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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemMaTHYHHUX PYOPHK: 53.49.09

Tema guceprauii:
1. PO3BMTOK HayKOBUX i METOZOJIOTIYHMX OCHOB ITPOTHO3YBaHHS i ONTUMI3allii CKIaiB i TEXHOJIOTIM TEPMIYHOTO

3MillHEHHS KOMIIJIEKCHO-JIETOBAaHUX CTajlel

2. Development of scientific and methodological bases of forecasting and optimization for compositions and heat
treatment technologies of multi-component alloy steels

Pedepar:

1. O6'exT mocaimKeHHs — rpouecyu GopMyBaHHS CTPYKTYPHUX CTaHIB i eKCIyaTaliiHUX BJIaCTUBOCTE! TEPMIYHO
3MIlIHIOBaHMX KOMIIJIEKCHO-JIEFOBAaHUX KOHCTPYKLIMHUX CTajel BifII0BiaJbHOTO IpU3HaYeHHs. [Ipegmer
IOOCJIiIKEHHS - BIUIMB XiMiYHOTO CKJIafly i YMOB TEPMOOOPOOKM CKJIaAHO-JIETOBAHUX HU3bKOBYIJIEL|EBUX CTaJIeN HA
iX CTPYKTYpY, KOMILIEKC €KCIUTyaTalillHUX BJIACTUBOCTEH i CTyMiHb 10r0 cTabinbHOCTI. OCHOBHI METOIM
IOCIIiIPKEHHS - BUKOPHUCTOBYBABCSI KOMIUIEKCHMI METOMOJIOTIYHMI MifXif, IO BKJII0YA€ METOLY: TEOPETUYHOTO
aHali3y, eKCIIEPUMEHTAJIBHUX NOCiIKEeHb, KOMII'TOTEPHOTO €KCIIEPUMEHTYBAHHS. MeTOI TEOPETUYHOTO aHAII3Y -
TEPMOAVHAMIYHI MOZEJIi PETYJISAPHUX i KBa3iperyJapHUX PO3YMHIB; TEOPisA KIHETUYHUX IIPOLECIB; JiHilIHA Teopis

IIPY>KHOCTI; IMCJIOKaLifHI MOZiesi CyOCTPYKTYpH cTajiell i B3aeMoii ii esleMeHTiB 3 pO3YMHEHUMU aTOMaMMU.



MeTonu excriepuMeHTaIbHUX JOCIiIPKEeHb - OITUYHA MeTasiorpadist; cTaHAapTHI BUTPOOYBaHHS MEXaHIYHMX
BJIACTMBOCTEI; cepiabHi BUIIPOOYBaHHS Ha yAAPHUM BUTHH; [IPOCBiUyIOYa €JIeKTPOHHA MIKPOCKOIIisl; €J1eKTPOHHA
MiKpoaudpakliis;; pacTpoBa eJIeKTPOHHA MIKPOCKOIIiS 3/1aMiB; pEHTT€HOCTPYKTYPHUI (a30BUI KijIbKiCHUH aHali3;
IWJIATOMETPUYHUI aHai3. KoMIT'lIoTepHe eKCllepruMEeHTYBaHHS 37iICHIOBAJIOCS 3TiJHO 3 pO3PO0JIEHOI0 aBTOPOM
KOMILJIEKCHOIO KOMII'IOTEPHOIO TEXHOJIOTIIO, IO BKJIIOYAE: IEPBUHHY CTaTUCTUYHY 0OPOOKY pe3ysbTaTiB; IIIMOOKUI
PO3BinyBasIbHUI aHaJIi3 6araTOBUMipHUX MAacUBIiB JaHUX MeTonamu "Data Mining"; po3po6Ky perpeciiiHux moaesen;
IIPOBEEHHS PO3paxyHKiB MeTooM MoHTe-Kapio. KoMn'toTepHi JoCiIKeHHs BUKOHYBAJIUCS 3 BUKOPUCTAHHIM
obuncmoBanbHUX cucteM See-5-demo, WizWhy-3.01-demo, SciLab 4.1, MuPad. B nucepranii npuseneHo
BUpIII€HHS BaXKJIMBOI HAYKOBO-TEXHIYHOI TpobaeMu popmyBaHHS CTabiIbHO BUCOKOTO KOMILJIEKCY
eKCIUlyaTalillHuX BJIaCTUBOCTEN 6araTOKOMIIOHEHTHUX, TEPMIYHO 3MillHIOBAaHUX CTajlell, HA OCHOBI CUCTEMHOTO
niAxoy, SIKW BKJIOYAE: allpiOpHEe IPOTHO3YBAHHS iX CTPYKTYPH i BJIACTUBOCTEN; 3aM106iraHHs OKPUXKYBAHHIO;
6araroLisbOBy ONTUMi3allil0 TapaMeTpiB TEXHOJIOTiNl BUPOOHNULITBA; BUKOPUCTAHHS KOMILIEKCIB TEXHOJIOTIN
nonepeHboi Ta KiH1eBoi TepMidyHOI 06po6KU. MeToaMy TeOPETUYHOIO aHaJIi3y: TI0Ka3aHa CXUJIbHICTh
[1€PEOXO0JIOMIKEHOT0 ayCTEHITY [0 PO3IIapyBaHHs 10 BYIJIEL0; Po3pobsieHa CyMillleHa fiiarpama OeMHITHOrO i
MapTEHCUTHOTO [1IEPETBOPEHb; BCTAHOBJIEHI IPUYMHY CTabii3alii ayCTeHITy O MAaPTEHCUTHOTO i 6EMHITHOTO
[IEpPETBOPEHD IPU JIETYBaHH{; BU3HAYEHI XiMiUHI €JIEMEHTH, 5IKi IPOSBIISIOTh CXUJIbHICTD 4O YTBOPEHHS KJIACTEPIB i
cerperatliil; po3po6yieHa METOJIMKA i BAKOHAHO KOMII'IOTEPHE IIPOrHO3YBaHHS BIUIUBY BYIJIELO, JIETYIOUUX |
MIKpOJIETYIOUMX €JIEMEHTIB Ha KiHETUKY pO3Nafy [1epeOX0JIOIKEHOr0 ayCTeHITy. Po3pobsieHa KinbKicHa MOJieJlb
BOJIHEBOTO OKPUXKYBaHHS i yTBOPEHHSI (PJIOKEHIB B CTaJISIX, IKa BUKOPUCTAHA J15 ONTUMi3allii TPOMUCIOBUX
texHoJiorit IIPO. Po3pobeHi onTuMaibHi criocody GOpMyBaHHS TaPaHTOBAHOTO PiBHS SIKOCTi TOBCTOJINCTOBOTO
IIPOKaTy HU3bKOBYIVIMLIEBUX CTajell Pi3HUX Pyl MILIHOCTI 32 paxyHOK 6araTolijiboBoi onTuMisanii XimiuHux
CKJIaJIiB, (POpPMYyBaHHS ONTUMAIbHUX IIOYATKOBUX MIKPOCTPYKTYP IE€PE], OCTATOYHUM TEPMiYHMM 3MiLIHEHHSIM.
Po3pob6seHi i BipoBamkeHi Ha BAT «MK «A30BCTaib» HOBi TEXHOJIOTII TEpMOOOGPOOKY: BETMKOTOHHAKHUX
amctoBrx3nuBKiB EIIT; TOBCTOMCTOBOrO MPOKATY 3i CTajiel pi3HUX IPYI MILTHOCTI. 3arajbHuN peasbHUN

€KOHOMIYHMI €(EeKT BiJl BIPOBAIKEHHSI pe3yJIbTaTiB fucepTalii ckjas 6iblie 4 MJIH. I'PH. /PiK.

2. Research area- structural states and performance properties of thermally strengthened multi-component
structural steels for demanding applications. Research object ~influence of chemical compositions and heat
treatment on structures, the combination of properties and its stability for low-carbon multi-alloyed structural
steels. Research methods - the combined methodological approach is used, which includes theoretical,
experimental and computer experiments methods. The main theoretical methods are: thermodynamic models of
regular and quasi-regular solutions; kinetic theory; linear elastic theory; models for dislocation substructure and
its components interactions with solute atoms. The main experimental methods are: optical metallography in
polarized and nonpolarized light; standard mechanical tests; serial impact tests; transmission electron microscopy;
scanning electron fractography; electron microdifraction; X-ray phase quantitative analysis; dilatometric analysis.
Computer experiments were conducted using complex computer technology which includes: primary statistical
treatment of experimental data; "Data Mining" techniques; multiple regression models development; Monte-Carlo
simulations. Computer investigations were carried out within the frame of softwares See-5-demo, WizWhy-3.01-
demo, SciLab 4.1, MuPad. The dissertation gives a solution of the scientific and technical problem of reaching
stably high combination of operating properties for multi-component thermally strengthened alloy steels based on
a proposed systematic approach, which includes: a priori forecasting their structure and properties; prevention of
embrittlement; multi-purpose optimization of production technologies parameters; the use of complexes of
preliminary and final heat treatment technologies. A combined computer technology is developed, which provides
realization of the proposed approach. By means of thermodynamics and kinetic theory: possibility of carbon
stratification of supercooled austenite is shown; a combined diagram of Bainitic and Martensitic transformations is
developed; causes of the austenite stabilization to Bainitic and Martensitic transformations due to alloying are
revealed; chemical elements able to form clusters and segregations are determined; a new model for computer
forecasting the influence of carbon and alloying elements on kinetics of supercooled austenite decomposition is
developed and executed. A new quantitative model for the hydrogen embrittlement and flakes formation in steels



is developed and used for optimization of the industrial technologies. Using the offered computer technology,
optimum methods are developed for reaching an assured quality level of thick sheets made of different strength
level low carbon steels due to the multy-purpose optimization of chemical compositions, forming optimum initial
microstructures before the final thermal strengthening. Developed and applied in «Azovstal» Iron and Steel Works
new heat treatment technologies provide upgrading the quality and production efficiencyfor: high weight sheet
electroflux ingots; thick sheets made of steels of different strength levels. The annual general real economic profit
due to industrial application of the dissertation results is more than 4 min.hrn.
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