
OT3bIB OOIIIII4AJIbHOTO OTIIOHEHTA

Ha Ar4ccepraurroHHlro pa6ory ,{eHzcona Enrenus I4saHoBLIva(PA3PAEOTKA TEXHOJIOIUfr

BLUIEJIEHI{9 Mo-99 VI} BbICOKOAKTI4BHbIX PACTBOPOB C

I{CIIOJ'Ib3OBAHLIEM COPEEHTOB(TEPMOKCI4A), npeAcraBrreHH}.Io Ha cor{cKarll4e

yqeEoft crerleHl4 AoKTopa rexH[qecKl{x Ha}'K IIo cileqllaJrbHocrl,I 05.17.02 - TexHororus peAru4x,

paccerHrrbrx I{ paAI{oaxTI4BHEx 3JIeMeHToB

Arcrya,rrnocrr pa6orr,r. ,{ucceprarlronnu pa6ora rrocBrurena perleHwo necrMa saxuofi

u ar<ryamuoft npo6neusr - co3AaHI,Irc 1'nu nepca:rrnofi, 6esonacnofr Ir 3KoHoMI4qecK[r

qelecoo6pa:uoft TexHoJroruu noJryqeHl4t npefiaparoB Mo-99, rax ocuoBHoro KoMrIoHeHTa

reHeparopoB nntTa. B uacroxulee BpeMt rexnequfi-

99mocraercsHara6o:reemuporoucnoJr*yeM6uBt4epuoiitr,le,4uquHepaal4oHyxJll{AoM, (oropbtri

npfiMeHterct Ant AIrarHocrItKIr I{ rer{eHr.rs oHKoJlor[qecKr{x Ir KapAlroJlo[rqecr<rax :a6olenanr,rfi.

ltt peneuux 3aaarm BxoxreHus Poccuu B qIrcJIo MI{poBbx nrlAepoB no nocranre Mo-99,

neo6xoAuruo pa3BHTIre uonrx e$SexrLIBHbD( TexHonoruii na 6a:e poccr'rficr<oro Hayquo-

rexHr4qec(oro noreurlr4aJra u uarepila,ron.firannoii sagaueft r grofi o6racru sBlrse'rcs. pa:pa6orr<a

MeroAa Bbr,ueJrenas Mo us HugKoo6ora lelrHoro )?aHa (HOV) u r43 pacrBopoB roMoreuHbrx

pearTopoB. Hau6o:ree qenecoo6pasno 4:rr orofi ueJrr4 r4cnoJrb3oBar6 Heopranr{qecr<r,re cop6enurtr,

Koropbre o6na,qaror nosHueuHoft ceJIeKTpr BHocrrlo K onpeAeJreHHrIM IroHaM, a tarNe nrrcorofi

xuurauecrcofi , repuu.recxofi z pa,uuaqr.ronnoii crofi roctrto.

Ilenrro pa6oral tBJrtJrocb paspa6oma rexHoJloruu BblreJIeII[t Mo-99 ]ts pacrBopoB,

rroJD raeMbrx fiocne pacrBopeHrfi ypaHoBbrx uuuesefi c r cnoJIb3oBaHI4eM HeopraHLIqecKLIx

cop6enron <Tepiraoxcr,t4>.

,{na 4ocrr,rxenuq nocrasreuHofi qe:rv 6lra [poBeAeH or'r6op nau6onee nepcneKTllBulrx

uapor cop6enron <Tepuorccag> Art Bbl.4ereHus Mo-99, ycranonneHbr 3aKouoMepnocru cop6quu

rr.ro.nu6Aeua rI npoAyKToB \enel,j^vs ypad]€ v3 a3orHo(rrcJrbx rr cepHoKlrcJlbrx pacTBopoB

cop6enrauu <Tepuorclt4>; pa:pa6orana rexHonorut Bbl4eJreHl4t r rly6orofi oqllcrKll Mo-99, a

Tarxe cxeMa nepepa6orruxraAKlrx Ir rBepAr,D( paAIroaKTIrBHbD( orxoAoB, o6pasyrorquxcx npr'r

TexHoJrof[qecKr{x oneparlrlsx srlAereHra.f, Mo-99.

Hayuuaa HoBrr3HaArrccepraurau cocrol4T B cJreAyIorIeM:

- BnepBrre onpeAeneubl ycJIoBI,It BrIAeneHI,It Mo-99 9r3 BbIcoKoaKTI'IBHbD(

pacrBopoBpa3n qHofo cocraBa c hcnoJr b3oBaH Hena cop6eHroa <Teplroxctl4>. oflpe.ueJleHbr Hx

cop6quoHnrre r4 K4HerLIqecK,Ie xapaKTepI.IcrLIK{ no orHollrenuto r Irao:ru6.ueHy 14 npoa}'KTaM

Aene}Jvs. ypaHa -paArroHyrnu,uau iloAa x pyreHt4s. B 3aBrlcr'IMocrt4 or pa3r[qHbD( flaplMerpoB

npoBeAeHr,rr fipouecca;
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- ycTaHoBneHa B3ar{MocBr3b cocrorHr4r Monr46AeHa oT pH BoAHbIX pacrBopoB E ero

cop6qr{oHHoro rroBeAeHnfl c yrleroM pa3nI,IqHbIX MoAeJrefi cop6qnta;

- ycraHoBJreHo Blrufl:aue ycnonufi repuoo6pa6orxu cop6euror <Tepuorcug> Ha ux

$urnxo-xl,rMr.rqecKrre u cop6qHoHHbre cnoftcrsa [o orHoIIreHLIIo K uonu64euy.

Ilparru.recKafl 3HaqrrMocrb pa6oru.

1. Pa-:pa6oraua rexHoJrorr4r vt npoBeAeHbr npoMbrrrrJleHHble vtcrrbrraHnfl noJIfreHI,It

KoHrIeHTpara rvronH6Aena-99 r,r3 pacrBopoB nocJre uepepa6orKl,I ypaHoBbx MI4IrIeHeit sa Ofyn

(lIO <MasK) c r.rcnoJrb3oBaHrdeM cop6enra <TepnaoxcI,rg-5> v AorlonHl,ITelurofi oqucrKlI

KoHrleHTparon rrroru6AeHa or itoralr'aAg - Sopue cop6enra <Tepnrorcn4-5>.

2. Paspa6oraua rexHoJrornr Bbr.qeneHr,rr Mo-99 ns pacrBopHoro ronJIrIBa peaxTopa

<Apryc> Haquona-nrHoro rccJreAoBarenbcKoro uenrpa <KypuaroscrHfi llHcrl,Iryr) (HI4U KI4).

flpo4ervroucrpnpoBaHa Bo3MoxHocrb nonyqeHlrr uotm6/Lesa-99, coorBercrBylorqero

MexAyHapoAHbIM rpe6onauutM no paAI,IoHyKnI,I4Hoft qllcrore.

4. flpe4noxeH MeroA BbrAeJreHr.rr uoru6.4ena us HOY-ronJII,IBa, a raKxe I,I3 ToITJII{Ba

foMoreHHoro pacrBopHofo peaKTopa c ucloJrb3oBaHr{eM cop6eura<TeprraorcIl4-52>.

5. flpe4noxeHa rexHoJrornqecKiur cxeMa Anr [epepa6orrpl u yrun]I3alllix )ru4,{KHX I{

TBepAbrx paAlroaKTr,rBHhrx orxoAoB, o6pasyroruptxcs npv peanrl3auldrI TexHoJlorllqecKux ouepaquf

BhrleneHr.rs Mo -99 us ypaHktn-cynro arnoro pacrBopa.

lucceprau[scoAepxrrr BBeAeHr4e, 5 rlan, BbrBo.uhr r{ cnlrcoK III{TrIpyeMoft nzreparyprt.

Pa6ora Lr3JroxeHa rta 269 crpaHlrrlax, BKJrroq€u 94 pucyuxa, 74 ra1r'ullbl I,I cnucoK nl,ITeparypbl rI3

123 sauuesosaHr.rfi.

Crpyxrypa Ar.rcceprarlrar,r coorBercrByer rpe6onauuql,r BAK K AoKTopcKI{M AI,IccepraIII,IflM.

Bo nneAen[wr3Jro)KeHa aKTyanbHocrb reMhr riccJreAoBaHr.rfi, cQoprraynupoBaHbl Ilenb I.I

ocHoBHbre floJrox(eH]rr, BhrHocrrMbre Ha 3arqI,ITy, oTMeqeHbr HayqHafl HoBI{3Ha U npaKTHtIecKuIt

rleHHocrb, yKa3aH nr.rqHrrfi BKnaA aBTopa, p.aercfl KparKoe coAep)KaHlre Al{cceprarluu ilo rJIaBaM.

Ilepnan rJraBa pa6oru coAepxrlr o6rop Haf{Ho-Texnr.rqecrofi JII,ITeparypbI,

rrocBrrrleHHofiueroAaulonyqeHlrr Mo-99;Sopualr cocrorHl,Is rraorut6Aeua (VD B BoAHbrx

pacrBopax; TexHoJroft4qecKLlM rrpoueccaM Bbr,uereur,rs u oqncrKlr nnMo; 
Suauro-xl,tMuqecKl,IM u

cop6quoHHnu csoficreaM cop6euron Ha ocHoBe rr,rAparr,rpoBaHubx AI,IoKcI{AoB TilTarra;

r{cnoJrb3oBaHr,no BoAHoro roMoreHHoro rAepHoro peaKTopa KaK anbTepHaTI,IBHOrO UCTOTIHI,IKa 
99MO

Anr [por,r3BoAcrBa MeAr.rqnHcKr,rx r,r3ororroB. B rouqe rJraBbr c$oplayrupoBaHhl ocHoBHbIe 3a,qa!I]I

LICCJIeAOBaHT{t.

Bropar rJraBa nocBrrrleHa LrccneAoBanurc Su:nKo-xr,rMr.rqecKllx Id cop6quoHHrur cnoftcts

cop6enror <TepuorcuA) B a3orHoKr{cnbrx r.r cepHoKr,rcnbrx pacrBopax. Ocnosuoe BHI,IMaHIe

yAeneHo cop6eurau <Tepuoxclra-5> (T-5) Ha ocHoBe rrAparr,rpoBaHHbx oKcI{AoB Tvraua vr



rlrrpKoHr{fl r.r <Tepuor<cuk52> (T-52), coAepxaqero 20 vron. %o oKcIlAa orosa.flora3aHo, qro

xr.rMr4qecKaJr ycrofiuunoct cop6eHroB Mapox T-5 n T-52 s tL3orHoKI,IcJIbx I'I cepHoKI'IcJIbD(

pacrBopaxAocraroqHo BbrcoKa r,r He flBrrnercfl nI,IMLITIdpyIoqI,IM (paxroporu Ans lrpllMeHeHl{.f,

AaHHbrx cop6euron B TexHoJror[r.r H3Breqe:ous,uorul4e:nav3 KrrcJlbx cpe4. C IIenbIo yBeiII4tIgHI'It

xuMuqecKoft crofirocru no4o6paHbr ycnoBr4r coorBercrnyrorqefi repuoo6pa6orrlE cop6euron

<Tepuorcu4>.

,{nr cop6enra T-5 Bbr.4eJreHhr rpu rvrra HoHoreHHbrx rpyflrl, onpeAeneHbl 3HaqeHI'It

noKa3areJrefi pKu eMKocrlrAnr KprcnorHbrx u ocHoBHbIx rpynn rrpn pa3JII'IqHbx reMrleparypax

reprvroo6pa6orxra. flora:auo, uro cop6eurrr <TepuoKcI,IA) nplnroAHbl AJII I{3BJIeqeH[t MoJIr{6Aesa

B rrurpoxoM Ar{arra3oHe sHaqeHufi pH (or I ao 7). Cop6eur T-5 c reMneparypofi o6pa6orKl'I or

450oC ao 900oC rpplroAeH .qns cop6quu uolu6.qesauz 3 M HNO:

Irlaoreprurr cop6uuu Mo-99 Anfl cop6enron T-5 r T-52 orllcblBalorct ypaBHeHileM

Jleururopa 4la uonulpyHKrlr,roHanbHoro cop6eura B cocraBe Koroporo coAepxarct KaK MI.IHI4MyI\{,

Asa o6NreuHbrx rIeHTpa. Ha6nro.qaercs. qerKrur B3ar,IMocBt3b MexAy eMKocrblo cop6enron no

ir,roru64eny I,I TeMrleparypofi o6pa6orKrl.

Irlsyueno Bqrr4fl:rikre KoHrleHTparlvftr aHvoHoB I4 KarI,IoHoB Ha cop6qHro rraolu6Aena Ha

npr,rMepe cylrQaron aMMoHr{r, :narpvrs. pr ypana. flora3ano, .{ro Hau6oJIbIIree yMeHb[IeHue

cneqr.r$rauHocrr,r xapaKTepHo 4na cynrsaraypaHvna, HaI,IMeHbIIree - Ant cylr$ara aMMoHI'It.

flpra uccJreAoBaHr.ru Kr.rHerr.rKu cop6unn Mo cop6enrou T-5 ycraHoBJIeHo, tITo B

flepBoHarrilrruufi MoMeHT BpeMeHLr [pouecc cop6qnn B ocHoBHoM nI{MlITI,Ipyer BHeIIIHtt

4u(p$y:ur, a 3aTeMAoMr{Hrrpyrcrqr4M npoqeccoM craHoBI,ITct BHerrIHeKLIHeruqecKoe ropMo)KeHI'Ie.

.{nx rax,4ofi clap.uu onpeAeneHbr KoHcraHTbr cKopocru r.I gHeprus aKTvtvBarJuu.

I4zyueua gecop6qux Mo c cop6enron <Tepuorcu4> pacrBopuuvln NaOH, creneHb

aecop6qrau B olrr.rMurJrbHbrx ycnoBr.rsx Aocrr,rfaer 90oh. tIo coBoKylHocrl,I Bcex cop6quonnrx

gKcrrepr,rMenroe 6rrr npeAno)KeH MexaHr.r3M cop6quz uoln6Aena rI,IApoKcI{AoM TlITaHa: cop6enr

T-5 ilornoUaer Mo B Br4Ae rnAponrrcoBaHHbrx $opr ro MexaHLI3My KoopAI,IHaIIHonnoft

colroJrr,rMepvgar\Hu c [ocneAyrour,rM [poqeccoM AerI,IAparaIII4rI I,I ilpeBpauleHllt or-cesgefi B oKco-

cBr3lr. Kone.rHHM rrpoAyKToM cop6quz uoru6Aena flBlrsercfl uorur6Aar rLITaHa.

B rperreft rJraBenpr.rBoArrcr peyJrbrarbr r,rccneAoBauar cop6quoHHoro noBeAeHHs fioran

pyreHr{rB cepHoKr.rcnbrx tr ul3orHoK}rcJrbrx pacrBopax.[.tts itorc xapaKTepHo cnoxHoe xI'IMIaqecKoe

[oBeAeHr,re oKHcJreHHbx lr BoccraHoBJreHHbx $opr"r. HafiAenu ycJIoBLIt cra6lunl3alluu (popu

cocrorHr,rr fio1a za cqer BHeceHr4s BoccraHoBlrrerefi (rra.4porccIElaunHa), tITo rIplIBoAI{T K

cyulecrBeHHoMy yI\{eHbIIreHI4Io rlepexo ra ito ra B ra3oBylo $asy.

Bce uccleAoBaHHbre cop6eHrrr <TepuorcuA) He flpotBnslor nrrcorofi cnequ$n'ruocrl'I no

orHorrreHr4ro K fioAy Bo BceM r{ccJreAoBaHHoM Arlala3oHe KLIcJIorHocrH pacrBopoB. [ttt



ceJreKrvBHoft cop6qnn itopLa 6l.;lr,n cr.rHre3upoBaHbr MoAr{$zquponannrrfi cepe6porra cop6eHT Ha

ocHoBe rurpoKclrAoB Tr{TaHa r4 rlr.rpKoHr{r - T-5(Ag). flponepxa gToro cop6eHra [oKa3aJra, qro rtpu

cop6quu r,r3 rrlenoqHbrx pacrBopoB (0,5 rtromh NaOH) B AHHaMT{rrecKHx ycnoBrrrx

o6ecueqr,rsaercs, yMeHbrrreHlre aKT[BHocru ftoAa B KoHrIeHTpare uoru6Aena 6onee rreM B 15 pa:.

flpu uccreAoBaHr,M cop6quonnoro rroBeAeHus pyreHr.rr rroKiraHo, qro rtpu BbrreneHr.rr{

uortI64eHa H3 a3orHoKrrcJrbrx pacrBopoB 3HaqeHlrr pH n KoHrleHTpauur.r 3neKTpoJrr.rra {BJItIorct

ocHoBHbIMLI $arropanatE, o[peAeJrrrorqlrMr4 cnequ$u.rnocrr T-5 K pyreHnro. C ro.rKlr 3peHr,rs

nonflenllt MaKcr.rMturbnoft oqucrrn uonu6Aerta-99 or pyreHr,rr qenecoo6pasuo racrroJrb3oBarb

cepHoKl{cnble pacrBopbr, rAe ue o6pasyorcr Hr.rrparHhre r,r Hr,rrpo3oHraTparHhre KoMrrJreKcHbre

coeAnHeHr.r s. pweHl,j'fl.

B uerneproft uraneol]rcaHbr pe3ynbrarbrpaspa6orrn TexHoJrorrrr,r BbrleneHus Mo-99 us

a3orHoKr4cnbx pacrBopoB nocJre pacrBopeHr.rr ypaHoBhrx ruuureueft. Pesymrarbr sKc[ep[MeHToB B

AIlHttMI,IqecKI,Ix ycJloBlrrx Ha cop6enre T-5(650) rroKrl3rrJrr{, uro cop6eunr o6raAaer cra6umnrnar.r

cop6qnonnbrMra xapaKrepucMrr.rKaMrl Ha rporrxeHr,ru 6 quuon cop6qnr-4ecop6qur. B 2004 r. sa

Ofyll dIO <MasK) 6sutu [poBeAeHbr npou3BoAcrBeHHbre r{crrbrraHr.rt 4nyxcra4IEftnoft

rexHoJlofllqecxofi cxeMhr Bbr,{eJreHr.rr ruorra64ena-99 c rcnonb3oBaH}reM cop6enra T-5(650). Ha

nepBoM rIHKJre ocyqecrBnxror cop6qaro ruoru6AeHa u3 pacrBopa, [ocJre pacrBopeHvrfl. lawrrenur,

rIpI,I eroM ypeH, aruoir,runnfi u rpoAyKTbr AeneHr{r ocrzlrorcr n Sunrrpare. llocre cop6ru4r4 Lr

lpoMbrBKlr rrpoBoArr 4ecop6qr.rro Mo 1 uonrh NaOH. 3areu 4ecop6ar repBoro rIHKJra

rIoAKI4cJItIor go pH - I u uoAaror Ha BTopofi uurl cop6quonnoro KoHrIeHTpLrpoBaHlrr, Ha KoropoM

rrpoficxoAllr rnyOoraa oqprcrKa or paAr{oHyKJrHAoB. flocne rqeroqnoft 4ecop6quu flonfreH

rexHuqecKI,rft rosqenrpar Mo-99 n 1 rraolrh NaOH. Auarus KoHrIeHTpara rroKil3rrJr, qro oH B

cylqecrBeHuoft creneHu 3arpr3Hen II.{, B ocHoBHoM, palr4oHyrJrr{AaMrr ftoga,.rro Moxer 6rrru

cBt3aHo c rz6o u3MeHeHLreM $oprnr cocrorHrrr ftoAa orHoclrrenbHo ra6oparopusx

grcrrepr,rMeHToB, nu6o co BTopr,rrrHbrM 3arpr3HeHlreM.

.ftr nonrrureHr.rs KarrecrBa oqucrKr,r [peAnoxeHo Ha BTopofi craAvr.r KoHrlenTpr.rpoBnrrfit

BMecro cop6eura T-5 ncnonb3oBarb cuJrbHoKr.rclotrlrfi KarrloHr,rr Purolite 5-957. 3ro nognonr,rno

yBenl,Iqllrb Kou ro itory, pyreHrrro, qnpKoHr.rrc, urao6uro. floc:re .uecop6qHn Mo c Purolite 5-957

pacrBopoM NH+OH npoBoA{r cy6m.ruaunoHuyro oqrcrKy Mo-99.

Parpa6orana [epcrreKTr,rBHiu rexHoJroruqecKar cxeMa noJrfreHrdr KoHrIeHTpara

ruoru6.4eua-99, roroptur orr[qaercr or pauee onucaHnofi TeM, qro Aecop6ar nepBoro qr,rKJra

oqruIiuor or ftota na cop6enre T-5(Ag). llocle noAKrrcJreHus. a3ornoir rucroroft .qo pH 0-0,5

rIoJIyqeHHbIfi rzcnrrfi pacrBop rroAttror Ha BTopyn craAr.rrc a$Srauaxa. flpone.uenHbre ucrrbrrarrrlt

tIoKzl3€uII{, tITo cyMMapuue roe$Qurlr,reHTbr osr{crKr.r Mo or iro1iaupyreHr.rs cocraBr,rJrlr 6oree 105.

BbrxoA Mo - 850%, a norepr.r ypaHa - ne 6olee 0,I0o .



flpe4laraeMzur rexHoJror[r BbrreJreHr.rr uoryt6Aena LI3 pacrBopoB rlocne nepepa6orM

unrueneftc np[MeHeHpreu cop6enron T-5 [p]IroAHa AJII npoMbIIIIJIeHHoro ocBoeHI'It u cnoco6na

o6ecrequrb [por.r3BoAcrso Ndorz6 le1g'a-99 MeAr4rlr,rHc1oft qucroru.

B nsroft rJraBerrpr4Bo,{rrcfl pe3ynbrarbr pa:pa6orxu MeroAa cop6quouHoro I'I3Brerlen[s Mo-

99 prs pacrBopHoro rorJrr{Ba roMoreHHoro peaKTopa <Apryc> MolrlHocrbro 20 xBr

pacronoxeHHoro n HI4I{ (KI4) c ucronb3oBaHlleM HeoprauutlecKllx cop6enron <TepuorcuA>.

Perylrrarrr cop6qnn Mo s pexr,rMe perlr4pKyntqul,I Ha MoAenbHbrx pacTBopoax noKa3aJIIt'

qro npr4 V/m:100 ul/r creneHb r.r3BJIeqeHI,Is Mo.rr6leHa Aocrl,Iraer 92Yo noctte 6-7 UI'IKJIoB

peUlrpKynrqilu. flosrrmeuue reMneparypbr flpouecca rpLIBoA]Ir K yBenuqeHl'Irc crerleHH

r43BJreqeHr.r s rc 94Vo. Cpe.unee 3HatreHr.re crelreHl{ Aecop6rluu Mo 1 M NaOH cocraslulo 90olo.

TexnolorHtrecKrae oneparlun B roprqux KaMepax [oKa3aJII,I, uro paspa6oraHHHal{ cxeMa

rroJrHocrbro yAoBnerBoprer rpe6oBaHnflM no Bblxo.{y trlo:ru6Aena B KoHIIeHrpat (>90%) H noreptM

ypaHa(ne 6onee 0,0f ).llpu 4nyxcra1ufi:aoit cxeMe nonfleHl'It KoHueHrpara Mo-99cyuMapHhle

xoe(psrEquenru oqr4crKu Mo or fto1a u pyreHl{t cocraBI,IJII{ 6olee 104, rrro lro3BoJlter

rapaHTI,IpoBaHHo nonfrarb Mo- 9 9 MeAI'IqI{HcKofi qrlcroru.

Cne4yroulunr sTarroM raccreAosaHilfi flr;rsilacb paspa6oxa rexHoJloruu BbIIeJIeHI'It

uoru6Aena AJrr roMofeHHoro peaKTopa na nngxoo6oraul€nnou ypaHoBoM TonJIlIBe (HOy). flocle

AeruurbHoro [ccneAoBanrEr cop6qr{oHHbx xapaKTep[crplK B cynnSaruux I'I HI'ITparHbx pacrBopax

6rmo ycraHoBneHo, qro B ruorHoKr,rcnbrx pacrBopax cop6uul Mo nporeKaer 3HaqLITeJIbHo ryqme'

rrprd groM, Bo BceM ALIarIa3oHe ronqenrpaUuft ypala' cop6eur T-52 rIMeer 6olruryto

cnequsu.rrocrb K Mo-99,'reNI T-5.

Ilolyrennrre pe3ynbrarbr rro3BoJrr4nr.r [peAnoxl,ITb KoHcrpyKllurc u paccql'ITarb ocHoBHbIe

napaMerpbr peaKTopHo-TexHonorr4qecKoro KoMrrJIeKca AJIx npoMbIIIrJIeHHoro BbIAeJIeHT{t Mo-99 c

prcnonb3oBaHraeM cop6enron T-5 u T-52. llpearloJlaraeMarl TexHonornt [o3BoJII'IT nonfrarb Mo c

BbrxoAoM He MeHee 80Yo rryu cre[eHr4 KoHrIeHTpLrpoBaHut 280. O6Uee BpeMt Bcex npolleAyp

cocraBrr nplavrepuo 18 u.

B rlenoM Ar{cceprarlgoHHiur pa6ora [poI,I3BoAI,IT B[eqarJIeH]Ie qelrnofi

xnalusuquponauuofi pa6orur, BbrrroJrHeHa Ha BhIcoKoM HayqHoM u 3KcIrepI'IMeHTarIbHoM

yponue.,{ocroBepHocrb pe3ynbraroB rrccneAoBaHufl noATBepxAaercs 3HatII'ITeJIbHrru o6leuou

9Kc[epLrMeHT4JrbHbx r,rccneAoBaHraft. B pa6ore Hc[onb3oBzrnu coBpeMeHHbIe lpurnxo-xllMl'IqecKl'Ie

MeroAbr a1aJrv3a Marepr..raJroB. Bce ocHoBHbIe tronoxenl,It, csoprr,rynupoBaHHble B pa6ote

gKcnepIlMeHTaJIbHo o6ocnonanrr.

rlo pa6ore Mo]IcHo cAeJrarb cJreAylou[e 3aMerraHrrfl:

1. B nuro6gope He orpa)KeHo r.rcrroJrb3oBaHr,Ie opraHI,IqecKLIx uonoo6uenHhrx cMoil Art

BbI,[eJIeHI,It Mo ?ts pacrBopoB.



2' B n.2-7 I'I3orepMbI cop6qura Mo onucrrBaJrr.r roJrbKo ypaBHeHr,reM Jleururopa, MoAeJrb
Opeft4luxa He Hcnonb3oBiuru.

3' Zs rexcra AI'IccepraIIuI'I HenoHf,THo Ha o.qnoft prJrr,r HecKonbKr4x naprlrrx cop6enros T-5 u
T-52 rpoBoAI'InE erc'tepunaenrrr? Kaxoea Bocrrpor.r3BoAr{Mocrb xapaKTepr{crr,rK
cop6enron or rraprr,rrr xnaptuu?

4' B uane 4 ue npuneAeHo coAepxaHlle xr.rMrrqecKr4x npr4Mece fi, (ypana, aJrroMr4Hr.rr , pryrrr)
r 4ecop6arax Mo. B paauo$aMlrpenaparax xecrKo pelnaMeHrupyercfr He roJrbKo
coAepxaHl'Ie paAI'IOXUMLI99CKI{X, HO I,r xr4MI4qeCKI,IX npuuecefi, oco6eugo, TOKCI,IITH6D(

METANJIOB.

I,Iueemcn pnd saueqauuil no merccmy duccepmat4uu:
- s ra6r.4.2 cKopocrb npI'IBeAeHa n cu/uttu, a B reKcre rrprlBoAr{Tcr n x.o./u.;
- HecoorBercrBl'Ie reKcra ura6n. 4.7: s reKcre HarIHcaHo, rrro gKclepr{MeHT no cop6quu
ftola npoBoAl{npl c Ao6asreHl{eM n ucxo4urrft pacrBop oKucJrr,rreJrr-flepcynrQam

utMMour.rr, a n ra6t.4.7 yrcazan rr{ApoKc}rnarrMkrn_xnopr.rA;

- AI'ICCepraHToM He yKa3blBaercs orHocr{TenbHo KaKOTO gJreKTpo.4a rrpr,rBeAeHhr 3HarreHr4'
Eh - craH.qaprHoro (noaopo.qnoro) enerrp ora unvsJreKTpoAa cpanueHze?

BrrcxasaHnhle BbIrue 3aMeqaHI'It Hocrr He npr{Hrlr,rnza;rurrfi xapaKTep u He BJrr4rror Ha
o6rqyro [oJIoxI{TeJIbHyIo oIIeHKy Aanuofi Ar.rcceprarluonnofi pa6oru. ,{ocronepuocrb r.r HoB}r3Ha
HayqHbIX noloxenufi' BhIBo.{oB rI peKoMeH lrauuit counennfi He Bhr3brBaer. OcnosHbre BhrBo.rlhr
Al'IccepraHta y6egureJlbHo [o.4TBepxAeHBI pe3ynbraraMr4, rronyqeHHhrMkr, KaK n ra6oparopHbrx
I{ccneAoBaH}Itx' TaK I'I B xoAe rIpoI'I3BoAcrBeHHhIX ucnrrranuft c I4cnoJIb3oBaHI,IeM peaJrbgbD(
TexHoJron4qecKHx rrpoAyKTOB.

3aronqeHnocrb H nonHory I,rccJIeAoBaHr{r noATBepxraer Hmuquelg HayqHhrx pa6or,
KOTOpbIe nonHocrblo orpaxalor ocHoBHOe coAep)KaHlre Alrcceprar\utur, B TOM qvcJre 7 crareit
ony6nuxoraHhl B peIIeH3LIpyeMbIx Hafrubrx xypHilrax, BxoArrrlr4x B flepeqeHb uzranufiBAK, rE 6
crareff B I'I3.[aHilrx' BXo.4tIq]IX B MexryHapoAHbre peSeparursrre 6agrr AaHHbx 14 cr4creMbr
III4TI'IpoBaHux' Pe:ylrraru pa6orbl HeoAHoKparHo AoKJra,qbrBzrJrlrcb Ha flpecrr{xHbrx poccr4ficxr.rx u
MexAyHapoAHbrx rou$epenqurx. AntopeQepar coorBercrByer ocHoBHoMy coAepxaglrro
Ar,rccepTarlrur.

flpaxrv'recrcax 3HaquMocru pa6oru noATBepxA aercfl psyJrbraraMr{ yc11eruHbx
[pol{3BoAcrBeHHhrx zcnrrraunft ua OfVII dIO <Masr>, HZI{ (KI4), a raKxe HgIIInrneM 2
IrareHToB P<D u I rlareHTa CIIIA. Pe:ylrramr pa6omr Moryr 6rnr peroueHAoBauhr Anr BHeApegr.rs
Ha rlpeArlplltrlltx, 3aHllMiuoql4xct uepepa6orroft o6nyrennrrx uvureHefi H rronfreHrdeM
paAI4oaKrI4BHbx rlpeflaparoB' B T.q. MeAI4IIrrHcKoro Ha3Haqenus.: OfyII <IIO <Masx>, HI,II
(KI4), AO dHq - HI4I4AP), AO (|HII-(DOI4> ra 4p.



nacfiopry cIIeqnaJIbHocrII Ha}^IHbIx pa6orHuKoB 05.17.02 - (TexHonorus peAKI'Ix, paccetHH6D( [I

pa,uuoaxTr{BHbD( SJTeMeHTOB), B qaCTr4 rfopuynlr cleq[an6HocTr4 <cosAaH[e Ir

cOBeplreHcTBOBaHI,Ie TeXHOJIOruqecKLIx CxeM, pegypco-, sneproc6epeNen[e' oxpaga OKpyNarOrqeft

fipllpoAltoi cpe.4bt B TexHoJrorfitr pe.tIKHx r.r paAI{oaKTuBHbD( 3JleMeHToB)) v o1nacrv Hccr'Ie.uoBtlHt4fi

(flory{eHue fipoMexy1ottr{bx coeAI4HeI 4i Heo6xoAl4Moii creIIeHI,I q[cTorEI,

rpaHynoMerpr4rrecKoro cosraBa r{ T.n. AJUr fiporr3BoAcrBa MeraJIJIa finr4 vgllenvil. Konnepcur

Aocrr,rxeHr4fi TexHoJrorrrr4 peAK4x MeraruroB r.r rlepHof TexHoJrorIrI4, I4 crloJrb3oBaHlre oflblTa

3(C[tryaTaur4r4 TururqHbrx Anr .qaHHofi oTpacJ 4 npoMbrmJreHHocT[ flpoueccoB (cop6qHt,

g1gTpa1ql1q, rrJra3MeHH}Ie, nJIaMeHH6Ie npoqeccbl Lt T.rI) Us CO3AaIM' ManoOTXOAHbD<,

pecypcoc6epefarcrqrlx rexHoJlofuqecKl4x cxeM .4pyfl,Ix orpacnefi fipoMbl rIeHHOCTI)'

Tar<uu o6pasou, [peAcTaBJreHHaJr 1r4ccepTa\va rro aKTyaJrbHocTra, HoBr,BHe, fipaKrHrlecKofi

3HaqIIMOCTI1 cooTBercrByer' rpe6OBaHI4tM rt. 9 IIOIO)KeHI,II O flpzoyxqqeHl'Ill f{eHbIX CTeleHeft B

Vp@V (ym. npm€3oM peKropa Yp@V J''{! 879103 or 21.10.2019)' DpeAstBrrteMEM K

Ar4CCepTarIrItM Ha COITCKaHxe )'qegofi cTeleHI'I AoKTOpa Ha)aK, a ee aBTop, ,qeHI'IcoB ESreHZfi

I,Iralronuu, 3acnyxlIBaer [pI4cyX,UeHI4s eMy yqeHofi CTeIIeHI,I AoKTopa TexHI'IqeCK[x HayK IIo

clerIr4aJrbHOCTIi 05.17.02 - Texnonom{ peAKIIX, paccetgg6D( Il paIuoaKTI{BHbIx 3JIeMeHToB.

,{orrop xr.nruvecKrrx HayK, crapmr,rfi nayrublfi corpyAHI'IK,

saseAlTorquii ra6opaTopr,refi xpoMaTorpaQl4l4 paaItoaKTIlBHbrX SJIeMoHTOB

@e4epa,rrnoro rocyaapcrBeuHoro 6roAxeruoro

)4{pex.qeHllr HayK4 zucruryr qf u:r'rvecrofi

xtwr4rl v ?neKTpoxI,IMuH nveHu A. H- @pywxuua 
,

Poccr.rficrofiaKaAeMuI4HayK(I4oX?PAn,'.%"I,ITaJII4fiBI,ITulJILeBI,IqMI,IJIIoTI,IH

11907i, r. Mocrna, Jlenuncrufi npocneKr, A. 31, Kopn. 4; TeI]. +7(495) 335-92-88; E-mail:

vmilyutin@mail.ru

floanzcr Mumoruna B. B. yAocroneprto:

yIICHbIfi CEKPETAPI I4@X3 PAH,

KaHArrAaT XAMLIqeC(XX HayK

<25 > _ygz6r's, 2019 t.

Ha ocnOnanuu BbIIleI{3JIoXeHHoIO cqvT O, tITo AI4ccepTaIIut E.I4, ,{enuCOra tBJI{eTct

cnMocrorreJrbHoft ra saKoH-reuuoft Ha] rgo-KBa:rn$urcaqraonnoii pa6oroi rr coorBercrByer

'f#,'
.o,  

'k i r {T-  
r  .  - r -

d;t;,'J


