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Cronopena An4pex Cepreenuqa <<fa:onbre rr4Aparrt n HeSrrHbIX cycneH3laux),

npeAcraBJreunofi Ha coucKaHue yreuofi crerreHl4 KaHAI,IAara xI4MI{qecK}IX HayK, rlo

crequanbHocrlr 02. 00.04 - QraruuecK€ul xrIMI'Il

Arcrya.nunocrb reMbl Alrcceprallnonuofi pa6orrt.

Jko6oe [pupoAHoe MecropoxAeHr4e HeQrra coAepx[r norryrHufi rtt3 14 pacrBopbl

colefi. BcreAc'rsue eroro B no4xoAflrrl[x repMo6aprauecrrax ycJIoBI,I{x n rpy6oilpoBoAax

Bo3Mo)KHo o6paronauue ra3orr4AparHhrx npo6or, a raKxe ouoNeuuft I43

BbrcoKoMoJleKyJrrpHbrx KoMrroHeHToB ueSrra. B csssu co cJloxHocrblo cocraBa QI4creM

<ueSrt - paccoJr - fa3orr{Apar) r43yqeHr4e ycJroBuft o6pasoBauvlfl, pocra H pa3JloxeHl'ul

rtr3orr4AparoB B BoAoHe$rrntrx oMynbcrutx Ao cl4x nop 6rrno HeAocraroqHo l43yqeHo,

oco6esso [pr.rMeHr4TeJrbHo K ycJroBr{r{M Poccuftcxofi Aprcrr,rxu. floerouy cl{creMHoe

crarucrrlqecKoe r,r3freHr{e 14 yrorrueHue Qasonrtx paBHoBecufi, t<uuvruwr u MexaHI{3Ma

yKa3aHHbrx trpoqeccoB rrpr4 TeMneparypax 4o6nrul4, TpaHcrIOprI4poBKI'I I4 xpaHeHI,IJI neSru u

ri6a v3 Cu6upcxrx Mecropoxfleuuft, rpoBeAeHHoe A.C. Cronopeeltu, tBJl,Iercfl

aKrya,'rbHblM I4 I,IMeeT HeaoMHeHHufi uayvurtfi u nparcrvtqecrutfi l{HTepec.

O6reru Ir crpylcrypa Arlcceprallr r.

,{raccepraqr,r.n cocror,ru H3 e[r,rcKa corcpau1euzfi, BBeAeHI,It, Tpex rJIaB (o6sop,

gKcleplrMeHTaJrbHtul qacrb, pffiyJrbrarhl v nx o6cyNgeHue), 3aKJIIoqeHI4t, cBoAKI4

ocHoBHbrx pe3yJrbrnroB 14 BbrBoAoB, crrr4cKa rlurl4pyeuoft JII4TeparypbI, BKJlloqalorqero 190

Har4MeHoBartuit. O6sena Ar{cceprarlr4r4 eocraBJUIer L47 crpaHllu, BIorIorItuI 68 ulltocrpilIr4fi,

11 ra6nuq, a raK)Ke AByx [pr,rJ]oxesuft c 18 pzcyHKaMI{ erarrIcrI,IqecKI'IX paclpeAeJlerrwit

KarreJrb BoAbr B sMynbcr4rrx, u 108 TepMrdqeorurx uso6paNeuuirt'rt' 3aMep3aHI4rI.

Bo nneAenrr[ aBTop pacKpbrBaer aKryaJrbHocrb reMbl, crelleHb ee rlpeAblAYqefi

pa:pa6orxra, o6ocuonbrBaer ee HayqHyro H MeroAonorlrqecKylo HoBI43rry, lpaKuqecKyro

3HaquMocrl, Qoprvryru4pyer IIeJII4 u 3atrarlr4 r4cc,reAoBaHnfl, a raore ocHoBHbIe noJ'IoxeHuJI,

BbrHocr4Mbre Ha 3arrlrrry. 3.qecr BbrAeJreHbr rpx acneKra npo6neubl, Koropble npex,qe 6rt"uu

M€rJro paspa6oraHblt r,rccJreAoBaHr.rr o6pasoeauus v yerofrqusocru rI,IAparoB n ueQrxHrtx

cycfreH3turx, caMoKoHcepBagoztu qacrurl rtrorllAparoB pa3MepoM MeHee 50 MKM IIpu

TeMrreparypax HruKe 0oC, vr [pouecabr obpa:onauua lnyrueauuu) rtrornAparoB B

no4oueQrruux eMyJrbcr4Jx. llpe4craBJreHhr anpo6aqus, rryblut<a\uu Lr cre[eHb

AocroBepHocru p$yJrbraroB lrccJleAoBauuft, coorBercrBlle Lrx 3a.flB,TeHHofi cneuuilJlbHocrl'I.

Ilepnar rJraBa Arrcceprarllrt.r [ooBrrrleua o6crotreJlbHoMy anaJwrruvrecKoMy oOsopy

coBpeMeHHofo cocTorHtul xvtMuvr fa3oBbIX fI4ApaTOB, OIII4OaHUTO I{X COQTaBa, Vl

Kpr{crrurJrr4.recKofi oTpyKrypbr, paBHoBecHbrx $a:onolx ALIarpaMMo BJTLUIHUTo MaKpo- u

Mr4Kpo-cocraBa cMeceit u ueQrxuux ol.ryrncuft ua o6pasoBaHlle, caMoKoHcepBauuro I4

pa3Jro)KeHr{e fa3ortrAparoB. Orueqesu BbreoKoMor'IeKyJItpHbIe BeIIIecrBa, sBJIt}oIuI'IeQs

ocHoBHbrMr4 eMyJrbrr4pyrour.rMr4 areHTaMr4 4nx o6pa:oBaHl4rl nogoueQrrHblx sMyJlncui't. C

4pyrofi cropoHbr 3Tr4 BerrlesrBa Moryr raKxe [pr4BoAurr rc o6pasoBaHl4ro acQanrreno-

napaQuuonrx ouoxerulfi. (ACIIO). OAuaxo HeKoropble ua$reHoorte KI{QJIorbI
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npeAorBparqaror rD( o6pasooaune. BmAelermr BelrlecrBa, 3aMeAJItIouIHe HyKJIeauI4ro

cycrreH3r,rft ra3orr,r,qparoB (r,rnru6r,rropn), u [peAorBpaqaloque nx arJIoMepaIII4Io.

Ornaeqeuo, rrro HeKoropbre uoAo6srre BerrlecrBa Mor)"r BXoATITr B cocraB cauofi HeOTu.

IIpoeeAeH aHilrr{3 6olee 60 rryd,rurarlufi uo Suszxo-xI4Mur{ecKI,IM acrIeKTaM KI4HerI4Kul

o6paronauu.r vt pocra cycneHszfi fa3oBbrx rr{AparoB, eKrroqaroulufi KaK nepBruHble

TeoperlrrleaKr.re ottucauvrn, TaK 14 pasuoo6pasHble crarl4crl4rlecKlte SKcrIepI4MeHTilIbHbIe

I4CCJIe,4OBaHI4JI, I{CIrOJIb3yIOqUe KOMIUTeKCHbTe TepMlrqecruIe 14 oIITI4rIeCKI4e M9TO.4I{KI',I

ua6mo4euus. u u3MepeHLUr, a rarcKe uo46op HeKoropblx MoAeJIbHbIX cl4creM. Ha orofi

ocHoBe aBTop KoHKperr43lrpoBaJr nocraHoBKy rlenefi Al4ccepralluossoft pa6orrt, BIIAeJII4B B

uefi 4 ocHoBHbre 3a1aqu. 1. YroqHeHr4e paBHoBecHbIX yclonvft o6pa.:onaul4Jl ra3oBbIX

rr4AparoB r43 gMyJrbcrlr4 (BoAa - ne$rr>. 2. llolyueuue aKcrlepl4MenrilIbHblx

cTarlrcTr{qecKnx AaHHbrx no uury6arlr4oHHbrM BpeMeHaM Kpl,IcrilInla:alu*uu ril3orl4ApaToB I'I

BeJr[rrr,rHaM nepeox"'rarrAeuufi Ao MoMe]rra rIotBJIeHI4t nepBoro IIeHTpa KpI,IcrtLtJII'I3a\uv

rr4Apara MeraHa r43 oMynbouft <noAa - ueSrr>, I4 MoAeJII4pyrouII4x ueQu NuAxocrefi,

BKrrorraf, rroJrfreHr4e ueQrrurtx cycneu:ufi ra3oBbIX rl4AparoB MeraHa, gTaHa, lpolaHa, ax

cuecefi u yfJreKr4cJroro ra3a, a raKxe o[peAeJreHl4e 3aKoHonaepuocreft ax pa3nox{eHl{t rrpll

TeMrreparypax Hrrxe 0"C. 3. Pa:pa6orxa MeToALIKI,I noJIf{eHLUI rtl3orl4Aparuofi npodrul n

[pororrHoM MerrurJrr4r{eaKoM peaKrope, r4 ee [ocJre,4]'[otUu xapaKrepu3a\ufl,.4. Pa:pa6offia

MeroAr4KLr orMbrBKI,I or ne$ra r:rg1para MeraHa.

Bo nropoft uraBe olucaHbr r4cnoJrb3yeMbre peaKrI4BhI vr ueQru, MeroAuKI4

rrpr,rroroBneulur sMynscuit sola/ueQu, crrrue3a cycueusufi rra4par/HeQt (opraHnlecKat

xuAxocrr), orMbIBKr4 rr{,qpara MeraHa or Marr,rrlbl He+TL{, I4 MeroAbI I,IccJIeAoBauu.r Su:ulco-
xr{Mr4qecKr,rx ceoftcre r,r3fraeMbrx cr4creM. Kporrae roro B KaqccrBe Nu'4tcocrefi Na

cpaBHeHr4Jr 6rrlu nrrdpaurr.{eKaH, ToJryoJr 14 rrx cMecu c acQanrreHocMoJlo-napa@rnoBhlMl4

orJroxegr4;rnrra (AC[IO), a B KaqearBe rroBepxHocrHo-aKruBHblx BeIIIecrB (IIAB) lm
yralwwtarrr4r{ HeKoropbrx auylrcuft - rr4rpo0o6nuft HeI,IoHoreHHufi Span-8O, cop6rrau

MoHooJrear (Sigma Aldrich).

PaBuosecHrte Kpr,rBbre o6pa.soaaruu, p€t3Jro)KeHllt rl,IApara Meraua B Ql4creMax

olpe,qeJurJrr4 MeroAoM cKarrKa AaBJreHr4r. HeQ'rmnre cycneH3I,II4 gToro rv!^para

cr4HTwr,rpoBaJrlr B <6ola6ap BbrcoKofo AaBJIeHI,II. OparcqraouupoBaHl4e rro pa3Mepy raxoft

cycrreH3r4r.r, 3aMopoxeuuoft B xr4AKoM a3ore, TIpoBoALIJII4 Ha KoJIoHKe cHT Ha 5 Qparuufi.

fluQparroMerpr.rr{ecKr4e r4ccJreAoBanvrr rr4Apara MeraHa BbIrIoJ'IHeHbI Ha cl4HxporpoHHoM

ycKopr4rerr e VIflo- CO PAH, a raKxe na 4usparcroMerpe Bruker D8 Advance (IIKII VIf vtIl

CO PAH). Teuneparypy pa3JroxeHr,u rr4AparoB orIpeAerflJII.I BoJIroMoMerpI4r{ecKI4 rlo

r.r3BesrHoft MeroAr4Ke. Irlnrcy6aquoHHbre [epproAbr o6pasoeauua rulipura MeraHa u3

BoAoHeQTflHbrx ouylrcufi o[peAerurJ]r4 Bo QroponnacroBblx r.Ieftxax B ycraHoBKe

BhrcoKofo AaBJreHLur B pexr4Me nocTorHHofo u nepeMeHHoro nepeoxJlax'4eHnfl'.

Pacupe4eneHurr reMlepa'ryp rtpr4 Kpr4crrLJrJuI3aIII4I4 JIbAa I43 oMyJIbcI4I,I no4a/ueQrb Ha

naeNQasuoft nonepxuocrr{ xr44Kocrb-Bo3Ayx rrpoBoAl4nl4 c noMolqbrc TeIuoBLI3opa s VIT

CO PAH. fuyroe sKcrrepr.{MeuTaJrbHoe o6opy.UonaHr4e, BIsIIor{at peaKrop AJII rIoJIyI{eHI4.tI

ru4parnoft upo6xu, u [paKrr4rrecKr,r Bce MeroArrKI4 tBruI]orc.fl aBTopcKI4MI4.



B nepnorvr pa3AeJre ocHoeHofi rperuefi rJraBbI MeroAoM cKaqKa AaBJIOHI4TI 6ruu

r4ccJreAoBaHbr paBHoBecHbre MoHoBapr{aHTHbIe KpI4BbIe <6orara"s noAofi xl4AKocrb

ra3osgfi rrrnpar ra3) Arrfl rr4AparoB, o6pa:ytorqnxcr B pa3r[rrHblx cllcreMax:

ygreBoAopoAsrrfi ras (laeraH, oraH, rrponaH, cMecl{ yrJleBoAopoAon 1, 2) - elrylrcux

no4a/neQ'rr (cuecr 1 (nerau - 69.6o/o,3raH - 2L6oA, nponaH - 8.8%) 14 cMecb 2 ervx

KoMrroHeHron (64.60A, 25.Io , l0.3oh, coorBercrnenuo), Aua,rus [oiIyrIeHHbIX AaHHbIX

rroKa3irJr, sro Haluqlre nesru He BJrrurer Ha paBHoBecHbIe ycJIoBI,Ltr rugparoo6pa3oBaHl'ul B

cJry4rae MeraHa vr :.rala, TofAa KaK AJrr [ponaHa I4 ra3oBbIX cvlecefi sKcIIepI4MeHTaJIbHo

pen4crprrpyrorcr 3aMerHbre orrrvllrur ycnonzfi ru4paroo6pa3oBaHut B no4oueSrxnrx

sMyJrbcr4rx u o6reuuoft Qase BoAbr. B urore cAeJraH BbrBoA, rITo B ueQrxnrx ALtcuepcHbIX

cucreMax Bnr{-f,Hr4e He$ru Ha paBHoBecHbre reMrleparypbl rl4Aparoo6pa3oBauvts

orcyrcrByer JrI46o MaJIo, a ua6ltoAaeMble oTKJIoHeHI/H Hocqr Kl4Herl4tlecxufi xaparrep. C

lpyrofi cropoubr y)Ke B 3Ttrx sKcnepr4MeHTax 6rrra o6uapyxena3aBrrcr4Mocrb BepotrHocrll

rro{BJreHr4r n o6pa:qe fa3orl4Apara or o6seua o6pasua.

flosrouy AaJree B pa3AeJre 3.2 onucaHbr 3KcnepI4MeHThr tlo KI4HerI4re o6pasoBauns'

TBepAbrx qacrr4rl ra3orr4AparoB v nbAa B 3Mynbcl{qx BoAbI B neSru MeroAaMI'I

repMlrqecKoro aHarrr4sa ra 4ra$QepeHrlr4ilnbnofi cxaruapyrouefi KarlopllMerpura ([CK) noa

AaBJreHr4eM. O6uapyx(eHbr rrerbrpe xapaKrepHblx TI4rIa KpI4BrIX ACK, orrlrqarculllxc.f,

oAHtrM vurvr AByMr oK3orepMr4rrecKr4Mr4 acr4MMerpI4rrHbIMI4 aQQexrauu c qerKI4MI4

MaKcr4MyMaMvtHacra1vrnr oxJrax(AeHux, tu6o coBoKyrlHocrblo oAnoro MaKcI,IMyMaucepueit

MeJrKr4x e$$erroe KaK Ha crailr4vr oxJriDKAeHVA, Talr. u npv HarpeBe. Ha ocnoee auaJwr3a

TeMrreparyp eH4ooSQexron 14 npeAruecrByroIql4x sleanuit. cAeJIaHo orHecgHl4e

Ha6moAaeMbrx 3K3oeSQexron x o6pa:oeaHlrro rrb4a vlrv rr4qpara. OrMe.reHo raK)Ke, qro

TLrr perr{crpr4pyerrloft TepMorpaMMbr olpeAentercq coproM ueQru, seqroft AJr.l

npl4roroBJreHl,rrr SMyJrbcl4rr. IrlcnormoBaHrreM TennoBl,I3tlosso[ crenaxu rIoATBep)KAeH

MexaHr,r3M 3aMopalxr4Ba*Lrq nbAa B no4oHe$raurx SMynbol{tx, coflpoBoNAarouuficq

lepecKoKou o6pa:oe aHAA nb Aa M exry Kan,TrM 14 ( rcourarcrHat Hy KJI eauut).

6olee AeraJrbHo B cr4creMHbrx crarucrrrqecKr4x SKcnepI4MeHTax c flocrof,HHblM ullv

rrepeMeHHbrM rrepeoxna)r(AeHr4eM pacrBopoB r43yqeHLI SynxI-1uu pactrpeAeJleHl,ul BpeMeH

BbD{rr4BaHr{fl (Ars sr<cuepr{MeHToB rrpr nocrosHnoM nepeoxJla}KAeuura) nu6o SyHrcquz

paclpeAeneHlrr BeJrr4rrr4H rrepeoxJra)KAeHrur (anq 3Kcnepl,IMerrroB [pI4 nepeMeHHoM

fiepeoxJralxAeuuu), coorBercrByroullrx Haqa,Ty repMl4qeoKl4x eS$ercros. 3rcnepuMeHTbl c

IIOCTOTHHbIM IIepeOXJraXIeHI4eM TIeTKO rIOKa3aJIr4, IITO IIpOqeCC I{yKJIeaqrII4 flBIIflglcfl.

Hecrarlr4oHapHbrM, a cKopocrb HyKJreaqr4u ra3ofuAparoB J n noAoneQranrx oMynbcl4tx

3aMeAneHa no cpaBHeHr4[o e o6pa:onarureM I4x lrs .rucroft BoAbL Oriraeqenrr Bo3Mo]ItHbIe

npr4rruHbr pa3ruuvr Berr4rrr4H J n pa"anr,rvHbrx xcr4AKocrtx, cpe4l4 Koropblx cyulecrBeHua

cKopocrr au$$ysura rasa v HaJrlrque rereporeHsocreft. lloctco'lmxy fl,TorHocrb xzAxocreft

rBJrrercr 6onee [pocro r43Mepr.rMofi eeru.rruroft, rocrpoeH rlone3urrfi rpaQur 3aBucl4Mocrl4

J o'r rrJrorHocrrr Ar4crrepcr4onnofi cpeAbr, yxa:uearoquft sa luueftHoe rIaAeHI4e J c

Bo3pacraHr4eM rrrrorHocru (Puc.33 - 6, wp.76).

B nocrasoBKe I4 olrl4caHIar4 noilr,rrepMr4qecKl4x SKcnepI4MeHToB Ha bolrlttou qrtcne

Arrclepcr4oHHbrx cpeA aBTop r4cnoJrb3yer rrocrpoeHl4e ra6ruqrt v pa:nooOpasunx



3aBrrer4Mocreft wa Aonefi 3aKpprcraJrJrr43oBaBrrruxcr npo6 KaK AJII ftt3orl{AparoB, TaK I'I

JrbAa, y.qarrno o6o6ruas AaHHbre uo pas6pocy BeJrruuH rlepeoxJlaxleuufi 14 ero cpeAHeMy

3HAIIEHI4IO AJI' BCCX I43YqEHHbIX CPEA.

B parge.ne 3.3 npoee4eHo u31^{eHr.re Kr4HerilKr4 rul3orrorJIoIIIeHI4JI LI KpI4craJIItu3aWu

TBepAbrx r€Bon4AparoB rrprr o6pasonaHr4r4 aycrreHsuft M.qpar MsraHa/ueQru zs enrylrcufi

so.qalAeraH, eo4a/rorryot u voga/ue$'rr, u B pf,Ae cJrflaeB qerKo pa3AeneHbl npoqeccbl

pacrBopeHr.ur MeraHa B cpeAe n o6pasonanvrfl, rv4.para Meraua. I,IsuepeHze AaBJIeHufl. Ha

BXoAe r.r BbrxoAe [pororrHoro pearcropa ilpv o6pa:oeaHuu rvrg;para yrJIeKI,IcJIoro ra3a

rro3BoJrlrJr o upocJreAl4Tr o6pas onaHl4e rl4Aparrroft upo6xu.

B 3aBeprlruorueM pa3AeJre 3.4 Aucceprarlr4r4 no4po6no Irc)rqeHbl npoqeccbl

pa3JroxeHr4lr 3aMopoxeHHbrx cycneusufi ra3orr4Apara MeraHa B pa3rLIr{HbIX cpeAax, 14

rracrl,IrrHo cycueusuft oraHa, lporraHa, ux cueceft, 14 AI4oKcLIAa yrnepoAa n He0rra fM, BqM,

u PM rpr4 ax HarpeBe or -160 Ao 6olee +l0oc. 3Aecr o6uapyxeHo LI orlucaHo tBJIeHI4e

oaMoKoHcepBarluu MeJrKtrx qacTr4rl ftl3orilApaToB MeTaHa, 3TaHa, [poIIaHa, 14 y|JIeKI4CJIO|O

r€Ba. ,{uccepraqraa 3aBeprlaercf, 3aKJrror{eHr4eM, u 7-to o6o6ulatoul'tl.llt rryHlrraMl4

ocHoBHbx pByJrbraroB rI BbIBoAoB.

3aueqanns.

Hecnaorpa Ha BbrcoKlrfi uayrulrft yponeub noryrreHnblx pe3yJlbraroB, pabora ue

JrI{UIeHa OTAeJTbHbIX HeAOCTaTKOB 14 HeAOqeTOB.

1. Hasnague AI,IcceprauI4H BK[]oqaer roJIbKo o6terr uccleAoBaHl4;l.

2. B o6crosrelbHoM aHarr.rrr4r{ecKoM o6:ope [porryueHbl orAeJ'IbHbIe nl4TsparypHble

I4CTOTIHI,IKI4' BeCbMa BOKHbre Nfr IIOCne.ryrcUIefO OoCyXleuu.g vr plHTepilpera\vu

p$yJrbraToB tlo KI,IHerI4Ke 4pI4CTtUIJIIISaWVT ftl3OfI'IIparOB 14 JrbAa.

a) @opvryna (7) uo cKopocrlr HyKJreaquu B Ar{ccepraIII4I{ ToJIbKo rracr[tlHo pacKpblTa B

$opuyne (18, 20) (crp.33), r.qe Ao6aueH MHoxI4reJIb V = Vo t- U/kT] (crp.35). 3Aecr v-

rracrora Bcrpar4BaHr4rr KJracrepon CHa'nH2O n rcpncriulJltrqeoKylo peusrKy 3apoAbllua, Uu -

eHeprur aKrr4Baur,rr4 sToro rrpoqecca. OAnaxo n Qopuy,re (7) He pacKpblr erle oArH

MHo)KureJrb, BxoAf,rr1lrft e 6oree ro,'rHoe onllcaHl4e cKopocrla HyKJIeaqlII4 (exp[- Ud/kTh,

rge U6 - 3HeprurJr ar(rr4Barruu aras$ysura aroMoB (uonercyn) B xl{AKocru [83, c.8-9].

I4sorAa BMecro U6 LrorroJrmyeTc{ SHeprr4lr aKrI4BaIIuIl Bt3KocrI4 xI4AKocrI4 Uy, IIocKoJIbK}

Ua r.r Uy 6rHsKra rro BeJrr{rrr4He. (Darrop 3enr4onuqa o6uquo paBeH 0.5, noororuy ocuoouoft

BK,TaA B rIOHrDKeHLre CKOpOATT4 HyrA'reaqlrr4 fa3ofrrApaToB BHOQI{T He TIOTHOCTb XI4AKOCTI4

KaK raKoBat (crp.76-78), a r4MeHHo xoeQ$r,ruuerrr 4ra$Sysur,r v Bt3Kocrb xI4AKocrI4

(Crpunoa B.ll. Konep.{a B.IL Cuorrrausas Kpr4crrL'rJ'rIGalJus nepeoxJlax'4eHHblx

Nr,rAxocreft. 1984). OrAelruo uaAo 6ruo yKa3arb wa crp.76-77 zasucl4Mocrb IIepLIoAa

HecrarlrlouapHocrrr r (time lag) or ilepeoxJriDrAenur (AT), u nr:xocru (q) xIrAKocrI4

(nra:reparypa 4, Il2-ll4 ras MoHorpafluw [83], Qopnayra (48), c.19). flocrolu(y r rlptMo

rpolopur4oHrurbHo Tl, To 9To cooTBeTcTByeT pe3yJrbTutaM liprasepTauul4, Puc33'a.

6) MuoroQaKropHbre pe3yJrbrarbr r4ccJreAoBanufl KI4HerI4KI4 nyzuIeaul4l,I ra3ofllAparoB

npr4 rrepeMeHHoM rrepeoxJrrDKAeH:au (3 uana, n.3.2.3, crp.78-92) rIoJIe3Ho 6ulo cpaBHrITb c

HeMoHorolruoft 3aBr.rcr4Mocrbro Kr.rHerr4Ku HyKJreaquu corefi B BoAHrIX pacrBopax. Kz4rpoe

E.I,I. MexaHu3M, Kr4HerLrKa odparoaaHus, u Bbrparrlr4BaHlle seluseftublx KpI4arilIJIoB IIt



orrrosJrerrpoHr4Krl. Anrope$epar rvaa. Ha coucKaHl4e yreHofi creneHl,I 4.0.-M.H.

Hoaocu6rapcx.20 I 3, Puc.l1 .
n) .{anee, aBTop paccMarpr4Baer roJrbKo rereporenultfi I4 roMoreHurtft naexaHlr3M

HyKJreaur4r,r, N Sarru.lecKr.r yrrycrr,ur r43 Br4Ay cneuu$ury Ha.ramHoft HaHo-craAI4I4 [poqecca

HyKJrearlr4r,r, l,t MexaHLr3M no-craAufiuoft HyKJIeaIIIzTI (one step nucleation, two step

nucleation, three step nucleation). Vekilov P.G. The two-step mechanism of nucleation of

crystals in solution // Nanoscale. 2010. Y.2. P.2346-2357. B roxe BpeMrI Syurcuur
pacrpeAeJreHurr BpeMeHr4 Bbrlrcr4Banns. B pacrBope ACIIO B AeKaHe (c.76, Pr'rc. 33'a

Aracceprarluu) coornercrByer no-craAuftHoMy s 3 srana npoueccy HyKJIeaqI'IIl, a I4MeHHo

rpex-6aprepHoMy rpoueccy HyKJrearluu c MaKcr4MyMoM cKopocru J(t) rpl4 HeKoropoft

AJrr4rerrbHoarr{ rpoqeccA [ 83, c.42 Prac.19, III, 4]. 3ror Qyn4anaema,rruufi pesy,rmar 6es

coMHeHr,rfl ueodxoAunao 6ruro orMerr4Tb e uayruoft HoBI43He AI4ccepraIIuI{.
r) flpu r4syrcHuu v aHuwlr;e oOpasonauufl rqp{tuux npo6or ueo6xoAl4Mo eue

rrpoBecTl4 cTaTlrcTlrrrecKr{e sKcrrepr4MgHTbr no KpI4cTaJInI{SaWV fa3ofI,IApaToB B

MeraJrJrrrqecKoM cocy Ie, a He roJrbKo oo QropoIrJIacroBbIX sqeftrax. 3ro obycJroBJleHo
gJreKpocrarlrqeeKr{M BKlaAoM B rrpoqecc HyKJrearlr4r.r roKorlpoBoAfllrl}Ix noAJIoxeK, Tiller

W.A., Takahashi T.R. The electrostatic contribution in heterogeneous nucleation theory:

pure liquids ll Acta metallurgica. 1969,V.17, Ne4, p.483 - 486.

3. Kpoue uurz6mopoB rqplrcrturJrusarryru ra3orrrAparoB xeJlarelrHo 6ruo orMerrrrb u

crr4MyJrflTopbr lD( o6pa:onaHr4r, TeM 6olee qro oro I43JIoxeHo n rry6nuraqvu pa6wu

corpy.qHraKos I,IHX CO PAH r{ Apyrrrx r4Hcrrryros CO PAH, HfY u Troueucroro

rocyAapcrBeHHoro yHr{Beporrera neQru u ra3a. A.N. Nesterov, A.M. Reshetnikov, A.Yu.

Manakov, at all. Promotion and inhibition of gas hydrate formation by oxide powders //

Journal of Molecular Liquids.2015.V.204. P.118 - 125.

4. B HaArrr,rcrx Ha pr.rcyHKax 41, 42 seodxoAuuu HecKoJIbKo 6olee AeftulbHble

o6osHa.reHua: Tonyol-T, ,{erau * A. noAilvrcu K 3TLIM I4 K ApyrI,IM pI4cyHKaM TaKXe

AoJrxHbr 6urr 6olee pa3Beprry"rbrMr4. Hanpuruep: KpLIBbIe BpeMeH BbIxI4BaHruI...(Puc.36- a,
-6), TeMneparypHbre Kpr4Bhre BbrNCLrBaHr.rr...(Prac.37), tuuueHrtfi BI4A npenaeuHofi

3aBr4crrMocrr4 TeMneparypbr B gKclepr4MeHTax c rrocrotHHblM nepeoxJlarreHuert. (Puc.32'

a, -6),3aBr4clrMocrb reMleparypHbrx rrapaMgrpoB KpI4BIIX BrIXI4BaHI,u... (Puc.38-40). B

noArrr.rcrx P uc.44 -47 He orMerreHa reMrlep urypa tlp ouecca.

CAelasurre Bbrrrre 3aMerraHrur Kacarorcs r4HTeprlperaqun pe3yJlbraroB ttcc,re,uonauufi

no KHHerr4Ke r(pt4crturJrragarlprr4 rtrorr{,qparoB, H coBepueHHo He cHLDKa}or o6ualto

loJroxrmeJrbHyro H BbrcoKyro orIeHKy pa6omr, BbIIIoJIHeHHyTo Ha goBpeMeHHoM Hay{HoM

ypoBHe r4 coAepxauleft pf,A HoBbrx opr.rrr4HrurbHblx pe3yJlbraron. HeodxoAI,IMo elqe pa3

orMerlrrb 6onluryro cJroxHocm o6reKros I4ccJIeAoBaHI4.f,, v ttpoqeacoB B HI4x

rrporeKaroulrx. HecoMHeHHbrM AocrotrHcrBorrl pa6oru flBllngrefl xopourufi aHaswrcw'lecwfil

o6sop, oxBarbrBarc)ul[ft xruo.reBble npoOlenau, [paBI4JIbHat l]ocraHoBKa Ha]^{HbIX 3aAarl

Arlccepraur4r4, rrocJreAoBareJrbHocrb r,r 6olruoft o6reu [poBeAeHHbIx SKcrlepplMerrroB, I{ B

ocHoBHoM BrroJrHe [paBrurbHa-rr r4rnepilpeTarlr4r iloJIfIeHHbIX HoBbIx pe3yJlbraroa. Kpoue

o6Uefi aKrytt'IbHocru pa6orbl rrerKo flpocJ'IexzBaercg ee perrloHutbHafl cocraBJIJIIoUtuI:



<Cu6zpcxue> o6renrhr lrccJreAoBaHnfl (ne$m r4 rn3orr,r,qparu), <Cra6upcxr,te> coaBTopbl

pa6or rc ToN,rcrca ra.flrcyruca, nogepxra pa6o:r r4HTerpaur4oHHbrMl4 [poeKraMl4 CO PAH,

(Dyu4aueurzurbuyro 3Haqr.rMoerb r4MercT KaK pa3Hoo6pa:uue (aBTopcrure)) MeroAbI, t{

a[raparypa Nw uccreAosaHr4fi, TaK v HoBbre p€yJrbrarbr no caMoKoHaepBa\uu

orrpeAeJreHHbrx pa3MepoB rtt3orr4AparoB Hr,rxe 0oC, no <suraQeruoMy> MexaHI,I3My

Kpr4cr€urJrlr3ar.Ir4r,r KangJrb B 3MyJrbcr,rJIX, ro 3aBr4clrMogTr4 rrepl4oAa Hec'TarII4oHapHocTI,I ut IIo-

craAuftuoro MsxaHLr3Ma Kpr4craJrnr43arlur4 or cocraBa olrymcufi, Korophle 6yayt

nocrpeboeauu n 4a,rrnefturux r{ccJreAoBaHr,rrx Ha HoBbrx npLrpoAHbIX w MoAeJIbHbIX

o6rerrax. llpalrnruecKar 3Haqr,rMocrr pa6orbr HecoMHeHHa, rrocKoJlbKy B Hacrotulee BpeMl

4o6rrua ueQru u ra3a oMerrlaercr B ceBepHbre paftouu r,r Ha [reJ]rQ, wo Aenaer 6o,ree

Bepo{THbrM o6pasonauue ra3orr4AparHbrx npodor B npoMbrcJroarx rpy6orpoBoAax u

(aosnaoNuo) crnorax cKBarKr4H.

[ucceptaryw, A.C, Cronopena flBrrr'erefr BrroJrHe raeeprueuuofi Ha) {Ho-

nccJreAoBarelrcrofi pa6o'rofi. Co6lroAeurr seobxoAuuue [pLrHuI4[bI coorBercrBl4t

Ar4cceprarlur4 KpmeprurM, ycraHoBJreHHbrrra u. 9 <floloNesr,reM o rropflAKe [pI4cpKAeHI4.tI

yr{eHbrx creueueft>), yrBepxAeHHoro llocrauowreHr4eM flpanrarerucrsa P(D .l\b 842 or

24.09.2013 r.: coorBercrBr,re qenefi u 3araq r4ccJreAoBaHr,u; aBTopeQepar coorBercrByer

coAepxaHrro Ar,rcceprarrurr vr coAepxaHruo orybru4xoBaHHbrx pa6or, a raKlne BI4AHo qerKoe

coorBercrBr4e reMbr Ar,rccepraunu u HayqHofi cnequaJrbHocrr4. AnropeQepar u Aplccepraul,u
aKKyparHo o$opnueuu, r4J'rJrrosrpr,rpoBaHbr rpa$uraun, ra6ruqauu, [pLIJIo)KeHur.Mla.

OurosHnre HafrHbre rroJroxeHlur Ar{cceprarlr{rd rroJrHocrbro orpDKeHbI n 5-rz BeAyIrI[x

peIIeH3I4pyeMbIX HayrIHbIX )I(ypHaJIaX, yAoBJlerBopf,rcrUnx rpe6onannru BAK PO, B

Marepr,riuax r4 Te3ucrx AoKrra"qoB 20-ru rcou$epenuzfi, rAe npoxo.ur4Jra anpo6aquapa6ou,t.
Ha ocHoBaHI4I4 BbIrueLBJIoxeHHoro c.trlTalo, rITo IIo aKrytulbHocrll, HoBIr3Hg'

Hecouseuuofi AocroBepHocrr,r vr uparrruuecroft 3Har{}rMocrr4 p$yJlbraroB pa6ora

coorBercrByer rpe6onanvnrM, rrpeAbrBnreMbrM K KaHAr4AarcKr4M Ar.rcceprauvrnM, a ee aBTop,

Cronopen AHapefi Cepreenuu 3acJry)KuBaer [pr4cy]KAeHr4Jr eMy yuenofi creIIeHI4 KaHI'LrEara

xr4Mr4rrecK[x HayK rro cneuua,rbHocrra 02.00.04 - Sn:nvecxafl, xvrMr4fl,

.{aro cornacrre Ha BKrrroqeHr4e Molrx rrepcoHiurbHbrx AaHHbIX B AoKyMeHTbI, cB.fl3aHHble

c padoroft Ar4ccepraur4oHHoro coBera, 14 r,rx AturbHefturyto o6pa6orry.

CrapurrEft Hayruufi corpyAHrrK @e4epzurrHoro rocyAapcrBeHHoro 6roANsrsoro
yrrpexAeHus.Haycn Irlucruryra Szsrarcr,r noJIyrIpoBoAHI'IKoB uu. A.B. PNaHosa

C u6rapcnoro orAeJreHras Poccufi cr<ofi araAeMrrr4 HayK,

loruop Qnsuro-uareMarr,rrrecKlrx HayK

flo.uuucr 3aBepflIo:
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