MUHHUCTEPCTBO HAYKH U BBICIIIETO OGPA3SOBAHUSA
POCCHUHCKOMH ®EJIEPAIINU
CDeI[epaJILHOG rocygapCTBEHHOC aBTOHOMHOC 06p8,30BaT€JII>HO€ YUPCIKIACHUC
BBICIIICTO O6paBOBaHI/I}I
«HAIIMOHAJIBHBIN UCCJIEJTOBATEJbCKHUN
TOMCKHNU NOJIMTEXHUYECKU YHUBEPCUTET»

TB3/N
POCATOM

O

N30TOIIbl: TEXHOJIOI'MN,
MATEPUAJIBI U IPUMEHEHUE

CBOPHUK TE3UCOB JOKJIAIOB
VII MEZKIYHAPOJTHON HAYYHOU KOH®EPEHIIAN MOJIOIBIX
YYEHBIX, ACMAPAHTOB M CTYJIEHTOB

25-28 oxTs0pst 2021 1.

Meponpusitue npoBoAUTCH NPU GPUHAHCOBON M UHPOPMALMOHHOH

noaaepxke AO «TBIJD»

UH}KeHepHaA LWKON3
I I AQEePHbIX TEXHONOrnNn

TOMCKWUA NOJIMTEXHUYECKUA YHUBEPCUTET

Tomck 2021



N38

VJIK 621.039.8.002(063)
BBK 35.36710
138

N3oTonbI: TEXHOJIOTUH, MATepUaJbl M  INPUMEHeHHe
coopuuk TezucoB gokinanoB VII MexaynaponHoit HaydHON KOH(EpeHIH MO-
JIOBIX YUYEHBIX, aCIIUPAHTOB U CTYAEHTOB (25—28 okTsa0ps 2021 r.) / Tomckuit
MOJINTEXHUYECKUNA YHUBEPCUTET. — TOMCK : TOMCKHM MOJIUTEXHUYECKUA YHU-
Bepcuret, 2021. — 155 c.

COOpHUK CONEPKUT TE3UCHI TOKIAI0B, Y4aCTBOBABIIUX B KOH(EepeHIUH,
HOCBSIILIEHHON OOOOILEHUIO OIbITA HCCIENIOBAaHUI U pa3pabOTOK B 0OnacTu
TEXHOJIOTMH MOJIY4YEHHUs] M30TONOB, HMCIOJIb30BaHUS COECIUHEHHUH 3aJaHHOIO
M30TOIHOIO COCTaBa B PA3JIMYHBIX OTPACISIX HAPOJHOTO XO34KMCTBA, a TAKXKE
TE€XHOJIOTUN YTUIIM3ALUU U XPAHEHUSI OTXOJ0B U30TOMHBIX MPOU3BOJICTB.

Marepuanbl cOOpHUKA MPEACTABIECHBl B aBTOPCKOW peNaKkiMKu U MpeaHa-
3HAYEHbl YUTATENSIM, MHTEPECYIOIIMMCS TEMATHKOW IMpECTaBICHHBIX Hayy-
HBIX HaIIPaBJICHUM.

VK
621.039.8.002(063)
BBK 35.36.10

Meponpusitue NpoBOAUTCS NPU (PUHAHCOBON M HH(POPMALMOHHOI

noaaepxke AO «TBIJD»



NuxenepHas mkona sACPHBIX TEXHOJOIMHM TOMCKOIO IOJUTEXHUYECKOTO
YHUBEPCUTETA, SABISETCA OJHOM M3 BEAYLIMX LIEHTPOB MOATOTOBKH BBIITYCKHUKOB
JUI aTOMHOM MPOMBIIIEHHOCTH, TpoBoaAuT VI MexmyHapoaHyro KOHPEpEHIIUIo
MOJIOJBIX YYEHBIX, ACIUPAHTOB U CTYJAEHTOB «M30TOMBI: TEXHOJIIOTHH, MaTEPHAIIbI
u npumenenuey. Kondepenmus nocssieHa npodieMam MOIyYEHHUs pa3TundHbIMU
METOJaMH HM30TOIHOM MPOIYKLUHH, METOJAOB aHAJIM3a BELIECTB U MPUMECEH, CO-
3/JaHUS MOHOM3OTOIIHBIX U M30TONHO-MOAM(PUIMPOBAHHBIX MAaTEpPHAJIOB, PACIIM-
peHUs 00J1aCTeN MCIOJIB30BaHUsl U30TONIOB, METOJIOB CENapaly TPYAHO pa3jiens-
€MBIX BEILECTB, XPAHCHMSI U YTHIM3ALUN OTXOA0B U30TOIHBIX ITIPOU3BOICTB.

B HacTosmee BpeMs pa3paboTaHbl METO/BI pa3/IEleHUs BEIECTB 110 U30TOII-
HOMY COCTaBY C BBICOKOHM pa3JE€IUTEIbHON CIIOCOOHOCTBIO U MPOU3BOAUTEIBHO-
cThro. [lokazaHa mpuHIMIMAIbHAS BO3MOXHOCTB JIA3EPHOIO pa3/IEIeHUs N30TOIOB
IIOYTH BCEX XUMHUYECKHUX 3J€MEHTOB. OIHAKO IyTh IPAKTHYECKOW peau3alyu
Pa3IMYHBIX TEXHOJOTUU pa3JeNeHHs] U30TONOB OKa3ayics HEeNpocThIM. [1aBHOU
Mperpajiol Ha MyTH MHUPOKOMACIITAOHOW MPAKTUYECKOW pealiv3alliu JIa3epHBIX
METO/IOB MO-TIPEKHEMY OcTaeTca Hu3Kas 3(p(PEeKTUBHOCTh BO30YKIEHUS paboyero
raza. 9To0 0OCTOATENHCTBO B OINPEACIIEHHON CTENEHU CIOCOOCTBOBAJIO MPHUBJIEYE-
HUIO BHUMAaHMS KOH(EpEHLHMH K JAPYTUM NEPCHEKTUBHBIM METOJIaM CEJIEKIUU
(HanpuMep, K CEJIEKTUBHOMY HOHHO-IMKJIOTPOHHOMY PE30HAHCHOMY HarpeBy
MOHOB), a TaKXKe€ K «TPaJAULIMOHHBIM» METOJaM: 3JIEKTPOMarHUTHOMY, LHEHTPUPY-
AKHOMY, METOJIaM PEKTU(UKALNA U XUMHUYECKOTO M30TOMHOro oomMeHa. BakHbIM
ACIIEKTOM SIBJISICTCS] MOBBILIEHUE SHEPro- U pecypcod(PPeKTUBHOCTU TEXHOJIOTUI
NOJIYYEHMS COEIMHEHNH ¢ 33JJaHHBIM U30TOIHBIM COCTaBOM.

HoBbIM HampaBiieHHEM SBISIETCA IOJYy4EHHUE MOHOM3OTOIHBIX, HM30TOIHO-
MOJM(ULIMPOBAHHBIX MaTEpPHAIOB M pacUIMpEeHUE OOJACTH HMX HCIHOJIb30BAHUS.
Tax, Hanpumep, B SACPHON SHEPreTUKE UCHOIb3YIOTCS U30TOMUYECKH 00OrallleH-
HbI€ MOIVIOTUTENN HEUTPOHOB, MHTETPUPOBAHHBIE B TOIUJIMBO M Pa3MeELIaeMbIe B
aKTUBHOW 30HE peakTopa AJid YBEJIWYEHUs TIyOWHBI BBITOpAaHUs TOIIMBa 0O€3
YXYAUIEHUS] €r0 TEPMOJMHAMUYECKMX M MEXaHMYECKUX CBOWMCTB. JTO oOecredu-
BaeT 0oJiee BICOKYIO 3P(EKTUBHOCTH M 0€30MaCHOCTh PAa0OTHI peakTopa.

Pa3Butre QuU3MKM 3M€MEHTapHbIX YacTHI], acTpO(U3UKHU, KOCMOJOTHUH, Y —
PE30HAHCHOM CHEKTPOCKONMUM TpeOyeT MPOU3BOJCTBA Psiia U30TOMUYECKU 0Oora-
IIICHHBIX 3JIEMEHTOB BBICOKON YHCTOTHI.

OcHOBHOI1 3aa4eii TPOBOUMOM KOH(EPEHITNH SIBIISIETCS 0000IIEHNE OTbITa
HCCIICIOBAaHUM U pa3pabOTOK B 00JIACTH TEXHOJIOTHH MOJYyYEeHHS] W30TOIMOB U HC-
MOJIb30BAaHUSl COEIMHEHHUM 3aJaHHOTO M30TOMHOI0 COCTaBa B Pa3IMYHBIX OTpac-
nsx. KondepeHims npu3zBaHa akTUBU3UPOBATh HAYYHBIE MCCIIEOBAHUS MOJIOBIX
YUEHBIX, 00ECeYUTh MHTErpalnio ycuiaui padotHukos By3oB, HUW u npombiii-
JICHHBIX MOPEINPUSATUN B PEIICHUHM aKTYyaJbHBIX MPOOJIEM SAEPHONW SHEPreTHKU.
KoHdepenuusi HampaBiieHHa Ha OOCYXKIEHUE HOBBIX TEXHOJOTUA M HAYYHBIX
HaIlpaBJIECHUI IS TOBBIIICHUS KAYECTBA TOJATOTOBKHU BBITYCKHUKOB BY30B.

C yBaxxeHHEM, OPTKOMUTET KOH(EPEHITUH.
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ONITUMM3AIINA IBOMHBIX KACKAJIOB AJITOPUTMOM
MYEJAHOMN KOJIOHUH JJIsI OUMCTKU PETEHEPUPOBAHHOTI'O
TEKCA®TOPUJIA YPAHA OT U30TOIIOB %2 234236y
[Mankun B.A., Macmokos E.B., JIyonun C.C.

Hayunblii pykoBonutens: [ankun B.A., 1.1.H., mpodeccop
Ypamsckuit @enepansabiii yausepeutet, 620002, Poccus, . EkatepunOypr,
yi1. Mupa, 19
E-mail: stepalubnin@gmail.com

HaxorieHue pereHepupoOBaHHOIO yPaHa, IOIyYEHHOTO U3 00Iy4E€HHOrO TOTI-
IUBa ANEPHBIX JIETKOBOJHBIX PEAKTOPOB, CTABUT PAJ IIPAKTUYECKHMX IIPOOIEM,
TpeOyromux pemenus. OQHOM U3 HUX SABJISETCA MOBTOPHOE MCIIOIB30BAHKME PETE-
HEPHPOBAHHOTO ypaHa I BOCIHPOM3BOJACTBA SAAEPHOTO TOILIMBA. KOHIEHTpaius
OCHOBHOTO JIENIANIErOCs BemecTa “°U B HEM BBINIE, 9€M B IIPUPOTHOM ypane [1].
OnHAKO B HEM HPHCYTCTBYIOT BPEIHBIE H30TOMBI 222 24 28 sarpymusiomue ero
ucnonb3oBanue. M3oromsr 22 2%U B HuskoobGorameHHoM ypane (KOHIIEHTpAIMS
235U menee 5 %) CYIECTBEHHO yXYAIIAIOT PaJUaliOHHY0 0OCTaHOBKY IIPU U3rO-
TOBJIEHUM AAEPHOTO TormmBa. [loBhIIEHHOE coepkanne B Tommmse 2°U Bemer K
YBEJIMYEHUIO NAPAa3UTHOTO 3aXBaTa HEUTPOHOB M HEOOXOJAUMOCTH KOMIICHCHUPYIO-
IEr0 YBeIMYeHHs KoHIeHTpannu 2°U,

B Hacrosmieil paboTe NpeoKeHa CXeMa JBOMHOIO KacKaaa IS CHUKEHHS
KOHIEHTPALUK M30TOIoB 232 24 238 p perenepupoBaHHOM rekca)Topuzie ypaHa.
B ot6ope 1mepBOro OpAMHAPHOrO Kackasaa, oborameHHoM no 2°U 10 KOHIIEHTpa-
muu Menee 20 %, oOecreynBaeTcs HaMOOJNBIIEE CHMIKEHUE OTHOLIEHUS MAacce
236/235Y. Jlns sToro ompejeneH ClelUaIbHbIA peXUM paboThl CTyHEHeH ¢ Hc-
II0JIB30BaHUEM AJITOPUTMA ITYEIMHON KOJOHUH. BO BTOPOM OpAMHAPHOM KacKaje,
IIATAaHUEM KOTOPOTO SABISETCS OTOOP MEPBOTO, MPOM3BOIAMTCS OOOTAIIEHHE IIO
232,233, OrBanbHbIN MOTOK, OUMLIEHHEIH 0T 232 234U, pa36aBnseTcs 10 KOHIEHTpa-
mmn 2°U menee 5 %. IlpuBenena MeToaMKa pacuyera napaMeTpoB KacKaaoB C KO-
> pUIHEHTaMU Pa3eIeHns CTyNeHeN, COOTBETCTBYIOIMMHE Ta30BBIM HEHTPU]Y-
ram. Ha ee 0CHOBE NPOBEIEH BBIYUCIUTENLHBIN dKCIIEpUMENT. [loka3aHo, 4To 110-
JlydeHHBIN Moclie pa3daBIeHus IPOLYKT Mo u3otonam 232 234U ynosnersopser Tpe-
ooanusam crenubukaiuy ASTM C996-20 nis HH3K0OOOTAIIEHHOW KOMMeEpUe-
ckoli rpamanuu rexcapropuna ypana. Conepxanne °U B HEM B HECKOJIBKO a3
MEHBIIIE, YEM IIPH IIPIMOM OOOTAIEHUM PEreHepPUPOBAHHOIO Trekcadropuga ypa-
Ha.

1. Coleman J.R., Knight T.W. Evaluation of multiple, self-recycling of re-

processed uranium in LWR// Nucl. Eng. And Design. —2010. —V. 240. —P.

1028-1032.
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JAECYBJIIMMALUA 'EKCA®TOPUJIA YPAHA B
I'OPU30OHTAJIBHYIO TPAHCITIOPTHYIO EMKOCTD 48Y

Bepnunckuit M.B., CykotHoBa B.B.
Hayunsrit pykoBoauTens: OpiioB A.A., 1.T.H., ipodeccop
Tomckuii mommrexHuaeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: mvv17@tpu.ru

[Tpouecc necyonumannu UFg sSBAsE€TCS HEOTHEMIIEMON YacTbhO TEXHOJIOTHU
oOoramenust ypana. Ilotoku UFg Ha BbIXOJ€ M3 KacKaia ra3oBbIX LEHTPUQYT,
oforameHHble 1 00€IHEHHBIE 10 30ToIy 2°U 1ecyOIMMHUPYIOT B TPAHCIIOPTHBIE
emkocTH. Ha npaktuke HanOosiplee paclipoCTpaHEHUE MOy BEPTUKAJIbHbIE
HOTPYKHBIE TPAaHCHOPTHBIE €MKOCTH 0€3 BHYTPEHHEro OpeOpeHHus, C TOpU30H-
TaJIbHBIM U BEPTUKAJIbHBIM OpeOpPEHHUEM, a TAK)KE TOPU30HTAIIbHBIE TPAHCIIOPTHBIE
€MKOCTH 03 BHYTPEHHEro opeOpeHus, KOTOPhIE HCIONb3YIOT, B OCHOBHOM, IS
umnopra/skcropta UFg [1, 2].

B nacrosiiee BpeMst akTyaJabHO MPOBEACHNE HCCIEI0OBAaHUH Mpolecca Aecyo-
mumaru UFg B ropu3oHTaNbHBIE TPAHCTIOPTHBIE EMKOCTH IS TOTO, YTOOBI BBISIC-
HUTh KaKu€ €MKOCTH TMPEANMOYTHTEIbHEH MPUMEHSITh HA Pa3felUTENbHBIX Mpe-
OPUATHSIX OTPACIM TOPU3OHTANBHBIE WM BepTUKadbHble. Hanbosee mepcrnekTuB-
HBIM CIIOCOOOM pEIIeHHUsl OJ0OHOr0 poja 3a4au SBJSETCS HCIOIb30BaHUE MaTe-
MaTHUYECKOI0 MOJEIMPOBAHUS, MTOCKOJIbKY SKCIIEPUMEHTAIBHBIA MOAXO0A J0POT U
3aHUMAaeT MHOTO BPEMEHHU.

B cBsi3u ¢ 3TuM, OblIa CO3/1aHa U MPOTPaMMHO pealin30BaHa MaTeMaTH4ecKast
MoJienb npouecca aecyonumanuu UFg B ropu3oHTalIbHBIE TPAHCIIOPTHBIE €EMKOCTH.

C momol1bI0 3TOW MOJIENU POBEACHBI pacueThl JTUHAMUKHU 3aII0JIHEHUS TOpU-
30HTAJILHON TpaHCHOPTHOM emkocTu 48Y o6bemoM 4,04 M3 necyOnuMupoBaHHBIM
UFs no 70% ee cBoboanoro oobeMa npu nasienun UFg B komiekTope 250 MM pT.
CT., Temmepatype xaagarenra 3°C.

Bpewms 3anonnenus emkoctu a0 70% ee cBobogHOro o0bema coctaBuiio 392
yaca, KoHeuHas Macca aecyonumupoanHoro UFs 14400 xr, cpeqHsis mpou3BOaU-
TEIBLHOCTH eMKOCTH 36,687 Kr/4ac.

1. Orlov, A. A. Methods of uranium hexafluoride purification / A. A. Orlov, R. V.
Malyugin // Advanced Materials Research. — 2015. — Vol. 43. — P. 46-49.

2. Orlov, A. A. Way of obtain uranium hexafluoride / A. A. Orlov, R. V. Malyugin
I/l Advanced Materials Research. — 2015. — Vol. 43. — P. 338-341.
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PACUYET MAPAMETPOB Q-KACKAA JIUISI MOJYYEHUSA
BBICOKOOBOTAIIEHHOI'O MOJIMBJIEHA-98
Kapruna I1.C.

Hayunsrit pykoBogutens: OpioB A.A., 1.T.H., mpodeccop

Tomckuit nonurexHuueckuid yausepcutet, 634050, r. Tomck, np. Jlenuna, 2
E-mail: psk22@tpu.ru

PaboTa nocasitieHa pacuery napamerpoB Q-kackaja Juisi HOJIy4eHHs BBICOKO-
oOoraiieHHOro Moin0/IeHa-98, a TakXKe CPaBHEHUIO JBYX TEXHOJIOTMUECKUX CXEM
€ro MOJIYYeHHS: YEThIPEX-IOTOYHON 1 MHOTOCTYIIEHYATOM.

[Ipu pacuere nmapamerpoB Q-Kackaja yCTaHOBJIEHO, UTO 3a OJMH dTall pasze-
JIEHUS TIOJTyYUTh TPeOyeMylo KoHIeHTpamuio Mo (90%) HeBo3MoxkHO. Makcu-
MajbHasi KOHIEHTpAIMs 1IeJIEBOr0 U30TOMNa Ha MEPBOM ATale pa3/iesieHUus COCTaB-
nsiet 74.93% na 7 ctynenu u 64.99% Ha ctynenu otdopa Tskenon (pakiuu Kac-
Kaja.

B pesynbTare mpoBeneHHBIX pacdueToB | M 2 3TANoB pa3AcieHUs MOTyYEHBI
npoduiu COOTBETCTBYIONIUX (Q-KacKaoB M 3aBUCMMOCTHU paclpe/Ie/ICHUs] KOHIICH-
TpalMyd U30TOMOB MOJUOAEHA MO uX CcTyneHsM. [lokazaHo, 4TO M30TOMBI MOJIHO-
JIeHa paclpeiesstoTcsl M0 CTYNEHAM Kackaja B COOTBETCTBUM C MX MAacCCOBBIMU
YU CJIAMHU.

[Toka3zaHo, 4TO Ha BTOPOM 3Tal€ pa3AeCHUS MPH KCIOJIb30BAaHUU YETHIPEX
MOTOYHOM CXEMbI U MHOT'OJTAIHOTO pa3jelieHus, ynaercs 1o0utbesa 90% KoHIeH-
Tpauu %Mo B oTOOpe Nerkoi Gppakuuu Kackaga. Y CTaHOBIEHO, YTO KOJIUYECTBO
CTYNEHEW MpH MHOTOATamHOM pasjenenuu Ha 8,4 crynenu (Ha 17,3%), cymmap-
HbII TOTOK Ha 14% W MpOU3BOAUTENBLHOCTh B CTYIIEHM MOJauM nuTaHus Ha 2.6%
MEHbIIIE, YEM B YETBIPEX-IMIOTOYHOW TEXHOJOTHYECKON CXEeMe, MOAITOMY BapHaHT
MHOT'03TAITHOTO pa3/IeJICHUs SIBJSETCS MPEANOYTUTEIbHBIM.

Kpome Toro, B 0T00pe Tskenoi (hpakuuu kackana nomyuaercs °°Mo oGora-
mEeHHbIH 10 99%, KOTOPBIM MOXKET OBITh MCIOJIb30BAH ISl TOJTYYEHUS PMTe B
YCKOPHUTEIISAX 3apsHKEHHBIX YACTHII.
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NTUHAMMKA 3AIIOJTHEHUS BEPTUKAJIBHOM MOI'PYKHOM
EMKOCTHU C TOPU30HTAJIBHBIMUA PEBPAMUA
JECYBJIMMHUPOBAHHBIM UFg
Keitnux JIJI., Typbuna N.A.

Hayunsrit pykoBogutens: A.A. Opros, 1.T.H., mpodeccop
Tomckuil nonutexuuueckuii yuupepcutet, 634034, r. Tomck, np. Jlenuna, 30

E-mail: ddk10@tpu.ru

st necyonumanuu UFg ucnonb3yroTcsl MOrpy»HbIE TPAHCIOPTHBIE EMKOCTH
paznuyHOro oobema 0e3 opeOpeHusi, C TOPU3OHTAIBLHBIM UM BEPTUKAIBHBIM Ope-
Openuem. OpeOpeHue BHYTPEHHEH IMOBEPXHOCTH E€MKOCTEH HCHOJb3yeTcs IS
YBEJIMYEHHUSI TUIOIIA/IA UX TETNIOOOMEHHON MOBEPXHOCTH M MPOU3BOIUTEILHOCTH.

B pabote uccnenoBanoch BIUsSHUE TMaMETpa EHTPAIBHOTO OTBEPCTHUSI TOPH-
30HTAJIBHBIX peOep €MKOCTH Ha JUHAMUKY €€ 3alOJHEHUS JeCyOJIMMUPOBAHHBIM
UFe¢ niist onpenenenus BO3MOXHOCTH TOBBIIIEHUS CPEIHEN MPOU3BOIUTEIBHOCTH
JAHHOU €MKOCTH.

OOBEKTOM HCCIIEIOBAHUS SABISJIACh BEPTUKATIbHAS MOTPYXKHASI eMKOCTh C T'0O-
PU3OHTANBHBIM OpeOpeHrneM 00bEMoM 60 TUTPOB.

Jlist uccnenoBanusl BbIOpaHO 5 KOH(UTypaluid pacnooKEeHUs! LIEHTPATbHbBIX
OTBEPCTHUM B TOPU3OHTAIILHBIX peOpax:

1) Bce peOpa MMEIOT OJUHAKOBBIN JUAMETP LEHTPAIBHOTO OTBEPCTHS B (opme
UIHH]IPA;

2) IUaMeTp IEHTPAIbHBIX OTBEPCTHI pedep JUHEHHO YMEHBIIIACTCS OT BEPXHETO
1-ro pebpa k HKHEMY 13-My pebpy — popMa yCEeueHHOT0 KOHYCa;

3) nmuameTp LEHTPaIbHOTO OTBEPCTHSI MEPBOro pedpa HE M3MEHSETCS, a TUaMETP
[IEHTPAJIbHBIX OTBEPCTUH TOCIHEAYIOMMUX pedep YMEHbBINANCSs C IIaroM B
1,0-10° M 10 MOMEHTa MX «IepeMep3aHus», o0pasys B BEpPXHEH YacTH
€MKOCTH YCEUCHHBIN KOHYC, a B HUKHEH YaCTH €MKOCTH — [IUIHH/D;

4) ueHTpadbHBIC OTBEPCTHS B BEPXHHX peOpax MMEIOT OOJBIIMKA JUaMETp, a B
HIDKHUX MEHBIINHN — (hopMa IBa IUJIMHPA Pa3HOTO JUaMETpa

5) 1eHTpanbHBIE OTBEPCTHS B peOpax BBIMOJHEHB B BHJAC 3-X IMIIMHIPOB
Pa3IMYHOTrO IUaMeTpa.

OrnpeneneHbl MaKCUMAJIbHBIE 3HAUYCHUS CPEHEN MPOU3BOIUTEILHOCTH EMKO-
CTH C pPa3NUYHOU KOH(UTypaluel EeHTPAIIbHOTO OTBEPCTUSl B peOpax. YBenuue-
HUE CpeAHEN MPOU3BOAUTEILHOCTH EMKOCTH OTHOCUTEIBHO CTaHAAPTHOW reoMeT-
puu pedep aisi KOHPUTypaIruu TUIUHApP cocTaBiseT 2,8 %, ycedeHHBIM KOHYC —
3,21 %, ycedeHHBI KOHYC B BEPXHEH YacTu W MUIMHAP B HUxKHEH — 3,34 %, nBa
nunuaapa — 3,30 %, Tpu mummHapa — 3,29 %.

[TokazaHo, 4TO UCTIOIB30BAHNUE PA3TMYHBIX KOHOUTYpAIIMA TIEHTPAIBHBIX OT-
BEPCTUM B peOpax €MKOCTU MPUBOJUT K HE3HAYUTEILHOMY YBEIUUYEHHUIO €€ Cpei-
Hel mpousBoautenbHocTH (Ha 2,80...3,34 %). C TOUku 3peHUs] MPOCTOTHI U3rO-
TOBJICHUSI TAHHOM €MKOCTH PEKOMEHIOBAHO HCIIOJIb30BaTh KOH(PUTYpalUIO IEH-
TpaJbHBIX OTBEPCTUH B BUJIE LIWJIIMHJPA C JUAMETPOM 64 M.
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PACUYET TEXHOJIOI' TYECKHUX ITAPAMETPOB ITPOLIECCA
PEKTUO®UKAIIUUA ®TOPUIA BOAOPOIA 151 PASHBIX
KOHTAKTHBIX YCTPOICTB
IIetpoB M.B.
Hayunsiii pykoBomutens: OpioB A.A., 1.T.H., mpodeccop
ToMmckuii nommTexHuaeckuii yausepeurtet, 634050, Poccus, 1. ToMmck, nip. Jlenuna, 30

E-mail: MPetrov.971@mail.ru

IIpu oGoramenuu ypana 1mo 2°U Ha pasieiMTENbHBIX IPOU3BOICTBAX HC-
HOJIB3YIOT Ta3000pa3ubiii Tekcadropua ypana (UFg). OMHUM M3 KOHEYHBIX MPO-
JIyKTOB 3TOTO IIPOLECCa ABISIETC 3HAUUTEIFHOE KOIMIECTBO 00€HEHHOTO 1o U
rexkcadpropuaa ypana (OI'®Y). B nacrosiee Bpemss OI'DY ckinaaupyioT B cTallb-
HBIX KOHTEMHEpax, U3rOTOBJIEHHBIX M3 JIETMPOBAHHOMN CTalM C TOJIIUHON HE Me-
Hee 8 MmM. KonmuectBo OI'®Y B Mupe 10ocTUTaeT IBYX MUJUIMOHOB TOHH, U3 KOTO-
PBIX OKOJIO OJTHOTO MUJUIMOHA TOHH Haxoautcs B Poccun. JlnurensHoe XpaHeHue
OI'®DY B cTambHBIX €MKOCTSIX Ha OTKPBITHIX IUIOMIAJKaX IO BPEIHBIM BO3JCH-
CTBHEM aTMOC(HEpPHO-KIMMATHIECKUX (PAKTOPOB MPUBOAUT K WX Pa3pyIICHHIO
BCJICICTBHE KOPPO3HU M K BO3MOXHOMY 3arpsi3HEHHIO OKPYKArOIIeH cpeasl ypa-
HOM M (PTOPUCTHIM BOJOPOJIOM, YTO MOXKET MPUBECTH K MACIITa0OHON DKOJIOTHYEC-
ckoit karactpode. IIpu atoM B OI'DY coaepxkutcs Oosibliiee KOJTUYECTBO PTOpAa,
KOTOPBI MOXKET OBITh WM3BJICUCH, YTO TMO3BOJIHUT 3aMKHYTH SICPHBIA TOTUIMBHBIN
UK o gpropy [1].

[IpoGnema XpaHeHHs] OTXOJIOB pPa3/IEIUTEIIbHBIX MPOU3BOJICTB B KaKOW TO
Mepe penieHa B pesyiasrare neperoga OI'dY B AO «I10 5X3» na ycranoBke W B
3HAUUTENHFHO OoJsiee Oe30mMmacHyro g XpaHeHHs (opMy — 3aKHMCh-OKHCH ypaHa
UsOs. 3 UFg u3Bnekaercs Grop u 1onoHUTENBHO o0pasyercs 70% miaBUKoBas
kuciota (HF) [1]. 3areM mniaBUKOBYIO KHCJIOTY TOJBEpraroT mepepaboTke B
PEKTU(PHUKANMOHHON KOJIOHHE, B pe3yibTaTe 4yero moiydaroT Oe3BomHbiii HF wu
42% ¢dTopoBOJOpOAHAS KHCIIOTa, KOTOpPbIE MOXHO MCIOJIb30BaTh, KaK Ha
CyOIMMaTHBIX TPOW3BOJACTBaX s moiydeHus UFs, Tak W Ha XUMHYECKUX U
APYTUX NpeanpusiTusX, norpedsronmx HF [2].

JlanHast paboTa HampaBjieHa Ha MOUCK HambOosiee >PPEKTUBHOrO BapUaHTa
peanu3anuu mporecca peKTudukaiu B cucteMe «propu BoAopoaa—Boaay.

B Heli mpuBeneHbl pe3yNbTaThl pacdeTa U CPAaBHCHUS TEXHOJOTHYCCKUX ITa-
pamMeTpoB Mpoliecca peKTU(UKAINYA B YKA3aHHON CHUCTEME JJIi Pa3HbIX KOHTAKT-
HBIX YCTPOWCTB C HCIIOJB30BAHUEM CHEIMATGHO Pa3pab0TaHHOTO MPOTPAMMHOIO
o0ecrnedeHus.

1. [Tarear P® Ne2126362. Cnocob® BoccTaHOBJICHHUS O€3BOJHOTO (PTOPHCTOTO
BOZIOpO/ia M3 oOeaHeHHoro rekcadgropuaa ypana / J[. Mecremu. Ilpuopurer
21.01.1993.

2. [Tatent P® Ne2447013. Cnoco0® mosydeHusi 06e€3BOHOTO (HhTOPOBOJIOPOJA U
maBukoBoi kuciotel / A.B. Bonocues, O.b. I'pomoB, M.B. Mensenes u ap.
[Tpuopurer 19.04.2010.
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YUCJIEHHOE MOJEJIMPOBAHME I'A3OBBIX TEUEHUH B
MOJIEKYJIAPHOM HACOCE XOJIbBEKA
Kupruenko B.A.
Hayunslii pykoBogutenb: Tokmanues B.W. 1.1.H., gonieHT
VYpanbsckuii ¢penepanbHblii yHUBEpcUTET nMeHu niepsoro [Ipesunenta Poccun b.H.
Enbuuna, 620002, Poccus, r. Ekarepun0Oypr, yn. Mupa 19
E-mail: kirichenko.vadim.a@yandex.ru

OnHOM 13 OCHOBHBIX MPOoOJeM A HEeHTPUDYKHOU TEXHOJOTUU Pa3eICHHUs
ABJISIETCSl CO3J]aHUE ONTHUMAJIbHBIX YCIOBUW JIsi pabOThl BPAILAIOIIETO POTOPA
neHtpudyru. Hanuuue mioTHON cpesibl, KOHTAKTUPYIOIIEH ¢ BHEIIHEH MOBEPXHO-
CTBIO POTOpA, CO3AET BBICOKOE COIMPOTUBJIECHUE BPAIIECHUIO. JTO MPUBOJIUT K
HEOOXOIMMOCTH BaKyyMHUPOBAHHS 3a30pa MEXYy POTOPOM U KOPITYCOM ILIEHTpPH-
¢yru. C 370 1eabI0 OOBIYHO MPUMEHSIOTCS MOJIEKYJIAPHBIE YIUIOTHEHUS (HACOCHI
XonbBeka). [ onucaHusi TeUEHUs Pa3peKEHHOrO Ira3a B TAKOM MOJEKYJISIPHOM
VIUIOTHEHUH HEOOXOAMMO HCIOJIb30BATh KHHETUYECKOE YpaBHEHHE ISl (YHKLIUU
pacnpenesieHus o KOOpAUHATaM U CKOPOCTSAM MOJEKYII.

B Hacrosieit pabote uccneayroTcs KUHETUYECKIE 0COOCHHOCTH TEUCHHUS Ta-
3a B MOJIEKYJSIPHOM YIUIOTHEHUU C TOYKH 3PEHHUS BO3ZMOMXXHOCTH ONTHMHU3ALUU
pacyeToB, YTO HEOOXOAMMO ISl JAIbHEUIIEro MOBBIIIEHUS TOYHOCTH MPOU3BOJI-
CTBa W yJy4llleHHUs paboyuX XapaKTepUCTHK.

PaccmarpuBaercst ra3 B mpoMexxkyTke BbicoToii H mexay ObicTpo Bpaiaro-
IIUMCS C YIJIOBOM 4acTOTOW ) BHYTPEHHUM LWIMHAPOM PAIUYCOM [1 U HEMO-
JIBW)KHBIM BHEIIHUM LWJIMHIPOM paanycoM r2. Ha BHYTpeHHEW NOBEPXHOCTU
BHEIIIHETO MWIMHAPA 3a[al0TCS YIPOIICHHbIE TPAHUYHBIE YCIOBUSI, UMUTHUPYIO-
1€ MHO>KECTBEHHbIC KaHABKH B BHJIE€ crivpaiei. TemmnepaTypa CTEHOK HUIUHIpA
3a/laHa U TOJJEp>KUBAEeTCsl MOCTOsAHHOM. [loka3zaHo, UTO CTENEeHb CKaTHs raza B
VIUIOTHEHUH CYIIECTBEHHO 3aBUCHUT OT T'PAaHUYHBIX YCIOBUM HA CTEHKAX YIJIOTHE-
HUSI, peKUMa TEUEHUS U 3HAYUTEILHO MPEBBINIACT SAUHUILY IPU CKOPOCTHU Bpallle-
HUS, TOPSJIKA MECTHOM CKOPOCTH 3BYKA.

1. P. JIu6oB. BBeneHue B TeOpr0 KHHETHYECKUX ypaBHeHHH. -M.: Mup, 1974.-372c.
2. Paznenenue ctabuiIbHBIX U30TOMOB OOpa B MPSIMOTOYHBIX T'a30BbIX LeHTpU(yrax/B.H.
Toxmannes, B.A. TTankun//Atomuas sneprusi, 2017 -Boin. 123(1) —c.40-44.
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IHOCTPOEHHUE U PACYHET HECMEHINBAIOHIEI'O KACKAJIA JJIAA
PA3JIEJJEHUSA TPEXKOMIIOHEHTHOM CMECH
Anekcannpos [".O., JIyorun C.C.

Hayunsiit pykoBogutens: Anekcanapos O.E., k.¢.-M.H., TO1IeHT
VYpansckuii ¢peaepanbabiii yaHuBepcuteT, 620002, r. ExarepunOypr, yin. Mupa, 19
E-mail: goa-2003@mail.ru

Paznenenue cmecelt HM30TOINOB, COJAEpXKAIIMX OoJiee JABYX KOMIIOHEHTOB,
aKTyasbHas 3ajlaya COBPEMEHHBIX TEXHOJIOTHYECKUX MPOIeccoB []. DPpdekTruBHOE
paslieJiecHue TakuX cMmecell TpeOyeT TEeOopeTUYECKOro OIMCaHusd Tpolecca U
OTBICKAHUS ONITUMAJIbHBIX CTIOCOOOB €ro OpraHu3aluu.

BaxHoi1 4yacThl0 OpraHM3aluy MPOLECCa Pa3ICIICHUs SIBISETCS MOCTPOCHUE
pa3leNUTENbHOrO Kackaga. Hawinydmum BapuaHTOM Kackaja SIBISIETCS HE
CMEIIMBAIOIMIUNA (MAcalbHBINM) Kackal, 3TO CJEICTBUE 3aKOHA COXpPAaHEHUS
BeliecTBa. Eciv BHYTpHM Kackaja HE MPOUCXOJUT CMEIICHHS pa3AeICHHBIX
KOMIIOHEHT, TO HET MOTeph pabOThl pa3AClICHUs W, CIEJO0BATEIbHO, KaKIbIH
pa3ICUTENIbHBIA BJIEMEHT HCIOJB3YeTCs HawlydiuM o0pa3om. CyIliecTBYIOT
paboThl, TJe YTBEPXKIAETCs, YTO IS MHOTOKOMIIOHEHTHOIO pa3jeieHus
UJcalIbHBIA KacKaJ HeBO3MOXKCH B MPHUHIHIIEC [2].

B mHactosmieir paboTte Tpensio’keHo 0000mIeHHe Teopur OWHAPHOTO
UJCATBbHOTO KacKa/la Ha Cliydail MHOTOKOMITOHEHTHOTO pa3AeJICHUSI.

PaccMoTpeHbl OCOOCHHOCTH  OTPEICIICHUS] PA3JCIUTEIIBHOTO 3JIEMEHTa IS
MHOTOKOMITOHEHTHOTO pa3/IeJICHUS.

[Ipennoxkena cxema COEAMHEHUA SJIEMEHTOB B  KackaJl Ha IpUMEpe
TPEXKOMITOHEHTHON CMECH.

3anucaHbl ypaBHEHHSI COXPAHEHUSl BEIIECTBA I MPEIJIOKEHHON CXEMBbI B
Clly4aeT TPEXKOMIIOHEHTHOW CMECH.

B  npemene  mambix  KO3(Q(UIMEHTOB  OOOTAlEHUS  MOJYYEHBI
nuddepeHManbabple YpaBHEHUS ISl CBSI3M KOHIIEHTpAllMU CMECH U TOTOKOB B
kackane. l[lokazaHo, 4YTO ypaBHEHHUSI AaHAJIOTUYHBI YpPAaBHEHUSIM HJCATBHOTO
OMHApPHOTO KacKaja.

Pe3ynbTaThl paboThl MOTYT OBITH MCIOJIB30BAHBI JJISI IOCTPOCHUS U ONITUMHU-
3aI[M1 KacKaJI0B MHOTOKOMIIOHEHTHOTO Pa3IeJICHuUs.

1. Opnor A.A., YmakoB A.A., Cosau B.Il., Mamoruan P.B. Maremarnueckoe
MOJICTTMPOBAHNE HECTAIMOHAPHBIX pPAa3JACIUTEIBLHBIX MPOIECCOB B KaCKaje
ra3oBbIX HEHTPUYT IS pa3aesieHus u30TonoB Boibdpama — DK, 2018, Tom:
91, Ne: 3, c. 605-614.

2. CvmuproB  A.JO., CynaGepumze ['A. VYHuBepcadbHBI pa3AeIUTEIbHBIN
MOTEHIINAJ JJIT MHOTOKOMITIOHEHTHBIX CMECEH: MPUYMHBI OTCYTCTBUSA — JKypHam
dusnueckont Xumuu, 2019, 1. 93, Ne 4, ¢. 627-631.
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MOJYYEHMUE °% % 1Mo B KACKAJIAX C 3AJAHHBIM YU CJIOM
I'A3OBbIX HEHTPU®YT B CTYIIEHAX
[Mankun B.A., Jlyounun C.C.
Hayunbnii pykoBogurens: [amkun B.A., 1.1.H., npodeccop
Vpansckuii @enepashbiii yausepeuret, 620002, Poccust, r. ExarepunOypr, yir. Mupa, 19
E-mail: stepalubnin@gmail.com

Mopenu kackaJoB, NPUMEHSIONIMECS B TEOPUHU PA3LECICHUS U30TOIOB, MO3-
BOJISIFOT 0€3 OOJBIINX CI0KHOCTEH pacCyuTaTh U ONTUMU3UPOBATH MPOLIECCHI pas3-
JICTICHHUsT pa3HbIX KOMIIOHEHTOB M30TONHON cMmecu. Haubonbmmii uHTepec npen-
CTaBJISIIOT MOJIENI KAaCKaJlI0OB U3 pa3IeUTENbHBIX CTyNEeHEH ¢ OOIbIIUMU K03 P du-
[IUEHTAaMU DPa3eJIeHHs, COOTBETCTBYIOIIMMHU Ta30BbIM LEeHTpudyram. s Takux
KacKaJioB C TpeMsl U YEThIPbMSI BHEIIHUMHU MOTOKaMU pa3pabOTaHbl METOJbI pac-
YyeTa MapaMeTpoOB, OCHOBAHHBIE HA HCMOJIb30BAHUM MNaplUalbHbIX MOTOKOB H30-
TOMHBIX KOMIOHEHTOB [1—4]. IX 0COOEHHOCTBIO SIBISICTCS 3aJaHUE CPE30B ITHUX
MOTOKOB U KO3(P(DUIIMEHTOB pa3/eiieHus] OJJMHAKOBHIMU KOHCTAHTAMH MO CTYIIe-
HaM. B manHOI paboTe mpencTaBieH METOJl pacueTa mapaMeTpoB KackajoB C 3a-
JAHHBIM YKCJIOM Ta30BbIX LEHTPUPYT B CTYIMEHSIX, KOIDPUIIUEHTHI pa3ieiacHus
KOTOPBIX 3aBUCST OT UX MOTOKA MUTAHUS U KOA(DPuUIMEeHTa eeHUs] MOToKa. ITO
MIO3BOJISIET ONPEETUTh Hanboee OIM3KUE K MPAKTUKE PEKUMBI pabOThI KACKaI0B.

C ucnosib30BaHUEM PACCMOTPEHHONU METOJUKH OBLI MPOBEIACH BHIYMCIUTEIb-
HBIM SKCIEPUMEHT MO pa3JieJIeHUI0 rekcadropuaa MoaubaeHa U KOHIIECHTPUPOBa-
HII0 130ToNoB "' MO ¢ HM3KMM ceueHHeM 3aXBaTa HEHTPOHOB B BBIXOJAIIMX
MOTOKAaX OPJIMHAPHBIX U JBOMHBIX KackagoB. OmpeneneHbl 0COOEHHOCTH MOJTyue-
HUSL U3 OTBAIBHBIX U OTOOPHBIX MPOAYKTOB TAKUX KAaCKaJOB M30TOMOMOAUUIIH-
POBAaHHOTO MOJMO/ECHA, MPUTOJHOTO IJIsi CO3JaHUS PEAKTOPHBIX MaTepHAIOB C
YAYUYIIEHHBIMU TETIOPU3NUECKUMH XapakTepucTukamu. McciienoBaHo BIMsTHUE
(bakTOpOB, CBSI3aHHBIX C TOTOKOM MUTAHUS KaCKaJIOB U TUIAMHU CTYMNEHEN MO0 Yuc-
Jy ra3oBbIX HEeHTpUPyYT. [loka3zaHO, 4TO NOTOKH MUTAHUS U KOA(DPUIIMEHTHI pa3e-
JIEHUsI CTYNEHEW KacKaJ 0B Ta30BbIX IEHTPU(DYT CYIIECTBEHHO OTJIMYAIOTCSA OT
MPSIMOYTOJIBHBIX U TIPSIMOYTOJILHO-CEKITMOHUPOBAHHBIX KACKaOB.

1. Yamomoto I., Kanagava A. Multicomponent isotope separating cascade com-
posed of elements with large separation factors. J. Nucl. Sci. Technol. — 1978. —
Vol. 15, — No. 8. — P. 28-32.

2. CazpikuH A. A. TepMoIMHaMUYECKHUM TTOAXO K pa3ieNIeHUuI0 N30TOMoOB. B KHU-
re: M3oTonsl: cBOlcTBa, nonyyeHue, npumenenue. [lox pen. B. FO. bapanosa.
Mocksa: M3gAT, —2000. C. — 72-108.

3. Sulaberidze G. A., Borisevich V. D. Cascades for separation of multicomponent
isotope mixtures. Sep. Sci. Technol. — 2001. — Vol. — 36, — Nos. 8/9. — P. 1769—
1817.

4. Cynabepunze I'. A., bopucesuu B. JI., Iioanbcunp Ce. KBazunaeanbHbie kKac-
KaJibl C JOTIOJHUTEJIbHBIM TTOTOKOM JIJIsl pa3iei€HUss MHOTOKOMIIOHEHTHBIX H30-
TonHbIX cMecel. TeopeT. ocH. xum. TexHod. — 2006. — T. 40, — Ne 1. — C. 7-16.
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OCOBEHHOCTH PASAEJUTEJBHOTI'O ITIOTEHIUAJIA J1JIA
MHOI'OKOMIIOHEHTHOI'O PA3JAEJIEHUSA
Anekcanapos O.E., JIyonun C.C.
Hayunsiit pykoBogutens: Anekcanapos O.E., k.¢.-M.H., TO1IeHT
VYpansckuii ¢peaepanbabiii yaHuBepcuteT, 620002, r. ExarepunOypr, yin. Mupa, 19
E-mail: stepalubnin@gmail.com

OgHuM U3 BaXHBIX JJIEMEHTOB TEOPUU PA3LCICHHS SBISETCS IOHATUE
paznenutenbHoro noteHnuana. llociegnue paborel B 3TOM  oOsacTu
CBUJICTEIBCTBYIOT, 00 HHTEpece K  OMNpEACNICHUI0  TMOTEeHIMala  JUIs
MHOTOKOMITOHEHTHBIX CMECEH M MpeaiaratoT pa3jinuyHble KpUTEPUU JIJIsi Harbosee
NPaBUWJIBLHOTO BapuaHTa €ro mnpejcrtaBieHus. EcTb paboThl, Tlle BBICKA3bIBACTCS
MHEHHE, YTO Pa3ACIIUTEIbHBIA MOTEHIHUAI 1JIsI MHOTOKOMIIOHEHTHOTO pa3/cICHUS
He cyiecTByer [1].

B mactosimeld paboTre mpoaHANM3WPOBAHBl  BapPUAHTHI  OMPEIEICHUS
pa3IETUTENBHOIO0 MOTEHIMAIA JJIi MHOTOKOMIIOHEHTHOM cMecu. PaccmoTpeHsl
OCOOEHHOCTH OIpeNeNeHUs MOTEHIMaNa ISl MHOTOKOMIIOHEHTHOIO Pa3eieHHUs.
[Ipemsioxkena  wHTepnperauus  nocrynara Jupaka 0  HE3aBUCHMOCTH
pPa3aEIUTEIbHON MOIIHOCTH YCTPOWCTBA OT KOHUEHTpamuu cmecu. Ha ocHoBe
ATOM MHTEpPIpETaluu MPEAJIOKEHO BBECTHM IMOHATHE OOIIEr0 W YaCTHOIO
Pa3eIUTENBHOTO NOTEHIMAIA.

JIisi moTeHIMalla OCHOBHBIM (PU3UYECKUM CMBICIIOM SIBJISIETCSl  OIIEHKa
MUHHMMAaJbHBIX 3aTpaT YHEPTUH Ha pa3aeieHue. {1 MHOrOKOMIIOHEHTHOTO Cliydast
MOXXHO C(OPMYJIMPOBATH MOUCK MHUHUMAIBHO HEOOXOJMMBIX 3aTpaT SHEPIHH IO
pazHOMYy.

IIepBbii Bapumant. IlocTynupoBarhb, 4TO OTHAEJIEHUE OT CMECH MOJIEKYJIbI
m000T0 M3 KOMIIOHEHTOB TpeOyeT paBHBIX 3aTpar »dHepruu. TpeOoBaHue
paBeHCTBA KOMIIOHEHTOB TNPUBOAUT K  3ajadye€  HAXOXKACHHUS  OOILEro
pa3IETUTENBHOrO MOTEHIMANA, WIH 33/laye 00 a0COIIOTHOM TEPMOJMHAMUYECKOM
MUHHUMYME 3aTpar.

Btopoit Bapuant. s npakTHuecKuX 3ajad  oOmud  pa3aeauTeIbHbIN
MOTEHIMAl He Bcerga ynoOeH. BpluuciaeHue pa3nenuTeNbHOW MOIIHOCTH
peanbHOro0 YCTPOWCTBa, HANpUMeEp UEHTPU(PYTH, NpH pa3HOW KOHLEHTpalUU
MATAKOLIER CMECH AAET PAa3jMYHbIE 3HAYCHUS. DTO HE MO3BOJSAET HCIOJIB30BATH
NOTEHUUAN [JJIs MPAKTUYECKOW OILICHKH YHCla Pa3deIUTEIbHBIX 3JIEMEHTOB B
Kackaze. JIisi KOHKPETHOro pa3AesIMTEIbHOTO YCTPOMCTBA MOXHO IOCTABUTH

3amaqy OIIPENEIICHUS 4aCTHOT'O Pa3IeIUTENIBHOTIO IIOTEHIIAAJIA,
YIOBJIETBOPSIOLIETO TPEOOBAHMIO TMOCTOSHCTBA Pa3lEIUTEIbHON MOIIHOCTU
YCTPOMUCTBA.

B pabote moixyueHo BhIpakKeHHE JIsl YaCTHOTO MHOTOKOMITOHEHTHOTO pasjie-
JUTENHHOTO MOTEHITAa Ta30BON EHTPUYTH.

1. CmupnoB A.1IO., Cynabepunze ['.A. YHuBepcanbHbI pa3eNUTEIbHBI MOTEHIMAI

JUIsT. MHOIOKOMIIOHEHTHBIX CMeCel: MpUYMHBI OTCYTCTBUSA — JKypHam @usznueckou

Xumun, 2019, 1. 93, Ne 4, ¢. 627-631.
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TOHKOE PA3JIEJIEHUE BEHIECTB METOJAOM PEKTU®UKALIUN
Cyxaps [LA.
Hayunslii pykoBoautens: OpioB A.A., 1.T.H., mpodeccop
ToMckuii nommTexHuaeckuii yausepeurtet, 634050, Poccus, 1. ToMmck, nip. Jlenuna, 30
E-mail: pavel-suchar@yandex.ru

N3otonbl  NErKMX SJIEMEHTOB PAa3ACNAIOT MPEUMYIIECTBEHHO (PU3UKO-
XUMUYECKUMU METOJIaMH, K KOTOPBIM OTHOCHUTCSI U METOJ peKTU(UKAIIIH, B KOTO-
POM HUCIOJIB3YIOTCS IBYX(ha3HbIE CUCTEMBI KUJKOCTb-Tap (ra3). M3-3a Manbix 3Ha-
yeHul koduimenTa pasaeneHus npu pasieJICHUU U30TOMOB MPUMEHSIOTCS MPO-
TUBOTOYHBIC PEKTU(PUKAIIMOHHBIEC anmnapaThl KOJOHHOTO THIIA, 3all0JIHEHHbIE pa3-
JUYHBIMU KOHTAKTHBIMU ycTpoiicTBamMu. Vcnosib30BaHHE TaKUX aIapaTroB B IPo-
MBIIIJIEHHOCTH TMO3BOJISIET MHOTOKPATHO YMHOXHUTH KO3(P(MUIIUEHT pa3/iesieHus: u
ITOJIYYUTh U30TOMHYIO IMTPOAYKIMIO 3aJaHHON KOHIeHTpauuu [1].

OKCIEpUMEHTANIBHOE HCCIEIOBAHUE TPOLIECCOB TOHKOIO pAa3leieHus Ha
MPaKTUKE MPEACTABISAET CO00M CI0XKHYIO 3a/1a4y, KOTopas TpeOyeT IIyOOKHuX 3Ha-
HUN (PU3MKO-XMMHUYECKHUX OCHOB IPOILIECCOB PA3/ACIICHUS U METOAMK MPOBEACHUS
uccienoBannil. OnpeneneHne TEXHOJIOTMYECKHX M KOHCTPYKLUMOHHBIX IapaMeT-
POB pEKTU(DHUKAIIMOHHBIX KOJIOHH LEIECO00pa3HO MPOBOIUTh PACUETHBIM ITyTeM. B
CBSA3U C 3TUM aKTYaJbHBIM SBIISIETCSI COBEPLICHCTBOBAHUE METOJUK pacyeTra rnapa-
METPOB PEKTHU(PHUKAMOHHBIX KOJIOHH, YBEIMUYEHUE ObICTPONEUCTBHUS U TOYHOCTH
IPOBOJUMBIX PACUETOB, CO3JAHME YHUBEPCAIBHBIX METOJIUMK W IPOrPAMMHOIO
obecneuenus (I10) mnst pacuera pasHbIX TUIIOB KOJIOHH, MCIIOJIb30BAHME HOBBIX
IOJIXOJIOB ONPEJEICHUS NapaMETPOB U aBTOMAaTU3UPOBAHHOTO MOUCKA ONTUMAJIb-
HOT'0O BapHaHTa peajanu3alny pa3IeanuTebHON YCTaHOBKHU.

B nannoit pabote npuBeieHb pe3yabTaThl BeprupUKaINN pa3pab0TaHHBIX Me-
toauku u [1O [2] ans pazaeneHus: BeleCTB ¢ OMU3KUMHU (PU3UKO-XUMHUUYECKUMU
CBOWCTBaMH Ha NPUMEPE CUCTEMBI «3TAHOI-U30IIPOTIAHOID.

IToka3aHo, 4TO pe3yJIbTATHI PACUETOB XOPOLIO COMIACYIOTCA C TaHHBIMH JIPY-
TUX aBTOPOB [3], 4TO MO3BOMISAET CAEIATH BBIBOJ O IPUMEHUMOCTH MeToAuKH u 110
MIpH pacyeTe peKTU(UKAITMOHHBIX YCTAHOBOK IS pa3/ieNIeHUsl U30TOMOB.

1. Yepennuuenko C.A. TepmoamHamMuka U MaccoOOMEH B MPOIIECCAX TOHKOTO
pasziesieHusl B MPOTUBOTOYHBIX KOJIOHHAX: yueb. mocodue / C.A. UepauuyeHko,
A.B. Xopouunos. — M.: PXTY um. JI.11. Menneneena, 2014. — 68 c.

2. Cyxaps II.A. Co3nanue mporpaMMHOTO OOECTICUeHHS NIl TMPOSKTUPOBAHUSA U
pacdeTa peKTH(PUKAIMOHHBIX KOJIOHH. // COOpHUK Te3UCOB NOKIanoB VI Mex-
IYHapOJHOW HAyYHOUW KOH(EPEHIIMH MOJIOJBIX YYEHBIX, aCIIUPAHTOB U CTYJICH-
TOB «M30TOMBI: TEXHOJOTHH, MAaTepUalbl U IPUMEHEHUE». — TOMCK, 26 — 29 ok-
T16ps1 2020 1, Tomckuii noauTexuuueckuit yausepcurert, 2020 — C. 91

3. YubsnoB b.A., banenukos B.A., Jlukyues B.I'. IIpouecce! u anmapartsl Xxumude-
CKOW TEXHOJIOTMHU. AHrapck: M3natenbcTBO AHIapcKo rocyJapCTBEHHOM TEX-
Huyeckou akagemuu, 2006 r. — 743 c.
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OINITUMM3BAIUSA KACKAJIOB N3 YYHACTKOB
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HartmonanbHbIi nccnenoBaTenbeKui siepHblid yausepeuteT «MUONy, 115409,
Poccus, T. Mocksa, Kammmpcekoe ., 31
E-mail: a.y.smirnoff@rambler.ru

PaccmoTpen kackan, COCTaBIEHHBIM W3 YYacTKOB IIOCTOSIHHOW IIWPUHBI
(«TIpSAMOYTOJIBHBIX» Y4acTKOB), 2K MMEIOIUN MOTOK JTOMOJHUTEILHOTO 0TOOpa U
MO3BOJIIIOIIMN KOHIIEHTPUPOBATH MTPOMEKYTOUHBIN IO MaCCOBOMY YHUCITY KOMIIO-
HeHT. [|1s1 paccMOTpEeHHOTO Kackazia pazpaboTaHa OpUTHMHAIbHAS METOJAUKA OINTH-
MU3alMN €r0 MapaMeTpOoB, MO3BOJIAIONIAS B pAMKAaX OAHOBPEMEHHO BapbUpPOBATh,
KAaK HENpepbIBHbIE MEPEMEHHbIE 33/1a4i (OTHOIICHHS BEJIMYMH MTOTOKOB KacKana),
TaK U JUCKPETHBIC BEJIMYMHBI, TAKHE KAaK YHUCIIO CTYIIEHEH U HOMEpPA CTYIIEHE! Mo-
Ja4¥ BHEIIHETO MUTAHMS U BBIXO/A JOTOJHUTEIBHOTO MOTOKa 0TOOpA.

O} peKkTUBHOCTh IpPEnIaraeMoro MeToja KOHUEHTPUPOBAHUS IPOMEKYTOU-
HBIX CTAOWJIBHBIX H30TOMNOB, @ TAKXKE MPEIOKEHHON METOJIMKH ONTHMU3ALUU
MIPOJIEMOHCTPUPOBAHbl HAa MPUMEpPE PA3IEICHHSI CMECEH C Pa3IMYHbIM YHCIOM
KOMIIOHEHTOB (MOJi€JIbHasi TPEXKOMIIOHEHTHAsE CMECh, CMECH M30TOIOB BOJIb(pa-
Ma ¥ KPUIITOHA MPUPOJITHOTO COCTABA) U MPHU PA3NTMYHBIX BHEIIHUX YCIOBUSIX.

HccnemoBanne BBIIOJHEHO IPH HOAECPXKKE TpaHTa POCCHIICKOro Hay4HOTro
¢donma (mpoekt Ne 20-79-00152).
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ENRICHMENT SCHEMES FOR SPENT NUCLEAR FUEL
RECLAIMING
Gusev V.E., Smirnov A.Yu.
National Research Nuclear University "MEPhI", 115409, Russia, Moscow,
Kashirskoe sh., 31
E-mail: qusevvladl3@mail.ru

The problem of spent nuclear fuel is receiving considerable attention as its
quantities continue to accumulate worldwide. The problem of long-term fresh fuel
supply is also unavoidable. One of the strategies to fix both of them, which is al-
ready pursued in Russia, is to reuse nuclear material. The uranium, in this way,
could be recycled multiple times in light water reactors (LWR). To do this, every
time the irradiated fuel should be reprocessed to extract the uranium. This regener-
ated uranium should be enriched to get reactor-grade fuel while taking into account
the limitations on reactor-born isotopes in the final product. The only way to do
this is with enrichment cascades. But, if it is necessary to recycle the uranium sev-
eral times, not every scheme is reliable. Besides, sometimes there is a requirement
to produce the equivalent amount of fresh fuel from the used one. For such a task,
when it is necessary to comply with the conditions for the complete return of nu-
clear materials to the fuel cycle configurations based on ordinary three-stream cas-
cades are not suitable for multiple reprocessing of uranium. In this paper, we pro-
pose the development of the ideas of previously proposed enrichment schemes,
which make it possible to solve the problem of returning uranium to the fuel cycle
of light water reactors under the condition of multiple reuse. The major aim is to
eliminate the side effect of schemes based on dual cascade schemes -- the accumu-
lation of abnormal waste, which is proposed in this work.

The study was carried out with the support of the grant from the Russian Science
Foundation (project No.20-79-00152).
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MOAEJIUPOBAHHUE MNPOLNECCOB U30TOIIHOI'O PA3JIEJIEHHUS B
YCJIOBUAX BCTPEUHOI'O JIBUKEHUS MOHOB U ®A3 UOHUTA U
PACTBOPA B DJIEKTPOXPOMATOIPA®NYECKOMN KOJIOHHE
benskos /I.M., Bepryn A.IL
ToMmckuii nommTexHuaeckuii yausepeurtet, 634050, Poccus, 1. ToMmck, nip. Jlenuna, 30
E-mail: dmb8@tpu.ru

MemOpaHHBIC, 2JICKTPOMOHUTHBIE W OOMEHHBIC IIPOIECCHI SIBIISIOTCS IEp-
CIIEKTUBHBIMH B OTHOIIEHUH Pa3paO0TKH HOBBIX METOJIOB pa3JiejeHUs] U30TOIOB U
TOHKOM OYMCTKHU BellecTB. [lanpHeilee pa3BUTHE HAYKU U TEXHUKU B 3TOM 00J1a-
CTH CBSI3aHO C MOMCKOM M peaiu3aiueil mytei pa3paboTKH, COo3aHus MaTepHAJIOB,
00eCreunBaroX BEICOKYIO 3(PPEKTUBHOCTH HOHOOOMEHHBIX ITPOIIECCOB.

JInst MoJiennMpoBaHusl, ONPEACIICHUSI ONTUMAIBHBIX YCJIOBUM pa3ieieHUs] U30TO-
MOB Pa3IMYHBIX JIEMEHTOB MPU M30TOMHOM OOMEHE U AJIEKTpOXpomarorpapuu uc-
TIOJI30BAITMCH METO/IbI INTAHUPOBAHUS SKCTPEMAIIBHBIX SKCIIEPUMEHTOB [ 1, 2]. MeTto-
JIbl TUIAHUPOBAHUS SKCIIEPUMEHTOB MO3BOJISIIOT OMUCHIBATH MPOLECC PA3AEIECHUS B MO-
TOOHBIX cHUCTeMax (yHKIIMEH, MPEACTaBICHHON B BUJE MOJMHOMA. Takoi Xapaktep
MOJIEJIH TI03BOJISIET HE TOJIBKO YYeCTh pazHooOpasre (hakTopoB [3], BIUSAIONIMX HA OC-
HOBHbIE TTOKa3aTeu Mpoliecca, HO U J1aTh OIEHKY BKjIaJa Kaxaoro ¢akropa B Be-
TUYUHY uccienyemMoi pyHkiuu. [Ipu mpoBepke moy4eHHbIX YpaBHEHUHN Ha aJieK-
BATHOCTH IO KpUTEPHUIO Pulliepa yCTAaHOBIEHO, YTO ITOJIYyUYEHHbBIE MATEMATUYECKUE
MOJIEJIN aJIEKBATHO ONMCHIBAIOT PA3/ICJIUTEIbHBIE IIPOLIECCHI.

bosib1ioi WHTEpPEC € TOUKM 3pEHUS aJCKBATHOTO ONMCAHUS IIPOLECCOB U30-
TOTTHOTO pa3/elieHUs MPEACTaBIsSET UCIOIb30BaHNE 000OIIEHHBIX KPUTEPUEB OII-
TUMH3ALUN. DKCIIEPUMEHTAIbHBIE UCCIEAOBAHUS IO Pa3/IEIEHUI0 U30TOIOB MPO-
BOAWINCH Ha Pa3pabOTaHHBIX AJIEKTPOXPOMATOTPAPUUECKUX YCTAaHOBKAX JIJIst
YCJIOBUM BCTPEYHOTO JIBMXKEHUSI MOHOB U 00eux (a3 B kosioHHe. [Ipu kommnbroTep-
HOM MOJICJIUPOBAaHUN PACCMATPUBAEMOI0 TMpolecca pa3paboTaHbl MPOTrPaMMBbl,
no3BoJjsironre paccuntath BenuunHbl BOTT npoueccoB pasnenenus [4], oueHu-
BaTh pa3Mephbl AJEKTPOXPOMATHUYECKONW KOJIOHHBI, ONPENEsTh TPeOyeMyr CKO-
POCTh MPOTUBOTOKA B YCTPOMCTBE, AHAIM3UPOBATH PACIPEICICHUE KOHLIEHTPAUi
B anmnaparax, IpoOM3BOAUTH ONTUMHU3ALMIO MIPOLIECCOB. B cilyyae kackaaupoBaHus
YCTAHOBOK MPEIJIOKEHHBIE ITPOIPAMMBI IMO3BOJIIOT PACCUUTHIBATH PACIIPEICIICHUE
IIOTOKA W KOHLIEHTPALIMK BBIIEISEMOTO U30TOMA 110 CTYTICHSIM.

1. BrnacoB B.A., Bepryn A.Il., OpnoB A.A., Tuxonos I'.C. PaznenuTtenpHbie MPOIECCH C MPHU-
MEHEHHEM HOHOOOMEHHBIX MaTepuasioB: YuyeOHoe nmocobue. — Tomck: TITY, 2002. - 121 c.

2. bamamkoB B.C., Bepryn A.Il. MonenupoBanue ¥ ONTHMHU3ANUS THOKUX OOMEHHBIX M DJICK-
TPOMOHUTHBIX CHUCTEM H30TOIHOIO paszzaeneHus // M3BecTuss BBICHIMX y4eOHBIX 3aBEICHUN
«Dusukay, - 2010. - Nel11/2, - ¢.154-157.

3. Dorofeeva L.I., Kuan N. A. Modeling of sorption processes on solid-phase ion-exchangers //
AIP Conference Proceedings: 4, Isotopes: Technologies, Materials and Application, Tomsk, 30
oktsi0pst — 03 2017 roma. — Tomsk, 2018. — P. 020021. — DOI 10.1063/1.5027228.

4. lopodeenra JI. U., bacc B. 1. MoaenupoBanue mporiecca 3JIeKTPOXUMUIECKOTO 0OparieHus
NOTOKOB (ha3 mpu M30TOMHOM oOMeHe // V30TOombl: TEXHOJIOTHH, MaTepHuaibl U MIPUMEHEHHE:
COopHuk Te3ucoB nokianoB VI MexnyHaponHoil HayuyHOU KOH(PEPEHIIMU MOJIO/IbIX YUEHBIX,
aCIMPaHTOB M CcTyeHTOB. — ToMck: Tomckuil nonurexuudeckuii yausepeurer, 2020. — C. 88.
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B mane pa3paOOoTKu HOBBIX pa3JEIUTEIbHBIX MPOIECCOB MEPCIEKTUBHBI CH-
CTEMBbI, BKJIIOYAIONIME HMOHOOOMEHHBbIE MaTepuaibl. [IpoBeneHbl HcCCieaOBaHUS
crocoba pas/iesieHus] U30TOMHBIX U MOHHBIX CMECEi, OCHOBAaHHOTO Ha COBMEIIIE-
HUU 3JIEKTpoXpomaTorpaduy M W30TOIMHOTO OOMEHA B KOJIOHHAX C JIBIDKYIICHCS
¢dazoit noHHTA.

[Ipu BBIOOpE MOHUTOB JJIsi PACCMATPUBAEMOIO IMPOIIECCA UCIOJIb3YETCs] Me-
TOJ HAIIPaBJIEHHOTO MOMCKA CUCTEM C MAaKCUMAaJbHBIMU Pa3JC/IUTEIIbHBIMU CBOM-
ctBamMu. Pa3paboTaHa KOMIIbIOTEpHasi MpPOrpaMMa, MO3BOJISIONIAS OMPEICIISITh
CKOPOCTb JIBIKEHUS (PpOHTA pa3jesisieMblX HOHOB [1] B 3aBUCHMOCTH OT TIJIOTHO-
CTH TOKa Y OTHOILIEHHS MU3y4aeMbIX MOABUKHOCTENU. PacueTsl mpoBEAEHBI KaK st
MOHOIMOJISIPHBIX MOHUTOB, TaK U JJII CMEIIAHHOTO CJI0S1 HOHOOOMEHHHUKOB.

DKCIIEpUMEHTAJIbHAs YCTAHOBKA, PEAUTU3YIOIIMN JTaHHBIA METO]T pa3JieJICHuUs,
BKJIIOYAET MPOTUBOTOYHBIE OOMEHHBIE KOJIOHHBI U 3JIEKTPOAUAIN3ATOP, B KOTOPOM
MPOUCXOIUT OOpailleHne MOTOKOB (ha3. B KOJOHHE OCYIIECTBISETCS BCTPEUHOE
JBIKEHUE MOHUTA U pacTBopa. IoHOOOMEHHUK JIBUXKETCSI B KOJIOHHE CBEPXY BHU3.
CKOpOCTh €ro JIBUKEHHUS MOXKET U3MEHSThCS B IIMPOKUX Mpenenax. PactBop mo-
Jae€TCSd B HWDKHIOIO 4acTh KOJOHHBL. Ha ocHoBaHuu 3HaueHUN KOA(PUIIMEHTOB
B3aumonuddysuu [2] onpeaenenst BenuuuHbl BOTC. TlomydenHble pacueTHbIe
3HAYEHUSI 3THX BEJIUYHMH COTJIACYIOTCSl C 3KCIIEPUMEHTAIbHBIMU JaHHbIMU. [lanee
pa3enUTeNbHBIN MPOIECC OCYIIECTBISIETCS B JIEKTPOXPOMATOrpaduIecKoi KOJIOHHE.

Ha ocHoBaHuu pe3ynbTaToOB MO pa3feiICHUIO HM30TONOB B OOMEHHBIX [3] u
AIIEKTPOUOHUTHBIX TpoIleccax pa3padoTaHa KOMIBIOTEpHAsS IpOrpaMma MpUMEHH-
TEJIBbHO K KAaCcKaJly pa3lelIuTENIbHbIX YCTaHOBOK. [IporpaMma no3BossieT aHanu3u-
poBaTh pabOTy Kackaja B CTAllMOHAPHBIX U HECTAIIMOHAPHBIX yCIoBUsAX. PaccMar-
puBaercs BIUSHUE (DIYKTyalllil OCHOBHBIX NapaMeTpoB Ha 3PPEKTUBHOCTH pado-
Thl Kackaaa. [IporpaMma mo3BOJIIET OMPEACNISITh KOHIIEHTPAIMOHHBIE MPOdUIIH,
XapakTep pacrpeaesieHus: TOTOKOB BBIJIEIIEMOT0 U30TOMA MO CTYNEHSIM KacKaja.

1. banamkoB B.C., Bepryn A.Il. MoaenupoBaHue U ONTUMU3ALMA THOKUX OOMEHHBIX U 3JIEK-
TPOMOHUTHBIX CHUCTEM M30TOIHOTO paszzeneHus // M3BecTus BBICIIMX YYeOHBIX 3aBEJCHHN
«Duszukay, -2010. - Nel11/2, - ¢.154 — 157.

2. lopodeesa JI. U., bacc B. . MonenupoBanue nporecca 3J1eKTpOXUMUYECKOT0 00palieHus
MOTOKOB (ha3 MpH U30TOMHOM oOMeHe // MI30Tomnbl: TeXHOJIOTUH, MaTepUalbl U MIPUMEHEHUE:
C6opHUK Te31ucoB A0KIa10B VI MexyHapoaHOH Hay4HOH KOH(EepeHIIMH MOJIOABIX YUEHBIX,
acnupaHToB ¥ cryaeHToB. — Tomck: TITY, 2020. — C. 88.

3. Dorofeeva L.I., Kuan N. A. Modeling of sorption processes on solid-phase ion-exchangers //
AIP Conference Proceedings: 4, Isotopes: Technologies, Materials and Application, Tomsk, 30
oktsi0pst — 03 2017 roma. — Tomsk, 2018. — P. 020021. — DOI 10.1063/1.5027228.
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OIPEJEJIEHUE OIITUMAJIBHBIX YCJOBHUM MPOIIECCA
SJEKTPOXUMHUYECKOI'O OBPAHIEHUS IIOTOKOB ®A3 ITPU
MN30TOITHOM OBMEHE
Hopodeena JI.U., CorueBa A.A., Bepryn A.IL
ToMmckuii nommTexHuaeckuii yausepeurtet, 634050, Poccus, 1. ToMmck, nip. Jlenuna, 30
E-mail: dorofeyeva@tpu.ru

OOMeHHbIE TPOLIECChl, OCHOBAHHBIE Ha (PU3UKO-XMMUYECKUX MPUHLIUIAX
oOoraiieHus 1eJ1eBOro KOMIIOHEHTa, UMEIOT MPAKTUYECKYIO0 3HAYUMOCTh JJIs MO-
Jy4YEHUs] MOHOM30TOIHOM MPOIYKUWHU, UCIIOJIb3YEMOW B Pa3HBIX O0JIACTAX HAYKH,
TEXHUKHU U MEULIUHBI.

ITonHOTa BBIIENEHUS LENEBOTO M30TOINA U3 MCXOAHOM CMECH ONPENENseTCS
TEPMOAMHAMHUYECKUM KO3((OULUEHTOM pa3leleHus, KOTOPbIM 3aBUCUT OT yCIIO-
BUM opranu3auuu nponecca. ITouck 3¢ pekTUBHBIX METOOB CHUKEHUS 3aTpaT Ha
OTZEIBHBIE CTAaIuU IHpolecca pasnesieHus [l] sBiasgercs ONHMM W3 BaKHEUIINX
HaNpaBJIEeHUIN ISl TEOPETUYECKUX M SKCHEPUMEHTANbHBIX HccienoBaHuil. Oopa-
IIEHHUE NTOTOKOB (a3 IIEKTPOXUMHUECKUM METOJOM B OOMEHHBIX ABYX(a3HbIX CH-
CTeMax MO3BOJISIET 3HAUUTEIBHO COKPATUTh 3aTPaThl HA BBIJACICHHS LIEIEBOT0O U30-
TOmna, 00ECIEYNTh HEMPEPHIBHOCTH MPOIIECCa pa3IeICHUS.

Opranusanusi HENPEPHIBHOTO Ipoliecca 000ralieH s P BCTPEYHOM JIBHKE-
HuU (a3 IByx(a3zHOH CUCTEMbl HOHOOOMEHHUK - pacTBOP B OOMEHHOI KOJIOHHE C
MOCJIEIYIOUUM OOpAaIEHUEM MOTOKOB 3JEKTPOXUMHUYECKHUM METOJOM B AJIEKTPO-
nuanuzatope [2] TpeOyeT yuera psaa (pakTopoB, KOTOpble obecrieunBaroT Y Pek-
TUBHYIO paboOTy Bcero ycrtpoicrtBa. [Ipym moucke ONTUMAaNbHBIX YCIOBUH OCY-
IIECTBJICHMS IIPOLIECcca ONPEAEIUINCH CKOPOCTH IIEPEHOCA BEUIECTBA B BEPTUKAJIb-
HOM M TOpPU30HTaJIbHOM HarpasiieHusAX. KoinyecTBo BemiecTBa, MEPEHOCUMOIO
yepe3 MOIMEePEeUYHOe CEUCHUE KOJIOHHBI [3], onmpeaessyioch ¢ y4eTOM JIMHEHMHOM CKO-
pOCTH JBIKEHUSI TBepJoH (a3bl M TUIIAa MOHOOOMEHHOro MaTepuaina. Bennunna
BBICOTHI 3KBUBAJICHTHON TEOPETHUYECKOW CTYIIEHH HAaXOJMJIACh C y4€TOM BHYTPEH-
Hel, BHENTHEH U mpoosbHON nuddy3un B KojoHe. Bennunna crenenu pasmuene-
HUS M30TOINOB JIETKUX IIEJIOYHBIX 3JEMEHTOB M3MeEHsulach B mpexpenax 1,021 +
1,092 B 3aBUCHMOCTH OT yCJIOBHH OCYIIECTBJIEHHUS MpolLecca. AHaIN3 yMEHBbIIIE-
HUS KOHUEHTpPAIMU 3aMelIaeMbIX HOHOB IIPH BBITECHEHUHU 30HOU, 00ETHEHHOM 10
JIETKOMY H30TOIly, MOKa3bIBaeT 3(P(HEKTUBHOCTh MCIOJI30BAHUS Ipoliecca dJeK-
TPOMMIPALUU JJI1 00palIeHusl TOTOKOB (pa3 MpH U30TOIMMHOM OOMEHE.

1. U3zoTomsl: cBoiicTBa, nonydenue, npumenenue. B 2 1. T. 1/ Iloa. pea. B.1O. bapanosa. — M.:
®usmataur, 2005. — 600 c.

2. Pa3neneHne W30TONOB M HWOHOB C OJNM3KMMHU CBOMCTBaMH B OOMEHHBIX IIpoIleccax C
AJIEKTPOXUMUYECKUM oOparienueM mnotoka (a3 / A.Il. Bepryn, U.A. Tuxomupos, JI. U.
Hopodeesa // UzBectuss Tomckoro nmomurexHuueckoro yHuBepcurera [Mssectus TITY]—
2003. — T. 306, Ne 3. — C. 66-70

3. Hopodeena JI. ., bacc B. 1. MonxenupoBanue mporecca 3IeKTPOXUMHAYSCKOTO OOpaIeHHs
NOTOKOB (pa3 mpu M30TOMHOM obMeHe // VI30Tombl: TEXHOJIOTHH, MaTepUaibl U IPUMEHEHHE:
COopHuk Te3ucoB nokianoB VI MexnyHaponHoil HaydyHOU KOH(PEPEHIIMU MOJIO/IBIX YUEHBIX,
aCIMPaHTOB U cTyeHTOB. — Tomck: Tomckuil nonurexuuueckuil yausepeurert, 2020. — C. 88.
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Hayunsiit pykoBoautens: Jlopodeena JL.U., k.¢p.-M.H., JO1IEHT
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Ha nmaHHBIE MOMEHT OJHHUM W3 COBPEMEHHBIX METOJOB (yHIaMEHTAILHOMN
HayKH SIBIISIFOTCS MMyYKH YCKOPEHHBIX MOHOB. B HacTosiiee BpeMsi OHU UCHOJIb3Y-
I0TCS B MPHUKJIAJHBIX HAHOTEXHOJOTHYECKHUX 3aJadyax KakK CPeACTBO A MOAU(DU-
KallMM MaTE€pUajoB, a TAKXKE C IEJNbI0 CO3/IaHHUsI HAHOMETPUUECKUX CTPYKTYp. Oc-
HOBOM JaHHON TEXHOJIOTHH SIBIISIETCS SIBJIEHUE MPOXOKICHUS BBICOKOIHEPIreTHY-
HOM YacTUIIbI CKBO3b MaTepual, 4To (GOPMUPYET JATCHTHBIA TPEK MAJIOro TUaMET-
pa.

B 1enom TexHonoOrHsA MOJy4eHHsS TPEKOBbIX MeMOpaH [1] coctouT u3 He-
CKOJIBKMX 3TaloB, OKa3bIBAIOIINX 3HAYUTEIbHOE BO3ACHCTBHE HAa KOHEUHBIA pe-
3yJbTaT, IPU 3TOM IUIOTHOCTh MIOP NPSIMO MPONOPLUHUOHAIBHA BPEMEHH TPABJICHHUS,
a MPOHMIIAEMOCTh MPSAMO MPONOPLUUOHANBHA 03¢ 00sydeHus. [lommmepsl, yacto
HCIIOJIb3yEMbIE€ B KAUECTBE MAaTEPUAIIOB JJIsI MUKPO(PUIBTPALIMOHHBIX MEMOpaH, HEe
SIBJISIFOTCSL TAKUMH K€, KOTOPBbIE MPUMEHSIOT JJIs MOJTY4YeHUs yIbTpaduibTpaiiu-
OHHBIX MEMOpaH.

MemOpaHnHbIe mporecchl [2], OCHOBaHHBIC Ha yIbTPA(QIbTPALMH, IT0 CBOCH
MPUPOJE HAXOJATCA B IPOMEKYTOUHOM IOJIOKEHUU MEKIY OOpaTHBIM OCMOCOM U
MUKpO(UIbTpaneil. ITO 3HAYUT, YTO pa3MEPBI OP TAKMX MEMOpaH BapbUPYIOTCS
oT 1 M 10 100 HM ¥ UCTIONB3YIOTCSA [T OYMCTKH PACTBOPOB BELIECTB PA3TUYHOTO
npoucxoxaenus. [Ipu ynprpadunbrpanuu qucrniepcuonHas ¢a3a IpoOHUKAET Yepes
MeMOpaHy CKBO3b TOPBI, & MAaKPOMOJEKYJIbl 3aJepPKUBAIOTCS Ha IMOBEPXHOCTH,
YTO, TIOPOM, BENIET K 3arpsiI3HEHUI0 MEMOPAHBI U YMEHBIIEHUIO MMOTOKa. MOXET 1mo-
Ka3aThCsl, YTO YIABTPAPUIbTPALMS OTINYACTCS OT MUKPODUIBTPALIMHA TOJBKO pas-
mepoMm nop. Ha camom nene memOpaHbl AJisi JaHHBIX MPOLIECCOB CO3/AIOTCS 10
Pa3HBIM METOJMKAM U CXOXH B OJTHOM — METOJ] MHBEPCUH (a3.

[Ipouecc puibTpanuu Bo3ayxa TPEKOBOM MEMOpPAaHON aHAJIOTMYEH IMPOLIECCY
¢unbTpauuu Bonbl. llopbl AHMaMeTpoM B HECKOJBKO AECATKOB HAHOMETPOB HE
MPOITYCKAIOT YacCTHUIbl CMOTa, OaKTepUH, MUKPOOPTaHU3MBbI, HAXOSALIMECS B BO3-
nyxe. MoJiekylibl K€ KHCIopoJa OecnpensiTCTBEHHO OYIyT MPOXOJIUTh CKBO3b
MeMOpaHy. TpexkoBble MEMOPAHBI XOPOILO 33aJA€PKUBAIOT MUKPOYACTHUIIbI, TOITOMY
MIPUMEHSIIOTCSI IPU OYUCTKE PACTBOPOB OT MPUMECEH, a TakKe B MEIULIUHE IS
BBIJICJICHUS PAJMOHYKIIMIOB BEICOKOM YUCTOTHI [3] M APYyTrUx 00JIaCTsIX.

1. PeyroB B. ®@., /Imutpues C. H. «MoHnHo-TpekoBasi HaHOTeXHOI0rus» // Poccuiickuit
xuMmudecknii xypHai, 2002, T. 46, Ne 5, C. 74-80.

2. Mynnep M. Beenenne B MemOpannyto texnosoruto: Ilep. ¢ auri. — M.: Mup, 1999. —513c.

3. bomapipes ILII. u qp. DIeKTpOXUMHUYECKHI cITOCOO TOTY4YeHUs paarnoHykiauaa Lu-177

BBICOKOU yienbHOU akTUBHOCTH // BecTH. Mock. YH-Ta. Cep 2. Xumus, 2016, 1.57, Ne 3, c.
184-190.
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CoBpeMeHHas AMarHOCTUKA W BBISIBJICHUE 3JI0KAU€CTBEHHBIX HOBOOOpa3oBa-
HUM Ha paHHEN CTaJuU WX PA3BUTUS OCTAETCS OJHOM M3 aKTyalbHEUIIUX MpoOsieM
COBPEMEHHOW MEIUUNHBI. METOINKA JIEYEHUS OIYyXO0JIE KOCTHBIX TKAHEW U BHYT-
PEHHUX OpraHoB paguodapMalleBTUYECKUMU MpernapaTaMd Ha OCHOBE pajuo-
HYKJIHAA JIOTeui-177 sSBIAIOTCS OAHOW M3 TMOCIEAHMX pa3pabOTOK B 00JIacTH
AIEPHOM MEIULHHBL. B oTiiMuKe OT Ipyrux, JaHHAs METOAUKA OTINYAETCS MUHU-
MaJIbHBIM TOKCUKOJIOTHYECKUM JICUCTBUEM HA OpraHU3M NanueHrta. PaguannonHoe
BO3JICHCTBHE JOoTelHs-177 peanu3yercss 3a CUET OTHOCHTEIBHO MSTKOTro Oeta-
m3nydyeHus (MakcumanbHas sHeprust — 0,497 M»aB) u s1eKTpoHHON KOHBEPCHEH.

[lemenTanus OCHOBaHa Ha KOHTAKTE amajibraM MIEJIOYHBIX METAJIOB U alle-
TaTHBIX, IUTPATHBIX U JIp. COCAUHEHUN PEIKO3EMENbHBIX METAVIOB C MEXaHHUYe-
CKHUM HWJIU Ta30BbIM MepeMeniuBanueM. [I[poucxoautT BOCCTaHOBIEHUE UTTEPOUS 10
JIBYXBaJICHTHOT'O COCTOSIHUS U JaJiee JO MeTalljla ¢ 00pa30BaHUEM amajibraMbl UT-
TepOus.

OnbITel TPOBOIWIIMCH HA MOJAENBHBIX PAaCTBOpAxX, COACPIKAIINUX PATUOAKTHUB-
HbIE METKU. Macca urtepous cocrasisna 10,8 mr. OtHomenue pasgensemsix */'Lu
u Yb cocrasisio 1:39000. Ha puc.1 npencraBiiena raMMa-crieKTporpaMma ajuK-
BOTHI UCXO/IHOM MpOoOKI, cosepskamieil paguoakTusHble MeTku *''Lu u *9Yb nmomy-
YEeHHOM Ha ramma-crekrpomeTpe MHorokaHanbHOM (pupMbl CANBERRA ¢ mony-
IPOBOJHUKOBBEIM OJIokoM jAeTektupoBanus GS2018. Bpems omHoW IieMeHTaIuu
cocTaBmiIO 2 MUHYTbl. OOBbEM aMabramMbl HATPUSL COCTABIISUT 5 MJI HA OJIHY LIEMEH-
Taluio. 3a 5 IeMEeHTaluu yAaJIoCh CHU3UTh cojiepxkanue urrepous no 0,01% ot
UCXOAHOTO coaepxkanus. Jisa koppektupoBku pH BO Bpems 1ieMeHTaluu 100aB-
nsnacs 6M HCl.

)

120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
keV

Puc.1 'amma-criekTp aqMKBOTHI HCXOIHOM MPOOHI
OuncTKa OT PTYTH OCYLIECTBIISLIACh depe3 KoJoHKy Lewatit MonoPlus TP
214 co cpeqnum pazmepom 3epHa 0,55mm. ConepxaHue pTyTd B MpooOe 10 OUUCT-
K1 Ha KOoJIoOHKe cocTaBisuio 300MKr, mociie KOJIOHKHU: 458HT.
ABTOpBI OnarojmapsAT 3a JUCKYCCMHM H COBeThl 1o pabore B.B. 3ykay,
J1.B. Ka6anoga, B.I'. Mepkynosa, E.B. Uubucosa.
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ITAPAMETPbBI Q-KACKAJIA JJIS1 HIOJIYYEHUSA
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obnactu, yn. Kypuarosa, nom 1
E-mail: ShinkevichRA@yandex.ru

B pabore mnpoBeneH pacuer mnapameTpoB Q-kackaga i MOJTYYEHHS
BBICOKOOOOTAIEHHOr0 '*Se M MCCIIE0OBAHKME 3aBUCHUMOCTEN: pa3IeMTeNbHOMN
crocoOHOCTH JU, MOTOKOB OTOOpa JIErKOM M TsKenol (pakiui Kackaaa oT
KO3 pUIMEHTa JEJICHHUs TOTOKA; U3MEHEHUs NMpoQuiIad Kackaja U KOHIEHTpaluu
IIEIEBOr0 M30TONMa '*Se Mo CTyNeHsM KacKaja OT YIAEIbHOro Kod(hduimeHra
oOorarieHus.

B pesynmbrate pacu€ra momydern mnpodumiab Q-kackama W 3aBHCHUMOCTB
pacmpesiesieHns] KOHIIEHTPAaIlM U30TOMOB CEJeHA TI0 ero CTyMeHsM. PaccunTaHsl
3aBUCUMOCTH: Pa3JeNUTeIbHOM crnocoOHOCTH JU, MOTOKOB OTOOpa JIETKOM U
TsKeIoW (pakuMii kKackaga OT Ko3(pQuUMEHTa [OeNeHUs NOTOKA; HW3MEHEHUs
npoduis Kackala ¥ KOHIIEHTPALMH LEIEBOr0 H30Tona '*Se 1Mo CTymeHsM Kackaia
OT yJenbHOTO KO3(pduImeHTa oborameHus; u3MEeHEeHUs] NpoQuis Kackaaa OT
OTOKa OCHOBHOT'O NUTAHUSI.

B pesynbrare uccieqoBaHMs YCTAHOBJIEHO, 4YTO 3aJ@aHHOTO OOOTalCHUS
(Gomee 98% mo “Se) MOXKHO JOCTHIHYTH 3a OOMH OTall pa3JeleHHs.
Pacnipenenenre M30TONOB celeHAa IO CTYNEHSIM KacKaja IPOUCXOAUT B
COOTBETCTBMM C HX MAaccoBbIMM uyHciaMd. HanMeHblnee HU3MeHEHHE
KOHIICHTpAllMM M30TOIOB CEJIeHa MMEET MECTO BOJIM3M CTYNEHM IOJayd MOTOKa
NUTaHUsl, HauOOoJIbIlIee — Ha KOHIEBBIX CTYIEHAX KacKaja.

[Tokazano, uro npu € = 0,5 HaOMIOJAETCS MaKCUMAaJIbHAsl pa3AeiuTeIbHAs
CIIOCOOHOCTB, C YBEIMYEHHEM € TOTOK 0TOOpA JIETKOM (PpaKIuu Kackajaa JUHEHHO
YBEJIMYMBAETCSA, a TMOTOK oOTOOpa TsKEeNOW (pakuMu Kackaja JHHEHHO
YMEHBIIIAeTCSI.

VY CTaHOBJIEHO, YTO C YBETUYEHUEM YAEIBHOrO KO3 (ULMeHTa 00oraieHus,
KOJIMYECTBO CTYIEHEeH Kackana, HeoOXoauMoe Al JOCTHMIKEHHUS 3alaHHOM KOH-
LEHTPALlMU, YMEHbIIAETCS, CTYNEHb MOJAa4YM MUTAHUS CMEIIAETCSl K OTBAaJbHOMY
KOHITY KacKa/ia, HIOTOK MUTaHUsI KackaJa TakKe YMEHbILIACTCS.
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3amaun nepepabOTKH TEXHOJIOTUYECKUX PACTBOPOB C IENBIO CENIEKTHUBHOTO
M3BJICUCHUS IICHHBIX KOMIIOHEHTOB, OOE3BPEKWUBAHUS >KUAKUX DPATHOAKTHBHBIX
OTXOJIOB, PEreHEepallMi OTPAOOTAHHBIX J1E€3aKTUBUPYIOLIUX PACTBOPOB AKTYaJbHBI
M BOCTpeOOBaHbI Ha CETOAHSIIHMMA JIEHb BO MHOTHMX OTPACSAX MPOMBIIIJIEHHOTO
IPOU3BOJICTBA.

O06paboTKa ¢ UCIOJIb30BAaHUEM XMUMHUYECKUX PEAreHTOB MPOMBIBHBIX PaCTBO-
POB, BO3BPAIIAIOIIMXCA C IIUKJIOB JI€3aKTUBALIMM JIETalel U y3J710B 000pYy10BaHuUS,
a TaKXe KOHIEHTPUPOBAHHBIX 00E3KUPUBAIOLIUX PACTBOPOB, KAK MPABUIIO, HE
MO3BOJISIET JOCTUYL TPEOYEMbIX MOKa3aTesield, 0COOCHHO IO TSKEIbIM METajliaM U
opranuke. B sToMm ciydyae, mpUMEHSIOT HOHOOOMEHHBIE U 3JIEKTPOMEMOpaHHBIC
TE€XHOJIOTUA OYHMCTKH, MO3BOJISIIOUIME OPraHU30BBIBATH 3aMKHYTHIE IMPOLIECCHI C
OJIHOBPEMEHHBIM M3BJICUCHHEM U3 TEXHOJOTUUECKUX CPEJl PACTBOPEHHBIX LIEHHBIX
KOMITOHEHTOB.

Kak npaBuiio, TEXHOJIOTHSI OYMCTKM BKJIIOYAET B ce€0s HECKOJBKO CTaIWid,
BKJIFOYAIOUIUX MPEIBAPUTEIBHYIO0 IOJATOTOBKY C KOppekTupoBkod pH cpenpl,
yJIaBIUBAaHUS B3BEIICHHBIX MPUMECEH M OpPraHMYECKUX KOMIIOHEHTOB, a TaK»Ke
JANbHENIIYIO0 TTyOOKYI0 OYMCTKY METOJIaMU MOHHOTO 0OMEHa, 3JeKTpOMEMOpaH-
HBIMH TEXHOJIOTHSIMU C UCTIOJIb30BAaHUEM CEJIEKTUBHOTO MEMOPAHHOTO MaTepurara.

CepHOKUCIBIE PaCTBOPHI, BO3BPAIIAIOIIMECS CO CTaIUU OTMBIBKU JETAJIeH U
y3JI0B 000pYAOBaHHUS, IPOITYCKAIOTCS Yepe3 CTAANI0 OYUCTUTEIHLHOTO MOAYJIS U Ha
BBIXO/I€ TIOCTYIAIOT HA ONEPATUBHBIA KOHTPOJIb CXOAUMOCTH U KOHTPOJIb NOTPEIII-
HOCTHU [l] ¢ McoOnb30BaHMEM METO/A KPaTHOTO M3MEHEHHsSI MU3MEpPSIEMOro Mapa-
MeTpa B mpo0e (BapbHUPOBAHUE ATMKBOTOM MPOOKI). 3a OKOHYATEIBHBIA pPe3yIbTaT
M3MEPEHUI MacCOBOM KOHIIEHTPALIMK CEPHOM KUCIOTHI B MPOOE MPUHUMAIOT Cpea-
Hee apu(pMETUYECKOEe 3HAUEHHUE PEe3yJIbTaTOB, YAOBIETBOPSIOIIUX YCIOBHUIO CXO-
JTUMOCTU:

dor=2,77*6x(9),
I7I€ Gx(0) — 3HAUCHHUE XapAKTEPUCTUKU CXOAUMOCTH OTHOCHUTEIBHO M3MEPSIEMBIX
MaCCOBBIX KOHUEHTPALMI CEPHOW KUCIOTHI B COOTBETCTBUM C TAOJIMYHBIMHU JIaH-
HbIMU; 2,77 — 3HAY€HUE KBAHTWJIA paCIpeeSICHUs pa3MaxoB IMPHU 4YHCIE mapai-
JISBHBIX OTPECTICHU N = 2.

IIpoBeneHHbIE pe3yiabTaThl 3aMEPOB MACCOBOM KOHILIEHTPALMU PErEHEPUPO-
BAHHOM CEPHOM KHUCJIOTHI U HAJIMYHUE NMPUMECEN OPraHUKU HAXOIATCS B JOIYCTH-
MOM JHMara3oHe U MOKa3bIBAIOT BO3MOKHOCTh IMTOBTOPHOTO TEXHOJIOTMYECKOTO KC-
M0JIb30BaHUsI PACTBOPOB B 3aMKHYTOM LIUKJIE.

1. OCT 95 10289-2005. OtpacneBast cucreMa o0ecriedyeHus eJMHCTBA U3MepeHuid. BHyTpeHHui
KOHTPOJIb.
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ONPEJAEJEHUE OCHOBHBIX XAPAKTEPUCTUK OBMEHHOI'O
INPOLECCA PA3JIEJIEHUSA N30TOIIOB INEJTOYHBIX METAJIJIOB
B IPOTUBOTOYHbBIX CUCTEMAX
["'onoBkoB H.H.

AO "YM3", PK, 070005, r. Ycrp-Kamenoropck, npocnekt Abas, 102

E-mail: golniigo@gmail.com

CopOumst Ha TBepA0(Da3HBIX MOHOOOMEHHUKAX IMUPOKO MPUMEHSETCS TIPH H3-
BJICUYCHUU IIEHHBIX KOMIIOHCHTOB M3 TEXHOJOTUUECKUX PACTBOPOB M BOCTpeOOBaHA
BO MHOTHX OTPAC/IsIX MPOMBIIIUICHHOCTH, T1Ie TpeOyeTcs mepepadoTka 000pOTHBIX
PacTBOPOB C IEJBI0 OYUCTKHA M M3BJICYCHUS ypaHa, 30J10Ta M OCTAIbHBIX IEHHBIX
KOMITIOHEHTOB. OOMEHHbIE COPOLIMOHHBIE MPOIECCHI, TPOTEKAIOIIUE B IBYX(a3HbBIX
CUCTEMax, KaK MMPaBUJIO, MO3BOJISIOT CEIEKTUBHO COPOUPOBATH MOHBI U3 PACTBOPOB
PA3IMYHOTO MPOUCXOKACHUS, a TaKXKE KOHIEHTPUPOBATH H30TONBI IMIEIOYHBIX,
IEJIOYHO3EMENBHBIX JIEMEHTOB U Apyrue. [[poTuBoTOUHBIE 0OMEHHBIE MTPOIIECCHI,
IPOTEKAIOIINE B YCTAHOBKAX KOJOHOYHOTO THIA C UCIHOJIb30BAHUEM CEJICKTUBHBIX
MOHOOOMEHHUKOB, 3HAYUTEIBHO YBEINYUBAIOT A((PEKTUBHOCTH MPOIECCa U30TOTI-
HOro obOoraieHust 1 TpeOyIoT KOMIUIEKCHOTO MOJX0/1a K pa3paboTke y3710B o0pa-
meHust gas [1, 2] m1s co3nanusi HempepbIBHBIX MHOTOCTaAUNHBIX MPOIIECCOB.

K OCHOBHBIM XapaKTepHCTHKaM IPOIECCOB M30TOMHOTO OOMEHA OTHOCSTCS
TaKWe ImapaMeTphI Mporiecca, Kak BRICOTA SKBUBAJICHTHON TEOPETUIECKON CTYIICHH,
KOJIMYECTBO CTYIICHEH pa3e/ICHUs Ha OJHOW KOJIOHHE, YTO B CBOIO OYEpe/Ih Ompe-
JeIsIieT OOIIyI0 CTETeHb pasleiieHusl Ha ycTpoicTBe. [Ipu ompeneneHny BHICOTHI
DKBUBAJICHTHOM TEOPETUYECKONW CTYIICHH HEOOXOAMMO YYUTHIBATh BEIMYUHY
BHyTpeHHEH uddy3uu B haze HOHOOOMEHHHKA C y4ETOM CKOPOCTH MIEPEMEIICHHUS
TBEp0ii a3kl 10 KOJIOHHE, a Takxke Koddduimentsl nuddysuu [3] B xugakon da-
3€, paauyc 3epHa HOHOOOMEHHOTO MaTepHalia ¢ Y4ETOM CKOPOCTH MO KUJIKON
¢da3pl B KOJOHHY, MPU ITOM, 00IIee KOJIUYECTBO KATHOHOB, MPUXOMSAIIUXCS Ha
PacTBOp, YUUTHIBACTCS MPU OMPEICICHUH MPOIOTIbHON AU(dy3Un B KOJIOHE U KO-
s duireHTa MpoaoJLHOI0 TTepEMEIINBAHUS IO BBICOTE KOJOHHBI. PekuM paboThI
KOJIOHHBI 3aBUCUT OT MHOTHX (aKTOPOB, TaKMX KakK, HaIlpaBJICHUE B3aUMHOTO
nBKeHus (a3, crmocod TMOABOMA AJIEKTPOIHEPTHUH, THIPOIUHAMHKA, COCTOSHUE
CJIOSl MIOHUTA W KOHCTPYKIIMOHHBIN THIT YCTAaHOBKH. B MPOTUBOTOYHBIX CHCTEMax
CO BCTPEYHBIM JBMKCHHEM (Pa3 mpu pa3aeeHuH U30TOIOB IIEIOYHBIX AJIEMEHTOB
ONTHUMaJbHAs BEJIMUYWHA CTEIICHU Pa3/eJICHUsT HAXOIUTCs B auanazone ot 1,07 no
1,1 B 3aBUCUMOCTH OT BBICOTBI HOHOOOMEHHOTO CJIOSl Ml THITAa HOHOOOMEHHHKA.

1. Pa3nenenne H30TONOB W HWOHOB C OJNU3KMMH CBOMCTBaMH B OOMEHHBIX TIpOIECCax C
AJIEKTPOXMMUYECKUM oOpateHreM notoka ¢a3 // M3pectuss ToMCKOro MOIUTEXHHUYECKOTO
yauBepcureta [M3Bectust TITY] —2003. — T. 306, Ne 3. — C. 66-70

2. lopodeesa JI. U., bacc B. 1. MonenupoBanue nporecca 3MeKTPOXUMHUYECKOr0 00palieHus
MOTOKOB (a3 mpu U30TonHOM oOMmeHe // 30Tombl: TeXHOIOTHH, MaTepralibl 1 IPUMEHEHUE —
Tomck: TITY, 2020. — C. 88.

3. Dorofeeva L.I., Kuan N. A. Modeling of sorption processes on solid-phase ion-exchangers //
AIP Conference Proceedings, 2018. — P. 020021. — DOI 10.1063/1.5027228
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OIIPEJIEJIEHUE YCJOBUM IMTPOIIECCA UMMOBWJIN3ALINA
KUIKUX PAJIMOAKTUBHBIX OTXOJ10B
['onoBkoB H.H.
"AO "YM3", PK, 070005, r. Ycrb-Kamenoropck, npocnekt Adas, 102
E-mail: golniigo@gmail.com

B cBs3u ¢ aKkTHBHO pacTyileid 00JacThi0 HMCHOJIB30BAHUS PAAUOAKTUBHBIX
M30TOIOB B HAyKe, MEIUIIMHE U MPOMBIIIUIEHHOCTH BO3PacTaloT 00bEMBI OTXO/I0B,
collepKaluX paJrOaKTUBHBIC KOMITOHEHTBI, KOTOPhIE HEOOXOAUMO IepepadaThi-
BaTh C LENbIO U3BJICUEHUS U JATBHEHIIEr0 UCIIOIb30BaHUS [IEHHBIX KOMIIOHEHTOB
WM HAJIKHO U30JIMPOBATh OT OKPYXAIOWICH cpejbl. 3HAUUTEIIBHOE COKpaIleHUE
UMEIOIIUXCS O00BEMOB PA3UYHBIX BHUJIOB KHAKUX PAJIUOAKTUBHBIX OTXOJOB B
HACTOsIIIIee BPEMS SIBIISIETCS] OJJHOM M3 aKTyaJbHBIX MpobisieM [1], TpeOyromux pas-
BUTHS UMEIOUIUXCSI TEXHOJIOTUH MepepadOTKHU C 1EJIbI0 OTBEPKIACHUS, 0€30IaCHOM
M30JISALMH U TOCIIEIYIOIIETO XPaHEHUS.

Meroabl epepabOTKH KUJIKUX PaJMOAKTUBHBIX OTXOJO0B pa3inyaloTcs B 3a-
BUCHUMOCTHU OT (PU3UKO-XMMHUYECKUE CBOMCTB, UCXOJAHBIX KOHIICHTPAIUA U TIEPHO-
JIOB TIoJypacmnana paguoHykiauaoB [2]. Ilpu 3Tom 3Tansl nepepabOTKHU CBA3aHBI C
MpeBapUTeNbHON 00paboTKOM, 00pabOTKOM, MaKeTUPOBAHUEM U TMOCIEAYIONTUM
xpaHeHueM. OCHOBHBIE TEXHOJIOTHU JUIS KUAKUX PAJUOAKTUBHBIX OTXOJOB CPE-
HEW ¥ HU3KOW aKTUBHOCTH CBSI3aHbI C COpOIME HA TBEPJOM MOHOOOMEHHOM Ma-
Tepuase, FIEKTPOXUMUYECKUM OKHCJIECHUEM B KUJKOUN (aze, uMMoOMIM3alue B
TBEPAYIO MATPHUILy U IpyrUMH MeToaamu [1, 3].

[lepcrieKTUBHBIM HaIpaBJICHUEM Pa0OT B 3TOW OOJACTU SIBISETCS HAJEHKHOE
(buKcHpoBaHUE KUAKUX OTXOJ0B B KEpaMHUECKOW MaTpulle [4] ¢ yueTom pacrpe-
JEJICHUS PaJWOHYKIUI0B B Marepuaje MaTpPUIlbl, OEHKU MPOYHOCTH KOMIIAyH-
JIOB, CKOPOCTH BBIILIETAYMBAHUS PATMOAKTUBHBIX KOMIIOHEHTOB. [IpoBeleHHbIE
UCCIIEOBAHUS MMOKa3bIBAIOT, YTO CKOPOCTH BBINIEIauYMBaHusl Mo 1e3uto-137 co-
crapisger He 6onee 10 r/cM? B CyTKM C y4€TOM IIPOIOJKUTENILHOCTH IIPOBEICH-
HBIX M3MEPEHUH, YTO COOTBETCTBYET TpeOOBAaHMSM HOPMATHBOB U JIOKA3bIBAET,
YTO METOJ| OTBEPXKIACHUS KUAKUX PATUOAKTUBHBIX OTXOJOB IyTEM BKIIIOUCHUS B
KEPaMUYECKYI0 MaTpUILy SBJISIETCS TMEPCIEKTUBHBIM C TOYKU 3PEHHS €r0 Jallb-
HEWIIEro UCIOJIb30BaHMUS.

1. TexHoJIOTUYECKHE U OPTaHU3AIMOHHBIE ACTIEKTHI 0OpaIeHusl C PAJUOAKTUBHBIMUA OTXOJAaMH.
- Bena: MAT'ATDO, 2005 — 221 c.

2. TToxuronos KO.A. IlepcrieKTHBBI UCTIOIB30BAHUS TIOJTUMEPHBIX MaTEPUAJIOB JUIS TePePadOTKH
KUJKUX PAMOaKTUBHBIX 0TX010B // PagnoaktuBHbie oTxoabl, Ne 3 (8), 2019 1. —c. 53 — 60. —
DOI: 10.25283/2587-9707-2019-3-53-60

3. L. Dorofeeva, D. Orekhov. Research of ceramic matrix for a safe immobilization of radioac-
tive sludge waste // AIP Conference Proceedings, 2018. — P. 020011. — DOI
10.1063/1.5027218.

4. MonenupoBaHue MPOIECCOB pa3lieleHus: B OOMEHHbIX nByX(da3ueix cuctemax / JI. WU.
Hopodeesa // OBIIECTBO — HAYKA — MHHOBAIIMU: cGopHuMK cTaTteli Mo HWTOram
Bcepoccuiickoil HayuHo-TIpakTHYeckol KoHpepenunu, Upkyrck, 22 nekabdbps 2019 r.: B2 4. —
2019.-Y.2. - [C. 11-13]
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METHODS FOR MEASURING BORIC ACID CONCENTRATION
Umar Mustapha Adam
Nigeria Atomic Energy Commissioner, Abuja
E-mail: sumeemy02@gmail.com

Boron due to its large neutron absorption cross section is widely used in nu-
clear reactors to control reactivity, the reactivity control is accomplished in part by
varying the concentration of boric acid dissolved in the coolant. In other words, it
Is vital to maintain the boric acid concentration uniformly distribution in the prima-
ry cycle. Otherwise, if the low-borated water is injected into the reactor core, it will
result in a reactivity excursion. Non uniform distribution of boron concentration in
the reactor would result to reactivity accidents or difficulty of accurate implemen-
tation of effective reactor control system which includes reactor core power threat-
ening reactor safety operation.

During the past decades, a number of theoretical and experimental studies
have been carried out paying more attention in boron dilution accidents in nuclear
reactors. Because it is difficult to measure boron concentration in the process of
transient by means of experiment, numerical simulation is adopted to study these
phenomena. In this paper, the current research status of methods for measuring bo-
ron concentration is summarized and the challenges are identified. This paper
would contribute to a better understanding of the different boric acid measuring
techniques and provide future work guidance for researchers.
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DECOMMISSIONING OF NUCLEAR FACILITIES; FACTORS,
LIBILITIES & FUTURE CHALLENGES
Godwin Ini
Nigeria atomic energy commission, Abuja
E-mail: inigodwin7777@gmail.com

Decommissioning is the process whereby a nuclear facility, at the end of its
economic life, is taken permanently out of service and its site made available for
other purposes. Liabilities are the costs involved in decommissioning which in-
cludes; the processing, long term management, storage and final disposal of waste
materials and spent fuel and the environmental remediation of nuclear sites (Man-
aging the Nuclear Legacy, 2002).

Exploitation of nuclear technologies has left a legacy that needs to be ad-
dressed. Nuclear facilities needs to be dealt with, so that any contamination con-
tained within may be disposed of without it becoming a danger to the public.

However, there are challenge which cannot be overemphasized, these are,
many different sites, fuel production, reactor site, reprocessing site, waste disposal,
wide geographical spread, total estimated cost of decommissioning and clean up
approximately. Despites, these numerous challenges, there are a number of drivers
for decommissioning. These drivers includes; management of safety and hazards,
radiological, chemical, conventional, environmental, intergenerational equity, de-
sire to discharge the liabilities, financial considerations and potential re-use of the
site.

Decommissioning is characterized with some large scale capital projects
which are inherent challenges these are, complex with many technical challenges,
strategies and plans exist for all the nuclear facility. The future challenges are
mainly to accelerate, reduce cost and find lasting solutions to unique technical
challenges.
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PACYET TEIIJIOMACCOOBMEHHBIX U TEPMOJUHAMMWYECKUX
IMPOIIECCOB B TYPBOXO0JIOUJIBHOM MAIIIMHE
I'y6anoB C.M., Kynemos JILA.
Tomckuii nonmurexurnueckuii yausepeurert, 634050, Poccus, r. Tomck, mip. Jlenuna, 30
E-mail: Sgubanov@yandex.ru

[IpuBoauTcss pacy€THbBI aHanu3 pabOThl HCHApPUTENS M KOHIEHCATopa
TypOOXOJOAWIBHON MAallMHBI. YUYUTBHIBAIOTCSI KOHCTPYKTHUBHBIE OCOOEHHOCTU
ucnaputenst M KoHzaeHcatopa. Ompenensercs Mpeaen TEIIOBOM MOLIHOCTH
UCTIapUTENsl, 3aBUCUMOCTh pacxojia pabodyero Teia B HCIAPUTENEC OT JABJICHMUS
kureHus: ppeona. [IpuBoanTcst Mmerouka pacyéra MpoLEeCCOB TEIIIOMaccoOOOMEHa B
UCTIapUTeNie M KOHJEHCATOpe. YUUTHIBA€TCA  YBEIMYEHUE TEMIIEpaTypbl
razoo0pa3Horo (peoHa Ha BBIXOJE M3 KoMIpeccopa 3a Cu€T paboThl CxKaTws,
MepPEeOoXJIaKICHNUE KUIKOT0 XJIaJJOHa B KOHAEHCATOPE.

[IpoBoauTCA TEPMOAMHAMUYECKUN pacd€T TypOOXOJOIUIBHON MAIIUHBI IS
OLICHKM BJIMSIHUS TIpollecca aauadaTHYecKoro cxaTusi (peoHa OT IMapaMeTpoB
COCTOSIHMSI B HCIApUTENE JI0 MapaMeTpPOB COCTOSHUS, COOTBETCTBYIOLIMX
KOHJIeHcaTopy. B pacuérax yumThIBaeTCs NUCCUTIAIUS SHEPTUU TPU CHKATUU TApOB
dbpeoHa KoMIpeccopoMm.

[IpoBoauTcst pacy€r TEIUIOOTHAYM TNpU  KOHJAEHcauuu (peoHa Ha
TEII00OMEHHOM OBEPXHOCTH U ONPEIEISIETCS MacCOBasi CKOPOCTh KOHACHCALIUU.
[Ipy KOHIEHCAMM Ha My4KaxX TOPU3OHTAIbHBIX TPYOOK BBOIMTCS IMOIpaBKa Ha
BEJIMUYMHY KOX(P(UIUEHTa TEIUIOOTAAuM, CBS3aHHYIO C HAKOIUICHHUEM IUIEHKU
KoHAeHcata. IIpoBeneHbl  pacy€Tbl  3aBUCMMOCTH  MAacCOBOM  CKOPOCTH
KOH/ICHCAlluu (ppeoHa B KOHJEHCATOPE XOJOAMIbHON MAalllMHbl B 3aBUCUMOCTH OT
pPa3HOCTH TEMIlepaTypbl. YUMUTHIBACTCS BIMSHHE 3aWJIMBAHUS BHYTpPEHHEU
MOBEPXHOCTH TPYOOK KOHJEHCAaTopa TMpPH MCIHOJIb30BAHUM PEYHOW BOJBI.
[Ipoananu3upoBaHa 3aBUCUMOCTH DJHEpPro3aTpar Ha NPHUBOJ KOMIIpECcopa u
JaBJICHUS! KOHCHCAIIH.

BrimonHeHHbIe pacd€Thl MOKa3aji, YTO TEIUIOOOMEHHBIC ammapaThl Ma-
mH XTM®-248-4000-1 npu ucnons3oBaHuu (hpeoHa cO CTaHIAPTHBIMHU (-
3UMYECKMMH CBOWCTBAMM CIOCOOHBI NMpH HOPMaIbHBIX MapamMeTpax (Pucnap. =
3,33%10° I1a, Ty. = 275 K) paboTath ¢ XOJIOJOMPOU3BOJUTEILHOCTHIO 0 5,3
['kan/yac, 4TO MOATBEPKIACHO MPAKTUYECKUMH U3MEPEHUSIMHU [IPU SKCILTyaTalluu
HOCJIE TEXHUYECKOTO MEPEBOOPYKEHUS TYPOOXOIOAUIBHOTO 000PYI0BaHMSL.
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O EHKA ®U3UKO-XUMHNYECKUX ITAPAMETPOB ITPOIIECCOB
CEJIEKTUBHOI'O N3BJIEYEHUSA KOMIIOHEHTOB
OTPABOTAHHBIX TEXHOJIOT'HYECKUX PACTBOPOB
l'onoBkoB H.U
"VinpouHckui Mmetamtyprudeckuii 3aBoa "AO "YM3", PK, 070005,

r. Ycre-Kamenoropcek, npocrnekt Abas, 102
E-mail: golniigo@gmail.com

CenekTHBHOE H3BJICYCHUE KOMIIOHEHTOB M3 OTPaOOTaHHBIX PACTBOPOB, IO-
CTYMAIOMIMX C TEXHOJOTMYECKUX LHUKIIOB, aKTyaJlbHOE HaIlpaBieHHUE, BOCTpeOO-
BaHHO€ MHOTMMH OTpacCisiMU MpOMbIIIeHHOCTH. Haubonsmmii uHTEpec mnpen-
CTaBJISIOT JEKTPOXUMHUUYECKHE METOJIbI OUYMCTKH pacTBOPOB [1], KOTOpbie MO3BO-
JISIIOT OPTaHU30BBIBATh 3AMKHYThIE HEMPEPHIBHBIC IIUKJIbI EpepabOTKU U BO3BpaTa
000pPOTHBIX PACTBOPOB B TEXHOJOTHYECKUid npouecc. Hapsamy ¢ ouucTkoi pacTBo-
pPOB OT MpUMECEH, PaCTBOPEHHBIX KOMIIOHEHTOB, CEJICKTUBHOE W3BJICUCHUE IICH-
HBIX KOMIIOHEHTOB PacTBOPOB MO3BOJISIET HA BBIXOJE IMOJIY4YaTh HE TOJIBKO OYM-
IIEHHBIE PACTBOPHI U IUIAMBbI, TOTOBBIE K TMOCJEAYIONIECH mepepadoTke [2], HO U
oOoraiieHHbIe M0 M3BJICKAEMbIM METAJlJIaM MPOAYKTHI MEPEepabOTKU HCXOIHOTO
CeIpbsi. KoMIieKCHbBIE MPOIECChI, TTO3BOJISIONIME HA CTAAUSAX COPOLIMU CEJIEKTUBHO
M3BJIEKATh METAJUIBI U3 UCXOJHOTO CHIPBS C IOCIEAYIOIEH PEreHepaued HOHO-
0OMEHHOT'0 MaTepHalia Ha CTaJUH AJIEKTPOIUAIN3a, IPUMEHSIIOTCS KaK JJisi U3BJIe-
YEHHS MOHOB, TaK JJI H30TOIHOIro oboramieHus [3].

OuLeHka KWHETHYECKUX I[apaMETPOB TPAHCIOPTA HOHOB IPU 3aMEIECHUH
MOHHBIX U M30TONMHBIX opM [4, 5] B mporieccax 3JIeKTpOouain3a MOKa3bIBaeT, YTo
HauOOJbIIIEE BIUSHUE HA MPOIECC, OKA3bIBAIOT TAKUE MapaMETPhl, KAK OTHOIICHHE
noaBmwxkHOCTEH, pH cpenbl, EMKOCT, HOHOOOMEHHUKA, JI0JIsI IEPEHOCHMOTO HOHA U
IJIOTHOCTH TOKAa Ha amnmapare. [Ipu 3Tom, npoliecc u3BiIeYeHUs], MOKHO OCYIIIECTB-
JISATh KaK B CTATUYECKOM, TaK U JUHAMUUYECKOM peKHUMax MoAadyu MUCXOIAHOTO pac-
TBOpa. D (eKTuBHOE ynepx aHUe MOHOB TBEPJO(pa3HbIM CEIEKTUBHBIM HOHOO0-
MEHHHUKOM B paboueil kaMepe 3JIeKTpouann3aTopa Mpyu UX MOCIEAYIOIEeM mepe-
MEILICHUH B KaTOJAHOE OTACJICHUE arnmnapaTta He TpeOyeT 3aTpaT Ha pereHepaiuio u
MO3BOJISIET YMEHBIITUTh UCXOAHYI0 KOHIICHTpAI[MI0 HOHOB J10 ypoBHs B (0,003 mr/i.

1. SAxoeneB C.B., Kpacnobopoapko W.I', Poro H.M. TexHonoruss sieKTpOXMMHUYECKOM
o6pabotku Boel. // JI.: Ctpoiinznat,1987. —455c.

2. L. Dorofeeva, D. Orekhov. Research of ceramic matrix for a safe immobilization of radioac-
tive sludge waste// AIP Conference Proceedings,2018— P. 020011. — DOI 10.1063/1.5027218.

3. Pa3znenenne W30TONOB W HWOHOB C ONM3KMMHU CBOMCTBaMH B OOMEHHBIX IIpoIleccax ¢
AJIEKTPOXMMUYECKUM oOpateHreM notoka ¢a3 // M3pectuss ToOMCKOro MOIUTEXHHUYECKOTO
yauBepcureta [M3Bectust TITY] —2003. — T. 306, Ne 3. — C. 66-70

4. Vergun A. Electroionite processes modeling of isotopes separation // AIP Conference Pro-
ceedings, American Institute of Physics Inc., 2019. — P. 020015. — DOI 10.1063/1.5099607.

5. Hopodeesa JI. U., bacc B. 1. MonenupoBanue nporecca 3J1eKTpOXUMUYECKOT0 00paIieHus
MOTOKOB (ha3 MpH U30TOMHOM oOMeHe // MI30TOmbl: TeXHOIOTHH, MaTepHalibl U MIPUMEHEHUE:
C6opHUK Te3ucoB A0kIa10B VI MexyHapoaHOH HaydHOM KOH(EepeHIIMH MOJIOABIX YUEHBIX,
acripaHToB u cTyaeHToB. — Tomck: TITY, 2020. — C. 88.
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N30BPETATEJIb Y TJIABHBIV KOHCTPYKTOP I'A30BBIX
HEHTPUDYT AJA PASAEJEHUSA N30TOIIOB. K 100-JIETHUIO CO
JHA POXKIEHUSA B.A. CEPTEEBA
CxopbiHuH .M.

663690, r. 3enenoropck Kpacnosipckoro kpas, np. Mupa, 19
E-mail: genskor@mail.com

K Hacrosimiemy BpeMEHH B MHUpPE IOJITOpa JIECATKa CTPaH B TOW WIM MHOMU
CTENIEHH OCBOMJIM TEXHOJIOTMM oOoramieHus ypaHa. CerofHsi MpakTUYECKU BCE
JEHCTBYIOIME Ha IUIaHETE OOOTaTUTENbHBIE YCTAHOBKU HCIOJB3YIOT COBPEMEH-
HbI€ Ta30BbIE LEHTPUDPYTH, KTEHETUUECKUN KO/I» KOTOPbIX ObLI 3aj0keH B 1950-¢
roJibl B TEXHUYECKHUX DPEUICHUAX, IPEIJIOKEHHBIX COBETCKUMHU KOHCTPYKTOpPaMHU.
OpHako, Mo psiAy HNPUYMH HMMEHAa OTEUYECTBEHHBIX H300peraTeieil, cOo3IaBIIMX
LHEHTPU(PYKHYIO TEXHOJIOTHIO pa3/IeJI€HUs] U30TOMOB, 10 CUX MOP OCTAIOTCS B Te-
HU. 3a pyO€XOM COBPEMEHHBIE T'a30Bbl€ LIEHTPU(PYTH HA3ZBIBAIOT «LUEHTpUDyramu
tumna [lumnme» mo nMeHu aBcTpuicKoro nHkeHepa l'epHora Lunme, koTopsiid mo-
CJie BOWHBI Y4aCTBOBAJl COBMECTHO C COBETCKMMH CIELHUAINCTaMHU B pa3paboTKax
HEHTPUQYT U, NOCJE penaTpHaLlK, CyMeJl BOCIPOU3BECTH KOHCTPYKIMIO LIEHTPH-
¢yru, poxaennyto B CCCP.

KirroueByro poJsib B CO3/1aHUHA KOHCTPYKLMH COBPEMEHHBIX 'a30BbIX LICHTPU-
¢yr ceirpan Bukrop VMBanoBuu Ceprees, n300peTeHUsi KOTOPOTO MPOU3BEIH pe-
BOJIFOLIMOHHBIA NEPEBOPOT B LEHTPOOEIKHOW TEXHOJOIMH Pa3fesieHus U30TOIOB,
HO3BOJIMJIM TOJIHOCTbIO BBITECHUTH PHEPTOEMKYIO Ta301u(p(y3nOHHYIO TEXHOJIO-
ruio oboraimieHust ypaHa. B nokmane mpexacraBieHa kpaTkas Ouorpadus I'epos
Conmanuctudeckoro Tpyna, jaypeara JleHuHckoi nmpemuu, 3aciy>K€HHOTO U300-
perarens PCOCP, nokropa texundyeckux Hayk B.M. CepreeBa u gaHO omucaHue
OCHOBHBIX TEXHUYECKHX PEIICHHUM, MPEAJIOKEHHBIX UM C KOJJIETaMU B KOHCTPYK-
LMY Ta30BbIX UEHTPUYT.
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BJIUAHUE PABSMEPOB U PACIIOJIOKEHUS TOPU30OHTAJIBHBIX
PEBEP BEPTUKAJIbHOM MOTPYKHOU EMKOCTH HA EE
CPEJHIOIO IMTPOU3BOJUTEJIBHOCTD
IIInakeBu4 P.A.

AO «Cubupckunii xumudeckuii komOuHat», 636039, r. CeBepck, Tomckoi

obnactu, yn. Kypuarosa, nom 1
E-mail: ShinkevichRA@yandex.ru

[Ipouecc necydnumanuu UFg sBisieTcss HEOThEMIEMOM YacThio ra3oda3HbIX
TEXHOJIOTUI 00OTaIIeHHs ypaHa.

B pabote paccMOTpeHbl 0COOEHHOCTH TAHHOTO MpoLiecca Ha pa3IeauTENbHbIX
OPEeNNpUITHIX OTpaciu, ¢puznko-xumuueckue cBorictea UFs, HF u apyrux mpu-
Mecel.

OOBEKTOM HCCIIEIOBAHUS ABIISUIACh BEPTUKAJIbHAS OTPYKHAsI EMKOCTD C TO-
PU30HTAILHBIM OpebpenreM 0obeMoM 6,0-102 M3,

Lenp paboThl SABIAJIOCH MPOBEACHUE HCCICAOBAHUMN MO MU3YUYEHHUIO BIUSHUS
pa3MepoOB U PACIONOKEHUS TOPU3OHTAIBHBIX pedep BEPTHKAIBHOW MOTPY:KHOU
€MKOCTH Ha JUHAMHUKY €€ 3aroJiHeHus aecyoaumupoBanHbiM UFs.

B mpouecce uccinenoBaHus NPOBOJWINCH PAaCUYEThl JUHAMUKH 3allOJHEHUS
eMKOCTH 06beMoM 6,0-102 M® ¢ ropH30HTAIBLHBIM OPEOPEHHEM J1ECYOIMMHUPOBAH-
HbIM UFs, crenana onieHka BAMSHUS KOJIMYECTBA U TOJIIMHBI TOPU3OHTAIBHBIX pe-
0ep, a TaK)Ke PacCTOSHUS MEX]ly HUIMH Ha CPEJIHIOI0 MPOU3BOAUTEIBHOCTh JAHHOM
€MKOCTH.

[loka3aHO, YTO TMpPU YMEHBIIEHHH TOJIIMHBI TOPU30HTAIBHOIO pedpa ¢
7,0-102 1o 1,0-10° M cpemHsas NPOM3BOAMTENFHOCTh EMKOCTH yBEIMYMBAETCS C
4,505-103 no 4,866-10° kr/c (Ha 8%), T0 ecTh uyTh Gombie 1% ma 1,0-10° M
TOJUHBI peOpa. CpeaHsis NpOU3BOIUTEILHOCT EMKOCTH HE 3aBUCUT OT PAacCTOsI-
HHSL MEXKTy TOPU3OHTATLHEIME peOpamu B unTepBajie or 0,5-102 no 5,0-102 M n
coctasnseT 4,806-107 xr/c. [Ipu yBenum4enuu umcna pedep ¢ 2 10 9 INT. CTENEHb
3aM0JIHEHUS €eMKOCTH He JOCTUraeT 3afaHHoro 3HaueHus (70%) uz-3a «mepemeps-
aHUs LIEHTPAJIbHOIO OTBEPCTHSI BEPXHEro pedpa. YBelndeHne KoJIuyecTBa pedep
¢ 10 no 19 WT. IpUBOAUT K YBEIUYEHUIO CPETHEN MPOU3ZBOAUTEIIBHOCTH €MKOCTH
¢ 3,228 107 kr/c 1o 5,885 107 kr/c (na 80%) 3a cyeT yBenMYEHHs TEIIOOOMEH-
HOM TOBEpPXHOCTH pedep Ha 55% M yMEHBIICHHIO BPEMEHH €€ 3aIl0THEHUS JI0 3a-
naHHOM cterenu B 1,8 pa3. YBenuueHnue konudecTtBa pedep ¢ 13 mr. B cTangapT-
HOI eMKOCTH 110 19 mIT. IPpUBOAMT K YBEIUYECHHIO €€ CPEAHEN MPOU3BOAUTEIIBHO-
ctu Ha 21,4%.

B Oyaymiem muanupyeTcsi IpOJOJIKUTh UCCIENOBAHUS U ONTUMHU3UPOBATH
ATOT TEXHOJOTUYECKUI MPOLIECC HEMOCPEICTBEHHO Ha Pa3/IeIUTENbHbIX MPEAIpH-
ATHSAX.
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Cexkuus 2

JIABEPHBIE U MAI'HUTHBIE METO/JbI PA3AEJEHUA U30TOIIOB

Ilpeoceoamens: 0.¢h.-m.H., npogheccop B.D. Moiuukun
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IMPOBJEMA CBEPXTOHHKOWM CTPYKTYPhI YPOBHSI ATOMA B
AVLIS METOJE PA3JAEJEHUA U30TOIIOB

Wang Lijun
Tsinghua University, Beijing, China
E-mail: ljwang@mail.tsinghua.edu.cn

B cBs3u ¢ pa3paOoTKOIl HOBBIX TUIIOB JIa3€pOB U yBEINYEHUEM UX 3P (HEKTUB-
HOCTH BHOBb BO3HHMKA€T HMHTEPEC K JIA3€PHBIM METOAAM DPa3JelICHUs H30TOIIOB.
JUig na3epHOro paslielieHus HEOOXOAMMO IPOaHAIM3UPOBATh OCOOEHHOCTH BO3-
OyKJIeHUs U pesaKkcaluy aToMa.

PaccMoTpuM mpocTyro Mozieb aToMa ¢ OJIHUM OCHOBHBIM U OJJTHUM BO30YyX-
J€HHBIM YPOBHSIMH, Ka)KJIbI U3 KOTOPBIX UMEET CBEPXTOHKYIO CTPYKTYPY C ABYMS
MOYPOBHSAMU. MEXy OCHOBHBIM M BO30Y>KJIEHHBIM YPOBHSIMU MMEIOTCSI YEThIpE
IIEPEX0/1a, CBA3AHHBIE C BO30OYKIEHUEM M pesakcauuen. [ HEBO30YXKIEHHOTO
aToMa B OCHOBHOM 3aCEJICHbl HWKHHE MOAYPOBHH. B crnekTpe mOTIomeHus uim
M3IIy4eHHs OyAyT PErUCTPUPOBATHCS YETHIPE JIMHUU.

IIpr CHIIBHOM YIIMPEHUHM CHEKTPANbHBIX JIMHUM CIIEKTP MOXET BBITVISACTH
KaK IIMpOKasi JIMHUS CIOXKHOU (opMbl. [Ipu Bo30ykKIeHUU U JabHENIIEM HOHU-
3al[MM aTOMOB, 3aCEJICHHBIX Ha JBYX HIKHHUX YPOBHsX, JOCTATOYHBI IIEPEXO/bI HA
OJIVH U3 BEPXHUX MONYpPOBHEU. B cilyyac HACTpOWKM Ha HUKHHUUM YPOBEHb CBEPX-
TOHKOW CTPYKTYphl BO30YXJAEHHOI'O COCTOSIHUS CHEKTpPbI IMOTJIOLIEHUS aTomMa U
JIMHUS 13936y>1<,ua101uer0 Ja3epa OyayT BBITISAAETH CIEAYIOLUIUM 00pa30oM.
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oe3 YIIUPCHUA YIIUPCHHBIC JIMHUHW aTOMHBIX IICPCXOJ0B

[Ipu BO30YXI€HMH W MOHM3AIMM aTOMa, HAXOJAIIErocs Ha 2 HEBO30YKICH-
HBIX YPOBHSX, U€pe3 BEPXHUM MOypOBEHb BO30YKICHHOIO COCTOSIHUSA, JIA3€PHYIO
JUHUI0 HEOOXOJIMMO TEPECTPOUTh HA MpaBblid nyIuieT. B HaydHOU nuTepaType u
y4ueOHHMKaX, KaK MpaBUJIO, PEKOMEHIYIOT WIUPUHY Ja3€pHOM JIMHUM BHIOMpATH
paBHOM CyMMapHOM HIMPUHE BCEX YETHIPEX YIIMPEHHBIX JIMHUU aTOMA.

Kpome Ttoro, B cimywae ABJIMC, Bcerna mmeercs MECTO TAaK Ha3bIBAEMOE
CIIEKTPAIBHOE YIIUPEHHE MOIIMHOCTBIO. DTO SIBJIIEHHE MO3BOJSET HAM HCIIOIb30-
BaTh Ja3ep CO CIEKTPOM, Oojiee Y3KUM, YeM MPUBEICHO HA PUCYHKE BBILIE.
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NCCIEAOBAHUE NPOLUHECCA OCAXKIEHUSA YIVIEPOJA U3
HU3KOTEMIIEPATYPHOM IIJTA3MbBI B MATHUTHOM ITIOJIE
[lukepyn K.T.

00O «Pycarom-AnautuBHele Texnonorum» Mocksa, Kammupckoe 1. 49, ctp. 61
E-mail: gos100@tpu.ru

B Hacrosiee Bpemsi, CBSI3U C MEPEXOJIOM K BOJIOPOJITHOM SHEPTE€TUKE, AKTUBHU-
3UPYIOTCSA UCCIEAOBAHMS MO Pa3pabOTKe TEXHOJIOTHI MOITYYEHUST MOJIEKYJISIPHOTO
BOJOpOJa. B TexHONOrMy ImiasMeHHOrO MOJIYYEHHUs BOAOPOAA U3 YIIE€BOJIOPOJIOB
CyIIeCTBYeT mpobiemMa GopMUPOBAHUS TTPOYHOUN YTIIEPOTHON TUICHKHA HA TTOBEPX-
HOCTH COIEJ. DTO NPUBOAUT K U3MEHEHUIO BPEMEHH 3aKAJIKU. DTO 00yCIaBIMBAET
AKTyaJbHOCTh M3YyYEHHsI NPOLECCOB OCAXICHHS YIJepoa, a Takke pa3padOoTKH
METOJIOB 10 YMEHBIICHUIO BO3MOHOCTH B3aUMOJICCTBUS YIJIEPOJIHBIX YACTHUIL CO
cTeHKaMmH. B noknazne oOcCyXAaroTcsi pe3yJsibTaThl SKCIEPUMEHTAIBHBIX HUCCIE0-
BaHU 10 (POPMUPOBAHUIO YTIIEPOJHBIX TIEHOK HA CTEHKAX MPU OXJAXKICHUH Ta-
poB yriepoza. [ns mepeBosia yriaepoja B ra3000pa3HOe COCTOSIHUE U UCCIeI0Ba-
HUSI POLIECCOB IIPU OXJIAKICHUHU IUIA3MEHHBIX IOTOKOB, UCIIOJIb3YETCA ra3opas-
psAnHas 11a3Ma, Hallpumep, IyroBoM paspsan. JlyroBoil paspsi mO3BOJISIET Harpe-
BaTh IJIA3MOOOPa3yIOIIM a3 10 TeMIeparyp, Mpyu KOTOPOU HCIApsIIOTCs BCE Be-
miectBa. [Ipyu M3roToBIEeHUN IIEKTPOAOB U3 rpaduTa MOKHO (POPMUPOBATH BBHICO-
KYIO0 KOHIIEHTPALIUIO TapoB yIiepo/ia B ra30Boi ¢ase.

Jlns ynpasieHus: mporeccoM (OpMUPOBAHUSI YIJIEPOIHBIX YaCTUI] B Ta30BOM
(aze u ocaxaeHUs YIIIEPOIHBIX IJIEHOK MCIOIb3YETCs BHEIIHEE Ci1aboe MOCTOsH-
HOE€ MarHUuTHOE 1oJie. M3BEeCTHO, YTO B INIAa3MEHHOM IOTOKE CONEPKATCS MOIOKHU-
TeJbHbIE MOHBI, CBOOOJIHBIE AJIEKTPOHBI U HEHUTpabHbIE YaCTHUILI. B MOCTOSHHOM
MarHuTHOM TI0Jie HaOrogaeTcs apend 3apsokeHHbIX yactull. Ha pucyHke mpuBe-
JeHbl (DOPMBI BO3MOXKHBIX TPACKTOPUHN I HEKOTOPHIX CIydaeB HaNpaBICHUS
Ha4aJIbHOM CKOPOCTHU IOIIEPEYHOr0 IABMKEHHUSI YACTUIIbl B IOCTOSIHHOM MarHUT-

HOM II0JIC.
F /QYQVQVQ‘
S
CINESSEE

OpnHako, cTeneHp MOHM3AIMU YacTUL B HU3KOTEMIIEPAaTypHOU IUIa3ME HEBe-
muka. Ilpu oxynakneHuM HU3KOTEMIIEPATYPHOM IUIa3Mbl CTENEHb WOHU3ALUU
YMEHBIIAETCS, YTO IIPUBOJUT YMEHBIICHUIO POJIM MOHU30BAHHBIX YaCTHULl B IJ1a3-
MEHHBIX Mpoueccax. [loaToMy u1st MozearpoBaHus npoiecca Gpa3zoBoro nepexoaa
Ha TIOBEPXHOCTH CTEHOK U B ra3oBOH (¢a3e (MOBEPXHOCTH IUCHEPCHBIX YACTHII)
YYUTBIBAJIM JIMIIb [TApAMarHUTHBIC SIBJICHUS.

JInd  QUMarHoCTUKM  MapaMeTpoB  JMCIEPCHBIX YaCTUL[  UCIIOJIb3YHOTCS
KOHTAaKTHbIE U HEKOHTAKTHbIE METOAbIL. I paHyJIOMETPUYECKUU COCTAaB 4YaCTHULl B
PAa3IMYHbIX TOYKaX BJOJIb OCU IIJIA3MEHHOTO IIOTOKA OIPEAEIIsIA HEKOHTAKTHBIMU
Ja3epHbIMU MeTojaMu. llapameTpsl IUIEHOK Ha CTEHKE M3y4alad C I[OMOIIBIO
AIIEKTPOHHON MUKPOCKOIIMHU U PEHTT€HOBCKON TU(paKLIUH.
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OBPABOTKA JAHHBIX MACC-CITEKTPOMETPUU BTOPUYHbIX
HNOHOB: AHAJIN3 OBPA3IIOB I'OPOJACKOI'O ATMOC®EPHOI'O
AJPO30JIsd, COBPAHHBIX JIETOM 2021 I'OJA
Kucenes C.C., lllenkanoB A.A., I'ynsieB E.A.

Hayunsbiit pykoBoautens: I'anensmuna B.M.

Ypansckuii ¢peaepanpabiii yauepcuteT 620002, r. EkarepunOypr, yn. Mupa, 19
E-mail: avtofan96rus@gmail.com

ATmocdepHsIii a3po30ib (AA) mpeacTaBiseT coO0OM B3BEIICHHBIE B aTMO-
cdepe TBepAbIC U KUJKHUE YaCTUIIBI PA3MEPOM OT JI0JIeH 10 JECATKOB MUKPOH. AA
MOXXET UMETh KaK €CTECTBEHHOE, TaK M MCKYCCTBEHHOE MpoucxoxiacHue. Cepnés-
HOE BIMSIHHE Ha 3/I0POBBE YEJIOBEKA MOTYT OKa3aTh OMNpENENEHHBIE XUMUYECKUE
coelMHeHUs, oOpazytone AA, K npumepy Tskénbie MeTaiubl. [losTomy ananus
XUMUYECKOTO COCTaBa a’dpo30JIbHBIX MUKPOUYACTHUIL SIBISICTCS OJHUM M3 OCHOBHBIX
HANpaBJICHUIN UCCIIEIOBAHUS OKpY-Karomen cpebl [1].

OnHuM U3  METOJOB aHajdu3a TaKUX MHUKPOYACTHUI[ SBJISIETCS Macc-
CIIEKTPOMETPUsI BTOPUYHBIX MOHOB. [lepBUYHBIA MYy4YOK YCKOPEHHBIX HOHOB
HaIpaBJISIETCS. Ha MOBEPXHOCTh HMCCIEAYEMOro TBEPJOTO 00pas3lia U BHIOMBAET C
He€ aTOMbI W/WJIM MOJIEKYJIbI [2]. BeIOUTHIE TaKMM 00pa30M YacTHIBI MOTYT OBITh
Cy4ailHBIM 00pa3oM HOHU3UPOBAHBI, (POPMUPYS BTOPHUYHBIE HOHBI, KOTOpPHIE U
HaIpPaBIAIOTCA B Macc-aHanu3artop. Takas METOAMKAa HMCCIEAOBaHUS IMO3BOJISET
u3ydatrh coOpaHHbie oOpasibl AA gaxe 0e3 mpeaBapUTeIbHON MPOOOIOArOTOBKH
C BBICOKHMM IPOCTPAHCTBEHHBIM pa3pelieHrneM a0 10 HM; B KOMOMHAIIUU C BPEMSI-
MPOJIETHBIM MAacCC-CHEKTPOMETPOM JIOCTUTaeTCsl U OYEHb BBICOKAs pa3peliaronias
CIIOCOOHOCTB 1O Macce.

JIns pemieHust 3aJadd ONPENETICHUS XUMHUYECKOro coctaBa AA co3maércs
MPOTPAMMHBIN KOMIUIEKC, BKJIFOYAIOIIUM B c€0si MHCTPYMEHTHI JJIsl aHaJIN3a Macc-
CIIEKTPOMETPUUECKUX JAHHBIX U 0a3y XMMHUYECKUX COEAMHEHUN. AHalu3 Macc-
CIIEKTpa MPOXOJAUT B HECKOJIBKO ATallOB: CUUTHIBAHWE JTAHHBIX, UIACHTU(UKAIIMS
MMUKOB Ha CHEKTPE, OMPEACIICHUE MX XapaKTePUCTUK, BHIBOJ UTOTOBON OTUETHO-
ctu. U3-3a pazHooOpasusi MpUPOJTHOTO U30TOMHOTO COCTaBa MHOTHX XHMHUYECKUX
AJIEMEHTOB, BEIIECTBY Ha MAaCC-CIEKTPE MOTYT COOTBETCTBOBATH CPa3y HECKOJIBKO
nuKOB Macc. [103ToMy BakHO Mpu HUJIEHTU(PUKAIIMK BEIIECTB paccMaTpUBATh Iie-
JIBIA PsiI TUKOB, KOTOPBIE OHK MOTYT 00pa3oBbIBaTh. B fokimane paccMoTpeHa me-
TOAMKA MPOoO00TOOPA M MACC-CIIEKTPOMETPUUECKOTO aHamu3a AA, a TakKe MpUBe-
JICHBI TIPEBAPUTEIILHBIE PE3yIbTaThl 00PaOOTKH MacC-CIIEKTPOB 00pasmoB AA,
otoOpanHbIX B T. EkarepunOypr nerom 2021 rona.

HccnenoBanue BBIMOTHEHO NpU (hUHAHCOBOW Tomaepkke PODU B pamkax
HayuyHoro npoekTa Ne 19-05-50138.

1. Konmpatee K.S., Tlo3zgaskoB J[.B. AsposonbnHbie Mozemu atMmocdepsl // M3maTenbcTBo
«Hayxka», Mocksa 1981 // C.5-7.
2. MenpaukoB B.H. u 1p. Macc-crieKTpoMeTpusi BTOPUYHBIX HOHOB OPTaHMYECKHX MaTepUaioB

C UCIIOJIb30BaHUEM TIIHLIEpUHOBOW MaTpuilbl // XKypHan dusndeckoi xumuu, 83 (6), 2009. —
ctp. 1115-1120.
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OTBOP HAHOITIOPOLIKA, OBPA3YIOHIETI'OCS ITPHU JIASEPHOM

INMPOBOE MUIIIEHHU B MATHUTHOM II10JIE

Wxoiikun JI.A.L, Jlykur A.B.%, Xopoxopun JI.M.2

Hayunslii pykosoauTens: Mpmukus B.® .2, 1.¢.-m.H., npodeccop
'Tomckuii rocynapCTBEHHBIM APXUTEKTYPHO-CTPOUTENBHBINA YHUBEPCUTET,
r. Tomck, . Constaast, 2
2ToMCKMI ONUTEXHUUECKU yHuBepcutet, 634050, r. Tomck, np. Jlenuna, 30
SDI'VIT «I' XK», XKenesnoropek, yi. Jlenuna, 53
E-mail: avl48@tpu.ru

JlazepHble TEXHOJIOTMM IIMPOKO PACIPOCTPAHEHBI: pe3ka U Taika,
doTOXUMHUYECKHE TMPOIECChl, TepMHuueckas o00paboTka moBepxHocTU. Kak
NpaBWiIO, JIA3epHOE BO3JECHCTBHE MPUBOJUT HUCHAPEHUI0O U (HOPMHPOBAHUIO
a’po3oipHOro  obmaka. dopmupyromeecs  a’po30JbHOE  O0JAKO  MOXKET
DKPAaHUPOBATh BO3JCUCTBYIOIIMM JazepHbl jyd. Ilpm STOM yMeHbIIaeTcs
3 PEKTUBHOCTD UCIOJIB30BAHUS Ja3epHOro U3mydeHus. OIeHKH MOKa3bIBaIOT, YTO
KO3(DPUIIMEHT MPOXOXKICHUS Ja3epHOrO0 Yepe3 aj’po30Jb BO3MOXKHO IIyTEM
(opMHpOBaHUA 3aIaHHOTO PACIPEIETIECHUS IO pa3MEPAM.

3ajaya MCCIENOBaHWUA — MOUCK METOJOB TNOBBILIEHU 3((PEKTUBHOCTU
JIA3€pHOTO BO3JICUCTBUS HA MUILICHb.

Hamu skcriepruMeHTanbHO MOKa3aHO, YTO MPU KOHJAEHCALMKU U3 TJIa3MEHHOIO
MOTOKa JYTrOBOTO pa3psila B MArHUTHOM I0JIE MUHUMAJbHBIN pa3Mep HAaHOYACTHI]
Zn w3mensercs ¢ 40 um (0 mTin) go 10 um (44-76 mTn). MakcumyMm MOJbI
cmemaercs ¢ 150 am 1o 190 HM npu yBeNTMUEHUH BEJIMYMHBI TOJISL OT HYJIA 10 76
mTo. Tlpu xonaencamnuu napoB Cu B marautHoM nojie 30 mTi cyxaetcs QyHKIus
pacmpeneneHus 1mo pa3mMepaM 00pa3yroIXcsi AUCTIEPCHBIX YaCTUII, OTHOCUTEIHHO
ero 3HaueHusi 6€3 MarHUTHOrO MoJis. [locTOsSTHHOE MarHUTHOE MOJI€ YBEJIMUUBAET
CKOpPOCTh (OpMUpOBaHMS SAEpP KOHJEHCAIIMM W CKOPOCTh POCTa pa3MepoB
JUCTIEPCHBIX YaCTHII.

[Tonyuensr Hanouactuisl C, Si0;, ZrO,, Al,O3 myTem nucnapeHuss OKCHIOB C
MTOMOIIBIO JIA3€PHOT0 U3JIYYEHHUs B MAarHUTHOM TI0JIe, 3a/laBacMOM B Jlhana3oHe 1-
200 MTn. B pokmage o0OCYXIAarOTCS HOBBIE JaHHBIE OSKCIEPUMEHTATbHBIX
UCCJIeI0BaHUM 110 (DOPMUPOBAHUIO a3PO30JIeH U3 JIa3ePHOM IIa3Mbl B TIOCTOSIHHOM
MarHuTHOM mnoje 1-200 mTo.

KonuyectBo HaHOMOpOIIKa, 00pa3yromerocss MTpH Jia3epHOM TMpoboe ¢
MOMOIIBIO OJHOTO WMITYJIbca HeBenuKo. [Ipu aTom 0oTOOP HaA 3IMEKTPODUIBTPHI
oOpa3yromuxcsi HaHOYAcTHI] cTaHoBUTCA HedhdekTuBHbIM. [loaTomMy cOop
nucnepcHoi (as3wl 3aTpyaHeH. Hamu arpoOupoBaH 3aKphIThINE MUKPOOOKC ¢ OKHOM
JUISL BBOJA UBJIyYEHHUs, B KOTOPOM pacrojiaraercss MuileHb. [Ipm 3ToM Bech
00pa3yronuicss MOPOIIOK OCENAaeT Ha CTEHKAaX M JIETKO MOXET OBITh CMBIT C
MTOMOIIIBIO PACTBOPHUTENISI U KOHIICHTPUPOBAH JJIsl TPAHYJIOMETPUUECKOTO aHAIN3A.

[TonydyeHpl 3aKOHOMEPHOCTU 3aBHUCUMOCTH  paclpesiejieHUus pa3MepoB
HAHOYACTHI[ OT BEJIMYUHBI TOCTOSIHHOTO MarHUTHOTO moJig meHee 200 mTo.

1. 3enpnoBuu S.b., Bydauenko ®.J1., ®pankesud E.JI. // YOH 155(1) 3-45 (1988).
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JJEMCTBUE MAT'HUTHOM IIOJIE HA ITPUDJIEKTPOJITHBIE
MPOLECCHI JIEKTPOJIU3E U JIEKTPOANAJIU3E
Ocmnanosa I11.C.}, Paxumxanosa JI.A.2
! KasHY umenn Anp-®apabu, PK, r. Anmarsl, np. Ans-®apabu 71
2 KasATY um. C. Celipymmna, PK, r. Hyp-Cyunran, np. XKenuc 62
E-mail: laura-rahimjan@mail.ru

DJIEKTPOXMMHYECKHE TMPOLECCHl IIMPOKO HMCIOJB3YETCd B  PA3IUUYHBIX
TexHosorusax. Hanpumep, 17 HaHECEHHS EKOPATUBHBIX U 3alIUTHBIX MMOKPBITUN,
NOJIYYEHHUs] QAIIOMUHHS MCIOJIB3YETCA JJEKTponu3. [l KOHLEHTpUpPOBAHMS
c1a0bIX PACTBOPOB U MOJIYYEHUS! OUUIIEHHOUN BOJIbI HCIOIB3YETCS AIEKTPOIUATIHS.

ONEeKTpoiu3 U DJEKTpoauanu3  TpeOyeT  3HAuYMTENbHBIX  3aTpar
ANEeKTpodHeprun. [loaToOMy NOHMCK METOJO0B YMEHBIIEHUS SHEPronoTpeOIeHus
YKa3aHHBIX ITPOLIECCOB SIBISIETCS aKTyaJIbHBIM. Llenb nccneqoBanms: OMCK METOIA
yBeIM4EeHUS 3PHEKTUBHOCTH JIEKTPOJIN3A U DJIEKTPOAHAIIN3A.

BiusiHui0 MarHWTHOTO TOJISI HA CTPYKTYPY BOABI M BOJHBIX CHUCTEM
MOCBAILIEHO MHOXECTBO pador [1-4]. Hanmpumep, MarHuTHOE MoJie BIMSET Ha
oOpa3oBaHME€ M pacnaj KJIacTepOB MOJIEKYJ BOJIbI, PACTBOPUMOCThH COJIEH
KECTKOCTH.

[Ipu s1ekTponu3e B BOOHOM PAcTBOpPE XJIOpHJA HATPHUSl YCTAHOBIIEHO, YTO
BBIJICJICHHUE Ta30B HA KAaTOJIe, HAXOSIIEMCS] B MATHUTHOM T10J1e, OoJIblie, yeM 6e3
noJisi. B kauecTBe 3JE€KTPOOB HCIOJIB30BAN CTAIbHBIE, MEHBIE U AJIFOMUHUEBBIE
CTEpKHU auamMerpoM 3 MM. PacctossHMe MexAy O3IEKTpoAaMu IO pacTBOPY
COCTaBIISLIO 35 CM.

Y CTaHOBJICHO, YTO AJICKTPUYECKUN TOK YEpPE3 AJICKTPOIUATIU3HYIO STUYEHKY 10
15% Oonbpie B MarHUTHOM TI0JIe, OPUEHTHPOBAHHOM MEPHEHANKYJISIPHO
HAIIPaBJICHUIO JIEKTPUYECKOTO ITOJIS.

B nokmage oOcyxnarTcsi pe3ylbTaThl MCCIEIOBAHUS MPUAIEKTPOIHBIX
MPOLIECCOB B AJIEKTPOJHU3HOW M 3JEKTPOJAMATU3HON S4YEKaX. YCTAHOBJIEHO, YTO
MAarHUTHOE TOJIE MPUBOAUT HHTEHCUBHOMY NEPEMENIMBAHUIO PACTBOPA MEXKIY
anekTpoaamu. IlokazaHo, 4TO MOCTOSIHHOE MarHUTHOE MOJI€ MPOTHUBOAECHCTBYET
MpoILIeCcCY NOJIAPU3ALIMH JIEKTPOJIUTA B MMPUAIEKTPOIHBIX 00JIACTSX.

1. Mpimnkun B.®., Xan B.A., Wxoiikun J[.A. u ap. AHaIM3 MPOLECCOB,
00yCJIaBIMBAIOMIMX BJIMSHUE MArHUTHOTO MOJS HAa CTPYKTYpYy M CBOWMCTBAa BOABI //
http://ej.kubagro.ru/2012/07/pdf/48.pdf.

2. Ming-Yuan Lin, Lih-Wu Hourng, Chan-Wei Kuo. The effect of magnetic force on
hydrogen production efficiency in water electrolysis // International Journal of
Hydrogen Energy. 2012.- V. 37.- Issue 2.- P.1311-1320.

3. Weier T, Hualler J, Gerbeth G, Weiss FP. Lorentz force influence on momentum and
mass transfer in natural convection copper electrolysis // Chemical Engineering
Science. 2005.- 60:293-298.

4. Bund A, Koehler S, Kuehnlein HH, Plieth W. Magnetic field effects in electrochemical
reactions. Electrochimica Acta 2003; 49:147-152.
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OTKpBITHE CIIMHOBOM CEIEKTUBHOCTH KUIKO(DA3ZHBIX XUMHUECKUX PEaKIUi B
MOCTOSIHHOM MarHuTHOM TioJie [1] moka3zano ¢pyHIaMeHTaIbHYIO0 POJIb MarHUTHBIX
B3auMoiecTBuil. MaruutHblii u3otonubil 3dpdext (MUDI), Habmomaembiii B
YKa3aHHbIX XHMHYECKHUX PEAKUUSIX, WHIYIUPYIOTCA IOCTOSSHHBIM MAarHUTHBIM
IIOJIEM M CBSI3aH CO CIIMHOBOW CEJEKTUBHOCTBIO PEAKUUNA MEXAY paguKaiaMHu B
MarHuTHOM moJjie [2, 3]. IlosBnenne MHND XUMHYECKMX peEakIMid CBA3aHO C
JEUCTBUEM «KJIETKW», OOYCIaBIMBAIONICH MJIUTEIbHBI KOHTAaKT MEXIy COOOH
JIBYX paaukanoB. Hamuuue B XMMUYECKM aKTUBHOM IIEHTpPE pajiuKaja atoMma ¢
SIPOM, HMEIOIIEM CIHUH, OOYyCJIaBIMBaeT OOJIBIIYI0O CKOPOCTh XUMHUYECKOU
peaKkIuu.

B noknage oOcyxkmaercss Mopaenb  (U3MKO-XMMHUYECKUX  IPOIECCOB,
npoTeKamux npu Hykiaeauu mnapoB SiOz, Al,O3 mpupoaHOro H30TOMHOTO
COCTaBa W3 HU3KOTEMNEPATYpHOM IUIA3Mbl, HAXOMSALICUCS B IOCTOSIHHOM
marHuTHoM Tionie MmeHee 0,2 Tn. B pabore cdhopMmynrpoBaHbl OCHOBHBIC
3aKOHOMEPHOCTH 3aBUCUMOCTH pPa3MEpPOB HAHOYACTHUI, MPOSBISIOMIAECS TpU
dbopMHpOBaHWM KOHJICHCUPOBAHHOW (a3bl, OT paclpefesieHuss B 00beme
IJIa3MEHHOTO TIOTOKAa CKOPOCTH W TeMieparyphl. [Ipy 3TOM B KakIOW TOUYKE
MOTOKa HEOOXOIUMO ONITUMU3UPOBATH BEIMYUHY IMOCTOSTHHOTO MAarHUTHOTO TTOJISI.

[Iporiecc pocTa HAHOYACTHI] CBA3AH C aJIcOpOIIMEl aTOMOB M3 Ta30BOMl (ha3bl
HA UX MOBEPXHOCTU KOHACHCHpPOBaHHOU (a3bl. [Ipu 3TOM copOMpoBaHHBIN aTOM
MOYXET MCHapUTHLCS, €CJIM 32 BPEMs €ro COpOMPOBAHHOIO COCTOSIHUSI B OJTHOM W3
MOTEHIMAIBHBIX SIM HA MOBEPXHOCTU HE 0OpazyeTcs XMMHUYECKasi CBsi3b. PocToM
JUCTIEPCHBIX YaCTUI[ MOXXHO YIOPaBIsATh M3MEHEHUEM BPEMEHU TPHUILIET-
CUHIJIETHOM KOHBEPCUHM CIIMHOBBIX Tap, CHOPMUPOBAHHBIX COPOUPOBAHHBIM
aTOMOM W aTOMOM Ha MOBEPXHOCTH KOHJEHCUPOBAHHOU (ha3bl.

N3BeCcTHO, 4UTO MpU MOCTOSIHHOM 3HAYEHWH OJHOM W3 MPOCKIHMM CIMHA Ha
IPSMOYTOJBHYIO CUCTEMY KOOPAWHAT AUCIEPCUU IBYX APYTUX MPOCKUIUNA CBA3AHBI
COOTHOIIIEHHEM HeomnpeneneHHoctu [4]. Tlpu momenupoBanuu GHoOpMHUPOBAHUS
CUHIJIETHOTO COCTOSIHMS HECHApPEHHBIX CIHWHOB YYUTHIBAJM COOTHOUIECHUE
HEONPEIeTICHHOCTH IS (ha3bl MPEIIECCUH CITMHA B MATHUTHOTO TTOJIS [S].

1. 3enbaoBuy S.b., Bydauenko @.J1., ®pankesuyu E.JI. / YDH 155(1) 3-45 (1988).

2. Turro N.J. / Proceed. NAS of USA, 80(2) 609-662 (1983).

3. Gould I.R., Turro N.J. and Zimmt M.B. // Advances in Physical Organic Chemistry, 20
1-53 (1984).

4. David H. Mclntyre Spin and Quantum Measurement, Oregon State University. — 77 p.

5. Myshkin V.F. et al. // I0P Conf. Series, 135 (2016) 012029 do0i:10.1088/1757-
899X/135/1/012029.
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3adacTyl0 B NPHUPOAHBIX M TEXHOJOTHYECKHUX Tpoleccax (GpopMupyroTcs
a’po30iibHbIe cUCTeMbl. [losBIEHME a’pO30JBHBIX YaCTUI[ MOMKET OKa3aTh
CYILIECTBEHHOE BIIMSHHE HAa XWMHUYECKHE TPEBpaAIlEHUs, TEIIOBOU 3(DPexT,
TEMJI000MEH BHYTPHU CHCTEMBI U C OKpYXKAlOIIeH Cpelol, 3JeKTpodu3ndecKkue
ABJICHUS B HU3KOTEMIIEPATypPHOU IUIa3Me, MPOLECCHl pPa3lIeJ€HUs H30TONOB B
razoBoil cpeme. IlosTomy akTyanmbHa pa3paboTka O€30TOOpPHBIX METOI0B
onpeneneHuss PyHKUMU pacnpeeseHus 0 pa3MepaM JUCIEPCHBIX YACTHII.

[IpeumyiiecTBa Ja3epHbIX METOAOB JAUArHOCTUKH CBS3aHbl C MaJbIMH
HCKQKEHHUSIMU TIPOIIECCOB, HAIIPUMEP, MPOTEKAIONINX B MOTOKE MIa3Mbl. OgHAKO
KaK MpaBWiIO, JA3epHbIE METOJbl MNPUBOJAT K PEIICHUIO OOpaTHOW 3aJauu,
MPUBOASIIECH TPU OOJIBIION SKCIEPUMEHTAIBHON MOTPEIIHOCTH K 3HAYUTEIIbHOMY
YBEJIMYECHUIO HEONPEIEICHHOCTH IMOIY4YaeMbIX JaHHBIX. B nmuTepaType umerorcs
KOMIIBIOTEPHBIE KOJIbI JIJISl pElIeHHs 0OpaTHBIX 3a/1a4.

JUtst Ja3epHON HMAarHOCTHKM HAHOYACTHI] IPUIOJEH METOJ CIIEKTPAIBHON
OPO3PavyHOCTH, B KOTOPOM OIPEACIAIOT W3MEHEHHE CIIEKTpa H3JIy4YCHHUS,
Opomeamero aj’po3oib. CoOBpeMEHHas CIHEKTpajbpHas anmnaparypa I03BOJISET
pPETUCTPUPOBATh CIEKTP B HIMPOKOM Juana3zoHe. OpHako, Aaxke HEOOJIbLIOE
yBelnyeHrue oObeMa oO0paldaThiBa€MbIX JaHHBIX MPUBOJIUT K 3HAYUTEIHLHOMY
yBEJIIMYEHUIO  BpeMeHu  pacueta. Ilostomy  QopmupoBanu  HECKOJIBKO
MEPECEKAIOIINXCA BEIOOPOK M3 SKCIEPUMEHTANBHBIX AAHHBIX U PElIajyd C 3TUMU
BBIOOpPKaMH OOpaTHYIO 3a/1a4y MO U3BECTHBIM AJITOPUTMAM.

OKCNEPUMEHTAIIBHO PETUCTPUPOBAIN CIEKTPbl MPOIMYCKAHUS IJIa3MEHHOTO
MOTOKa, COJAepXariero HaHo4dacTuilel. PopmupoBaymm a0 15 rpymm mo 7-8
3HAYCHUSIM KO3(P(UUMEHTOB NMPOIMYCKaHMUsI HA Pa3HbIX JJIMHAX BOJH. B kaxmyro
Ipyniy BXOJIUJIO 3HaAU€HHE KO3 (ULMEHTa MPOMYCKaHUSI B SKCTPEMYME CIIEKTpA.
Oty rpynnsl 00padaThIBaJId MOCIEAOBATENBHO C YUYETOM MPEAbIAYIINX PEIICHUN.
B cooTBeTcTBUM C UCHOJIB3yEMBIM AJITOPUTMOM BBIIEISUIA PELIEHUS, MOAAIbHbBIE
paanychbl KOTOPBIX OOBEIUHSAIOTCS B KOMIIAKTHYIO TPYTIILY.

B  npoximane  aHamu3MpYyHOTCA — pe3yJbTaThl  UCCIENOBAHMUS — BIUSHUSA
MOCTOSIHHOTO MAarHUTHOTO MOJIA Ha mpouecc (HOpMHUPOBAHMS YACTULl CAXKU TPU
oxJaxxaeHnu HuszkotemneparypHoit Ar-C mia3mel. HuzkoremnepartypHas miazMa
BO30YXaJ1ach C MOMOIIBIO JYTOBOTO pa3psia ¢ rpaduTOBBIMU 3JIEKTPOJIAMHU.

AHanu3 NOJyYeHHBIX PE3YJIbTATOB MOKA3bIBAET cleaytoniee. B mocTosHHOM
MarHuTHOM mnose meHee 0,2 Tin HaGmogaeTcs cykeHue (PyHKIUM pacrpeaesieHus
0 pa3MepaM M YMEHbIIIEHHE MOJAIBHOrO pazMepa aHcamOId yactul caxu. [lpu
ATOM T'PaHYJOMETPUUYECKHI cocTaB 0oJiee cTaOUIIEH BO BPEMEHHU.
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AncopOuusi rTuapaTUPOBAHHBIX HMOHOB METAJJIOB HA MOBEPXHOCTU MUHEPATIOB
[JIMHBI OOBIYHO KOHTPOJMPYET UX paclpeesieHHe B MPUPOAHBIX U TEXHOJIOTHYE-
CKHUX cpenax. B yacTHOCTH, ype3BbIYalHO HU3Kas MPOHUIIAEMOCTh MPUPOIHBIX
[JIMHUCTBIX 00pa30BaHUM JIeNaeT UX MOTEHIMAIbHBIM HOCUTENIEM JJIS JOJITOCpOY-
HOTO T€0JIOTUYECKOTO 3aXOPOHEHUSI TOKCUYHBIX WJIM PATUOAKTUBHBIX OTXOIOB,
XpaHEHMsI YTIEKHUCIIOrO ra3a U peakKTUBHON TPAHCIIOPTUPOBKU B KOHTPOJIUPYEMOM
cpene. [loaToMy oueHb BaKHO M3y4aTh BIMSHUE MOBEPXHOCTH IIMHBI Ha TUDPyY-
3UI0 HOHOB M MOJIEKYJI BOJIBI.

CpennexBanpatuunoe cMmeiienre (MSD) mpexactaBisier coOoil paccTosiHUE
MTHOBEHHOTO TPBDKKA YaCTHUIBI OT MCXOHOTO TOJOXKEHHS 10 HEKOTOPOH TOYKH,
npu auddy3un, U UCHONb3yeTcs as pacuera Koddpduuuenta camoauddysuu.
Camoaudy3us sBaseTcs BaKHBIM MapaMeTPOM MOJBHKHOCTU. Uem Bhilie KO3 (-
¢unment auddy3un (0HOTO BEHIECTBA OTHOCUTEIBHO IPYIroro), TeM ObICcTpee
OHHU MPOHUKAIOT ApYr B Apyra. Kospduuuent camoauddy3znn MoKHO ONpPEnETUTh
U3 COOTHOILLIEHMUS:

p-1.2((R®-ROY), ®
6 dt
rae R(0), R(t) — HauaapHOE M KOHEUHBIE [TOJIOKEHHS YaCTHIIBI uepe3 Bpems 1.

Ha pucyHke mpeacTaBicHbl pacCUMTaHHBIC HAMU KPHUBBIC, MMOKA3bIBAIOIINE
MSD paznuusbix yacTul B ABOMHBIM quddy3nonnsiM cioeM (J1C), popmupy-
IOIIMMCS Ha TMOBEPXHOCTH WILIMTOBOM IiMHBL M3 rpadukoB cieayet, 9To Kodd-
¢uument nuddysuu Na* cocrasnser 3,75-10° m?/c, ClI-— 8,57-101° M%/c u BozbI —
1,13-10° m%/c. KoodppuumenTt auddy3un aHMOHA MO KPAeBOM MOBEPXHOCTH KPH-
CTaJuIMTa TJIMHBI Oosiee ueM 2 pasa Ooiblile, yeM KatnoHa. OgHaKo mpy OOIBIINX
PACCTOSIHUSAX MEXKIY CIIOSIMHM TJIMHBI WM IO TOBEPXHOCTH YACTHIIBI TJHHBI I10-
JIBMYKHOCTH aHUOHOB OOJIbIIIE€ MOABMKHOCTH KaTHOHOB [1].

e y B noxnaze o6Ccyskmaercs Iporecc HoBepx-
. =i /"1 woctHo# muddys3un monos. Habmomaercs kop-

o pemsius kodgdunuent quddy3un oT mapameT-
2001 pOB TJIMHBI W COJICHOCTH BOJHOT'O pacTBOpa.

MSD, A
\

oo VYcraHoBneHo, 4To moBepxHOCTHas auddys3us
Oonee MmenieHHas, yeM AUQy3us MExKIy CIIO-
SIMM MHHEpaJia TJIUHBI.

T T T T )
0 100 200 300 400 500
Time, ps

1. Glaus M. A. et al. Diffusion of 22Na and &Sr in montmorillonite: evidence of interlayer
diffusion being the dominant pathway at high compaction // Environmental science &
technology. — 2007. — V. 41. — Ne. 2. — P. 478-485.
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E-mail: mitek2407 @mail.ru>

Bo3paelicTBue na3epHOr0 HM3Iy4YEHHs] BBICOKOM MHTEHCUBHOCTH NPUBOIUT K
BO3HUKHOBEHHUIO ONTHYECKOTO Npobos. [Inasma ontuyeckoro rnmpo0osi, BO3ZHUKAIO-
1asi Mpu Jia3epHOM aOsAMU, UMEIOT HU3KYIO CTENeHb MOHU3AlUU U HU3KYIO0 KOH-
HEHTPALNIO0 CBOOOIHBIX AJIEKTPOHOB. [Ipu a3epHoit abnsuy Ha TUTA3MEHHYIO Ya-
CTOTY BJIUSIFOT MHUKPOYACTHUIIbI, UMetoIre 3apsij. JlazepHslid mpoOoii conpoBoX1a-
€TCs FeHEepalen SJIEKTPUUYECKUX U MAarHUTHBIX MOJICH.

JIJIsl SKCIEpUMEHTANILHOTO KCCIIEIOBAaHUS TUIA3MEHHBIX KOJIeOaHHM, BO3HU-
KaroUIeil NpyU MOHU3ALMH a3p030JIel B MaporazoBoM O0JIAKE MPOIYKTOB aOJISALINH,
ucnonb3oBain yactumbl Al,O3 ¢ pasmepom 0,5-1 MKM, TIpH CpeHEH KOHIIEHTpa-
101 M3, Ucnonszosamun CO,:N, nasep ¢ mmrensHOCTBIO uMIyabeos 0,3-0,5
MKC.

AMIUIUTYJIa PETUCTPUPYEMBIX DJICKTPUUECKUX M MATrHUTHBIX KOJI€OaHUH,
BO3HMKAIOIIMX B pe3yJibTaTe Mpo00s, YMEHbBIIAETCA CO BPEMEHEM, a MEPUOJI KOJIe-
Oanuii yBenuuupaetcs. [Ipy MakcUMalIbHON aMIUIUTY/I€ UMITYJIbCOB YacTOTa Peru-
CTPUPYEMOM SIEKTPOMArHUTHOM BOIHBI cocTaBser 10° .

[1na3zMeHHass yacToTa JIa3epHOTO MPOOOS 3aBUCUT OT AJIEKTPOXUMHUYECKOTO
MOTEHIAAJIa, COCTaBa KOMIIOHEHTOB, INIOTHOCTU U IPaHyJIOMETPUUYECKOTO COCTaBa
a’po3oJs. [losTomy 1o MmiIa3MeHHOM YacToTe Mpo0osi BO3HUKAIOIICH MPU OYMCTKE
MOBEPXHOCTEMN, MOKHO CYIUTh O KQUECTBE OUHUCTKU. Y MEHBIIIEHUE YaCTOTHI HUKE
B 10* 'l CIIy’KUT yCIOBHEM IS IIEPEMELIEHHS TOUKY OOTydEeHHS.

Hanuuue >KuakocT crocoOCTBYET HWHTEHCHU(UKAIIMU TIpoliecca Ja3epHOou
ouncTku. [Ipu 1azepHOil OUMCTKE MOBEPXHOCTH TOJI CJIOEM JKUIKOCTH, UCTIAPSIETCS
OKCHU/JIHASI TIJIEHKA Ha MOBEPXHOCTU METaslia, KOTopast 3PEKTUBHO MOTJIONIAET U3-
nydenue. OTpaxeHHasi OT TBEPAOU MOJJIOKKHA YaCTh AJIEKTPOMArHUTHON BOJIHBI
npeTeprneBacT UHTEHCUBHOE paccesiHue Ha HaHodacTulax. [lpu 3arps3HeHuu mo-
BEPXHOCTU CUTHAJIbl, PETUCTPUPYEMBIE (POTONMPUEMHUKOM, UMEIOT OOJBIIYIO aM-
TUTUTYy Y TIPOJIOJKUTENIbHOE TIOCIIeCBEUEHNE TIIa3MEHHOTO 00pa30BaHMsl.

>

[Ipu ynaneHuun ciost 3arps3HEHUSI 1 MUKPOYACTHILL, MPOLECCHl UCTIAPEHUS U
oOpa3oBaHUsl My3bIPHKOB Iapa CTAHOBSTCS MEHEe MHTEHCUBHBIMU. TakuM oOpa-
30M, IIPA OYUCTKE IMOBEPXHOCTH METAJUIA MPOUCXOJUT YMEHBIIECHUE BPEMEHHU I10-
CJIECBEUEHUS TJIa3Mbl, KOTOPOE COIMPOBOXKAAETCS M3MEHEHHEM (OPMbI CUTHAJIOB
pEerucTpupyeMbIx (POTONMPUEMHHKOM — MIEPEXOA0M K CUTHAJIaM C MEHBIIEH aMIUIu-
Tynou. IIpu 3TOM HEOOXOAMMO MEPEMECTUTH Ja3epPHBIN JIyd Ha COCEIHIOI TOUYKY
NOBEPXHOCTH MULIEHHU.
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B Hacrosiiee Bpemsi pa3pa0daTbIBalOTCs siIEPHBIE PEAKTOPhI 4-TO TOKOJICHHUS,
ncnonb3yomee MOX-romuso. Takoe TormMBo cogepxut Pu, koropoe B 10° pas
aKTUBHEE MPUPOJIHOTO ypaHa. [loaToMy OTOpaKOBBIBAIOTCS TBAJIbI, BHEIIHSS MO-
BEPXHOCTh KOTOPBIX 3arpsi3HeHa MukpodyactuuaMu MOX-TomimBo. 9TH HECHUMA-
€Mble MUKPOYACTHIIbI HAXOATCS, KaK MpaBuUilo, B o0beMe cBapHoro 1mBa. [1pu uc-
MOJIb30BAHUU JIA3E€PHBIX MMITYJIbCOB HAHOCEKYHIHOW JJIMTEIBHOCTA MOXHO Ipe-
HeOperaTh HATMYUEM METAJUTMYECKON MaTpHUIIbI.

[lenp HacTOAIUX UCCIEAOBAHUM — MOJCIMPOBAHUE JTUHAMUKHU HarpeBa Io-
JTyTIPOBOJIHUKOBBIX MUKPOYACTHII JJA3€PHBIM U3TyUYCHUEM.

[Ipu mpoBeneHUM SKCIEPUMEHTAIBHBIX YacCTHI[ BMECTO OKCHIOB paguoak-
TUBHBIX AJIEMEHTOB MOXHO HMCIOJIb30BaTh UMHUTATOPHl — COEIUHEHMUSI, UMEIOIINE
Onm3kue Teriou3nyeckue cBocTBa. B kauecTBe UMUTATOPOB OKCUIOB AKTUHOMU-
JIOB MOHO MCIIOJIb30BaTh OKCHUJbI JJAHTAHOUJIOB. DTH OKCHJIbLI 00JaJaroT MOIy-
IIPOBOJTHUKOBBIMU CBOMCTBaMU. [103TOMY OHU €1ab0 MOTIIONIAIOT HA AJIMHAX BOJH
KOPOTKOBOJIHOBBIX JIa3epoB. [loriomieHne 3HauuTeIbHO YBEITMUMBAECTCS HA JUIMHE
BOoHBI 10,6 MkM. Ha 3Toii AyiMHE BOJTHBI METAJUIbl XOPOIIO OTPaXXatoT ONTHYECKOE
uziydeHue. [loaTomy HarpeB MoiaynpoBOJHUKOBOM MaTPHUIbl MPOUCXOIHT, B OC-
HOBHOM, 3a CUET TEIUIOIPOBOJAHOCTH.

AHanu3 Ternopu3NUecKuX CBOWCTB OKCHJIOB aKTHHOWUJIOB W JIAHTAHOUJIOB
mokasbIBaeT, uto mig komnosuimii UO; - PuO, u UO; - ThO, HEBO3MOXKHO TOI0-
OpaTh cMech JBYX JIAHTAaHOUJOB KakK HcaIbHBIX UMHUTaTOpoB. Hanbomnee nocryn-
HBIM U3 OKCHJIOB JJAHTAHOUJIOB SIBJISIETCA OKCHJ IIEPHs, KOTOPHIA MOKHO HCTIOJIb-
30BaTh MPU MPOBEACHUN IKCIIEPUMEHTAIIbHBIX UCCIIEIOBAaHUN.

MonenupoBanu mpouecc HarpeBa mukpodacturr UOz, PuO;, ThO,, CeOs,
nuaMmetrpoM 0,5 MKM, JTa3€pHBIM M3Jy4Y€HUEM C IJIMHOM BOAHBI 10,6 MKM. Pe3ynb-
TaThl UCCIICIOBAHUI MTOKA3bIBAIOT, YTO UMITYJIbLCHOM JIa3€PHOM HarpeBe U3Iy4yeHH-
eM 10,6 Mmkm mukpouactuiibl UO, u PuO; 01HOBpEMEHHO HArpeBaroTCs 10 TOUYKHU
kurenusi. Bpems, HeoOXoaumMoe /i HarpeBa 0 Havalla KUTIEHUs COCTaBisieT 42
Hc. [Ipu 3TOM 10 Havana KureHus okcuaa nepus Heobxomaumo a0 40% Oombiie
BpeMenH, ueM npu Harpere UO; winu PuOs.

B noknane Taxke 00Cy X ITArOTCS PE3yNbTaThl IKCTIEPUMEHTAIBHBIX UCCIIE0-
BaHUI JJa3epHOr0 HArpeBa MUKPOYACTHUL, HAXOASAIIUXCS B CTAIbHOM MaTpHIIE, TPU
uHTeHCcUBHOCTU 17,8-27,8 KBT/cM? m3nyuenns Nd-nazepa aauTensHOCTBIO 1,5 Mc.
[TokazaHo, 4TO yAaJISIFOTCS ¢ MOBEPXHOCTH TPYOKH TBAJIa MPUIIUIIINE MHKpOUa-
ctutibl UO,. B yka3aHHOM Juarna3oHe MHTEHCHUBHOCTEW OOJydeHHas Jia3epHbIMU
UMITYJIbCAMH TTOBEPXHOCTH TBYJIa COOTBETCTBYET TEXHUYECKUM YCJIOBUSIM IO MakK-
CUMAJIbHOU ITyOUHE JIa3€PHBIX KPATEPOB.
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AHHUTUWIANAUA TIO3UTPOHOB B HAHOPA3ZMEPHbBIX
METAJJAYECKUX MHOI'OCJIOMHBIX TOKPBITHSX ZR\NB
MMOCJIE OBJIYYEHUSA TPOTOHAMUA
JlomeiruH A.JL., JlanreB P.C.
Hayunprit pykoBoautens: Jlugep A.M., 1.1.H., mpodeccop
Tomckuii mommrexHuaeckuii yausepeutet, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: lomyginanton141@gmail.com

Hanopa3mepnsie MHOrocnoinbie nokpeitust (HMII) Bce yaiie ucnosib3yroTcs
B DHEPTETUKE, DJIEKTPOHUKE, MAIIMHOCTPOCHUH, ONTUKE, OMOTEXHOJOTUIX U JPY-
IUX OTPACSAX MPOMBIIUIEHHOCTU. [IpUunHO#M 3TOTO SIBISETCS BO3MOXXHOCTH 3Ha-
YUTEJIBHOTO U3MEHEHUsI (PU3UKO-MEXaHMYECKUX CBOWCTB U KOPPO3HMOHHOM CTOM-
KOCTH KOHCTPYKIIMOHHBIX MaTepuasioB. VI3MeHeHHUsI TOJIIMHBI U COCTaBa CJIOEB
MOTYT IPHUBECTU K MOBBIIIEHUIO MPOYHOCTH, TBEPAOCTU U (POPMUPOBAHUIO HAHO-
KOMITO3UTA C HIUPOKUM CIEKTpoM (yHKIMOHATBHBIX HazHayeHui [1, 2]. [lo3a 06-
JydeHHs Haxoaunaach B auanasone ot 3,4-10%° no 3,4-10'° nonos/cm?. Ha pucynke
1 m300paxkeHa 3aBucuMocTh S U W mapameTpa OT SHEpTHH MTO3UTPOHOB IS 00ITY-
YCHHBIX M UCXOHBIX 00pa3noB HMII Zr/Nb ¢ Tonmunoi HHIUBHyaIbHBIX CIIOCB
10 + 1 am (ZrNb10).
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Puc. 1. I'paduk 3aBucumoctu S (a) u W (0) mapameTpoB OT IHEPIHH MO3UTPOHOB JIsl O0TyUEH-
HbIX ¥ ucxoaaslx HMC ZrNb10

Bne 3aBucuMocTd OT /10361 00JIy4EHUs, U3 PUCYHKA la BUAHO, YTO 3HAUYCHUE

S mapamertpa, a Takxe W napameTp Ha pucyHke 10 HaXOIUTCS HA OJHOM YPOBHE C

Y4ETOM MOTPELIHOCTH.

PaboTa BbInoTHEHA TIpH NOIepKKe MUHUCTEPCTBA HAYKH U BBICIIET0 00pa-
3oBanus PO, ['oczaganue "Hayka" Ne FSWW-2020-0017.

1. Laptev R., Lomygin A., Krotkevich D., et al. Effect of Proton Irradiation on the Defect
Evolution of Zr/Nb Nanoscale Multilayers // Metals. — 2020. — Vol. 10. — Ne. 4. — Arti-
cle number — 535, P. 1-12

2. Laptev R., Svyatkin L., Krotkevich D., Stepanova E., Pushilina N., Lomygin A.,
Ognev S., Seimek K., Uglov V. First-Principles Calculations and Experimental Study
of H+-Irradiated Zr/Nb Nanoscale Multilayer System //Metals. — 2021. — T. 11. — Ne.
4., — Article number — 627, P. 1-17
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IJIASMOXUMHMYECKHWI CUHTE3 TOIJIMBHBIX OKCHTHBIX
KOMIIO3UITA JI/I1 BBICOKOTEMITEPATYPHBIX
I'A300XJIAZKIAEMbIX PEAKTOPOB JVISI ITIOJIYYEHUSA BOAOPO/JIA
Kyznenosa A.A.,! Kaperrun A A 2, Hosocenos ULIO.!

Hayunbiii pykoBoaurens: Kapenrun AL, K.p.-M.H., T0OLIEHT
'Tomcknii monuTexumueckuii yausepeurert, 634050, Poccus, T. Tomck, nip. Jlernna, 30
2A0 «CXK», 636039, r. Cepepck, Tomckoii obnactu, yiu. Kypuarosa, nom 1
E-mail: aak264@tpu.ru

OnHUM W3 MPUOPUTETHBIX HAMNPABICHUN PA3BUTHS SIACPHOW DHEPIETUKH B
Poccun sBisieTCss MCIIOJIB30BAHUE BBICOKOTEMIIEPATYPHBIX Ta300XJIAKIAEMBIX pe-
aKTOPOB IS IOJIYYEHHUS BOJIOPO/IA B IIPOLIECCE TAPOBOM KOHBEPCHUH METAHA.

[IpumensieMoe s/1IepHOE TOIUIMBO B BUJIE KEPAMUKU W3 JUOKCUJA ypaHa, 000-
TalieHHOTO MO0 HU30TOIMYy ypaH-235, UMEET HU3KYI0 TEIUIONPOBOJHOCTD, BBICOKYIO
XPYHKOCTh U CKJIIOHHOCTb K PacTPECKHUBAHUIO, KOPOTKUM LIUKJI UCTOIb30BaHUs (3-
5 1et), orpaHUYEeHHBIN pecypc Mo U30ToIy ypaH-235.

[lepcrieKTUBHBIM SIBIIIETCS AUCIIEpCUOHHOE sfiepHoe TornBo ([IAT) B Buae
TOIUIMBHBIX OKCHUJHBIX Kommosuiuid (TOK), BKItOYarOmMX OKCHIBI ACISAIIAXCS
MeTauioB (ypaH, IUIyTOHHM, TOpHii), pABHOMEPHO PAaCIpEACIICHHbIX B OKCHJIHOMN
MAaTpUIIE, UMEIOIIEN BBICOKYIO TEIIONMPOBOJHOCTh M MaJjo€ MONEPEYHOE CEYEHUE
noryionieHuss HeuTpoHoB [1]. [Ipumensiembie Metoanl nonydenus TOK (paznens-
HOE MOJYYEHHE U MEXaHUUECKOE CMEUICHUE, «30JIb-TeNb» U JIp.) MHOTOCTaIUIHBI,
IPOAOKUTENBHBI, 1al0T HEPAaBHOMEPHOE pacnpezenieHue ¢a3, TpedyroT 00JbIIo-
ro KOJMYECTBA XMMUYECKUX PEar€HTOB M dHEPro3arpar.

[IpuMeHeHne ra3opaspsAHON IIa3Mbl I a3Moxumuyeckoro cuaresa TOK
U3 JUCHEPTHUPOBAHHBIX BOJIHO-OPTAHMYECKUX HUTpATHBIX pacTBopoB (BOHP)
o0ecneunBaeT OJHOCTAIMHHOCTb, BBICOKYIO CKOPOCTh, PABHOMEPHOE pachpesere-
HHE U TpeOyeMbli cocTaB (a3 [2].

B pabote npencraBiieHbl pe3yJabTaThl UCCAEAOBAHUS MpPOLECcca MIa3MOXUMHU-
yeckoro cuHte3a TOK w3 mucneprupoBanHbix pactBopoB BOHP, Brimrowarommx
OpraHUYeCKUi KOMIIOHEHT (3TaHOJI, alleTOH), BOAHbIE HUTPATHBIE PAaCTBOPHI Jie-
nsuuxcs (ypaH, TOpUid) U MaTpUYHBIX (MarHui, UTTpuil) MetamioB. OnpeneneHsl
coctaBbl pacTBOpoB BOHP 1 pexumbl ux nepepadOTKH, 00eCrieunBaroue B BO3-
QYIIHO-TUIA3MEHHOM ITOTOKE IOJIYYEHHE HAHOCTPYKTYPHBIX OKCHUIHBIX KOMIIO3H-
LAM.

[TomyueHHbIe pe3ynbTaThl MOTYT OBITH MCIOJB30BaHbI MPU CO3/IaHUU TEXHO-
noruu mnazmoxummudeckoro cuuresa TOK mna AT BeicokoTeMIlepaTypHBIX ra3o-
OXJIAXKIAEMBIX PEAKTOPOB I POU3BOACTBA BOJOPOIA.

1. Anekcees C.B., 3aiitieB B.A., ToncroyxoB C.C. JIucriepcMOHHOE SIEPHOE TOILUIUBO. —
M.: Texnocdepa, 2015. — 248.

I.Yu. Novoselov, A.G. Karengin, R.G. Babaev. Simulation of Uranium and Plutonium
Oxides Compounds Obtained in Plasma // AIP Conference Proceedings. — 2018. —
Vol. 1938. —P. 1-5.

57



HNCCIIEAOBAHUE IMPOLIECCA IIVNTABSMOXUMHNYECKOI'O CUHTE3A
OKCHIHBIX KOMIIO3ULIUI IS ILTY TOHUI-TOPUEBOI'O
JTUCIIEPCUOHHOI'O SITIEPHOI'O TOILVIMBA
Bacc B.}, Banos K.C.2
Hayunslii pykosomurens: Kapearua AL, k.¢.-M.H., JoneHT
! Tomckmii nomTexanaeckuii yausepeuret, 634050, Poccust, Tomck, p. Jlennna, 30
2 Texanueckas axazemus: Pocaroma CII®, 197348, Poccus, yi1. AspompomHast, 4
E-mail: vadim2@tpu.ru

OcHoBy sinepHoit sHepreTuku B XXI Beke enie 0ynyT coctaBisite ADC ¢ pe-
aKTOpaMH Ha «TEIJIOBBIX» HEUTPOHAX, UCHOJIB3YIOIIUX SIAEPHOE TOILUIMBO B BUIE
KEepaMUKH U3 IMOKCHJIa ypaHa, 00OTalllEeHHOTO MO U30TOoMy ypaH-235, y KOTOporo
€CTh CYUIECTBEHHBIE HEJOCTATKU: HH3KAs TEIUIONPOBOJHOCTh, XPYINKOCTh U
CKJIOHHOCTb K PacCTPECKMBAHMIO, KOPOTKUN LUKJ UCHOJIb30BaHUs (3-5 neT), 00Jib-
IIME PAcXO0/bl HA YTHIM3ALMIO OTPaOOTABIIEr0 TOILIMBA, OTPAHUYEHHBIE PUPOI-
HBIE 3amackl U30ToNa ypaH-235, HapaOOTKa SHEPTEeTUUECKOTO TUTYTOHUS.

[lepcrieKTHBHBIM SBISETCS IUTYTOHHU-TOPHUEBOE JHUCIIEPCHOHHOE SIIEPHOE
tormBo ([AT) B Bume TommmuBHBIX OKCUAHBIX KoMmmo3uiui (TOK), Bkirogarommx
OKCHUJIbI ACISAIINXCS METAILIOB (IJTyTOHUM, TOPUI), PABHOMEPHO PACTIPEIECICHHbBIX
B OKCUJHOW MaTpHIE, UMEIOIIEH BBICOKYIO TEIUIOIPOBOJHOCTh U Majo€ NONepey-
HOE CEYCHUE MOTIIONICHHST HeUTPOHOB [1].

Merons! nonyuenus TOK paszznenpHOE MOydeHHE U MEXaHUUYECKOE CMeEIlle-
HUE, «30JIb-TeJIb» U JIp.) MHOTOCTAJIUMHBI, TPOJIOJKUTEIBHBI, TaI0T HEPaBHOME]-
HOE pacmpejeneHue a3, TpeOyoT 00JBIIOr0 KOJIMYECTBA XUMUUECKUX PEarcHTOB
u 3Hepro3arpar. Mcnonp3oBaHue Mmi1a3mel s ma3Moxumudeckoro cuaTeza TOK
U3 JUCHEPTHUPOBAHHBIX BOJHO-OPTAHMYECKUX HUTpATHBIX pacTBopoB (BOHP)
o0ecrneynBaeT 0OAHOCTaUHHOCTh, BBICOKYIO CKOPOCTh, PABHOMEPHOE pacIpejeie-
Hue u TpeOyemblii coctaB ¢as3 [2].

B pabore npeacraBieHbl pe3yibTaThl HCCIEIOBaHUN MpoLecca MIa3MOXUMHU-
yeckoro cuHte3a TOK w3 mucneprupoBanHbix pactBopoB BOHP, Brimrowarommx
OpraHUYeCKUi KOMIIOHEHT (3TaHOJI, alleTOH), BOAHbIE HUTPATHBIE PAaCTBOPHI Jie-
JsAmuxcs (TUIyTOHUM, TOPU) U MaTPUYHBIX (MAarHuii, UTTpUil) MeTayioB. Onpene-
neHsl coctaBbl pacTBOpoB BOHP u pexxumbl nx nepepaboTku, oOecrieunBaronue B
BO3IyIIHO-TUIA3MEHHOM IOTOKE IMMOJTYYEHUE HAHOCTPYKTYPHBIX OKCHJIHBIX KOMIIO-
3ULIAM.

[Tomy4yeHHbIE pe3yabTaThl MOTYT OBITh UCIOJIB30BAHBI MPU CO3JIAHUN TEXHO-
JoruM mnazMoxumudeckoro cuate3a TOK st miryToOHUI-TOPUEBOrO AUCIIEPCUOH-
HOTO SIIEPHOIO TOIUIMBA.

1. AnekceeB C.B., 3aiiueB B.A., ToncroyxoB C.C. [lucnepcroHHOE SiAEpHOE
tornmBo. — M.: Texnocdepa, 2015. — 248.

2. 1.Yu. Novoselov, A.G. Karengin, R.G. Babaev. Simulation of Uranium and Plu-
tonium Oxides Compounds Obtained in Plasma // AIP Conference Proceedings.
—2018. - Vol. 1938. —P. 1-5.
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NCCJIEJOBAHMUE IMPOLECCA INVIASMOXUMHUYECKOI'O CUHTE3A
TOIIVIMBHBIX OKCUIHBIX KOMITO3UITAM JIJISI
JUCITEPCUOHHOI'O REMIX-TOIIVIMBA
Cymnsiikuna A AL, Kaperrun A A 2, Kysuenos C 10!

Hayunbiii pykoBoaurens: Kapenrun AL, K.p.-M.H., T0OLIEHT
'Tomcknii monuTexHmdeckuii yausepeurert, 634050, Poccus, T. Tomck, 1ip. Jleruma, 30
2A0 «CXK», 636039, r. Ceepck, Tomckoli obmactu, yi. Kypuarosa, nom 1
E-mail: suniaikina.anna2000@yandex.ru

[Ipumensiemoe siiepHOE TOIUIMBO B BUAE KEPAMUKH M3 JUOKCHA ypaHa, 000-
TalleHHOro0 N0 M30TONy ypaH-235, UMEEeT HU3KYHK TEIUIONPOBOJHOCTH, BBICOKYIO
XPYHKOCTh U CKJIIOHHOCTb K PacCTPECKUBAHUIO, KOPOTKUM LIUKJI UCIOIb30BaHU (3-
5 5eT), orpaHUYEHHBIN pecypc Mo U30TOIy ypaH-235.

[lepcnextuBHbIM siBisieTcst aucnepcuoHHoe REMIX-tomnuBo, nonydaemoe
13 OTPa0OTABIIETO SAEPHOTO TOIUIMBA B BUJIE TOIUTMBHBIX OKCHUIHBIX KOMIO3UIUI
(TOK), BrIIIOUAIOIIMX OKCHJIBI AENSAIIMXCS METaioB (ypaH, IUIyTOHUM), paBHO-
MEpPHO pPACHpPENEICHHBIX B OKCUIAHOW MaTpHIIE, UMEIOIEH BBICOKYIO TEIIONpPO-
BOJHOCTh M MaJIO€ ITOIIEPEYHOE CCYCHHE MOTIIOMICHUS «TEIIOBBIX» HEHTPOHOB [1].
[Ipumensiemble Metoasl nonyuyeHus TOK (pa3nenbHOe MOJydyeHHE M MEXaHH4e-
CKOE CMEIIECHUE, «30Jb-TEJIbY» U JIp.) MHOIOCTaAUIHbI, IPOAOIKUTEIbHBI, HE JAlOT
pPaBHOMEPHOE pacIpeieIeHe U HeOOXOAUMBIN cocTaB (a3, TpeOYIOT XUMUYECKUX
PEareHTOB U 3HAYUTEIBHBIX 3HEPro3arpar.

IIpumeHenne urasmoxumuueckoro cuHre3a TOK u3 agucneprupoBaHHBIX
BOJIHO-OpraHn4ecKkuX HUTpaTHbIX pacTBopoB (BOHP) obecnieunBaeT onHocTanmii-
HOCTb, BBICOKYIO CKOpPOCTb, PAaBHOMEpPHOE paclpeleieHue U TpeOyemblil cOCTaB
¢a3, Hu3KKe YHEpro3arpaThl [2].

B pabote npencraBiieHbl pe3yabTaThl HCCAEAOBAaHUS MpoLecca Ia3MOXHUMHU-
yeckoro cuHte3a TOK w3 mucneprupoBanHbix pactBopoB BOHP, Brimrowarommx
OpraHUYeCKUi KOMIIOHEHT (3TaHOJI, alleTOH), BOAHbIE HUTPATHBIE PAaCTBOPHI Jie-
nsuuxcs (ypaH, IUIyTOHHMI) U MaTpUYHBIX (MarHuid, UTTpuid) MetaimioB. Onpene-
neHbl coctaBbl pacTBOpoB BOHP u pexxumbl ux nepepaboTku, 0OecrieunBaronme B
BO3/IyIIHO-TUIA3MEHHOM TOTOKE MOJTYYEHUE HAHOCTPYKTYPHBIX OKCHJIHBIX KOMIIO-
3ULIAM.

[ToyueHHbIe pe3ynbTaThl MOTYT OBITH MCIOJB30BaHbI NMPU CO3/IaHUU TEXHO-
noruu mazMoxumudeckoro cuateza TOK nns qucnepcuonnoro REMIX-romnuga.

1. Anekceer C.B., 3aiinieB B.A., Toncroyxos C.C. JlucnepcuoHHOE siICPHOE TOITUBO. —
M.: Texnocdepa, 2015. — 248.

2. 1.Yu. Novoselov, A.G. Karengin, R.G. Babaev. Simulation of Uranium and Plutonium
Oxides Compounds Obtained in Plasma // AIP Conference Proceedings. — 2018. —
Vol. 1938. —P. 1-5.
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IJIASMOXUMMNYECKHWIN CUHTE3 U NCCJIEJOBAHUE CJIOKHBIX
OKCH/IHBIX KOMITIO3UIINHN «OKCHJ]I HEOJJUMA — OKCHUJT
CAMAPUHS - OKCUJI MATHU S
Awnnpees /I.B.

Hayunbiii pykoBoaurens: Kapenrun AL, K.p.-M.H., T0OLIEHT
Tomckuii moymrexHuaeckuii yausepeutet, 634050, Poccus, 1. Tomck, mp. Jlenuna, 30
E-mail: dval7@tpu.ru

[IpumeHsieMble METOBI MOTYUYEHHUS CIOKHBIX OKCUIIHBIX Komno3uiui (COK)
MHOTOCTaJUIHBI, MPOJOKUTENbHBI, JAl0T HEpaBHOMEPHOE pacmpenesieHue das,
TpeOyIOT XMMHYECKUX PEareHTOB M 3HAUYMTENbHBIX »Hepro3arpar [1]. Mcnonb3o-
BaHME ra30pa3psAIHON IU1a3Mbl A1l 1ia3Moxumuaeckoro cuareza COK u3 qucnep-
TUPOBAHHBIX BOJHBIX HUTpaTHBIX pacTtBopoB (BHP) obGecneunBaer omgHOcTammii-
HOCTb, BBICOKYIO CKOPOCTh, pPABHOMEPHOE pacrpeieneHue Gpa3, o3BOISET aKTUBHO
BIIMATH Ha pazMep U Mopdosioruto yactull [2]. OgHako miasMeHHas nepepadoTka
TobKO pacTBopoB BHP TpeOyeT 3HauuTenbHbIX 3Hepro3arpat (1o 4 MBT-u/T) u
He no3BossieT nonydatb COK 3amanHoro ¢a3oBoro cocraBa 0e3 IOMOJTHUTEILHOTO
BOJIOPOTHOTO BOCCTAHOBJICHUSI.

B pabore npencraBieHbl pe3ysbTaThl HCCIEI0BAHUNA poLecca MIa3MOXUMHU-
yeckoro cuHTe3a COK B BO3MyIIHO-IUIA3MEHHOM ITOTOKE W3 JUCHEPTHPOBAHHBIX
pactBopoB BOHP, Bxitouarommx opraHuuyecKuil KOMIOHEHT (3TaHOJ, alleTOH) U
BOJHBIE HUTPATHBIE PACTBOPHI HEOAUMA, CAMAPHUS U MarHusl.

Ha puc. 1 mokazaHo BIusiHHE TEMIIEPATYpPbl HAa XapaKTEPHbI pPABHOBECHBIN
COCTaB B KOHJEHCHPOBAHHBIX (ha3ax MPOAYKTOB IUIA3MEHHOU repepaboTKu pac-
tBopa BOHP-2, o6ecneunBaroiiiero npu MaccoBoii o€ Bo3ayxa 69 % miazmoxu-
muueckuit cuate3 COK-2 (9% Sm,0;— 81% Nd,O3; — 10% MgO).
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JIornu miazMoxummudeckoro cuareza COK I pa3JIMIHBIX MCTAJIJIOB.

1. AnekceeB C.B., 3aiiues B.A., Toncroyxop C.C. [lucnepcroHHOE SsiaepHOE
tornBo. — M.: Texnocdepa, 2015. — 248.

2. Tymano [O.H. IlmazmMeHHBIE U BBICOKOYACTOTHBIE MPOIECCHl TOJYYEHUS U
00pabOTKH MaTEpHUaJIOB B sIJIGPHOM TOILUIUBHOM IIMKJIE: HACTOsIIEe U Oyayiiee.—
M.: ®uzmatiut, 2003.—759 c.
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IJIASMOXUMMNYECKHWIN CUHTE3 U NCCJIEJOBAHUE CJIOKHBIX
OKCHIHBIX KOMITO3UIINN «OKCUJI CAMAPHS — OKCHJI LIEPUS —
OKCUJI MAT'HUSD»

OropomankoB C.A., bacc B.1.

Hayunbiii pykoBoaurens: Kapenrun AL, K.p.-M.H., TOLIEHT
Tomckuii mommrexHuaeckuii yausepeutet, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: vadim2@tpu.ru

TpanuuuoHHBIE METOABI TMOJYYEHHUS CIOXKHBIX OKCHUIHBIX KOMIIO3UIUI
(COK) mHOrocTaauiiHbl, NpOAOIKUTENIbHBI, TPEOYIOT XUMHUUYECKUX PEarcHTOB U
3HAUUTEIBHBIX SHEPro3arpar, JaloT HepaBHOMepHOe pacnpeneneHue ¢as [1]. Uc-
M0JIb30BaHUE IJIa3MbI [ T1a3Moxumudeckoro cunresa COK u3 nucneprupoBas-
HBIX BOJIHBIX HUTPATHBIX pacTBOpoB MeTaiwioB (BHP) obGecneunBaeT ogHocTanii-
HOCTB, BBICOKYIO CKOPOCTh, pABHOMEpPHOE pacmpeaeneHre (a3, Mo3BOJSET BIUAThH
Ha pazMep u Mopdororuto yactuil [2]. OgHako mia3MeHHas nepepadboTka pacTBo-
poB BHP TpeOyet sneprozarpat 10 4 MBT1-4/T u He no3Bossier nonyyats COK He-
obxoaumoro (a3zoBoro cocraBa 0€3 JOMOJHUTEIHHOIO BOJOPOJIHOTO BOCCTAHOB-
JICHUS.

B pabote npenacraBieHbl pe3yIbTaThl HCCIICIOBAHUN TPOIIEcca IMIa3MOXUMH-
yeckoro cuHTe3a COK B BO3MyIIHO-IJIA3MEHHOM TMOTOKE W3 JUCIEPTUPOBAHHBIX
pactBopoB BOHP, Bxitouarommx opraHuuyecKuil KOMIOHEHT (3TaHOJ, alleTOH) U
BOJIHBIC HUTPATHBIC PACTBOPHI cCaMapus, LIEpUs U MarHusl.

Ha puc. 1 nokazano BinusiHHE TeMIEpaTyphbl HA XapaKTEPHbIH PAaBHOBECHBIN
COCTaB B KOHJEHCHPOBAHHBIX (ha3ax MPOAYKTOB IUIA3MEHHOU repepaboTKu pac-

tBopa BOHP-1, o6ecnieunBaromiero npu MaccoBoi oie Bo3ayxa 69 % mia3zmMoxu-
muueckuit cuate3 COK-1 (9,5% Sm,03;— 85,5% Ce,03 — 5,0% MgO).
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[Toy4yeHHble pe3yiabTaThl MOTYT OBITh UCIOJIB30BAHBI MPU CO3JAHUU TEXHO-
JOTHM TuIa3MoxuMuueckoro cuare3a COK n3 paznuyHbIX METAILIOB.

1. AnekceeB C.B., 3aiiues B.A., Toncroyxop C.C. [lucnepcroHHOE SsiaepHOE
tornBo. — M.: Texnocdepa, 2015. — 248.
2. Tymano [O.H. IlmazMeHHBIE U BBICOKOYACTOTHBIE MPOIECCH MOJYYCHUS U

00pabOTKN MaTEPHAJIOB B SIIEPHOM TOIUIMBHOM IIMKJIC: HACTOSIIEE U OymayIee. —
M.: ®uzmatimt, 2003.—-759 c.
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HNCCIEAOBAHUE IMTPOLECCA INVIASMOXUMHUYECKOI'O CUHTE3A
TOIIVIMBHBIX OKCUIHBIX KOMIIO3UIIAM JIJIS1 YPAH-TOPHEBOT'O
JUCIIEPCUOHHOI'O AIEPHOI'O TOILJINBA
TuxonoB A.E.

AO 10 «2X3», 663690, Poccus, T. 3enenoropck, yi. [lepsas [IpombiiiuieHHas, 1
E-mail: aet13@tpu.ru

[Ipumensiemoe Ha ADC saepHOE TOIUIMBO B BUAE KEPAMHUKHA U3 JIHOKCUIA
ypaHa, 000TralieHHOro 1Mo U30TOMy ypaH-235, UMEET HU3KYIO0 TEIUIONPOBOIHOCTD,
KOPOTKHI IUKIJI HUCHOIB30BaHUs (3-5 JeT), BRICOKYIO XPYIKOCTh U CKJIOHHOCTH K
PacCTpPECKMBAHMIO, OTPAHUYEHHBIN pecypc 1Mo U30TOMy ypaH-235.

[lepcrieKTUBHBIM SIBJIIETCSI YPaH-TOPUEBOE AUCIIEPCUOHHOE SJIEPHOE TOILJIMBO
B BHJI€ TOIUTMBHBIX OKCHAHBIX KoMmmo3uliuid (TOK), BkItouaromumx OKCUIbI ems-
IUXCS METAIIOB (YypaH, TOpHil), pABHOMEPHO paclpeeICHHbIX B OKCUHON MaT-
pHIle, UMEIOIIEH BBICOKYIO TEILIOMPOBOJIHOCTh U MAJIOE MOMEPEYHOE CEUYECHHE TO-
romeHus HeWTpoHoB [1]. Ilpu wmcnmosb30BaHMM M30TOMA TOpPUK-232 OTHAmaeT
HEOO0XOJIUMOCTh B JIOPOTOCTOSIIIIEM M30TOMHOM OOOTalleHUH, a UK UCIO0JIb30Ba-
HUS TaKOT'O TOILUIMBA MOKET ObITH noBexaeH 10 10-15 mer.

[Tpumensiembie MeTo bl nostydeHuss TOK («305b-Telb», pa3ielibHOE MOTyye-
HUE U MEXaHUYECKOE CMEIICHHE) MHOTOCTAIUUHBI, MPOJIOJKUTEIbHBI, TPEOYIOT
XUMUYECKUX PEAareHTOB U 3HAYMTENIbHBIX YHEPro3arpar, He 00eCeYrBalOT PaBHO-
MEpHOE pacmpeiesieHue 1 Heo0XouMblil coctaB (a3. [IpuMmeHeHue mia3sMoxXuMu-
yeckoro cuHte3a TOK u3 nucneprupoBaHHBIX BOJHO-OPTaHUYECKUX HUTPATHBIX
pactBopoB (BOHP) obecnieunBaer oqHOCTaAMITHOCTD, HU3KHWE YHEPro3aTpaThl BbI-
COKYIO CKOPOCTh, pPABHOMEPHOE pacnpeiesieHne u TpedyeMblii coctaB (a3 [2].

B pabote npencraBiieHbl pe3yabTaThl UCCIAEAOBAHUS MPOIEcca TIa3MOXUMHU-
yeckoro cuHte3a TOK w3 mucneprupoBanHbix pactBopoB BOHP, Brimrowarommx
OpTraHUYeCKUN KOMIIOHEHT (3TaHOJI, alleTOH), BOJAHBIC HUTPATHBIE PACTBOPHI Jie-
nsuuxcs (ypaH, TOpUid) U MaTPUYHBIX (MarHui, UTTpUil) MmeTaiioB. OmnpeaeneHbl
coctaBbl pacTBOpoB BOHP u pexumsl ux nepepadOTK, 00eCrieunBaroue B BO3-
TYITHO-TIJIA3MEHHOM TOTOKE MOJIYYEHHE HAHOCTPYKTYPHBIX OKCHUIHBIX KOMIIO3M-
AH.

[Tomy4yeHHbie pe3yabTaThl MOTYT OBITH MCIOJIB30BAHBI MPU CO3/IAHUU TEXHO-
joruu miazMoxummudeckoro cunteza TOK st ypan-tropuesoro JIAT.

1. AnekceeB C.B., 3aiiueB B.A., ToncroyxoB C.C. [lucnepcroHHOE SiAE€pHOE
toruBo. — M.: Texunocdepa, 2015. — 248.

2. Karengin A.G., Karengin A.A., Novoselov I.Yu., Tikhonov A.E. Investigation
of plasmachemical synthesis of oxide compositions for plutonium-thorium dis-
persion nuclear fuel // Journal of Physics: Conference Series. — 2021. — Vol.
1989. - P. 1-5.
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HNCCIEAOBAHUE IMTPOLECCA INVIASMOXUMHUYECKOI'O CUHTE3A
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AO 10 «2X3», 663690, Poccus, r. 3enenoropck, yi. [lepsas [IpoMbiiuieHHas, 1
E-mail: virl2@tpu.ru

TpaaumoHHOE AIEpHOE TOIUIMBO B BUJE KEPAMHUKM W3 JUOKCHAA ypaHa,
000ralieHHoro mo M30ToIy ypaH-235, UMeeT HU3KYIO TEIJIONPOBOAHOCTb, BBICO-
KYIO XPYIKOCTb M CKJIOHHOCTh K PaCTPECKMBAHUIO, KOPOTKHUI LIHMKJ HUCMHOJb30Ba-
Hud (3-5 5eT), orpaHUYEHHBIN pecypc 1Mo U30TOIy ypaH-235.

[lepcnexktuBHBIM sBiIsIeTCs nucniepcuoHHoe MOX-TOmMBO B BHI€ TOTUIMB-
HBIX OKcHIHBIX kKoMmno3uluii (TOK), BKIIIo4aromux OKCUAbI JESIINXCS METAILIOB
(ypaH, IUIyTOHMI1), pABHOMEPHO pAaCIpPEACIICHHbIX B OKCUIHOW MaTpHIle, UMEIO-
I BBICOKYIO TEIUIONPOBOAHOCTh M MaJO€ IONEPEYHOE CEYEHUE MOTIIONICHUS
HEUTPOHOB [1].

[Tpumensiembie MeTo bl nostydeHuss TOK («305b-Telb», pa3ieibHOE MOyde-
HUE U MEXAHMYECKOE CMEIIEHHE) MHOTOCTaJAMIHBI, MPOJOKUTEIbHbI, TPEOYIOT
XUMHUYECKUX PEAreHTOB U 3HAUYMTENIbHBIX YHEPro3arpar, He 00eCeunBalOT PaBHO-
MEpPHOE pacupeielieHne U HeoOX0oauMbIil cocTaB (a3. [IpuMeHeHne miua3zMoxXxuMu-
yeckoro cuHre3a TOK u3 nucneprupoBaHHBIX BOJHO-OPIaHUYECKUX HHUTPATHBIX
pactBopoB (BOHP) obecnieunBaer ofHOCTaAMIHOCTD, BBICOKYIO CKOPOCTh, paBHO-
MEpHOE pacnpeaesieHue U TpeOyeMbli cocTaB (pa3, HU3KHE YHEPro3arparsl [2].

B pabote mpencraBieHsl pe3yibTaThl HCCIEI0BAaHUS MpoOIecca MIa3MOXUMHU-
yeckoro cuHTe3a TOK w3 mucneprupoBaHHbIX pactBopoB BOHP, Bkimrowarommx
OpraHMYECKUN KOMIIOHEHT (3TaHOJI, ale€TOH), BOJHBIE HUTPATHBIE PACTBOPHI Jie-
nsuuxcs (ypaH, IUIyTOHHMI) U MaTpUYHBIX (MarHuid, UTTpuid) MetaimioB. Onpene-
neHbl coctaBbl pacTBOpoB BOHP u pexxumbl ux nepepaboTku, 00ecrneunBaroume B
BO3IYLIHO-TUIA3MEHHOM MOTOKE MOJIyYEHUE HAHOCTPYKTYPHBIX OKCHJIHBIX KOMIIO-
370005078

[Tomy4yeHHbIe pe3yabTaThl MOTYT OBITh UCIOJIB30BAHBI MPU CO3JAHUU TEXHO-
norun mnasmoxumudeckoro cuare3a TOK mis nucnepcuonnoro MOX-tomnusa.

1. AnekceeB C.B., 3aiines B.A., ToncroyxoB C.C. [ucrnepcHoOHHOE SIEepHOE
toruBo. — M.: Texunocdepa, 2015. — 248.

2. Karengin A.G., Karengin A.A., Novoselov I.Yu., Tikhonov A.E. Investigation
of plasmachemical synthesis of oxide compositions for plutonium-thorium dis-
persion nuclear fuel // Journal of Physics: Conference Series. — 2021. — Vol.
1989. - P. 1-5.
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OBTAINING OF COMPOUNDS FOR DISPERSION NUCLEAR FUEL OF
PLUTONIUM-THORIUM IN PLASMA
Tikhonov A.E %, Rastorguev V.1.%, Novoselov I.Yu.2
Scientific adviser: Novoselov 1.Yu., lecturer
Electrochemical plant, 663690, Russia, Zelenogorsk, 1 Pervaya Promyshlennaya Str.
National Research Tomsk Polytechnic University, 634050, Russia, Tomsk, 30 Lenin
Avenue
E-mail: aet13@tpu.ru

The use of #°Pu and #2Th does not require expensive isotopic enrichment and
makes it possible to create power plants up to 100 MW for use in remote and hard-
to-reach regions. Therefore, it is promising to create a dispersion nuclear fuel in the
form of fuel oxide compounds (OC), including oxides of fissile metals (Pu, Th)
distributed in a matrix with high thermal conductivity and low neutron absorption
[1].
For energy-efficient production of OC, plasmachemical synthesis from water-
organic nitrate solutions (WONS) with a lower calorific value of at least 8.4 MJ/kg
can be used [2].
Experimental studies of synthesis of fuel OC in air-plasma flow were carried
out through the plasma installation based on a high-frequency generator with the
use of model WONS including an organic component (acetone) and mixed water
nitrate solutions of Mg, and also Sm and Ce, which have similar properties to fis-
sile metals (Pu and Th), and simulate the plasmachemical synthesis of OC PuO,—
ThO,-MgO.
The prepared WONS were fed at a constant flow rate (300 I/h) into the dis-
perser and then dispersed into the reactor, where the synthesis of model OC was
carried out in air-plasma flow at a temperature about 1000 °C. As a result of the
study, the regularities of the influence of WONS composition, the modes of their
dispersion, as well as the quenching rate on the properties of OC were established.
An increase in the mass fraction of the matrix (MgQO) from 10 % to 30 % in
the OC Sm,03;—Ce,03;—MgO leads to reduce the size of the OC agglomerated parti-
cles from 9.4 um to 7.4 pm (laser diffraction method). In this case, the specific sur-
face area of OC increases from 7.9 m?/g to 11.2 m?/g, and the size of grains in the
composition of OC decreases from 110 nm to 86 nm (BET analysis).
Thus, the compositions of the model WONS and the modes of their plasma
processing have been determined, which ensure the synthesis of nanosized com-
plex OC in air-plasma flow.
The research results can be used to create a technology for the plasmachemi-
cal synthesis of nanosized fuel OC for plutonium-thorium dispersion nuclear fuel.
1. Alexeyev S.V., Zaytsev V.A., Tolstoukhov S.S. Dispersion nuclear fuel. — Moscow:
Tekhnosfera, 2015. — 248 p.

2. Karengin A.G., Karengin A.A., Kovalev A.V., Novoselov I.Yu. Calculation and opti-
mization of plasma disposal of combustible waste after spent nuclear fuel processing //
Russian Physics Journal. — 2014. — Vol. 57. — P. 31-34 [in Russ.].
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BO3AYUIHO-TIJTIASMEHHASA YTUIN3AIUA KU JAKUX
PAJUOAKTUBHBIX OTXO/10B
[omecsranast E.J1.L, lectakosa JI.A 2
Hayunslii pykosomurens: Kapearua AT, k.¢.-M.H., JoneHT
'Tomcknii monurexamaeckuii yausepeurert, 634050, Poccust, Tomck, 11p. Jlenuna, 30
’ManmHOCTpOMTENB BN 3aBox, 144000, Poccnst, Dnexrpoctans, yi. K. Mapkca, 12
E-mail: edp8@tpu.ru

B pesynbrate pabotsl npeanpustuii AT B 6acceliHax-XpaHUIUIIAX HAKOII-
JIEHbl MUJUTMOHBI TOHH JKHJIKUX PaJUOAKTUBHBIX OTXOJOB B BHUJI€ WJIOBBIX OTJIO-
xennit (MJ10), oCHOBHBIMH KOMITOHEHTaMU KOTOpbIX sBisitorcs: Fe (3-17 %), Si
(2,8-8,5 %), Ca (0,2-3,2 %), Mg (1,0-2,8 %), Na (0,7-1,9 %), P (0,1-0,9 %),
ocTayibHOE Boja [1].

OO6uMu HeoCTaTKaMHU MTPUMEHSIEMBIX METOAOB YTHUIM3AIMHU (XUMUUYECKUE,
AIEKTPOXUMHUYECKHUE, COPOIMOHHBIE U Ap.) U ctabunm3anuu NJIO ¢ nepeBogom B
ycTol4YuBbIe (DOPMBI, MPEMSATCTBYIOIIUE MUTPAlMU PATUOHYKIUIOB, SBISIOTCA
MHOTOCTAJIMHHOCTb, IPOJIOJKUATEIILHOCTD U BBICOKAsi CTOUMOCTH [2,3].

Cy1iecTBEHHOE CHIKEHUE PHEPTOo3aTpaT MOXKET ObITh JOCTUTHYTO MPU Tepe-
pabotke MJIO B BHJie ONTUMANBHBIX MO COCTaBY AMCIEPTHPOBAHHBIX MIOOPTaHU-
yeckux kommnozunuii (MJIOK), BKIIFOUarONMX OpraHuyecKuii KOMIIOHEHT, U o0ec-
NEYUBAIOIIUX MX SHEPTrodh(HEKTUBHYIO TIIa3MEHHYIO repepadboTky [4].

B pesynbrare nmpoBeneHHBIX TEPMOJAUHAMUYECKUX PACUETOB OINPEIEIIEHBI CO-
ctaBbl MJIOK u pexxumbl ux nepepaboTku, obecnednBaromye dHeprodpheKTrB-
HYI0 BO3AylIHO-TUIa3MeHHYr0 ytwinzauuio MJIOK ¢ momyyeHuem mpoayKToOB B
KOHJICHCUPOBAHHBIX (pa3ax B BUJE MPOCTBIX U CJIOKHBIX OKCHUJIOB METAJIOB,
BKJIIOYAst MAarHUTHBIN okcuj skene3a Fe3Oy(C):

e coctaB MJIOK —40 % MNJIO : 15,5 % AT : 44,5 % Boxa;

e maccoBoe oTtHomienue ¢a3 — 70 % Bozayx : 18 % MUJIOK;

e temnepatypa — 1500+£200 K.

1. Opemxun E.A., Kapeurun A.I'., llamanun U.B. // IV MexayHapoaHas mkosa-
KOH(epeHLHs MOJIOAbIX aTOMIIMKOB CuOUpH: COOpPHHMK TE3HCOB JOKJIAIO0B. —
Tomck: U3a-so TITY, 2013. — C. 18.

2. llluarapes H.O. u ap. CrnocoObl oOpaiiieHusi ¢ WiIaMu BOJIOEMOB-XPAHHIIUII]
PaIMOaKTHBHBIX OTXOOB. // DKoyorus U nmpoMeiieHHOCTs Poccuu. — 2000. —
Ne 3. - C. 43-45.

3. Coboner N.A., Xomuuk JI.M. O06e3BpexuBaHne pagloOaKTUBHBIX OTXOJOB Ha
LEHTPAJIM30BaHHbIX MyHKTax.— M.: DHeproaromusnar, 1983. — C. 75-78.

4. Shekhovtsova A.P., Karengin A.G. Efficiency Assessment of Using Flammable
Compounds from Water Treatment and Methanol Production Waste for Plasma
Synthesis of Iron-Containing Pigments // IOP Conference Series: Materials Sci-
ence and Engineering. — 2016. — Vol. 142. Article number 012045. — P. 1-7.
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PACYUET ITPOLECCA IVIABMOXNUMHWYECKOI'O CUHTE3A
OKCHIHBIX KOMITO3UIINI U3 BOTHOOPITAHUUYECKHUX
HUTPATHBIX PACTBOPOB YPAHA, INTYTOHUSA U MATHU S
Ilep6una JI.C.

Hayunbiii pykoBoaurens: Kapenrun AL, K.p.-M.H., T0OLIEHT
Tomckuii mommrexHuaeckuii yausepeutet, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: vadim2@tpu.ru

VY KepaMu4ecKoro sJIepHOrO TOIUIMBA M3 JUOKCHA ypaHa, 000raiieHHOro 1o
U30TOIly YpaH-235, HapsAIy C TOCTOMHCTBAMU €CTh U CYIIECTBEHHbIE HEJIOCTATKU:
HU3Kasl TEIUIONPOBOAHOCTh, XPYNKOCTh U CKJIOHHOCTh K PACTPECKUBAHUIO, KOPOT-
KU MK UCOJIb30BaHus (3-5 ser), OoJbline pacxojbl Ha YTUIM3ALKI0 0Tpado-
TaBILIETO TOIUIMBA, OTPAaHUYEHHBIE NPUPOJHBIE 3aMachkl U30TOMNA ypaH-235, Hapa-
00TKa 3HEPreTUYECKOTO MTyTOHHS.

[lepcnieKTUBHBIM SIBISIETCSA YpaH-TUTyTOHUEBOE JUCIIEPCHOHHOE JIEPHOE TOM-
nuBo ([JAT) B Buae ToOmnuBHBIX OKCUAHBIX Kommosuiui (TOK), BkiIrouarommx
OKCHUJIbI IETSAUIMXCSI METAIUIOB (IUTYTOHUH, YpaH), pABHOMEPHO PacIpeieIEHHbIX B
OKCUJHOM MaTpulie, UMEIOIIEH BBICOKYIO TEIUIONPOBOJHOCTh H MAJIO€ MOMEPEYHOE
CEUYCHME TMOIJIOIICHUS HEUTPOHOB [ 1].

Tpanuuronuesie Meroas!l nosydeHuss TOK (paszzmenpHoe MonydYyeHUE U Mexa-
HUYECKOE CMEIICHUE, «30J1b-TeIb» U Jp.) MHOTOCTaJAUMHBI, IPOJIOJKUTENbHBI, HE
o0OecnieunBalOT paBHOMEpPHOE pachpeneneHue (a3, TpeOyroT OOJbIIOro Kojude-
CTBAa XMMHYECKHUX PEAreHTOB M 3Hepro3arpar. lIlpuMeHeHne miazMoXuMH4ECKOro
cunte3a TOK u3 nucrieprupoBaHHBIX BOJHO-OPraHUYECKUX HUTPATHBIX PacTBOPOB
(BOHP) o6GecrieunBaeT 04HOCTaAUNHOCTD, BBICOKYIO CKOPOCTh, PABHOMEPHOE pac-
npeneneHue u Tpedyemsiil coctaB das [2].

B pabore npenacraBieHbl pe3yibTaThl HCCIEIOBAHUN MpoLecca MIa3MOXUMHU-
yeckoro cuHte3a TOK w3 mucneprupoBanHbix pactBopoB BOHP, Brimrowarommx
OpraHUYeCKUi KOMIIOHEHT (3TaHOJI, alleTOH), BOAHbIE HUTPATHBIE PACTBOPHI Jie-
nsumxces (TUIyTOHHM, ypaH) U MaTpU4HbIX (Marauil) metaimoB. OnpeneneHsl co-
ctaBbl pactBopoB BOHP u pexumbl ux nepepaboTku, 00€CleUnBAIONIME B BO3-
IOYIIHO-TUIA3MEHHOM MOTOKE MOJIYyYEHUE OKCUAHBIX KOMIO3ULMK Tpedyemoro ¢a-
30BOI'0 COCTaBa.

[TosyueHHbIe pe3ynbTaThl MOTYT OBITh MCIOJIB30BAaHbI MPU CO3IaHUU TEXHO-
Joruu miuasMoxumudeckoro cuare3a TOK miid nmepcreKTUBHBIX THUIIOB JUCIIEPCH-
onuHoro siaepuoro tomuea (MOX, REMIX).

1. AnekceeB C.B., 3aiiue B.A., ToncroyxoB C.C. [lucnepcroHHOE SiAE€pHOE
tormBo. — M.: Texnocdepa, 2015. — 248.

2. 1.Yu. Novoselov, A.G. Karengin, R.G. Babaev. Simulation of Uranium and Plu-
tonium Oxides Compounds Obtained in Plasma // AIP Conference Proceedings.
—2018. - Vol. 1938. —P. 1-5.
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NCCJIEJOBAHMUE IMPOLECCA INVIASMOXUMHUYECKOI'O CUHTE3A
TOIIVIMBHBIX OKCUJIHBIX KOMITO3HUIIAM JIJISI YPAHOBOT'O
JUCITEPCUOHHOI'O SAIJIEPHOI'O TOIIVIMBA
Kapenrvn A.A.

AO «CXK», 636039, r. CeBepck, Tomckoit obmactu, yi. Kypuatosa, gom 1
E-mail: aet13@tpu.ru

OcHOBHYIO 70110 siiepHOM »HepreTuku B Poccum emie OyAayT COCTaBISITh
ADC c peakTopamMH Ha TEIJIOBBIX HEHUTpOHAX, pabOTAIOMIMX HA KepaMUYECKOM
AIEPHOM TOILUIUBE M3 JUOKCHIA ypaHa, 000raIleHHoro no u3oromy 2°U, y kotopo-
ro HapAIy C JOCTOMHCTBAMU E€CTh CYIIECTBEHHbIE HEJJOCTATKU: HU3Kasl TEIJIONPO-
BOJHOCTb, XPYIIKOCTh U CKIIOHHOCTh K PACTPECKUBAHUIO, KOPOTKUM LUK UCHOJIb-
3oBaHus (3-5 neT), Oosblive pacxo/lbl HA YTHIMU3AIUI0 OTPabOTaBIIEro TOILIMBA,
HapaboTKa IIyTOHMS, OTPaHUYEHHBIE IIPUPOTHEIE 3amackl n3oTona >°U.

[lepcrieKTUBHBIM SIBJSIETCS YPAHOBOE JIHUCIIEPCHOHHOE SIIEPHOE TOIIUBO
(IIAT) B Buae TormauBHBIX OKCHIHBIX Komno3uliuit (TOK), BKIroUaronmx JMOKCHT
ypaHa, paBHOMEPHO pacOpeAeICHHbIA B OKCUJIHON MaTpUIIEe, UMEIOIIEN Majloe Io-
[IEPEYHOE CEYEHUE NOTIIONIEHUS HEUTPOHOB M BBICOKYIO TEIUIONPOBOIHOCTH [1].
Tpanuunonusie Meroasl nonydenuss TOK (pa3menbHoe mojgydyeHHe U MEXaHHYe-
CKOE€ CMENICHHE, «30J1b-TeJIb)») MHOTOCTAIUNHHBI, IPOIOJKUTENbHBI, HE 00ecTeun-
BalOT PaBHOMEPHOE pachpe/ieiieHue U HeoOX0AUMbINA cocTaB (a3, TpeOYIOT XUMHU-
YECKUX PEarceHTOB M 3HAYUTENbHBIX dHepro3arpar. [I[pumeHeHne mia3MoXuMHu4e-
ckoro cuHTe3a TOK u3 nucneprupoBaHHBIX BOJHO-OPTaHUYECKUX HUTPATHBIX
pactBopoB (BOHP), BKitoUarommx opraHUu4ecKuii KOMIIOHEHT, 00€CIIeYuBaET OJ1-
HOCTaJMIHOCTh, BBICOKYIO CKOPOCTb, PABHOMEPHOE pacIpesiejeHre U TpeOyeMblil
coctaB (a3, HU3KHE dHEpro3arpatsl [2].

B pabore npencraBieHbl pe3ynbTaTbl TEOPETUUECKUX U IKCIIEPUMEHTAIbHBIX
MCCJIEIOBAHUM Mpolecca IUIa3MOXUMHYECKOTO CHHTE3a TOIUIMBHBIX OKCHIHBIX
KOMIMO3UIIMA U3 JUCIEPTHUPOBAHHBIX PACTBOPOB, BKIIIOYAIOUIUX OPTaHUYECKUN
KOMIIOHEHT (3TaHOJI, alleTOH) W BOJIHbIE HUTPATHBIC PACTBOPHI JAeJIsIIerocs (ypaH)
YW MaTPUYHBIX (MarHuii, UTTpui) MetauioB. OrmpeaeneHbl COCTaBbl PaCTBOPOB U
peXUMBI UX MepepabOTKHU, O0OECIEUMBAIOIINE B BO3IYIIHO-TJIA3MEHHOM IOTOKE
MOJIyYEHUE HAHOCTPYKTYPHBIX OKCUAHBIX KOMIIO3UIIHA.

PesynbraThl uccienoBaHuii MOTYT OBITH MCIIOJIB30BAHBI MPU CO3JaHUU DHEP-
rod(PpPeKTUBHON TEXHOJIOTUH TJIA3MOXUMUYECKOTO CUHTE3a TOTUTMBHBIX OKCUIHBIX
KOMIO3ULIHUN 111 ypPaHOBOTO JUCIIEPCUOHHOTO SIAEPHOTO TOIINBA.

1. AnekceeB C.B., 3aiiueB B.A., ToncroyxoB C.C. [lucnepcroHHOE SiAE€pHOE
tormBo. — M.: Texnocdepa, 2015. — 248.

2. Karengin A.G., Karengin A.A., Novoselov L.Yu. et al. Investigation of
plasmachemical synthesis of oxide compositions for plutonium-thorium disper-
sion nuclear fuel // Journal of Physics: Conference Series. — 2021. — Vol. 1989. —
P. 1-5.
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TIJIASMOXUMHNYECKHWIN CUHTE3 U NCCJIEJOBAHUE OKCUIHBIX
KOMITO3UIINI U3 BOJHO-OPTAHUYECKUX HUTPATHBIX
PACTBOPOB HEOJJUMA U UTTPUSI
Emsmupos JI.B.

Hayunsrii pykoBoautens: Kapearun AT, k.(.-M.H., JOTIeHT
Tomckuii mommrexHuaeckuii yausepeutet, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: dvell@tpu.ru

[IpumeHsieMble METO/IbI MOTYYEHUSI OKCUHBIX KOMITO3UIIMI MHOTOCTaAUIHBI,
TpeOYIOT XUMHUECKUX PEareHTOB M 3HAUUTEIBHBIX SHEPro3aTpar, He JaloT PaBHO-
MEpHOE paclpesiefiecHie W HyXHbIM coctaB (a3. Mcmonab3oBaHue BO3AYUIHOM
IU1a3Mbl JUIsl CUHTE3a OKCHUJHBIX KOMIIO3UIMN M3 JTUCIEPTHUPOBAHHBIX BOJHBIX
HUTpPATHBIX pacTBOpoB MeTaiwioB (BHP) obecneunBaeT omHOCTaAMITHOCTD, BBICO-
KYI0 CKOPOCTb, pAaBHOMEpPHOE pacnpeieneHue (a3, mo3BoJseT BIUATh HA pa3Mep U
Mopdosoruto vactull [1]. OgHako miiasmeHHas nepepaboTKa TaKUX PACTBOPOB
TpeOyeT BhICOKHUX dHepro3aTrpat (10 4 MBT-4/T) u He MO3BOJISIET MOTy4YaTh OKCHUI-
HbIE KOMITO3ULIMK TpeOyemMoro (pa3zoBoro cocraBa 0e3 JOMOIHUTEIBHOTO BOAOPO-
HOTO BOCCTaHOBJICHHUS.

B pabore npeacraBieHbl pe3ybTaThl HCCIEI0BAHUN MpoLecca MIa3MOXUMHU-
YECKOI'0 CUHTE3a OKCHJIHBIX KOMITO3HIIMNA «OKCHUJI HEOJIMMA—OKCH]I UTTPUS» B BO3-
OYIIHO-TUIA3MEHHOM TIOTOKE W3 JUCHEPTUPOBAHHBIX BOJHO-OPraHUYECKUX HUT-
patHbix pactBopoB (BOHP), BriIrowarommx opraHM4ecKHil KOMIOHEHT (3TaHOoI,
alleTOH) U BOJAHbIE HUTPATHbIE PACTBOPHI HEOJUMA U UTTPHUSL.

Ha puc. 1 nmoka3zaHo BiusiHHE TeMIEPATypbl HA XapaKTEPHBIA PAaBHOBECHBIN
COCTaB B KOHJEHCHUPOBAHHBIX (pazax MPOIYKTOB IJIA3MEHHON mepepaboTKu pac-
tBopa BOHP Ha ocHOBe arerona, o06ecrneunBaroIiero mpu MacCoBOM J10J1€ BO3ayxXa
69 % mnazmoxumudeckuii cuaTe3 OK (90 % Nd2O3— 10 % Y,03).

005 MEC .A0nM

NdZ03(ch

0.0¢

0.0z

0.0z

0.0l
Y2030

0
0 &00 1g00 400 00 T. K

Puc. 1.
HOHy‘ICHHBIC pPE3YJIbTAThl MOT'YT OBITH HCIIOJIL30BaHEI IIpru CO3JaHNH TCXHO-
JIOTUU IINIa3MOXMMHNYCECKOI'O0O CHMHTE3a OKCHUIHBIX KOMHOSI/IL[I/Iﬁ Pa3IMYHbBIX METAJ-
JIOB.

1. TymanoB HO.H. IIna3MeHHblE M BBICOKOYACTOTHBIE NPOLECCHI IMOJYYEHHUS H

00pabOTKN MaTEPHAJIOB B SIIEPHOM TOIUIMBHOM IIMKJIE: HACTOSIIEE U OyayIee. —
M.: ®u3matimt, 2003.—-759 c.
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IVIASMEHHASI PEKOHBEPCHUS OBEIHEHHOI'O FEKCA(I)IOPI/II[A
YPAHA B BUJIE 'A30BO3/1YIIHbBIX KOMIIO3UILIUHA
Tyanemes H.B.

AO «10 3X3», . 3enenoropck Kpachosipckoro kpasi, yi. [lepsast mpomebliiieHHas, 1
E-mail: tundeshev93@mail.ru

[Ipu oGoramenun rekcadTopHia ypaHa TOJBKO Majas 4acThb CTaHOBUTCS
IPOAYKTOM, 00orameHHbM 1o 22°U, a OCHOBHAs 4acTh B BHJE 00€IHEHHOTO TeKC-
apropuna ypana (OI'®Y) yxoaut B «otBam» ¢ coaepxkanuem 0,10...0,35 %. Xpa-
HeHue u nepepadotka OI'DY npencraBisitor coOOM CIIOKHYIO TEXHUYECKYIO U
AKOJIOTHYECKYIo Tpobiemy. Meroasl pekonBepcuun OI'DY (pexoHBepcusi B TUOK-
CUJl ypaHa B KHCIOPOJIHO-BOJOPOJHOM IIJIJAMEHHOM PEaKTOpE; BOCCTAHOBJICHUE
YETBIPEXXIJIOPUCTHIM YTJIEPOJOM; BOCCTAHOBJIICHHE BOJIOPOJOM /0 TeTpadTopuia
ypaHa B IJIAMEHHBIX PEaKTOpPax) MHOIOCTAIUNUHBI, TPEOYIOT IPUMEHEHUS pa3iIny-
HBIX XUMHYECKUX PEAreHTOB U BBICOKHX SHEPTo3aTpar.

Ha AO «I10 «2nexTpoXxuMHUecKuil 3aBo» pabdOTaeT MPOMBILUICHHAs ycTa-
HoBKka «W-2X3» s pekonBepcuu OI'DY (bupma «Oranoy, OpaHius) ¢ MOIy-
YEHUEM 3aKHUCU-OKHCH YPaHA U TUIABUKOBOM KHMCIIOTHI, 32 BPEMS IKCIUTyaTalluu KO-
Topoii nepepadotano okoiao 200 Teic. T OI'DY. OxHako 3Ta AByXCTaguiHas TEX-
HOJIOTHSI TpeOyeT MPUMEHEHU XUMHUECKUX peareHTOB (BOASHON Map, a30T, BOJO-
POJI U JIp.) ¥ 3HAYUTENBHBIX IHEPro3aTpar.

s pekonBepcun OI'DY nepCreKTUBHBIM SIBIISIETCS IPUMEHEHUE HU3KOTEM-
neparypHoii tia3mel [1]. B pabore npencraBieHsl pe3yabTaThl TEPMOIUHAMUYEC-
CKOT'0 MOJIETTMPOBAHUs IMpoluecca MmIa3MeHHol pekonBepcun OI'@Y B Bo3ayniHoi
11a3Me B BHJI€ Ta30BO3MYIIHBIX KOMTIO3UIN «UFe—Ho».

Ha pucynke | mokazaHo BIMSIHUE TeMIEpaTypbl Ha PaBHOBECHBIM COCTaB
KOHJICHCUPOBAHHBIX IMPOAYKTOB BO3AYIIHO-IUIa3MEHHON pekoHBepcuun OI'OY B
Buje 'BK-3 (UFs: Ho=1 : 5) npu maccoBoii gose Bozayxa 40 %.
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Puc. 1
PesynbTaThl ucciaemoBaHW MOTYT OBITH HMCIHOJIB30BaHBI JJisi pa3pabOTKU
sHeprod3¢pHeKTUBHOU TEXHOJIOTHH IIa3MeHHON pekoHBepcuu OI' DY,

1. Karengin A.G., I. Shamanin 1.V., Tundeshev N.V. Optimization of Air Plasma

Reconversion of UFg to UO, based on Thermodynamic Calculations // AIP Con-
ference Proceedings. — 2018. — Vol. 1938. — Article number 020018. — P. 1-4.
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TIIJIASMOXUMMYECKHWI CUHTE3 U UICCJIEJOBAHUE OKCHITHBIX
KOMITO3UITNI U3 BOJTHO-OPTAHMYECKHX HUTPATHBIX
PACTBOPOB HEQ/IUMA U UTTPUSL
Kysnerios C.1O.
Hayunsrii pykoBoautens: Kapearnn A.I'., k.(.-M.H., JoTIeHT
Tomckuii mommrexHuaeckuii yausepeutet, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: sergey kuz_0908@mail.ru

[IpumeHsieMble METO/IbI MOTYYEHUSI OKCUHBIX KOMITO3UIIMI MHOTOCTaAUIHBI,
TpeOYIOT XUMHUYECKUX PEareHTOB M 3HAUMTEIBHBIX HEPro3aTpar, He Jal0T PaBHO-
MEpHOE pachpejiesieHue U Tpedyemblid cocTaB ¢as.

Hcnonb3oBanre BO3AYUTHOM T1a3Mbl JJIsi CHHTE3a OKCHIHBIX KOMITO3UILIUNA U3
JTUCIIEPTUPOBAHHBIX BOJHBIX HUTPATHBIX pacTBopoB MeTamioB (BHP) obecneun-
BAE€T OJHOCTAJIUMHOCTh, BBICOKYIO CKOPOCTb, pPABHOMEpPHOE pacrpezeneHue ¢as,
MO3BOJISIET BIUATH Ha pa3Mmep u mopdosoruto yactull [1]. OpHako mia3zMeHHas
nepepadoTKa TaKUX pacTBOPOB TPeOYET BHICOKUX 3Hepro3arpar (1o 4 MBT-u/T) u
HE MO3BOJISIET MOJIy4aTh OKCHIHBIE KOMIIO3HMIMHM Tpedyemoro (azoBOro cocraBa
0e3 BOAOPOHOI'0 BOCCTAHOBJIECHUSI.

[IpuMeHeHre MIa3MOXUMUYECKOTO CHHTE3a OKCUIHBIX KOMIIO3UIMI U3 JIHC-
NEPrUpOBAaHHBIX BOJHO-OPTaHUYECKUX HUTpaTHBIX pacTBopoB (BOHP), Bkimtoua-
IOLUX OPraHUYECKU KOMIIOHEHT (CIHUPTHI, KETOHBI) U pacTBopbl BHP, obecnieun-
BaeT OJJHOCTaJIMMHOCTD, BBICOKYIO CKOPOCTb, PABHOMEPHOE PACIPEAECICHUE U TPE-
OyembIii cocTaB a3, HU3KuEe dHepro3arparsl [2].

B pabote npencrasieHbl pe3yabTaThl UCCIEIOBAHUN MpoOIecca TIa3MOXUMU-
YECKOI'0 CHHTE3a OKCUIHBIX KOMIIO3ULUI «OKCUJ HEOIUMA—OKCHUJI MarHusi» B BO3-
QYIIHO-TJIA3MEHHOM TOTOKE W3 AMCHEPTHpoBaHHBIX pacTBopoB BOHP, BKitoua-
IOIMX OPraHUYECKU KOMITIOHEHT (3TaHOJI, alleTOH) U BOJHbIE HUTPATHbIE PACTBO-
pbI HEOIUMA U UTTPHUSL.

B pabore onpenenensl coctaBbl pactBopoB BOHP u pexxumbl ux BO3ayIIHO-
MJIa3MEHHON NepepadOTKU, 00eCIEeUnBAIOIINE TUIA3MOXUMUYECKUA CUHTE3 HAHO-
pPa3MEpPHBIX OKCHJIHBIX KOMIIO3UIMI TpeOyemMoro a30BOro cocTasna.

Pe3ynbTaThl MpOBEAEHHBIX HMCCIEIOBAaHUNM MOTYT OBITh HCIOJIB30BaHbI IS
co3/1aHus HEProdHPEeKTUBHON TEXHOJOTMH IJIa3MOXMMHUYECKOTO CHHTE3a HaHO-
pa3MEPHBIX OKCUJHBIX KOMIO3WLHUA U3 JUCIEPTUPOBAHHBIX BOAHO-OPTraHUYECKUX
HUTPATHBIX PAaCTBOPOB HEOJMMA U MarHus, a TAKXKe PEAKUX, PEIKO3EMEIbHbBIX U
JIPYTUX METaJJIOB.

1. TymanoB HO.H. IlnazMeHHblE M BBICOKOYACTOTHBIE MPOLECCH MOJYYECHHUS U
00paboOTKN MaTEPHAJIOB B SIIEPHOM TOIUIMBHOM IIMKJIE: HACTOSIIEE U OyayIee. —
M.: ®uzmatiut, 2003.—759 c.

2. Karengin A.G., Karengin A.A., Novoselov l.Yu. et al. Investigation of
plasmachemical synthesis of oxide compositions for plutonium-thorium disper-
sion nuclear fuel // Journal of Physics: Conference Series. — 2021. — Vol. 1989. —
P. 1-5.
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HNEPCIIEKTUBbI IIPUMEHEHUWS HAHOPA3ZMEPHbBIX OKCH/IHbBIX
KOMITO3UIINI U151 U3BUPATEJIBHOI'O HOTJIOIIEHUS 22Rn
Hesomun H.P., MapenkoBa E.A., Kanutonos A.b.

Hayunbiii pykoBoaurens: Kapenrun AL, K.p.-M.H., TOLIEHT
Hayunblii pykoBonuTtens: YepernneB M.C., unxenep
Tomckuit nommrexamdeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: nrn5@tpu.ru

B HacTosIEee BpeMs 11 IPENOTBPAICHHs METACTA3UPOBAHHUS PaKa IpeIcTa-
TENBHOM Kele3bl UCIOB3YeTC H30TOI 22°Ra, ABIAIOIMIUIACS aKTHBHBIM KOMIIOHEH-
ToM paauodapmnpenapata. IpeumymectBeHHo 2°Ra nonydaror u3s 2°Ra mytém
00JIy4eHHUs HEHTPOHAMY B KaHAIIE SEPHOTO PEAKTOPa.

IlepcrieKTUBHBIM ABJIseTCA nonydeHne 22°Ra u3 razoo6paszHoro 22Rn npu ero
OOJIy4EHUN TSHKENBIMU 3aPSUKCHHBIMH YACTHIIAMU B KaHAJE YCKOPUTENS YaCTHIL.
OnHako ucnonb3oBaHKe 222RN B kauecTBe ra30()a3HOr0 MUIIEHHOTO y37a Helelle-
coo0pa3Ho, Tak Kak He CylecTBYeT 3(hPEeKTUBHOIO METO[a €ro U30upaTeaIbHOTO
BBIJIETICHUA-KYMYJISLIUH.

OCHOBHBIM HEIOCTATKOM TPAMIMOHHBIX METOIO0B H30MPATENBHOIO IIOTIIO-
IEHNS U yAePKaHus ra3000pa3Horo 2?RN ¢ nprMEHEHHEM HEOPTaHUYECKHX Ma-
Tepuanos (aj-, ab-, XxeMocopOLys, KIIaTpaTalys, 3a1ep>KKa BHYTPH IIOP U Jp.) AB-
JeTCsA HU3Kas U30MpaTeabHOCTD.

ITepCrieKTHBHBIM SBIISIETCS MCIONB30BaHUE /I M30MPATEIbHOrO IIOTJIONLIE-
HUS ¥ yJepKaHus ra3o00pa3Horo 2?RN HaHOpa3MEPHBIX OKCHUIHBIX KOMIIO3HIIUIA,
OTy4aeMBIX IIa3MOXMMHMYECKUM CHHTE30M H3 JIMCIEPIMPOBAHHBIX BOJHO-
OpraHMYECKHX HHUTPATHBIX PACTBOPOB, 0OECIIEUMBAIOIINX OJHOCTAIMHHOCTD, BbI-
COKYIO CKOPOCTh, PABHOMEPHOE pacrpeiesieHne u Tpedyemblii coctaB a3 [1].

B X0/ie IPOBEIEHHBIX JKCIIEPHMEHTOB I10 BBISABICHUIO W30MPATENBHOIO MO-
IJIOMIEHUS M yAepKaHusa 22’RN MOpOIIKaMH HAaHOPa3MEPHBIX OKCHIHBIX KOMIIO3H-
1IMii, TONYYEHHBIX IIA3MOXMMUYECKMM CHHTE30M, 3a(UKCUPOBAH 110 HaOPaHHBIM
raMma-crekTpaM (pakT M30UpaTENHLHOrO HOTIOIEHHS U YAEPKAHHUS a3000pa3Ho-
ro ??Rn HaHOpa3MEPHBIMH MOPOMIKAMH IIPOCTHIX M CJIOKHBIX OKCHIOB METAILIOB
(MgO, Al,O3: Zr02+Y203)

B nanbHelIeM IIaHUPYeTCs NPOAOJKUTL MCCIEN0BAHMS M0 U30MpaTeIbHO-
My IIOTJIOIIEHHUIO U YAEPKAHUIO ra3o00pasHoro 2?RN ¢ mprMeHEHHEM HAHOPA3-
MEPHBIX OKCHIHBIX KOMIIO3MIIMI Pa3IHYHOrO COCTABA.

1. lvan Novoselov, Alexander Karengin, Igor Shamanin, Evgeny Alyukov, Alex-
ander Gusev. Plasmachemical Synthesis of Nanopowders of Yttria and Zirconia
from Dispersed Water-Salt-Organic Mixtures // AIP Conference Proceedings. —
2018. — Vol. 1938, Article number 020010. — P. 1-7.
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PA3PABOTKA NOJYYEHUSA BOJAOPOJA C UCITOJIb30OBAHUEM
MNPOLHECCOB HA ACUMMETPUYHOM INEPEMEHHOM TOKE
Conoskos H.!

Hayunbni pyxosomurens: Cocuoekuii C.A %, K.9.-M.H., C.H.C.
yM3, PK, r. Verb-Kamenoropek
ToMCKHI1 TOCYIapCTBEHHBIA yHIBEPCHUTET, 634050, Poccus, r.Tomck, tp. Jlenuna, 36
E-mail: ssa777@mail.ru

Hcnonb3oBanre BOJIOpOJa B KAYECTBE DHEPrOHOCUTENS MMEET MHOIrO Ipe-
UMYIIECTB, TAKUX KaK SKOJOTHYecKasi 0€30MacHOCTh, BHICOKAs TEIIONPOBOIHOCTD,
HU3Kas BI3KOCTb U JIp. [ TaBHBIN HEJOCTATOK COBPEMEHHBIX JIEKTPOIU3EPOB — ITO
BbICOKOE 3Hepronorpednenue. OaHUM U3 TyTed MoBbIeHUs 3h(HEKTUBHOCTH
ANEKTPOIUTUYECKOTO MOTYyUEHHUs BOAOPO/IA SBJSIETCS YMEHbIIICHUE TIepeHanpsiKe-
HUSI SJIEKTPOHBIX MPOIECCOB U, KaK CIICJICTBUE, CHIDKCHUE HANIPSIKEHUS HA DJIEK-
Tponusépe. s pemeHus 3Toi mpobiieMbl pa3padoTaHbl HOBBIE MaTepHallbl, MO-
TUUITIPOBAHHBIE HAHOYACTUIIAMU MaJUIaJIusl, OAHO- U MHOTOKOMITIOHEHTHBIE T1O-
BEPXHOCTHBIE KAaTaJIU3aTOPhl HA OCHOBE PEHEEBCKUX CILJIABOB, KOMIIO3UIIMOHHbIC
HUKEJIEBbIEC TOKPBITHS, COAEPKAIINE BKIIOUCHUSI HUOOUS M TaHTalla, a TaAKXKEe CKe-
JIETHBIE KaTaJIU3aTOPbl, MO3BOJISIONINE YBEIUUUTh MOBEPXHOCTH JIEKTpoaoB. O-
HAKO CO3/IJaHHE€ MEPEYUCIEHHBIX MAaTEPHUAIIOB MIPEANOJIAraeT UCIOIb30BAHUE JIOPO-
TOCTOSIIINX METAJUIOB U CIIOKHOM TEXHOJIOTHH MPOU3BOJCTBA.

Llens HacTosIEel paboThl cocTOsIa B pa3pab0TKe SIKOHOMUYHOU TEXHOJIOTUU
MOJIyYEHHUs] BOJOPOJA, C HCIIOJIb30BAHUEM BJIEKTPOXMMHUUYECKUX IPOILIECCOB Ha
ACUMMETPUYHOM IMEPEMEHHOM TOKE B YCIOBUSIX PE30HAHCHBIX B3aWMOJICHCTBUH.
Jlist pa3pa®oOTKK 3TON TEXHOJOTUM MOTPEOOBAIOCH PEIIMTh Psi MPoOJieM: ycTa-
HOBUTH MPUYUHBI BOSHUKHOBEHHUSI 3JIEKTPOXUMUUYECKOTO Pe30HaHCa, 00IIHNe CBOM-
CTBa U YCJIOBUS CYIIECTBOBAHUS XapaKTEPUCTUUECKUX 4acTOT. MI3BECTHO, YTO KO-
s¢ppurmeHT oOMeHa mnpoTusi, JETKOr0 BOAOPOAA, C TOBEPXHOCTHIO MPOTOH-
MPOBOJIALLEIO OKCHJA BO MHOTO pa3 OoJibllieé IO CPABHEHHIO C KO3(P(PULIHUEHTOM
obmeHa neiTepus, Tsbkénoro Bogopoaa. Kpome Toro peakiuu J€rkoro BOAOpoaa C
KHCJIOPOAOM UIYT BO MHOTO pa3 ObICTpee, B OTIIMYUH OT TKENIOro Bojopoja. Bo-
na coctout u3 mojekyn H,O, HDO u D;0. B cBs3u ¢ 3TUM, COTIIACHO 3JIEKTPOXH-

MHYECKOW pe30HaHCHOH (opmyIie:
1
f="f
Fn
Ha Katojie OyACT BBIICIATHCS JETKUN BOJIOPO/I, TSHKENBIA BOAOPOI, KOTOPBIM NME-
€T CBOIO IIEHHOCTh, Oy/IET OCTAaBATHCS B KUJIKOM OCTATKE.
B nokmane mpencraBieHsl 0030pHBIC JaHHBIC, TaHHBIC SKCIIEPUMEHTAIBHOTO
000pynoBaHusi, OOIIME BBIBOJbI, BHIBOAbLI O MEPCIEKTUBAX HCIOJIH30BAHUS ITOM
TEXHOJIOTUU U CIUCOK JIuTeparyphrl. [lokazana ¢puznko-xuMmuueckas U MaTeMaTH-

4YeCKas MOACIIb ITponecca.
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HJIASMOXUMHNYECKASA OYNCTKA CTOUYHBIX BOJI OT
®APMAIIEBTHYECKNUX COEIMHEHUN
[Ixe A.A.}, MocroBmukos A.B.L, Cocnosckuii A.C.2
Hayunblii pykoBoautens: Poot JI.O., K.T.H., TOUEHT
Tomckuii monmrexuudeckuii yausepentet, 634050, Poceus, T. Tomck, 1ip. Jlenuna, 30
2ToMCKHMIi ToCyIapCTBEHHBIH YHUBepenTeT, 634050, Poccus, r.Tomck, np. Jlenuna, 36

E-mail: ssa777@mal.ru

Bricokue Temnbl pa3BUTHSI HEPTEXUMUUYECKON, XMMUYECKON U (hapMalleBTH-
YECKOU OTpaciiei, yBEIMUEHNE HOMEHKIIATYPbl XUMUYECKON MPOIYKIIMU HEYKIIOH-
HO MPUBOJAT K POCTY MOTpeOiIeHUs] XuMUUeckoil npemnapaTtoB. Co CTOYHBIMU BO-
AamMu 0T He(pTeXMMHUECKOH, XUMUYECKUX U (hapMalleBTHUECKUX MPOU3BOJICTB, Jie-
4eOHO-TIPOPIIAKTUYECKUX YUPEKICHUH U KUBOTHOBOIUECKUX (HepM XMMHUUYECKUE
BEILIECTBA MOMAA0T B Boj0eMbl. COBpEMEHHBIE METOAbI OUYUCTKHA BOJHBIX CTOKOB
OKa3zaMch HEA(P(EKTUBHBIMU B OTHOILIEHUMU pAJAa XMMUYECKHX MPENapaToB. DTH
Mpenaparbl CIOCOOHBI BBI3BIBATh T'MOEIb MUKPOOPTaHU3MOB CUCTEM OMOOYHMCTKH
CTOYHBIX BOJI, & MPU NOMNAJAHUHM B BOJOEM HAHOCST TsDKEJIbIA ypoH ero (iope u
(payne. B HacTosmiee BpeMs HauOoJiee YHUBEPCAIBbHBIM U ITUPOKO MPUMEHSIEMBIM
METOJIOM OYMCTKHM CTOYHBIX BOJ SIBJISIETCS OMOJIOTMYECKass U 3JIEKTPOXUMHUYECKAs]
ouucTKU. OJJHUM M3 CIIOCOOOB MOATOTOBKU BOJBI JIJIsl OMOJIOTUYECKON U JIEKTPO-
XUMHUYECKON OYMCTKU MOTYT CIY’KUTh IIPOLIECCHI NECTPYKIUU CUHTETHYECKOU OP-
TaHUKU TPU JIEHCTBUU aKTUBHBIX PAJMKaIOB CO3JaHHBIX B aTMOC(epHOH IMiazme
CBU- pa3psna B pe3ynbTare BBICOKOM 3HEPreTHYecKoil 3(eKTUBHOCTH ILIa3MO-
XUMHUYECKUX pPEaKlMi, IPOTEKAIOLIUX B pe3ysibTaTe KoJeOaTeIbHOTO BO30YyXe-
HHs MoJiekyn BemecTtBa B CBY- mnazme. OHa U3 NpUYMH 3TOr0 UHTEPECA 3aKITIO-
YaeTcsl B HOBBIX BO3MOXKHOCTSAX, KOTOPhIE OTKPBIBAET 3TOT Pa3psi Uil MpaKTHYe-
CKOT0 Hcrnoib30oBaHud. [IpoBeneHO TepMOAMHAMUYECKOE HMCCIEIOBAHUE IJIa3MO-
XUMHYECKUX Mpoueccos, nporekatromux B CBY ropenke, 4To MO3BOJIMIO ONpee-
JUTH BO3MOKHOCTh OOpa30BaHUsl OINPEACIICHHBIX KOJUYECTB XMMUYECKUX COEIU-
HEHUW B JaHHBIX YCIIOBUSX. s TEpMOAMHAMUYECKOTO aHAIM3a HCIOIb3YEeTCs
yHuBepcasibHas nporpamMa TERRA. OCHOBHBIMU pa3psiAHBIMU HPOIYKTAMU SIB-
JSAIOTCSI aKTUBHBIE OKHMCIWTENW: KOPOTKOkMBymme yactuusl ‘O, ‘OH u npyrue,
CIIOCOOHBIE BO3/CHCTBOBATH HA PACTBOPHI HEMoOCpeACTBeHHO Bo Bpemsi CBY-
AJICKTPOpa3psAIHON 00pabOTKH BO3IyXA.

Lenbto HacToALIEH paOOTHI IBUIOCH UCCIIEIOBAHUE IECTPYKLIUMK BOAHBIX pac-
tBOpoB auknodpeHaka (CisH11ClLNO,), kak MoaenbHOTO BeIeCTBa, MPEICTABIISIO-
IIEr0 0COOYIO CIOXHOCTh IPU OYUCTKU CTOYHBIX BOJ, B YCJIOBMSIX BO3ACUCTBUSA
AKTUBHBIX PAJMKAJIOB CO3/JaHHBIX B IiazMe atmochepHoro CBY-paspsiaa. Takxke
Ha BBIOOP 3TOrO BEIIECTBA MOBJIUSIO BO3MOKHOCTBIO MPSIMOTO CHEKTPOPOTOMET-
pUYECKOTO OmpeneneHus B uaTepeaiie JiMH BoJH 200—600 HM ¢ HCTIOJIb30BaHUEM
cnekrpodoromepa. B noknane npeactaBieHbl 0030pHbIE JaHHBIE, TAHHBIE JKCIIE-
PUMEHTOB, JaHHbIEC SKCIIEPUMEHTAIILHOTO 000PY/I0BaHUS, aHATTUTUUYECKUE JaHHbIE,
oO1ue BBIBOJIbI, BBIBOJBI O MEPCIEKTUBAX HCIOIb30BAHUS ATOW TEXHOJOTUU H
cnucok JutepaTypsl. [lokazana Qu3MKO-XUMHUYECKass U MaTeMaTH4ecKash MOJEIb
mporecca.
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In the present study, Computational fluid dynamics (CFD) simulation was
conducted for 2x2 rod bare bundle using water at supercritical pressures. Main ob-
jective of the simulation is to compare calculation results with varying tempera-
tures. CFD simulation was performed to replicate the results from the experiment
of heat transfer to supercritical water in 2 % 2 rod bundle conducted at Shanghai
Jiao Tong University [1]. This report presents the results to assess capability of the
commercial CFD software Ansys fluent in simulating the convective heat transfer
of water at supercritical pressures in nuclear fuel rod. The type of flow for simula-
tion is taken as steady state flow. The mass flux is 800 kg/m2s and the heat flux is
600 kW/m2. The experiment was performed for the pressure of 25MPa. The tem-
perature varies from 300°C, 340°C and 380°C. This simulation is conducted for
steady state i.e. all the physical properties of water such as density and viscosity
are considered as constant K-epsilon turbulence model is used for our CFD simula-
tion.
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Figure 1 - Dependence of the coolant temperature at 300°C, 340°C, 380°C on the
channel length

The results obtained from CFD simulation comes in close agreement with the
experimental data as shown in figl. Temperature is plotted along the radial length
for inner and outer channels. The graph obtained is compared with the experi-
mental results. The results were obtained for three inlet temperature of 300 °C,
340°C and 380 °C for 25 MPa pressure.

1. H.Y. Gua, Z.X. HuD. Liua; X. Cheng, Experimental studies on heat transfer to super-

critical water in 2 x 2 rod bundle with two channels //Nuclear Engineering and Design
Volume 291, September 2015, Pages 212-223.
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BJIMSIHUE He+ OBJYUYEHUS HA JE®EKTHYIO CTPYKTYPY
INJIEHKH Nb
bopnaynes 10.C., JlanteB P.C., Kpotkesuu JI.T'.
Tomckuit nonurexuuueckuii yaupepcutet, 634050, r. Tomck, np. Jlenuna, 30

E-mail: bus@tpu.ru

Marepuainsl Ha ocHOBe ZI' 1 ND sBisitoTCS OTHUMHM U3 9acTO UCIOJIB3yEMbIX B
o0JacTu SACPHBIX TEXHOJIOTUHM, OJaromapsi MaJoMy CEUYCHHIO 3aXBaTa TEIUIOBBIX
HEHTPOHOB, YCTOMYMBOCTH K KOPPO3HH U JPYTHM CBoWcTBaM. McciemoBaHust MHO-
TOCJIOWHBIX cucTeM Zr/Nb moka3aid BICOKYIO paJHallMOHHYI0 CTOMKOCTh K 00ITy-
yenuto Si+ u He+ [1]. Jlng oObsicHenus ganHoro 3¢gdexra, He0OX0IUMO HCCIIEI0-
BaTh MPOIIECCHI ABOIIONNHN Te(DEKTHON CTPYKTYPHI KaK MOHO, TaK U YePeAyIOINX-
Csl MYJIBTHCIIOCB YKa3aHHBIX MaTEepHaOB. DTa paboTa MOCBSAIICHA UCCIICTOBAHUIO
nedexTHoi cTpykTyphl TuieHkr ND 10 u mociie o0mydeHus myakom He +.

[Inenku TommuHoM 1 MxkM Obu 06mydensl nonam +He ¢ dmoencom 107 -
108 cm2. Uccnenosanue ne)eKTOB MPOBOAMIOCH METOAAMU AHHUTHIIALMHU MO3HU-
TPOHOB C peryiupyemon sHeprueil. ['paduxu 3aBucumMocTr S-mapamerpa u cpei-
HEro BPEMEHH KU3HH MO3UTPOHOB B MCCIIETYEMBIX MAaTEPHAIOB B 3aBUCIMOCTH OT
DHEPTHUHU TTO3UTPOHOB MPECTaBICHBI HA pPHC. 1.
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Dneprus myHKa nOMTPOHOB, KIB DHCPIMSL 11y UKA LO3UTPOHOB, K313
Pucynox 1. 3aBucHUMOCTb S- TapamMeTpa U CPETHETO BPEMEHH JKU3HU TIO3UTPO-
HOB B UCCJICTYEMBIX 00pa3Iiax OT YIHEPTUH TTO3UTPOHOB

B xone mpoaenanHoro uccieaoBanus ObLTO MOKa3aHO, YTO MCXOAHBIC TUICHKH
XapaKTEPHU3yeTCsl BHICOKUM COJCpKaHUEM OOBEMHBIX Je(EKTOB, MPUBOIAIINX K
HACBIIIICHHOMY 3aXBaTy MO3UTPOHOB. OCHOBHBIMU THUTIAaMHU JAC(PEKTOB B MCXOTHOM
MaTepHalie SBJISIOTCS AUCIOKAIMUA U KPYITHbIE BAKAHCUOHHBIEC KJIACTEPHI.

O6nyyenue nonamu +He TPUBOAUT K CHMXKEHHUIO OOIIEro YpPOBHS NePEKTOB
U TIepepachpeiesieHUI0 UX TUIIOB B CTOPOHY MOHOBAaKaHCHI U HEOOJBIINX BaKaH-
CHUOHHBIX KJIACTEPOB. /[aHHbIE M3MEHEHHS B MEPBYIO OYepE/lb BHI3BAHBI pavalIly-
OHHBIM HAarpeBOM O0JIy4aeMOTO MaTepHaa.

PaboTa BrITIOTHEHA TIpU MOIepKKe MUHUCTEPCTBA HAYKU M BBICIIIETO 00pa-
3oBanusi PO, ['oczananne «Hayka» Ne FSWW-2020-0017.

1. Liang, X. Q., et al. Size-dependent microstructure evolution and hardness of He irradiated
Nb/Zr multilayers under different ion doses. Materials Science and Engineering: A. 2019,
764, 138259. d0i:10.1016/j.msea.2019.138259.
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HAHECEHUE ILNTEHOK HUTPUJA TUTAHA HA JIETKOIIVIABKUE
JTUDJIEKTPHUYECKHUE MATEPHUAJIBI
Miocora A.E. JIynienko FO.1O.
Hayunsiii pykoBoautens: JIynenko 10.1YO., n.¢.-M.H.
Tomckuil nonurexuuueckuii yaupepcutet, 634050, r. Tomck, np. Jlenuna, 30
E-mail: luts@mail.ru

Hutpun tuTana mypoko UCIOIb3YETCsl B MAIIMHOCTPOCHUU KaK U3HOCOCTOM-
kil u TepMocToiikuii Mmatepuan. [Tokpeitus u3 TiN [1] HaHOCSATCS Ha KPOMKH pe-
KYIIUX UHCTPYMEHTOB. [Ipu 3TOM CpOK CiIy»KOBI pe3110B YBEIUUYMBAETCS B J[Ba pa-
3a. Takxe MOKpHITHA U3 HUTPUJA TUTAHA MCHOJIB3YIOTCS B JEKOPATUBHBIX LIENSX.
[[BeT HUTpHUIa TUTAHA HEOTIWYUM OT IBETA 30J0Ta. [I0ATOMY IIacTUHBI MeTasia,
HNOKPBIThIE HUTPUAOM TUTAHA, IPUMEHSIOTCS IPU MOHTAKE KYMOJIOB LIEPKBEM.

TexHon0russ HaHECEeHUs IUIEHOK HUTPUAA TUTAHA HOHHO-TUIA3MEHHBIM METO-
JIOM TIO/Ipa3yMEBaeT HaJU4Ke MPOBOIAILEH MOJJI0KKH, HE MOABEPKEHHOU Aedop-
Mallu OT TeMIlepaTypHOro BoznencTBus. [Ipu Hanecennu mi€Hok TiN B Bakyym-
Ho#l nyroBoi yctanoBkn HHB 6.6 — 11 oO6pabateiBaeMoe U3zeiive NOMEIaeTcs B
BAKyyMHYIO KaMepy, KOTopasi OTKaumBaeTcs 10 aasienus 1072 Ila. 3atem mpoBo-
JUTCSA OYNCTKA IMIOBEPXHOCTU U3JENUS MyYKOM MOHOB ¢ 3Hepruent 7o 1000 »B. [la-
Jiee B BaKyyMHYIO KaMepy HamycKaeTcsl a30T M BO30YKJ1aeTcs BaKyyMHBIN Jyro-
BOHM paspsl, paclbUISIIONIUN TUTAaHOBBIA Katoia. [Ipu sTtom mexnay obGpabartbiBae-
MBIM H3JIEJIMEM M CTEHKON KaMepbl IMPHUKIAJBIBAETCS IMOCTOSHHBIA MOTEHIMAI
200...250 B., HeoOXxoaumblid 1 oOecTieueHUsT peakIluy CHHTe3a HUTPHUIa TUTAHA.
3amMeTuM, 4TO ISl BBIIICONHCAHHON TEXHOJOTHMYECKOW CXEMbI XapaKTEpEeH pa3o-
IpeB MOAJIOKKH 00pabaThIBa€MOro M3/eNusl 0 HECKOJIBKUX COTEH IpaaycoB, UTO
HEJIOMYCTUMO B CIy4yae HAHECEHHUS MOKPBITHS Ha TUIACTMACCOBbBIE U3/EIIHSL.

B mHacrosmeit pabore npuUBEAECHO OMUCAHME TEXHOJOTHYECKUX PEKUMOB
HAaHECEHUs MOKPBITUNA U3 HUTPHUAA TUTAHA Ha JIETKOIUIaBKHE M3naenus. B kauecTse
00pabaThIBaeMbIX U3/EIUN UCTIOIB30BATIUCH IUIEHKA JIaBCaHa U IIacTMacca, Mpei-
Ha3Ha4YeHHasl JIJIsl U3TOTOBIIEHUS KOPITycOB (poToammapaToB hupmbl Samsung.

JUist yMeHbIIEHUs pa3orpeBa MOBEPXHOCTH 00padaThIBAEMOro WU3AEIUs
OUYMCTKA €ro MOBEPXHOCTH MPOBOJUIIACH HE TJICIOIIMM pa3psoM, KakK MpU CTaH-
JApTHOM TEXHOJOTUHU, a CHEHHAIbHO W3rOTOBJIEHHBIM HOHHBIM HCTOYHUKOM C
sHepruei noHoB He 6osee 500 »B. /s 3anmuThl 00padaThiBaeMOil TOBEPXHOCTH OT
Kafnejib TUTaHa C PACHbUIIEMOr0 KaTo/a, MCIO0JIb30BalaCh 3aClOHKA JUAMETPOM
150 mMm. 3acimoHka ycTaHaBIMBajach MEXIY KaToJAOM M 00pabaThIBAE€MbIM H3JIE-
nueM. KonnuecTBo Kamenb THUTaHa, MOMAIa€MbIX HA U3JIeJIMe TIPU 3TOM YMEHbIIIa-
nock Ha 90...95%. Cpennuii pa3mep Karellb TaKKEe YMEHbIIAJCA U COCTaBIISI 2...3
MKM.

B nokiane o6cy)aatorcs pexxuMbl paboThl IIIa3MOTPOHA U Ka4ecTBO (GOpMHU-
pyeMbIx mi€HOK TIN.

1. AnapeeB B.H. HccnenoBanue >(ppeKTUBHOCTU NMPUMEHEHUS HU3HOCOCTOMKHX
NOKPBITUNA Ha pe3nax u3 ObicTpopexyuiell cranu // CTaHKU U UHCTPYMEHT. —
1982. - Ne9. — ¢.18-20.
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HNCCIEJIOBAHUE CKOPOCTH UCITAPEHMUMS BJIATU C
INOBEPXHOCTU I'PYHTA C IOMOIIBIO TPUPOJIHBIX
PAJIMOU30TOIIOB
[To6epexnukoB A.JI., Cy66otuna K.A. Cmupaos C.B.

Hayunsrit pykoBogutens: Sxosnesa B.C., 1.1.H., mpodeccop
Tomckuit nonurexuuueckuii yaupepcutet, 634050, r. Tomck, np. Jlenuna, 30
E-mail: andrewpad@tpu.ru

Baxnelmen XapakTEpUCTUKON B THUIPOMEIMOPALMMU SBISETCS BEIMYMHA
cymMapHoro ucnapenus. CyMMapHOE MCIApEHUE OKAa3bIBAE€T CEPHE3HOE BIIUSIHUE
Ha TEXHOJIOTMU PEXUMOB OPOIICHHS, a YEPE3 HUX M Ha YPOKAWHOCTH KYIBTYD,
IUTAHUPOBAHUE BOJHBIX PECYpPCOB U yIpaBJiIeHUE BOJAHBIMU OanaHCcaMu arpoJiaHj-
magToB. Ero BennunHa BMecTe ¢ 0cajikaMu SBJISETCS BXOJIHON MHMOpMaIuen s
OOJIBIIIMHCTBA THAPOJIOTUUECKUX U BOAHOOAIIAHCOBBIX MOJIEIIEH.

[IpsiMmoe n3mMepeHre JaHHOrO MmapaMeTpa 3aTPyAHEHO B CBSI3H C TEXHUYECKON
CIIOKHOCTBIO pealn3alid M aBTOMATU3alUd HEOOXOAMMOrO H3MEPUTEIBHOTO
o0opynoBanus. [IpakTuduecku Bce pacueTHbIE METObI UMEIOT B OCHOBE KJIMMAaTH-
yeckue nokazatenu. [lorpemrHoctu pacdera OyayT HaXOJUTHCS B JOMYCTUMBIX
npejenax mpu UCIOJIb30BaHUM METOJIOB B YCIOBUSIX, UIEHTUYHBIX TE€M, ISl KOTO-
pBIX OHHU pa3paboTanbl. Ho B cily permoHanbHOCTH Il KOHKPETHOU TEPPUTOPUN
BBIOpAaHHBIN METOJI HEOOXOAMMO YTOUHATH, BBOJIA MOMpPaBOYHbIE KOADDUIIHEHTHI,
YUUTBHIBAIOIINE OCOOEHHOCTH peibeda, TEXHOJOTHH OPOIICHUS, CEIbCKOXO035i-
CTBEHHBIX KYJbTYp H T. [I.

Llenpro Hacrosieil paboThl SIBISAETCS pa3pad0TKa METOJIUKH OIpeaesieHuUs
CKOpPOCTH HCIIAPEHUS BIArU C MOBEPXHOCTU MOYBHI 110 U3MEHEHHUIO YPOBHS PETH-
CTPUPYEMOr0 raMma H3JIyYEHHs] OT PACCESIHHBIX B HEW MPUPOIHBIX PaauOU30TO-
TOB.

Ha skcnepumentansnon minomaake UMKOC CO PAH B teuenue 2020 u
2021 roma ObUIM TPOBENEHBI M3MEPEHUs NPHUPOAHOrO0 ramma-poHa u coOpaHbl
JaHHBbIE METEOHAOIOJICHUN Ha JBYX M3MEPUTENbHBIX IUlomaakax. [lo mereonan-
HbIM ObLJIa paCCUUTAHA TEOPETHUYECKAsi CKOPOCTh UCHIAPEHUS BJIArv ¢ TOBEPXHOCTH
MOYBBl METOJAaMH TEIUIOBOIO M BOJAHOTO OanaHca. [IpoBeaeH KoppersiuOHHBIN
aHaJIN3 U3MEHEHHS BEJIMYMHBI UCTIAPCHHS U YPOBHS ramma-¢oHa.

Jlnst Bepudukanyuy JaHHBIX ObLIa CO3/1aHa M BBEJEHA B DKCILIyaTallUI0 aBTO-
MaTU3MPOBAaHHAS HMCHApHUTENIbHAs YCTaHOBKA, MPEACTABISIIONIas CcOOOW ucmapu-
TEIBHYI0 eMKOCTh 00heMoM 100 TuTpoB, 000PYI0BaHHYIO YIHTPAa3BYKOBHIMU CECH-
COpaMHu YPOBHS XHUJIKOCTH U TEMIIEPATyPHBIMHU JIaTYMKAMU PETUCTPUPYIOMIUMHU
TPaJMeHT TeMIIepaTypbl Ha pPa3INYHON TIIyOMHEe. BhIOOp THHa McmapuTenbHON
YCTaHOBKH OBLIT O0YCIIOBJIEH TE€M, YTO JJIsi PETUOHOB C JOCTATOYHBIM YBIIAKHECHU-
€M IOYBBl CKOPOCTh HUCHApEHUs] C MOBEPXHOCTH IMOYBBI U C MOBEPXHOCTU BOJBI
MPaKTUYECKU PABHBI.

Pe3ynbraTel vcciieqoBaHui AETaIbHO 00CYKIAat0TCS B JOKIAJIE.
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CTPOUTEJIBHBIX MATEPUAJIOB C ITIOBBINIEHHBIM
COJEPXKXAHUEM IMPUPOJIHBIX PAIMOU30TOIIOB
Canyk J/I.B., [Tobepexnukos A./l., Bykyinos A.B.

Hayunsblii pykoBoautens: Akosnesa B.C., 1.1.H., npodeccop
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Onenka ramma-(poHa B TOPOJCKOM cpelie SBJISETCS BaKHBIM acIEKTOM pa-
JTMOJIOTMYECKON 3alllMThl HacelieHHsa. B kauecTBe MCTOYHMKOB OOJYy4YEHHUS MOTYT
BBICTYNIaTh MaTEpHUaNbl MPUPOAHOTO MPOUCXOKICHUS, UMEIOIINE IMOBBIIIEHHBIN
ramma-(oH M HCMOJIb3yEeMbIE€ B KaU€CTBE CTPOUTEIBHBIX U OTAEIOYHBIX MaTepua-
JIOB 37aHUI U 0OBEKTOB rOPOACKON HHPPACTPYKTYPHI, IPOMBILIIIEHHBIE OOBEKTHI,
BBI3BIBAIOIINE 3arPSI3HCHUE OKPYKAIOIIUX TEPPUTOPUI MaTepuaIaMu, UCIIOIb3Yye-
MBIMU B TE€XHOJIOTMUECKHUX Ipolieccax. 3ajaya UCCAEAOBAHUM — MOUCK U JIOKAJIH-
3alds ITUX AHOMAJIUHM.

PanpunarnmonHnas pasBelika OOBEKTOB W TEPPUTOPHUM C LIEJBIO OMpEeICHUs
BIIMSIHUSL YPOBHS raMMa-u3JIydeHus: Ha HacejaeHue ropoaa ToMcka Oblia mpoBeje-
Ha JUJISl CIEYIOIIMX MECT: TpaHUTHas HaOepekHast Ha p. Yialika, naMaTHUk «400
net Tomcky», u ckBep Kapima Mapkca. I3MepeHust NpoBOJUIUCH C TOMOIIBIO IIU-
pokoaunanazonHoro jgosumetrpa JIPI'-01TI1, nosumerpa-paguomerpa JIPBII-03 u
CHMHTUJUIAIIMOHHOTO JIETeKTOopa Ha 0a3e miactukoBoro cuuHTuiuistopa BC-408.
AOGcoitoTHBIE TIOTpentHoCTH J03uMeTpoB 27%, 16% u 12% COOTBETCTBEHHO.
CpenHue 3HaY€HHUS] U3MEPEHHON MOIIHOCTH MOTJIOMIEHHON A03bl I HCCIemye-
MBIX 00JIaCTeH COCTaBWJIN: JJIs rpaHUTHON HabepexxHoi 0,191 Mk3B/4, nj1s mamsT-
Huka «400 net Tomcky» 0,089 mx3B/4, B ckBepe Kapna Mapxkca 0,108 Mx3B/4 u Ha
HabepexHou p. Tomsb 0,119 Mx3B/4.

[To u3MepeHHbIM 3HAYEHUSAM 110 MeTouke [1] u [2] O paccurTaHbl TO/10-
BOM 3KBHUBaAJIEHT d(PGEKTUBHON 03Bl U ObUIH OIIEHEHBI PUCKHU Pa3BUTHUS paKa B Te-
YEHUE KU3HHU.

[IpuHrMas BO BHUMaHUE MOJYyYEHHBIE Pe3yJIbTaThl MOXKHO CJ€JaTh BBIBOJI O
TOM, YTO ITH UCCJIEIOBAHHBIE OOBEKTHI HE OKA3bIBAIOT MPSIMOTO PAIUOIOTUIECKO-
ro BO3JICHCTBUSI Ha 3/JOPOBbE HACEJICHUS, HO 00Ja1at0T raMMa-(hoHOM 3HAYUTENb-
HO MPEBBIIAIOIIMM CPEHEE 3HAUEHUE JIsl JAHHON TEPPUTOPUHU.

1. Kpsyutonac Bupac Bunanro, Jliobac Aptém AnekcanapoBud OcoOeHHOCTH
MPOCTPAHCTBEHHOW BapuaOeIbHOCTH PAaJUOAKTUBHOTO (oHA HAa TEppUTOPUU
Apxanrenscka // Arctic Environmental Research. 2013. No2.

2. SlkoBne I'.A., 3yny M.U. HckaxeHue paguanioHHOTO ()OHA TOPOJCKOM cpebl
BCJIE/ICTBHE arpecCUBHOTO BIIMSHMS TeXHOCQEpbl. 2 3Tam: Mapku W 30HBI OTAbIXA //
BeCT. KpayHll. @u3.—mat. Hayku. 2020. Ne4.
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MOJAEJIUPOBAHUE IMMPOLHECCA IVNIASMOXUMHWYECKOI'O CUHTE3A
TOIVIMBHBIX OKCHUIHBIX KOMIIO3UIIA JIJISI IEPCITEKTUBHBIX
THUITIOB TOJEPAHTHOI'O MOX-TOILVIMBA
Kyzuenos C.I0.}, Kapenrun A.A 2 Cynsiikuna A A
Hayunbiii pykoBoaurens: Kapenrun AL, K.p.-M.H., T0OLIEHT
'Tomcknii monMTEXHIUECKHI yHUBEPCUTET, 634050, Pocens, r. Tomck, 1ip. Jlenuna, 30
2A0 «CXK», 636039, r. Ceepck, Tomckoli obmactu, yi. Kypuarosa, nom 1
E-mail: sergey kuz_0908@mail.ru

OnHUM U3 OCHOBHBIX HAaIlPaBIICHUN pa3BUTHUS SIEPHOM 3HEpreTuku B Poccun
ABJISIETCS] CO3/JaHUE JIBYXKOMIIOHEHTHOM $JIEPHO-?HEPreTHUECKOM CUCTEMBI Ha Oa-
3€ PEaKTOPOB HA TEIUIOBBIX U OBICTPHIX HEHUTPOHAX C 3aMKHYTBHIM SIIEPHBIM TOTI-
JIUBHBIM LIUKJIOM C MCTOJIb30BaHUEM TOJIEPAHTHOTO SEPHOrO TOILIMBA, OOECIeUH-
Baromero 0ezonacHyto padory ADC [1]. Onnako y pa3zpabotannbix TumoB MOX-
TOIUMBA, noiaydaeMbIx u3 OSAT B BUAE TOIUIMBHBIX OKCUIAHBIX KOMIIO3UIUN «JIH-
OKCHU/JI YpaHa — JUOKCHUJI TUTYTOHUS METOJOM Pa3/ieIbHOrO MOTYYEHUs] U MEXaHHU-
YECKOT0 CMEIICHHUSI OKCUJIOB YpaHa M IUTyTOHHS, OCTAlOTCS HEPaBHOMEpPHOE pac-
npeneneHue a3 u HU3Kasi TeIIONPOBOJHOCTD.

[IpumeHeHue mia3Mbl ISl CUHTE3a TOIUIMBHBIX OKCHUIHBIX KOMIIO3MIIUN U3
JIUCIIEPTUPOBAHHBIX BOJAHO-OPTaHUYECKUX HUTpPATHBIX pacTBopoB (BOHP), BkitO-
YalolUX OPraHuYeCKUi KOMIOHEHT (CIUPTHI, KETOHBI) U BOJIHbIE HUTPATHBIC pac-
TBOPBI METAJUIOB, SIBISIOTCA OJHOCTAJUNHOCTD, BHICOKAsi CKOPOCTh, PABHOMEPHOE
pacnpeneneHue U Tpedyemblil cocTaB (a3, BO3MOKHOCTh AKTUBHO BIIUSTH Ha pas-
Mep ¥ MOPGOJIOTHIO YACTHII, HU3KUE SHEPro- U TPYA03aTpaThl [2].

B pesynbTaTe pacueroB mokaszaTeseil TOprOYeCTH BOJHO-OPTaHUYECKUX HHUT-
pPaTHBIX PACTBOPOB, BKJIIOYAIONIUX OPTraHUYECKUN KOMIIOHEHT (ITaHOJI, alleTOH),
BOJIHbIE HUTPATHBIE PACTBOPHI JAesuxcs (ypaH, IUIYTOHUNW) U MaTPUYHBIX (Mar-
HUH, UTTPU) METAJIOB, ONpeeNeHbl cocTaBbl pacTBOpoB BOHP, ¢ Husieil ten-
JOTBOPHOM cniocoOHOCThIO (>8,4 M/Ix/Kr) u aguabaTuuecKkoil Temneparypou ro-
penus (>1500 K), obGecreunBarommx ux sHEprodpdekTuBHy0 mepepadoTky. Ha
OCHOBE PE3yIbTAaTOB TEPMOJUHAMHYECKOIO0 MOJICTUPOBAHUS HCCIIEAYEMOro Mpo-
1ecca onpeAesieHbl yCIOBUs, 00ecleunBaromme 3HeprodPHEeKTUBHBIN JIa3MOXH-
MHYECKHM CHHTE3 B BO3AYIIHOW IUJIa3M€ TOIUIMBHBIX OKCHIHBIX KOMIIO3UIIHAMN
«UO,—PuO,—okcua Maraus/okcua uTTpusDy 11 TojaepantHoro MOX-tomusa.

PesynbraThl uccienoBaHuii MOTYT OBITH MCIIOJIB30BAHBI MPU CO3JAHUU DHEP-
rod(PPEeKTUBHON TEXHOJIOTHH TIA3MOXUMHUYECKOTO CHHTE3a TOTUTUBHBIX OKCUIHBIX
KOMITO3UIHH 17151 TosiepanTHoro MOX-ToruBa.

1. AnekceeB C.B., 3aiiue B.A., ToncroyxoB C.C. [lucnepcroHHOE SiAEpHOE
tornmBo. — M.: Texnocdepa, 2015. — 248.

2. Karengin A.G., Karengin A.A., Novoselov I.Yu, Tikhonov A.E. Investigation of
plasmachemical synthesis of oxide compositions for plutonium-thorium disper-
sion nuclear fuel // Journal of Physics: Conference Series. — 2021. — Vol. 1989
(1), Article number 012005. — P. 1-5.
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MATEMATHYECKOE MOJIEJIMPOBAHUE KUHETUKHU ITPOLECCA
BO3IYIITHO-TIJIASMEHHOM ITEPEPABOTKHU JJUCITEPT MPOBAHHBIX
BOJHO-OPTAHUYECKHWX HUTPATHBIX PACTBOPOB METAJIJIOB
Kapenrun A.A.

AO «CXK», 636039, r. CeBepck, Tomckoit obmacth, yi. Kypuartosa, mom 1
E-mail: karengin@tpu.ru

VY pa3paboTaHHBIX THUIIOB SJIEPHOTO TOIUIMBA, Moiydaembix U3 OSAT B BUIe
TOTUIUBHBIX OKCHUJIHBIX KOMIO3UIUN «IUOKCHUJ ypaHa — JTUOKCHU]I TUTyTOHUS Me-
TOJIOM Pa3JeIbHOTO MOJYyYEHUS] U MEXaHUYECKOrO0 CMEIICHUS OKCHJIOB ypaHa U
IUTYTOHUS, OCTAlOTCAd HEpaBHOMEpPHOE pacripejesieHne ¢a3 U HU3Kasg TEIUIoNnpo-
BoaHOCTh [1]. IlpenmyniecTBaMu NMpUMEHEHHUS IJ1a3Mbl U1 CUHTE3a TOIUTMBHBIX
OKCHUJIHBIX KOMITO3UIIMA U3 AUCIEPTUPOBAHHBIX BOJAHO-OPTaHUYECKUX HUTPATHBIX
pactBopoB (BOHP), BKItOUarOmMX OpraHUYeCKUi KOMIIOHEHT (CHUPTHI, KETOHBI)
Y BOJIHbIE HUTPATHBIE PACTBOPBI METAIIOB, SBIIAIOTCS OAHOCTAIUNHOCTD, BBICOKAs
CKOPOCTb, PABHOMEPHOE paclpeeieHre U TpeOyeMblil cocTaB (a3, BOZMOKHOCTb
AKTUBHO BJIMATH HA pazMep U MOP(OJIOTHIO YaCTUL, HU3KUE DHEPro- U TPyn03a-
Tpatel [2]. Ha pucynke | mpencraBiieHa cxema Iporecca Ia3MOXHMHYECKOTO
CUHTE3a TOIUIMBHBIX OKCHUJIHBIX KOMITO3ULUKA B BO3AYLIHO-TUIA3MEHHOM IOTOKE U3

JIUCIIEprupoBaHHbIX pacTBopoB BOHP.
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B pe3ynbTaTe CpaBHUTENBHOTO aHalM3a MPOLECCOB B3aUMOJICHCTBUS Karlelb
pactBopoB BOHP ¢ Bo3aymiHO-IJIa3MEHHBIM [TOTOKOM IMOKAa3aHO, YTO MPU TEMIIE-
parypax T>1500 K nmumutupytomeii sSBIseTcs CTaaus UCHapeHUs PacTBOPUTEIS
(1-2). B pesynabTare MpOBEACHHBIX PACUYCTOB YCTAHOBJICHO BIHUSHHE HAYaIbHBIX
napamMeTpoB BO3IYIIHO-TIJIA3MEHHOTO TOTOKa (TeMIiepaTypa, CKOPOCTb), Kareib
(pa3Mep, CKOPOCTh) M MAaCCOBOT'0 OTHOIICHUS (pa3 Ha KMHETUKY MCIIApEHUS Kallellb
U OIpEAEJICHbI ONITUMAJIbHBIE PEXUMBI POBEJICHUS UCCIIEyEMOTO Mpolecca B pe-
aktope. Pe3ynbraThl HMCClieIOBaHUN MOTYT OBITh HMCIIOJB30BAaHBI MPU CO3JAAHUU
TEXHOJIOTUU TUIa3MOXUMHUUYECKOTO CHUHTE3a TOIUIMBHBIX OKCHIHBIX KOMITO3UIUHN
JUTSL Pa3IUYHBIX TUIIOB SIFEPHOTO TOTUIMBA.

1. AnekceeB C.B., 3aiiues B.A., Toncroyxop C.C. [lucnepcroHHOE SsiaepHOE
tornBo. — M.: Texnocdepa, 2015. — 248.

2. Novoselov I. Yu., Karengin A.G., Babaev R.G. Simulation of Uranium and Plu-
tonium Oxides Compounds Obtained in Plasma // AIP Conference Proceedings.
—2018.-V.1938. —P. 1-5.

80



PACYET TEIINIOOBMEHHOT'O YCTPOVCTBA JIJISI
IMPOEKTUPOBAHUS PEKTU®UKAIIMOHHOM KOJIOHHBI IS
MNOJYYEHUSA N30TOIIOB BOJIOPOJA
Kys3emenko A.C.

Hayunsnii pykoBogurens: Tumuenko C.H., K.T.H., 1OLIEHT
Tomckuii moymTexHuaeckuii yausepeutet, 634050, Poccus, 1. Tomck, mp. Jlenuna, 30

E-mail: ask147@tpu.ru

JIJisi COBpEMEHHBIX HYXK[ SACPHOM M TEPMOSACPHON PHEPreTHKU TpeOyeTcs
MOJIyYeHHE TsDKeJIoN Bojbl. Ha ceromHsmHuil 1eHb OCHOBHBIMU METOJAMU TOJTY-
YEHUS TSHKENOM BOJBI SIBISIIOTCS AJIEKTPOJIU3, METOJIBI XUMUYECKOTO M30TOIMHOTO
oOMeHa u pekTudukanus. B cpaBHeHHH ¢ IpyrUMH METOJAaMH HU3KOTEMIIEpaTyp-
Hasl peKTU(UKaIKs 00J1aJaeT MPEUMYIIIECTBOM B IIPOCTOTE, a TAKKE SBIIACTCS Me-
HEE YHEPro3aTpaTHbIM MeTOoIOM [ 1].

[Ipu onTrMu3aLmK mporecca peKTU(HUKAMKA HEOOXOUMO ONPENEIUTh TaKhe Ma-
paMeTpbl, Kak (pJIerMoBOE YHCIIO, YUCIIO TapesioK, TEIJIOBYIO HAarpy3Ky u apyrue. llpu
3TOM (PJIETMOE YMCIIO ¥ TEMIIEPATYPHBIN PEKUM KOJIOHHBI SIBJISIOTCS MapamMeTpaMu TeTl-
JI00OMEHHOTO YCTpoicTBa. Takke Jiis ONTUMAILHOTO UCHOIb30BAHUS BHICOTHI KOJIOHHBI,
a CIIe/IoBaTeIbHO, U 0OJIbIIEro Kod(pduIeHTa pa3aeneHrs: H30TONOB, HEOOXOUMO TOY-
HO paccuuTaTh TemrepaTrypy ¢uierMbl Ha BHIXOJIE U3 TEIJIOOOMEHHOTO armapara. B cBsi3u
C 3THUM, LIeJIb pabOThl 3aKIIOYAIACh B COCTABJIEHUM YMCIIEHHOW MOJIEIN 3MEEBUKOBOIO
TEIUIO0OMEHHOTO arapaTa Mpy HU3KOTEMITEpaTypHOUM PEKTU(UKAIIMN BOIBI I MOA00-
pa ONTUMAIBHBIX TAPAMETPOB YCTPOICTBA.

JInst onmcaHus mpoliecca TemIooOMeHa COCTaBieHa MaTeMaTH4ecKasi MOJENb, CO-
CTOSIILIAst U3 OJJHOMEPHBIX YPABHEHUIN JABUKECHUS, HEPA3PHIBHOCTH U JIBUXKEHUSI C YUETOM
HarpeBa 3a CYeT TPEeHUsI O CTeHKU TPyObl. KoaddimeHTh! TeruooTaaum onpeaeineHbl ye-
pe3 kpurepuaibHoe unciio HyccenbTa, pacyer KOToporo npou3BeAeH MO SMITMPUYECKUM
dbopMyam I JJaMHHAPHOTO M TypOYJIeHTHOTO TOTOKOB [2]. IIpon3BeneHo uucieHHoe
pelIeHre CUCTEMbI YPaBHEHUI METOJIOM KOHEYHBIX PAa3HOCTEH MEpBOro MOpsiaKa TOYHO-
cti. CXOJIMMOCTh MOJIYYEHHON KOHEYHO-PA3HOCTHOM CXEMbI MPOBEPEHA MO MPABUITY
Jlakca. AIEeKBaTHOCTb MOJIENM MPOBEPEHA NIPU M3MEHEHNH BXOIHBIX IAPAMETPOB — pac-
XOJIOB M HAUAJIBHBIX TEMIIEPATYP TEIUIOHOCUTEIEH.

1. Maromen6exos D.I1., benkun J[.YO., Pactyrosa N.JI., CemmBanernko W.JI. BeicokoaddekTrs-
HbIE KOHTAKTHbBIC YCTPOMCTBA JUISl Pa3/IelieHus] M30TOIOB BOJOPO/Ia METOIOM PEKTH(DUKAIIN
BOJbI // B3aumopeiicTBHe W30TOMOB BOAOpONA € KOHCTPYKLIMOHHBIMM —MaTepHallaMu.
IHISM’15 JUNIOR: C6. mokn. [lecsiroit MesxmyHapOoaHO#M IIKOJIBI MOJIOZIBIX YUYEHBIX H CIIie-
mamctoB uM. A. A. Kypmromosa / Capos: OI'YIT «POAL-BHUND®». 2016. C. 223-238.

2. HccnenoBanue MpoLECcCOB TEIJIOOTAAuM M TEIUIONepeiayd Mpy yCTaHOBUBILIEMCS pe-
KUME B Pa3IMUHBIX TUIAX TEMJIO0OOMEHHHMKOB. [DNEKTPOHHBINA pecypc]. — Pexxummo-
cryna: https://www.isuct.ru/dept/chemkiber/piaht/metodwork/newmet/4.2.htm
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TEOPETUYECKUI AHAJIN3 CKOPOCTH JABUKEHUSA
JKUJKOHN ®A3bI B HACAJIOYHON KOJIOHHE
JIJIS1 CACTEMBI BOJJA-BOJIOPO/I
Sidorenko V.

Dematic Pty Ltd, Sydney, Australia
E-mail: VladimirSSidorenko@gmail.com

PexTudukamms npeacrasisieT coO0H dIHEPTOEMKHI Tpoliece, TPEOYIOMHA To-
CTOSIHHOW peryiaupoBku. [IpoBeneHne onTuMU3alMu HAa HATYPHBIX OOBEKTaX CBS-
3aHO C BBICOKHUMH MaT€pHUAIbHBIMU U BPEMEHHBIMU 3aTpaTaMU, IO3TOMY aKTyallb-
HBIM SIBJIIETCS] UCIIOIB30BAHUE ISl 3TOW L€ KOMIIBIOTEPHOTO MOJCIMPOBAHUS.

[IpeacraBnsiemast paboTa sIBJISIETCA YaCThIO JAHHBIX UCCIIEIOBAHUN U CBsI3aHa
C OLIEHKOM THJIPaBIMYECKUX MapaMEeTPOB JBIKEHUS KUIAKON (Pa3bl — BOJAbI TPH-
POAHOr0 M30TOMHOTO COCTAaBa, MO HACAJI0YHON KOJIOHHE MPU OpraHU3aluu PeKTH-
(pMKaMOHHOTO IpoLECcCa MOIYYESHHUS TAKEION BOJIBI.

N3BecTHO, YTO B pEKTU(UKAIIMOHHBIX KOJOHHAX OOMEHHBIN MpoLecc peayu-
3yeTcsi B YCJIOBHUSX MPOTHUBOTOK (Da3, MPU 3TOM CHHU3Y BBEPX JIBHXKETCS MapoBast
(aza, a cBepXy BHU3 — KUJKAS.

Jlist pacyeTa Obuta BbIOpaHa KOJIOHHA C BBICOTOM paboyel 30HBI 2 M, 3aM0J-
HEHHON HEperyJspHON Hacaakoil. M3BecTHO, 4TO mapameTpbl (pa30BBIX IMOTOKOB
3aBUCAT OT peKKUMa pabOThl KOJOHHBI, IO3TOMY B IIPOLIECCE MOJAEIUPOBAHUE pac-
CMaTpUBaJICSl KAaK CTAallMOHAPHBIA, TaK M HECTALIMOHAPHBIA PEXKUMBI JBHKECHUS
KUAKOM (a3bl B OTCYTCTBUH Iapa.

B pe3ynbrare pacueToB YCTaHOBIIEHO, YTO B pacCMATPUBAEMON KOJIOHHE MpH
pacxone Boabl ~100 MoJb/9ac BpeMsi HACTYIUIEHHS CTallUOHAPHOTO COCTOSIHUS CO-
cTaBisieT, npuMepHo, 20 cexyHa. MakcuMalibHass CKOPOCTh JBUKEHHUS KUJIKOCTH
Ha BXOJI€ KOJIOHHBI NPU HECTAMOHAPHOM pEXHUME padOThl HaOMIOAAETCS NPH 3a-
IyCKE Mpolecca, a 3aTEM, HETIPEPBIBHO CHUXkKASCh, K 5 U 10 cekyHIam OoHa IOCTHU-
raetr 4,5-10% m/c u 4,0-10* m/c, coorBercTBeHHO. CKOPOCTH B CJIO€ HACAJKH,
Hao00pOT, yBenuuuBaeTcs U cocrapiser 3-10 m/c u 3,5:10% m/c va 5 u 10 cexyn-
J1aX, COOTBETCTBEHHO.

Y CcTaHOBNIEHO, YTO B CTAllMOHAPHOM PEXHUME pabOThl KOJOHHBI MO BCEHl KO-
JIOHHE yCTaHABJIMBAETCSl MPUMEPHO OJIMHAKOBA CKOPOCTH JIBU>KEHUS BOJbI paBHAas
5-10* m/c, mpu 5TOM Nepenaz IaBIeHUs MEXKLY BXOJIOM M BBIXOJOM pabodell 30HbI
KOJIOHHEI cocTasisieT 2+ 104 IMa.

Takum oO6pa3om, IpOBEAECHHBINA pacyeT MO3BOJIMII OLIEHUTh KapTUHY U3MEHe-
HUSL CKOPOCTHOTO TIPO(UIIs KUJKOU (pa3bl B MpoLEcce 3amycKka KOJOHHBI U padoTe
€€ B CTAllMOHAPHBIX YCIOBUSIX.
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OHEHKA AJEKBATHOCTHU PACYHETA KHHETUKHA
JABUKEHUSA IAPOBOM ®A3bI B HACAI[O‘IHOI71 KOJIOHHE
JIJIS1 CACTEMBI BOJA-BOJIOPO/I
Sidorenko V.

Dematic Pty Ltd, Sydney, Australia
E-mail: VladimirSSidorenko@gmail.com

Pexktuduxamus sBasSETCS MPOIECCOM TEIIIOMACCOOOMEHA MEXIY KUIKON U
napoBoil ¢azaMu, MPOTEKAIOIMMM B KOJIOHHE, 3()()EKTHBHOCTH KOTOPOTO HAampsi-
MYIO 3aBUCHUT OT ILJIOLIaJM KOHTAKTa B3auMojeicTByomuxX ¢a3. [loaTomy KomoH-
Ha 3aI0JIHAETCS CIELUUAJbHBIMU KOHTAKTHBIMHM YCTPOMCTBAMH: PETYJSIPHBIMU U
HEPETYJSIPHBIMU HAacaJKaMH{, TapelkamMu MU T.J. YKAa3aHHBIM IPOLECC MIHUPOKO
IPUMEHSETCS JUIsl pa3AciICHAs] HEPAJIUOAKTUBHBIX 3JIEMEHTOB U M30TOIOB, U I03-
BOJIIET MOJIy4yaTh BEIECTBA 33JaHHOIO OOOTraIleHUs, IPUMEHSIEMbIE B Pa3IMYHBIX
OTPaCyAX MPOMBIIIJIEHHOCTH.

OOMeHHBIN TpoliecC B PEKTUPUKAIIMOHHON KOJIOHHE MPOTEKAET B YCIOBUSIX
MIPOTUBOTOKA ABYX (a3, KOTJla CHU3Y BBEPX JIBMXKETCS Map, a CBEPXY BHU3 — KUJ-
KOCTb. B Xo/1e nBUKEHUS U B3auMOAEUCTBUS (Da3 MPOUCXOIUT HACBILIEHUE Mapo-
BOH (pa3pl JIETKOJIETYYUMHU KOMIIOHEHTAMH, a KUIKON — TPYJHOJIETYyYUMH. MHOTO-
KpaTHbII1 0OMEH MO3BOJISIET MOJIY4YaTh BEIIECTBA C TPEOyEeMOM CTEeNneHbl0 o0oraiie-
HUSL.

JlocTaTOYHO MHOTO paboT MOCBSIIEHO MaTEMAaTHUYECKOMY OIKUCAHUIO U MOJe-
JUPOBAHUIO CIIOXHOTO IpolEecca, MPOTEKAIOLIEro B KOJIOHHE MPU PeKTU(UKALINH.
[IpencraBisiemblii JOKJIA] OTHOCUTCS K JAHHOMY By padoT.

B xoxe ucciienoBaHuii HaMu, C HUCIOJb30BAHUEM TPEXMEPHOM MOJEIN PEK-
TU(PUKALUOHHONW KOJIOHHBI, NMPOBENEH pacyeT THAPABIMYECKUX XapaKTEPUCTHK
XKuAKol u mapoBoi ¢a3. [Ipu 3TOM, KOJIOHHA MPEACTABISAIACh KaK IUIUHAD 3a-
NOJHEHHBIN Hacagkoil. CKOpoCTh paccUUThIBaiIach i o0eux ¢a3 Kak AJisi HecTa-
LIMOHAPHOI'0, HAYAJIBHOTO, 3Tana paboThl KOJIOHHBI, TaK U JJI1 CTAlMOHAPHOTO pe-
KuMa ee PYHKIMOHUPOBAHUS, B MIPEANOJIOKEHUU, YTO JABHXKEHUE MPOUCXOJUT MO
CyXOH HacaJku, TO €CThb BCTpeuHas (aza oTcyTrcTByeT. OLeHKa AaBiI€HUS! MPOBO-
JUJIACh TOJIBKO IIPU CTALlMOHAPHBIX YCIOBUAX MPOTEKAHUS IIPOLIECCa.

B pe3ynbrare pacuera yCTaHOBJIEHO, UTO BpPEMsI BbIXOJa y NMapoBoil (a3el Ha
CTAalHOHAPHOE COCTOSTHUE MEHBIIE, 4YeM y BOJAbl. Iloka3zaHO, 4TO mpU BEIWYMHE
pacxoze napa 0,5 r/c MakcUMaJbHas €ro CKOpPOCTh B CTallMOHAPHOM PEXHUME pa-
00ThI KOJIOHHBI cocTaBisieT 0,7 M/C, YTO XOPOLIO COIJIaCyeTcs ¢ UMEIOIIUMUCS B
JUTEPATYPE TAHHBIM.

Takum oOpazom, mokazaHo, 4yTo pazpabOTaHHAs MOJEIb MO3BOJISET a/JeKBaT-
HO PacCUYMTHIBATh KMHETUYECKUE MapaMeTpbl MOTOKOB (a3 B peKTU(UKALMOHHON
KOJIOHHE M €€ MO’KHO PEKOMEH0BATh I pacueTa MoJOOHBIX OOMEHHBIX CHCTEM.
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OIIPEJAEJIEHUE PEXKUMA HAT'PEBA OBPA3IIOB, COIEPKAIIIUX
CTEAPAT HATPUS B KAYECTBE IVIACTU®OUKATOPA
bopenkuii E.A..

Hayunsrii pykoBoautens: Buases J1.I., 1.1.H., mpodeccop
Tomckuii mommrexHuaeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: eboretsky@mail.ru

[Ipu moAroToBKE K SKCIEPUMEHTY MO U3yUYECHUIO BIMSHUS HarpeBa oOpasiios,
MOJIBEP>KEHHBIX (haOpHKaliy, HEOOXOUMO OBLIIO PACCMOTPETh BIMSHUE TEMIIepa-
TYpbI Ha CBOMCTBA OTJIETLHBIX KOMIIOHEHTOB, BXOJIAIIUX B COCTAaB MPECC-TIOPOIIIKA,
B YaCTHOCTH — cTeapara Hatpus [1].

boin  mpoBeaeH  TepMOrpaBUMETPUYECKMM  aHAlIU3  cTeapara HaTpus
(C17H35COONa), ucmosib3yemMoro B kauecTBe ruiactudukaropa. Mccnemxyemsrit 00-
paserr JIMHeHHO HarpeBajcs B atMocdepe Bozayxa. CKOpOCTh MPUpPOCTa TeMIIepa-
Typbl COCTaBJIsANa 5 rpag.MuH ', Ha pHCyHKe IpeacTaBlIeHbI Pe3yldbTaThl TEPMO-
IpPaBUMETPUYECKOTO aHAIM3A. |
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Kpusas TI" (moka3biBaeT 3aBUCUMOCTh MacChl 00paslia OT €ro TeMIepaTyphbl)
paccMaTpuBaeMoro oopasiia, aHaIM3UPYEMOIO Ha BO3AYyXE BEpOSITHEE BCEro 00y-
CJIOBJIEHA COBOKYMHOCTBIO IPOIIECCOB IUIaBJIeHUs [2] cTeapara HaTpus (IK30Tep-
muueckuid 3¢ ekt Ha kpuBod HF mipu 213 °C) u paspylieHuss MOHOB cTeapara ¢
sk30TepMuyeckuM dpdextom npu 460 °C U maJbHEUIIMM OKHCICHUEM METalIu-
yeckoro HaTpus (9x303¢dexT npu 506 °C).

[To pe3ynbraraM TepMOTPaBUMETPUUECKOTO aHANM3a ObLI ONpPECNICH CIey-
IONUA PEeXUM HarpeBa oOpas3IoB, B COCTAB KOTOPHIX BXOIUT CTeapaT HATpHUS:
HarpeB g0 temmneparypsl 500 °C ¢ Beiaepxkkamu 1o Bpemenu mpu 105 °C, 200 °C,
250 °C, 440 °C, 480 °C. CxopocTts HarpeBa — 2 °C/MuH.

1. bopenxuii E. A. Pa3paboTka mporiecca HarpeBa o0pa3IoB TEXHUYECKOTO yTie-
ponaa, moaBep>keHHoro dadpukanuu // M30TONbl: TEXHOJIOTHU, MaTepuaibl U
npyUMeHEeHue: COOpHUK Te3UCOB NM0KIaAoB VI MexayHapoaHoil HaydHOM KOH-
(epeHIIN MOJIOJIbIX YYEHBIX, aCTUPAHTOB U CTYAEHTOB, TOMCK, 26-29 OKTsA0ps
2020. - Tomck: TITY, 2020 - C. 61.

2. Wendlandt W. W. Thermal methods of analysis. — 1974.
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BbBIBOP TAPAMETPOB ITPOIHECCA HATPEBA
IMPECC-3AT'OTOBOK CO CTEAPATOM HHUKEJIA ITO
PE3YJIBTATAM TEPMHUYECKOI'O AHAJIN3A
bopenkuii E.A..

Hayunsrtit pykoBonurens: Buases J1.I'., 1.T.H., mpodeccop
Tomckuii mommrexHuaeckuii yausepeutet, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: eboretsky@mail.ru

[Tpu MOArOTOBKE K 3KCIIEPUMEHTY 110 U3YyUCHUIO BIMSHHS HarpeBa oOpasIioB,
TIOJIBEP)KCHHBIX (pabpUKalnu, HEOOX0AUMO OBLIIO PACCMOTPETh BIUSHHE TEMIIEpa-
TYpBhI Ha CBOMCTBA OT/ICIBHBIX KOMIIOHCHTOB, BXOJISIIMX B COCTAB MPECC-TIOPOIIIKA,
B YaCTHOCTH — cTeapara Hukens [1].

bbul  mpoBeseH  TEpPMOTpaBHUMETPUYCCKME  aHANIM3 cTeapata  HHKEIs
(Ni(C17H35C0O0),), ucnonszyemMoro B kadyecTBe ImiacTudukaTopa. MccimemyeMbrit
oOpa3ser TUHEIHO HarpeBayics B atMochepe Bo3ayxa. CKOPOCTh MPUPOCTA TEMITC-
paTyphl cocTaBsuia 5 Tpaa.MuH L. Ha pucyHKe npecTaBieHbl pe3ybTaThl TEPMO-
TPABUMETPUYECKOTO AHAIM3A.
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Kpusas TI" paccmaTpuBaeMoro o0pasua, HarpeB KOTOpPOTro MPOBOAMIICS B aT-
Mocepe Bozlyxa MOXKET ObITh 00YCIIOBJIEHA COBOKYITHOCTBIO IMPOIIECCOB Iepe-
cTpoiiku cTpykTypsl [2] (3Hmosddekt Ha kpuoit HF npu 107 °C), okucieHuem
IIPOJIYKTOB pa3ziokeHus (3k303(ddekTrr B o61actu ot 316 °C mo 359 °C), muasie-
HUEM cTeaparta Hukens (dHpoTepmuueckuit adpdext npu 378 °C), ¢ oObpazoBaHuem
MeTaunueckoro Hukems (3xk303¢dext npu 423 °C) u ero naabHEUITUM OKUCIICHH-
eM (k303 dext pu 437 °C).

[To pe3ynbTaTaM TEpMOTPABUMETPUUYECKOTO aHaIM3a ObLI OMPEIEICH PEKUM
HarpeBa oOpas3lloB CO CTeapaTOM HHKENS: CKOpocTh HarpeBa — 2 °C/MUH C BBI-
nep>kkamu o Bpemenu mipu 100 °C, 300 °C, 330 °C u 400 °C.

1. Bopeuknii E. A. Pa3paboTka mpolecca Harpesa 00pa3loB TEXHUYECKOrO yrieposa, IoaBep-
xeHHoro (abpuxanuu // 30Tonbl: TEXHOIOTUH, MaTepHallbl U MPUMEHEHHE: COOPHUK Te3H-
coB Jokna10B VI MexyHapoaHoi HaydHOM KOH(EPEHIIUN MOJIOABIX YUEHBIX, aCIUPAHTOB U
cTyneHToB, ToMmck, 26-29 oxTsa0ps 2020. - Tomck: TITY, 2020 - C. 61.

2. Wendlandt W. W. Thermal methods of analysis. — 1974.
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AHAJIN3 BJIMSAHHUSA BBIXOJA BOJIOPOJIA TP OPTAHU3ALINU
OBMEHHOI'O ITPOLHECCA B I'AJINTAMHBIX CUCTEMAX
Bunses J1.I'.,! Bepxopy6os JI.J1.2
'Tomckwuit monmrexHndeckunii yausepeuteT, 634050, Pocens, r. Tomck, nip. Jlennna, 30
2000 «®oxcy, r. ToMck
E-mail: ozushnik@gmail.com

Bce BospacTaromnme TpeOoBaHUS K SKOJIOTMYECKOM 0€30MacHOCTH MPOU3BO/I-
CTBEHHBIX TEXHOJIOTUW CTUMYJIUPYIOT MOUCK HOBBIX OOMEHHBIX CHCTEM, OOecrie-
YUBAIONINX COKpAIEHUE BPETHBIX IJISi OKpYKaroIend cpeasl BeIOpocoB. Ilpen-
CTaBJICHHBIC B JIOKJIAJIe PE3yIbTaThl HCCIEAOBAHUIN CBSI3aHBI C pa3pabOTKON HOBO-
r'0 TaJIJITAaMHO-0OOMEHHOTO METO/1a Pa3/Ie/ICHHs EIOYHBIX METAJIOB M KX U30TOIIOB
[1]. aHHBII METOH paccMaTpWBacTCS HaMU KakK aJlbTePHATHBHBIA aMalbraMHO-
00OMEHHOMY, HCTIOB3YIOMIEMY B OOIBIINX KOJINIECTBAX BEHICOKOTOKCUYHYIO PTYTh.

B ocHoBe ucciemnyemMoro 0OMEHHOTO METOJia JIEKUT PEeaklus XUMUYECKOTO
oOMeHa MEXIy pacTBOPOM IIEJIOYHOTO META/lIa U €0 JKHJIKUM CIUIABOM C TaJUTH-
eM (rajutaMon):

(Mey),., +Me,Ga <> Me+MesGa, (1)
rae Me1 u Me; — 1Ba B3aUMOJIEHCTBYIONIUX MIEJIOYHBIX METaJlIa MJIM U30TOIIbI OJ1-
Horo metaiuta; (Me2),-, — PaCTBOP COOTBETCTBYIOIIETO METAILIA.

[Ipu opranuzanuu nporiecca pasJejeHusi B HACAJOUYHbIX KOJOHHAX HEO0XO-
JIUMO YUYUTBIBATh, YTO MapaJIeIbHO OOMEHY MPOTEKAET PEaAKIIUs PA3IOKEHUS Tal-
JaMbl, XUMHUYecKas (opMyJia U CKOPOCTh KOTOPOW 3aBUCHUT OT MPHUPOJIbI PACTBO-
putens. B cirydan BOHOTO pacTBOpa JaHHAS PEaKIUs OMUCHIBACTCS YPAaBHCHUEM:

MeGa + H,O — MeOH + Ga + 2Ho. (2)
Bunno, 4to B pe3ynbrare peakiuu (2), cokpamiaeTcs NoTok rauiamel. Kpome toro,
BBIICJISIONIMICS B XOJI€ PEAKIMK BOAOPOJ ABUKETCS BBEPX IO KOJIOHHE M OKa3bl-
BaeT THJIPABIUYECKOE COMPOTUBIICHUE HUCXOJIAIIEMY MOTOKY TajulamMbl, a TaKKe
CIIYKUT TPUYUHON CMEIIEHUs KOHIEHTPAIMK B TPOJOJILHOM HANpaBJICHUH KO-
JIOHHBI, YTO OTPHUIATEILHO CKA3bIBACTCS HA KUHETUYECKUX MapaMeTpax 0OMEHHO-
ro mporecca.

B cBs13u ¢ 3THM, OBUTH TPOBEACHBI TCOPETHUCCKHUE M IKCITEPUMEHTATBHBIC UC-
CIIEIOBaHUS KMHETHKU TIpoIlecca Pa3joKCHUS TajulaM JINTHS, KaJIusS W HaTpHs B
BOJIC M BOAHBIX PAcTBOpax THAPOKCHUIOB. [lomydeHsl (GopMyIIbl, OMHCHIBAIOIIHE
3aBUCUMOCTBH CKOPOCTH PA3JI0KEHUS TaJjlaM IICJIOYHBIX METAUIOB OT TeMITepaTy-
PBI ¥ KOHIICHTPAIIUX PAaCTBOPOB THIPOKCHIOB.

Takum 00pa3om, B pe3ysbTaTe MPOBEACHHBIX MUCCIICIOBAHUNA MTOTYUYEHBI CBE-
JICHUSI, TIO3BOJISIONINE MPOBECTH OICHKY BIUSHUS HAa OOMEHHBIN MPOIECC BBIJIE-
JISTFOTIIETOCS] BOJAOPO/IA U MOBBICUTH 3D (PEKTUBHOCTH pa3padaThIBAEMOT0 TAJJIAMHO-
O0OMEHHBIM CITOCOO Pa3/CICHHUS METOUYHBIX METAJIJIOB U U30TOIOB.

1. Tuxomupo N.A., OpnoB A.A., Buases /I.I'. Paznenenue menouHbIx METaIOB
/I Kypnan npuknagaoit xumuu. — 2003. — T. 76, Ne 6. — C. 888—891.
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Hayunsrit pykoBogutens: Bunses 1.I'., n.1.H., mpodeccop
'Tomcknii monuTexHmueckuii yausepeurert, 634050, Poccus, T. Tomck, nip. Jlernna, 30
>TOMCKMI roCcy1apCTBEHHBIH YHUBEPCUTET CUCTEM YIIPABIICHHS M PaJHOIIEK-
TpoHUKH, T. Tomck634050, Poccust, T. Tomck, tip. Jlernna 40
E-mail: vii7@tpu.ru

OnHYUM U3 AJIBTEPHATUBHBIX BUJIOB HEPTETUKU SIBJISIETCS BOJOPOJHAS SHEpP-
retuka. [Ipu 3ToM Hanbonee 6e30MaCHBIM BapUAHTOM JUIsl XpaHEHHMs 3armaca BOJ10-
poJia MPEJCTaBISETCS UCIOIb30BAHUE YIIIEPOAHBIX copOeHToB [1]. Baxknoit mpo-
0JIeMOH, 3aTpyAHSIONIEN pa3BUTHE AAHHOTO CHOCO0a, SBJISETCA HU3Kash CKOPOCTh
HaKauykKy BOJOpPOJAA B YIVIEPOAHBIA MaTepuall, YTO TpeOyeT yBEIMYEHHS BPEMEHU
3anpaBKu. /[[7s MOBBIIEHHUS] CKOPOCTU aIcOPOLMM BOJOPOJA YIJIEPOJHBIM Mate-
pUaAJIOM MOXHO MPOBOJUTH JAHHBIM IMPOIECC C YIJIEPOJIOM, CIPECCOBAHHBIM B
Ta0JIETKH, YTO OOECHEUUT MOJYyYEHUE YCTOMUMBOW MOPUCTOU CTPYKTYphI, U  ra-
30M B aTOMApHOM COCTOSIHMH, YTO CYLIECTBEHHO YMEHBIIUT BpeMs ero nuddys3uu
B CTPYKTYpY Marepuaa.

W3BecTHO, YTO B pOJIM BCIOMOIATEIbHBIX BEIIECTB, CIIOCOOCTBYIOIIUX JHC-
COLIMAIIMM MOJIEKYJI BOJOpPOAA HA aTOMBI, MOTYT BBICTYIIaTh MOHBI METAJIJIOB, B
gactHoctu Fe, Ni, Mo, Ti, Pt. BBenenue ykazaHHBIX METAIJIOB OCYIIECTBIISICTCS Ha
CTaJMH IIPUTOTOBJIEHUS IIPECCOBOYHOM CMECH.

B nanHoi#l paboTe nmpuBeaeHbl pe3ysbTaThl TEOPETUUECKUX PACUETOB KO-
¢urnmentoB auddy3un Boaopoaa B YIIIEPOAHBIA MaTepHasl ¢ BKIIOYCHHBIM HUKE-
JIEM U OLIEHKH PE3YJIbTATOB MOTYYEHHS IPECCOBOYHBIX CMECEH.

B pe3ynbrare pacueTroB yCTaHOBJIEHO, UTO BeJMUMHA KO3 uuuenta nuddy-
3um cocrtaiser 1,5-10° M%/c u Bo3pacTaer ¢ yBelIM4eHHEM TEMIIEPATYPHL.

AHaM3 TpoIecca MOMYYEHHS] PECCOBOYHBIX CMECEN IMOKAa3al, YTO MOYKHO
II0JIy4aTh PaBHOMEPHOE PACIPEIEICHHE BBOAUMOIO BCIIOMOTATENBHOTO MaTepra-
J1a TIPU UCTIOIB30BAaHUH MOKPOTO CI0cO0a NepeMeliuBaHusl.

Takum 00pa3oM, MpeAcTaBsAOTCS NEPCIEKTUBHBIMU JalbHEHUIINE UCCIEeNO0-
BaHUs COPOLIMM BOAOPOJA YIIIEPOIHBIMU TAOJIETKaMU C HUKEJIEM.

1. Bunses [I.I'., bopeukwuit E.A., Bepxopy6os [I.JI. Onpenenecaue copOIMOHHBIX

CBOWCTB HAaHOpa3MEpPHBIX MaTepuaaoB // AJbTepHATUBHAs DHEPreTHKa U

skosorus. — 2015 — Ne, 23. — C. 73-77.
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PA3BPABOTKA COCTABOB NPECC-ITIOPOULIKOB,
OBECHEUYNBAIOIINX OPT AHU3AIIMIO PA3BUTOM BHYTPEHHEM
MNOBEPXHOCTHU TEXHUYECKOI'O YIJIEPOJA
Bopexuii E.A..L, Usanos B.W.!, Casoctuxos J|.B.?
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KonuyecTBo ajncopOMpoBaHHOTO BOAOPOJ]A JIUHEHHO 3aBUCUT OT BEIMYUHBI
yIIebHON MOBEPXHOCTU Marepuana-copoenra. CienoBareinbHo, YBEJIUYEHUE TI0-
a1 YJIEIbHOM MOBEPXHOCTH SIBJIETCS OJIHUM M3 CIIOCOOOB MOBBIIICHUS KOJIHUYE-
CTBa aJCOpOMPOBAHHOrO raza B martepuaie. JlJisi co3maHus pa3BUTON MOPUCTOMN
CTPYKTYpPBbI IPUMEHSIOTCS CIEUAIbHBIE BEIIECTBA — TOPOOOPA30BATENH.

B pa6ore [1] moka3aHo, 4TO B KaueCcTBE MOPOOOpa3oBaresield BO3MOKHO NpH-
MEHATh MaTepuaibl-IuiacTuPuKaTopsl. [lpu HarpeBe muacTuUKaTOpbl UCHAPSIOT-
Csl M YHOCSTCS U3 00beMa ucciaeayeMoro marepuaia. Takum oOpa3oM yBeJInYuBa-
IOTCS IOPUCTOCTh Marepuaia U CBOOOJHAS IJIOWIA/lb, JOCTYIHAs AJis B3aUMOIEH-
CTBHs C BOAOPOIOM.

[Ipu U3roTOBIECHUM YIIAEPOAHBIX TAOJIETOK, UCIIONb3YEMbIX 1JI COPOIMH BO-
nopoja [2], B KadecTBe IJIACTU(PUKATOPOB OBLIO PEIIEHO BHIOpATh CTEapaThl
Hatpusi (C17H3sCOONa) u Hukens (Ni(C17H3sCOQ),), Tak Kak Hpu UX HarpeBe u
HOCJIEAYIOUIEM UCIIAPEHNUHU, B OTJIMYUE OT BOCKOB U Napa(UHOB, HE OCTAETCS Clle-
JIOB OPTaHUKHU.

Maccbl KOMIIOHEHTOB, HMCHOJIB3YEMBIX MPU IMOATOTOBKE MPECC-MOPOIIKOB,
OTIPENICNISUIUCh UCXOJsl BBHIOpAHHOW Macchl OAHOW TabneTku. bwuio peimieHo uc-
MOJIb30BATh JIJISl U3yUYEHUs1 00pa3lbl HA OCHOBE MPECC-MIOPOUIKOB, COCTAB KOTOPBIX
MIPE/ICTABIICH B TAOJMIIE.

Howmep cmecu CocraB cmecu
1 C (yrmepoa TEXHHYECKHM)
2 C +3 % 2C17H3sCOONa
3 C+5 % 2C17H3sCOONa
5 C+3% Ni(C17H35COO)2
6 C+5% Ni(C17H35COO)2

B cooTBetrcTBUU ¢ TabimIel onpeaensaiock o0lee KOJIUIeCTBO TEXHUUYECKO-
ro yriiepojaa, He0OX0IMMOe JJII BCEX IKCIEPUMEHTOB M KOJUYECTBO TIacTU(dUKa-
TOpa KaXKJI0TO BHUJIA.

1. Use of triethylcitrate plasticizer in the production of poly-L-lactic acid im-
plants with different degradation times / S.M.N. Scapin, D.R.M. Silva, P.P.
Joazeiro, M.C. Alberto-Rincon, R.M. Luciano, E.A.R. Duek // Journal of
Material Science: Materials in Medicine. — 2003. — Vol.14, Ne7. — P.635-
640.
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ASSESSMENT OF APPLICATION OF HFT-PLASMATRONS FOR PLAS-
MA RECYCLING OF COMBUSTIBLE WASTE IN CLOSED NFC
Tikhonov A.E.
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Reprocessing of spent nuclear fuel (SNF) for the purpose of extracting U and
Pu from it with their subsequent transformation into a finished product (MOX-
fuel) for the manufacture of fuel rods is an important link in the Russian closed nu-
clear fuel cycle (NFC) being created.

The basis of the technology for reprocessing of SNF from radiochemical
plants in the world is the PUREX-process, which provides a high degree of extrac-
tion of U and Pu and purification from fission products. For the extraction of plu-
tonium and uranium from nitrate acid solutions of SNF, tributyl phosphate (TBP)
compositions with various diluents (kerosene, hexachlorobutadiene, etc.) are used,
which eventually lose their effectiveness under the action of irradiation and turn
into combustible waste (CW SNF) [1].

According to the current technology, these wastes are subject to underground
disposal [1], which can lead to a significant deterioration of the ecological situation
in the region.

In this regard, it is of interest to utilize such wastes in low-temperature plasma
produced with plasma generators — plasmatrons [2]. As shown in [3], a significant
reduction in energy consumption for the disposal of such wastes can be achieved
by plasma processing in the form of dispersed combustible water-organic solutions
that are optimal in composition.

The paper presents the results of studies of electrophysical, gas-dynamic and
other modes of operation of a plasma module, which includes HF-generator, HFT-
plasmatron, reactor, dispersing unit, unit for “wet” cleaning, gas analyzer, high-
precision digital pyrometer, Pitot tube, high-pressure exhaust fan.

As a result of the studies carried out on the model wastes, the operating
modes of the HFT-plasmatron were determined, which are necessary for "ignition"
in the reactor of a combustible water-organic solutions and bringing the combus-
tible waste to the optimal mode of plasma combustion.

The results of the research can be used to create technology and industrial in-
stallations based on HFT- plasmatrons designed for efficient plasma utilization of
combustible waste from processing of SNF from a closed NFC, as well as other

liquid radioactive waste.

1. Skachek M.A. Treatment of spent buclear fuel and radioactive waste from NPP. — Moscow:
Publishing house MEI, 2007. — 448 p.

2. Krapivina S.A. Plasmachemical technological processes. — Leningrad.: «Chemistry», 1981. —
104 p.

3. Novoselov I.Yu., Podgornaya O.D., Sholgauer E.E., Karengin A.G., Kokarev G.G. Investiga-
tion of the process of immobilization of nuclear fuel waste in metal chlorides in the air plasma of
an HFT-discharge // Russian Physics Journal. — 2014 - Vol. 57. — Iss. 2/2. — P. 22-25.
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Cexuusn 4

MNOJYYEHUE, CBOMCTBA U MIPUMEHEHUE U30TOIHO-
MOIUPUITNPOBAHHBIX MATEPHUAJIOB

Ilpeoceoamens: K.¢h.-m.H., 0ouenm Puiorcaxosa H.K.
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CemenoB A.C.!
Hayunsle pykosogutenu: Ckypumun B.C. 2, 1.1.H., mpodeccop, Tonmmauen B.M.2,
1.M.H., mpodeccop, Jees C.M.2, 1.6.H., mpodeccop,
FOcy6oB M.C.2, 1.x.H., mpodeccop
AO «TomcxkHUITUHEeDTE», 634027 Poccus, . Tomck, ip. Mupa, 72
2ToMcKuMii IoNMTeXHUYeCKUi yHuBepenteT, 634050, Poccus, T. Tomck, nip. Jlennna, 30
E-mail: semenovas@tpu.ru

Ha npoTsokeHun OBYyX MOCIEIHUX AECATHIETUA 0COOBIA MHTEpEC MpeIcTaB-
JISI€T TOJYYEHUE MEUCHHBIX PAJIMOHYKIIUJIAMHU aHTUTEN. MeueHHbIe paJiMOaKTHB-
HBIM HM30TONOM aHTUTENA MOTYT HCIOJIb30BAThCA MJI JUArHOCTUKU IMAIlUEHTOB,
MMEIOIIUX OMYyXOJH, CrnelupUuuHble K KOHKPETHBIM aHTUT€HaM, U MOTYT MMETh
MpEeMMYIIECTBa 1JI1 HapaBJIeHHOM (TapreTHo) Tepamnuu [ 1,2].

B nactosmeit pabore mpoBeneHbl MCCIENOBAHUS MO Pa3pabOTKe METOIUKH
MedeHus o1oM-123 pekoMOMHaHTHBIX aapecHbIX Mojekyn DARPin9 29, crenu-
¢buunbix kK oHKkoMapkepy HER2/neu, u npoBeieHbI UX OMOJOTUYECKUE UCTIBITAaHUSI.

N3yuenue O6uopacnpenenenus meueHHoro DARPin9 29 mpoBonunu Ha uH-
TaKTHBIX Kpblcax-camiax jJuHuu Bucrap. [lpu usydenun papMakoKWHETUKH HC-
caenyemoro paguorpeiicepa DARPin9 29, meyennoro %I, 65U10 0TMEUEHO OBICT-
poe BbIBEICHUE Tpercepa U3 KPOBOTOKA, a TAKIKE OTHOCUTEIIBHO HEBBICOKHE MOKa-
3aTesid HaKOIUICHUS M3y4aeMOro COEAUHEHUs! B JIETKHUX, MEYEHH, CeIe3EHKE, KO-
ctax. Habmonanock oT4eTIMBOE HAKOIJIEHUE pauoTpeiicepa B KeEITyAKe U 3HaYU-
TEJIbHOE HAKOIUIEHUE B MOYKaX, YTO MpEAroiaraeT nyTh MOYEUHOM IKCKpEeUUu. Y
KOHTPOJIBHOM TPYNIbl TaKXe HAOII0AATIOCH MOTJIOIEHHE B IIMTOBUIHON JKeJes3e.
B 06eux rpymnmnax noriomeHre B MovKax CyIlIeCTBEHHO CHIKAIIOCh uepes 4 yaca.

[IpoBeneHHbIE UCCIEIOBaHUS MOKA3aJId, YTO CUHTE3UPOBAHHBIA PaguOTpEii-
cep DARPin9 29, meuennsiii [, mMeeT BBICOKHII KIMPEHC KPOBU M HHU3KOE
yAEP)KUBAHUE B SKCKPETOPHBIX OpraHax. BoIBOAUTCA B OCHOBHOM MOYKAMH ITyTEM
KITyO004uKOBO#M (unbTparnuu. JlaHHBIE TIO €ro OMOpacIpeeNieHUI0 YKa3bIBalOT Ha
OJIaroMpUATHBIC TPEANOCHUIKU TSl TAIbHEUINEro JTOKINHUYSCKOTO M3YUYEHUS pa-
IHOTpercepa.

1. Ilerpomckas JI.E., Illunraposa JIL.H., Jlonrux J[.A. u mnp. AIbTepHAaTUBHBIC
KapkacHble 0enku // buoopranmueckas xumus. — 2011, — T. 37. — Ne 5. — C. 581-591.

2. llonsuckuii O.JI., Jle6emenko E.H., Jlees C.M. ERBB oOHKOreHnl — MHIICHU
MOHOKJIOHAIBHBIX aHTUTeN // broxumums. — 2012, — T.3. Ne 77. — C. 289-311.
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B nacrosiee BpeMs ucciaeqoBaHre MPOILIECCOB HABOAOPOKMBAHMS, XPaHEHUS
Y U3BJICUYCHUS BOJIOPOJIa M3 PA3IMYHBIX MATEPHAJIOB SBIISETCS aKTyaJbHOM 3aja-
ye. I co3maHus HEOAHOPOJTHOCTH KOHIEHTpaluu Bojgoponaa (H) mpumenunu
OapbepHOE HAIMBLJICHHE Ha IMOBEPXHOCTh TeXHHYecKoro tutaHa BT1-0 mienkoi
TiN. Ilocne vero mactuny Ha 1/10 gacTs HaBoHOpOXXKHMBaAIHU 10 MeToy CHuBepTca,
co3JlaBasi, TAKMM 00pa30M, I'paIMCHT KOHIIEHTpauu H B MmaTepuase 1o KoopauHa-
taM X 1 Y. [InacTuHy moMenyi B MarHuTHOE T0JIe Pa3JIMYHON YacTOThl U UHTCH-
cuBHOCTH. UMHTerpamsHOe comepkanre H mcciaenoBamm metomom tepmodac. Ot-
KJIMK CHUCTEMBI Ha BO3JCHCTBHE MAarHUTHBIM TIOJIEM OMPEICIISUIH BUXPETOKOBBIM
natdyukoM [1]. Tepmosac n3Mepsiin Ha YCTAaHOBKE € AJIEKTPOJIOM U3 3010Ta. OTiiu-
yue BEJIUYUHBI TepMOod/C ¢ TIEHKoM TiN u 0e3 MmI€HKU 10 HAaBOJOPOKUBAHUS J0-
cturaet 3HaueHust 6onee 0,18 MB. MakcumyMm HanpspKeHUS Ha TaTYUKE MarHUT-
HOTO CIIEKTPOMETpa MPH MUTPAIMH CMEMIACTCS MTPOTUBOIIOIOKHO TPATUEHTy KOH-
nentpanu H B tutane. Ero monoskeHue 3aBUCUT OT 4YaCTOTHI BO30Y>KIAIOIIETO
MarHUTHOTO TIOJISI U TJyOWHBI MPOHUKHOBEHUs Toyist B Matepuain (puc.l). Koad-
¢unment nuddysuu onpeneneH no dopmyne bappepa. Kosbdumuents: auddy-
3um s 9actoT 150 k' u 350 k' auist koopamHar 4 u 5 oM passel: Dy = 4.5.1011
m?/c; Dy = 3.1.10'! M?%/c. Pasnuuune BBI3BaHO M3MEHEHHEM KOHIIEHTPALUK BOJOPO-
71a B CJIOSAX. ITO XapaKTEepHO U JUISl IPYTUX KOOPAUHAT o0pasiia.

el \14%4 2 Pucynok 1. M3meHeHue curhaia
e Ha JaT4dke TPH BO3JACHCTBUM Ha
0,3 s \
" , /‘ / ’ tutad BT1-0 BeIcOKOYaCTOTHBIM
;'. a5 L. 3_;2 N marauTHbIM Tiosiem (1, 2 — f =350
At // kHz; 3, 4 — f =150kHz, At; = 96
01} . vac At, = 144 yac.
0,0 - :

N S I
MGTOI[ MOXHO HCIIOJIB30BAaTh AJIS1 OOCHKH HAKOINNICHHA BOJOPOJa B MCTAJlIl-
JlaxX B YCJIOBMIX ICPEX0/Ja METAJLJIa U3 OJHOTI'O COCTOSHHA B APYIrocC, a TAKIKC B IIC-
JSTX KOHTPOJISI COCTOSIHHMSI CHCTEMBI BOJIOpOA-MeTaul. JlaHHBIN crmoco® MOXKeT
OBITH BHEJIPEH /I JaOOPATOPHOTO M MPOMBIIIEHHOTO KOHTPOJIS.
1. S. Xu, Larionov V. V., Lider A. M. Dielectric Losses in Hydrogen-Saturated
VT1-0 Titanium Induced by Eddy Current Propagation // Technical Physics. —

2020. — Vol. 65, Ne 1. — P. 93-95. — doi: 10.1134/S1063784220010260.
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CIIOCOBb ®OPMUPOBAHS U3OTOIIHBIX CTPYKTYP METOAOM
MATHETPOHHOI'O PACHBLJIEHUS «TOPSIYEN» MULIIEHUA
Muxepya K.T.
OO0OO «Pycarom-AnautuHbie TexHonorun» Mocksa, Kamupckoe 1. 49,
cTp. 61
E-mail: Shikerunk@gmail.com

B Hacrosee Bpems JUisl METAJIM3ALMH [IOBEPXHOCTH MAaTEPUAIIOB U U3/CIIAN
4acTo MpUOErarT K MarHETPOHHBIM pacnbliuTenbHbiM cuctemam (MPC). Ilapa-
METPBI, IPU KOTOPBIX ITPOXOAUT IPOLIECC MArHETPOHHOTI'O PACIIBIIICHUS B CPEAE ap-
TOHA, 3aBUCAT OT XapaKTEPUCTUK KOHCTPYKIMH AMOAA, BEIUYUHBI U (HOPMBI pac-
NpeeeHns MHAYKIMN MarHUTHOTO MOJIsi, paboyero JaBjeHUs, MaTepuaia MUIlle-
HU. OTH IapaMeTpbl OKa3bIBAIOT 3HAYMUTEIBHOE BIIMSHHUE HAa CKOPOCTH POCTa II0O-
KPBITUI U X (PU3UKO-XUMHUYECKUE CBOICTBA.

B xonctpykuusax MPC, raoe oxiaxkaeHHe pacnbUIIEMON MHUIIEHH CHUKEHO
WJIM OTCYTCTBYET, CYIIECTBYET JOTOJHUTENbHBIA (PAaKTOp — TEMIIEpaTypa MUILIECHH,
KOTOPBIN TaK)KE€ MOKET BbI3bIBATh U3MEHEHUS MTAPaMETPOB MPOLECCA PACTBUICHUS.
OnHako NpHU PaCHBUICHUM «TOPSYEN» METAIUIMYECKOW MHUIIEHW MAarHeTpoHa Co-
31a€Tcs TONOJIHUTEIbHBIN UCTOYHUK 3HEPTUU B 00JACTh MOJJIOXKKH 33 CUET Tel-
JIOBOT'O M3JTy4yeHUsl MUIIEHU. BKiaj TEmaoBOro m3iayyeHus B OOLIMIA MMOTOK dHEp-
MU MOKET OBITh BEChbMa 3HAUUTEJICH.

®eppoMarHUTHasE MUILIEHb IPEACTABISIET U3 ce0sl UIYHT AJi1 MarHUTHOM CH-
CTEMbl MarHeTpoHa. JTO NPUBOJUT K HU3KOMY KOA((QUIMEHTY HCIIOIb30BaHUS
MaTepuaia MULIEHH NPU TOTyYEeHUH PeppOMarHUTHBIX MIIEHOK.

Ni oTHOCHUTCS K Kjaccy (eppOMarHUTHBIX MaTEpUajOB, €r0 TEMIIEpaTrypa B
touke Kiopu HeBenuka (627K). DT0 OTKphIBa€T BO3MOXKHOCTD JIJISl TIOJTYUYEHUS T10-
KPBITUI yTEM MarHeTPOHHOTO paclbUIeHHs NmapamarHuTHOM Ni muimenu. [lono-
KUTEIbHBIA 3PPEKT OT UCnoNb30BaHus «ropsuei» Ni muiienu OyaeT HabItoAaTh-
Csl TOJBKO B TOM clly4dae, KOTJla BCS MUILIEHb OYyJIET MepeBe/ieHa B MapaMarHuTHOE
COCTOSIHUE, & HE TOJIBKO €€ IMIPUITOBEPXHOCTHBIN ci0i. 1103TOMY Ba)KHO KOHTPOJIH-
pOBaTh paclpeiesieHue TeMIliepaTypbl B 00bEMe HuKeneBoil MuineHu. [Ipoiecc
pacnblUieHUs HarpeTod (eppOMarHUTHOM MMILEHH XapaKTEPHU3YeTCsl YCIOBHUSIMH,
OJIM3KMMU K YCJIOBMSIM JJIsl pacbLICHHs TapaMarHUTHBIX MaTepuasioB, HallpUMep,
Ti, Al mm Cu.

B noxnane o6cyxaar0Tcsi BO3MOXKHOCTh (POPMUPOBAHUS IPOCTPAHCTBEHHOTO
pacnpeziesieHus: U30TOMOB B (hopMHUpyeMOH MIIEHKE MPU UCIOJIB30BaHUN MUIICHEN
MIPUPOJHOrO M30TOIMHOIO cocrasa. [Ipennaraercd Mcrnonb30BaTh NapaMarHUTHBIE
SBJICHUS B CIa0OM MarHUTHOM To0Jje, GOPMUPYEMOM Ha MOBEPXHOCTH MOJJTIOKKH.
J71st 5TOTO MOXET OBITh UCIIOh30BaHa MHTEP(PEPEHIIMOHHAS KapTuHa, popMupye-
Masi ¢ IOMOIIbIO MOIIHBIX Jla3epoB. MarHuTHOE 1oJie (CBETOBOTO U3TyYEHHUs) 103~
BOJISIET YIPABJISATH BpeMeHeM AU y3un HaMbUISIEMbIX U30TOIMOB MO TTOBEPXHOCTH
ropsiuedt moJyiokku. MccienoBanusi HampaBieHbl Ha MOJEIMPOBaHUE Mpolecca
a1 y3un U30TOMOB MO MOBEPXHOCTH POPMUPYEMOU TIIICHKE.
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BJIMSTHUE METEOPOJIOTMYECKHX TAPAMETPOB HA TOJ10BOM
TPEH]I PAIUAITMOHHOTI' O ®OHA ITPU3EMHOI ATMOC®EPBI
Uynpuna A.b., Yynpuna A.B., bensesa 1.B.

Hayunsblii pykoBoautens: Skosiesa B.C., 1.1.H., npodeccop
Tomckuii nonmrexuuueckuid yausepcutet 634050, Poccus, r. Tomck, nip. Jlenuna, 30

E-mail: abc@tpu.ru

MHaukaTopHbIE CBOMCTBA PANUOHYKINAOB U MOHU3UPYIOIINUX U3IyYEHUN U3-
BECTHBI M aKTUBHO UCIOJIB3YIOTCS YK€ Oojiee BeKa JUIsl MOJIyYE€HUsI HOBBIX 3HAHUI
0 JMHAMHUYECKHX Ipoleccax, NPOUCXOASIIUX B aTMOC(Epe U BEPXHUX CIOAX JIM-
TOoC(ephl, I OLEHKH (U3NYECKUX XAPAKTEPUCTUK Pa3IMYHbIX CPEl U MaTepua-
JIOB, a Tak)Ke JUIsl IPOrHO3UPOBAHMS OMACHBIX IPUPOAHBIX U TEXHOTECHHBIX sBJIE-
HUW.

Pannannonusiii (oH npuzemMHONW aTMoc@epbl Hayaal aKTUBHO KOHTPOJIUPO-
BaTh ellle ¢ cepeauHbl 20 BeKa B CBSA3HM C HAYaBUIMMUCS MACCOBBIMU HCIIBITAHUSIMU
anepHoro opyxus. Iloaromy, Ha HacTOAUIMIA MOMEHT raMma — (POH MPU3EMHOU
aTMoc(epbl SABISIETCS CaMO U3YYEHHOW paJualMOHHON BennunHOM. HecMoTps Ha
3TO, B HACTOSAILEE BPEMS B CBSI3U C yCYryOJIEHMEM 3KOJIOTMYECKOM CUTYyallMu Ha
IJIaHETE BO3HUKAIOT HOBBIE 3a7[a4ul, TpeOyIOLME HHOTO MOAX0Aa K pagualiOHHO-
MYy MOHHMTOPHHTIY, a TaK’K€ HOBOI'O B3IJIs/1a HA pelIeHHE MpoOsieM paaualoOHHOM
DKOJIOTHUH.

N3BecTHO, yTO aTMOC(hEepHBIA pagualoHHblil (oH popmHpyeTcs, B OCHOB-
HOM, MOYBEHHBIMHU PaJMOHYKIINJAMH, HAXOASIIMMUCS B BEPXHEM CJIO€ JIMTOC(he-
pbl. B 3uMHui nepuosa, OCHOBHOM HUCTOUYHUK aTMOC(HEPHOI0 pajualiOHHOro (poHa
SKPAaHUPOBAH CHEXHBIM IOKPOBOM, KOTOPBIM C TEYEHUEM 3UMHETO IEpUOAa BO3-
pacTaer, cleyeT OKHUJaTh €ro CHUKEHHUE 3a CUeT MOIJIONIEHNUs (DOTOHOB U BJIEK-
TPOHOB B clioe cHera. B To ke Bpemsi, B 3MMHUI MEpUOJ U3MEHSIOTCS OCHOBHBIE
METEOPOJIOTUYECKUE MTapaMeTpPhl, TAKUE KaK TeMIepaTypa, 1aBlICeHUE, U3MEHSIETCS
coctossiHue atMocgepnl. Bece 31U (hakTOphl NMPUBOIAT K YBEIMYEHHIO TUIOTHOCTH
aTMOC(EpHOro BO3/1yXa, U CHUKEHUIO IJTMHBI MP0o0era MOHU3UPYIOIIHNX YaCTHII.

[enbto HacTosIIIEH PAOOTHI SBJISETCS UCCIIEIOBAHUE OLICHKU BIUSHUSI METEO-
POJIOTMUECKUX MapaMeTpPOB Ha TrOJI0BOM TPEHJ paJualMOHHOrO (hOHA MPU3EMHOMU
aTMocdephl.

B pesynbTare BBINOIHEHHOM pabOTHl OBLIM MPOaHAIM3UPOBAHHBIC JAHHBIC
PaAUalMOHHOIO MOHUTOPHHIA C HMCIOJIb30BAHUEM CLMHTHIISLUOHHBIX JETEKTO-
POB raMMa - U PEHTIT€HOBCKOI'0 M3JIy4YEHUs, COBMECTHO C JAHHBIMH O METEOPOJIO-
rMYEeCKuX BeauurHax. CBA3b MEXIY METEOPOJOTMUYECKUMU BEIMYMHAMU OIpEJie-
JSUTM ¢ TIOMOIIBIO PETPECCHOHHOTO aHaim3a. [Ipu aHann3e JaHHBIX MCIOJIb30BAIN
pa3INyYHbI BPEeMEHHON MaciiTad M pa3HOe YCpEeIHEHHE JaHHBIX MOHUTOPHUHTA.
PerpeccuoHHbIi aHanu3 Mokasall, 4YTo CBSI3b TaMMa - (pOHa ¢ TeMneparypou u J1aB-
neHuem arMocdepsl cnabdas, a ¢ mapameTpaMu CHEXKHBIX OCaJKOB — 3HAUMMasl.

Pe3ynbraThl HACTOAIIETO MCCIEAOBAHMS IMOKa3aJid, YTO UMEHHO CHET 3aJaeT
r0JIOBOM TpeH]T aTMOC(EpHOTo paIuaIliMOHHOTO (hOHA.
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HNCIHHOJb30OBAHUE PAIMAITMOHHOI'O MOHUTOPHUHTI A
IMPU3EMHOM ATMOC®EPHI JIUISI OHIEHKHA BJIATO3AITACA
CHEXHOI' O IIOKPOBA
[TerpakoBa H.B, Uynpuna A.B, bensiesa 1.B.

Hayunslii pykoBogutens: Akosiesa B.C., A.1.H., npodeccop
Tomckuit nonmurexunueckuii yauepceuteT 634050, Poccus, . ToMck, nip. Jlennna, 30
E-mail: natasha_petrakova@mail.ru

Ha npoTsbkeHnn JUTeNbHbIX MHOTOJIETHUX HAOIIOICHU 32 paualliOHHBIM
dboHOM IIpU3EeMHOM aTMOCchephl ObLIIO OOHAPYKEHO, UTO TaMMa-(DOH SIBISETCS HE
MIOCTOSTHHOM BEJIMYMHOM, @ MEHSETCS BO BpEMEHHU. MOKHO BBIJIEIUTH 3aKOHOMEP-
HOCTb, CBSI3aHHYIO C CE30HHBIMU U CYTOYHBIMU KoJieOaHUsIMU. PaHee 11 OlleHKH
CE30HHOM TMHAMMKH PaIMallMOHHOTO (hOHA MCTIOIB30BAIM KOPPEISLIUMOHHBIN aHa-
T3, KOTOPBIN TTOKa3al 3HAYUTEIIBHYIO KOPPEJISIIIUIO C KOJIMYECTBOM BBITIABIIINX
OCAaJIKOB.

DTO 00CTOSITENBCTBO MO3BOJISIET MPEIJIOKUTh UCIIOIL30BaTh JaHHBIE paiua-
IIUOHHOT'O MOHUTOPHUHTA MPU3EMHOM aTMOC(hEpHI I ONPEIeTICHUs] KOJMYECTBA
CHEXKHBIX OCAJIKOB.

JI71s1 3TOM 1eIM UCTI0JIb30BAI PE3YIbTAThl PAIUAIIMIOHHOTO MOHUTOPUHTA
IpU3EMHOM aTMoc(epsbl, MoJlydeHHble B TOMCKOM 0OcepBaTOpUU PaiMOAKTUBHO-
¢ty ¥ noHusupyromux uznyuenut (TOPUN) ¢ ucnonb3oBanuem 6J10KOB JETEKTH-
poBanus ramma-usinydenus bJIKI-03, yctaHOBIIEHHBIX Ha BbIcOTax 1,5 u 25 M OoT
36MHOM MOBEPXHOCTU. AHaNU3 JaHHbIX MOHUTOpUHTa B TOPWU mo3Bosni BbI-
SBUTH B3aMMOCBSI3b MEK/Ty MOILITHOCTBIO JI03bI FTaMMa-U3IIydeHUs B aTMOcepe U
BJIar03arnacoM CHEKHOTO TokpoBa (puc 1.). Bnarozamnac Obut paccuuTas 1mo jgaH-
HBIM, HAaXOJIAIIUMCS B CBOOOTHOM JIOCTYIIE, O CHEXKHBIX ocajkax ¢ caiita OO0
«Pacriucanume IMorogen (https://rp5.ru/). MomHOCTE 10361 raMMa-U3ITyYCHHS B
MPU3EMHOM aTMOc(epe B TEUEHUE 3UMHET0 nieproja (puc la) cHukaercs nmpakTH-
YECKH DKCIOHEHIIMAIBHO C POCTOM Bjlaro3arnaca (BOJIHOTO SKBUBAaJICHTA CHEra)
(puc. 10) BIIoTH 10 Hauana TasgsHus cHera. [locie moHoro cxoAa CHEXHOTO I0-
KpOBa MOIIHOCTh J103bl TaMMa-U3JTyUY€HHS BO3PACTACT /10 3HAUCHUH, HAOIr01ae-
MBIX B TEIUJIbIN MEPUOJI FOAa.

H,3B/u >
6
a) s

4

3. _
01.10.2017 01.01.2018 01.04.2018

W, M

o) //_//

1] L
01.10.2017 01.01.2018 01.04.2018

Puc.1. Jluramuka MOIITHOCTH JT03bI TaMMa-U3TyueHUs B IPU3EMHOM aTMocdepe (a)
W BJIaro3araca CHeXKHOTo mokposa (0) B sumumit nepro 2017-2018 r.
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BJIMAHUE JUCIHHEPCHOI'O U BEHIECTBEHHOT' O COCTABA
OCAJJOYHBIX TOPOA I'. TOMCKA HA KOJIMYECTBO
OMAHUPYIOUIEI'O C UX NOBEPXHOCTH PAJIOHA
JloxxaukoB @.WU.L, Crasumkas K.O.?, Anpmskos [1.9.3

Hayunslii pykoBoauTens: Peokakosa H. K3, k. ¢.-M. H., 1o1EHT
'Tomckuit rocygapcTBennbIi yruBepeuTeT, 634050, Poccus, r.Tomck, rp. Jlenuna, 32
2JleueOHO-IMATHOCTHYECKHUI LEHTP MeJl. MHCTUTYT OMOJIOTHYECKHX CHCTEM
uM. C. bepesuna, 630008, r. HoBocubupck, yi. b.borarkosa, 109
SToMckuii nonmMTexHudeckuil yausepeutet, 634050, Poccus, 1. Tomck, ip. Jlennna, 30
E-mail: philiplozhnikov13@mail.ru

B Poccun, B COOTBETCTBHM ¢ HOPMATUBHBIMU JOKYMEHTAaMH, €PN POBEIE-
HUEM CTPOUTEIBHBIX PabOT MPOBOJAT U3MEPEHUS IUIOTHOCTU IMOTOKA paJioHa
(ITIIP) [1]. Ucnonb3oBanue IIIIP xak kpuTepus pagoHOOMACHOCTH ydacTKa 3a-
CTPOMKU SIBJIAETCS BIOJIHE OOOCHOBAHHBIM, TaK KaK 3Ta BEJIMYMHA OMPENEIIeT KO-
JUYECTBO paJioOHa, BBIACIAIONIETOCS C MOBepXHOcTH mopoja. Haubonee pacmpo-
CTPAHEHHBIMH B MPHUPOJE SIBIIAIOTCS OCAJOYHBIE MOPOJbI, KOTOPHIE COCTOAT, KaK
MPaBUJIO, U3 HECKOJIBKUX KOMIIOHEHTOB [2]. OOBIUHO B COCTaB OCaJ0YHBIX TTOPO/I B
PAa3IUYHBIX COOTHONIEHUSIX BXOASAT TJIMHHUCTBIE YACTHIBI C pa3MEpPaMH MEHEE
0.005 mm, meuteBaThIe yacThllbl ¢ pazmepamu ot 0.05 lo 0.005 MM, nmecuanbie Ja-

ctuilsl ¢ pazmepamu ot 0.05 10 1 MM, a TaKkke KpynHbIe 00JIOMOYHBIE TOPO/IBI.
Bunsr mopon r. Tomcka otoOpansl Ha 11-TH SKCIIEpUMEHTANBHBIX TUIOIA]-
KaX, UX BEHIECTBEHHBIN U JUCIEPCHBIA COCTAaB ONMPEACIICHBI B TPYHTOBEIUECKOMN
nabopatopun AO «TomckTUCU3y». M3ydeHue BIUSHHUS JUCIIEPCHOTO W BeEIle-
CTBEHHOT'0 COCTaBa OCAJI0YHBIX MOPOA Ha pe3ynbTaThl u3mepenus [111P nposeneno
C TMOMOIIBI0 PErPECCHMOHHOrO a”anu3a. Iloka3aHo, YTO BO3pacTaHuE 3HAYCHUU
[IITP mpoucxoauT ¢ yBEIMYEHHEM CPEIHUX pa3MepoB 3epeH mopoisl (puc. 1), a
TaK)K€ C YBEJIMYEHHUEM JIOJIM NecyaHbIX yactul ¢ pazmepamu 0.25-0.1 mm (puc 2).
OOGHapyXeHO TakXKe BJIMSHUE COJCPNKAHUSA MEJKUX TJIMHUCTBIX M TMbLUICBATHIX Yya-
CTHUI] — C YBEJIMYECHUEM HX JIOJU MPOUCXOAUT YMEHBIICHUE BBIXOJAa PaJlOHA C MO-
BEPXHOCTH MOPO/I.
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Puc.1Cpennue pazmepsl 3epeH pbIxX-
JBIX 0CaI04YHBIX Mopo . ToMcka
1. CBox mpaBWwiI IO

Jlonst mecyaHbIX 4acTUIL C pa3Mepamu

HHXXCHCPHBIM  U3BICKAHUAM  JJIA

0.25-0.1 mm

CTPOMTENBCTBA

«H)KEeHepHO-

sKoJIoruueckue usbickanus crpoutensctBay CII 11-102-97. M.: T'ocerpoit Poccun, 1997.
2. Pyxun JL.b. «Y4enue 00 ocamounsix mopoaax». — JI. : Heapa, 1969 — 703c.
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CPABHUTEJIbHBINA AHAJIN3 PE3YJIBTATOB U3SMEPEHUSA
IVIOTHOCTHU NIOTOKA PAJOHBI JJIS1 TOPHBIX ITIOPOJ I'. TOMCKA
N T'OPHOI'O AJITASA
Crasunukas K.O.%, Jloxxuukos @.1.2
1 leue6HO-TMATHOCTHYECKUIA HeHTp Mes. HHCTUTYT Orosiorndeckux cuctem um. C.
bepesuna, 630008, r. HoBocubupck, yiu. b.boratkosa, 109
2ToMcKuMii Tocy1apcTBeHHbIH YHUBepenTeT, 634050, Poccus, r. Tomck, nip. Jlenuna, 32
shilovaxeniya@gmail.com

OCHOBHBIM MCTOYHUKOM PAJIOHA, MOCTYIAIOUIETO B MOMEIICHHUS, SBISIIOTCS
3aJieraronue B OCHOBaHUU (PYHJIAaMEHTOB 3/1aHHUM Nopoabl. Hanuune moBbIIEHHBIX
KOHILICHTPALMIATOrO ra3a B IMOMEIICHUSAX MPUBOJIUT K BBICOKOMY PHCKY BO3HHK-
HOBEHUSI OHKOJIOTUYECKHX 3a0o0JieBaHMi opraHoB Jibixanus [1]. B PO nns ouenku
PaIOHOOIMACHOCTH Y4YaCcTKa 3aCTPOMKH HCIOJB3YIOT IIOTHOCTh IMOTOKA pPaJoHa
(ITI1P), xoTopasi MO BEJIUYMHE pPaBHA AaKTUBHOCTH PajJi0oHa, SMAaHUpYOMIEro ¢ 1
MeTpa kBaapatHoro 3a 1 c¢. MU3mepenus [P npoBeaeHbl B BECEHHE-TIETHUE TIEPU-
oasl 2014 — 2020 rr. Ha 17-tn mnomankax r. Tomckaun 7 mmomankax ['opaoro An-
Tas AByMsl aTTECTOBAHHBIMU METOJIAMH — METOJIOM HAKOMUTEIbHONU KaMepbl U Me-
TOJIOM YroJibHBIX ajacopoepoB. [Ipu peanuzauuu metona HK ucnons3oBan n3me-
putenbHbId KoMIuieke Anbdapan [lmroc, mist metona YA - u3MepuTenbHbIN KOM-
wiekc Kamepa-01.

3a Bpems HabmoneHudd nomydeHo 550 pesynbraToB u3mepenuit [1I1P.B
r.Tomcke n3MepeHust MpoBeu sl HauboJiee pacpOCTPAHEHHBIX OCAI0YHbIX IO-
pOA: CYINIMHKOB, TJIMH, TJIMHUCTBIX CJIAHIIEB, CYIIECEN M MECYaHO-TPABUNHBIX OT-
noxeHui;B I'oppom AnTtae - Ha NOBEPXHOCTUIECYAHO-TPABUMHBIX CMe-
CEeH,TJIMHUCTOTO U CKAJIBHOTO M3BECTHSKA,aHAE3UTHO-0a3a1bTOBOr0 nophupuTa u
kBapuuta. Jlis pa3HbIX TUIIOB OCaJOYHBIX MOpPOA I'. TOMCKa cpeaHuEe 3HAYEHUs
I[P cpaBHUTEIHFHO HEBEIUKM MHE MPEBBIIAIOT HECKOIBKHMX AeCATKOB MBkm ¢,
Haumenbluee cpemHee 3HadeHue, paBHoe 9 MBKM™2c™, mosmydeHo s cyriaMHKa
TSXKENIOTO IIBLIEBATOr0, Hanbombliee — 56 Mbkm2c™t na Genoit ruHeL. TTopos!
I'opHoro Anras xapakTepu3yrTCsS BBICOKMMH 3HAYEHUSIMU TUIOTHOCTH NOTOKA pa-
noHa. bonee Bbicokue 3HaueHus [IT1P nns rpaBuiino-raneunsix oTioxxenuit (100-
200 mBkm%c!) mo cpaBHeHMIO ¢ pe3ynbTaTamu, IOIy4EHHBIMU B I.TOMCKe s
ATUX THUIOB MOPOJ, MOKHO OOBSICHUTH TE€M, UTO Ha Tepputopuu ['opHoro Anras
HAOJIIOIAIOTCS TIIYOMHHBIE Pa3JIOMbl M TPEIIUHBI, YEPE3 KOTOPHIC MPOUCXOTUT BhI-
JIeTICHNEe MaHTHUUHBIX (IIFOMI0OB, B TOM 4Hcie pagona [2]. Cambie Oomblue cpe-
HHE 3HAYECHUs MONTy4eHsl i kBapuura (810 mBrm2c™t) u nopdupura (760 MBxm
2c™). Cronn BeIcokue 3na4genus TP ms 3THX OpoJ 00YCIOBIEHBI UX BBICOKOM
IJIOTHOCTBIO U HU3KOM TMTPOCKONMYHOCTHIO0. Ha MOBEPXHOCTH 3€pEH TaKUX MOPOJ
OTCYTCTBYET BOJHAs IJIEHKA, HAIMYKME KOTOPOU MPEMSITCTBYET BHIXOAY paJOHa W3
HOPOJIBI.

1. Ucauenko K.b., I'epmanoBa T.B. O6ecneuenne paauainoHHON 6€30MaCHOCTH BHYTPHU KHITBIX
Y aiMUHUCTaTUBHBIX omenieHuid. M3ectus BY3oB. CrpourtensctBo. 2007, No3.

2. Texkronmueckue MoKpoBbl ['opHOro Antas, bycmoB M.H., Tpyabl WHCTHTyTa TE€OJOTHH W
reousuku Bei.786, Hayka.Cub.ota-ue, HoBocubupck,1992 r, 96¢.
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BJIUSAHUE ®U3NYECKUX CBOUCTB 'OPHBIX ITIOPOJI HA
INJIOTHOCTDB TIOTOKA PAJIOHA
Crasunukas K.O.%, Jloxxuukos @.1.2
1leue6HO-TMATHOCTHYECKUIA HeHTp Men. MHCTUTYT Orosiorudeckux cuctem um. C.
bepesuna, 630008, r. HoBocubupck, yiu. b.boratkosa, 109
ToMCKHI1 rOCYIapCTBEHHBIA yHUBEPCHUTET, 634050, Poccus, r. Tomck, nip. Jlenuna, 32
shilovaxeniya@gmail.com

HUcnone3yemas B Poccuiickon denepanuu npu OLEHKAX PaJOHOOMACHOCTH
YYaCTKOB 3aCTPOMKHM BeJMYMHA IUIOTHOCTH ToToka panoHa (IIIIP) 3aBucut ot
MHOeCTBa ()aKTOPOB, B YaCTHOCTH, OT (PU3NYECKUX CBOMCTB rOpHBIX mopo [1]. B
paboTe MpoBeeHO U3YUYCHHUE BIUSHUS Ha pe3ynbTarsl u3mepenus [1I1P ocHoBHBIX
(u3HUECKMX CBOMCTB PBIXJIBIX OCAJOYHBIX TOPHBIX MOPO/I, CIArarouux TEPpPUTO-
puto 1. ToMCKa — BIAXHOCTbh, INIOTHOCTh U MTOPUCTOCTh. ISl onpeneneHus 3Tux
CBOMCTB Ha HKCHEPUMEHTAJBHBIX IUIOMIAAKAX METOJIOM PEXYIIEro KoJybla [2]
oTOOpaHbl O0pasilbl MOPOJ: CYIJIMHKOB, TJIMH, TJIMHUCTBIX CIIAHIIEB, Cyleced u
MECYAHO-TPABUWHBIX OTJIOKECHUW. PErpecCMOHHBIA aHalnu3 pe3yiabTaTOB H3MEpPE-
Hus [1TIP mokasai, 4ro B yCI0BUAX NPUPOJHOTO 3ajieranus nmoposa Tomcka kakas-
nn6o oburas 3akoHOMepHOCTh u3MeHeHust [11TP B 3aBUCMMOCTH OT MX BJIa)KHOCTH
oTcyTcTBYeT. OIHAKO, ISl PBIXJIBIX CYTJIMHKOB C HU3KOM BIIAXKHOCTHIO MOPSIIKA
HECKOJIBKUX MPOIEHTOB YAAJI0Ch BBIIBUTh HAIMYKME MaKcCUMyMa. B ycinoBusix npu-
POJIHOTO 3aJieraHus Oeoi TJIMHBI M CYTJIMHKA TSHKEJIOro MbUIEBATOr0 HaOIIOAaeT-
cst teHneHnus K yoeiBanuto [IIIP ¢ pocTom BiIaXXHOCTH, YTO OOBSCHAETCS OOJIb-
IO J10J1€M XOPOIIO BOUTHIBAIOIINX BJIAry TJIMHUCTHIX YACTHUIL B 3THX MOPOJAX.

B oTnuune oT ycTOSBIIUXCS B JUTEpaType MPEACTaBICHUN 00 yBEIUYECHUU
BBIXO0JIa PaJloHa C POCTOM MOPUCTOCTH PE3YJbTAT HALIMX HCCIEAOBAHUN OKa3ajcs
HECKOJIbKO HEOXXUJIAHHBIM — KaKON-TU0O0 3aBUCUMOCTH OT MOPUCTOCTH MBI HE 00-
HAapyXWid. B 3KkcnepuMeHTe HaM yJaloCh OMNPEICIUTh TOJIBKO TMOJIHYIO MOpH-
CTOCTb, T.€ JIOJIF0 00b€Ma OTKPBITBIX U 3aKPBITHIX MOP B 00beme oOpasua. OueBua-
HO, BBIXOJ] PaJioHa TPOUCXOJUT U3 OTKPBITHIX MOP. OTMETUM, YTO JOJISI OTKPBITHIX
MOp MEHSETCS B 3aBUCUMOCTH OT MOTOJIHBIX YCIIOBHH, B OTJIMYUE OT MOJHOWU MOPU-
CTOCTH, SIBJISIIOILIECHUCS HEU3MEHHOW XApaKTEPUCTUKOW NOPOAbl. PerpeccuoHHBIN
aHaJIN3 YCPEIHEHHBIX 110 KOJUYECTBY U3MEPECHUN HA KAXKIOW IIJIONIAJIKE 3HAUYCHUHN
[IITP OT MIOTHOCTH CyXMX OCaJOYHBIX MOPOJ MOKA3all, YTO YBEIMYEHUE IUIOTHO-
CTH TOPOJI TPUMEPHO B 1.5 paza NpUBOAUT K YBEIUYEHUIO KOJIMYECTBA SMAHUPY-
IOIIETO C MIOBEPXHOCTH PajioHa OoJiee 4eM Ha MOPSIIOK.

1. G. Ciotoli, Geographically weighted regression and geostatistical techniques to
construct the geogenic radon potential map of the Lazio region: A methodolog-
ical proposal for the European Atlas of Natural Radiation // Journal of Envi-
ronmental Radioactivity, 2017, V.(166-2), P.355-375.

2. Kpamapenko B.B. I'pyntoBenenue: yueonoe nocodue; TITY. — Tomck: U3n-Bo
Tomckoro nosurexHuueckoro yausepeurera, 2011. —431c.
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KOHIEHTPAIIUU PAJIOHA-222 B IOBEPXHOCTHBIX BOJAX
MOPA JJAIITEBBIX
Anbmskos I1.3., [Tnactyn C.A., Kencunraszuna P.E.
Hayunsblii pykoBoautens: PepkakoBa H.K., k. ¢.-M. H., JOLeHT
ToMmckuii nommTexHuaeckuii yausepceutet, 634050, Poccus, 1. ToMmck, nip. Jlenuna, 30
E-mail: al.pa2014@yandex.ru

['mobasnbHOE TOTEIIIEHHE KIIMMaTa SIBJIIETCS OAHOW M3 BAXKHEUIUX MPoOiieM
coBpeMeHHOCTU. (OcOOEHHO OTYETIIUBBIE MPOSIBICHUS JAHHOW MPOOJIEMBI
HaAO0JIIOIAI0TCS B JIEAHUKOBBIX 30HAX 3eMHOM moBepxHocTU. Ha mporiecchl TasHus
APKTUYECKUX JIbJIOB WM BEUHOM MEP3JI0THI CYIIECTBEHHOE BIUSHUE OKA3bIBACT
TUAPOJIOTHYECKUN PEeKUM B 11eIb(OBOM 30HE apkTHUeckuX Mopel. OkeaHoaorus
npUOPEKHBIX BOJ MPEJCTABISIET HOBOE HAYYHOE HAIlpaBJIEHUE, B pAMKaX KOTOPOTO
M3Y4YaeTcsl BIMSHUE KOHTMHEHTOB HAa THIPOJIOTMYECKHME W OHOXMMHYECKUE
mporeccsl B MENb(POBBIX 30HAaX Moped. ['uiaponorus NpuUOPEKHBIX 30H B
3HAYUTEIBHON CTENEHU OIpPEAENIAeTCS CTOKAMHM PEYHBIX M MPECHBIX MOJ3EMHBIX
BOJl. PeuHble CTOKM K HAcTOSALIEMY BPEMEHHM H3Y4YE€Hbl CPAaBHUTEIBHO XOPOIIIO,
MIPOBE/ICHBI OLEHKH OOBEMOB MPECHOW BOJBI, MOCTYMAIOIIEH B MIENb(POBYIO 30HY
apKTUYecknx Mopei. B oTHomenun npecHbix moazemubix o (UGF-underground
freshwater) nmeino OOCTOMT COBEPIICHHO HWHA4Ye — JO CHUX IOP HE H3YyUYeHBbI UX
00BEMBI 1 yuacTku Bbixosia UGF B MupoBoii okean. OJIMH U3 OCHOBHBIX METOIOB
ouenku croka FGWR (fresh groundwater runoff) ocHoBan Ha HCIOJIB30BaHHH
PAAMOAKTUBHBIX WHAMKATOPOB, B TOM YHWCJIE pajoHa. PajoH — paaroaKTHUBHBIM
WHEPTHBIN ra3, oOpasyroluics npu pacnaje paaus. Paauii conepXuTcst B TOPHBIX
OpoJax, C KOTOPhIMU KOHTAKTHUPYIOT MPECHBIE MOA3EMHbBIE BOABL. PaoH XOPOIIOo
pacTBOpPsIETCS B BOJE, MO3TOMY HENPEPBIBHOE IOCTYIUIEHUE PAJOHA W3 TOPOJ
MPUBOAUT K OOOTalIeHUIO0 MPECHbIX TIPYHTOBBIX BOJA 3TUM razoM. B cuiy
MHEPTHOCTHU 3TOT r'a3 HE BCTYMAET B XUMUYECKUE PEAKIIMU U €r0 KOHLUEHTPALUIO B
MOpPCKOM BoJE JieTKO u3meputhb. B xone 78-ro peiica HUC «Akanemuk McTtucnas
Kenapin» ocenpro 2019 1. Obu1 IpOBEEH paguOMETPUUECKHUI aHAIU3 MPOO BOJBI,
OTOOpP  KOTOpPBIX TPOMU3BOJAUJICA C TOMOIIBI0 OaTtomMeTpoB Ha 14-Tu
TUAPOJIOTHYECKUX CTaHIUAX. M3MepeHus KOHIIEHTpaluruy pajgoHa U B poOax BOAbI
OpOBEJACHBI C MoMoInbl0 paauometpa Rad7 mo wmerogumke RadSodaBot-
tleKit(3DPrintedAeratorCap) [2]. Ha craHmusx, pacroJIOKEHHBIX —BJOJb
OeperoBoil JTWHWUM B pailloHe NenbThl peku JleHa, B MOBEPXHOCTHBIX BOJAX
00Hapy>KeHbl HM3KHE KOHIEHTpamuu Rn-222, me mpesbimaromme 1 Br*m3. C
yaalieHueM OT OeperoBod JHMHHWHM HaOMIOJAeTCs TEHACHIMS K YBEIUYCHUIO
KOHLIEHTPALMU 3TOT0 U30TOIIA.

1. Kommanuss — mpomsBogutens Rad7 - Durridge. — Pexum jgocryma:
http://durridge.com/products/rad7-radon-detector/
2. Komnanuss — mnpomssoauteiar Rad7 - Durridge. — Pexum gocryna:

https://durridge.com/documentation/RAD%20BIGBOTTLESYSTEM%20Manu
al.pdf
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MNPOBJIEMbBI OIIEHKHA PAJIOHOOITACHOCTHA YYACTKOB
3ACTPOMKHA U CIIOCOB UX PEILEHUSA
Anpmskos [1.9.! Crasumkas K.O.?
Hayunsrit pykoBoautens: Peokakosa H. K., k. ¢.-M. H., goueHT
Tomcknii nomTexamueckuil yansepeuret, 634050, Poccus, T. Tomck, nip. Jlenuna, 30

2Jleue6HO-IMArHOCTUYECKHUI LEHTp MeI. HHCTUTYT GHOJOTMYECKHX CHCTEM

uM. C. bepesuna, 630008, r. HoBocubupck, yi. b.borarkosa, 109

E-mail: al.pa2014@yandex.ru

Haubonee 3HauuMbIM TPUPOIHBIM UCTOYHUKOM PAIMOAKTUBHOTO U3ITYYCHUS
ABJISIETCA PAJOH U €0 I0YEPHUE MPOAYKTHI pacnana [1]. B cBsA3u ¢ 3TuM B HacTo-
d1ee BpeMsi TIepe]l HayalloM CTPOUTENbHBIX padOT MPOBOJUTCS OLICHKA PaJIOHO-
ONACHOCTH YYacCTKOB 3acTpoiiku. B P® npu npoBeaeHUN OLICHOK U3MEPSIOT MIOT-
HOCTh IMOTOKa Ha 3€MHOM MOBEPXHOCTHU. J[aHHBIA MOAXOJ CPEAW CHELIHUATUCTOB
ITOJBEPraeTCs KPUTUKE U3-3a HENOCTOBEPHOCTH IOJYyYaEMBIX PE3YyIbTaToB [2]. 3a
pyOexoM TpH NPOBEIECHUU JIOKAJIbHBIX OLEHOK PaJOHOOMACHOCTU B CEPEIUHE
MPOILJIOr0 BeKa U3MEPSIM NOPOBYIO aKTUBHOCTH pajoHa Ha riryouHax 0,8 m ...1
M. OgHako 1o BelnYMHE 0OBbEMHOM aKTUBHOCTH HA TAKUX ITyOMHAX HEJb3s Olle-
HUTbH KOJIMYECTBO PaJOHA, BBIACIAIONIETO ¢ IOBEPXHOCTH MOPOJ. DTO KOJIHYECTBO
OIIpe/IeIIsAETCs elle M CHOCOOHOCTBIO PajiloHa MUTPUPOBATh K MOBEPXHOCTU. B cBs-
3M C 3TUM BO MHOTHX CTPaHaxX HapsAy ¢ U3MEPEHUSMHU ITOPOBOM aKTHMBHOCTH pa-
JIOHA CTajJy HM3MEPATh Ta30lPOHULAEMOCTh MOBEPXHOCTHBIX nopox. B CIIA u
MHOTHX cTpaHax EBpomnbl B KauecTBE KPUTEPHUEB PAJOHOONACHOCTH HCIOJIB3YIOT
PaZlOHOBBIA MHJAEKC JUOO PaJOHOBBIM MOTEHIMAN, JIJS KOTOPBIX HE CYILIECTBYET
OOLIENPUHATOr0 METOa pacyera. B kauecTBe BXOAHBIX MapaMeTPOB MPHU UX OIpe-
JIJIEHUH B pa3HbIX CTpaHaX MCIOJB3YIOT pa3inyHble HAOOPH! JAHHBIX — O0BEMHYIO
aKTUBHOCTH PajJioHa B BO3JyX€ MOp MOPOJ], KOHUEHTPAIUIO pajiis, OCOOEHHOCTH
re0JIOTMYECKOr0 CTPOEHUS MOPOJ, MX ra30MpPOHUIIAEMOCTH U T.N. Mcnonb3yemblie
MOAXO0/Abl UMEIOT OOLIMI HEAOCTATOK - U3MEPEHUS] MPOBOAAT B CJIO€ MOPOJbI TOJ-
uHOM He 6oJiee 1 M OT 3eMHOM moBepxHOcTU. OAHAKO, OCHOBaHUE (PYH/IAMEHTOB
3IaHUi pacrojiaraeTcsi 00ObIYHO Ha TIIyOMHax 1- 5 M, Ha KOTOpBIX reodu3nyeckue
CBOMCTBA MOPOJ OTJIMYAIOTCS OT CBOMCTB MOBEPXHOCTHBIX MOPOA. B mpoBeneHHbIX
HaMH HMCCIIEJOBAaHUAX OBLJIO MOKA3aHO, YTO OCHOBHBIMU (paKTOpamu, Onpenessto-
IIMMHU KOJIMYECTBO SMAHUPYIOIIET0 C MOBEPXHOCTH PaJOHA, SIBJISIFOTCS THII ITOPO-
Jbl U €€ reo(hU3nIecKre CBOMCTBA. B CBSI3M C 3TUM HaMM MPejI0KeH HOBBIN TOJI-
XOJl K OLIEHKE PaJIOHOOMACHOCTH YYaCTKOB 3aCTPOMKH, OCHOBAHHBIN HA MCIOJIb30-
BaHWU JTaHHBIX IPOEKTHO-CTPOUTENBHBIX OPraHM3alUil O TUIIAX W CBOMCTBAaX IMO-
POJI, 3aJIeTAIOUINX B OCHOBaHUU (yHIaMEHTa 3aHU.

1. MamunoBckmit [I'.I1., SApmomenko W.B., Xyxosckuit M.B. PanoH, kypenue u BuUpYC
ManuuUIOMbl 4YeJoBeKa Kak (DaKTOpbl pHUCKAa paka JErKoro B AMUAEMHOIOTHYECKOM
UCCIIEIOBAaHUM  dKoslornyeckoro tumna. Pammanumonnas ruruena. 2017;10(2):106-114.
DOI:10.21514/1998-426X-2017-10-2-106-114.

2. bannoB 10.A. JlaGoparopus pamuarmonaoro koutpoiass OOO "TEOKOH". JIpa roxa: ombIT
pabotsl / AHPU. - 2005. - N 2. - C.54-71.
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N3MEPEHUE AKTUBHOCTH RA-226 B I'OPHBIX ITOPOJAX
PA3HOI'O TUIIA
AnbmskoB [1.3., YepenneB M.C.
Hayunsrii pykoBoautens: PeokakoBa H.K., k. ¢.-M. H., To1IeHT
ToMmckuii nommTexHuaeckuii yausepceutet, 634050, Poccus, 1. ToMmck, nip. Jlenuna, 30
E-mail: al.pa2014@yandex.ru

OO6pazyromuiics B pe3yibrate pacnana Ra-226 uHepTHBIA paguoaKTUBHBIN
ra3 Rn-222, BbIAENSISACH U3 TOPHBIX MOPOJI, PACTIOIOKEHHBIX B OCHOBaHUHU (PyHJ1a-
MEHTOB 3JaHWW, MOXET HAKaIlJIMBAThCSA B MOMEMICHUSAX. B CBS3M C 3TUM mepen
CTPOUTENBCTBOM 3[JaHUM U COOPYKEHUN MPOBOIAT PAAUALMOHHO-IKOJIOTHYECKUE
UCCJIeIOBAHUSI, BKIIIOYAIONIME B Ce0s OLIEHKY pPaJlOHOOMACHOCTH YYacTKOB 3a-
ctpoiiku [1]. B HekoTopeiX cTpaHax EBponbl 1 AMEPUKH OOHUM M3 OCHOBHBIX
KpPUTEPUEB PAJOHOONACHOCTU SIBIsIETCA cojepkaHue Ra-226 B mojcTuiiaronimx
nopojax. [lenplo MaHHOTO MCCIEAOBaHUS SBISETCS U3YYCHUE M CPABHUTEIbHBIN
aHaju3 COJEp>KaHUsl paJivsl B TOPHBIX MOPOAAX Pa3HOrO THUIIA, XapPAKTEPHBIX IS
Hacel€HHBIX Tepputopuii. OTOOpP 00pa3lioB MOPOJ Pa3HOrO TUIA MPOBOJIUIN B
netHe-oceHHnit nepuoa 2018, 2020 r. Ha 9 U 5 AKCIIEPUMEHTAIBHBIX IUIOMIAIKAX T.
Tomcka m TOpHOrO AnTass COOTBETCTBEHHO. YJIEIbHYIO aKTUBHOCTH Ra-
226 u3mepsuii B TeoMmeTpun cocyna «Mapunemm» ¢ obbemoM 1 1 -
CIEKTPOMETPOM Ha 6a3ze MOIYIPOBOJHUKOBOTO JETEKTOpPAa M3 CBEPXUHCTOrO Tep-
manus (CANBERRA GC2018). U3mepenus: npoBOAWIN B YCIOBUAX PATUOAKTHB-
HOTO paBHOBECHsI 110 Han0OOJIee NHTEHCUBHBIM JIMHUSAM JTOYEPHUX MPOAYKTOB pac-
nana pagoHa — Pb-214 u Bi-214. Ilepen u3MepeHreM MOPOABI BBICYIIMBAIN MPH
temriepatype 110°C u uzmensuanu. [locne gero cocyn «MapuHemm repMeTu3u-
POBAJIM M BBIAEPKUBAIM B TEUEHUE TpeX Hejelb. Bpemsi uamepeHus: ogHoro o6-
pasiia — OIMH CYTKH; CTATUCTUYECKas MOTPEUIHOCTh MU3MEPEHUM HE TMpEeBbIIIalia
2%. Jlnga oOpaboTKU ammapaTypHbIX raMMa-CIIEKTPOB MCIIOJIb30BaHA MpoOrpaMma
CANBERRA «Genie-2000». M3mepenusi mokasajiu, 4TO yJAelbHAas aKTUBHOCTH
paaus B TOPHBIX MOpojax JISKUT B HeOoJsbiioM auanazone oT 100 bk/kr nis cy-
rMHKOB 710 180 BK/Kr 1711 M3BECTHSAKOB. YCTAHOBIIEHO, YTO COAEpKaHUE pajus,
M3MEPEHHOE B BBICYIICHHBIX W HM3MEJIBbYEHHBIX O0Opasliax, He KOPPEIUpPyeT C CO
3HAQYEHUSIMH IUIOTHOCTH MOTOKAa PaJioHa, U3MEPEHHBIMH [IJII COOTBETCTBYIOIIHMX
OPOJ B YCJIOBHSIX MPUPOJIHOTO 3aJieTaHusl. DTOT Pe3yibTaT 00YyCIOBICH U3MEHE-
HUEM CTPYKTYPBHI U BIQKHOCTU MOPOJ B MPOIIECCE MOATOTOBKH 00pa3IoB K U3Me-
peHusiM. OTCYTCTBHE KOPPEJSIIUM MEXKIY KOJUYECTBOM 3MaHUPYIOUIErOo C TMO-
BEPXHOCTH MOPOJI paJOHA U COJECPHKAHUEM PAJIdsl CTABUT IOJI COMHEHUE HUCHOJIb-
30BaHUs YAEJIbHOM aKTUBHOCTH Pajusi B KaueCTBE KPUTEPHUSl PaTOHOONACHOCTHU
TEPPUTOPHUU.

1. CBO)I mpaBujI 110 HHXXCHCPHBIM  U3BICKAHUAM  JJIA  CTPOUTCIIBCTBA ((I/IH)KeHepHO'
sKoJIoruueckue usbickanus crpoutensctBay CII 11-102-97. M.: T'ocerpoit Poccun, 1997.

2. Puixakosa H. K., Crauukas (Ilunosa) K.O., Yaanos A.A. HoBelif moaxon k mpobneme
OLIEHKH PaJOHOOMACHOCTH YYacTKOB 3acTpoiiku = A new approach to the problem of as-
sessing the radon hazard of building sites / Pammarnonnas ruruena = Radiatsionnaya
Gygiena. - 2020 - T. 13 - Ne. 2. - C. 57-64. doi: 10.21514/1998-426X-2020-13-2-57-64.
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PACIIPEJAEJIEHUS N30TOITIOB PAJJIOHA 11O I''1'YBUHE B
AKBATOPUU MOPS JIAIITEBBIX
Agnbpmskos I1. 9., [Tnmactyn C. A., Kencunrasuna P. E.
Hayunsrit pykoBoautens: Peokakosa H. K., k. ¢.-M. H., goueHT
ToMmckuii nommTexHuaeckuii yausepceutet, 634050, Poccus, 1. ToMmck, nip. Jlenuna, 30
E-mail: al.pa2014@yandex.ru

B cBs3u ¢ pa3BuTHEM SKOHOMUKH CEBEpHBIX Tepputopuil Poccun ocoboe
BHHMAaHUE YJIENAETCS UCCIEA0BAHUIO MPUPOAHO-KIMMATUYECKUX YCIOBUN ApPKTH-
K. B yacTHOCTH, MHTEpEC MPEACTABISAIOT PAJUON30TONHBIE UCCIIEIOBAHUS CEBEP-
HbIX MOpPCKHUX BoJA. OZHON W3 OCHOBHBIX 3aJa4 TAaKUX HUCCJIEAOBAHUN SIBIIAECTCS
OIIEHKA CTOKA PEYHBIX U MPECHBIX TPYHTOBBIX BOJ B POCCUMCKOM CEKTOPE ApPKTH-
ku. Jlns pemieHust 3ToM 3aauyd HamboJee MepCrneKTUBHBIMU MPU3HAHBI UCCIE0-
BaHMsI, OCHOBaHHbIE HA MCIIOJIb30BAHNUU PAIMOAKTUBHBIX UHIUKATOPOB - pajioHa U
TopoHa. B xoxe 78-ro peiica HUC «Axanemuk Mcrtucnas Kengpin» ocensro 2019
. TPOBEAEH paJUOMETPUUYECKUI aHamu3 MpoO BOAbI, OTOOpaHHBIX Ha 14-Tu ruj-
POJIOTMUECKUX CTAaHUUAX B aKBATOpUM Mops JlanTeBbIX ¢ TpEX rOpU30HTOB (1O-
BEPXHOCTHBIN CJIOHN, MPUOHHBIN CIIOH, CJIOM TepMO- U TAJIOKIIMHHOTO CKayKa) Mpu
oMoty 6aroMerpoB. B xone skcneauunoHHON paboThl ObLIN MOJYYEHBI TaHHBIE
00 00BEMHOI aKTUBHOCTH pafuoHyKiuaoB Rn??? (pagona) u Rn?? (topona) B ka-
YEeCTBE M3MEPUTEIHLHOTO 000pYIOBaHMs UCIONB30Balics pamuomerp Rad7, xoro-
phIii 00JaaeT TEXHUYECKUMHU XapaKTEPUCTUKAMU, HEOOXOAUMBIMU AJIs Olpese-
JeHus] 00bEMHON aKTUBHOCTU PAJOHA B BOJE B YCIIOBHUSIX €T0 MajbIX KOHIIEHTpa-
umii (17 Br/m® B 1,5 1 066éMe) [1]. 1 paanoMeTpUUecKOro aHalIu3a 0TOOPaHHBIX
npo0 BoIbI McHoJb30Bagach Metoauka RadSodaBottleKit(3DPrintedAeratorCap)
[2]. 3a Bc€ Bpemsi HAOMIO/IEHNs MaKCUMaJIbHbIE 3HAUYCHUS PaJioHa U TOPOHA ObLIN
MOJTy4YeHbl 7151 TIyOuH 14-22 M. paiione aenbThl peku Jlensl. HanOonbiive 3Have-
HUSI MAKCUMAJIbHOU U cpefiHel 00BEMHON aKTUBHOCTH PajioHa U TOPOHA ObLIH 00-
Hapy>KeHbI B IPUJIOHHOM ciioe Ha Tiyoune 14,4 M. MakcumanbHOe 3HaueHHe 00b-
E€MHOI aKTUBHOCTH TOpPOHA JOCTUIIIO 44,2 bk Ha 100 ;1 BoabI mpu CpeaHEM 3Have-
Huu 12,9 bk Ha 100 1 Bonbl. [ns pamoHa MakCMMallbHOE 3HAY€HUE OOBEMHON aK-
TUBHOCTH Takxke cocTaBisuio 44,2 bk Ha 100 i1 BOAbI, HO NpU CpEeHEM 3HAYEHUU
8,5 bk Ha 100 1 Bogwl. Kakoi-mnbo oOrmieit /st Bcex CTaHIM 3aKOHOMEPHOCTH
JUI KOHLIEHTpAIMK PaJloHa U TOPOHA B 3aBUCUMOCTHU OT ITyOMHBI OOHApYKUTh HE
yJ1aJ10Ch, 4TO OOBSICHIETCS MEPEMEIINBAHUEM MOPCKHUX BOJI ¢ peuyHbIMU. OHAKO, C
YBEJIMYEHUEM PACCTOSIHUSI OT YCThsl PEKU HaOII0JaeTCsl TeHICHIMS YBEIMYEHUs
KOHIEHTpAllMU pajioHa U TOpPOHA C IIyOMHOM, YTO, CKOpEe BCEro, 00yCIOBIIEHO
BJIUSIHUEM JJOHHBIX OCaJIKOB.

1. Kommanuss — mpousBoautedar Rad7 - Durridge. — Pexum  jmocryma:
http://durridge.com/products/rad7-radon-detector/
2. Kommanus — mpomsBomutens Rad7 - Durridge. — Pexum  jgoctyna:

https://durridge.com/documentation/RAD%20BIGBOTTLESY STEM%20Manual.pdf.
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Meron Moaudukanuu — pagualiiOHHO-UHIYIIMPOBAHHAS MPUBUTAS COIOJIH-
MepH3allis CYIECTBYIOIIUX MOJIMMEPOB U MPHUIAHUE UM HOBBIX CBOMCTB 0€3 U3-
MEHEHMS MPUCYIINX UM CBOMCTB B HACTOSILIEE BPEMS IIMPOKO MPUMEHSIOTCS IS
CO37IaHUsI HOBBIX (DYHKIIMOHAJIBHBIX MEMOpaH, B YaCTHOCTH Jisi (hOPMHUPOBAHMUS
IPOTOHHOM MPOBOAMMOCTH B MeMOpaHax Jijisi TOTIMBHOTO 3JeMeHTa [1].

B stom metone memOpaHna opMupyeTcsi Ha OCHOBE MOJIUMEpPA C MOMOIIBIO
W3JIy4YE€HUS BBICOKOIHEPTETUYHBIX 3apsKEHHBIX YACTHUI] M TTOCIEAYIOIIEN peaKkuen
IoJIMMepa ¢ MOHOMEpPOM. BBIXOJ peaknuu moiammepa ¢ MOHOMEPOM CYIIECTBEH-
HbIM 00pa3oM 3aBUCHUT OT KOJIMYECTBA CBOOOJHBIX PaJMKajIOB, 0Opa30BaHHBIX B
pe3yJIbTaTe BO3CUCTBUS U3ITYyUCHUS.

OIIP — sneKTpOHHO-TIapaMarHUTHBIA PE30HAHC 3TO E€JUHCTBEHHBIM METOJ
JAIOMUK KOJUYECTBEHHYI0 MH(OPMAIIMI0 O HAJUYMKH CBOOOJHBIX paaukaioB. B
OTCYTCTBUU METO/Ia MOKHO KOCBEHHBIM 00pa30M OMPENEIUTh COCTOSHUE CTPYK-
Typbl 0OJIy4EHHOT'O MOJUMEpPa, UCCIENYsI €ro CTPYKTYPY pa3IMYHbIMU METOJaMU
[2].

B nannoii pabote Obliia pacCMOTpEHA 3aBUCUMOCTh BIUSHUSA OO0JTy4YEHUs BbI-
COKOJHEPTeTUYHBIMA MOHAMHU TIeJIMsl Ha WU3MEHEHUE KPUCTAUIMYHOCTH IOJIUMED-
Hoit renku [IBJI®. J{ns aToro manHbIM nonmumep oOiydaiu Ha IUKIOTpoHe P7-M
C Pa3MWYHBIMU SHEPTUSIMHU, 3aTEM C MOMOIILIO METOAOB CIIEKTPOCKOINHNH MPOU3BO-
WA aHaJIU3 TOJy4YMBIIECHCS MOAUGMUPOBAHHOM CTPYKTYpBI, JJI1 Kauye€CTBEHHOMN
OLICHKM U3MEHEHUS TUIEHKHU.

1 WBanos B. C. Pagnanmonnas xumus nosumepos / B. C. Usanos // JI.: Xumus:
yue0. [Toco0. / B. C. UBanog. 1988. C. 320 .

2 C. A. Anprinynep, b. M. Ko3blpeB, DIEeKTpOHHBIN NapamMarHUTHBIA pPE30HAHC.
M.: ®u3matns, 1961.
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METO/1 HIOUCKA JIETKNX HEUTPOHHBIX KJIACTEPOB
B PACIIAJIE SAIEP U
Yymakos JI.K., YeperneB M.C.
Hayunsrit pykoBomurens: Jynkun [H., k.¢.-M.H., c.H.C.
Tomckuii mommrexHuaeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30

E-mail: dkcl@tpu.ru

[IpoOneme cymiecTBOBaHUS JIETKMX HEUTPOHHBIX KIAcTepOB (IMHEUTPOH,
TETPAHEHTPOH, TEKCaAaHEHUTPOH, OKTaHEHUTpoH) Oonee 60-TH JieT, HO OHA TO-
PEeKHEMY TMPEACTABISIET MHTEPEC KaK B paMKaxX TEOPETUUYECKUX, TaK U IKCIIEPHU-
MEHTaJIbHBIX HcclieoBaHui. OO0 ATOM CBHIETEILCTBYIOT JiBa OOJIBIIKUX 0030pa,
BBILIIE/IIIINE B 3TOM roxay [1,2].

B nanHOM »SKcmepuMeEHTE Mpejjiaraercs HCIHOJIb30BaTh METOJ IOMCKa
HEUTPOHHBIX SAEp, MPEIOKEHHBIM B [3]. B aTOM MeTone mpeamonaraercs, 4ro
JIETKMI HEWTPOHHBIN KIACTEP IIPU BHIXOJE M3 Tskenoro sapa (22Th, 23U, 28U)
pacchimaercsi Ha K He3aBHCUMBIX HEUTPOHOB, () (PEKTUBHOCTD pPETHCTpaIMU KOTO-
pBIX BbIIIE, YeM 3(P(PEKTUBHOCTh PETUCTPALMN HEUTPOHOB CIIOHTAHHOTO JEJICHUS
BBIIIEYTIOMSAHYTBIX SIJIEP, CO CPEIHUM YHCIOM HEHTPOHOB B Je€JI€HHH paBHbI N, =
2.

Ha puc. | npeacraBineHa 3kcrniepuMeHTalbHasg yCTAHOBKA, IIPEAHA3HAUYCHHAS
IJIsL MicCIIeIOBaHMsI HEHTPOHHBIX KiactepoB. OOpasen smutrepa HelTpoHoB (E) -
menxa UOz (90% 235U, 10% 238U), coneprkaluii sipa TSKEIbIX PaciaaloluXcs
AJIEMEHTOB, MOMEIAETCsT MEXAY JByMsl cueTunkamu HedTpoHOB (ND). Bozmoxk-
HBIM BKJIAJ] (D)OHOBBIX COOBITUM, BHI3BAHHBIX B OCHOBHOM KOCMHYECKHUMHU MIOOHA-
MU, TOAABIISIETCS C TOMOIIBIO CUCTEMbI aHTUCOBIIAJICHUI CO CLIMHTUIUISIIUOHHBIMU
nerexkropamu (1-12), okpy>KarOIMMMH CYETYUKU HEUTPOHOB. BBIXOAHOW cUrHam ¢
JIETEKTOPOB PETUCTPUPYETCS LUPPOBBIM OcUUIIOrpadom, a 3aTeM uHpopmanus o
3apETUCTPUPOBAHHBIX COOBITUAX (KPATHOCTh HEUTPOHOB, BPEMS MOSIBJICHUS COOBI-
TUH OT HEUTPOHOB M KOCMHUKH) 0OpadaThIBaeTCsi B peajbHOM BpeMeHH. byayt
MPEACTABICHBI KOHCTPYKIIUS YCTAHOBKU U METOJIMKA HCCIIETOBAHUS.

98| 7 6|5

10//

11 f] ND2 J{EH ND1 [
12

RNl ow]| s

B 3
PucyHok 1: DOkcnepuMeHTalIbHAS YCTAHOBKA JJIL UCCIIETIOBAHUS JIETKUX HEUTPOH-

HBIX KjacTepoB: (1-12) — cuuHTHILIAIMOHHBIE TeTeKTopbl, (ND) — HelTpoHHbBIE
netektopsl, (E) — aMmutTep HEUTPOHOB

1. F. Miguel Marqués Eur. Phys. J. Plus 136, 594 (2021)

2. F. Miguel Marqués, J. Carbonell Eur. Phys. J. A 57, 105 (2021)
3. V.M. Bystritsky et al. Nucl. Instrum. Methods Phys. Res. A 834, 164-168 (2016)
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PA3ZPABOTKA YCTPOMCTBA CKAHUPOBAHUSI ITYUKOB
HNCITIOJIb3YEMBIX JJISA ITPOU3BOACTBA N30TOIIOB
Ipuropsepa A AL, Bynasckas A.A.L, Munoiiuukosa 1. A 12
Hayunsiii pykosomurens: Ctyuebpos C.I'.L k.d.-M.H., noueHT
'Tomcknii monurexumueckuii yausepeurert, 634050, Poccus, T. Tomck, nip. Jlernna, 30
?Hay4HO-MCCIIeA0BATENECKHI HHCTUTYT OHKonoruu Tomckoro HUMI] PAH,
634009, Poccus, r. Tomck, nep. KoonepatuBHsIid, 5
E-mail: agrigorieva@tpu.ru

CraOuibHble M palMOAaKTUBHBIE M30TOIBI UCIOJB3YIOTCS BO MHOTHX cepax
YEJIOBEYECKON JIEATEIIBHOCTH, B TOM YHUCJIE B MPOMBIIUIEHHOCTH, HAyKe, SAIEPHON
sHepreTuke U Meaunuse [1]. MeTon «Me4eHHBIX» aTOMOB, OCHOBaHHBIN Ha MpH-
MEHEHUM HU30TOIIOB, WCIIOJB3YETCS IS OHUMAHUS MPOLIECCOB PACHPENCIICHUS
BEIIIECTB B Pa3HOOOpPA3HBIX CUCTEMAaX, HAMMPUMEP, B MEIUIIMHE «MEUEHHBIE» H30-
TOIBI UCHOJIB3YIOT JJIsi IPOBEJACHUS CHUHTUTpaduyecKuX uccienoBaHuii. Takke
HeCTaOWIIbHBIE U30TOMNBI MOTYT MCIOJIb30BATHCS B KAUECTBE CAMOCTOSATEIIbHBIX HC-
TOYHUKOB PaJMOAKTUBHOIO M3JIyUYCHUs, HAIpUMEp, B OpaxuTepanuu U AUCTAHIIU-
OHHOU JIy4eBOM Tepanuu [2], B AMArHOCTUYECKOM OOOpPYAOBAaHUU WJIU K€ ISt
MIPOBEICHUS SIACPHO-(PU3NUECKUX IKCIIEPUMEHTOB.

B nHacrosmee Bpemsi 11 MPOU3BOJICTBA U30TOIIOB MCIHOJIB3YIOT HCCIEN0BA-
TEIBCKUE PEAKTOPHI U YCKOPUTENH 3apsbKeHHbIX vactull [2]. Haubonbiiee npen-
IIOYTEHUE MPU IMPOU3BOJICTBE U30TOMOB OTAACTCA YCKOPUTENSAM, B BUIY psiaa TEX-
HUYECKUX, ((MHAHCOBBIX M YKOJIOTHYECKUX OrpaHUYeHUM. J[J1 MOBBIIIEHUS TPOU3-
BOJUTEIIBHOCTU HApAOOTKU U30TOIMOB, HEOOXOAMMO UCIOJIb30BATh CIIECIHAIU3UPO-
BaHHBIE YCKOPUTEIH, MO3BOJISIOIINE BBIBOJUTH MYYKH C OOJBITUMU SHEPTUAMH H
cpenHuM TOKOM. [looOHBIM TpeOOBAHUSAM OTBEYAIOT YCKOPUTEIH MPOTOHOB U
WOHOB.

[Tpu npoBenennn paboT 1Mo HapaOOTKE U3OTOMOB BaKHO OOECHEYUTH MOCTO-
STHHBIA BBICOKOTOYHBINM KOHTPOJIb MPOCTPAHCTBEHHBIX XAPAKTEPUCTUK MOTOKOB
BBICOKOOHEPreTUUECKOr0 n3nydeHus. OAHAKO B HACTOAIIEE BPEMSI OTCYTCTBYET
€MHBIM CTaHIAPTU3UPOBAHHBIA MOAXOJ K KOHTPOJIK XapaKTEPUCTUK aAPOHHBIX
My4KOB. B CBsI3U ¢ 3TUM aKTyaJbHBIM CTAaHOBUTCA pa3paboTKa HOBOTO YCTPOMCTBA,
IIPEIHA3HAYCHHOTO [UI JUArHOCTUKU IIPOCTPAHCTBEHHBIX IAPAMETPOB IYyYKOB
IIPOTOHOB U HOHOB.

B pamkax manHOW paboOThHI mpenjiaraeTcsi pa3padoTaTh METOJ] CKAaHUPOBAHUS
aJPOHHBIX ITYYKOB, IMPEIHA3HAYECHHBIX JJIS1 IPOBEACHHS BBICOKOTOYHOTO KOHTPOJIS
MIPOCTPAHCTBEHHBIX U JO30BBIX XapPaKTEPUCTUK IyUYKOB B PEKUME PEATBHOIO Bpe-
MEHU.

HccnenoBanue BBITIONIHEHO 3a cueT rpaHTta Poccuiickoro HayuHoro ¢osmaa
(mpoekt Ne 21-79-00252).

1. AaapeeB b. M. u np. U3otonsl. — 2005.
2. Jlenucos E. U. IIpon3BoACTBO pagnOaKTUBHBIX W30TOMOB IS MEIUIIUHCKOIO
npumeHeHus. — 2015,
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KOHTPOJIb U30TOITHOI'O COCTABA ITPEITAPATOB HA
OCHOBE PAIUS-223
Mapenkosa E.A., Hepomn H.P., Karmmronos A.b
Hayunsnii pykoBogurens: KysnerioB M.C., K.T.H., TOLEHT
Tomckuii mommrexHuaeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: eam33@tpu.ru

B nacrosmee BpeMs IIMPOKO pAaCHpPOCTPAHEHA PATWOHYKIIWIHAS TEpaIus.
OnHuUM Y3 MEPCTIEKTUBHBIX ISl MEAUIIMHBI U30TOMOB SIBIsieTCs panuii-223. Pac-
TYIIHA COPOC HA JAaHHBIM pPaJUOHYKIH] TPEOYeT HOBBIX METOJOB IMOJIyYECHHs pa-
nusi. BakHOU 3amayueit KOHTPOJISI KadecTBa MPOU3BEICHHBIX paauodapMIpenapa-
TOB SIBJISIETCS ONPENEIICHHE PAAUOHYKIMIHOW YUCTOTHl. OJIHUM U3 HEpa3pyllaro-
IIMX METOJIOB KOHTPOJISI M30TOIMHOTO COCTaBa MEIUIMHCKUX OOpa3lloB MOKET
OBITh TaMMa-cieKTpoMeTpus. B paboTe paccMOTpeH KaueCTBEHHBIN aHAU3 YEThI-
pex o0pa3lioB Ha OCHOBE paausi-223, OTIMYAIOIIMXCSA YACIbHOW aKTUBHOCTBHIO Ha
naty u3MepeHus. Mi3mepeHus npoBeIeHbl HA KOAKCUAJIbBHOM T'€pMaHHEBOM JETEK-
tope Canberra GC1518; ananu3 crieKTpoB BHIMIOJIHEH C TOMOIIBIO MPOTPAMMHOTO
obecnieuenus Genie-2000. DKCIIEPUMEHT CONEPKUT JBE CEPUU U3MEPEHUI B pa3-
Hoe Bpems: 09.12.2020 u 18.12.2020. XXuoe Bpemst Habopa cniekTpa — 15 MUHYT.
[TapameTpsl mponieAyp aHain3a CIEKTPOB raMMa-U3JIy4EHUs: JOIYCK IIPU TOUCKE
IMAKOB 3 K3B, MOporoBsIi YpOBEHb 3HAYMMOCTH IIPU ITOMCKE MUKOB 2 %.

Jlist onpeneneHus BO3MOXKHBIX IpHMeEcEel B pabOTe pacCMOTPEHbI METOJbI
MOJIy4eHUs] u30Tomna paius-223: oOiaydyeHWe MHUIIEHEH U3 MPUPOJHOTO TOpHs
YCKOPEHHBIMM TIPOTOHAMH [1] u 00iyueHue MullieHer W3 paausi-226 TEIOBBIMU
HelTpoHamu [2]. VI3 00ydeHHBIX MUIIICHEH BBIJICTSETCS U30TON aKTUHUSI-227, KO-
TOPBIN SBIISIETCS TEHEPATOPOM paausi-223.

Ha ocHOBaHUM 3KCIIEPUMEHTAJIBHBIX M3MEPEHUN MPENapaToB pajus OIpese-
JIeH IUIaH U3MEPEHHMM M aHalu3a CHEKTPOB raMMa-W3JIy4YeHUs IJI OINpe/IeTICHUs
M30TOIHON YUCTOThI PACTBOPOB:

— aHaJM3 CIEKTPOB MO OMOIMOTEKE, COAEpKaIlel TOJIBKO IIEeJIEBOM paguil U €ro
POJYKTHI pacraja, omnpeaeicHue HEeuAeHTU(DUIIMPOBAHHBIX MUKOB, MPOBEpKa
MMUKOB CYMMHUPOBAHUSI;

— aHaJIM3 CHEKTPOB MO OMOIMOTEKE, COACP AU 1IeJIEBOU pajuii, ero MaTEepUH-
CKHE U JIOYEPHUE M30TOIbI, TPOBEPKA UHTEPPEPUPYIOUIUX MUKOB paaus-223 u
Topusi-227 no miomaasM nukoB 235,97 k3B (12,3 %), 256,25 k3B (7,0 %),
329,85 k3B (2,7 %);

— npoBepka nuka 84 k3B Topus-228, npoBepka ero NpoAyKTOB pacmaja;

— TIIPOBEpKa NPUCYTCTBUSA APYTUX U30TOIIOB TOPUS U MIPOAYKTOB pacnajaa.

1. BacunseB A. H. [Tonyuyenne 225Ac u 223Ra u3 00s1yueHHOrO MPOTOHAMHU CPEIHUX SHEPTUit
npupoaHoro Topusi / Bacunbes, A. H., Octanenko, B. C., Epmonaes, C. B., Jlanmmna, E. B.,
Kanmeikos, C. H. //®U3UKOXNUMUSI-2015. — 2015. — C. 90-91.

2. KyznenoB P. A. [Tonyuenue anbda-u3nydaromux HyKIUA0B o0aydeHreM 226Ra B BBICOKOIIO-
TouHOM peaktope cMm / Kysuenos, P. A., byrkamoxk, I1. C., bByrkamtok, W. JI., Tapacos, B. A.,
Pomanos, E. I'., bapanos, A. 0. // Coopauk Tpymo AO I'HII HUMAP. — 2015. — Ne. 1. — C.
23-30.
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NCTOYHUK JJIA IN-SITU MO3UTPOHHON AHHUTWISIHIUOHHOM
CIIEKTPOCKOIINU TEPMUYECKUX U BOIOPO/I-
HHAYIHUPOBAHHBIX JTE®EKTOB HA OCHOBE U30TOIIA CU-64
ITonioB A.B., bopaynes 10.C., Ymakos N. A
Hayunslii pykoBoautens: Jlantes P.C., K.T.H., TOLIEHT
'Tomckumit nonmurexuuueckuii yausepeurer, 634050, r. Tomck, np. Jleruna, 30
E-mail: avp68@tpu.ru

PaGora HampaBieHa Ha CO3MaHHE METOJAa KOHTPOJsS JAE(PEKTHOU CTPYKTYpHI
TBEPJBIX TeJ IN-SitU B YCIIOBUSAX HArpeBa W HACHIIICHUS BOJIOPOIOM. B 0CcHOBY Me-
TOJIMKH JIET METOJ CHeKTpOMeTpI/II/I JIOTITIIEpOBCKOTO YIIUPEHUS aHHUTHIISIINOH-
T v T ' Hoit nuauu (1Y AJI). B xauectBe mMarepuana

- 7I—)‘C7 Harpesa T772+2 C KOMHAaTHa#
Harpes IL.'\IHLLH}’\')]

75| e MCHBITAHMM  MCIOJIB30BAIKMCH 0Opa3Ibl
sk ' TATaHa. VICTOYHUK MO3UTPOHOB, UCIIOJbB3YE-
Z4 MBI B TaHHOM HCCJICIOBAHUU, ObLI MOJyYEH

0,485 |
—— Harpes + H,

0,480

S-napamerp
AN
S
i

0a7s | A sl akTuBanuMell MeaHOU (ONIBTM B MOTOKE TEIl-
S A ()

Pt | JIOBBIX  HEHTPOHOB  MCCJIENOBATENLCKOTO

0470 [rcomnarnan 5= 1 spepHoro peaktopa (MPT-T). Dkcnepumen-

TeMIepaTypa o

TaJdbHO WCCJICIOBAHBI OCHOBHBIE CIIEKTPO-
T T T s w0 s o METPMYECKHME XapaKTEPHCTUKH MCTOYHUKA M
Aot MbY rnapameTpbl GOPMBI CIIEKTPOB

Pucynok 1. 3aBucumocts S- mapamerpa JAYAJI (S- u W-mapameTpsl), SBISIOIIHECS

OT aKTHBHOCTH HeTouHMKa **CU s 0Gpas- MapKepaMu COCTOSHHUS Je(DeKTHOH CTPYKTY-

oz Ti pbl. AmpoOaiiis METOAMKH OCYIIECTBISIACH

Ha Oe3nedekTHRIX 00pasiax, oopasiax ¢ KOH-

TPOJIUPYEMOH AEPEKTHOCTHIO, a TAKXKE B DKCIIEPUMEHTAX MO HArpeBy U BOAOPOJ-

HOMY HACBHITIICHUIO. Pe3yIbTaThl TaHHBIX SKCTIEPUMEHTOB MPECTABICHBI HA pHC. 1.

Bunno, 4To, HarpeB MpUBOAMT K YBEIWYEHHUIO S- MapaMerpa ObIcTpee, YeM €ro

M3MeHeHue 0e3 HarpeBa, 3TOT A3(P(PEKT CBA3AH C YBEIMUYEHHEM KOHLEHTPAUU PaB-

HOBECHBIX BakaHcuil. Takxke, BUJIHO, YTO HAMOOJbIIME U3MEHEHUs Ne(PeKTHOU

CTPYKTYpBI TUTaHA TIPH BBICOKOTEMITEPATYPHOM HACBIIIEHUU BOJOPOJIOM TPOHC-

XOJIAT Ha CTaINH OXJIKJICHUS, KOT/Ia HAUWHAETCS 00pa30BaHHUE THIPHUIOB, COIIPO-
BOJKJIAIOIIEECS] YBEJIMUCHUEM TUIOTHOCTH JUcCIoKaiui [1].

Pe3ynbTatoM JaHHON pabGOTHI CTal HEPBBIA ONBIT BHEApPeHHs uzoroma * Cu

s metoga JIYAJI ¢ uenapio opranuzanuu iN-Situ ©3MepeHHiA ¢ y4eTOM BCEX OCO-
OCHHOCTE MOYYSHUS U DKCIUTyaTallui TOTO UCTOYHUKA.

dunancupoanue: UccnenoBanne ¢pruHancupoBanock ['ocymapcTBeHHOM TIpo-

rpammoii «Hayxka», uccnenoBarenbckuii mpoekt Noe FSWW - 2020-0017.

1. Laptev, R.S.; Bordulev, Y.S.; Kudiiarov, V.N.; Lider, A.M.; Garanin, G.V. Positron Annihila-
tion Spectroscopy of Defects in Commercially Pure Titanium Saturated with Hydrogen. Adv.
Mater. Res. 2014, 880, 134-140, doi:10.4028/www.scientific.net/ AMR.880.134.
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PABPABOTKA IU®POBOI'O CIIEKTPOMETPA JJI51
T'AMMA-®PAKIIMUOMEPA
Yucraxos C.I'., dunaroB H.A., Anekcees H.B.
Hayunsrit pykoBonurens: ['orones A.C., k.¢.-m.H, 3aB. 1a6. MHOJI PO
Tomckuii mommrexHuaeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: csg@tpu.ru

Lenmpto Hay4HO-MCCIIEIOBATENILCKUX pabOT ObLIa pa3paboTKa W W3rOTOBJICHHE
OITBITHOTO 00pa3iia HU(PPOBOroO CIEKTPOMETPa JJIsi raMma-(ppakimoMepa — MOOUIBHOTO
pamonzotorHoro mpudopa (PUII), B coctaBe KOTOPOTro HUCMONB3YETCsl paalliOHHBIN
uctounuk B Buae 3PM XBa3.06 na ocHose pammonykimaa bapuii-133 (133Ba) akTrBHO-
cthio He 6oree 10 MKu.

B ocHoBe ramma-(hpaxioMepa UCToNb3yeTcs PUHIIMI 0ciabieHns MOTOKa raMma-
W3ITy4eHHs U 3aBUCUMOCTH MaccOBOro KoddduipieHTa ocnadiaeHusi OT XMMUYECKOTO CO-
CTaBa KOMIIOHEHTOB IMTOTOKA. CKOJUTMMHAPOBAHHBIN ITOTOK FAMMAa-U3JIy4eHUsI OT UCTOYHU-
ka bapmii-133 mpoxoauT depe3 ra3o-Bofo-He(TSIHYI0 CMECh M PETHCTPHPYETCS ITdpo-
BbIM SHEPIOJMCIEPCUOHHBIM IaMMa-clieKTpoMeTpoM. C ydeToM 3aBUCHMOCTH KOAPdu-
LIMEHTa OCJIA0JIEHUs] TaAMMa-U3ITyYeHUs] OT KOMIIOHEHTHOIO COCTaBa MOTOKA M SHEPTUM
raMMa-KBaHTOB M3 3apErMCTPUPOBAHHBIX JMHUK cniektpa 31 u 81 k3B  ompenemnsrores
JI0JIU Ta3a, BO/Ibl ¥ HepTH, a 1o JTMHUM 356 k3B n3Mepsercst cpenHsis INOTHOCTh (PIIrona.
Huxe Ha pucyHKe NpUBEIEH CIEKTP, U3MEPEHHBIN pa3paOOTaHHBIM CLMHTUILIIS-
[IUOHHBIM CIIEKTPOMETPOM Ha OCHOBE MUKOBOT'O JIETEKTOpa U COOPKU KPEMHHEBO-
ro @OV ¢ CUMHTUIIATOPOM HOBOTO MOKOJIEHHsI OpoMuoM JaHTaHa LaBr3.

M, foToHBI

1000

100
0 50 100 150 200 250 300 350 00
IHeprua, k3B
WcnbiTanust HOBOTO CUMHTWJUISILIMOHHOTO Kpuctaiuia LaBr3 mokazamu xopo-
IIME pe3ysbTaThl. DHEpreTuueckoe pazpemenue 23% miga 31 k3B, 7.5% nnsa 81
k3B u 20% nu1s1 356 k3B.
Kpucrann peKOMEeHI0BaH K HCIOJIb30BAHUIO B CEPUIHBIX CIIEKTPOMETpAx, U3-
3a JIy4IIEro paspelieHus 1 0ojee MHUPOKoro pabodero TeMrnepaTypHOro AUarnaso-
Ha, yeM kpuctayisl Csl u LY SO.
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N3YYEHUE MEXAHU3MOB IIEPEHOCA YACTHII BBIGPOCOB
IMMPOMBILLUIEHHBIX ITPEJQIPUSITU HA OCHOBE PE3YJIbTATOB
HEWUTPOHHO-AKTUBALIMOHHOI'O AHAJIM3A
MXOB-BUOMOHTOPOB
[Toxposckasa E.A., Porosa H.C.

Hayunsrii pykoBoautens: PepkakoBa H.K., k.¢.-M.H., ToUeHT
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[TpobGiiema MoaenupoBaHus BEPTUKAIBHBIX JBMKCHUN MEJIKOJAUCTIEPCHBIX Ya-
CTHII BBIOPOCOB ITPOMBIIIJIEHHBIX TPEANPUITHI SBIISICTCS OAHOM M3 BakHEeHHX. B
COBPEMEHHBIX MOJEISX BEPTUKAIBHOE MEPEMEIICHUE YAaCTHUIl B TPU3EMHOM CJIOE
aTMocdepbl onuchIiBaeTCsl 0OBIYHO TYpOyJIeHTHOM nuddy3ueit B 1moje Cuil rpaBu-
tanuu. OJTHAKO, B YCIOBUSAX aTMOC(EPHON HEYCTOMYMBOCTH MEPEMEIICHUE YaCTHIT
B BEPTUKAJIHLHOM HAMPABJICHUU BO3MOXKHO TAK)KE€ B BOCXOJSAIIUX WIIA HUCXOISIIINX
KOHBEKTUBHBIX MOTOKaxX. J[Jig M3ydeHuss MEeXaHU3MOB IEpPeHOCa YaCTUIl B BEPTHU-
KaJIbHOM HamlpaBJ€HUU B padOTE MPOBEACHBI OLIEHKW CPEAHUX 3HAYCHUU BEPTH-
KaJIbHOM KOMIOHEHThI CKOPOCTH MEJIKOJUCTIEPCHBIX YaCTUI] BHIOPOCOB MPOMBIIII-
JICHHBIX IPEANPUITUIN B MPU3EMHOM CII0€ aTMOC(hEPHI.

Pe3ynbTaThl MOMy4YeHBI JJIsi BBICOTHOTO MCTOYHHMKA 3arpsi3HEHUs (yroJibHas
TOII) ¢ momompio TPEAIOKEHHOT0 B padore [1] MOIy>MIUPHYIECKOTO METOIa —
U3MEPECHHBII € TOMONIBI0 HEHUTPOHHO-aKTUBAIIMOHHOTO  aHajiuW3a  MXOB-
OMOMOHHUTOPOB [2] TOPU30HTATIBLHBIN MPOGUIIb YPOBHS 3arps3HEHUS OIMMCAIN He-
JIMHENHOW IapaMETPUUYECKON pErpeccuei, aHAIMTUYECKUN BUJI KOTOPOU Ompeze-
nsieTcs peneHueM Iu¢Gy3u0OHHO-KOHBEKTUBHOTO YpaBHEHUS MEPEHOCa BHIOPOCOB
npeanpustuid [3]. s uccienmoBaHus B 30HE JEUCTBHUS MCTOYHHMKA BBIOPOCOB B
aerom 2008 roma nHa Beicotax 0,5...1,5 M otoOpansl oOpasiel Mxa Pylaisia
polyantha (Hedw.), nimraa mpupocTa KOTOPOro COOTBETCTBOBAJIA TPEXJICTHEMY TIe-
puoay skcno3uiid. OIEHKU MOKa3bIBalOT, YTO: 1) CKOPOCTH MEpeHOca YacTull B
BEPTUKAIBLHOM HAMPABJICHUU COCTABJISIOT OT HECKOJBKUX CM/C IO HECKOJIbKUX JIe-
CATKOB CM/C, TO €CThb COOTBETCTBYIOT CKOPOCTU ME30MAaCIITa0OHBIX BEPTUKAIBHBIX
JBIDKCHUN B 30HAX JEUCTBUSA TPEANPUSATUN (0 HECKOJIBKUX JECSATKOB KM); 2)
yCpeaHEeHHasl 10 OOJBIION TEPPUTOPUU U 3a JJTUTEIbHbIC MPOMEXKYTKH BPEMEHU
CKOPOCTh IMEPEMEIICHUSI YacTHIl B HANPABJICHUU K 3€MHOM MOBEPXHOCTH B CpE-
HeM OoJiee ueM Ha MOpSAI0K BhIlie ckopocteit CTokca; 3) B 30HaX BIMSHHS KPYTI-
HBIX MPEANPHUATHN OJJTHUM M3 OCHOBHBIX MEXaHU3MOB MEPEHOCA YaCTHUI] B HAIIpaB-
JICHUU K 3€MHOM MOBEPXHOCTH SIBJISIETCS ABM)KCHHE B HUCXOJSIIUX MOTOKAX BO3-
ayxa.

1. Ryzhakova N.K., Borisenko A.L., Babicheva V. O. Use of moss biomonitors for turbulent
transport coefficient estimation for industrial emissions. Atmospheric Pollution Research,
2017, V. 8(5), p. 997-1004.

2. Borisenko A. L., Ryzhakova N. K., Rogova N. S. Mosses as indicators of urban environmental
pollution: Examples of pylaisia polyantha (HEDW.) BSG from West Siberia //Mosses: Ecol-
ogy, Life Cycle and Significance. — 2018. — C. 27-57.

3. bepnsiun MLE. [IporHo3 u perynupoBanue 3arpsisHenus atmocdepsl. — JL.: ['mapomereonsaar,
1985. - 272 c.
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Radioactive isotopes can be generated in research reactors by irradiating vari-
ous materials and harvesting the desired isotopes after irradiation. Prior to irradia-
tion, it is important to estimate the optimal irradiation times and position-
dependent neutron fluxes in the reactor core, in order to optimize the yield of radi-
oactive isotopes. This process is what we refer to as isotope production planning.
This paper is focused on the production planning of the Y-90 isotope, which is
produced via the radiative neutron capture (n,y) of Y-89 in a reactor core. To esti-
mate the irradiation time for Y-90, the equation given below is used:

A0 (t] — Ngggfgp(] — e~ gotlrrad)g_ *®tpecay

The following parameters need to be known: the targeted activity of Y-90 af-
ter decay, Y-89 microscopic capture cross sections, number density of Y-89, decay
constant of Y-90 and the total neutron flux in the sample. The Monte Carlo code
MCNP, version 5.1.51 [1] is used to calculate the total neutron flux in the sample
and reaction rates which are then used to calculate the microscopic capture cross
sections. OSCAR-4 [2] is used to calculate the number densities of the burnable
isotopes needed in the MCNP code.

Irradiation planning was performed with the procedure described here. The
client proceeded to irradiate the Y-89 material according to the irradiation times
and reactor positions as calculated. After irradiation, the activities of the produced
Y-90 samples were measured. The sample activities are required to be within a tar-
geted activity range. This was achieved in 77 % of the 159 cases predicted. The
measured activities of Y-90 for the operational cycles considered were within
+ 10 % of the target activities. It is concluded that the production planning meth-
odology here is an effective approach for the prediction of the irradiation time for
isotope production planning.

1. Los Alamos Scientific Laboratory, MCNP: a General Monte Carlo Code for
neutron and photon transport, Version 5.1.51, Los Alamos, USA, April 2003.

2. R.H. Prinsloo, et.al., “Recent developments of the OSCAR calculational system,
as applied to selected examples from IAEA research reactor benchmarks”, Proc.
IGORR 20017, Sydney, Australia, 3 — 7 December, 2017.
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During the operation of a nuclear reactor a number of changes occur in the
composition of the fuel. The various fuel nuclei are transmuted by neutron capture
and subsequent decay. For this research we are going to consider reactors operating
on the uranium cycle. It uses fuel developed directly from natural uranium which
contains a mixture of 23U, 2®U, and 2%U [1]. The main goal of the task will be to
determine the accumulation of various isotopes during the burnup of uranium fuel
in 1000days. The concentrations of various isotopes produced in the transmuta-
tion—decay process of uranium will be determined in two ways. First with varying
flux and the second with constant flux and then compared. Concentrations of the
various fuel isotopes in a reactor are described by a coupled set of production—
destruction equations. During the analysis we will take the initial concentrations of
235U 0,001 ﬁ and 28U as 0,021 ﬁ.The flux will be taken as 7 x 10% ﬁ . The change of isotope

concentration can be calculated using equation of isotope kinetics. The reaction
rate can be determined by R = ¢ X p X ¢. The cross-sections needed will be taken
from JANIS (E=0,025 eV). The analysis will be done using python software and
concentrations of different isotopes determined. The graphs of the results will be
plotted according to the obtained values and conclusions will be drawn. The urani-
um-plutonium fuel cycle can be shown below.

235 236 237 238 239 240 241 242 243 244 245

96 20m — 2Cm — 24Cm — 2%5Cm
B TP
95 MAmMm — 222Am — 26Am — 2¥Am

TP LEC Th

94 B8Py 29py —» MOPy —, 24Py —, 242py . 243py
1B TP
93 BWNp — 2Np 239N
1B 1B
93 235 — 236|] — 237[] 38 . 239[]

1. Nuclear Reactor Physics, Weston M. Stacey, Second Edition, Completely Re-
vised and Enlarged, 2007.
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MPOBJIEMBI U MEPCIIEKTUBBI BE3AMAJIbIAMHOM TEXHOJIOT' A
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AKTYyaJgbHOCTh pa3padOTKU U CO3JaHUsl TEXHOJIOTMH Oe3aMalibraMHOro 000-
raiieHus JUTUs-7 U3 TPUPOJHON CMECHU U30TOMOB JUTHUS COCTOMT B HEOOXOAUMO-
CTH UCKIJIFOUEHHUS U3 TEXHOJOTUYECKUX MPoLieccoB pTyTH (1-i Kilacc 0macHOCTH 10
I'OCT 12.1.005-88), - 370 00CTOATEIBCTBO MHUIIMHPOBAIO MHUPOBYIO TCHICHIUIO
CHUKEHUS TOTPEOJICHUS PTYTH.

W3 cymecTByOMMX MOAXO0I0B K PEIICHUIO 3TON MpoOJieMbl 0COOBIA MHTEPEC
MPEJCTABIAIOT METOABl XUMHUUYECKOTO HM30TONMHOTO oOMeHa (9KcTpakuus). B
HAaCTOSAIIEE BpeMs MPU3HAHO, UTO HauOoJiee MEePCIeKTUBHBIMU SKCTpareHTaMu sB-
JSFOTCSI MAKPOLUUKIMYECKUE MOANIPUPHI (KpayH-3(DUPBI) SKCTPAKLMS Ha KOTOPBIX
OCHOBaHa HAa MX CIMOCOOHOCTH K 0Opa30BaHHUIO0 KOMILIEKCOB, COAEPKAIIUX KaTHO-
HBI ONIPEJCIEHHBIX U30TOMOB [2,3].

Ony0irKOBaHHBIE PE3YJbTAThl UCCIEAOBAHUNA OCHOBAHBI Ha 3KCTPAKIIMU Ha
EAMHUYHOM DJIEMEHTE pa3/iesieHUsl C MPUMEHEHUEM XJI0podopMa U XJIOpHUIa JIUTUS
[2,3] ¢ momydyenuem koddpduumentos pazuenenus (K,) 1,025-1,032. Onnako, Her
JAHHBIX 10 IMOJYYEHUIO0 YMHOXarommxcs K, 130TOoB IUTHA Ha KacKalax.

[Ipu pabote Kackama U3 MEHTPOOSKHBIX IKCTPAKTOPoB au3aitHa AO «CXK»
[4], moaTBepkACHBI OMyOJIMKOBaHHBIE KOA(DOUIIMEHTHI pa3/ieNICHus, a TaKXKe BbI-
SBJICHO TIOBBIIIEHHOE MCHapeHue xjopodopma, oOpa3oBaHUE TBEPABIX THIPATOB
xJjiopodopma, Koppo3uu 000pyI0BaHHUS, YTO BEJIO K COOSM B THAPOIUHAMUKE (a3.

[Ipumenenue xnopoopMa MOAXOAUT IS HMCCIEIOBAHUN JTAOOPATOPHOTO
Maciraba, Il IPOMBIIUICHHOTO TOJydeHus: u3oTomna Li-7 Hy)XHBI aJlbTepHATHB-
Hble pa30aBuTenn KpayH-3gupoB. [lokazaHo, yto Haubosee MOAXOASAIMMHU PU3H-
KO-XMMHMUYECKUMH CBOMCTBAMU 00JaJal0T (DTOPOPTraHUYECKUE >KUIAKOCTH, UMEIO-
I[Me BBICOKHE TEMIIEPATyphbl KUIECHUS U HE PACTBOPSIOIIMECS B pacTBOpaxX cojieh
nutus. [3].

1. A.B. Tabpuensn u ap. O6oralienue JUTUs O U30TOMY 'Li 31ekTpoMeMOpaHHBIM METOIOM
// AnbTepHaTHUBHAs dHEpreTHKA U dKosorus Ne 22-24 (270-272) 2018 C. 107 — 118.

2. HUcymnos B. II., Mutpodanosa P. II., Uynaxuna JI. 3. u np. Koadpduuuentsr paznenenus
M30TONOB JIUTHS TIPU XUMHUYECKOM HM30TOITHOM OOMeHe // XUMHs B HHTEpecax yCTOWYHUBOTO
pasButus 9 (2001), C. 183 — 198.

3. Nishizawa K., Ishino S., Watanabe H., Shinagawa M.. Lithium Isotope Separation by Lig-
uid-Liquid Extraction Using Benzo-15-Crown-5. Journal of NUCLEAR SCIENCE and
TECHNOLOGY, 21[9], pp. 694~701 (September 1984).

4. 1leHTpoOEXHBI HKCTPAKTOp C YCTPOMCTBOM [UIs Je3MyinbrupoBaHus. IlateHT Ha
m3obperenne RU 2670234 C2. lllamun B.U., Tunun B.B., CokomoB P.B., 3i03un A.B.,
KosbipeB A.C.— ony61. 19.10.2018.

5 benosa E.B., I'epman K.3., SApsikun J[.W. u ap. CoBpeMeHHbIe 00pa3oBaTeIbHbIe TEXHOJIOTUN
B ¢uznyeckoit xumun. Monorpagus. M.: «MJ{ «'panunay». 2019. C. 85.
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Cexuusn 5

BbIBO/I U3 OKCIVIYATALIMU U OBPALLIEHUE C PAIMOAKTUB-
HBIMH OTXOJAMUA

Ilpeoceoamensw: k.m.n. becnana E.B.
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O BO3BMOKHOCTHU JIABEPHOI ®PATMEHTAIINA
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Bomnrun A.B., becriana E.B.

AO «TB3JI», 115409, Poccus, r. Mocksa, Kanmpckoe mocce, a. 49
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Ha cerognsiminuii J€Hb OMHUM U3 BAXKHENIINX PHIHKOB BD sABIseTCA PBHIHOK,
CBSI3aHHBIM ¢ BD paznenuTenbHOro mpoU3BOACTBA, PAHEE HCMOJIb3YyEMOTO s
oboraleHus ypaHa U NojydeHusi cTaOuibHbIX n3oTonoB. Tak 05.02.2021 ¢pan-
y3ckas kommnanus «Orano» nojyyusia pa3pelieHHe Ha Ha4yalo JEMOHTa)ka ycTa-
HOBKHU 110 Tazoauddy3nonHomy odoramieHuto ypana XKopxk-bece (Georges Besse)
Ha KomIuiekce TpukacTMH Ha 1oro-Boctoke @dpaniuu. Paborer mo BD 3aBoja
JTIOJDKHBI 3aBepIIuThes He mo3aHee 31 pexadps 2051 roga. Takum ob6pazom, pabora
M0 JIEMOHTaXy ra3ou(pdy3MOHHBIX MAIIUH TMPOJJIUTCS CJICAYIOIINE TPU JAECATH-
JeTvs. JTU onepanuu OyayT BKIOYATh JEMOHTAaXX BCETO MPOMBIILIEHHOTO 000pY-
noBanusl. [IpoekT BriouaeT nemontax 1400 cryneneit audPy3noHHOTO Kackasa,
KOTOphIM BKIItO4aeT 160 Thic. TOHH cTanu, 30 ThIC. TOHH METAUIMYECKOro 000py-
noBanus 1 6osnee 1300 kM TpyOompoBoaoB. [lepen HauyamoM paboT MO IEMOHTAXY
B CTapbIX MPOU3BOJCTBEHHBIX II€XaX OyAyT yCTaHOBJIEHBI YCTAHOBKHU ISl PE3KU U
YIUIOTHEHUSI TIPOMBIIIEHHOTO o0opyaoBaHus. [Ipu 3ToM cToMMocTh paboT olie-
HUBAETCS B HECKOJIBKO MIJIJTMAPAOB J0JIIapOB.

B P® umeercs onbiT BD 13 skcrutyaTanuu 00bEKTOB pa3eauTeNIbHOTO TPO-
U3BOJICTBA, B YAaCTHOCTH JIeMOHTaxa razoanddy3rnonubix MamuH. C OgHOU CTO-
POHBI, BCE MPEANPUITHS Pa3ICTUTEIBHO-CYOJIMMAaTHOTO KOMIUJIEKCA B pa3HOE Bpe-
MsI TIPOIILJIM MOJICPHHU3AIINIO, CBSI3aHHYIO C 3aMEHOM Ta3zoaudPpy3noHHOTO 000py-
JoBaHUsl Ha IeHTpudyx)Hoe. B pamkax MojaepHU3AIMM MPOBOIUIACH OYHMCTKA
000opynoBaHus, AeMOHTaX ra30AudPy3nOHHBIX MAIIMH U 00ECIIEUNBAIOIIUX KOM-
MyHUKalUi, QparMeHTanus o0O0OpyJOBaHUS M J€3aKTUBALMS O0Opa3yrOIIUXCs
(dbparMeHToOB, MOATOTOBKA IJIOMIAJIKK K pa3MEIeHHUI0 ra30oBbIX IeHTpudyr. C npy-
rol CTOpPOHBI, MOMUMO MojepHu3anuu obopynoBanus B AO «CXK» u AO
«ADXK» BrepBpie NPOBOJWINA KOMIUIEKC MEPONPpUATHI 110 BD pazaenurensHOTrO
MIPOU3BO/JICTRA.

Hcxons u3 BhINIEYKa3aHHOTO, 11€TeCO00pa3Ho pa3paboTaTh MPUHIMITHAIBHO
HOBBIC TOAXOMbl, TEXHUYECKHE PEIICHUS M TEXHOJIOTMH JUIsl MOJy4deHus pede-
PEHTHBIX NPOAYKTOB 10 BD paznenuTenbHbIX MPOU3BOACTB U, B YACTHOCTH, Je-
MOHTaXka 1 (pparmeHTanuu ra3oau@dy3noHHBIX MAITUH.

B cBs3u ¢ aTHIM, HanboJIee MOIXOIANUM TEXHUYECKUM PEIICHUEM TIPeICTaB-
JISIETCS TEXHOJIOTUS TUCTAHIIMOHHOM JIa3epHON PE3KH, MO3BOJISIONMAs (parMeHTH-
pOBaTh U JIEMOHTHUPOBaTh Tra3oAu(dy3UMOHHBIE MaIlUHBI HAa 3HAYUTEIHLHOM pac-
CTOSTHUU, B CTECHEHHBIX YCJIOBUSAX M 0€3 MU3BJICUCHUS! KOHCTPYKIIMOHHBIX U (PUJIb-
TPYIOIIUX 3JIEMEHTOB (Hampumep, ¢puiabTpoB). Kpome Toro, co3pganue Takou cH-
CTEMbI JUCTAHIIMOHHOM JIa3€pHOUM PE3KH MO3BOJUT PACHIUPUTH apCeHaNl TeXHUYe-
CKMX PELICHUM M TEXHOJOTWH sl parMeHTalU PaJUAlMOHHO 3arps3HEHHOTO
KpynHorabaputHoro oobopyaoBanus ONAD.
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OB YKOHOMHMNYECKOM IEJIECOOBPA3SHOCTH JJE3AKTUBALINN
OBJIYUEHHOI'O PEAKTOPHOI'O T PA®UTA
becnana E.B., JlaBpentseB K.A., becrniana FO.P.
AO «TB3JI», 115409, Poccus, r. Mocksa, Kanmpckoe mocce, a. 49
E-mail: evlbespala@tvel.ru

OO6men3BecTHO, 4TO B ypaH-rpaduToBbix peaktopax (YI'P) B kauectBe 3a-
MEJUTUTENSI HEUTPOHOB UCTIONB3YETCsl 0c000 YnCThIN rpadut. HecMoTpst Ha TO, 4TO
P IPOU3BOJCTBE TAKOrO TpaduTa MPOBOAUTCS HECKOJBKO 3TAIOB OYUCTKH (TEp-
MHUYECKOE MPOKAIMBAHKE HEPTSIHOTO KOKCA, BHICOKOTEMIIEPATYPHBIA OOXKHUT 3aro-
TOBOK, XMUMHUYECKasi 00padoTKa, rpadurtaius), B HEM OCTAIOTCS pa3InYHbIEC MPUMe-
cu, Hanpumep, Oz, N2, Fe, V, Ti, Al, Mn, Ni, Co, Ca, Mg, B, ClI, S. B cootset-
ctBuu ¢ [loctanosnenuem [lpaBurensctea PO 19 oktadps 2012 Ne 1069 «O xpu-
TEPHUSAX OTHECEHUS TBEPJIBIX, )KUAKUX U Ta3000pa3HBIX OTXO0J/I0B K PaIiOaKTUBHBIM
oTX0/aaM...» okojio 81-88 % peakTopHoTro Tpadura oTHOCUTCS KO 2 Kitaccy (1-2 %
— kx 1 xmacey, 11-17 % — k 3 kmaccy, medee 1 % — k 4 kiaccy). Takum oOpazom,
82-90 % rpaduToBbIX pamnoakTUBHBIX 0TX0/10B (PAO) poccmiickux YI'P momkHO
OBITh 3aXOPOHEHO B MYHKTE TITyOMHHOTO 3aXOPOHEHHS.

BepxHeypoBHEBbIE OLIEHKH MTOKa3bIBAIOT, YTO CTOUMOCTb 3aXOPOHEHUS OHO-
ro konteiinepa H3K-150-1,511, conepxaiiero oOiy4eHHbI peakTOpHbINA rpadut
6e3 npoceineit OAT, B nenax 2021 roga cocrasiuser 2 845 903,29 py6. [1]. Cnemo-
BaTeJIbHO, JIJIsl 3axopoHeHus Bcex rpadutoBeix PAO (26 000 ToHH), 00pa3yrommx-
Csl TIPY BBIBOJIE U3 AKCIUTyaTalni KaHaibHbIX YI'P, motpebyerca =13 500 koHTEH-
HepoB tuna H3K-150-1,511, a 3arpaTsl Ha peanu3zaiuio JaHHOTO BapuaHTa COCTa-
BAT 38,2 muipa. py6. O4eBHIHO, YTO BHIOOP TAKOW KOHIEHITUU OOpaIieHus ¢ 00Iy-
yeHHBIM rpadutoM ADC mpHUBEIET K HEONPaBJAHHBIM SKOHOMUYECKHUM IOCIE]-
CTBUSIM, CBSI3aHHBIM C HECOOOCHOBAHHBIMU 3aTpaTaMu Ha ee peanu3zanuto. C npyrou
CTOpOHBI, Ha KoHen 2021 B PD He cymiecTByeT HU OJHOTO MYHKTA 3aXOPOHEHUS
PAO 2 xnacca, a CTpOUTENBCTBO MyHKTa MTYOMHHOTO 3axopoHeHus: B HukHekaH-
CKOM MaccuBe HauHeTcs He panee 2030 r.

B kavecTBe pelieHus JaHHON MpoOJieMbl IPEAaratoTcsl pa3aIudyHble METO/IbI
JI€3aKTUBALlMK O0JIYyYEHHOTO rpaduTa ¢ UEelblo MEpeBo/ia ero u3 2 kiacca B 3 Win
4 Knacc: TEpMHYECKHE, BBICOKOTEMIIEPATYpHbIE (IUIa3MEHHBIE), XUMHUYECKUE,
ANEKTPOXUMUYECKUE, )KUIKOCTHBIE U T.J. OqHaKO OOJbINast 4aCcTh YKa3aHHBIX Me-
TOJIOB HE MO3BOJIAET MOJTHOLIEHHO CHU3UTH KJIaCcC U MPUBOJUT K 00PA30BAHUIO €IIIe
6ompioro konudyectBa BTopudHbix PAO. Kpome Toro, cam rpadut sBisieTcs myd-
mei marpuried s Qukcanuu HaxXOASIIMXCS B HEM PAJAMOHYKIUIOB U JIIOObIE
orepaluu, CBs3aHHbIE C €€ pa3pylICHUEM, IPUBOJAT K BOSHUKHOBEHUIO 3aTpaT Ha
obecrieueHre pagualiioOHHON, a HHOT/IA U sAIepHOi O6e30macHoCTU. B cBsi3u ¢ aTuM
HEOOXOUM KpailHe B3BEUICHHBIM SKOHOMHUYECKHHM TOIXOJ K BBIOOPY TeX WM

WHBIX METOJIOB JIe3aKTUBALIUK O0TYUYEHHOTO PEaKTOPHOro Tpadura.

1. Bonkos B.I'., Cadponosa H.H., Mopozos ®.T., Komapos E.A., 3umun B.K., beumkun b.K.,
3BepkoB F0.A., ITaBmok A.O., Kotnsipesckuit C.I'., Kan P.M. O npobneme 3aKkI0OYUTENBHOTO
sTana obparieHus ¢ o0aydeHHbIM rpadutom 0110k0B ADC ¢ BogorpadutoBeiMU peakTopa //
PagnoaktuBHbIe oTx0ab1. —2021. — 2(15). — C. 10-20.
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NUCCJIEJOBAHME JIBOMHOI'O JUP®PY3NOHHOI'O CJIOSI BOKPYT
MMHEPAJIA I'J/IMHBI
Ban [aiinyns, [Hyknmnaa /1.1,
Hayunsrii pykoBomutens: Memkua B.®., 1.¢.-m.H., mpodeccop
Tomckuit nommrexamdeckuii yausepeutet, 634050, Poccust, r. Tomck, mp. Jlenuna, 2
E-mail: caylun1224@gmail.com

bnaronapsi BeICOKOM ancopOIMOHHOM CIOCOOHOCTH M HU3KOW THIpaBidye-
CKOW TMPOBOAMMOCTH TJIMHA WIPAET JKU3HEHHO BAXHYIO POJIb B IOYBOBEICHUM,
Hayke 00 OKpY>Kalollle cpeie U 3aXOPOHEHHH PAJUOAKTUBHBIX OTX0J0B. MIOHHO-
BOJHO-MUHEPAIbHOE B3aUMOJICUCTBHUE OIpPEACNIeT COCTaB U MOTOKU (DIFOUIIOB,
MUTPALIHIO 3JIEMEHTOB, MUHEPAJIbHbIE U3MEHEHUSI, BRIBETPUBAHUE U CUITy HaOyxa-
HUS IOPO/J] B 30HE WX oOHaxkeHUs. HabyxaeMoCTh TJIMHUCTHIX MUHEPAJIOB U3MEH SI-
eTcsl Ipu OOMEHE KaTUOHAMH MEXIY CIOSIMH, YTO CBA3aHO C COCTOSTHUEM THapa-
TaIlM¥ KaTHOHOB, HAXOJSIINXCS y TIoBepxHOCTH MuHepana [1]. CocrosHue ruapa-
TalluM MOHOB B PACTBOPE CHJIBHO PA3JIMYAECTCS JJIA Pa3HBIX TUIIOB MOHOB, B TOM
YUCJIE 11 HOHOB OJJMHAKOBOM BAJICHTHOCTH.

UToObI MOHATH MPOIECC HAOYXaHUS TJIMHBI, IOBEPXHOCTh KOTOPHIX 3apsiKeHa
OTpUIIATEIBHO, SISl BOJHBIX CHUCTEM HEOOXOAUMO H3ydaTh CTPYKTYPY TpaHUIIbI
paszerna pactBopa ¢ ABoWHbIM nuddy3uonubM cioem ([JIC) u auHamMuKy KaTuo-
HOB ¥ MOJIEKYJI BOJIbI, aICOPOMPOBAHHBIX HA TOBEPXHOCTU MUHEpaa.

Ha pucynke mokaszaHbl CTpyKTypa M paclpelleIEeHHe WOHOB M BOJbI HA IO-
BEPXHOCTU YaCTHUIIbI TTUHBL. JIeBoe n300pakeHne MoKas3biBaeT MPOGUIN KOHICH-
Tpalii HOHOB M BOJIbI HAa TOBEPXHOCTHU TIUHBL. Ha mpaBoM nM300pakeHUM MpuBe-
nena cxema JJJIC. Buano, 4to Ha paccTosHuu 3 A OT MOBEPXHOCTH TJIMHBI HAOMIO-
naercs nmuk konmentpamuu Na*, a ClI” B 9T0#i 00acT mOYTH OTCYTCTBYET. B me-
pudepuitnoit oomactu JJJIC B Boge umeetcs 6ombine nonoB Cl. [lpu panpHeiimem
yIaJCHUU OT Kpas 4YacTUIlbl TIMHBI KoHIeHTpanuu Cl° u Na® BbIpaBHHBArOTCS.
O6nacts JJIC pacnpoctpansiercs 1o 100 A [2]. B noknaje aHanusupyercs Bius-
HUE pa3audHbIX pakTopoB Ha Tonmuny J/IC.
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1. Morodome S., Kawamura K. Swelling behavior of Na-and Ca-montmorillonite up to 150°C
by in situ X-ray diffraction experiments // Clays and Clay Minerals. — 2009. — V. 57. — Ne. 2.
—P. 150-160.

2. Pamukcu S. Electro-chemical technologies for in-situ restoration of contaminated subsurface
soils // Electronic journal of geotechnical engineering. — 1997. — V. 2.
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PACIHPEJIEJIEHVE HOHOB O 1 H' BTU/IPATHOM OBOJIOYKE
MOHOB TP UX B3ANMOJENCTBUY C MUHEPAJIOM I'JIUHbBI
Ban [aiinyns, [Hykmmna /. /1.

Hayunsrii pykoBomutens: Mpikud B.®D., 1.¢.-m.H., ipodeccop
Tomckuit nommrexamdeckuii yausepeutet, 634050, Poccus, r. Tomck, mp. Jlenuna, 2
E-mail: caylun1224@gmail.com

['uHKACTBIE MHUHEpPAbl MUPOKO PACHPOCTPAHEHBI B OKPYXAIOLIEH Cpele.
bnarogaps cBouM (pU3UKO-XUMHUYECKUM CBOMCTBAM U BO3MOKHOCTH K HAOyXaHHUIO
IpU KOHTAKTE C BOJOM, OHM CTAJU MPEIMETOM HCCIEI0BAaHUI BO MHOTMX O0Jia-
CTSIX.

['uppatupoBaHHble MOHBI B mpouecce nup@dy3un B3aMMOAECHCTBYIOT C IO-
BEPXHOCTBIO TJIMHBI ¢ 00pa30BaHUEM KOMILUIEKCOB BHYTPEHHEH U BHEIIHEW cdep.
[ToaTomy runparanus BauseT Ha kKodpduuuent auddys3un noHos. s aHamuza
napaMeTpoB TUIPATHON OOOJIOUYKH MEXKCIOEBBIX KaTHOHOB MOXET OBITh MCIIONb-
30BaHa (QYHKIUSA paguaibHoro pacnpenencaus (RDF).

Ha pucynke npencrasinensl RDF-kpuBbie ipu B3aumozeiicTBuu noHoB Na* ¢
aToMaMH MOJIEKYJI BOJIbI, UMEIOIIMMH YaCTUYHBIN 3aps/l, U MOBEPXHOCTHIO IJIHHBI.
Hcnons3oBansl cnenyoomue obo3Hauenus: Oy — kuciaopoa Boasl, Hy — Bogopon
BOJbl, Os — KACIIOPOJ HAa MOBEPXHOCTh IIIMHBI. MOXHO BUAETH, UTO KPUBBIE pac-
npenenenns Na-Oy u Cl'-H, uMeroT aBa nika, KOTOpbIE MPEACTABIAIOT EPBBIN U
BTOPO#1 cliou TuapaTHOM 000mouku BoKpyr noHa Na*. [Ipu 3ToM paccTosiHEe Mex-
ay Cl" 1 BOJJOpPOIOM MOJICKYJIbI BOJIbI MEHBIIIE, YUEM paccTOsTHUE Mex 1y Na* u Kuc-
aopoaom Bojbl. Pactipenenenre noHoB Na*, oTHOcHTENbHO Oa3alibHOM MOBEPXHO-
CTH MUHEpPAJIA TJINHBI, UMEET EPUOANYECKUI XapaKTep.
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Monbl Na* Takke B3aMMOJICHCTBYIOT C KHCIOPOJIOM Ha IMOBEPXHOCTH TJIMHBI
Os, cuta B3aMMOJICHCTBHUS KOTOPBIX YMEHBIIASTCS C KaKIbIM CIIOEM THAPATHOM
00070uKku. OTpULIATENBHBIN 3apsl Ha 0a3albHOW MOBEPXHOCTU CJIOS TJIMHBI MPHU-
TATUBAET aTOMBI BOJIOPOJIA, BXOASIINE B MOJICKYJTY BOJIBI U B TO K€ BPEMS OTTaJl-
KHBAET aTOMBI KUCIIOPOa MOJIEKYJIBI BOJIBI.

[To Mepe yBenu4eHUs TUAPATHON 0OOJOUKH PACCTOSIHHE MEXIY MOJIEKyJIaMu
BOJbI M KATUOHAMH YBEJIMYMBACTCS, a CHJIA IPUTSHKEHHUS YyMeHbinaercs. [loaTomy
HaJU4KMe THAPATHOW 000JOYKM KAaTHMOHOB yMEHbIaeT kod(duimeHt nuddysun
n3-3a yBenudeHusI uX 3G(OEKTUBHON MacChl M YBETUYMBACT €0 M3-3a OTHAJICHUS

OT (pUKCHPOBAHHBIX HA Oa3aTBLHBIX TOBEPXHOCTSX 3aPSI0B.

1. Rinnert E. et al. Hydration of a synthetic clay with tetrahedral charges: a multidisciplinary ex-
perimental and numerical study // The Journal of Physical Chemistry B. — 2005. — V. 109. —
Ne. 49, — P. 23745-237509.
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PA3PABOTKA PEKOMEHJIAIINH JJIS1 PECITYBJIMKU KABAXCTAH
JIJIS1 BOJIEE ITUPOKOT' O UCITOJIB3OBAHUS SIAEPHOM DHEPT U
HA OCHOBE AHAJIN3A CY$3 POCCUMCKOU ®EJEPALIMU U
3APYBEXHBIX CTPAH
XyxaxxknHoBa K.A.

Hayunslii pykoBoaurenb: Bepxoryposa B.B., k.1.H., 1OLIEHT
Tomckuii nonutexuuueckuii yausepeurer, 634050, r. Tomck, nip. JIennna,30
E-mail: kamilakhuzhazhinova@gmail.com

Hecmotps Ha To, yto PecnyOnuka Kazaxcran siBisercst TuAepoM Mo J00bIue
ypaHOBOM py/bl B MUpE, 00J1aJIaeT TEXHOJIOTUSIMU U3TOTOBJICHUS TOIUIMBA JIJISl pe-
aKTOpOB, JIaHHAs CTPaHA TOJIbKO BCTAET HA MyTh UCIOJb30BAHUS ATOMHOM SHEpre-
tuku. [loctpoenne ADC BnedeT 3a coOOM psii 3a4ad, TaKUX KakK YIpaBJICHUE
snepubiMu 3HaHUAMU (Y A3). He umes cucremsl Y A3 crpana puckyer He coOpath
KBAIM(PUIMPOBAHHBIE KAJPbI JIJIS1 IPOEKTOB, & TAKXKE MOTEPATh HAKOIJICHHBIE 3HA-
HUS B IIEPHOM OTpACIIN.

N3yuenue nerictByromero cocrosinusa PR-konuenmuu Kazaxcrana 3a nocien-
HUe 3 roga mokasano, 4yTo OOJbllas YacTb MEPONPHITHI, MPOBOAUMBIX SAEPHBIM
oOIIECTBOM, HampaBJIeHbl HA PabOTy C JEUCTBYIOIIMMH COTPYJHUKAMHU OTPACIH
84%, a ¢ MOJIOZIBIM TIOKOJIEHHEM Jinilb 17%, B TO BpeMs Kak 3apyOeKHbIE CTpaHbl
YIESIOT JOJDKHOE BHMMAaHHUE pabOTe ¢ MOJIOJIEKBIO, HAUMHAsl C JIETCKUX CaJloB
[1].

Anamm3 cymectByrommx CY A3 no3Boiawi BbISIBUTH JIYYIIH OnbIT B Y3 B
pamkax komnanuu Poccuiickoit denepamnuu «Pocatomy». Tak, coznannas uHdop-
MalMoOHHas TIaThopMa OXBATHIBAET BCE CTAIUU KU3HEHHOTO IMKJA 3HAHUUA OT
dbopMupoBaHus 10 KOMMepIMain3anuu. JlaHHbIe MOTYT 3arpykaThCsl, XpaHUTHCS
Y TIepeaBaThCsl BO BHEIIHME 0a3bl JAHHBIX MUPOBBIX COOOIIECTB SIACPHOM MHIY-
CTpHH.

B pazpaborannbix pekomenaamusax aisi PK noagxon B PR-konneniuu pasne-
JIEH COTJIACHO BO3pacTHhIM rpynmnaM. [IpeacrtasieH psa Mep MO CO3AAHUIO MO3U-
TUBHOT'O MbICJIEO0pa3a Ha 3Tare JAETCKOro cajla U HadaJlbHOM 1IKOJIbl. B Bo3pacte
CpeIHEW M CTaplliel IIKOJIbI MHIYCTPUU BaKHO MPOOYIUTHh MHTEPEC K MHXKEHEP-
HBIM HayKaM, OTOOpaTh CIIOCOOHBIN YEIOBEUECKHI Pecypc W HaIpaBUTh B sIEp-
Hble yHUBepcuTeThl. [IpuBENEHBI NMPEIIOKEHUS 110 PAa3BUTUIO HAYKH YEpE3 COB-
MECTHBIE MPOTPaAMMBbI ¢ TIPEANPUITUSIMU U y4eOHbIMU 3aBeneHusMu. st mMoso-
JbIX COTPYJIHUKOB MpPEACTaBI€HA MporpaMMa HACTaBHUYECTBA IJIsl JIETKOTO MpPOo-
1ecca ajganTaiuy BO BpeMs paboTHhl.

[lepenuManue ombiTa 3apyOEKHBIX KOJJIET U CJIEIOBAHHWE pa3padOTaHHBIM
pexkoMeHanusaM, no3Boaut Kazaxcrany co3gate yHukainbHyro CYS3 B Mupe u
pPacCUIMPUTD UCTIONB30BAHUE SICPHON SHEPTUU B paMKaX CTPaHBbl.

1. ApxuB HOBOCTEH // Sneproe obmecTBo Kazaxcrana [DnexTpoHHblii pecypc]. — Pexxum
noctyna: http://www.nuclear.kz/news/?lang=ru — 07.05.2021 r.
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OIIPEJIEJIEHUE UHTEHCUBHOCTH JIMBHEM IO TAMMA-®OHY
Sxosnes AL
Hayuneiii pykoBoautens: SIkosiesa B.C.2, 1.T.H., mpodeccop
'Tomckuii rocymapcteennsiit yausepeutet, 634050, r. Tomck, mip. Jlenuna, 36
2ToMCKHI TIOJUTEXHUYECKUH yHuBepcuteT, 634050, r. Tomck, nip. Jlenuna,30
E-mail: yakovlev-grisha@mail.ru

OlieHKa MHTEHCUBHOCTH M JIPYTHMX XapPaKTEPUCTUK OCAJKOB IO JIUHAMMKE
MOIIIHOCTH J03bl FaMMa-M3Jy4€HUs SBJISECTCS JTOCTATOYHO HEMPOCTON 3ajauei.
MHOTrO4YHCIIEHHBIE UCCIICA0OBAHMS MTOKA3aIM, YTO 3HAHUE TOJIBKO OJTHOM MOIITHOCTH
J103bl FTaMMa-HU3J1y4eHUs HE 10CTaTO4YHO [1].

B nannoit pabote nmpoBoauiIM pa3pabOTKy METOJa OIEHKH CPEIHHUX 3a OHO
COOBITHE 3HAYCHUU WHTCHCHUBHOCTH IO JUHAMHUKE M3MEPEHHOM MOIIHOCTH O3Bl
raMma-u3JIydyeHUsl. AHAJIN3 SKCIEPUMEHTAIBHBIX JaHHBIX MMO3BOJIMI BBISIBUTh, YTO
BEJIMUMHA BCILJIECKa B raMma-(oHE HE KOPPEIUPYET C HUHTCHCUBHOCTHIO OCAJIKOB,
YTO XOPOIIO COIrJacyeTcsl ¢ SKCIEPUMEHTAIbHBIMU JaHHBIMU 1O ramMmma-gony [1-
3].Peakuyst MOIIHOCTH 103bl TaMMa-U3JIy4YeHU HA OCAJIKH, MPOSIBISAIOIIASICSA B BU-
7€ aHOMAJIbHBIX BCIJIECKOB B ramMma-(oHe, Obla JE€TaJbHO HM3y4YeHa M B padote
npuBeneHa ux kinaccudukanus. [logxon k pazpaboTke MeToaa ObUT BHIOpaH MCXO-
Tl U3 HaOopa BEJIMYMH, KOTOPhIE MOKHO PeaIbHO U3MEPHUTh, JIMOO OILICHUTh MUCXO-
Tl M3 U3BECTHBIX Ieo(U3WUYECKUX MAaHHBIX W SASPHBIX KOHCTAHT. B wacTtHOCTH
MPEANOIAracTCsl 3HaHUE IUIOTHOCTH TMOTOKA paJOoHa grp C MOBEPXHOCTH MOYBHI,
nubo eif olleHKa Ha OCHOBE cojepkaHus 2°Ra B mouBe Mo M3BECTHBIM MOIEISIM [4,
5]. Ananu3 peakiuu ramMmma-()oHa Ha JIMBHHM Pa3JIHYHON MHTEHCUBHOCTH U JJIH-
TEILHOCTH TIO3BOJIMJI YETKO OMNMpeAcisaTh (akT MPOXOXKJICHHS NoxAsi. B paborte
chopMyIHpOBaHbl OTIWYUTEIbHBIC TTPU3HAKH, TI0O KOTOPHIM BO3MOXKHO OIpeiesie-
HHE BPEMEHH Hayaja U OKOHYAHHUS BBIMAJACHUS OCAJIKOB, N3MEHCHUS NWHTCHCUBHO-
CTH OCQJIKOB JJISI OJJUHOYHBIX COOBITHI ((POPMUPYIONINX OJUH BCIUIECK B ramMma-
done).

Pazpabotan meTon 1j1sl OIIEHKH CPEHUX 3a OJJHO COOBITHE 3HAYCHUN WHTEH-
CHBHOCTH M KOJIMYECTBA OCAJKOB IO AKCIEPUMEHTAIBHBIM JJAHHBIM O JTUHAMUKE
MOIIIHOCTH JI03bl Y-U3JIyYEHUs] YUWUTHIBACT PAJMOAKTHUBHBIN pacraj MPOAYyKTOB
pacrana pagoHa B atMocepe ¥ Ha 3eMHOM MOBEPXHOCTU B MEPHUOJI OCAIKOB, a
TaK)Xe OUHuIleHre aTMOC(hEephl OT PATUOHYKIUIOB.

1. Bottardi C. et al. Rain rate and radon daughters’ activity //Atmospheric Environment. 2020. T.
238. C. 117728.

2. SlxoBnesa B.C. MoaenupoBaHue BIUSHUS COCTOSHUS aTMoc(epsl U TUTOC(Ephl Ha TUHAMUKY
TUTOTHOCTH TTOTOKA pajioHa u TopoHa // Uzectust TITY. 2010. T. 317. Ne 2. C. 162-166.

3. Gusev, A. A, Martin, I. M., Alves, M. A., & de Abreu, A. J. (2015). Simulation of the
radiation fallout from gamma-ray measurements. Modeling Earth Systems and
Environment, 1(3), 18.

4. SlxosneBa B.C. IloneBoit meton m3mepenus kodbdunuenta quddy3un pagoHa U TOpOHA B
rpynte / Becthuk KPAVYHII. ®u3.-mat. Hayku. 2014. Ne 1 (8). C. 81-85.

5. SxosneBa B.C., IlapoBuk P.M. uucnenHnoe pemenue ypaBHEHHS AUPPY3UH — aJBEKIUU

paloHa B MHOTOCIOWHBIX reojoruueckux cpeaax // BectHuxk KPAYHII. ®wu3.-mar. Hayku.
2011. Ne 1(2). C. 44-54.
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IOPEKTUBHASA YAEJIBHAA AKTUBHOCTbD ITPUPOJHBIX
PAJIMOHYKJIMJIOB B HEOTEHIJIAMAX, C HEYCTAHOBJIEHHBIM
HAPYHIEHHBIM PA/IMOAKTUBHBIM PABHOBECHEM B PAJTAX
YPAHA U TOPUSA
HIymuiao A.B., Ecunbkanos I'.M.

Hayunslii pykoBogutens: Akosiesa B.C., n1.1.H., npodeccop

ToMCKUI MOJMTEXHUYECKUN YHUBEpCUTET, 634050, Poccus, r. Tomck, nip. JlennHa,
30
E-mail: artem7@tpu.ru

OObpazoBanue KHUAKUX U TBEPABIX OTXOJOB C MOBBIIICHHBIM COJEPKaHUEM
EPH siBnsieTcst xapakTepHON 0COOCHHOCTBIO psijia KOMIUIEKca paboT HedTera3oBoi
oTpacinu. B pesynprare Takol AEATEIBHOCTA MPOUCXOAUT MPAKTUYECKU HEKOH-
Tponupyemoe nepepacnpenencane EPH B okpyxkaronien cpeae ¢ KOHUEHTpauuen
UX B BEPXHHUX CJIOSAX 3eMHOM KOpbl. Ho B Oouibllel CTENEHN BEIUKAa BEPOSTHOCTD
TaK HA3bIBAEMOI'0 TEXHOI€HHOIO0 HapyUIEHUSM B PAJHMOAKTHUBHBIX Psax ypaHa U
TOpUSL, B CJIEICTBUHM BBIHOCA BHIOYPEHHOM MOPOJIbl HA JHEBHYIO MOBEPXHOCTh MPHU
XUMHUYECKON U MEXaHNYECKON 00pabOTKe B X0/1€ MPOBEIEHUN OypOBBIX padoT.

OO0pa3ibl OypOBBIX OTXO/A0B IEpeN FKCIEPUMEHTOM HNPOXOAMIN CTaJAUU: TO-
MOT€HHU3aluu U cymku. HaBecku mpoObl MOJABEpPrajuch KUCIOTHOW oOpaboTke
cienyomuMu KoHeHTprupoBanHbiMu kuciotamu: HNOs, H2SO4, HCI. B mocie-
AyIoLEeM MpoObl IPOMBIBAJIMCH AUCTUIIMPOBAHHOM Bojoi 1o pH 7, mocnie BhICy-
muBaIuch npu Temneparype 150 — 200°C B cymmiibHOM mkady sl TOCIETYIO-
IIMX HM3MEPEHUM Ha raMMa-cnekrpomerpe. M3mepeHus yaenbHOM aKTUBHOCTH
raMmma HM3Jy4aeMbIX PaJUOHYKIUIOB MPOBOAMIICA C MOMOIIBIO CIEKTPOMETpHUE-
ckoro komiuiekca [TIPOI'PECC Ap-b-T" (HIIII «/{o3a»), cornacao metoauke ['OCT
30108-94.

[Tomy4eHno, naxke nmpu caMoi arpecCUBHON 00pabOTKE TaKUX Cpel KaK cepHas
KHMCIIOTa, aKTHMBHOCTh m30Toma 2?Ra B menoM OyneT oCTaBaTbCs MPAKTHYECKU
Hen3MeHHOM. Boman uzoronos 32Th u “°K 00yciioBIeH MX HEMOCPENCTBEHHOM
CBA3BIO C KBapIEeBON OCHOBOW B 00pasiiax, KOTopas MOJ BO3JACHCTBHUEM KHCIIOT
(opMupyeT CoOeTUHEHHS C TIECKOM U MOPOOW, U BBINIAAAET B OCAJ0K B BUJE CHIIU-
KaToB. JlaHHbIE PE3yNbTATHI MPSMO YKa3bIBAIOT HA TOT (AKT, UTO MPUMEHEHUE XU-
MHUYECKH arpecCUBHBIX Cpell B KauecTBE OOE3BPEKMBAHUSA OTXOJOB IO OOJIbLICH
4acTH paboTaroT.

[IpoBeneHne MCCAEAOBAHMI MO HAKOMMBIIMMCS HEPACTBOPHMBIM OCTATKaM
ObLITM OBl CYIIECTBEHHO MOJIE3HBI B PACCMOTPEHUHU BOIIPOCA 00 YTUIIU3ALMH TAKOTO
po/la OTXOJIOB YK€ OOE3BPEKEHHbIX IIJIAMOB, OINpeAeNeHnus uX (QU3UKO-
XUMUYECKUX CBOMCTB, aKTUBHOCTH U JaJibHEUIIEH Kilaccu(PUKauu, U yTHIN3auu
kak PAO.

1. PaguaunonHas rurueHa. ddexTuBHas yneabHas akTUBHOCTh MPUPOIHBIX PAJUOHYKIINIOB B
cpellax ¢ HapyIIEHHbIM paJUOaKTUBHBIM paBHOBECHEM B psigax ypaHa u topus. W.I1. Cramar,
9.I1. JIucauenko. Tom 1 Ne 1 2008.

2. ®enepanbHblil  KIaccH(PUKAIMOHHBIA Katajor oTxonoB. Ilpukas Pocmpupomnagzopa ot
22.05.2017 Ne242 (¢ usamenenusiMu ot 2 HOstOpst 2018 roma Ne 451).
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OJTOTAIIMOHHOE OBOT'AIIEHUE NWJIBMEHUTOBBIX
PYJ N3 BbLETHAMA
Jle I1.X.%, Kapemuna H.B.2, Kuey T.B.}, Kapenun B.A 2
Hayunsrit pykoBogutens: Kapenuna B.A., 1.1.H., mpodeccop
'BreTnamckuii ”HCTUTYT 10 aToMHOM SHepruu (Bunarom) Xanoii, BoetHam
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E-mail: vakarelin@tpu.ru

BreimosHeHb! MCcIen0BaHUs BIUSHUS BCIIOMOTaTEIbHBIX BEIIECTB (100aBOK)
Ha 0COOEHHOCTH (hJIOTAIMOHHOTO OOOTAIICHUS PYAbl MECTOpOXKIeHUus Xa TuHb
(BbeTHaM) mocie ee oOoraimieHHs METOJ0M MarHUTHOW cemaparuu. CocTaB Oc-
HOBHBIX KOMIIOHEHTOB UCXOJIHOM pyabl %: Ti — 27,66; Fe — 14,62; Zr — 9,23; Si — 4,52; Ce
—-0,18; Hf - 0,17; Nb - 0,11; V — 0,044.

B nponecce dnotanuu 106aBKku crnocoOCTBYIOT 3(DPEKTUBHOMY OTICICHUIO
TSDKEJIBIX MHHEPAJIOB OT IECKOB, OJJTHOBPEMEHHO YBEJIMUYHBAs CTEMCHb oOoraiie-
HUS TSOKEIbIX MUHEpanoB. Hampumep, Takum CriocoOOM OTACHSIOT TsDKENIbIE MHU-
Hepasbl (PyTHI, WIBMEHUT U LIUPKOH) OT IYCTOM MOPOJbI (KBapIEBHIX IECKOB) U
OT/ICJIUTh WIBMEHHT OT PyTUJIa U IUpKoHA. Ha puc. moka3aHo BIUSHUE UHTHOUTO-
pa KBapIEBBIX MMEeCKOB — cuiukara Hatpus NaySiOs, crmocoOCTBYIOIIEro oTaele-

HHIO KBapla 1 MUPKOHA OT TUTAHCOACPKAIMIUX MHUHCPAJIOB.
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Bnusgnaue cunukara Hatpus Ha 3Q(HEKTUBHOCTH O0OTAIEHUS UIIBMEHHUTA

[TokasaHo, 4to ¢ yBennyeHreM KoHieHTparuu NaSiOs ot 0,083 mo 0,25 r/n
s pekTUBHOCTH (IIOTAllMKU BO3pacTaeT, KOHIeHTpauus T1 u creneHs oOoramieHus
MOCTENEHHO yBeanuuBaroTca. OHaKo NpH JalbHEHIIEM YBEITUUEHUN KOHIIEHTpa-
mun NaSiOs o 0,5 /1 addexTuBHOCTE Mpoliecca mocTeneHno namaet. Ciuenona-
TEJILHO, ONTUMalIbHAs KOHIeHTparms NapSiOz npu uioTanuu WiIbMEHUTOBOW py-
1bl He nipeBbimaet 0,25 r/m.

1. Jle HI.X., Kuey b.T., Kapenun B.A. ®notannonHoe oOoramieHue WIbBMEHUTOBBIX PYA U3
Brernama // Xumus n xumudeckas texaonorus B XXI Beke: marepuansl XXII Mexa. Hayy.-
MPaKT. KOHQ. cTyAeHTOB 1 MojioabiX yueHslx uMm. JLII. Kynésa u H.M. Kuxnepa, nocs. 125-
netuto co aus ocHoBanus TITY (r. Tomck, 17-20 mas 2021 r.). B2 1. T. 2 / TITY. — Tomck:
N3n-Bo Tomckoro noaurexHuyeckoro ynusepeutera, 2021. — C. 118-1109.
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OCOBEHHOCTH 9KCTPAKIIUA HNO3; COJIBBATAMHU
UO2(NOz). U HNO; C Tb® U COBMECTHAS DOKCTPAKIIMS
YPAHUJIHUTPATA U PAIA KUCJIIOT TPUBYTUWI®OCPATOM
Huxwtia U.B., Muknamesua J1. M., JIookos J1.C., Kapemun B.A.
Hayunsrii pykoBoautens: Kapenun B.A., 1.1.H., mpodeccop
Tomckuii mommrexHudeckuii yausepeuteT, 634050, Poccusi, r.Tomck, nip. Jlenuna, 30
E-mail: vakarelin@tpu.ru

A3OTHasi KUCJIOTa WTPAaeT BaXHYIO POJb MPU IKCTPAKIIMOHHOM H3BJICUCHUU
UO2(NOs3),; tpudytundocharom (TBD). B Tabn. npeacraBieHsl JaHHbIE IO COIKC-
TpaKkUUU BOJbI B opranuyeckyto pazy (OD) mpu sxctpakiuu HNOs.

Copepxanne Boasl © HNO3 B qucoasBate UO,(NO3), ¢ Th®D (0e3 pazbaBuTes)

Yu Yy Alopr P Spasn Slyu
1.60 0 0.16 1475 3.16 1.98
1.58 0.335 0.24 1475 3.11 1.97
1.60 0.73 0.55 1480 3.00 1.88
1.48 1.50 0.65 1475 2.94 1.99
1.46 2.3 1.04 1485 2.81 1.92
1.31 3.8 1.65 1475 2.59 1.98

BunHo, uro npu yBenmyennn kouunerTpanud HNO;3 (cg Nﬂz) 1 H,O B OO ort-
HOIIEHHE CT50 K Cyg_no,), TOCTOAHHA 1 Oim3ka K 2. Takum obpasom HNOs pac-

npenensercs B OD 6e3 BeiTecHeHHS ypaHa, T.e. HNO3 skcTparupyercs AuCOJIbBa-
ToM UO2(NO3)2 2TB®, KOTOpEIi B 3THX YCIOBHIX YCTOWUMB.
Ha puc. comocTaBiieHbl SKCIIEPUMEHTAIbHBIC U PACUCTHBIC JJAHHBIC IO COB-

MECTHOM 3KCTPAKIMHU IIABUKOBOW M TEXHEUUEBON KUCIIOT C YPAHUITHUTPATOM.
0.6F a 1.6 0
1.4
1.2 .
1.0 A2
Q038
0.6
0.4
0.2

1 1 1
0 ] 2 3 0.05 2 i

[HNO,] MoOJIB/ I [HNO,] MO/ 1T

a) 0)
Puc. Dxcrpakuusa muaBukoBoit (a) u texHerueBoi (0) kucior 30 %-HbiM
TBD ¢ nonexanom. Ha a, [HF], M: 1 -0.1,2—-0.3. Ha6: 1 - Tc™, 2 - Mn"*

0.5

(=% J

Takum 00pa3oM B3aUMOJEHCTBHE aHUOHOB KUCIOT C YPAHOM CBOJUTCS K HX
CO3KCTpAKIUHN 110 YPABHCHUIO MOHHOI'O oOMeHa U UX KOMHHGKCOO6paSOBaHI/IIO C
KaTHOHOM ypaHuJa B BD ¢ noHMKEHHUEM €ro 3apsaa.

1. XKypasnes H.A., Kapenun B.A., Pacmyrun W.B. OcoOeHHOCTH mNpHMEHEHHs] HUTpaTa
amomunus npu nepepadotke OAT / B ¢6.: Xumus u xumunyeckas Texnonorus B XXI Beke.
Marepuanslt XX MexayHap. Hayd.-npakT. kKoH}. um. [Ipod. JLII. Kynésa crysentoB u

MOJIOJBIX yY€HBIX. TOMCKHI IMONMMTEXHUYECKU yHuBepcuteT. — Tomck: U3a-so TITY, 2020.
—C. 429-430.
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IQJIEKTPOCTATHYECKAS CEITAPALIUA B ITPOLIECCAX
OBOT'AHIEHUSA NIIBMEHUTOBBIX PY/I U3 BBETHAMA
Kuey B.T., JTe II1.X!., Kapenuna H.B.?, Kapenun B.A.2
Hayunsrit pykoBogutens: Kapenuna B.A., 1.1.H., mpodeccop
!BreTHamMcKuii HHCTUTYT 0 aTOMHOM 3Hepruu (Bunarom) Xanoii, BeeTHam
2ToMCKWMI TIONMTEXHUYECKUI YHUBEPCUTET, 634050, Poccus, T.Tomck, 11p. JleruHa, 30
E-mail: vakarelin@tpu.ru

BrIMToTHEHBI MCCIIEIOBAHUS 110 O00OTAICHUIO MJIBMEHUTOBBIX PYABI MECTO-
poxnenns Xa Tuab (BbeTHaM) MeTOAaMU BJIEKTPOCTATUYSCKOM cerapaiuu (puc.
3). CoctaB UCXOAHOM MIBMEHUTOBOM pyabl %: Ti — 27,66; Fe — 14,62; Zr — 9,23;
Si—-4,52; Ce—-0,18; Hf —0,17; Nb - 0,11; \V — 0,044.
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Howmep srueiixku

3aBUCUMOCTh U3MEHEHHSI KOHILIEHTpAIUU TUTaHa (a) U xene3a (0) B IpoayKTe
B slUEHKaX cenaparopa OT HANpsKEHUs Ha JJIeKTpoaax. HanpsbkeHne Mexay aiek-
Tpomamu cenaparopa: 1 — 25 kB; 2 — 27,5 xB; 3 —30 kB; 4 — 35 kB

[Ipu npoBeneHNN UCCIEN0BAHUI YCTAHOBIICHO, YTO MPU YBEIUUYECHUH HAIpS-
KEHUsI MEXAY dJIEKTpoAaMu ceraparopa ¢ 25 no 35 kB uzmensiercs pacnpenene-
HUE LEJIEBbIX KOMIIOHEHTOB (TUTAaHOBBIX MUHEpaJIOB) B 10-Tu Auelikax cemaparo-
pa. Pe3ynbTaThl oka3siBatoT, 4To T1 1 Fe B OCHOBHOM pacrpeiesnsaoTes B sUehkax
¢ 1 mo 5 B 3aBUCMMOCTH OT HANPSIKECHUSI MEXIY 3JIEKTpoaamMu cemnaparopa. Pac-
IpeaeIeHue KOMIOHEHTOB HE U3MEHWIIOCH P AOCTHKEeHUU HanpsbkeHus 30 kB u
6onee. Takum 00pazom, yTOOBI TIpOLIECC pa3leieHus MPOUCXOAMT d(HPEKTUBHO,
HanpspKEHUE, M0JIaBaeMO€e Ha 3JIEKTPOCTATHUECKUN cermapaTop, JOJKHO ObITh He
meHee 30 kB.

1. Kuey B.T., Jle II1.X., Kapenun B.A. IIpumenenue nporecca MarHuTHON cenapanuu Juist 000-
raieHusi BbeTHAMCKUX HWJIBMEHUTOBBIX pya // Xumus u xuMm. TexH. B XXI B.: mMaTepuaibl
XXII Mexn. Hayd.-nipakT. KoHQ. cTya. u Mo yd. uM. JLII. Kynésa u H.M. Kmxnepa, mocs.
125-neturo co gaus ocH. TIIY (1. Tomck, 17-20 mas 2021 r.). B 2 1. T. 2 / TITIY. — Tomck:
Wzn-so TIIY, 2021. - C. 117-118.

2. Jle lon Xaii, Kapenuna H.B. OcobenHoctu o0oramieHusi WIbMEHUTOBBIX KOHILIEHTPATOB U3
Brernama // Xumusa u xum. texH. B XXI B.: matepuansl XXI Mex/. Haydy.-pakT. KOHO.
ctya. u mon. yd. um. JLII. Kynésa u H.M. Kuxuepa, nocs. 110-netuto co AHsA pOXKICHUS
mpod. A I'. Ctpombepra, 21-24 centsops 2020 r., r. Tomck / HarmoHanpHBIA HCcIen0Ba-

TenbCKUN TOMCKHN MoauTeXHUYecKui yHuBepcuTeT. — Tomck: M3a-Bo TIIY, 2020. — C. 457-
458.
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®JIOKYJISIHTBI B TEXHOJIOT'NU IEPEPABOTKHU OST
Pacniytun U.B., Kypasnes H.II., Kapenun B.A.
Hayunsrii pykoBogutens: Kapenun B.A., 1.1.H., mpodeccop
Tomckuii mommrexHuaeckuii yausepeuteT, 634050, Poccus, 1. Tomck, mp. Jlenuna, 30
E-mail: vakarelin@tpu.ru

®nokynsaTel TUa BESFLOC 06manaroT psiioM CBOMCTB, KOTOPBIE MTO3BOJIS-
IOT IPUMEHATh UX JUIS yIaJCHHs KOJJIOWIHBIX TPUMEcel U3 CyCHeH3ui, o0pa3y-
IOIUXCs B Tponecce pactBopeHus kepamuueckoro OAT. Ha puc. la mokasan
BHerHui Bua pacTBopoB UO2(NO3), ¢ konuentpanueir U 1o 1000 /1 u Menko-
JUCTIEPCHBIM TTOPOIIKOM TpaduTa (MMHUTATOp) MOCIE B3aMMOJCHCTBUS C (DIIOKY-
asatamu BESFLOC K4000, BESFLOC K4032 u BESFLOC K6651.
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a) 0)
Puc. 1. Pactopsr UO,(NOs3), ¢ cy 1000 1/1 1 mopoiikom rpaduTa, (a) U u3MEHe-
Hue I/Ip ot 1 (0) mocne B3aumoneiicteusi c BESFLOC: 1 — K4000; 2 — K4032; 3 —
K6651
[Tpu ucnonwzoBanuu BESFLOC K4000 obecnieunBaetcst pa3ienieHue Kojjo-
UJIHOTO PACcTBOpA, B PE3YJIBTATE KOTOPOrO KOJUIOMAHBIE YACTHUIBI COOMPAIOTCS Ha
MOBEpPXHOCTU pacTBopa. M3menenue ontuyeckoi miotHocTH (I/Ig) pacTBOpoB OT
BpE€MEHHU T Mmoka3zaHo Ha puc. 106. UccnenoBanus nposeaeHsl mpu 90 °C 1 KOHIICH-
Tpauu QiokyiasHTa, paBHou ~0,07 % OT Macchl TBEpAOro B CYCIIEH3UU.
Anunonnbli BESFLOC K4032 u xatmonusii BESFLOC K6651 nHe3nauu-
TEJIHHO YBEJIMYUBAIOT pa3Mephbl KOJUIOMAHBIX YACTHI] TOJBKO MPH KOHTaKTe (Iio-
KyJIstHTa ¢ pactBopoMm Oonee 1 waca. OOpasyromuecss 4acTUIlbl UMEIOT PBIXIYIO
CTPYKTYpY W TpU MHepeMelmuBaHuu pazpymatorcs. [lpu wucnoiab3oBaHUU
BESFLOC K4000 B Teuenue 10 muH 3nauenue 1/Ip He nmpeBwimano 8 ex., a yepes
20 MUH OpOU3OIUIO MPAKTUYECKH IIOJIHOE OCBETJIEHHUE HCXOJHOTO pacTBOpa.
[IpakTuueckn Bce KOJIJIOWIHBIE YACTHUIBI HAXOJWINCh B MaJOM O0BEME Ha IO-
BEPXHOCTU PacTBOpA 3@ CUET BHICOKOW TJIOTHOCTH pacTBopa. Takum oOpa3om, Me-
ToA (pIIOKYNISIIMKU 001a1aeT BHICOKON 3(PPEKTUBHOCTHIO U MOXKET OBITH MUCHOJIB30-
BaH JIsI yIAJICHUS KOJJIOMAHBIX YAaCTHI] U3 PAcTBOPOB ¢ KOHIEeHTpauuert U o
1000 r/m.

1. XKXypasnes H.A., Kapenun B.A., Pacmyrun W.B. OcoOeHHOCTH MNpHMEHEHHUs HHUTpaTa
amomunus npu nepepadotke OAT / B ¢6.: Xumus u xumunyeckas Texnonorus B XXI Beke.
Marepuansl XX MexayHap. Hayd.-mpakT. koH(}. um. mpod. JLII. KynéBa cryneHToB n
MOJIOJBIX yY€HBIX. TOMCKHI IMONUTEXHUYECKU yHuBepcuteT. — Tomck: U3a-so TITY, 2020.
—C. 429-430.
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METO/Ibl OYMCTKH Y MEJXIYHAPOJHBIA OIBIT B OGPAIIIEHUN
C PAIMOAKTUBHBIMU MATEPUAJIAMHA
HPUPOAHOI'O IMPOUCXOXKIEHUA
Hosuxosa B.JI.

Hayunsiii pykosoautens: Boarua A.B.2 AO "TBDJI", pyKOBOAUTENH TPYIIIIBI
'Tomckuii monmurexnudeckuii yausepeuntet, 634050, . Tomck, np. Jlenuna, 30
2A0 «TBDJI», 115409, Poccus, r. Mocksa, Kanmpckoe mmocce, 1. 49
E-mail: novikova.veronika98@yandex.ru

PannoakTuBHBIE MaTepualibl, OCTAIOIIMECS Ha HEPTIHOM O000pYIIOBaHUU,
BHOCSIT BKJIaJ B OOJlyueHHE HE TOJIbKO TepcoHaina, HO M HaceneHus. [loatomy,
HE00XO0IUMO MPaBUIIbHOE O0pallleHne ¢ 00bEKTaMU HEPTIHON MPOMBIIIUIEHHOCTH,
BKJIIOYAsi OYMCTKY, KOHEUHYIO IepepaboTKy HedTenuiaMma U 3aX0pOHEHHE OTXO/I0B.

B pabote paccMoOTpeHbl KItOUEBbIE WTPOKM B HePTsAHOM oTpaciu: Poccus,
Mexkcuka, OAD, Hurepus, bpasunus, FOAP, Amxup, Y36ekucran, Kurtait u Hop-
Berus. Ilockonbky TpyObl B HE(TSHOW OTpacid UMEIOT OrPaHUYEHHBIM CpPOK
CIIy0bl, TO TTpo0JemMa BbIBOAA U3 SKCIUTyaTallud 0OOPY/IOBaHUS M OYUCTKH TPY-
OOIPOBOJIOB OT PA/IMOAKTUBHBIX MAaTEPUAIIOB MPUPOTHOTO MTPOUCXOXKICHUS (J1a1ee
— «PMIIII») npuobpereT MMUPOKOE pacpOCTPAaHEHHE BO BCEX PACCMOTPEHHBIX
cTpaHax [1].

3akoHonaTenbHas 0aza B oTHouieHuu oOpamenus ¢ PMIIII ne pa3Bura unu
TOJIbKO HAYMHAET pa3BUBAThC B ATHX cTpaHax. HedTsHble 0TXOABI periaMeHTH-
PYIOTCSI B COOTBETCTBUH C 3aKOHAMU 00 OXpaHe OKPYKAIOIIEH CpPeibl, TAKXKE JTaHbl
oOuIre peKoOMEHAAlUU 10 BBIBOJY M3 JKCIUTyaTallud HEQTIHOTO 00O0pYyI0BaHUS
[2].

PaccMoTpeHbl J€BSITh METOAOB OUUCTKA HEPTIHOTO O0OOPYAOBAHUSA OT
Hedrenama u coneil. Hanbosee onTUManbHBIMU SBISIOTCS THAPOMEXAHUYECKUI
Y 3JIEKTPOTrUAPOUMITYJIBCHBIN, MOCKOJIBKY MPOCTOTHI B 0OCITYKUBaHUU, UMEIOT Ma-
Jple TabapUThl U OTHOCUTENBHO HEBBICOKAs 1ieHa. i yJnaneHus: oTJIOKEHUH co-
el 3QQPeKTUBHBIMM METOAAMH BBICTYNAIOT THJIPOKABUTALMOHHBIN, THAPOJAUHA-
MHYECKUU, IIEKTPOTUAPOUMITYIIbCHBIA U XUMHYECKHUU.

[Ipu xoHeuHOH nepepaboTKe HeTelIaMa U OTIOKEHUN cojiell He0OX0IUMO
PYKOBOJICTBOBATbCSI CTOUMOCTBIO U KOHEYHBIM COCTOSIHUEM OTXOJIOB, UTO TpeOyeT
JIOTIOJIHUTENBHBIX HccaenoBaHui. He ynansembie 0TX0bl MOTYT OBITh 3aXOpOHeE-
HBI B CIIELIMAJIbHBIX KOHTEHHEPax B COOTBETCTBUU C 3aKOHOJATEIbHBIMU TPeOOBa-
HUSIMU WJIM CHIDKEH KJIacC OIMACHOCTU JI0 BBICBOOOXKICHHUS HW3-TIOJ KOHTPOJIL.
HawnlGosiee mpocThIM BBICTYMAET TEPMHUUECKUI METOM, TPEOYIOIIUM OOJIBIINX Ma-
TEPUAIBHBIX 3aTPaT M NAIBHEUIIETO 3aXOPOHEHHSI OTXOJO0B. buosiornuecknii Me-
TOJl OJIMH U3 HanOoJjee MEePCHeKTUBHBIX M3-3a €r0 3KOJOTUYHOCTH, OAHAKO HEIO-
CTaTKOM MOKHO CUHTATh €r0 CTOUMOCTb.

1. Peter Evans, Gert Jonkers, Ernst-Michael Steffan. Guidelines for the Management of Natural-
ly Occurring Radioactive Material (NORM) in the Oil and Gas Industry // Conference Paper —
2018. — P. 1-69.

2. Radiation Protection and the Management of Radioactive Waste in the Oil and Gas Industry.
Safety Reports Series No. 34 — 2003. — 130 p.
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3ABUCUMOCTDb KOYOPUIINEHTA JUDPDPY3UUN OT
CTPYKTYPHBIX OCOBEHHOCTENA MOHMOPMJIJIOHUTA
[lykmwuna J1.1., Ban [alnyss
Hayunslii pykoBoautens: Memmkud B.®., 1.¢.-M.H., mpodeccop

Tomckuit nonurexuuueckuit yausepcutet, 634050, r. Tomck, np. Jlenuna, 30
E-mail: dds17@tpu.ru

B Hacrosiiee Bpemsi ISl CO3/1aHMSI MHXKEHEPHBIX OapbepoB 0€30MacHOCTH
IPY 3aXOPOHEHUHU PATUOAKTUBHBIX OTXOJOB 3a4aCTYIO0 MCIOJIb3YIOT MOHTMOPHII-
JOHUT. MOHTMOPWIJIOHUT — TJIUHUCTBIM MUHEpal, XapaKTEePU3YIOUIUICS Tpex-
STa)KHOM pelIeTKOM: okTadapuueckuii cioii AlP* pacnonoxen mexay AByms TeT-
pasapudeckumu crosMu Si**. Mexay TpexdTaKHbIMM SYEHKaMU PacIoNararoTcs
BoJa (Tak Ha3bIBaeMasi, MEXCJIOEBAasl) U KATHOHBI IIEJIOYHBIX U IIETOYHO3EMENb-
HBIX METAUIOB. 3aMEHa B OKTAadAPMUYECKHMX CIOSX AIOMUHUS Ha MOHBI MQ?*, kak
MOKAa3aHO HA PUCYHKE, MPUBOJIUT K MOSIBJICHUIO 3apsi/ia B MUHEPAIBHOUM CTPYKTYpE.

Kpucramindeckas crpykrypa MoHTMOpHLIoHnTa: Al — cupeHeBsli, Si — xkel-
T, O — KpacHbIi, M — 3eICHBIN.

[TyTeM KBaHTOBO-XHMHYECKOTO MOJICTUPOBAHMS PACCUUTHIBATH KOA(hdHIIH-
eHThl Ju(Py3un noHOB K* B MEKCIIONHOM MPOCTPAHCTBE MOHTMOPWILIOHUTA. Pe-
3yJBTaThl PACUYCTOB IS 5 W3 BO3MOXKHBIX BapMAHTOB 3aMEHBI aTIOMHHMS Ha Mar-
HUM NPUBEACHBI B TAOJIHIIE.

D,, m/c? D,, m/c? D3, m/c? D4, M/c? Ds, m/c?
2,8134-10" | 2,1601-10 | 2,0014-10"% | 2,9875-10" | 4,4214-10%
W3 Tabnuiel BUAHO, YTO KO3 duimeHt quddys3un nonor K Mexay criosmu
3aBHUCHT OT T0J0KeHUs noHoB Mg?* B crosix. HanbGonpmum xodddumuent mud-
¢by3un HaOMIOAACTCS TPU CUMMETPUYHOM PACTIPEICICHUH 3apsifa MEXKIY CIOIMHU
Y HAaUMEHBIIIEM COJICP)KAaHWU MarHusi B COCTaBE MOHTMOPWJUIOHUTA. YeM OoJibiie
ko3 unreHT nuddy3un, TeM O0JbIIe MPOHUKAOIIAS CIIOCOOHOCTh PATUOHYKIIH-
T0B. B CcBsI3M ¢ TeM, UTO MUHEPAIBHBIA COCTaB MOHTMOPHJUIOHUTA SIBJIICTCS HETIO-
CTOSTHHBIM, TpeOyroTcsl HaibHelIne uccieaoBanHus koddduiuenra auddys3uu.
DTO TO3BOJUT YBEIWYUTH CPOK SKCIUTyaTalldd MyHKTOB 3aXOPOHEHUS paJaHoak-
THUBHBIX OTXOJIOB.

B nokiage obcyxaaroTcs pe3yiabTaTbl MOJASIUPOBAHUS U3MEHEHUs KOdhdu-
nueHTa qudy3us KaTHOHOB B MEKCIIOEBOM MPOCTPAHCTBE MOHTMOPHUJUIOHUTA.
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OIIBIT ®I'YII «I' XK» B @OPMUPOBAHUU NH KEHEPHBIX
BAPBEPOB BE3OIIACHOCTMU IIPA BBIBO/IE U3 OKCILIYATALIUA
IIyrp
ITaBnenko A.IL
OI'VIT «I'XK», 662972, Poccus, r. XKenesnoropcek, yi. Jlenuna, 1.53
E-mail:pavlenkoanastasia24@gmail.ru

KoHuenius BpIBOJIa U3 SKCIUTyaTalliy IPOMBIILIEHHOTO YpaH-rpauTOBOTO
peakropa (ITYI'P) no BapuaHTy «3aXOpOHEHHsI HA MECTE» TIPEeIyCMaTPUBAET
HAJIEKHYIO U30JALUI0 OCHOBHBIX 3JIEMEHTOB KOHCTpYKIMu IIYT'P, He
NOJICHKAIINX JEMOHTAXY U YJIaJIEHUIO, HEITOCPEACTBEHHO HA IIOMIAJKE
pa3mMeleHus peakropa. DopMupoBaHNe UHKEHEPHBIX OapbepoB OE30MaCHOCTH
(Bbb) onna n3 BakHEHIIIUX 3a7a4 I oOecrieueHus] HaA&KHOW KOHCepPBaIMU
ocoObix PAO Ha Bech nepuoj] uX NOTEHIIMAIbHON OMacHOCTH.

UBbb ¢opmupyroTcs B MyCThIX NPOCTPAHCTBAX IMOJ PEAKTOPOM U B

MOMEILEHUSIX, UCTIOIB30BABIIUXCA JJIsl €r0 00CIyXKuBaHus. J{Jisi 3TOro yKa3aHHbIC
MOMEILECHUST OCTOHUPYIOTCS WJIM, B OOJBIIMHCTBE CBOEM, 3aIOJIHSIOTCS CYXUM
OapbepHbiM MaTepuasiom (BM) Ha ocHoBe rMH. /[ HepomymieHWs BbIXoa
PaAMOAKTUBHBIX BEIIECTB U3 PEAKTOPHOTO MpOocTpaHcTBa Bech 00beM MBb nomken
ObITb paBHOMepHO 3amosHeH bM. IIpobrema co3manus Takoro oObema
3aKJII0YACTCS B CJIOKHOCTH KOHPUTYpAIMi METAITIOKOHCTPYKIUM, U3-32 KOTOPBIX
B TIpOlleCCE€ 3alOJIHEHUS MPOUCXOAUT O00pa3oBaHUE TMYCTOT, 3amMOJHEHHBIX
BO3JyXOM.
B pabote mnpuBeneHbl pe3yabTaThl MCIBITAHUS TEXHOJOTHUHA OECIOJIOCTHOTO
3aMoJTHEHUsI TOMEIICHUM peakTopa OapbepHBIM MaTepUajioM Ha CHEIHAIBHO
pa3pabOTaHHBIX  CTEHJAaX, HWMUTHUPYIOIIUX  OCHOBHBIE  TEXHOJOTUYECKUE
0CO0EHHOCTH Hecylux MeTatokoHcTpykuuil ITYT'P. TIpoBenensl cpaBHUTENbHBIE
WCTIBITAHUS PA3JIMYHBIX CIIOCOOOB 3aIOIHEHHUS: Mojlaya MoJ COOCTBEHHBIM BECOM,
nojaya ¢ MPUMEHEHHUEM IITHEKA, Pa3JIMUHbIX BUOPAIMOHHBIX YCTPONCTB U MoOjaya
MIPY MOMOIIM CKATOT0 BO3/1yXa.

Pe3ynbTaThl NpoOBENCHUSI CTEHIIOBBIX HCHBITAHUN TMOCITYKWJIA MaTephaiaMu
U1 pa3pabOTKH MOAUGMUIIMPOBAHHON TEXHOJIOTUU OECIOJOCTHOTO 3alOIHEHUs
PEaKTOPHBIX MPOCTPAHCTB, KOTOpas IO3BOJIMJIA 3aIOJHITh IOJTHOCTBIO J1aKe
TPYIHOJOCTYIHBIE OTCEKU METAITIOKOHCTPYKIHUA [1].

1 [Matent Ne 2534228 Poccuiickas dheneparus, MITK G21C 11/00 (2006/01). Cro-
co0 3amoJIHEHUSI PEAKTOPHBIX MPOCTPAHCTB CHIMYYUM OaphepHBIM MaTEpUATIOM
IIPU BBIBOJE PEAKTOPOB M3 SKCILTYaTAlMU 10 BAPUAHTY 3aXOPOHEHHUS HA MECTE:
Ne 2013126654/07: 3asBn. 10.06.2013: omy6:1. 27.11.2014 broa. Ne 33 / Anto-
HeHko M.B., Jleonos A.B., )Kupnukos /.B., Uepnos b.U., [{apskoB 1.A., Jlo-
Macko B.B.; 3asButenb OI'VII «I'XK».
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CIIOCOBb CHUXKEHHUA AKTUBHOCTHU OBJIYYEHHOI'O
PEAKTOPHOI'O TPA®UTA
ITaBnenko A.IL
OI'VIT «I'XK», 662972, Poccus, r. XKenesHoropcek, yi. Jlenuna, 1.53
E-mail:pavlenkoanastasia24@gmail.ru

B nacrosimiee Bpemss B Mupe HakoruieHo Oojee 250 000 ToHH rpaduTOBBIX
paanoakTuBHbIX O0TX0J0B (PAQO). OcHOBHBIM HCTOYHMKOM TpadutoBeix PAO
ABISIIOTCA 13 OCTaHOBJIEHHBIX MPOMBIIUICHHBIX YpaH-TPaQUTOBBIX PEAKTOPOB.
[Ipu oTHeceHuHn OOJIYUYEHHOrO PEAKTOPHOro rpadura K «ocodbiM» PAO wumm
HAXOXKJCHUU B aKTUBHOW YacTH PEAKTOpA, BOMPOC €ro 3aXOPOHEHUs PEelIaeTcs
CO3JJaHUEM IyHKTa JIOJTOBPEMEHHON KOHCEpBAallMM HEMOCPEACTBEHHO B OOBEKTE.
[Ipu XaoTHYHOM pacmpenesieHud OTAEIbHBIX PaJHOHYKIUIOB MO BCeMy O00beMy
PAO ner yHUBEpCaAIbHOTO MOJIX0/4a K 0OPAILEHHUIO ¢ 00JIy4YEHHBIM IpauTOM.

Ha ceromssimiaWii IeHb BEAETCS MHOXKECTBO padOT, HaANpaBICHHBIX Ha
UCCJIEIOBAHUE CBOWCTB M COCTaBa TIPaQUTOBBIX PATUOAKTUBHBIX OTXOJIOB.
BonpmMHCTBO yke OMmyOJWKOBAaHHBIX PAOOT CXONMATCS B OJHOM: HaBeACHHAs
akTUBHOCTb TpaduToBbiIX PAO B OCHOBHOM OINpEAENseTcs] aKTUBAIMOHHBIMHU
pamuonykaunamu (CH, ¥*C, *°Fe, %°Co), npoxyxramu nenenus (*°Sr, 1°°Ru, 1%8b,
133Ba, ¥7Cs, 1>*Eu, *°Eu) u tpancypanossiMu >1emenTamu (2LAm, 283Am, 244Cm).
HauGonpmuii BKIaa B 00LIyI0 aKTHBHOCTH BHOCUT MMEHHO *4C.

B pa6ore [1] mokasano, uto *C B rpadure, 0TOOpaHHOM M3 POCCHHCKUX
PEaKTOpOB, JIOKAJTM30BaH B MPHUIIOBEPXHOCTHOM cJioe Tpadura Ha riayOuMHE HE
6onee 50 uM. Jlyig yaaneHus: paJuoHYKIUIOB MTOBEPXHOCTU Tpaduta MOTYT OBITH
NPUMEHEHbl MHOTHE CIOCOOBI: MUPOJIUTHYECKass o0paboTka, cxkuranue PAO,
ru1a3MeHHas nepepabdotka. [Ipu aTom o6pasyrorces razoodpasusie PAO.

B kadecTBe OMHOTO W3 BO3MOXXHBIX BapHUAHTOB CHIDKCHHS AaKTHBHOCTH
rpagutoBeix PAO MoOXkeT OBITh HCHOJIB30BAaH METOJ AJIEKTPOXUMUYECKON
Je3akTUBaluu. B Hacrosiee BpeMsl 3TOT METOJ HUCHOJIb3yeTcsl JUisi 00pabOTKu
PaIMOAaKTUBHBIX OTXOJI0OB, 00Pa3yIOMIUXCS TPH BBIBOJE M3 IKCIUTyaTaIlud SICPHO
Y paIuaIlMOHHO OMACHBIX OOBHEKTOB.

B pabore IPEICTaBIICHbI pe3yIbTaThl DKCIIEPUMEHTOB 1o
ANEKTPOXUMUYECKON  JI€3aKTUBAIIMM  OOJYYEHHOTO PpeaKTOpHOTOo rpadwura.
OO0sy4eHHBIN PEaKTOPHBIA TpadUT HCIMOJIB30BAICS KaK JJIEKTPOJ, a KadecTBe
ANEKTPOTUTUUECKUX PACTBOPOB ObuIH BbIOpaHbl pacTBOpbl: HNO3, HSO4, H0:.
[Tokazano, 4TOo KOI(PPUIMEHTH [€3aKTUBAIMH OOJYYEHHOTO PEaKTOPHOTO
rpadguTa MO PA3TUUYHBIM PATUOHYKIIHUJAM JOCTUTAIOT BEIWYMHBI B JUANa30HE

3Hauenwnii ot 10,7 no 22,8.

1. Bespala E.V., Pavliuk A.O., Zagumennov V.S., Kotlyarevskiy S.G. About chemical form and
binding energy of 14c in irradiated graphite of uranium-graphite nuclear reactors // Izvestiya
Wysshikh Uchebnykh Zawedeniy, Yadernaya Energetika. — 2017. —V. 2017. — Ne 4. — P.116—
126. DOI: 10.26583/npe.2017.4.11.
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SJIEKTPOOCMOTHYECKOE BOCCTAHOBJIEHHUE
I'IMHOCOIEPKAIIINX NH) KEHEPHBIX BAPBEPOB
BE3OINIACHOCTH IIPHU BBIBOJIE U3 SKCIIJIYATAIIUUA ITYT'P
ITaBnenko A.IL
OI'VII «I'XK», 662972, Poccus, r. XKenesHoropck, yi. Jleanna, 1. 53
E-mail:pavlenkoanastasia24@gmail.ru

K nacrosmemy Bpemenu Ha Tepputopun PO pacnonoxeno 13 IIYI'P, u3z Hux
11 maxonstcsa Ha cranuu BO (A, AU, AB-1,2,3, U-1, A1D-1,2,3,4,5, AJ]) [1].

BeiBon u3 skcmnyatanuu [IYI'P mMokeT OBITh OCYIIECTBICH IO BapUaHTY
«3axopoHeHue Ha mecte» mytem uzoimsiuun PAO Ha TeppuTopuH pa3MenieHus
I[IVI'P. Ilpu sToM IS HAAEKHOM M3O0JSIUMM PAAUOHYKIUIOB, CONCPKAILIUXCS B
MaTepraiax U KOHCTPYKIIUSX 3aXOpPaHMBAEMBIX PEAKTOPHBIX YCTAaHOBOK, IpuOe-
raroT K CO3/JaHUIO JOMOJHUTEIBHBIX OapbepoB 0€30MaCHOCTH.

UckyccTBeHHbie Oaphepbl 0€30MacHOCTH Ha OCHOBBI MPUPOJHBIX TJIUH CO-
3/1al0TCs, KAaK MPaBUJIO, C MOMOIIBIO CHEHUATBHO pa3pabOTaHHOW TEXHOJIOTUHU
OecrnosiocTHOro 3arnonHeHus [2]. OmpHako Takue Oapbepbl OE30MACHOCTH MOTYT
OBITh MOJBEPKEHbI BHEIIHEMY HEraTUBHOMY BO3JIEUCTBUIO (TEXHOTCHHOMY WJIU
MPUPOJHOMY), YTO MPUBOAUT YACTUYHOMY YXYIAIICHUIO UX MPOTUBO(UIBTpAIIU-
OHHBIX U MPOTUBOMUIPALIUOHHBIX CBOMCTB.

JIJisi BOCCTaHOBIIEHUSI IEJIOCTHOCTH M PpabOTOCIOCOOHOCTH TIMHOCOJEpKa-
mux O6apbepoB 0€30MACHOCTH 11€JIECO00pPa3HO UCIOJIb30BAaTh METOJIbI, HE MPUBO-
Jsme K enie Oonblie nerpananuu 0apbepHOro mMatepuaina. B cBs3u ¢ aTum 1e-
7eco00pa3HO PaCCMOTPETH IEKTPOOCMOTUYECKUN METO OCYIICHHUS.

B pabote mokazano, uTo 3¢ heKTHBHEE BCETO YIAISIETCS PacTBOP, UMUTHUPY-
ol TpyHTOBbIE Bosbl U3 Bb npu Hanpsbxkennu 31,8 B u pacctossHUU Mexy
anexktpogamu 40 MM. B 3TOM ciydae JMHENMHas CKOPOCTb JBWKEHHs BJaru Co-
cTaBisieT 2,5 MM/MHH. DTO MO3BOJSET MOJHOCTHIO OCYIIUThH TIIMHOCOAEPKAIIHUMA
Oapnep Oe3omacHOCTH 00BOAHEHHBIN 70 My pacTBopa B Teuenuu (7-8) vacos. Ta-
KM 00pa3oMm, 3JIEKTPOOCMOTUYECKUN METOJ] BOCCTAHOBJICHUS TJIMHOCOAEPKAIINX
WHXXEHEPHBIX 0apbepoB 0€30MaCHOCTH MO3BOJISICT KOHIIEHTPUPOBATH BIary BO3JIE
OJIHOTO U3 3JIEKTPOJIOB, TEM CaMbIM OCYIIasi MPUJIEraloUlyt0 00JacTh TJIUHBI.

1. A.B. bymyes, A.®. Koxun, E.B. IlerpoBa, B.H. 3y6apes, T.b. AneeBa, H.A.
I'mpke, «PaamoakTuBHBIN  peakTopHbli  rpadut»  Monorpapusa. M.:
HanunonanbHbii ccnenoBaTenbCKuil ssaepHblii yausepcuter MUDU, 2015.

2. 1.0. Yybpees, I'.B. Ky3nernos, «lcnonb3oBanue riIMHUCTHIX MAaTEPUATIOB JIS
co3maHusi 0aphepoB O€30MACHOCTH BBIBOJMMOTO M3 JIKCIUTyaTallid PEakTopa
All», M3Bectuss TOMCKOro NOJMTEXHUYECKOTO yHUBepcuTeTa. VHKUHUPUHT

reopecypcoB 327 (2016) 83-87.
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MODELING THE THREAT ASSESSMENT AND ADVERSARY
INTERRUPTION
Opoku S.E., Amoah P.A., 1zgagin D., Stepanov B.P.
Tomsk Polytechnic University 634050, Tomsk, Lenin Ave., 30
E-mail: opoku@tpu.ru

A comprehensive threat assessment considers actual, inherent, and potential
threats. The Anshar Radiation Source Calibration Laboratory and National Reposi-
tory (RSCL) is a hypothetical facility which has been adapted for this research and
Is located in an industrial area near an international airport outside of a city with a
population of 750,000.

The industrial area is used for processing and packaging the main export
products for the country. There are several residences and apartment buildings lo-
cated within approximately 300 m to the southwest of the RSCL. There is a signif-
icant amount of criminal activity in the general area at night as reported by the se-
curity forces, due to its location and proximity to various commercial properties.
On average, there are five cars stolen per year or vandalized in the immediate vi-
cinity. To tackle this concern, state actors conduct comprehensive and credible
threat assessments followed by appropriate actions to improve radiological securi-
ty.

Threat assessment is the practice of determining the credibility and validity of
a potential threat, and to acknowledge the probability that the estimated threat can
be activated into reality. This study analyzes a hypothetical radiological research
organization using modeling tools. The research evaluates three (3) facilities at the
radiological organization and their Physical Protection System (PPS) to assess pos-
sible entrances and diversion. The three (3) major facilities being considered for
this research at the RSCL are the Calibration Laboratory (F1), the National Reposi-
tory (F2), and the Interim Storage facility (F3). The buildings allocated for these
facilities are strategically spaced from each other to allow effective transfer of ma-
terials and also to support routine security response concerns.

The site security plan prepared by the stakeholders has considered the need
for periodic threat assessment to be conducted to support the response team and
maintain effective security onsite. This condition with initial probabilities of ad-
versary attack as 0.26, 0.15 and 0.42 leads the scenario into a state of varying
probabilities of threat at the three (3) facilities being considered; F1, F2 and F3 re-
spectively. The research conducts several repetitive runs of the threat assessment
process using the modeling tools, by considering different response elements that
could potentially be added to the design to reach the desired response margin and
overall system effectiveness. After thirteen (13) simulation event trials, a steady
state is reached with final probability of adversary attack values as 0.60, 0.09 and
0.14 for facilities F1, F2 and F3 respectively. The several trials conducted and the
steady state reached serves as a guide for facility managers to acknowledge and de-
termine the resources required to control adversary attacks at the various facilities
considered at the nuclear organization.
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EHANCEMENT OF SECURITY CULTURE USING A PREDICTIVE
MODEL TO PREVENT SABOTAGE AND THEFT AT RADIOLOGICAL
FACILITIES
Shcheglova E.A., Amoah P.A., Izgagin D., Stepanov B.P.

Tomsk Polytechnic University Tomsk, Lenin Ave., 30
E-mail: eas81@tpu.ru

With the increase in the application of nuclear technology around the globe,
there is a need to institute predictive and prudent measures at nuclear and radiolog-
ical facilities and activities to adequately and effectively protect their materials
from incidents and adversaries.

This implies that the human factor and security culture as defined by the In-
ternational Atomic Energy Agency (IAEA) in the Nuclear Security Series No. 7,
plays a crucial role in the entire nuclear security architecture of any organisation or
state. Physical Protection Systems for nuclear facilities and radiological sources are
designed to protect and/or prevent possible malicious acts.

The dynamic significant threat environment has evolved such that, relying on
the perception that certain nuclear materials are self-protecting, can lead to the
sabotage and unauthorized removal of facility assets by insiders. These assets are
manned by management members and employees who are trained and trusted to
maintain procedures and practices required for the routine operation and develop-
ment of the associated facilities and activities.

The methodological approach utilized in this research as a predictive potential
insider model adapts initial data from the threat group table of the hypothetical fa-
cility, Anshar Radiation Source Calibration Laboratory and National Repository
(RSCL).

The initial state vector values adapted from the threat group table with a high,
medium and low potential insider attribute analysis are; 0.42% 0.33% and 0.25%
respectively of the employee population at RSCL.

This methodology is designed to quantify the likely outcome of an imple-
mented internationally recommended security culture model to guide management
of nuclear and radiological facilities in preventing sabotage and theft at nuclear and
radiological facilities.

Over a 20 year period (ie. trials), involving an annual International Atomic
Energy Agency (IAEA) recommended self-assessment of the facility security cul-
ture, a steady state of 0.38%, 0.35% and 0.27% of the employee population indi-
cating a fairly balanced security system.

The obtained steady state will aid the managers of RSCL to acknowledge and
make the necessary changes to the knowledge training development of personnel,
the controlled authorized access granted to the employees at various divisions of
the facility and control the level of authority granted to the employees.
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ENSURING SECURITY WHEN USING RADIOACTIVE MATERIALS IN
A RADIOLOGICAL FACILITY
Ansah M.N.S., Amoah P.A.
Scientific supervisor: Stepanov B.P.
Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenin Avenue, 30
E-mail: michaelansah67@gmail.com,

The number of radioactive materials used in the radiological facilities around
the world demands for an effective security to be put in place. Ensuring the safe
operation of facilities that uses radioactive materials has always been priority of
States, personnel and the general public. The main idea is to keep these operating
radiation installations against growing terrorist threats and possible theft. Physical
protection systems, fire safety, radioactive security, accounting and control of radi-
oactive materials are practiced at radiological facilities to prevent any unauthorized
actions from an outsider or even a worker of such facility. A Physical Protection
System (PPS) is usually designed and implemented into these facilities to protect
radioactive materials from adversaries which pose as possible threats. The purpose
of the work is to articulate security requirements for handling radioactive materials
at a radiological facility.

The evaluation of physical protection system designed for a hypothetical radi-
ological facility against unauthorized actions is presented. In this research an Ad-
versary Sequence Diagram (ASD) is developed and effective of physical protection
system is assessed through the use Estimate of Adversary Sequence Interruption
(EASI model) for interruption of adversary action on a radiological facility. The
estimated value of total probability of interruption P, is calculated using the rela-
tion:

P,=1-B,
B is the combined non-detection probability which describes the probability that
adversaries will not be defeated.

The resulting probability of interruption associated with the facility according
to the selected path of the adversary is 0.486. After the improvement in some secu-
rity measures put in place at the oncological center and running then model again,
the probability of interruption for the facility increased to 0.565. The probability of
interrupting the activities of an adversary abruptly towards the hypothetical
radiological facility was increase by 7.9% indicating that the PPS provided for the
hypothetical radiological facility has been improved in terms of reliability. It may
be a valuable guiding principle for decision-makers when establishing adequate se-
curity requirements for handling radioactive materials for a radiological center.

1. Graves G.H. Analytical foundations of physical security system assessment // Ph.D. Thesis,
Texas A&M University: College Station, TX, USA. —2006. — P. 1-80.

2. Garcia, M. L. The Design and Evaluation of Physical Protection Systems // Second Edi-
tion, Sandia National Laboratories. — 2007. — p. 1-375.
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HEUTPOHHO-AKTUBAIIMOHHBIN KAYECTBEHHBIA AHAJIN3
I'PA®UTOBBIX PAIMOAKTUBHBIX OTXO/10B
YmakoB U.A., Kpspkesa T.H.
Hayunblii pykoBoautens: Tumuenko C.H. K.T.H., ToUeHT
Tomckuii moymrexHuaeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30

E-mail: mamay2008@Dbk.ru

B HacTosdiee BpeMs 3HAUMTENIHO YBEJIMYMUIIOCH KOJMYECTBO BBIBOJOB M3
AKCIUTyaTalluy ypaH-TPaQUTOBBIX SAEPHBIX PEaKTOpOB. BakHBIM acleKTOM SIBIIS-
€TCsl ompeielIeHUE PaUuOHYKIUIOB JUIsl co3AaHus 3PGEKTUBHON 3alUTHI MIPHU 3a-
XOPOHEHUH OTXO0/0B. Takke MHTEpeC MPECTABISIOT XUMUYECKHE DJIEMEHTHI, CO-
JieprKaluecs B rpa@UTOBBIX PAIMOAKTUBHBIX OTXO/1aX.

Lens paboThl — KaUECTBEHHOE OMpEJIEICHUE DIIEMEHTHOTIO COCTaBa HEUTPOH-
HO-aKTHUBALIMOHHBIM METOJIOM M OINPEJEICHHE OCHOBHBIX U3ITyYaIOIINX 3JIEMEHTOB
B Ipa)UTOBBIX PaTUOAKTHBHBIX OTXOJaX.

OO0pa3upl rpa@UTOBBIX OTXOJ0B, MOJYYEHHBIE MPU BBIBOJE U3 IKCILTyaTalluu
ypaH-rpauTOBOrO SAEPHOrO peakTopa, ObUIM U3MeIb4eHbl. JlJid u3MepeHus ae-
MEHTHOT'O COCTaBa M paAuOHYKIUAO0B OblIa oToOpaHa npoda rpadura maccoit 50,2
Mr. M3MepeHue pagMOHYKIUAHOTO COCTaBa OCYIIECTBISUIOCH HA CHEKTPOMETPE
GS2018 u3 ocobo uuctoro repmanus pupmel Canberra. Ha puc.1 nmpuBenen nora-
pubMHUUECKUN CIIEKTP U3MEPEHUS IPOOBI Ha PAAUOHYKIUIbI B TeueHUU 10 MUHYT.

OO6yuenue npoObl rpaduTa OCYIIECTBISIIOCH B CyXoM KaHaie Ne6 peakropa
UPT-T (IIOTOK TEIIOBBIX HEUTPOHOB - 2,910 meiirp./cM2/c) B Teuenun 30 Mu-
HyT. [locie onHOAHEBHON BBIACPAKKU IpaUTOBOM MpOOBI 1 pacnana KOpOTKO-
KUBYIIMX PAAUOHYKIUIOB, MpoOa paclakoBbIBAJIACh U HM3MEPsUIaCh HA TraMMa-
cnekrpometpe GS2018. Ha puc.2 mpuBeneH jorapu(MUUYECKUN CIEKTp U3MEpe-
HUA MPOOBI HAa 3JIEMEHTHBIN cocTaB B TeueHUU 10 MUHYT.

1000 2000 3000
keV 1000 2000 3000
keV

Puc. 1 'amma-criexTp rpoOsl rpadura Puc.2 'amma-cniekTp mpoObI Ha 31€MEHT-
Ha pPaJuOHYKIHIbI HBIH COCTaB

U3 mpesicTaBIeHHbBIX CIIEKTPOB MOKHO CYAUTh O TOM 4TO OCHOBHBIM PajHo-
HYKJIUJIOM KOTOPBIH H3ydaer spisercd 3’Cs. Bo BTOpOM cHeKTpe 0OHapyKeHbI
caenyromue paguodneMenTsl: 2*Na, #K, %S¢, °1Cr, *Mn, %®Mn, *Fe, %Co, %2Zn,
%7r, 1245h, 135Xe, B'Cs, 18'W, 23°Np, 22 Am. Taxxe BO3MOKHO BOCCTAHOBHTH HC-
XOJIHbIE HYKJIMBI, KOTOpbIE TIPU peakiuu (n,y) o0pa3yloT BbIIENEPEUHCIEHHbIE
PaTMOHYKITH/IBL.
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PEAJIMBAIIUSA ITPOEKTOB BbIBOJIA N3 OKCILTYATAIIUA
PAIMOXUMHUYECKUX IMTPOU3BOJACTB
['opiioga 1O.E., I'ymennnkos J[.A.
AO «TB3JI», 115409, Poccus, r. Mocksa, Kanmpckoe mocce, a. 49
E-mail: yegorlova@tvel.ru

JJ1st KOMITJIEKCHOTO O0eCIieYeHusl sIIEPHOM U paualliOHHON 0€301acCHOCTH B
P® nyrem penieHus KIIOYEBBIX MPOOJIEM SIEPHOrO HACIEAUs] HAa TOCYIapCTBEH-
HOM ypoBHe peanmzyercs DL «Obecnieuenue siaepHON U pajHallMOHHON 0e3-
onacHocTH Ha 2016-2020 roas! u Ha nnepuoa a0 2030 roga». B xoe BbINOTHEHUS
OIIII co3narorcs Bce HEOOXOUMBIE 3JIEMEHTHI HAI[MOHAJILHOM CHUCTEMBbI 0Opaiiie-
Husi ¢ OSAT u PAO, obecnieunBatoTcss HEOOXOAMMBIE TEMITbI TIEPEPAOOTKU HAKOII-
nenHoro OST u 3axoponenuss PAQO, a Takke OCyIIECTBISETCS BBIBOJ M3 SKCILTya-
tauuu SIPOO 00bEKTOB HCIOIB30BAHUSI ATOMHOM SHEPTUU.

K o0ObekTam KConb30BaHUsA aTOMHOW 3HEPTrUU OTHOCSTCS TaK Ha3bIBacMbIC
PAaAMOXMMUYECKHUE MPOU3BOJCTBA, JAEATEIBHOCTh KOTOPBHIX ObLIAa HalpaBieHa Ha
nepepaboTKy OOIMYYEHHBIX YpPAaHOBBIX OJIOKOB C LEJIbI0 W3BJICUEHHUS MOJIE3HOTO
MPOJIYKTa, a TaKKe MOOOYHBIX PAAUOHYKINI0B. OCHOBHBIMU 33Jja4aMH B 00J1aCTH
nepepadOTKH 0OTYYEHHBIX YPAHOBBIX OJIOKOB SIBJISFOTCS:

— ouncTka (aduHax) ypaHa, a Takke HAQpaOOTaHHBIX B IPOMBIIINIECHHOM PEaKTOpe
LEJIEBBIX IPOYKTOB OT PAAUOAKTUBHBIX MPOAYKTOB JAECIECHUS ypaHa;

— IOJYYEHUE a30THOKHCIIBIX PAaCTBOPOB PErEHEPUPOBAHHOIO ypaHA, a TaKKe OK-
CUJIOB TPAHCYPAHOBBIX 3JIEMEHTOB;

— oOpalieHue ¢ KUJIKUMH paauoakTuBHbIMU oTxoAamu (KPO), o6pazyrommmucs B
TEXHOJIOTMUECKUX CXEMax MepepadOTKH.

JlaHHBIM BUJ JESTEIHHOCTUA ObUT XapaKTePEH ISl BCEX KPYITHBIX PaIHOXUMHU-
yeckux mpou3BoacTB OI'VII «I10 MASAK», AO «CXK» n OI'VII «I'XK». Kpome
TOT0, PAIMOXUMUYECKass TEXHOJOIUSI SKCTPAKIMU pa3padaTbiBajiach U OTpadaThI-
Basacb B AO « BHUMHM» u AO «Paguessiii uactuTyT M. B.I'. Xnonunax». B pe-
3yJbTaTe MCMOJIb30BAHMS YKAa3aHHOW TEXHOJIOTMM Ha MPOW3BOJCTBEHHBIX OOBEK-
Tax CIOXHUJIACH CIOXKHAs paJHallMOHHAs 00CTaHOBKA, 00YCIOBJICHHAS 3arpsi3HEHU-
€M MCTOYHUKaMH (- U y-u3iaydyeHus. bonee Toro, cuTyauusi ¢ MpOBEACHUEM OT-
JENBHBIX BUJOB pa0OT OCIOKHIETCS HAIMYHEM PaJHOHYKINI0B, HarpumMep, ' Cs,
TaK)K€ MPUCYTCTBYIOT CIEAYIOIIME U30TONOB CTPOHIMS. OCTaHOBKA IPOMBIIILUICH-
HBIX ypaH-TpadUTOBBIX PEAKTOPOB MpHBEJIa K CBEPTHIBAHUIO PATUOXUMUYECKUX
Npou3BOACTB. B cBsi3u ¢ 3TUM JaHHBIE OOBEKTHI U COOTBETCTBYIOLIAs HH(ppa-
CTPYKTypa OBbUIM OTHECEHBI K SJIEPHOMY HACIEIUIO, MOJIekKAIIEMy BBIBOAY U3
AKCIUTyaTaluu.

[Tpu yuactun AO «TB3JI» Bexgyrcs pa®oThl 1O BBIBOAY M3 IKCIUTyaTal[UH
HEKOTOPBIX 00bekTOB Pammoxumuueckoro 3aBoja AO «CXKy», a Takxke OMBITHO-
npoMbIIIIEHHOW ycTaHOBKH Y-5 AO « BHUMHM», ucnonb3dyemoit 1o 1965 rona
JUTSL KICCIIEIOBAHUSL OTPA0OTKM TEXHOJOTUYECKOIO Mpoliecca BbIICIECHUS U OUYUCT-
KA OT OCKOJIKOB JIEJICHUS LIEJIEBbIX MPOAYKTOB U3 OOJYYEHHOTO B SAJIEPHBIX peak-
TOpax ToruMBa. Llenpio mepBoro npoekTa sSBIsSeTCs NepeBo/] MPOU3BOACTBA I10 Ie-
pepaboTke OOJy4eHHBIX CTAaHJIAPTHBIX YPaHOBBIX OJIOYKOB B paJHaIlMOHHO-
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0e30macHOE COCTOSIHME C TOCJIEAYIONeH JIMKBUIAIMEH, BTOPOTO — JIEMOHTaX

YCTaHOBKH Y-5 U oOecrieueHne CHATUS O0BEKTa C TOCYJAPCTBEHHOTO PEryIUupPYIO-

IETO KOHTPOJIA.

B xone peanusanuy MpoeKTOB MO BBIBOJAY M3 IKCIUTyaTallMU PaJHOXHAMUYeE-
CKUX IPOU3BOJACTB BBIIOJHSAIOTCS WM YK€ BBIINOJHEHBI CICAYIOIIAE MEPOIPUsI-
THUSL:

— JIEMOHTaXX OCHOBHOT'O T€XHOJIOTHYECKOTO 000PY/I0BAHMS;

— JIGMOHTaX CHUCTEM BOJIOCHAOKEHHUsI, BOJIOOTBEICHUS M OTOIICHHUS, CYIIECTBYIO-
IIETO 3JIEKTPOTEXHUUECKOTO O0OpY0BaHMS; WHXKCHEPHBIX CHUCTEM 3JaHHUS U
CTPOUTEIIbHBIX KOHCTPYKIIUW U JIP.;

— COpPTUPOBKa, (hparMeHTalus, KOHTEHHEepHu3alus, MacrnopTh3alus U Tepeaada
PAO B cnenuanu3upoBaHHYIO OPTaHHU3AIMIO HA MEepepabOTKy W KOHIUITUMOHH-
poOBaHuE JJIsl NPUBEICHUSA K KPUTECPUAM MPUEMIIEMOCTH M BPEMEHHOTO XpaHe-
HHSI KOHAUIMOHUPOBaHHBIX PAO;

— ¢Jladya YMCTOTO METAJJIOJNIOMA, & TAKXKE HE MMEIOIINX PAaJTUOAKTUBHOE 3arpsi3He-
HHUE CTPOMUTEIIBHBIX OTXOJIOB U XUMHUYECKUX PEAreHTOB HAa YTUJIM3ALUIO B CIIEC-
IHATU3UPOBAHHBIE OPTaHU3ALINH.

135



METO/INKA PACUETA IOT'JIOIEHHOM Y SKBUBAJIEHTHOM
JO3bI B ITAKETE GEANT4
Kyszbmenko A.C.
Hayunsnii pykoBogurens: Tumuenko C.H., K.T.H., 1OLIEHT

Tomckuii mommrexHuaeckuii yausepeuteT, 634050, Poccus, r. Tomck, mp. Jlenuna, 30
E-mail: ask147@tpu.ru

KitoueBoii 3amaveit mpu paboTe ¢ paguOAKTUBHBIMU OTXOJAMU SIBISIETCS
POEKTUPOBAHUE HEOOXOIMMOIO YPOBHS 3aIUTHI OT HOHU3UPYIOIIETO U3ITYYSHUSI.
OcHoBHBIM criocoOoM xpaHeHus: PAO Ha cerogHsuIHui IeHb SBJISETCS UCIOIb30-
BaHue KoHTeiHepoB TYK, mig pacyera KOTOPBIX B OCHOBHOM HCIIOJB3YHOTCS
yHOPOIIEHHbIE HHKEHEPHBIE METO/IbI pacyeTa (Ta0arYHbIe, HOMOTPAMMBI, IO CIIOSIM
OCJIa0JIeHUs] U METOJ(bl KOHKYPHUPYIOIIUX JMHUM), KOTOpbIE MOTYT JlaBaTh J0CTa-
TOYHO TpyOyIO0 OIEHKY MOIIHOCTH HMOHU3HUPYIOIIETO U3JIYYEHUs, MPOXOSIOIIETO
yepe3 3aluTy KoHtelHepa. [Ipu sTom, kak mpaBuio, Oepetcs ABOHOU K03 hu-
[HMEHT 3a1aca TOJIIHUHBI CJIOS 3aIUThI, YTO 3HAYUTEIBHO MOBBIIIAET CTOUMOCTb.

[Iporpecc mporpamMmMHOro odecredeHus Jjisi YUCICHHOTO MOJACIUPOBAHUS U
YCOBEPIICHCTBOBAHNE MPOU3BOJUTEIBHOCTA BBIYUCIUTEILHON TEXHUKU CIIOCOO-
CTBOBAJIM PA3BUTUIO METOJIOB CTATUCTUYECKOTO MOJEIupoBaHus. Mcnoib3oBanue
COBPEMEHHBIX CPEACTB MOJCIUPOBAHUS TMO3BOJIIET OOJEE TOYHO OCYIIECTBUTH
pacyer Nnpu XpaHEHUH paJuOaKTUBHBIX OTXOA0B. Ha cerogHsmHuii 1eHb OJTHUM U3
UHCTPYMEHTOB MOJEIMPOBAHUS B3aUMOJCUCTBUS MOHU3UPYIOLIETO U3JIYUYCHUS C
BemecTBoM sBisgeTcs maker GEANT4. JlaHHbIN makeT MO3BOJISET THOKO 3aJaBaTh
CJIOKHBIE T€OMETPUUECKHE (POPMBI IKCIEPUMEHTATHHOU YCTAHOBKU C MOMOIIBIO
OyJIeBBbIX Olepaluil U MPOBOJUTh YMCIECHHBIM SKCIEPUMEHT MO B3aUMOICHCTBUIO
U3JIyYeHUS ¢ BeuecTBoM Metongamu Monte-Kapio.

B pabote noka3zansl ocHOBHbIE cpeacTBa naketa GEANT4 no pacuery 3amu-
Tbl B KOHTeMHepe TYK, conepxkamem OSAT. PaccunTeiBaroTcs MOriomeHHas u dK-
BUBAJICHTHAS J103bl MPU MOHU3UPYIOIIEM HU3JIydeHUU (raMma, HEUTPOHHOE U OeTa
M3IIy4YEHMsI) PAIMOAKTUBHOIO pacnaaa oTpadoTaBUIEro siAEpHOTo ToruuBa. Pacuer
JI03bI TTPOU3BOJAUTCS B TOUKE IO aNMPOKCUMAIMOHHBIM U UHTEPTIOJISIIUOHHBIM 3a-
BUCUMOCTSIM TaOJHMYHBIX JNaHHBIX [1] xoddduimeHToB ociabieHuss U nepeBoja
¢roeHca HEMTPOHOB B DKBUBAJIICHTHYIO JI03Y MPHU PA3IMYHBIX JTMANla30HAX dHEP-
UMW YaCTHLL.

TOYHOCTh MOJIyYEHHBIX PE3YJIBTATOB XOPOIIO COIJIACYETCS C MMEKOIIUMHUCS
JAHHBIMU OTKPBITHIX UCTOYHHKOB, UTO TOBOPUT O ToM, 4To nakeT GEANT4 xopo-
IO MTOAXOJMT JIUISI PEIIEHUS KJ1acca TaKUX 3a/1ady.

1. Moprynos B.B., Iunenko H.B., Tpum P.M. MeTton pacuera norjaomeHHoN (K-
BUBAJICHTHOM) J03bI U MOIIHOCTH TOTJIOIMIEHHOW (9KBUBAJIECHTHOMN) 103bI HOHU-
supytomero uznydenus // Bectauk HTY «XIIl». Cepus: HoBeie pelienus B co-
BPEMEHHBIX TEXHOJNOTUAX. - 2016. Nel 8.
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PABPABOTKA METOJAOB BBIBOJA U3 OKCIIVNIYATAIIUU
OHEPITUTUYECKHUX SIIEPHBIX PEAKTOPOB U UX
INPUMEHEHMUE HA TIPAKTHUKE
Yeoborapes K.P.

Jlennnrpanckas ADC, 188540, Poccus, r. CocHoBbIN bop, mpom3oHa

E-mail: krcl@tpu.ru

3a BpeMsi CyIIECTBOBAHHUS ATOMHOW JHEPreTHKH pa3pabO0TaHbl Pa3IUYHbIC
TUIIBI  SIZIEPHBIX ~ DHEPreTUYECKUx  peakrtopoB (SADP), koTtopeie umeror
OTpaHUYCHHBIA (HUBUKO-TEXHOJIOTHYECKUN pecypce, OMPENeNsIouui Mepuoa Ux
6e3onacHoro (GyHkuroHUpoBaHus. B Hacrosimee Bpems uacte SDP  Tepsier
3QJI0)KEHHYI0 TPOEKTOM CIIOCOOHOCTh MpeAOoTBpaliaTh aBapuu W MPOYHUE
HeOnaronpusTHbie 3P dekThl. ObecnedeHrne 6€30MacHON TMKBUIAINN HETaTUBHBIX
MOCJICICTBA  HMCHOJIb30BAaHUSI AaTOMHOW SHEPrUM  SIBIIAETCA  OAHOM W3
MPUOPUTETHBIX 3a1a4. [1o MaHHBIM OKJIaaa, TOATOTOBICHHOTO MeXTyHapOIHBIM
ArentctBoM 1mo AtomHoi OHepruu (MAI'ATD), na xonernr 2020 roma B Mupe
HaxoxasaTcsa 633 sneprodnoka ADC u 138 U3 HUX HAXOJATCS HA Pa3IUYHBIX dTarnax
BbIBOJIa M3 JKcruryarauuu SOP, pacnonoxenneie B 32 crpanax [l]. Crout
OTMETUTb, UYTO TPUBEACHHBIC JAaHHbIE HE YYUTHIBAIOT MPOMBIILJICHHEIE,
UCCIIE0BATENIbCKUE, IKCIIEPUMEHTAIIbHBIE U TPAHCIIOPTHBIE PEAKTOPBI.

B xonne 2018 roga ocranosiieH nepBblii s3Heprodiaok Jlenunrpaackoin ADC
(JIADC) nns peanuzanuu HavyanbHOW (a3bl BbIBOAA M3 dKcrutyatanuu. [lo
pesyapTraram Ha aBrycT 2021 roma BBITpyKE€Ha MOCIEOHSS TEIIOBBLICIAIONIAS
coopka u3 peakTopa B OacceiiH Bbiaepkku [2]. B 0OacceiiHe pacceuBaercs
OCTaTOYHOE TEIUIOBBIJCIIEHUE B TEUCHHUH MSTH JIET.

Takum 006pa3om, 1eNIbI0 UCCIIENOBAHUS SBISETCS pa3paboTKa KOMIUIEKCHOTO
METO/ia BBIBOJIA M3 3KCIUTyaTallMyd SHEProOJIOKOB U €ro MocCieayrolmas mo3TanHas
ONTUMHU3AIMA TI0 pe3yJbTaTaM MPaKTUYECKOro HCMojb30BaHusd. OO0beKkTamMu
MIPUMEHEHUSI METOJa IO BBIBOAY M3 HKcruryatanuu SOP sBnstoTcs yeTsipe
sHeproosoka Tuna PEMK-1000, skcrutyatupyembix Jlenunrpaackoit ADC.

JIoCTHKEHNE TOCTABJIEHHOM LENH IUIAHUPYETCS PEATM30BATh MOCPEICTBOM
pELIEHNUs CIIEYIOINX 3a1a4:

- MPOBECTH aHAJIU3 M aHATMTUYECKOE 0000IIEHNEe COCTOSHUS TEXHOJIOTHI TEMOH-
Taxa obopynoBanus SDP, oOpaieHus ¢ paaMOaKTUBHBIMH OTXOJaMH U OTpa-
OO0TaBIINUM SIIEPHBIM TOTLITUBOM;

- pa3paboTaTh METOMBI JEMOHTaKa OOOPYJAOBAHMS PEAKTOPOB C MCIOJIH30BAHUEM

JUCTAaHIIUOHHO-YIIPABJIICMbIX MEXaHU3MOB.

1. T'omoBoit mokmaa maratd 3a 2020 rox - Tekcr: aneKTpoHHBIN // MexXIyHapOIHOE areHTCTBO
0 aTOMHOW 3Hepruu: opunmanbHbi caiit. - 2021. - URL: https://www.iaea.org/ (mata
obpamenus: 10.10.2021).

2. TlepBerii — 0e3 TorumBa / YmpamieHue WHPOpPMaIMel W OOMECTBEHHBIX CBs3eil. - Tekcr:
anekTpoHHbIH // KopriopatuBHoe uznanue «Bectauk JIADCy». - 2021. - Ne 12. - C. 3. URL:
https://www.rosenergoatom.ru/upload/iblock/ae7/ae76d420a6d5bbf2822ee0e673cca553.pdf.
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MOHHUTOPHHI COCTOSIHUA ITYTP, BBIBEAEHHOI'O U3
IKCIINIYATAILIUH 110 BAPUAHTY BE3OIIACHOI'O
3AXOPOHEHMSA HA MECTE
ITaBnenko A.Il.

OI'VIT «I'XK», 662972, Poccus, 1. XKenesnoropck, yi. Jlenuna, 1.53
E-mail: pavlenkoanastasia24@gmail.ru

[Ipn peanusamuu BbIBOJA U3 OSKCIUTyaTalldd MPOMBINUIEHHBIX YpaH-
rpadutoBbix peakTopoB (IIYI'P) mo BapuanTy «b6e3omacHoe 3aXOpOHEHHE Ha Me-
CTEe» HEOOXOJMMBIM YCIIOBUEM SBISIETCS NoirocpodHas uzoisinus PAO BHyTpu
KOHCepBUpyeMoro oobekTta [1]. JIns obecrieueHus HaAeKHOW U30JIAIUU OCHOBHBIX
aneMeHTOB KOHCTpykuuu [IYI'P, Haxoasmmxcss HEMOCPEACTBEHHO Ha IUIOUIAIKE
pa3MelleHUs peakTopa, 3HAUUMbIM SBJISIETCS KaK I[EIO0CTHOCTh UHKEHEPHBIX Oaph-
epoB Oe3omnacHoctu (Mbb), Tak 1 ypoBeHb paJMOaKTUBHOTO HU3IYYEHUS BHYTPH
BBIBEJICHHOT'O U3 AKCIUTyaTallui OOBbEKTA.

Haunbosiee 3HaUMMBIMU U TOJJIEKAIIUMHA HEMPEPHIBHOMY KOHTPOJIO Hapa-
METpaMH SIBIISIFOTCS MHTEHCUBHOCTD U3JIYUYEHUsI M TEMIIepaTypa BHYTPHU BBIBEICH-
Horo u3 skcrutyatauuu [TYT'P. [Ins oGecrieueHuss BO3MOXKHOCTH JTOCTyNa BHYTPb
KOHCEPBUPYEMOT0 00beKTa npu coopykeHnn MBb ycTtaHaBiuBaloT crieldaibHbIC
MHCIIEKIIMOHHbIE KaHalbl. [loMecTUB B KaHAN JAaTYMK TOW WIJIM MHOM (PU3MYECKOU
BEJUYHUHBI, KOHTPOJIUPYIOT cocTostHus [TYTP. OnHnako GONBIIMHCTBY M3BECTHBHIM
YCTPOMCTBAM MPUCYIIM 3HAYUTEIbHBIE HeAocTaTku. Hampumep, ymeHbLIEHUE
TOYHOCTH HU3MEPEHHS M3-32 HAKOIUICHUS JOJTOKHUBYIIMX PaJUOHYKIUIOB, BO3-
MOYHOCTbh U3MEPEHUS TOJBKO OJHOTO TapaMeTpa U MAaCCUBHOCTD UCIIOJTHEHUS.

Jist 3¢d(heKTUBHOTO KOHTPOJISE COCTOSIHUSI BBIBEICHHOTO M3 DKCILTyaTalllu
IIYI'P MOXHO HCHOJB30BaTh YCTPOMCTBO PAAUALMOHHOTO W TEMIEPATYPHOIO
KOHTpPOJISI [2], OCHAIIEHHOE CMEHHOM 3alluTOM B BHAE KoJuMMmaTopa. B ocHoBe
KOHCTPYKIUMHU JIe)KAT CMEHHBbIE: OJIOK JETEKTUPOBAHMS Y-U3Iy4YeHUs (IETEKTOPbI
HEHUTPOHOB MPSMOrO 3apsijfa) U TEpPMOIpeoOpa3oBareib (TEPMOIIEKTPUUECKUE
npeoOpa3oBaTeny KaOeIpHOTO THUIMA), 3aKperisieMble Ha KOHIIE HAOOPHOU TPYOBI.
Kondurypamus 1aT4ukoB MOXKET OBITh JIETKO M3MEHEHA, YTO TMO3BOJISIET MCIOJb-
30BaTh YCTPOWCTBO IJIsl MTOMEPEMEHHOTO U3MEPEHUS Pa3HbIX MapaMeTPOB U OMyC-
KaTh YCTPOWCTBO MPAKTUYECKU Ha JTIO0YIO IITyOMHY B MHCIIEKIIMOHHBIN KaHall.

1. KoHmenmus BBIBOJIAa W3 OKCIUTyaTallMM SICPHBIX YCTAHOBOK, PaJMAIIMOHHBIX
HMCTOYHUKOB M TMYHKTOB XpaHEHUsi [DIEKTpOHHBIH pecypc]. — Pexum nocrtyna:
https://www.atomic-energy.ru/documents/1123.

2. TTatent Ne 2716002 Poccuiickas denepanus MIIK G21C 17/00 (2006/01). Ycrpoii-

CTBO PaJMAIMOHHOTO M TEMIIEPATYPHOT'O KOHTPOJS BBIBEJICHHOTO W3 JKCILUTyaTal[uu

ypan-rpaduroBoro peakropa: Ne 2019138991: 3asmn. 29.11.2019: omy6xn. 05.03.2020

bron. Ne7 / Antonenko M.B., JleonoB A.B., Kupuukos /I.B., Uy6pees /.0., becna-

na E.B., KoroB B.H., I1aBnenko A.IL.; 3agButens @I'VII «I' XK.

138


mailto:pavlenkoanastasia24@gmail.ru
https://www.atomic-energy.ru/documents/1123

ANALYSIS OF MITIGATING THREATS OF UNMANNED AERIAL
VEHICLE USING PHYSICAL PROTECTION SYSTEM ELEMENTS
Lugman A Bello
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E-mail: lukmanabdullahil@tpu.ru

The unmanned aerial vehicles (UAVs), popularly known as drones, are
among the advancement of human civilization in the sphere of application of inno-
vative technologies. They are capable of traversing the flying space forming their
assigned tasks without human piloting. Drones are used both military and civilian
In various applications such as climate monitory, surveillance, agriculture, enter-
tainment, and the rest.

However, drone technology is being exploited by some nonstate actors for
malicious activities such as sabotage, surveillance, and assessment of some pro-
tected facilities such as nuclear power plants, military formation, airports, govern-
ment buildings, or reserved areas. Several reports have been documented, concern-
ing the activities of unknown drones in some highly protected areas.

The study analyzed models and simulations that have been done against the
threat of drones around a nuclear facility using the function of physical protection
system (PPS) as a reference guide. Physical Protection System functions should
meet three basic elements (detection, delay, and response) and it is required to pro-
tect the nuclear facility against the possibility of bombing, sabotage, and theft. The
system must be fast in performance to achieve sufficient time for the arrival of re-
sponse forces and complete the defense about the property in time, thwarting the
adversary and neutralizing the implementation of its mission.

The study showed that little work has been done on the protection of nuclear
facilities against the activities of unknown drones. The study shows that integration
of some elements of physical protection system can effectively detect the move-
ment of approaching drones and however shows that there is no comprehensive
strategy on the physical protection system to delay an approaching drone. Present-
ly, the anti-drone procedure stages: detection-identification-neutralization should
be fully incorporated into the design base threat procedure and assessment of the
physical protection system.
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B nacrosiiee Bpemst B P® HakorieHo O0JbIIOE KOJIMYECTBO METANIMYECKUX
KOHCTPYKIIMH C pa3HON CTENEHbIO aKTUBHOCTHU. Jle3aKTUBAIUsl BBHIBEIEHHOTO W3
AKCIUTyaTallui 00OpYyIOBaHUS — O0s3aTeNIbHBIN 3Tall B KOMILJIEKCE MEPONPUSTUN
N0 YJYYIICHUIO PaJUAIMOHHON OOCTAaHOBKM Ha MPOMBIIUICHHBIX IUIOMIAJKaX
npeanpusTui rockoprnopanuu «Pocatom.

OnHuUM M3 BaXXHBIX U aKTyaJIbHBIX MPOILIECCOB C MPUMEHEHUEM XUMUYECKON
JI€3aKTUBALIMH, SIBJISETCS YJAJIeHUE MACISAHBIX 3arpsA3HEHUN ¢ METaUIMYECKUX MO-
BEPXHOCTEW, ISl MPUMEHEHHsS] KOTOpPOM HEOO0XOAMMO MOI00paTh peareHTbl U
YCIJIOBHSL.

MO>XHO HCNOJIB30BATh OPrAHUYECKUE PACTBOPUTEIH, TO3BOJISIIOLIUE PACTBO-
PATH KUPOBBIE 3arpsi3HEHUSI OPraHUYECKOTO M MHUHEPATBHOTO MPOUCXOKICHUS.
JlaHHBI Mpoliecc MPOUCXOAUT B pe3yibTaTe necopOunu u auddysuu. Ipeumy-
IeCTBaMU MPUMEHEHHS OPTaHUYECKHX PACTBOPHUTENCH SABISICTCS: YIaJICHHE TOJ-
CTBIX CJIOEB MACJISTHBIX 3arpsi3HEHUN M BBICOKAsl CKOPOCTh 00e3xupuBanus. Hemo-
CTaTKU: TOKCUYHOCTh, BOCINIAMEHSIEMOCTb, BHICOKAsI YUCTOTA PACTBOPUTEIS U 1ie-
Ha.

Eme omnum pearentoM siBisitoTcs menouHbie pacTBopbl (NaOH). Tlox ux
JEUCTBUSAMH TPOUCXOUT pacileryieHue dQUPHBIX CBSI3€H OMBUISEMBIX JKUPOB C
o0pa3oBaHMEM PacTBOPUMBIX B BOJE 3arpsisHeHUU. [Ipu 5TOM HEe OMBLIsIEMbIE KH-
pBI HE pasyiararorcs U 00pa3yroT 3MYJIbCUI0, KOTOPBIE CIIOCOOCTBYIOT OT/AEJICHUIO
Macja OT MOBEPXHOCTH MeTalia.

Jlist noBeiieHus 3P(HEKTUBHOCTH TPoLiecC 00€3KUPUBAHMS TPOBOJAT MPHU
temriepatype 50-60°C, T.K. CHUKACTCS BSI3KOCTh 00€3)KHUPYEIIErocst pacTBopa, 4To
CIIOCOOCTBYET JIy4YIlIed CMardyuBa€MOCTH TOBEPXHOCTH.

UccnenoBanust mokazanu, 4to i d(PGEeKTUBHOTO yJaleHUs] MacCsSHbIX 3a-
IpSI3HEHUI KOHIIEHTpAIUsl pacTBopa JoJbKHA He mpeBblimath 10%. Ins ycunenus
s dexTa ObUTM MPUMEHEHBI 100aBKHU (KapOOHAT HATPHUS WJIM KalbIus, TUIpodoc-
dar nHatpus). CaCO; — He cmocoOCTBYeT YIAJICHHUIO KUPOBBIX OTJIOKEHUH.
Na,CO; — ycunuBaeT IucCriepcuio U pasMsirdaromuii 3p(exT, Ho He JaeT TOCTHUT-
HYTh OCTaTOYHOTO YPOBHS 10 o u 3 aktuBHOCTSIM. Mcnonb3oBanue Na;HPO, cy-
IIECTBEHHO CHU3MUJIA 3 aKTUBHOCTH Pa3JIMYHBIX 00pa3IIOB.

UccnenoBanus mokazanu, 4to s 3(PGEKTUBHOTO yHaleHUs >KHPOBBIX 3a-
IPSI3HEHUN B ILIEJOYHBIX PACTBOpAX JOJIKHO COCTAaBJISATh HE MEHEe 2 4acoB, MpHU
9TOM, OJIMH Pa3 B CyTKH KOHTPOJIUPOBaTh BeanuuHy PH pacteopa (12,5-13,0).

B noknane obcyxnaercs anroputm o orurctke MO3PB ot macisiHbIX 3arpsizHe-
HUH, a TAK)XKE BO3MOXKHOCTH CHIDKEHUS TI0 0L U 3 aKTUBHOCTSIM.
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Merami, UMeoUMii MOBEPXHOCTHOE PAAMOAKTUBHOE 3arpsi3HEHHE, MOXKHO
ne3aktuBupoBaTh 10 HopM CanlluHa 1 moBTOpHO MCHOAB30BATh B METAJUTYpPIrUUe-
CKOM TpOMBIIUIEHHOCTH. [lo3TOMY Je3akTHBalMs BBIBEICHHOTO M3 AKCILTyaTallH
o0opyoBaHusl — 00s13aTEIBHBIN ATall B KOMIUIEKCE MEPOINPUATUNA IO YIIYUIICHUIO
paauaIlMOHHON OOCTAaHOBKM HAa MPOMBIIUIEHHBIX TUIOMIAJKaX MPEINpUsiTUH roc-
koprnopanuu «Pocatomy.

OnHuM U3 BaXXKHBIX MPOLECCOB C MPUMEHEHUEM XUMHUYECKOHN Je3aKTHBAIUH,
SBJISIETCA y/IaJICHUE MACIISHBIX 3arpsi3HEHUI ¢ METAJUIMUYECKUX MOBEPXHOCTEH, IS
MPUMEHEHUS KOTOPOl HE0OXOAUMO NTO100paTh PeareHThl U YCIOBUSI.

[IpoBeneHHbIC PKCTIEPUMEHTHI MTOKA3aiu, YTO 00paboTKa IIEIOYHBIMU pac-
TBOpPaMH HE TIO3BOJISICT JTOOWTHCS CHUKCHHUS aKTHBHOCTH JI0 TPeOyeMBIX 3HaUe-
Huit. CnegoBaTenbHO, 00pa3iibl JOKHBI ObITh MOJIBEPTHYTHI JOTOJIHUTEIHLHON 00-
pabotke B kucibix pactsopax (H,SO4+AlLSO,% u HSO4+HF).

OO6pabateiBaeMble 00pa3Ilbl MOJBEPraId PATUANMOHHOMY KOHTPOJIO ¢ 00eux
cTtopoH. Ha o0Opasiiax He 3arpsi3HEHHBIX MacJIOM OBbLIX MOJTYYEHBI MOJI0KUTEIbHBIC
pe3yNbTaThl 1O JIe3aKkTuBalMy. VccnenoBanus nokasanu, 4To JJisg 00€3KUPUBAHUS
U Je3aktuBanuu 3arpsizHeHHbIX MO3PB MoxHO wHcnons3oBaTh 00pabOTKy pac-
TBOPOM THUJPOOKCH]Ia HATpus ¢ TuapodocharoM HaTpUs UK PACTBOPOM THIPOOK-
cujzia HaTpus ¢ kapOOHATOM HaTpus. 3aTeM HEOOXOAMMO IMPOBOJUTH OOPaOOTKY
PacTBOPOM CEpPHOM KHUCIOTHI C CYIh(})ATOM aTFOMUHUS UM CMECh CEPHOM KHCIIOTHI
1 (TOPBOJOPOTHON KUCIOTHI. PacTBOp CEpHOM KUCIIOTHI C CYJb(aTOM aTIOMUHUS
MOKa3ajl XOpOUIU pe3yJbTaT NpH AC3aKTUBAIIMU 00pA31I0B U3 YEPHOU CTaJU IO O-
aKTUBHOCTH (B 4-5 pa3) no f-akTuBHOCTH (B 2-3 paza).

[lepBrIif 3Tan uccienoBaHUsl MOKa3al, YTO BBIOPAHHBIA JJIsSI J€3aKTUBAIIUU
peareHThl MO3BOJISIIOT YaCTUYHO JI€3aKTUBUPOBATH TOBEPXHOCTEN METAJIJIOB, HO HE
JNOCTHUTalOT 33/IaHHBIX 3HAYCHUM akTUBHOCTEUN. [I0aTOMY, Ha BTOpOM 3Tane uccie-
JIOBaHUSI OBLIM TIOBBILIEHBI KOHIICHTpAIUS, TEMIIepaTypa pacTBopa W Ao0aBiieHa
TUTABUKOBAs KUCJIOTA.

Bxozae skcmepuMeHTa ObIIIO YCTAHOBJIEHO, YTO TMPU HCIOJIB30BaHUM OoJiee
KOHIICHTPUPOBAHHBIX PACTBOPOB U 00Jiee BHICOKMX TeMIiepaTyp Habmomaercs 3 (-
(dbeKkTHBHAS OYMCTKA METAJUIOB, B pe3yJbTaTe KOTOPOUW MCUE3NIM TIOUYTH BCE KOPPO-
3WOHHBIE OTJ0XeHus. [Ipu 3ToM Bce 00pasipl OBLITN J1€3aKTUBHPOBAHKI 10 TpeOy-
EMBIX 3HAYCHWM, II0 CyMMeE O -HYKIUIoB(He Oosnee 2,4 wact/mmu*cm?) u B —
HYKJIUJI0B (He O6oJee 24 qaCT/MI/IH*CMZ). [Ipu npoBeneHUN ae3aKTUBAIMU, HEOOXO-
JMMO HE MEHEE OJIHOTO pa3a B CYTKHM KOHTPOJUPOBATH KOHIIEHTPALMIO CEPHOMU
KHCJIOTHI B MOEYHOM PAcTBOPE, a TaKKe, CoAepKaHue CBOOOAHOTO (PTOp-HOHA, KO-
TOPBIA OyJeT pacxoaoBaThCsi ¢ 0Opa3oBaHHMEM BOJOPACTBOPHMOIrO KOMILIEKCA C
KEJIE30M.
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ANALYTICAL REVEIW OF HISTORICAL DISCHARGE DATA
Pushkarskiy R.V., Amoah P.A., Ansah M.N.S.

Scientific Supervisor: Silaev M.E., Doctor of Technical Sciences, Professor
Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenin Ave., 30
Tomsk Polytechnic University
E-mail: rvp6@tpu.ru

Several candidate reactor designs have been considered for analytical study
focusing on their liquid and airbourne discharge. The candidate reactors considered
are Westinghouse AP1000, EDF/Areva EPR, GE-Hitachi ESBWR and AECL
ACR-1000. The discharge groups being considered are: Liquid tritium, Liquid oth-
ers, Airborne tritium, Airborne noble gases, Airborne 1%, Airborne particulates
and Airborne C'* with values of 1.06E-02, 1.32E-07, 1.56E-02, 1.47E-02,
8.59E-08, 0.00E+00, 1.80E-02 GBg/GWeh respectively, as the best performing
predecessor reactors by discharge. From the data available, there is no simple, clear
or easily explainable relationship between the candidate reactors being considered
and the radionuclide discharge considered. It can however be assumed that an in-
crease in the power output of a reactor, would result in an increase in discharges
into the environment. However, this is not always the case. Instead, the majority of
candidate reactors considered display a mix of characteristics including propor-
tional and abnormal events. The methodology used has shown that a large standard
deviation indicates that the data points fluctuate significantly about the mean. A
small standard deviation indicates that the data points are clustered more closely
around the mean.

The ACR-1000 predecessors provide the highest total liquid and airborne av-
erages and highest standard deviations; ESBWR predecessors give the lowest total
liquid and airborne averages and the lowest standard deviations; EPR and AP1000
predecessors both show small variation in total liquid and airborne averages, when
compared with the ACR-1000 and ESBWR predecessors. It is expected that the
radiological impacts of the reactor predecessor discharges would serve to support
future research with the conclusions drawn. This radiological impact assessment
and its analysis would aid in the investigation of areas and environmental sur-
roundings in proximity and with reference distance from reactor sites. The annual
discharge data and the levels reported are subject to variation due to local, climatic
and other effects. Thus, these discharges may be clustered around specific periods
of the year for a particular reason. The GALE code has been used by experts to
predict discharges for candidate reactor designs. The predicted discharges from
each of the four proposed candidate reactor designs indicate that the ESBWR and
the EPR designs are the most ambitious for liquid and airborne discharges respec-
tively. The GALE code has been used to predict 3.82, 3.58, 0.382 and 12.6
GBqg/GWeh for AP1000, EPR, ESBWR and ACR-1000 for liquid discharge re-
spectively and 43.1, 0.13, 11.4 and 6.97 GBg/GWeh for AP1000, EPR, ESBWR
and ACR-1000 respectively for airbourne dicharge.
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OIEHKA J10JI1 CBOBOJIHOI'O OFBbEMA B TABJIETKAX HA OCHOBE
YIJIEPOJJHON MATPUIIBI
babGaes P.I'.
CuObupckuii xumuyeckuii komOuHart, 636036, r. Cesepck, yn. Kypuatosa, 1.1
E-mail: babaevrenat92@gmail.com

B npouecce mpoBeneHusl SKCIEPUMEHTA N0 U3YYEHUIO CBOWCTB MOJIEIIBHBIX
TOTUIMBHBIX Ta0JETOK HAa OCHOBE YIJIEPOJHOW MaTpHUIlbl TPEOOBAIOCH MPOBECTH
OILICHKY BEJIMYMHBI CBOOOIHOTO 00beMa, TO €CTh 00beMa nop. B cBsi3u ¢ aTuM niep-
BOHAYAJIbHO OBbLI MPOBEJEH PsJl SKCIIEPUMEHTOB JIJISl ONpEIeNICHUs] 3HAUCHUS HC-
TUHHOM MJIOTHOCTU MCIIOJIB3YEeMOT0 IS U3rOTOBJIEHUs TabJIeTOK yriepoaa. B pe-
3yJbTaTe aHaJIW3a MOJYYEHHBIX HAMH BEJIMYMH IJIOTHOCTH TabJETOK, ObUIO MOKa-
3aHO, YTO HambOoJee BEPHO OHM OMMCHIBAIOTCS MPU 3HAYEHUH UCTUHHOW MIIOTHO-
ctu paBHol 1,9 r/cm®. Ha 0CHOBaHMM MMEIOMIUXCS JAHHBIX ONPEIENIA NCTUHHBIA
00bEeM KaKJI0M TaOJETKH, TO €CTh 00bEM yTiiepoja UCIOIb3YyEeMOro JJisl €€ U3To-
TOBJICHUS], @ 3aTE€M, BBIUUTAsI €M0 U3 PEATBHOr0 00beMa MOIyUHBIIEICS TaOIETKH,
HalUIM BeIMYUMHy oObeMa mnop. [lomydeHHble 3HaueHUsT a0CONIOTHOTO U OTHOCH-
TEIBHOr0 00bEMa MOP YIVIEPOAHBIX TAOJETOK, M3TOTOBJIEHHBIX IPH JABIECHUSAX OT
20 o 100 MlTa, npuBeneHsl B TabIUIIE.

TaOnuia — Pe3ynbraThl pacuera o0bema 1nop

P, Mma V, cm® Viop, CM3 Viop, %
20 0,4006 0,1916 47.8
40 0,3862 0,1757 454
60 0,3758 0,1653 43,9
80 0,3519 0,1429 40,6
100 0,3503 0,1361 38,8

W3 mpencraBieHHbIX B TAOJMIBI JAHHBIX BHIHO, YTO C POCTOM BEIMYHUHBI
PUJIOKEHHOTO JABJICHUsI, 3HAYEHHUE JIOJIM CBOOOTHOTO 00BheMa YMEHbIIIAETCs, a B
1IEJI0M, TIOJTYYeHHBIEC TA0JIETKH UMEIOT JOCTATOYHO PA3BUTYIO MIOPUCTOCTb.

Kpome Toro, u3BecTHO, YTO JUIsl TEOPETHUUYECKOrO OMPEAEICHUS T0JHU TOp B
MaTepuale MOKHO UCIIOJIb30BaTh ypaBHeHne A.C. bepexHoro:

P _p.1n| Lo
Pucr prI/IT

TJI€ Prp — NPAKTHYUECKASI IVIOTHOCTh MATEPUAIIA, Pyer — HICTUHHAS TUIOTHOCTb, b — KO-
s duLMeHTa YIIIIOTHAEMOCTH; Pypur — KPUTUYECKOE JABJICHUE TPECCOBAHUS U Prp —
MPaKTUYECKOE JaBJICHUE MPECCOBAHMUS.

[TosTOMY OBLIH ONPE/ICICHBI 3HAYCHUS Pypur U D, KOTOPBIE COOTBETCTBEHHO OKa3a-
nuch paBHbIMH 6269 MIla u 0,0947.

Takum oOpa3om, B pe3yabTaTe MPOBEACHHBIX IKCIIEPUMEHTOB ClieJlaHa OIEHKA T0-
PUCTOCTH MOJICIIBHBIX TOTUIMBHBIX TA0JIETOK HA OCHOBE YIJIepojaa W HaiieHa Gop-
MyJia JI7Isl €€ TEOPETUIECKOTO OTPEICICHUS.

+1
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ONPEJAEJEHUE HCTUHHOM IIJIOTHOCTH
YIJIEPOJHOM MATPUIIBI B MOJEJBHBIX TABJETKAX
JAUCITEPCHOI'O TOIIJIMBA
babaes P.I".

CuObupckuii xumuyeckuii komOuHart, 636036, r. CeBepck, yn. Kypuatosa, 1.1
E-mail: babaevrenat92@gmail.com

Pa3paboTka HOBBIX METOJAMK OLIEHKH CBOWCTB TOIJIMBHBIX TAOJETOK, TaKUX
KaK IUIOTHOCTb, MOPUCTOCTh U MPOYHOCTb, SIBISETCA aKTyaJbHOW MpoOIeMoil B
npouecce pa3paboTKU U UCCIEA0BAHNS HOBBIX BU/I0B TOILJIUBA.

B nanHoli paboTe npuBeIeHbl PE3yIbTaThl SKCIEPUMEHTOB 10 OIPEIEICHUIO
UCTUHHOM IUIOTHOCTU YTJIEPOJa, MCIOJIb3YEMOT0 HaMU B Kaue€CTBE MATPUYHOTIO
MaTepuaia MpU HM3TOTOBJIEHUU MOJENBHBIX TOIUIMBHBIX TaOJETOK IHUCIEPCHOIO
TOTINBA.

B npouecce npoBeAeHUsI 3KCHEPUMEHTOB ObUIM W3TOTOBJIEHBI TaOJIETKH W3
YUCTOTO YriepoJia, CIIPECCOBAHHBIE IPH PA3IUYHBIX JaBICHUSAX, U ONPENEIEH Pl
MX XapaKTePUCTUK, 3HAYEHUS KOTOPHIX MPUBEICHHBIX B TAOIUIIE.

Tabnuua — JlaBjieHHe MPECCOBaHUS U TAPAMETPhI TOTOBBIX TA0JIETOK

JlaBnenne, Mlla Macca, r O6BeM, cMm®
20 0,397 0,4006
40 0,4 0,3862
80 0,397 0,3519
100 0,407 0,3503
150 0,399 0,3247
200 0,404 0,316
250 0,403 0,3072

B pe3ynbpraTe anmnpokcumanuy 3HaY€HUH MJIOTHOCTH TabJIETOK, pacCUUTaH-
HOM 1O JTaHHBIM TaOJMIIbI, YCTAHOBJIEHO, YTO UCTHUHHAS INIOTHOCTh MUCIOJIb3yEMO-
IO HAMU B OIBITAX yriepojaa cocrasiser 1,9 r/em.

AHanu3 nuTepaTypHbIX UCTOUHUKOB MOKa3aJjl, YTO BEJIMYMHA MPEAEIbHON WU
VMCTHUHHOW IUIOTHOCTH Pa3JIMYHBIX MAapoOK YIJIEpoJa JEKUT B Auarna3oHe ot 1,7 no
1,9 r/cm® [1], 94TO XOPOIIO COrIAacyeTcs ¢ MOMYYEHHBIM HAMH 3HAYEHHUEM.

Takum 00pa3om, B pe3ybTaTe MPOBEICHHBIX 3KCIIEPUMEHTOB ObLIA MOTyYeHa
BEJIMYMHA MPENEIBbHON MJIOTHOCTU ISl MPUMEHSEMOIO B OIBITaX YIVIEPOJAA, YTO
MO3BOJIUTH MTPOBOJUTH OLEHKY MOPUCTOCTH MOJAETBHBIX TOIJIUBHBIX Ta0JIETOK, MO-
Jy4YEHHBIX Ha €r0 OCHOBE.

1. Kunne, X. AKTUBHBIC YTJIM U UX TPOMBINIUICHHOE TipuMeHenue / X. Kunne, D.
banep. — JI.: «Xumusa», 1984. — 216 c.
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NCCIEAOBAHUE NPOLHECCA NOJYYEHUSA OKCUIOB
NUMHUTATOPOB KOMIIOHEHT JUCITEPCHOI'O TOIIVIMBA

Bunses J1.I'., 3aiinie 1.K.
Tomckuil nonurexuuueckuii yaupepcutet, 634050, r. Tomck, np. Jlenuna, 30

E-mail: ikz1@tpu.ru

B omnbiTax mo orpabotke mpoiiecca dhadpukanuy TabIeTOK JUCIEPCHOHHOTO
TOIUIMBA C YTJIEPOJHON MaTpUIIeH Modydyanu TabJEeTKH Pa3HOr0 XMMHUYECKOIo CO-
CTaBa, COCTOSIIIME U3 yIIIepojia ¢ I0OABICHUEM OKCHUJIOB UMUTATOPOB, B KAUeCTBE
KOTOPBIX UCIIOIB30BATUCH OKCUIBI LIEPHS, HEOJJUMA U caMapHusl.

Oxcunbl Nd203, Smy03 u CeO, nonyyanu myTeM TEPMUYECKOTO Pa3JIOKEHUS
KPUCTAJUIOTUIPATOB KBAIM(PUKAIIMY X.U. TIO PEAKIIMSIM:

Nd(NO,), - 6H,0—"°Nd,0,+NO,+0,;

Sm(NO,), -6H,0—*° 5Sm,0,+NO,+0,;

Ce(NO,), - 6H,0—22%¢ _5Ce,0,+NO,+0, —¥*%C _,Ce0,,.

[TockonpKy mporecc NoaydYeHus: OKCUAa UEeprsi MHOTOCTAAUMHBIA U HET TOY-
HBIX JAHHBIX [0 TEMIIepaTypaM peakivid, OblI MPOBEACH TEPMHUUYECKHUI aHAIM3.
Pe3ynpTaT TepMHUUYECKOTO aHaIM3a Pa3IOKEHHS KPUCTAJUIOTHAPATOB IEpUs B pe-
KUME JTMHEHHOT0 HarpeBa MpUBEACH Ha PUCYHKE.

Y-1] Y-2
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100 —|
B -2
&
o 80 \ s
= +73.42% =
k] 4 ©
(=2 o
2 e
= ©
60 | - HF = 3
. 42.66% ‘ -6
40 ' .
20 T T T T + -8
0 200 400 600 800 1000
Exo Up Temperature (°C) Universal V4.2E

Pucynox — KpuBbie TepMuueckoro anaausa 00pas3ioB KpUCTAIOTHAPATA LIEPUs

W3 pucyHKa BUIHO, YTO HA MEPBOM dTalle PA3JI0KEHUS IIPOUCXOIUT IPOIECC
JCTUpATAIlNH, a 3aTEM B JBa dTara, KaKk W yKa3aHo B JIATEpPAType, MPOTEKaeT pas-
noxenue Ce(NO,),: Ha mepom stane obpazyercs Ce O3 npu remneparype 220°C,

Ha BTopoM — CeO; npu 320°C.

Kpome Toro, Obl1 IpOBEICH aHAIN3 PA3IOKEHU KPUCTAIIIOTHIPATOB HEO M-
Ma U camapus U YCTaHOBIIEHO, YTO 3HAUCHHUS TeMIIepaTyp MPOTEKAHUS PEaKIUid
COBMAJIAIOT C IAaHHBIMH JIUTEPATYPHBIX HICTOYHHUKOB,
[TomydeHHble B Mpoliecce UCCIETOBAaHUM pPe3yNbTaThl OyIyT KCIOJIB30BAHbI MPU
0TpaboTKe IpoLecca U3TOTOBIEHUS MOJEIBbHBIX TOIUTUBHBIX TaOJETOK.
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OTPABOTKA CTAJUU NIOAT'OTOBKH IMNPECC-ITIOPOLIKA
MOZAEJIBHBIX TOIIJINBHBIX TABJETOK
3aitiieB U.K., CykotHoBa B.B.
Hayunsrii pykoBoautens: Buases J1.I., 1.1.H., mpodeccop
Tomckuii nonmrexuuueckuil yausepcurer, 634050, r. Tomck, np. Jlenuna, 30
E-mail: ikz1@tpu.ru

OTtpaboTKa MpoIECCOB MPUTOTOBIECHUS U (HOPMOBAHUSI MOPOIIKOB C IIEJIBIO
MOJIYYEHHS] MOJICJIbHBIX TOIJIMBHBIX TaOJIETOK C 3aJaHHBIMU CBOMCTBAMU SIBIISICTCS
aKTyaJbHOU MpoOsIeMolt pu pa3pabOTKe AUCTIEPCUOHHOTO SIICPHOTO TOIIMBA.

Llens manHOM pabOTHI 3akioyaiach B OTPA0OTKE HA OKCHUIAX-UMHUTATOpax
HaYaJIbHOM CTaJuu IMpollecca MOJIYyYCHHs] TOIUIMBHBIX TAOJIETOK C YTIIEPOIHOU
MaTpULEN — CTaIuH IPUTOTOBJIEHUS MIPECC-CMECEN.

B xone skcneprMeHTa ObUTM MOJIYYE€HBI TAOJIETKH Pa3HOTO XMMUYECKOIO CO-
CTaBa: COCTOSLIUX U3 yriepoja ¢ J00aBJIEHUEM OKCHIOB UMUTATOPOB, B KAUE€CTBE
KOTOPBIX MCIOJIb30BAIUCh OKCUJBI Liepus, HeoauMma U camapusa. Kpome Toro, s
OLICHKHU BJIMSIHUSI HA CTPYKTYPY M CBOMCTBA Ta0JIETOK IUIACTU(PUKATOPA, B HEKOTO-
PBIX CIIy4asix B CMECh JOOABIISIM CTeapaT HaTPHsl.

N3BecTHO, YTO CMENICHUE MOPOIIKOB MOKHO MPOBOJAUTH CYXHUM U MOKPBIM
CIoco0oM, ¢ MMPUMEHEHHUEM KHUJIKON TeXHOJOTHUYeCKor cBsi3ku. Ha ocHOBaHuM Te-
CTOBBIX 9KCIEPUMEHTOB, HAMU ObUI BHIOpAH BTOPOM BapHaHT, TaK KaK MPU ITOM
[OJTy4aJ0Ch PaBHOMEPHOE pacIpesieieHue KOMIIOHEHTOB Mo cMecu. Takum oOpa-
30M, CTaJus U3TOTOBJIEHHUS MPECC-TIOPOIIKA 3aKI0YaIach B CMEMIMBAHUHN KOMIIO-
HEHTOB (T€XHHUYECKOrO YTIepo/aa, OKCUIOB M CTeapara), BBEACHUU BPEMEHHOMU
TEXHOJIOTUYECKON CBSI3KM M CO3JIaHUU (POPMOBOYHOU MACCHI C 3aJaHHOU CTPYKTY-
pOU ¥ CBOMCTBAMHU.

B kadecTBe TEXHOJOIMYECKOW CBSI3KH, IJISl JIYUILETO MEpEMEIIMBaHUS, ObLI
BbIOpaH ATUJIOBBIM CIUPT, IOCKOJIBKY UMEET BBICOKYIO CKOPOCTh UCTIAPEHUSI.

[ToAroToBKY Mpecc-MmopoIIKOB MPOBOAUIIM CIEAYIOIUM 00pa3oM:

— PYKOBOJICTBYSCH TPEOYEMBIM MAaCCOBBIM IMPOIIEHTHBIM COJIEpKaHUEM KOM-
MMOHEHTOB ISl KaXKJ0M CMECH TOTOBWJIM COOTBETCTBYIOIIEE KOJMYECTBO YTIEPO/Ia,
OKCHUJIOB U IJIacTU(PUKATOPA;

— YraepoJi CMaulBaju CIIUPTOM A0 MOJTYyUYECHHS] OTHOPOJAHOTO pacTBOPA;

— B TIOJIYYMBIIIHMICS pacTBOP AOOABISIIN OKCHJIBI U TUIACTU(DHUKATOD.

— MPOBOJMIIM TIIATEJILHOE MEPEMEIINBAHNE MMOTYYUBIIETOCS paCTBOPA.

OcTaTku OpraHuKy yASUICh yTEM MPOKATUBAHUS MPECC-MOPOIIKA B TeUe-
Huu 15 munyt npu temneparype 70 °C — HUKE TeMIlepaTyphl IJIaBJICHHS TUIaCTH-
¢dukatopa.

Takum oOpa3zoM, B TIpoliecc MPOBEJACHUS UCCIIECOBAaHUN Oblila 0TpaboTaHa METo-
JIMKa TOJY4YEHHUs MPEecC-MOPOLIKa Pa3IMYHOTO COCTaBa JUIsl U3TOTOBIICHUS MO-
JEIbHBIX TOIUTMBHBIX TA0JIETOK.
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AHAJIN3 METO/10B OBPAILIEHUSI C PAJIMOAKTUBHBIMUA
WJIOBBIMH OTJIO)KEHUSIMU BACCEMHOB BBIJIEP)KKU
Yeoborapes K.P.
Jlennnrpanckas ADC, 188540, Poccus, r. CocHoBbINM bop, mpom3oHa

E-mail: krcl@tpu.ru

[IpyHIMNT MUHUMHU3ALMM PUCKOB M 3aTpaT, MpH BHIOOPE ONTHUMAIBLHOTO
MeTona oOpaimieHus ¢ paauoaktuBHbiMH oTxonamu (PAO), mpemycmarpuBaeT
npoBefieHne nepBUYHOM peructpaunn PAO, mo pesyiapTaraM KOTOPOW OHHU
JOJKHBI OBITH KiTaccuukanupoBanbl Ha PAQO: «ynanseMbiey, «epeMelnaeMbie B
[EHTPAIM30BaHHBIC TYHKTHI 3aXOPOHEHUS» U «OCOOBIE», 3aXOPAHUBAEMBIE B MECTE
UX HaXOXICHUS. DTO pelieHue SABISIETCs 0a30i HOPMATHUBHOTO TPEOOBAHUS IO
oOs3aTenbHOMY 3axopoHeHuto PAQO. B npanpHeileM MOXHO —TOBBIIIAThH
0€30MMacHOCTh MYHKTOB pa3MelieHus «ocoObix PAQO» (mepeBog B MYHKTHI
KOHcepBaluu win 3axopoHenus PAQO), a Takxke usBiekars «ynaiasiembie PAO» u
3aXOpaHMUBaTh UX B LIECHTPAIM30BAHHBIX ITyHKTaX 3axopoHeHus PAO. Beinenenne
kareropun «ocoObix PAO» m03BOJSET yYHUTHIBATH CHEHU(PUKY OOpa3oBaHUs
SIGPHOTO HacJieaus U 00s3aTeNbCTBa rocyaapcTBa B cepe odparenus ¢ PAO.

IIpy BpeMEHHOM XpaHEHHMM WIM JOJTOBPEMEHHOM 3axopoHennun PAO
JIOJDKHA ObITh oOecredeHa MX JIOJITOBPEMEHHAas HaJeXHas U30JSIIMs  OT
OKpyXXarolled cpeabl. OTo o0ecnedrMBaeT 3alluTy OT paAvaluud Oyayliux
HNOKOJIEHM M OHOJOrmueckux pecypcoB. OTBETCTBEHHOCTh 3a OOecleueHue
6e3onacHoct PAO nexxuT Ha COBPEMEHHBIX OCHU(HUIMapax siIEpHONU SHEPTUHU U
HE JI0JDKHA MEPEKIIaIbIBAThCS HA CIEAYIOIINE TOKOJICHUS.

O630p MeromoB oOpameHuss ¢ PAO mokas3pIBaeT, 4TO WX BKIIOYCHHUE B
TBEpJAbIE MATPHUIBI C IIOJYYEHHEM MOHOJMTHOM CTPYKTypbl oOecrneuynBaer
HaJle)kHyl0 ¢ukcanuio. PacnpocTpaHeHHBIMH MeToJaMu OTBepxkaAeHus PAO
ABJISIFOTCS: LIEMEHTUPOBaHUE, OUTYMUPOBAHHUE, OCTEKJIOBbIBAHUE U BKIIIOUEHHE B
Kepamuueckre Matpuilsl. B otBepxaeHHon ¢popme PAO serye XpaHuTth, HaJEKHO
oOecreunBasi X U30JSIUIO HA JUIUTEIIbHOE BPEMSI.

[Ipu reonoruyeckoM 3aXOpPOHEHHHM O€30MaCHOCTh OOECHEeYMBAETCS 3a CUET
CUCTEMbl HMH)KEHEpPHBIX O0apbepoB HA MYTH BO3MOXKHOIO PacHpOCTPaHEHUs
panvoHykiuaoB.  Hapymenwe  mpoHUIaeMocTd  OJHOro U3 OappepoB
0€30MMacHOCTH, pa3pyllarollee BO3IeHCTBUE BHEIIHUX (DAKTOPOB MPUPOIHOTO WIIH
TEXHOTE€HHOTO IPOUCXOKJIEHUS HE JNOJDKHBI CHMXKATh YPOBEHB JOJITOBPEMEHHOMN
0€30MacHOCTH MyHKTa pa3meleHus: «ocoobix PAOy. I'muHa paccmarpuBaeTcst Kak
HauOoJee mpuemsiemas cpena s 3axoponenust PAO.

Ilocne w3Bi€YEHHS W3 pEAKTOpa SIEPHOE TOIUIMBO BBIAEPKUBAETCS B
OacceitHax. B OacceifHax BpeMEHHOTO XpaHEHHUs O00pa3zyloTCs PaJruOaKTHUBHBIC
WIOBbIE  OTJIOKEHHS, MMEIOLME TNPUPOJAHOE MPOUCXOXKICHUE HAHOCHOTO
XapakTepa M colepxkaT paauoOHYKIWAbl. B nokimage obOcyxnarorcs (PU3MKO-
XUMUYECKUE XAPAKTEPUCTUKU HCXOMHBIX PAAMOAKTUBHBIX WJIOBBIX OTJIOKEHUU U
ONTUMAJILHBIN COCTAaB CMECH TJIMH B KauecTBe Oapbepa 0€30MacHOCTH.
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OTPABOTKA COCTABA MO/JEJIBHBIX TABJIETOK
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E-mail: babaevrenat92@gmail.com

JleneHue sep TSHKEIbIX 3JIEMEHTOB B AJIEPHOM PEAKTOPE OCYIIECTBIISIETCA B
TOIIMBHOM cepJieuHUKe. TOTUIMBHBIE CePACYHUKH MOTYT OBITh OJHOPOIHBIMU UITU
JTVCTIEPCUOHHBIMU B 3aBUCHUMOCTU OT CTPYKTYpHI ToriMBa. OIHOPOJHBIEC CEpAcY-
HUKHU OBIBAIOT JABYX BHJIOB: METAJUIMYECKHE, MPEJICTABICHHBIC YPAaHOM, TUTYTOHH-
€M, TOPUEM U UX CIUIABAMHM U KEPAMUUYECKHE, BKIIIOYAIOIIUE B CBOIO OYEPEb HUT-
puaaMu, kapOuaamMu, OKMCIaMU U JPYTUMU COSTMHEHHUSIMU ypaHa, TOpHs, TIyTO-
HUSL.

JlucriepCUOHHBIE TOTUITMBHBIE CEPACYHUKU COCTOSIT M3 YACTUIl JIETSIIErocs
BEIIIECTBA, KOTOPBIE PACHPENCIICHbl B MaTpHUIE W3 HEJCISAIIUMXCS MaTepualioB
(rpaduta, kepamuku, meTamuioB). OCHOBHBIM MPEUMYIIECTBOM JIUCIEPCUOHHOTO
SIZICGPHOTO TOTUIMBA SIBIISIETCSI BBICOKAsl TEIJIOMPOBOJHOCTh. KpoMe Toro, maHHoe
TOIJIMBO UMEET Psii IPYTUX JOCTOMHCTB: BHICOKUE MOKA3aTeNy MO pagualliOHHON
CTOMKOCTH TPU TITyOOKOM BBITOPAaHUHU, MPOYHOCTH, COMOCTaBUMAs C MIPOUYHOCTHIO
KEpaMUYECKOTO TOIIMBA, YHUKAJIBHBIE sIEpHO-(U3HYECKUE, a TaKXKe MPOTHBO-
KOpPO3UOHHBIE CBOMCTBa [1].

[Ipu 3TOM TEIIONMPOBOAHOCTh U IJIACTUYHOCTH 3aBUCAT OT Marepuajia Mat-
punel. Hamu B kauecTtBe Marepuaia ObLIO PEHIEHO UCIOIb30BaTh YIiepoJ U Mpo-
BECTU HCCJIEAOBAHUS 3aBUCHUMOCTU MMapaMETPOB TOIUIMBHBIX Ta0JIETOK OT COCTaBa
Y YCIIOBHI UX U3rOTOBJICHUSI HA MOJEIbHBIX COCTABaX.

AHaIIM3 JUTEpaTypPHBIX JAHHBIX MOKa3ajl, YTO AESALIMEcS MaTepualbl, HC-
MOJIb3yEeMbI€ B AUCIIEPCUOHHOM TOTUIMBE, MPECTABICHBI B BUJE CMECEH OKCHUJIOB
TOpUS, ypaHa W IUTyTOHUSA [2]. BBUAY MX NMOBBIIMIEHHON paauallMOHHON aKTUBHO-
CTH M3TOTOBJICHUE TOTUIMBHBIX TA0JIETOK U JAJIbHEHIINE WX UCCIIEAOBaHUS MPE-
CTaBIIAIOTCS CIOXKHOM 3amadeil. [losToMy maHHBIE OKCHABI B COCTaBE TaOJIETOK
ObUIM 3aMEHEHBI HA UMHUTATOPHI, KOTOPhIE 00JIalal0T Haubosee OJMM3KUMU K HUM
CBOMCTBaMU. B kauecTBe UMUTATOPOB AEIAIIMXCS MaTEPUAIOB PEIICHO ObLIO HC-
0J1b30BaTh co0TBeTCTBEHHO OKCHABI CeOy,, Nd,O3 u Sm,0s. IIpu s3ToM 00BEMHOE
coJiep)KaHKe OKCHIOB B TabJIeTKe cocTaBisiio 15 %.

B utore, B pe3ynbTaTe NpoBEACHHOTO aHAIM3a ObLT OTpabOTaH coCcTaB Tadiie-
TOK JIUCHEPCUOHHOTO TOIUIMBA C OKCUAAMU HWMHUTATOPAMH, MCIIOJIb30BAHHBIN B
JTAIBHEUIINX SKCIIEPUMEHTAX.

1. KopcakoB B.C., Beirockuit B.®., Muxan B.M. TexHomorus peakTopocTpoe-
Hus. — M.: «Atomusznmat», 1977. — 270 c.

2. Mucnepcuonnoe snepHoe torumso / C. B. Anekcees, B. A. 3aiines, C. C. Tox-
cToyxoB. — M.: Texnocdepa, 2015. — 248 c.
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Hayunblii pykoBoautens: [1amok A.O., K.(p-M.H.
lOnBITHO-IEMOHCTPAIMOHHBIN LIEHTP BBIBOJIA U3 SKCILTyaTalliH YPaH-TPa(UTOBbIX PEak-
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2ToMcKuMii IONMTEXHUYECKHI yHuBepenTeT, 634050, Poccus, T. Tomck, nip. Jlenuna, 30
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Hauunas ¢ xonna 2018 r. B P® Hauasncst mo3TanHblil OKOHYATEIbHBIA OCTa-
HOB JHEpreTudeckux ypan-rpadutoBsix peaktopos (YI'P) PEMK-1000 u DOI'TI-6.
B HacTosiiiee BpemMsi OKOHYATEIIbHO OCTaHOBJIEHBI SHEPro0oku Nel u Ne2 Jlenun-
rpajckoii ADC u sHepro6siok Nel bunnbunckoit ADC. B 6nmxkaiiiee aecstuiie-
THE MPEAIOJIAracTCsl OKOHYATEIbHBIA OCTAHOB OCTAIOIIMXCS B HACTOSILEE BPEMS B
skcruryatanuu aesatu PEBMK-1000 u tpex OI'TI-6.

B cBsi3u ¢ 3TUM aKTyanu3upoBaiachk NOTPEOHOCTh MPOBEACHUS UCCIIEI0BAaHUIA
OCTaTOYHOTO COJIEP’KaHUs PAAUOHYKINJIOB B 00yueHHoM rpadure YI'P. U3oTon-
HBII COCTaB, YPOBHU YJI€TIbHOW aKTUBHOCTU PAAUOHYKIUAOB SIBJISIOTCS KIFOUEBBI-
MU (aKTOpamu, ONPeaeIIOIUMH MOTEHIIMAIBHYIO OaCHOCTh rpaguToBbix PAO.
Onu 3anoxeHsl B 0ocHOBY Kiaccuduxanuu PAO B cootBercTBUM ¢ [locTaHoBIEHU-
eM npaButesbeTBa OT 19 okTsi6ps 2012 1. N 1069 u onpenensitor BapuanTsl oOpa-
IIEHUS C O0TYyUYCHHBIM rpadUTOM.

B AO «OALL YT'P» coBmectHO ¢ UDXD PAH um. A.H. ®pymkuna Obun
MIPOBEICHBl KCCIEAOBAHUS MPOCTPAHCTBEHHOI'O PACHpPENESICHUs KIHOYEBBbIX IS
BBIBOJA U3 dKcruryaranuu paguonykmunos “*C, °C1 u ®°Co. Ot6op mpob mposo-
muics Ha [TYTP AJID-5 kak B o0bemMe rpauTOBOM KITAIKH, TaK U U3 U3BJICYCHHBIX
6s10x0B. Ilo moslydyeHHOMY MacCHBY pe3yJbTaTOB OMpeENEiIeHbl U 0000IIEHBI 0CO-
OCHHOCTH HAKOIUIEHUS U NPOCTPAHCTBEHHOTO pacIpelneeHUs] paJuoOHYKIHIOB.
[IpennoxeHbl HOBblE MHTEPIIPETALMU HEKOTOPBIX OCOOEHHOCTEH MPOCTPAHCTBEH-
HOro pacnpeaenenus paguonykiunos °C1 u ®°Co B rpadure VIP.

[Tomy4yeHHbie pe3ynbTaThl OBLIM MCIOIL30BAHBI JIs pa3pabOTKU U aTTecTa-
IIMM METOIMK XapakTepusauuu rpaduToBeIx 610k0B YI'P 1o pagunonykmugam 4C,
8Cl u %°Co [1, 2]. MeToauky ObLIM YCIIENIHO NPHMEHEHEI B XOJE MCCIEIOBAHMI
OCTaTOYHOTO COJEpXaHUSl PATUOHYKIHUJIOB B Tpa@UTOBBIX KIaJKaX pPEaKTOPOB
PBMK-1000 JIADC [1].

1. Tasmox A. O., Kornapesckuii C. T'., Kau P. ., Bonkosa A. I'., 3axaposa E. B., Wmoxuna
M. A., T'opmikoB B. b., opodeer A. H., 3unnypoB b. C., Komapos E. A. [Toaxoasr
XapakTepm3anuy rpaguToBsX 6710K0B YI'P 10 Gera-m3nmydarommM paanoRykangam *C n
%C1. Anpobanus Ha peaxtopax turma PBMK-1000 // PamuoakTusrble oTxomsl. 2021. Ne 2
(15). C. 21-32. DOI: 10.25283/2587-9707-2021-2-21-32.

2. Tasmox A. O., Kotnsapesckuii C. T'., Kan P. U., Bonkosa A. T'., 3axaposa E. B., Komapos
E. A. Tlogxoasl K XapakTepH3alui MO0 raMMa-u3IyqdaroliuM PaguoHYKIHIaM rpaduToBBIX

0JIOKOB M WX KOHTEHHEpH3AIMHU MPH JeMOHTaxe kianok YI'P // PamuoakTuBHBIE OTXOJBI.
2021. Ne 3 (16). C. 30—43. DOI: 10.25283/2587-9707-2021-3-30-43.
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['amma-TepaneBTUYECKUE YCTAHOBKM HA OCHOBE PAaJIMOHYKJIMIHOIO MCTOYHH-
ka %°Co SBIAIOTCA OJHMM M3 MHCTPYMEHTOB JUCTAHIMOHHOW JIy4eBOM TEpaluH.
Cucrema (hopMHpOBaHUS CIOKHOIO MOJST OOMY4YEHHs Ul TaKUX YCTAHOBOK HE
BCEr/ia MO3BOJISIET CO3/1aTh I0JIE HEOOXOAUMOM (POPMBI C BBICOKOW TOYHOCTBIO.
DTO BO3HHUKAET M3-3a TOTO, YTO CBUHIIOBBIE OJIOKH, MOBTOPSIOLINE KOHTYP HOBO-
oOpa3oBaHMsl, yCTaHABIUBAIOTCS Bpy4HYyHO [1]. B cBs3u ¢ 3TMM nosiBisieTcst HeoO-
XOJIMMOCTh B BEpU(DUKAIUU CIIOKHBIX IUIAHOB OOJyYEHHs C MOMOILIBIO JTO3HUMET-
pUYeCcKuX (paHTOMOB.

Ha ceronusamnuii AeHb A03UMETpUYECKHe (PaHTOMBI, yUUThIBatomue (hopmy,
pa3Mep U COCTaB YEJOBEYECKUX OPTaHOB M TKAHEW, U3TOTABIIMBAIOTCS BPYYHYIO U
ABJISIFOTCS. TOCTATOYHO JOPOTOCTOAIMMHU. [103TOMY Ba)KHOW M aKTyaJIbHOU SIBJISA-
eTcs 3ajaya pa3padoTKu croco0a M3roTOBIEHUS aHTPOIOMOP(HOro TO3UMETPH-
4eckoro (haHtoma, KOTOPbIH MOYKHO M3TOTaBIMBATh CEPUNHO. AITUTHUBHBIE TEX-
HOJIOTUU TO3BOJISIIOT CO3/aBaTh CJIOXHbIE 00bEMHbIE OOBEKTHI MPAKTUYECKHU JIIO-
6o#t ¢popmbl. OHUM U3 HaMbOJEe MUPOKO UCIOIB3YEMBIX METOAOB aJAUTUBHbIX
TEXHOJIOTUH SIBJISIETCS METOJ MTOCJIOMHOTO HaruiaBieHus. [Ipu TpexmepHoi rneuatu
JAHHBIM METOJOM HCIIOJIB3YETCS IUPOKUN CIIEKTP MAaTEPUAJIOB: IIJIACTUKOB U IO-
JIMMEPOB.

ABTOpPBI paboThl [2] mpeiaraloT U3roTaBIuBaTh aHTPOIIOMOP(HBIE TO3UMET-
pudeckrue (paHTOMBI C IpUMEHEHUuEM TexHosoruit 3D-newaru. ns peanuzauuu
MPEAJIOKEHHOT0 MOAX0Aa B JAHHOW paboTe ObLT M3rOTOBJEH 3JIEMEHT aHTPOIIO-
MOP(HOro J03UMETPUUYECKOr0 (PaHTOMA Ha OCHOBE €ro TOMOrpauyecKux AaHHBIX
¢ noMomibto 3D-neyatu. CpaBHEHHE pe3yibTaTOB IMPOBEACHHBIX TOMOTrpaduye-
CKUX U JO3UMETPUYECKUX HCIBITAHUNA HM3TOTOBJIEHHOTO HAMU U OPUTMHAIBLHOTO
AJIEMEHTOB (PAaHTOMA TMOKAa3bIBAET YCHEMIHOCTh MPENJIOKEHHOM METOJIMKH H3rO0-
TOBJICHUS.

PaGota BhImoiHEeHa mpu (PUHAHCOBOW MOAJAEPKKE TpaHTa MHHHCTEpPCTBA

HAyKW W BhICIIEro oOpazoBaHusi Poccuiickoit denepanun B paMKax COTJIAIICHHUS
075-15-2021-271 (npoext Ne MK-3481.2021.4).

1. Khan F.M., Gibbons J.P. Khan's the physics of radiation therapy. — Fifth edition. — Lip-
pincott Williams & Wilkins, 2014. — 572 p.

2. Kpacupix A.A. u jgap. Pazpaborka cmocoba dKCHEpUMEHTANIBHOM BepHpHUKAIUU
JO3UMETPUYECKOTO IUTAaHUpOBaHMsS Jy4deBoil Tepanuu // COopHuk Matepuano XII
Bceepoccuiickoil  KOH(pEpEeHIIMH MOJIOJIBIX YYEHBIX-OHKOJIOTOB «AKTYyaJbHbIE BOIPOCHI
dbyanameHTanpbHOM W KimHHYeckor onHkonoruw» / Ilox pen. E.JI. UYoitHzoHOBa, O.B.
INanaxunckoro, H.B. Yepapauesoi. — Tomck: U3a-Bo Tom. yu-Ta, 2017. — C. 150.
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