
oT3bIB O@I,n[4AnbHof o oilnoHEHTA

Ha AI,IcceprauI{oHHyIo pa6ory .ryHI'ICOBA EereHI4s I4Flaqoeu.cla <Pa-:pa6orra

rexgororuft BbIAereHI4s Mo-99 fis BbIcoKoaKTI{BHbIX pacrBopoB c Irc[oJIL3oBaHI4eM

cop6enros <Tepuorcu4>>)), flpeAcTaBnennoft na coI4cKaHIIe yvenoft cTeIIeHIl AOKTOpa

rexHr4arecKr4x HayK no cleqrraJrbHocru 05.17 .02 - TexnonoMs peAKI{x, paccerHHblx Ir

paAr4oaKTLIBHbIX 3JIeMeHTOB'

,{ucceprauuouuax pa6ota,{euucona E'Vl' sar'lercr Naacutra6suM HayqHEIM

I4CCJIE.IIOBAHI]EM S O6IACTi'I TCXHOJIO|UU PEAKTIX, PACCEqHHbIX 14 PAAIIOAKTIIBHEIX

3JreMeHToB. Artyalrnoc$ us6pauuofi AlrcceprauToM TeMbI lre BbI3bIBaer colftrenrai u

sKOHOMr4qecKrn qelecoo6pasHofi cop6uuosnoft rexnoilorlll4 BbIAeJl eUUs' Mo-99 Etrs

rAepnofi MeAI,IqIrHbI. @yuAaueutalbHble pe3ynbrarrr pa6oru orHoctrct K fioJlyqeHl'Irc

IIpeAcTaBJIeHIII4 lr KoHKperHbIX SKcrIepI4MeHTaJrbHbIx suatuir o

ri3BJIerIeHI4t l.tolu6Aena r13 BEIcoKoaKTIlBHbIx

o6ycroalena, B nepBylo oqepeAb, norpe6nocrarntu e pa:pa6orre 6esonacHofr I'r

HOBbIX HayqHblx

3aKOHOMepHOCTtX cop6qzounoro

pa:pa6or:re

pacrBopoB c npI4MeHeHIleu cop6enroB Ha ocuoBe rl4Aparl4poBaHHoro '4I4oKcuAa

Trfialla.

Uenr Alrcceprallllouuofi pa6oru ,{enracona E'Z' cocrofJla B

TexuoJion4l4 BLIAeJIeHu.f, Mo-99, rloJlf{aeMoro no peaKIIliH relreulrfr ypaHa' c

r4crroJIb3OBaHI4elr4 COp6euroe <<TeprvoxcN4>'

Co4epxanue pa6orrt u3Jloxeuo 272 crpauurlax' BKrloqas 94 pucyuxa u 74

ra6nuIlu.[uccep'ta\uxl4MeerrpaAlrquoHHyrocrpyKTypyI4cocrol,ITr43BBeIeHr4srt['tr4

r4 cflrrcKa Jllrreparypbl, coAepxaulero 123 luauMeuoeaHl]t' a raKxe

AlzccepraHToM o6ocHosaua aKryaJlbHocrb ru6paHuoI TeMarI'IKIt'

c$opuynupoeaHbr rleJrr4 v3aAAqV, ocHoBHbIe noJloxeHl4q, BbIHOCI4MbIe Ha 3alIII{Ty'

flepnaa rflaBa sBr.tercr o6:oporra nl4TepaTypHblx 'qaHHbIx' I{Meloql4xct no

TeMaruKe pa6oru B Hacro{rlee rpeux' B o6:ope Aocraror{Ho noJIHo r{3JIox(eHbI

cBeAeurrt, Kacarcqllect $opn cocroanus n'tolz6Aeua (VI) B BoAHLIX pacrBopax !I

MeTOAaM vrexsaenoro pacflpeAenennr AJrt lt3BJleqenus IaoIIa6AeHa Il3 pacTBopoB;
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fJIaB, 3aKJIIOTIeHI'I'

4r1x npzloxeuufi.
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TexHoJrorHr{ecKHM rrpoqeccaM BbrAeJreH:lrfl. 14 oqI4crKI4 Mo-99; I43BreqeHI'IIo MoJII46lena

| {3To t I J I I IBapacTBopHo fo 'AepHo fopeaKTopacnp I4MeHeHI4eMHeop faH l l qecK l4x

cOp6eHron. O6OcHOeaHa Ilenb pa6o6r kI IIoCTaBJIeHbI 3a4aq'r4' BbITeKaIoUue V3

cocrotHnx npo6JleMbl Ha MOMeHT HaqaJIa pa6orbl'

Bo BTopofi rJraBe AeranbHo orrncaHbr $u:uxo-xl4MuqecK[e kr cop6IIHoHHbIe

cBoilcrBa cop6eHroB MapKrr <Teplroxcr4A) Ha OCHOBe fI4AparI4poBaHHOfO AHOKCZAa

TplTaHa. Irl:yueurr xnMr4r{ecKaf, ycrofiuueocrr B a3OTHOKI4CJIbIX tt cepHoKI4CnbIX

pacrBopax cop6enroe T-5 u T-52, r43J,ro)KeHa MeroAr{Ka rrccJleAoBaHhrfl. cop6quouHrtx

csoficre cop6eHroa <TepvoKcr.lA) rro orHorrreHr4ro rc Mo-99. Paccrr'lorpeHrr $arcropbl,

Bnuf,ro1lr4e Ha cop6quro naolu6Aeua: pH V KoHUeHTpaI\Vfl' pacrBopa, yAenbHoe

coAepxaHHe cop6eHTa B cI{cTeMe, KoHIIeHTp aIryfl ypaHa vI Hallarlue coneBoro $ona'

floapo6no H3yrreHa Kr4HeTr4Ka cop6qura naolu6Aeua v ycTaHoBneHbI OCHOBHbIe

3aKoHoMepHoortl cop6qnu u 4ecop6qnH MO-99 s AIaHaNaI4TIeCKHX yCIOBHSX.

Tpersn fJraBa rrocBruleHav3yYlel%ro cop6quoHHofo noBeAeHI4flpaAVoHyKnI4AOB

fi,o1a V pyTeH4fl,, KaK uar.I6Olee 3HarII4MbIX npUuecefr, r npoqegce nonyr{eHl4t

KoHrIeHTpaTa Mo-99. Ha ocHoBaHHH BcecTopoHHero IIccneAoBaHVfl cAeJIaHo BaXHoe

3aKrrorreurIe, Lrro B orcyrcrBar4 oKHcnI4Teleit vtttu BoccraHoearereil MaKcr{MaJIbHafl

cTeIIeHb repexoAa ftopa B ra3oBylo $uty Ha6nroAaerct B cpeAe c pH<l, r'e'KpIcJIbIe

TexHoJrofr{qecKne paarBopbr flBJrrrorcs. gavt6oree oracHbIMI4 BcJIeAcrBI4e rlonaAaHnfl

rasoo6pa3Horo paguoiaoga B oKpyxarorqyrc cpeAy. Anropou HafiAeHbI ycnoBl4t

cta6uttuza\rlT SOp* cocTOtIHII s fioILa n pa:pa6oTaHa cTaI.Vs'.4o[IoJiHHTellsoil oqHcTKI4

rUeIOr{HbrX KoHIIeHTpaTOB rr,lOlZ6Aeua OT fiO.qa B AIaHaMutIeCKIlX yCJIOBHSX'

IzlccreAosaHvle copSqraouHoro [oBeAeHI4q pyTeHvlfl' B MoAeJIbHbIX a3OTHoKIIcJIsIX

pacTBopax I I o3BOJ IHJ IO3aKJ I I oq I , ITb , I ITOce I I eKT I4BHoeBb IAeneHI4eMon I , I 6AeHa

qenecoo6pa3Ho BecTH rlo Bo3MoXHocrI4 u3 6onee KI{SJIbIX pacrBopoB'

B uereeprofi H [qrofi r,,raBax, Hal46onee BaxHbIX c [paKTl4t{ecKofr ToqKI4 3peHIIfl'

[peAno)KeHr,r rexHo.]loruqecKr4e cxeMbl BbIAeJIeHws, Mo-99 I43 pacrBopon o6nyr{eHHblx

ypaHoBbIX uuuresefi nO <<MaqK)) tI pacTBopHoro ToilIIHBa peaKropa <Apryc>>'

floxasaHo, r{To [peAnoxeHHbre rexHoJrofr4H BbIAeJIeH]}1^fl. rraolz64eua c I4c[oJIb3oBaHI4eM

cop6eHron <TeprraoKcI'IA)) MapoK T-5 wT-52 npHroAHbI I'nfl npoMbllxneHHoro ocBoeHl4t
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tr c11ocofiHbI 06ecneql4Tb rIpOH3Bo.qCTBO Mo-99 MeAHUI4Hcxoff qp1CTOTbI' r{TO

noATBepxAeHo ar(ToM Hcrrbrrattrh TexHoJiofl4r{ecKoft cxeMbl B npoMbIIxneHHbIX

ycnoBldqx Ha IIO ((MatK)) s 2012 r.

B 3an,rroqenun npeAcraBJreHbr HeKoropble o6o6uleuzs tro Al4cceprarluonsofi

pa6ore B IIenoM.

HayvHan HOB[3Ha pa6orur SBOAUTCq K cneAyIoUI{M BbIBO.qaM:

1. Onpe4eJreHbr ycnoBr{q Anr BbrAe lretr4fl Mo-99 I43 BbIcoKoaKTI{BHbIX pacrBopoB c

[pr4MeHeHnev cop6eHToB <Tepuox cv[>> ;

2. Konu.iecrBeHHo oxapar(Tepr.r3oBaHbr cop6quoHHble cBoficrBa cop6eHToB Ha ocHoBe

rhApoKcr4Aa ruraHa T-5, T-52 ro orHo[reHlr]o K MonI46AeHy B 3aBI4cI{MocrI4 or

pa3nr4qHblx ilapaMerpoB pacTBopoB, npoBeAeHo corrocTaBJIeHHe cop6quouurx

cBoficrB H3MeHeHHela Sopru cocroflHur MonH6AeHa B 3aBI4cHMocrH or 3HarIeHI4fi pH

BoAHofopacTBopacyI{eToMpa3nI4I IHbIXMoAenef icop6ul l ra.

3. YcrauoBJreHo BrrvrfrHvre ycnoerfi repuoo6pa6omu cop6euroB (TepMoKcI4A)) Ha vx

Su:raxo-xgMqrrecKr4e ra cop6qnoHHbre csoficrsa ro orHoIrIeHIrIo r< uonu6geuy.

4. Onpe4eJreHbr cKopocrb orpeAen-srcrque cra/Lr4Lt cop6rluu Mo-99 cop6eHrou T-5:

uaH6oree 3HarrnMa.f, - [peBpau-legne necop6rapyeMblx Sopt cocrotHus volu6AeHa B

cop6upyeMbre ruApor<co$opnarr (nueurueKl4Herl4t{ecxvrit peNvvt); Ha no3AHr4x cran.vflx

npoUecca - AH00y3wn cop6ara B ropoBoM rlpocrpaHcrBe cop6eHra.

5. BrrssreHrr 3aKoHoMepHocrr4 r43MeHeHHt KoHcraHTbI cKopocrlr cop6qun Mo-99

rVIpaTvrpoBaHHbIM AI4oKcHAoM TuTaHa B 3aBVQHMSSTI4 or pH, npeAnox(eHa cxeMa

rpoqecca cop6qIaH rr'IApoKcoKoMnJIeKcos raor[6AeHa.

6. VcrauoereHrr oco6essocrz cop6qlronHoro noBeAeHue paAI4oHyKnI'IAoB itol.a kr

pyreHr{f, no orHorxeHuro x cop6enraM (TepMoKcHA)) npl4 nonyr{eHl4H KoHueHTparoB

Mo-99.

7. C novrorr{bro pa3pa6orassoil MeroAr4Kr4 rroJryqeHbr cI4creMarI43HpOBaHHbIe AaHHbIe

no ueN$a3HoMy pac[peAeJreHr4ro paAr4oaKTI4BHoro fiola B cncreMe xnAKocrb - ra3.

HayvHo-rtpaKTUqecKal 3HaqItMocTF, 3aKJI]OqaeTC{ a pa:pa6orre:

TexHonofr4[r tt [poBeAeH[r4 ee npoMblluneHHblx ucnnrcaiHuit tlpl{ [onyr{eHl4l4

KoHueHTpara Mo-9 9 uz pacrBopoB nocJle nepepa6orKu MI'IIrJeuefi IIO <Masx> c
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[pr4MeHeHr4eM COp6eHTa T-5 c yKa3aHl4erra nyrefi MOAepHI43AIJL4LI 14 ynyqlxeHldfi

TexHoJrofnh c yr{eToM MeH.rrrolIIl{XCt rpe6oeaHnft npotl:BoACTBa;

TeXHoJTOft{I4 BbIA9JI eHVfl [perlapaTa Mo-99 H3 pagTBopHoro TOIIJII4Ba peaKTopa

<Apryc>; npoBeAeHHbIe I4crIbIraHI{t Ha peanbHoM o6-rryueuuou pacTBopHoM

TOTIJII4Be noKa3aJII4 BO3MoXHOcTr nonyrleHl4t MO-99 B CoOTBeTcTBI4I4 C

MexAyH ap oAHblMH rpe6 oBaH vflMrr no p aAI4OHyIilHAHOff qu crore'

TexHoJrofr4qecKofi cxeMbr Anq [epepa6orxu kr yrkrnv3a\vv XIIAKI4X rr rBepAbIX

paAIIoaKTI{BHbIX oTXoAoB, o6pa:yrout11xg,fl' Iipu peanhBaI\vrw TeXHoJIoTI'IqecKI4x

oneparlHfi BbrAeJreHr4s Mo-99 v3 ypaHtln-cynbsarHofo pacrBopa.

AnropOnr TaKXe npeAnoxeHa AOTIOJIHI{TeJIbHafl CTA!'Vfl' Or{IICTKII tUeIOqHbIX

KOHrIeHrparoB MoJr ?I6llena or fioAa Ha cop6eHre T-5(Ag) u orueueHa nepcreKrl4BHocrb

HcfroJrb3o Ba111fl, cop6eHTa T-52 AJu rexHoJrorr.rr4 r43BJreqeHut MoJrI'I6Aeua ras Hov-

TOTIJTHBa foMofeHHOfO pacTBopHofo peaKTopa'

3aN,re.raHlat I4 Borlpocbl, Bo3HHKluHe npl4 aHanu3e Al{ccepraulroHHofi pa6oru:

1. B TeKcTe V BbIBoAaX .{uccepTaUill4 yTBepXAaeTQfl', r{To cop6eHTbl MapKI{

<TepltoxcuA)) XapaKrepq3yloTcfl ((BblcoKofi TepMI4r{ecKofi ycTofrql4BocTblo

o6ueuHux TI.IApSKSIIJI6H6IX rpyn[)' OAnaxo [oAo6Hoe yTBepXAeHI4e BeObMa

CIIOpHO, IOCKOIIbKy 113 nl',ITepaTypbl I43BeCTHO' r{To oT)KZf rv[paTkIpoBaHHOfO

Ar4oKctrAa 
-L'vra1a (fAT) rpH 500-600'c fipl4BoArlr K roqrl4 ronHoMy yAaneHzrc

fr4ApoKcr4JrbHbrx fpyfin c rroBepxHocTl4 KpHCTannpIToB. 3Aecr npkllq'vllF.a

rrpeAcraBlteTcq B ApyroM: noBepxHocu f[T rrocJle orxura Ha Bo3AyXe H TeM

6olee B B9AH6IX pacrBopax cnoco6Ha K xeMocop6IIHI4 MoneKyn BoAbI c

nocneAyrotqllM AI4ccoIIHar[BHbIM pacqenneHl4eM vr Qopr'lupoBaHl4eM

fr,lApOKCllnnpoBaHHOfO CJrOs Ha noBepxHocTII TIaCTUU. tr4Uesuo no 3TOfi IIpI4r{I4He,

ro-Br4AI4MoMy, V orcyTcTByeT cyIqeCTBeHHat pa3HI4Ua B cOp6III4oHHbIX

xapaKTepl4cTuKax o6pasqoe cop6eHTa' oToXXeHHbIX 11pu pa3HbIX TeMIIepaTypaX'

2. Eoree rofo, npu paccMorpeHfir4 KuHerr4qecKl4x 3aBuclrMocrefi cop6tluu Mo-99

Ar4ccepraH'f yrBep)K ;1aeT, ((qro B nepBblft MoMeHT BpeMeHI4 Ao 5-10 uuu flpoqecc

cop6quu MonH6AeHa B ocHoBHoM JII4MHrIrpyer BHerIHf,q 4u$Sy:ut))' lloqeMy He



4.

5 .

yq[TbIBaIOTCt [pI4 3TOM IIpOUeCCbI AOIOIHI4TeJIbHOfO fI4ApOKCI',InUpoBaHIIf,

noBepxHocTll cop6eHTa B BOAHOfi CpeAe? MoNer JII4 3TO IOBII4.flTb Ha BbIBOAbI rIO

MexaHI43My cop6uuu uolu6Aeua?

3. B rexcre 14 BbIBoAax aerope$epaTa yKa3aHo' LITS ((KOHer{HbIM IIpOAyKTorra cop6qun

Monu6AeHa flBlqeTct tao:ru6AaT Ty1TaHa) H npI4Bo[v1Tcfl ero Sopuyna TiO2MoO:'

Bce-raru 6olee rpaBr{JrbHo ero Ha3brBarb oKcoMoJll46Aarolr rvrraHa (lo analoruH

c H3BecTHurt o*.oaynrsarou) a :anucblBaTb B BI4Ag TiOMoOa (rax, KcTarI4' oHo

3a[r4caHo Ha cTp. 88 AraccepTaUI4I{) c oroBopKofi, vto coeAHHeHI4e ((BcTpoeHo) B

orpyKrypy noBepxHocrHblx CIIoeB COp6eHra'

Xorelocr 6rr nolyul4rb 6onee pa3BepHyrblfi orBeT Ha Bo[poc, IoqeMy cop6eHr T-

52 6olee creur4ouqeH K uonuSAeHy r{eM T-5? B qeM cKa3blBaercf, ponb

BHeCeHHOfO B COCTae copSeHTa OJroBa? He BbIMbIBaeTcfl' na onoBo tls cop6eura

rpLI ulenoqsofi oSpa6orxe B rpouecce Aecop6uwu?

B KaqecTBe 3aMeqaHl4q XOTeIIoCb 6u OTMeTHTb pa:HOo6paarae Hassa:nuiI

r4ccneAyeMoro cop6eHra: (rpIApoKcI4A' ru41paTvlponannrrfi AI4oKcI4A 14

oKcof1aApoKcllA TI4TaHa)). flocxolrxy Ha3BaHkIe Aon711Ho o[peAen'tlTb XI4MHqecKyIo

npr4poAy coeAuHeHI4.g, Ha Moft B3rJ1nA' I4ecneAOBaHHbIe Cop6eHTbI cneAyeT

OTHOCI4Tb K fpyllfie fHApaTHpoBaHHbIX OKCHAOB' nocKonbKy IIO AaHHbIM

peHTreHorpaOI4H Iz rou6uuaql{oHHoro paccetHqtr cBeTa oHI4 I4MeIor cTpyKTypy

(anorAa roJIbKo 6lItNafiruero oKpyxeugr) 6e:soAHlIX AHoKcI{AoB'

Cle,laustle 3aMeLIa HVfl, He SHI4XaIOT O6ufefi BbIcOKOfi SIIeHKI4 AHCcepTaUIaOUuofi

pa6oTbl, KOTOpas qBJl.seTcfi 3aKOHr{eHHbIM HCCJIeAOBaHUeM' BHOC'IqHM CyUlecTBeHHbIfi

BKnaA B pa3BI{TI4e MeToAoB H TexHonorl4fi BbIA9JI9HI{" 
nnMo us HOV-[poAyKToB Ant

Me.ULIUI4HCI(OH .ql4afHocTI4KH. Pe:ylrrarrt npeAcraBneHHofi AI{ccepralluu

C9gTBSTCTByTT T0M0 3aflBJIgHHgil C11eql{aJlbHocrl4t a raKxe Uenu u 3aAar{aM'

TTOCTaBJISHH6IM B Al{CCep TaI\uV. Pa6ora HA;1vIaaHa rpaMoTHO I4 IOII'ITIHO' JlUqnurfi

BKJTaA aBTOpa 3aKrltoqaeTc.s B BbrrroJrHeHr4l4 OCHOBHOIO O6teua 3KCnepI4MeHTaJIbHbIX

ucCJreAoB a14it, I43JiO1(SHHF,IX B AHCcepTaIII4oHHOfi pa6Ore, C noCneAyroqefi VX



,

o6pa6or:r<oft z unrepuperaqzei. Aarope(fepar coorBercrByer coAepxaulzlo vr

ocHoBHbrM HafrnbrM rroJroxeHfifiM pa6orbr.

Cvuraro, irro Ar.rcceprarlr4 onHar pa6ora ,,{enucona Eerenzs Zsauogu.Ia no

aKrya,-rbnocrrr peuraeuoft npo6lerrmr, o6relry [poBeAeHHbIX uccreror.arlufr* ypoBHIo

uay.rnofi 3uar{LrMocrr4 coorBercrByer rpe6oeauuxrr,r n. 9 llo:rox euLrt o npI4cyxAeHIzI'I

yqeHrrx crenenefi r Vp@V (yre. npzrcaaoM peKropa Vp@V Ne 879103 or 21.10.2019),

Irpe.qb{BJrreMbrM K AoKTopcKtIM Ar.rccepTarlvrM, rr MoxeT paccMaTplrBaTbct KaK

3aBeprxeHHa{ HayqHo-KBaJrr,rQzraquouuax pa6ota, e xoropofi coAepx[rcq pe[reHl4e

xr43HeuHo-Baxuoft uayvHoft upo6reuu, a ee aBTop 3acJrylr(v Baer npl4cyxAeHlzrl

zcr<ouofi yrenoi crerreua AoKTopa rexur,rrrecKr4x HayK rro cnelll4urJlbuocru 05.17.02 -

Texnoloru.g peAKkrx, paccerHHbrx v paAproaKTuBHbIX gJIeMeHToB.

OSuuuaruHurfi onnoseur,

,.{oxrop xzMr,rqecKr4x HayK, crapruuil uayuuui

corpyAHI{K, @fByH I,Incruryr xr.rMr4r4 rBepAofo rerra

Ypa:rcr<oro orAereHus PAH (I4(TT YpO PAH),

rrtaeHHft nayvnrrfi corpyAHnK la6oparoplru rsaHrosofi

xr4ulru Lt clleKmocKofl]ru una. A.JI. ZgagogcKoro

fiffn*r,ntl' ,{enucoaa Tarrsua Arercangpoana

lloAnracr leuucoeofi T.A. saaeparo:

Beaylrlrft crequarrrlcr rro uepcoHany ID(TT VpO PAH

23 sexa1px 2Q

Jlesr.rna Cserrana Bnral sesHa

llo.rtosrrfi , r. ExarepnH6ypF, y"'1. llepaovaficxar, 4. 9l

Tere(pori: + 7 (343) 37 4-48-45.
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