
BrnrvK
oQiqifinoro orloHeHra Ha Auceprallifiuy po6ory

flanmosa Iropr An4pifioera'ra

<Tepmouiqnicrr 3aMKoBoto steAnaHnn po6oqllx Jlorrarorc naponoi

ryp6iHn>,
rKa rroAaHalea s4o6yrrr HayKoBoro cryneHf, KaHALI.qara rexHlqHax HayK

ga cueuialuricto 05.02.09 - AuHaIr,tiKa ra rrriqnict MaIuLIH

Axmyaniruicmt meJr/tu ditcepmaqiii.lcropix posnurrcy n oBLIX ryp6in - rle reHAe-

Hrlis uiAszuleHHr rrap erpin ilapv.3 nouatry 60-x porcin XX cr. rloqaBct rrrBn-

Ar<ufi nepexig ni4 gorprarr4rrHkrx napaMerpin (13 fIa, 540 0C I 5q0 0C) ao na.q-

Kpr4rr{rrHlrx (24 MlIa, 540 0C I 540 oC). B Aartnfi.rac csiroBa relrrloeHepreruKa

nxe spo6una peanrni oKLr Ao MacoBoro [epexoAy Ao eHepro6rorin cyrep-
HaAKplrrrrrrHr4x rapaMerpie: 30 MfIa, 600 0C, a norivr 35 MfIa, 650 0C. Y sapy6i-

xnifi npeci e noeiAoruJreHH{ npo po6ory HaA enepro6noKoM Ha rloqarKoBy reMrle-

parypy 720 oC.

llpu crnopenni ryp6oarperaris serr4roi oArIH noi noryxHocri oco6JII4Bo

B€DKJTTBLIM e nr{TaHHf, ga6egue.renHr ik eK nJryaraqifinoi na4ifinocri. Y sn'lsry 3 II}IM

cepfiosna yBara Mae lrpllAlJrflTvrcs. BLIBqeHHK) npalle3Aatrocri

JrbHr{x Aeralefi i nysnia ryp6in 3olqpeMa 3aMKoBIrx cron)rureHb.

e-.

HaI4olJIbIU BrnnoBlna-

3aMrcose s'e4uauHl flBrrfle co6oro KoHcrpyKIliro, rqo [paqloe B yMoBax cKJIa-

AHOFO HarIpy)KeHOrO OTaHy.

Paniure, rpu npoexryeanni ryp6iH ruenuroi nory)KHocri, Ha6luxenicrr pe-

symrarin po3paxyHKy 3aMKonzx s'e,4uaH i ercnepuMeHr€urbHoro aHanisy ix HAC

BpaxoByBaJracs. [pr{3HarreHrurM 3aBLrrrIeH ro 3arlacy naiqnocri. 3naqne g6inrruenns

HaBaHTalKeHb, u{o 4irorr Ha AaHe s'e4uauu.r u'oryxuux r 6in, i cxnaAni yrvronn ix
po6oru [plr3Benr{ Ao 3HarrHoro [iAsr4IrI HHt Hanpyx(eHocri s'e,qnanr. Ocrilmu
BLtMorz Ao naAifiHocri eneprerlrrrHoro o6raAnannfl,3pocralo b, BaxJrLtny ponr ai-

4irpae yroqHeHa oqinrca nair{Hocri eJreM:nris ryp6in, 4 BuKoHaHH-f, srcoi Heo6-

x1AHl HOBr MeTO Arlr<kI.

Hessaxaroqvr Ha usanuir AocsiA 3acrocyBaHHfl 3aMKoBt4x s'e4uaul rpl46-

KoBoro rrrrry, He MoxHa BBa)r(arlr AocrarHbo rroBHHMI4 rlpoBeAeni 4ocni4xeHHt 3

Br4BrreHHr ix HAC. Icn .ri NreroAz po3paxyHKy, BKJIIoqaroqu i rr,rerog crcin'reHHrx

eleueHriB Arrfl.pose'lsanHs rtracKoi gaA i, He ni4o6paxae B AocrarHifi rvripi ncro

noBHory HAC qLIX KoHcrpyrqifi, ocri;nru B AaHoMy BI4rIaAKy MoBa fi4e npo

pose'lsauH.f, 3aAaqi o6'eunoro HarrpyxeHoro cr y. Tovry aKTyaJlbHicrr reuu

rrpeAcraBnenoi Alrceprarlifinoi po6oru, qKa ror.arae caMe y po3paxyHKoBoMy BI'I-

piurenui saAaqi Brrnr,rBy na F{.{C 3aMKoBoro s'e4uaHHx po6o.ulx Jlorlaror napoeoi

ryp6inu rarnx Q opin, {K Tpr{BrrrvripHa rlocraHoBKa, KoHTaKTHa B3a€MoAlt eJIe-



MeHTiB' TeMrleparypHi naeaHra)I(eHH.f,, 4e@opvyBaHHr rrpLr rrJracruqnocri ra
rrorclnrocrt, He Br4KJrr4Kae cyuniry.

3 e'nsox p o 6omu z npiop umemH uM a Hoy Ko 6 uJtt u npoepoJt/t(LMn, nJtaH&M tr,
meM&ua. Po6ora BI4KoHaHa B Incruryri o6nerra uarunno6yAyBaHHrr
irvr. A. M. fli4ropHoro I{AH Yrpainz ra AxqioHepHoMy roBapLrcrni <Typ6oaroM))
y ni4nori4nocri Ao reMarrlqHnx uraHis I arrr irr,r. A. M. lliaropHor.o
IIAH Vraiuz:

- 3a Aol-oBoporvr 2-86lII-14-20 siA 02.01 .2020 p., AoAarKoBoK) yroAoK)
nh 07.09.2020 p. Nl1 <Pospo6rca uero4in uiAslrqeHnx e$ercrzsHocri enepro6ro-
rin TEI{ 3a paxyHoK B oBaAXeHHr rrapor€l3oBrrx rexHoJrorifi> sa I erauou <<Bu-
6ip paqioHa-rrrHux napi rie nuponaAx(eHHr ra:oryp6iHnzx Ha46y4oe na TEII>
(Tepuin BnKoHaHHt: roqarorc <2>> ci.rHq 2020 p., raxiHveHHr (31)) rpyans 2020
p., Ne Aepxpeecrpaqii 0 1 20U1 00883);

- 3a AofoBopoM J\ts H. E. 4.2 - 2020lII-9-19 sie 02.03.2020 p. nayrcono-
I'o 3aBAanHs (Po3po6.rreHHx rerIJIoBI4x cxeM enepro6norcie Ha cylepKplrrzqHux
napaMerpax napu Ant Bl{KopucranHfl na 4irovr.rx TEC Vrpaiuz 3 Meroro ni4nra-
IqeHHrI ix NraHespeuocri, na4ifinocri, eronoNri.{socri Ta eKoJrori.rHocri) sa II
erarloM <<Kon'rnlexcHi pospaxyHrconi 4ocni4xennx oSpaHzx napianris reurosux
cxeM)) (TepvriH BI4KoHaHHt: roqarorc <<2>> 6epesna 2020 p., sarciHueHHr (31) rpyA-
ns2020 p., J\b Aepxpe€crpaqii 0119U101791).

iu roro, TeMa Auceprarlii 6esnocepeAHbo uos,qsaHa s po6oraMlr, qo Br4-
KoHyBarrvcb Ha AT (T 6oarou>> B paMKax HAp "pospaxyHrconi i rcoHcrpyKrop_
crrci pospo6rz o{peMl4x gera-rrefi i nysnin I-FT i UCT ryp6inu Ha cynepHaAKpr4-
rz.rHi rrapaMerpr4rlapaMerprl rrapv po : 260 : 300 ara i To : 600 oC norvxnicrro

700 MBr ".
o firpynmoe uruicma Hay Kos r,tx nonoilceHb, I trcHo 6 xie i p eKoMeHda qi rt, do-

600 + 700 MBr ".

cmoeipruicmb ocHonHux prcynamamie. O6rpynron icrr ra 4ocronipnic6 orpu-
MaHux HayKoBr{x pe3ynbraris ga6esueqyerbc.f, BkrKopr4craHHsM ezupo6ya a;1nx
uero4in 4ocni4xennr; o64pyHryBaHHxru rqimnocri rznuuipnoi cirxu crin.reH-

pinnxnHi ix r 4aHzMI{ eKcrlepuMeHT€rJrbHr4x AocniAxenr; ni4uoni4nicrro Br43Haqe-
HI4X 3 OH rIepeBI'IqeHHt HOpM arrrBHrrx Harrpy)KeHb 3 OHaM rrOrxKoAx(eHHrI eleuenrin
3aMKoBoro s' e4uau Hfl., BvrflBrreHnM n ercnnyaraqii.

Hayxoea HoBusHa pqyilbmamie, ompuJ,4aH e ducepmaqifrnirt po6omi,
rloJltra€ B yAocKosanenHi MeToALIKI4 BI{3HaqeH Hairpy)KeHo-4e$oprraoBaHoro
craHy 3aMKoBoro s'e4u ux rpn6roBoro rurry norraroK rreprxoro cTyrreHro [apo-
noi ryp6iHLT 3 ypaxyBaHH-f,M KoHraKrHoi BsaeNaodi ftoro ereiueHriB, BrrJrLrBy nepi-
nuoNaipuoro Harpiny, 4e0opuaqifi nracrrqnocri i uorsyuocri s rpunzvripnifi uoc-
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ranonqi; B ycraHoBnenHi 3ulJlexHocri posno4iny exnin€ureHTHr{x HanpyxeHb B



eJreMeHTax s'e4nauu-r ni4 reaeuHoro po rarrryBannfl. JIorIaroK ra Qirccyroqux lrrrrl-

Srie ra fioro BrrJrLrB Ha uepinnouipHicrr posuo4iry Hanpyx Hb rlo oropHLIX ro-
BepxHrx [epeA3aMKoBLrx nonaroK; y BrrrBJrenni pinHr BrInuBy HeoAHaKosocri re-
MreparypHoro po3rrrrpeHH.rr Marepiaria eneuenria s'e4uaunr Ha ix repuoHarlpy-

xeni crr npu rpyx(HoMy ra rlpyxHo-nJracrpltlHoMy 4e Q opvrynanHi.

Ilpat<muvua qiruruicmt prcyilbmamie pofiomu rroJrf,rae y BLI3Haqenni Hafi-

6inrur HarrpylKeHlrx eJreMeHrie saNrrcoBofo s'e,quanHt JIorIaroK; y BtI3Ha.reHHi soH

uloAo BrrKoplrcraHu.fl.pospo6neHoi uero4krKvr npvrrrpoe saHHi.

Pesyrrrarvr Ayrcepraqifi noi po6oru BrrpoBaAXeHo B IrpaKTVKy rIpoeKTyBaH-

nx ryp6oMarrrrrH sriAHo 3 HIIP "Poapaxynrosi i roHc yKropcbKi pospo6xz or-

ilapvrPo:260 -: 300 ara i To : 600oC noryxnicrro 600 + 700 MBr " (Arcr Brlpo-

BaA)KeHHf, J\b02- II2 sit 03.03.2021 p.).

cKJraAa€Tbcx :i ncry , 6 poa4inin, nucnonrir, clrrcKy BLTKopnc aHr4x AXepeJI Ta Ao-

Aarxin. 3aralrnufi o6csr po6oru craHoBr{rb 131 cr ., B roMy qucni 39 pucyuris ra

Y ecmyni o6rpynroBaHa aKry€urbHicrr ra Aorlinrnicrb reMLI 4ucepraqii,
c$oprraynboBaHo iI vrery i :a4aui, Bpr3H eno o6'eKr, IrpeAMer i ueroAz Aocni-

AxreHHr, HayKoBy HoBI{3Hy ra npaKTI4tlrry 3Harlyulicu po6orz.

Y'nepwomy pozdini na ui4craai ornx4y nirep LIx Axepen rloKa3aHo cy-
.racnuir craH po3Bur uero4ia anari:y Hanpyx(eHo-Ae MoBaHoro craHy 3aMKo-

noro s'e4HaHHrr rrpu BpaxysaHHi WoB eKcrlJryar ii.
Y dpyzouy poilini noAaHo nopinnrHHf, pe:ynbrarin po:noAtlry Harlpy)KeHb rlo

Br4naAKy pe3ynbrarl,I

Ao3BoJurroru nepenipurvr na4ifinicrr o6paHoi po3paxyHrosoi MeroALIKI4, oqiHuru ii
TorrHlcrb l cKoperyB po3paxyHKoBy cxeMy.

Y mpemaomy posdini posz'rcyerbcs 3aAaqa rpo Harpyxesuir craH 3aMKoBo-

ro s'e,qnauns 1-ro cqmeHro poropa cepeAHboro rr4cKy n npyxnifi uocranonqi 6ee

ypaxyBaHHrr BrrJrrrBy reMrreputpu uapoBoro cepeAoBl4ula. MeroltuKa poln'xsannr

KoHTaKTHI,rx 3aAaq 3a AorloMororo Mero,qy crcirr.IeHHr{x eJleMeurin, tKa BplKoprlcroBy-

erbcr s laHifi po6ori, 3acHoBaHa Ha 3acrocyBaHni ltoAeni roHrarrnoro ruapy.

Orpunrani s xoli posn'raauHr 3aAaqi pesyrsrarvr BkrflBvrlrvr 3oHvr s Hafi6imruLIMLI

po3rsryBarrbHtrMlr Harrpyx(eHHrrMLr. flpu uopisHrHHi pe3ynbrarin posno4ily roH-

TaKTHLtx HarrpyxeHb rro olopHrrx rroBepxHrrx 3Buq noi po6ouoi lonarrclr i Hasn-

Hr{x B nireparypi Aanzx siAsHaqeHo siAlvlilHicru y pe3yJibrarax.



Y vemeepmorvty posdini po3rntlryro BrrJrr4B re oo6ruriny uix ereueHraMu Ha
garalrsllft Harlpy)KeHo-4eQopuonaHufi craH 3aMKoBoro:'e4uauu po6ouro< norraroK
1-ro cryleruo qzniHApa cepeAHboro rkrcKy. Bpaxyn Brrrrr4By reruoo6uiny na
rlepeAarry 3ycunb B 3aMKoBovry s'e4nanni:4ificnroBzlrrocb B T MoKoHTaKTHifi locra-
nonqi. Orpurvrani pe: braru sacni4uz n rpo 3H nufi surr.rB reMrreparypnoi
cruaAon oi Ha 3ararrbuufi nanpyxeHo-Ae SoprraonaHzfi cran.

rrpyxeHo-4e Q opuoBaHoro
crarry 3aMKoBoro s'e,4Hauul po6o.rrrx JIorIaroK 3 ypaxyB rurM BrrJrLrBy rrJracrrrrrrHoro

ae$opuynaHHfl, ereMenris n s'e4uauHi. [rrr orurcy Harrp eno-4eQopMoBaHoro cra-
rry 3 ypaxyBaHHlM BlnuBy rIJIacrIFrHoro 4efoprvryn eneN,renris n s'e.qnauni nu-

3yn brarr,r Ao3 B onlrJr u BuflBurn 3 o H Lr 3 H arrBH Lr M u ruraarr4qHlrMkr 4 e S opvr aqi.sMu.

Y utocmony posdini olrlicaHo per brarrr AocniAxeHrur BrurLTny uoasyrocri

'rocri n 4anifi po6ori BIlKopLIcraHo MoArr ixonany qacoBy MoAenb:i svriqneHHsNa. B
pe3ynbrari posr'xsaHHs 3aAaqi scraHosJreHo, rrlo BrrJrr4B [oB3yqocri Ha Hanpyxe-
no-4eQopMosaHnfi craH 3HaqHI{M qI{HoM rro3HaqkrBcfl Ha nepeposno4ili KSHTaKT-

HLIX HarlpyxeHb Mlx eJIeMeHTaMn B 3aMKoBouy s'e4n ui. Orpurraani pesynbraTvr

.4o3BoJII{JII4 Bl43Haqurrr MoMeHTLT qacy, nporrroM .sKr4x ni46ynanoc.s ocra6neHHt
KoHraKry i no.sna:on ni4pzBy Ha AerKLrx rnorlaAK

HI4x KoMrIJIeKcHax po3paxyHKoBrrx AocniAxeHb 3a reMorc) ALrceprarlifinoi po6orz
ouy6nirosaHo 20 H KoBHX rpaqb, cepeA rKrrx 8 crarefi y HayKoBr4x xypHzlJraxra
s6ipnzrcax HayKoBLIX arlb, B roMy .rlrcri 1 crarrs pe@eponaHa B 6asi 4anux

aupo6onaHi na 6ararbox [peAcraBHLtrIbKLrx HayKoBo-TexHi.rHr.rx rconQepenqixx ra
ceMlHapax.

OansHi saysauceHrun no po6omi:
1. .{nx xnocroeurie po6ourrx JlorraroK rrapoBr4x 6iH xaparcrepHorc oco6-

lunicrro e BTIJILIB -flKocri Br4roroBJreHrrr Ha Harrp eno-4eQopN4oeaHuft craH. H
xarrb, y po6ori qeft aKrop ne 6yn posrnrHyrzfi.

2. B po6ori eAcraBJleni pesymrailv uopieu.an orplrMaHrx qr4cnoBrrx

po:e'xsriB 3 eKcrIepI4MeHTaJIbHLrMLr Aa;avrMu, sri o zrraani iHurzuu aBTopaMLr.

Ane cniA 3€BHaqI4TZ, Iro 6yno 6 6axaHo 6inrru rroBHo onucarr{ eKcrreplrMeHTzrrrb-

Hy ycraHonry, na xrifi oBoAtrJrr4cx 4ocni4xeHHrr.
3. B dreparypHoMy ornr4i Aocrrrb rroBHo po3 rrrHyro npo6rervry 4ocni-

A)KeHH{ 3aAaq rconrarrHoi nsaevro4ii eleueHrin, Hanpyx3Ho-4eQoprr,roBaHoro

craHy B yMoBax noB3yqocri. ,.{O6pe [peAcraBJreHo HarrparlrcBaHHr s o6nacri erc-



rIepLIMeHTzuIbHI{x AocniAx(eHb, zule 3aMaJro yBaru nAineHo AocniAx(eHHro HAC
3aMKoBofo a'e4uaHHs ripu [JIacrLIrIHocri.

4. Ha xalr, e rercri He BAanoct yHr.rKHyrv rpaMarr4qHux rroMlrJroK, HeoA-
Ho3HaqHocri y BlrKopLIcranHi orpeMllx repMinie ra inrunx pe4arqifiHax Hey3ro-
.rIXeHocrefi.

3azattoruart eucruoeox

Pesynrrarll rpoBeAeHoro auanisy Alrceprarlifinoi po6orz flamrcosa Iropa
l 'v 

I

Au4ptfronzua<<'I'epuonniqnicrb3aMKoBoro3'e4u po6ovnxJrolaroKuaponoi
ryp6inz>, Ao3BoJUItorr epo6LITkI oAHosHa.rHnfi BrrcHoBoK, rrlo BoHa e 3aBeplueHr4M

HayKoBI4M AocniAxeHHtM, s trifi nupiureHa BaxJrr4Ba H KoBo-TexniqHa 3aftaqra

yAocKoHruIeHH{ MeroAI{KlI Br{3HarreHHr HanpyxeHo-Ae opMoBaHofo cTaHy 3aM-

KoBoro s'e4uauux rpu6roBoro rllry JrorraroK naponoi ryp6inz 3 ypaxyBaHHrM
KoHTaKTHoT egaeN,Io4ii fioro elevreHriB, BrtrlrBy Hepinuovripuoro Harpiny, AeQop-
vraqifi rracrurrHocri i roB3yqocri n rpznzuipuifi rocraHoBqi, i ra cnoirra sNaicroNa

ni4uori4ae nacropry cueqiamnocri 05.02.09 - aun ira ra rvriqnicrr Marrr,rH.

CQoprr,rylroeaHi 3ayBaxeHH.l He 3Hlr)r(yrcTb 3ar rHoi nosurusHoi oqiHrz
Al4ceprallifiHoi po6oru, ix cni.q po3rn{A Tvr flK uo6axanH.f, :go6yravy HayKoBoro
cryreHlo AJr[ rloAanrruoi uli4noi HayKoBo-4ocli4noi po6orn i nraryrorb Ha He-
o6xi4nicrr 6irrrru yBaxHoro craBJreHHx 4o oSopMJreHHr pe3ynbrarin gocriAx(eHb.

AaropeQepar B 4ocrarHifi uipi ni4o6paxae ourosHi rrorrox(eHHr Ar4cepra-
qifinoi po6orra. O0oprvrnennx po6oru i aeropeOep n qinouy ni4uoni4ae Hop-
MATKT BHI4T![ BIIMOTAM.

Po6ora ni4noni4a€ BLIMoranr n. 1l dlopr4 rrpr4cyAlreHHr HayKoBr{x cry-
neHis>) sil 24 JII4ITHI 2017 poKy Ne567 xloAo KaHAkrAarcbKLrx Arrceprarliir, a fi an-
rop, Irop An4pifionuq llanrron, 6esyuoBHo 3acnyroBye rpncyAtrceHHf, HayKoBoro
cryreHt KaHALIAaTa rexniqHl{x HayK sa cneqianrnic 05.02.09 - AuHarr,riKa ra
rr,riuuicru Marrrr4H.

flpoQecop raSe4prz
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