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,{ucepraqifiHa po6om Ko6ruscrroi O.E. npncBrqeHa MareMarr{qHorry ra
xoMn'totepHordy MoAeJITBaHHIo npoqec B TenJroo6uiny y cKJraAHr4x cr{creMax Ha
ocnoni Heninifinm xpafionnx ra HeJro €lJrBHr.x 3aAarr. si cK[a,{Hr4Mrr yMoBaMr4

reruroo6uiny na rpaHr4qHnx noBepxHrD(.

Meroto 4ocni4xeHlrff e ni4nurqennx e$errrnnnocri KoHTpoJrro reMneparypr,r
y cKJIaAHux rexHoJlorlrlHl{x [poqecax uerarryprii (nporarra, repvi.rna o6po6ra),
eJreKTpoMexaniru, Ae Marorb uicqe cua4ni yMoBrrr reunoo6uiny uix
6araroruapoBr{Mr,I pyxoMI,IMI,I Ta HepyxoMrrMr.r eneMeHTaMr,[ Ha rpaHurrHrfx
noBepxHfi, .3? pD(yHoK no6ygonn HoBI4x ra yAocKoHarreHHr icrryrovnx
MareMarI'rtIHrD( MoA efi npoqecis rennoo6rrainy, pospo6rz e$errznnux uero4in
posn'xsaHnx 4pafionnx, HeJIoKEUIbHrlx ra o6epnenzx 3aAaq Anfl Bz3HaqeHHt
OCHOBHI{X IAPAMETPB KEPYBAHHf, TEMIEPATYPHI,IMI,I TIOJI.f,MI{.

B po6ori, Brreprre cQopr"rynboBaHo eaunufi niaxia 4o no6y4oBrr HoBr{x ra
BAocKoHarrel{Hf, icrrytoqr,rx MareMarr.rrrHr4x rrao4elefi TerrJroBprx npoqecir y
OKJIaAHLD( cLIcTeMax, uIo-BKJIIoqaIoTb y ce6e 6araroruaponi pyxonai ra Hepyxoui
eJIeMeHTI'I upn qimHoMy ra He Iqimnorvry roHrarcri uapin ocecuMerpzqHoi Qopuu,qo narpinatorrcx a6o oxonoAxqrrcTbcr. Ta Brrepue 3arrporroHoBaHo MeroA
posn'xsannr 4paftonzx 3aAaq 4nx pinnxHHr rerrnouponiAnocri y cxna4nifi czcrenai
3a AonoMoroK) BBeAeHHt yMoB iune4ancHoro rtrrry npr,r HzurBuocri HeBu3Haqenocri
o4Hiei 3 rpaHrrHnx yMoB na uexi.
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I. Arcrya.nrnicrr reM rr Arrcepra rlifi Hoi po6orH

flpoqec uo6y4ou'r aAeKBarHLrx uoAerefi TerJroBux upoqecia, lri
ni46ynarorbc.n B cKJIa.qHIax cllcreMax y Merarryprii (nporarni craHz), trptr reprraivnifi
o6po6qi rvreranin, B eneKTplrrrHrr-x MaruuHax, n o6na,4nanni .qng 3-D Apyrry, :na4ae

uupori Nroxrzsocri AIrfl BVBqeHHt BJlacrl4Bocrefi cr4creM i upzHqzuin
reuroo6uirry g HasrorlrnHir{ cepeAoBlrrrleM. Hayroni AocrrHeHH.rr B o6racri
MaTeMaTrlrqHoro MoAeJrroBaHHfl. upoqecin rennoo6uiHy y cKJraAHr4x crrcTeMax

sAe6imrroro 6asyrorbc.f, Ha rpafioeux 3aAarrax 4nr pinHaHHir rerrJronponi4nocri,
sxi onncyrorb tenroo6uin rvrix HepyxoMrrMrr eJreMeHTaM crna4noi cr4creMz.

Malo po3rntAarcTbct MoAeni remoo6vriny y cKnaAHux c creMax 3 pyxoMkrMz

eJIeMeHT€rMvI Ta) B trKrIX BLtKopLIcroBy rbcr HeJroxamni yMoBLr. Tarox rpe6a
ni4rvrirurz, rlo HeAocrarHb( gocni4xeHi uoxrusocri 3acrocyBaHrur HeJroKaJrbHLrx

sa4aq, inrerpamHl{x yMoB Ta 6inru cKJIaAHrlx yMoB iuneAaHcHoro rurry y
MareMarvqHr,rx MoAerf,x' rennoo6rraiHy y pyxoMr{x eJreMeHTax ra cr{creMax
nqinorrry.

TarulIra qpIHoM: rvro.quQiraqis, ra y3arzurbHeHHs i rryrovnx MareMarr{rrHr4x

rvro4erefi TeMrreparypHLrx po3rroAinis y pyxoMrlx eJreMeHrax ra cucreMax s pisnzurn
yMoBaMu renroo6uiuy crcna4Hrlx 3 reoMerpu.rHoi roqKra 3opy 6ararourapoBr,rx

o6nacrsx; pospo6ra HoBI{x MeroAis posr'xsanH.a nednifiunx rcpafionnx ra
HenoKElrrbHITx 3aAaq .qnt raKl{x uo4erefi; 3arrf{eHrrf, eQerrunHzx €uropnruin
posn'xsaHHr npflMkrx ra o6epHeHax 3aAaq ra BIlBHarreHHrr napaMerpin xepynannr
npoqecaMlr renJroo6uiny, e aKTyzurbnorc upo6JreMoro, qo i susHaqlrno reMy 4anoi
Alrceprarlifi Hoi po6orv.

II. KoporKa xapaKTeprrcrnKa rrvricry po6orn

,{ncepraqi.a e sanepureHoro HayKoBo-AocriAnoro po6ororo. Tercr 4ncepraqii
cKJIaAaeTbcr 3l BcTYnY, n'flTu po3AurB, BrrcHoBKlB, cnucxry BI{KopI{cTaHrlx AxepeJI
(300 nafiuenynaur Ha 35 cropinrax) ra ABox AoAarria. 3aranruuft o6crr
ALrceprarlii - 316 cropiHor, BKJrroqaroqu 265 cropinor ocHoBHoro reKcry, 9

ra6rzqr ra 58 pucymin; o6cm AoAarrin - 12 cropinorc.

Y ncryni o6qpynroBaHa

cQoprrynrosaHi Mera i saAa.ri tI

1l

arcryanrHicrr Ar4ceprarlifinoi po6orr,r,

3aAarrr AocJ[AxeHb, Br{KJraAeHl ourosHi o4epxaHi
qiHnicrr, nane4eHipesynrram, s'.acoraHi X HayKoBa HoBu3Ha Ta npaKTkrrrHa

niAorraocri upo uy6niraqii ra aupo6aqiro po6orn.

Y nepmomy porgi.ri HaseAeHo aHarrig cyqacHLtx Qisuvnnx ra MareMarlrrrHr/rx

rrao4eneft TelJloBlrx npoqecin y cKJIaAHLT . clrcreMax s 6ararouapoBr4Mr4 pyxoMlrMr4

Ta HepyxoMLrMrr eJreMeHTaMr4 ocecr.rMeTp[.rHoi Qoprraz, s narpinaroqlrM a6o
oxonoAxyroqr{M sonHiurHirra a6o nnyrpiuurirrr 4xepeJroM TerrJra i s sanexHicflo
TeMneparypHoro TIoJUI nia I(yra o6epraHnx eneNaenris HaBKoJro csoei oci Ta



3

cKJIaAHI{x yMOB TerInoO6MiIry rloBepxHi 3 HaBKonr4rrrHiM cepeAoBr,ruleM.

,{one4eno Heo6xiAnicm uo6y4onu HoBr4x MareMarlrqHrrx uoAeleft ArrA
porpaxynrin reMleparypHllx posuo4irin y cKJraAHr.rx crrcreMax ra ik
KOHCTpyKTLIBHI/IX eJIeMeHTaX, TaKUX.'IK TIpOKaTHUfi Cran qU eneKTpu.rHi MarrlrlHtr 3

cKJIaAHoro reoMerpvqHolo Qoprraoro. llpouonylorbc.n N4areNraruqHi rrao4eli
TerrnoBux npoqecin B eJIeMeHTax MarIrI{n i uexanislais cKJraAHrrx cucreM ui4 .rac

TexHoJrori.rHux ouepaqifi repMorlrrKJriqHoi o6po6rcz (rrlo)
eneKTporJlacrrlrlHoro eoro.rinnx (E[IB) y nurnr4i rpaftonzx, rrorrarKono-xpafioBLrx

Ta HeJroKanbHlrx 3aAa'u 4rrx pinnxHHr rerrJronponi4nocri.
B por4ini o6qpyHtoBaHo neo6xiAnicrr no6yAoBr,r MareMarr{qHlrx ruo4enefi

rerIJIoBI,tx npoqecin y crpi.rqi Ta ,qpori niA qac eneKTponJracrvqHoi ra
repMolrJlacru.rHoi o6po6rn nupo6in anyrpiuuriuu ra sosHiruniMr4 Ax(epeJraMu
TefIJIa, a raKox rIocraHoBKI4 o6epueunx 3a,{aq NrA BV3HarIeHHr napauerpie
KepyBaHrur reMnepaTypHr4Mx [onf,Mr{.

,{ax QoprrynIoBaHHI yroqHeHHt MareMarr4rrsoi uoAeri reunoszx npoqecin,
3oKpeMa, Kepyloqla napaMerpaMI4 relrJloBoro npoqecy ni4rpzrvryBarLr neo6xi4ny
reMrleparypy B ycix ro.rrax o6racri, qo narpiBaerbc.f,, neo6xi4no BBeAeHrur

iurerpamnoi yMoBu, flKa BI,I3Haqae 6ananc relJra o6racri narpinaunr a6o
oxonoAlKeHHt.

V 4 pyroruy porg i.u i ro6yAoBaHi uareuarIa.uri uo4eni npoqecis reuroo6rvriny
B ocecuMerpurlHllx eJIeMeHT€x clrcreM, qo ni46yBarcTbcr nil liero soeHiurHix ra
erryrpiuurix 4xepeJl relJla. 3anpononosani HeJroKarrbHi inrerpamHi yMoBr4, rrlo 3

Qisn rnoi rorIKrI 3opy cei4uarr npo 6anaHc eHeprii s o6nacri Harpinanns. B
3arle)I(Hocti si.{ xapaKTepy A}ICepen re[Jra eueprir Moxe zuailrtrucs BcepeAzHi

o6nacri a6o niAsoALrrnlcb Ao sei is sosHi.

Ha ocrosi nopinurnbHoro ananisy reMreparypH x po3rro4inin spo6leno
BI,IcHoBoK, IrIo yBeAeHH.fl HeJloKarrbnoi iHrerpamnoi yMoBa 6anaHcy rerrJra y
rpafioey 3aAaqy 4nr pinrrHnfl TerrJlouponi4nocri, Ao3Bonre epo6urn yroqHeHH.f,

npu (popr"ryllosaHHi MareMarI{tIHLrx rvro4enefi upoqecin reuloo6rr,riHy. I{e
Ao3BoJrte, Kepyloqu rapaMerpaMlr reIrJI Boro rpoqecy, niarpm,ryBaru neo6xi4ny
reMneparypy n ycix roqKax o6nacti, u1o narpiBaerbcr. I{e rarcox Aae 3Mory
BI43HarIrrrLr napaMerpl,I KepyBaHrul TeMneparypHr.rMr{ po:no4inaMu Ananignzqenru
eQercrunHocri ronrpoJrro reMn eparypv B cKJraAHrD( cr{creMax.

Ha npulcnali locni,qxeHHl rexnororirlHoro rpoqecy ni4narry uignoro Apory
rloKa3aHo, I{o tK MaTeMaT[rIrry MoAeJIb TeIrIIoBoro [poqecy B ocecvMeTpLtqHux
eJIeMeHTil( cKJIaAHkIX crlcreM Aorlinrno BrrKopLlcroByBarr{ HeJroK€rnbrry 3aAarry 3

inrerpanrHorc yMoBorc TerrJronoro 6anancy.

Y rperrorvry porqi.rri po:rnrrryro ra yAocKoH€rrreHo MareMarr4uni rr,ro4eli
rerIJIoBrIX npoqecin, xri upotiraroru nil qac irrarrymcnoi o6po6rz nupo6in
ocecrlMerprqnoi Qopnaz nnyrpiuHiun ra sosHirrHiMrr Ax(epe aMu rerrna. Mo4eni



BpaxoByrorb cKJraAHi yrvronu renroo6lui"y y lorrarKoBo-rqpafionux i nenoK€rrrbHlrx

3aAaqax i 4osnorarorb 3HaxoAlrrlr orrrrrM€rrrbHe rroe,qHaHH.rr [apaMerpie pexnrr,rin

iurrynrcnoi o6po6ru is saAaHurra rpa4ieHroM Harpiny i oxoroAxeHrrr ra niAnprquru
eQexrunnicu xoHrpoJllo reMlr epurypv.

Bnepue 3arrponoHoBaHo MeroA nignonneHHr Brryrpiruuroro nepio4zuno
girovoro pKepena rerrJra s saAa.ri Tenno[poni4nocri s iurerpanbHoro yMoBoro, Ae y
.srocri AoAarKoBoi inQoprvraqii nurcopvrcraHareMrreparypna QyHrqix, rra snafi4ena

is inrerpamHoi yruonu 6atar'cy renJla.
y po:4ini po3rJrflAaerbc.n MareMarurrHa MoAenb reMrreparypHoro ra

HanpyxeHoro crar{y pyxoMoro isorpounoro ocecl4MerppnrHoro cepeAoBlrrrla 3

nepio4uvno Airoqprrvr iurrymcHlrM AxepenoM TerrJIa. llpoqecn, qo siA6yBarcTbcr y
roHKoMy pyxoMoMy 4pori uiA .rac eJreKrporJracruvHoi 4eQopMar{ii ouucyrorbct
clrcreMoro rpafionux 3aAaq ans auQepenqianrnnx pinnrHb rerrJronponi4Hocri i
repMoupyxnocri. Bun.reHi oco6ryrsocti enrzny irrarrynbcHltx Ax{epen rerrJra Ha

poauo4in reMrreparyp, Harpyx(eHb ra nepeMirqenr. ,{ocni4xeui posno4iru qnx
norasn[ris nia .r.ac [porrycKaHHr irvrrrynrcin crpyr\,ry, Ta nil qac

eJreKTpolnacrr,rtlHoi 4eQoprr,raqii.

rlerneprufi po:gi.n nplrcBrqeH MareMarr{rrHr{M MoAenf,M TerrJroBr{x

upoqecin y 6ararourapoBrrx neranoHirlHltx o6nacr.rx B B€rrIKoBLx rprEcranisaropax.

B poe4ini posrnxnyro MareMarn.rHi rrroAeni TenJroBrrx npoqecin B Merarryprii, qo
ni46yearorbcfl,y cKJraAHLrx cr4creMax 3 pyxoMLrMlr ra HepyxoMr{Mlr eJreMeHTaMr,r npLl
qinrnorvry ra Herqimuouy ronraxri urapin ocecuMerpz.rHoi Qoprvrz.

-MareMaTuqHllr MoAenl BpaxoBaHl p13H1 yMoBr4.T3[JrOOOMilry BHyrplrUHbOl
gosHirruroi nonepxoHb BzrrrKa si crpi.moro ra HaBKoJrLrlrHiu cepe4oBr{rleM.

B poe4iri posrmnyro MeroApr no6y4onu yMoB irrrneAascHoro rvrry AJUI

o4nopi4noro pinnxHHr rerrJrouponi4nocri y ABorrraponifi qunin4pr.rHift o6racri na
uexi pos4iny cepeAoBr{q s pisnr,rMlr rerrJro@isu.trnrvru xapaKrepzcruKaM}r.

Tenaneparypne rroJre rlnniHApuqHoro BuurKa s crifixzrvr noKpt4TTf,M

po3rffrryro y Br4rJUr4i rerraueparypHoro rroJrf, ABorxapoBoro qlurin4pa. flo6y4oeana
MaTeMaTr4qHa MOAenb y BrarnrAl KpauoBol 3aAaql AJrr plBHf,HHr rerrJrorrpoBlAHocTl

3 yMOBaMLI lMneAaHCHOfO Tl{ryt Ha Me)ru ABOX I[aprB III,IJIIHApa npu qlJIbHOMy

rconrarri.

v
TA

llo6y4onana MareMarraqHa MoAenb reMneparypuoro posuo4iny rpoqecy
raprrroro cniranns oupo6in y ABoruapoBoMyxonrefinepi qunin4pprqHoi Soprvrn. Y
nnyrpiruHbornry qnnin4pi orprrMaHa rpaHLrrrHa yMoBa irraue4ancHoro r[rry.

llo6y4onana MareMarr,rqHa MoAeJrb reMrreparypHoro rroJrr crcraAnoi

cr{creMr4: eKcrpyAep, HalplBHr{K, noJrlMepHa HLTTKa y Br4rnrAr Kpar4oBol 3aAaql Afl.fl

pirnrrrrrr rerrnolponi4uocri 3 AoAaBaHuru ni4uoni4Hnx rcpafionux ra nenoranrnoi
pyxoMoMy rlunlHApl, rlo po3lfpBaeTbcr B ooMexeHlll
soBHiruHiruu Ax(epenaMr,r renJra. Pogs'sgauHq saAaqi

ocnosHi rrapaMerplr KepyBaHHr reMrreparypHLTM rroJreM

lHTerpuurbHol yMoBrI B

o6nacri ercrpy4epi
,{o3BOn[[O BI{3HaqLrTLI
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Apory (crpenru) is uorilvlepHoro rvratepiany, ulo posirpinaerbcs B eKcrpyAepi 4o
TeMueparypu posu'xKIITeHHTI uiA.rac aAuruBHoro ApyKy rpznzrvripHux Aeralrefi,a6o
ix Qpanvrenris sriAHo rexHorrorii FDM (fused deposition modeling).

V RtqroMy pos4i.ni uo6y4osaHi N,IareN4arz.rHi rrao4eni rerrJroBr{x npoqecin,
Iqo ni46yBarorbc.f, y cKJIaAHIEx 6ararouapoBLrx o6nacr.f,x (enerrpn rHrix MarrruHax)
npu qiarHolvry ra neqilbHoMy ronrarri urapir, xri npaxoByrcrb pisni 3aKoHr.r

reunoo6uiny na uexi pos4iny ruapie, rlo 3€Irrex(arr siA Kyra rroBopory eJreMeHTa

HaBKoJIo csoei oci i 4osnoJl.f,K)rb po3paxoByBarvrreMleparypy oKpeMrax ereNreHris
nzpo6in.

B neprue cQopvrynboBaHo e4vrnuir. niaxia no6y4onz MareMarr4 qHr.rx uo4erefi
TeTIJIOBLIX npoqecin y cKJIaAHLtx cLrcreMax, ulo BKrroq€uorr y ce6e 6araroruapori
pyxor"ri ra Hepyxotui eneueHru npn rqirtrHorvry ra neqilbHoMy rconrarcri urapin
ocecl4MeTprqnoi Qoprrau, qo narpiB€lJorbct ra oxonoA)Kyrorbcr 3 BpaxyBaHrurM

3aJlexHocri relaueparypgoro rroJrr eneNaenris nia Kyra o6epranna eneuenrin
HaBKoJIo csoei oci ra cKJIaAHIirx yMoB teunoo6uirry uonepxni s nasrorzumir,r
cepeAoBr4rrleM.

3anponouoBaHo KoHTLII{y€LJIssuit niaxil 4o 4ocliAxeuHrr reMneparypHax
posuo4ilin y cuaAnifi eJleKTpoMexani.rHifi crEcreui sr eJreKTpr4qHa MarrrlrHa.

flo6y4onana MareMaruqHa MoAenb ra posn'rsana rcpafiona 3aAarra Arrfl
neo4nopiAHoro pinHxnru relrrlorponi4Hocri y cKJraAHifi qunin4pr.rHifi o6nacri,
lrKa yrBopeHa neperl,IHoM Tpbox qzninqpin, ABd 3 .f,Klrx rpyroni, rperifi 3 ocHoBoro
y BtIrJrf,Ai <<uernocmosoi TpotHAI,D> i naarou cninrny nicr :zrvrerpii. flpone4eno
qI,ICeIbHl po3pilryHKrl Ta nOplBHtHH.f, OTpI4MaHr{X reMlepATyp 3 pe3ynbraTaMr4

HarypHoro eKcrepllMeHTy. flo6y4onaui rpaSiKr.r reMreparypHr{x posno4inie.

III. HayrcoBa HoBrrsna po6orn

Ha ocHosi BI/tKoHaHrIX TeoperlttlHlD( i ercnepu eHTarlbHrrx AocriAx(eHb
orpnMaHo HoBe piu nru gaxnunoi HayKoBo-qplrKJraAHoi npo6neMH, rKa rroJrrrae y
pospo6qi, y3artltlbseHHi Ta po3Br{rKy reoperuvnoi ocHoBrir MareMarr4rrHoro i
rovrn'rotepHoro MoAeJIIoBaHHs. upoqecin reuroo6uitry y cKJraAHrlx cr{creMax.
OcraHni BKrroqalorr y ce6e 6araronaponi pyxonai ra nepyxoui ereueHrr{ rrpr4
qinrnouy ra He Iqimnonry roHrarri urapin ocecurraerpr.rnoi Qopuu,
narpinarouca sosHirrHiraz a6o nnyrpiruniuu pKepenaMrr rerrJra
oxonoA)Icylorbct i npaxoBylorb sarexHicrr reMrreparypHoro noJrf, sil

qo
a6o

Kyra
o6eprannt eJleMeHris Hanrono csoei oci a cKJraAHr,rx yMoB reruroo6uiny uonepxHi
3 OTOrryrcqLrM CepeAoBLlrrIeM.

Orpuuane piuenna ni4pirHxerrcx ni4 icryrouu piurenr 6inrur rroBHr{M
ni4o6paxeHHtM npoqecin reuroo6uiny, pospo6roro HoBr{x o6.rucrroBuurbHlrx
ueroAin posn'.alauu.r uoqarKoBo-rpafi nux, HeJroKrurbHrrx 3aAaq y cKJraAHr.rx

crrcreMax Ha ocHoBi cyuacHzx rexni.{H x ra inQoprvraqifinnx saco6is ra uero4in



lporpaMyBaHH-fl, IrIo Ao3BoJIte [iABl,rrqlrrrr eSexrnnuicrr ronrpoJrro reMrreparypr,r
B CKJIaAHITX CVCTeMaX.

Y uexax 3anporoHoBaHoro HarrprMy Ha ocHoBi cQoprraoBaHr4x upunqznin
no6y4onu HoBIltx ra yAocKoH€LIIeHHTI icrryrovnx MareMarnqHux ruoAelefi ra uero4in
posn'xsaHH.f, 3aAaq oAepxaHo Hacrynni nayroni pe3ynbrarr,r:

cQoprvrynboBaHo egvlnuir nilxil lo no6yloBr{ HoBr4x ra BAocKoH€ureHHlr

icrryro.rnx MareMarI{TIHLIX uo4erefi TenJIoBLIX npoqecin y cKJraAHkrx crrcreMax, rqo
BKJIroqaIorr y ce6e 6ararouaponi pyxorvri ra Hepyxoui eneuenrLr rrpr{ qinrnorvry ra
ne ulinrHoMy KoHrarri uapin ocecrlMefpz.rHoi Qoprr,ru, rqo Halpisarorrcs a6o
oxoJloruKyrorbcfl,, srcuir ri4pisHxerrc.s niA anarori.rHrx uigxo4in BpaxyBaHrurM
sanexHocri TeMrlepirrypHoro rroJlt ereMenrie nia xyra o6eprannx eneMeHrie
HaBKoJro cnoei oci Ta cKJraAHlrx yMoB rennoo6uirry nonepxni 3 oroqyrcquM
cepeAoBLIIrIoM, IrIo Ao3Borse uiAsllu\urvr eQerrrannicrr roHrponro reMrreparyplr B

cKJraAHrrx cl{creMax ta ix eJreMeHTax;

sarlpouoHoBaHo MeroA posn'xsannx 4pafionux 3aAaq ArrA piauxnnx
relrnorponi4nocri y cKJIaAHifi o6nacri - 6araroruapoBoMy qunin4pi, Ao B o.qnifi
qactrani napin 4irorr nnyrpinni gxepera rerrJra, a y iuruifi - sosHirurui, nrcuir, za
paxyHoK ycepeAHeHHrI reMrleparypnr4x po3noAiris sa pa4iycou y nnyrpimnix
uapax B yMoBax HeBI,I3HaqeHocri o4niei 3 rpaHr,rqHnx yr{oB Ha uexi ruapin, sa

AorloMorolo BBe.qeHHf, yMoB iune4ancHoto rl{rry Ao3BoJUre ui4nurqzrz roqHicrr
qI,IceJIbHI4x po3pDrynris ra eQerrunnicrr rcoHrponrc TeMneparypr{ B cKJraAHrlx
CI{CTEMAX.

YAocroHaleHo MareMarn.IHi vroAeri Te[JroBkrx npoqecin, qo ni46yBarorbcr y
cKJIaAHI{x 6ararouapoBllx o6nacrsx npn rqimHoMy ra He rqinrnovry ronrarri
uapin xri, na ni4rr,riny ni4 iuryroul4x, BpaxoByrorb pisni 3aKoHr{ rerroo6uiny na
uexi pos4irry ruapin, ulo 3alle)Karr eiA Iqyra rroBopory eJreMeHTy HaBKoJro ceoei oci
i AossoJltlorb po3paxoByBartr reMneparypy oKpeMux enervrenrin nzpo6iB, rrlo
cflpnte uiAsLIqeHHro eQercrnnHocri KoHTpoJIrc TeMrreparypu B cKJraAHr4x cr{creMax
ra MeroAlI posa'xa4y o6epneHzx xpafionnx 3aAaq renno[poni4nocri tri, Ha ni4rvriny
ni4 icnyrouLlx, BpaxoByrorb guiHni rpaHwni yMoBr{, 3acrocoByroru inrelpanbrry
yMoBy 6anancy rerIJIa 4nx uo6y4oBl{ po3B'.a3Ky, rrlo Aae uo>rcnr,rnicrb po3rrrr4purvr
KoJIo 3acrocyBanb MeroAin posn'r3aHH.f, o6epHenux 3aAaq, qo B cBoro .repry

Ao3BonaJIo uiAsulql,Irn eQerrunHicrr KoHTponrc reMneparypr{ B cKJraAHr.rx

CLICTeMaX.

IV. IlparcurqHe 3HarreHHfl oAep)I(aHrrx pe3yJnraris rorqrae y crnopeuHi
pfl['y MaTeMaTI,FIITLIX MoAenefi ra [porpaMHzx MoAyJIin, rqo Marorb rvroxrnsicrr
aAanrarlii Ao AocniAxeuHt pisHux cKJIaAHLtx cucreM Ta MoxJrr4sicrr BrrKopr4cral:as,

B crlcreMax KepyBaHHs. [poqecaMl{ BkrroroBJreHHrr Apory. Pospo6neHi rraero4u i
gaco6n posn'rsanHf, 3aAaq 6ywt BlrKoplrcraHi ui4 rrac po3po6rcn rexHoJrori.rHoro
o6raAnanrrf, [poqecin cuixanH.f,, rap.flqoro [pecyBaHHr ra BlrcoKoreMrreparypnoi

4eQoprvraqii nupo6in ranoni.rHoi ra neraHoHi.{Hoi Qopuu is uopoum6nux
rraarepianiB AnA rporHo3yBaHHn nepe6iry uoxexi i po:pacyHxin reureparyp B
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cKJraAHrax cvcreMax, qo [iATBepAx(eHo aKtaMLI BrIpoBaAXeHHt Qiprr,ru <Kapvru ra

Qiprrau <Neutronic>>.

Orpnrvrani n npoqeci AocniA)KeHb TeoperLlrl i noloxeHrul MolKyrb 6yru

nzropracrani y rloA€lJlbruoMy f,K rlpla uoruu6neHoMy

MareMarl{rrHrlx uo4elefi, HenoKzlJIbHI{x 3aAarl, pisnuqenzx
BUBqEHHI

ruero4in,

Teoprl

TaKis
npaKrurrHifi .qismHocri upu uo6y4oni crlcreM KepyBaHrul rpoqecaMll uarpiny

pyxoMrlx ra HepyxoMrrx enpo6in s 4irounuu nnyrpinnirr,ru ra sosHiIxHiN,Iu

AxepenaM vr. T errlra, nanisy reMrreparypHl4x poeno4inin nnpo6iB cKJIaAHoi Qoprvru.

Orpurrrani perynrrarlr BrrKopucmni nprl BTIKJIaAaHHi Icypcin (rlucenbHi vrero4n>,

<PieHrHH.f, 3 rracrr{HHlrMrr noxiquuulo>, <PisHrHHf, MareMaru'rnoi Qisurn>,
<MoAenroBaHru rrplrpoAHlrqux ra rexrloJloriqnux npoqeciB)) Ta isurux y
Kperr,renuyrlbKoMy naqiouanbHoMy yHinepcureri irraeHi Muxafina

OcrporpaacbKoro.

oa3Yerbct Ha

MaTeMaTIttIHOl

V. .{ocronipHicrr ra o6fpynronanicTb oTplrMaHrx pesylrrarin

,{ocronipnicrr i roqnicr pe3ynbrarin, orpnuaHnx y Arlceprallifinifi po6ori,

Br{Kopr{cTanni ueroAis IuareMaTl{rlHoro MoAeJIIoBaHHx ra arrapury

Qiszxu, :a6esneuyerbct rII{ceJIbHpIMI't eKcnepl{MeHTaMI4,

siAnoniAHicrro ruo4enefi, rexHoJrori.rHlal\,I i QisuvnuM npoqecaM, pe3yJlbraraMl4

AocliAxenr inurrur anropin ra pe3yJlbraraMu HarypHr{x eKcneprlMeHris. y
ra6twlsx 2.I, 3.I, 4.L, 51, 5.2 naseAeHi reMleparypni snaqeHlrfl qrlceJlrnnx i
HarypHr.D( eKcrrepr{Menrin pisnrx rerrJloBux npoqecin, ruo po3rJrtAalorbcf, B

Alrceprarl ifinifi po6ori. e arrauu BrrpoBaAx(eHHt ([oaarorc 1 -3 ).

VI. IlonnoTa BIrIsIaAeHux HayKoBIlx noJIOxeHb Ta BIICHOBKIB

Marepianu Al{ceprallii orry6lirosaHi B 58 HayKoBIrx npallflx: g Hzx 3

sarop4oHni rorercrusHi rr,roHorpaQii [1-3], 11 BKrIoqeHi ao uixnapo4nr'rx

HayKoMerprrqHax 6az SCOPUS ra Web of Science U3, 19, 23, 25-3Il(
https://www.scopus.com/authid/detail.uri?au'thorld:48361287400), 20 crarefi y

Qaxonnx BuAaHH.nx Yrpailru, 35 rry6riraqifi y s6ipuuxax rvrarepialin ronQepeHqifi

[25-58], oAnooci6nrx rry6niraqifi 5.

AHanis rry6niraqifi Aogsome spo6urll BrIcHoBoK, IrIo ourosHi pe3yJlbrarl4

AlrcepTarlii sHafiuglu IIoBHe ni,4o6paxeHHt B HayKoBI4x BLtAaHIntx.

AnropeQepar y uosHifi uipi nia6vBae ourosHi uoJloxeHHs. Ta orpzuani

aBTopoM pe3ynbraru 4ocni4xenr.

VII. OQopMJreHHq 4ncePraqii

,{ncepraqi.fl e sariHrreHoro [paqerc, ulo BI4KoHaHay BHrnf,Al [lAroroBJleHoro

pyKorncy. ,{ncepraqix otfoprranena sri4no BplMor Ao o$opulennx. Crrrrrr

BLrKJraAaHHrr HayKoBofo r"rarepiany sa6erueuye fioro qirre Ta oAHo3HarrHe
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po3yMiHus. 3l\aicr anropeQepary i4enruuHzfi ocHoeHLrM nono)KeHHrM 4rEcepraqii
ra uosHicrro sucsiTJlloe orpuuani aBTopoM pe3ynbrarn 4ocni4x{eHb i sucHonKra
po6orz.

VIII. 3aynaxceHHn Ao 4ncepraqii

1. He sosciN,I sposyrrrino n po6ori, a xrurx @isn.*rux rraiprynanr ni4 vac
rrocraHoBKr4 3aAaq nn6upaerscs rarcuit [apaMe TerrJroBoro lpoqecy, f, K
culra crpyMy i fioro sanexHicrr ni4 uacy?

2. Mr.f, KIrx rexHonoriqnux upoqecin 6yno AocmHeHe KepyBaHH.rr rerroBlrM
upoqecorvr?

3. B pos4ini 2 nil qac Bu3HaqeHHf, neni4or,rzx reunoSisuqHnx
xapaKTepllcrtlK n sa4a.ri rerlnolpoai4Hocri BLt KoplrcroByerb cr yMoBa AJU1

nen'sgri V,l=d. Hesposyuiro, is .f,rrx uiprynaHr o6upaerrcx 4pzrepifi
6 ws. nes'sgxi?

4. B poa4ini 3 npe4craBJleHa MareMarnrrHa MoAeJrb relJroBoro npoqecy, ulo
nig6yeaerrcx ui4 4iero nnyrpiunix i gosHiuurix nepio4zvno 4irovzx
A)KepeJI TelJIa. Bsaxalo 3a 4oqilrne 6inru AeraJrbHo po3rJrrHyrLr
TexHoJrori.rHlrfi [poqec, qo onucyerbcr raKoro MoAenJrro.

5. Cnia noflcnurkr, flK! poJrb ni4irpae yMoBa iuue4ancHoro rlnry B

TexHoJrori.rHzx npoqecax i n ffiouy Br,rnaArcy 4oqilblro rno4zrz iT y
MaTeMaTrrqny uo4enr?

Brasard 3ayBax(eHnx napri o6ronopeHur ni4 qac 3axncry i He 3HmKyrorb
saranrHoi rro3rrrrrBHoi oqinru 4ncepraqii.

BI4CHOBOK

Ha niAcmni BlrrrleBr,rKJraAeHoro, BBa)K€rro, qo 4ucepraqifina po6ora
Ko6unrcrroi Onenz Eopucinnr,r <<MareMarrrrrHe ra KoMn'rorepHe MoAenroBaHH.rr
TerIJIoBkIx npoqecin y cKJIaAHax cllcreMax 3 pyxoMr4Mr{ Ta HepyxoMLrMLl
OCeCuMeTpLlrIHuMI{ eJIeMeHTaMIiD) e 3aBeprueHOIO HayKOBOIO npallelo, B srifi Ha
ocnoni BuKoHaHrD( TeoperlfiHIax i eKcnepr{MeHTanbHrlx AocliAxeHb orpzMaHo
HoBe piruennx saxnunoi HayKoBo-[pLrKJIaAHoi npo6leMr{, rKa rroJrf,rae y pospo6qi,
y3aruulbHenni ta po3Bt4TKy reoperl4qnoi ocnos[ MareMarr4rrHoro i rouu'rorepHoro
MoAenrcBaHrrf, upoqecin reunoo6ui"y y cKJIaAHrrx clrcreMax. OcranHi BKrrcqarorb
y ce6e 6araromaponi pyxovri ra nepyxonai eJreMeHrr4 rrpra rqinrHorvry ra He
qinrnorrry ronrarci urapin ocecrrMerprarrnoi$opMr4 rrlo narpinarorbcr 3oBHirunirvru
a6o nnyrpimnirvru A)I(epenaMr renJla a6o oxoJroAxcyrorBcr i npaxoByrorb
sarexHicrb reMneparypHoro rIoJL[ ni4 ryra o6epranHx eleuenriB HaBKoJro cnoei
oci ra cKJIaAHT.D( yMoB rennoo6uiny nonepxni s oroqyrcqLrM cepeAoBlrrrleM.

3asHaseHi saynaxeHH.a He BrlnllHynn na qricru A ceprarlifinoi po6orz, He
3MeHrrrlrJur iT nayroBoro ra npaKTr{rrHoro 3rraqeHH.n.

I{e Aae 3Mory spo6nrz BLrcHoBoK npo re, rqo 4ucepraqifina po6ora
<<Mareuatrqne ra KoMn'totepue MoAeJrroBaHHfl TeuJroBrlx upoqecin y cKJraAHr4x
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c[cTeMax 3 pyxoMrIMLI Ta HepyxoMrrMLr ocecuMeTprirqHr4Mu eJreMeHTaMz) noBHicTK)

nignonigae BI{MoraM rrynrcrin 9. 10, 12, 13,14 dloprArry rpucyAx(eHHr HayKoBrirx

crynenin>>, 3arBepA)KeHoro rocraHoBoro Ka6inery MiHicrpin Yxpainvr ni4 24.07.13
p. J\b567, il'anrop, Ko6ranrcxa Onena Eopncinua, 3acJryroBye Ha rrpncyAxeHHt
HayKoBoro cryneH.fl AoKropa rexni.rHrx HayK sa cueqianrnicrro 01.05.02
MaTeMaTIltrIHe MOAeJrrOBaHH.f, ra O6.IUCnrOeanrHi MeTOArr.
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nponi.qnufi nayrconnfi cninpo6irnnrc niqqi.ny
HerpaArrrlifi nux eHeprorexno.rrorifi
Incrnt"yry npod.rrervr MarrrrrHo6y4ynannr
irvr. A. M. Ili.qropHoro HAH Vrpainu
AoKTop rexniqHrx HayK, upoQecop
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