MANIMHA ~ BOJIMEKTEPI MEH K¥PAJIIAPBIH ~TEPMOLMKJIAIK  SJIEKTPOJIATTIK-
I[JIASBMAJIBIK HBIFAUTYIbIH PECYPC YHEMAENUTIH TEXHOJIOI UAACBIH ©3IPJIEY

’Koba KP BFM rpaHTTBIK KapKbUIaHIBIPYBl asChiHAa JKy3ere achlpbuiibl, AP08857733 rpanTsl.
2020-2022 xputnapra apHajFaH KapKbLIaHIbIPy KejaeMi — 67,797 MITH TeHre.

BacbiM 0aFbIT: DHEPreTHKA JKOHE MAaIlllHA Kacay.

3eprTeynin e3ekrimiri: JKoOaHBIH UISACH AJCKTPONUTTIK-TIIA3MaNbIK KaTOATHIK MPOIECTI XKETUIAIpyre
KOHE MalIMHa OeIIeKTepi MEH KypaliapblH TEPMOMUKIIIK AJIEKTPOIUTTIK-TIIa3MaNbIK HBIFAHTy
TEXHOJIOTHSCBIH 9d3ipieyre HerizjesreH. bysl TexHosorus onapablH TpHOOJOTHSUIBIK KacHeTTepiH
apTTBIPYABl KaMTamachl3 eTeli. OJeKTPOIUTTIK-TUTa3MallbIK  HBIFAUTY apKbUIbl  KaKCapThUIFaH
TPUOONOTHUSIIBIK KacheTTepi 0ap MoauduKausianraH OeTTiK KadaTTapiabl alyJblH MaTepHaITaHYIbIK
Heri3zepi a3ipieHei. AIBIHFaH HOTHXKEJIep HEri3iHie To3yFa Te3iMii OonaT OyibIMAap/bl KacayabliH
KaHa TYKbIPHIMIAMAaChIH KaJBINTACTHIPY KOHE 93IpJICHI€H TEXHOJIOTHSHBI OHIIPICKE EHri3y MYMKIHIIT
0ap MHHOBAIMSIIBIK YCHIHBICTAP/Ibl YCBIHY KO3/1eTe1.

Makcarpl: MammHa OenmeKkTepi MEH KypalIapblHBIH OCTTiIK Ka0aThIHBIH KATTBUIBIFBI MEH TO3yFa
TO3IMAUIIIH apTIThIpyFa MYMKIHAIK O€periH TEePMOLMKIIIK 3JICKTPOIUTTIK-TUIA3MANBIK HBIFAUTY
TEXHOJIOTHSCHIH ~ d3ipyiey, COHJal-aK DIEKTPOJHMTTIK-TUIA3MANBIK OCTTIK IIBIHBIKTBIPY — Ke3iHjIe
KOHCTPYKLHSUIBIK JKOHE KYpaJAbIK OoyaTrapia >KypeTiH KYPbUIbIM IbIK-(ha3ajblK TYPACHYJIEPIiH HEeris3ri

3aHABIIBIKTaPbIH aHBIKTAYy.

7KobdanbIH HOTH:KeJIepi:
Bonatrapapl TEpMOLMKIIIK 3JIEKTPOIUTTIK-TI1a3MaJIbIK HBFAUTYIbIH OHTAMIIBI PEKUMJIEP] aHBIKTAJIbL.
TexXHONMOTUANBIK TapaMeTpiiepre OaiinanbIcThl OyHbIM OeTiHe KambIHABIFG 0,5—20 MM apalbIFbIHIA JKOHE
KaTTeulblFel 750  HV-re  neifiH JkeTeTiH  IIBIHBIKKAH  KabaTTapael — amyra  Ooajpl.
[IsiHBIKKaH OOMATTAPIBIH TO3YFa TO3IMIIIITI KAIJIBIK ayCTCHUT MOJIIepi MEH MapTEHCUTTETI KOMipTeK
KOHIICHTPAIHSIChIHA ToyeIIi eKeHi AHBIKTAJIIbI.
30XI"CA OonarblHa KYPTi3ifreH 3IIEKTPOIUTTIK-T1a3MajblK TEPMOLUUKIJIIK HBIFAHTY TPUOOIOTHUSIIBIK
KOpPCETKIIITEpre OH ocep €TEeTiHI aHBIKTAIBL: ChIpFaHay Yiikemic Kod(p@UIMEHTI OacTankpl YiriMeH
calbICThIpFanaa 2,4 ece TOeMEHJeMl, To3y Keiemi 9 ece aszaiimpl, an TO3y KapKbIHABUIBIFBI 8,5 ece
TOMEHIE.

Koanany cananapel: Mammna sxacay JKoHEe METaJLTyprusl.



PA3PABOTKA PECYPCOCBEPEI AFOILEI TEXHOJIOI'MA TEPMOLIMKIMYECKOI'O
BJIEKTPOJIMTHO- INTASMEHHOI'O YIIPOUHEHUS JIETAJIEM MAILIMH U THCTPYMEHTOB

Ipu mnomnep:xkke rpanToBoro d¢unancupoBanuss MOH PK, rpantr AP08857733. O0bem
¢punancupoBanus na2020-2022 rr.- 67,797 mJIH. TeHre.

IIpuopuTeTHoe HanpaBJieHUe: DHEPreTHKA M MAIHHOCTPOCHUE.
AKTYyaJbHOCTH HccJedoBaHMii: lges mpoexTa OCHOBaHAa HAa YCOBEPIICHCTBOBAHUH

ANIEKTPOJIMTHO-TNIA3MEHHOTO  KaTOIHOrO TIpomecca M pa3paboTKe TEXHOJOTHH TEPMOILMKINYECKOTO
ANEKTPOIUTHO-TUTA3MEHHOTO  YIIPOYHEHMsI JIeTajled MaIllMH W HMHCTPYMEHTOB, oOecneunBaromieit
MOBBIIIEHHE HUX TPUOOJIOTHYECKUX CBOWCTB. bByayr pa3paboTaHsl MaTepHaloOBEUECKHE OCHOBBI
MOTy4eHUs MOIU(MDUIMPOBAHHBIX ITOBEPXHOCTHBIX CJOEB C YJIy4YIIEHHBIMH TpPHOOJIOrHYECKUMHU
CBOWMCTBAMU MYTEM 3JIEKTPOJMTHO-INIA3MEHHOr0 ymnpodyHeHus. Ha 0aze moiydeHHBIX JaHHBIX CTAHET
BO3MOXKHBIM CO3JaHH€ HOBOW KOHLENIUH pa3pabOTKM M3HOCOCTOWKHX CTAbHBIX H3ACIUA W OyayT
c(hopMyIMPOBaHbI MFHHOBALIMOHHbIE ITPEIJIOKEHHSI C IEPCIIEKTUBOM BHEAPEHUS Pa3padOTKH BIPOU3BOJICTBO.

Iean: Pa3paborka TEXHOIOIUH TEPMOLMKIMYECKOTO IEKTPOIUTHO-TIIIA3MEHHOTO YIIPOUHEHHUS JeTalei
MallMH W HHCTPYMEHTOB, KOTOpas IO3BOJIUT IOBBICUTh H3HOCOCTOMKOCTH W TBEPHOCTb HX
MOBEPXHOCTHOTO CJIOS, a TaKKe YCTAHOBJIEHHE OCHOBHBIX 3aKOHOMEPHOCTEH CTPYKTYypHO-(a30BBIX
MPEBpAIlCHNH B KOHCTPYKIMOHHBIX W WHCTPYMEHTAIBHBIX CTAJISIX IPU 3JICKTPOIMTHO-TIA3MEHHOM
YIIPOYHEHUH MTyTEM TTOBEPXHOCTHOM 3aKaJIKH.

PesyabTarsl npoexkra:

e VYCTaHOBJIEH  ONTHUMAJbHBIA  PEXUM  TEPMOLUUKIMYECKOTO  BIIEKTPOJIUTHO-IIIIa3MEHHOTO
YIPOYHEHUs1 cTajeid. B 3aBHCHMOCTH OT TEXHOJOTMYECKHUX PEXKHMMOB, MOXKHO IOJIy4yaTh Ha
MTOBEPXHOCTH W3/EJIHsl 3aKaJleHHBbIE CJIOM, KOTOpbIE UMEroT ToiumHy ot 0,5-20 MM U TBepIoCTb
1o 750 HV.

e OmpeneneHa 3aBUCHMOCTb M3HOCOCTOMKOCTH 3aKaJICHHBIX CTaJledl OT KOIMYeCTBa OCTaTOYHOIO
ayCTeHNUTA U KOHIEHTPALIUH YTIepoJa B MapTCHCHUTE.

e BrisfBi€HO, YTO UEKTPOJUTHO-IJIA3MEHHOE TepMoLMKiMueckoe yrpouHenue cramu 30XIT'CA
MOJIOKUTENBHO BIMSET HAa TPHOOJOTMUECKHE TapaMeTphl, TaK 3HaueHHEe KO3 (HUIMEHTa TPEHHS
CKOJIBXKEHHS CHIDKaeTcss B 2,4 pas3a, 00beM HM3HOCA YMEHBIIHJIOCH B 9 pa3, a 3HaueHHe
WHTEHCUBHOCTH M3HAIIMBAHUS CHU3WIIOCH B 8,5 pa3a 1o CpaBHEHHIO C UCXOIHBIM 00pa3IoM.

OTtpacim npuMeHeHnsi pa3padoTok: MamnHOCTpOEeHHE U METAJLTYPIHUsl.



DEVELOPMENT OF A RESOURCE-EFFICIENT TECHNOLOGY FOR THERMOCYCLIC
ELECTROLYTIC-PLASMA HARDENING OF MACHINE PARTS AND TOOLS

The project was carried out with the support of grant funding from the Ministry of Education and Science
of the Republic of Kazakhstan, Grant AP08857733.
The total funding for 2020-2022 was 67.797 million KZT.

Priority area: energy and mechanical engineering.

Relevance of the research: The idea of the project is based on improving the electrolytic-plasma
cathodic process and developing a thermocyclic electrolytic-plasma hardening technology for machine
parts and tools. This technology helps to improve their tribological properties. Materials science
principles for producing modified surface layers with better tribological properties are developed using
electrolytic-plasma hardening. Based on the obtained results, it is possible to create a new concept for
producing wear-resistant steel products and to prepare innovative proposals for introducing the developed
technology into industrial production.

Objective: To develop a thermocyclic electrolytic-plasma hardening technology that increases the
hardness and wear resistance of the surface layer of machine parts and tools, and to determine the main
patterns of structural and phase transformations in structural and tool steels during electrolytic-plasma
surface hardening.

Project results: Optimal regimes for thermocyclic electrolytic-plasma hardening of steels were
determined. Depending on the technological parameters, hardened surface layers with a thickness from
0.5 to 20 mm and hardness up to 750 HV can be obtained. It was found that the wear resistance of
hardened steels depends on the amount of retained austenite and the carbon concentration in martensite.
Thermocyclic electrolytic-plasma hardening of 30KhGSA steel showed a positive effect on tribological
properties: the coefficient of sliding friction decreased by 2.4 times, the wear volume decreased by 9
times, and the wear rate decreased by 8.5 times compared to the initial sample.

Fields of application: mechanical engineering and metallurgy.
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