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TeneyoBa AitHaryn PeIMKYJIKBI3BIHBIH
6D071000 - «MarepranTtany >K9HE KaHa MATEPAAIIAP TEXHOJIOTHUIICHD)
MamaHAbIFbl O0bIHINA Ph.D OKTOPBI FBUIBIMU ISPEKECIH ATy YIUTH YCHIHBIIBII
OTBIPFaH IUCCEPTALMSIIBIK KYMBICHIHBIH
KBbICKAIIIA MA3MYHbI

Al-Cu—Mn—Zr cucremMachl Herizigaeri »kana ajJioMHAHMIA
KOPBITHAJIAPBIHAA OPbIH AJIATHIH (PA3aJIbIK, KYPbUIBIM/IBIK 63repicTepai
TEOPHUSIJIBIK KIHE TIAKIPHOETIK 3epTTey

Jluccepranysi TakpIPbIObl  OOWBIHIIA TEOPHUSUIBIK —YKOHE  TIKIPHOEHTIK
3€pTTEYJIEPIH HET13r MakcaThl — Oazanblik Al-Cu—Mn—Zr cuctemachl HET131HAET1
ATFOMHHHIA KOPBITIIATIAPbIHBIH KYPaMbl MEH KYPBUIBICHIH ONITUMU3ALMASIIAY OO0JBII
TaObLIA/IBI.

3eprTeyaiH MaHBIBABLIBLIFBL. Ka3aKCTaHHBIH YIEMENT WHAYCTPHATABIK-
WHHOBALMSJIBIK aMy OarjaapiamMachkl OTaHABIK MIMKI3aTTapiaH, OHBIH I1MIIHAE
KypambIH/Ia aTFOMUHUI Oap Ka30a OadibIKTapaaH, KOChIMIIA KYHBI KOFaphl Jasp
OHIMJIEP anyFa OaFbITTaIFaH OHIIPIC OPBIHAAPBIH KYPYABl KO3ACia1. OHEPKICINTIH
OapibIK canalapblHbIH KAPKBIH/bI JaMybiHA OaiiIaHbICThI, 9CIpece, MalllHa JKacay,
Kypall — caiiMaHap skacay, METATYPIrHs KOHE XUMMs OHIIPICTEPIHEC, aBAALUS
JKOHE FAPBIITHIK TEXHUKAAA ATFOMHHUANA KOPBITHATAPbIHA AETEH CYPAHBIC YKAKbIH
apaja WIYyFbUT apTabl.

Kymeicta aedopmanusiiaHaThiH JKapThulaid Jasp eHIMAEp (KaHbUITHIpIAp,
ceIMIap, NpoQuiIbaep, NaHEIAEp, KYObIpaap, >KaH — >KAKThl KbICBIMMEH >KOHE
COKKbIMEH OHJICIICH NaiblHAaMaNap) ajdyra apHaJFaH, NPUHLMITIK TYPFbIIAH
JKaHa aJOMUHUE KOopeIThanapbl yCelHbUWaH. byn kopeitnamap Al-Cu-Mn—Zr
CUCTEMACHIHBIH ~ HETI3IHAC ajlblHFaH. Heri3ri  neripneyin  30€MEHTTEPAIH
KOHUEHTpaUUsChl 5 Macc. %-TeH acnaiiabl. backa Kanablk KocnalapabliH, acipece,
TEMIP/JIH [IAMachl OACTTEr KOJJAHBICTAFbl KOpHITHATApAArblAail  Memepae
Oonanpl. Y CHIHBUIBIT OTBHIPFAH  KOPBITHAJIAPABIH ~ OacTankbl MEXAHWUKAJBIK
KACHETTEPl KOJIIAHBICTAFbl KOPBITIAJAP/ABIH ~KACUETTEPIMEH O1p JACHrenae
(op=250-350MIIa).  ¥YcHIHBUIBIND ~ OTBIPFAaH  KyiiMa  KOpBITOANAp  YUIH
TOMOTCHU3ALMATAY JKOHE OJIApAAH allblHFaH Jasp OyilbIMaapabl IIBIHBIKTBIPY
CUSIKTBl TEPMMSUIBIK OHJACY Olepauusuiapel KOJAAHbUIMaWael. HoTmxkecinme
AaeopMalysUIAHATBIH >KapThiIail qasp OyibIMaap aixyablH TEXHOIOTHSUIBIK [IMKJIBI
IACKAN A KBICKAPAIbL.

3epTTEey HBICAHLI MEH 3aTbl. AJIIOMUHUNA HETI3IHIETT KON KOMIOHEHTTI
Kyenepain — gasanblk  quarpaMMaiiapbl,  bICTBIKKA — TO3IMJAI  alOMUHUNA
KOPBITHAJIAPBI JKOHE OJapibl OHJACY TEXHOIOTHsUIAphL, (pa3ajblK TYpPIACHYIEPAl
€CenTey OAICTEPI MEH MpOorpaMmaliapbl »KOHE METANJBIK JKYHEIEPiHIiH (a3aibikK
avarpaMMalapbli TYPFbI3Y.

KyMbICTBIH MakKcaTbl. AJIOMHUHHMA HETI3IHAECTT KOm KOMIOHEHTTI
KyHenepaiH ¢asanblk auarpaMMallapblH €CENTEy >KOHE TIKIPUOETIK TYPFBI3Y,
OJIap HETI3IHJE KAHA BICTBIKKA TO31MJI ATFOMUHWNA KOPBITIANAPBIH, OJApAbl KYIO
PEKUMIEPIH KIHE TEPMUSUIBIK OHJCY 11 AAHBIHAAY .



FeuibIMU  3€pTTEYIIH  METOAOJIOTHSIIBIK  0a3achl  (FBUIBIMEA  3€PTTEYIIH
naiiianaHbIaTelH 9AICTEPI MEH MILIHI, FBUIBIMU 3€PTTEYTE FBUIBIMU TiJT TaOYIbIH
CaJIBICTBIPMAJIbI TaJI1AyJ1aphl).

JluccepTalMsiHbIH TAKBIPBIOBIHA Cail 3€PTTEY KYMBICTapbl KE3IHAC KeEecl
TOMEHJIET] 9MIICTEP KOJAAHBLIIBL:

- ONITUKAJIBIK >KSHE JJIEKTPOHIBIK MUKPOCKOUS,

- KOPBITHAIAPABIH XUMUSIIBIK KYPAMbBIH 3JIEMEHTTIK TaJliay YIIIH PACTPIIbIK
AJIEKTPOHABIK MUKPOCKOIIHS,

-MEXAHUKAJIBIK, KACUETTEP/II 3EPTTEY;

-KOPBITHAJIAPbIH KOPPO3USIIBIK KACHETTEPIH 3€PTTEY;

~-TEOPHSJIBIK €CENITEY MEH KOMITBIOTEPIIIK MPOrpaMmmMaliay AblH 9ICTEPI.

JuccepTauusijibIK KYMBICTBIH TAKBIPBIOBIHBIH KAHAJABIFbL. Da3aybiK
O3repICTEp HITWKECIHAE >KbUTy S(PQPEKTICI MEH aTOMIBI-KPUCTAJIIBI 3aTTap
KYPBUIBIMBIHBIH apPAchIHAAFbl ©3TEPICTEPIHIH ©3apa OalIaHBICBIH  aifall  peT
HErizaey skoOanaHabl. BIpKanbINThl KOHE aWHbIMaAIbl CAJTKBIHAATY HET131H/E
dazanblk auarpamMMmaliapAbl  €CENTEY MAaKCaThlHAA KaHA JIICTEME MCEH
KOMIIBIOTEPITIK MporpaMmaiap 931pJacHAl.

3eprTeMeHiH FBLIBIMH-TEXHHYECKAJBIK JeHreinig JKOCIaphbl.

JluccepTanms TaKbIPBIOBIHBIH FBUIBIMU 3€PTTEY JCHIEHI MaTepUalITaHy >KOHE JKaHA
MaTepUaNAap TEXHOJIOTHACBIHBIH CATACBIHAAFBl IPrel FhUIBIMHBIH JAMYbIHBIH
MakcaTblHa Cail KeNe.
JluccepTalMsUTbIK, KYMBIC KAPXKBIJIBI MEMJIEKETTIK OFJUKETTIH TaKbIPHINTAPbIHA
caif oppmHmanasl: 1) FTII Ne 723 VI'M.09 «Metangap MeH KOpsliThajiapiaH
0acekere KaOIIeTTI AailblH OHIM OHACY TEXHOJIOTHSUIAPBIH (TEPMUSIIBIK, XUMUKO-
TEPMUSITBIK, TEPMOMEXAHUKAIBIK, OCTTIK OHACY, KbICBIMMEH OHJACY JKHE T.0.),
COHBIMEH KaTap >KaOBIHABIHBI OETKE TYCIPY TEXHOJIOTUCHIH oHACY», 2) Ne 747
IF'BM.MK.12.17 «benrineHreH  Kacuerrep  JACHITEHIMEH (YHKLIMSITBIK
MaTepUAIAAPABIH JKOHE JKaHA MEPCHEKTUBAIIBI KOPBITIATAPABIH TEOPUIIBIK, HET131H
enacy». baceimabik: 5. Enmin 3ustkepmik anyeti. 5.1. YKapaTeuibic FbUIBIMAAP
caJlaChIHIarbl (PYHIAMEHTAIBI1 3EPTTEYJIIED.

KP BFM butim sxoHe FhUIBIM callachbiHAarbl Oakpuiay KOMHUTETIHIH OapiibiK
TajantapeliHa caii JlucceprauusuiblK 3€pTTEYAIH HETI3r KOPBIThIHABUIApEL 20
Makasaaa sxkapusi OOJJIbI.

JucceprauusiHbIH KeJIeMi MEH KYPbLIbIMBI. Huccepranms
MamuHaxa30aHbIH MOTIHIHIH 137 OeTiHae OasHaaaraH, KipiCleAeH, TOPT TapaylaH
JKOHE KOPBITBIHAbIAAH, 78 cyperreH, 21 kecre wmen 105 mnaipanaHbuirad
oneOueTTep TI30ECIHEH TYPAIbI.



AHHOTALIIUA
JluccepranMy Ha COUCKaHKUE YUYEHOM cTeneHu « 1okTop ¢unocodum» (Ph.D) mo
cnenuanbHocT 6D071000 — MarepuanoBeIeHUE U TEXHOJIOTUS. HOBBIX
MaTEepUaJIOB
ToseyoBa AitHarynb PeIMKyJIOBHA

Teoperuueckne U 3KCIePUMEHTAJIbHBbIE UCC/IeI0BaHUS (PA30BBIX U
CTPYKTYPHBIX NPeBpallieHUii B aJIIOMHHHEBBIX CILIABAX HOBOI'O MOKOJIEHUS
Ha 0a3e cucreMbl Al-Cu-Mn-Zr

OCHOBHOM 3a1a4€il TEOPETUUYECKUX M IKCIEPUMEHTAIBHBIX MCCIIECIOBAHUN
N0 TEME JUCCEpTalMi SBISUIACh ONTHUMM3ALMUs COCTaBa W CTPYKTYPBI
ATFOMMHMEBBIX CIJIaBOB 0a30B0i cucteMbl Al-Cu—-Mn—Zr.

AKTYaJIbHOCTD Hcc/enoBanus. [[porpaMma yCKOPEHHOTO WHAYCTPHATIBHO-
WHHOBALIMOHHOTO  pa3BuTust  Kazaxcrama  mpeaycMaTpuBacT  CO3/IaHUE
OPOMBILUICHHBIX MNPCANPUITANA, OPUECHTUPOBAHHBIX HA BBIMYCK KOHEYHOH
OPOAYKIMH ¢ OONbIIOi 100aBIEHHOW CTOMMOCTBED M3 OTEYECTBEHHOTO, B TOM
YHCIIE ATOMUHUEBOTO CHIPbs. B CBSI3M C YCKOPEHHBIM Pa3BUTUEM BCEX OTpaciici
IPOMBILIIIEHHOTO POU3BOJCTBA, 0COOCHHO, MaIIMHOCTPOEHHMS,
npuOOPOCTPOCHUS, HEPTEra3oBOM OTPACIH, METAUTYPrHYECKOH M XUMUYECKOM
OPOMBILICHHOCTH, ABUALMOHHONH W KOCMHYECKOW TEXHUKH, MOTPEOHOCTH B
AJFOMUHUEBBIX CIJIaBax B OnwkaiimieM OyayiieM OyAeT pe3Ko BO3pacTarh.

B pabore mnpennaracTcs NPHHLMMMAIBHO HOBAs TPYMIA AJTHOMHUHHEBBIX
CIUIABOB, MPEIHA3HAYCHHBIX IS TOMY4YEHUs AePOpMUPYEMBIX NOJy(PadprKkaToB
(cpeaM HWX: JIMCTHI, TPYTKW, NPOQWINA, TaHeIn, TPyObl, INTAMIIOBKH, MOKOBKH).
Ot nosypadpukarel MOTyT OBITH UCHOJIB30BaHbl B PA3JIMYHBIX TPAHCHIOPTHBIX W
CTPOUTENBHBIX U3JEIUAX (CPEAN HUX. JUCKHM aBTOMOOWIIBHBIX KOJEeC, OOIIMBKA U
CTOMKH Ky30BOB, JIBEpH, MEPErOPOJKM W 1p.). ba3oBoil cuctemoil ans 3Tux
cruiaBoB  siBisieTcss cuctema Al-Cu-Mn—Zr npu  COaepKaHUM JIETUPYIOLIMX
KOMIIOHEHTOB He Oosiee 5 Mac.% 1 0ObIYHBIX TPEOOBAHUAX MO MPUMECIM (B TOM
YHCIIE, MO kKene3y). [10 ypOBHIO HCXOIHBIX MEXaHUYECKHUX CBOMCTB MpeiaracMble
CIUIaBBl HAXOJATCS MNPUMEPHO HA OAHOM ypoBHE (o,= 250-350 MIla).
OCOOEHHOCTBIO TPEJIaracMbIX CIUIABOB SBJSETCS TO, YTO TEXHOJOTUUYECKUI UK
nojiydyeHus  aepopMupyeMbix  1ojy(paOpUKaTOB  CYIIECTBEHHO Kopoue. B
YACTHOCTH, OTCYTCTBYIOT ONEpPal TOMOTCHHM3alMM (CIMTKOB) M 3aKalKu
(mony(pabpukaToB).

O0beKT W  mpeaMeT  HCCJACI0BAHUA. da3oBbIE  AMArpamMMBel
MHOTOKOMIIOHEHTHBIX CHUCTEM HA OCHOBE AQIIOMHHHS, JKCIECPUMEHTAIBHOES
NOCTpPOCHUE  (PAa30BBIX IWArpaMM METAIMYECKHX CUCTEM; >KApOMPOYHBIC
AIFOMMHHEBBIE CIUIABBI M TEXHOJIOTHH UX 00PaOOTKH.

Henr paborbl. PacueT M SKCIEPUMEHTAIBHOE MOCTPOCHHE (PA30BBIX
avarpaMM MHOTOKOMITOHEHTHBIX CHCTEM HA OCHOBE AIFOMHHMS, pa3padoTKa HA UX
OCHOBE HOBBIX >KAPOMPOYHBIX ATFOMUHHUEBBIX CIIJIABOB, PEKUMOB WX JIAThI H
TEPMHUYECKOIN 0OpabOTKH.



Mertogosnornyeckass ©0a3a HAYYHbIX HMCCJIEI0BaHUI  (HMCIOJIB3YEMBIE
METOJBl U (POPMBI HAYYHOTO HWCCIICIOBAHMS, CPABHUTENBHBIA AHAIM3 HAy4YHBIX
MOJXO0/J0B K HAYYHOMY UCCJIEA0BAHUIO).

[Ipy BBIMONHEHMH HCCIACAOBAHMHA MO TEME JUCCEPTalMU  ObLIU
MCITOJIb30BAHbI HUYKECTIEAYFOILME METOIBL:

-ONTHYECKOHN U DIIEKTPOHHON MUKPOCKOIINH,

-pacTpOBOM  BJIEKTPOHHONM MHMKPOCKONMK Ui JJIEMEHTHOIO  aHAJIA3a
XUMHUYECKOTO COCTaBa CIUIABOB;

-OMPEICTCHAS] MEXaHUYECKUX CBOMCTB;

-OMpeIENeHNAs KOPPO3UOHHBIX CBOHCTB CIUIABOB,

-METObl TEOPETHUYECKOTO PAcUeTa U KOMIBIOTEPHOIO TPOrPaMMHUPOBAHHSL.

HoBu3na Ttembl auccepranuoHHoii padorbl. MccnenoBanme (asoBbix
aarpaMM B PABHOBECHBIX M HEPABHOBECHBIX YCIIOBUAX OXJIAKIACHHS C
WCIOJb30BAHUEM COBPEMEHHBIX METOJMK W KOMIIBIOTEPHBIX MPOTPaMM pacyeTa.
[TonyueHne HOBOH TIpyNmbl >KAPONPOYHBIX CIJIJABOB HA OCHOBE AJIFOMHHHS,
TEXHOJIOTHH KX JINTh U TEPMUYECKONH 00pabOTKH.

Ilnanupyemblii HAYYHO-TEXHHUYECKHiII yYpPOBeHb pPa3pab0TKH. YPOBEHb
HAYYHBIX HCCIENOBAHUI NO TEME AUCCEPTAllMM OTBEYACT 33JayaM Pa3BUTHS
(yHIAMEHTAILHOM HAyKWM B OOJACTH MAaTEPUATIOBEICHUS M TEXHOJIOTMM HOBBIX
MaTepUaIOB.

JuccepranmonHass paboTa BBINOJHEHA B paMKax (UMHAHCHPYEMBIX
rocOromkeTHbix  Tem: 1) HTII No 723 VI'M.09 «Pa3paboTka HOBBIX
KOHKYPEHTOCHOCOOHBIX TEXHOJIOTHI 00pa0OTKH FOTOBBIX M3JEIIUMA U3 METANIOB U
CIUIABOB  (TEPMMYECKOH, XUMHKO—TEPMHYECKOH, TEPMOMEXAHUYECKOH U
MOBEPXHOCTHOU 00pabOoTKu, 00padOTKM ABJICHUEM W JP.), a TAKXKE TEXHOJOTHIA
HaHECEHHs MOKPBITHIY; 2) Ne 747 MOH.I'®.12.17 «Pa3paboTka TEOPETHYECKUX
OCHOB CO3J@aHMsl HOBBIX TNEPCIECKTHBHBIX CIUIABOB M (DYHKIMOHAIBHBIX
MaTepUaioB C 3aJaHHBIM YPOBHEM CBOWCTBY». lIpuopurer: 5. UHTENNEKTYaIbHbII
noTeHUMan  cTpaHbl. 5.1 OyHOAMEHTANIbHBIE  MCCICIOBAaHUS B 00JIacTH
€CTECTBEHHBIX HaYK.

OCHOBHBIE UTOTH TUCCEPTALMOHHOTO UCCIETOBAHUS OBUIA ONMYOJIMKOBAHBI B
20 crarpsax, w3 HUX 11 crareil: 2 — B Hay4HbIX XypHalaX, BXOASIIMX B Oazy
JaHHBIX Scopus, 4 CTaTbW BBIIUIM B COOPHHMKAX MEXAYHAPOAHBIX HAYyYHO —
NPAKTHYECKAX KOH(epeHImil, 2 u3 KOTOpbIX ObUIM 3a pyOexkom, 6 crareii B
JKYpHAJIaX, PEKOMEHIOBaHHBIX KOMHUTETOM MO KOHTPOIIO B chepe 0Opa3oBaHus U
Hayku MOH PK.

O0bemM m crTpyKTypa amccepramum. Jlucceprammst usnmokeHa Ha 137
CTPAHMLIAX MAIIMHOMMCHOIO TEKCTA, BKIIKOYACT BBEACHUE, 4YETHIPE pas3jieiia u
3aKItoueHue, 78 pucyHkoB, 21 TaOaMIbl U COMCKA UCIOIb30BAHHBIX UCTOYHUKOB
u3 105 HaumeHOBaHWUH.



ABSTRACT
of thesis on scientific degree competition « Philosophy Doctor» (Ph.D) of
Toleuova Ainagul Rymkulovna on a specialty 6D071000 - Materials science and
technology of new materials

Theoretical and experimental studies of phase and structural
transformations in aluminum alloys on the basis of a new generation of
aluminum alloys Al-Cu—-Mn—Zr

The main task of theoretical and experimental studies on the thesis is to
optimize the composition and structure of aluminum alloys of base system Al-Cu-—
Mn—Z/r.

Relevance of research. The program of accelerated industrial-innovative
development of Kazakhstan provides the creation of industrial enterprises oriented
to the production of final products with high added cost of the domestic, including
aluminum materials. Due to the rapid development of all sectors of industrial
production, particularly, engineering, instrumentation, oil and gas industry,
metallurgy and chemical industry, aviation and space technology, the demand for
aluminum alloys in the near future will increase sharply.

It 1s proposed fundamentally new group of aluminum alloys for the
production of deformed semi finished products (including: sheets, rods, wire,
panels, pipe, stamping and forgings). These semi-finished products can be used in
a variety of transportation and building products (including: disks of car wheels,
chassis and racks covering, doors, partition walls, etc.). The reference system for
these alloys is a system of Al-Cu—Mn—Zr for the content of alloying components 1s
not more than 5 weight %, and the usual requirements for impurities (including the
iron). By the level of the initial mechanical properties of the proposed and used
alloys are approximately in the same level (op=250-350 MPa). Feature of the
proposed alloys is that the technological cycle of obtaining semi—deformable
substantially is shorter. In particular, there is no operation of homogenization
(bars) and tempering (semi—finished products).

Object and subject of research. Phase diagrams of multicomponent
systems based on aluminum; aluminum alloys and heat-resistant aluminum alloys
and their processing technologies, methods and programs of the phase
transformations’ calculation and phase diagrams of metal building systems.

The goal of the work. Calculation and experimental construction of the
phase diagrams of multicomponent systems based on aluminum, on their basis the
development of new heat resistant aluminum alloy castings and their modes of heat
treatment.

Methodological basis of research (the methods and forms of scientific
research, comparative analysis of scientific approaches to scientific research).

On the theme of the dissertation following methods were used when doing
research:



-optical and electron microscopy;

-scanning electron microscopy to analysis of elemental chemical composition
of alloys;

-differential thermal analysis;

-determination of the mechanical properties;

-determination of the corrosion properties of alloys;

-methods of theoretical calculations and computer programming.

The novelty of the thesis’ theme. For the first time it is supposed to
substantiate the relationship between changes in the structural parameters of the
atomic crystal structure of substances and thermal effects in phase transitions. It is
developed the new methods and computer programs calculation of phase diagrams
in equilibrium and non-equilibrium cooling. It is obtained the new heat-resistant
alloys, their technology casting and heat treatment.

Expected scientific and technological level of development. The level of
scientific research on the dissertation theme meets the objectives of the
development of fundamental science in the field of materials science and
technology of new materials.

Dissertational work was performed as part of financed by state budget: 1) STP
Ne 723 YI'M.09 «The development of new competitive processing technology of
finished products from metals and alloys (thermal, chemical-thermal,
thermomechanical and surface treatment, pressure treatment, etc.), as well as
coating technology»; 2) Ne 747 MES.SF.12.17 « Development of the theoretical
foundations of new alloys and advanced functional materials with a given level of
properties». Priority: 5. The intellectual potential of the country. 5.1. Fundamental
research in the natural sciences.

The main results of the dissertation research have been published in 20 papers
that meet all the requirements of the Committee for Control of Education and
Science of MES RK.

The volume and structure of the thesis. The dissertation consists of 137
pages of typewritten text, includes an introduction, four chapters and a conclusion,
78 figures, 21 tables and a list of sources used 105 items.



