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AHOTAIIISA

I'yyamox O. B. BIoCKOHaJIGHHS TIPOIIECY XOJOAHOTO PEAYKYBaHHS KOPOTKUX IIU-
JHAPUYHUX 3aTOTOBOK METOJaMU TEXHOJIOTI4HOI MexaHiku. — KBami(ikariiliiHa HaykoBa
mparis Ha IpaBax PyKOIMHCY.

Huceprariiss Ha 3100yTTs HayKOBOTO CTYNEHs KaHIWJaTa TEXHIYHUX HAyK 3a
cnemianpHicTIO 05.03.05 «[Ipomecu Ta MammHM OOpOOKM THUCKOM». — BiHHUIIBKUN
HAI[IOHATFHUI TeXHIYHUN yHiIBepcuTeT, Binauis, 2019

JlucepTaiiisi cripssMOoBaHa Ha BUPIIICHHS BaXJIMBOi HAYKOBO-TEXHIYHOI MpoOIeMu
M1JBUIIEHHS €()EKTUBHOCTI MPOIECY XOJIOJHOTO PEAyKYyBaHHS IUISIXOM HaJaHHS PEKO-
MEHJAlIN 010 KyTa Haxuily poO0Yoro KoHyca MaTpHIli 1 BIIHOCHOTO OOTHUCKY 3aroTo-
BKM Ha OCHOBI BUKOPHUCTAHHS METOJIIB TE€XHOJOTTYHOI MeXxaHiku. [Ipu oMy BUKOpHU-
cToByBaJIaca (EHOMEHOJIOTIYHA Teopis JehOpPMOBHOCTI MpuU OOpOOIll 3aroTOBOK 3
BIJIHOCHOIO JIOBKUHOIO (710 AiaMeTpy) 2..5 Ha OCHOBI MOPOIIKOBUX CIUIaBIB cucteMu W-
Ni-Fe 3 3a0e3neueHnsmM 0e3BiAMOBHOTO (hOPMOYTBOPEHHS.

CdopmoBana kapta crutaBy cucremu W-Ni-Fe (W- 89%, Ni - 7,5%, Fe - 3,5%),
sKa MICTUTh KPUBY Te4ll, CTaHAAPTHI MEXaHIYHI XapaKTepUCTUKH, AlarpaMmy IIacTH4-
HOCTI 1 TpajytoBajgbHuM rpadik: TBEpIICTh - HAMpyKeHHd - nedopmariii. Po3pobiieno
IMITallliiHYy ~MOJENb MpOLECY peayKyBaHHA. 3AIMCHEHO aHali3 HaIpy>KEeHO-
ne(OpMOBAHOTO CTaHy, 1110 J03BOJMJIO BCTAHOBUTU MapaMeTpH MPOLECy peayKyBaHHS
(00THCK, KYT HaxXWJy MaTpuili, KOePilieHT TEPTs) 1 0COOIMUBOCTI HOTO MEXAHIKHU 3 TOY-
KM 30pY HEpPIBHOMIPHOCTI Aedopmaliiii, IUIsAXiB AeQOpMyBaHHs, KOHTAKTHUX Hampy-
KEHb.

AHani3 HanpyXeHo-1e(OpMOBAHOIO CTaHy B MPOLEC] PEAYKYBaHHS, SIKUWA Mpe-
CTaBJICHUHN y BUIJISI NUIAXIB A€POPMYBaHHS B KOOPJAUHATAX O€3pO3MIpHI MOKA3HUKH
HaIPY>KEHOTO CTaHy - HAKOMWYEHA 1HTEHCUBHICTH Je(opMalliil moKa3as, 10 B OKPEMHX
JJISTHKAX 3arOTOBKH peai3yloThes MpocTi nuisixu aedopmyBaHHs. Lle mo3Bossie miis
OIIHKY BUKOPUCTAHOTO PECYpPCy IUIACTUYHOCTI BUKOPUCTOBYBATH HAWTIpoCTiMIl Aedop-
MalliifHl KpUTepii, Ha OCHOBI SIKMUX PO3POOJICHI 1HKEHEPH] 3aJE€KHOCTI AJI1 BU3HAUCHHS

IPaHUYHUX 3HAYEHb TEXHOJIOTTYHHUX MapaMeTpiB B 3aJIEKHOCTI BiJ (i3UKO-MEXaHIYHUX
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BJIACTUBOCTEN 00pobOmoBanoro marepiany. lllnsxu nepopmyBaHHS B MIPUIOBEPXHEBO-
My ocepenKy aedopMallii XapakTepU3yrOThCS 3HAYHOIO KPUBU3HOK. Y 3a3HAauYEHIN 30H1
peainizyeTrbcsi 00'€eMHUN HaAINpy>KEHUH CTaH, II0 BUKJIMKAIO HEOOXITHICTh PO3PaAXyHKY
BUKOPHCTAHOTO PECypCy IJIACTHYHOCTI 3a JOMOMOTOI0 MOJM(IKOBAHOTO KPHUTEPIIO
B. A. OropoaHikoBa, 110 BpaxOBY€ BIUIMB TPETHOTO 1HBapiaHTa TEH30pa HAIPY>KEHb 1
icTopito neopMyBaHHS.

OOrpyHTOBaHO JOILIIBHICTh BUKOPHCTAaHHS AepopMaliiiHuX KputepiiB nedop-
MOBHOCTI /IJI1 BU3HAYEHHS! BUKOPUCTAHOTO PECYPCY IJIACTUYHOCTI MaTepiaay 3aroToB-
KU B XapaKTepHUX ii 30HaX 3 ypaxXyBaHHSIM KPUBHU3HH LULIXIB 1eopMyBaHHs. 30Kpema,
JUTSL IUISIX1B 1eOpMyBaHHSI Majioi KpUBUHHU PO3pOOJIEHUN 1HXKEHEPHU MaTeMaTHYHUN
amapaT po3paxyHKy BHUKOPHUCTAHOTO PECYPCY IUIACTUYHOCTI B XapaKTEpHUX IUISHKaX
MaTepialy 3aroTOBKH, IO MIJAETHCS XOIOAHOMY IUTACTUYHOTO peayKyBaHHs. Takum
YMHOM, OTPUMaHa 1HKEHEPHA 3aJIeXKHICTh, IO JO3BOJIE PO3paxyBaTH OUKO MaTpHLI
JUIsL OJTHOLIMKJIOBOTO PEIyKYBaHHs, MPHU SIKOMY 3a0e3nedyeThcsi 0€3BIAMOBHE (OpMO-
YTBOPEHHS.

[TokxazaHo, 110 XapakTep pPO3MNOAUTY KOHTAKTHUX HaNpyKeHb MOKe OyTH IMOKJa-
JIEHO B OCHOBY PO3pOOKHM pallioOHaJIbHOI TeoMeTpii KOHTypy matpuii. Ilpu Bicecumer-
PUYHOMY pEIyKyBaHHI [JIsi 3a0e3MeueHHs 3MEHIICHHS 3ycuuia naedopmMyBaHHS 1
30UTBIICHHS 3AJIMIIIKOBOTO PECYPCY IMJIACTUYHOCTI CHiJI BUKOPUCTOBYBATH MaTpHIll Ha
OCHOBI KPUBHUX IPYTOT0 MOPSIKY.

BukoHaHO TeopeTuyH1 Ta eKCIEpUMEHTATbHI TOCII)KEHHS BIUTUBY KyTa HAXUITY
IHCTPYMEHTY 1 BEJIMYMHHU OOTUCKY Ha MPOTHO3YBAHHS TEXHOJIOTTYHOI CIIaIKOBOCTI.

Pe3ynpTaTti qOCHIIKEHb BIPOBAIKEHI B [HCTUTYTI HaATBEpAMX MATEplajiB IM.
B. M. bakyns (M.KuiB) y BUrfis1i HaTaHHS METOJIWK 1 PEKOMEH I 1010 BJIOCKOHA-
JICHHSI TEXHOJIOTTYHOTO MPOIIECY 1 BUBHAUYCHHS MOT0 parlioHaIbHUX MapaMeTpiB, 10 Ja€
ICTOTHE CKOPOYEHHS 4acy Ha TE€XHOJOTIYHY MiATOTOBKY, 3MEHIIEHHS KUIBKOCTI Opaky-
BaIbHUX BUPOOiB. Takoxk pe3yibTaTH IAUCEPTAIiiHOT poOOTH BIPOBAIKEHI B HaBYAJIb-

HUM nporec BIHHUIIBKOTO HAIIIOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY.
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Metoau nocaigkeHHsi. B 0CHOBY T€OpeTHUYHMX JOCTIIKEHb MOKIAJACHO METOIU
MPUKJIAAHOI TeOopii TIACTHYHOCTI, (hEHOMEHOJIOTIYHA Teopis AeOPMOBHOCTI MeETaly,
MCE.

di3uK0o-MeXaHIYH1 XapaKTEPUCTUKU TOCIIHPKYBaHUX MaTepiaiiB BU3HAUYAIH 13 3a-
CTOCYBAaHHSIM Cy4YaCHUX MpWIIAiB 1 oOnagHaHHs. ExcriepuMeHTH nmpoBoauiucs Ha 00-
naananHi kadeapu OMIIM BHTY. Hatyphi BunipoOyBaHHs Ta Qi3MuHE MOJIETIOBAHHS
mpolecy peayKyBaHHS BUKOHYBAJIMCh B IHCTHUTYTI HAATBEpAUX MaTepiaiiB iM.
B. H. bakyns HAH Vkpainu. EkciepuMeHTanbHO nepeBipka pe3ysibTaTiB TEOPETHUHHUX
PO3paxyHKIB MPOBOAMIIACH 13 3aCTOCYBAHHSIM METOIY TBEPAOCTI.

JI71s1 OLIHKM TOYHOCTI OTPUMAHUX PE3YJIBTATIB 1 CTYNEHs 301)KHOCTI, TEOPETUYHUX
1 eKCIEPUMEHTAIBHUX JTOCIIJIKEHb BUKOPUCTOBYBAJIMCA METOJIU MaTEeMAaTUYHO1T CTaTHC-
THKH.

HaykoBa HOBH3HA OTPMMAaHUX pe3yJIbTATIB.

1. Bnepuwe nobynoBano nuisixu neopmMyBaHHSI METally B XapakTEPHUX TOY-
KaX KOPOTKUX 3arOTOBOK B 3aJIEKHOCTI BIJl OCHOBHUX TE€XHOJIOTIYHUX MapameTpiB Mpo-
LECYy MpPsIMOTO BHUJIABIIOBAHHS (pElyKyBaHHsS) Ta OOIPYHTOBAHO pPO3TalllyBaHHS HeOe3-
MIEYHUX 30H 32 03HAKOI0 BUUYEPIIAHHS PECYPCY MIACTUYHOCTI METamy;

2. Bnepuwe chopmoBano kapty MaTtepiany ais criaBy cuctemu W-Ni-Fe, sika
CKJIQJIAEThCS 3 KPUBOI Teuli, JlarpaMu MJIACTUYHOCTI Ta rpadika 3aJeXKHOCTEeH «TBEp-
JCTh-HANpYKeHHA-aedopmallii». BcTaHOBIIEHI 3aKOHOMIPHOCTI MEXaHIKU IMPOLIECY pe-
JNYKyBaHHS KOPOTKHUX IHWJIIHIPUYHUX 3aroTOBOK, 30KpeMa BHU3HAUYEHO HAIMpPY>KEHO-
nedhopMOBaHUI CTaH B MPOILIEC], BEIMYNHA KOHTAKTHUX HANPY>KEHb Ta €HEPrOCHIOBUX
XapaKTEPUCTHK B T. Y. JUIsl MaTepiajiB 3 MOAIOHOI PEOJIOTIEI0 10 JOCIHIIKEHOTO CIUla-
BY;

3. Ompumas nooanvuiuli po36UmoK METOJ OIIHKK J1€()OPMOBHOCTI METATy
3ar0TOBOK B IPOLIECI XOJIOJAHOTO PEAYKYBaHHs, SKUH BIJIMIHHO B1Jl ICHYIOUHMX BCTAHOB-
JII0€ MEX1 BUKOPUCTAHHS KpUTEPIiB 1€(POPMOBHOCTI B 3AJICKHOCTI BiJl KPUBUHH HUISAXY
nedopMyBaHHS, BEJIMUYMHHU TiIAPOCTATUYHOTO THCKY 1 MOKA3HMKA, 110 BPaXOBYE BIUIHB

TPETHOTO 1HBAPIaHTYy TEH30pa HANIPYKEHb;
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4, Habys nooanvuoeo pozeumxy MeTOH OIIHIOBAaHHS TEXHOJIOTTYHOI CIIAJKO-
BOCTI JJisi BUpOOIB, OTPUMAaHUX COCO0aMU X0J0IHOTO (POPMOYTBOPEHHS, KU BIMiH-
HO BIJl ICHYIOUHUX TOJIATA€ Y BU3HAYEHH] BEJIMYMHU TaKUX MapaMeTpiB: TBEPAOCTI BUPO-
Oy, HEpIBHOMIPHOCTI po3moALTy nedopmaliiidi Ta 3aIMIIKOBOI TTACTHYHOCTI, IO JT03BO-
JIsi€ BU3HAYUTHU pallloHATbHI TEXHOJIOTTUHI TapaMeTPU XOJOIHOTO pPeyKyBaHHS KOPOT-
KHX 3arOTOBOK 31 cruiaBy cucremMu W-Ni-Fe.

IIpakTHYHe 3HAYeHHS] OTPMMAHMX Pe3yJIbTATiB!

1. Pesynapratu AOCHIIKEHb (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH MaTepiairy
crutaBy cuctemu W-Ni-Fe (W — 89%, Ni — 7,5%, Fe — 3,5%), cepen sSIkux KpuBa 3Mill-
HEHHs, JlarpaMa IUIACTUYHOCTI, TapyBaybHI Tpadiku TBepAicTh HV — IHTEHCHBHICTH
HaIpy>KeHb G; — IHTEHCUBHICTD Jedopmariiii e;;.

2.  MetoauuHi pekoMeHAalil o0 BHOOPY (EHOMEHOJIOTIYHMX KPHUTEPIiB
nedopMyBaHHS MPHU PO3paxyHKax BUKOPUCTAHOIO PECYPCY IIACTUYHOCTI JUIsl XapaKTe-
PHHUX 30H 3arOTOBKHU B IIpOLEC] i1 peayKyBaHHS.

3. Meronuka BU3HAUEHHS TEXHOJIOTIYHUX MapameTpiB MPOIECy peayKyBaH-
HS, SIKA JI03BOJISIE OTPUMATH 3arOTOBKHU 3 MPOTHO30BAaHUMH BJIACTUBOCTAMU 0€3 TEXHO-
JIOTIYHUX BIJIMOB IPHU BHUBYEHHI MOBEAIHKHA PEOJOTIYHO MOJAIOHMX MarepiajiiB; Bpaxy-
BaHHSI BIUIMBY 1CTOPIT 1epOpMyBaHHS; rpajaieHTa nedopmartii.

4.  PesynbTaTu poOOTH BOPOBAKEHO B [HCTUTYTI HAATBEPAUX MaTepiaiiB iM.
B.M. bakynsa m. KuiB Ta B HaB4aJIbHMI nponiec BIHHUIIBKOTO HAllIOHATBLHOTO TEXHIYHO-
IO YHIBEPCUTETY.

VY auceprauiiiHiii poOOTI OTpUMAaHO HOBUW PO3B’A30K AaKTyaJbHOI HAayKOBO-
TEXHIYHOI 3a/1a4i: BAOCKOHAJICHHS MPOIIECY XOJOAHOTO PEIyKyBaHHS KOPOTKHX IIHIIiH-
JPUIHUX 3arOTOBOK METOJAaMU TEXHOJIOTIYHOT MEXaHIKH.

Oco0uctuii BHecok 3100yBaya 10JAra€ B TOMY, L0 y AUCEpTalli HE BUKOPHCTO-
BYBaJIUCS 171e1 CIiBaBTOPIB MyOmiKariii. Yci NPUHIIMIIOBI TEOPETUYHI M eKCIIepUMEHTa-
JBHI pe3ybTaTH OTPUMaH1 aBTOPOM caMOCTiitHO. [Ipu BUKOHaHHI AOCTIHKEHB, PE3yIib-
TaTH AKUX OIMYyOJIIKOBaH1 B CIIBAaBTOPCTBI, aBTOPOM OTPHUMAaHI HACTYIIHI pe3yiIbTaTH: aB-
TOp BUKOHAB €KCIIEPUMEHTAJIbHI JOCTIIHKEHHS, IO OB sA3aHl 3 (OPMYBaHHSIM KapTH

Marepiany, npoaHani3yBaB OTpUMaHI pe3yJbTaTH, MOOYy/lyBaB KpUBY Teuli, TpagyroBa-
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JbHUHM Tpadik TBEpIICTh-HANpYKEHHA-AedopMallii, aiarpamy miactudHocTi [1], [2],
[7]; aBTOp BCTAaHOBHB KUJIbKICHY BETMUMHY MOXUOKHU IehopMaLiifHUX KPUTEPIiB pyiHY-
BaHHs JIJIs1 IUIIXiB AedopmyBanns pizHoi kpuBunu [3], [4], [5]; aBTopom chopmoBaHa
IMiTaIliiiHa MOJIeNb MPOIIECY PeIyKyBaHHs, OTPUMaHi OCHOBHI 3aJIe)KHOCTI I po3pa-
XYHKY IapaMeTpiB MEXaHIKU MpOILECY pEeayKyBaHHs, HA OCHOBI SIKUX OTPUMAaHO Ha-
npyXeHO-Ae(POPMOBaHUN CTaH JUIsl IPOLECY peAyKYBaHHs [6]; aBTOPOM pO3BUHYTA Me-
TOJIMKA OLIHKH BIUIMBY IapaMETPiB MPOIECY Ha TEXHOJOTIYHY CIaJKOBICTh Ta SKICTbH
oJiep>KaHuX BUPOOiB [8].

Kntouoei cnosa: HatpyxeHHs, TUIACTUYHICTH, HAmpyKeHO-Ie()OpMOBaHUN CTaH,
METOJI CKIHYEHHHX €JIEMEHTIB, IMPOLECH XOJIOAHOIO PEAyKyBaHHS, I€()OPMOBHICTH,
IlacTUYHa JaedopMallis, KpUBU3HA TPAEKTOpik aedopMalliil, BUKOPUCTAHUN pecypc
IUIACTUYHOCTI, TPAEKTOPISI HABAHTAXEHHS, TEXHOJOTIYHA CIaJKOBICTh, CIUIAB CUCTEMU
W-Ni-Fe.

ABSTRACT

Gutsaluk O.V. Improvement of the process of cold reduction of short cylindrical
blanks by the methods of technological mechanics. - Qualified scientific work on the
rights of the manuscript.

Dissertation for the degree of a candidate of technical sciences on the specialty
05.03.05 "Processes and machines of pressure treatment". - Vinnytsia National Tech-
nical University, Vinnytsia, 2019

The dissertation is directed to the solution of the important scientific and tech-
nical problem of increasing the efficiency of the process of cold reduction by providing
recommendations on the angle of inclination of the working cone of the matrix and the
relative compression of the workpiece based on the use of methods of technological
mechanics. This used the phenomenological theory of deformability in the processing of
workpieces with a relative length (up to diameter) 2..5 on the basis of powder alloys of
the W-Ni-Fe system with ensuring trouble-free molding.

Formed alloy map of W-Ni-Fe system (W- 89%, Ni - 7,5%, Fe - 3,5%), contain-

ing flow curve, standard mechanical characteristics, plasticity diagram and calibration
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graph: hardness - stress - deformation. A simulation model of the reduction process is

developed. The analysis of stress-strain state, which allowed to determine the parame-
ters of the reduction process (compression, angle of the matrix, coefficient of friction)
and features of its mechanics in terms of uneven deformations, deformation paths, con-
tact stresses.

The analysis of the stress-strain state in the reduction process, which is represent-
ed in the form of deformation paths in coordinates, dimensionless indices of the stress
state - the accumulated intensity of deformations showed that in some areas of the
workpiece simple ways of deformation are realized. This allows to estimate the used
plasticity resource to use the simplest deformation criteria, on the basis of which engi-
neering dependencies have been developed to determine the limit values of technologi-
cal parameters depending on the physical and mechanical properties of the material be-
ing processed. The deformation paths in the surface deformation cell are characterized
by considerable curvature. In the specified zone is realized volumetric stress state,
which caused the need to calculate the used plasticity resource using a modified criteri-
on V. A. Ogorodnikov, taking into account the influence of the third invariant of the
stress tensor and the history of deformation.

The expediency of using deformation criteria of deformability to determine the
used material plasticity resource of the workpiece material in its characteristic zones is
considered, taking into account the curvature of the deformation paths. In particular, for
the ways of deformation of small curvature, an engineering mathematical apparatus for
calculating the plasticity resource used in the characteristic sections of the workpiece
material subjected to cold plastic reduction has been developed. Thus, an engineering
dependence was obtained that allows one to calculate the matrix point for a single-cycle
reduction, which ensures a fault-free formation.

It is shown that the nature of the distribution of contact stresses can be the basis
for the development of rational geometry of the contour of the matrix. In axisymmetric
reduction, matrices based on second-order curves should be used to reduce the defor-

mation force and increase the residual plasticity resource.
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Theoretical and experimental studies of the influence of the angle of inclination

of the tool and the amount of compression on the prediction of technological heredity
have been performed.

The research results were implemented at the Institute of Superhard Materials. V.
M. Bakul (Kyiv) in the form of providing techniques and recommendations for improv-
ing the technological process and determining its rational parameters, which gives a
significant reduction in time for technological preparation, reducing the number of de-
fective products. The results of the dissertation were also incorporated into the educa-
tional process of Vinnitsa National Technical University.

Research methods. The theoretical studies are based on the methods of applied
theory of plasticity, phenomenological theory of deformability of metal, ITU.

Physico-mechanical characteristics of the studied materials were determined with
the use of modern devices and equipment. The experiments were carried out on the
equipment of the Department of OMPM VNTU. Full-scale testing and physical
modeling of the reduction process were performed at the Institute of Superhard
Materials. VN Bakul, NAS of Ukraine. Experimental verification of the results of
theoretical calculations was carried out using the hardness method.

Mathematical statistics methods were used to evaluate the accuracy of the results
obtained and the degree of convergence, theoretical and experimental studies.

Scientific novelty of the obtained results.

1. The ways of deformation of metal in characteristic points of short blanks, de-
pending on the basic technological parameters of the process of direct extrusion (reduc-
tion), were first constructed, and the location of hazardous zones on the sign of exhaus-
tion of the plasticity of metal is substantiated;

2. For the first time, a material map for the W-Ni-Fe alloy system was formed,
which consists of a flow curve, a plasticity diagram and a graph of hardness-strain-
strain relationships. The regularities of the mechanics of the process of reduction of
short cylindrical blanks are determined, in particular the stress-strain state in the pro-
cess, the magnitudes of contact stresses and energy-power characteristics, including for

materials with a similar rheology to the investigated alloy, have been determined;
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3. The method of estimating the deformability of the workpiece metal in the pro-

cess of cold reduction has been further developed, which, unlike the existing ones, sets
limits to the use of deformability criteria depending on the curvature of the deformation
path, the magnitude of the hydrostatic pressure and the index taking into account the in-
fluence of the third invariant of the tensor;

4. The method of estimating technological heredity for products obtained by cold
forming methods, which differs from the existing ones, consists in determining the val-
ue of the following parameters: hardness of the product, uneven distribution of defor-
mations and residual plasticity, which allows to determine the rational technological pa-
rameters of cold melting. W-Ni-Fe systems.

The practical significance of the results obtained .:

1. The results of studies of the physical and mechanical properties of the material
of the alloy of the W-Ni-Fe system (W - 89%, Ni - 7.5%, Fe - 3.5%), among which the
hardening curve, plasticity diagram, tare graphs HV hardness - the intensity of the
stresses oi - the intensity of the deformations ei ;.

2. Methodical recommendations for the selection of phenomenological defor-
mation criteria in the calculations of the plasticity resource used for the characteristic
areas of the workpiece in the process of its reduction.

3. The technique of determining the technological parameters of the reduction
process, which allows to obtain workpieces with predicted properties without techno-
logical failures in the study of the behavior of rheologically similar materials; taking in-
to account the impact of deformation history; deformation gradient.

4. The results of the work were implemented at the Institute of Superhard Materi-
als. V.M. Bakul Kyiv and the educational process of Vinnitsa National Technical Uni-
versity.

In the dissertation the new solution of the current scientific and technical problem
is obtained: improvement of the process of cold reduction of short cylindrical billets by
the methods of technological mechanics.

The personal contribution of the applicant is that the ideas of the co-authors of the

publications were not used in the dissertation. All fundamental theoretical and
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experimental results were obtained by the author independently. In the research, the

results of which are published in co-authorship, the author obtained the following
results: the author performed experimental studies related to the formation of a map of
the material, analyzed the results, built a flow curve, a plot of hardness-stress-strain,
plasticity diagram [1] , [2], [7]; the author has determined the quantitative value of the
error of deformation criteria of fracture for the ways of deformation of different
curvatures [3], [4], [5]; the author created a simulation model of the reduction process,
obtained the basic dependencies for the calculation of the parameters of the mechanics
of the reduction process, on the basis of which a stress-strain state for the reduction
process was obtained [6]; the author developed a method of estimating the influence of
process parameters on technological heredity and quality of the obtained products [8].
Keywords: stress, plasticity, stress-strain state, finite element method, cold reduc-
tion processes, deformability, plastic deformation, curvature of deformation trajectories,

used plasticity resource, load trajectory, technological inheritance, W-Ni-Fe system al-

loy.
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BCTYII

OO0rpyHTyBaHHsI BHOOpPY TeMH JOCTIAKeHHs. B 3B’s3Ky 3 MOSBOIO HOBUX Mare-
piaJiiB Ta 3aCTOCYBAHHSM ICHYIOUHX MaTepialliB y BUP0OaxX CHeIiaJbHOro MpU3HAvYCHHS,
B BUPO00ax, 0 SKUX BUCYBAIOTHCA OCOOJIMBI BUMOTH 10 MEXaHIYHUX BJIACTUBOCTEH, BU-
HUKa€e HEOOX1IHICTh 0OpOOKH IUX MaTepialiB ePEeKTUBHUMH METOJAaMU OOpPOOKU THC-
koM. Hampuknan, Bukopuctanss criedeHoro cruraBy cuctemu W-Ni-Fe B Bupobax crre-
I[1aJTbHOTO TPU3HAYCHHS PETIAMEHTYEThCS KOHKPETHHUMH BUMOTAMH JI0 MEXaHIYHUX
BJIACTUBOCTEH BUPOOY (HEPIBHOMIPHICTh pO3MOALTY AedopMaliiii Ta TBEPAOCTI, MaKCH-
MaJibHA 3aJIMIIKOBA IJIACTHYHICTh TOIIO). {151 00poOKH TakuX BICECUMETPUYHHX 3aro-
TOBOK, 5IKi, SIK TIPABHJIO, MAlOTh CITIBBITHOIICHHS JOBXHHU JI0 aiaMeTpa 2..5 (mami - Ko-
POTK1) MOXYTh OyTH 3alpOTNOHOBaHI HU3KA METOJIB XOJOJHOTO IUIACTUYHOTO Jedop-
MyBaHH$ (BOJIOYIHHS, PECYBAaHHS, KyBaHHs, TOIO). 3Ba)Kat0yu Ha OCOOJIMBOCTI TEXHO-
JIOT1i OTpUMAaHHs BUX1IHUX 3arOTOBOK Ta iX po3MipiB B [HcTtuTyTi HanrBepaux Marepi-
amB iM. B. M. bakyns (Bigain Ne 20 - @opMyBaHHS NPELU3IMHUX €JIEMEHTIB CKJIaJIHO-
npodiibHUX BUPOOIB) Oyiia pO3BUHYTa TEXHOJIOTISA MPSMOTO BUABIIOBAHHS ITUX 3aro-
TOBOK 3 BIJIHOCHO HEBEJIMKHMH OOTHCKaMU (HATAraMH), sika OTpUMalia Ha3By PEAyKY-
BaHHi. Jlanuil croci6 3a0e3nedye BHUCOKY TOYHICTB 1 SIKICTb BUPOOIB Ta € OJHHUM 3
e(eKTUBHUX CIOCOO0IB XOJOMHOT (POPMO3MIHM KOPOTKUX HUIIHAPUYHUX 3arOTOBOK 3
MIPOTHO30BAaHUMHU MEXaHIYHUMH XapaKTePUCTUKaMH. BU3HaUeHHS mapaMeTpiB Mporecy
€ MPEAMETOM JOCIHIJKEHb 0ararb0X BITUM3HSHHUX 1 3apyO1KHUX BUEHHUX, 3yCHIUIS SIKUX
Oynu CrpsiIMOBaH1, TOJIOBHUM YMHOM, Ha €HEPrOoCHJIOBI MapaMeTpu mpoiieciB. Pazom 3
THUM, TTUTAHHSI TEXHOJIOTIYHOT MEXaHIKH, 0 SKUX BITHOCUTHCS TpaHWyHa (hOpMO3MiHA
3aroToBOK, (popMyBaHHS (pi3MKO-MEXaHIUHMX BJIACTHBOCTEH MartepiaiiB, 3a0e3meueHHs
TEXHOJIOT1YHO1 CIaJKOBOCTI HAa OCHOBI MOJENi (KapTH) maTepiaiy, 1mo0 MomepeauTH
OpakyBaHHS BHAC/IJIOK PYWHYBaHHS METaly HEJOCTaTHHO BiJIOOpak€HI B HAyKOBO-
TEeXHIYHIN JiTepaTypi. Y 3B'S3Ky 3 BUKJIQJACHUM, 3aBJIaHHS MMOJAIBIIIOTO PO3BUTKY 1 BJIO-
CKOHAJICHHS] TEXHOJOTTYHUX MPOLECIB peIyKyBaHHSA Ha OCHOBI (JOPMYBaHHSI KapT MaTe-

pianiB, po3poOKH PO3PaxXyHKOBHX MOJIENEH 1 MPAKTUYHUX PEKOMEHAALN 1010 BUOOPY



19

TEXHOJOTTYHUX PEKMMIB 3 METOIO MiJBHUILIEHHS €(PEKTUBHOCTI MPOIIECIB PEeIyKyBaHHS
KOPOTKUX [MUJITHAPUYHUX 3arOTOBOK € aKTyaJIbHOIO 3a/1a4€lO.

3B’A30K po0OTH 3 HAYKOBMMH NpOrpaMamu, IJiaHaMu, TeMamu. Jlucepraiiii-
Hy poOOTy BUKOHAHO BiAMOBIAHO 10 3akoHy Ykpainu "lIpo mpiopuTeTHi HanmpsMu po3-
BUTKY Hayku 1 TexHiku" (Bimomocti BepxoBHoi Paau Vkpainu, 2011 p., Ne 4, ct. 23;
2014 p., Ne 2-3, ct1. 41) ta noctanoBu Kabinery MinictpiB Ykpainu Bijg 7 Bepecns 2011
p. Ne 942 “IIpo 3aTBepmKeHHS MEpesiKy IPIOPUTETHUX TEMAaTUYHHUX HAMpsAMIB HAYKO-
BUX JIOCJIJPKEHb 1 HAYKOBO-TEXHIYHUX PO3p0o0oK Ha mepiof 10 2020 poky” (31 3MiHAMU
Big 23 ceprust 2016 p. Ne 556) 3a HanpsaMkoM «CTBOpPEHHS Ta 3aCTOCYBAaHHS TEXHOJIO-
Tl OTpUMAaHHS, 3BApIOBaHHS, 3 €JHAHHS, JIarHOCTUKU Ta OOpOOJEHHS KOHCTPYKIIM-
HUX, (QYHKIIIOHAJILHUX 1 KOMITO3UIIIIHUX MaTepianiB». TeMa aucepraiiifHoi poOoTH Bi-
JIMOB1JIa€ HAYKOBOMY HalpsaMy Kadeapu omopy maTreplaiiB Ta MPUKIATHOT MEXaHIKH
BHTY 1 naykoBoi mikoiu "Po3BuTok (heHOMEHOJIOTTYHOI Teopii pyiHyBaHHS MaTepiaiiB
P BEJIMKUX TJIACTUYHUX JeopMaliisx Ta po3poOKa Ha I[iii OCHOBI HOBUX Ta YJOCKO-
HaJIEHHS ICHYIOUHMX TEXHOJOT1 OOpoOKH MeTaliB TUCKOM'. ABTOp OyB BHUKOHAaBLEM
TP KOI0KETHUX HayKoBO-AochiaHux pooit BHTY, nepenbadennx miaanamu MiHic-
TEpPCTBA OCBITH 1 HAYKM YKpaiHM Ta BUKOHAHHUX Ha Kadeapl onopy maTepialiiB Ta NPUK-
naanoi mexaniku (OMIIM) BHTY: Ne nepxpeectparii 0112U001366; Ne nepxkpeect-
pamii  0114U003458; Neo nepxkpeectpamii  0116U004711; rocmoroBipHoi  TeMHu
Ne nepxpeectpartii 0117U005540; a takox temu I11-2-15 (Tema BukoHyBanach B [HCTH-
TyTi HaaTBepaux matepiainiB iM. B. M. bakyns HAH VYkpainu.

Mera i 3aBaaHHA J0cCJaiIKeHHs1. MeToo poOOTH € MIABUILEHHA €QEeKTUBHOCTI
NpOLIECIB  XOJIOAHOTO  PEAYKYBaHHS Ha OCHOBI  JIOCHI/DKEHHS  HaIlpy>KE€HO-
nedopMoBaHOro crany, 1¢()OPMOBHOCTI, OI[IHKH TEXHOJIOTIYHOT CITaJIKOBOCTI 3arOTOBOK
Ta YJIOCKOHAJICHHS TEXHOJOTIYHUX PEKUMIB PEIyKyBaHHS KOPOTKUX 3aTOTOBOK.

JIst TOCSITHEHHS 3a3HaY€HOT METH B poOOTI OyJIM MOCTaBIIeH 1 BUPIIICH] Taki OC-
HOBHI 3aB/JIaHHS:

- BCTAHOBUTH IUISIXM 1 TPOOJIEMH PO3BUTKY XOJIOJIHOI 0OpOOKH MJIIHAPUYHUX 3a-

IOTOBOK PENYKYBaHHSM;
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- chopMyBaTH KapTy MaTepiany cruiaBy cuctremu W-Ni-Fe (W —89%, Ni— 7,5%,
Fe —3,5%), sika MICTUTh KpUBY 3MILIHEHHS, JlarpaMy IJIACTUYHOCTI, TapyBaslbHI rpadi-
KH TBepAicTh HV — IHTEHCUBHICTB HaIlpy>XeHb G; — IHTEHCUBHICTD Jiepopmariiii e;;

- BUKOHATH aHai3 HalpyXeHO-Ae(pOPMOBAHOTO CTaHy LMJIIHAPUYHHUX 3arOTOBOK 3
BIJIHOCHOIO JIOBXKMHOIO 2..5 B Mpolieci peayKyBaHHS METOJOM CKIHUEHHHMX €JIEMEHTIB
(MCE) Ta 3a1iCHUTH aHaIi3 MEXaHIKM BKa3aHOTO MpOIeCy NP BapiioBaHUX IapameT-
pax mporiecy;

- IPOBECTH aHaJ3 KpUTEPIiB 1e(OPMOBHOCTI, 3 METOIO iX 3aCTOCYBAHHS B MPOIIE-
cax peayKyBaHHS; MpoaHaTi3yBaTH NUISIXU 1ehOpMyBaHHS B MPOIECi peayKyBaHHS Ta
BUSIBUTH 1X OCOOJIMBOCTI, IO ICTOTHO BIUIMBAIOTh Ha JAe(OPMOBHICTh; PO3POOUTU PO3-
PaxyHKOBHH amapar OLIHKHK pallloOHAIbHUX MapaMeTpiB MPoIeCcy peayKyBaHHsS HA OCHO-
Bl OLIIHKHU J€(OPMOBHOCTI 3arOTOBOK 3 BUKOPUCTAaHHSM (DEHOMEHOJIOTIYHUX KPUTEPIiB
neopMyBaHHS 3 BpaxXyBaHHSIM KOMIUIEKCY (haKTOPIB, 110 POOJISATh ICTOTHHM BILIUB Ha
IJIACTUYHICTD;

- pO3pOoOUTH peKOMEHALIl 11010 OI[IHKK MOKa3HUKIB TEXHOJIOTIYHOI CIaJKOBOCTI
Ha CTaJiii MPOTHO3YBAHHS TEXHOJOTIYHOTO MPOIECY PEAYKYBAHHS JIJIS CIUIABY CUCTEMU
W-Ni-Fe.

O0’exT nociaimkeHHsi. X0J0IHE TJIACTHYHE Ae)OpPMYBaHHS IMITIHAPUIHUX 3ar0-
TOBOK.

IIpeaMer pociigmeHHsi. 3aKOHOMIPHOCTI MPOLIECY PEAYKYBaHHS KOPOTKHX IIHU-
JHAPUYHUX 3ar0TOBOK, MEXaHIKa MpoIiiecy, A1e(hOPMOBHICTh Ta TEXHOJOTIYHA CIaKO-
BICTh BUPOOIB.

Metoau aociaigkeHHss. B 0CHOBY T€OpeTUUHUX JOCTIIKEHb MOKIAIEHO METOIU
MPUKIIAAHOI TeOpii TIACTHYHOCTI, (heHOMEHOJIOTIYHA Teopiss AeOPMOBHOCTI MeETaly,
MCE.

Di3UK0-MEeXaHIYH1 XapaKTEPUCTUKHU JOCIIKYBaHUX MaTepialliB BU3HAUYAM 13 3a-
CTOCYBaHHSIM Cy4YacHHMX MpHJIAIiB 1 o0naaHanHa. ExcriepuMeHT mpoBoauiInCcs HA 00-
naananHi kadpeapu OMIIM BHTY. HatypHi BunpoOyBaHHs Ta (Qpi3MUHE MOJIETIOBAHHS

mpolecy peayKyBaHHS BUKOHYBAJIMCh B [HCTUTYTI HaATBEpAUX MAaTepiaiiB IM.
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B. M. bakyns HAH VYkpainu. ExcnepruMenTanbHO nepeBipka pe3ynbTaTiB TEOPETUYHUX
PO3paxyHKIB MPOBOAMIIACH 13 3aCTOCYBaHHSIM METOIY TBEPAOCTI.

JI1s1 OLIIHKKA TOYHOCT1 OTPUMAHUX PE3YyJIbTATIB 1 CTYMEHS 3015KHOCTI, TEOPETUIHHUX
1 eKCTICPUMEHTAIIBHUX JTOCIIKEHb BUKOPUCTOBYBAIIUCS METOM MaTeMAaTHUYHOT CTATHC-
TUKH.

HaykoBa HOBH3HA OTPMMAaHUX pe3yJIbTATIB.

- Bnepwe noOynoBaHo NUIAXU Ae(POPMYBaHHS METalTy B XapaKTEPHHUX TOUYKaxX KO-
POTKHX 3aroTOBOK B 3aJIE’KHOCT1 BlJ] OCHOBHMX TEXHOJIOTTYHHUX MapaMeTpiB Mpolecy
MPSMOTO BHJIABIIIOBAHHS (PEAYKYBaHHS) Ta OOTPYHTOBAHO PO3TAITyBaHHS HEOE3MEUHUX
30H 32 03HAKOIO BUUEPIAHHS PECypCy MIaCTUYHOCTI METaly;

- Bnepwe cpopmoBaHo kapTy Matepiany s ciuiaBy cuctemu W-Ni-Fe, sika ckia-
JAETHCS 3 KPUBOI TeYil, JlarpaMy IJIACTUYHOCTI Ta rpadika 3aj1eKHOCTENH «TBEPIICThb-
HarpyKeHHs-nedopmailii». BcTaHOBIEHI 3aKOHOMIPHOCTI MEXaHIKM MPOIIECY PEeAyKY-
BaHHS KOPOTKMX UWJIHAPUYHUX 3arOoTOBOK, 30KpEMa BHU3HAYEHO HAIMPY>KEHO-
nedhopMOBaHHI CTaH B TIPOIIECi, BETUYMHN KOHTAKTHUX HAIPY)KEHb Ta CHEPTOCHIIOBUX
XapaKTePUCTHUK B T. 4. JUII MaTepialiB 3 MOAIOHOO PEOJIOTIEID A0 JOCTIKEHOTO CIlia-
BY;

- Ompumas nooanbuiull po3eumox METOJl OIIHKH J1e(OPMOBHOCTI METaly 3aroTo-
BOK B IPOIIECI XOJOJHOTO PEAYKYBaHHS, SKHI BIIIMIHHO BiJ ICHYFOUMX BCTaHOBIIIOE
MeX1 BUKOPUCTAaHHS KPUTEPIiB 1€POPMOBHOCTI B 3aJIEKHOCTI BIJ KPUBUHH LUISAXY J€-
dbopMyBaHHS, BEJIMYMHU TIAPOCTATHYHOTO TUCKY 1 MOKAa3HMUKA, IO BPAXOBYE BILIUB
TPETHOr0 1HBAPIaHTy TEH30pa HANIPYKEHb;

- Habys nooanvuioeo pozeumxy METOJ OIIIHIOBAHHS TEXHOJIOTIYHOI CHaJKOBOCTI
JUTsl BUPOOIB, OTPUMAHUX CIIOCOOaMU XOJIOAHOTO (DOPMOYTBOPEHHS, SIKMI BIAMIHHO BiJT
ICHYIOUHX TIOJISITA€ Y BU3HAYEHH1 BEJIMUYMHU TaKUX MapaMmeTpiB: TBEPJOCTI BUPOOY, He-
PIBHOMIPHOCTI PO3MOALTY AedopMaIliil Ta 3aJIMITKOBOI MNIACTUYHOCTI, 1110 TO3BOJISIE BU-
3HAYWTHU PAIllOHATBHI TEXHOJOTIYHI MapaMeTpu XOJIOAHOTO PEAYKYBaHHS KOPOTKUX 3a-
roToBOK 3i cruiaBy cuctemu W-Ni-Fe.

IIpakTUYHe 3HAYEHHS] OTPMMAHUX Pe3yJIbTATIB.

1. PesynpTaTt gocnipkeHb (I13MKO-MEXaHIYHUX BIACTUBOCTEH MaTepiairy
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crutaBy cuctemu W-Ni-Fe (W — 89%, Ni — 7,5%, Fe — 3,5%), cepen sikux KpuBa 3Mill-
HEHHsI, jJlarpama IUIaCTUYHOCTI, TapyBaibH1 rpadikud TBepaictb HV — iHTEHCHBHICTH
HaIpy>XeHb G; — IHTEHCUBHICTh Jepopmaliii e;;

2. MeToauuHi pekoMeHAaIll 1oa0 BUOOPY (EHOMEHOJIOTIUHUX KPHUTEPIiB
nedopMyBaHHS MPH PO3paxyHKax BUKOPHUCTAHOTO PECYPCY IIACTUYHOCTI JUIsSI XapaKTe-
PHHUX 30H 3aTOTOBKH B IPOIIEC] i1 peTyKyBaHHS;

3. MeTonuka BU3HAUYEHHSI TEXHOJIOTTYHHUX MapameTpiB MPOLECY peayKyBaH-
HSl, SIKa JTO3BOJISIE OTPUMATH 3arOTOBKH 3 MPOrHO30BAaHUMHU BIACTUBOCTSIMU 0€3 TEXHO-
JOTIYHHUX BiJIMOB NPH BHBYEHHI MOBEIIHKM PEOJIOTIYHO MOJIOHMX MaTepialiiB; Bpaxy-
BaHHS BIUTMBY 1CTOpIi AeopMyBaHHs; TpajiieHTa aedopmarii.

OcoOucTHii BHecok 3100yBava. Y jgucepTallii He BUKOPUCTOBYBAJIHUCS idel
CIIBAaBTOPIB MyOMiKaIliid. Y ¢l MPUHIIMIIOBI TEOPETUYHI 1 €KCTIEpUMEHTAJIbHI Pe3yIbTaTH
OTpUMaHI aBTOPOM caMocCTiitHO. [Ipyu BUKOHAHHI JOCIIKEHb, PE3yJIbTaTU SKUX OITyO-
JIKOBAaHI B CIIBaBTOPCTB1, aBTOPOM OTPHMMaHI HACTYIIHI pe3yJIbTaTU: aBTOP BUKOHAB €K-
CIIEpPUMEHTAJIbHI JOCIIIJI)KEHHS, 10 MOB’s13aH1 3 (JOpMYyBaHHSIM KapTH Marepiaiy, Ipo-
aHaI3yBaB OTpPUMaH1 pe3yJibTaTd, MOOYIyBaB KpHUBY Teuli, IpalyloBaibHUM rpadik
TBEpPIiCTh-HANpYKeHH-nedopmartii, miarpamy miactuyadocti [1], [2], [7], [9], [10],
[12], [16]; aBTOp BCTAaHOBHMB KUIBbKICHY BEIMYHMHY MOXHUOKH jae(OpMaIliiHuX KpPUTEPIiiB
pyrHyBaHHS U NUIIXiB nedopmyBanHs pisHoi kpuuaM [3], [4], [5], [11], [17]; aBTO-
poM cdopmoBaHa iMITalliiiHa MOJENb MPOIECY peAyKyBaHHs, OTpUMaHl OCHOBHI 3aJie-
YKHOCTI1 JIJISl pO3paxyHKy MapaMeTpiB MEXaHIKU MPOIEeCy peayKyBaHHs, HA OCHOBI SIKUX
OTPUMaHO Hampy)eHo-ae(GOpMOBaHHUI CTaH s mpolecy peaykyBanus [6], [13], [14],
[18]; aBTOpOM pO3BHHYTA METOIMKA OI[IHKK BIUIUBY HapaMETPiB MPOIIECy Ha TEXHOJIO-
TiYHy CIaIKOBICTh Ta AKICTh ofepkanux BupoOiB [8], [15], [19], [20].

Iy6aikamii. MaTepianu Ta OCHOBHI MOJIOKEHHSI AUCEPTAIIAHOI poOOTH OMyOJIiKO-
BaHi B 20 HaAyKoBUX poOOTax, 3 HUX S5 cTareil y creriani3oBaHuX (HaxoBUX BUIAHHSIX
srigHo nepeniky MOH VYkpainu, 1 myOoikaiiist y 3aKkopJJOHHOMY BUJIaHHI (BXOJUTH JI0
HAyKOMETPHUUYHO1 0a3u «Scopus»), 12 Te3 y 30ipHHUKaX JTOMOBIJEH MI>KHAPOIHUX HAYKO-
BUX KOH(epeHl1i. 3a pe3ynbTaTaMu JOCTII)KEHb OTPUMAHO MAaTeHT Y KpaiHu.

Crtpykrypa Ta obcsar aucepramii. Jlucepraiiisi ckiiaiaeTbCs 31 BCTYIY, YOTUPHOX
PO3ALTIB OCHOBHOI YaCTUHU, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JHKepen Ta 4 OJaTKiB.
3aranpHui 00CsT aucepTailii cTaHOBUTHh 143 CTOPIHKMA MAITMHOMUCHOTO TEKCTY, 3 HHUX
110 cropiHOK OCHOBHOTO TeKcTy, 63 pucynka 1 9 tabmuis. CIUCOK BUKOPUCTAHUX

mxepen mictuth 102 HaiiMmeHyBaHHS.
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