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Ha Ar{ceprarlr4oHeH TpyA

,,I43CJIE,4BAFIE I4 MOrenI{PAHE HA XI4APOAI4HAMI{KATA B KOJIOHI4

CbC CbB PEMEHEH BI4COKOEOEKTI,IBEH HEHAPE,IIEH Tb JIT{EX"

sa npra4o6raBaHe Ha o6pasonarenHa I,I HafrHa creneH ,,,{oKTop"

no cnequanuoct,,Ilpoqecvu anaparpr B xr4Muqnarav 6noxpruuqnara rexHoJrorkrs" B

npo Qe cuonanHo HanpaBJreHr,Ie 4.2. XutvnrtecKll HayKv

c KaHALrAar: raHx. KoncrarnuHa BraAuuptpora CreQauoea

or npo<[. 4-p Zpeu Xepnauu I{u6paHcrca-I-{rerxoea, I4I4X -EAH

I4nx. KoHcraHTr{Ha CreSanona e 3aBbprxr4na Yuunepcnrera "llpo$. a-p

AceH 3rarapoB" - rp. Byprac Karo Marr,rcrrp B crreqfiilnHocrra "Heoptauzqnr u

eneKpoxuMr{rrHn TexHorrorurur", npes. 2005r. I4va orrr4T Karo rexHoJror-xl{MlrK B

,,XI4MATEX" AA u,,TEPA3I,II" EOO,{-rp. Co$w lo 2015 r. Or 2016 r. e peAoBeH

AoKTopaHr n Zucruryra no ZnxeHepHa Xuuus rcru BAH. llpes epeuero Ha

AoKTopaHTyp {ra vI r'bB Bpb3Ka c reMarl4Kara it e 6uta KoMaHAr{poBaHa 3a rpl4 Meceqa

n YHnnepcurera flarpac/frptlut npz npotf. MapvLa flanaaat<u. Or 2017 r. HararbK e

BK;rroqeHa B HayqHo-r,r3cJreAoBareJrcKara 4efinocr sa LII,X-BAII Karo yqacrsa s 3

AoroBopa KbM OHVI (AOHI4 No AH07/14-15.12.2016 r., KIID6lilIWlI or

02.09.2019 r. n KII06PYCLIS-3 or22.09.2019 r.).

,{ucepraquma npeAcraBs KJracuqecKa r,rH}KeHepHo-xrIMI4rrHa reMaruKa,

BKJrroqBauIa Qzsuuecru 14 qlrcJreHr{ eKcneplrMeHTla, cre4Barqa ao6pe <fopnaynupau

rrJraH Ha r,r3cJreABaHrrtra. I4zcteaBaHo e pirrrpeAeJreHr,rero Ha norollplTe rlo ceqeHplero

Ha KoJroHa c HeHapeAeH rrbJrHe)r( - Rashig Super-Rings (ueraruu r nJracrMacoeu) u

Ralu flow - c pa3nuqeH pa3Mep. Hanpauena e orIeHKa Ha HepaBHoMepHocrra Ha

paB[peAeneHue Ha reqHara r[asa. MareMarrcqHoro MoAennpaHe BKJrroqBa u3rroJr3BaHe

Ha MoAeJr, rrpeAno)KeH or Stanek et al. (1967) sa urmre)KHr{ KonoHn, rcarro u 3D

Brr3yanr43arlkrt Ha pa3[peAeneHr4ero Ha cKopocrlrre s o6eNra Ha ntJrHer(:aus crotrr

upes CFD cuMyna\uvr (Ansys-Fluent). OqenxeaM rroJro){rureJrHo us6opa Ha reMa r{

IrocraHoBKara Ha u3cneABanurflTa, rrpeAcraBeHv B 4ncepra\vtfl'ra, KaKTo n o6eua na

rrpoBeAeHHTe eKcnepuMeuru. ,{uceprarlr,rf,ra e o$opuena s o6eM or 164 crp., or



Kor,rro 5l crp. nvreparypeu o6:op. flocre4Hnrr ce 6a:upa Ha ror.flM 6poit (204)

Lr3TorrHr.{qn - KaKTo crapv KracvqecKr,r, TaKa H HoBr.r ao 2018 r. BKJIIorII,ITerHo. Bce

naK flbpBr,rre npeAcraBntnar npeo6raAaBarlara qacr) a HaMI{paM o6lr1u-fl 6pofi or 204

uurrvpaetr c'tairkru vr KH,vrrv 3a npeKaneHo roJrrM. E4uo npecrBaHe Ha usroqHt,tlll,tre 6v

6uro no-4o6poro pe[IeHHe. Peyrrarure or npoBeAeHI,Ire eKcrlepuMeHrn ca

rpeAcraBeHu s 20 ra6r'u4u z 30 tfrarypr. Tesu pe3ynrarv ca AoKJIaABarru sa 6

Ha1,.{Hr4 Qopyrvra 3 uexqylrapoAHrr, 2 c Me}KAyHapoAHo y.lacrve 14 eAHa

Harlr4oHzrnHa rcouQepenryut. lly6tuKyBaHr,r ca rpr.t crarvfir B cnequzrnn3upar.vr HayrIHI4

crvrcanvrfl, eAHo or Kor.rro c rrMrraKr panr; Mathematical Modeling (2017), Food

Science and Applied Biotechnologt (2018), Chemical Engineering Transactions

(201 8), SJR 0.27. 3a nocleAnara ny6ruxarJvrfl. vl,r.a sa6erssaH eALIH qllrar npes 201 9.

flrpeara qacr Ha Avcepra\uflra npeAcraBx o6sop Ha MeroAt4Te 3a pccneABaHe

Ha pa3npeAeJreHlrero Ha reqHara rpa:a e KoJroHr.r c rrbJrHe)K - eKcnepI.IMeHTarIHI{,

MaTeMaTLITIHU MOIeJIII, OCHOBHI,I flapaMeTpl{, KaKTO I{ nperneA Ha IIpOBeAeH[Te B

I4I4X vncrre4Balaur npe3 roAzHrrre. Crpyrrypara Ha ra3vr rracr orroBapfl Ha

rIocTaHoBKaTa Ha vI3creABaHeTo, Kof,To II3I,ICKBa AOKTOpaHTKATA IA Ce 3arro3Hae C

roJrrM o6eu npe4ruecrBarlu rr3cJreABaHr4r, eKcnepLIMeHTuIrIHrr MeroArr, rr3r{HcJInreJIHrI

noAXoAt4 34 OlpeAersHe Ha rbpceHlrre napaMeTplr, KaKTo vI ocHoBVTe Ha

r,r3rrr,rcJluTeJlHaTa xr,rApoAr,rHaMr4Ka 3a MoAenr4paHe Ha cKopocTHoTo none B KoJIoHa c

[bJrHe)K. Krna nrpnara qacr Ha,4r{cepra\vflTfl, r.rMaM cJreAHrare sa6erexruI:

Mero,4nre 3a pe[raBaHe Ha MareMarvrqHr MoAenr.r ca Her{3qep[aeMa reMa, a

AoKTopaHTKara He e vlaura 3a rlen Ia cb34aBa rarz uo4nQw\vpa MeroA 3a peureHve.

B rosu cMlrcbJr rJraBa 1.3., raxro e tfopruynnpaHa, e varrurrrHa. Buecro rora rpr6na

Aa ce ru{[re 3arqo e us6pau MoAeJra, 3a qvero perxeHkre ce foBopI,I e 1.3.3. Or

HalllcaHoro pa:6pax, ve e noJI3BaHo roroBo pelueHl4e, B I,I3rroJI3BaHero Ha Koero I4Ma

foJIrM flpeAxo.{eH HarpyrraH onur. BrnpeKl,r roBa I{MaM Bbflpoc or rneAHa roqKa Ha

Qz:uuecxu-e cMHcbJr Ha HarrncaHoro Ha crp. 22. Karea e 4r4MeHcvflTa Ha

roeQuquenra Ha rrpeHoc B n xar rapaMerpprre e (8) u (9) orpasqBar AIaHaMrrKara Ha

paAvilnHoro pa3rrpeAenenne? B cbrlara rJraBa 6u rpn6r,a:lo Aa ce nocoqar crofiuocru

Ha flapaMerpure B z C srs Bpb3Ka c KaqecrBoro Ha pirlpeAeneHuero Ho reqHocrra.

I{erure v 3apLaqure Ha Ar4ceprarJvflra (uaua 3) ca ao6pe QopnrynrapaHr4, Ho He

AocrarbqHo 3alrllrreHu or rneAHa roqKa Ha HoBocr B I,r3cneABaHero. Hanp. Dzhonova

et al. (2007) uscre4na cbrrlr{re [bJrHe]KV Lt flonyrraBa roe$nqueuru Ha pruTurraHe rlo
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MOAeJI, KOfiTO I/IMA fpaHI4qHO yCnOBI,Ie 34 HenpOHI{IIaeMOCT HA CTeHara, T.e.

locoqeHrare ABa napaMerpa npocro He $Hrypupar B MoAena (eux nauucaHoro B

Kypcr,rB Ha crp. 24 aory). B usnorssaHl,Ln or AoKTopaHrKara MoAen I'IMa Apyro

rpaHurrHo ycnoBne u cnopeA HalvcaHoro rpl yroqHteMl.I napaMerpa. CnopeA MeH

rro-.f,cHo 6nxa uorru aa 6'sgar tfoprr,rynupauu Bropuqr I43BoA or nl,Ireparypuur o6sop

(crp. 5l) u nropara qen Ha crp. 52. Tatt ocBeH ToBa HoMepa\r4flTa Ha IIerIHre

florperxHo sanoqea or 4.

ExclepnueHT€urHara rracr BKJrroqBa npoBeAenure SusuuecKll eKcrIepI{MeHTI4

(r:rana 4), pezymarrrre or u.qeHruQura\r4frTa Ha rrapaMerpl{Te c MareMarLIqHLIt

MoAen (rnaea 5) u CFD cul,r'yna\vprre (uaea 6). O6exr Ha rr3cJIeABaHe ca rIbJIHe)tlI

Rashig Super-Ring 14 Ralu Flow. EgHa or rIpI4noxeHLITe KbM Ar4cepra\utna

uy6nnxaquv ce orHacfl,3a rrpbcreHn flar, T.e. uAeHTl,IQznaqzrra Ha rrapaMerbpa C e

pr3BbprueHa sa Rashig Super u Pall Rings, Koero 6u rpx6yalo Aa ce ynoMeHe HqKbAe

B AriceprarluflTa npe4r rrorBara vrv' Ha crp. 100. Zsc-[eAeaHo e BrI,LxHLIero Ha

opocrarenq Bbpxy t[arropa Ha HepaBHoMepHocr. Ha @rEr. 8 r.r 9 e no4Qr.rrypHllf, reKcr

e 6rano no-4o6pe Aa ce 3anr,rue B rBeH BI4A Koe e BapuaHT I u 2. Ktu regra <pzrypn

yrMaM vr Bbnpoc 3a rroprABKa Ha rperrrKara npv r,r3MepBaHlrtTa v KaK ce TsnKyBa

o6prrqauero Ha xoAa Ha 3aBr,rcuMocrra ua $arropa Ha HepaBHoMepHocr or Ae6pIra

Ha reqHocrra, onpeAeneHa no ABere Qoplrynrapoexu? B rrraBa 4 e noragan o6euzcr

eKcrrepl{MeHTaJreH Marepr4aJr, KoeTo HaMr,rpaM 3a 3acJryfa Ha 4krcepTallzoHHus TpyA.

Pe:ylrarrare or rrpoBeAeHlzre eKclepuMeHvr ca vrJrrocrpvpar;r B ocHoBHI{t reKcr I,I B

npunoxeHr,rJrra e 13 rfurypz Karo ca BapvpaHtr KoHcrpyKrlr{flTa Ha opocureJlHoro

ycrpoficrno, HatrzurHara rrJrbrHocr Ha opocrBaue, 6pom npe3ape)KAaHvlfl, Ha rIbJIHexa

u, paz6upa ce, Br{Abr r,r pruMepbr Ha rlbrHe]ca, KaKTo e flocoqeHo B IrocraHoBKara Ha

eKcnepr,rMeHra. @nrypz l8 a) ao n) u:rreNgar eAHaKBr,r rro orHoIrIeHLIe Ha 4e6urure

Ha rer{Hara Sasa, r.e. BIrAbr Ha nbJrHe}I(a Hflv.a BJruflHvIe I,I 3a MeH LI3BoAbr 3a

HaMepeHa 3aBHcHMocr 3a Ae6ura npu creHara or piBMepa Ha nbJIHe)Ka e

uey6e4urelen. Moxe 6z ne crasa -flcHo Kou or rpl.rre laarralrr;.ra ge6ura (1,2,3) rcge

ca I,I3IroJr3BaHvr Lr 3anlo nuue rrbJrHex 1-5. roraro rIbJIHexLrre ca 7. VzsoALITe or

eKcrrepr{MeHraJrHnre na6mo4en.a ( uana 4.2.7) 6uxa 6utm MHoro [o-IroJIe3HI,I, aKo ca

rro-KoHKperHu. Hanpuuep r,r3BoA 6) ce pasnuqaBa or QopirlypupoBKara Ha nocraBeHa

3aAar{a caMo B I{3rIoJI3BaHoro BpeMe, rlp. BMecro ,,Aa ce auasruzupa" - ,,aHarLr3krpaHo

e" . A 6u rpr6aaro Aa 6rAe Harrr4caHo KaKBo e roBa BlflrflHvle, vrl'r.a Iwr ro vrJrn He, IrpLI
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ToBa 3a BceKI,I oT I.I3oJIeABaHVTI napaMeTpl{. Crqo Il3BoA 7) - xaxna e oIIeHKaTa 3a

HepaBHoMepnocrra?

frasa 5 npegcrans pesynrarv or u3qr,rcJrenure crofiHocrll Ha lapauerpure C

n B, $nrypvpal\vr B rpaHur{Horo ycJroBue Ha It3rIoJI3BaHI'Ls MoAer -(7), clp 22 - srs

ocHoBa Ha [onrIeHI{Te eKcnepItMeHTzlJIHI,I pe3ynTaTI,I, KaKTO V CpaBHeHI4e Ha

pa3npeAeneHHeTo Ha cKopocTTa Ha TeqHr4.fl rroToK IIO CeqeHUeTO nO npITepaTypHLI

Aatrtr:tu 3a MerilreH rrbJrHex Pall rings-l. floryrenure pe3ynrarl,I ca unrocrpupauuv 6

S"ryp" u Ase ra6rurrH. I4seoA 1) Ha crp. 102 ce Hyxqae or ro-flcHeHue.

hasa 6 norassa orrlTa Ha AoKropaHTKara c CFD cl{Mynl4paHero Ha

n.rrHelrHr{.s cloft. Maxap Aa Aocrr{ra caMo Ao KaqecrBeHo cborBercrBve, rla:lllapa:ln

TZBr{ qacT oT Ar,rcepTarlzoHHr4r TpyA 3a HyxHa I{ [one3Ha KaKTO 3a IIbJIHOTaTa Ha

pr3cne.IlBaHero. TaKa v 3a o6orarseaHero c HoBI,I 3HaHH.g vt onLITHocr Ha

AoKTopaHTKara. Ocgen roBa rt orKpI,IBa nepcneKTI'IBa 3a olqe Aocra pa6ora e

6rleqe. Or rleAna roqKa Ha HarILIcaHoro, 6nx lpequoqera BMecro ,,O6uIz

CBeAeHnq 3a npolpaMaTa AnSyS" AA Ce KOHKpeTI43I4pa MaTeMaTI,IqHaTa

SopruynnpoBKa, c Kotro ca pI3BbpIxeHLI cI,IMynaquI{Te. Toea 6H :a4tl6ouulo z

pas6zpaHero Ha AoKTopaHTKara 3a vrc,r'vcrvtreJrHara xvApoAI{HaMIlKa r{ nefiHIlre

Bb3MO)I(HOCTI,I.

llplEeuanr o6o6qenuero 3a npI,IHocI,Ire Ha Al{ceprar\v*Ta, npeAcraBeHo Ha

crp. 1ll-112. Halrupanr, qe ca Qopnaynupanu no-4o6pe B cpaBHeHLIe c I,I3BoALIre

cneA orAenHI,ITe rJraBu Karo HtKou or r.sx - rIpHMepHo fl u 6) - 6uxa MofJII4 B

AOrrbnHeHLre Ha KaKBo e HarlpaBeHo Aa KiBBaT rloBeqe 3a ToBa, KoeTo e flonyqeHo.

I-plocrnoro Mr,r BneqarJreHue or pa6orara e noJroxfl{TeJlHo, 3alrloro xapecBaM

TeMarlrKara rr ilocraHoBKara Ha [3cneABaHero. To rapaHTl,Ipa He caMo AocrartqeH

o6enr pa6ora no Ar,rceprarlnqra, Ho r,r pa:Hoo6paBue or gle'alr'plfl, I{ orrl4T, KoI,ITo

AoKropaHrKara Ia npn4o6ze. A rosa e BarttHo sa npo$ecuoHilrlHoro v3pacrBaHe Ha

eAuH MnaA yreH. I4scleABaHero crbrrBa Ha MHoro HarpynaH onl4r B I4ncruryra no

ZnxeuepHa xvrv'vrfl. tr KoHKperHo or pbKoBoAnrenr,rre Ha Ar4ceprar\vlflTa, Ho tI orBap.f,

xoplr3oHr 3a HoBr,r r43cneABaHus. Ha Bbnpoca AoKonKo AoKropaHTKara e 6uta

caMocroqre rrlaa u saAur6oqeHa B r,r3cneAB alavrflTa orroBopbr 3a MeH e - AocrartuHo,

za Aa 6's1e rroAKpeneHa Ha ro3pr erarr or pirBkrrr4ero cr4 u Hac'bpqeHa 3a 6tlerqo

TaKoBa. Zuau peArarla:a6erexru, HrKorr or Kor,rro r43JrolKnx [o-rope. Te naorar 4a ce
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o6o6ugr Karo )KenaHVe 3a floBeqe ea4u6ovenocr. CnoMeuax, qe HaMInpaM

npeAcraBeHaTa nvTepmypHa crrpaBKa 3a rBbpAe rlpocrpaHHa u MvI e rpyAHo Aa

nperleHr AoKonKo AoKTopaHTKura vMa flpvHoc e HeftHoro I43rorBtHe I{ AoKonKo e

rroJr3Bzura foroBa raKaBa. Or 4pyra crpaHa krv'a DraBr4, KbAero e MuHaro Karo or

rrrnqn nofJreA Bbpxy reMarl4Ka, Ko.{To He rIo3BoJItBa roBa. floseqe ceo6oAa n

ALrcrrycvrTa Ha pe3ynrarl{re cblrlo 6u 6uta go6pa xapaKrepl,Icrl,IKa 3a pa:6upauero

Ha Marepr{.flra. klvav ocKT,AHH Jrr4qHr4 BrreqarJreHu-s or AoKTopaHTKara. llosHasaN{ -fl

Karo BeAbp 14 eHeprvqeH qoBeK, ao6pe BIrI{caH B Mnarvr cbcraB ua VYcruryra.

Cle4eftxu [pe3eHTaqr.rr.rre, Korrro rfllaanpaBla rrpeA KoneKTLrBalcaZJ1Xe reqeHl4e Ha

roAlrHure pa6ora Bbpxy Anaepra\aATa cr4, HaMr4paM cblrlecrBeHo I{spacrBaHe }I ro

oIIeHrBaM TIOJTO){fl,rreJrHO.

Bneqauenr4ero Mr4 or oQopu.auero Ha pa6orara cauo e rIoJIoxI,ITeJIno. Mora

Aa HaHeca MHoro oqe e3r.rKoBr.r KopeKrlr{r4 Bbpxy reKcra, no o6rqoro BrleqarJleHne or

crpyKrypr4paHero Ha flocneAHut, rpaSuuuoro oQopuflHe v IItrocrHI,Lfl BIHIIIeH BaA

Ha Anceprar\vATa e 4o6po.

B sarrroqeHr4e Ha Bcr4r{Ko Ka3aHo rlo-rope cquraM, qe npeAcraBeHara A}rcepraql{oHHa

pa6ora u ny6luraqur,rre KbM Hes orroBaprr Ha pr3r.rcKBaHnflTa sa 3arona 3a pa3BpITLIe

Ha aKaAeMr.rqHvr cbcraB r Peny6nura Eurrapu.a (3PACPE), llpanumrura sa

rprnafaHe Ha 3PACPE, Ilpaenlnurca 3a rIpI,IJIaraHe na 3PACPE na EAH u

flpaeumruxa naVWX-EAH ornocHo ycnoBprflra v pep'a sa rtpugo6nBaHe Ha HafIHV

crerreHr,r v 3aeMaHe Ha aKaAeMr,rqHr,r AnbxHocrr.r. Pa6orara Ha AoKTopaHTKara

npeAcraB.fl HafrHo-[puJro)KHLI npl4HocLt, ny6rmyrauu B HafIHI4 cnvcanvs. a

AoKnaABaHr4 Ha HayqHu Sopyrr,ru, Koero vM AaBa AocrartqHa BI4At4Mocr cpeA

HafrHara o6ulnocr.

Ero sarqo, cneA 3arro3HaBaHe c rrpeAcraBeHara lr4cepratql,z,s. n Marepl4ilJlrrre KbM

He.fl, HaMI,IpaM 34 OCHOBaTeJIHO Aa AaM CBOtTa ITOJIOXVTeJTHa OIIeHKa VI IA

npenopbqaM Ia 6s4e npvcbAeHa o6pasonareJrHara v HayrrHa creneH ,,4oKTop" Ha

unx. KoucraHTr4Ha Bra4uuupona CreQauoea.

npoQ.a-p I,I.I{z6paucrca

t3.0t.2020


