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HIABUINEHHSA INICIAPEMOHTHOI'O PECYPCY BOJITIB KPIIIVIEHHSA
KOJIIC TPAHCIIOPTHUX MALIWH

Jomeukina 1. B.
XapkiBcbKHH HAlliOHAJILHUH AaBTOMOOITbHO-10POKHiN YHIBepcHTEeT

Anomauia. Po3e’azano numauHa onmumizayii napamempis 6i0po0y208020 HANAGNEHHA ONsi KOM-
nencayii 3HOULYBAHMSA, a MAKONIC 3abe3neyents AKiCHO20 3HOCOCMIUK020 nosepxHegoz2o wapy. Buxo-
PUCANO MOOUPDIKYBAHHS HANAABLEHOI NOBEPXHI HUBLKOCHEPLeMUUHUM [OHHUM DOMOAPOYBAHHAM, WO
30IIbUUNO NOKABHUKU CIAMUYHOL MIYHOCMI, YUKTIYHOI 006208iYHOCMI ma NIOSUWULO NicasApe-
MOHMHUU eKCRAYamayiiHull pecypc 601mie KpinieHHsa Koic mMpaHCnOPMHUX 3acodis.

Knrouoei cnosa: snoutysauns, giopooyeoee HaniaeieHHs, iOHHe OOMOApOY8aHHs, WOPCMKICMb HO-
8epXHi, YUKTTUHA 006208IUHICMb MEXAHIYHI 81ACMUBOCHII.

Beryn

Boennmii ctaH y Hamnii kpaiHi Ta 3HaudHe
CKOPOYCHHS BUPOOHHIITBA HOBHX TPAHCIIOPTHUX
3ac00iB 3arocTpwiio MpoOJieMy 30UIBIICHHS 1X
EKCILTyaTalliiHOTO pecypcy 3a JIOTIOMOTOK  pe-
MoHTy. [lomimmeHHs SIKOCTI Ta WiABUINEHHS
Npane3aaTHOCTI JieTaield TPAaHCITOPTHUX MaIlluH
nepeadavae Hacamrepel OOpoThOy 31 3HOIIY-
BaHHSM, 00 BIATIOBITHO O CTATUCTHYHOI iH(]O-
pmauii 3ze6inpmoro (Bix 75 mo 90 %) npuuu-
HOIO TIEpEIYacHOi BIIMOBH MAIIMHU € CYTTEBE
3HOIIIYBaHHs JAeTajeil. 3HauyHa KUIBKICTH JeTa-
Jie OCHOBHHMX KOHCTPYKTHBHHX BY3JIB TPaHC-
MOPTHHUX 3acO0iB MiANAETHCS il IUKITIYHUX Ha-
BaHTAXXCHD 1 MpaIloe B yMOBaxX BTOMH, TO LiJI-
KOM JIOIIBHO TPUAIISATH YBary TaKkOX MHUTaH-
HIO TIiIBUIIIEHHS BTOMHOI MIIIHOCTI BHUPOOIB —
1Ie 0JTHOMY 3 OCHOBHHMX KPHUTEPiiB JOBrOBIYHOC-
Ti. 3 oIy Ha 3HAYHUU JeIlUT Ta BUCOKY
BapTICTh 3aMacHUX YaCTHUH JIOUIJIBHUM Ta €KO-
HOMIYHO BUTIJIHUM PO3B’S3aHHSAM IMX HPOOJIeM
€ BIJIHOBJICHHS Ta 3MIIIHCHHS TIOBEPXHEBHUX IIIa-
piB BuUpOOiB mim yac pemoHTy. Po3pobieHHs
e()eKTUBHUX TEXHOJIOTIYHMX NPOIECiB BiITHOB-
JIEHHS JeTajlel 3 OJHOYACHUM 30UIbLIEHHAM
eKCIUTyaTalliiiHol HamiHHOCTI 3a HaWMEHIINX
BUTpAT €, 063yMOBHO, HATAJILHUM MTUTAHHSIM.

AnaJji3 myOaixanii

Jo neraneid, mo 31e0UIBIIOT0 Meper4acHo
BUXOJIATH 3 JIaay 1 MOTPEeOYIOTh PEMOHTY 3 BH-
KOPHCTaHHSIM palliOHAIBHUX CIOCOOIB BiIHOB-
JICHHS1, HaJleXaTb OOJITH KPIIUIEHHS KOJiC aBTO-
OyciB (OCHTH MOMIMPEHOT0 TPAHCIIOPTHOTO 3a-
co0y), M0 eKCIUTyaTylThCs B IyXKe TSDKKUX
YMOBax iHTEHCHBHOTO PyXy IO NepeciueHiil Mmi-
CIIEBOCTI 3 YacCTUM Pi3KMM TaJIbMyBaHHIM IIiJ
JIIEI0 arpeCHBHOrO cepeioBHUIla (BOJOrOCTI I10-
BITpS Ta CHITOBOTO TIOKPHBY) B Pi3HI mepioan
POKY.

Y mporeci ekcrutyatamii OoJTiB 3a3BUYaid
BiOyBa€ThCsI 3HAYHE 3HOITYBAaHHS 1X HITIIILOBOT
YaCTHHU B YMOBaX KOMIUICKCHUX BIUIMBIB €KC-
ryaTaniitaux ¢axkTopiB. bBinbmn momineHuM (K
3 TEXHIYHOrO, TaK 1 €KOHOMIYHOTO MOTIISAIY)
Croco060M KOMITEHCAITiT 3HOIIEHUX TTOBEPXOHb €
BiOpoAyroBe (EJIeKTPOIMITyIIbCHE) HAIUTaBICHHS
y piakomy cepenouii [1-3], komu mo wmicis
TOPIiHHS IYTH OJHOYACHO TTOJIAETHCS OXOJIOIKY-
BaJIbHA piguHA. Hu3pka Hampyra, mepepuByac-
T XapakTep Ayrd, HasSBHICTH OXOJIOKEHHS
3a0e3MevyoTh He3HauHy TJTMOWHY MPOTpiBaHHS
1 He 3MIHIOIOTh CTPYKTYpH Ta BJIACTUBOCTI Me-
Taly, 0 € HaJ3BUYallHO BaXKIMBUM Yy BiJHOB-
JICHHI TepMiYHO 00p00IIeHNX OOIITIB.

BiOpoayrose HaraBieHHS € BUCOKOE(EKTH-
BHUM IIPOILIECOM, a/DKE BapTICTh PEMOHTY HE
nepesuirye 25 % BapToCTi HOBOI JeTalli Ta
BJIBIYi-BTPUUI HIKYa 32 BapTiCTh IHIIUX CIIO-
cO0IB aBTOMAaTHYHOTO  EIEKTPOIAYrOBOTO Ha-
raBieHHs. OQHaK [ed BUJI HalJIaBlICHHS Mae
HEJI0JIKH, 30KpeMa: 3HmKeHHs 710 40 % BTOMHOT
MIIHOCTI BiJTHOBIIEHUX JeTaliel, HEOIHOPII-
HICTh MIKPOCTPYKTYpPH ¥ HEpiBHOMipHa TBep-
JICTh HAIUIABJICHOT'O IIapy; YTBOPEHHS MOp yHa-
CITIIOK BHCOKOI HIBHJIKOCTI 3aTBEpPAIHHSA PO3II-
nasienoro metaiy [1-3].

Jnsi moKpalieHHs SIKOCTI HarjIaBlIeHHS Ta
MiJBUIICHHS BTOMHOI MIIIHOCTI OOJTIB BapTo
3aCTOCYBAaTH Cy4acHHH MeToJ MOIU(iKyBaHHSI
MOBEPXHI — HU3bKOCHEPreTHYHE 10HHE OGoMOap-
nyBanHa (Ib). IlpuknamomM MO3UTHBHOTO Tpak-
TUYHOTO BIipoBakeHHs Ib € miaBuIeHHs KOHC-
TPYKIIHHOT MIITHOCTI [4], 10 MPOLTFOCTPOBAHO
Ha MPUKJIAJIi MATYHHUX OOJNTIB JBHIYHA, BUTO-
toBieHuX 3i crami 40XH. VY pobori [5] Takox
MIEPEKOHJIMBO JIOBEICHO 30UIBIICHHS ITUKIIYHOT
JIOBrOBIYHOCTI mia BIDiuBoM Ib.

PemonTHI poboTH moTpeOyroTh 3HAYHUX (¢i-
HaHCOBHX 1 TPYAOBUX BUTPAT, i B IbOMY pa3i He
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3aBXKJIM 3aJI0BOJILHSIOTHCS TEXHIUHI BUMOTH 0
MICISIPEMOHTHOTO PECYpCy, TOMY ITiIBUIIICHHS
JIOBTOBIYHOCTI JIeTallei IMiCisl PEMOHTY 32 yMO-
BU SKHAWMEHIITNX BHTPAT € aKTyaJlbHUM ITHTaH-
HSIM, 10 JaCTh 3MOTY 3amo0irTi 4YeproBiii MOX-
JIUBIH MIepeYacHiil BiIMOBI B €KCILTyaTaIlii

Merta if TOCTAHOBKA 3aBJIaHHS

Merta poOOTH — BiTHOBJICHHS Ta ITiIBUIICHHS
MICISIPEMOHTHOTO pecypcy OONTIB KPIMJIeHHS
JIUCKIB 3aTHIX KOJic aBTo0ycCa.

s peanizanii OKpecieHol MeTH MOCTABJICHO
TaKi 3aBJaHHS: BU3HAYNTH ONTHMAJILHI TTapaMe-
TPH PEXUMY EIEKTPOIMITYIECHOTO BiOpPOAYTO-
BOT'O HAIUTABJICHHS; MMPOAHAII3yBaTH SKICTh I10-
BEPXHEBOTO IIApy MICJIS BiJHOBICHHS; HOCII -
i BIuB b Ha cTpyKTypy MOBEpXHi Ta BIaCcTH-
BOCTI OOJITIB 3arajiom.

Marepiaj i MeToaM J0CTiAKEHHS

BuBdenHio mimnsranu cepiitHi OonaTH Kpim-
JICHHSI TUCKIB 3aJHIX KOJIic aBToOyca 3i craji
40X, ski micast TepMivHOTO OOpOOJIeHHS 3a 3a-
BOJICEKOIO TEXHOJIOTI€I0 (TapTyBaHHS Ta BiITyCK
3a 500-550 °C) mann HEOmXHOPITHY TPOCTHUTHO-
OeliHiTHY CTpyKTYpy 3 TBepaictio 35-37 HRC.
Jns HarmaBieHHST OOpaHO ENEKTPOAHUHN ApiT
Ho-30XTI'CA nmiametpom 1,2 MM. Sk 3axucHUi
ra3 BUKOPHCTOBYBAJIACS XapuoBa BYTJIEKHCIIOTA,
a SIK TPUCKOPIOBAILHUIA OXONOMKyBad — 5 %
PO3YMH KalbIIEHOBAaHOI coan y Bofi. [ToBepxHro
Ib 06pobisiin HU3BKOEHEepreTHIHUMH (110 3KeB)
i0HaMHM THTaHy B CEPEIOBMIII aproHy Ha ycTa-
HoBIi «bymar-3t». Uac 6ombOapayBaHHS CTaHO-
BuB 30 c.

st piBHOMIpHOTO 00pOOJICHHS O0NTH 00€Ep-
Tajau HaBkoJio oci. lllopcTkicTh 1 ipodink moBe-
PXHI OIIHIOBAIIK 32 JIOTIOMOTO0 TpodizoMeTpa-
npodinorpada TR200. MikpocTpykTypy BHBYA-
M Ha ONTHYHOMY MeTanorpadigHoMy Mikpoc-
komi UIT MicroMet -1-102 BD, a 3a ymoBH 3Ha-
YHUX 301UIBIIEHD — Ha €JIEKTPOHHOMY MIiKPOCKO-
ni PEM-106. ['panuifo MIHOCTI NUTIBOBOT
YacTHMHU OoJiTa BU3HAYAIM 3 BHKOPHUCTAHHSAM
CIeIialIbHUX 3pa3KiB Ha yHIBepCaJIbHIN MaIluHi
10 (BupoOHunrBa Himewunnw). Lukmivni
BUTIpOOYBaHHS HAIUTABIICHUX 3pPa3KiB 3/ilCHIO-
BAJIMCS 38 CXEMOIO «PO3TAT Yy mpoleci odepraH-
HSl KOHCOJIbHO-HABAaHTa)XCHOTO 3pa3ka» Ha Ma-
a1 Y MIT-02.

Pe3yabTaTi 10CaigKeHHS
JI1st OLIiHIOBaHHS TEIUIOBOTO PEXHUMY IpOIIe-
Cy HaIUTaBJICHHS 3 BUKOPUCTaHHSIM Pi3HUX OXO-
JIOJKYBAYiB BHMIPSIHO TEMIIEPATypH B IIEHTpa-
JBHIA dYacTuHl OOJITIB, IO HAIUIABIISIOTHCS

(puc. 1).
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Puc. 1. 3anexHicTs TemrepaTypu HarpiBy cepiie-
BUHM OOJNTa BiJ yacy HaruiaBieHHS: 1 — Ha-
TUTABIIEHHS Ha TIOBITPi; 2 — 3 OXOJIOIKYBaJIb-
HOO pignHOI0; 3 — y cepenoBuii COy; 4 —y
cepenosuiii CO, + 0XOIOHKYBaHHS PiITHOIO

3 rpadika BHIHO, 110 BHYTPILIHI MIapyu AeTa-
ni B 1-3 BapiaHTax HamjiaBlieHHS MPOTPiBalOTh-
cs 1o Temrieparypu Hkdiil Hixk 270 °C, mo He
BIUTMHE HA CTPYKTYpY U BIIACTUBOCTI CEpPIIEBUHU
0onTa, sKi CopMyBaIUCs B TIPOIIECi 3aBOJICHKO-
ro TepMidHOro 00pobneHHs. TBepmicTh cepiie-
BUHHU IIICJIsI HATUIABJICHHS 30€pIraeThCsl B MEKax
33— 35 HRC; TBepaicTh HAIUIABICHOIO IIapy
TaKoX OJIM3bKa N0 LIMX IIOKA3HUKIB — Bijg 35 10
37 HRC, mo crpusic 3MEeHIIEHHI0 WMOBIPHOCTI
YTBOpEHHsI TPIlIMH y HaljaBleHId aetanmi Ta
3a0e3neuye 3a10BUTbHY 00pOOIIOBaHICTh pi3aH-
HSIM.

JocmimkeHHsT MIKPOCTPYKTYPH CBiT4aTh, 110
HaIJIaBJICHHsI SIK y MOBITpi (puc. 2, a), Tak i B
CepeNIoBHINI BYTIJIEKHUCIOro ra3y (puc. 2, 6) 3a-
Oe3redye rapHe CIUIABICHHS HAIUIABIEHOTO Ma-
Tepialy 3 OCHOBOIO. TpINIMHU Ta HEMpPOBapH
BiJICYyTHi. BHKOpHCTaHHS TIPUMYCOBOTO OXOJIO-
JDKEHHS B TIPOIIECi HATUIABJICHHS HE BIUIMBAE Ha
AKICTh cIulaBieHHs (puc. 2, ¢). Meran y 30Hi
TEPMIYHOTO BIUIMBY, TOOTO TEpexoay Bij Ha-
IUIaBJICHOTO METATy IO OCHOBHOTO, Y BCiX Bapi-
aHTaX HAIUIaBJICHHS IUIbHUN, 0€3 YTBOpEHHS
MPOIIAPKIB, IO CBIIYUTH MPO BiJICYTHICTH Tie-
PEPO3IOILTY EIeMEHTIB Ha MEXi pO3LITy.

MIKpOCTpYKTypa HAIUIaBIEHOTO MIapy 3a
YMOBHU HAIUIABJICHHS Ha MOBITPi € OCHHITHOO
OCHOBOIO 3 HaJUIMIIKOBUM (DepHTOM, 10 PO3Ta-
LIOBAaHMK Y3IOBX TpaHHLb 3epHa. Y pa3l Ha-
riaBieHHss B cepenoBuini CO, HaruiaBlieHUiH
1I1ap Ma€e aHaJoTiYHy CTPYKTYpY. BukopucranHs
NPUMYCOBOTO OXOJIOPKEHHS TNPHUBOAMUTH O
YTBOPEHHsI MapTeHCUTHOI CTPYKTYypH Ta 30epe-
YKEHHS HATUIIKOBOTO depury (puc. 2, 6), mo
MOXXe OyTH TMOB’s13aHO abo 3 JIKBalliHHUMHU
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SBUIIAMH B HaIUIaBJICHOMY Iapi, abo 3 Hemo-
CTaTHBOIO IIBUAKICTIO OXOJIOMKCHHSI B MIKKpH-
THYHOMY IHTEpBaJIi.

Puc. 2 Crpykrypa BigHOBIIEHOTO OONTa: a — Ha-
TUTABIIEHHS Ha TOBITPi; 0 — y cepenoBur COy;
B— y CO; 3 0X0JIOJPKEHHSIM pitiHOI0; X150

3epHOBa CTPYKTypa HAIUIABICHOTO METaIy
JIOCUTB JIMCIIEPCHA ¥ Ma€ MIEBHY HAIPABJICHICTD,
IO BJIACTUBO KPHCTATi3allil 32 YMOB CIIPSIMOBa-
HOI'O TEIUIOBIABEIECHHS.

AHariz po3nojiay MiKpOTBEpAOCTI MO TIHU-
OMHI HaIUTaBJICHHS I10KAa3aB, 110 TBEPAICTH Me-
TaJxy B MeXax KOXKHOI 30HU (HaIUIaBJICHUH Me-
Taj, 30Ha TEPMIYHOTO BIUTUBY, OCHOBHHI Me-
TaJ) € JOCUTHh OIHOPIIHOI0, BIACYTHI Pi3Ki 3Mi-
HU 11 3HaUEHb HAa ME)KaX IIUX 30H.

Onucannii XxapakTep 3MiHH MIKpOCTPYKTYpH
Ta TBEPAOCTI TMepepizy 0osiTa CBiTYUTH MPO XO-
polily SIKICTh HAIlJIABJICHHS 1 € MEPIIOK 03HAKOIO
JIOCTATHBOI eKCIUTyaTalliifHOT HaliHHOCTI BiHO-
BJIICHHUX JICTaJICH.

Js OIiHIOBaHHS SIKOCTI HAIUIaBJICHHS Ta
301IBLICHHS.  MICIAPEMOHTHOI  JTOBTOBIYHOCTI
MPOBOAMJINCS MEXaHiuHI BHUIPOOYyBaHHS 3 Me-
TOI0O BH3HAYCHHS TPaHWINl MIITHOCTI Ha 3pi3
pi3p0OBOi YacTMHM Ta TPaHUIl BUTPHUBAIOCTI
Oomnra.

Pesynpratn HaBeneHi B Tabm. 1.

3 aHami3y pe3ynbTaTiB CTPYKTYPHHX IOCIi-
JOKEHB 1 IPOBEICHUX MEXaHIYHUX BUMPOOYBaHb
MO’KHa KOHCTaTyBaTH, II0 HAWOLIBII eeKTHB-
HUM PEXMMOM BiJHOBJIEHHSI OONTIB € BiOpomy-
TOBE HAIUIABJICHHS B TMOBITPsAHINA aTtMocdepi.
Takuit croci® 3abe3nedye OTHOPIAHY CTPYKTY-
Py HaIIaBJICHOTO IIApy ¥ HE BIUIMBAE HA Biac-
TUBOCTI cepueBUHH O0Ta.

[licns HamnaBlieHHsS MOBEpXHEBA TBEPHICTb
34-35 HRC i € Ha piBHI BUXiIHUX 3HAYEHb, L0
nae 3Mory 0e3 OyIb-SKOTO JAOJATKOBOTO TEPMi-
YHOTO BIUIMBY NPOBOAHWTH MeEXaHi4HE 00po0-
JIEHHSI T TIOBEPHEHHS HEOOXiTHMX Te€OMETpPH-
YHUX TMapaMeTpiB NUTIHOBIA YacTWHI OoxiTa, a
1Ie MiJBUIIYE €KOHOMIYHICTh MPOIECY BiIHOB-
JICHHSL.

Opnak, K BHIHO 3 Tabn. 1, TpaHUIS BUTPH-
BaJIoCTl BimHOBIIEHHX O0aTiB Ha 20 % HMWXKYa,
HIK y CepiiiHMX feTaneid, mo 3MEHIIye iX IHK-
JYHY JOBTOBIYHICTH — OJHY 3 OCHOBHUX €KC-
TUTyaTallifHAX BJIACTHBOCTEH, SIKa  3yMOBIIOE
pecypc yHaCIi0K IUKIIYHAX HaBaHTAKCHb.

Jlns migBUIEHHS IUKIIYHOI JOBFOBIYHOCTI
TMICIsT MEXaHIYHOTO OOpOOIJIEHHS MOBEPXHIO 00-
ATIB miamaBanu HusbkoeHepreruuHomy Ib. Ilic-
7S 3MEHIIEHHS IOPCTKOCTI, MOJIU(IKyBaHHS
TOHKOTO moBepxHeBoro mapy Ib ¢ikcyerses
JIEHJIPUTHA CTPYKTYpa, 3epHa PIBHOBICHI, OJJHO-
piaHi ¥ moapiOHEeHI 10 HAHOPO3MIPHOI BEJIUYH-
HU — Big 500 mo 600 M.

Taki MIKpOCTPYKTYpHI 3MiHU CHpPHUSIIH CYT-
TEBOMY IIiIBUIIICHHIO PIBHSA MIIIHOCTI B MPOIEC]
po3TsAraHHs: TuMmuyacoBuii OB 30iNbIIMBCS 3
960 o 1180 Mlla, rpanuns tekyudocti Og, 3po-
cia 750 mo 890 MIla, mmacTHYHICTE 3aTHIIHIIA-
cs Maibke He 3MiHHOO (0 = 10 %).

TBepicTh MOBEPXHEBOTO IIAPY TaKOX 30i-
nertaca no 48—50 HRC.

Tabmus 1 — TBepaicTh i MEXaHIYHI BIACTHBOCTI BiTHOBJICHUX 0OOJNTIB

Ne . Teepaicts, HRC I'pannns minnocti | I'paHuns BUTpuBa-
Crioci6 HarIaBJIeHHS . .
3/m CepLeBHHH OBepXHi Ha 3pi3, Mlla nocti, MIla
1 | cepiiinuii 6ot 33-36 33-35 347 155
2 | Ha moBiTpi 34-35 34-36 348 125
3 HA MOBITPI 3 OXOJOHKCHHIM 33-36 43-47 392 142
4 | yCO, 33-37 37-39 360 -
5 y CO; 3 0XOJIOJKEHHIM 33-36 45-48 378 -
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KpiM TOro, y Micusx moBepxHeBux ae()eKTiB
(3amaguHM, MOPH, MIKPOTPIIMHM) 3adikcoBaHi
OKpeMi Kparii TUTaHy, M0 «3aJiKOBYIOTH» iX 1
3MEHIIYIOTh KUTBKICTh KOHIIEHTPATOPIB HAIPY-
KeHb. He3Bakaiounm Ha HAsSBHICTH KparuTMHHOI
¢a3u TuTaHy Ta pO3BHUHEHY CYyOCTPYKTYpY, LIO-
pcTKicTh ToBepxHi michs Ib cyTrTeBOo 3MeHtIy-
etvcst — Bix 1,530 mo 0,548 MkM, 1m0 CBITYUTH
PO He3HAuHy TTHONHY penbedy MOBEPXHI.

«3aNiKoBYBaHHSM» TOBEPXHEBUX Je(EKTiB,
CyTTeBe TOAPiIOHEHHS (/10 HAHOPO3MIPHOTO) 3e-
pHa B MMOBEPXHEBOMY IIapi HE MOTJIM HE MO3Ha-
YUTHUCS Ha JOBTOBIYHOCTI BUPOOIB.

Pesynpratn BUnpoOyBaHbs HA MUKIIYHY JTO-
BrOBIYHICTH ITOJAaHl B Ta0n. 2. SIk BUIHO 3 Tad-
JUIl, 32 OJHaKoBOro HampyxeHHs 320 Mlla
3pa3ok 0e3 Ib 3pyiinyBaBcs micist 3315 nukoniB
BUTIPOOyBaHb, a micns Ib Butpumar 650 Tuc.
mUKIiB Oe3 pyHHyBaHHA. 30iNbIICHHS Hampy-
skeHHA 1o 380 Mlla mpu3Beno 1o pyiHyBaHHS,
aje BOAHOYAC TOBTOBIYHICTH 3pOcia YABiUi IMO-
piBHsHO i3 3pa3koM Oe3 Ib. Pesympratn nmaiotsb
3MOTY 3pOOUTH BHCHOBOK NP0 €(eKTHUBHICTH
noBepxHeBoro mMoaudikysanss Ib (6e3 immnan-
Tamii ioHIB THTaHy i QoOpMyBaHHS TOKPHTTS,
TOOTO 0€3 3MIHM XiMIYHOI'O CKJaay) 3 METOH
M IBUNIECHHS [AKIIYHOI JOBIOBIYHOCTI OOJITIB.

Tabmuus 2 — Bruus 1b Ha 1MKIIiuHY TOBrOBIYHICTD

Cran Hampy- Kinpkicte | Pesynbrar
MTOBEPXHI JKEHHS, IUKITIB 10 | BUIPOOY-
MIla pyHHY- BaHHA
BaHHS
no Ib 320 331500 3pyiHHYyBa-
BCSI
micis [b 320 660000 HE 3pyii-
HYBaBCs
BucHosku

1. BiampaupoBaHuii pexuM BiOPOIYroBOTrO
HaTUTaBlIeHHsS 3a0e3reduye TBEPAICTh IMOBEpPXHI
JUTSE MOXKITUBOCTI TIOJTAJTBIIIOTO MEXaHIYHOTO 00-
pobiieHHs 6€3 10JIaTKOBOTO TEPMIYHOTO 3HEMi-
ITHEHHSI, IO ITiIBUIIYE €KOHOMIYHICTh MpOIecy
KOMITEHCalii 3HOLIEHOro MOBEPXHEBOTO LIapy.

3. 'panHuiss MIIHOCTI Ha 3pi3 BiJHOBJICHUX
0ONTIB BIJNOBiJ]a€ 3HAYEHHSIM Y BUXITHOMY
crani. OHAaK TPaHUL BUTPUBAIOCTI 3HUXKY-
erbest maibke Ha 20 %.

4. Monmuodikysanns |b HarmaBieHoro mosep-
XHEBOTO Iapy Jajo 3MOTY BJBIYI 30LIBIIMTH
[UKJIIYHY JIOBTOBIYHICTh, CYTTEBO ITiJ[BUIIUTH
CTaTUYHY MIIHICTh 0€3 BTPAaTH IIACTHYHOCTI Ta
301IBLINTH TBEPAICTb.

5. CepueBuHa 00JiTIB HE 3a3Haja CTPYKTYp-
HUX TIEPETBOPEHb YHACIIJIOK BiOPOIYrOBOTO

HaIUIaBJICHHs. Ta IIOAAIBLIOIO  IOBEPXHEBOTO
IB, ii BIacTUBOCTI 3aMILNINCS Ha TOYaTKOBOMY
piBHI. 301IBIIEHHS PecypCy AOCSTHYTO BHACIi-
JIOK 3MIHU CTaHy TOBEPXHI Ta MOBEIIHKH BHUPO-
Oy i1 HABaHTAXKCHHSIM.
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Increasing the post-repair resource of the wheels
attachment bolts of transport machinery

Abstract. Problem. The state of war in our country
and a significant reduction in the production of new
vehicles exacerbated the problem of increasing their
operational resource due to repairs. Improving the
quality and increasing the efficiency of transport
vehicles involves, first of all, the fight against wear
and tear, because the reason for their premature
failure (from 75 to 90%) is significant wear and tear
of parts. A significant number of parts of the main
structural units of vehicles are exposed to cyclic
loads, so it is quite reasonable to pay attention to the
issue of increasing the fatigue strength of products.
Considering the significant shortage and high cost of
spare parts, an expedient and economically benefi-
cial solution to these problems is the restoration and
strengthening of the surface layers of products dur-
ing repair The parts that mostly fail prematurely and
require repair using rational methods of recovery
include the bolts of fastening the wheels of buses - a
very common vehicle that is intensively operated in
very difficult conditions. The development of effective
technological processes for the restoration of bolts
with a simultaneous increase in the post-repair re-
source at the lowest costs is definitely an urgent is-
sue, because it will prevent another possible prema-
ture failure in operation Goal. The purpose of the
work is to restore and increase the post-repair re-
source of the bolts for fastening the disks of the rear
wheels of the bus. Methodology. The subject of the
study were the serial bolts for fastening the discs of
the rear wheels of the bus made of 40X steel after
quenching and tempering at 500-550° C with a tros-
tite-bainite structure and a hardness of 35-37 HPC.

For vibro-arc surfacing, electrode wire Hn-30XI'CA
with a diameter of 1.2 mm was used. Food carbon
dioxide was used as a protective gas, and a 5% solu-
tion of soda ash in water was used as an accelerating
coolant. After surfacing, the surface was subjected to
bombardment with low-energy (up to 3 keV) titanium
ions in an argon environment at the Bulat - 3t instal-
lation. After the specified methods of bolt processing,
the roughness and surface profile were evaluated, the
microstructure was studied, and the mechanical
properties were determined. The strength limit of the
slotted part of the bolt was determined using special
samples on the CD10 universal machine (made in
Germany). Cyclic tests of welded samples were car-
ried out according to the scheme "tension during
rotation of the cantilever-loaded sample™ on the
UMP-02 machine. Tensile tests were performed ac-
cording to standard methods. Originality.
To increase the cyclic durability and wear resistance
of bolts, a modern method of surface modification
was used - ion bombardment with low-energy ions
(without coating), which made it possible to streng-
then the surface layer without losing plasticity. An
increase in the resource was achieved due to a
change in the state of the surface (obtaining ultra-
fine crystalline nano-sized grain, healing of surface
stress concentrators), and a change in the mechan-
ism of plastic deformation - from dislocation to rota-
tional with grain-boundary sliding of ultra-fine
grains. Practical value. The recommended mode of
vibro-arc surfacing provides surface hardness for the
possibility of further mechanical processing without
additional thermal weakening, which increases the
cost-effectiveness of the process of compensation of
the worn surface layer. Modification of the surface
by ion brombarbing after surfacing made it possible
to increase the cyclic durability by 2 times, signifi-
cantly increase the static strength without loss of
plasticity, and increase the hardness to ensure wear
resistance.

Keywords: energy-saving technologies, road panels,
smart roads, road marking, alternative sources of
electricity.
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