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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3po6bka cr1oco6iB MifiBUIIEHHS KOMILJIEKCY BJIACTUBOCTEN CTajlel Ta YaBYHIB, 110 CAMO3MILIHIOIOTLCS IIpU

eKCIlTyaTanji.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development methods increase the complex of properties of steels and cast irons self-strengthening at
exploitation.

Pedepar yKpaiHCBKOIO:

O6'eKTOM JOCIIiJKEHHS € JIeTOBaHi CTajli, YaByH!U Ta HAIJIaB/IIOBAJIbHUM MaTepiasl pi3HOTro QyHKIIOHaIBHOTO
[IPM3HAYEHHS Ta BUPOOU 3 HUX, SIKi IOTPEOYIOTh MifBUILEHHS (i3UKO-MEXaHIYHUX Ta eKCIUTyaTaliliHuX
BJIACTMBOCTEN. METOI0 HayKOBO-A0CiHOI pOOOTH € MiABUILIEHHS KOMIUIEKCY MEXaHIYHUX Ta €KCIUIyaTaliiHUX
BJIACTUBOCTEN CTaJell Ta 4YaByHiB Pi3HOro (QyHKILiOHAJIBHOTO MPU3HAYEHHS Ta IPOMHUCIIOBOTO BUKOPUCTAHHS 32
PaxyHOK CTBOPEHHSI Ta BIIPOBA/I)KEHHSI HOBUX, PO3PO0JIEHUX CIIOCOOIB i TEXHOJIOTIH 3MilJHIOBaJIbHUX TEPMOOOPOOOK.
Y npencraBieHOMY IPOEKTi BAKOPUCTAHHI TAKM METOIU: MeTasorpapidyHui, pEHTT€HO-CTPYKTYPHUH, €JIEKTPOHHO-
MIKPOCKOIIIYHNUIA, JIOPOMETPIUHNI, KOMILJIEKCHI BUTTPOOYBaHHSI MEXaHIUHUX i crieludiYHUX BIACTUBOCTEN (YoapHOi
B'SI3KOCTI, 3HOCOCTIMIKOCTi B Pi3HUX yMOBAax 3HOLIYBaHHS, Tol10). O6afHaHHS, sIKe BUKOPUCTOBYBAJIOCS: CUCTEMA
KOMIT'IOTEPHOTO aHaJIi3y eJIeKTPOHHO-MiKpockoniuHoro 306paxeHHs CAI-01 (SELMI, Vkpaina), koMmI'loTepHa
cucreMa TepMmivHoro anasnizy 3 Allll-nnartoro ("Advantech”, TaiiBaHb). AHasi3 XiMi4YHOTO CKJIaJy IPOBOJLUIIN HA
BaKyyMHUX KBaHTOMeTpax "Spectrovac 1000" i "SpectroMAXx" crieKTpajibHBIM METOZIOM 3 BilHOCHOIO IOTPIiLIHICTIO
Bizg, 0,001 go 0,1 % B 3ay1€5KHOCTI Bif| eleMeHTy. [IpoBOIMBCA MOMAPOBUI aHAJIi3 XiMIiYHOTO CKIagy Ta
MIKPOCTPYKTYPH 3 BUKOPUCTaHHSIM KBAaHTOMETPIB, eJ1eKTPOHHUX MikpockomiB "Ultra-55" (pipmu "Carl Zeiss",
HimewunHa) "Jeol JSM 6510A" (¢pipmu "JEOL" (SInonist). MikpocTpyKTypy BuB4Yaiu Ha Mikpockomnax "Neophot-21"
(dpipma "Carl Zeiss", HimeuyunHa) 3 BAKOPUCTaHHSIM CUCTEMHU KOMII'IOTEPHOI0 aHaji3y ONTUYHOTO 306pakeHHs1 CAI-
01 (SELMI) ta mikpockomny "Nikon Eclipse L150" (sInoHist) npu 36inbuenHi Big 50 go 2000 kpat. Psa gocifxkeHb
MIKPOCTPYKTYPH, €JIEKTPOHHOI MIKPOCTPYKTYpH Ta (a30BOro CKiany 6ys10 BUKOHAHO B SnoHii (y MypopaHCbKOMY
iHCTUTYTY TeXHOJOTiH 3rigHo 3roau Mix [IBH3 "TIATY" ta incTUTyTOM) y X0BTHI 2013 p. [Ipn Bukonanxi HJIP
peaslizoBaHa ifiest CTBOPeHHs MeTacTabiibHMX (a30BO-CTPYKTYPHUX Mo diKallill y T0BEpXHEBUX IIapax
MeTaJIeBUX BUPOOIB Ta LiJIeCIPSIMOBAaHOrO BUKOPUCTAaHHA JeopmaliiiHux (a3oBuX NepeTBopeHb. CTBOPEHi HOBI
CIoco6U Ta TEXHOJIOTii TepMi4HOI 06POOKH, IOBEPXHEBOTO 3MIIJHEHHS 3 BAKOPUCTAHHSIM XiMiKO-T€pMidHOi
00pOOKY, HAIlJIaBJIEHHS] METACTabiIbHOTO MeTaJly C KEPOBAaHMM IPaliEHTOM 3MICTY JIETYIOUMX €JIEMEHTIB,
CTPYKTYpH, CTYIIE€HSI METACTabi/IbHOCTI Ta BIACTUBOCTEH, BUKOPUCTAHHS [1J1a3MOBOI'O CTPYMEHIO, iMITYJIbCHO-
I71a3MOBO-iOHHOI 06POOKU, TEPMOLMKITYBaHHS, TO1O. EQeKTUBHICTh BIpoBaaKeHHs: 1326620 rpH. Pe3ysibTaTu
POOOTH MOKYTh BUKOPMCTOBYBATHCS B METaNyPrifiHii, MalIMHOOYiBHI! IPOMUCIIOBOCTI,
cimprocnmMamuHoOyAyBaHHI, pPEMOHTHO-PEHOBALiTHMX BUPOOHULITBAX. PO3p0ob6sieHa HAyKOBO-TEXHIYHA IIPOYKLIis
(EKOHOMHO JIErOBaHU HAIJIABJIIOBAJILHUAN IPiT, 3HOCOCTIMKMI 4aByH, HOBi TEXHOJIOTII I0BEPXHEBOTO 3MIlJHEHHS]) €
KOHKYPEHTOCIIPOMOKHHMMM, MAIOTh iHBECTHULIMIHY IPUBAbJIMBICTh OCKIJIbKY O3BOJISIOTH 6€3 TOAATKOBUX BUTPAT
€KOHOMUTHU Jyxe nediuuTHi Ta gopori jeryioun komnoHeHTH (Ni, Mo, Nb, V, W) 1110 BXOJsTb 10 CKIany BinoMux

aHaJIOTiB Ta OJHOYACHO CYTTEBE MiBUIYBATY MEXAHIYHI Ta €KCIUIyaTaliliHi BIaCTUBOCTI.

Pedepar aHIJIiHCBKOIO:

The object of the study are alloy steels, cast iron and surfacing material of different functionality and their
products, which need to increase the mechanical and performance properties. The purpose of research is to
improve the complex mechanical and performance properties of steels and cast irons of different functionality and
industrial use through the creation and implementation of new developed methods and technologies
strengthening heat treatment. In the present project, the use of such methods: metallographic, X-ray diffraction,



electron microscopy, dyurometrichny, comprehensive testing of mechanical and specific properties (impact
toughness, wear resistance under various conditions of wear, etc.). Equipment used: a system of computer analysis
of electron microscopic images SAI -01 (SELMI, Ukraine), the computer system of thermal analysis with ADC board
("Advantech”, Taiwan). Analysis of chemical composition performed on a vacuum quantameter "Spectrovac 1000"
and "SpectroMAXx" spectroscopic method with a relative error of 0.001 to 0.1% depending on the item. Performed
stratified analysis of the chemical composition and microstructure using quantometer, electron microscopes
"Ultra-55" (firm "Carl Zeiss", Germany) "Jeol JSM 6510A" (firm "JEOL" (Japan). The microstructure was studied on
microscopes "Neophot-21" (firm "Carl Zeiss", Germany) with the use of computer analysis of the optical image SAI -
01 (SELMI) and microscope "Nikon Eclipse L150" (Japan), with an increase from 50 to 2000-fold. Several of research
of the microstructure, e-microstructure and phase composition was made in Japan (Muroran Institute of
Technology, under a contract between SHEI "PGTU" and Institute) in October 2013. When performing research the
idea of making the metastable phase-structural modifications in the surface layers of metal products and
purposeful use the deformation phase transformations. Create new methods and technologies of heat treatment,
surface hardening using thermochemical treatment, surfacing metastable metal with a controlled gradient alloy
content, structure, and properties of the degree of metastability, the use of the plasma jet, pulsed-plasma ion
processing, thermal cycling, etc. Efficiency of application: 1326620 USD. The results can be used in metallurgical,
machine-building industry, agricultural machinery, repairs and renovations industries. Develop technical products
(sale alloyed surfacing wire, wear-resistant cast iron, the new technology of surface hardening) is competitive, has
investment appeal because it allows no additional cost savings are very scarce and expensive alloying components
(Ni, Mo, Nb, V, W) included in the known analogues and substantially simultaneously improve mechanical and
performance properties.

Ingexc YIK: 669.1:001.89, 669.1:001.891

Koau TemaTHYHHUX PYOPHK: 53.31.01.21
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: HoBi crioco6u Ta TEXHOJIOTIi TEpMI4HOi 06POGKM, TOBEPXHEBOTO 3MilIHEHHS 3
BMKOPUCTaHHAM XiMIKO-TEPMi4HOi 06PO6KH, HATI/IABJIEHHS METACTAGIIBHOTO METAJTy C KEPOBAaHUM IPAJ[iEHTOM
3MICTY JIETyIOYMX €JIEMEHTIB, CTPYKTYPH, CTYIIEHS METaCTabiIbHOCTI Ta BJIACTUBOCTEN, BUKOPUCTAHHS TJIa3MOBOTO

CTPYMEHIO, iIMITyJIbCHO-T1J1a3MOBO-10HHOI 0OpOOKM, TEPMOLIMKITyBaHHs. HOBi €KOHOMIUHI 3HOCOCTIliKi MaTepianu Ta

HayKOEMHI TEXHOJIOTiI IOBEPXHEBOTO 3MilJTHEHHS.

Hazpa HTII auri#icbKor0: New methods and technologies of heat treatment, surface hardening using the
thermo-chemical treatment, surfacing metastable metal with a controlled gradient alloy content, structure, and
properties of the degree of metastability, the use of the plasma jet, pulsed-plasma ion handling, thermocycling.
New sale alloyed wear-resistance materials and science intensive technologies of surface hardening that
implement self-strengthening effect directly in the process of testing and operation of hardware that enables the
use of hidden internal resources of the material resources and improve the performance of equipment.

HTII, sixy nepezn6a4asiocsi CTBOPUTH:
IIpuunnu, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJbTaTH:

l'asy3s 3aCcTOCYyBaHHS: 72.19 - JlocigKeHHs it eKClIepUMEHTaIbHI po3po6KY y chepi TpUpOIHIIHX i

TEXHIYHUX HayK
PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: Po3po6ieni HOBI TexHOJIOTIT TEPMiYHOI, XIMiKO-TEPMIYHOI Ta iHIIKX BUiB 06PO6OK, 3aCHOBAHUX HA
BMKOPHCTaHHI KOMIIJIEKCY CUCTEMATU30BAaHNX (Pi3MKO-XiMIYHMX (PAKTOPIB i MEXaHi3MiB, [0 BU3HAYAIOTh
dopMyBaHHS MeTacTabiIbHUX CTaHiB ayCTEHITy, peryJIloBaHHS CTyIIeHs HOro MeTacTabiIbHOCTI 1J1s1 KEpYBaHHSI
KiHeTHKoI0 nedopmaliiliHoro mapteHcuTHoro nepetrsopeHHs (IMII) Ta BnactuBoctsiMu. CTBOpeHi
€KCIIepUMEHTAJIbHI 3pa3Ki MapoK CTajell Ta YaBYHIB 3 MiBUIIEHUMU BJIACTUBOCTSIMU. Po3pobiieHi npoekTu
TEXHIYHOI Ta TEXHOJIOTTYHOI JOKyMeHTawii 3i 3MiI[HIOBaJIbHUX 0OPOOOK METaJIOBUPOGIB 17151 MiIBULIEHHS KOMILJIEKCY
ix BnacTuBocTel. JlJaHi METOAMYHI Ta TeXHOJIOTIUHI peKOMeH iallii 11010 BIPOBaJI)KE€HHS y BUPOOHULITBO HOBUX

PO3pO6IEHUX TEXHOJIOTIM.

ConiannbHO-eKOHOMIYHA cripsimoBaHicTs HTII:
Bnyius HTII Ha moBKiJjs:

Bnposaas>keHHst HTII: Briposamkeno

ITpakTuyHa peasnizanis HTTI

IToyaTok eramy: yepseHb 2013 p.(ckiaz 3HOCOCTIiIKOrO YaByHy UX14I'6T Ta TexHoorii TepMiuHOi 06pOGKHM);
cepnieHb 2014 p. (HOBa TEXHOJIOTiSI TEPMOOOPOOKHU cTaili 25); Bepecenb 2014 p. (TEXHOJIOTiSl TepMidHOI 06POOKHU

jonaTey ApO6EMEHTHUX MAIlUH).
3aKiHYeHHs eTamy:

Cnos>kuBavi nmpozaykuii: COI' "Bikrop" (Ykpaina, 3anopisbka 06s1.), TOB "Marma", TOB "3aBog

"[liBoensrinpomam” (M. bepAsSHCEK).

IlepcrieKTHBHI PUHKH: Ta66MHCHKMIT MeTasyprifiHuii kom6inat (€rumner, m. Kaip), meTtanypriitHuii 3aBog

"Tarmet" (Pocist, M. Taraupor).
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM

IToTpiOHMI 06CAT iHBECTHILiH, THC. IPH.: 500



IlpaBa, 0 HaAAIOThCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb 6i3Hec-naHy: Tax

TexHiKO-eKOHOMiYHe OOrpYHTYBaHHSI: Tax

IloTeHuiaIbHUI 00CAT IPOJAXKY, THC. TPH.: 800

OuikyBaHHI TepMiH OKYIHOCTI (pPOKiB): 1

lIO,ILaTKOBa iH(l)opMauiﬂ: repezaya pas Ha BUHAXOAUCYIIPOBOIKEHHS Ta KOHTPOJIb TEXHOJIOTTYHUX

MPOIIECiB BUTOTOBJIEHHS Ta 3MiIJTHEHHS BUPOOIB. _
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Hayxkosgi crarTi: 1. CTpykTypa u cBoiicTsa cranu 40X nocje UMIyabCHO-TIJIa3MEHHOM 00paboTKU C MCII0JIb30BaHUEM
TUTaHOBOTO esiekTpona / A.Il. Yeinsax u np.] // Science and Education a New Dimension: Natural and Technical
Science. - 2013. - Vol. 8. - P. 79-84. 2. Yeinax A.Il. BiusHue TepMoo6paboTKU Ha CTPYKTYPY, METaCTaOUIIbHOCTD
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M3HOCOCTOMKOCTb YyTYHOB CO cpeponganbHbIMU Kapounamu Banagus / A.Il. Yeinsax u gp.] // Tpenue u usHoc. -
2013. - T. 34. - N2 6. - C. 610-619. 4. Abrasive wear resistance of spheroidal Vanadium carbide cast irons / V. G.
Efremenko and other] // Journal of Friction and Wear. - 2013, Vol. 34, N26. - PP. 466-474. 5. T[loBbliieHNE
M3HOCOCTOMKOCTH HaraBjaeHHoro Fe-Cr-Mn meTasia n1a3mMmeHHOM 06paboTKOM C [TOly4EHNEM METaCTabuIIbHOM
CTPYKTYphl / SL.A. Yeitnsax u ap.] // Metannodusuka u Hopeimue texHosnoru. - 2013. - T. 35. - N2 8. - C. 1045-1059.
6. Development of innovative ways of surface hardening by means of creation of wear-resistant layers with
metastable structure, strengthening at wear / A.P. Cheylyakh and other] // Treatamientos Termicos (Heat
Treatment of Metals). - Spain. - 2014. - N2143. - P. 35-36 (part 1). 7. Development of innovative ways of surface
hardening by means of creation of wear-resistant layers with metastable structure, strengthening at wear / A.P.
Cheylyakh and other] // Treatamientos Termicos (Heat Treatment of Metals). - Spain. - 2014. - N2144. - P. 25-26
(part 2). 8. MexxdaszoBoe pacripejiesieHue XMMUYeCKUX 3JIEMEHTOB B KOMIIJIEKCHO-JIETUPOBAaHHOM 0eJIoM 4yryHe /
B.I. €ppemenko u np.] // BicHuk [Ipra3oBCbKOro geps>kaBHOTO TEXHIYHOTO yHiBepcuTety. - Cepist: TexHiuHi HayKu.
- Bumn. 28. - Mapiynoss, 2014. - C. 89-100. 9. Effect of vanadium and chromium on the microstructural features of
V-Cr-Mn-Ni spheroidal carbide cast irons / V. G. Efremenko and other] // International Journal of Minerals,
Metallurgy, and Materials. - China, November 2014, Volume 21, Issue 11, pp 1096-1108. Marepiain MibkKHapOJHUAX
3apy6ikHUX KoHpepeHwiit: 1. Yeinsax A.Il. BausHue oTIycka Ha MUKPOCTPYKTYPY M CBOMCTBA LIeMEHTOBAHHOM
cranu 18X2H4MA / A.Il. Yennsx, H.E. KapaBaesa // C6opHUK M-J10B IX MexxnyHnap. koHd. "CTparterus KauecTsa B
MTPOMBIIIJIEHHOCTH 1 o6pa3oBaHuu” (31 mas - 7 utons 2013 r.; r. BapHa, Bonrapus). - JlHenponeTpoBck, BapHa. -
2013. - T.3. - C. 226-228. 2. Characteristics of Erosive wear with multi component cast iron / K. Kusumoto and
other] // 5th World Tribology Congress WTC 2013 (September, 8-13). - Palaolimpico Torino, Italy. - 2013. 3.
BnusiHue siernpoBaHus U TEPMOLIMKINYECKON 06paboTKM Ha MUKPOCTPYKTYPY U U3HOCOCTOMKOCTD
MeTacTtabunpHoro Fe-Cr-Mn HamaBienHoro metana / Sl.A. Yennsix u np.] // C6. HayuHbIX TPyA0B. COBpEMEHHbBIE
METO/Ibl ¥ TEXHOJIOTUY CO3[IaHUS M 0OpabOTKU MaTepranos TexHOJIOruu 1 060pyJOBAHUS MEXaHUYECKO U
dusnKo-TexHuueckoi oopaborku / peaxosuierus: C.A. Actanvuk (r71. pen.) u [u ap.]. - Munck: @TU HAH Benapycn,
2013. - C. 509-518. 4. HoBas TexHOJIOTMS1 JIETUPOBAHNUS [IpY HaIlJIaBKe U3 QJIiocylollee-jerupymoueil cmecu / SLA.
Yetnnax u gp.] // matepuansl IV MexxnyHapoaHOU HayYHO-TEXH. KOH(. [lepcrieKTUBHbIE TEXHOJIOTUY, MaTEPUAIb
1 060pyIOBaHUE B IUTENHOM ITPOu3BOACTBe, 30 ceHTsa6psi-4 okra6ps 2013 r. / nog o6, pex. A.H. decenko. -
Kpamatopck: ITMA, 2013. - C. 238-240. 5. CKOPOCTHO€ TEPMOLMKINYECKOe LUaHUPOBaHUE KOHCTPYKLMOHHBIX
craneit / AIl. Yennax u gp.] // C6. poxi. 10-11 HayyHO-TIpPaKTU4YECKOM KOH(pepeHnn Kaapsl 17151 peruoHa -
COBpeMEHHasl MeTaJlJIyprusi HOBOro teicssyesietrs, Yacts 1. - Jluneuk: uzn-so JII'TY, 2013. - 46-55. 6. Yennax A.IL.

[ToBbilIEHUE N3HOCOCTOUKOCTH LHEMEHTOBAHHBIX cTanen IIyTEM UCIIOJIb30BAHUA MEeTacTabUJIbHOCTHA OCTATOYHOTO



aycrenura / A.Il. Yeitnsx, H.E. Kapasaesa // C6. noki. 10-i1 HayYHO-ITpaKTUY€eCKoi KoHpepeHuun Kagpsl ns
pEr1oHa - COBpEMEHHAs METAJUIyprust HOBOro Teicsuesnetus, Yacts II. - Jluneux: uzn-so JII'TY, 2013. - 64-72. 7.
PazpaboTka HOBeNIIMX CIIOCOO0B KOMIIJIEKCHOTO CO3J,aHNS NU3HOCOCTOMKUX CJIOEB C METAaCTabUIbHOIN CTPYKTYPOH,
CaMOyTIpOYHSIIoIUXCs npu n3Hamveauuy / AIl. Yeitnsax u ap.] // C6. Hay4yH. TpyHoB. CTPOUTEIILCTBO,
MaTepuaJIoBelleHrEe, MallMHOCTpOoeHue, [JHenpornerposek: 'BY3 "TIIACA", 2014. - Bein. 74. - C. 72-76. 8. Biusinue
IlapaMeTpOB UMITYJIbCHO-IIJIa3MEHHOM 00paboTKU Ha CTPYKTypoobpasoBanue u cBoiicTsa cranu 40X / A.Il. Yeitsnsx
u ap.] // C6. HayuH. TpyHoB. CTPOUTEJILCTBO, MaTEpHaIOBEIEHUE, MALIMHOCTPOEHUE, [JHenponeTpoBck: ['BY3
"TITACA", 2014. - Bpim. 73. - C. 235-239. 9. PacnipeziesieHre IETUPYIOIMX 2JIEMEHTOB B CTPYKTypP€e KOMILJIEKCHO-
JlerupoBaHHoOro 6esoro yyryHa / A.Il. Yetsnsax u np.] // Tesucs! gokiana Ha 74-it MeXayHapoaHO! HayYHO-
[IpaKTUYeCKy10 KOHPepeHuuU "TIpobieMbl U epCreKTYBbl Pa3BUTUS JKeJIE3HOJOPOXKHOTO TPaHCIIOpTa”,
Juenponerposck: AVDKT, 15-16 mas 2014. - C. 397-398. 10. BausiHue Temneparypsl 3aKajKd Ha COCTOSIHUE
OCTaTOYHOTO ayCTEHUTA U a6Pa3MBHYI0 MUBHOCOCTOMKOCTb LIEMEHTOBAaHHOM KOHCTPYKIMOHHOM cTanu 50T / AL
Yeinax u gp.] // C6. HayuHbIX TpyoB. COBpEMEHHbIE METObl 1 TEXHOJIOTUM CO3/IaHUs U 0OpabOTKM MaTepuasoB
TexHosI0rMM U 060PY0BaHUSI MEXaHNYECKON U PU3UKO-TEXHUYECKON 06paboTku. - Munck: ®TU HAH Benapycy,
2014. - C. 390-396. Tesu nonosineii Ha KoHbepeHLiax: 1. Abrasive wear resistance of V-Cr-Mn-Ni cast irons / A.P.
Cheylyakh and other] // YuuBepcurerckas Hayka-2013: c6. Te31COB IOKJ. MEXIYHap. H.-T. KOH}. / IBY3 "TII'TY". -
Mapuynosns, 2013. - T. I. - C. 201-202. 2. Yennax A.Il. HoBble 3KOHOMHOJIETUPOBAHHBIE YYTYHBI [1JI5
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