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Ha AIrc epraqifi uy po6 ory KPACHOCEIbCbKO| O Knpnna B imnifi o Buqa
Ha reMy <Kepynanur SopvroyrBopeHHxu 6ararouapoBr{x crpyr<ryp is

sucoxoN,IiIIHI4x HtI3LKoJIeroBaHux cra-nefi npv eneKTpoAyroBoMy aAr4Tr{BHoMy

nupo6uuqrsi rursxoM perynrcBaHH, 3axracHoro ra3oBoro cepeAoBr4rqa),

npeAcraBJleHy Ha s4o6yr"ra HayKoBoro cryneH, AoKropa $ilocoQii n ranysi 3HaHb

t3 MexaHi.rHa iHNeuepir sa cueqiamuicrro 131 tlpurna1*arraexauira

Arcrya.nrnicrs reMrr 4ucepraqii

Pogsutor rexHoJlorifi ererrpoAyroBoro aAr4ruBHoro nrapo6nuqrna (WAAM) e

oAHr{M is KJrrorroBr4x nerropin ouruuisaqii npoqecin BUTOTOBJIEHHf

Ilonpu 3HarIHyBenl{Kora6apuruux MeriureBux 4eralefi crla4noi Sopnaz.
rIpoAyKTI'IsHicrr ra sucorrfi roeSiqierm BuKopr4craHH, rraarepialy, uLrpoKe
BnpoBalxeHHfl WAAM AJL sucoxoN{irlHrrx Hr{3bKoJreroBaHr4x (HSLA) cralefi,
3oKpeMa cI'IcreM Mn-Ni-Mo-V, crpl{Myerbc, Hr43Ko}o Syu4arraeHraJrbHt4x
rennoS i:HrrHr4x ra peoJro ri.rHr,rx neperrrKoA.

fx roKa3aHo B 4Iacepraqii, 6araroruapone SopvrynaHnx raKr{x cnrasis
cyrlpoBoAxyerbcfl secra6ilurorc uone4inxoro BaHHu po3rrnaBy, Ir1o 3yMoBneHo
niAnzrqeuorc xinelraarl,IuHoro B'sgxicrro ra rroreHqifiHrarvr yrBopeHH.rM TyrorrJraBKr.rx
oKcI4AHI{x ulinox B yMoBax aKTI4BHoro 3axr4cHoro cepeAoBurqa. Y peNravri simHoro
rlpocropoBoro SopuoyrBopeHHf, IIi rruHHuKu rrptr3BoAf,rb Ao ri4pogunalai.rHoi
necra6ilrnocri, xsnr.f,crocri 6i.rHrax rroBepxoHb ra 4eSexrin uirxurapoBoro
crIJIaBJIeHHf,, IrIo cyrreBo s6imurye rpurrycKr{ Ha rroAaJrbrrry MexaHiuny o6po6ry.
Tpa4zqifisufi eivruipu.*rufi uimil Ao HaJrarilryBaHHtr rapaMerpin upoqecy He s4arnzfi
sa6esue'ruru HaJIexHy cra6inrnicm. Orxe, nupimeHHx upo6nenrn KepyBaHH,
MaKporeorraetpielo WAAM-crpyKTyp rrur{xoM cr{creMHoro rroeAHaHHf, xirrairo-
TepMoALIHaMlqHoro BnnlIBy ra3oBoro cepeAoBr{rrla ra xi6epSisurrHLtx a-rrropurrvrin
MacouepeHocy e BaxJII{BI{M HayKono-rexHi.rHrlM 3aBAaHH.f, M. Taruu qLrHoM, olpauuit
Ha[psMoK Auceprallifinoro 4ocri4xeHHf, e HayKoBo o6qpynroBaHprM, csoe.racHzi\d i
uosHictrc ni4uoei4ae cyqacHI,IM 3arrr4TaM aBToMaru3oBauoro MarulrHo6y4yeanHfl Ta
[pr{KJraAHoi ruexanixz.

OuiHrca o6rpyurosaHocri
4ocronipnocri Ta HoBlr3Hrr

HayKoBrrx pery.nrrarin 4ucepraqii, ii

Hayroni floJroxeHHf,

KpacnoceJrbcbKoro K.B., e

Ta Br4cHoBKr4, c$opuynronaHi B 4rcep'raqii
ui4rnepAxyerbc,uu6oro o6rpyuroBaHlrMu, rr{o



3acrocyBaHHflM KoMrrJreKcHoro MeroAoJrori.rHoro arrapury,srcufirapuoHifiHo [oeAHye

rcoperuuuufi aHaJri3, narypnufi $israunufi eKc[epuMeHT Ta MareMaruqHe

MoAeJIIoBaHHfl. .{ocronipnicm eKcrrepr{MeHTEUrbHHx AaHvx ea6egueqyerbc,

BHKOpLICTaHHflM CyqaCHOfO npOMr.rCnOBOfO O6naAsaUHfl, 3oKpenra pO6OrV3OBaHOrO

ir,rauiuylxropa Yaskawa MH1440, innepropnoro Axeperra xuBJreHHfl Fronius TPS

500i CMT ra rrperlusifiHoro ra3oBoro euimynaua WITT BM-2M.
Mero4olori.rHo KopeKrHrlvr e nu6ip uarepialin 4nr rpoBeAeHuq AocriAxeHb.

Ilapzurentue nopinuf,HHf, 6a:osoi Hr.r3bKoByrueqenoi crari ER70S-6 ra BucoKovriquoi

Hl43bKoJleronanoi cmri T[Iny MoNiVa Ao3BoJrlrno aBropy Ha4ifino ni4orpervrr,rru

saranrHi teuno$isuvui eQerua 4yronoi rrJra3Mu ri4 cnequ$iuuoro BrrJrHBy neryroqux
ereuenriB Ta oKcLIAHLTx yrBopeHb. Bracoxufi pinenr ni4rnoprosaHocri eKcnepuMeurin

Aocf,rHyro 3aBArKI4 xopcrKoMy nporoKoJry KoHTpomo uiNruaporoi reMrreparypv Ha

pinni 85+10"C is gacrocyBaHHrM cucreM aKTHBHoro oxoJroAxeHH.f,, ulo Ao3BoJrr{Jro

e$erctunno HiserloBarll HeKoHTponsosaHrafi BrrJrr4B TerrJroBoro HaKorrurreHHr.

Merpolori.IHa na4ifinicrb pe3yJrbrarir ni.qrpinrena cyqacHr4M ui,qxoAorra Ao
s6opy ra o6po6ru AaHLIx. 34o6ynaueu pea-uisonaHo Br{coKoqacrorHy (10 fq)
peecrpaqiro nuyrpiruHroi reneuerpii AxepeJra xprBJreHHf,, a Arrfl uanaiprcnauur
MaKporeorraerpii 3acrocoBaHo po3po6rcsuit cKpr{nr sa 6asi Koun'rorepHoro 3opy
(OpenCVl. Ouu$pyBaHHfl MaKporrrJriSin suroHyBiurocfl s poaginrHoro 3Aauricrro 600
dpi (0,0423 urra/uixcens) is nepu$inaqiero 3a r<ani6pyna-rrbHzM er€uroHoM, rr1o

nainirr,risye cy6'errnnui uoxu6ru. Crarucru.rHa ga6esue.resicm AoBo.{r4Tbcfl

4ocraruiu o6cxrou nz6ipxu: 4ocni4xeno 28 xou6iHarlifi rexnonori.rHrax napauerpir
(no rpn 3pa3KH Ha KoxHy), Iqo cKnaJro 84 uarpourniQu Anfl KoMrrJreKcHoro auarisy.
A4exnaruicrs no6ygonauux flporHocrurrHr,rx uo.qerefi ni4rnep4]KeHa MeroAaMr{

4IacuepcifiHoro analiey, 6ararorpurepianruoi ourzruisarlii (RSM) ra repexpecroi
saniaauii LOOCV, fKa rlpoAeMoHcrpyBailanugrrufi pinenr uoxu6rra uporHo3yBaHH,
(RMSE 6rugrrco 0,17 uu l.ilflruvrpnHura0,08 urr,r.qnf, BrrcorrE urapy).

O4epxani s4o6yaaueM pe3ynbraru rraicrqrs BhpaxeHy HayKoBy HoBu3Hy ra
Sopuyrom qinicrry ckrcreMy 3HaHb rrloAo xeponaHocri rpoqecy WAAM. y
4ocni4xenui Brleprue HayKoBo o6rpynroBaHo uexanisu cra6ilisaqii upoqecy

QoprraoyrBopeHHf, 6ararourapoBlrx crpyKryp si cKnaAHoJreroBaHr4x cranefi rr{ry
MoNiVa 3a paxyHoK 3acrocyBaHHfl Ar{cKperHo-iunynrcHoro pexr4My CMT Cycle
Step. Aaropona AoBeAeHo, IrIo JroKaJr:sttuit eJreKTpoAuHarrri.rnufi nulur, sxuitBkrHuKae
siA KoporKorracHux niris 3BaproB€rJrbHoro crpyMy, crrpure
pyfinynauHlo xopcrKux ryrorJraBKLrx oKcLTAHLTx urisor rraoui64eny ra
cBoerc treproro, sa6esuevye cra6inrnicm MaKporeonaerpii criuru i
ri4po4nnauiunouy KoJrarcy nig uac HarrJraBJreHHf, .

eSerrunuorr,ry

aana4irc. I{e,
sauo6irae ii

Barouutvt :4o6yrr<ou e $opvraniaaqix pori saxucHoro ra3oBoro cepeAoBr4rrla

AJIfl yMoB eJleKTpoAyroBoro aAr4Tr4BHoro Br4porqyBaHH{. 34o6ynaueM AoBeAeHo, rqo



cyMirri Ha ocHoBi aprcHy raAioKcr,rry Byrneqro Airorb He Jrr{rrre rK rracuBHufi isorxrop

po3[JIaBy, a Bl{cryrrarorb aKTr{BHr{M TexHoJroriqHurvr quuuurou. Y 4ucepraqii
BcraHoBJreHo rinrxicuufi B3aeMo3B'g3oK rraiN oKracHroBrrJrbHprM norenqiarou
cepeAoBurqa, suinoro Hanpf,MKy repMorauilrpuux re.rifi MapaHrosi m Siuanrnuuu
MaKporeoMeTpurrHr.,rMr,r napaMeTpaMr,r HarrJraBJreHofo rrrapy.

Posnusarcqu qrc rouqenqirc, Ar{cepraHT yrorrHuB saxoHoi\,ripuocriPo3Br{Baroqu qrc KoHrlerulrc, Ar{cepTaHT yTorrHHB 3aKoHoMlpHocTl rrpogBy

uacuna6uoro e$erry ra3oBoi arrusHocri. Eyno Br{flBJreHo cnequSivui peonorivHi

oco6nunocti none4iuxrE posnJraBy npu SopvrynauHi rourocriHHkrx crpyKryp 3a yMoB

HH3bKoro rerIJIoBKJraAeHHr. 3orpenaa, [oK€BaHo, rr1o qepe3 ruBr{AKe oxoJroAxeHHfl

3BaploBtulruoi BaHHLT ui4nuuleunr axrzsHocri ra3y Moxe cyrreBo o6uexynaru
KoHBeKTI{sHLIfi nepeposuo4ir MeraJry, uo Mae nacniArovr ueuepe46arryBaHe

3MeHrueHua nlorqi nonepeqHoro rrepepisy ruapy.

Kpivr roro, y po6ori Bneptue sa$ir<conaHo ra AeraJrbHo orrr4caHo {Br4rue, qKe

orpuMano Ha3By (eHeprerurrHoro rrapaAoKcy WAAM>. Uefi eQexr noJrf,rae y roMy,

uo pexI4MI{ 3 Hlaxrlurvr rinifinuM Te[JroBKJraAeHHf,Nn s.{afiri Qopvrynaru Burqy rrr4ToMy

uacni4xona ri6ep$igu.IHoi a.qarrrr,lBHoi pearqii cuuepreru.{Hoi crrcreMr{ KepyBaHH{,

o6'euuy eHeproeMuicm. 34o6ynauervr o6rpyHToBaHo, rrlo raKa anoMa-riq e npflMr,rM

MaKporeovrerpii

flKa s4ificuroe ApocenroBaHHf, Sarruvuoi uacono4aui y riAuosiAr Ha renJroBe

cTLrcHeHHfl. AyIJkr B aKTUBHT,TX ra3ax.

Ha6yun roA€rrrbruoro po3BurKy MeroArl nporHo3yBaHH.,r

WAAM-crpyKryp. Anropotr crBopeHo KoMrrJreKc 6araro$aKropHr4x
repvroriHeMarl,IrrHux ra rorlorori.rHrax uogelefi, y f,KHx Bneprue BAutJroc.s iHrerpynarra
cKJIaA 3axl{cHoro rEI3y, eHeprernKy rrpoqecy ra pexr{M MacorepeHocy y eAruuwit
po3paxyHrosufi aJlropurM. Ile Ao3BoJrse 3 Br,rcoKoro ro.rHicfio Bu3*a,rrarvt KpoK

ni4fionry uo oci Z ra seo6xi4ne suiqenHr rpaeKropii incrpyueHry 6es uponeAeHH,
ron ep eAHix rraarep i alou icrrr4x H arypHr4x Burrp o6y eanr.

fli4cyrraoayrcql{ BI{KJIaAeHe, MoxHa KoHcraryBarr4, rrlo HayKosi uoroxeHHr,
BI{cHoBKIi ra pe3yJlbraru, suHeceHi Ha 3axucr, € ruu6oro o6qpyuroBaHuMr{,
cll4palorbct Ha naAifiHy eKcrrepr{MeHT€rrrbHy i uareuaruqHy 6*y, a pinenr ix
uayroeoi HoBrrsHrI uosHicrrc ni4uoni4ae rpnrepirrra, Ho craBJrrrbcf, Ao
rnani$iraqifinnx po6ir na s4o6yru cryneHr AoKropa rfinoco$ii.

Ouiurca srvricry Alrceprallii, ii sanepruenicrr ra AorprrMaHufl npraHqunin
arcageuiunoi 4o6poqecnocri

[ucepraqifina po6ora KpauroceJrbcbKoro Knpuna Birarifioeuqa e qiricuuu,
rori'-IHo uo6y4onanzivt ra ruz6oro apryMeHToBaHr4M AocniAxeHH.flM, crpyKrypa
flKoro nosHicrrc po3Kpl{Bae [ocraBJreui Hayrosi ra nparrr4qHi sasAaHHx. Y nepurouy
pos4ini s4o6ynaueu s4ificneHo rpyHrosHufi analig Sieurn rerJroMaconepeHeceHHr,



ri4po4Iaualuir<n 3BaploBulnrHoi saHHra 3 axr{eHroM Ha repMoKaninrpni re.rii Mapanroni

ra creuu$irra Soprr,ryraHHs crpyKryp ig nucororraiquux Hr{3bKoJreroBaHr4x crarefi.
flogprrusHolo pucorc qiei qacrlrHra e AeranbHa cr{creMarrasaqix qunnuxis, Ir1o

BIiIKJIVKarorb rlpocropoBy necra6iuHricE uig uac a.{Lrrr4BHoro B}rpoqyBaHHf,, rrlo

cBoelo qeprorc crBopLIJro na4ifiny i nayxono Br{BaxeHy ocHoBy AJrs rroAtrnbrrroro

$opvrynaHH, MeroAonorii AocliAxenus.
y ApyroMy pos4ini aBrop 4racepmqii AeraJrbHo onucye

auaparuufi KoMrrJrexc ra MerpraKr{ TexHoJroriquoro npoqecy.
opzriuarbHlrx MeroAnK, 3oKpeMa crBopeHHf, aBTopcbKr{x crpraurin

Br4Kopracraruuit

3acrocyraHHfl

Ha 6asi MoBpI

Ta ana-nisy

rrepeKoHJrr4Bo

rporpaMyBaHHfl Python Arr{ o6po6rn nnyrpiurmoi renervrerpii
vraxporuniQir 3a AorroMororo a-uropzruin rouu'rorepHoro 3opy,
cni4'uatr npo cytlac:rtuir uiaxia :4o6yna.ra Io ycyHeHHf, cy6'exrunnux noxu6or
nzuipronannr.

Tperifi pos4in craHoBI{Tb ocHoBy eKclepr.rMeHrzrirbHoi 6asu Arrceprarlii, 4e
uocli4onHo BI{KJIaAeuo 4aHi uloAo BrrJrLrBy cyrrairuefi Ha ocHoBi aprony ra 4ioxcra4y
ByrJreIIrc Ha Maxporeouerpiro i eneprerLTKy HarrJraBneHHfl -sK 4.nfl eralonHoi
Hl{3bKoByrneqenoi crani ER70S-6, rar i An, JreroBanoi MoNiVa. 3na.rHrrM HayKoBraM

s4o6ymou y qifi .IacruHi e orprrMaHa rinrricua oqiura a4aurunnoi peaxqii
cI4HepreTIarIHOro Axepena XLIBJIeHHq, A TaKOx eKCIIepI4MeHT€LIIbHe AOBeAeHHfl
6essauepellHl{x repeBar ALrcKperHoro pexuuy CMT Cycle Step arl cra6irisaqii
rpoqecy.

JIori'{HWN,r 3aBepIxeHHqM HayKoBoro no[ryKy e rrerBeprufi pos4in, y ,KoMy
ycniuuro pealiaonano crarr{crrrqHe y3ar€urbHeHH, si6pauux 1aHr4x, uo6y4onano
Bl4coKoro'{Hi rouorori.IHi lao4eni Ta Brr3HaqeHo o[TprM€urbHe rexHoJrori.{He sirHo, rre
JIexI{rb y Mexax 5-10 siAcorxis KoHlleHrpaqii nyrneKLrcJroro ra3y rrpu linifinorvry
rerIJIoBKJIa4euHi 310-330 [xc/rvru. Pospo6na Ha 6a:i qvx uo4elefi rpororr{ily
npolpaMHoro po3paxyHKoBoro MoAyJrfl Br{cTylae BaroMIrM npr4KJra.{Hr{M

pe3yJlbraroM, Iqo eQextranuo uon'x:ye Sisury AyroBoro [poqecy e inxeuepHoro
nrAroroBKoro aBToMaru3oBaHoro rupo6HurlTBa.

,{eranrunfi analig reKcry ALrceprarlii m ei4uoni4noro sniry no4i6nocri,
c0opuonaHoro cl{creMolo uepenipxn ua urariat, ui4rnep4Nye sucorufi pinenr
opnrinanrHocri xnani$ixaqifinoi po6orn. 3aQirconasi rercrosi s6iru crocyrcrbc{
nepeBaxHo BJIacHlIx ony6riKoBaHux Irparlb aBTopa y Saxonux BuAaHHf,x, rqo e

a6colrouro upanonripHr{M. Xo,quux o3HaK Sa6puxaqii, Sanrcu$irarlii qtr
HeKopeKTHI4x reKcroBlax 3ano3r{qeHb y pyr<onuci He Bpr.f,BJreHo. PesynrrarLr
Aocni.qxeur inruux BqeHux .rifi(o ei4oxpeuneHi ei4 BJracHr4x HanpaqroBaHb s4o6yraua
ra cyrpoBoAxylorbcf, ni4uoni4uul,rn 6i6niorpaSiunuuu nocr4JraHHqMH. 3aralovr
rIpeAcraBJIeHa po6ora e 3aBeplxeHolo rnaniSiraqifiuorc HayKoBolo rparlero, flKa
BHKoHaHa 3 HeyxvnbHLIM Aorpr{MaHHxrvr ycix cyqacHux err4rrHlrx craHAapris ra HopM.



Mosa ra crr{Jrb BrrKJraAeHHr p$ymraris

flncepraqis, sanucaua yrpaiHcbxoro MoBorc 3 Aorpr{MaHHflM HopM HayxoBoro

crI4JIIo. Marepian BI{KJraAeHo roriqno, BrrKopr{craHo KopeKrHy Saxony replaiuonorirc
ai c$ep rpuKnaAHoi rraexaniKr,r, MarepiarogHascrBara cr4creM KepyBaHHs. 3aramHufi
o6csr po6orn craHoBrars 193 cropinrz, 3 rKr.rx 164 cropinxu - ocHosHufi reKcr.

.{r.rcepraqiq N{icrurr 40 pncynxin ra 13 ra6luqr, ulo sricuo ilrccrpyrorb Si:uuui
npoqecu ra pe3yJlbrarl,I MoAeJrroBaHHr. Cuucox Br4Kopr4craHrlx Axepen iraicrurs 93

uafiueHynaHHr. Crum Br,rKJraAeHHfl Ta o$opureHur pyKoilr4cy ai4uonigaroru
Buiuorau 4o o$opurreHH, Auceprar{ii (uaxa: MOH Yrpaiuu nia 12.01 .2017 p. Jr{b a0).

Ou plr.nroAHeHHrr pe3yJrbrarin 4ucepraqifi noi po6oru

Ocnonui rIoJIoxeHHq Al4cepraqii rroBHoro uipolo sucsirreHo y 5 HayKoBr{x

lrpallrx: 3 crarrsx y Saxonux HayKoBLrxBr4AaHHxx Vxpaiuura2 re3ax AonosiAefi Ha

rr,rixuapo4ruax HayKoBo-npaKrr{rrHux ron0epenqirx (<KorrauteKcHe sa6esne.reHH.rr

.f,rocri rexHoJlori.IHux npoqecin ra cracreM 2026>>, <Cyvauri rexnonorii
rlpoMucnoBoro KoMrIJreKcy - 2025>). Kilrrcicrr ra sricrr uy6nircaqifi nosnicuo
ni4uoni4arorb BlrMorarr,r flopx4Ky rpr4cyAxeHHf, cryneHfl AoKropa Siroco0ii.

Helo.rrircrr ra 3ayBa)KeHHfl Ao Aucepraqifinoi po6oru

Btrcot<o oqiuroroul{ AllcepraqifiHy po6ory, cli4 nxasarLrHaHH3Ky 4ucxycifinr.rx
IIOJTOXeHb Ta 3ayBaxeHb:

1. Onracyrorra MeroAonoriro eKcnepr4MeHry (posain 2), amop 3a3Haqae, u1o Aru
KoHrponrc rvrixurapoeoi reNlueparypr{ Br4KopucroByBaBcfl inspa.repsoHzfi nipouerp
ie xopcmo :aQirccoBaHI4M rcoe$iqienroM rerJrosoi eldicii ua pinni 0,85. Ilpore guiua
KoHIIeHrpaIIii CO2 niA 5 Yo lo I00% HeMLrHyqe nplr3BoAurb Ao pisuoi iurencunnocri
yrBopeHHf, rloBepxHeBux orcu4in, qo 3AarHe cyrreBo sr\aiHr,rru enuponairuoB€rJrbHy

sAatuicrr noeepxni. Eyno 6 ropucno [orryrrr KoMeHTap rrloAo MoxJrr{Boro BuJrHBy

Ilboro Qaxropa na a6couroury rouuicrb peecrpaqii uovarKoBux rerrJroBux yMoB flepeA
Ha[JraBJreHHf,M KO)KHOTO HaCTynHOfo rrrapy.

2. flpu auanigi ri6epSiaraqHl4x pearqifi o6ra4uanH, aBrop crupaerbcfl. Ha

rloryBaHHfl reJleMerpii s qacrororo 10 fq. Ocxilrxu lairpoquxnv rpoqecy CMT
ri46yrarorbcr 3 icrouro Bl{qorc qacrororo (ao 100-130 fq), uorpe6ye po3'xcueuHr,
uacrilrxu KopeKTHo saQirconani rora-rrni nirz crpyMy (I*r*) ni4o6paxarorr peanuri
erleKTpoAlauauiqui irrauynrcu , i xxa 6ym npupoAa arperaqii rlr4x AaHr4x KoHrponepoM

Axepena xpIBneHH{.



3. fIpIE pospo6qi repuoxiueMaruqHr,rx i ronororiquux uoAerefi y qerBeproMy

pos4iri aBrop Br{Kopr{croBye urnugricrr uoAa.ri Apory ra KoHuenrpaqiro 3axucHoro

ra3y ,K grraiuni Saxropu, Aoctrrarorru sucoroi ro.rHocri [porHo3yBaHH,

MaKporeovrerpii B Mexax AocriAxeHoro [pocropy. BoAHo.rac rineuaruqsa
lusl,IArictr nepeuiueHHfl rr€rJrbHuKa (TS) n ocHoBHHx eKc[epr4MeHTax 3trJrr{rrraflac,

Sirconauolo Ha piaui 45 cla/xs. 3 ornx4y Ha re, qo elaiHa rxBr{AKocri nepevriqeHHfl e

oAHI{M is 6a^:osux iucrpyrueurin peryJrroBaHHf, niuifiuoro relJroBKJraAeHHf, Ha

nupo6nuqrni, Bapro 6yno 6 oKpecJrr{rr{ repcrreKruBr{ Ta rrJrqxr{ po3rur,rpeHHfl

orpLIMaHI{x uolinouiamuux pinnrus An, yMoB srvriHHoro [apaMerpa runuArocri
3BaproBaHHf,.

4. Po6ora po6nru Br4cHoBoK rrpo ai4cyrnicm uopucrocri B Mexax
onrllMzurbHux peNIaIrain, c[r{parcql4cb BHKJIIoqHo Ha ontu.rHl,Ifi aHaris 2D-
MaKpoIuJIiSin. I{efi rrreroa Qircye Jrr{rre rroBepxHeny (nloqrauny).4e$ertricm. .ftr
rBepAxeHHf, IIpo tIoBHy aigcyrnicrr o6'evtrnx 1eQer<rir y Macusi criuxu Aoqilruo
6yno HaBecrr{ pe3yJrbraru nepyfininHoro 3D-xourpoJrro, HanpHKJraA,

peHrreHorpa$iuuoro rrrr ronrorpaSiqnoro.
5. Pospo6lenufi Python-rraoAyJrb rrpeAcraBleHufi ar incrpyMeHr 4nr inrerpaqii

y CAM-cI{creMu. flpore MareMarlrqHi garexuocri 6ynu orpuuaui Ha 6asi rrJrocKux

upxuoninifinux rpaeKropifi. florpe6ye go4arKoBoro KoMeHrapr rrr{raHHx a4auraqii
IIbOfO iulropt4TMy AIrfl [pOeKTyBAHHfl. CKJTaAHHX rrpOCTOpOBr.rX, IrOXHIUX a6O

6araroupoxi4nux (nepexpeurux) crpyKryp, Ae yMoBn renJrori4re4enHf, Moxyrb
gnainroearucs.

HaseAeHi 3ayBaxeHH{ He e B[3HaquubHr,rMr4, Marorb peKoMeHAauifino-
yroqHloBanrlF.uit xapaKTep i xognzu qraHoM He BrrJrlrBarorb Ha 3ar€urbHy [o3r{THBHy
oqinrcy HayKoBr{x ra rrpr{KJraAHrrx pe3yJrbrarin 4racepraqii.

Bucnosorc rrpo Arrceprarlifi ny po6ory

[ncepraqifina po6ora KpauroceJrbcbKoro Kupura Bira-rifionn.ra Ha reMy
<<KepynaHHx QopvroyrBopeHHf,M 6ara:rourapoBr4x crpyKTyp ig sncoxol,rirlHr4x
HI43bKoJIeroBaHux cranefi [pLI eJleKTpo.qyroBoMy aALrrr4BHoMy nnpo6nraqrni urrqxoNa
peryJIroBaHH{ 3axl,IcHoro ra3oBoro cepeAoBrlula) e cauocrifiHrrM Ta 3aBeprueHr4M

HayKoBI/tM AocliAxeHHf,M. Orpulrrani reoperz.{Hi ra eKc[epLrMenralrHi pe3yJrbrarr4
ycniuuro posn'xsyrcrr aKTyalrbHe HayKoBo-npLrKJraAHe 3aBAaHHfl sa6esne.reHH.rr

cra6inrnoi reouerpii WAAM-crpyKTyp, Iqo Mae cyrreBe 3HaqeHHf, AJrf, po3BrrrKy
rary:i 13 <Mexani.rHa iHxenepix>.

.{ucepraqifina po6ora 3a aKTy€LnbHicrro, HayKoBoro HoBr.r3Horo,

o6qpyHronaHicto, gocronipnicrro pe3yJrbraris ra [paKTr4rrHrlM 3HarreHHf,M uonnicrrc
ni4noni4ae BHMoraM <flopa4ry rpucy,{xreHHr cryrreHs AoKTopa $inoco$ii ta



cKacyBaHHf, pirreHHf, pa3oBoi cueqiani:osaHoi nqenoi pa4tr 3aKJraAy nuuloi ocniru,

uayroroi ycraHoBr.,r npo rprrcyAxeHH, cryreHf, AoKropa Siloco$ib>, :arnepAxeHoro

rlocraHoBoro Ka6inery Miuicrpin Yrpainu niA 12 ci.*rfl,2022 p. Ns 44.

Antop po6oru, Kpacuocenrcrrufi Kupuro Bim"nifiorzv, y uosHifi uipi
3acnyroBye Ha rpucy.uxeHHs HayKoBoro cryrreHf, AoKropa $inoco$ii ga

cueqiamHicrro 1 3 1 <fIpuKJraAHa naexaHira>>.

OSiqifiHrafi peqeu:eur:

AoKTop rexuiqnux HayK, upoSecop,
upo$ecop xa$e4pr.r
rexuororifi 3BaproBaHHf, Ta

KoHcrpyKqifi Har{ioH€lJrbHoro

<3anopiarra uolirexuira> Muxafino EPI4KOB

Ili4uzc AoKropa rexniqunx HayK, upoSecopa, npo$ecopa raSe4pra
iurerpoeaHux rexnolorifr 3BapioBaHHq xoHcrpyxqifi
HaqionanbHoro ynirepcurery

(uocaga yuonuonaNenoi uc, Bracue iu'x I,IIIIE)

iurerponauux
MOAenroBaHH'fl

yHieepcr.lrery )/-7,-l/r/' /

Ta MOAeJTTOBaHH'

rexuira> sacni4uyro:
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