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JTOCJII)KEHHSI TAPAMETPIB TEXHOJIOI'Ti BZIHOBJIEHHSA JIETAJIEN IIJIACTUUYHUAM
JE®OPMYBAHHAM

VY Ham yac icHye moTrpeba B YAOCKOHAJCHHI CHUCTEMH TEXHIYHOTO OOCIyrOBYBaHHS arpOHNpOMHCIOBUX
MiANPUEMCTB. 30UIBIICHHA PECypcy MAallMH € MPIOPUTETHUM 3aBAAHHAM Taly3i TEXHIYHOTO OOCIYrOBYBaHHS.
Po3pobka nporpecuBHUX TEXHOJOT1H PEMOHTY TEXHIKHU € IEePIIOYEPrOBUM 3aBAAHHIM JJIs HAIIOT KpaiHu.

JloCSITHEHHST BHCOKOTO PIiBHS HAJAIIHOCTI Ta JOBrOBIYHOCTI 00JNaJHAHHS MOXKINBE TUIBKH Uepe3 KOMIUICKCHE
BUDIIICHHS 3aBJaHb Taly3i TeXHIYHOro oOciayroByBaHHs. IloTpiOHI CydacHI BHCOKONIPOIYKTHBHI Ta
pecypco30epirarodi TEXHOJOTIi BiJHOBIEHHS pecypcy oOJIalHAHHS, PEMOHTY MallMH Ta BIJHOBJICHHS 3HOLICHHX
Jeraneil.

BukopucranHs MeTOZiB IIacTHYHOI nedopmalii B Mpolecax BHUTOTOBICHHS Ta PEMOHTY JAeTalieil MaIiuH
JI03BOJISIE OTPUMYBATH BHCOKOsIKiCHE Ta epekTuBHE hopMmyBaHHs. [Iponecu miactuunoi gedopmarii npu BiZHOBICHHI
3HOIIEHHWX JeTaleldl MaroTh OOMEXEeHe 3acTOoCcyBaHHS. ICHye morpeda B IOCITIKEHHSIX 3aCTOCYBAHHS IUIACTHIHOL
nedopmarii y BiTHOBIICHHI KOHKPETHUX JIETaJICH.

IlecTepeHHi HacCOCH € BaYKJIMBOIO YaCTHHOIO TiIPaBIiYHUX cucTeM MamuH. OCHOBHI HECIIPaBHOCTI arperaris
TiIpaBiIivyHOI CHCTEMH: HaiHHA B 00'€MHIi e(QeKTHBHOCTI, NOTIPIICHHS KEpyBaHHS Ta MOPYLICHHS pEryJIIOBaHb
arperaty. HeoOxiTHO po3poOUTH ONTHMAIILHY TEXHOJIOTIIO BiTHOBJICHHS BTYJIOK.

VY craTTi NpenCcTaBICHO aHalli3 YMOB EKCIUTyaTallii MIECTEPEHHMX HACOCIB Ta XapaKTepHUX JC(PEKTIiB i 3HOCY
BTYyJOK. Lle mokasye, 110 3HOMICHI BTYJAKH MOXHA BiTHOBHTHU. bynu po3pobieHi pobodi iHCTPYMEHTH AJIs1 BUKOHAHHS
IIpoLeCy BiAHOBICHHS 3HONIEHUX BTYJIOK

OOTpyHTYBall PEKUMH BiTHOBJICHHS BTYJOK Ta 3allpONOHYBAIM PEXKHAM TEPMIYHOI OOpOOKH: IITydHE
BUTPUMYBAHHS MpOTsAroM 6 roguH 3a Temmepatypu 180°C. 3pobieHO BHCHOBOK NPO MOJMIIMBICTD BHUKOPHUCTAHHS
IUTACTHYHOT IeOpMAIlil U1 BiTHOBICHHS BTYJIOK.

KumrouoBi cioBa: Hacoc, pecypc, CHpsDKCHHS, BTYJKA, BiTHOBJICHHS, JOBIOBIUHICTb, 3HOIIYBaHHS, 00’eM,
IUTaCTHYHE eopMyBaHHS, po3ada, 0Ca/KyBaHHSI.

BCTYII

Benmka KiTbKicTh JeTaneld CillbChbKOrOCIOAaPCHKOT TEXHIKH, 30KpeMa, arperaTiB TiIpaBliYHAX CUCTEM
JBUTYHIB BHYTPIIIHBOIO 3TrOpPaHHSA, MpPALOE B yYMOBaX JOBOJI JKOPCTKHX LUKJIIYHUX HABaHTa)KEHb Ta
IHTEHCHBHOTO TepTs. Tomy, po3poOka TEXHOJOTIYHHMX TIPOIECIB BiTHOBIEHHS PO3MIpiB Ta 3MIIIHEHHS
MOBEPXOHb CaMe€ TaKUX JETalei BUIAETHCS OJHUM 13 BAXKJIMBUX IUISAXIB Y JOCATHCHHI BHCOKOTO PIiBHS
JIOBrOBIYHOCTI meraneii [1,2].

Metoa mmacTHYHOTO JAeOpMyBaHHS AJs BIIHOBJICHHS 3HOLICHUX JeTaled CUIbCHKOrOCIOAapChKOT
TEXHIKH (OPMYE 3HOCOCTIHKY TOBEPXHEBY CTPYKTYPY, MPAKTUYHO BHUKIIIOYAE YTBOPEHHS 30HU TEPMIUYHOTO
BILTUBY. JI0 TOTO 7k Ma€ BUCOKI €KOHOMIYHI Ta €KOJIOTIYHI MapaMeTPH TEXHOJIOTIYHOTO MIPOIIECY.

[Ipu po3poOdui mporeciB TIacTUIHOTO nedopMyBaHHS: po3aadi abo Oca/pKyBaHHS JeTaleld THUILY
BTYJIOK Hac LIKaBUTh XapakTep Aedopmauii npu npoMy. BaxknuBumu € naHi npo HarpykeHo-aepopMoBaHui
CTaH Marepiany jeranedl (3aroTOBOK) Ta BIUIMB Ha HBOTO PI3HUX MapaMeTpiB PeXHMY TEXHOJOTIYHOTO
mnpotecy [8].

TexHOJOriyHUK MpoLEeC OCA/KEHHS BTYJOK MOJSrae y KOMIIEHCAlii 3HOIIEHOrO IIapy Marepiaiy
3MEHIIICHHSIM BUCOTH BTYJIKH. TOMy, NMpH OCaJDKyBaHHI JeTaled THITy BTYJIOK OCOOJMBO BAKIMBHM €
BUSIBJICHHS XapaKTepy 3aJIeKHOCTI 3MiHU 00’ €My BTYJIKH BiJI 3MIHU MapaMeTpiB 0OpOOKH.

Hnst mociikeHHs xapaktepy Aedopmalii, XapakTepy 3aJeXHOCTi 3MiHM HOro BiJ 3MiHU MapameTpiB
00poOKkK ametanedl mpu 3AiMiCHEHHI MPOLECIB IUIACTHUYHOTO Je(POPMYBaHHS MOXKYTh BHUKOPHUCTOBYBAaTHCS
pI3HOMaHITHI METOJH: AaHANITHYHI, EKCIIEPUMEHTAIbHI, IMITallIfHOrO MOJIENOBaHHI. 3 TOYKU 30py
e(eKTHBHOCTI Ta TOYHOCTI HaWKpalle 3apeKOMeHAyBanu ce0e KOMOIHOBaHI EKCIEPHUMEHTaJIbHO-
po3paxyHkoBi meronu [2,14]. Bce Buiie ckazaHe oOyMOBIIOE aKTYalbHICTh MPOBEACHHS OCIiIKECHHS
XapakTepy 3aJIe)KHOCTI 3MiHH 00’ €My BTYJIKH BiJl 3MiHH IIapaMeTpiB 0OPOOKH MPH OCa/KYBaHHI JieTanel.

AHAJII3 JIITEPATYPHUX JAHUX TA IIOCTAHOBKA IMPOBJIEMH

BupimenHto 3aBaaHp MiJIBUIICHHS HAJIMHOCTI AeTajell MalliH MPUCBAYCHA BEIMKA KUIBKICTH POOIT
BUJATHUX BYCeHUX. Han MOCHIKEHHSIMH BITHOBJCHHS HAIIMHOCTI JeTajeldl MaIlMH Mpaioe 0OaraTo
HAyKOBIIiB, a TAKOXK 1HKEHEPIB-TIPAaKTHKIB. JloCipKeHHS 0a3yI0ThCs Ha aHAi31 TEOPETUKO-PO3PAXYHKOBHX
JOCHIPKEHb T2 BUMPOOOBAaHHI pe3ybTaTiB Ha MPAKTHUIII.
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JliteparypHi Kepena MICTITh JaHi, SAKI TPYHTYIOTRCS Ha PE3ylbTarax TCOPETUIHHX,
eKCIIepUMEHTAIBHUX JOCIIHKEHB 1 Ha TOCBII €KCIUIyaTallii JeTalei MaIiH.

Y nmiTepaTypHHX JDKepelax € BeJNWKa KUIBKICTh pe3YyJlbTaTiB MPOBEACHUX JOCTIIKEHb TI0
BUKOPUCTAHHIO METOAIB IUIaCTUYHOro AedopMyBaHHS y MammHOOynyBaHHI. [lepeBakHO BHCBITIIOETHCS
BUKOPHCTAaHHSI TEXHOJOTIM OOpOOKM 13 3aCTOCYBaHHSIM IIACTUYHOTO JAe(OpMyBaHHS OKPEMHUX BHUIIIB
JeTaneil mpu iX BUTOTOBJIIEHHI. 3aCTOCYBAaHHS X IUTACTHYHOI MedopMariii y raixy3i TEXHIYHOTO CEpBicy MpHU
BiJTHOBJICHHI JIeTaJell MallllH BUCBITIICHO, HA HAIIy JYMKY, HEIOCTATHBO.

[Tnactrane nedopMyBaHHS MOKHA 31MCHIOBATH Yepe3 PiI3HOMAaHITHI CXeMHU HaBaHTa)KCHHS JAETaJei.

[luTanHss AOCHIMKEHHS MIMHOCTI, IDIACTUYHOCTI, TMOIIKO/KYBaHOCTI MaTepialmy I d9ac
nehOopMyBaHHS, OLIHKH HAIPYXEHO-Ie(OPMOBAHOTO CTAHY PO3IIISIIAIOTHECS Y BEIUKIM KUIBKICTI HAYKOBHUX
pooiT

Han BuBdeHHSAM TpHOO(I3MIHUX OCHOB IMIIBHINEHHS HATIHHOCTI MOOITEHOI CiLTBCHKOTOCIIONAPCHKOI,
ABTOTPAHCIIOPTHOI TEXHIKH Ta PO3POOKOI0 TEXHOJIOTIH BiTHOBIICHHS Mpalftoe npodecop Aynin B.B. [11].

HocnimpkeHHsIMA HEMOHOTOHHOI TacTH4HOi Aedopmarlii B mpouecax oOpoOKH MeTalliB THCKOM 3
METOI0 OTPHMAaHHS OI[iHKM Hampy>KeHO-7eOpMOBAHOTO CTaHy Aeraneil 3aiimarotees P. . CuBak, B. A.
Oropoanikos, T. ®@. Apximosa [1,12,14,15].

HaykoBui Mateuituyk B. A., Muxanesny B. M. y cBoixX mpansx AOCHiIKyBall MEXaHi3M PO3BUTKY
MIPOIIECIB TOKATBHOTO JMe(OPMYBaHHS 3arO0TOBOK. Takoxk po3poOwim KpuTepii oriHIOBaHHS 1e()OPMOBHOCTI
MaTepiaidy 3aroTOBOK IPH MPSMOMY i 3BOPOTHOMY BHTHCKYBaHHI METOJIOM IITaMITyBaHHS OOKOYYBaHHIM
MeTaJieBHX 3pa3kis [1,2,11].

Bu3HaueHHSIM 3aNMIIKOBHX HAaNpyKeHb Yy IUIACTHYHO JAe(OpMOBaHMX JETalsiX 3alMaroThCs
Baxpymesa B. C., Mamum O. /1., I'py3in H. B. Ta inmi mayxosmi [13].

JocnipkeHHST 1O 3MII[HEHHIO TOBEPXHEBUM  IUIACTHYHUM  JAe(DOpPMYBAaHHSIM  IMIIHAPHYHHX
JOBIOMIpDHUX JleTajeld, 30Kpema CTabimi3aTopiB KONICHUX Bi3KiB 3aJi3HMYHHMX BaroHiB TPOBOJATH
Adranasis 1., llleuyk JI., Ctporan O. [2].

[IuTaHHSMH MiABHUINEHHS pecypcy 3HOIICHWX JeTajedl THIy BTYJIOK IIITXOM BiOpamiiHOTO
negopMyBaHHS YCIIIIHO 3aiiMalOTHCs HAYKOBII mKonu nmpodecopa Jdynnikosa A.A. [9,10].

OpHuM i3 HallMEHII BWUBYECHUX MHUTaHb Yy Teopil Ta MPaKTUKA BHUKOPUCTAHHS IUIACTHYHOTO
nedopMyBaHHS 3aIMINAETHCS BUBYEHHSI XapakTepy Aedopmariii mpy BiTHOBIEHH.

META TA 3ABJAHHSA JOCJIIAKEHb

Mertoto gaHoi poOOTH € BHBYCHHS Xxapakrepy Jjaedopmarnii Tpu BiJHOBIEHHI IUIACTHUYHUAM
nehopMyBaHHSIM BTYJIOK IIECTEPEHHUX IIECTEPEHHUX HACOCIB. [ 11bOro HEOOXiaHO:

- TOCTIANTH YMOBU €KCILTyaTallii HacOCiB, XapakTepHUX Ae(eKTiB i 3HOCIB BTYJIOK HACOCIB;

- IPOBECTH aHai3 METOJIIB BiTHOBJICHHS 3HOIICHUX BTYJIOK;

- po3pobuty pobodi iIHCTpYMEHTH AJis AePOpPMYBaHHS BTYJIOK;

- PO3TJISHYTH 3MIITHEHHS TIPH JIe()OpMyBaHHI BTYJIOK;

- OOTPYHTYBATH PEKUMHU BiTHOBICHHS BTYJIOK.

PE3YJIbTATHU JOCJIIIKEHHSA

IllecTepeHHi HACOCH € YaCTWHOIO TiAPaBIIYHAX CHCTEM MAaIlWH. [IpH3HAYEHHS MIECTEPEeHYACTOrO
HACOCY - HAarHiTaHHA Ta TMepeKayyBaHHS poOOYMX piAMH, TEPEeBAKHO MiHEpaJbHUX Maceln. BoHu
BCTAHOBJIIOIOTHCS Y MeXaHi3MaX pyJbOBOTO KEPYBaHHS, MPHUBOMAIB KEPYBaHHS NPUYIMHUMH Ta HaBICHUMH
3HAPSSIMU TPAKTOPIB, IOPOXKHIX Ta IHIIMX MamuH [3].

[lpuHnun nii: B Kopmyci Hacocy Beoyda Ta BEJEHa IIECTEPHi, SKi MalOTh OJIHAKOBI JIOBXKMHH,
3HaXOJATHCS B 3a4eIUICHHI 3 MIHIMaJbHUM 3a30pOM. BOKOBI CTIHKH KOPITyCY HPWIATAIOTH JIO TOPIEBHX
MOBEPXOHb IMX wIecTepeHb. [Ipum pobOTi Hacoca, piAMHA, MIO MEPEKAYYETHCS, 3aMOBHIOE BIAAMHU MIiX
3yOLsIMH LIIECTEPEHb, MEPEMIIyeThCsI 3 MOPOKHMHM BCMOKTYBAaHHS 10 BHYTPIIIHIM MOBEpXHI Kopmyca y
MOPOXXHHUHY HATHITAHHSI.

OCHOBHHMH HECIIPAaBHOCTSIMU arperaTiB TiIpOCUCTEM €: TIaJIiHHS 00'€MHOTO Koe(illieHTa KOPUCHOT il
HIDKYE 32 HOPMY, 3a3HaYCHY B TEXHIYHHWX YMOBaX, MOTIpIICHHs yNpaBliHHS, HASBHICTH TPAHWYHUX 3HOCIB
Jetaneld, TOPYIIEHHsI peryitoBaHb arperaTiB. OCHOBHI BWJIM 3HOINYBAaHHS JeTajel rijpoarperaTiB —
aOpa3uBHHI Ta rijipoabpa3uBHUI. 3HOIIYBAHHS JeTaJICH Ta CTAPIHHS I'YMOBHX YIIUILHEHb ArPeraTis i By3IiB
Be/Ie 10 BMHHKHEHHS 30BHIIIHIX | BHYTpILIHIX NPOTiKaHb PoOOYOi piIMHM, Yepe3 W0 Majaae o0'eMHUit
Koe(iieHT KopucHoi aii [4,7].

HecmpaBHOCTI arperaTiB TiApOCHCTEMHU BHSBIISIOTEH ITEPEBAXKHO IaTHOCTYBAHHSAM, TaK K PO3OHUpaHHS
HETaTHBHO BIUIMBAE HA TEPMETHYHICTH 3'€IHAHb, | 3HIDKYE IOBIOBIYHICTH arperariB. TexXHIUHU#N cTaH
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HACOCIB TepeJ PEMOHTOM BH3HAYAIOTh BUIPOOYBaHHSAM Ha CTEHAaxX. SIKIIO miJ dYac BUNPOOyBaHHS
koedimienT moaayi Hacoca mentire 0,65, To HacOC PEMOHTYIOTH [5, 6].

[llecTepeHHi MacisHi HACOCH THUIy MAlOTh 3HOIIYBAaHHS CTIHOK KOJIONS3IB KOpIyca 31 CTOPOHHU
KaMepyd BCMOKTYBAHHS B 3€IHAHHSIX 13 MIECTEPHSIMHM, BTYJIKAMH, OMOPHOIO MOBEPXHEIO IMiJ BTYJIKAMH |
MTOBEPXHIMH ITiJT YITUTHHIOBAIEHOIO MamkKeTor0. Kpim Toro, MOXyTs OyTH TPIIIMHA 1 PAKOBHHU Ha TIOBEPXHI
JeTayel, a TakoX 3puB a00 3HOCH Pi3pOW miJl OONTH KPIIUIEHHA KPUIIOK Ta MPHETHYBAIHHUX My(]T 10
kopiryca. OCHOBHI 3HOCH BTYJIOK: 3HOC MOBEpPXHI TOPIS, fKa MPAaIlO€ B CIPsDKEHHI 3 IIECTEPHEI0, 3HOC
BHYTPIIIHBOI IIIIHAPUYIHOT TMOBEPXHI, 3HOC Maiol HWIIHAPUYHOI TMOBEPXHI XBOCTOBWKA BTYJIKH, 3HOCH
BEJIMKOI IIMTIHAPHYHOT MOBEPXHI | Majol TOPIEBOI MOBEPXHi B CIPSDKCHHI 3 YIIUILHIOBATBHOI MaHXETOHO
Ta KOPITYCOM.

Hamu Oymo mpoBeieHO A0CTiKeHHs (30KpeMa, MikpoMeTpak) 10 map BTYJIO0K MO 3HOCY 30BHILTHBOT
Ta TOPIIEBOI MOBEPXOHb. B pe3ynbTaTi 1bOr0 BHUABWINA HANOIIbIE 3HAYCHHS 3HOCY CIPSDKEHHS TOPIEBHX
MMOBEPXOHb BTYJIKM Ta mectepHi. Ha pucynky 1 mpuBeneHa niarpama pes3ynbTaTriB MikpoMeTpaxy 20 1mir.
BTYJIOK HACOCIB IO 30BHIIIHBOMY JiaMeTpy. A pUCYHOK 3 - jiarpama 3HOCY MOBEpPXHI TOPIS 3HOIICHUX

BTYJIOK.

Pucynok 1-30BHIlIHI# BUIJISIT 3HOIIEHUX BTYJIOK Ta CXeMa MIKpOMETPaKy
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Pucynok 2 — Pe3ynbratu MiKpoMeTpaxy 3HOILIEHUX BTYJIOK HACOCA IO 30BHILIHBOMY JiaMeTpy

Brynku mectepeHHOro Hacocy CHpuiiMaloTh K abpa3WBHE, Tak i TEIUIOBE 3HOLIYBaHHsA. TernoBuit
3HOC € HACNiJKOM BiJHOCHUX TEpeMillleHb CIPSHKEHUX MOBEPXOHb 3 BEIUKUMH IIBUAKOCTSIMH. [lapa TepTs
IPY LBOMY CIIPHHMMAE 0 3HAYHOTO MUTOMOTO HABAHTAKCHH.

Ilpu mocsrHenHi temmeparypi tepts 300°C i BHIE MOYMHAETHCS CYTTEBE 3HIKCHHS MIIIHOCTI
pOOOYHX MOBEPXOHb BTYJOK. TO/i TEIIOBE 3HONIIYBAHHS XapaKTEPH3YEThCS KOHTAKTHHM CXOILTIOBAHHSM 1
IUTACTUYHUM PYHHYBaHHSIM MTOBEPXHI 3 HATUIIAHHAM 1 PO3MHUBAaHHSIM METaly Ha MOBEPXHAX TEPTSL.

VY pasi iIHTEHCUBHOTO PO3BUTKY 3HOCY 3 YTBOPEHHSM 3aIUpiB 1 HATUPAHb AIIOMIHIIO Ta HAJUIIAHHS
M'SKHX 4aCTOYOK aJIFOMIHII0 Ha CTaJIbHI IIECTIPHI, 3pOcTae KOSDIIieHT TepTs. A 1ie MOXKE CTaTH MPUUUHOIO
3aKJIMHIOBAHHS 1 BUXOAY 3 Jaly CHPSDKEHUX AeTaneit
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Pucynok 3 — Jliarpama 3HOCY TIOBEpXHi TOPIIS 3HOMIEHUX BTYJIOK
B pesynbrari HammMx AOCHiIKEeHb AIWIIIN 10 BUCHOBKY, L0 CEpelHiil 3HOC BHYTPILIHBOTO JiaMeTpy

Brynku ckmagae 0,14...0,21 MM, 3HOC 30BHINIHBOTO [iamerpa BTyinku craHoButh 0,08...0,16 mw.
Criocrepiraethcsi KOHYCHICTh 30BHIIIHBOTO JiaMeTpa BTYJIOK B Mexax - 0,02...0,03mm.

158 CYYACH! TEXHOAOM B MAWWHOSYAYBAHHI TA TRPAHCMOPTI, 2025, Ne2 (25)



© IBankosa O. B., ®enin B. O. 2025

HaiiGinpI iHTEHCHBHO 3HOITYBAaHHS BiIOYBAETHCS Y CIPSDKEHI «TOPEIh MIECTEPHI - TOPEIb BTYIIKW,
ajie 3a YMOBH HasSBHOCTI aBTOKOMIICHCAITIi TOPIIEBUX 3a30piB BiH HE YHHHUTH 1ICTOTHOTO TUIMBY Ha 3HIKCHHS
KoedilieHTa moJayi Hacoca.

SKicTh BiTHOBIIGHHS BTYJOK MAlOTh Oe3mocepenHiii BIUIMB Ha POOOTO3MATHICTH 1 JOBTOBIYHICThH
[IeCTepPiHIaCTOr0 HAacOCa IMiCIs PEMOHTY.

€ Jexinpka Croco0iB BIJHOBICHHS BTYJIOK NIECTEPIHYACTOr0 Hacoca: 1- meperuiaBieHHsM, 2
HapOIIyBaHHM, 3 - IUTACTUYHUM AedopmyBaHHsM [8,9].

Crioci6 BiTHOBIIEHHS TIEPETUIABICHHSM BTYIIOK 3 BHOpaKyBaHHX 3apa3 IMHPOKO BHKOPHUCTOBYETHCS,
ajie Ma€ HEJOJIKW: CYTTEBI BUTpATH €HEprii Ta Ha MeXaHIuYHy oOpoOKy meperiaBieHoi BTynku. [lig gac
NepeIUIaBiIeHHs] BUTOPAIOTh JIETYI0Ul €IEMEHTH aJTIOMIHI€EBOTO CIUIABY, B PE3yJIbTaTi MOPYIIYETHCS XiMIYHUH
CKJIaJ], TOMY LeH crociO He MOKEMO BBKATH MPOTPECUBHHM.

HapormryBanHs 3HOIIEHHX BTYJIOK MOKHA BHKOHATH: TaJbBAaHIYHHUMHU ITOKPHTTSIMH, HOKPHTTIM
nojliMepaMu, MiJHEHHSIM, TepMoAn(y3iiiHOI0 MeTawi3ali€lo, a TaKoXXK METOJIOM JIOJATKOBUX DPEMOHTHHX
JieTanei.

BinHoBneHHs neTaneil METONOM IUIACTHYHOTO aehopMyBaHHS TPYHTYEThCS Ha iX 3TaTHOCTI
3MiHIOBaTH (popmMy 1 po3Mipu 3a paxyHOK Nepepo3mnofiny MeTany aeranmi. Llmmu meromamu gerami
BiIHOBJIIOIOTH SIK B XOJIOAHOMY, TakK i B rapstuomy crani [8,15].

CyTb crioco0y oca/KyBaHHS 3aKIIFOUAETHCS B KOMITCHCAIIIT 3HOMICHOTO IIapy MaTepiary 3MEHIICHHIM
BHCOTH BTYJKHA. BHUCOTYy BTYyTKH MOMJIHBO BIJHOBUTH a0O TIOCTAHOBKOIO ANIOMIHIEBOI ImaiOum, abo
3MEHIITUTH BUCOTY KOJIOJISA31B KOpITyca.

OcamKkyBaHHS BTYJIOK TIPOBOAUTHCS Ha riapaBiigunoMy npeci [1474b npu tucky P=430...450 MIla i 3
BUTPUMKOIO BTYJKH IIiJl THCKOM mnporsroMm t=2..3 c. Ilepen oca/ukeHHSM BTYJIKH HarpiBaloTh M0
temmepatypu T=450...500°C, Tak sk axrominieBuii cruiaB AMO-7-3 (ISO 209-1) npu xononHii nedopmarrii
Ma€ CXWIBHICTD O PO3TPICKyBaHHS.

[lepeBaru: mopiBHSHA NMPOCTOTAa BUKOHAHHS 1 HE3HAYHI 3aTpaTH IOMOMIXKHOTO Mertamy. Hemomiku:
moTpebda y T0MaTKOBiH alFOMiHI€BIN 11aii01, a TAKOXK MOTIPIICHHS MEXaHIYHUX BIACTUBOCTEH TTOBEPXOHB, IO
OyJH BiJTHOBJICHI.

B mporeci ocamkyBaHHS BCepelHHI BTYJIKH TOBHHEH OYTH IHMIIHAPUYHOI (OPMH IyaHCOH ISt
00Me)XeHHS TIepETIKaHHS MeTaTy y BHYTPIIIHIO TOPOXKHHUHY.

[Ticns ocamkeHHs] BHYTPINIHINA AiaMeTp BTYJIKH NOBUHEH OyTH 0OpOoOJieHHH CIielialbHUM JJOPHOM J10
noTpiOHOrO PEeMOHTHOTO po3Mmipy. Ilicis BOro BTYJIKA BCTAHOBIIOETHCS Ha CIELIANbHY ONPAaBKY TOKAPHO-
rBUHTOpI3HOTO Bepcrara 1K62, e mpoTouyeThest 30BHILIHS MOBEPXHS Ha 10 HEOOX1THOTO po3Mipy

dopma i po3Mipu BTYJNOK 1 IJTACTUYHI BIACTUBOCTI MeETalliB, i3 SKHX BOHU BUTOTOBIICHI,
JI03BOJIAIOTh BUKOPHCTOBYBATH OKpeMi He po0OodYi MOBEpPXHI UM CHElialbHO MepeadadeHi Alisl 3amacy
MeTaJla IPY BiTHOBIEHHS X METOJOM IDIaCTUYHOTO AedopmyBanHs. OO’ €M MeTally JeTali 3aJIUIIA€ThC
MTOCTIHHIM.

BuBuenns xapakrepy aedopmaltlii npu BiTHOBICHHI

HaBanTakeHHs, sIKi JiFOTh HA 00’ €KTH, SBISIFOTH COOOI0 Cruii ab0 mapu cuil (MOMEHTH), SIKi MOXYTh
pO3TIsAaTHCS SIK 30cepekeHi a00 pO3MO/IiIeHi.

Tax sik y mpupoi 30cepe/KeHUX cuil He OyBae, yci pealibHi CHITH - 1I€ CHIIH, PO3IIO/IIJICHI 32 JIEIKOI0
ioiero abo 00'eMoM. 3ocepe/KeHi, Ta pO3IOALICHI HABAaHTAXKECHHS MOXYTh OYTH SIK CTATHYHHMH, TaK 1
JIMHAMIYHUMU.

3aKkoHM 3MiHM HAaBAHTAKEHb Y Yaci MOXKE MaTH JIyXKe CKIIaJHui xapakTep. [12,14].

Ilpu o0poOIi MeTanmiB THCKOM BiIOYBAa€ThCsS 3HAYHA 3MiHAa PO3MIpPIB JIETali, IO MOSCHIOETHCS
BUHHUKHEHHSM Aedopmariii. [Ipu ibomMy nmoBHa nedopmaris BU3HAYAETHCS SIK CyMa Majux Aedopmariiii 3a Bech
mpoiiec aedopmartii.

[lpu BigHOBIEHHI MyCTOTLNIOrO 3paska aedOpMaIliifiHUi CTaH XapaKTEePU3YEThCS TPhOMa TOJIOBHHUMU
nedopmanismu: 1BomMa aedopMaLisiMA CTUCHEHHSI B paJiallbHOMY HalpsMKYy 1 AeopMalii€lo po3TsaryBaHHS B
OCBOBOMY HAmpsIMKy. XapakTepHUM Uil JIAHOTO TMIporecy JjaedOopMyBaHHS € piBHICTH JedopMariil sKi
BUHMKAIOTH B paJlialibHOMY HanpsiMky [12,13].

IIpu pospaxyHKy cymapHoi aedopmariii 1Mo NmepeTHHy BUKOPHCTOBYETHCS 3aKOH IOCTIMHOCTI 00’eMy
[7,13,14]:

V:do'Do'Iozdl’Dl'll, 1)
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ne dy, D,,l, - BigmosinHo BHyTpimHiii, 30BHILIHI AiamMeTp i JOBXKHMHA 3pa3ka J10 Aedopmallii;
d,, D,, |, - signosinuo BuyTpimmiii, 30BHimHii KiameTp i noBkKMHA 3paska micis Aedopmaltii.
B xomi po3pobkm mporecy (opMo3MiHM 3pa3ka BH3HAYAIOTHCS 3aralbHAN (CyMapHa) CTYHiHB
nedopmanii. Ilpu npoMy TOuHE pilIeHHS MOXHa OTPUMATH MPH BUKOPHCTaHHI 1HTErpaJbHUX MOKAa3HHKIB
crynenss aedopmaniii. OcHOBHa mepeBara LUX MOKa3HUKIB CTYNEHS B TOMY, 1[0 BOHM HPOMOPILiiiHI

(hopMO3MiHU OKpEeMHX OOCHTIB 3pa3Ka i MOXKYTh JOJABATHCS, IO JO3BOJISIE MiApaxyBaTH 3araibHy CTYITiHb
nedopwmariii. Jlorapudmyroun B HaTypadbHUX JIoTapumu piBHAHHS (1) omepxuMo:

Ini+ln&+lnl—1:0 , (2)
dO DO IO
e
d, tdd
In—lzj——gl.
d, H d
D,
In&:_“d—D—g2
D, 2 D
d

Orxe & +&,+¢&,=0.

3 piBHsHHA (2) BWIUTMBAaE, IO IHTETPANTBHUN IMOKAa3HWK CTYIeHS JedopmMarii Omucye mpolec
(hopMO3MiHU TEXHOJIOTIYHOI omepallii CTHCHEHHS.

3aranpHy (CyMapHy) CTyHiHb Jedopmalii Mo MO3I0BKHBOMY TMEPETHHY 3pa3ka 3HaXOJUMO 3
PIBHSHHS:

E,=& e, e+ tE ©)

ne &,,E5,E3,&; - iHTErpalibHi CTYIIeHI AeopMallii OKpeMUX MepeXxoIiB.

MaxkcuManbpHAN CTYIiHB AedopMartii, I KOPOTKHX 1 CEpeIHIX MO JOBXKHHI BTYJIOK (JIOBXHHA SKUX
He mepeBumye 1,5 - 2 miamMerpiB), MOKHA BHU3HAYUTH 3 YMOBH, IIO OCHOBI CTHCKAalO4i HAIlPpyrH B HE
neGopMOBaHOI YaCTUHH 3pa3Ka HE TIOBUHHI MEPEBHUIIYBAaTH MEXIi MPOMOPIIHHOCTI MeTaly, TOOTO MOBHHHA
CTIpaB/IKyBaTHCS PIBHICTE:

O-Z:Eéo-db' y (4)

A€ O, - 3HAYCHHS OCbOBO1 HAIIPpYTH,

O,; - MeXa MpOoNopLiHHOCTI 00pOOIIOBaHOTO 3pa3Ka.

no
[Tpu nmopyuieHHi i€l piBHOCTI 1 3pocTaHHI OCHOBOI HANPYTH JI0 3HAYEHHS, PIBHOIO MEXi TEKy4OCTi,
TTOYHETHCS] OOTUCHEHHS 3pa3Ka.
IIpu oOpoOui BTYNOK, HOBXMHA SAKHX MepeBuiiye 1,5 - 2 30BHIIHBOrO AiaMeTpa, HEOOXiTHO
BPaxoBYBaTH CTIHKICTh 3aroTOBKHU. [ Iboro BUKOpUCTOBYEThCA (hopmydna Eitnepa, 1m0 Bu3HaYae 3HaUECHHS
KPUTHYIHOT CHJIH JIJISl TIOPOXKHBOTO CTEPIKHS, SIKHH MIIA€THCSI OCbOBOMY 3/1aBIIFOBAaHHIO [ 16]:

_ﬂz-E-O

TRy ®)

ne Py - 3HaueHHsS KPUTHYHOT CHIIM, TIPH SIKiM NpsiMOITiHilHa GopMa piBHOBaru CTep kKHs riepectae 0yTn
CTIHKOIO;

E - Mmonyne npysxHOCTI;

¥ - MoMeHT iHepLii HonepevyHoro NepeTUHy CTEPKHS;

K - KoehiIlieHT TOBKUHH, IO 3aJI€XKHUTh BiJl XapaKTepy 3aKpillJIEHHS KiHIIIB CTEP/KHS;
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| - po3paxyHKOBa TOBKHHA CTEPKHS (0OPOOIIIOBAHOI BTYIIKH).

VY 1pOMy BHIAAKY MaKCUMaJIbHUM CTYIiHb AedopMallii BU3HAYUMO 3 YMOBH, 110 3yCHUILIA aehopMariil
HE MOBUHHO MEPEBUILLYBATH KPUTHYHOT CHIIH Py.

[lepen mouaTkoM BHKOHAaHHS omepamii MiacTU4HOI Aedopmanii BTYJIKH HArpiBalOTh B My(QenbHil
enextporedi MII-8 no remmnepatypu 380°C, n100 301TBIINTH IIIACTHYHI BIIACTUBOCTI METANY 3 IKOTO BOHH
Burorosieni (cmwias AMO-3-7 cuctemu Al-Cu-Sn).

OBI'OBOPEHHS PE3YJIBTATIB

BceranoBieno, mo Anms OBOTO CIUTaBY MiHIMajdbHAa TBEPIICTh 1 BIAMOBiAHA i MakcUMallbHA
IUIACTUYHICTh, TPU SKUX TOTPIOHO poOMTH TUIacTHYHY JnedopMariito, mepebyBalOTh B IHTEpBaJi
temneparypu 450-500 °C.

[Mnactuune negopmyBaHHS.

[licns HarpiBaHHS BTYJIOK MAaciSHHUX HACOCIB MPOBOIWTHCA iX Oca/pkyBaHHA Ha mpeci. Jms mporo
HarpiTy BTYJKY MOMIIIAIOTh B MONEpeAHbO MiAirpity Ao temmeparypu 100-120 °C matpumio. IToTim B
TOPII BTYJIKH 3 OOKY TOpIS MIECTEPHi, 310paHUMH B KaceTy NMyaHCOHAMH, BUAASIOTH KOJOJA31 y BUTIISI
pamiatopa (puc. 4).

2
.
Y
4&{ [ <4
g
@ ;
=3
& [e>]
2 -
a 0

Pucynok 4 — Cxema nedopMyBaHHS BTYJIKH: a - 3i0paHi B KaceTy IIyaHCOHH, O - IyaHCOH;

[Ticnst mpoliecy MIacTUYHOTO JeopMyBaHHS MNPOBOAMTHCS INTy4YHE cTapiHHsg [17] mpotsrom 6
rogud npu Ttemnepatypi 180°C, uyuMm nocsraerbcs MakcHUMajbHa TBEpAICTb Martepiany. Brus
TEMIIEpaTypH CTapiHHS Ha TBEPAICTh BiIHOBJICHUX BTYJIOK IIOKa3aHO Ha pHUC. 5.
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Pucynok 5 — BruiuB TemnepaTypu cTapiHHS Ha TBEPAICTh BiTHOBJICHHUX BTYJIOK

AmHami3ytoun rpadik MOXEMO 3pOOHWTH BHCHOBOK IIPO ONTHMAJIbHI TEMIIEpaTypH BHTPHUMKH
(cTapiHHS) BiIHOBIEHHX BTYJIOK: ONTHMAIBHUMY € TeMmiepaTypu Big 100 1o 200°C.
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BUCHOBKH

OTxe, cTATTIO MU MPHUCBITHIM aHAIi3y XapakTepy aedopmaiii Ipyd BiIHOBJICHHI ILIACTHYHHM
negopMyBaHHIM BTYJIOK HIECTEPEHHUX HACOCIB, B Pe3yJIbTATI:

1). mpoBenu aHami3 yMOB pOOOTH MACIISTHUX HACOCIB, XapaKTepHHUX JAe(EKTIiB 1 3HOCIB BTYJIOK
MacCJISTHAX HAcOCiB MTOKA3ye, 0 3HOIIEHI BTYJIKH MOKYTh OyTH BiTHOBJIEeHi. MakcuManbHHAN 3HOC CKiIaB 148
MKM.

2). BU3HAUWIIH, IO HAHOLIBII MEPCIIEKTUBHUM METOJIOM BiJIHOBJICHHS 3HOLICHUX BTYJIOK € TJIACTUYHE
nedopMyBaHHS.

3). po3pobmnu pobodi IHCTPYMEHTH st 1epopMyBaHHS BTYIIOK.

4). pO3IIISHYNIW BIUIMB 3MII[HEHHS Ha (i3MKO-MEXaHiYHiI BJIACTHBOCTI METAJIB: IPOBEICHUMH
JOCHIPKEHHSIMA BCTAHOBJICHO IO TBEPAICTH AeOPMOBAHOrO IIApy BiJHOBIEHOI BTYNIKU ckiaagae HB 450 -
550 MIla.

5). oOTpyHTYBald PEKHUMHU BiTHOBIICHHS BTYJOK: Ha OCHOBI pe3yJbTaTiB 3alpOMOHYBAIH DPEXKUM
TepMiuHOi 0OpOOKHM - IITydHE cTapiHHA ONpoTsIrom 6 rogu npu Temmeparypi 180°C, uum mocsraerbes
MaKCHMallbHa TBEPAICTh MaTepiamy.

6). 3poOMIM BHCHOBOK MpO Te, IO CMOCi0 miacTu4Hoi aedopmariii i BiTHOBICHHS BTYJIOK
MaclITHUX HAacOCiB Ha PEMOHTHHX MiANPUEMCTBAX MOXXHA BHKOPHCTOBYBATH JJISl  IMiJIBUIICHHS
MICISIPEMOHTHOTO PECYPCy HACOCIB.
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0. lvankova., V. Fedin. Research of parameters of the technology of restoration of parts by
plastic deformation

Nowadays, there is a need to improve the technical maintenance system of agro-industrial enterprises.
Increasing the service life of machines is a priority task of the technical maintenance industry. Developing
progressive technologies for repairing machinery is a priority task for our country.

Achieving a high level of reliability and durability of equipment is possible only through a
comprehensive solution to the tasks of the technical maintenance industry. Modern high-performance and
resource-saving technologies for restoring equipment life, repairing machines and restoring worn parts are
needed.

The use of plastic deformation methods in the processes of manufacturing and repairing machine parts
allows for high-quality and effective shaping. Plastic deformation processes in the restoration of worn parts
have limited application.There is a need for research into the application of plastic deformation in the
restoration of specific parts.

Gear pumps are an important part of hydraulic systems of machines. The main malfunctions of
hydraulic system units are: a drop in volumetric efficiency, deterioration of control, and violations of unit
adjustments. Wear of pump bushings leads to a drop in volumetric efficiency, deterioration of control, and
violations of unit adjustments. Wear of pump bushings leads to a drop in volumetric efficiency, deterioration
of control, and disruption of unit regulation. It is necessary to develop an optimal technology for bushing
restoration.

The paper presents an analysis of the operating conditions of oil pumps and the characteristic defects
and wear of bushings. It shows that worn bushings can be restored. Working tools have been developed to
carry out the process of settling worn bushings.

To carry out the process of sedimentation of worn bushings, working tools were developed. We
substantiated the modes of restoration of bushings and proposed a heat treatment mode. Artificial aging for
6 hours at a temperature of 180°C. It was concluded that plastic deformation could be used to restore
bushings.

Keywords: pump, resource, bushing, recovery, durability, wear, volume, plastic deformation,
distribution, sedimentation.
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