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AHOTALIS

Cadonrok LYO. IligBumieHHs pecypcy TiApaBIIYHUX arperatiB KOJIMHUX
MalluH [UITXOM YJOCKOHAJICHHS €JIeKTPUYHOI OYHMCTKH OJUB Bil BOAH. —
KranidikamiitHa HaykoBa mparisi Ha IpaBax PyKOMUCY.

Jucepraiiis Ha 3100yTTsS HAyKOBOT'O CTYIEHS KaHAMIAaTa TCXHIYHUX HAYK 32
cnietianbHicTio 05.22.20 — «ExcmyaTariist Ta peMOHT 3ac001B TpaHcnopty» (273 —
3ani3HUYHUNA TPAHCIIOPT). - YKPATHCHKUN JEepKaBHUN YHIBEPCUTET 3aJII3HUYHOTO
tpancnopty, MOH VYkpainu, Xapkis, 2019.

Jlucepralito MPUCBSIYEHO TMHUTAHHIO MIJBUIICHHS pecypcy TiIpaBIiqHUX
arperaTiB KOJIIHHMX MAaIIIMH NUITXOM YJIOCKOHAJICHHS €JICKTPUYHOI OYUCTKU OJIUB BiJ
Boau. lle mocsraeTbcss BU3HAYCHHSAM pAIliOHATBHUX IapaMETPiB 30BHIIIHBOTO
ENEKTPUIHOTO TIOJISA, IO JO3BOJISIE SMEHIIIUTH Yac KOATIECICHIIIT Kpanelb BOIH.

BcranoBneHo, 1m0 MeTOAM BUIAJICHHS MEXaHIYHUX JOMIIIOK 13 OJIMB
TiApaBIIYHUX TPUBOJIB JOOpPEe BHUBUYCHI Ta MIMPOKO 3aCTOCOBYIOTHCA Y BCIX
rajxy3sx nmpoMuciioBocTi. OHak MEeXaHI4H1 JTOMIIIKU — II€ JIUIIE OJUH 3 (DaKkTopiB
3a0pyaHEeHOCTI HAPTONPOAYKTIB. I[HIIMM, HE MEHII BaXKIUBUM (PaKTOPOM
3a0pyaHEHHS € HasIBHICTh BOJIH.

[IpoBenenuii aHajgi3 METOIB BHUJAJCHHS BOJIMU 13 HA(TONPOAYKTIB Ja€
HiZICTaBH CTBEPPKYBATH, IO BimoMi MeToau ouucTkH ['O Big BOJAW HE MOXKYTh
OyTH 3acTOCOBaHI Ha 3ac00ax TPAHCIIOPTY, a caMe Ha KOJIMHUX MallnHaX Ba)KKOTO
tuny. [Ipy4MHOI0 1HOTO € BHUCOKA EHEPrOEMHICTH ab0 MaTepiaJOEMHICTh
oOnagHaHHS.

JloBeneHo, 1m0 HAWOUIBII TMEPCIEKTHBHUM METOJIOM BHJAJICHHS BOIU 13
riIpaBIivyHOI ONMMBU Ha 3ac00axX TPAHCIOPTY € enekTpoourctka. lleit meton €
eHeproe)eKTUBHUM Ta HE TOTpeOye€ 3HAYHUX KaITalbHUX BKJIAJCHb, OJHAK
3aCTOCYBaHHS TaKMX CHUCTEM OYMCTKM Ha 3aco0ax TpaHCIOPTy MOTpedye
JICTATBHOTO BUBYCHHSI Ta BIOCKOHAJICHHS.

[IpoBeneHo anamni3 BMICTY BOJIM Ta MEXaHIYHUX JIOMIIIOK Yy TIAPaBIIYHUX

onuBax KoniHux mamuH [liBaenHoi 3anizHuui. [Ipo6u BigOupanuces 13 MalivH



I[IMI" ta MIIT-4. IlonepeaHi MOCHIIKEHHS TMOKa3aldu, MO TiApaBliyHI OJIUBU
MicTATh Boau 10 0,85 %, mo cyTTeBo 00OMexye pecype.

[IpoBeneHO AOCHIIKEHHSI 1IOAO0 BHU3HAYECHHS 3B A3KY HANpallOBaHHA Ta
KOHIEHTpAILIll OJIUBH, & TAKOK TPUOOJOTTUHUX XapaKTEPUCTUK OJIMB, BiAIOpaHUX 13
TiIpaBIIYHUX MPUBOAIB KOJIHHUX MamuH. HalOuibll HAOYHUM MOKa3HUKOM
TpUOOJOTTYHUX XapAaKTEPUCTUK € MOKAa3HUK 3HOCY. JlOCHIIKYyBalUCh OJNMBU SK B
CTaH1 BII0OPY, TaK 1 OJIMBH, SIK1 IPOUIILIIN TETIOBE CYIIIHHS.

OckUTbKHM [i1 MEXaHIYHUX JOMIIIOK Oyia LUIKOM BUKIIOUYEHOK HUIIXOM
(GiTBTpYBaHHSA, MOXHA CTBEp/UKYBAaTH, IIO0 TPUBAIMNA BIUIMB BOJW HA OJIMBY
noripiurye ii TpuOOIOTiyH1 XapaKTePUCTUKHU MPOIOPLINHO 1i KOHIIEHTpallii. Y CBOIO
yepry KOHIEHTpallisi BOJIM B OJMBI MpOMNOpIiifHa ii HampaimroBaHHIO. Taki JgaHi
MiATBEPAWSIN aKTYalbHICTH OOpaHOiI TEMaTUKW Ta JO3BOJMIIA OOTPYHTYBaTH
HaMpsIM Ta METOAM TUCEPTALIHHOTO JTOCITiKCHHSL.

B nonanpmioMy 3amporoHoBaHa 3arajibHa  METOJWKa IPOTHO3yBaHHS
pecypcy rimpoarperaTiB  3aco06iB  TpaHCHOpTy. Pecypc pyxoMux ejIeMeHTIB
TiIpaBIIYHUX arperaTiB KOJIMHUX MAaIlMH BHU3HAYAETHCS XapaKTEPOM IPOIECy
3HOIIYBAaHHS Ta HOTO IHTCHCUBHICTIO.

IIpu poGoTi TrigpoarperaTiB IOKA3HUKW 3HOIIYBaHHS HE 30epirarTh
MOCTIMHUX 3HA4YeHb. B THUIMOBIH MoOzeni 3HONIYBAaHHS BUIUISIOTH TPH TEPIOJH:
NPUIPAIIOBAHHS, BCTAaHOBJICHOTO PEXHUMY Ta KaTacTpodiuyHoro 3Hocy. I[lpwu
BU3HAUCHHI PECypCy TiApoarperaTiB paiioHaaIbHO PO3TIIAIATH IPYTUid TEpiof, 1o
XapaKTepU3y€eThCS CTIMKUM PEKHUMOM 3HOITYBaHHS, OCKUTBKH TPUBAJICTh PEIKUMY
IpUIIpAIOBaHHs 3a3BUYail ckianae 1,5-2 % Big pecypcy BY3IiB TEpPTS.

OCKkiTbKM  TiApaBIiyHI arperaTd  KOJMIWHUX MAalluH TPAMIoITh B
eKCTpEeMaJbHUX yMOBax, TO MOKHa CTBEpPJIKYBAaTH, IO B iX BY3JaxX MpPOTIKAIOThH
Taki OCHOBHI BHUAM 3HOIIYBAaHHA: MeXaHiuHe (a0Opa3uBHeE, Tiapoabpa3uBHE,
BTOMJIIOBAJIbHE) Ta KOPO3iiHO-MexaHiuyHe. ToMmy BIJIMB AMCIEProBaHOI BOAW Ha
3HOC BU3HAYaBCs HUIIXOM HOPIBHAHHS OTpUMaHUX  pe3yibTaTiB
€KCIIEPUMEHTAIbHUX JIOCHUPKEHb 13 YHUCTOK OJIMBOKO Ta 3 JIOMILIKOIO

JIUCIIEPTOBAHO1 BOJIU.



HaBeneHi METOAMKHM €KCNEPUMEHTAIBHUX JOCIIKEHb (PI3UKO-XIMIYHUX Ta
eKCIUTyaTallliHUX BJIACTUBOCTEH TiIPAaBIIUYHUX OJMB, METOIOJIOTIS JOCIIKEHb
CTaHy Ta pyXy BOJY B TIAPaBIIYHIM OJUBI MiJ J1€I0 30BHINIHIX CHUJIOBUX TOJIB,
METOJIMKa Ta 00JIaJHAHHS €KCIEPUMEHTAIbHUX JOCIIIKEHb KOAJIECLUEHIII] BOJIU B
TIpaBIIYHIN OJIUBI.

TeopeTnyHO Ta eKCIIEPUMEHTAIBHO MOCIIIKEHNH BIUIMB KOHIICHTpAIlii BOAU
y TIApaBIIYHIA OJIMBI Ha pecypc MNpelu3iMHUX Nap TIAPaBIIYHUX arperariB
KOJIIHUX MallliH, a caMe Napu IITyH>Kep-TU1b3a aKC1allbHO-TUTYHXEPHOI'0 Hacoca.

Mipa 3HOIIYBaHHS Bl KOPO31MHOTO BIUIMBY BOJIM, HA MPUKIA/1 aKclajdbHO-
IUTYHXXEPHOT'0 HacOca, BU3HAYaJIach BUXO/SIUHU 13 TOTO, IO B Mapi TEPTS MPOXOASThH
TpUOOXIMIYHI peakilii, Kl MPU3BOASITH O MOIIAPOBOTO OKHUCIEHHS MOBEPXOHb.
[Ipy 1bOMY MK MOPIIHEM Ta TUIB30I0 ICHYE TEXHOJOTIUHUU 3a30p A, SKuUil 1is
CIIPaBHOT'O aKC1aJIbHO-TIOPIITHEBOIO Hacoca CTaHOBUTH 10-50 MKMm.

MexaHi3M B3aeMoJlii BOAM Ta KHUCHIO 3 TIOBEPXHEI0 MeETaly Mae
€JIEKTPOMArHiTHY Npupoay. Mosekysia BOAU € TOJIAPHUM MIEIEKTPUKOM, TOMY
BOHA MOTpAIUISIE B TIOJIE i1 KPUCTAIIYHOI pelIiTKU MoBepxHi MeTany. CuiioBe mosie
MOBEPXHI HEJIHIMHO OCJIa0I0E€ThCS, BUIMANAIOYUCh, B TIOBEpPXHI MeTaly.
JlucrieproBaHa B OJIMBi BOJIa y BHUTJISAI MIKPOCKOTIIYHUX Kpareib, HaOIUKAIOUUCh
70 TIOBEPXHI MeETally, MOJISIPU3Y€ETHCS, YTBOPIOIOYHM CBOE JIOKAJIbHE IIOJE, Ta
HaOyBa€ BIACTUBOCTEH eNeKTpuuHOro aumnoia. Cuiia, 1m0 BUHHUKAE MK HHUMH,
HA3MBAETHCS BaH/I€PBAAIbCOBAIO CUJIOKO.

JIisi TOpIBHSHHA AaKTUBHOCTI MOJICKYJ, JUMOJBHUKA MOMEHT OJIETHOBO1
KMCIIOTH cTaHOBUTH 4,84-107°° Kn-M; creapuHoBoi kuciotu - 5,80-10 % Kn-m; a
Bogu — 6,152:10 %0 Kn'm. Omke, monsipHa akTMBHICT MOJIEKYIM BOAHU, a SK
HACIJIOK, 1 1 peakiis Ha EJIeKTPOMAarHiTHE IOJie JCMI0 MEPEeBUIIY€E KIACHUHI
TOJIIPHO aKTUBHI MPUCAIKH.

Crnig 3a3HAaYUTH, MO y BUIMAJKY EJICKTPUYHOTO TPUTATYBAHHS MOJEKYIU
BOAM JI0 METaldy HpoIleC HE 3aKiHUYETbCS MOJSAPHUM ((PI3UYHUM) 3B’SI3KOM.
OCKITbKM ~ TIepeBakHA  OUIBIIICT,  METalliB, SKI  3aCTOCOBYIOTHCS Y

MaIIMHOOYIYBaHHI, € OUIbII AKTUBHUMHM, HIX BOJICHb, TO BHHHUKA€ XIMIYHUU



3B'SI30K — NEpeXiJ eJEeKTPOHHOI opOiTaji BiJg BOAHIO 10 METaly, BHACIIAOK YOO
YTBOPIOETHCS TIAPOKCHJ, a 3r0JIOM 1 OKCHJA MeTainy (HOBOYTBOPEHHH 10HHMM
3B'S130K MILHIIINHI, HIK 3B'SI30K METaly MK COOOI0 B KpUCTANIIYHIA PEIITII).

TakuM 4YuMHOM, TOBEpPXHSI TEPTS BTpadyae CBOE TUIO (YyTBOPEHHH oOcall He
3B’sI3aHUM 3 IOBEPXHEIO Ta 3MUBAETHCSI HOBOIO MOPIIIEI0 OJIMBU B HACOCT).

3BUYaiiHO, 1110 B OKUCJICHHI MMOBEPXHI MeTaly Oepe ydacTh HE BCsS BOAa, siKa
3HAXOJUTHCS B 3a30p1 MK IUIYHXKEPOM Ta Tiib3010. [IpuunmHOI0 1IBOTO € TE, 110
0JIC TIOBEPXHI Ji€ Ha JACSIKY BeIMYUHY N B MIMOMHY MAacTHJIBHOTO CEPEOBHIIA.
Ils BenMuWHA 3HAlACHA, ONMUPAIOYUCh HA CHEPTreTUYHHMM OanaHc. 3 OJHOTO OOKY,
IIe CHEPris TEIJIOBOTO PYyXy MOJICKYJI CEPEJOBHMINA, a 3 IHIIOTO — CHEPTis IO
MOBEPXHI.

BcraHoBIIeHO, 110 €HEPTis MOBEPXHI METAITy MIEPEBUIIYE CHEPTII0 TEILIOBOTO
pyXy Ha Bigcrani 6museko 7-108 M = 0,07 MkM. A 3HAuMTh, KpaIlli Ta OKpeMi
MOJIEKYJTM BOJM, IO 3HaxXoAsThcs Ha Biactani MeHme 0,07 MkM, OyIyTh
NPUTATYBAaTUCS 1O TOBEpPXHI MeTrany (ajcopOyBaTHics) Ta BCTyHaTH 3 HEKO Yy
B3a€EMO/IIIO.

Bu3zHaueHo Kigb KUTBKICTB BOJH, IO MPHUTATYETHCS JO METAIY, 3 4Oro OyJio
3HAWJIEHO Macy MeTaly, 10 OKHCIIOEThCS BOJOIO 3a OJMH MPOXiJ IUTyH)XKepa Ta
NepepaxoBaHO Pecypc TiAPoOMOTOpa.

JIns  miATBEp/KEHHS ~ TEOPETHMYHHMX  JOCHIDKeHh OynM  MpoBeIeHi
EKCIIEpUMEHTATbHI JOCIIPKEHHS 1010 BU3HAYEHHS BIUIMBY BMICTY BOJIM Ha
3HONTYBaHHS, SIKI TPOBOJWINCH HA YOTHPUKYJIbKOBIN MammHi TepTs (UKM) ta Ha
mamHai CMII-2.

3rifHO 3 TOMEpPeaHIMH JOCTIDKEHHSIMH CTaHy OJWB Yy TIAPaBIIYHUX
npuBOAaX KodiiHuX MamuH [TiBAeHHOT 3aII3HAIII BCTAHOBJICHO, 110 KOHIIEHTPAITis
BOAM B poOoUii pimuHI TigponpuBomiB Moxke csarata 0,85 % Boam mnpu
HampaitoBanai 2000 mot. roa. Tomy mns mociiny Oyiia mpuiiHATa MaKCUMallbHA
KoHIeHTpamis Boau — 1 % 3a 00’emoM. Sk mocmimkyBaHa poOoua piguHa Oyra
npuiiHaTta MiHepanbHa onuBa M-30A. Jnga mapu Tepts Oyiau NPUNAHSTI Taki

Marepianu: ctanb 38 XMIOA - ponuk ta bpAXK9-4 — konojaka.



JlocnipkeHHsT MoKa3ayid, 10 30UIbIIEHHS  KOHIIEHTpauii BOAM B
MacTWIbHOMY Martepiaii 10 1% mpu3BoauTh 10 30UIBIICHHS 3HOCY Maike B JiBa
pa3u. BcTaHOBIIEH1 pIBHSIHHS perpecii, 0 OMUCYIOTh 3MIHY 3HOCY JTOCIIIKYBaHUX
3pa3kiB. TeopeTHyHUN Ta €KCHEePUMEHTAIBHUI pEeCypcH MalOTh JIOCUTh BUCOKY
301KHICTB, 01M3bKY 110 13,2%.

TeopeTUdHO Ta €KCINEPUMEHTATBHO JOCHIIKEHI MPOIECH CEIMMEHTAIlll Ta
KOAJIECIICHIIIl BOJM B TIAPaBIIYHIA OJIMBI TiJ J1€H0 30BHINIHIX CHUJIOBUX TOJIB.
Bcranomneno, mo kpaniauHu po3MipoM 10 MKM BIJCTOIOKOTHCS 31 MIBHUIKICTIO
2,105-10"m/c, 3 4oro ciimye, IO BiACTOIOBAHHA APIOHOAMCIIEPCHOT BOIM B
TiIpaBIIYHIA OJMBI HEMOXJIMBE B eKCIUTyaTallliHUX yMmoBax. Tomy juis
1HTeHCU (KAl MPOIECy OYUCTKHU TPABIIYHOI OJIMBU CJ1 BECTH MOIIYK METO/IB,
1110 0a3yIOThCS HA IHITUX MPUHIIHITAX.

B po6oTi oTprmaHa MPOCTOpPOBa 3aJICKHICTH JAUIOJBHOIO MOMEHTY Bif
pajiyca Kparuii Ta HalpyK€HOCT1 30BHIITHBOTO €JIEKTPUYHOTO MOJIS.

Jlns  BupaneHHs ApiOHOIMUCIEPCHOI BOJM HaA TEPIIOMY €Tari  CIif
3a0e3neunT YKPYMHEHHS Kpameib BOJAU 10 Makpopo3mipy. Lle moxknuBo 3a
YMOBH IHTeHCU(IKAIIT pyXy MOJSIPHU30BAHUX Kpareib Ta iX 3JIUTTS.

B po6oTi Bupimmeno audepeHiiiine piBHIHHS PyXy Kparuri BOJW B OJHUBI i
BIUTMBOM 30BHIIIHBOTO €JIEKTPUYHOTO TMojsi. Ha ocHOBI nudepeHIiagabHoro
PIBHSHHS TPOBEICHO MaTEeMAaTUYHHUKA PO3PAaXyHOK IMapaMeTpiB pyxy Kparuil B
30BHIIIHBOMY eNeKTpuyHoMy momi. JlaHe nudepeHmiansHe piBHSHHSA Ja€
MOJKJTUBICTh OOpaxoOBYBaTH TMEPEMIMICHHS, IBHUAKICTh Ta MPUCKOPEHHS Kparuii
BOJM B OJIMBI B 3aJI€KHOCTI BiJl HANIPY>KEHOCTI €IEKTPUYHOTO TOJS, YaCTOTH Ta
JiamMeTpa Kparui.

[IpoBeneHo poO3paxyHOK YAaCTOTH BJIACHUX YaCTOT KOJIMBAHHS 32 TaKUMU
BUXITHAUMH JaHUMH:. Hampyra Ha enektpomax U = 500 B; Bimcranb Mix
enextpomgamu h = 0,001 m; giamerpu kpamens d B mexax Bix 100 mxkm g0 1 Mm.
Crnig TakoX 3ayBa)XKWTH, IO SBUIIE CYMEPHO3UIli MOXE BHHUKATH TaKOXK Yy
BUTIAJIKAaX, KOJIM YaCTOTH KOJIMBAHb 30BHINTHHOTO €JIEKTPUIHOTO TOJISI T4 BIACHUX

KOJIMBAHb CITIBBIJHOCATHCA AK LUT1 YUCJIIA.



B nopanpmomy Oyaum TOpoBENEHI EKCHEPUMEHTaNbHI JOCHIIHKEHHS 3
BU3HAUEHHS BIUIMBY IapaMeTpiB 30BHIMIHBOIO E€JIEKTPUYHOIO MO K (akropa
3IIUTTS. MIKpOKpamnesb B 00’ €Ml TiIpaBIiyHOI OJIMBU HA Yac OCBITJIEHHA €MYJIbCil
(yac, 3a SIKMH eMyJbClsi PYHHYeTbCA Ta O€3MEPelIKOJHO MPOIYCKa€e CBITIIO).
JIoCTiKeHHSIM  TTiJaBaiachk eMynbeis inaycrpianbHoi onmBu M-20 (90 %) Tta
texH1yHO1 Boau (10 %). JlucmepcHiCTh e€MyJbCii CTaHOBWIA B CEpPEIHBOMY 3-
7 MxM. Bigcranp Mk enekTpoaamu ctraHoBuia 1 M, Hanpyra mixxk Humu 100 B, a
OTXKe, HanpyxeHIcTh ctaHoBMIA 100 kB/Mm.

3a pe3yibTaTaMyd MPOBEJECHUX TOCHIJKEHb OJEP>KaHO PIBHSIHHS perpecii,
SIK€ OTMCYE 3aKOHOMIPHICTh 3MIHU Yacy OCBITJICHHS BiJl YaCTOTH Ta HAMNPY>KEHOCTI
eJEKTPUYHOTO ToJiss. BcTaHOBIEHO, 110 MIHIMAJIBHUI Yac OCBITICHHS CKJIajae 7 ¢
npu yactoti 3 MI'1; Ta HanpyxkeHocTi 500 kB/M.

Pe3ynpTaTi MOCHIIKEHD MOKa3yIOTh, 11O SK YaCTOTa, TaK 1 HANPY>KCHICTh
30BHIIIHBOTO €JIEKTPUYHOTO TMOJSi CYTTEBO BIUIMBAIOTH HA MPOIEC KOATECICHIIT
BOJM B 0J1MB1. OJJTHAK MOXJIMBICTh MIJBUILIEHHS HAMPY>KEHOCTI €JIEKTPUUHOTO OIS
oOMe’KeHa, OCKUTbKH BUHUKAE HeOe3eka BUHUKHEHHs TPo0010. Takoxk MpHu HAATO
BHUCOKIH HaIpy>XEHOCTi, a TUM OUIbIIe B TOYKAX KOHIICHTpAIlll HaIpPy>XEHOCTI,
MOXKE€ JOCSTaTUCh 3BOPOTHUN e(eKT — naucrepryBaHHs Boau. [linBHIIEHHS X
gacTtoTH enektpuuHoro mojsa Bix 300 I'm go 3 MI'p mae 3mory 3MEHIIUTH dYac
KOAJIECIICHIIII B CEPEeIHhOMY B JeCATh pa3iB. [liABUINEHHS XK YacTOTH OuUIbIIE
3MI'n ve mano O cyTrreBuX pe3ynbTaTiB, ockuibku Big 300 k['m mo 3 MI'm
CIIOCTEPIraeThCsl 00JIaCTh HACHICHHS.

B po6oTi mogano npakTuyuHI peKOMEH Al MO0 3aCTOCYBAaHHS Pe3yIbTaTiB
nociimpkerds. J[oBeaeHo, mo HaHOUTHIT e(HEKTUBHUM € 3aCTOCYBAHHS JTIOAATKOBOT
OOpTOBOi CHCTEeMH OYMCTKH Ha TiIpaBliyHOMY O0aky, fKa CKIQJa€eThcs 13
EJEKTPUYHOTO MPHUCTPOIO YKPYIMHEHHS Kparellb Ta CEPIMHOTO BOJOTOBITLIIOBAYA
YKPYITHEHHUX Kpareb.

[IpoBeneHuii poO3paxyHOK €KOHOMIYHOI €(EKTUBHOCTI BUKOPHCTAHHS
3alpOIOHOBAHOIO METOAY BHUAAJICHHS BOJU 13 T1APABIIYHOI OJMBH Ha MPUKIAII

komiiHO1 mamuau  BIIP-1200 moxka3aB, 10 eKOHOMIYHHH €(deKT Bia



BIIPOBA/KEHHST OOpTOBOrO ouucHuka ckiagae 185500 rpH Ha oauH piK
eKCILTyaTallii MalluHu.

Pe3ynpTaTi poOOTH CTOCOBHO MIJBUILEHHS PECYpPCY TiAPaBIIYHUX arperaris
KOJIIMHUX MAalllUH IUIIXOM YJOCKOHAJEHHS €JEeKTPUYHOI OYUCTKU OJMB BiJ BOAU
BUKOPUCTOBYIOTHCSI TaKOXX Y HaBUYaJIbHOMY Ipolieci YKpPaiHCHKOTO JE€p>KaBHOTO
YHIBEPCUTETY 3ali3HUYHOTO TPAHCIOPTY TMpH MIATOTOBII OakanaBpiB 3a
cnemianbHicTiIO 133 — ramy3eBe MmammHOOyayBaHHsA 3 aucuumuiiH «KomiiHi
mamuHuy, «Excryatanis mamub», «OCHOBM aBTOMAaTH3alli MallluH» Ta TpH
MiATOTOBIIl MaricTpiB 3a cheriaipHicTi0 133 — ramy3eBe MamuHOOYAYBaHHS 3
auciuIutlid «OCHOBU HAaHOTEXHONOT 1Y, «HaaiiiHicTe Mamuny, «PeMOHT MaImny.

Metoa TiABUINEHHS PECYpCy TiApaBIIYHUX arperaTiB KOJIMHUX MallnH
[UIIXOM YJOCKOHAJEHHS €NEeKTPUYHOI OUMCTKH OJIUB Bl BOJAU BIIPOBAKEHO Y
BUPOOHUYMI mporiec perioHanbHOi ¢Gunli «[liBIeHHA 3aMi3HUIE MPU TEXHIYHIN
eKcIuTyaTarii  KodiHux MamuH. Ile  A03BONMIIO  TIABUIUTH  HAIIAHICTH

TIpaBIIYHUAX TPUBOIIB T MIJBUIIUTHA CTPOK CIIY>KOH TipaBIIYHUX OJIUB.

KirodyoBi cioBa: pecypc, TimpaBIiuHMil arperar, KoJjiifHa MaIllWHa,

€JIEKTPOOUYNCTKA, KOPO31HE 3HOIIYBaHHS, T1IpaBIidyHa OJIMBA.

ABSTRACT

Safoniuk I.Yu. Resource increasing of hydraulic gear of track machines by
improving electrical purification of oil from water. - Manuscript.

Dissertation for obtaining the scientific degree of technical science candidate
on the specialty 05.22.20 — operation and maintenance of means of transport. —
Ukrainian State University of Railway Transport, Ministry of Education and
Science of Ukraine, Kharkiv, 2019.

The thesis deals with the issue of a longer service life of hydraulic units for
track machines by improving electric removal of water from oils. This can be
achieved through determination of rational parameters of the external electric field in

order to shorten a coalescence period for water drops.



Techniques for purification of oils from mechanical impurities for hydraulic
drives have been thoroughly studied and applied in all industries. However,
mechanical impurity is just one of contaminations found in oil products. Another
type of oil product contamination is water.

The analysis of techniques for removal of water from oil products testifies
that all well-known methods used for purification of hydraulic oils from water
cannot be applied for rail transport means, in particular, for heavy-duty track
machines. The reason of it is high energy consumption or material capacity of the
equipment.

It has been proved that the most promising technique to remove water from
hydraulic oils for rail transport means is electrical purification. The method is
power efficient and does not require great capital investments; however, use of
such purification systems for rail transport means requires a further in-depth study
and enhancement.

The study presents an analysis of water and mechanical impurities in
hydraulic oils used for track machines on the Southern Railway. The samples were
taken from a track motor nut runner IIMI" and a craned railway vehicle MIIT-4.
Previous research has demonstrated that hydraulic oils contain up to 0.85 % of
water which limits the service life.

The research determined a certain relationship between service life and oil
concentration, as well as tribological characteristics of oils taken from hydraulic
drives of track machines. The visual indicator of tribological characteristics is the
wear factor. The researched included both oils before and oils after heat
dehydration.

The research demonstrated that lasting influence of water on oil deteriorated
its tribological characteristics proportional to the concentration (mechanical
impurities were filtered and did not impact the oil). And water concentration in oil
was proportional to the service life. The data obtained confirmed the importance of
the topic chosen and allowed the author to ground the area and methods of the

thesis research.



The research also proposes a general technique for forecasting a service life
of hydraulic units for transport means. The service life of moving elements of
hydraulic units for track machines is determined by a pattern and intensity of the
wear.

In operation hydraulic units do not maintain the wear factors constant. A
typical wear pattern has three modes: running-in mode, set mode and wear-out
failure mode. While determining the service life of hydraulic units it is advisable to
consider the second period characterized by a sustainable wear, since a running-in
period generally accounts for 1.5 — 2% out of the service life for friction units.

As far as hydraulic units on track machines operate under extreme
conditions, it is possible to claim that their units are subject to such basic wear
types: mechanical (abrasive, hydro-abrasive and fatigue) and corrosion-
mechanical. Therefore, an influence of dispersed water on wear was defined by
comparing the results obtained during the experimental research of clean oil and
oil with impurity of dispersed water.

The research presents techniques for studying physicochemical and operating
characteristics of hydraulic oils, methodology of research into state and motion of
water in hydraulic oils under external force fields, and method and equipment used in
studying water coalescence in hydraulic oils.

The research concerns the theoretical and experimental study into relation
between water concentration in hydraulic oils and service life of high-precision
pairs of hydraulic units for track machines, notably the piston/sleeve pair of an
axial piston pump.

The water corrosive wear was measured by an example of an axial piston
pump, and on the basis that the friction pair underwent tribochemical reactions
leading to step-by-step surface oxidation. The technological gap A between the
piston and sleeve for an operable axial piston pump was 10-50 mkm.

The interaction of water and oxygen with metal surface was of
electromagnetic nature. A water molecule is a polar dielectric; therefore it got in

the action field of the metal surface crystal lattice. The surface force field



weakened non-linearly and separated from the metal surface. The dispersed water
in oil in the form of microscopic droplets, approaching the metal surface, polarized
and created a local field of its own, and gained electric dipole properties. Thus,
Van der Waals’ forces appeared between them.

The molecular activities were compared considering that the dipole moment
of butyric acid was 4.84-107° C-m, of stearic acid — 5.80-103° C-m, and of water —
6.152-10%° C-m. Thus, the polar activity of water molecules, and, therefore, the
reaction to the electromagnetic field slightly exceeded that of the standard polar
active additives.

It should be mentioned that in electric attraction of a water molecule to metal
the process was not terminated by establishing a polar (physical) bond. As far as a
great majority of metals applied in engineering are more active than hydrogen, they
set a chemical bond — a transfer of the electric orbital from hydrogen to metal, thus
forming hydroxide, and, gradually, metal oxide (the formed ionic bond is stronger
than the bond in the crystal lattice).

Thus, friction surface loses its body (the sediment formed had no bonds with
the surface and could be washed off with a new portion of oil in the pump).

Typically, only part of water in the gap between the plunger and sleeve
participated in the metal surface hydration. It could be explained by the certain
depth h at which the surface field impacted the oil environment. The value was
found on the basis of the energy balance. On the one hand, it was the energy of
heat motion of the molecules of the environment, and on the other hand — the
energy of the surface field.

It was established that the energy of metal surface exceeded the energy of
heat motion at a distance of approximately 7-10 8 m = 0.07 mkm. Therefore, drops
and separate water molecules at a distance of less than 0.07 mkm would be
attracted to the metal surface (adsorb) and interact.

The amount of water attracted to the metal was defined, and on the basis of it
metal mass hydrated by water per one travel of the plunger was defined, thus the

service life of the hydraulic motor was re-calculated.



In order to confirm the theoretic research the author conducted the
experiments to determine an impact of water on wear; the experiments were made
with a four-ball friction machine (UKM) and a friction test machine CMII-2.

According to the previous research into state of oils in hydraulic drives of
track machines on the Southern railway, it was established that water concentration
in a working substance of hydraulic drives could reach 0.85% of water at the
operating time 2,000 running hours. Therefore, the maximum water concentration
1% by volume was taken for the research. And I-30A mineral oil was taken as a
test operating oil. For a friction pair the following materials were taken: a roll of
steel 38CrMoAl (38XMIOA) and a pad of CuAl9Fe4 (bpAXK9-4).

The tests demonstrated that higher water concentration in oil material up to
1% increased the wear two times at the average. Besides, the author established
regression equations describing a change in wear patterns for the test samples. The
theoretical and experimental findings were of rather high similarity, approximately
13.2%.

Thus, water sedimentation and coalescence in hydraulic oils under external
force fields were theoretically and experimentally researched. It was established
that drops of 10 mkm settled with a speed of 2.105-10""m/sec; therefore, settlement
of fine disperse water in hydraulic oils cannot be fulfilled under operating
conditions. Therefore, innovative methods based on different principles should be
developed to intensify the hydraulic oil purification.

The research presented a spatial dependency of dipole moment on drop
radius and the external electric field intensity.

The first stage concerned the removal of highly dispersed water through
coalescence of water drops up to macro size. It could be gained by intensive
motion of polarized drops and their coalescence.

The research solved the differential equation of water drop motion in oil
under the external electric field. The deferential equation was on the basis of
mathematical calculation of parameters of drop motion in the external electric

field. The deferential equation made it possible to calculate displacement, speed



and acceleration of a water drop in oil in dependence on electric field intensity,
frequency and drop diameter.

The natural vibration frequencies were calculated by the following output
data: volume at electrodes U = 500 V; distance between the electrodes h = 0.001
m; drop diameter d in the range from 100 mkm to 1 mm. It should also be
mentioned that superposition can occur in cases when vibration frequencies of the
external electric field and natural vibrations correlate as whole numbers.

The experimental research, conducted later on, determined influence of the
external electric field parameters as a factor of micro droplets coalescence in
hydraulic oil on an emulsion de-coloration period (time during which the emulsion
disintegrates and freely lets through the light). An emulsion of industrial oil 1-20
(90 %) and water (10 %) was taken for the study. The emulsion dispersity
accounted for 3-7 mkm at the average. The distance between the electrodes was
1 mm, volume 100 V, therefore, the intensity was 100 kV/m.

The regression equation obtained described a change pattern for de-
coloration depending on electric field frequency and intensity. It was established
that the minimal de-coloration time was 7sec at the frequency 3 MHz and the
intensity 500 kv/m.

The results of the research showed that both frequency and intensity of the
external electric field considerably influenced water coalescence in oil. However,
intensity of the electric field can be increased to a certain extend due to a danger to
obtain a breakdown. Besides, at a very high intensity the opposite effect, i.e. water
dispersion, can occur, especially for focal intensity points. A higher frequency of
the electric field from 300 Hz to 300 Hz made it possible to decrease a coalescence
time by 10 times at the average. A higher frequency of over 3 MHz would not
yield considerable results, as from 300 Hz to 3 MHz it was a saturation range.

The research gives practical recommendations for implementation of results.
It was proved that the most efficient is application of an additional board
purification system on a hydraulic tank; it consists of an electric device for water

drop coalescence and serial moisture eliminator of coalescent drops.



The economic efficiency for application of the method proposed for removal
of water from hydraulic oil by an example of a track machine BITP-1200 showed
that economic effect of application of a board eliminator was 185,500 hrn per
operational year for the machine.

The findings obtained in the research into a longer service life for hydraulic
units of track machines by improving electric purification techniques for removal
of water from oil are also used in some Bachelor’s and Master’s curricula in
Ukrainian State University of Railway Transport for such disciplines as Track
Machines, Machine Operation, Basics of Machine Automation, Basics of
Nanotechnologies, Machine Reliability, and Machine Repair.

Moreover, the method of a longer service life for hydraulic units of track
machines by improving electric oil purification was implemented in production
process in the Southern Railway subdivision for technical maintenance of track
machines. It contributed to higher reliability of hydraulic drives and longer service

life of hydraulic oils.

Key words: resource, hydraulic unit, track machine, electrical cleaning,

corrosion wear, hydraulic oil.
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BCTYII

AKTyauabHicTh Temu. Ha cydacHomy erami 3adi3HuLl YKpaiHU MaioThb y
CBOEMY CKJIaJll BEJMKY KUIBKICTh MaIllMH Ta OO0JaJHAHHA 3 TIApaBIlYHUM
npusojoM (I'TI), B sskomy poboyuM TiIoM € MiHepalibHi rigpasiiuni onusu (I'0), a
caMe IHJIyCTpiajibHI, KOMIpPEcOpHi, TypOiHHI Ta 1H. Cepen IIMPOKOro CIEKTpa
3aco0iB TpaHcnopty (3T) HaWOLIBII CKIATHY Ta PO3TAyX,EHY CUCTEMY MAalOTh
rigpodikoBani komiiiHi Mamuau (KM). Ilin gac excrimyatanii KM BinOyBaeThes
nocrynoBe 3a0pynHeHHs 1 crapinHsg ['O. Taki mnpouecu mNpu3BOAATH 10
MiJIBUIIEHOT0 3HOCY KJIalaHiB, Cijei, MIyHkepiB Ta iHmux eiemeHtiB [T Sk
IPaBUJI0, OCHOBHUMHM 3a0pyHIOBAYaMU T1IPABIIIYHUX OJIUB € MEXaHI4H1 JOMIIIKH
Ta BOJa, KOXKEH 3 SKHUX TO-CBOEMY BIUIMBAE Ha PO3BUTOK 3HOIIYBAaHHS JcTalecit
rigpocucteM. BoHu mpu3BOASITE 10 TOTPEOU PO3POOKH 1 YIOCKOHAJIEHHSI METO/IIB
OUYHUCTKH TIAPABIIUYHUX OJIUB.

Meronu OYMCTKA OJUB B MEXaHIYHMX JOMIIIOK, 3 TOYKH 30py iX
eHeproepeKTUBHOCTI, BUBUEH1 OUIBIIT TIMOOKO HIX MeToau ounuTku ['O Big Boau.
Tak, Hanpukian, cydacHi (iIbTpyBajbHI €JIEMEHTH, IO 3acCTOCOBYIOThCS B 3T,
MOXYTh 3aTPUMYBATH YACTUHKH MEXaHIYHUX JOMIIIOK, HaBiTh, MIKPOHHHUX
pO3MIpiB, MPUUOMY LIel Tpollec HE MOTPeOy€e BUCOKUX CHEPreTHYHHX BUTpAT. 3
iHIoro OOKy, SKII0O MoOBa WHae mpo JApiOHOAMCIEPCHI Kparuli BOJU, TO iX
BUJIAJICHHS PEai3yeThCcsl KOMOIHOBAaHUMH METOJIaMH, SIK TIPABWIIO, 13 HATPIBAHHIM
OJIBU, IO MOTpPeOye 3HAYHUX EHEPrOBUTPAT Ta JAJICKO HE 3aBXKIU MOXE OyTH
peari3oBaHO B eKCIUTyaTallidHUX ymoBax. Came TOMy akTyaJbHUM 3aBIaHHSIM
JTUCEPTAIIMHOTO JTOCTIIKSHHSI, 3 TOYKU 30pPYy MIJIBUIEHHS PECYpPCy MPenu3iiHuX
nap rigpaBmiyaux arperatiB ('A) KM, e ynockoHaneHHs eHeproedeKTHBHUX
METO/iB BUJaJIeHHs apiOHOoAMCcTIepcHOl Boau 3 'O Ta BIPOBaKEHHS ITUX METO/IIB
y eKCIUTyaTaIliifHIX YMOBaX.

3B’I30Kk Po0OTH 3 HAYKOBMMH MporpamMamMi, IJIAHAMH, TeMaMM.
HNucepraniiina poOoTa BHUKOHaHA BIANOBIAHO J0 3akoHy Ykpainu «lIpo

MPIOPUTETHI HANMPAMHU PO3BUTKY HAYKH 1 TEXHIKHU», 31 3MiHamu Bix 16.10.2012,



Ne 5460-VI; «Crparerii po3BUTKY 3aJII3HUYHOI'O TpAaHCHOPTY Ha nepioa a0 2020
poxy», posnopskeHHss KMY Ne 1555-p Big 16.12.2009. HocniaxkeHHs BUKOHAHI
B MEXaX HAyKOBOi poOOTH «YIOCKOHAJICHHS, BUTOTOBJICHHS Ta BIPOBAKCHHS
CTallloHapHO1 cucTeMu 3mailyBaHHs perok» Ne J[P 0114U005598, ne 3p00yBau
OyB MOJIOJIIMM HAyKOBUM CHIBPOOITHHUKOM, BUKOHABIIEM.

Meta Ta 3agaui gocaimxeHHs. MeTow aucepraiiiiHoi poboTH €
OiIBUIICHHS pecypcy TIAPaBIIYHUX arperariB  KOJIMHUX MAIIUH I[LISIXOM
OOTpYHTYBaHHSI MapaMeTpiB €JICKTPUYHOI OYUCTKU OJUB Bl JPIOHOAMCIIEPCHOT
BoAu. JIJist MOCATHEHHS MeTH OyJiM BU3HAUCHI TaKi OCHOBHI 3aJ1aul JOCJI1I>)KCHHS:

1. Bukonatu anami3 ¢akTopiB, sIKI BIUIMBAIOTh HA PeCcypc TiApaBIidYHUX
arperariB KOJIMHUX MaIlWH, ICHYIOUMX METOIB BHIAJICHHS BOAM 13 T1APABIIIYHUX
OJIUB, BMICTY BOJM B OJIMBAaX KOJIMHUX MAIlIMH 3aJli3HUIP YKpaiHU Ta, HA IIiH
OCHOBI, 3alPONIOHYBATH 3araJibHy METOJIUKY JUCEPTALIHOTO JTIOCITIIKEHHS.

2. BukoHatu TeopeTHyH1 MOCTIIKEHHS BIUIMBY APIOHOIUCIIEPCHOI BOAM B
TApaBIIYHIN OJIMB1 HA PECYPC TIPaBIIYHUX arperariB KOJIMHUX MAIIWH.

3. EkciepyuMeHTaIbHUM  HUISIXOM ~ BCTAHOBUTH  3aJIEKHICTh  BIUIUBY
KOHIICHTpAIIll IUCTIEPrOBaHOi BOJIM Ha PECYpC TiIPaBIIIUHHMX arperatiB KOJIHHUX
MaIlTMH Ta eKCIUTyaTalliiiHi BIIaCTUBOCTI T1IPABIIYHUX OJIUB.

4, BUKOHaTH TEOpPETUYHI JOCIIDKCHHS BIUIMBY IlapaMeTpiB 30BHIIIHIX
CHJIOBHUX MOJIIB Ha Tiporiec ouncTku 'O Bix apiOHOIMCTIEPCHOT BOJIH.

5. EkciepyuMeHTaaIbHUM ~ OUISIXOM ~ BCTAHOBUTH — 3aJIEKHICTh  BIUIMBY
napaMeTpiB  E€NEeKTPUYHOTO TOJsi Ha IHTEHCHUBHICTh TPOIECY KOAJIEeCICHITT
IpiOHOAKMCTIEPCHOT BOAM SIK (pakTOopa e(heKTUBHOCTI OUYUCTKHU T1APABIIYHOT OJIUBH.

6. Ha ocHOBI BHKOHaHOTO  JOCHIKEHHS  PO3POOMTH  TPAKTHUYHI
peKOMeHaIli MO0 MiABUIICHHS pecypcy TiApaBIidYHUX arperaTiB KOJIMHUX
MaIliH TUIIXOM YIOCKOHAJECHHS EJEKTPOOYUCTKH OJUB B EKCIUTyaTaI[iiHUX
yMOBaXx.

06’ekm 0ocnioxcenHs — TPOUEC TEXHIYHOT eKCIUTyaTalli TiApaBITYHUX
arperariB KOJIIHHUX MallyH.

Ilpeomemom  OocniodxcenHss —  TEXHOJOTIS  MIABHIICHHS  PeCypcy



TiIpaBIIYHUX arperaTiB KOJIMHUX MAIIVH.

Meroau pocaimkenHsi. IlocraBneHi B auceprauiiiHii poOOTI 3amadi
BUPIIIYBAJIMCh 13 3aCTOCYBaHHSM $K 3arajlbHOHAayKOBHMX, TakK 1 CHELIaJIbHUX
METO/IIB, Y TOMY YHUCH1 i aBTOpchKUX. [Ipy BU3HAUEHH] CTaHy TipaBiIi4YHUX OJIUB
BUKOPUCTOBYBAJIMCh METOAM (I3MYHOIO Ta XIMIYHOTO aHalidy, a TaKOX
MaTEMaTUYHOI CTaTUCTUKHU. [lpu TeopeTHYyHOMY OOIPpYHTYBaHHI MaTeMAaTUYHOI
MOJIENIl TPOTHO3YBAaHHS pEeCcypcy TIIPaBIIYHUX arperariB  KOJIWHUX MalluH
BUKOPHCTOBYBAJIMCH TIOJIOKEHHS MEXaHIKH, (i3uuHoi Ximii Ta TpuOosorii. Ilpu
BU3HAUYEHH1 MIHIMAJIBHOIO 4acy KOaJIeCIEeHIIli JpiOHOJUCIIEPCHOI BOAM B OJIMBI MiJ
TI€I0 30BHIMIHBOTO EIEKTPUYHOTO TIOJISI BUKOPUCTOBYBAJIMChH TMOJIOKEHHS KOJIO1THOT
XiMii Ta enekTpocTaTHkH. JlabopaTtopHi Ta CTEHIOBI BUIPOOYBAHHS BHUKOHAHI 13
3aCTOCYBAHHSAM anpoOOBaHMX METOAMK Ha OCHOBI T€OPIii MOJICITIOBAHHS 1 TUIAHYBaHHS
EKCIIEPUMEHTY.

HaykoBa HOBHM3HA ojiep:KaHUX Ppe3yabTaTiB. Y [aucepramiiHiii poboTi
BUPILIEHO HAYKOBE 3aBAaHHsS MIABHUILEHHS pEeCypcy TIAPaBIIYHOIO IPUBOLY
KOJIMHUX MallMH [UISIXOM  YJOCKOHAJEHHS €HEepProe(eKTUBHUX  METOJIB
BUJIaJIEHHS IPIOHOIUCIIEPCHOT BOJY 13 T1APABIIYHOT OJIMBU Ta BIPOBAKCHHS ITUX
METO/IB Y €KCIUTyaTalliiHUX YMOBaX.

Bnepwie excniepUMEHTalbHUM HUIAXOM  OTpUMaHa  3aJIeXkKHICTh IS
BU3HAYCHHS PECypCy TiIpaBIiYHUX arperariB KoOJIMHMX MaIllUH, SKa BpPaxOBYE
KOHIICHTpAIIil0 BOJIU B OJIMBI;

Yoockonanena mateMaTnyHa MoJieNlb MIPOrHO3YBAHHS PECYpPCY TiApaBIiuyHUX
arperartiB KOJIWHUX MAaIllMH, 5Ka, HAa BIAMIHY BiJl ICHYIOYOi, BpPaxoOBYy€ BILIWB
KOHIICHTpaIlii JApiOHOAUCTICPCHOI BOJAM B OJMBI Ha IHTCHCHBHICTH KOPO3iMHO-
MEXaHIYHOTO 3HOITYBaHHS;

Habys nooanvuioco pozéumky MeTON MINBUINEHHS PECYpCy TiAPaBIIYHUX
arperartiB KOJIIWHUX MAIlWH, SKUH 0a3ye€ThCs HA JOCSITHEHHI MiHIMATBbHOTO Yacy
KOaJIeCIIeHIIli  ApIOHOAUCTIEPCHOI BOAM B  OJMBI T JI€I0 30BHINIHHOTO
€JIEKTPUYHOTO TOJISI.

IIpakTyHe 3HAYeHHSI OJepP:KAHMX pe3yabTaTiB. [IpakTuuHi pe3ynbTaTH



poboTH  moONAralTh |y TOMY, IO po3po0iieHa METoAuMKa  peamizailii
eHepro30epiralibHOro Mpolecy BugaieHHs ApiOHoaucnepcHoi Boau 13 onus ['TI KM
B €KCILTyaTaIlifHuX yMOBaXx.

Pe3ynbpTatt poOOTH BIPOBAIKEHO Y BUPOOHUUUI MPOLIEC PEriOHAIBHOT (il
«[liBgeHHa BaJi3HULA» TPU TEXHIUHIM  EKCIUTyaTaiii KOJIMHUX  MallliH.
Exonomiunuii edext Bij ekcruryartamii koumiiHoi mamuHu BIIP-1200 cknanae
185500 rpu Ha pik. Takox pe3ynbTaTd POOOTH BIPOBAKEHO B HABUAILHUU
nporec YKpaiHChKOTO JCPKABHOTO YHIBEPCUTETY 3alli3HMYHOTO TPAHCIOPTY IPHU
MiATOTOBIN OakanaBpiB 3a cremiaibHICTIO 133 — ramy3eBe MamIMHOOYAYBaHHS 3
mucturutia «Komiitai Mamunany, « Ekcrutyarariiss Mamma», «OCHOBH aBTOMAaTH3AIlli
MaliMH» Ta TpH MIArOTOBLI MaricTpiB 3a choemianbHicTIO 133 — ramysese
MaIlMHOOyIyBaHHsT 3 guctuiuiii  «OCHOBU HaHOTEXHoOJIOTiHY», «HamaiiHicTh
ManiuH», «PEMOHT MallIuH.

[IpakTuHe  BOPOBA/KEHHA  PE3yJbTaTiB  POOOTH  MIATBEPIKYETHCS
BIZITIOBIIHUMU aKTaMH BIIPOBA/KEHHS, SK1 HaBeJEHI B J0JaTKax J0 JUCEPTAIIHHOT
poboTH.

OcoOuctuii BHecok 3700yBaya. OCHOBHI HAyKOBI TIIOJOXEHHA Ta
IMPaKTUYHI Pe3yJbTaTH JHUCEPTAliiHOT pOOOTH, SKI BHHOCITHCA Ha 3aXHCT,
ojnepkaHi 3700yBadueM ocoOucto. PoOoTH, BHKOHaHI pa3oM 31 CHiBaBTOpPaMH,
HaBeJIeHI B TMepeiiKy MyOuikamiid. 3 OCHOBHHMX TIpailb, OMYOJIKOBAaHUX Y
CIIBaBTOPCTBI, BUKOPUCTOBYIOTHCS PE3YNIbTaTH, OTPUMaHI OCOOUCTO 3100yBaveM,
a came: B [69] chopmynpoBaHa TeOpis YKPYINHEHHS Kparmelb Iix JTi€ro
EJIEKTPUYHOTO CHUJIOBOTO TIOJII Ta BUKOHAHO EKCHEPUMEHTAIbHI JOCITIIKCHHS
BIUTMBY TapaMeTPiB 30BHIMIHBOTO EIEKTPUYHOTO TOJII Ha MPOIEC KOAJICCICHIIIT
Boqu B oymBi; y crtarti [134] HaBemeHi pe3ynbTaTH EKCIIEPUMEHTAIbHUX
JOCIIHDKeHb eKCIUTyaTallilHUX TIOKa3HUKIB pPOOOUYMX PIAWMH KOJIMHUX MAaIIHH
[TiBgenHoi1 3ami3HMIN YKpaiHW, BU3HAYCHO JOJIO BIUIMBY Ha eKCIUTyaTalliliHi
MMOKA3HMKHW BOAM Ta X 3MiHY IIiCAs BHUJAJCHHS BOAM 13 oiuB; y ctarTi [136]
MPEACTaBICHI TEOPETUYHI NOCTIPKEHHS BIUIMBY BOJIM Ha MPOLIEC 3HOLIYBAaHHS

MOBEPXOHb  TEPTSA  IUIYHXKEp-TUIb3a Ta  pe3yJbTaTH EKCIEePUMEHTAIbHUX



JOCIII)KEHb BIUIMBY KOHILIEHTpALlli BOJM HAa 3HOUTYBaHHS MOJENI HAa MalluHI TePTs
CMII-2; y crarti [143] BHKOHAaHO aHaNli3 CTaHy pPOOOYMX PIAUH TPU POOOTI
MEXaTPOHHUX CHUCTEM 13 T1IPaBIIYHUM MPUBOJOM aKTUBHUX POOOUYMX OpraHiB
caMOXiTHUX MamuH; y [146] BUKOHAHO AOCIIIKCHHS BILUIMBY EICKTPUYHOTO OIS
Ha TMpoIeC KoalecleHilii Boau B oyinBi; y [149] mocmimkeHo mporec KoaaecIeHIIil
JUCIIEProBaHOT BOJM B T1IPABIIYHINA OJIMBI MiJ BIUIMBOM €JIEKTPUYHOTO MOJS; Y
[150] nmocnimkeHo BILUTMB BMICTY BOJIW Y OJIMBI Ha HAAIWHICTh arperaTiB MailuH
IHXKEeHepHOro 030poeHHs; y [151] gocnimkeHo BIUIMB 30BHIIIHBOTO €IEKTPUYHOTO
nmoJisi Ha poOOUl BIACTUBOCTI MiHEpaNIbHUX OJUB; Yy [152] mocmimxkeHo mepeBaru
chOpMyTbOBAaHUX METOMIB TMIJBUIIEHHS CTPOKY CIYXKOM TMNpenu3iiHux mnap
arperaTiB TiIpaBIIYHUX MPUBOJIB 3aCO0IB TPAHCIOPTY ILISAXOM 3aCTOCYBaHHSA
€JIEKTPOOUUCTKH TiApaBIiyHUX oOJuB, y [153] JOCHIIPKEHO MOXKIIMBICTh
MiABUIICHHS €(DEKTUBHOCTI BUKOHAHHS POOIT KOJIWHUMHU MAaIlllMHAMU 32 PaXyHOK
HIABUIICHHS PEecypcy TiAPaBIIYHOTO TMPUBOJY IMUIAXOM  €JIEKTPOOYUCTKH
T1IPaBITYHUX OJIUB.

Anpobanisi pe3yabraTtiB aucepranii. OCHOBHI MMOJOXKEHHS Ta pe3yJIbTaTh
JOTIOBIJAIMCS Ta OTPUMAIIA CXBaJICHHS Ha HayKOBUX KOH(EPEHINIsAX Ta ceMiHapax:
76-it MixHapoJHIM HayKOBO-TeXHIUHIM KoHbepeHiii «Po3BuTOK HaykoBOi Ta
IHHOBAIIIHOT JISTIBHOCTI Ha TpaHcmopTi» (XapkiB, 2014 p.); MixHapoaHii
HAyKOBO-TEXHIYHIM KoH(pepeHIii, mpucesucHii 80-piudro xadeapu OymiBeTbHHUX,
KONIMHUX Ta BaHTAXHO-PO3BaHTAXyBalbHUX MamuH «HoBi  TexHomortii,
oOnagHaHHs, MaTepiany B OyMIBHUIITBI 1 Ha TpaHcmoTi» (Xapkis, 2014 p.); 77-4
MixHapoaHI# HAyKOBO-TeXHIUHIM KoHGepeHIii «Po3BUTOK HayKoBOi Ta
IHHOBAIlIHHOT MisTbHOCTI Ha TpaHcmopTi» (XapkiB, 2015 p.); xoHbpepeHiii,
npucBsiyeHint 50-piudto kadenpu mnpukiamHoi rigpoaepomexaHiku CyMCBKOTO
nepxkaBHoro yHiBepcuteTy «lIpomucnoBa rigpaBmika Ta mHeBMaThka» (Cymw,
2015 p.); xoudepenmii HamioHaaTbHOTO YHIBEPCHTETY IHUBIILHOTO 3aXHCTY
VYkpainu «AKTyallbH1 TUTAHHS MaTePlaJbHO-TEXHIYHOTO 3a0€e3MeUeHHs ClyK00BO-
OorioBoi misutbHOCTI HarionameHoi TBapmii Yipaiam» (Xapki, 2015 p.); VI-i

MuixHapoaHii HayKOBO-NpakTU4HIA KoH(pepeHii «IIpobremu HamIiHOCTI Ta



JIOBrOBIYHOCT] 1H)KEHEPHUX CHOpYyA Ta Oy[iBedb Ha 3a1i3HUYHOMY TPAHCIOPTI»
(XapkiB, 2017 p.); xoHdepeniii HamioHanbHOro YyHIBEPCUTETY IIUBUIBHOIO
3aXUCTy VYKpaiHM «AKTyallbHI TIMTaHHS 3a0e3MledeHHsl ClIy)K00B0-00MOBO1
JISUTBHOCTI  BIMCHKOBUX (POpPMYBaHb Ta MPABOOXOPOHHMX OpraHiB» (Xapkis,
2018 p.); 79-it MixHaponHiii HayKoBO-TipakTH4Hii koH(pepenmii «[Ipodbmemu Ta
HEePCIEKTHBH PO3BUTKY 3aJII3HUYHOTO TpaHcnopty» (Juinpo, 2019 p.).
Iyoaikamii. BianosigHo 10 Temu gucepraiiii onmyOJikoBaHo 14 HaykoBHX
npaib, 3 AKUX IICTh cTated (qB1 Oe3 CHIBaBTOpIB) OMyOJiKOBaHO y (haxOBHX
BUIaHHAX, 3aTBepkeHnX MOH Ykpainu (oaHy CTaTTIO BKIFOUYEHO 0 MIKHAPOIHOT
HAYKOMETPUYHOT 6a3u SCOPUS), Ta BiciM Mpallb anpoOaIiifHoro xapakrepy.
Ctpykrypa Ta o0car aucepramii. /lucepraiisi ckiIaga€eTbCs 31 BCTYIY,
I'SITH PO3MIUTIB, BUCHOBKIB, CIIMCKY BUKOPHCTAHUX JUKepen, nonatkiB. [loBHui
o0cAr Tekcty aucepTarlii ckiagae 187 cTopiHOK, 0OCAT OCHOBHOT'O TEKCTY CKJIAJae
127 cropinok. Po6ora inmrocTpoBana 42 pucyHkamu, HaBeJieHO 24 TaOJIHIl, CIIUCOK

BUKOPHUCTAHUX JKepen BKirovae 153 HaliMeHyBaHHS, 4 JOJIaTKH.
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