
3AKIIOqEHUE AI{CCEPTAUITOHHOIO COBETA

A 002.034.01 HA EA3E OEAEPAnbHofo I'OCyAAPCTBEHHOIO EIOAXETHOIO

yrIpEXA EHUfl,HAyKII IIHCTIITyT AHAJIUTI'ITIECKOIO IIPIIEOPOCTPOEHIIfl

poccufrcKofr AKMEMIIII HAyK (IIAII PAH), f.. CAHKT-IIETEPEyPI

[O NI4CCEPTAIII{LI HA COI4CKAHI4E YIIEHOI4 CTEIIEHI4 KAHAI4AATA HAYK

ar-recrauuoHHoe Aeno J\!

perrreHr{e A}rcceprarl}roHHoro coBera or (23) AeKa6pt 2019 r.l"lb 18

o rpucyxAeHlrr4 EeJroycoBy Kupunrry klnrnvy, rpa)KAaHrIHy Poccrafcroft @eaepar\rrvr, yuenoft

creneHll KaHArIAara (f usuxo-uareMarurlecKr{x HayK'

[uccepraurlr <<MoAelr.rpoBaHue KOHBeKTI4BHO-ApIooy3I'IOHHOIO MaCColepeHoca BeIIIecrB B

rnlrarpo$nroprAHbrx ycrpoftcreax flpu aHanr{3e XLIAKIIX 6uoloruqecrcux npo6>) no cilequaJIbHOCTI4

01.04.01 - flpu6opu u MeroAbr oKcrreplrMenrarsnoft tfusuxu upllHtra K 3alrlure 2LI0'20I9 r"

rrporoKon Ns I3-2 Ar.rcceprarluoHHbrM coBeroM A002.034.01 na 6age @e,qepalsnoro

focyAapcTBeHHOrO 6roAxernoro yqpex,{eHl,Iq HayKu vlucturyr alJurnTwfecKoro

upra6opocrpoeHufl Poccuficroft aKaAeMLIL HayK (I4An PAH), 190103, Canxr-flerep6ypr'

Puxcxufi np.26,rpl{Ka3 7I4Iur or 02.11.2012r'

CoucrareJrr, EeloycOn Krapunn l41tu't, lg92 foAa pOX'UeHIIq, 3aKOH.IIaI @e4epalrnoe

rocyAapcTBeHHoe aBTOHOMHOe O6palonareJlbHoe yqpex,{eHl4e BbICIxeIO O6paroeanuq (caHKT-

llerep6yprcruf saquonalrsufi uccneAoBarelrcxuft yHI4BepCI4Ter untpopuaqlloHHblx

rexHoJrorufi uexanuKlr u orrrr4Kr,r) s 2015 ro,4y, pa6oraer I'IHxeHepoM g (DeAepalruou

rocyAapcTBeHHOM aBTOHOMHOM o6pasorareJlbHoM yqpex,{eHplll BbICI[eIo o6pa:oeanuq (caHKT-

llerep6yprcxorvr HaIIIIoHaJIbHoM I4ccneAoBaTenbcKoM yHI'{BepCI'rTeTe ran(f OpuaUuoHHbIX

TexHgJrorr4fi trlexannxll I4 oIITr4KI4), r.4e u6suta BbInOJIHeHa 1;rr9cepTa\Lrr'

Otf rauualrHble olrIoHeHTbI :

1, A6uen py$ar TlTonrer ornu (lllonreronuu), AoKrop rexHl4rlecKplx HayK, lpo(feccop,

ofBoy Bo <canxr- llerep6yprcruft fQcyAapcrBennuft rexHoJloruqecruil I4Hcrl',lryr

(rexnuuecrrafi ynunepcurer)>, 3aBeAyIOUraft ra(feapoft onrrauu3aulll4 xnMu'{ecroft u

6uorexnoloru'recrofi affi aparypbl;

2. BeIOsa Olrra BnaAuunpOBHa' KaHAI4AaT TeXHI'IqoCKI'IX HayK, AOIIeHT' OfEOy BO

<MocxoscK[fi rocyAapcrnennrrfi TexHlra{ecKuft ynunepcl4Ter I'IM9HI'I H'3' Eayua[a>>,

AoIIeHr raQ eaprr naxyyrran ofi I4 KoMrlpeccopttofi TexHI4KI'I

.rIilJrI4 nonoxr,rreJrbHbre or3brBbr Ha Ar4cceprarluro, [pI4 STOM CAenanu pr4 raueuanufi'



A6fleg Py(bar l[osKer ormt:

1. B pa6ore BcTpeqaIOTCs TepMllHonoil{qecKue HeTorIHoCTI4. Hanprauep, Ho c' 38

trcrroirb3oBaHo cJroBo ([epeMernr4BaTeJlb> (lry.nue - [epeMeIxI',IBaIOUee ycrpoftctro,

cMecureJrb). Ha c. gg, 102 u Aanee BMecro (noroK KoHIIeHTpaIII4II) cJleAosano 6H

rrcrroJrb3oBarb ((Macconrrft noror BerrlecrBa) prJpr ((rloroK BeulecrBu' C' 31 <yuenureHple

Ixafa BpeMe:Hn v ceTKI,I)) _ 3Aecb He 
'cHo, 

tITo o3HatlaeT (IIIa| ceTKpI).

2. B rJI. 3 uerOppeKTHO Llclonb3yeTct noHtTue <eS$errunHocTb nepeMeIIIpIBaHvIfl>>'

orrpeAeJrreMoe rro Ko3oouqueHTy Bapua'qi/Iv KOHIIeHTpaII[u. B 4eficrnnrelbHocTpl

ollpeAentnacb CTerIeHb llepeMelrruBArIvIs, a oSSeTTIIBHOCTI nepeMelnl4BaHvs'

xapaKTep[3yercr Aoneft gHeprr4r4, 3arpaquBaeMoft HerlocpeAcrBeHHo Ha IrepeMeIIInBaHI'Ie.

3. Ha c. 94, n ypaBHeHEr{ (31.1) rcoe<f(puqraeHr, IrpeAcraBJltroilI}Ifi co6oft ro cyilIecrBy

noBepxHocrnrrft roe$tfuquenr MaccoorAatll4, Ha3BaH (KoHcraHTa' uacrura6upyrcIqajl

BenuqllHy pa3HoCTLI Me)Iqy IloBepxHocrnOfi u o6terr'rsOft KoHUeHTpaIIvIsMvr>> ' To xe

Kacaercr ypaBHeHr.rq (117.1), rAe prcnorrb3oBaH ycrapeunnfi repMI'IH (Ko30(buureHr

cKopocTr{ pacTBopeHI'Is) .

4. O6rsCnenrae MexaHu3Ma BO3HpIKHOBeHI4.g rraxpefi [uYa HA c' 14 (I{3-3a

rIeHTpoCTpeMI{TeJIbHbIX CI4JI co3AaeTcs lpaAI'IeHT AaBIeHI'Iq C 6OlrmuM 3HaqeH[eM y

BHyrpeHHeft cropoHu KaHaJra, qro Bbr3brBaer BTOpUqHOe ABIIXeHLIe XI'IAKOCTTI' H€UIO)KeHHOe

Ha [epBr{qHrrfi uorox> HeroqHoe. 3Aecr He yqreHa ponb Bt3Kocrvrtr o6ycnorneHHoe Bt3KrIM

TpeHr{eM farueH}re KrrHerr.rqecKoft 3Heprllu rl6rusu creHoK KaHana. leurpocrpeMllTeJlbHbrM

trBJrrercr ycKopeHr{e ) acvrrbrrrHepquu, cofJlacHo fiprlHuldrly .{'Alav6epa, - ueHTpo6exnue'

5. C.26.AnupoxcuMarluro ypanHenuft B qaCTHbrx [pOI{3BOAHbX B MerOAe KOHeqHbIx pa:uocref

[Onyqa]oT He TOJIIKo pa3nO]KeHI4eM B psA Teftnopa. 9aute npuMeHtloT MeToA KoHTpOnbHofO

o6reua I4 I4HTerpo-I4HTeprIoJIf, rluonnrrfi '

6. B noAnuclt r Puc. 112.2 yrcasago (B cJryqae flpunoxeHl4t nepeMeHHofo AaBJI91JId.A rlpv

$asonrx yrnax 0 (cnepxy) u r/2 (urusy)>. 3Aecr cneAoB€Ino rlotcHllrb' MexAy KaKTIMI4

BeKTopaMu orcrIIaTbIBaJIc.a Qa:onrrft yrol.

7. Ha c. 51 lr .qanee o6cyxgarorcf, qr4gnegnue bruu6rlr gu(b$ysuoHHofo LI Allcrepcl{oHHoro

Tr{rroB. CreAosano 6sl yra:arr ucror{Hr,rKr,r erux ouru6oK B ypaBHeHl4tx, [clonb3yeMbrx AJU{

rrI,ICJreHHOfO peflreHllt - qacrHbre [por43BoAgbre rlerHbrx I,I HeqerHblx [opsAKOn. 3ro

no3BoJrprJro 6rr upranrrb rrpeBeHTrrBHbre Mepbl no yMeHbIIreHLIIo yKa3aHHbrx oruu6or u

ONTUMI'I3AUI,III BbITIIICJIITEJIbHOIO ANTOPI'ITMA.
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Berosa Onua BnaAIaNdI'IPonHa:

1. Ha c. 14 anrop yTBepxAaer <ornollreHue xapaKTepHbx npervr€u ara$Qysult lI KOHBeKIII',II

or[rcbrBaerc, qficroM flerue>>, oAHaKo peqb B AaHHoM cJryqae I'IAer o raK Ha3bIBaeMoM

guQtpyrraonnorr,r rcoe$rfuqlIeHre noAo6uq. B nayunoft HoBlI3He TaKxe I'IA9T peqb o ceroqHoM

rrficre |Iexle, xort onfirb xe neo6xoAl'IMo Ao6aBuTb <4u(!tfysuoHHoe))'

2. B pa6ore oTcyrcTByer orrficaHlae peonoil{u x}IAKOCreft, upltueHfieMbx B MI{KpotbEoI'IAI4Ke

(ner o6ocnosaHus AOIIyilIeH!{t o HbtoToHoBcKOft xuAXOCrra), a TaKXe onl4caHl{e

TeMilepaTypHbrx pexLIMOB B MI4KpoonrcI',IAHbIX ycrpoficrnax u ux BJIII'HI4e Ha KoHBeKTI4BHO-

4atfQysuonHbre npoueccrt (ner o6ocHosaHl4t AOITUeHI'Iq 06lI3OTepMI4qHOCrI',I npoueccon)'

3. B ypanneHr4r4 Hepa3pbrBHocrtr (111.2) orcyrcrByer HeCralll4ouapnrtft unen (4anee no reKcTy

so scefi Ar.rccepTaql4u, fAe yIIOMLIHaeTcs ypaBHeHIIe Hepa3pbIBHOCT]I', oH TaKxe orcyrcrnyer)'

rrpr4 STOM cr.rcTeMa ypannenuft Hasre-croKca 3aIIUCaHa B HecTaIII4OHapHoM BpIAe'

4. Orcyrcrnyer raro6paxeHue pacuernofi ceTKI4 AI.s BCex pacrleTHblx o6lacrefi so 2 u 3 uane'

TaKXe He paccMoTpeHo BII'IqHI4e pacuernoft ceTKI4 Ha pe3ynbTaTbl MoAenl4poBaHus ilpu

uccneAoBaHl4ll IrpoqeccoB BbIXoAa FMN rers'

5. B 3 u 4 rJlasax ne O6OCnOnan err6op AorryrqeHus o6 aAerBarHocrlr MoAenupoBaEvrfi B

4nyr'repnOft flOCTaHOBKe 11pOU9CCOB aKTI4BHOTO nepeMeIIII4BAHvrA lr nepeMelnlaBarnfl C

rroMorrlbro QoprvruponaHlls MI4KpoKaIIeJIb. TaxNe ne o6ouroBaHo 3aAaHHe CpeAHefi cKopocTla

xr,r.{KOCTH Ha BxoAe B pacqeTHyrc o6lacrr npl4 I4CCneAoBaHLII',I IIaccuBHOIO llepeMelxvBalllIflLr

rIpI4 KaneJIbHOM rIepeMeIxI4BaHI4I',I ;

6. B qeTBepToM rroJIOXeHlI[ nayunoft HoBI43HbI [peAnoxeHa opl4ruHalbHaq ilpolleAypa

HaxoxAeHlrr rapaMeTpa uo6r.usnocTrl MeToAa tfarororo IIOJIq, o6ecnequstuouero 3aAaHHyIo

ror{Hocrb pacqera upotfunr cxopocrefi u cMerrleHr4q rpaHr4tlbl pa3Aena (fa:' o.luaro 3aAaHHaq

ToqHocTbpaclleTa6yaero|paHl4qeHaTorIHocTbIoBbIqI4cJIuTeJIbHo|oMeToAacflBHbIM

BbIAeJTeHI'{eM rpaHl4ubl pa3Aena 0a3'

7'Kcox(aJIeHI,IIo,Bo6sopenI,ITepaTypbIHeoTptDKeHypoBeHLficcJleAosaHl,IfiApyrfix

oTeqecTBeHHbIXHayqHbIXKoJIJIeKTuBoBIIo[ccneAyeuofireua.rl,IKe,oTcyTcTByIoTccbIJIK}IHa

crarbl4 14 ApyrLIe ny6maxauurl aBropa'

8. Anrop pa6orrr qacTo Llcnonb3yeT y3KOCIIeUI4anI{3I'IpoBaHHy}o TepMI4HOnoruI}O' KOTOpat flBHbIM

o6pa:orr,r He pacKpblBaer cyIIIHOCTb tBJIeHnr (npo6ra npo6rr na c' 5', BOCnpOlI3BOAllUrril BbIXOA

KOMTToHeHTOB peaKqlru - c. 37 ,naTepanbHblg KOOpAIIHaTbI - c' 106' aHaJII',IT - c', 34 U r'u')'

g.Bpa6oreqacToBcTpeqalorcscpaBHuTenbHblexapaKTepI'IcTI',IKI4llapaMeTpon('ruclo

Peftgolr,ucao6rrqnoMaJIoHac.|4,6olrruoeyBeII4qeHpIeo6teua-c.24,,uocTaToqHonpocTo

perrrr4Tb-c.26,pe3ynbTaTblu3MeHqloTcsHe3Har{I4TeJIbHO-c'3l',yxyAIIII4ncsgHa'IureJIrHo

cr4JrbHee - c. 59, flBlrflercfl xopollrefi ro.rrcofi - c.61, Koropble Jlerqe 3aMerplTb - c' 65'

?
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AocraToqHo oAHopoAHoe pacrpeAeneHple peareHToB - c. 116, cunrnas HeoAHopoAHocrb

pacrpeAen envrs, - c. I2l)

10. Mnorue repMr4Hbr HeKoppeKTHo rrepeBeAeurr (uar BpeMeHI{ Ha c. 7 I{ AaJIee, Jlarpanx-

3finepon MeroA c.T,tapavrerp rvro6unbHocrll c.127 ,KarlunnspHoe qficro c. 16, (fzsuKo-xI'IMI'It

noBepxHocreft c. 19, auQQyguonnrrfi TpaHclropr c.2I, flptlcreHHblfi cnoft c.23,6lugocrr

cerKr.r rers K autf(fynarapyrculrM MOneKynaM c. 24, ilpocrble feoMeTpllu c' 26, o6parnar

au(f(fepenqva\nfl c. 32, MLIIpaIIIIoHHoe paccrotHlle c. 35, cvl;'a Ha eAHHlIqy IIJI6IIIaAU'

o6ycloueHgaq [oBepxHocrubrM HarrxeHueM c. 43, oBoJIIoulIt tfarororo rIoJIs c' 44,

pa3perxeHlre aHaJrra3a c. 72, ypaBHeHr.rr 3anvcblBarorcf, Ha eAI'IHlIuy nJIoIuaALI c. 94,

lpoAyrlr4pyroror 3HarrlrreJrbHbre Blrxpr4 c.103, KoHueHTpaIII4t llonHocrblo crlaAaer c.107,

so,[ouoAo6Harr xcr.rAKocrb c. 11.8, cepnanrr.rnnsrft KaHaII c.125, roe(fsuqzenr omu6ru c.I42)

I L Tarxe n pa6ore ucronByercq HeHayqHa' repMfiHonoruIs (H[ropupoBulacb

4ra(f(fysuoHHrur cocraBnsroilIru c. 50, upouecc ylnzpeull.f, rII4Ka c.54,6esyclorno cra6ulHras

3aAarra c. 110, IryreM BbIqrIcJIeHI'Ifl MexAy HIIMII c. 110)

12. B pa6ore orcyrcrByer HoMeHKJrarypa corpatqenuft pr o6osnauenr'rft, HeKoropble

nepeMeHHbIe o6osHaqarorcs olnofi u roft xe 6yxnofi.

Be.4yruar opraHlr3arlus - OfAOy BO <Canrr-llerep6yprcruft nolurexnprqecrzfi yHI4BepcI'Irer

Ilerpa Beluroro>, B cBoeM rroJroxureJrbHoM 3aKJrroqeHltu, rIoAIrI'IcaHHoM upo(feccopotvt

Brrcurefi rrrKoJrbr npr{KJraAHoft rrlareuaruKu a BbrtI}IcJILITelHroft Qnsurra Vlncturyta upuua.qnofi

MareMarlrKr4 u MexaHr{Kr4 3afiueern\,{ firvrurpuervr Knpullonnueu, AoKTopoM (flasuxo-

MareMarlrarecKrlx HayK, vt upo(feccoporvr Bucueft ITIKoJIsI nprxnaguofi MareMarI4KI4 pr

BbrqlrcJrr4Telurofi (fu:uxu Lhucruryrn fipr{KJra,uHoft uareuarprKvr 14 MexaHI'IKI4 Cuupuonrnvt

Enrenuenr MuxafinowrrreM, AoKTopoM Qurzro-uareMarliqecKl'Ix HayK, o6cyxAeuuotut Ha

HayqHoM ceMprHape Brrcmefi rrrKoJrbr nplrKJraAHoft uareuaruKu Lr Bbrql4cJlllTeluroft (fusuxlt

I4ucruryra nplrKnaAHofi rrlareuaruKl v MexaHLIKI4 13 nox6pr 2019, nporoKon J'lb 3/1ffT !1

yrBepxqeHHoM npOpeKTopOM no HayqHofi pa6ore, AoKTopOM TexHIIrIecK[x HayK, un'-ropp' PAH

Cepreenrurl Buralueu Bla4ur"rrapoBl4qeM yKa33dla Ha CneAyIouII4e 3aMeqArlvfl'.

1. I,IcnorusoBaul4e roo(fQuUuen'ra Kopperqqru (222'I) rpplBoAlar aBropa K pI3JIlIItrHe

orrrtrMtrcrlrqHbrM BbrBoAaM o crerreHr{ coorBercrBuq pacqerHblx I{ SKCrIepuMeHTaJIbHbrx

AaHH;IX. Hanpullep, IpIa o6cyx,Ueuuu pilc. 432.2, ucxoAq vB BblcoKofo 3HaqeHI'{s

roelprfuqraeHTa Koppenil\ua R:0.98, aBTop AeJIaer BbIBoA o xopoilreM corJlacllu pe3ynbraroB

MOAenI,IpOB A.HpIfl C 3KCIIepIIMoHTaJIbHbIMI'I AaHHbIMI'I, xoTs, KaK BI'IAHO Ha iluC' 432'2' Onu

MecraMr4 orJrrrtrutrorc s. B rBa pa:a! B raroft cprrya\vvr cneAoBano 6rr ronoirurb JII'IIIrb o

KaqecTBeHHoM co|Jlacuu pe3ynbTaToB I,I o npaBI,InbHoM MoAeJII4poBaHI,II4 ocHoBHbIx



TeHAeHUlrfi peaJlbHor. np.qe.ca (uro, c ytIeTOM IIplIMeHseMbrX ynpo^eut4ft'' 6esyclonno

MoXHo cguTarL xopo[II4M pe:ynrraror'r)'

2.oqerrracTeIIeHI4cooTBeTcTBI,I'pacqeTHblxu3Kc[epI,IMeHTaJIbHbIxIaso6paxeuufiuapuc,

222.| u 222,2 BbIIIoJIHeHa 6es ucKffoqeHl,Ifl I43 paccMoTpegus (ilycTblx> o6Jlacreil sHe

KaHaJroB u 6esToq'oro coBMerrleHr,rs rpa*url KaHruroB, rrro HelpeAcKa3yeMblM o6pa:ot't

BruseT Ha 3HaqeHue roeQQfiul4eHTa Koppenf,ulll4 I4', cooTBeTcTBeHHO', cHI4xaeT cTeIIeI{b

AocToBepHocTI4npune,4errrrofioueHKI4.EorreeIIocneAoBaTeJIbHbIM6suo6rt

He[ocpeAcTBeHHoecpaBHeHI4eoAI4HaKoBoHopMllpoBaHrrrxuoleftgpKocT[IIoKapTlIHaM

ugoruanprfi ul ununpoQramrvl B xapaKTepHbrx ceqeHu-f,x KaHaroB'

3.LjsreKcraAI4ccepraqI'II4He,{cHo'KaKI'IMeHHonpoBoAunocbcpaBHenuee$QeKTI4BHocrI{

pa3nr{qHbrx BapI4aHTOB aKT}IBHOro nepeMelnu Ba,HvflpeareHTa c IIoMoI[Lro role6anrafi pacxoAa

xLIAKocrlI (pasa' 3'3)' B qacrHocrrl:

3.1'Karofi[apaMeTpcoxpaHflncflEngBapI4aHToBcpaluoftqacroroficI4HycoIIAaJIbHbIX

role6arrufipacxoAa_aMIIn}ITyAarole6arruft(rr,rarcutrlalrrrrrftpacxoA)uryto6reu

)c4AKocrr{'n6pacunaeNrofieKaMepy3aoAI'IHuMrrynbc(norrynepuo'q)?

3.2.I{ro rroHuMaeTcq IIOA (aMnnuTyAOil pacxoAD IIpI4 I4MIIynbcHoM I43MeHeHI{I4 pacxoAa c

Bo3pacTaloulefi qacrorofi? Ecrru gro o6reu x?IAKocTll B I,IMnynbce, To IIoaIeMy Ha pI,Ic.

33|.2,ilpldAIII,ITeJIbHocTI4[pgMoylonbHblxI,IMIIynbcoB0,05c}IaMnnuTyAe80rvrrrr/c,

(aMrIn[TyAa pacxoAa) paBna 2Mrl' aue 4?

3.3. Cyar rO plIC. 33!.T,IIOBbIIIIeHI4e (aMIInuTyAbI pacxoAu c 1'5 AO 2rvrKjl BJII'Iter Ha

osQexrunrrocTbIIepeMeilI4BaHI4,Ifopa3Aoc}IJIbHee'qeMnepexoAoTclIHycouAaJIbHbIx

rone6auuft K r{MrrynbcHbrM. floueuy xe TofAa ne 6rlnu flpoBepeHbl BapI'IaHTbI c

cI4HycoI4AanbHbIM}IroJle6arrras]vtllyBeJll4qeHrrofiaunnrarYAu?Begrar<oil[poBepKIIBbIBoA

aBTopaoToM'I{To(I{cIIoJIb3oBaHue}IMIIynbcHorocII|HaJIaIIepeMeHHoftqacrorrrorlAo

10fuo6ecue.{usaernyqileenepeMelxuBaHl4e),BbIIJISAI4THeAocTaToqHo

Y6equrelrurrvr'

4. rloqru BCe AaHHbre rrpeAcraBJrerrbr B A[CCeprarr][r B pa3MepHoM BUAe' qro 3arpyAHqer

nepeHocpe3ynbTaToBlIBbIBoAoB}IccneAoBaF{vfrHaycIoBI4s,oTJI}ItIHbIeoTpaccMoTpeHHbx.

coucrarerb uMeer BCefo 5g (unrraecqr BOCeMs) ny6rrrara.uvrir'rr3 Hrlx 23 (rnaruarr rpu)

nyolurauurr flo reMe Ar4cceprarr prrl,r43Koropbrx 7 (cerv*) B peueH3upyeMbrx HayqHbrx I'I3AaHI'qx'

BxoAsrrlr.x n rlepeuenr BAK po tr B u3AaHuqx rr'AeKcupyeMbx B Mex'[y'apoAHbx

6u6nraor'rerpuqecKr.rx 6asax woS u Scopus, 12 (^nenaaqarr) AoKnaAoB Ha-MexAyHapoAHbrx 14

ncepoccr'rft crux xonQepeHlrllf,x'
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coucrareleu c(fopuynupoBaHbr 3a a.q{v uccre.qonauuft, ocyilIecTBneH o6sop rr alF'alwr3

nureparypHbx AaHHrrx 14 opraHpr3oBaHo rrpoBeAeH[e HaytIHbIX I4ccJleAoBanuft e o6lacTla

MOAeJIpIpoB a1vrfl, cOBepmeHcTBOBaHI'Is A cO3AaHI'Iq rnrrnpO$nrOtaAHbrx yCrpOftCrn 
^nfl

enerrpotfopeTllqecKoro pa3AeneHlIq KoMflouenr npo6br' aHaIvI3a Ha MecTe :a6opa npo6rt u

ralelrnoft lrurpo(fnrovli].2r]Khr. o6ocnosaHbl ypaBHeH]/.s, tpa'F.vl'{'Hble I4 HatI€UIbHbIe ycJIOBlIf,,

aAeKBaTHO OIIgcbIBaIoqne paCCMaTpLIBaeMbIe tfuruuecKve npgqeCcbl C yqeTOM IIpI4HsTbx

yupoUenufi tr 4onyqenr.rfi. Onpe4enenu [apaMerpbl llx qrIcJIeHHoro pelIeHI'It,

o6ecuequnarcilIue ilpueMJreMyro TorrHocTb pe3ynbTaToB MOAeJIlIpOBaHus. c noMoIIIbIO
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quCJreHHOrO MOAeJIupoBaHlIt ilpOBeAeHa OqeHKa Allcfiepcull [po6KI4 IIpO6bI [p!I pa3nI'MHbIX

BaplraHTax sJreKTpoKlrHeTI,rrIecKoIO BBoAa na rnrurpoQJIIOlIAHOM tII4IIe c qenblo nu6opa yclonrafi

yMeHbIIIeHI4qAl4cnepcll!|;I4ccneAoBaHoKaIIecTBonaccl4BHo|ouaKTI4BHoIoMexaHuqecKo|o

nepeMeru4 BAH:IIfl peafeHToB B KOHCTpyKTI4BHbIX SJIeMeHTax vruxpotfrrrollAHolo tII4IIa [nfl

orrpeAeneHr4r ycnoBllft ero fIoBbIIxeHlIfl; oIIeHeHo BII',IsHI',Ie pacnonoxeHl4t KaHaJIOB I4 pacxoAoB

Qar na repeMel[]IBaHIIe peareHToB Ha sTaIIe (popuuporaullt KaIIenb B M]IKpo(fnrou'Uuotvt

ycrpoftcrne c $orycuponroft IIOroKa ra naitAenu ycIoBI{s' o6ecneqflsaloufie neo6xoAuuoe

KaqecrBo rrepeMerrru BA.Hr4fl.. llpore.ueno cpaBHeHr.re pe3ynbraroB MoAenvpoBaElas c

3KCIISpI4M9HTaJI6HbIMI,I AaHHbIMu, KOTOpbIe IIOKa3aJIpI IIX COOTBSTCTBI49' TaruU O6pafOU'

colrcKaTeJreM BbrrroJrHeHbl Bce cTaIIvLr pa3pa6oTKH pr BepI{'buKaIIUU IlpeAnoxeHHblx

MareMarr4rrecKl,rx ruoAeleft u MeroAoB. B pa6o'rax, ony6luroBaHHbfx B COaBTOpcrBe' aBTOpy

[puHaAnexaTpe3ynbTaTbl'cBq3aHHbIec[poBeAeHHbIMMoAeJII4poBaHfleM,eroBKJIaAconocTaBI,IM

co BKJIaAOM Apyfl'rx coaBTOpoB'

Ha 4acceprallrrc n aBTopeQepar ilocrynllJlll or3bIBbI:

1. or !,onryuruna ceprer AnaroJluesllqa, KaHAI44ara tfuauro-MaTeMaTI4aIecKI4X HayK' CTapltrefo

HayqHofo corpyAHllKa na6oparo ptrv rparIcnfiIuonnoft 6llorvreAurlunu ofEY <HI4U3M uu'

H.@. farvraneu> Muns4paea Poccuu' 3aueqanus:

1.1. B anropeQepare He rpeAcTaBneHbl pe3ynbrarbl MOAenI4pOBaHI4q sJleKrpoKl',IHeTl4qecroft

3arpy3Kr4(fparrvrenronIHKBI4HXeKTOprt',rrarpotfruol4AHororIIlIIIa',aToJIbKOIIpIIBOA]ITCfl

ccbrJrKa Ha BTOpyrc qacrb eropoft rJraBbr Ar,rcceprarlvrvr, B TO BpeMt KaK I',IMeHHO

MoAenllpoBaHple sBrfl ercq ocHoBHoft 'rervr oft pa6 orrr'

|,2.I4spucyHKa 5 anrope$epaTa He gcHo, IAe I4MeHHo pacnonoxeHbl BBoA upo6u, 6yQepa u

CJIIIB.

1'3'HapI4cyHKeT,6aul;opeQeparaHeuoHsTHbIplcnonByelrueo6ogrral{eHu'pexuMoB

pacxoAoB XI'IAKOCTI'I'

2.OrfapeeraKaVrJIqfa:unypou4qa,KaHAuAaTArexHl4qecKz4xHAyK',AOIIeHrara(fe'uprt

MIAKPO- I4 HAHOsJIEKTPOHI,IK}I, HAYI{HOIO COTPYAHI4K T4NX.a:rrnP:aHTOBOIO UEHTPA (IIMI4A,)

ofAoy BO <canrr-flerep6yprcr<oro focyAapcrBeHHoro eneKrporexHutlecKolo

yHl4BepcuTera<II3TI,1>rau.B.I4.YlrsHona(Jleuurra)'3arrleuanur:

2.1. socHoBHbrx pe3ynbTaTax I{ BbIBoAax yKa3aHo' uro pa6ora BbIIIOJIHeHa IIpII IIOAAepxKe

rocyAapcTBeHHoro 3AIiA.H][Ifl Mlano6pnayru Poccurn', B TO BpeMs KaK B pa3Aene o

BHeApeHuI4pe3ynbTaTonpa6orusnryprapyeTIpaHTPHo,IIToilpeAcTaBlseTcqHe

BnoJIHeKoppeKTHbIMcyIIeToMoTcyTcTBlIgytouueuuftKacaTeJIbHo(|unaucupoBaEI4fl

rIpoBeAeHHbIx B paMKax Aucceprarluossoft pa6oru uccreAosaHuil'



2.2. sTeKCTe anropetpepaTa BcTpeqaloTcq ofleqaTKpl, a KaqecTBO Osoprvueul'Ifl LIJInIocTpauI4vI'

BKJrroqarr rfipuoTbr, paMKI4, lIHAeKc6I 1a o6o3Ha'IeHIIt Ha rpaQfiKax', [peAcTaBnseToq

HE.UOCTATOIIHbIM.

3. or KparacroK BaneHTI,IHbI AnercanApoBHbl' AOKTOpa 6uofloru-{ecKllx HayK', llpoQeccopa'

3aBeAyrouer KaoeApbr 6uotpra:urn ofAoy BO <cra6r'rpcroro se'qepaflrHoro

yHuBepcurera>. 3aue'raHufi Her'

4. or gepnrrrueea Bacunus cepreenuva, KaHAuAaTa TexHuqecKIIX HayK' cTaplxelo HayqHoro

coTpyAHr{Ka rleHrpa (forouraru I'I KBaHToBbIx Marepl'Ialon AHOO BO <croIrOSCKOfO

I,IHcrI'ITyra HayKI{ I'I TexHoJlofrafi >' 3aMe'ranwfl:-

4.1. npu onlrcaHul4 nepnofi qacTl4 aropofi |JIaBLI cJleAoBano 6u yAerrnrb BHpIMaHI',Ie npl4poAe

BO3Hr{Ka}ouIux ouru6or c'I€ra u o6tqCHeHllrc cryuenuaroft (fopuu 3aBHCI'IMOoT}I

<orura6or ocquJln-xlll4ft> or qlrcJla Kypaura;

4.2. sollucaHurr lrcCJreAOBaH prs. BIITTfl:HVI' IIOJIOXeHIs 6orosrx KaI{aJIoB I4 pacxoAoB Qas ua

KaqecTBo nepeMeIII[BAHVfl B npoqecce QopuupoBaItlfl KanJII4 He yKa3aHbI B'3KOCTI4

ucrlon*YeMblx xllAKocref;

4.3. norvrrarvro npeAOCTaBIeHI4q rcosQQuuueHToB Koppenf,Illlra' 6rrIO 6U uolegno ilpeACTaBIITb

cpaBHeHr{f, pe3ynbTaToB MOAenupoBaHLLf, c gKCnepuMeHTtlJIbHbIMlI AaHHbIMra n tfoptrle

rpa(fuxa (nanprarrrep, [epeMeIIIuBaH]Ie IIp]I pa3n]IqHblx tlacTorax role6anufi xu4t<ocTu)'

Bce orgHgbl, KaK COAepxcauII4e, TaK u He coAepxailIue saIvIe'IaHI4fi' IIoJIOXI4TeJIbHbI'

Bg6op oQraUnanrnblx oIIIoHeHToB I{ ee.UyrUefi opraHl43aUun O6ocsOBbIBaeTCfl 6Olrurult OIIbITOM

pa6Orrr s O6IaCrsx, OTHOcqIIuxCq K npo6leuarl'IKe AuCcepTaIII{OHHOft pa6OrH' TaKI4x KaK:

MeToAbr sK'rrepr'Menralrnofi su:ur<u, npu6opocrpoeHlle' II'IApOAI'IHaMIIKa' MllKpotfmouAUXa'

MareMarr,rqecKoe u quc,,eHHoe MoAeJIrrpoBaHI,Ie, BbF[IcrureJIbHaJI fI{ApoA}rHaMI'IKa' Borlpocbl

IIepeMeI[[ BaHv$' BeIIIecrB v r errenvls' lnyx$ alnlx IIoroKoB'

[ucceprauraonnrrft coBer orMeqaer' trro Ha ocHoBaHI4lI BbITIoJIHeHHbIx co]IcKareJIeM

uccreAoeaHlafi:

Anr peilreHufl HecTaIII4OHapHbIx ypaBlrenufi B qacTHbIX IIpoI43BOAHbIX BTOpoIo nopflAKa

uapaooluuecKofo TI,Ina c rrelurrefirrrnr,rl{ qJIeHaMI4 B tII,IcJIax Kyparrra u ceTotIHoM qI,IcJIe |Ierle

BBeAeHa3aMeHapa3Mepa3JIeMeHTaceTKI4HacpeAHeeKBaApaTuqHoeoTKJIoHeHI4e,

xapaKTepr43yrouee il[pLIHy IIepexoAHOfi o6nacrra KOHIIeHTpaIII4I{' qTO IIO3BoJIf,eT onpeAenl'Irb

ilar. BpeMeHr{ MeToAa KoHeqHbIx SJIeMeHTOB, roropuft o6ecuequsaeT yMeHbIIIeHI'Ie onH6ru'

csqsaHHoftcrre$rasuuecK}IMl,Iocqunn'qu'Ml43HaqeHufi'npuHaI,IMeHbIII}IX3aTpaTaxpacqeTHblx

pecypcoB; _, ^R_---

'CTaHOBJT.HO, 

rITO 3HarI[TeJIbHOe yMeHbIIIeHue BeIUquHbI AI4CnepCI4I4 pa3Mepgn npO6rU XUA6OI

npo6u upu ee 3arpy3Ke noA leftcrBl4eM gJleKTpl4qecKoro iloJIq r vrurcpotplrcuAHoM ql4[e AIq



3neKTpooopeTuqecKolo pa3AeneHl4t ee KOMIIoHeHToB' AocTI',IIAeTcfl I4cIIoJIb3OBaHI4eM cxeMbl

(IIpocTo[ KpecT), yMeHbIIIeHI',IeM IIII4p]IH6I KaHaJIoB u AByxcTaAuftnrru perynl4poBaH]IeM

3allHpalouuxIIoTeHu}IaJIoB:I{xIIoBbIIIIeHI{eMoTHocuTenbHoIIoTeHII}IanaBMecTe[epeceqeHuq

KaHaJroB rrplr 3afpy3re npo6rr B I',IHxeKTOp I',I iloHI'IxeHI4eM npl4 e€ ssoAe B celapaullonnrrfi KaHilI;

Ha ocHoBe qI,IcJIeHHoro MoAenupoBaHr4s nafiAen I'I gKcileplrMeHTaJlbuo noATBepx'ueH pexllM

aKTrrBHOro MexaHr4rlecKoro flepeMelilu Bal{vrfl c I'IC[OJI63OBaH!IeM I4MITJIbCHbIX rone6anuit

xr4AKOCrtr c paBHoMepHbIM Bo3pacTaHl',{eM qacToTbl B TerIeHI4e 3 ceryuA c 1 'UO 10 fII I4

aMrrnr4TyAo[ pacxo.ua 2 tvtxlt' roroprtfi IIO3BOJUIeT AOCTUqb paBHOMepI{ofo pacnpeAeneHl4t

KoHrIeHrparII4I{ KoMIIoHeHToB peaKqI'IlI (roeQQuUuenr Bapvalfvrvl 0'03) n saurnyrofi

BocbMlryrolblro[ peaKquoHHoft rar"repe rururpoQnro]IAHoro qraua o6reMoM nopflAxa 20 uu;

rrDeAJroxeHa flpoqeAypa nu6opa [apaMerpa uo6rarsnocru Qa:ororo rroJUI, o6ecueqflsarculero

pacrreT nposranr cxopocreft xuArocreft s lsyxoa3noft cucreMe c 3aAaHnoft ro'rsocTblo' I4

ocHoBaHHaqHaoueHKelIcpaBHeHI4I4cKopocrefirrarpaH}IIIeQascAaHHbIMI4,BbrtI}IcJIoHHbIMI,I

MeroAOM c t{BHbIM BbIAeJIeHI4eM rpaHplrlbl;

orrDeAeJreHo, qro IIepeMeruuBaHI',Ie p HOCTbIO pacilpeAeneHl4q

KoHueHTpaquu' coorBercrByroureft Koo MeHee 0'2) Ha 3Tane

Qopuupoeau[fi KarreJlb fluKonurposrx o6teM ycrpoficrnax Aocrllraercs

3a crrer r4crroJrb3oB a'r4fl acfiMMerplrqHbrx reouerprafi reHeparopon c sorycuponrofi noroKoB B

cucTeMe IlepeceKalolquxcq KaHaJIOB. Ilpra orou ocHoBHOe BJII'I'HI4e Ha KaqecTBO ilepsMelllld'BalJufi

oKa3brBalor orHorrreHr4e BeJrr4qHH noroKoB Ar.rcilepcHofi ra neupeprtnnoft 0as tu paccrosHlle MexAy

ToqKaMI4IIpI4coeAI,IHerrfiq6oronblxKaHaJIoBKqeHTpaJIbHoMyBAoJIbeloocll.

Teoperuuecxax 3HaquMocrb

upo6leuarure AI'IccePTauI'IlI,

uccJIeAOBaHlIq o6ocnosaHa TeM, qro rlpr{MeuurenbHo K

pe3ynbraroB:

uoAUouqnponanur ql4cJ]o Kypaura u ceTOqHOe qucjlo lleKne' KOTopbIe B cBoeM HOBoM BI';IAe

Io3BoJIflIoTilpl4[p[HsTlII4pellleHraroerr6opeycrronuftcaleTa(upocrpaucTBeHH6leunperueuuofi

rrlafl,r Ar4CKpeTrr3 ?INII', o6ecne-{usalolque rpe6yer"ryro TOIIHOCTb qI4CJIeHHOfo peruenul) B

ypaBHeHI,IgxMacco[epeHoca'yqI,ITbIBaTbItrupI,IHynepexoArroft3oHbIKoHqeHTpaq?II4

ABlIXyilIef o cs BelIecTBa;

BnepBbre Ha ocHoBe 4eyrurepHofi MoAenu oueHeHa BeJrlrqlrHa Ar4clepclrr4 upo6rcu npo6sr npu

oneKTpoKr4HeruqecKoM BBoAe aHuwtra a r'rurpoQnrouAn'fi quII Arq onerrpoQoperl4qecKoro

pa3AeneHllq' qro rIo3BoJII'IJIo ytlecrb etlQerr rrorrepeqHoro MaccoflepeHoca B KaHaJIax rtpl4

pa3nl4qHbrx cxeMax 3arpy3KI'I (<npocrofi Kpecr))' Z- ufl-r;soa);

K 3aAaIIe [ccneAoBa'I,Ifl Ilpouecca aKTI{BHofo MeXaHI,IqecKo|o uepeMeIII[BaHp|g' B 3aMKIryToL4

peaKrlr{oHHOfi ravepe rvrurposnrol4AHoro '{uua o6reMOM nopqAKa ABaAIIaTI4 MIIKpoJII',ITpoB

BnepBble[pI{MeHeHatIpIcIeHHaqMoAeJIb,ocHoBaHHaJIHaIIpolI3BoJIbHoMMeToAeJlarpauxa.

3ftnepa (rvre.ro.ue uoAsI,INHOfi cerxu), ilo3BoJlqloulaq coxpaHl4Tb uocrosHfril\a KOIuqecTBo

pacrBopeHHofo peafeHra s o6racrl4 MoAeJIupoBaHI4q;

c



[peAJro]rceHa opuII,IHaJIbHtUI KoM6I{HaUEq AByx MSTOA9B: Oa3oBOro [OIq 14 qBHorO BbIAeJIeH]It

IpaHlrqbr _'TIAOCHOBe KOTOpofi o[peAeJUIeTct IIapaMeTp Mo6uJIbHOCTI',I B MeTOAe (falonoro IIoJIq'

qTo no3BonreT o6ec,,eql'Tb 3aAaHHyIo TOrIHocTb pacqeTa ilpool4,'q cK.pocTeft u cMeI[eHI'Iq

rpaHl{ubl Pa:aena Qas'

3rraqerrueflonyl{eHHblxco}IcKaTeneMpe3ynbTaToBIIccJIeAoBaHvIg'\I|g[paKTI4KI,IIIoATBepxAaeTcq

:il;:."", pa3Mepbr Ka'arroB r4 Berrr.F*rHbr yrpaBnsroilIux rroreHqrdarroB, rro3BorrqroilIue

yMeHbrrrr.rTb Ar4cnepcllrc npo6ru npo6u I4 yJryqIIII4Tb pa3peIIIeHI4e pa3Aenesus eE KOMIIOHeHTOB;

ouelleHoKaqecTBolIaccuBHororlepeMelnvBailvflBI,I3o|HyTbIxKaHaJIaxIIpI4pacTBopeHI,IlI

peareHTOB c [oBepx'ocTl4 Ml4Kpo$nrou^noro qufla I'I I''A.MOHCTDIIDOBaH'I IIpI4HU]InIIaJIbHbIe

orpaHfl r{eH vrs' [ns' efo yJryqlxeH}Is';

ycTaHOBJreH pexl'IM rone6anraft )KIIAKOCTI{ flpu aKTI',IBHOM MexaHI',IqecKOM [epeMeIIIfiBaHI4I',I

pear.eHTOB B sauxnyrofi KaMepe r"fl',rrpoonrollAHolo qrrrla' uogsolSloilIufi AO6urrcs

paBHoMepuoropacnpeAeneHuflI'IxKoHIreHTpaqu[noKaMepe3aBpeMtvresee3c;

naftAeHrr $opvra lr pa3Mepbl KaHaJIOB II pacxoAbl IIOTOKOB AI',ICnepcHofi n uenpepunuoft Qar'

o6ecne.{usaroilIue KaqecTBeHHOe IIepeMeIXI4BaHIIe pacTBOpeHHbIx peaIeHTOB Ha cTa/.r,.tr

QopuuponarrurKalleJlbnuKon}ITpoBbxo6teuonBacI,IMMeTpI,IqHbIxKoHcTpyKu}If,X
rraurpotpnrouAHblx feHepaTopoB IIpI4 pexllMax' cooTBeTcTByIOqlIx qlIcJIaM PeftnolrACa

oxolo 0,5.

[ocronepuocTbHayl{Hbxpe3ynbTaToBo6ecne.{usaeTcqKoppeKTHocTbIoIIocTaHoBKI,I3aAaq
, I4ccneAoB aul1|fl, floJryI{eHueM ycrofturanrx pelxerruit np}I MoAenI{poBaH||k|' cxoA'Iquxcfl c

yMeHbrrreHr.reM pa3Mepa gJIeMeHTOB pacuernofi ceTKII' cooTBeTcTBI'IeM pacqeTHblx Lr

SKCnep[MeHTaJIbHbIX AaHHbIX' llorryuennue pe3ynbTaTbl BOCflpoI43BOAI4MbI I4 cooTBeTCTByIoT

npu3HaHHbIM TeopeTlIqecK}IM IIoJIoXeHI4qM I,I aHaJIpITI,IqecKI{M peIIIeHI4'M B cJlyqa'x' Ko|Aa TaKoe

cpaB'eHlre ocyuIecTBI'IMo; IIOATBepxAeHbI 3KCIIepIIMeHTaMI';I no gneKTpoKl4HeTl';Iqecxofi:arpy:re

npo6srQlyopecuerErra,aKTuBHoMyMexaH}IqecKoMyIIepeMeI[uBaHI,IIoKpacl4TenslI

ilepeMernuBa'r{ro Kpacr.rrerq Ha gTane QoprrauponaHr.rfl 
KarrJ*r. pesyr'arrr 6suu rrpeAcraBJreHbl

HaMex'{yHapoAHblx14Bcepoccllftcruxrorrt|eperru||frx'aTaKxeony6luroaaHblBxypHaJlax
(BAK, ScoPus)'

JIu.{Hrr[ BKJTaA aBTopa 3aKrroiraerct B IrocraHoBKe II.JII'I u 3a*as uccneAoBaHl4t' onpeAeJIeHI4I'I

6a:osrxQrasuuecrraxp|MaTeMaTI4tIecKuxuoAenef,AonycTI4MbIxynpouerruil,o6lac.ru

pacqeToB, ypanuenufi, fpaHI4IIHbIx u HaqaIbHbIX ycnonufi' napaMeTpoB IIUCIeHHOIO peilIeHI4S Anq

rrpoBeAeHrar MoAenllpoBaHl4fl MeToAOM KOHeqHbx 3JIeMeHroB B IIaKere npolpaMM coMSOL

MultiphysicsfipoqeccoB3neKTpoK}IHeTI,IqecKoIoBBoAanpo6rr,naccl,IBHoropllaKTI,IBHo|o

flepeMerllfi BA',dxsn o$rooasHblx I{ AnyxQasnrx clIcTeMaX U nrr6ope Ha efo ocHOBe roncrpyruuft

rvruxpo$rrror{AHblx ycrpoftcTB }I pexl'IMOB aHanpl3a' o6ecueuuBaJol[[X 3aAaHHyI-O TOr{HocTb u

BocnpoI43BoAlIMOCTb'
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Ha saceAaHuu 23.12.2019 r. ,{nccepraquonnrrfi coBer rprlHtn perreH}Ie rpplcyArrb Eenoycony

Kupunrry I4trcuuy yqeuylo cTeIIeHb KaH,ryIAaTa Qusuro-uareMaTllqecKlrx HayK.

IIpu nponeAeHlru raftnoro roJrocoBaHur,{ucceptauuonnufi coBer B Koruqecrne 16 qeJIoBeK,I'I3

nux 16 AoKTopoB HayK, yqacrBoBaBrulrx B 3acepraHvu,krgn qeJIoBeK, BxoAtIIIux B cocraB coBera,

AorroJrHureJrbno BBeAeHbr Ha pa3oByro 3ilqrrry Q venoner, flporoJlocoBtulli: 3a - b, [porl'rB - IIS,
HeAeficrBI,ITeJIbHbrx 6roJlnerenefi - ner.

llpe.uce.qarenr,{ucceprall}IoHHoro coBera,

A.r.H., rpoo.

Yqeuuft ceKperapb fluccepraurloHHoro coBera,

A.0.-rr,r.n.
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B.E. Kypourom

A.JI. EynsHuua
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