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JUTS YIOCKOHAJIEHHSA TEXHOJOTT IX BIITHOBJIEHHS

Ha ocnosi memodia inweenepil docaainymo ROKPAEnin Mexniko-excaVamayiinux xapaxmepucmuy 2idpoyuaindpis
ARG LT NG-IPAKMENG] MEXNIKG 3aCMOCVEasi KonGinosan) Mexnatoin mepuoMexaniynoae suiynenns pobayol
nogepxnd sinnan sidpoyirindpa. Hposedendd ananiz mpadmgiiingy mexnaiocili domeotus susnayunm Xl ofeneenns
Ma oGIPYNIMYESIME NANPRME SA0CKoNATENNA. Fanpanonosanull npoyec ROCONVE NaspIeaiia, dedopuyione Mexanine
HAKQMVEIRIR M mevMnepamypiut aidnves, dim pearizayil s nidiGpano sidnosione obradnans 0 incmpenm. Exe-
RepUMERMaisi docHioNcenna nidmeepowty eqhemuanicns POIponTeny pilneis susnaveno mesnepanypy deghoprayii
(L), comymins deghopumanii (1) ma meyxmepanmypy sionvery ( Tu) nosepxn, posnodin meepdocmi 30 Mosiynnion ciminK,
& NECAS ODRAMKN — GETUHUIY SHECY.

O @I PERCHMAM IMEpMaMexanivio 2o Inignenns caid npuivan: mesnepamypy dedhopuayii 850-880 °C,
cmyiting deghopuauli 14-18 % ma mewnepamypy efdnyesy 170-240 °C

Janponanosaia MEXHONO2R ROPIGNANG 3 NPOMUCTORIM BUPOTNIMEnM Tabeineyye:

— 3hepencenna meepdocmi wa pianl 42-50 HRC npu Giasw wine deopaiosomy nideuiyenid macmusiocni;

— 3fiannena anutunn awignenoza wapy ¢ 1,25 pasu, wo dozeonac Rposodimu PEMONM 36 PEMONTHI POIMIpa;

— IMUNCCHNR NARPYNCENoemi Rosgepriesoas wapy v 4-10 pazie;

— RiduEN I cCMabiIbNecmi MEXANINIIEY E10CMUROCIREL, MAMEEPINCENE IHENMETIEM Koediyicimia eapianll meep-
docmi v I,6-1,7 paz ma naacmusnocmi — v 1,8-2,3 pasu.

Hopisnansnut anaiis nokazas cymmesi Nepesaau nosol MexHonosll, 30Kpemd IPOcmaiig npodyEmuenecmi oipoiin
Ao 4 pazie, IMeNEennA SUmPam Na ICIpyMenn Ympudi ma 3a2a1hie 3deteaienia npoyecy aidioatenna 2ined aidpo-
yuRindpia. Bemanosiens, wo 3acmocyeanitn sanporonoeanal mexnoioaii 3afemedye Iienis ROSepInessao wapy na
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Memoo docridxicens © Ridanugenns dogzosiviocmi ma nadifinocmi 2ins 2lopoyutindpie 3a PAXYNOK 38CMOCYEanis
MEPMOMEXAHINNO0 IMIIENNS, WO CRPUSMIE BO0CKORARENIN0 RPOYecs slONoEIenna A0paeiiviuy CHCmeM aemomo-
FABNG-MPARIOPIHOT IEXNTRI.

O crm docridycenna: 2inn3a Adpoyurindpa asmonofiteio-mpaxmoepnal IMexuirn, aKa 30300 SHouVeanig 8 1io-
GAX ERCITVAMayil ma moTaeac sloneanenig 3 GURGPUCINa@RIAM MEXHooail IMINenna.

[lpeduem docaidxcenns; Rpoyec MepModexaniviozo Iignenna pobovol nogepai 2iab3u Adpoyerindpa, wo ani-
AAIOMB Ha IX dos2ogiyiicms, Hadllhicms Ma PeENoRmonpUoamiicms.

2 Jawmenko C. B, Kenesem AL O, Byvpnaga Q. A, appenko B. B., 2025
CTarTd NoWnpieTeea Ha ymosax mnensii CC BY 4.0
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Memadu docridweens. Jocaioxcennn Dazveaiics va aukopucmanni memaodia hizunnoze ma Mameuamusiiozo Mode-
MOBANIA PEATHIIOZ0 §) 210 MEPMA, d Makox: Memadic Mamevamusiel cmamucmuxy npy ofpodyd ma anaiizi excnepu-
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WO FEHCHICINIG DQNIX, OMPUAENI 20 MECPENEHHIT POIPAXVIKIG, 3 PETNTHMQmam excnepiMenmaTsiiy dociioxcens.

Excnepumenmansii dociidycenns nposedena 8 1a0opamopuix | GUPOONINLT YMOGIX 13 GUKOPRCITANIGEMN MOdeThiux
IPAIKIR, Memodia RIanVEQNIE eXcREPUMENITY TG Mantemamesriol conamucia.

V pesvanmami docaidxcent RAVKOGO GRIPVNITGEANG MG SECREPRMENMATBIG HdMeepINceno MoMeanaicms voocko-
HEAENNA MEXoIoil pevonmy 20n3 sidpoyuaindpie aemone0iTsio-mpaKmapiol MEXHiky 38 PaxyHor 30cMocyeaii
MEPMONEXaNTING2e IMINENNA X poloyal Resepon, W SUeOMOGTRIGMEER {3 GV2IEYERUY CIMATEN, MepMoMexaniHuung
FMiyrerian potoyol nosepxi (MOPIENENO T NPOMECTORN IPaTam).

Rowrosi caosa: MeEXnika-excRIVamayiing Xaparmepueniiky, 2ib3a Adpoyunindpa, mepuoMexanivne Mignenns,
MEXNGRO2A, GIONORTENNA, AMOMODLTBNO-MPaKmopiol Mexiiu.
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IMPROVEMENT OF THE TECHNICAL AND OPERATIONAL CHARACTERISTICS
OF HYDRAULIC CYLINDER LINERS OF AUTOMOTIVE AND TRACTOR MACHINERY
BY APPLYING THERMOMECHANICAL STRENGTHENING
TO ENHANCE THEIR RESTORATION TECHNOLOGY

Based on engineering methods, the technical and operational chavacteristics of hydraulic cvlinders of awtomoiive
and tractor equipment fave been improved by applving a combined technology of thermomechanical hardening of the
warking surface of the hvdraulic cylinder sleeve. The analvsis of traditional technologies has allowed us to identify
their limitations and substantiate areas of improvement. The proposed process combines heating, deforming mechanical
rofling and temperature temperving, for the implementation of which appropriate equipment and tools have been selected.
Experimental studies have confirmed the effectiveness of the developed solutions: the deformation temperature (Tp,), the
degree of deformation (A) and the tempering temperature (T ) of the surface, the distribution of hardness along the
wall thickness, and after running-in — the amount of wear:

The optimal thermomechanical havdening modes should be taken as: deformation temperature 850-880 °C,
deformation degree 14-18 % and tempering temperature [ 70-240 °C.

The propased technology, compared to industrial production, provides:

— maintaining hardness at the level of 42-50 HRC with a maove than twofold increase in plasticity;

— increasing the depth of the hardened laver by 1,25 times, which allows for vepairs to vepair dimensions;

— reducing the tension of the surface layver by 4110 times;
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— increasing the stability of mechanical properties, confirmed by reducing the coefficients of variation of hardness by
1,6-1.7 times and plasticity by 1.8-23 times.

A comparative analyvsis showed significani advaniages of the new technology, in particular, increasing processing
productivity by up to 4 times, reducing tool costs by three times, and reducing the overall cost of the process of restorving
hvdranlic cvlinder finers. It was found that the use of the proposed technology provides havdening of the surface laver to
a depth of up to 0,25 mm and achieving a roughness close to the operational one.

The purpose of the research is to increase the durability and reliability of hvdraulic cvlinder sleeves through the use of
thermomechanical hardening, which will contribute to the improvement of the vestoration processes of hvdraulic systems
af autemahile and tractor eguipment.

Ohject af research: hydraulic cvlinder sleeve of awiomobile and tractor equipment, which is subject to wear in
aperating conditions and is subject to restovation using hardening technologies.

Subject of research: processes of thermomechanical havdening of the working surface of the hydraulic cvlinder sleeve,
which affect their durabilitv, reliability and maintainabifity.

Research methods. The research was based on the use of methods of phyvsical and mathematical modeling of a real
friction unit, as well as methods of mathematical statistics in the processing and analvsis of experimental data obtained
during labovatory tests. To study changes in the siructure and determine the depth of the hardened layver, the metallographic
method and the hardness measurement method were used.

The adequacy of the mathematical model and the veliability of the vesearch resulis arve confirmed by the satisfactory
convergence of the data obtained by theovetical calculations with the results of experimental studies.

Experimental sindies were conducted in labovatory and production conditions using model samples, experimenial
planning methods and mathematical statistics.

As aresuli af the research, the possibility af improving the repair technology of hvdraulic cvlinder sleeves of automaobile
and tractor equipment through the use of thermomechanical strengthening of their working surface, made of carbon
steels, by thermomechanical strengthening of the working surface {compared to industrial samples) was sciemtifically
substantiated and experimentally confirmed.

Key words: technical and operational characteristics, hydranlic cylinder sleeve, thermomechanical strengthening,
technology, restoration, automoebile and tractor equipment.

Mocranosra npoiaemu

Ha cworommimniit AeHs peankHHi pecype eRCTUTYATOBAHNX TA BIAPEMOHTOBAHNY MAPOLATIHIPIE ABTOMO0INEHO-TPaK-
TOpHO! TEXHIKH, € HHAYHM B11 Betanosnenoro yuuaas JJCTY 3315-96 ta JCTY 3317-96 wa 30 %, Ogniero 3 npHann
LLOTO £ TE, W0 ICHYI0M cnecon PEMONTY I'JIL3 MIPOIHITHIPIE Ta BIIHOBICHHA IXHL0T pobodc] nosepxnal ne sabesnedy-
10TE BHEOHAHHA BCIX BHMOT, AKI BHCYBalOTRCA J0 Il geTanl, Kpiv Toro, AocBiA peMOHTHOND BHPOOHHLTEL MOKA3YE, 10
¥ NEPEBAKHIIT DINBIIOCTI BHITAKIE M1 93¢ HaAXOIHCHHA TIIPOITHIIHIPE Ha KAMTANLEHHIT PEMOHT TIL3A TPOUHITHAPIE
BHOPaKOBYIOTECH YEPes SHOWCHTA pododol NOBCPXHL, 10 CTAHOBHTE He Oineme | % Bin nouaTkosol mack geram. [Tpr
HLOMY PEMOHTONPHAATHICTE 3a3HAMEHAX JACTANCH € J0CHTE HHILKOK, 8 cnocid 1X BIITHOBICHHA 10 PEMOHTHOTD PO3MIpY
400 KDHCTPYKTHBHO HE nepeadadeHnil, abo 0 y faraThox BHNAIKAX € HEAOUUEHHM AK 3 SKCIUTYATANIROL, TIK 13 SK0HO-
MIMHOT TOUKH 30PY.

Binomo, mo Oyne-axuil TEXHOMOMYHEH MPOLEC PEMOHTY YH BITHOBISHHE AeTAN (arperary) nepeadauar He MHIe Biji-
HOBIEHHA TOPYIICHHX ¥ NPOLEC] eKCIUTYATALI NapaMeTpig, a i, FfOEHHM YHHOM, CTPHMYBAHHA THX PYHHIBHHX TpOLIe-
CIE, SKI 3KOHOMIPHO BIIOVBAIOTLCA ¥ Bysnax Ta Horo enementax [1]. Tomy 3a cyuacHMX yMOB, 38 HAXEHOCTI J0CTATHLOT
KUILKOCTI COOCODIE BIAHOBICHEA JeTane, AKTYANLHAM 3aBIaHHAM € NOIYE HOBHX efeKTHEHHX TeXHOMOri sMINHeHH
TinL3 riapouHniHApiE. TakuM TeXHOIOTIMHHM NPOLECOM, HA HAINY IYMEY, £ MNOCIHAHHA B CIHHOMY TEXHOTOTTHHOMY
LHEN TEPMIMHOTD TA MEXAHIYHOTO 3MILHIOBAILHONG BIUIHEY Ha poOOYY MOBEPXHID CTANLHHX TiNk3 UHTIHAPIE, To0TO
3ACTOCYBAHHA BHCOKOTEMIEPATYPHOTD TEPMOMEXAHIMHOID SMIIIHEHHA.

Taknm 4HHOM, AETYANBHICTE TEMH 3YMOBICHZ, 3 00HOMD OOKY, HeoOXIIHICTIO BNPOBATHEHHA HOBHX TEXHOMOTIH
PEMOHTY, 110 JAI0TE 3MOTY OBHIIHTH PECYPC 1 PEMONTONPHAATHICTE AeTanell aBToMoDIILHO-TPAKTOPHOT TEXHIKA Ta
HMOBIPHOI0 TPAKTHYHON 3HAYYIICTIO NEPERAT TEPMOMEXAHIMHOTO IMILHEHHA PodoUol MOBEPXHL ML TIAPOIHIIHIPIE,
a 3 IHmoro GoKy — HEOCTATHIM O0CArOM HAYKOBO-TEXHIYHOT IHdopMami moao BIIHEY ULOTD BHIY SMIMHEHHE Ha eek-
THEHICTE PEMOHTHHX NPOLECIE A8 AcTancil, BArOTORICHHX 13 BYTICHEEHX CTANEH.

HasenicTe Takel mdopmaunll gac sMory HayHROBO o0IPYHTYBITH DAPAMETPH TCPMOMEXAHIMHOTO SMINHEHHA TUIES
TIAPEENHMHHE HHIHIPIE 8ETOMO0IEHO-TPAKTOPHO! TEXHIKH.

Kpim Toro, Hami aocnliaeHHs MORIHES IHTEIPYBATH B 3aTAILHY CTPATErIK TAPMOHINHOTO POSEHTEY CUILCEEOTD
rOCTIOIApcTea B YKpainl, 1m0 HanpasIcHa Ha MOASPHIZALUIG ArpapHOTe CEKTOPY: POIBHTOK NepepobiH, IHHOBANIL, nnd-
poBITANIA Ta 0OMIH IHAHEAMH [2].

Ananiz ocrannix qoenirmens i nyiaikanii

AHANT PesyNLTATIE JOCTDKECHE NOKA3AE, 0 nosepxuese mnactHune nedopuaysanns (ITL) ¢ ogpmy i3 maitbinem
CiPEKTHEHMX METO/IIE MABHIEHHA SHOCOCTIAKDCT] PODOMHY MOBEPROHL JeTaneill B yMosax rpannunoro teprs [3]. dannit
METON IPYHTYETLCA HA BHKODPHCTAHHIL MIACTHUYHHXY BIACTHROCTEH Mareplany Ta sabeineuye yoyHeHHA MIKpoaeekTIs,
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MIBHILCHHS TBEPAOCTI, 3HOCO- i KOPO3IHHOT CTIAKOCTI, 4 TAKOK BTOMHOT MilHocTi nosepxui. ExcnepumenTansni gocni-
A#eHHA nokazann, mo sacrocysanns [T sumkye inTencusnicTs 3Homysanns y 1,5-2 pasu, a MIKPOTBEPAICTL NOBEPX-
HeBoro wapy spoctac na 18-27 % npu tosmmni 3mitmenoro mwapy 0,05-0.5 mm.

Bawnugoio nepesaroo € moxnusicts Bukopuctants [IT]] s 3aknioun0l TexHonorignoi onepatii Sk y cepiiinomy
BHPOOHHITBI, TaK I B yMOBaX peMoHTy. Pazom 3 THM, eieKTHBHICTE MpoLecy 3HAYHOIO MIPOIO 3aICKHTL BIL TOYHOCTI
nonepeanLoi 06pOdKH 3ar0TOBKH Ta NapaMeTpis INCTPYMeHTa, 110 aedopmye.

Ha naury qyMKy. MOMJIHBO YI0CKOHAIHTH TEXHOJIOTTIO PEMOHTY 33aCTOCYBABIIH TEPMOMEXaHIuHe 3MinHeHns pobouol
MOBEPXHI IUIL3 TIPOMHIIHAPIB i3 BYITICHEBHX CTANCH 3 METOIO NMJIBHIIEHHS PeCypCy Ta NOKPAIleHHs TeXHIKO-EKCIuTya-
TaliitHuX XapaxTepHcTHK. BeranoBneno, o BH3HAYANLHHME TEXHOJIOTTYHHMH NapaMeTpaMi LLOTo MPOLIECy € TeMiepa-
Typa aedopmanii (7,.,.), crynins aedopmanii (A) Ta remneparypa sianycky (7). K1 iCTOTHO BIUTHBAIOTE HA MEXaHIYHI
it eKCrIyaTauiiiii BIaCTHBOCTI AeTanei.

i vac excrimyaranii riaponHIiHAPIB poOOuA MOBEPXHA IJlb3 NIJACTLCS BILTHBY POO040OT PIIHIH TA CHII TCPTH NOPUIHS,
1110 CIPHYMHAC riapoadpasnsie Ta abpasHBHE 3HOWEHHS YHACTIIOK HEeAKICHOTO OMHILICHHS o1uBH abo pyiinyBanHs Mare-
piany riassu, nopumsg Ta mamker. Jedopmami wroka MOKYTL NPH3BOAMTH 0 3MINICHHS MOPLIHSA, HECMIBBICHOCTI Ta
pyiinyBanns poOovoT NOBEPXHi, 1O 3YMOBIIOE MOPYMICHHS NEPMETHYHOCTI Ta 3HHAKCHHS NPAlC3IaTHOCTI MAPOLHIIHAPA.
36uibmenns 06’ emy pobouol NOPOAKHHHN TiApPOLHAIHAPa nigsHiLye BuTpary omnsn Ta 3ummkye KK/ [4]. Excnnyaranis
TiIPOLMIIHAPIB Mij] BEJIMKHMH HABAHTAKCHHAMH NPHIBOANTE 0 3MIHH FCOMETPHYHHX PO3MIPIB KOPIYCY, 1O 3YMOBIIOE
BTPaTy repMETHYHOCTI YIMUIbHEHL Ta 3HIKeHHS npauesgarnocti. OCHOBHMMH JeleKTaMu € 3HOWIEHHS BHYTPILIHBOTO
OTBOPY T'UIL3H, NOBEPXOHL INTOKA 1 MOPHIHS, 3aHPH Ta pUCKH (pHC. 1), a TAKOK NOIKOIKCHHS Pi3sbOOBHX 3 €/1HAHL.

Jpitni gediekT yCyBaOTL TPHTHPAHHAM, 3HAYHE 3HOMICHHS — MCXaHIYHOIO0 0OPOOKOIO 3 NOAAILIIHM XOHIHIYBAHHIM
abo uunidysanusam.

PeMOHT ripounaiugpis NOAUINIOTE Ha NOTOYHMIT (3aMiHA YUIUILHEHB, MEpPeBIpKa INTOKa Ta IUIL3H, XPOMYBaHHS
IITOKA) Ta KaMTAILHUI (3aMIHA IYMOBO-TEXHIMHHX BHPOOIB, peMOHT a00 3aMiHa WITOKA, XOHIHIYBAHHS TUIL3H, PEMOHT
MOPIIHA, HANPABIAIONOT Ta KPiIUeHs, 3aMina riawsn). Ticna pemonty 0008 S3K0BHM € cTeHa0BI BHIPOOYBaHHS U1
KOHTPOIIIO FEPMETHUHOCTI Ta NPALE3AaTHOCTI nap TepTs.

Puc. 1. ®oro rigpoadpasusuoro Ta alpa3sHBHOI0 3HONIYBAHHA BHYTPIIHLOT NOBEePXHi I'IL3u riaponniainapa

Hocnipxenns [5] nokasany, 1mo 3MiHEHAS Tiab3 riapomwsniapis merogom IMIT]] 13 nanecennsm antndpukuiiinoro
MOKpHTTA € Olabin edexTusunM, Hix docdarysanus, HanpasicHe XoHinrysanns abo anmasie BIOPOBHITIAKYBAHHS.
OO6podka rib3 HHM METOI0M HiABHULYE pecype Aetaneil y 1,9-2.6 pasi, npHCKOPIOE NPHOPALIOBAHHS MAPH «riib3a —
nopuieHs» 10 2 pasis, 3uwAye koediuient reprs 20 30 % ta niasuuye 3HococTiikicTs podouot nosepxui y 1,8-5,0 pasis.

CyTTeBHM HEJI0MIKOM LIBOTO METOAY € Malla TOBIIHHA aHTH(IPHKLIHHOTO wapy (10 5 MKM), 1110 B yMOBaxX a0pazHBHOTO
3HOIYBAHHS BHABISACTLCH HEOCTATHBOIO 1, IK HACIOK, MOKE CIIPHYMHHTH 1HII BHH 3HOCY, 3HIKYIOUH PECYPC TUIb3H.

HJocnipxenns [6] nokasanm, 1o 418 OIALINOCTI rb3 MAPOLHIIHAPIB 3CTOCOBYIOTH 3arapTyBaHHs BYIICLEBHX CTa-
neit BucokouacroTaumu crpymami (CBY), nio go3Bonse oTpuMaTn MapTeHCHTHY CTPYKTYPY podouol moBepxHi Ta mij-
BHIHTH 11 TRepaicTs 10 40-50 HRC. I'ubuna 3araprosanoro mapy cranosuts 1,0-1.8 mMm, mo 3abeszneuye MOKIHBICTE
nepenuTiOBKH riib3 TPOLHIIHAPIB 111 PEMOHTHI PO3MIPH Ta niABnuIye pecype Aerasneit. Oanax s GinbuocTi ries
riZIPONHAIHAPIB PEMOHT 13 3aCTOCOBYBAHHM 3arapTyBaHHs BYIJICLEBHX CTANCH BHCOKOYACTOTHHMH CTPYMaMi He nepej-
OaucHHIL 10 3YMOBIIOE HH3LKY peMOHTONpHAaTHICTL. 3araprysanns CBY moxe cnpuunnsTi KopoOIeHHs, YTBOPEHHS
TPINHH T2 HEOAHOPIAHICTE CTPYKTYPH, TOMY JUIS KOKHOIO XIMIMHOIO CKJIAAy BYITICUEBHX craneit miadupaioTs onri-
MaIbHI PEKHMH HArpiBy Ta OXOMOAKCHHS.
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MeTtoan 3MilHeHHES Ta BIAHOBICHHS PoOOYOT MOBEPXHI I3 TIAPOUHIIHAPIB, SK TPAAHLINHI, TAK | aNbTCPHATHRHI,
MOKJIHKaHI yCcyBaTH AedieKTH, 10 BHHHKAIOTE NI Yac eKcIutyaranii, i, 3aJ1e/KH0 BII MPH3HAYCHHS Ta XIMIYHOTO CKIaay
Marepiany, 3abes3neuyBarTH AeTalAM BIACTHBOCTI, IKI FapaHTyIoTh HeoOXianMil pecypc ix poboti. [Tpore, 3riano 3 aanuMu
axepen [7], daxkmiunmii pecype riapomuIHApIB 10 KamTAILHONO PeMOHTY (BIJIIOYMAIONH 3aCTOCYBAHHS LHX METOIIB
SMILHCHHS Ta PEMOHTY) y PeaibHHX YMOBAX €KCIUTYaTalil 3HAYHO NOCTYNACTLCA HOPMATHBHHM MOKasHHKaM. Tomy pos-
poOKa HOBHX TEXHOIOTTH 3MILHEeHHS PoO0uO0T NOBEpPXHI T'UIL3H MAPOUIIHAPA, CHPAMOBAHHX HA MIBHILCHHS IX PEMOH-
TONPHAATHOCTI, € 00’ €KTHBHO HCOOXIAHOIO I BH3HAYAE AKTYAIBLHICTE AaHOI TEMH.

DQopMYJIIOBAHHS METH T0CAIIKEHHS

MeT010 1aHOr0 AOCHIAKECHHS € MABHINCHHS JOBrOBIMHOCT] T HAAIIHOCTI rIb3 MIPOLMIIH/PIB 33 PAXyHOK 3aCTO-
CYBAHHS TCPMOMEXaHIYHOTO 3MILHEHHS, 1110 CNPHATHME BIOCKOHAICHHIO NPOLECIB BUIHOBICHHS TIAPABIIYHHX CHCTEM
aBTOMOOINLHO-TPAKTOPHOI TEXHIKH.

3aBaaHns JOCHLIAKCH!

— TPOBECTH aHaNi3 HAYKOBO-TEXHIYHOI JIITEPATYPH 1100 OLIHKH PECYPCY Tilb3 TiPOLFIIHAPIB, METOAIB IX 3Mil-
HCHHS T2 BIAHOBICHHS PoOOYO0I MOBEPXHI:

—  oOrpyHTYBaTH MOAKIHBICTL MIZABHILCHHS SKOCTI TUIB3 MAPOLMIIHAPIB i3 BYIIICUEBHX CTANCH NUIXOM TEPMOMEXa-
HIYHOTO 3MILHCHHS Ta BH3HAYMTH HAOINLMI 3HAUYI TeXHONOruHl (haKTOPH, 1O BIIHBAIOTL HAa MEXaHiuHl il eKcrya-
TAlHHI XapaKTEPHCTHKY JIeTaneil;

—  NPOAHANIZYBATH 3MIHH MEXaHIYHHX BIACTHBOCTEH (TBEPAOCTI Ta IUIACTHYHOCTI) MOBEPXHEBOIO LIApy Marepi-
Ty Micas 3MINHCHHA Ta OMIHATH BIUIHB ONTHMAJLHHUX TEXHOMOINYHHX NapaMeTpiB | BAACTHBOCTEH 3MinHenol pobouoi
MOBEPXHI HA PECYPC | PEMOHTONPHAATHICTE TB3H TIAPOLIINAPA.

Bukaajgennst 0CHOBHOTO MaTepiaay J0caiTKenns

Jlnst npoBecHHS eKcriepHMenTy Oy/la BHKOPHCTAHA YaCTHHA TEXHOIOTTYHOTO MPOLECY, U0 3aCTOCOBYETRLCSH IPH BHIO-
TOBJICHHI KIZCUb KYNLKOBHX nigmununkis [8]. Bianosiano 10 ekcnepuMenTansHol yacTiHHi uiel podorn Oyno 3aaisno
HACTYNHE TEXHONOTTuHe 001a HanHs:

1) npsamoTouna razoBa Miv — JUIS HarpIBaHHS I'UIL3 MAPOLIIHAPIB 10 Temneparypx aedopmanii;

2) BeprukanbHO-po3TOUyBanbiHii Beperar 2E78IT (puc. 2, a);

3) npHCTOCYBaHHS ANA LUCHTPYBAHHS I'UIB3 MAPOLMIINAPIB HA CTAHUHI BepeTary (pHc. 2, 6);

4) mipoMmeTp — 18 BH3HAYCHHS TEMICPATYPH I'iIb3 MAPOLIIIHAPIB ¥ NPOLEci HArpiBaHHs Ta nepea AcopMyBaHHIM
(TounicTs BUMipioBanus npuaaay +10 °C);

5) Bauma jUIA rapTyBaHHS 3 BOJOIO Ta CHELIaNbii 3aXBaTH U8 TapTYBAHHS T'iUTL3 FAPOLHTIHAPIB;

6) mydensna nadoparopna niu MIT-2Y — ans Bianycky riib3 riapouHmHapis.

a 0

Puc. 2. Texnosoriune obiaiHAHNS: 2) BePTHKAILHO-PO3TOMYBILENIE Beperar 2ZE78IT:
§) NPHCTOCYBAHHS LISl HEHTPYBAHHS I'U1b3 TiIPOUHIINAPIB HA cTannni Beperary

V SKOCTI AOCAIANNX 3PA3KIB BHKOPHCTOBYBAIH 3arOTOBKH Y BHITIAAI HAMIBKIJICHL BHPI3AHHX 13 IiIL3H MAPOLIIIHAPA
70 1 s MPOBeICHHS TEXHOMOTTYHOIO MPOIecy TEPMOMEXaHiYHOTO 3MIIIHCHHS 10 BHYTPILIHBOMY JIaMeTpy.

Posmipu 3arotoBox Oynu oOyMoOBIeH] TeXHONOTYHHM ocHameHHaM Mainnin Teprs MI-1M (maumma Amcaepa), mo
sactocoByeThes. Kpiv Toro, nonepeanno 6y0 npoBeseHo HesHauHe repeHanarouKeHHs pofounx opranis Ta opramis
ynpasninag MI-1M (mammnna AMciepa) CTOCOBHO YMOB eKCIIEPHMEHTY (BIAPEryIb0BAHO OPIaHH YIPABIIHEA JUIS MOK-
JHBOCTI CTBOpeHHs 3yciung aedopmanii 4-7 xH).

[inn3y, 1o Niansrana BIAHOBICHHIO CIIOYATKY NPOTOUYBAIN M1 PEMOHTHHI PO3Mip a nepea AchopMyBaHHIM Harpi-
Baau nporarom 8-10 X8 y npsMoTOuHiit ra30BIil newi A0 iHTEpBamy Temneparyp, 3asHadenoro B Taba. 1. Temneparypa
peECTPYBAACS MIPOMETPOM.
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Puc. 3. 3aroroBxku Bupizani i3 craniapraux rijib3 rigpomutinapis i po3Touennx Ha peMOHTHHI po3Mip
(3pa3sku cupasa) Ta BHPisani i3 rizin3 rizpounainapis BIIHOBIEHHX 32 TEXHOJIOTICI0 TepMOMeXaHiunoro
3MinHenns (3pasKu 3.1i8a)

Tatnnus |
YmoBu HMPOBEICHHSA EKCHEPHMEHTAILHOIO Tep!IOME.‘ﬂlli‘IIIOI'O IMiLHEeHH
Henrpaasnnii komnozuuiiino oproronaasnnii wian (LIKOII) apyroro nopsjaxy
Pexumni napamerpn pisni Jipxkori kpanxku

nknii HYALOBMI BepxHiii -d +d
Temneparypa narpisanns, °C 850-860 $90-900 930-940 835-845 945-955
Temneparypa achopmanit, °C 830 870 910 815 925
Temneparypa sunyexy, 'C 50 (Be3 manycxy) 200 350 6e3 BIANYCKY 400
Crynins aedopmami, % 9 15 21 7 23

InTepBarn yacy MK HarpiBanHaM y neui Ta AeOpMaicio 3 BHKOPHCTAHHAM BEPTHKAIBLHO-POITOYYBAILHOTO BEPCTATY
2E78I1, i3 BCTaHOB/ICHHAM HA HLOTO CIICLIANLHOT TOMOBKH 13 KYIBKOBHM jActhopmaropom, ctanosuB 4—7 ¢ (uac, HeoOXiauuii
JUIS BUTATYBAHHA FUIB3H FAPOUMMIIHAPA 3 Mevl, YCTAHOBKH 1l y IPHCTOCYBAHNS [UIS HEHTPYBAHHS b3 IAPOUHIIHAPIB
Ha CTaHMHI BepeTary (puc. 2, 6) Ta npuBeaeHHs B pyx podounx oprauis sepcrary 2E78IT).

Temneparypa rinib3n rijpousiinapa npu aeopMyBanH] BIANOBIAAAA TEMIICPATYPaM, 3aJaHHM YMOBAMH NOBHOIO
(haKTOPHOTO EKCNEPHMEHTY | HEHTPAILHOTO OPTOroHaaLHOro Komnosuuiiinoro nmany (LIKOIT) apyroro nopsaxy
(rabn. 1). 3ycunas nedopmanii cranosumno 5-6 kH.

[Tics uBOro ruib3a riipouiHapa rapTysasacs y Boji. lnrepsan yacy Mix JeopMyBaHHAM I'iIL3H TAPOLUMITIHAPA T2
nepemimennam ii y raprysaneny Banny cranosus 5-10 ¢, mo 6yno neodxigno ans msuakoro dikcysanns aedopmosanoro
CTaHy ayCTeHITY Ta MakKCHMAaJILHOTO MEpexoily ioro B MapTeHCHT, a TAKOK BHKTIOYECHHS MOAKIJIMBOCTI noyarky Ta (abo)
PO3BHTKY PEKPHCTATIZAUIHHIX MPOHECIB.

3 METOI 3MCHUICHHS 3aTHIIKOBHMX HAMPYKEHL IMICAS 3arapTyBaHHA Ta BH3HAYCHHS ONTHMAIBHHX BJIACTHBOCTEH
CrCHiaNBHHX BYITICHCBHX CTaNCH NS FUIB3H UWIHAPIE TPH BHKOPHCTAHHI TCPMOMEXaHIMHOTO 3MINHEHHS, 3 IUIL3010
npotarom 60 XB MPOBOANIN HHILKOTEMIICPATYPHHIT BIANYCK y Mydensnii neui MIT-2Y. Temneparypu Bianycky HaBeeHO
y Tabn. 1.

Jo neodXiaHOl YHCTOTH BHYTPIMIHLOT MOBEPXHI TUIB3H FAPOLGUIIHAPIE JAOBOAMINCH 33 J0MOMOIOK MHCTOBOTO
wmidysants (Ha BHYTPIMIHLO NUYBAILHOMY BEpPCTaTi) Ta XOHIHIYBAHHA Ha NPOMHCAOBHX pexnmax. lLnidysanus
Oynio Texnonoriuno HeoOXigHe 118 HAJAHHA HEOOXIAHOIrO PO3MIpY BHYTPIUHLOI pobouoi nosepxHi (MOBEpXHI riab3H
TIPOLMIIHAPA AKI AOCTILKYIOTLCA Ta BHIPOOOBYIOTHCS ).

B pesyanTari eKCrnepHMEHTAILHOIO TEPMOMEXAHIYHOIO 3MIlHCHHS Marepiamy 3a BHILE BKAa33aHOIO TEXHOJIOTICI0
BAN0CH 3a0e3MeUNTH WINICHICT WHIIHAPHYHHEX FUIb3 TIZPOLMIIHAPIB Ta IX reoMeTpuuny dopmy.

Crynine aedopmanii rizb3 ripoummimipis oiHIOBANACK 33 BEIHYHHOK 3MIHH BHYTPIIHBOTO JAlaMeTpa:

dl -dN

Lw -100 %, )

~

ae d, — 3naueHHs BHYTPILIHLOTO AiaMeTpa rijibin MiApouHIinapa 10 Aedopmatii, MM: d, — 3Ha9eHHS BHYTPILIHLOIO Jia-
MeTpa riuib3u FiIpOIHIIHAPa micas e opMatii, MM, MM.
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[Morim 31 3MINHEHHX HWHIIHAPHYHHX AeTanell Ha (pe3cpHOMY BEpCTarl BHPI3WINCS KOJIOMOMKH 33 PO3Mipami,
HEOOXIAHNMH VIR YCTAHOBKH HA MAllIHHY TePTA.

JocniukeHHs 3H0COCTIHKOCTI 3MILHEHOT NOBEPXH] BHKOHYBaAH BiAnosiaxo a0 suMor JACTY 2823-94. loxyment
PCITIAMEHTYE ONIHIOBAHHA 3HOCOCTIHKOCTI BIJIHOBICHHX JCTAICH PYXOMHX CHPSKCHL HUISXOM BHIPOOYBaHE 3paskis
marepia;is i NOKPHTTIB Ha CreUIaIbHUX yeTanoskax [9].

OtpuMani  pe3yILTaTH HANCKATh A0 MOPIBHSIBHHX eKCIpec-BHNpo0yBaHb, HI0 MepeaAdavaloTh BH3HAYCHHS
CNIBBIAHOIICHHS BE/THYHHH 3HOUIYBAHHS BIAHOBICHOT T2 CTAMOHHOI NOBEPXOHL 3@ OJHAKOBHX YMOB, HaOIMKCHHX 10
peaBHHX, 3 BHKOPHCTAHHAM a0pasHBHO-MACIAHOT CyCIensii.

ExcnepuMenTn npoBoanIHCs y BapianTi BUnpoOyBaHHs BiAHOBICHOT MOBEPXHI 33 yHI(IKOBAHNMH KOHCTPYKTHBHIMH
napaMeTpaMi Ta KIHEMaTHYHHMH XapakTepPHCTHKAMH BIANOBIIHO 10 HOPMATHBHHX JOKYMEHTIB I NAcrnopra MallHHH
TEpTA.

MeTtoanka A0CHKCHHA MEXaHIYHNX AKOCTEH BIIHOBICHOT BHYTPINIHLOI MOBEPXHI TUIL3H TIAPOIBUIIHAPA METOOM
TEPMOMEXAHIYHOTO 3MILHCHHS.

Jlnst npoBeAeHHS AOCHIUKCHIS BHKOPHCTOBYBATHCE HACTYTIHI IIPHIAAN:

1) npunaa ans sumipiosanns Teepaocti HRC no Pokseny no JICTY 3870-99 moznem TK-2M (puc. 4);

2) naxoneunsk anmasunit suay HK no JICTY 9378-93.

Beranorneno, mo xapakrep posnoauty of’emy marepiany B 30HI HAIUIMBY BH3HAYACTLCA HOIO MEXaHIMHHME
BIACTHBOCTAMH, Hacammnepen saaruictio aedopmysarncs Oes pyiinysanns. Meroa Gasyernes Ha npumymensi, mo
AOCHLKYBAHE CCPSAOBHIIEC € I30TPONHHM NPYKHO-IUIACTHYHHM TLIOM, 2 30H2 IIACTHYHOI AedopMaltii HABKONO BIAOHTKY
IHCHTOPA NPONOPIIiiHa NOKA3ZHHKY MIACTHYHOCTI.

Puc. 4. Mpuaan nas sumiposanns reepaocti HRC no Pokseay

Cnissignomenns ¢/d (rmubuna BIAOHTKY 10 HOro giaMerpa) po3smsiacThes SK XapaKTEPHCTHKA TUIACTHYHOCTI,
YYTIHBA 70 3MIH CTPYKTYPH Martepiany (aus. puc. 5).

Puc. 5. Posnosciogaxenns gedopmanii i npodias BiaduTKa npn BrHCHEHH KOHIMHOI0 iH1eHTOPa B MeTAl
3 HH3BKOK (@) i BHCOKOIO (§) IIACTHYHICTIO
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OcotnMBICTIO MIAXOAY € BHIHAYCHHS IUIACTHYHOCTI HA OCHOBI JIBOX HE3AICKHHX napaMerpis (f I d). mo sHHKYye
BILUTMB TBEPAOCTI MaTepiany Ta MABHLIYE TOYHICTL pesyneraris. Lle crmisBiqnomIenns MOKe COyryBaTH JOMOMIKHHM
IHCTPYMEHTOM JUISt BHBUCHHSA CTPYKTYPHHX 3MiH ¥ CIJIaBax Iicas TepMiuHOT Ta TepMomexaniunol obpodki.

[Mapamerp #/d € XapaKTepHCTHKOIO, YYTIHBOIO 0 3MiH Y CTPYKTYPI CIaasy, I MOXKE BHKOPHCTOBYBATHCS K JIOMO-
MIZKHHIT IHCTPYMEHT /118 BHBYCHHSA CTPYKTYPHHX NEPETBOPEHD, 1110 BIAOYBAIOTLCA Y CIJIABAX 11ij1 BIUIMBOM TEPMIYHOI Ta
TepMoMexaHiunoi o6podok.

Sk XapaxkTepUCTHKY MUIACTHYHOCTI HaMM NPHITHATO BIAHOCHE MOJOBKCHHS IT'STHKPATHOTO PO3PHBHOTO 3paska, 110
BUITIOBIIA€ MOMEHTY 3aBepuieHus AedopMyBaHHs MPH MAKCHMAIBHOMY 3YCHIUTI PO3TATY 1 BH3HAYACTLCA 3a hopmynoo:
— el
& = “I— -100 %, (2)

"

o

ae: O, — BiIHOCHE MOJOBKEHHS, 110 BIANOBIAAC 3aKIHUCHHIO AedOpPMYBAHHS 3pasKka NPH MAKCHMAILHOMY 3YCHIUT po3-
Tary P, Ye; [, — NoOBAKHHA PO3PAXYHKOBOI YACTHHH PO3PHBHOIO 3pa3ka micns 3asepuicHHs AeOPMYBAHHA NPH MAKCH-
MATILHOMY 3YCHILI POSTATY, MM; [, — MOYATKOBA PO3PAXyHKOBA JOBKHHA 3Pa3Ka 10 HABAHTAKCHHS, MM.

MeToanka 10CAIKCHHA 3HOCOCTIIKOCTI 3MilHeHol nosepxui. [1s 10cniukens 3aCTOCOBYBAIN:

. Mammny teprs MI-IM (Amcaepa). 3 mertoio BunpoOyBaHHs 3pasKiB | KOHTP3PasKiB HECTAHJAPTHHX TCOMETPHY-
HHX PO3MIPIB YCTAHOBKA OyZia MOACPHIZ0BAHA: OKPEMI BY3/IH MiHANH Haa Da30BOI0 MIHTOK Ha pisHy BHCOTY (pHC. 6).
[Tpn upoMy Bel eKCIUTyaTauiiiii napaMeTpH MallHHE Ta BHMOTH 0 NPOBEAeHHs BHIPOOYBaHb 3aiHINANHCS BiANOBI-
HIMH HOPMaTHBaM.

Puc. 6. Mamuna teprs MI - IM (mammnna Amciaepa)

2. Anamiminuni Baru tuny AJIB-200M (2 kn), mo 103BOAKIOTE 3BaKYBaTH 3 MoXHOKoo e diasme 0,0001 r (puc. 7).

Puc. 7. Ananirnuni sarn tuny AJIB-200M

3. 3pa3ku | KOHTP3PA3KH, BHTOTOBICH] BIANOBIAHO 10 KPeCICHL, NPHBEACHNX Ha puc. 3. KOHTp3paskH BHIOTORICHI
33 €AMHOIO TEXHOMONIEI0 3 0aniel 3aroTiBkn. Marepian kontpapaskis — crans 45 no JICTY 7809:2015, repmoobpobiiena
1o teepaocti 45-50 HRC.

4. 3mamysansunil marepian - MIE-46B JICTY MI'E-46B ISO VG — minepansia riipasiivia olnsa Ui BHCOKOHA-
BAHTaKCHUX cHeTeM. AOPasHBHUI MaTepias — NPOAYKTH 3HOUIYBAHHS MaTeplany 3paska.

172



BICHHK XHTY Me 3¢94), |, 1, 2025 p. THAREHEPHI HAYKH

5. Mposueanenl pigans — fersnn (JJQCTY 7687:2015) 1 aueron (JCTY 7259:2012).
Cxema BHNpodyBaiL Ha 3HOCOCTIAKICTE NPHBSIEHA Ha pHC. 8.

cI1e MoJIat 3x ANBHOL PiIHI

T2

é
Pue. 8. Cxema punpodysane: 1 - 3pasok; 2 - KOHTPIpasok

ANTOpHTM NPOBEICHHA BHIPOOYBAHE 3HOCOCTIHKOCTI.

|. Beranosnenns spaska Ta KOHTPIPA3KA BIANOBLIHO 10 cxemu (puc. 8).

2. Moeridina nogaua ssanryesansiol pianan MPCE-46B na xonrpapazox.

3. MMpusesenns KOHTPIPaiKd B 00EPTAHAA; NPHOPALIOEAHHA TOBEPXOHL HA LAxyY Tepta 12-15 M 0o BCTaAHOBIEHAR
OCHOBHOTD HABAHTAKCHHA.

4. Hapantawenna 3paika sa gonoMorown cicremu MI-1M sianosianoe 4-7 kH: nposenenns BunpodyBann Ha LITAXY
Tepra 320 M (woTHpH nepioam).

5. Busmauenns xoHUeHTpanii a0pasHBy 3a BEIHYHHOI IHOMYBAHHA NPOTATOM OIHOTD Tepiody.

6. MMEcauia TPHBANOCT] NEPIOAY ENEKTPOHHHM CEKYVHIOMIPOM.

7. Tlicns KosHOTO NEPIOTY: POSBAHTAKCHHA CHCTEMH, 3HATTA 3PA3KIE, NPOMIBAHHA ¥ CICHIANLHEX PIIHHAX.

8. Ormag konTpspatka (BISyaTLHHE T2 34 J0NOMOMHO IITAHTEHIHPEYNA) 1 3BEKYBAHEA JOCTUHRYBAHOTO 3Paika.

9. Buimadennd zaraapiol BTPaTH MacH (Ag) Ta CopelHROTO apH(METHYHOIO 3HAYEHHA BTPATH MACH 33 NEpiog
BHOPODYEAHE [Ag.,).

B pesynerar gocniameHns MEXAHIMHHX BIACTHEOCTCH MOBEPXHEROTO WIAPY BYMMIEUEEHX CTANSH, NIATAHHX TEPMO-
MEXAHIYHOMY IMILHEHHID, Ta 00poDKH eKCNEpHMEHTANLHHE JAHHX STIHO 3 METOIHEAME, DVIH OTPHMAH] TAK] 3HAYEHHA
TEEPAOCT] Ta NAPAMETPa NAACTHYHOCT (IHE. Jlarpasy Ha puc. 9).

920 25
900
g 20
T ¥ = OcHosHOMx? - OcHoBHONX + OCHOBHORA
= 880 | rreewan.. *®
% ---------------- e |§
15
g 860 | B 2
v%—OcHoaHoﬁﬁ + OcHOBHOAX + Qents _§
g =
E 840 - %
@ 820 5
g s
800
780

473 446 448 478 451 456 489 455 457 444 462 453 465 457 47

. Taech,2C B30 830 830 870 &Y0 B70 910 910 910 830 830 870 870 910 910

— | 17 17 17 17 17 17 17 17 17 9 21 9 21 9 21
Teepaicte HRC

Puc. 9. Jdiarpama saaesnocti TEBEPIOCT TEPMOMeXaHiMHO 3MinHenol BHYTPIHLOT nosepxni riansn
rigpounainapa i1 remneparypu gedopmanii Ta crynens gedopaanii
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Pesynerard Z0CniameHs: MEXaHIMHIX BIACTHROCTEH NOBEPXHEROTD WAPY MUEIH TIAPOLHITHAPA BHIOTOBICHOL I3 BYT-
neuesol CTam, NiAIaH0T TEPMOMEXEHIYHOMY 3MILHEHHIO, CBIIYATE, 10 ONTHMANLHE TEEPAICTE NOBEPXKHI 3PA3KIE (IHE.
pue. 9 mepernn mnii Tpenay) sa Temneparypn 860-870 °C, ta crynemo gedopsanii B memax 16-18 % cranoente
45,6-46.5 HRC. Lei nianaton BIANORIIEE TEXHIMHHM YMOBIM HA BHIOTORICHHA TUE3 MAPOUMITIHAPIE, 1¢ HOPMATHEHE
FHAYEHHA TEEPAOCTI NOBEPXHEBOIO WPy CTaHoBATE 45 + 3 HRC.

[Tpn nopiBHAHHI PISHAX BapiaHTIB TEMICPATYP HATPIBAHHA TEPMOMEXAHIMHOID SMILHEHHA BCTAHOBICHO, IO IPH
NpHOMHIHO OOHAKDBIA TEEPAOCTI, AKA 3HAXDINTECH B ME&Eax oaHoro nopsaxy (45,6-46,5 HRC), cnocrepiracTeca cyT-
TEBE MIBMIEHHA NAPAMETPE NIACTHYHOCTL. TAK, 3HAUEHHS MAPaMeTpa MIACTHIHOCT] Hd I8 TEPMOMEXAHIMHO 3MITHE-
HHX 3paskis gocarae 0,28-0.36, wo y 2,0-3,0 pass nepeBHIIyE NOKAIHHEN 3PaiKiE MPOMHCIOEHX ML MAPOUATIHIPIE,
ne t'd cranosnTe 0,10-0,14.

Take niABMIIEHHA MUIACTHYHOCT] € HACTIIKOM ONTHMIZANT MIKPOCTPYKTYPH NMOBEPXHEEOID IIAPY TPH TEPMOMEXd-
Higpomy sdiguennl. [lpouec Bkmouar nonepenne Harpiganns 1o temneparypu 860-870 °C, nactynne dopmysanns
HANIHEY TA IBHJIKE OXON0HEHHA v Bl abo Macnl 3 weuakicto 50-100 *C/e, mo sadesnewye dopuysanna apibno-
JEPHHCTO] CTPYKTYPH MAPTCHCHTY 3 PIBHOMIPHHM POSNOILITIOM BTOPHHHOTO HEMeHTHTY. BHACTLIOK HROTD OOCATacTLCA
MOEAHAHEA BHCOKOT TREPAOCTI MOBEPXHI Ta MABHIIEHO! IIACTHUHOCTI, W0 3adeaneuye 30UILINEHHA IHOCOCTIHKOCTI Ta
MOBMOBIMHOCTI TUIL3 FUIPOUHIIHAPE ¥ PEATLHAX €RCIIYVATAUIHHEY YMOBAX.

PospaxyHKOBL 3HaUeHHA 3aranbHOl BTparH MacH ¥ Ag (r) Oyan orpEMani 3 BHKOPHCTAHHAM IHTEMPOBAHOTD NAKETa
maremarnunoro mogemosaning MATLAB (sepein 6.0) [10]. Macusn nanux, oTpHMani B pesynsTaTl pospaxyHELR, HalaTH
MOMRTHBICTE NPOAHATITYEATH FHAYCHHS 3AranLHol BTPATH MAcH 3paskis 3.Ag 38 BCIX MOMIIHEMX MO€AHAHL TEXHOTOM Y-
HHX MAPEMETPIE TEPMOMEXAHIYHOTD SMIMHEHAR Ta BHNPOOYBAILHAY HaBanTament. e 103gonuno BHKOPHCTATH pospa-
XYHEOBI qani 1718 nody1osn neodxianux rpadiunnx sanesnoctei aus. ppe. 100

25 0.05
0.045
® o L oos =
I§_ o E
= 0,035 =
a 15 ooy 2
§ | poas =
- - . . m
g 104 © . | op2 =
= =
E 0.015 ,3
5 5 001 &
F 0,005
] 0
1 2 3 4 5 6 7 g | 9 |10 |12 ]12]23]| 14] 15
—l%| 17 | 17 |27 |17 |17 |17 |17 |17 (17| 9 |21 | 9 [ 21| &8 | 21
—&—g, r|0.022|0.022|0.021]0.022{0.022|0.022|0.0210.021|0.043|0.043|0.042/0.043|0.043|0.043|0.041

Howmep pocaiay

Pue. 10. Mpadixn sminn 3arais ol BTPATH MAcH TEPMOMEXaHIMAO 3MIHEHOT BHYTPIALOI NOBepXHi riinin
rigpouniinapa Ta crynens gedopmanii

Apanis rpadikis (pac. 10) cBIAYHTE, L0 33 OIHAKOBHX BUNPOOYEANLHNX HABIHTAKCHE HAHOIILI SHAYCHHA 3aTalh-
ol BTpati Macn ¥ Ag COOCTEPIraIOTECA ¥ 3PAiKiB 13 NPOMHCIOBHX TlIL3, 3aB0ACLKOrD BHroToBReHnA. MiniMansui sua-
ucHHg P Ag BIINOBIAANTE PEEHMY TEPMOMEXAHIMHOTO sMinnenEs: Temneparypa aedopmauii T, = 870 °C (pue. 10),
cTynine aetopuanii & = 17 % (puc. 10}, 3a Temneparypn slanyery T, = 200 °C.

Corit BIA3HAYHTH, WO MIHIMATEHI BTPATH MacH Y AZ CHoCTepiraloTeCs Maiixe 33 BCiX PesuMIB TepMOoMexaniuiors
IMINHEHHA, 8K BIANOBIIAIOTE HasanTamenu Pul = 450 H (mo B peansinx yMoBax eRCIIyaTanil BIANOBIIAE THOKY
MOPIIHA HA JIEPRAN0 TN riapoquninapa npudnuzne 1,0-1,5 MIIa). Jna spasxie i3 npoMHCIOBHX MBS TLPOLMTIH-
APIE MAKCHMATEHA SHOCOCTIAKICTE CHOCTEPITAETECA 33 BHIPOOYEanLHOMD HasanTawmenus Fwi = S500H (=1.2-1.8 MIIa).
[MpoTe HasiTs 33 W] BETHYHEH HABAHTAMCHHA HA BHYTPILIHE NOBSPXHIO MUIBSH MAPOLIHIIHAPE 3MIMHEHOT 38 TEXHOI0-
TIEK TEPMOMEXAHIYHOTD SIMILHEHHA BHTPpHMY:e Buml na 12-22 %,

Bepyun a0 ysaru aani rpadixis (puc. 10), mo snauenns saransnol sTpati macn ¥ Ag = 0,021 r ans spaskis i3 rines
IMINHEHHE TepMoMexaniano GyH oTPHMAN] SKCOSPHMENTANBHO Ha MAIIHHI TEPTA Ta BPAXOBYIOUH SHAMEHHA CTYTICHL
medopuanii A = 17 % (agus puc. 10 Touka nepernny rpaikis), npn sHnpodyBaaeHoMy HasanTamennl Pul = 450 H sera-
HOBMIEHO, 10 BHILE 3TAaH1 MapaMeTpl PeRHMY TEPMOMEXAHITHOTD SMITHEHHA BIANOBLIAITE TeMIeparypi aedopaanii
Ty = 870 °C, 3a remneparypu sianyeky T, = 200 °C.

TakuM 9HHOM, JANPOMOHOBIHA TEXHONOTIA BIHOBICHHS J03BONAE VIOCKOHATIOBATH TEXHOIOTTMHA NpoLes nokpa-
MIEHHA TeXHIKD-EKCIUTYATALIHHHY XapaKTEPUCTHE TiNb3 TIPONHIIHAPIE aETOMOOLIEHO-TPAKTOPHOT TEXHIKH LLTAXOM
TEPMOMEXEHIMHOTO IMIHEHHAM POD0T0T TOREPXHI {MOPIBEHAHD 3 NPOMHCIOBHM 3Patkami):
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—  MOMMIUATH PEMOHTONPHIATHICTE JETANl 33 PAXyHOK 30UIBILICHHA MMHOMHH 3MIOHEHOMO Wapy Marepiamy ao
2.5 MM, IO J03BOIHTE BHEOPHCTORYBATH BLTHOBICHHA TUIES FAPOLHIIHAPIE METOAOM PEMOHTHHX POIMIPIE;

—  3DINBIIHTH 3HOCOCTIHKICTE BHYTPIIHLDT MOBSPXRHI MINESH FApOUHIIRApa na 18-22 %,

FanponoHOBANA TEXHONOTIA NPOHIITE CRCNEPHMEHTANLHE TafopaTopie anpodYBaHHA Ta JO3BOIHTE OTPHMATH pid-
HH SROHOMIYHE ciekT B MABHIISHHA PECYPCY Ta PEMOHTONPHIATHOCT] ML MAPOUHIIHIPIE TP IX TEpMOMEXaHi-
HOMY 3MIIHEHH] DOPIBHAHO 3 MTPOMHCIOBHM BAPIAHTOM TEXHONOTT BHMOTORICHHI.

Orpunsani pesyILTaTH HAYKOBO 00IPYHTOEIHI, CTATHCTHYHO 3HAYYIIL, PEROMEHIYIOTLCA AK 0a30B1 Janl npH poipodui
T BIPOBATHEHH] TEXHOMOTTH 3MIIHEHHA B YMOBAX CUILCEROIMOCTIONAPCEEOTD BHPODHHUTED. Kpiv Toro, 33 paxyHox mia-
BHILEHHA PEMOHTONPHIATHOCT] T4 CEPEAHLOTD PECYPCY TiNbE TIAPOUMIIHAPIE, PedlbHHM € IMECHIICHHA BHTPATH 3a0ac-
HHX WACTHH, 10 J03BOIHTE 3SHHIHTH CYMAPHI BHTPATH HA NPOBSISHHA 1X BiAHORIEHHA Ta 3MEHIIHTH BHCOKHI pPiBCHE
MOMHTY Ha 3AMACH] YACTHHH.

Bucnoskn

Haykoso o0rpyHTOBAHO Ta ERCIEPHMERTLILHO NLITBEPKEHO IONUILHICTE VIDCKDHATEHHA TEXHOIO0TT PEMOHTY T'UIES
FAPOLIHIHAPIE AETOMOOIIEHO-TPAKTOPHOT TEXHIKH NIAX0M TEPMOMEXAHIMHOMD SMINHEHHA pododo] NOBCPXHI TS 13
BYIIEUEEHX CTANEH, M0 MIBHILYE IX PECYPC Ta PEMOHTONPHIATHICTE. BHIHAYEHO KMOYOB] TEXHOMOYH] NapaMETpH
npouecy: TeMueparypy AcdiopManii, cTynink gedopyanli Ta TEMOEPaTypy BIANYCTKH.

OnTHMATEHHME PERHMIMH TEPMOMEXAHIMHOTO SMIMHEHHA BCTAHOBICHO: Temneparypy acdopsanii 350-880 °C,
cTynint gedopmanii 14-18 % ta temneparypy sianyexy 1 70-240 °C.

FanponoHOBAHA TEXHMIOTIA NOPIBHARD 3 NPOMHCIOBHM BHPODHHITEOM 3abesnedye:

— sbepemeHna TEepaocT] Ha pigxl 42-50 HRC npa Ginsm Hix ABOPAI0OBOMY MABAIIEHE] NIACTHYHOCTI;

—  3DINLIIEHHA TMHOHHH 3MITHEHOrO wapy B 1,25 pasy, 10 J0380086 NPOBOIHTH PEMOHT 33 PEMOHTHHMH POSMIPAMH,

—  SHHEEHHH HANPYHReHOCT] noBepxiesoro mapy y 4-10 pasis;

—  MiABMINEHHA CTAOMBHOCTI MEXAHIYHHX BIACTHEOCTEHR, NIATBEPIKEHE SMEHIIEHHAM KoedinienTie sapiauii Teep-
ooctl y 1,6—1.7 pasu ta mnactwunocti —y 1,823 pasu.
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