JIETUPJIEHI'EH BOJIATTAH JKACAJIFAH TAY-KEH XXOHE METAJUTYPI'AJIBIK XKXABIBIK
BOJIEKTEPIHIH OHIMAUITTH JUODY3UAJIBIK TEPMOLIUKIIAIK SJIEKTPOJIUTTIK-TTJIA3SMAJIBIK
BOPJIAY JIbIH XXAHA SIICIH ©3IPJIEY APKbIJIbI APTTBIPY

Koda KP I'bribiM kdHe xoFapbl 0iniM MUHHMCTPJIri FbUIBIM KOMHTETIHIH I'PAHTTBIK Kap:KbLIAHABIPYBI
asicbIHJA Ky3ere acbipbliyaa, AP19680473 rpanTsbl.

2023-2025 xpu1Iapra apHAJIFaH KaPKbUIAHABIPY Kosemi — 98 457 297 TeHre.

BacebiM 0aFbIT: DHepreTuka koHe MallliHa XkKacay.
Kocaaxs! 6aceiMabIk: Kemik, aybin mapyamsuibiFbl, MyHali-Tra3 )KoHe Tay-KeH METaJUTYPTHSUTBIK MallliHA jKacay.

3eprreyain esextinmiri: JXKoba serupnenreH OonaTTaH KacadFaH Tay-K€H >KOHE METaJUTYpPrHsUIBIK >KaOabIK
OeJIIEKTEepiHIH TO3yFa TO3IMJIUIINT MEH OHIMAUIIIH apTThIpyFa OarbITTanFaH. bysl MakcaTka KOJIZaHBICTaFbl
ANIEKTPONUTTIK-TUIA3MANIBIK OHJEYre apHajfaH >KapThUlall ©HEPKICINTIK KOHIBIPFBIHBI KAXETTI MOIYJbAEpMEH
TOJBIKTBIPY ~ apKbUIbl  JUQQY3USUIBIK  TEPMOLMKIJIK — DJIEKTPOIUTTIK-TUIa3MaNblK ~ Ooprnay — TpoleciH
WHTEHCU(UKANMsIIay JKOHE aBTOMATTaHIBIPY Ke3zenreH. JKoOaHBIH FBUIBIMH JKaHAJBIFBl JIETUPJICHTeH OOoNaTTaH
KacanraH OeJImeKTepAl KaTOATHIK MU Y3UsIIBIK TEPMOLIUKIIIK JIEKTPOIUTTIK-TUIa3MajbIK Oopiay MeH KeWiHTi
AHOJITBHIK JKBUITBIPATYAbI OIpPIKTIpETiH jKaHa KEIIeH 1 9/ICTi YChIHYBIMEH cUmaTTanajpl. byn Tacin OopnblH OeTke
T dy3UITBIK eHYIH JKeleneTin, OeeKkTep/IiH naiianany KaCHeTTepiH eayip xKaKkcapTyFa MYMKIH/AIK Oeperi.

Makcatbi: JlerupieHren OonaTrTaH »acaifaH Tay-KeH METaJUTYPTUsUIBIK KaOJAblK Oesekrepid auddy3usuibik
TEPMOIMKIIIIK 3JIEKTPOJIHUTTIK-TUIA3MaNBIK OOpiay oiciH a3ipiiey jkoHe Oopiiay MpOIECiHAe XKYPETiH HbIFaiTy
MeXaHHU3M/EpPiH 3epTTey apKbLIbl OOIATTapABIH TPHOOKOPPO3HSUIBIK KACHETTEPiH apTTHIPY.

Kyrinerin  moTmxkenep: Juddy3usuiblk  TEpMOLMKIAIK — DIEKTPONUTTIK-TIA3MalbIK  OOplaylnbslH — Herisri
TEXHOJIOTHSUTBIK TIapaMeTpJIepiHiH JIETUPJICHIeH OONATThIH KYPBUIBIMABIK-(a3aliblK KyiliHe, MUKPOTBEpPATLIIriHE
KOHE TPUOOKOPPO3HSUIBIK CHUIATTaMaslapblHA dcepl 3epTrelielli. DIEKTPOIUT KypaMblH €3repTy apKbLIbl OOpIbIH
Oetke Oipkenki TUQy3UsIIbIK KAaHBIFY MEXaHU3MEPI aHBIKTAJIBIIN, OOpJIaHFaH KaOATThIH KAJBINTACY epeKIIeNiKTepi
alKbIHIAJIaIbl. AJIBIHFaH HOTIDKEIIEp HEeri3iHe JerHpIieHreH 00IaTTaH kKacallFaH Tay-KeH METaJLTYPIrUsUIbIK KaOabIK
OeunmiekTepin AU(GGY3UIBIK TEPMOLUKIIIK AJIEKTPOIUTTIK-TIa3MaJIbIK OOpJIay/iblH FhUIBIMH HETI3IENreH 9Jici
o3ipieHeni.

Konngany cananapel: Tay-KeH MeTaTyprisUIbIK MalllHa jkacay.

Cypert - TLDIIb koHabIprbichkl (a), OopiaHFaH OONATTHIH KOJIJEHEH KUMAChIHBIH MHKPOCTPYKTYpachl (0) koHe
0€TKI KYpBbUIBIMBI (B).




[OBBIIIEHUE ITPOU3BOAUTEILHOCTH JETAJIEM TOPHO-METAJITYPTUYECKOI'O
OBOPYJIOBAHHS U3JIETMPOBAHHOM CTAJIM ITYTEM PA3PABOTKU HOBOI'O CITIOCOBA
JUODY3NOHHOI'O TEPMOLUKIIMYECKOI'O SJIEKTPOJIMTHO

IIpu noanep:xke rpantosoro punancupoanust KH MHBO PK, rpantApl19680473.06bemM punancupoBanusi Ha
2023-2025rr.-98, 457 297 MJIH. TEHTE.

IIpuopuTeTHOE HATIPABJIEHUE: DHEPreTHKA M MAITHOCTPOCHHE.

Hoxnpuopurter: TpaHcHopTHOE, CENBCKOXO3IHCTBEHHOE, HEPTErazoBoe M ropHO-METALTyprUIecKoe
MaIIMHOCTPOCHHE.

AKTyaJbHOCTH UcciaenoBanmii: [Ipoekt HanpasieH Ha pa3paboTKy crnocoba aAngdy3nOHHOTO TEPMOIUKINYECKOTO
AJIEKTPOIUTHO-TIA3MEHHOT0 OOPUPOBAHUS CTANBHBIX JIETalel TOPHO- METAILTYPTUUECKOro 000py/I0BaHHS C LIENTBIO
TIOBBILIEHUS] UX W3HOCOCTOMKOCTH M TPOM3BOIUTENBHOCTH, 33 CUET JOOCHANICHHS HEOOXOAMMBIMH MOIYIISIMH
UMEIOLIENCST  TMONYNPOMBIIIICEHHOH ~ YCTAHOBKM — DJIEKTPOJIMTHO-IDIA3MEHHOM — 00paboTku  cranmeit s
WHTEHCU(UKALMK ¥ aBTOMAaTH3alMu Ipouecca Au(d(y3MOHHOrO HachlleHHs OOpOM CTanbHBIX fAetaiell. Haydnas
HOBHM3HA TIPOCKTa 3aKJIOYAaeTCs B TOM, YTO NpEAJaraercs HOBBIH KOMOWHHMPOBAHHBIA CIOCOO KaTOJHOIO
I Yy3HOHHOIO  TEPMOIMKIMYECKOrO  3JEKTPOJIMTHO-  IUIA3MEHHOro  OOpHpOBaHMsl  JeTaliell  TOpHO-
METaJUTypru4ecKoro 000pyJIOBaHMSI U3 JIETMPOBAHHOM CTalM C TOCIEIYIONIeH aHOJHOW MONUPOBKOM, KOTOpPhIE B
KOMIUIEKCE CIOCOOCTBYIOT MHTeHcH(UKauuu Aud(y3nOHHOTO HACHIIIEHHsT OOPOM MOBEPXHOCTH 00pa3lloB, TEM
CaMbIM MOBBIIIAIOT €€ IKCIUTyaTal[IOHHbIE CBOICTBA.

Hean: Pazpaborka crnocoba Au(G@Yy3MOHHOTO TEPMOIMKINUECKOTO AJIEKTPOIMTHO-TUIA3MEHHOT0 OOpUpOBaHUS
JieTaneil rOpHO-MEeTaJUTYpru4ecKoro 000py/10BaHHs U3 JIESTUPOBAHHOM CTaIM UM3YYSHHUE MEXaHH3MOB YIIPOYHEHHS B
npotiecce OOPUPOBAHUS, KOTOPbIE CIIOCOOCTBYIOT MOBBILICHHIO TPUOOKOPPO3HOHHBIX XaPAKTEPUCTHK JIETHPOBAHHBIX
crayei.

OxxujaeMble pe3yJbTaThl: bByayT mHCClenoBaHBl BIMSHHS OCHOBHBIX ~TEXHOJOIMYECKHX  [ApaMeTpOB
1 y3HOHHOTO TEPMOLHMKINYECKOr0 JJICKTPOIHTHO-IUIA3MEHHOTO OOPUPOBAHMS HA H3MEHEHHE CTPYKTYPHO-
(a30BOro COCTOSIHHS M MHKPOTBEPIOCTH, TPHOOKOPPO3MOHHBIX IOKa3aTeliell O0OpasloB JICTMPOBAHHOM CTaIH.
Bynyr momydeHsl HOBbIe JaHHbIE O MexaHM3Max (opmupoBanus IU(GY3HOHHOrO OOPHUPOBAHHOTO CIIOS Ha
MOBEPXHOCTH JICTHPOBAHHO CTalIM B 3aBUCHMOCTH OT BapbHPOBAHIS COCTABA CKTPOJIHTA C LEIBI0 PABHOMEPHOTO
HACBHILICHUS] MOBEPXHOCTH aKTUBHBIM OOpOM B IPOLECCE TEPMOLMKINYECKOr0 AIICKTPOIHTHO-IUIA3MEHHOIO
OopHpOBaHMs C MOCIEAYIOLIeH MOIMPOBKOM. Byner paspaborana HaydHas ocHOBa criocoba aud¢dy3rnOHHOTO
TEPMOLIMKIMYECKOTO  AJICKTPOIUTHO-IUIA3MEHHOr0  OOpUpOBAaHMS  AETaleil  TOPHO-  METALUTyprHYecKOro
0o0opynoBaHHS U3 JICTHPOBAHHOM CTalM IIyTeM KOPPE/SIIMM IIONYYCHHBIX PE3YJIbTATOB HCCIICIOBAHMIT
(OpMHUPOBaHUsS  CTPYKTYPHO-(a30BOrO COCTOSHHS W HM3MEHEHHUS TPUOOKOPPO3MOHHBIX XapaKTEPUCTUK B
3aBHCHMOCTH OT BapbHPOBAHHUS TEXHOJIOTMIECKUX MApaMeTpoB 00paboTKH.

OTpacau npuMeHeHust pa3padoTok: [ opHO-MeTauTypriryecKoe MalHHOCTPOCHHE.

Veranoska (a) ana THOIIB, Mrkpoctpyktypa momepedsoro cedermis (6) # moBepxHOCTH (B) OoprpoBanHOl cTam1

Prcyrox - Criocod Tmdy3HORHOTO TePMOIMKIIYECKOTO HMEKTPOTHTHO-TIIA3MEHHOTO G0pHpOBAHHA
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INCREASING THE PERFORMANCE OF ALLOY STEEL PARTS OF MINING AND
METALLURGICAL EQUIPMENT BY DEVELOPING A NEW METHOD OF DIFFUSION
THERMOCYCLIC ELECTROLYTIC-PLASMA BORONIZING

The project is implemented with the support of grant funding from the Committee of
Science of the Ministry of Science and Higher Education of the Republic of Kazakhstan,
Grant NeAP19680473.
Total funding for 2023-2025 amounts to 98,457,297 KZT.

Priority area: Energy and mechanical engineering.
Sub-priority: Transport, agricultural, oil and gas, and mining and metallurgical engineering.

Relevance of the research: The project is aimed at developing a method of diffusion
thermocyclic electrolytic-plasma boronizing of alloy steel parts used in mining and metallurgical
equipment in order to increase their wear resistance and performance. This will be achieved by
upgrading an existing semi-industrial electrolytic-plasma steel treatment unit with additional
modules to intensify and automate the diffusion boron saturation process.
The scientific novelty of the project lies in the proposal of a new combined method of cathodic
diffusion thermocyclic electrolytic-plasma boronizing followed by anodic polishing. This
integrated approach enhances the diffusion saturation of the surface with boron and significantly
improves the operational properties of alloy steel components.

Objective: To develop a method of diffusion thermocyclic electrolytic-plasma boronizing of
alloy steel parts of mining and metallurgical equipment and to study the strengthening
mechanisms occurring during boronizing that contribute to improving the tribocorrosion
properties of alloy steels.

Expected results: The influence of key technological parameters of diffusion thermocyclic
electrolytic-plasma boronizing on the structural-phase state, microhardness, and tribocorrosion
characteristics of alloy steel samples will be investigated.
New data on the mechanisms of formation of the diffusion boronized layer on the surface of
alloy steel will be obtained depending on variations in electrolyte composition, ensuring uniform
boron saturation during thermocyclic electrolytic-plasma boronizing followed by polishing.
A scientific basis for the diffusion thermocyclic electrolytic-plasma boronizing method for alloy
steel parts of mining and metallurgical equipment will be developed through correlation of the
obtained results on structural-phase evolution and changes in tribocorrosion properties with
processing parameters.

Fields of application: Mining and metallurgical engineering.

Figure: Thermocyclic electrolytic-plasma boronizing (TEPB) unit (a), microstructure of the cross-section
(b), and surface morphology (c) of boronized steel.
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