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EXPLORATION OF OPTIMIZED BLANKET CONFIGURATION FOR AN ICF HYBRID REACTOR
WITH A HELIUM-COOLED PEBBLE-BED TYPE BLANKET
Y. Goudarzi, Yu. B. Chertkov
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin str., 30, 634050
E-mail: Yasinl@tpu.ru

Evaluation of the neurotic performance of any nuclear system harnessing nuclear chain reaction is of great
importance for the substantiation of the economic and safe operation of the system. The same applies to the prospective
hybrid reactors where advantages and disadvantages of well-established fission reactors technologies and developing
technologies of the future pure fusion reactors are capitalized to reach a midterm solution for the growing worldwide
energy demand, shortening the road toward pure fusion energy, and alleviating concerns over long-lived nuclear waste,
proliferation issues of fission fuel cycle back-end, and support the fissile fuel supply for fission reactors [1-5]. In this
study, with the help of general-purpose Monte Carlo code MCNPX 2.6 [6], neutronic parameters of an ICF D-T driven
hybrid fusion-fission reactor is investigated to evaluate key parameters such as tritium breeding ratio (TBR), fissile
fuel breeding ratio (FFBR), neutron leakage and energy multiplication factor. The blanket of the investigated reactor
is a helium-cooled pebble-bed (HCPB) type, that uses SiC as the structural material, moderator and reflector; and
helium as the coolant medium. The neutron energy spectrum of the ICF target was selected based on the SIRIUS pure
fusion reactor design [7]. Using two different ceramic tritium breeder materials namely Li>O and LisSiO4 and six
fissile breeder materials with natural occurring isotopic compositions including ThC, ThO», UC, UN, UsSiz and UOz,
the impact of material choice on neutronic performance as well as the optimal 5Li enrichment in each case is examined
to propose the best candidate configuration for the reactor blanket. The calculation results show a good agreement
with previous works based on deterministic approach. Finally, based on the end-user first priority which would be
either energy production or fissile fuel production, two configurations are proposed. One of the main advantages of
these configuration is elimination of beryllium neutron multiplier which in turn leads to simpler manufacturing of
blanket modules and bypass issues associated with beryllium such as sensitivity to radiation damage, intense gas
production, high cost, toxicity and its limited resources.
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METHODS OF PHYSICAL PROTECTION OF AQUATORIES AND AIR SPACE OF A NUCLEAR
FACILITY
E.A. Shcheglova, E.A. Sukhanov, O.V. Selivanikova
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin st. 30, 634050
E-mail: eas81@tpu.ru

Nuclear material has always been an object of interest for terrorist organizations because of the high cost of
nuclear material and the ability to use it to create an explosive device. When designing a physical protection system,
it’s necessary to consider the possibility of gaining access through the vulnerabilities of this protection. One of such
weaknesses is the water part of the perimeter of a nuclear facility, since problems arise in observing the principle of
equal strength [1].

Violators can gain unauthorized access to the object by entering underwater using diving equipment, and to
coordinate their actions, violators can use a quadrocopter. At the design stage of creating a physical protection system,
it’s necessary to take this feature into account and equip the water part and the coastline of the perimeter.

On the water, the «Barrier» is used as a barrier and counteraction to small swimming facilities. To counteract
underwater intruders, a «Barrier-BS» type fence is installed, which has a surface and underwater mesh type [2]. Also,
on the approach to the underwater obstacle, sonar detection devices «Tral My are installed [3]. To comply with the
principle of equal strength, it is also necessary to equip the coastal part of the perimeter with active optoelectronic
detection means and optoelectronic surveillance devices [4].

To exclude the possibility of reconnaissance using a quadrocopter, it’s necessary to detect it on approach to
the protected area and land at the intersection of this zone, equipping the perimeter of the protected zone with the
«Stopdron Arsenal» complex. This complex includes an optical target detection unit, a target recognition unit, a
directional signal interruption unit [5].

The above equipment and its correct location on the territory of the water area, coastlines and the perimeter
of a nuclear facility allows to counteract violators, increasing the penetration time, and allowing timely detection of
illegal actions.
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AHAJIN3 PACXO/JA TEIIJIOHOCHUTEJIS B IOAKAHAJIAX PEAKTOPA BB3P-1000 METOJOM CFD
LI. A. Anmxacap, O.1FO Tlonmatos, A.I' Hafimymma

HanunonaneHelil nccnenoBaTebckuil TOMCKUI NONUTEXHUUECKUM YHUBEPCUTET,
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BrerancnurensHas ruapoguaaMuka (CFD) - 3To HHCTpYMEHT MOIENUPOBAHIS, UCIIOIB3YEMBIN 1T aHaII3a
TEIIOBBIX SIBICHWH M CIOXHBIX JKHAKOcTed. Hacrosimas paboTa mocBslieHa aHalW3y MapaMeTpoB IIOTOKA
TEIJIOHOCHUTEJIS B ITOJIKaHAJIaX TEIUIOBBLIEIOMNX cOopok peakTopa BBOP-1000 ¢ ucnonszoBanunem [1C ANSY'S [1]
c moaynem ANSYS FLUENT, umeromumm Ty e yHKIHMOHAIBHOCTB, 4T0 U Moaysib CFX, npu aToM, HMeromei oomee
HNIMPOKUH CHEKTP BO3MOXKHOCTEH AJII MOJENMPOBaHMS IOTOKOB C XMMHUUYECKHMH peakuusaMmu. s mpoBeneHus
uccieoBanus Obula pa3paboTaHa pacdyeTHass MOJIJb, TPEACTABIAIoNIas cOOOH AIIEMEHTApHYIO SUeiKy peakropa
BB3P-1000 gnwuaoit 3,53 M, auamerpoM TormuBHOTO crepxug 9,1 MM (D) u marom 12,75 mwm (a). JanHas monens
MO3BOJISIET OIICHUTh HM3MEHEHHWE [apaMeTpOB TEIUIOHOCUTENS Kak IIpu paboTe B HOPMAIBHBIX YCIOBHAX
9KCIUTyaTalllH, TaK U JJIs yd4eTa OCOOCHHOCTEH MPH KPUTHIECKUX PEKUMAX PaOOTHI.

I'paHnuHOe yciioBHE OBLIO HMCMOJB30BAHO JJIsI KaXJOTO MOTOKAa M TEIIoBOro mnois. s moTtokoB
MpeAINoaraeTcs, YTo CTCHKH TEIUIOBBIIENISIOMNX COOPOK HE UMEIOT CKOJbXEHUs. [[JIs TEermoBoro moss TEerioBoi
MOTOK yKa3aH Ha CTEHKAaX TBYJa. IPU MOJCIMPOBAHUK 001aCTH ObUT UCIOJIb30BaH TEIUIOBOM MOTOK 278,7 kBT/M2.
Jlyis BXOZa CKOPOCTh M TeMIleparypa cocTaBistoT 5,5 m/c u 291° C no otnenbHOCTH. JKUIKOCTH TE4eT BBEPX B
MOJIKaHAJIC TOIUIMBHOTO CTep)KHS B cOope. IIpoBemeHo mepexonHOe MOJEIMPOBAaHHE TPEXMEPHOTO IIOTOKA
OXJIaXKJAIOIIeH >KUAKOCTH. M3MeHeHne CKOPOCTH OXJaXJaromeld BOABI BAOJb OCEBOTO PACCTOSHUS MOKAa3aHO Ha
puc. 1. YBenudeHHe CKOPOCTH B KOHIE IOJIKaHAJa COCTaBisieT okoio 1,3 M / c. DTo yBelIMYeHHE CKOPOCTH

KOMIICHCUPYET NOTCPIO CKOPOCTU U3-3a 3aCOPCHUSA B pacnopHoﬁ CCTKCE.
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CIIUCOK JIUTEPATYPbI
1. ANSYS, Inc. ANSYS ICEM CFD Help Manual, 2012
2. Menter, F.R. Influence of freestream values on k- turbulence model predictions. // AIAA - Journal, 30 1992 -6¢.
3. IAEA- WWER-1000 Reactor Simulator, Material for Training Courses and Workshops, Second Edition, 2005
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ONTUMM3AIIAA APAMETPOB HEMTPOHHBIX ITOJIEH PEAKTOPA UPT-T JIJISI CO3JAHUSI
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IMocTostHHO BO3pacTaOMIKif CIPOC Ha PAAUAIMOHHO-CTOMKUE IIEKTPOHHBIE TPUOOPEI 1eJ1aeT HEOOXOJUMBIM
CO3[JaHME HOBBIX O3KCICPUMEHTAIBHBIX YCTAHOBOK [UI HCCIEIOBAaHWH Ha pPaJHalllOHHYI0 CTOWKOCTh. Ha
uccnenoBarenbckoM simepHoM peakrope MUPT-T mpum HU TIIY Ha 6a3e ropH30HTAIBHOTO SKCIEPUMEHTAIBHOTO
kaHanma (I'OK-6) cos3maHa yCTaHOBKA, C IIOMOINBIO KOTOPOH IPOBOAATCS HCCIEIOBAHMS SIEKTPOGH3HICCKUX
XapakTepucTuK npubopos. s hopmupoBaHus myuka ObICTPBIX HEHTPOHOB, B YCTaHOBKE HMCIOJIB3YeTCsl (BT,
NOIJIOUIAOIINM TEIUIOBbIE HEUTPOHBI.

Haxopmsimuiics B8 AO «HUMUID» peakrop BAPC-4, sBnsiercss cepTU(HUUMPOBAHHON YCTaHOBKOW ISt
MPOBEJICHUSI UCIIBITAHWH Ha paJUalioHHYI0 CTOMKOCTh. ClienoBaTebHO, ObliIa TIOCTaBlIeHa 33/1a4a chOpMHUPOBATh
HelTpoHHoe mnosie I'OK-6 peaxtopa MPT-T u mpoBecTH cpaBHUTENbHBIN aHanu3 ¢ peakropoM BAPC-4. B xone
paboTHI IpoBOIMIICS pacueT crekTpa HeHTpoHoB B 'DK-6 peaktopa UPT-T mo cpencrBam makera MCU-PTR [1]. Ha
pucyHke 1, mpuBeneHo cpaBHeHHe criekTpoB peaktopoB UPT-T u BAPC-4.

Hcxons n3 rpaduka, mpeacTaBICHHOTO Ha PUCYHKE 1, MOXKHO CZENaTh BBIBOJ, YTO MOIM(HUIIMPOBAHHBINA
HelTpoHHbIN criekTp I'DK-6 peaktopa UPT-T umeer cxoxue mapaMeTpbl co crekTpom peaktopa BAPC-4, uro
MOJITBEPIKIIAETCS 3HAUCHUSAMU CcpeqHuXx 3Hepruil cnektpoB. st [OK-6 UPT-T cpennss sHeprusi CrekTpa paBHA

1,288 M»B, s BAPC-4 1,215 M»B.
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Puc. 1 — Cpasnenue cnexmpog peaxmopos UPT-T u FAPC-4
Takum 00pa3zoM, CyIIECTBYIOT BCE NMPEINOCHIIKH Ul pa3BepThiBaHMsA Ha pextope UPT-T xommiekca no
MPOBEICHUIO PaJHallMOHHBIX HCIbITaHNH. B pamkax corpynandectBa ¢ AO «HUUIIIT» Oblta npoBeaeHa ycremHas
cepusi SKCHEPUMEHTOB IO HUCCIEIOBAHUIO PAJAMAUOHHON CTOMKOCTH Pa3IMUYHBIX KOMIIOHEHTOB JJIEKTPOHHBIX
mprOOpPOB.
CIIUCOK JIMTEPATYPBI
1. Ixkaposckuit J.A. OmmcaHwe NPUMEHEHWS W WHCTPYKIMSA JUIS IOJB30BATENEeH MporpamM, COOpaHHBIX W3

Mmoyneit makera MCU-5. — Mocksa: MU®U. 2012 . — 11 c.
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BECIHMJIOTHBIX BO3JYHIIHBIX CYJOB
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[Ipumenerne ManopasMepHBIX OecnmIOTHBIX Bo3AymHBIX cynoB (BBC) B kauecTBe HWHCTpyMeHTa
peanu3ayuy HECAHKIIMOHNPOBAHHBIX JIEHCTBHH OTHOCUTCS K pa3psy HOBBIX NPUHIIUIIOB BO3ICHCTBUS Ha SCPHBIC
00BexThl (0). OcHoBa pemerns mpoOieMsl 1o 3amuTe SO OT HOBBIX THIIOB yIpo3 3aKiI0YaeTcs B BBIOOpE
KOHQHUTYpalud W TOCTPOeHHH cucTeMbl ¢(usmdeckoit 3ammrel (CD3), koTopas OB MO3BOISLIIA OOECIICYHBATH
HE0OX0/IMMO BBICOKHUIT ypoBeHb 3amuménHocT S0, B ToM 4ncne 3a cu€r BrimoueHust B coctaB CD3 coBpeMeHHBIX
3JIEKTPOHHBIX CPEACTB U CUCTEM Ha UX OCHOBE.

Lenbro paboTsI siBiIsIeTCS pa3paboTKa HOAX0AA [0 ONPENETICHUIO KOH(PUTYpaLi CUCTEMBI OXPaHbI U COCTaBa
KOMIUIEKCA HMH)XEHEPHO-TEXHHYECKUX CPeACTB (DM3MUECKOM 3amuThl KoHKpeTHoro S0, oOecneynBarommx
s¢¢dextuBHOe TpotuBoneiictBue CD3 yrposam, cs3aHHEIM ¢ npuMeHeHreM bBBC. Kpome Toro, k memsiM pabGoTsI
CJIelyeT OTHOCHTH BBIPAOOTKY Ha 0a3ze MpeNIoKEHHOrO IMOJXO0Ja THIOBBIX PEKOMEHIAIWi 1o ocHameHuo 10
cucrteMamu (cpenctBaMu) oOHapyxeHHs U nportuozpeiicTBus BBC ¢ yuérom pe3ynpTaToB HCCIEIOBaHUS PHIHKA
OTEUECTBEHHBIX pa3pabOTOK, M3YyYCHWS W aHAIW3a NPUMEHSIEMBIX TEXHOJOTHH, NPHUEMOB W TaKTHK 3allUThI
BO3YIIHOTO IIPOCTPAHCTBA.

B xozme Hacrosiiero ucciefoBaHUsl ObLIM NPOBENCHBI aHAIM3 M CUCTEMATH3alUs 110 KOJMYECTBEHHBIM
napamMeTpaM CYIIECTBYIOIIMX MAaHHBIX 00 MHIIMIEHTAX, CBSI3aHHBIX C NPOHUKHOBEHHEM Majopa3MmepHbIx BBC B
BO3/IYIITHOE MPOCTPAHCTBO HAJl OXpaHsieMbIMH 00bekTamu Poccuiickoit deneparyii, B TOM 4MCiIe HaJl 00bEeKTaMu
T'ockopriopanuu «Pocatom». IIpoBeseHa orjeHKa CyIIECTBYIOIIMX METOI0B M TAKTUK JNEHCTBHH IMOApa3aeNeHnit 1o
oxpane S0, orneHeHa uX 3()(HEKTHUBHOCTH 110 MPOTUBOJICHCTBHIO YTpo3aM, CBI3aHHBIM ¢ Hcronb3oBanreM bBC. [pu
pacCMOTPEHNM TAKTHKH, IIpEeANoNiaraioiieil HCHonb3oBaHue cuwiaMu oxpaHsl SIO  mMTaTHOTO CTPEIKOBOTO
BOOpYKeHUs1 st mpecedeHus: mnon€toB bBC, Obulo monydeHO ypaBHEHHE, IO3BOJISIIONIEE OIMPENETUTh
s dextuBHOCTE CD3, B cOCTaBE KOTOPOH OTCYTCTBYIOT CHEIHAIBHBIE CUCTEMBI (CPElICTBA) TIO0 MPOTUBOACHCTBHUIO
BBC. C moMomipio MaTeMaTH4eCcKOi MOJIENH MOATBEPKIAECHO MPEANOI0KEeHNE, YTO IPUMEHEHNE HHANBUIYAIEHOTO
HOCHMOTO BOOpYXXEHHMSA (B TOM 4YHCJIE CTPEJIKOBOTO) HEd(P(EKTHBHO IS 3aLIUTHI OONBIIMX MPOMBIIIICHHBIX
00BEKTOB OT yrpo3, CBA3aHHBIX ¢ MpuMeHeHneM bBC, BHe 3aBUCUMOCTH OT KOH(QUTYpaiu cucTeMbl oxpassl SO.

B pesynbrarte npoBeI€HHOTO MCCIIEA0BaHUs OBLIO JIOCTOBEPHO YCTaHOBJIEHO, YTO Hanbosee 3peKTHBHBIM
CIOCOOOM 3alUTHl BO3IYIIHOTO MpocTpaHcTBa Hajx IO M Ha moAcTynmax K HEMy SBISIETCS HCIIOJIB30BaHUS
CIEIUAIbHBIX KOMIUIEKCOB (CpEICTB) paauolieKTpoHHOH OopnObl (POB). B xome mpoBemeHus paboTsl ObLIO
HaJIa)KeHO B3aWMOJICHCTBHE C BEAYIIMMHU OTCYECTBEHHBIMHU MPEANPUATHIMHA-Pa3pabOTINKaMH M IPOU3BOIUTEISIMA
KoMIutekcoB POB, u3ydensr u agantupoBassl it SIO 0CHOBHBIE MIPUHIIMIEI TOcTpoeHus cucteM POB. OtaensHo B
pabote Oblna mpeIoxkeHa kKiaccudukaius cucteM (cpeacts) POB, ncnons3oBanue KOTOPHIX BO3MOxHO Ha S0, 1o

HX OCHOBHBIM TEXHUYECKHUM U CTOUMOCTHBIM XapaKTCPUCTUKAM.
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OINPEJIEJIMHUE CPOKA CJIYKBbI TPA®UTOBOM KJAJIKA B PEAKTOPAX HOBOT'O
INOKOJIEHUSA
O.1. bynax, B. H. Hecrepor
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C 1954 roja HakoIUIeH 3HAYMTENBHBIN OMBIT SKCIUTyaTallMH YPaH-IPAQHUTOBBIX PEAKTOPOB C BOASHBIM
terutonocuteneM. K ocobennocTsiM peakropoB Tura PBMK oTHOCSTCS KaHadbHAs KOHCTPYKIHUS M NPHMEHCHHE
rpadpuTa B KauectBe 3amemmmrensi. Bo Bpemena CCCP mpeamonaranocs OypHOE pa3BHTHE B CTPOUTEIBCTBE
peaktopoB PBMK, ommako mocie aBapuu Ha YepHOOBUIbCKOH ADC B 1986 Tomy IUTaHBI TO COOPYKEHHIO
SHEProOJIOKOB OBLITH CBEPHYTHI.

B HacTosAmmit MOMEHT EpPCIEKTUBHBIM MIPECTABIACTCS peaan3alys HHHOBAIMOHHBIX IPOEKTOB B Poccuu
10 CTPOUTENBCTBY BBICOKOTEMIIEPATYPHBIX TazooxiaxgaeMbix peaktopoB (BTI'P). BTT'P - peakrop 4-To mokoneHus,
MPOMBIIIJICHHOE BHEIPEHUE KOTOPOTO OKUAAeTCs yxke B OnmmkaineM Oymaymiem [1]. st peakropos Tuna PEMK u
BTI'P xapakTepHO UCIOb30BaHKe rpaduTa B KAUECTBE 3aMEUIUTENS U OTpaXKaTels.

B nmponecce sxcmyaranym ADC 3HaUUTENBHO H3MEHSIOTCS (PrU3HYecKue, TEIIO(PU3NIECKUE U TPOYHOCTHBIC
CBOHCTBA rpadura.

Takum o0pa3om, akTyaJbHOHW 3amadell B 00macTH oOecHedeHus] pagualioHHOW 0e30IacHOCTH SIBIISIETCS
KOPPEKTHOE ONpeNesieHHe CpOKa CIy)XObl TrpaduTOBONW KIagKM B pEakTopax HOBOTO IIOKOJICHHS. PemieHue
MOCTaBJIEHHOH 3a/1a4u 0a3MpyeTcsl Ha HAKOIJIGHHOM MHOT'OJIETHEM OIIBITE IKCILTyaTalluy rpaduta B IPOMBIIUICHHBIX
Y DHEPreTHYeCKNX ypaH-TpaUTOBBIX peaKkTopax.

B xome paboThl peann30BaH HTEpPAIOHHBII METOA B paMKax MHOTOIPYNIIOBOTO pacueTa € Y4eToM
W3MEHEHHs HYKIHJHOTO COCTaBa B Iporecce KammaHud. OmnpeneneH MaKCHMalbHBIM 3amac peakTUBHOCTH B
XOJIOTHOM pa30TPaBIEHOM COCTOSHHUM peakTopa. [l ONIEHKH BIHMSHUS paJdajbHOTO W a3HUMYyTaJbHOTO
K03((UINEHTOB HEPaBHOMEPHOCTH 3HEProOBBIACIEHHUS pa3paboTaHa pacyeTHas METOJUKa MJIsl OINpeleNIeHUs
AaKCHaJbHOTO M PaJuajbHOIO paclpelesieHnii TemrepaTyp oOiydeHus: rpadura npu paboTe peakropa Ha
HOMHHAQJILHOM ypOBHE MOMIHOCTH. OIEHEHO BIHMSHUE HEPAaBHOMEPHOCTH SHEProOBBIICICHHS Ha BbIPAOOTAHHBIH
pecypc rpadura, mocie 4ero paspaboTaHa METOJHMKa MEPECTAaHOBKUA IpadUTOBBIX 010KOB peakropa ['T-MIP,
HCIIOJIb30BaHIE KOTOPOi MPUBOAUT K BEIPAaBHIUBAHUIO HEPABHOMEPHOCTH BBITOPAHUS TOIUIHMBA, a TAK)KE YBEINICHUIO
pecypca rpadUTOBbIX OJIOKOB peakTopa.

CIIUCOK JIMTEPATYPBI
1. boiiko B.U., demsuiok [.I'., Komenes ®.I1. u ap. [lepcriekTHBHBIE siA€pPHBIC TOIUIMBHBIEC LUKIIBI U PEAKTOPHI
HOBOIO MoKojieHus: Yueobnoe mocodue — Tomck: TITY, 2005 r. — C.490.
2. Mouanos A.M., Haiimymun A.I'., HecrepoB B.H., Ilyraues J[.K. OmpeneneHue CKOpOCTH HaKOIUICHHS
3armaceHHo# sHepruu Buraepa B rpaduroBom 3amemurerte / M3Bectus By30B. Snepuas sunepreruka. — 2015, —

Ne4 — C.101-111.
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Kazaxcran, r. Kypuaros, yn. beiibit arom, 25, 071100
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HelTpoHHBIIT OTOK B HCCIIENOBATEILCKOM MMIYIbCHOM siepHoM peaktope (MI'P) [1] moxeT mocturath
snauenus 7-10% cm?-¢L, uTo 0BGecneurBaeT BO3MOKHOCTL MPOBEIEHHS JMHAMHYECKUX UCTIBITaHui TB30B U TBC B
NEepPEeXOJHBIX W aBapuiiHbIX pexumax [2]. PaspaGoTaHHble W aJaNTHPOBAHHBIE K YCIOBHSM HMITYJIBCHBIX
9KCIIEPUMEHTOB METOJMKH IO3BOJISIIOT 00ECIEYNBATh KAYECTBEHHOE ONPECNICHNE MapaMeTpoB ucnsitanuii B UI'P
[3,4]. Panee, ucnbitanus B UI'P Obuin HampaBiieHbl HA MOJICIIMPOBAHHUE YCIOBHH 00pa30BaHHs U KOHTPOIHPYEMOTO
MIepeMEIIeHNS PacIlaBa aKTUBHOM 30HBI SIEPHOTO PEaKTOpa M M3YYEHHE COITyTCTBYIONIMX HpoleccoB. B mpomecce
pacdeTHOr0o OOOCHOBAaHHWS TaKMX HCIIBITAHWH IPUMEHSACTCS KOHCEPBATHBHBINA IOJXOJ, HMPH KOTOPOM IIPOIIECCHI
TerioMaccooOMeHa B YCTPOMCTBE, cojepamuM skcrepumeHTanbaeie TBC, paccmarpuBaiich ¢ TOYKH 3pEHUS
obecreueHus SaﬂaHHOﬁ IporpaMMbl SJKCIIEPUMEHTAa W HCAONYHICHHSA IPEBBIMICHUA TapaMETpOB, CIIOCOOHBIX
MOBJIMSATh Ha LEIIOCTHOCTh CAMOTO YCTPOMCTBA. BakKHBIM SIBISUIOCH MOJTy4eHHE 00beMa paciluIaBICHHOTO TOILIUBA,
IPU 3TOM TEMII €T0 pa3orpeBa 0 TeMIIepaTypbl IUIaBICHU U TeMIIepaTypa paciilaBa He MIPalld OIPEelIIONIyIo
pOIIb, @ UIMENN 3HAUYCHHE C TOYKU 3pEHUS oOecreueHns: 0€30IMacHOCTH dKCIepuMeHTa. [109ToMy B KOHCEpBAaTHBHOM
MOAXOME JOMYCKAJIOCh MPUMEHEHHE YIIPOIIEHHBIX PacUeTHBIX MOJIENeH, He YUMTHIBAIOIINX AWMHAMUKY JBH)KECHHS
KHUIKOCTEe! M ra3os. [loBbplmieHne TpeOOBaHMH K MPOLEype UCHBITAHNH YCTPOHCTB, peAHa3HAYSHHBIX IS Oosee
JIETAILHOTO HCCIIEOBAHHS MPOLECCOB, CONPOBOXKAAIOIINX HAYaNbHYIO (a3y TSKEIOH aBaphH C pacIulaBICHHEM
aKTHUBHOU 30HBI, O6yCHOBI/IHO H606XOI[I/IMOCTI) BI:Ipa6OTKI/I JACTAJIbHBIX TOJAXO0J0B K CO3JITaHNIO PaCYETHBIX MOI[GJ'IeI\/'I u
o0ecreynBaroNIero MareMaTuyeckoro amnmapara. C 1enpio 060CHOBaHUS MPOLEAYPhl U 0€30MacHOCTH MCIIBITAaHUH
OKCIIEPUMEHTAILHOTO YCTPOUCTBA C T€TEPOTeHHBIM TBAIOM [5] uist n3ydeHus aBapuiiHoii curyaruu B TBC peakropa
Ha OBICTPBIX HEWTpOHaX ¢ HaTpueBbIM TeruioHocuTenem, nmpumeHeH CFD xom ANSYS FLUENT. Taxoif moxxon
MO3BOJIMJT TIOJIyYUTh JETaJbHYI0 HH(OPMALMIO O MPOTHO3UPYEMBIX IapaMeTpax 3KCIIEPUMEHTa M C BBICOKOM
TOYHOCTBIO OIPENENUTh 3aJaHHYI0 JHarpaMMy O3HEPrOBBIJEICHUS B TOIUIMBE. Pe3ynabTaThl MpPOBEIECHHOTO
PEaKTOPHOro 3KCHepuMeHTa [6] moaTBepIuIM 0O00CHOBAaHHOCTH NPHMEHEHHOTO MOJX0Aa M MPOJEMOHCTPUPOBAIN
BBICOKYIO CTEIICHb COOTBETCTBUA PE3YJIBTATOB IIPOBECACHHBIX PACYETOB C (l)aKTI/I‘IeCKI/I JOCTUTHYTBIMU IMapaMETPaMHU.

CITUCOK JIMTEPATYPbBI

1. Kypuaros WU.B. u ap. UmnynbcHblii rpaduroslit peaktop UI'P // Atomuas sueprus. — 1964, — T. 17, Ne 6. —
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4. Vladimir Vityuk, Alexander Vurim. Method for determining the energy parameters in pulse reactor experiments
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5. Buriok B.A., Bypum A.Jl., Kotos B.M., Buriok I'.A., Serre F., Payot F., Suteau C., Trotignon L. PaspaGoTka
monensHoi TBC i uccieqoBaHMs aBapHifHOM CUTYAIlHH ¢ MTHOBEHHOH OJIOKMPOBKOM MOTOKA TEIUIOHOCHTEIIS
B peakTope Ha ObIcTphIX HelTpoHax // Bectauk HALL PK. — 2018. — Bem. 3. — C. 93-99.

6. Butiok I'.A., Bypum A./l., KotoB B.M., Buriok B.A. Pe3ynbrarsl sKCiepuMeHTa 10 UCCIETOBAHHIO TSDKEIION
aBapyH SAEPHOTO peakTopa Ha ObICTpbIX HelTpoHax // CoopHuk Te3ucos VI mexn. ko). «CeMunanaTHHCKUHA
UCTIBITATENIbHBIA MOJIUIOH: HAcIeIue U MEepCIeKTUBbI Pa3BUTHA HaAyYHO-TEXHMUYECKOro nmoTeHunuana, KypuaTos,

11-13 cenr. 2018 r.», Kypuaros, PI'TT HSL] PK. — 2018. — C. 125.

BOITPOCHI APXUTEKTYPHI ABTOMATHU3UPOBAHHBIX CUCTEM ®U3HYECKOM 3AIIUATHI C
TOYKU 3PEHUS HAJJEXKHOCTHU MHOT'OPYBEKHBIX CUCTEM OXPAHBI SIIEPHBIX
OBBEKTOB
E.A. Bnacenko, A.B. Hukuenko
denepaibHOE FOCYJAPCTBCHHOS YHUTAPHOE NpeAnpusiTre «[ OpHO-XUMHUYCSCKUIT KOMOUHATY,

Poccus, Kpachosipckuii kpaii, r. XKenesnoropck, yiu. Jlenuna, 53, 662972

E-mail: vlasenko zhene@mail.ru

HopwmaTuBHOH qoKyMeHTaIen B 001acTi (GU3MIECKOH 3aIUTHI SIAEPHBIX MaTEpUAIOB, AJCPHBIX YCTAHOBOK
W ITyHKTOB XPAaHECHHUS SIEPHBIX MAaTEPHAJIOB YCTAHOBJICHO, YTO OTKA3 WM BBIBOJ M3 CTPOSI KAKOTO-THOO 3IeMEeHTa
KOMILUIEKCa HHXCHEPHO-TeXHHYeCKNX cpenactB ¢Qmsmueckort 3ammtel (UTC®3) ©He nomwkeH Hapymiath
(yakunornpoBaHue cucTeMbl Qmmdeckor 3ammuTel (CP3) B memom. C 3TOH menpl0 IpexycMaTpUBacTCs
pesepBupoBanue 3eMeHToB komiiekca UTCD3 [1].

ApPXUTEKTypa MePUMETPOBBIX CUCTEM OXPAaHHOHN CUTHAJIM3alMU BKIIIOYAET B ce0s OT ABYX /10 Tpex pyoOesxeit
CPEICTB OXpaHHOH CHUTHAJIM3allMHM, pabOTAIOMIMX B peXXHMMe IOCTOSHHO BKJIIOUEHHOTO pe3epBa. Bmecte ¢ Tem, B
OTCYTCTBHE MPSAMBIX HOPMATHUBHBIX YKa3aHUI BCe CPEACTBAa OXPAHHOW CHUTHAIHM3ALlMM, YCTAHOBJICHHBIE HA OJHOM
y4JacTKe IIEPHMETpa, 3a4acTylo BKIIOYAIOTCS B OJHO CPEACTB INPOMEXYTOUYHOH KOMMYTAIMH (KOHLIEHTPATOP
JIATYNKOB), YTO HETATHBHO BIIMSIET HA HAJISKHOCTh PE3€PBUPOBAHHOM CHCTEMbI OXpPAaHHOW CHTHAIN3AIHH.

[Ipennaraercst yBenMYUTh BEPOATHOCTH OOHAPY)KEHHSI HApYIIMTENSl B CIydae BBIXOJA M3 CTPOS CpPeICTBa
MIPOMEKYTOYHONH KOMMYTAIMH ITyTeM MOAKIIOYECHUS pyOeskeil CpesicTB OXpaHHOH CUTHATN3AIMH, YCTAHOBJICHHBIX Ha

OJHOM YYaCTKE NEPUMETpPA, HA COCEAHNE KOHIICHTPATOPhI JaTYUKOB.
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CunraeM 1e1ecO00pa3HBIM TPUMEHEHHE MPEATaraéMoi CXEeMbl MOAKIIOYEHHS MHPH IPOSKTHPOBAHUHI
MHOTOPYOEXKHBIX CHCTEM OXPaHbI AICPHBIX OOBEKTOB.
CIIMCOK JIMTEPATYPbBI
1. IlpaBuna Qu3MYECKOW 3alUTHI SIEPHBIX MATEPHAJOB, SACPHBIX YCTAHOBOK M ITYHKTOB XpaHEHHS SICPHBIX

MaTepHuaios, yTepxkaeHHbIe [locTanoBnenueM IIpaButensctBa PO ot 19 nrong 2007 r. Ne 456. — 14 c.

OHEHKA COIEPKAHUSA AAEPHBIX U PAIMOAKTUBHBIX MATEPHUAJIOB B OAT PEAKTOPA
BBOP-1000
C.H. Jopouryk
HaunonaneHelil necaenoBaTenbcKuil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: sid4@tpu.ru

HenpepbIBHOCTh 3HaHMS BCEX XapaKTepUCTHKax siaepHoro ToruuBa (SIT) saBngercs ocHOBHOH 3amaueit
obecrieueHus saepHOr Oe3omacHOCTH. [103TOMY OCHOBHAs 11e)ib PaOOTHI COCTOUT B OIICHKE COJCPIKAHUS SACPHBIX U
paanoaktuBHbIX MatepuanoB B OST peakropa BBDOP-1000 [1]. JIns BBINOJHEHUS ILETH BaXXKHO OMNPENEIIUTH
JUTATEIFHOCTH KaMITaHUH U HYKIHIHBIH cocTtaB ST, U1 3TOTO BRIIOIHEHO CIIEAYIOMIee:

— OTIpeNeNeH CIEKTP INIOTHOCTH ITOTOKA HEHTPOHOB ITyTEM PEIICHHUS CHCTEMbBI MHOTOTPYIIIIOBEIX ypaBHCHUN
UG Py3un HEHTPOHOB UTEPAIIMOHHBIM CITOCOOOM. 3amac peaKTHBHOCTH B XOJIOTHOM cocTossHHU coctaBmi 0,257, B
ropsiuem 0,237,

— OLEHEHO BIIMSHUE TMOMPABOK PE30HAHCHOM CaMOIKPaHUPOBKH SJAEp M TeMIepaTyphbl IKCIUTyaTalluH
MaTEepHaJIOB Ha CIIEKTP IUIOTHOCTH IIOTOKA HEUTPOHOB [2];

— ONpeJeNieHO BIUsSHHE KapOuga Oopa Ha CHEKTP IUIOTHOCTH MOTOKA HEHUTPOHOB MPU KOMITEHCAIMH
W30BITOYHON PEaKTUBHOCTH, KOTOPBI B OCHOBHOM BIIMSCT Ha TEIJIOBYIO 00JacTh 3a CUET OOJBIIOrO CEYCHHUS
noromeHus. Taxke mogodpaHa ero KOHIEHTpanus, kotopas coctaBmia N'=2.219- 101 ;mep/CM3;

— oIpeneneHo 3HaueHue mTenbHocTH Kammanmn BBOP-1000, kotopoe cocraBmmo 700 3¢hhexkTHBHBIX
CyTOK. PaccunTaHbl KOHIIGHTPALlMM BCeX HYKIHUIOB aKTHBHOW 30HBI PEeaKkTOpa, BKIFOYAs MPOAYKTH pacmana. Ilo
HOCTPOEHHBIM IpaduKaM BMAHO, YTO K KOHIy Kammanuu kouuentpamus UZ® cocrapmser 98 % oT HayanbHOM
xoHnentpanuu, a U?® — 31 % or HavanbHOM KoHIeHTpanuu. Iloka3aHbl 3aBHCHMOCTH HAKOIUIEHHS HYKJIHJOB
IUTYTOHUSI ¥ IPOTYKTOB JICICHHUSI OT BpeMEHHU paboThl peakropa. MITorom paboThl SBISICTCS CPABHEHHUE ABYX CIIEKTPOB
— Ha MOMEHT Hauaja TOTUIMBHON KaMIaHUHM C KOMIIEHCAIMe PEaKkTUBHOCTH W Ha KOHEIl TOIUIMBHOW KaMIaHWU
(npencraBieHo Ha pucyHke 1). OCHOBHOE pas3iIMUUe COCTABISCT TEIUIOBAs TPyIa HEWTPOHOB, B KOTOPOHU

MPOUCXOAUT YBCIIMYCHUEC JIIOTHOCTH ITOTOKA HeﬁTpOHOB II04YTHU B 1,5 pa3za.
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CIIMCOK JIMTEPATYPbBI

1. ®enepanprbrii 3akoH ot 21.11.1995 N 170-®3 (pex. ot 26.07.2019) «O6 ucnoap30BaHUN aTOMHOW — SHEPTHI»
[DmexTponnbIit pecypc] — Pesknm moctyma URL: http://base.garant.ru/10105506/ — 20.11.19.
2. Aoarsan JLIL., bazazsun H.O., bonnapenko M.U., Hukonaes M.H. I'pynmoBbie KOHCTAHTBI JUIs pacyéra siiepHbIX

peaxkTopoB — M: Atomuszaar, 1964. — 137 c.

UMMOBWJIN3ALUSA PAIMOAKTUBHBIX OTX0OJ10B C UCIIOJIb3OBAHUEM
MHUKPOBOJIHOBOI'O U3JIYUEHMUS
A.B. Bacunbes
OI'BOY BO Cubupckas noxxapHo-cracarenpHas akagemus [ TIC MUC Poccun,
Poccus, KpacHospckwmii kpait, T. XKenesnoropek, yi. CesepHast, 1, 662972

E-mail: Alexander.vasilyev2013@yandex.ru

Kunkue pagnoakruaeie otxo1bl (PAO) BBICOKOTO M CPEeJHEr0 YPOBHSI aKTUBHOCTH, 00pa3yloliyecs Ipu
MPOU3BOJICTBE ILTYTOHMS, yIAJSUTUCh JTIUOO B OTKPBITHIE BogoeMsl (Ha I10 «Masik» B O3epcke), 1160 — B MOJA3EMHBIE
TUIACTHI-KOJUIEKTOPHI (Ha CHOMpPCKOM XMMHYecKoM KoMOuHare B r. CeBepcke U Ha ['OpHO-XMMHYECKOM KOMOMHATe
(I'’XK) B r. XKeneznoropcke). s mpomexyToqroro xpaneHuss PAO 1 OCBETIICHHUS pacTBOPOB Iepe]] yaalIeHHEM, a
TaKOKe U JUTUTENBHOTO XPaHEHHUS BBICOKOAKTHBHBIX PACTBOPOB M CYCIEH3UI HAa paIHOXUMHUYCCKHUX MIPEATPUATHIAX
Poccun MCHoONB3yIOTCS €MKOCTH-XpaHWINIIA (Jlajiee — €MKOCTH) IOBBIIIeHHOH BMectuMocTH (Ha ['XK — 3t0
emkocTn 06bemMoM 3200 u 8500 m%). JlanbHeilllee XpaHeHHe STHX OTXOJOB B €MKOCTSAX OIACHO M3-33 HAIMYMS
KOPPO3HOHHO- M B3pbIBOONacHbIX (akropos [1]. Ha ['opHO-XuMH4YeCKOM KOMOHMHATE COBMECTHO C COTPYIHHKaMH
BHUUWHM (Mocksa), HUKUMT (Mocksa), HIIO PU (Cankr-IlerepOypr) IpOBOIMINCH HCCIEIOBAHHUS MPOIIECCOB
OCTEKJIOBBIBAHUS ~ PaJMOAKTHBHBIX MAaTepHaJOB C WCIIOIB30BAaHMEM B KadecTBE MCTOYHMKA Harpera
3JIEKTPOMAarHUTHOTO M3JIy4eHHsS MHUKPOBOJIHOBOTO JuanasoHa [2]. VccinenoBaHus pOBOAMINCH B ropsdel KaMepe
LEHTPaTbHOW 3aBOJCKON JabopaTopuu KomMOMHaTa. B KadecTBe WMCTOYHHKA MHUKPOBOJHOBOTO H3IYUCHHS

WCIIOJIb30BAJICS BHICOKOYACTOTHEIN reHepaTop ¢ padoueit yactotoi 2375 MI'11 1 BBIXOIHOW MOIIHOCTBIO 5 KBT.
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Tabnuya 1 Xapaxmepucmuka MuKpogoIHO80U yCMAaHO8KU

[TapaMeTp yCTaHOBKH 3HadeHHUE mapaMeTpa
HamnpsOKeHHE MuTalomen cetu, B 220
obmast moTpebnseMass MOOIHOCTh, KBA mo 12
MOUIIHOCTh MUKPOBOJHOBOTO M3JIyueHUs, KBT 1o 5,0
gyacTtoTa, MI'nl 2375 £ 50

B pesynbrare BBINOJIHEHHOW pabOTHl MPOBENEHBI HCCIEJOBAHUS IPOLECCa  OCTEKIOBBIBAHMS
MyIbNO00PA3HBIX PAAMOAKTUBHBIX MAaTEpPHAIOB C HCIIOIb30BAHWEM JHEPrUM MHKPOBOJIHOBOTO H3IYYEHUS.
TexHONMOTHsA OCTEKIOBBIBAHMS OOecreunBacT O€30MacCHOCTh U 3aIIUTY OKPYKAIOWIEH Cpensl MpH HEHTpaTH3anum
PaaMoOaKTUBHBIX OTXOJOB, HAKOIUICHHBIX B PE3YJbTATE ACSATENBHOCTH MPEANPUSATHH IO MPOU3BOICTBY SAECPHBIX
MaTepuagoB BOGHHOTO HA3HAYCHHUS.

CIIUCOK JIMTEPATYPBI

1. Copoxun FO.I1., Jlorynos F0.A., Koctur 3.M. KonuentyanbHbsie cooOpaxkeHust mo obdpaimeHuio ¢ PAO T'P3.
Otuér '’XK, ucx. Ne 13-38cm, 1993.

2. Bacunbes, A.B. OcrexiioBbIBaHUE paJIMOAKTUBHBIX MaTepUalioB C HCIoib3oBanueM sHeprun CBY usnydenns /
BacunbeB A.B., JlarynoB A.H. // HayuHo-aHanutudeckuii xypHanl «CHOMPCKHI IOKapHO-CIIACaTeIbHBIH
BecTHHK», 2019, No2.-C.18-22.- Pexxum nocryma: http://vestnik.sibpsa.ru/wp-content/uploads/2019/v2/N13_18-
22.pdf, cBOOGOIHBIHA.

METPOJIOTMYECKUI CAMOKOHTPOJIb UBMEPUTEJIbHBIX CUCTEM ADC
A.A. KanamHukoB
AO «PycaTtom aBTOMaTU3WPOBAHHBIE CUCTEMBI YIIPABIECHUS,
Poccus, r. Mocksa, yin. depranckas, 25, 109507

E-mail: aakalashnikov@list.ru

B nauane 2020 r. mpou301nIo 3Ha9UMOE COOBITHE B Pa3BUTHH OTEYCCTBEHHON METPOJIOTHH, OTMEICHHOE Ha
MEKIyHapOIHBIX KOHPEPEHIUIX U cuMIIo3nyMax B Poccnn u 3a pybeskom [1, 2]. BiepBbie B 2sieKTposHEpreTHKE, Ha
Casno-Ulymenckoit I'DC, npuHATa B IPOMBIIUIEHHYIO AKCIUTyaTallMI0 CUCTEMa KOHTPOJIS HMEepeMENIeHUH KPBIIIKH
THAPOTYPOHHBI ¢ QyHKIIMEH METPOJIOrHYecKoro caMoKoHTpouist [3, 4]. D10 mo3BoiIMiIo0 00ecreunTh HEeNPEepbIBHBIN
KOHTPOJIb METPOJIOTHUECKOH NCIIPAaBHOCTH H3MEpHUTENbHBIX KaHasoB (1K) B aBToMaTHueCKOM peKUMe U YBETHIHTh
WX MEXIOBEPOUHbIe HHTEpBaJbI ¢ | Toga 10 4 net. Ha ocHOBe nomy4deHHbIX pe3ynbTaToB [TAO «Pycl'uapo» npuHsaTo
penieHre 00 0TpaciIeBOM BHEAPEHNH TaKHX CHCTEM.

Cronp 3HauYWTENBHBIE PE3YJBTATHl IO3BOJIIIOT PEKOMEHJOBaTh pa3pabOTKy W pa3BUTHE METOIOB
METPOJIOTHYECKOTO CAMOKOHTPOJISI B aTOMHOM OTpaciM C LEJbI0 MOBBINICHUs! YPOBHS O€30IacHON SKCIITyaTaliu
A3C u ontumuzanuu Metposoruueckoro oocyxxusanus VK. ITocnenHee siBisieTcss 0cOOCHHO aKTyalbHBIM B CBSI3H
C COBpPEMEHHBIMH TEHJICHIHMSAMH MHOTOKpaTHOro yBenndeHus uucia MK wm cTremeHm aBTOMaTrW3anué BHOBb
MPOEKTHPYEMBIX M CTPOSIINXCS dHEProosokoB ADC poCCHICKOT0 au3aifHa HOKOIEHUS «3+».

B opranuszamym metpoiorngeckoro camokoHTpois (MCK) n3mepurensusix cucteM ADC nepcreKTHBHBIMU
MPEICTaBISIIOTCS JBa HampasieHus. [lepBoe 3axmiodaercs B BomonHeHnHn MCK Ha ocHOBe aHanmm3a apXHBHBIX
JIaHHBIX B OIpeeNICHHbIE MOMEHTHI BpeMeHH. Bropoe npeanonaraer BeimonHenne MCK B pexume onnaiin. Kaxnoe
U3 HUX MMEET WHAWBUIyalbHble OCOOCHHOCTH M CBOIO 00JIACTh NPUMEHEHHS B ONTHMHU3AIMU METPOJIOTHYECKOTO

06CJ'Iy)KI/IBaHI/IH n MOACpHU3ALMU ABTOMATU3UPOBAHHBIX CHUCTEM YIIPABJICHUA TCEXHOJOTMYCCKUM IMIPOLUECCOM.
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Pa3Burne 00oux HampaBIIeHHI CIIOCOOCTBYET CTaHOBIICHHIO HOBOW HAYYHO-TEXHHYECKOH OOIAaCTH METPOJIOTHH B
ATOMHOM OTpaciu.
CIIMCOK JIMTEPATYPbBI

1. Sapozhnikova K, Baksheeva I, Taymanov R. Improving reliability of power plant equipment due to measurement
information redundancy // Proceedings of 19™ International congress of metrology. — Paris, 2019. — Art. num.
26004 — 6 p. — DOI: doi.org/10.1051/metrology/201926004

2. Taiimanos P.E., Canoxuunkoa K.B. PazButne MeTposiorun B KOHTEKCTE YETBEPTON NPOMBIIIIIEHHON PEBOJIIOIINT
Il C6opuuk Tpymo XXII Bcepoccuiickoit KOHGEPEHIMH 10 HEepaspylIaoIeMy KOHTPOII0 W TEXHHYECKOH
nuarHoctuke. — Mockaa, 2020. — C. 201-205

3. TOCT P 8.734-2011 JlaTuyuku MHTEIUICKTYaIbHBICE W CHCTEMBI H3MEPUTEIbHBIC HHTEIUICKTYalbHBIE. MeTOIbI
METPOJIOTHYECKOT0 caMOKOHTpoirL. — M.: Cranmaptundopm, 2011. — 19 c.

4. beno3y6os E.M., Bacunses B.A., Uepros I1.C. MeTtposiorndeckuii CaMOKOHTPOJIb HHTEIJIEKTYAIbHBIX JaTIYHKOB

HU3MEPUTEIILHBIX U YIPABIAIONIMX cucTeM // M3meputenbHas Texuuka. — 2018. — Ne 7. — C. 11-17

PA3ZBUTHE U POJIb SIJEPHOI'O OBPA30OBAHUA HA JAJIBHEM BOCTOKE: ITPOBJIEMbBI U
MNEPCHEKTHUBBI
M.B. Bensgmxun, U.I'. Tananaes
JlamsHEeBOCTOYHEIH (henepallbHBIH YHUBEPCHUTET,
Poccus, Ipumopckuit Kpaii, r. Bnagusoctok, o. Pycckuii, n. Asike, 690922

E-mail: tananaev.ig@dvfu.ru

Hansanii Boctok saBmsiercs doprnoctom PD B Asmarcko-THxookeaHCkoM perunone (ATP), ocHOBHBIMH
MPUOPUTETAMH KOTOPOTO SIBIAETCS PA3BUTHE IPOMBIIUICHHO-XO3SHCTBEHHOH M  COIMAIbHO-3KOHOMHUUYECKOH
JIeATENIBHOCTH PErMOHAa B YCJIOBUSIX OCBOEHHS ChIpbEBBIX pecypcoB. IIpenocrasinenue IlpaBurensctBom PO s
WHBECTOPOB JIyUIINX yCIOBHH BeleHMs1 OusHeca B [IpuMopbe BKIIIOUAET pacIIMpeHne SKOHOMUYECKOH cBOOOIBI M
rapaHTHpyeT 00ecHeYeHne ero HKOJOTHUECKON M paguanuoHHOW OesomacHocTH. [lo3TOMy co3nanne n pasBUTHE
saepHoro odpasoBanus Ha [lanmsHeMm BocTtoke BricTymaet peanbHBIM BeI30BOM XXI Beka. Ceromus [IBOY sBmsercs
6a30i1 MOATOTOBKH CIEIIMAIMCTOB B 00JaCTH PaIUOIKOIIOTHH, SIEPHON U paiHallMOHHON 0€30MacHOCTH Ha 00BbEKTax
WCIIONb30BaHusl aToMHOM sHepruu Ha JlampHem Boctoke. B 2012 6bu1 co3man HOLL «SlnepHble TeXHOJOTHUH,
panuaioHHasi U 3Kkosioruyeckas OesomacHocth» ([AB®Y - MBPAD PAH — I'K «Pocarom»). B 2014 6buin
pa3paboTaHbl W peanu30BaHbl Ui HaOopa CTYyIEHTOB OOpa3oBaTesbHbIC MporpamMmbl OakamaBpuata 14.03.02
«SnepHble puzuka u TexHOOruM» U cnenuanureTa 18.05.02 «Xnumudyeckas TEXHOJIOTHSI MaTEepHAIOB COBPEMEHHOM
sHepretuku». B 2016 B Illkone ecrectBeHHbIX Hayk [IB®Y co3gan AkaJeMHYeCKHH JeNapTaMEeHT sJIEPHBIX
TexHONOTUH. OCHOBHBIMM HayYHO-OPUEHTHMPOBAaHHBIMH  HANpaBICHUSAMH CTaja pa3padoTKa TEXHOJOTHWH
KOHLIEHTPUPOBAHMs U ONpPENEICHUS] TEXHOTCHHBIX M MPUPOAHBIX PAJUOHYKINAOB M3 MOPCKOH BOJbI; MOTyYEHHE
(hyHKIMOHATBHBIX MAaTEpHANOB C XapaKTePUCTHKAMHM, IPEBBIIIAIONIMMHA MHPOBBIC (TOIIMBHBIE KOMITO3UIUH,
AKTUBHBIE 30HBI JJIS NCTOYHUKOB MOHU3UPYIOIIETO M3IYYCHHUS, MATPHUIIBI JJISI UMMOOMIN3AINHA BBICOKOAKTUBHBIX
orx0710B). OCHOBHBIMH Hay4HBIMH JOCTIKeHMAMH B 2019 cramm paspaboTaHHass TEXHOJIOTHS TOWCKa
BBICOKOJICOUTHBIX BOJOHOCHBIX IIO/I3EMHBIX TOPHU30HTOB C CyOMapwHHOW pasrpy3koil (KpeiM) um mpoToTHITEI
MOJIU(MUIMPOBAHHBIX ypaH-OKCUIHBIX TOIUIMBHBIX Kommoszuimid mist ADC. bynymee passutne siepHOro
obpazoBanus u Haykn B JIBOY nexur B cdepe pa3BUTHS MEXKAyHAPOIHOro OW3HEca: CO3JaHMsl NpOrpamMM

obecrneueHus paﬂHaHI/IOHHOﬁ M TEXHOI'ECHHO# O€30I1aCHOCTH B ATP, npnxnaaﬂoﬁ OKCAaHOJIOTUH U SKOJIOTUU; PCHICHUA
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npoOyieM AAEepHOTO HacleAus B MHPOBOM JAaMIIMHIE; OPraHU3alMd MEp IO OCBOOOXKICHHIO W YTHIM3ALUH
nocraBapuitHoro OST; obecriedueHus peaOIIUTANN 3arpsS3HEHHBIX TEPPUTOPHIA; peaTH3alud MeEXITyHapOIHBIX
oOpazoBatenpHBIX TporpamMm it crpan  ATP. Bmepemm rmmobGanmsanusi HampaBleHHS «ApPKTHKa» IO
9HEPreTUYeCKOMY W MPOJOBOJILCTBEHHOMY OO0ECHEUYCHHIO HACEJICHHs apKTHYECKOIO pEeruoHa; pa3BUTHIO
rapaHTHPOBaHHOW HaBuranuu Ha CeBEpPHOM MOPCKOM ITyTH 3a CUET Pa3padOTKH YCTAHOBOK aBTOHOMHOM «MaJloii»
ATOMHOMN SHEPreTUKU U UCTOUYHUKOB HMOHHU3UPYIOLIEro u3nydeHus. JlanbHuil BocTok kJIeT aKTUBHOTO BHEAPEHUS
pasualOHHbBIX TEXHOJOTHH 10 HANPaBICHUSIM CTEPUIH3ALUU MEIUIIMHCKUX PACXOJHBIX MaTepHaioB U OTXOJOB, B
TOM 4HCIIC, OMOJIOTHYECKN TOKCHYHBIX. [IepCHEKTHBHBI TEXHOJOTWH CTEPHIIM3AIMU NMPOAYKTOB NMHTaHUS (pbIOa,
MOPETIPOLYKTHI, TUIOJOSATONHASI TIPOAYKIHSA), TIEPepabOTKH MOMYTHOTO Ta3a, JUTHUHA U IEJUTIONO03bI MPU J00bIYe
He()TH B BBICOKOOKTAaHOBOE TOIUIMBO U Ap. B cdepe smepHON MeOWIMHBI aKkTyalbHa pa3paboTKa KOHTPACTHBIX

BCIICCTB U paz[I/IOq)apanenapaTOB, B TOM YHCJIC, HA OCHOBC MPCTIAPATOB, BBIACJICHHBIX U3 MOPECHPOAYKTOB.

OIIEHKA PEAJIM3AIIUU 3BAMKHYTOI'O AAEPHOI'O TOIIVIMBHOI'O IUKJIA HA BA3E
PEAKTOPHOM YCTAHOBKH C IPUMEHEHUEM PAJJMOTEHHOI'O CBUHIIOBOI'O
TEIIJIOHOCHUTEJIA
10.A. Kanunosckwuii, A.A. Ilpeu, B.H. Hecrepos

HanunonaneHelil necaenoBaTenbekuii TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: yak28@tpu.ru

OrnpeneneHre BO3MOKHOCTH peaTU3aliy 3aMKHYTOTO sIZIEPHOTO TOTUTMBHOTO IIMKJIA 3aKIF0YAETCS B TOM, YTO
peakTop cam HapabaTbiBaeT AJisi ceOsl TOIUIMBO, BO BpPEMs OKOHUYAHUSI KaMIIAaHWU SAEPHOTO TOIUIMBA W3 HETO
M3BIIEKAIOTCSI U30TOMBI ypaHa U IUTyTOHUS, Janee no0aBisercss 00eIHEHHBI ypaH MO Macce paBHOW pas3HHUIlE Ha
HAYaJio U KOHEI] KaMIIaHUH, 3aTeM TaKasi CMECh IIOBTOPHO MCTIONB3YIOTCS [Tl CIEAYIONIEH TOTUTMBHOMN 3arpy3KH.

OOHUM W3 BapUAHTOB 3aTPy3KH TOIUIMBA W PEalTU3aIiH 3aMKHYTOTO SIIEPHOTO TOIUIMBHOTO IMKJIA Ha HEM,
SBIISICTCS 3arpy3ka M3 ypaH-IDTyTOHHEBOTO HUTPUAHOTO TOIUIMBA, B KOTOPOM HCIOJNB3yeTcs OOCTHEHHBIN ypaH U
wIyToHNH. YTOOBI YMEHBIINTH TAPa3UTHOE TMOTJIONIEHHE HEWTPOHOB CBHUHIIOM, B pabOTe WCIIONB30BANICS

pajMoreHHbI CBUHEI Clieyloniero u3oTomHoro cocrasa: 0,04 % Pb?*, 5,44 % Pb2%, 0,97 % Pbh?" u 93,55 % Ph?%®
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Puc. 1 U3menenue 3anaca peaxkmueHocmu Ha Havyajlo Kamnaiuu 6 Yukiax 3acpysKu moniuea

W3 pucynka 1 MOXHO BUIIETh, UTO B KQXKI0H MOCIEIYIOIICH 3arpy3Ku COJepKaHUe TUTyTOHUS TIOJ0NPaIOCh

MaKCHMaJIbHO BOSMO)KHOﬁ, 4TOOBI 00ECIEUYnThH OAHOBPEMEHHO 3aABJICHHYIO MJIMTCIIBHOCTH KaMIIaHHUU AOCPHOTO
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TOILINBA, KoTopast coctaBisieT 1500 3¢h.CyT. ¥ He NOITyCTUTH YBEIMUCHHUE 3a11aca peakKTHBHOCTH B TIPOIIecce KaMITaHUU
snepHoro TorumBa (ST) GoibImero, uem cpemHss IO 3amma3IbIBAIONIINX HEUTPOHOB.

s BEIOpaHHOM CTapTOBOW 3arpy3kd mpu penupkyisimund AT, ¢ HadampHBIM CONEp)KaHHEM ILTYyTOHHUS
12,485 %, naunHas ¢ 3arpy3ku Ne 3 mpoucXoauT yMeHbleHue JuiurenbHocT kKammnanuu ST no 1400 a¢gd. cyr, a npu
3arpy3ku Ne 9 kammanus AT cokparunacek 1o 1350 add. cyT, mpu 5ToM BO BCeX TOIUIMBHBIX 3arpy3kax HauuHas ¢ Ne
3 MakCUMYM 3amaca peaKTUBHOCTH HabOtogaercs npuMepHo uepes 250-300 add. cyt.

CIIMCOK JIMTEPATYPbI

1. Anc> B.A. Hekoropsle mpenMymiecTBa HCIOJIB30BAHUS PaJUOTEHHOTO CBHHIA B KAaYECTBE TETIOHOCHTEIS

OBICTpBIX peakTopoB // 3BecTus By30B. SAnepnas suepretuka. — 2010. — Ne 4. — C. 5-15.

MOJIEJTMPOBAHME Y3JIA ®OPMUPOBAHMS ITYUYKA HEMTPOHOB JIJISI U3SMEPEHUSA
BJIA’KHOCTH MOYBbBI: TEXHUYECKOE OBOCHOBAHHUE
B.A. Kyckos, C.B. beaenko
HanuonanpHelil nccnenoBaTesIbckuii TOMCKUI NONUTEXHUYECKUN YHUBEPCUTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050
E-mail: vak82@tpu.ru

IIponemypa MOHUTOPUHTA BIaKHOCTH ITOYBBI IMEET BaKHOE 3HAYCHUE B JIECCHOM M HapOIHOM XO3sICTBE, B
CTPOUTENBCTBE M METEOPOJIOTHH, apXEOJOTUH M JOOBIBAIONMIEH MPOMBIIIICHHOCTH. TepMOCTaTHO-BECTOBOI METOx
(B3BemmBaHME) ABIAETCS HanOoOJIee MOMYJIIPHBIM M TOYHBIM METOJOM OIpPEICICHHUS BIAXHOCTH MO4YBHL [lpyrue
METOJIbl HCHOJB3YIOT PE(IEKTOMETPHIO DIIEKTPHYECKOTO 3apsija BO BPEMEHHOW 00JacTH, OCHOBAaHHYIO Ha
3aBUCUMOCTH 3JIEKTPUYECKON IIPOHULAEMOCTU CPEIbl OT COACPKAHMS BJIarM U paccesHue HeHTpoHOB. [lociennuii
Meron siBisieTcsi A(PQEKTUBHBIM, OBICTPHIM, HEpa3pYILAIOIIUM, JIETKO BOCHPOM3BOJUMBIM U 3IKOHOMHUYECKH
BBITOJTHBIM, 00JaJjaeT OTHOCHTEIBHO BBICOKON TOYHOCTBIO U SBISAETCS ONTHUMAJIBHBIM JUI HCIOJIB30BaHHUA B
KaMEHHCTOH MecTHOocTH. HecMoTpsa Ha TO, 4TO MCHOJIB30BaHME HEUTPOHHOIO WM3JIyYEHHs B Pa3IHYHBIX METOAAX
W3MEPEHUs BJIAXKHOCTH TOYBBI MMEET JABHIOIO HCTOPHIO, B OONBIIMHCTBE CIIy4aeB, 3TH METOJbl OCHOBAaHBI Ha
BIIMSTHUY HEHTPOHHO-(U3MIECKHX CBOWCTB BO/IBI HA TEPMAJIN3AIIMIO HEHTPOHOB H, CIIE0BATEIILHO, HA O0JIee BHICOKHUE
CKOPOCTH CU€Ta TEIJIOBBIX HEUTPOHOB.

B pa6ote aBTopamu [1] npeioKeH HOBBIH MOAX0]1 IO U3MEPEHHUIO COAEPKAHMSI BJIark B ouBe. B oTimuune
OT CYIIECTBYIOIIIMX METO/I0B [2] BIa)KHOCTH OYBHI B [ 1] onpeaemnsiiach C UCTIOIB30BaHUEM NPSIMOYTOJIBHOTO 00pa3na
nouBsl, AmM-Be HCTOYHMKA HEHTPOHOB M CHCTEMBI, COCTOSIIEH M3 CHCTEMBI NPOMOPIMOHAIBHBIX CUETYHKOB,
PacIOJIOKEHHBIX O pa3HBIMU MOJIIPHBIMU YTJIaMU K HCCIELyeMOH MoUBe.

Pacuernas Monens, ucmonab3yemas A ONpPEAEIECHUS BIAXHOCTH IOYBBI OCHOBAHA HAa PErHCTpallud
YIIIOBOTO paclpe/ie]IeHHs] pPACCESHHBIX C TIOBEPXHOCTH 00pasiia I0UBbl HEHTPOHOB, M UMEET CJICTYIOLIHE AOIYILCHHUS:
pa3sMepbl HEHTPOHHOIO UCTOUHHUKA SIBJSIFOTCSA TOUEHBIMU; MOJIENb HE YUUTHIBAET BIUSHUE T€OMETPUU KOJLTMMATOpa
W DJEMEHTOB KOHCTPYKIMH YCTAaHOBKM Ha YTJIOBOE paclpelelieHHe HEHTPOHOB, PETUCTPUPYEMBIX CHCTEMON
JIETEKTOPOB.

B nmanHOW paboTe mpOBEINEHBI KOMIUIEKCHBIE pacdeTHBIE HCCIENOBAaHUS y31a (HOPMHUPOBAHMSA IydKa
HEUTPOHOB JJISI MOHHTOPHMHTA BIAXHOCTH ITOYBBI C yYETOM DPEAJTbHBIX Pa3MEpPOB KOJUIMMATOpPA W KarCyIbHOTO
WCTOYHMKA HEHTpoHOB. lccienoBaHa BO3MOXKHOCTH NPHMEHEHHS COOPKH, COCTOSILIEH M3 ISITH Kamlcysl TUIa

AmershamX.l4, JJIA TIOJTyYCHU A 0oJlee TOYHBIX JAaHHBIX O BJIA)KHOCTH ITOYBBI. HpOI/I3BCI[CHa OILICHKa BJIMAHHA Ha
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pe3yIbTaTHl PaCIETOB HEUTPOHOB, PACCESHHBIX OT IEMEHTOB KOHCTPYKIIMH YCTaHOBKH. OOOCHOBaHO NMpPHUMEHEHUE
TOYCYHOM TEOMETPUU IJIA MPEABAPUTEIIBHBIX ITONCKOBBIX OII€HOK.
CIIMCOK JINTEPATYPbBI

1. Ghaemifard M., et al Angular distribution of scattered neutrons as a tool for soil moisture measurement: A
feasibility study // Conference: XIX International Symposium on Solid State DosimetryAt: Zacatecas, Mexico. —
2019.

2. SUS. L., Singh D. N., Baghini M. S. A critical review of soil moisture measurement //Measurement. — 2014. — T.
54. - C. 92-105.

PACYET CHEKTPOB INIOTHOCTH MOTOKA HEUTPOHOB B PEAKTOPE PEMK-1000
K.A. JleskoBunkas, B.H. Hecrepos
HaunonaneHbIi uccnenoBarenbckuii ToMCKHUN MOAUTEXHUUECKUN YHUBEPCUTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050
E-mail: levkk@list.ru

B nacrosmiee Bpemsi peakrop PBMK-1000 Bce emé umeer 0onbplioe 3HAYCHHE B BBIPAOOTKE aTOMHOMN
sHepruu B Poccun. XoTd U CyIECTBYIOT IPOEKTHI 10 BBIBOLY U3 SKCIIITyaTalliy M 3aMEHE JaHHOTO THIIA PEAKTOPa Ha
Ipyrue, 6onee coBpemeHHble, noiast PBMK B aromHO# reHepanmu ctpansl coctaBisier okono 30 %. Otka3 ot
JOCPOYHOTO BBIBOAA M3 SKCIUTyaTauu peakTtopoB PBMK mo3Bommn n30exkaTh 3HEPreTHYECKOTO KpH3HCa B
OTJENBHBIX PETHOHAX.

B pamkax maHHO# paOoThl MpoBOAMIICA 26-TPYNIOBON pacueT CIeKTpa IUIOTHOCTU MOTOKa HEHTPOHOB B
akTUBHON 30He peakTopa PBMK-1000 mis w3ydeHus W aHajiW3a €ro HEUTPOHHO-(PHU3UUECKUX MapaMETpPOB.
ITonmy4yeHHbIe pe3ynbTaThl IPEACTaBICHBl HA PUCYHKE 1.

Hcexons u3 T0ro, 4ro CHEKTPBI IJIOTHOCTEH IIOTOKA HEMTPOHOB B HYJIEBOW, IEPBOW U BTOPOH UTEpaLUsIX
COIIUIUCHh B OTHOCHUTENBHBIX €AUHUILIAX, CAENAH BBIBOJ O MPAaBIUIIBHOCTH OCYLIECTBICHHUS UTEPAMOHHOTO MPOLECCa.

B JaHHOM pacqéTe Y4TCHBI IOIIPABKHU HA PE3OHAHCHYIO CAMOSKPAHUPOBKY AACP AJId BCEX 3JIEMCHTOB TOIIJIMBA.
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Puc. 1. Cnexmp niomunocmu nomoxa neiumponos 8 nyaesotu (0(0)), nepeoui (@(1)) u eémopotu (P(2)) umepayusx

Bo3MosxHBIE UMeEroIIHecs OTKIOHEHHS B TIOBEICHUH CIIEKTPa INIOTHOCTH MOTOKAa HEHTPOHOB 00YCIIOBIICHBI
HadalbHBIMH TIapaMeTpaMHy IIPY IPOBEAeHUH pacuéros [1, 2].
CIIUCOK JIMTEPATYPBI
1. KananbHslii sinepHbiii sHepretnueckuit peakrop PBMK / Ion pen. FO.M. Yepkamosa. — M.: I'YIT HUKN3T,
2006. — 632 c.
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2. TonoBamkuit A.B. Oprann3zarist H”TepalOHHOTO IPOIIECCa IPH YHCICHHOM BOCCTAHOBIICHUH CIIEKTPa HEUTPOHOB
B pa3MHOJKaroImei cucteme ¢ rpadputoBeM 3amemureneM / A.B. [N'omoBamnkuii, B.H. Hecrepos, 1.B. Illamanus //

W3Bectus By3zoB. @usmka. — 2010. — T.1. — Ne 11. — C. 10-14.

OBECIHEYEHUE 3AIUIIEHHOCTU OBBEKTOB ATOMHOM SHEPIT' M HA OCHOBE
NUMUTAIIMOHHOT'O MOAEJINPOBAHUSA
C. 1. Makoseii, b. I1. Ctenanon
HaunonanesHbIi ncciaenoBarenbeckuil TOMCKHN TOMTUTEXHUUECKUH YHUBEPCHUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: ivanov@tpu.ru

Cuctema 0e30MacHOCTH SBIACTCS HEOTHEMIICMON YacThI0 KaXKIOTO saepHOro oobekTa. OHa HalpaBiieHa Ha
3alIUTy NOPEONPHATHS OT Yrpo3 HECAHKIMOHMPOBAHHBIX JeHWCTBUHA. COINACHO 3aKOHONATENBHBIM aKTaM |
NIOCTaHOBJICHHSM IIPaBUTEIbCTBA, CHCTEMa 0€30IIaCHOCTH JIOJDKHA ITOJBEPraThcs PEryJIPHOH OLICHKE JUTS BBISBIICHUS
¢ pexTuBHOCTH ee (YHKUMOHMpOBaHMs. lIMEHHO MMO3TOMY B paMmKax JaHHOM paboTel Obul pa3paboraH
MPOTPaMMHBIN MPOJYKT, KOTOPBIiT HO3BOJISIET OCYLIECTBIISATH OLIEHKY 3 (PEKTUBHOCTH CUCTEMBI (PU3MUYECKOM 3aIHThI
(CD3).

OnHEM U3 crIoco00B OLICHKH () (GEKTHBHOCTH CHCTEM 0€30MaCHOCTH SBIISIETCS IPUMEHEHHE KOMIIBIOTEPHBIX
METOZIOB, TJI¢ MOJACIHPYETCS UCCIEAYEMbIii OOBEKT M COCTABIIAIONIME CUCTEMBI Oe3omacHOCTH. CyIiecTByIOIUE B
HACTOsIIIee BpeMsl IPOrpaMMHbBIC MPOLYKTHI M METOAMKH HE IO3BOJIIOT MPOpadaThiBaTh OOJBIIOE KOIHMYECTBO
NpearoaraéMblXx MapLIPYTOB HAapyIIUTENs, MOITOMY B paboTe ObUla HCCIEeIOBaHA METOAUKA MPUMEHEHHS
DJIEMEHTOB TEOpUH TpadoB THPH ONMUCAHHUHM TEPPUTOPHM IPOMBIIUICHHOTO OOBEKTa M 3JEMEHTOB CHCTEMBI
0€301acHOCTH, a TAaK)Ke MOJACIMPOBAHUS JBIDKEHHUS HAPYILIUTENS B TAKOW CHCTEME.

Jst oTpaboTKM arOpuTMOB TIOUCKA ITyTH ObLiIa pa3paboTaHa MporpaMMHasi cpejia, IJie MOACIUPYETCs cam
MPOMBILUICHHBIIT 00BEKT — TEPPUTOPHSI, PACIIONONKEHHUE 3[aHWif, TpeaMera 3alluThl M T.I., a TaKKe CHUCTEMa
0e30MacHOCTH — 3JIEMEHTHl HMH)XCHEPHBIX W TEXHUYECKUX CpeAcTB. VHTepdelc mporpaMMHOro oOecreuyeHus

MpEe/ICTaBJIEH Ha pUCYHKeE 1.
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Teppuropus smepHOT0 00BEKTa W AJIEMEHTH KOMIUIEKCa WH)KeHepHO-TexHmuecknx cpencts (KUTCD3)
MPEICTABISIIOTCS B BHAE B3BemieHHOro rpada. Takum obOpaszom, 3Has xapakrepuctuku KUTCD3, Bo3MOXKHO
ONPEIENIUTh KpaTyaillee pacCTOSHUE OT OJHOW BEPIIMHBI 10 APYrOol — KPUTHUECKUN MapIIPyT HAPYIIUTENS.

Hcnonb3oBaHue AaHHOM MPOrPaMMHOM CpeAbl BO3MOXKHO JIsl Pa3UYHBIX PEAbHO CYIIECTBYIOLINX
SJEPHBIX OOBEKTOB, T.K. BO3MOXHO M3MEHEHHUE, B paMKaxX MpOrpaMMmel, IuiaHa o0bekTa. TakiuM 00pa3oM, BO3MOKHO
NpoBeieHUe OLEHKH (P ()EKTUBHOCTH CHCTEMBI O€30IaCHOCTH C MaKCUMaJIbHOTO KOJIMYECTBA CTOPOH.

CIIMCOK JIMTEPATYPbI
1. Tapcua M. [IpoexTupoBaHue U OLEHKA CHCTeM (pr3mdecKoit 3amuTel. — M: Mup: U3marensctBo ACT, 2002 1.
2. duzndeckas 3amuTa AOCpHBIX 00BEKTOB: YueOHOe mocobme ans By3os/ [1.B. Bonmapes, A.B. U3maitnos, A.1.

Toncroii; [Ton pea. H.C. IMoroxwaa. — M.: MU®U, 2008. — 584 c.

HNCCIEJOBAHUE DOPEKTUBHOCTHU PETUCTPALIUU TAMMA-KBAHTOB
noJYINPOBOAHUKOBBIM TEPMAHUEBBIM JETEKTOPOM
E.A. MapenkoBa
HanuonanpHelil nccnenoBaTesbckuii TOMCKUI NONUTEXHUYECKUN YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: eam33@tpu.ru

Ha cerogusimnuii 1eHb 1OCTATOYHO MIMPOKO PACHPOCTPAHEHBI NOIYIIPOBOAHUKOBBIE JETEKTOPBL. OQHAKO B
X0JI€ IKCIUTyaTallui HAPY>KHBIM CIOH KpHUCTalsla U3MEHSIETCS, YTO OKa3bIBAET BIMSHUE HA XapaKTEPUCTUKH CaMOTO
JIETEKTOpa Takue, Kak 3(h(HEKTUBHOCTh PETHCTPAIMU F'aMMa-KBAaHTOB U pa3pelieHue AeTekropa. Jlerpanarus pabounx
XapaKTEPUCTUK OKA3bIBAET BIMSHUE HA KAUE€CTBO PE3yIbTaTOB U3MEPEHHIA.

O TOMNIIKHE «KMEPTBOTOY» CJI0S MOKHO CYAUTH MO CTETICHH MOTJIONICHUS TaMMa-KBaHTOB Pa3JINYHBIX SHEPT Ui
KPUCTAJIOM JIETEKTOpa. DKCIEPUMEHT COJIEPIKUT JBE YACTH M3MEPEHUN CTaHAAPTHBIX 00pa3IloB, OTIMUYAIOIIUXCS
JKUBBIM BPEMECHEM U KOJTHYECTBOM U3MEPEHUH KaXkJJ0r0 U3 00pa3loB, TeOMeTpHsAMHU u3MepeHuii. Kpome Toro, Bropas
4acTh HKCIICPUMCHTA BBHIIIOJHEHA HA JNETEKTOpe 0e3 3aIIMTHI I UCKIIOYCHHS BIMSIHHS PAacCesHUA B MaTepHaliaX
nIeTekTopa. PaccrosHME MEXAy AETEKTOPOM M MCTOYHUKOB HM3IYUYCHHs YYTEHO ¢ momomnsio momemu LabSOCS.
Hcxozst U3 NMONyYeHHBIX B X0OJe M3MEPEHHH IUIolaneil paccuntanbl 3Qp(GEeKTHBHOCTH PErucTpanuii raMmMa-KBaHTOB
pa3JIMYHBIX 3HEPTUi KPUCTAUIOM JeTekTopa. PaccunTaHHble 3Ha4yeHUsT CpPaBHEHbl C TEOPETUYECKON KpHUBOU
3¢ dekTUBHOCTH. 32 TEOPETHYECKUE 3HAUCHNUSI TPUHATA KPUBAs KaTMOPOBKH 110 3 PeKTUBHOCTH, TosrydeHHast B 2016
TOJly ¥ HE YUUTHIBAIOIIAsl N3MEHEHHI B KpHUCTaJlIe IeTeKkTopa 3a 4 rona. [1o pe3ynbraTtam AByX YacTel SKCIIepuMeHTa
pa3paboTaHa METOAWKa TEPUOAMYCCKON OICHKH W3MeHEeHUs 3(P(QEKTUBHOCTH pEerucTpaliu raMma-KBaHTOB
MOJIYIPOBOJIHUKOBBIM I€PMaHHUEBBIM JIETEKTOPOM, COJIEPrKalllasi pEKOMEHIYEMbI CIUCOK JIMHUM raMMa-Hu3J1y4eHuH,
MOPSIOK MPOLIEAYP, UCKITFOYCHUE TPYObIX OMHMOOK B BEIOOPKAX IDIOMIAJICH TUKOB, ONPEICIICHUE MTOTPEITHOCTEH.

CpaBHEHHE MMOYYCHHBIX PE3yNIbTATOB H3MEPEHHUH TUIONIAICH U aKTUBHOCTEH C Y4eTOM U 0e3 ydeTa MOJeIH
LabSOCS noxa3zano 3aBbIIeHHE PE3yIbTaTOB B 00JaCTH HU3KHUX SHEPTHH U 3aHIDKEHHE B 00J1aCTH BRICOKHMX YHEPTUIH
npu ucnoss3oBannu mojenu LabSOCS. B pabore orMedeHo, uyTo 3¢ (EKTUBHOCTh PETHCTPAIMHA T'aMMa-KBaHTOB
yMeHbImnaachk B mepuoj ¢ 2016 roma mo 2020 rox. M3MeHeHne HEOMHAKOBO B PACCMATPUBAEMOM DHEPTETUIECKOM
namna3oHe. bonpmM u3mMeHeHneM Xapakrepu3yercs oonacts sHepruit 10 200 k3B — 2,09 %, B obmactu 6omnee 200
KB — 1,4 %. Ilo pe3ympTaTaM 3KCIIEpUMEHTA CIENIaH BHIBOJ O HEOOXOAMMOCTH HAa0Opa XOpOIIEH CTATUCTHKH H

HUCKJIIOYCHHUH (baKTOpOB Opr)KaIOIHGﬁ CpCabl, BJIMAKONIUX HA HU3MCPCHUA, A aﬂCKBaTHOﬁ OLICHKHN HW3MCHCHMUA
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3¢ GEKTUBHOCTH PETHCTPALMY TaMMa-KBaHTOB JIE€TEKTOPOM. AOCOMIOTHAS MOTPEIHOCTh He npesbimaet 0,5 % npu
Habope He MeHee 10* 0TCUETOB B MUKE TOJIHOTO MOTJIOMEHHS HE3ABUCUMO OT F€OMETPHUH U3MEPEHHSL.

CIIUCOK JIMTEPATYPBI
1. Bymyes A.B. MeTtozapl n3amMepeHus sepHbIX MaTepHaioB B: YueOHoe nmocobue. M.: MUDU, 2007- 276 c.

MMPOBJEMATHKA ITPOBEJIEHH S OLIEHKHY MOCJIEJICTBU HECAHKIIMOHUPOBAHHBIX
JIEUCTBUI B OTHOIEHUU AAJAEPHBIX U PAJIMAIITAOHHBIX OBBEKTOB, A TAKKE
OBBEKTOB (TEPPUTOPHUI), TOJJIEKAIIAX AHTUTEPPOPUCTUYECKOM 3AIIIUTE

A.B. Huknenko, E.A. Baacenko
DenepanbHOE TOCYIapCTBEHHOE YHUTAPHOE NpennpusiTe « OpHO-XMMHUECKUHA KOMOUHATY,
Poccus, KpacHosipckuil kpaid, . XKenesnoropck, yi. Jlenuna, 53, 662972

E-mail: nikienko24@gmail.com

Ha simepHbIX 1 pagnannoHHbIX o0bekTax Poccuniickoit deneparyn co3naroTest M SKCITyaTHPYIOTCSI CHCTEMBI
¢dusmnueckoit 3amutel (CO3). B nensix ycranosnenus auddepeHunpoanHbix TpedoBanuii k CO3 ocyiuecTBusieTcs
KaTeropupoBaHue 00bekTOB. OIHMM M3 KPHUTEPUEB KAaTErOPHPOBAHMS SIBISIETCS MaciuTald IOCIEICTBUIMA
HecaHKnuonnpoBaHHbIX neiictBuit (ITHCH). Hdnsa spepHBIX 00BekTOB OH ompexaenser kareroputo I[THCH, s
pagualiOHHBIX ~ OOBEKTOB —  KAaTETOPHIO  IOCIHEACTBHH  JUBEPCHH, [UI1  OOBEKTOB,  IOAJEKALIUX
aaTHTeppopucTHUeckoi 3amure (AT3) — xapakrep dypesBbruaiiHoi curyarmuu (YC). TodHOCTH OIpenencHHs
macmradba ITHC/L upe3BedaiiHO Ba)kHa, TakK Kak BJIMSET HA JOCTOBEPHOCTh YCTAHOBIICHUS KaTerOpuH 00bEKTa, 4TO,
B CBOIO Ouepe/b, ONpeeisieT Habop TpeboBanuil, mpeabaBasieMbix K CD3 00beKTa, U HEMOCPEICTBEHHO BIUSCT Ha
BEJIMYHMHY 3aTPAaT Ha OCHAIIICHNE 00BEKTOB HHKEHEPHO-TEXHUUECKIMHU CPEICTBAMH OXpaHbl. B paboTe paccMoTpeHs!
OCHOBHBIe npoOiembl ipoBeaeHust oneHkr [THC/I, cpen KOTOphIX Clienyromue:

1. CymectBytomass meronuka ['ockopmopanmu «PocaTom», HCIONB3YIOINASACS IS KaTeropHpOBaHHSA
ITHCI [1], umeet psia JoNyLIeHWH, CYIIECTBEHHO BIMSIOIIMX Ha IOCTOBEPHOCTh pe3yJbTarta.

2. Ha snmepHBIX W pagmanmoHHBIX 00bekTax ['ockopmoparun «Pocarom» mpu kateropupoannu [THC]
4acTO MCIOJIB3YyeTCsl KaTeropusi o0beKTa MO IOTEHIHAIBHON pPaaMalMOHHOW OIIAaCHOCTH, YCTAHOBJICHHas B
cooTBeTcTBHUH ¢ [2]. [Ipn 3TOM KpUTEpHH KaTerOpUpOoBaHUA (TPAHUIIBI PAAHAIIMOHHOIO BO3AEHCTBHS) IPOTHBOpEYAT
AQHAJIOTHYHBIM KPUTEPHUSAM, YCTAHOBJIEHHBIM B [3].

3. Just o6bexToB, nouexanmx AT3, mocieAcTBHs COBEPILECHHs TEpaKTa onpeaenstoTes xapakrepom YC B
cootBetrcTBHU ¢ [4]. OnHako naHHOe mocTaHoBieHue kiaccupuuupyer YC TONBKO NPUPOJHOTO M TEXHOTEHHOTO
XapakTepa, ¥ NPUMEHEHHE JAaHHBIX KIaCCH(UKATOPOB JUIS TEPAKTOB HEKOPPEKTHO BBHY Pa3IUUMs HCXOTHBIX
JIaHHBIX (TIOAPBIB B3PHIBYATOTO BEIIECTBA TEPPOPHCTOM, MECTOIIOJIOKEHHE 3aKJIa/IK1 B3PBIBHOTO ycTpoiicTBa). Kpome
TOro, (OPMYIHMPOBKH, HCIONb3yeMble B [4], HE MO3BOJIAIOT KJIACCH(HUIMPOBATH BCE BO3MOXKHBIE BAPHAHTEHI
nocneacteuit YC.

CIIUCOK JIMTEPATYPBI
1. Meroandyeckne peKOMEHAANNHN MO KaTETOPHPOBAHUIO MPEAMETOB (DU3NYECKOMN 3alIUTHI U SIIEPHBIX OOBEKTOB,
YTBEPKJCHHBIE 3aMECTUTENIEM TeHepaJlbHOro aupekrtopa ['ockoprmopanuu «Pocatom» mo 6ezomacHoctu K.U.
Jenncosbm 06 uronst 2015 roma — M.: T'ockopriopamus «Pocatom», 2015. — C. 11 — 16.
2. OcHOBHBIC CaHUTapHbIC IIpaBmiIa obecnedeHus pagualronHoi 6esonacroct (OCIIOPB-99/2010). — 8 c.
3. IlpaBuna ¢u3MyUecKoil 3aIIUTHI SAEPHBIX MaTepUalioB, SJAEPHBIX YCTAaHOBOK M ITYHKTOB XpaHEHHS SIEPHBIX

MaTepHuanos, yrepxaeHHble [locTanoBnenueM [paButensctBa PO ot 19 urong 2007 r. Ne 456. —30 c.
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4. Tlocranosnenue [IpaBurensctBa PD ot 21.05.2007 Ne 304 «O kimaccupuKanmuy Ype3BBUANHHBIX CHUTYaIHid

MPHUPOAHOTO U TEXHOTEHHOTO Xapakrepa». — C. 1 — 2.

BOIPOCHI 3ALIUIIEHHOCTHA OBBEKTOB ATOMHOM SHEPI'MH OT BHEIIIHUX YI'PO3
B./1. HoBukosa
HaunonaneHsbli uccnenoBarenbckuil TOMCKHUM NOTUTEXHUYECKUA YHUBEPCUTET,
Poccus, r.Tomck, nip. Jlenuna, 30, 634050

E-mail: veronika.novikova98@yandex.ru

Co3manne cucTeMbl (PH3MYSCKON 3aIIUTHI MperonaraeT anaau3 3G GeKTHBHOCTH U YSA3BUMOCTH CHCTEMBI
¢usnueckoit 3amuTel (CO3) kak BaXHBIH 3Tam Pa3pabOTKH TPAKTHUECKH JFO00H IMOIOOHOW CHCTEMBL.
Heo6xoaumocTh NpuMEHEHHs KOMIBIOTEPHBIX MoJenel 00bscHsIeTcs cinoxHocThio CD3, pasHOOOpaszueM Moaeneh
HapyluTened U MyTeil X MPOHUKHOBEHMS. B OCHOBE paziaM4HBIX METONOB aHanu3a ¢ ¢exrnBHOCTH CD3 nexar
JIAaHHBIE SKCTIIEPTHBIX OLIEHOK OCHOBHBIX NMAapaMeTPOB, U, CJIEJ0BATENHLHO, TH METObI 00JIaal0T BHICOKON CTETIEHBIO
CyOBEKTUBHOCTH.

Lenpto pa®oThl SIBISIETCS MOBBIICHHE YPOBHS 3alUIICHHOCTH O0BEKTa IyTEM YCOBEPIICHCTBOBAHUS
MeToza aHanmu3a 3 dexruBHOoCTH CD3.

CymecTBylomue KOMIBIOTEPHBIE ITPOTrpaMMbl oleHKH 3¢ dexTnBHOCTH CD3 MMEIOT CBOM HEJOCTATKU U HE
MOT'YT IPUMEHSTHCS B PA3IMYHBIX CTpaHax M3-3a crienuuky coznanus CP3.

IIpencraBnenHas B naHHOW pabote kommbioTepHas Monens CP3 coderaeT B cebe QYHKIMU TPEXMEPHOTO
monenupoBanus CP3. Moaynab TpexMepHOHl CHUMYIALMHU IpejyiaraeT MOJAEIMPOBAHHE OXPaHSAEMOIro OOBEKTa,
YCTaHOBKA YCTPOMCTB OOHapyeHHs, a Takke BHUpTyallbHas TpeHHpoBKa Oe3zomacHocTH. OmepaTop cMOXeT
JIOTIOJIHUTENIBHO YCTAaHABIMBATH COOTBETCTBYIOIIME IapaMeTpbl HapyIIUTENIed W CWJI pearupoBaHMs, 3aJaTh
CIIeHapHii IPOHUKHOBEHUS HAPYLIUTENs], BKJII0Yas IyTh. METO/1 CHCTEMHOI'0 aHaji3a MO3BOJIHUT HICHTH()UIIMPOBATh
MyTH HapyIINTENs, HACTpauBaTh MapaMeTphl HaIe)KHOCTH, aHAJTM3UPOBATh HAJIEKHOCTh M PUCKH.

[Ipeanaraemsblit METO PEOCTABUT MOIB30BATEISAM MOJIHYIO M BU3YaJIM3UPOBaHHYIO nHpopMmanuio o CD3,
KpOME TOTO, BBOJTCS (YHKIMM aHaIW3a HAJEKHOCTH M PHCKOB. Pe3ynbTaThl aHannM3a HaJle)KHOCTH W PHUCKOB
obecreyar 1eHHy0 00paTHYIO CBSI3b JUIs OIleHKH U iepecmoTtpa CD3.

CITMCOK JIMTEPATYPbI

1. Tapcua M. IIpoekTrpoBaHue U OlIEHKa cucTeM (usndeckoi 3amursl. — M.: M3a-Bo Mup, 2003. — 386 c.

2. PJI-07-01-2004 «Mertomuueckue yKa3aHHs 1O MPOBEACHHIO OIICHKH COCTOSIHUS (PU3UUECKOMN 3aIIUTHI SICPHO-
paIraioHHO-0MIACHBIX 0OBEKTOB MO Pe3yJIbTaTaM IPOBEICHHON HHCIIEKINI» [ DEeKTPOHHBIH pecypc]. — Pexxum
nocryna: http://docs.cntd.ru/document/1200039725 — 09.05.2020.

3. Tlocranosnenue [IpaButensctBa oT 19 mions 2007 r. Ned56 «O06 yTBepkaeHHH NMpaBuil (GU3NUECKOH 3alUTHI
SJIEPHBIX MaTEPUAJIOB, SAEPHBIX YCTAHOBOK M IIYHKTOB XpaHEHHS SJEPHBIX MaTepHalioB» [ DIEKTPOHHBIN pecypc].

— Pexxum mocryna: http://www.consultant.ru/document/cons_doc_LAW 5264 — 20.05.2020.

34


mailto:veronika.novikova98@yandex.ru

:l ldeeuepHaFl WKona «DU3NKO-TEeXHUUECKUE HpO6HeMLI B HAYKE, IPOMBILIJICHHOCTH U MEAULINHE.

|
I AAEPHBLIX TEXHONOrui Poccuiickuii 1 MEXyHapOJHBIN OIBIT IIOArOTOBKU KaPOB»
-l

OMOKHI MO NHTEXHIMECK M YHUBEPCHTET Cexuus 1. SInepHble yCTaHOBKH TEXHOJIOTHU U 6€3011aCHOCTh

KOHTPOJIb U3BMEHEHUS PATMALIMOHHON OBCTAHOBKH ITPH IEMOHTAKE
KOHCTPYKIIMIA OCTAHOBJIEHHOI'O YPAH-TPA®UTOBOI'O PEAKTOPA
A.O. INaBmok, C.I'. Kotnsapesckuii, P.U. Kan
OnBITHO-AEMOHCTPAIMOHHBIN IIEHTP BBIBOJA M3 SKCILTYaTallMH YpaH-TPaUTOBBIX PEaKTOPOB,
Poccus, Tomckas 00:1., CeBepck, ABTomopora 13, 31.179A, 636000
E-mail: pao@dnrc.ru

CymecTBeHHOH mpoOneMoOl Juisi pa3pabOTKH TOAXOJOB W TEXHOJOTHIH JEMOHTaka KOHCTPYKUHWI
BBIBOJMIMBIX M3 3KCIUTyaTallu ypaH-TpaduTtoBeix peaktopoB (YI'P) siBisieTcst pHCK INpPEBBIIIEHUS JOIMYCKaEMBIX
JO30BBIX HArpy30K Ha IEpPCOHAT, YTO OOYCIOBJICHO OTHOCHTENBHO BBICOKUMH 3HAYCHUSIMH MOITHOCTH
SKBHBaJeHTHOH 1036l (MOJl) raMMma-m3mydeHWs B  aKTHBHPOBAaHHBIX  KOHCTPYKHIMSX  peakrtopa. B
MeTNIOKOHCTPYKIHAX (MK) ocTaHOBNEHHBIX ypaH-TPaUTOBBIX peakTopoB MDOJl ramMma-m3mydeHUs MOXKET
nmocturath ~10-100 3B/yac (cpa3y mocie OCTaHOBA) U MOCTEIIEHHO CHUYKATHCSI B 3aBUCUMOCTH OT BPEMEHH BBIIICPIKKH.
B rpadurosoii knagke (I'K) ypoBHH ramMma-n3iaydeHHs B LEJIOM CYIIECTBEHHO HMXE, HO MPU 3TOM B HEKOTOPBIX
CIIydasix TakKe MOTYT OBITh CYIIIECTBEHHBIMHU U IpeBbImaTh 3HaueHuss MO/] B MK, uTo 00ycnoBIeHO MPUCYTCTBHEM
B 'K oOnyuaBImmxcst JNMTeabHOE BPpeMsl METAUIMYECKUX DJIEMEHTOB, TEpPMOIIap U MPOCHINeH (parMeHTOB TOILIMBA.
[lo >TMM mpUYMHAM B XOZAE BBHINOJHEHUS HEKOTOPHIX ONEPALMH IO JIEMOHTa)Xy KOHCTPYKLIMH BO3MOXEH pPOCT
MHTEHCHBHOCTHU F'aMMa-H3JIy4eHHUs B MecTax IpoBeaeHus paboT. B HacTosmee Bpemst Ha 6a3e MPOMBIIIICHHOTO ypaH-
rpaduTtoBoro peaktopa AJID-5 AO «OJL YI'P» mosTamHO BBITONHSIOTCS ONBITHO-KOHCTPYKTOPCKHE PaOOTHI 110
pa3paboTke TEXHOJIOTHH JeMOHTaxka YI'P, compoBoxmaroniiecs: H3BICYEHHEM 3JIEMEHTOB KOHCTPYKIUH, aHATH30M
aKTUBHOCTH U BBINOJIHEHHEM H3MepeHuil pacnpenenenus MO]] Ha pa3HbIX 3Tamax paboT. B xauecTBe 0CHOBHOTO
BapHaHTa AeMoHTaxka YI'P orpabaTeIBaeTcs TEXHUYECKUH MTOAXO AEMOHTAKa KOHCTPYKITHH Uepe3 IPOEeM B BEPXHUX
MK [1].

s koHTposst m3MeHeHust MD/] kpoMe CTaHAAapPTHBIX CPEACTB M3MEPEHUs MPUMEHSeTCs pa3paboTaHHBIN
coemectHo ¢ OOO Ilpemnpustue «['PUH CTAP TEXHOJIOHXXU3» (r.MockBa) mporpaMMHO-aHATATHICCKUI
kommekc (ITAK), Brimrouatormmii B cebst: ONOK ympaBieHUs (IMIPOMBINUICHHBIH HOYTOYK C IPOrpaMMHBIM
obecrieueHneM) M OJIOK CKaHUpOBaHWS (YCTPOHCTBO OIyCKaHWs M MOABEMa MAETeKTopa M Ap.), KOTOPBIH
YCTaHaBJIMBAETCSl B 30HE BBINOJHEHHsI pabOT U 00ecrieunBaeT U3MEPEHHUs 10 BHICOTE KAHAJIOB C 33JaHHBIM ILIaroM.
IIporecc ckaHMPOBAaHUS KOHTPOJIUPYETCS M YIPABIACTCS TUCTAHIIMOHHO C IMOMOIIBIO CIEIHATU3UPOBAHHOTO

nporpaMMHOTro obecreueHus (puc.1).

Puc. 1. Konmpons MOJ] eamma-usnyuenus y npoema, blNOIHEHHO20 8 GEPXHUX MEMAIOKOHCIPYKYUSIX
(cx. «E») ocmanoenennoco YI'P: 6ok ckanuposanus ITAK (cnesa); unmepgeiic npoepammul 610Ka ynpasieHus

ITAK (8 yenmpe), npumep modenu, nocmpoennoti 6 GEANT4 (cnpasa).
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i MoienupoBaHUs H3MECHEHUH paJnaliioHHONH 00CTaHOBKY JJIS Pa3lIMYHBIX BApHAHTOB AeMoHTaxa YI'P
O5LT O1IP0oOOBaH 0OBEKTHO-OPHEHTHPOBAaHHEIH makeT mporpaMMm GEANT 4, xoTopsrii mo3BoseT pa3paboTaTs MOJETH
JUIl TIPOTHO3a HM3MEHEHHH paJualliOHHOM OOCTaHOBKM IIPH IEMOHTAXE KOHCTPYKIWH OCTAaHOBIEHHOTO YpaH-
rpauTOBOrO peaKTopa, ONpeleiuTh Haubojee Oe3omacHbIe TOAXOABI JEMOHTaXa W 3apaHee OLEHHUTh
3¢ PEeKTUBHOCTH KOMICHCHPYIOIINX MEPONPHUITHH s orpaHuueHus: pocta MO/] Bblme nomycTuMbIx ypoBaei. [1pu
9TOM Ba)KHOE 3HAYCHHUE HMEET BO3MOXKHOCTh CpPAaBHEHHUS PACUYETHBIX M OKCIIEPUMEHTAJbHBIX JaHHBIX IS
KOPPEKTHPOBKHU M BepUPUKAIIMH PACUETHBIX MOJEICH.
B npanpHelimem paspaOOTaHHBIE METOJUYECKHE MOIXOIBI MOTYT OBITh HCIIONB30BAHBI NPH JIEMOHTAXKE
sHepreruueckux peakropos tuna PEMK, AMbB u ap.
CIIMCOK JIMTEPATYPbBI
1. Mat. 2679827 P®. G21C 19/00 (2006.01). Crocob6 memoHTa)xa TpaUTOBON KIAAKH siAepHOTro peakropa / A.H.
buprokos, @.E. Epmommn, C.I'. Kotnspesckuii, A.O. ITaBmiok, E.C. [Tagepun, B.1. Cemenuxun, M.A. TykTapos,
A.A. llemun. 3asBneno 12.03.2018; Ony6m. 13.02.2019, bron. Ne5

BO3MOKHOCTHU IPUMEHEHHUS METOJIA HEUTPOHHO-AKTUBAIIMOHHOI'O AHAJIU3A

PEAKTOPHOT'O TPA®UTA HA BA3E UCCIIEJOBATEJIBCKOI'O PEAKTOPA UPT-T

A.O. TTaBmox?, C.T'. Kotnapesckuiil, P.U. Kan?, B.I. Mepkynos?, E.B. Uu6ucos?, JI.B Ka6anos?
lOnBITHO- IEMOHCTPAIIMOHHBIN EHTD BBIBOJIA U3 IKCIUTYATAlUK yPAH-TPAQHUTOBBIX PEAKTOPOB,
Poccus, Tomckotit 0611, CeBepck, ABTonopora 13, 31.179A, 636000
?HauuoHanbHbIi HecTe0BaTebekuii TOMCKMIA MONMTEXHUYECKUH YHUBEPCHUTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050
E-mail: pao@dnrc.ru

Haunnas c¢ xonma 2018 r. B P® Hagancs mosTanmHbIil OKOHYATEIbHBI OCTAaHOB SHEPreTHYECKHX YpaH-
rpaduToBeix peaktopoB THa PEBMK (1 suepro6mok Jlenunarpanckas ADC) u OI'TI-6 (1 sHeprodmok bunmnbmHCKoi
A3C). B 6nmxkaiimee pecsTuiieTHE MPEIIONaraeTcsi OKOHYATENbHBI OCTAHOB OCTAIOIIMXCS B HACTOSIIEE BPEMS B
skcruryaranun gecsate PEMK (Jlennarpanckast, Kypcekas, Cmonerckast ADC) u tpex OI'TT (bumubunckoit ADC).

B cBsI31 ¢ 3TUM aKTyalnu3UpOBAIHNCH UCCIIEAOBAHI aKTUBHOCTH PaJHOHYKIINAOB B rpauTe SJHEPreTHIECKUX
ypaH-TpadUTOBBIX peakTOpOB. BaxkHOE 3HAUEHHE ITPU ITOM UMEET TOUYHOCTh OIIEHOK aKTUBHOCTH, 4TO B IaJIbHEUIIIEM
BIMSIET Ha Kiaccuukammio rpapurossix PAO B coorBeTcTBHY ¢ [IocTaHOBICHHEM MPAaBUTEIBCTBA OT 19 OKTIOpPS
2012 r. N 1069 u coOTBETCTBEHHO Ha BHIOOP BapHAHTOB OOpalleHus ¢ HuMu [1].

K mHacrosmemy BpeMeHM pa3paboTaHbl M ONPOOOBAaHBI PA3IMYHBIE METOJOB  HCCIICTOBAHUS
paaroHyKIMaHOTO coctaBa rpadura [2]. [Ipu 3TOM OTMeEwaeTcs, 4TO HEHMTPOHHO-aKTHBAMOHHBINA aHamu3 (HAA)
o0yiaiaeT pAIOM IPEUMYILECTB, CBS3aHHBIX C 0OoJiee BBICOKOH TOYHOCTBIO OINpPENENICHUS] NPHUMECHOIO COCTaBa
rpadura (16 puMecHBIX 351eMeHTOB) U n30TonoB ypana (2°U u 28U). K nauGonee 3HAYMMBIM MOXHO OTHECTH
BO3MOXHOCTh aHanm3a Ttakux mnpumeceir kak Cl um CoO, wucciemoBaHMs paCIpeneNieHUss KOTOPBIX HMEIOT
dbynmamenTanpHoe 3HaueHMe. HAA SsBISETCS YacThIO PACUYETHOTO METOJa, KOTOPBIH TO3BOJSET OIMPENSTUTh
AKTHBHOCTb YaCTH HYKJIHIOB B rpaduTe NPU U3BECTHBIX MapaMeTpax 0OJIydeHus.

Kpome BBICOKOIT TOUHOCTH CYIIECTBEHHBIM IPEUMYIIIECTBOM METO/IA SIBIIIETCS BO3MOKHOCTD MCCIIEIOBAHMUS
HeoOTyu€HHBIX (COOTBETCTBEHHO HEpaI0aKTHBHBIX) 00pa3oB rpadura U3 OCTaBIIMXCS IT0CIIE TIOCTPOMKH peakTopa
rpaUTOBEIX OJIOKOB, YTO KpaliHe Ba)KHO YYHTHIBas TPYJHOCTH OTOOpAa M JOCTABKM PaJMOaKTHBHBIX BEIIECTB B

crieuaIn3upoBaHHble Jaboparopun (ocobenHo u3 bunuounckoir ADC).
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Pe3ynbTaThl, MPOBEJCHHOTO TECTOBOTO OOMYYEHUs MapTHH mpo0 rpaduTa B SKCIIEPUMEHTAILHOM KaHalle
peaktopa MPT-T (r. ToMck) mOOTBEpAMIN BO3MOXKHOCTH MPEHU3HOHHOTO ONpEACTCHUS KOHICHTPAIWU psiaa
npuMecei B rpadure. [Ipu 3TOM manpHelIIee COBEPIICHCTBOBAHNE METOINIECKUX MOIX0A0B Ha peakrope MPT-T
MOXET II03BOJHMTH YBEJIMYUTH KOJUYECTBO OINPEICIAIONNX AaKTUBHOCTh TIpaduTa NpuMmeceil M pacIIUpUTh
MEepPCIIEKTHBBI TPHUMEHEHUs HccienoBaresbekoro peakropa tuma MPT-T mns pemrenus mpobiem rpaduTOBBIX
PaAMOaKTUBHBIX OTX0M0B [3].

CIIUCOK JIMTEPATYPBI

1. Hopodeer A.H., Komapor E.A., 3axaposa E.B., Bonkosa A.I'., MapteiHoB K.B., Jluare 1.U., Banos A.I1O.,
VYrkun C.C., TaBmox A.O., Kommaperckuit C.I'. K Bompocy 3axopoHeHmsi peakTopHOro rpadura //
PannoaxtusHBIe 0TX01BI. — 2019. — Ne2(7). — C. 18-30.

2. Bbymyes A.B., Koxun A.®., [Terpora E.B., 3y6apes B.H., Aneesa T.b., 'npke H.A. PannoakTuBHBIN peakTOPHBIiH
rpadur. - M.: HUSIY MU®DU. - 2015. - 148 c.

3. ITaBmox A.O., Kotmsapesckuii C.I'., Becmana E.B. u nmp. [lepcriekTHBBI MPUMEHEHHS HCCICIOBATEIBCKOTO
peakropa tuna WPT-T anst pemenust 3agad B paMKkax NpoOsieMbl rpaMTOBBIX PaJMOAKTHBHBIX OTXOIOB //

W3Bectust BhICIINX y4eOHBIX 3aBe/ieHUiL. SnepHas sHepretuka. — 2018. — Ne 1. — C. 87-98.

BO3MOKHOCTbD PEAJIMZAIIMU 3BAMKHYTOTI'O SAJEPHOI'O TOIIVIMBHOI'O HIUKJIA HA BA3E
PEAKTOPA HA BBICTPBIX HEUTPOHAX CO CBUHIIOBBIM TEILIOHOCHUTEJIEM
A.A. Tlpen, }0.A. KanunoBckuit
HaunonaneHebli uccnenoBarenbckuil TOMCKUM NOTUTEXHUYECKUN YHUBEPCUTET,
Poccus, r. ToMmck,
np. Jlenuna, 30, 634050

E-mail: prets.anatoly@gmail.com

B mnane pasButus simepHoit sHepreTrkd Poccun mo 2050 roma yka3zaHO, 4TO «...OCHOBHOE HaIlpaBIICHHE
YTHIN3AIHA U30BITOYHOTO OPYKEHHOTO IUTYTOHUS, KaK U TUTYTOHHS W3 00y4EHHOTO SAEPHOTO TOIUINBA, COCTOUT B
HCIIONIE30BAaHUH CMEIIAHHOTO YpaH-IUTyTOHHEBOTO TOIUTHBA OBICTPHIX PEaKTOPOB» M HEOOXOAUMO «...CO3JIaHUE
TEXHOJIOTHYECKO 0a3bl Uil KpyIMHOMAclITaOHOM aTOMHOM SHEPreTMKH Ha OBICTPBIX pPeaKTopax eCTeCTBEHHON
0e30macHOCTH 0€3 OTPaHUYCHUH 110 TOTUTUBHBIM PECYPCaM. ...

B nacrosiee Bpems B Poccun 6ombiioe BHUMaHue ynensieTcst mpoekTy «IIpopbiB», OpUEHTUPOBAHHOMY Ha
JIOCTH)KEHUE HOBOTO KadecTBa SIJIEPHON YHEPTeTHKHU, KOTOPBIH KOHCOIUAUPYET MPOEKTHI MO pa3paboTKe peakTOpOB
0O0JBIION MOIIHOCTY Ha OBICTPBIX HEUTPOHAX, TEXHOJIOTHI 3aMKHYTOTO SACPHOTO TOIUIMBHOTO [IUKJIA, HOBBIX BHJIOB
SIIEPHOTO TOIUIMBA U MaTepualioB. Peakropnas ycranoBka BPECT sBisieTcss olHOM K3 COCTaBHBIX YacTell MpoeKTa
«IIpopsIBy.

OCHOBHBIMU JOCTOMHCTBaMH JaHHOM YCTaHOBKH CIIy»aT HU3KOE 3HAUEHHUE 3aaca peaKTUBHOCTH U BBICOKOE
3HaueHne Kod(hdUIreHTa BOCIIPON3BOICTBA SEPHOTO TOTUIMBA, MMO3BOJISIONIEe 00SCIIeYnBaTh KAMIIAHUIO SIEPHOTO
TOILIMBA OKOJIO 5 JIeT.

B pabote mpousBeneHa OmeHKa BO3MOXKHOCTH Pealiu3allii 3aMKHYTOTO SIIEPHOTO TOTUITMBHOTO IMKJIA Ha
YPaH-TUTyTOHHEBOM HUTPHIHOM TOILIMBE ¢ 0O€JHEHHBIM YPAHOM M SHepreTHueckuM miytonuem (Pu?s®/ Pu?3%/ Pu240/

PU24l/ PU?*?) = (1,2/68,3/23,2/3,1/4,2 %).
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[omy4yensl 3aBHCUMOCTH 3PPEKTHBHOTO KOd(PPHUIHEHTa Pa3MHOKCHHS HEUTPOHOB NPH PEHUPKYIISAIHA
SJICPHOTO TOIUIMBA TMPH TOMOIIM AaHAJMTHYECKOr0 Meroja (pellieHHe CHCTEeMbl MHOTOTPYIIIOBBIX YpPaBHEHUMH
b y3un HeHTPOHOB) U makeTta mporpamm MCU.

OnpeeneHo, YTo MpH PEIUPKYIISAIHH SISPHOTO TOTUIUBA U MOAMUTKON ero 00eTHEHHBIM YPaHOM, PEaKTOp
Ha OBICTPBIX HEUTPOHAX CrI0COOEH paboTaTh Ha MpoTsKeHUU Oojee 10 IUKIIOB 3arpy30K. TakkKe CTOUT OTMETUTh, YTO
MPU TAKOH cxXeMe pabOThl PEaKTOpa M PEHUPKYJIISIMY TOIUIMBA 00CCTICYHBACTCSI HCOOXOIMMBIIA 3arac PeakKTUBHOCTH.
Hauunast ¢ 5 nukia 3amac peakTHBHOCTH HauWHAeT pacTd W Ha 10 IMKIe MPaKTUYECKU BBIXOIUT HA CTAOMIBHOE
(crarmonapHoe) 3HaueHue. Macca 00eTHeHHOTO ypaHa [UIs HOIIMUTKA COCTABIISET OKOJIO 1 TOHHEL.

CITUCOK JIMTEPATYPBI
1. Dragunov, A., Saltanov, E., Bedenko, S., Pioro, I. A feasibility study on various power-conversion cycles for a
sodium-cooled fast reactor / (2012) International Conference on Nuclear Engineering, Proceedings, ICONE, 5 (1),
pp. 559-567.
2. Andrianova E. A., Davidenko V. D., Tsibul’skii V. F. Prospective fuel loads of reactors in a closed fuel cycle of
nuclear power // Atomic Energy, Vol. 118, No. 5, September, 2015 (Russian Original Vol. 118, No. 5, May, 2015),
pp 301-306.

O EHKA UBMEHEHUSA U30TOIMHOI'O COCTABA KOHCTPYKIHMOHHBIX MATEPHUAJIOB TBC U
NX AKTUBHOCTHU
W.IO. [Tepmunos, H.B. 3enenpenon
HanuonaneHelil uccnenoBaTesbckuii TOMCKUHI OJUTEXHUYECKUI YHUBEPCUTET,
Poccus, r.Tomck, mip. Jleanna, 30, 634050
E-mail: vanya.perminov2011@yandex.ru

B HacTosiiee BpeMs B siI€pHOM OTpaciiv MPOUCXOAUT OYeHb OBICTpOE pa3BUTHE. Besen 3a pa3BUTHEM caMoi
OTpaciy BO3PACTalOT U 00BEMBI STCPHBIX OTXOIOB, KOTOPBIE TPEOYIOT NalbHEHIIeH mepepaboTKH, THO0 3aX0pOHECHHUS
[1]. Ucnonp3yemble HbIHE KOHCTPYKLUHOHHbIE MaTeprasibl TBC, morpyxaembIX B siIEPHBIX pPEaKTOp, MOABEPraroTCs
BO3ACHCTBHIO MOIITHOTO HEUTPOHHOTO U3IYYCHUS, B pe3yIIbTaTe Yero MEHIETCS H30TOIHBIH cocTaB cTeHOK TBC, uto
BeJIeT 3a OO0 M3MEHEeHHe KaK (pU3MYECKUX, TaK U XUMUYECKUX CBOMCTB MaTepuala, a TakKe, YTO HEMaJOBaXKHO —
MPOMCXOIUT HAKOIUICHHE DPAaJUOAKTUBHOCTH, TEM CAaMbIM BO3pacTaeT M BpeMs TUCIOKAlMM TaKUX OTXOJOB B
OacceifHax BbIepKKH Bozne ADC, HO 3a4acTyio 3TH OacCeHBI MEPENONHSIIOTCS OTXOJIaMH, B CBSI3U C TEM, UTO
BBIIEpPKKa OTPabOTABIIETO TOTUIMBA 3aHUMAET CJIMIIIKOM MHOTO BpeMeHH [2].

B kauecTBe KOHCTpYKIMOHHBIX MaTepuaioB st TBC ucnosp3yroTes IeTHpOBaHHbIE CIIIABhI, TAKUE, KakK:
2110, 3635, 3365 u muorue npyrue [3]. COOTBETCTBEHHO, pa3jinyle U30TOMHOIO COCTaBa MOPOXKAAET U Pa3IMYHOE
HNOBEJCHNE MOJA ACUCTBHEM HEWTPOHHOIO MU3IY4EHHs, a TaKKe, aKTUBHOCTb TAKUX CILIABOB MOXET 3HAUYUTEIbHO
OTJINYATHCS TOCIIe KaMITaHUH SIEPHOTO TOIJIMBA B peakTope [4].

Takum o0pa3om, 1enbi0 paboThI SBISIIOCH WCCIEIOBAaHUE M CPAaBHEHHE aKTHBHOCTEH KOHCTPYKIIMOHHBIX
MatepuanoB TBC mocie kammanum peakTopa. BbUIO ompeaeneHO Kakod cruiaB HauOoliee TPUTONEH IS
WCIIONB30BAaHMUS B MOJOOHBIX YCIOBHSAX, a TaK)kKe, BBIABICH HamOoJiee YCTONUMBBIA K HEMTPOHHOMY OOIyUCHHIO
marepuan. B pamkax pabGoTel mCmonb3oBajcs maremarnueckuit maker Wolfram Mathematica. Pa6ora mo3sosiia
OCYILIECTBUTH IMPOTHO3 M3MEHEHHsI U30TOMHOIO COCTaBa U ocTaTouHoW aktuBHOCTH TBC mocine eé u3BiedeHus U3

30HBI 06J'Iy‘lCHI/I$I, 4qTo HGO6XOHI/IMO JJIA ,Z[aﬂbHeﬁIHeFO N3y4YCHUA pa,Z[HaIIHOHHOﬁ CTOMKOCTH IUPKOHHUECBLIX CIIJIAaBOB.
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MaremMaTHyeckoe MOJEIUPOBAaHUE, II0 CPAaBHEHHIO C MPAKTHIECKUM HCCICIOBAHUEM, 3HAYUTEIHHO
9KOHOMHUT BPEMEHHBIE U MaTE€pHAIBHBIE PECYPCHI, HO YCTYIAeT B BOCCO3NAHMH PEATbHOW CPEnbl, a MPOU3BOANUT
pacter B yCIOBHAX, IPUONMKEHHBIX K HACATBHBIM.

CIIMCOK JIMTEPATYPbI

1. Bbenozopos /[I. I1., daBeinoB JI. H. CoBpemeHnHble npoOsieMbl siiepHON dHepreTukH // BecTHuk XapbKOBCKOTO
yHuBepcuTeTa: «Sapa, yactuusl, nois». — 2007. — Ne. 777. — C. 32.

2. XBoctoBa M. C. Dxonorndeckue npooieMsl HAKOIUICHHsI 0TpadOTAaBIIEro siiepHOro Toruea B Poccnu // BectHuk
Poccuiickoro yauBepcurera Apyxk0sr HapomoB. Cepusi: DKOJIOTHSA U O€30MacCHOCTD XKu3HenesTenpHocTH. — 2012,
—Ne.2.-C. 48.

3. Murpodanos H. M., Llenumes A. U., AreeB B. C. u np. Korcrpykimonasie Matepuaisl 11t obonodexk TBOJIo
n gexsioB TBC peakropos / [Ton penakmueti Pemeraukosa @. I'., IlIxkabypa 1. A. // Mocksa. Tpyxst BHUNTHM.
—2011. - C. 211.

4. MepxanoB A. I'., B. ku.: ®uznueckas xumusi. CoBpeMeHHbIe IpoOiieMbl, o penakuueit 1. M. Konotsipkuna //

Mocksa. —1983. — Ne. 1. — C. 6-45.

HNCCIEJOBAHHUE OTPABJIEHUSA BEPUJIVIMEBBIX BJIOKOB PEAKTOPA UPT-T
A.A. Pribauenko, H0.b. UepTroB
Hauunonanensiit UccnenoBarenbekuil TOMCKUN NOTUTEXHUUECKUI YHUBEPCUTET
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: aar56@tpu.ru

HPT-T — uccnenoBaTenbCKuii peakTop 0AaCCEHOTO THIMA ¢ BOJHBIM 3aMEIJIUTENIEM U TEIJIOHOCUTENEM, B
KOTOPOM POJIb OTpaKaTesl BHIMONHsIET Oepriinii. HazHaueHne Takux peakTopoB — TO MPOBEACHUE UCCIIETOBAHUI
B Pa3JMYHBIX 00JACTSIX HAYKU U TEXHUKHU, HApabOTKa U30TOMOB U T.1I.. [loaTOMyY BaxxHO 06ecrednBaTh MPaBUILHYIO
IKCIUTyaTaluio TaKUX YCTaHOBOK. OMH M3 OCHOBHBIX ITapaMeTPOB peakTopa — 3amac peakTHBHOCTH. KOoHTpois 3a
HAM MOJXXHO OCYIIECTBIATH O3KCIICPHUMEHTAJIbHBIMA M PAacYETHBIMH MeTojaMH. XapakTepHeiM it WPT-T
PCaKTHBHOCTHBIM aKTOPOM SIBJISI€TCS OTpaBieHHe Oepwmims. [Ipum B3amMoneiicTBHM HEHTPOHOB ¢ OeprutueM
obpasytorca aapa-orpasurenu He® u Li.

B mnepuon ¢ uronst 2014 mo maii 2016 roma peaktop MUPT-T He pabotaii, CTOSHKAa peakTopa COCTaBHIIA
nopsiaka 700 qHeit. [To pacu€THRIM OIIEHKaM CTOSTHKA JIOJKHA ObUTa IPUBECTU K YMEHBIIEHUIO 3a1aca peakTUBHOCTH
Ha 1,8 f,y, HO BbIBOJ peakTopa Ha MKYVY moxka3zan, yto Obuia TOTepsHA PEAKTHBHOCTH B pazmepe 3,1 fug.
Caepxpacd€THble TIOTEPH 3araca PeakTHBHOCTH cocTaBmwiIH 1,3 .. [IpnunHON HENpaBUIBHOM OLEHKH IOCTYKUIIO
MEPeOTPaBICHHE TPAHUYHOTO CIIOSI OTpaXKaTels, BIMSHUE KOTOPOrO He OBUIO YYTEHO B CHIIy OCOOCHHOCTEU
nporpammsl koutpousi (MCU) [1].

B pabote mpoBeeHa OlleHKA BIUSHHS TIEPEOTPABICHUS TPAHUIHOTO CIIOS OTpa)kateis (HepaBHOMEPHOCTh
pacnpeeieHusI KOHIIGHTpaIlMi) Ha 3amac peaktuBHoCTH. [1pu momoru nporpamMmbl WIMS-ANL Ob1iin co3maHbI 18

pacuéTHbie MOJeNH (PUCYHOK 1), C paBHOMEPHOI KOHIIEHTpalMel U MepeoTpaBIeHUEM IPAHHIHOTO CIIOS.
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Puc. 1 — I'eomempus siueitixu 6 npoepamme WIMS-ANL: a) 1JO; 6) 30

PasHuua BO BIMSHUM OTPaBJICHUS HA PEaKTUBHOCTh cocTaBwia 4,471/, Pe3ynbrar NOBTOpSET peallbHbIE
JIAaHHBIC U TTOATBEPKIAET CBA3b 3araca peakTHBHOCTH U HEPAaBHOMEPHOCTH PACIPEEIICHHS SIep-0TPaBUTEICH.
CIIMCOK JIUTEPATYPbI
1. BunusiHue oTpaBieHUs OepUILIHS Ha HEHTPOHHO-(DU3NUeckue xapakTepuctuku peakropa MPT-T/ B.A. Bapnaués,

10.b. Yeptkos, A.T'. Haiimymun, C.A. Knocrep, A.C. Hypkun. — Tomck, 2017. — 13 c.

TPAHCMYTAIUSA PAIMOAKTUBHBIX OTXO/10B B SITIEPHOM PEAKTOPE
C.M. Cazonos, 0.b. UepTkoB

HanunonaneHelil necaenoBaTenbcKuil TOMCKUN NOIUTEXHUUYECKUN YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: sms12@tpu.ru

SlnepHast TpaHCMyTalMsi pacCMaTPUBAETCsS B KavyecTBE CIOCO0A CHIKEHHUs OOIIEro ypoBHS aKTHBHOCTH
JIOJITOKUBYIIUX HYKJIHUJOB KaK IMMyTE€M BBDKHTAHUS Psjia NEJSIIMXCS HYKIHJIOB B CIEIUATIBHBIX PEAKTOpax, Tak H
MyTeM TIpeoOpa3oBaHUs IPYTHX IOJNTOXHUBYIIUX HYKIHIOB B KOPOTKOKUBYIIHE IOCPEACTBOM OONYYCHUS B
yCcKopuTene. YpaBHHBaHHAE CKOPOCTEH 00pa30BaHMS U TPAHCMYTAIIUH OTXOJJOB UCKIFOYUT HAKOIICHHE UX B ITHKIIE.

Honroxusymme PAO MOXHO moApa3feiuTs Ha MPOAYKTHI JENCHUS, aKTHHOUIBI U TPOIYKTHl aKTUBAIHU
KOHCTPYKIIMOHHBIX MaTEpHAIIOB, a 10 SACPHBIM CBOMCTBAM — Ha JENHMEIC, HEHTPOHOJACPHUIUTHBIC (AKTUBHO
MOTJIOIIAIOIIUE HEWTPOHBI) U HEHTPOHOU3OBITOUHBIE (C1a00 MOTIIONIAIOIIIE HEUTPOHBI).

K aktunounam otnocsitest U, Th, Np, Pu, Am, Cm. Snpa-akTHHOUIBI MOTYT AETUTHCS B CIIEKTPE HEUTPOHOB
6pIcTpOro peakropa. OCHOBHBIE aKTHHOH/IBI M MX IIEPHOABI pacnaja MpuBeaeHsI B Ta0. 1.

Tabnuya. 1. OcnosHble akmuHOUObl U UX NEPUOObl pacnaoa

Panuonyxmua Ilepuon nonypacnana Panuonyxnun [lepuon nonypacnana
T1/2, TOIBI T1/2, TOOBI
Z6Np 1,1-10° 22Am 152
ZNp 2,14-108 23Am 7380
238py 87,74 23Cm 285
29py 2,41-10% 24Cm 18,1
240py 6570 25Cm 8532
21py 14,4 25Cm 4730
21py 3,76-10° 27Cm 1,56-107
244py 8,26-107 28Cm 3,39:10°
2IAm 432 30Cm 6900
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Ha BpeMeHHOE XpaHEeHNE HANPABILIOTCS] HYKIIHIBI, 001agaomue moTpeOuTebeKoi IeHHOCThI0. OcTaroTest
HEHTPOHOEDUIIMTHBIE HYKJIHIBI, BhICOKOAKTUBHBIE *°ST 1 *¥7Cs, HeliTpoHOM36bITOUHbIE HYKIHABI ¢ T12 =30 €T 1
aKTHBHBIE KOHCTPYKUNOHHBIC Matehuasl. Texuosorus nepepaborku PAO siiepHO-()HU3HYIECKUMI METOIAMH IOJDKHA
MPE/ICTABISATE COOON 3aMKHYTHIH IIUKJI C OTIEPALIUSIMU IO BBIAEPIKKE U XMMUUECKOI nepepaboTke TPaHCMYTHUPYEMBIX
NPOJIYKTOB JIENICHHUsI. JTO CBSA3aHO C HEOOXOAWMOCTBIO OTHOCUTEIBHO JUIMTENIHHOTO OONy4eHHsS B peakTope-
JIO)KUTaTeNIe TPAHCMYTUPYEMBIX HYKIIMJIOB B LENIAX IOJJEpXKaHUs OalaHca BBDKUTAEMBIX M HapabaThIBAEMBIX
HYKIHI0B. PaccMaTprBaroTCS BO3MOXKHBIE CXEMBI 00paIIeHust ¢ JOATOXUBYIIMMU PAO, pa3nudaronmecs CTeNeHbI0
(pakIMOHUPOBAHUS, TPOAOJDKUTEIBPHOCTIO BPEMEHHOTO KOHTPOJIMPYEMOTO XpPaHEHHS M OCOOECHHOCTSIMHU
WCIIONb30BaHUs TPAHCMYTAIlH HYKIHIOB [1].

CIIMCOK JIMTEPATYPbI
1. HlImenes A.H., Anca B.A., Kynukos I'.I". ®usnueckre 0CHOBBI 00€3BpEKUBAHUS JOJITOKUBYIINX PAIHOAKTUBHBIX

0TXO0JI0B (TpaHCMyTalus HeWTpoHamu): YueOHoe nmocodue. M.: MUDU, 2002. — 124 c.

IMPOI'PAMMHO-AHAJIMTUYECKUM KOMILJIEKC 11O TIPOEKTUPOBAHHUIO U OLIEHKH
3OPEKTUBHOCTH ®U3NYECKOM 3AIIUTHI OFBEKTA
E.A Cyxanos, O.B. CenuBaHukoBa
HanunonaneHelil necaenoBaTenbekuil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: Dger97@mail.ru

Obecnieuenne cucteMbl huzuueckoit 3amuTel (CO3) sBiseTCS BaXKHBIM aCIEKTOM B SICPHBIC YHEPICTUKH.
®duznyeckas 3amuTa 00beKTa 00eCIeunBaeT 3aIUTY OT IUBEPCUI B OTHOIIIEHUS YA3BUMBIX MECT SJIEPHON YCTAaHOBKH
W/WITM IyHKTa XPaHEHUs, a TAKXKE 3aIUTY OT KPaXKH siiepHoro Marepuana. [Iporecc co3nanus CDO3 MOKHO pa3aeinTh
Ha IIATh CTAJIUH, KaXIBI U3 KOTOPBIX 00s3aTENFHO JOJDKEH MPHUCYTCTBOBATH BO BpeMs pa3pabOTKH 3aIlUTHI Ha
SIEPHOM OOBEKTe: TPEANPOSKTHAs CTaAWs; CTAaIus MPOSKTUPOBAHWS; PEANH3alis NPOCKTHBIX PEIICHHA; BBOJ
CUCTEMBI (PU3UIECKO 3alIUTHI B eHCTBHUE; dKCIuTyaTamus [1].

Ha mpoektHOW cragmu pa3pabaThiBacTCsS NPOCKTHBIC PEIICHUs, BKIIOYAs BBEIOOP M PACIOIOXKCHHUS
KOMILICKCA MH)KEHEPHO-TEXHUUECKOTO 000pYI0BaHusI, paboyuas JOKyMEHTALUs, pab0OUYHe YePTEKH, CrCIUPUKAIINN
obopynoBanus u u3aenuit. Ouenka >3 (HeKTUBHOCTH HA JAHHOM JdTare MO3BOJUT YIYUIIUTh CUCTEMY €llle 0 BBOJA B
SKCIUIAHTAIIAIO0 U COKOHOMHTH OTpaHrUYeHHbIE pecypchl U BpeMs. CyiecTByeT nuddepeHiinanbHblii 1 MHTETPaTbHBIH
nokasatesb 3)GeKTUBHOCTH cucTeMbl Gu3nyeckoit 3ammtel [2]. Kaxplii U3 TaHHBIX TOKa3areneil BKIoYaeT ceost:
BEPOSATHOCTH OOHApYKEHHS HAPYIIUTENs; BPEMs NPOIBIIKCHUS HAPYIIMTENS;, OCHAIICHUEC HAPYLIUTENS, BPEMs
pearupoBaHUsl CUJT OXPaHBI;

CoBpeMeHHbIE TEXHOJOTUU TO3BOJISIIOT PEaNu30BaTh TAKOM MOAXOJ, MYTEM: CO3JaHUsl KOMIIbIOTEPHON
MOJIETIH SIZICPHOTO OOBEKTA; PsIIa aTOPUTMOB 1 0a3bl JAHHBIX TEXHUYECKUX CPEICTB O0OHAPYKEHHU S, C BO3MOKHOCTBIO
nononHenns. Co3gaHue TakoTO MPOTPaMMHO-aHATUTHIECKOTO KOMIUIEKCa HEOOXOJUMO Pa3IeuTh Ha HECKOJIHKO
BaXHBIX JTANOB: pa3pabOTKa W/WIY MOAKIIOUYEHHE TpahUIecKuX MOIYJEH JUIsl CO3IaHUsS KOMITBIOTEPHON MOJIEH
oObekTa; cOop 0a3pl JaHHBIX 1O OXPaHHBIM JaTdyWKaM; pa3paboTKa ajlrOpuTMOB TIO ONEHKH 3(PPEKTUBHOCTH,
COOTBETCTBUS TPEOOBAHUSIM HOPMATHUBHO-TIPABOBON 0a3bl M COONIOJCHHS NPUHIAIIOB MOCTPOCHUS (PH3HUYSCKON
sammtel.  [Ipenamonaraercs, JaHHBIM — IPOTPAMMHO-aHAUTHYCCKHM  KOMIUIEKCOM — OyIeT  IOJIb30BaThCA

pa6OTHI/IK/CTy,HCHT CO CpC€AHUM YPOBHEM NOAT'OTOBKHU 110 (1)PI3I/I"ICCKOI>1 3alIuTe.
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CTPYKTYPHO-®A30OBBIE JECTPYKTUBHBIE U3MEHEHUS B KOHCTPYKIIMOHHBIX
MATEPHUAJIAX U ®YHKIIMOHAJBHBIX IIOKPHITUAX TOILIMBA CO CJOXHOM BHYTPEHHEM
CTPYKTYPOUI
O.A. Ykpaunen, C.B. begenxo, A.W. 3opskun, C.A. MaceHnko
HaunonaneHeb1i uccnenoBarenbckuii TOMCKHNM MOTUTEXHUUECKUN YHUBEPCUTET,

Poccus, r.Tomck, mp. Jlenuna, 30, 634050

E-mail: lesyaukrainets@gmail.com

HccnenoBanne MateprasioB, 00IaJaoMMX CIEH(YUISCKUMHA CBOMCTBAMHU U CIIOCOOHOCTBIO BBIICP/KUBATH
9KCTpEMaNIbHBIE YCIIOBHUS — aKTyallbHAsl IpOOJIeMa COBPEMEHHON HayKH. DTO OOBSICHACTCS TCHACHIINEH MOBBIIICHUS
BBITOPAHMS  SJEPHOTO  TOIUIMBA, YBEIMYEHHs JUIMTENBHOCTM KaMIAHWM, MOBBILEHWS MOIIHOCTH U
SHEPTOHANPSDKCHHOCTH €IMHWYHBIX OJIOKOB SOEPHBIX JHEPTeTHYECKMX YCTaHOBOK. I 3TOro HE0OXOIMMO
pa3pabaTbiBaTh HOBBIE KOHCTPYKIHMOHHBIE MaTE€pHalIbl, TOCKOJIBKY JOCTHXKEHHE BBICOKMX BBITOPAHUH TOILUIUBA
OTPaHUYMBACTCS PAIUALMOHHON CTOMKOCTHIO MaTEPHAJIOB 000J0YEK M YEXJIOB TEIUIOBBLACISIOMIX COOPOK, a CPOK
9KCIUTyaTallid pPEaKTOPOB Ha TEIUIOBBIX HEHTPOHAX OrPaHUYMBACTCA PECYpPCOM MAaTEepHaloB KOPIYCOB H
BHYTPHUKOPIIYCHbIX ycTpoiicTB [1, 2]. K ToMy e nmeercd HEOOXOTUMOCTh HCHBITHIBATH YK€ pa3paboTaHHBIE
MaTepuanbl Ha PaAHalMOHHYI0 CTOMKOCTb JUIS BBUSICHEHUS HE TOJBKO INPEAENIOB UX NPUMEHUMOCTH, HO U
BO3MO>KHOCTH MCHIOJIb30BaHUS M3IY4YEHHS KaK TEXHOJIOTHYECKOro (hakTopa JUIsl YIy4dIIeHHs CBOMCTB MaTepHaoB.

IMon nefictBueM 0OMydeHUs] KOHCTPYKIMOHHBIE MaTepHajbl WCIBITHIBAIOT CTPYKTYPHBIE INPEBPAIICHUS,
KOTOpbIE, B MEPBYIO OYepe/ib, OKA3BIBAIOT OTPHUIATEIbHOE BIMSHIE HA MEXaHMYECKHE CBOMCTBA M KOPPO3HOHHYIO
cToiikocTh. CaMble CHIIbHBIE U3MEHEHUS! BO3HUKAIOT MOJT JeHCTBHEM HEUTPOHHOTO M3NTydeHus [3].

B pabote mpoBeleHbl KOMILJIEKCHBIE pPAcUETHbIE HCCIIEOBAHUS JIECTPYKTUBHBIX CTPYKTYPHO-(a30BbIX
(axTopoB nporiecca nedekroodpa3oBanus B QyHKIHOHAIBHBIX MaTepuaiax U 000py10BaHIH COBPEMEHHOM SJIepHO
9HEPreTHKH TPH 00JTyYEHNH TEIIOBBIM U AIHUTETIIIOBBIM CIIEKTPOM HEHTPOHOB. Tax ke BHIIOJHEHO MOJICIMPOBaHNE
UCTOYHUKA, TE€HEPUPYEMOT0 HEWUTPOHBI B IIUPOKOM CHEKTPalbHOM JHUala3oHe, 4TO IO3BOJIAET MPOBOAMUTH
(yHmaMeHTaNbHbIE WCCIIEOBAHHUS MEXaHU3MOB aedeKTooOpa3oBaHHs B MOAM(GHUIMPOBAHHBIX (roporulacrax u
JpyTuX MaTepHagax, UCIOIb3yEMBbIX B sIIEPHON U KOCMUYECKOM MPOMBIIIIIEHHOCTH.

CIIUCOK JIMTEPATYPBI
1. Romanov B. et al. Effect of gamma radiation on dielectric and mechanical properties of modified fluoroplastic
PTFE /I AIP Conference Proceedings. — AIP Publishing LLC, 2018. — T. 1938. — Ne. 1. — C. 020003.
2. Boesomun B.H., Hexmogos V.M. DBoumoiiusi CTPYKTypHO-()a30BOTO COCTOSIHUSL M PaJHAIlHOHHAST CTOUKOCTH
KOHCTPYKIIMOHHBIX MaTepuanoB. — Knues: «HaykoBa nymxka», 2006. — 378 c.
3. Mununuyk B.K., Tynuxos B.U. PagnannonHas cTOMKOCTE OpraHUuECKUX MaTeprualioB // SlnepHast sHepreTHKa. —

2001.-T4.-C.77.
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OBOCHOBAHUE TOIIUIMBHON KOMIIO3UIIMA KPECTOOBPA3HBIX TBAJIOB 15
JEI'KOBOJIHBIX PEAKTOPOB
IO. b. Yeptros, T. T. Dn3asar
HauuonaneHeli ncciaenoBaTenbckuii TOMCKUM NOTUTEXHUUECKUA YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050

E-mail: elzayattarek@yahoo.com

B cymecTByIOmUX aTOMHBIX 3JEKTPOCTAHLMUSAX OOBIYHO HCIIOJB3YIOTCS TOIIMBHBIE COOPKH, KOTOpBIE
BKJIFOYAIOT B €605l MHOJKECTBO TOIUIMBHBIX JJIEMEHTOB, KayKAbIH N3 KOTOPBIX COJAEPIKUT AIEPHOE TOIUINBO U3 JHOKCHIA
ypana UQO2, 3axirt04¢HHOE B HIIHHAPUIECKYIO 000104Ky. B TO e Bpems xommanus «JIaiTOpumk» pa3padaTbiBaet
HOBBIHM JAM3alfH TOIUTMBHBIX 3JIEMEHTOB, KOTOPBIM HAa3BIBACTCS «CIUPATBHBIN KpeCcTOOOpa3HbBIA TBI». JlaHHBINA TBAI
MMEEeT YETHIPEXIy4eBYI0 ()OpMY IMOIEPEUHOr0 CEUCHMs M MOBOPOT IO BEPTHKAIBHOW OCH, YeM OOeCIeuHBaeTCS
CaMOJIMCTaHIIMOHUPOBAHUE.

Kommnanus «JIaiTOpupk» M3MEHHIAa TOILIMBHBIN MaTepuall ¢ TPaJAUIMOHHOTO KEPaMHYECKOTO JUOKCHIA
ypana UO2 na cinaB (U-Zr) U3 MEeTaIMUeCKOro ypaHa u Iupkonus. [IpenmnonaraeTcs, 4To Takoe TOITMBO MO3BOJISET
3HAYUTENBHO YBEJIWYUTH MOIIHOCTD (~20%) B TeKyIIMX peakTopax ¢ Bojoi moj nasieHuem (BBOP u PWR) npu
COXpaHEHHH WJIM /1K€ TIOBBIIICHUN YPOBHS 0€30MIaCHOCTH.

[Tono6Hast KOHCTPYKIMS TAKOTO BHIA SACPHOTO TOIUIMBA Y>K€ MCIIOJIH30BAIACHh B BBICOKOTIOTOYHBIX, HO HE
MOIIHBIX, HccaenoBarenbekux peaktopax CM u I[IMK B Poccun. Kpome Toro, Henasno B PHIL «KypuaTtoBckuii
MHCTHTYT» TaKXe NPEJIOKECH 3TOT BHUJ SACPHOTO TOIIMBA, HO C TPEXJIOMACTHBIM NMPOQMIEM, UII KOHCTPYKINH
BBOPT (Bo10-BOASHOM 3HEPreTHYECKU PEKTOp ¢ ypaH-TOPHEBBIM TOIUIMBOM Ha OCHOBe peakropa BBOP-1000) c
TeKCaroHaJIHOW pemeTkod. B CBS3M ¢ MMEIoIUMCS MHTEPEcOM K JAaHHOMY BHAY TB3JIA NPEJCTABISET MHTEPEC
000CHOBaHME BBIOOpAa TOIUIMBHOM KOMIIO3WIIMM, YTO SBJISETCS LEJIbI0 HacTosAmed paboTel. MonenupoBaHue
MIPOBOJIUTCSA C MOMOIIBI0 ITporpaMMHBIX cpencTB GETERA u Serpent.

CIIMCOK JIMTEPATYPbI
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023017 "TOIIJINBHA 1 CBOPKA* March .2016 .

HCCIHEJOBAHUE PEXKUMOB PABOTBI SQHEPTETUYECKOI'O AJEPHOI'O PEAKTOPA CO
CIIEKTPAJIBHBIM PETYJIMPOBAHUWEM JIJISA ITIOBBIINEHUS I''TYBUHBI BBI'OPAHUA
TOIIJINBA
10. b. YeptkoB , T. T. Dn3ast
HanunonanpHeli nccnenoBaTesbckuii TOMCKUI MONUTEXHUUECKUM YHUBEPCUTET,

Poccus, r.Tomck, np. Jleauna, 30, 634050

E-mail: elzayattarek@yahoo.com

Peakrop SSCR mpexacraBiser coboil peakTop ¢ BOJOW IMOJ JABICHHEM, B KOTOPOM 3aMEUIUTENb H
TEIUIOHOCHUTENS TPEACTaBICT COOOM CMECh TSXKEIOW W JIETKOW BOIBI, MPUYEM OTHOCHTEIBHBIC KOHIICHTPAIMH

Ka)KI[Oﬁ M3 HUX U3BMCHAIOTCA B TCYCHUE CPOKa CJ'Iy)K6I)I AKTHBHOM 30HEI pcakKkTopa. B nauane xu3Hun pCakKTopa
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KOHLICHTPALHWS TSDKEIO# BoIbI BbIcoKa (0T 60 10 80 Mok %) [1]. [TockonbKy akTHBHAS 30Ha peakTopa BhIpabaTsBaeT
9HEPTHIO (PEaKTUBHOCTH YMEHBIIACTCS W3-3a BHITOPAHUS TOILUIMBA M HAKOIUICHHUS IPOAYKTOB ACIICHUS), 3aMEIIUTEITb
TETJIOHOCHUTENST Pa30aBISIIOT JIETKOM BOMOW, YTOOBI YMEHBIINTh KOHLECHTPAIMIO TSKETIOH BOABI U TAKHM 00pa3oM
J100aBUTh HEOOXOMUMYIO PEaKTHMBHOCTh. Bo Bpems paOoThl Ha IMOJHOW MOIIHOCTH IMPAKTUYECKH BCE CTEPIKHU
YIIpaBJICHUs HAXOAATCS BHE aKTUBHO# 30HBI. [l0aTOMY 30HaNBHAs 3arpy3Ka TOIUTUBA O4€Hb AP (QEKTHBHA B CHIPKEHUN
MMKOBOW MOIITHOCTH, U MOJIy4aeTCsl PEaKTOpa ¢ BBICOKOH INIOTHOCTHIO MOIITHOCTH.

OtcyTcTBUE CTEpKHEW YNpaBlIeHUS WIN JPYTHX MOTJIOMIAIOIINX CHCTEMaX B PEAKTOPE TAKKe MPHUBOIUT K
BBICOKOMY KO3 (QHUIINEHTY KOHBEPCHH, TOCKOIBKY HEHTPOHBI MOTJIOMAIOTCA B (PepTIIIHOM MaTepHale U MPOU3BOIAT
TOILINBO, & HE TEPSIOTCS B CTEPIKHAX YIPABJICHUSA WK B APYruX noromaromux cucremax. SSCR momyckaer 6oee
JUTUTENBHBINA CPOK CITy>KObI aKTHBHON 30HBI, 4eM OOBIYHBIC BOJASHBIC PEAKTOPHI C PETYIHPYIOMIUMH CTEPKHIMH,
MIOCKOJIBKY Oosee M30bITOYHAs PEaKTUBHOCTH MOJKET KOHTPOJIMPOBATHCS 3aMEIUTUTENEM TSDKENIOH BOIBI-TIETKON
BobI [2]. JlocTarouyHast H30BITOUHAS PEAKTHBHOCTH MOXET KOHTPOIUPoBaThest B SSCR [ist TOCTHKCHUSI BBITOPAHHS
torumBa 60 000 MBT:CyTKH/T WM BBILLIE.

Kpowme Toro, Oonee HU3KMHA MUK MOIIHOCTH aKTHBHOM 30HBI MPUBOAUT K CPEIHEMY BBITOPAaHHIO TOILIHBA
AKTUBHOM 30HBI OJIM)KE K MaKCHMAJIbHOMY BBITOPAHHIO, YEM B CIydae PEaKkTopax C BBHICOKUMH KO3 (HUIMCHTaAMU
MMKOBOW MOITHOCTH. Takum 00pa3oM, €Clii CPOK CIyXKOBbl aKTUBHOM 30HBI OTPAHNYCH MAKCUMAIBHO JOITYCTHMBIM
BBITOPAaHHEM TOIUIMBA, TO akTHBHOW 30HBI SSCR Moryt mocturars Oonee IJIMTENBHOTO CPOKA CITY>KOBI, TaKk Kak
CpeIHuil BRITOpaHUe BBILIE JUIS JAaHHOTO MaKCHMaJIbHOT'O JIOKaJIBHOTO BEITOpanus [1].

CIIMCOK JIMTEPATYPbI
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KOMILIEKCHBINA ITOAXO/I IO CO3JIAHUIO, KOHTPOJIIO KAUECTBA U BOCCTAHOBJIEHHUIO
BAPBEPOB BE3OINACHOCTMU IPU BBIBOJIE U3 SKCIIJIYATALUU ITYTP ®I'YII «I'XK»
J1.0. YyGpees, /[.B. XKupuukos, A.B. JleoHnos
OI'YII «I opHO-XMMUYECKUI KOMOMHATY,
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E-mail: d.chubreev@gmail.com
Ha mnomanke ®I'VII I'XK pacrmonoxeHsl TpH IPOMBIIUICHHBIX YpaH-TpadUTOBBIX peakropa. M3 Hux
peaktopsl AJl 1 AJID-1 MOJIHOCTHIO OCTAHOBJICHBI, IPUBEJICHEI B SIEPHO-0€30IT1aCHOE COCTOSIHUE M BBIBOJASTCS U3
9KCIUTyaTalllK 110 BAPHAHTY PaJnallMOHHO-0€30MacHOr0 3aXOPOHEHHs Ha MECTe C JaIbHEHIINM CO3JaHNeM ITyHKTa
3axopoHeHHs «0cobbx» PAO. IIpum 3TOM C 1Enpl0 NMPEeJOTBPALICHHS BO3MOXKHOW TUGPY3UH W MHUTPAIHH
PaIMOHYKINIOB U3 IyHKTAa 3aXOPOHEHHS, a TAK)Ke CO3AaHUs MHOTO0aphepHONW CHCTEMBI 3aIIUTHI B COOTBETCTBHH C
npuHInoM ALARA [OTONHHTENHHO CO3MAIOTCS MCKYCCTBEHHBIE Oaphephl O€30MacHOCTH C HCIIOJB30BAaHHEM
TEXHOJIOTHH OecIoIoCTHOTO 3anoiaHeHus [ 1,2].
C TeyeHMEeM BpPEMEHHM M3-3a YIUIOTHEHUs MCIOJIB3YEMOI0 TJIMHUCTOrO GapbhbepHOr0 Marepuajia BO3MOXKHO
00pa3oBaHKe MOJIOCTEH B MECTaX CTHIKA CTPOUTEIBHBIX KOHCTPYKIMH M KOHCTPYKIIMOHHBIX 3JIEMEHTOB PEakTopa.

KpOMe TOTO0, HC HUCKJ/IIOYCHO IIONaJaHuC BJiaru (PI3 TCXHOI'CHHOTO HWJIK MPUPOJHOIO I/ICTO‘IHI/IKa) BHYTPb ITYHKTa
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3aXOpoHEHHs «0coObIx» PAQO, WTo MOXET TakKe MPHUBECTH K HAPYIICHUIO [EIOCTHOCTH TIIMHOCOJEpPIKAIIUX

OGaprepoB OE30MMACHOCTH.

[ocne oOHapy>KeHHS MECT 00pa30BaHUS TOJIOCTEH HIM 0OBOIHEHHS, HAIPUMEP METOI0OM HEHTPOH-TaMMa U
HEHTPOH-HEHTPOHHOTO KapoTaxa, OTIMCAHHBIM B paboTe [3], He00X0IMMO MPOBEACHUE MEPOTIPHUITH, HATTPABICHHBIX
Ha BoccTaHOBIeHHE OapbepoB OezomacHocTu. /st atux nened corpynuukamu OPIYIT «I opHO-XxMMHYECKHI
KOMOUHAT» ObLI IpeaJIOKCH crocob OCYIICHUA 6ap1>ep013 0€e30IacHOCTH U JIMKBHUAAITUHU MOJIOCTEH B GapbepHOM
MaTtepuale, OCHOBAHHBIN Ha SABJICHUU SJICKTPOOCMOTUYCCKOTO JBUXKCHUSA BJIary. HOI[ ﬂeﬁCTBHeM
OJIEKTPOMAarauTHOTO II0JIA, CO34aBa€MOTO JJIEKTPOAAMH, PACIIOJIOKEHHBIMU II0 KpasMm obmactu OGBOﬂHeHI/IH (I/IHI/I
TpCH.[I/IHBI) BO3MOXHO NEPEMEUICHUE XUIAKOCTU OT OJHOTO JJIEKTPOAA K APYTrOMY, YTO ITIO3BOJIACT JIOKAJIM30BaTh
00acTh 00BOHEHUS B MECTE KOHTAKTa TJIMHBI C OJTHIM U3 3JICKTPOJOB, TEM CAMBIM OCYIIUTH OaphepHBIA MaTepHAaL.
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COJAEPXAHUE U PACITPEAEJEHUE PAITMOHYKJINJIOB B ITIOYBAX JAEJbTHI PEKU JIEHA
H.U. llImakosa, M.C. Ky3ueuos, B.B. Bepxotyposa
HauunonaneHelil necaenoBaTenbckuilt TOMCKUN NOJUTEXHUYECKU YHUBEPCUTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050

E-mail: nschmackova97@gmail.com

[TpucyTcTBUE pagroaKTUBHBIX 3JIEMEHTOB CO3/Ia€T B MOPCKOW BOJIE €CTECTBEHHBIH PaHOaKTUBHBINH (OH,
KOTOPHBIN 3a1aercs, B OCHOBHOM, HaimmureMm uzotonoB K-40, U-238, U-234, Th-232. OcranbHble pagioakTHBHBIE
3JIEMEHTHI BHOCAT HEOOJNBINON BKJIAI B HMPUPOJHYIO PaJHOAKTHBHOCTE MOPCKOH Bojmbl. Llenmbro nanHOW pabOTHI
SIBIISUTOCH OTNPEICTICHHE COJICPIKAHUS U PACIIPEICICHUS PAJUOHYKIUIOB B PErHOHE NICNBTHI peku JIeHa, ciry>xuBIeM
Jutst oTOOpa poo 3eMin.

CaMoIpou3BOJIFHOE TMPEBPAIICHHEC HEYCTOHYHMBOTO aTOMHOTO spa B JAPYrOd HYKIHZ COIPOBOXKIACTCS
HCITyCKAaHHEM HOHU3MPYIOIIET0 H3AYYCHHUS, 3TOT MEPEXO] MPHUBOAMT K OOPa30BAaHHIO HOBBIX PAIHOHYKJIHIOB,
00pa3yIOIINX PATHOAKTHBHBIC PSIIbL. JIJIs H3MEPEHHUS HCITYCKAIOIIETOCs HOHU3UPYIOIIETO U3TYUCHHUSI HCTIOJIb30BAICS
METOJ] HEPa3pyIIAOIIEro aHajr3a, MPOBOIUMBIN C IOMOIIBIO MOJYPOBOAHHKOBOTO Aerektopa HpGe. JlaHHbIi
METOJ HE M3MEHSET (HU3UUECKOE WIIM XUMHUYCCKOE COCTOSHHE SACPHOTO MaTephaia, a M3JIydYCHHE, HCIYCKAaeMOe
SICPHBIM MaTEpPHajIoM, YHHKAIBHO IS KaKA0oro u3oTona. Habop criekTpa npoBoawics B TeueHHA 48 4acoB.

B paanoakTHBHOM psijty TOpHUs ObUIH OOHAPYXKEHBI ciaeaytomue nzoromnsl: Ac-228, Th-228, Ra-224, Pb-212,

Bi-212, TI-208, oTcyrcTBHE IpYyrux HM30TOMOB 3TOTO Psijga OOBSCHIETCS HEJOCTATKOM HMX TaMMa-MU3JIydeHHs JUist
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nerektupoBanus. [Ipu aHamm3e MaHHOTO psiga He ObLIO OOHapyxkeHo Th-232, HO TpH HACTYIUIEHHMH BEKOBOTO
paBHOBECHSI, aKTHBHOCTH WICHOB psia PaBHBI, €CIM IyThb K HUM JIEXHUT He depe3 BeTBieHHs. CliemoBaTesbHO,
akTUBHOCTH AC-228 paBHa akTuBHOCTH Th-232. [TosryyenHas akTuBHOCTH Th-232 u3 mpo6 cocrasnser 1,53 107 r/n
¥ COOTBETCTBYET CPEHECTATUCTHYCCKUM 3HAYCHUAM: cpeiHee coaepkanne Th-232 B Bogax Tuxoro okeana 2,2 - 10
® /n, a B CeBepHoii Artnantuke (0,3-4,5)-107 r/n [1]. B psny aktuaus 6butu o6Hapyxkensl nzotons U-235, Th-231,
Pa-231, Th-227, Ra-223, Pb-211, Bi-211, TI-207. CnenoBareibHO, MOYKHO C/AETaTh BBIBOJ] O TOM, YTO B MPOOAX 3eMIIH
u3 nenbThl peku Jlena conepxkutcs U-235. B mpobax 3emiu Tak e ObUTH 0OHAPYKEHBI U30TOMHI psifa paaus: U-238,
Th-234, Ps-234m, U-234, Th-230, Ra-226, Pb-214, Bi-214, TI-206. Cpennee conepxanne Ra-226 B mpobax (10-
57)BK/KT, UTO COOTBETCTBYET CPEMHECTATUCTHUECKOMY, CoralacHo aaHusiM Sources and Effects of lonizing Radiation
(2008), u cocrapmser (17-60) br/kr. Cpennee comepxkarne U-238 B mpobax cocrasmser (9-46) Br/kr, 94To Takxke
COOTBETCTBYET cpenHecTaTucTHIecKkoMy 46,2 Br/kr [2].
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APPLICATION OF ALPIDE PIXEL DETECTOR FOR HEAVY-ION NUCLEAR EXPERIMENT AND
ION THERAPY
1.B. Danilova?, S. Kushpil?, M. Davidkova?
INational Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Avenue, 30, 634050
2Nuclear Physics Institute of the Czech Academy of Sciences,
Husinec 130, 25068 Rez, Czech Republic
E-mail: irisna2809@gmail.com
The ALICE Pixel Detector (ALPIDE) is the Monolithic Active Pixel Sensor (MAPS) for the upgrade of the
Inner Tracking System (ITS) of the ALICE experiment at CERN. The ALPIDE sensor is based on the TowerJazz

technology, which uses a several metal layers which in combination with a small size of pixel implements high density
and low power digital circuits. A single 25 pm thick sensor measures 15 mm X 30 mm and contains half a million
pixels distributed in 512 rows and 1024 columns. Each pixel of the ALPIDE has an analog front-end circuit for signal
amplification, hit discrimination, and a 3 hit buffer. The detection efficiency of the sensors is higher than 99%, fake-
hit rate is orders of magnitude lower than the required 106 pixel"* event, and spatial resolution is within the required
Sum [1].

Radiation therapy is one of the most effective ways to fight cancer. In order to successfully irradiate tumour
within target volume and minimize the damage of healthy tissue, there is a need to control the dose delivery. Today,
irradiation is carried out using photons or charged particles (for example, protons). Protons have the Bragg peak at the
end of their trajectory, where they lose most of their energy. Therefore, the absorbed dose for healthy tissues after
irradiation with protons is less than after photons. For the accurate determination of the Bragg peak position within a
tumour volume, one needs to know the stopping power of organs and tissues of patients when the planning of proton
radiation therapy [2]. ALPIDE has perfect position resolution and radiation tolerance allowing precise positioning of
a particle beam in hadron therapy [3]. The purpose of the work was to study the characteristics of the ALPIDE pixel
detector.

The work describes an operational principle of the ALPIDE sensor, compares the beam test data taken at the
Proton Synchrotron at CERN. We also present laboratory measurements of Fake Hite Rate of the selected ALPIDE
chips for Outer Barrel of new ITS. The results were compared with ITS ALICE requests.
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STUDY OF THE INFLUENCE OF TEMPERATURE ON THE READINGS OF THE SCINTILLATION
DETECTOR NAI (TL)
R. E. Kelsingazinal, E. Yeboah?, V.S. Yakovleva?, M.S. Cherepnev?, S.V. Smirnov?
INational Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Ave., 30, 634050
2Institute of Monitoring of Climatic and Ecological Systems SB RAS,
Russia, Tomsk, 10/3 Akademichesky ave., 634055

E-mail: vsyakovleva@tpu.ru

Scintillation detectors based on the Nal (TI) crystal are widely used in environmental field studies. Devices
undergo temperature changes over a wide range under such operating conditions. Scintillators and photoelectronic
multipliers are inherently sensitive to temperature changes[1]. And for this reason, temperature stabilization is
provided in the detectors. The simplest stabilization method is the use of temperature-dependence coefficients that is
part of the detector calculation program.

The object of the study in this work is BDKG scintillation detectors with a built-in temperature stabilization
algorithm. An incorrect reading of the detector was revealed when it was measuring the background values of the
gamma radiation dose rate in the previous studies conducted at TPU. Possibly it was related to the influence of the
temperature. In this regard, it became necessary to verify the operation of the detector in controlled environmental
conditions.

The aim of this work is to study the scintillation detector readings at different values of temperature and
relative humidity for the subsequent calculation of temperature correction coefficient.

The paper presents the results of an experiment in the climate chamber TYR 3626 of the control and testing
station (CTS) of the IMCES SB RAS. Precision measuring instruments of temperature MIT-8.10 and relative
humidity IVA-6B were used to monitor the state of the environment in the chamber, the measurement errors of
temperature was + (0.03 - 0.04) ° C and of humidity was + (2 - 3)% . The readings of two detectors of the same type
- BDKG-03 were studied. The temperature in the chamber varied from —40 to + 40 ° C in increments of 5° C.

An analysis of the experimental results showed that dose rate measurements using the built-in algorithm give
unreliable readings. The temperature correction coefficient determined from experiments is significantly different
from the factory coefficient. Further processing of the results on the pulse count rate made it possible to reveal a weak
linear dependence of the readings on temperature, identical for the two detectors. The temperature correction
coefficient was calculated based on the found dependence.

The authors are very grateful to the CTS staff, namely: the head of the metrology department E.Yu. Chalov,
engineer-metrologist D.A. Shushlyaev and engineer V.A. Korobeynikov, for the technical support and maintenance
of the experiment for several days.
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INVESTIGATION OF CHANGES IN BACKGROUND RADIATION DUE TO TECHNOSPHERE
OBJECTS
Mathias Zulu?, G.A. Yakovlev?, V.S Yakovleval
!National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Avenue, 30, 634050
2 National Research Tomsk State University,
Russia, Tomsk, , Lenin Avenue, 36, 634050

E-mail: chamzgalary@gmail.com

The gamma-background of the urban atmosphere is formed to a greater extent by the radiation of
radionuclides contained in the soil, building materials, and the atmosphere. The influence of various objects of the
Technosphere has practically not been studied by anyone. It is not known which objects will increase the total urban
gamma background, and which ones will decrease. The foregoing determined the main goal of this work - the study
of the influence of Technosphere objects on the gamma background radiation of the urban environment. The study
was carried out in the city of Tomsk, Russia. Background radiation was studied using highly sensitive intelligent
gamma detectors BDKG-03. It was determined that, within a radius of 1m from certain Technosphere objects the
absorbed dose was 1.5 to 4.4 higher than the UNSCEAR recommended safe limit. The highest recorded dose for a
person standing 50cm away from the technosphere objects was 204 nGy/h which is 2.4 times higher than the
recommended safe limit. The range of absorbed dose was 84 nGy/h to 374 nGy/h. The highest calculated range of
AEDE was 0.17 to 0.57 mSv/yr and ELCR was 0.59 10-to 2.01 103,

MCNP SIMULATIONS OF DETECTOR RESPONSE FOR DIFFERENT NEUTRON ENERGIES OF THE
DETECTOR: AHIGHLY SENSITIVE SILVER-ACTIVATION DETECTOR
A.M. Shehada, I. Pyatkov
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Ave., 30, 634050
E-mail: shihada@tpu.ru

In this work, a simulations using Monte-Carlo code MCNP is used to simulate the fast neutron detector
indicated in the paper [1] and also different materials and designs to get the most efficient design of detecting and
registering signals due to fast neutrons interaction within the active materials (silver an others) and the plastic
scintillator (here is NE-110). This detector consists of 31 silver foils (101.6 x 203.2 x 0.245 mm) sandwiched between
32 plates of NE-110 plastic scintillator, each 102.0 x 204.0 x 3.2 mm.

In the MCNP simulations, the following parameters were used in the input file: 1. The Neutron flux produced
by 2 pA deuteron ions (13.6 MeV) collided with beryllium target (compressed powder 3-mm thick 11-cm in diameter)
equal to (2.93 x 10 n/s). 2. The detector-cell «cell of collected energy and charge resulted from neutron interactions
with detector materials » in the input file chosen to be filled with Air. 3. The plastic scintillator used in simulations is
the Anthracene Ci4H1o (density = 1.28 g. cm™ at 25 °C).

The results of the detector response (64 sheets of silver + scintillator) as a function of neutron energies for
two cases: 1. For 10 cm paraffin moderator in front of the source and 5 cm for paraffin moderator on the sides of the
detector, 2. For 15 cm paraffin moderator in front of the source and 5 cm for paraffin moderator on the sides of the

detector.
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Fig.1. the detector response for 10 cm paraffin moderator in front of the source (left) and for 15 cm
paraffin moderator in front of the source (right).
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THE PROBABILITY OF COMPLICATIONS OF ORGANS AT RISK (OAR) OF THE HEAD-AND-NECK
WITH SIMULTANEOUS INTEGRATED BOOST AND SEQUENTIAL INTENSITY-MODULATED
RADIOTHERAPY TECHNIQUES
Tawfik Helmy Tawfik Abdelmalak, Y.N. Sutygina, E.S. Sukhikh, Ehab Mostafa, A.V. Taletsky
National Research Tomsk Polytechnic University,
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Head and neck cancer belong to the most prevalent cancers, and are the sixth leading cause of cancer

worldwide. Radiotherapy is an important treatment modality in head and neck cancer. In recent years new radiotherapy
techniques have been developed. The IMRT technique is characterized by a highly conformal dose distribution to
targets, whereas a constraint dose to organs at risk (OARs) [1]. Sequential boost (SEQ) intensity-modulated radiation
therapy regimens for HNC are composed of elective irradiation followed by a series of reduced boost fields aiming at
the different overall doses needed for tumor control or OARSs tolerance. Simultaneous integrated boost (SIB) technique
gained popularity as it improved planning efficiency and escalated the dose per fraction delivered to the gross target
volume (GTV) to potentially enhance tumor control [2]. SIB-IMRT is a safe and effective treatment for HNC, whereas
it offers the following advantages: shortening of the treatment time and increased biologically equivalent dose (BED)
to the tumor with dose per fraction slightly >2 Gy [3].

Aim: The purpose of this work was to Compare prescription dose coverage of planning target volume (PTV)
and complication of organs at risk (OAR) based on dose volume histogram (DVH) from sequential (SEQ) and
simultaneous integrated boost (SIB) plans delivered with volumetric modulated arc therapy (VMAT) for patients with
squamous cell cancer of the head and neck (HNSCC).

Patients and methods: SEQ and SIB plans using VMAT for 10 HNSCC patients were generated and analyzed
for differences in dose distribution, coverage to the planning target volumes (PTV) 70-50 and sparing of organs at

risk (OAR). Also, biological effective doses were calculated for PTV70-50, brain stem and spinal cord.
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Results: Both strategies achieved excellent PTV coverage and satisfactory OAR sparing. Measured Dmean
were 71.9+0.7 and 61.11+2.95 for PTV70 and PTV50 respectively for SIB, and 72.6+0.3 and 62.9+3.2 for PTV70
and PTV50 respectively for SEQ (p = 0.002 for PTV70 and p = 0.006 for PTV50). The BED to PTV70 was higher in
SIB- VMAT than SEQ-VMAT, 92.52+1 Gy10 and 87.58+ 0.4 Gy10, respectively (p = 0.002 for PTV70). The mean
dose of Dmax to the spinal cord and brain stem in SIB VMAT were (39.6. = 3.7 Gy and 31.3 + 17.3 Gy) and in SEQ-
VMAT (40.8+ 5.6 Gy and 30.5 + 17.6 Gy) respectively (p= 0.14 for spinal cord and p = 0.25 for brain stem).

The BED for spinal cord and brain stem were higher in SIB- VMAT than SEQ-VMAT, (70.33 + 9.3 Gy and
55.7+36.1 Gy) and (64.97+ 11.5 Gy and 47.8 + 32.2 Gy) respectively (p = 0.1 for spinal cord and p = 0.12 for brain
stem).

Conclusion: The SIB technique is a more effective way of planning and delivering VMAT because it involves
the use of the same plan for the entire course of treatment. it may have biologic advantages: the ability for dose/fraction
escalation to a tumor and conformal avoidance of normal tissues. However, tissues embedded in the target volume
may be at higher risk, and caution must be observed when applying higher than conventional fraction sizes.
Furthermore, there may be an advantage in terms of higher biologically effective tumor dose and/or lower biologically
effective dose normal tissues outside the tumor volume. SIB-VMAT may be superior to SEQ-VMAT in its
convenience and short-course of treatment. However, there is an increased risk of complication due to the high dose
per fraction and reduction in overall treatment time which leads to increase BED for SC and BS so the risk of
complications are increased such as myelopathy. In contrast, sequential boost VMAT is more time consuming and
requires the summation of 2 or more treatment plans, but less risk of complications in comparison to SIB such as
myelopathy.
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HENUTPOH-3AXBATHAS TEPAIIUSA HA UCCJIEJJOBATEJILCKOM PEAKTOPE UPT-T
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HeliTpoH-3axBaTHasi Tepanmusi — OJWH W3 METOAOB PaHallMOHHOW TEpamuy IJsl CEJeKTHBHOIO JICUCHHUS
3JIOKaYeCTBEHHBIX HOBOOOpA30BaHUI TOJOBHOTO MO3Ta, IIEH, JIETKUX W T.JO. B OCHOBEe MeTona JIeXHUT siepHas
peakiys pajualiOHHOrO 3aXBaTa HEWTPOHa cUibHONOMIomaKI My u3otonamu (B, Gd'7) [1,2]. TpaauuuonHo, B
Ka4ecTBE CHILHOIOIIOMAIOIEro »jIeMenTa npuMeHserca B (6op HeliTpoH-3aXBaTHas Tepamus) C CEYCHHEM

MIOTJIOIIEHHS B TeTJIoBoH obiacTu nopsiaka 3800-4000 6apH. OcHOBHOH TepaneBTHUeCKUH S (GEKT B JaHHOM ciIydae
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JOCTHTaeTcs 3a CueT TOPMOKEHHUs MPOAYKTOB siaepHoit peaxkuuu (Li7, He*)s paguyce 5 u 7 mxm ana Li7 u He,
COOTBETCTBEHHO, YTO NpUBOAMT K pa3pymeHuto JJHK pakoBbIX KiIeTOK.

B kadecTBe MCTOYHHMKOB HEUTpPOHHOTO m3nmydeHus ais neield H3T Bo3MOXKHO HCIIONB30BaHME SIIEPHBIX
peakTopos, yckopureneit, Cf2%2, Cpenu ynoMsHyThIX, HauGonee GyHKIMOHATLHBIM HCTOYHUKOM SABJIAETCS S1EPHBII
peakTop Onarosapsi BOSMOKHOCTH pealln3alii YCTAHOBOK C 3a/JaHHBIMU cBOicTBaMu aiist uccienoBanuiit H3T Ha 6aze
SKCIEPUMEHTANBHBIX YCTPOUCTB peakTopa.

Uccnenosatenbckuit peakrop VPT-T — MHOrodyHkunmoHanbHas yHHKajbHas Hay4yHash YCTAaHOBKa Ha
KOTOPBII TPOBOAATCSA MHOXECTBO HAYYHBIX HCCIEIAOBAaHMH B 00JacTSIX (U3UKH TBEPIOTO Tella, HEHTPOHHO-
TPaHCMYTallMOHHOT'O JIETUPOBAHUS, IMPOU3BOJCTBA TEXHMUYECKUX M MEAMLMHCKUX u30TomnoB. Peakrop MPT-T
SBIISICTCS PEAKTOPOM OacCEHOBOTO THIIA TEIUIOBOW MOMIHOCTRIO 6 MBT, HacumthiBaeT 10 ropu3oHTaNbHBIX, 14
BEPTUKAIbHBIX KaHAJIOB.

B Hacrosimeit paborte mpeicTaBlieHbl SKCIEPUMEHTABHBIE W PACUETHBIE Pe3yJIbTaThl MCCIEIOBaHUM MO
OTIpPENIeNICHUI0 M ONTHMH3AIMM BBIXOJIHBIX XapaKTEpUCTHK IydKa HEHTPOHHOro U3NydeHHus[3] B COOTBETCTBHE C
PCKOMCHAYCMBIMU  XapAKETUPUCTUKAMH, BO3MOXHBIC MYTH pcaiu3alliy TMPCAKIMHUYCCKUX U KIMHUYCCKUX
uccinenoBanuii Ha peakrope HMPT-T. PaccMOTpeHBl NEpCHEKTUBBI MOJEPHM3ALMM BHYTPEHHEH TEIUIOBOM Uit
(hopMupoBaHUs My4Ka HEHTPOHOB mpu peanm3amuu H3T.

CIIUCOK JIMTEPATYPBI
1. TIlyuku setitporoB Mg Teparun: O630p / 3.J1. Kymurennukos, A.H. loBous, FO.H. Tenerun, B.A. L{pmm6an, C.C.
Kangsioeit. — Xaperos: HHI] X®TH, 2011. - 31 ¢
2. Locher G. L. Biological effects and the therapeutic possibilities of neutrons //Am. J. Roentgenol. — 1936. — T. 36.
-C. 1-13.

3. Neutron capture therapy: principles and applications. — Springer Science & Business Media, 2012.

PA3PABOTKA CTAHIIAMA U IPOBEJIEHUE HA HUX UCCJIEJOBAHMM IO OBJYUYEHUIO
MHUKPOCXEM M PAJJMOBUOJIOTMM ITYYKAMHA HOHOB HU3KUX U BBICOKUX SHEPT U
YCKOPHUTEJBHOI'O KOMIIJIEKCA NICA
A. A. Ciupun'?, T'. A. ®unaror?, E. M. Ceipecun?

MextyHapoiHas MEXIPaBUTENLCTBEHHAS opraHu3anus OObeIMHEHHBIH HHCTUTYT SIEPHBIX HCCIIEI0BaHMH,
Poccus, r. JIy6Ha, yi. XKommo-Kropu 6, 141980
2HauuoHaibHbli Hecie0BaTeNbekuii TOMCKMIA MONMTEXHUYECKU YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna 30, 634034
E-mail: slivin@jinr.ru

B pamkax npoekra NICA Benércs co3nanue MHHOBauMOHHOTO OJIOKa, OPHEHTHPOBAHHOTO HA TPHU
HaNpaBJICHUs] MPUKIAJHBIX UCCIEAOBAaHUNA: MPOBEACHHUE MCCIEJOBAaHUI U UCHBITAHUN NEPCHEKTUBHBIX H3ACIHN
MOJYTIPOBOJHIKOBOIl MHKpPO- M HAHO3JIEKTPOHMKH Ha PAJHAlMOHHYIO CTOMKOCTh HPH BO3ICHCTBHU TSKEIBIX
3apspkeHHbIX yacTuil (T3Y) Beicokux suepruii (150-350 MaB/H, craniust 00IydeH sl JTMHHONPOOSKHBIMH HOHAMH
texauueckasd, COAWUT) un Huskux sHeprui (3,2 MaB/H, cranmus oOIydeHHs KOPOTKOMPOOESKHBIMH HOHAMH
texanueckas, COKUT); mpoBeneHne uCCIeOBaHUA B 00JIACTH KOCMUYECKOU PaAoOMOJIOTHH U MOJCTUPOBAHUHU
BozneiicTBust T3Y (400-800 MaB/H, cranims obaydeHus JUIMHHONIPOOeKHBIMU HoHaMu Onosnornueckast, COANB) Ha

KOTHUTHBHBIC (byHKL[I/II/I MO3ra MCJIKHUX na6opaT0pHHx JKUBOTHBIX U IPUMATOB [1] BBI/IIly OTCYTCTBHS TCXHOJIOT'MU
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00JTydeHNST MUKPOCXEM BBICOKOIHEPTEeTHIECKUMHE ITydkaMu B Poccum, 3amada 1Mo CO3MaHHWIO CTAHIUH OOIydeHHS
MHUKPOCXEM SIBIIICTCS aKTyaJbHOH 1 mpruopuTeTHON B pamkax npoekra NICA.

[TpuknagHbIe CTAHIIUY BKITIOYAOT B CE0S CIEAYIOIINE COCTABHBIC YACTH: CHCTEMA JUATHOCTHKH M KOHTPOJIIS
napaMeTpoB IMy4koB HOHOB Beicokux 3Hepruil (COJUT, CO/IUB), cucteMa TUarHOCTUKU U KOHTPOJIS TapaMeTpOB
MyYKOB HU3KORHEepreTuueckux HoHoB B Bakyyme (COKMUT), cucrema KOHTpOIIS apaMeTpoB OOBEKTOB HCIBITAHUH,
OCHACTKa JUIsl TOJKIIOYEHUS KOHTPOJIBHO-M3MEPUTEIHHOTO O0OpYIOBaHMS K OOBEKTY HCHBITAaHMH, Kamepa C
ocymuieHHo# armocdepoi (st cranuun COJIUT), Bakyymuas kamepa (s cranun COKUT), cucrema uamepeHus
nmo3el  obmydenns (it cranmmm COJIMB), cuctemMa MO3WMIIMOHMPOBAHWS, CHCTEMa 3aJaHUs TEMIIEPAaTypHI
MHUKpPORJICKTPOHHUKH, CHCTeMa KIuMat KOHTpoist (s cranimu COANB).

B pabote mpoBoAMIOCH MCCIEIOBAaHHWE B3aMMOJCHCTBHS TSDKENBIX 3apsDKEHHBIX YacTUI] (MOHOB 30JI0Ta
AU") BBICOKMX SHEpruii ¢ MONYNPOBOJHMKOBOW MHKPOAJIEKTPOHMKON. MOJENMpOBaHHE OCYIIECTBISIOCH C
MOMOIIBIO TporpamMMHoro makera GEANT4 [2].

CIIMCOK JIMTEPATYPbI
1. E. Syresin, A. Baldin, A. Butenko, G. Filatov, A. Slivin, G. Timoshenko, G. Trubnikov, A. Tuzikov, M. Kats, T.
Kulevoy, D. Liakin, Y. Titarenko, D. Bobrovskiy, A. Chumakov. New Nuclotron beam lines and stations for
applied researches // Proceedings of 10th International Particle Accelerator Conference, Melbourne, Australia. —
2019. — p. 449.
2. Agostinelli S. et al. GEANT4—a simulation toolkit // Nuclear instruments and methods in physics research section
A: Accelerators, Spectrometers, Detectors and Associated Equipment. — 2003. — T. 506. — Ne. 3. — C. 250-303.

OLEHKA BJIATO3AIIACA CHEKHOI'O ITOKPOBA 110 PAIUAIITMOHHOMY ®OHY NPU3EMHOMN
ATMOC®DEPBI
Mathias Zulut, M.A. Jozockuit', U.B. Bemsera?, I'.A. Sxosnes®, A.C. 3emunckuit’, B.C. Sxosnepal

'HannoHansHBIN HCCIeqoBaTeNbCKuit TOMCKHMI MOMATEXHUYECKHIT YHUBEPCHUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
2ToMcKuii rOCYJapCTBEHHbIH apXUTEKTYPHO-CTPOUTENLHbIN YHUBEPCUTET,

Poccus, r. Tomck, 1. Consaast, 2, 634003

SHauuoHnanbsHblit necieoBatesbekuit TOMCKHI rocy1apCTBEHHBIH YHHBEPCHUTET,
Poccus, r. Tomck, nip. Jlenuna, 36, 634050

“VMIHCTUTYT MOHUTOPHMHIA KIMMAaTUIECKHMX U dKoJornueckux cucrem CO PAH,
Poccus, r. Tomck, np. Akagemmueckuit, 10/3, 634021

E-mail: lozovskiimark@mail.ru

B nacrosmee Bpems B CBA3U C MPUPOJHBIMHM M KIMMATHYECKUMH M3MEHEHHSIMU B Pa3IMUYHBIX PErHOHAX
Poccun, octpo BcraroT BOHpOChl BOAOCOEpErarolix TEXHOJOTHI B arpapHOM ceKTope. B cOBpeMeHHBI yciIoBUs
HKOHOMHKH HEOOXOJMMBI HOBBIE METOBI M TEXHOJIOTHH, TI03BOJISIOIINE TIOBBICUTH YPOXKaHHOCTD M CHU3HUTH 3aTPATHI.
B nmepByto ouepens 3T0 METOABI KOHTPOJIS BIQXKHOCTH IUIOIOPOIHBIX 1MOYB. 111t 3 peKTUBHON SKOHOMHIH PECYPCOB
Ha TIOJIMB M WX PAIlMOHAIIEHOTO WCIOIh30BaHUS HEOOXOJMMO 3HATh HE TOJBKO KOJHMYECTBOBHINAJAIONINX OCAIKOB B
BECCHHE-JIETHE-OCEHHHE MEePHOJIBI, HO BJIAro3amac CHEXXHOro MOKpoBa. CHEXHBIM HOKPOB SBISAETCS OIHUM H3

OCHOBHBIX BKJIaJI0B B BOI[HI:Iﬁ 3arac nmpupoJaHbIX pECypCoOB.
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JUmuTeTbHBII MOHUTOPHHT paJAHAlliOHHOTO (DOHA, TPOBOIMUMBIN Ha SKCIIEpUMEHTaIbHOH wromanke TITY -
HNMK3C CO PAH, mokazan, 9To Ce30HHBIE KOJeOaHMs paanarioHHOTO (JOHA CBS3aHBI C HAKOIUIEHHEM CHEXKHBIX
0CaZIkOB B BHJE CHEXKHOTO IIOKpPOBAa. AHAIM3 AAHHBIX JUIUTEIHHOTO MOHHTOPHHIA TTO3BOJMI IPEIUIOKUTH METOX
OLICHKH BJIaro3araca CHe)HOT0 IIOKpOBa [0 M3MEPEHHsIM pajuanuoHHoro ¢oHa [1].

CorylacHO METOy JUIsl OLICHKH BJlaro3araca J0CTaTOuHO JJBa U3MEPEHUsI MOIIHOCTH JI03bI TaMMa-U3JIyYeHUs
Ha OJTHOH U TOM k€ BBICOTE OT 3€MHOM MOBEPXHOCTH, IEPBOE — 10 BBINAJCHUS CHEra, BTOPOE — IIepe/l HadaoM TasHUs
CHEKHOTO IIOKPOBA, B THEBHOE BpeMs CYTOK U HE MEeHee ueM uepe3 3,5 uaca rocje BbINaJeHUs CHeTa.

JlaHHBII METOA MPOIIEI ampOOAIHIO B TIOJIEBBIX YCIOBHS : HA YETHIPEX CEIBCKOXO3SIMCTBEHHBIX MOJIX MO
HanpaBieHuio Tomck—Cuamit YTtec, Boonp ynunbl bacannmaiickoif. VizMepeHns Ha cenbCKOXO3SHCTBEHHBIX MOJISIX
TIPOBOIIIIN C IIOMOIIBI0 To3uMeTpoM-paaromerpoM JIPBIT-03, u 6oka nerektupoBanms bAKI-03, moakmo4eHHOTO
k IIK (mepenocHOro HOyTOYKa) € MPEeayCTaHOBIEHHBIM IPOIPaMMHBIM 00ECTICYEHHEM.

C nomortpio pa3paboraHHOro crmoco6a [1], ObUIM TPOBEICHBI OICHKH Biiaro3amaca CHEXHOTO MOKPOBa.
HOHy‘IeHHbIe PE3YJIbTATBI XOPOLUIO COTJIACYIOTCA C apXUBHBIMU JaHHBIMH IUHAMUKHN CHEKHOT'O BOJHOI'O SKBHUBAJICHTA
3a MocJeIHIe oAbl C caifta WWW.Ip5.ru.

CIIMCOK JIUTEPATYPbI
1. Tlar. 2694080 (P®. MITIK GO1W 1/100. Crioco6 ompeneneHus Biarosanaca B cHe:kHOM nokpose/ [.A SIkoBres,
B.C. SxoBnesa, 1.B. bensera. 3assieno 06.09.2018; Omy6m. 09.07.2019, bron. Nel9. —9 c.

PATMAIIMOHHBIA ®OH ATMOC®EPBI KAK HHIMKATOP ITPOILIECCOB BJATOOBMEHA
Mac-Donald Prince?, A.C. 3enunckuiil, I.A. SIxosnes?, U.B. Bensesa®, C.B. Cmupnos?, B.C. SIkosnepa’
'HauuonanbsHblii necienoBarenbekuii TOMCKMIA ONMTEXHUYECKUI YHUBEPCUTET,

Poccus, 1. Tomck, mp. Jlenuna, 30, 634050
2ToMCKHIi rOCYJapCTBEHHBIN apXUTEKTYPHO-CTPOUTENLHbIN YHHBEPCUTET,

Poccus, r. Tomck, 1. Consaast, 2, 634003
SHanuoHansHbli ncclenoparebckuit ToMCKH rocy1apcTBeHHbIH YHUBEPCHUTET,

Poccus, r. Tomck, np. Jlenuna, 36, 634050
“VIHCTUTYT MOHUTOPHMHIa KIMMAaTUIECKHMX U dKoJoruueckux cucrem CO PAH,

Poccus, r. Tomck, mp. Akagemuueckuii, 10/3, 634021
E-mail: asdf75@bk.ru

W3BectHO [1], 4yTO pasnannoHHbIi GOH MPHUIOBEPXHOCTHOTO CJIOsi aTMOC(ephl HE SIBISIETCS] TTOCTOSTHHON
BEJIMUMHOM, a M3MEHSETCS BO BpeMEHH. BenuunHa paguanioHHOTO ()OHa 3aBUCHT OT MHOXKECTBA Pa3IMUHBIX
(hakTOpOB, IpEKAE BCErO TAKHX, KAaK BpeMsl I'oja, TEKyIee COCTOSHHE aTMocdepbl, MOYBBI, reorpapuyeckoe
HOJIOKEHUE PErHOHA, U3MEHUYHBOCTb METEOyCcI0BUM. IIpy 3TOM BBIIENSAIOT CyTOUHBIE, CE30HHBIE U TOJJOBbIE BapHallUU
paguanoHHoro (oHa. AHOMAaJbHOE YBEIMYEHHE paJHallMOHHOTO (QoHa HalmogaeTcss MpH  BBINAJICHUN
aTMOC(EPHBIX 0CATKOB. DTO SBJICHHE O0BSICHACTCS IPOIECCaMH BEIMBIBAHHUS 0CAaKaMH KOPOTKOKUBYIITUX TOUYSPHUX
MPOAYKTOB pacrafa pajoHa W TopoHa U3 atMmocdeps! [1]. OOHapykeHa 3aBUCHMOCTb MEXIy MWHTEHCHBHOCTBHIO
JIO’K/IEBBIX OCAJIKOB W MOIIHOCTBIO JTO3BI FaMMa-M3IY4YEHHUS, a TAKXKe IUIOTHOCTHIO TOTOKA OeTa-n3mydeHus. Takum
o0Opa3oM, raMMa- u OeTa-M3IydeHUs] MOTYT WIPaTh POJIb PAJHALMOHHBIX TPACCEPOB-MHAMKATOPOB IUII MHOTHX
XapaKTEePUCTHUK COCTOSHHUSA aTMOC(epbl M IOYBHL, a TaKKe, JUIA INPOIECCOB BIarooOMeHa B CHCTEME «TPYHT —

aTMocepay.
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B cBs13u ¢ BBIIECKa3aHHBIM, OBIJIO NIPOBEJICHO MCCIECAOBAaHNE, HAIIPABICHHOE HA BBISIBICHUE B3aWMOCBSI3U
MEKAY PSIIOM BEIHMYUH, XapaKTEPH3YIOIINX MPOLECCH BIarooOMeHa, M MOIHOCTBIO 03Bl TaMMa-u3TydeHus. boumn
MPOAHAIM3UPOBaHbl JaHHBIC PaJHAlMOHHOTO MOHHTOPHHTA C HCIIOIb30BAHHEM CLUUHTIUIALHOHHBIX IETEKTOPOB
raMMa-u3JIy4eHusl, COBMECTHO C JJAHHBIMH O BJI2)KHOCTH HPUIIOBEPXHOCTHOTO CJIOSI M CKOPOCTBIO UCTIAPEHHMSI BIIATH.
JuurensHblit MoHMTOpUHT mnpoBomwics ¢ 2009 mo HacTosee BpeMsi Ha SKCIEPUMEHTAIBHOM ILIONIaKe
reousnueckoit oocepsatopuu ('O) UMKIC CO PAH coBmectHO ¢ Tomckoll 06cepBaToOpuu paaroaKTHBHOCTH U
noHmupytoiero uzinydenus: (TOPUN) npu TITY.

B pesynbTaTte COBMECTHOTO aHAJIN3a AAHHBIX PAaAHAIIMOHHOTO MOHHUTOPHHTA U METEOIIapaMETPOB BBISBICH
psi 3aKOHOMEPHOCTEH MEXKAY TMHAMHKOMN paguarrioHHOro ()OHa M MPOIEcCaMy BIArooOMEHa B CHCTEME «TPYHT-
atMocdepay. OOHapYXIIN, YTO MaHHBIC PaAHAIHOHHOTO (poHa (MOITHOCTH JO3BI TaMMa —HM3IyYeHHS, IJIOTHOCTH
MOTOKA OeTa-M3ITydeHHMs) XOPOIIO KOPPEIUPYIOT C ITapaMeTpaMH BIAXKHOCTH, U MOTYT BBICTYIIaTh PaJHAllIOHHBIMU
MHJIMKaTOpaMu MeTeopoJiorudeckux BenuuuH. [IpeanokeHa MeToAuMKa pacueTa BJIaXHOCTH TpPyHTa C
UCIIOJIb30BaHUEM JJAHHBIX PaIMAIlMOHHBIX IIAPaMETPOB raMMa-H3JIydeHUsL.

CIIMCOK JIUTEPATYPbI
1. sxosnesa B.C., Haropckuii I1.M., Uepennes M.C. @opmupoBanue o-, -, y-mojicii mpuseMHON aTMochepsl
IPUPOAHEIME aTMOcepHbIME pannorykimaamu// Bectank KPAYHI. ®@usnko-marematuyeckue Hayku. — 2014,

-Nel (8). — C. 86-96.

OIIBIT JOJITOJETHEI'O COTPYJHUYECTBA U CTA’KUPOBKH MOJIOABIX YYEHBIX HA BA3E
UHCTUTYTA SIIEPHOM ®U3UKHU YEIIICKOM AKAJIEMUU HAYK
C. Kymmuns
Wucturyt siaepHoit pusuku Yenickoit AkamaeMuu,
Ustav jaderné fyziky AV CR, v. v. i.
Husinec - Rez, ¢p. 130, 250 68
E-mail:: skushpil@ujf.cas.cz

Wucturyt simeproit ¢usuku Yemickoir Axamemun Hayk MpoBOOUT HMcCIeNOBaHUS B INMHPOKOH 0OIacTH
SIepHON (PU3UKH, KaK IKCTIEPUMEHTAIBHOM, TaK U TEOPETHIECKOM.

Oco0eHHOE BHUMaHHE yAESIETCS MEXKIYHApOTHBIM IPOEKTaM JJIsl M3Y4EHHUs CBOICTBA SAEPHON MaTepuu
MIPY CTOJIKHOBEHHUSX TSDKEJIBIX MOHOB IPHU BBHICOKHUX U NMPOMEXKYTOUHBIX YHEPTHUAX, SACPHBIC PEaKIUH, BaXKHbBIE IS
acTpo(M3UKH WIH SIJICPHOM SHEPTreTHKH, OeTa-paciaibl aTOMHBIX siAep, BKIIF0Yas Mpo0iieMy Macc HeWTprHO. SlnepHas
TEOpHUsl OPUEHTUPOBAHA HA CTPYKTypY sApa, TUNEpSAAEp, B3aUMOAEIHCTBUS 3IEMEHTApPHBIX YaCTHIl C sApaMmuy,
ME30HHBIX CTETIeHeH CBOOOIbI B sApax.

B Teyenun nocienHux 7 J€T, HHCTUTYT OPraHW30BaJl YHUKAJIBHYIO CTQXKUPOBKY JUIS CTYAeHTOB CHOMPCKHUX
YHHUBEPCHUTETOB, B YaCTHOCTH coTpyaundecTBo ¢ TITY. [aBHast 0COOEHHOCTh TaKO# MPaKTHKH - JAOJTOBPEMEHHAsS
MOATOTOBKA CTyIEHTa 3a 9 MecsmeB 10 TPUOBITHA 3arpaHMIly Ha TNPAKTHKY, A TOTO, YTOOBl MOJOOpaTh |
ONTUMH3UPOBATH 3a7]ady HOBHYKA B METa MPOEKTe, YTOOBI JaTh 0a3y 3HAHUH U CIIIAAUTh OTIAXEHHYIO paObOTy IPYIIIIEI
MIPY YBEIWYCHNH TPYIIIEL, IS yASPKaHHUS pUTMa SKCTIIEPUMEHTOB U uccienoBannii. [IpakTtuka HampasiieHa Ha oOree
Pa3BUTHE MOJIOIOTO YICHOTO, H3y4IEHHUS HOBBIX S3BIKOB, COIIMAIN3NPOBAHNS B HOBOH cpefie. 3a 3TH ToAs! pa3paboTaH
METOJl MAaKCUMAJIbHOTO JTOCTHXKEHUS MPEKPACHBIX PE3YIbTATOB MPAKTHKH U TOJHOTO B3AaUMOINOHUMAHHUS C YUEHBIM

COCTaBOM METAIIPOCKTOB. Hammm MPAKTUKAHTBI 3alllUTUJIN JUIIJIOMHBIC IPOCKTblI HE TOJIBKO HAa MAKCUMAJIbHYIO
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OTMETKY, HO C TPaMOTaMH M MIPEMUSIMH, Aajiee MPOIOIKAIOT paboTaTh B CIOKHEHIINX MPOeKTax. TeMaTnku BEIOpaHbI
TakK, YTO0BI ONTUMAIIBHO MOAOILIN K CHJIAM, 3HAHUSM, XapaKTepy M CTUIIIO )KU3HH MOJIOJOTO yIEHOTO.

3a 3TUMH JOCTHKCHUSMH CTOWT CKPYIYJIE3HBIH €XETHEBHBIX TpyA ydeHBIXx MAD, kotopele cozgaror
MOTHBAIIHMIO K TOMY, YTOOBI MOJIOJIE)Kb OCTaBajach B HAyKe U pa3BUBaIaCh FAPMOHUYHO.

[TyTreM KOppEeKTHOW MOCTaHOBKH 3allad4M W OTCIIC)KUBAHUS BCEX IATrOB, PErYISPHOM IMOMOIIM CTYICHTaM,
COOCTBEHHOTO TpUMEpa, HaM YAaJoCh CO31aTh COBEPIICHHO YHUKAJIBHBIA MOJIOAEKHBIH KOJIJIEKTHB, KOTODPBIH
WMHHIMATHBEH M JIOCTOMHO T'€HEPHPYET HOBBIC WJEH M CAMOMOTHBUPOBAH K OBICTPOI IMyONMKAalUKM pe3ylbTaToB M
Oepércs 3a Goree OTBETCTBEHHBIC 3aJ]a4M B IIPOEKTE. 3a 3TH TOIBI OJA00PaH NCKITIOYUTENEHO 3()(HEKTHBHBIX CIIOCO0
odopmiIeHNST BU30BBIX JOKYMEHTOB I mpue3na B Uexuio M cBOOOJHOTO IEPEMELICHUS HAIINX CTYACHTOB IIPH
HEOOXOMMOCTH 3KCIEPUMEHTOB 3a IpenenaMu Yexnn.

B nokmane mpeamonaraeTcs OOCYIUTh TPYIHOCTH, KOTOpPBIE BO3HHKAIOT B JIOTOBOPEHHOCTAX ¢ PD n
OCJIOKHSIOT IIPAKTHKY CTYAEHTOB.

Lenpro moknana SIBIASETCS TMONENIUTHCS HalIed METOAMKON M NPUIIACHTh K COTPYJHMYECTBY CIIEASIINX
KaHJuJaToB, XKCJIAOIIHUX BJIaJACTh MCTOJaMU HﬂepHOﬁ (bI/I?:I/IKI/I 1 JJICKTPOHUKHU U (byH}IaMeHTaJ'ILHI:IMI/I HaBbIKaMMU.

B nokiane OyayT mpeacTaBlieHbl METO/IbI, KOTOPBIE TIOMOTAIOT HaM HaWTH ()MHAHCOBBIE PECYpPCHI Ha TaKyIO

MPaKTHKY.

3TUYECKHUE ACHEKTBI PATUAIIMOHHOMN BE3OITACHOCTH
A. . bpunkesuy, 0. C. bonoxoga, I'. B. benbkos
MesxayHapoIHBIN TOCYAapCTBEHHBIN 3Konorndeckuil HHCTUTYT uMeHH A.J[. CaxapoBa benopycckoro
roCyJapCTBEHHOTO YHHBEPCHUTETA,
Pecniy6nuka benapych r. MuHck, yii. JJoarodpoackas 23/1, 220070
E-mail:annabrijerry@gmail.com

HecMoTps Ha TO, 4TO 3THYECKHE IEHHOCTH HE OBIIM SBHO YHNOMSHYTH B myOsmkanusx MKP3, Bo Bpems
pa3pabOTKM MPUHIMIOB OOOCHOBAaHMS, ONTUMM3AIMH M HOPMHPOBAHMS OHHM HMIPAIN KIIOYEBYIO pOJb. MOXKHO
BBIJIEJIUTh YETBIPE ITHUECKHE EHHOCTH, KOTOPHIE JI€kKAaT B OCHOBE HBIHEIIHEH CHCTEMBI PAJUOIOTHIECKOH 3alUTHI:
«Ienait 6;1aro / He HaBpeIn», OaropasymMue, CpaBeIJIMBOCTh U JJOCTOMHCTBO (aBTOHOMMUSI)

«[enait Oxaro» O3Ha4aeT MOOUIPEHHE MOOPHIX IEN WIM UX BBHINOJHEHHE, a «HE HaBpeAW» O3HAudaeT
n3beranne npu4yuHEeHUs Bpena. «He HaBpeam» TecHO CBs3aHO C NPOPUIAKTHKON, KOTOpas HampaBlieHa Ha
OrpaHUYCHUEC pHCKaA IMYTEM YCTPAHCHUA WJIIM YMCHBIICHUSA BCPOATHOCTU BO3HUKHOBCHHUSA OIMACHOCTH, WU TaKUM
obpazoM, criocobcTByeT Onaromnonyunio. biaropasymme — 3TO CIIOCOOHOCTBH J€laTh OCO3HAHHBIM M TIIATEIHHO
MPOyMaHHBIN BBIOOP O€3 MOJIHOTO 3HAHMS MaclITaboB U ITOCIECTBHUI IEHCTBHSL. DTO TaK)Ke CIIOCOOHOCTH BHIOMPATH
W JlenaTh TO, YTO B HAIIMX CWJIAX JielaTh, WM HE JeJNaTh BOBce HHMYero. [loatomy Onaropasymue UMeET NpsiMoe
OTHOLICHHE K MPaKTUYECKOH mdedTenbHOCTH dYenoBeka. CucremMa paguoJOrMYecKOM 3aliuThl OCHOBAaHA Ha
y6e}II/ITeHBHBIX HAaYYHBIX JAHHBIX, OJJTHAKO OCTAOTCA HEONPEACICHHOCTH, KOTOPBIC Tpe6y10T OICHOYHBIX Cy)KIIeHI/II\/'I.
IIpussaTHe pemeHuid TpedyeT Omaropasymus Kak IEHTPaIbHON EHHOCTH. biaropasymme OnmchIBaeT Kak MpoIecce
MPUHATHS PEIICHUH, TaK U Pe3yIbTaT 3TUX pemeHnid. CrpaBeyIMBOCTh OOBIYHO ONpPEAEIAeTCs KaK CIIPaBEeNINBOCTh
B paclpeeNeHNH MPEeUMYIIecTB M HEJJOCTATKOB MEXAY TPYIIaMH JIIoIel (pacipenenuTenbHasi ClpaBeNInBOCTE),
CIPaBeVIMBOCTD B BO3MEIIEHUN YOBITKOB (BOCCTAHOBHTENIbHASI CHIPABEUIMBOCTD) U CIIPABEUIMBOCTh B NPAaBUIIAX U
npoueaypax HPUHATHS peleHui (TpoleccyasibHas CIpaBeIMBOCTh). CHcTeMa pajnoJIOTHYECKON 3aIlnuThl

CTPEMUTCH K 00ecIeYeHHIO TOoro, YTOOBI pacnpeacicHue 06queHI/I${ B 06III€CTBC COOTBETCTBOBAJIO IBYM IpHUHIUIIAM
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CONMAIHON CTIPaBEUIMBOCTH. BO—TIepPBBIX, MPHHINT CIPAaBEITNBOCTH B CHTYalUsIX OOydeHHS OTpa)kaeT JINIHBIC
00CTOATENECTBA, TPH KOTOPHIX JIIOAW BOBJCYCHHI B TaKWe CUTyalld. BoO-BTOPHIX, NPHWHIUI pPaBHBIX IpaB
TapaHTHPYeT PaBHOE OTHOIICHIE B IIPOLIECCE MOCIEAYIOMET0 BO3MOKHOTO JICUESHHS KO BCEM OOIydeHHBIM JIFOIIM (C
NPUOPUTETOM K TE€M, KTO IMOJYy4ms OoJiee BHICOKHME /03Bl 00iy4eHHs). /JOCTOMHCTBO — 3TO aTpuOyT COCTOSHUS
YEJIOBCKA: UACA, YTO YTO-TO MPUHAAJICIKHUT YCJIOBCKY TOJIBKO IMOTOMY YTO OH / oHa yenoBek. JIuuHass aBTOHOMUS
SABJIACTCA CICACTBHUEM YCJIOBCYCCKOI'O JOCTOMHCTBA. Ota UaCA 3aKJIHYacTCa B TOM, UTO JIIOAW UMCIOT BO3MOXKHOCTh
IleﬁCTBOBaTL CBO6OL[HO, T.C. I/IH(I)OpMI/IPOBaHO u 0e3 MPUHYKACHUA NPUHUMATh PCIICHUA. B paHHOHOFquCKOﬁ
3alUTEC HAa YBAXCHHUU 4YCIIOBCUYCCKOTO OOCTOMHCTBA BIIEPBBIC OBLIO AKIICHTUPOBAHO BHHMAHHE B OTHOLICHUH
IpUHIOHIIA «OCO3HAHHOTO COIIacus» B 6I/IOMC,HI/I].[I/IHCKI/IX HUCCICaOBAHUAX, KOTOpBIﬁ TJIaCHUT, YTO JINIIO UMEET «IIPaBO
MPUHUMATH PUCK JOOPOBOIIEHOY M «PaBHOE MPABO OTKA3aTHCS OT MPHHATHS STOTO PUCKa».
CIIUCOK JIUTEPATYPbI
1. ICRP, 2007a. The 2007 recommendations of the International Commission on Radiological Protection; ICRP
Publication 103, Ann ICRP 37(2-4)
2. ICRP, 2018. Ethical foundations of the system of radiological protection. ICRP Publication 138. Ann. ICRP 47(1).

3KCIEPUMEHTAJIbHO-KJIMHUYECKHAN IEHTP HA BA3E YCKOPUTEJIBHOI'O KOMILJIEKCA
noBd
A.I1. BopoObéB
HammonansHsIi HccaenoBatenbekuit HeHTp «KypuaToBckuit HHCTUTYT» - UHCTHTYT (DPU3WKH BBICOKHX SHEPTHI UM.
A.A. JloryHoBa,
Poccus, r. [IpotBuno, 1. Hayku,1, 142281

E-mail: vorobiev@ihep.ru

JlygeBoit Tepanuu yxe 6osee 100 net, 3T0 — OMH U3 BaXKHEHIINX METOIOB JICUCHHUS paka. 3a cTojieTne Oblia
Mpo/ieIaHa TPOMaHast paboTa IO COBEPIIICHCTBOBAHHIO METOANKH JTYYSBOH TEPAIHH C HCIIOF30BAaHUEM Y — KBAHTOB,
3JIEKTPOHOB, TIPOTOHOB M MOHOB. [locie Toro, Kak OBLIO MOHSATO, YTO OHOJIOTHS BO3JCHCTBUS IPOTOHOB Ha JKUBOE
BEIIIECTBO aHAJIOTMYHO JCHCTBHUIO TaMMa - OOJIy4eHHUs, BHUMaHHE TEePEIOBBIX IKCICPUMEHTAIBHBIX UCCIICIOBAHIH
Ob1J10 OOpaIeHO Ha TSHKENbIE HOHBI, OKa3bIBAIOINMHU 00Jiee CHIIbHOE OMOJIOTHUeCKOe BO3IEUCTBUE, YTO CBSA3AHO C UX
BBICOKUMH JIMHCHHBIMH HOHH3AIMOHHBIMH TOTEPsAMH. MOHBI [IBHXKYTCS B BEHIECTBE IO MPAKTHYCCKU
MPSIMOJIMHEHHBIM TPACKTOPHSIM W OCTaHABIMBAIOTCS Ha OMNpeleieHHON riyoune. Kak mJis mpoTOHHBIX, TaK W IS
VMOHHBIX MYYKOB BaXXHBIM OOCTOSITEIbCTBOM SIBIISIETCSI TO, YTO BBIJIEJICHWE YHEPTUHU PACTET C TUIYOMHOMU, JOCTUTAst
BperroBckoro Makcumyma, a 3aTeM PE3KO YMCHBIIAETCS HA PACCTOSHUAX MOpsaka MuwutuMmerpa. OQHAKO HE 3TO
00CTOSATENBCTBO SIBIIICTCSI PEMIAOIIUM B MPUMECHECHUH ITYYKOB JIETKUX HOHOB. J[elio B TOM, 4TO IpH OOydeHHU
JJIEKTPOHHBIMH, MPOTOHHBIMH U TFaMMa-TydKaMH CpadaThIBaeT TOJHKO OJMH KOCBEHHBIH XUMHYCCKHA MEXaHH3M
BO3CUCTBYS M3ITyYCHHS HA )KUBYIO TKaHb. DTOT XUMUYECKUI MEXaHHU3M YCIICIIHO cpadaThIBACT JIUIIb TOT 1A, KOTIa
B 00y4aeMmbIX KJIETKax B JOJDKHOM KOJUYECTBE HUMEETCs KHCIOopoA. Ecin kuciopona B KIETKaX OITyXOJH
HEJOCTAaTOYHO, TO XUMHYECKHA MEXaHW3M BO3JCHCTBHUS CTAaHOBHUTCA HEIPPEKTUBHBIM, HEMHOTOUYHCIICHHBIC
noBpexaeaus JIHK, HaHeceHHbIe CBOOOJHBIMHM paJvKalaMd B Pa3HBIX MECTax, 3aJIeYMBAIOTCS CaMOUW PaKOBOU
KIIETKOH, 3 (HEKTUBHOCTH PAIMOTEPANIEBTHUECKOTO JICUEHHUSI 3aMETHO MajaeT. B 3ToM cirydae roBopsiT, 4TO OMyXOJb
pesuctenTHa. K coxkaJeHHI0, 3TO CIy4aeTcs JOCTaTOYHO 4acTo, mpudamsurensHo B 20-30% cinydaeB. BoT B Takux
ciydasix W TpeOyeTcst oOiydeHHe Ooiiee CHUIIBHO HOHU3HMPYIONIMMHU YACTHUI[AMH, & HMEHHO — HMOHAMH YTIIepoJa.

XUMHUYeCKUi (KOCBEHHBII) MEXaHM3M BO3IEHCTBHS IUISi HUX TOXE paboTaeT, HO caMOil IJIaBHOM 3aMevaresbHON
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0COOEHHOCTBIO TAaKOTO OOJIYUeHHS SBICTCSA TO, YTO HA MOCIENHUX 3-4 cM mpobera, B BperroBckoM mmuke, Takue
JacTHIB! oBpeskaatoT MoneKyry JHK HOBBIM nomomHHTENBHBIM crocoO00M. [IMOTHOCTh MOHM3AIMK CTaHOBHUTCS
CTOJIb BBICOKOH, uTO Motekyna JJHK OykBanpHO mepepe3aeTcst Ha HECKOJIBKO YacTe! M TepseT KU3HecrmocoOHocTs. B
pe3ynbTaTe My4yoK HMOHOB YIJIEpoJa 3a HECKOJBKO CEaHCOB YCIEIIHO OCTaHaBIMBAeT NaJbHEHImIuil pocT pakoBoi
omyxonu 1 npuBoauT B 80+90% ciydaeB K yCHEIIHOMY U3JIEUCHUIO.

YckopurenbHslil kommieke UPBD BxiIrouaeT: NpoTOHHBIN JnHEHHbIH yckoputens M—100 Ha snepruto 100
M>B; OBICTPO - HUKIMPYIOMIN IPOTOHHBIH CHHXPOTPOH-0ycTep ¥Y-1,5; 1 IpOTOHHBINA CHHXPOTPOH Y-70 Ha 3HEPTUI0
70 I'sB. B cootBerctBue ¢ IlocTtanoBnennem [IpaBurensctea PO Ne287 ot 16 maprta 2020r. Ha 6a3e 3TOro KOMILIEKCa
co3nmaéresa LleHTp MOHHOW ITydeBOW Tepamuu. DTambl CO3MaHHUA KoMIiekca M mMmeromuecs B UDOBD 3amensr s

peann3anun IlocTanoBieHus HpaBI/ITCHBCTBa TIPEACTABJICHBI B TOKJIAC.

BJIMSTHUE IUVIOTHOM I'OPOJICKOM 3ACTPOVIKM HA ®OPMUPOBAHUE PAIMALIMOHHOT'O
®OHA I'OPOJICKOM CPEJIbI
Adams Benjamin Addo?, Eugenia Yeboah?!, Mathias Zulu!, B.C. fIxosnesa’, 1.B. bensena?, I'.A. Sxosnes®

'HauuonanbsHelii necienoBatenbekuii TOMCKMIA MONMTEXHUYECKU YHUBEPCHUTET,

Poccus, r.Tomck, np. Jleanna, 30, 634050
2ToMcKuii rOCYapCTBEHHbIH apXUTEKTYPHO-CTPOUTENbLHbIN YHHBEPCUTET,

Poccus, r.Tomck, 1. Consgnag, 2, 634003

SHanuoHansHblii nccenoBatebckuit ToMCKH rocy1apcTBEeHHbIH YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 36, 634050

E-mail: adamsbenjaminaddo@gmail.com

YInoTHEHUE 3aCTPOUKH, MHOTOITAXHBIE 3/IaHUs, CO3JIAIONIUE 3aKPBIThIE MPOCTPAHCTBA, YHEPTETHUECKUE
00BEKTHI BHYTpHU TOpOoAaa MNpEACTABIAIOT coboit JONOJIHUTEJIbHBIE HNCTOYHHUKHW HWOHUBHUPYIOHIETO WU3ITYUCHUA,
paIMOaKTUBHBIX Ta30B M al’po30jieid B TOpoackoil atmocdepe. IlemexomHO-TpaHCTIOPTHBIE KOMMYHHKAIIWH,
TUTOINAAKY TSl OTABIXa, HA000POT, CHIDKAIOT WM TOJTHOCTHIO 33/ICPKUBAIOT MOCTYIUICHHE PaJNOAKTUBHBIX Ta30B U
ramMma-, 0eTa-u3IydeHHs 13 TPYHTa B TOPOJICKYIO aTMOC(epy. DTO MIPUBOAUT K 3HAUUTEIEHOMY TIepepacipeeic HUO
HCTOYHHKOB paJHialliil BHYTPH TOPOJCKON Cpebl, KOTOPOEe HE M3BECTHO, CHCTEMATHUSCKH HE HCCIIEIYSTCs, U TaXKe
He TPUHUMAETCS BO BHUMaHUE TIPU aHAJINU3€e PE3YIbTaTOB PaJualliOHHOTO KOHTPOJIS.

[ToTHAas 3acTpoiika BRICOTHBIMHU 3[JAHUSAMH TaK)Ke IMPUBOIUT K M3MEHEHHIO XapaKTePUCTUK TypOyJIEeHTHBIX
IMOTOKOB BO3J1yXa 1 TCIIA MEXKY 3JaHUSAMHA, BO BHYTPCHHUX JIBOPAX, YTO CYIIECTBEHHO BJIHACT HA IEPEHOC U30TOTIOB
pazoHa W MPOAYKTOB WX pacmaja W, TaKMM o0pa3oM, MPUBOANUT K MCKAKEHUIO PaIUaIlOHHOTO (hOHA TOPOJCKOM
Cpelbl, CKOIUICHUIO PaIHOaKTHBHBIX I'a30B OKOJIO KPBIII M BEPXHHUX ATaXEH BBHICOTHBIX 3/aHui. Takue KoM(pOpTHEIC
BHYTPEHHHUE JBOPUKH MOTYT OOEPHYTCS JUIS MX MOCETHTEICH MCTOYHHKOM MOBBIIICHHOTO OOYYCHHS, a YKIUTBIIBI
BEPXHHUX 3TaXKEH MOTYT MOJIBEPraTbcs MOTEHIMAIBLHON OMaCHOCTU HE CHU3UTh YPOBHU PaZioHa BHYTPU NOMEILIEHUH,
a IIOBBICUTH UX ITPU TPOBETPHUBAHUN CBOUX KBApTHUP.

B cBs3u ¢ 3THM 11eTBI0 paboTHI SBIISIOCH HCCIEAOBAaHNE TaMMa-(oHa B paifoHax ropoja ¢ pa3INdHON 10
TUIOTHOCTBIO TOPOJICKOW 3aCTPOWKOW. YpOBHM ramma-(oHa H3MEPSUTMCh U aHAIW3UPOBAIUCH OJTHOBPEMEHHO C
TMMOMOIIBIO ABYX OTACJIBHBIX JETCKTOPOB raMMa-u3JIy4€HNA, OCHOBAHHBIX Ha PA3HBIX METOJaX TO3UMETPHUH.

W3mepenust nmpou3BOAWIM BHYTPU JBOPOB HauMHas OT cepequHbl 31aHusg B 10 cM u 1 M OT CTeHBI ¢

MEPEMEHHBIM IIAroM B 2-5 M 1 3aKaH4YUBaAs Y cep€aArHbI IPOTHUBOIIOJIOKHOT'O 3JaHU. KomuuectBo Touek HU3MEPCHUA
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Ha OIMH OOBEKT MCCIIeJOBaHUS BRIOMpanu He MeHee 7. CorocTaBieHre IPOU3BOIIIIHN C ONM3NIS)KAIIIMHA yIacTKaMU
Cc penkoil 3actpoiikoii. B pesympraTe ucciemoBaHHMs OBUI BBISIBICH PsAI 3aBHCHMOCTEH, ITOATBEPKTAIOIIIX

CTaTUCTUYICCKN 3HAYMMOC YBECIINICHUE pAHAllUOHHOTO CI)OHa B MeCTaX IUIOTHOM SaCTpOﬁKH, CICJIaHbI BBIBOJBI.

OIIEHKA BJIATO3AIIACA CHEKHOI'O IIOKPOBA 110 PAJJMAIIMOHHOMY ®OHY ITPU3EMHOM
ATMOC®EPBI
Mathias Zulu!, M.A. JIozoeckwmiil, 11.B. BensieBa?, I'.A. SIxosnes®, A.C. 3enuuckuiil, B.C. Sxonenal

'HanuonaneHbIi HccleqoBaTeNbCKuii TOMCKHUIA ONTUTEXHUYECKUI YHUBEPCHUTET,

Poccus, r. Tomck, mp. Jlernna, 30, 634050
2ToMcKuii rOCyJapCTBEHHbIH apXUTEKTYPHO-CTPOUTENLHbIN YHHBEPCUTET,

Poccus, r. Tomck, mi. Consgnag, 2, 634003

SHanuoHansHblii ncclenoBarebckuit ToMCKH rocy1apcTBEeHHbIH YHUBEPCUTET,
Poccus, r. Tomck, nip. Jlenuna, 36, 634050

“VIHCTUTYT MOHUTOPHMHIa KIMMAaTUIECKHMX U 3KoNoruueckux cucrem CO PAH,
Poccus, r. Tomck, mp. Axkagemuueckuit, 10/3, 634021

E-mail: lozovskiimark@mail.ru

B Hacrosmiee BpeMs B CBSI3M C NMPUPOTHBIMHA W KIMMATHYECKUMU W3MEHEHHSMH B Pa3lWYHBIX PETHOHAX
Poccun, ocTpo BcTaroT BOHNPOCH BOAOCOEPETAIOIINX TEXHOJOTHI B arpapHOM CeKTope. B COBpeMEHHBI ycIoBUS
9KOHOMHUKH HEOOXOIMMBI HOBBIE METO/IbI M TEXHOJIOTHH, TTO3BOJIAIOIINE MOBBICUTD YPOXKaifHOCTh M CHU3UTH 3aTPATHI.
B nepByto o4yepes 3T0 METOIbI KOHTPOJIS BIAXXHOCTH IJI0I0POJHBIX 1MOUB. [ 3 PEeKTUBHOM SKOHOMUH PECYpPCOB
Ha TIOJIMB ¥ UX PAI[OHAIIFHOT'O UCIIOIB30BaHHU HE00X0ANMO 3HATH HE TOJIBKO KOJIMYECTBO BBIMAIAIONIUX OCAKOB B
BECCHHE-JIETHE-OCEHHHE MEepHOJIbl, HO BJIAro3amac CHEXXHOro MOKpoBa. CHEXHBIM IOKPOB SBISETCS OJHUM H3
OCHOBHBIX BKJIaJIOB B BOJHBIN 3amac MPUPOIHBIX PECYPCOB.

JmaTeTbHBII MOHUTOPHHT PaAHAIlIOHHOTO (DOHA, TPOBOIUMBIN Ha 3KCIIEpUMEHTaNbHOH Turomanke TITY -
HMMK3C CO PAH, mokazan, 94To Ce30HHBIE KoJeOaHWs paaHalioHHOTO ()OHA CBSI3aHBI C HAKOIUICHUEM CHEXKHBIX
0Ca/IKOB B BHJIE CHEKHOTO IIOKpOBa. AHAJIM3 JAAHHBIX JUIUTEIHHOIO MOHHUTOPHHIA TTO3BOJMI IPEIUIOKUTH METOJ
OLICHKH BJIaro3araca CHeXHOT0 IIOKpPOBa [0 M3MEPEHHAM pajnannoHHoro ¢oHa [1].

CornacHo MeTO.Ty, /IS OIICHKH BJlaro3amnaca JOCTaTOYHO JIBa U3MEPEHUS MOITHOCTH /1035l FaMMa-U3TydeHUs
Ha OJTHOH U TOM K€ BBICOTE OT 3€MHOW MOBEPXHOCTH, IEPBOE — /10 BRINAJACHUS CHEra, BTOPOE — IIepe/i HadajJIoM TasHU
CHE)KHOTO IIOKPOBA, B THEBHOE BpeMs CYTOK U HE MEHee ueM uepe3 3,5 uaca rmocye BhINaJeHNs CHeTa.

JlaHHBIA METO/ MPOIIEeN anpoOaIiio B IOJIEBBIE YCIOBHS: HA YETBHIPEX CEIBCKOXO3IWCTBEHHBIX MOJAX IO
HanpasineHutro ToMmck—Cunuil Yrtec, Boons ynuusl bacannaiickoil. M3MepeHust Ha cenbCKOXO3SHCTBEHHBIX MOJISX
MPOBOJIIIIA C IOMOIIIBI0 To3uMeTpoM-paauomerpoM JIPBII-03, u 6noka nerekrupoanus bIKI-03, moakmo4eHHOTO
k 1K (mepenocHoro HoyTOyKa) ¢ peyCTaHOBIEHHBIM IPOIPAaMMHBIM 00eCTIeYeHHEM.

C momoripio pazpaboraHnHoro crnocoba [1], ObUTM TPOBECHBI OIEHKH Bllaro3amaca CHEXHOTO TMOKpOBa.
[TosryueHHBIE pe3yIBTaTHI XOPOIIO COTIACYIOTCS C ApXUBHBIMU JAHHBIMH THHAMHKH CHEXKHOTO BOJTHOT'O SKBHBAJICHTA
3a MOCJIeTHUE TOJIbI C caliTa WWW.rp5.ru.

CIIUCOK JIMTEPATYPBI
1. Tlar. 2694080 (P®. MIIK GO1W 1/100. Cnoco6 onpenesneHus Biarosanaca B CHe)XHOM mokpose/ . A SIkosies,
B.C. SIkoBnesa, 1.B. bensiera. 3asieno 06.09.2018; Ony6m. 09.07.2019, bron. Nel9. —9 c.
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| WUHeHepHaA WIKoONA
I I AAEPHBbIX TEXHONOrui

TOMCKWA NONWUTEXHUYECKMA YHUBEPCUTET

OCOBEHHOCTH ®OPMHUPOBAHUA U3JTYUYEHUSA HEUTPOHHOT'O HICTOYHUKA CO
CJIOKHOM BHYTPEHHEM CTPYKTYPOM: THBPUIHOE MOJIEJIMNPOBAHUE
SOURCES - PHITS-2.88
B.A. Kyckos, C.JI. [Tono3kos, C.B. benenko
HaunonaneHeli uccnenoBatenbckuil TOMCKHNM MOTUTEXHUYECKUNA YHUBEPCUTET,

Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: vak82@tpu.ru

B nacrosmieir pabote 0600CHOBBIBAETCSI METOI HCCIECIOBAHUS PaIHalliOHHBIX XapaKTePUCTUK HEHTPOHHBIX
HCTOYHHKOB CIIOKHOW BHYTPEHHEH CTPYKTYpHI [ 1], IpIMeHsAEeMBIX IS [eNNeil HeUTPOHHO -aKTHBAIIHOHHOTO aHAIH3a
1 HEKOTOPBIX JPYTUX COBPEMEHHBIX 3a/1a4 NMPHUKIIATHON sIepHOH (M3NKK U MeIUIIMHEL. Ha mpakTuke, Kak IpaBUIIo,
HCIOJIB3YIOTCS UICTOYHUKN HEUTPOHOB HA OCHOBE MENKO3E€pHUCTON cMecu nuokcuaa Pu u Be [2], cmeceil okcuaos
Am (AmO,, Am;03) u Be [2], a TakXe HCTOYHUKU HA OCHOBE YMCTHIX HHTEpMeTan10B PuBe®® unn AmBe®®,

Merton, npeanaraeMelil B HacToAIIeH paboTe, 3aKIII0YaeTCsl B MOACTIMPOBAHUH BBIX0/1a HEHTPOHOB pPeaKIuu
Be®(a,n)C*? ¢ nomompio nporpammuoro koja SOURCES. IlonydueHHBIH CIEKTp HEHTPOHOB B JaibHeHIeM
UCTIONB3YyeTCsT Kak MCTOYHMK JUId pacdera IepeHoca HEHTpoHa B BelIECTBE HCTOYHHUKA C IOMOIIBIO
BepudUIpoBaHHOTO TIporpaMMHoro koma PHITS-2.88.

B pabote mccienyeTcst 3aBUCUMOCTD CIIEKTpa HEUTPOHOB MCTOYHHMKA OT pa3Mepa 3epeH cMecH. CHexTp
HUCTOYHHKA C pa3MepoM 3epeH 3 MKM, KOTOPOMY COOTBETCTBYET HM3OTOIHBIH COCTaB, MpPEICTABICHHBIA B
tabmune 1, xoppemmupyetcst ¢ 6eHumapkoM [3]. Takum oOpa3om, B HacTosmel paboTe IMOKazaHa BO3MOKHOCTB
UCITIONIB30BAaHUsI TNPEATI0KEHHOW METOMONOTHH pacdyeTa M HCCICNOBaHMSA paJUallMOHHBIX XapaKTePHUCTUK
MOJKPUTHYECKUX Pa3MHOXKAIOIINX CPEJl, COAEPIKAIINX BKIIFOYCHHUS CO CIIOKHON TeTepOreHHOH CTPYKTYpOit.

Tab. 1. H3omonuwiii cocmas ucmouynuKa

W3oton Conepxanue, % Konnentpanus N, 1/(6apH - cm)
°Be 100,000 5,59- 107
0 99,757 2,96 - 10
e 0,038 1,13- 107
80 0,205 6,08 - 107
21Am 94,613 1,40- 10*
22Am 3,596 5,33- 10
243Am 1,791 2,65- 106
CITUCOK JIMTEPATYPbBI

1. Ghal-Eh N., Rahmani F., Bedenko S. V. Conceptual design for a new heterogeneous 241Am-9Be neutron source
assembly using SOURCES4C-MCNPX hybrid simulations //Applied Radiation and Isotopes. — 2019. — T. 153. —
C. 108811.

2. Vega-Carrillo H. R. et al. Neutron and gamma-ray spectra of 239PuBe and 241AmBe //Applied Radiation and
Isotopes. — 2002. — T. 57. — Ne. 2. — C. 167-170.

3. Reference neutron radiations—Part 2: calibration fundamentals of radiation protection devices related to the basic
quantities characterizing the radiation field //ISO 8529-2. — 2000.
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OCOBEHHOCTH ®OPMHUPOBAHUA U3JTYUEHUSA KATICYJIbHOI'O HEUTPOHHOI'O
HCTOYHHUKA CO CJIOKHON BHYTPEHHEN CTPYKTYPOM: TMBPUTHOE MOJIEJIMPOBAHUE
SOURCES4C - PHITS-2.88
B.A. Kyckos, C.JI. ITono3kos, C.B. beaenko

HanuonanpHelii uccnenoBaTesbckuii TOMCKUNI MONUTEXHUYECKUN YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: vak82@tpu.ru

B Hacrosmeii paboTte nccienyercss BO3MOKHOCTh CO3AaHHs d(Q(PEKTUBHOTO PAIHOU30TOIHOTO HCTOYHUKA
HEHUTPOHOB C PETryNIHPYEeMBIM BBIXOJOM HEHTPOHHOTO W3ITydeHHs [l] mis meneil HEWTPOHHO-aKTHBAIIMOHHOTO
aHaIM3a U HEKOTOPBIX APYTUX COBPEMEHHBIX 3a/1ad NMPUKIATHON snepHOi ¢pu3nkn n Meauueel. Ha mpakTuke, Kkak
MIPaBWJIO, UCHOJIb3YIOTCS UCTOYHMKY HEUTPOHOB HAa OCHOBE MEJIKO3EPHUCTOM cMecu nuokcuaa Pu u Be [1,2], cmeceit
okcuoB Am (AmO2, Amy03) u Be [1,2], a Takke UCTOYHHKH Ha OCHOBE YUCTHIX WHTCPMETAJLIHIOB PuBe!® wn
AmBe®® [3]. B paboTe mHooydeHa 3aBUCUMOCTb BHIXOJA U CIIEKTpa HEHTPOHOB ILIMPOKO HCIIOJIb3YEMOTO
panronzoTonHoro ucrounrka Amersham X.14[1] Ha ocHoBe Menko3epHucToit cMecu AmO» u Be ot pa3mepa 3epHa
KkpuctamioB. Mccnenyercs BO3MOXKHOCTh MOTyYeHHS MAaKCHMAJIbHOTO BBIXOJa HEHTPOHOB 3a CYET MCIIOJIb30BAHUS
CMeceld, Ha OCHOBE KPHUCTaNIOB MHTEPMETAIUIMAHBIX coeIuHEHUN Pu u Am, KOoTOpble Tak *ke, KaK U UX OKCHIBL,
SBISIIOTCSL yCTOMYMBBIMU XMMHUYECKHMHU COeIUHEHMsAMU. IlyTeM COBMECTHOrO HCHOIB30BAHUS AHAIUTHYECKOU
MO/IeNH, BepU(UITIPOBAHHBIX pacdeTHRIX KogoB porpamMm SOURCES4C u PHITS-2.88 npemtoskeHa opurnHaIbHas
Ipoleaypa pacdeTa BBIXOJA M CIIEKTPa HEWTPOHOB PaJMOM30TONHOrO MCTOYHHMKA Ha OCHOBE CMECU OKCHIHBIX U
HMHTEPMETAUTHIHBIX coenHeHuH. [loka3aHa BO3MOXHOCTh HCIOJIBb30BAaHUS MPEATIOKESHHON METOIOJIOTHH pacdera
JUIA  WCCIEIOBAaHUS pAJUAllMOHHBIX XapaKTEPUCTUK MMOJKPHUTUYECKHX PAa3MHOXKAIOIIMX Cpef, COJAep Kallux
BKJIIOUEHUS CO CJI0KHOU IeTEepOreHHOM CTPYKTYpPOH.

CIIUCOK JIMTEPATYPBI

1. Ghal-Eh, N, et.al. (2019). Appl. Radiat. Isot. In Press
2. Vega-Carrillo, H. R., et.al. (2002). Appl. Radiat. Isot. 57(2): 167-170.
3. Geiger, KW., et.al. (1975). Nucl. Instr. Methods. 131: 315-321.

PACYETHO-3KCIHEPUMEHTAJIBHOE UCCJIEJJOBAHUE ®JYKTYALIMIA HEUTPOHHOI'O ®OHA
B T'EOCUCTEMAX, COAEP KAIINX MUKPOYACTHULBI CTPYKTYPHO-COCTOSIIUE U3
MHOT'OKOMIIOHEHTHOM CMECH JJMOKCHUJIOB AKTUHHU1OB U 3JIEMEHTOB C MAJIBIM U
CPEJHUM ATOMHBIM BECOM
C.A. Macerko, A.U. 3opskun, O.A. Ykpauren, C.B. benenko
HauunonaneHelil nuccaenoBaTenbckuit TOMCKUN NOJUTEXHUUYECKUI YHUBEPCUTET,

Poccus, r.Tomck, nip. Jlenuna, 30, 634050

E-mail: Mongusch-S@mail.ru

B pabote uccnemyrorcs QUIyKTyanmud HEWTPOHHON KOMIIOHEHTHI PaJHallMOHHOTO (JOHA B T€OCHUCTEMAX,
coZiepKallliX MHUKpPOYACTHIIbl, CTPYKTYPHO-COCTOSIIIIME W3 MHOTOKOMIIOHEHTHOH rereporeHHo cmecu U, Pu u
9JIEMEHTOB C MaJIbIM U CPEJTHUM aTOMHBIM BECOM.

JJist OLleHKH HEHPOHHOTO (pOHA, ITyTeM COBMECTHOTO HCITOJB30BAHUS JAHHBIX O (PH3UKO-XUMHAYECKUX (popm
anb(da-u3Tydaromux akTHHUAOB [1] W aHamM3a WX MOJIBMKHOCTHA B reocucteMax [1,2], pa3paboTaHa pacyeTHO-

OKCIICPUMCHTAJIbHass METOAUKA pacyeTa BbIX0da HeﬁTpOHHOFO H3JIy4YCHUA U3 MUKPOYACTHULL pa3H0171 KOH(bHpraHI/II/I,
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pasmepa u coctaBa. COCTaBBl W pa3Mephl anb(a-MU3MydalonInxX aKTHHHIOB IIPENCTaBIeHBl B paborax [2,3] u
WCIIONIB30BaHbI JIJIs HCCIIEIOBAHUH B HacToOsIIeH padore.

PacuetHast mozens (GOpPMHPOBAHUS HEWTPOHHOH KOMIIOHEHTHI paAMalMOHHOTO (pOHA YYHTHIBAET
BEPOSITHOCTH 00pa30BaHMsI HEHTPOHOB B pe3yJIbTaTe CIIOHTAHHOTO JIEJICHHS TSXKEIBIX S/IEP, a TaK)Ke BEepOSTHOCTH
00pa3oBaHKs HEUTPOHOB MO peaknusM anb(a-n, NPOTEKAIONIMX HA SApaxX C MaJIBIM M CPETHUM aTOMHBIM BECOM.

B pacuere BbIX0Ja HEWTPOHOB MO KaHAIy PEeaKUHMH ajb(a-n Mbl YUUTHIBAEM BEPOSTHOCTH BbUIETA allb(a-
yacTtul ¢ noBepxHoctu U mim Pu-yactun cdhepudeckoit (ot 5 1o 100 Mxm) dopmsl [1], a Takke BEpOSTHOCTH TOTO,
YTO BBUIETEBIIAS aIb()a-gyacTHUIIA B IIPOIIECCE 3aMENICHNS MOXKET POB3aNMOAECHCTBOBATH C COCETHUMH aKTHHHIAMU.
[NomydeHs! BBIXO M YTJIOBBIE pacmpeieicHus anb(a-n HEHTPOHOB B 00bEME M Ha NMOBEPXHOCTU HCCIEAYEMBIX
00pa3mos.

HccnenoBanus, BBINONHEHHBIE B paboTe, TO3BOIAT co031aTh S(GEKTUBHYIO CHCTEMY 3aIIUTHBIX
MPOTUBOMHIPAIIMOHHBIX MOHHUTOPOB M pPa3paboTaTh ONTHMAIBHYIO KOHUIEMIMIO PEaOMIMTAlMK HCCIIEAyeMO
9KOCUCTEMBI.

CIIMCOK JIUTEPATYPbI

1. Buacoa U.D. u np. ®uzuko-xuMuueckre (GopMbl anb(ha-u3inyyarolux pajiuoHyKIHIOB B NMpo0axX JOHHBIX
ocankoB BomoéMma 17 (B-17, crapoe 6o0t0) I[10O "MASK" // Bonpocs! panunannonsoii 6e3onacHoctd. — 2013, — Ne 2.
— C. 48-56.

2. Yeboruna M.S. u np. AucnepcHOCTH YaCTHII IUTYTOHMS B IPOU3BOJICTBEHHBIX IIPOLiEccax U B OKpYKaloIei cpene
— ExarepunOypr: U3a-Bo «AxagemHayka». — 2017. — 112 c.

3.  borncynoBckuit A.S. u np. IHTEHCHBHOCTH HaKOIUICHHsI ypaHa-238 MPeaCTaBUTENSIMU Pa3HbIX IKOJIOTUUECKUX
ypoBHeii akocucteMbl p. Enuceit // BectHuk ToMmckoro rocyapcTBeHHOro yuusepeurera. buonorus. — 2016. — Ne 2.

- C.161-171

ONTUMM3ALIAA NPOBEJEHUS KYPCA JTYYEBOM TEPATIMA Y TAIIMEHTOB C PAKOM
MPSIMOI KULLIKU
Hryen Tyan Aub, M. A. 3nepesa, H.JI. TypryHosa
HanuonaneHelil nccnenoBaTesbckuii TOMCKUI NONUTEXHUYECKUM YHUBEPCUTET,
Poccus, r. Tomck, nip. Jlenuna, 30, 634050
E-mail: delierre.khanhhoa@gmail.com

Pax npsiMoii KHIITKKA B 9KOHOMHUYECKH PA3BUTHIX CTPaHAX MUPA SIBIISIETCS OJTHOM U3 CaMBIX BAXKHBIX MTPOOIIeM
OHKOJIOTUH. IHTCHCUBHBIN POCT 3a00JI€BaEMOCTH 00YCIIABIMBACT IMMOBBIICHUE CMEPTHOCTH OT paKa MPSMON KUIIKH.
OT0 yKa3bIBaeT Ha HEOOXOAUMOCTh YCUIICHUS MPOPHIAKTHYSCKUX TOUCKOB PAHHETO BBISIBIICHHS U CBOCBPEMEHHOTO
JedeHus yKa3aHHOH (GopMbl paka. OHUM U3 OCHOBHBIX TIOJXOJIOB K JICUCHHIO SIBJSICTCS JIydeBasl TEPaIus, ENbI0
KOTOPOH SIBIIICTCS MaKCHMAallbHOE OOJIyYeHHE OdYara ¢ MUHHMAIBGHBIM IMOpPaKEHHEM HOPMAalbHBIX TKaHed [1].
TlosToMy HOHMCK ONTUMAJILHOT'O COYETAaHUS TOMOMETPUYECKON MOATOTOBKH C JIY4EBOM Tepamuend sl CHUXKEHHS
JI030BOM Harpy3Kyd Ha HOpPMaJIbHbIE TKaHM M KPUTHUYECKUE OpPTraHbl SIBISIETCS aKTyalbHOU 3ajnadeil. Llenbio naHHOM
paboTHI SBISIETCS ONTUMH3AIUS TPOBEACHHUS COUYETAHHOTO Kypca Jy4eBOUW Tepamnuu y MalMeHTOB ¢ pakoM MpSMOi
KHILKY JJIsI CHHDKEHUS JI030BOM Harpy3KH Ha KPUTHUYECKUE OPTaHbI.

B pamMkax qaHHOTO HcCiIeI0BaHUs ObLIa POBEICHA OIICHKA JTO30BBIX HATPY30K Ha KPUTUYECKUE OPTaHbl JJIs
CCAHCOB JIYYEBOW TEPAITUH ITALIUCHTOB C PAKOM IPpsAMON KUIIKH [2]. O0IrydeHre MpoBOIUIOCH IO COYCTAHHOMY KYpCY,

KOTOPBII PEeaJI30BBIBAJICS B BUJE KOMOWHALMY IMCTAaHIIMOHHOM JIy4eBoi Tepanuu ¢ pasoBod nozoi (POJI) 2 I'p u
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BHYTPHIIONIOCTHON Jy4eBoil Tepammeii ¢ POl 5 I'p. IInarupoBanme ceaHCOB AMCTAaHIMOHHOW Jy4eBOW Teparuu
MIPOBOIMIIOCH B CHCTEME J03uMeTpruecKkoro IanupoBanus XiO. /s KOHBEHIIMOHANBEHOW JTydeBoil Teparmu (2D)
pacdeT poBOAWIICA U TaMMa-TepareBTuaeckoro ammapata «Theratron Equinox 80», a s KoH(MOPMHO#! JTydeBoi
teparuu  (3D) nmnsa  anmapara  «Elekta Synergy». IlnanupoBaHnme BHYTPHUIIOJNIOCTHOW JIy4eBOW —Teparuu
ocymiectBisuiock B cucteMe HDRPlus mns anmapara «MultiSource». OneHka 1030BBIX Harpy30K HPOBOJIMIIACH C
MOMOIIBIO JIMHEHHO-KBAAPAaTUYHON MOJENU. YPOBHH TOJEPAHTHBIX 03 OINpPENE/SUINCh B COOTBETCTBUH C
pexomenpanusamMu QUANTEC [2].

Ha ocHOBe MOJTydeHHBIX PE3yNIbTATOB OBUIM CAENAHBI CIEAYIOUINE BBIBOJBL NPOBEICHHE KOH(OPMHON
JTydeBOW Tepanuy Ha JUCTAHIMOHHOM JTalleé COYCTAaHHOTO Kypca IMO3BOJIIET YMEHBUINThH J030BbIE HArPY3KH Ha
KPUTHUYECKHE OPTaHbl, YTO MTO3BOJINT CHU3UTH PUCK BO3HUKHOBEHHS OCTPHIX IOCTIIYUEBBIX OCII0KHEHHH; MIPUMEHEHNE
KOMITBIOTEPHOW TOMorpaduu [ BH3yalM3alMd OOBEMOB OONyYeHHMS NpPH IUIAHUPOBAHHHM  CEAHCOB
BHYTPUIIOJIOCTHOH JIy4€BOM TEPANIUU IIO3BOJUT YBEIUUYHUTh TOUHOCTb JOCTABKH JIO3BL.

CIIMCOK JIUTEPATYPbI
1. KpaTtkue MeToguueckue peKOMEeHJalluy M0 JIy4eBOM Tepanuy paka NpsiMOi KUIIKK: TpelydeBasi MOAroTOBKa,
OKOHTYpHMBaHWe, IPHHIMIBI IUlaHupoBaHus. boiapmas kondepenuuss RUSSCO  «Onyxomum  XKKT-
Konopexranbubiii pak, Mocksa, 14-15 anpenst 2016 rona.

2. Joiner M., Kogel A. Basic Clinical Radiobiology. — UK by MPG Books, 2009. — 391 p.

PA3BPABOTKA CIIOCOBA OIIPEJAEJIEHUSA YPOBHS HATPEBA HOBOOBPA3OBAHUSA IIPU
MPOBEJJEHUN CEAHCOB EMKOCTHOM JIOKAJIBHOM 'MIIEPTEPMUH
A.C. Pasymona?, T.A. Cenenbuukopa’, U.A. Munoitunkosa®?
'HauuonanbHblii HecieoBatebeckuit TOMCKUI MTOIMTEXHUYECKUH YHUBEPCUTET,
Poccus, r. Tomck, nip. Jlenuna, 30, 634050
?HayuHo-1cCle10BaTENbCKII HHCTUTYT OHKOJIOTMH TOMCKOIO HAallHOHAIILHOIO MCCIE10BATENbCKOTO
MEIUIMHCKOrOo LeHTpa Poccuiickoii akaiemMuu HayK,
Poccus, r. Tomck, nep. Koonepartusnsii, 5, 634009

E-mail: razumova.anya98@mail.ru

OpHolt U3 Hauboee akTyalbHBIX MPOOJIEM MEIUIMHBI SBJSIETCS JICYeHHE OHKOJOIHYeCKUX 3a00JIeBaHuM.
JI1s TIOBBIIIEHUS YYBCTBHTEIBHOCTH OIYXOJEBBIX KJIETOK K OOJYYCHHIO NPUMEHSIOTCS PaJHOCCHCHOMIN3aTOPHI,
OJIHUM U3 KOTOPBIX sIBJIsieTCs rumeprepmus [1]. DTo BUA JeYCHHS OHKOJIOTHYECKHUX 3a00JCBaHUM, CBS3aHHBIN C
HarpeBOM HOBOOOpa3oBaHMH. {11 NMpOBElEHMs CEaHCOB TMIEPTEPMUHM HEOOXOIMMO CIEAMTH 3a TEeMIEpaTypou
HarpeBa OOJIACTH OIyXOJIM, YTOObI HE HaBpEIWTh IMAIMEHTy B Ipoliecce Hpouexypsl. VHBa3WBHBIE METOJBI
OIIpeZieIeHusl yPOBHS HarpeBa HOBOOOPa30BaHMs HE HAIIUIM IIMPOKOTO IMPHUMEHEHUS B CHILy CBOETO TPAaBMHPYIOIIETO
xapakTepa. B pabote [2] npeanoxeHo penieHue, 3aKoJdarnieecs B IPUMEHEHUH CIICHHAIbHBIX (JaHTOMOB, KOTOPBIE
MMUTHUPYIOT pa3JInyHblE CBOMCTBA TKAHEW U OPTaHOB.

B pamkax nccrnegoBanus OblTH pa3paboTaHs! (haHTOMBI, KOTOPBIE UCIIOIB30BAIUCH TSI ONIPECIICHISI YPOBHS
HarpeBa Pa3IMYHBIX TKAHEH JJIS peaJhbHOTro Kypca JIOKaTbHON THIepTepMHH. AmNmapaT JOKaJIbHOI THIIepTepMUN
Celsius TCS npumensuics s HarpeBa ¢anToma. /11 KOHTPOJIS TeMIIepaTypsl UCIIOIb30BAIach TEPMOMETpHUIECKast
cucrema Celsius TempSens, YeTbpe ONTOBOJOKOHHBIX JaT4MKa KOTOpOW momemaiuch B ¢antoMm. ITokazanus

(huKCHpOBaATUCH KXKIbIE 5 MUHYT.
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Tak xak pa3paOoTaHHBIC (DAaHTOMBI SBJIAIOTCS CTATHYHBIMH, B HUX OTCYTCTBYIOT TaKHe MEXaHHU3MEI
peryIupOBaHUS TEMIIEPATYPhL, KaKk KPOBOTOK. B paboTe 3HaUeHNUS IpHUPOCTa TEMIIEPATYPhI C YYETOM BIHSHUS TOTOKA
KpOBU Ha yPOBE€Hb HarpeBa ObLTH OIICHECHBI HA OCHOBE SKCIICPUMEHTAJIIBHBIX JAHHBIX, U3MEPEHHBIX Ul CTATUIHBIX
(l)aHTOMOB IMyTEeM nepecucTa no (bopMyJIe, HOHy‘IeHHOﬁ M3 KJIACCHUYECKOr0 OMOTEINIOBOrO YpaBHCHUA FappI/I Ilenneca
[3] bruto OIPCACIICHO, YTO IIPU MPOBCIACHHUU CCAHCOB JIOKaJIbHOM TUNEPTECPMUN AOCTUTACTCSA TEPAINICBTUYCCKAA
TeMIIeparypa, rnpu KOTOpOﬁ Ha6J'IIOZ[aeTCH CeHCI/I6I/IJ'II/IBaIlI/IH OITYXOJIM K HOHU3BUPYIOUIEMY U3ITYUCHUIO.

Takum 0Opazom, B paboTe NpeIoKeH criocod NPOBEACHHSI TEPMOMETPUH CEAHCOB JIOKAJIbHOM THIIEPTEPMHUU
C HICIIONB30BaHNEM (PAHTOMOB H TTOKa3aHa ero paboTOCIIOCOOHOCTS.
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PAJIMAIMOHHBIE TEXHOJIOI'MA HA OCHOBE HAHOCEKYH/JIHBIX 3JIEKTPOHHBIX TYYKOB
C.JO. Cokopnun'?
I®I'BYH UnctutyT snexrpodusuku YpO PAH,
Poccus, r. EkatepunOypr, yia. Amynacena, 106, 620016
2Vpanbckuil GeepaibHblii yHUBEPCHUTET,
Poccus, r. EkarepunOypr, yia. Mupa, 19, 620002
Email: sokovnin@iep.uran.ru

B nmoxmame paccMOTpEHBI MPUHIMITEI KOHCTPYKIHS —HMITYJTCHO—TIEPHOAHYCCKIX HAHOCEKYHIHBIX
yckopureneit a1nekTpoHoB cepur YPT [1] U kOHKpeTHbIe palialliOHHBIE TEXHOJOTMU Ha UX OCHOBE.

Pa3BuTHe TeXHMKM T'€HEpallMH BBICOKOBOJIBTHBIX HWMITYJICOB HAaHOCEKYHIHOI IIMTENbHOCTH Ha OCHOBE
a¢dekra HAHOCEKYHJHOTO OOpbIBA TOKAa B MOJIYIIPOBOAHUKOBBIX JIHO/AX CO3AAN0 MPEINOCHUIKU Uil pa3paboTKH
HaHOCEKYHHBIX YCKOPUTEJIEH 3JIEeKTPOHOB UMITYJIbCHO-TIEPHOANYIECKOTO pexXuMa ASHCTBHS C SHEPTUeil ANeKTPOHOB
10 1 M»aB u cpenHell MOITHOCTBIO B ITydke A0 SKBT (B ToM umcie MOOMIBHBIX). Takue YCKOPUTETH F€HEPUPYIOT
my4dku Oonpmioro cedeHus (o 5*50 cM) ¢ BBICOKOH HHTEHCHBHOCTBIO, OOJIQJAONINE CHIIBHBIM OHOJIOTHYECKUM
JIEWCTBHEM, MMEIOT BBICOKYIO HaJeXHOCTh M pecypc (Oonee 14 000 wacoB). Mx BakyyMmHBIE JHOIBI paboTarOT C
XOJIOJTHBIMH KaTO/IaMH IIPY OTHOCHUTENIBHO HU3KOM Bakyyme (1o 0,01 Ia).

VYcekopurenu cepur YPT npuMeHSIIOTCS pa3iWYHBIX OTpPAcisiX Hayku U TexHUKW. Co3laHHas JIMHEHKa
YCKOPUTENEH JaeT BO3MOXHOCTh BBIOOpa YCKOPUTENS HCXOJS W3 TpeOOBaHMH KOHKPETHOW paguaIiiOHHON
TEXHOJIOTHH, B TOM YHCIIE C BAKYYMHBIM JINOJIOM ISl IBYXCTOPOHHETO OOTydIeHUsI.

HaiineHo HECKOIBKO BO3MOXHBIX cep, I/1e MX IPUMEHEHHE TEXHOJIOTHIECKH U 3KOHOMUYECKH OIPaBIaHo.
B uactHocTH, yckoputenu cepun YPT npuMeHSIOTCS Ui pajAWallMOHHOW CTEpUIW3aliUd W Je3WH(EKINU
MEIUIMHCKUX M THUIIEBBIX IPOJYKTOB, HaBEJNCHUS AE(PEKTOB B TBEPIBIX TeNaX, PaAMAllMOHHO-XMMHUYECKHX

TCXHOJIOTUAX, MMOJTYUYCHUSA HAHOIIOPOIIKOB U T.II.
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B03MOXXHOCTh IUIAaBHOTO PETYJINMPOBAHUS JHEPTHHM 3JICKTPOHOB II03BOJSIET MUHHMH3UPOBATH 00BEM
MOBEPXHOCTHO CTEPWJIN3YEMOTO MpPOIyKTa (HampuMep - oOiydaTh TONBKO CKOPIyIy Sia, B TOM YHCIE 4epe3
IUITACTUKOBYIO Tapy), a, CIIEIOBATEIbHO, WCKIIOYUTH BO3JCHCTBHS 3JIEKTPOHHOTO MyYKa HEIOCPEICTBEHHO Ha
npoaykT. [Ipu 3ToM 103a OT TOPMO3HOTO U3ITydeHuUs (TIPU CTEPHIIN3AIMOHHBIX J]03aX Ha IOBEPXHOCTHU OT 3JIEKTPOHOB)
OyzeT Ha ypoBHe AecATHIX gouieil I'p, T.e. 6e30macHbIX qaxke JUIsl )KUBBIX OPTaHU3MOB. Ba)kHO 3HaueHHE NP Takoi
MOBEPXHOCTHON CTEpUIIM3allMM HMEET BBICOKAs MPOU3BOAUTENBHOCTH (40 0,5 MIH. sMIl B CMEHY U1 OJHOIO
yckopurens YPT-0,5) u Huzkas crouMocts 00ydeHus (MeHee 1 py0. 3a IECATOK SIHIT).

CIIMCOK JIMTEPATYPbBI
1. Coxoruuu C.}O. HaHOoCekyHIHBIE YCKOPHUTENN 3JICKTPOHOB IS paAHallMOHHBIX TEXHOJOTHHA. — ExaTepuaOypr:

Vpansckuii 'AY, 2017, — 348c. ISBN: 978-5-7691-2494-5

JTOBUMETPUYECKASI OLIEHKA PA3JIMYHBIX METOJMK JUCTAHIIMOHHOM JIYYEBOM
TEPAIINMU C UHCITOJIB30OBAHUEM OJHOBPEMEHHOI'O HHTEI'PUPOBAHHOI'O BYCTA JIS1
OIYXOJIEH r'OJIOBBI U LIEU
O.M. Craxosa®?, E.C. Cyxux?

'HanmoHansHBIN HCCIeq0BaTENbCKII TOMCKHII MONATEXHUYECKHIT YHUBEPCHUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
TAY3 TO MKMII «MeaumuHCKAnit ropomay,

Poccus, r. Tromens, yin. bapHaynsckas, 32, 625000
3ToMckuii 061acTHOI OHKONIOTMYECKHUiA qUCTIaHCep,

Poccus, r. Tomck, nip. Jlenuna, 115, 634009
E-mail: oms5@tpu.ru

AxkTyanbHocTh. COTJacHO CTAaTUCTUYECKUM [aHHBIM, 3JIOKAUYECTBEHHBIE OIIyXOJM TOJIOBBI M INEH
COCTaBJIAIOT OKOJIO 5% ciydaeB, OT oOmMX cirydaeB 3a0osieBaeMOCTH pakoM Bo BcéM mupe [1]. Ilomasmsromee
OonpmuHCTBO 00MBHBIX (60-70%) moctymatot Ha nedenue ¢ LI-IV craguamu 3a6oneBanus. Oxono 90% GONBHBIX —
nroU paborocnocodHoro Bo3pacta (30-60 net) [2-4].

Krnaccudeckn, Takux MalMeHTOB JICYWIH MIPU TOMOIIH TpeXMepHOH KOH(OpMHOH sryueBoil Tepanuu (3D-
CRT), rae mocienoBaTenbHO 0OOJydasics Bech 00OBbEM MHMIIEHHM, a 3aTeM JONOJHUTENBHYI0 /103y OOJydeHHs
JIOCTaBJISIN B 00JIaCTh ¢ OoJiee BBICOKMM PHCKOM 3a00seBaHus. I1aineHThl 4acTO UCTIBITHIBAIN TSDKEITYIO OCTPYIO U
MO3/IHIOI0 TOKCHYHOCTh, BKJIIOYas MYKO3HUT, AEpPMaTHUT M KcepocTomuio. C BHEIpEHHEM JIydyeBOH Tepamuu ¢
moxayisinued  uHTeHcuBHOCTH (IMRT) mnosBunach BO3MOXKHOCTB  YJIy4YIINTh KOH(OPMHOCTH BBICOKHX J103,
MHHHMH3HPOBATh PaIHallHOHHYI0 TOKCHYHOCTB ITPU COXPAaHEHHHU aHAJOTUYHBIX oKa3aTenel kouTpois [5-8]. IMRT
B TO € BpeMs NI03BOJISIET OJJHOBPEMEHHO JJOCTaBJIATh Pa3InYHbIE YPOBHU JI03bI B OTAENbHBIE 30HBI PUCKA B IIpeAenIax
onHoOU (pakuuu neyenus (Simultaneous integrated boost - SIB) tak, 4To0bI cyMMapHbIe 103l Ha 3TH 00JIACTH ObLIH
JOCTUTHYTHI 3a OAHO KojuuecTBo ¢pakuuii [9-10]. IIpenmymectsa IMRTSIB BkmOYaroT MOBBIIICHUE
3¢ GEKTHBHOCTH TUIAHUPOBAHMS U CHIKCHHE HEOTIPEAETICHHOCTH, IIOCKOJIBKY ITOJTHAS /1032 OOIYYEeHUS YIUTHIBACTCS
B ogHoM 1mane [11]. Kpome Toro, sckamamust 10361 CHI)KaeT ob1iee BpeMs OOIydeHHs, YTO BaKHO JUIS OITyXOJIeH
TOJIOBBI W IIEH, OTJIMYAIONINXCS BBICOKOW CKOpOCThIO mpoiupepannu [12], U mpH XOpOIIHMX JO3UMETPHUECKUX
BBIXO/IHBIX JIAHHBIX, TOTEHIMAIBHO YIYYIIaeT KOHTPOJIb OIYXOJIM, TEM CaMbIM MOBbIMast 3()(PEKTHBHOCTD JIy4eBOH

tepamnuu [13-14].
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Henbio nanHOM pabOTH SBISETCS MPOBEICHIE JO3UMETPHUECKOTO CPAaBHEHHS METOIUK JTy4eBOU Teparuu
IMRT (step and shoot u sliding window) u VMAT ist marenTa ¢ omyxoiibto JHa mosocta pta 1V cragun.

MaTtepuanbl U MeToabl. B pamkax mcciemoBaHus ObLT NMPOBEAECH aHAIH3 JO3MMETPUYECKUX ITaHHBIX
MalUeHTa, U KOTOPOTro OBLIO COCTaBIICHO MPEANNCaHNe K TPOBEICHUIO JIy4eBOii Tepanuy B pexxime SIB, BeiaeneHs
30HBI IUTaHHpyeMoro obwséma Beicokoro pucka (planning target volume — PTV-T), cymmapnas mo3za (COM) st
kotoporo cocrasuia 70 I'p, a Taxke 30Ha meiHbIX TuMpoy3nos ciaeBa — PTV-NL (COJ] 66 I'p) u cnpasa PTV-NR
(CO 56T'p), 3a obmiee KommyecTBO (pakuuii paBHOe 35. YuuThIBalach 1032 Ha TaKHUE OpPraHbl PUCKA Kak
OKOJIOYIITHBIE CIIFOHHBIC JKeNe3bl, CIMHHON MO3T, CTBOJ Mo3ra [ 15]. PesynpraTs! mpuBeeHs! B Tabmmmax 2-5.

Jus peammzarun wianoB IMRT ncnonp3oBanock 9 TepamneBTHUECKUX MyYKOB, Yepe3 paBHBIN nHTepBai 40°.
Pacuer mo3s! npomsBoamics nmpu nomomy anropurmMa AAA (Analytical Anisotropic Algorithm). Beibpannas ceTka
pacuéra 0,25 cm.

ITo metoguke VMAT uncmonb30Baliuch ABE apKu MO U MPOTUB YaCOBOM CTPENIKH ¢ Ayroi 360° u TOBOPOTOM
KosuumaTopa 30°.

Bce muiaHel ObUIHM BBITIOJHEHBI MPU MCIOJB30BaHUU yckoputens Varian TrueBeam STX ¢ Topmo3HbIM
u3aydeHuem 6 MB, TommuHa jemnecTka MHOToIenecTkoBoro koywmmmatopa — 0,25-0,5 cm, MakcuManbHas CKOPOCTh
IBIDKCHUS JICIECTKOB — 2,5 cM/c. MakcuMmanbHbBIH pasMep moiisl 22%34 cM. MakcuMalibHas CKOPOCTh JBIDKCHUS
reaTpu 4,8°/c, MomHOCTH 10361 Hocturaet 600 ME/MuH.

TonepantHeie ypoBHHU opraHoB pucka (OP), yuuTeIBaeMBIX B TaHHOM HCCIICIOBAaHWH W BEPOSTHOCTH UX
ocnoxueruit (BO), mpusenens! B Tabnuie 1, B coorBerctBun ¢ npotokoroM QUANTEC.

Tabauya 1. Tonepanmuocms OP.

OP QANTEC

OKOJIOYIIIHBIE CITFOHHBIE JKeJIe3bI C ABYX CTOpPOH:
Depen<25 I'p (BO<20%),
Dcpen<39 I'p (BO<50%);

CriuHHON MO3T Dmax=50 I'p (BO<0.2%),

Dmax=60 I'p (BO<6%),
Dmax=69 I'p (BO<50%).
CTBOJ MO3ra Dmax<54 I'p (BO<5%),
Pesyabrarsl. CpaBaenue napamerpos mwianoB IMRT (S&S, SW), VMAT 6b110 BBINOIHEHO [TPU MOMOIIN

JIAHHBIX pachpeseneHus 1036l B 00béMe u muaekca romorennoctu (HI —Homogeneity Index) amst mwumienu
(orHOMIEHHWE 1103 PTV monydeHHsbIX B 5 1 95% 00BpEMa) [16].

Tabnuya 2. Pesynomamul naanuposanus oas PTV-T.

S&S SW VMAT
D5 (Gy) 73.4 74.3 74.3
D50 (Gy) 69,6 72.1 70.6
D95 (Gy) 66,4 70.6 69.8
HI 1.12 1.06 1.06
Tabnuya 3. Pezynomamul naanuposanus oas PTV-NL.
S&S SW VMAT
D5 (Gy) 68.5 70.1 70.1
D50 (Gy) 64.5 67,8 67.2
D95 (Gy) 60.1 65.3 62.4
HI 1,14 1.07 1.12
Tabauya 4. Pezynomamul naanuposanus oas PTV-NR.
S&S SW VMAT
D5 (Gy) 58.2 58.6 58.6
D50 (Gy) 54.8 56.1 56.5
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II TOMCKIA NONHTEXHUNECKUI YHHBEPCHTET Cexuus 2. PajnannoHHble TEXHOJIOTHH B IIPOMBILIEHHOCTH U MEJMIIMHE
D95 (Gy) 50.8 51.8 51.3
HI 1.15 1.13 1.14

Tabnuya 5. Hozoeas naepyska na OP.

OP S&S SW VMAT
OxoJtoyIIHAs CIFOHHAS KeJe3a crpaBa, Depex 17.7 17.1 17.1
OxoJtoyIIHas CIFOHHAS XKeJe3a cIeBa, Depex 16.6 20.5 17,6
CruHHOM MO3T, Diax 34,4 32.8 36.6
CtBoJ Mo31a, Dmax 12,5 15.9 10.0

BoiBoabl. IIpenmymiectBom wucmoib3oBanus TexHuk |IMRT/VMAT mnepen 3DCRT  sBisercs

YMEHBIICHHAsT Harpy3ka Ha OP, B YaCTHOCTH Ha CJIIOHHBIE JKCJIE3BI, IMO3BOJIAIOIIAA OCTaTbCA B IIpeaciIax

ToNepaHTHOCTH opraHoB. B ciayuae VMAT nomydaetcs 6onee rudkoe pactpeneieHne J035I A MUIICHH H CITFOHHBIX

JKeJle3, IpeKpameHne (pyHKINOHNPOBAHHSA KOTOPBIX CHIIBHO CKa3bIBACTCSl HA KAUECTBE KU3HN OOJIBHOTO.

10.

11.
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PACUYET PAJJMAIIMOHHOM 3AIIMTHI HPOLEAYPHOI'O IOMEIIEHUS KJIMHUYECKOIO
YCKOPUTEJIA
Yan Hesu Xay, U.A. Munoituukosa, H./[. Typrynosa
HanmonaneHelii nccnenoBaTebCkuil TOMCKUI MONUTEXHUUECKUM YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: nhanhau.tran92@gmail.com

Jleuenne 370Ka4eCTBEHHBIX HOBOOOpa30BaHUI SBIAETCS aKTyaldbHOH MpoOIeMOll MEAHIIMHCKOIO
coobectBa. OJJHUM U3 HaNpaBJICHUH B JICUEHHUU SIBIISICTCS JTyueBast Tepanus. [[pyMeHeHre BhICOKOTEXHOJIOTHYHOM
Jy4eBOW Teparuu MPUBEIIO K YCIOKHEHUIO MPOLEAYp paJAnallMOHHON 3aiiuThl nepcoHasna. Llenso nanHoi paboTh
SIBIIIETCSL pacyeT paJMaliMOHHOW 3allUThl MPOIEAYPHOTO MOMelleHus (KaHbOHA) U JTaOUpHHTA JJi1 0OecreueHus
0e30MaCHOCTH MIPOBEICHHS CEAHCOB JIYUYEBOH TEpaTH Ha KIIMHUIECKOM YCKOPHTENe IeKTpoHOB TrueBeam ¢upmbt
Varian nipu 00nydeHnu mydkaMu (GOTOHOB ¢ dHeprueit 10 M»aB.

MenunHCKHe YCKOPHUTENH TPH OOJBIIMX JHEPTUSAX AIEKTPOHOB SIBILTIOTCS WUCTOYHHKAMH HE TOJBKO
TOPMO3HOT'O M3Jy4eHHs, HO U (oTOHEUTpoHOB. [ToaTOMy, 3amuTa OT HOTOHEHTPOHOB JOJIKHA PACCYUTHIBATHCS TaK
JKe TI0APOOHO, KaK U OT TOPMO3HOTO m3nyueHus. [Ipu pacyerax 3amuThl IpOLUEAYPHBIX MOMEIIEHHI OT TOPMO3HOTO
M3TY4EeHUS Ha OOJBIIMX SHEPIHSX BBIACISIOT NMEPBHYHYIO M BTOPUYHYIO 3aIIUTHI. TONIMHA BTOPUYHOI 3aIIHUTHI
ompenensercss Kak TOPMO3HBIM M3ITy4eHHMEM, TaK W M3TydeHHeM yTedku. s pacdeTa MEpBHYHOM 3aIIUTHI OT
TOPMO3HOTO M3JIy4eHHs! OBIJIO MCHOJIB30BAHO J[BA METOJA: METOJ HOMOTPaMM M METOJ| cioeB ociabnenus. Jlis
pacdera BTOPUYHOM 3aIIUTHI OT TOPMO3HOTO M3IIyYeHHUsS! OBbUI NPOBEJICH pacyeT TOJIIUHBI 3aIUTHl OT PACCEIHHOTO
TOPMO3HOI0 M3Iy4deHus. PacdeT TONIIMHBI BTOPUYHOM 3allIUThl OT U3JIyYEHUs] YTEUKU MPOBOAMICS TAKXKE KaK MPHU
pacueTe 3alMThl OT HEPBUYHOTO TOPMO3HOTO U3ITyUECHHUS.

JI71st 5NEeKTpOHHBIX YCKOpHTenei Ha sHepruu 6onee 10 MaB Bkiaa B 103y Ha BXoJie B JaOUPUHT BHOCHT:
TOPMO3HOE U3Ty4eHHE OCHOBHOTO ITy4Ka, FTaMMa-N3Iy4eHNE PaJlalliOHHOTO 3aXBaTa M (POTOHEUTPOHEI. J{71st pacdera
TaOUPHUHTHOM 3aIIUTHI OBIII MPOBEJECH PAcYeT MOITHOCTH SKBUBAJIICHTHOI JJ03BI HA €T0 BXOJIE.

Ha ocHoOBe moyrydeHHBIX pPe3ybTaTOB OBLIM CHIENaHBI CIECTYIONINE BBHIBOJBI: KOHEYHAs TOJIIMHA 3aIUTHI
CTEH NPOLEAYPHOH YyCKOPUTENs OMpEeJeNsseTcsl TOPMO3HBIM U3JIy4€HHUEM, T.K. BKJIAJ OT HEUTPOHHOIO HU3Iy4YEHHS

MHUHHUMAJICH, TOJIIWHA 3aHIPITHOI>i JABEpHU Ha BXOAC B J'Ia6I/IpI/IHT U IpoUeAYPHOIro IMOMCIICHU S (KaHLOHa) (¢
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JMHEHHBIM YCKOPHUTENEM JOJKHA OBITh TETEPOTCHHON 1 COCTOSTH M3 TPEX CJIOEB: CII0H OOPHPOBAHHOTO MOJIMITHIICHA
TONMIUHON 9,5 ¢cM HE0OXOANMO ITOMECTHTD MEKIY ABYMS CIIOSMH CTAIH TONIIINHOMN 4 cM.
CIIMCOK JIMTEPATYPbBI

1. becnanos B.U. Jlekuuu no paavanyvoHHOHM 3amure: - ydeOHoe mocobue — 2-¢ u3n., Tomck: M3marenbcTBo
ToMckoro nomuTeXHUUECKOro yHuBepcuTera, 2012. — 347 c.

2. Tapyrun W.I'.; TuroBnu E.B. IlpumeHeHHe NMHEHHBIX YCKOpUTEIEH AJIEKTPOHOB B BHICOKOTEXHOJOTMYHOM
nmy4yeBolt Tepanuu. Munck: benapyc. HaByka, 2014.

3. Lettau H. Note on aerodynamic roughness-parameter estimation on the basis of roughness-element description
/lJournal of applied meteorology. — 1969. — V. 8. — Ne. 5. — P. 828-832.

METOJ U3YYEHMS TPOCTPAHCTBEHHBIX PACIIPEJEJTEHUIA BBIBPOCOB KPYITHBIX
NPEJANPUATHIA C IOMOIIBIO PETPECCUOHHOI'O AHAJIM3A PE3YJIbTATOB
BUOMOHUTOPHUHTI A
A.E. Hlapemosa, H.K. PeoxakoBa, H.C.Porosa
HaunonaneHsb1il uccnenoBarenbckuit TOMCKHM MOTUTEXHUUECKUN YHUBEPCUTET,

Poccus, r. Tomcek, np. Jlenuna, 30, 634050
E-mail: rogova@tpu.ru

B HacTosee BpeMst YCTaHOBIICHO, 9TO OOJBIIOE COAEp)KaHHME B BO3AyXE YACTHI[ C pa3MepaMH He Ooiree
HECKOJIbKMX JI€CATKOB MKM INPUBOAUT K MOBBIIIEHHOMY PUCKY PECIHUPATOPHBIX AJUIEPTUYECKUX M JaKe€ PAKOBBIX
3a0oneBannii. Oco0yI0 ONACHOCTH MPEJCTABIISIOT METAJUTYPTHUECKHE U TEIUIOIHEPTeTHYECKUE TIPEIIPUSTHUS, MEIIKHE
YJaCTHUIIBI BBIOPOCOB KOTOPBIX COJEpXkAT TsDKENbIE MeTaulbl. B CBA3M C 3THM aKTyalbHOM CTAHOBUTCS 3ajada
M3YYEeHUS TPOCTPAHCTBEHHBIX PACIIPENICTICHUNA 3arpsA3HSAIONINX BEIIECTB B 30HAX JCHCTBUS JaHHBIX NPEINPUITHN, B
TOM 4HCJIE OINPENEICHUs] MaKCUMaJbHbIX YPOBHEHM 3arpsi3HEHUS U COOTBETCTBYIOIIUX MM PACCTOSHMM.
MenkoaucniepcHbIe BEIOPOCH KPYITHBIX MPEANPHUITAN ¢ BEICOKUME TPyOaMH IIEPEHOCITCS Ha OOJBIINE PACCTOSHHS
mo 10 xm u OGomee. B 3TOoM cirydae Hambosee MPOCTHIM, NEMIEBEIM B 3()()EKTHBHBIM HHCTPYMEHTOM H3yUYCHHS
3arps;3HEHUS BO3IyXa SBJISIETCS METO MXOB-OMOMOHUTOPOB. Yarie Bcero ToUku 0T00pa MXOB pacIpe/IeIeHbI 110 BCEeH
obiacTu wucciieioBaHus. B 30HaX BIMSHHUA TPEANPUSATHHA C BBICOKMMH TpyOaMHM Takas METOJHKa SBISETCS
TPYAOEMKOH U HE IO3BOJISIET BBIABUTH OCHOBHBIE 3aKOHOMEPHOCTH PACIpPOCTPAHEHUs 3arps3HAIOIIUX BeullecTs. B
TITY pa3paboTan METOJT U3Y4EHHUs MIPOCTPAHCTBEHHBIX pacTpe/ielieHnii BHIOPOCOB, OCHOBAHHBIN Ha PErPECCHOHHOM
aHaM3e KOHIEHTPAIMH XUMHYECKHX JJIEMEHTOB, IONYYEHHBIX I MXOB-OMOMOHHTOPOB. Mxu orbuparorcs
(TTaccuBHBIN OMOMOHUTOPHHT) WM pa3MEIIAlOTCs (aKTHBHBI OMOMOHHTOPUHT) Ha Pa3HBIX PAaCCTOSHUSAX BJIOJb
KaKoro-Tiu00 HampaBICHUS OT HCTOYHHWKA. B KadecTBe ypaBHCHHS PETPECCHH HCIIONB3YEeTCS 3aBUCHMOCTB,
MOJYYCHHAS MPU PEIICHHH CTAlMOHAPHOTO MU((Y3MOHHO-KOHBEKTUBHOTO ypaBHEeHUs neperoca [1].

B pabote mpencraBieHbl pe3yNbTaThl PErPECCHOHHOTO aHAIN3a XUMHYECKUX 3JIEMEHTOB B 00pasiax MXOB
JUTS TTACCUBHOTO M aKTHBHOTO OMOMOHHUTOPUHTA B 30HE AeHcTBH yroiapHoi TOLI r. HoBocnbupcka n aTroMMHIEBOTO
3aBoga r. Kpacuospck. Ileproms sxcosutn amst TOLl coctaBisuii npy MacCHBHOM OMOMOHHUTOpPHHTE 3 rojia, mpu
aKTUBHOM — 2 W 8 MecsleB; JUIs allOMHHEEBOTO 3aBOJia NPH aKTHBHOM OWMOMOHTHpurHe 2, 8, 11 Mmecsies.
KoHnenTpannm XMMHYECKHIX 3JIEMEHTOB B 00pasiax H3MEpEHBI C MOMOIIBI0 HEHTPOHHO-aKTHBAIIMOHHOTO aHAIIN3a U
ATOMHO-3MHCCUOHON CIIEKTPOMETPHH.

Ha ocnose MMPOBCACHHOI'O0 UCCICAOBAHNA CACIAHbI CJICAYONINEC BHIBOABI:
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1. Pa3mepsl 30H BIMSAHUS HCTOYHUKOB 1 PACCTOSHHA C MAaKCHMAJIBHBIMH YPOBHSMH 3arpsI3HEHUS] MOKHO
OLICHHUTh C TIOMOIIBIO PETPECCHOHHOTO aHAJI3a ONOMOHNUTOPUHTA BJOJIb BHIOPAHHOTO HAIIPaBIICHHS.
2. PaccrosHus ¢ MaKCUMaJIbHBIMH YPOBHSIMHU 3arpsI3HEHUS YBEIHUUBAIOTCS C POCTOM CPEIHEH CKOPOCTH
BETpa U YBEJIMYEHUEM JOJIM MEJIKUX U JIETKHX YacTHIl BBIOPOCOB IPEIIPHUSITHI.
CIIUCOK JIMTEPATYPBI

1. bepasan M.E. Ilporuos u perynuposanue 3arpsisHeHus armocdepst // J1.: Funpomereounsnar, 1985. — 272 c.

CBOMCTBA TEPATEPIIOBOT'O U3JIYUEHMS OT PEINETKA, TEHEPUPYEMOI'O
PEJSATUBUCTCKHAM DJIEKTPOHHBIM TYYKOM
A.A. [Tpiiexos, JI.A. IlIkutoB
HauunonaneHelil necaenoBaTenbckuil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r. Tomck, nip. Jlenuna, 30, 634050
E-mail: aad52@tpu.ru
Ilepen coBpemeHHOW (U3MKONH CTOUT BBI3OB, CBA3aHHBIA C OTPAHUYCHHOCTHIO METOJOB T'CHEPALUU
TeparepIioBoro u3nydeHus. OJHUM U3 BO3MOXKHBIX BAPHAHTOB PELICHUS JaHHON MPOOIEMBI SBISETCS UCIIONb30BaHNUE
MeXaHU3Ma TeHepalu TuPPaKIHOHHOTO m3mydeHus. [udpakioHHOe U3IYYeHHE — 3TO BUJ IMOJIIPH3AIMOHHOTO
W3JTY9YCHHUs, KOTOPBIA BOSHHUKACT MPU MPOXOKICHUN 3apsHKEHHON YacTUIH BOIHM3H HEKOTOPOH HEOIHOpOoAHOCTH. B
KayecTBE TaKOW HEOJHOPOJHOCTH IHPEJIaraéM MHCIOJIb30BaTh MHUIIEHb B BUAE PEIIETKH C TPEYrOJbHBIM
npoduneM (cM. puc. la). MccnenoBanue MpOBOAMIOCH HA OCHOBE KOMITBIOTEPHOTO MOJICITHPOBAHUS, C MTOMOIIBIO
paHee CO3MaHHOTO YHCICHHOrO Koja, HamucanHoro Ha sibike Wolfram Language. Cxema reHepaiiiu 1 OCHOBHBIC
nmapaMeTpbl pemeETKH, COocTosIe U3 15 mepuojoB, MpeacTaBieHbl Ha puc. la. B xome monenupoBaHusi OBLIH
MpOM3BeICHBI pacuéTsl Oonee 60 criekTpoB (cM. mpuMep Ha pHc. 10) mpu pa3HBIX yIrylax MOBOPOTA PEIIETKH (BOKPYT
OCH BpalleHUs) Ul TOPU30HTANBHON U BEPTUKAIBLHON KOMITOHEHTHI mouisipu3aiuu. CrekTpsl ObUin 00paboTaHbl U
MOJIyYEHBl  pPA3JIMYHbIE  XAPAKTEPUCTUKH  M3IY4YEHHsS: MOHOXPOMATUYHOCTb, HHTEHCHUBHOCTb,  KpHUBBIE
JICTIEPCHOHHOTO COOTHOIICHMA. JIJIT TOPH30HTANBHONH KOMIIOHCHTHI ObLIa M3y4YeHa aCHMMETPHS paCIICIUICHHS,
BO3HHKAOIIETO IS PAa3HBIX MOPSAKOB TU(PPAKIUH B CHEKTpax. UacTb pe3yabTaToOB OBUTH TpPEACTaBICHBI Ha
koHpeperuuu [1]. OOpabGoTaHHBIE pe3yIbTATBl MOJCIUPOBAHMA OBUIM  COIOCTAaBJIEHBI C  pe3yJlIbTaTaMH
9KCIepuMenTa (cM. mpumep Ha puc. 1B), mpoBenéuHoro Ha yckoputeie LUCX@KEK (Slmonwus). IMonyuennas
XOpoIIasg CXOAUMOCTh pPe3yIbTaTOB JSKCIEPHMEHTa M MOJACIMPOBAHUS IOATBEPIAMIA BEPHOCTh BBIIBICHHBIX

3aKOHOMEPHOCTEHN B CBOMCTBAX U3IIYy4CHHUS.
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B xome unccnenoBaHMs OBUIO 3aKIIOUEHO, YTO PEMIETKA C TPEYTOJNBHBIM TNPOQHIEM MOXKET CITyKHTh
peEryaupyeMbIM MOHOXPOMAaTHYECKHM UCTOYHUKOM TEPAreploBOrO U3Iy4YeHUs.
CIIUCOK JIUTEPATYPBI
1. OemmekoB A.A., ToxraramoBa M.M. CBolicTBa TeparepuoBOro H3IYYCHUS OT PEIIETKH, TCHEPUPYEMOIo
PEISITUBUCTCKUM JJIeKTPOHHBIM 1ydkoM // TIP®H: cOopuuk Hayuneix TtpymoB XVII MexnyHaponHoi
KOH()EpEHIINY CTYIEHTOB, aCIHUPAHTOB M MOJIOJBIX Y4eHbIX, I'. Tomck, 21-24 anpens 2020 r.: B 7 . — Tomck:

Uszn-Bo TITVY, 2020. — T. 1: dusuxa.
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ROSATOM TECH EXPERIENCE IN INTERNATIONAL NUCLEAR TRAINING
USING CLOUD TECHNOLOGIES FOR SIMULATION AND ANALYTICS
E.V. Varseev
Rosatom Technical Academy,

Russia, Obninsk, Kurchatov st., 21, 249034

E-mail: evvarseev@rosatomtech.ru

Among foreign countries showing interest in Russian reactor facilities, there is a demand for training
courses on the use of software to justify the safety and technical parameters of nuclear power plants based on
different design: from classic VVER to advanced SMR technologies.

In addition to regional training courses conducted on an annual basis within the framework of the
technical cooperation between Rosatom and IAEA devoted to infrastructure development and safety assessment
of VVER / PWR-type pressurized water reactors with the active use of Russian computational tools [1], there are
a number of training courses on the use of simulation tools embedded as a part of training on other topics.

The practical part of such training module includes both basic demonstration tasks, which allows to
demonstrate execution of the code visually - modeling harmonic oscillations with increasing levels in one of two
communicating vessels, and the task of verifying the code on known experimental data and others. During practical
sessions, not only methods of solving problems using software codes are demonstrated, but the main approaches
used by developers in conducting calculations to justify safety being studied as well.

The adaptation of training module on software use into interactive web-course at the Technical Academy
of Rosatom is underway. Web portal that combines lectures, test assignments and a practical test is being developed
as standalone product. Passing the course will give an overview of the technology and prepare the student for a
face-to-face meeting, and full-time training, in turn, will speed up the testing process, simplify the use of software
in a practical case, demonstrate the full range of simulation codes applications.

The next step in developing this idea was taken in the February 2020 during the training course at
Indonesia, STTN [2], where cloud platform was used by students to access the remote desktop with preinstalled
KORSAR code. This solved the potential issues: universal workstation environment among students (eliminates
the software configuration steps) and restriction of software distribution. At the same time, it was possible for
students to work using their personal computers and having direct access to the input and output files. The course
results demonstrated a high satisfaction of students by the training provided, including web-based practical
exercises. The next step will be implementation of such mechanism in the form of digital laboratory.

Designing interactive training course concept with the use of the KORSAR code and introduction of its
demo version into the web-based platform is new step towards modern training approach using state-of-art
simulation tools.

REFERENCES
1. Varseev E.V. et al. Interactive Training Course for Foreign Specialists as Tool for Promotion of Russian
Technologies of Small Reactors Through Educational Programs. Proceedings of V111 Research and Application
Conference of Young Nuclear Statists and Specialist «Increase of international market share during digital

transformation of nuclear industry». Saint Petersburg 2019, p. 230 — 231
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FEATURES OF THE FORMATION OF RADIATION IN A NEW-GENERATION OF FUEL WITH A
COMPLEX INTERNAL HETEROGENEOUS STRUCTURE
Y.B. Xu, S.V. Bedenko, 1.V. Shamanin
National Research Tomsk Polytechnic University
Russia, Tomsk, Lenin Avenue, 30, 634050
E-mail: syuyuybin@tpu.ru

Fuel and structural materials of existing reactor systems (reactors) and innovative reactor plants operate
in extreme conditions. These extreme conditions include higher operating temperatures, increased (extreme) burn
up, exposure to aggressive media, etc. For the long-term trouble-free and efficient operation of the reactor , the
fuel must have good thermal conductivity, radiation and thermal stability. To increase thermal conductivity,
radiation and thermal stability, the fuel is modified by adding various homogeneous compounds [1] and
heterogeneous inclusions [1,2]. However, these additives affect the neutron component of the radiation
characteristics of irradiated fuel [2]. So far, little research has been done in scientific journals on the effects of
various additives on the neutron background of fresh fuels and irradiated fuels, or even on fuels containing
heterogeneous inclusions. The meaning of the work is that the fuel is modified to improve its thermal conductivity,
thermal and radiation resistance, while they do not consider the fact that such fuel requires special handling after
its operation. In the work authors, the applicant will use MCNPX for numerical experiments couple with other
software (Sources-Serpent), to study the characteristics and mechanisms of the formation of residual neutron
radiation on fuels in a LWR reactor with a complex heterogeneous internal structure. The scientific problem
studied in this work is aimed at developing procedures for handling new-generation irradiated fuel during

transportation and “dry” long-term storage (See Fig. 1, [3]).

Unit 10

Fig. 1. Results of calculations @(E,r) of «dry» storage systems with modified fuel
In addition, since additives affect the components of the fuel, the reprocessing of spent nuclear fuel needs
to be changed accordingly. But compare with the traditional open fuel cycle with direct disposal, the reprocessing-
recycle cost is more expensive. How to improve the reprocessing of fuel, reduce the disposal amount of high-level
radioactive waste and reduce its costs are also considered and studied.
REFERENCES

1. Tran H.-N., et al. Neutronics design of VVER-1000 fuel assembly with burnable poison particles // Nuclear

Engineering and Technology. — 2019. V. 51(7). — P. 1729-1737.
2. Bedenko S.V., et al. A fuel for generation IV nuclear energy system: Isotopic composition and radiation

characteristics // Applied Radiation and Isotopes. — 2019. — V. 147. — P. 189-196.
3. Plevaka, et al. Neutron-physical studies of dry storage systems of promising fuel compositions // Bulletin of

the Lebedev Physics Institute — 2015. — T. — 42 (8). - P. 240-243.
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OINPEJIEJJEHUE CKOPOCTHU CMEIIEHHUS HA ATOM IO JEMCTBUEM HEVMTPOHHbBIX
MNOTOKOB B UMMOBUJIN3ALIMOHHOM MATPUYHOM MATEPUAJIE HA OCHOBE NdAIOs
M.B. lToaragen, O.10. Jonmatos, A.O. Cemenos, B.B. Bepxoryposa
HaunonaneHelil necaenoBaTenbcKUil TOMCKUIM NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r. Tomck, mip. Jlennna, 30, 634050

E-mail: shujaaljasar93@gmail.com

Ilpy w3y4eHNH SIBICHUS PAgUAlMOHHON YCTOMYMBOCTH OTBEPIKICHHBIX PaJHOAKTHBHBIX OTXOIOB
HCIIONB3YIOTCSL Pa3NUYHbIe BHABL OONydeHHs: Y-oOiydeHue, OOJIydCHHE 3apsDKCHHBIMH YacTHLAMH Ha
YCKOPHUTEISIX I ITyTEM BKJIIOUCHHS O.-HCTOYHHUKOB B MaTPHYHBIA MaTepuai, HEHTPOHHOE 0OIydIeHHEe TOTOKOM
OBICTPBIX HCUTPOHOB. HMMHTHPYIOLIEC PpaJUALMOHHBIE MOBPESKACHUS OT O-YaCTUL W SOCP-OTAa4d B
KPUCTAIUTHYECKUX CTPYKTYpax.

B nanHoif paboTe A MOJCTMPOBAaHHS MPOIECCOB PAJHAIMOHHOTO TOBPEKACHUS CTPYKTYPBI
CHHTE3UPYEMBIX OOpPa3IOB HCIOIb3YEeTCSl HEHTPOHHOE H3NydYeHHE Kak Haubojiee HWHTECHCHBHBIH METOMIOB
MMUTALIN TOPAKCHHS, XapaKTePU3yIOLIMICS MEHBIINMH BPEMEHHBIME 3aTPATUM 10 CPABHEHHUIO C BKIIOUCHHEM
0-MCTOYHHUKOB B 06pa3sell. [[puMeHeHne MOTOKOB 3apsDKCHHBIX YaCTHUII SBIIETCS HELEIecO00pa3HbIM TaK Kak 30Ha
HOBPEKACHUS. CTPYKTYPBI XapaKTepU3yeTCs IHIIb TOHKAM IMPUIIOBEPXHOCTHBIM CIIOeM 6e3 CYLIECTBEHHOTO
M3MCHCHUS BHYTPCHHEH CTPYKTYphI. MCrONB30BaHuE Y-M3IydCHHSI CHMYJINPYET HOBPEKICHHUS, BHI3BAHHBIC [3-
pacmanamu. J{J1s BBISBICHHS KOPPEISIUE BpEMEHN 00TyIeH s 1 BPEMEHH 3aX0paHEHHs HCIOIb30BaIach MOICITh
Kununna-ITu3se, ocHOBaHHAs Ha pacyeTe BEPOSITHOCTH CMEIICHHUSI B 3aBUCHMOCTH OT SHEPIHH 60MOap IUpyIOLIHX
vacrtui [1].

Ha nepBoMm sTare MoaenupoBaHus ObIIH TOMYYEHbBI MPOMUITH KOHIIEHTPAIIMH BAKaHCHI CO3aHHBIMH,

MOTOKaMH OBICTPBIX HEHTPOHOB cO cpenHei sHeprueit 2 MaB 1 aToMOB CHCTEMEI.
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MEXaHU3MOM TOPMOKEHHUS HOHOB B BelIeCTBE. [IpH GONBIITNX SHEPTUSIX TOPMOKEHUE TIPOMCXOUT B OCHOBHOM 32
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cpeaHeM, IIpu 00IydeHHH OBICTPBIM HEHTpOHOM oOpasyercst 152 Bakaucuit Ha HeltrpoH. lnst noctmkenus 0,1
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CHA COOTBETCTBYIOIIETO BPEMEHH 3aXOpPaHEHMs] aKTHHOWIHOW (pakumu B MarpuyHoM matepuane 1000 ser,
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XAPAKTEPU3AIUA AETEKTOPOB C UCITIOJIb30BAHUEM MOJAEJIMPOBAHUS MOHTE-
KAPJIO H OBOJIIOIMOHHBIX AJI'OPUTMOB
N.B. TIpo3oposa, }0.A. [Tonos, A.A. ITpo3zopos
HuctutyT atomuoit sueprun HALL PK,
Kazaxcran, r. Kypuaros, yi1. KpacHoapmetickas, 10, 711100
E-mail: Prozorova@nnc.kz

MogenmupoBaHue CHCTEMBI HCTOYHHK-IETEKTOp € MoMomblo MeTtoga Monrte-Kapimo mmpoko
UCTIONb3YeTCs B KAYECTBE AJIbTEPHATHBI SMITMPUIECKON KaInOpOBKE.

IIpennoxxeH MeToN ONTHMH3ALUU MapaMETPOB ONPENENCHHs XapaKTEPUCTUK JETEKTOpa C MOMOILBIO
OTIpeieNIeHHO! MPOLEAYPhI, KOTOPYIO MOXHO BOCIIPOM3BECTH B CTAaHAAPTHOM HCCIIEI0BATEIbCKOM JIAOOPaTOPHH.

Cam MeTo[1 3aKJIIOYaeTCs B ONPEACICHUN TeOMETPUUECKUX MapaMeTpoB JIETEKTOpa C HUCIIOJIb30BaHHEM
MojenupoBanus MoHTe-Kapiio mapaniensHo ¢ IMPOIeccoM ONTUMH3AIMK, OCHOBAaHHBIM HA 3BOJIIOIMOHHBIX
(reHeTHyeckux) anroputMax. HamoMHNM, 4TO T€HETHYECKUH aJTOPUTM - METOJ ONTHMM3AlNK, OCHOBAHHBIN Ha
€CTECTBEHHOM OTOOpe - TIpoliecce, KOTOPBIA YHpaBiisieT OHOJOTHYECKMM pa3BUTHeM. B Xone pabotsl
TE€HETUYECKOr0 arOpUTMa MHOTO Pa3 MPOUCXOJUT U3MEHEHHE OTAEIbHBIX PEIICHUN, Ha3bIBAEMbIX MOITYIIAHCH.
Ha xaxgom miare BIOMpAIOTCS OTHENbHBIE OCOOM M3 TEKYIIEH MOMyJSIIMU (TaKk Ha3bIBAEMBIC POJUTENHN) H
BOCIIPOM3BOATCS JIOYEPHHUE 3JIEMEHTHI Ul CIEIYIOIIero IMOKOJICHHs. B urore BeIOMpaeTcs ONTHMalbHO "€
pelIeHne C y4eTOM ONpeesIEHHBIX KPUTEPHEB.

Pa3paboTaH BBIYHCIUTENBHBIA METOJ JUIS IMOJNy4YeHHMS XapakTepHUCTHK crekTpomerpa HPGe myrem
napajulelIbHOM  pealu3aliii  SBOJIOLMOHHOTO —anroputma (quddepeHnnanbHOi  IBONIOIMHM) BMeCTe C

MoenupoBaHuaM MonTe-Kapio.

MATEMATHUYECKAS MOJIEJIb OITPEAEJEHUS HHTEHCUBHOCTHU JIMBHEBBIX OCA/IKOB
IO UBSMEPEHHOM MOIIHOCTHU A03bl TAMMA-U3JTYUEHUSA
Mac-Donald Prince!, A.C. 3enunckuiil, I' A. Sxosnes?, U.B. Bensera®, A.A. Ko63es*, B.C. fIkopnesal

1 HaumoHanmsHbIH HcciIenoBaTenbeKuiit TOMCKH TOMUTEXHHUECKH YHUBEPCHUTET,

Poccus, r. Tomck, nip. Jleanna, 30,
?HauuoHnanbHelii ccieoBatesbekuit ToMckuii rocyiapcteenHblit yausepeuret, Poccus, . ToMck
3TomcKkuii rocyJapCTBEHHBIH apXUTEKTYPHO-CTPOUTENLHBIN yHUBEpcuTeT, Poccus, r. Tomck
“MIHCTUTYT MOHUTOPHUHIA KJIMMAaTUIECKMX U sKonoruueckux cuctem CO PAH, Poccus, r. Tomck

E-mail; macdonald@tpu.ru

MOHUTOPHHT paJIHalMOHHOTO Y-(OHA IPH3EMHOTO CII0s1 aTMOC(heps! MPOU3BOAAT HE OIHO JIECSTHIIETHE.

K HaCTOAIIEMY BPEMCHU OBLIO TOKa3aHO, YTO BEJIMYMHA MOUTHOCTHU A03bI Y-U3JIYYCHUA HE TIOCTOAHHA BO BDEMECHHU
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- WHMeHepHan WKoNa «PU3MKO-TEXHUUYECKHE NTPOOJIEMBI B HAyKE, IPOMBIILLIEHHOCTH M MEIHILMHE.
I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMEKIHR NOMHTEXHUNECKHR YHHBEPCHTET Cexnus 3. MareMaTHu€eckO€ MOAEIMPOBAHUE M aBTOMATU3ALMS IPOU3BOJICTB
U MPOCTPAHCTBE, U 3aBHCUT OT Pa3IMYHBIX (PAKTOPOB, TAKMX KaK COCTOSHHE aTMOC(ephl, BpeMs CYTOK, BpeMs
rojia ¥ reoJioro-reorpauueckie XapakTepUCTHKH PErnOHa UCCIIeIOBaHMS.

Taxke HEOTHOKpaTHO OBLIO OOHAPY)KEHO, YTO MEPHOABI BBINAJACHHUS OCAIKOB COIPOBOXKIAIOTCS
AHOMAJIBHBIM YBEIHYCHHEM (BCIUIECKAMH) PaJHAIlIOHHOTO Y-(oHA. DTO sBICHHE OOBSACHIETCS IpOIleccaMu
BBIMBIBAHMS KOPOTKOXKHBYIIUX (- M y-M3Iy4alOIIMX MPOXYKTOB paclaja pajgoHa M TOPOHA M3 aTMocdepsl Ha
pa3IUYHbIC IOBEPXHOCTH (II0YBA, pa3IMYHBIC TOKPBITHS). DTO SBICHUE JaKe MOJIYIHIIO COOCTBEHHOE Ha3BaHHE
«radon washouty.

C nenpro pa3pabOTKH METOJa ONpeNesieHNs] MHTCHCHBHOCTH JIMBHEBBIX ocaikoB B 2017 HauuHas c
MOMEHTa TasiHUsI CHETa U 10 Hayalla yCTaHOBJIEHHsI CHE)KHOT'O ITOKPOBA U3MEPEHUSI MOIIHOCTH JIO3bI Y-U3JTyUeHHUS,
IUIOTHOCTH TIOTOKA Y-W3JIyYEHHsl NPOU3BOAMIM C BBICOKOW 4YacTOTOW IUCKpPETH3alMU JIAHHBIX | MHHYTa, C
UCIIONB30BAaHUEM CHUHTHLLANHOHHOTO neTekropa BJIKI-03 (mpomsBomctBa ATOMTEX, Pecmybmika
Benapycrp). JlaHHBIE 00 WHTEHCHBHOCTH OCAJKOB C BBICOKUM BpPEMEHHBIM pa3pelICHHEM PErHCTPHPOBAINCH
onrtmaeckuM (asepHbIM) ocankomepom OIITUOC (pa3zpadorka UMKOC CO PAH).

PesynbraTtel MomenupoBaHus B cpene Geant4 mokasanm, 9TO KOPOTKOXKHUBYIIHE JOYEPHHE MPOITYKTHI
pacnaza pagona 2**Pb u 2“Bi sBIa10TCA OCHOBHBIMM 103000pa3ylONUMHU PaJfHOHYKINAAMHE, [0 CPABHEHHUIO C
OCTaJIbHBIMU TPOJYKTaMHU pacraja pajoHa M TOPOHA, KOTOpPBIE BBIMBIBAIOTCS M3 aTrMoc(epbl Ha 3EMHYIO
MIOBEPXHOCTh B MEPUOJ BHITAJICHUSI OCAIKOB. AHAIIN3 KaK HKCIIEPUMEHTAIbHBIX JaHHBIX, TAK U TEOPETUUECKOTO
MarepHaia u3 o0JacTH SASpHOH PU3NKHU U B3aUMOACHCTBUS MOHU3UPYIOIIUX M3TY4YEeHHH C BELIECTBOM, TIO3BOJIMI
OTIPEAEINTD, YTO BEIMYMHA BCIUIECKA MOIIIHOCTH O3B! Y-U3Iy4eHHS IIPOIIOPIMOHATbHA aKTUBHOCTH BBINIABIINX
Ha 36MHYIO TIOBEPXHOCTb PaJANOHYKIIHIOB.

OKCTIEPUMEHTAIILHO YCTAaHOBJICHO, YTO BBINAJECHUE OCA/KOB BHI3BIBAET YBEJINUEHHE MOIIHOCTH /103l Y-
n3inydeHns. [Ipu 3ToM cyMMapHOE KOJMYECTBO BBINMABIINX OCAIKOB OIPEACIIET BEIHMUMHY BCIUIECKA MOIIHOCTH
JIO3bl, & TeKyIas MHTEHCUBHOCTh OCAJIKOB — CKOPOCTh HapacTaHUsI MOIIHOCTHU 03kl Y-M3ly4eHus. Pazpaborana
MareMaTHueckasi MOJIelb, YCTaHABIMBAIOIIAS KOIMYECTBEHHYIO CBSI3b MEXK/Y MOIIHOCTBIO JI03bI Y-H3Iy4YEHUs U

MHTEHCHUBHOCTBIO (KOJIMYECTBOM ) KUAKHX aTMOC(EPHBIX 0CAIKOB, MPOU3BE/ICHA BEPUPHKAIHS MOJIEIH.

MOJAEJIUPOBAHUE OTKJIUKA 'TAMMA-®OHA HA ) KUJKUE ATMOC®EPHBIE OCAJIKHA
L.A. Sxosnes?, Zulu Mathias?, A.C. 3emunckuii?, A.A. Ko63es®, C.B. Cmupuos®, B.C. fdxopnepa’
'HanmonansHbIi MccenoBaTeabekuii TOMCKHUI rOCYIapCTBEHHBIN yHIBEpCHTET, Poccus, T. ToMck
2HauuoHabHbIi HCCTIe0BaTeNbckuit TOMCKUIA MOIMTEXHUYECKUI YHHBEPCHUTET,
Poccus, r. Tomck, nip. Jleauna, 30,
SMHCTUTYT MOHMTODHMHIA KIIMMATHIECKHX U 3Konoruyeckux cucrem CO PAH, Poccus, r. Tomck

E-mail: vsyakovleva@tpu.ru

[Ipupona mpemocraBmia HaM TPEKPACHBIC TPACCEPBI-MHIAMKATOPHI JIsI MOHUTOPHHTAa H3MCHEHUI
COCTOSIHUSI OKpYXKarolled cpeabl M MOroJbl, Takue, KaK MPUPOAHBIE PAaTUOHYKIUABI, MX HOHM3UpYIOLIEe
n3nydeHue. OOIIEN3BECTHO, YTO HCTOYHUKAMH PAJIHAIMOHHOTO (DOHA NPU3EMHON aTMOCQEpBl SBISIOTCS
PaIMOHYKIIUIBI, COJIEpKAITUECS B TPYHTE, aTMOC(EpPHOM BO3yXe, 00BEKTaX TEXHOC(EPHI, a TAK)KE KOCMUYECKast
paguanus. [IpocTpaHCTBEHHO-BpEMEHHBIE BapHUalliy PaAHaiMOHHOTO ()OHA, AKTUBHOCTU PATUOAKTHBHBIX Ta30B
1 a’po30Jiell B MIPU3EeMHON aTMocdepe, Ta30B B MOBEPXHOCTHOM CJIO€ TPYHTA, SIBISIOTCS CIEICTBUEM Pa3IUIHBIX

MIPOIIECCOB U SIBICHUH, MPOUCXOSIINX B OKpY’KaroIei cpese.
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1 WHMeHepHan WKona «DU3nKO-TeXHUYECKHE POOTIEMBI B HAyKE, MPOMBIIIEHHOCTH U MEIMIVHE.
I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXayHapOAHBIH OIBIT IIOATOTOBKU KaJpOB)

TOMEKIHR NOMHTEXHUNECKHR YHHBEPCHTET Cexnus 3. MareMaTHu€eckO€ MOAEIMPOBAHUE M aBTOMATU3ALMS IPOU3BOJICTB

[lombITKM HAHTH B3aMMOCBSI3b MEXIY WHTCHCHUBHOCTBHIO OCAJKOB M BEIIMYMHOW BCIUIECKOB MOITHOCTH
JIO3BI Y-U3JIy4eHUs ObUTH PEIPUHATHI paHee, HO 3HAYMMO B3aMMOCBSI3U 00HapyKeHO He Obu10. Bo3MokHO, 3TO
CBS3aHO C HEJOCTATOYHO BBICOKAM BPEMCHHBIM pa3pellicHHEM JaHHBIX, HJIU C TEM, YTO BBIMBIBAIOIIAS
CIIOCOOHOCTD OCAJIKOB 3aBHCHT OT WX WHTCHCHMBHOCTH. beima mpemmoxkena «rainout-washout» momens, KoTopast
menmuT atMocepy Ha aBe YacTH B oOmake W moj oOJakoM, OJHAKO, OHAa IIOKa ele He IONyduia
SKCIEPUMEHTAIBHOTO TOATBEPKIeHUA. TeM Oojee, 9TO pacueTsl TpeOYyIOT 3HAHWS MHOXKECTBA HEZOCTaTOYHO
W3YUYCHHBIX BXO/HBIX TTAPAMETPOB MOJICITH.

Jns uccienoBaHUs OTKIMKAa TraMMa-(oHa Ha JKAIKUE aTMOC(EpHBIC OCAAKH ObUIM pPa3pabOTaHBI
MaTeMaTHYCCKUE MOJCTH: a) JWHAMHUKH pajioHa JOYCPHUX MPOIYKTOB pacmaga B atMocdepe; 0) IMHAMHUKH
AKTHBHOCTH JIOYEPHUX MPOAYKTOB pacraja pajioHa, OCaKICHHBIX Ha 3eMHYIO MOBEPXHOCTh. C NX MOMOLIbI0 OblIa
oTpenieNieHa CTEIICHb BIMSHUS BHICOTHI CJIOS MHBEPCHH, BBICOTHI HIDKHEH KPOMKH 00JIaKOB, CYyTOYHBIX BapHaldi
IUIOTHOCTH IIOTOKA PAJIOHA ¢ MOBEPXHOCTU IPYHTA HA OCAXKIEHHYIO aKTUBHOCTh 24Pb u 24Bi.

Taxoke ObLIM MPOM3BENEHBI PacueThl 1030BbIX Kod(duimentos ang 2Pb u *Bi ¢ momomuisio cpes
GEANT4 Ha pa3HBIX BRICOTaX OT 36MHOM IMOBEPXHOCTH JJIS TEOMETPUHN TUCKOBOTO UCTOYHHUKA paamycoM 500 M,
C YYETOM HIDKHETO MOpPOTra PEruCTpaluu y-u3nydenus nerekropamu BJIKI-03 (koTopble ObLIM HCIIOIB30BAHBI B
aKcrepuMeHnTe), paBHoro 50 kaB. beut ncnons3zoBan BecrpoeHHbsld B GEANT4 crannapTHblid Habop pu3HYecKux
nporiecco QGSP_BIC_HP ¢ nHekoTopoii Momudukanueil moja 3aaady JaHHOTO HCCICAOBAHHS, aHATOTUYHO
npumepy «extended/radioactivedecay/rdecay02» u3 budaunoreku GEANTA4.

MonenupoBaHHe OTKIHKa raMMa-(hoHa (MOITHOCTH aMOMEHTHOTO SKBHBAJICHTA T03BI TaMMa-U3TyICHHU)
BO BpeMsI BBHINAICHUS KHUIKAX aTMOC(EPHBIX 0CaJKOB MPOU3BOAMIH C HCIIOIH30BAHUEM H3MEPEHHBIX JaHHBIX O
IUIOTHOCTH MOTOKA PaJIOHa C MOBEPXHOCTH rpyHTa (paspaborka TITY), u usmepeHnHbM yenHouHbiM Davis Rain
Collector IT (Davis Instruments, CIITA) 1 ontuueckum OIITUOC (paspadorka UMKOC CO PAH) ocagkomepamu
JaHHBIM 06 HMHTCHCUBHOCTH OCAJKOB. CpaBHeHI/Ie U3MEPCHHLIX U PACYETHBLIX JaAHHBIX O FaMMa-(bOHe IIO3BOJIMJIO
BBISIBUTH HEKOTOPBIE 3aKOHOMEPHOCTHU. BBIIO MoJTydeHo, yTo KO3 PUIIHEHT 3aXxBaTa adpo30JIeH KamIsIMH TOXKAS

CHUJIbHO 3aBUCUT OT MHTCHCUBHOCTH OCAJIKOB M pasMepa Kall€jib, YTO ABJISACTCA HOBbIM HaAYYHBIM PE3YJIbLTATOM.

ABTOMATU3AIIUA KOHTPOJIA, CBOPA, OBPABOTKH, BU3YAJIM3ALINN JAHHBIX
PAJUAIIMOHHOI'O MOHUTOPHUHT'A
[.A. Sdxosnes?, Mac-Donald Prince?, 1.B. bensesa®, C.B. Cmupnos*, B.C. SIkosnesa’
'HanuonanbHeIi necsenoparenbekuii TOMCKMiA rocy1apcTBeHHbIH yHUBEPCUTET, Poceus, r. ToMck
2HaruoHanbHbIH UCCe0BaATeIbCKNI TOMCKHH TTOJIUTEXHUUECKHH YHHUBEPCHUTET,
Poccus, r. Tomck, nip. Jleauna, 30,
3TomcKkuii rocyJapCTBEHHBIH apXUTEKTYPHO-CTPOUTENLHBIN yHUBEpcuTeT, Poccus, . ToMmck
*VIHCTUTYT MOHUTOPHMHIa KIMMaTU4ECKKX U 3Konoruueckux cucrem CO PAH, Poccwus, r. Tomck

E-mail: vsyakovleva@tpu.ru

KonTponp pamuanuoHHON OOCTAaHOBKH, NPOHM3BOIMMEIA B HAYYHBIX IENAX, UMEET TCHICHIUIO K
YBEJIMYCHUIO OJHOBPEMEHHO PETHCTPUPYEMBIX PaIHalliOHHBIX BearmduH. OJTHUM U3 HEOOXOIUMBIX YCIOBHH, B
HEeJsIX Bepru(UKAIMH TIOTYYEHHBIX 3aKOHOMEPHOCTEH, SIBJISIETCS TPEOOBaHNE HCIIOJIE30BAHHS METOIOB U3MEPEHUS
OJIHOM W TOW K€ BEIWYHMHBI, PAa3IMUaAIONIUXCA 10 (GU3NYecKOMy MpuHIUMY. Bce 3TO0 TpebyeT OombIIOro

KOJIMYECTBA H3MEPUTCIIbHBIX HpI/I60pOB, KOMIIJIEKCOB, OAaTYWUKOB, JId YIPABJICHUA KOTOPBIMU B KaXIO0M
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MH)KeHepHaFl WIKoONa «DU3UKO-TEXHUUECKUE HpO6HCMI>I B HAYKE, IIPOMBIIIJICHHOCTU U MEJUIIUHE.

I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXayHapOAHBIH OIBIT IIOATOTOBKU KaJpOB)

TOMCKHA MOHTENHAYECKWI YHHBEPCHTET Cexups 3. MaremaTH4ecKO€ MOJIEIMPOBAHKE U aBTOMATH3aIHs IIPOU3BOJICTB

KOHKPETHOM clTy4ae Heo0X0/1MMa COOCTBEHHAs CHCTEMa YIaJIeHHOTO KOHTPOJISI 38 COCTOSIHUEM BCETO MPUOOPHOTO
napka, a TaKke aBToMaTH3aluy coopa U 00pabOTKH JaHHBIX HAOJIONCHHUH.

IlepBoli ¥ JOCTAaTOYHO BaKHOM 4YacThIO CHCTEMbl SIBIETCS pa3paboOTaHHas Mporpamma,
OCYIICCTBIIIOIIAsl KOHTPOJIb 3a COCTOSIHHEM TPHOOPOB M KOMIBIOTEpoB ToMcKoH oOcepBaTopuu
PaaMOAaKTUBHOCTH M MOHM3MpyromMX usinydeHuid TIIY, T.K. monnepikka MpONOJIKUTENBHOTO, MOJHOLIEHHOTO
KPYTIOTOJUYHOTO MOHUTOPHHIA IPEIONAracT yCTpaHEHHE JIFOObIX HEMOIAJ0K B paboTe IETEKTOPOB, a TAKXKe
CPOYHYIO 3aMEHY ¥ PEMOHT B ClIy4ae IOJIOMKH, JAJIsI 4ero Tak Heo0XoiuMa akTyajibHas HHGOpMaIHs O COCTOSHUH
MPOBEICHUS IKCIIEPUMEHTA, a TAKXKe OTepaTHBHOE MHYOPMHUPOBaHUE O COOSIX B paboTe MpHUOOPOB.

Bropoii cocraBnsronei sBISETCS CHCTEMa aBTOMaTHYECKOTo cOopa M 00pabOTKW JaHHBIX, KOTOpas
€XEHEBHO COXpaHSEeT CaMble HOBBbIE JKCIEpHMEHTAJbHbIE MAaHHBIE Ha CepBepe, aBas BO3MOXHOCTb NI
MOCJITYIOLIET0 OBICTPOTO BU3YAIILHOTO aHAJIN3a C LIEJIBIO ITONIPABKU HKCIIEPUMEHTA  HAX0XKCHUIO TEXHIIECKUX
HEHCIpaBHOCTEH B paboTe HaydHOro 00OpyIOBaHMSA. B mociencTBum mporpaMma COBEpINAET IO3TANHYIO
00paboTKy (JUIT MUHHMHU3AIMU OMIMOOK M IPEJOCTABICHHUS IPOMEKYTOYHBIX PE3YIbTaTOB 0OPAOOTKH C IIEIBIO
OTIpEZICTICHNsI, ¥ WCIPABICHHUS OIIMOOK B alrOpUTMax) 3arpy’KCHHBIX Ha CEPBEp AAHHBIX, U JaJiee MeperacT
rOTOBbIE OT(OpMATUPOBAaHHBIC JaHHBIC JUIi KOHEYHOM BH3yaJlu3alWH. AJTOPUTMBI 00pabOTKM JaHHBIX
HaOJII0IeHUI HamucaHbl Ha s3bike Perl.

C uelnblo yNpoILEeHHMs ATala BU3yalbHOI0 aHaiu3a cOOpaHHbIX AaHHBIX ObUIa pa3paboTaHa Mporpamma
BU3yalu3allMid JaHHBIX, C HCIoJb3oBaHMeM TtexHosjorud Node.js. Ona Bkarouaer B ce0sS Kak cepBep
BU3yaIn3alii, HEOOXOANMBIN IJIs Mepeladd JaHHBIX MEXIy CEpBEpPOM MNaHHBIX M KIMEHTOM BH3YalU3aluH,
Onmaromapst YeMy IOCTHTaeTCsl CBOEBPEMEHHOE OOHOBIICHHE JAHHBIX (B OTJIMYME OT MCIOJIb30BaHMS JIOKAIBHBIX
KOMMil y KIMEHTa), TaKk W KIWEHT, OOJaJalomuii MHOXECTBOM (YHKIHMH IO IIOCTPOCHHUIO DSIIOB
9KCIIEPUMEHTAIBHBIX JaHHBIX, C BO3MOXKHOCTbIO THMOKOH HAacTpOWKM WX oToOpaxeHus. Jpyrumu
MNpeuMymieCTBaM IMPOTrpaMMbl  ABJIAIOTCA €€ TIIPOCTOTAa U yI[O6CTBO B HUCIIOJIb30BaHUH, BO3MOXHOCTH
MapajieNbHOr0 HCIOJIh30BaHUS HEOTPAaHWMYCHHBIM UYHCIIOM IIOJIb30BaTeNiedl B pealbHOM peXHME BPEMEHH, a

TaKXe MoJAePIKKa MOCTPOCHNS U BU3yaIM3allii B CTOPOHHHUX TporpaMmax, Takux kak MATLAB.

HNOAI'OTOBKA CHEHUAJIMCTOB I1IO ABTOMATHU3ALIUUA TEXHOJIOI'MYECKUX
MPOILIECCOB B OPITAHU3AILIUSAAX ATOMHOM SHEPTETHKHA
T.X. bagpernunos, A.A. Jlonatux
HaunonaneHsbIil uccnenoBarenbckuii TOMCKHNM MOJUTEXHUUECKUN YHUBEPCUTET,
Poccus, r.Tomck, np. Jleauna, 30, 634050
ToMckuit 0TeN o Ha/I30Py 3a SHEPTOCETSAMHU M YHEPTOyCTaHOBKAaMH ITOTpeOnTeNeil 1 YHEPrOCHA0KEHIEM
Poccus, r.Tomck, 1. Tomck yi1. Ycosa, 28a, 634041
E-mail: tahir@tpu.ru
OOpaszoBarennbHO — Hay4Has Jiabopatopust «KOHCTpyWpoBaHUE SIIEKTPOHHKH W aBTOMAaTHKH
TEXHOJIOTHYECKUX IPOIECCOBY», OTBeYammas TpeOOBaHUSAM MPOTPaMMBl  HHHOBAaI[HOHHOTO  Pa3BUTHUS
“HauuoHaabHOTO HCCIen0BaTeNbckoro TOMCKOrO MOJUTEXHUYECKOro yHUBepcurtera”, co3naHa B 2011 romy.
OcCHOBHOU 1eNbl0 (DYHKIMOHUPOBAHUS JTAOOPATOPUU SIBISETCS TOJATOTOBKA BBICOKOKBATH(YHUIIMPOBAHHBIX

CIICIIMAIUCTOB, BOCTpe6OBaHHBIX 6I)ICTpO pa3BUBaOOIUMCA PBIHKOM Tpyaa B obnactu aBTOMaTHU3allMu
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. VIHmeHepHaﬂ WIKoONa «DU3UKO-TEXHUUECKUE np06neM1>1 B HAYKE, IIPOMBIIIJICHHOCTU U MEJUIIUHE.

|
I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMCKMA NONMUTEXHUYECKMIA YHIUBEPCHTET CeKHI/Iﬂ 3. Maremaruueckoe MOJCIIMPOBAHUE U aBTOMATHU3allusg MPOU3BOJACTB

TEXHOJIOTHUECKHX TIPOLECCOB, A TAKXKE JUIS BHIMOJIHEHHUS HAYYHO — MCCIIEIOBATEIbCKUX paboT HAa COBPEMEHHOM
YPOBHE C IIOMOIIbIO BEICOKOTEXHOJIOTHYHOTO 000PYIOBaHUS.

3agauu 1abopaTopuu:

— OOyueHHE CTyIEHTOB, OakalaBpOB M MAarucTpoOB COBPEMEHHBIM METOJaM MpPOEKTHPOBAHUS,
KOHCTPYMPOBAHUS, U3TOTOBIICHNUS, YKPYITHEHHOTO MOHTa)Ka M UCTIBITAHWH 3JIEMEHTOB U CHCTEM NPOMBIIUICHHON
3JIEKTPOHUKH, 1 aBTOMATHKH;

— PazpaboTka, mnpoekTHpoBaHWE, KOHCTPYHPOBAaHHME, W3TOTOBJICHUE, YKPYIHEHHBIH MOHTaX U
UCIIBITAHUS SKCIIEPHUMEHTAIBHBIX ¥ ONBITHBIX 00Pa3I0B IEKTPOHHONH M MHUKPOIPOLIECCOPHOI TEXHHUKH;

— Oprasu3zanys IporpamMm JONOJIHUTEIBHOI0 00pa30BaHus M MOBBIIIEHUS KBATU(PHUKALUH HHXEHEPHO-
TEeXHUYECKOTO MepcoHaa npe IpusTHA;

— OOyueHne CTYIEHTOB M OakalaBpOB, IOJTOTOBKA M IIEPENIOATOTOBKA KaApOB TPEANPHATHH II0
nporpamMmMe padodeii npodeccun “Crnecapb 1Mo KOHTPOIHHO-U3MEPUTEIHFHBIM IPUOOpAM B aBTOMAaTHKE ™,

— Pa3paboTka cucrem, METOAOB, AITOPUTMOB W MPOTpaMM ISl aBTOMAaTH3AIMN TEXHOJOTHMYECKUX

MMpOUECCOB, U SKCIICPUMCHTAJIIbHBIX PICCJ'ICI[OBaHPIﬁ.

Puc. 1. [lomewerue 011 MOHmMA#CA U HACMPOUKU JIEKMPOHHBIX YCIMPOUCME
CIIMCOK JIMTEPATYPbI
1. Bagpernunuos T.X. OOyueHue crienaibHBIM TEXHOJIOTHAM B Jaboparopun "KoHcTpynpoBaHHE 3JIEKTPOHUKH
M aBTOMATHKH TEXHOJOTHYeckux mpoiieccoB'// COOpHHUK Te3UCOB J0KIam0oB VI MexIyHapoaHOi Hay4HO-
npakTHYecko  KoHpepeHIMH DUIUKO-TEXHUYECKHUE NPOOJIEMbl aTOMHOW HAayKH, OHEPIeTHKH |

npomslieHHocTd — 2014 1. — Tomck

PA3PABOTKA AJITOPUTMA NPOCTHAHCTBEHHO-BPEMEHHOM OBPABOTKH JIJISI
POBOTHU3UPOBAHHBIX CUCTEM YJbTPA3BYKOBOI'O HEPA3PYIHIAIOIIETI'O KOHTPOJISL
A. O. lonmaros
HauunonaneHelit nuccaenoBaTenbckuit TOMCKUN NOJUTEXHUUYECKU YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: dolmatovdo@tpu.ru

[IpumeHenre poOOTU3MPOBAHHBIX CHCTEM YIBTPAa3BYKOBOT'O KOHTPOJISI MMPEACTABISAET OONBIIION HHTEPEC
MIPY IPOU3BOJICTBE KOMIIOHEHT MEKIyHapOJHOTO IKCIIEPUMEHTAIBHOTO TeEpMOsiiepHOTO peakTopa [1,2], a Takxke
B JIMATHOCTHKE KOPITYCOB 3KCILTYaTHPYEMBIX SICpHBIX peakropoB [3]. [IpenmymiecTBOM MOMOOHBIX CHCTEM
SIBIIIETCS. BO3MOXKHOCTb MPOBEACHUS BBICOKOCKOPOCTHOTO aBTOMAaTU3UPOBAHHOIO YJIBTPAa3BYKOBOI'O KOHTPOJIS

00BEKTOB CIIOKHOH (POPMBI.
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I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXayHapOAHBIH OIBIT IIOATOTOBKU KaJpOB)

TOMCKMA NONMUTEXHUYECKMIA YHIUBEPCHTET Cexkmus 3. Maremaruueckoe MOJCIIMPOBAHUE U aBTOMATHU3allusg MPOU3BOJACTB

Hcnonp3oBanne B p06OTI/I3I/IpOBaHHLIX CUCTEMAaX YJbTPAa3BYKOBOI'O HCEPA3PYIIAIOIICTO KOHTPOJA
AJIrOPUTMOB HpOCTpaHCTBeHHO-BpeMeHHOﬁ 06pa60TKI/I Ha OCHOBE MCETOAA CPIHTe3P[p0BaHH0171 arcpTypsbl
MO3BOJISIET MOJy4YaTh pe3yibTaThl B (opMe TPEXMEPHBIX H300paKeHHWIl BHYTPEHHEH CTPYKTYphl OOBEKTOB
KoHTpOoJsL. [TomoOHbIE M300pakeHns 001a1al0T BRICOKOW pa3pemIaronei ClloCOOHOCTHIO M BRICOKMM OTHOIIIEHUEM
curHai/mryM. TakuM 0O6pa3oM, IpeACTaBIIeTCs BO3SMOXHBIM PeIIaTh 3a7ady Ie(eKTOMETPUH HECIUIOMIHOCTEH C
BBICOKOH 3(p(PEeKTUBHOCTHIO, YTO HA CETOIHSIITHUNA JICHb SBISCTCS aKTYAIbHBIM BOIIPOCOM Pa3BHUTHS METOHOB H
CPCACTB YJbTPA3BYKOBOI'O HEPA3ZPYIIAOIIETO KOHTPOJIA.

Peanmaum{ ajropurMma HpOCTpaHCTBeHHO-BpeMeHHOﬁ 06p360TKI/I JOJKHA YYWUTBIBATh YCJIIOBUSA
MPpOBEACHUS KOHTPOJIA. Hpemae BCCro, B AaBTOMATU3UPOBAHHBIX CHUCTEMAX, KaK IMpaBUJIO, TMPUMCHIACTCIA
I/IMMepCI/IOHHHﬁ aKyCTI/I'{eCKI/Iﬁ KOHTAakKT. B stoi CBA3U, OOJIXKHO ObITH YUYTCHO MPECJIOMIICHUC YJIBTPA3BYKOBBIX
BOJIH Ha rpaHule pa3/jciia cpea MMMEPCHUOHHAA ) KUAKOCTb — 00BEKT KOHTPOJIA. KpOMe TOro, B pO6OTI/ISI/Ip0BaHHHX
CHUCTEMAX B IIPOLECCC KOHTPOJIA ynLTpaSBYKOBOﬁ HpeO6paSOBaT€J'IB COBCPHIACT HE TOJBKO NOCTYIMATCIIBHOC, HO U
BpAIIATCIIbHOC ABUKCHUC. Taxxe 00BEKT KOHTPOJIST MOXKET UMCTH CJIOKHYHO (1)OpMy, YTO TAKXKE OOJI2KHO OBITH
YYTEHO TP peaTu3alliy alrOPUTMa IPOCTPAaHCTBEHHO-BPEMEHHON 00pabOTKH.

B pamkax nanHoi paboTsl B mporpammHom makete Matlab peanuzoBan anroputM mpoctpaHCTBEHHO-
BpCMCHHOﬁ O6pa60TKI/I 9X0-CHUT'HAJIOB, MOJYUYCHHBIX C UCIIOJIB30BAHUEM CUCTCMBI YJILTPA3BYKOBOI'O KOHTPOJIA Ha
OCHOBC pOOOTHU3MPOBAHHOTO MAHHIYJIATOpPa C IIECTBIO  CTEMEHsAMH  CcBOOOABL.  OcylecTBiIseTCS
IKCTIepUMEHTaJIbHAS BepuduKaius 3G HeKTHBHOCTH pabOTHI pa3paboTaHHOTO AJITOPUTMA.

CIIUCOK JIMTEPATYPbI

1. Bulavinov A. et al. Robot-based in-process examination of ITER dome and first-wall panels based on novel
ultrasonic tomography approach //Proceedings of 9th World Conference on Non-Destructive Testing (WCNDT
2016). — 2016.

2. Mazul I. V. et al. Technological challenges at ITER plasma facing components production in Russia //Fusion
Engineering and Design. — 2016. — V. 109. — P. 1028-1034.

3. Bogue R. Robots in the nuclear industry: a review of technologies and applications// Industrial Robot: An
International Journal. — 2011. — V.1. — Issue 11. — P. 113-119.

CHUHTE3 KACKAJTHOM CAY KOMILIEKCOM AIIITAPATOB ®TOPUPOBAHUS U
YJIABJIMBAHUSA MTPON3BOACTBA TEKCA®TOPUJA YPAHA
B.®. Jamwk', M.C. Eppemon?, O.I1. CaBurckuii®
'HanuonanbHbIi necenoBarenbekuit TOMCKUit MONMTEXHUYECKUH YHUBEPCUTET,
Poccus, r.Tomck, mip. Jlennna, 30, 634050
2A0 «Cubupckuii XUMHYECKUH KOMOUHATY,
Poccust, Tomckas 06i1., r. Ceepck, yi. Kypuatosa, 1, 636039
E-mail: dyadik@tpu.ru

IMpouecc nomyuyennst rekcadTopuaa ypaHa B JAEHCTBYIOIIEH TEXHOJOTHYECKOH cXeMe CyOIIMMaTHOTO
3aBoga AO «CXK» oTHocuTcs K mpolueccaM ¢ peuupkyisinueit ¢ropa. Hekoropas wacte ¢ropa B Buue
KHHETHYECKOTO M30BITKA YXOIHUT CO CTaANH (PTOPHPOBAHHS, HO BCTYMAas B PEAKIMIO HA CTAJUH yJIABIUBAHUS C

OKCHIaMH ypaHa BO3BPAIAETCs Ha CTaauio propupoBanus ¢ noiaynpoaykramu B Buge UO2F, u UF4. [1]
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I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMCKHA MOHTENHAYECKWI YHHBEPCHTET Cexnus 3. MareMaTHu€eckO€ MOAEIMPOBAHUE M aBTOMATU3ALMS IPOU3BOJICTB

J11st aBTOMaTHYECKOT0 YIpaBJieHHs1 KoMIIIeKkcoM arnaparoB ¢propuposanus (I1P) u ynanusanus (AKT)
IPEUVIOKEHO  MCIOJb30BATh  KACKAJHYIO  JBYXKOHTYPHYIO CHCTEMY aBTOMAaTHUYECKOIO  YIpaBJIEHHS,
o0ecreynBaoLIyI0 ylepKaHue B 33laHHOM JMana3oHe KOHIIEHTpauuio u30eiTouHoro ¢gropa Ha Beixone [1P n
CTa0MIIN3aINIo TeMIIepaTyphl peakroHHoit 30061 AKT.

Ha mnepBom »stame cuaTe3a CAY Ha OCHOBaHMH AKCIEPHUMEHTANBHBIX HCCICIOBAHUIN peaKITid
TEXHOJIOTHYECKUX OOBEKTOB YNPABICHUS Ha CTYNEHYATHIC BXOJHBIC BO3JCHCTBHS IOIYYEHBI MEpPEIaTOYHbBIC

¢ynkiuu [TP u AKT:

-0,3-¢%* 35,3-¢1°
W, =—"o" W, . ()=~
™ 47541 er (8) 195-s+1

Cunre3 mpeanaraemoid CAY mnpousBen€H ¢ NpUMEHEHHEM pa3pabOTaHHOIO HAaMM IMPOrPaMMHOTO
KOMIUIEKCa ISl CHMHTE3a M aHali3a KacKaJHBIX CHCTEM aBTOMAaTHYECKOTO YMPABICHUS, KOHEYHBIM HTOTOM
BBITIOJTHEHHS MIPOTPAaMMbI KOTOPOTO SBIISIOTCS NapaMeTPhl HACTPOWKH PEryJIATOPOB BHYTPEHHETO M BHEIIHETO
KOHTYpOB ynpasiieHusi kackagHod CAY,pu KOTOPBIX IOCTHraeTCsl Haujydyllee KayecTBO ympaBieHus. [2].
Hawmnyumme mokasatenn KadecTBa IEPEXOAHBIX IPOIECCOB CHPOCKTHpOBaHHONH CAY HOCTHUTHYTHI TNIpH
npumenenuu [TU]] perynsatopoB B 060uX KOHTypax cO CIEAYIOUIUMH MapaMeTpaMu HACTPOEK PETyJsiTOPOB:

-1t BHyTpeHHero koutypa:Kr=-2,1[n, 06./mun/CF2,%06.]; Ti=79¢; Td=17c...

-t BHemHero koHtypa: Kr=0,02[CF2, %00./T5, °C]; Ti=31lc.; Td=9lc. Ilpu 3TOM TOYHOCTH
MOJIepKaHUsl YIpaBsieMOll KOOpAMHATHI (Temmeparypsl peakioHHOH 30HBI AKT) Ha 3a1aHHOM ypoBHE B
MEPEXOIHBIX PEeKUMax MOBBIIIEHA B 2.2 pa3a 0 CPaBHEHUIO C OAHOKOHTYpHOU CAY

CIIMCOK JIMTEPATYPbI
1. Komsipur A.A., Kapemun A.U., Kapenux B.A.. TexHoIOTHS TPOU3BOJICTBA U PAAHOXUMHUECKON ITepepadboTKu
snepuoro Tomuea.-M. :3A0 «M3patenscTBo AToMaHeprousaary —576 C.
2. Eppemor M.C., Hsauk B,®. Ilporpamublii KOMIUIEKC JJisi CHHTE€3a M aHajiM3a KAaCKaJHBIX CHCTEM
aBTOMAaTH4Yeckoro ynpasiieHuss //COOPHUK HaydHbIX TPYZOB MEXIyHapOJAHOW HAay4YHO-IIPAKTHYECKOM

KOH(EPEHIINY CTYACHTOB,aCIIUPAHTOB M MOJIOJBIX yu€HbIX.-2019. —¢.219

MATEMATHUYECKAS MOJIEJIb TIPOUECCA METAJIJIMBAIIUU BOJTOKCUAUPOBAHHOI'O
OBJIYYEHHOTI'O AJEPHOI'O TOIIJIUBA
A.M. Emenssnos, O.B. Eroposa, C.H. JIuBenuon
HaunonanbHsb1il uccnenoBarenbckuit ToOMCKHUNA MOAUTEXHUUECKUN YHUBEPCUTET,
Poccus, r.Tomck, mip. Jlennna, 30, 634050
E-mail: ame8@tpu.ru

B Hacrosiee BpeMst B pamkax mpoekta «IIpopbiBy» pa3zpabaTeiBaeTCs TEXHOJIOTHS 3aMKHYTOTO SIJIEPHOTO
tormuBHoro mwmkna (3ATL). Jns umuranum padotel TexHomorndeckux cxeM 3TI ¢ menpro wmcciaeqoBaHUs
paboTOCIIOCOOHOCTH, YIPABIIEMOCTH U ONTUMU3AIMH CO3]ACTCsl IPOrPaMMHEIH KoMIUIieke «Koa ontummsanuu
W JUarHocTHku TexHosnorumueckux mnpoueccoBy KO TII. OpHuM U3 TEXHOJIOTMYECKHX MPOLECCOB LUKIA
SIBIISIETCSL «METAJUIM3ALNS — MPOLECC BOCCTAHOBIIEHUSI OCHOBHBIX KOMIIOHEHTOB oKkucieHHoro OAT no meranna.
«Metamm3anus» MPOBOJUTCS MPH MOMOIIY METAUIMIECKOTO JIUTHS, TEHEPUPYEMOTO Ha MHEPTHOM KaToJie TIpH

anektposmse paciuiaBa LICI-Li;O ¢ konnenrparmeit Li>O B pacmiase ot 1 1o 2 mac.% [1].
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I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMCKHA MOHTENHAYECKWI YHHBEPCHTET Cexnus 3. MareMaTHu€eckO€ MOAEIMPOBAHUE M aBTOMATU3ALMS IPOU3BOJICTB

Llenpto Hacrosmieil paboOThl sBIsieTCS pa3paboTKa MATEMAaTHYECKOH MOJETH TEXHOJIOTHYECKOTO
nporecca «MeTaIu3aum» st nporpammuoro kommiekca KO TII. [{ns HOCTHKEHHs MOCTaBICHHOW LeTH
OBLIH PEIICHBI CIEAYIOIINE 3a1aun:

— HCCJIENOBaHHE MpoLecca MICKTPOXUMHUYECKOTO BOCCTAHOBJICHUS aKTHHHIOB okucieHHoro OAT kak
00BEKTa MOJICTTUPOBAHHNS U YIIPaBICHHUS;

— pa3paboTka TpeOOBaHUIT K MOJIENH IIPOIIECca U €€ MATEeMaTHYECKOTO OIIMCaHUS;

— MPOBE/ICHUE BBIYUCIUTEIBHBIX IKCIIEPUMEHTOB Ha pa3paboTaHHOMW MOJIEIH C IEbI0 e¢ BepU(UKaIIUH.

Ipu co3maHny MaTEeMaTHYECKONH MO OblTa COCTABJICHA KIACCH(HKAIMSA OCHOBHBIX MEPEMEHHBIX U
UHGOPMALMOHHAST CTPYKTYpa, OMpPE/CieHO HA3HAUYCHHE MOJENH W TMPUHATH NOMyLICHHsS. MareMaTH4ecKkoe
OITICaHNE MOJICJIHU MPOIIECCa «METAIUTU3ALUID OBLIIO MOMYYeHO Ha OCHOBE MaTepHAaIbHOTO U TEINIOBOTO OAaHCOB,
a Taroke OanaHca HANPSDKCHUI ¢ JOMYIICHHEM O MPOTEKAHHH JJICKTPOXUMHYECKHX W XUMUYSCKUX PEaKknuid B
KUHETHYECKOH 00acT. Mozens pacCUuThIBaCT B AWHAMHYECCKOM PEXHME M3MEHEHHE KOHIICHTPAIMH OKCHIOB
AKTHHHAOB, COJCPXKAIIMXCS B TOIUIMBHOW TablieTKe, KOHIEHTPAIMH BOCCTAHOBMBIUMXCS METaUIMYECKHUX
AKTHHHIOB, KOHLEHTPAlUil OKCHIA JHTHA M METaJUIMYECKOTO JIMTHS B DJICKTPOJHUTE, a TaKKe W3MEHEHHE
TEeMIEPaTypsl DJCKTPOJIUTA W TOIUIMBHBIX TaOJIETOK, MAJCHHs HAMPSDKCHHS HAa DJIEKTPOJM3epe W Maccy
BBIJICUBIIETOCS BO BpPEMs JJICKTPONHM3a KHUCIOPOJa B 3aBHCHMOCTH OT CHJIBI DJIEKTPHUECKOTO TOKa,
MPOITyCKaeMOTO 4epe3 3JIEKTPOJIUT, MOLTHOCTH JIEKTpOHArpeBaTesiel, pacxoaa U TeMIlepaTypbl OXJIaxaromen
cpensbl B TerioooMeHHoM anmapare [2]. s Bepudukanyun Moaenn Obuia pa3padoTaHa nporpaMMa ee paciera B
cpene MATLAB, ¢ moMoIIs0 KOTOPO IPOBEICHBI BEIYHCIUTEIBHBIC YKCIICPUMEHTHL.

CIIUCOK JIMTEPATYPbI
1. Merwin A. Metallic Lithium and the Reduction of Actinide Oxides // Journal of The Electrochemical Society.
—2017.-Vol. 164. — P. 5236 — P. 5246.

2. Openkc P. MaremaTuyeckoe MOJIEIMPOBAHNE B XUMHYECKOH TexHONIOrnu. — M.: Xumus, 1971. — 272 c.

BEMBJIET-AHAJIM3 PE3YJIBTATOB YJIbTPA3BYKOBOI'O ONIPEJEJEHUS CKOPOCTH
T'OPEHUS OBPA3IIA TBEPJOI'O PAKETHOI'O TOILIMBA
B.T". Epumos, [I.A . Konnpamos, A.H.OxoTHHKOBa
AO «OHIIL] «AnTaii»
Poccus, r. buiick, yn. Commanuctudeckas 1, (3854) 301690

E-mail: def@frpc.secna.ru

TBepaoe TOIUTHBO OTHOCUTCS K CYIIECTBCHHBIM KOMIIOHEHTAM COCTaBa PAKCTHBIX IBUTATENCH, CHCTEM
0€30MaCHOCTH aBTOMOOMJICH, KOCMHUYECKHX TEXHOJOTHH, a MTHOBEHHAsT CKOPOCTh TOPEHHSI SIBJISICTCS BaXKHBIM
apaMeTpoM JUIs TaKuX MpuMeHeHui. [lomydeHne qaHHbIX ¢ OmMOKOM 0K0JI0 1% - 3TO JKemaeMblil pe3yIbTaT s
WU3MEPUTEIFHBIX METO/OB, HUCIIOJB3YIOMIME MPOHUKAIIINE W3IYYCHHS, T.e. HE OKA3bIBAIOUINE BIUSHUS Ha
mpoIecC TOpeHus. YIIBTPa3BYKOBON METOJA HamOoiee MOJTHO OTBeYaeT TPeOOBAHUSAM OOCCIICUCHHsS BBICOKOM
TOYHOCTH, TUCTAHIIHOHHOCTH, OC30MACHOCTH, ACIICBU3HBI, aBTOMATH3aIUU 00pa0OTKU Pe3yIbTaTOB UCIBITAHUN
[1]. [anpHeimree pa3BHTHE METOJAa OPHEHTHPOBAHO HA COBEPIICHCTBOBAHHU AJITOPHUTMOB BBIICICHUS
3aMIyMJICHHOM BPEMEHHON KOOPIUHATEI 9X0-UMITYJIbCa, OTPAKCHHOTO OT TOPSIIICH MOBEPXHOCTH TOILIUBA [2].

B pa3paboTaHHBIX HAMH aJrOPUTMax PEeajM30BaH HOBBIN MOAXO0J K 00pabOTKE BPEMECHHBIX CepUil Ha

OCHOBE CHHTE3UPOBAHHBIX BEHBIETHBIX 0a3MCHBIX (PYHKINH, Hauboee afanTHPOBAHHBIX K MPUHAMAEMBIM 3X0-
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AAEPHbIX TeXHONOruin Poccuiickuii 1 MeXayHapOAHbIM ONBIT HOATOTOBKH KaJpOB»
TOMEKHA NOMMTEXHHYECKHA YHHBEPCHTET Cekuus 3. MaremaTHueckoe MOJICIMPOBAHUE U aBTOMATHU3aLMs TPOU3BOICTB

umnyiabcaMm [3,4]. [IpuMeHeHHE NOCTPOEHHBIX 0a3MCOB IO3BOJIICT CHU3UTH IOTPEIIHOCTH, BBHI3BIBAEMYIO

cirydaiHbIMH IryMaMH. [Ipu 5ToM He 00s13aTesibHO, 4TOOB! (YOPMBI MTPUCYTCTBYIOIIETO B CUTHAJIE 9X0-UMITYJIbCA U

0aszuca BeHBIIET-IpeOOpPa30BaHMsl TOYHO COBMAJadd (YEro IMPOCTO HEBO3MOXKHO JOOUTHCS Ha MPAKTHKE).

HocratodHo Toro, 9yToOBI 06a3WMC JOCTATOYHO XOPOIIO OTpa)kall OCOOEHHOCTH SXO-HMITYJIECA - aCHMMETPHIO,

KOJIMYECTBO NMEPUOOB.

JanpHeWmuil aHanu3 CTPYKTYpbl MOTPELIHOCTH HAIPABJIEH Ha OLIEHKY YCTOMYMBOCTH CO3JaHHBIX

BEIBIIETHBIX 0A3MCOB K BIMSHHUIO ITYMOB ITyTE€M OIpE/IeNICHNs] MAaKCUMyMa BEWBIIET-CIIEKTpa.
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YCTPOUCTBO U3MEPEHUSA KOHIEHTPAIIMHA ®TOPA B MHOI'OKOMIIOHEHTHOM TI'A3E
H.C. Kpunuupia®, O.I1. Caputckuii?, A.B. Hukonaes?, B.®. Jamux!
"HarmmoHaneHBIH HcchemoBaTenbCKuil TOMCKHUIA TOMTUTEXHIYESCKIH YHUBEPCHUTET,
Poccus, r.Tomck, nip. Jleanna, 30, 634050
2A0 «CubupcKuii XUMHYECKUH KOMOUHATY,
Poccus, Tomckast 00i1., 1. CeBepcek, yi1. Kypuarosa, 1, 636039
E-mail: dyadik@tpu.ru

KiroueBpIM  mpomieccoM  CyONMMATHBIX — TPOHM3BOJACTB  TekcadTopuma  ypaHa  sBISeTCA
BBEICOKOTEMIIEpaTypHOEe (PTOPHPOBaHHE, MpEIojaraioiee HENpepbIBHOS MOJICpPKaHHEe ONTHMAIbHOTO
COOTHOIICHUsT ()TOpa W YpaHCONCpXKAIIUX areHToB B peakTope [l]. YcmemHocTe BemeHHs mpoliecca
(dbropupoBaHus OIpenenseTcsl HaJASKHOCTHIO BhIOpaHHOTO crmocoba KOHTPOJS KOHIEHTpanuu (ropa mocie
CTaINH (dbropupoBaHHUs. TpaauimoHHBIM CIocoooM M3MEepeHust KOHIIEHTpauH SIBIISIETCS
MacCCIEKTPOMETPHUYECKUN, OJHAKO  OoybliMe rabdapuThl, HCKJIIOYAIOINIAE BO3MOXKHOCTH  YCTAaHOBKHU
M3MEPUTEIILHOTO YCTPOMCTBA TIO MECTYy, M BBICOKHE OJKCIUTyaTallMOHHBIE 3aTPaThl CTABIT BBHI3OB IMOWCKA
aJlbTEPHATUBHBIX METOJ0B U3MEPEHUSI.

PaspaboTanHOE yCTpOCTBO H3MEPECHUS KOHIIEHTPAIMK (TOpa OCHOBAHO Ha MCIOIb30BaHUM MTOKA3aHHMA
BuOpanonHoro riotHomepa 804 ¢upmbl «[Ibe3zoamextpuk» [2]. VYcrpoifcTBo mnpexacTaBisieT coOoi
TEPMOM30JIMPOBAHHBIA IIKa(, MOHTUPYEeMOI BOJH3M TEXHOJOTHYECKON IWHWH. 3a00p M BO3BpAT MPOOBI
KOHTPOJIMPYEMOH Ta30BOM CMeCH OCYIIECTBISIETCS METOJIOM IKEKIMU. B KauecTBe MOOYIWTENS BHICTYIAET
WHEPTHBIM ra3 — a3or. IInoTHOMEp CMOHTHpPOBaH B TEPMOCTATHYECKON KaMepe, OCHAILEHHOW JaT4uKaMu

TEMIIEPATYPhI U 1aBICHUSL.
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KoHTponbs mapaMeTpoB U yIpaBlieHHE NPOLECCaMH B N3MEPUTEIBHOM YCTPOHCTBE OCYLIECTBISIETCS C
MOMOIIBIO MPOTPaMMHUPYEMOT0 JIOTHUECKOT0 KOHTpoIepa. B uacTHOCTH, 06ecniednBaeTcst KOPPEKIHs INIOTHOCTH
ra3oBOW CMecH, MOJICPKAHUE TEeMIIepaTypbl B M3MEPUTENBHON KaMepe M NMpoOOOTOOPHBIX JIMHUAX, & TaKKe
aBTOMATHUYECKass KalnOpOBKAa H3MEPHUTEIBHOTO YCTPOMCTBA. AJITOPUTM pacdeTa KOHLEHTPALMH H3JI0KCH B
myOnukanun [3].

ITpoussenena cOOpka M IIyCKO-HANAAKa YETHIPEX OMBITHBIX OOpA3[OB H3MEPHUTEIBHBIX YCTPOHCTB.
WcnpiTanus noaTBepAWIA paboTOCIOCOOHOCTh YCTPOMCTB B COCTaBE CHCTEMBl CTAOWIIM3AIMU KOHIIEHTPALUH
¢ropa Ha CyOnumarHoM 3aBosie AO «Cubupcknit XuMudeckuii KoMOuHaT». B Hacrosiiee Bpemst MPOBOIMTCS
OTIBITHAsSI KCILTyaTalus yCTPOMCTB.

CIIMCOK JIMTEPATYPbI
1. Macnos, A. A. Xummdeckas TexHonorus ¢propuga Bogopozna [Tekcr] : yue6. mocodue / A. A. Macnos, H. C.
Typaes, P. B. OctBanpa. — Tomckuit monutex. yH-T. — ToMmck : U3n-Bo Tomckoro momutex. yH-Ta. — 2012, —
109 c.
2. TInotHomep 804. PykoBoncTBo 1o 3kciuryaTanuu. PO 4215-804-2417260-2009 — 36 c.
3. Casurckuii, O.I1. Meron n3MepeHus: KOHIEHTpauuk (GTOopa B MHOIOKOMIIOHEHTHOM Ta3e IO MOKa3aHHAIM
BuOpanonnoro miorHomepa [Tekcer] / CaBurckuii O.I1., Hukonaes A.B., Jsauk B.®., Kpunuusn H.C. //

W3Bectust BeicnX y4eOHbIX 3aBenenuit. Gusuka — Tomck. — 2018. — T. 61, Ne 12/2.— C. 85-92.

MOJEJTUPOBAHUE MHOI'OKAHAJIBHOM CUCTEMBI PETUCTPAIIMU 3ATIA3/IBIBAIOIINX
HEHTPOHOB B MATLAB
M.U. JlaTbinoBa, T.X. bagperauHos
HanunonaneHeli necaenoBaTenbckuil TOMCKUN NOIUTEXHUYECKU YHUBEPCUTET,
Poccus, r.Tomck, mp. Jlenuna, 30, 634050
E-mail: tahir@tpu.ru

MeTton 3ama3fpIBaOIIMX HEUTPOHOB HAIEN IMUPOKOE MPUMEHEHHE B HEHTPOHHO-aKTHBAIMOHHOM
aHanmu3e. 3ama3fpIBalONINe HEHTPOHBI TPEACTABISIIOT CO0OH WICaNbHBIH HWHCTPYMEHT Ui HCCIICAOBAHUS
Pa3IMYIHBIX BEIIECTB, BEICOKAs A(PPEKTHBHOCTH KOTOPOTO OOYCIIOBIICHA X YHUKAJIBFHBIMU CBOHCTBAMH, YTO AaET
BO3MOKHOCTH MPOBOJIUTH M30UPATENBHYIO PETHCTPAIUIO CIA00T0 HEUTPOHHOTO U3IYYCHUS P00 UCCIeAYeMOTo
MaTepHaia Ha (pOHe HaBeJICHHON aKTUBHOCTH U30TOIIOB, M3TYYAOMINX [} - YACTHUIIBI U Y — KBaHTHI. MalbIi MepHo.
moJilypacnaja  M30TOMOB-TIPEANIECTBEHHUKOB  3alla3/bIBAIONIMX  HEHTPOHOB  MO3BOJISIET  pPean30BaTh

WCKITIOYUTENLHO SKCIIPECCHBINA M TOYHBIH METOJ] M3MEPEHHUS JENSANIUXCS SIIEMEHTOB B pa3IMIHBIX 00bekTax [1].

MHoTroKaHaIbHAS CXeMa PETUCTPAINHN 3aIla3/IbIBAIONINX HEUTPOHOB NPECTABISIET COO0H COBOKYITHOCTh

N1 MM YCHNUTENE OHUCKPUMHUHATOP [~ CYETHMK —

[ CYMMATOP

Ne20 HMMN OHUCKPUMUHATOP [ CYETYMK —

Puc. 1. Mnoecokananonas cxema pecucmpayuu 3ana30bzeaiou4ux Hedmponoe
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20 cYeTHBIX OJJUHAKOBBIX KaHAJIOB, OJUH U3 KOTOPBIX IOKa3aH Ha pucyHke 1 [2].
Kak nokazana MHOTOJIETHSIS SKCILTyaTalys yCTaHOBKH (Ha 0a3e MCCIieIoBaTeNLCKOTO SIEPHOTO PeakTopa
WPT-T) ana ompeneneHus ypaHa B T€OJIOTHYECKUX OOBEKTaX aKTyalbHOH SIBISIETCS 3a/1ada KOHTPOJS cYeTa B
Ka)KJIOM KaHaJle N3MEPUTENBHON YaCTH 3TOHM yCTAHOBKH AJISI CTAOMIIM3ALNH TTAPAMETPOB YCTPOICTB B OTACTHHOM
kaHane. C 370l menpto Obuta paszpabdorana momens B MATLAB, wumocTpupyromas IpHHINAT CTaOMIH3anun
U3MEPUTENILHOTO TPaKTa.
CIIMCOK JIMTEPATYPbI
1. Awmmoa C., ITeficax M. AHanuTHYeCKOE MPUMEHEHHE 3a/iep)KaHHbIX HEUTPOHOB / AToMHas sHeprus — 1963. —
T.14. -353 C.
2. bagpermuuoB T.X. Crabminm3anmust mapaMeTpoB H3MEPHTENBHOTO YCTpOICTBA TPH  PETHUCTPALNH
3ama3/AblBalomuX HEHTpoHOB / COopHHK Te3ucoB moknanoB VI MexmyHaponHOW HaydHO-TIIPAKTHUECKOH
KoH(pepeHnnn OU3NKO-TeXHIISCKUE MPOOIIEMBl aTOMHON HaYKH, SJHEPTETHKH U MPOMBIIIICHHOCTH — 2014 T.

— Tomck

OIIPEJAEJIEHUE KOO®OPUIINEHTA AKKOMOJALIMA TPU MATEMATHYECKOM
MOJAEJIMPOBAHUU ITPOLHECCA UCITAPEHUSA
A.C. Haymkus, I'.C. ITotexusn, b.B. bopucos
HanunonaneHelil necaenoBaTenbckuil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050

E-mail: alexnaumserg93@tpu.ru

Tepmudeckoe 00e3BpeXMBAaHNE NMPOMBIIUICHHBIX OTXOJOB SIBJISETCS JOCTATOYHO MIMPOKHM CHOCOOOM
YTHIM3allMM OTXOJOB, MCIONB3Yysd B KaueCTBE OKHCIMTENS KHCIOPOA BO3AyXa, a TOpIOYero rasoobpasHble
yraesogopoasl. JlaHHBIN mpoliecc peannzyeTcd B (PakembHON YCTaHOBKE B TEXHOIOTHYECKOM IIpOIIECcCe
MOJTOTOBKHU CBIPOTO NMPHUPOJHOTO Ta3a A0 TOBAPHBIX XapaKTepUCTHK [1, 2].

[IpenBapuTenbHOE ONpENENeHNE XapaKTEPHCTHK TOPEJIOYHBIX YCTPOMCTB BO3MOXHO C ITOMOIIBIO
MaTeMaTHYECKOTO MOJIEITMPOBAHNS (PU3NKO-XMMHUYECKHX ITPOIIECCOB OKUCICHUS BeIecTB [3].

ABTOpaMH IPOBE/ICHO AKCIIEPUMEHTAIIBHOE U TEOPETHIECKOE HCCIIEIOBAHMS ITPOIIECCca HCITIapeHUe KAl
BMP c¢ 00. noneit meranosna B Boxe 1%. M3 ¢usmyeckoro skcnmepruMeHTa ONpenesieHa I'eOMeTphuYecKas
XapaKTepUCTHKA KAl B YCIOBUSIX MyQenbHoi neun. UucneHHbli anann3 nposeaeH B cpene «ANSYS fluent» ¢
WCToNib30BaHreM anroputMoB Mixture B Multiphase model ¢ ncnons3oBannem HesiBHBIX cwil, Energy, Radiation,
P1, peammsyrommxcsi B cpeae fluent. UucieHHble 3KCHEPUMEHTHI TMPOBOIWINCH MPH  KOIPPHUITMEHTAX

akkomozanmu 0,1; 0,105; 0,1065 1 comocTaBiieHbI ¢ pe3yabTaTaMu PU3NIECKOTO MOACITUPOBAHUSI.

-

d, mm

2,8

2,6

2,4
2,2

$ - experimental data 4

0 2 4 6 8 10 12 ts

2,0

Puc. 1. Juuamuxa usmenenus ouamempa xanau npu ucnapernuu. I1.- Ac=0,10; 2.- Ac=0,105; 3.- Ac=0,1065
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Hamnydrmass koppessiiusl pe3ysbTaTOB YHCICHHOTO MOJCIMPOBaHUS C (PU3MYECKOW MOJIEIbIO

JocturaeTes npu koddduimente akkomoaauu pasHoM 0,1065.

CIIMCOK JIMTEPATYPbI

1. UsanoB B. II., Jpomuenko B. A. VrTunmmszamms CTOYHBIX BOA C HEPTECONCPKAIIUMH OTXOIAMH
SMyJBTHpOBaHHEM U cxuranueMm //BectHuk bBemopycckoil rocymapcTBeHHOH —CeIbCKOXO3IHCTBEHHOM
akagemuu. — 2015. — Ne. 4.

2. baxonuna E. 1. CoBpeMeHHbIE TEXHOJIOTHH NEPEPAOOTKH M YTUIIU3ALNH YTIIIEBOAOPOJICOAEPKALIMX OTXO/I0B.
CooOmenne 1. Tepmudeckue METOAbl YTHIIN3AMU M 00€3BPEKHUBAHUS YIIIEBOJOPOICOAEPIKAIINX OTXO0B
//Bamikupckuii XuMuueckui xypHai. — 2015, — T. 22. — Ne. 1.

3. Kynemos O. 0., Cenenkun B. M. Maremarnueckoe MO/IEIMPOBaHIE IIPOLIECCOB TOPEHHUS U TEILIOOOMEHa B
OTKpBITHIX (pakenbHBIX ycTaHOBKax //BecTHnk CaMapcKoro rocyAapcTBEHHOTO TEXHHUECKOTO YHHBEPCHUTETA.

Cepus: Texamueckue Haykn. — 2012, — No. 1. — C. 196-202.

MOJIEJIMPOBAHUE UCITAPEHUS KATLJIH BOJOCITMPTOBOI'O PACTBOPA B KAMEPHOM
MNEYA
A.C. Haymkun, I'.C. TTorexun, XK. A. Kocropesa
HaunonaneHbIi uccnenoBarenbckuii ToOMCKUN MOAUTEXHUUECKUN YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050

E-mail: alexnaumserg93@tpu.ru

Ha ycranoBke KoMImieKcHO#M moarotoBku raza Ne6, xommanunm OOO '"T'asmpom noOpraa SAmOypr"
UCTIONb3YEeTCs TOPHU3OHTaJbHASA (pakenbHas YCTaHOBKAa 5 C IMOMOMIBIO KOTOPOH pean3yercsi TepMHYEcKoe
00e3Bpe)XMBAaHNE TPOMBIIIICHHBIX OTXOJ0B B BHAE METAaHONBbHOW BOAbl. IlloBbIIeHWE 3S(PPEKTUBHOCTH
TEIJIOTEXHUYECKOT0 000pYyJOBaHMs SIBISETCS HEOThEMJIEMOW 3a/aueil IKCIUTyaTallMOHHOTO MepcoHaja
YCTaHOBKH.

Lenpto naHHOW paboOTHI sIBiIsieTCs pa3paboTKa TEOPETUYECKMX OCHOB CO3JaHUSl MalOOTXOIHBIX
(6€30TXOTHBIX) TEXHOJOTHYECKUX YCTAHOBOK JJIsI TEPMHUUYECKOTO 00E3BPEKHMBAHHS TEXHOJOTMYECKUX OTXOJIOB
ra3oo0bI4H.

Jnst ompexpeneHus JIOCTOBEPHOCTH pPE3YJIBTATOB MOJEIMPOBAHHUS paccMaTpHBAIOCh HCIIApEHHE B
KaMepHOH neun. MatemaTnyeckas MOeNb (PU3MKO-XUMUIECKUX TPOLIECCOB OKHUCIICHHS BEIIECTB PEAIN30BaHA B
nporpammHoM komiiekce ANSYS fluent» ¢ ucnonb3oBanuem anroputMoB Mixture B Multiphase model c

WCTIONBb30BaHUEM HesiBHBIX ciul, Energy, Radiation, P1 [1,2].

Temperature

€]

0 0.015 (m)

0.0075

Puc. 1. Temnepamypnoe pacnpedenenue B ANSYS fluent npu nomewenuu xaniu 6 neuv uepes 5c¢
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[TonyueHsl TemmepaTypHble MHOJNS NpU HpoBeAeHHH HKcrnepuMeHTOB B cpene ANSYS fluent. B
PE3YIbTATC SKCIEPUMEHTOB OIIPEACIICHBI CKOPOCTH UCIIAPCHHUA KaIllJId pacTBOpPaA. Pa3p860TaHI>I PEKOMEHAAINHU T10
HCIOJIb30BAHUIO MOJNYUYCHHBIX PE3YJIbTATOB JId IMOBBIIICHUA 3(1)(1)6KTI/IBHOCTI/I pa60TLI TCIJIOOHECPTETUICCKOT'O
o00opynoBaHus.

CIIMCOK JINTEPATYPbI
1. Lee W. H. A Pressure Iteration Scheme for Two-Phase Flow Modeling (Technical Paper No. LA-UR-79-975)
//Los Alamos, New Mexico, USA: Los Alamos National Laboratory. — 1979.

2. 1. Tanasawa. «Advances in Condensation Heat Transfer». Advances in Heat Transfer. 21. 55-139. 1991

PA3PABOTKA MUKPOCEPBUCOB JIs1 PABOTHBI C TEXHOJIOT'MYECKUMHU CEPBEPAMMU,
OCYUWECTBJAIOINMU OBMEH JAHHBIMH MO CIIEHU®UKALIUAM OPC DA, OPC HDA,
OPC UA 1 OPC UA HISTORICAL
B.B. CanbHukoB, A.B. Ky3pMuna, P.P. Munuxanos
HauunonaneHelil necaenoBaTenbekuil TOMCKUN NOJUTEXHUYECKUN YHUBEPCUTET,

Poccus, r.Tomck, np. Jlenuna, 30, 634050

E-mail: avkuzmina@tpu.ru

[Ipu opraHu3anuu €IUMHOTO JHUCIETUYEPCKOTO AaHAIUTHYECKOTO IIEHTPA CYIIECTBYET CJIOKHOCTH IPH
obecrieueHnH B3aMMOCHUCTBUSI MEXKIY TIOICHCTEMaMH 00bEKTa, TaK KaK HEKOTOPhIE U3 HUX MOTYT 0a3UpOBaThCs
Ha pa3HbIX IUIAaT(QOpMax, UTO MOXKET OCIOXKHUTh OOMEH IaHHBIMH MEXIY HUMH M YXYALIGHHIO WX
B3aUMOJIEHCTBUS.

CymecTBylomue NporpaMMHBIE MTAKETHI, pealu3ylomue TpaHcnopTupoBky nanHslx ¢ OPC cepBepoB B
tdopmate JSSON u XML, KOoTOpBIE UCTIOMB3YIOTCS U OTKPBITHS JOCTYIA K JAHHBIM JICTKOBECHBIC HHTEP(EHCHI,
HarpasJjieHbl Ha padoTy ¢ 00JIaYHBIMU XPaHWIIUIIAMU U 6a3aMu JaHHBIX. K TOMY e B JaHHOM CITy4ae IIPOTOKOJIBI
oOMEHa JTaHHBIMU CTAHOBSTCSA TSDKEIOBECHBIMH, M BO3HHMKAET HEOOXOIMMOCTh XPaHEHHUS M JONOIHHUTEIbHOIM
00pabOTKM 3THX MAAHHBIX, a TaKXKe B YIYYLIICHHH CHCTEMBI 3allUThl oOMeHa naHHbIMU. [lommMo »3TOTO,
OTCYTCTBYET BO3MOKHOCTh HACTPOMKH TMOKOI CHCTEMBI JOCTYIA K JAaHHBIM JUIS KIINEHTOB.

Takum obpazom, paspabatbiBaeMoe OPOTpaMMHOE  pELICHUE JIOJIKHO obecrieunThb
KpOCCIUIaT(GOPMEHHOCTh CHUCTEMBI, JOCTUTAeMOM ITyTeM BO3MOXKHOCTH Hepenadn JaHHbIX ¢ OPC-cepBepos
JIPYTHAM CHCTEM, He ToAIepKuBaromuM Texaonoruto DCOM. Pa3pabarsiBaeMbIii IPOTPaMMHBIH TTAKET SBISACTCS
YacThI0 PAcHpefeICHHOW CHCTEMBI M IpenrnojaraeTcd paboTa MO CeTH, MO3TOMY OyJeT HCIOIb30BaThCs
apxutekTypHbIii cTiiie REST, mo3Bomsronii MCmois30BaTh OONBINON psAl MPEUMYIIECTB Mepel KPYITHBIMHU
MOHOJIUTHBIMH TIPHJIOKESHHUSAMH, BO3MOXKHOCTh PACIIMPEHHS MIPUIIOKEHUS B Iporiecce paspaborku. ITpu nanaoM
MOJIX0/IE TIPHUIIOKEHUST UCTIONB3YIOT JIETKOBECHBIE TPOTOKoIbl oOMeHa nanHeiMu HTTP u HTTPS, uro Tak xe
YMEHBIIAET Harpy3Ky, BHOCUMYIO B CETb.

B pesynbrare nporpaMMHBIi TPOAYKT OyIeT MPeACTaBISTE COO0H 4 MUKpOCEPBHCa, KaXK bl 3 KOTOPBIX
OyZeT HCHoNb30BaTh OJWH W3 THIIOB IIPOMBIIUICHHBIX IPOTOKOJOB COOTBETCTBEHHO. MUKpOcepBHCHAS
apXHUTEKTypa MPOrpaMMHOTI0 KOMIUIEKCA HAMITyUYITUM 00pa3oM OTBEYAET MPEAbIBIIEMbIM TPEOOBAHHSM, TaK KaK
mpoIre MacmTabupyeTcs, Ipomie BHOCUTh U3MEHEHUS B OTACIbHBIE KOMIIOHEHTHI, 00Jilee yCTOWYHBA K OITHOKaM
B pabote ¢ cepBepaMu. BHYTpEeHHSS apXUTEKTypa MHKPOCEPBUCOB MPEACTABIET COO0M MpOorpaMMHBIE MOIYIIH.

JImst KakKImoro MOJYJIsSE 30HOM OTBETCTBEHHOCTH OYyJET COOTBETCTBYIOMIAs (DYHKIMOHAIbHAs Tpynma. Takoe
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paszelieHie 30H OTBETCTBEHHOCTH IIO3BOJIUT OOECHEYHMTH IPO3PAYHOCTh OTCIEKHMBAHHS IPEACTaBICHHBIX
TpeOOBaHMW, a TaKkXkKe YJIy4IIUT TecTUpyemocTh. [lomuMo 3TOro, paspabaTbiBaeMble MOAYJIH MOXHO Oyner
UCIIOJIb30BaTh MOBTOPHO U JIETKO M3MEHATH, TaK KaK U3MEHEHHsT MOJYJIs, He OyIyT HECTH 3a COO0H M3MEHEHUs
OCTAJIbHBIX MOIYJIEH.
CIIMCOK JIMTEPATYPbI
1. ®areixoB M.b. Ilporokomsr cBsa3u B ACVYTII [DnextponHsni pecypc]. — Pexwum gocryma:
https://plcsystems.by/articles/651 — 07.08.20.

CUCTEMA U3MEPEHHUS MAJIBIX PACXO/I0OB PAJMOAKTUBHBIX )KUJIKOCTEMN
I'.B. Cymun, A.A. [lenuceBuu
HanunonaneHelil necaenoBaTenbekuilt TOMCKUI NOIUTEXHUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: gvs9@tpu.ru

OpHoli W3 Kiro4eBHIX ocoOeHHocTeil mpoekTa [IPOPBIB, omHa w3 KIIOYEBBIX 3aJad KOTOPOTO —
peanu3anysg 3aMKHYTOT'O s/IepHOTo TorutuBHOro nukia (35 TLL), sBnsercs Manas Npou3BOAUTENILHOCTh alllapaToB
U Kak CJEJICTBHE Majble BBIXOJHBIC MaTepHajbHbIE IOTOKH, M3MEPEHHE KOTOPBIX SBJSIETCS BaXKHBIM I
MOJJIEp)KaHHUsI KOPPEKTHBIX TEXHOJIOTHYECKHX PEKUMOB. M3MepeHne maibix pacxonoB (mo 18 ni/4) pacTBopoB
PaIoOXUMHYECKUX MPOM3BOJCTB, SIBIACTCS CHenn(pUYHON 3amaueil, Tak Kak HaKJIaJIbIBAIOTCS OIpeAeIeHHbIE
OTPaHWYEHHUsT Ha MCIOJIb30BaHWE OOOpPYIOBaHMSA MJsI TPOBEICHMS HM3MEPEHHUH, H3-3a arpecCUBHOCTH H
PaaMoaKTUBHOCTH NPHUMEHSIONIMXCS PAacTBOPOB. TakuMm 00pa3oM, BO3HHMKAET HEOOXOAMMOCTH pPa3pabOTKH
npudopa 11l U3MEPEHHsT MAJIBIX PACXO0B C YI€TOM OCOOEHHOCTEH TEXHOJIIOTHYECKUX PACTBOPOB NPOU3BOJICTB.

st pa3pabOTKN M3MEPUTEN MallbIX PACXO0J0B MCHOJIb3YyeTCs NAaTUMK Ju((epeHnnaIbHOTO JaBIeHUS
JAMS017 u pacxomomeTpa C THAPABIMYECKUM COMPOTHUBIEHUEM TMPEACTABISIONIETO IIHEK C KaMMLISIPOM.
IIpoxons uepe3 THAPABINYIECKOE CONPOTHBICHHE, 00pa3yeTcs Nepenas JaBleHus, BeTHYHHA KOTOPOTO 3aBUCUT
OT BEJIMYMHBI pacxona. [l peructpaiiun nepemnasa JaBiIeHus [10{BEACHB H3MEPUTENbHbIE KaHaJbI. JJ1s 3a1uTh
CEHCOPHOTO 0JIOKA OT IOMaIaHMsl arpEeCCUBHOTO PACTBOPA U MPEIOTBPAIICHHS €T0 BBIX0/Ia U3 CTPOS HCTIONIB3yEeTCs
MPOMBIBOYHAS KUIKOCTb, KOTOpas MOJAeTCs HacOCOM M3 0akKa C pa3/ieuTeIbHON )KUAKOCTRIO Yepe3 CEHCOPHBIH
6ok maramka juddepeHnmansHoro nasneHus. [lomaya  pasieNUTENbHON JKHAKOCTH — OCYIIECTBIIAETCS
MePHOINYECKH, YTOOBI HE BHOCUTD IIOTPELTHOCTh B U3MEPEHNUS pacxo/a.

JUis yrpaBieHHUst U CHATHS BBIXOAHBIX XapaKTEPUCTHK C M3MEPUTENS MaJlbIX PAacXOJI0B HCIIOIb3YeTCs
MpOTpaMMHUPYEeMBIi JlormdecKkuii KoHTpoiutep pupmel «OBEH» TJIK 154-220 A.M.

PaGounii pacTBOp IpoKayMBaeTCs Yepe3 KOHTYP C MOMOIIbI0 IepucTaibTuaeckoro Hacoca LeadFluid
BT100F, ynpasiieHue KOTOpbIM Mporcxoaut ¢ nomorisio [JIK o nmporokory Modbus RTU. Iepenan nasnenus,
MOJTyYeHHBIH Ha KaNWJUIIPHOM pacxojomMepe, nepenaercs gataukom M 5017 B [TJIK st nansHeime oOpoTky,
Takke, no npotokony Modbus RTU. [anHsle s BU3yanu3auuu 1 apxuBupoBanus nepenarorcs ¢ [IJIK na TIK
no nporokoiay Modbus TCP/IP.

st ynpasnenus padoroii crenna ucnoinndyercs 11K, ¢ ycranosinennoit SCADA-cucremoit, cBs3aHHBINA
¢ TUIK. s cesi3u patumka u Hacoca ¢ IIJIK ucnons3yercs unrepeiic RS-485 u mporoxon Modbus.

B kauectBe SCADA-cucrems! ucnonssyercs TRACE MODE 6. SCADA TRACE MODE no3sosnsier

YIIpaBJIATH pa60Tof/’1 9JICMCHTOB CTCHAA, a TAKXKE HAIJIIAHO ITOKA3bIBACT UX pa60Ty N TEKYIIUE COCTOSHUC.
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CUCTEMA U3MEPEHUSA YPOBHSA U IIVIOTHOCTU PAIMOAKTUBHBIX PACTBOPOB
I'.B. CymuH, A.A. [lenuceBuu
HanunonaneHelil necaenoBaTenbckuil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: gvs9@tpu.ru

PasButHe A16pHOM U XMMUUYECKOM OTpAciIel B Hallle BpeMsI I03BOJIAET [10JIy4aTh YHUKAIbHBIE IIPOAYKTHI,
HaxoJIAIIHeCs Ha CThIKE IPOU3BOACTB. BelecTBa, noiyyaeMble Ha IPOU3BOACTBAX SAEPHO-XUMHUUECKON OTPaCIHy,
MPUMEHSIOTCA TPH NPOU3BOACTBE MEAMIIMHCKHUX IpenapaToB, MOJAEIHPOBAHMH MPOLECCOB MPOUCXOIAIINX B
KOCMOCe U MHOXXECTBE APYrux HampasieHMH. OJHAKO Ha MNPEANPHUATHAX TaHHBIX OTpaciedl CyIecTBYeT
npobsiemMa, CBs3aHHAs C HEOOXOJMMOCTHIO M3MEPEHMs IUIOTHOCTH M YPOBHS arpeCCHUBHBIX TEXHOJOTHYECKUX
pactBOpoB. Knaccuueckne MeTOp! M3MEPEHHs IUIOTHOCTH M YPOBHS 3a4acTyl0 HENPUMEHHUMBI U3-32 BBICOKOH
PaaroaKTUBHOCTH W BBICOKOW XHMHYECKOH aKTHBHOCTH, KOTOpPBIE CTAaBUT OTpaHMYCHUS Ha HPUMEHSIEMYIO
anmapatypy. Jns pemenuns naHHOW mpoOiemsl Obla pa3paboTaHa yCTaHOBKA Ui U3MEPEHUS IIOTHOCTH H
YPOBHSI C Y4ETOM BCEX 3asBJICHHBIX TPEOOBaHMH.

Jnst GyHKIMOHUPOBAHUSI YCTAaHOBKU HCIIOJB3YIOTCS JIBE €MKOCTH: €MKOCTh C BOJOH JJIsI IPOMbIBA
KalWUIIPOB U €eMKOCTh C UCCIIEAyEeMOU KUAKOCThIO. Y ITpaBjieHue nojiauel )KUIKOCTeN U3 eMKOCTEN MPOUCXOIUT
¢ momomrsio [TJIK u pene. Komanner ynpasiernus [1JIK momygaer ot I1IK, Ha xoTopom pacmonoxena SCADA
crcTeMa JUIA B3aUMOJICHCTBHS ONepaTopa M YCTaHOBKH.

Jns onpeneneHus MIOTHOCTH U YPOBHS MCIIOJIB3YIOTCS AaTUMKU nepenaaa aAasienus M 5017, nryns
KOTOPBIX 3aBEJICHBl B T€PMETHYHYIO €MKOCTh C MCCIEeIyeMON >KHIKOCTHbIO. JlaHHBIE O mepemaje AaBIeHUS
MOCTYMAIOT ¢ AaTyrka HanpsMyro Ha ITK uepes untepdeiic RS-485 no mporoxony Modbus RTU.

Ilymbl BHYTPH T'epMETHYHOH €MKOCTH pacHoiararoTcs CIEAYIOIMM O0pa3oM: JBa IOTPY)KEHO B
KHUJKOCTh Ha Pa3HOM YpPOBHE, OJUH cooOmiaercs ¢ atMocdepoi. 3Has pa3HOCTh JABJICHUS MEXAY IIylamH,
UCTIONB3ysl (HOpMyITy THAPOCTATUYECKOTO MABICHHUS MOXKHO IONYYHTh AAHHBIE O IUIOTHOCTH JKUAKOCTH M B
JlaNbHEIeM, 3Hasl INIOTHOCTh, ONPEAEIUTh TEKYIIUN YPOBEHb KUIKOCTH.

VYnpasnenue HacocaMH AJS OJA4U SKUAKOCTH B FEPMETHUUYHYIO0 €MKOCTh OCYILECTBIISIETCS C MOMOILBIO
pelie pacroyioKEeHHBIX B MOJyJe pacmupenus aatunka JIM 5017.

Jdnst Buszyanusanuu npouecca ynpasineHus wucronb3yetcs SCADA-cucrema TRACE MODE 6,
sarpyxeHHast Ha [IK omepatopa yctanoBku. CBsa3p Mmexay IIK m gaTamkamMu OCYIIECTBISETCS C HOMOIIBIO

npeobpaszosatens unrepdeiica USB — RS-485.
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CUCTEMA ABTOMATHYECKOTI'O 1O3UPOBAHUS IIVIABUKOBOLIITATOBOT' O
KOHIEHTPATA ITIEYHBIX ATPET'ATOB ITPOU3BOJACTBA BE3BO/JHOT'O ®TOPUCTOI'O
BOJOPOJA
IN. Terepun, H.C. Kpunuupig, B.®. sauk
HanunonaneHelil necaenoBaTenbeKuilt TOMCKUI NOIUTEXHUUECKU YHUBEPCUTET,

Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: TeterinDI@yandex.ru

[Monyuenue ¢ropucroro Bomopona Ha CybOnumarHoMm 3aBoge CHOMPCKOro XMMHYECKOrO KOMOWHATa
OCYILECTBIIICTCS pa3/IoO’KeHHEM IUIaBHKOBommatoBoro koHueHTpaTta (ITIIK) cepHO#l KHCIOTOW B HEUHBIX
arperaTax mpou3BojicTBa 6e3soaHoro (roprcroro Bogopoaa (b®B)[1]. Ot kauecTBa moACPKAHUS HA 3aJaHHOM
ypoBHe pacxoga IIIIK 3aBucHT KadecTBO MOMYy4aeMOro NPOAYKTa M CPOK CIYXKOBI TEXHOJIOTHYECKOTO
obopynosanus. CymecTByromas Meroguka ymnpasnenus pacxogom 1K, myrem pydHONH KOPPEKTHPOBKH
YacTOTHI BPAIIEHNUs] ITHEKOB J03aTOPOB, HE YAOBIETBOPSET TPEOOBAHUIM K KaUueCTBY yIPABICHUSL.

PaccMoTpeB pasnuyHbIe BapuaHThl cTparernii ynpasienus pacxonom IIIK, 6puto pemeno npuMeHnTsH
cuctemy aBromatuueckoro ymnpasieHus (CAY) ¢ mepemeHHON cTpykTypoi. Bo Bpems omyctomienust OyHKepa
ctpykrypa CAY mnpencraBieHa OJIHOKOHTYPHOW CHCTEMOMW YIIpaBJICHHs, MOCTPOCHHOW Ha MPHUHIHUIE IO
OTKJIOHEHHIO» ¢ Hcrois3oBaHueM [IM-perynsaropa, KpuTepuem yNpaBieHHs KOTOPOTO SBIISETCS BENIWYHMHA
paccornacoBanus 3agaHHoro pacxoza [IIIK oT pacyeTHOro no nokaszaHusiM BECOU3MEPUTEIbHBIX YCTPOUCTB[2].
Bo Bpems momosHeHust OyHKepa IPOHMCXOIWT OCTaHOB pacdeTa pacxoja W YMPaBISIONIETO BO3JEHCTBHS C
COXpaHEHHEM IPebIIYIINX BBIXOJHBIX MapaMeTpoB peryistopa. OnpeaeneHne Hadyaua 1 OKOHYAHHMS ITpoliecca
TIOTIOJTHEHMS] PACXOAHBIX OYHKEPOB POUCXOUT aBTOMaTHYECKH 110 HAOOPY YCIIOBHUH, yUUTHIBAIOIINX COCTOSTHUE
TPAHCHOPTHOTO IIHEKAa M JUHAMHUKY W3MEHEeHHus pacueTHbIX pacxonoB [IIIK. Meron ¢uiabTpanuu AaHHBIX C
BECOM3MEPHUTENBHBIX yCTPOHCTB BHIOpAaH Ha OCHOBE AaHAlM3a pE3ylbTaToOB MpPHMEHEHHs Haumboiee
3apEKOMEHIOBABIINX ce0s Ha MPAKTUKE METOAOB (GMIBTPAIINH K MPON3BOICTBEHHBIM JaHHBIM[3].

[To mpoM3BOACTBEHHBIM [aHHBIM, TOJNYYEHHBIX B PAa3OMKHYTOM KOHTYPE YIpaBJICHHUS, COCTaBJIICHA
MaTeMaTHuecKasi MOJIelb Ipoliecca JI03UPOBaHMs IUIaBUKOBOIINIATOBOIO KOHIIEHTPaTa Kak 00BbEKTa yIpaBiIeHHs
C HCIIOJIL30BaHUEM ITporpaMMHOro Komiuiekca Matlab Simulink. IIpousBenen cTpyKTypHBIH 1 TapaMeTpUIeCKUH
CHUHTE3 peryasaropa. MeTogoM MaTeMaTHYeCKOro MOJEIUpPOBaHUS INpousBeleHsl ucheitanus CAY ¢
MOCJICYIONIMM ~ YMEHBIIEHHEM IPONOPHUOHAIBHOTO KO3(D(HUIMEHTa ¢ LENbl0 CHIDKEHUS JTUHAMHKH
YIOpaBIAONIET0 BO3AeHCTBUA. B Xome mpomsBoacTBeHHBIX ucnbiTaHnii CAY mokazaHa 3((eKTHBHOCTH U

paboTocmocoOHOCTh pa3paboTaHHOH cHCcTeMbI aBTOMaTHIeckoro go3upoBanus [TIIK.
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MOHTE-KAPJIO MOJAEJIUPOBAHUE BTOPUYHOM MOHU3ALIMU TPUTHS B
TBEPJOTEJIbHOM MUIIEHU ITYYKOM HOHOB B CITO SRIM
J1.C. ®aycona, I''H. dynkun, 1.K. Hymakos
HanunonaneHelil necaenoBaTenbckuil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: dsf7@tpu.ru

B HacToslee BpeMs MHTepec M sfepHOH (U3MKM IpejcTaBiseT usydeHue peakuuii T(p, y)*He,
T(®He, y)5Li B muanaszone sHepruii mopsaka AeCATKOB K3B ¢ LeIbI0 9KCHEPUMEHTAILHOTO ONpeIe/IeHHs CeUeHHUIA.
Jlnist uccienoBaHus JaHHBIX PEAKLU UCHONB3YeTCsl UMITYIbCHBIN yckoputenb MJIM-40, criocoOHbIN co31aBaTh
NyYKM HAJETAIONIMX HA TPUTHEBYIO MUIIEHb MOHOB MHTEHCHBHOCTBIO Mopsjaka 10 HOHOB 3a opuH uMIyJbe.
TpuTHeBas MUIIEHB TPEACTaBIIET COOOH MOTHOACHOBHIHN AHUCK, HA KOTOPBIH HAHOCHTCSI THTAHOBOE HAITBLICHHE,
B KPUCTAJUTMYECKYIO PEIIETKY KOTOPOTO BHEAPSACTCS TPUTHH ¢ 0Opa3oBaHHEM yCTOWYMBOTO COCMUHEHMS TiT17
[1].

B pesynbrare ympyroro paccessHus HaJETalOlIUX HOHOB HAa sJIpaX MHULIEHHM MOKET NPOUCXOAMTH
BBIOMBAHME TPUTHSL, YTO PUBOIHUT K NPOTEKAHUIO MOOOUHBIX peakiuii, B yactHoctH, T(T, nn)*He. HelftponHnbit
(oH OT MOOOYHBIX peakiuii HeOOXOJUMO YYMTBHIBATh NP NPOBEACHUM HcclienoBaHuid. J[ns storo tpedyercs
YTOYHUTh YHUCJIO PACCESHHBIX M3 MUIIEHW 32 KaXJbIH HMIYJIbC YCKOPUTENS SIep TPUTHS TMOJA JeHCTBHEM
HaJeTaIoMuX HOHOB [1].

Pacuer BbIXOma TpUTHSA OBLI TPOH3BEIEH IMyTEM MOJICITHpPOBaHU MeTogoM MoHTe-Kapimo nmonmamanus
MPOTOHOB C 33J[aHHOH dHeprueil B MullieHb (HambUIeHHe co crexuomerpueit TiT 17 Tommunoi 1.5 MKkM) U nojicueTa
BBUICTEBIINX M3 MUMICHH siiep TpUTHs B iporpamme TRIM, Bxozsmeit B uHcTpyMeHTapmii SRIM. AHanorngasie
3Ha4YeHMs BBIXOJa OBUIM PACCUMTAHBI AHAJTUTHYECKH C MOMOIIBI0 pPe3ep(POPAOBCKOTO CEUYEHHUS YIPYroro
paccesHusL.

B pesynprate ObUTH MONYYEeHBI 3HAYCHUS YHCIA BBIOUTHIX M3 MUIICHW SIAEP TPUTHUS IS THITMYHOTO
MMITyJIbCa MHTEHCHBHOCTBIO 10 mpoTonoB. Ha puc. | cpaBHEHbI Pe3yJIbTaThl, TOJTyYEHHbIE TIPH MOETMPOBAHHH
B CIIO SRIM u mpu pacuere ¢ momompro ceueHus Pesepdopna. IlodaydeHHbIE 3HAYEHUS COTIACYIOTCS C
pe3ysibTaTaMu Macc-CIIEKTPOMETPUUECKOI0 aHaIM3a OCTaTOUHBIX I'a30B B BAKYYMHON KaMepe YCKOPUTENs Mocie

BBICTpEJIA.
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Puc. 1. Yucno amomos mpumus, svibusaemvix nyuxos 10* uonoe uz muwenu: xpyeu — pacuem 6 SRIM,
K8aopamwl — pacyem no ceuenuio Pezepgpopoa.
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MOIEJIUPOBAHUE ANIMMAPATYPHBIX CITIEKTPOB 1 OHEHKA D®®EKTUBHOCTH
PETUCTPALIUU TAMMA-KBAHTOB CBOPKAMM Nal(Tl) IETEKTOPOB B
NHCTPYMEHTAPUU GEANT4
J.K. Yymaxkos, ['.H. Jynkun
HaunonanwHb1il uccnenoBarenbckuit TOMCKUNA MOAUTEXHUUECKUN YHUBEPCUTET,

Poccus, r. Tomck, nip. Jlenuna, 30, 634050
E-mail: dkcl@tpu.ru

B Hacrosimiee BpeMst 0coObIi HHTEpEC Kak JUId SACpPHON (QHU3HMKH, TaK U JUIS acTPO(PHU3NKHU TPEICTABISET
M3y4deHHUE PeaKknnii CHHTE3a JIETKUX sAep B acTpopU3nIecKoi 001acTn sHeprui (Mopsiika eANHAL — IECSITKOB K3 B
B C.IL.M). B TO ke BpeMs 0KMJaeTcs, YTO CEYECHUsI ITHX PEeaKIMi IPH COOTBETCTBYIOUIMX SHEPTHUsX B C.IL.U HE
OyayT mpeBbIIaTh COTEH HAHOOAPH, a MOJyYeHHE JTOCTOBEPHBIX CHEKTPOB Y-KBAHTOB MOKET OBITH OCIIOKHEHO
NPUCYTCTBHEM HEHTPOHHOTO OHA OT HOOOUHBIX peakiuii ¢ yyactieM aerrepust wiu Tputus [1]. B cBsizu ¢ aTHMm,
TpeOyeTcst CO3aHNe CUCTEMBI IETEKTOPOB, KOTOopasi Obl MaKCUMAIBHO 3((GEKTUBHO PETHCTPUPOBAIIA Y-KBAHTHI C
sHeprusmu a0 20 MaB. Haubonee npearnodTuTe IbHbIM U OBICTPBIM CIIOCOOOM JUIsl OLIEHKH (P EKTHBHOCTH 110
CPaBHEHHIO C JKCHEPUMEHTAJIbHBIMHM pPacuyeTaMU MOXHO CUHUTATh MOJENHUPOBAHHE PETUCTPALMU Y-KBAaHTOB C
npuMeHeHueM Metoga Mounre-Kapio.

B uncrpymenTtapun Geant4 Osun co3maHbl MOJIENb BaKyYMHOH KaMepbl YCTAaHOBKH /ISl MCCIIEAOBaHUS
peakuuii cuntesa yerkux suep u 8 gerexropos Nal(TI) (pasmep kpucramios 10x10x40 cm®), pacnonosxkenHbie
BOKPYT MHIIEHHOTO Y3Ja BaKyyMHOH KaMephl pa3IMYHBIMH CIIOCO0aMHM, a TarkkKe T00aBIEHBI CBHHIIOBBIMA
KOHBEPTEp TOJIMIMHONW 2 MM M OPTaHMYECKHH CHUHTHIUIATOP Ui OICHKH CHIKEHHUS 3()(HEeKTUBHOCTH HPH UX
n00aBNeHNN B CUCTeMY peructpanui. CUMynsiiusi pa3opoca SHEpruil B ammapaTypHOM CIIEKTpE TOCTHraiach

IIyTEM PO3BITPHIIIA OTJIOEHHON YHEPIMU B HOPMAJILHOM PacIpEEIEHUN B COOTBETCTBUU C G, HAMJIEHHBIM KaK
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¢yHKuMs sHepruM npu cHATHM crektpa AmBe ucrounuka. [lonnas sd¢dexTHBHOCTH ompenensyiach Kak

OTHOIICHUEC YUCJIa OTCYETOB B CIICKTPEC BHIILIEC IOPOTrOBOTr0 3HAYCHUA K YHUCITY IICPBUYHBIX YaCTHUL B CUMYJIALIUU.
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Puc. 1. Bapuanmoi pacnonooicenusi 0emexmopos @ coopkax, 6uo cnepeou: 1 — MuteHb-ucmoyHuK, 2 — Kpbluikd

saxyymuou kamepul, 3 — demexmopwi Nal(TI), 4 — opeanuueckuil cyunmuaiAMop co CEUHYOBbIM KOHEEPMEPOM

HawuGomnbmas 3¢h(peKTHBHOCTh PErHCTPaLUK Y-KBAHTOB ObliIa JOCTUTHYTA IIPU MCHOJIB30BaHUHM COOPKU
(0), 9TO CBUAETEILCTBYET O MPEUMYIIICCTBEHHOM BIHSHHUU TEJICCHOTO YIJia JETEKTOPOB Ha 3((EKTHBHOCTD U O
nocrartounoctH ciost Nal(Tl) tonmuaoii B 10 oM asst perucTpaivu y-KBaHTOB B iMana3one sHepruit 10 20 MaB.
CIIUCOK JIUTEPATYPbI
1. V. M. Bystritsky et al. Pulsed ion hall accelerator for investigation of reactions between light nuclei in the
astrophysical energy range // Physics of Particles and Nuclei: Scientific Journal. — 2017. — Vol. 48, iss. 4. —
pp. 659-679.

MOJAEJUPOBAHUE TEINJIO®U3NYECKHUX ITPOLHECCOB PEAKTOPHBIX YCTAHOBOK
PA3JIMYHOI'O THUITIA C UCITIOJIB30OBAHUEM ITPOT'PAMMHOI'O KOMIIJIEKCA SOLIDWORKS
P. C. lllypeirul, O.10. JonmaTtos
Hauunonanensiit UccnenoBarenbekuil TOMCKUN NOTUTEXHUUECKUI YHUBEPCUTET,

Poccus, r. Tomck, nip. Jlenuna, 30, 634050
E-mail: rss7@tpu.ru

BakHoii 3aaueii 111 MUPHOTO atoMa siBisieTcsl oBblieHus dddexrruBroct padborsl ADC, KoTOpasi, B
MEPBYI0, OYepe/ib CBsI3aHA C Pa3pabOTKOW HOBBIX YIYUIIEHHBIX BHJIOB SAEPHOTO TOIJIMBA. DTO MPUBOAUT K
HEOOXOTUMOCTH MOJICITUPOBAHUS H3MEHEHUH TETUIO(QU3NIECKUX MTapaMeTPOB aKTHBHOM 30HBI MIPH TEPEX0Jie OT
TPaIUIIMOHHBIX TOIUTMBHBIX KOMIIO3HIIUI K HOBBIM, ITEPCIICKTUBHBIM.

[IpoMBIIIIIEeHHOE MOJETUPOBAHHE CTAJNI0 OYCHb TOMYJSIPHBIM W BaXKHBIM HHCTPYMEHTOM, TaK Kak
MOMOTAIOT JeNaTh MpeABapUTEIBHBIC TPOTHO3B ¢ HANMEHBIIUMH (U3NICCKUMHU U MAaTepHUANBHBIMA 3aTpaTaMH,
MUHUMAaNbHBIMU pruckamu. OpHako BeIOOp moaxossmiero u goctopepHoro CAIIP — crnoxkHas 3amada. [loaTomy
nepes pelmeHneM TermIoGpu3nIecKux 3a1a4a OyayIiero TOmIMBa, Hy)KHO COBEPIIUTL BEPUPHUKAIIUIO PE3YILTATOB
MIPOTPaMMBI C TUTEPATYPHBIMU JAHHBIMU YK€ U3BECTHOW PEaKTOPHON YCTAaHOBKH.

B paborte mpousBoamics pacdeThl IByX TepMmoauHamudeckmx 3anad BBOP-1000 ¢ ucnoms3oBanuem

CAIIP SolidWorks: Moziens ¢ HaimM4IneM ra3oBOro OTBEPCTHS B TOIIMBE U O€3.
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Pucynox 1. Pezyromamel pacuema snemenmaprou auetixu BBOP-1000

Bonpine 3HaueHHs TeMIeparyp B Cilydyae OTCYTCTBHSI ra30BOTO OTBEPCTHs B TOIUIMBHOW TabieTke,
HeXenu B cilydae ero mnpuMeHeHus. OJHaKo, B Cilydyae IPUMEHEHUs OTBEPCTUS IOJyYEHHbBIC JaHHBIC
NPUOIMKAINCH K PEaTbHBIM SKCIUTyaTallMOHHBIM 3HAUCHUSIM.

BesycioBHO naHHBIE MOZIEIH TPeOYyeT KOPPEKTUPOBKH MHOTHX ITapameTpoB. OJJHaKo, KapTHHA J0BOJIbHA
0u3Kka ¢ TEIUTO(PHU3MYCCKON KApTUHOM, MOJy4aeMoil mpu paboTe peakTopa, YTo JAAaeT BO3MOXKHOCTH Kak JUIs
MOCJIEIYIOMIET0 HCIOJIb30BAHHE MPOTPAaMMBbI JUTS TEIUIOTHIPABINYECKUX PACUeTOB, TaK U JUIS JAbHEUIIEro
MO/IeTTMPOBaHuUs mporeccos [1].

CreayIoIuM IIaroM CTajao MOJICTMPOBAHUE TOITUBHOM TaOJIETKH HOBOTO SIIOHCKOTO Ta30BOT'0 peakTopa
HTTR u aHanu3 BEIXOIHBIX JaHHBIX.

CIIMCOK JIMTEPATYPBI
1. dwusuka u SKCIUTyaTalMOHHBIE pexuMbl peaktopa BBOP-1000 / B.U. benozepor, M.M. XKyk, }0.A. Ky3una,
M.IO. TepHoBBIX. — MoHorpadus. M.: HUAAY MUDH, 2014 — 288 c.
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HYDRODYNAMIC AND BOILING PROCESSES ON THE SURFACE OF NANOCOMPOSITE
SILICON-CARBIDE CERAMIC
A.M. Abdelmagid, E.G.Orlova
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Ave. 30, 634050

E-mail: AbdelrahmanHamed@sci.asu.edu.eq

Silicon carbide ceramics (SiC) is unique composite that has many chemical and mechanical peculiarities
that inspire the scientific researchers to study it from all directions [1]. In this work, we studied hydrodynamic and
thermal processes on the surfaces of SiC ceramics: wetting properties, characteristics of liquid movement and
nucleate pool boiling (heat transfer in deionized water under atmospheric pressure). SiC ceramics were made by
spark plasma sintering using the GT advanced Technologies SPS10-4 system from a powder obtained by
plasmodynamic synthesis [2] with an average grain size of 70 nm. The later knowledge contribute to know more
information about: static contact angles (SCA) in range of (46° — 74.9°), free surface energy (SFE) in range of
(35.36-56.13 mN/m), and three-phase contact line speed in range of (0,02-103— 0.005 m/s), as well as opening
new fields to receive new knowledge about roughness characteristics such as maximum height (Sz) that is changed
in range of (23.4 —41.5 pm) and influence boiling process on it that is textured by laser irradiation. The wettability
was estimated by the value of the SCA obtained by shadow optical method (high-speed video camera and plane-
parallel light) [3], when a 10-pul drop of distilled water was placed. The SFE was calculated according to the
OWRK (harmonic average method) and the Wu (geometric mean method) [4].

The characteristics of liqguid movement (three-phase contact line movement in “water/SiC/air” system
and dynamic contact angle) were obtained by pumping/pumping out liquid on the surfaces using a high-precision
syringe pump. Shadow images of droplet for wetting and spreading experiments were processed using goniometry
methods. The pool boiling process was studied according to thermocouples readings and visualization by high-
speed video camera. The exceptional properties of SiC (high melting temperature, good thermal conductivity and
corrosion resistance) give the basis for studying the possibility to use it in core cladding reactor.

REFERENCES

1. Garshin A. P., Gropyanov V. M., Zaitsev G. P., Semenov S, S. Ceramics for mechanical engineering. —
Moscow: Nauktehlitizdat, 2003. — 384 p.

2. Sivkov A, Nikitin D, Shanenkov I, Ivashutenko A, Rakhmatullin I, Nasyrbayev A. optimization of plasma-
dynamic synthesis of ultradisperse silicon carbide and obtaining SPS-ceramics based on it // international
journal of refractory metals and solid materials. — 2019. — Vol. 79. — P. 123-130.

3. Orlova E. G, Feoktistov D. V, Kuznetsov G.V. Nanosecond laser radiation as a method of texturing a metal
surface for use in drip cooling systems // Seventh Russian national conference on heat exchange: proceedings.
Moscow, October 22-26, 2018 — Moscow, 2018. - Vol. 3. - P. 434-436.

4. Kseniya Batishcheva, and Anastasiya Islamova. Investigation of free surface energy of rough aluminum alloy
substrate // AIP Conference Proceedings. Tomsk, 09 August, vol. 2135. — P. 02001
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A REVIEW ON ZIRCONIUM-ALLOY-BASED COATING SUBSTITUTES FOR FUTURE LWR FUEL
CLADDING DESIGN

B. K Afornu, M. Elhaddad, A. M. Lider
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Avenue, 30, 634050
Email: brightafornu@yahoo.com
Major concerns of Advanced Light Water Reactors (ALWRs) and Generation IV reactor concepts are
based on the kind of materials involved in the cladding of the fuel operating at higher temperature compares to the
existing LWRs. The future nuclear fuel cladding ought to meet the following design specifications such as tolerable
chemical compatibility, corrosion resistance, tolerable strength, ductility, fatigue cracking, toughness, creep
fatigue interaction, helium embrittlement in the presence of coolants and process fluids [1]. Nuclear fuel cladding
materials necessitates absolute robustness to prevent accidents related to mechanical failures. Coating of material
surfaces can improve the properties and extend the longevity of the materials from harsh conditions in various
fields of application. This study features some selected materials including Silicon Carbide (SiC), Chromium (Cr),
Molybdenum, and Austenitic Stainless Steel (AISI-348) deposition on Zr-based alloy for cladding purposes. The
research also discussed the materials strength and challenges towards the 3D printing employed to ensure their
integrity under the harsh reactor condition [2]. The findings involved in this study will help to throw more light on
deposition techniques that will be engaged in the fabrication of future LWR cladding components including some
of the challenges that need to be overcome in order to achieve cladding safety, sustainability and economics as
part of the Gen. IV reactor concept goals [3].
REFERENCES

1. U.S. Department of Energy, "A Technology Roadmap for Generation IV Nuclear Energy Systems," Generation

IV International Forum, GIF-002-00, December 2002.
2. Cheng B. Fuel behavior in severe accidents and Mo-alloy based cladding designs to improve accident tolerance.

Atw. Internationale Zeitschrift fuer Kernenergie. 2013;59(3):158-60.
3. Kelly JE. Generation 1V International Forum: A decade of progress through international cooperation. Progress

in Nuclear Energy. 2014 Nov 1; 77:240-6.

CONTROL OF BACTERIAL SENSITIVITY TO QUINOLONES BY MAGNETIC MAGNESIUM
ISOTOPE MG
U.G. Letuta
Orenburg State University
Russia, Orenburg, Pobedy st., 13, 460018

E-mail: shevulyana@yandex.ru

First magnetic isotopes effects on biological objects were demonstrated in experiences with the
phosphorylating enzymes and magnesium isotopes [1]. Magnesium possesses three stable isotopes: Mg, Mg
and 26Mg; of them only Mg has a magnetic nucleus (spin 1=5/2). Participation of the magnetic magnesium isotope
25Mg stimulates the synthesis of ATP and inhibits the synthesis of DNA [1]. In vivo experiments on E. coli bacteria
showed that microorganisms are sensitive to presence of the magnetic magnesium isotope [2]. The mechanism of

these effects was explained by the magnetic nucleus participation in enzymatic process with electron transfer. The

99


mailto:brightafornu@yahoo.com
mailto:shevulyana@yandex.ru

MH)HeHepHaﬂ WIKoONa «DU3UKO-TEXHUUECKUE HpOGHCMLI B HAYKE, IIPOMBIIIJICHHOCTU U MEJUIIUHE.

I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)
&

TOMCKWMA NONUTEXHUYECKWIA YHWUBEPCUTET CCKHI/ISI 4. Hosrie MaTepHallbl U TCXHOJIOTUM

hyperfine interaction of the magnesium nuclear spin with electron spin changes the spin multiplicity of the pair
and, as a result, affects the rate constants of enzymatic reaction [3].

Antibiotic resistance is one of the basic physiological properties of bacteria which turned out to be
magnetically sensitive [4]. The combined effect of antibiotics and magnesium isotopes leads to changing
antibacterial drug efficiency. The observed effects depend on the target of antibiotic action and nuclear magnetic
moment presence of magnesium. The aim of this work is to use magnesium isotopes to strengthen quinolone
antibiotics. Quinolones act by converting their targets, gyrase and topoisomerase 1V, into toxic enzymes that
fragment the bacterial chromosome.

The combined effect of most antibiotics from the quinolones group and magnesium isotopes on the growth
and morphology of bacteria E. coli and B. subtilis was studied. Experimental data have been obtained
demonstrating the increased bacteria sensitivity to some quinolones antibiotics in the presence of magnetic
magnesium isotope. For example, the minimum inhibitory concentration for ciprofloxacin was less when Mg
was added to the nutrient medium. The mechanisms of magnetic isotopic effects of Mg are discussed: its effect
on the enzymatic activity of Mg-dependent enzymes involved in protection of the cells from the action of
antibiotics. The method for potentiating ciprofloxacin using a magnetic isotope of magnesium is proposed.

This work was financially supported by the Council for grants of the President of the Russian Federation,
Ne SP-225.2019.4.
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SYNTHESIS OF COMPLEX OXIDE COMPOSITIONS FOR URANIUM-THORIUM NUCLEAR FUEL
IN TORCH PLASMA DISCHARGE
A.E. Tikhonov, I.Yu. Novoselov
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Ave., 30, 634050
E-mail: aetl3@tpu.ru

Today, a significant part of nuclear energy is produced by nuclear power plants using ceramic nuclear
fuel from uranium dioxide enriched in the uranium-235 isotope. Such fuel has a number of disadvantages, among
which it is low thermal conductivity and the need for expensive isotope enrichment.

At the same time, a promising direction for the further development of nuclear energy is the tendency to
create dispersion nuclear fuel, which is a nuclear fuel composition in which the fissile phase is in the form of
particles (metal, compound) uniformly distributed in a matrix of non-fissile material. Such fuel has good
mechanical properties, and the matrix material determines the radiation resistance and high thermal conductivity
of the fuel [1].
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The main technologies for producing oxide compositions for dispersion nuclear fuel are: thermal
decomposition, reduction of oxides, electrolytic production from molten salts, sol-gel process. Common
disadvantages of these technologies are: multi-staging, high cost of processing raw materials, uneven distribution
of phases in the product, the need to use a large number of chemicals.

At the same time, the technology for the synthesis of oxide compositions in air plasma has the following
advantages: one-staging, homogeneous phase distribution with a given stoichiometric composition, the ability to
actively influence the particle size and morphology [2,3].

It should be noted that the processing of nitric acid solutions in plasma is quite expensive. To reduce
energy consumption, an organic component is added to the composition of the solutions, which, oxidizing in the
air plasma, adds additional energy, allowing to increase the consumption of the processed solution and, thus,
increase the yield of the target product.

The work was carried out thermodynamic modeling of the process of plasma-chemical synthesis of
complex oxide compositions from water-organic nitrate solutions (WONS), consisting of fissile material and
matrix material. Uranium and thorium oxides were considered as fissile inclusions, magnesium oxide was used as
the matrix material, acetone was used as an organic additive.

As a result of the simulation, the optimal WONS compositions based on uranyl, thorium and magnesium
nitrates, as well as acetone, were calculated. The optimal modes of WONS plasma treatment were determined as
well. The results of the studies can be used to calculate the plasma chemical synthesis of complex oxide
compositions for dispersion nuclear fuel.

This work was supported by the Russian Science Foundation (project No. 18-19-00136).
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PLASMA IMMOBILIZATION OF SILTS IN STORAGE POOLS WITH LOW RADIOACTIVE
WASTE
A.E. Tikhonov, 1.Yu. Novoselov
National Research Tomsk Polytechnic University,
634050, Russia, Tomsk, 30 Lenin Avenue
E-mail: aet13@tpu.ru

During exploitation of equipment at nuclear fuel cycle (NFC) plants a lot of liquid radioactive wastes
(LRW) were accumulated and located at the bottom in storage pools. They consist of Fe (3—17 %), Si (2.8-8.5 %),
Ca (0.2-3.2 %), Mg (1-2.8 %), Na (0.7-1.9 %), P (0.1-0.9 %), etc. [1].

Different recycling methods such as sorption, electrochemical, chemical are known [2]. To stabilize and

convert silts into sustained forms preventing migration of radionuclides from wastes different methods involving
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high-temperature processing of ceramic and glass matrixes are used [3]. The common disadvantages of such
methods are multistage and high recycling cost.

As it is shown in [4] plasma utilization of wastes in the form of optimal water organic inflammable
compositions (WOC) having adiabatic combustion temperature of about 1200 °C provides their effective and
environmentally safe utilization.

The second stage contains evaluation of the feasibility for plasma immobilization of solid products
obtained after the utilization process. The immobilization process at the metal chlorides which are resistant to
radiation exposure means that the main condensed products after plasma immobilization are localized in NaCl (a)
and KCI (b) melts. Condensed product is a result of model silt plasma utilization process.

All experiments were conducted with the help of laboratory plasma bench. Plasma bench included the
high-frequency generator, high-frequency torch plasmatron and also other auxiliary equipment and control
devices. The samples with different content were prepared and consisted of sodium chloride, simple and complex
oxide powders obtained after plasma utilization of silts. These 100 gram samples were placed into quartz glass pot
and then located under air plasma flow generated by high-frequency jet plasmatron. During the experiments a
temperature of heated surface of sample was measured with a portable infrared pyrometer.

At the surface temperature of NaCl lower than 750 °C, plasma immobilization process of the samples
with solid dispersed products proceeds with low intensity. Increasing air plasma stream capacity from 12 to 20 kW
increases surface temperature up to 850-900 °C. That is why intensity of immobilization process increases.

The analysis of the obtained results shows that in 5 minutes after the start of experiment more than 80 %
of all initial sample weight has been evaporating. In 10 minutes sample weight decreases to 14.6 g (losing 85.4
%), in 15 minutes — to 9.8 g (losing 90.2 %), in 20 minutes —to 4.7 g (losing 95.3 %). It shows that the plasma
immobilization could be successfully applied to safety managing the silts in storage pools sharply decreasing their
initial volume.
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Industrial and Civil Engineering, 1994.

HOATOTOBKA ®PAI'MEHTOB OBOJIOYEYHOT O TOIIVIMBA K
TUJIPOMETAJLIYPITHUECKOM MMEPEPABOTKE
II.B. AkcrotuH, A.C. [Ipsuenko, A.YO. XKabun
denepanbHOE TOCyIapCTBEHHOE YHUTApHOE Ipennpusitre " opHO-XUMUUeCKUi KoMOnHaT",
Poccus, r. XKenesznoropck, yiu. Jlennna 53, 662972

E-mail: atomlink@mcc.krasnoyarsk.su

O)II/IH N3 M3BECTHBIX BAPUAHTOB MOATOTOBKH TOIUIMBA 3aK/IIIOYACTCA B NEPEBOJAC AMOKCHUOA ypaHa B

3HAYUTEIHHO 0OJice PEaKIIMOHHOCIIOCOOHBIH OKTAOKCH TPHUypaHa B aTMocdepe KHCIOpoja MpH TeMIIEpaType
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773-873 K. ABropsl [1] yrBepxkaaroT, 4To croco0 MO3BOJSET yHANSATh U3 TOIUIMBA JIETy4YHE PaJNOAKTHBHBIC
xommonenTs! (°H, *C, 12°l). Opnako naHHBI cIOCO6 IPIMEHHM TONBKO I HEOOO0I0UYEUHOTO TOILIUBA.

B pabGote [2] moka3aHa NpUHOMNHATBGHAs BO3MOXKHOCTH NPHMEHEHHs AMOKCHJA a30Ta B KauecTBE
OKHCJINTENS 1S TpaHCc(opMmanuy TablIeTHPOBAaHHOTO TNOKCH/IA YpaHa KepaMHIECKOTO Ka4ecTBa, 3aKIF0UCHHOTO
B IIUPKOHUEBYIO 000JIOUKY, B TOPOIITKOOOPA3HBII OKTAOKCH TPUypaHa IpH Oojee HI3KoH TeMiepaTtype. OmxHako
B IIUTEpaType OTCYTICTBYIOT JaHHbIE OO WCCIEIOBAaHUAX, HANpPABICHHBIX HA OMNPEICICHUEC BIMSHUI
TEXHOJIOTHYECKHUX MapaMETPOB Ha CKOPOCTH M MOJHOTY NMPOTEKAaHHUS KOHBEPCHH IHOKCHIA ypaHa B OKTAOKCHJ
TpUypaHa, 9YeM M OIpe/eNICHa aKTyalIbHOCTh IPECTABICHHON PabOTHI.

Ilenpro wWccienoBaHMS — OINPEAEICHHE BIMSHUS TEMIEpaTypsl TEPMOXMMHUYECKON 00paboTku
HEOoOTy4€HHBIX TOTUIMBHBIX ()parMeHTOB Ha CKOPOCTH TPAHC(HOPMAIINH TAOJIETHPOBAHHOTO CIICUEHHOTO JUOKCHIA
ypaHa, 3aKJIIOYEHHOI'O B LUPKOHUEBYIO OOOJIOYKY, B IIOPOLIOK OKTaOKCHJa TpPUypaHa M IIOJHOTY €ro
BBICBOOOXIeHUS 13 000m0uku B aTMochepe (NxOy + Oz + CO2 + HoO(uap)).-

Jlnst IpoBeIeHNsT UCCIIEIOBAHUI UCIIONIB30BaNN (hparMeHThl HeOOIydeHHBIX TBAJ npou3BoacTtBa OAO
«H3XK» pmnuHoit 50 MM ¢ 3aMaTtMeM 1o cedeHuto TopioB He Oosee 30 %. OKHUCIUTENBHYIO CMEChH
NxOy + O2 + CO2 + H2O(ap) MOTyHUIIN ITyTEM MPOIYCKAHUSI pACTBOPA CMECH a30THOM M I1aBEJICBOM KUCIIOT Yepe3
KaTATUTHYECKU akTUBHYIO Hacanky Pt/Cr.03/ZrO; ¢ nocneayronmm TOOKUCICHHEM TOIYUYCHHBIX Ta3000pa3HbIX
MPOIYKTOB HA INTATHHOCOAEPIKAIIEM KaTalan3aTope.

OKCIEPUMEHTHI 110 TEPMOXUMHIECKOW 00paboTKe (hparMeHTOB HEOOTyUIEHHOTO TOIIMBA MPOBOJWIN B
anmnapaTe-peakTope IeYHOT0 TUIA C TOPU30HTAILHOM OCBhIO BPAIlIeHNS! BHYTPEHHET0 KOHTEHHEpa.

VYCTaHOBIIEHO, YTO TIPOBENCHHE TEPMOXMMHYECKOH 00paboTKkm mmurTaTropa (parMeHTHPOBAHHOTO
TOIUIMBA Ha OCHOBE JMOKCHJA ypaHa Kepamuieckoro kadectBa B atmocdepe NxOy + Oz + CO;z + H2O(uap) pu
teMreparype 623-643 K B TeueHue 3 4yacoB MO3BOJISIET MOJHOCTHIO H3BJIE€YL TOIUIMBHYIO KOMIIO3UIUIO M3
o6onoukn (npu 623 K Henpopearuposasmmii ocratok — 0,92 % Macc. 0T HCXOJHOTO KOJIMYECTBA TOILIMBA, TIPH
643 K — 3,22 % macc.) B BHJIe TOHKOJJUCIIEPCHOTO Nopolnka (2-6 MkMm). ['paBuMeTpuueckuii 1 peHTreHO(a30BbIit
aHaJIM3 MI0Ka3aJl, YTO MOJY4YEHHbIH NOPOIIKooOpa3HbIii MaTepHua cooTBeTcTBOBa OpyTTo-hopmyie UzOg.

Pe3ynbraThl HCCIIEIOBaHUI IO3BOJIIIOT CHENaTh BBIBOJ O IEPCIEKTHBHOCTH TEPMOXHUMHUYECKON
00paboTKH (hparMEHTUPOBAHHOTO OTPAOOTABIIEr0 SACPHOrO TOIUIMBA C 3amstueM TOpioB 10 30 %
okucnutenbHol cMechio NxOy + Oz + CO2 + HoO(nap) 1151 TOJITOTOBKH TOILUTHUBA K OTNEPAIU PACTBOPEHHSL.

CIIMCOK JIMTEPATYPbI
1. I'pomor b.B. Beeaenue B xumuueckyro TexHoJoruro ypana / I'pomoB B.B. — Mocksa : Atomuznar, 1978. —
336c.
2. Johnson J.A. Studies of reaction process for voloxidation methods: diss. PhD — Knoxville, 2013. — 121 p.

M3BJIEYEHUE CEPEBPA U3 IIYTOHUMCOJEPKAIIUX TEXHOJIOT MYECKHX
MNPOAYKTOB NEPE/ SKCTPAKIIMOHHBIM NEPEJAEJIOM ITIPU MTPOU3BOJACTBE
MOKC-TOIIJIUBA
B.H. Anekceenko, A.1O. )Kabun, B.A. I'puropsesa, E.O. I'puropsesa

D0 PI'VIT «I'opHO-XMMHUYIECKUH KOMOHHATY,
Poccus, r. XKeneznoropck, KpacHosipckoro kpas, yi. Jleauna, 53, 662972

e-mail: to0884@mcc.krasnoyarsk.su

B Ttexnomorun mpomnsBoactBa MOKC-tomnuBa npu NpOBEASHUH HIIEKTPOXUMHUYECKOTO PACTBOPEHHS
JMOKCHIAa TUTyTOHUS B mpucyrcTBuu cepebpa (1) Ha mocmemyromuii SKCTpakIMOHHBIN addUHAK TOCTymaeT

OCBETJICHHBIH PacTBOp, 3arps3HeHHbI cepebpom (). BBumy ucmonp30oBaHUS SKCTPAKIMOHHOW CHUCTEMBI Ha
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ocHoBe TpuOyTMindochara B rexcaxyiopOyTajueHe Hauuuue cepedpa NPUBOAUT K B3aWMOICHCTBHIO C
XJIOPUJ-UOHOM, O00pa3yloIlMMcsi B pe3yibTaTe pajuosin3a pa30aBUTeNs, W HAKOIUIGHUIO ocaakoB. Jlis
obecrieueHnsl yCTONYMBON PabOTHl M MCKIIOUEHUS! HETEXHOJIOTHYECKHX OCTAHOBOK AKCTPAKIMOHHOTO KacKaja
11e7IECO00PA3HO U3YUUTh BO3ZMOXKHOCTD yJAJICHHSI HOHOB cepedpa mepe] y3/I0M SKCTPAKIIH.

Lemns pabotbl cocTosita B pa3zpaboTke crmocoba W3BiedeHHsI cepedpa W3 KOHIEHTPHUPOBAHHBIX IO
IUTyTOHUIO PAcTBOPOB C BBICOKMM COAEPKAHMEM a30THOM KHCJIOTHI C €T0 IMOCIEAYIOIeH pereHeparnmeil s
BO3BPALICHUS B TEXHOJIOTUYECKUH IIUKJI HAa CTaIUI0 PACTBOPEHUS TUOKCHU/A IIITYTOHUS.

W3Brnedenne cepedpa MpOBOANIN U3 TEXHOJIOTMYECKUX MPOIYKTOB OT AJIEKTPOIUTHY €CKOTO PACTBOPEHHUS
JIMOKCHA TUTyTOHUsI ipy rpou3BoacTBe MOKC-ToruiBa myTeM BOCCTaHOBIJICHHS cepedpa 0 MeTajlla CHCTEMOM
BOCCTaHOBHUTEJIEH, COCTOSILEH U3 acCKOPOMHOBOM KHUCIIOTHI M KapOoruapasuaa. [Iporecc pereneparmu cepedpa,
BKJTFOUAOLINH B ce0sl OCaxIeHNe, TEKaHTAOHHOE OTAEICHHIE 0CalKa, €ro MPOMBIBKY U PaCTBOPEHHUE B a30THOM
KHCJIOTE, OCYIIECTBILUTM NMPH HCIIONB30BAaHUHM allllapaTa W3 HEPXKaBEIOIIeH CTaiM IWIMHApUYEeCKOH (opmbl ¢
KOHHYECKIM IHHUIIEM, OCHAIICHHOTO Pa3beMHON KPBIINIKOW, BHEIIHEH pyOamkoil n OapOoTakHOW nuHUCH. B
HCXOIHBINA cepeOpocoaepKalIiii pPacTBOP ¢ KOHIEHTpanue a30THOH kuciaoTsl 190-380 1/1 BHOCHIM TIEpOKCHT
BOJIOpOJAa 10 KOoHIeHTparwu 2-11 /1 u tepmoctarupoBanu npu 60 °C B Teuenue 30 MuH i1 cTAOMIM3aNUU
mwiyroHus (IV), B KkadecTBe aHTHMHHUTPUTHOTO areHTa MCIOJIB30BAJIM pPAcTBOp HUTpaTa THApa3uHa 0
KOHLEHTpauu 2-15 /1, kapOdoruapasua BBOAWIN JO JOCTHKEHHUsS. MOJIFHOTO OTHOILIEHHUs K TuryToHHto (1+3):1,
aCKOpOMHOBYIO KHCJIOTYy — [0 MOJBHOTO OTHOLIEHHA K HoHam cepebpa (0,9+2,0):1, 3aTtem mnpoBoauu
HEWTpaIN3alHio KOHLIECHTPUPOBAHHBIM PACTBOPOM THAPOKCHIA HATPHSL, KOTOPBIH TO3UPOBAIIH CO CKOPOCThIO 2-20
00.%/MIH 10 OCTaTOYHOH KOHIIEHTPAINH a30THOH KUCIOTH 130-224 r/11. PeakmoHHBI 00beM BBIICPKUBAIHN B
TEUEHHE Yaca IpU NEepeMENINBaHUN 0apOOTaKHBIM BO3/yXOM, 3aT€M IOJYYEHHYIO CYCHEH3HIO OTCTauBaJIN B
TeueHne vaca, JgekaHtupoBamn 90 % oObema pacTBOpa, MPOMBIBAIH OCAJIOK IUCTHIUIMPOBAHHOW BOJOH H
pacTtBopsiu npu HarpeBanuu 50-75 °C pacTBOpOM a30THOM KUCIOTHI C KOHIEHTpaluen 250-440 r/m.

OCO0EHHOCTh TPEIUIOKEHHOTO MOAX0Aa 3aKJIIYaeTcsl B CO3JaHMM aKTHBAallMOHHOTO 3(dekra mnpu
HEUTpanu3ali a30THOW KHCIOTHI 3a CYET JOCTHXKEHHS B JIOKATHHOM OOBEME YCIIOBHM, TOCTATOYHBIX LIS
(hopMHpOBaHUS LEHTPOB KPUCTAIUIN3ALMN METAJUTMYECKOTO cepedpa.

PazpaboTannblii crioco® n3BiIedeHUs cepedpa MO3BOJIAET M3 CHIBHOKHCIBIX IUTYyTOHHHCOAEPKAIINX
pacTBOpOB BBLAEIUTH 110 99,8 % cepebpa, 3 koTtoporo 6oixee 93 % mepeBecTH B pereHepar AJIsl BO3BPALIECHUS B

3NEKTPOXMMHUUECKYIO sTUeHKy. 3aKiajKa cepedpa B anmapare MoKeT ObITh CHIDKeHa 110 ypoBH 1,2-1,4 %.

KOMILJIEKCHBIM MMOJXO0/1 IO OBPAIIIEHWIO C OBJIYYEHHBIM PEAKTOPHBIM
IT'PA®UTOM HA ®OTI'YII «I'XK»
M.B. Anronenko, E.B. becniana, FO.P. becnana
OT'VII «"opHO-XMMHYECKHIT KOMOUHATY,
Poccus, r. XKeneznoropck, yi. Jlenuna, 53, 662972

E-mail: to0884@mcc.krasnoyarsk.su
Crparerndeckoii nensio [IpaBurensctBa P® sBnsercs KOMIUIEKCHOE oOOecIiedeHUe SACPHOH U
panuanoHHOM 6e30MaCHOCTH BHYTPH CTPAHBI ITyTEM pEIIeHHs IePBOOYEPEIHBIX TPOOIEM IAepHOTO HACTIEIUS U
CO37IaHMsI HOBOM TEXHUKHM M TEXHOJIOTUH MO OOpAIIEeHUI0 ¢ ParoaKTUBHBIMHU OTXOJIaMHU, HEOOXOAUMBIMH IS

epeBoaa 00BECKTOB AACPHOro HacJIEaAusd B AACPHO U paauallMOHHO 0e30I1acHOe COCTOSIHHE C UX nocneny}omeﬁ
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JUKBHIALMeH. B mepByro odepenn, 3TO KacaeTcsi UCIIOJHEHUS TOCYIapCTBEHHBIX 0053aTeNbCTB, CBSI3AHHBIX C
MOCJIEACTBUAMU NPONLIOH NesTenbHOCTH. [l tocTuxkeHus nocrasieHHol nenu [Ipasurensctso PO yreepamio
OdenepaipHyIO HENEBYIO mporpammy «OOecriedueHue sAepHO W paguanuoHHol Oe3omacHoct Ha 2016—2020
rogsl u Ha mepuon 1o 2030 roga» (T.H. OLII SPB-2), HeoTheMIEMOH YacThi0 KOTOPOH SIBIISIETCS BBIBOJA U3
skcruryaranun (BD) ypar-rpadurossix peakropoB (YI'P) u comyrcTByromeit nHGpacTpyKTypHL.

Ha cerommsmmuit neap Ha OI'YII «I'XK» ocymecTtisrorcs padotsr mo BO mpompmuierasix YI'P
(ITYTP) Al u AJID-1, a Taxke moaroroska k BD IIYT'P AJ1D-2, Brirouast 00bekThl TOL] ¢ 1ienmbio pa3MereHus
HOBBIX HAyKOEMKHMX M WHHOBALIMOHHBIX NPOM3BOJCTB (HAaIpUMeEp, HCCIEN0BATEIbCKOIO KHUJIKOCOIEBOTO
peaktopa). Ilpu 3ToM B paMkax HAaHHBIX PAa0OT PEaTU3YIOTCA MEPONPUSATHS 1O MUHMMHU3ALUM PUCKOB U
MOTCHIMAJIbHOW ONAcCHOCTH NpPU OOpalleHuH C OOJYYEHHBIM pPEaKTOPHBIM TpadUTOM, SBISIOIIUMCS
3aMeUINTENIEM M OTpa)kaTeleM HEHTpOHOB B moOoM YI'P. Vka3aHHBIC MEpOIIPUATHS MOXKHO Pa3[elUTh Ha OB
NPUHIUIHAIGHO PAa3HBIX MOIX0/a: pa3paboTKa HOBBIX CIIOCOO0B 0OpalieHust ¢ 00IydYeHHBIM TpaduToM B 4acTu
CHIDKEHUS €ro IOTEHIHAIbHON OMAacHOCTH WM ONTHUMHU3AIMSA paHee pPa3pabOTaHHBIX CHOCOOOB (cCo3maHME |
aKTyaJIu3anus TUIIOBBIX IPOrpaMM KOMIUIEKCHOTO HHXKEHEPHOT0 1 paxuanuoHHoro oocnenosanus (KMPO)).

B Hacrosimiee Bpemsi Ha OI'YIT «'XK» pa3pabarbiBaioTcsi U anpoOHPYIOTCS pa3iIM4YHbIE METOJBI
oOpareHus: ¢ 00JIyUYCHHBIM PEaKTOPHBIM TPaguTOM, K KOTOPHIM MOKHO OTHECTH: 3aXOpOHEHHE 0e3 00paboTKu
(IpHUIIOBEPXHOCTHOE WM TIIyOMHHOE), TepMUUECKasl M MUPOJIUTHYECKass 00paboTKa, peareHTHas (XUMHYecKasi) 1
JIEKTPOXHMMHUUECKas Je3aKTUBAIlHs, BbICOKOTEMIepaTypHas mepepaboTtka u ap [1, 2]. Kpome Toro, ¢ memnbro
COKpalleHust BpeMeHH BD smepHO- M paauanmoHHO OIACHBIX OOBEKTOB M JIO30BBIX HArpy30K Ha MEPCOHAT
CHEIUATNCTAMU TPEIIPHUATHS HAa OCHOBE aHalIM3a OOJIBIIOTO0 MaccHBa JaHHBIX pa3pabaTbIBaeTCS THUIIOBAS
nporpamma KNPO xpanmmumy ocobbix PAO, comepkamux OONydeHHBIH peakTOPHBIN rpaduT. DTO MO3BOIUT
BBIPa0OTAaTh €AMHBI TOAXOA K NPOBEACHHIO O00CIEIOBaHMS ITyHKTOB XpaHeHHs rpa¢puroBeix PAO,
PAacIoI0KEHHBIX B TOPHOI BEIPAaOOTKE CKaJIbHOTO MacCHBa, OETOHHOM LIaXTe W/WJIK TPaHIIIee.

CIIUCOK JIMTEPATYPbBI
1. Mat. 2660169 P®, MIIK G21F9/28. Cnocob ne3akTuBanui rpadUTOBBIX PaJAOAKTUBHBIX OTXOJ0B /
M.B. ArToHeHko, A.B. JIeonos, /I.B. XKupuukos, /1.0. Uybpees, E.B. becrana, B.H. Kotos, A I1. [TaBienko.
3asBneno 27.06.2019; Omy6um. 07.02.2020, bron. Ne4 — 12 c.
2. Tlar. 2660169 P®, MIIK G21F9/28. Cmoco6 ymameHus yrieponma-l14 w3 peaktopHoro rpadura / M.A.
Mepkynos, A.B. Tuxomupos, C.1U. Cmupnos, A.C. dpsiuenko, B.A. Mansimesa, A.C. I'puropees, ['.A.
AmnanbkoB. 3assneHo 24.08.2017; Ony6xa. 05.07.2018, brom. Nel9 — 12 c.

CO3JJAHHUE HA OI'YII «I' XK» OIIBITHO-ITIPOMBIIIJIEHHOI'O ITPON3BOICTBA PEMUKC-TOIIVIMBA
I'.A. Ananbkos, U.A. Mepkyios
®denepanbHOE TOCYIapCTBEHHOE YHUTAPHOE NpenpusiTie «[ OpHO-XMMUUECKHH KOMOWHATY,
Poccus, r. XKeneznoropck, yi. Jlenuna, 53, 662972
E-mail: atomlink@mcc.krasnoyarsk.su
C yuerom BapuaHTOB oOpamieHus c¢ oTpaboraBmuM syepHbIM ToruBoM (OST) — nepepabGotku u
MPSMOTO 3aXOPOHEHHS — IMEHHO PELUKINPOBAaHUE YpaHa ¥ IUTyTOHUS ITO3BOJIUT UCIIOJIH30BATh YHEPTEeTHUECKIH
noteHnuan coaepxkamuxcs B OST mensmmxcs MaTepualioB U 00ecnedunTh co3aanne B PO 1ByXKOMIOHEHTHOM

SIEpPHON PHEpreTHYecKol cucTeMsl ¢ peakropamu Tuia BH 1 BBOP B 3aMKHYTOM sS1€pHOM TOIUTMBHOM ITHKIIE.
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C yuerom passutus konuenuuin PEMUKC (REgenerated MIXture of U, Pu oxides) — okcuanoro ypas-
IUTyTOHHEBOTO TOIUIMBA A peakTopoB Tunma BBOP [1] — mo skcmepTHON olLieHKEe, ¢ y4eTOM HaKOMJIEHHBIX
o6bemoB OT nocie ero nepepadOTKH U BOBJICUEHHS B SACPHBIN TOIUIMBHBIN IIMKJ PETeHEPUPOBAHHBIX ypaHa 1
TyTOHMS, Bo3MokHa ¢abpukamusa 470 teic. TBC (c ydeTrom n00aBinsieMOro B TOIUIMBHYIO KOMIIO3ZHITHIO
MPUPOAHOTO ypaHa) ¢ obecreuenneM padotsl 140 peakropos (BBOP-1000, PWR) B Teuenue 60 mnet, 3KoHOMUS
MPUPOJHOTO ypaHa TPH 3TOM MOXKET cocTaBUTh 40 500 ThIC. T, SKOHOMHS IO OOOTAIIEHHWIO ypaHa MOJKET
cocraButh 10 520 muH EPP, 065eM BBICOKOAKTHBHBIX OTXOJOB ISl 3aXOPOHEHHUS MOKET COKPATUTBCS IO 5 pas.

B cootBerctBum ¢ yrBepkaeHHOi [Ipuka3zom ['ockopnopannu «Pocatom» ot 14.11.2014 Ne 1/1098-1t
nporpamMmoii  «PacueTHO-3KcIIepuMeHTadbHOe oOocHOBaHMe pabdorocmocodHocTn PEMUKC-TorumBa  mmst
peaktopoB BBOP-1000», mpoBeaeHsl pabOTHI IO oOmpenencHuo u3oTonmHoro cocraBa PEMUKC-rommsa.
ITo pe3ynbraTam paboT 1 Iieneil MpoBeAeHUs OMBITHOM AKCILTyaTalli ¥ OCBOSHUS IIPOM3BOJCTBA OINpeesieH
BapMaHT H30TOIHOTO COCTaBa, B KOTOPOM ILTyTOHHM, OOOTalleHHBIM ypaH U pereHepupoBaHHBIN ypaH
CMCIIUBAIOTCS B CICAYIONMX cooTHomeHusx (% mac.): miytonuit — 1,5 %, oOorameHnsiii ypan — 17,5 %,
perenepupoBanubii ypan — 81,0 % [2]. Ilpumepnsiii uzoromusii coctaB PEMUKC-tormmBa (u3oTor,
cojliepanue B cocrapisroneii, %) [2]: miyronuit - Pu-238 — 2,55; Pu-239 — 53,95; Pu-240 — 29,05; Pu-241 —
8,15; Pu-242 — 6,48; perenepupoBannsiii ypan - U-235 — 0,925; U-238 — 98,45; U-236 — 0,623; U-234 — 0,002,
oborameHHsIi ypan - U-235 — 19,75; U-238 — 79,98; U-236 — 0,089; U-234 — 0,18.

Jnsa nzroroBnenust wectu TBC ¢ PEMUKC-TonnuBom npuHsTa wratHas KoHCTpykuuss TBC-2M u
mraTHas TexHosorus coopku. Bo ucnonmnerne Pemenns (Ne 320.06.TI1-564-5AJI-1) 06 opranuzamuu padoT 1mo
MIOCTAaHOBKE Ha ONBITHO-NPOMBbINUIEHHYI0 3Kkcmyatanuo 6 TBC-2M ¢ PEMUKC-tomuBom Ha OI'YIT «I'XK»
BEITIONTHSACTCA TOOCHAIICHHE JeicTByromero npomsBoacTtBa ¢adpukanun MOKC-rommma mans PY BH-800
C pa3MeIeHHeM [OTOHUTEIBHOTO 00opynoBanus (ans mirorosineHus TB3I0B 1 TBC PY BBOP) B memouke
paaralMoHHO-3aIINTHEIX OOKCOB MO pe3yJbTaTaM OIEHKH MONIHOCTH 3(¢EeKTHBHONH NO3bI HpH pabote
¢ tabnetkamu, TB31amMu 1 TBC ¢ PEMUKC-tommBom. Ilocne u3roroBneHus onbITHas naptust u3 6 TBC-2M
¢ PEMUKC-tonnBom Oynet HanpaBieHa B MoaepHu3upoBaHHOM TK-13 Ha Gyiox Ne 1 bamakosckoit ADC.

CIIUCOK JIMTEPATYPbBI
1. Pammoxumust, 2017, 1. 59, Ne 6, c. 481-487.
2. Texunueckast crpaBka. OrmnpezneneHHe H30TOIHOrO cocraBa ToruMBa omnbiTHEIX TBC-2M ¢ PEMUKC-
tormiBoM. B, Ne 110-50/1-100-418. OT'VIT «I'XK» / HULT «Kypuatosckuii nHcTuTyT» — 2018.

DJIEKTPOSKCTPAKIHIMUOHHO- IIVIASMEHHASA TEXHOJIOI'UA IEPEPABOTKU PY [
COLEPXKAIIMX PEJAKHUE U PEAKO3EMEJIBHBIE DJIEMEHTBI
Li Hongda'?, C.A. CocHosckuii®, B.. Caukos®
IShenyang ligong university,
China, Shenyang, 6 Nanping Middle Rd, Hunnan Qu, Shenyang Shi, 110168
’HanpoHabHBII HCClleq0BaTeNbCKUl TOMCKHUIA OTUTEXHUYECKHIT YHUBEPCHUTET,
Poccus, r. Tomck, nip. Jlennna, 30, 634050
*HauuonanbHblii HccleoBaTesbekuit TOMCKHI TOCy1apCTBEHHBIH YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 36, 634050
ssa777@mail.ru
Bompocs! 3¢ dexTnBHON mepepaboTKH pyx COAEpKalluX PEAKHe W PeIKO3eMeNbHBIC JJIEMEHTHl B
HACTOsIlee BpEMs OCTAalOTCAd BECbMa aKTyaJbHBIMH. BBIOOp TOr0o WM HHOTO MeETOAa TepepaboTKH

00yClIaBIUBaeTCs, MPEXKAEC BCETO, XUMHUYECKUM cocTaBoM. OcoOEHHO 3aTpyAHUTENbHA TepepadoTka pyn ¢
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OoJIbIIMM HA0OPOM M BBICOKOW KOHIEHTpAalMEeH MUHEPaJbHBIX BEIIECTB. B 3THX ciydasx BbI3bIBaCT MHTEpEC
paccMOTpeTh HECTaHIAPTHBIE METObI MepepabOTKH, C MOIYyYEHUEM IOJIE3HBIX MPOAYKTOB. TakUM METOIOM B
HallleM Clly4ae sIBJISeTCs pa3fioxKeHUe IIPEABAPUTEIHHO ITOATOTOBICHHBIX )KUAKOCTHBIX HAHOAUCIIEPCHBIX B3BECEH
B HU3KOTEMIICPAaTYpPHOM IUIa3MEHHOM IOTOKE C 00pa30BaHHMEM IIEPCHEKTHBHBIX, HETOKCHYECKHX COCIMHEHHH.
Paccmotpum nepepaboTKy MOHaruTa. Tak Kak B MOHAIIUTOBOM KOHLIEHTpAaTe cojeprkanue okcuaa uepust Ce203
cocraBmsiet 42,0-49,5 maccoBeix %, okcmaa mantaHa La,O3 21,8-25,0 maccoBbIX %, IO OTHOWICHHIO K IPYTUM
PEIKO3EeMENbHBIM AJIEMEHTaM, TO INPEJCTaBIISIET HHTEPEC MCCIIENA0BATh YYaCTOK NepepaboTKM  MOHAIIUTOBOTO
KOHILIEHTpaTa Ha NpUMEpe O3JIEKTPOIKCTPAKIMOHHO- IUIA3MEHHOM TEeXHOJOrMH. JlaHHas TEeXHOJIOTHS
NpUBJICKaTEIbHA BO3MOXKHOCTBIO COKpAILEHMSI PEareHTOB W CTagui mporecca. TeXHOJOIrusi COCTOUT W3
KOMOMHAIMM JABYX MerojoB. OOpa3oBaHHWEe THAPOKCHIA LEpusi M TUAPOKCHIA JIaHTaHa B KaTOJHTE
3JIEKTPOIKCTPAKIMOHHON YCTAaHOBKH COIMPOBOXKIAETCSA IEPEXOJOM HHTPAT-HOHOB B AHOJHT C pPEKyIleparueit
a30THOM KHCHOTHL. [yl yCHemHOro mnpoOyieM TMpeiaraeTcsi KOMIUIEKCHAs IepepadoTKa MOHAIIUTOBOTO
KOHIICHTpaTa B IIEITOYHO-KapOOHATHBIX cpenax. TexHoyormdyeckas cxeMa IepepadOTKH BKIIOYAET OIEpaliH
BCKPBITHSI C HCTIOJIb30BAHIEM THAPOKCHIA KAJIWs, BBIICICHAE TOPUS M ypaHa U3 KeKa B KApOOHATHBIE PACTBOPHI
U UX KapOOHATHBIA SKCTPAKIMOHHBIA a(HUHAK, BBIICICHUE PEIAKO3EMEIbHBIX JJIEMEHTOB B a30THOKHCIIBIC
pacTBOpHI C UX MOCIEAYIOIUM pa3AeieHHeM U IepepaboTkoil. Pacuer paBHOBECHOro cocTaBa IPOIYKTOB
peakiMd B YCIOBHAX HHU3KOTEMIIEpPAaTypHON IUIa3Mbl IPOBENEH C HCIOJIb30BaHHEM aBTOMAaTH3MPOBAHHOU
CUCTeMBl TepMoauHaMuueckux pacuetoB TERRA. IlpaBoMepHOCTh HCHOJB30BAHUSA TEPMOAMHAMHUECKU
PaBHOBECHOTO MPHUOIIKEHHUS ONPABIBIBACTCS BBICOKMM YPOBHEM KOHIICHTPAIIMM SHEPTUH B PACCMATPUBAEMBIX
o0beMax M, CIIEAOBATEIFHO, BBICOKHMH CKOPOCTSMH IPOTEKaHHs IPOIECCOB IPEBPALICHHUS, MIHOBEHHO
NPUBOASIIMMH Cpelly B COCTOSHHE JIOKAIFHOTO paBHOBecHs. CHHTE3MPOBAaHHBIE MOPOIIKH AWOKCHAA HEPUs U
OKCcHa JIaHTaHAa OTIMYaeTCd OT TIOJyYEHHBIX TPAAMIHMOHHBIMH METOJIaMH IIOBBINIEHHON yJEeIbHOU
MOBEPXHOCTBIO, YTO OOBSCHSAETCS, BHICOKOW CTEMEHBIO JUCIEPIUPOBAHUS AKTUBHBIX KOMIIOHEHTOB.

Pe3ynbTaThl OBLIH [TOIy4EHbI B PAMKax BBIIIOJIHEHHUS TOCYIapCTBEHHOT 0 3a1anust MuHoOpHayku Poccun,

npoekt Ne 0721-2020-0028.

MJIABMOXUMHUYECKHA CUHTE3 U UCCJIEJOBAHUE MOJEJBbHBIX KOMITO3UITAM «Nd—
Sm-Y-O»
A.10. [Tepbun
HaunonanbHb1il uccnenoBarenbckuit TOMCKUNA MOAUTEXHUUECKUN YHUBEPCUTET,
Poccus, 1. Tomck, mp. Jlenuna, 30, 634050
E-mail: derbinalexei@yandex.ru

TpamumonHoe Kepammuueckoe simepHoe TorBo (S1T) Ha ocHOBe AMOKcHIA ypaHa, 000TaleHHOTO 0
U30TONy ypaH-235, MMeeT HHU3KYyHI0 TEIJIONPOBOJHOCTb M OIPaHHUYEHHBIM pecypc us3oroma ypan-235. Ilpu
UCIIOJIB30BAaHUH HM30TOMOB ypaH-238 ¥ ImIyToHWH-239 oTmamaet HEoOXOAMMOCTh B W30TOIHOM OOOTAICHHH,
0/IHaKo y 3Toro kepamuueckoro AT ocTaercs HeAOCTATOK — HU3Kasl TEIJIONPOBOJHOCTb.

OOumMu HeJOCTaTKAMH PUMEHSIEMBIX TEXHOJOTHI MOJIYYCHHS TOIUTUBHBIX OKCHIHBIX KOMITO3UIIHA
(TOK) mns nmucnepcmonHoro ST (TepMudeckoe pas3ioKeHHE COJIEH METauIoB, BOCCTAHOBIICHHE OKCHIOB,

QJICKTPOJIUTHICCKOC TMOJTYUYCHUC U3 PACIIIIaBJICHHBIX COHeﬁ, 30JIb-T'CJIb npouecc) SABJISIFOTCS . MHOFOCTaHHﬁHOCTB,
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TOMCKMA NONMTEXHAYECKMA YHHBEPCHTET Cexuus 4. HoBble MaTepuaibl M TEXHOJIOTHU

BBICOKAsi CTOMMOCTH IepepabOTKH ChIpbs, HEPaBHOMEpPHOE paclpejencHue (a3 B NpoayKTe, He0OXO0IUMOCTh
MCIIOJIb30BaHMs OOJIBIIOTO KOJINYECTBA XUMHYECKUX PEAreHTOB.

K npeumymectBaM npsiMoro ruiazmMoxumudeckoro cunre3a TOK M3 cMelIaHHBIX BOJHBIX HUTPATHBIX
pactBopoB (BHP) crnemyer oTHecTH: ONHOCTQAMHHOCTE W BBICOKYIO CKOpPOCTH IIpOIlecca, TOMOTEHHOE
pacnpeneneHue (a3 ¢ 3aaHHBIM CTEXHOMETPHUYECKAM COCTaBOM, BO3MOKHOCTh aKTHBHO BIIHATH Ha pa3Mep U
MOpP(OJIOTHIO YacTHUI], KOMIIAKTHOCTh TEXHOJIOTHIECKoro obopynoBanHms. OmHaKo IDIa3MeHHas IepepaboTka
ToJbKO pactBOopoB BHP TpeOyer 3HaumTenbHBIX 3arpar anekTpuueckod sueprun (mo 4,0 xBru/kr), a
cymecTBeHHoe X cHmkeHue (1o 0,1 kBT-u/kr) mMoxkeT OBITh AOCTUTHYTO NpHW IUIa3MEHHOH IepepadoTKe
ONTUMAJIBHBIX 110 COCTaBY BOJAHO-OPraHNYECKUX HUTPATHBIX pacTBopoB (BOHP), Brutogaronux pactsopsl BHP
Y OPraHUYeCKU KOMIIOHEHT (CIUPTHI, KETOHHI) [2].

B pabote mpezncraBieHBl pe3yabTaThl HMCCIEJOBAHHWK Ipoliecca IUIa3MOXuMHueckoro cuuTesa TOK
«IUOKCH] ypaHa—AHOKCH] ITyTOHUSA—OKCUI UTTPUs» Ha MOJENbHBIX pacTBopax BOHP, Bkimtodaromux BogHbIE
HUTPAaTHbIE pacTBOPHl HEOJWMa, caMapusi, WTTPUS M OpPraHMYECKHi KOMIOHEHT (aleToH), a Takxke
3aKOHOMEPHOCTH BIHWSHHSA cocTaBa pacTBopoB BOHP m pexumoB mx mepepaOoOTKH, 0OeCHEeYMBAIOIINX B
BO3AYIIHON IJ1a3Me NpSAMOM CHHTE3 HaHOPa3MEPHBIX KOMIIO3UIUI Pa3NUIHOTO COCTaBa «OKCH HEOJUMa—OKCH]
camMapusi—OKCHJl UTTPU».

Pe3ynbraThl IpPOBEAEHHBIX HCCIENOBAaHUN MOTYT OBITH HCIIOJB30BaHbI JUIS CO3/IaHHS TEXHOJIOTHH
miazmMoxumuueckoro cuareza TOK miast ypaH-TopueBoro aucnepcuonHoro ST.

CIIMCOK JIMTEPATYPbBI
1. Anekcees C.B., 3aiitie B.A., Toncroyxos C.C. lucnepcronHoe simepHoe TorumBo. — M.: Texrocdepa, 2015.
—248 c.
2. lvan Yu. Novoselov, Alexander G. Karengin, Renat G. Babaev. Simulation of Uranium and Plutonium Oxides
Compounds Obtained in Plasma // AIP Conference Proceedings. — 2018. — VVol. 1938, Article number 020016.
-p. 1-5.

OU3NKO-MATEMATUYECKOE MOAEJNPOBAHHUE U DKCHEPUMEHTAJIBHOE
HCCJEJOBAHHUE IMMPOLECCA BCKPBITHSA PY/I ITPU BO3JENCTBUHU BLICOKOBOJIbTHOT'O
UMITYJIbBCHOI'O PA3PSIA
Li Hongda'?, Che Long?, C.A. CocHoBcknii*
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China, Shenyang, 6 Nanping Middle Rd, Hunnan Qu, Shenyang Shi, 110168
2HaruoHanbHbIH HCCe[0BaTebCKN TOMCKHI MONMUTEXHUYECKU YHHUBEPCUTET,
Poccus, r. Tomck, nip. Jleanna, 30, 634050
3School of Mechanical Engineering, Nanjing University of Sci. & Tech,
China, Nanjing, 200 Xiaolingwei Street, Xuanwu District, 210094
4HarnuoHabHBIN HcclienoBaTebeKuii TOMCKHI roCyJapCTBEHHBI YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 36, 634050
ssa777@mail.ru
Pyner sBistorcss Hambojee MIMPOKO HCIONB3YEMBIM MAaTE€pPHajoM B MOJYYCHHH HEOPTaHMYECKUX

BELIECTB. B TeXHOJIOrMM paspylieHus pyJbl UMIIYJIbCHBIM pa3psOM BBICOKOTO HAIIPSDKEHUS HCIOJIb3YIOTCS
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TOMCKMA NONMTEXHAYECKMA YHHBEPCHTET Cexuus 4. HoBble MaTepuaibl M TEXHOJIOTHU

MEXaHUYECKHE BO3JCHUCTBHS THIpaBINYecKoro ynapa BoaHbl (3ddext FOTKMHA), cTpyH M IIa3MEHHOTO KaHaja
(adexr BopoObEBBIX), cO3maBacMble BBHICOKOBOJBTHBIM HMITYJIbCHBIM pa3psiioM. VIMIynbcHBIH paspsin
BBICOKOTO HAIPSDKEHHMS SIBIISIETCS CJI0XKHBIM, M CYIIECTBYET MHOTO (DaKTOPOB, BIMSIOMINX HA 3P dEKT pa3pyieHus.
MB!I IpOBOAMIIN 3KCIIEPUMEHTHI C TOMOIIBIO BBICOKOBOJIBTHOTO MMITYJIECHOTO pa3psAia pa3pyIIaloIiero KyCoK
PYABI U M3MEPSIIH TIIyOMHY TpeIuHsl B pyne. MccaenoBanuch Tpu (aktopa. ITO NPHIOKEHHOE HANPSKCHUE,
KOJIMYECTBO MMITYJIbCOB M PACCTOSHUE MEXIY Pa3psIIHBIMH IEKTpoAaMu. [ yOMHy TpemuHBI B PyIe MOXKHO
YBEJIMYHTH ITyTEM U3MEHEHUsI BETMUMHBI TPHIIOKEHHOTO HAIIPSHKEHUS ¥ YUciia UMITYJIbcoB. Koraa npusioxxeHHoe
HarpspkeHue cocrapisier 300 kB, a ymcno UMIynbECoB paBHO 5, TyOWHA TPEIIUHEI SBISIETCSl caMoi OoJbmioit. B
JIOKJIaJie IOKa3aHa NPUHIUITHAIBHAS U KCIIEPUMEHTAIbHBIE CXeMbl. DKCIIEpUMEHTaJIbHASI CUCTEMA, COCTOUT M3
BBICOKOBOJIbTHOTO MCTOYHHKA TUTAHMs1, KOHJCHCATOPOB, Pa3psIHBIX KOMMYTATOPOB, KAMEPHI C BOZOI, B KOTOPOi
MPOMCXOINUT MPOOOH, pa3psSAHBIX ANEKTPOHOB, pyAbl U ocmmmiorpada (Tektronix). MakcuManbHOE BBIXOTHOE
HaIpsKEHUE BHICOKOBOJIBTHOTO MMITYJIBCHOTO paspsizia OT reHepaTopa cocTtasisuio no 400 kB, a MakcumanbsHas
BBIXO/IHasI MOIITHOCTH OJTHOTO AJIEKTPHYECKOro MMITyJIbca cocTaBisieT 150 k. DkcriepuMeHTanbpHas cucTeMa aist
OTIpEZIeTICHUSI TIIyOUHBI TPEIIMHBI COCTOMT M3 ABYX YacTei: AeTEeKTOpa INTyOMHBI TPELIUHBI B PY/E U KYCKa PYABIL.
JlerexTop riyOMHBI TPELIMHBI COCTOMT W3 y3/a JIETEKTHPOBaHMS, MpeoOpa3oBaTeis, CUTHAIBHOM
COCIIMHUTENILHOW JIMHUM, JKpaHa LU(POBOro AMCIUIES M 5X0J0oTa. B pmokmajge npencraBieHO (QU3HKO-
MaTeMaTHuecKoe MOJICIMPOBAHUE MPOIIECCOB PACTPECKUBAHMS B pyJAe, MOJIYYEHHBIE BO3ACHCTBHEM
BBICOKOBOJIBTHOTO MMITYJIBCHOTO paspsijia ¥ MOJIEIMpOBaHHe (PU3NKO-XMMHUUECKHX IPOLECCOB MPOMCXOISAIINX B
30HE IIa3MEHHOTO paspsiza. [IpeacTaBieHs! 3KCIIEpUMEHTANbHBIC PE3YIIbTATHI.

Pe3ynbTaThl OBIIH ITOTyYEHBI B PAMKax BBIIIOHEHHUS TOCYIapCTBEHHOTO 3a1aHnst MuHOOpHayku Poccnn,
mpoext Ne 0721-2020-0028. Drto wuccnemoBanme (uUHAHCHPOBANOCh TpaHTOM HammonampHOTO (oHIA
ectecTBeHHBIX Hayk Kuras (51207096) n Hayunsimu nccnenoBanusiMu L[3sHCY. IHHOBaIMOHHEIH IPOEKT, HOMEP

rpanta KYCX18 0468.

OCOBEHHOCTH SJIEKTPOMATHUTHOI'O ITOJISI BBICOKOYACTOTHOTI'O ®AKEJBHOT'O
PA3PSAJIA, TOPALIEIO B APITOHE
A.E. lopxwues, 10.10. Jlyuenxo, A.E. MiocoBa
HauunonaneHelil necaenoBaTenbckuit TOMCKUI NOJUTEXHUUYECKUI YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: aed12@tpu.ru

BricokodacTOTHBIN  (akempHBI  pa3psa  objagaeT psAOM — NPEUMYIIECTB  Iepel  APYTHMH
BBICOKOYACTOTHBIMH pa3psaMH TP TPOBEACHUH TUIAa3MOXHUMHUUYECKHUX TporieccoB. OH Jerko Bo30yKIaeTcs B
JFOOBIX cpenax, MMeeT OOJBIION 00BEM TUIa3MBI IPU MaJIOW BETMYUHE ITOABOANMOMN 3Heprud. [Ipu npoBeneHnn
HEKOTOPBIX TUIA3MOXUMHUYECKUX MPOIECCOB TPEOYETCS MCKIIOYHTH OKUCIICHHE TTepepadaThiBaeMOro MaTepHaa.
B 3TroM ciydae B KadecTBe IUIa3MOOOPa3yIOMIETro ra3a UCIOJNB3YIOT MHEPTHBIC Ta3bl, KaK MPaBUIO — aproH.
3aMeTHM, 9T0 0COOESHHOCTH MpoIiecca TopeHust (haKeILHOTO pa3psia B aproHe B HACTOSIIEE BpeMs HEIOCTaATOYHO
HCCIIEI0OBaHBbI.

B Hacrosimeli pabote MpoBEACHB H3MEPEHUSI 0CEBOTO PACIIPEACTCHHS IEKTPHUECKOTO OIS, a TaKKe
AJIEKTPOHHON W Ta30BOH TeMIepaTyphl (akeIbHOTO paspsjaa, ropsmiero B aprone. Ha ocHOBe NpoBeAEHHBIX

TEMIEPaTypHBIX WM3MEPEHHH OIpeneNeHa BeIWYMHA YASIBHOW 3JIEKTPONPOBOAHOCTH INIa3MBI paspsaa Hu

109


mailto:aed12@tpu.ru

MH"{eHepHaﬂ WIKoONa «DU3UKO-TEXHUUECKUE HpO6H€MI>I B HAYKE, IIPOMBIIIJICHHOCTU U MEJUIIUHE.

I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMCKWMA NONUTEXHUYECKWIA YHWUBEPCUTET CCKHI/ISI 4. Hosrie MaTepHallbl U TCXHOJIOTUM

paccuMTaHa CTENEHb 3aTyXaHUs JJIEKTPOMAarHUTHOTO MOJIL B Mia3Me paspsna. IIpoBeneHo comocTaBieHue
paccUNTaHHON BEMYKHBI TEMIOBOI MOIHOCTH pa3psja ¢ IKCIEPUMEHTAIbHBIMU pe3yIbTaTaMu.

Hccrnenyemblit pa3psa Bo30yxkaajcs B KBapleBOW TpyOke amamerpoM 28 MM Ha yactote 37 MI'm.
M3mepeHust 31eKTpUYECKOro N0 MPOBOAWINCH EMKOCTHBIM 30HJOM, CUTHAJl ¢ KOTOPOTO MOJABajiCs Ha BXOJ
ociyutorpada. Y CTaHOBJIEHO, YTO JIEKTPUYECKOE MOJIe 3aTyXaeT BAOJIb KaHanma paspsiga Ha 25...30%. JlaHHbIiA
(hakT, MO3BOJISAET MPEIIION0KUATh YACTUIHOE OTPAKEHUE FIEKTPOMArHUTHOHM BOJIHBI B KOHIIE KaHaa pa3psiia.

W3MepeHue 35eKTpOHHOI TeMnepaTypsl IPOBOAUIOCH CIIEKTPAIBHBIM METO0M [1] Mo oTHOCHTEeNbHOM
UHTEHCUBHOCTH NMHUII Menu. [a3oBas TemmepaTypa OLEHHBaJach IO OTHOCUTEIBHON WHTEHCHBHOCTHU
BpalIaTeNbHBIX TEPEX0I0B MOJEKYNISApHOH monockl ruapokcuna 3064 A. B pesynbrate msmepeHuii GbLio
YCTaHOBJIEHO, YTO 3JeKTpoHHasi Temmneparypa coctaBisier 8000...8300 K, a razoBas Temmeparypa cOCTaBisieT
1600...1900 K.

I[lo paccuuTaHHBIM 3HAUYEHHUAM BEJIMYUH YAEIBHOW 53JIEKTPONPOBOAHOCTH IIIa3Mbl paspsga Hu
HaNpPsHKEHHOCTH SJIEKTPHUECKOTo IMoJisl OblIa MPOBEACHA OILEHKAa TEIUIOBOW MOIIHOCTH pa3psma. PaccumraHHas
yaedbHAs TEIIoBas MOIIHOCTH (DaKeNbHOTO pa3psAna, Topsamero B aproHe, cocraBmna 3.9 Br/cm, 4to
HE3HAYUTECIBHO OTINYACTCA OT SKCIICPUMECHTAJIBHO MOJYYECHHOI'O 3HAYCHU 4,3 BT/CM. 3aMeTI/IM, 4TO yACJIbHasd
TEIJIOBasi MOIHOCTH (DaKeNIbHOTO pa3psja, FOpsIIero B Bo3ayxe, cocrapisieT S0 B1/cm, uTo cymecTBeHHO Oomblie
TMOJYYCHHBIX PE3YJIbTATOB. HaHHOC pas3juue, Mno-BUANMOMY, o6ycn013neH0 pa3JIMYHbIMHU MCEXaHU3MaMU
pacnpocTpaHeHHUs pa3psAaa B BO3AYXE U aproHe.

CHHMCOK JIMTEPATYPbI
1. Hess H., Kloss H.-G., Rademacher K., Seliger K. Vergleich zwischen einem Verfahren zur Bestimmung von
Bogentemperaturen mit Hilfe von StoBwellen und einer spektroskopischen Methode // Beitrdge aus der

Plasmaphysik. — 1962. — Bd. 2. — Ne 3. — S. 171 — 178.

COBEPIIEHCTBOBAHME TEXHOJIOI' MM BO3BPATA ILTYTOHUS M YPAHA B TOILIMBHBIN LIUKJT
N3 TEXHOJOI'MYECKUX OBOPOTOB MOKC-TOILVIMBA
A.C. Issiuenko, B.H. Anekceerko, A 1O. XKabun
®denepanabHOE TOCYJAPCTBEHHOE YHUTApHOE peAnpusaTre «[ OpHO-XUMIYECKUIT KOMOWHAT,
Poccus, r. XKenesHoropck, yi1. Jlernna, 53, 662972
E-mail: atomlink@mcc.krasnoyarsk.su

[Ipu M3roTOBJIIEHWH OKCUIHOTO TaOJETUPOBAHHOTO TOILUIMBA BO3MOXKHO 00pa3oBaHWEe OpaKOBaHHOM
npoaykiun. CyIecTByeT J1Ba OCHOBHBIX MOJX0/a K TMepepadoTke Opaka W BO3BpaTa KOMIIOHEHTOB TOIIJIMBA B
TEXHOJIOTHYCCKUM ITHKIT:

- npoOJeHre HEKOHIUITMOHHBIX TAOJIETOK U MOJKIIOYEHUE B OTIPECIICHHOM COOTHOIICHHH K UCXOAHON
CMecH, HIyIIeH Ha MMPECCOBAHUE U MPOKAJIKY;

- PacTBOpPCHHE HEKOHIUIIMOHHBIX TaOJETOK, IKCTPAKIIMOHHOE WJIM XPOMATOTpapUUuecKoe pasJelicHHe
AKTUHHJIOB C IMOCIICAYIOIIAM ITOTyYeHHEM OKCHIHOH (POPMEI ¢ HCITOB30BaHUEM OCaIUTEIFHON cTaanu. Bo3spar
ypaHa ¥ IUTyTOHHS Yepe3 PACTBOPEHUE U Pa3/IIIbHOE OCAKIACHUE PECTABISIECT TEXHOIOTUIECKUE TPYIHOCTH PU
nepepaboTke HeOOMbIIMX MapTuil. B cBOIO ouepenp, MoJCOeAMHEHNE APOOIEHOTO MaTepuaga K MacTep-CMecH
MMEET JKECTKHE OTPAHUIESHHUS 110 KOJUIECTBY, KOTOPOE JIOITYCTUMO BHOCHUTH B CMECH JIJISl PECCOBAHMS TAOJIETOK.

B COBOKYITHOCTH C HEOOXOIUMOCTBIO YUUTHIBATh SHEPTETHYECKHUH MMOTEHIINAT (POPMUPYEMBIX MapTUi TOTIIIMBHOM
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TOMCKH A NOAMTEXHUIECKUIA YHUBEPCHTET Cexumst 4. HoBble MaTeprabl 1 TEXHOJIOTHH
KOMITO3MIIMH CYIIECTBYET HEOOXOAMMOCTh B COBEPILCHCTBOBAHWM TEXHOJIOTMU BO3BpaTa ypaHa M IUTyTOHHS B
TOIUTMBHBIHA UK 13 060poToB MOKC-TomuBa.

Cneumnanucramu OI'VII «I'XK» paszpaboTan croco6 [1] monyueHns: cMEIaHHOTO YpaH-IUTyTOHUEBOTO
OKCHZA, KOTOPBIHA 3aK/TI0YAeTCs B YKPYIMHEHHH 3€PHA OCaJKa ITyTeM WHTETPALUH B €0 COCTAaB OPraHHYECKOTO
KOMITOHEHTA IIPU OCaXJICHUU MEPOKCUIHBIX COCTUHEHUH ypaHa M IUTyTOHUS B MPHUCYTCTBUU aMHHOKHCIIOTHI, U
UCIIONIb30BaHUN B BOCCTAHOBHUTEIBHOM IIPOIIECCE NMPOAYKTOB TEPMHUYECKOTO PA3lIOKCHUS aMHUHOKHCIOTHI C
MOJIHBIM MX yJalleHHeM B ra3oByio (asy B pe3ylibTare TepMOOOpPaOOTKH B ra3oBOM NOTOKe. llenplo maHHOM
paboThI OblTa MPOBEpKa MpeaIaraeMoro crocoda Jjist BO3Bparta ypaHa U IUTyTOHUS M3 OpakoBaHHOW NPOIYKLUH
MOKC-Tomnuga.

B kadecTBe MCXoIHOrO Marepuaia Obul B3AT ckpan npousBojactBa MOKC-TomumBa - n3MeNbueHHBINA
MPOIYKT, MPOIIEAMNI OMEepaHio MPOKAJIKH B aprOHO-BOJIOPOAHON Cpelie, KOTOPBIH IEPEeBOJWIN B PacTBOP
pa3HBIMU cIToco0aMu: ¢ ydacTHeM (TOpUA-HOHA, C YIACTHEM dJIEKTpoHepepupyeMoro cepedpa (1), mmureapHbM
KUIISTYCHUEM B CpeJie KOHIIEHTPUPOBAaHHON a30THOW KUCIIOTHI.

[NomyueHHBIE a30THOKHUCIBIE PACTBOPEI HEWTPAIN30BAIN BBEICHUEM PACTBOpPA TMIPOKCHIA HATPHSA N0
OCTAaTOYHOM KOHIICHTPAIMU a30THON KHCHAOTHI 6065 r/nm. OcaxaeHue BeaM Mojaueii pacTBopa IEpOKCcHIA
BOJIOpOJIa B JBe cTafuu. Ha mepBoii craauu KMUCIOTHOCTh cocTaBisuia 60+65 /i, Ha BTopoii craauu — pH pacTBopa
coctaBisn 2+0,5. KoppekTupoBaHue KUCIOTHO OCYLIECTBIISUIM IyTeM A00aBIEHHs pacTBOpa aMHHOYKCYCHOU
KUCIoThl. OCcaioK OTIEISUT OT MaTOYHOI'0 PacCTBOpa Ha (hHIIBTPYIOILEH IIeperopoike, IPoKaInBalli B aTMochepe
YTJIEKUCIIOTO ra3a B CMECH C NapaMH MypPaBbHHOW KHCIIOTHI (IJIs1 NCKIIIOYEHUSI OKHCIICHHUS POIYKTa IPUMECHBIM
kucioponoMm). OneHWBanu paclpeAeieHHe AaKTHHOMIOB B TBEPAOM IPOAYKTE W B MATOYHOM pacTBOpE
ocaauTenbHOW craguu. Onpenersuii KUCIOPOAHBIH Ko3((uIMEeHT, colepkaHWe yriepoja W IUIOMA/Ab
MOBEPXHOCTH OKCHAHOTO TOPOIIKA.

CojnepxaHue ypaHa M IUIYyTOHHSI B IIOJYYEHHBIX MAaTOYHBIX pacTBopax He mpeBbimano 0,5 Mr/a u
0,15 mr/n coorBercTBeHHO. TepM00OOpaOOTaHHBIE MOPOIIKKA COOTBETCTBOBAIM TPEOOBAaHUSIM Ul MacTep-CMECH
M0 KHUCJIOPOAHOMY KO3 (GHUIMEHTY, COACPKAaHHUIO YTIepoa U IUTOMAAN OBEPXHOCTH.

INokazaHa mpUHIMIUAIBHAS BO3MOKHOCTH NepepabOTKN HEKOHIUIMOHHBIX MPOIYKTOB MPOM3BOACTBA
MOKC-rorumBa TmyTeM pPacTBOpEHHS U MOCJIEAYIOMETO TEPOKCHAHOTO OCAXICHUS B IPUCYTCTBUH
AMHMHOYKCYCHOW KHCJIOTBL. Y CTaHOBJIEHO, YTO CIIOCOO pacTBOPEHHUS TOIUIMBHOIM KOMITO3MIIMM HE BIHMAET KaK Ha
CBOHMCTBa MOJIY4aeMOT0 IIEPOKCHIHOTO OCajKa, TaKk M Ha MapaMeTpbl MOJy4aeMOoro JHOKCHIHOTO MaTepHala.
ITonmy4eHHBIE MOPOIIKK CMEIIaHHOTO TUOKCHIA TOIYCTHUMO HCIIONIb30BaTh B KaueCTBE TOTOBON MacTep-cMecH 6e3
JUTMTENIFHBIX M PECYPCOEMKHX ONepanuii (3KCTPaKIMOHHOTO MUIM COPOLIMOHHOTO pa3felieHHs ypaHa M IUTyTOHUS
W TIOCTEeNyIomeil TOMOTCHH3AIMH HHIUBUIYAJIbHBIX IHOKCHIOB). IIpencraBieHHBI cmocod mepepaboTKu
OpakoBanHOW mpoxykuuu npomsBoicTBa MOKC-tommBa sBisSeTcs NMEpCHEKTHBHBIM M PEKOMEHIOBAH IS
CTEHJIOBOI1 TPOBEPKH.

CIIMCOK JIMTEPATYPbBI
1. Tlpouecc moiyueHHs CMEUIAHHOTO OKCHJA ypaHa M ILTYyTOHHs u3 mpoxyktoB mepepadborku OST [Tekcr] /
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METAJLJIO-KEPAMUYECKHUE HAHOKOMIIO3UTHI JJIS1 PAIUALIMOJTHHOM 3AIIIMTHI
SJIEKTPOHHBIX KOMIIOHEHTOB
O.J1. Xacanos, O.C. [Ipunuc, U.B. lllamannn, M.C. IleTiokeBuy
HaunonaneHelil necaenoBaTebcKuil TOMCKUIM NOIUTEXHUUYECKU YHUBEPCUTET,
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Lens pabotel - pa3paboTka TEXHOJOTMU TMONYyYeHHs JIETKOro KOMIIO3UTHOTO —MaTepHana,
obecrnieunBaronero 3pQeKTHBHYI0 paJMalliOHHYIO 3aIIUTY JIEKTPOHHKA OT KOMOMHHPOBAHHOTO BO3/EHCTBUS
JJIEKTPOHOB, MOHOB, TaMMa-U3IIy4eHUs, HEUTPOHOB. Pa3paboTaH MeTauIOKepaMUUECKHH KOMIIO3UT Ha OCHOBE
criaBa Al/Mg (3amuTa OT BJISKTPOHOB, HOHOB) C BKJIIOUEHHSIMH CyOMUKpoHHOro mopouika B4C (3amura ot
HEWTPOHOB) M HaHOMOpoIIka W (3ammra OT raMMa-u3Iy4eHus). Peniena npo6ieMa ToMOTeHHON KOHCOIHAAINH
3THX PA3IMYHBIX 10 TETIO(GHU3MYECKHM CBOMCTBaM NOPOMKOB B 100%-IUTOTHBIN KOMIIO3UTHBIH MaTepHal.
OmnpeneneHo ONTHMAIbHOE COEPKAHIE KaXIOT0 MOPOIIKOBOTO KoMnoHeHTa (Al/Mg 89,206.% + B4C 7,500.%
+ W 3,300.%), obecrieunBaromee OECIOPUCTYIO YIMAKOBKY YacTHI[ BCEX KOMIIOHEHTOB B MAaTpHIE CIUIaBa.
OnTumu3zanus NpoBeeHa METOAOM MOJEIUPOBAHUS AUCKPETHBIX d1eMeHTOB (S3D PorouStructure, anroputm
NuukaBbl) M SKCIEPUMEHTAIBHON BepuUKaluei 1mocie CreKaHusi KOMIo3uTa. [IpiMeHeHbl MOPOIIKH CIUIaBa
AMr6 («PegMetrCmnasy»), B4C ("OKb-00p"), Hanomopomok W, IOJyY4eHHBIH METOAOM DJIEKTPOB3PbIBA
MPOBOJHUKOB B TOMCKOM MOJMTEXHHYECKOM YHHBEpCHUTETe. MeTOJOM HCKPOBOTO IUIa3MEHHOI'O CHEeKaHHS
(490°C, 39 MIlIa, 10 mun) nomyued 100%-mioTHblii kommosut (3,14 r/cm®), umesmmii momyms FOura
98620 H/MM%; nossyyecTh Opu Harpyske 1,45; momo ynpyroii aepopMalyy OpM HAHOMHAEHTHPOBaHUU 22.4;
MukpotBepaocTb HVano 420 [1, 2]. IIpeccoBanreM cyxoro KOMIO3uTHOTO OPOLLIKA IPU KOMHATHOU TeMIIEpaType
(800 MIla) mox ynbTpa3ByKOBBIM BO3IEHCTBHEM OBUIN ITOJIyYEHBI IPECCOBKH TUIOTHOCTBIO 95,1% 6e3 criekanus,
TOTAAa KaK M3BECTHBIH CIOCOO TOpsS4Yed HKCTPY3WM U1 ATOTO KOMITO3UTa oOecrmedyuBaeT TONbko 95%
OTHOCHTENIbHON TNIOTHOCTH. J{JIs1 ONTHMHU3AIINH PEKUMOB KOHCOJIMIAINH IPUMEHEH METO]T IOCTPOCHUS KPUBBIX
YIUIOTHEHUSI ¢ IMKIJIAMU HarpyXeHUs-pasrpy3ku [3].

PanuanuoHHble ncnpITaHNs TPOBOAMIMCEH HA UCCIE0BaTeNIbeKoM siiepHoM peakrope TITY UPT-T. dns
KOMITIO3MTa, IO CPaBHEHHWIO CO CTaHJAPTHBIM cIIaBoM AMr6, ko3((uIMEHTH 3aTyXaHus TEIUIOBBIX H
HA/ITETUIOBBIX HEMTPOHOB OKAa3aJUCh B 2,2 pasa Oouklie, a Iuid y-u3nydeHus — B 1,34 paza Oomnbire.

Pa6ora BeimonaeHa mo teme ['oc3ganus «Hayka» 5.0017.1'36.2020 (FSWW-2020-0014).
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OTXO040B
Li Hongda'?, C.A. Cocuoscknii®, E.B. Jlait6osa’

Shenyang ligong university, China, Shenyang, 6 Nanping Middle Rd, Hunnan Qu, Shenyang Shi, 110168
2HaruoHabHBIH HCCe[0BATeIbCKNUN TOMCKHI MONMUTEXHUIESCKHU YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
SHaumonanbHeIit HccieoBaTebekuii TOMCKHI TOCYIapCTBEHHBIN YHUBEPCUTET,

Poccus, r.Tomck, np. Jlenuna, 36, 634050
4Cu6HUNCXuT- punman COHLIA PAH,

Poccus, r.Tomck, yn. [arapuna, 3, 634050
ssa/77@mail.ru

VYnaneHne paJiuoOHYKIMAOB U TOKCHUYHBIX XMMHMUYECKHUX BEIIECTB C 3arps3HEHHONW NMOBEPXHOCTH U U3
00péMa TBEPIOBIX M JKUAKUX PATUOAKTUBHBIX OTXOIOB OCTaTcs ONHOW W3 BAXHBIX 3a1a4 TNPHUKIATHON
pazuOXUMMHU U pasnodKosoruu. be3 co3maHus HaAEKHBIX U JTOCTYIHBIX MPOU3BOACTBY CPEICTB JAe3aKTHBALIMU
HEBO3MOXXHO YCTONMYMBOE pa3BUTHE HAIMOHAIBHOW aTOMHOW 3HepreTtuku. I'ymmuoBble kuciotel (I'K) — ato
BEIIeCTBA IMPHUPOJHOTO  IPOUCXOXKACHHUS, KOTOpBIE MpEeACTaBiIseT COO0OH  IPUPOAHO-COBMECTHMBIE
MHOTO(]YHKIIMOHAJILHBIE TOJIMaM(OJIHUTHI, CIIy>Kallie OTIIMYHBIMH COPOCHTAMHU PATHOHYKIIUIOB U TOKCHYHBIX
XUMHYECKIX BEIIECTB. AKTYaJIbHOCTh CO3TAaHUS HOBBIX (PM3UKO-XUMHUYCCKUX M TEXHOJIOTHICCKUX IMOIXOIOB K
npobneme momyderus ['K, B wacTHOcTH M3 Topda, MPEeACTaBIsAeTCS BechMa aKTyalbHOI HaydHOU 3amadcii. B
HaIlleM cIy4ae 3KCTPaKIUI0 TYMHHOBBIX BemIecTB U3 Topda Benu myTéMm oOpabOTKH BOIHBIX CYCIICH3HI
Top(a BEICOKOBOJIBTHEIMHA HMITYJIBCHBIMH  ITUIA3MEHHBIME paspsaamMu. Kamepa o6paboTku  cycreH3UH
Topda COCTOMT U3 KOpIyca, BBICOKOBOJIBTHOI'O JJEKTpPOJa U 3a3eMJIEHHOro »snekTtpoxa. K
BBICOKOBOJIBTHOMY 3JIEKTPOJY MOJKIIOYEH Te€HepaTOp MUMITYJIbCOB, HMEIONINNA KOHICHCATOPHYIO OaTapero
u paspsinHuk. ObpabaTeiBaemas cycneHsus Topda, ¢ onpeeeHHbIM COOTHOIIEHUEM TBEPIOTO K )KHUIKOMY,
moMemaercs B pabouyro kamepy. [Ipm mpoboe mpoMexyTka BBICOKOBOJBTHBIH HMIYJIBC MOTAETCsS Ha
BBICOKOBOJIBTHBIH 3JIEKTPOJ, C KOTOPOTO HAYHMHAIOT pPa3BUBAThCA ILIa3MEHHBIE oOpa3oBaHusA. Korma
MPOMEXYTOK 3aMBbIKaeTCs IJa3MEHHBIM KaHaJOM, OPOUCXOOUT €ro yAapHbId pa3orpeB, B3pbBIBHOE
pacmupeHne, W KaHal pas3psga TeHEepHpyeT YyIapHYK BOJHY, 3a (QpPOHTOM KoTOpoi oOpaszyeT
KaBUTAIIMOHHBIE IPOLECCH, KOTOPHIE pPa3BHBAIOTCA BO BCEM OO0BEME CYCNEH3MHM H, CXJIOIBIBAACH,
paspymamT pacTUTENbHOE CBHIPhE. 3aTeM KaHaJ pa3psaa BBIPOXKIAETCS B IMyJIbCHPYIOIIYIO Mapora3oBYIO
MOJIOCTh, KOTOpask CO37aéT MOIIHBIE TypOYyJEeHTHBIE MOTOKH XUJIKOCTH B pabodeM o0béMe, oOecieunBas
WHTEHCUBHBIA NH(PGY3UOHHBIN Mpollecc MEXAY KISTKOW M BOAHOIH ¢a3oii cycnensuu. IIpencraBieHHbIE
pe3yJIbTaThl MOKA3bIBAOT, UTO C LEJbIO JOCTUKEHHSI MUHUMAIIBHBIX 3aTPAT YHEPTUH NIPU BEICOKON CTENEHU
W3BJICUYEHHS T'YMHUHOBBIX BELIECTB U3 TOp(Qa, 1eaecoodpa3sHo padoTaTs B AUara3oHe INIOTHOCTH SHEPTHH B
pabouem nmpomexyTke oT 10 o 100 [Ixx/Mm. Y neiapHbIC 3aTpaThl SHEPTUHU cocTaBuiu 1,5 kB19/T, ynenpHas
MPOMU3BOAUTENBHOCT | MI/UMI U3BJIEYEHUST T'yMHHOBBIX BellecTB. B 1okmane npuBeneHo (U3MKO-
MaTeMaTHYECKOEe W XMMHUYECKOe MOJEIHPOBAHME IPOIECCOB BO3JCHCTBHSA BBICOKOBOJBTHOTO HMITYIBCHOTO

paspsiaa Ha CyCIIeH3HI0 TOp(a, MOKa3aHa SKCIIEPHMEHTAIbHAs YCTAHOBKA.
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OCOBEHHOCTHU IPUMEHEHUS HUTPATA AJIIOMUHUS ITPU IEPEPABOTKE OAT
H.A. Xypasnes, B.A. Kapenun, 11.B. Pacnytun
HaunonaneHelil necaenoBaTenbcKuil TOMCKUI NOIUTEXHUUECKU YHUBEPCUTET,
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IMpouecc pazaenenust U u PU OT mpoayKTOB nesieHHsT — SIBISIETCS OJHMM M3 OCHOBHBIX 3TalloB MpPHU
nepepaborke OST. JlaHHBIH npoliecc OCHOBaH Ha pa3iIn4HbIX cBoicTBaX U 1 PU B pasHbIX cTENEHsIX OKUCICHUS.

IIpomuecc pasjeNeHusi OCHOBaH Ha CENEKTHBHON skcTparupyemoctn UO22*, PUO,2* u Pu** B 30 %-HoM
opraandeckoM pactBope Tpudytmidpochata (TED) B Mzonmape-M. Ilpu Hacemmennn pacteopa ThD no 50-70 %
yPaHOM U ILTyTOHHEM, M cooTHomenuu U:Pu 1:25 — 1:50, mposoasaT peskctpakuuio PUO,?* B mpucyTcTBuUM
BoccTanoButesst ypana (4+) B Buae U(NO3)4 [1].

Bbu1 M3ydeH mpoliecC BOCCTAHOBIICHMS IUIYTOHHS C IOCIEAYIOIIEH pEedKCTpakuuend ero us3
tpudytungdocdara B Boanymo ¢asy (puc.1). Takxke, ObU10 HCCIIETOBAHO BIHSIHUE a30 THOKUCIIBIX COJICH B KAUeCTBE
BoccranoButesel (NaNO2, Fe(NOs),, U(NO3)s). MccrnenoBaHo BiarsiHUE KOHIIEHTPAIUH PACTBOPA a30THOKKCIIOTO
ypana (4+) Ha Impolecc BOCCTAHOBJICHHUS U BBISBJICHO, YTO IPH YMEHBIICHUH KOHIIGHTPALIUHN a30THON KHCIIOTHI C
7 M no 2 M yMmeHbLIaeTCsl BpeMsl BOCCTAHOBJICHUS IUIyTOHMsS B 4 pa3a. C yBenMYEHUEM KOHLIEHTpALUH
asoTHOKMCNOro pactBopa U* B BoccTaHapnmBaromeM pacTBope yBennmumBaeTcs 3(Q(EKTUBHOCTH TPOIECCa

BOCCTaHOBJIEHUS [2].
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Puc. 1. Brusinue koHyenmpayuu a3omrHoKucio2o pacmeopa ypaua (4+) (yugpul y kpuswvix) Ha ckopocmo
NPOMeKaHUs npoyecca 60CCMAHOBLCHUS NLYMOHUS

Takum 00pa3oM, IPOIECC BOCCTAHOBJICHUS TUTYTOHHSI M €T0 PEIKCTPAKITHUS JODKHA OBITh TAKHM, YTOOBI
B 30HE BBIJICIICHUSI TUTYTOHUS TIOJIEPKUBAIACH BBICOKAsI KOHIICHTPAIMS a30THOKHUCIION COMM ypaHa (4+), Takxke
TpebyeTcs mogaya TpudbyTmiadocdara ast odecedenns 3¢hHEeKTHBHOTO MPOBEACHNUS ITpoIecca SKCTPAKIIUHY ypaHa
(6+).
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BBIJEJIEHUE U U Pu U3 OSIT PEAKTOPOB BB3P OKCTPAKHMOHHBIM METOJ1OM C
NPUMHUEHEHUEM BBICAJIUBATEJISA Al(NOs)s
H.A. XKypasnes, 1.B. Pactiytun, B.A. Kapenun
HaunonaneHelil necaenoBaTenbcKuil TOMCKUI NOIUTEXHUUECKU YHUBEPCUTET,
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B HacTosimiee BpeMs OCHOBHBIM HCTOYHMKOM IIOJIyUYEHHS 3JEKTPOIHEPTHU SBISETCS sAepHas
sHepreTrka. [1o OKOHYaHMK aTOMHOI KOMITaHWW HAaKaIUIMBAETCSl OOJIBIIOE KOJIMYECTBO OOIYUSHHOTO SIEPHOTO
TOIUINBA, KOTOPOE IOJUICKUT XPAaHEHUIO. B CBSI3M ¢ 3THM CTaHOBHUTCS aKTyaJlbHOH pa3paboTKa ONTHMAJIBHBIX
METOJIUK NepepaboTKH 00IYyIEHHOTO SAESPHOTO TOILUTMBA C BBIICICHUEM ypaHa U IUTyTOHHSL.

OCHOBHBIM METOZIOM OTICNCHUS ypaHAa W IUIyTOHHUS OT mpoxaykroB aeneHus OSAT ssusercs
9KCTPAKIMOHHBIE METOABI [1]. DKCTpakIMOHHAs TEXHOJOTHs NepepabOTKH OOIy4YEeHHOTO SAEPHOTO TOIUINBA H
pasnenenus U u PU ocHoBana Ha coBMmecTHOI skctpakiuu U™ B Bue UO2(NOs), u Pu** B Buje Pu(NOs)4[2]. Bo
BCEX CYIIECTBYIOIINX TEXHOIOTUAX pa3zenenue U u PU ocHOBaHO Ha TOM, 4TO HIECTH- U YeThIpexBajieHTHbIe U 1
PU Xopolo pacTBOpMMBI Kak B BOAHOH (ase, Tak u B 30 %-Hom pactBope TB® B pasbasutene, a Pu’*
NpakTHYecKn HepacTBopuM B opranunueckod (asze Thd [3]. IIpu BoccraHoBnenun PU 10 TpexBaJCHTHOTO
COCTOSIHHS OH IIOJTHOCTBIO IEPEXOUT B BOJHBIA PACTBOP BOCCTAHOBUTEIIS M BHIBOAMTCS U3 MPOLIECCA, B TO BPEMS
KaK ypaH LIEJIMKOM OCTaeTcs B opranndeckoi dase [4].

B nanHoit pabote mpearaercs pasnaenenue U n PU B mectuBanenTHOM coctostHuu B Buje UO2?" u
PUO2?" B MPUCYTCTBMM BHICAIMBATENS — HUTpPATa amioMUHUS [5]. BbUIM NPOBEIEHBI UCCIENOBaHUS B 00IaCTH
BIIMSIHUSI KOHIICHTPAIIMK BBICATMBATEIS, IIOCTPOCHBI 3aBUCHMOCTH U3MEHEHHsI apy OT KoHIeHTpanuu Al(NO3)s B
pacTBOpax HUTpaTa ypaHHiIa.

[IpoBeneHsl nccnenoBaHus B O0JNACTH BIMSHHS BhICAIMBATeNsl Ha moBeaeHue npumecerd B OAT [6].
IMocTpoens! rpadguku 3aBUCUMOCTH Ko3(duIMeHTa pacrpeneneHuss HENTYHHS OT KOHLEHTPAIMH a30THOH
KUCIIOTHI TIpH dKcTpakiuuu 30 % TpubyTtninpocdatom B kepocure ¢ KoHueHTpanueil Boicamubaress Al(NOs)s,
paBHoit 1,5 M [7].

Taxum 00pazoM, aHATU3UPYSI TTOJTyIEeHHBIE PE3yIbTaThl HCCIICAOBAHUI MOKHO C/IEJIaTh BEIBOA O TOM, UYTO
HanboJee onacHeie pumecd — NP Zr u TC — B npucytcTBun BoicanuBarens — 1,5-2,0 M Al(NO3)3 mpakTHIeCKH
HE DKCTPArupyloTCs M HE OKa3bIBAIOT CYIIECTBEHHOTO BIMSHHUS Ha IPOIECC SKCTPAKIMOHHON mHepepabdoTKH
kepamuueckoro OT [8].
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B.B. 3akycuos
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AKTHBHOE BHEApPEHHUE SJIEPHBIX TEXHOJOTHMH B HAyKy, MPOMBILIUIEHHOCTb W MEAMULUHY CO3JaET
MOTEHLUAIbHYIO YIPO3y paguallMOHHOW ONAacHOCTH AJI YeJIOBEKa U OKpY’Karolleil cpeabl, IPOBOLMPYS MOUCK
3((HeKTUBHBIX 3aIUTHBIX MaTEPHUAIOB H CIOCOOOB WX MOTYUYCHUSI.

Hambonee omacHBIMH BHOAMH H3IIyYEHHs SBISIOTCS HEUTPOHHOE W TaMMa-U3IyYCHHE, HWMEIOIINE
BBICOKYIO MPOHHUKAIOIIYIO crtocoOHOCTh. DopMupoBanne 3(ppeKTHBHON 3alIUTHI OT MOTOKOB T'aMMa-KBaHTOB,
oOpa3yronmxcsi B pe3yibTaTe SIEPHBIX pEaklri, 3aKI0YaeTCs] B MCIOJIb30BAaHUH MaTEepPHANIOB, 00JIaJaroIINX
0O0JBIION MIOTHOCTHIO U BHICOKMM 3()()EKTUBHBIM aTOMHBIM HOMEPOM BetiecTBa. [IpuHITUI 0cIa0IeHus TOTOKOB
HEHUTPOHHOTO H3JIY4YEHHS OCHOBBIBACTCS HA 3aMEIJIEHUH BBICOKOXHEPIeTHUECKUX HEHUTPOHOB, MOCPEICTBOM
peakLuii paccesiHUs, ¥ TOTJIOIIEHUH HU3KOIHEPreTHYeCKUX HeHTpoHOB. [loaToMy muist 3¢ (GeKTHBHOI 3aIUThI
MaTepual I0JKEH COAEpkKaTh B CBOEM COCTaBE, KaK JETKUE, TaK U TSHKENbIE AIEMEHTHI [ 1, 2].

Marepuaibpl, HCHOIB3yEeMBIC IS 3alIUTHl OT PAIHOAKTHBHOTO W3IYYCHUS, IOJDKHBI 0OO0NanaTh
3((EeKTUBHBIMU  3alIUTHBIMH  XapaKTEePUCTHKAMH, KOHCTPYKIMOHHOW, paJWAllMOHHON W XUMHYECKOH
cTOMKOCThI0. OZHOM M3 MEPCHEKTUBHBIX TEXHOJOTMM MOPOIIKOBONW METAJIypruu, MO3BOJSIOUIEH MONTY4YHUTh
MaTepHasbl ¢ 3apaHee 3aJlaHHBIMH CBOWCTBaMHU, SIBIISIETCSI CAaMOPACIPOCTPAHSIONIUICS BHICOKOTEMIIEPATyPHBIA
CHHTE3.

Jns monydeHWs] 3allUTHOTO Marepuala OT HEUTPOHHOTO M TaMMa-M3JyuyeHHUs HCII0JIb30Baiach
MeXaHUYECKH aKTHBUPOBAHHAS CMECh MTOPOIIKOB Bosb(hpama u 6opa (1):

W+B->WB+Q @

DKcrnepUMeHTalIbHAs TIPOBEPKa, 3aIMTHBIX CBOMCTB CHHTE3MPOBAHHOI'O Marepualia Ha OCHOBe Oopuiaa
BoJIb()paMa, NMPOBOAMIACH NPH BapHAIlMH TOJIIMHBI 3KPAaHOB, B CPAaBHEHHUH, C TPATUIMOHHO NMPHMEHSIEMBIMH
MarepuajiaMy B TEXHHKE paJlalldOHHOM 3alUThl — CBUHLIOM U rpaduTom. McTOuHMKaMu raMMa-KBaHTOB ObLIH
BBIOpanb u30tonbl ¥7Cs u ©Co, a Pu-Be ucTouHNK B KauecTBe MCTOYHUKA HEHTPOHOB.

B pesynbTare BBINOSHEHHBIX MCCIEJOBAHUI YCTAHOBJIEHBI TEXHOJIOTMYECKHE OCHOBBI MOIY4EHHUS
O6opuna BoibdpamMa M BbICOKAas S(PQPEKTUBHOCTh NPUMEHEHUs CHHTE3MPOBAHHOTO MaTepHana B KadecTBe
paIraoHHO-3aIIMTHOTO MaTepuana. McnonszoBanue Gopuna Bosbppama WB uckiodaer HEOOXOAUMOCTH B
MHOTOCJIOHOM 3alIuTe OT BTOPUYHOIO raMMa-U3Iy4eHUsl.

CIIUCOK JIMTEPATYPbBI
1. T'yces H.I'., Mamxosua B.II., CyBopoB A.Il. 3ammra oT moHu3Upyromux m3mydennid. B 2-x 1. T. L
OU3HMYECKUE OCHOBBI 3alMThI OT U3AYUYCHUIN: YueOHUK 1t By30B. Ilox oomr. pex. H. I'. T'yceBa. — 2-¢ m3n.,
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MEXAHWYECKHWE CBOMCTBA THPOUTHBIX TATAHOBBIX KOHCTPYKIIH,
MOJYYEHHBIX C IOMOIIBIO AIIMTUBHBIX TEXHOJOT U
M. I1. Kozanaea, M.A. Cypmeresa, P.A. Cypmenes, JI.A. JleoHoBa
HanuonanbHblli ucciie0BaTeNIbCKUN TOMCKUN MONUTEXHUYECKUH YHUBEPCUTET,
Poccus, Tomck, np. Jlenuna, 30, 634050
E-mail: mariakoz71@gmail.com

Co3nanve ¥ BHEPEHHE UMILIAHTATOB, CIIOCOOHBIX 3aMellIaTh MM BOCCTAHABIMBATH AE(EKThl KOCTHOM
TKaHHM, SBJIAETCA aKTyaJdbHOW NpOOJIEMON HCCIeNoBaHMM Ul MHOTHX cdep Hayku. B memunmHe cerdaTsle
KOHCTPYKLIMM Ha OCHOBE THTaHA M €ro CIUIAaBOB HAIUIM IIMPOKOE IPUMEHEHHE. Llenbio M3roTOBIEHHS TaKHX
CTPYKTYP SIBIIAETCS CO3AaHUE CPEbI /ISl BPACTAHUS KOCTHON TKAHH U MOJy4YEHHE ONPEICICHHBIX MEXaHMIECKUX
CBOMCTB. Vcmonp30Banme aJINTUBHBIX TEXHOJIOTHH, B YACTHOCTH METO/a JIEKTPOHHO-Ty4eBoi miaBku (DJIIT),
MO3BOJISIET CO3/aBaTh M3 MeTalla KOHCTPYKIHMH CJOXHBIX (opM 3a Ooyiee KOpoTKHH cpok. dopma mop
CYLIECTBEHHO BIIMSIET HAa MEXaHHMUYECKHE XapaKTepUCTHKH u3genus [1]. Mcmonp3oBaHHE TOMOJIOTMU TPHXKIBI
MepUOIUUECKON TOBEpXHOCTH MuHuUManbHOW sHepruu (TIIIIMD), B uacTHocTH THUpouaa, SBIAETCS
MEepCIEeKTUBHBIM HalpaBJICHUEM.

l'uponaHbIe CTPYKTYPHI ¢ TOPUCTOCTHIO 75,86 % OBLTIH CMOAEIMPOBAHEBI C MCIIOIB30BAHUEM MIPOTPAMM
Mathematica 1 MeshLab u usrorosnenst u3 crasa Ti6Al4V Ha ycranoBke s nocnoiinoro DJIIT ARCAM A2
EBM (Méneupans, [IBenms). Tomorpadudeckuii aHaNU3 OCYIIECTBISUICSA C HCIIONB30BAaHHEM CKaHUPYIOIIETO
aneKkTpoHHOTO MuKpockorna (COM) Quanta 200 3D, FEI. MexaHn4eckne HCIIBITAaHHUS Ha CKATHE M PACTKEHUS
npoBoguauch Ha yctaHoBkax INSTRON 3369 u INSTRON 5582, coorBercTBeHHO. MexaHUYecKue
XapaKTepUCTHKH 00pa3Iia Ipu COOCHBIX CXKATUU M PACTSKEHUH NMpHUBEIeHBI B TadiuIe 1.

MexaHnueckue CBOHCTBa CTPYKTyp ¢ Tonojxorueit TIIIIMD, nonyueHHbIX ¢ mpuMeHeHneM merona DJIIT,
Havalli M3y4aThCsl CPABHUTEIBHO HEIABHO. J{J1 alMa3HBIX M pPOMOMYECKNX THPOUIHBIX CTPYKTYP C IIOPHUCTOCTHIO
ot 82 1o 87% ObUIM NOMy4YeHbI 3HAYCHUS Mpefeia TeKydecT! B ananazone 11-70 MIla, a moxynst ynpyroctu —
0,4-1,38 I'TTa [2].

Tab. 1. Mexanuueckue ceoticmea obpasyog cniaea u kocmu [3]

CrpykTypa HWcnerTanns Mopuyns IOmnra, I'Tla IMpenen npounoctu, MIla Ipenen Texyuectu, MIla
Cxarue 1,40 87,78 66,31
TIITIIMD
PacTsokeHne 1,25+0,21 75,52+1,59 33,67+4,56
Koptukanbmas KocTh - 3-30 100-230 103-222
I'y6uaras KocTh — 0,02-0,7 2-15 0,8-11,6
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A ®POBBIE TEXHOJIOI' MU HA CJIYKBE XUMHUYECKOM TEXHOJOT' AU PEJIKAX
3JIEMEHTOB
JLLA. Jleonona, A.C. Kanraes, 10.B. [lepenepun
HaunonaneHelil necaenoBaTenbeKuil TOMCKUM NOIUMTEXHUUECKUIT YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: leonovala@tpu.ru

KomnbroTepHble  yueOHBIE TpPEHAXKEPhl CTAld  HEOTHEMJICMBIM ~ HMHCTPYMEHTOM  IOATOTOBKH,
MEPENOATrOTOBKA ¥ TIOBBINICHUS KBadH(DUKanuu KaapoB. Jnms opraHm3anud >QQEeKTHBHOTO OOyYeHHUS II0
HAIpaBJIICHUIO «XWUMHUYECKass TEXHOJOTHS MaTepHalioB COBPEMEHHOI SHEPreTHKH» B Y4YeOHBIH Mpoliecc
MOCJIETHIE TOABI AKTUBHO BHEIPSAIOTCS HU(POBBIC TEXHOJIOTMH WM DJEMEHTHl TeHMH(HUKAIUU. ABTOPCKHUHA
KOJUICKTHB 00pa30BaTeIbHON IPOTpaMMBl 3aHHMAaeTcs pa3paboTKOoi BHPTyalbHOrO TpeHaxkepa Llexa mo
MPOU3BOJICTBY PEAKHX, PACCESTHHBIX U PaIHOAKTHBHBIX DJICMCHTOB.

[lepBas ouepenp TpeHakepa — OSTO YHHKAJIbHBIA 00pa30BaTEIbHBIA pecypc, OOeCreUnBaIOIIHIA
TPCHUPOBKY CTYJCHTa Ha BHPTYaJbHOH MOJENHM IleXa PYyIOMOATOTOBKH, OCHAIIEHHOTO 0O00pYIOBaHUEM,
UCITIONE3YEMBIM B TEXHOJIOTHH PEIKHX, PACCESHHBIX M PaTUOAKTUBHBIX AIIEMEHTOB. Mojemupyer paboTy H
TUTIOBEIE OTKa3bl OOOPYAOBaHHS IeXa, CIIOCOOBI WACHTHU(HUKAIMH HEHWCIPAaBHOCTEH M OCHOBBI COOIIOACHUS
TeXHUKH Oe3omacHOCTH. COTIacHO CIOXKETy TpeHaxéEpa, TNIaBHBIM Tepoil — CTaXEp B IeXe PYyIOMOATOTOBKH,
KOTOPBIH JIOJDKEH 0TpaboTaTh KOPOTKYI0 cMeHy (1 yac) 1 moMoub MacTepy Lexa 00ecreduTs BopadboTky Ha 600
THIC. pyOneit.

Bropas ouepenp TpeHaxkepa — 3TO 1leX IO MOATOTOBKE PY/bl K BbILIEIAUMBAHUIO, OXBAaTbIBAIOUIUI
MOJICIIUPOBAaHNE OTACICHHUS W3MENBYCHUS, KIACCH()HKAIMU PYTHOTO CHIPhS W CTyIIEHHUS Iymbnbl. Craxep,
MOJYYHBIIUI TEPBBI OMBIT PabOTHI B IIeX€ PYAOMOIATOTOBKH, YK€ MOXKET CaMOCTOSTEIHHO OOCTYKHBATh
ammmaparsl, PO HEKOTOPBIH 00pa30BaTEIbHEIH MOIYIh U CaB TEXHUKY O€30MacHOCTH.

Hcnonp3oBaHue MOAOOHBIX ITUPPOBBIX TEXHOJOTHH B 00pa30BaTEIbHOM IMPOIECCE CIIOCOOCTBYET
MOBBIIICHHIO HHTEpPeca K Mpodeccuu, 0TpabOTKE OIepaIiii 1 MocIe0BaTeIbHOCTEH ISHCTBUI 1O aBTOMATH3Ma,

a TaKke MPOXOXKACHHUIO NPAKTHK U CTAKMPOBOK B YCIOBHUAX JUCTAHIIMOHHOTO (hopMaTa 00ydeHHUsI.

()

Puc. 1. Ckpunwiom mpenasicepa Llexa pyoonooecomosku

CIIMCOK JINTEPATYPbI
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BJUSHUE JJOBABOK HA CBOMCTBA ILJTIABJIEHOT'O I'"TMHO3EMA
JLH. Mamotus, A.Jl. Kucenés, P.1. Kpaiinenko
00O «MuctutyT Jlerkux Matepuanos u TexHonoruiy,
Poccus, r. MockBa, JIeHUHCKHIT TIpocTekT, 6, ct.21, 119049

E-mail: Lev.Malyutin@rusal.com

OcHOBHBIMHU c(epaMH NPUMEHEHHS IUIABJICHOTO TJIIMHO3EMa SIBIAIOTCS aOpa3uBHAs W OTHEYNOpPHAs
MPOMBIIUICHHOCTh. Ha Takne cBOMCTBA IUIaBJICHBIX TTIHHO3EMOB, KaK a0pa3uBHasi CHOCOOHOCTH ¥ OTHEYHOPHOCTb,
B 3HAYMTENIHHOM CTENEHM BIHAIOT NpuMmecu. Haubosiee BpeqHOW NPHMECHIO, CHIDKAIOIIEH XapaKTEPHUCTHKH
IUIaBJICHBIX TJIMHO3EMOB, SBISETCS OKCHA HaTpus. Harpuil mnepexoAuT B MNPOAYKLHUIO M3 HCXOIHOTO
METaJUTypru4eckoro TIJIMHO3e€Ma, IIOIy4aeMOro ITyTeM OCaXIeHHs TUAPOKCHIA allOMUHHS M3 pacTBopa
amomuHaTa Hatpus. Cojep)kaHue OKCHIa HaTpHs B MPOXYKIUH U3 IUIABICHBIX TJMHO3EMOB B 3aBUCHMOCTH OT
KPYMHOCTH (pakiui MOXET BapbupoBatbcs B amamazone 0,10-0,45 % wmacc. B To ke Bpems coriacHo
pETyIaMEHTHPYIOIEH TOKYMEHTalMM MaccoBasi JOJII CyMMBI OKCHJOB IIEJTOYHBIX METaJUIOB HE JIOJDKHA
npesbimath 0,3 % [1]. Okcna HaTpPHA B TUIABJICHBIX TIIMHO3EMAaX B OCHOBHOM TIPE/ICTaBIICH TaK Ha3bIBAEMBIM [3-
ruHO3eMoM Witk amromuHatoM Hatpus — NaO-11AlO3 [2]. [l CHUKEHHs KOJHUYECTBA OKCHJIOB IIETOUHBIX
METAJUIOB B IJIABJICHBIX IVIMHO3EMaxX M YIy4IICHHS TEXHUKO-3KCIUTyaTallHOHHBIX XapaKTEPUCTHK NMPOIYKLUU
MPeII0KEHO MCIONIB30BaTh TOOABKH JUOKCHIA KpEMHUS (KBapla) U XJOpHIa aMMOHHUS B MPOLIECCE BBHITLIABKH
KOpYyHJIa.

JloGaBieHne KBapIeBOro recka B MPOIECcce BHIIABKYA KOPYH/a B KosndecTBe | % OTHOCHTENBEHO MacChl
TOTOBOW MPOIYKIIMH MO3BOJISICT MTOJHOCTBIO YAAINUTH 3-TIIMHO3EM, TIPH 3TOM TIOBBIIIACTCS COJICPKaHHUE IETEBOI
¢dpakipn — muHepana kopyHzaa (a-AlOs) (tabmuma 1). B xone mumaBke KBapll [IPU B3auMOJCUCTBUU C [3-
TJINHO3EMOM 00pa3yeT JIETKOIUIABKUE M XPYIKHE CTEKJIa, N3MeJIbuaeMble B IIbUTh U yAaIsieMble Ha JIbHEHIINX
nepezaesnax MoIydeHust KOpyHI0BOH Mpoaykuuu. HegocTaTkoM HCIoIp30BaHNS KBApILIEBOTO MECKa AT YAAJICHUS
OKCHUJIOB LIEJIOYHBIX METAJUIOB SIBJISETCS 00pa3oBaHKe NOOOYHBIX MHHEPAIBHBIX (Da3 (aJTIOMOCHIIMKATOB HATPHS,
KaJbIIMs), CHIDKAIOIINX OTHEYITOPHOCTh MPOIYKIINH.

Tab.1. Ycpeonennulii munepanocuveckuii Cocmas niagneHbix eiuHo3emos, % macc.

Daza a-Al,Os B-Al,03 Hpyrue
Bes nobasku 97,2 2,7 0,1
C no6aBkoit kBapua 1 % macc. 98,4 0 1,6

Hcnonp3oBaHue XJIOpUAa aMMOHHS B TpoIlecce IDIaBKH B KonmdecTBe 1 % OTHOCHUTEIBHO MAaCCHI
MPOJYKIMH [O3BOJISIET CHU3UTH COJAEP’KAaHUE CYMMBI OKCHAOB IIenouHbIX meTtayuioB g0 0,15-0,30 % wmacc. B
3aBHCUMOCTH OT KPYHHOCTH ()pakiuu. Takke MPOUCXOINT YBEIHYCHHUE COACPIKAHUS [EIEBOTO O-KOPYHJA MPU
OTCYTCTBUH (POPMHUPOBAHUS MHBIX MHHEPAJIOB B COCTAaBE MPOAYKIIMOHHBIX TUIABJIEHBIX TJIMHO3EMOB

CIIMCOK JIMTEPATYPbI
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COBPEMEHHBIE TEXHOJIOI'MU YTUJIN3AIIUUA MU EJIMAJIBHBIX MEJIMIIUHCKUX
OTXO0J10B
A.B. Measenckuii, B.P. IInoxoasko, T.C. UukoBa

MexnyHapoaHbIi rOCYJapCTBEHHBIN 3KOJIOIrMYE€CKU HHCTUTYT
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BypHo pazBuBaromasicst GpapMUHIYCTPHUSI paclIMpseT acCOPTUMEHT W HapallMBaeT 0ObEMBI BBITYCKa
OMOCHHTETHYECKNX AHTUOMOTHKOB, INPUMEHSEMBIX B MEAWIMHE W BETEpUHApUU. MHUILENUaIbHbIe OTXOMIbI
(MukpoOHast rpuOKoBass Onomacca) NMPOU3BOJICTBA M WCIIOIL30BAaHHS aHTUOMOTHKOB, KPOME MHIEIHS, MOTYT
coJiepkaTh TaKXKe M TOKCHYECKHE BemiecTBa. llomagaHne MHULENINMANBHBIX OTXOJOB B OKPYXXAIOUIYIO CpEly H
CHCTEMY CTOYHBIX BOJ CTAHOBHUTCA CEPHE3HOW 3KOJOTHYECKOH IPOOIEMOH, MOCKOIBKY OHH, BO-TIEPBBIX,
OKAa3bIBAIOT CHJIBHOE BJIMSHHE Ha JESITEIbHOCTh MHUKPOOPTAaHM3MOB B 3KOCHCTEME M, BO—BTOPBIX, CIIOCOOHEI
MPUBECTH K Pa3BUTHIO PE3MCTCHTHOCTH OakTepHi, ocnaduistiomeil 3 QeKTHBHOCT MeaIpenapaToB B 0opsde ¢
6one3nsmu. Kpome Toro, MurenuaabHble OTXOAbI, BO3ACHCTBYS Ha OaKkTepHabHbIC KOJIOHUU B CETSIX CTOYHBIX
BOJI, CHIIKAIOT X aKTUBHOCTb U HETaTHBHO BIHMSIOT Ha 3()QEKTUBHOCTh PA3JIOKEHUS OPTaHHYECKHUX BEILECTB.

CoBpeMEHHBIE TEXHOJOTMM YTWIHM3ALUU MHULEIHAIBHBIX MEIUIMHCKUX OTXOJOB OCHOBAaHBl Ha
pa3nuyHbIX (U3MKO-XUMHUYECKUX METOJaX yJalleHus aHTUOMOTHKOB W3 BojHoi cpensl [1]. Hawmbonee
3¢ GEKTUBHBIMH 1 S5KOHOMHYHBIMH B HACTOSIIEE BPeMs SBISIOTCS MEMOpaHHbBIE TEXHOJIOTUH 0OPaTHOTO 0CMOCa
u HaHo(mibTparmu. OHK NPUMEHSETCS ISl OTACIEHHUS aHTHOMOTHKOB OT OCHOBHOTO BOJHOTO PacTBOpa, HO HE
BKJIIOYAET MX pa3iokeHue. YIbTpauibTpanys — METOA, B KOTOPOM JUIS OTAEIEHHS OPraHUIEeCKUX COSANHEHUH
MpUMEHSIOTCS MeMOpaHsI ¢ pasmepamu mop 0,01-0,1 Mxm. B oTmianu ot HaHOQHIBTPOB U 0OPATHOTO OCMOCA,
YIBTPadUIBTPHI CIIOCOOHBI MPOIYCKAaTh MUHEPAIbHBIE 3JIEMEHTHI.

K MeTomaM, MO3BOJIAIOIIMM Pa3pylIaTh CTPYKTYPY OPTraHUYECKUX COETUHEHUH, OTHOCATCS BO3/IEHCTBUS
Ha OTXO/ibl AaHTHOMOTHKOB YJbTPa3BYKOBBIM H3JIydeHHeM ¢ udactoTtod cBbimie 20 k[l ¥ ynbTpaduosieToBbiM
u3ay4deHueM ¢ JuHHON BOJHEI oT 0,0144 mo 0,39 muxpomerpa. OmHAKO, PE3UCTEHTHOCTH AHTHOMOTHKOB K
yIbTpa(roIETOBOMY N3ITyUCHHIO 3HAYUTEIILHO CHIDKAET 3 PEKTUBHOCT 3TOr0 MeTo1a. MeTo/ 030HUpOBaHUS —
BO3JICHCTBHSI 030Ha HA OMOMAaccy — NPUBOANT K OKHCIUTEIBHOMY PA3JIOKEHHIO OPraHMYECKUX COCIMHEHHH U
MUMEeT BBICOKYIO 3(P(EKTHBHOCTh B Pa3OKEHUH aHTHOMOTHKOB. MeToJ TepMHUYecKoil 0OpaOOTKH BKIFOYAET
MpeIBapUTEIBHBIl OTKUM MHIEIMANBHBIX OTXOJIOB 10 BIAXKHOCTH He Oojee 75% W MX IOCIEIYIONIYIO
TEPMOHMHAKTHBAIHIO ITpH Temreparype 120°C.

BBICOKOTIPOTyKTHBHBIE METOABl MEMOpPAaHHOTO pa3feNieHHss W O30HHPOBAHMSA Ha TPAKTHKE He
WCTIONB3YIOTCSL M3-32 WX TEXHOJIOTHYECKOH CIIOKHOCTH M Ooipmiod cromMoctd. HecMoTpss Ha oOmmpHEBIE
MCCIIEIOBaHNS TOMCKH HayYHBIX METOJIOB M pa3paboTKa 3((EeKTUBHBIX 1 SKOHOMHUYHBIX TEXHOJIOTUH YyTHIN3ALUH
MHIEINATBHBIX OTXO00B MO-TIPEXKHEMY OCTaeTCs aKTyaIbHOH HayYHOU NPOOIEeMOi.
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1. Removal methods of antibiotic compounds from aqueous environments / Z. Derakhshan, M. Mokhtari, F.
Babaei et al. // A Review. J Environ Health Sustain Dev. — 2016. — V. 1(1). P. 43-62.
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JETOKCUKAIIUA TBEPJBIX PTYThCOJEPXKAIIIUX OTXOJ0B
. 0. Octposckui, A. 0. OctpoBckuii

IMTAO «HoBocubupckuii 3aBoJi XUMKOHLIEHTPATOBY,
Poccus, r. HoBocubupck, yin. b. Xmensaumnxkoro, 94, 630110

E-mail: dyostrovsky@sibmail.com

PryTp He sBIseTCS panMOaKTHBHBIM MaTEpHalIoM, OJHAKO IIMPOKO HCIIOJIB30Bajlach B ATOMHOMN
TOPOMBIIUICHHOCTH JAJIS Pa3/e/ieHUs] U30TOTOB Li B PTYTHBIX 3JIEKTPOSH3epax B XOJ¢ BBIMONHEHHS 0OOPOHHBIX
3aka3zoB. OTCI0/1a ¥ OOIIMPHBIE 3arpsI3HEHUE PTYTHIO BOJOEMOB, TEPPUTOPHUI M IPON3BOJICTBEHHBIX TTOMELIEHHH.

[TpoGnemoit nemepkypuszanuu 3anumanuck B CIIA na 3aBome Y-12 (Ox-Pumx, wrar Tennecn). Ilo
Pa3HBIM OIIEHKaM IMOTEPHU PTYTH B OKpyXkarolryto cpeny coctaBuwin oT 100 go 900 touH [1], B TO BpeMs Kak Ha
aHanmorngHoM 3aBone B Poccum B [TAO «H3XK» - 33,7 T [2]. IIpennoxeHo 0oipmIoe KOTHYECTBO METOIOB
JeMEepKypHU3alnH, OJHAKO HU OJTHO IIHPOKOTO MPAKTUIECKOTO MPHUMEHEHNE HE HAILIO.

B mannO# paboTe paccMaTpuBaeTcs albTEPHATHBHAs BO3MOXKHOCTH OOE3BPEKMBAHUSI CTPOUTEIBHBIX
PTYTBCOAEPKAIMX OTXOAOB M TpyHTOB. Ilocie W3MeENbYEHHS] M TOCIEIYIOLIEr0 PacIyiIbIIOBBIBAHU
CTPOUTENBHBIX OTXO/I0B HX 00pabaThIBaIOT 110 U3BECTHOW cXeMe B IIEHTpoOe)KHOM KoHueHTparope «Mromak KI'
5,0», a manee, AN MOHMXKEHHS KJlacca OMACHOCTH OTXOMOB, HMPEAJIOKEHO HCIOJIb30BAaTh YIJIEKHUCIBIN ras,
KOTOPBIN MPU B3aUMOJICUCTBHH C OKCHIOM PTYTH 00pa3yeT BOJIOHEPACTBOPUMBIN OCHOBHOI KapOoHat prytu (11)
— HgCO3 « 2HgO. H3ydeHo BiusiHWE AaBICHUS, TEMIEpaTypbl U BpeMEHH 00pabOTKM Ha CHHTE3 OCHOBHOTO
kapOonata pTyTH. OnpeencHsl onTuManbHbIe yeiaoBus [3]. Pazpabortka 3ammmena [TareaTom PO Ne 2541258.

IMpennoxxeHa OeccToYHAs TEXHOJIOTHMYECKAas CXEMa NBYXCTYNEHYATOH Ta30XMMHUYECKOM 00pabOTKH
PTYThCOAEpKAIMX 0TX0/0B. [IpoBeneHo GuorecTupoBanue Mpod 00pabOTaHHBIX 0OPA3LOB PTYTHCOICPIKAIINX
orxon10B. CornacHo nporokosnaM ucnbiTaHuil LJIATU npennokeHHash TEXHOJOTUSI MO3BOJISIET CHU3UTh KIIACC
OTMACHOCTH JUIs cTpouTebHBIX 0TX010B [TAO «H3XK» ¢ 3 10 4 (ManoomacHble OTXO/bI), a AJIsi TPYHTOB — C 4 710
5 (mpakTHYECKU HE OMACHBIE OTXOJIBI).

Pa3paboTaH TEXHOJNOTHMUYECKUI pErIaMeHT Ha MPOEKTHPOBAHHE YCTAHOBKH TIa30XHMHUYECKOU
MMMOOHMIN3AaNH PTYTH B TBEPABIX MPOU3BOACTBEHHBIX OTXO/aX.

VYraerymuaoseimu npenapatamu (YI'TI), momydeHHBIME MeXaHOXHMHYECKOH aKTHUBAIield Oyporo yris
1 COJIBI B IDTAHETAPHOW METbHHUIIE, 00padaThIBaI CTPOUTEIBHEIE PTyThcoaepxkame otxonsl. [Ipu Crg = 0,02676
r/n u no3upoke YITI 5 r/m mpu T = 25°C paBHOBecHme cHUCTEMBI nocTuraiochk 3a 5-10 maer. ComepkaHue
MOJBIKHOW (BOAOPACTBOPUMOM) PTyTH CcHMXkanmach B 10 pa3 ¢ oOpa3oBaHHEM OTXOJOB  JApyroro (MeHee
TOKCHYHOTO) KJacca OMacHOCTH.

CIIUCOK JIMTEPATYPbBI

1. Jlyumme 3apyOekKHBIE TPAKTHKH BBIBOJA W3 OJKCIUTyaTallMd SACPHBIX YCTAHOBOK W peabWiIuTaIruu
3arpsi3HEHHBIX Teppurtopuii / [lox obmeii pen. U. U. Jluare u np. — M:, 2017 r. T.1. — 336 c.

2. A. T'. Bmagumupos, A. B. babymxun, M. M. bBenosepoB u nap. DKOreoxXuMust pTyTH H CIIOCOOBI
JIeMEpKypHU3alny TBEP/BIX PTYTHCOAEPKAIINX OTX0JI0B B ycinoBusax KOxnolt Cnubupu // Xumust B uHTEpecax
ycroiunBoro passurus. — 2012, - T. 20, Ne 5, ¢. 531-542.

3. 10.B. Ocrposckuii, I'"M. 3abopues, [1.FO. OctpoBckuii u ap. ['azoxumuueckas UMMOOHIM3AIUS PTYTH B
MPOU3BOJICTBEHHBIX 0TX0/ax // X1UMus B MHTEpecax ycroiunBoro pazsutus. — 2014. — T. 24. - Ne2. — C. 157-

162.
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JIE3AKTUBAIIMSI TEXHOT'EHHBIX BOJIOEMOB IPEJANPUATHN I'K «POCATOM»
. 0. Octposckuil, C. A. Byiimos

IMTAO «HoBocubupckuii 3aBoJi XUMKOHLIEHTPATOBY,
Poccus, r. HoBocubupck, yi. b. Xmensaurnxkoro, 94, 630110

E-mail: dyostrovsky@sibmail.com

XBOCTOXpAaHWIHIA YPAHOBBIX NPEANPUSATHH ObUTM 00pa3oBaHBI B TEPHOJ CTAHOBJICHHWS ATOMHOMN
MPOMBIIIJIEHHOCTH U OTHOCATCSA K TaK Ha3blBaeMoMy «sigepHoMy Hacienuto». Ilepen I'K «Pocatom» ctout
HenpocTas 3ajiaya 0 UX JIMKBUJALNHU, YTO SIBJISETCS TEXHUUECKH CIIOKHOHU 3agaueil. OcylleHHIo yally JOIKHO
Ipe/IIecCTBOBaTh yAaJeHUE TOKCHUHBIX M PaJHOaKTHBHBIX BellecTB. B ngaHHOM pabore paccMmoTpeHa
BO3MOXKHOCTb OCaKICHUS ypaHa U PTyTH B JekaHTaTax xBocToxpanunuma ITAO «H3XK» ¢ nenpto ouncTku
BOJIb XBOCTOXPAHWIUIIA OT TSDKETBIX M PAJHMOAKTUBHBIX METAJIIOB.

Hanbonee paankalbHBIM METOAOM SBISETCS BBINAPUBAHHE, OJHAKO, M3-3a BBICOKOTO O0OBEMa dalln
XBOCTOXPAHWJIMIIA, TPUPOIHBIX YCIOBHH, a TAK)KE HU3KOWH KOHIIEHTPANUil PaCTBOPEHHBIX BEIECTB, TAKOH METO/
ABJSIETCS 9Hepro3arpaTHbIM. HanbGonee NepCHEKTUBHBIM METOAOM JUII OYHCTKH BOABI OT IIBETHBIX H
PaaroaKTUBHBIX METAJIOB SIBJISETCS COPOLMOHHBIN C HCIIOJIb30BAHUE MPUPOI0ATANTHPOBAHHBIX COPOCHTOB —
yraeryMuHoBbIX npenapaToB (YITI).

B kauecTBe NpUpO0aaITUPOBAHHBIX COPOEHTOB MpeiaraeTcs ucnoib3oBath YI'TI, monmyueHHsle U3
Oypeix yrueit Kancko-AunHckoro 6acceiina mexaktusanueif [1].

Bypsie yrimm oOpaGareiBaioTCsl B IUTAaHETAPHOM MENbHHUIE-aKTHBAaTOpE C nobOaBieHueM 5-7% macc.
kapOoHaTa i nepkapoonaTa Hatpus - Na;COsz = 1,5H,0,. O6pasyrommiics YI'TI cogep>kuT BogopacTBOpUMBIE
MPOM3BOJIHBIE TYMHHOBBIX KHCIOT (10 50 % Macc.) ¢ pa3snuyHbIMH (pYHKIMOHAJIBHBIMH TPYMIIaMH, KOTOpBIE
B3aUMO/ICHCTBYIOT C HOHAMH TSDKEJBIX METAJIIOB, 00pa3ysi HEpaCTBOPHMBIE KOMIUICKCHI.

B xome skcmepuMeHTOB MO 00paboTKe peajbHBIX AEKAHTAaTOB OBUIO yCTAaHOBJIEHO, YTO B CHCTEME
«peanbHbIi pactBop — YI'TI» paBHOBecue gocTuraetcs B TeueHue 5 cytok. [Ipu ucxomusix Cuosw = 0,375 Mr/n u
Chg = 0,012 mr/n u no3uposke YI'TI B konmuecTBe 2 /)1 HCXOHbIE KOHIIEHTPALMK ypaHa u pTyT npu T=25° C
CHW)KAIOTCSL 10 HyJIeBbIX 3HaueHud [2]. [lonwkenue temmnepartypsl g0 T= 6° C He yxyaumaeT MOKazaTeiau
nporecca.

[pu BBemennu YI'TI (1,5 r/m) B cucteMy «wil - A€KaHTaT» C HCXOJHOW KOHIEHTparnued ypana 0,5 mr/n
€ro CcozepXKaHHe TaKke CHIDKAeTCS [0 HyJeBBIX 3HaueHumi. OOpaTHOro mnepexoia B BOJHYIO (a3y He
Ha0Jroaercs.

VYI'TI — mepcrieKTHUBHBIN peareHT IS PEHICHHS MHOTHX 3KOJOTHYECKHX IMPOOJeM, CTOSIIUX Tepen
MPEANPHUATHAMHU OTPACIN ¥ CMEXHBIX OTPACiIeil TPOMBIIUIEHHOCTH.

CIIUCOK JIMTEPATYPbBI
1. OGecrnieuenne 6€30aCHOCTH XPAHWINIL paIMOAKTHBHBIX OTXO/IOB SZIEPHOTO TorIiBHOTrO nukia / [lox pen. H.
C. —M.: HUSY MUY, 2011. - 232.
2. J.1O. Octposckuii, .M. 3abopues, }0.B. OctpoBckuii u ap. Mcnonb3oBaHne yriieryMUHOBBIX IIPENapaToB
JUId JIOKalIM3allud ypaHa M PTYTH B KUAKUX M TBEPIBIX NPOU3BOACTBEHHBIX CTOKax mpeanpustuil 'K

«Pocarom» // Xumus B uHTepecax yctonunBoro passutus. — 2016. — T. 24. - Ne 6. - C. 781-787.
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MUCCJIEJIOBAHUE U3BJEYEHUSA Cs*” CHHTE3UPOBAHHBIM ®EPPOLIUAHUIHBIM
COPBEHTOM HA OCHOBE KAPBOKCUMETU/VINEJIJIFOJIO3bI
U.A. ITuBoBapoB
HannonanbeHelil necaenoBaTenbekuil TOMCKUN NOIMTEXHUUECKUI YHUBEPCUTET,
Poccus, r. Tomck, mip. Jlennna, 30, 634050
E-mail: ivan271294@gmail.com

B kauectBe copOenra 11 u3BineueHus CS UCHONB3YeTCsl CHHTE3UPOBAaHHbII COPOEHT Ha OCHOBE YaCTHIL
JIBOMHOTO (depponmannaa KaJus-MeaHy, MMMOOMIT30BaHHBIX B MOJIUMEPHOH MaTpuIe
KapOOKCHMETHIILIEITIONIO3bL.

W3yyenne mnpouecca copOuuM 1I€3Ms HA CHHTE3UPOBAHHOM COpPOEHTE BO BPEMEHU IPOBOJMIM C
ucnonb3oBaHueM 250 mi pactBopa, comepxamiero CsNO3z (20 mr/m) mpu temmeparype 293 K u mobasiennem
copbenTa B kommaectBe 300 mr. Copbumto mpoBoawiay mpu 3Ha4eHUH pH paBHOM 4. Pe3ynpTaThl IpecTaBICHBI

Ha pucyHke 1.
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Puc. 1 Ilpoyecc copbyuonnozo uzeieuenus yesus 60 6pemMenu

Ilo ucTeyeHnro 6 4acoB OT Hayaja COp6I_II/II/I KOHIICHTpalus He3ud JOCTUTACT PaBHOBECHOT'O 3HAYCHUA

59,94 Mr/r 1 Ha IPOTSHKEHUHU 6 YacOB IIOCIIE 3TOTO coJlepKaHKe 11e3ns B (paze copOeHTa He M3MEHSIETCs.
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Puc. 2 Bausnue pH na copoyuonnoe usgneuerue yesus

pH mcxomHoro pacrBopa HMrpaeT BaXKHYIO POJIb OCOOEGHHO Uil MOHOOOMEHHOro mpouecca. YToOb

BBI6paTI: OITHMAaJIbHBIA pH JJIA U3BJICHCHUS 1E3Ud, YaCTUIbl CHUHTE3UPOBAHHOTO COp6€HTa B KOJHYECTBEC
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300 Mr KOHTaKTHPOBAJIN MPH NOCTOSIHHOM TepeMernrBanuu ¢ 250 M 20 mr/n pactBopa CSNOsz npu nocTossHHO#M
temrneparype 293 K. .Cop6uuto npoBoauiu B nuanazone pH ot 1 no 12.Pe3ynbrarsl npeicTaBieHsl paHee Ha
pucynke 2. Ilo pe3ynpTatam BUJHO, UTO ONTHUMaIbHBIN pH nmpoBeaeHus npouecca paBeH 5.

Jliist uccnenoBaHus BIMSIHAS KOHKYPHPYIOIMX HOHOB Ha CTENEHb M3BIICUCHHNS [IE3UsI CHHTE3UPOBAHHBIM
COpOCHTOM B CHCTEMY OBLITH BBECHBI HOHBI KM M HATPpH. IS ONpe/ieNIeHNs BIUSIHUS KOHKYPHPYIOIINX HOHOB
KOHIICHTPAITHIO IIe3Hsl TOAIepKUBAIN NOCTOsSTHHON (20 Mr/i) u MeHsu kKoHneHTpario noHoB Na u K ot 50 o
250 wmr/n. Temmeparypa mpoBeneHusi skcnepuMenrta cocraBwia 298 K u pH cpenst paBen 5. Pesynbrarsl

MpeICTaBJICHbl HAa PUCYHKE 3.
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Puc. 3 Brusinue KOHKYpUpyowux uoHo8 na cOpoyuorHoe usgievenue ye3us

IMpu orcyrctBum koHKypupytomux unoHoB K u Na B pacrBope 3Hauenne Kd (koadduumenra
pacnpeneneHusi, Mii/t) coctaBmio 9493,1 mu/r.

VYmenbinenne ko3 duimenra pacnpenencuus Kd B mpucyrcTeun noHoB K MOXHO 00BSACHUTH Gojiee
OIIM3KUM CXOJICTBOM PajiIiycOB HOHOB B TMpaTUpoBaHHOM coctosHuu Mexay K (3,30 A) u Cs (3,25 A), uem y
nona Na [1].

B nanHo# pabote u3yueHo n3BiedeHre CS CHHTE3MPOBAHHBIM COPOCHTOM Ha OCHOBE YACTHII IBOHHOTO
(epponmanna Kanus-Mean, IMMOOMIM30BaHHBIX B MOJIMMEPHON MaTpHIle KapOOKCHMETHIIEIII0N03bl. OTBITHI
MPOBOJMIINCH B PA3IMYHBIX 3KCIEPHUMEHTAIBHBIX YCIOBHSX, TAKHX KakK, BPEeMs KOHTaKTa /ISl OIpE/eNICHHs
BpPEMEHHU paBHOBecHs copOLuK 1 BiusiHUue pH pacTBopa Ha COPOLIMOHHOE M3BJICYSHUE, HATNYNE KOHKYPUPYIOIINX
MOHOB. B pesynbrare BpeMmsi yCTaHOBJIEHHS  paBHOBeCHs  COpOIMHM  COCTaBiIsieT HE  MEHee
6 gacoB, HanOoJbIIee U3BIeUeHHE 11e3us pu pH copOimu paBHoii 5. Hanuure nonos Na B cucreMe npakTHYECKU
He BJIMAET Ha cTelnieHb u3BnedeHue Cs, Haanuue HoHOB K yMeHbIaeT CTeNeHb N3BICUSHUS Ie3Hs, HO 3TOT 3 peKT
KOMIICHCUPYETCST YBEJIMYCHHEM KOJIMYECTBA BBOAMMOIO COpPOCHTa Ha HA4yalbHOM JTamle COpOIMOHHOTO
n3BnedeHns CS. PaBHoBecHast KOHIEHTpanus ne3ust B Qaze copbeHTa cocramisier 59,94 Mr/r, MakcuMaibHas
copOIMOHHAst €eMKOCTb CHHTE3UPOBaHHOTO copOeHTa coctaBisier Qm= 76,4 Mr/r.

CIIMCOK JIMTEPATYPbI

1. BouikoB A. W. bonpmoit xumudeckuit cipaBounuk. — Munck: CoBpeMeHHas 1mkoia, 2005. — 608 c.
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YCTAHOBKA JJISI IOJYYEHUS PACTBOPA PAJIOHA B BOJIE U OPTAHUYECKOM
KNJIKOCTH
C.A. ITnactyn, H.K. Penxaxosa, M.C. Yepennes
HaunonaneHelil necaenoBaTebcKuil TOMCKUIM NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r. Tomck, mip. Jlennna, 30, 634050
E-mail: xheracl@gmail.com

WHaukaTopHBIE METOABl HCCIENOBAHUS C IOMOINBIO PAaJUOAKTHBHBIX H30TONOB HAILUIM ILIHPOKOE
MPUMEHEHUE B Pa3INYHbIX O0JIACTIX HAyKU, TEXHUKU, MEAULIUHBI, T€0J0TUU U T.J. OCHOBHBIE JOCTOMHCTBA 3TUX
METOJIOB — IIPOCTOTA PEAM3alNH, BEICOKHE YYBCTBUTEIBHOCTh U TOYHOCTh. OHUM 13 Hanbouee 3 (PeKTHBHBIX
UH/IUKAaTOPOB SBJISIETCS PaJAMOAKTUBHBIA ra3 pagoH — 222. B coOTBETCTBUM ¢ HOPMATUBHBIMHU JOKYMEHTaMU
paauaoHHON O6e3omacHocTH Poccniickoil ¢eneparyum 10myckaeTcesl HCIONb30BaHNE BOIHBIX PACTBOPOB PazioHa
B MEAUIMHE U Teo(hn3nuecKux uccnenoBanusx [1,2]. Hampumep, Ha oCHOBE pacTBOPOB pPazioHa pa3padaThIBAIOTCS
MHHOBAITMOHHBIE TEXHOJIOTHN HHANKATOPHBIX METOJIOB HCCIIEJOBAaHNS HE()TETa30HOCHBIX CKBaXHH [3,4]. Llennpto
JAaHHOW pPaboTHI SIBISUIOCH CO3JaHHE YCTAHOBKM IS IOJydECHHUs] BOAHOTO PACTBOPA PazoHAa C AKTHBHOCTHIO
HecKoJbKo coTeH bx-n-1.

B kadecTBe HCTOUHMKA paJOHA B YCTaHOBKE HCIOJIB30BAaHBl KPEMHHEBbIE M KBaplEBbIE IOPOABI,
coJieprKallie METa/UTHUueCKUe BKparuicHus ypana-238. JIpoOnéHyro mopoay Maccoil ~45 Kr IMOMECTHIH B
TIacTMacCcoBble KOHTeHHepbl 00bEMoM 2.2 11 (150 MM BbIcOTa M 165 MM iMameTp), B KPbIIIKaX KOTOPBIX 10 CXeMe
«MayTHHBI» OBUTM TPOZETAaHBl OTBEPCTHS AWAMETPOM 2 MM I oOecHedeHMs BBIXOAA rasa pajoHa-222.
[TmactMaccoBble KOHTEHHEPHI CIOSAMHU TIOMECTIIH B TEPMETHUYHYIO CTabHYI0 00uky 0o0béMom 200 i (860 MM
BbIcOTa W 590 MM Imamerp) ¢ TONIUHON CTEHOK 1.4 MM W cO ChEMHBIM BEPXHHM IHOM; BCETO B 00BEME
reHepaTopa ObUTO pa3MerieHo 32 KoHTelHepa B 4 ciosi. BHyTpEeHHIOI0 OBEpXHOCTh OOYKH IPOKPACHIIN B 1Ba
ci1ost TUAPO(GOOHBIM MOKPHITHEM Ha OCHOBE OuTyma. J{ist u3MepeHust 00bEMHOM aKTUBHOCTH PaZioHa B BO3JyXe
reHeparopa u B JUCTHJUIMPOBAaHHOM BOJIE UCIIONb30BaH paauomerp Rad7.

KoadduineHT pacTBOPpUMOCTH paioHa B Bojie coctaisiet 0.25, cle10BaTe/IbHO, IS MOy YEHHS BOTHBIX
PacTBOPOB C aKTUBHOCTBHIO B HECKONIBKO KBbK-J1-1 akTHBHOCTB pazioHa B 00bEME reHepaTopa J0/DKHA COCTaBIISATh
Heckosbko MBk-M-3. M3MepeHns akTHBHOCTH pajioHa B 00BbEME reHepaTropa MOKa3alld, YTO IS JOCTHOKEHHS
TaKOW aKTMBHOCTHM BpeMsl HaKOIUICHHS PafoHa B 00beMe JaHHOW YCTAaHOBKHM JOJDKHO COCTABISITH HE MeHee 6
cytok. MceienoBanus mokasanm, 9To 3aBUCHMOCTh 00bEMHOM aKTHBHOCTH BOJHOTO PacTBOpa PajioHa OT BpEMEHH
U cKopocTH 6apOoTaxa XxapakTepu3yeTcs HannarueM Makcumyma. CirejoBaTeIbHO, MOXKHO BBIOPATh ONTUMAJIbHBIE
YCIJIOBUS MIPOKAYKH pajsioHa depe3 EMKOCTh ¢ BOJOW /IS MOTYYSHMsI HEOOXOAMMON aKTUBHOCTH. |1 BRIOpaHHOM
KOHCTPYKLIIMH TeHepaTopa pazoHa OOBEMHAs aKTHBHOCTH pPaJioHA B BOJE TOpPSJIKAa HECKOMbKHX Kbk-i1-1
JIOCTHTAeTCs IPU ckopoctu 6apboTtaxa 0.05 -muH-1 3a 70 MuH.

Ha ocHoBe npoznenanHoi paboThI caenaHbl ceyOINe BEIBOIBL:

1. YpanoBas pyzna maccoi ~45 kr, cocrosiiast n3 ¢ppakuuid 15...30 MM, 03BOJISET 32 HECKOIBKO CYTOK
MOJY4UTh B reHepaTope 00bEmMom 200 J1 akTUBHOCTB paJioHa IOpsiika HecKoIbkux MBk-M-3.

2. 3aBHCHMMOCTh MaKCHMaJbHOTO 3HAa4eHHss OOBEMHOW AKTHMBHOCTH BOJHOTO pacTBOpa paJioHa OT
BPEMEHH U CKOPOCTH 0apOOoTaka XapaKTepH3yeTCsl HATHINEM MaKCHMyMa.

3. JIns BeIOpaHHOM KOHCTPYKIMHU T€HepaTopa pajoHa MaKcHMallbHas 0ObEMHAs aKTHBHOCTH pPajioHa B

Boze 3kbx/n mocturaetcs npu ckopoctu 6ap6otaxa 0.05 in-mun-1 32 70 MuH.
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CIIMCOK JIMTEPATYPbI
1. TOCT 12.0.002-80. Cuctema cTaHAapTOB 0€30aCHOCTH Tpyaa. TepMUHBI U ONIPEICICHUSI.
2. TOCT 12.0.003-74. CCBT Omnacusie u Bpennsie ¢paktopsl. Knaccuduxanus. — M.: UTTK: U3a-Bo crannapTos,
1997 1.
3. Kumsaxor B.H, ComonosaukoB FO.U. I'eoskonorudeckast oeHKa paoOHOBOTO HHIMKATOPHOTO METOAA LI
uccnepoBaHui Hedrera3oBeix ckBakuH // [Ipomeimuiennas 6e3omacaocts. — 2006. - Ne6, cp. 80-89.
4. ®ununnos B.II. IlpumeHeHne WHIUKATOPHOTO MeToJa IO pajJOHY Ul HM3YYeHHs HE(TEHACHIIICHHBIX

nopuctsix cpen / B.I1. ®umunmnos. - M.: OAO BHUMODHTI', 2003 (ITMK BUHUTHN). - 269 c.

PE3VJIbTATbI UBMEPEHHI PAJIOHA U TOPOHA HA HIEJIb®E MOPEW POCCUIICKOI'O
CEI'MEHTA APKTUKH
C.A. IInacryn?, ILI1. Cemuneros?, H.K. Peixakopal
'HanmoHansHBIN HCCIeq0BaTENbCKUi TOMCKHII MOMATEXHUYECKHI YHUBEPCHUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
2TuxookeaHCKHil OkeaHoIorndeckuil uHCTHTYT uMenu B. M. Minbuuésa IBO PAH,
Poccus, r. BnaauBoctok, yin. banruiickas, 43, 690041
E-mail: xheracl@gmail.com

B cBs3u ¢ pa3BUTHEM SKOHOMHKH CeBEpHBIX Teppuropuii Poccum ocoboe BHUMaHUWE YIEISeTCS
WCCIIECJIOBAaHNIO TPHPOAHO-KIMMATHYECKUX YCIOBHH ApKTHKH. B d9acTHOCTH, HWHTEpec MpPEACTaBISIOT
PaaroN30TOIHBIE HCCIIEIOBAHHS CEBEPHBIX MOPCKHX BOJ, B TOM YHCJIE COJICPKaHHIE B HUX OCHOBHBIX HICTOYHHUKOB
oOnydenus - pagoHa (Rn-222) m topona (Rn-220). HeoOXomuMo OTMETHTH, YTO B HaydHOU JHTEpaType
MPUBOASTCS JJAHHBIE O COAEPKaHMH ATHUX M30TONOB B MPECHBIX Bojax [1,2], B TO BpeMs Kak JUIsi MOPCKHX BOJ
ADPKTHKH JJaHHBIE IPAKTUYECKH OTCYTCTBYIOT.

B xozme 73-ro u 78-ro peiicoB HUC «Axanemuk Mcrucnas Kenapim» ocensio 2018 1 2019 rr. nposenén
panuoMeTpudecKuil aHaJIu3 IpoO BOJBI, OTOOPAHHBIX U3 IOBEPXHOCTHOTO CJIOSI BOBI C TIOMOIIBIO «IIPOTOYHOM»
CHCTEMBl M Ha THIPOJIOTHYECKHX CTAHIMSIX C IOMOIIbI0 OOKCcKopepa M 0aToMeTpoB ¢ TPEX TOPU3OHTOB!
TIOBEPXHOCTHBIH CJIOW, IPUJIOHHBIHA CIIOH, CIION TEPMO- U TAIOKJIMHHOTO CKadka (TaJOKIMHHBIM CKauOK — Pe3Koe
M3MEHEHHE COJIEHOCTH B CJIO€ BOABI OT TITyOWHBI).

B pabote mpezncraBieHbl AaHHBIE O COAEPXKAHUM PAJ0HA M TOPOHA B MOPSIX POCCHHCKOTO CErMeHTa
Apxktuku: Benoro, Bapennesa, Kapckoro, JlanteBbix 1 Boctouno-cubupckoro. M3amepenus 1053 mpo6 Boss
MIPOBEJICHBI C TOMOIIBI0 paarnomMeTpa RAD7. O0HapykeHO, YTO KOHIICHTpAIUs pajoHa U TOPOHa B MPoOax BOJII,
oToOpanHbeiX B 2018 romy, Ha mopsmok Ooible, 4eM B MpoOax Bojbl, 0TOOpaHHBIX B 2019 romy. JlaHHBIi
pe3ynbpTaT OOBSICHIETCS aKTUBHBIM TasHHEM Jba0B B 2019 romy. OOHapykeHHas I OONBIIMHCTBA CTAaHINH
TeHaeHust yBenndeHuss OA pajloHa ¢ TIyOWHOH CBUAETENHCTBYET O TOM, YTO OCHOBHBIM HCTOYHHKOM
MOCTYIUICHNUS PaJIOHA SIBISIIOTCS JOHHBIE Ocaiku. B cBsi3u ¢ atuM oTMernm, uyto OA panoHa M TOpOHA B Ipodax
BO/JIbI, OTOOPAaHHBIX B JIENBTaX PEK, B CPEJHEM B 2 O0JIbIlle YeM B IP0Oax BO/BI, OTOOPAHHBIX BHE 30HBI BINSHHS
pek. O6meit 3akoHoMepHOCTH OA TOpPOHA C TIIyOMHOH BBISBUTH HE YAalI0Ch. Bo3MOXHO, Takol pe3ynbrar s
KOPOTKOXHBYIIIETO TOPOHA OOBSICHAETCS BIUSHUEM TYpOYJISHTHOTO MepeMelnBaHus Mopckux BoJ. [Toka3zaHo,
YTO paclpeiefieHne YacTOT IS pe3ynbTaToB u3MmepeHuss OA paJoHa M TOpPOHA B ITOBEPXHOCTHBIX BOZAX

MMOAYNHACTCA NUCKPECTHBIM 3aKOHaM pacHpEACIICHUA. HOJ’[y‘IeHHBIe peE3yabTaThl CBUACTCILCTBYIOT O TOM, YTO
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paaoH U TOPOH SBJISAIOTCA yZ[OGHLIMI/I Tpacce€paMu IJid HU3YYCHUA AWUHAMHUKU IPOLECCOB, MNPOUCXOAAIINX B
AKBaTOPUAX Poccuiickoro cermenra ApKTI/IKI/I. B YaCTHOCTH, PE3YJbTAaThbl PAJUOMETPUICCKOI0 aHaJIn3a MOPCKUX
BO ApKTI/IKI/I MOTyT OBITH UCIIOJIB30BAHbI JJI U3YUYCHUS CTOKA PCYHBIX BOA U TassHUA JIBAOB.
CIIMCOK JINTEPATYPbI
1. Amnppees, A.1. DkcriepAMeHTAIBHBIE UCCIEOBAHUS COICPKAHIS PaJOHA B BOJIC M3 ITOI36MHOTO UCTOYHHUKA /
AU. Auppees, B.B Uekynaes. — M.: Bectank TOI'Y 3(26) ,2012. — ctp. 123-130.
2. Shivakumara, B. C. Studies on 226Ra and 222Rn concentration in drinking water of Mandya region, Karnataka
State, India / B. C. Shivakumara, M. S. Chan-drashekara, E. Kavitha et al. // J. of Radiation Research and
Applied Sciences. — 2014. —V.7. — P. 491-498.

OIIPEJIEJIEHHUE YJAEJbHON MOIHOCTH ®AKEJBHOI'O PA3PSIJIA, TOPSAIIETO B CMECH
ATOMAPHOI'O 1 MOJIEKYJISIPHOI'O T'A30B
B.U. Cemenuos, }0.10. Jlynenko, A.E. Miocosa
HanunonaneHelil nuecaenoBaTenbcKuil TOMCKUN NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: vis10@tpu.ru

Bricoko4acTOTHBIN (pakenbHBIA pasps SBISACTCS MEPCICKTUBHBIM HMCTOYHHKOM IUIA3Mbl  IPU

poBeJieHUH [ 1] pa3nIuyHbIX MIa3MOXUMHYECKUX MPOIECCOB. B HEKOTOPHIX clydyasX, HAIPUMEDP MPH MOTYISHUH

KapOWZOB METaIOB, HApSAAY C MOJIEKYJSIPHBIM Ta30M — BOCCTAHOBHTEIEM B IUIA3MOOOpa3yrONmIMiA Ta3

IOOABIIIETCS apTOH. 3aMETHM, YTO TIpH pa3paboTke (paKkeTbHBIX TUIA3MOTPOHOB HEOOXOAMMO 3HATH B3aHMOCBSI3b

MEX[y TEIIOBOM MOIMHOCTBIO pa3psjia M UIMHOW ero kaHaia. OIHAKO O HACTOSINETO BPEMEHH OIPECIICHUE

TEIUTOBOH MOIIHOCTH (DaKeTbHOTO pa3psga, TOPSIIET0 B CMECH MOJEKYISPHOTO M aTOMapHOI'O Ta30B HE
MIPOBOMIIOCH.

B HacTosmielt paboTe npoBeieHbl N3MEPEHUS YASTbHON MOIIHOCTH ()aKeTbHOTO pa3psija B 3aBUCUMOCTH

OT COOTHOUIICHHsI KOHIICHTpPAIMM MOJIEKYJSIPHOTO W aTOMAapHOTO Ta30B. B KauecTBe aTOMapHOro Trasa

WCIIONB30BAJICS aprOH, a B Ka4eCTBE MOJCKYJSPHOTO ra3a — BO3AyX. V3MepeHHs MpOBOIWIACH METOAOM

KaJIOpUMETPUPOBAHUS. Pe3ynbTaTsl H3MepeHus yaeIbHOW MOIIIHOCTH pa3psijia MpeACTaBlIeHbl Ha puc. 1.

P,

30
20

10

0 | ! | | | |
0 20 40 60 A%

Puc.1. 3asucumocmsb yoenvbHou MowHOCMU pa3paoa 0m KOHYEHMpayuu 6030yxa
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Hapsiny ¢ n3MmepeHMsIMH yIENBbHON MOIIMHOCTH paspsiia NPOBOJMINCH H3MEPEHUs DIIEKTPOHHOH W
ra3oBoi TeMIeparypsl paspsja. V3MeHeHHe SJIEeKTPOHHOW W Ta30BOM TeMIepaTypbl IUIa3Mbl paspsaa B
3aBHCHMOCTH OT KOHIIGHTpAIIMHU BO3/1yXa UMEIOT aHAJIOTHYHBIA XapakTep.

CIIMCOK JIMTEPATYPbI
1. Shamanin I. V., Karengin A. G. , Karengin A. A., Novoselov I. Y., Poberezhnikov A. D. , Alyukov E. S.
Plasmachemical synthesis and the assessment of the thermal conductivity of fuel compounds «UO2-MgO» //

AIP Conference Proceedings. - 2019 - Vol. 2101, Article number 020017. - p. 1-6.

CIIOCOB CO3JIAHUSI HEOJJHOPOIHO HABOJIOPOKEHHOM CUCTEMbBI BOJIOPO/I-
METAJLJ
L. Croit, B.B. JlapuoHnos
HanunonaneHelil necaenoBaTenbckuil TOMCKUI NOIUTEXHUUYECKU YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050

E-mail: isxusp@gmail.com

HccnenoBanue mpoIecCoB HABOJIOPOKMBAHUS MaTEpUANIOB MPUOOpeTaeT Bc€ OONBLIYIO aKTyalbHOCTD
BBI3BAHHYIO MPOOJeMaMU XpPAaHCHUS W K3BJICUCHHS BOJOPOJA M3 PA3IUYHBIX MarepuajoB. [Ipu u3BICUCHUH
BOJIOpOJIa 0c000C 3HAUCHHE MPUOOPETAcT MPOIECC MUTPAIMKM BOAOPOAa B TAKUX MaTepUaliaX, TaK KakK MpU
BBICOKHMX KOHIIEHTPAIUAX 00pa3yIOTCsl TPYAHO U3BJIEKAEMBbIE MO BOJOPOLY THAPHUIBIL.

Lenpio HacTOSIIEH CTaThU ABISACTCA pa3paboTKa crocoda Co3maHUs HEOTHOPOIHO HABOJOPOKCHHOW
CHUCTEMBI BOJOPOA- METAJUI B YCIOBHAX 3HAYHTEILHOTO TPaJHeHTa KOHICHTpPANWU Boaopoaa. OITHOBpPEMEHHO
MPEUIO’KEH METOJ] M3MEPEHHS TEPMO3JC B KadecTBE ANbTEPHATHBHOTO METOJAa HEpa3pyIIAIOIIero aHajm3a
HaBOJJOPOKCHHBIX MaTEPUAIIOB.

Jns co3maHus HEOJHOPOIHOCTH KOHIIGHTPAIlMM BOJOPOJA MpeIBapUTEbHO Ha OONBIIYI0 YacTh
wiactusbl (9/10) u3 rexunueckoro turana BT 1-0 Hanbutsiiu ieHkoi TiN MeTo10M MarHeTPOHHOTO HAIBIICHUS.
TonmuHy MIEHKH MOAOUpPAIN SKCIEPUMEHTAILHO TaK, YTOOBI BOJAOPOJ HE MPOHUKAT BIAyOb TUIACTHUHBI MPH
HaBOAOpOXHUBaHUM 10 MeTtony CuBeprca. OnrumanbHas TONIIMHA OKa3anach paBHOM oT 1,5 1o 2,6 mxwm. [Tocne
HaIBUTCHUST 00pa3el] HaBOJOPOXHBAJH, CO3/1aBas, TAKUM O0pa3OM, CYIICCTBEHHBIH T'PaJWCHT KOHICHTPAIHU
BOJIOpoa B MaTepuanie. HaBomoposkuBamu oOpas3Ibl THTaHOBOH TwiacTwHBl pasmepom 100 x 20 x 1 mm.
KonmgectBo BBeeHHOTO BOAOPOIa oleHnBaiock Ha mpubope LECO. [lns omepaTuBHOTO KOHTPOIS H3MEHEHHS
KOJIMUYECTBO BOJOPOJA MO JUIMHE TUTACTUHBI U3MEPSUIH TEPMOXJIC B 3aBUCHMOCTH OT KOOPJAWHATHI TMOJOKEHHS
30H/a J0 W TOCJIe HACBHIMIEHUS TIACTUHBI BOJOPOAOM. TepMOdC M3MEPSUTM Ha YCTAHOBKE C DJIEKTPOJOM H3
3osota. [l kanuOposku onpeaerstian tepmodac Cu (1,8 mxB/K), Pt (-5,3 MxkB/K) otHocuTensro Ag (TepModIc
1,5 mxB/K) [1]. Otnmune Tepmosc ¢ tiénkoi TiN u 6e3 MIEHKH 10 HABOJIOPOKUBAHMSI IOCTHTAET 3HAUCHUS
bonee 0,18 MB. BemuunHa TepMosIc U3MEHSETCS BO BPEMEHH M 3aBHCUT OT KOOpPIMHATH 30HAa. OOcykaeHa
CBS3b MEXAY BEJIMYMHOW TEPMO3JC U KOHILEHTpauued Boxopoaa B miuacThuHe. OTHOCUTEIbHOE H3MEHEHHE

TEPMOJ/IC S OTpeAeIIeTCs 1Mo PopMyIie:

2
SR ), ®
S, ekep\ x

rue:
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B dopmynax Q - TpaHCIIOPTHOE CEUCHHE PACCESHHUS IIECKTPOHOB Ha medekTe, Kr - BOTHOBOIM BEKTOP Ha
noBepxHocTH DepMmu, p - yASTBHOE CONPOTHBICHUE METAIUIA, € - 3apsif dJIEKTpoHa, h -mocrosiauas [nanka. Oto
3HaYCHUE 3aBHUCHT OT BEJIMYMHBI TPAHCIOPTHOTO CEUYCHUS paccesHus Q 3JIEKTPOHOB Ha AedeKTe, yIeIbHOro
COIPOTHBIICHUSI HABOAOPOKUBAEMOT'O THTaHA, T.e. OT KOJMYeCTBa Ae(ekToB M (opMbl 3TOoro cedeHus. Kak
crnenyet u3 popmyinsi (1) Benuunna AS/S onpenensiercs 3HaueHreM AX/X, ceueHHeM paccesHus Q 1 BO3MOXKHOI
cMeHoili 3Haka npousBoaHoit dQ/dK, Bei3BaHHO# HanuuueMm nedektoB. [lnoTHOCTh Ancaokanuit Nd ompemensiu

1o gopmyse (3) no ymupeHuo AuppakHOHHBIX MAKCUMYMOB:

N, = z5°ctg’®/16b?, @)

rae P - ylIMpeHHWe PEeHTreHOBCKUX JIMHUH, OO0YCIIOBJIEHHOE MUKpoxedopMmanueil pemetkd, ® - yrou,
COOTBETCTBYIOIIHI MaKCHMyMY PEHTI€HOBCKOM nuuuy, b - Bektop Broprepca. B 3aBiucumoctr dncia 1edeKTos
OT BECOBOT'0 W; COZIEPXKaHUS BOJOPO/a B CIIaBe TUTaHa Habmoaaercs tpu obnactu (0.01-0.05) wit%, (0.5-0.14)
wt% u 0.14— 0.24 Wt% npu KOTOPBIX NMPOMCXOAMT M3MEHEHHE XapaKTepa HaBOJOpPOXKEHHOCTH obOpasma. M3
COIIOCTABJICHUSI C W3MEPEHUSMH METOJIOM JJIEKTPOHHO-IIO3UTPOHHON AHHUTHIISLHMN CIeXyeT WICHTHYHBIA
XapakTep 3aBUCHUMOCTEH ¢ XapaKTepHO# Toukol neperuba B 00JIaCTH KOHIGHTpPAIMK BOJOPO/a paBHOI Wt, % =
0.05 nust Tepmonic M HaOmoAaeTcs xopoiuee copnanenue 3Hadennit JI1A u Ng . OOHapy)eHHbIH 2P PEKT MOKHO
HCIIONIB30BaTh i1 OLIEHKM HAKOIUIEHHS BOAOPOAAa B MeTajllaX B YCIOBHSX Iepexoja MeTayla M3 OJHOTO
COCTOSIHHUS B JIPYyTO€, a TaKXKe B IENIIX KOHTPOJISI COCTOSIHUSA CHCTEMBI BOJAOPOA-MeTal. J]aHHBIHN crioco0 MOXeT
OBITH BHEZPEH JUISl TAOOPATOPHOTO M IPOMBIIIEHHOTO KOHTPOJIS.
CIIMCOK JIMTEPATYPbI
1. Lider A.M.,, Larionov V.V., Syrtanov M.S. Hydrogen concentration measurements at titanium layers by means
of thermo-EMF // Key Engineering Materials. 2016. Vol. 683. P. 199-202.

OIIPEJIEJIEHUE MACCOBO JTJOJIH YPAHA 1 HUTPATOB B JIBUKYIIIUXCS
TEXHOJIOI'MYECKHUX PACTBOPAX
C.B. Tpoernasos, JI.W. [lopodeera
HauunonaneHelit nccaenoBaTenbckuit TOMCKUN NOJUTEXHUUECKU YHUBEPCUTET,
Poccus, r. Tomck, mip. Jlenuna, 30, 634050
E-mail: svt16@tpu.ru

B Hacrosimee BpeMs s OpeIeICHNS KOHIICHTPALUY YpaHa U HUTPATOB UCIIOJIE3YIOTCS TPAUIIMOHHBIC
AIEKTPOXUMUYECKUE METOMAbl, PEaN30BaHHBIE B CTAllMOHAPHBIX JIAOOPATOPHBIX YCIOBUAX, TpeOyIomIme
3HAYMTENBHBIX 3aTPaT BPEMEHH ¢ MOMEHTa 0TOOpa MpoObI 70 MOJIydeHHUs pe3yabTaTa. [Ipu 3TOM TpaauiuOHHbIE
MeToibI [ 1-3] He MuIleHbl, B U3BECTHOW Mepe, HeJIOCTATKOB, KaK 10 METPOJIOTHYECKAM XapaKTePUCTHKAM, TaK U
B CJIOKHOCTH peallu3alliii, 03TOMY pa3paboTKa METoJa SKCIIPecCc-aHaIn3a MacCOBOM JIOJH ypaHa W HUTPATOB

HCTIOCPEACTBECHHO B TCXHOJIOT'MYECKOM IMOTOKE ABJIACTCS aKTyaJ’IBHOﬁ.

129


mailto:svt16@tpu.ru

MH)KeHepHaFl WIKoONa «DU3UKO-TEXHUUECKUE HpO6HCMI>I B HAYKE, IIPOMBIIIJICHHOCTU U MEJUIIUHE.

I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMCKMA NONMTEXHAYECKMA YHHBEPCHTET Cexuus 4. HoBble MaTepuaibl M TEXHOJIOTHU

JecopOuust ypaHa IpOUCXOJUT C JIOHACHIILIEHHOTO COPOeHTa B 30HE HUTPATHOMN JE€COPOLHH, B 3TY 30HY
nogaéTcs MCXOMHbBIN gecopOupyromuii pactBop. 110AB0N aHATM3UPYEMOTO MOTOKA K MPUOOPY OCYIIECTBISIETCS
MOCPEICTBOM IIPOOOOTOOPHHKA, KOTOPBIN Bpe3aeTcsi B TpyOonpoBo C pacTBOopoM. [1o TeXHOIOrHUeCKUM JTMHUSIM
pacTBOp MOCTYMAeT B M3MEPUTENbHBIC SUEHKH NpruOopa. DKcnpecc-aHann3 KOHICHTPAUY YpaHa B IBIDKYIIEMCS
TEXHOJIOTMYECKOM IIOTOKE MPOBOAWICS C HCIOIB30BAaHHEM METONA «CTaHAapT-(GoHa», YUUTHIBAIOIINM
CaMOIIOTJIONICHUE (NTyOPECIEHINN B M3MEPIEMOM MOTOKE 10 BEJIMYMHE HEKOTEPEHTHOTO PACCESHUS, BRIOPAHBI
ONnTHUMaNbHBIE yCIOBHUS U3MEPEHUS: Upenrmpysn = 35KB, lpeur. mpysin=500MKA, tusy=120 cex. KoHuenrpauus Hutpar-
HOHOB IIPOBOJMIACH 110 MHTEHCUBHOCTSAM KOT€PEHTHO U HEKOT'€PEHTHO PACCESIHHBIX M3JIy4Y€HUH aTOMOB I[MHKA
(Ezi= 86309B) u xammus (Ece= 231065B). OTHOIIEHHS WHTEHCHBHOCTEH KOTEPEHTHO W HEKOTEPEHTHO
paccesHHBIX U3Iy4eHUN onpesenseTcs KOHIEHTpaIel a30Ta, BXOSIIEro B COCTaB HUTPAT-HOHOB.

B nanHO#1 paboTe paccMOTpPEeHBI aKTyalbHbIE BOIIPOCHI ONPENEICHNS MAaCCOBBIX COAEPKaHUI ypaHa U
HUTPAT-HOHOB B TEXHOJOTMYECKUX ITOTOKAX YPaHOMOOBIBAIOIIEr0 IPOU3BOJCTBA. BBIABIEHO, YTO OJHUM H3
MEpPCTICKTUBHBIX HANpaBJICHUH B OOJIACTH AHAJIUTHYECKOTO KOHTPOJS YPAaHOBOTO IPOHU3BOJCTBA SBISIETCS
OTIpeZIeTIeHUE COIePKAaHMUsI ypaHa M HUTPAT-HOHOB B TEXHOJIOTHIECKUX PACTBOPAX B PEXKHUME PEATFHOTO BPEMEHH.
[lpumeHeHHe TNPOTOYHBIX AHAIMTUYECKMX TNPHOOPOB B YPaHOAOOBIBAIOIIUX HPEANPHUSATHUSIX MO3BOJIUT
ABTOMATH3HPOBATh MPOLECCHl COPOLMUM M JecOpOLUHM, CHU3UT 3KOHOMUYECKHE 3aTpaTthbl, CBS3aHHbBIE C
MOBBIIIEHHBIM PAacX0JOM PEareéHTOB M YMEHBIIHUT MX BIUSHHE HAa OKPYKAIOIIYIO Cpely, CHU3MT pacxojbl Ha
BBINOJIHEHHE XUMHUYECKUX aHAJIM30B PACTBOPOB Ha COZIEp)KaHUE B HUX ypaHa U HUTPATOB-HOHOB.

CIIMCOK JIMTEPATYPbI
1. KacpsnoB I1.M. Pentreno¢pnsnueckuii aHaIn3 HEOPTaHMIECKNX BEIIECTB CIOXKHOTO (PM3MUECKOTO COCTaBa. —
Tromenn: TNV, 2016. — 195 c.
2. Yunpsamc V. JIx. Onpenencare aHnoHOB. — M.: Xumus, 1982. — 624 c.
3. JloceB H.®., CmaryHoBa A.H. OCHOBBI pEeHTI€HOCTIEKTPAIILHOTO (IIyOpeCeHTHOTO aHanu3a. — M.: Xumus,
1982. - 208 c.

NPUMEHEHME JUCYJb®UJA BUC(2,4,4-TPUMETUJINIEHTU)AUTHODPOCPUHATA JJIsA
MN3BJIEYEHHS CEPEBPA U3 HUTPATHBIX PACTBOPOB
N.IO. ®nelitnux, H.A. I'puropsesa

WHCTHTYT XUMUU B XUMUYECKO# TexHoNmoruu CHOMpCcKoro oTaeneHust Poccuiickoii akajeMun HayK —
o0bocobnennoe moapasaeneaue GUILL KHI] CO PAH
Poccus, r. KpacHosipck, Akagemropoaok, 50/24, 600036.
E-mail: fleita@sibnet.ru

Cepebpo n3 a30THOKHUCIBIX (HUTPATHBIX) PACTBOPOB MOXKET OBITh U3BJICUEHO DIIEKTPOIUTHIECKH [ 1] mimn
B BUJIE METaJlIa C UCIOJIh30BAHUEM BOCCTAHOBUTEICH, Hanpumep, (TuapasuH-HuTpara [2]). OTaenbHbIA HHTEpecC
IpeJCcTaBiIsieT co00i IKCTPAKIIMOHHOE HM3BIICYCHUE cepedpa. [IpeArnouTHTENEHO UCTIONb30BaHHE HEHTPAITEHBIX
cepy- 1 pocdopcepycoaepKanIix IKCTPAreHTOB, KOTOPBIE CIIOCOOHEI HE TOJILKO 3 (EKTHBHO U3BJICKATh cepedpo
U3 3TUX PacTBOPOB, HO TAK)KE MOKA3bIBAIOT BBICOKYIO CEJIEKTUBHOCTh MO0 OTHOIIECHUIO K METaJlIlaM —[IPUMECSM.

Hamu m3ydeHa sKCTpakivsl a30THOKHCIOTO cepebpa mucyiabduaom  O6uc(2,4,4-TpUMETHITIEHTII)-

nutuodocounara (L) B Tonmyoue. [IpensapurensHo uccienoBaHa ycroiunBocTh L B pactBopax HNO3 metonom
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HWK-cnekrpockonuu. ITokazaHo, 4to 3kcTpareHT ycroiuus a0 3,0 moss/am® HNOs. Ipu konnentpauusx > 3,0
MOJIB/IM® HabJII0/1aI0Ch U3MEHEHME B CIIEKTPAX, YTO CBUIETEILCTBYET O YACTUYHOMN JErPalaliik 3KCTPAreHTa.

Ha ocHOBaHNM 3KCTPaKLIMOHHBIX 3aKOHOMEPHOCTEH, C HCIOIb30BAaHUEM CIIEKTPOCKOITUYECKHX METO/IOB,
CZeTaH BBIBOJI, YTO SKCTpaKIus cepedpa oOycioBieHa 00pa3oBaHIEM B OpraHUIECKoi (aze coennHeHNH 001IIero
cocrasa [(AgNOs)r'L], tme n = 1+4. C yBenmuennem xounentpannn HNO3 B BogHOM (ase nsBieueHne cepedpa
najgaer.

W3zyyeno Bnustaue pactBopurests Ha skerpakiio AGNOs nucynspunom. Ilokazano, yto 3 pekTHBHOCT
9KCTPAKIUU M3MEHSETCSI B CIEAYIOIEM psiy: XJopodopM > TOJNyoNl > JieKaH > OKTHJIOBBIM CITUPT, 4TO
00YCIIOBJICHO NIPEUMYIIIECTBEHHON COJIbBATALMEH SKCTPArupyeMOro KOMILIEKCa paCTBOPHUTENIEM.

[TokazaHa BO3MO>KHOCTb NPUMEHEHUS JUCYIb(UIa sl BEICOKOCEIEKTUBHOTO M3BJICUYEHHs cepedpa u3
A30THOKHUCIIBIX PACTBOPOB, copepxkammx npumecu metamuios (Ni, Cu, Co, Zn, Fe(ll1), Na). Crenens u3BiedeHus
cepeOpa 3a oHy cTyIeHb cocTaBmia 99,82%, npu 3ToM K03 GHUINEHTH pa3AeiIeHus cepedpo — MeTalll, Pagme, -
ot 30000 mo 400000.

[MpakTrdeckn mosiHast pedIKCTpaKknus cepedpa n3 opraHndecKor as3pl JOCTHIACTCS MPU HCIOIb30BAHUH
B Ka4eCTBE PEIKCTPAreHTOB PACTBOPOB THOMOYEBUHBI MIIM POJIAaHHAa AMMOHHS B CMECH C CEPHOM KUCIIOTOII.

Jucynbdun sBisiercs 3pPpEeKTUBHBIM 1 BBICOKOCEIEKTHBHBIM KCTPareHTOM IPH BBIIEICHUHU cepedpa 13
A30THOKHCIIBIX (HUTPATHBIX) PACTBOPOB.

CIIMCOK JIMTEPATYPbI
1. Meramryprus 6maroponasix MetamuioB / [lon pen. J.B.Uyraesa. - M.: Metamryprus, 1987. - 432 c.
2. AmanpkoB ' A., XKabun A.IO., CmupaoB C.U. Perenepamnms cepebpa U3 TEXHONIOTHIECKHX a30THOKHCIIBIX

PacTBOPOB PaTUOXUMUIECKOTO MPOU3BOICTBA // Xummdeckas TexHoiorus. — 2016. T.17. - Ne 3. - C.104 - 109.

CIIOCOB CTABMWJIM3AIINU TAMMA-CIIEKTPOMETPUYECKOI'O TPAKTA ITIOPTATUBHOI'O
YCTPOMCTBA PAIUALIMOHHOM MMACIIOPTU3ALIMA
A.B. Uyiikuna, B.A. benos, JI.A. CuBaueB
®denepanbHOE TOCYIApCTBEHHOE YHUTapHOE Npeanpustue «Poccuiickuii henepansHbIN SASPHBIA HEHTP —
Bcepoccuiickuii HAIIMOHATBHBIA UCCIEAOBATEIECKUI HHCTHTYT IKCIIEPUMEHTAIEHON (DPU3UKI
Poccus, r. Capos, Hukeropoackoit 061, ip. Mupa, 37, 607188
E-mail: otd4@expd.vniief.ru
CUMHTHUAIUOHHbBIC TETCKTOPhI Ha ocHOBe Kpuctayia Nal(Tl) ucmons3yroTcs B MPUKIAIHON ramma-
CHEeKTpOMEeTpUN OJarojmaps CBOEH MIEHIeBH3HE, BBICOKOMY CBETOBBIXOAY, NMPHEMJIEMOMY JHEPTreTHUECKOMY
pa3penieHrIo U KOPOTKOMY BpeMeHHU BbicBeunBaHus [1]. Cepbe3HbIM HEJOCTATKOM JAaHHOTO THUIIA JETEKTOPOB
SBIISICTCA HECTAOMIIBHOCTE KO3 PHUIIHEHTa MPeoOpa30BaHNs SIHEPTHH raMMa-KBaHTa, IIOTJIOIEHHOTO B IETEKTOPE,
B aMIUIMTY/JHbIH anmaparypHbId cnekTp. HectaOuiabHOCTh BOSHUKAET MOTOMY, YTO CHUHTHIUITOP CO BPEMEHEM
TepsieT CBOM XapaKTepUCTHUKH 3a CYET JAerpajalndl XUMHYECKUX M (U3MYECKUX CTPYKTYp. DTO BBI3BIBACTCS
MpOLIECCaMH €CTECTBEHHOTO CTApeHMs M JAeHCTBUEM paananuu. Takke JAeTeKTOp MOJBEPIKEH OOJIBIIOMY YHCITY
JiecTaOMITM3UPYIOMNX (PaKTOPOB, TAKUX KaK TEMIIEPaTypa, KOTOpas BIHMSIET Ha CBETOBBIX0/I CHUHTHILISIIIHOHHOTO
KpHucTamia, napamerpsl @DV ¥ 3JIeKTPOHHBIX CXEM, BHEIIHEE MAarHWTHOE II0JIe, N3MEHEHHE CTaTHCTHYECKOH
3arpy3kn mpubopa [2]. HecTaOmabHOCTH BO3HMKAeT W B OJOKax 0OpabOTKM CHTHalma — B TIPEAyCHIHTENE,

yCWIINTENE, aMIUTATYAHO-TIUPPOBOM mpeodpazoBaTesnie u Jp.
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Pa3paboTan croco0 cTaduIM3aly SYHEPreTHYEeCKON IIKaIbl CIIEKTPOMETpA IO MUKy PaJHOaKTHBHOIO
MCTOYHMKA TaMMa-u3iydenns 22Th aktuBHocThio (900+50) Bk u3 muokcuna topus ThO, (MeHbIE MUHUMAIBHO
3HAYUMOM aKTUBHOCTH [3]), pacrosio;KeHHOTO B HEOCPEICTBEHHOM OJIM30CTH OT CIIMHTHILIATOPA. DTOT HCTOYHHK
M3Ty4aeT TaMMa-KBaHTBI ¢ JHeprued 2614 kioB ¢ goctarouHoi Uil onpeneleHHs IIOJNIOKEHHUS IHUKa
MHTEHCHUBHOCTEIO.

JIOCTOMHCTBO METOZIa COCTOUT B TOM, YTO METJISI CTAOMIN3NPYIOLIEH 00paTHOM CBS3M OXBATHIBACT BECh
CHEKTPOMETPUYECKUH TpakT — cUUHTWLIATOP, DDV, ycunurens U aMIIUTy HbIN aHanu3atop. Kpome storo,
JPYTHE JIMHUM CTIeKTpa u3oTona 222Th uenonb3yeTes is HadalbHON KalMOPOBKHU CIIEKTPOMETPA.

Cnoco0 ckBo3HOI crabunuzannyu koddduirenTa npeodpazoBaHus MO3BOJIMI 3HAYUTEIHHO YIY4IINTh
MOKa3aTead TEeMIepaTypHOH W JOJITOBPEMEHHOW CTaOWIBHOCTH, TOBBICHTH ONEPATUBHOCTH M MOOMIBHOCTD
UCTIONIb30BaHMS YCTPONCTBA, YIPOCTHTH MIPOLEAYPY KannOpOBKHU mpHubopa.

CIIMCOK JIMTEPATYPbI
Paitnu [1., Ouccnun H., Cmut X. M. u ap. IlaccuBHbIN Hepa3pylIalOIUi aHanu3 AAepHbIX MaTepuanos: Ilep. ¢
aarI. — MockBa: 3AO «M3natensctBo buromy, 2000. — 720 c.
2. Xapxee 0. H. CuUMHTHJUISILIMOHHBIE CYETYMKHM B COBPEMEHHBIX SKCHEPHMEHTaX MO (HU3HMKE BBICOKHX
suepruid. // KypHan «Du3uka 37eMEHTapHBIX YaCTHUI[ K aTOMHOTO simpay. 2015, T. 46, Beim.4. C. 1225-1325.
3. Hopmbl pagmanmonHoi 6GesonacHoctu (HPB-99/2009): CanuTapHO-31MIEMHONIOTHYECKHE TpaBHiIa |
HopMaTuBbl. Canllun 2.6.1.2523-09. — Been. 2009-09-01. — MockBa: ®enepanbHblii LEHTP TUTHEHBI U

smunemMuoioruu Pocnorpedramzopa, 2009. — 87 c.

BJIMSIHUE TUBY TUJI®OCP®OPHOM U MOHOBY THJI®OCP®OPHOM KUCJIOT HA
MOXAPOOITACHOCTDB DKCTPATEHTA HA OCHOBE TE®
A.B. Bacunnes, JI.B. Konapatsena
®I'bOY BO Cubupckas noxapHo-cracatenbHas akagemus I TIC MUC Poccun,
Poccust, KpacHosipckuii kpait, 1. XKenesHoropck, yi. Ceepnas, 1, 662972

E-mail: Alexander.vasilyev2013@yandex.ru

Kpynsele aBapuu Ha pagMOXUMHUYECKUX MPEANPUSTHAX MHpPA SBJISIOTCS CIEICTBHEM BO3HHKHOBEHHMS
MHTEHCHUBHBIX OKUCIIUTEJILHBIX TPOIECCOB, IPOTEKAIOIINX B PEXKUME TEIUIOBOTO B3PHIBA, B CMECSAX IKCTPAreHTa ¢
A30THOKHUCIIBIMA OKHCJIUTEISIMU (A30THasE KUCIIOTA, YpaHWIHHTpaT). [IpuunMHa 3THX B3pHIBOB — OKHCICHHUE
skcrparenta (TBD u pacTBOopoB ero B pa3daBHUTENSNX), COAEPHKALIETO PEAKIIMOHHOCIIOCOOHBIE MPOIYKTHI
THIPONIN3a U pagnonu3a. Takoi AerpaupOBaHHBIN 3KCTPAreHT 3a CBOM IBET (OT YKEJITOr0 A0 TEMHO-KPAacHOTO) B
Hay4YHO-TEXHHUYECKOH JINTEpaType MOTYIr Ha3BaHUE «KpacHoe Macio» [1]. OCHOBHOI MpUYMHON aBapuii ObLIO
HaKOIUICHUE B alfaparax WK nocryieHue B Hux Th® B Buze ero conbBaToB ¢ ypanmwiHurparoM uw/uin HNOsz.
JlononHUTENEHBIMY TIPUYMHAMH aBapUi CIIY)KWJIM Pa3HOTO POAa IMOJOMKH 00OpYHOBaHHUS, 00ECIeYHBaIOIIETO
paboTy anmaparoB, OTCYTCTBHE HJIH BBIXOJ] M3 CTPOSI KOHTPOJIBHO-N3MEPUTEIBHBIX TPHOOPOB, a TAKXKE OIIMOKH B
JIEWCTBHAX OOCITY)KHMBAIOIIETO YCTAaHOBKHM IepcoHasia. Bce 5TO MPHBOAMIIO K pa3BUTHIO HEKOHTPOIHPYEMOTO
nporecca pasnoxenus: TB®, NOBBILICHHIO TEMIIEPATyphl U JaBJICHHS U, HAKOHEII, K B3pbIBaM U Mmoxapam [2].

Jis Toro 9ToOBI HMCCIENOBAaTh IMOKA3aTeIH IT0XKapOB3PHIBOOE30MACHOCTH JKCTPAreHTOB HAa OCHOBE
TpubyTIIIhochaTa c IPOTYKTAMH €r0 THAPOIIN3a, ObUIH MPOBEACHBI HCCIIEAOBAHIS 10 pasioxennto Th® azoTHOM

KHCJIOTOM ¢ TOCIENYIOIIMM OIPEACICHUEM TEMIIEPATYpbl BCHBILKUH W TEMIEPAaTypbl BOCIJIAMEHEHUS
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TOMCKWMA NONUTEXHUYECKWIA YHWUBEPCUTET CCKHI/ISI 4. Hosrie MaTepHallbl U TCXHOJIOTUM

JIeTpaiupoBaHHOTr0 3KcTpareHTa. CooTHomeHne KoMrnoHeHToB B cMec: Th® — 30% 00., pa3baBureins «M3omap-
M» — 70% 06. V3mepenne TemriepaTypsl BCIBIIIKA M BOCIDIAMEHEHHs IPOBOJMIKMCH Ha J1abopaTopHOH Oase
Cubupckoii noxxapHo-cracarensHoi akagemun ['TIC MUC Poccun.

Tabnuya 1. Bruanue ME® u J[F® na memnepamypy 6CHbluKU U 860CHAAMeHeHUs IKcmpazenma ¢ yucmoim THD
u ¢ oeepaduposantvim THD

Temneparypa

CocTaB KCTPaKIIMOHHON CMeCH o
BenbIky, °C

Temmeparypa BocmmameneHus, °C

30% Tb® 94 100

30% Th® + 31 mr/in M+]] 96 102

30% TB® +670 mr/n M+]] 98 104
CIIMCOK JIUTEPATYPBI

1. Pomun A.B., Hazun E.P., 3aunnses I''M., Ps6osa E.B., benosa E.B., Txopxxuuukunii ['.I1., Jarmmun [.I1.,
TananaeB I.I'. / PagmanmonHo-Tepmudeckoe B3anmoaeiictere Th®D ¢ a30THON KHUCIOTOH IpH aTMOCHEpHOM
nmasieHun // Bompockr panuannonHo# 6e3omacHocTr. 2011. Ne3. C. 45-50

2. YcaueB B.H., MapkosI'.C. / ABapum Ha ONBITHRIX W TPOMBIIUICHHBIX YCTAHOBKAX, BEI3BAHHEIC

00pa3oBaHHEM, HAKOIUICHUEM U Pa3IOKCHUEM «KpacHOTo Maciay. // Paguoxumusi, T. 45, Ne 1, 2003.

METO/] U3YYEHUSI IPOCTPAHCTBEHHBIX PACIHPEJAEJEHUN BHIBPOCOB KPYITHBIX
HPEJINPUSATHAN C MOMOIIBIO PETPECCUOHHOI'O AHAJIN3A PE3YJIBTATOB
BUOMOHHUTOPHUHTI A (HA TPUMEPE YI'OJIBHOM T3I)

A.E. Illapeinosa, H.K. Prixakosa, H.C. Porosa
HauunonaneHelil necaenoBaTenbekuit TOMCKUN NOIUTEXHUUYECKU YHUBEPCUTET,

Poccus, r. Tomck, nip. Jlenuna, 30, 634050
E-mail: rogova@tpu.ru

B HacTos1ee BpeMsi yCTAHOBJICHO, YTO OOJIBIIIOE COEPIKAHUE B BO3IYXE YACTHIL C pa3MepaMu He Oosiee
HECKOJIbKUX JIECATKOB MKM MPHUBOJUT K MOBBIIIEHHOMY PUCKY PECTIUPATOPHBIX AJUIEPTHUECKUX U J1aXKe PaKOBBIX
3abosneBannii. Oco0yr0 OMACHOCTH MPEACTABIAIOT METAJUTYPIHYSCKHE W TEIUIOIHEPTeTHUCCKHUE MPEIIPUITHSA,
MEJIKHE YacTUIBI BEIOPOCOB KOTOPBIX COAEPIKAT TSDKENBIE METalTbl. B CBS3M C 3TUM aKTyalbHOW CTAHOBHTCS
3ajjaya W3Y4YCHHS TPOCTPAHCTBEHHBIX DPACHpEICIICHUA 3arps3HSIONINX BEIIECTB B 30HAX NCHCTBUS JTaHHBIX
NOPEINPUATHH, B TOM YHCIE ONPEACICHUS MaKCHUMAaJbHBIX YPOBHEW 3arps3HEHHS W COOTBETCTBYIOIIUX WM
paccTosiHui. MenKkoaucTiepCHbIe BBHIOPOCHI KPYIHBIX TPEANPUATANA C BBICOKMMH TPyOaMu MEPEHOCSATCS Ha
6onpmme paccrostaug 10 10 kM u Goznee. B stom cimywuae Hambosiee mMpoOCTHIM, ACMIEBHIM M 3(PPEKTHBHBIM
WHCTPYMEHTOM H3Y4YEeHUS 3arPsSI3HEHMSI BO3/yXa SBISIETCSI METO] MXOB-OMOMOHUTOPOB. Yarle Bcero ToUku oToopa
MXOB pacIpe/ieJIeHbl M0 BCel 00JacTh MCCle0BaHus. B 30HaX BIMSHUS MPEATPUATHN C BHICOKUMH TpyOamu
TaKasi METOJMKA SIBIISIETCS TPYJAOEMKON U HE MO3BOJISET BHISIBUTH OCHOBHBIE 3aKOHOMEPHOCTH PACIPOCTPAHEHHUS
3arpsi3Hstonux emiectB. B TITY pa3paboran MeToa W3ydeHHs MPOCTPAHCTBEHHBIX PacHpeelICHHH BBIOPOCOB,
OCHOBaHHBIM Ha PErpecCHOHHOM aHaJM3€ KOHIEHTPAlUi XUMHUYECKHX DJIEMEHTOB, MOJYYEHHBIX IJISI MXOB-
O6moMoHUTOpPOB. Mxu oTOmparoTcsi (TACCHBHBI OHOMOHHWTOPHHI) WM  pa3MemaroTcs (aKTUBHBIN

OMOMOHUTOPHHT) Ha Pa3HBIX PACCTOSHHUAX BIOJh KAaKOro-mHOO HAmpaBieHWS OT HCTOYHHKA. B KagecTe
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TOMCKH A NOAMTEXHUIECKUIA YHUBEPCHTET Cexumst 4. HoBble MaTeprabl 1 TEXHOJIOTHH
YpaBHEHHS PErpecCHH MCIOIb3YETCsl 3aBUCUMOCTb, TOJy4eHHast IPH PELISHUH CTallMOHapHOTro Iuddy3HoHHO-
KOHBEKTHBHOTO ypaBHEHMs nepeHoca [1].

B pabote mpezncraBiieHbl pe3yabTaThl PETPECCHOHHOTO aHaIW3a XMMUYECKHX 3JIEMEHTOB B 00pasiax
MXOB JUI TTACCMBHOTO W aKTHBHOTO OMOMOHHTOpPHWHTa B 30He neicTBus yromsHOH TOLl r. HoBocmOmpcka.
Ilepuonsr sxcno3umu B 2013 romy cocTaBisum Ui ITACCUBHOTO OnoMoHHUTOpHHTA — 3 Toma, B 2018 romy mus
akTHBHOTO — 2 m 8 MecsueB. KOHIEHTpalMM XMMHYECKHX 3JIEMEHTOB B 00pa3liaX HM3MEpEeHbI ¢ MOMOIIBIO
HEUTPOHHO-aKTUBALIMOHHOTO aHalN3a Ha uccienoBarenbckoM peakrope (MPT-T) TITY.

JIi1st Bcex MmepHoI0B 3KCIO3HINK 0OHAPYKEHBI BRICOKKE KOHIeHTpau Mo, Sc, Lu, U, As, Th, Th, Cs,
NpeBbIIatoNMe (GOHOBBIE B HECKOJBKO pa3 u Oonee. [loka3aHo, YTO pacCTOSHUS ¢ MAaKCUMAJIBHBIM yYPOBHEM
3arps3HEHUS YBEIHMUUBAIOTCS C POCTOM cpeJHel ckopocTu BeTpa. IlomyueHHbIe pe3ynbTaThl OKa3bIBAIOT, YTO C
MOMOIIBIO JTaHHOTO METOAAa MOXHO HM3y4aThb HE TOJBKO IMPOCTPAHCTBEHHBIE PACIPENENIECHUS 3arps3HAIONINX
BEIIECTB, HO U PELIATh 3a7ja4l IPOrHO3UPOBAHNS MAKCHUMANIBHBIX YPOBHEH 3arPSA3HEHHS U COOTBETCTBYIOIUX UM
paccTOSIHUM B 30HaX ACHCTBHSI KPYITHBIX IPOMBIIUIEHHBIX IPEANPHUITHN.

CIIMCOK JIMTEPATYPbBI

1. Bepnsaua M.E. IIporuo3 u perynupoBanue 3arpsizHenust armocgepst // J1.: Tungpomereonsnar, 1985. — 272 c.

K BOITPOCY OBPA3OBAHMS ITOJIBIX MUKPOC®EP B IOTOKE TEPMUYECKOM I1JIA3MbI
B.B. lllexoB110B
ToMckuii rocynapcTBEHHBIN apXUTEKTYPHO-CTPOUTEIHHBII YHHBEPCHUTET,
Poccus, r.Tomck, mi. Coisgnas, 2, 634003
E-mail: shehovcov2010@yandex.ru

B HacTtosmme BpeMs MOTydeHHEe MHUKPOC(HEp CBOMUTCS K TEPMHUYECKOW 00padOTKE JIETKOILIaBKUX
OKCHJHBIX TOPOINKOBBIX MAaTE€PUAIOB WM BBIICICHHsI KOHIICHTpaTa W3 30JI00TBajoB, CPOPMHUPOBAHHBIX B
mporecce paboThl TETUIOBBIX JJEKTPOCTAHIMK Ha KamMeHHOM yrie. OmHako cwipheBas 0asza i TMOTY4YEHHs
MHUKpOC(hEp CHIBHO OrpaHWYCHA, BBHIY BBICOKOW TEMIICPATyphl ILIABICHHUSI HMCXOIHOTO CHIPhS. PacuidpuTh
HOMEHKJIATYPY CBIPbS JJIsI TOJYYeHHS MHUKpochep BO3MOXKHO C HCIOJIB30BAHUEM DIIEKTPOIYTOBBIX
a3MoTpoHoB. Ha cerogmsmamii neHs Ha Kadenpe «[Ipukinagnas MexaHnka u marepuanoBeneHse» TTACY,
MPOBE/ICH KOMIUIEKC IKCTIEPUMEHTAIBHBIX H TeOpeTUIecKux pador [1].

YcraHOBIIEHO, 9T0 MOP(OJIOTHS IMOIYISHHBIX IOJIBIX MHUKpocdep mpeacTaBieHa 6e3 nedekros, cpeaauit
JUaMeTp YacTull Haxoaurcs B npeaenax 90-120 mxm ¢ 06beMHoi mioTHOCTHI0 0.3-0.4 r/cM®. YacTHlipl ¢ TaKUMK
XapaKTEePUCTHKAMH HarOoJiee MPUTOIHBI sl TPAKTHIECKOTO MCIIOIb30BAHMS.

Amnanu3 pe3ynbpratoB MK—crekTpockonny mo3BoIIsIeT ceNaTh BBIBOJX O TOM, 9TO 000J109ka MUKpochep,
MOJTyY€HHBIX Ha OCHOBE 30JIOIIJIAKOBBIX OTXOJOB, XapaKTEPU3YIOETCS YMOPSIOYCHHON CTPYKTYpOH, Tak Kak
MaKCUMyM HOJIOCHI IIOTJIOMIEHHs NIl BalCHTHOro KojeOanus cBsasu 1093.82 cm™ mambonee mpubmmxeH K
aHAJIOTHYHOMY MaKCHMYyMY IOJIOCHI IOTIIONIEH S [l KBapiesoro crekia (1100 cm™), mpeacrasnsionero co6oit

HanOosee yropsI04eHHYI0 OIUMEPHYIO CTPYKTYPY.
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[
I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXayHapOAHBIH OIBIT IIOATOTOBKU KaJpOB)

TOMCKMA AOAMTEXHUMECKUA YHIUBEPCHTET CeKHI/If{ 4. Hossle Marepualibl 1 TEXHOJIOI'MU

Puc. 1. Quzuxo-xumuyeckue uccredo8anus: a — dNeKMPOHHbIIL CHUMOK MUKPOCHED, NOAYUEHHbIX NAA3MEHHbIM
memooom, 6 — HK-cnexmp ucxoouoeo cvipos (1) u nonyuennvix mukpocgep na e2o ocrose (2)
CIIMCOK JIMTEPATYPbI
1. Iexormo B.B., Bonokutur O.I'. TexHomorus moiaydeHuss MUKpochep pa3ImdHON CTPYKTYPHI Ha OCHOBE
30JI0IIJIAKOBBIX OTXOIOB IIa3MEHHBIM MeTonoM // TexHuka U TeXHOJIOTHS crimKaToB. — 2017. — T. 24. — Ne 3.
—-C. 2-6.

2. lIllexosio B.B., Bmacos B.A., Bonokutuu I'.I'., Bonokutun O.I'. Mcnonb30BaHHe HU3KOTEMIICPATYPHOM
TUIa3MBI JUIS TTIOJTy4YEeHUs 30JIbHBIX MUKpocdep. V3BecTus Bbicinx y4eOHbIX 3aBeneHuil. Gusuka. — 2016. — T.

59. — Ne 9-3. — C. 305-308.

HEPEPABOTKA NWJIBMEHUTOBBIX KOHIHEHTPATOB 3 BLETHAMA
LlTon Xaii Jle, H. B. Kapenuna, B. A. Kapenun
HanunonaneHnelil necaenoBaTenbekuit TOMCKUN NOIUTEXHUYECKUI YHUBEPCUTET,
Poccus, r. Tomck, nip. Jlenuna, 30, 634050
Email: son.hut2006 @gmail.com

BbeTHaMCKMIT WMIIBMEHUTOBBIA KOHIGHTpAaT ¢ conxepkanueM TiO; Oomee 50% mnpuMeHseTcst st
MPOMBIIUICHHOTO TOJYYEeHUs THOKCHIA TUTAHA U METAJUTMYECKOro TUTaHa ¢ ucnojib3oBanuem Kroll-mporecca
[1]. Takme TexHONOTMM OOTANAIOT PAIOM HEAOCTATKOB, TIABHBI W3 KOTOPBHIX — OOpa3oBaHHE OOJBIIOTO
KOJIMYECTBA TOKCHYHBIX XJIOPCOAEPIKAIINX OTXOIOB, OKa3bIBAIOIIIX HETATHBHOE BO3/ICHCTBHE HA OKPYKAFOIIYIO
cpeny. IloaToMy HEOOXOIMMO CO3AaHUE NMPUHIUIHAIFHO HOBOTO MPOIIECCa, IMO3BOJSMIOIIEIO0 MUHUMH3HPOBAThH
OTXOJIbI 32 CYET MHOTOKPATHOTO PEIUKIHMPOBAHUS MPUMEHSIEMBIX PeareHToB. B [2] mpemiokeHo MCIob30BaTh
JJIEMEHTHBIH  (GTOp I mepepabOTKH  PYTHIOBBIX KOHICHTPATOB, IMO3TOMY HEOOXOIUMO  OIICHUTH
MEePCIEeKTUBHOCTh NPUMEHEHHUSI 3TOTO peareHTa M Uil nepepaboTku BreTHamckoro miusmenuta. Ilpomecc
(hTOpHpPOBaHNS OCHOBHOTO KOMIIOHEHTA MIIBMEHUTOBBIX KOHIIEHTPATOB ONHCHIBAETCS YPaBHECHHUEM:!

FeTiOz + 3,5F, =TiF,4 ot FeF; () T 1,50, ()

B temmieparyprom muamazone 400-700 °C ucciiemoBaHbl KHHETUIECKUE OCOOCHHOCTH MPOTEKAHHUS 3TOTO

nporecca. [lokazaHo, 4TO mporece PTOpUPOBaHKS OMUCHIBACTCS YpaBHEHHEM COKpaIIaromerocs muwiuaapa. [1o

9TOMY YPAaBHCHUIO ONPEACJICHbI 3HAYCHUA DHECPIrUnu aKTUBALIUU Ea 1 OPEAIKCIIOHCHIIMAJIBHOTO MHOXKUTEIIA Ink

(puc. 1):

261.82

1-(1—-a)2=0.0047-¢ RT -1
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TOMCKMA NONMTEXHAYECKMA YHHBEPCHTET Cexuus 4. HoBble MaTepuaibl M TEXHOJIOTHU

Ink
7,4
X

75 y =-2135,6X - 5,1486

’ R?=0,9848
-7,6 3
7,7 \x\
7,8
-7,9 X

-8

0,00105 0,0011 0,00115 0,0012 0,00125 0,0013 0,00135 UT

Puc 1. 3asucumocmsv usmenenus npedIKCNOHeHYUAILHO20 MHodcumens Ink om oopamuoii memnepamypur 1/T
Takum 00pazoM KHHETHIECKHE 0COOEHHOCTH IMporiecca (PTOPUPOBAHUS OTPEACISIFOTCS TU(PPY3HOHHBIMA
(hakTOopamu, T.€. MOABOIOM (PTOpA K TIOBEPXHOCTH TBEPABIX YACTHII.
CIIMCOK JINTEPATYPBI
1. Kroll W.J. Ductile titanium. // Trans. Electrochem. Soc. — 1940. Vol. 112. — P. 35-47.
2. Karelin V.A., Voroshilov F.A., Sazonov A.V., Karelina N.V. Processing of rutile concentrates by fluorination.
/I International Journal of Civil Engineering (1JCE). — 2020, Vol. 9, Issue 3, Apr-May. — P. 9-26.

HNPUMEHEHUME TEXHOJIOI'NMU CB-CUHTE3A ITPU TIOJTYYEHUU UHTEPMETAJIJIMIHBIX
MATPUL JMCHEPCUOHHOI'O AAEPHOI'O TOIIJIMBA
M./ FOpuenko, M.M. banaukos, M.C. Ky3nemoB
Hanunonanesslii nccnenoBaTenbCkuii TOMCKHUI NOJMTEXHUYECKUM YHUBEPCUTET,
Poccus, r.Tomck, np. Jlenuna, 30, 634050
E-mail: mdy2@tpu.ru

CoBpeMeHHas siiepHast SHEPTeTHKA — ATO OOIIMpHAsl OTPAcih MPOMBIIUICHHOCTH, 3aKPENHUBIIas CBOE
CyIICCTBOBaHHE Ha JHepreTHueckoM phiHKe. B Poccmn ADC WrparoT HEeMajIoBaXXHYIO POJNb B OOECIICYCHUH
HACEJICHHBIX IYHKTOB 3JIEKTPOHEPIUed M OTOIUIEHHEM B 3UMHee BpeMs. B mocnennee BpeMsi akTyalbHOM
npobnemoit siBisieTcs mosbiieHue KIIJ] peakTOpHBIX YCTaHOBOK. OTOT BOIPOC HEPa3phIBHO CBS3aH C
MOJIEpHHU3aLMEN TOIUIMBHBIX KOMIIO3UIUH.

Hcnonb3yeMoe B OOJBITMHCTBE PEAKTOPOB TOIUIMBO M3 JMOKCHJA ypaHa XapaKTepU3YETCsl HU3KOM
TETJIONPOBOAHOCTBIO, BCIEACTBHE Yero mpH skcruryatanun ADC B TOIUIMBHOW TaOJIeTKE BO3HUKAIOT CHIIBHBIE
TepMHUYECKHE HANpsOKEHUs, PUBOASIINE K €€ pacTpecKuBaHWIO. JIaHHBINH (aKT HAKJIAJbIBAE€T CYHIECTBEHHBIE
OTpaHUUYEHUS] Ha BO3MOXKHO OCYIIECTBHMBIE TEMIIEPATYPHBIE PEKUMbI BHYTPU aKTUBHOW 30HBI PEAKTOpa, YTO
BIusieT Ha MakcumanbHO nocTwkuMblil KIIJ[. Kpome toro, pactpeckuBaHue TOIUIMBA MPUBOJUT K BBIXOIY
MPOAYKTOB JICJIICHUS 3a Mpeaeibl TaOJIeTOK, CHIKAs d(PPEKTHBHOCTh O0ECIICUCHUS SACPHON U paJuallHOHHON
6e3omacaoctr Ha ADC.

JlanHast paboTa MoCBsIIeHa pa3padO0TKe MEePCIEKTUBHON 3aMEHBbI KEPAMHUYECKOTO SIACPHOUN TOTUIMBA —

JIUCTIEpCUOHHOMY  simepHOoMY  TormuBy  ([ISIT), mpencraBistomeM coOol  gensimuecs — COCAUHECHHS,
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I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMCKH A NOAMTEXHUIECKUIA YHUBEPCHTET Cexumst 4. HoBble MaTeprabl 1 TEXHOJIOTHH
JICTIEpTUPOBAaHHBIE B MHEPTHYIO MaTpHILy, CBOHCTBAa KOTOPOH CTa0MIM3UPYIOT HEAOCTATKH TOILIMBHBIX YaCTHII
Ha HEOOXO/IMMOM YpOBHE.

MHOroo0emaronKM MaTepHaIoM JUIsl MATPHUILIBI SBISIFOTCS HHTEPMETAIIMIHbIE COSJMHEHNUS, 3a4aCTYyIO
o0najaloIie XOPOLIMMH TEIUIOQU3MYECKIMH IIOKAa3aTeNsIMH, a TaKKe XapaKTepU3yIOIIHecs BBICOKOM
paMannoHHON CTOMKOCTRI0. OIHUMH 13 TaKuX coenuueHnit spistrorest ZrAl m NiAl.

Takne CcOCAMHEHHMS MOXKHO IIONy4aTh HEPCHEKTUBHBIM METOJOM — CaMOpacHpOCTPAHSIOLINMCS
BeIcOKOTeMIeparypHbiM cuHTe3oM (CBC). MeTox ocHOBaH Ha MCHOJB30BaHUM 3K30TEPMHUYECKUX PEAKLUH, B
XO/Ie KOTOPBIX DHEpPrHs, NMPOU3BEICHHAs NMPH XUMHYECKOM B3aWMOJAEHCTBUM, PACXOJyeTCs Ha WHHIHALIIO
peakuuy B OJIM3JIEkKALIMX CIOSIX pearnpyromux seuiects [1].

B pabore otpaboran cunte3 cucteM Ni-Al u Zr-Al meromom CB-cuHTe3a M JAOCTHTHYTO BBICOKOE
CoZlepIKaHUe LICNIeBBIX (a3 B oOpasiax, MoKa3aHa BO3MOXKHOCTh CHHTE3a BBILICYIIOMSHYTHIX COCAWHEHHI NpH
W3HAYAIBHOM pa30aBiIeHHH IUXTHL 10 60 % MHepTHON K00aBKU 0e3 JOMOIHHUTEIbHBIX MEXaHOAKTHBALHOHHBIX
3aTpar, HMCCIEIOBaH TEMIICPATypHBIH PEeXXUM CHHTE3a IPU PA3NUYHOM pPa30aBICHUW, W YCTAaHOBJIEHO, YTO
YBEJIMUCHUE COJCPIKaHUs HHEPTHOM T0OABKU MPHBOIMT K CHU)KCHUIO IIMKOBOW TEMIIEPAaTyphl CHHTE3a, a TaKKe
MPOU3BE/ICHA OLIEHKAa HEHTPOHHO-(PU3UYECKUX XapaKTEPUCTHK JaHHBIX COEINHEHHH.

CIIMCOK JINTEPATYPBI
1. MepxanoB A.I'. CaMopacnpOoCTpaHSIOUIMNACA BBICOKOTEMIIEPATypHBIN cuHTe3: J[BaamaTh JIeT MOHCKOB U

Haxozok. YepHoronoska: MCMAH, 1989, 91 c.

HOBBIE TEXHOJIOTYUA BACMYTA M ETO COEJIMHEHUM 1711 TEXHUKHW, MEJTAIIUHBI
I0.M. IOxuH, E.C. KonemoBa
WuctuTyT XuMuu tBepaoro tena u mexaHoxumuu CO PAH,
Poccus, r. HoBocubupck, yn. Kyrarenanze, 18, 630128

E-mail: yukhin@solid.nsc.ru

BucMmyT — penkuii MeTasu, a MUPOBOE OTpeOJICHHE ero cocTaBisieT 15—16 Thic. T/roa. MeTamnyecKuit
BUCMYT M €T0 COEIMHEHHs IMIMPOKO HCIOJIB3YIOTCS B COBPEMEHHOW TEXHHKE W MeauIuHe. BucMmyTt m ero
9BTEKTUUECKHH CIUIAB CO CBHHIIOM HCIOJbB3YETCSl B SJIEPHBIX PEAKTOpax HAa aTOMHBIX ITOJBOJHBIX JIOAKAX.
[lepcnieKTHBHO HCIIOJB30BaHWE BUCMYTAa B PEAKTOPAaX C SKUIKOMETAUIMYECKHM TOIUIMBOM  YPaHOM,
PacTBOPEHHBIM B PACIUIABIEHHOM BHCMYTE. BHCMyT McHonb3yeTcs st ofydenus nzotona 2°Po, cimyxkaniero
VICTOYHMKOM 3HEPTMH Ha KOCMUYECKMX KOpabisx. PaanoakTusHble u30Tombl 22Bi 1 2°Bi aBistoTcs CHIILHBIMU
M3ITy9aTeNsIMU (-4acTUI], IMEIOT KOPOTKHH meprost moiypacnana (60,6 u 46 MHHYT) U MOTYT HCIIOJIB30BAThCS B
KadecTBe IEJIEBBIX PaAHOTEPAIEeBTHUIECKIX areHTOB B Tepanuy paka. CIjiaB BUCMYyTa € TEITYPOM HPUMEHSIOT B
XOJOAWIBHUKAX M TEPMOTEHEpaTopax, a C CypbMOH M TENTypOM — B COJHEYHBIX TEPMODJIEKTPHUUECKUX
reHepaTopax B KadecTBe TepModyieMeHTa. CoeAMHEHHS BHCMYTa BBICOKOW YHCTOTHI M TepareBTHYECKOH
AKTHMBHOCTH — OCHOBHBIE HUTpAT, KapOOHAT, CaIMIUIIAT, TApTpar, rajiar, TpuOpoMQeHoIsIT, TuTpaT BUCMYyTa —
HaxoZsT IUPOKOE NPUMEHEHNE B MEIUIIMHE NIPH JIEYCHUH COLMAIbHO 3HAYNMBIX 3a00JIeBaHMM.

[TokazaHa menecooOpa3HOCTh M3BJIEYECHUS BUCMYTa U3 XJIOPHUACOJIEPIKAIINX PACTBOPOB, MOJIyYECHHBIX B
pe3ynbpTaTe BBINICNAYMBAHUS MEIHO-BUCMYTOBBIX KOHIIGHTPATOB, IO OSKCTPAKIMOHHOH TEXHOJOTHH C
UCTIONB30BaHNEeM TpuOyTHidochaTa B KagecTBE dIKCTpareHTa. PaspaboTana TEXHONOTHS MOIydEHUS COSTUHEHNH

BHCMYTa BBICOKOW YHCTOTBHI IIyTEM IEPepabOTKH METAUIMIECKOro BHCMyTa Mapku Bul (ue menee 98% Bi),
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TOMCKMA NONMTEXHAYECKMA YHHBEPCHTET Cexuus 4. HoBble MaTepuaibl M TEXHOJIOTHU

MOJNIy4EHHOTO B pe3yibTare MHPOMETALTYPTHUSCKOW MepepadOTKH CBHHIIOBBIX, MEIHBIX, OJIOBSHHBIX,
BOJH(GPAMOBBIX KOHIEHTPATOB. JlaHHAs TEXHOJOTWS OCHOBaHA HA OKHCICHHH METaUIMYECKOr0 BHCMYTa
KucaopogoM Bosayxa mpu 600 °C, pacTBOpEHHH TMOJYYEHHOTO TEXHHYECKOTO OKCHAA BHCMYTa B a30THOM
KUCJIOTE, OYHCTKE BHCMYTa OT IPHUMECHBIX METAJUIOB BOAHO-LIECJIOYHBIM THIPOIU30M C IONy4eHHEM
OKCOTHAPOKCOHUTPATA BBICOKOH YHCTOTHL, IEPEBOJOM €0 B OCHOBHOH KapOOHAT, CaJHMIMIaT, TapTparT, Tajuiat,
TPUOPOMGEHOIAT, LIUTPAT, OKCUJ II0 PEAKIUH B3aUMOICHCTBHS C PACTBOPAMH COOTBETCTBYIOLIMX KHCIOT HIH
[IEIOYHBIX peareHToB. I[loka3aHa BO3MOXKHOCTh THIPONUTHYECKOW TMepepabOTKH BHUCMYTHCTOTO CBHHIIA,
BBIICIIICMOTO B Mpoliecce padhHHUPOBAHHUS YEPHOBOTO CBUHIIA, C MOMYYCHHEM COCIHHCHHUI BHCMYyTa U CBHHIIA
BBICOKOM YHUCTOTHI, MUHYS CTa MO BBIICICHHS YUCTHIX MeTaI0B. CocoO OCHOBaH Ha OKUCICHUH BUCMYTHCTOTO
CBHHIIA C MTOCJICAYIOIINM PACTBOPEHHEM B a30THOM KHUCIOTE U OCaKICHHN BHCMYTA M3 PACTBOPA B BUJIE OCHOBHOTO
HHTpaTa BOJHBIM PacTBOpOM amMuaka npu pH 1, a cBuHIa B BuIe kapOoHaTa 10o0aBiIeHHEM pacTBOpa KapOoHaTa
HaTpus npu pH 8.

[IpoBeneHBI MCCIIENOBaHUS 1O BOCCTAHOBJICHHIO BOJHBIX PAacTBOPOB MEPXJIOpPAaTa BUCMYTA, a TaKKe
(bopMHaTOB, KaNpHiIaTa M cCTeapaTa BUCMYTa JI0 METaJlIa B Cpe/ie OCH3MIOBOrO CIIMPTA, STUICHITIUKOIIS, THAPA3UH
TU/IpaTa ¥ BOJHOTO PAacTBOPA HATPHS OOPTUAPHAA C MOJYYCHHEM YaCTHI] METAIUTHYECKOTO BUCMYTa pa3MepoM
100-300 uM. ITokazaHo, 4TO BOCCTaHOBJICHHUE CMECH KapOOKCHUIIATOB METaJNIOB OCH3MIIOBBIM CIIUPTOM B CUCTEME
BUCMYT — CBUHCI, cepe6p0, HUKEIIb NI MEb ABJISACTCA NNEPCIICKTUBHBIM METOAOM IIOJTYYCHU CIIaBOB METAJIJIOB

CcyOMHUKpPOHHOTO pa3mepa.

CO3JAHME MOJIEJIX KOJIOHHBI JJ11 OIITUMHN3AIIMN OBMEHHOI'O
HPOLECCA B IBYX®A3HBIX CUCTEMAX I'A3-KUJAKOCTb
B.B. Imutpues, J1.I'. Bunses
HaunonaneHeb1il uccnenoBarenbckuit ToOMCKUNA MOAUTEXHUUECKUN YHUBEPCUTET,
Poccus, r. Tomck, nip. Jlenuna, 30, 634050

E-mail: neversummer@tpu.ru

B Hamre Bpemst nCTIONIb30BaHKUE TPOAYKTOB KOJIOHHOTO pa3zeieHus, HapuMep, He(TelpoLyKTOB, O4eHb
pacnpocTpaHeHo, 0cOOCHHO 3TO akTyasubHO st Poccuiickoit ®enepanuy, rae HedTsHAas OTpacib HIpaeT
BRXHEWIIYI0 pOJb B OSKOHOMHUKE. Tarke BBIAEICHHE HYXHBIX 3JEMEHTOB C WCIIOJIb30BAaHHEM KOJOHH
OCYIIECTBIISIETCS U B JPYTUX OONACTAX HAYKH M TEXHUKH, HAPUMEpP, B MEIAWIMHE, METAUTYPIHH U aTOMHOU
NPOMBIIUICHHOCTH. Hampumep, 3TaHOJ, KOTOPBIA OTHENSETCSs OT pPAa3IM4YHbIX aANbIACTHIHBIX (paKIui
WCTIONB3YeTCs Ui MOTydeHus] OeH3MHA, KePOCHHA, a TAaKXKe MPOYnX HEePTAHBIX (ppakuuii. Takxke Ha KOJOHHAX
BO3MOYKHO Pa3eiATh BO3AyX Ha KOMIIOHEHTHI.

Jis pa3zeneHus IeMEHTOB B BBIICHIEPEUHCICHHBIX CIydasX HCHOJb3yeTcs pektudukarms [1]. s
yBenM4yeHUs] 3(PPEKTUBHOCTH OOMEHa KOMIIOHEHTaMH HEOOXOAWMBI  IPOBEJCHUS MHOTOYHCIICHHBIX
UCCIIEIOBaHUH.

Kak wu3BectHO, s mpomecca  peKTH(UKAIMU  NPUMEHSIOTCS — Pas3iM4HbIE  CIICHHAIbHBIC
PEeKTU(HKALMOHHbBIE KOJIOHHBI, B KOTOPHIX CHU3Y-BBEpPX JBIIKETCS ra3oBas (asza, a CBEpXy BHM3 — Kujakas. B
mpoIiecce ABWKEHHS TMPOUCXOIUT MaccOOOMEH, MpH KOTOPOM ra3oBas (as3a oboramaercs JIerKOJIeTydUMH
KOMIIOHEHTaMH, a KUAKasg (as3a TPyIHONETYIHMMH, YTO ¥ TIO3BOJISIET BRIBOAUTH HYKHBIE KOMIIOHEHTHI U3 CMECH.

B kaxmoil KolOHHE HEOOXOIMMO YBEIMYMBATH IUIOIIAAb CONPHKOCHOBEHHUS (a3, Tak Kak TPH IIPOCTOM
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TOMCKMA NONMTEXHAYECKMA YHHBEPCHTET Cexuus 4. HoBble MaTepuaibl M TEXHOJIOTHU

COIPUKOCHOBEHNHU peKTu(UKanus Hed((deKTHBHA, MOITOMY MHCIIOJB3YIOTCS pa3iUyHbIe HACAIKH, ITOPHCTHIC
CTPYKTYpHI U T.7 [2].

[IpoBeneHue HaTYpaJbHOTO AKCIEPHUMEHTA IO pa3/elICHHI0 B MPOTHUBOTOKE JBYX ()a3 B KOJIOHHE C
3alaHHBIM KOX(Q(QHUINEHTOM pa3lelCHUsI W IPOU3BOAMTENBHOCTBIO TIPEXKIE BCEr0 CBS3aHO C BBICOKHMH
MaTepHaJIHLHBIMH M BpEMEHHBIMH 3aTpaTaMu. [103ToMy ceifgac B CBA3H C BHICOKMM Pa3sBUTHEM BBIYUCIUTEIHHON
TEXHHKE AaKTyaJbHBl HCCICIOBAHMSA, B KOTOPHIX HCIIONB3YIOTCS YHCICHHBIE METOMABI pacyera IapamMeTpoB
0OMEHHOI1 KOJIOHHBI, TPOU3BoANMBIe Ha DBM.

B nanHoii paboTte mpoBeIeHO MOAEINPOBAHUE TOXOKEH KOJOHHBI C MMOMOIIBIO CIIEIHATN3UPOBAHHOTO
1O, a Taxxe CMOJEIUPOBAaHBI MOTOKM NPOXOAAMMX (a3 CKBO3b KOJOHHY. Jlasl yBeNWUYEHMS IUIOLIAIH
CONPUKOCHOBEHHMs (pa3 HMcrosnp3oBajiachk pa3BUTasl MOPHUCTAs CTPYKTypa. B pesynbrare mojydeHsl JaHHBIE MO
JTABJICHUIO, MACCOOOMEHHY, TETNIOOOMEHY U IPYTUM (PH3HUSCKUM MapaMeTpaMm.

[omy4yeHHBIC TaHHBIE HEOOXOIUMEBI MIPEXK/IE BCETO U SKOHOMUH BPEMEHH U PacXOIyeMbIX MaTepHAIIOB,
TIPEIOTBPAIICHUS BO3MOKHBIX aBapHii, a TAKXKeE U ONITUMI3AIMA OOMEHHOTO TpoIiecca.

CIIUCOK JIMTEPATYPBI
1. Hepsrteix I'. T'., Emnues 0. E. Beenenue B Teoputo rirybokoii ounctku BemiecTB. — M.: Hayka, 1981. — 320 c.
2. JXKapos, B. T. ®u3uK0-XUMHUECKUE OCHOBBI TUCTHLIALUY U pektudukarmu / Kapos B. T., Cepadumos JI. A.

— Jlenunrpan: Xumus, 1975. — 240 c.

NHO®OPMAIIMOHHAS CUCTEMA JJIsS1 MOHUTOPUHI'A ITPOU3BOJICTBA SITEPHOI'O
TOIIJINBA JJI51 ADC
E.B.Brixoanes, E.A. Muinpuakos, 11.1.JIokTeB
ITAO HoBocubupckuii 3aBoji XUMKOHIICHTPATOB,
Poccus, r. HoBocubupcek, b. Xmenbnuiikoro, 94, 630110
E-mail: IlLoktev@ rosatom.ru

JIrob6oe neiicTByIOIIEE MPOU3BOCTBO MPOMBIIUICHHOM MPOAYKIMHU CYIIECTBYET B paMKax TPeOOBaHUH U
OTpPaHUYCHUH, HAIO)KEHHBIX HA W3AENHS W HA YCJIOBUS MX W3TOTOBJCHHWS, MCXOIS W3 MX (PYHKIHOHAIHHOTO
Ha3HAYCHUS M YCIOBHHU AKCIUTyaTaly. TOJBKO MPH MOJTHOM COOIOACHUH 3TUX YCIOBHI MOKHO TapaHTHPOBATh
Ka4eCTBO M3TOTAaBIMBAEMON MPOIYKIMN U HAIEKHOCTh € IKCIUTyaTaly. TakuMm 00pa3oM, MOKHO CKa3aTh, U4TO
BECh ITPOU3BOJICTBCHHBIN M KCILTYATAIIMOHHBINA IIePUOI YKU3HEHHOT'O IUKJIA U3AEIHs MPOTEKACT B ONPEACIEHHOM
WHPOPMAIIMOHHOM TPOCTPAHCTBE W YCJIOBHO MOXET XapaKTePU30BaThCS HAOOPOM  MpouU3B00CHBEHHbIX
napamempog, X 3HAYCHUSAMU U JUHAMHUKOW M3MEHEHHs. TEeXHOJOTHYECKHE MPOIECChl, M3MEHEHHE COCTOSTHUS
MPOAYKIMH, MOTYT ONHCHIBATHCS AHAIUTHYCCKUMH, IPa)UUCCKUMH, JOTMYSCKHMH 3aBHCHMOCTSIMH, KOTODBIC
CTaHOBSITCS YaCTHBIMHU MOJIEJISIMH ITPOLIECCOB.

C MOMOIIIBIO U3BECTHBIX, PACYCTHBIX, MU co3MaHHBIX MC CTaTHCTHYECKUX MOJAEICH, MOXKHO YCIECITHO
YIPaBJIATH XOJOM MPOTEKAHUS MPOU3BOJICTBCHHOTO MPOIIECCa B PEIKUME PEaTbHOTO BPEMEHH, yIEPKUBAS €ro B
0000IIEHHBIX KOOPJAWHATAX B JIOMMyCTUMOMN, ONTHMAIBHOW U 0€30IacHON 00NacTH. ITO MOXKHO CHENATh MyTEM
HETPEPHIBHOTO MHOTOIIAPaMETPUIECKOTO MOHUTOPHHIA MPOU3BOJICTBA HA OCHOBE CPEICTB MH(POPMAUOHHBIX
TEXHOJIOTHH, COBPEMCHHOW BBIYMCIIUTCIILHOW TEXHHKH U CICIHATU3UPOBAHHBIX MPOrPAMMHBIX CPEICTB,
00BeTMHEHHBIX B €MHYIO IPOU3BOACTBEHHYIO HH(popMarmonHyto cucremy (MC).

HNC amnapaTypHO COCTOUT U3 CIEAYIOMINX B3aUMOIEHCTBYIOMNX OJIOKOB:
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TOMCKH A NOAMTEXHUIECKUIA YHUBEPCHTET Cexumst 4. HoBble MaTeprabl 1 TEXHOJIOTHH

- cexmopHasi 6aza OaHHbIX, coAepXamias B QopMaTe HHACKCUPOBAHHBIX TaOJHI W3BECTHBIE
(yHKIIMOHAJBHBIE 3aBUCHMOCTH, MOJIENH, CBS3BIBAIOLIME NPOM3BOACTBEHHBIC WHJICKCHPOBAHHBIC IapaMeTphI
JPYT ¢ APYroM; TeKyLIHe CTaTHCTHYECKHE IaHHbIE 110 Ka4eCTBY M3rOTaBIMBAEMON POIYKIMH U PE3yIbTaThl HX
CTATUCTUYECKON 00pabOTKH, IIOMCK JaHHBIX OCYLIECCTBISETCS [0 HHACKCY, IIPHCBOCHHOMY KaXKIOMY IIapaMeTpy;

- Ha0Op onepayuoHHvIX 010K068, KOTOPHIE BHIIIONHAIOT BEIUUCIECHIS, oOecrieunBast IC HeoOXoAUMBIMU
JAaHHBIMH (CYNTHIBAaHHE TEKYIINX 3HAYCHHUN ITapaMeTpOB KauecTBa M UX CTaTUCTHIEeCKas 00paboTka)

- 1Ba NPO2PAMMHBIX OJOKA, ONUH U3 KOTOPBIX OCYILECTBILIET 8X00Hble NOMUMUKU, TOTOBS. HEOOXOIUMbIE
JlaHHbBIE, 1 GOPMUPYS TEKYIIHME U UTOTOBBIE OTYETHI O COCTOSIHUU ITPOU3BOICTBA, IPYTOH, HCIONb3Ysl OTH JIaHHBIE,
OCYILIECTBIISIET GbIXOOHblE NOAUMUKU, COTIIACHO (yHKuMOHambHOMY HasHaueHHio MC. (cocTaBiseT TeKyIui
00pa3 Mpou3BOICTBA, CPABHUBAET €T0 C HOPMATUBHBIM 00Pa30M, BBISBIISIET OTKIIOHEHHS U BBIIAET PEKOMEH AN
10 KOPPEKILIMH; OLICHUBACT TEXHOJIOTHYECKYIO HaIEKHOCTh MPOIYKIHH, 110 3aIaHUIO BBIIOIHSICT aHAIN3 IPUYHH
Y CJICIICTBUH OTKA30B).

Pabora MC onpenensercs OJHOTOH UMCIOLIHXCS TAHHBIX, KOTOPBIE COCTABIIOT ¢€ HHTEIUICKTYaJIbHYIO
3HayMMOCTb. OHa BBINOJHACT MPAKTUYECKH BCE 33Ja4d 110 TOJJCPKAHUIO CTaOHIBHOTO COCTOSHUS
MPOU3BOJICTBA, MOXET OBITh JIETKO II€PEHACTPOEHAa Ha W3TOTOBIICHHE IPYrod WIM MOIU(PHUIUPOBAHHOM

MpOAYKIUU, UITU cHabxeHa JOIIOJTHUTCIIbHBIMH (byHKIlI/IOHaJ'II)HLIMI/I BO3MOXHOCTAMMU.

IPODEKTBHI TEXHOJOI'MYECKOI'O MNOBEAEHUA MHOI'OKOMIIOHEHTHBIX IUCITEPCHBIX
CMECEM ITPY U3rOTOBJEHUU KEPAMUYECKOI'O SIIEPHOT'O TOILJIMBA
E.B.Brixoanes, A.JI. Xnertun, U.1.JIoxTeB
ITAO HoBocubupckuii 3aBoji XUMKOHIICHTPATOB,

Poccus, r.HoBocubupck, b. Xmenpauikoro, 94, 630110

E-mail: EVVihodcev@rosatom.ru

[Ipu M3roTOBIEHUHN KEPaMUYECKOTO SAECPHOTO TOIUIMBA AJIS SHEPTETHUECKUX PEaKTOPOB M3 MOPOIIKA
JUOKCHAA ypaHa M0 TEXHOJOTHH MOPOIIKOBOM METAJUTypTHH NMPHUXOJUTCA YYUTHIBATh HE TOJIBKO OCOOEHHOCTH
3TOro croco0a N3roTOBJICHUS TaOIETOK, HO ¥ BIMSIHUE PA3IMYHOTO PO/ia T0OABOK B IIMXTY, KOTOPbIE IPUXOTUTCS
UCIIOJIb30BaTh, YTOOBI 0OECIIEYNTh TE CBOWCTBA TOILUIMBA, KOTOPBIE TPeOyeT 3aKa3uuK /sl KaXKI0r0 KOHKPETHOTO
THIa peakTopa. KpoMe Toro, coBpeMeHHOE IIPON3BOJCTBO HE JI0JDKHO UMETh OTXOJ0B M OOBIYHO MMEET Pa3sHOro
poxa o6opotel. Takum 00pazoM, MOJTydaeTcs, YTO MOPOIIOK, IOJrOTOBICHHBIN K NPECCOBAHUIO, TPEICTABIIET
co00if MHOTOKOMIIOHEHTHYIO cMech. Kaxknmas W3 COCTaBISIOIIMX 4YacTeii HMMeeT CBOM OCOOCHHOCTH
TEXHOJIOTMYECKOTO OBEICHNS M CBOE BIIMSIHME HAa KAUYECTBO M3TrOTOBJIEHHBIX TabneTok. B pe3ynpraTe, 0TpaboTKH
TEXHOJIOTH W3TOTOBJICHHMS IIOPOIIKOB M TabieTok U3 anokcuaa ypana, Ha [IAO H3XK Obi1 HakoruieH G0bIIon
OIIBIT 1O oOecredeHuIo kKadecTBa TormBa BBOP, koTopslit MoXkeT OBITh MOJIE3€H IPH U3TOTOBICHUH M APYTUX
BUAOB KepaMuKd. OCHOBHOH NPHUYHNHON MOSIBICHUS 1€(EKTOB B TOTOBBIX TAaOJETKAaX, SIBISETCS HEOHOPOIHOCTD
IIMXTHI pa3InaHoro Buaa. Ha pucynke 1moxa3aHbl IprMeps! HEKOTOPBIX BHIOB.

3AK/IIOYEHHUE

OCHOBHBIMH TNPUYMHAMH TEXHOJIOTWYECKHX Je(PEeKTOB B TOIUIMBHBIX TaONETKax SBISAIOTCS
HEO/JIHOPOJHOCTH  COJEP)KaHMs, paclpeieieHus, XHUMHYECKOro W  (a3oBOro COCTaBa  TOIIMBHBIX,
TEXHOJIOTHYECKHX, 00OPOTHBIX, MOJU(MUIMPYIOIINX 100aBOK B IIUXTY M aKTHBATOPOB pOCTa 3epHa. TexHoIorus
M3TOTOBIICHUS TOIJIMBHBIX TaOJIETOK JIOJDKHA OBITH OTpaboTaHa TaAKUM 00pa3oM, 4YTOObI HCKITIOYHUTh MIIM CHU3UTD

A0 JOIMYCTUMBIX MPEACTIOB 3T HCOJAHOPOJHOCTH.
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I3HBIC YaCTHILBI ITUXTHI XKécrkas mmxra @azbl okucnos U JlaneHue mpecca
Pucl. Ipumepvl pasnuunvix 614008 HeOOHOPOOHOCMU CMPYKMYPbl MAOLEmOK

CIIMCOK JIMTEPATYPbI
1. E.B.Bexoaues, M.N.JlokteB, OmneHKka OTHOPOOHOCTH CMEUIMBAHUS IOPOIIKOB ABYX (pakuuii. Ousmko-
TEXHHYECKHE MpoOJIeMbl B HayKe, MPOMBINUICHHOCTH W MEIHWIHHE: COOPHUK Te3ucoB nokimanoB VII

MesknyHapoIHOM Hay4YHO-NIpakTHYecKoi KoHpeperuuu. — Tomck, 2015. — 108 c.

O TEXHOJIOIT'HYECKOM BE30IMACHOCTM SIZIEPHOI'O TOILIUBA.
E.B.Brixomaues, A.C.Uepenko, 11.1.JIokteB
ITAO HoBocubupckuii 3aBo; XUMKOHIICHTPATOB,
Poccus, r. HoBocubupck, b. Xmensaumnkoro, 94, 630110
E-mail: llLoktev@ rosatom.ru

Tepmun mexnonoeuueckas bezonacrocms 0003HAYACT OJIMH M3 ACHEKTOB OE30MIACHOCTH TEXHOTCHHOM
cdepbl, ONMPEaeIONIMNA CTENCHb 3alIMIICHHOCTH YelIOBeKa, OOINECTBA W OKPYKAIOILICH Cpeibl OT yrpos,
CBSI3aHHBIX UCITOJIb30BAaHUEM UMEIOIIEHCS MM HOBOM TEXHOJIOTMH B IPOU3BOACTBEHHOM JIEATEIbHOCTH. S nepHbIi
peaKTop SIBIsiCTCss 00BEKTOM MOBBINICHHOM onacHocT. ONpeeneHbl Kpumepuu €20 6e30nacHol IKCIILYamayui,
KOTOPBIE C OMPEIENEHHBIM 3anacoM HE TOJDKHBI TIPEBBINIATh KPUTUYECKUX 3HAYEHUH. J{71s1 KOHTPOJIS TEKYIIero
COCTOSIHMSI aKTUBHOM 30HBI M MPOTHO3a HA CTAHIUIX MCHONB3YIOT cucTeMbl ciekeruss CMS (Core monitoring
sistem) [1]. Texuosoruveckass 0e30MaCHOCTh TOIUIMBA OOECIEYMBACTCS HW3TOTOBICHUEM €ro C TaKUMH
napamempamu Kauecmed, KOTOpbIe OTBEUAIOT MPOSKTHBIM TPEOOBAHUSM IS TAHHOTO THITa peakropa. [Ipu aTom
MOJKHO OTpEACTHTh, KaKHe W3 HUX 00CSCIIEYMBAIOT T€ WJIM WHBIC KPUTCpUU Oe30MacHOil padoThl TorummBa. X
BBICTISIIOT B OTJIEBHYIO IPYIITY MapaMeTPOB KaK uMerowux omuoutenue Kk besonacrocmu u 60j1ee BHUIMATEIbHO
OCYIIECTBIISIIOT WX KOHTPOJb B paMKax JEHCTByoIIeld Ha mpeanpustuu Cucrembl obecriedeHusi kauecTBa. B
MOCJICTHIE TO/IBI TOJIYYHIIH PACIIPOCTPAHEHNE CUCTEMBI MOHMTOPHHTA IPOM3BOJICTBA TOILINBA, Ha mogooue CMS,
Ha OCHOBE CTAaTHUCTHUYECKOI'O aHallM3a JaHHBIX O KauecTBe [2] M ymnpaBieHHsS UMEIOLIUMUCS U MOJyYEHHBIMU
3HaHWSIMH O TOIUIMBE. B pe3ynbraTe, MOSBIISCTCS BO3MOXKHOCTBH YIPABIISATH KA4eCTBOM IMPOAYKIUH Ha OoJe
Ha/IEKHON OCHOBE, O0ECICUMBATh TEXHOJOTHUYCCKYH0 HAIE&KHOCTh TOIUIMBA C YYETOM CBsI3CH IapaMeTpoB
KayecTBa MPOAYKIMH C KPHUTEPUSMHU Oe30macHOCTH padoThl peakTopa, OOHApYKWBaTh W HCKIIIOYATh
MaJIOBEpOSITHbIE HETATUBHBIC TEHICHIIMU U BO3MOXKHBIE COOM B MMPOM3BOJICTBE. B OTHOMIEHUH TEXHOJIOTUIECKOM

0e30IacHOCTH MOHHUTOPHUHI ITO3BOJIACT:
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|
I AAEPHbIX TEXHONOr Wi Poccuiickuii 1 MeXTyHapOIHBIA ONBIT IOATOTOBKU KaJJPOB)

TOMCKMA AOAMTEXHUMECKUA YHIUBEPCHTET CeKHI/If{ 4. Hossle Marepualibl 1 TEXHOJIOI'MU

- paHXXMPOBATh KOHCTPYKTHBHBIE DJIEMEHTBI 10 CTETIEHH MX BIUSHUS Ha 0€3011aCHOCTh PAOOTHI pEakTopa;

- OLICHUBATh YYBCTBUTEIBHOCTh BIIMSHUS TAPAMETPOB KayeCcTBa Ha KPUTEPUH OE301IACHOCTH U CTPOUTH
TPEHbI U3MEHEHHS TapaMeTPOB KauecTBa TOILUIMBA, IPOrHO3UPOBATh UX U3MEHEHHUE 110 MEPe U3TOTOBJICHUS, TEM
CaMbIM HCKJIIOUast JOCTHKEHHE TPEIEIbHBIX 3HAYCHUI TapaMeTpoB, puc. 1;

- OLICHUBATh BEPOATHOCTH MPEBBINICHNS] HOPMATHBHBIX 3HAUEHUH MTapaMeTPOB 110 X JUCIEPCHH, PHC. 2,
U CTETICHb HEOTHOPOIHOCTHU MPOAYKIINH O TTApaMETPaM pacipeieieHus, pyc. 3 1 4, HalpuMep, M0 COAEPKAHHUIO
JIeNAIIerocss MaTepuana;

- ONTUMM3HPOBATH COOTHOULIEHHWE MEXIy 3aTpaTaMH Ha IPOM3BOJACTBO TOIUIMBA C 3alacoM IO
KPUTHUYECKMM TIapaMeTpaM KadecTBa (CHIDKCHMEM 3araca) M 3aTpaTaMd Ha 3amac [0 KPUTEpHIM

3KCHJ’IyaTaHHOHHOI71 0e30IMacHOCTH (HOBLIHICHI/ICM 3anaca).
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1. Amnanu3 xputepueB GesonacHoct peakropoB BBOP u PWR. Joknag MAT'ATD Ne IAEA-TECDOC-1381,
2003r.

2. Murenb Aymno. U3rotosienue Haaéxuoro torumsa. ENUSA, TopFuel 2018, Ipara.
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HayyHoe uzganue

OU3NKO-TEXHUYECKUE ITPOBJIEMbBI B HAVKE,
[TPOMBILIJIEHHOCTH Y MEJUIIMHE. POCCUHCKUI U
MEXJTYHAPOHBIM OITBIT ITOATOTOBKU KAJIPOB

COopHuK Te3ucoB A0KIaA0B X MexXTyHapOIHON HaAyYHO-TIPAKTUUECKON KOHPEepeHInU

Kommerorepras Bepctka A.O. CemeHOB

3apeructpupoBano B OOO UznatenbctBo «Berep»

Pa3memeno Ha kopnoparusHoM noprane TITY



