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KpasBuenko C.O. «3a0e3neyenns pecypcy JAB3 muisixom 3acrocyBaHHs
AUCKPETHO—KOHTHHYAJBLHOI0 3MillHEHHSI PO0OYUX MOBEPXOHb». — Ha mpaBax
PYKOTIHCY.

Hucepraiiiss Ha 37100yTTS HAYKOBOTO CTYIEHS JOKTOpPA TEXHIYHMX HAyK 3a
cnemianbHicTiO 05.05.03 «/[BUryHu Ta eHepreTHYH1 yCTaHOBKW». — HanioHansHUM
TEXHIYHUH YHIBEPCUTET «XapKiBCbKUH MOMITEXHIYHUI IHCTUTYT», Xapkis, 2018.

VY nucepraniiiHiii poOOTI PO3MIISIHYTO aHAII3 TEHJCHI(T PO3BUTKY Ta YMOBHU
eKCIUTyaTalii JBUTYHIB BHYTDIIIHBOTO 3TOPSHHSA, 1X HaIpalifoBaHHSI 0
KaIiTaJbHOTO PEMOHTY Ta MPUYMHH BHUXOAY 3 Jany. Ilpu awnanizi marepiamiB
TEXHIYHOI JIiTepaTypy 3p0o0JCHO BUCHOBOK, 1110 HE3BAXKAIOYH HA JOTPUMAHHS YMOB
eKCILTyaTallii BUXOIU 3 JIaay BUCOKOHaBaHTaxkeHHX neraneit KILIM ta mumingpo-
MOPIITHEBOT I'PYIH BiIOYBAIOTHCA B HACIIIOK PI3HUX BUIIB PYHHYBaHHS: - KOPO3Ii,
epo3ii, KaBiTallli, cTapiHHS Marepiagy 1 Tak Jaji, ajieé HaWUMOIHUPEHINIIO
NPUYMHOIO TIOJIOMOK € 3HOIIYBaHHS poOOYMX MOBEpXOHB map Tepts. [IpoBeneno
aHaji3 BIMOMUX IH)KEHEPDHHMX pIillleHb TMIABUIICHHS HAIIHHOCTI  poOOTH
BUCOKOHABAaHTAXKEHUX JeTalield, 3po0JICHO BHCHOBOK, 1m0 pecypc B3 icToTHO
3QJICKUTH BiJl SKOCTI OTPUMaHHS POOOYMX IMOBEPXOHb JeTajield, B TOMY YHCII 1
napu «KOJIHYACTHH Bal-BKJIaAUI. Bigomo, 1Mo 1u1s miABUIIEHHS pecypcy poOoTH
BHCOKOHABAaHTAKEHUX Tap TEPTS BUKOPUCTOBYETHCS 0arato 1HKEHEPHUX PIIlEHb,
TaKUX, SK YJAOCKOHAJIEHHS KOHCTPYKIli By3na TepTs, BUOIp Marepiany, CIocio
BUTOTOBJICHHS 3aTOTOBKH, MOPSAOK BUKOHAHHS OTEpallii MexaHidHOI 0OpoOKH, a
TaKOX, CIOCI0O 3MIIIHEHHS pOOOYHMX MOBEPXOHB. PO3TISAHYTO iCHYIOUI METOAH
IHKeHepil poOouoi TMOBEpPXHI BHUCOKOHABAHTAKEHUX TMAp TEPTI 1 METOAH
MIJBUILECHHS X HAaAIMHOCTI Ta pecypcy. B Xoal DOCHIIKEHHS BU3HAYEHO, IO
ICHYIOU1 TE€XHOJIOT1] 3MIITHEHHS pOOOYNX MOBEPXOHD JIETANIEH MAIOTh Psii CYyTTEBUX
HEJIOMIKIB, SIKI HE MOKHA BHUPIIIUTH YEepe3 OCOOJMBOCTI iX TEXHOJOTIUHUX
npotieciB. [lopsiag 3 BENIMKUMH €HEPreTUYHUMHU BUTPATAMU, TPAAUIIIAHI TEXHOJOT1i
3MIIHEHHSI HE 3a0e3MeuyloTh HEOOXIHOTO pIBHS 3HOCOCTIMKOCTI Ta BTOMHOI

MIIIHOCT1 JeTajeil oJHO4YacHO. B OCHOBHOMY, BCl 11 TEXHOJIOTIYHI MPOILIECU
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3MIIIHEHHS TOB'SI3aHI 3 HarpiBaHHsAM MeTany neranl. Lle mnpuszBoauTe 10
3HEMILIHEHHS CEPLIEBUHU MeTaly AeTail, AedopmMallii Ta yTBOPEHHS TPILIUH.

JloTpumaHsT BUMOT, SKi TpeI SBISIOTBCS JO PECypcy poOOTH CydacHUX
BUCOKO(OPCOBAHUX JIBUTYHIB BHYTPIIIHBOTO 3TOPSHHSA MPU TOKPALIEHHI iX
eKCIUTyaTalllfHUX XapaKTepUCTUK,BUHUKJIA HEOOXITHICTh B YJAOCKOHAJEHHI Ta
po3po0Ili HOBUX TEXHOJOTIM 3MIIHEHHS, SIKI € MEHII EHEProEMHUMH,
EKOJIOTIYHUMH Ta CYTTEBO MIABUIIYIOTh pecypc HampamroBaHHs jaeranedi KIIIM.
Bupimennio 1iei mpobnemu 1 TpUCBAYEHA L JUCEpTaliiiHa poOoTa, e
PO3MIISTHYTO METOOJIOT10 (KOHIIEMI[IF0) CTBOPEHHS HOBUX Ta IMiJBUIIECHHS SIKOCTI
ICHYIOUMX TEXHOJOTIH 3MILHEeHHA map TepTs neraneil /IB3, mo maroTh Benuke
TepMOMEXaHIIHE HaBaHTAXKCHHS, TOJTITIIIICHHS ix TPUOOMEXaHITHUX
XapaKTEPUCTUK, 11O B KIHIIEBOMY IIJICYMKY CHpPHUSIE MiABUIIEHHIO HAIIMHOCTI Ta
pecypey pobotu JIB3 1 3a06e3nedye MOMUIIMBICTh 1X MOAanbiioro (GopcyBaHHS 3a
MOTYKHICTIO.

JIns TOCATHEHHsI 3a3HAYEHOI METH IIOCTaBJICHI TEOPETUYHI W TMpaKTHYHI
3aBJaHHs, IK1 BKIIOYaIOTh:

— po3poOKy, (GopMyIIOBaHHS Ta CHUCTEMATU3yBaHHS KOMIUIEKCY METOJIB
JOCIIJDKEHHS JJIsl YIOCKOHAJIICHHS 1ICHYIOUMX TEXHOJIOTIH 3MIIHEHHS IMOBEPXOHB
TEpTs HaBaHTaxeHuXx netaineit JI1B3;

— PpO3po0KYy KOMIUIGKCY MaTEeMaTHUYHHX Mojeleld (i3uKO-MeXaHIIHUX
IIPOIIECIB 3MIITHCHHS;

— MPOBEICHHSI KOMIT I0TEPHOTO MOJICIIIOBAHHS HAMNpyKXeHO-I1e()OopMOBaHOTO
CTaHy, TEPTs 1 3HOIIYBAaHHS 3MIIIHEHUX MTOBEPXOHb JICTAJICH;

— 37iiCHEHHs aHajii3y (I3MKO-XIMIYHOI CYTHOCTI TPOIECY AMCKPETHOTO
3MIITHEHHS, YIOCKOHAJICHHS TEXHOJOTIYHOTO OOJaJHAHHS Ta TOKpAaIEeHHS
MEXaHIYHUX BJIACTUBOCTEH 3MIIIHEHUX ITOBEPXOHb,

—Ha 0a31 MPOBEIECHUX AOCIIIKEHb 3alPOIIOHYBAaTH 1 OOIPYHTYBATH HOBUU
KOMIUIEKCHUM MeToJ OoO0poOKuM poOOYMX TMOBEPXOHb BUCOKOHABAHTAXEHUX

neranet /IB3, onHa 3 sSkUX 3MillHEHA METOJIOM JMCKPETHOTO 3MILIHEHHS, 1HINA —
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KOHTUHYaJIBHOI'O 3MIIIHEHHS, Ta 3alIpOINOHYBaTH HOBY Mapy TepTs Ha 0a3l LUX
METO/1B 3MIIHCHHS;

— 3JIIACHUTHU CTEHAOB1 €KCIIEPUMEHTAIbHI JOCHIKEHHS 13 BUKOPUCTAHHIM Y
napax TepTd KOMOIHOBAHOIO 3aCTOCYBAaHHSI 3alPONOHOBAHUX TEXHOJOTIH
3MILIHEHHS! pOOOYKX TOBEPXOHB B By3JaxX TEPTH;

— y3araJIbHUTH OTPUMaH1 pe3ysbTaTH Ta Ha Wi 0a3i 3anporoOHYBaTH IS
MaIMHOOYIIBHOT Trajy31 KOHKPETH1 MiAXOAW 0 MOJEIIOBAHHS 1 JOCTIIKCHHS
npoueciB 1 craniB getaneid J[B3 mpu iX NpoeKkTyBaHHI Ta BUTOTOBJIEHHI, a
TaKOK,3alIPOIOHYBATH HOB1 TEXHOJIOTIUHI PIIIEHHS 13 yJIOCKOHAJICHHS ICHYIOUHX
Ta PO3pPOOKH HOBUX TEXHOJIOT1H 3MIITHEHHS.

OO6'exToM JOCHIKEHHSI € (PI3MKO-MEXaHIuHl MPOLEeCH, SKI MPOTIKAIOThH Y
napax TepTs BUCOKOHABAaHTAXEHUX JeTallel ABUTYHIB BHYTPIIIHBOTO 3ropsiHHs. B
JTUCepTaIliiHiii ~ poOOTI  BHUKOHAHO  JIOCHKEHHS  TEXHIKO-EKOHOMIYHHX
XapaKTEPUCTUK 1 (I3UKO-MEXaHIYHUX MPOIIECIB JU3EIBHOIO JIBUTYHA: T1ApaBIidHI
1 MEXaHI4YHI TPOIECH  KPUBOIIMIIHO—IIIATYHHOTO  MEXaHI3My, PEKUMU
TEXHOJIOT1YHUX TIPOIECIB 3MIIHCHHS Ta iX BIUIMB Ha HAJIMHICTH POOOTH
BHCOKOHABAaHTAKEHUX neTanen KPUBOIIUITHO-IIATYHHOTO MEXaHI3MY,
TpUOOMEXaHIYHI BJIACTHBOCTI Ta HAMNpPYXKEHO-Ie(POpMOBaHUN CTaH 3MIITHCHHX
neraneit JIB3 Ta 3amporoHoBaHi HUISXW BAOCKOHAJICHHS ICHYIOUMX TEXHOJIOT1H
€JIEKTPOICKPOBOTO JIETYBaHHS 3 HANPSMKOM Ha 3MIIHEHHS O0OpOOIIOBaHUX
MOBEPXOHb Ta HAJIAHHAM IM HOBHX TPUOOTEXHUYECKUX skocteil. [IpoBeneni
pO3paxyHKOBI 1 MetanorpadiuHi JOCITIKCHHS B3aEMOJIi  JBOX 3MIITHCHUX
MIOBEPXOHb, OJJHA 3 SKWX 3MIIHEHAa METOJOM JHMCKPETHOTO 3MIIIHEHHS, a iHIma —
METO/IOM MIKPOAYTOBOTO OKCHIYBaHHS, IO3BOJIWIN 3pOOUTH BHCHOBOK TIPO Te, IO 1X
KOMOIHOBaHE BHKOPHCTAHHS y BY3JIl TEPTS CYTTEBO TOJIMIITYE YMOBU TPUPOOITKY
poOOUMX TIIOBEPXOHb JCTAlleH, CIHpHsE iX 3aaupo— Ta 3HOCOCTIHKOCTi. Jlis
BUKOHAHHS TEOPETUYHUX JOCHIIKEHb Oynu po3poOiieHi (i3MyHI Ta MaTeMaTHYH1
MoJien (PI3MKO-MEeXaHIYHUX TMPOIIECiB KOHTAKTHOI B3a€EMOJ1i 3MIIIHEHUX JeTalIei
KIIM. Jlns BupilmieHHS ITOCTaBJICHOI 3ajJadi 3aCTOCOBAHO METOJICKIHUCHHUX

€JEMEHTIB, SKMH Ha Iled dYac J0CAT JOCTaTHbOI TIUOMHU TEOPETHUYHOTO
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oOrpyHTyBaHH4. BiH peani3oBaHuil y BUMISIAI Cy4acHHX NPOrpPaMHHUX MaKETIB
(ANSYS, NASTRAN), ski MarTh MHPOKI (PYHKIIOHATBHI MOMIJIMBOCTI IS
noOy/I0BH CKIHYEHHO-EJIEMEHTHUX MOJIEJIE NpH MOJEIIOBAaHHI PI3HUX (H13UKO-
MEXaHIYHUX TMpoleciB. Y naucepTamiiiHii poOOTI BpaxoBaHa OCHOBHA 1ned
PO3IIMPEHOTO MAPAMETPUIHOTO MiIXOIY, SKa MOJIATAE B TOMY, IO peaTi3oBaHUuH y
cucremax CAD/CAM/CAE 3BuuaitHuii mapaMeTpUIHUN MiAXiA P BUKOPUCTAHHI
Crieliai3oBaHUX MOAYJIIB Moxe Oytu posmupenuid. Kpim Toro, 3acobu
CKiHUEHHO—CJIEMEHTHOTO MOJICITFOBaHHS IHTETPYIOThHCS B CUCTEMU
aBToMatu3oBanoro npoekryBaHHs (Pro/ENGINEER (Creo), CATIA, SolidWorks).
Ile mae 3Mory po3B’si3yBatu He TUIbKW 3amadi aHanizy HJIC, a # okpemi 3amaui
cunTedy. Takuii miAXi J03BOJISIE PO3TIISAATH OJHOYACHO [IEKUIbKAa BapiaHTIB
JOCJTIJPKYBaHUX 00'EKTIB.

PosrnstHyTo ymnciioBuii aHaii3 Hanpy>XeHo-1e(opMoBaHOTO CTaHy €JIEMEHTIB
B3aeMOJIIi UHKK KoiH4acToro Bany /IB3 ta craneantominieBoro Bkiaguma. [Ipu
pO3paxyHKax BpaxoByBajlacs CXema PO3MIIICHHS JUCKPETHO 3MIIHEHHX 30H Ha
Ul KOJIIHYACTOTO Baly, 1X XapaKTePUCTHKHU (JiaMeTp, TIUOWHA 3MIITHCHHS,
koedirieHT  aucCKpeTHOCcTi). Jlmsg  oTpUMaHHS ~ OCECUMETPHUYHOI  KapTHUHU
HaIpy>XeHO-e(OpMOBaHOTO CTaHyy 30HI JUCKPETHOrO 3MIIIHEHHsA Oyra
noOy0BaHa CKiHYCHO-eJIeMeHTHAa Moxaenb 3 1,5 mumH. By3miB Ta 403 THC.
eIeMeHTIB. 3 OTpUMaHUX pe3yibTaTiB BHIHO, IO mpodinb nepopmoBaHOT
MOBEPXHI CHPUATIMBUN JIsI pOOOTH y TPOIECi KOHTAKTHOI B3a€EMOJIii, OCKUIBKH
IpU [bOMY KOHTAKTHUN THCK TMEPEpO3MOAUIAEThCS, 30UTBIIYIOYNCh B 00JACTI
JIETOBAHOTO MaTepiany Ta 3MEHIITYIOYHCh TP BiamaneHH1 Bix Hboro. Lleit edexr B
nucepraiiinazBaanii «A—edext». Unm OumbImmii TUCK, TUM OUTbIe neQopMy€eThCs
TLIO JeTami, THM OUThIuil e(eKT mepepo3noalTy 3yCHIb KOHTAKTHOI B3aEMO/IIT B
Oik HAWOLIBIN MIIHOT JIISHKK CHOpsOKCHHSA. TakuM  9mHOM, «A—edekT»
XapaKTEepU3ye NMEePEPO3NOAiJI HABAHTAXKEHHS MK 30HaMH 3MIIIHEHHSI Ta OCHOBHUM
MeTaaoM. Po3paxyHKOBUM MUISTXOM OTPUMAHO Ta iHTETPATBHO MiATBEPIKEHO TPH
BUKOHAHHI EKCIIEPUMEHTAIbHUX pOOIT Ha Ja0OpaTOpPHUX MAallMHAX TepTH

2070 CMT-1 «o-edexr», sIKUil moJATae B TOMY, IO HPHU CYMICHOMY Jae(opMyBaHHI
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PO3ILIABICHOrO METay B IUCKPETHO 3MilHEHIH 30Hi (/[33) mpu 3acTUraHHi CTBOPIOETHCS
3AJIMILIKOBUI HAIPY>KEHUI CTaH, KU MPU CYNEPIO3UILIii 3 HAIPY>KEHUM CTaHOM BIJl Jiil
THCKY J1a€ e(DeKT 3MEHILIEHHS PIBHSI pe3yJIbTYI0UUX HarpykeHb. L1 pakTopu cTBOpIOIOTH
NO3UTUBHI TEHJIEHLIT B YChOMY Jiana3oHi TPUOOMEXaHIYHUX XapaKTEPUCTHUK Yy 30HI
KOHTAKTHOI B3a€MOJIIi JIeTayiel, OJIHa 3 SIKUX MOAU(]IKOBaHA METOJIOM JUCKPETHOTO
3MILHEHHS, a IHIIA — METOJOM MIKPOAYTOBOIO OKCHUAYBaHHS (KOPYHIYyBaHHSAM
MOBEPXHEBOr0 IMapy JAeTami). 3 aHalidy OTPUMAaHUX pe3yJabTaTiB BUAHO, IO B
00JacTl JAMCKPETHOrO 3MILIHEHHS CIOCTEpIraeTbcs OUIbII BUCOKUN PIBEHb
KOHTAKTHOTO THUCKY, HiJK B 00JIaCTI KOHTAaKTy 3 OCHOBHMM Matepianom aertani. Lle i
niaTBepauiocs A 1 ¢ epexkramu. Y auceprauiiHiii poOOTI PO3TIASHYTO MUTAHHA
($13UKO—XIMIYHOT CYTHOCTI polecy JUCKPETHOTO 3MIITHEHHS
BUCOKOHABAaHTAKEHUX TIOBEPXOHb IIMHOK  KOJIIHYACTOTO Baly JBUTYHIB
BHYTPIIITHBOTO 3TrOPSIHHS Ta BIUIMB ITi€l TEXHOJOTIi Ha iX MEeXaHI4H1 BJIACTUBOCTI.
JlocnipkeHo YMHHHUKH, $KI BIUIMBAIOTH Ha MPOIEC AUCKPETHOTO 3MIIIHEHHS.
Posrnsnytnit 'y aucepTamifiHiii  poOOTI cmoci®  AUCKPETHOrO  3MIIIHEHHS
BIJIPI3HAETHCS BT BIJOMHUX THM, IIIO €JICKTPOPO3PS 3AIHCHIOETHCS TIPHU 3ITKHEHHI
aHoJla 3 TOBEPXHEI0 JeTajl, IHIIMMHU CJOBaMHU TMPOLIEC BKIIIOYAE EJIEMEHTH
TOYKOBOTO 3BapIOBaHHA. Y pe3ysIbTaTi 3MIMHIOETHCS PoOOYa MOBEPXHS JETalll Ta
BiIOyBa€ThCsSl TOKpAIICHHS TPUOOTEXHIYHUX XapaKTepHCTUK Mapu TepTsa. [lpu
IbOMY OYJIM YJAOCKOHAJEHI PEXUMHU 1 TEXHOJOTIYHI MPUCTOCYBAHHS TEXHOJOTIT
JUCKPETHOTO  3MIIIHEHHS,  PO3TJSHYTI  TUTaHHA  BHOOPY  €JIEKTPOJIHUX
MaTepialliB,Bii HYOrO 3aJeKaTh XapaKTEPUCTHUKU 3MIIHEHOTO IIapy, HOTO
MIKpOCTPYKTypa Ta XIMiYHUWA ckiaaj. Ha migcraBi BHKOHAHHUX JIOCTIIKEHD
TEXHIYHOI JIITEPATYpPH 1, BAKOPUCTOBYIOUU PE3YNBTATH POOIT IHCTUTYTY MpoOIeM
Marepiano3HaBctBa M. .M. @®panunesnua HAH VYkpainu, OyB BcTaHOBIEHUM
mopsAoK (ha30BOro mepexoiy CJIEMEHTIB KaToja Ha IOBEPXHIO aHoda (Ierali).
3riHO BEIMUMHU epo3il XIMIUHI €JIeMEHTH PO3TaIlIOBYIOTECS B TAaKOMY Topsiiky Sn— Cd —
Pb—Zn— Al- Ag—Cu—Ni—Co—Fe—Mo—W. Take po3rainryBaHHs JIEMEHTIB JTi€ 1 TIpH

BUKOPHUCTAaHHI1 €JIEKTPOIIB HIIIOrO XIMIYHOT'O CKIIAT.
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Po3poOneni B aucepTamiiiHii poOOTI MiAXOAM, KOHUEMNUIsA, METOAH Ta
MOJZIeNIl € METOJAOJIOTIYHOK 0a3010 Il BHUPILIEHHS MPAKTHUYHUX OpoOIeM MpH
CTBOpPEHHI, MojepHi3alii Ta QopcyBaHHl cydacHux JIB3 13 miagBUIIEHUMH
TEXHIYHUMHU XapaKkTepUCTUKAMHU HAJIIHHOCTI, pecypcy  pobotu  Ta
TprOOMEXaHIYHUMH XapaKTEPUCTUKAMH.

3a yyactio ¢axiBuiB Il «3aBox im. B.O. Manumesa» ta [THIABK ¢dipmu
«TABI» noonpainboBaHO TEXHOJIOTiUHE O0JIaHAHHS, 32 OCHOBY SIKOTO Oyia B3sTa
yctaHoBka «Jluckper-04», po3poOieHa B I1HCTUTYTI NTPoOOJEM MIITHOCTI IM.
I'.C. Ilucapenka HAH Vkpainm Ta BHOpOBaIKEHO Yy BUPOOHUUTBO (MpHU
BUTOTOBJIEHHI 1 peMoHTi) /IB3 Meroauky 3MillHEHHsSI poOOYUX MOBEPXOHb IIUHOK
KOJIIHYACTUX BaliB (30Kpema, TUCKPETHE 3MIIIHEHHS Ha 0a31 pO3BUTKY TE€XHOJIOTT
€JIEKTPOICKPOBOI'O JIETYBaHHsI), IO TOPIBHSHO 13 TPaAUIIMHUMHU TEXHOJIOTISIMH
7170 3MOTy ITABUIIUTH PECypc KOJIHYACTUX BajiB TEIUIOBO3HUX AU3EIIB y 2-3
pasmu.

Pe3ynbTaTi HAyKOBHUX JOCIIKEHb y3arajbHEH1 Ta Ha ix 0a3i po3poOJeHO
peKoMeHaaIlli o0 BIPOBAHKEHHS PE3YJIbTaTiB POOOTH y MPAKTUKY HAYKOBO-
JOCIITHAX 1 JOCTIAHO-KOHCTPYKTOpCchkuX pooiT y JAIT « XKB/» (M. XapkiB) Ta y
BUPOOHUIITBO NpHu BUTOTOBIEHH] au3eniB Ha [I1 «3aBox im. B.O. Manumesay, a
TaKO)X BUKOPHUCTOBYIOTBCS MPHU MPOBEJCHHI HAYKOBUX JTOCITIKEHb Ta MiATOTOBII
daxiBiiB Ha kadeapi IBUryHH BHYTPIIIHBOTO 3ropsHHs HTY «XIII».

Kurouosi cioBa: KomOiHOBaHe 3aCTOCYBaHHS TEXHOJIOT1 KOHTUHYaJTIBHOTO
Ta JUCKPETHOTO KOHTHHYaJIBHOTO 3MIITHEHHS, Mapy TEPTs, TUCKPETHE 3MIIHCHHS
KOPIHHUX Ta MATYHHUX ITMHOK KOJIHYACTUX BAIB, 3MIITHEHHS aHTU(PUKIIHHOTO
nIapy CTaJeaFOMiHIEBUX BKJIAJIUIIIB 13 afoMiHieBoro cmasy AMO1-20 meTomom
MIKpPOJIYTOBOTO OKCHTyBaHHS.

Cnucok nyoaikauii 3000ysaua 3a memor oucepmaui .
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ABSTRACT

Kravchenko S.A. "Ensuring the resource of the DWR by applying
discrete-continual technologies for strengthening the working surfaces' -
Manuscript.

Thesis for the degree of Doctor of Technical Sciences in specialty 05.05.03 -
Engines and power plants. - National Technical University "Kharkov Polytechnic
Institute”, Kharkov, 2018.

In dissertation work the analysis of tendencies of development and
conditions of operation of internal combustion engines, their work up to overhaul
and reasons of failure are considered.In the analysis of materials of technical
literature, it was concluded that despite the observance of operating conditions,
failures of high-loaded parts of the KSHM and cylinder-piston group occur in the
investigation of various types of destruction: - corrosion, erosion, cavitation, aging
of the material, and so on, but the most common cause of failure is wearing of
working surfaces of friction pairs.The analysis of known engineering solutions for
increasing the reliability of work of high-loaded parts has been made, it is
concluded that the life of the internal combustion engine depends essentially on the
quality of obtaining the working surfaces of the parts, including the pair of
"crankshaft"”. It is known that in order to increase the work life of highly loaded
friction pairs, many engineering solutions are used, such as improving the design
of the friction unit, the choice of material, the method of manufacturing the
workpiece, the procedure for performing machining operations, and the way to
strengthen the working surfaces.The existing methods of engineering of the
working surface of highly loaded friction pairs and methods of increasing their
reliability and resource are considered. In the course of the study, it was
determined that existing technologies for strengthening working surfaces of parts
have a number of significant drawbacks, which can not be solved due to the
peculiarities of their technological processes. Along with high energy costs,

traditional hardening technologies do not provide the required level of wear
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resistance and wear resistance of parts at the same time. Basically, all these
technological processes of strengthening are associated with the heating of metal
parts. This leads to a deterioration of the core metal details, deformation and
formation of cracks.Responding to the requirements imposed on the resource of
modern high-speed internal combustion engines. There was a need for
improvement and development of new technologies of strengthening which are
less energy intensive, ecological and significantly increase the resource of working
out of parts of the CS.This dissertation is devoted to this problem and discusses the
methodology (concept) of creating new and improving the quality of existing
technologies for strengthening the friction pairs of parts of the ICE, which have a
large thermomechanical load, improve their tribomechanical ones, which
ultimately contribute to the increase of the reliability and life of the work of the
ICE and provides the opportunity their subsequent jerking on power.To achieve
this goal, the following theoretical and practical tasks have been set, which
include: - development, formulation and systematization of a set of research
methods to improve the existing methods of strengthening the surfaces of friction
of loaded parts of the ICE;- development of a complex of mathematical models of
physical and mechanical processes of strengthening; - computer simulation of the
stress-strain state, friction and wear of reinforced surfaces of parts; - to carry out
the analysis of the physical and chemical nature of the process of discrete
strengthening, technological equipment and mechanical properties of reinforced
surfaces; on the basis of the performed researches, to propose and substantiate a
new complex method of processing the working surfaces of high-loaded parts of
the ICE,one of which is strengthened by the method of discrete strengthening, the
other - continual strengthening, and to offer a new friction pair based on these
methods of strengthening; - to carry out bench experimental research using friction
pairs of combined technologies for strengthening working surfaces in friction
units; - to summarize the obtained results and on this basis to offer for the
machine-building industry specific approaches to modeling and researching the

processes and conditions of the parts of the ICE in their design and
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manufacturing.To propose new technological solutions for improving existing and
developing new technologies of strengthening.

The object of research is the physical and mechanical processes that occur in
the friction pairs of high-loaded parts of internal combustion engines. In the
dissertation work the research of technical and economic characteristics and
physical-mechanical processes of a diesel engine was performed: hydraulic and
mechanical processes of the crank mechanism, modes of technological processes
of strengthening and their influence on the reliability of work of high-loaded parts
of the crank mechanism,tribomechanical properties and stressed-deformed state of
the strengthened parts of the ICE and proposed ways to improve the existing
technology of electrospray doping with a focus on strengthening the surfaces to be
treated and providing them with new tribotechnical qualities.Computational and
metallographic studies of the interaction of two reinforced surfaces, one of which
were strengthened by the method of discrete strengthening, and the other by the
method of microarc oxidation, allowed to conclude that their combined use in the
friction unit significantly improves the conditions of elasticity of the working
surfaces of the parts, promotes their close-up and wear resistance.To perform
theoretical studies, physical and mathematical models of physical and mechanical
processes of contact interaction of hardened parts of the CM were developed.To
solve the problem, a finite element method has been applied, which at this time has
reached a sufficient depth of the theoretical substantiation. It is implemented in the
form of modern software packages (ANSYS, NASTRAN), which have wide
functional capabilities for the construction of finite element models in the
simulation of various physical and mechanical processes.In the dissertation work
the basic idea of the expanded parametric approach is taken into account, that the
usual parametric approach implemented in CAD / CAM / CAE systems with the
use of specialized modules can be expanded. In addition, finite element modeling
tools integrate into automated design systems (Pro / ENGINEER (Creo), CATIA,
SolidWorks).This allows us to solve not only the problems of the analysis of the

SSS, but also individual synthesis problems. This approach allows to consider
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simultaneously several variants of investigated objects. The numerical analysis of
the stress-strain state of the elements of interaction between the neck of the
crankshaft DSI and the steel-aluminum insert is considered in the following. In
calculations the scheme of placement of discretely strengthened zones on the neck
of the crankshaft, their characteristics (diameter, depth of hardening, coefficient of
discreteness) was taken into account. To obtain an axisymmetric picture of a stress-
strain state in the discrete hardening zone, a finite-element model with 1.5 million
nodes and 403 thousand elements was constructed. From the obtained results it can
be seen that the profile of the deformed surface is favorable for work in the process
of contact interaction, since the contact pressure is redistributed, increasing in the
area of the doped material and decreasing in the distance from it. This effect in the
dissertation is called "A-effect”. The greater the pressure, the more deformed the
body parts, the greater the effect of redistribution of the efforts of contact
interaction towards the strongest linking area. Thus, the "A-effect” characterizes
the redistribution of the load between the reinforcing zones and the base metal. The
calculation is obtained and integrally confirmed during the experimental work on
laboratory friction machines 2070 SMT-1, "o-effect”, which consists in the fact
that with the joint deformation of the molten material of the remote-sensing device
at the cooling, a residual stressed state is created, which, when superposition with a
stressed state from the action of pressure gives the effect of reducing the level of
resulting stresses. These factors create positive tendencies in the whole complex of
tribomechanical characteristics in the area of contact interaction of parts, one of
which was modified by the method of discrete hardening, and the other by the
method of microarc oxidation (corundum of the surface layer of the part). From the
analysis of the obtained results it can be seen that in the field of discrete
strengthening there is a higher level of contact pressure than in the field of contact
with the main material of the part. This was confirmed by A and o effects. In the
dissertation work the questions of physical and chemical essence of the process of
discrete strengthening of high-loaded surfaces of crankshaft necks of internal

combustion engines and the influence of this technology on their mechanical
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properties are considered. The factors influencing the discrete strengthening
process are investigated. In the dissertation paper, the method of discrete hardening
differs from that known by the fact that the discharge is carried out when anode
collides with the surface of a part, in other words, the process includes elements of
spot welding. As a result, the working surface of the parts is strengthened and the
triboration characteristics of the friction pair are improved. At the same time, the
modes and technological adaptations of the discrete strengthening technology were
improved, the issues of the choice of electrode materials were considered. On this
depends the characteristics of the strengthened layer of its microstructure and
chemical composition. On the basis of performed researches of technical literature
and using the results of the Institute of Problems of Materials Science. IM
Frantsevich of the National Academy of Sciences of Ukraine, the order of the
phase transition of the cathode elements to the surface of the anode (details) was
established. According to the size of the erosion, the chemical elements are
arranged in such order Sn - Cd - Pb-Zn- Al-Ag-Cu-Ni-Co-Fe-Mo-W.
Such arrangement of the elements also works with the use of electrodes of another
chemical composition. The approaches, concepts, methods and models developed
in the dissertation are a methodological basis for solving practical problems in the
creation, modernization and modernization of modern ICEs with increased
technical characteristics of reliability, work life and tribomechanical
characteristics. With the participation of specialists of SE "Plant them. VO
Malyshev "and the PNDVK of" TAVI "company have refined the technological
equipment, based on which the installation" Diskret-04 "was developed at the
Institute of Problems of Strength. G.S. Pisarenko The National Academy of
Sciences of Ukraine and introduced into the production (at manufacturing and
repair) of ICE a method of strengthening the working surfaces of crankshaft necks
(in particular, discrete strengthening on the basis of the development of technology
of electrosurgical alloying), which, in comparison with traditional technologies,
made it possible to increase the life of the crankshafts of diesel diesel engines in 2 -

3 times.
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The results of scientific research are generalized and on the basis of them are
developed recommendations for the implementation of the results of the work in
the practice of research and development work in the State Enterprise "HKBD"
(Kharkiv) and in the manufacture of diesel engines at the State Enterprise “Zavod
im. VO Malyshev "(Kharkiv), and also used for scientific research and training of
specialists with higher education at the department of internal combustion engines
NTU "KhPI".

Keywords: Combined application of technologies of the continual and
discrete continual strengthening, friction pairs, discrete strengthening of the radical
and connecting crankshaft of the crankshafts, strengthening of the antifriction layer
of steel aluminum inserts from the aluminum alloy AMO1-20 by the method of
microarc oxidation.
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