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Pedepar:

1. 3MeHIIeHHs eHepro3ajeKHOCTi YKpaiHy BUuMarae 36i7IbI€HHS IOTY)KHOCTEN aTOMHUX €JIEKTPOCTAHILiH, 10
noTpebye 36ibLIIEHHS IOTY>KHOCTE! Ta KiJIbKOCTI €eHEPreTUYHUX YCTAaHOBOK, a TAKOX 3aMiHy iCHYIOYMX PEaKTOPiB, B
SIKUX 3aKiHYy€eTbCSl TEpMiHM €KCIUTyaTalii. bisibl Toro, € akTyasbHa pobsiema MniiBULEeHHS 6€311€KU PeaKToPiB
aTOMHUX €JIEKTPOCTaHIii SIKi € Ay>Ke HaBaHTa)KEHUMU Ta BilIOBiaibHUMU esleMeHTaMU. O6'€KT NOCIiIPKEHHS ~
TEXHOJIOTI4HI ITPOLIeCH 1 iIHCTPYMEHT 11 KyBaHHSI KOHYCHUX BTYJIOK [J151 €eHEPreTUYHOTO MAllMHOOYIyBaHHS.
MeTo10 NPOEKTY € MiABUILEHHS MEXaHIYHUX BJIACTUBOCTEN, 3HWKEHHS BUTPAT METAJy 11 €Heprii Ipyu BUTOTOBJIEHI]
KOHYCHMX BTYJIOK PE€aKTOpiB Ha 6a3i BUKOPUCTAHHS HOBUX OIlepaliili KyBaHHS [TyCTOTLINX 3aTOTOBOK 3 OYPTOM.
OpHMM 3 OCHOBHUX NiJIXOZiB 1O IPOBELIEHHSI JOCIiIPKEHb Onepallii po3KOuyBaHHS KOHYCHUX BTYJIOK Oyjia po3pobka

CKiHY€HO-eJIeMeHTHOi 3D Mogerti, 10 BpaxoBye MEXaHi4yHi BJIACTUBOCTI CTaJli IPU KyBaHHi. Ha 0CHOBI po3po6JeHoi



CE mogeni 6yJ10 BCTAaHOBJIEHO HAIIPYXeHO-I,e(OPMOBAHUII CTAaH KOHYCHUX BTYJIOK IIPY PO3KOUYYBaHHi. Bisbu Toro,
CTa/y BiloMi JaHHi 3 HAaNPY>KeHO-1e(HOPMOBAHOTO CTaHY IIOKOBKY IPY PO3KOYYBaHHS KOHYCHUX BTYJIOK.
ExcriepuMeHTabHe MOZEIIOBAHHS ONepallii pO3KO4yBaHHS KOHYCHUX BTYJIOK OYJI0 IIPOBEJIEHO 3 BUKOPUCTaHHIM
CIIELliaJIbHO CIIPOEKTOBAHOrO OCHalleHHs1. bysa gociigkeHa HoBa reoMeTpist 60MKiB 1111 po3KodyBaHHs. Kpim
L[bOTO, Y pO6OTi 6yJI0 TPOBENEHO BU3HAYEHHS 6a30BUX [TOKA3HUKIB MEXaHiYHUX BJIACTUBOCTEN KOHYCHUX BTYJIOK, SIKi
IepOpPMYIOTbCS 3 BUKOPHCTaHHSIM HOBOTO CIIOCO0Y. AHAaJli3 pe3yJIbTaTiB perpeciiiHuX 3a1e>KkHoCTell
(OpMO3MiHEHHS [IpY PO3KOUYBaHHi CxifyacTUM OOMKOM, I03BOJIMB BUBHAUYUTHA HAYKOBO OO PYHTOBAHI pE>KUMU
Ie(pOopMyBaHHS i BIPOBAIUTUA PO3POOJIEHNI TEXHIIPOLEC KyBaHHSI KOHYCHUX BTYJIOK. KpiMm 11bOrO, Oy/IM MifgBUIIEH]
MeXaHiuHi BJIaCTUBOCTI JieTasieil BifilIoBiaJbHOTO Npru3HaYeHHs. Po604i rinoTe3u HayKoBO-IOCiIHOI po60TH
T0JIATaJIN Y 3MiHi HaNpy>KeHO-e(POPMOBAHOTO CTaHy [PY KyBaHHiI KOHYCHUX BTYJIOK Ha OCHOBi BUKOPHCTaHHS
CII0CO0Y PO3KOYYBaHHS Ta CIELialbHOrO iHCTPYMEHTY cximyacToi popmMu. B pesysbTati OCHIIKEHD Oy
OTPMMaHi: MiJiBUIlleHe TPOKOBYBAHHS CTPYKTYPU MeTaly, 3abe3nedeHe CIIpUSITIMBE PO3TAIlyBaHHS BOJIOKHA,
NiABUILEHI MeXaHIYHi XapaKTepUCTUKY JeTaJli Ta 3HUKEHi BUTPAaTU MeTajly Ipyd BUPOOHULITBI KPYITHOTabapUTHUX
KOHYCHMX BTYJIOK. Ha 6a3i po3po6ieHux crioco6iB pO3KOUyBaHHS KOHYCHUX BTYJIOK OYB CIIPO€KTOBaHUI
crieyianpHUN 1eOopMyBasbHUIM iHCTPYMEHT. Lleit croci6 m03B0JIMB BU3HAYUTH ONTUMAJbHI PEXXMMU PO3KOYYBaHHS
KOHYCHOI BTYJIKH, sIKi 3a6€31e4aTb iHTeHCUBHE IIPOKOBYBAHHS JIMTOI CTPYKTYPH CTaJli i CIpUsTINBE PO3TaLIyBaHHS
BOJIOKHA MeTasly. JJoCJliizKeHHS (POPMO3MiHM KOHYCHOI BTYJIKM Ha CBUHLEBUX MOJIEJISIX TIOTPEOYBAJIO CKIAZaHHS
CIIeLliaJIbHOI METOJIUKY, 1I0 BPAxOBYy€e 0araTo-CTailiHiCTh onepalii po3kodyBaHHs. bysia po3pobieHa MeToauKa
IOCJIiIPKEHHS 3MiHEHHSI BHYTPilIHbOI Oy[I0BM KOHYCHHUX BTYJIOK Ha CTaJIeBUX 3pa3Kax Ha OCHOBI MeTasorpadiyHux
nocuigkeHb. Kpim 11poro, 6yjia ckiajieHa MeToIMKa (QisnYHOrO MOJEJII0BaHHS, IKa J03BOJIMJIA BPaXyBaTH
TeMIIEpPaTypPHi Ta WBUIKICHI pEXXKMMU HAaTypPHOIO IIPOLIECY PO3KOUYBAHHS BEJIMKOrabapUTHUX KOHYCHHUX BTYJIOK.
HoBu3Ha ux MoJesoBaHb MOJIIrae y MAaKCUMallbHOMY BpaxXyBaHHi pi3sM4HMUX 0COGINBOCTEN omnepariii
PO3KOUYYBaHHS. 3a pe3yJbTaTaMy po60TU OyB IPOBEIEHMII aHAi3 BiJOMUX TEXHOJIOTIYHUX IPOLECiB BUTOTOBJIEHHS
KOHYCHMX BTYJIOK PeaKTOpiB Ta OyB po3po6JieHuI HOBUM C110Ci6 iX po3kouyBaHHS. Ha 0CcHOBI 11bOro criocoby 6yJ1o
PO3pO6JIEHO EKCIIEPMMEHTAJIbHE OCHalleHHs. Bysa po3pobsieHa MeToguKa AOCiIKEHHS IepepO3NOoIiny
MaKpOIOTOKIB MeTaJy 17151 POpMYyBaHHS CIIPUSITIMBOI BHYTPIIIHbOI OYZ0BM KOHYCHUX BTYJIOK 3 6ypTOM. Bynn
BCTaHOBJIEHI 3aJ1e;KHOCTI OpMO3MiHEHHS 11711 HOBOI onepaliii po3Ko4yBaHHS, 110 XapaKTepU3yIOTh BIJIUB PESKUMIB
PO3KO4YyBaHHS Ta GopMy O0JKiB Ha 1e(POPMOBAHUI CTaH KOHYCHUX BTYJIOK. By po3pobiieHi METOAUKY Ta

peKoMeHpaii 4151 po3pOOKM TEXIIPOLIECIB i OCHAILEHHS 11711 PO3KOYYBaHHS KOHYCHUX BTYJIOK PEAKTOPIB.

2. Reducing Ukraine's energy dependence requires increasing the capacity of nuclear power plants, which requires
increasing the capacity and number of power plants, as well as replacing existing reactors that are nearing the end
of their service life. Moreover, there is a pressing problem of improving the safety of nuclear power plant reactors,
which are very loaded and responsible elements. The object of the study is technological processes and tools for
forging conical sleeves for power engineering. The goal of the project is to improve mechanical properties, reduce
metal and energy consumption in the manufacture of conical sleeves for reactors based on the use of new
operations for forging hollow billets with a collar. One of the main approaches to conducting research on the
rolling operation of conical sleeves was the development of a finite element 3D model that takes into account the
mechanical properties of steel during forging. Based on the developed SE model, the stress-strain state of conical
sleeves during rolling was established. Moreover, data on the stress-strain state of the forging during the rolling of
tapered sleeves became known. Experimental modeling of the rolling operation of tapered sleeves was carried out
using specially designed equipment. A new geometry of the rolling dies was investigated. In addition, the work
determined the basic indicators of the mechanical properties of tapered sleeves, which are deformed using a new
method. Analysis of the results of regression dependences of shape change during rolling with a stepped die made
it possible to determine scientifically substantiated deformation modes and implement the developed technical
process for forging tapered sleeves. In addition, the mechanical properties of parts of critical purpose were
increased. The working hypotheses of the research work consisted in changing the stress-strain state during the
forging of tapered sleeves based on the use of the rolling method and a special stepped tool. As a result of the
research, the following results were obtained: increased forging of the metal structure, favorable arrangement of



the fiber, increased mechanical characteristics of the part and reduced metal consumption in the production of
large-sized conical bushings. Based on the developed methods of rolling out conical bushings, a special deforming
tool was designed. This method made it possible to determine the optimal rolling modes of the conical bushing,
which would ensure intensive forging of the cast steel structure and favorable arrangement of the metal fiber. The
study of the shape change of the conical bushing on lead models required the development of a special
methodology that takes into account the multi-stage nature of the rolling operation. A methodology for studying
changes in the internal structure of conical bushings on steel samples was developed based on metallographic
studies. In addition, a physical modeling methodology was developed, which allowed taking into account the
temperature and speed regimes of the full-scale rolling process of large-sized conical bushings. The novelty of
these simulations lies in the maximum consideration of the physical features of the rolling operation. Based on the
results of the work, an analysis of known technological processes for the manufacture of conical reactor liners was
carried out and a new method of their rolling was developed. Experimental equipment was developed based on
this method. A methodology for studying the redistribution of metal macroflows for the formation of a favorable
internal structure of conical liners with a collar was developed. Deformation dependences for the new rolling
operation were established, characterizing the influence of rolling modes and the shape of the strikers on the
deformed state of conical liners. Methods and recommendations for the development of technological processes
and equipment for rolling conical reactor liners were developed.
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Kpamaropcek, JIMA - 2022.

e 21.IBanoBa 10.0., Mapkos O.€., [Tanos B.B., Mycopiu A.B., Posencbkuii C.I'. Po3po6ka TeXHOJIOT{YHOT0 IpoLecy
KyBaHHS KPYIIHUX [I0KOBOK 3 MiHiMaZbHMMU ITpUIlycKamu. Baxkke MamnHoOyayBaHHs. [Ipobaemu Ta
nepcrneKTuBy po3BUTKy. Marepianu XXI MHTK 20 - 22 yepsHs 2023 poky / 3a 3ar. pen. B. JI. KoBaiboBa. —
Kpamaropcek-Tepnomninb: JJIMA, 2023. - C.40-41.

o 22. Kobenes O.A., Mapkos C.I., Kunkos [I.A., [1aHoB B.B., Jlo6aHoB A.J1., TexHosioruyeckue u
MaTrepuaoBeaYecKue NePCIEeKTUBbl Pa3BUTHS peakTopoB BBOP 6osbioit momHocTu. / /MeTtannypr. — 2014. -
Ne8. - C. 87-91

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILiS: 1pUCTPOi; TEXHOJIOTII; METOAM, TEOPIi, rinoTesu

ComniaJibHO-€KOHOMIYHA CIPSIMOBAHICTh: €KOHOMisi EHEPrOPECYPCiB; EKOHOMisl MaTepiasiB; 3MEHIIEHHS

3HOCY 00J1afHaHHS

OxopoHHi gokymeHTH Ha OIIIB:

Bunaxopau, KOpYCHI MOJI€JIi, TIPOMUCIIOBI 3pa3Ku
1. TIaT. 142502 Ykpaina, MIIK (2006) B 22 D 7/00. Cnioci6 crnioci6 cudOHHOro po3juBaHHS CTajli y BUIUBHUL /
Kanbuenko ILI1., Mapkos O. €., [1anos B. B., lllesuenko H.I'., KoTkoBa B.B., 3aBHUK Ta BJIaCHUK [1aTEHTY
JoHbacbka JepKaBHa MalIMHOOYAiIBHA akagemis. — N2 u201911704; sassi. 06.12.2019; ony6.1. 10.06.2020, 6101
N2 11. - 4 c. 2. T1at. 145120 Ykpaina, MIIK (2006) B 215 /10. Crioci6 npoumBaHHs! KOBaJIbCbKUX 3aTOTOBOK /
Kanpuenko A.O., Mapkos O. €., [1anos B. B., XKutHikos P.10., Mycopin A.B., XBamuucekuii A.C., [lleBuenko H.I'.

3as1BHUK Ta BJIACHUK NaTeHTy JJonbachKa Jep>kaBHa MalIMHOOyiBHA akagemis. — N2 u202003105; 3asBi1.
25.05.2020; omry6:1. 26.11.2020, 61071. N2 22. - 4 C.

BrnpoBagkeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH TeMaMH: 0120U101973

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Mapkos Oser €BreHilioBuY

2. Oleh Y. Markov

KBasigikanis: 1. 1. u., npodecop, 05.03.05

ImenTudikarop ORCHID ID: 0000-0001-9377-9866

JoparkoBa iHdpopmamist:

IloBHe HaﬁMeHyBaHHﬂ lOpPI,ZLH‘IHO'l' 0COOM: JloH6achka Jlep>kaBHa MaIMHOOYIiBHA aKaJeMmist
Kopg 3a €IPIIOY: 02070789

Micue3HaxoaKeHHS: ByJI. AKazieMiuHa, 6ya. 72, Kpamaropcek, 84313, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

VII. BizomocrTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3E€HTIiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Kysbmina Osbra MuxaiiiiBHa

2. Olha M. Kuzmina

KBasigikanis: . . 1., gow., 05.03.05

Imentudikarop ORCHID ID: 0000-0003-0794-0583

JoparkoBa iHdpopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii
Kopg 3a €IPIIOY: 44165850

Micuesnaxo,szenm:: ByJ1. JlazapsiHa, 6yz. 2, JHinpo, Jainposcbkuii p-H., 49010, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCHTETCHKUI

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Uyxuni6 Bitasniii JleoHimoBu4

2. Vitalii L. Chukhlib

KBasigikamis: 1. 1. u., npodecop, 05.03.05
InenTudikarop ORCHID ID: 0000-0001-6176-0917
HoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBepcuTeT "XapKiBChKuii

MOJIITEXHIYHNN iIHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesnaxo,rm(eHHﬂ: ByJ1. Kupninuoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicrepcTBo OCBiTH i HAayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETChKUIT



PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Yyuin Oner Bonopumuposud

2. Oleh V. Chuchin

KBasigikanis: . . n., 05.03.05

InenTudikarop ORCHID ID: 0000-0002-9728-9925

JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: JloHGAChKa epKaBHA MALIMHOGYIiBHA aKa/eMist
Kopg 3a €IPIIOY: 02070789

Micuesﬂaxo,rm(eHHﬂ: ByJI. AKazieMiuHa, 6ya. 72, Kpamaropcek, 84313, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEpPCUTETCHKUI

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. AntyxoB Onexkcanap BanepirtoBuy

2. Oleksandr V. Altukhov

KBasigikanis: x. 1. 1., 05.03.05

Inentudikarop ORCHID ID: 0000-0002-6310-3272

JonaTkoBa iHdopmanist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: JIoHGaChKa epKaBHA MALIMHOGYIiBHA aKa/eMis
Kopg 3a €IPIIOY: 02070789

Micue3HaxoaKeHHS: ByJI. AKazieMiuHa, 6ya. 72, Kpamartopcek, 84313, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3aKkJII04Hi BiZoOMOCTi
Biacue IlpisBume Im'st [To-6aTbKOBI Abxapi [leiiman BaxmeHoB1Y

TOJIOBH pajgu

Biiacue IlpisBume Im's ITo-6aThKOBI Abxapi [lefiman Baxmenosny

rOJIOBYIOYOTO Ha 3aCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Bopomn'snoBa 'anHa OsiekcaHpiBHA

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



