
cTAHOB1414E

orHocHo 3au4hra Ha AncepraqhoHeH TpyA ,,l43cne4BaHe u

aZ 0/. ?o

MOAenhpaHe Ha

xhApoAr4HaMhKara B KonoHn cbc cbBpeMeHHh BhcoxoeQexrneHn HeHape4eHh nb.nHexu"

aa npr4o6hBaHe ua o6pasoBarenHara h HayqHa creneH ,,goKfop" no cnellha.nHocrra

,,f'fpoqecr H anaparu B xr4MhqHara n 6noxumhqHara rexHo.florhn" a npoQechoHarHo
HanpaBneHhe 4.2. Xhnnh.{ecxh HayKh c KaHAhAar }tHlx. Koxcraxrrxa Bna4rnnrpoaa
CreQaxoaa.

Vsr oteu n cra HoBr4 r4ero : n poQ. ATH h Hlx. Pyue x,Qra nn nrpoa r{a pa x.laea

[eara Ha Ancepraqilnra e eKcnepnMeHTanHo h MoAenHo il3cneABaHe Ha

pa3npeAeneHhero Ha reqHocrra B LleHrpa/rHara r nepnQepuara o6nacr B KonoHHh anaparh
c encoxoeSeKThBHr4 HeHapeAeHn nb.nHexn. B rosh cMl4cb.fr, K.rrtor{oBara AyMa B 3ar.flaBhero

,,xr4ApoAhHaMhKara" e MHoro o6rqa h He AaBa roqHa npeAcraBa 3a cbulHocrra Ha pa6orara.
Xn4po4rxaMhKara Ha Ko.noHhre BKnpqBa xafi-o6r4o: xr4ApaBnhr{Horo cbnporhBneHhe,
3aAbpxaulara cnoco6xocr Ha nb/rHexa, pa3npeAeneHhero Ha reqHocrra r Ha ra3a B

anapara, creHHhre eQexrr, xoe$rar4raexra Ha pa3ThqaHe, HaA/rbxHoro cMecBaxe. B rosh
cnyvail ce peuJaBar caMo Bbnpochre Ha pa3npeAeneHrero Ha reqHocrra no ceqeHhero h B

nphcreHHara o6nacr. Toaa e eAHa MHoro BaxHa il aKryanHa 3aAaqa c orneA eoexrraxocrra
Ha npoLleca.

B arareparypHhnr o6sop ca pa3rneAaHh ocHoBHo reoperilq Hure n eKcnephMeHTarHu
Mero4h 3a h3cneABaHe Ha pa3npeAeneHhero Ha rer.rHara Qaaa a Ko/toHr4 c ntaxex. B

TeoperhqHara qacr e o6tpHaro oco6eHo BHhMaHhe Ha AhcnepchoHHhrr rpr-
napaMerphqeH MoAer, Koilro cne4Ba or ypaBHeHVATa Ha Cihla ra Schmidt h peuleHhnTa vM,
cBbp3aHta c pa6orure xa Stanek ra Kolar h npoAbnxeHhero B no-HoBo BpeMe or Semkov,
Petrova n Moravec. Tesh peueHhn ca npeAnMHo 3a no-craph noKo/reHhn nbrHexh Karo

cQepn, paunroBr npbcreHh, cegrna Vntanoxc, npbcreHh Ha flaa. B excneprMeHTa.nHara

'{acT ca pa3rneAaHh pa3nh'{Hh cbBpeMeHHA MeToAvl3a u3cneABaHe, Ho e aKLleHThpaHo no-
no4po6xo Bbpxy,,K.nachqecKnnT" Mero4 sa o6el Ho ct6rpane u h3MepBaHe Ha pa3TeKnara

ce reqHocr, noAaAeHa paBHoMepHo or opochre/rHo ycrpoficreo. O6tpHaro e oco6eHo
BHhMaHhe Ha AuaMerbpa Ha onhrHara Ko.noHa, uhpnHara Ha ct6npareaunre
cexropra/nptcteanf u oco6euo Ha nocneAHhflT TaKbB, xofiro ce flBRBa u *iuparelreH 3a

npecreHHo crhqar4ara ce re'{Hocr. B raao4rre e KoHcrarhpaHo, qe Ha.nrqHATe AaHHU n or
eKcnephMeHTa/rHoro h or reoperhqHoro r43cneABaHe 3a cbBpeMeHHhre ancoxoeQeKTnBHh

nb/rHexh He ca AocrarbqHr. 0614oro BneqerneHhe e, qe nlrreparypHrnr o6sop e 4o6pe
crpyKryphpax h o6xeaqa o6racrra Ha reMhre B Ahcepraqhnra. l4enorsean e o6urpeH
nrreparypeH Marephan or HaA 200 hsroqFrnr.a n 3aBbpuBa c flcHu 14 KoHKperHA \enn n

3aAaqh. Toea Anh AaBa ocHoBaHhe Aa 3ax.ntoqa, ve o6pasoeare/rHhre pe3ynrarh orra3h qacr

Ha AhcepTaqhnTa ca nocTrrHaTr.

tlpe4ncroprnra Ha Hacronqara Ahcepraqur e cBbp3aHa c eAhH AoroBop Ha npoQ.
Koaea, pecneKTlrBHo 14hX-EAH, xofiro 6e cxato.reH npeAh oKo.no 20 ro4unn c HeMcKara

Qnpnna Raschig. Cnope4 Hero 14ncrraryra rpn6Ba Aa h3Bbpru14 HrKol4 xAApoAnHaMnqHn vl

nnacoo6nnexHvl vBcneABaHhF Ha HsKo/rKo BhAa nb.nHexn, cb3AaAeHn or Qrapnnara. Bte
Bpb3Ka c roBa rr AocraBh onpeAeneHh KorhqecrBa or nb/rHexnre Raschig Super-Ring-
nneraanra(RsRM), Raschig Super-Ring - nnacrMacoara(RSRP) ra Ralu-Flow. ,Qoroaoptr 6e



h3nb.flHeH ycnelqHo, a nocle, B npoAbnxeHhe Ha roAuHu, 6nxa xanpaBeH% V ApYrn
h3cneABaHnn, KaTO Te3I nb/lHexn ca u3non3BaT h B HaCTOf,lqaTa Al4cepTaqhn.

flpes 2001 r. Schultes npegoxt4 xaacrQnxaqhn Ha HeHapeAeHhre nb.nHexh, Konro

e nphera h Ao AHec 14 ru pa3Aenn Ha qerhph noKoneHhf,. t{eretproto, nafi BhcoKo

noKoreHne, ca hMeHHo no-rope LlhrhpaHtaTe nb/rHexu. Te ce c'{hrar 3a cbBpeMeHHh

nb/lHelKh c orBopeHa crpyKrypa A ronf,Ma nnex4yQasHa noBbpxHocr. feoMerprnra hM BoAh

Ao HaKbcBaHe Ha reqHhre noror-p4 h Ao qecro o6Hoaaeaxe Ha MexAyQaanara noatpxxocr. B

Ahcepraqhf,Ta ca h3no.n3BaHn 3 rrnopo3Mepa or RSRM, 2 rrnopasMepa or RSRP u 2

rhnopa3Mepa Ralu-Flow.

Ilpn npoeKThpaHe r u3rpaxAaHe Ha ecnephMeHTa.nHaTa hHcTa/laq,rfl ce e

h3xolKAano or nAenra sa xa6rpaxe Ha KopeKTHA AaHHu, Kot4To Aa noc/tyxar 3a peuJaBaHe

Ha AhcnepcuoHHhnT Tph-napaMerphqeH MoAen. Bcrqxu e.neMeHTn - Ko/loHa c AhaMerbp
470 ffiffi, opocure.n, cu6rpareaxo ycrpoficreo, opochre/t 3a nphcreHHara 3oHa, ca

BHhMare/tHo o6nnncneHil c orneA MaKcuMa/rHo ro'{Ho Aa r3nbnHnr npeAHa3HaqeHhero cl4.

3a cnasaaHe Ha KopeKreH maqa6eH npexoA e nphero orHouJeHhero MexAy AhaMerbpa Ha

onhrHaTa Ko/toHa u H)MVH'IHAAT AuaMerbp Ha nb/tHexHunT e.neMeHT Aa He 6t4e no-

Ma/f Ko or 8, onpe4e/teHo or XaeopoHKoB 14 norBbpAeHo or peAnqa Apyrn h3cneAoBorenu.

Koncrpyxr4t4nTa Ha opocnTena 3a paBHoMepHo noAaBaHe Ha Te'{HocTTa e h3nbrHeHa B ABa

BaphaHTa - c pa3nhqHh AhaMeTpu Ha oTBophTe - 3a ochrypnBaHe Ha AocTaTbqHa

paBHoMepHocr nph pa3nhqHh nnbrHocrr4 Ha opocRBaxe. Pasrvleprre Ha AhaMerphre Ha

oTBOpUTe h TRXHOTO pa3nOnOXeHXe Ca h3qec/|eHh Aa cb3AaBaT paBHOMepHOCT Ha TeqHocTTa

Ha onpe4eaena 4ta6oqrHa. Ct6raparenHoro ycrpoficrao e or Aocrarbvex 6pofi npbcreHh h

ca B3eTh Bq4r{K14 MepKh Aa HnMa npexBbpnnHe Ha TeqHocT or eAhH B Apyr npbcreH.

llprcrrHuunT opocnTen e yAaqHo npoeKThpaH Aa cb3AaAe paBHoMepHocT npu Tp14

pa3nhqHr 4e6rara Ha reqHocrra.

hscae4eaxrnra ca npoBeAeHu c BoAa nph 7 TVnwlHu 3a xhMl4qecKara

npoMhuneHocr pexhMh 3a npoqecilTh a6cop6r-pan n pexrra$raKallhf,. Bserh ca Bch'{Kl4

MepKil 3a KopeKTHocr Ha h3cneABaHnnra. Maqa6tr Ha t4Hcranaqhnra AaBa ocHoBaHhe Aa

3af,BhM, qe HacTof ul,ute on[Tu hMar nony-npoMl4uJneH xapaKTep. Koaoxara c nb/lHex hMa

pa3Meph Qaxruvecxt4 Ha npoMt4tr/leHa Ko/roHa, a opochre/lHoro ycrpoficrao uwnrnpa

HanbnHo ro.nrM 6poit, pa6oreqra Beqe B npoMr4uneHocrra raKrBa ycrpoficraa. Bgerhre

AOnbnHxTenHo MepK,t 3a ycnoKonBaHe Ha TeqeHheTo npeAh h3Tl4qaHeTo, ycbBbptxeHcTBaT

TRxHaTa pa6ora. ExcnepunneHrhTe ca npoBeAeHr c rollnM 6poi,t /or 3 Ao 6/

npe3apexAa1t A, Koero ce Hanara or roreMhnr 6pofi cayvailnu Qaxropr, cBbp3aHu cbc

opheHTaqxf,Ta Ha nb/tHexHhre e/reMeHTA B cnol nb/rHex. Toea eaxh oco6exo chllHo 3a

xail-ropHnn pe4 /no4 opochrena / n or xafi-4orxnn peA /naA a6npare/lHoro Ycrpoiacreo/.
llonyueHrre eKcnephMeHTa/lHr4 pe3yrTaTh, B pe3ynTaT Ha npoBeAeHhTe h3MepBaHhn npu

pa3rhr.tHt4Te npe3apexAaHun, ca 3anncaHn B eneKTpoHxr ra6nn\n n ca npeAcraBeHh B

npilnoxeHhero. Tesu AaHHh ca HaAelKAHa ocHoBa 3a no/t3BaHe npu 6t4eqr h3cneABaHnfl.

floayuexnre eKcnephMeHTa.nHh AaHHh ca h3no/l3BaHu 3a MareMarhqHo

MoAenhpaHe c rpaAhllvloHHt+Tph-napaMerphqeH AhcnepchoHeH MoAen xa Stanek n Kolar

3a onhcaHhe Ha pa3npeAeneHhero Ha reqHara $asa B KonoHh cbc cbBpeMeHHhre HachnHh

nb/tHelKn c orBopeHa crpyKrypa, KaKBhro ca RSRM, RSRP r Ralu-Flow. Toea ca orpoMeH

6poil 4aHHy., Karo caMo B paMKHre Ha ra3n Ahcepraqhn ca 27L2 6pon. Ocpe4xexnre

pe3yrrar[ ca o6pa6orelu v1 aHann3npaHh 3a Bnn*Huero Ha Haqa.nHoro HaroBapBaHe Ha



TeqHocrra v ga BAnAHnero Ha BnAa h pa3Mepa Ha nb/lHexa Bbpxy paAhanHoro

pa3npeAeneHhe Ha TeqHaTa $aaa e KoroHaTa. CtqOro e npeAcTaBeHo h npl4 npncTeHHoTO

opocnBaHe B 1t.thp6K Auana3oH oT pa6oTa Ha nphcTeHHhRT opocuTel' Bcrqxo ToBa e

HanpaBeHo B rongM 6pofi rpaQnqHx Ohryph, flcHo 14 KopeKTHO h3rOTBeHu u o$AcHeHr c

noAxo4nq reKcr. B rn. 4oco6eHo Ao6pe e oHarneAeHo pa3npeAeleHheTo Ha reqHara $asa'

noKa3aHo qpe3 il3MeHeHheTo Ha OaKTopa Ha HepaBHoMepHOcT Mf oT HaToBapBaHeTo c

TeqHocT. Kun npe4nologeHueTo, qe $axroplr npu nb4Hel6h RSRP e onpeAeneHn cnYv.an

e no-pa3nnqeH /crp.89 -non1l nopaAh no-Ae6ena cTeHa, 6rax 4o6aaun, ee ToBa MolKe Aa

3aBnc1 h OT MaTephana. J4SgeCTXo e, qe OMOKpReMoCTTa Ha nIaCTMaCaTa e no-notua'

Mareanarh.{Horo MoAenrpaHe c AhcnepciloHHhf, MoAe/t Ha pa3ThqaHe Ha rei{Hara Qasa a

Ko/toHt4 c nb.nHelK h uAeHThQhKaqrf,Ta Ha MoAenHhTe napaMeTph ca AocTaTbqHo Ao6pe

onhcaHh B rn.5. E4xonapameTphqHaTa hAeHTnQuKaqhf, Ha napaMeTbpa B oT MoAena e

l43BbpuleHa KaTo ca no/l3BaHn AaHHh 3a KphTeput 3a paBHoMepHo pa3npeAeneHue Ha

noroKa MexAy creHara n nb/lHexa RSRM - napaMerbpa C (Dzhonova et al', 2018) h AaHHh

3a KoeQilqheHra Ha pa3rilqaHe 3a re3h nb.nHen<n Dr (Dzhonova et al',2007)' Cpaexe6rero

Ha pe3ynTaTrTe oT AhcnepchoHHt4RT MOAen c eKcnephMeHTa'nHrTe pe3ynTaTn 3a

h3CneABaHhTe nbnHegh RSRM e MHoro Ao6po. C rosr MoAen MoraT Aa ce AaBaT To'{H14

A 6bp3n nporHo3l4 3a paAhanHoTo pa3npeAeneHhe Ha TeqHocTTa B KO/|OH]4 C

BhcoKoeOeKThBHh HeHapegeHh nb45el6h nph AaAeHa B14Cot{hHa Ha cIoR nbnHelx'

Haxpan ereraHTHO e h3nol3BaHa Ha,lhqHara nporpaMa ANSYS-FLUENT sa 3D

chMynilpaHe Ha eKcnephMeHThTe 3a nbnHelK RSRM 1'5" 3a pa3ThqaHe Ha reqHocTTa no

nb.nHexeH cilor| c Bhcor{hHa 0.15 m. lloxasaxara KaqecrBeHara KaprhHa Ha eKcnephMeHTa

e Ao6po Haqalo 3a cuMurlvlpaHe Ha xhApoAhHaMhqHh 3aAaqn B Ko/loH14 C nbnHelK'

haatpuexaraBAncepTaqhRTaHayqHapa6oTaenonynf,pr3hpaHaqpe3
ny6nhKyBaHe Ha 3 qatun h 5 AOKraAa C pe3K'Mera h nocrepHr cbo6qeHhn' 3a6eaRsax e

eAnH qhTaT B aBTOphTeTHO MeXAyHapoAHo HayqHo cnhcaHue'

AeropeQepaTbTnpaBh/|HooTpa3f,BacbAbpxaHheToHaAhcepTaq[f,T4.

t4mann nvqH1 BneqerreHnA or AoKTopaHTKara h or pa6orara il no Ahcepraqilnra. llo

BpeMe Ha eKcnephMeHThTe TR nponBh KaqecTBa Ha cpbqeH eKcnepilMeHTarop' yMeH[e 3a

npaBhnHgTo l4M nnaHhpaHe A aHan434paHe Ha pe3ynTaThTe' 3a mo4enxpaHeTo yMeno

no/f3Ba K/tacrqecKrTe peueHrf, h no-cKopouJHhTe pa3pa6oTKl4 B CaMUs Vnnnryt' [lponan

AHA$IhaTABU nO Bl43ya nugaa\AA Ha KapTuHaTa Ha paBHoMepHoTo opocnBaHe, KaTo nprnoxn

TexHhKara 3a MoAerhpaHe cbc cFD nporpama'

3AKNloqEHNE

B ugaOxexheTg Ha cTaHOBhl4eTo Ca pa3rneAaHh n aHan43vtpaHh roneMhgT o6eM

HayqHu pa6oTh h nocThrHaTnTe nphHocl4, cBbp3aHh c eKcnephMeHTanHoTO 14 MOAenHo

u3cneABaHe Ha eAhH Tbfi BaXeH npo6neM Ha Ko/loHHhTe anapaTh' KaKbBTO e

pa3npeAeneHheTo Ha Te'{HocTTa no ceqeHneTo Ha Ko/loHaTa cbc cbBpeMeHHn HeHapeAeHh

nbrHelKh. BCh,{xt4 Te ca oqeHeHh no/loxhTenHo. llopa4u roea npeAnaraM Ha nH]K'

Koxcranrrra BnaAhMl4poBa CTeOaHoBa Aa ce AaAe o6pa3oBarelHara h HayqHa cTeneH

,,AOKTOp,, no cneLluanHOCTTa ,,llpoqecu A anapaTl B xl4Mhr{HaTa u 6uoxuMl4'{HaTa

TexHo/tol-t4g" e npoSechoHanHO HanpaBneHne 4.2. Xrnnrqecxn HayKh'

*t{


