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ai EOPAIiEM RAGCMUNNUEN DedopMySINIRAN GRONIOEUT ERVIOK poinediteiozo caay asmonotin KPAS.

Chmpaniantl 3QRONGMIPRACHTT IMINK MACH FCVNVIROZ0 BA MOPelh Gponsosol aniiaky Memany 3a Yioeu eapiayil kinkic-
HIMU IHANERHEML Kymia vy podouol nogepxil nvancona ma 3Vewnns dedopayveanin mpu setmaliniil ma aidpayitinig
nagemuitl dedropuanil RIGMEepAR M e REPESAZY MEXNOROT SIOPayiinGeao aldnosTenin GPONIOEUX FIVIOK Gaio-
MOBABIHUY dEnaVIE.

Fa ROPISIEALNMMY PETVILM AN DOCTIORCENNA MIKPOCMPVERVEU PODOYIE ROREPEONL DPONIORUEX SIVAOK RO
iRy AGUSVIIE FaTiayena, wio npn aidueetennd makuy demarell eiapaniiiney naacmusanny deopuyeaiosm, nosepy-
HeRa INTYHENa CIRPYKIMVPG clmac GLibl dpibuozeprucmoin ma Mac Gisiy coivRine pienonipioc & Ropienannt 31 16u-
At macisioi dedhopnayione mari spaikie. F00TReNA 2 RIGCMUENO20 deopyeania RpUIeouns oo
AOATMKOROZ0 TSN IPUKORMAKIMIGEY GION0CHD 00pofseainozo ICmpyenmy wapie potoyoel norepxul Gponzoeol
sk 3a yuosy sacmaecyeaing sifgpayitinel iaacmuunod deghoprail maxi npoyecy sidGvemiomeen 3 Glsen inmen-
CURRICHIG.

Kuwwosi caesa: sifpayiiine dediopuyvaanns, QemoMoflanild deuzyn, Manotydyeaing, Gponiosa anvisg, nac-
Muiiemp, Hococmiicicms, aldhnostenis, Rigenuna degopuayia.
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RESEARCH ON THE INFLUENCE OF PLASTIC DEFORMATION ON THE WEAR RESISTANCE
OF BRONZE BUSHINGS IN AUTOMOTIVE ENGINES

The scientific publication presents the results of a study on determining the influence of plastic vibration deformation
of bronze bushings of automobile internal combustion engines during their vestovation. The main attention of theoretical
and experimental research is paid to improving the components af the technalogy for restoring antomobile engine
parts by methods of vibration plastic deformation and studying the mechanical praoperties of the working surfaces of
restored parts of such automaobile engines. Based on theoretical and experimental research, mechanisms for increasing
the wear resistance of the working surfaces of bronze bushings of the gas distribution system of automebile engines
are propased as the application of vibration plastic deformation of the surface laver of bronze bushings. A series
af experimental studies was carvied out during the vestoration of bronze bushings af the KRAZ vehicle camshafi by
vilwation plastic deformation.

The obtained regularities of the change in the mass of the metal shifted to the end of the bronze bushing under the
condition of varving the quantitative values of the angles of inclination of the working swrface of the punch and the
deformation force during conventional and vibrational plastic deformation confirm the superiority of the technologies of
vifwrational restovation af bronze bushings of automobile engines.

Aceording ta the comparative results of the study of the microstructure of the working surfaces of bronze bushings of
autamobile engines, it is noted that when restoring such parts by vibrational plastic deformation, the surface strengthened
structure becomes finer-grained and has a greater degree of uniformity comparved to conventional plastic deformation of
such samples. An increase in the depth of plastic deformation leads to additional strengthening of the lavers of the working
sirfiace af the bronze bushing in contact with the tool being processed. When using vibrational plastic deformation, such
processes occur with greater intensity.

Key words: vibration deformation, awtomobile engine, mechanical engineering, bronze bushing, plasticity, wear
resistance, recovery, plastic deformation.

Mocranorka npoiaemu

Pisenb TEXHIMHOTD CTAHY BAHTAWHOTO Td CHSLIANIE0EAHOND ABTOMODLILHOMG TPAHCTIOPTY BHPODHHYHX NIANPHEMCTE,
L0 BHEOPHCTORYETLCH JUTA NEPEBS3CHHS JHAYHOT KINBKOCT] BAHTAKIE, MOBIIHED BHIHAYATH CTYNEHEM TEXHIYHOT CrIpas-
HOCT] Tid ERCTTyaTaliinoel HanifiHocT] BY3MiE | arPeraris TAKHX Matinig.

Binnosiguo, 0cnMeHA, CKCNSPHMEHTANEHA NEPEBIPKE T2 BHPOOHHYE BNPOBATHKCHHA HOBHX TEXHONOIUHHX ITPO-
HECIE MO0 PEMOHTHOID BUIHOBIEHHA, A TAKDH BHIOTOBICHHA JSTANCH Jac 3MOry NIABHIIHTH CTYNIHE HaZIHHOCTI Ta
TEPMIH MIXPEMOHTHOM BHKOPHCTAHHA aBTOMODUIEHOTD TRAHCTIOPTY.

3 ypaxyBaHHAM CYYACHHX BOKKHX YMOB BHEOPHCTaHHS aBTOMODLNE, 3YMOBISHHX B TOMY YHCII | BOEHHEM CTAHOM,
OCOMIHED BAHTIRHNX, NPHIBOIHTE 10 3HAYHOTO 30IILINCHHA BUTPAT HA BUIHOBNCHEA aBTOMOOLNIE A8 (PIHAHCOBHX, TAK
moacsknx pecypeis [1].

MocgnHEG 3aYBOKETH, 0 B CYUacHOMY apTonMobinetyayeannl Bee GiNBMIOND MOMWHPEHHA HabyBae BHROPHCTAHRA
feTancil, BHroTORIEHHX 3 KOIEOPOBHX METAME 1 cnnasis. BinoMo, mo takl geran npH BUKOPHCTAHHI ¥ BYIIaX T4 arpe-
rarax apToMobUTEHOMG TPAHCHOPTY BHTPHMYIOTE SHEUHI MHTOMI JIHHAMIYHI T2 CTATHYHI SHAKOIMIHH] HABAHTAMRCHHA Ta
HPAIIOTE TPH BHCOKHE WBAAKOCTAX. BinkmicTs Takux getaneil Bxonani v dopyi OpoH30BHX NIMHNTHAKIE KOB3AHHA
tuny aprynkay [2]. TIpHEnanoyM BHEOPHCTAHHA ONHCAHHX KIHEMATHYHHX NEP, WO BHKOPHCTOBYIOTE OPOR30B] aeTani,
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€ MIIIHTHRKN KOB3AHHA B POMOAIEINN BATAX MEXAHIIMY Ta30POINoAiny Ta DiTMHITHEKH KOBIAHHA B TYPOOHAIYEI
CHCTEMH 3a0e3NeueHA NOBITRAM JBHTYHE BHY TPIIHLOTO 3TOPAHHA,

Ha ocnosl BHpoDHHTOT NEPeBIPKH MEXAHIMHHX BIACTHBOCTEN PoboMHY MOBEPXOHL OPOHIOEHX AeTaNneH, 1o BIIHOB-
nenl abo 3MILHEH] NTPH BHTOTORICHH] BIOPaUiiinaM nIacTHYHHM 1ehOpMyBaHHAM, MOKIHED SAMPONOHYBATH TAKY TeX-
HOIOTTHD BIAHOCHO OPOHI0OEHX BTYIOK, 10 BHEOPHCTOBYIOTECA B AETOMOGIILHHX JABHTYHAX.

Ananis ocTannix gocairkent i nviaikanii

Bigomo, o BHKOpHCTAHHA BIOPAUIHHX KOMHEAHE Ta NAacTHYHO! Achopyanll ¥ AKOCTI CKIaI0BHX TEXHOMOTTHHHX
NpOUEciE BITHORISHHA NPOCTOPOEBHX (OPM Ta 3MIMHEHHA pod0uHY NOBSPXOHEL TETANSH THITY «BTYIKAY, | B PEMOHTHOMY
BHPOGHHITEL, | TPH BHTOTOBICHH] HOBHX, Jaf 3MOTY OTPHMATH CYTTER] NEPERAri B NOPIEHAHAL 3 3araNbHONOIHPEHIMH
TPAINUIHHAME MeTOgaMi 00po0KH Ta BHIOTORNCHHA TAKHX OCTANSH, 10 BUKOPHCTOBYIOTLCE B MAITHHODYYBAHHL.

BignocHo cyuacHRX J0CHLEKEHE 3 2001 TEMETHEHR, TO J0CHIMEHNA eRCnepHMenTAnLHOrD XapakTepy [1], npen-
CTABICH] AK PC3yILTATH BUBMCHHA BILTHEY MaacTH4HO] AedopManii Ha MINHICTL, Ha POSPHE 1 BTOMHY J0BTOBIMHICTE
npn Kpyuennl oponsosoro cnnasy CuSn7ZndPb7. Takl pocnimgenns cnpaMoBail Ha CHCTEMATHIAUIN PI3HHX BHIIB
NOMEWEREHE TPH MIacTHUHli qedopyanil, 3 ypaxyBanuaM pliHnx koMoinamiit nnactinurol gedopuanil Ta HaBgaHTa-
wens, Jogarkoso Oyno po3manyTo MiEpocTpyRTYpY Actopsmosanoro matepiany [ 1] 3 nepepipxoio Ha BIANOBIAHICTE
cTaHgapTaM GpoHIn. A B HAIIOMY BHNAJAKY NPOMOHOBAHO AOCTIIKYEATH NIACTHYHY Ac(OPMALIG 9K €IEMEHT TeX-
HOMOMYHOTD DPOUECY 3 BIIHOBICHHA MEOMETPHYHEX (HOPM 1 po3MIpIE OPOHI0BHX AeTaleH asToMO0LIEHHX IBHTYHIB
Get pyiiHyBaHHA.

Pesyanrati aocnlienns IMogo naacTHanol aedopyanii tTa Sponsosoro nokprtTa [2] Mose eleKTHEHD BHRKOPHCTORY -
BATHCE NPH MOKPAIICHH 3 €JHanHA BTynka-gan. Hanecenns na nonepennso HacHYeHHH BYTTIEUEM LEMEHTOBAHHA 1ap
M AKOrO AHTHPPHELTHOCO Wapy, B TOMY 9HC1 3 0008 au0l DPOHIN, 136 3MOTY DIBHLITNTH BETOMHY MINHICTE BEITY.

¥ npaui [3] posrasaacTeCA Ta NPONOHYETLCH CTPATENA «BHYTPIIHLOTPAHYIAPHOD YILTpananoocamsennay. Mera —
OB CHABHE MIACTHMEALIA 3 0IHOYACHHM IMILHeHHAM nomkpactamvanx crnasis Cu. [pr upomy, 5a TeepIaennam
ARTOPIE, BHYTPIHLOMPAHYIAPHA THCIEPCIA YILTPAHAROMACTHHOK NABMIIYE MIACTHHYHICTE CIany onos’ auoi SpoHsH Ha
poaTar Olnem HiE y 2 pain, a Tapok ma 20%% nigEHIYe MINHICTE CIIARY.

ArTopr poboTH [4] NPe3eHTYIOTE PEIVILTATH JOCTLTKSHE WOA0 DToBeIIHER rapaaol aedopyanii cnnasy CE3600 Tin
Bronze sa ninpminennx Temneparyp. OrpumMano MogHfiKOBAHY MOIEIE THITY APPeHIyCa NOBEIIHEH rapauol aedopyar
crnagy onos’anol opomsn CE3600, o mae kpaury nepeabadysanicTs. [Ipn unoMy oTpHMAHO peanksHy KPHBY HANPYTa-
aedopuaania crnasy CRI600 Tin Bronze nia wac i30TepMiMHOTO BUOPOOYEBAHHL HA CTHCK 3 TEMOEPATYPHHM NIAMA30HOM
873-1073 K 1 manazononm wesakocti gedopsami 0,001-1 ¢!, bynn sctanosneni ocHOBHI PIBHSHAR A8 ONHCY BHCOKO-
TEMIEPATYPHOID HANPYHCHHA TeUll ULOTO CIITARY.

Tobfro mnactiuna nedopManis OPOHIH, XAPAKTEP NOBETIHEN TAKOIO MaTeplalzy NpH PIsHHX HABAHTAMEHHAX Ta TEM-
NEPATYPHAX PERHMAX, € JOCHTE SKTYANLHOID HAYKOBOK IMPODISMOI0, MHTAHHA MOIANLIIGTTD J0CTHREHHA MOEYTE Oy TH
NpoBeIcHl B HANMPAMEY 3alicHenHA nnacTHanol gedopaalil 3 BHEOPHCTAHHAM BIOPaUifiHoro IHCTRYMEHTY.

Piznuna npapoaa BIOpauiiiiore IMITHEHNA B CBOTH OCHOBL MICTHTE ROIHBLUIRHI TAPMOHIHIL PYX#I BIIHOCHO NOBCPXHL
AETEL, WO DAIacTLCA 0Dpodl npH BsacMonli 3 obpobmosansHaM HeTpyMenToM [5]. B naykosnx npauax [6-7] asTo-
PAMH BHIHAYEHO NIABHLICHHA OMOPY BTOMH METATY 33 YMOBH 3lificHenng BRIGPOYIAPHHX HABAHTLKCHL, KPIM LLOID,
FTIHAYCHD MOKPAILISHEA MEXAHIYHEX BIACTHROCTEH pofoiHX NOBEPXOHE 33 YMOBH BHEOPHCTAHHA BIINCHTPOBOTO BIGpa-
UifHOTo 3MilHeHHd. ABTOpaMH v npanl [7-8] 5a3HauacThed SMEHIIeHHS BHEOPHCTAHHA MATEPIANBHHX T4 TPYIOEHX
PECYPCIBE B PEMOHTHOMY BHPOOHHITEI 33 YMOBH BHEOPHCTAHEA BIOPAUIHAX TEXHOIONTH.

Pranuna npupoga sibpauiinel obpobkn Mome GYTH OXAPAKTEPHIOBIHA THETIMHHM NepIoHYHIM BIIPHEOM pobouoi
MOBEPXHI IHCTPYMEHTE BIAHOCHD NMOBEPXHI, 10 06pobnacTses. OCTAHHE JaF 3MOTY YTEOPIOBATH MIKPOTIPOLECH PO3BaH-
TAHCHHA BEAZAHMX NOBCPXOHE. CTYIIHE AHHAMIMHOID HABAHTLKCHHA NPH BIOpauliiHOMY 3MINHCHH] AeTanei 301nbury-
ETLCH 31 30UILIEHHAM TAKHX NAPAMETPIE, AK AMILTITYIE T4 HacToTa KonHeans [9-10]. Buknageni B nayxosiil niteparypi
PESYIBTATH AOCTLGRCHHA N0 BILTHEY TEXHOIOTTYHAX Ta TEXHIMHHX NapaMeTpis sidpamiiinore niactiuioro qeopsy-
BAHHA Ha podoYl NOBCPXH] JeTancil © Hea0CTATHIMH

Bigomo, mo cTynin. 3HOCOCTIHEOCT] MaTeplany getaneil, axi npoiiman sibpanifny obpobky, B sHadmii sMipl Mom-
MHED BHIHAYHTH MIHOHHOO SMITHEHOTO LIAPY, TPH LHLOMY, 32 TEepamennaM astopis [ | 1-12] konkperni pexomennanii no
TAKIH TeXHOMOr] BICYTHL

Bianosiano, 3 ypaxyBaHHAM BHILEBHETAICHOID, BEAKAEMO 33 HeoOXIIHE NPOBEICHHA POSIMHPEHHX IOCTLUKEHE
OO0 BHIHAMCHHES 3aK0HOMIpHOCTEH BIOpauiinoro geopMyBaHIS JeTaneH asToMo0LIiE.

CopMYIHOBAHHS METH JOCTEREHH

MeTa gocnimgenna npy ULOMY Mose OYTH BHIHAMCHA 8K MOIMBOIeHe JOCHHEHEA Ta BHSHAYEHHA OMTHMATLHHX
NMapaMeTplE Texnonoriil sidpaulinoi obpobkn pobounx NoBepXoHE ODPOHIOBHX AETANCH aBTOMODUILHHMX IBMIYHIE 33
YMOEH NMIIBHIIEHHA IXHEOT exkcrnyataniiinol naaiiinocti ta suococTifikoctl. OTpHMANRI NPH HLOMY PE3YIBETATH J0CII-
IASHHA MAloTL 3K TEOPSTHYHH, TAK | MPAKTHYHII IHTepec.

Jns 1ocAardeHHA NOCTARNSHOT METH HAMH NepeadaueHo BHPILSHHS HACTYIIHHX 337134 JI0CTTRe HHA:
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|} mpoBecTh oDrpyHTYBAHHA TEXHONOMYHOTO NPOLECY BIOPAUITHOID MIACTHYHOTO JefopMyBaHHA DPOHIOBHX BTY-
NOK AETOMOOLTEHEX ABHIYVHIE, COPAMOBAHHX Ha MJIBHIISHEA HAIHOCT] T8 3HOCOCTIHKOCT] PODOUHY NOBEPXOHE TAKHX
BTYIIOK;

2) 3oificHHTH NOPIBHATLHE AHANS MEXaHIMHHY BIACTHROCTEH AeTaneii apToMo0iIEHHE ABHTYHIE, 0 BHTOTORISHL
200 BLIHOBISH] 32 J0NOMOTO 3BHYAIHOTD Ta BIOpaliiinore nuacTHYHoro aedopyysanns.

BukaajeHis 0CHOBHOTO MaTepiany jocaiRenns

Mpenmerom nocnipsenns Oyno 0Dpano paskd HATYPANEHIX SHOIEHHX ASTANCH aBToMODUIEHAY JBHIYHIE.

3a nocniayBAH] 3PAIKH BHEOPHCTOBYBATH OMOPH BTYIKH PO3IOIIILIOr0 Bany AsnryHa asroModing KPAS, surotos-
nent 3 bpowin bpOLC 5-5-5 v apox possipinx rpynax: nepma possipna rpyna — L= 385 soa: d = 68 sam; dy= 54 Mz
apyra possipha rpyna — L= 30 sma; d = 68 s dy= 54 mma

Bibpauifine BiiHOBICHAA Ta SMITHCHHS BHYTPINHBOT NOBCPXHT DOCTLDKYBAHHK 3paikie 0yN0 BHKOHAHO 3 BHEOPHC-
TAHHAM COEHIANLHOTD DYAHCOHY, 10 B CEOIO YEPry BHIOTOBIEHH 3 IHCTpyMenTansiol ctam ¥7 [13].

Texnonoris BHTOTORISHEA OCHOBHOMO POSOUOro IHCTPYMEHTY — DYAaHCOHIE (pre. |} BRIKMATE TEXHONOTTUHY Onepa-
L0 TEPMIMHOIO 3rapTYEIHHE B OIHEL 3 DONepeIHiM Harpisannas nyancona 1o Temneparypu TE0-B007C. [Ticns nnoro
ACHIOBABCA TEpMIMHEA Bianyck npu Temneparypl 400-420°C, noganema enTpusMya nporaros 15,20 xe ta oxono-
maenna. Bawauso, wo mcna tepuidpol odpodEl TEepIicTE pobodol NOBEPXHI NYAHCOHA CTAHOBHIA 55-58 onuanun
HRC, npu upomy TREPIICTE XBOCTORHEA NyaHcona cknana 4045 onnane HRC.
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Pue. 1. Tlyvancon, mo BHKOPHCTAHKWI 108 06podkn podounX noBepxont GPOHIOBHX BTY.JI0K
aBToMOBLILHIX ABHIYHIB: a — HATYPHEI 3paior: § - KoMInonyBaALIA cxema [13]

OaHUM 3 BEEIHEHX (DAKTOPIE CKCNEPHUMEHTATLHONG QOCTIAMEHHS OYI0 BHIHAYEHHS CTYNCHIO BIUIHEY 3MIHH KyTa
Haxuny pobouol NOBEpXH] NYaHCOHA Ha MILHICH] XapakTepHCeTHEN obpofnenol nosepxnl OpoHIoBHY BTYIOK ABTOMO-
Oinpanx apnryviie. Excnepuuentansil gocnimsenis Oy NposeIenl ¥ sEaplaligx KyTa Haxury podouol nosepxHl myaH-
cona i 87, 97, 107, IWoae ocobamBocTl METOMHEN DPOBCICHHA CRCICPHMEHTLIBHOTD JOCNERSHEA, TO ¥ BapIAIAX cKe-
NEPHMEHTH N0 MIACTHYHOMY BIOpamifinoay JefopMyBIHHIO SHOLIEHHK DPOHIOBHX BTYIOK aBTOMODIILHNX JIBHIYHIE
By70 BHEOHAHO 3K 13 3A0TOCYBAREAM MACTHALHOT pedosHnn, Tak 1 03 nel. B axocTi ocTannsol 6yno BHEOPHCTAHD MOTO-
pre macTimo M10I2.

ExcnepuMenTansil 0cHiHeHHA MO0 BAHARACHHA JakonoMIiprocTedl Ta pesuMis sBibpauiinol nnactuunod nedop-
Matli BLIHOCHO BITHOBISHHS T4 IMINHEHHE POOOMHN NOBEPXOHE GPOHIDEHX BTYIOK ARTOMOOLIEHEX JBHIVHIB OyI0 311il-
CHEHO 3 BHEDPHCTAHHAM CHELIANLHOID CKCNEPHMEHTANLHOMD 00naaHanHa (puc. 2). OcHOBHEMH CHIAI0EHMH TAKOTO
ofIannanig — eKcnepHMEHTANBHOT BIOPALIAHOT YCTAHOBKH BHIHAYCHO: SOypIoBad BIOpaiHME KonHEann (1), nmo smomn-
ToRIHHA HA ocHoBRl. Beprukansnwi pyx 30yvproBaua siOpamifiHNx KOMHBAHEL, 8 BANOBIAHO 1 podOYOro NyaHcoHa CTaR
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MOAIIHBHIT 33 AOMOMOrOK) CHCTEMH Tiapasmiunoro npusoay (3). MacusuicTs ocnoBH yctanosks (2) ta Bibpoizonsiis
3anobirann nepefayl KOMHBAHL BIAHOCHO NIUIOTH BHPOOHHYOIO NPHMILICHHS, PAMHA KOHCTPYKIIS NPH3HAYCHA s
HAIIHOrO KpirjieHHs BiOpaiiitHoro Bysna.

a 0

Puc. 2. 3araabHuil BHIIS/] eKCHEPHMEHTANBHOIO 001 THAHHS /LIS 10CHIAKeHHS pexnmis Bidpauiiinof
acTHYHOI Jedopmanii npu BigHOBIeHHI Ta 3MinHeHHI pofouHX NOBEPXOHL GPOH30BHX BTVJIOK aBTOMOOLILHHX
JABHIYHIB: @ — CHCTEMa NYAHCOH-MaTpHus, 6 — cHi0Ba Bibpauiiino-rizpasiaiuna cucrema

3a J0NOMOroi0 BHKOPHCTAHOTO B HAMIOMY JAOCIHUKCHHI CHEHIAILHOIO eKCIEePHMEHTANLHOrO 00NagHanHs CTano
MOAUTHBO BHKOHYBATH HH3KY J0CIIAIB 3 Bibpaniiinoro ninacrudnoro aedopmysanns OponsoBux aeraneii, a caMme: pos-
Aaul BHYTPHIHBOT pofo4ol NOBepXHI, 30BHIMHLOIO 00THCKAHHS JeTANCH THIY «BTYJIKa» 3 OJHOYACHHM 3MILHCHHAM
po0OUNX NOBEPXOHD.

[Mpu oanouacHOMY BHKOPHCTaHHI TiAPaBIIMHOIO APOCENs B CHCTEMI TIPONPHBOAY AAHOTO CKCHEPHMEHTAILHOTO
o013 HAHNS, 2 TAKOK 3 YPaXyBaHHAM TEXHIUHHX Ta TEXHOJIOTIYHHX XapaKTePHCTHK BIOpauiiiHOro By3na YCTAaHOBKH
CTAI0 MOAJTHBHM 3MIHIOBATH OCHOBHI PEKHMH NPOBEJCHHS NpoLecy BIOpauiiiHoro miacTHunoro aedopMyBaHns: aMn-
JITY/AA, Y3CTOTa KOJMHBAHL POOOUOro IHCTPYMEHTY, HIBHAKICTEL PyXy BiOpaiiiinoro Bysna.

o0 MeTOAMKH BH3HAYCHHA MEXAHIYHHX Ta MILHICHHX BaacTHBoOCTE 06pobiaennx OpOH30BHX BTYI0K aBTOMOGIIL-
HHX JABHI'YHIB, TO TaKl JOCTIKEHHS OY/10 BHKOHAHO 3 BUKOPHCTAHHAM CreianbHo BiANUII(OBAHHX MIACTHH, IO B CBOIO
4epry BHIOTOBJICHI 3 ONOPHHX BTYIOK PO3NOAUIEYHX BAMB aBToMOOUILHNX ABHTYHIB asToMobins KPA3 3a ymoB ixunoro
BIIHOBICHHS (4H BHIOTORJICHHA HOBHX) i3 3aCTOCYBaHHAM 3BHYAIHOI TexHonorii Ta Bibpaniinoro niactnynoro aedop-
mysanns. [Ipn gocnizxenni MIKPOCTPYKTYPH JAOCTIIZKYBAHOTO MAaTepialy BHKOPHCTAHO MIKPOCKOI 3 KPATHICTIO 3011b-
wenns 3o00paxenns 100-400.

JloaaTkoBo BeaHuHHY WOPCTKOCTI 06potnenol sibpaniiinnm mactHynnM AedopMyBaHHAM MOBEPXHI OY/10 BHMIPAHO
3 BHKOPHCTAHHAM NOPTaTHBHOTrO npoditomerpa moaem 296 no napamerpy R..

Hlono BH3HaueHHS IHTCHCHBHOCTI 3HOWYBAaHHS 0Opobnenux nuacTHunuM BidpauliinuM aedopmyBanusM podounx
MOBEPXOHEL OPOH3OBHX BTYIOK ABTOMOOLTLHHX JABHIYHIB, TO B TAKOMY BHNIAIKY 3actocoBaHo mMawmny MH-1M. Pexmnmu
BHNPOOYBaHb OYI0 BH3HAYCHO 3 YPaXyBaHHAM poOOTH KIHEMaTHYHOT NapH cnpsKenns: OpoH30Ba BTY/IKA — PO3NOALTEIMiL
Bas asToMoOLIBHOTO ABMryHa SIM3-238, Bianosiano yactora obepranus ponmka ckaana S50 X8, HaBaHTaKCHHS HA napy
Teprs — 460 H.

3a pesyaLTaTaMH CKCTICPHMCHTANLHOTO JOCHUUKCHHS, K MIHIMYM 3 ACCATHKPATHOI MOBTOpHICTIO (118 3abesne-
YEHHS JI0CTATHBLOTO PIBHA JOCTOBIPHOCTI SKCICPUMEHTATLHIX JaHHX), 0y710 BHABICHO, 110 KIALKICTEL 3CYHYTOIO METANy
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nosepxHeBoro 06pobaeHoro mwapy 6poH30BOT BTYIKH MA€ CYTTEBY CTYIIHD BIUIHBY Bl BEIHUHHY KyTa Haxiuty , a Takox
NPHIYCKY Ha 00po0Ky Ta mBHAKOCTI Bibpauiitnoro aeopMyBaHis.

Bussneno, mo npu 30U1smeHn MIBHAKOCTI PYXY MYaHCOHA MAca 3CYHYTOTO MOBEPXHEBOTO MIAPY METany Ha TOpelb
JOCHIZIKYBAHOTO 3paska OpPOH30B01 BTYIKH aBTOMOOLILEHOTO ABHIYHA 30UIbmyeThes. [Ipuitnare 1 nposeaenns gocni-
AIB KINbKICHE 3HAYCHHS MPHITYCKy Ha 00podky IT = 0.4 mm.

Pesynbrari eKCNEepHMEHTANLHONO JOCTIULKCHHS 100 3aMCGKHOCTEH BEIHUMHH 3CYHYTONO MOBEPXHEBOIO HIApY
MeTany Ha TOpelb JOCHUPKYBAHHX 3Pa3KiB OPOH30BHX BTYJIOK aBTOMOOUILHHX JBHIYHIB 33 YMOBH 3MiHH KUIBKICHHX
XaPaKTePHCTHK KYTIB Haxuay pofouoil noBepXHi NMyaHCcOHa Ta IBHAKOCTI miactHynoro Aedopmysanns 0,03 a/c nogano
Ha puc. 3 y BHITIS MOBEPXHI BIATYKY APYTOro NOPSIKY.

dodpat BIIHIAE

H ‘d sH HedaAw

Puc. 3. Mosepxust BiAryKy 3MiHH MAaCH M 3CYHYTOr0 Ha Topenb GHPOH3OBOT BTY.IKH METALY 32 YMOBH Bapiauil
KLILKICHHMH 3HAMEHHSAMH KYTIiB HaXwi1y poGouoi nosepxui nyancona f§ ra sycuaias gedpopmysanns P
npH 3BHUANRHIT IacTuynii gedopmanii

ExcriepuMeHTanbHHMHE JZOCHKCHHIMH OY/10 BH3HAYEHO, N0 ONTHMATLHA 33 YMOBH BIIHOBICHHS KIILKICTD 3CYHY-
TOr0 METaly Ha NMOBEPXHEBOMY mapi odpodienoro 3paska OPOH3OBOI BTYJIKH aBTOMOOIILHOTO ABHIYHA Maaa Micue 3a
YMOBH 3HaueHHs KyTa HaXuiay podouol nosepxui nyancona f§ = 9°. Ipu upoMy, 3actocyBanns BIOpaNiiHOIO IIACTHYHOTO
aedopMyBanisg a0 3MOTY OTPHMATH 3HAUHO MCHIIY IHTEHCHBHICTE 3CYHYTOT0 METaly Ha NOBEPXHEBOMY 00pobneHoMy
wmapi Opon30Bol BTYIKH (0BAKHHAa 00pobaenol nosepxui L = 38,5 mM) aroMo0UIBHOIO ABHIYHA B NOPIBHAHHI 31 3BH-
YAHHHM J1e(DOPMYBAHHAM.

Sk npuKIaa, MOKIHBO 3a3HAYHTH, IO NPH BCTAHOBICHHI KyTa Haxiuny podouol nosepxui myancona f§ = 9°, obpa-
noro npunycky IT= 04 MM Ta i3 3aCTOCYBaHHSM NIACTHYHOTO BiOpauifinoro ae)opMyBaHHS Maca 3CYHYTOTO MeTany
nosepxHesoro obpodienoro mapy cknana seandudy y 6,5 pasis Menme B MOPIBHAHHI 31 3BHUANMHHUM IUIACTHYHHM
JehOpMYBAHHAM.

Bango, 1110 OLIHKY TeXHOIOTTMHOrO Npolecy MUIACTHYHOTO Bibpaniinoro aeopMyBanHs Ta 3BHYAITHOTO 1/1acTHY-
Horo gedopMyBanHs MOMIIHBO 31iCHIOBATH NPH BCTAHOBICHHI KUILKICHHX XapaKTepPHCTHK 3yCHIL 00poOKi JociiKy-
BaHHX OPOH3OBHX 3pa3KIB JAeTaNCi aBTOMOOUILHEX JABHIYHIB.
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B namomy BHNAAKy Taki 3yCHJUIS BH3HAYCHO 33 MOKAZHHKAMH MaHOMETPa riIpasiivHOro npHBoay Bidpauiinoro
CTOMTY eKCMEePHMEHTAILHOT YCTAHOBKH Ta HUISXOM TCH30METPYBAHHA 3 BHKOPHCTAHHAM TCH3OMETPHYHHX JaTHHKIB.

Ha puc. 4 BiATBOPEHO NOBEPXHIO BIATYKY 3MIHH MACH M 3CYHYTOrO HAa TOpelh OPOH30BOT BTYIKH METANY 3@ YMOBH
Bapiauii KUILKICHUMH 3HAUYCHHAMH KYTIB Haxu1y pobouoi nosepxui nyancona [ ta sycunns aedopmysanns P npu sidpa-

witHii naacTHyuniin gedopmanii.

HYd guneglndodar BIrEHOAE

Puc. 4. Tlopepxns BiAIyKy 3MiHH MACH M 3CYHYTOI0 Ha TOpelh GPOH30BOT BTYJIKH METAJIY 32 YMOBH Bapiauii
KiJILKICHHMH 3HAYCHHAMH KYTiB HaX1y pobouoi nosepxni nyancona B ra sycws gegopmysanns P
npu Bibpauiiiniii naacruyuniii aedopmanii

[Mpu 3aiiicHen ] JOCHIAIB BeHYHHA 3MiHH 3ycuans aedopmysanns 3paskis i3 6ponsn BpOL[C 5-5-5 3a ymosu Bera-
HOBIeHHS npunycky Ha 06podky IT = 0.4 MM Ta 3navennio Kyrta yxuay pobouoi nosepxsi nyancona § = 9%y 1,15 ta
1,33 pasu menue, B nopiBHsiHuI 3 KyToM Haxuiay B = 8% u = 9° pianosiano.

3 METOI MOPIBHAHHA AKOCTI MaTepiany 3pa3kis OPOH30BHX BTYJIOK aBTOMOOIILHOTO ABHryHa, 1o Oy/In BiaHOBICHI
3BHYAIHOI naacTHuHol Aedopmanicio Ta BiOpaniiinum mactdnum gedopmysannaM, Oyno 37aifCHEHO MeTanorpa-
hiune JocaAlIKeHHS Ha BIANOBIAHKX nutidhax, mo BHrOTOBIEH] 3 ONOPHHX BTY/IOK PO3NOALIEIONO Baly aBTOMODLILHOTO
JIBHT'YHA.

Bizomo, 1110 0cHOBHI MeXaHi4HI BIACTHBOCTI OPOH3H BHIHAYAIOTLCA 11 MIKPOCTPYKTYPOIO, 4 CAME BHIOM Ta CKJIAZ0M
CJIEMEHTIB TAKOro cruiaBy — dasosum ckmagom [12].

Binnosiani 3o00pazkenns MIKPOCTPYKTYPH JOCTIKYBAHNX 3PasKiB 3 MCTOK NOPIBHSHHA NMPH 3BHYAHHOMY Ta BiOpa-
wiiHOMY mIacTHUHOMY AedopMyBanHi NOJaHO Ha pHC. 5.

Jocnipkenns Takol MIKPOCTPYKTYPH JIAJIH 3MOTY 3poOHTH BHCHOBKH, 1110 npH BibpauiitnoMmy muactuutomy aedop-
MyBaHHI TOBEPXHEBA 3MILHEHA CTPYKTYpa cTae Ginbi ApibHO3epPHICTO0 Ta Mae GLIbUIY CTYNIHB PIBHOMIPHOCTI B ITOPIB-
HAHHI 31 3BHYAITHOIO NIACTHYHOIO Je(OPMAIICIO TAKHX 3Pa3KiB.

30ibIeHEs MIMOHHN MIACTHYHOTO e OPMYBAHHS TPH3BOAHTE J0 JAOJATKOBOTO 3MIIHEHHS NMPHKOHTAKTHHX Bil-
HocHo 00pobmoBaHOro IHCTPYMEHTY apis pobouol nosepXHi OPOH30BOI BTYIKH. 3a YMOBH 3acToCyBaHus BiOpaniinol
nacTHyuHol Aedopmanii Taki npouecH BiadyBaOTLCA 3 OUIBIIOI IHTEHCHBHICTIO.
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3a yMOBH 3aCTOCYBAHHS 3BHYANHOIO IUIACTHYHOrO Ae(OpPMYBAHHA, 3AMCKHOCTI 3MIHH KUILKOCTI 3CYHYTOIO Merany
obpolnenol nosepxui Ha Topelh OPOH3OBOI BTYIKH HOCSThL HEIIHIMHMI CTOXACTHUHMIT XapaKTep B MEKaX NPHIYCKIB
1= 0.4 »M: npu BiOpauiitnoMy racTHaHOMY AedopMyBatii Taki 3a1eKHOCTI MAIOTEL NPAKTHYHO NPONOPLIHHIIH XapaKTep.

a

Puc. 5. Mikpocrpykrypa spaskis 6pousn BpOLC 5-5-5 3a ymosu 36ianmenns x100:
a - 3puuaiine qedopmysanns; 6 - sibpauiiine aepopmyBanns

CniBcTas/ieHa 3 BHMOTaMH 100 BIAHOB/ICHHS BTYJIOK aBTOMOOLUIBHHX ABHTYHIB, MIHIMAJILHO MOA/IHBA KUIBKICTE
3CYHYTOTO Ha TOpelh OPOH30BOT BTYJIKH MaTepiay, TaK i Marepiany GpOH3H, 1110 HAJHNAE HA NYaHCOH 3a YMOBH 3aCTOCY-
BaHHA 3BHUYAHHOIO Ta Bibpauiiinoro aedopMyBaHns Mae Miclle 3 BCTRHOBICHHM KYTOM YXiuly poOo4oi nosepxui myaH-
comna f§ = 9°.

Take ABHIIE MOAKIHBO MOSCHHMH THM, M0 MCHIIN 3HAYCHHA KYTa YXITY NPH3BOAATE J10 3011bNICHHS MOBEPXHI KOH-
TAKTy OPOH30BOT BTYIKH 3 pOOOU0IO MOBEPXHEIO MYaHCOHA, 301ILIICHHIO MICIL KOHTAKTY Ta, BIANOBLIHO — 3011bIICHHIO
HATHIAHHS OPOH3H HA MYAHCOH.

[Mpu 30inbmenni KyTa yxuny pofouoi noBepxHi MyaHCOHA CIIOCTEePIracTLCA SMECHIICHHS /10111 KOHTAKTHOI NOBEPXHI,
ane NnpH 1ULOMY 30UILIIYETRCA MTHTOMHI THCK Ha 00poONIOBAHMI MaTepias JeTail, 110 TAKK CIHPHIE HATHIIAHHIO YacTo-
40K OpOH3H Ha PobOUy MOBEPXHIO NYaHCOHA.

Sxuio sactocosyBatH BiOpauiiine nuactuune aedopmysanis OpPOH30BONO 3paska THIY «BTYIKA», TO YHACHIIO0K
LHKIIYHO NOBTOPIOBAHMX BiJPHBIB IMyaHCOHA MAE MICHE 3HIBKCHHSA ciuil Teprs. OCTaHHe, B CBOIO Yepry, 3MCHUIYE 3CYB
IOBEPXHEBOrO mapy Opon3H Ha Topens 06pobmoBaHOro 3paska Ta NIBHILYE BEIHYHHY nacTHunoi aedopmartii y paai-
ansHOMY HanpsaMKy. JloaaTKOBI HANPYKEHHS POTATY KOIOBOTO XapakTepy, 10 BHHHKAIOTE PH TAKHX Npolecax, npu-
3BOJIATE JI0 NEepeMileHb METANy B Iapax, Mo A0THYHI J0 nyaHcoHa. SIK Hacnilok — HeHTpaneHi mwapyu aedopmosaHoro
MeTany OTPHMAIOTh 3HAYHI BHAOBACHHA, 4 TaKi YMOBH CIPHAIOTE YTBOPCHHIO J0AATKOBHX MO30BKHIX Ta MONEPEUHHX
HANPY/KEHL B MOBEPXHEBHX 11apax Ta HANPYXeHb CTHCKAHHA Y UEHTPANbHHX IHapax JOCHLKYBAHHX 3Pa3KiB.

[Mposeseni HaMH JOCTIKCHHSA JaIH 3MOTY CTBEP/KYBATH, MO 33 YMOBH 3acTOCyBaHHs Bibpauiiinol nnactuynol
Aedopmaii Mae Miclie BHPIBHIOBAHHSA CKJIAAY CTPYKTYPH 00podaenol nosepxui 6poH30B01 BTYIKH aBTOMOOUILHOTO ABH-
ryHa. Take BHPIBHIOBaHHS CIPAMOBAHO Ha OTPHMaHHS OLIbIN piBHOMIpHOIL Ta ApiGHO3epHucToi cTpykTypn. TodTo npx
BIOpaniiiHOMY TIACTHYHOMY JAehOpPMYBAHHI YTBOPIOIOTECS Oinblne APIOHHX 3epeH Ta CTROPIOIOTLCS CIPHATIHBI YMOBH
JU1s 3apouke s aucnokaii. [py usoMy aucnokaii B CBOIO HEpry CnpHSiOTh MiIBHILICHHIO cTynens Aedopmanii B pai-
AILHOMY HAMPAMKY.

[Mia yac KoHTaKTY nMyancoHa 3 OPOH30BOIO BTYIKOIO aBTOMOOIILHOIO ABHIyHa BiAOYBA€TLCH 3POCTAHHA BEIHYHHH
aedopmanii, 301bmyeTECH KUIBKICTD AethexTiB kpueTaniunoi 6yaosu. Take SBHIE CTBOPIOE J10JATKOBI NEPEIIKOAH 100
PYXY AMCIOKALIiH T2 NPH3BOJAHTE 0 IX 3MIIHECHHS, OCTAHHE BiANOBIAHO NIZIBHILYE 3HOCOCTIHKICTL 00potmoBanol aeramni.

OcranHe TBep/UKEHHS MOAIHBO NOSACHHTH UMKIIMHHAM BIIPDHBOM MyaHCOHA BIIHOCHO 00poOnioBaHOoi NOBEpXHI.
Bianosiano, 3a yMOBH 3aCTOCYBaHHS BiOpauiHHOINO mw1acTHYHOTO AeOpMyBaHHS MiHIT KOB3aHHA OYIYTh NEpPEeTHHATH
00pobIIOBaNy MOBEPXHIO 1MiJ KYTOM, 110 3MIHIOETLCS Bijg 45° 10 90°.

Tomy, 3a YMOBH 3aCTOCYBaHHS BIOpPaLIHOIO MIACTHYHOrO JAe)OpMyBaHHSA 3yCHILIS Ta Beauunna aedopmanii
Y pagianbHOMY HanpAMKY OyAyTh MaTH CYTTEBE 3HAYCHHS B MOPIBHAHHI 31 3BHUAHHHM NIACTHYHHM AeOpMYBaHHAM.
Bianosiano, BiGpauiiini npouecH B TAKOMY BHITQJKY CIPHAIOTH OLILIIOMY 3MILHEHHIO MTOBEPXHEBOTO 1apy 06podniosa-
HOI MOBEPXHL
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Bucnoskn

l. 3a npoBeaeHHME EKCOEPHMEHTANBHHMH JOCIITKEHHAMHE MOMEIHEO 343HIUHTH, W0 OOOUIEHG BHEOPHCTOEYBATH
BIGpaniiine noacTHune JedopMyBaHHE OPH BLUIHOBICHH] PEMOHTHHX T4 BHTOTORNCHH] HOBHX DPOHIOBHX BTYIOK ABTO-
MODUTEHIX JBHIYHIE,

2. Ha ocHoBl KINBKICHAX TA AKICHHX PEIYILTATIE ERCOEPHMEHTATILHOTO JOCTUTREHHA OTPHMAH] ONTHMANEHI [apaMe-
TPH TEXHONOTTHHOMD OPOLECY I0A0 3acTOCYBaHHA BIDpanifiHOrD NIacTHYHOTO JeopMYBIHEE OpH sMILEeHA] pobodol
NOBEPXHI HPOHIOEHK OMOPHUX BTVIOK PONOILIENOND BATY aBTOMODINEHIK ABMIVHIE, SK PEMOHTHIX, TAK | HOBHX.

3. 3actocysanns BIOpaminol obpobKH 3¢ IMOrY IMEHIIHTH SKCIUTYATAUAHHE 3H0C. 3MEHIIEHHA BEIHYHHH 3HO-
IIYBAHHA CBIIMHTE MO0 MABHICHHA PIBHA SHOCOCTIROCT] ETANCH THITY «BTYIKA%, 10 BIAHOBICH 3 BHEOPHCTAHHAM
METOAY BIOPALIIHOTO MIACTHYHOND AchOpMYBEAHHA B NOPIBHANH] 3 TPATHUIHHHMHE METOIAMH TACTHYHOID BIIHOBICHHA
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