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HayKoBoro
Incruryry

Banepir
AnatonifioBlaqa Ha Aucepr:aqifiuy po6ory O.nifiunra E4yap4a BaAurvroBurra Ha

reMy: <Oco6nunocri QoprrynauHr crpyrflypr{ Ta BJracrr.rBocrefi rpor(ary
niAnuuleuoi 4eQopuinnocri 3 Hr{3bKoByrJrerleBrrx Cr-Mo-V cralefi AJrfl
BlIroroBJreHHs 3BaproBaJrbHoro Apory) rrpeAcraBneHy Ha s4o6yrrr HayKoBoro
cryreH-f, AoKropa Sinoco$ii sa cueqiamuicrro 132 - <Marepiano3HaBcrBo)), raJry3b
3HaHb 13 - <Mexani.rHa iuxeuepix>

Arcryanruicrn o6pauoi TeMr{

lucepraqifiHa po6ora OnifiHr.rxa E. B. rpr4cB-,rqeua AocniAxeHHro npoqecin
crpyKrypoyrBopeHH.rl rpu nnpo6uuqrni 6yuroBoro rrpoKary 3 Hu3rKoByrnerleBrx Cr-
Mo-V cranefi Ta yAocKoHarreHHro rexnonorii ix sueMiuHroBzlJrbHoro
repMoMexaHi.IHoro o6po6renHx (TMO) grr" 3a6e3reqeHHfl KoMrrJreKcy nrexaHiqHrrx
BJracrprBocrefi srapro BzrrrbHrrx 4p ori r ra naarepi anin .

Cyuacruuit po3BlIToK nirqusu-flHoro flpoM[rcnoBoro KoMlJreKcy BprMarae
parnKzurbHoro ni4nlErqenua rHyr{Kocri ra eKoHoMiqnoi e$ercrnnuocri
Merulrlyprifiuoro nrapo6uuqrra. 3a4onoleuux uorpe6 pr,rHKy y Br4coKorKicnonry
crilrreBoMy rrpoKari poaurnpeHoro MaporrHoro copraMeHTy MoxJrlrBe Jrlrrue 3a yMoBu
BrlpoBaAxeHH.rI HayKoBo o6qpyHroBaHr4x, pecypco36epirarouux rexHoJroriquux
npoqecin. Bonn Marorb 6asyrarracfl Ha uacxpisHoMy MareMarr.rrrHoMy MoAenroBaHHi,
upeqnsifiunx cucreMax aBToMaru3oBaHoro KepyBaHHr ra rlu6orcouy posyuinui
Syu4arrteHrzlJlbHHx garcosouipHocrefi crpyKrypHoi esorroqii fi Sasorrax reperBopeHb
Merarry ua ncix erarax repMoMexauiqsoro o6po6nenHx.

Y cyuacuoMy Bupo6Hzurri eneKTpoAyronzfi MeroA 3BaproBaHH.rr 3zrrruuraerbc,

aourinyroqlaM cepeA roHaA 70 ni4ouux croco6is s'eAHaHH.,r rraarepipnir. BoAuo.rac
KpurI,ItIHo BaxJrr{Boro 3HarreHH.rr Ha6yBarorb rexHolorii aBToMaru3oBaHoro
HaITJIaBJIeHHfl AJrf, peHoBarlii 3HorrreHux AeTzrrrefi, a raKox uporpecunHi MeroAH
aAkITLrBHoro nnpo6uzqrna BeJrr,rKora6apnrnnx nnpo6in cxraAuoi rouSirypauii
(sorpenra, rexnorori.a Apor.rrHo-AyroBoro aAHTHBHoTo nupo6Huqrna WAAlu).
Easosul,r eJreMeHToM, rrlo iurerpye qi nucoxorexHoJroriqni flpouecr4 Ta Blr3Haqae

excnnyararlifiHy uaaiftnicrb 3BapHHx 3'eAHaul i HauraueHr.rx urapir, e 3BaproBzlrrsrtuirt

APir. tr{oro rpoMr,rcnoBe Br4roroBJreHH.f, rpalnqifino peanisyrorr ruJltxoM
6araroupoxi4uoro xonoAHoro rrJracrrrr{Horo ae$opuyBaHH.fl (nonouiun.a) 6yHrororo
rpoKary, sxuit Bucryna€ r pori repBr{HHoi naeranyprifinoi 3aroroBK}r.

[m sraproBaHH.rr ra HarrJraBJreHH.,r ni4uoni4anbHr,rx eJreMeHTlB TerrJrocrlfrrcoro fr

Naporvriqnoro o6naAHaHHfl B eHepreTrrrrHoMy, Ha$roxiuiuuorr,ry ra rpaHcnoprHoMy
uaurprHo6y4ynaHHi Kpprrr,rrrHo Heo6xiAnurvr € 3acrocyBaHHr JreroBaHoro Apory 3

Hu3bKoByurerleBux xpoMoMoni6.qenonaHaAiesux cranefi (rnuy Cr-Mo-V, 3oKpeMa

Cn-O8X|CMOA ra ix rvroan0ixaqifi). I-{efi xlac uarepiaris rarcox e riesauiHHuM Arr.rr

niguouenua reoMerpurrHlrx uapalaerpin ra ui4rnrqeHHr rpra6orexHiqnnx
BJracruBocrefi e.ueuenrir rconicno-pefiroroi rapu sarisHu.ruoro pyxoMoro cKJraAy.
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forosna rexHoJloriuna cyuepeunicrr rnpo6uuqrBa raKoro Apor"y non.flra€ y
cxulruocri Cr-Mo-V crzulefi Ao rapryBaHH.,r Ha uonirpi ra Sopuynanux
rereporeHHrx MapreHcr.rrHo-6efiHirnnx crpyKryp 3 BkrcoKoro Marpr{trgoro rraiuuicuo i
HH3bKoIo AeooprvronaHicrro. TpaAuUiilHi cxeMrr BlrMararorb rpr{Banoro i4

eHepro€MHoro upouixnoro roM'flKrrryBanbHoro niAuzrrry Aporfluoi garoroBKpr AJr.rr

sauo6iranH.fl nepeAqacHoro KpuxKoro pyfiuynauux Merzrny rrpu soroqiuui.
Cmopenn-fl TexHoJrorii sHeN,riqHroBurrrbHoro TMO 6y.nrororo rpoKary 6esnocepeAHbo
r noroqi rpoKarHoro craHa e BaxJruBoro, aJre Aoci HeBupirueuoro HayKoBo-rexniquoro
3aAaqerc.

[o4atrconoi rocrporu npo6nenai AoAa€ reouolirraqunfi Ta exouoruiqsufi

Anr 3BaploBzllrbHoro rprr3HarreHH.fl ne nrapo6Jr.,rerbcfl. HauiouanrHi ui4upzeucrna
crpareriuHr,rx ranysefi anryrueui uosHicrrc rroKJraAarucfl
lpoKary Ta roroBoro 3BaproBzrrrbHoro Apory 3 TaKux craJrefi,
TexHoJroriqnoi 6esueru AepxaBr.r.

Ha irr,rnopr 6yuronoro

Sarrop: Hapasi n Yrpaiui nprcoroulacruvrrruir 6yurorzfi rpoKar is Cr-Mo-V cralefi

rrlo cTBoproe pusurKr4 Mfl

Tox 4nceprauifiHa po6ora Onifinnxa E. B. caMe rrprrcB-rrqeua rnpiruennro rliei
alcryuurbHoi upo6rerrau. Heo6xiauicrr uayxoro o6lpyHroBaHoro rd rexHorori.ruo
MoxcflrrBoro B[poBaAxeHH-fl pexunain KoHTponboBaHoro repuiuHoro ra
repMoMexaniqHoro o6po6neHn.a, rxi ga6esueqyrorb Soprraynauux $epnrHo-rrepJrirHoi
a6o Seprarno-6efisirHoi crpyrcrypu 3 BucoKr4M 3anacoM rJracrprlrHocri 6esuocepeAHbo
n uoroqi cyqacHl4x rexHoJroriqnux niHifi Ao3Bonr,rrr peanisyBaru rrp-rrMe besri4ualrHe
noro.{iHH, Apory Ao rciHrlenzx poevripin.

3ntqrox po6oru 3 HayKoB[rMu [porpaMaMrr, rrJraHaMr{, TeMaMu

flncepraqifiua po6ora BraKoHaHa nilnorilHo Ao ocHoBHux HayKoBux
Haupruir .qocniAxenr nildly reprr,riuuoi o6po6rclr Merzrrry AJrfl MarxuHo6yAyraHHa
Incrn:ryry uopHoi Merarryprii iu. 3. I. HercpacoBa Hauioua-rrruoi axa4enrii Hayr
Yxpaiuu B paMKax aepx6ro4xeruoi Sy"aanneHralrHoi HAP Haqionanruoi
ar<aAeuii HayK Yrpaiun <BcranoureHHr oco6rursocrefi SopMyBaHH.rr crpyKrypHoro
craHy ra BJlacrunocrefi 6yuronoro rpoKary 3 JreroBaHux Cr-Mo-V craneir ltrs
niAnnuleuus fioro 4eSopuosauocri rpr.r Bupo6nraqrsi 3BaproBaJrbHux laarepianin>
(aepxasHufi peecrparllimuir HoMep 0125U000021, crpoxr{ BHKoHaHH.T 2025-
2027 pp.), y sxifi saobyBaq npnfiuae 6esnocepeAHro yqacrb na scix erarax sriAHo
3 KUIJreHAapHr,rM rrJraHOM.

Meroro podorra e BcraHoBJreHHfl saxoHoN,ripHocrefi [poqecy
Sopnaynauux KoMnneKcy rr4exaui.ruux BJracrr{BocreficTpyKrypoyrBopeHH, ra

6yHronoro upoKary niAnuulenoi aeSopnairuocri 3 Hu3rKoByrneueBrax Cr-Mo-V
cranefi 3BaproBilrrbHoro [pr{3HaqeHH-rr nia
TepMoMexauiquoro o6po6neuux.

3aranrna xapar$eprrcruKa ruricry gucepraqii
Y ncryni aBropoM o6qpyHroBaHo aKryurJrbHicrr reuu Ar4ceprarlifiHoi po6oru,

qac sHeN,IiIrHIoBzIrrbHoro

c$opiuyrboBaHo M€ry, BH3HaqeHo saAaqi AocriAxeHr, ni4suaueHi Hayrora



HoBI,BHa ra [paKrI,IrIHe 3acrocyBaHH.rr orpvMaHlrx pe3ynbrarir is uaneAeHrurM
ocoor{croro BHecKy aBTopa.

Y reprroMy por4ini nora3aHa trepcrreKTunuicrr 3acrocyBaHH-r
sHerdiIIHIoBaJIbHoro TMO ra rpoBeAewuir aHanis cyqacHrax cuoco6in szpo6uuqrna
Ta BuMor Ao 6yuronoro rpoKary 3 Hr{3bKoByrnerleBLrx Cr-Mo-V crasrcit i
BuroroBJreHoro 3 Hboro 3BaprcBanbHoro Apory. Iloxasauo eronrouiro cxeM TMO
6yurororo [poKary, rpoaHzl[isoraHo niAuonmosamui rpouecu, uo ri.q6yBzlrorbc.rr
y rap-flqeAe$oprr,rorauoruy aycreniri Ta HaBeAeHo rrrJrflxr4 ix 3acrocyBaHH.rr y
TexHoJrorii suroroeJleHH;l MerzlrroBprpo6in. Ipone4euo aHaris HopMaruBHr4x BrrMor
4o 6ynroBoro rlpoKury Ta Apory s Cr-Mo-V cra,refi 3BaprcBzrrrbHoro rpr{3HarreHHfl.

Ha ocsoni npone4eHoro auanisy AoBeAeHa uoxrunicrb ra rrepcrreKTrnuicrr
3acrocyBaHHfl 3HeMiunrcnanrHoro TMO 6yHrororo rpoKary 3 Hu3bKoByrnerleBux
cranefi r noroqi cyqacHkrx rexHoJroriquux niHifi.

Ha ocuori uporeAeHoro aua;risy Br{3HarreHi ocuorni Hanpxnaru po6orn,
cSopnrynboBaHa Mera ra 3aBAaHu.s AocriAxeHb.

B 4pyrouy porgiri upnne4eHo Marepiatm ra MeroAuKr.r AocJri4xenr. Y
po6ori BlaKopllcraHo cyqacui ueroAn AocniAxeHb crpyKTypu ra tnacruBocrefi
cralefi. 3acroconaHo MeroAH MeraJrorpa$iuuoro auanisy orruqHa (Zeiss
Axiovert 200M MAT, HiMe.rquua) ra pacrpoBa eneKrpoHua rvrirpocroui.q (Jeol
JAMP-9500F, -fuouix), MeroAH AocniAxenn.a $asonnx i crpyr<rypHlrx
rleperBopeur (cncreMa irrairarlii reprvro4e$oprvraqiftnoro craHy naeralir Gleeble
3800, CIIIA), MeroAH nn:ua.reHnq cKJraAy crpyrcrypHux cKraAoBlrx (oNe-
uirposoHa Jeol JAMP-9500F, -flnouia) ra eHeproAacnepcifiHrafi crier<rpouerp
INCA Penta FETx3, Benuxo6prarauix).

MexaHiqni sracrunocri Blr3Haquurucb Ha po3pr4BHrrx Marrrr4Hax P-20M2
(Yxpaiua), Instron TTDM-5004 (CIIIA), Amsler 1033 (HiueuunHa); 3ararbHa
rnepgicrr Bu3Harraracb Ha rnep4ouipi ZwickRoell DuraScan 10 Lite (Hiuevuzua);
JIoKzIrIbHa rnep4icrr crpyKrypHr4x cKJraAoBr4x ua uircpornep4orraipax Leeb LHVS-
10002 (KHP) ra FALCON 400G2O3 (Hiaepnau4n).

Y rperuorvry poraini locnilxeHo saxoHolaipHocri xineruru neperBopeHb
aycreuiry ra oco6rprsocri upoqecin crpyKrypoyrBopeHu.fl uiA qac cixoroAxeHH.fl
cra-ni CrMoVl Si.

Anropou BcraHoBJreHo, ruo n AocniAxynauifi crani pearisyrorrcx pisui
uexaHigun po3raAy ueracra6inruoro aycreHiry 3aJrexHo sia runprAxocri
6esuepepBHoro oxoiroAxeHHfl. OxonoAxeHHfl si mua4xocrrMlr Br4ure 65 "Clc - sa

3cyBHHM rraexaniguoM 3 yrBopeHHfM arepMiqnoro MapreHcrary; y inrepna-ui 65-
7,1 oClc - 3a 3cyBHo-uponaixHr4M a6o npolaixnuu uexasiguaMH 3 yrBopeHH.rrM

6efiHirHo-MapreHcuruoi a6o 6efinirnoi crpyrcrypn; y iureprani 7,1-1,\ "Clc - sa
uporvrixnuna uexaui3MoM 3 yrBopeHnqN,r 6efiuiry, $epury ra uepniry ra uesuaquoi
xinrrocri Br,rcoKorBepgoro MapreHcury (ao 1 % o6.); y iHrepnani 1,1-0,05 oClc

peari3yerbc, cxraAHnfi anSyaifiHo-uponriNHo-scynnnfi uexanisu, xxuir
o6yrvrornroe $oprr,rynalaHfl 6araroSasnoi crpyxrypr.r $eprary, nepniry, Cefiuiry ra
Br{coKorBepAoro MapreHcr4ry e pisurax cuissiAHo[reHHflx.

BcranosreHo yrBopeHH-fl BucoKoByrnerleBoro MapreHcr4Ty' 3 BLrcoKoro

rnep4icuo (722-897 HVo,oz) uiA qac ynoninrHeHoro 6esuepepBHoro oxonoAxeHH{

AOCJIIAXeHb.



raKa eBoJrroqix rraircpocrpyKTyprE AocrriAxynauoi crani o6ynronneHa Au$ysifiunla
nepepo3rroAinovr Byrneqrc, MapraHuro ra KpeMHiro uiN aray Sa:arr,ru.

BeJrr,rqHHLr repMoAuHarrai.ruoi cv:nkr4nx 4nSysii nyrureqro, xiueruqHl,rxkoe$iqieHrin
Ta roroKin reprvroAranauiquoi crrcreMr,r, sri orrr{cyrorb riuerury $opruynaHHr
crpyKTyprE 4ocni4xysauoi crani y rpoqeci oxonoAxeHH.fl.

Ha niacrani ysaranbHeHH-f, pe3ynbrarir npone4euux
Teoperrar{Hr4x AocliAxenr 3arrponoHoBaHo MexaHl3M
BucoxoByrnerleBoro MapreH cr4Ty n 6yurorouy npoxari.

eKcrrepr,rM eura,rrrrrax i

BnacniloK Toro, rqo 3MeHrrreHHfl rrrBuArocri oxonoAxeHHfl [poKary Ha

3aBepmzurrnifi craAii TMO Hr4xrre rreBHoro pinHx He e Aouilruuu 3 rorrKr,r 3opy
nainirraisarlii xinrrocri rnepAnx $as, To rle y noAilrrbruoMy 6yno BrlKopucraHo AJrr
po3po6neHHfl HayKoBo o6qpyuronanoi rexHororii sueNriuHrcBzlrrbHoro TMO
6yHronoro fipoKary 3 Hu3bKoByrnerleBux JreroBaHux crarefi

Y verneproMy porgiri AocniAxeHo BrrrrrrB reMneparypno-aeSopuauifinnx
rapaMerpir TMO Ha crpyrcrypy ra naexaniqni uacrnrocri crari CrMoVl Si. 

-

3a pe3ynbraraMlr rrairpocrpyKrypHoro ananisy AocriAxeno enonrcqiro
crpyKrypra crani nicnq pisunx cryueuin 4eSoprr,raqii i renaneparyp geSopN,IyBaHH.fl

3 rrogzlrrbrrrraM oxoJroAxeHH.rrM y cuorifiuonay uonirpi ao riunaruoi rervrueparyp[.
Anroporvr 3arrporroHoBaHo MexanisNrz peanisauii crpyxrypHux reperBopeHb y
raprqeAe$opuronaHoMy naera-ni. Ta rro.rrcHeuo ix BIrJIHB Ha MexaHi.rHi rracrusocri
.qocniaxynanoi crani uicnq TMO.

BlEgna.reHo ournrualrHrafi TeMrreparypruuit

6yrrouo.o
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HrrcbKoByueqenoi Cr-Mo-V crari. Konqenrpaqia ryrneuro B MapreHcrrr"i uoxe
nepeBlrrqyBarvr I o/o r,ar. Excuepnrr,reHTzlJrbHuM[r AaHuMu aBTopa ui.qrnepgxeHo, Iqo

Tarci eKcrepuMenramHi pe3yJrbrarlr 6yno ni4rnepAxeHo po3paxyHKaMrr

Soprrayrauu-r Airsuox

AiauasoH (1050-1100 "C)
sarduqeuu-fl r'ap-flrroro aeSopuyBaHH{ upor<ary si Hu3bxoByrJreueBprx Cr-Mo-V
cra-nefi 3BaprcBarrbHoro [pu3HarreHH-fl Nrfl orpr4MaHHr MaKcuMzlrrbHoro

:uerraiquroBaHH, Meriury. 3aupououoBaHo HayKoBo o6lpyuror,a:auir pexuM

4ra$epeuqifionanoro noeirpxuoro oxonoAxeHHfl 6yHronoro rpoKary si crani
CrMoVlSi ua 3aBepuarbHoMy eraui TMO.

Y u'qrouy porqiri na uilcrani orpuMaHux pesynbrarir sanponoHoBaHo
rrrJr.rrxr{ BAocKoHzIrreHH.rr [poMprcnosoi rexHonorii Br{roroBJreHHfl Ta [epepo6reHHs
6yHronoro npoKary 3 Hu3bKoByrnerleBr.rx Cr-Mo-V crarefi 3BaproBzlrrbHoro

lpu3HarreHHf .

Anropona 3arponoHoBaHo yAocKoHurrr esuir pexr.rM TMO 6yuronoro [poKary
3 Hu3bKoByrneueBr,rx Cr-Mo-V crarrefi 3BaproBiurbHoro rpr43HaqeHH,: 3aBeprlreHHt

rapflqoro ge$opN,ryBaHH, y rrrlcroBoMy [poKarHoMy 6noqi 3a re.Mrleparypu
1050 "C; noAqHe oxonoAxeHH.fl n iHreprani 1050-950 'C, rpplcKopeue uonirpxHe
oxonoAxeHHfl Ha rrepruonry eraui e iurepnani 950-850 oC si unugxicrro 10 "C/c;
ynoninureHe uonirprHe oxoJroAxeHH.rr Ha Apyrorvry eraui n iHrepnani 850-570 "C
is cepe4uboro rrrBugricrro 0,40 oClc (rnaaiisoreprraiune BI,ITpI,IMyBauua); roAilllbrue
oxoJroAxeHHs Ha rperboMy eraui sia 57C'C Ao riuHarnoi rerrauepurypv y
cuorcifiHouy norirpi.

flpore4ene rpoMucnoBe uepepo6neHHrl AocniAnnx uaprifi
rrpoKary si cra-nefi Cr-08X|CMOA i Cr-08X|2CMO, BllroroBrleHoro is
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3acrocyBaHH.tM 3arlporoHoBaHoro pexrlMy 3HeMirlHroBurrrbHoro TMO, ni4rrep4ulo
rraoNlunicrr nupo6Huqrra 3BaproBrllrbHoro Apory 3a rsxHonoriero .((nprMoro)
rono.riuHs 6es BI4KoplIcraHHfl npouixnoro [oM'.rKlryBzlJrbHoro repuiuHoro
o6po6neuH, Apor.rlHoi saro:roBKpr. BcranoueHo, rqo cyMapHe o6rracnenn.q uiA qac

xonoAHoro nnacTrlrrrHofo ae$oprvryBaHH.rr Moxe liocflr:aTu95 o/o, rpH rlboMy [poqec
xapalcTeprr3y€Tbc, Br{coKoro eneproe$errurHicrro, 3HExeHHM eronoriquraur
HaBaHTaxeHHrIM, HuulexHunr pinnervr trpoAyrrrt4nnocri ra sa6esueqye cra6inruo
sucoxi rroKa3HHKH qxocri roronoi npoayxuii.

flpore BuKopI4craHHr 3arrporoHoBaHoro pexrrMy TMO y rpoMrrcJroBux
yMoBax roKa3uIJIo, Iqo 6yHronufi rpoKar 4iarraerporra 5,5 MM 3i crani Cn-
l0XI2CM@ uoxe 6yru BuKopr,rcrattuit AJtx BraroroBJrenH, 3BaproBalrbHoro Apory
BHKTIotIHo 3a rpaAnqiftuoro rexHoJrori.rHoro cxeMoro is sacrocyBaHHflM ouepauii
peKpucrarlisaqifinoro ri4uany ua upol,riNHoMy 4iauerpi Aporxnoi 3aroroBKrr.

Ha ui.qcrari orpuMaHux pesynrrarin rpoMrrcJroBoro nepepo6neHH.rr
pospo6neno Hornfi MoAyJrb xoun'rorepnoi nporpaMu CalcRoutes, rrlg Ao3BoJrfle
Bll3Haqarll paqiouanrni Maprrpyrpr norouiHHx, eueprocuroni napaMerplr
AeSopuyBaHHf ra rlporHo3yBaru pinenr roKa3HHKin rraiqnocri sraproBalrbHoro
Apory.

3a po3paxyHKaMu aBropa BrrpoBaAxeHH.rr pospo6lenoi rexuolorii
sueN,rirlHroBzurbHoro TMO 6yHronoro rpoKary MaJroro 4iarvrerpy 3

HI{3bKoByrJIeIIeBpIx Cr-Mo-V cranefi 3BaproBzrJrbHoro rpr,r3HarreHH, e rrafi6inrur
Aouilrnranr i rexniqHo MoxJrr4BlrM B yMoBax IPAT <Kanaer-CTarrb)
(na. Kaivr'rurcrre).

CryniHr o6rpyHronanocri HayKoBlrx rroJroxeHr i nncHonrcin alrcepraqii
Ocnonui Hayxoni rroJroxeHHfl Ta Br{cHoBKr{ Auceprarlifinoi po6oru Marorb

Teoperuqui ra eKcnepuMeuramui ni4rnepAxeHH-fl. O6rpynronanicrr HayKoBr{x
floJroxeHb, rncnonxis i pexorraeHaauifi po6oru AoBeAeHa quceJrbHuMu

pe3ynbraraMu eKc[epraMeHTzurbHr{x AocliAxeHb pezrrrbHux spasxir, upbre4eHr{Mu
is sacrocyBaHHf,M eJrerffpoHuoi ra ouru.rHoi rr,rirpocrouii, pesynbraraMpr Sisr.ruHoro
MOACJIIOBAHH.fl HA npnna4i Gleeble, AropoMeTpr4qHuMr4 AocniAxeHHflMr4,
pe3ynbraraMu ruexauiqnux nr.rupo6ynanr Ha ceprn$ixoBaHoMy o6naAHanni ie
3acTocyBaHH.rrM

CTATI,ICTUIIHLIM

ni4rnoprcsaHicrrc

cTaHAaprr{3oBaHux MeroAuK, ro.rHicrro nnuiprcaaHr,
o6po6neuuxrr,r orpuMaHr4x eKcrrep[MeHTzlrrbHux Aa:alax,
pesyrurarin.

OrpuvraHi s4o6ynaueM Teoperuqui saKoHoN{ipuocri He Murrorr nporupiu s

icnyrounuu reoperr{qHlrMu yrBneHHqMu ra HaKo[HqeHuM AocniAbnr. Hayrconi
roJroxeHHrr, BprcHonrn i peKoMeHAaqii ysro4xyrorbcfl s icnyrouuMpr KoHrleuqirun.
ix AocrarHx o6ryyHronanicrr ui4rnepAxyrorbc, Br{3HaHH.rrM Ha rraiNnapo4nrEx i
nceyxpaiucbKr4x xou$epeHqixx 3 MarepiarosnancrBa, rraeranyprii Ta

ruaurnuo6yAyBaHHfl.

flocronipnicrr oAepxaHr{x pe3yJnrarin
OcHosHi nayxori pe3yJrbraTil Ta Br4cHoBKrr Ar.rceprarlifiHoi po6oru Matorb

reoperuqui ra eKcrrepuMesramni ui4rnepAxeHHfl. flpo 4ocronipuicrr HayKoBrIx
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noJroxeHb po6orn cniguztr BEKopLlcraHHrr cyqacH[x rvrero4in'4ocli4xeun,
po3paxyHKoBux aHarirn.rnl,rx MeToAie ra 3acrocyBaHH, cyqacHux rrporpaMHrtx
uar<etir. ,{ocronipuictr pe3ynbrarin ra rzcHorxin po6orz niArnepAxeHa 4o6poro
g6ixuicrro orpuMaHux 3HaqeHb
pesymrarin, ix y3roAxeHicrro s

3aKOpAOHHUX BqeHrrX.

eKcrrepuMeHTaJrbHr{x i pospaxyHKoBrrx
Ha.rrBHuMu pe3ynbraraMlr rir.rugH.f,u[x ra

Hayrcona HoBtr3Ha oAepxaHr.rx pe3yJrnrarin :

CyxyuHicrb reopeTI4tIHI{x rloJloxeHb i nparcrnqHr,rx pe3yJrbrarir po6orn
Moxe 6yru r<nani$ixoBa*a flK auaris, TeoperprqHe y3arilJrbHeHHfl i pinreHHx
HayKoBo-upr,rrula4noi saAaqi. orpnuani n po6ori pe3ynbrarr,r Moxyrb 6yru
nnropucraui IJrfl yAocKoHztrleHH.tr ra BrrpoBaAxeHH.rr Texuolorii
sHeMiqHroBzrrrbHoro TMO 6yurororo rpoKary Mzrrroro aiavrerpy 3

Hlr3bKoByfnerle Br,rx cr-Mo - v cranefi 38 aproBarrbHo f o [pr43 HarreHHf, .

Anropona Brrepue Arrr crurrri CrMoVlSi (sa ACTy EN ISO 21952:20L5)
uo6yAonaHo repMorciueruqny Aiarpanry, BcraHoBJreHo xiHernxy [eperBopeHH,
aycreniry ra Br3HarIeHo ximricui uapaMerpra fioro po3raAy ea 6esuepepBHoro
oxonoAxeHH.,r y ruupoKouy iureprani runnAxosrefi (116-0,05 "Clc).

Buepule BcraHoBJreHo 0a* yrBopeHH.rr 4irxuox Br.rcoKoByrJreqeBoro
MapreHcury (nnaicr C > 1 o/o nar., nrixpornep.qicrr 722-897 HVo,oz) r crpyrrypi
6yurororo rpoKary 3 Hr43bKoryueqenoi rreroBaHoi crani CrMoVlSi ra
3arporoHoBaHo HayKoBo o6lpyurosatruia MexaHisra fioro Soprrayraunx 3a
yuonilrueHoro 6esuepepBHoro oxonoAxeHHfl e aycreHiruoi o6lacri r iHrepnani
ruBuAKocrefi 1, 1-0,05 "Cl c.

Anropou Brreprue An-f, crari CrMoVlSi pospo6JreHo po3paxyHKoBy MoAeJrb
repepo3ro4iny neryBzrrrbH?rx eJreMeurir y rpoqeci $opnaynatHfl crpyrtrypr 3a
yuoninrneHoro oxonoAxeHH-rr 3 aycreHirnoi o6lacri Ha 3acaAzx rroJroxeHb
HepiruonaxHoi repMoAuHauirn.

Arropou Brleprue BI43HatIeHo ra y3arrrrrbHeHo eaxoHorrripnocri BrurrrBy
peNr,ruir sneuiqnroBzulbHoro TMO Ha oco6lurocri $opnrynaHH-fl crpyKrypr{ Ta
BJracruBocrefi 6yuroBoro rpoKary si crarefi CrMoVlSi, Cr-0SX|CMOA, Cn-
08X|2CM@ i Cr-10X|2CMO.

flparruuue pe:ynrrarinrlpaKTrrrrHe 3HaqeHHc oAepxaHHx pe3yJrbTaTlB
Pospo6reHo isHorauifiuufi rpboxeransuit (ra ri4uiuy eia KJracuqHoro

ABoxeranuoro) TeMrleparypHo-rxBulrcicnzfi perJraMeHr uoeirprHoro oxonoAxeHHq
6yHronoro rpoKary 3 Hu3bKoByrnerleBux Cr-Mo-V cranefi 3BaproBaJrbHoro
rpI,I3HarIeHHr niA uac peani3arlii rexHoJrorii fioro TMO Ha lriuii Crennaop.

BuroroueHo is 3acrocyBaHHfl M pospo6neHoro pexlrMy suer\diuHroBaJrbHoro
TMO aocriaHi naprii 6ynrororo rpoKary si cranefi Cg-0SX|CMOA, Cn-
08X|2CMO i Cn-10X|2CMO, AonoBHeno 6asy AaHux xouu'rorepnoi uporpaMr{
CalcRoutes (pospo6rca IHcruryry uopHoi Merairyprii ina. 3. I. HerpacoBa HAH
Yrpainn). CrnopeHo cueqianisonauufi uporparvrurEfi
po3paxoByBaTLr paqioHanrni laaprupyrLr noro.{iHHs fi

a raKox rporHo3yBurkr pireHr

MoAynb, sruit Ao3Bon €
eHeproclrJroni napaMeTplr

uoraguuxin priqnocriAe$oprvryBaHHfl,
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xonoAHoAeSopnaonaHoro 3BaploBzurbHoro Apory a6o nponaixHoi 4poraHoi
3aroroBKll is HusrKoByrneueBlrx Cr-Mo-V cranefi B 3aJrexHocri ria TrorrarKoBoro
pinHa xr<ocri rpoKaTy.

Poapo 6neHo KoMrJIercHi p eKoM eHAauii rqo lo a[ailry BaHH.rr ra B HKopr{craHH.f,
y rlpoMucnoBlrx yMoBax pospo6nenoi rexHonorii sHeNrirlHroBzurbHoro TMO
6yHronoro upoKary Marloro 4iauerpy (5,5 vru) 3 Hr.r3bKoByurerleBnx Cr-Mo-V
cralefi 3BaploBzurbHoro [pu3HaqeHH.rr Ha uponigunx MerarryprifiHnx xona6iHarax
YrcpaiHu GIAT <ApcenopMirran Kpunufi Pir> i [pAT <Kauer-Cranr>) 3
ypaxyBaHHflM HzuIBHoro ua6opy ra xaparcrepucruK rpoKarHo-repuiuuoro
o6ra4Hauua.

Pesymrau4 Ar,rcepraqifiHoi po6orn BrrpoBaAxeHo y HaBrruurbHufi upoqec
IHcrnryry uopuoi naeranyprii ina. 3. I. HexpacoBa HAH Yrcpainz B paMKax
AucuuuliHla <Teopernuui Ta rexHonoriqui ocHoBr,r BHroroBJr€HH.rr ra
nepepo6neHHt crarleBoro rpoKary Ha 3acailax pecypco- ra eHepros6epexeuux>
npu uiAroronqi acnipaurin 3a cneqianrHicrro L32 <Marepiano3HaBcrBo))
siluosilHo Ao ocsiftrbo-HayKonoi nporpanau.

Oqisxa ruicry Arrceprarlii, ii raneprueuicrn ra AoTpr{MaHHfl npnHquuin
axaAenri.nroi 4o 6po.recHocri

3a csoird sN{icroNl 4ncepraqifiHa po6ora s4o6yraua OnifiHnxa E. B.
uoeHicrlo riluosilae HarIp-,IMKaM AocniAxeur riAuoriAuo Ao ocsiruro-Hayxonoi
rpolpaMu <Marepiano3HaBcrBo)) .

frEcepraqifiHa po6ora e 3aBeprxeHorc HayKoBoro rpauerc i criAqrarb rpo
Hassuicrr oco6ucroro BHecKy s4o6ynaua y uayxonufi Harp.,rM $opuynaunx
crpyKrypHoro craHy crzrrreBoro 6yuronor-o rpoKary, rqo :aOesueuye fioro
niAnuuleny Ae$opuirHicrr nil qac Br4roroBJreHH, 3BaproBzrrrbHr,rx rvrarepianin.

Posuanysuu snir noAi6nocri sa pe3ynbraraMu rrepeniprn Arlcepraqifinoi
po6orn Ha reKcroni cnisnaAiuu.a, MoxHa spo6rarz Br4cHoBoK, rrlo 4ucepraqifiHa
po6ora Onifisnrca Eayapaa BaAprnaou{rra e pe3ynbraroM caMocrifiHrax AocliAxeHr
s4o6ynaua i He ruicrurr ererr,reuris Sanrcnsiraqii, xoNanir-f,uii, Sa6purauii,
unariary Ta 3arlo3LlqeHb. Buxopucrani iaei, pe3ynbraru i rexcrn iHrunx anropin
Mzrlorb ualexHi rrocr,rJraHH.q ua siAuoniAue Axepeno.

Oupu.nroAHeHHfl pe3yJrbrarin qucepraqifiHoi po6orn
3a reuoro Alrceprauifrnoi po6oru ony6nixoeauo l5 HayKoBHx riparlb, 3 Hr,rx

4 crarri y BEAaHH.f,x, Luo iH4excyrorbcfl B nri>xHapo4HrJx HayxoMerpurrHux 6asax
Scoptts m/a6o Web of Science (rcnaprNnn Q3 i Q4)" 3 crarri y BHAaHHnx,
BKrroqeHr4x .[o lJepenircy HayKoBr{x Saxonux BHAaHb Vxpaiun, 8 re: AonosiAeff,
[pe4craBJreHr,rx Ha HayKoBHx ror$epeuqixx, or-pr4MaHo 1 cniAourao rpo
peecrparriro anropcbxoro npaBa Ha rrip.

Bprcoxufi pinenr uy6nircallifi He Br.rKrrr4Kae cynauiny, ocximxn 4 crarri
ago6ynaua ouy6niroBaHo B HayKoBLtx BuAaHHxx, upoiuAeKcoBaHnx y 6asax Scclpus
ra/a1o Web of Scienco, Ae sa6esne.ryerbc.fl rpyHToBHe perIeH3yBaHH-,r crarefi
cueqianicraMl4 y ni4nori4nifi ranysi Hayxu. Bci saqereHi sgo6yBaqeM uy6nixaqii
Mzlrorb 6e:uocepeAHe ni4HomeHH.,r Ao reMr,r Ar.rcepraUifinoi po6orra ra B rroBHifi uipi
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BucBiTnlolorb ocHoBHi pe3ynbrutu Azceprarlifiuoro AocniAxeuua nignoniAuo Ao
BHMor rryHKry 8 <llopx4ry rpucyAxeHH, cryreHfl AoKropa Qinoco0ii ra
cKacyBaHHa pirueuHrr pa3oBoi cueqianisorauoi sqeHoi paau 3aKJraAy npruloi ocriru,
uayronoi ycraHoBH rpo rplrcyAxeHH.,r cryreHfl Aor(ropa @inocoSii>>,
3arBepAxeHoro llocrauonoro Ka6iHery MiHicrpir YrpaiHu sit 12 ciqHx 2022 p.
Irb 44.

O{opuneHHq Arlceprarlii, rvrona ra crrrJrb B[rKJraAeHHq pe3y.nrrarin
flucepraqifina po6ora Onifinraxa E. B. Mae rpaauuifiuy crpyrcrypy i

cKJraAaerbcfl s aHorauii ABoMa MoBaMlr, Bcry[y, il'flTr pOS4inin, 3arilrrbHux
sucHonrcir, uepelixy Br4Kopprcrannx nireparypHr,rx AxepeJr.

flracepraqiftHa po6ora uicrnrb Hayroni uoroxeHH-fl, xrci paHiuie ue 6yru
saxzueHi, i uoni HayKoBo-o6lpyHroraui pesyJrbrarr,r AocniAxeHb ra uosaicrro
riluosiAae cueqianrnocri 132 - <Marepiano3HaBcrBo).

Texcr Auceprallii HanucaHnfi yrpaiHcbKoro MoBoro y HayKoBonay cruli n
noriqnifi uocniAornocri. y po6ori [paBr{JrbHo BrrxoprrcroByrorbcf,
3 arzlJrbHo rrp uirruxri n rvr arep i an o3H aB c TB i rep rra i Hr,r .

,{ncepraqiftHa po6ora o$opurneHa niAnoriAHo Ao BuMor Harasy MOH
Yrpaiun sia 12 ci.rHq 2017 p. J,,lb 40 <IIpo 3arBepAxeHHr Br{Mor .uo o$opuJreHHr
gncepraqii>.

3aranrHrafi o6c.flr Auceprarlii cxnalae 208 cropiHox, r.licnmr 43 pucynrca,
18 ra6nnqb, crJHcoK Buxopr.rcrannx AlKepen is I89 HafiureuynaHb Ha 23 cropinxax,
4 toAarxu.

HeAonirn ra 3ayBaxeHHs Ao Ar{cepraqifiHoi po6orn
PasoN,I 3 BI,IcoKoto HayKoBoro i nparcrurrHoro ouiHxoro npeAcraBreHoi

Ar4ceprauifiuoi po6oru, cniA Hasecrlr Hacryuui saynaxeHHf, :

1. Arcrya.nunicrr po6oru. V ar<ryanrsocri po6oru aBrop Haronoruye <CyuacHa
TexHoJlorir rzpo6nurlTBa 3BaproBarrbHoro Apory uepe46auae BkrKop[craHH.rr y
.arcocri Merzulyprifiuoi 3aroroBKlr Br{coKorrJracruqHoro 6yuronoro rrpoKary
MaJIoro giaN,Ierpy (5,5 rr,ru), sxptit rroBHHeH nepepo6nflTtrcfl 6es dodamKorux
uamepiatbHux rumpom ua npoui){He mepuivue odpo1neuua (eidnafl ww,
sano6iraHHfl repeAqacHoro pyfiHyranHfl Merzury n npoqeci iureHcnrHoro
xonoAHoro uacrlrrrHoro ae$opuyBaHHfl nonoqinnsu>. PaaoM 3 TlrM, uanirr
pospo6neHa Ta 3arrporoHoBaHa aBTopoM rexHolorir BK[roqae B ce6e
onepaqiro AoAarKoBoro repuirrHoro o6po6neun-s niA uac uEpo6Hr,rrITBa Apory
si crani Cs-1OX|2CMO. To6ro siA qoro aBrop nparHyB niAN{osurucs,iy rroMy

6yta aKryzlnbHicrr nin 3HoB BuMyrueuufi roBepHyruca 4o uei.
2. Mera Aoc.niAxeHHc. Anrop BKa3y€ u\o <<Alemoro po1omu e BCmctHo*JteHHfl

sarcououipuocmeil npoqecy cmpyKmypoymlopeHHfl ma Qopuyeauun
KoJvtrueKcy .uexaui,tuux ?flqcmuqocmeii oyumoeozo npoKomy nideuuqeuol
deQopuieuocmi s Hu3bKoryzteqesux Cr-Mo-V cmateil ssapn*anbHozo
npusHaqeuun nid qoc sHel4iqurceatuHozo mepMouexaHirauozo odpo1neuunl.
Arre y po6ori Hiqoro He cKa3aHo, axi caMe BJracruBocri nosHHHi 6yru y aporin
3BaproBuurbHoro rprl3HaqeHu.a? (e BaxJrHBo, ToMy rqo Nm AyroBoro
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5.

7.

8.
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3BaproBaHH, Aporou (ener<rpoaorra) ue oAui nnacrHsocri. fllx 3D ApyKy
3BaproBurlrbHr,rM AporoM (WAAM soncila iurui.

3. Hayrona HoBr{3Ha. Ayxe cnoAo6aracr. MeHe rpoxu 6eurexzrr nuclir
<<pospodteuo pupaxyHKory uodeta>> y uyurri 3 <Bneprue dnn cmail
CrMoVlSi pospodteHo po3paxyHKosy aodetu nepepnnodiny nezyncutbHux
eneueumie y npoqeci Qopuyeauun cmpyKmypu sa ynoeituueHozo
oxonodcrceHHfl 3 aycmeHimuol odnacmi ua sacqdax nononteHu uepieuoeurcuot
mep.uoduuauircu>>. PospaxyHKoBr{MLr MoAeJrflMr.r gafiMarorrc-fl iHrui
cneuia.nruocri.
flparcrnvHe 3HarreHHtr. AyNe cuoAo6anocr. Pospo6neHo iuuonaqifiHufi
TeMrreparypHo-uB[AricHnfi peuraMeHT, rrpoBeAeHo [poM]rcnoBe
nuupo6ynanHfl AocliAurx naprifi 6yuronoro rpoKaTy, HaAaHo uparruuni
perorvreH4arlii ilrrr upori4unx MerzuryprifiHux rou6iHarax YrcpaiHz
(IIAT <ApcenopMirran Kpnnufi Pir> i IIPAT <Kauer-Cram>), orpprMaHo
cniAorlrno rpo peecrpaqiro aBropcbKoro rpaBa. Touy flK 3ayBaxeHH, - rpe6a
rpocyBaru rlro rexHoJroriro sa Mexr{ Vrpaiun.
{pyrufi porgir. Marepianu AocniAxeHb. Hacrimrr.r f, 3po3yuin ocuorui
uayxori pe3ynbrarz 6yno orpr{MaHo caMe ua crani CrMoVl Si, roli .,rK Ha
iHrunx 3BaproBzrrrbHux Aporax Ce-08Xf CMOA, Cg-08X|2CMO i Cr-
10)O2CM@ Bu ru4rrle ri4npaqroByBarrr4 peNranau? rln uoxruno ouixyBarkl
TI,Ix caMI,Ix pe3ynbrarir ra orpr4MaHux Bauz garoHonaipuocrefi i 4nx qnx
cranefi?

6. fipyrnfi po:4i.n. MeroAu AocniAxceHHq. Y po6ori rnxopzqraHo 6araro
cfracHplx uero4in 4ocri4xeuux. Meni He Br4craquJro BrtKopucraHH-n
npocniuyro.roi enelcrpoHnoi rrairpocxonii (IIEM). Canre ii nnxopncraHH.,r 6yno
6n xopucHo Anf, uornu6reHoro AocniAxeHH.fl MapreHcrlTy. Te rqo aBTop
Ha3r{Bae MapreHcLrr M2, srcuit yrBoproerbc., uia qac oxonoAxeHHf si
rxBHAKocrrMH 1,1-0,05 "Clc.
lpyrufi po:4i.rr. Meroqu Aoc;riAxceHHq. Puc.21 Tprnonzfi BHrn;rA

ArrurarorpaMu rlpu oxoJroAxeHui. Anrop Haronouye <rtuaamozpo.Ma Mo€
marcuil euenad nrc nid uac uazpiqaHHfl (ymeopeuHfl aycmeuimy s $epumy), mqK
i nid qqc oxotoduceuun (ymeopeuua Sepumy s aycmeHimy)>. I-{e ue rarc.

flunarorpaMu npr{ uarpinauui ra oxoro4xeHHi Marorb pisunfi Brrur.rrA.

Tperifi porail. Biaorr,ro rrlo y Hl{3bKoJreroBaHkrx craJlflx icHye Aerimrca rnnin
MapreHcLlry. A caMe pefircorufi (narcerHuil, 4ucnoxarlifiHufi), [JracrprHrracruit
(rorvacrufi, 4rifiuurcorufi), arepuiuuufi (nn6yxonrafi), isorepuiuHrafi, raK
snaHufi MapreHclrr <6arep$ nxir>>. !o rxoro rr{ry aBrop niauocnib MapreHcr{r
M2, sxuir Sopnayerrc-,I y cruuli CrMoVlSi sa yuonimHeHoro oxoJroAxenu.f, si
rrrBuAKocrflMLt l, 1 -0,05 

oCl c?
9. tlerneprufi porai.n. r{orvry y Ironry posaili ue 6ylo rpoBeAeHo rprMux

rnnpo6ynaHb Ha naiunicrr, a 6yrro BuKopr,rcraHo $opuyJru 3 nireparypnux
4Nepen?

10. rlerneprufi por.ui"rr. Anrop He 3roAeH 3 TorrKoro sopy, <<ynoeituueue
oxonodcrceHHn nid merutoisom4iilutlrutt KpuruKCLtutu s uiuiaorbHo *toucnusul4u
dna rcourcpemuot triuit Cmetuop ueudrcocmflrl,tu (ue 1irurue 0,20-0,30 oC/c)
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doseonne sa6esneraumu Qopuy*aHHr y npoKami s uusurcoryzreqenux rezosaHux

OAuax ni4suaueni neAonirv ra 3ayBaxeHH-f, He 3MeHrrryrorb 3arrurbHoro
Brrcoxoro pinux po6orn ra qiuuocri orprauaHr4x pe3ynrrarin.

BlrcuonoK rrpo Ar.rceprauifi ny po6ory
Braxaro, uo Aucepraqifiua po6ora s4o6ynaua cryneH-rr AoKropa SinocoSii

Orifisura Eayapaa BaAnnroskrqa Ha reMy <Oco6ruEnocri $opnaynaHH, crpyKrypn
Ta BluacruBocrefi rpoKary uiAnnulenoi Ae$opuinnocri s Hu3bKoByrnerleBnx Cr-
Mo-V crarefi AJr.fl BrIroroBJreHHfl 3BaproBaJrbHoro Apory) BuKoHaHa Ha BucoKoMy
HayKoBoMy pirni, He ropyuy€ upzHqnnir arcaAeuiqnoi 4o6pouecnocri ra e
gaxinqeuuM HayKoBuu gocniAxeHH.rrM, cyxynuicrb reoperr{qHux ra [paKTrlrrHprx
pesynrrariB flKoro poer'r:ye HayKoBe 3aBAaHH.rr, rqo iuae icrorHe 3HarreHHrr AJu
ranysi 3HaHb 13 <<MexaniqHa iuxeuepix>. fluceprauifina' po6ora 3a
aKryarlbHicrro, [paICTI{tIHoro qiuHicrro ra HayKoBoro HoBu3Horo nonHicrro
siAuoni.(ae BHMoraM qrHHoro 3aKoHoAaBcrBa YrpaiHra, qo [epeA6a.reHi y n.6-9
<[Iopx4ry rpucyAxeHHfl cryreH.rr Aoroopa $inoco$ii ra cxacyBaHHfl piruennx
pasonoi cneqianisorauoi sqeHoi pa1t4 3aKnaAy suruoi ocniru, nayroroi ycraHoBu
rpo nplacyAxeHH, cryreH.rr AoKropa Siloco$ii>>, 3arrepAxeHoro flbcraHosorc
Ka6iuory MiHicrpin Yxpainn si1a_12 ciqru 2022 p. Jlb 44.

34o6ynau OnifiHIax E4yapa Ba4rauonuq 3acnyroBye Ha rplrcyAxeHH.rr
cryrleH.,I AoKropa Sinoco$ii n ranysi sHaur 13 - <Mexauiqua iuxenepia> 3a
cuerlialrHicrro 132 - <Marepiano3HaBcrBo)) "

O$iqifiHufi onoHenr
uponi4nuft Hayxonnfi cuinpo6irHnx
niaainy $isuro-xiruiqHnx AocniANeHb Marepianin f, al
IE3 ina. e. O. flaroHa HAH Yrpaiun y \ I
AoKTop rexui.{u,x HayK, f- ")VY
crapruufi Hayxonufi cuirpo6irunx I ' 

0 Banepifi KOCTIH

Ili4uuc A.r.H. Banepix Kocriua sacri4uyro

Yqennfi ceKperap
IE3 iu. e . O. Ilarona HAH Vrpaiun

cmarcil 3sopn6olbH ozo npu3HaqeHHfl
6euuimy a6o ix cyniuti>>.r{orray?
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