCTI IMIYJbCIB MPUIALy, B TEMHil
KiMHATi 3 BUKOPUCTAHHSM JIIXTapsi 4epBOHOT'O CBITJIA, HA PEHTI€HIBCHKY
TUTIBKY, SIKY OOpOOJISITA CTaHIAPTHUMU PEaKTUBAMU IS MPOSIBIICHHS Ta
3aKpIMJIEHHS 300paKEeHHS.

Jns  mepeBipkd  MOXJIMBOro  BusiBieHHs edekty Kipmian
JOCIIJKYBAIM 3pa3Ky KOJIICHOI cTaii pizHoi dopmu (1Ba — y dopmi
KUTBIS, OMH — Yy (dopMi KyOa), pi3HOrO CTymneHs oOpoOKH MOBEpXHI,
PI3HUX PEXKHUMIB TEPMOOOPOOKH, @ TAKOXK 5 3pa3KiB APOTY JiaMeTpoM 1
MM 31 cram Y8 micis TepMooOpoOKH (rapTyBaHHS + BIANYCK NpHU
temneparypi 650°C) ta nedopmarii 3 pisHUMH cTyneHsMmu (Bix 17 no
80%). Bci 3pasku ¢ororpadyBain B pi3HHX pakypcax, MpH Ppi3HIN
KUTBKOCTI IMITYJIbCIB (TIAOMpaIi €KCIIEPUMEHTABHO).

BceranoBuim, mo Ha BCiX 3pa3kaX, HE3QJIEKHO BiJl KUTBKOCTI
IMIyJIbCIB OOpOOKM 1 CTaHy CaMoOro 3pas3ka, MHpOSBISETbCS e(eKT
Kipniany — 1o6pe BUsIBI€HI XapaKTepHi «KOpOHW» CBITiHH. [Ipu nbomy
CTYMiHb 0OpPOOKH (KUIBKICTH IMITYJIBCIB) BIUTMBAE HA 30BHINIHIN BUTIIS
Ta MIJIBHICTH 000JOHOK, IO CBITATHCA. KpiM TOro, HallKpariuii BUTIIsII
KipnianoBoi aypu asst 3pa3kiB KOJIICHOI CTalli Ta 3pa3KiB APOTY 31 cTaii
V8 BUSBIAETbCS NMPU  Pi3HIA KUIBKOCTI IMIyJsbCiB. Tak, y 3paskiB
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KoJicHOi crami mpu 1-My iMIOynbci «KOpOHa» OUIbII diTKa Ta
po3rairykeHa, HiX IpH 3-X iMITysIbcaxX. Y 3pa3KiB IpoTy MpH 2-X Ta 3-X
IMIYJIbCAaX «KOPOHA» CBITIHHS MEHII LIiJIbHA, OUIBII YiTKA 1 KOHTPACTHA,
JIpIiT BUJHO TpH 1i po3TalryBaHHI IO JOBXHHI; MPU O-TH IMITyJIbCax
«KOpOHa» OUIBII LIiIbHA, IIMPOKA 1 CKIAAAETHCS K OW 3 ABOX APYCIB,
JpIiT BUJIHO HE HA BCIX 3pa3Kax; Mpu 9-TH IMIyJbcax — YK€ IIUIbHA,
mIMpoKa Ta nojsiiHa. Ha 3pa3kax 3 Outbmum ctyneHnem aedopmariii (70
- 80%) apiT BUAHO OUIBII YITKO Ta KOHTPACTHO, HA OKPEMHUX 3pa3Kax BiH
Ma€e nepepruBYACTUI BUIJISI, 1[0 MOKE MOSICHIOBATUCH HEPIBHOMIPHICTIO
CTPYKTYpH CTalli MO JTOBXKHHI 3pa3ka MpH CEPeIHIX Ta MaUX CTYMEHIX
nedopmanii. [Ipy MeHmUMX immynbcax y BCIX 3pa3kax Ha iX rpy0o
00pi3aHuX Kpasx pi3KO BiAPi3HIETbCA Oy10Ba CBITIIOBOI 000I0HKH. [IpH
¢dororpadyBaHHi B TOpHEBHX paKypcax Ha BCiX 3paskax OynoBa
«KOPOHH», IO CBITUTHCSA, AY’KE€ HEPIBHOMIPHA, 3 OKPEMHMH XaOTHYHO
PO3TaIOBAaHUMH «BIPOCTKAMMIY, 10, OYEBHUIHO, € HACIIIKOM iX Tpy0Oi
00poOku. Micusg ranOOKMX pPHUCOK Ha TMOBepxHi (abo cHifiB pi3y)
BUAUISIOTBCS  OCOOJMBUM BUTJISIOM «OOOJOHKW», IO CBITHTHCA.
HaBkpyru BiguutioBaHMX HOBEPXOHB 3Pa3KiB «KOPOHA» MEHIIA Ta
O1IB1I PIBHOMIpPHA, HI’K HAaBKPYTH HeoOpoOieHux nosepxoHb. Kpim toro,
B MicLIIX Pi3KOi 3MiHU GOopMHU (KYTH B KyOIYHOMY 3pa3Ky, HEpiBHI Kpai
Ha KIHLAX BIAPi3aHUX 3pa3KiB JpOTy) 0OOJIOHKA, IO CBITUTHCSA, OUIBII
IIJIbHA, HA OKPEMUX JUISTHKAX Ma€ BUTISAI CHEIUPIYHUX «BIIPOCTKIBY,
1110 MO’KE€ CBIAYMUTH IPO BHYTPIIIHI JeDEKTH.

TakuMm YMHOM, MpPOBEAEHI AOCHIPKEHHS IOKa3ajdd IPOSBICHHS
edexty Kipmiana 1 miaTBEpAWIA MOKIIUBICTh HOTO BUKOPHUCTAHHS JIJIs
HEepYyHHIBHOT OLIIHKM SKOCTI MeTajJeBMX MaTtepiaiiB. B momampmmx
JOCTIPKEHHSAX TJIaHyeTbesl ¢oTorpadyBaHHs 3pa3KiB Ha (HOTOILIIBKY
JUIS. OTPUMAaHHS KOJIbOPOBOT'O 300pa)keHHS «KOPOHWY» CBITIHHS, a TAKOX
KUTIBKICHA OIIHKA IMapaMeTPiB «KOPOHM.
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CTBOpeHHS X00BUX YACTHH JJIsl CYy4aCHOI0 MOTOPBAarOHHOI0
pyxomoro ckjaany BupooHuurTsa [IAT «KprokiBcbkuid
BaroHoOyAiBHUI 3aBO1»

Camuyk €. B., 'onuapenko A. JI.
ITAT «KprokiBcbkuii BArOHOOYAIBHU 3aBOJI»
rgtt@kvsz.com

The aim of the work is to provide the population of Ukraine with modern
multi-unit rolling stock for operation on railways with a track gauge of
1520 mm with an increase in the level of passenger transportation
comfort, an increase in the speed of transportation, a decrease in energy
consumption for ensuring traffic and the cost of maintenance and repair.
The implementation of these requirements is possible only if the
construction of the rolling stock uses running gears of the corresponding
technical level, which are provided with the necessary strength
characteristics, traction, speed and braking parameters.

Llenpto paboThl  sBisieTCST  OOECHEYCHHWE HACEJCHUS Y KpauHBbI
COBPEMEHHBIM  MOTOPBaroHHBIM  TOJBM)KHBIM  COCTaBOM  JIJISI
HKCIUTyaTallii Ha JKEJIe3HBIX J0porax ¢ IMpuHOW koien 1520 mm c
MOBBIIIEHUEM YPOBHS KOM(OpTa MEPEBO3KH MACCAKUPOB, YBEITNICHUEM
CKOpPOCTH IEPEBO30K, YMEHBIIEHHWEM 3Heprosarpar Ha obecredyeHue
IBIDKEHUS W 3aTpaT Ha TEXHUYECKoe OOCITy)XKMBaHWE W PEMOHT.
Peanuzanus yka3aHHbIX TpeOOBaHUI BO3MOXKHA TOJBKO MPU YCIOBUHU
WCTIOJIb30BaHUSI B KOHCTPYKIIMHU TTOBIKHOTO COCTaBa XOJIOBBIX YacTei
COOTBETCTBYIOLIETO TEXHUYECKOTO YPOBHS, KOTOphIe OOECIeYeHbI
HEOOXOJMMBIMHA ~ TIPOYHOCTHBIMH  XapaKTEPUCTUKAMH,  TATOBBIMH,
CKOPOCTHBIMU M TOPMO3HBIMH MTapaMeTPaMH.

Metoro pobotu € 3abe3nedyeHHs HaceleHHs YKpaiHH CydyacHUM
MOTOPBAaroHHUM PYXOMHUM CKJIaJIOM JUI eKCIUTyaTallii Ha 3aJi3HUIX 3
HIUPUHOIO KoJiii 1520 MM 3 MIABUIIEHHSIM PIBHSA KOMPOPTY NEpEeBE3CHHS
MacaKUpiB, 30UIBIIEHHSAM IIBHJIKOCTI MEpeBe3eHb, 3MEHIIECHHSIM
€HeproBUTpaT Ha 3a0e3NeyeHHs pyXy Ta BHUTpaT Ha TEXHIYHE
o0CITyroByBaHHsI Ta peMOHT. Peaiizaiis BKa3aHUX BUMOT MOKJIMBA
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TUIBKM 32 yYMOBU BUKOPUCTaHHA B KOHCTPYKLIi PYXOMOTrO CKIIamy
XOJIOBUX YaCTHH BIJAMOBIIHOTO TEXHIYHOTO piBHS, IO 3a0e3medeHi
HEOOXITHUMHU XapaKTEPUCTUKAMH MIITHOCTI, TATOBUMH, IIBUIKICHUMH 1
raJbMiBHUMH [TapaMeTPaMH.

[Tacaxupchbkuii  MOTOPBaroHHUH PyXOMHUH  CKIan, OyIydH
HEBi'€eMHOI0 YaCTUHOIO MACAXUPCHKOTO KOMIUIEKCY — 3aJli3HHULb,
3a0e3mevye 3pOCTal0YMil MOMUT Ha CEPBICHI MOCIYTH 3ai3HUYHOTO
Tpancnopty. OcoOIMBO B YaCTHHI MIJABHUIICHHS IIBUAKOCTEH pyxXy
Moi3/iB, MPU OJHOYACHOMY 30UIbIIEHHI MOKAa3HUKIB KOM(OPTHOCTI 1
eHeproeekTHBHOCTI. Lle € OTHUM 3 PIOPUTETHUX HANPSMIB HAYKOBO-
TEXHIYHOTO MPOTPECY Ha 3aTI3HUYHOMY TPAHCIIOPTI.

3 pPO3BHTKOM TMIOMHTY HA CEPBICHI MOCIYTH 3aJi3HUYHOTO
TPAHCIIOPTY TOCTPOIO TMpoOsiieMol0 B YKpaiHi cTama BiACYTHICTh
HEOOXITHOTO, 30UTBIIEHUM BHUMOTAaM CIIO)KHBAdiB, MOTOPBAarOHHOTO
pyxomoro ckiany. Peanizariis 3aXoAiB 110/I0 BUPIIICHHS IMX 3aBJIaHb
JIO3BOJIMTH 3a0€3MEUUTH MOJIIIICHHS TPAHCTIOPTHHUX 3B'SI3KiB, CTBOPUTH
JUISL TacaXXUPiB O1IbII MPUBAOIIMBI YMOBH MpU BUOOP1 BULY TPAHCIIOPTY
JUISL TIOJIOPOIKEH.

Jlnis1 3a6e3neueHHs CBOIX XapaKTepUCTUK Cy4acHUI MOTOpBAarOHHUM
pPYXOMHMI CKJIaJ TIOBUHEH OYTH OCHAIEHUH BIANOBIIHUMHU IO
TEXHIYHOMY PpIBHIO XOJOBUMH 4YacTMHaMH, 110 3a0e3nedyeHi
HEOOX1IHUMHU XapaKTEepUCTUKAMU MILHOCTI, TSTOBUMH, IIBUJIKICHUMU 1
rajJbMiBHUMH NapameTpamu. Bi3kM MOTOpBAaroHHOI'O pyXOMOTO CKJIaay
TaKOXX TOBHUHHI MaTH MOKJIUBICTh PO3MIIIEHHS JIOJAaTKOBOTO Ta
BJOCKOHAJICHOT0  OOJIafiHaHHSA, OyTH TEXHOJOIIYHO IPOCTHMH,
PEMOHTONIPUIATHUMH, BOJIOJITH ONTHMAJbHAUMH MacorabapUTHUMH
MOKa3HUKAMH Ta IHIIIE.

AxtuBHi pobotu 31 crtBopeHHs Ha [IAT «KBB3» Bi3kiB
MOTOPBAaroHHOr0 PyXoMoro ckjaay posmnodati B 2010 pomi B pamkax
MIPOEKTY 31 CTBOPEHHs MBHUAKICHUX enekTponoi3aiB EKpl. Crnemianictu
I[TAT «KBB3» Ha Toi1 yac y>xe Mau AOCTaTHIHM JOCBiI B KOHCTPYIOBaHHI1
1 BHUPOOHMLTBI BI3KIB JUIsI MACaXUPChKUX BaroHiB Ta BaroHIB
METPOIIOJIITEHY.
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[Tpu cTBOpeHHi Bi3kiB Mozeini 68-7041 ta 68-7072 enekTponoi3aiB
EKp1 Oynu peanizoBaHi HACTYITHI OCHOBHI HOBOBBEICHHS:

1. HasiBHICTh IPOTHIO3HOI CHCTEMH, SIKA IiABHIIY€ PiBEHb OE3MEKH,
a TaKoXX 3arooirae mosiBi 1eeKTiB HAa MOBEPXHI KOYCHHS KOJIIC i Yac
rajJbMyBaHHS IIPH MOXKJIMBIH MOSIBI 103a.

2. Y HeHTpallbHOMY PECOPHOMY Mi/IBIIIYBAaHHS BUKOPUCTOBYIOTHCS
THEBMATUYHI PECOPH 3aMICTh MPY>KUHHUX KOMIUIEKTIB, SIKi TOKPALTYIOTh
JTUHAMIYHI TTOKa3HUKHU PyXOMOTO CKJIaIy B IJIOMY.

3. Ha xoXXHOMy Bi3Ky 3aCTOCOBaHI YOTHPU THUIH TiApaBIIYHUX
TaCHUKIB KOJIMBaHb.

4. Jlyst 3BMEHIIICHHS 3HOCY TPEOCHIB KOJIIC, a TAKOXK OIYHOI TOBEPXHI
TOJIOBKU PEHKM B KOHCTPYKIII 3aCTOCOBY€THCSI aBTOMATHYHA CHCTEMa
3ManryBaHHs rpeOeHIB KOJTiC.

5. Jlna mominmeHHs KoedimieHTa 34YerieHHs KOJIC 3 peikaMu 1
3armo0iranHs OOKCOBAaHHS KOJIIC MiJ dYac IOYaTKy pyxy I[oi3ga B
KOHCTPYKIIIi 3aCTOCOBYETHCS cCTeMa oj1ayi MicKy MiJ KoJieca.

6. 3acTocyBaHHS CYYacHOTO JHCKOBOTO TajbMa 3 KIIIIOBUMH
MeXaHi3MaMHu.

7. 3acTtocyBaHHS ~ OYKCOBUX  KAaCE€THHUX  MIIIIMIHUKIB 3
MDKPEMOHTHUM Mpo6iroM 1 MITH KM.

8. OCHOBHOIO OCOONMBICTIO MPUBIAHUX (MOTOPHHUX) BI3KIB €
OMOPHO-PaMHE  pO3TALlyBaHHS  MOTOPHO-PEAYKTOPHOTO  OJIOKY.
3acTocyBaHHsSI TAKOro PO3MILICHHS JO3BOJISE 3HU3UTU HEOOpECOpeHy
Macy Bi3Ka 1 B CBOIO 4epry 30UIbIINTH 0€3B1IMOBHICTh CUCTEMH.

[Tounnatoun 3 18.06.2014 BnpoBamkeHO y KOMEpUIHHY
eKCIUTyaTallilo JBa JBOCUCTEMHI MiXperioHanbHi enextponoiznu EKpl
Ha Bi3kax BUpoOHHNTBa [TIAT «KBB3». [Ipo0ir KO)HOTO €IeKTPOIoi3ay
CKJIamac OLIbIIE 2 MIIH. KM.

HacTymHUM KpPOKOM pO3BHTKY BITYM3HSHOTO BaroHOOYTyBaHHS
OyJI0 CTBOPEHHS Cy4acHOro au3esb-mnoi3fa. Tak Oyiau CTBOpEHi Bi3KH
Mozeni 68-7085 Ta 68-7090 mns nmzens-moizga  JAIIKp-2. Kpim
3aCTOCYBAaHHS BXKE€ BIZIOMUX TEXHIYHUX PillIeHb 3 KOHCTPYKIIIi Bi3KiB AJIs
MacaXUpPChKUX BaroHiB  JIOKOMOTHMBHOI ~ TATH, MDKpErioHadbHHUX
enexktponoiznie EKpl 1 BaroHiB MeTpomnosiTeHy KOHCTPYKTOPaMH
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3aBoAy OyJid BUpILICHI TaKi OCHOBHI 3aBJIaHHS:

— BuUOIp TYMOTEXHIYHMX BHpPOOiIB, MHEBMAaTHUYHUX pECOp I
HiJBUIIEHOr0 POOOYOro HAaBaHTAKECHHSI,

— po3poOka CKIAAOBUX YACTHMH KOJICHUX Tap 1 I1HOIHX
KOMIUIEKTYIOUMX  BI3KIB BHXOASYM 3 BUMOI  MaKCHUMaJbHOTO
PO3PaxXyHKOBOT'O CTATUYHOT'O HABAHTAXKCHHSI BiJ KOJIICHOT TapH HA peHKU
22,0tc;

— BuOip HOBUX KaceTHuX migmmmanKiB CTBU 150x250x160;

— po3poOKa HOBUX paM 1 By3Jia 3'€JHAHHS Ky30Ba BaroHa 3 Bi3KaMU
JUIsT HAMOUIBII pallioHATILHOTO PO3MIIIEHHST OONaJHaHHS B yMOBax
00MEXEHOT0 ITPOCTOPY ITiJT Ky30BOM BaroHa Ta iHIIe.

01.10.2015 poky Oyyo BOpOBaIKEHO y KOMEPLIHHY €KCILTyaTallito
nepmii mu3enb-noiza cepii AIKp-2. 3 HeBenmuKuME J00TIPaOBaHHAMHI
Bi3ku Mozeni 68-7085 ta 68-7090 BHUKOPUCTOBYIOTHCSI B KOHCTPYKIIT
musenb-moizai JITKp-3.

Ha TIAT «KBB3» 3aBepuieHuil ecki3HHIl MPOEKT CTBOPEHHS
CydyaCHHX JIBOBICHMX BI3KiB i1 JIOKOMOTHBIB C  OCHOBHM
HABAaHTA)XEHHAM 25TC, TOTY>KHICTIO TATOBHX EJIEKTPOABHUTYHIB 10 1,4
MBT K0X%HOTO0.

Texniyni cneuianictu [TIAT «KBB3» moctiliHO BeayTh Harisj 3a
eKCILTyaTaIli€r0 Ta PEMOHTOM XOJ0BUX YaCTHH BJIACHOTO BUPOOHHIITBA 3
METOI0  aHali3y, BJOCKOHAJIEHHS KOHCTPYKIii Ta  peami3amil
ONTUMAJILHUX PIIIEHb IPU CTBOPEHHI HOBOTO PYXOMOTI'O CKJIaay.

Hactynaum Buknukom aist KoHCTpYkTopiB ITAT «KBB3» mae cratu
CTBOpPEHHS BI3KIB JIJISl IPUMICHKUX €JIEKTPOMNOi3/iB, 110 MAalOTh CTaTH
palioHaJbHUM BTIJICHHSM BChOI'O HAKONMMYEHOIO JIOCBIYy 3 METOH0
peasizanii HalOUIbII HAIHUX Ta TEXHOJOTIYHUX PILLIEHb.
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JINTHii-HOHHBII AKKYMYJIATOP VIS 3JIEKTPOTPAHCIIOPTA

Cxkocaps B. 1O., bypsuios C. B., [I3enzepckuii B. A.
HNucTuTyT TpancnopTHbIX cucteM U TexHonoruit HAH Ykpaunbt
skosarslava@gmail.com

The promising batteries for electric vehicles are considered. The lithium-
ion batteries and lead-acid batteries are highlighted. The improvements
in lithium-ion battery manufacturing technology are proposed. The new
lithium-ion batteries should be characterized by increased safety and the
ability to charge quickly.

PaccMoTpeHBl TEpCIIEKTUBHBIE AKKyMYJIATOPBI JUIS AJIEKTPOMOOMIIEH.
JluTuii-MOHHBIE aKKYMYJISITOPBI M CBUHIIOBO-KHUCIIOTHBIE aKKyMYJISATOPBI
BbIJeNCHBL. [IpeanokeHpl yaydlmieHusT B TEXHOJOTMU W3TOTOBIICHHS
JUTHH-MOHHBIX aKKyMYJIATOpOB. HOBbIE INTHIT-HOHHBIE aKKyMYJISATOPBI
JOJDKHBI ~ XapaKTepU30BaThCS  TOBBIMICHHON  0€30MacHOCTBIO |
CTIIOCOOHOCTBIO OBICTPO 3apsKATHCS.

Po3rnsiHyTo mepcreKkTHBHI aKyMyJIsSTOpPH Ui eneKTpoMooOiniB. JIiTii-
10HHI aKyMyJIITOpU 1 CBHMHIIEBO-KHCJIOTHI aKyMYyJSITOpPH BHUALIEHI.
3anponoHOBaHO MOJIMIICHHS B TEXHOJOTIi BUTOTOBIEHHS JITiN-10HHUX
aKyMYJISITOPIB. Hosi JITIN-10HH1 AKyMYyJISITOpU MOBUHHI
XapaKTepu3yBaTUCs IIJIBUIIEHOI0 OE3MEeKO0 1 3AaTHICTIO IIBUAKO
3apsHKATHCS.

JIuTuii-noHHBIE ~ AKKyMYJSTOpel —  caMmble 3¢ (dEeKTUBHBIE
HAKOMMTEJIIM DHHEPTUU Ha dJeKTpoTpaHcropTe. OHHU  CIIOCOOHBI
BBINIOJHATh (DYHKILMIO TSTOBBIX aKKyMYJISTOPHBIX OaTapeid, a Takxke
(GYHKIMIO HaKOMMTENEeW HHEpPruM, BBIJCIUBIICHCS B Tpolecce
PEKyIepaTUBHOTO TOPMOKEHUs. JINTHII-HOHHBIE aKKYMYJIATOPHI UMEIOT
TO MPEUMYIIECTBO, YTO UX yAeabHast sHeprus (200 Bt-u/kr) npumepHo B
5-10 pa3 Bble, 4YeM YyJeJdbHAs DJHEPIUS CBHHIOBO-KUCIOTHBIX
aKKyMYJISITOPOB, KOTOpbIE, Onarojaps JIelIeBU3HE, BCE €lle BechMa
pacmpocTpaneHbl. B To ke Bpewms, HaOmromaemasi CEroHsI TEHICHITUS
YIEUIEBIECHNS JUTUH-UOHHBIX AKKyMYJISITOPOB, AENAET HX CaMbIMHU
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MEPCIIEKTUBHBIMU CPEIU BCEX TUTIOB OaTapeid, MPOM3BOANMBIX CEPHITHO.
NMeHHO JTUTHIT-MOHHBIE aKKYMYJISITOPBI C KX MAaKCUMAJIbHOM yJI€IbHON
SHEPrUei Jyulle BCEro MOAXOIAT AJIs MIEKTPOTPaHCIIOPTa.

W3BecTHO, YTO NpPUMEHEHUE PEKYNEepaTUBHOTO TOPMOXKEHHS Ha
THOPUIHBIX AaBTOMOOHJISIX W Ha AJIEKTPOMOOWIISX IMO3BOJSET CHU3UTH
3aTpaThl 3HEpruu Ha ABmxeHue Ha ~30 %. DTy 3HEepruro Jyyiie BCEro
HAKaIJIMBaTh B JHEPTOEMKUX JUTHH-HOHHBIX akymyssTopax. OmHako,
[JIaBHBI HEJOCTATOK JINTUH-MOHHBIX aKKyMYJISTOPOB B TOM, YTO OHU
CIOCOOHBI K CAMOBOCIUTAMEHEHHIO TpH iepe3apsiie. Kpome Toro, mutuii-
MOHHBIE aKKyMYJISTOPbl HE MOTYT OBICTPO 3apskaTbcs. Mexay Tem,
CIOCOOHOCTh aKKyMYJISAITOpa OBICTPO MPHHATH OONBIION 3apsa U
SHEPrui0 Jydllle BCEro COOTBETCTBYET CHCTEMaM pEKyIepaTUBHOTO
TOPMOXKEHHS Ha D3JIEKTPOTPAHCIOPTE, KOrJa 3a KOPOTKOE BpeMs
TPAHCIIOPTHOE CPEACTBO TacUT CBOIO KHHETUYECKYI0 JHEPIHIO
IBUXKEHHS. ECiu MOBBICHTH CIIOCOOHOCTh aKKyMYJIATOpa K OBICTpOMY
3apsiy ¥ IOBBICUTH IIPH ATOM €ro 0€30MacHOCTh, TO BO3MOXKHO JOOUTHCS
erie OOJIbIIEro 3HEProcOepeKeHUs IPU PEKYIIEPAaTUBHOM TOPMOKEHHH.

PaccmoTpuM ycTpOHCTBO JTUTUH-HOHHOTO akKymyJsTopa. OueHb
4acTO KOPITyC aKKyMYyJISITOpa W3TOTABIMBAIOT W3 AITFOMHUHHS, BHYTPHU
KOpITyCa pacIoyIOKEHbI 3JIEKTPOJIBI C CeMapaTopaMu, KOTOPhIE CMOUYEHBI
JNEKTPONIUTOM. B KauecTBe AJIEKTPOJIUTAa HCHOJB3YIOT PacTBOp
JUTHEBOU COJHM B TMOJSPHOM OpraHudeckoM pactBopurene. Jlutuenbie
COJIM  4YacTO  BBIOMpPAIOT W3  CIEAYIOLIEro  psjia  BEIIECTB:
rekcaptopdocdhar mutus (LiPFe), TerpadTopbopar mnutus (LiBFj),
tpupTopmertancynbponar sutus (LiSOs;CF3) m nap. B  kauecte
MOJIIPHOTO ~ OPTraHMYECKOTO  PACTBOPHUTENS  YacTO  HCIONb3YIOT
cienytromue Bemectna: stuiienkapoonat (EC), mpornunenkapoonat (PC),
TUITHIKapOOHAT (DEC), JTUMETHIIKapOOHAT (DMC),
metmTIIKapoonar  (MEC)  wnmm ux  pacTBOphl.  DIEKTpoO[,
BBITIOJHSIONINA (YHKIIMM KaTo/a, CONEPKUT dYallle BCEr0 aKTHUBHBIMA
MaTepHuas B BHJIE OKCHIOB JIUTHsI-KOOabTa-HuKems-mapranma (LiCoOz,
Li(Ni/Co/Mn)O., LiMn2O4) unu ¢ocdara nmurus-xeneza (LiFePOs) u
TOKOIIPOBOJASIINN yTIEPOa (Js1 TOBBIIMICHHUS SJIEKTPOIPOBOTHOCTH).
ToOKOOTBOJIOM AJIsi KaTofa CIYy>KUT altoMUHUEeBas (oibra. DIeKTpo/,
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BBITIOJTHSIONTUI ()YHKIIMH aHO/Ia, COJICP’KUT aKTUBHBIN MaTepHrall B BUJIE
rpaduta. TOKOOTBOJIOM ISl aHOA CIYKUAT MeaHas (oibra. BosmMokHO
MPUMEHEHHE W JAPYTruX 3(PQPEKTUBHBIX MaTEPHAIOB, MOUCK KOTOPBIX
MPOAO0JIKAETCS.

YKakeM OCHOBHBIE HEJOCTATKU JIMTHH-MOHHBIX aKKyMYJISITOPOB.
Bo-nepBbIX, OTHOCUTENIbHAsI JOPOTOBHM3HA: [UIi HMX IPOU3BOJCTBA
HEOOXOUMBI OTHOCUTENBHO JCPUIUTHBIA JHUTUH W JACPUIIUTHBII
KOOaJIbT, KOTOPHIE XapaKTEPHU3YIOTCS MOBBIINICHHONH CTOMMOCTHIO. Bo-
BTOPBIX, TOXApOOE30MacCHOCTh, OCOOCHHO TpHU Mepe3apsjae, Koraa
BO3HUKAET CWJIbHBIM IEpEerpeB akKyMyJsiTopa U POCT JEHIPUTOB
METaJUIMYECKOT0 JIUTUS Ha aHOJE, YTO NPHUBOJAUT K KOPOTKHM
3aMbIKaHUSIM M B3PBIBHOM pEakUMH JIUTUS C  OKPYKAIOMIMMHU
BEIIECTBAMHU. B-TpeTbHX, KaKk yHNOMHUHAJIOCH BbILIE, JUTUA-HOHHBINA
aKyMYJISITOp HE MOKET OBICTPO 3apsiKaThbCsl, YTO BecbMa HEOOXOIUMO
it 3QPEKTUBHON peKylepalnuy SHEPTUU TOPMOKEHUS, a 3HAYUT, JIS
IHEProcOCPEIKCHUS.

Cnemmamuctsl THCTUTYTa TPaHCHOPTHBIX CUCTEM W TEXHOJOTUM
HAHY npoBonst pa3paboTku B 00J1aCTH YCOBEPIICHCTBOBAHUS JTUTHIA-
HOHHBIX aKKyMYJISITOPOB, YTO TIO3BOJIMT TIOBBICHUTH O€30MaCHOCTh
aKKyMYJIATOPOB U CIIOCOOHOCTH K OBICTPOMY MpHEMY 3apsifia U SHEPTUH.
OnmauM W3 myTed MOCTHKEHHUS ITUX IIeNeH SIBISETCS HCIOIb30BaHHUE
CHELUAJIbHOTO cemaparopa M MPUMEHEHHE MEXaHOAKTUBALMU IPO
M3TOTOBJICHUS MIOPOIIKOBBIX aHOAHBIX U KATOAHBIX MAaTEPUAJIOB, & TAKKE
MIPECCOBAHUsl YKA3aHHBIX MaTepUAIOB JUIsl MOJIYYEHHUsl aHOJa M Karoja
JTUTUNA-UOHHOTO aKKyMyJsaTopa. MexaHoaKTHUBalMs, MPOBEICHHAs Ha
MMOMOJIPHOM YCTPOWCTBE (HampuMep, Ha IUIaHETAapHOW MENbHUIE C
MEJIOIMMHA METAJUIMYECKUMU IIapUKaMH), TTPUBOJAUT K HU3MEITHUYCHHIO
YacTUI] AaKTUBHOTO Marepuajga U K HU3MEHEHHUIO KPHUCTALTMYECKON
CTPYKTYpHl  mociemnero. Hampumep, mnpu  MexaHOAKTHUBAIMH
KPUCTAINTNYECKOTO TpaduTa, MPUMEHSIEMOT0 KaK aKTHBHBIA MaTepual
aHo/a, TPOHMCXOAUT (opMUpOBaHUE obOsacTeid B TpaduTe, KOTOPHIE
XapaKTEPU3YIOTCS TOBBIIIEHHBIM PACCTOSTHUEM MEXAY aTOMHBIMHU
MJIOCKOCTSIMH. DJTO CHOCOOCTBYET TOBBIIIEHUIO CIOCOOHOCTH aHOJa
MOIJIOIATh M OCBOOOXKIATh HMOHBI JIMTHS, UYTO IOJIOKUTEIBHO
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CKa3bIBAETCS KaK HA BEJIIMYMHE EMKOCTH AaKKyMyJATOpa, TaK M Ha
CIOCOOHOCTH OBICTPO mMpuUHUMATH 3apsan. [lpu MexaHoakTHMBAIUU
KaTOJHOTO aKTMBHOTO MaTepualia COBMECTHO C Tpa(uTOM BO3ZHUKAIOT
Cleylolue  TMONOXKHUTEeNbHbIE 3pdexTe. B kpucrammmueckux
CTPYKTYpax TaKuX BEIIECTB, KaK OKCHIbI JUTHI-KOOAIbTa-HUKEIS-
Mapranmna win (ocdara nutTHs-keneza oOpazyroTcsi MUKPOIEHEKTHI,
KOTOpbIe OCHAaOIsI0T MEXaHHMYECKHEe HaNpsHKeHHWs B MaTepuale,
BO3HUKAIOIINE NMPU UHTEPKAIALUUA U JCUHTEPKAJSINN MOHOB JIUTHUS B
MaTepHai npu padore akKyMyJsITopa. DTO MPEIOTBPAIIALT JIETPalalliio
aKTUBHOro Marepuana. Kpome Toro, MexaHoakTUBalMs MPUBOAMUT K
00pa30BaHUIO0 KOMIIO3UTOB aKTUBHOTO MaTepHaja ¢ yriepojaoM, T.e. Ha
MOBEPXHOCTHU YaCTHUI[ AKTUBHOTO MaTepuaina GopMupyeTcst TOHKUH CIIOiM
U3 aTOMOB YIJIepoAa. OJTO TOJIOKUTENBHO CKa3bIBaeTCd Kak Ha
AMEKTPONPOBOJAHOCTH AaKTHBHOIO MaTepuana, TaK M MpeJoTBpaIlaeT
arJoMepanyio  YacTHIl aKTUBHOTO MaTepuaia. B pesymnbrare
MOBBILIACTCS IIEKTPUUECKAsi EMKOCTh aKKyMYJISITOpPA U CIIOCOOHOCTH €T0
OBICTpO 3apspkaTbes. Bo m30ekaHWe MOOOYHBIX PEaKIHid OKUCICHHS
AaKTUBHOTO MaTepuaja MEXaHOAKTHUBAIMIO HYKHO MPOBOJAWUTH B
YCIOBHAX YaCTUYHOTO Bakyyma. [lpommemmme MexXaHOAKTHBALIUIO
AKTUBHBIE MaTepHallbl Jy4llle BCEro IMOJBEpPrarh MPECCOBAHUIO IS
MOJy4YEHHUsl DJIEKTPOJIOB, 4YTOOBI COXPAaHUTh TO3UTHUBHBIN 3SDPexT
MEXaHOAKTUBAallMKU B  TOTOBBIX  JJeKTpoaax.  Vcmonb3oBaHue
CHENHATBHOTO Ceraparopa B JIMTHH-HOHHOM aKKyMYJISITOPE TTO3BOJISIET
MPEeIOTBPATUTh POCT JIEHAPUTOB METAJUIMYECKOTO NUTHUS. [ 3Toro
cermaparop HEOOXOIMMO HCHOJb30BaTh MHOTOCIOWHBIM, IPHYEM
Hanbosee BaKHBIM SBJISETCS CIIOH, BIUIOTHYIO MPUMBIKAIOUIUI K aHOIY.
DTOT CIIO M3TOTaBIUBAETCA C MMOHMKEHHOW MOPUCTOCTHIO. Takas mepa
MO3BOJISIET CHU3HTD JI0 MUHIMYMa PUCK BOCIUTAMEHEHHUS aKKyMyJsTopa
Ipu Tiepe3apsizie.

[IpenBaputensHbIe UCTIBITAHUS JTUTHH-UOHHBIX STYeeK,
W3TOTOBJICHHBIX HOBBIM CHOCOOOM, TIOKa3bIBAIOT IEPCIIEKTUBHOCTH
OMMCAHHBIX BHIIMIE Pa3paboToK. HoBble aKKyMyIATOpbI MOTYT HalTH
NpUMEHEHHE Ha JJIEKTPOTPAHCIIOPTE: METPOIOIUTEHE, TpoUIeilycax,
TpaMmBasiX,  OJEKTPOMOE3Aax, JJNEKTPOMOOWISIX W THOPHUIHBIX
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aBTOMOOMIIAX.
KocMuueckuii tpamBaii «®a3ToH»

Ckocaps B. 10., Bopoumos A. C.
HNucTuTyT TpaHcnopTHbIX cucTeM U TexHonoruit HAH Ykpaunbl
skosarslava@gmail.com

The original concept of space transport system was proposed. This space
transport is includes: an aircraft for spacewalk, which contains elements
of a linear electric motor and elements of an internal magnetic levitation
system; booster tube for accelerating the aircraft, in which a partial
vacuum is created; magnetic levitation systems and tension cable systems
for booster tube; lightning conductor systems with energy recovery
devices.

bbuta  mpeanokeHa — OpUrMHAJbHAs — KOHLENUUS  KOCMHUYECKOH
TPAHCHOPTHON CHUCTEMBL. DTOT KOCMHUYECKHH TPAHCIOPT BKIIOYAET B
ceOs: JleTaTeIbHBIHN anmapar JJs BbIX0Aa B OTKPBITHIA KOCMOC, KOTOPBIH
COZEPKUT DJEMEHTBHl JMHEHHOTO OJIIEKTPOJBHTATENS] W AJIEMEHTHI
BHYTPEHHEH CHCTEMbl MarHUTHOW JIEBUTAIIMM; YCKOpPHUTEIbHAs TpyOKa
IUIE YCKOPEHUsI CamoJieTa, B KOTOPOW CO3MAaeTCsl YaCTHYHBIH BaKyyM;
CHCTEMbl MArHUTHOM JIEBUTAIIUN U HATSKHbIE KaOEIbHbIE CUCTEMBI JIJIs
OycTtepHOl TpYyOKH; CHCTEMBI MOJIHMEOTBOJOB C YCTPOWCTBaAMH
peKyIepanuu 3Heprum.

Byna 3anpononoBana opuriHaJibHa KOHIIETIIISI KOCMIYHOT TPAaHCTIOPTHOT
cucremi. Llel kocMiYHMI TpaHCIIOPT BKIIIOYAE B ceOe: JIiTalbHUM anapaT
JUTSl BUXOZY YV BIAKPUTHH KOCMOC, SIKUM MICTHTH €JIE€MEHTU JIHIHHOTO
€JIEKTPOABUIYHA 1 €JIEeMEHTH BHYTPIIIHBOI CHCTEMH MarHiTHOI JIeBiTallii;
MIPUCKOPIOBaJIbHA TPYOKa JJIsl IPUCKOPEHHS JIITaKa, B SIKIi CTBOPIOETHCS
YaCTKOBUI BaKkyyM; CHCTEMH MAarHiTHOI JIeBITallii 1 HATsXKHI KaOenbHi
cucTeMu Juisi OycTepHOM TpyOKH; CHCTEMH OJIMCKaBKOBIIBOIIB 3
MPUCTPOSIMH peKyIiepallii eHeprii.

Kocmuueckui TpaMBaﬁ — OTO CHCTEMa BbIBOJAA KOCMHYCCKHX
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anmapatoB Ha opOuty. Hama TpaHcmopTHas cuctemMa MOXET OBITh
IIOMMEHOBAaHa, KaK KOCMUYECKUN TpaMBail «Da3TOH», TOCKOJIbKY B HEM
UCTIONB3YeTCsl SHEprusi MojHWiA. B 3TOoM cMbicie Hama pazpaboTka
CUMBOJIMYECKH BOCKpemaer MuduuHoro reposs PasToHa, KOTOPHIHA
norud OT yAapoB MOJIHHMN. VICTIOnh30BaHUE YHEPTUU MOJIHUN M 3aIUTa
OT MOJIHMM OCTAalOTCS AaKTyaJlbHBIMHM 3aJayaMd B COBPEMEHHOI
texaochepe. OcoOEHHO ATO KacaeTcsl BBICOKUX 3MaHUNA U TEXHUYESCKHX
YCTaHOBOK, HEM30EKHO CUIIbHO BOBJICUECHHBIX B SIBJICHUSI aTMOC(EPHOTO
anekTpudecTBa. COBPEMEHHOM HayKe M3BECTHO, YTO IPO30OBBIE SIBJICHUS
MOTYT MPOUCXOAUTh HA BBICOTAX OT MHHUMAaIbHBIX 10 16-18 kM.
OnHako, BBINIE TaKXKE TMPOUCXOMIAT AJICKTPUUECKHE pas3pslbl, Tak
HasbIBaeMbIe HKETHI (~15-30 kM), cipaidtel (~50-130 kM), 216G bI (BBITIE
100 kM), KOTOpbIE HE TOJBKO HACBILEHbl 3HEPIUEH, HO U HECYT
onacHocTb. [Ipu pa3psae oObIYHON MOJIHMM BbIAEseTcs Heprus 109—
1010 Ik, koTopasi 3aTpauuBaeTCs Ha CO3JaHUE YJapHOI BOJIHBI (TPOM),
HarpeB BO3/AyXa, AIEKTPOMArHUTHOE U3JTy4YeHUE, TUCCUTIAIINIO B TPYHTE.
Benunuuna uMmysibca TOKa MOJIHUM OOBIYHO COCTaBISIET HECKOJIBKO
JIECATKOB KA, ofgHako mHorna moxer npesbimarsh 100 xA. ITostomy,
eclii  Mbl  He o0ecrneyuM  3alllUTy TEXHUYECKUX  YCTAHOBOK,
MOJIBEP)KEHHBIX BO3JICHCTBUIO MOJIHUN, TO OHHM (YCTaHOBKH) MOTYT
BBINTH U3 CTpOs. A JIOAM, KOTOpble padOTalOT Ha 3TUX YCTaHOBKAX,
MOTYT CTaTh XepTBaMu. M HA00OpOT, €clii HaM yIacTCs HE TOJIBKO
3alIUTUTh OT MOJIHMM TEXHHYECKYI0 YCTAaHOBKY, HO M TPUMEHUTHh
SHEPTUI0 MOJHUH, TO MbI J100beMcs TMOBbIMIeHUsT 3(G(HEKTUBHOCTH
TEXHUYECKON YCTAHOBKHU U TapaHTUPYEM O€30IaCHBIN TPY/I JIFOACH.

B kauectBe OCHOBBI /JII YCOBEpPUIEHCTBOBAHMUS HaMU B3sTa
NepcreKTUBHas aMepuKaHckas pa3paborka «KocMmuueckuil TpamBaii»
[Patent 6311926 US, Int.Cl. 7 B64F 1/04, Space Tram, Nov.6, 2001],
KoTopoi 3anHTepecoBagack NASA. Kocmudeckuii TpamBaii BKITIOYAET B
CBOM COCTaB JIETaTeNIbHBIN anmnapar Uisl BbIX0Jla B KOCMOC, Ha KOTOPOM
pa3MenieHbl 3JIEMEHThl JMHEMHOIro 3JIEKTPOJIBUTATENSI U DJIEMEHTHI
BHYTPEHHEHN CUCTEMbI MAarHUTHOM JIEBUTALIMK. B KocMUUeckuii TpaMBait
BXOJIUT TaKXe pa3roHHasi TpyOa Ui pa3roHa JeTaTeJbHOro anmnapara, B
KOTOpPOM CO3JaH YaCTUYHBI BakyyM H© pa3MELIEHbl 3JE€MEHTHI
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JIMHEMHOTO 3JIEKTPOJBUIATENSI M JJIEMEHTHl BHYTPEHHEH CHUCTEMBI
MarHuTHOH JeBuTauuu. [Ipyu 3TOM BX0Jl B pPa3sroHHYIO TPyOy pa3MelieH
Ha 3eMIIe, a BBIXOJ u3 TpyObl — B cTpatochepe. Pukcanust pa3roHHON
TpyOBI B HAKIIOHHOM MOJIOXKEHUH 00ecrievueHa 3a CYET BHEIIHEH CUCTEMBbI
MAarHUTHOM JIEBUTALlMH, CO3JaHHON MOLIHBIMUA TOKAMH B JIBYX KOHTYypax,
KOTOpBIE COCTOSIT U3 TPYII CBEPXIPOBOAAIIMX Kaberneil. OauH Takoi
KOHTYp pa3MelleH Ha 3emjie, a JApYyrod KOHTYp 3a(uKCHpOBaH
HEMOCPEJACTBEHHO HaJl Pa3roHHOW TpyOoi. MexaHudeckas MPOYHOCTD
pa3roHHON TPyOBI B YCIOBUSIX BeTpa oOECredeHa 3a CYET CHUCTEMBI
HAaTSHKHUX TPOCOB U3 MPOYHOTO, JIETKOIO0 MaTepHraia. ITO YIUBUTEIbHOE
M300peTeHNne WMEEeT TO TMPEUMYIIECTBO IEepel COBPEMEHHBIMH
paKkeTHBIMU TEXHOJIOTHSIMH BbIXOJIa B KOCMOC, YTO OHO OOECleunBaeT
CHHKEHHE CTOMMOCTH BBIBOJAa Ha KOCMHYECKYI0 OpOUTYy Trpy3a,
MOCKOJIbKY HE HCIOJb3yeT OOJBIIONW Macchl PAaKETHOTO TOILIMBA M
OKHCJIUTENSI Ha pakeTe, TOrAa Kak J0JIA IOJIE3HOIO Ipy3a Il pakeT
noBOJIBHO Mana. OpHako, y JaHHOW OpPUTHHAIBHON pa3pabOTKH €CTb
CEpPbE3HBI  HENOCTATOK. JTO HE3AIIUIIEHHOCTh YCTAaHOBKH OT
ANEKTPUYECKUX PaA3PsIOB  MOJHUN, KOTOPbIE MOTYT YHHUYTOXHUTh
YCTaBKYy «KOCMHYECKUH TpamBaii». CHIIbHOE MarHUTHOE T0JI€ BHEIITHEN
CUCTEMBbl ~MAarHMTHOW  JIEBUTAUMM  CO3JMaeT  MPEHATCTBUE IS
TOPU30HTAILHOTO  JBWKEHHUSI TPO30BBIX OOJIAKOB, TMOTOMY YTO
ANEKTPUYECKUE 3apsijibl, KOTOPbIE CBS3aHBI C JJIEMEHTAaMH OOJaKOB
(aspo301sIMU, KaIJIIMU BOJIbI, CHeXKMHKAMHU, YaCTUIIAMH JIbJA), HE MOTYT
MEePEMEILATHCS NEPIEHAUKYIISIPHO CUIIOBBIM JTUHUSM MAarHUTHOTO ITOJIS.
[TosToMy oOuIaercsi, 4TO BO3JI€ YCTAHOBKH BO3HUKHET IOBBIIICHHAS
KOHIIEHTPAIMs JIEKTPHUECKHX 3aps10B B aTMoc(epe, ecliv uepe3 paiioH
pacIoJIOKEHUS YCTaHOBKH MPOXOJIUT rpO30BOM (bpoHT.
KoHlleHTprupOBaHHbIE ANEKTPUUECKUE 3apsiibl MPUBEAYT K paspsaam
MOJIHUM, KaK B 3€MJII0, TAK U B BEPXHIOIO TPOBOISIIYIO YaCTh YCTAHOBKH,
KOTOpas CBsi3aHa ¢ 3eMJield. biaromapsi B3anMOIEHCTBUIO 3apsSyKEHHBIX
KamnejaeK ¢ HAaTSKHBIMA TPOCAMH BO3MOXKHO CO3JaHUE€ YCIIOBHH IS
pa3psia MONHUU BOJMW3M HATSHKHOTO TpOCa, YTO TPUBENET K €ro
pa3pyiieHnto. Bece 3TO co3maer onmacHyr CUTyallMi0 U MOXKET Jaxe
pa3pyLInUTh YCTaHOBKY. Hpyrum HEJIOCTaTKOM SIBJISIETCS
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HEHUCIOJIb30BAaHUE DHHEPIMM MOJIHUN, IOBBILIEHHAs] KOHILIEHTpALMs
KOTOPBIX YKa3bIBaeT Ha MOAOOHYI0 BO3MOXKHOCTb JJIsl pEILICHUsI 3aa4u
DHEProcOEpeeHNs] NpPU OSKCIUIyaTalldd YCTAHOBKM KOCMHUYECKOTO
TpamBasl.

[ToaTomy MBI pelanu 3a1a4y yCOBEPLUIEHCTBOBAHUSI KOCMUYECKOTO
TpaMBasi U MpeoOpa3oBaHUs €ro B KocMHuecKuil TpamBail «®DasTony,
KOTOPBIM 3allMIIEH OT PpPa3pyLIMTEIbHOIO BO3JACKHCTBUA MOJIHUA U
CHOCOOEH YaCTUYHO HCIOJIb30BAaTh MX HHEPTUI0 I CBOEH pPabOTHI
Hama unest 3akiarodaeTcst B TOM, YTO BAOJb Pa3TOHHOM TPYObI ¢ 00enx
CTOPOH U BOJM3M KaXJIOro HATSHXKHOIO Tpoca Ha 3eMile MbI
YCTaHABJIMBAEM I'POMOOTBO/IbI, KOTOPbIE UMEIOT CTOK 3JIEKTPUUECTBA B
3eMII0. A BIOJIb BTOPOrO KOHTypa, KOTOPbIM 3a(UKCHpOBaH
HEINOCPEJICTBEHHO HaJ Pa3rOHHON TpyOOH, Mbl pa3MellaeM CHCTEMY
IPOMOOTBOJIOB, MMEIOLIYIO CTOK 3JIEKTpuyecTBa B 3eMito. llpuuem
HEIOCPEICTBEHHO IMEPE/l MECTOM CTOKA IEKTPUUYECKOTO TOKA B 3EMIIIO
Ha KaXIOM TIPOMOOTBOAE pa3MEUICHO YCTPONCTBO YTHJIM3ALUU
DIIEKTPUYECKOW SHEPrMM MOJIHUM B BHJIE TpaHchopmaropa, OIHA
0o0MOTKa KOTOPOIO pa3MellleHa Ha I'POMOOTBOJE, a Apyras OOMOTKa
CBA3aHA C CHUCTEMOW 3JIEKTPOCHAOKEHUS KOCMHUYECKOIO TpamBasl.
[TockonpKy BO37€ YCTAHOBKHM BO3HMKHET IIOBBIIIEHHAs KOHLICHTpALUs
JNEKTPUYECKUX 3apsAA0B B arMocdepe, TO MOJIHHH OyIyT BO3HUKATh
yacto. B Hamelt pazpabotke (kak u B Patent 6311926 US) oana vacth
pa3roHHOMN TPYOBl MPOXOAUT BOJIM3H 3€MJIH, a Ipyrasi 4acThb pa3srOHHON
TpyObl 3aUKCHpOBaHA B HAKJIOHHOM TMOJIOKEHUH C JOCTH)KEHHEM
ctpatrocepsr (~20 km). I[losTomy, mis 3amUTBl TEPBOM YaCTH
KOCMHMYECKOTI0 TpaMBas OT MOJIHMH BJOJb PAa3rOHHOM TpyObl ¢ 00oMX
CTOPOH Ha 3eMJIe pa3MEIIeHbl TPOMOOTBOJBL. A JUIsl 3aIIUTHI JAPYrou
4acTH KOCMHMYECKOIO TpaMmBas, IJE€ pa3MelleHa CUCTEMa HaTSKHBIX
TPOCOB, BOJIM3U KaX/10r0 HATSHKHOTO TPOCa Ha 3eMJIe TaKKe pa3MeIleHbl
FPOMOOTBO/IBI. JTO CYIIECTBEHHO CHHU3UT ONACHOCTh pa3pyLICHUs
HaTSDKHBIX TPOCOB 3Heprued moaHuu. Kpome TOro, BIOIB BTOPOTO
KOHTYpa, KOTOPbIM 3a(pMKCHUpPOBAH HEMOCPEIACTBEHHO HaJ pa3rOHHOMN
TpyOOii, pa3MmelleHa CHCTeMa TIPOMOOTBOJIOB, MMEIOIIas CTOK
JJIEKTPUUECTBA B 3eMITI0. Ha mpakTuke 3T0 MOTYT OBITh 3JIEKTPUYECKHE
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kalbenn, pa3MeleHHBIE CBEpPXY, CHHU3Y H C JBYX OOKOB TPYIIIbI
CBEPXIIPOBOASIINX Kaleseil Broporo koutypa. [Ipuuem snekTpuueckue
Kabenmu B MecTe, I pa3roHHas TpyOa KacaeTcs 3eMIIM, UMEIOT CTOK
3JEKTPUYECTBA B 3€MJII0. DTO TAKXKE CYIIECTBEHHO CHHU3UT ONACHOCTh
pa3pyLICHUs] HATSKHBIX TPOCOB JHEPTHEN MOJHUU. [[1s 4aCTUYHOTO
WCIIOJIB30BAHUSI SHEPTUM MOJIHMM HEMOCPEICTBEHHO IIE€pPE] MECTOM
CTOKa JJICKTPUYECTBA B 3E€MJII0 HA KaXXIOM I'POMOOTBOJE Pa3MEILIECHO
YCTPOWCTBO YTWJIM3AIMM 3JEKTPUUYECKOHM OSHEPIMM MOJHUH. OITO
YCTPOWCTBO c/eNIaHo B BUJE TpaHCcpopmaTopa, ogHa 00OMOTKa KOTOPOTO
pa3MeleHa Ha TPOMOOTBOJIE, a JApyras OoOMOTKa CBs3aHA C CHCTEMOM
ANMEKTPOCHAOKEHUS ~ KOCMHYECKOTO  TpamBas. Y THIM30BaHHYIO
JNEKTPUYECKYI0 SHEPrHMI0 MOJIHMM MOXKHO  HCIIOJIb30BaTh IS
BHYTPEHHUX MOTPEOHOCTEM KOCMHUYECKOTO TPaMBasi.

Hama pa3paboTka kocMuueckwii TpamBaih «®Da3ToH», XOTA H
TpeOyeT MepBOHAYAIBHBIX KAIUTAJIOBIOKEHUH, TEM HE MEHEE, MOXKET
ObITh MCIIOJIb30BaHA JJisi 0€30MacHOr0 M SKOHOMUYECKH BBITOJHOTO
BBIBOJIa KOCMHYECKUX allapaTroB Ha opOUTy. ITO CBSA3aHO C TEM, YTO B
JAHHOM ClIy4yae CYIIECTBEHHO BO3pacTaeT JoJisl IOJIE3HOrO TIpys3a,
BBIBOJIUMOTO Ha OpOUTY.

Bu3HaveHHsi AMHAMIKH Ta MilTHOCTI Hecy4o0i KOHCTPYKIIi
BAroHa-mJaT(OpPMHU NPH BeleHHI BOTHSHOI il BOMA 3eHiTHUMH
YCTAaHOBKAMH 3 HbOT'0

®owmin O. B., Jloscrka A. O., Kiuyk 4. B., Ypym H. C.
Jlep>kaBHUH yHIBEpCUTET IHQPACTPYKTYpPH Ta TEXHOJOT1H
VYKpaiHChKUI JepyKaBHUM YHIBEPCUTET 3aJI13HUYHOTO TPAHCIIOPTY
JlyHaicbkuii (haKkyJIbTET MOPCHKOTO Ta PIYKOBOTO TPAHCIIOPTY
JlepaBHOTO yHIBEPCUTETY 1HOPACTPYKTYPH Ta TEXHOJIOT1H
alyonaLovskaya.vagons@gmail.com

The study deals with the dynamic loading and strength of the carrying
structure of a flat wagon while transporting military equipment
conducting fire. The study deals with the equilibrium stability of a flat
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wagon in firing. The strength of the flat wagon’s structure was also
calculated. The results of the study will encourage engineers to design
carrying structures for flat wagons intended for transportation of military
equipment while conducting fire in motion.

[IpoBeneno onpeneneHne TMHAMUYECKON HArpyKEHHOCTU U IPOYHOCTH
HEeCyIIell KOHCTPYKIMHM BaroHa-miat(opmbl MpU MEPEeBO3KE BOEHHOM
TEXHHUKHU U BEJICHUU OTHEBOIO BO3/IeMCTBHUS. MccnenoBana yCTOMYMBOCTD
paBHOBecHs BaroHa-IuiaT(opmbl NMPU BEJEHUH OTHEBOTO BO3JICHCTBUSI.
[IpoBenen pacuer Ha MNPOYHOCTh HECYNIEH KOHCTPYKLUMH BaroHa-
wiatrpopmbl.  Pe3ynbpTarhl  IPOBEACHHBIX  HCCIEAOBAHUNA  OymyT
CIOCOOCTBOBATh CO3AAHUIO HECYIIUX KOHCTPYKLMH BaroHOB-1IaTdopm
JUTSI IEPEBO3KM BOCHHOW TEXHUKH U BEJICHUS OTHSI PU ABHKCHUU.
[IpoBeneHo BU3HAYCHHS JIMHAMIYHOI HABAaHTAXKEHOCTI Ta MIITHOCTI
HEeCcy4yoi KOHCTPYKUIi BaroHa-miaT¢hopMu Mpu MepeBe3eHHI BiHCHKOBOT
TEXHIKM Ta BEICHHI BOTHSHOI 1ii. J{OCHIIKEHO CTIHKICTh piBHOBAru
BaroHa-ruiatropMu mpu BeJeHHI BOrHsaHOi aii. [IpoBeneHo po3paxyHok
Ha MIIHICThP HECy4oi KOHCTPYKIii BaroHa-tuatgopmu. Pesynbprati
OPOBECHUX  JOCHKEHb  COPUATUMYTh  CTBOPEHHIO  HECYyUUX
KOHCTPYKLINA BaroHiB-miaTGopM JUIsl IepeBE3€HHs BIHCHKOBOI TEXHIKU
Ta BEJICHHS BOTHIO MPU PYCi.

Harenep mnepen VYkpaiHoro, Sk MamMHOOYIIBHOIO KpaiHOKO 3
CYTTEBUM TPAaH3UTHUM IIOTEHIIAJIOM Ta BHYTPIIIHHOIO PO3BUHEHOIO
TPaHCHOPTHOK  1HQPACTPYKTYpOK, TOCTPO  CTOSATh  BUKIUKHU
€KOHOMIYHOI'0, COLIaJbHOrO, TEXHIYHOTO XapakTepy, a TaKoX
HalioHalbHO Oe3neku Ta oOopoHu. I[Ipu 1bOMY A 3aTI3HUYHOL
CKJIa/IOBOI, sIKa BIJIIpa€ BHUPIMIAIbHY pOJib B PO3B’sI3aHHI MPOOIEM
TPAHCHOPTHOT TaTy31 KJIIFOYOBUM 3aBJaHHSAM € CTBOPEHHS 1HHOBAIIHHUX
pecypco3bepiratounx KOHCTPYKTHBIB BaroHiB.

Jns  migBUIEHHS OOOpPOHO3JATHOCTI KpaiHM BaXIJIUBUM €
BIPOBA/DKCHHSI B  ©KCIUTyaTalllf0  CHeI[iali30BaHUX BaroHiB ISt
nepeBe3eHHs BilicbkOBOi TexHikM. Ha cragii mpoeKTyBaHHS TaKHUX
BaroHIB HEOOXIAHMM € YypaxXyBaHHS YTOYHEHUX JUHAMIYHUX
HaBaHTaXEHb BiJ BIIICbKOBOT TEXHIKHU, KA MEPEBO3UTHCS TA MIPOBOAUTH
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3 HUX OOHOBY (30KpeMa BOTHSIHY) AisTbHICTb.

HaiiGinpmn 3aTpeOyBaHMM BaroHOM ISl TIEPEBE3CHHS BIHCHKOBOL
TEXHIKH € BaroH-mardopma. s o0rpyHTyBaHHS MOMJIMBOCTI BEACHHS
BOTHAHOI Jii 3 BaroHa-miIaTGoOpMH HPOBEAEHO BHU3HAYEHHS MHOro
JMHAMIYHOT HaBaHTA)XEHOCTI HUIIXOM MaTeMaTHYHOTO MOJICTIOBAHHS.
IIpy npoMy MaTeMaTHUHa MOJENb BPAXOBYE IEPEMIIIECHHS BaroHa-
w1aTOpMH, 3aBAHTAXKEHOTO JIBOMA 3CHITHUMH YCTAaHOBKAMH, IPH
KOJIMBaHHSAX MOCMHUKYBAHHS, MIJICKaKyBaHHS Ta rajomyBaHHs. B skocti
npoToTHIy o00paHo BaroH-margopmy moxemi 13-401 moGynosu
JIHIPO3epKUHCHKOI0  BaroHoOyIIBHOTO 3aBojy. BpaxoBaHo, 110
KOKHA 3€HITHA YCTAaHOBKA Ma€ JyJbHY eHeprito 89 k/[xk.

BcranoBieHo, 110 MakcuMaibHa BEJIMYMHA MPUCKOPEHHS CKIIAJA€e
npu 1bOMY OJIH3bK0 36 M/c? Ta Mailike He 3alexKuTh Bijl KyTa MOCTpiy.

BuznaueHo koeilieHT CTIMKOCTI BaroHa-miaTGopMH IIPH BEICHHI
BOTHsHOI 1ii. BcTaHoBieHo, mo KoegilieHT CTIHKOCTI Mae 3HA4YEeHHS
6mu3pko 8. OTxe CTIHKICTh PIBHOBArM HECydoi KOHCTPYKLIi BaroHa-
1aTGOpMU MPHU BEACHHI BOTHSIHOI i1 3 HHOT0 320€31eUy€eThCs.

[TpoBeneHO po3paxyHOK Ha MIIHICTh HECY4Oi KOHCTPYKIIil BaroHa-
1aTGOpMH Y BEJIEHH1 BOTHSIHOI [11i 3 HbOT0. B SIKOCTI pO3paxyHKOBOTO
BUKOPDUCTAaHMH METOJ CKIHYEHHUX €JIEMEHTIB, peajli3oBaHMi B
nporpamuomy komruiekci CosmosWorks. Ha miacrtaBi mpoBeneHHx
PO3paxyHKiB BCTAHOBJIEHO, 1110 MAKCUMAaJIbHI €KBIBAJICHTHI HANPYKEHHS
BUHHUKAIOTh B 30HI PO3MIIIEHHS TMEpPEIHIX YIOPIB aBTO3UeIly Ta
cknagatoTh Onmu3bko 300 MIla. ToOGTO 3HaueHHS MaKCHUMaJIbHHMX
€KBIBaJICHTHUX HAIIPYKEHb HE MEPEBUILYIOTh J0NMyCTUMI. MakcumanbHi
nepemMinieHHst ckianu Oomm3pko 3,0 MMm. MakcumanbHi aedopmarii
nopiBHIOIOTE 3,96:107. OTxke 37ilicHIOBATH BOTHAHY Jil0 3 3€HITHHX
YCTAHOBOK IPY TMEPEBE3EHHI 3aJ1I3HUIICIO € MOMIIUBUM.

PesynbraTi TIpOBEAEHUX OCHTIKEHb CHPUATUMYTH CTBOPEHHIO
HECYYMX KOHCTPYKIIii BaroHiB-miIaTGopM IJis IepeBe3eHHs BiHCHKOBOI
TEXHIKHU Ta BEJICHHS BOTHSHOI JI1i TIpH pycl.
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Bu3zHaueHHs1 BIJIMBY NPHUCAI0K /10 MAJIMBA HA IAapaMeTpH
POOOTH ABUTYHIB BHYTPIlIHHOI'0 3rOPAHHS TEILUIOBO3IiB B
eKCILTyaTanii

@anenaum A. I1., Knenpka O. B., Aymin /1. O., Buxomnens 1. P.
VYKpaiHChKUI JepKaBHUIN YHIBEPCUTET 3aJ1I3HUYHOTO TPAHCIIOPTY
Jep>kaBHU# yHiBEpCUTET iIHOPACTPYKTYpPH TPAHCIIOPTY
gurao@ukr.net

Analyzed experience of domestic and foreign scientists in the field of
determining the influence of the use of additives to petroleum fuels, in
particular diesel, on the operation parameters of internal combustion
engines. In order to identify the main disadvantages of this process, and
the formulation of tasks requiring solutions to address them.
[Ipoananu3upoBaH OMBIT OTEYECTBEHHBIX U 3apyOEKHBIX YYCHBIX B
00J1aCTH OIpeIesIeHNs] BIUSHUS UCIIOJIb30BaHMs MPUCAIOK K HEDTIHBIM
TOTIJIMBAaM, B YaCTHOCTH JIU3EIIbHBIM, Ha TapaMeTpbl paboThl JBUTATENICH
BHYTpPEHHEro cropanus. Jlas Toro, uToObl BBIIBUTH OCHOBHBIE
HEJIOCTAaTKU 3TOTO Iporecca U chopMyTupoBaTh 3a1aud, TpeOyrommne
pelLeHHs Ul UX PELIeHHUs.

[IpoananizoBaHO 1OCBiJ BITYM3HSHUX 1 3apyODKHUX BUEHHMX B 0OJaCTi
BU3HAYEHHS BIUIMBY BUKOPUCTAHHS IMpPHUCAZOK /10 HApTOBUX NAaJUB,
30KpeMa Ju3eIbHUM, Ha MapaMeTpu poOOTH ABUTYHIB BHYTPIIIHHOIO
3ropsiHHs. J{71s1 Toro, 1100 BUSBUTH OCHOBHI HEOMIKHM L[LOTO MPOLECY 1
chopMyIIIOBaTH 3aBJaHHA, fAKI MOTpeOYyIOTh BHUPIMIEHHS A iX
BUPILLICHHS.

Bin sixocTi manuBa, HOKa3HUKH sKOro periamentytotbes JCTVY, B
3HAuYHIN Mip1 3aJIe)KaTh €eKOHOMIYHI1, €KOJIOTIYHI Ta PECYPCHI MOKa3HUKU
JIBUTYHIB BHYTPIIIIHBOTO 3TOPSHHS.

@Di3uKO-XIMIYHI Ta eKCIUTyaTallliHI BIJIACTUBOCTI JTU3EIBHOTO
NaJiiBa BU3HAYAIOTHCS AKICTIO BYTJIEBOAHEBOT CHPOBUHH, 3aCTOCOBAHOT
TEXHOJIOT11 BUPOOHUIITBA, BIIACTUBOCTSIMU Ta MAcOI0 BBEJECHUX JI0 HOTO
CKJIaay MpPHUCAZOK Ta J00aBOK 1 BHU3HAYAIOThCS HA OCHOBI TaKHX
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KBauTi(piKaIiiHIX O3HaK, SIK B’SI3KICTh Ta H[IJIBbHICTD,
HU3BKOTEMITEpATypHI BJIACTUBOCTI, TEMIIEpaTypa 3aryCTiHHs, XiMiuyHa
CTaOiMbHICTh, KOpO3iliHA AKTHUBHICTh, MPOTUBO3HOCHI BJIACTUBOCTI,
3IaTHICTh JI0 CaMOCTIJIaXyBaHHS.

[Tin yac BUpOOHMIITBA JU3EITHHOTO TTAJIUBA, IO SBJISIE COO0I0 CYMIII
JTUCTUIIATIB (COJISIPOBOTO, Ta30WJIsi Ta KEPOCHMHOBOIO) 3 IMPOAYKTaMH
KaTaJIITUYHOTO Ta TiAPOKPEKIHTY, MOTPiOHI BIACTHBOCTI JWU3EIHHOTO
MajuBa OTPUMYIOTh 3a PaxXyHOK BBEACHHS OaraToyHKIIOHATBHUX
npucaaok. JlocuTh akTUBHO Ha JaHUK Yac HAYKOBI 3aiiMarOThCS
JOCIIDKEHHSAMH I10 PO3POOIl MPHCAIOK 0 JIHU3CIBHOTO IMalliBa, sKi
MOXYTh OyTH BHKOPUCTaHI B TIpOIECI eKCIUTyaTamii 3 MeTOro
yIOCKOHAJIEHHS (Pi3UKO-XIMIYHUX BIACTUBOCTEH MalBa Ta MOKPAIIEHHS
MOKa3HUKIB poOOTH JAH3els.

[Tpucagku 10 TU3ETBHOTO MaJNBa, Ta HA(QTOBOTO MATUBA B IIJIOMY,
SIBIITFOTHCSI, STK YaCTHHOO TEXHOJIOTTYHOTO MTPOIIECY HOTr0 BUTOTOBJICHHS,
Tak 1 CHocoOOM TIOKpAIIeHHS eKCIUTyaTaliiHuX, EeKOJIOT1YHUX Ta
EpProHOMIYHMX XapaKTePUCTHK CTAHJAPTHOTO IMajluBa TIpU HOTO
BUKOPUCTaHHI. 3a Oulbllleé HIK CTONITHIO 1CTOPiII0 BUKOPUCTAHHS
MPUCAZOK JI0 TaJMBa, MOSBWIOCH OuUtbiie 50-u iX TUIB, Ta COTHI
TOPrOBHX MapOK i HaltMEHYBaHb IPOAYKIIii. 3aCTOCYBaHHS JESKHUX 3 HUX
BXX€ TIOBHICTIO TMPUINUHUIOCH, a JIEsIKI HaBMAaKW JIOCI IIHPOKO
BUKOPUCTOBYIOThCA. llpucaaku mo Tumy Ta MNPU3HAYEHHIO MOXKHA
MIPEJICTABUTH Y BUTJISAJII MACHBY,

Tropi={Tnopoi; Trapoi2; Trpos; Trpos; Trpos; Trpoes; Tripo7; Trpos;
Trpoo; Tupio; Topin,

ne Topor —  aHTHUAETOHAIiiHI  mpHcaaku  (3amoOiraroTh
J€TOHALIHHOMY TOPiHHIO OE€H3HHIB);
Tnpez — weraHomiaBuuryroui npucaaku (abo mpomoTopu

criaJlaxyBaHHA) (BUKOPHUCTOBYIOTh JJIsl MIJBUIICHHS 1IETAHOBOTO YKCIa
JIM3EJIbHOTO TaJINBA);

Topos — aHTHOKCHAAHTHI Mpucaakd (IABUILYIOTH OKHCHY
CTaOUIbHICTh MalMBa, THM CaMUM 3aro0iraloTh YTBOPEHHIO CMOJ Ta
ocany);

Trnpos — aHTUAMMHI (3MEHIIYIOTH KOHIEHTpALil0 JUMY B raszax
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JU3ENbHUX JBHUTYHIB, OJHAK MAaJl0 BIUIMBAIOTh HA BHUKHIU 1HIIMX
IIKIIJTABUX PEUOBHH);

Tnpos — anTuHarapHi (3MEHIIYIOTh HArapoyTBOPEHHS B Kamepi
3rOpaHHs, Ha KjamaHax 1 po3MuiitoBavax (OPCYHOK 1 aHTHCAKEBI —
3HIXKYIOTh TEMIIEPaTypy 3TOPaHHA Caki Ha MOBEpXHi (HiIbTPiB);

Trpos — anTUCTaTHYHI (MOKPALTYIOTH 3araieHHs TU3eIbHUX MaJlnB,
3aro0iraroTh HarpOMaKEHHIO 3aps/IiB CTATUYHOTO CTPYMY B IaJIHBi);

Topo; —  Olomuau  (3amo0iraloTh  MCYBaHHIO  TajMBa
MIKpOOpraHi3aMaMHu);
Topos —  nucmepcopu  (IpHCAIKHU,  3JaTHI  PEryJIOBaTH

HU3BKOTEMIIEPaTyPHi BIACTUBOCTI JIU3EIbHUX IMAINB, 1 IPU3HAYCHI IS
3HWKEHHS TeMIIepaTypu HOro 3arycTiHH:);

Tnpoe — mucnepratopu mnapadiniB (IpuU3HAYEHI UIS 3HUKCHHS
IpaHUYHOI TeMmepaTtypu (iIbTPOBAHOCTI. 3aCTOCYBaHHS KOMITO3UIII
JenpecopiB 1 gucnepratopiB mnapadiHiB B YKpaiHi peKOMEHIOBaHO
MOCTIHHO);

Trnpio — MPOTHMBO3HOCHI TpHUCAIKK (BUPIMIYIOTBCS MpoOieMy i3
HOTIPUIEHHAM 3MalllyBaJIbHUX BJIACTUBOCTEH JU3€IBbHOTO MalKBa
BHACJI1/I0K 3MEHILEHHS! B HbOMY PIBHSI BMICTY CIPKH);

Tnpi1 — Mutodi npucajku (3MEHUIYIOTh YTBOPEHHS BiJIKJIa/leHb Ha
JeTajsix  JBUTYHA, JOJATKOBO  JIOJAIOTh  MPOTHBOJBOAOBI ¥
AHTUKOPO3iiH1 Bi1acTUBOCTI. OCHOBOIO POOOTH € PO3IMYLIYBAHHS Harapy
Ta JIAKOBUX BIJKJIa/I€HB).

Bcei BOHM OKpiM  po3moAily 3a THIIOM Ta TPU3HAYCHHSM,
BIIPI3HAIOTbCA 1 3a CBOIMM BIACTHBOCTAMH, Yy KOXHOI CBOI
XapaKTepUCTUKH, BIUIMB HA TI YU IHII IapaMeTpH, 1 BIANOBITHUM € 1
pe3yIbTaT iX 3acTOCYBaHHS. [3-3a TAaKOTO PI3HOMAHITTS BUHHUKAE 3a7a4a,
sIKa MOJIATa€e y BUSABJICHHI BIUTMBY MTPHCA0K Ha poOOYi MPOLIECH ABUTYHIB
BHYTPILIHBOTO 3TOPSHHS B €KCIUTyaTallii, Ta KIHIIEBHH iX pe3yJbrar,
TOOTO €(eKT BiJl 3aCTOCYBAHHS.

I3 3aranpHOTO TeEpeniky TpHCAJAOK 10 Ha(TOBOro TMaaWBa, AJIA
JM3EJIBHOTO  TMAlMBa  BUKOPUCTOBYIOTh  HACTYIHI:  JETPECOPHO-
JTUCIEPryIoul; NeNpecopHi; nucnepraTopu mnapadiHiB; MPOTHUBO3HOCHI;
[IEHTaHOIIBUIIYI0Yi (IPOMOTOPH CIAlaXyBaHH:); aKTUBATOPH TOPIHHS
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ta OaratoyHKIiOHANBHI. SIK HaWBaXKITUBIII 3 HUX, MOXKHA BUILIATH
[IETaHOIIIBUIIYOYl TPUCATKK Ta MPOMOTOPH CIlajlaXyBaHHS, BIUIHB
SIKUX BU3HAYAETHCS IICTAHOBUM YHCIIOM, Ta AKTUBATOPH TOPIHHS.

BusButu Oe3mocepenHiii BIUIMB IHMX MPHUCAIOK JOCHUTH CKJIQJIHE
3aBJIaHHS, 1 3pOOMTH II€¢ MOXJIMBO JIMIIE B JIAOOPATOPHUX YMOBax
€KCIIEpUMEHTAJIbHUM NUIAXOM. Toxl SK, Ha MPaKTUIl B EKCIUTyaTarii
Maiike He MoxuBO. CydyacHI MPUCAIKU JI0 MATMBa XapaKTePU3YIOThCS
JEKUIbKOMa MPU3HAYCHHSIMH, 10 MOKHA BUPA3UTH MacuBOM TTipi.

Buxopucranus OGaratoyHKI[IOHAIBHUX MaKETIB TNPHUCAIOK, SKi
KOHTPOJIOIOTh YTBOPEHHSI BIAK/IA/IEHb y MaTUBHINA CUCTEM1 JABHUTYHA, —
3araJlbHOCBITOBa TeHACHIIsA. HaykoBii ramy3eBoi HayKOBO-HOCIHIiTHOI
naboparopii «IligBUIEHHS MaTUBHO-EKCILTyaTaliifHOT €KOHOMIYHOCTI
Ta TIOKPAIICHHS  CKOJOTIYHMX  TIOKa3HUKIB  JTU3EIBHOI  TATH»
CHIBIpalLIOIOTh 3 Higepianacbkor kommnahHiero Cyclone Europe BV
1010 MOXIJIMBOCTI BUKOPHUCTaHHS IMPOAYKIIi JaHOI KOMIIaHii, a came
KOMIIOHEHTY sl Au3enbHoro nansHoro DFC 2020, na mianpuemcTBax
SIK IIPOMHUCIIOBOTO TPAHCTIOPTY TAaK 1 3aTI3HUYHOTO TPAHCTIOPTY Y KpaiHU.
Sk mokazanu 1abopaTopHi JOCIIKEHHS HiepiaaHachkoi kommanii, DFC
2020 mae eKOHOMIUHUN €(eKT 1 3MEHIIyEe BUKHAU 3a0pyAHIOYHX
PEYOBHH, III0 € IOCHTh aKTyaJlbHUM B MUTAHHSAX €KOJOTIYHOI Oe3rmeKu,
TOMY JIaHUH KOMIIOHEHT JOCUTh IIUPOKO BUKOPHCTOBYETHCS B
eBponeichkux KpaiHaX. CTOCOBHO MOKIIMBOCTI BUKOPHCTAHHS J1aHOTO
KOMITOHEHTY Ha MIJIPUEMCTBAX YKpaiHU MOXKIMBO Oy/e cKa3zaTu Mmicis
3aBEpIICHHSI BCIX AOCITIIKEHb, SIKi 3apa3 TPUBAIOTh.

Energy efficiency of heat tests for traction electric machines

Afanasov A. M., Shapovalov O. S., Holik S. N., Arpul S. V.,
Bilukhin D. S.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
shapovalov93as@gmail.com

The article discusses one of the options to reduce the electricity
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consumption for the carry out acceptance of post-repair tests of traction
electric machines. Heating tests of traction electric machines at the
mutual load stand are the most energy-intensive part of the entire test
program. Energy consumption for this type of test can be reduced, for
this, an analysis of thermal processes in the windings of traction electric
machines during their heating test was given. The energy efficiency
coefficient of the mutual load system is formulated. The energy
efficiency coefficient for the traction electric machine NB-406 is
calculated. The calculation results showed that with an increase in the test
current by 30%, the total losses in the motor windings decrease by about
one and a half times, while the test time decreases by almost three times.
An increase in test current and a decrease in test time do not reduce the
quality of the test, and the results obtained. A methodology for assessing
the energy efficiency of heating tests is proposed. It can be applied at test
sites of depots, as well as repair plants. This will reduce the material costs
of testing, without compromising the quality of the tests themselves.

Railway digital transformation strategy

Avramovi¢ Z. Z., Marinkovié D. M., gikanjic’ N.
Pan-European University APEIRON, Banja Luka, Republic Srpska,
Bosnia and Herzegovina
zoran.z.avramovic@apeiron-edu.eu

Abstract — The concept of the digital railway is defined in the
European Initiatives, which started in 2016. The basis for this technical
development and improvement plan is the Shift*Rail and the Roadmap
for Digital Railways, presented by the Community of European Railways
and Infrastructure Managers (CER), the International Rail Transport
Committee (CIT), the association of European Rail Infrastructure
Managers (EIM), and the International Union of Railways (UIC).

Keywords — automatic train operations, digital railway, digital
transformation strategy, ETCS.
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1. Introduction

There are more options for modernizing the railways using digital
technologies in train management. In the context of digitization, train
management involves automated traffic management (including support
for decision-making and train speed regulation), signal transmission to
the machine driver's cab (European Train Control System - ECTS),
Automated train operations (ATO), related advisory systems (CDAS),
and appropriate supporting telecommunication network.

This Digital Railway Strategy is a key part of goal to transform how
trains are run by bringing in digital solutions for a digital age. The
introduction of digital solutions will increasingly be the focus of modern
and future efficient railways. It will improve connectivity and help people
move faster and safer. The current traditional signaling infrastructure is
gradually becoming history with increasing security risks and possible
delays.

2. State and development concepts

Digital transformation involves a consolidation of digital
technologies and a company’s business processes which, increasing the
value to the company’s proposition and its market position causes a
digital disruption in the competitors.

Digital technologies, such as the transmission of signal signs to the
cab of the machine operator and intelligent railway traffic management
systems, are becoming more and more important in raising the capacity
of the existing rail network, and in particular to meet the prospective
growth needs.

The European Railways have made a number of recommendations
based on the transport needs and possibilities of the modern industry in
the area of signaling and management of rail traffic with the aim of
introducing digital signalization and operational technology.

The recommendations were based on the conclusion that
improvements in signaling and traffic control technology are needed to
expand the network of railroads of the highest class. The idea is to speed
up the development of the European Train Control System (ETCS), as
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well as traffic management software and driver support.

The introduction of digital signaling technology suggests a greater
dependence on a reliable mobile network. This initiates the need to build
a SWIFT (Superfast Wi-Fi In Carriage for Future Travel) project, which
will be a good example of a harmonized partnership in technology,

railways and mobile networks.

The SWIFT project is designed to provide free Wi-Fi services for
travelers through a dedicated infrastructure installed along the railway
network. It will be used by existing Network Rail Telecoms networks to

provide good connectivity and speed for the user.

Table 1. Global trend of information development

Research and innovative solutions
under development

IPID
2020

EU White
Paper

Shift
2Rail

US FRA
Strategic Plan

Increased safety based on intelligent
systems

v

|

V]

Reduction of risks related to the
human factor

B

)

Increased business efficiency and
streamlining of logistics

]

&

Development of  multimodal
transportation

&

&

&

Harmonization of service-related
requirements.
“One stop"

&

&

Development of virtual and cloud-
based client services

&

&

&

Computerization and digitalization
of traffic management processes

&

&

&

High-speed traffic development

New rolling stock

Increased energy efficiency

ol

B E®

BEE

New power plants. New types of
energy resources

=

&

&

N R ™

Focus on rational environmental
management

&

&

Infrastructure development

&

Unmanned technologies

]
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*IPID — Investment Projects Implementation Department
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Projects for the introduction of digital signalization and management
technology should be jointly developed by the owners of the railway
infrastructure in partnership with the appropriate companies for the
transport of passengers and goods.

3. Development rights

Digital Rail is itself an integral set of technologies between railroad
and train. Therefore, the topic requires cross-sectoral approach, which is
reflected in the competent team for cross-sectoral development of the
digital railway, its users and management.

Figure 1 — Today challenges. Tomorrow opportunities

4. Digital Railway Architecture

The four levers of Digital Transformation based on research on key
sectors, are: digital data, connectivity, automation and digital customer
access.

The progressing digitalisation effects the tightening of competition
between companies using more traditional business models and those
embracing the newly-emerged ones, which offer:

* multi-products/services
» connected products
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embedded services
shared products/services.

Products and services are offered via Omni-channels.
Digital economy assumes a conversion of traditional ways of a

business’s market operations and the emphasis on particular components
of the added value. Following research, digital business models can be
grouped into three categories:

cost value
experience value
platform value,

with a growing importance of the latter.
Challenges to a new implementation model are:

All trains need to be fitted with ETCS: significant reduction in
Infrastructure Costs could allow Railway Undertakings to be
compensated (Legal/Commercial Challenges).

High Cost of Train fitments: simplified and harmonised
infrastructure can reduce legacy complexity of onboard systems
and authorisation costs (technical and operational challenge).
Harmonisation and simplification of signalling principles and
operational rules: agreement required on key elements
(Reliability, Availability, Maintainability & Safety Targets;
Degraded Mode operations including degraded mode speeds;
System Architecture — including safety integrity levels to support
normal and degrade mode operations).

The control system architecture makes integrated process model:

Raliway development strategy
Key performance indicators
Objective tree

Consolidated service catalogue
Organization structure.
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Figure 2 — Digital Railway Architecture

The process and IT architecture (holistic approach to system
integration) is:
+ Single architecture management principles
» Standardized IT infrastructure
* General safety requirements.

5. Development strategy

The digitalisation of the railways emphasizes the current global trend
of adopting digital technologies and processes, including the deep
penetration of digital technologies in the transport sector. It is also
expected to take advantage of the significant experience of the European
railway sector for innovative development.
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Figure 3 — Integrated Telecommunications
SDCM - System for Differential Corrections and Monitoring(component
of GLONASS) Luch — family satellites

Although it has the potential to be a driver of the game for the rail
industry, digitization is not an end in itself. It provides unique tools to
increase the efficiency of rail transport that can stimulate the transition to
a new level of industry development.

For example, the widespread use of next-generation low-pass
wireless networks, such as LoRa, as well as the enormous processing
capability offered by cloud-based technologies, can open the way for the
development of an integrated technology platform that supports decision
making for all industrial processes. (LoRa — Low power Radio
technology — wireless RF technology used in WAN for M2M and IoT
applications thanks to low power consumption and secure data
transmission).

In an effort to maintain the achieved market share while ensuring
continued sustainable development, European railways have developed
their own innovative development plans for the immediate prospective
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period.

These plans envisage the widespread use of digital technologies in
all company business, including fleet and infrastructure monitoring,
communications, traffic management and trains management.

At the heart of today's transition, new digital business data is based
on data based on the automation of data collection from specific work
parameters and industrial processes.

In the rail context, this implies the development and improvement of
digital or virtual images of objects and processes. Digital images help
solve the whole spectrum of problems.

For example, analyzing and simulating the behavior of a digital
image of a device, which is made using information collected by
specialized monitoring and diagnostic sensors throughout the device's
lifecycle, provides access to accurate information about vital device
parameters, such as: work safety, resilience/robustness and longevity.

6. Practical solutions

The concept of a digital railway is inevitably linked to fully
automatic trains without a driver. So-called smart locomotives and smart
trains are considered to be the future of rolling stock, and many railways
are actively developing this technology, along with prototypes that
already pass tests on some test pieces.

In several world examples, the operation of automatically guided
locomotives has been successfully tested at marshalling yards.

Here, the speed of the track is controlled via a digital radio block
with continuous automatic monitoring of their location using GPS /
Glonass satellite navigation with differential correction. The purpose of
this project is to develop a procedure for the simultaneous control of
several shunting units from one remote workstation.

Another innovative solution, developed for positioning trains, is the
use of monitoring of vibration acoustic paths. In this system, train
presence detection is based on an optical sensor for identifying precise
coordinate positioning of trains on open lines between stations.

This technique requires the conversion of the backup fiber into an
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optical cable into a spatially distributed sensor, which works on the basis
of determining changes in signal reflection from the cable while the train
passes along the line. This is done using a measuring gauge located on
the periphery with the differences between the reflecting branches that
provide an accurate measurement of the position of a particular vehicle.
The system permits the monitoring of the vehicle fleet within 40 km of
the gauge — reflectors and locations of the central computer unit with a
positioning accuracy not less than 15 m.

The techniques that work in accordance with the concept of the
Industrial Internet of Things (IIoT), which is increasingly accepted
throughout the rail world, have greatly applied. Today, a large number of
technical and technological solutions at the IIoT base go through tests on
various parts and objects of the world rail network.

Railways today are considering and testing other low-voltage
wireless communication solutions. It also tests and uses a wide range of
applications that use wireless sensors to collect information and realize
remote transmission in the rail environment as part of the IloT concept.
Promising results of wireless sensors for automation systems for
railways, such as signals, relay groups and cabinets, tracking equipment
and overheating detection systems, are expected.

All information pertaining to the operation of the railway facilities
collected by the distributed sensor network is transmitted to the
appropriate automated control systems of the railways that are connected
to a reliable corporate communications network.

A special feature of the selected IIoT concept is the deep vertical and
horizontal integration of automated industrial control systems. European
railways have developed RDBMS as a platform for the integration of all
automated traffic management systems. The platform is complemented
daily and perfected by passing through the concepts based on a multi-
agent approach. This improvement relies on the principles of artificial
intelligence, developed to integrate and process large amounts of data
from traffic processes. This may include the current status of signaling
systems, speed and weight of trains, location of locomotives, trains, cars,
speed limits per line sections, as well as the technical condition of rolling
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stock and automation devices.

The RDBMS project assumes that the fleet acts as a sensor. It should
be noted that its source is seen in the first solutions in the world based on
equipping the fleet with a train protection system integrated with GPS /
Glonass satellite receivers, which are able to transmit the position of the
train and other data through the radio link to the traffic control center.

In addition, the latest generation of EMU solutions, such as
Lastochka and Sapsan [5], are equipped with special information and
measurement systems for diagnostics and monitoring, which provide
complete automatic control over the state of the infrastructure during
everyday tasks.

This includes LoRa, which provides guaranteed wireless
communication channels in a range of 15 km in poorly populated and 5
km in densely developed urban areas. It has been proven that the LoRa-
based communication network has sufficient robustness at a high level of
interference and an unfavorable electromagnetic environment.

Reliable information about the state of the railway infrastructure and
facilities is one of the key components of intelligent data processing and
analysis systems. This also implies the development and implementation
of decision support solutions at the highest level.

7. New access to diagnostics and monitoring

New equipment for diagnostics and monitoring of accessories is
installed on the existing fleet without overlapping with the existing
classical equipment.

Diagnostic activities do not interfere with the traffic process, and at
the same time provide high frequency traffic monitoring of high speed
trains.

Diagnostics of the condition is carried out without interruption of the
work of the rolling stock, the railway infrastructure and the contact line.

Full automation of all control equipment for diagnostics,
measurement, processing and monitoring has been realized (does not
require presence of operator).
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Figure 4 — UIC RailTopoModeL (RTML)

Diagnostics makes it easier to apply a new approach to maintenance
of rail infrastructure and rolling stock based on the collected data. In
addition, various wireless sensors installed on a fleet, which include a
wide range of digital subsystems, including acoustic sensors and
technical modes, can be supplemented by fixed, integrated inspection
stations. As a result, the technology not only identifies the wear or critical
state of the components, units and plants, but also provides a supported
forecast of equipment deterioration, as well as full information when
deciding on the allocation of maintenance activities.

A high-quality, modern diagnostic hardware-software platform has
already implemented some, but also all, following features, based on the
automation of data collection and application:

+ automation of the initial processing of statistical data on railway
infrastructure and the failures of the equipment of the vehicle
fleet,

* identification of quantitative values of operational reliability and
safety indicators of infrastructure objects,

* quantitative assessment of infrastructure and service activities
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that are the subject of failure and organization of maintenance and
operation of infrastructure facilities,

* monitoring, comparing and supporting the activities of associated
business units based on operational reliability and safety
indicators

* assessment of compliance of real performance indicators and
work safety within standard norms,

* preparation of estimated data to support recommendations for risk
reduction,

 identification of vulnerable objects based on risk assessment,

+ drafting work plans for the maintenance of infrastructure and
rolling stock and

* preparing investments in projects for those railway facilities that
are the biggest problem.

8. Conclusion

Real-time rail traffic management will reduce disruptions, increase
safety, improve reliability and enable a better response to new passenger
demands.

Digital transformation fares beyond the digitation of data and
processes. Instead, it involves an ongoing adaptation to changes in a
turbulent environment. This creates both opportunities and threats for any
industry, not less the rail industry.

The challenge to be addressed in the coming years is not only a
switch from electromechanical to electronic devices followed by a switch
to digital components, the implementation of fully automated systems
based on standard interfaces and safety certification, but first and
foremost, a general change of the mindset to one allowing for sharing of
resources, consolidation of business solutions and the creation of new
value of rail services both within and outside rail ecosystems.

It should be noted that in a large number of applications on the rail
network traditionally used track circuits, as a basic element of railway
automation and telemechanics. With them, we detect the presence of a
moving structure on some part of the track and the whole of the rail.
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Although still a very reliable element, its improvement is being
investigated. Today, the rail power circuit serves as the primary channel
for transmitting information on signal aspects and the allowed speed of
the train.

In any case, the concept of a multilayer security system is being
promoted today in the world. It is intended that the entire railway territory
is fully covered by the digital generation of the latest generation. Slowly
GSM-R becomes an outdated solution with its known limitations.

In summary, the Digital Railway Strategy outlines the opportunity
for digital train and operational control technologies to address industry
challenges relating to affordability and asset sustainability, safety,
capacity and performance.
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Modernization of the buffer beam of PE2U traction unit electric
locomotive

Bannikov D., Radkevich A., Muntian A.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
bdo2020@yahoo.com

The article presents the main results of a theoretical study on the
analysis of the stress-strain state of the construction of the buffer bar of
the electric locomotive for the control of the traction unit PE2U. The
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estimation of the possibility and effectiveness of attachment on the front
wall of the buffer beam of a special securing bracket was considered as a
separate task. In both cases, the finite element method based on the SCAD
for Windows computing system was used. As a result, it was found that
in general, the design of the buffer beam does not meet the requirements
of the current standards. Up to 5 zones of high stress concentration are
present in the structure, which, given the long service life of the machines
(up to 40-50 years), are potential places for the development of fatigue
damage. In order to balance the stress level, we recommended to
strengthen the contact zone of the supports under the automatic coupling
with the system of horizontal truss plates. The additional
recommendation is to reinforce the lower sheet of the buffer beam
structure up to and including its replacement by a sheet of greater
thickness. Attachment to the front wall of the buffer beam of a special
securing bracket for holding in emergency mode the coupling of the
locomotive-car is possible provided that this zone is strengthened by the
system of additional truss plates. The total increase in the mass of the
buffer beam reaches 350 kg (25% of the original weight of the buffer
beam structure).

Ways to improve the mathematical model of a freight car for the
execution of forensic railway-transport expertises

Batig A., Kuzyshyn A., Sobolevska J., Milyanych A., Hrytsyshyn P.
Lviv Research Institute of Forensic Expertise
Lviv branch of Dnipro National University of Railway Transport named
after Academician V. Lazaryan
Western center of the Ukrainian branch of the World laboratory
batigashal 992@gmail.com

According to statistics, receipts of forensic railway-transport
expertises related to the derailment of freight wagons annually grows. At
the same time, an analysis of the available mathematical models of freight
wagons for the study of such cases showed that at present they are not
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sufficiently detailed to the extent that it is necessary to analyze the causes
of rolling stock derailment. Therefore, taking into account the main
reasons that occurrence of such railway accidents over the last five years
on the railways of Ukraine, the article selects the main directions for
improving the mathematical model of a freight wagon. These directions,
in turn, should cover the whole plural of factors (explicit and hidden) and
identify the most significant ones regarding the circumstances of the
derailment rolling stock off the track, established on the basis of a
computer experiment. An algorithm and a mathematical model are
proposed taken into account the influence on the dynamics of the wagon
of process of closing gaps in the axle-boxes and slides, and the equations
of motion of the wheelset are supplemented by a guiding force, whose
value is one of the main indicators of the stability of the rolling stock.

Selected legal and technical issues in the research on cooperation
of ERTMS/ETCS on-board equipment with trackside equipment in
Poland

Biaton A., Furman J.
Railway Research Institute, Poland
jfurman@ikole;j.pl

The competitiveness of the rail system, especially in passenger and
freight transportation, is currently limited because of differences between
Member States in terms of rolling stock, technology, signaling systems
and safety provisions. EU directives implement common standards for
signaling and control systems, telematics systems for the transport of
people and goods, the operation and management of rolling stock for
international transport and the qualifications of personnel. The system
that provides special benefits in the field of rail traffic management in
Europe is the ERTMS system. The article presents selected legal and
technical issues related to checking the integration of the on-board
subsystem and track-side subsystem ERTMS/ETCS in Poland.

Tests on the compliance of the control subsystem - on-board
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equipment with trackside ERTMS / ETCS infrastructure is an important
element of the approval of railway vehicles. These studies provide
evidence of IOP compliance of vehicles with the railway infrastructure in
Poland. In addition, testing of vehicles approved on other EU railways
makes it possible to verify the principles adopted in Poland for the design
of the trackside ccs subsystem. Research scenarios should be updated and
supplemented with current research experience. In the future, the
experience of researchers in various Member States will allow the
development of harmonized test scenarios for the cooperation of ERTMS
/ ETCS on-board equipment with trackside equipment in the EU.

Formulation of the mathematical model for the planning system
in the carriage of dangerous goods by rail

Bibik S., Strelko O., Nesterenko H., Muzykin M., Kuzmenko A.
Dnipro National University of Railway Transport named after
academician V. Lazaryan
State University of Infrastructure and Technology
University of Customs and Finance
galinamuzykina@rambler.ru, mihailmuzykin@gmail.com,
alial971@i.ua

The paper aims to the topical issue of improving the system in the
planning of carriage of dangerous goods by rail subject to ensuring a high
level of safety of the transport process and minimal costs for its
implementation. Formalization of this process leads to the formation of
an optimization task of the two-stage mathematical model. To implement
the first stage, a mathematical model in searching the best route based on
risk minimization is developed. In order to exclude the unacceptably
complex and expensive options for the carriage of dangerous goods from
the many possible routes, the authors abided by the condition not to
exceed the critical operating costs. The second stage in the process of
planning routes for dangerous goods takes into account the hazard
identification study in the technological process of car movement with
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dangerous goods. Considering that the probability of a potential traffic
accident is a complex random variable, which is due to a set of elementary
previously unknown events, its estimation was made on the basis of the
Bayesian approach. Based on the simulation results, the following
reliability values are determined at which a transport accident should not
emerge.

Barrier installation on coal wagon to reduce environment
pollution

Biliaiev M. M., Biliaieva V. V., Kozachyna V. A., Berlov O. V.,
Oladipo M. O., Kirichenko P. S.
Dnipro National University of Railway Transport named after
academician V. Lazaryan
Oles Honchar Dnipro National University
Prydniprovska State academy of Civil Engineering and Architecture

GeoLab Drilling, Winder, USA

Kryvyi Rih National University
diit.hydro.eco@gmail.com

Intensive environment pollution takes place during coal
transportation in open wagons. Emission of coal dust from the coal
wagons cause contamination of atmosphere and territory adjacent to the
railway track. Different ways to reduce coal dust emission from the
wagon are used in the world. Unfortunately, in Ukraine, this problem is
far from solution and there is no serious research work in this field. The
aim of this work was laboratory study of coal dust emission from the
wagon model which had different barriers installed on the wagon.
Laboratory experiments were carried for coal wagon without barrier and
for coal wagon which had barriers of two types. Barrier of the first type
had downwind wing. Barrier of the second type had upwind wing. The
contamination zones, concentration near the model were studied. The
obtained results illustrate that installation of barriers influence intensity
of transport corridor contamination. Also a numerical model was
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developed to estimate wind flow and coal dust dispersion from the coal
wagon. Equation of potential flow and equation of coal dust dispersion
were used. Implicit difference schemes of splitting were used for
numerical simulation of governing equations. Results of numerical
experiment, which were performed, are presented.

Simulation of environmental pollution from diesel locomotive

Biliaiev M. M., Kirichenko P. S., Kozachyna V. A., Berlov O. V.,
Poltoratska V. M., Yakubovska Z. M.
Dnipro National University of Railway Transport named after
academician V. Lazaryan
Kryvyi Rih National University
Prydniprovska State academy of Civil Engineering and Architecture
Ukrainian State University of Chemical Technology
diit.hydro.eco@gmail.com

Diesel locomotives are widely used at Ukrainian railway stations as
maneuvering locomotives. Emissions from these diesel locomotives
contain different toxic chemicals. It is important to understand air
contamination patterns which are formed at railway stations.
Understanding of these contamination patterns allows to evaluate the
negative impact of diesel locomotive emissions on environment. To solve
this problem it is necessary to use mathematical models which take into
account the most important factors influencing formation of
contamination zones. This paper introduces numerical model which
allows to simulate pollutants dispersion from moving diesel locomotive.
Developed numerical model is based on three dimensional equation of
potential flow and three dimensional equation of pollutant dispersion.
The model takes into account pollutants (NO, NO:) chemical
transformation. To solve three dimensional equation of potential flow the
implicit difference scheme of splitting was used. To solve three
dimensional equation of pollutant dispersion the implicit difference
scheme of splitting was used. Euler method was used to solve numerically
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equations of pollutant chemical transformation. Developed numerical
model allows to take into account influence of buildings at the railway
station on the contamination zones formation. Developed model
consumes not much computer time. Results of performed numerical
experiment are presented.

Higher efficiency of control over functional status of locomotive
crew members

Brusentsov V., Puzyr V., Vorozhbiian M., Ivashchenko M., Datsun Yu.
Ukrainian State University of Railway Transport
National University of Urban Economy in Kharkiv
Maryna.Ivashchenko@kname.edu.ua

The objective of the study is research into psycho-physiological
methods of control over the functional status of a person for higher
efficiency of a pre-trip control of locomotive crew members. It is related
to the fact that today’s medical methods do not reveal some states which
decrease a functional reliability level, particularly, a fatigue level and
borderline states. The authors selected parameters which, according to the
functional system theory, give information on conditions of two
regulation levels in the human body, physiological and higher nervous
activity, and correspond to the formulated requirements in terms of the
procedure. The study experimentally proved the informative value of 27
psycho-physiological parameters for estimation of exhaustion and
borderline states. For a state of exhaustion the hemodynamic parameters,
including those of arrhythmia, both sinus and slow waves, were of the
most informative value. The study revealed the parameter of arterial
pressure pulse, the value of which in the post-trip group decreased by
25%. While identifying existence of borderline states by sinus arrhythmia
parameters, it turned out that much more people with borderline states
were in the exhaustion zone, rather than in the control group (42% and
16% respectively).
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Optimal Control Method of High-Voltage Frequency Converters
with Damaged Cells

Busher V., Chornyi O., Glazeva O., Kuznetsov V. G. , Tytiuk V.,
Tryputen M.

National University “Odessa Maritime Academy”
Kremenchuk Mykhailo Ostrohradskyi National University
Railway Research Institute
Kryvyi Rih National University
Dnipro University of Technology
victor.v.bousher@gmail.com, alekseii.chornyi@gmail.com,
VKuznetsov@ikolej.pl, dinalt2006@gmail.com,
nikolay.triputen@gmail.com

Application of high-voltage frequency converters is one of the most
prospective trends in the development of current powerful electric drives,
i.e. in high-speed trains. In terms of such converters, a multilevel
cascaded H-bridge converter is becoming the most widespread one owing
to its increased reliability, survival in terms of one or more damaged cells,
and quick repairability due to its modular structure. The research
proposes a control method, which provides maximum possible linear
voltage in case of one or several damaged cells owing to the shift of zero
point and turning of phase voltages. It is also demonstrated how turning
angles of phase voltages should be set to preserve spatial position of the
linear voltage vectors which provides the least complicated
electromagnetic transients in terms of nominal rotation frequency; in case
of underfrequencies, damage of the cells may have no effect on the motor
operation. Fast algorithm to calculate turning points of phase voltages is
proposed; the algorithm may be applied in the industrial microprocessor
control systems. Algorithm of the operations, which provides
implementation of the method, is described.
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A new method to create of the plane section standards of grain
metal structures

Danilenko T.
State University of Infrastructure and Technologies
danilenko.stereo.7@gmail.com

A new method to create of the plane section standards of grain metal
structures with a previously known size distribution of 3D grains is
proposed. A quantitative analysis of G3, G4, G5 indices of the standard
ISO 643:2012 was performed. The stereological modeling method taking
into account the polyhedral shape of 3D grains was used to create new
versions of plane section standards. Versions of 3D grains structures as
the diameter size distributions of 3D grains, plane sections of which
correspond to the main quantitative characteristics of existing G3, G4, G5
indices have been created. It was shown that these versions should
contain 3D grain more than 1.5 times the mean diameter of the
corresponding plane sections. Choosing the diameter size distributions of
3D grains, necessary for the standard, its possible to create a visual index
as a picture, as it done on the existing standard, and also to give the
parameters of 3D structure, plane section of which corresponds to this
standard. Using a new approach to creating standards will increase the
accuracy of the grain structure parameters determining.

The results of brake tests of the DPKr-3 diesel train

Dovhaniuk S., Shaposhnyk V., Shykunov O., Shatunov A.,
Visloguzov V.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
dovganyuk@ukr.net

JSC "Ukrzaliznytsia" purchased the first of three planned regional
three-car (two main motor cars and one intermediate) diesel train DPKr-
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3 manufactured by PJSC “Kryukovsky railway car building works”. To
confirm the declared characteristics and safety indicators of the DPKr-3
diesel train, specialists department of Cars of Dnipro National University
of Railway Transport named after Academician V. Lazaryan conducted
complex certification tests, which confirmed the compliance of the stated
parameters. One of the points of the Terms of Reference was to determine
the brake pressure of the linings per 100 weight of the train in terms of
cast iron brake pads. For this purpose, according to the methodology
adopted in the territory of the former CIS, force sensors, which were
installed in the tick mechanisms instead of the brake linings, measured
the magnitudes of the forces of pressing the brake linings on the disks.
However, during the tests it was found out that the current standards for
calculating the provision of train brakes cannot be applied to modern
rolling stock. It is recommended for rolling stock where the use of brake
pads, and even more cast iron, is not provided by the design, to develop
normative documents that would determine the standards for brakes by
the results of calculations and tests.

Study of strength characteristics of the long wheelbase flat cars

Fedosov-Nikonov D. V., Sulym A. O., [Ichyshyn V. V., Safronov
0. M., Kelrikh M. B.
State enterprise "Ukrainian Scientific Railway Car Building Research
Institute"
State University of infrastructure and technologies
suliml.va@gmail.com

Transportation of goods in large containers with loading length of 80
feet is one of the promising directions of railway transport development.
However, despite considerable experience in construction of long-
wheelbase flat cars, occasionally problems with the strength of load-
bearing elements arise at the calculation, design and manufacture of such
products. The article presents the technical characteristics of a long
wheelbase flat car, as well as the results of experimental studies of fatigue
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tests of its load-bearing elements. The optimization of the design of the
long wheelbase flat car was achieved both by increasing the sizes and
shapes, and by using materials of increased strength. An analysis of the
study’s results of an improved design showed the compliance of the
values of the safety factor of fatigue strength and the service life of the
flat car with regulatory and technical documentation. The conducted
studies allow us to make recommendations regarding the design,
rebuilding and testing of long wheelbase flat cars. The primary results of
fatigue tests of the main load-bearing structural elements within the scope
of experimental studies turned out to be mostly below acceptable values.
This article contains facts confirming it. The results of experimental
studies to determine the fatigue strength proved that the design elements
require improvement and strengthening.

Technology of soil compaction of the base of the track
with vibrating static machines of blocking action

Hlavatskyi K., Cherkudinov V., Posmitiukha O.

Dnipro National University of Railway Transport named after
Academician V. Lazaryan
kazimir.glavatskij@gmail.com, volodymyrcherkudinov@gmail.com,
AleksandrP@3g.ua

The directions of combination of working bodies in the existing soil
compactors and machines of the new generation and the technologies of
their application for productive and effective soil compaction of the lower
track structure, soil structures of roads and other construction objects are
given. The basis of the research is the principle of accelerated soil
compaction due to the creation on the surface of the contact with the
working bodies of the sealing machines pressure, which exceeds the limit
of plasticity of the soil and at the same time limiting the slipping of the
sides from under the working sealing surface. It is proposed that the
working sealing surface modular type that can change its profile
depending on the technological requirements. Further research is aimed

128



XV Mixnapojana koHpepeHis «IIpobieMu MexaHiKH 3a1i3HUYHOTO TPAHCIIOPTY»

at creating the required profile of the working body based on the desired
compaction core and the structural formula of the working body of the
soil compactor. In this case, replacing the elements in the working bodies
with the corresponding mathematical models, we obtain a common
mathematical model of the working body of the soil compactor, as well
as the profile of its working body, based on the specified energy
consumption and technological requirements.

Energy-efficient excavation of the soil of the lower track
structure
by bulldozers with a combined knife system

Hlavatskyi K., Raksha S., Gorbenko Y.

Dnipro National University of Railway Transport named after
Academician V. Lazaryan
kazimir.glavatskij@gmail.com, raksha@ukr.net,
yuriygorbenko1984@gmail.com

The motivation of the research and further development of the new
type combined knife system on the non-return bulldozer blade and the
results of the first series of laboratory studies of the process of digging
the soil with the non-return blade of the bulldozer with the first set of its
physical models, which indicate the feasibility of continuing research in
this direction. The proposed combined knife system makes it possible to
realize oblique digging of the soil on the non-return blade of the bulldozer
and maximally complete its orientation in the prism of the soil before the
blade in order to increase the productivity of the bulldozer with non-
return blade by decreasing soil losses in the side rollers, decreasing the
time of filling and digging the soil by decreasing the coefficient of
specific soil resistance to digging. The paper substantiates the technology
of more efficient use of bulldozers with non-return blade compared to
their traditional counterparts, which is possible due to the use of the new
combined knife system, and argues in favor of expanding the
technological capabilities of the bulldozer with non-return blade,
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equipped with the proposed solutions new type with different digging
angles and a spatial inclination of the cutting edges.

Methods and results of evaluating the dual-power electric train
crew elements service life

Horobets V., Sablin O., Fedorov E., Horobets E., Bolotov O. O.,
Jangulova O.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
SPA «SPI Ukrtransacad»
vgor5650@gmail.com

The article assesses the long-term strength of the vibration damper
assembly of a double pow-er transmission of electric trains manufactured
by «Hyundai-Rotem Company». The tech-nique is described and the
analysis of the service life of the elements of the chassis of the elec-tric
train is made. The presence and nature of micro cracks in the loaded
elements of the vibra-tion damper assembly was evaluated after a full
cycle of vibration bench tests. The influence of vertical vibrations of the
electric train body on the level of dynamic load and the service life of the
bearing elements of the vibration damper assembly is considered. The
service life of the vibration damper at the end of the service life has been
estimated by comparing working hours and “statistical playback”. The
calculation of the resource by the method of "statistical repro-duction”
confirms the possibility of operating the vibration damping module
(second moderni-zation) for 50 years from the date of construction.
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Study of the interaction of the railway track and the rolling stock
under conditions of accelerated movement

Hubar O., Markul R., Tiutkin O., Andrieiev V., Arbuzov M.,
Kovalchuk O.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
Laboratory of Engineering and Technical Studies, Dniprovsky Scientific
Research Institute of Forensic Expertise
Laboratory of Railway Transport Research, Lviv Research Institute of
Forensic Science
neris@ua.fm, guarangamr@gmail.com, alexeytutkin@gmail.com,
avs_diit@ukr.net,
10max(@ukr.net, orestakovalchuk@ukr.net

Comprehensive studies of the interaction of the railway track and the
investigated rolling stock under accelerated conditions have been carried
out. The basis of the research was to obtain and substantiate the process
of stress state, force interaction of the railway track and the rolling stock
under conditions of accelerated movement. Introduction of the new
rolling stock into continuous operation is a serious task that must be
solved comprehensively. The implementation of this direction
significantly affects the reliability of the elements of the railway track.
Within the framework of the research, the approach was used that takes
into account theoretical and experimental parts of the research using the
methodology of prof. O. P. Yershkov. As a result of the studies, average
stress values were established: in rails, they variate within the range
44.37...70.99 MPa; in the sleeper, they reach 0.78 MPa; in the ballast
layer, they have 0.13 MPa; in the body of the subgrade, they reach 0.04
MPa, which is significantly less than the maxima allowable values. While
speed change from 140 to 160 km/h, the values of the studied parameters
decrease: vertical force (9.39%), lateral forces (19.79%); stresses in the
edge of the rail flange (15.86%); stresses in the edge of the rail head
(16.67%); stresses in the neck of the rail (8.74%). The obtained results
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made it possible to form trends and recommendations on the feasibility
of further increasing speeds development. At the same time, this made it
possible to substantiate in more detail the operation of the railway track
in the case of accelerated movement.

Analysis of physical and chemical transformations during
thermal spraying of coatings based on carbides of tungsten and
chromium

Kharlamov Yu. O., Sokolov V. I, Krol O. S., Romanchenko O. V.
Machinery Engineering and Applied Mechanics Department of
Volodymyr Dahl East Ukrainian National University
krolos.snu.edu@gmail.com

The formation of structure and properties of thermal coatings is
largely determined by the transformation intensity of sprayed materials
at all stages of obtaining of coating. It is shown that during D — gun
spraying, in order to ensure optimal conditions for leading
transformations and phenomena that have a decisive influence on
structure and properties of sprayed coatings, composition of combustible
mixture, geometry and dimensions of barrel, conditions for introducing
powder into the barrel and a unit dose of powder, spraying distance,
timing of spraying cycle and other technological methods can be used.
The possibility of transformation in powders of tungsten carbide and
chromium under different methods of thermal spraying is analyzed and
the structure and properties of coatings are obtained. The influence of the
conditions of D — gun spraying on spraying distances, gas flow rates, type
of powder, etc.; phase composition and properties of coatings is studied.
The basic physicochemical transformations that accompany D — gun
spraying of coatings of alloy WC — C, such as oxidation and reduction of
tungsten carbide in high — temperature oxygen — containing media,
interaction of composite coating components are considered problems of
modelling of bonding of particles with a part surface during thermal
spraying of coatings are considered.
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Research of the mechanism of particles bonding with substrate
during thermal spraying of coating

Kharlamov Yu. O., Sokolov V. 1., Krol O. S., Romanchenko O. V.
Machinery Engineering and Applied Mechanics Department of
Volodymyr Dahl East Ukrainian National University
krolos.snu.edu@gmail.com

The problems of modelling of bonding of particles with a part
surface during thermal spraying of coatings are considered. The
formation of adhesive and cohesive strength of thermal coatings is
considered from the standpoint of the theory of welding of materials in
solid phase. The formation of interatomic connections between particle
materials and parts is accompanied by deformation processes in contact
zone, which facilitate the unloading and rupture of connections in the
metal — oxygen system, loading and connections between atoms of
interacting materials. The kinetics of formation of interatomic
connections between materials of particle and substrate at high collision
velocities is satisfactorily described by a modified semi — empirical
equation that uses experimentally measured quantities: the magnitude of
tensile deformation of interatomic connection, the Young's modulus, the
coefficient of thermal linear expansion. Possible influence of
nanotopography of substrate surface on the interaction with sprayed
particles and formation of coatings with high adhesive and cohesive
strength is shown.

Mathematical modeling of shock wave interaction with wagon

Khrutch V. K., Biliaiev M. M., Kozachyna V. A., Berlov O. V.,
Kirichenko P. S., Biliaieva V. V.
Oles Honchar Dnipro National University
Prydniprovska State Academy of Civil Engineering and Architecture
Kryvyi Rih National University
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diit.hydro.eco@gmail.com

In case of some accidents on railways there may be situations when
the shock wave appears and interacts with different objects on the railway
(wagons, cargo, buildings etc.). In these cases it is necessary to predict
the possible effect of shock wave diffraction on the different objects.
Study of these problems on the basis of physical experiments (laboratory
experiment or field experiment) demand expensive and unique
experimental facility. In some cases physical experiment can’t be set.
That is why mathematical simulation plays the important role in solving
problem connected with shock wave propagation. For practice it is
necessary to have predictive quick computing mathematical models
which allow to perform numerical experiment on the basis of non-
powerful computers. Now, in Ukraine, there is a real deficit of
mathematical models which allow to compute quickly shock wave
interaction with different objects. The aim of this work was development
of quick computing numerical model to simulate shock wave propagation
and its interaction with the wagons. The model is based on the numerical
integration of Euler equations which are written in integral form. To solve
modeling equations difference scheme of splitting was used. Results of
numerical modeling are presented.

Impact of the variable stiffness section on the conditions
of track and rolling stock interaction

Kurhan D., Kurhan M., Husak M.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
kurhan.d@gmail.com

Railway track stiffness is one of the main parameters that determine
the track and rolling stock interaction. The inelasticity of the rail base
may occur for two reasons: either as a consequence of the deteriorated
condition of a track or due to the structural features of a section. As a rule,
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areas before bridges or tunnels are treated. Today, there are several
options for relevant design solutions. The main purpose of this work is to
determine the characteristics of a "railway track" object with which it can
be represented in the rolling stock models in the simplest way possible
but adequate for sections of transient stiffness. The railway track is
introduced into the rolling stock model as a sequence of elements with
which the wheels of the rolling stock interact. It is assumed that a single
element in its characteristics must be equivalent to the track response
when passing the wheel from one inter-sleeper section to the next one,
that is, to reproduce a sequence that is cyclically repeated. Such a track
element will be characterized by reduced mass, stiffness and dissipation
factor.

Improvement of the railway track efficiency by minimizing the
rail wear in curves

Kurhan M., Kurhan D., Novik R., Baydak S., Hmelevska N.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
kunibor@gmail.com

The article presents the analysis results for the parameters
measurements of the rail track and the ratio between values of the vertical
and side wears of rails in curves of different radii under different
operating conditions. It is shown that the installed elevations of the outer
rail do not meet the contemporary requirements in increasing the
efficiency of the track while minimizing the rail wear. At the second stage
of the research, various sections were examined by type of traction,
technical equipment, plan parameters and the longitudinal profile. As an
example, the results of calculations are presented in Lviv-Rava-Ruska
section as a promising project that can ensure the integration of railway
transport in Lviv-Warsaw direction. Analysis of the results obtained with
the help of the software package — MoveRW and RWPlan programmes,
allowed to determine such a combination of elevations of the outer rail in
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curves, so that trains of different categories realize the lowest values of
cross unbalanced accelerations, which provide the minimum wear of rails
in compliance with regulatory requirements for unbalanced acceleration,
changing this acceleration in time, elevating speed of a wheel on the
removal of the outer rail.

Choosing of Asynchronous Motor Protection Equipment in
Production Environment

Kuznetsov V. V., Tryputen M. M., Kuznetsov V. G., Tryputen M.,
Kuznetsova A., Kuznetsova Y.
National metallurgical academy of Ukraine
Dnipro University of Technology
Railway Research Institute
Oles Honchar Dnipro National University Dnipro
National metallurgical academy of Ukraine
wit1975@i.ua, nikolay.triputen@gmail.com, VKuznetsov@ikolej.pl,
triputen2014@i.ua, alisa20002014@i.ua, wit_jane2000@i.ua

The current article is devoted to the topic problem of decision
making concerning the choice of the protective means for asynchronous
motors operated within industrial shop electric circuits under challenging
conditions of improper electric supply. In this paper we show how energy
economizing model for the asynchronous motor can be presented in the
form of predicate disjunction and be applied with the pattern recognition
algorithm for making solutions. The major advantage of a new model is
its open character and the possibility of knowledge accumulation with
respect to electromechanical equipment. We submit the information on
the software and hardware complex applied for the research on the
characteristics of the circuit voltage and the asynchronous motors in the
real time mode directly within the enterprise industrial shop. The
publication also reports on the searching for the best protective solution
for asynchronous motors. This work is based on the known recognition
algorithm of statistical optimization for non-linear objects given as the
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aggregates of predicates. The algorithm fruitfully applies the local
selection principle. The approach proposed in this publication has been
approbated at the protective means selection procedure for the
asynchronous motor of 7.5 kW capacity, which performance is 80% of
the working cycle under conditions of improper electric energy supply in
the experimental shop of Ukrspetsservis.

Study of the dynamic behavior of rolling stock using a computer
experiment

Kuzyshyn A., Batig A., Kostritsa S., Sobolevska J., Dovhaniuk S.,
Dzhus V.
Lviv branch of Dnipro National University of Railway Transport named
after Academician V. Lazaryan
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
kuzyshyn1993@gmail.com

The authors of the article analyzed existing software systems that are
used to study the dynamic behavior of rolling stock, and also emphasized
the importance of using a computer experiment to implement this task.
An improved spatial mathematical model of the dynamic behavior of a
freight wagon when it interacts with a rail track is considered, and it is
proposed to study it using an object-oriented approach using the Maple
software package. To accomplish this task by writing procedures,
separate modules (subprograms) were created that included differential
equations of motion for the individual components of the object under
study. Based on existing procedures, the main module was created, which
reflected the sequence of performing certain functions (calling up the
necessary information, especially the use of logic, methods for solving
the problem, as well as visualizing the results). Using the created modules
in the Maple software package, a computer experiment was used to study
the dynamic behavior of a freight car when it interacted with a rail, and
also showed the possibility of taking into account the influence of
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individual parameters of its technical condition on its dynamic behavior.
3D model to study transitional regimes of train motion

Markova O., Kovtun H., Maliy V.
Institute of Technical Mechanics of the NAS of Ukraine and the SSA of
Ukraine
olgamarkova2002@gmail.com

When considering issues of increasing train speeds, it is necessary to
conduct a preliminary assessment of the entire train dynamic
characteristics and forces acting in the elements of cars and a locomotive,
as well as in inter-car connections when driving at high speeds along a
path of arbitrary shape in plan and profile, and also to consider emergency
situations, which may take place during the motion. This in turn requires
the development of reliable mathematical models simulating the train
motion. The study of dynamic characteristics of railway rolling stock is
associated with the consideration of vibrations of complex mechanical
systems with a large number of degrees of freedom. The vibrations of
cars in the train can be described either by one-dimensional or spatial
model. The aim of this work is to show that for some studied cases the
modelling of train motion by 3D models more accurately reflects the
processes occurring in a moving train. Some results are discussed in the

paper.

Analytical method of determining the movement resistance
of a tip for forming rectangular technological hole in the lower
structure

Posmitiukha O., Hlavatskyi K., Kravets S., Suponyev V., Koval A.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
National University of Water and Environmental Engineering
Kharkiv National Automobile and Highway University
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National Transport University
AleksandrP@3g.ua, kazimir.glavatskij@gmail.com,
s.v.kravets@nuwm.edu.ua, v-suponev(@ukr.net, kandr@i.ua

The aim of this work is to theoretically determine the total resistance
to soil pricking with a wedge-shaped tip to create a rectangular cavity and
to determine the influence of the size of the working equipment and soil
environment in the repair of earthenware or areas where trench
technology can-not be used. To determine the forces of the recess of the
replaceable pilot, the law of change of soil pressure on the working
surfaces of the working equipment was first determined, which is based
on the idea of the change of the soil elastic state at its compaction was
determined, which is determined by the compression module of
deformation of the soil. The processes occurring during the formation of
wells and new approaches to the improvement of calculations have been
described. On the basis of the pro-posed model of the piercing process,
the laws of change of the normal pressure of soil resistance on the surface
of the wedge working equipment are established. Based on its value, the
results of theoretical studies have received a rational form and parameters
of the tip of the work equipment.

To the problem of train running safety

Pshinko O. M., Ursulyak L. V., Zhelieznov K. I., Shvets A. O.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
lydm.urs@gmail.com

The paper is presenting the procedure used for establishing the cause
of the wagon derailment. To do this, the computer simulations and the
computational software, developed in the Dnipro National University of
Railway Transport (DIIT) were used. The level of longitudinal forces and
the wagons dynamic performance have been evaluated using the
mathematical models of longitudinal oscillations of a train and the spatial
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vibrations of wagons, in particular of tank wagons. As a result of
modeling we obtained oscillograms of longitudinal forces in each inter-
wagon connection, the dependence of the largest longitudinal forces on
travel time and distance traveled, the distribution of the maximum
longitudinal forces along the train length, the speed dependence on travel
time and track coordinates. We also obtained the dynamic performance
of wagons: the vertical dynamics coefficients of the axle-box and central
suspension, the horizontal dynamics coefficients and the derailment
stability coefficient. The influence of the movable load in the tank
wagons and the characteristics of rail irregularities on the stability
coefficient against wheel climbing onto the rail is also considered. The
presented methodology was used to determine the cause of the tank
wagon derailment in a non-homogenous freight train consisting of 50
wagon tanks on an existing track section of the Lithuanian railways.
When simulating the train movement, it was assumed that the train was
equipped with elastic-friction absorbing devices and air distributors,
turned on to the average operation mode. As a result of numerical
experiments, an assumption was made about the cause of the train
derailment.

Problems of the use of renewable energy sources in the structure
of railway power supply

Ostapchuk O., Kuznietsov M., Kuznetsov V. G., Kuznetsov V.V.
National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute»
Institute of Renewable Energy of the National Academy the Sciences of
Ukraine
National metallurgical academy of Ukraine
Railway Research Institute
0O.0Ostapchuk@kpi.ua

The paper presents the main indicators of the renewable energy
sources in the railway transport structure of European countries. A new
structure of railway power supply systems, energy storage systems and
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control algorithms under the conditions of stochastic mode of renewable
energy sources operation are defined as the main problematic issues.
Further directions for sustainable development of such systems and
factors that influence the modes of operation of traction substations and
electric networks were identified. Average power and a random
component are two criteria that were used to build local systems. The
paper presents the real schedules of daily load on the traction substation
terminals and solar insolation with determined power distribution
changes. The power deviations indicators depending on the time interval
and the type of generation were determined. A normal law of distribution
of a random component was determined as a result of all calculations. It
is possible to determine the shortage or excess of electric power in the
local system in a certain area and to plan the direction of its development
in the near future by analyzing the nature of the determined average
power change.

Stand for accelerated tests of rail vehicles wheelsets

Raksha S., Anofriev P., Kuropiatnyk O.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
anofrievp@ukr.net

Wheelsets are critical elements of railway, industrial and mine rail
rolling stock. For fatigue tests of wheelsets, various stands are used that
simulate loads in the "wheel-rail" system. Tests and research can be
greatly accelerated by applying a multi-point load to the test wheel. The
aim of this work is to substantiate rational parameters of the stand for
accelerated life tests of railway wheelsets, in which a multi-point load
applies to the rolling surface of the test wheel. On the basis of the laws of
the theory of elasticity, we performed analytical calculations of the
contact stresses created by the rolling bodies of the load mechanism of
the test stand. An analytical dependence of the number of rolling elements
on their diameter was obtained by performing geometric constructions of
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the load mechanism. Research has shown that the dependence of the
contact stresses on the wheel rolling surface on the ball’s diameter is
nonlinear. The decrease in stress is due to an increase in the contact area.
It is proved that the loading mechanism with a working force of 5 kN can
have 11-15 balls with a diameter of 110-160 mm, and with a working
force of 10 kN — 10 balls with a diameter of 160-180 mm. The stand
proposed by the authors allows carrying out life tests with an acceleration
of 10-15 times. We obtained the analytical and graphical dependencies,
which make it possible to evaluate the influence of the parameters of the
stand for accelerated life tests of railway wheelsets on contact stresses on
the wheel rolling surface, taking into account the shape and dimensions
of this surface. On the basis of these dependencies, rational values of the
stand parameters are justified. The authors have proposed a stand design
for accelerated life tests of railway wheelsets. The use of a stand with the
parameters justified in this work will reduce the test duration by 10-15
times.

Track circuits adjusting calculation method under current
influence
traction interference and electromagnetic compatibility

Razghonov S., Kuznetsov V., Zvonarova O., Chernikov D.
University of Customs and Finance, Faculty of Innovative Technologies
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
CMA CGM Shipping Agencies Ukraine Itd
srazgonov(@gmail.com

The problem of railway transport electromagnetic compatibility
automation systems in recent years has been aggravated by the use of
power frequency converters in electric transport drives, which
significantly increase the efficiency of traction characteristics of 3-phase
electric engine. However, estimate relevant harmonic levels in the
frequency range used in track circuits of railway automation and
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telemechanic systems. The paper provides theoretical justification for
practical measurements of interference. It is shown, that the interference
coefficients monotonically increase in the following cases: 1) increase in
the value of the harmonic frequency; 2) increase in the propagation
constant, taking into account the supports resistance of the contact
network; 3) increase in the circuits track length. Operating frequencies of
tonal track circuits up to 800 Hz, the interference increase rate in given
length of the rail circuit slows down. The increase in interference
coefficients depending on the mentioned factors is explained by the fact
that with current part growth of the harmonic flows from the traction
substation through the earth increases and thereby creates currents
asymmetry of the track circuits.

Improvement of the open wagon for cargoes which imply loading
with a “hat”

Reidemeister A., Muradian L., Shaposhnyk V., Shykunov O.,
Kyryl'chuk O., Kalashnyk V.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
reidemeister.a@gmail.com

The goal of the article is to evaluate the possibility of improving the
design of an open wagon body in order to improve traffic safety when
transporting cargoes whose height is beyond the upper belt of the side
wall (cargo loading with a “hat”). To achieve it, the authors have
proposed a variant of a pull-out bar in a wall rack. In lazy state such bars
located inside racks, but during transportation of timber, pipes etc they
are pulled out above the wall upper belt to prevent cargo from rolling out.
These bars are quite light (mass of one pull-out bar is equal to 3 kg, that
corresponds to 36 kg of an additional equipment per a wagon), but they
considerably facilitate fixing cargo in an open wagon replacing additional
wooden fixing racks. It also makes the transportation more reliable due
to elimitation the possibility of skew and jamming of fixing equipment.
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Strength of the proposed element and the entire wagon side wall is
estimated with the finite element method. The proposed bars withstand
normative loads, and holes in the upper belt for them do not lead to
desrease of the wall carrying capacity.

Mathematical model of a motor-grader movement
in the process of performing working operations

Shevchenko V., Chaplyhina O., Pimonov 1., Reznikov O.,
Ponikarovska S.
Kharkiv National Automobile and Highway University
olexandrachaplygina@gmail.com

The design features of a motor-grader help it perform a wide range
of working operations, which puts it on a par with the main machines in
the construction industry. Unlike other earth-moving machines, the
motor-grader can perform work operations not only in a cyclic mode, but
also in a continuous action mode. Considering these features, not only
productivity should be addressed as the main indicator of the efficiency
of this machine, but also the indicators of the quality of the working
operations performed, in particular, the indicators of road-holding ability
in the process of performing continuous working operations. The work
has substantiated and developed a mathematical model of the motor-
grader movement during working operations. This model makes it
possible to predict the expected trajectory of the motor-grader on the basis
of deterministic dependencies, which enables to assess the indicators of
road-holding ability. The difference between the proposed model and the
existing ones is the consideration of a two-stage mode of machine
movement: plane motion at the first stage and rotational around the stop
point at the second. When describing the external forces acting on the
motor-grader, the differences in the formation of resistance forces on the
blade during various working operations are taken into account.
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Research of the modern absorbing apparatus power
characteristics
influence on the freight train inter-car forces

Shimanovsky A. O., Sakharau P. A., Kuzniatsova M. G.
Belarusian State University of Transport
tm.belsut@gmail.com

A mathematical model of the inter-car connections used in the long
and heavy train is presented. It takes into account the elastic-frictional
properties of absorbing devices and gaps in automatic coupler devices
connecting the train cars. There are demonstrated the calculation results
of a homogeneous train motion along a straight horizontal track section
at such non-steady modes as at starting, braking by the locomotive
electrodynamic brakes and passing along a track profile section of a
complex shape. A comparative assessment of the influence of the kind of
the absorbing devices power characteristic on the maximal longitudinal
forces arising in the train inter-car connections is carried out using the
MSC ADAMS engineering software package. Transients with a smooth
and sharp change in traction and braking forces are considered. Based on
the obtained results, the main positive and negative properties of rigid,
linear and soft power characteristics of the automatic couplers’ absorbing
devices used on the railway rolling stock are determined. The results of
performed computer simulation can be applied to the sphere of design
and modernization of absorbing devices of automatic couplers and to the
process of composition of various types of cars in trains of any length and
weight.
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Coefficient of stability against lift by longitu-dinal forces of
freight cars of trains

Shvets A. O., Shatunov O. V., Dovhaniuk S. S., Muradian L. A.,
Pularyia A. L., Kalashnik V. V.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
angela Shvets@ua.fm

The paper is devoted to a theoretical study of the car movement
stability when exposed to longitudinal forces of a quasistatic nature. The
authors obtained the expressions for calculating the resistance coefficient
of the car lift by the longitudinal compressive force acting on the car as
part of a freight train. The influence of some factor’s combination on the
longitudinal forces, at which the car movement stability is still
maintained, was analyzed using the analytical dependencies to assess the
longitudinal loading of cars in trains. The study was carried out by
analytical method for assessing the freight car stability when moving at
different speeds along curved track sections. The calculations were made
in a curve of small radius taking into account the inertia forces from the
unbalanced acceleration. In a theoretical study, the influence of
quasistatic longitudinal compressive forces depending on changes in
speed and force value, as well as the influence of friction in the wheel
flange and rail contact and the eccentricity of fastening the automatic
coupler shank on the stability were considered. When applying the results
obtained, the stability of freight rolling stock can be increased, which in
turn will remove some existing restrictions on the permissible speeds and
increase the technical speed of train movement. Using the described
methodology for determining the lift resistance coefficient will make it
possible to justify the cause of derailment, as well as to develop and put
into practice technical measures to prevent the lift of carriages, thrusts
and shears of the track.
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Research of dynamic indicators and influence of different
types of rolling stock on railway track

Shvets A. O., Bolotov O. M., Percevoj A. K., Ghlukhov V. V., Bolotov
0. O., Saparova L. S.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
angela Shvets@ua.fm

The technical level of rolling stock of railway transport directly
affects the economic indicators of the transport industry and the economy
of the country as a whole, which leads to the need for improvement of the
control, quantitative assessment of the dynamic loading of rolling stock
to ensure safe and reliable communication at the railways. Therefore, in
the process of designing and operating the rolling stock the quantitative
assessment of dynamic loadings is a relevant scientific and technical
problem. The purpose of this work is to study the influence of different
types of rolling stock, taking into account the speed of movement on their
main dynamic indicators and indicators of interaction of track and rolling
stock. The basis of the research is the method of mathematical and
computer simulation of the dynamic loading of a freight car using the
model of spatial variations of the coupling of five cars and a software
complex developed in the branch research laboratory of dynamics and
strength of rolling stock (BRL DSRS). Theoretical studies have been
carried out under condition of movement of several types of freight cars:
a gondola car of the model 12-532, a hopper car for coal transportation of
the model 12-4034 and a flat car with a long cargo of the model 13-401
and typical bogies 18-100 with the speeds from 50 to 90 km/h in the
curves with radii 350 and 600 m, with superelevation 130 and 120 mm,
correspondingly.
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Development of passive protection devices for a power head of a
high-speed multiple unit train at its collisions

Sobolevska M., Horobets D., Syrota S.

The Institute of Technical Mechanics of the National Academy of
Sciences of Ukraine and the State Space Agency of Ukraine (ITM
NASU and SSAU)
sobmb@ji.ua

Ukrainian passenger multiple-unit train upgrading supposes on
creation of new power heads with passive safety systems (PSS) to save
passengers lives, to reduce rolling stock damage and to minimize
consequences at collisions. The purpose of this research is to develop
energy absorption devices (EADs) for power head PSS according to
DSTU EN 15227. EAD 1, EAD 2, EAD 3 designs have been developed
with using successful experience of EP20 locomotive EADs creation and
EAD prototype crash test results. EAD 1 design includes two elements
which are located sequentially. Element 1 is a box with a single-layer
package of hexagonal honeycombs inside. Element 2 is a truncated
pyramid of honeycombs with triangular cells. EAD 2 design has three
steps in element 2 form. EAD 3 design has been developed on the basis
of element 1. It has been recommended to install two EAD 1 in a power
head frontal part at the coupling level, two EAD 2 in power head window-
sill part and two EAD 3 in the inter-car connection at the coupling level.
Finite element simulation of EAD plastic deformation at an impact has
been carried out for determination of design parameters.
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Theory development for determination of rational parameters of
the capacitive energy storage for a metro train

Sulym A. O.
State enterprise “Scientific Railcar Building Research Institute”
suliml.ua@gmail.com

In the article a comparative analysis of existing methodologies and
approaches on the parameters determination of the capacitive energy
storages for a metro train with energy recovery systems was performed,
disadvantages of each of them were determined. A complex approach for
estimation of the on-board capacitive energy storage parameters was
proposed; the point of approach consists in determination of the rational
power and energy capacity for two parameters of the storage system at
once — mass and payback period. The complex approach is based on
theoretical researches, which require simulation of the metro train
equipped with recuperation system operation by mean of developed
software. The objective function was represented and boundary values
for the power and energy capacity during determination of the rational
parameters of the on-board capacitive energy storage using a complex
approach were specified. The recuperation system with rational
parameters of the on-board capacitive energy storage for specified service
conditions in Public Utility Company “Kyiv Metropolitan” and chosen
research metro train was specified. Amount of energy stored due to the
installation of the energy storage system with rational parameters was
estimated.
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Reduction of freight car wheel wear of 1520 mm gauge railways

Ushkalov V., Mokriy T., Malysheva I., Lapina L., Pasichnik S.,
Bezrukavyi N.
Institute of Technical Mechanics of the National Academy of Sciences
of Ukraine
Mokriyt@gmail.com

A brief description is given of the comprehensive modernization of
standard freight car trucks through the use of devices of American
companies adapted for railways with a 1520 mm gauge and wheels with
ITM-73 specially developed wear-resistant profile, which allows several
times to increase the resource of problematic running gears. An
approximate method is proposed for solving the wheel-rail interaction
problem with determining the position and size of non-elliptic contact
patches, including with conformal contact. Using this method, new
profiles have been developed for turning worn wheels (ITM-73-01), as
well as new wheels for cars with an axial load on rails of 23.5 tf (ITM-
73-02) and 25 tf (ITM-73-03). The data of experimental studies showed
that the average wear rate of the wheel flanges of freight cars with
complex modernized trucks equipped with wheels with ITM-73-01
profile is 3.5-5 times lower than that of a standard car with a standard
wheel profile. According to forecast estimates, the use of wheels with
profiles ITM-73-02, ITM-73-03 will allow to achieve even greater
increase in the resource indicators of wheelsets for wear of the flanges.
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Contemporary principles for solving the problem
in noise reduction from railway rolling stock

Zelenko Yu., Zelenko D., Neduzha L.
Dnipro National University of Railway Transport named after
Academician V. Lazaryan
j.v.zelenko@gmail.com, nlorhen@ji.ua

The statistical and monitoring data confirm the significant impact of
the operational mode on the most important noise and vibration
parameters, which is relevant for ensuring the efficiency and quality of
the operational process with regard to ergonomic and environmental
requirements. The article analyzes the acoustic parameters of rolling
stock of the railway, emphasizes the peculiarities of noise emission from
various elements of rolling stock and a track. Existing approaches
towards solving the problem in the organization of railway noise control
are outlined. On the basis of existing modern methods for measurement
and analysis of acoustic parameters, the authors propose conceptual
approaches toward monitoring the acoustic parameters, predicting noise
characteristics and constructing the noise maps of railways. The
algorithm of the developed acoustic model for the operational monitoring
of noise load and the possibility to compile a case of noise maps for
Ukrzaliznytsia is presented. The proposed algorithm allows at given basic
design parameters and speed of rolling stock, known sound-absorbing
and dissipative characteristics of all elements to carry out a rational
selection of noise-protective measures in accordance with the sanitary
noise regulations for a specific receptive facility.
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