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Ha Al{cepraqifiuy po6ory Cuuara.{unrpa MuxafiloBvr'ra Ha reMy:
<<Hayrcono-Teoperuqni ocHoBrr uacoo6uiuy y crrcreMax 3 TBepAoro Saroro>>o

f,Ky rlpeAcraBJreHo na s4o6yrrt HayKoBoro cryrreHr AoKTopa rexHiuHlrx HayK
sa cneqianrnicrro 05. 1 7.08 - rpouecl{ ra o6ra4n aHHfl. xiMi.{uoi rexnolorii

XiMi.rHa npoMLlcnosicu Yrpainra e o4niero s uponi4nlrx rany3efi eronouiru,
.lIKa crBoploe Syu4alvrenr erononai.IHoro 3pocraHH.rr i coqianbHoro rtporpecy
cycnilrcrna. BoHa s4ificnroe BI,rcHarlaJrsrrnfi, BrrJrr4B Ha eKoHorvrivny curyaqiro y
4epxani sa6esue.ryrcqn pealisaqirc naqion€urbHr4x inrepecin B yMoBax rno6anisaqii.
Bia ii e$errunHocri garell{I{Tb po3BI4roK eronouiru, ocrimKr4 BoHa sa6e:neuye inrui
ranysi tlpoMllcnoeocri HoBI{MI4 rlpo,{yKTaMr4. Paso\a is qraru, xinai.rHa npoMrrcJrosicrr
e oAHIaM g nafi6inrruux sa6pyAHloBaqie Haexorr4rrrHboro cepeAoBr4rrda, oAHaK, BoHa
TaKo)K :afiN,raerrc.{ i yrzli:aqiero nzpo6nzuzx ni4xo4ir, Br.rKopr4craHHrM ix sr
BTopI4HHoi cnponunu.

Hayroni po:po6rn n rarysi upoqecir ra ailaparie ruraroru BaxJrr4Be 3HaqeHHrr
Artx po3BI{TKy xiir,ti.rHoi tlpoMl4cnoeocri Vr<painz {K y unaHi crBopeHHrr HoBr4x
nucoroeSeKTI4BHkIX Ivrero4in nepepo6neHHr crzpoBr4Hr4, TaK i y n4ocrcoHa-uenni
icnyrovux rexHoJrori.rHr,rx npoqecir uloAo eHepro- i pecypco:6epexeHH.f,,
3MeHIrreHHx co6ieaprocri Ta uoKpalqeHHr sr<bcri rorosoi upo4yrqii. Bnpona4x{eHHf,
nucoroe$eKrl4BHl4x HayKoBo odrpynroBaHurx innonaqifiHr{x rexHolorifi y xivriuny
rlpoMl4cnoeicm sa6esue.Inrr ii KoHKypeirros4arHicrr Ha nnyrpiruuboMy i
:onniruurouy puHKax. Einrruicm rexHoJroriqnzx upoqecie y xirr,riqnifi
rlpoMllcJlonocri nig6ynarorbct y crrcreMax rBepAe rino - ra3, TBep4e rino - pi4r,lna
a6o rnepAe rino - pi4uua - ra3. ,{ocni4xeHH.rr BKa3aHvrx npoqecin e cKJraAHuM
6araroQaKTopHHM 3aBAaHHf,M, plrrreHHr rKoro Br{Marae BeJrr4Koro o6crry
reoperl4qHux ra eunipuvnzx Aocri.{xenr. Iuryrouufi o6csr iH$opuaqii qoAo
3aKOHOMIrpHocTer4TETIJIOMACOOOM1HY TA fl.qpoAr4HaMlKI{saKUHUMIpHOU'r'cr4 'l'cllJloMa(,oooMrHy Ta T1.4pOAI4HaMIKLI y CI{CTeMaX 3 TBepAOK)

Sasoro, n 6ararrox BLITIaAKax Hoclrrb npr4Baryufi, xapaKTep i e neAocrarniu 4rx
npoeKTyBaHHt eHeproeSeKTI{BHI{x pecypco36epirarovrrx rexHonorifi . I{e crocyerbct
TaKLIX npoqecia, flK po3quHeHuf, uori4racnepcHr{x cynairueft reepAoi S*"
HeoprauiuHHx ra opraniuuux cIroJIyK, a6cop6qii y rpusasnifi czcreui rBep.qa
perIoBI4Ha - pi4zHa - fffi, uero4in iureucz$iraqii npoqecin uacoo6uiHy rorqo.
B upimenHro rlr{x npo 6nerr i npzcnxu ena Aa:aa 4r.rc epraqix.

AxryanrHicm pesynrrarie Al4ceprarlifisux gocri4Nenr ni4rnepAxyerbcx rqe fi
TI4M, IrIo BoHa ri4noei4ae npioprzrerHlrM Harp-f,MaM po3Br,rrKy HayKr4 i rexniru e
YxpaiHi Ha uepio4 Ao 2020 p. (3ar<on YrpainH <llpo upiopurenri Hanpfl.rrrkr
po3BI4rKy HayKI4 i rexnirz), cr. 3, uu. I, 3, 4) ra crpareriunrau upiopr4rerHuM
HarpqMaM iuHonaqifinoi 4irnrnocri n Vrpaini na 20111021 pp, rnaHy HayKoBo-
gocni4nux po6ir rca$e4pn upoqecin ra o6ragHaHH.f, xiNri.rHzx i naSrouepepo6Hzx
nupo6nuqrn Cyuctroro AepxaBHoro yHinepczrery, 3OKpeMa 3 TeMOro

Te[JroMacoo6uiHnoro.
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lpaHyntrqifinoro ra cenapaqifiHoro o6ra4nannx>> :ri4uo 3 HayKoBo-rexniqHoro
rporpaMolo Miuicrepcrna oceirn ra HayKr{ Yr<paiHu (uouep Aepxpeecrpaqii
011su0025s1).

CryniHr
peKoMeHAarIifio

o6rpynrosaHocri HayKoBrrx rroJrolr(eHb, nucnoercin i
cQoplly.tboBaHrrx B Ar{ceprarlifinifi po6ori Czuaxa n.M.

6asyerrcx Ha KpI{Tt4qHoMy anarigi sir.rusH.rHrrx ra iHoseN,rHzx Ax{epen dreparypz
(292 Yainvrenynanr) 3a AaHoIo upo6reuoro, rrocraHosrli Naeru i sa4au 4ocli4xeHnx,
BllKopl4cranni cyvacHrlx uero4in 4ocri4NeHr, aualigi orplrMaHLrx pe3yJrbraris i
nopinuxnni 3 pe3ynbraraMll iHrunx 4ocri4nzrin, SopuylrosaHHi orpr4MaHr4x
sucHosxin. Teoperu'rrrkril aHaris BLrKoHyBaBcr Ha ocnoni cKnaAaHHr MareMarrrqHr4x
uoAenefi ra ix piruenux ananirra.Ino (: Br,rKopr4craHHrM MeroAy 3aoHoBaHoMy Ha
neperBopeHHtx llantaca), a eKclepllMenraluri AocliAxenns suroHaHi 3
BLIKoppIcraHHtM cyrlacHoro na6oparopHoro o6ra4naHHfl Ta rouu'rorepuoi rexuixlr,
o6po6ra pe:ynrrarin eKcnepl4MeHr€urbHlrx Aocli.uxenr srificHrosaracb igpe3ynbrarlB eKcnepr4MeHT€LrrbHrrx ,qocliAxenr 3.Ulr4CHrOBarraCb
3acrocyBaHHrM rrprrKJraAHr{x rraKerie MathCAD ra MS Excel.

{ocronipnicrr pesy.nurarin Aoc.niAxeHs ga6esne.ryerbcr KopeKrHoro
IrocraHoBrcoro i enpiruennrM 3aBAaHb 3 Br.rKoprrcraHrurM SyH4arraeHT€urbHr.rx rroJroxteHb
ri4po4Ianavrira i reulovtacoo6vriny is 3acrocyBaHHrM craHAaprHkrx rporleAyp
MareMarr4qHoro aualisy, ei4noei4nicrro :rraicry MareMarurrHr4x KoHcrpyKqifi cyri
,qocniAxyBaH[x npoqecin, BI{Kop[craHHrM aupo6onanzx MeroAr4K upoBeAeHHrr
eKcnepl{MeHT€trlbHl{x 4ocniAxteHb, BIIKoHaHI4MH eKcrrepr{MeHTaMu, BraKoptrcraHHrM
cfracHl4x [pI4KJIaAHLIX Kotvtr'rotepHl4x rrporpaM Anfl o6po6xra peaylrraria
eKcrIepI{MeHTaJIbHrIx AocliAxenr. AAeKsafi{icm MareMarurrHr.rx uoAelefi
3anponoHoBaHl4x aBTopoM ui4rnepAxteHo eKclepr.rMeHTaJrbHo. Hayr<oni uoroxeHns
Ta reoperz'rHi BI4OHOBKLI y cBoeMy rori.rHoi\ay BrrKJraAeHni ne cylepeqarb ocHoBHr4M
rIoJIo)KeHHtM cyqacHux reopifi s ri4po4ranairairu i renlovracoo6uisy y cr4creMax
rBepAe rino - ruts, rBepAe riro -pipuna, rBepAe riro - piguua- ra3.

Hayrcona HoBu3Ha orpLIMaHIrx pe3yJrcrarin. Anrop ALrceprarlii zaxuuqae 12
HayKoBlIX rloJrox{eHr, xrci y po6ori rna-ui$ircyrorbcr -rrK HayKoBa HoBr43Ha.

3orcpenaa:

13

rcpzrepianrni pinnxnnr xoe$iqienrinKpkITepl€LJIbHl plBHtHHt An.f, Br{3HarreHHr BTpar rr4cKy, xoe$iqieurin renlo- i
rr,raconi44aui, pospaxynr<oni 3€ule)KHocri 4nx Br{3HaqeHnx roe$iqieHrin azsysii
y craqionapHoMy ruapi 4ocni4xyBaHr4x naarepialin, qo Aarorb 3Mory
rlporHo3yBarvr eHeprerzuui 3arparLI Ha rlpoqec $inrrparlifinoro cyruinnr
4ocni4xyBaHllx naarepialin, Bn3Haqarr4 ocnosHi KoHcrpyKrrasHi po:vripz
cyrrrr4nbHoro o6laAHaHHs ;
rpurepialrui pinn.anru ilnfl BI43HaqeHHr roeSiqienry vraconi4gaui nia qac
po3qLIHeHHt oAuHapHux qacrLIHoK, xrci npaxoByrorb svriny o6'euy pi4roi $usta
ni4 .rac p o3qLr HeHHrr BHacJri4or :rvriur.r KoHrleHrpaqii;
oAepx{aHy Synrqiro posuo4iny qacrllHoK uiA qac rpoqecy po3rrr{HeHHq
uoli4IacnepcHl4x cyuiruefi 3a yMoBr{ sN{iHLr pyruifinoi cvrrv, qo A€Lno 3Mory
Bkr3JJa'{vrrkr MacoBy qacrKy po3ql4HHoi coni 3€LJrelKHo ei4 6esposvripuoro qacy;



MareMarkIqHy MoAenb cKJIaAHoro npoMoreqifiHo-uporure.rifiHoro rpoqecy
po3qr4HeHux ranifinoi py4z;
rinerzqni saxoHorraipnocri necraqionapHr{x upoqecie po3qr4HeHHrr rBepAux
perroBr.rH y craqionapHoMy ruapi 3epHucrofo uarepialy, ulo Aarorb 3Mory
npofHo3yBarr4 inrenczsnicrr npoqecy ro Br4cori anapury i n uaci;
MareMarLIqHy MoAenb eKcrparyBaHHf, po3rrr4HHoi peuonnnz 3 TBepAkTX
oALIHapHIax qacrLIHoK [JIocKoi ra r<yrrcroi Qopvrn ra 3 ruapy 3epHricroro
nrarepiarry, rlo Aae 3Mory Bu3Haqr{Tr{ KoHrleHrpaqiro
Brrcorr4 rxapy ra neo6xiAnoro qacy eKcrparyBaHHfl;

KOMTIOHEHTA NJJ[, TICBHO1

po3paxyHroei sanexsocri Ant BI43HaqeHHrr rcoe$iqienrin nuyrpinruroi gnsysii
li4 vac eKcrparyBaHHt rBepAoro KyrpyM cymsary: ranilxpie sa nocrifiHoro i
nepiogzvuoro BaKyyMyB a:a:nfl cHcreMH;
reoperuqHi sanexsocri uacoo6vi"y y rpu0a^:nifi cucreui ras - pi4uua -
TBepAe rlno;
MareMarLruni uo4eni lpoqecy Qievunoi a6cop6qii ra xeMocop6qii cynrQyp
(IV) orcury, u{o Aano 3Mory BIl3Harrr,rrLr cryrreHi ovzrqenHfl Ta orlinzrz BrrJrr4B
reepAoi $as" Ha npoqec oquuleHHt
po:paxyuroei salexnocri, sri Aarorb 3Mory rrporHo3yBarlr riHerury
eKcrparyBaHH.f, po3qI4HeHoro KyrrpyMy cynb,bary 3 rropr4crvrxqacrunor rcaoliny
3 ypaxyBaHH.[M iHrenczeHoro uepervriruyBaHHr y 3aMKHyroMy uepio4zuHoMy
npoqeci;
reoperz.rHi ac[eKTI4 iurencu$iraqii Sisuunoro po3rrr,rHeHHr rnep4Hx rin B
yMoBax B aKyyMyBaHHt cHcreMI{ 3a paxyHo K [apo Br4 x 6y w6 aruoK po3q r4:nHwKa;
pe3ynbrarl4 Teoperl'ItIHLIX i erccuepr4MeHT€urbHrrx 4ocligxenr 4u$ysifino
KoHTponboBaHLIX npoqecia po3qEHeHHt rBepAzx ril, rri cynpoBo.qxyrorbc.f,
3HarrHlrM TeIJToBLTM e$ercrovr y soni n:aevro4ii
MareMarLIqHy MoAenb Hecral{iouapnoro [poqecy rerrnoo6vriuy 3 rroBepxHeBr4M
Ax(epenoM TeIIJIa, rrlo Aae 3Mofy BI,I3HaIInTLI TeMneparypr y TBepAonry rili ra
pi4rannouy cepe4oevruli.
Ifparruvne 3HarreHHfl 4ucepraqii. Orpuvrani n rcpnrepialurifi $opui

pinnrrulr Aalorb 3Mory rporHo3yBurkr ri4po4unauiry, rerrJro- i rrracoo6uin
4ocni4xyBaHl4x upoqecin rd, siAnoeiAHo, eneprerzuni 3atpurtr i eroHonriuny
Aollinrnicrb 3acrocyBaHHrl Iu4x Mero4ie 4nx KoHKperHr{x Ar4cnepcHr4x vrarepianin.
3anpouonosaHi Mero.{LIKLI po3paxyHKy noriAzcuepcHr4x upoqecin po3quHeHHr,
craqioHapHllx ra HecraqioHapHI4x upoqecin uacoo6uiny ra Br{3HaqeHi eSerrunni
rcoe$iqienrz Au$ysii nia qac eKcrparyBaHH.rr po3quHHux ra rBepArlx KoMrronenrie s
TBepALIX qacrtlHoK Aarorb 3Mory rrporHo3yBarz qi rrpoqecv ra BcraHosrroearu ix
eSerrunuicm ra eKonolaiqny 4oqinrnicrr na eraui pospo6neHH-{ TexHorori.rHoro
npoqecy. llparrzvna peanisaqix AocriAxenr raKox{ ni4rnepAxyerbc{ aKraMr4
BrpoBaAxeHH{ Ha An <Cyucrruft 4epxannzfi HayKoBo-4ocni4ruafi incruryr
uinepanrHux 4o6pzs i uirlaenris) (arr nupoBaAlreuHr eia 18.05.2018 p.), TaOB
<Incrnryr dIPXIMTIPOM) (arr BrrpoBaAx(eHH-f, sil 1 1 .09.2018 p.), ATEK



.{o6pornipcbKa TEC (arr nnpoBaA)KeHHr sit23.03.2018 p.) i s HaBq€urbHzfi npoqec
Anf, neKqifiHux ra rIpaKrLIuHtIx rcypcin y CynacrroMy Aep)KaBHoMy yninepcrareri.

3na'reHHq pe3yrbrarin po6oru Arq HayKu ra rrpaKTrrKr.r. 3anpononoeaHi
aBTopoM naareMarz'rHi Irao4eni 4.nfl upoqecin cyurinnr, po3qr4HeHHr ra
eKcrparyBaHH.f, B cl4creMi rnepAe tilo - r€t3, rBep4e rino - piguHa sa6e:uevyrorr
posn'xsanru aKTy€uIbHLIX TeopervqHux ra [pLrKJraAHr4x npo6leu Arrfl xiuiqnoi
npoMlrcnosocri. O4epxani pose'xsrx 4r.rsepenqialrnrax pinHxHr laolerylxpnoi
4z$ysii, arci epaxoBylorb slr,riuy KoHrIeHrpaaifi. y piarcifi $a:i, ra rerrJrorponilnocri s
rroBepxHeBuM pKepeJroM TefrJra e Ba)KJTLTBUMLT I^nfl
Aarorb 3Mory rrporHo3yBarr4 eHeprerzuni sarparn

lpaKTr4rrHoro 3acrocyrannx 6o
na eraui upoeKTyBaHnfl. HoBrrx

TexHoJloriqHvx upoqecia. Po:po6neni Ha ocnoni y3aranbH"""" TeoperuqH'x ra
eKcrIepI4MeHT€lrIbHLIx 4ocni4x{eHb TexHoJlori.rni cxeMl4 Mo)r{Ha peKoMeHAyBurLr Anfl
BI4KopI4craIJHfl B npaxrzunifi 4ixnurocri HayKoBo-AocniAHrzx i upoexrHo-
KoHcrpyKTopcbKl4x ycraHoB xiuiuHoi, xapvonoi Ta ri4porraeranyprifinoi
rrpoMracnoeocri.

ilonHora BI'IKJraAeHHfl pe3y.u rrarin Aoc.niAxeub B ouy6.nircoBaHrrx rparlfl x.
Ocnonni pe3ynbrarz 4ocni4xteHb ony6niroBaHo y 36 HayKoBrrx nparlflx: s Hwx 22
crarri, 3oKpeMa 2l
Vrpaiua, 3 rKr4x
HayKoMeTpr4rrHr{Mr{

crarrr y HayKoBtlx Saxonzx BrrAaHHf,x : nepenir<y MOH
9 crarefi y Br.rAaHHrx, ilIo iu4ercyrorrc.a vrixnapo4ntrMr
6asavru, ra 1 uy6nircaqix y Saxonouy nrz4anui iHoserdHux

AepxaB, 12 ny6niraqifi y vrarepia-rraxra rpaqrx rousepenqifi, orpuMaHo 2 narerrru
Vrpainz Ha KopucHy MoAeJrb.

3laicr anropeQepary e i4enurqHzM Ao ocHoBHr{x rrono)KeHb ALrceprar{ii ra
o SopvrneHnfi sriAHo 3 rrr.r HHr4Mr{ BLr MoraMra.

Oqinrca svricry Arrceprallifiuoi po6oru. lzcepraqifina po6ora cKnaraerbct
:i ncryny, BocbMLI poe4ilin, ezcHoeriB, crurcKy Br'rKopr.rcrannx Axepen, 4o4arxin.
3ararrnzfi o6csr Allceprallii cranoeurc 393 cropiHru; ocHoBHoro reKcry - 317
cropinor. .{ncepragifiua po6ora uicrrarr 18 ra6nurlb ra 84 prEcynKn ro reKcry,
crrlcoK BI4KopI{craHI4x Ai(epen is 292 nafiuenynaHb Ha 34 cropinrcax, T 4o4arr<in na
16 cropiHxax.

Y ncryui o6lpynroBaHa aKry€ulbHicrr 4ucepraqifinoi po6orz, c$opnaynboBaHo
Mery ra 3aBAaHux 4ocli4xteHH.fl, 3s'.s3oK po6oru 3 HayKoBt4Mrr [polpaMaMl4, TeMaMI4,
HayKoBa HoBI43Ha ra [paKTLIqHe 3HaqeHHr orpr4MaHr{x pe:ylrrarin, oco6ucruit
BHeCoK S4o6yrava y rpoBeAeHrrx AocniANeHHrx ra uy6nir<aqixx.

y repruoMy por4ini AI4cepraHr nprrBo.{Hrb rcprarzvnzfi ornrA ruKepen
nireparyprl, B tKovry ezcniTnloe cyuacuuit, craH Teoperr4qHr4x acrreKris renro- i
naacoo6vriHy y cl4creMax 3 rBepAolo Qasoro, a caMe cyruinnx rBepAHX vrarepianin y
craqionapHoMy ruapi, po3qr4HeHHfl. Ta eKcrparyBaHlfl 3 TBepAoit Sa:u, upoqecu y
tpn$a:Hifi czcreui ra cyuicsuir. rerrJroMacoo6l,rin y cucreMi rnepai rino - pi4uni,
Ha ocHoBi srrax po6zG BLIcHoBoK, I{o B Ha-rrBHr.rx uy6nir<aqixx He4ocrarHbo azs.reHi
rII4raHHt ri4po4Iauavrixu, Annauir<n i renlo- i vracoo6vriuy y cLrcreMax rBepAe rilo -
ra3, rBepAe rino - pi4zna. Ha ocHoei aHanisy pxepen iusopvraqii csopr,rylrosaHi



Mera i sa4aui AocriAxenr.
y ApyroMy por4i.ni npeAcraBJreHo MeToALTKLT reoperlrrrHlrx i

eKcrIepuMeHTEuIbHI{x AocriAxeHr ra cxeMLr eKcrrepkrMeHTurrrbHLrx ycraHoBoK.
O6rpyHroBaHo ua6ip o6'errin 4ocri4NeHHr ra naeeAeHi ix ocnonHi Sisuro-xirr,ri.rHi
i Sisuro-N{exani.rHi xaparrepllcrl{Kr4. llpe4cranlreHo crurrcru'rHuir, MeroA oqinru
gocronipHocri pesymraris.

Tperifi posgi.n upzcnr.renufi eKcrrepvMeHrzurbHoMy gocri4xeuuro
ri4po4nnauixz SinrrpyeaHHfl TelJroBoro areHTy r<pisr urap cyxoro i nolororo
rr,rarepialie ra fioro reoperl{qHoMy y3ar€urbHeHHro. flnx ouucy BTpar rLrcKy n ruapi
AucnepcHoro Marepialy aBrop BLrKoplrcroBye nuyrpiruurc 3a.qaqy ri4po4ranauir<ra,
npoBoALTTb anarig orpkIMaHLIX pesyrurarin, Br4KopkrcroByroqu MeroA reopii
uoAi6nocri (pinnxsss 3.6 - 3.8). HaseAeHi pe3ynbrarn Br43HaqeHHr roe$iqieurie
renloeig4a.ri ni4uac SirurpyBaHHt renJroBoro areHTy rcpisr ruap cyxoro i eorororo
uarepiany, a raKo)I{ roe$iqieuria vracoei44aui. VsaranrHeHHs orp}rMaHr{x
pe3ynbrarin, xr IIe 3araJlbno upufinxro, rrpoBoAr{nocb MeroAoM reopii uo4i6nocri i
npeAcraBJreHo y numxgi lcpzrepialbHr{x pinnxnr Nu=.f(Rr,Pr, f) i
Sn= f@c, Pr, f) (pieH*trs,3.2I -3.24,3.28 -3.29). Ha ourosi rinernrcu cyruinnx
3epHa ntuenaqi, flKa Iuicruu JIIIIITe enyrpirunro Bonory i cupuennx rpaHyJr
IIrJIaKoBoro rpaeiro Bu3HaqeHo napaMerprr Buyrpirunroro BoJroro [epeHeceHns ra y
ra6ruqsx 3.7 i3.8 rpeAcraBJleHo 3ailelKHocri roeSiqieura nnyrpinnroi 4ra$ysii sia
reMreparypr{.

y qerBeproMy posqiri upoanari3oBaHo neninifiny srraiHy o6'euy ra
KoHlleHrpaqii uia qac po3qvrlne:r':r^s, KoJrr4 rycrr{Ha pigraHHoro cepeAoBr4rrla ra fioro
o6'eu e sNIiHHIaN,Iz BerI4rILIHaMu oco6ruso B o6nacri BrrcoKlrx KoHrleHTparlifi.
Hane4eno pe3ynbrarla .qocriAlreHHr rrpoqecy po3rrr{HeHnx noli4r.rcnepcHoi cyuirui
rnepAoi bar:,^, Ta:rra ocnosi Synrcqii posno4iry qacrr4HoK 3a ix 4iarraerpoM, MeroAoM
rpaSiunoro iurerpyBaHHt BLI3HaqeHo snaiHy KoHrleHrpaqii rnepgoi pevonLrHr4 y qaci.
Posruxnyro rinerzr<y nptMoreqifiuoro HerrepepBHoro po3r{r,rHeHHfl qacrr{HoK
6eHsofiHoi ruclou4 y BeprI{K€uIbHoMy ailapari ra erccnepr.rMeHTzlnbHo Br43HaqeHo
rconqeurpaqii KLtcJrorI4 Ha piauux Br{corax. llpe4cranJreHo po3quHeHHt
craqionapHoro uaPY, rqo MoAenroe uepioAra.{Hufi npoqec po3qrHeHHr ruapy reep4oi

a3vr. Haae4eHo pe3ynbrarr{ eKcrrepr'rMeHTarrbHr.rx 4ocri4xeur uia qac
BaKyyMyBaHHs. cncreMll KoJILI pi4Iaua 3aKurrae i yrnopena napoBa $a.u y nurux4i
6yrr6auroK 6esnocepeAHbo Aie na rorpaHr{quuir. gu$yzifiuuir rop, qo cyrreBo
inrencu$irye npoqec po3qr'rHeHH.rr.

fl'srufi pos4il upracnavenufi 4ocri4xennro nnyrpiruHro 4n$y:iftnzx
vracoo6naiuHllx upoqecin y rnepgifi Sasi' uia qac eKcrparyBaHufl.. Poamxnyro
reoperl4rlni npoqecl4 eKcrparyBaHHr Ha rrpraKna4i o4HuapHr4x rracruHoK y Qopui
neo6uexenoi rIJIacrLIHrI Ta ryri. Heo6uexena rrJracrrlHa iuirye rrpoqec
eKcrparyBaHHt IIyKpy s 6ypxronoi crpy)KKra, a rracrzHKrir rynrcroi Qopnrn
rlpeAcraBJltlorb no4pi6neHy Al4cnepcHy $a:y. Hane4eni pe3ynbrarr4 reoperr4rrHr,rx ra
eKclepllMeHr€ulbHux AocniAlKeHb eKcrparyBanHfl. KyrrpyM cylrsary : xaninrpy ra
BI43HarIeHo xoe$iqienr nuyrpirunroi au$ysii 3 BpaxyBaHHqM uepeuiuqennx rpanuqi



TBepAoi Oasu y rcauilxpi, eKcrparyBaHHf, po3rrlrHHoro KoMrroHeHry s iueprHoro
Iuapy 3epHl4croro uarepiany. BvsnarleHo roesiqienrr4 MacoBi44a.ri ra rrpeAcraBJreHo
ix sHa'reHHfl y 6e:posvripHl4x KoMrrJreKcax. llpe4cran.lreHa MareMaruqHa MoAenb
AaHoro tlpoqecy Aae 3Mo ry tlp orHo3y Baru He o6xi4u uit'rac eKcrp aryBaHHr.

Y urocrorvry pos4i.ni nane4eHo rrpr4Hr{rEuianruy cxeMy vracoo6vitry y rpusa:nifi
clEcreui i uorcasaHo MoAenb posnpz4iJreHHr KoHrleHrpaqifi y czcreui r€13 - piazna -
TBepAe rino. Ha upzrna.{i oquqeHHt BLTKLTAHLTx ra^:ie rerrJroBr4x eneKTpocraHqifi ni4
4iorccz4y ciprz BoAHoIo cycueusiero xanrqifi xap6ouary po3rnsHyro Si:zuny
a6cop6qiro 4iorcIa4y ciprz i xeuocop6qiro ra BcraHoBneHo roeSiqieur
rpl4cKopeHH.{ sHacriAoK xeuocop6qifiHoro rpoqecy. llpegcranneHo reopilo
nracoo6rr,riHHoro rpoqecy y rpra$a:nifi cucreui ras - piguua - TBepAe rino ans
upoqecin s nocrifiHolo roBepxHero rnep4oi Sa" Ta 3a yMoBLr s\aiHHoi uonepxHi
K€Lnbq1I4 xap6onary. HaneAeno sanexHicu cryrreHr oquqeHHr r€tsoBoro
cepeAoBr{rqa siA cninni4norreHH-tr rnepAoi oar" ra ra:opi4unnoi.

Croprrafi pos4il rpl4cBtrrleufi 4ocni4nreHHro rerrJroMacoo6uinnvx upoqecie y
cucreui rBepAe rilo - pi4nHa Ha rpuKJra1ax ausysifino KoHrpoJrboBaHoro npoqecy
po3rIIzHeHHfl,, flKe cylpoBoA)Kyerbc.rr 3HaqHLrMLr rerrJroBLrMz e$exraMv\ Ha npr,rrna4i
n:aenrogii nrix qnnr<oM Ta po3qI,IHoM xnopnoi KtrcJrorr4, a raKoxt qacrr4HKr,r uanrirc ra
po3qI'IHoM uirparuoi rucnorrz. florasano, Iqo 3pocraHHr reMneparypn i nu4ineunx
BoAHIo Ha nonepxni TBepAoro rina crprrrorb inrencusixarlii po3rrzHeHHr.
BuAinennr BoAHIo B soHi pearcqii a6innlryorr r<oeQiqienrn uaconi44avi, a
3pocraHHt reMrleparypv sMiHrce Sisr.rr<o-xilri.rHi napaMerplr rpoqecy. B pos4ili
HaBeAeHo MeroAI,IKy po3paxynt<y svrinu reMrreparypu Ha ocnosi 4zsepenqialrnoro
pinHxnnx rerno[poni4uocri s uocrifiHo 4irouuu AXepeJroM renJra Anfl
Hanis6esroHeqHoro creplKHt ra rcyni. Hane4eno cniscrasreHHr po3paxoB ankrx
3HarIeHb 3 eKCleplIMeHT€LIIbHHMkT AAH!4.MLI.

y BocbMoMy posgiri [peAcraBJIeHo pe3ynbrarr4 eKcneprlMeHT€rJrbHoro
AocliAxeHHf, po3ql{HeHH.f, ranifinoi py4kr, ocHoBy xrcoi crua4arorb cnonyKz ranifi
xnopI4.qy ra ranifi cynrSary ra BLBHaqeHo xoe$iqieurkr MacoBigaqi ni4 uac ix
po3qI4HeHus. Ha ocnoei pirnxnr vrarepianbHoro 6anancy ra xiHeuaKrr Anr rpbox
anaparin-po3rlLlHHrrrcin pospo6leuo MareMarrrqHy MoAenb po3rrr4HeHH{, rra iuirye
peaKTop iAealruoro uepervrilxyBaHHfl. Hane4eno po:e'l:oK MareMaruqnoi N4oAeri s
Bu3HaqeHnxiu ei4nocHoro poevripy qacrr4HoK. llpe4craBJreHo rrplrHrlrrrialrHy cxeMy
oqHrIeHH{ .4I4MoBI4x ra^:is ni4 4iorcIa4y ciprz. HaeeAeHo MeroALrKy po3paxyHKy
rpoqecy @inrrpaqifinoro cyruiHux.

V BucHonrax BI{KJIaAeHo ocHoeHi pe3ynbrartr Aucepraqifinoi po6org.
V AoAarrcax HaBeAeni arrz BrIpoBaAXeHH.f, pe3ynbrarin 4ncepraqifiHoi po6orz

y nupo6nprr{rBo ra cr}rcoK uy6niraqifi s4o6yn a.gla 3a reMoro 4ncepraqii.
3ntqson gorcropcrrcoi gucepraqii 3 KauArrAarcbKoro. lloroxeHH.f, Ta

BI{cHoBKLI, 3ax}IuleHi s4o6ynaveM y KaHAra4arcrrifi Ar4ceprar{ii, n rercri 4orropcrr<oi
Al{ceprarlii ne eussleni.

Paronr is ullMr Ao Al{ceprallifiHoi po6oru Cunrarca A.M. € HacrynHi
3ayBalKeHHfl:



1. cropiHKa 5 TeKcry <<BisyarlrHo Brr3HaqeHa urnz4xicru nepeuiqennx ra
BLI3HageHo xoe$iqieirr nnyrpirunroi 4ra$ysii, rrxuir 4opieuroe I,35.10-10 tur2lc...) y
npoqeci eKcrparyBaHHt sa nocrifiHoro BaKyyMyBaHHfl. He sposyuilo xr nisyalrno
Mo)Ke 6yru Bu3HarIeHa runu4xicr6, trpn raKoMy He3HaqHouy xoe$iqieuri aurQyaii i
Hacrilrru BoHo siAnosiAae lificnocri.

2. cropiHr<a 31 TeKcry pos4ir <<Mera ra 3aBAaHHr 4ocri4xenr>, BKa3aHo
(...Mera po6oru rIoJUIrae y BcraHoueuni N4exanis\ay ra 3aKononripnocrefi upoqecin
rerIJIo uacoo6vriny ra riApo4Ianauirz y ckrcreMi rnep4e rino - ra3, rBep4e rino -
pipvr:e'a, rBepAe riro - pi4zna - r€r3...> 3 HaBeAeHr4x y dreparypHoMy o6:opi
Axepenax (292 Axepena), rd rIoclIJIaHb Ha ix i ix KpurLrqHoMy ananisi qi
saKoHolvlipnocri AaBHo BcraHoBneni a aBTop y cnoifi po6ori rilrrz AorroBHro e .qlvr
yroqHroe qi salexHocri a6o po3rnrAae nosi na fioro rtour_sA oco6rulsocri era3aHzx
npoqecie, Ho He BcTaHoBJIK)e MexaHisla ra saxoHoN{ipnocri npoqecin relJro
uacoo6uiHy ra ri4po4nnauiru y nepeni.reHux cr4creMax.

3. cropinxa 35 po:4in <<llpaxruvne 3HarreHHr oAep)KaHux pesynrrarin>>,
BKEBaHo (...3anpolroHoBaHo e$errznnzfi rpl{poAooxopoHnrafi Mero.q oqu111eHHt
fa3oBofo cepeAoBlrrqa sil 4ioncuuy ciprH...> repeBoAoM fioro y po3qr,rH y
rpIa$a^:nifi czcreui ra": - pi4Iana - rBepAe rilo, He3po3yMino y qoMy rroJrrrae fioro
eSerruenicm. V Merallyprii gacrocoByerbcr MeroA BoJrororo oquqeHHrr ra.:is s
rlepeBoAou sa6py4Hroroql4x rasin y po3quH. He4onixoM BK€BaHoro MeroAy e re rrlo
po3qLIH s sa6py4nrorcqllM ra3oM reN rpe6a 3HerxKoAx(yBarr{. He spo:yrvrilo
rroJrf, rae e Q errunnicm e anpo rroHo B aHoro MeroAy.

4. Jlireparypni 4xepena y Allceprarlifinifi po6ori ro.qaHo ne sri4Ho rroprAKy Ha
ix uoculanHt y reKcri, HaupzKJIaA, crop. 39-40 reKcry nocr{naHHs Ha AXep etn 5-6 a
na cropiHrli 40 Ha Ax{epem 59-79 i r.A., a Ha cropisui 42 Ha Axepe m 45-102.

5. CzneprerllqHo He [oB'tsaHi Naix co6oro 4ocni4xeHHr rrpoqecis reuro- i
vracoo6uiuy. Anrop 4ocni4xye uacoo6vrinni rpoqecu, Br43Haqae roeSiqieHua
naaconi44a'ai a uoriu 4ocni4xye rerrJroo6vrin y 4ocnipKeHr{x clrcreMax 3 TBepAoro
Sasoro.

J DILLL<LI]j\J reuJrww\rryr[lJ JUrUr4Afltr^rIUr U MaU()OOMIHOM peKOMgHAyeTbct

BHKopI4croByBarI{ sanexHicrr Nu:ARe?ro'33Gu* (cropinrca 49), a roe$iqienrr.r A,

v Br{na.4Ky TerrJroooMlHy ycKnaAHeHofo Macoo0MlHoM

m, n oAepxyrorbcfl eKcrrepnMeHTarrbHr4M ruJrrXOM. Aerop B pegyffirari
4ocri4xenr HaBoAr4rb aprepiamne pinnxHnx Nu:ARenpr0,:: (ss-z.z+1.
Heaposyvrilo, u1o aBropy 3aBaAuJro oAepxarr,r xpurepianrue pinnxHHr rerrJroo6lainy
ycKnaAHeHoro s raacoo6vriuovr, ra o6'e4naru qi npoqecr4.

6. Po6ora :r'acvrreHa IroBropaMu vrarepiary. Koxeu pos4in aBrop [oqr4Hae 3
aHali:y upo6lelrarnrn i Ay6nroe uarepial : nireparypHoro ourrly. Kpiu rlboro,
3acrocoByroqr,r Kpurepii Sh, Sc, Re, Pr, Gr, Nu araKo)K r<oe$iqienrzry) [r, o, F, I-
KoxHoro pa3y Ii'a!.ae ik uoscneHHt y ni4uoei4ruax Sopvrylax. [oqimno 6yno-6
BHHecrI{ qefi luarepian y orpeuufi ni4pos4in a He [orcHroBarLr ix xoxnoro pa3y rrpr4
ix sacrocyeanni. l]e sHa.rHo s6imruye o6csr po6orz.

y rroMy



7. Ha pLIcyHKax 3.7-3.8 HaBoAI{rbc{ 3€rJrexrnicm rcoe$iqieirry rerrnoni44avi o
nil dficuoi runra4rocri. 3 rercry po6orv He3po3yMiro .qKLrNa qr4HoM aBrop orpr{MaB
rroK€r3HrlK rliei ruenlrocri.

8. Heniauoni4nicm rilrrcocri uosuqifi BLrHeceHLrx Ha pkrcyHKax (nanpurua4
pvrc.4.2) orll4cy no:zqifi ui4 pzcyuKaMr4. Ha pucyuKy Br.rHeceno 9 no:zqifi, a s onzci
ix 6.

9. B po6ori ni4cyrHf, MeroAororis uacrura6Horo repexoAy. Hespo:ynriro.srzM
pe3yJrbrarn ,4oclipKeHb, rrlo orprrMani e
srireHi B [poMr4cJroBlrx uacrura6ax.

3acrocyBaHH.[ y 2-x 3-x Sasnzx cKnaAHI4x cr4creMax, xrci po:rnxAarorbcfl y po6ori.
Teopir uo4o6u He Molre 6yru aAeKBarHo 3acrocoBaHa y rzx BlrrraAKax, ToMy rrlo
BoHa He BpaxoBye BTIJII{B 3oH, a raKo}K riHqeei e$errz (nanprarnaA croKrr rennoru).

10. BiacyrH.fl rrpoMlzcJloBa aupo6aqir po6oru a raKolK ii ronaepqifiua cxnagona.
Bxa:ani 3ayBax{eHHs He crocyrorbcf, [pr{HrIHnoBLrx HayKoBr4x rroJronreHb

Ar4ceprarlii m ne 3MeHrrryrorr if uayrcoBy ra rpaKTLrqHy qinHicG
Bncnonorc. Analisyrouz noslatnsuzfi nayr<onufi 4opo6or aBropa i nuqe

ni4sHaueni raynaxeHHt BBaxtalo 3a neo6xi4ne spo6uru HacryrrHr.rfi sucHoeoK:
4zcepraqifina po6ora Cuuara [,. M. Ha reMy: <Hayrcono-reoperz.tri ocHoBLr
naacoo6uiHy y cllcreMax 3 TBepAoro Sa:oro> e 3aBeprrJeHoro HayKoBoro npaqero, B
xrift o4epx(aHo noni nayroni pe:ynbrarzr, -f,rd s cyKynHocri nzpiruyrorb BaxnrrBy
HayKoBo-npaKruqHy npo6nerray, cyrb .aKoi rroJrrrae y crBopeHHi nayroeoro
ui4lpynrr inrencuSir<allii rerlJloMacoo6uinHrax rpoqecie y cucreMax 3 rBepAoro
Sa:oro ra ni4uoni.{ae nuuoraM rlyHKrin 9, 10, 12 "flopx4rcy rpracyAxeHHrr HayKoBLTX
cryneHin" sarnepA)KeHoro llocranoeoro Ka6iHery Minicrpin VrpaiHu p1i; 24 Jrr4rrHrr
2013 llb567, 3oKpeMa, BuMoraM IrIoAo Hayxonoi HoBkr3Hr'r i nparrnvHoro 3HaqeHH.f,,
o6lpynrosaHocri i aipori4Hocri c0opMynboBaHLrx HayKoBr{x rroJroxreHb, szcHosrcie i
peKoMeHAaqifi, rIoBHorI4 i if saneprueuocri, a ii anrop Czuar [urarpo Mnxafiroeuq
3acnyroBye rIpI4cyAlKeHHt fiotr,ty HayKoBoro cryrreH.f, AoKTopa rexni.{Hr{x HayK 3a
cneqiarrnicrro 05. 1 7. 0 8 - npoqec u ra o6rra$HaHuf, xirr,ri.{Hoi rexnonorii.

OSiqifinzfi ouonenr
AoKrop rexni.rHux HayK, upoSecop, KoJrbcbKlrfi B.e.

lli4unc npo$ecopa
eacni4uyro:

B.reFrlrfi ce 216, f,o-'L>

yMoBax, Mox{yTb
ueroAoloris ix
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