AHHOTALIMSA

Ha aucceprauuio CapcemoOaeBoii TonkbiH EpxanoBubl Ha Temy: «MccnenoBaHue
IJIa3MEHHOTO YIIPOUHEHHUsl IIeJIbHOKATAHBIX KOJIEC [JIsl IMOBBIIIEHUS TEXHUYECKOTO
ypOBHsI 00paOOTKM M UX KayecTBa Mo MexayHapogHomy crangapty MCO 1005-6» na
couckanne creneHu AokTopa ¢puiaocopuu PhD no cnemmansnoctu 6D0/73200 —
Cranpapruzanus u ceprupuranmus

OO0wmas xapakrepucTuka padorsl

HucceprannonHas paboTa MOCBSIIEHa HMCCIEAOBAHUIO MPOLECCOB MOBBIIIECHUS
MU3HOCOCTOMKOCTH 1IEJIbHOKATAHBIX JKEJIE3HOAOPOKHBIX KOJIEC B IMAPE TPEHUS «KOJIECO-
peNnbc» C HCHOJIB30BAHMEM IUIA3MEHHOW 00pabOTKH, MNPUBOISAUIEH MOJEpHU3ALUU
CTPYKTYPbl TMOBEPXHOCTHOI'O CJIOSl CTaJIM TMPU HEU3MEHHOM XHMHUYECKOM COCTaBe,
CTPYKTYPBI U CBOMCTB IICHTPAIBHBIX CIIOEB 00pabaThIBAEMOTO HU3/ICIIHS.

AKTYaJIbHOCTH HCCJIEIOBAHUS

AHaJIM3 COBPEMEHHOI'O COCTOSHHUSI KOJIECHBIX Tlap TPY30BBIX BaroHOB,
NOCTYNAIOUIMX B IUIAHOBBIE BHUJbl PEMOHTAa M TEKYIIMH OTLENOYHBIA PEMOHT,
MOKa3bIBAET, YTO OCHOBHOW MPUYMHON OOTOYEK KOJIEC SIBISETCS M3HOC MOBEPXHOCTH
karanus. [lo stomy nedexry obraunBaercs 10 50 % konec. 3HAaUUTETHFHOE KOJTHMYECTBO
kosiec (10 35 %) BBIXOJIUT U3 CTPOSI IO TOPMO3HBIM U TEIIOBBIM MOBpexaeHusaM. [Ipu
OOJBIINX HArpy3Kax U BBICOKHUX CKOPOCTSIX JBHXKEHUS TOHKHE MOBEPXHOCTHBIE CIIOU
HArpeBalOTCs 10 TeMIeparyp, NMPEBBIAIINX KPUTHUYEeCKHe TOYKU (Aci, Acy) U Tpu
MOCIIEYIOIEM YCKOPEHHOM OXJIAXKIECHUU BO3MOXKHO 0Opa3oBaHHE TBEPAOH, B TO Ke
BpeMs XPYIKOW CTPYKTYpbl MAapTEHCUTA, YTO MPUBOJUT K PACTPECKUBAHUIO
MOBEPXHOCTHBIX CJIOE€B. DTH JAHHBIE MOKA3bIBAIOT, YTO MOBBIIIEHUE U3HOCOCTOMKOCTHU
MOBEpXHOCTH KaTaHus (rpeObHs U 00072 Kojieca) KEJIE3HOMOPOKHBIX KOJIeC ¢
UCITOJIb30BaHMEM HMHHOBAIIMOHHOHN IIJIa3MEHHOW OOpaOOTKH SIBISETCA aKTyaJbHOW W
BOCTpEOOBAaHHOW. ApPryMEHTHUPYETCS 3TO TE€M, YTO C OJHOW CTOPOHBI, IMOBBIIICHHUE
W3HOCOCTOMKOCTH JJIEMEHTOB KOJECHBIX TMTap SBISETCA BaXXHOW mpobOiemMoit
KEJIE3HOAOPOKHOTO TPAHCIOPTA, SABJISIOLIETOCS BEAYILIEW OTpaciibl0 3KOHOMUKHU
CTpaHbl, C JPYroil CTOPOHBI, BaXHBIM (AKTOPOM HCCIENOBaHUS U Pa3pabOTKH
VHHOBAallHOHHOM  TE€XHOJIOTMM  SIBIIAETCA:  BO-IEPBBIX, pACTyIlIMe LEHbl U
COOTBETCTBYIOIIME 3aTpaTbl HA NPOU3BOACTBO METAUIONPOAYKIMU JJs KOJIEC C
BBICOKMM JHEPronoTpeOieHHEeM, a TakyKe YBEJIWYUBAIOUIMECS 3aTpaThl HA 3allacHbIC
YaCTH, TEKYIIUN U KalUTAJIbHBIA PEMOHT KOJIECHBIX Iap, CBA3AHHBIN C UX 3aMEHOM; BO-
BTOPBIX, POCT LIEH HA SHEPTOHOCUTENMU U TPAHCIIOPTHBIE PACXOIBI IO UX JOCTABKE.

[IpuBnekaTenpbHOCTh U MEPCHEKTUBHOCTD IUIA3MEHHON TEXHOJIOTUU YIPOYHECHUS
00yCIIOBIIEHO YHHBEPCAITBHOCTBHIO €€ MapaMeTPOB, JOCTYIMHOCTHIO, YIKOJIOTHYHOCTHIO U
YKOHOMHYECKON 3((PEKTUBHOCTHIO WCIONB30BaHUA. [lpu 3TOM, HE M3MEHSsI OOIIEeTOo
XUMHUYECKOT0 COCTaBa MaTepuaia v ero (GU3MKo-XMMHUYECKHUX CBOMCTB BO BHYTPEHHUX
CJOsIX, Takas 0OpabOTKa JErkK0 BMHUCHIBAETCS B TEXHOJIOTMUYECKUH MPOLECC PEMOHTA
KOJieC, Majo3aTpaTHa, JIOCTaTOYHO MPOU3BOJMUTENIbHA U, SBISASICH (DUHUIIHOU



orepanyed, Mmo3BoJisieT APHEKTUBHO YBEIUYHUTHh AKCILTyaTAllHOHHYIO CTOMKOCTh H
CITy’)KeOHBIN pecypc BarOHHBIX KOJIECHBIX TTap.

eab ucciaenoBanus - MOBBIIMICHUE YPOBHS KAayeCTBA M OKCIUTYaTaI[MOHHOTO
pecypca KOJIECHBIX Tap MOBEPXHOCTHOM MIIa3MEHHOM 00paboTKOM.

JIst  TOCTWDKEHUST TIOCTABICHHOW 1€ OBUTM TTOCTABJICHBI M PEIICHBI
CJIEIyIOIINE 3aIa4M:

- HCCleIoBaHUE OCOOEHHOCTEH (GopMHUpOBaHUsl TPaAUEHTHO-CIOUCTON
CTPYKTYpBl TP CBEpXOBICTpBIX CcKopocTsix HarpeBa (~6000°C) wu oxmakmeHus
(~3000°C) u kpaTKOBPEMEHHOCTHIO Bo3zeiicTBUs Ha MeTamt (~1072-103¢);

- ICCIICZIOBAHKE BIIMSIHUS PeKUMOB nudPepeHInanbpHoi 00paboTKH 3JIEMEHTOB
IIeIbHOKATaHOTO KoJieca (000/1a, TMCKA M CTYIHUIILI) HA MOBBIIICHNUE €TI0 Ka4eCTBa,

- U3y4YCHUE BIIMSHUS MOBEPXHOCTHOM IJIA3MEHHOW 00paOOTKM B COYCTAHHUU C
NpeIBapUTEILHON 00BEMHON 3aKaIKOH KoJjieca Ha JIOJITOBEYHOCTh U HAJC)KHOCTB;

- WCCIICIOBAaHUE BIIMSHMS PacHpeIeJICHUS OCTATOYHBIX HANPSOKCHUH B 000]1e
KOJIeCca Ha MOBBIIICHHE H3HOCO U TPEIINHOCTOMKOCTH;

- PEKOMEHJIAlUU 110 ONTHUMAJIBHOMY JIHAIa30HY TBEPIOCTH KoOJieca M peiibca U
TIIyOMHE YIPOYHEHHOW 30HBI, OOECICYMBAIONICH TOBBIIICHUE JKCILIyaTallMOHHOTO
pecypca KOJIECHBIX map.

O0bekT mccaenoBaHusi: 0001 U TpeOCHb IETHPHOKATAHBIX KOJIEC IIOCIe
Pa3TUYHBIX BUOB YIIPOUHSIOIIEH TepMUYECKONH 00pabOTKH.

IIpeamer  wMcciexoBaHWsi:  BBISIBICHHE  BO3MOXKHOCTHM  IOBBIIICHHUS
M3HOCOCTOMKOCTH KOHTaKTHOU (pabouyeil) MOBEpXHOCTH KOJIECHBIX Map IIa3MEHHOMN
00paboTKOM.

Hayunble pe3ybTaThl B paMKax TpeOOBaHUil K JUCCEPTALMH.

Bo BBemeHum 00OCHOBaHa AaKTyaJbHOCTh HWCCJIEJAOBAHMS, MpaKTHUECKas H
Hay4yHas 3HAYUMOCTH PELICHUs TPoOJieM pa3padOTKU U BHEIPEHHS MPUHIUITHUAIBHO
HOBOW TEXHOJIOTMH YIPOUYHEHHUS Hanbojiee Harpy>KeHHBIX JIEMEHTOB XOJOBOWM YacTH
MOJIBIJKHOTO COCTaBa.

B nepBom pa3znelie omMcaHO COBPEMEHHOE COCTOSIHHE MPOOJIEMBbl MOBBINICHUS
M3HOCTOMKOCTH W MEXAaHW3Mbl HW3HAIIMBAHUS TPYIIMXCA TOBEpXHOCTEH. OmucaHbl
TPaJUIIUOHHBIE ¥ WHHOBAIMOHHBIC TEXHOJIOTHH MOBBIIIEHUS M3HOCOCTOMKOCTH KOJEC.
[IpuBeneHbl CBeACHUS O TUTAHHPYEMOM HAyYHO-TEXHUYECKOM YPOBHE pa3pabOTKH, O
MATEHTHBIX UCCJIEIOBAHUAX M BBIBOJABI U3 HUX. [locTaBieHbI 3a1aun AHCCEPTAIMOHHON
paboThl ¢ 0003HauYE€HWEM OCHOBHBIX IIeJM uccieaoBanus. OO003HAUYECHBI HaydHas
HOBU3HA U YKa3aHbl OCHOBHBIC MOJIOKEHHSI, BRIHOCHMbIC Ha 3aIUTY.

Bo BTOpOM pa3ieJie mpeCTaBICHB METOAUKH MPOBeIeHUs UCCAeT0BAHMI TS
BBITIOJTHEHUS TN JUCCEPTAIIMOHHONW pal0OThl - TMOBBIINICHHE HW3HOCOCTOMKOCTH U
AKCILTyaTallMOHHOTO pecypca IeNbHOKAaTaHBIX Kojec BaroHoB. [IpowmsBeneH BBIOOP
HEOOXOIUMBIX JJI UCCIIEIOBAaHUN MPUOOPOB U 00OPYIOBAaHUM, a TAKKE MPEACTABICHA
METOJIMKA OMPENEICHUSI XUMHUYECKOTO COCTaBa IUIa3MEHHO-YIPOYHEHHOTO CJIOS
o0pa3noB ¢ BO30yxaeHHeM crekTpa Ha uckpoBoMm crnekrpomerpe SPECTROLAB;
METOJBl  OMPEJCICHUS] MEXaHWYECKUX CBOMCTB, MeTaIorpadudecKue MeETOJIbI
U3YUYCHHUSI CTPYKTYpbl (CyOCTPYKTYpBI) ONTHUYECKONH U BJIEKTPOHHON MUKPOCKOMHUEH;
METOJMKA OMPECICHUS BEIWYMHBI HM3HOCA YIPOYHEHHBIX H HEYNPOYHCHHBIX



AKCHEPUMEHTATBHBIX 00pa3lOB M WX OINHUCAaHHWE, paclpeieieHue OCTAaTOYHBIX
BHYTPEHHUX HaIpsDKEHU B 000/1€ MIa3MEHHO — YIPOUYHEHHBIX 00pa3I0B € MOMOIIBIO
PEHTIEHOBCKOTO U MEXaHUYECKOr0 METOJIOB M MX KPaTKOE OMKCaHUE.

B Tpetrbem pa3aese pazpaboTaHa U co3aaHa MOJEINb OLEHKH KayecTBa KOJECHOM
ctanu. IlpuBeneHbl pe3ynabTaThl UCCIACIOBAHUM BIMSHUS CKOPOCTH HarpeBa u
OXJaXJEHUs TpU I[JIa3MEHHOM 3aKallke Ha mapamMeTpbl YNPOYHEHHON 30HBI.
[IpeacraBnenbl 0coOCHHOCTH (OPMUPOBAHUSI TPATUECHTHO-CIOUCTON CTPYKTYphl H
CBOMCTB B KOJECHOM CTajlu TMpU TOBEPXHOCTHOM IJIa3MEHHOM 0O0paboTKe.
[ToguepkHyTO, YTO TPaJMEHTHO-CIOMCTHASI HEOAHOPOJHAs CTPYKTypa oOecredynBaeT
$U3UKO-MEXaHUYECKUE M  TEXHOJIOTMYECKHE CBOWMCTBA, HEJOCTIDKUMBIC  TIPU
OJIHOPOJIHOM CTPYKTYpPE MOCJI€ TPATUIIMOHHON TePMUUECKOI 00paboTKe.

YeTBepThlil pa3ies MOCBAIICH OMHCAHUIO BIUSHUS TPEOHEBOrO KOHTAKTa U
pe3yibTaTaM SKCIEPUMEHTAJBHBIX HCCIIE0BAaHUN COOTHOIIEHUS TBEPAOCTH KoJjieca U
penbca Ha wu3HOC. [loka3aHo, 4YTO ONTUMAaNBHBIM JWANa30H TBEPAOCTH KoJjeca
Haxonutcst B uHTepBasie HV 554-877, a cootrnomenne HVk/ HVp Haxomutcs B
npenenax 1,22-1,86.

[In1a3MeHHOM 3aKallkoW IEIbHOKATAHOTO JKEJE3HOJOPOKHOIO Kojeca Ha
MoOunpHOM yctanoBke Y JII'3-200 nmoka3aHo, YTO B IMana30He MPAKTHYECKUX PEKUMOB
paboThl obOecreunBaeTcs 3aKajika MOBEPXHOCTHOTO CIIOSI KOJIECa, YTO MOATBEPKIACT
pacyeTHbIN BBIBOJ O HEOOSA3aTENBHOW IMOJavye OXJIAKIAIOMEH XUIKOCTU (BOABI) Ha
3aKaJIMBAEMyI0 MOBEPXHOCTh MpHU IUIA3MEHHOM 3aKajike. JTOT (aKkT MMEeT OOJbIIoe
NPaKTUYECKOEe 3HAaY€HUE, IOCKOJIbKY oOpraHuzanus padoT  Ha TEXHOJOTHYECKOM
ydyacTke Oe3 Mmojauyd BOABl Ha 3aKaJlMBaeMoOe U3JIeJUe M TMOcJeayrolen cOopKu
CYIIIECTBEHHO MpOIIe U HEe TpeOyeT 3aTpar.

B nsiTom pasgesie npuBEACHBI PE3YJIbTATHI UCCICIOBAHUMN BIWSHUS MJ1a3MEHHOM
00paboTKH B COUYETaHHMH C OOBEMHOM 3aKajJKOW Ha HM3HOCO W TPEIIMHOCTOUKOCTH.
BrisiBrieHbI TIpenMyIecTBa CTPYKTYpbl copOMTa 3akaiku, KOoTopas oOpasyeTcs Mpu
OJIMHAPHOW TEepMHUUYECKON 00paboTKe (3aKajke), 10 CPaBHEHUIO C COPOMTOM OTIYyCKa
(bopmupyromemMcs mocie ABONHON TepMUUYeCKOi 00pabOTKU, COCTOAIICH U3 3aKaIKu +
OTIyCKa). YCTaHOBJEHO, 4YTO TPU OJUHAKOBOH TBEPIOCTH COpPOUT 3aKaJKH,
o0OecrieynBaeT  JIy4llIM€  MEXaHUYECKHE MW  CIOy)KeOHble  CBOWCTBA:  BBIIIE
M3HOCOCTOMKOCTh, OOJIbIIIE pa3HULA MEXAY MPEIeIOM IMPOYHOCTH-G; U MPEAETIOM
TEKY4ECTH - G, 00JIee BBICOKAs CIIOCOOHOCTH K YIPOYHEHHIO TPU HAKIIETe U OobIIas
KOHTaKTHasl BBIHOCJIUBOCTb.

OO0OCHOBaHbI TPEUMYIIECTBA TIOBEPXHOCTHOW IUIa3MEHHON 00paboOTKHM B
COUETAaHUU C OOBEMHONW TEPMUYECKON 00pabOTKOW HAa M3HOCO M TPEIIMHOCTOWKOCTH
KOJIEC.

[IpuBeneHsl pe3ysbTaTbl HCCIECNOBAHWM BIWSHUSA MapaMeTpOB IUIA3MEHHOU
00pabOTKH HA XapaKTeP paclpeesIeHUsT OCTATOYHBIX HAMIPSDKCHHI B KOJIECHOW CTAJIH.

Hay4ynasi HoBu3Ha:

1. IlokazaHo, 4TO MOBBIIEHUE U3HOCOCTOMKOCTH METajula MpH UCIOJIb30BAaHUU
MJIa3MEHHOM 00pabOTKU CBA3aHO C 00pa30BaHHMEM B YIPOYHEHHOM ITOBEPXHOCTHOM
CJI0€ HEOJHOPOJHOM T'PaIUEHTHO-CIIOUCTON CTPYKTYPbI, COCTOAIIECH U3 OTIIYIIEHHOIO



MapTeHCcUTa U (DEeppUTO-LIEMEHTUTHON CMECU pa3JIMUYHOM CTENEHU JUCTIEPCHOCTH
(TpoocTuTa, copOuTa, NEepauTa).

2. OmpeneneHo, YTO CBEPXBBHICOKHE CKOPOCTHM HAarpeBa M OXJIAXKICHUS MpHU
MJIa3MEHHOM 3aKaJike MPUBOJAUT K CUILHOMY U3MEJIBUCHUIO (DA30BBIX U CTPYKTYPHBIX
COCTaBJISIOIINX TOBEPXHOCTHOT'O CJIOSl CTAIM U COOTBETCTBYIOIIEMY IMOBBIIICHUIO €€
(U3HKO-MEXaHUYECKUMHU U CITY>KEOHBIX CBONCTB.

3. IlokazaHo, 4YTO coueTaHue MpPEABAPUTEILHON OOBEMHO-TEPMHUECKOM
00paboTKU Kojeca C TIOBEPXHOCTHO-TUIQ3MEHHOM  3aKalikoil  MPUBOJIUT K
CYIIECTBEHHOMY YJIYUYIIEHUIO KaK €ro H3HOCOCTOMKOCTH, TaK W KOHTaKTHO-
YCTaJIOCTHOM MPOYHOCTH (TPEUIUHOCTONKOCTH).

IMonoxeHusi BHIHOCUMBbIE HA 3aLUTY:

- HCCleloBaHuE OCOOEHHOCTEH dbopMupoBaHus TPaTUCHTHO-CIOUCTOU
CTPYKTYpbI MPU MOBEPXHOCTHOM IJIA3MEHHOW 3aKajKe U €€ BIUSHHUS Ha U3HOCO U
TPEIIMHOCTOMKOCTH KOJIEeCa;

- DKCIEPUMEHTAIBHOE OIpEeIeHNE ONTUMAILHOIO COOTHOIICHMSI TBEPJOCTHU
KOJIECca U pesibca B Tape TPEHUS «KOJIECO-PEIIbCy, CHUKAIOIIEr0 U3HOC KaK Kojieca, TaK
U peIbCa,;

- UCCJICIOBAaHNUE BIIUSHUS PEKUMOB AU PepeHImaibHoi 00padoTKH 2JIEMEHTOB
Koseca (000/a, JUCKA U CTYIIUIIBI) HA MTOBBIIICHUE YPOBHS €0 KauecTBa,

- HCCIIEJOBAaHUE BIUSHUA TIOBEPXHOCTHOW IUIa3MEHHOW 00paboTKu B
COUETAaHUU C TMPEABAPUTEIBHON OOBEMHOW 3aKajJKoW  Ha DJKCIUTyaTallMOHHYIO
HaJIC)KHOCTh M JIOJTOBEYHOCTh pabOTHI KoJieca,

- KOJIMYECTBEHHAsl OILIEHKAa pAaCIpEleTCHUs PACTATMBAIONIUX U CKUMAIOLIUX
BHYTPEHHUX HAMNPSIKEHUN B KOJIECE TOCIIe TUIa3MEHHOM 00pabOTKM U €ro BIUSHUS Ha
U3HOC.

IIpakTHyecKkasi HEHHOCTb M peajn3anus pe3yJbTATOB HCCJIe0BaHUIA.

- YCTaHOBJICHA ONTHMaJbHas TriayOWHa ynpodHeHHOW 30HBI (1,5-2,0 MM) ¢
MOBEPXHOCTHOU TBepA0CThIO ~ 840- 860 HV u obecneuymnBaromias rapaHTUPOBAHHOE
MOBBIIIEHUE IKCITYaTalIMOHHOTO pecypca KoyiecHbIX map B 2,0-2,5 pasa;

- ONPEEIICHO ONTUMAaJbHOE COOTHOUIEHHWE TBEPJOCTH KOJEeca M peiibca B Iape
TPEHHS «KOJECO-PENIbCy, KOTOPOE HaxoauTcs B Auamna3zoHe 1,22-1,86 u cyiiecTBEeHHO
CHUYKAeT MHTEHCUBHOCTh M3HOCA. [Toka3aHO, UTO ONTUMAaNbHBIN JUANa30H TBEPAOCTH
KoJsieca Haxoautcsi B uatepBane HV554-877, a coorHomenne HV./ HV, naxonutcs B
npenenax 1,22-1,86. YcraHoBieHo, uTo yBeiaumdeHune TBepaoctu cBbime 900-950HV
MOXET TMPUBECTH K TPEUIMHOOOPA30BAHUI0O W HMHTEHCUBHOMY M3HOCY pelibca.
Yrupounenue rpebHeil Koeca Ha HU3KYI0 TBepAocTh 277-481 HeapdekTuBeH, Tak Kak
M3HOCOCTOMKOCTH YJIYyYIIIA€TCs] HE3HAUUTENBHO;

- TI0Ka3aHO, YTO ONTHUMAJILHOE pAacIpeleseHne OCTAaTOYHBIX HaNpsKeHUN
(ckuUMarmKUX B MOBEPXHOCTHOM CJIO€ C TMEPEeXOJOM B  PACTITHBAIOIIME B
MPOMEXKYTOUHBII W LIEHTPAJbHBIA CJIOM) JOCTUraeTcsl MPU MOIIHOCTH IUIa3MEHHOU
ctpyu 15 kBT, ckopoctu ynmpounenus 10-15 mm/c, mmpuHe 3akaliuBaeMON JOPOKKU
25-30mm.

MeTononorudyeckas 0aza M MeTpPOJOruYecKoe odecrevyeHue MCCJIeT0BAHUI
MeTtononoruyecko  0a30i  HCCIENOBaHMM  SBIACTCS  LIEHTpaJbHAas HaAes O



CYILIECTBOBAHUM TJIyOOKOM CBSI3M MEXKAY CTPYKTYpOM M (PU3HKO-MEXaHHUUYECKUMH,
TEXHOJIOTUYECKUMH,  CIY>KEOHBIMU  CBOMCTBAMHM  METAJUIMYECKUX  MaTepHAaJIOB.
UccnenoBanusi BBIMOJHEHBl HAa OCHOBE MATEHTHO-UH(POPMAIMOHHOTO TIOUCKA H
MPOBEJCHUS IKCIEPUMEHTAIBHBIX PabOT B JaOOPATOPHOM U OIBITHO-TIPOMBIILICHHOM
Macmtade. [Ipu 3ToM HCTONB30BaHbl KaK TPaAUIIMOHHBIC, TAK U COBPEMEHHBIE METO/IbI
HAay4YHOT0 HCCJIeIoBaHus. MeTpojoruueckue (M3MepUTeNbHbIC) paOOThl BHITTOIHSIIUCH
Ha KOHTPOJBHO-U3MEPUTEIBHBIX TPUOOPAX BHICOKOTO KJIacCa TOYHOCTH, IOBEPEHHBIX B
COOTBETCTBUM C HOPMATUBHBIMU JJOKYMEHTAMHU.

JIOCTOBEpHOCTh M 00OCHOBAHHOCTH IOJYUYECHHBIX PE3YJbTAaTOB, BHIBOJOB U
pPEKOMEHIaIui, U3JI0KEHHBIX B TUCCEPTAIIUU, TOTBEPKICHBI:

-UCTOJIb30BAHUEM  HCXOJHBIX  TOJOXKEHUH, O0a3upyromuXCsa Ha  NOPUHIOUMIAX
TEOPETHUYECKOT0 U MPUKIIAJHOTO MaTEPUATOBEICHNUS,

- KOPPEKTHOM MOCTAaHOBKOM peliaeMbiX 3a7a4, JOCTaATOYHBIM 00HEMOM MPOBEACHHBIX
AKCIEPUMEHTOB U COBPEMEHHBIX METO/IOB UCIBITAHUN METAJUIMUECKUX MaTepPHaJIOB;

- YIIOBJIETBOPUTEIHLHON CXOAMMOCTBIO PE3YJIbTaTOB JTAOOPATOPHBIX U MPOMBITTICHHBIX
HUCCJICJOBAHUM.

CBs3b 1aHHOIT padoThHI ¢ JPYrMMH HAYYHO-HCCJIEN0BATEILCKUMHU PadoTaMu
JluccepraininonHas paboTa BBIMOJHEHA B paMKaxX OFOKETHOW MpOorpaMMbl TPAaHTOBOTO
¢unancupoBanus npoektoB MOH PK no npuoputety «PamrionansHoe UCTIONb30BaHUE
IPUPOJHBIX PECYpPCOB, MepepaboTKa ChIpbs W MpOAYKIMU» mo Teme «Pa3paboTka u
ONBITHO-IIPOMBIIIJIEHHOE BHEAPEHUE HWHHOBAIMOHHON TEXHOJIOTMHU IIJIa3MEHHOTO
YOPOUYHEHUs] BaroHHbIx koisiec» (2015-2017 rr.) u mo teme «Pa3Buthe KiacTepa
KEJIE3HOJOPOKHOTO MAIIMHOCTpoeHUs B Ka3axcraHne ¢ BHEIPEHHEM WHHOBALIMOHHOW
TEXHOJIOTUH IUTa3MEHHOTrO yrpouHeHus kojec» (2018-2020 rr.). DTu gaHHBIC
CBUJIETENICTBYIOT O TOM, YTO TE€Ma paccMaTpUBAEMOM JTUCCEPTALHUH COOTBETCTBYET
NPUOPUTETHHIM HAMPABICHUSAM pa3BUTUA HAyKH, peanuzyeMbiM B PecnyOnuke
Kazaxcran.

I[Myoaukanuu W JUYHBIA BKjIaA auccepranTa. OnyOnuKoBaHbl 16 HaydHBIX
TPYIOB, B TOM 4mciie 3 paboThl B M3JaHUAX, PEKOMEHIOBaHHbIX Komwuterom mo
KOHTpOJ0 B cdepe oOpazoanus u Hayku MOH PK, 3 crateu B MeXmayHapOoIHOM
HAyYHOM H3J]aHUU, BXOJSIIEM B 0a3y MaHHBIX Scopus, 3 CTaTbu B MaTepuaiax 0asbl
nanaeix PUHII, 7 crareii B MeXIyHapOJHBIX HAYYHO-NPAKTUYECKUX KOH(MEPEHIIUIX.
[Tonyyen matreHT Ne 4808 «Cmoco0 W yCTpOWCTBO IJisi TUIa3MEHHOW 00pabOTKU
KEJIE3HOIOPOKHOTO Kosecay PecmyOonuku Kazaxcran Ha MOJIE3HYIO MOJIETTb.

CtpykTypa m 00BbemMm pabGorbl. Jluccepraius COCTOUT W3 BBEIACHUS, MATH
pa3denoB, BBIBOJOB, 3aKIIOYEHHS, CIIMCKA HCIIOJIb30BAHHBIX HCTOYHHUKOB U3 116
HAMMEHOBaHWU W TpuiokeHwid. Pabora m3noxkena Ha 136 crpanumnax, BriaroyaeT 32
PUCYHKOB U 26 Ta0nu.



6D073200 — CrangapTray *oHe cepTH(PUKAaTTay MaMaHAbIFbl OOMbIHIIA  (uitocopuu
nokropsl (PhD) reueiMu nopexecin any yurH pavbiHganran Capcem6aeBa T oJiKkbIH
Ep:xxkankbpi3biHbIH - «TyTacTwiiemaenren aeHrejdekTepai OHIEYIiH TeXHHKAJbIK
JACHIeiiH JKOHE CamachblH apTTBIPY YUIH IUIA3MAJBIK OepIKTeHAIPY apKbLIbI
xajabpIKapajablKk crangapt MCO 1005-6 cojikec 3epTrey» TaKbIpbIObIHA Ka3bUIFaH
AiccepTaIHsIChIHA

AHJIATIIA

ZKYMBICTBIH KAJIMbI CHIATTAMACHI

JluccepTausuIbIK KYMBIC OHICIETIH OYHBIMHBIH XUMHSUIBIK KYPaMbl, OPTaJbIK
Ka0aTTapbIHBIH KYPBUIBIMBI MEH KACUETTEP1 ©3repMereH OOJIATThIH YCTIHIT KaOAThIHBIH
KYPBUIBIMBIH JKaHFBIPTYFa OKENETIH TIUIa3MalblK OHJICY/l TMaljganaHa OTBIPHII,
«JIOHFaJNaK-pebC»  YHKenmici  JKYObIHAA ~ TyTac  WJIEMJICITeH  TeMIp  KOJ
JOHFaJIaKTapPbIHBIH TO3YyFa TO3IMILIITIH apTTHIPY IPOIECTEPIH 3epTTEyre apHaJIFaH.

3epTTeyain 03eKTiJIiri

Xocnapiel keHIey TYypJepiHE >KOHE aFbIMIArbl aFbITIIANBI KOHICYTe KEil
TYCETIH YK BaroHJapbIHBIH JOHFaJaK >KYITapbIHBIH Ka3ipri jkah-KyHiH Tamgay
JIOHTEJICKTEP/I1 KaKalybIHbIH HeEri3ri cebebl chipraHay OTiHIH TO3ybl OOJBIT
TaOBUIATBIHBIH KepceTenl. byn akay OoitbiHmIa neHrenektepaid 50% ra pgeitin
Kaiipanazasl. JloHramakTapaslH eaoyip canbl (35% ra [eiiH) TEXeTrill >KOHE KBLTY
3aKbIMJIaHYbl OOMBIHINIA ICTEH IIBIFAbI. YJIKEH JKYKTEMEJIEp MEH KOFaphbl KO3FaJbIC
KBUITAaMJIBIFBIH/IA XKYKa OCTKI KabaTTap KpUTUKAIBIK HYKTenepaeH (Aci, Acs) acaThiH
TEeMIIepaTypara JeiiH KbI3aJbl KOHE KEHIHHEH XKeAENJIETUIreH CalKbIHAATy Ke31HJIe
MapTEHCUTTIH KAaTThl, COHBIMEH Oipre CHIHFBIII KYPBLIBIMBI Taka 00yl MYMKIH, OYII
OeTKki KabaTTapIbIH KapblIyblHA OKeJeal. byl nepekrep WHHOBAIUSIIBIK TTa3MaJIbIK
OHJICY/Il KOJI/IaHa OTBIPHIT, TEMIpP KOJ OHFAJIAKTAPBIHBIH ChIpFaHAY (IOHFAJaKThIH
’KOTAachl MEH IIeHOepl) OCTIHIH TO3yFa TO3IMILIITIH apTTHIPY ©3€KTi KOHE CypaHBbICKa
ue eKkeHiH kepcereai. by, Oip ’kxaFblHaH, €] YKOHOMHUKACBIHBIH JKCTEKII Calachl
OOJBIN TaOBUIATHIH TEMIPXKOJI KOJITIHIH JOHFANAK JKYIITAphl JIEMEHTTEPIHIH TO3yFa
TO3IMIUIITIH apTTBIPYIBIH MaHbI3ABl TpoOieMackl OONBINM  TaOBUIAABI, EKIHIII
KaFblHAH, WHHOBAIMSUIBIK TEXHOJOTHUSHBI 3€pPTT€Y MEH JaMBITYIbIH MaHBI3IbI
dakTopbpl: OIpIHIIIZACH, OFaphl KyaTThl MailalaHATBIH JOHFAJIAKTapFa apHalIFaH
MeTaJll OHIMICPIH OHIPYTEe KOHE OCII Kelle KaTKaH Oaranap MEH THICTI IIBIFBIHAAD,
COHJIali-aK KOCAJIKbl OOIIIEKTepre, oJapibl AaybICThIpyFa OalIaHBICTHI JTOHFAJIAK
KYITAPBIH aFbIMAAFBl JKOHE KYpJedl JKOHACYre KETETIH NIBIFBIHIAPABIH apTyhI;
CKIHIIIJIEH, DSHEPrHsi OarachlHBIH OCYyl JKOHE OJIapAbl JKETKI3y OOUBIHIIA KOJiK
IIBIFBIH]IAPBI.

[lnazmanbik ~ OEpIKTEHIIPY  TEXHOJOTHSCHIHBIH  TAPTHIMABUIBIFBI ~ MEH
MEePCIICKTUBTUIINT  OHBIH  IMapaMeTpJepiHiH oMOEOamnThIFBl, KOJ  JKETIMJIUIIr,
SKOJIOTHSJIBIK Ta3a OHE MalIallaHy/IbIH YKOHOMMKAJIBIK THIMAUIITIHE OalIaHBICTHI.
CoHbIMEH KaTap, MAaTePUAIBIH JKAIMbl XUMHSUIBIK KYpPaMbIH JKOHE OHBIH IIIKi
KaOaTTapblHAarbl (PU3HKA-XUMUSUIBIK KACHETTEpIH e3repTieii-ak, MYHJail eHJey
JIOHFAJIaKTapAbl XKOHACY1H TEXHOJOTHUSUIBIK MpPOLleCiHE OHAW coiikec Keyenl, ap3aH,



©Te OHIMII JKOHE OpJIey KYMBICHI 0OJia OTBIPBIN, BAaroH JOHFAIAKTAPBIHBIH >KYMBIC
TO3IMLIITT MEH KbI3MET KOPCETY MEP31MIH THIM/I1 apTThIpyFa MYMKIHAIK Oepe/il.

3epTTey MakKcaThbl - JIOHFAJIAK >KYNTapbIHBIH YCTIHI KaOaThlH IUIa3MalblK
OHJICY apKbLIbI Callachkl MEH Malanany PeCypPChIHBIH JACHTCHIH apTThIPy

Ochl MaKcaTKa eTy YIIIH KeJecl MiHAeTTep KOMbLIAbI KoHEe eIl

- oTe KbU1aaM Kei3abIpy (~6000°C) sxoHe cankbIHAATy KbaaMasrs! (~3000°C)
Ke31HJE TpagueHT-Ka0aTThl KYpbUIBIMJIBI KaJbINITACTBIPY EPEKIICNIKTEPIH >KOHE
MeTanra Kbicka Mep3imai (~1072-1073 ¢) acep eTyin 3eprrey;

- TyTacWJIeMJ1 JIOHFaJakThlH (IIeHOep, JUCK >KOHE KYIIIIEK) 3JIEMEHTTEPIH
muddepeHnranIpl OHIeY PeKUMISPIHIH OHBIH CallaChblH apTTBIPYFa dCEPiH 3ePTTLY;

- JOHTEJNeKTl alJblH ajga KeJeMJ LIbIHBIKTBIPYMEH Oipre OeTTIK IIa3MalibIK
OHJIey/11H OEpIKTIrht MEH CeHIMJIUIITIHE 9CEPIH 3EPTTEY;

- TOHFaJIaK JKUETTHACT] KAJIJBIK KepHEYJIePiH TapadybIHbIH TO3Y MEH KapblIyFa
TO3IMIUTIKTIH apTybIHA 9CEPIH 3EPTTEY;

- IOHFaJIaK JKYIITapbIHBIH NaiiallaHy PeCYPChIH apTThIPYIbl KAMTaMachl3 €TCTIH
JIOHFAJIaK TICH PEJIbCTIH OHTAWIbl KATTBHUIBIK JHANa30HbI KOHE OEpIKTEHIIPLITCH
aliMaKTBIH TEPEHIIr1 OOMBIHIIIA YCHIHBIMIAP.

3epTTEey HBICAHBI: dp TYpPJi OCPIKTEHIIPUITCH TEPMUSIIBIK OHJICYACH KEeHiH
TYTaCWJIEMJICIITCH JIOHTeJIEKTEPIIH eHOepi MEH KOTACHI.

3epTTey MOHIi: JOHFANaK KYNTApbIHBIH JKaHachaibl (KYMBIC) OETIHIH TO3Yy
TO3IMJIUIITH IJIa3MaJIbIK OHCY apKbUIBI apTTHIPy MYMKIHIIT1H aHBIKTAY.

KymbIic HOTHKETEPI:

Kipicnene 3eprreyniH ©3eKTUTIT, *KbUDKbIMAIbl KYPaMHBIH IIACCHIHIH €H KOl
KYKTEJITEH 2JIEMEHTTEPIH HBIFAUTYIBIH TyOeTeiisli kaHa TEXHOJIOTUSACHIH 931pJiey JKOHE
€HT13y MOcCeNeNepiH MICMIYAIH MPAaKTHUKAJIBIK JKOHE FBUIBIMA  MaHBI3IBLIBIFbI
HET13/1eJITEH.

Bipinmi 0esimae ToO3yFa TO3IMIUTIKTI apTTBIPY MNPOOJIEMaChIHBIH Ka3ipri
Karjgalbl  JKOHE  YHKENeTiH  OeTTepAiH  TO3y  MEXaHU3MJAEpl  CHUMaTTaJIFaH.
JloHFaakTapApIH TO3yFa TO3IMJIUIIIIH apTTRIPYABIH JJCTYPJl JKOHE HWHHOBAIUSIIBIK
TEXHOJOTHSJIAPhl  CUTIATTANFaH. O3IpJeydiH >KOCHApJIaHbI  OTBIPFAaH FBHUIBIMU-
TEXHUKAIBIK JIGHTeHl Typasbl, MAaTEHTTIK 3€PTTEyNep TYypalbl MOIIMETTEp >KOHE
oJlaplaH KOPBITBIHIBUIAD KENTIPUIreH. 3epTTeyiH HETi3T1 MaKCcaTTapblH KepceTe
OTBIPBIT, TUCCEPTANMSIIBIK )KYMBICTBIH MIHJETTEP1 KOMBIIFaH. FhUIbIMU jKaHATBIK JKOHE
KOpFayFa YChIHBIJIATBIH HETI3T1 epekeiep KOPCEeTUITeH.

Exinmi 06ejimae nuccepTalMsuIbIK >KYMBICTBI OpPBIHIAY YIIIH - BaroHIapibIH
TyTac WJEMJICHTEH JOHFaJaKTapbIHBIH TO3yFa TO3IMIUIIN MEH MaijanaHy pecypChiH
apTTHIPYABIH 3€PTTEY OMICTEpl YCHIHBUIFAH. 3epTTEy VIIIH KaKETTI KepeK-Kapakrap
MeEH jka0npIkTap TaHmanraH, coHjai-ak SPECTROLAB ymkpIHIBI CIIEKTPOMETPIHJIC
CIEKTP/IiH KO3YbI Oap YJITUIECPAiH IIa3MalbIK-OCPIKTCHIIPUITeH KaOATHIHBIH XUMHUSIITBIK
KYpPaMbIH aHBIKTAyJIbIH OJICTEMECI YCHIHBUIFAH; MEXaHHWKAJIBIK KACHETTEePl aHBIKTAY
ojlicTepi, COHBIMEH KaTap, KYpPbUIBIMABI (CYOKYPBUIBIMIBI) ONTHKAIBIK KOHE
ANEKTPOH/ABl MUKPOCKOMHUS KOMETiMEH MeTauiorpadusuiblK oJICTEPIMEH  aHBIKTay
Kyprizuieni; OEpIKTEHIEPUITeH >KOHE  OEpIKTeHAIPUIMEreH  SKCIEPUMEHTAJIbIbI
YATUIEPAIH TO3yFa TO3IMILIIK MOJIIEPIH aHBIKTAY 9JICTEMEC] KOHE OJIap/ibl CUIIATTay;



PEHTIE€HJIIK XKOHE MEXaHUKAJIBIK 9/1ICTEPAIH KOMETIMEH IUIa3MalblK — OepIKTEHIIPUIreH
YATUIepAiH 1IeHOEepIHAerl KaliFaH 1Kl KepHeynepll 0eily >KOHE oJyiapbl KbICKallla
curarray.

Ywinmi Oesimae OoJlaTThl JIOHFAJIAKTHIH camachklH Oaranay MOJAENl d31pJieHl
XoHe ckacanabl. [lma3manbiK OEpiKTeHIIpYy Ke31HAE KhI3JAbIPY JKOHE CaJIKbIHIATY
KBUITAMJIBIFBIHBIH ~ OCPIKTCHIIPUINeH aWMaKThIH MapaMeTpiiepiHe OCEpIH 3epTTey
HOTWDKENepl KenripuireH. beTki KkaOaTrThl IUIa3MallblK ©HJEY Ke3iHjae OoJaTThl
JOHFaJaKTa TPaTUEHT-Ka0aTThl KYPBUIBIMABI KOHE KACHETTEPHi KaJIBIITACTBIPY
epeKIIeNIKTepl YCbIHbUIFAaH. ['paaueHT-KabaTThl TreTeporeHaAl KYpbUIBIM JOCTYpJIl
TEPMUSUIBIK OHJACYAEH KeHiH OIpTeKTI KypbhUIbIMAA KON JKEeTIMIlI eMmec (u3HuKa-
MEXaHUKAJIBIK JKOHE TEXHOJOTHSIIBIK KaCHETTEP 11 KaMTaMachl3 €TeTIHAIT aTamn oTUIIl.

Teprinmi 0OesiM Tapak TYHICIIECIHIH OCEpiH KOHE JOHreJeKTep MEH
peNbCTepAiH  KAaTThUIBIFBIHA  CEHIMIUIIK  Typasibl  TOXIpUOENIiK  3epTreynepiiH
HOTIDKEJIEpi cumaTTanFaH. JJoHFamakThlH OHTAMIB! (ONTHUMAIIJIbl) KATTHUIBIK JHAa30HbI
HV 554-877 apaneireinna, an HVk/ HVp kateiHacel (cootHomienue) 1,22-1,86
apaybIFbIHIa 00JIaIbI.

YAI'3-200 KOHABIPFBICBIHAA TyTac WIEMJIEITEH TeMip KOJI JOHFaJlaFbIH
IIa3MaiblK ~ OEpIKTEHJIPY  apKbUIBl  JKYMBICTBIH  MPAKTUKAIBIK  PEXKUMJIEPIHIH
JTMaria30HbIH/Ia IOHFAIAKTHIH YCTIHI1 KAOATHIHBIH IIBIHBIFYbI KAMTaMachl3 €TUIeIl, Oy
IIa3MalIbIK OHJIeY Ke3iHAe OepIKTeHIIPUICTIH OCETKE CaJKBIHAATKBII CYHBIKTHIKTHI
(cynpr) Gepityl MIHAETTI €Mec Typasibl €CEeNTIK KOPBITBIHABIHBI pacTaibl. by dakt
YJIKEeH TPaKTUKAJIbIK MOHIE We, OUTKEHI O1IHJITeH OHIMIe cy OepMmel j>kKoHe KeWiHTi
KYpacTBIPYChI3 TEXHOJIOTHSUIBIK ~Yy4YacKelle J>KYMBICTBI YHBIMIACTBIpY oijeKaiiia
KapamnaibIM >KOHE HIBIFBIHAAP/BI KQXKET €TIeH/II.

Becinmi 0enimae kemeMi MbIHAAyMEH Oipre Iia3MajblK OHACYIIH TO3y MEH
KapbulyFa TO3IMIUTIKKE oCepiH 3epTrey HoTmwkenepl kentipuireH. CopOutnen
caJbICTRIpFaHAa Oip peTTi TepMUSUIBIK oHJeY (OepiKTeHIipy) Ke3iHjae Mmaima 0oyaThiH
COpOUTTI KYpPBUIBIMBIHBIH ~apTHIKIIBUIBIKTAPHl aHBIKTAIABl (eHAey + OocaryaaH
TYPaThIH KOC TEPMHSUIBIK OHJCYJeH KeHiH maimga Oomnasnbl). bipaeidl KaTTBUIBIKIICH
COpOUTTI OHICYIIH >KaKChl MEXaHUKAJIBIK JKOHE KbI3METTIK KACHETTEepPIH KaMTaMmachl3
€TETIH/Ir aHBIKTAIBI: TO3YFa TO3IMJIUIIr )KOFaphl, OCPIKTIK IIETi- Gy )KOHE aKKBIIITHIK
IIET1 - O; apaChIHAFbl AUBIPMAIIIBUIBIK, ULy Ke31HAe OSpIKTCHIIPYIIH )KOFaphl KaO1IeTi
YKOHE YJIKEH OalJIaHbIC TO3IMILIIrI.

JloHFamakTapAplH TO3ybl MEH >KapbIKKa TO3IMJIUIIr YIIiH KeJeMJl TEPMHUSIIBIK
OHJIeyMeH Oipre OCTTIK TUIa3MalbIK OHICYI1H AP THIKIIBIIBIKTAPHI HET13/1E/TeH.

[lnazManeik  eHIEY mapaMeTpiepiHiH  OONaTThl  JOHFANAKTAaFbl  KaJJIBIK
KEepHEYJIePIH Tapaly CUIIaThIHA 9CEPIH 3€PTTEY HOTHKENIepl KeATipiIreH.

FblbIMU KaAHAJIBIFBI

1. IMnasmanslK eHACYIl KOJIJIaHy Ke3iHAEe METaAblH TO3yFa TO3IMILTITIHIH
KOFapblIaybl O0CATBUTFAH MAPTEHCUT TeH (PepPUT-IIEMEHTUT KOCTAChIHAH (TPOOCTHT,
copOuT, TEepAUT) TypaTblH OIPTEKTI eMeC TpaaueHT-KabaTThl KYPBUIBIMHBIH
OepikTeHaIpUIreH OeTkl KabaThiHAAa maiga OoJiybIMeH OalIaHBICTBI CKEHIIT1
KOPCETUIreH.



2. IlnazmanelKk OepiKTeHAIpYy Ke3iHAE KbI3AbIPY MEH CAJKbIHIATYIbIH ©Te
KOFapbl KbUIJAMIBIFbl OOJATThIH OE€TKI KaOAaThIHBIH (a3ajiblK >KOHE KYPbUIBIMIBIK
KOMIIOHEHTTEPIHIH KATThl YCAKTAybIHA JKOHE OHBIH (DM3UKAJIBIK, MEXAaHUKAJIBIK KOHE
KBI3METTIK KACUETTEPIHIH COMKECIHILE )KOFapbhlIayblHA OKEJIETIH1 aHBIKTAJIIbI.

3. JleHrenekTi anjblH-ajla KeJeMIK-TEPMUSIIBIK OHICYIH O€TTIK-TIa3MalbIK
OepIKTEHIIPYAIH YiJiecyl OHBIH TO3YyFa TO3IMIUIITIH J€, JKaHacy-lapiiay OepiKTiriH
ne ((kapbIKKa TO3IMIUIIN) alTapabIKTal KaKkcapTyFa oKeJIeTIHI KOpCEeTUIreH.

Koprayra yChIHBLIAABI

- OeTki TUIa3MalIbIK IIBIHJAAY Ke31HJe TPaJueHT-Ka0aTThl KYPBUIBIMHBIH
KaJIBINITACY €PEKIIENIKTEPIH KOHE OHBIH JOHFAJIIAKTHIH TO3Ybl MEH >KapbLIybIHA 9CEPIH
3eprTey;

- JIOHFAJIAaKTBIH [, PEJBbCTIH JI€ TO3yblH TOMEHJETETIH <JIOHFaJaK-pebCy
yHKeic >KYOBIHIAFbl JIOHFaJaK TEH PEJIbCTIH OHTAWIbl KAaTThUIBIK apaKaThIHACKIH
AKCTIEPUMEHTTIK aHBIKTAY;

- JoHFanaK (meHOep, JUCK *oHE KYIIIEK) AJIeMEHTTEpiHIH AuddepeHanibl
OHJICY PEKUM/ICPIHIH OHBIH calla JICHreiiH apTThIpYyFa 9CEPiH 3ePTTEY;

- JIOHFQJIAKTBIH JKYMBIC CEHIMJIUIIN MEH Y3aK MEp3IMIUIIriHe ajjblH alia
KOJIeM/I1 IIIbIHIayMEH YHJIECKEH OETTIK TUIa3MalIbIK OHJICYA1H 9CepIH 3epTTeY;

- IUIa3MajblK OHJCYACH KEWIH JOHFAJlaKTarbl CO3BUTY JKOHE KbICY 1IIKI
KEepHEYJIEPIHIH TapaJyblH dKOHE OHBIH TO3yFa 9CEpiH CaH/bIK Oaranay.

3epTTeyAiH NPAKTUKAJBIK KYHABLJIBIFBI jKOHE HOTHKEJIEPiH iCKe achIpy.

- OertiH KatThUIblFbl ~ 840 - 860 HV OGonaTeiH OGepiKTeHIIpUITeH aMaKThIH
ontuManael Tepenairt (1,5-2,0 Mm) Heri3genreH >KOHE JIOHFaJaK >KYITaphIHBIH
naiianany pecypcbit 2,0-2,5 ece Kenuii apTThIpyAbl KAMTaMachl3 €Te/l;

- 1,22-1,86 nuama3oHBIHAA OpHAJacKaH KoHE TO3yY KapKBIHIBLIBIFBIH
alTapibIKTall TOMEHJIIETETIH «IOHFAJAK-PENIbCy YHUKENIC JKYObIHAA TOHFAIAK-PEIIhC
KATTBUIBIFBIHBIH OHTAMIIBI KaThIHACHI aHBIKTAJAbl. JJOHFamaKThIH OHTAIIbl KAaTTBHUIBIK
nuana3onbl HV 554-877 apaneirsiana, an HV,/ HV,, xateiaacer 1,22-1,86 apanbireiaaa
OoonmatbiHABIFEI  KepceTireH. 900-950 HV-maH  KaTTBUIBIKTBIH  JKOFapbLIAYhI
KapbIKIIATapIblH Taiiia OOMybIHA >KOHE PEJIbCTIH KAaTThl TO3YbIHA OKETyl MYMKIH
eKeHTIrl aHbIKTAABL. JOHFaIakThIH JkoTamapbiH 277-481 TeMEH KaTThUIBIKKA
OepikTeHIpy THIMCi3, OUTKEHI TO3yFa TO3IMILTIKKE acepi mamasl (a3);

- KQJIJBIK KePHEYJIEPIH OHTAMIIBI Tapalybl IJIa3MallbIK aFbIHHBIH KyaTsl 15 kBT,
OepikTeHaipy KbuimaMabirel 10-15 Mwm/c, KaTaWThLIaThIH KOJIBIH eHi 25-30 MM
O0JNFaH Ke3/e KO JKETKI31JIeTiHI KOPCETUIreH.

OJicHAMAJBIK 0a3a KoHe 3epTTeyjepli MeTPOJOTHAIBIK KAMTaMaChl3 €Ty
3epTTeyliH 9MiCHaMAalbIK 0a3achl METaJAbl MAaTePUATIAPBIHBIH KYPBUIBIMBI MEH
(U3HKaNTBIK-MEXaHUKAIIBIK, TEXHOJOTUSIIBIK, KBI3METTIK KacHeTTepi apachiHAa TEPeH
OailIaHBICTBIH  OONYBl Typaslbl OPTAIBIK uUAes OoJbim TaOBLIaABL.  3epTTeynep
3epTXaHaJbIK KOHE TKIPHOESIIK-0OHEPKICINTIK ayKbIMa MaTeHTTIK-aKIMapaTThIK 13/1ey
KOHE IKCIEPUMEHTTIK KYMBICTAp KYPri3y Heri3iHjae opbiHaanasl. byn perre Foubimu
3ePTTEYAIH AJCTYPJIi Je, Ka3ipri 3aMaHFbl Ja 9AICTepl KOJIAHBLIIBI. MeETpOoJIOTHsIIBIK
(enmmiey) >KyMbICTap HOPMATHUBTIK Ky)KaTTapra COMKeC TEKCEpUIreH, IOJAIr >KOoFapbl
CBHIHBITITHI OaKbLIAY-6JIIIIEY acTIalTapbIHIa OPBIHIAIIHI.



JuccepTanmsiia anblHFAH HOTIDKENEP, TYXKBIPBIMAAD MEH YCBHIHBIMJIAPIbIH
Heri3aiiri MeH AYPBICTBIFbI PACTANIIbl TOMEHIETUIEPMEH PACTAIIIBI:

- TEOPHUSJIBIK >KOHE KOJIIaHOAllbl MaTepualiTaHy MPUHLIUNTEPIHE HETi3/IeNTreH
OacTankbl epexenep/ii KoJIaHy;

- MIENIUIETIH MIHACTTEPAl IAYPHIC KOIOMEH, OTKI3UINeH HSKCIePUMEHTTEPIIH,
KETKUTIKTI  KOJIEeMIMEH KOHE METaJJl MaTepuaijapibl ChIHAyABIH 3aMaHayu
O/IICTEpIMEH,;

- 3epPTXaHAJIBIK KOHE OHEPKACINTIK 3€PTTEYJIep HOTHUKEJIEPIHIH KaHAFaTTaHAPJbIK
KUHAKTaTybIMCH.

Ocbl KYMBICTBIH 0aCKa FBUIBIMH-3€PTTEY KYMBICTAPbIMEH OAHJIAHBICHI
JluccepTanmsiblK JKYMbIC «Tabufu pecypcTapabl YTHIMIBI TaiifanaHy, IIHAKi3aT TEH
eHIM/1 KailTa eHaey» OachiMibiFbl OoibiHIIa KP BEM rpaHTThIK KapKbUIaHIBIPY
Oro/KeTTIK OaraapiamMachlHbIH MeHOepiHae «Pa3paboTka M ONBITHO-IIPOMBIILIEHHOE
BHE/IPEHUE MHHOBAIIMOHHOM TEXHOJIOTHH TJIa3MEHHOTO YIPOYHEHHUSI BarOHHBIX KOJIEC»
TaKbIpbIOBI OoMbIHINA (2015-2017 x0k.) s)xoHe «Pa3BuTHE Ki1acTepa *Keae3HOJ0POKHOTO
MalmmHOCTpoeHuss B KaszaxcraHe ¢ BHEOpPEHHEM WHHOBAaIIMOHHOW TEXHOJIOTHH
IUIA3MEHHOTO ~ YIPOYHEHUS  KoJiec» TakbIpblObl  OoWbiHIIa (2018-2020  xoxk.)
opeIHIANFaH. by gepekrep KapacTBIPBUIBINT OTHIPFAH AWCCEPTAIMSHBIH TaKbIPHIOBI
Kazakcran PecrnyOnukachiHIa Ky3€re achIpbUIATHIH FBUIBIMIBI JAMBITYIIBIH OachiM
OarpITTaphIHA COMKEC KEJETIHIINH KOpCeTe .

KapusiianbIMIap MeH JUCCEPTAHTTBIH KeKe yJeci. 16 FouibiMu eHOEK, OHBIH
imiage KP BEFM bimim koHe FbUIBIM cajlachiHIaFbl OaKbUIay KOMHUTETI YCHIHFaH
OacwuIBIMIapAa 3 )KYMBIC, Scopus JepekTep 0a3achiHa KipeTiH XalbIKapasblK FhUTBIMU
OaceuibiMaa 3 makana, PUHIL nepekrep OaszaceiHbIH MarepuaijapbiHaa 3 Makana,
XaJIbIKapaiblK FHUIBIMU-TIPAKTUKANBIK KOH(MepeHIusanapaa 7 Makaia >KapusilaHbl.
Kazakcran PecnyOnukaceiabiH mnadgansl moxaem «Crmocod u  yCTpOHCTBO IS
IIa3MEHHOW 00pabOTKH KeIe3HO0pOKHOTO Kostecay Ne 4808 maTeHT1 aJIbIHIbI.

KYMBICTBIH KYpbLIBIMBI MeH KeoJieMmi. [luccepranus xipicrieneHn, Oec
OeJIIMHEH, KOPBITHIHABIIAH, 116 mnalijganaHpUlFaH ACPEKKO3ACPAIH TI3IMIHEH KOHE
KockIMImanapaad Typaasl. JKymeic 136 Gerren Typansl, 32 cyper meH 26 KecTeHl
KAMTH/IBI.



ANNOTATION
on the dissertation of Sarsembayeva Tolkyn Yerzhanovna on the topic: «Study of
plasma hardening of forged wheels to improve the technical level of processing and
quality according to international standard 1SO 1005-6» for the degree of Doctor of
Philosophy PhD in the specialty 6D073200-«Standardization and certification»

General characteristics of the work

The dissertation work is devoted to the study of the processes of increasing the
wear resistance of solid-rolled railway wheels in a wheel-rail friction pair using plasma
treatment, which leads to the structure of the surface layer of steel with the same
chemical composition, structure and properties of the central layers of the processed
product.

Relevance of the study

The analysis of the current state of the wheel sets of freight cars, which are
included in the planned types of repairs and current uncoupling repairs, shows that the
main cause of wheel windings is the wear of the rolling surface. According to this
defect, up to 50% of the wheels are ground. A significant number of wheels (up to 35
%) fail due to brake and heat damage. At high loads and high speeds of movement, the
thin surface layers are heated to temperatures exceeding the critical points (Aci, Acy)
and with subsequent accelerated cooling, the formation of a solid, at the same time
brittle structure of martensite is possible, which leads to cracking of the surface layers.
These data show that improving the wear resistance of the rolling surface (ridge and
wheel rim) of railway wheels using innovative plasma treatment is relevant and in
demand. This is argued by the fact that on the one hand, increasing the wear resistance
of wheelset elements is an important problem of railway transport, which is the leading
sector of the country's economy, on the other hand, an important factor in the research
and development of innovative technology is: first, the growing prices and the
corresponding costs for the production of metal products for wheels with high energy
consumption, as well as the increasing costs of spare parts, current and capital repairs of
wheelsets associated with their replacement; secondly, the increase in energy prices and
transportation costs for their delivery.

The attractiveness and prospects of plasma hardening technology are due to the
versatility of its parameters, availability, environmental friendliness and economic
efficiency of use. At the same time, without changing the overall chemical composition
of the material and its physico-chemical properties in the inner layers, such processing
easily fits into the technological process of wheel repair, is low-cost, quite productive
and, as a finishing operation, allows you to effectively increase the operational
durability and service life of car wheelsets.

The aim of the study is to improve the quality and service life of wheel sets by
surface plasma treatment.

To achieve this goal, the following tasks were set and solved:

- investigation of the features of the formation of a gradient-layered structure at
ultrafast heating (~6000°C) and cooling (~3000°C) rates and short-term exposure to
metal (~102-10735s);



- study of the influence of differential processing modes of elements of a solid-
rolled wheel (rim, disc and hub) on improving its quality;

- study of the effect of surface plasma treatment in combination with pre-
volumetric quenching of the wheel on durability and reliability;

- study of the influence of the distribution of residual stresses in the wheel rim on
the increase in wear and crack resistance;

- recommendations on the optimal range of hardness of the wheel and rail and the
depth of the hardened zone, which provides an increase in the operational life of wheel
pairs.

Object of study: rim and ridge of solid-rolled wheels after various types of
strengthening heat treatment.

Subject of the study: identification of the possibility of increasing the wear
resistance of the contact (working) surface of wheel pairs by plasma treatment.

Scientific results within the framework of the requirements for the
dissertation.

The introduction substantiates the relevance of the study, the practical and
scientific significance of solving the problems of developing and implementing a
fundamentally new technology for strengthening the most loaded elements of the
running gear of rolling stock.

The first section describes the current state of the problem of increasing wear
resistance and the mechanisms of wear of rubbing surfaces. Traditional and innovative
technologies for improving the wear resistance of wheels are described. The article
provides information about the planned scientific and technical level of development,
patent research and conclusions from them. The tasks of the dissertation work are set
with the designation of the main research goals. The scientific novelty is indicated and
the main provisions submitted for defense are indicated.

The second section presents the methods of conducting research to fulfill the
purpose of the dissertation work-to increase the wear resistance and operational life of
solid-rolled wagon wheels. The selection of instruments and equipment necessary for
research is made, and the method of determining the chemical composition of the
plasma-hardened layer of samples with spectrum excitation on the SPECTROLAB
spark spectrometer is presented; methods for determining mechanical properties,
metallographic methods for studying the structure (substructure) by optical and electron
microscopy; methods for determining the wear value of hardened and non-hardened
experimental samples and their description; distribution of residual internal stresses in
the rim of plasma-hardened samples using X-ray and mechanical methods and their
brief description.

In the third section, a model for evaluating the quality of wheel steel is
developed and created. The results of studies of the influence of the heating and cooling
rates during plasma quenching on the parameters of the hardened zone are presented.
The features of the formation of the gradient-layered structure and properties in wheel
steel during surface plasma treatment are presented. It is emphasized that the gradient-
layered inhomogeneous structure provides physical, mechanical and technological



properties that are unattainable with a homogeneous structure after traditional heat
treatment.

The fourth section is devoted to the description of the effect of the ridge contact
and the results of experimental studies of the ratio of wheel and rail hardness on wear. It
Is shown that the optimal range of wheel hardness is in the range HV 554-877, and the
ratio HVK/ HVp is in the range 1.22-1.86.

Plasma quenching of a solid-rolled railway wheel on a mobile installation
UDGZ-200 shows that the surface layer of the wheel is quenched in a range of practical
operating modes, which confirms the calculated conclusion about the optional supply of
cooling liquid (water) on the surface to be quenched during plasma quenching. This fact
Is of great practical importance, since the organization of work on the technological site
without water supply to the quenched product and subsequent assembly is much easier
and does not require costs.

The fifth section presents the results of studies of the effect of plasma treatment
in combination with volumetric quenching on wear and crack resistance. The
advantages of the structure of the quenching sorbitol, which is formed during a single
heat treatment (quenching), in comparison with the tempering sorbitol (formed after a
double heat treatment consisting of quenching + tempering) are revealed. It is
established that at the same hardness, the quenching sorbitol provides better mechanical
and service properties: higher wear resistance, greater difference between the ultimate
strength- o and the yield strength- o,, higher ability to strengthen during hardening and
greater contact endurance.

The advantages of surface plasma treatment in combination with volumetric heat
treatment on the wear and crack resistance of the wheels are justified.

The results of studies of the influence of plasma treatment parameters on the
distribution of residual stresses in wheel steel are presented.

Scientific novelty:

1. It is shown that the increase in the wear resistance of the metal when using
plasma treatment is associated with the formation of an inhomogeneous gradient-
layered structure in the hardened surface layer, consisting of tempered martensite and
ferrite-cementite mixture of various degrees of dispersion (troostite, sorbitol, perlite).

2. It is determined that ultra-high heating and cooling rates during plasma
guenching lead to a strong grinding of the phase and structural components of the
surface layer of steel and a corresponding increase in its physical, mechanical and
service properties.

3. It is shown that the combination of preliminary volume-heat treatment of the
wheel with surface-plasma quenching leads to a significant improvement in both its
wear resistance and contact fatigue strength (crack resistance).

Provisions to be defended:

- study of the features of the formation of a gradient-layered structure during
surface plasma quenching and its effect on the wear and crack resistance of the wheel;

- experimental determination of the optimal ratio of wheel and rail hardness in the
wheel-rail friction pair, which reduces the wear of both the wheel and the rail;



- study of the influence of the modes of differential processing of wheel elements
(rim, disc and hub) on improving the level of its quality;

- study of the effect of surface plasma treatment in combination with pre-
volumetric quenching on the operational reliability and durability of the wheel;

- quantitative assessment of the distribution of tensile and compressive internal
stresses in the wheel after plasma treatment and its effect on wear.

Practical value and implementation of research results.

-the optimal depth of the hardened zone (1.5 - 2.0 mm) with a surface hardness of
~ 840-860 HV is established and provides a guaranteed increase in the operational life
of wheelsets by 2.0-2.5 times;

-the optimal ratio of wheel and rail hardness in the wheel-rail friction pair is
determined, which is in the range of 1.22-1.86 and significantly reduces the wear rate. It
Is shown that the optimal range of wheel hardness is in the range HV554-877, and the
ratio HVK/ HVp is in the range 1.22-1.86. It is established that an increase in hardness
above 900-950HV can lead to cracking and intensive wear of the rail. Hardening the
wheel ridges to a low hardness of 277-481 is ineffective, since the wear resistance
improves slightly;

- it is shown that the optimal distribution of residual stresses (compressive in the
surface layer with the transition to tensile in the intermediate and central layers) is
achieved at a plasma jet power of 15 kW, a hardening rate of 10-15 mm/s, and a
hardened track width of 25-30 mm.

Methodological basis and metrological support of research The
methodological basis of research is the central idea of the existence of a deep
connection between the structure and the physical-mechanical, technological, and
service properties of metal materials. The research was carried out on the basis of patent
information search and experimental work on a laboratory and experimental-industrial
scale. At the same time, both traditional and modern methods of scientific research are
used. Metrological (measuring) work was carried out on control and measuring devices
of a high class of accuracy, verified in accordance with regulatory documents.

The reliability and validity of the obtained results, conclusions and
recommendations set out in the dissertation are confirmed by:

- using the initial provisions based on the principles of theoretical and applied
materials science;

- correct formulation of the tasks to be solved, a sufficient amount of experiments
and modern methods of testing metal materials;

- satisfactory convergence of the results of laboratory and industrial studies.

The thesis was carried out within the framework of the budget program of
grant financing of projects of the Ministry of Education and Science of the Republic of
Kazakhstan on the priority «Rational use of natural resources, processing of raw
materials and products» on the topic «Development and pilot-industrial implementation
of innovative technology of plasma hardening of wagon wheel» (2015-2017) and on the
topic «Development of the cluster of railway engineering in Kazakhstan with the
introduction of innovative technology of plasma hardening of wheels» (2018-2020).



These data indicate that the topic of the dissertation under consideration corresponds to
the priority areas of science development implemented in the Republic of Kazakhstan.

Publications and personal contribution of the dissertator. 16 scientific papers
have been published, including 3 papers in publications recommended by the
Committee for Control in the Field of Education and Science of the Ministry of
Education and Science of the Republic of Kazakhstan, 3 articles in an international
scientific publication included in the Scopus database, 3 articles in the materials of the
RSCI database, 7 articles in international scientific and practical conferences. Patent
No. 4808 «Method and device for plasma treatment of a railway wheel» of the Republic
of Kazakhstan for a utility model was obtained.

Structure and scope of work. The dissertation consists of an introduction, five
sections, conclusions, conclusions, a list of sources used from 116 titles and appendices.
The work is presented on 136 pages, includes 32 figures and 26 tables.



