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NPEOUCINOBUE

WNuxeHnepHast mikona SIAEPHBIX TEXHOJOTUH TOMCKOro MOJUTEXHHUYE-
CKOT'O YHUBEPCHUTETA, SBJISICTCS OJIHOM M3 BEIYIIMX LEHTPOB IMOJTOTOBKH
BBIITYCKHUKOB JIJII aTOMHOM MPOMBINIICHHOCTH, IpoBoAuT VIII MexmnyHna-
POJIHYI0 KOH(EPEHIMIO MOJIOABIX YYEHBIX, ACIMPAHTOB U CTYJIEHTOB «M30-
TOIBL: TEXHOJIOTUHU, MaTEpHAIIbI U IpuMeHeHuey. KoHdepeHus nocssueHa
npo0semMaM MOJyYEHUs Pa3IMYHbIMU METOJAMU U30TOIHOM MPOAYKIIMH, Me-
TOAOB aHAJIM3a BEUIECTB M IMPUMECEH, CO3JaHUS MOHOM3OTOIHBIX M H30-
TOMHO-MOIM(UIIMPOBAHHBIX MaTEPHUAJIOB, PaCIIMPEHUsT 00JacTel UCIOIIB30-
BaHMS HW30TONOB, METOJOB Cemapaluy TPYIHO pa3JeisieMbIX BELIECTB,
XPaHEHMs] U YTUIM3aLUU OTXOA0B U30TOIHBIX MPOU3BOCTB.

B Hactosmee BpeMs pa3pabOTaHbl METOJABI pa3JelIeHUs BELIECTB
10 U30TOIHOMY COCTaBY C BBICOKOM pa3JeuTeNbHON CIOCOOHOCTBIO U MPO-
U3BOJUTENBHOCTBIO. [lOKa3aHa NpUHIMIUANIbHAS BO3MOYKHOCTH Ja3€pHOIO
pazzeneHuss U30TOIOB IOYTH BCEX XUMHUYECKHUX 3JI€MEHTOB. OQHAKO IyTh
NPaKTUYECKON peanu3aluy pa3IN4HbIX TEXHOJOTUW pa3[eleHUus U30TOIOB
OKa3aJicsd HEeNpoCThIM. ['TTaBHOW mperpajod Ha MyTH HIMPOKOMACIITAOHOM
MPAKTUYECKON peaTM3aliK Ja3epHbIX METOJIOB MO-TIPEKHEMY OCTAETCS HU3-
Kast 3(Q(PEeKTUBHOCTh BO30YX IEHUS pabouero rasza. ITO OOCTOATEIHCTBO
B OIPEJIEIICHHON CTENEHN CIIOCOOCTBOBAJIO MPHUBJICUCHUIO BHUMAHUS KOH(e-
PEHLMU K IPYTUM NEPCHEKTUBHBIM METOJIaM CEJIEKIUU (HAIpUMeEp, K CeJeK-
TUBHOMY HOHHO-IMKIOTPOHHOMY PE30HAHCHOMY HAarpeBy MOHOB), a TaKkKe
K «TPaJULIMOHHBIMY» METOJIaM: 3JIEKTPOMAarHUTHOMY, LUEHTPUPYKHOMY, Me-
TOJAaM PEKTU(UKAIUU U XUMUYECKOI0 U30TOMHOr0 0OMeHa. BakHbIM acmek-
TOM SIBJIIETCSl TIOBBIIIEHHE SHEPro- U pecypcodPPeKTUBHOCTH TEXHOJIOTUN
NOJIYYEHMS] COEIMHEHNI ¢ 3aIaHHBIM U30TOIHBIM COCTaBOM.

HoBbIM HampaBiieHHEM SIBJISIETCS MOJy4€HUE MOHOU3OTOIHBIX, H30-
TOMTHO-MOAN(UIIMPOBAHHBIX MaTEPUATIOB M pACIIMpEHUE OO0JACTH WX HC-
noJib30BaHus. Tak, HalpuMep, B AAEPHON SHEPrEeTUKE UCIOJIb3YIOTCS U30TO-
OUYECKH OOOTalleHHbIE MOTJOTUTENN HEUTPOHOB, HWHTETPUPOBAHHBIC
B TOIUIMBO WJIM pa3MellaeMble B aKTUBHOW 30HE peakTopa Ui yBEIHYEHHUS
IJIyOMHBI BBITOpaHUSl TOIUIMBA 0O€3 YXYIUIEHUS €ro TepMOAMHAMUYECKUX
U MEXaHUYECKUX CBOMCTB. JTO obecrneunBaeT Oojee BBICOKYIO 3 (PEKTUB-
HOCTb U 0€30IaCHOCTh pabOThI peaKTopa.

Pa3BuTre Qu3MKu 3IE€MEHTApPHBIX YACTHUI, aCTPOPU3UKHU, KOCMOJIOTHUH,
Y — PE30HAHCHOM CIEKTPOCKONUU TpeOyeT MPOU3BOJCTBA pPsiia M30TOMUYE-
CKU 0OOTaIEHHBIX 3JIEMEHTOB BHICOKON YHCTOTHI.

OcHoOBHO# 3amayeit POBOAMMON KOH(EpEeHIUU SIBISIETCS 000O0IICHHE
OMbITa MCCIIEOBAaHUN U pa3pabOTOK B 00JIACTU TEXHOJIOTHI MOITYyYEHUsI U30-



TOIIOB M MCIOJIb30BAHMS COCAMHEHHUN 3aJaHHOTO U30TOIHOTO COCTaBa B pas-
JUYHBIX oTpacisax. KoHdepeH s npu3BaHa aKTUBU3UPOBATH HAYYHBIE HC-
CJIETOBaHMS MOJIOJIBIX YUYEHBIX, 0OECIEUUTh MHTETPALUIO YCUIIUI pabOTHH-
KOB By30B, H u mpOMBINUIEHHBIX NPEINPUATHN B PEIIEHUH aKTyaJbHBIX
mpo0Osem sepHoi sHepreTuku. KoHndepeHius HanpaBieHHa Ha 00CYKICHUE
HOBBIX TEXHOJIOTMM WM HAy4HBIX HANpPABICHUW I TOBBIIIECHUS KadecTBa
MOJATOTOBKH BBITYCKHUKOB BY30B.

C yBaxxeHHEM, OPTKOMUTET KOH(EPEHIIUH.



N30TOMUYECKOE CO30AHUE HOBbIX MATEPUAIIOB

[lnexaHos B.I".

Fonoriton Sci. Lab., Garon LtD, Tallinn 11413, Estonia

OKCIepUMEHTAIbHBIE JIaHHBIE COBPEMEHHOW (PU3UKU BBIACISIOT TPU
GyHIaMEHTAIBHBIX CBOMCTBA ATOMHOTO Sipa. DTO Macca; CIIMH U CBA3aHHBIN
C HUM MArHHTHBII MOMEHT; OOBEM, CBSI3aHHEBIA C CHJIOM B3aMMOACHCTBUS
C OKPY>KCHUEM, Yepe3 KOTOpPbIC MPOSBISIETCS CYIIHOCTh H30TOMHYECKOTO
s dexra. Hactosmuii qoKIam MOCBSIMEH H30TOMMMYECKOMY CO3JaHUIO0 HOBBIX
MaTepUaliOB, UCTIOB3YS MEPBYIO U3 TPEX CTENEHEN CBOOOIBI, T. €. Maccy.

BBenenue

[TomynpoBOAHUKOBBIE TE€TEPOCTPYKTYPHI, BKIIIOUAsi CBEPXPEIIETKH, KBAH-
TOBBIE MPOBOJIOKA M, OCOOCHHO, KBAHTOBBIC TOYKH SIBIISIIOTCS B HACTOSIIIEE
BpeMsi MIPEMETOM HUCCIIEIOBAaHUI TPOMAJHOIO OOJILITMHCTBA UCCIIEIOBaTENIeH
B o0nact u3MKH NOJynpoBOAHUKOB [1]. OnHako, 3TH k€ HU3KOPa3MEpPHbIE
CTPYKTYpPbI COBPEMEHHBIX YCTPOMCTB MOT'YT OBITH CO3/IaHbI HA OCHOBE OJTHOTO
XUMHYECKOT0 AJIEMEHTA Pa3INYHOTO U30TOMHOrO cocTana [2, 3].

N3oTombl — 3TO pa3HOBUIHOCTA ATOMOB OJTHOTO XUMHYECKOTO DJIEMEH-
Ta, siipa KOTOPHIX UMEIOT OJJMHAKOBOE KOJIMYECTBO TPOTOHOB, HO pa3HOE KO-
Tu4ecTBO HeUTpoHOB. CoBpeMeHHas (Ppu3nka BbIAENsAeT TpU (yHIaAMEHTAIb-
HBIX CBOMCTBA aTOMHOIO fJIpa: Macca, CIIMH U CBA3aHHBIM C HUM MArHUTHBIN
MOMEHT; U 00bEM, CBSI3aHHBIN C CHUJION B3aMMOJICHCTBUS C OKPY)KCHUEM, Ye-
pe3 KOTOphIE MPOSBISIETCS CyTh H30TONHOTO 3 dexra. Pe3ynbrarsl 60JIbIIO-
r0 YHUCJia SKCIEPUMEHTAIBHBIX U TEOPETHUECKUX paboT, TNe JACTAIbHO HC-
CJIEIOBaH MAacCOBBIM U30TOMHBIA 3PdekT (3pdexkT mnepBoro poma [4])
B Pa3HBIX BEIIECTBAX U PA3HBIX COCTOSHUSAX OT ra3000pa3zHOro A0 TBEPIOTO
TeJa, COo37aJ OCHOBY HOBOTO HaIlpaBJieHUs] HAHOHAYKH, 10 TIpaBy Ha3blBae-
MOTO M30TOIHBIM MaTepUajIoBeecHuEeM [2—7].

Haubounee sapko B TBEPAOM Tese U30TONMHBIN 3PEKT, CBI3aHHBIN C U3-
MEHEHUEM MAacChl fJipa, MPOSBIIETCS Ha KOJIEOAHMUSIX KPUCTAILII000pa3yro-
IIUX YaCTHI], YTO MPUBOIUT K MU3MEHEHHUIO UX KOJeOaHWA U CBOMCTB KpH-
cTaiyia, oOyclIOBJIEHHBIX (hoHOHamMu. ['oBops O IWHAMHUKE PEIIETKH, MBI
MpPEeXJEe BCEr0 UMEEM B BUAY BIIMSIHUE M30TOIHOIO 3aMEILICHUS Ha YIIPYTHE,
TEPMHUYECKHE U KOJieOaTeIbHbIE CBOMCTBA KPUCTALTUYECKON peméTku. Ecnn
M3MEHEHHE MOCTOSHHON peméTku cocraBnser Aa/a~ 10°-10"*, To uzmene-
HUE Ocik YIIPYTUX TOCTOSIHHBIX COCTABJISIET YK€ HECKOJIBKO MPOIICHTOB.

Ouenb 3ameTHBIC U 001IHE d(PPEKTH HAOTIOAAIOTCS TPU U30TOITHOM 3a-
MEIICHUH B (POHOHHOM CITEKTpe, 0COOCHHO B CIIeKTpaibHOM paiione LO ¢o-



HOHOB. Caur LO nuHUI B cnieKTpaX KOMOWHAITMOHHOTO PACCESHHs CBETa
B anMase JIexKHuT B npenenax 50 cml, Torma xak B kpucramiax LiHyDix on
npesocxoaut 200 cm ! [8, 9]. Ouncrka MONYNPOBOIHMKOBEIX KPUCTAIIOB
OT HEOCHOBHBIX M30TOMOB KpUCTaIOB anmasza, Ge, Si u Apyrux HpuBOAUT
K BO3pacTaHuio KOd(h( UIMEHTAa TEIIONMPOBOAHOCTH Ha TOpsaku. J[oO6aBum,
YTO U30TOMHBINA YPHEKT MEPESHOPMUPYET TAKIKE IHEPTHUIO AIEKTPOHHBIX BO3-
OyXJeHul TBEPIBIX TEN depe3 AEeKTpoH-(HOHOHHOE B3aumojeicTue. Ecnu
B Ge npu u30TonHOM 3((peKTe BeInUMHA SHEPTUN MEK30HHBIX I1EPEX0/I0B Ey
u3Mmensercs Ha 1 MaB, To B anmmasze u B kpuctauiax LiHxDix Ha 15,4 [10]
u 104 m3B, cootBeTcTBeHHO (MOApOoOHEE cM. 0030pbl [8, 9]). YkazaHHbie
BBIIIE JTOBOJILHO OOJBIINME BEIWYUHBI U OHM JIETKO HU3MEPSIIOTCS METOIaMU
COBPEMEHHOM SKCIEpUMEHTAIbHON (u3uku (yIbTpa3ByK, MaHenbllITaM-
bpunmtosHoBCKOe 1 KOMOMHAIMOHHOE pacCesHUsl CBETa, paccesHue HEUTpo-
HOB, TMOIJIONIEHUE U OTpakeHUE CBeTa B (DyHIaMEHTAILHOM 00J1acTH).

Kaxmoe 3 mepevrcIeHHBIX BEIIIE CBOMCTB, 3aBUCSIINX OT H30TOITHOTO
cocTaBa Marepualia, UMEeT MPAKTHYEeCKOe BOIUIOLICHHE B CYIIECTBYIOIIMX
WJIM PA3BUBAIONIUXCS TEXHOJOTUAX. FIMEHHO TTO3TOMY TIPEICTABIIACTCS TICIIe-
COOOpa3HbIM HAIMCAHHUE ITOTO0 0030pa, MOCKOJBKY €r0 MOSBICHUE TO3BOIUT
HE TOJIBKO OYEPTHUTH XOPOIIIO U3BECTHBIC PE3yIbTaThl, HO U c(hOpMyIHpPOBATH
3a/1auu, TpeOyIolre MePBOCTENIEHHOTO PEIICHHUS ’TOTO HOBOTO HAIpaBJICHUS
HAHOHAYKH — M30TOMHOTO MarepuajoBeaeHus. Takum oOpa3oM H30TOINHYE-
CKO€ MaTepHalIOBEJIECHUE 3TO YacTh KJIACCMYECKOTO MaTepuanoBeACHUS
U TIPSIMO  OTTUCBHIBAET CO3JaHHE HOBBIX MaTepUANIOB, MCIOJb3YysS M30TONUYE-
ckuii adpdext. Hanbomnee npsamon myTh U3MEpPEHUS MAKPOCKOMUYECKUX Xa-
PAKTEPUCTUK H3OTONUYECKH CO3/JaHHBIX HOBBIX MAaTE€pPUATIOB 3TO KOHTPOJIb
1 U3MepeHne (DOHOHHBIX U AJIEKTPOHHBIX COCTOSTHHM 3TUX TBEPABIX TEIl.

2. 3aBucUMOCTb PyHIAMEHTATBHBIX XaPAKTEPUCTUK
0T M30TOIMHOI0 COCTABA MATEPHAJIOB

2.1. ®oHOHBI

[IpocreiimM BUIOM ABMKEHHUS B TBEPIOM TeJ€ SABISETCS KoJieOaHuUs
aTOMOB (KpUCTAILUTOOPA3yIONMIUX YaCTHUI]) BOKPYT MOJOKEHUS PaBHOBECHS.
N3-3a B3auMOJENCTBUS YaCTHUI APYT C APYTrOM JBUKEHHUE OJHOTO aToMa BO-
BJIEKAET B JBUXEHUE coceqHue aTtombl [9, 11]. AHanu3 mokasbIBaeT, 4ToO
areMeHTapHON (POpPMOIT ABMKEHUS SIBIISIIOTCS BOJIHBI CMEIeHUsT aToMoB. Kak
M3BECTHO KBAHTOBaHUE KOJICOAHUN KPUCTATUTMUYECKON PEIIETKH U TOCJIe BBe-
JIEHUSI HOPMAJIbHBIX KOOPJIMHAT, TaMIWJIbTOHUAH 33/1aud OyJeT UMETh BUI:

QP -] 4 iy + $ol @@ | )

[IpuBeneHHBI TAMUIBTOHUAH, €CTh CyMMa, TJ€ KaXI0€ claracMoe
VMMEET BUJI TaMUJIbTOHWAHA JIMHEMHOTO TAPMOHUYECKOTO OCLUIIIATOpPA C KO-
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opaunaroil Q(q), yacroToil @j(q) U Maccoi paBHOM enuHuue. Eciau ramunb-
TOHMAH CHCTEMBI COCTOUT M3 CYMMBI, KaXKJ0€ cllaraeMoe KOTOPOi 3aBHCHT
TOJILKO OT OJHON KOOpPAWHATHI M COMNPSHKCHHOTO €W MMITyJibca, TO, KaK H3-
BECTHO M3 KBAaHTOBOW MEXaHUKH, BOJHOBAsI (GyHKITUSI CUCTEMBI paBHA MTPOU3-
BEJICHUIO BOJIHOBBIX (YHKIIUH, COOTBETCTBYIOIIUX KaXJIOMY CIaraeMomy,
a HepTHs paBHAa CyMME COOTBETCTBYIOIINX dHepruid. OTnenapHOe ciraraeMoe
ramuiibToHHaHa (1), COOTBETCTBYET, KaK CKa3aHoO, IMHEHHOMY OCIUIUIATOPY:
L+ JoPQPY = eV 2)

Pemas 310 ypaBHeHHMe, U HaxX0J1 COOCTBCHHbBIC 3HAYCHHS U COOCTBEH-
HbIe (YHKIIMH ¥ BbIpaXkasi SBHO YaCTOTY, TIOJIYyYUM JUISI ABYX aTOMOB (C Mac-

camu M1 u M) B aneMeHTapHoi stuerike ais cinyyas Ka << 1:
w?=2C(5 + 1), (3)

u = ey <2 @)

YuureiBas, uto Kmax = /@, rae a — nepuon pemeTku, T. €. Kmax 0TBe-
YyaeT TpaHuUlLle NEPBOU 30HbI bprinttoeHa:

2 _ 2C 2 _ 2C
O)—M—IMG)—M—z- (5)

dopmyna (3) onuChHIBaeT TaK Ha3bIBACMYIO ONITHYECKYIO BETBb KoJyeOa-
HUM, Torna kak (4) — akyctudeckyr (cM. puc. 1, rmassl 4 B [3]). OGbIuHO,
B 00I1IEM BHUJIE, TTOCIICAHION (OpMYITy TUITYT B BUjIE (1MoapodHee cM. [9]):

o= [ 6)

r7ie @ — TaK Ha3bIBaeMasi CUJioBas MocTosiHHas, M — macca aroma (MoHa).

OTtcroila CTaHOBHUTCS TMOHSATHO, YTO, KaK W B MOJEKYJSIPHOU (U3HKE,
B TBEPJOM TeJie M30TONMUYECKUl d3DPEKT MpsIMO TPOSBISIETCS B KOJieOaTEb-
HOM CIEKTPE, KOTOPBIM B 3aBUCUMOCTU OT cumMeTpuu [12] peructpupyercs
60 ¢ nomoibio UK-norsomenus wim MeTo10M KOMOMHAIIMOHHOTO pacce-
staus [13-19].

CriekTp KOMOMHAIIMOHHOTO PACCESIHUSI CBETA MEPBOrO MOPsIKA aiMas3a
CONEPXKUT TAKKE OJHY JIMHHIO C MAaKCUMYMOM Ortor) = 1332,5 cm™
Ha puc. 1 nokaszan criekTp paccesiHus MepBOro Mopsijika KpUCTALIOB aaMasa
C pa3HO¥ KoHIeHTpamue n3oTonoB [16]. Kak Oyner mokazano B paborax
[8,9] m mmpuHAa NUHUM paccesHUs IMEPBOrO MOPSAKa B HM30TONMUYCCKH-
CMEIIIaHHBIX KPUCTAIaX ajMa3a 3aBUCAT HEJIMHEWMHO OT KOHILIEHTPALIMU U30-
TOTIOB X. MaKCHUMAaJbHBIH CABUT 3TOH JMHHUM COCTaBisieT 52,3 cM L, 4TO Cco-
OTBETCTBYET JIBYM MpeAesibHbIM 3HaueHusM: X =0 u X = 1. Ananoruunas
CTPYKTypa CIEKTPOB IMEPBOr0 MOPSIKA PACCESIHUSI CBETA U €€ 3aBUCHUMOCTD
OT HW3O0TOINHUYECKOTO COCTaBa TEMeph YK€ MHOTOKpaTHO HalJroaanach He
TOJIBKO B DJIEMEHTapHBIX Si M 0-Sn, HO W COCTABHBIX MOJYIMPOBOJHUKAX
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CuCl u GaN (cMm., moapobHee [3, 8]). Yxke 3Ta KpaTkasi CBOJKA JTAHHBIX IO-
Ka3bIBa€T OOJIBIIYI0O 3aBUCHMOCTbh CTPYKTYPBI CIIEKTPOB PACCESHUS CBETa
MIEPBOTO MOPSJIKA B aJiMaze MO CpaBHEHUIO Jpyrumu Kpucramiamu (Si, Ge),
YTO SBJSICTCS MPEAMETOM MOAPOOHOTO 00CyKaeHus B padote [9].
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Puc. 1. Cnexmp kombunayuonno2o paccesnus nepeozo u mopo2o NopsioKos8
HamypanvHozo u cunmemuyeckozo (2C) armaszos

CriekTpbl KOMOWHAIIMOHHOTO PAacCesHUs CBETa BTOPOTO MOPsAKA HATY-
paJbHBIX U U30TOMUYECKU-CMEIIAHHBIX KPUCTAJUIOB aliMa3a MCCIEAOBAINCH
Kpenxko [17] u Xaccom ¢ corpynuukamu [18]. CrieKTpsl KOMOMHAIIMOHHOTO
paccestHusl CBETa BTOPOTO MOPAJIKA psA/ia KPUCTAILUIOB CUHTETUYECKOTO aima-
3a C pa3IMYHON KOHIIEHTpalMel U30TOMOB MOKa3aH Ha puc. 2. [IpuBeaeHHbII
CIIEKTP M3MEPEH C XYALIUM pa3peiieHueM (~4 cM 1), ueM CrekTp paccesHus
nepBoro mnopsiaka. Takoe 00CTOATENBCTBO, COTJIACHO aBTOPaM MPOLUTHUPO-
BaHHOM pabOThI, BEI3BAHO CJIA0BIM CUTHAJIOM INpU u3MepeHuu crnektpoB KPC
BTOPOTO MOPSIIKA.

Crnenyer 3aMeTUTh, UTO PE3yJbTaThl, MOJIydeHHbIE B pabotre [18] mis
anMasza npupoaHoro uzoronsoro cocrasa ([FC] = 1,1 %) xoporo cornacy-
I0TCA C MPEAbIAYIIMMHA UCCIEIOBAHUAMH CIEKTPOB KOMOHWHAIIMOHHOTO pac-
CEsSHMS CBETa KPUCTAJUIOB HATypajIbHOroO anmasa (cM., Takxe [10]). Dnemen-
tapubie nonynpoBoaHuku (C, Si, Ge, a-Sn) UMEIOT CTPYKTypy ajimMasa.
Takue CTPYKTypbl XapaKTepU3YIOTCS TPEXKPATHO BBIPOXKICHHBIMH KOJeOa-
HusiMU B ['-Touke 30HbI bpuiittoena. Kak yxe orMeuanoch Takue KojaeOaHus
aKTUBHBI B CIIEKTpaX KOMOWHAIIMOHHOTO pacCesHUsl, HO HE B CIIEKTpax
HNK-nornmomenus [12]. [Tockonbky Ge uMeeT MmsTh CTAOUIBLHBIX U30TOIOB, TO
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pPa3yMHO clieIOBaJI0 Obl HAOMIOATH MSATh JUHUM B CHEKTpaX KOMOWHAIMOH-
HOTO paccestHusl nepBoro nopsaaka. OmIHaKo B SKCIEpUMEHTE HaOIogaeTcs
TONBKO OJHA JIMHMS, 9acTOTa KOTOPOM OOpaTHO HpONOpHHOHATEHO M 0%
rae M ycpenHeHHass Macca ISTH M30TONOB. OTCyTCTBHE AHAEPCOHOBCKOU
[19, 20] noxanu3anuu (GOHOHOB OOYCJIOBICHO MaJbIM HW3MEHEHHEM MacChl
M30TONOB repMaHus. AHAJOTUYHO U IS JPYTUX 3JEMEHTapHBIX MOJIyHpO-
BOAHUKOB. OOBIUHO ISl ATUX 1IeJIel CPAaBHUBAIOTCS 30HbI COOTBETCTBYIOIIUX
BO30YXKJIEHUI (711 ONTUYECKUX (POHOHOB IIHUPUHA 30HBI B TIE€pPMaHUU
W ~ 100 cm!) u BenmuuHa MaccoBol (IIyKTyalWH, BHIPAKEHHAS B JHEPIe-
TUYECKUX €IUHULIAX, JUIsi TepMaHUs TMOCIEIHSS BeIWYMHA TMOpsIKa
A~12 cm . Y3 COOTHOIIEHHS THX BEJIMYUHBI BHUIHO, YTO HIMPHHBI 30HBI
¢oHoHOB B G€ 3HAUMUTENHHO MPeBOCXOAUT (aykTyaruto Macce [20]. Orcrona
CJIEIyeT, YTO MPU U30TONMHUECKOM 3aMmeleHn B Ge u3MeHeHus MoTeHIuana
cnuimkoM Mabl. [1o 3Toi mpuurHe TUHAMHUKA PEHIETKA XOPOIIO OMUCHIBACT-
Cs1 B MPUOJIMKEHUH KOTEPEHTHOTO oTeHIrana [8].
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Puc. 2. Cnexmpol kombuHayuoHHo20 paccesHus nepeoco nopsoKa
Kpucmannog cepmanus [8] u armaza [16]
C Pa3HoU KOHYeHmpayuel u30nmonoe
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[Ipocreiimmmu nedekTaMu B KPUCTANIMYECKOM peIIeTKe, Hapyliaro-
IIMMH €€ TPAHCISIIMOHHYI0O CUMMETPHIO, SIBISIOTCS M30TOIBI 00pa3yIOIIX
KpHUCTaJUI JIEMEHTOB. B OOJIBIIMHCTBE Cily4yaeB BIMSHUE U30TOMOB Ha KOJIE-
OaTeNbHBIN CIIEKTP SBISICTCS MaJbIM M HE YYUTBHIBACTCS MPHU pacueTax Iuc-
nepcuoHHBIX KpuBbIX. MHaue obctout neno B cucteme LiHy D1 Kak moka-
3aHO B IIeJIOM psjie padot [3, 9, 15] Gonbiioe M3MEeHEHUE MAcChl PU 3aMEHE
BOJOpPOJA HAa ACUTEpPUN B HA3BAHHOW CUCTEME CMEIIAET BCIO ONTHYECKYIO
30Hy Konebanuii Ha Benmnuuny 250 cm ! (eMm. puc. 9 B [9]). Orcroaa sicHo, 4To
U MaJjible KOHILIEHTPAIlMU U30TOMOB MOTYT BBI3bIBATH CYIIECTBEHHBIE d(Pdek-
Thl, OCOOCHHO B SIBJICHUSIX, CBS3aHHBIX C JBUKEHUEM caMux jaedektoB [21].
B cnydae Manbix KOHIEHTpaIii OCHOBHbIE 3P (EKThI 3aKITI0YAIOTCS B MOSB-
JICHUW PA3IMYHBIX HHIYIMPOBAHHBIX JedexTamu mporeccoB. Hampumep,
UK-normnomienne uieasbHOM PEmIeTKH COCTOUT B TAPMOHUYECKOM MPHUOIIH-
KEHUU U3 OJTHOTO JIeNbTa-00pa3HOro MUKa Ha YaCTOTE ONTUYECKOTO (POHOHA.
[Ipu sTOM BBeneHUE AePEKTOB CHUMAET MPABUIIO OTOOPA MO BOJHOBOMY BEK-
TOpy, Onarogaps 4eMy BO3HHMKAET JIONOJHUTEIBHOE MOTJIOIIEHHE BO BCEH
00J1aCTH 4acToT (C MHTEHCUBHOCTBIO, MPONOPLUUOHATBHOW KOHUEHTpPALMU
nedektoB). I3MeHeHrne Macchl aTOMa BBI3BIBAET MOSIBJIEHUE TPEX THUIIOB OCO-
o0eHHocrtel B poHOHHOM criekTpe [20, 21]: JoKanbHBIX, HIENEBBIX U KBA3UJIO-
KaJlbHBIX (pe30HaHCHBIX) KosieOanui. Komebanusi mepBoro Tuma MMEIOT Ya-
CTOTBI, PACIOJIOKEHHBIC BBIIIE MAKCUMAJILHON YaCTOThl (JOHOHHOTO CIIEKTpa
KPUCTAJUIMYECKUX KOJIEOAHUNW U BO3HUKAIOT TPHU JOCTATOYHO CHUIILHOM
YMEHBIIIEHUU Macchl aroMa (MoHa). YacToThl KojiebaHUil BTOPOTO THUIIA Jie-
KaT B IIEJIM MEXAY ONTUYECKOW M aKyCTUYECKOW 30HaMHU. DTH KoJeOaHUs
MOT'YT BO3HUKATh KaK IIPU YMEHBILIEHUH, TaK ¥ TIPU BO3pacTaHuu macchl. Ko-
ne0aHusA-pE30HAHCHl BO3HUKAIOT, €CJIM Macca Je(eKTa 3HaYuTEeNbHO MPEBOC-
XOJIUT MAacCy 3aMEIIEHHOTO MOHA; OHM XapaKTEPHU3YIOTCS OCTPHIMU MaKCHU-
MyMaMmu B (DYHKIIMH PaCIpeIeNIeHUs YaCTOT B O0JIACTH @ << Wmax.-

Panee skcnepuMeHTaIbHO OBLIO TTOKa3aHOo [22], 9TO M30TONMHUYECKOE 3a-
MeIeHUE Texkeaoro nzorona J€rkuMm B cucteme LiHyD1.x mpuBOauT K 04eHb
CUJIbHOMY MTOTEHIUAITY PACCESIHUS, YTO BBI3BIBACT JIOKAIU3ALINIO ONITUYECKUX
dononoB. Ilociaeanee mpsmMo HaOMOMACTCS B CHEKTpaxX KOMOMHAIMOHHOTO
paccesiHus cBeta Kprctamio LiD nmpu koMHATHOM TeMiieparype (cM. puc. 3).
HecMmotps Ha TO, 4TO, COrIaCHO HOMOTPAMME SKCUTOHHBIX COCTOSTHUM [23]
UCCIIEYEMBbIN KPUCTALT ClIeyeT cuuTarh 4UCThiM LiD, TeM He MeHee
B criekTpe KPC ero otuernuBo HaOm0gaeTCsl BHICOKOYACTOTHBIN MUYOK B 00-
nactu 1850 cm L. Habmomaemblii THK HE IMEET aHAJIOTA B crektpax KPC uu-
ctoro kpucrtamuia LiH, npuponaa kotoporo o0ycioBieHa JOKaJIbHBIM Kojie0a-
HUEeM HWOHa Bojopoaa B kpuctaax LiD. PacuetHoe 3HaueHHe JEXKUT
B uaTepBane oT 917 cM ! no 948 m 995 cm ! [9, 21]. HabmomaeMsblil B CIeK-
tpax KPC muk npu = 1850 cM !, Kak BHIHO XOPOIIO COINIACYETCS C yABOEH-
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HOM BEJIMYMHON HaubOosee IMOCIEeI0BATEIbHO PACCUYUTAHHOTO 3HAYCHHS
Onox = 917 cmt. XoTs akTyanbHas KOHLIEHTpamus MOHOB H B mMcciemyeMbIx
kpuctamiax LiD odenb Hu3Ka (coryiacHo [23] mojokeHne MakcuMyma JIMHUH
N =1s B cnekTpax OTPAKEHUS U JIOMUHECUEHIIUU COOTBETCTBYET UHCTOMY
kpuctany LiD) ogHako, kak BugHO, U3 puc. 14 B [9] Bce e mocTaToqHa IS
HaOM01eHus JIoKalibHOM Mokl B ciekTpax KPC BToporo nopsiaka.

Ecmu conepxanue npuMecu (M30Toma) B KpUCTAJUIE BO3PACTAET 10 TaKOTO
npezena, 4YT0 CTAHOBUTCS CYILIECTBEHHBIM B3aUMOJICUCTBUE MEXITY MPUMECHBI-
MU aTOMaMu (M30TOMAaMHU), TO O TAKOM CHCTEME MPUHATO FOBOPUTH KaK O CMe-
IIIAHHOM KpHCTaUIe C Pa3IMYHOM CTEMeHbIo pazynopsaodenus [21]. Ha puc. 3
COIJIacHO pe3yibrataM padoTsl [22] mpeacraniensl cekTpsl KPC Broporo mo-
psnka cMmemanHbix kpuctamuioB LiHyDix mpu xoMHaTHOHM Temmeparype. fIcHO
BU/IHO, YTO C JAJBHEUIIMM YBEIMYCHHWEM KOHIICHTparwu Bogopoaa x > 0.15,
B CIIEKTpax HaOIOJaeTcsi YMeHbllleHHne WHTeHCMBHOCTH Makcumyma 21O ()
¢onoHOB kpuctaia LiD ¢ OJHOBpEMEHHBIM POCTOM WHTEHCHBHOCTH CaMOTO
BBICOKOYACTOTHOTO MHKa cMelaHHbIX kpuctaioB LiHyDix. [Ipupona mocnen-
Hero oOyciosineHa nepeHopmupoBanHbiMU LO(I7) xonebaHUsIMUA B CMEIIaHHOM
kpuctaivie [22]. Takum o0pa3om, cpaBHeHHE CTPYKTYpbl criekTpoB KPC kpuBbIx
1 1 2 puc. 3 MO3BOJISET 3aKITIOYNTh, YTO B oOnactu KoHmeHTparmii 0,1 < x < 0,45
[20-23] B cniextpe KPC omHoBpemenHo Habmomaercs muku LO(I') urctoro LiD
u LO(I') — donona cmemannoro kpuctrawia LiHyD1x. C ganmpHe#mm poctom x
> 0.45 moxHO otMeTHTh ABa 3 ¢dekra B cnekrpax KPC cMemmanHbIX KpucTai-
70B. IlepBbIi1 CBsI3aH C CYIIIECTBEHHOM NEPECTPOMKON aKyCTOONTUYECKOW YaCTh
CHEKTpa. JTO BBITEKAECT U3 CPABHEHUSI CTPYKTYPhI CIEKTPOB, MPEICTABICHHBIX
KpuBbIMU 1-3 Ha puc. 3. Btopoil 3¢ dext o0ycroBieH TaJlbHEUIINM CABUIOM
B BBICOKOYACTOTHYIO CTOPOHY CAaMOI'O BBICOKOYACTOTHOIO IMMKa CMEIIAHHBIX
KpPUCTALIOB, cBs3aHHOTO ¢ Bo30OyxkaeHueM LO(I) dononHoB. Ilpenemom 3toro
CHIBUTA SIBIISIETCS CIEKTPAIbHOE MOJIOKEHUE CAMOr0 BBICOKOYACTOTHOTO IMHKA
B criekTpe uncToro kpuctamwia LiH. OcoOeHHO HarIsAHO 9TO MPOCMAaTpPUBACTCS
NPy CPaBHEHUH KPUBBIX 2 U 4 Ha puc. 3.

3aBepmas onucanue crekrpoB KPC, cnemyer OTMETUTB, UTO pE30HAHCHOE
BO3PAaCTaHHE€ MHTEHCHUBHOCTH CAMOI'0 BBICOKOYACTOTHOIO MHKa HaOIroAaercs
BO BCEX CMEIIaHHBIX KpUcTa/u1ax mpu x > 0,15 (cm., mogpoduee [24]). Kak Bun-
HO U3 puc. 3 B obnactu KoHIeHTpaui x < 0.45 HaOmromaeTcs ABYXMOJIOBBIM
xapaktep LO(I) ¢donoHOB. DTO TpsMO NPOTUBOPEUHUT TMPEICKA3AHMUS
CPA-mopenu [25], cormacHO KOTOPO Ji71s1 KOHIIEHTpaui X ~0,5 muprHa 30HbI
ontuyeckux kosnedanuit (W) nomkHa ObITh MeHbIIIE cBura (A) 4acTOThI MOTIe-
peuHoro onTHyeckoro (GoHoHa, T. €., A > W. OgHako, BBIITOJTHEHHBIC PACUETHI
B pabotax [20, 21] moka3siBatoT ajst kpuctamwioB LiH (LiD) o6paTtHoe cooTHO-
mieHue, T. €., W > A. CornacHo [22] HabmoqaeMoe pacxokJIeHUe Pe3yIbTaToB
DKCIIEPUMEHTA U MIPEICKa3aHUsAMU TeopuH B pamkax CPA-monenu [25] cBsizaHo
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B TIEPBYIO OYEPENb C CHJIBHBIM MOTEHITHAIOM paccesHusl (POHOHOB, 00YCIIOB-
JICHHBIM OOJIBIIIMM M3MEHEHHUEM MacC TPU 3aMEIIEHUH BOJIOPO/a JIEHTEPUEM.
B nonb3y ckazaHHOTO CBUAETEIBCTBYET TaK)KE HAONIOICHUE JIOKAIBHON MOJIbI
B 3THX cuctemax. [locnennee cornacyercs ¢ pe3ysbratamu pador [14, 18] roe
MOTYEPKUBAIIOCH, YTO HAOMIOACHHE JIOKaTbHOU MOk B criekTpax KPC sBiser-
Csl TPSIMBIM 3KCIEPUMEHTAIBHBIM JIOKA3aTEIbCTBOM CHJILHOTO TOTEHIIMaIa
paccesiHust GOHOHOB MIPU U30TOMUYECKOM 3aMellieHUH. FIMEHHO ¢ 3TUM CBSI3aHO
B IIEPBYIO OYEpe]lb HEBO3MOXKHOCTh OMUCATh IKCIIEPUMEHTATIBHBIE PE3YIIbTATHI,
noJy4eHHble Ha cMmemanHbix kpuctauiax LiH(D), B CPA-monenu mipu ciabom
paccessHuu ¢oHOHOB. C Ipyroil CTOpoHbI, HEOOXOIUMO MOAYEPKHYTh, YCIICII-
HocTh CPA-mozenu anst cimyyasi cinaboro paccestHus (POHOHOB B KpUCTaJLIax
repManus U anMasza [8]. i 1ByX MmocieqHUX KPUCTAIUIOB MapaMeTp MajoCTH
TEOPUU MPU U30TOMHUECKOM 3aMEICHUN JEUCTBUTEIBHO MaJl, TOTJa KaK Jyis
cMmemanubix kpuctamwioB LiHyDix on ~0,5, T.e., He man. Takum o0pazom,
MIPE/ICTABJICHHBIC B HACTOAIIEM pa3/ieiie SKCIEPUMEHTAIbHBIE PE3YJIbTAaThl CBU-
JETEIILCTBYIOT, BO-TIEPBBIX, O CUJILHOM IMOTEHIIMAJIE PACCESIHUS B MEPBYIO OYe-
penb ontuyeckux (GoHOHOB B kpuctamuiax LiHxDix U, BO-BTOpBIX, O HEAOCTa-
TouHOCTH CPA-MOzI€/IM B COTTTACOBAHHOM OMMCAHUU TaKUX PE3YyJIbTaTOB.

—

Intensity (arbitrary units)

500
Raman Shift (cm'l}sm)

Puc. 3. Cnexmpuvl KOMOUHAYUOHHO20 pacCesHUs BMOPO20 NOPSAOKA

kpucmannos LiHyD1.x npu komuamnot memnepamype:
1-x=02;2-x=042;3-x=0,76;4—x=1.

Cmenku nokasviearom seontoyuio nuka LO(T) ¢ponona 6 cmewannvlx Kpucmaniax
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Bonpmioe pasznuuue 3J€KTPOHHBIX MOJISIPU3YEMOCTENH MOHOB BOJIOPOJA
(@ =1,68) u mutus (a = 0,029) B ruapuae JIuTUsA (M €ro U30TOIMOB) J0 CHUX
MOop OCTaeTCs OAHMM M3 TJIABHBIX MCTOYHUKOB 3aTPYAHEHHUS B BHIPAOOTKE
€AMHOM MOJIETH ISl TOCJIEIOBATEIBHOIO U YAOBIETBOPUTEIHHOTO OMMCAHUS
JUCIEPCHOHHBIX KPUBBIX M YOPYTHMX MOCTOSIHHBIX [22, 23]. MHorouucines-
HBI€ MOTBITKU MPEOJI0NIETh 3TU TPYAHOCTH 3acTaBmIM yxe Jlamiaca oOpaTuthb
CEphE3HOE BHUMAHUE HA MOCIIEIOBATENbHBIN YUET aHTAPMOHU3MA B IMHAMU-
ke pemetku LiH [26]. DkcnepuMmeHTanbHOE HabI0/IeHHEe MHOTO()OHOHHBIX
LO noBTopeHuii B cieKTpax JIIOMUHECHEHIIUU CBOOOIHBIX SKCUTOHOB B KpHU-
craimax LiHyDiy, a Takke B CHEKTpax pPEe30HAHCHOIO KOMOWHAIIMOHHOTO
paccestHusI P TEIUEBBIX TEMIIEPATYPax MPSAMO CBHUIETEIBCTBOBAIN O CUJIb-
HOM aHrapMOHM3ME Ha3BaHHOW cucTembl. KaduecTBEHHOE omucaHWe aHrap-
MoHH3Ma (POHOHOB [21] B 3TUX KpUCTAJLJIaX HAXOIAT JaJibHEHIIee MoATBEp-
KJCHUE B MPSAMBIX pacué€rax JUHAMUKHU pemeéTku kpuctamwioB LiH wu ero
mzorona LiD B pabGotax [27, 28]. IIpuBenénnsie (pOHOHHBIE CHEKTPHI SIPKO
CBUJIETENBCTBYIOT O MOSBJICHUH HOBBIX MATEPUAJIOB MPU U30TOMUYECKOM 3a-
MEIIICHUH aTOMOB (MOHOB).

2.2. DaeKTpPOHHbBbIE BO30YXK/ICHUS

Henpsimble nepexoipl B pyHAaMEHTAIBHOM CIIEKTPE MOTJIOMIEHUS KpU-
CTAJUIOB ajiMa3a, TrepMaHus, KpeMHus, dhochuna raiius IpuBOJIAT K Halu-
YUIO CTYNEHEK, OOYCIIOBJIEHHBIX YYaCTHEM aKTyalbHbIX (DOHOHOB B 3TOM
nporecce (mogpoOHee cM. ciuenyromuii mnaparpad). OTCYyTCTBHE TOHKOM
CTPYKTYpPBI SKCUTOHOB OJlarojiapsi OTMEYEHHOMY OOCTOSITEbCTBY B CIIEKTPax
byHIaMEHTAJIBHOTO TIOTJIONIEHUS HE MO3BOJISIIOT MOJYYUTh ApKUX 3G (PEKTOB,
CBSI3aHHBIX C U30TONMUYECKUM dpdekTom (cMm., moapoduee [7, 9]).

I'opazno panee, yem AJisl IEPEUUCIICHHBIX BBIIIE KPUCTAIIIOB, ObLIT BBI-
MOJIHEH LIEJIbI IIUKII HKCIIEPUMEHTAJIbHBIX Pa0OT, MOCBALIEHHBIX CIEKTPO-
CKOIHMH 3KCUTOHOB OOJIBLIOTO pajnuyca C MPSIMBIMU 3JIEKTPOHHBIMU IEPEXO0-
gamu LiH (LiD) [29], Cu,O [30, 31], ZnO [32, 33], CdS [34], rne
IPUMEHSIIOCHh U30TOINYECKOE 3aMelIeHre. biaarogapst TOHKOW CTPYKType 3K-
CUTOHHBIX CHEKTPOB MOTJIOUICHUS (OTpa)K€HUs) BIEpPBbIE ObUIO MPOJIEMOH-
CTPUPOBAHO HE TOJIbKO M3MEHEHHUE BEJIMUMHBI SHEPTHH MEK30HHBIX IIEPEXO-
0B Eg, HO M JeTaJIbHO UCCIEN0BAaH 3aKOH M3MeHeHUsl Ey 0T KOHLeHTpauuu
pasnuuHbiX u30tonoB [3]. Bonee Toro, Buepshie Ha cucteme LiHyDix [29]
OblTa OOHapy)keHa 3aBUCUMOCTh SHEPruu CBs3U dkcuToHa Banbe-Motrta Ep
OT M30TONUYECKOTO 3PdeKTa, KOTOpasi HEMMHEHHO 3aBUCUT OT KOHIIEHTpa-
1u u30TomoB [35].

[TockonbKy IpH MU30TONMMYECKOM 3aMENICHUH W3MEHSIETCS TOJbKO (o-
HOHHasi BOJHOBas (pyHKUMs, TO B ypaBHeHUU lllpenunrepa 3naueHus: sHep-
MU AJIEKTPOHHBIX YPOBHEH JTOJKHBI ObLIIM OBl OcTaThest 6€3 u3menenus. Ogi-
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HAaKO, 3TO HE TaK, NOCKOJIbKY IPH M30TOMHUYECKOM 3aMEIICHUH U3MEHSETCS
HE TOJBKO (DOHOHHBIN CIEKTP, HO U KOHCTAHTa 3JIEKTPOH-(OHOHHOTO B3au-
MozeicTBus [9]. IMeHHO Osiaroiapsi 3TOM NMpUYUHE YK€ 3HAUYCHHS SHEPrUu
YUCTO 3JEKTPOHHOIO MEPEX0/a B MOJIEKYyJaxX THIpUAA U JAelTtepuja ObLIU
paznuyHbl [35]. OTOT 3((dEeKT CTAaHOBUTCS €IIe 3aMeTHEe IMPHU TMEePexojie
K TBepJoMy Teily. KauecTBeHHOE coriacue ¢ 3TUM BBIBOJOM OBLIO MOJYYEHO
B 30-x rogax B pabote Kamyctunckoro ¢ coaBropamu [36]. CpaBHEHHE CIIEK-
TPOB MorJjomeHus ToHkux mieHok LiH u LiD, uaMepeHHbIX nMpyu KOMHATHOM
TeMIiepaType nokasasno [36], 4To ITMHHOBOJHOBBIN (KakK Temepb SICHO, IKCH-
TOHHBIN) MaKCUMYM CJBUTAETCS B KOPOTKOBOJIHOBYIO CTOpPOHY Ha 64.5 M»B
npu 3ameHe H Ha D. DTOT npuHIMOUAIBHBIA PE3yJbTaT HE MOIYYUIl TOrAA
[OCJIEI0BATENBHOIO U TIyOOKOr0 OOBSCHEHUS, YTO HUCKOJIBKO HE yMalseT
ero (hyHaaMeHTaIbHOrO 3HaUeHHUs U B HalM 1HU. Kak OyeT nmokazaHo HUXeE,
3TOT 3(PPEKT CTAHOBUTCS elle yOeAUTEIbHEE MPU HU3KUX TEMIIEpATypax.
CrexTpbl 3epKajIbHOrO OTPAKEHUS CMEIIAHHOTO U YMCTOTO KPHUCTAIIIOB
LiD, ckoj0ThIX B CBEpXTEKy4YeM Tejiuu, IpeactaBiieHbl Ha puc. 4. Tam xe
JUTsl CPABHEHUSI HAHECEH M CIIEKTP OTpakeHHs kpuctamuioB LiH ¢ yucToii no-
BEPXHOCTHIO, a TAK)KE YKA3aHO pa3pelIeHue CIEKTPaIbHOro npudopa

4

5.15 5.05 E.e'

Puc. 4. Cnexmp 3epxanvHozo ompasicenus
kpucmannos LiH (1), LiHD1x (2), LiD (3) npu 4.2 K, pacnpeoenenue
UHMEHCUBHOCMU C8ema Om 1AMNbl Yepe3 YCMaHo8Ky bes kpucmainna (4)

Bce criekTpbl moJiydeHbl Ha OTHOM U TOM K€ YCTAHOBKE U B OJJMHAKOBBIX
ycinoBusix. C pocTOM KOHIEGHTpALUM JAeUTepuss HaOaoaaeTcs ymupeHue [3]
Y KOPOTKOBOJIHOBBIM CABHUT [9] MJIMHHOBOJHOBOrO MakcuMyMma. Kak sicCHO
BUJIHO U3 puc.4 Bce CHEKTpbl 00JIaal0T OJWHAKOBOW JJIMHHOBOJHOBOM
CTPYKTYPOii. DTO OOCTOSITENHCTBO TO3BOJISIET CBSA3ATH €€ MPUPOY C BO30YXK-
JieHueM OCHOBHOTO (1s) 1 mepBOTr0o BO30YKIEHHOTO (2S) COCTOSIHUNM YKCUTO-
Ha. 3HAYEHUE DHEPTrUi SKCUTOHHBIX MAKCUMYMOB YHUCTBIX M CMEUIAHHBIX
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kpuctauioB npu 2 K cobpanbl B Tabn. 1. OnpeneneHHas mo BOJOPOJIONO-
n00HOM (Gopmysie SHEepPTHs CBSA3W SKCUTOHOB ED M 3Heprus MeX30HHBIX Tie-
pexonoB Egy Takke npuBeneHsl B Ta0a. 1. OnpeneneHHas o TeMneparypHo-
My TYIICHHIO HHTCHCUBHOCTH MUKa OTpaxkeHus 2s coctosiHus B LiD sueprus
MOHU3ALMU €ro paBHa 12 M3B. DTa BenMYMHA HEIJIOXO COIJIaCyeTCsl CO 3Ha-
yenueMm AEjs HaliieHHBIM 10 BojiopojonoaoOHon ¢opmyne. boinee Toro,
co 3HaueHneM R, -50 M3B s LiD xoporio cornacyercst SHeprusi aKTHBa-
MY TETUIOBOTO TYIICHUS WHTCHCUBHOCTH JTIOMHHECIICHIINM CBOOOJHBIX K-
CUTOHOB B 3TUX Kpuctayuax [3, 9].

BosBpamascek k pe3yabrataMm puc. 4 TpyJIHO HE 3aMETHTh BO3pacTaHUE Be-
JIMYUHBI SHEPTETHYECKOTO PACCTOSHUS MEXKIY 1S U 2S YpOBHSAMH 3KCUTOHA AUjs
[35, 37], koTopast B pamkax BOJOPOI0IIOT00HOM MOJIEITH 00YCIIaBIMBACT BO3pAc-
TaHWE PKCUTOHHOTO puadepra npu u3orornuyeckoM 3amerienun. [Ipu 100%-om
3aMeIeHNH BOJIOpOJIa JITepreM BEeJIMUYMHA SKCUTOHHOTO pujadepra (B pamkax
mojenu Banbe-Motra) Bozpactaer Ha 20 % — ot 40 1o 50 M3B, Toraa kak Besm-
ynHa Eq — Ha 2 % (cm. Hoke puc. 10) u cocrasnsier npu 2-4.2 K AEg = 103 m3B.
OTa BEJIMYMHA 3aBUCUT OT TEMIEpaTypbl U MPU KOMHATHOM TeMIiepaType co-
crasisieT 73 m3B [35], uto Herutoxo cornacyercs ¢ AEg = 64.5 3B, HaliieHHbIM
B padote Kamyctunckoro u ap. [36]. HerpepblBHOE M3MEHEHNE BETMUMHBI SKCU-
TOHHOTO puadepra HaOMIOJAIOCh PaHEE M B KPHCTAJUIaX TBEPIBIX PACTBOPOB
A3Bs [38, 39] u AyBg [35]. M30Tonmueckoe 3aMeleHne Jierkoro usorona (32S)
tsxensiM (3S) B kpuctamiax CdS [34] npuBOIMT K yMEHBLICHHIO SKCUTOHHOTO
puadepra, 4To aBTOPbI TUIIOTETUYECKH CBSI3BIBAIIU C BKJIAJIOM OJIMKANIIMX HJICK-
TPOHHBIX 30H (CM. Takxke [35]), KOTOpbIX, oHaKo, HEeT B ciydae LiH. Oxnomo-
JIOBBIN XapakTep SKCUTOHHBIX CIEKTPOB OTPAXKEHUSI CMEIIAHHBIX KPUCTAIUIOB
LiHxD1.x KauecTBEHHO COINIAacyeTcs ¢ pe3y/IbTaTaMi MOJICIH BUPTYAIbHOTO KpH-
craiua (cM., Haripumep, [3, 40]), sIBIISSICH OJTHOBPEMEHHO TPECIILHBIM €€ BhIpa-
KEHHEM, TTOCKOJIbKY Pa3HOCTb MOTEHIIMATIOB HOHU3AIMH (&) JJIsl 3TOTO COEMHE-
HUsT paBHa Hymo. COrjgacHO MOJEIM BHUPTyalbHOro Kpuctawia mnpu & =0
JOJKHO BBIOJIHATHCA yciaoBue AEg = 0, 4TO IPOTUBOPEUNT pe3yJIbTaTaM KCIIe-
pumenTa Ha kpuctamiax LiHDi.«. K HacTosiiiemy BpeMeHH W3MEHEHHE BEJTNYH-
Hbl Eg Ipy M30TONMYECKOM 3aMelIeHUH HAOII0AAI0Ch YXKE Ha LIEJI0M P Iu-
POKOIIIEIEBBIX U Y3KOIIEIEBbIX MOIYITPOBOIHUKOBBIX COCTUHEHUSX (TIOpoOHEe
cm. [9]). Anst cpaBHEHUs emie pa3 yKaxkeM, uTo st kpuctawioB LiH Bemmunna
v3MeHenus sHeprun Eq cocrapser 103 MoB (2831 em ). Buano, uto nepeHop-
MHUpOBKa n3oTonuyeckuM 3¢ ¢extom BenmmuuHbl Eq B LiH Ha mopsinok 6onblie,
yeM B aimasze, XOTs 3HA4YeHHWE IIUPUHBI 3allpellieHHONW 30HbI Ui anMmasza
(Ey = 5.48 3B, hoyo = 0.165 m3B, [41]) npeBocxonut Bemmunny Eq B LiH. B 3a-
KJIFOYEHUH J00aBUM, YTO MPHU 3aMEHE Li Ha °Li Benmmuuna Ey ymensbaercs
na 97 cm* (cm. Tadm. 1).
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Tabnuna 1
3Hauenus sHepeuU MaKCUMymo8 8 IKCUMOHHBIX CNEKMPAX 3ePKAIbHO20
ompaxfcenusi MOHOU3OMONHBIX U cMeulantvlx kpucmannog LiHyD1..
npu 2 K, a maxorce sxcumonnozo puoodepza Ey u medxczonnvix nepexooos Ey
(6ce 3nauenus oamvl 6 M3B)

LiH LiHo82Do,18 LiHo40Do,60 LiD Li°H (78 K)
El 4950 4967 5003 5043 4939
E2 4982 5001 5039 5082 4970
Eb 42 45 48 52 41
Eq 4992 5012 5051 5095 4980

bonee geranpHO BIMSHUE M30TONMUYECKOTO 3 PekTa Ha HU3KOTEMIIepa-
TYpPHBIE DKCUTOHHBIE CHEKTPBHI OTPAKCHUSI M JIFOMUHECLEHIIMH KPUCTAJLIOB
CdS 6s110 uccaenoBano B padoTax [42, 43]. B padote [42] u3ydeHO BIMSHUE
n3oronudeckoro 3amenienust Cd Ha S3KCUTOHHBIE CIIEKTPHI, TOTAA Kak B pado-
Te [43] ObUIO JETanbHO UCCIEAOBAHO M30TOMUYECKOE 3aMEIICHUS CEPhl, KO-
TOpbIE OJIPOOHO OMHCAHBI B 0030pax [8, 9].

Opnako TOT QakT, 4TO 3ajada MNEPEHOPMHUPOBKU 3SHEPreTHUYECKOrO
CIIEKTpa dKCUTOHA BaHbe-MoTTa HE MMEET TOYHOrO PEIICHHUs JaXe B Ipe-
JENbHBIX CIydasX MPUBOJIUT 3a4acTyI0 B TOMY, YTO PE3YJbTATHI, IMOTYUYEH-
HBIE Pa3HBIMU aBTOPAMM, HE COTJIACYIOTCS Apyr ¢ apyrom. HaumHas ¢ kiac-
cu4eckux padbor XakeHa [44] B 7TOM HampaBJiIeHHH, BCE paOOTHI MOTYT OBITh
pas3JiesieHbl Ha J1Be 00JIbIlINE KATETOPUHU B 3aBUCHUMOCTH OT TOTO KYJIOHOBCKOE
B3aMMOJICHCTBHE YUUTBIBAETCS MEXKIY «TOJIBIMW» JJIEKTPOHAMHU U IBIPKOH,
a1M00 MEXIy HUMH B IMOJIIPOHHOM COCTOSTHUM. J[pyrumu ciioBamu, CHayasia
yuuThIBaeTcs B3aumonenctBue ¢ LO-poHOHAMU 30HHBIX AJIEKTPOHOB M JbI-
POK, a 3aTEM YUYHUTBHIBAETCS KYJIOHOBCKOE B3aUMOJECHCTBUE MEXIY «OJEThI-
MU» B MOJISIPU3ALMOHHBIEC IIYOBI 3JIEKTPOHBI U ABIPKU. V3ydyeHHne 3KCUTOH-
(DOHOHHOTO B3aMMOJEHCTBHUS B KpHUCTAIIAX C M30TOMHYECKUM 3 exTom
MO3BOJISIET MOJIYYUTh HE TOJIBKO COBEPIIEHHO HOBYIO MH(MOPMALMIO B 3TOM
HaIlpaBJIEHUH, HO U SKCIIEPUMEHTAJIbHO BOCCTAHOBUTH 3HAYEHUE (PEITUXOB-
CKOM M KYJIOHOBCKOM KOHCTaHT B3anMojeucTBus. [loBropum, 4TO mpn
100%-om 3amMelieHHH BOJIOpOJA ACHTEpUEM DHEPTUsI SKCUTOHA U3MEHSIETCS
oT 42 o 52 m3B [3].

Criektp (OTOIFOMUHECIICHIINA CBOOOJIHBIX 3KCHUTOHOB KpucTauioB LiH,
CKOJIOTBIX B CBepxTekyueM remuu npu 2K coctout u3 yskoi 0ecpoHOHHOM Ju-
HUM W3Ty4eHus (B JIydimx oopasiax e€ nomymmpuna cocranisieT AE < 10 maB)
u e€ Ooisiee MMUPOKUX (OHOHHBIX MOBTOPEeHH. DOHOHHBIE MOBTOPEHUS 00Y-
CJIOBJICHBI M3Jy4yaTeJIbHOM AHHUTHIISIMEH CBOOOAHBIX SKCUTOHOB C OJIHO-
BPEMEHHBIM U3JIyYEHHEM OT OJIHOTO JI0 MATH NMpoaoiabHbIX ontudeckux (LO)
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¢onoHoB (cM. puc. 1 B [47]). [lockombky 3Heprus LO porOHOB ci1abo 3aBuU-
CUT OT BOJIHOBOrO BekTopa q [20] crekTp M3JIydeHusi OTpa)xaeT MepBOHA-
JaJIbHOE SHEPreTHYeCKOe pacipeleicHie dKCUTOHOB. [IpuBenénuniii B [47]
MOKA3bIBACT CIEKTP (OTOIIOMUHECIICHIINA CBOOOIHBIX SKCHUTOHOB B KpH-
cratax LiH u LiD npu 2K. 3amMetum xopoliee coBmaieHue CeKTpoB GoTo-
JIOMUHECIICHIIUU C paHee ¢parMeHTapHO omyOnukoBaHHbIMU [35]. Cnektp
U3ITy4YEHUs] CBOOOJHBIX SKCHUTOHOB B CMEIIAHHBIX KpHUCTaiax o00JagaeT
UJCHTUYHON CTPYKTYPOM, YTO MPSMO AEMOHCTPUPYET PUC. .

2L0

2L0

ILO

JAVAVAN

Puc. 5. Cnexmp nomunecyenyuu c60600HbIX IKCUMOHO8 8 KDUCMALLAX,
CKOJIOMbIX 8 CBEPXMEKYYEM CeUU.
a—LiH; b — LiHxD1-x; ¢ — LiD npu 2 K.
Ykazano paspewenue cnexmpanvnozo npubopa

Maxkcumym OecpoHOHHOM AMHMM W3NTydeHus B kpuctamie LiH naxo-
IUTCSI TIOYTH B PE30HAHCE C JIMHUEH OTPa)KCHHsSI PKCUTOHA B OCHOBHOM CO-
CTOSIHMH, YTO YKa3bIBa€T Ha NpsiMoil nepexos X1—Xs B 30He bputosna [15].
Jlvann POHOHHBIX MOBTOPEHUH 00Pa3yIOT SKBUANCTAHTHYIO CEPHUIO, CIBUHY-
TYI0O B HU3KOPHEPreTHUECKYI0 00JIaCTh OTHOCUTENIbHO 0ec()OHOHHON JMHUU
U3TY4eHHUS] CBOOOIHBIX DKCHUTOHOB. ODHEPreTHYECKOE PACCTOSHUE MEXIY
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STUMH JMHHUSIMH COCTaBIIAET B ciydae kpucramioB LiH 140 m3B, uto paBHO
sHeprun LO ¢onona B I'-Touke 30ub1 bpumttosna [28]. Ob6parasice Kk criek-
Tpam JIIOMHUHECLIEHIIMU CBOOOAHBIX 3KCUTOHOB KpUCTaIoB LiD Heobxommumo
OTMETUTH CIEIYIOLINE 0COOCHHOCTH:

1. KoporokoBomHoBo# casur (Ha 103 mM3B) cnekrpa doromromunec-
LEHLUU KaK LEJ0ro0.

2. Ymupenue 6ec)OHOHHOM JIMHUU U3TyYEHUS] SKCUTOHOB 10 CpaBHe-
HUIO C aHAJIOTUYHOM JnHUeH kpuctauioB LiH.

3. Kak u B cimyuae kpucramioB LiH, crnexkTtp nroMuHecueHIUH Kpu-
ctauioB LiD obOnagaer pa3BUTON CTPYKTYpOH, SHEPreTUYECKOE PACCTOSTHUE
Mexay Heil coctaBisieT 104 maB, uto paBHo 3Hepruu LO doHona B I'-Touke
30HbI bpuiuttosna (cM., Takxke [28]).

CpaBHEHHE 3KCIEPUMEHTANBHBIX PE3YJIbTATOB MO CIEKTPAM JIFOMUHEC-
ueHuuu U PKPC [48] u3ydeHHBIX KPUCTAIUIOB (Pa3inyarouuxcsi TOIbKO O
HUM HEUTPOHOM) MIO3BOJISIET CIENATh CJIEAYIOIIUE BHIBOBI:

1. JloGaBneHue omgHOTO HEWTpoHa (UCIOIb30BaHUE KpucTtayuioB LiD
BMecto LiH) yBenuumBaer sHEpPrui0 SKCHUTOHA B OCHOBHOM COCTOSIHUM Ha
MAaKpPOCKOIIMYECKYIO BEIMYMHY paBHyto 103 maB.

2. Bropas makpockommueckas BeNWYMHA, paBHas 36 MdB, cBs3ana
¢ ymeHnsbiienreM suepruud LO ¢ponona B kpuctaimiax LiD, T. e. onsTe xe npu
100aBJIEHUH OJTHOTO HEUTPOHA.

3. CornacHo TUHAMUKHU PEMIETKH M3YYEHHBIX KPUCTAIIOB UX aKyCTH-
yeckue (POHOHBI UMEIOT OJHY U Ty XK€ HHEPrHulo, YTO MPSIMO JOKA3bIBAECTCS
UJEHTUYHON CTPYKTYpPOH CHEKTPOB pacCEsHUS 3TUX KpucTauioB [48]. Emié
OJIHO Ba)KHOE 0OCTOATENTHCTBO — HebobIoe u3meHenue >Hepruu LO ¢ono-
HOB (36 M3B) 10 CpaBHEHUIO ¢ M30TOMUYECKUM CABUTOM OeCc(POHOHHOM Jin-
HUU H3Iy4eHUus: cBOOOAHBIX 3KCUTOHOB (103 m»3B). IlpuBenénnnie 0OCTOA-
TEIbCTBA CBUJETEIBCTBYIOT O HE DJJEKTPOH — (POHOHHOM MEXaHU3ME
pPEHOPMANIM3ALMKY SHEPTUM DJIEMEHTApHBIX BO30YXKAEHUI B KpUCTaiax
¢ uzoronuueckuM spdextom [49].

Kak yxe panee oTMe4aoch €1iié 0JIHIM UHTEPECHBIM OOBEKTOM SIBJISTFOTCS
KPUCTAJUIbI aJiMa3a U rpadeHa, KOTopble UMEIOT MaKpOCKOMMYECKUE BEIIMUMHBI
U3MEHEHHs ONTUYECKUX XapaKTEPUCTUK NPH H30TOMHYECKOM 3aMELICHUU.
CrieKTphl KaTonomoMuHeceHnuy HatypansHoro (12C) u cunretnueckoro (YC)
KpucTauioB anmasa rpu 77K cormacuo manapM [50] moka3zaHsl Ha puc. 6.

[Tuku A, B u C 00ycioBieHsl U3Ty4eHHeM CBOOOHBIX SKCUTOHOB C OJJHO-
BPEMEHHBIM U3JTyYEHUEM NPOJOIBHBIX aKyCTHUECKHUX U MPOAOJIBHBIX ONTHYECKUX
¢oHOHOB MMeromMX BOJHOBOM BekTop +k = 0,76 X [50]. M3oTommyeckuii casur
CHEKTpa Kak 1esioro coctaBisieT 14+0,7 maB. bonee netaibHO KpUCTALIBI altMasza
Pa3IMYHOr0 U30TOMMYECKOTO COCTaB M3y4yeHa B pabore Watanabe u ap. [51]. Pe-
3yJbTaThl 3TUX UCCIIEIOBAHNI MPEICTABICHBI HA pUC. /.
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Puc. 6. Cnexmpul kamoodonomunecyenyuu npupoorozo (*2C)
u obozawennozo (*C) npu 77 K [57]
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Puc. 7. Cnexmpul kamooonomunecyenyuu kpucmannos aimasza *CBCr,
PA3HO20 U30MONUYECKO20 COCMABA, YKA3AHHO20 OKOI0 KANXCOOU KPUBOLL

Puc. 8. Cxemamuueckoe npedcmasnenue memaiiuiecko2o (CRIOWHAS TUHUSI)
U NOYNPOBOOHUKOBO20 (UMPUXOBAS TUHUSL)
cocmosnus 2pagpena npu 3amene >C na BC
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[IpuBenéunbie pe3yabTaThl CBUACTEIBCTBYIOT O BO3MOYKHOCTH CO3JIAaHUS
HOBBIX MAaTEPHUAJIOB C MOMOIIBI U30TOMOB. DTO OCOOCHHO Ba)XKHO C TOYKH
3pEHHUs yMPABICHUS MAKPOCKOMUYECKUMH XapaKTEPHUCTUKAMU HOBBIX MaTe-
puanoB. Emé€ Oosiee HArISIHO 3TO BUIAHO TMPHU H30TONMUYECKOM CO3JaHUHU
u3 rpadeHa ¢ METALTHYECKON MPOBOIUMOCTHIO TIOJIYIIPOBOJHUKOBBINA MaTe-
puai (cm. puc. 8).

VIMeHHO M30TONMHMYECKOe CO3JaHUE IMOIYNMPOBOJTHUKOBOTO rpadeHa OT-
KpbIBa€T HOBOE HAMpAaBIICHUE TPHU 3aMEHE KPEMHHUEBOW JJICKTPOHUKH Ha
rpadeHoByto (moapodHee cm [52]).
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[Tpobrema PKOIOTHYECKOTO COCTOSTHHS OKPY>KAFOIIEH CPEIIbl C KaKIBIM TO-
JIOM MPHOOpETaeT BCE OOJIBIIYIO AKTYAITbHOCTh. OJTHUM U3 KITFOUEBBIX (PAKTOPOB,
CEpHE3HO BIUSIONIMX Ha 3I0POBLE UEJIOBEKA, SBIISIETCS aTMOC(EPHBINA a3p030Iib
(AA). B nannoit pabote mmocTapieHa 3a/iaya ONpeesIUTh PACIpeIeICHUE PaIro-
aKTHBHBIX U30TOIOB B Mpobax arMoc(hepHOro a’spo3os Ha mpaBoM Gepery Coip-
Hapeu B nipenenax Xymkanaa. s tepputopuu CeBepHoro TamkukucTrana ta-
KAMH UCTOYHUKAMU 3aTrPsI3HEHUH SIBIISIIOTCS] TPAHCTIOPT, IIEMEHTHBIE 3aBOJIbI, OT-
KpBITOE XBOCTOXpAHWJIMILE, pacnojokeHHbsie B urmae u np. Ha Teppuropuun
®depraHckoi JTOJMHBI BCE BBHIOPOCHI U COPOCHI 3arpsi3HSIIOIIMX BEIIECTB B OKPY-
KAIOIIYI0 cpey ocratorcsi B gonmHe. Kpome Toro, Tamkukucran pacnosioxeH
B III00AIBHOM TIOsICE, Yepe3 KOTOPBIM MepeBUracTCsl MbLIb ¢ KPYIMHEHIINX ITy-
CTbIHb AGpUKH W A3WM, ¥ 3Ta THUIb, TIPUIIC/IIAS W3aIeKa, TAaKKe YaCTUIHO
ocakiaercs B mpoctpadcTBe Cormuiickoit oonactu [1, 2].

[enpro JaHHOTO WCCIEAOBAHUS SIBISICTCS MOJYYCHHE JaHHBIX, HEOOXO -
MBIX JUIS aHAJN3a W KOJUYCCTBEHHOW OIICHKH COJICPYKaHMS PaTUOAKTHBHBIX
M30TOMOB (MCTOYHUKOB TaMMa-U3Ty9YCHHUS) B TIOYBAX U MBIJICBOTO a3pO30JIs JIJIst
BBISIBIICHUS PAIMOAKTUBHBIX aHOMAJINH, OOBEKTUBHOMN OIICHKH M MPOTHO3a pa3-
BUTHS PaJMAIlMOHHON cuTyanuu Ha npaBoM Oepery Ceip-Jlappu B mpepenax
Xymxkanga. B cBs3u ¢ 3tuM, B Hacrosiield padoTe, oOCYKIaroTcs HOBBIC pe-
3yJIbTaThl UCCIIEJIOBAHMUS COMIEPIKAHUS U U3YUCHUS! KOHIICHTPAIUU PaJINOAKTHUB-
ueix u3oronos (YK, 137Cs, 210Pb, 212ph, 214pp, 214Bj, 22°Rgq, 28Th, 228Ac) B AA
B mpeaenax XymkaHma. Mcxoms w3 1enu uccliefoBaHus, CPOpMYIHMpPOBAHbI
CJICAYIOIUE 33J]aui: MCCIIENOBaTh OCOOCHHOCTH PaCIpeesiCHHUs] PaInOaKTHB-
HBIX W30TOIMOB B aTMOC(EPHOM a’dpO30Jie, CPAaBHUTH MOTYyUCHHBIE PE3yIIbTaThI
uccienoBanii AA Ha mpaBoMm Oepery Crip-appu B mpenenax XymkaHaa
C IOrO-IIEHTPAJIbHOM YacCThiO Ta/KUKUCTaHA.

["amMMma-paTnoMeTpHUECKUil aHAIM3 PaJMOAKTHBHBIX H30TOIOB IPOBO-
JUJICSL C TIOMOIIBIO AeTekTopa ¢pupmbl «Kanbeppa» Ha OCHOBE CBEPXUHUCTOTO
repMaHusi ¢ OTHOCUTENbHOU 3 hexkTuBHOCTHIO B 10 %.
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AHanm3 NoJIy4eHHBIX PE3yIbTaTOB CBUAETEILCTBYET O TOM, YTO KOHIICH-
tpaumusa “°K B armocdeproM asposone kxonebnercs ot 1214 mo 1684,2 Br/kr,
npu cpensem 3HaueHun — 14491 bx/kr. [lonydyeHHble qaHHBIC TOKA3BIBAIOT,
YTO BO BcexX 00pa3max AA KOHIEHTpaIUs paJlOaKTUBHBIX H30TOIMOB Ha Mpa-
BoM Oepery Ceip-apsu B mpeaenax XypkaHga BbIIIe, YeM B IOTO-
LIEHTPAIBLHON YaCTH CTPaHsl, 3a nckmodeHneM ='Cs u ??°Ra. U3 pe3ynsTaToB
aHaJIn3a cojepKaHue PaJuOaKTUBHEIX n30TonoB 3HadeHus ‘“°K - B 1,93 pasa,
210pp - B 4,3 paza, 2?Pb - B 2,35 pasa, 2*Pb - B 3 pasa 21*Bi - B 2,77 pas3a,
228Ac - B 1,34 pa3a BbIIE B 4aCTHIIAX IIBLUIEBOIO a3p030J Ha IIPABOM Gepery
Coip-nappu B npejienax Xy/KaHia, Y4eM B IOTO-IEHTPAIIbHON YacTU CTPaHBI.
B npobax atmocdepHoro a’po3osst Ha npaBoM Oepery ChIp-apbu B Ipeje-
nax Xymxanaa uzoronsl Th-228 u U-235 He 0OHapyXEeHBI.

Ha npaBom Gepery Ceoip-/lapbu B npenenax XyakaHia adpo30JbHOE
3arpsi3HEHUE BO3/yXa CBA3aHO C BHIOPOCAMHU aBTOTPAHCIIOPTA, MPOMBIIILICH-
HBIX MPEINPHUITHIA U IEPEHOCOM YaCTHI[ adPO30JIs C IIOBEPXHOCTH OTKPBITHIX
XBOCTOXPaHWIUII JAHHOTO perroHa [2]. M3ydeHne paaroakTUBHOTO 3arpsi3-
HEHUs1 aTMoc(hepsl PeTMOHA B3BEHICHHBIMH YaCTHUIIAMH aKTyaJbHO JUIS TIO-
HUMAaHUS U PEIIeHUs MPOoOJIeM PErHOHANIBHOTO U TJI00ATFHOTO TPAHCTPAHNY-
HOTO TIEPEHOCa BO3AYIIHBIX Macc. J[BI)KEHHMEM BO3IYIIHBIX MacC a’po30Jib
MEPEHOCUTCS] Ha OOJBIINE PACCTOSHUS M OKAa3bIBACT 3HAUYMTEIBHOE BIHMSHHE
Ha KJIMMAT U KOJIOTUYECKOE COCTOSIHUE TEPPUTOPUIA.

Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPbI
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B CBs3M C MOCTOSIHHBIM PAaCIIMPEHUEM MOTPEOHOCTH B CTAOMIIBHBIX
M30TONAaX B TAKMX OTPACIAX, KAK MEJIMLMHA, OMOJOrus, MaTepHUaAIOBEICHNUE,
CHMHTPOHHKA, KBAaHTOBBIE BBIYMCIEHUS AaKTyaJ€H IMOMCK HHHOBALMOHHBIX
METO/IOB U TEXHOJIOTUM MOTYYEHUSI U30TOMHOM MPOTYKIIHMH.

N3BecTteH marHuTHBIA n30TONHBIA 3pdekr (MUDI), oTkpbIThl Byua-
yeHKo A.JI., Monunem IO.H. u ap., B KOTOpOM XMMHUYECKasl pEAKLIHS MEKTY
ABYMsI paJliKajaMy, IPOTEKAoIasi B CJIabOM MOCTOSIHHOM MAarHUTHOM I10JI€,
CEJIEKTMBHA 110 U30TONaM, OTJIMYAIOIINXCS SACPHBIM CIMHOM. IIpu BEICOKOM
KO3 puIueHTe 0JHOKpaTHOro pasnaeneHus, MO He TpeOyeT ucrosib3oBa-
HUS OOJBIINX SHEPreTUYECKUX 3aTpaT. 3ajayda UCCIECIOBaHMs — MOUCK MpO-
IIECCOB, B KOTOPOM I11€JIE€BOM MPOAYKT OCTACTCS B KHUJIKOH haze.

Eciu B mpormecce, B koTopom Habmomaercs MWD, neneBoit uzororn
OCTaeTcsl B )KUIKOHN (a3e, TO TaKOW MPOLECC MOXKHO PEaIn30BbIBaTh B BHUJIE
KackagHo TexHosioruu. [Ipm 3TOM HCKItouaercsa mpoiecc (pa3zoBoro mnepe-
Xo0/1a, TpeOyrouuidi 0oibIIuX 3arpaT sHepruu. OOoTraleHHOE MO IIEJIEBOMY
M30TONYy COEIWHEHHWE MOXHO MOBTOPHO MojJBeprarh (OTOJM3Y B cllaboM
MarHuTHOM TioJie. B pa3nenuTenbHOM Kackajle MOXHO TOJyYUTh 33JaHHYIO
KOHLIEHTPALMIO LIEJIEBOI0 N30TOMNA B MPOIYKTaX paIuKaIbHBIX MPOIIECCOB.

Jis hopMupoBaHUs KacKkasla HEOOXOIMMO YCKOPSITh PEAKIMH PaJIMKaIoB
C LEJIEBBIM M30TONOM, NPUBOASAIIMX K BOCCTAHOBIIEHUIO MCXOJHOTO COEIUHE-
Hust. [Ipu 3ToM Kackan mpencTaBisieT coOOiMl OJHOCTYNEHYATyH0 YCTaHOBKY,
B KOTOPOM MEPUOJNYECKN U3MEHSIOT, HAIIPUMED, BEIMYMHY MArHUTHOTO IOJIS
W/WIM TeMneparypy. ITO CBSI3aHO C TEM, YTO M3-3a U3MEHEHHUSI H30TOIMHOIO CO-
cTaBa paboye KUJKOCTH W3MEHSETCSl 3HAUEHUE YaCTOThI CTOJIKHOBEHUS pajiu-
KaJIOB — OCKOJIKOB pabovel KUAKOCTH, COZIEp KaIlMX LIeNIeBOM U30TOIOB.

B noknazne ananusupyrotcs GU3NKO-XMMHYECKUE MPOLIECCHl M MapamMar-
HUTHBIC SIBJICHUS, HAONIOAArONIMecss B KacKaJHOM TexHojoruu. Hampumep,
OPUBOJASTCS PE3yJIbTaThl aHalW3a PaJUKAIBbHBIX MPOLECCOB Mpu (poronmse
Pa3IMYHBIX KUJIKUX CUCTEM, HAXOSAUIUXCS B CJIa0OM MarHUTHOM moJie. W3-
BECTHO, YTO PaJIMKaJIbl C U30TOMAaMH CO CIIMHOBBIM SIIpOM ObIcTpee (popmu-
PYIOT XMMHUYECKYIO0 KOBAJEHTHYIO CBs3b. lIpW B3auMOAEMCTBMM H30TOIOB
OJIHOTO XHMMYECKOTO »JJIEeMEHTa 0oJiee BEPOATHbBl XUMHUYECKUE PEAKIUU
MEXIYy paJdKalaMH, COIEpKAIIMMH Pa3HbIE W30TOMNbI, YEM OJUHAKOBBIE.
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Takxe NpuBOAATCS PE3YNbTATHl SKOHOMUYECKOIO aHAIIN3a — AHATU3UPYIOTCS
3aTpaThl SHEPIrUM Ha TMOJYYEHHE MaKCUMAaJbHOTO oboraimieHus pabdodeit
xuakoctu. [Toka3piBaloTCs S5KOHOMUYECKH 00OCHOBAHHBIE TEXHOJIOTHUECKHE
IapaMeTpsl KacKajaa.
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VYiayunieHue kadecTBa >KU3HU JIIOACH TpeOyeT MOCTOSIHHOTO paciiupe-
HUSl TIPUMEHEHUS HW30TONOB B MEIUIIMHE, OWOJIOTHH, MaTepHUaIOBEJCHUH,
CHUHTpOHUKE. Pacumpenuto o6iacteil MpUMEHEHHs] U30TOMHOM MPOAYKIIUU
NPENSATCTBYET UX BBICOKASI CTOMMOCTh. [103TOMY MOMCK MHHOBAIlMOHHBIX Me-
TOAOB MOJIYYEHUS MOHOU3OTOIMHOM MPOAYKIIHUH SIBJSIETCS AKTYaJIbHBIM.

MaruuthHbiii n30tonHbIN dPdext (M) OTKPHIT KOJIEKTUBOM YYEHBIX
(bywauenko A.JI., MommusiM FO.H. u 1p.), B KOTOpOM XHMHUECKasl PEaKIUs
MEXKy JBYMs paJldKaiaMy, MPOTEKaoas B cJad0OM MarHUTHOM TIOJIE, CEJIeK-
TUBHA 10 u3otonam. [Ipu BbICOKOM KO3 (UIIMEHTE OTHOKPATHOTO pa3AeiIeHHUs,
MMUD He TpeOyeT BIOKEHUS OOJBIINX SHEPTETUYECKUX 3aTparT. 3aaaya — IMOUCK
MIPOLIECCOB, B KOTOPOM II€JIEBOM MPOIYKT OCTAETCS B KUIKOH (haze.

Eciu B mpouecce, B koTopoM HaOmomaercs MWD, nenesoil uzoron
ocTaeTcsl B KUIKOU (ha3e, TO TaKOM METOJT MOKHO PEaJIu30BBIBATH B BHUJIEC
KaCKaJIHOM TEXHOJOTHHM. B Kackajge MOXHO IOJYYUTH JIFOOYIO 3aJaHHYIO
KOHILICHTPALUIO U30TOIIa.

st hopmupoBanus Kackaga HEOOXOAUMO YCKOPSTh PEaKIMU paJuKa-
JIOB C LIEJIEBBIM U30TOIOM, IPUBOAAIIMX K BOCCTAHOBJICHUIO HUCXOJHOTO CO-
equHeHus. [Ipu 3TOM Kackaj mpeacTaBisieT co00M OTHOCTYNEHUYATYIO yCTa-
HOBKY, B KOTOPOM CHHXPOHHO WM3MEHSETCS, HAllpUMEpP, BEJIMUYMHA BHEUIHETO
MarHUTHOTO MOJISl U3-3a U3MEHEHHUS U30TOITHOTO COCTaBa paboyuel KUIKOCTH.

B noxnane mpuBOAATCS pe3ynbTaThl aHAIM3a PAAUKAIBHBIX IPOLECCOB
npu (GOTONMU3E PA3IUYHBIX KUJIKUX CHUCTEM, HAXOMASIIMXCA B ciaboM Mar-
HUTHOM Tosie. HeoOxonuMo y4uThIBaTh, YTO paguKalbl C H30TONMAMU
CO CIIMHOBBIM $JIpOM OBICTpEE BCTYMAIOT B XUMUYECKYIO peakuuio. [Ipu srom
0oJiee BEpOSITHBI XMMUUYECKHE PEAKIUU MEXKIY paJuKallaMH, COAep>KalluMu
pa3HbIE U30TONBI OJHOTO BJIEMEHTA, YEM OJIMHAKOBBIE.
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Hcnonp30BaHne SACpHON SHEPTHHM HAYMHAIOCH C YypaH-TpauTOBOTO
peaktopa (YI'P) CP-1, moctpoennoro B 1942 roay moa TpuOyHamu cTaguoHa
Yukarckoro yHusepcurera. B nanpHelniem Obulo pa3padOTaHO MHOKECTBO
koHCcTpykuui YI'P. 3nauntensnas yacte YI'P Obia crienmanbHo pa3zpaboTa-
Ha M MCIOJIb30BaAIACh JJI1 HApaOOTKU OpYKEWHOro mIyToHus. Bo Bcex cTpa-
Hax cyMMapHO ObuI0 mocTpoeHo 123 YI'P. B Hacrosimiee Bpemsi CcyMMapHOe
KOJIMYECTBO 00JIydeHHOTO peakTopHoro rpadura (OPI') B mupe cocrasiser
okoJio 260 Teicsiy ToHH. [loaTOMY 3amada 3Konorudyecku Oe3omacHou u -
dexruBHOM yTumn3anuu OPI siBnsieTcs 001meMupoBoi.

OPT" comepxur *C u npyrue paamoHyKINabI, MONAJAIOIIKE B IPapuT
B IPOLIECCE PA3NMYHBIX aBAPUIMHBIX cuTyaiui. Beytenenne *C ot rpagura
IPECTaBISIET HEpEIIaeMylo 3a/ady H3-3a HEOOXOJUMOCTH HCIOJIb30BAHUS
JUIIb TEXHOJOTHH IOJYyYEHHs H30TONOB. Jlpyrue paguoHYyKJIHIbl 3HAYU-
TEIbHO OTIMYAIOTCA OT rpadura no GU3NKO-XUMHYECKUM cBoMcTBaM. Takue
KOMITOHEHTBI MOXHO Pa3JessiTh XUMUYECKUMH METOAAMU. 3a/1a4ya BCKPBITUS
PAAMOHYKIMIOB B TOJIIE TIpaduTa MOXKET pemarbcsi MeXaHUYeCKUMU
U 3JIEKTpOXUMUYeckumMu Metojamu. [lpu stoMm, u3-3a rugpodoOHOCTH Tpa-
¢uTa, HEOOXOIUMO OLEHUTh MAaKCUMaJIbHBIN pazMep yactul nopomka OPT,
MO3BOJISIOIINN MTOJHOCTBIO €T0 J1€3aKTUBHPOBATh.

B noxiane aHanmM3UpyroTCs NPOLECCHI, CBA3aHHBIE C TPOHUKHOBEHUEM
TPaBSIIUX PACTBOPOB B 4aCTHIy rpaduTa, coiepikalleil CKBO3HbIE MOPHI,
U METOJaMHM co3/1aHus Takux nop. IIpu s3Tom ananusupyrotcs Tpedyemble 3a-
TpaThl dHEpPrun U BpeMeHu o0paboTku OPI' mpu pazmuyHbBIX TEXHOIOTHIX
U3MeJbueHUs rpapura U (GOPMUPOBAHUS MOPOIIKA. YKa3blBAEMbIE BBIIIE
IPOLIECCHI TAKKE aHAITU3UPYIOTCS C TOYKU 3PEHUSI SHEPTUH CBSI3H.
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B razosoit nuentpudyre (I'Ll) ra300TOO0pHUKN TeHEPUPYIOT BOJIHBL. OHU
MOTYT 3aMETHO BJIMSATH HAa THAPOJMHAMUKY TeueHus rasa [1]. DxcnepumeH-
TAJIFHO JOKa3aHO, YTO aKyCTHUYecKas BOJHA B TOHKOH TpyOKe NPUBOIUT
K Pa3JIeJICHUIO Ta30BbIX CMeceH 3a CUET siBNieHUs TepmonndPy3un [2] BOIM3M
CTEHKU. B CBEpXCHJIBHBIX HEHTPOOEKHBIX MOJSIX, Kpome TepMoaudpdy3uu
BO3HHUKAIOT HOBBIC CHICIIM(PHUECKUE MEXAHU3MBI pa3ziesieHHs 0] BO3/ICHCTBH-
€M BOJIH. MBI MPOBENHN aHATN3 HOBBIX MEXAHW3MOB pa3fefieHHs], BOSHUKAIO-
[IMX B aKyCTUYECKOH BOJHE B CBEPXCHIIBHOM LIEHTPOOEKHOM Tojie. OaHUM U3
HUX siBIsieTcst Oaponnddysus. AMIUMTyna KojieOaHWil NaBl€HUS B BOJIHE,
pacrpocTpasstolieiica Baonb ocu BpaiieHus ['Ll, nmeeT uHy0 3aBUCUMOCTb
OT paJUaJIbHON KOOPAHWHATHI, YEM JABJIECHUE HEBO3MYILEHHOTrO Tasza [3]. OTo
IOPUBOJNUT K BO3HUKHOBEHHUIO BO3MYILICHHS KOHIEHTpAllUd Ta30BOM CMeECH.
Hpyroit MexaHu3M paszesieHus: 00yCIOBJICH paIualbHbIMU KOJIEOAHUAMHU ra3a
Ha (poHEe paaManbHBIX TPAIMEHTOB KOHIIEHTpanuu. B Harmeit padote uccieno-
BaH Oapoan(dy3nOHHBIN MeXaHU3M pazzaeneHus. J[aHo cpaBHEHHE MEXaHU3-
MOB paszJielieHus 3a CYET TepMo- U 6apo- Auddy3un B BOJIHE.
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CTATUCTUYECKUE XAPAKTEPUCTUKMU COOEPXAHUA
PAOWOAKTUBHbIX U30TOMNOB
B ATMOC®EPHOM A3PO30JIE CEBEPHOIO TAIDKUKUCTAHA

Xonmamos O.b.

Hayunwiii pykosooumens: Paxmamos M.H., K.¢h.-m.H., doyenm
Xyoorcanockuti 2ocyoapcmeeHHblll YHUBepcumem
um. axao. bobooocona I'agpyposa,
735700, 2. Xyoaxcano, npoezo Maenonbekosa 1, Pecnybnuxa Tadcukucman
E-mail: odinaboki@list.ru

ATtMocdepa sBISETCS OCHOBHBIM PE3€pBYapOM M MEPEHOCYMKOM pa-
JUOAKTUBHBIX M30TONOB. OCHOBHBIM HOCHUTEIIEM PAJUOAKTHUBHBIX H30TOIOB
B aTMOC(EPHOM BO3JIyXE SIBISIOTCS a’3pPO30JIM — JIUCIEPCHBIE CUCTEMBI, CO-
CTOSIIIIME W3 MEIbYalIIUX TBEPAbIX U KUJKUX YACTHUI[ Pa3HbIX pPa3MEpPOB
Y XUMHUYECKOTO COCTaBa, MOJBEPKEHHBIX OPOYHOBCKOMY JIBHXKEHHUIO U 00J1a-
JAIOIINX MaJIoM CITIOCOOHOCTBIO K ceUMEHTalnu. boiiee moioBUHBI cymMmap-
HOW MOIIHOCTH PAAMOAKTUBHOM JO3bI, ITOJy4a€MOW HACEIICHUEM MHUpa, CBS-
3aHO C PaJMOAKTUBHOCTBIO TIPH BIBIXaHUH a3P0O30JIbHBIX yacTull [ 1, 2].

Llenpro HacTodAmEeld padOTHI SBISETCA CTATHCTHYECKHUI aHAIW3 Bapua-
IIY PaIMOAKTUBHBIX U30TOMOB B IIpobax arMochepHoro a’po3ois CeBepHo-
ro Tamxukucrana. PeryisipHblii HEMPEPBIBHBIM KOHTPOJIb COJAEPKAHMS pa-
JMOAKTUBHBIX HM30TONOB B arMocepe U TMOYBE MPUMEHSETCA IS
ONEPAaTUBHOIO BBISBIICHHUS PAJAMOAKTUBHOTO TEXHOTEHHOTO 3arps3HEHUs
B OKpyarolero cpeasl. /[laHHOe ucciieoBaHNE MPOBOAMIIOCH HA TEPPHUTO-
puu Coramiickoit o61acTu.

[[Inpokuit OXBaT TEPPUTOPUHU
OBLT BbI3BAH JKEJIAHWEM CPABHUTH pa-
JTMOAKTUBHBIC U30TOMBI C TIPOO aTMO-
chepHOro a’po30Jid U MOYB C IEJIbIO
VM3YYCHHS] MUTpali  adpPO30JbHBIX
YacTUll, BKJIOYAIOUIUX PaJUOAKTHB- Pb-212,
HbIE U30TOMBI, B aTMOC(epe U MOYBE, Ac-228%
a TaKXe JUIsl BBISIBJICHHUS] UICTOYHUKOB | | |
a’po30JIeEN U OLCHKH YPOBH: 3arpsis- ]-;!lcnoqga 6 8
HEHUS OKPY>KaroIIei cpeibl.

[Ipu wuccrnenoBaHuM 3JIEMEHTHOTO COCTaBa B MpoOax armochepHOro
a’po30J1si, coOpanHoro u3 pasnudnbix paiioHoB (Illaxpucran, Mcrapasmias,
Hesamtuy, 3adapadan, @apmonkypran, Xymkana u Amrckuii paiton) Ce-
BepHOTro Ta/PKUKHCTAHA BBIICJICHBI CICAYIOIIUE PAJUOAKTUBHBIM H30TOIIBI:
40K, 210pp, 212pp, 214pp, 214Bj u 228Ac. Ha puc. B 1orapuMUUECKUX KOOPIH-

oPb-210

y = 1,0925x - 0,6246 o0
R?=0,4753

]JJCAA
hn N ~] oo O
T

£
T

34



HaTax M300paKeHa JIMHUSA, allPOKCUMHPYIOIAsS COOTHOIICHUE COJAEPKAHUS
PAJIMOAKTUBHBIX H30TONOB B IMOYBE M aTMOC(HEPHOro a’po3oisd. YacThIbl
a’p030J1 00OTaIIEeHbl TEMH M30TOINAMHM, KOTOPHIE JICHKAT BBIIIE MPSAMON JIH-
nun Ha rpaduke (K, 21°Pb, #2Pb u 2Ac), a KOHLEHTpauus H30TOIOB,
HaxoAsmuxcsa Hke rpsamoii (214Pb, 22*Bi) okaszanace Beine B mouse. B aspo-
30JIGHBIX YACTHIAX OOHAPY’KEHO MOBBLINIEHHOE CoepkaHue m3oroma K —
B 1,3 pasa, 21°Pb — B 5,23 pa3, ?!2Pb — B 1,24 paza, N0 CPABHEHMIO C TIOYBOIA,
4TO, BO3MOXKHO, CBSI3aHO C aHTPOIIOI€HHBIMU (DAKTOPAMH.

KoHLEHTpalys U30TONOB, PACHONOKEHHBIX BBIILIE MPAMOM, OTHOCHTCS
K a3pO30JIIM HE TOJILKO MECTHOTO IMIPOUCXOMKIEHHS, HO U BHELIHHUM.

JIs aHanM3a M COIOCTABIICHUS PE3YJILTATOB HUCCIIEN0BAHUN MCIIOIb30-
BAJIUCh PE3yIbTAaThl ONUCATENLHON CTATHCTUKK M BEJIUYMHBI APHOM KOppe-
asuud. s craTucTU4ecKux o0paboTOK JaHHBIX MCIOJIB30BaICS TaOJIMYHBIN
penaktop Excel-2016. Ctatuctudeckuii aHanm3 Aa€T MPEACTABICHUE O IIIH-
poTe pa3bpoca M3MepAEMbIX KOHIEHTPALUIl H30TONOB U CTECHEHH Pa3JIMUYMs
3arpA3HEHHOCTH Bo3ayxa Ha Cesepe Tamxukucrana.

Cnucok ucnojib30BaHHOM JUTEPATYPHI
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[TocnencTBusi rOpHO-TEOJOTMUECKUX Pa3padOTOK PaguOaKTUBHO-PYAHBIX
MECTOPOXKIACHUI W U3BJICYCHHS] CTPATErMUYECKOr0 ypaHa JJii aTOMHOM MPOMBIIII-
nenHoctu ObiBiiero Coserckoro Coroza Ha teppuropun CeBepHOro TamKuKH-
CTaHa MPUBEIN K MOSBJICHUI0 MHOTOUYMCIEHHBIX PAJUOAKTUBHBIX XBOCTOXPAaHU-
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7 OOJIBIION MOUTHOCTH — AECATKH MWIIHOHOB TOHH BBICOKOM aKTMBHOCTH —
Thicsun Ku 1 Ha OONbIIMX TUIom@ansx — cotHu 2a [1, 2]. XBocToXpaHHUIHIIA U OT-
BaJIbl MPOMBIIICHHBIX MIpeanpusiTuidl ooboraimiensl TM, KOTOpble Py ONpe/Ie/IeH-
HBIX KOHIIEHTpalusix, npepbimaromux [1JIK, npeBparatorcst B TOKCUYHbIE.

[enbto Hacrosimield paboOThI ABISETCS CTATUCTHUUECKUN aHAIIM3 BapUalUH
PaAMOaKTUBHBIX H30TONOB B Mpobax mouB CeepHoro Tamkukucrana. Pery-
JSpHBIA HEMPEPBIBHBIN KOHTPOJIb COACPXKAHUS PAJUOAKTUBHBIX HM30TOIMOB
B [IOYBE MPUMEHSETCS ISl ONEPATUBHOIO BBISIBJICHUS PAaJUOAKTUBHOIO TEXHO-
TFE€HHOTO 3arpsA3HEHUsl B OKpYy’Karollero cpensl. [IpoBonnnm uccienoBaHusi Ha
tepputopun CorauiicKoi 00acTy.

Metoauka uccnenopanus. [loarotoBky npo0 aisi U3MEpeHHUsT aKTUBHOCTH
PaAMOAKTUBHBIX M30TONOB MPOBOAWIN MO CTAHAAPTHBIM PaTUO3KOJIOTHYECKUM
MeToAuKaM. [l aHanmm3a W COIMOCTaBJICHHUS PEe3yJbTaTOB HCCIEAOBAHUMA HC-
MOJIb30BAJIMCh PE3YJIbTAThl ONUCATENBHONW CTATUCTUKU W BEJIMYMHBI MAapHOU
Koppemsiimu. [{ist ctatuctuueckux o0paboTOK JTaHHBIX MCHOJIB30BANICS TaOIHY-
HbIil penaktop Excel-2016.

[IpoBoaMIM CTATUCTUYECKUI aHAJIW3 TOJYYEHHBIX 3HAYEHUH YJEIbHBIX
aKTUBHOCTEW UCCIIElyeMbIX PaIMOAKTHUBHBIX M30TOMOB BCEX MPOO MOYBBI, OTO-
Opannbix Ha Tepputopuu CeBepHoro Tamxukucrtana. Ob6o3nauenusa: <C> —
CpelHee COACpKAHUE PaTMOAKTUBHBIX U30TOIMOB B MTPOOE MOYB U aTMOC(HEPHOTO
a3p0301s1; Cmax — MAKCUMAJIbHOE COJEPKaHUE PAJUOAKTUBHBIX U30TONOB B MPO-
6e; Cmin — MUHUMAJIILHOE COJIEP’KaHUE PAJMOAKTHUBHBIX U30TOIMOB B Mpode; 6 —

CpeHEKBaPATHIHOE OTKIOHEHHE; Sn = 6/+/N — cpenHexBaxpaTHuHas morper-
HOCTb CpefHero apudMeTudyeckoro (n — KOJMYECTBO MPOO DIJIEMEHTA);
(IP1 = 0.98x/xmin) — MHTErpaNIbHBIN HHICKC 3arpsizHeHus, V = 6/<C> — ko3¢ u-
ieHT Bapuaiu; D = Cmax/Cmin — OTHOIIICHHE MaKCHUMAaJIbHON KOHIICHTpAIUU
K (hOHOBOI (B KauecTBO (POHOBOTO 3HAYCHHUS MPUHITO MHHUMAIBHOE COJEpKa-
HHE PaJOaKTHBHBIX M30TOMNOB); § = {c'G/vVn — MOBEpUTENBHBIN HMHTEpPBAI C Be-
postHOCTBIO 95 % (tc — ko3 dummenT CThromeHTa); lreo =10g2(<C>/1,5*Cs) —
reoXuMudecKkud uHaekc 3arpsizHenus [15—-17]; Cs — pernonanbpHas (oHOBas
KOHIICHTpAIIMs U30TOIa, TJI¢ B KayecTBe (pOHA HAMHU HCIOJIH30BAHO MUHUMAJIh-
HOE COJICp)KaHNE M30TOIA B IIOYBE U a3PO30JIe.

Cpennve apudmerudeckue 3HaueHus misn 0K, 210Ph, 212ph, 214pp, 214
u 2 Ac B npobax nous cocrasnsoT 13613, 675,47, 122,8, 248,15, 574,33, 101,93
COOTBETCTBEHHO. JlaHHBIC pe3yJIbTaThl 0 CPABHEHUIO C JTAHHBIMH IPOOAMH adpo-
somsimu cocrasisiror 0,77, 0,19, 0,81, 2,28, 6,45, 0,93. Cpennee conepsxanue 21*Ph
u 2“Bi B MccnemyeMbIX IpoOax IMoYB BBIIIE, YEM MPOGAX a9PO30JIA.

O6padoTka u 06001IeHNE 00MIBIIOr0 00BEMa JaHHBIX MOJEBBIX U Jabopa-
TOPHBIX HCCIIEJOBAHMI IOKA3ajId, YTO BapHaluM TexHoreHHoro 'Cs cyime-
CTBEHHO OTJIMYAIOTCS OT MOBEJACHHS NPUPOIHBIX PaIMOAKTHBHBIX H30TOIOB.
[Tpu HaXOXKACHUN KOPPEISAIMOHHON CBA3M MEX Ty KOHIICHTPAIIMSIMH HEKOTOPBIX
pPaJMOaKTUBHBIX M30TOMOB BXOSIIUX B COCTAB MOYBBI CEBEpHOM yacTu TamKu-
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KHCTaHa, OBLIM TOJY4YEHBI CleAyromue pe3ynbratel. U3 36 koadduimenTon
KOppEJALINY, IPEICTaBICHHBIX B Ta0Jl. 3, Bce MOJIyYeHHbIe 3HaUeHus: Koddu-
[IMEHTOB OKAa3aJUCh HIKE KPUTHUUYECKOTO 3HAYEHMS JUIsl YPOBHS 3HAUYMMOCTHU
95 %, 4TO TOBOPUT OO0 OTCYTCTBHUU CTAaTUCTHUYECKOW CBSI3U MEXKIY COOTBET-
CTBYIOIIMMHU PaJIMOAKTHUBHBIMU M30TONAaMHU B npobax mouB. To ectb, Koppens-
[IUOHHBIX 3aBUCUMOCTEH B MOYBAX MEXKITy KOHIICHTPAIMSIMU HEKOTOPHIX PaHoO-
aKTUBHBIX U30TOINOB He (pukcupyercs. [loBeneHne paguoakTHBHBIX H30TOIOB
B IIOYBaX HE CBSA3aHO JIPYT C JIPYTOM, YTO YKa3bIBae€T HA MPEUMYIIECTBEHHYIO
XUMHYECKY0 Murpanuio. [Ipu 3TOM OTCYTCTBYIOT KOpPpEISIMOHHBIE CBS3H
MEXTy KOHIICHTPAIUSIMH U30TOIIOB.
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Kpemuuii mimpoko npuMeHseTcsl B U3TOTOBJICHUH MOJYITPOBOTHUKOBBIX
pUOOPOB, COTHEUHBIX OaTape, MoJyYeHUH CIIJIaBOB U BOCCTAHOBIIEHUU Me€-
TaJJIOB U3 OKCHJIOB.

Monokpucrann 2Si obnagaer Gonee BBHICOKOH TEIIONPOBOAHOCTHIO,
4eM Yy HOPUPOAHOTO KpeMHHsS. ITO 00yClaBIMBAaET €ro HCIOIb30BaHUE
JUISL YIYUIIEHUS TEIJIONPOBOJHOCTH TOJIYyNpoBOAHUKOB [1]. IIpumeneHue
28Si mpu MPOM3BOACTBE MUKPOCXEM CIIOCOOCTBYET YBEIUYECHUIO ILIOTHOCTH
YIAaKOBKM B HUX TPAaH3UCTOPOB M TAKTOBOM YaCTOTHI PabOTHI MUKPOCXEM.
28Si IPUMEHSIOT TaKKe B KBAHTOBBIX BBIYMCIICHUAX, IIOCKOJIBEKY OH 00J1a1aeT
HyJIEeBBIM cMHOM [2]. MoHoKkpucTai 2°Si nmpuMeHseTcs py H3y4eHnu Co0-
CTBEHHBIX U MIPUMECHBIX J1e(PEKTOB, B pacpeeICHUN TPUMECEN B TTOIYIIPO-
BOAHUKOBBIX  MaTepuagax, B OOHapY)KEHUHU JIOKAJIBHBIX  IICHTPOB

37


mailto:orlovaa@tpu.ru

¥ HEPETYJIAPHOCTH B CTPYKTYpE CTEKOI, KPHCTAIJIOB, KEPAMUKHM METOIOM
5JIEKTPOHHOTO MAPAMATHUTHOTO Pe30HaHca. MoHOKprcTaw 2°Si npuMeHseT-
cs B IPOM3BOJCTBE paguonsorona >1Si no peaxmuu Si¥o(n, ) Sidt, B uccnemo-
BaHUK camMoau(dy3u KPEMHUS, IPH HEWTPOHHOM JICTMPOBAHUH IOJIYIIPO-
BOJHUKOBBIX MaTepuajioB Gpochopom.

Teopus pasaeneHus MHOTOKOMIIOHEHTHBIX M30TOIHBIX CMECEH, B OTIIH-
Yye OT TEOPUM JUIS JBYXKOMIIOHEHTHBIX M30TOIHEIX CMECEH, HE MO3BOJISET
paccuMTaTh NapaMeTphl PEAbHOTO Kackaaa. B CBA3M ¢ 5TMM HaMU NPOBEICH
pacdeT mapaMeTpoB MOJAEIBHBIX Q-KacKaoB I MOJIy4eHHUs BHICOKOOOOTa-
IEHHBIX U30TOIOB KpeMHU: 28Si 060raIieHHOro Ha IepBOM 3Talle paseJie-
Hus 710 99,92 %, 2°Si u *°Si, o6oraleHHbIX Ha BTOPOM JTalle pasjielieHus 0
99,74 % 1 99,91 % COOTBETCTBEHHO.

ITokazaHo, 4TO MpU MOTOKE MUTaHUS 35 T/C MOXKHO MOJy4YaTh TPU MPO-
JyKTa BeICOKOro oboramenus: 28Si B xommuectse 32,31 r/c; °Si B xonmue-
ctee 1,61 r/c u ¥Si B konmuectre 1,08 r/c.
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PannoakTBHOE XBOCTOXPAHWJIMIIE SIBISETCS HCTOYHUKOM paIuOaK-
TUBHOT'O 3arpsi3HEHUs U aTMoc(epbl, U MOYB, U PACTUTEIILHOCTH, YTO 00Y-
CJIABJIMBAET HEOOXOAUMOCTh TUIATENIBHOIO KOHTPOJISl MpUJIEraronieil K XBo-
CTOXpaHWIHILAM TeppuTopun. ABTOpbl padoT [l, 2] moau€pkuBaroT, 4TO
HEOOXOAMMO  BBHITIOJIHEHHE  KOMIUIEKCa paboT 1o  paJguaIlioHHO-
HKOJIOTMYECKOMY HCCIIEOBAHUIO PAIMAIIMOHHO-OMACHBIX OOBEKTOB C LIEJIBIO
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ompeneneHus uxX (PU3NIECKOro COCTOSHUS C OIEHKOW BO3JEHCTBUS HA OKPY-
KAIOLYI0 PUPOJIHYIO cpeny. JloBonbHO Oobiias paboTa mpoBeaeHa Mo uc-
CIICIOBAHUIO PAJMOAKTUBHBIX HW30TOTOB, JKCXAISAIUU pajoHa, (U3HKO-
XUMUYECKUX XapaKTEPUCTUK YPAHOCOJEPHKAIIUX OTXOJ0B, JaHHBIX 00 00-
eM paguanmoHHoM (GoHE W Ipodax PYIHBIX TMOPOJ, a TAKKE aHAIN3Ee MPoo
BOJIbI 3a mpenenamu XxBoctoxpaHuwiauimia CeBepHoro TaJKMKUCTaHA, YTO
HAIUIO OTPaXEHUE B Psijie HAYYHBIX cTaTed, MOHOrpaguil U AuccepTaluOoH-
HBIX pador [1, 2].

B pesynbrare mpoBen€HHOTO 3JIEMEHTHOTO aHaju3a Ha TEPPUTOPHUU
Jlurmaiickoro paauoakTUBHOTO XBocTtoxpaHuiuma (JIPX) ycTtaHoBiieHO,
yTo B mpobax nous conepxkanue ‘YK — 3040 Bx/kr B 2,45 pas, 2°Pb —
1891,1 Bx/kr B 2,7 pas, 2?Pb — 230 Br/kr B 1,9 pas, ?**Pb — 1282,4 Bx/kr
B 11,5 pas, 2“Bi — 8428,5 br/kr B 82,1 pas, °Ra — 8194,1 bx/kr B 57,3 pas3,
28 Ac —218,6 Br/KT B 2,5 pasa BBIIIE II0 CPABHEHHIO C IPOOAMU MIOYB B pas3-
nuyHbIX paiioHax CesepHoro TamxukuctaHa. B mpobax mouB, coOpaHHBIX
na JIPX, 3apukcupoBano Hamumuue nzoronos 21Pb, 22Th, 228Th, 21Th 235y,
238U; maHHBIE DIEMEHTHI B OCTAIBHBIX NMPOOAaX HE OTMEYEHBI, 33 MCKIIIOUE-
HueM XYIKaHACKOTO XBOCTOXPAHWIMINA. DTH MNEPEYUCICHHBIE H30TOIbI
HaMmu 3aUKCUPOBAHBI TOJILKO Ha TEPPUTOPAX XBocTtoxpanwiuil. Mccieno-
BAHUSIMU MO OMPEIEICHUIO COAECPKaHUs PAaIUOAKTUBHBIX U30TONOB HA TEP-
putopun XyJXKaHJICKOTO XBOCTOXPAHIININA 3a)UKCUPOBAHO CAMOE BBICO-
kas conepxkanue 137Cs — 11,7 bx/kr B mpobax mouB mo obiactu. Bo Bcex
0TOOpaHHBIX JJIsA pacnpenesneHus npobdax mouys Ha J[PX oTMedaeTcs MOBBI-
IMICHHOE COJIEp)KaHWE W30TOMOB IO CPAaBHEHUIO C TPoOaMH TIOYBBI
XyIxKaHICKOTO XBOCTOXPAHUIIUIIA.
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210PB Y 219PO U3 MPUPONObIX CPEQ

PasuHa B.A., llubeukas KO.I.

Hayunwiii pykosooumens.: beacun H.A., k.m.1., doyenm
CesacmononbcKuii 20Cy0apcmeer bl YHUgepcumem,
199053, Poccus, e. Cesacmononw, yi. Yuueepcumemckas, 33
E-mail: razina.v@mail.ru

210ph y 21%Po p3-3a KpaiiHe BBHICOKOW PaJUOTOKCMYHOCTH B COOTBET-
ctBuu ¢ tpedboBanusimu OCIIOPB-99/2010 BXoasT B nepedyeHb MPUOPUTET-
HBIX PaJMOHYKIHIOB, IIOJIEKAIINX ONPEEICHAI0 B IUTHEBBIX BOJAX MPH
MPEBBIIICHUH CyMMapHOW anb(a-0eTa-akTuBHOCTU. [lo TOM ke mnpuyuHe
KOHTpOINb cofepxkanus 2°Pb u 21°Po B mpHpPOIHBIX MUTHEBBIX BOAAX SBJIACT-
s 00s13aTeNBHEIM B pssie eBponeiickux crpan. Kpome toro, 21°Pb u 21°Po uc-
TOIB3YIOTCS I ONPENEICHNS KOJIUYECTBEHHBIX II0KA3aTesIeil IpOoLeccoB
CEIMMEHTAIMK B3BEUIEHHOTO BEIIECTBA M MOTOKOB B3BEHIEHHOTO OPraHHMYE-
CKOTO yriepona. JlaHHbIE MCCIEN0BAHMS aKTyalbHEL, T. K. COBMECTHO C IPO-
neccamu (hOTOCHHTE3A (DUTOILIAHKTOHA, OCENaHne OMOTE€HHOM B3BECH U3 T10-
BEPXHOCTHOTO  CJIOS THAPOCQEPHl  ABISETCS OCHOBHBIM  MEXaHH3MOM
ylaJeHusi U30BITOYHOrO KOJHMYECTBA YIJIEKHMCIOrO Ta3a U3 aTMoc(ephl, uTo
IIPUBOJIMT K BJIMSAHUIO HA TEIUIOBON OalaHC IUIaHETHI.

B HacTosiiee BpeMs He CYMIECTBYET €IMHOM METOJOJIOTUH TO3BOJISIO-
el MakCUMaibHO d(P(EKTHBHO KOHIIEHTPMPOBATH M AHAJIU3MPOBATH PAc-
TBOpeHHBIE U B3BemeHHble Gopmbl 21°Pb u #°Po B npupoanbix Bogax. Jlus
CYIIECTBYIOIMX METOIOB OTCYTCTBYIOT PE3YJIbTAThl KOMIUIEKCHBIX MCIIBITA-
HUil B 1a0OPaTOPHBIX YCJIOBHSAX, OLEHKA MAPAMETPOB KOHIIEHTPHPOBAHHS
(crenenu coocaxaeHusi, 3p(HEKTUBHOCTH COPOIMH), MOAOOP ONTHUMAIbHBIX
ycnoBuii kornentpuposanus 21°Pb u 21°Po us nmpupoausix Boa. IlosTomy ak-
TyaJIbHbIM SIBJIIETCSl pa3paboTka 3((PEKTUBHOW METOAMKU ONpeeTeHUs
210pp 1 21%Po B mpUPOAHBIX BOAAX.

Hamu 1IpoBeieHO CpaBHUTENBbHOE HcClenoBaHue dPHEKTUBHOCTH W3-
Breuenus: “°Pb u ?°Po u3 mpuUpPOAHBIX BOJ C UCHOJIL30BAHMEM Pa3IMYHBIX
HEOPraHMYECKMX COPOEHTOB Ha OCHOBE aMOKcHMaa Mmapranina (Momukc,
MJIM, IMM, TTAH-MnOy,), u runpokcuna xene3a(lll) (Fe-SF, Fe-H, ®XY
A), a Takke ocaxJieHreM ¢ ruapokcuaom xkeneza(lll).

VCTaHOBJIEHO, YTO NMPHM HCIOJIb30BAHUM OCAIAUTEILHONM METOMMKU (-
dextuBHOCTHL U3BNeueHus 1°Pb u ?!°Po ¢ cocrasmser 85 £ 5 %. OnHako oc-
HOBHBIM HEIOCTATKOM OCAMTEIBHOTO METOA SABJIAETCS HEOOXOAMMOCTh JIe-
KaHTaM¥ WM (DUIBTPOBAHUSA 3HAYMTENLHOTO YHCIA IPOO, YTO CHIIBLHO
YBEIMYHBAET TPYA03aTPAThl U YMEHBIIAET KOJUYECTBO MOMYyIaEMBIX JAHHBIX.
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[Ipu ucnonp30Banuu copoumonHoit metoaukn 2°Pb u *°Po manbonee
3 PeKTUBHO U3BIEKAeTCs BOJOKHHUCTBIMU copOeHTamu [TAH-MnO;
u Fe-H — 6omee 90 % npu npomyckaHUU UCCIEAYEMOTO pacTBOpa 4epe3 cop-
OCHT co CKOpOCThIO 1—4 K.0./MUH.

Pabota BeimonHena npu ¢uHaHCOBOW ToaaepxKke (CeBacTOMOIBCKOTO
rOCyIapCTBEHHOTO YHHBEpcuTeTa, mpoekT Ne 42-01-09/253/2023-2.

BOJNIOKHUCTbIE ®EPPOLIMAHUAHBIE COPBEHTbI
Ana N3BNEYEHUA 37CS: PA3SPABOTKA, CUHTE3 U UCTbITAHUA

Lubeukas FO.I"., PasuHa B.A.

Hayunwii pykosooumens.: beocun H.A., k.m.u., doyenm
CesacmononbCcKutl 20Cy0apCmeeHublil YHUBepCUmem,
199053, Poccus, 2. Cesacmononw, yi1. Yuusepcumemckas, 33
E-mail: iuliia.shibetskaia@gmail.com

BonokHUCTBIE KOMITO3UTHBIE COPOCHTHI, UMIIPETHUPOBAHHBIE (heppOLIU-
aHUJaMU TEPEXO0IHBIX METAJIOB, OJarojapsi pa3BUTON YJEIbHON MOBEPXHO-
CTH MOTYT 00€eCIeYrBaTh BHICOKYIO CKOPOCTh HOHOOOMEHHOTO TpoIiecca, YTo
IPUBOIMT K Goliee MOIHOMY U3BjIedeHuIo *2'Cs, HO3TOMY JaHHBINA TUIT MaTe-
pHAJTIOB MOXKET CUMTAThCA Hanbosee nepcnekTuBHbIM. K coxkaneHuto, BOJIOK-
HUCTBIC COpPOEHTHI Ha TEKYIIUH MOMEHT MPEICTaBJICHBI JIMIIb YKCIICPUMECH-
TaJIbHBIMH 00pa3IlaMy U HEJIOCTYITHBI JIJIS UCIIOJIB30BAHUS BBUAY OTCYTCTBHS
WX HATAKEHHOTO MTPOMBITIUICHHOTO BBITYCKA.

Hamu Ha ocHOBE MOJTyYEHHBIX paHee BOJOKHUCTBIX COPOEHTOB, MOAU(H-
1upoBaHHBIX auokcuaoM Mapranna (ITAH-MnO;) u ruapokcumom xenesa(Ill)
(ITAH-Fe(OH)3), myrem nponuTKe pacTBOpoM (eppolMaHuIa Kavs C MmocJie-
Tytoieit 00paboTKON CONISIMU TEPEXOIHBIX METAIJIOB TOJIYYEH PsiJl COPOSHTOB
s m3snedenns 3’Cs U3 IpUPOIHBIX M TEXHONOTMYECKHX cpell. OnpeeeHsl
ONTUMAJIbHBIE KOMIIOHEHTHI M YCIIOBHSI CHHTE3a JJAHHBIX COPOCHTOB.

[IpoBeneHs! ucnpITanus 1o u3ydennro 3’Cs moxy4eHHbIME COpPOEHTAME
13 MoJeNbHBIX pacTBopoB ¥’Cs ¢ pH =6 u konuentpamueii NaNOs 0,1
u 1 Monb/11, a TakKe U3 MOPCKOM BOJBI. Y CTaHOBJIEHO, YTO BO BCEX M3YYCH-
HBIX cpefax HauOoJiee BBICOKMMH COPOIIMOHHBIMU XapaKTEPUCTHKAMHU IIO0
oTHomeHn0 K ¥’Cs cpeam MONyd4eHHBIX BOJOKHHMCTHIX (DEeppOLHMaHUIHBIX
copOeHTOB 0OmamaeT oopasen Ha ocHoBe [TAH-Fe(OH)s, deppounanuia ka-
mast v xnopuaa kobansra (Kp > 10° Mur/r). OH He YCTYNaroT JIy4iiuM Mpo-
MBIIIJIEHHBIM (peppOIMaHUAHBIM COPOCHTAM.

Jlanee mmaHupyercs HcClaeAOBaHUE (PU3NKO-XHUMHUYECKHX IapamMeTpOB
U3BJICUCHUS 113Ul (M30TE€PMbI COPOIMU, KMHETUKU COPOIMU U JECOpOLINH,
CEJICKTUBHOCTHU COPOITUN).
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Pabota BeimonHena mpu ¢uHaHCOBOW ToaAepxKke (CeBacTOMOILCKOTO
rOCyJIapCTBEHHOTO YHHBEpcuTeTa, mpoekT Ne 42-01-09/253/2023-2.

Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPHI

1. MnO, fiber as a sorbent for radionuclides in oceanographic
investigations / I.I. Dovhyi, D.A. Kremenchutskii, N.A. Bezhin et al. //
Journal of Radioanalytical and Nuclear Chemistry. — 2020. — Vol. 323,
Ne 1. — P. 539-547.

2. The Sorbents Based on Acrylic Fiber Impregnated by Iron Hydroxide
(I11):  Production Methods, Properties, Application in Oceanographic
Research / N.A. Bezhin, M.A. Frolova, I.I. Dovhyi et al. // Water. — 2022. —
Vol. 14, Ne 15. — 2303.

WCCNEAOBAHMUE MHOIOMAPAMETPUYECKUX YACNEHHBIX METOAOB
ONTUMU3ALIUN NMPOLIECCOB PA3ENEHUA U30TOMNOB B KACKALAX

NeHambes N.A., [ pebénkuH .M.

Hayunwiii pykosooumens. Ilankun B.A., 0.m.1., npogheccop
Vpanvckuii ¢hedepanvuwiii ynueepcumem,
620002, 2. Examepunbype, yi. Mupa, 19
E-mail: danil-grebenkin2001@mail.ru

Paznenenue cmeceit cTaOUIbHBIX U30TOIOB SIBJISIETCSl aKTyaJbHOM 3a-
Jaueil COBPEMEHHBIX TEXHOJIOTHYECKUX MporeccoB. DPpdexTuBHOE pasie-
JIEHWE TaKUX cMecel TpeOyeT OThICKaHUsI ONMTUMAJIBHBIX CITIOCOOOB €T0 Op-
ranu3anmu [1].

[Iporiecc onTuMH3anuy Kackajaa BKIIOYAEeT B ce€0sl MOUCK T100aIbHOTO
MUHHUMYyMa 1iefieBo GyHKiuu. B obnactu pa3neneHus u30TONOB JIOMyCKaeT-
CS WCIOJB30BAHME JIMIIb OE3rPaJUEHTHBIX METOJ0B  ONTUMHU3AIINH,
T. K. HAXOXJCHUE TPOU3BOTHON I1E€TIeBOM (PYHKIIMU SIBJISETCS HE BCEraa
MPEJICTABISAECTCS BO3MOXKHBIM [2].

B macrosmieit paboTe mpuBeneHBI pa3IWYHbIE METOIBI MHOTOITAPAMET-
PUYECKOM ONTUMM3AITUY IS pa3IeiICHUs U30TOMOB B KacKaIax.

PaccMoTpeHbI 0COOCHHOCTH, IPOTrPaMMHAsT pealTi3allisl TaHHBIX METOJTOB.

[IpoBeneHa onTMMM3AIMsA Ha MPUMEPE TECTOBBIX (DYHKIUH C IICIBIO
IIPOBEPKH pabOTHI UCIIOJIb30BAaHHBIX AJTOPUTMOB.

Ha ocHOBaHWMM OIlEHKM TOYHOCTH M BPEMEHH pacdeTa MPOBEACHO CpaB-
HeHre 3G (EeKTUBHOCTH IMPEICTaBICHHBIX MeTO10B. Halinen Hanbosee onTu-
MaJIbHBIM.

Pe3ynbrarsl paboThl MOTYT OBITH MCIIONB30BaHbI B JalbHEWIEH padoTe
MIPH PEIISHUH 3a]1a4 TI0 ONTUMU3AIMH KAaCKaI0B ISl pa3/ieJICHUs] U30TOTOB.

42


mailto:danil-grebenkin2001@mail.ru

Cnmcok HCIo/1b30BAHHOM JTUTEPATYPBbI

1. IMankun B.A., JIyonun C.C., MacmiokoB B.E. Metoa pacuera u on-
TUMU3AIAA MHOTOITOTOYHBIX KacKaJ 0B U MHOTOKOMIIOHCHTHBIX CMECEH H30-
tonoB // Atomnas 3reprusi. —2022. —T. 132 (5). — C. 274-279.

2. Teopust xackamoB I pa3JieicHUsS OWMHAPHBIX ¥ MHOTOKOMITOHEHT-
HBIX U30TOMHBIX cMecel: YueOHoe mocobue / moxa pen. npod. B.JI. bopmana
u ap. — M.: HUAY MU®DU, 2011.

CTATUCTUYECKAA OBPABOTKA PE3YNIbTATOB COAEPXAHUA
PAOWOAKTUBHbIX NU30TOMNOB
B ATMOC®EPHOM A3PO30IJIE U MOYBAX CEBEPHOIO TAIDKUKUCTAHA

Ab60ynnoesa C.[x., LLlodues LLI.LL., Paxumos M.P.

Hayunwuit pykosooumens: Paxmamos M.H., k.¢h.-m.nH., doyenm
Xyoorcanockuil 2ocyoapcmeeHHblll YHUBepcumem
um. axao. bobooocona I'agpyposa,
735700, 2. Xyoocano, npoezd Maesnonbekosa 1, Pecnyonuxa Tadocukxucman
E-mail: abdulloyeva2019@list.ru

JUIs aHaJM3a U COMOCTABIICHUS PE3YJIbTaTOB MCCIEIOBAHNIN HCIOJIb30BA-
JICh PE3YJIBTATHI ONIUCATEIBHON CTATUCTUKH U BEJIMYUHBI [TAPHOW KOPPEIILIUU.
Jnist craTUCTHUECKUX 00paOOTOK JaHHBIX MCIOIb30BANICS TAOIMYHBIN pelakTop
Excel-2016. Hwke mpezcTaBieH CTaTHCTHUCCKUN aHAIN3 TIOJYUYCHHBIX 3HAYe-
HUN YAENbHBIX AKTHUBHOCTEW HCCIIEAYEMBIX pPaAHMOAKTUBHBIX HM30TOINOB BCEX
mpo6 mouBbl U AA, oToOpaHHbIX Ha Tepputopun CeBepHoro TamKuKUCTaHA
(tabi. 2 u 3). O6o3HaueHUs . <C> — cpemHee coaep kaHne PaTOaKTUBHBIX U30-
TOIOB B MPOOE MOYB U aTMOC(PEPHOTo a’po30ist; Cmax — MAKCUMATIBHOE COZEP-
KaHUE PATUOAKTUBHBIX U30TONOB B MP0o0€; Cmin — MUHUMAJIBHOE COAEpKAHHE
paZMOaKTUBHBIX W30TOMNOB B Mpo0E; G — CPEAHEKBAAPATUYHOE OTKJIOHEHHME;

Sh=o/v/n — cpemHeKBapaTHUHAS MOTPELIHOCTh CPEIHEr0 apU(pMETHIECKOro
(n — xommgectBo mpob amementa); (IP1 = 0.98x/xmin) — MHTErpaIbHBIA UHIECKC
sarpsiHeHus, V = 5/<C> — koadduiment Bapuarmu; D = Chpa/Crmin — oTHOIIIE-
HUE MaKCUMAaJIbHOM KOHLEHTpauuu K (JOHOBOU (B KauecTBO ()OHOBOTO 3Haue-
HUS TIPUHITO MHUHUMAIBHOE COJCpPKAHUE PATUOAKTUBHBIX H30TOIOB);
§ = {c'6/4/n— MOBEpUTENBHBIN UHTEPBAI C BEPOATHOCTHIO 95 % (tc — KodpuIH-

eHT CTBIOJICHTA); lreo=1002(<C>/1,5*Cs) — reoXMMUYeCKHid WHIEKC 3arpsi3He-
nust; Cr— perroHanbHas (poHOBast KOHIEHTPALKs U30TONA, TIE B KauecTBe (hoHa
HAMH HCII0JIb30BaHO MUHUMAIILHOE COJEP/KAHNE U30TOMA B ITOYBE U adpO30JI€.
Cpennue apudmernueckue 3Hauenus aus °K, 210Ph, 212pp, 214pp, 214Bj
u 8 Ac B npoGax mous coctasisoT 1361,3, 675,47, 122,8, 248,15, 574,33,
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101,93 coorBercTBeHHO. /laHHBIE PE3ynbTAThl IO CPABHEHUIO C JAHHBIMH
npobamu aspozonsimu coctasisitoT 0,77, 0,19, 0,81, 2,28, 6,45, 0,93. Cpen-
Hee cozmepxkanne “1*Pb u 2“Bi B ucciemyeMbIx mpo6ax MOYB BBIIIE, YEM MIPO-
0ax AA.

Oo6paboTka u 06001eHre OONIBIIOr0 00beMa JAaHHBIX MOJIEBBIX U J1a0O0-
PATOPHBIX MCCIIEIOBAHUHI MOKA3aJId, YTO Bapualuu TexHorennoro ¥'Cs cyme-
CTBEHHO OTJINYAIOTCS OT MOBEIEHUS NPUPOIHBIX PATUOAKTUBHBIX H30TOIOB.

IIpn HAXOXIEHHH KOPPEISLUOHHOM CBSI3W MEXAY KOHLUEHTPALMIMU
HEKOTOPBIX PAJMOAKTUBHBIX M30TOIIOB BXOJSALIMX B COCTaB IIOYBBI U aTMO-
cepHOro a’po30is ceBepHOW yacTu TaJKMKHCTaHa, ObLIM IOJIyYEHBI CJie-
IYIOIINE PE3yJIbTaThl.

N3 36 x03pPuueHToB KOppesiiuu, Bce MOIyYeHHbIE 3HAaUEHUs KO3(-
(PUMIMEHTOB OKa3aJuCh HUKE KPUTUUECKOTO 3HAYEHUS JI1 YPOBHS 3HAYUMO-
ctu 95 %, 4TO TOBOPUT 00 OTCYTCTBUM CTATUCTUYECKOW CBSI3M MEXIY COOT-
BETCTBYIOIIMMH PAJUOAKTUBHBIMU HM30TONMAMH B MpoOax mouB. To ecTsb,
KOPPEJALIMOHHBIX 3aBUCUMOCTEN B MOYBAX MEXAY KOHLEHTPALUSMU HEKO-
TOPBIX PAJUOAKTUBHBIX HM30TONOB He (ukcupyercs. lloBeaenue paanoax-
TUBHBIX M30TOMNOB B MOYBAX HE CBSI3aHO APYT C APYrOM, YTO yKa3bIBaeT Ha
MPEUMYIIECTBEHHYIO XUMHUECKYI0 MuTparuio [ 1, 2]. [Ipu 3ToM OTCYTCTBYIOT
KOPPEISLUOHHBIE CBSI3U MEKy KOHLICHTPALUAMU H30TOIIOB.

CratucTueckuil aHanu3 Ja€T MpeJCTaBICHUE O MIUPOTEe pa3dpoca u3-
MEpPSEMBIX KOHIIEHTpAlUii W30TONOB M CTENEHU PA3IMYUsl 3arpA3HEHHOCTH
BO31lyXa Ha ceBepe Tamxukucrana. bbuia 3a10keHa OCHOBA JUIsl MOHUTOPHH-
TOBBIX UCCJICIOBAHUN JAHHOW TEPPUTOPUU B OYTyIIIEM.

Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPbI

1. Xakgon M.M., Ko6ynuer 3.B., XaknonoB A.C. MexayHapoHbIe
yCWIIMS 10 peadmiuTalud oObEKTOB YpaHOBOTO Hacienus: Tamxukucrana /
Caxaposckue urenus 2021 roga: skonornyeckue npoodiembl XXI Beka. Mex-
IyHapoaHOU Hay4dHOU KoHpepeHiuu, 20-21 mas 2021 r., r. Munck, Pecny6-
muka benapycs: B 2 4. / Mexaynap. roc. skoi. ue-T uM. A.J[. Caxaposa ben.
roc. ya-ta — C. 286-2809.

2. Hazapo X.M., OpmatoB K.A., baxpornoB C.M. u ap. OrneHka mo-
TEHIIMAIBHON paJMallMOHHON omacHOCTH XBocToxpanwiuma Jurmait (Ta-
JOKUKWCTAH) JUTsl HAaCEJICHHsI, TIPOKUBAIOIIET0 BOKPYT Hero / PaguanmonHas
rurueHa. 2019. — Tom 12; Ne 1. — C. 115-121.
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W3YYEHMUE COOEPXXAHUE PAOWOAKTUBHbLIX U30TOMNOB
B MPOBAX NMOYB CEBEPHOIO TADXUKUCTAHA

Lykypos E.I"., HamuHos O.M.

Hayunwiii pykosooumens: Paxwamos M.H., k.¢h.-m.H., Ooyernm
Xyoorcanockuti 2ocyoapcmeeHHblll YHUBepcumem
um. akao. bobooscona I'aghyposa,
735700, e. Xyoocano, npoezo Masnonberkosa 1, Pecnybnuxa Taorcuxucman
E-mail: yekubdzhons@mail.ru

K panMoakTUBHBIM U30TONAM €CTECTBEHHOIO IPOUCXOKIEHUS OTHOCHT
T€, KOTOpble 00pa3oBaiuch Ha 3emiie 0€3 ydyacTus B ATOM uelioBeka. Mx
YCIIOBHO MOKHO Pa3[elnTh HA TPU IPYINLL. B mepByro rpymniy BXOAAT HyK-
MBI PaIMOAKTHBHEIX cemeiicts 2°U, 28U u 2%2Th ¢ mpoaykramu nx pacma-
na. Ko BTOpoil rpymre OTHOCSTCA PaJdOU30TOIbI, HAXOASAIIMECS B 3€MHOMU
KOpe M 00BbEKTaX BHEIIHEH cpesl ¢ MOMeHTa obpasosanus 3emin: “°K, 8'RDb,
BCa, %Zn, 1¥Te u I u gp. K Tperneil rpymnie nmpuHaaIeKaT paauoaKTHB-
ueie usoronsl “C, °H, 'Be u °Be, o6pasyrommecs HENpephIBHO IIOJ JIEH-
CTBHEM KOCMMYECKOTO M3ayueHus [1].

B nocneanue roasl B IMTEPAType OOJBIIOE BHUMAHHE YAENSAETCS HC-
CJIEIOBAHHIO MUIPALMU €CTECTBEHHBIX PaJMOAKTHBHBIX U30TONOB B II0YBAX,
B CBSA3U C TEM, YTO MHTEHCUBHOE Pa3BUTHE IPOMBIILICHHBIX IIPEAIPUATHI
W IPyTHE AHTPONOTEHHBIE (AKTOPHI BEAYT K YBEIMYEHHUIO KOHIECHTPALMU
€CTECTBEHHBIX PAJUOAKTUBHBIX H30TOIOB B MOYBEHHOM IOKpoBe [1-3].

[lenbio nccneq0BaHus ABJIAICS PAIUOIKOJIOTHIECKUN aHAIIM3 COIEPKa-
HUSI PaJMOAKTUBHBEIX M30TONOB B BEPXHUX IOYBEHHBIX 'OPM30HTAX Ha TeEp-
putopun CeBepHoro TamkuKUCTaHA U U3YYEHUE OCOOEHHOCTEN MX MOBeJe-
HHSL B TOYBAX. 3ajJaya 3aKIHYanach B TOM, YTOOBI ONPENEIHTh 3HAYCHUS
KOHILIEHTPALMKM AKTHMBHOCTH TAKUX PaAMOAKTUBHBIX M30TOIOB, Kak 2>°U,
226Ra, K u 1¥’Cs, B BepXHHMX rOpH30HTAX M0YB, BCTPEUYAIOIIUXCS HA JaHHOM
TEPPUTOPHH.

Pe3ybTaThl HAIMX UCCIIEJOBAHMI CBUAETENLCTBYIOT, YTO Ha 00CIIEN0-
BAHHOM TEPPUTOPHYU KOHLEHTpaluu akTuBHOCTH 28U konebnercs ot 4,23 1o
910,1 bx/kr, ipu cpennert Benmmunnae 238,7 bx/kr. MakcuMmanbHbIe 3HaYCHUS
yIENbHOM akTUBHOCTU 28U 0OHapyXMBaIKMCh Ha TEPPUTOPHHU JlerMalicKoro
XBOCTOXpaHWKILA. I1oBEIIIeHHBIE copepxanud 28U B mpobax ¢ TeppUTOpUH
JlerMaiickoro XBOCTOXPAaHMIIUINA, 00YCIOBJIEHEI, BEPOSTHO, TEXHOICHHBIMU
daxTopamu [1, 5, 6, 11]. B xoze CreKTpOMETPHUYECKOTO aHAJIM3a MOYB Tep-
putopun CeBepHoro TamKukucTaHa BbISIBUWINA ITUPOKUM JUAaNa30H 3HAYEHUM
yZeJIbHON akTUBHOCTH u30oTona 22°Ra: 3nayenus 22°Ra naxonsaTces B npesenax
57,69-556,3 bx/kr, npu cpeanem 142,8 bk/kr. Touka ¢ MakCUMaJIbHBIM 3Ha-
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YEHHEM YJEIbHOM aKTUBHOCTH m3otona 2°Ra — 556,3 Bk/kr oOHapykuiach
B mpobax mouB BOIM3M MoronTay Ha TeppuTopuH XyIkKaHaa. MUHUMaIbHOE
3HaueHue u3ortona **°Ra sapuxcuposano B Illaxpucranckom paiione. B xome
HAILIETO MCCIIEN0BAHMS BBIACHUIIOCH, UTO auana3oH ‘°K mis Bcex mpob mods
mupokuid u coctaBiser 510,3—3102,9 bx/kr, npu cpegnem 1361,3 bx/kr.
Cnemyer oTMeTHTH Goliee BBICOKOE copepskanus usorona ‘K, sadukcupo-
BaHHOE B Kunuiake ®apmankypran CluTaMeHCcKoro paioHa.

CpenHss KOHIEHTpays akTHBHOCTH panuon3otor ='Cs B mpobax MmodB
B cpenHeM cocrtaBmsieT 19 Br/kr u Bapeupyer B wuHTepBaime ot 1,41
10 87,70 Br/kr. Haubonee BhICOKas KOHLEHTPALMs aKTUBHOCTH °'CS OTMe-
yeHa B NIpoOax, B3ATHIX B OKPECTHOCTAX TOpbl Moroaray Ha TEPPUTOPUH
Xymxanna. Camas Hu3Kas akTUBHOCTH M3otona ¥3’Cs (ukcupyercsa B mpodax
1I04B, B3ATEIX B CIIMTaMEHCKOM palioHe.

Cnucok ucnojb30BaHHOM JNTEPATYPHI

1. Pacnpenenenue Topus, ypana u *’Cs B mousax ropogos Mpkyrck
u Anrapck (IIpubaiikanbe): nucc. k.r.-M.H. 25.00.36 / I'putiko [Tonuna Ilas-
noBHa. — Upkytck, 2018. — 160 c.

2. Xakmon M.M., Kobymuer 3.B., XakmomoB A.C. MexmayHapoIHbIE
yCWIHS MO peadminTauud oOBEKTOB YpaHOBOTO Hacienus TamxukucraHa /
Caxaposckue urenus 2021 rona: sxonoruyeckue mnpodsemsl XXI Beka. Mex-
OyHapoaHOU Hay4yHoU koH(pepeHuuu, 20-21 mas 2021 r., r. Munck, Pecry0-
nuka benapyce: B 2 u. / MexayHap. roc. skoi. uH-T uM. A.Jl. Caxaposa ben.
roc. yu-ta.—C. 286-289.

4. Hazapos X.M., OpmaroB K.A., baxponoB C.M. u ap. Ouenka mno-
TEHIIMAJBLHON pPaTuallMOHHOM OIMAaCHOCTH XBocToXpanumuiia Jurmaii (Ta-
JOUKUKWCTAH) JUIsl HACEJICHHMsI, TPOKUBAIOIIET0 BOKPYT Hero / PaguanmonHas
ruruena. 2019. — Tom 12; Ne 1. — C. 115-121.
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PACYET NAPAMETPOB Q-KACKALA
anga NoNnyYyeHUA BbICOKOOBOIALLLEHHOI O 34S

Hecmeposa E.A.

Hayunwiii pyxosooumenv Opnos A.A., 0.m.u., npogpeccop
Tomckuu noaumexHuyecKul YHU8epCcumem,
634034, 2. Tomck, np. Jlenuna, 30
E-mail: ean25@tpu.ru

M30Tonsl cepbl HAUIM MIMPOKOE MPUMEHEHHE B Pa3jMYHbIX 00JIACTIX
HApOJIHOTO XO35IMCTBA: HAYYHBIX MCCIEIOBAHUAX, MEAUIIMHE, JTA3EPHON TeX-
HHKE, METPOJNIOTUM M Apyrux. HamGosmee BOCTpeOOBaHHBIM SBISETCA *S,
C ero moMoIIp0 TPOBOJAT U3YyYEHUE CHHTE3a JIEKaPCTBEHHBIX IPENapaTos,
cosnarorcs paguodpapmmnpenapatsl **"Cl u S, [laHHbIi H30TON IPUMEHSETCS
TaK)K€ B KaueCTBE aKTHBHOM cepbl CyOMUITUMETPOBBIX JIa3€pOB U B JKCIIE-
PUMEHTax I10 U3YYECHHIO Pa3/eJICHHs N30TONOB JIa3epHbIM MeTooM [1]. He-
00xoauMas KoHneHTpanus >*S cocrapuser 99 %.

B nanHo#i paboTe mo M3BECTHON MeTOAMKE [2] mpoBeneH pacueT mapa-
MeTpoB Q-Kackaja Ui HOJydeHHs BBICOKooOorameHHoro *S. IlomydeHsl
rpaduKu pacrpenenaeHuss KOHIEHTPAu U30TOMOB CEpbl MO CTYNEHSM Kac-
KaJla ¥ HEeMpepbIBHBIN NpOo(UIIb paccuuTaHHOro (Q-Kackaja.

VY CTaHOBJIEHO, YTO M30TONBI CEPbl PACIPEACIIAIOTCS MO CTYNEHSM Kac-
KaJla B COOTBETCTBUM C MX MaccoBbIMHU unciamu. Haunbonbiiee nsmeHeHue
KOHLIEHTpPAllM1 U30TOMOB CEpPbl UMEET MECTO Ha KOHIIEBBIX CTYMEHSIX KacKa-
11a, HauMEHbIIee — BOJIM3U CTYNEeHHU MOJa4l MOTOKA MUTAHHUS.

[loka3aHo, 4TO 3a OOWH 3Tal pa3AelieHUs B KacKale, COCTOAILIEM
u3 50 cTyneHei, MOXKHO OIyuuTh 99%-¢ oboramenue 1o S,

Cnmcok UCNoJIb30BAHHOM JTUTEPATYPBHI

1. OpnoB A.A., Bepnmunckuit M.B. Paznenenre MHOrOKOMITOHEHTHBIX
n30TOMHBIX cMecer. — Tomck: M3a-Bo TI1Y,2020. — C. 40.

2. bopucesnu B.JI., bopman B.Jl., Cymabepunze I'.A. u ap. Ousnde-
CKHE OCHOBBI pa3JICJICHUS W30TOTOB B Ta30BOM MEHTpU(DyTe: yueOHOE MOoco-
oue s By3oB / moxa pea. B.Jl. bopmana. — MockBa: M3narenbckuii 1oM
MDU, 2011. - 275 c.
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0 BO3MOXHOCTW NPUMEHEHNS NA3EPHON UOHU3ALUK
B MACC-CNEKTPOMETPE BTOPUYHbIX WOHOB PHI TRIFT V NANOTOF

CabaHuH K.A.", Kosanerko M.A.7, [@denbwuH B.M.12

Hayunwvii pykosooumens: Tadenvuun B.M. 12
! @usuxo-mexnonozuueckuti uncmumym,
Vpanvckuii pedepanvuwiii ynusepcumem,
620002, Poccus, e. Examepunobype, ynr. Mupa, 19
2 Uncmumym npomwviuinennoti sxonozuu YpO PAH,
620990, Poccus, e. Examepunoype, yi1. Coghou Kosanescxoti, 20
E-mail: sabanin13.05.00@mail.ru

Macc-ciekTpoMeTpusi BTOPUYHBIX HOHOB IIHPOKO  HCIIOJB3YETCA
BO MHOTHX OOJIaCTSIX HAY4YHBIX HccieqoBaHui. [lepBUUHBIA MOTOK YCKOPEH-
HbIX MOHOB HAaIlpaBJISIETCS Ha MOBEPXHOCTh TBEPAOro olpa3la, BhIOMBas
c He€ aToMbI U MOJIeKYJbl. B 0Opa3yromieMcst 00J1ake BTOPUUYHBIX YacTHUI] Me-
HEE OJTHOTO IMPOLEHTA BBUIETAET B BUAEC MOHOB. Jlajiee 3TH BTOPUYHBIE HOHBI
BBITATUBAIOTCS, POKYCHUPYIOTCS U HAIIPABJISAIOTCS B Macc-aHAJIA3aTop.

[IpucyTcTBUE M300apHBIX MpUMECE B MCCIEAYEMbIX 00pa3lax MOXKET
CYILIECTBEHHO TOBJIMATh Ha pe3yJbTaThl aHalK3a, MPUBOAS K OLMIMOOYHOMN
UACHTU(UKAIIMY XMMUYECKUX BEIIECTB Ha Macc-crekTpe. s pemienus sToi
npob6iemsl B Macc-ciektpomeTpe PHI TRIFT V nanoTOF kadenpsr TexHu-
yeckoi ¢uszuku OTU YpDVY Obuta oprannzoBaHa cucTeMa BHIOOPOYHOM Jia-
36pHON MOHHU3ALMHU LIEJIEBOr0 BEIIECTBA. B OCHOBE CHUCTEMBI JI€XKaT UMITYJIb-
cubii Nd:YAG wu mnepectpauBaembiii Ti:Sapphire nazepsl, ¢ MOMOIIbIO
M3JIyYEHHS] KOTOPBIX OYIyT ILIEJICHANPABIEHHO HOHHU3UPOBAHbI BTOPUYHBIE
HelTpanbHble YacTullbl [1]. CunxpoHuzainus pabOThl CHUCTEMBI JIa3€pOB
Y MacC-aHaJIM3aTopa IO3BOJISIET PETMCTPUPOBATH TOJBKO JIA3EPHBIE HOHBI,
MUHYSI U300apHbIE PUMECH U MOBBIIIAS YyBCTBUTEIBHOCTh BCETO KOMILICK-
ca. B noknane paccMarpuBaeTcs X0 CO30aHUs Ja3€pPHON CUCTEMBI, €€ TEKY-
LM CTAaTyC U CTENEHb UHTErPALIUU C MACC-CIIEKTPOMETPOM.

UccnenoBanue BBIMOTHEHO TIpu (QuHAHCOBOM moaaepxkke PODOU
B pamkax Hay4dHoro mpoekta Ne 19-05-50138.
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METOOMKA PACYETA NPAMOYIONIbHOIO KACKAA
BAPbMPOBAHMEM CPE30B NAPLMWAIBbHbIX MOTOKOB

JTy6HuH C.C.

Hayunwii pykosooumens. Ilankun B.A., 0.m.1., npogheccop
AO «YIXK», 624130, Poccus, e. Hosoypansck, yn. /[3epocurckoeo, 2
E-mail: stepalubnin@gmail.com

[IpennoxkeHa MeToauKa pacyera NMpsIMOYTOJbHBIX KacKaJloB IO Cpe3am
napLuyagbHbIX MOTOKOB CTYNEHEH JUIsl MOJYYEHHUS H30TONOB CTAOMJIbHBIX
AJIEMEHTOB C BBICOKMMH KOHLEHTpauusmMu. s peanus3anvy MOCTOSTHHOTO
npo@uIsi TOTOKA MUTAHUS CTYNEHEH Ha KOHLAX KacKaJa peaju30BaHbl «3a-
KPYTKW», a PEXKUMBI padOThI CTYIIEHEN ONpPENEsIuCh C MOMOIIBIO aJITOPUT-
Ma mmuenuHou kononuu (artificial bee colony optimization). B paccmortpen-
HOM clly4yae 1esIeBoi (PyHKIHMEH ONTHUMHU3ALMH SBIIJIACh CyMMa KBaJpaToOB
HEBSI30K 3a/IaHHBIX IOTOKOB MUTAHUS CTYNIEHEN 1 pacCCUMTAHHBIX.

[IpuBenena MeTonuka pacuera Kackaga ¢ Kodp(GUIHEeHTaMH pa3ieeHus
CTYIIEHEU, KOTOpbIE XapaKTepHbI 1Jisl ra3oBbiX HeHTpudyr [1]. [Ipeanoxen-
HBI METOJ NO3BOJISIET NPOBOAUTH PACUETHI KAaCKAaJOB C IPOU3BOJIBHBIM
HaOOpOM BHEUIHMX IIOTOKOB, YTO IO3BOJIUJIO OPraHU30BaTh «3aKPYTKM»
B BH/JIC BHEIIHUX IOTOKOB MMUTaHUS KpallHUX cTyneHeld. OCHOBHBIE MTapaMeT-
PBI CTYIIEHEN PACCUNUTHIBAIOTCS 10 33JIaHHBIM Cpe3aM NaplUaIbHBIX TOTOKOB.

C ucnosp30BaHUEM MPEIJIOKEHHON METOIUKY MTPOBEIAECH BBIYMCIIATEIIb-
HBIN SKCIIEPUMEHT 110 pa3esIeHUI0 MHOTOKOMIIOHEHTHOM CMeCH CTaOMIIbHBIX
M30TOIOB. PaccMOTpEHBI IBE cXeMbl [ TOaydeHHs: n3oTonos °Ge u '°Ge
C KOHUEHTpalusMu Boie 99 % cooTBeTcTBEHHO. B kadecTBe HauaabHOTO
NpuOJIMKeHUs: ObUIM BbIOpaHbl R-Kackajbl, MOCTPOEHHBIE IJIs MONTYYEHUS
BBICOKMX KOHILIEHTPAIIMM COOTBETCTBYIOIKX H30TONOB [2]. [lokazaHo, 4TO
MpeAJIOKEHHAs] METOJMKA pacueTa U ONTUMHU3ALMHA TTO3BOJISIET MOIYYaTh BbI-
COKHME KOHLEHTpAIMH LIEJIEBbIX U30TOMOB B KacKaJe C 3aJaHHbIM MpoduiemM
MMOTOKOB MUTAHUS CTYIEHEH.

Cnmcok UCIo0/1b30BAHHOM JTUTEPATYPHI

1. Palkin V.A. Multistream cascades for separation of multicomponent
isotopic mixtures // Atomic Energy. —2015. -V. 119 (2). — P. 125-131.

2. Cynabepunze I'.A., Ilankun B.A., bopucesuu B./l., bopman B./.,
Tuxomupon A.B.; nox pea. npod. B./[. bopmana Teopust kackagaoB 1uist pa3-

NejeHns OUMHAPHBIX U MHOTOKOMITIOHEHTHBIX H30TOIHBIX CMeceil: YdeOHoe
rmocooue. — M.: HUSIY MUDU, 2011. 368 c.
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ANEKTPONMUTUYECKOE OCAXAOEHUE OUOKCUOA KPEMHUA
N3 NPOOYKTOB NEPEPABOTKU MUHEPAJIbHOIO CbIPbA

CenuH I1.E., Cmopokos A.A.

Hayunwuii pykosooumens: Cmopoxos A.A.,
cmapwuii npenooasamens UATIL TITY
Tomckuu noaumexHuyecKul YHu8epcumem,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: grandmusl@mail.ru

CoBpemenHas Poccuiickas mpOMBIIIEHHOCTh, CBsI3aHHAs C MOJTY4YEHU-
€M U3 MHUHEpAJbHOIO ChIPbS LUMPKOHUN- WIM TUTAHCOAEPKAUIUX LIEHHBIX
MIPOJIYKTOB, 3a4aCTYI0 MOXET ObITh CBSI3aHA C HEOOXOJUMOCTBIO MU3BICUECHUS
M3 KOHUEHTPATOB JUOKCUIA KPEMHHMs, KOTOPbI HETaTUBHO BIIMAET Ha UX
JnanbHenIyo nepepadbotky.OMHUM U3 CIOCOOOB TAKOTO U3BJICUCHHUS SBIISIET-
csi propuaHas oOpabOTKa KOHILIEHTPATOB, NMPU KOTOPOM HCIONB3YETCS TH/I-
podTopua aMMoHuA. JJaHHBIA peareHT NepPeBOAUT JAHOKCHI B PACTBOPUMOE
COEIMHEHHE reKCAPTOPCUINKAT aMMOHHUS.

SiO, + ANH/HF, — (NH4)2SiF6 + 2NHsF + 2H,0
[Tocne paznenenust TBEpON U KUAKOU (a3, MOIydaeTCsi KOHIIEHTPAT, OYMIIICH-
HBIM OT TUOKCHJA KPEMHUS, @ TAKXKE PacTBOP, COJIEPKAIIMN KpeMHU B hopMe
rekcadropcunrkara ammonus (I'®CA), propun ammonus u Boxay [1].

B pabote mpemioxkeH MeTOA OCaKIEHUS JAUOKCHIA KPEMHHMs MOCpe.l-

CTBOM DJJIEKTPOJIH3a C MPUMEHEHHEM HOHOOOMEHHBIX MEMOPaH.
DNeKTpoyn3ep MMEET TpU Kame- i i . . s
pbl — KaTOJHAas, MPOMEXYTOYHasi M —
aHonHast. OHM pa3/eneHbl KAaTUOHO- U @ ®0O
AHUOHOOOMEHHBIMHU MeMOpaHamMu .«) @

. y
@ @

py mnopaercs pacTBop Imocie oOec-
KPEMHMBAHHUS, B IBE APYTUX — TOT K€ |

A(+)

pacTBOp, HO paHee MPOLIEAIINNA Ye- "V

pe3 karogHyro kamepy. Ilo mporie- MK MA

CTBHH IIPOIIECCa, JUIAIIET0CS 5 4acos, O] Y0 [ ]
MOJy4aeTcsa MyJibla, CcoAepkKamas @ @
TUJIPATUPOBAHHBIM JTMOKCUJ Kpem- || @ @ @ i
HUSI, a TAK)KE pacTBOp TuapodTOopraa @
aMMOHMsI, KOTOPBIM MOJKHO CHOBA | |

HCIIOJIB30BaTh B IIpoIiecce 00eCKpeM-
HuBaHus. OOmas cxema npe/CTaBICHa Ha PUCYHKE.
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[IpoBenst cepuio SKCIIEPUMEHTOB C PaCTBOPOM, TIOJTYYEHHBIM B Pe3yibTa-
Te 00€CKpEeMHUBaHUs IUPKOHOBOTO, KOHIIEHTPATa y1ajJ0Ch JOCTUYD CTEIICHH
ocaxeHus auokcuaa 60 %. OcHoBHbIE MPUMECHBIE 3JIEMEHTHI B ocajke: Fe,
Cu. B ocanke He ObuIM HalJICHBI COCTUHEHHS ATFOMUHUSA, TPUCYTCTBOBABIIIC-
ro B pactBope. CTemeHb OCaXIEHMsS K€ CaMOro IMPKOHMS COCTaBHJIA
0,0002 %. B anomgHOl Kamepe ynajioch MOJHOCTBIO PEreHepUpoBaTh THJ-
podTopur aMMOHUS.

Cnmcok UCNo0/1b30BAHHOM JTUTEPATYPBbI

1. CmopokoB A.A., KanraeB A.C., bpsakun [1.B., Muknamesua A.A. //
N3B.By30B. Xumus u xum. texnonorus, 2022. — T. 65. — Ne 2. — C. 127-133.

KOHTPOIb N30TOMNHOIO COCTABA EOPA B TPUGTOPUAE EOPA
C UCNOJIb3OBAHMEM UK-CMEKTPOMETPUA

nekuc B.M., Ywakos A.O.

Hayunwiii pykosooumens: Monokos I1.b., k.m.H.
Cesepckuu mexnonocuueckuu uncmumym HUAY MUDOU
636036, 2. Cesepck, Tomckoti 061., np. Kommynucmuueckuti, 65
E-mail: ilekisl11l@gmail.com

[IpupoaHBIi OOP COCTOMT U3 ABYX CTAOMJIBHEIX M30TONOB — °B (19 %)
u 1B (81 %), KOTOphIE MIMPOKO MCIIOIB3YIOTCS B TAKMX OTPACIAX KaK: aTOM-
Has SHEPreTHKa, HAy4YHbIE HCCIEAOBAHMS, MOJYHNPOBOAHUKOBAS MPOMBIIII-
JIEHHOCTh, MEIUIIMHA.

3a cueT BBICOKOTI'O CEUEHHs 3axBaTa TEIUIOBBIX HEHUTpoHOB, 3837 OapH,
uzoron °B (Gop-10) Hamien WMPOKOe NPUMEHEHUE B ATOMHOM SHEPIETHUKE.
B 3aBHCHMOCTH OT Ha3HAYEHHUsSI UCIIOJIB3YIOT KaK COCTaBbl C MPUPOJIHBIM CO-
OTHOIIIEHHEM H30TOIOB, HAPUMEpP, B BUAE pacTBOpa OOPHOW KHUCIOTHI, TaK
U ¢ OOJIBIIUM coJiepskaHreM n3orona 0op-10, Hampumep, B BHIE METAJLIOKE-
paMUKH KapOuaa Oopa ¢ OKHCHIO alFOMHHHS, KOTOpBIE TJIaBHBIM 00pazoM
MPUMEHSIOT B COCTABE PETYJIHPYIOUIUX CTEPKHEH sl aTOMHBIX PEaKTOPOB.
Taxxxe 00p-10 NpUMEHSIOT B Ka4€CTBE MEYEHHBIX aTOMOB JIsl ONPE/IETICHUS
MeTabonu3ma 00pa; B HEUTPOHO3aXBATHOM Teparuu JjIsl JICUEHUs paka.

Msoronn !B (Gop-11), 3a cuer Mamoro cevyeHMs 3aXBaTa TEILIOBBIX
HEUTPOHOB, 5,5 MOApH, UCIOJIb3YeTCS KaK HEHTPOHHO-TIPO3PAUHBIN MaTepu-
aJ1 B JICKTPOHUKE. B mpupoIHOM MU30TOIMMHOM COOTHOIIIEHHU 00p, B Buae BF3,
IIMPOKO HCIIOIB3YETCS B MOJYNPOBOAHUKOBON IMPOMBIIUIEHHOCTH MPU IPO-
W3BOJICTBE YMIIOB.

Hecmotps Ha upe3BbIUaliHyIO CTPATETHYECKYI0 BaXXHOCTh U30TOMOB 00-
pa ¢ pa3HbIM M30TONMHBIM COOTHOLIEHUEM JUISI OTE€YECTBEHHOM IPOMBIIUICH-
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HOCTH U 3HEpPreTuky, B Poccuu CymecTByeT TONbKO MAJIOTOHHAKHOE MPOMU3-
BOJICTBO M30TOIIOB Oopa.

N3BecTeH psi cnoco0oB o0orameHrs U30TonoB 0opa ¢ UCIOIb30BaHU-
€M pa3INYHBIX (PU3UKO-XUMUUYECKHX METOJIOB: ra3oleHTpUyXKHOE, OOMEH-
Hasl AUCTUIUISIINS, KpUOTeHHas pekTudukanusa. Bo Bcex mepedyncieHHbIX Me-
TOJIaX B KA4eCTBE pabOYero BeIllecTBa HCIoib3yercs Tpudropus 6opa (BF3).
Tpudropun 6opa sBiseTcs ra3oM ¢ TeMIEpPaTypol KUIIEHUS MIPUMEPHO MHU-
Hyc 100 °C, akTUBHO B3aMMOJEHCTBYET CO MHOTMMH OPraHUYECKUMU U HE-
OpPraHUYECKUMU BEUIECTBAMM.

Haubonee pacnpocTpaHeHHBIM METOIO0M MOJyueHus: Tpudropuaa 6opa
ABIIIIOTCS. pEaKlUU COEOUHEHMH Oopa c (ropcoiepKalluMU peareHTamH,
HanpuMep, B3auMoJIeiicTBUE OKcuaa 6opa ¢ 6€3BOIHBIM (PTOPOBOJOPOIOM.

B 3aBHCHMMOCTH OT KadecTBa MCXOJHBIX PEareHTOB, a TakKe OT Ipo-
1ecca MoJIy4eHusl, MOJIy4yaeMblid ra3 MOXKET ObITh 3arpsi3HET Pa3TUYHBIMU
npumecsamu, Hanpumep, Oz, Nz, CO,, Ar, CO, CF4, CHg, SFg, SO,, SiF4, HF,
H,O u ap.

B 2022 romy B CeBepckoM TexHOJIOrMYeCKOM wuHcTUTyTe HUAY
MU®DU co3nana HayyHas rpymnna, 3aHAMArOIAasICs UCCIEAOBAHUEM BBICOKO-
YUCTBIX (PTOpP COAEPN AIIMX COCAMHEHHH, UCIOIb3YEMBIX B MUKPO3JIEKTPO-
HUKe. B kauecTBe OCHOBHBIX METOJIOB aHAJIN3a JJI1 U3yYE€HHsI YHUCTOTHI Ta30B
UCIIOJIB3YIOTCSl METO/IbI Fa30Boi Xxpomarorpadpuu u MK-cnexktpomerpuu.

["azoBass UK-cnexkTpoMeTpust MOKET OBITh JIETKO BCTPOEHA B TE€XHOJO-
ITMYECKUI MPOLIECC ISl HEMPEPBIBHOIO KOHTPOJISI YACTOTHI MMOTYYaEMBbIX Ia-
30B. Pe3ynbprarom nposenenuss MK-cnekTpomMeTpuueckoro aHanusa sBJISIFOT-
cs MK-cnekTporpammsel, 0TOOpa)karoIive MOJIOCHl MOIJIONIEHHS, KOTOphIE
U3MEHSIOT MECTOINOJIOKEHUE M HMHTEHCHUBHOCTh H3-3a  KOJIEOATENbHO-
BpaIlaTeIbHOIO B3aUMOJICHCTBUS aTOMOB JIpYT ¢ ApyroMm. Pa3Huna B macce
n30TonoB 60p-10 u 6op-11 BAKSAET HA MOCTOSIHHYIO BPAIIEHUS U YACTOTY KO-
nebanuil cBszu co propoM. Takum oOpa3oM M3MEHEHHE M30TOMHOrO COOT-
HoIlIeHus: Oopa B TpudTopuae 6opa npuBoauT K pazHomy MK-cnektpy nmns
Ka)XJI0TO U30TONOMEPA, YTO JAE€T BO3MOKHOCTH AJI ONPEIeTICHUSI U30TOMNOB.

IIpu paccmorpennn MK-crieKTpoB B pa3auM4HbIX CTaThAX U 0a3ax JaH-
HBIX, ObLI OOHApy’KeH auana3oH umMH BoiH (2750-3050 cml), rme mer
HAJIOKEHHsI CIIEKTPOB MPUMECEH, a MUKK U30TOIMOB OOpa XOPOIIO UACHTH(H-
nupyeMbl. Koau4ecTBEHHBIN aHAIA3 M30TOIMHOIO COOTHOILUEHUS HAa OCHOBE
NK-crieKTpoB OCIIOKHEH H3-3a OJIM3KOTO PAaCIOJIOKEHHUs MHKOB XapakKTep-
HbIX Juisi 00op-10 u Gop-11. Pemenue manHOW TpoOIEMBbI, Halla Hay4dyHas
rpynna, BUAUT B NMPUMEHEHHH METOJOB XEMOMETPUKH, TAKUX KaK METO[
aHanu3a riaBHbIX KoMIoHEHT (PCA) u meTon mpoeKIuH Ha JIaTeHTHbIE
ctpykrypsl (PLS). B gannbpix Merogax oOpaOOTKH MCHONB3yeTcsa UHPOpMa-
IUs1 O BCEM HUCCIEAYEMOM CHEKTPAIbHOM AHana3zoHe, 4YTO Mo3BojsAeT dhdek-
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THUBHO Pa3fEeiIuTh U aHAIM3UPOBATH IOJYUYEHHBIC CHEKTPAIBHBIE JAaHHBIE U
00J1ee TOYHO OMpPENEIUTh U30TOMTHOE COOTHOLICHHE Oopa.

B noknane O0ynyt paccmotpensl MK-crieKTphl MOTJIOMICHUS! Pa3IuYHbIX
MIPUMECHBIX Ta30B U TpudTopuaa 0opa, MPOBEICHO MOJICIUPOBAHUE CIIEKTPa
TpudTOopHIa 60pa ¢ Pa3TMIHBIM U30TOITHBIM COOTHOIIICHUEM U TIPE/ICTABIICH
AITOPUTM MAaTeMaTUYECKOW 00pabOTKU CHEKTPAIbHBIX JAHHBIX JJIs MOCTPO-
€HUS TPalyupOBOYHOTO rpaduka.

NA3EPHAA OYUCTKA NOBEPXHOCTU METANNOB OBOPYAOBAHUA
NPU BbIBOAE U3 IKCMTYTALIUK

XopoxopuH [.M., bapa+os O.I"., JlumeuHos U./.

Dedepanvroe 20cyoapcmeeHHoe YHUMAapHoe npeonpusimue
«l opHno-xumuueckuii KomoOuHam,
Poccus, 2. ’Kenesnozopck, yn. Jlenuna, 53, 662972
E-mail: dmh1l@tpu.ru

PaGota npeanpusTHil SAepHO-TOIUIMBHOTO LUKJIA CONPOBOXKAAETCS pe-
IIEHUEM Pa3IMYHbIX HAyYHO-TEXHUYECKHX 3aJlad, HAllPaBJICHHbBIX Ha COBEp-
IIEHCTBOBAHUE TEXHOJOTHYECKOIO MPOIECCa, MOBBIMIEHHE 3KOHOMUYECKUX
noka3zaTesel U Ka4ecTBa BbIITYCKAaeMOW MPOIYKIIUH.

B pesynbrare MojaepHH3auuM 000pYyIOBaHUA, pPabOTAIOMIETO
Ha pa3NWYHBIX  Mepefeiax  MPOU3BOJICTBA  OKCHUIHOTO  ypaH-
NJIyTOHUEBOTO TOIUIMBA, 00pa3yloTCsl 3HAYUTENbHbIE 00HEMBI METAJIH-
YECKUX OTXOJO0B C TMOBEPXHOCTHBIM aib(a-aKTHUBHBIM 3arpsa3HEHUEM.
[IpumeHnsemMbie B MPOU3BOJCTBE METOJBI J€3aKTUBAIIMN OOJAJA0OT PSIAOM
HEJIOCTAaTKOB: HU3KUH KOX(P(OUIMEHT Je3aKTHUBAIMM W MPOU3BOIUTEIb-
HOCTb, HEJIOCTATOYHAsl CTETIEHb aBTOMATH3allMM, 00pa30BaHUE KUAKUX pa-
JMOAKTUBHBIX 0TX0J10B. [103TOMY aKkTyanbHBI UCCIIEIOBaHUA MO pa3paboTKe
6osee 3PHEeKTUBHOTO METOJA CyXOW OYUCTKH METATMYECKUX IMOBEPXHO-
CTeH OT paiMOAKTUBHOTO 3arpsI3HEHUS.

W3BecTHBI METO/IBI OUUCTKH MOBEPXHOCTH METAJUIOB OT PaHOaKTUBHO-
ro 3arpsi3HEHUs] BBICOKOMHTEHCHUBHBIM JIa3epHbIM H3i1yueHueM. Harpes na-
3epHBIM HM3JIYyYCHHEM MOBEPXHOCTH METaljla U OKCUIHBIX PaJMOaKTUBHBIX
YJaCTHIl 3aBUCUT OT CIIOCOOHOCTH BEIIECTBA MOTJIONIATh AIEKTPOMArHUTHOE
U3Ty4deHUE OIpeIeJICHHON MJIMHBI BOJHBL. [l09TOMYy MOBEpXHOCTH MeTaia
U OKCUJHBIC YaCTHIIbl OYyT HarpeBaThCs ¢ pa3Hou ckopocThio. Ha moporo-
BBIX PEXXHMMAX Ja3epHOI abIAIMU BOZMOXKHO JOOUTHCS TPEUMYIIIECTBEHHOTO
UCTIAPEHUsI OKCHJIHBIX DPAJMOAKTHUBHBIX YACTHUI] C MOBEPXHOCTH MeTallia,
Omarojaps pa3MYMI0 WX TEIUIONPOBOJHOCTH M TEIUIOeMKOCTH. [losTomy
3¢ (HEeKTUBHOCTh Ja3epHOM JE€3aKTUBALMM 3aBUCHUT OT MapamMeTpoB HU3Iyde-
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HUA, KOTOPbIE B CBOK OYEPEb ONPEAEIAIOTCS TEIIO(QU3NIECKUMH U OITH-
YECKUMU CBOMCTBAMU METAJJIa U OKCUIHBIX PAAMOAKTUBHBIX YACTHII.

B noxname o6cykaaroTcsi pe3ysbTaThl OYHCTKA METAJUIMYEeCKOM TOBEepX-
HOCTH ()parMEeHTOB OTPabOTABIIETO pecypc OOOPYAOBaHUS U3 HEpKaBEIOLICH
crami 12X18HI0T oT paaroakTUBHOIO 3arpsi3HEHUS], COCTOSAILIETO U3 OKCHIOB
ypaHa " IUIyTOHMS. /{75 Ae3aKTMBAMK METAUIMYECKOW MOBEPXHOCTH HCHOJIb-
30BaJIOCh yCcTpoMcTBO JazepHoi ouncTku F-Clean BP 100, mpu paznuyanoit uH-
TEHCUBHOCTH U JUTMTEIBHOCTH JIA3EPHOTO UMITYJIbCa. AKTUBHOCTb 00Opa3IOB /10
U TIOCJE JIe3aKTUBAIlMU OIpeNesulach C MOMOIIBI0 OJIOKa JETEKTUPOBAHUS
anbda-uznyuenuss bJI3A-100 u uzmepurenem ckopoctu cuera Y UM2-2]1 me-
TOJIOM IPSIMOTO U3MEPEHHUS U CHATHUS CyXOro Maska. Mi3MeHeHne mOoBEpXHOCTH
MeTaia B 00JacTH BO3JEUCTBUSI JIA3€pHOTO JIyya MCCIEAOBAIN C MTOMOIIBIO
CKaHUpyroriero ekTponHoro mukpockona TESCAN VEGA 3.

WCCNEQOBAHUE MPOLIECCA COPELIMOHHON OYMCTKN AMEPULIA
OT NNYTOHUA

['ycee H.B.

Hayunwiit pykosooumens: Kepun U.U., 0.x.1., npogheccop
Tomckuu noaumexHuyecKuu YHu8epCcumem,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30

Email: nvgl8@tpu.ru

ITpu npousBoactBe MOKC-tormnuBa 00pa3yroTcs HeleleBble Mpou3-
BOJICTBEHHBIE PACTBOPBI, cojaepkamme uzoron amepunusa-241. OgHum u3
HanpaBJICHUN MPUMEHEHUS JIaHHOTO H30TOMa SIBISETCS €ro OO0JIydeHHe
HEUTPOHAMH C TIOJIYYEHUEM IUIYTOHHUA-238, KOTOPBIA HCMIOJIB3YETCS IS
IPOU3BOJICTBA PAIMOAKTUBHOTO HMCTOYHMKA Teruia. Takke, Ienecooldpas-
HOCTb BBIJICJICHHS] aMEPULIUS U3 OTXOJ0B MIPOU3BOJICTBA CMEIIAHHOTO OKCHUJ-
HOTO TOIUTMBA 00YyCIIaBIMBAET CHUKEHUE KJIacca OTXOJO0B U MX TEepeladu Ha
00bekThI 10 oOparmieHuto ¢ PAO. IlomuMo 3TOro, BO3MOXHO BOBJICUCHHE
u3orona amepunusa-241 B nenouky ATL[ B kauecTBe TOIUIMBHOM T00aBKHU.

JIns1 CeNEeKTUBHOTO BBIACJICHUS aKTHHOWIOB U3 MHOTOKOMIIOHEHTHBIX
cMecel MCTIOJIBb3YIOT SKCTPAKITMOHHBIC U COPOIIMOHHBIE METO/IbI BBIJCICHHUS.
JlaHHble cMecH TPENCTaBIAIOT COOOM pPacTBOPHI, COAEPKALUE B OCHOBHOM
A30THYIO KMCJIOTY, aMEPULIUU U IUTYTOHUM.

[enpto pa®OThl SBISAIOCH MPOBEACHHUE HMCCIEIOBAHUNA MO M3YUYECHHIO
npouecca COpOLMOHHON OYMCTKM aMEpUIMS OT IUIYTOHMSI M3 HELENEeBbIX
npoayktoB npoussoactsa MOKC-ronnusa.

B pabote ucciemoBaH mpoiiecc COpOIMOHHOTO HM3BJICUCHUS aMEpHUIIUs
C UcrnoJib3oBaHueM copOeHTa Axionit VPA-2.
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N3BecTHO, YTO MpU MOBBIMIEHUN COJEPKAHMS a30THOM KHUCIIOTHI B HC-
XOJTHOM pacTBope, HaOmiojaeTcsi moBbIeHne 3(Q(OEKTUBHOCTH U3BICUCHHE
IyTOHUs [1], CBS3aHO 3TO CO CTaOMIM3AMEN TUTyTOHUS B YETHIPEXBAJICHT-
HOM COCTOSIHUM ¥ 00paszosanuu anunoHa [Pu(NOs)e]?, B To BpeMs Kak ame-
pHULIMIT HAXOOWTCA B PACTBOPE B BHJE TPEX3apsIHOro KathoHa Am®" u, kak
CJIEICTBHE, HE YY4acTBYeT B COPOIIMOHHOM Tiporecce. B cBsi3u ¢ 3TuM, Ba-
JICHTHOCTH IUTYTOHHSI B UICXOJHOM PacTBOPE MPEIBAPUTEIBHO CTAOUIU3HPO-
BaJIM IIyTEM BBOJIa B CHCTEMY PacTBOpa HUTPHUTA HATPHSI.

YpaBHeHrE COPOIMOHHOTO HW3BJICUCHUS ILTYTOHUS BBITJISAUT CIICTYFO-
UM 00pa3om:

2(R4N)N03 + [PU(NOg)G]Zf > (R4N)2[PU(NO3)5] + 2NO3~ (1)
B xone skcnepuMeHTanbHON paboThl MOKa3aHa BO3MOXKHOCTh OYHCTKHU
aMepUIMs OT ITyTOHUS Ha TOBEPXHOCTU copOeHTa Axionit VPA-2.

Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPbI

1. JlenoBa E.B. M3BneyeHue miayToHUs U3 a30THOKHCIIBIX pereHepa-
LIAOHHBIX PAaCTBOPOB C HCIIOJIb30BaHWEM BHHWINUPHUIWNHUEBBIX aHHNOHHUTOB
mapku AXIONIT VPA / E.B. JIeznoBa, A.B. I'nmyxosa, JI.A. Konnpyuxuii —
Pagunoxumus, 2019. — Tom 61. — Ne 2.

TEPMOAUMHAMUYECKOE MOAENUPOBAHUE
NOBEAEHWUA PAOVOHYKNNAOB TENNYPA
NPU HArPEBE HATPUEBOI'O TEMNJIOHOCUTENA B ATMOC®EPE APITOHA

[pbimkos J1.H., Tumos C.A., TukuHa U.B.

Hayunwii pykosooumens.: bapoun H.M., éedywuti nayunwlil compyOHUux
Vpanockuit uncmumym I'TIC MYC Poccuu, . Ekamepunoype
E-mail: prytkov.l.n@mail.ru

MeTronoM TepMOAMHAMUYECKOTO MOJEIMPOBAHUSA M3YYEHO IOBEJICHUE
TEJUTypa TpPU HarpeBe HATPUEBOTO TEIIOHOCHUTENs B aTtMocdepe aprosa.
TepMoarHaAMHUYECKOE MOAECITUPOBAHUE BBIMOIHEHO MPU MOMOILIU POTPAMMBI
TERRA B unTepBanax temmeparyp ot 373 no 3273 K.

B nuanazone temnepatyp ot 373 K no 1173 K 3HaunTENbHBIX U3MEHE-
HUl coctaBa (a3 He HaOmomaeTcs. Beck TemwTyp cucTeMbl HAXOIUTCS B BU-
7€ KOHACHCUPOBAHHOTO Teyutypuaa HaTpus NazT€(wus). B TemmeparypHom
nuamna3zone 1173—1373 K npoucXoIuT Opouecc TEPMHYECKOTO UCIApEeHUs
KOHJEHCUPOBAHHOIO TeJTypuaa HaTpust NaoT€(ouy), P ITOM PE3KO YyBE-
JIMYUBAETCS COJAEpKaHME mapa Tesurypuzna ojgosa SnTer no 96,62 mon%.
JIaHHBIN POLIECC BEPOATHEE BCEIO COOTBETCTBYET peakLuu: Nay [ €xouy) + SN =
=3SnTe + 2Na.
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Puc. 1. Pacnpedenenue mennypa no gpasam.
1 — NazTewono), 2 —SnTee), 3—Tep)

JlanpHelilliee TOBBIIIEHUE TemnepaTypsl B cucreme 10 1973 K mpuso-
JTUT K TEPMUYECKOM JuccolManuu B mapoBoi ¢asze temrypuaa oioBa SnTe
Y BO3pACTaHUIO COJEpKaHMs B cucTeMe mnapa terypa Teq). B temneparyp-
HoM uHTepBasie oT 1973 K go 3273 K Bech Teiwtyp CUCTEMBI MPEICTaBICH
B BUJE napa resurypa Te().

TEPMOAMHAMUYECKOE MOAENUPOBAHUE
NOBEAEHMA PAOUOHYKNNOOB MAPIAHLIA
NPU HArPEBE HATPUEBOI'O TEMNJIOHOCUTENA B ATMOC®EPE APTOHA

[pbimkos J1.H., Tumos C.A., TukuHa U.B.

Hayunwiii pykosooumens.: bapoun H.M. edywuii nayunslil compyOHUK
Ypanvckuii unemumym I'IIC MYC Poccuu, e. Ekamepunoype
E-mail: prytkov.l.n@mail.ru

B nporpammuom kommekce TERRA mpu momonim meroga TEpMOAH-
HAMHYECKOTO MOJEIMPOBAHUS MCCIEA0BAHO TMOBEAEHUE MAapraHla IpH
HarpeBe HATPUEBOrO TEILNIOHOCHUTENSA. MoJenupoBaHUe MPOBEAEHO B aTMO-
cdepe aprona. TemnepaTypHbIit HHTEpBa cocTaisut oT 373 mo 3273 K.

B nuanazone temnepatyp ot 373 K no 1373 K 3HauMTENbHBIX U3MEHE-
HUM coctaBa (a3 He HaOmromaeTcs. Bech Mapranen cUCTEMbl HaXOIUTCS
B BHJI€ KOHACHCUPOBAHHOTO Kapouaa mapranua MnCyonn). B TEMIEpaTYp-
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HOM pauamna3one 1373—1573 K npoucxoauT npoiecc TepMUIECKOTo Ucmape-
HUS KOHAEHCUpOBaHHOTO Kapouaa mapranna MnCjoun), TPH 3TOM PE3KO
YBEJIMYMBAETCS COJIEpKAHUE Mapa MapraHua Mn ;) B COOTBETCTBUHU C peak-
ueit: MnCoonn) + Oy = 2CO¢y + MN() 1 Takxe yBEIMUYUBACTCS COJIEpIKa-
Hue napa ruapuaa mapraana MnH ) 10 6,84 M0o1% B COOTBETCTBHUM C peak-
nueit: 2Mngy + Hory = 2MnH(y. IIpu Bo3pacTanuu temnepaTypsl B cucTeMe
1o 2373 K conmepxanue napa rugpuaa Maprasua MnH ) B cucreme 3a cuer
TepMuyeckoil nuccouuanuu coctapiser 0 mon%. [lpu nanpHelinieM MoBbI-
[ICHUU TEMIIEPATyphl BECh MapraHell CUCTEMbI HAXOJIUTCS B BUJIE Mapa Map-
rasua Mn (.

100 XXX XXX XXX
/
90 1

*

80

70

60

50

Hona, mona %

40

30

20

10

[==]
g
g
g
am
153
m»
i3
B
B
L
[t
[:

Puc. 1. Pacnpedenenue mapeanya no gpasam.
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NEPEPABOTKA PEAKTOPHOIO NTPA®UTA
B ATMOC®EPE A30OTA B 3JIEKTPOAYIOBbIX NMEYAX

Mapkos [ 4., lLlaganees M.P.

Vpanocxuit uncmumym I'TIC MYC Poccuu, 2. Examepunoype
E-mail: poison-danil@mail.ru

3emuis OJTy4HJia B IPOLUIOM M mojy4aeT ceidac ot CoiHIla OrpoOMHOE
KOJIMYECTBO HHEpruu. ExkeroHo Ha MOBEPXHOCTh 3eMHOrO Mmapa ot CoiHia
NOCTyHaeT JiyyeBasi 3Heprus B konmdectBe 620-1015 kBt uac. Ognako mac-
mTadbl €€ HCMOJIb30BaHMs €HI€ CPABHUTEIBHO OYEHb HE3HAUYMTENbHBI. Pe-
ATBHBIM UCTOYHUKOM DHEPTHH, PEIIAIONTUM TPOOIEMbI HCTOIIICHUS OpTaHU-
YECKOT0 TOIIMBA M CHIDKEHHUS IKOJOTHYECKOW HArpy3Kd Ha OKPYKAIOIIYIO
CpeIy MOXET, CTaTh aTOMHAsl YJHEPreTHKa. ATOMHAs YHEPreTHKA HE MOTPeO-
JSIeT KUCIIOPOJa U UMEET HUYTOXKHOE KOJUYECTBO BHIOPOCOB MPU HOPMAJTh-
HOW »KcIUTyaTanuu. Eciu atoMHast sHepreTuka 3aMEHUT OOBIYHYIO DHEpre-
THKY, TO BO3MOXHOCTH BO3HHKHOBCHUS «IApHHUKA» C TSKEIBIMA
HKOJIOTMYECKUMU TTOCIEICTBUSMU TI00aIBHOTO MOTEIUICHUsI OyIyT ycTpaHe-
Hbl. YTOOBI 3aIIUTUTH YEIOBEKAa OT HETaTUBHOTO BO3JCUCTBUS PaJMOAKTUB-
HBIX OTXOJIOB HEOOXOIUMO 00€CIIEUUTh UX COOp M U3O0JISIUI0 OT OHOChEpHI.
Crnenyrouiee U TIJIaBHOE YCJIOBHE oOecrieueHusi Oe30MacHOCTU COCTOMT
B 00€3BpEKMBAHNN PATMOAKTUBHBIX OTX0A0B. CeromHs /uisi ’TOro YesioBeye-
CTBO MPUMEHSET €IMHCTBEHHBIA METOJ| — BBIJIEP)KKA PAIMOAKTHUBHBIX OTXO-
JIOB B M30JIMPOBAHHBIX YCJIOBHSIX TaKOE BPEMSs, B T€UEHHWE KOTOPOTro Mpo-
M30MAET €CTECTBEHHBIN pacmajl BCeX COACPIKAIIMXCS B HUX PAIUOHYKIIHIOB.
Opnako JaHHbI crioco0 oOpalleHusl ¢ paJuOAKTUBHBIMU OTXOJaMU HE pe-
AT MpodsieMy UX MepepadoTKu Jubo Oe3omacHOro xpaHeHus. B Hamem
JOKJIaJie TPEUIOKEH HOBBIM BBICOKOTEMIIEPATYPHBINA CIIOCOO mepepadoTKH,
B YaCTHOCTH PEAKTOPHOTO rpaduTa, KOTOPHIA MO3BOJIUT OTACIUTH CaM Tpa-
¢ut ot mmpokoro crexkrpa paguonykauaos (kpome *C). Peus unér o Gonee
paaualMoOHHO-0€30MacHOM CIoco0e mepepaboTKu peakTopHOro rpadura, Ko-
TOPBII OrPaHUYUBAET BO3MOXKHOCTB nepexoza *C, Ha 100 KOTOPOro Ipu-
xonutes 6onee 90 % pamnoakTUBHOCTH TPaUTOBBIX DJIEMEHTOB, B JIETY4YUE
COCIMHEHMSI, PACIIUPSIS TEM CaMbIM Ha0Op HOBBIX Oosiee I(HEKTUBHBIX CIIO-
co0OB mepepaboTKH peakTOPHOTO IpaduTa. DTO BO3MOXKHO 3a CUET Ipeiia-
raeMoro HaMu Croco0a BBICOKOTEMIIEPATYpPHOU MepepabOTKH PEeaKTOPHOTO
rpaduTa B 3JIEKTPOAYTOBBIX ME€UYaX, IJI€ PEaKTOPHBIN IpauT B HHEPTHOM at-
Mocepe aszora TMOA JACWCTBHEM DIEKTPUYECKOW Tyrd HarpeBaeTcs
10 2600 °C, uro co3aaéT HEOOXOAUMbIE YCIIOBUS MEPexXo0/ia PaIuOHYKINUI0B
B razo00pa3Hyto Pazy, kpome yriepoaa. OGHOBPEMEHHO C ATUM BaKyyMHas
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CUCTEMa yJaliIeT U3 nmeur o0pa3yronumecs JICTy4Yue COeIMHEHUS U MPOITyCKa-
€T UX Yepe3 cucTeMy (GUIBTPOB IS YIABIUBAHUS WU KOHICHCUPOBAHUS UX
B CIICIMAJIBHBIX ammaparax. /(s HarpeBa rpadura 10 BBICOKHX TEMIIEpaTyp
npejiaraeTcsl MPUMEHSITh AYTOBbIE JIEKTPUUECKUE TE€YH, KOTOPhIE IITUPOKO
WCTIONB3YIOTCA B MeTautypruu. Jljisi BICOKOTEMIIEpaTypHOU mnepepaboTKu
rpadguTa mpeiaraeTcs UCIoIb30BaTh TUIIOBYIO YJIEKTPUUYECKYIO IMeUb EMKO-
CTBIO 25 TOHH C IOBOPOTHBIM CBOJIOM. ["abapuTHBIE pa3Mephl TaKOW MEYH CO-
CTaBIIAIOT: JAMaMeTp padodero npocrpaHcTtBa — 3,42 M; riayOWHA BaHHBI —
0,775 m; nuametp 37eKkTpoaoB — 400 mMm.

TEPMOOMHAMWYECKUA AHANU3 NOBEAEHUSA HUKENS
NMPU HATPEBAHUM PAOWOAKTUBHOIO TPA®UTA B BOAAHOM MAPE

Apegpbesa E.A., Kobenes A.M., Tumos C.A.

Vpanvckuu uncmumym I'TIC MYC Poccuu, e. Examepunbype
E-mail: arefyeva2001@mail.ru

B cratee mnpencrtaBieHBl pe3yJbTaThl TEPMOJWHAMHUYECKOTO aHAIU3a
NOBEACHUS PAaJUOHYKJIMJA HUKEN IPU B3aWUMOJCHCTBUU PAIHOAKTHBHOIO
rpadura ¢ BOJSHBIM MaPOM.

['paduToBBIE OTXOIBI SABJISAIOTCS MPOAYKTOM HCIIOJIb30BaHUS Tpadura
B p€akTope Il KOHTPOJIA peakuuu naeineHusa sauep. B Poccunm HakoruieHsl
3HAYUTEIbHBIE 00BEMBI OTPAOOTAHHOTO OOJY4YEHHOIO0 peaKTOpHOro rpadura
(okoJ10 60 ThIC. TOHH), KOJIMYECTBO KOTOPOro Oy/IeT yBeIMUUBaThCS MPUOIIHU-
suTenbHO 10 2035 roaa (rox ocraHoBHl nociennero 6ioka PEBMK Cwmonen-
ckoit ADC). O0nydeHHBIN rpadUT OTHOCUTCS K KaTETOPUH HEUCTIOJIb3yEeMbIX
PaAMOAKTUBHBIX OTXOJOB M TpedyeT 0co00ro mojaxoja npu BeIOOpE CIOCO-
00B oOpalieHus ¢ HAM.

Hmeromuecs: TEXHOJIOTUU NEPEpabOTKH SJIEPHBIX OTXO0/0B IpaduTa oc-
HOBaHbI M0 MPUHLHUIY U30JSLUU PaO0aKTUBHOTO IpaduTa OT OKpYyKarolen
Cpelbl, YTO B CBOIO OUEpeb HE MOKET 00eCIeUUTh 3HAUUTEIbHOE YMEHbBIIIE-
HUE UX 00bema.

Jlig vccnenoBaHus TeMIIEpaTypHbBIX YCIOBHI mepepaboTKu U (PU3HUKO-
XUMHUYECKUX MPOLIECCOB, MPOUCXOAAIINX B MpeiaraeMoi cucreMe, Heo0xo-
JUMO TIPOBECTH TEPMOJUHAMHUYECKUI aHaIu3 MOBEACHUS PAAUOHYKIIUIA HU-
KeJisl TPU HarpeBaHUU PaJiIMOaKTUBHOrO TpaduTa B BOJASHOM Mape.

TepMoMHAMHUYECKUI aHAIM3 OCYIIECTBJICH B MPOIrPAMMHOM KOMILIEKCE
TERRA, xotopslii pazpabotan B MOCKOBCKOM T'OCYJapCTBEHHOM TEXHUYECKOM
yauBepeurere uM. H.O. baymana. [Iporpamma mo3BoJisieT BBINOJHATh TEPMO-
JMHAMUYECKHE pacdeThl cocTaBa (a3 MPOM3BOJIHBIX T'€TEPOr€HHBIX CHUCTEM,
a TaKXKe UX TEPMOAUHAMUYECKUX U TPAHCIIOPTHBIX CBOMCTB.
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[To pe3ynbraraM MOAEIMPOBAaHUS ObLIa MOCTPOCHA rpaduveckas 3aBHUCH-
MOCTh pacrpeieieHUs paAHOHYKIIAIa HUKEIS 110 (ha3aM | IOTyYeHBI CIIPaBOY-
HBIC JJAHHBIC €T0 MOBEICHUS MY 3HA4YeHUsX Temmepatryp 373-3273 K, u3 ko-
TOPBIX CIIEAYET, YTO B Ta3000pa3HOE COCTOSIHUE HHUKENb MEPEXOIUT HaUHHAS
¢ TemmeparypHoro 3Hadenus 1273 K B Bume razoo0Opasznoro Hukens (Ni),
ruapokcua Hukens (NiOH) u runpuna aukens (NiH).

[TommydeHHbIe MaHHBIE CIIEIyeT YYUTHIBATh MPHU MEepepadOTKe palnoakx-
TUBHOTO TpaduTa B BOASHOM Mape. Pe3ynapTaThl UCCIEIOBaHHS MOTYT OBITh
PUMEHEHBI B Ipoliecce mepepaboTKu paJuoaKTHBHOTO TpaduTa.

TEPMOOMHAMWYECKUA AHANU3 NOBEAEHUSA HUKENS
NPU HArPEBAHUU PAOUOAKTUBHOIO TPAGUTA
B OKCUAHO-COJNEBOM PACIMIABE U BOAAHOM MNAPE

Apegpbesa E.A., Kobenes A.M., Tumos C.A.

Vpanvckuu uncmumym I'TIC MYC Poccuu, e. Examepunbype
E-mail: arefyeva2001@mail.ru

[Tomumo reHepupoBaHus AAEPHON HEPIUU, ATOMHBIE 3JIEKTPOCTAHIUU
TaK)Ke MPOU3BOAST PaIMOAKTUBHBIE OTXO/Ibl, BKIItouUas rpagurossie. I'padu-
TOBBIE OTXOJIbl SABJIAIOTCS MPOIYKTOM HCIOJIb30BaHUS IpaduTa B peakTope
IUISL KOHTPOJISI peakluy AeJICHUs saep.

Cy1iecTByeT HECKOIBKO CIOCOOOB CKUTAHUSI OTXOAOB SAEPHOIO pajro-
aKTUBHOTO TpaduTa: OTKPHITOE CXKUTAHUE, OKUCICHHUE BO3YXOM, OKHCIICHHE
B pacIuiaBax miesoueii, KapOoHATOB M XJIOPUIOB, a TAKXKe, B pacIuiaBax C Jo-
0aBKoii okcuaa CBUHIA. [10 CpaBHEHUIO C MCIOIB30BAaHUEM BBICOKOTEMIIEpa-
TYpPHBIX CIIOCOOOB TepepadOTKU OTXOAOB TpaduTa, OKHCICHHE B pacIuiaBax
CoJIelt MOYKET OCYIIECTBIIAThCS Tpu Oonee Hu3Kkoi Temmneparype (800-900 °C)
1 0€3 MpeaBapUTEIHLHOIO U3METbYCHHUS.

B nannoit pabote paccMaTpuBaeTcss BO3MOKHOCTh 3aMEHbl TOKCHUHOTO
OKCHJIa CBHHIIA Ha OoJjiee Oe30macHbIi OKCUJ MEIU C OKCHUIHO-XJIOPUIHOU
100aBKOM C LIEJbIO MOBBIMIEHUS SKOJIOTMYHOCTU MPOLIECCOB U YMEHBIICHUS
HETaTUBHOTO BIMSIHUS Ha 3/J0POBBE YEJIOBEKA M OKPYKAIOLIYIO Cpeay.

[Ipu ncnob30BaHUU COJIEBBIX PACIUIABOB MPOIYKTHI I€JICHUS U OCHOB-
Hasl Macca paJuoOHYKINIOB KOHLIEHTPUPYIOTCS B HEM, @ OpraHuvecKasi 4acTb
MOCJIE OYMCTKHU TIPeoOpa3yeTcs B ra30ByI0 a3y U OTBOJIUTCS B aTMOChepy.

JIist uccienoBanusl TeMIlEpaTypHBIX YCIOBUM mepepaboTKu U (PU3UKO-
XUMHYECKUX MPOIIECCOB, MPOUCXOISIINX B MpeIaraeMoi cucreMe, Heo0xo-
MO TPOBECTH TEPMOJAMHAMUYECCKUI aHaIN3 MOBEACHHS PaIMOHYKIUAA HU-
KeJisl TIpYU HarpeBaHWU PAJMOAKTUBHOTO TpaduTa B OKCHIHO-COJIEBOM pac-
TUTaBe U BOJSTHOM Tiape.
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B xome monmenupoBaHus ObUTM TOMYYEHBI PE3YIbTaThl, KOTOPhHIC OBLIN
MIPEACTABJICHB B BUJE TpapUUecKrX 3aBUCUMOCTEH, OTPaKAIOIIMX pacmpe-
JICTICHUE PAacCMAaTPHUBAEMOTO PATUOHYKIIHIA HHUKES O Pa3IMdHbIM (hazam
cucteMbl. COTJIacHO TOYYCHHBIM JaHHBIM, TPU TOBBIIIEHUN TEMITEPATyPhI
no 2473 K xonxpencupoBanHas ¢aza (Ni, NiCOs, Ni(OH),) ymenbmaercs
no nyns. [Ipu temneparype Boiiie 2473 K HUKeNb B CUCTEME MPUCYTCTBYET
B BuJie razoo0pa3nbix coequnenuit (Ni, NiO, NiOH, NiCl).

[Toy4yeHHble AaHHBIE CIEIYET YUYUTHIBATH MPH IMEepepadOoTKe paanoak-
TUBHOTO IpaduTa B OKCUIHO-COJIEBBIX paciiaBaxX W BOASHOM mape. Pe3yib-
TaThl UCCJIEIOBAHUSI MOTYT OBITh IPUMEHEHBI B IMpoIlecce MepepadoTKu pa-
JTMOAKTUBHOTO Tpadura.

CPABHUTENbHbIA TEPMOOWHAMUYECKUN AHANWU3 NOBEQEHWA HUKENSA
NPU HATPEBAHUM PAOMOAKTUBHOIO NPAGUTA
B PA3J/INYHBLIX CUCTEMAX

Apegpbesa E.A., Kobenes A.M., Tumos C.A.

Vpanockuii uncmumym I'TIC MYC Poccuu, 2. Ekamepunbype
E-mail: arefyeva2001@mail.ru

B pabote paccMoTpeHbl poOIEeMHBIE BOMPOCHI, CBSI3aHHBIE C YTUIIN3a-
LAEU paJMOAKTUBHBIX OTXOJOB, OCTAHOBJICHHBIX IPOMBIIUIEHHBIX YpaH-
rpaUTOBBIX PEAKTOPOB.

3HAYUTEIbHOE COKpalleHHe 00beMa OTXOJIOB MOTYT O0€CHEYUTh TEeX-
HOJIOTMM BBICOKOTEMIIEPATypHON TEpMHUYECKON 00pabOTKU, HaAMpUMED,
cxuranuve. CyllecTByeT HECKOJIbKO CMOCOOOB CXKWUTAHHSI PaIdOAKTHBHOTO
rpaduTa: OTKPBITOE CXKUTAHUE, OKUCIIEHUE BO3AYyXOM, OKUCJICHUE B paciuia-
Bax Iesioye, kKapOOHATOB U XJIOPHUJIOB, a TAKXKe, B paciuiaBax ¢ J00aBKOM
OKCHJIa CBUHIIA.

PannoakTuBHBIC >JIEMEHTHI, HAXOASIINECS B PEAKTOPHOM rpadure, He-
BO3MOXHO YHUUYTOXXUTH CxkuranueM. OHU MO0 OCTAIOTCs ¢ HEroprouen ya-
CTBIO OTXOJIOB, JINOO UCMIAPSIOTCS B 3aBUCUMOCTHU OT CTETICHH UX JIETYUYECTH.
Crnenyetr OTMETHUTb, YTO BHIOPOCHI PAJAMOHYKIUAOB MPEACTABISIIOT COOOM 10-
CTaTOYHO CJIOKHYHK) a3POJMCIEPCHYI) CHCTEMY, COCTOSIIYIO W3 a’3p030JIeH
Pa3IUIHON (PU3UKO-XUMUYECKON TIPUPOIBI.

B pabote mpoBeseH CpaBHUTEIBHBIM TEPMOJIMHAMUYECKUN aHAIN3 T0-
BEJICHUS HUKEJS TIPU HarpeBaHUM PaJMOAKTUBHOTO TpaduTa B BOASHOM Iape
Y B OKCHJIHO-COJIEBOM PacCILJIaBE B BOASHOM Mape.

Onnoit n3 HambOoJsiee pa3BUTHIX U YPHEKTUBHBIX MPOTPAMM, peaU3yIo-
IMX TAKUE€ TEPMOJUHAMUYECKHUE PACUECThI, SIBIACTCA MPOTPAMMHBIA KOM-
miekc TERRA. Pacuetsl coctaBa (a3 u XxapakTepuCTUK PaBHOBECHS MTPOBO-
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JUJINCH C UCTIOJb30BAHUEM CIIPABOYHOU 0a3bl JaHHBIX MO CBOMCTBAM WHIU-
BU/IyaJIbHBIX BEIECTB.

[Ipu HarpeBaHWM paguOaKTUBHOTO rpaduTa B BOIASHOM Tape, B HHTEP-
Basie Temmeparyp ot 373 go 2173 K OCHOBHOE KOJMYECTBO HHUKENS MpE.-
CTaBIsieT coOoi KoHAeHCHpoBaHHBIN okcua Hukens (NiO), a B cucreme
C IPUCYTCTBUEM OKCHJHO-COJICBOTO paciiaBa HHUKETh (Ni) HaxXomguTcs
B KOHJICHCUPOBAHHOM COCTOSIHUU.

[Ipu nanmeHelemM yBenudeHun TemrnepaTypsl 10 3273 K Hukens mpeoo-
JaJaeT B COSAMHEHUAX B BUE Ta3o00pazHoro Hukens (Ni), kak B aTMochepe
BOJISIHOTO TIapa, TAK U CUCTEME C MMPUCYTCTBUEM OKCHIHO-COJIEBOTO PACILIABA.

Onpeneneno, 4to razoo0pasHas (as3a B cUCTEME PaIMOaKTHUBHBIN rpaduT-
BOJISTHOM Tap ra3oBasi (pa3a HauMHaeT 00pa3oBbIBATHCS Mpu Temriepatype 1773 K,
a B CHCTEME PaJIMOAKTUBHBIN IpaUT — OKCHUAHO-COJIEBOM pacIijiaB — BOJASIHOMN
nap npu temmneparype 2173 K. IlomydeHHbIe pe3ynbpTaThl CIEIyeT yUUTHIBATh
pu nepepaboTKe paAMOaKTUBHOTO TpaduTa MpeyioKeHHBIMU CIOCOOAMH.

NOXAPHAA ONMACHOCTb rPA®UTA ANEPHOIO PEAKTOPA
Tumos C.A., lNpbimkos [1.H., TukuHa U.B.

Hayunwiii pykosooumens.: bapoun H.M. eedywuil nayunvlii compyOHUK
Vpanvckuu uncmumym I'TIC MYC Poccuu, e. Examepunbype
E-mail: tsa-nhl@mail.ru

SnepHblii TpadUT UCTOIB3YETCS B HEKOTOPHIX THMAX SACPHBIX PEaKTO-
POB B Ka4eCTBE 3aMEIUTENS WIIA OTPaXKaTellsd, YTO TIOMOTAeT COXPaHSATh Jie-
JICHHE aTOMHBIX sJIep U MOAJAEP>KUBATh HEMHYIO PEaKIHIO.

B omnpeneneHHbIX 00CTOATENBCTBAX, €CIM T'Pa(UT HE UCIIOJIb3YETCS UIIH
YIpaBISETCSl HEMPAaBWIBHO, 3TO MOXET CO34aTh IOXKapHYIO OINaCHOCTb.
['maBHast OMacHOCTBH, CBSI3aHHAA € IpaUTOM B SAEPHOM PEAKTOPE, BOSHUKAET
B Cllyyae €ro OKMCJIEHHs IPHU BBICOKOM TeMIlepaType, BO3MOXKHO MPHUBEAET
k oopazoBanuto CO; u CO. UTo BEpOSITHO MOBIEYET K BOSHUKHOBEHUIO T10-
’Kapa U BBIOPOCY paJMOaKTUBHBIX MaTepHalioB U3 peakropa. s mpenot-
BpaIlleHUs] TAKUX CUTYallMil B peakTopax ¢ rpaduToM MpeayCMOTPEHBI CIie-
[IUAJIbHBIE CHUCTEMBl 0€30MacCHOCTH, BKIIIOUAIONINE KOHTPOJb TEMIIEPaTyphl
Y TIPEOJI0JICHNE KUCIOPOa ISl IPEOTBPAIICHHS OKUCTICHHS rpaduTa.

Tax ke Mmpu dKCIUTyaTalluyd peakTopa MOTYT BO3HUKATh Pa3In4yHbIC He-
HITaTHBIE CUTYallUU, K mpumMepy, npu temrnepatype a0 200-250 °C B rpadu-
TE TI0]T BO3JICHCTBUEM IPOHUKAOIIEH paJlallii UCKaXKAETCsl CTPYKTypa KpH-
CTAUIMYECKOM pEUIeTKH M BCJIEACTBUE D3TOr0 HAKaIUIMBAE€TCA CKpBITas
sHeprus (3Heprusi Burnepa). Ecnu aTa sHeprus peryiaspHO HE paccenBaeTcs
nyTeM OTXKHura (TOBBIIIEHUS] TEMIEPATypbl), TO OHa MOKET HaKarlIMBaTbCs
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710 OIPEAEIICHHOW TOYKM M 3aT€M BHE3AIIHO BBIIEIATCA C PE3KHM IOBBIILIE-
HUEM TEMIIEpaTypbl, KOTOPasi MOKET IPUBECTHU K MOXKapy.

Takke BaXXKHO OTMETUTH, YTO TPAQUT SIBISICTCS PAAHMOAKTHBHBIM MaTe-
pHUaoM, TaK Kak B IIPOLIECCE IKCIUTyaTallud OH MOXKET MOIJIONIaTh U aKKyMy-
JMPOBATh PaJIMOAKTUBHBIC MPOAYKTHI ACICHUS SICPHBIX TOTUIMBHBIX 3JIEMEH-
TOB. IIpn oOcCnyXMBaHUM PEAKTOpPA WM €r0 JEMOHTAXKE TPEOYIOTCS MEpPBI
IPEeIOCTOPOKHOCTU i olecreueHuss 0e30IacHOro yIpaBJIeHHsS Pagrloak-
TUBHBIM T'paUTOM U IPEIOTBPAIICHUS 3arPSI3HEHUS OKPYKAIOIICH Cpe/Ibl.

B nenom, onacHocTh rpaduTa B SICPHOM PEAKTOPE CBSI3aHA C BO3MOXK-
HOCTBIO OKHCIICHHS U MO0Kapa, a TAKKE C €ro paJuOAKTUBHBIMU CBOWCTBAMH.
[IpaBuiibHOE ymIpaBiIE€HUE PEAKTOPOM, NMPUMEHEHUE COOTBETCTBYIOIUX CH-
CTeM O0€30MaCHOCTH U CTPOroe COOIIOACHHE MPOTOKOJIOB OOCTYKUBAaHUS
Y JEMOHTa)Ka MOMOTAal0T MUHHUMH3UPOBATh PUCKH, CBA3aHHbIE C TrpaduTOoM
B AJIEPHBIX PEAKTOPAX.

UCTOYHUKU 3ATPASHEHUA PEAKTOPHOIO FPA®UTA
Tumos C.A., lNpbimkos [1.H., TukuHa U.B.

YHayunwiii pyxosooumens: Bapbun H.M. eedywuii nayunviii compyoHux
Vpanockuit uncmumym I'TIC MYC Poccuu, . Ekamepunoype
E-mail: tsa-nhl@mail.ru

PanuannonHoe cocTosiHME rpaduTa B SAEPHOM PEAKTOPE MOMKET ObITh
00BSICHEHO cleAyIMM 00pa3oM. B akTuBHON 30HE peakTopa rpaduT moji-
Bepraercsi 00Jy4eHUI0 HEUTPOHOB U TaMMa-U3Iy4YEHUIO0, KOTOPBIE SIBIISIOTCS
OPOAYKTaMU JEJICHHS U aKTUBALIMA MAaTEPUAJIOB B PEAKTOPE.

N3nauyanbHOE 3arpsi3HEHHE: TpadUT MOXKET COAepX aTh ONpPEIEICHHbIC
OpUMECH WJIM 3arpsA3HEHUs M3HAYajIbHO, KOTOPhIE MOTYT OBITh IPUCYTCTBY-
IOIMMH B TIPOLECCE €r0 NPOU3BOJACTBA WM M3TOTOBIEHUSA. DTO MOXKET
BKJIFOYATh TaKHE BEIIECTBA, KaK 30J1a, OKCUbI METAJUIOB, CEpa U APYTHE MU-
HOpHBbIE 31eMeHThl. OcCagky M aKKyMyJISLMS: BHEIIHME BEIIECTBA MOTYT
ocakaaTbcs Ha rpaUTHOM MOBEPXHOCTH CO BPEMEHEM U MPHUBOJUTH K €ro
3arpsiI3HEHUI0. JTO MOXKET OBITh CBSI3aHO C OKPY’KAaIOIIEH CpelnoM, TaKol Kak
NbLUIb, TPSA3b, BOJA U T. 1. Bo3nelcTBHE KOPPO3UU: PEAKTOPHBIN rpadut mo-
KET MOABEPraThCsl KOPPO3UU B PE3YIIBTATE BO3JACHCTBHS arpeCCUBHBIX CPEL,
TaKMX Kak BOJIa, KUCJIOTHl WK 1ienoud. Koppo3noHHble MPOAYKTHl MOTYT
IPOHUKATh B CTPYKTYpPY I'paduTa U BBI3BIBAThH €ro 3arpsizHeHue. MMmianrta-
sl SIIEPHBIX TPOAYKTOB JEJICHUS: B PEAKTOPAX AEPHOTO TUIA MPOUCXOIUT
JIeJIeHuEe aTOMOB, B pe3yJIbTaTe 4ero o0pa3yroTcs paJuoaKTUBHBIE MPOIYKTHI
JeJIeHusl. DT MPOAYKThl MOTYT HMIUIAHTUPOBATHCA B CTPYKTYpY rpadura
Y BBI3BIBATh PAJMOAKTUBHOE 3arpsi3HEHNUE.
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YTunuzamus u XpaHeHHUe: MPYU yTUIN3AlUWNA UM XPAHEHUU PEAKTOPHOTO
rpaduTa MOTYT BO3HUKAThH MPOOJIEMBbI 3arps3HEHUs], TaK KaK OH MOXET CO-
MPUKACATBCA C JPYTMMH MaTepuajaMu WIM BEIIECTBAMHU, KOTOPBHIE MOTYT
BHECTH 3arpsi3HCHUSL.

Pacrman u3oTomnoB: mpu pacnajie paIuOaKTUBHBIX H30TOIOB, MPUCYT-
CTBYIOIIIMX B PEAKTOPHOM TrpaduTe, MOTYT 00Opa30BBIBATHCS pa3IUYHbIC pa-
JTMOAKTUBHBIE MPOAYKTHI pacrnaja, KoTopble MOTYT 3arpsi3HATh rpadur.

BozpaelicTBre OKpyXarllen Cpeapl: OKpYXkKawllas cpena, B KOTOPOM
HAXOJUTCSl PEaKTOPHBIN T'paUT, MOKET TaK)Ke BIUSATH HA €ro 3arps3HeHUE.
Hampumep, ecnu rpadut HaxoauTcs B BOJE WJIM BIAXHOU cpele, TO MOTYT
IPOUCXOJUTHh XUMHUECKNE PEAKIIUU, KOTOPbIE MOTYT BBI3bIBATH 3arPsI3HECHUE.

B menom, 3arps3HeHuEe peakTOpHOTO Tpaduta MOXKET OBITh BBI3BAHO
pa3IMUHBIMKU (paKTOpaMM, BKJIIOYAS W3HAYAIBHOE 3arpsi3HEHHUE, OKPYKaro-
LIy Cpeny, KOPPO3HIO, SAECPHBIE MPOAYKTHI JEJIECHUS U APYTUe IPOLECCHI,
CBSI3aHHBIE C €0 MMPOU3BOJACTBOM, IKCIUTyaTallUEN U yTUIU3ALUCH.

TEPMOANHAMWYECKOE MOAENUPOBAHUE NOBEOEHUA
PAOVOHYKNWAOB YPAHA NMPU CXUrAHUN PAOUOAKTUBHOI O rPA®UTA
B ATMOC®EPE BO3[YXA, OBOIrALLEHHOI0 KUCITOPOAOM

Tumos C.A., lNpbimkos [1.H., TukuHa U.B.

YHayunwiii pyxosooumens: Bapoun H.M. eedywuil nayunviii compyoHux
Vpanockuit uncmumym I'TIC MYC Poccuu, . Ekamepunoype
E-mail: tsa-nhl@mail.ru

Hawnbonpliee KOIMYECTBO peakTOpPHOro rpaduta HaXOAUTCS B DHEPTe-
tuyeckux peakropax PBMK, macca rpaduroBoii kinaaku oaHOro 0JIOKa CO-
crasisieT okoJio 1800 TOHH.

[To pa3HBIM OIIEHKaM, CyMMapHOE KOJUYECTBO OOJYyIEHHOTO PEaKTOpP-
Horo rpaduta B Poccun mocturaer 60 Teic. ToHH. [lanHas mpoGiema akTy-
anpHa 11 BenmukoOpuranuu, rae ero HakoruieHo oosee 86 Toic. ToHH, CIITA
—55 ThIC. TOHH U Ppannuu — 23 Thic. TOHHBI. OO0IIee KOJIMYECTBO HAKOTICH-
HOTO BO BCEM MUPE 00Iyd4eHHOTO TpaduTa cocTaBisieT okoio 260 ThIC. TOHH.

Nwmerommecs: TEXHOIOTUH TIEPEPAOOTKH SIIEPHBIX OTXOJIOB rpadura, OCHO-
BaHBI 10 TIPUHITUAITY U30JISIIUHN PAIIOAKTUBHOTO TpaduTa OT OKPYKAFOIIEH Cpeibl,
YTO B CBOIO OUEPE/lh HE MOXKET 00ECTIEUUTh 3HAUUTEIHFHOE YMEHBIIIEHHE 00heMa.

B Hacrosiee Bpems: Hanbojiee MEepPCIEeKTUBHBIMU CIIOCOOaMu oOpariie-
HUS C OTPaObOTaBIIMMH IPaUTOBBIMU MaTepHUaJlaMU SIBIITFOTCS CKHTaHHE.

JIist uccaenoBanusl TeMIlepaTypHBIX YCIOBUHM mepepaboTKu U (PU3UKO-
XUMUYECKUX TPOIIECCOB, MPOUCXOAIINUX B aTMOc(hepe Bo3ayxa, oOoraiieH-
HOTO KHCJIOPOJIOM, HEOOXOMMO MTPOBECTH TEPMOJMHAMUICCKUN aHAJIHU3.
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Pacuer TepMOIMHAMUYECKOTO MOJEIUPOBAHUS IPOBOAWICA B IpO-
rpamme TERRA. B untepBane temmeparyp ot 300 go 3600 rpaaycoB Kelib-
BuHa (K) ¢ marom 100 K, nmpu nasnenuu 0,1 MIla.

Pe3ynpTaThl TEPMOJMHAMHUYECKOIO MOJIETMPOBAHMS HArpeBa peakTop-
HOTo rpaduTa B aTMocdepe BO3ayxa MOKa3bIBAIOT, YTO B JAHANA30HE TEMIIe-
patyp ot 300 mo 2000 K ypan HaxomuTcsi B KOHIACHCHUPOBAHHOW M ra30BOU
¢daze B BHJIe KOMIIOHEHTOB: KOHJACHCUPOBAHHOIO JMOKCH]Ia ypaHa, KOHACH-
CUPOBAHHOMU XJIOp OKHUCH ypaHa, KOHJEHCUPOBAHHOTO OKCHUJ XJIOpHJIAa ypaHa,
razoo0OpaszHoro xjyopuga ypana (IV), razoo6pasnoro okcuaa ypana (VI),
KOHJICHCUPOBAHHOTO ypaHaTa KabIIHsl.

[Tpu noBeimenuun Temmnepatypsl ot 2000 1o 3600 K ypan nHabmomgaeTcs
B ra30BOM U MOHU3UPOBAHHOM (haze B BUE KOMIIOHEHTOB: HOHU3UPOBAHHOIO
okcuna ypana (VI), HOHM3UPOBAHHOTO TUOKCHUJA ypaHa, ra3000pa3HOro Ju-
OKCHJIa YpaHa, KOHJACHCUPOBAHHOI'O HOHAOKCHUA TEpTaypaHa.

JlanHble HCCIIEOBAaHUS HEOOXOAMMBI Il Pa3pabOTKU TEXHOJIOTUI
0 mepepadoTKe, a UMEHHO Uil TI0JI00pa TEMIIEPAaTypHOIO MHTEpBaja s
MIPOEKTUPOBAHMS TAKUX TEXHOJIOTHIA.

ABAPUN HA ATOMHBIX 3NIEKTPOCTAHLUAX.
NOBEAEHME PAOWOHYKNUAOA LE3UA

Tumos C.A., TukuHa M.B., Mpsimkos J1.H.

Hayunwii pykosooumens.: bapoun H.M. sedywuii nayunsiii compyoHUK
Vpanocxkuit uncmumym I'TIC MYC Poccuu, . Ekamepunoype
E-mail: tsa-nhl@mail.ru

B Mupe cymecTByer WIecCTh THUINOB SAEPHBIX peakTopoB. Bomo-
BOJISTHOW SHEPTeTHYECKHUI PEaKTOp, peakTop OOJBIIONW MOITHOCTH KaHaJb-
HBIW, PEAKTOP HA TSKEJIOU BOJAE, PEAKTOP C LIAPOBOU 3aCHINKON U ra30BbIM
KOHTYPOM, PEAKTOp Ha OBICTPHIX HEUTPOHAX W DHEPTETUUYECKUU TeTepo-
TE€HHBIA MPSIMOTOYHBIM peakTop. B nmaHHON paboTe paccMOTpeH peakTop
6onbmon MomHoctu KaHalbHbl (PBMK). Vpan-rpadutoBsie peakTops
SABIAIOTCS TOTEHIMAIBHBIM MCTOYHHKOM TOBBIIIEHHOW pPagualluOHHON
OTIACHOCTH JJIS JIFOJIEH 1 OKpY’Karomei cpeasl. 3a 18 jeT ciyx0bl peakTop
Ha benosipckoit ADC Ob11 octanoBiieH Oonee 200 pa3 v Bce 3TH OCTAHOBKHU
OB CBSI3aHBI C aBapUsMHM Ha TEIUIOBbIAEIsAIoNIEH cOopke. PazButue cu-
cTeM 0€30MacCHOCTH HE CTOUT Ha MECTE€ M Ha CErOAHSIIHUMA JAEHb BEPOST-
HOCTh BO3HHMKHOBEHHSI aBapuil JOCTaTOYHA Maja, HO MOJHOCTbIO MCKIIO-
YUTh BO3MOXXHOCTH €€ BO3HUKHOBEHHS, K COXKAJICHUIO, HEBO3MOXHO.
Bonpocel o0ecneueHuss pagualiMOHHOW 0€30MacHOCTH I OOBEKTOB
ATOMHOM SHEPTreTUKU UMEIOT JOMUHUPYIOLIEE 3HAUEHHUE.
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B paboTte npoBeieH aHanu3 NOBEACHHS PAIUOHYKIUIOB LIE3Us B CIIydae
HarpeBa rpaduTa J0 BBICOKHMX TeMIEpaTyp METOJO0M TEePMOIUHAMHYECKOTO
MozenupoBanusi B nmporpammHoMm komiiekce TERRA. B cocraBe rpadura
HaKaruIMBalOTCA pa3nuuHble paauoHykiauasl nesus: 112Cs, 113Cs, 114Cs,
115Cs, 116Cs, 117Cs, 118Cs, 119Cs, 120Cs, 121Cs, 122Cs, 123Cs, 124Cs,
125Cs, 126C, 127Cs, 128Cs, 129Cs, 130Cs, 131Cs, 132Cs, 134Cs, 135Cs,
136Cs, 137Cs, 138Cs, 139Cs, 140Cs, 141Cs, 142Cs, 143 Cs, 144Cs, 145Cs,
146Cs, 147Cs 148Cs, 149Cs, 150Cs, 151Cs.
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300 800 1300 1800 2300 2800 3300
T K

Puc. 1. Pacnpedenenue ye3zus no pagnogecHviM pazam

npu HazpesaHuu paouoaKmueHo2o epaguma 6 8ozoyxe:
1-CsCl «); 2—CsCl; 3—Cs+

B pesynbrare MonaenupoBaHMs HarpeBa paJMOAaKTUBHOrO rpadura
B aTMoc(epe BO3ayxa MOIY4YEHbl rpaduK TeMmIepaTypHOH 3aBUCUMOCTH
pacnpeneneHuss paiMoOHyKINI0B 1o ¢as3am. Pacnpenenenue nes3us no pas-
HOBECHBbIM (pazaM MpU HArpeBaHMM PATUOAKTHBHOTO TpaduTa B BO3AYyXE
[IOKa3aHO Ha PUCYHKE.
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TEPMOOAMHAMWYECKOE MOOENUPOBAHUE NOBEOEHUA
PAOWOHYKNWUAOA HUKENA B ATMOC®EPE BO31YXA
NPU BO3HUKHOBEHWU NOXAPA HA YPAH-TPA®UTOBOM PEAKTOPE

Tumos C.A., TukuHa W.B., Mpsimkos J1.H.

Hayunwiii pykosooumens.: bapoun H.M. sedywuii Hayunsiii compyoHUK
Ypanockuii unemumym I'TIC MYC Poccuu, e. Examepunoype
E-mail: tsa-nhl@mail.ru

ATOMHas 3HEpreTrKa 3aHUMAET BEAYIIEE MECTO B MUPOBOUM SKOHOMHKE
Y Ha CETONHSAIIHUK JEHb JOCTOWHO aJIbTEPHATHBBI € HE cymiecTByeT. Ha
JI0JIF0 aTOMHOM PHEPreTUKU MpuxoauTcst nopsaka 18 % Bceil BeipabaThiBae-
MOM 3JEKTpOosHEpruu B mupe. [Ipu sKCrutyaraium aTOMHBIX 31€KTPOCTAHLIUM
(ADC) ocobyro BaXXHOCTh MMEET BOIMPOC oOecreueHus 0€30MacHOCTH Tak
Kak Jro0as aBapuiiHas cutyarus Ha ADC MOKET NPUBECTH K CEPbE3HBIM TO-
CIEACTBUSAM Kak JUIS DKOJIOTHH, TaK W JUIs 3J0pOBbs Jrofen. Bonpoc unen-
TUQUKALIMK U ONpeeieHUs MOTEHIHAIBHOM OMAaCHOCTU PaJUOHYKIUIOB,
BBIJICTISIIOIINXCS B aTMOC(epy B ciiydae aBapuu SBJISIETCS BEChbMa BaXKHBIM.

Llenpro naHHOW pabOTHI SBIAETCS ONPENECICHHE BO3MOMXHOIO COCTaBa
JETy4YUX COCAMHEHUN paJuOHYKIUI0B Ni B cllyyae BOZHHUKHOBEHHS aBapuu
Ha ADC ¢ ypaH-TpaUTOBBIMU PEAKTOPAMHU.
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Puc. 1. Pacnpeodenenue nuxens no pagnogecHvim azam

npu Hazpesanuu paouoaKmueHo2o epaguma 6 6030yxe:
1 —NiClz4); 2—NiCly; 3—NiCl; 4 —Ni; 5—NiO

B pabote mpoBeneHO TepMOIMHAMUYECKOE MOEIMPOBAHUE OJAHOM CH-
CTeMbI B arMocepe BO3ayXa ¢ MCIOJb30BaHUEM METOJIa TEPMOJIMHAMUYE-
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CKOI'0 MOJIECIIMPOBAHUsI C NOMOLIBI0 MporpamMmmHoro komiwiekca TERRA,
oTpe/ieieHbl OCHOBHBIC PEaKIMU TOBeACHUS Ni MpyU HAarpeBaHUHM PaTHOAK-
TUBHOTO rpaduTa U pacCUYNTAHbl KOHCTAHTHI PABHOBECHUS PEAKITUN.

B noknane mpuBOIUTCA MCXOAHBIM COCTAaB pPaguOaKTUBHOIO rpaduta
B atMoc(epe Bo3ayxa. Takke MpUBENCHBI NeBATH (OPM CYIIECTBOBAHUS pa-
TUOHYKIUJ0B HUKend. [lonydeHo pacmnpenesieHHe HUKENS PaguOHYKIUIOB
HuKens 1no (azam (pUCYHOK) B pacCMaTpUBaeMOM CHUCTEME M OIpPECIICHbI
XapaKTEpHbIE PEAKIMU M TEeMIepaTypHble HHTEPBaJbl, B KOTOPHIX OHU
HaOmonaoTcsl. M3 MOdMy4YeHHBIX JAHHBIX BHUJIHO, YTO HUKENb Ha Y4acTKe
temneparyp or 600 ngo 900 K Haxomutrcss B BHJIE€ KOHJACHCUPOBAHHOIO
NiCl2(k.), npu noBsieHnn temieparypsl ot 1300 mo 3600 K B Buze raso-
o6paszneix NiCI2, NiCl, Ni, NiO.

MACC-CNEKTPOMETPUYECKOE ONPEQENEHMUE
PACNPEOENEHMA N30TOMNOB NO OBBbEMY KPUCTAIIA NACL

Apbiwumaes A.M., OzopodHukog C.A.

Tomckuu noaumexHuyecKul YHU8epCcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: ama33@tpu.ru

[lomy4yeHue WM WCHONB30BAaHKWE HM30TOMHOW MPOIYKIIMKM HEBO3MOXKHO
MPOBOJUTH 0€3 MacC-CIEKTPOMETPHUECKOTO aHann3a. CleayeT yHOMSHYTh, YTO
MAaccC-CIIEKTPOMETPHUS U U30TOIHA pa3BUBAIMCH napamienbHo. Mmerores ['OC-
Tl 1 BeJOMCTBEHHBIE METOAMKH IS OTNIPECNICHNs] N30TOMHOTO COCTaBa Mmpoo,
OTOMpPAEMBIX B COOTBETCTBUU C YKa3aHHBIMA HOPMATHBHBIMH JOKYMCHTAMHU.
JInst momydeHusl MacmopTHOW TOYHOCTH HM3MEPEHUs HEOOXOAWMO YYHUTHIBATH
BIIMSIHUAE PA3JIMYHBIX (PAKTOPOB, B TOM Yucie d3PGEKThl JUCKPUMUHAIIMKA Macc,
YHCTOTY HCHOJB3YEMbIX PEAareHTOB, BO3MOXKHOCTh HAJIOKEHUS OJM3KUX IO
Macce MUKOB, 3allymiieHHe (POHOBOI'O CUTHAJIA MaCC-CIIEKTPOMETpA.

OKCHEepUMEHTAIBPHO OMpEAesiii M3MEHEHUE HW30TONMHOro d(ddekra
B TOCTOSTHHOM CJIa00OM MAarHUTHOM moJjie npu kpuctausanuu NaCl u3 Boj-
HBIX pacTBOpoB. CTaBmiach 3ajada MOCIOWHOTO OMPENETIECHUS U30TOMHOTO
COCTaBa, M3-3a TOTO, YTO B IMPOLIECCE POCTa KPHUCTAJUIOB M3MEHSETCS Mepe-
CBILIIEHUE PACTBOPA.

W3mepsiim mpoCTpaHCTBEHHOE pacIipe/iefieHre H30TOITHOTO COCTaBa XJiopa
B kpuctaiax NaCl, ¢ ucnons3oBanueM macc-criektpomerpa (MC) ¢ uHIyK-
TUBHO CBsi3aHHOM Tuta3moii Element. B kauecTBe nmpoboHecyiero rasa B Macc-
CTIIEKTPOMETPHH WCTIONB3YeTCsl aproH. AProH TaKKe UCIIOJIB3YETCSl B KAUeCTBE
I1a3MO00pa3yIoIero rasa, mepeBojsnmil mpoldy B ra3oByro ¢dazy. [loaromy
B HIOHHOM wucTOYHHKe MC MOTyT 0O0pa30BBIBATHCS PA3IHMUHBIE SKCHUMEPHI,

68


mailto:ama33@tpu.ru

narpumep °ArH. MaccoBble umMCIa SKCUMEpa M TSDKEIOr0 M30TONa XJIopa
omusku. [losToMy B mepByI0 ouepenr paccMaTpUBAIU MAcC-CIIEKTP B 00JIacTu
37 Ha c pazpemienneM R = 10000, koTopoe B JaJbHEUIIEM HE HU3MEHSIIOCH.
W3 Macc-creKTpoB BUIHO, uto auaun > Cl u **ArtH xopomo paspenieHsl, gaxe
pa3MuMu MHTEHCHBHOCTEH MUKOB HAa HECKOJIKO TOPSIKOB. B obOmactu muka
n3otona *Cl He HaOMIOTAETCSA HATOKEHHUS C JTMHUSAMH JPYTHX HOHOB.

st komrieHcanuu «dddexra mamstu» MC BblUMTaTU MHTEHCUBHOCTU
MUKOB MaccC-CIEKTpa JCMOHU3UPOBAHHOW BOJIbI, UCIIOJIB3YEMOU MPU MPUTO-
TOBJICHUH PACTBOPOB, U3 MHTEHCUBHOCTEW MHUKOB UCCIEAYEMbIX OOpa3IoB.
Ha ocnoBe macc-criektpa NaCl npupo1HOro U30TOMHOrO COCTaBa OLICHUBATH
saddext auckpumuHanuu Macc. CpaBHuBanu Benuuuny At37/At35 nnsa kpu-
CTaJUIOB C TMPUPOAHBIM COCTAaBOM M30TOMOB xjopa (At37 = 24,22 %,
At35 = 74,78 %) u monydeHHBIM Ha Hamiem npuodope. M30TomHbBIN cocTas,
OTIpEICTIIEMBI TI0 PETHCTPUPYEMBIM HaMU MacC-CIIEKTpaM HCCIETyEeMbIX
00pa3IoB, KOPPEKTUPOBAIIU C YIETOM KOAIDPUIIMEHTa TUCKPUMUHAITUN MaCC.

JI7ist OLIEHKH MPOCTPAHCTBEHHOTO PACIpeeNIeHNs] U30TOMOB, KPUCTAILIBI
PaCTBOPSUIH TMOCIIOMHO C MOMOINIBIO I€MOHU30BAaHHOM BOA. B nmokiane mpuso-
JSTCSl KOHCTPYKIIUSI sSTYCHKU W MeToauka mocnoiHoro pactBopenust NaCl,
a TaKXKe TMPOIIECChI B PACTBOPE, MPUBOAAIIME K N3MEHEHHUIO M30TOITHOTO COCTABA.

METOAbI UCNOJNIb3OBAHKA U30TOMNOB B XUMUN

Myxamemxatroea E.C., 3apbikbaesa K.C., Cmaunos [.E.

HAO ynusepcumem umenu lllaxapuma, e. Cemeti, PK
E-mail: merkezhan04@mail.ru, Kamshat.ru@mail.ru, smlvdr8@gmail.com

BOJPIIMHCTBO XMMHUYECKUX 3JIEMEHTOB B ITPUPOJHBIX YCJIOBUSX IIpEX-
CTaBJICHBI ABYMsI U OoJiee M30TOMaMHu. M30TOMHBIN COCTaB XMMHUYECKUX dJie-
MEHTOB B MPHUPOJIC KOJEOIEeTCs HEe3HAYUTENbHO. [109TOMY MIMPOKO MCHONB3Y-
eTca MeToj «MedeHbIX» aroMoB (MMA), cBsizaHHBIA C MCHOJIB30BAHUEM
M30TOMNOB B KAYECTBE MHJMKATOPOB IIPU U3YUYEHUH PACTIPEIACICHUS WIN MyTEU
NepeMeIIeHus BeIeCTBa B pa3inyHbIX cucreMax. MMA wucmonb3yetcs B: Ouo-
JIOTUH, MEJIULIMHE, CEJIbCKOM XO3SIMCTBE, AKOJIOTMHU, TUApPOreosorud. B xumun
¢ nomoiplo MMA onpeAensitoT 3JIEeMEHTHBIM COCTaB U CKOPOCTh MHUTPAIlUH,
M3Yy4aroT MPOLIECCHl B pacTBOpax. [Ipu pemennn 3ana4 XuMHU4eCKON KUHETUKU
U JIEKTPOXUMUH, pa3paboTKe KaTaTU3aTOPOB TAKXKE UCTIONB3YIOTCS U30TOIIHI.

B noxmane npuBoauTcs moapoOHbI 0030p METOJ0B MCIOJIb30BAHMSI U30-
TOMOB JIJISl PELICHUS Pa3IMYHBIX 33724 B XUMUK. Hampumep, ¢ moMomibo 1u30-
TOMOB, MPU UCCJIEIOBAHUU MPOMEKYTOUHBIX COCTOSIHUM Pa3/IMYHbIX XUMHYE-
CKUX MPEoO0pa30BaHuii, OMPEACISIOT CKOpOCTH (popMUpOBaHUs (MCUC3HOBCHMS )
MPOMEXKYTOUHBIX COCTOSIHUN W TOCIIEIOBATEILHOCTh WX OOpa30BaHUS, PEru-
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CTPUPYIOT MOJIEKYJIbI, 00pa3yolecs OJIHOBPEMEHHO W3 OJHOTO HCXOJHOTO
coennHEeHUs. [Ipy 3TOM CTaHOBUTCS BO3MOKHBIM OIPEJEICHUE PA3PBIBAIOLINX-
csl CBsI3ei, HEOOXOMUMBIX 17151 ()OPMUPOBAHHSI HOBBIX CBsizel. [Ipu aToM criemy-
€T YYUTHIBATh BO3MOKHBIN OOMEH U30TONAaMU MEXKTYy COCTMHEHUSMU.

N3BeCTHO, YTO KOHTPOJb CKOPOCTEW HPSIMOIO M OOPATHOTO MPOLIECCOB
B YCJIOBUSIX PAaBHOBECHSI BO3MOKHO JIMIIIb C TOMOIIBI0 U30TONOB. C MOMOIIIBIO
M30TONHBIX UHIUKATOPOB PELIATINCh MHOKECTBO 3a/1a4 MPU ONPEACIICHUH Me-
XaHU3MOB XMMHMYECKUX M OHOJOrMueckux rmpoieccoB. Xots MMA umeer
OOJIBIIYIO MEPCHEKTUBHOCTb, HO MPUMEHEHHE H30TOIMHOM METKHU SIBISIETCS
JUIIb OJHUM U3 MPOCTEUIINX W30TOMHBIX METOMIOB. IIpu 3TOM HEZOCTaTOYHO
UCTIOJIL30BAINCH JIpyrue, He MeHee 3(PGEeKTUBHbIE CIOCOObI MCIOIb30BAHUS
M30TONOB IPU HU3YyYECHUH XMUMHUYECKUX peakuuii. Hampumep, KnHETHYECKHIA
M30TOMHBIN A(DPEKT MO3BOISAET OMPEACNATh BKIIAJ MEPEXOAHBIX COCTOSHUMN
B XUMUYECKHUX MpeoOpazoBaHusax. Mcxoas W3 CTpOeHUS MEPEeXOJHBIX KOM-
IJIEKCOB MOYHO OIIEHMBAaTh CKOPOCTh XUMHUUYECKON peakuuu. [loutn He uc-
MOJIB3YETCSl METOJT pa30aBIeHUs U30TONA, TO3BOJISIOUINI PETUCTPUPOBATH Ma-
JIbIE€ KOHIEHTpAIUU MPOMEXYTOUYHBIX COCAMHEHUN XUMHUYECKUX PEaKIIHid,
KOTOPbIC HEBO3MOKHO HA0JII01aTh, HAIIPUMED, CTIEKTPAIbHBIMUA METOAaMHU.

Jlns ompenenieHns: cocTaBa Mpoo, HAXOAUIUXCS B JIFOOOM (ha30BOM CoO-
CTOSIHUH, HCHOJB3YeTCs HEUTPOHHO-aKTHBAIMOHHBIM aHanu3 (HAA). Ilpu
6oMOaparpoBKe IPOO HEUTPOHAMU O00PA3YIOTCS KOPOTKOKUBYIIIUE U30TOIIBI,
110 OTHOCUTEIIBHONM HHTEHCUBHOCTH U3JIyUYE€HUSI KOTOPBIX OIPEIEIIAIOT COCTAB
npoOsl. HAA mpakTudecku He paspyiiaeT oOpasell, HaBeJeHHasi aKTUBHOCTh
OBICTPO 3aTyxaer.

PACYET NAPAMETPOB Q-KACKALIA
Mo NONYYEHUIO BbICOKOOBOIALLLEHHOIO CBMHLIA-206

Jlenskosa M.K., Poma+Huc M.E.

Hayuuwiii pykosooumens: Opnog A.A., 0.m.H., npogheccop
Tomckuu nonumexHuyecKul YHu8epcumem,
634050, 2. Tomck, np. Jlenuna, 30
E-mail: mkl2@tpu.ru

[Ipu pa3paboTKe HOBBIX AAEPHO-IHEPTETUUECKUX YCTAaHOBOK, IPUOPUTET
oTJaeTcs peakropaMm Ha ObICTphIx HeWTponax (PBH) ¢ TskensiM xumakome-
TaJUINYECKUM TeruioHocuteneM. Teronocurens PbH, nupkynupys no aktus-
HOW 30HE peakTopa, aKTUBUPYETCS M HapaOaThIBAeT NOJTOXKMBYIIHE PaHo-
HYKJIMJbl. YUHUTBIBAsA KOJUYECTBO TEINIOHOCUTENS B paccMarpuBacMbix PHBH
U MaciiTadbl BHeApeHus Maibix ADC B OynylieMm, MOTYT BO3HHKHYTH IPO-
OsieMbl oOparieHus ¢ OTpadOTaBIIUM TEIUIOHOCUTeNneM mocie cHstus PBbH
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C KCIUTyaTallMy Y TIPH MPOBEICHUH PEMOHTHBIX M aBapUUHBIX padoT. [ToaTomy
KEJaTeIbHO MMETh TEIIOHOCUTENh C HU3KUM COAEP)KaHHEM JOJTOKHUBYIINX
PaTMOHYKINIOB — MPOIYKTOB SJEPHBIX peakiuid. B kauecTBe Takoro masmoak-
TUBUPYEMOTO TEIJIOHOCUTENSI MOXKHO HCIIOJIb30BaTh CBHHEI], OOOTaIICHHBIN
1o cBUHIY-206. Ero conep:xanue B NPUPOJHOM CMECH M30TONOB CBUHLA CO-
cTaBisieT mpuMepHo 24 %, a Tpedyemoe oboramenne 95-98 %.

B nanno#t pabote mo u3BecTHOM MeTonuke [1] mpoBeneH pacuer mapa-
MeTpoB Q-Kackaja 1o MOoJIy4eHHI0 BhICOKooOorameHHoro 2%Pb. Ilomydens
rpaduk pacnpenesieHus KOHIIEHTpAllMd M30TONOB CBHUHIA U MPOQUIbL pac-
cunTaHHoro Q—kackajaa aJjig nepBoro (Mpu KOHIIEHTPALMK O0TOOpa TSHKENION
dpakuu 0,1 %) u BTOpOro (Mpu KOHIEHTpaUU oTOOpa TsHKENIon (pakiuu
0,1 % u 0,3 %) sTanoB pa3aeneHus.

[lokazaHo, 4TO MPH YMEHBIIEHUH KOHLUEHTPAMK O0TOOpA TsHKENIou (pak-
[IUM YBEJTMUUBACTCS KOJMYECTBO CTYTNCHEW B pEreHepaTWBHOW YacCTH, a KOH-
[EHTPALIMS HEIEJIEBBIX N30TOMOB B 0TOOPE TSHKENOM (hpAaKIMK YBEININBACTCA.

Pe3ynbrats pacueToB mokasaiu, 4T0 MOKHO JOCTUTHYTHh KOHIICHTPAIHH
cBuHIa-206 paBHoit 95,79 % B orOope nerkoi (pakiuu BTOPOro 3tamna pas-
nenenusd. B orOope Tsoxenoi gppakuuu BTOpOro 3tana pas3zeicHus, KOHIICH-
Tpauus cBuHIa-207 cocraBuna 89,32 % u 69,47 %, npu UCXOIHON KOHIIEH-
Tpaluy [EJEBOT0 M30TOMa B MOTOKe oTOOpa Tskenon ¢pakuuu 0,1 %
1 0,3 % coOTBETCTBEHHO.

Cnmcok UCoJIb30BAHHOM JTUTEPATYPHI

1. A.A. Opnos, M.B. Bepnunckuii, Paznenenne MHOTOKOMITIOHEHTHBIX
n3otonHbix cmeceit. — Tomck: M3a-Bo TITY,2020. — [C. 40].
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Cekyus 2

NITASMEHHBIE 1 BOOOPOOHbIE TEXHOJIOMMA

[Mpedcedamernb: K.¢b.-M.H., doueHm A.l'. KapeHauH
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FRICTION COEFFICIENT OF POLYLACTIC ACID FILMS
AFTER THE PLASMA TREATMENT

Pautov K.G., Filippova E.O.

Scientific adviser: Filippova E.O.
Tomsk Polytechnic University,
634050, Russia, Tomsk, Lenin Avenue, 30
E-mail: kgp5@tpu.ru

Biodegradable polymer materials are widely used in regenerative
medicine. One of the interesting materials for medical applications as
implants is polylactic acid. The implanted material must withstand the
mechanical effects of surgical instruments, and therefore it is useful to know
about the tribological characteristics of the polymer implants.

The purpose of this work is to study the coefficient of friction
of polylactic acid films after the exposure to low-temperature atmospheric
plasma.

The polylactic acid films were obtained from a polylactic acid solution
with a molecular weight of Mw = 121000 g/mol (PURASORB® PL 10, the
Netherlands). The each side of material was treated with low-temperature
atmospheric pressure plasma for 30 s. Friction and wear studies were carried
out using the finger-disk scheme under dry sliding friction conditions on
a TRIBO technik machine (France) while varying the test duration (10-30 m)
and sliding speed (in the range (1.5-5) mm/s). A counterbody was a ceramic
ball (diameter = 6 mm).

The friction coefficient of the initial films was in the range of 0.123-0.251,
after plasma — 0.122-0.203. The range of the coefficient of friction (initial
films) was 0.138-0.192 (1.5 mm/s), 0.127-0.171 (3 mm/s), 0.143-0.177
(5 mm/s). An increase in sliding speed contributes to a slight decrease in the
friction coefficient for the initial samples and after exposure to plasma
(~1.5 times). Changing the test duration does not lead to a significant change
in the friction coefficient.
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STUDY OF THE FRICTION COEFFICIENT OF POLY(€E-CAPROLACTONE)
FILMS AFTER THE PLASMA TREATMENT

Golinskiy I.E., Filippova E.O.

Scientific adviser: Filippova E.O.
Tomsk Polytechnic University,
634050, Russia, Tomsk, Lenin Avenue, 30
E-mail: ieg7@tpu.ru

Poly(e-caprolactone) is a biocompatible and bioresorbable synthetic
polymer that has been extensively studied and applied in implants for
ophthalmic controlled drug delivery. The implanted material must withstand
the mechanical effects of surgical instruments, and therefore it is useful to
know about the tribological characteristics of the polymer implants.

The purpose of this work is to study the coefficient of friction of
poly(e-caprolactone) films after the exposure to low-temperature
atmospheric plasma.

Initial film samples of poly(e-caprolactone) were obtained from
al% solution of poly(e-caprolactone) with a molecular weight of
Mw = 80,000 g/mol (Sigma-Aldrich, England). The each side of material
was treated with low-temperature atmospheric pressure plasma (the
treatment time was 30 s). Friction and wear studies were carried out using
the finger-disk scheme under dry sliding friction conditions on a TRIBO
technik machine (France) while varying the test duration (0,13-0,5 m) and
sliding speed (in the range (1.5-5) mm/s). A counterbody was a ceramic
ball (diameter = 6 mm).

The range of the coefficient of friction of initial films was 0.127-0.394
(1.5 mm/s), 0.124-0.329 (3 mm/s), 0.126-0.37 (5 mm/s). The range of the
coefficient of friction of films after the plasma treatment was 0.125-0.244
(1.5 mm/s), 0.125-0.491 (3 mm/s), 0.125-0.399 (5 mm/s).

An increase in the speed and duration of the sliding test did not change
of the friction coefficient of the initial samples and films after exposure to the
plasma.
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NONYYEHUE MATEPUANOB ANA XPAHEHUA BOOOPOOA
HA OCHOBE rnaPUaA MArHUA U HAHOPA3MEPHbBIX NMOPOLLKOB
METANNOB METOAOM MEXAHOCUHTE3A

JleoHosa E.C., Kenxues A.A., Kypdromos H.

Tomckuti nonumexHuueckuil yHugepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: esl24@tpu.ru

B cBsi3u ¢ uctomenueM HeQTIHBIX PECYPCOB M YXYJIIIEHUEM SKOJIOTH-
YeCcKOM 0OCTaHOBKH MOUCK U pa3paboTka 0€30IMacHbIX, YUCTHIX U IKOJIOTUY-
HbIX UCTOYHHUKOB SHEPIUU JJIsI YIOBIETBOPEHUS MUPOBOIO CIIpoca Ha 3HEp-
TOHOCUTEIIM CTAHOBATCS IEPBOOUEPEAHON 3a1aueii. Bogopon, caMblii JIErKUi
ra3, XOpoOIlO W3BECTEH CBOEW BBICOKOM TEIJIOTBOPHOM CIOCOOHOCTBIO NpHU
CrOpaHMHM, a TAKXKE TEM, YTO HE 3arpsi3HSET OKpyXkarollyo cpeay. Bomopon
SIBJISIETCA DKOJIOTMYECKH YMCTBIM MCTOYHUKOM HEPTrUM U MOXKET OBITh HC-
MO0JIb30BaH B KAYECTBE XMMHUUYECKOTO ChIPhsi B HEQTEXUMHH, MUKPOIJIEKTPO-
HUKE, XUMUYECKOM M MOJUMEPHOM CHUHTE3E, METaJUIypruu U JAPYrux ooa-
CTSAX, a TakXKe€ B KA4ECTBE DSHEPrOHOCHUTENSI B YHCTHIX W YCTOMYMBBIX
SHEPreTUYECKUX CUCTEMaxX JJIsl pelIeHUus MPOoOJeMbl YHEPTreTUUECKOro KpH-
3Hca, MapHUKOBOTrO d(deKTa u 3arps3HeHUs OKpyskarolen cpenbl. Bogopon
SBJISIETCSI OJJTHUM M3 HamOoJiee MEepCIeKTUBHBIX YHEPTOHOCUTENEH Oiaronaps
HAJIMYUIO OOJIBIIIOTO KOJMYECTBA UCTOYHUKOB M DKOJOTUYECKH YUCTHIX MPO-
nykToB cropanus. PazpaboTka 6e3omacHoro, 3pGheKTUBHOTO U SKOHOMUYHO-
ro crocoba XpaHeHus: BOJIOpojia — HEOOXOIUMBIH IIar Ha MYTU K TOJIYYSHHUIO
KOHKYPEHTOCTIOCOOHOTO BHJIa TOIUIMBA. [ MApUIBI METaIOB, B YaCTHOCTHU
ruapua Maraus MgHj,, SBISIOTCS MEPCHEKTUBHBIM METOJ0OM XPAaHEHUS BO-
nopoja. Takoil METO OTIMYAETCS JIOCTYMHOCTHIO, OOBEMHOU IIOTHOCTHIO
(109 r. H2/1) n BeIcOKO# eMKOCThIO (7,6 Macc. %). OnHAKO CTOUT OTMETHUTh,
YTO TUJIPUJ] MarHus UMEET BBICOKYIO TeMIlepaTypy COpOIuMU U JaecopOiuu
Y HU3KYIO CKOPOCTb MPOTEKAHUS JAHHBIX MPOIIECCOB. DTO CBSA3AHO C OrPaHU-
YEHHOM CKOPOCTBIO AMCCOIMAIMM MOJIEKYJ BOJOpOJa Ha MOBEPXHOCTH,
HaJMYUEM OKCHJIHOTO CJIOSI U HU3KOM MOJBHXKHOCTBHIO BOAOPOAA B THUIAPH-
HOl (paze. I mma Toro 4ToOBI W3BJIEUb BOJOPOJ TPEOYeTCS MPHIOKHUTH
6onpinyro 2HEepruto. [loaTomy HeoOXoanMMO pa3paboTaTh METOIUKY O CHU-
KEHUIO SHEPTUH aKTUBAIIUU JECOPOITUU BOJAOPOIA.

OnHuM U3 HaIPaBIICHUN SIBISIETCSI CUHTE3 KOMIIO3UTOB HAa OCHOBE T'H/I-
puga MarHus U KaTAIUTUYECKUX J00aBOK, KOTOPHIMUA MOTYT BBICTYIIATh Me-
TaJulbl U UX OKCUIBL. MeToJd 3JEKTpUYECKOro B3pbiBa NMpoBOIHUKOB (DBII)
SIBJISIETCS OJTHUM M3 TEPCHEKTUBHBIX METOJIOB JJIsl MOJYyUYCHUS] KaTaluTh4e-
CKHMX JI00aBOK K THJIPUTY MarHusl.
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OpHMM U3 TaKUX METOJIOB SIBJISETCS CHHTE3 THAPUAA MAarHus ¢ MOpOLI-
KOM HMKEJNS, MOJIYYEHHOIO AJIEKTPUYECKUM B3pbIBOM NpoBoaHMKa (DBII) —
MPOLIECCOM B3PBIBHOI'O pa3pylICHHs IPOBOJIOKH II0J JEUCTBHEM TOKa
¢ wiotHOCTEIO (>101° A/M?). Tpu BBICOKO# IIOTHOCTH BBOAUMO SHEPTUM Ma-
TepHajl MPOBOJIOKM TpaHCHOPMUPYETCS B HAHOYACTHIIBI. XapaKTEPUCTUKH
JAHHOTO METOJIa: JUIMTEIbHOCTh UMITYJIbCA TOKA U MOIIHOCTb B3pPbIBA.

B pe3ynbrate MEXaHOXMMHYECKOTO CUHTE3a TUJIpUAa MarHus COBMECT-
HO C HAHOPA3MEPHBIM MOPOLIKOM HHUKEJS, MOJYYEHHOTO METOAOM 3JIEKTPO-
B3pbIBa MPOBOJHUKOB, ObUT MOJy4eH KOMITO3UT. C MOMOINIBIO METO/Ia CKaHU-
pytomiet snexkTpoHHOM Mukpockornuu (COM) U 3HEProAMCHepCUOHHOTO
aHanu3a ObUIO MOKAa3aHO, YTO KOMITO3UT MPEJICTABIISAECT COO0M CTPYKTYpY TH-
na sipo-000JI0uKa, T/ie KPYIMHbIe YacTUllbl ruapuaa maraus MgH, mokpsITh
HAHOPA3MEPHBIMU YaCTUIIAMU HUKEJS.

PaboTa BmimonHeHa mnpu nojaep:xkke Poccuiickoro Hay4Horo (onaa
(mpoexT Ne 22-29-01280), a Takke B paMKax MPOrpaMMBbI TOBBIIIICHUS KOH-
KypPEHTOCTIOCOOHOCTH TOMCKOIO MOJIMTEXHUYECKOTO YHUBEPCUTETA.
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ROUGHNESS OF POLY(€E-CAPROLACTONE) FILMS
AFTER THE LOW-TEMPERATURE PLASMA TREATMENT

Glushenko P.V., Filippova E.O.

Scientific adviser: Filippova E.O.
Tomsk Polytechnic University,
634050, Russia, Tomsk, Lenin Avenue, 30
E-mail: pvgl2@tpu.ru

Poly(e-caprolactone) is a biodegradable aliphatic polyester which
exhibits very good bioacceptance, high blend miscibility and drug
permeability. Despite the advantages of this polymer, there are a number
of disadvantages such as hydrophobicity and low surface energy. One
solution to this problem may be the use of low-temperature atmospheric
pressure plasma. The purpose of this work is to study the roughness
parameters of poly(e-caprolactone) films after the low-temperature plasma
treatment.

Initial film samples of poly(e-caprolactone) were obtained from a 1 %
solution of poly(e-caprolactone) with a molecular weight of Mw = 80,000 g/mol
(Sigma-Aldrich, England). The each side of material was treated with low-
temperature atmospheric pressure plasma (the treatment time was 30 s). The
study of the surface relief of films and TM was carried out using an atomic
force microscope «Solver-HV» (NT-MDT, Russia). Surface roughness
profiles were generated in the Gwyddion 2.49 and Origin 9.0 software with
an accuracy of 1 nm. Roughness parameters were processed in accordance
with ISO 4287:1997. For the calculation, at least 10 surface profiles were
used for each group of samples. The following parameters were set: Ra, Rq,
Rt, Rsk, Rv, Rp, Rtm, Rvm, Rp.

The initial films had Ra parameter of 50.9+3.6 nm, Rq of 67.844.4 nm,
Rt of 594.2+59 nm, Rv of 381.9+96 nm, Rtm of 421.2+16.2 nm, Rvm
of 262.4+34.4 nm, Rpm of 158.8+£19.6 nm.

The plasma decreased the roughness parameters of poly(e-caprolactone)
films: Ra in 1.8 times, Rq, Rt, Rpm in 1.4 times, Rv, Rvm, Rtm in 2 times. The
plasma didn’t change Rsk and Rp parametrs of the of poly(e-caprolactone)
films.
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BO3AYLIHO-MNNA3MEHHAA KOHBEPCUA OBEAHEHHOIO
MO U30TOMY YPAH-235 TEKCA®TOPUOA YPAHA

MewxypeHko U.B., Cbiyesa A.A.

Hayunwii pykosooumens.: Kapeneun A.I., k.¢p.-m.H., Ooyenm
Tomckutl norumexHuyeckuil yHugepcumen,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: ivm25@tpu.ru

Kounepcus OI'®Y uepes ruaponus 10 ypaHuwiQTopuaa U TUPOruapo-
JIU3 J10 3aKMCU-OKUCH ypaHa MPEeabsBIsSIeT BEICOKUE TPeOOBaHUS K KOHCTPYK-
LMOHHBIM MaTepuajgaM M TpeOyeT 3HAUYMTENIbHBIX dHEpPro3arpar U XUMHYe-
ckux peareHToB [1]. IlepcnextuBHEBI sBasieTcsa npouecce kKoHBepcuun OI' DY,
BKIIOYarOmMi ruapoan3 OI'@Y BomHBIM pacTBOPOM HUTpaTa ATFOMUHUSA
C MIOJIy4€HHEM OcaJika TpU(PTOpHIa ATFOMUHUS U BOJHOIO pacTBOpa HUTpaTa
ypaHuia ¢ MocieAyrouieid ero nepepadoTkoil B BO3AYIIHOW IJla3Me B BUJE
ONTHUMAJIBHBIX [0 COCTaBy BOJHO-OPTaHWYECKUX HHUTPATHBIX PAaCTBOPOB,
BKJIFOYAIOUIUX OPraHUYECKH KOMIIOHEHT (3TaHOJI, al€TOH) U HMEIOIIHNX
agnabaruueckyro temrneparypy ropenust Tan>1500 K [2]. B pabGote npen-
CTaBJIEHBI PE3yJIbTaThl TEPMOJAMHAMUYECKOIO MOJEIUPOBAHUS IIpoLecca Ie-
pepaboTKN ONTUMAJIBHBIX 10 cocTaBy pactBopoB BOHP, umeromux agnada-
TUYECKyl0 Temmeparypy ropenus Tan>1500 K wu obecneunBaromux
B BO3JIYIIHOW IJIa3Me 3HEProd(EeKTUBHBIN TIa3MOXUMHUUECKUN CUHTE3 JIU-
OKCHJa ypaHa.

Pe3ynbTaThl MpOBEEHHBIX HMCCIEIOBAaHUNA MOTYT OBITh MCHOJb30BAHbI
U1 co3maHusi HEProdGPeKTUBHON TEXHOJOTUM BO3AYUIHO-TIIIA3MEHHOM
koHBepcun OI'OY.

Cnucok ucnojib30BaHHOM JUTEPATYPHI

1. CrprueBa A.A., Kapenrun A.I'. VccnenoBanve u onTUMHU3aIus mpo-
1iecca BO3IYyIIHO-TUIa3MEHHOW KOHBepcHH rekcadropuaa ypana // OTkpsitas
HAyYHO-TEXHUYECKass KOH(MEPEHIMsS MOJOJCKHOTO JBIKEHUS TOIIMBHOMN

kommanuu «Science and youth TVEL»: c6opuuk te3ucoB. — Tomck: U3n-Bo
TIIY, 2023. —c. 48.
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BO3OYLIHO-MNJIASMEHHAA YTUNTU3ALIUA OTXOAO0B
NOCINE NEPEPABOTKW OTPABOTABLLEIO AOEPHOIO TOMMUBA

benosepos H.A.

Hayunwii pykosooumens.: Kapeneun A.I., k.¢p.-m.H., Ooyenm
Tomckutl nonumexHuvyecKuil yRusepcumenm,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: nab38@tpu.ru

Poccus nepBoii B MUpe NPUCTYNIIIA K CO3IAHUIO 3aMKHYTOTO $JIEPHOTO
TOILUIMBHOTO LIMKJIA, KOTOPBIM BKJIKOYAET: MEpepadOTKy OTpadOTaBIIEro
snepHoro tomua (OAT), uzsneuenue uz OAT uzotonos ypana-235, ypaHa-
238 u miyToHusa-239; npou3BOoACTBO Ha HUX ocHOBe MOX-tomnuBa win
REMIX-tomuBa. OnHako B nporecce nepepadotku OAT oGpasyrotcst Heop-
ranudeckue otxosl nepepadotku OAT (paduHatel) B BUIE BOJIHBIX HUTPAT-
HBIX PacTBOPOB, BKJIIOYAKOIIMX MPOAYKTHI AEIEHUSA ypaHa-235 U KOHCTPYK-
LMOHHBIE Marepuaibl, 3PPEKTUBHBIX TEXHOJOTUN NEpepadOTKU KOTOPBIX
710 cUX Mop HeT. [lepcreKTUBHBIM SIBISETCS MPOLIECC BO3IYIIHO-TIIIA3MEHHOU
yTUIU3aluu papuHATOB B BUJAE ONTUMAJbHBIX IO COCTaBy BOJHO-
OpraHUYEeCKUX HUTPATHBIX PACTBOPOB, BKIOYAKOLIUX OPTraHUYECKHM KOMIIO-
HeHT. [lo pe3ynpraTaM pacyeToB YCTAHOBJIEHBI 3aKOHOMEPHOCTH BIIMSTHUS
COJIep’KaHUsl OPTraHWYECKOr0 KOMITIOHEHTa (3TaHOJI, alleTOH) Ha MOKa3aTesn
rOpPIOYECTH BOJHO-OPraHUYECKUX HUTPATHBIX PACTBOPOB HA OCHOBE padpuHa-
TOB M ompeneneHsl coctaBbl pacTBopoB BOHP, ummeromux Tan=1500K
1 o0ecreunBaronX X 3HeproddpdextuBHyro yrunuzanuto. [lo pesynbraTam
TEPMOJIMHAMHYECKUX pPAaCYETOB YCTAHOBJICHBI 3aKOHOMEPHOCTU BIIMSHUS
MacCOBOHM JI0JIM BO3/lyXa Ha COCTAaB OOpa3yrOIIMXCS MPOJYKTOB BO3YIIHO-
1a3MeHHoN ytunu3auun pactBopoB BOHP u onpenenens ycnous, o0ec-
MEYMBAIOIINE UX SKOJOTUYECKH 0e30MacHyro yTuiau3auuio. OnpeaeneHsl pe-
UMbl pabOThI MJIA3MEHHOIr0 cTeHAa Ha 0a3ze BU®D-mna3MoTpoHa U 3KCHepu-
MEHTaJIbHO MOJATBEPKAeHA Ha MOJeIbHBIX pacTBopax BOHP s¢¢dekTuBHOCTH
BO3/YLIHO-TUIA3MEHHON yTUIIU3aluu pa(UHATOB.
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MNA3MOXUMUYECKUA CUHTE3 TOMMNMUBHbIX OKCUOHbIX KOMMNO3WLIMIA
AnA TONEPAHTHOIO REMIX-TOMMUBA

lepbuHa [1.C.

Hayunwii pykosooumens.: Kapeneun A.I., k.¢p.-m.H., Ooyenm
Tomckutl norumexHuyeckuil yHugepcumen,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: dss44@tpu.ru

[Ipumenenue u30TonoB ypan-235, ypan-238 u miyToHuii-239 u3 orpa-
6otaBmiero saepHoro TormuBa (OST) mist uzroroBnenuss REMIX-tonnusa
HE MOTPedyeT TOPOroCTOSUIEr0 H30TOIMHOTO 00OralleHus, HO Y HEr0 OCTAET-
Cs HEAOCTATOK — HU3Kas TEMJIONPOBOAHOCTS [ 1].

[lepcrieKTUBHBIM SBIISIETCS TUIA3MOXUMUUYECKUN CUHTE3 TOTUIMBHBIX OK-
cugubix komnosunuit (TOK) mist TonepantHoro REMIX — tornuBa u3 Boj-
HO-OPTraHUYECKUX HUTPATHBIX PACTBOPOB, BKIIOYAIOUIUX OPraHUYECKUM
KOMIIOHEHT (CIUPTHI, KETOHBI), BOJIHbIC HUTPATHBIE PACTBOPHI JCIISIIUXCS
(ypaH, MIIyTOHUW) U MATPUYHBIX (MarHuii, UTTPUN) METAIIOB, OOECIeurBa-
IOLUX UX SHEProdpHEeKTUBHYIO IEpepadoTKy [2].

B pe3ynbTraTe NpoBEAEHHBIX TEIIOTEXHUUYECKUX PACUETOB YCTAHOBJIEHBI
3aKOHOMEPHOCTHU BIIMSIHUSI OPTAHUYECKOTO KOMIIOHEHTA U OIPEIEIEHBI CO-
ctaBel pactBopoB BOHP Ha ocHoBe »dTaHona (ameroHa), HMEIOLIUE
T.=>1500K u obecneunBaroniye 3HeprodpGHEeKTUBHBIN CUHTE3 B BO3IYIITHOMN
mwiazme TOK «PuO,—UO,-MgO» u «PuO,-UO2—-Y03» paznuyHoro cocraa
pu o = (PU02+235U02)/ (PuO,+UQO,) = 0,034.

ITo pe3ynapTaTam TEPMOJIUHAMUYECKUX PACUETOB YCTAHOBJIEHBI 3aKOHO-
MEPHOCTH BJIMUSHHMSI MacCOBOW JOJIM BO3/lyXa Ha COCTaB MPOAYKTOB BO3IYII-
HO-IJIa3MEHHOU nepepaboTku pacTBopoB BOHP npu yBennuennn mMaccoBoit
nom matpuitel (MgO, Y203) B coctaBe TOK ¢ 5 mo 50 % u onpeneneHs! pe-
KUMBbI, o0ecreunBaromue miazmoxumudeckuit cuare3 TOK tpedyemoro da-
30BOT0 cocTaBa g TojiepanTHOro REMIX-Tonnusa.

Pe3ynbTathl viccneoBaHmii MOTYT OBITh UCTIONB30BaHbI TIPU CO3aHUN TEXHO-
norum miazMoxumudeckoro cuare3a TOK st TonepantHoro REMIX-Torumsa.

Cnmcok UCnoJ1b30BaHHOM JTUTEPATYPHI

1. AnekceeB C.B., 3aiiueB B.A., TonctoyxoB C.C. [ucnepcuoHHOE
snepHoe TornBo. — M.: Texnocdepa, — 2015. — 248 c.

2. Shamanin L.V., Karengin A.G., Karengin A.A., Novoselov LY.
Plasma-chemical synthesis and investigation of nano-size oxide compositions
simulating uranium-thorium dispersion nuclear fuel // Atomic Energy. —
2021. —Vol. 131 — Ne 1. — P. 46-49.
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SYNTHESIS OF OXIDE AND CARBON-OXIDE COMPOSITIONS
FOR DISPERSION NUCLEAR FUEL IN NON-EQUILIBRIUM PLASMA OF AIR

Tikhonov A.E., Novoselov . Yu.

Tomsk Polytechnic University, Russia, Tomsk, Lenin Ave, 30
E-mail: aetl3@tpu.ru

Modern atomic energetics using oxide nuclear fuel (NF) in form of uranium
dioxide (enriched in uranium-235) in thermal neutron reactors has many
advantages and disadvantages. Major disadvantages are low thermal conductivity,
limiting specific capacity of reactor in melting temperature; frailty of ceramic fuel
and possibility to fracture at high temperatures; short usage cycle; impossibility to
create low and extra low capacity power generation systems; high costs on spent
NF utilization; uranium-235 finite life. These factors slow down the atomic
energetic development and lead to refusal of it in several countries.

One of the upcoming trends in atomic energetics development is creating
reactor systems which use dispersion NF (DNF). In that fuel granular oxide
nuclear compositions (uranium, thorium, plutonium, etc.) are placed in matrix
(aluminum, molybdenum, stainless steel, etc.). DNF characterized by lack
of direct contact between granules due to their regular distribution in matrix and
has the following advantages: high thermal conductivity and mechanical
properties; low formation of gaseous fission products; high fuel burnout, nuclear
hardness, and durability; localization of fission products in granules; low heat
reserve in fuel and escapement of radioactive fission products in heat transfer
agent circuit in case of cover failure. In case of usage uranium-238, thorium-232
and plutonium-239 there is no need to apply high cost isotope enrichment and
NF usage cycle could be raised to 10-15 years. However, DNF has some
substantial disadvantages: parasitic neutron capture by matrix material that
makes fuel neutron balance worse; necessity to apply high-enriched materials
that rises risk of fuel critical mass excess. Besides, technological scheme that
used to obtain granulated oxide compositions for DNF from mixed nitric
solutions (MNS) based on sol-gel process that has many longtime and laborious
stages [1]. Application of low temperature non-equilibrium plasma is promising
to MNS treatment. However, plasma treatment of only MNS requires significant
energy costs. Major advantages of plasma technology are: one-stage process;
high processing speed; homogenous stoichiometrically-defined phase
distribution; possibility to have an impact on particle size and particle
morphology; compactness of technological equipment; low energy costs.

Article represents results in simulation of plasma treatment of MNS in
form of water-salt-organic compositions (WSOC). Authors defined
formulations of WSOC based on burning rates calculation. As a result,

81



authors defined operational modes providing direct plasmachemical synthesis
of oxide and carbon-oxide compositions.

Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPHI

1. Toumanov I.N., Sigailo A.V. Plasma Synthesis of Disperse Oxide
Materials from Disintegrated Solutions // Materials Science and Engineering.
1991.— Vol. A140.— P. 539-548.

I'IJ'IA3MOXI/IMV|‘-IE9KMI?I CUHTE3
OKCMOHbIX KOMMO3WULIUN «ND203-CE203-MGO»,
WUMUTUPYIOLLUX YPAH-TOPUEBOE ANCTEPCUOHHOE AOEPHOE TOMNMNBO

3y6oe B.B.!
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B nanHOl paboTe mpeacTaBICHBI PE3yNIbTAaThl SKCIICPUMEHTATLHBIX HC-
CJICIOBAaHUM Tporiecca MIa3MOXUMHUYECKOTO CHHTE3a MOJICIBHBIX OKCHITHBIX
kommo3uiit «Nd203-Ce,03-MgO» B BO3AYIITHO-TIIIA3MEHHOM TIOTOKE M3 JHC-
MIEPTUPOBAHHBIX BOJIHO-OPTaHUYECKUX HUTPATHBIX PACTBOPOB, BKIFOYAFOIIMX
OpTaHWYECKUA KOMITOHEHT (aIleTOH), BOJIHbIC HUTPATHBIE PACTBOPHI HEOIMMA
(BMecTo ypaHa), iepus (BMECTO TOpHsI) U MeTaJljla MaTpUIlbl (MarHuil).

[IpoBenen ananu3 MOP(OJOTUYECKUX, CTPYKTYPHBIX, KPUCTATIIMYECKHUX
u TexHonornyeckux cBorctB MOK «Nd»O3-Ce,03-MgO» u noydeHs! clie-
TYIOIIHNE Pe3yIbTaThI:

e MeauaHHBIN pazmep vactuil Dso= 14,7 MKM ¢ OTHOCUTENBHOU pac-
IMPEHHON HeonpeeneHHocThio £ 15 % mpu P = 0,95,

e cpenHuii pazMep yactuil Dger = 76 HM ¢ OTHOCUTEIIBHOU paCIIMPEH-
Ho# HeonpeaeneHHocThio + 10 % mpu P = 0,95,

e  yJeabHas MOBEPXHOCTb Sy = 12,8 M?/T ¢ OTHOCHTENBHOM PACIIUPEH-
HOM HeonpeaeneHHocThio + 10 % mpu P = 0,95,

e CpeaHMi pa3Mep KpUCTAUIUTOB B cocTaBe yacTul D,, = 89 HM ¢ OT-
HOCHUTEJIbHON pacimpeHHol HeonpeaeneHHocTbio £10 % mpu P = 0,95.

e MeTtogoM PDA ycranosieHo, yTo MOK BKIIIOUaOT OKCUABI LEpUs
(Ce203), Heomuma (Nd203) u maraus (MgO).

Pe3ynbTaThl mccnemoBaHUi MOTYT OBITH HCITOJIB30BAHBI TPH CO3JIaHUU
TEXHOJIOTHH TTa3MOXUMHUYECKOTO CHHTE3a HAHOCTPYKTYPHBIX TOITUBHBIX OK-
CHIHBIX KOMITO3UIINH JIJIs1 yPaH-TOPHEBOTO TOJIEPAHTHOTO SIACPHOTO TOTUIHBA.
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XPAHEHWE BOOOPOJA B KOMNO3WUTAX HA OCHOBE MAPUOA MATHUA
W HAHOPA3MEPHOI'O NMOPOLLKA ANMIOMUHUA

bapaHoea [1.A., Kerxues A., Kyporomos H.

Tomckuil noaumexHu4ecKuil yHusepcument,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: pabl3@tpu.ru

OngHuM U3 BaXXHBIX HANPABJICHUM BOJOPOAHOW IHEPTETUKH SBIISECTCS
MOJIy4eHHE, XpaHeHUe, TPAHCIIOPTUPOBKA U O€30IacCHOE MCIOJIb30BaHUE BO-
nopoaa. B cBa3u ¢ HEOONBIIMM pazMEpOM M Maccoll BOJIOPOJa OH MOKET
HAKAIUIMBATHCSA B KPUCTAJUIMYECKON pEIICTKE METAIUIOB. Yaiie Bcero mare-
pUaToOM-HAKOMMUTEIEM BOJOPOAA MCIOJIb3YIOT THAPUALI METAIOB. B kaue-
CTBE TAKOr0 MaTepHayia MOJAXO0IUT MarHuid, HO OH UMEET CYIIECTBEHHBIN He-
JIOCTATOK — BBICOKasi TemIepaTypa copOuuu u aecopOuuu. CHU3BUTH ATy
TEMIIEpaTypy MO3BOJUT J100aBJIEHUE HAHOPA3MEPHOrO MOPOIIKA AJTFOMUHMUS,
MOJIYYEHHOTO JIEKTPOB3PHIBOM MPOBOJHUKA. JIJIsi MOydeHus: Tuapuaa Mar-
HUSI HUCIOJIB3YETCS IMOPOIIOK MarHus, MPEIBAPUTEIIBHO AKTUBUPOBAHHBIN
B mapoBoii menpHulle AGO-2 B Teuenne 120 MUHYT B armocdepe aproHa
npu cKOpocTy BpaiieHus 6anku 900 06/MUH U pa3MepoM CTaJbHBIX IIAPOB
5 M. ['mapupoBanue mpou3BoauiIoch npu temmeparype 643 K, naBiaenun
Bojopoaa 3,5 Mmna u Beiaepxkkoil 240 munyt. [lonydenne KoMno3urta ruji-
puna maraus ¢ 10 % coaeprkaHreM HaHOMOPOIIKA ATFOMUHUS MPOU3BOUTCS
TaK>Xe C MOMOIIbI0 MEXaHOCHUHTE3a B IAPOBOI MEJIBHUIIE.

Pe3ynbraToM CHHTE3a SIBISETCS KOMIIO3UT CO CTPYKTYpPOH s1po-
000JpoUKa, TO €CTh KPYIHbIE YaCTHUIIbI TUIPHUIA MAarHUsl TOKPBITHI HAHOPA3-
MEpPHBIMU YacTUIIaMU aJlfoMuHMs. PaboTa BbinojgHeHa npu (UHAHCOBOM MO/I-

nepxke ['ocypapcrBenHoro 3ananusa «Hayka» B paMKax HaydyHOTO MPOEKTa
Ne FSWW-2023-0005.

Cnucok ucnojib30BaHHOM JUTEPATYPHI
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anA YPAH-TOPUEBOIO TONEPAHTHOIO AOEPHOIO TOMNMUBA

TuxoHos A.E., Ky3Heyosa A.A.

Hayunwii pykosooumens.: Kapeneun A.I., k.¢p.-m.H., Ooyenm
Tomckutl norumexHuyeckuil yHugepcumen,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: aetl3@tpu.ru

Hcnonp3oBanue u3orona TOpHU-232 1macT BO3MOXKHOCTB CO3JaHUS
ADY cepxmanoit (mo 10 MBT) u manoit (mo 100 MBT) MoutHocTH U 3Ha-
YUTEIBbHO CHU3UT PAcXO/bl HA YTUIM3ALMIO OTPA0OTABLIErO SEPHOTO TOI-
nuBa. [lepCreKTUBHBIM SIBJIAETCS IUIa3MOXMMHUYECKHM CHUHTE3 TOIJIMBHBIX
OKCHUJHBIX KOMIIO3UIMHU ISl YPaH-TOPUEBOTO TOJEPAHTHOTO SAEPHOIO TOII-
JMBa W3 BOJHO-OPraHWYECKHWX HHUTPATHBIX PacTBOpoB [l], BKIIrOYarommx
OpraHWYECKUN KOMIIOHEHT (CHUpTHI, KETOHBI). B pe3ynprare pacueToB
omnpenenenbl coctaBbl pactBopoB BOHP Ha ocHoBe sTaHona (ameTroHa),
umeromue T,; > 1500 K u obecrieunBaroniye CUHTE3 B BO3YUIHON IMJIa3Me
TOK «UO2-ThO2-MgO/Al,O3» nipu a = UO,/(UO,+ThO,) = 0,5-0,7. B xone
HKCIEPUMEHTOB YCTAHOBJIEHO, YTO IUIa3MEHHas mepepaboTKa pacTBOPOB
BOHP Ha ocHoOBe areToHa, BKJIIOUAIOIIMX HEOJUM (BMECTO ypaHa), Iepuit
(BMecTo TOpusl) M MarHW, IPUBOASAT K 00pa30BaHUIO MOJEIBHBIX OKCHUIHBIX
kommo3urmii «Nd;O3-Ce203-MgO», B KOTOPBIX YBEIMUYEHHUE MACCOBOM JOJU
MgO ¢ 10 no 30 % Benet (ripu o = 0,5) K CHUKEHHIO pa3Mepa YacTHI] B BOJI-
HbIX cycnieH3usx (Dsg) ¢ 9,8 10 9,3 MKM, yBEIMUEHUIO yIEIbHON MOBEPXHOCTH
TIOJTyYEHHBIX TOPOMKOB (Sy,) ¢ 13,1 10 16,4 M?/r ¥ CHIWKEHHIO pa3Mepa Kpu-
CTAJUINTOB B UX cocTaBe ¢ 68 10 65 uM, a ipu o = 0,7 — k cHmwKeHuto Dsp ¢ 9,3
no 8,1 MxMm, yBenuueHuto Sy, ¢ 13,9 10 16,8 M%T n CHIKEHHIO pa3Mepa KpH-
CTAJUIMUTOB B UX cocTaBe ¢ 69 1o 58 um. Pe3ynpTaThl ncciaenoBaHuii OyayT uc-
ITOJIb30BAHbI IIPU CO3AAHUM TEXHOJOTHHU IUIA3MOXMMHUYECKOTO CHHTE3a HAaHO-
ctpyktrypHbIX TOK 17151 ypaH-TOpHEBOTO TOJEPAHTHOTO AIEPHOTO TOILIMBA.

Cnmcok UCNoJ1b30BaAHHOM JTUTEPATYPbI

1. Kapenrun A.T'., Kapenrun A.A., Kosaner A.B., HoBocenos N.I1O.
Pacuer u onTuMu3anus mporecca IIa3MEeHHON yTHIIM3AIUH TOPIOYUX OTXO-
OB TiepepabOoTKu OTpabOTaBIIEro SIEPHOrO TOIIuBa // M3BeCTHs] BBICIIMX
yueOHbIX 3aBefcHuit. Pusuka. — 2014, — T. 57. — Ne 2/2. — C. 31-34.
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MNA3MOXUMUYECKUA CUHTE3 TOMMNMUBHbIX OKCUOHbIX KOMMNO3WLIMIA
anga TONEPAHTHOIO MOX-TOMNMUBA

Pacmopeyes B.U., Hosocenos U.KO.

Hayunwii pykosooumens.: Kapeneun A.I., k.¢p.-m.H., Ooyenm
Tomckutl norumexHuyeckuil yHugepcumen,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: virl2@tpu.ru

Hcnonws3zoBanne n30TonoB ypaH-238 u mnytoHui-239 u3 OAT qns usro-
toBiieHnss MOX-TormBa He MoTpeOyeT U30TOMHOTO 000TalleHHs, HO Y HEro
OCTaeTCsl HEIOCTATOK — HU3Kasl TEIUIOMPOBOIHOCTh. [IepCrieKTUBHBIM SIBIISIET-
csl TUTA3MOXMMUYECKUN CHUHTE3 TOIUIMBHBIX OKCHUIHBIX Kommosuiuii (TOK)
st TonepanTHoro MOX-TomuiBa U3 BOJHO-OPTAHMYECKUX HUTPATHBIX pac-
TBOPOB, BKJIIOYAIOIIMX OPraHUYECKUNA KOMIIOHEHT (CIUPTHI, KETOHBI). B pe-
3yJIbTAaTE PacUyE€TOB OMpeAeeHbl cocTaBbl pacTBOpoB BOHP Ha ocHOBE 3TaHo-
na (aueroHa), umeromue T, >1500K u oGecrieunBaroiye CUHTE3 B BO3YIIHON
miazme TOK «UO2-PuO,-MgO/Y,03» mpu o = PuO2/(UO,+PuO,) = 0,1-0,3.
B Xxozme sKCIepMMEHTOB YCTAHOBJIEHO, YTO BO3AYILIHO-IUIA3MEHHAsl mepepa-
6otka pactBopoB BOHP Ha ocHOBe aileToHa, BKIIOYAIOIMIUX HEOUM (BMECTO
ypaHa), caMapuil (BMECTO IUTyTOHUS) U MarHuii (MUTTpuii), MPUBOAUT K oOpa-
3oBaHNI0 OK «Nd203-Smy03-MgO» u «Nd203-Sm,03-Y203», B KOTOPBIX yBe-
nudeHue maccoBoi o MgO ¢ 5 mo 50 % Bener (nmpu o = 0,1) K CHIKSHHUIO
pa3Mepa Jactull B BoJHbIX cycnieH3usax (Dsp) ¢ 13,5 no 4,3 MKM, yBETUUEHUIO
YZETBLHON TOBEPXHOCTH TIOJNYYEHHBIX TOpOmKoB (Sy) ¢ 7,9 mo 16,2 M¥/r
Y CHIDKEHUIO pa3Mepa KpUCTAJUIMTOB B UX cocTase ¢ 94 no 52 HM, a yBennue-
Hue MaccoBoi jomu marpuibl (Y203) ¢ 10 mo 30 % Benmer (mpu o =0,1)
K CHIKeHHUIO pa3mepa yactul] Dso ¢ 12,1 1o 11,2 MkM, yBenuueHuto Sy, moiy-
YEHHBIX TOPOLIKOB C 5,5 10 7,8 M%T ¥ CHWKEHHIO pa3Mepa KPHUCTAUIUTOB
B ux coctaBe ¢ 147 no 115 um. Pe3ynbrarsl uccienoBanuii OyayT UCIONIb30-
BaHbI TMPU CO3JAHUU TEXHOJIOTUM IUIa3MOXUMHUYECKOTO CHUHTE3a HAHOCTPYK-
TypHbix TOK s Tonepantnoro MOX-rorumaa.

Cnmcok UCnoJIb30BaHHOM JTUTEPATYPHI

1. AnekceeB C.B., 3aiiueB B.A., TonctoyxoB C.C. [ucnepcuoHHOE
snepHoe TornBo. — M.: Texnocdepa, — 2015. — 248 c.

2. Shamanin L.V., Karengin A.G., Karengin A.A., Novoselov LY.
Plasma-chemical synthesis and investigation of nano-size oxide compositions
simulating uranium-thorium dispersion nuclear fuel // Atomic Energy. —
2021. —Vol. 131. — Ne 1. — P. 46-49.
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BO3AYLIHO-MNNA3MEHHAA YTUNU3ALINA OTXOOOB NEPEPABOTKHU
OTPABOTABLLEIO AAEPHOIO TOMJIUBA

Tykcos U.B.

Hayunwii pykosooumens.: Kapeneun A.I., k.¢p.-m.H., Ooyenm
Tomckutl norumexHuyecKul yHusepcumenm,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: Whirpool94@yandex.ru

OcraBiuecs 6e3 ypaHa v miyToHust 0TXoAbl nepepadotku OAT numerot
cnenyromuii cocras: 0,11 % Nd, 0,10 % Mo, 0,07 % Fe, 0,06 % Y, 0,058 %
Zr, 0,04 % Na, 0,039 % Ce, 0,036 % Cs, 0,031 % Co, 0,026 % Sr, 18,00 %
HNO3, H,O — ocransHOeE.

ITo menictByromen cxeme OIl OST KOHUEHTPUPYIOT IyTEM BBIIIAPUBA-
HUSI, 3aKaUMBaIOT B OAKW W OMPABJSIOT Ha JJUTENbHOE XpaHeHue. [lepcrek-
TUBHBIM SIBJIAETCS MX IepepadOoTKa B BO3AYIIHOW IJla3M€ B BHUJIE€ BOJIHO-
OpraHu4ecKux HUTpaTHbIX pacTBopoB (BOHP), Britoyaromumx opraHu4eckui
KOMIIOHEHT (CIIUPTHI, KETOHBI) U UMEIOLIUX | ,,~1500K.

Ha pucyHke mnpencraBieHbl XapaKTEpHbIE PABHOBECHBIE COCTaBbI OC-
HOBHBIX MPOAYKTOB IasMeHHon yrunuzanuu OIl OAT B Bume pacTBopoB
BOHP Ha ocHOBe aieToHa Mpu MacCcOBOW J10JI€ BO3AYIIHOTO IUIa3MEHHOTO
terionocutens 65 % (a) u 70 % (0).
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N3 ananuza cnenyer, uro masmenHas yrunuzanus OIl OAT npuBoaut
K 00pa30BaHMIO OKCHJIOB METANIOB B KOHACHCHUPOBAHHBIX (pazax, BKIrOYas
MarHuTHbIA okcun keneza FesOs(c) mpu mone Bo3ayxa 65 % (a) u Hemar-
HUTHBIN okcuj xkenesa Fe,Os(c) mpu 70 % (6).

Pe3ynbTaThl MpOBEIEHHBIX HMCCIEIOBAaHUNA MOTYT OBITh HCHOJb30BAHbI
npu co3faHuu TexHoJioruu miasMeHHod ytwim3auuu OIl OSAT m npyrux
KUJKUX PAJIUOAKTUBHBIX OTXOJIOB.
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Cnmcok HCIo/1b30BAHHOM JTUTEPATYPBbI

1. Kapenrun A.I'., Ilogropnas O.[]., Hlnorraysp E.D. Ilnazmennas
VTWIM3AIUSA W WMMOOWIIM3AIUS OTXOJOB TMepepabOTKA OTpabOTaBIIETO
snepHoro ToruBa // ['mobanpHas sigepHas 6e3omacHOCTh. — 2014, — No 2, —
C.21-28.

2. Karengin A.G., Karengin A.A., Novoselov I. Yu., Tundeshev N.V.
Calculation and Optimization of Plasma Utilization Process of Inflammable
Wastes after Spent Nuclear Fuel Recycling // Advanced Materials
Research. — 2014. — Vol. 1040. — P. 433-436.

AIR-PLASMA DISPOSAL OF SPENT NUCLEAR FUEL
REPROCESSING WASTE

Ghoneim Y.

Scientific advisor: PhD Karengin A.G.
Tomsk Polytechnic University, Russia, Tomsk, Lenin Ave, 30
E-mail: youmnasami24@gmail.com

Reprocessing of spent nuclear fuel after the extraction cycle produces
reprocessing waste (RW SNF) in the form of an aqueous nitrate solution
(raffinate) with the following composition: 18,00 % HNO; 0,07 % Fe,
0,11 % Nd, 0,10 % Mo, 0,06 % Y, 0,058 % Zr, 0,04 % Na, 0,039 % Ce,
0,036 % Cs, 0,031% Co, 0,026 % Sr, remaining— H,O. According
to available technology, the RW SNF is concentrated by evaporation, filled
into stainless steel tanks and sent to long-term storage that does not offer
reuse of precious metals.
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It has been proposed to treat RW SNF in the form of a water-organic
nitrate dispersion solution containing organic components (alcohols, ketones)
and having an adiabatic combustion temperature (T,q) of at least 1500 K in
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an air plasma stream. Characteristic equilibrium composition of the main
products of air plasma treatment of RW-SNF in the form of a solution of
WONC-1 (Ta=1500 K) based on acetone (65 % RW-SNF): 35 % Estone)
with air mass fractions of 65 % (a) and 70 % (b)) are shown in Figure.

Air plasma utilization of RW SNF in the form of WONC-1 solution results
in the formation of oxides of various metals, including magnetic iron oxide
(FesO,) in the condensed phase, increasing the air mass fraction from 65 to 70 %.

MOJENb KUHETUKW BO3[YLUHO-MNA3MEHHOW NEPEPABOTKU
AUCTNEPTMPOBAHHbLIX BOAHO-OPIAHUYECKUX
HUTPATHbIX PACTBOPOB METAJJ10B

KapeHauH A.A."

Hayunwvii pykosooumens.: Kapeneun A.I". %, k.¢h.-m.H., doyenm
Y40 «Cubupcruii xumuueckuti kombunampy,
636039, Poccus, . Cesepck, ya. Kypuamosa, 1
2TomcKull NOTUMEeXHUYeCKUtl YHUsepcumen,
634050, Poccus, e.Tomcxk, np. Jlenuna, 30
E-mail: karenginaleksey@gmail.com

JI1s1 aTOMHOM SHEPreTUKU MTPUOPHUTETHBIM SIBIISIETCS CO3/IAHUE YCTONYH-
BOI'O K aBapusiM TOJEPAHTHOTO SIAEPHOTO TOIUIMBA U3 OKCHJOB JEISAIINXCS
METAJIJIOB, PABHOMEPHO PACHPE/ICIICHHBIX B OKCHIHOW MATpPHUIIE, UMEIOIIEH
BBICOKYIO TEIUIONPOBOAHOCTh M Majioe TMONEpPEeYHOEe CEUCHHE 3axBara
HEUTPOHOB [1].

CuHTE3 TOTUIMBHBIX OKCHIHBIX KOMITO3UIIMH B BO3YIIHO-TJIA3MEHHOM
MOTOKE U3 AUCIEPTUPOBAHHBIX BOAHO-OPTraHUYECKUX HUTPATHBIX PaCTBOPOB,
BKJTFOYAIOIIMX CIUPTHI (KETOHBI), BOAHBIE HUTPATHBIE PACTBOPHI IESIIUXCS
U MaTPUYHBIX METAUIOB, 00ECIEYMBAECT OJHOCTAJAMNHOCTh, BBICOKYIO CKO-
pOCTh, PaBHOMEPHOE pacmpeneieHue u Tpedyemblii cocTaB ¢a3, HUBKHE
sHepro3atpatsl [2]. Ha pucyHke mpeacTaBieHa cxema Mpouecca mia3Moxu-
muyeckoro cuHte3a TOK B BO3QyIIHO-IJIA3MEHHOM MOTOKE W3 IUCHEPTUPO-
BaHHBIX pacTBOpoB BOHP.
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W3 ananu3a B3auMmoaeiicTBusl Kamenb pactBopoB BOHP ¢ Bo3mymniHo-
IJIA3MEHHBIM OTOKOM MOKAa3aHo, 4To npu temneparypax T>1500 K ucnape-
Hue pactBoputens (1-2) sBisieTcss TMMUTUPYIOIIEH CTaueH.

B pesynpTaTe MpOBENEHHBIX PACYETOB YCTAHOBJICHO BIIMSHHE Hadallb-
HBIX MapaMeTPOB BO3AYLIHO-INIA3MEHHOI'O MTOTOKA (TeMIIepaTypa, CKOpOCTb),
Kaneib (pa3Mmep, CKOPOCTh) U MacCOBOTO OTHOIIEHUS (a3 HA KMHETUKY HC-
napeHus Karelb U ONpeJleJICHbl ONTUMAJIbHBIE PEXUMBI MPOBEICHUS HCCIIE-
JlyeMOro IMpoIiecca B peaKTope.

Pe3ynbTaThl HccneqoBaHUl MOTYT ObITh MCHOJIb30BaHbl PHU CO3JaHUU
TEXHOJIOTUU TJIA3MOXUMHUYECKOIO CUHTE3a TOITUBHBIX OKCHIHBIX KOMIIO3H-
U AJ19 pa3IUYHBIX TUIIOB SIIEPHOTO TOTUIMBA.

Cnmcok HCIoJIb30BAHHOM JTUTEPATYPbI

1. Anekcee C.B., 3aiiueB B.A., TonctoyxoB C.C. JlucnepcuonHoe
snepHoe TormBo. — M.: Texnocdepa, 2015. — 248.

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

BO3AYLLHO-MNIA3SMEHHAA YTUNTU3ALUA PAOUHATOB
NOCIE NEPEPABOTKM OTPABOTABLLEIO AOEPHOIO TOM/UBA

benosepos H.A.

Hayunwiii pykosooumens.: Kapeneun A.I., k.¢p.-m.H., Ooyenm
Tomckuii norumexHu4uecKuil yHusepcumen,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: nab38@tpu.ru

Poccus nepBoil B MHpe MPUCTYNHJIA K CO3IaHUI0 3aMKHYTOTO SIZIEPHOTO
TOIUTMBHOTO IIUKJIA, KOTOPBIN BKIIIOYAET: MepepaboTKy OTpabOTaBILIETO SepHO-
ro tormmmBa (OAT), ussneuenne w3 OST wm3otomor ypana-235, ypana-238
Y TIyTOHUA-239; npou3BoacTBO HAa X ocHoBe MOX-torumBa nmu REMIX-
TorBa. OgHako B npotecce nepepadotku OAT oOpa3yroTcss HEOpraHu4ecKHue
otxozpsl iepepadotku OAT (paduHathl) B BUJE BOAHBIX HUTPATHBIX PACTBOPOB,
BKJIFOYAIOIIMX MPOYKTHI I€JICHUs ypaHa-235 U KOHCTPYKIIMOHHBIE MaTepHaIbl,
3¢ (EKTUBHBIX TEXHOJIOTHI IEPepabOTKH KOTOPBIX IO CUX TOP HET.

[lepcieKTUBHBIM SIBIISIETCS MPOIIECC BO3AYIIHO-TUIA3MEHHON YTUIIM3ALUN
papuHATOB B BHJIE ONTUMAJIbHBIX 10 COCTABY BOJHO-OPTaHMYECKUX HUTPAT-
HBIX PACTBOPOB, BKITFOUAIONTUX padUHATHI U OPTaHUYECKUN KOMIOHEHT [1].

Ilo pe3ynpTaTaM TEIIOTEXHUYECKUX PACUYETOB YCTAHOBJIEHBI 3aKOHO-
MEPHOCTH BJIMSHUS COAEPMKAHUS OPraHUYECKOr0 KOMIIOHEHTA (3TaHOJI, ale-
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TOH) Ha MIOKAa3aTeJIM FTOPIOYECTH BOJHO-OPTaHUYECKUX HUTPATHBIX PACTBOPOB
u onpezeneHsl coctaBbl pacTBopoB BOHP, nmeromux Tan~1500K u oGecne-
YUBAIOIINX UX SHEPTro3(PPEKTUBHYIO YTUIH3AIHIO.

Ha pucyHke npeacTaBieHbl XapaKTEpPHbIE PAaBHOBECHBIE COCTaBbI OC-
HOBHBIX MPOJYKTOB IJIA3MEHHOW yTHIM3alluK pa(UHATOB B BHIE PACTBOPOB
BOHP Ha ocHOBe aileToHa Mpyu MacCOBOM J10JI€ BO3YIIHOTO IJIa3MEHHOTO
tertoHocuTens 65 % (a) u 70 % (6).
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OYKTOB BO3IYIIHO-IIA3MEHHOM yTuim3auuu pactBopoB BOHP u ompenene-
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Cnucox ucnojb30BaHHOM JUTEPATYPHI

1. Kapenrun A.I'.,, Tlogropuas O.Jl., llInotraysp E.D. IIna3mennas ytu-
Tu3aldsg 1 MIMMOOWIIM3AIMS OTXOJIOB MepepabOTKH OTpabOTaBIIETO SAECPHOTO
TorBa // ' mobansHas smepHas 6e3onacHocTh. — 2014, — No 2. — C. 21-28.
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BOAYLLIHO-NNA3MEHHAA YTUIU3ALIUA
UNOBbIX OTNIOXEHUWM BACCEUHOB-XPAHUIULL
XUOKUX PAOWOAKTUBHBIX OTXO0B

[TomecsayHas E.[.

Hayunwii pykosooumens.: Kapeneun A.I'., k.¢p.-m.H., Ooyenm
Tomckuu nonumexHuyecKul YHU8epCcumem,
634050, Poccus, . Tomck, np. Jlenuna, 30
E-mail: edp8@tpu.ru

B Oaccelinax-xpanuwininax npennpusitaid AT HakomiaeHbl HIOBBIE
ominoxkenus: (MJIO) kuakux pajuoOaKTUBHBIX OTXOJ0B, OCHOBHBIMU KOM-
MOHEHTaMH KOTOpPBIX sBisroTcs: (3—17) % Fe, (2,8-8,5) % Si, (0,2-3,2) %
Ca, (1,0-2,8) % Mg, (0,7-1,9) % Na, (0,1-0,9) % P, ocransHoe Boxa [1].
[IpumeHsieMble XUMUYECKHE, COPOLIMOHHBIE, JIEKTPOXUMUUYECKHUE CIIOCOOBI
U MEXaHWYecKas Kjaccuukanus ¢ OTAeeHrueM (Ppakiuuil Jjis yTUIU3aluu
NJIO c HauOonpmUM COAEPKAHUEM PATUOHYKIUIOB MHOTOCTaAUNHBI
U TpeOyIOT 3HAYUTENbHBIX sHepro3arpar [2]. us crabunuzauuu MIIO
U UX MEpeBojia B yCTOMYNBBIE (hOPMBI, MPETATCTBYIOUIUE MUTPAIIUUA PAIU-
OHYKJIUJIOB, UCIIOJB3YIOTCS Pa3IMyHbIE CIOCOOBI BBICOKOTEMIIEPATYPHOU
nepepabOTKU C MOJYYCHUEM KEPAMUUYECKHX M CTEKJIOMOJ00HBIX MaTPHII
[2]. Ux HemocTaTKaM| SIBIISIFOTCS HH3Kash 3()(PEKTHUBHOCTh, MHOTOCTA UM -
HOCTh W BBICOKasi CTOMMOCTh. CyIIECTBEHHOE CHHMKEHHME 3aTpaT MOXKET
OBITH JOCTUTHYTO MpH IJazMoxumuueckoit nepepadorke MJIO B Buge orm-
TUMaJIbHBIX TI0 COCTaBy ujo-opranudeckux cycrnensuii (MJIOC), umero-
mux aguadaTudeckyr temmeparypy ropenus He menee 1500 K [3]. B pe-
3yJIbTaT€ MPOBEICHHBIX PACYETOB IMOKAa3aHO, YTO MpPU TeMIepaTrypax [0
1500 K u maccoBoii goie Bozayxa 70 % u BbIllle OCHOBHBIMU MPOAYKTAMHU
B KOHJCHCHUPOBAHHOW (paze SIBJISIOTCS MPOCThIE U CJIOXKHBIE OKCHIBI Me-
taioB (Si0z, Al,O3, ZnO, MnO, Cr,03 u 1p.) BKJIFOYasi MArHUTHBIA OKCH/T
xene3a FezOs(c), 4To MO3BOJIUT MPUMEHUTh MATHUTHOE OCAXKICHHUE IS
U3BJICUCHUS ATUX MPOTYKTOB.

[To pesynbTaTaM MpPOBEICHHBIX MCCIIEIOBAHUNA MOTYT OBITh PEKOMEH-
JIOBaHBI JJII TMPaKTUYECKOW peanu3aliu CJICAYIOIIHUE YCIOBUS: COCTaB
NJIOC (15,5% AT : 44,5 % Bona: 40 % MJIO); MaccoBoe OTHOIICHHUE
da3 (70 % Bo3ayx : 18 % MJIOC-1); remneparypa (1500+200) K. Pe3ynn-
TaThl MPOBEJACHHBIX UCCIICAOBAHUN MOTYT OBITh HCIOJIB30BAHbI P CO3/1a-
HUM SHEProd(PHEeKTUBHON TEXHOJOTMHU BO3IYLIHO-TUIA3MEHHOW yTHIIN3a-
muu UJIO XPO.
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WCCNEQOBAHUE MPOLIECCA BO3[YLUHO-MNA3MEHHOW
YTUNU3ALUUU XNNOPCOOEPXALLMX
OTPABOTAHHbIX TPAHC®OPMATOPHBIX MACEN

Ky3Heuos C.1O.

Hayunwiii pykosooumens.: Kapeneun A.I'., k.¢p.-m.H., Ooyenm
Tomckuu nonumexHuyecKuu YHu8epCcumem,
634050, Poccus, e. Tomck, np. Jlenuna, 30
E-mail: syk13@tpu.ru

VYHUKaNbHbIE TEXHOJOTUYECKUE CBOWMCTBA XJIOPCOAEPXKAIIMX TpaHC-
dbopmaTopubix Maces (XTM), BKIIIOYAIOMKX MOIUXJIOPUPOBaHHBIE OMBUHU-
76l (TeTIo(U3NYECKUe M DJICKTPOU3O0JISIITUOHHBIE XapaKTEPUCTUKU, TEPMO-
CTOMKOCTh, XHUMHYECKasi HWHEPTHOCTh U [Ip.) M OTPOMHBIE OOBEMBI
MPOU3BOICTBA MPUBENH K II100aTbHOMY PaCIPOCTPAHEHHUIO U 3arPA3HEHUIO.

TpaauimoHHble METOAbl YTHUIM3AMU U 00€3BPEKUBAHUSI TaKUX OTXO-
0B (B OCHOBHOM, TEPMHUYECKHUE) MHOTOCTAAUNHBI, TPEOYIOT OOJIBIINX SHEP-
ro3aTpar U MPUBOAST K 00pa30BaHUIO TOKCUYHBIX coequHeHu [1].

OpHuM U3 NMEePCIEKTUBHBIX HAMPABICHUN PEIICHUS 3TOU MPOOJIEMBI SIB-
JsieTCs yTUian3anus oTpadoTaHHbX XTM B BO3MYIIHO-TIJIA3MEHHOM MOTOKE
B BUJIE JUCIIEPTUPOBAHHBIX BOJHO-COJICOPTaHUYECKUX KOMIIO3UIUNA, BKIIIO-
qaronux orpaborannsie X TM, MeTamicoaepIKamiiue 0TX0abl OATOTOBKY IH-
THEBOW BOJbI U3 TIOJI3EMHBIX MCTOYHHUKOB M 0/y JETKOBOCIUIAMEHSIIOIITHECS
KUJIKOCTH [2].

B pabore mpencrtaBieHbl pe3yibTaThl TEPMOJMHAMUYECKUX PACUETOB
npoiiecca, onpeaeneHbl coctaBbl BCOK u pexuMbl ux nepepadoTku, obec-
MEYUBAIOIIME B BO3AYIIHO-IJIA3MEHHOM IOTOKE HX JHEProdPeKTHUBHYIO
YTUIN3AIHIO.
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Pe3ynbTaThl HcclieIOBaHUT MOTYT OBITh MCIIOJIB30BAaHbI MPU CO3JaHUU
9HEProd((HEKTUBHON TEXHOJOTHH BO3AYIIHO-TUIA3MEHHON  YTHIIM3AIlAN
XJIOPCOAEPKAIIUX OTPaOOTaHHBIX TPaHC(HOPMATOPHBIX MACEIL.

Cnmcok UCnoJIb30BaAHHOM JTUTEPATYPHI

1. bospckuii B.I1., Xai6ymnosa T.I1., 'opoynora T.M. Cnoco6 Xxumu-
YeCKOM nepepadoTKu MOJUXJIOpUpoBaHHbIX Oudenunnon. [latent PO, Omy6-
mukoBaHo 23.06.2017, brog. Ne 18.

2. Karengin A.G., Karengin A.A., Kuznetsov S.Yu., Novoselov I.Yu.,
et al. Plasma-chemical synthesis of nanostructured oxide compounds for
accident tolerant fuel // Russian Physics Journal. — 2022. — Vol. 65. — Ne 4, —
P.677-872.
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Cekyus 3

CBOWUCTBA, NMONYYEHMUE U NPUMEHEHUE
N30TOMHO-MOAU®ULINPOBAHHBLIX MATEPUAIOB

[Tpedcedamenb: 0.m.H., npogeccop Budses [.I'.
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CUCTEMA MOAENWUPOBAHWNA NONA MOHU3UPYIOLLIET O U3NYYEHUA
FAMMA-KOMMNEKCA «PAOUAH»

YypuHosa [1.A., Kyabmerko A.C., Borikos M./.

Hayunwiii pykosooumens: Tumuenxo C.H., k.m.H., Ooyernm
Tomckuu noaumexHuyecKul YHU8epCcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: pac6@tpu.ru

JInsa wnccienoBaHus pagualMOHHOW CTOMKOCTH 3JIEKTPOHHBIX KOMIIO-
HEHT BaXHO MMETh MHCTPYMEHT MOJEIMPOBAHUS NOJII HOHU3UPYIOIIETO U3-
Jy4EeHUS Il TOYHOTO OIpPEAEIEHUs MOJy4aeMOW IMOTJIOIIEHHOW J03bI HC-
CJIeAyEeMBbIX 00pa3IOB.

IIpn co3maHMM CUCTEMBI MOJEIMPOBAHUSA IIOJI W3JIy4EHHMS raMMa-
komiuiekce «Paguan» ncnons3oBainca naker GEANT4 [1] B npouecce pas-
pabOTKN CHCTEMBI ONUCAHbl T€OMETPUYECKUE MapaMeTpbl YCTAaHOBKH U Ma-
paMeTpsl HICTOYHUKA U3JIYyYEHUS, B KAYECTBE KOTOPOr'0 UCIOJIb3YETCs H30TOII
%0Co. MoxenupoBanue npoBeeHo MeTogoM Monte-Kapiio mpu ycinouu mo-
CTOSIHHOW aKTMBHOCTH MCTOYHHUKA M3Iy4YeHHUsA. Pe3ynbTarsl MOJAEIMPOBAHMUS
XOpOILIO KOPPEJIUPYIOT C 3KCIEPUMEHTAIbHBIMU JaHHBIMUA. B1oap reomer-
PUYECKON OCH My4yKa raMMa-u3JydeHHs OTHOCHUTENbHAs MOTPEIIHOCTh CO-
craBuna 10 10 %. Pa3paboranHas cucteMa MOAEIMPOBAHUS COCTOUT U3 MO-
nyns moaenupoBanuss B GEANT4 [1], 6a3pl JaHHBIX W BeO-TIPUIIOKECHUSI.
Cucrema npenocrapnsgercs B koHTelHepax Docker [2], uTo mo3BossieT uc-
M0JIb30BaTh CUCTEMY KaK B olepanuoHHou cucreme Windows, Tak U B JIUC-
TpuOyTuBax Linux. B BeO-puiioxkeHUM OTOOPAKAIOTCS PE3YNIbTATHl B BUIE
rpaduKoB U TAOJIHUII U 33/1aeTCs KOHPUTYpaIis MOJICTUPOBAHUS.

Cnmcok UCNoJIb30BAHHOM JTUTEPATYPBHI

1. Agostinelli S. et al. Geant4 — a simulation toolkit. NIM A (2003).
Vol. 506, Ne 3. — 250 p.

2. Docker  [OmektponHusrii  pecypc], — Pexmm  pocryna:
https://www.docker.com/ (nara oo6pamenust 09.10.2023).
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NU3roTOBJNIEHWE MULLEHWU ANA NPOU3BOACTBA
MEOULUWUHCKUX PAOVOU3OTOMNOB CKAHAMA HA LILKINOTPOHE YP®Y

Temnsikog A.K.", MadenbwuH M.LL.T, adenbwuH B.M.12

Hayunwvii pykosooumens: Tadenvuun B.M. 12
! @usuxo-mexnonozuueckuti uncmumym,
Vpanvckuii pedepanvuwiii ynusepcumem,
620002, Poccus, e. Examepunobype, ynr. Mupa, 19
2 Uncmumym npomwviuinennoti sxonozuu YpO PAH,
620990, Poccus, e. Examepunoype, yi1. Coghou Kosanescxoti, 20
E-mail: arsteml@mail.ru

JlnarHocTMka W Tepamnus OHKOJOTMYECKUX 3a00JIEBaHUM SBIISIOTCS
KJIFOUEBBIMU HAIPABICHUSAMH sJIepHOM MeaunuHbl. OHAa OCHOBaHa Ha MpU-
MeHeHnu paguodapmmnpenapatoB (POII) — XxuMHUUECKMX BEIIECTB, COECIUHS-
IOIIKX B ce0€ MOJIEKYJIYy-HOCUTENb U PAJUOHYKIIN, B XO/J€ paciajga KOTOpo-
ro CTAHOBUTCA BO3MOXKHOM BU3yalM3alUs CTPYKTYpbl H  (QYyHKIUH
BHYTPEHHUX OPraHOB WJIM YHUYTOKEHHE B HUX PAKOBBIX KJIETOK. BONbIINH-
CTBO HCIIOJIb3YEMBIX PaJUOHYKINAOB 00Ja/1al0T KOPOTKUM MEPUOAOM MOJY-
pacrnazia: OHM HE BCTPEYAIOTCS B MPUPOJIE, OJHAKO MOTYT OBITh MOJIyYEHBI
UCKYCCTBEHHBIM ITyTEM Y€pe3 sAIEPHBIE PEAKIIMH.

Haubonbiiee BHUMaHUE CEroAHs yAEIsSeTcs] TEPaHOCTUKAaM — KOMOMHA-
UM TEpaleBTUYECKUX M auarHocthuueckux POII, nmeromux oanHaKoBYyrO
MOJIEKYJIy-HOCUTENb JJIsl JOCTUKEHHUS] MaKCUMalIbHOM TOYHOCTH M 3Pdek-
TUBHOCTH JiedeHHs. Peanuzanus Takoro mojxoja Tpedyer, 4ToObl EeUCTBY-
IOIME PAJTUOHYKIHUJIBI 00JIajaiy CXOKUMHU WA UICHTUYHBIMU XUMUYECKHU-
MU CBOWCTBaMH, KakK, HApUMEpP, U30TOMbI OJJHOTO U TOTO K€ XUMHUYECKOTO
anemeHTa. Tak, nzotonsl ckaHaus Sc-43 n Sc-44 MOTYT IPUMEHSATHCS B AUA-
THOCTHUYECKHX LENAX, a Sc-47 — B TEpANeBTUUECKUX.

XapaktepucTuku HUKIOTpoHa YpDY (TR-24) mo3BoJsilOT OpraHuso-
BaTh MIPOU3BOACTBO PAJUOHYKIUIOB cKaHaus. O0Iyyasi THTAHOBYIO MUIIEHD,
MOKHO HapaboTaTh Cpa3y Bce€ TPU H30TOIA, MU3BJIEKAEMbIX B JajbHEHIEM
C IOMOLIBI0 TEXHOJIOTHI pa3/ieseHusl U30TONoB. JJoKiIaa MoBecTByeT O Mpo-
[[ECCEe U3TOTOBJICHUS MUILIEHU METOJOM (D (PY3MOHHOTO CIIEKaHHs TTOPOIIKA
npupoaHOTo TUTaHa. [lopuctast CTpykTypa MUIIEHH JT0JKHA 00ecreuuTh 00-
Jie€ BBICOKUH BBIXOJ PAJUOHYKIIMJIOB B IIPOLIECCE PA3/ICICHUS.
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MOUCK ABOMHOIO BETA-PACMALA U30TOMA ZR-96
HA BO3BYXAEHHbIE COCTOAHUA U3OTOMNA MO-96

XycauHos T.K.

Hayunwuit pykosooumens: Axywes E.A., 0.¢h.-m.H.
ObveduHeHHbI UHCTMUMYM A0EPHBIX UCCe008AHUL,
141980, Poccus, Mockosckas oba., 2. [[yona, yn. ’Koauo-Kropu, 6
E-mail: khusainov@jinr.ru

JIBoitHBIM OeTa-pacmazioM Ha3bIBAIOT MPOIECC OJHOBPEMEHHOrO Mpe-
BpalllcHUsI JBYX HEUTPOHOB SiApa B MPOTOHBI C HCIYCKAaHHEM Cpa3y ABYX
AJEKTPOHOB U aHTUHEUTpUHO (B CtanmapTtHoi mojenu). OH BO3MOXKEH s
MaJIOTO YKCJia YETHO-YETHBIX SIIEP, B UX YUCIIC UCCIICAYEMbIH B DKCIIEPUMEH-
Te, nposoaumoM JISTT OUSU uszoton *°Zr,

Llenbto 3KCHIEpUMEHTA SIBIIIETCSI TIEPBOE HKCIEPUMEHTAIILHOE OOHApYXke-
HHe JIBOMHOrO0 Gera-pacnana *°Zr na Bo30yxkaeHHbI yposens 0 aapa Mo no-
CPEICTBOM JIETEKTUPOBAHMS CONMYTCTBYIOIIMX ramMma-KBaHTOB sHepruen 370
u 778 k3B, onpeneneHue nepuonaa noxypacnaga sl JaHHOW MOJIbI pacraja,
YTO MO3BOJIUT PACCUYUTATh MATPUUHBIE 3JIEMEHTHI IJIs1 YTOUHEHHUS CYILIECTBYIO-
IIUX TEOPETHUECKUX MOJIENIeN paciyeTa BEpOsITHOCTH ABOMHOTO OeTa-pacnaa.

B skcnnepumente NEMO-3 [1] onpenenensl: nepuoj moiaypacmnana ajs

_ 19
%7r ma ocumoBuoe cocrosume T1(0.5.)=2.35£0.21x10°" neT u mocrasneHsl
2

OrpaHUYEHUs JUI TIEPUOJOB TOJIypachaaa Ha Bo30yxaeHHOEe cocTostHre 0F

T,(01)>5.85%10" ner y Gesneiitpunnoit momsi 11 (0v3B)>9.2x10% ner |
2 2
B skcniepumenTe [2] Takke MOJIy4eHbl OTpaHUYEHUS Ha TIEPUO/I IToJypacnaaa

Ha BO30yskieHHOe coctosiHue 0F T1 (0")>3.1x10%° e,
2

Ha nmanneiii Mmoment B JIAIT OUAN mocraBieH yHMKalbHBIA 00pa3ell
nupkoHus Maccoi 203.2 T, oborameHHsIi 1o u3orormy *Zr o 88.18 % (Mac-
ca uzorona 179.2 r) razouentpudyxasiM MetooM Ha AO «I10 «3X3». Co-
Opana HU3KO(hOHOBAS IKCIIEPUMEHTAIbHAS YCTAHOBKA, MPOBEIeHO ee MoHTe-
Kapno monenupoBanue B Geant4 u onpeseneHnl 3h(HEKTUBHOCTH IETEKTOPOB
YCTAaHOBKM B 00macTsx uHTepeca. M3MmepeHbl (OHOBBIE yCIOBHSA, a TaKKe
MPOBEICHBI U3MEPEHUSI LUPKOHUS MPOIAOJLKUTENBHOCTRIO 10 CyTOK Mo pe-
3yJIbTaTaM KOTOPBIX MOHO CYAUTh O PaJMOAKTUBHOW HE3arpsi3HEHHOCTHU
obpasna. [lnaHupyroTcs TpaHCIIOPTUPOBKA W JaibHEHIIME U3MEpEeHus 00-
pasua Ha riomaake bakcaHckoil HEUTpUHHONW oOcepBaTOpUM MO MPUUYMHE
nyumux GoHoBbIX yciosuii B BHO.
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2. S.W. Finch and W. Tornow — Search for two-neutrino double-f
decay of 96Zr to excited states of 96Mo — PHYSICAL REVIEW C 92,
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METOA NACMNOPTU3ALIUM OOHOPOAHOCTU YYBCTBUTENIbHOCTH
KPYMHOBJIOYHbIX CUIMHTUNNALUWOHHBLIX OETEKTOPOB
C NOMOLLIbIO PAOWOKTUBHOIO NCTOYHUKA

HesonuH H.P.

Hayunwvui pykosooumens: I'ocones A.C., K.¢h.-m.H.
Tomckuu noaumexHuyecKul YHu8epcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30

E-mail: nrn5@tpu.ru

B actpodusuke 00bLIyI0 pOb UTPAOT HA3EMHBIE TEIECKOMbI IS pe-
rucTpanuu mupokux armocdepusix JuBHen (IIIAJ]) BBICOKUX U CBEPXBBICO-
KUX JHeprui. JlJisi mOHMMaHHs NPUPOABl HCTOYHUKOB KOCMHUYECKHX Jydeu
(KJI) BBICOKMX AHEpPruii HEOOXOAMMO H3YUYEHUE DHEPreTHUYECKOIrO CIEKTpa
KOCMUYECKUX JIydyed BOMM3M 3eMiu. B KkauecTBe NETEKTOPOB TEJIECKOIIOB,
KakK MpaBUJIO, MPUMEHSIOTCS KPYIMHOOJIOYHbIE CHUMHTULISIIMOHHBIC JIETEKTO-
PBI C TIOMAABI0 perucTpanun 1 Mm% u Gonee, a 00mas MIOMAAL TEIECKOMNA
MOKET JOCTHIaTh ThICSYM M2, JInsi TOro 4ToObl m3mepuTh SHepruio KJI,
HEOOXOJIMMO M3MEPUTH C XOPOIIEH TOYHOCTHIO KOJHUYECTBO 3aperucTpUpO-
BaHHBIX YACTHUII B KOXJIOM JIETEKTOPE TEJIECKOMa. ITO HAKJIAIbIBAET BHICOKUE
TpeOOBaHMS HA OJHOPOJIHOCTh YYBCTBUTEIHHOCTU JETEKTOPA MO TIJIOIIA Y.

Jljis TOro 4To0Bl OMPENeINTh OJHOPOAHOCTh YYBCTBUTEIBLHOCTH JECTEK-
TOpa, HEOOXOJUMO HSKCIEPUMEHTATBHO U3MEPUTh «OTKIHMK» JCTEKTOpa Ha
KOCMHUYECKH MIOOH (Ti1aBHas coctaBisitomas 11IAJI) mo mmomanu ¢ marom
<10 cm. Dto cocrasut nopsaka 80 Touek Ha 1 M2 Kak mpasuito, Takas 3agaga
penaeTcsi ¢ MOMOIILI0 TPUTTEPHBIX CHUUHTUIUISILIMOHHBIX JETEKTOPOB MIOOHOB
¢ wiomanaso 10x10 cMm. YuuThiBas HU3KYI0 MHTEHCUBHOCTh KOCMHYECKHUX
MIOOHOB Ha YPOBHE MOpS, JJIUTEILHOCTh CKAHUPOBAHUS MO IUJIOMIAIU OJJHOTO
JIETEKTOpAa MOXET cocTaBUTH> 46 yacoB. [Ipensaraercs HOBBIN CUETHBIA Me-
TOJ TECTUPOBAHUSI OJJHOPOJHOCTH UYBCTBUTEIHLHOCTH CIMHTHLIISTOPOB ILIO-
waneo> 1 M2 J{ns peanmsanuy METOZa, MCIOIb30BAH MCTOYHMK alb(a- da-
ctMl, U Y — KBaHTOB wu3oton 232Th. 2%2Th mu3 Bcex IONTOKUBYIIUX
PaIMOAKTUBHBIX M30TOMOB MCIYCKAET Y — KBAHTHI CaMbIX OOJBIIMX SHEPIHM,
BIUIOTH A0 dsHeprun E,=2.615 M»sB. Kpome Toro, y — KBaHTHI C 3HEprueut
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E,=2.615 MbB xoppenupoBaHbl BO BPEMEHU C Y — KBAaHTAMU C JHEpPrUed
E, =0.583 MbB, T. e. OHM BO3HHKAIOT B Kackaze npu B~ — pacmaze “%®T1 B 2Pb,
DTOT (haKT HO3BOJISAET JONONHATENLHO HCIIOIB30BaTh METO] coBIaaeHuil. [Tpu-
BEJICHB! Pe3yIbTaThl TECTUPOBAHUS PA3IMYHBIX CHUHTHIUIAIUAOHHBIX JETEKTO-
POB C IIPMMEHEHUEM METOJIa COBIAICHHUI 1 IIPSAMOTO CYETHOTO METO/IA.

UCCNEAOBAHMUE BO3MOXHOCTW ONMPUMEHEHWUA METOLOA TCX
ONA ONPEOENEHNS PAOUOXUMUYECKOW YACTOTDI
PAOWO®APMNPENAPATA HA OCHOBE NPOCTAT-CMELUN®UYECKOIO
MEMBPAHHOIO AHTUIEHA (PSMA), MEYEHHOIO U30TOIMNOM %MTC

Knumenko KO.[., Lllenuxosa E.A.

Hayunwiii pykosooumens.: Cmaciox E.C.
cmapuuil HayyHvlli COmpyoHUK, K.m.H.
Tomckuii nonumexHu4uecKuil yHueepcumen,
634050, Poccus, . Tomck, np. Jlenuna, 30
E-mail: yuliaklim1207@mail.ru

Bricokue nmokasarenu 3a00J1eBa€MOCTH PAKOM TMPEACTATEIbHON JKele3bl
(PIDXK) — saBisroTcsi cepbe3HOil MpoOJIeMOM, TTOITOMY paHHSA JUATHOCTHKA
NIEPBUYHON OIyXOJIU SIBJSIETCS aKTyallbHOW 3aJayeil COBPEMEHHON MEIUIIH-
Hel. [Ipoctar cnenuduueckuit memOpanubiii antured (PSMA) BbICOKO 9KC-
PECCUPYETCSl BO BCEX THUIAX paKa MPEACTAaTEIbHOM >KEJe3bl, YTO JIEJIaeT
PSMA noTeHUuHanibHOW MOJEKYJISPHONM MUIIEHBIO NJI BBIABJICHUS JIOKAJM-
30BaHHOTO U METACTATUYECKOTO paka MpeacTaTeabHou kene3bl. Ha naHHbIM
MOMEHT uszoTon *"Tc¢ sgBnsercs Hambolee JOCTYIHBIM JUATHOCTUYECKHM
paauoHyKIuaoM, nostomy paauopapmmpenapar (PDII) na ocHoBe PSMA,
MedeHHOro uzortonom P"Tc, npencTasiser co6oil MepCHeKTHUBHEINA ¥ HAIEK-
HbIA MeToA auarHoctuku PTDK.

OnHoii U3 OCHOBHBIX XapaKTEPUCTUK KauyecTBa JH000ro paguodapMiipena-
parta siBiisieTcst ero paauoxumudeckas uuctora (PXY). Jlns onpenenenus PXY
Yale BCero MPUMEHSIOT METO/ bl TOHKOCTOWHON Xpomarorpaduu (TCX) Ha ma-
cruHax cuimkaresisi. CKOpOCTh JBIKEHUS PA3TMUHBIX XUMUYIECKUX GOPM pajiv-
OHYKJIMIa OTHOCHTEIBHO HETIOJBWKHON (Da3bl OKa3bIBACTCS PA3IUYHOM, W 3a
CUET ATOTO MPOUCXOIUT pasfiefiCHHe MpUMeceii 1 oCHOBHOM (popmbl POIT.

[lenpro paboTHl Ha MEPBOM dTare ObLIO MPOBEICHUE MCCIICIOBAHUS T10
moa00py MOAXOASAIIMX XpoMarorpaduueckux cpen ais omnpeneneHuss PXY
paguodapmmpenapara PSMA-HYNIC-**"Tc. OcCHOBHBIM KpUTEPHUEM B BbI-
O6ope xpomMarorpaduyeckux cpej SBJsUIaCh BO3MOXKHOCTh pa3fieieHus ABYX
OCHOBHBIX TpuMecel, oOpasyromuxcs npu cuHtese POIL. Jto He Boccra-
HOBJICHHBIH U HE BCTYNHUBIIMN B PEAKIIMIO0 KOMIUIEKCOOOpa30BaHUS TEPTEX-
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nerat Hatpusa (Na®"TcO,) U ruaponM30BaHHBIA BOCCTAHOBIECHHBIA TEXHE-
uuii-99m (I'BT).

BTopoii 5Tan paboTHI BKIOYAT B Ce0s UCCIIEI0BAHUS 110 OIPEAEICHHUIO
PXY mnpenapara PSMA-HYNIC-*"T¢ B 3aBUCMMOCTH OT TeMIEpaTyphl
¥ BPEMEHU MHKYOAlMy [IPY CHHTE3€ IPEnapaTa.

B pesynbTaTe MpOBENEHHBIX UCCIIEI0BAHUI Pa3padoTaHa METOIUKA, KOTO-
past HO3BOJISET € IPUMEHEHHEM JIBYX XpOMATorpaMuecKux Cpell CAeNaTh TOU-
HYIO OLIEHKY COIEp)KaHus B I0aydeHHOM P®OII pammoXuMHUUecKuX IpUMecei
He BoccTaHoBjeHHoro P"Tc(VII) u ruaponmsosanHoro okcuaa *MTcO,, meto-
JIOM TOHKOCJIOMHO#M XpoMarorpaduu. Takke HalIeHb ONTUMAILHBIE YCIOBHS
MHKyOaIuy 1py cuHTe3e npenapara PSMA-HYNIC-* T,

MPOrPAMMHOE OBECMEYEHUE ANA PACHETA 9OOEKTUBHOM OO3bI
W HABEOJEHHOW AKTUBHOCTU B NMAKETE GEANT4

KysbmeHko A.C.7

Hayunvle pyxosooumenu: Xemuyzos A.C.2, k.¢h.-M.H., 3aM. HauanbHUKa
omoena JIAI, Tumuenxo C.H', x.m.n., doyenm
YTomckuii nonumexnuueckui ynueepcumem,
634050, Poccus, 2. Tomck, np.Jlenuna, 30
206vedunentviii UHCMUmMym S0epHbIX UCCLe008aHUll,
141980, Poccus, e. /[ybna, yn.2Konuo-Kropu, 6
E-mail: ask147@tpu.ru

Pacuer 3amuThl OT MOHM3HUPYIOIIUX W3TYYEHHUN SIBISIETCS HEOOXOIUMOU
YacThIO0 MPU MPOECKTUPOBAHUN PA3IMYHBIX YCTAHOBOK C MUCTOYHUKOM HU3ITyde-
Hus. CyLIECTBYIOUIME METOMbl pacyeTa MpeAHAa3HAYeHbl, KaK MPaBUIIO, AJIS
AJIEPHON 3HEPreTUKH, TIAE SHEPIUU W3IyYEHMs] 3HAUMUTEIIBHO HMKE SHEPIHid,
JOCTUTAEMBIX B YCKOPHUTENBHBIX TEXHUKAX. OTHUM W3 NPOrpaMMHBIX CPEICTB,
NO3BOJISIFOIIMM MOJIETMPOBATH BEICOKO3HEPTUYHBIE YACTULBI B YCIOBHU CIIOXK-
HOWM reoMeTpuu ycTaHoBKH, siByisieTcs: maker GEANT4 [1], ognako, B HEM OT-
CYTCTBYIOT BCTPOEHHBIE METOIbl Ui onpeneneHus 3(pQeKTuBHON 103bl
Y HaBEJIEHHOM akTMBHOCTU. Pa3paboTaHHOE MporpaMMHOE 0OecrieYeHne C UC-
nosib3oBanueM nakera GEANT4 [1] mo3BosisieT mpoBeCTH MOJEIMPOBAHHUE pac-
npeesieHus B IPOCTpaHCTBE APGEKTUBHON J03bI U HABEIEHHOW aKTUBHOCTH.

MopenupoBanue 3p(PeKTUBHON 103bI MPOBEACHO MO Ko3(pduiueHTam
nepeBoja (iroeHca yactull B 3QPEKTUBHYIO 103y N0 JTaHHBIM [2], KOTOpbIE
cojaepxkar koddpdunnentsl BioTh A0 10 ['3B. Bepudukarus moaenupona-
HUS J03bl MIPOBEACHA M0 AHAIUTHUYECKOMY pacyeTy IO TaMma MOCTOSHHOM
pacnaga msotponHoro ucrounuka Co® B Bosayxe. ITomydeno xopoiuee co-
rJIaCHE PE3YJIbTATOB MOJAEIUPOBAHUS U aHAJTMTUYECKOTO pacyera.
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C momomnisto BcTpoeHHbIX MeTos10B GEANT4 [1] peanu3oBaH BbIBOJ
TAHHBIX JUISI OMpENeNICHHUs HaBEICHHOW aKTHBHOCTU: KOJWYECTBa 00Opaso-
BAHHBIX PAJAMOHYKIIMIOB, Ha3BAaHUM PAJUOHYKIUIA, MMpolecce 00pa3oBaHUs
U CPEIHETO BPEMEHM KHU3HU B CEKyHJax. V3 MONMyYEeHHBIX JAHHBIX Paccyu-
THIBACTCSl HABEJICHHAsI aKTUBHOCTh IO 3aKOHY paJMOaKTUBHOIO pacnazga. Be-
puduKaIms BBITIOJHEHA CPAaBHEHUEM PE3YJIhTaTOB MOJICIHPOBAHUS U pacye-
Ta JUI peaKlUH PaJMALMOHHOrO 3axBaTa HpH mnoaydeHud Mo®® B sjaepHbIX
peaktopax. O(dQeKTUBHBIE CEUYECHMsS] pEaKlMH B3SAThI U3 0a3bl JaHHBIX
ENDF-VIIL.O [3]. [TonydeHHble pe3yibTaThl MOJACIMPOBAHUS HaBEJIECHHOMU
aKTUBHOCTHU NpHu 3Heprusix HeruTpoHoB 0,1, 0,5 u 1 M»aB He npesimaror 5 %
OTKJIOHEHHE OT aHAIUTUYECKOIO pacyeTa.

Cnmcok HCIoJIb30BAHHOM JTUTEPATYPbI

1. Agostinelli S. et al. Geant4 — a simulation toolkit. NIM A (2003).
Vol. 506, Ne 3, p.250.

2. ICRP, 2010. Conversion Coefficients for Radiological Protection
Quantities for External Radiation Exposures. ICRP Publication 116. Ann.
ICRP 40(2-5).

3. Evaluated Nuclear Data File (ENDF) // Nuclear Data Services URL:
https://www-nds.iaea.org/exfor/endf.htm (nata oOpamenus: 25.10.2023).

ONTUYECKAS AUATHOCTUKA HAHOYACTMUL,
OBPA3YIOLLUUXCA NMPU NA3EPHOU ABNALIUA

Eecmpametko A.C., O2opodHukos C.A., Amymosa .E.

Hayunwiii pykosooumens.: Motwxun B.D., 0.¢.-m.H., npogheccop TIIY
Tomcxuu norumexnuyeckuu yHugepcumem, 2. Tomck
E-mail: ase35@tpu.ru

Jlazephbl UCTIONB3YIOTCS TIPU CBAapKE WM pe3Ke JIeTalleld, OUMCTKE TIOBEPXHO-
cru. [Ipu aTom obpaszyercst obsako napa, u3 KOToporo GopMUPYIOTCS HAHOYACTH-
1el. OOpazytoreecs: 00JaKo SKpaHUPYET U3TYYEHUE, YTO yMEHbIaeT S dEeKTUB-
HOCTh Jla3epHOM 00paboTku. Ocnalisromias criocoOOHOCTh a’dpo30Jisi 3aBUCUT OT
pa3MepoB dactril. [loaToMy akTyanbHa 3a/a4a KOHTPOJIS pa3MepOB HAHOYACTHIL
N3-3a koaryssiyu, Jij1si HAHOYACTHUIT MIEPCTIEKTUBHBI 0€30TOOPHBIE METOIBI.

Mertoapl n1a3epHON TUATHOCTUKHU a3pO30JIE€N COEpHkKaT 3 rpymibl, OTIIH-
YaromnmMecs IUana3oHOM OIpenessieMbIX pa3MepoB. i uccnenoBanus HaHO-
YacTHUIl MUCHOJIB3YETCS METOJI ceKkTpaibHOM npo3payHoctu (MCII), B koTo-
pPOM peructTpupyercst Ko3QQPUIMEHT NnporycKkaHus. J{UcepcHOCTh adpo30Iis
OTIPE/ICIISIOT U3 pelIeHus OOpaTHOM 3a/1a4uM, C UCIIOJIb30BAHUEM CIIEKTpa KO-
7 PHUIHEHTOB MPOMYCKaHUSI.
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Jist MCIT mHanbosee XOpoImio MOAXOAUT «Oemblily a3ep, TeHEPHUpYIo-
UM U3Ty4YeHHe HIMPOKOTO crekTpa. MHoraa Mcmonb3yloT TEIJIOBBIE M3IIY-
gatenn. bosee mepcrekTuBHO Hcmoiab3oBanue cBetoauonoB (CHUJI) 6emoro
CBETa, B KOTOPOM CHHEE M3JIy4eHHE NMpeoOpazyeTcs B JJIMHHOBOIHOBYIO IO-
JIOCY B CIIO€ TIOMUHO(OpA, HAHECEHHOTO Ha KPUCTAILI.

[Ipu nazepHoii abIALKUK C TOMOLIBI0O KOMMEPUECKHUX JIa3€POB UCTAPSIET-
csi HeOOJIbIIIOE KOJMYECTBO BemlecTBa. [l03TOMYy Ba)XXHO ONTHUMHU3UPOBATH
KOHCTPYKIIUU OCBETUTEIHLHOTO U MPUEMHOTO Y3JI0B, CHCTEMbI CTAOMIA3AIIUU
B MPOCTPAHCTBE MOTOKA a3po30Jid. B Halell ycraHoBke GpopMupyercs IoTOK
a’po30JIsi 3a CYET TAHIEHIUAIbHOM 3aKpyTKM NOTOKa Ar, MOJAaBaeMOTo
B HUKHIOIO YaCTh OTKPBITOTO C BEpXHEH CTOPOHBI HUIUHIpA. JIazepHbIi Tyd
(poxycupyercs Ha MUIIEHb, HAXOAsILENHCs B TepupepuitHoil 00JacTH Ha THE
uunuHApa. B pe3ynbrare oOpasyromuecs W3 MMapoB MaTepHajla MUIIEHU
a’p030JIbHBIE YACTHIIBI 3aTSATUBAIOTCS B IEHTPAIbHYIO 00JIACTh IMIIMHIpA
1 GOPMHUPYIOT TPOCTPAHCTBEHHO OTPAHUICHHBIN MOTOK.

ITotox 3onmupyromero dopmupyercs, B Buae uzoopaxenuss CU/I,
Ha a’pO30JIbHBIA TOTOK, TUAMETP KOTOPOro Ha 1—2 MM MpEeBBIIIAET pazMep
m3oopaxxkenust CU/L. [Tocne aspozons nmyuy CUJL dhokycupyercs Ha BXOIHON
Topen; cBeToBoja crekrpomerpa SL140, uaterpupoanHoro c 11K. IIpu a6-
JSIUY C TOMOIIBIO UCITOJIB30BAHHOTO J1a3epa UCIapsieTCs] Maloe KOJIMYECTBO
BeliecTBa. J[1s yMeHbIIEHUs! TIOCTOPOHHEH 3aCBETKH OT IHEBHOI'O CBETA, Ka-
HaJl 30HUPYIOLIET0 ONTUYECKOT0 M3JIyYEHHUs pa3Mellalics B 3a4€pHEHHOM
U3HYTpH TpyOe.

B noknage mpuBOISATCS CHEKTPbI MPOIMYyCKaHUS U (QYHKIUS pacmpene-
JICHUsSI a’pO30JIbHBIX YaCTHUIl 10 pa3Mepam, MOJYyYEHHBIM IO SKCIIEpUMEH-
TaJbHBIM JTaHHBIM.

AHAININ3 METOAOB AUWATHOCTUKU HAHOAUCNEPCHBLIX YACTUL

Eecmpamenko A.C., OcopodHukos C.A.

Hayunwiii pykosooumens.: Motwxun B.D., 0.¢.-m.H., npogheccop TIIY
Tomckuu norumexnuyeckuu yHugepcumem, 2. Tomck
E-mail: ase35@tpu.ru

Hanomnopomiky, mnojiydaemble ¢ MOMOINBIO TUIA3MEHHBIX TEXHOJOTHM,
IIUPOKO HCTOJB3YIOTCS TMPU MPOU3BOJCTBE KEPAMHMKH, KOMITO3UIIMOHHBIX
MaTepuagoB, BBICOKOIHTAJIBIIMIUHBIX CHCTEM, CBEPXIIPOBOJIHHUKOB, MUTMEH-
TOB, BBICOKOIPOYHBIX MPUIOEB. [IepCrieKTUBBI UCIOIB30BaHNS HAHOTIOPOIII-
KOB CBSI3aHbI C UX YHUKAJIbHBIMU CBOMCTBAMHU, CBSI3AHHBIE C TEXHOJOTUEH UX
MOJIyYCHUS: Mayiasi TeMIlepaTypa CIIEKaHUs; JJIEKTPO(PHU3NYecKrne CBOMCTBA
MIPU HU3KUX TEMIIepaTypax; BO3MOKHOCTh CAMOBOCILIAMEHEHUS MPU KOHTAK-
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T€ C BO3IYXOM; BBICOKOE IOIJIOMICHHE 3JIEKTPOMArHUTHOIO H3IyYEHUs
B LIMPOKOM JMAarna3oHe CIEKTPa; BbICOKAs XUMUYECKAs] aKTUBHOCTb;, HU3Kas
paboTa BbIX0Ja. DTH CBOMCTBA OMpPEACIsAIoTCA pa3MepamMu HaHoudactull. [lo-
ATOMY HEOOXOIMMBI METOJIBI KOHTPOJIS pa3MepoB HaHoudacTull. M3-3a ManbIx
pa3MepoB YaCTHL], HAHOIIOPOIIKH UMEIOT BBICOKYIO CKIIOHHOCTD K CIUIIAHUIO.
[ToaTomMy /1St KOHTPOJISI HAHOYACTULL HEOOXOMMBI 6€30TOOPHBIE METO/IBI.
be3oTOopHBIE METOBI aHAM3a a’pO30JIeH CBSI3aHbl C AHAIM30M H300-
pakeHU! (IpsSMbIE METO/bI) U Ja3epHbIE METObI, IPUBOIAIINE K PEIICHUIO
oOpatHol 3aaauu. [Ipu 3TOM npsiMble METOJIbl, UCHOJB3YIOIINE HU3ITyUYECHUE
BUJIMMOTO AUana3oHa, He I03BOJIIIOT PErUCTPUPOBATh HAHOYACTHIIBI.

JlazepHble METO/IBI YCIOBHO MOKHO Pa3JeiIUTh HA TpU Ipynmnsl. st nu-
arHOCTHUKM JMCIIEPCHBIX YACTHUI] HAHOMETPOBOIO AWana3oHa MpUEMIIEM Me-
ToA crnekTpanbHou npo3payHoctu (MCII), B KOTOPOM C MOMOIIBIO CHEKTPa
MPOITYCKAHUSI B3BECHM HAHOINOPOLIKA PEIIAIOT HHTErpajibHOE ypaBHEHUE.
Haunbonee xopommm uctounukom uznyuyenus s MCII sBisgercst «Oemnblin»
Ja3zep, TEHEPUPYIOLIUKA U3Jy4eHHE IIMPOKOro crekrpa. Ilpu 3TomM MOXHO
dbopMupOBaTh 30HAUPYIOMIUM JIyd JIFOOOM 3aJaHHON TEOMETPHH.

Takke MOXHO MCHOJB30BATh CBETOM3IYYAIOIIKUE TUOAbI OEJI0ro CBETA.
[Ipu 3TOM MPUXOAUTCS pelIaTh 3aja4y yYMEHBIIEHUS OTOKA U3TyYEHUs, HE
HECYLIEro MH(POPMAIUIO O CIIEKTPE pa3MEpPOB MOPOIIKA, HAIPUMED, 3a CUET
UCIIOJIB30BAHUS IIy4YKa 3O0HJIMPYIOIIETO W3JIy4eHHs, AUAMETP KOTOPOro
MEHBIIIE pa3MEpPOB a’p030JIbHOTO oOpa3oBaHus. Taxxke cieayeT NpUHUMATH
MEpBI K OTCEYKE THEBHOTO cBeTa. Heo0XxoumMo NOMHUTE, YTO MPHU BCEX CXe-
Max OCBEILEHUS a3p030J1sl HEOOXO0AUMO NMPUHUMATh MEPHI K MPOCTPAHCTBEH-
HOMY KOHLEHTPUPOBAHUIO a3PO30JbHBIX YacThLl. OTHUM U3 NOAXOM0B SIBJIS-
€TCsl TAaHT€HIIMAJIbHAS MM0Jja4a rasa, nepeMenaromero HAaHOYaCTHLIbI.

B noknane paccmaTpuBaroTCsA pa3iMyHbIe TEXHUYECKHUE PEUICHUS CXEM
OCBEIICHUS a3P030Jisl U PErUCTPALMH HPOIIEANIET0 U3TYyYEHUs, IPUBOISIINE
YBEJIMYEHUIO «CUTHATIa» OTHOCUTEIBHO «IIIyMay. AHAIU3UPYIOTCA MPEUMy-
IIECTBA U HEJOCTATKH PA3JIMYHBIX CXEM.

103



CMEKTPbI UK U KPC OBPA3LIOB N30TOMHO OBOIALLEHHBIX SiO;

Lllymosckasi K.Q.", KomwuHa M.E. 2

Hayunwiii pykosooumens.: Bynanos A.J1.*?, 0.x.1., un.-kopp. PAH
Y Unemumym xumuu evicoxouucmoix sewgecms um. I'.I'. Jlesamuix
Poccuitickoti akaoemuu nayx, Husxxcnuit Hoe2opoo, Poccus
2Huoice2opodckuii 2ocyoapemeennviii ynueepcumem um. H M. Jlobauesckozo,
Huoienuu Hoseopoo, Poccust
E-mail: k.shumovskaya@yandex.ru

Huokcun xpemuus (IV) obmamaer HaOOpPOM YHUKAIBHBIX (PHU3HKO-
XUMUYECKUX CBOMCTB, Oarojiapsi KOTOpbIM MaTepHualbl Ha €0 OCHOBE Haxo-
JAT MUPOKOE MMPUMEHEHHUE B PA3JIMUHBIX 00JIACTSIX HAYKU U TEXHUKU. BbIco-
KU UHTEPEC K U3YUYCHUIO M30TOMHBIX PAa3HOBUIHOCTEU MPOCTHIX U CIIOKHBIX
BEILECTB OOYCJIOBJIEH OTJIMYUEM CBOWCTB OT MATE€pPUATIOB C €CTECTBEHHBIM
M30TOMHBIM cocTaBOM. OJIHAKO, HECMOTpPsI Ha OOJIBIIION MAacCUB JIMTEPATYP-
HBIX JaHHbIX O Si0,, uHGOpPMAIMS O BIUSHUUA M30TOIHOIO COCTaBa Ha €ro
CBOICTBA JOBOJILHO OTpaHUYCHA. B CBsI3M ¢ 3TUM, aKTyaJbHOW 3aJayeil sB-
JII€TCS TIOJYYEHUE U U3YUYEHUE CBOMCTB JUOKCHIA KPEMHUS C BBICOKON H30-
TOITHOW YHCTOTOM.

B paMKax JaHHOM paboTsl n3 00pa3LoB kpemuus 22Si, 2°Si u ¥Si (crenens
oborameHuss mo ocHoBHOMY H30Tory Si oT 99.9980+0.0010 mo 99.29+0.01
at.%) u cmecu 8Si u %Si ¢ conepxannem Si 75, 50, 25 % B HECKOIBKO CTaIUi
MOJTy4eH aMOP(MHBIN M KPUCTALTNYCCKUIN TUOKCU] KPEMHHSL.

st Bcex oOpa3uoB Si0; oxapakTepu30BaH M30TOIHBIA U MPUMECHBIN
aneMeHTHbIA cocTaB metogoM MC-UCII, mo maHHBIM KOTOPOrO Ha CTaIHSIX
CUHTE3a MPOCIIEKUBACTCS HE3HAUUTENIbHOE H30TOMHOE pazbaBieHue. Co-
riacHo JaHHbIM PDA, kpucramimueckuit Si0; npencrapiser co0oil HU3KO-
Temreparypayro Moaudukamuio a-kBapi (mp. rp. P3:21, ICSD 27745).
Ha n300pakeHusaX, TOJYYECHHBIX METOJOM CKaHUPYIOIIEH 3JICKTPOHHOM
MUKPOCKOIIUH, YETKO OMNPEAENICHbl KPUCTAIUIBI Pa3MEpOM MOpSIKa 2 MKM,
UMEIOIIMe TUITMYHYIO JIJIs KBapiia orpaHky. Meton nuddepeHinmanbHon cka-
HUPYIOIIEH KaJOpUMETPUHU TaKXKe TMOKaszal, uTo B obnactu 572 K oOpasiibl
MIpETEPIICBAIOT MpeBpaIeHue o—f KBapi. AMopdHbIE 00pa3Ibl HE UMEIH Ka-
kux-1160 3¢ dexktoB Ha kpuBol JICK, a Ha peHTreHorpaMmax HaOJII0AAI0Ch
rajgo 0e3 MpU3HaKOB KPUCTALTNYECKUX BKIIIOUCHUH.

3anucaHbl CIIEKTPHI MOTJIOMICHUS BCEX MOJYYEHHBIX 00pa3IioB Ha CHEK-
tpomerpe IFS-113 (“Bruker”) B o6mactu 330-7000 cM ! ¢ paspemenuem
1 cmt. JIng KpUCTaNIM9IECKOro TaKKe IOMy4eHbI CIIEKTPhI KOMOMHAMOHHO-
ro paccesHusa cBera Ha komruiekce NTEGRA Spectra npowusBoactsa
NT-MDT B guanasone 2—1400 cm ™! ¢ paspemennem 0.9 cm ! ¢ mpumenenu-
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eM Jaszepa ¢ JiuHON BoyHBL 473 HM. B cnekTpax HaOIroAaeTcs CIBUT W3-
BECTHBIX IOJIOC TOTJIOIIEHUSI BAJICHTHBIX U Je(POPMAIIMOHHBIX KOJIeOaHHI
JUI U30TOTIOB KPEMHHUSI B HU3KOYACTOTHYIO O0JIACTh C YBEITMYEHHEM MAaCCHI
nzorona. Cienyer OTMETUTh, HA 3aBUCUMOCTH YacTOThI KOJeOaHUil OT 00-
paTHOW BEIMYMHBI PUBEIACHHOW MAaCChI JJII MOHOHM30TOIHBIX 00pa3oB SiO;
HaOroaeTcs JUHEetHas 3aBUCUMOCTb, a U1 cMecH n3otonoB 28Si u *°Si na-
pabonnyecKoe OTKIOHEHHUE OT Hee.

PACYET HAPABOTKW TEPBEUA-161 HA PEAKTOPE UPT-T
Ywakos UN.A., 3ykay B.B., [loHsiesa E.C.

Hayunwvui pykosooumens: Tumuenko C.H. k.m.H., doyeHnm
Tomckuti nonumexuuyecKull yHugepcumenm,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: jiaozu@tpu.ru

OIHUM W3 HYKIHIOB /IS TAPTETHON paJMOHYKIUIHON TEPAIUH ABIISET-
cs TepOuii-161, MpenMyIecTBO KOTOPOIo 3aKIIF0YaeTcs B 00pa30BaHUU Te-
panoctraeckoi mapsl ¢ II9T-uzotonom ®2Tb u ODDOKT-uzoromom °Tb,
YTO TO3BOJIAET TOYHEE OIICHWBATh TEPaNeBTHUECKYIO 103y. TepuOuii-161
(T12-6,948 nH.) sBaseTcs MATKUM [-3MHUTTEpOM C MpoOerom [-vacTuiy
B kieTke 0,27 mM. Ilenbio paboThl siBIIsSIETCS 00OCHOBAHUE BO3MOKHOCTH BbI-
neneHus paauoHykauaa °'Tb u3 ragonuHMEBON MUIIEHM B aKTUBHOM 30HE
peaktopa UPT-T myrem HEHTpOHHOro OOJy4YEeHUS TaJOJWHUEBON MUIIEHU,
oboraménnoi mo *°Gd mpu momMomM TEOPETHYECKUX PacdeTOB HApaOOTKH
1 Ipo6HOTO 00Iydenus uzorona *°Gd mo peakuuu:

180G d(n, 1) — YLGd(A™) ?'T_MH}: 16177y, T}' 161p),,

Jliist moJTydeHust BRICOKUX yeIbHBIX akTuBHOCTEN %1 Tb (Teopetuueckas
yJelbHass aKTUBHOCTh cocTaBisieT ~ 4.32 Thk/Mr), ocoboe BHUMaHHUE JTOJIK-
HO OBITH YIEIEHO KOIMYECTBY TEPOUS B MMILEHHU, 4 TAKKE KOJIMYECTBA CTa-
ounpHOro Hykmuaa °8Gd w3 koToporo obpasyercs CTaOWIbHBIM HYKIH[
19Tb u nonrosxkusymmii *1Tb no cnenyromeit peakiyu:

15 EGd(ﬂ, ,}',) s IEQGd(ﬁ_) EI} 159Tb(?’1, },) s IEDTEJ(JE_) '}'2_,5;-1} IEGD}’,

Pacuer u BblUMCIIEHHE HapaOOTKu akTMBHOCTH %'Tb mpomssommics mo
HEUTPOHHOMY CHEKTPY, comepskamem 200 rpyI, HeHTPaIbHOIO SKCIIEPUMEH-
tanbHOro KaHana LIK-1 peakropa UPT T ¢ ydyerom camomnoriomeHus u3iyde-
HUSL U BBITOpAHUS 0Opa3yroIIMXCsl PaMOHYKIUIOB. fepHO-(pu3ndeckas Mo-
JIe7Tb COCTOUT U3 STYEHKHU ¢ 00JTydyaeMoil raloTMHUEBON MUIIEHBIO M HICTOYHHKA
C 3a/IaHHBIM CIIEKTPOM BOKpYT stueiiku. TeopeTnueckn HapabaThIBaeMasi aKTUB-
HOCTh TepOUs U TraJIOIMHUA TIPE/ICTaBlICHA HA PUCYHKE:
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TEXHONOIMYECKWUE ACMEKTbI BbIAENEHUA LU-177
U3 UTTEPBMEBON MULLIEHW

Ywakos N.A., Jemudos B.A., 3ykay B.B.

Hayunwvui pykosooumens: Tumuenxo C.H. x.m.H., doyeHnm
Tomckuti nonumexnuyecKull yHugepcumenm,
634050, Poccus, 2. Tomck, np. Jlenuna, 30

E-mail: jiaozu@tpu.ru

Jroretuii-177 sBnsieTcss OAHUM W3 MEPCHEKTUBHBIX PaJHUOHYKIHJIOB,
IpUMEHSIEMbIX B panuoTepanuu. [logyueHue JaHHOTO paauoOHYKIHAa 0e3
HOCUTENS ABJISIETCSA IJIUTEIbHBIM MPOLECCOM, B XOJI€ KOTOPOTO MPOBOAUTCS
paboTta ¢ pagroakTUBHBIMU pacTBopamu [1]. Jljis KOHTpOJIsS mapaMeTpoB Mo-
Jy4eHUs JIIoTeuusi-177 u B HeNsAX CHUXKEHHUS JO30BOM HArpy3ku Ha Iepco-
HaJl, UCTIOJIb3YETCsl aBTOMATH3AIMs TEXHUYECKoro mpoiiecca. Llenbro padoTsl
SBJISIETCS pa3paboTKa CUCTEMbI aBTOMATHU3allUM MPOIEecca PaIuOXUMHUIECKO-
IO BBIICIIEHUS U30TOMa JTIoTenusa-177 0e3 HocUTeN.

[Tponecc nonydyenus nrorenusi-177 6e3 HOCUTENIE OCHOBAH Ha XpoMaTo-
rpadu4ecKoM BblfeneHUH *''Lu u3 HTTepOMEBOM MUIIEHH C IOCIEMYIOIEN
ero KOHIIeHTpauuer. XpomaTorpaduueckoe paslelieHHe BBIIIOJIHEHO
Ha HOHOOOMEHHOM KOJIOHKE, 3aIl0JJHEHHOM KaTHOHOOOMEHHHMKOM Dowex
50WX8, 200400 memt. 1""Lu BO3MOKHO KOHTPOJIMPOBATH 110 FAMMa H3JIyde-
auro 1o JmHusIM 113 k9B m 208 x3B ¢ Beixogom 6,4 % u 11 % coorBer-
cTBeHHO. [Iuk WTTEpOMS BO3MOXHO KOHTPOJHMPOBATH MO PAAMOHYKIUIAM
19Yb (198 k3B) u 1°Yb (396 k5B) obOpasyromuxcs B mpouecce 00IydeHus
MHUIIEHA HEUTPOHAMH.
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Cucrema aBTOMaTH3alluu paaroxpomMarorpadum paspabaThiBacTCs Ha
0a3e OTeUeCTBEHHOTO0 OOOpYIOBaHUS W MPOTPAaMMHOr0O obecreueHus. Mo-
OyJIbHAs CTPYKTypa M BBICOKAas HAJA&KHOCTH KOMIIOHEHTOB OOECIEYMBACT
YCTOMYMBOCTh CHCTEMBI K OJUHOYHBIM OTKa3aM, BO3MOXKHOCTb OBICTpOI 3a-
MEHBI 1 THOKOW HAacTpouku. CucTeMa BBIMOTHICT (PYHKITUH aBTOMATHYECKO-
T'0 U PYYHOTO YNPABICHUS MTPOIIECCOM.

B 1iensix MOHUTOpPWHTA TTAPaMETPOB YCTAHOBKH MOYKET OBITh MCIIOJIB30-
BaHa oOylayHas aBToMaTHu3aius. J[s1 OCyIIeCTBICHUS yIAJICHHOTO JOCTYIa
K napameTrpam ucnoibszyercs cepuc OwenCloud. 3a 0OMeH TaHHBIMU MEX-
Iy CHCTEMOW M OOJauyHBIM CEPBHCOM OTBEUACT OTCIBHBIA KOHTPOJUIEP, HE
UMEIOTNIA (PU3MYECKON BOZMOKHOCTH BO3JICHCTBOBATh HA TEXHOJIOTHUSCKUN
mpolece, 4To o0ecrneynBaeT HeAOCTYITHOCTh CUCTEMBI JIJIsi KUOEep aTak U He-
CaHKIIMOHUPOBAHHOTO JIOCTYTIA.

SCADA cuctema Simple-Scada2 mo3BosisieT NMpeACTaBUTh BU3yaIU3y-
abHO AKCIIEPUMEHTABHBIC TAHHBIC W JaHHBIC TEXHOJOTHYECKOTO IMporecca
B yZI00HOM 17151 onepaTopa (popme.

Cnucok ucnojab30BaHHOM JUTEPATYPHI
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AHAIKX3 NMPOLIECCOB, NPOTEKAIOLLKXX NPU ®OPMUPOBAHWUA
W POCTE YACTUL B CITABOM NOCTOAHHOM MAIrHUTHOM MOJE

QzopodHukos C.A., Escmpamenko A.C.

Hayunwiii pykosooumens.: Motwxun B.D., 0.¢.-m.H., npogheccop TIIY
Tomckuu nonumexHuyecKul YHu8epCcumem,
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®da30BbIC NMEPEXOAbI COMPOBOXKIAIOT MHOTHUE TEXHOJIOTMUECKUE MTPOIIECCHI.
3auacTyr0 CKOpPOCTh pOCTa 4acTull HOBOW (ha3bl BIIMSAET HA TEXHOJIOTMUECKHMA
nporecc. CKopocTh 00pa3oBaHust aep KOHACHCAIUHN CYIIECTBEHHO 3aBUCHUT OT
pacnpe/ieNieHus BEeIECTBA MEXy pa3IMYHBIMU 1IEHTPAMH, U 3TO UMEET HETOo-
CPEJICTBEHHOE BIIMSHUE Ha pa3Mepbl JUCHEPCHBIX YaCTHIl, OOpa3yIOUIUXCs
B pe3yibrare (azoBoro nepexoaa. OYeBUIHO, YTO MPU BBICOKOM CKOpPOCTU (op-
MHUpPOBaHUS SIIEP KOHJIEHCALIMU, TIPY PAaBHOM KOJIMYECTBE BEIIECTBA B MapOBOU
¢aze, pasmMepbl UCTIEPCHBIX YaCTHIl OyIyT MEHBIIIE U3-3a PACTIPENICIICHUS BEIIIe-
CTBa 10 OOJIbIIIEMY KOJIMYECTBY IIEHTPOB. [loaToMy akTyansHa pa3paboTka MeTo-
JIOB YTIPaBJICHUS] CKOPOCTSIMU HyKJIealuu U (POpMHUPOBAHHUS siTIEp KOHICHCAITHH.
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Opaum u3 GakTopoOB, BAUSIONIUX HA BOZMOXKHOCTH (POPMUPOBAHUS KO-
BAJICHTHOW CBSI3U, SIBJIIETCSI CYMMAapHbI CIIMH BaJIEHTHBIX 3JEKTPOHOB B3a-
MMOJEHCTBYIOIIMX aTOMOB. M3 3aKOoHa COXpaHEHUs CYMMApHOIO CIIMHA —
KOBAJICHTHAs CBSI3b BO3MOKHA TOJBKO U3 CUHIJIETHOTO COCTOSIHUS. BaxkHbIM
ACIIEKTOM HM30TOMHOM CEJIEKTUBHOCTH PAJUKAIbHBIX MPOLIECCOB SBISAETCS
BO3JICICTBHE €IA0Or0 MOCTOSIHHOTO MarHMWTHOIO MOJS Ha MPOLECCHI, CBS-
3aHHBIE CO CTOJIKHOBEHHEM JBYX aTOMOB. B ci1aboM MOCTOSIHHOM MarHur-
HOM I10JI€ BEPOSITHOCTh CTOJIKHOBEHUS JBYX CIIMHOB B CHHIJIETHOM COCTOSI-
HUU cocTaBisieT 25 % u3-3a mpeneccud OOOUX CIHUHOB OTHOCHUTENIBHO
HaIIPaBJICHHUS MOJIA.

BiisiHME MarHMTHOIO MOJS CBS3aHO C BEPOSITHOCTBIO HAXOXIACHUS
CIIMHA B Pa3IW4HBIX COCTOSHMAX. OYEBHIHO, YTO CyMMa BEPOSTHOCTEHN
HaXOXKJEHUsI KaKJIOro CIMHA BO BCEX COCTOSHUAX paBHa «1». Takxke oue-
BHJIHO, YTO CKOPOCTb MU3MEHEHHUS COCTOSIHUSI CIIMHA HE 3aBUCUT OT HAJIUYMS
noJist. MaruutHoe noJie J0OAaBIISIET ONPEACIEHHOCTh B COCTOSIHUM cniuHa. be3
MAarHUTHOTO TOJISI COCTOSIHUSA OJTHOTO CIIMHA PacIpeAeieHbl Mo chepuiyecKoi
MMOBEPXHOCTH, a B CJIa0OM MOJIe — MO OKPYXHOCTH. [lo3TOMYy B MarHuTHoM
MI0JIE BBILLIE BEPOSITHOCTb (POPMUPOBAHUSL CHUHIJIETHOW Mapbl MpPU MEPBOM
CIIy4YalHOM KOHTaKTe. B ra3oBoy cpenie, B OTJIMYMHU OT KUJIKOCTEH, U3-3a Ma-
JIOTO BPEMEHU KOHTAKTa aTOMOB B ra3oBoi (ha3e, TpUILIET-CUHIJIETHAs KOH-
BEPCHUS HEBO3MOXKHA.

KoHBepcrst BO3MOKHA Ha MOBEPXHOCTU MUKPOYACTHI], YTO YBEJINUMUBAET
CKOPOCTh KOHAECHCAllMd B MAarHUTHOM IIOJI€ NPU MEIJIEHHOM HW3MEHEHUU
BHEIIHUX ycioBuil. [Ipu pocTe AuCepcHBIX YacTULl COPOMPOBAHHBIE MOJIE-
KYJIbI TPEOBIBAIOT B «OCEMJIOM)» COCTOSIHUM (KJIETKA) Ha UX MMOBEPXHOCTU HE-
KoTopoe BpeMs. [Ipu HeOOIbIIOM MEePEChIIEHUH POCT AUCHEPCHBIX YACTHIL,
aHAJIOTMYEH MPOIECCY B PACTBOPE U TAKXKE 3aBUCUT OT BPEMEHU TPHILIET-
CUHIJIETHON KOHBEpPCHUU. DTHU MPOIEcChl 0ojiee MOAPOOHO AHAIM3UPYIOTCS
B JIOKJIAJIE.
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NAPAMATHUTHbIE ABNEHUA HA NOBEPXHOCTU PACTYLLIETO
N3 PACTBOPA KPUCTAIINA B CITABOM MATHATHOM MNONE

OzopodHukos C.A., Apbiumaeg C.A.

Hayunwvui pykosooumens: Motuukun B.D., 0.¢h.-m.nH., npogheccop TIY
Tomckuu noaumexHuyecKul YHU8epCcumem,
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E-mail: saol2@tpu.ru

[lonnmanue npoieccoB, HAOTIOAAONINXCA TPU BO3IEUCTBUN MarHUTHO-
IO MOJISl Ha KPUCTAJUTM3ALUIO, UMEET CYIIECTBEHHOE 3HAUYEHHUE IS TpaKTUye-
CKUX MPUMEHEHHUI B Pa3IMYHbBIX 001aCTAX. DTO MOHUMAHUE MOKET MPUBECTU
K CO3/IaHHI0 HOBBIX MATEPHUAJIOB C YJIyYIIEHHBIMH CBOMCTBAMHM M ONTHUMHU3A-
[IUM MPOIIECCOB CHHTE3a MaTepuanoB. OCOOEHHO BaKHO TaKXke pa3padboTarb
0onee 3(pPeKTUBHBIE METObI YIIPABICHHUSI XMMUUYECKUMH PEAKLUSIMU, [TPOUC-
XOJSIMMH Ha TOBEPXHOCTHU TBEPJIOTO TeJIa, HAIPUMED, KaTaJIn3aropa.

Hamu uccnenyrorest ycnosust ans pocta MoHokpuctaiioB NaCl ¢ pas-
JUYHBIMM U30TONAMHU XJIOPA, MPOTEKAIOIIETO0 B CIA0BIM MOCTOSIHHOM Mar-
HuTHOM none. [lepexon yactun NaCl u3 pactBopa B KpUCTaul COIPOBOXK /A~
ercsi (GOpMUPOBaHHEM KOBaJIEHTHbIX cBsized Mexay Na u Cl xors Obl
B 0J1HOM Touke koHTakTa yactuilbl NaCl ¢ kpucramiom. OgHako dhopmupo-
BaHHE KOBAJIECHTHOM XMMHYECKOW CBSI3M, U3-3a 3aKOHA COXPAHEHMSI CyMMap-
HOTO CIMHA, BO3MOXHO TOJIbKO M3 CHUHIJIETHOTO COCTOSIHUSI CIIMHOB HECIa-
PEHHBIX 3JIEKTPOHOB B3aUMOJACUCTBYIOIIMX dYacTull. Ilpu cTONKHOBEHUU
paaMKaIoB COCTOSIHME OoOpasyroleicst napsl ciydaitHo. [Ipu Hanuuuu mar-
HUTHOTO TIOJISI CHUHIJIETHBIM COCTOSIHUSIM COOTBeTCTBYeT 25 % ciyuaes
CTOJIKHOBEHHH, a TPUIUIETHBIM — /5 %.

[Ipu cTONKHOBEHUH C TIOBEPXHOCTHIO KpucTaiia mojekyna NaCl tepser
M30BITOUHYIO SHEPIUI0 U MEPeXOJuT B cOpOMpoBaHHOE cocTosiHMe. Ecam 1o
BPEMEHHU MOSBJICHUS CUJIbHOM (PIIYKTyalluy TEIUIOBOM 3HEPTUU B MECTE KOHTAK-
Ta TPOUCXOIUT KOHBEPCHsI TPUILIETHOIO COCTOSHUS B cuHIieTHoe, To NaCl
(GopMHpYEeT XUMHYECKYIO CBSI3b U NEpPEeXOoauT B Kpuctami. [Ipm oOpaTHbIX
ycnoBusix NaCl BozBpamaeTcs B pacTBop. SaepHbIii ciuH 00OMX H30TOMOB
xJiopa uMmeeT 3HaueHue 3/2. [1oaToMy MarHuTHBIN U30TOMHBIN A dEKT orpee-
nsieTcs paszinuuueM g-(hakTopoB M30TOMNOB. M3BecTHO, 4TO g-(hakTophl cocTaB-
as1t0T: 35C1 — 168 MTo; 37C1 — 140 MTo. [ToaToMy MarHuTHOE 1oJie JeCTBYeET
Ha pacIpelelcHHEe HM30TOMNOB XJIOpA MEXAY pPacTBOPOM M KPHUCTAUIOM BO
BCTPEYHOM HAIIPABJIEHUN OTHOCUTEIHLHO MacCOBOTO M30TOMHOTO A deKTa.

Ecnn BpeMsi TpUILIET-CUHITIETHOW KOHBEPCUU CIIMHOBOM Iapbl I OJI-
HOTO M3 M30TOIOB OO0JIbIIE, a Il BTOPOTO — MEHBIIIE, YeM BpEeMsI KOHTaKTa
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ATUX U30TOINOB C MOBEPXHOCTHIO PACTYIIEr0 KPUCTAJLIA, TO U3OTOMHBIN 3(-
dexT MakcuMaibHBIA. [lpu 3TOM BpeMsi KOHBEPCHH 3aBUCUT OT MHAYKLIUHU
MAarHATHOTO II0JIS, @ BpEMS KOHTaKTa — OT Temneparypsl. [loatomy cymmap-
HBI M30TOMHBINA YPPEKT 3aBUCUT OT COYETAHUS BEIMYUH TEMIIEPATYpPHI pac-
TBOpa ¥ MHAYKIHWHA MarHUTHOTO IOJA. B JOKIane mpUBOAATCSA PE3yJbTaThl
AKCIIEPUMEHTAJIBHBIX HCCIEIOBAHUNA U OOCYXIAI0TCAd MPUYMHBI HAOII0ak0-
Ierocsi U30TOMHOTrO 3PdeKTa sl pa3aIuvHbIX COYETaHW MarHUTHON WH-
NYKIUU U TEMIIEPATYPHI.

U3OTOMNHbIA 3GDEKT MPU KPUCTANNU3ALUN U3 PACTBOPA,
HAXOAALWErOoCA B MArHUTHOM NMOJE

Apbiwumaes A.M.", O2opodHukos C.A.2

Hayunwiii pyxosooumens: Motukun B.®.2, 0.¢h.-m.n., npogpeccop TITY
\@dr40 «I'XK», 662972 2. XKenesznoeopck, yn. Jlenuna, 53
2TomcKutl noAumexHu4ecKuii yHusepcumen,

634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: ama33@tpu.ru

B nHacTosimiee BpeMsi OU€Hb aKTUBHO BEIyTCS pa3paOOTKH MO MOJyde-
HUIO U30TOMHO-MOAUGUIIMPOBAHHBIX MaTepuayioB. [lyTem u3MeHeHus U30-
TOITHOTO COCTaBa MOKHO JOOUTHCS YJIYUILEHUS] HYKHbBIX CBOMCTB MaTepHa-
70B. CylleCTBYIOT MHOXECTBO METOAOB pa3JeNieHUsl, NPUTOJHbIE IS
MOJIy4eHUsI M30TOINOB BCEX JJIEMEHTOB. M3-3a BBICOKOM CTOMMOCTH H30-
TOMHO-MOJU(PUIMPOBAHHBIX MAaTEPHAIOB AaKTyalbHbl HCCIEOBAHUS TIO
pazpaboTke 3(PPEeKTUBHBIX METOJIOB pa3AeiiC€HUs N30TOMOB Pa3IMUHbBIX dJie-
MEHTOB.

N3BecTeH MarHuTHBIN u30TONHBINA dPdekt (M), cBa3anusblil ¢ dop-
MHUPOBAaHUEM KOBAJCHTHOM XMMHUYECKOH CBSI3M MEXKIY JIBYMSI CBOOOIHBIMU
paauKagaMu U3 PacTBOPa, HAXOASAIIETOCS B CIA0OM MOCTOSSHHOM MAarHUTHOM
nosie. MUD He Tpebyet OonbImx 3aTpat 3Hepruu. @opMupoBaHUE KpUCTaI-
JIOB U3 PACTBOPOB TAKXKE COMPOBOKIAACTCS MOSBICHUEM HOBBIX XUMHUUYECKUX
ces3eil. [loaTomy cnenyer oxunars nposiinenne MO B npouecce kpucrani-
JIu3alMy. 3ajada ucciaea0BaHus — yctaHoBieHrne MIUD.

DKCIEpUMEHTAIbHOE UCCIIEI0BAHNE U30TOMHBIX 3((HEKTOB MPU KpUCTa-
JU3AIMH B TOCTOSTHHOM MarHUTHOM T10JI€ MPOBOJWIIA Ha MIPUMEPE U30TOITHOTO
cocraBa xyiopa B kpucrauiax NaCl, popmupyembIx U3 BOAHOTO pactBopa. Ta-
KW MCCIEIOBAHUS Ha MPaKTUKE MPEJICTABIIAET COO0M CIOXKHYIO 3a1a4y, KOTO-
past TpeOyeT TiyOOKUX 3HAHUN (PUBMKO-XMMHUYECKUX OCHOB BJIMSIHUS MarHMT-
HOTO TOJSI HA BpPEMsl TPUILIET-CHHIVIETHOW KOHBEPCHM CIHMHOBOW maphl Jis
OJTHOTO U3 U30TOIOB, a TAK)KE METOJUK MPOBEIEHUS HUCCIIEOBAHU.
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M30TOMHBII cocTaB Xjopa ONpEeAesiidi Ha Macc-CIIEKTPOMETpPE C HH-
nyktuBHO cBs3aHHOM mazmort (ICP) Element. Onpenensnu pacupenencHue
M30TOMOB MO 00beMy KpuctawioB. [loatomy momuuiupoBain METOIUKY
u3MepeHus: u3otonHoro coctaBa Ha ICP macc-crektpomerpe u 00pabOTKH
MOJTy4aeMbIX JaHHBIX.

Kpucrammer NaCl co Bcelt KIOBETHI C pacTBOPOM OTOMPAIHNCh B OJHY
npoOy 6e3 ydyeTa BeIMYMHBI MarHUTHOTrO 1nosist. Kpucrasmibl Ha aHanu3 oTou-
panuch U3 oO0uel mpoObl CiydailHBIM 00pa3oM, C YYETOM COBEPIIEHCTBA
dbopmel u paszmepoB. [losTomy Habmr0maeTcs Kak oboraiieHue, Tak U 00e-
Henue 110 °'Cl u3-3a pasHBIX COYETAHMI TEMIIEPATYPhI PACTBOPA U BETMYUHBI
MarHuTHOTO 1oJjsi. B panbHeiieM miaHupyercs OTCIEeKUBATh TEMIIEPATypy
Y MHAYKIIMIO MarHUTHOTO TOJIS IS KaKJIOTO aHAIM3UPYEMOTro KpUCTalla.

B noxnane mpuBOIMTCS aHANIM3 MapaMarHUTHBIX MPOILECCOB, MPOTEKAIOIINX
Ha TIOBEPXHOCTH PACTYIIETO KpHCTalula B TepechieHHoM pactBope NaCl,
MOMEIIIEHHOTO B c1ab0e TOCTOSIHHOE MarHUTHOE TOJIE.

WCCNEQOBAHUE PAIMALMOHHO-3ALLMTHBIX CBOMCTB
BUMETANITUYECKUX HAHOIMOPOLLKOB W-CU, FE-PB U FE-CU

Hopxues A.E., OcokuH A.A.

Hayunwiit pykosooumens: Tumuenxo C.H. k.m.H., doyenm
Tomckuu nonumexHuyecKuu YHu8epCcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30

E-mail: timsn@tpu.ru

Ha ceroansimiauii 1eHh BOCTPEOOBAHHOCTH CO3/]aHUSI HOBBIX pajJidallM-
OHHO-3alIUTHBIX MaTepUaiOB OOYCIIOBJICHA MOBBIIICHUEM TPEOOBAHUM K MX
GyHKIIMOHATBHBIM XapakTepuctukaM. OHUM U3 TMEPCIEKTUBHBIX PEIICHUMA
MOBBINICHUS (YHKIIMOHATIBHBIX XapaKTEPUCTUK PaJAUAIMOHHO-3aITUTHBIX
MaTEpPHAIOB MOXKET CTaTh UCIOJIb30BaHUE HAHOYACTUI] HA OCHOBE OMHAPHBIX
CHCTEM HECMEIINBAKOIIUXCS METAIIJIOB.

Ha ceronnsmnnii 1eHp HaHOpPa3MEpHBIE MOPOILIKK HAUIA IIUPOKOE ITPU-
MEHEHHUE B PA3IMUYHBIX 00JIACTSIX HAYKH, TEXHUKH W MPOMBIIUIEHHOCTH. B mpo-
1IeCCe MCCIICAOBaHNUS ObUTM CHHTE3UPOBAHBI OMMETAITMUYECKHE HAHOTIOPOIIKU
W-Cu, Fe-Pb u Fe-Cu. [{ns nomyyeHns HAHOOPOIIKOB UCIHOJIb30BAIUCH MPOBO-
JIOKU BOJIb()pamMa, MEM, CBUHIIA U YKeJie3a, a TAKXKe aproH Juist (popMUpoBaHUs
WHEPTHOU aTMOC(ephbl B 3JICKTPOB3PHIBHON Kamepe. VcciaenoBaHbl OCHOBHBIC
XapaKTEPUCTUKN TOJYYEHHBIX TMOPOIIKOB W PAIUOIOIJIONIAIOIINE CBOMCTBA
C MOMOIIBbIO raMMa-u30ToNHON ycTaHOBKU «POKYC-AMT». Ilonydens! kKoMIio-
3UTHBIE MaTEPUAITbI HA OCHOBE CHUHTE3UPOBAHHBIX HAHOYACTUI] U MTPOBEICHBI U3-
MEPEHUS MOLITHOCTH MOTJIOIEHHON JO3bI ITOJIyY€HHBIX KOMITIO3UTOB.
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HOJ’Iy‘—IeHHBIC pe3yjibTaThl MOTYT OBITh HCITOJIb30BaHBI JJId CO3JaHusA
paaAnallnOHHO-3aIIUTHBIX MAaTCPUAJIOB B a3p0KOCMHq€CKOﬁ )41 H,I[CpHOfI IIpo-
MBIIIJIICHHOCTH.
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Bepuanckuit B.W. npeacrasisin Hoocdepy Kak HOBBIM 3Tall B pa3BUTUU
o6uocdepsl, 3aKTrovaronuics B GOpMUPOBAaHUN PA3yMHOTO B3aWMOOTHOIIIE-
HUS YEJIOBEKA U OKpYyXkarouein cpeapl. OIHaKo, B CBA3U C YCKOPEHUEM Hay4-
HO-TEXHUYECKOTO Pa3BUTHsI, BTOPKEHUSI B Onochepy U MpOsIBIECHUS PE3YJib-
TATOB YEJIOBEUECKOW JEATEIBHOCTH, HOCSIIEH TJIOOATbHBIN XapakTep,
BO3HUKAIOT 0OJIE3HU LIUBUIIM3AIINH, HAIPUMEDP, OHKOJIOIMUYECKHUE.

BOABIIMHCTBO XMMUYECKHUX 3JIEMEHTOB Ha 3eMJie€ MPEICTaBIEHbI IBYMS
u Oosee cTabuiIbHBIMH KM30TONaMu. Kak mpaBuiio, M30TOMHbBINA COCTaB XUMH-
YECKUX 3JIEMEHTOB B Pa3HbIX TOYKax 3E€MHOro liapa KoJyieOseTcss He3HauM-
TeIbHO. PaOaKTUBHBIE U30TOIBI BOZHUKAIOT B SIIEPHOM PEAKTOPE WIIU MPHU
00JTy4eHUH MUILIEHU YCKOPEHHBIMUA HOHAMMU.

B noknane aHaIM3UPYROTCSI OCHOBHBIE METOJIbI MCIIOJIB30BAHUS H30TO-
NOB B MeAWIMHE. B MeauuuHe MMpPOKO HCHOJIB3YEeTCS METON «MEUEHBIX)
aTOMOB, CBSI3aHHBIA C MCIOJIb30BAHUEM H30TONOB B KAYECTBE MHJIUKATOPOB
IIPM M3YYEHHUM PaCHpEACNICHHs] WM MyTe NEepEeMEIIECHUs JIEKAPCTBEHHBIX
npenapaTroB B opraHu3Me uenoBeka. [Ipu 3TOM BO3MOXKHO HCIOJIb30BAaHUE
CTAaOMJIBHBIX U30TOIOB WM KOPOTKOXKUBYIIMX PAAHUOHYKIUIOB.
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OnHa U3 cepbe3HbIX MPOOJIEM MPHU JICUEHUHM paKa CBA3aHa C MOCIE-
CTBUSIMH TaK Ha3bIBa€MOM XxuMHoOTepanuu. [Ipenaparsl, coqepxaiiye paamo-
HYKJIHbI, KOTOPhIE pa3pylIaloT PaKkoOBbIE KIIETKH, TakKXe T'yOUTEIbHO JICil-
CTBYIOT U Ha 3/IOPOBBIC TKAHU. ITO CO3/1AET CEPHE3HBIC MPOOIIEMBI.

TepanocTrka cBs3aHa ¢ TOIXOIOM, IPH KOTOPOM OOCTICIOBAaHUE TIAITUECHTA
U €rO0 JICYECHHUE MPOBOASITCS B paMKaX €IUHOM MPOLEAYPhl U UCIIOIb30BaHUS OJ1-
HUX MPUOOPOB. XOTS METOJIbI TEPAHOCTUKH MOTYT OBITh MCIOJIB30BAHBI B pas-
HBIX OO0JIACTSIX MEIUIIMHBI, OHM aKTUBHO Pa3BUBAIMCH JIMIITL B OHKOJIOTHH. [[yis
JIOKQJIM3AIlUM  pa3pyIIAIOIero JeHCTBUS COSAMHEHHS, COJICPKAILEro pauo-
HYKJIMBI, pa3padaThIBalOTCS CIIOCOOBI aJpecHOl MocTaBku. [Ipu 3ToM criocoo
JOCTaBKH PAJMOAKTUBHBIX IIPENApaTOB SBISETCS HEOTHEMJIEMOM YacThiO Tepa-
HOCTUKH. [Ipy MCHoab30BaHUM TEPAHOCTUKH Bpad MMEET BO3MOXKHOCTb JICUHTh
KaKJIOT0 MallieHTa HHAUBUIYAIBHO, C YY€TOM OCOOEHHOCTEH ero 00Ie3HH.

Taxxe pa3padaThIBalOTCS METOIbI JICUCHUS, HCTOJIB3YIOININE KHHETHYIEC-
CKHUI M30TOMHBIN 3P (DEKT. DTH METOABI CBSA3AHBI C TEM, YTO OMOXHUMHUYECKHE
pEaKLMH, B KOTOPHIX HAa XMMHYECKH aKTHBHOM IICHTPE pacrojiaraeTcs He-
YETHBIM M30TOIl JKEJIe3a MIIM MarHus, UMeeT OOJIbIIYI0 CKOPOCTh, YeM JIJIS
YeTHBIX M30TONOB. IIpy »ToM HeueTHble u3oTONHl (Mg, °'Fe, ®’Zn) umeror
AJIEPHBINA CIIHH, YCKOPSIIOIUN OMOXUMUYECKYIO PEAKIIHIO.

U3YYEHMUE ®A30BOIO NEPEXOAA MAPOB BOJIb®PAMA,
NPOTEKAIOLLEIO B MAFHUTHOM MOJE

Escmpamenko A.C., LLlesyeHko U.H.

Hayunwii pykosooumens.: Motuxun B.D., 0.¢.-m.H., npogheccop TIY
Tomckuti norumexuuyecKull yHugepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: ase35@tpu.ru

B nacrosmiee BpeMs pacTeT NPUMEHEHHE HAHOIIOPOILIKOB B Pa3jIMYHbIX
OTpacisX MPOMBIIIIEHHOCTH, HAPUMEP, B MUKPOAJIEKTPOHUKE. DTOT POCT
noTpeOJeHUs] CBA3aH C TE€M, YTO HAHOMOPOILIKH MPOU3BOAATCA B OOJIBLIMX
KOJIMYECTBAX, MOTYT OBbITh MOJYYEHBI MOYTU U3 JIFOOOT0 MaTepuana, UMEIT
npuemiieMyto cTouMocThb. [Ipu 3ToM 0TpaboTaHbl TEXHOJOTHH MOIYYEHUS
MOPOIIKOB U3 0OJIBIIION HOMEHKIATYPhl BEILIECTB.

IlepcniekTHBBI MCNOJIB30BAHKS HAHOMOPOILIKOB CBSI3aHBI C UX YHHUKalb-
HbIMU CBOWCTBAMH, CBA3AHHBIMHU C TEXHOJIOTHEN WX IMOJYYEHUS: Mayas TEM-
neparypa CreKaHus; JIeKTpo(QU3NUeCKre CBOMCTBA MPU HU3BKUX TeMIepaTy-
pax; BO3MOKHOCTb CAMOBOCIUIAMEHEHUS IIPU KOHTAKTE C BO3JYXOM; BBICOKOE
NOTJIOIIEHHE JIEKTPOMArHUTHOTO U3TYyYEHUS B IIMPOKOM JIMANA30HE CIEKTPA;
BBICOKAsl XUMUYECKasi aKTUBHOCTh; HU3Kasi paboTa BbIX0Ja. DTU CBOWCTBA, JUIs
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33JJaHHOT0 XMMHYECKOTO COCTaBa, OMPEIEISIIOTCS pa3MepamMu HaHOYACTHIL.
[TorTOMy HEOOXOAMMBI METOIBI YIIPABJICHUS pa3MepaMu HAHOYACTHIL.

N3ydanu Bo3aelCTBUE C€JIA0OTO MOCTOSHHOTO MArHUTHOTO TIOJISL Ha
Mpolecc HyKJIealuu napos Bojbppama. Mcnonp30Bany MOCTOSHHbIE MarHU-
ThI, UMEIOIIINE PA3HYI0 OCTAaTOYHYI0 HaMarHW4eHHOCTh. [lapbl metamia mo-
Jy4yanu B atMocgepe aproHa myTeM Ja3epHON aOisiuy METaTHIeCKOH MU-
[IEHW, HaxXOIAIleHCs Ha JHE IJJAaCTUKOBOM KIOBEThl. BepxHssi Kphiiika
KIOBETHI CoZieprKajia OKHO U3 CTekIa, A o0mydeHnus. OOpasyronuecss HaHO-
JUCIIEPCHBIC YaCTULIBI OCEAaIM HAa BHYTPEHHUE CTEHKHU KIOBETHI. /{7151 mpoBe-
JICHUSl TPaHYJIOMETPUYECKOTO aHaiKM3a TOPOIIOK CO CTEHOK MEPEHOCUITU
B KUJKOCTH C IIOMOIIbIO KUCTOYKH.

JlucriepcHbI COCTaB HAHOIOPOIIKOB HCCIIEIOBAIA METOJAMH DJIEK-
TPOHHOW MUKPOCKOIIMH, CEAUMEHTALIMU U JIa3epHOU AUDPAKTOMETPUH.

C noMouipo0 3J€KTPOHHOM MHUKPOCKONUH IOKa3aHO, YTO 00pa3yroTcs
MUKPOHHBIE U CYOMUKPOHHBIE YacTullbl. C MOMOIIBIO JIa3epHOU AU paKivu
B BOJIHOM CYCII€H3UHU YCTAHOBJICHO HAJIMYUE 3 MOJ MOPOIIKOB, MOJIYYEHHBIX
B MarautHoM mose: 80 mTm — 0,179; 0,933; 2,616 mxm, 50 mxTn — 0,271,
0,933; 2,616 MkM. B MaroHuTHOM MoJsie pa3Mep YacTHl], 0Opa3yloIIHUXca U3
napoBo# (¢asbl, MeHbIIIE, yeM 0e3 moJist. Hanuuue HaHOYaCTHI] ¢ MOTAJIbHBIM
pazmepom 0,933 MKM cBsizaHO ¢ Koaryisiuuen. Hanuume HaHowacTuil ¢ Mo-
JaIbHBIM pa3MepoM 2,616 MKM CBS3aHO C BBIIUIECKMBAHUEM Karlelb U3 BaH-
HBI paciuiaBa BoJibPppama, oOpa3yromieics moj AeHCTBUEM UMITYJIbCOB JJIH-
tenbHOCThIO 100 He. Ilpu MCHoNb30BaHUM CENMMEHTAIIMU OOHAPYXKHUIOCH,
YTO B CIUPTaX U BOJOMPOBOJTHOM BOJIE MPOUCXOIUT OBICTpast KOAryssiius,
a B IUCTWUISITE HAHOYACTHUIIHI BOJb(pamMa MEIJIEHHO PacTBOpsIOTCsA. B mo-
KJIaJIe TIPUBOJUTCS aHAIM3 MapaMarHUTHBIX SIBJICHUN, TPUBOIAIIUX K (Op-
MUPOBAHUIO HAHOYACTHUI] B MATHUTHOM IIOJIE.

AHAIIN3 CXEM NMOCTPOEHUA KACKALIOB
MO PA3AENEHUIO U30TOMNOB BOPA

Burozpados A.C., lllapos P.B.

AO «B/O «H30mony, yn. [locoounckas, 0. 22, Mockea,
E-mail: asvinogradov@isotop.ru

Pa3zButme B atomHOM oTpacinu Poccun KOHLENIMU 3aMKHYTOTO SIIEPHO-
ro TOTUIMBHOIO ITMKJIa TPEAroJiaraeT IMPOKOE HCIIOIb30BaHUE PEAKTOPOB
HOBOI'O TIOKOJICHHUSI — Ha OBICTPBIX HEUTpOHax, Tne, Onaroaaps OOJbILIOMY
CEUYEHHUIO 3aXBaTa HEHUTPOHOB, ISl U3TOTOBJICHUS BBHITOPAIOUIUX IMOTJIOTUTE-
Jied, CTepKHEW CHUCTEMBbl YIPABJIICHHUS W 3alllUThl peakTopa MPUMEHSIOTCS
Oopconepkale COCIUHEHMs, OOOTallleHHbIE MO CTaOWIBHOMY W30TO-
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my 1°B [1]. K ToMy ke JaHHBIA JIETKMH H30TON 6Opa SBJIAETCS OCHOBHBIM
KOMIIOHEHTOM HEWTPOHO3aXBATHOI'O METOJ/a JICYEHHSI OHKOJIOTMYECKUX 3a-
6oneBanuii. 3anpocsl npeanpusaTuil Poccun B JaHHOM HM30TOME, B CHIIy OT-
CYTCTBHE €ro MPOM3BOACTBA HAa TEPPUTOPUM HAILLEH CTPaHbI, YAOBIETBOPS-
I0TCA 3a cueT ummnopra. Takum oOpa3oM, pabOThl HampaBICHHBIE HA TMOUCK
U pa3pabOTKy crocoOOB OpraHU3alMK MPOMBIIUIEHHBIX KacKaJoB IO pasfe-
JIEHUS] U30TOIOB OOpa SIBJSIOTCS aKTyaJbHBIMH.

W3BecTHO, YTO AJIs pa3/ieleHHsl U30TOIOB JIETKUX AJIEMEHTOB HauboJee
NEPCIIEKTUBHBIMU B MCIIOIb30BAHUM SIBISIOTCS (PU3MKO-XUMUUYECKUE METOIbI
pazneseHus [2], npuyeM B IJIaHE U30TONOB O0Opa UMeEETCs NPAKTHKA IpUMe-
HEHUsI XMMHYECKOIOo HM30TONHOro oOMeHa M pektuduxamuu [3]. Hapsay
C 3TUM, UMEIOTCS CBEAECHUSA O BO3MOKHOCTH MCIIOJIb30BAHUS JUIS Pa3eICHUS
paccMaTpUBaEMbIX U30TOMOB LIEHTPOOEKHBIX KacKal0B [4].

Jannast paOoTa HampaBlieHa Ha MOMCK MEPCIEKTUBHBIX ISl MPOMBIIII-
JIEHHBIX TEXHOJOTUI METOAOB pa3JeJICHUs M30TONOB OOpa M aHalIHu3a BO3-
MOKHBIX BAPUAHTOB MOCTPOCHHUSI pa3IeIUTENbHBIX KACKAI0B.

B cBsi3u ¢ 3TUM, OBLIM IPOBENIEHBI JIUTEPATYPHBII 0030p MPOMBIIILIEH-
HBIX METOJOB Pa3JelIeHUs] U30TONOB OOpa M TEOPETUYECKUI AHAIU3 IOJTY-
YEHHBIX pe3yJbTaTOB. B pe3ynbrare MpoBEIEHHBIX UCCIEI0BAHUNA TTOKA3aHO,
4YTO Haubosee NMepCreKTUBHBIM BapUAHTOM IOCTPOEHUS KacKanaa uid pasfe-
JICHUs] U30TOIOB Oopa sIBIIsETCS TMOPUAHAA CXeMa, IIpeIoaraiolas nocie-
J0BaTeabHOE 00OoTaleHne XUMOOMEHHBIM U HEHTPUDYKHBIM METOAAMH.

Cnmcok UCNoJ1b30BaAHHOM JTUTEPATYPbI

1. benas xuura saepHou >HepreTuku. 3aMkHYThIH SATL] ¢ ObicTphIMU
peakTopamu / o obmr. pexa. mpod. E.O. Axamosa. — M.: U3n-Bo AO «HU-
K13T», 2020. — 502c.

2. Annpee b.M., 3ensBenckuit f.J1., Katanpaukos C.I'. Paznencnue
CTAOMJIBHBIX HM30TONOB (PU3UKO-XUMUYECKUMH MeToaamMu.— M.: DHeproato-
mm3aar, 1982. — 208 c.

3. CesproroBa H.H., YBapos O.B., XXaopoukoB H.M. Paznenecnue
cTabuIpHBIX H30TONOB O0pa // Atomuas sueprus. —1960. — T. 9, Bem. 2. —
C. 110-125.

4. Toxmanues B.U., ITankun B.A. Pa3nenenue ctaOMiIbHBIX U30TOIIOB

0opa B IPSIMOTOYHBIX Ta30BbIX IeHTpUbyTax // Atomuas 3Heprust. — 2017. —
T. 123, Bemm. 1. — C. 40-45.
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TEOPETUYECKAS OLIEHKA TEMNOMNPOBOOHOCTU
AUCNEPCUOHHOIO TOMNNBA C YITNEPOOHOWU MATPULIEN

3auues U.K.," Toembskosa A.B.2

Hayunwii pykosooumens.: Buoseg J[.I'., 0.m.u., npogheccop
YTomckuii nonumexnuuckuii ynueepcumem,
634050, Poccus, e.Tomck, np. Jlenuna, 30

2000 «Power Protony, 2. Tomck
E-mail: ikz1@tpu.ru

B coBpemMeHHOI aTOMHON dHEPreTUKe 0OBIYHO MPUMEHSIETCS KEpamMHuye-
CKOE€ SIEpHOE TOIUIMBO, KOTOPOE€ 00Ja/laeT CYIIECTBEHHBIM HEIOCTATKOM —
HU3KUM KO3(D(PUIMEHTOM TErIonpoBOAHOCTH. OAHO U3 BO3MOKHBIX pellie-
HUM 3TOM MPOOJIEMBbl — UCIOJIB30BAHUE JUCTIEPCUOHHOTO SIAEPHOTO TOILIUBA.
V¥ Takoro BHAA TOIUIMBA 3HAYUTEIBHO BbIIIE KOA(DPHUIIMEHT TEIIONPOBOAHO-
CTH 3a CYET MaTepHajla MaTPUILbl, YTO MO3BOJIAET HE TOJBKO YBEIUYUTH KO-
JUYECTBO TEIUIOThl YHOCHUMOW TEIUIOHOCHUTENEM, HO TAaKXXE M YMEHBIIUTH
TEPMUUECKOE HANPSLKEHHE TOIJIMBHOM TaOJETKH, a, CIeI0BATEIbHO, U TIOBBI-
CUTh O€30MaCHOCTb NPUMEHEHUS SJAEPHBIX DSHEPreTUYECKUX YCTaHOBOK.
[IpoBeneHO TEOpEeTHUECKOE HCCIEIOBAaHUE 3aBUCUMOCTU KO3(PPUIMEHTA
TEIJIONPOBOJHOCTH IUCIIEPCUOHHOTO SJIEPHOTO TOIUIMBA C YIJIIEPOAHOW MaT-
pHULIEH OT coIepkKaHUs JEISAUIErocs BellecTBa. B kadecTBe Jensierocs Be-
mecTtBa ObUIM paccMOTpeHbl auokcuna ypana UQO;, cMmemaHHoe ypaH-
wryroHueBoe TormmBo (U+Pu)O, u ypan-topueBoe (U+Th)O; u ux umura-
Topbl. Jlyist onpeneneHuss Ko3PPuuueHTa TemIonpOBOAHOCTH UCIOJIb30BaHa
MOJZEJIb C 3aMKHYTBIMU BKJIIOYEHHUSIMHU C JIPOOJIEHUEM SYEHKHU aguadbaThye-
CKMUMH (HEMPOHULIAEMBIMU AJi1 JUHUHN Toka) ruiockocTsamu (BAJI). Ilo neit
KOA(DPUIIMEHT TEIIONPOBOJHOCTH JUCIEPCUOHHOTO TOIUIMBA A MOXKHO
onpenenuts no Gopmyse [1]:

v—(v—l)o(l—mzz’s)- m;°
v-m-(v-1)

A=, -

3nech, My — 00beMHasi KOHLEHTpAIHS JeIISAIIETrocs BEIIeCTBa, V — OTHOLICHHE
ko3¢ uLIeHTa TEMIONPOBOIHOCTH JIETSIIErOcs BEUIeCTBA K KOIPPUIIUEHTY
TETUTONIPOBOTHOCTH MaTPHIIBI.

HccnenoBanne NpOBENEHO ISl COJCpPXKAHUS JIENAIIErocsl BEIIecTBa
B mipenenax ot 5 % 10 20 % B AMCIIEPCHOHHOM SIIEPHOM TOILIUBE. Y CTAHOB-
JIEHO, 4YTO KOA(PQUIMEHT TEeIIONPOBOJHOCTH AMCIEPCHOHHOTO TOIUIMBA
Y TOIUIMBA U3 MOJIEJIbHBIX OKCHJIOB OJU3KU 10 3HAYEHUSIM, YTO TIO3BOJISIET HC-
M0JIb30BaTh MOJIEIbHbBIE OKCH/IBI JIJIs IPOBEICHUS UCCIIEA0BAaHUM TabJIETOK.
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[To pe3ynbTrataMm OMBITOB BBISBICHO, YTO YBEIUYCHHUE COJEPNKAHUS JIe-
JISIIETOCS BENMIECTBA MPUBOIUT K JIMHEHHOMY YMEHBITICHUIO TETIOTIPOBOIHO-
ctu Tabnetku. HamOospiiel TEmIONPOBOJHOCTHIO 00JIaIaeT CMEIIAHHOE
TOIUTMBO W3 YpaHa U TOPHSL.

Cnmcok UCnoJIb30BaAHHOM JTUTEPATYPHI

1. Mennoca O., Kapenrun A.I'., HoBocenoB WN.IO., Illamanun U.B.
Omnpenenenre TEMIOPU3NYESCKUX CBOWCTB KOMIIO3UITMOHHOTO MaTepuasa
C WCTIOJIH30BAaHUEM pa3IUYHBIX Mojeliel // DyHaaMeHTaTbHBIE MPOOIEMBI
coBpeMeHHoro matepuanoBegeHus. — 2017. — Ne 2. — C. 178-183.

WCCNEAOBAHUE NJIOTHOCTU TABIIETOK )
U3 MOAEJIbHBIX OKCUAOB C YINMEPOOAHOWU MATPULIEN

3atiues U.K., Budsies [].I".

Tomckuti norumexuuyeckuli yHugepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: ikz1@tpu.ru

B cooTBeTCTBUM C NPEbABISIEMBIMU K IAEPHOMY TOILIMBY, B TOM YHCIIE
JTUCTIEPCUOHHOMY, TpeOOBaHUAMHU €r0 (U3MUECKHE U XUMHUUYECKHE CBOMCTBA
JIOJKHBI TIO3BOJIATH CHPABIATHCS C OOJBIION pagualmOHHOM HArpy3Kon
Y BBICOKOM TEMIIEPAaTypOM B aKTMBHOM 30HE sIAEPHOTO peakTopa. K BaxHbIM
CBOMCTBAM TaKXe€ OTHOCSITCSA: TEIUJIONMPOBOJHOCTh, TIyOWHA BBITOpPAHUS,
IJIOTHOCTh XU MHOXKECTBO JAPYruX. MaTpuiia sBJIsSIETCS OJHUM U3 KOMIIOHEH-
TOB JIUCIIEPCUOHHOTO SIAEPHOTO TOIUIMBA, OOECIEUMBAIOIIMM €T0 BBICOKYIO
paANaIMOHHYI0 CTOMKOCTh. OCHOBHBIE TPEOOBaHUS K MaTepUany MaTPULIbI —
HE3HAYUTEIHLHOE MOTJIONIEHUE HEHTPOHOB, BHICOKAsI TEMIIEpaTypa IJIaBJICHUS
U TEIJIOMPOBOJHOCTh, COBMECTUMOCTh C TOIIJIMBHOW KOMITO3UIIMEH U MaTe-
puajgoM O0O0OJOYKH, YCTOMYMBOCTH B YCJIOBHSIX PEAKTOPHOTO OOIydYeHUS,
a TaK)KE BBICOKME MEXaHUYECKUMU CBoMcTBamu [1].

B ocHoBHOM Jendiuecss MaTepuaibl, UCIOJIb3YEMbIE B JUCIEPCUOHHOM
SJIEPHOM TOTUTUBE, MIPEJICTABIISIIOT COOOM OKCHJI ypaHa MM €r0 CMECH C OKCH-
JIaMH TOPUS, a TakKe TUTyToHUs. [1o mpuyurHe X MOBBITICHHON paOaKTUBHO-
CTH M3TOTOBJICHHE TOIUIMBHBIX TAa0JIETOK W JAIbHEHIIIee MCCIICIOBAaHUE TPEI-
craBysieTcs cioxkHoi 3agaueil. [Toaromy okcuasl ThO, UO; u PuO, B coctase
TabJIETOK 3aMEHSIOTCS Ha UMUTATOPhI, KOTOPbIe 00J1aat0T HanboJsiee OJIU3KUMHU
K HAM CBOMCTBamMH. B kadecTBe MMHUTATOPOB ACIISAIIMXCS MaTEPUAIOB MOXKHO,
COOTBETCTBEHHO, UCITONB30BaTh OKCHILI CeOz, Nd2Oz 1 Smy0s.

B paGote nmpuBeneHbl pe3ysbTaThl UCCIEAOBAHUS 3aBUCUMOCTH TLIOT-
HOCTU TaOJETOK OT JABJICHUS MPECCOBaHUS, TEMIIEpaTyphbl HarpeBa oopas-
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11oB, coctaBa uMuUTaTopoB (Ne 1 — C + Nd;O03; Ne 2 — C + Nd203 +Sm,0s3;
Ne3-C+CeO,+ Sm203).

HccnenoBanue MIOTHOCTH MPOBOAMIOCH AJI TaOJETOK M3 BCEX COCTa-
BOB ITOJIyYEHHBIX IpHU AaBieHusAx npeccoanus 20, 50, 100 Mlla no u nocne
ux criekanus B Tpyouaroit meun Carbolite STF. Ilo pesynpraram mcciemoba-
HUN YCTaHOBIIEHO, YTO HAMOOJBIIYIO MJIOTHOCTh MMEIOT TAaOJIETKU COCTaBa
Ne 2. 3MeHeHHe MUIOTHOCTH TabJIETOK IOcje HarpeBa cocrtabisieT 3—15 %.
SIBHOI 3aBUCUMOCTHU IJIOTHOCTH TOJTYYCHHBIX TaOJETOK OT MABJICHHS Tpec-
COBaHMSI B MCCJICIOBAHHOM JHaria30He HE HAOII0gaeTCs.

Cnmcok HCIo/1b30BAHHOM JTUTEPATYPBbI

1. Anekcee C.B., 3aiiueB B.A., TonctoyxoB C.C. JlucnepcuonHoe
snepHoe ToruBo. — M.: Texnocdepa, 2015. — 248 ¢. TeKCT : 2IEKTPOHHBIH //

Jlanb : OBC. — URL: https://ezproxy.ha.tpu.ru:2225/book/87736 (nara obOpa-
menust: 28.10.2023). — PexuM goctyna: AJjisi aBTOPU3. MOJIH30BATEIICH.

OLIEHKA PEXXUMA CMEKAHUA YT NEPOAHbLIX TABNIETOK
CO CTEAPATOM LIMHKA B KAYECTBE NMNMACTUD®UKATOPA

Budsies [1.I".7, Yckos T.N.1, Casocmukos [].B.?

Y Tomexuii nonumexnuuyeckuii ynusepcumem, 2. Tomck
2ToMmcKuti 20CyOapCmeeHHblil YHUEPCUMen CUCIeM YAPAGLeHUs.
U paouosiekmpouuxu, 2. Tomck
E-mail: tiul@tpu.ru

OpHuUM 13 BaXKHBIX 3TAMOB MPOIIECca MOTYUYSHHS TaOJIETOK SBISIETCS MPO-
niece criekanus. Jliis oTpaboTKu pekuMa HarpeBa 00pasiioB HEOOXOAMMO 3HATh
BIMSIHAE TEMIIEpPAaTypbl Ha CBOWMCTBA OTAEIHHBIX KOMITOHEHTOB, BXOJISIIIHX
B COCTAB MPECC-TIOPOIIKA. Tak /I yJIydlIeHHsl IPECCYEMOCTH MOPOIIKA B HETO
J00ABJISAIOT PA3IUYHbIE IIACTU(UKATOPHI, B YACTHOCTH CTeapaThl.

Hamu paccmarpuBaeTcsi BO3MOXKHOCTh MpH (pabpuKkaiuy yriiepoaHbIX Tao-
netok [1] ucmons3oBath creapat 1uHKa (ZN2[CH3(CH,)16COQ]). ITosTomy ObLt
MIPOBEJIEH €r0 TEPMOIPABUMETPUUYECKHUI aHAJIU3 B aTMOC(EpPe aproHa mpu TeMIie
narpesa 10 rpag-MuH , pe3ynsTaThl KOTOPOTO HPEACTABIICHBI Ha PUCYHKE.

Bun kpupoit JITA o6ycioien 3HA03(G¢dEKTOM IJIaBJICHHUS CTeapara
npu 120 °C, adpdexramu ero pasznoxkenuem B obsactu ot 325 mo 410 °C,
JNAJbHENIIMMU TIEPECTPOUKON CTPYKTYPBI U OKUCJIIEHUEM IPOIYKTOB pasJo-
eHus. Macca octatka, B coorBeTcTBHH ¢ KpuBoi TI'A, cocrtaBmser 20 %,
YTO COOTBETCTBYET OKCHAY IIMHKa (Teoperuueckas macca 19,7 %). Ilo pe-
3ylbTaTaM TEPMHUYECKOT0 aHalIM3a ONpEAeNieH pPeXHUM HarpeBa 0o0pasloB
CO CTE€apaToOM IIMHKA.
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Cnucok ucnojb30BaHHOM JUTEPATYPHI

1. AxumoB B.H., bopeuxuii E.A., Bunsges /.I'., CaBoctukoB /I.B.
[ToaroToBKa Tpecc-MOPOMKOB MpH (adpHUKAIMK YTICPOAHBIX MaTEPHAIOB
B TabsieTku // VI30TOMBI: TEXHOJOTHUU, MaTepuaibl U MPUMEHEHHE: cO. Te3.
nokn. V. MexnayHap. Hayd. koHG., Tomck, 19-23 nosiopst 2018. — Tomck:
TITY, 2018. - C. 95.
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Cekyus 4

LIMOPOBU3ALIMA B ATOMHON OTPACI

[Tpedcedamenb: 0.m.H., npogheccop JlugeHyos C.H.
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AOKNUHUYECKWUE NCCNEOOBAHUA PAOUMO®APMALIEBTUMECKOIO
NEKAPCTBEHHOI'O NMPEMAPATA HA OCHOBE MEYEHHbBIX 123
PEKOMBUHAHTHbIX AIPECHbIX MONEKYN AN PAOUOHYKNUOHOW
OUATHOCTUKM OHKONIOMMYECKUX 3ABONEBAHUIA
C FMNEP3KCMNPECCUEMN HER-2/NEU

CemeHos A.C.1

Hayunwie pyxosooumenu: Cxypuoun B.C. 2% 0.m.u., npogpeccop,
Toamaues B.M.2, 0.m.1., npogeccop, Jees C.M.?, 0.6.1., npogheccop,
FOcy6oe M.C.2, 0.x.1., npogpeccop
Y40 «T omckHUIIHnegpmoy, 634027 Poccus, e. Tomck, np. Mupa, 72
2TomcKull NOTUMeXHUYecKutl yHusepcumen,
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Ha mnpotsokeHun ABYyX MOCIEIHUX ACCATHICTHH OCOOBIM HHTEpec
pECTaBISET MOJTYyUYCHUE MEUEHHBIX PAJHUOHYKIUJAMH aHTUTeN. MeueH-
HbIE PAJNOAKTHBHBIM M30TOTIOM aHTUTENIA MOTYT MCITOJIB30BATHCS ISl JTH-
arHOCTHKY TMAIMCHTOB, UMEIOIHNX OMYyXOJHU, CIeHU(PUIHbIE K KOHKPETHBIM
QHTUTCHAM, U MOTYT MMETh NMPEHUMYIIECTBA /IS HANpaBICHHOW (TapreT-
HO¥) Tepamuu [1, 2].

B nacrosieit pabote mpoBeIeHbI HCCIETOBAHUS 10 Pa3pabOTKE METOAM-
KM MEYeHHsI Ho1oM-123 peKoMOMHAHTHBIX afpecHbIX MoJekynl DARPin9 29,
cnenupuunbix k onkomapkepy HER2/neu, u mpoBenensl nx 6mosioruueckue
UCTIBITAHMUS.

N3yuenne omopacnpenenenuss medeHHoro DARPin9 29 npoBoaunu Ha
MHTAKTHBIX Kpblcax-camiax JuHuu Bucrtap. [lpu uzyuenun apmakoxkune-
THKU HcclaeayeMoro paauorpeiicepa DARPin9 29, meuennoro 2I, 6wu1o
OTMEUYEHO OBICTpOE BBIBEJECHUE Tpeiicepa M3 KPOBOTOKA, a TAaKKE€ OTHOCH-
TEJIHHO HEBBICOKME MOKA3aTeIU HAKOIUICHUS U3y4aeMOT0 COCAMHEHUS B JIET-
KHUX, TIEUeHH, cene3éHke, KocTsax. Halmromanoch OTYETIMBOE HAKOIUICHHE
paauoTpericepa B JKEIyAKE W 3HAYUTEIHLHOE HAKOIUIEHHWE B TMOYKAX, 4YTO
MPEANONAraeT MyTh IMOYEYHOM DKCKPEHUU. Y KOHTPOJBHOM TPYNIbI TaKkKe
HaOJI0JAIOCh TIOTJIONICHWE B HIUTOBHIHOW >kene3e. B obeux rpymmax mo-
TJIOIIEHNE B TIOYKAX CYIIECTBEHHO CHIDKAIOCh yepes 4 vaca.

[IpoBeneHHbIe UCCIEOBaHMS MTOKA3aId, YTO CHHTE3UPOBAHHBIN paaHo-
tpeiicep DARPin9 29, meuennsiii %I, mMeeT BBICOKMIT KIMPEHC KPOBH
Y HU3KOE YJIeP)KMBAHUE B DKCKPETOPHBIX OpraHax. BBIBOAUTCS B OCHOBHOM
MOYKaMHU MyTeM KIyOoukoBOU (uibTparuu. JlanHbsie 1o ero 6uopacmnpene-
JICHUIO YKa3bIBAIOT Ha OJIATONPHUSATHBIE MPEANOCHITKA JIsl TadbHEUIIETro J0-
KJIIMHUYECKOT0 U3y4YeHUs paguoTperncepa.
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OLEHKA 3®®EKTUBHOCTU PABOTbI CACTEMbI OXNNAXOEHUA
PEAKTOPA UPT-T METOOJAMU MALLMHOIO OBYYEHUA

Kybnurckut M.K., CmonsHukos H.B., Hatimywun A.T".

Hayunwuii pykosooumens: Havimywun A.I., K.¢h.-m.H., doyernm
Tomckuu nonumexHuyecKuu YHu8epcumem,
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E-mail: mkk4@tpu.ru

MamunHoe 00yyeHue SIBIIEeTCA OAHUM M3 KOMIIOHEHTOB HCKYCCTBEH-
HOT'O MHTEJUIEKTA, MCIIOJIB3YEMOTO JUIsl CO3JAaHMS aHAIUTHYECKUX MOJEIEH
C UCIIOJIB30BaHUEM MOATOTOBJIEHHOTO MaccuBa AaHHBIX [1]. IlepBeie Bapua-
MY MCKYCCTBEHHOI'0 MHTEJIJIEKTA MOSBWIIMCH B CEPEIMHE IBAALATOrO BEKa,
Korja muzooperaresib AnlaH ThIOPUHT TIPEJJIOKUIT pa3padoTaTh OMBITHO 00Y-
yaeMyro mMamuHy. CoycTsl TOJibl IJIAHOMEPHOTO Pa3BUTHS U TEXHOJIOTHYE-
CKMX MHHOBAIIMI, MallIMHHOE O0YyYEHHE MPEICTABISET COO0N PECypCOeMKYIO
YTWINTY, HMEIOIIYI0 I[IHPOKUH CIEKTP HAy4YHbIX, HCCIEA0BATEIbCKUX
Y IPOMBIIIUIEHHBIX MPUMEHEHHUI, C OCHOBHBIM HaIpaBJI€HUEM B OIpeese-
HUUW 3aKOHOMEPHOCTEN B BBIIICYKa3aHHBIX Mpolieccax [2].

B coBpeMeHHOI MPOWU3BOJICTBEHHON MPAKTUKE METOJbl MAIIUHHOTO
0Oy4Y€HHUsl UCMOJIB3YIOTCS JUIsl YIPOLICHHUS] M ONTUMU3ALUU IKCIUTyaTalMOH-
HBIX TIpoueccoB. HecMoTps Ha 3TO, aTOMHBIE 3JEKTPOCTAHIIMYI U UCCIIEI0BaA-
TEIbCKUE PEKTOPBI PEIKO HUCTOIB3YIOT JaTa-aHAJUTUKY IJIsI OLIEHKH TE€XHO-
JIOTUYECKUX U HEUTPOHHO-(PUZNYECKUX XaPAKTEPUCTHK.

B 3TOM uccienoBanuu mnpejiaraercsa paspadoTath nporpaMMHoe o0ec-
NeYeHHUE JJIsl OLEHKHU 3arpsi3HEHUs] TEIJIOOOMEHHOrO ammapaTa. 9TO MO03BO-
JSIET MPEACKa3bIBATh CPOK IKCILTyaTallMH, YTO Ja€T BO3MOXKHOCTb MEPCOHAITY
paboraths 6onee >(PPEeKTUBHO, a KAU4E€CTBO TEIUIOOTHAYu OyAEeT HAXOIUTCS
Ha BBHICOKOM YPOBHE B T€UEHHE BCEIl KAMIIAaHUU PEAKTOPA.

Bbln B3STHI SKCIIEpUMEHTaIbHble AaHHbIe ¢ yTUIUTl SCADA wuccie-
noBatenbckoro peakropa MPT-T u BHenpeHs! B cpeay mpeoOpa3oBaTeIbHOTO
IPOrpaMMHOTr0 oOecreueHusi, pa3pabOTaHHOTO B paMKax MCCIIEI0BaTEIbCKOM
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pab6otel. [Ipu rcnons30BaHuK 00YUYEHUS C HAOIIOACHUEM B PErpecCHr OBLITU
omnpeiesieHbl HauboJiee BaXKHbIE JI1 U3MEHEHUS TEIIO0TIaYu TEXHOJOTHYe-
CKHE TapaMeTphl, U U3MEHEHHUE TEIJI000MEHa B TEUSHHE rojla ObLIO MpeIcKa-
3aHO U MPEACTABICHO B rpadrueckoM BUJE.

Cnmcok UCnoJIb30BaHHOM JTUTEPATYPHI

1. Machine Learning Model for Analyzing Learning Situations
in Programming Learning / Sh. Kawaguchi, Y. Sato, H. Nakayama [et al.] //
2018 IEEE 3rd International Conference on Big Data Analysis, ICBDA
2018: 3, Shanghai, 09-12 March 2018. — Shanghai, 2018. — P. 74-79. — DOI
10.1109/ICBDAA.2018.8629776. — EDN CMGSAL.

2. Korobova, M.A. Overview of Machine Learning Methods Used in
Algorithmic Trading / M.A. Korobova, D.l. Gubina // Languages in Professional
Communication, 28 April 2022, 2022. — P. 54-59. — EDN GQKESU.

NMPOrHO3MPOBAHWE HEPABHOMEPHOCTW SHEPTOBbIAENEHUA
B AKTUBHOW 30HE PEAKTOPA UPT-T

CmonbHukos H.B., AHukuH M.H., Jlebedes U.U.

Hayunwuii pykosooumens: Havimywun AT, K.¢h.-m.1H.
Tomckuii nonumexHu4uecKuil yHueepcumen,
634050, Poccus, 2. Tomck, np. Jlenuna, 30

E-mail: nvs38@tpu.ru

JIist iiepHBIX PEeaKTOPOB, MUMEIONIMX HEOOJBbIINE pa3Mepbl aKTUBHOMN
30HBI XapaKTEPHbI OOJBIITNE HEPABHOMEPHOCTH paclpeeieHUs] HEeHTPOHHO-
ro U3Jy4YEeHUs U, KaK CJIEACTBUE, HAJUUYME BBICOKOHAIPSIKEHHBIX YYaCTKOB,
OTPaHUYMBAIOIINX YCIOBUSA 3KcIuTyaTanuu TBOJIOB ¢ 1enpt0 He BO3HUKHO-
BEHUS KpHU3HUCa TEII000MeHa.

Hanuune BBICOKOHAIPSKEHHBIX YYaCTKOB B 00bEME aKTHUBHBIX 30H HC-
CJIEOBATEILCKUX SACPHBIX YCTAHOBOK OOYCIIOBJIEHO, B TMEPBYI OYEpE/b,
HCMOJIb30BAaHUEM PEKUMA YACTHUYHBIX IMEPETPy30K TOIUIMBA, MPU KOTOPOM
MPOUCXOJUT JIOKAJTbHOE YBEJIMYEHUE HEPABHOMEPHOCTH SHEPTOBBIICICHUS
B SIUEHKE CO «CBEKHMM» TOILUIMBOM, a TAK)KE HATUYHUEM JIOBYILIKK U OTpaKaTest
HEUTPOHOB, TMOBBIMIAIONINX 00 HEHTPOHOB, BO3BPAIIAEMBIX B AKTUBHYIO
30HY M YYaCTBYIOIIMX B MPOIECCE ACICHUSA. AHAIOTUYHBIE YCIIOBHS Xapak-
TEPHBI ISl UCCIEN0BATENBLCKOTO simepHoro peakropa MPT-T, saBisromerocs
peakTopoM 06aCCEeHOBOIO THIA C TEIUIOBOM MOITHOCTRIO 6 MBT. IllTarHas 3a-
rpy3Ka aKTUBHOU 30HBI cOCTOUT U3 20-TH TeruioBbiesomux coopok (TBC)
tunia IPT-3M. B kauecTBe martepuana OTpakarelsisi W JIOBYIIKA HEHUTPOHOB
UCIIOJIb3YyeTCs OepUILTUHA.
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H3meHenrne KOHPUTypallMd AaKTUBHOM 30HBI, MPOIECCHl BBITOPAHUS
TOIUIMBA BBI3bIBAIOT ME€PEPACIPECICHUE SHEPIrOBBIACICHUS B AKTUBHOMU
30HE, YTO, B COBOKYITHOCTU C OOJBIIMM pa3zHOOOpa3ueM BO3MOXKHBIX TOII-
JUBHBIX KOH(QUTypaluii, 00yCclIaBIuBaeT OCHOBHYIO TPYAHOCTh MpPU aHAIIN3E
SHEPreTUYECKUX XapaKTepUCTUK aKTHUBHOW 30HBI. Kak mpaBumio, coBpeMeH-
HbIE KOJbI, PEIIAIOIIME YPAaBHEHHE MEPEHOCAa M3Ty4yeHHUs MeToAoM MoHTe-
Kapno, mo3BositoT o1leHUBaTh HEUTPOHHO-(PU3UUECKUE XaPAKTEPUCTUKU aK-
TUBHOM 30HBI JIJISl KaXJIOM TOIUIMBHOM 3arpy3ku Ha ocHoBe 3D reomerpuu.
OpnHako, MoJly4eHUe JOCTOBEPHBIX Pe3yJIbTaTOB TAKUX PACUETHBIX MEPOIPU-
AT TpeOyeT o0sA3aTeNIbHOE HAIMYME BCEM MCTOPUM SKCILTyaTallud aKTHUB-
HOM 30HBI U OOJBIINX BHIYUCIUTEIIBHBIX MOITHOCTEH.

B kadecTBe ONTMMM3alMM CYIIECTBYIOLIEIO PACYETHOTO Ipouecca
MPEAJIaraeTcsl UCIOJIb30BaTh MOJIETb MCKYCCTBEHHOIO MHTEJUIEKTa C allro-
pUTMaMH perpeccHoHHOro aHammsa [1, 2] i reHepanuu ko3¢ GUIMESHTOB
HEPaBHOMEPHOCTU SHEPIOBBIJCICHHS B AYelKaX aKTUBHOM 30HBI peakTopa
UPT-T pnst pa3nu4HbIX TOTUIMBHBIX 3arPy30K.

Cnucok ucnojab30BaHHOM JUTEPATYPHI

1. I'mypman B.E. Teopus BeposiTHOCTEH U MaTeMaTH4eCKasi CTAaTHUCTH-
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2. Ilaxmun H., OpemikoB B. buszHec-anaiauTuka: oT TaHHBIX K 3HAHUSIM.
VYyeonoe nocodue. CII6.: [Tutep; 2013. 704 c.: u.

MPUMEHEHWE UMUTALINOHHOI O MOJENNPOBAHUA
B LLW®POBOM ABOUHUKE TEXHONOMMYECKOIO YYACTKA CBOPKU
W TEPMETU3ALUN TBIINOB

Kywkos 0.0., bonbwakos A.L.

Hayunwvie pyxosooumenu. Jlusenyos C.H., 0.m.Hu.,
npogheccop; Ecoposa O.B., k.m.H.
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634050, Poccus, . Tomck, np. Jlenuna, 30
E-mail: ook4@tpu.ru

B pamkax npoekrta «IIpopsiB» BempyTcsi paboThl 10 CO3JaHUI0 HIU(PPOBO-
ro asovuka (IIJI) monyns dadpukauun/pedadbpukaruun (MOP) CHVYII-
TOTUIMBA OMBITHO-AEMOHCTPAMOHHOTO SHEPreTUYECKOro komruiekca. OiHoi
U3 3a7a4 pazpadarsiBaemoro L/] siBisieTcss umMutanusi paboThl TEXHOJIOTHYE-
ckoro obopynoBaHusi 00beKTa-opuruHaia. B HacTosmeit pabore 00bEKTOM-
OpUTHHAJIOM SIBJISIETCSl TeXHoJoruueckuii yuactok (TY) cOopku u repMeTu-
3alMy TBRJIOB, BXOIANIUN B cocTaB TexHosiormdeckoil muuuu (TJI) cOopku
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TBIJ10B. TVY mpezacraBisieT co00i COBOKYIMHOCTh YCTAaHOBOK, B KOTOPBIX BbI-
MOJIHSIFOTCS TEXHOJIOTUYECKUE MTPOLIECCHI, IEPEMEILIEHUE U HAKOIIEHUE IPO-
IyKTa, U BCIOMOTaTEJIbHBIX MOJCUCTEM.

BBuay ciokHON CTPYKTYphl 00bEKTa-OpUrHHANIA U CIIy4allHOTO Xapak-
Tepa, MPUCYIIETO OCHOBHBIM (paKTOpaM, BIUSIOUIUM Ha JUHAMUKY (YHKIIHO-
HUPOBAHUS y4YacTKa, a 3HAYUT U HA PUTM BBIIYCKa KOHEYHOM NPOIYKIMH,
IUI1 IPOTPaMMHON MMHUTALUU €ro paboThl MOXKET ObITh NPUMEHEHO UMUTa-
LMOHHOE MOJICIIMPOBAHNE.

B nanHoll paboTe pacCMOTpEH alroOpuTM CO3JIaHUSI UMUTALMOHHON MO-
JeJId KaK JIOTUKO-MAaTeMaTU4YeCKOro ONUCaHUsl 00bEKTa Ha OCHOBE Pe3yibTa-
TOB aHajn3a HanOoJiee CYLIECTBEHHBIX B3aUMOCBSI3EH MEXIYy €ro 3JIEMEHTa-
mu [1, 2].

JU1a HenmocpencTBEHHOW peanu3alud UMHTAUMOHHOW mozenu TY Obul
npoBeicH aHainu3 TY Kak 00beKTa MOJICIMPOBAHUS, BBHIMOJHEHA €0 JEKOM-
no3utusi (T. €. MPEJCTaBICHUE B BHUJEC HaOOpa JIOTMUYECKH OOBEIMHEHHBIX
B OJIUH OJIOK YCTAHOBOK), COCTABJIEHBI AJITOPUTMbI (DYHKIIMOHUPOBAHUS KaXK-
J0ro 0JI0OKa, O KOTOPBIM Jaee ObLI pa3padoTaH HA0Op MPOrpaMMHBIX ajlro-
puTMOB, peanu3oBaHHbIX B MATLAB. PaGoTocrnocoOHOCTh MMHTALIMOHHOU
MOJIENU MOATBEPKIACHA MPOBEICHHBIMHU BHIYMCIUTEIBHBIMU SKCIIEPUMEHTAMU.

Ha ocnoge 1/l ¢ uMuTalimoHHON MOJIENIBIO MOKET OBITh pa3pabOTaH MH-
CTPYMEHT MEHEJKMEHTA, MO3BOJISIIOIIMI onepaTopy ImyTeM cOopa U aHaIn3a
JaHHBIX PEIIATh PsJ 3a4ad, CBS3aHHBIX C IUIAHWUPOBAHUEM U ONTUMU3ALNECH
PEKUMOB pabOThl YCTAHOBOK, YTO B IEPCHEKTUBE JTOJKHO MIPUBECTH K CHHKE-
HUIO U3JIEP’KEK HA POU3BOJICTBO €MHULIBI TOTOBOM NPOAYKIIMH, TOBBIILIEHUIO
€€ KauecTBa U YJYUYLICHUIO YPOBHSI YIIPABIICHHUS ITPOU3BOJCTBA B LIEJIOM.

Cnucok ucnojb30BaHHOM JUTEPATYPHI
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125



NPUMEHEHWE LU®POBOIO ,EI,BQVIHIV/IKA
Ana NPOBEPKW ANMTOPUTMOB ABAPUWHOW 3ALLUTDI
W PETYNIUPOBAHUA ATMOC®EPbLI B 3ALLINTHOM BOKCE

Kpugobopodsko B.A., lnemHes A.O., bonbwakos A./.

Hayunwvie pyxosooumenu. Jlusenyos C.H.,
0.m.H., npogheccop, Ecoposa O.B., k.m.H.,
Tomckut nonumexuuyecKull ynugepcumen,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: vak99@tpu.ru

MoHTax ¥ MmycKOHaja104Hble paboThl TexHomorudeckux cxem OJIDK nu-
Huu usrororieHus tadnerok CHYII-tormmua Ha turomaake CXK BerymaroT
B aKTUBHYIO (hazy, U 3TO SABJISIECTCS KJIFOYEBBIM 3TAMOM B MPOLIECCE MOATOTOBKHU
CHUCTEMBI K MOJIHOLEHHOM 3KcIuTyaTanuu. Ha 3ToM 3tarne Ba)KHO HalIW4HUe HC-
IIBITAHHBIX AJITOPUTMOB PErYJIMPOBAHUSA W IIPOTUBOABAPUMHON 3alMTHL. B TO
K€ BpPEMS ITPOBEPKA AITOPUTMOB IMOCPEACTBOM HATYPHBIX SKCIIEPUMEHTOB JIU-
00 3aTpyIHUTENbHA BBUIY OTCYTCTBUSI CaMOro OOBEKTa WJIM JOCTyNa K HEMY,
MO0 MOXET MPUBECTU K BBIXOJIY U3 CTPOsi 00OPYOBAHMS U aBaAPUNHBIM CUTY-
arusiM. [Ipu Takux 00CTOATENBCTBAX MOXKHO 3aMEHUThH HATYPHBIC SKCIIEPUMEH-
Tbl HA DKCIIEPUMEHTHI C HCIOJIB30BAHUEM MATEMATUYECKUX MOJEJIEH 3TOro
obopynoBanus. B takom cimyuae nudponoit nBoitnuk (11J]) yyactka npeccosa-
HUS JIMHUU W3TOTOBJICHUS TAOJIETOK BO3MOXKHO MPUMEHUTH JJIsl TPOBEICHUS
UCTIBITAHUI aJITOPUTMOB, B KOTOPBIX aHATHM3 PAa00TOCTIOCOOHOCTH OCYIIIECTRIIS-
€TCS1 C IOMOILBIO NHTETPUPOBAHHBIX MATEMATUYECKUX MOJEIIEH, KOTOPBIE K-
CTBYIOT KaKk UMUTATOP PEATbHOTO 0OBEKTA.

B ocnose [1]] nexxat MoAeIU-UMUTATOPBI COCTOSIHUSL aTMOChephl OoKca
Y YCTaHOBKHM MPECCOBAaHUS Mpecc-nopomika. Mojenb cocTosiHus aTMOCc(hepbl
B OOKCE OCHOBaHa Ha YpPaBHEHHUSAX TEIUIOBOTO M MAaTEepUaJIbHOro OajaHCOB,
a TaKK€ COOTHOUIECHUSIX JIJIA pacueTa MoTepb JABJICHUS HA MECTHBIX THIpaB-
JUYECKUX COMPOTUBIEHUAX TPyOONmpoBOAOB. Monenb MO3BOJISET MPOU3BO-
IWTh pacyeT AUHAMUYECKUX HU3MEHEHUU IABJIICHWUW, KOHIIEHTpALMil OCHOB-
HBIX KOMIIOHEHTOB (a30T, KUCJOPOJ U Tapbl BOJbI) U TEMIIEPATyp CpPEIbI
B OOKCE B 3aBHCHMOCTHU OT PACXOJI0B ra3a Ha BXOJIC U BBIXO/€ OOKca U U3Me-
HEHUS TEMIIEPATYPbl OKPYKAIOIIENW CPEAbl; PACIPENEIICHUE PACXOJ0B U TIO-
TEph JIABJIICHUN B CETH TPYOOTPOBOOB, B 3aBUCUMOCTH OT CTETICHEH OTKPHI-
THS 3alOpPHOW W PETyJIUPYIOLIEH apMarypbl, HaBJICHUM BO BXOJIHOM
Y BBIXOJTHOM OOIIMX KOJUICKTOpAaX M JABJICHHN BHYTPH OOKCa B IITATHBIX
Y HEMITaTHBIX PEeKUMax pabOThl OOKCa M CETH TPyOOIPOBOIOB.

TeXHUYECKUM DPOEKTOM 3aJI0KEHBI AJITOPUTMBI ITPOTUBOABAPUNHOU
3alUThI U YIIPaBJICHUS COCTOSIHUSI aTMOoc(epsl B O0kce. JlaHHbIEe airOpUTMBI
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peanusyrotcs B LJI, 1100 B mOKanbHOW CHCTEME yIpaBJIEHUS HAa MPOU3BOJI-
CTBE C BO3MOKHOCTBIO 0OMeHa maHHbIMU ¢ IJ], 9TO gaeT BO3MOKHOCTh HC-
nosib30BaTh LI/ aig mpoBepKM aaropuTMOB Kak JI0 3Tama IMyCKO-HAJAIKH,
TaKk U BO BpeMs Hee. B Hacrosimieil pabote npoaeMOHCTPUPOBAH MPUMEDP HC-
nonb3oBaHus L1 mpu HacTpolike mapaMeTpoB PETYISITOPOB, IPOBEPKU aJIEK-
BaTHOCTH (PYHKIIHOHUPOBAHUSA aJITOPUTMOB YIIPABICHUS U aBapUUHON 3alu-
Thl TP UMUTAIMU TOSIBJICHUS UCKYCCTBEHHBIX CUTHAJIOB OIIMOOK B padote
JITOPUTMOB U BO BpEMsl HELITATHOTO pexuMa paboThl OOKca.

AJITOPUTM TPEKWUHI'A HACTWL ANA CBOPOK STRAW-AETEKTOPOB
C OTBOPOM MO yrny NAAQEHUA

Yymakos [.K.

Hayunwuii pykosooumens: /[ycaes P.P.
Tomckuti nonumexuuyecKull yHugepcumenm,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: dkcl@tpu.ru

TpekuHr yacTul sSBIsETCS] BA)KHOM YaCThbIO COBPEMEHHBIX YCKOPHUTEIb-
HBIX SKCIIEpUMEHTOB. Kpome Toro, ompeneneHue TPeKOB YacTUIl MCIIONb3Y-
€TCsl U B MIPUKJIAJHBIX LEAX — JJIs OTJIaJKU 000pYyI0BaHUs, TOYHONH KOPpPEK-
TUPOBKH TE€OMETPHH PACIOJIOXKEHHUS ETEKTOPOB B syepHOU ¢usuke. s
ATUX IeNiel HCIMOJB3YIOTCA TPEKOBBIE IAETEKTOPHI, 00JaAarolie XOpPOIIUM
MPOCTPAHCTBEHHBIM M BPEMEHHBIM paspemienueM. [IIupoko ucmonb3yembie
B HACTOSIIIEe BpeMs MOJTYNPOBOAHUKOBBIE AETEKTOpPHI (TMna Timepix) moj
BO3/ICHICTBHEM OOIy4eHUsSI CO BPEMEHEM JETPaAUPYIOT; C YBEIUUCHHEM Tpe-
OyeMoil MIoImaa MOKPHITHS CYIIECTBEHHO BO3PAcTaeT CTOMMOCTH COOpKHU
TaKUX JETEKTOpOB. [[1st 3TUX 1enei MOryT ObITh UCIOJIB30BAaHbl FA30HAIIOIN-
HEHHbIE JETEKTOPbl — MUKPOIOJOCKOBbIE THMa Micromegas win TpyOuaThle
straw-1eTeKTopbl. Straw-IeTeKTOphl 00J1aat0T BPEMEHHBIM pa3pelieHUeM J10
JECSITKOB HC; TUIIOBOE IMPOCTPAHCTBEHHOE Pa3pelIeHHe €AMHUYHOTO JETEK-
TOpa COCTABJISIET JAECATKH-COTHM MKM M ONPEICNETCS €ro IuaMeTpoM
U QpyHKiuen (r-t) 3aBUCUMOCTH HIMPUHBI CUTHAlIAa OT PACCTOSHUS IpOJeTa
YaCTHIIbI OTHOCUTEJIBHO aHOJHOW MPOBOJIOUKH Jerektopa [1]. Dra 3aBucu-
MOCTHb ONHCHIBACT IWIMHIPHUECKYIO MOBEPXHOCTh M30XpoH. st ymyde-
HUSI TIPOCTPAHCTBEHHOTO Pa3pelICHUs Straw-IeTeKTOPOB HCIONB3YIOTCS HX
MHOTOCIIOMHBIE COOPKH B COUETAHUHM C MaTeMaTHYECKOW 0OpabOTKOM TOITy-
YeHHBbIX cUTHaJIOB. C 3TOM 1eNbl0 ObUT pa3paboTaH alropuTM, MPEICTaABIIS-
IOIIUi co00# pacimpenue npeodpazoBanus Jlexanapa [2]. B paspaboran-
HOM QJITOPUTME TPACKTOPHUS YACTHUIBI OIMPEACNsAeTCS KaK KacaTellbHas
K M30XpOHaM cpabOTaBIIMX AETEKTOPOB U3 pa3HbIX cioeB. Kpome Toro, BBO-
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JUTCSL yTrOJI OIPAaHUYEHUs, MO3BOJSIOINN Pa3eauTh COOBITUS, HE OTHOCS-
IIMECS K YCIOBUAM SKCHEpUMEHTa. Tpek, He Monajaromui B 001acTb 10My-
CTUMBIX YIJIOB MaJECHUs, IEPECUNTHIBACTCS, UCXOA U3 MOCTABICHHBIX Orpa-
Hudyenuii. Kpurepun otbopa HCKIIOUAIOT TPEKH, IEPECEKAIOIINE 1ETEKTOPHI,
Ha KOTOPBIX HE OBUIO 3aperucTpupoBaHO cpadarbiBaHue. M3 ocraBmmxcs
TPEKOB COOHMpAETCS MAcCUB JMHHM, OMHMCHIBAEMBIX TOYKOW pETHUCTpaIiu
B MacCHUBE JIETEKTOPOB M HAIPABIISIOIUM BeKTOpoM. lIpocTpaHcTBEeHHOE
paspenieHue ONpEACIICHUs] TOYEK PETUCTPALMU IIPEBBIIIACT TAKOBOE IS pe-
3y/lbTaTOB 0€3 MaTeMaTu4ecKoil 00pabOTKU U COCTABISAET €AUHUIIBI-IECITKH
MKM. [lonydeHHbIe pe3ysbTaThl B JalbHEUILIEM MOTYT OBITh IPUMEHEHBI 115
06paboTku ¢puiasTpoMm Kanmmana.

Cnmcok UCNoJIb30BAHHOM JTUTEPATYPbI

1. Roy S., Jaiswal S., Chatterjee S. Stability study and time resolution
measurement of straw tube detectors//Pramana, 2021, Vol. 95, Ne 1, P. 50.

2. Frithwirth R., Strandlie A. Pattern Recognition, Tracking and Vertex
Reconstruction in Particle Detectors: Particle Acceleration and Detection. —
Cham: Springer International Publishing, 2021.

PA3PABOTKA BUAEOITPAMM MNPEACTABJIEHUA
W ANIFTOPUTMOB OBPABOTKN OBHOBJIAAEMbIX AAHHBIX
LIM®POBOIr0 ABOMHUKA MOAYNA ®ABPUKALIMN U PEGABPUKALIUA

benbkog A.M.", Cymun I'.B.7, ®elicuH A.N.2

Hayunwiii pykosooumens: Jlusenyos C.H., 0.m.1., npogheccop
YTomcxuii nonumexnuueckuii ynueepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
240 «Ipopuiey, Poccus, 2. Mockea, yn. Manas Kpacnocenvckas 0. 2/8
E-mail: amb24@tpu.ru

Baxxnast ponb cpemu IUEGPOBBIX TEXHOJOTUHA OTBOAWUTCS MU(PPOBOMY
neoitnuky (L[[1). K oOHOBIsIeMbIM HaHHBIM B LIU(PPOBOM JTBOWHUKE MOIYJIS
dadbpuxanuu u pedadpukanuu (LIJI M®P) otHocuTcs uHpopMaius, moiy-
YeHHasi Ha OCHOBE aHaju3a 3HAYCHUH MepeMEHHBIX, mocTymnammmx ot ACY
TII MOP.

Ha mepBom 3Tane pa3paboTKu MPOBEACH aHAIN3 TEXHOJIOTHYCCKUX JIU-
Huit MOP u pynknmii nepconana ynpasieHus pa3HOTo ypoBHs. B pe3ymnbTa-
T€ MPOBEJACHHOTO aHaJIN3a BBIICICHBI (YHKIIMHA, KOTOPHIE MOTYT OBITH pea-
JIN30BaHbI ¢ UCMoJib3oBanueM L{JI MOP:

e TIOJTOTOBKA JAHHBIX JJIS TIOCTPOCHHS IUKJIOIpaMM Ha OCHOBE 3Haue-
HUI HabOpa CUTHAJIOB, KOTOPBIC XapaKTEPU3YIOT COCTOSTHIE 000y TOBaHMS,
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e aHAJIM3 KOJIMYECTBA MOTPEOJICHHBIX PECYpPCOB OOKCAMH U YCTaHOB-
KaMH C MOCJEIYIOIUM aHaJNu30M MOTPEOICHHS 3a aHAJIOTUYHBIA MTPOMEXKY-
TOK BPEMEHU;

e (opMupoBaHHE KypHala OTKJIOHEHHS OT KapThl MEPEMEHHBIX IJIs
MPEJICTaBICHUSI MOJIb30BATEN0 CBOJAHON HMH(POPMAIMH O MEPEMEHHBIX, BbI-
HIEAIINX 32 3a/IaHHbIN AHana3oH;

® aHAIU3 IIPUYMH BBIIYCKAa HEKAYECTBEHHON NPOAYKLIHMH C UCHOJIb30-
BAaHUEM CTATUCTHUYECKOIO aHAJIN3a BIIMSHUS 3HAYEHUN TEXHOJOTUYECKUX I1e-
PEMEHHBIX, ITPU KOTOPBIX N3rOTABIMBAJIACh €AUHUIIA TOTOBOI MPOIYKIMH, HA
3HAaYEHUs apaMeTPOB, XapaKTEPU3YIOIIUX €€ KaueCTBO;

e pacyeT OLCHKM CTENEHM pHCKa NPOM3BOJACTBA HEKAUYE€CTBEHHOMU
OPOAYKLIMU A1 UH(MOPMHUPOBAHUS IOJIB30BATENS O OTKJIOHEHUH TEKYLIUX
3HAYECHUN MEPEMEHHBIX OT PETJIaMEHTHBIX U BIUSHUU HTOTO OTKJIOHEHUS Ha
KaueCTBO MPOU3BOAMMOrO MPOAYKTA;

® KOHTPOJb COCTOSIHUSI NMPOMEXKYTOUYHBIX €MKOCTE Ha OCHOBE JaH-
HbIX 0T ACY TII M®P n nporao3npyeMoM BpEMEHHN 3aI0OJHEHNS] HA OCHOBE
pacCUMTaHHOW MPOU3BOAUTEIBHOCTH 000PYJOBaHUS;

e aHaAJM3 MOBEJEHUA MEPEMEHHBIX IPOLIECCa HA OCHOBE TEKYILUX 3Ha-
yeHui, noaydeHHbsIX oT ACY TII M®P, n cpenHero 3Ha4eHus, MOIYYEHHOTO
B pe3yJbpTare 00pabOTKH JaHHBIX;

e KOHTpPOJIb OCTaBUIETOCs pecypca paboThl 3JIEMEHTOB HA OCHOBE CHUT-
HaJIOB, MO3BOJISIOLIUX OMPEIENATh COCTOSHUE pabOThl 000PYI0BaHMUS.

Ha BTOpoM »Tame pa3pabGoTaHbl alrOpUTMbl, KOTOpPbIE PEaTU3yIOT BbI-
NOJTHEHUE (PYHKIMHA, TPEICTaBICHHbIX BHIIIIE.

Ha tperpem 3Tame pa3paboTaHbl MakeThl BUJEOTPaMM IpEACTABICHUS
oOpabotanHol uHpopmaruu noaszoparessiM /I MOP paznuunbix ypoBHEH.

AHANW3 NMPOLIECCA PACTBOPEHUA YPAHOBOTO CbIPbf
AnA PASPABOTKWU TPEHAXXEPHOWU MOAENNA

bonbwakos A.L., Kpusobopodsko B.A., Kywkos O.0.

Hayunwsie pyxosooumenu. Jlusenyos C.H., 0.m.nH., npogheccop,
Jlueenyosa H.B., k.m.H., ooyenm
Tomckuti nonumexHuyecKull yHugepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: adb15@tpu.ru

YpaH U MHOTHE €ro COEAUHEHHUsI PACTBOPSIOTCSA B PACTBOpAxX a30THOU
kucinoThl. Hanbosee OTBETCTBEHHBIMU OIEpalMSIMH MPU PACTBOPEHHUH TOTI-
JIMBA B MPOMU3BOACTBEHHBIX YCIOBUSX SIBJISIOTCS KOHTPOJb PEaKIMU U 00pa-
LIEHHE C Ta3aMH, BBIIEIAIOLUIMMHUCS IIPU pacTBOpeHUU. PacTBopeHue nmponyk-

129



Ta MUPOXUMHUYECKOTO Mepenena uin BogokcuaupoBanHoro OAT, mbuieBbIX
¢dpakuu ot perenepanun MT® ycTaHOBOK ra3004HMCTKH, Opaka OT Moyde-
HUSI CMEIIAHHBIX OKCHUJIOB aKTHUHHUAOB, TYD M HepeuUuKIMpyeMoro ckparma
MO®P npoBoauTcs B a30THOM KHCIIOTE Ha ycTaHOBKax pactBopenus OMAT.
VYpaBHEHUE peakuy paCTBOPEHUS MOXKHO 3aIIMCaTh B CIEAYIOIIEM BHJIE:

UO, + 4HNO; = UOZ(NO3)2 + 2NO» T + 2H,0
]_IaHHaSI peakuusl OIIMCBHIBACT IIPOLCCC PACTBOPCHUA IBYOKHUCH YypaHa

B PaCTBOpE KOHIIEHTPUPOBAHHOM a30THOM KuchoThl. Okcup ypaHa(VI)-muypana(V)
B3aMMOJICHCTBYET C a30THOM KHCIOTOH TI0 PEAKIIHH:

2U30g + 14HNO; — 6UO,(NO); + 7H,0 + NOT + NO,T

Kak BUIHO U3 ypaBHEHMI MPOAYKTAMH JTAHHBIX PEAKIUN SBISIIOTCS OK-
CHUJ] a30Ta U IMOKCHUJ a30Ta, KOTOPhIE OKA3bIBAIOT HEOIATONPUITHOE BIUSHUE
Ha 4YeJOBEKa M OKpyxawiyto cpeny. [Ipu nmepememmBannn peakuMOHHOU
CHUCTEMBI BBIJICJICHUE OKCHJIOB a30Ta M3 PEAKIIMOHHOW CMECH MPOUCXOJUT
0COOEHHO OypHO.

N3ydenne mexaHu3ma pacTBOPEHHSI OKCUIOB YpaHa B a30THOM KHUCIIOTE
1pu u3MeHeHuu temreparypsl oT 30 10 95 C ¥ KOHLIEHTpAMU KHUCIOTHI OT
0,3 mo 10 monp/n mokazaino, 4to ckopocTh pacTBopeHuss UsOg pacTeT ¢ yBe-
JMYEHUEM TEMIIEPATYPhl MPOIIECCA U C MOBBIIIEHUEM KUCIOTHOCTH a30THO-
KHCJIOTO pacTBOpa.

N3yuenne pactBopenust UO, ¢ MpoAyBKOM pacTBOpa KHUCIOPOJIOM HIIH
BO3/IyXOM, JUIsl CO3JaHUS YCIOBUN «OE€3ILIMHOTO» PAaCTBOPEHHS JT0Ka3alo,
YTO MPH 3TOM yMEHbIIaeTcsa koindecTBO NOy B pacTBOpe, HO U CHUYKAETCS
CKOpPOCTh pacTBOpeHus. VM3MeHeHne cTemneHu MpeBpaileHus (mpopearupo-
BaBIIasi J0Jis1) 3aBUCUT OT KOHIIEHTPALIMM a30THOM KUCIOTHI B 00BhEMe peak-
TOpa U TeMIEepaTypbl pacTBOpa.

C yd4eToM BBIIIEU3IOKEHHOTO, WM3MEHEHHE CKOPOCTH PaCTBOPECHUS
B OOJIbLIIEH CTENEHU 3aBUCHUT OT TEMIIepaTyphl pacTBopa. 3a nepsbie 12—15 ce-
KYHJ] TpU OJIMHAKOBOU Temmneparype pactBopsetcs 80 % okcuaoB npu uzme-
HEHUU KOHIEHTPALUK KUCIOTHI OT 5 10 9 MOJIb/J.

AHanu3 TEXHOJOTHYECKOTO IMporecca Kak O0O0bEeKTa MOACIMPOBAHUS
MO3BOJIMJI COCTABUTh aJ€KBATHOE, OCHOBAHHOE HA YPAaBHEHUSX MaTepuaib-
HOTO W TEIUIOBOrO OajaHCca MaTEeMaTHYECKOE OIMHCAHHE, JJIS pean3aliuu
TPEHAXXEPHOM MOJENM Tpolecca pactBopenus. Ilpu 3ToM n3MeHeHue pac-
TBOPSIEMOTO MPOAYKTA PEaM3yeTcsl U3MEHEHUEM K03(h(OUIIMEHTOB MOAEIH-
pOBaHus, a HE CaMOM MOJICJIH.
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PEANN3ALIUA MOAYNA OBPABOTKU OBHOBIAEMbIX AAHHBIX
LIM®POBOIr0 ABOMHUKA MOAYNA ®ABPUKALIMN U PEGABPUKALIUA

CymuH I".B., benbkos A.M.

Hayunwiii pykosooumens: Jlusenyos C.H., 0.m.1., npogheccop
Tomckuii nonumexHu4uecKuil yHusepcumen,
634050, Poccus, . Tomck, np. Jlenuna, 30
E-mail: gvs9@tpu.ru

CoBpeMEHHBIN YPOBEHb Pa3BUTHS LUPPOBBIX TEXHOJIOTHMH M BO3MOXK-
HOCTb MX MPUMEHEHMS JJI1 ONTUMHU3ALUH, IUITAHUPOBAHUS M COKPALLEHUS W3-
JEepXKEK ITUKTYeT HEOOXOIUMMOCTh WX BHEAPEHUs, U B IEPBYIO OuYepellb
B CTPATETMYECKUE OTPACIIU, HallpUMep, aTOMHYI0. B HacTosIee BpeMsi B paM-
Kax peanuzauuu npoekra «IIpopbiB» BepeTca akTuBHAas padoTa 1o pa3padboTke
U BHeapeHuro mudposoro asoiHuka (LIJ]) B co3maromieecss mpou3BOACTBO
o gabpukanuu u pepadpukanuu sipepHoro tormsa (MOP). OgHoit U3 Kitto-
YEeBbIX OCOOEHHOCTEW CO3/1aBa€MOr0 MPOU3BOJICTBA SBJISIETCS OOJIBLIOE KOJIU-
4eCTBO (HECKOJIBKO JAECATKOB THICSIU) EPEMEHHBIX PA3JIMYHBIX THUIIOB, €Xece-
KYHJHO ITIOCTYMAIOLIUX CO BCEX IIPOU3BOACTBEHHBIX JIMHUN MOP.

JU71s1 KOPPEKTHOTO BBINOJIHEHUSI (PYHKIMI 1M(POBOro ABOMHHMKA HEOOXO/IH-
MO M3 00HIero o0beMa JaHHBIX BBIIECIUTH MH(OpPMAIMIO, HA OCHOBE KOTOpPOU
MOYKHO CY/IUTh O COCTOSIHUM OOOpPYJIOBaHMSI M KaueCTBE MPOTEKAHUSI MPOLIECCOB
Ha rpou3BoacTBe. Tak Kak MH(pOpMAIH U3 MPOU3BOACTBA MOCTYMHAET C 33 JaHHBIM
MHTEPBAIIOM BPEMEHH, pa3pabOTaHHBIN MPOTPAMMHBIA MOTYJIb TOJDKEH 00J1a1aTh
JOCTaTOYHbIM OBICTPOJECHUCTBUEM ISl UTEHMS, (PUIbTPALMH, aHAIN3a BXOJHBIX
JaHHBIX U 3alMCH PE3yJIbTaTOB aHAJIM3a B HYKHbIE TaOIMIIbI Oa3bl JaHHBIX.

B npencrasnenHoit padote peanuzoBanbl cienyromue Gyaxipm [[J] MOP:

® TOArOTOBKA JAHHBIX JJIS MIOCTPOEHUS LHUKIOIPAMM;

® aHaNU3 KOJIMYECTBA NOTPEOJIECHHBIX PECYPCOB;

e (opMHUpOBaHKE KypHAJIA OTKJIOHEHHS OT KapThl IEPEMEHHBIX;

e pacyer CTENEHU PUCKa MPOU3BOICTBA HEKAYECTBEHHON NMPOAYKIIUY;

e aHAJM3 IPUYMH BBIITYCKAa HEKAYECTBEHHOU MPOIYKIINH;

® KOHTPOJIb COCTOSIHUSI IPOMEKYTOUHBIX €MKOCTEN M XPaHWIIHILL;

* aHAJMU3 NOBEACHUS NEPEMEHHBIX IIPOLIECCA;

e KOHTPOJIb pecypca paboThl AIEMEHTOB.

Jlnst peleHust MOoCTaBIEHHOM 3a7aul pa3paboTaHa MporpamMma Ha si3bIKe
C++, xoTOpast OJIMH pa3 B CEKYHAY MPOU3BOIUT CICTYIOMINNA HA0Op NEHCTBHIA:

e TIOJIy4€HHE BXOJHOro Habopa 3HaueHuil curuanoB B popmate JSON;

e TOATOTOBKA JAHHBIX ISl KAXJIO0TO PACUE€THOIO aJrOpUTMa Ha OCHO-
Be nH(popmanuu, noaydyeHno B JSON;

e 1mepenada cpOPMUPOBAHHBIX JAHHBIX PACUETHBIM aJITOPUTMAM U 3a-
IIyCK UX Ha UCIIOJIHEHUE;
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e TMIOJIyY€HHUE JAHHBIX O PE3yJIbTaTe paOOTHI PACYCTHBIX AJITOPUTMOB;
e (opmupoBanue maHHbIX I 3anucu B bBJ] m otoOpakeHus Ha WH-
Tepdeiice monbp3oBares.

SMNEMEHTbI LMGPOBOIO IBOVHUKA NIMHUW N3rOTOBJIEHUSA
TENNOBLIAENAIOLWNX CEOPOK

CmenanyeHko E.K.", benbkos A.M.T, [Tnemnés A.O.", ®elicuH A.N.2

Hayunwvui pykosooumens: Jlusenyos C.H., 0.m.H., npogheccop
YTomckuii nonumexnuueckuii ynusepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
240 «Ipopuier, Poccus, 2. Mockea, yn. Manas Kpacnocenvckas 0. 2/8
E-mail: eks8@tpu.ru

Monyns ¢abpukanuu u myckoBoil komiuiekc pedadpukamuu (MOP)
SABJISIETCA YAaCThIO MPUCTAHIMOHHOIO SIAEPHOTO TOIUIMBHOIO IUKJIA OIMBITHO-
neMoHcTpanuonHoro sHepro-komruiekca (ITATL[ OJIIl) ¢ peakropom Ha
owicTphix HelTpoHax BPECT-300 u oiHUM M3 OCHOBHBIX 3JICMEHTOB 3aMKHY-
TOTO SIEPHOTO TOIUIMBHOTO LHKKJIA. B BUIY BBICOKOI 3KOHOMUYECKOW 3Ha-
YUMOCTH MIPOEKTa U €r0 CIOKHOCTH, MPUHATO penieHue o co3aanuu Ludpo-
Boro /[oiinmka (L1/]), mpenocrapistoniero HHGOPMAIIUIO IS ONTHMH3AINH
MPOM3BOJICTBA, MATEPUATILHBIX U PECYPCHBIX 3aTpaT. B kauecTBe 371€eMEHTOB
L1 nuaum TBC BbIcTynaeT MHCTPYMEHTBI MOCTPOCHUS IUKIIOTPaMM pabOThI
000pyIOBaHUs M aHAJIW3a IPUYMH BHIITYCKa HEKAUECTBEHHOMN MPOTYKITUH.

[ukinorpaMmep — UHCTPYMEHT 00palbOTKU ((PUIbTpalvy, COPTUPOBKH,
pacuera) U BU3yalu3alliyd YacTU JaHHBIX, MOCTYMAIIMX C PEaJbHOTO MPO-
M3BOJCTBA, MPEAOCTABISIOMINN TEKYIIYI0 U CTaTUCTUYECKYIO UH(POPMAIUIO
O JUTUTEIBHOCTH TIPEObIBAHUS AJIEMEHTOB B PA3JIMYHBIX COCTOSIHUSX 32 BbI-
OpaHHBIN TIOJI30BATENIEM BPEMEHHOW WHTEPBA.

NHCcTpyMeHT aHanu3a MPUYUH BBITYCKAa HEKAYECTBEHHOW MPOAYKIUHU
B CBOIO OY€pE/lb MO3BOJISIET OTCIEAUTh HAPYIICHUSI KOHTPOJIBHOTO MapaMeT-
pa OTOPAaKOBKM MPOAYKIIMHM TIO PSy BCIIOMOTaTENbHBIX KpuTepueB. B pe-
3yJbTaT€ aHAJIN3a UHCTPYMEHT NPUBOAUT BO3MOXKHYIO IPUUMHY HAPYIIECHUS
KOHTPOJILHOTO TapamMeTpa, a TakKe CTENEeHb BIUSHUS MPUYMHBI Ha Opak
TBC. Cxema paboThl HHCTPYMEHTOB MIPHBEICHA HA PUCYHKE HIKE.

MHCcmpymMeHm
APM nonb3obamens

MoFP npedodpadomKky GaHHsIX npedcmabaenusn pesyasmamol

|

I

e |
B4 UA Qanreie Modyas nonyyenus u OaHHsle Modyns Busyasuzauwy u |

|

|

|

|

|

? 3anpoc BaHHbIX | * Janpoc daHHbIX - |» —————————————
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[IpenmyniecTBO pa3pabOTKU COCTOUT B YHUBEPCAIBHOCTH IPUMEHEHHUS
MHCTPYMEHTa TOCTPOCHHS LUKIOTpAMM, a UMEHHO HCKIIIOUEHHE HE00XOo-
JUMOCTH KOPPEKTHUPOBKHM aJTOPUTMOB pacyera il pPa3jJW4YHbIX JIMHUU
M®P. UacTpymMeHT aHanu3a MPUYHH BBIITYCKAa HEKAYECTBEHHOW IPOAYKIIUH
II0O3BOJIUT BBISICHUTH NPUYMHY HAPYLIEHHS KOHTPOJIBHOTO Mapamerpa o
HEMOCPEACTBEHHOW OTOPAaKOBKM MPOAYKIMHU, YTO MO3BOJIUT CHU3HUTH IPO-
LIEHTHOE COOTHOUIEHHE o0miero konuuecrsa Opaka nuHuu TBC 3a cuer
ONEPATUBHOI'O YCTPAHEHHUs BBIABUHYTBIX MHCTPYMEHTOM IpuuuH. MHCTpY-
MEHTBI OKa3bIBAIOT CYIIECTBEHHYI0 MH(QOPMALMOHHYIO MOAJEPHKKY Olepa-
TUBHOMY II€pCOHANy 3a CYET aBTOMATHU3ALMU NPOLEAYyp aHaiIu3a U GopMu-
POBaHHUsI OTYETHBIX TOKYMEHTOB.

PA3PABEOTKA APXUTEKTYPbI 3NIEMEHTOB LM®POBOIO ABONHUKA
[TnemHes A.Q.", Cymun I".B.", ®elieun A.N.2

Hayunwiii pykosooumens.: Jlusenyos C.H., 0.m.1., npogheccop,
Eeoposa O.B., x.m.H., doyenm
Y Tomcxuii nonumexnuueckuii ynueepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
240 «IIpopwiey, Poccus, 2. Mockea, yi. Manas Kpacnocenvckas 0. 2/8
E-mail: aopl@tpu.ru

HudpoBbie NBOMHMKK WIPAIOT BAXHYIO POJb B COBPEMEHHON HHIY-
cTpuu, oOecreunBas BUPTyajJbHOE MpEACTaBICHUE (PU3UMUYECKUX OOBEKTOB
Y TIPOIIECCOB MOJIb30BaTeN 0. OHU crIOCOOCTBYIOT OoJiee 3(PheKTUBHOMY MO-
HUTOPUHTY, YIPABJICHUIO U ONTHUMU3ALNH, YTO SIBIIIETCS HEOThEMJIEMOM 4Ya-
CThIO LIM(PPOBU3ALMHU MPOMBIIIIEHHOCTU. [IpuMeHenne nudpoBbIX IBOMHU-
KOB B Tockopnopauuu «Pocatom» sIBISETCS Ba)KHBIM 3TallOM COBPEMEHHBIX
TE€XHOJIOTMYECKUX MHHOBALIMM B aTOMHOW IIPOMBIIUIEHHOCTH. B pamkax mpo-
exta «[IpopsiB» Hzer pa3paboTKa MHCTPYMEHTOB, COCTABJISIOIIMX OCHOBY
U(pPOBOrO JIBOMHUKA, IMO3BOJSIOUIETO OOECHEUUTh ABTOMATU3ALUIO Jes-
TEIBHOCTH TEXHOJIOTMYECKOTO IEPCOHAA.

[IporpamMHOe oOecrieueHne UTrpaeT Ba)XKHYIO POJib B CO3JAHMM yCTOM-
YUBbIX U 3PGEKTUBHBIX HUQPPOBBIX JBOMHHUKOB. I'paMOTHO pa3zpaboTaHHas
apXUTEKTypa NPOrpaMMHOro oOecredeHus oOecleyuBaeT MacluTadupye-
MOCTb, HAJIS)KHOCTb U YIIPaBIsIEMOCTh cucTeMsbl. [Ipu pazpaboTke muppoBbIX
JBOMHUKOB IS 3aKPBITHIX MPEANPUATUN BaXKHO YUUTHIBATh TAaKHE BOMPOCHI,
KaK 3al[UTa JaHHbIX, METOJ X MepeJadyu U pa3rpaHuyeHue JA0CTyNa Mmepco-
Haja K pecypcam.

[IpepyiaraemMoe penieHue, MNPEACTABIEHHOE HAa PHUCYHKE, OCHOBAHO
Ha KJIMEHT-CEBEPHOUN apXUTEKTYPE, MO3BOJISAIOIIEH «OTAEIUTEY MMOJIb30BATENS
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OT JaHHBIX. Bce KOMMOHEHTHI, 00eCIeUnBAIONINE BHITOJHEHNE OTACIBbHBIX
byHKIIMNA 1TUGPOBOTO TBOWHUKA, BBITIOJHEHBI B BUJIE OTACIBHBIX MOIYJICH,
YTO YNPOIIAET MAaCHITAOUPYEMOCTh M MO3BOJIAET JIyYIlE€ PacHpeleauTh BbI-
YUCJIMTEIBHBIE PECYPCHI IO PUOPUTETAM 3aa4.

T T T T T T T T T T Trepbep LA MO

CepbepHan yacms KOO LA MOP
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| ofHoBnReMbx UMUMAUUOHHOZ O cobem4uka
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XPOHUAULE TaHHBIX
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mModyns oBpadomku JoHHBIX

PA3PABOTKA UMUTALMOHHON MOLENU TEXHONOIMYECKOU JIMHUIA
N3roTOBJIEHUA TENNOBBLIAENAOLLUX CBOPOK

[pybbe M.C., CmenaHyeHko E.K.

Hayunwvui pykosooumens: Ecoposa O.B., k.m.H., doyeHnm
Tomckuil norumexHu4ecKuil yHugepcumen,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: msgl4@tpu.ru

Monynb dabpukanuu u myckoBoi komruiekc pedadbpukarmu (MDP) semns-
€TCs OJHUM U3 OCHOBHBIX 3JIEMEHTOB 3aMKHYTOT'O SIIEPHOTO TOIUIMBHOTO IIMKJIA.
M®P npezacrapisieT co00H KOMITIEKCHYIO CHCTEMY, COCTOSIITYIO M3 Pa3IMUHBIX
TEXHOJIOTUYECKUX JIMHUN, B TOM YHWCJIE JIMHUS WM3TOTOBJICHHUS TEIUIOBBIICIISIO-
uwmx coopok (TBC). B Bumy BBICOKOH CIOKHOCTH U 3HAUUMOCTH MPOEKTA, MPH-
HATO pemieHre o coznanuu Iludpororo JIpoiinuka (IIJI), mpemocrapmstoliero
UH(POPMAIUIO 7SI ONTUMHU3AIMK TPOU3BOJCTBA. B kauectBe anementa LI/ -
Huu TBC BeicTynaetr umuTaionsas moaens Jimanua TBC.

B xo1e pa3paboTku UMUTAIIMOHHOM MOJIENIA MPOBEICH aHaIN3 TEXHOJIO-
rudeckoro nporiecca u3rorosieHus TBC. Uzydensr onepanun coopku TBC,
YCJIOBUS MX BBIMOJHEHUS U MEpEexXoa K CIEIYIOIIEeH onepalu, a TakxKe ore-
paruu pa3zdbopkun TBC B ciyuae Bo3HMKHOBeHHUs JedexToB. Paspaborana
omok-cxema mpornecca usrotosinenuss TBC. CrenyroomuM 3TanoM 3arjiaHu-

134


mailto:msg14@tpu.ru

pOBaHa pean3anys MOACIHU C UCTIOIb30BaHUEM MPOTPAMMHOI0 00eCTICYeHHUS
QT Creator u ee BHenpeHue B nporpamMMmubiidi komruiekce [T M®P. Umura-
uust  paboThl JIMHUM  3aKJI0YaeTcss B  IPOBEPKE YCJIOBUM  3aIlyc-
Ka/0CTaHOBA/HEIITATHBIX CUTYallMd HAa PA3JIMYHBIX ydacTKaX M ammaparax,
umutanuu padotel JICY, KOHTpoJIe 3aBUCUMOCTH MEXIY JIEMEHTAMH | TIpa-
BWIBHOCTH BBIMIOJIHEHUSI TEXHOJIOTHUYECKHUX OIEpPALMM, MEPEIBUKEHUS TPO-
MEXYTOYHBIX MPOJIYKTOB M BCIOMOTaTENbHBIX KOMIOHEHTOB cOopku TBC.
Mopens UMATHPYET KaK MPSIMOW XOJ1 IBU>KEHUS MPOAYKIUHU MIPU €€ BHICOKOM
KauyecTBe, TaK M OOpaTHBIM X0l MpU OOHAPYKEHHHM Pa3IUYHbIX Je(EeKTOB
B TeIUTOBBIEsAtOMmEer coopke. Mmurtanus Beimycka TBC ¢ Hamuumem pas-
TUYHBIX AedeKToB U pa3dopku nedekTHrix TBC ¢ yueToM pa3inyHbIX TUIIOB
HapyUICHUN TEXHOJOTUYECKUX ONepalfii Mo3BOJISIET MOMy4aTh HHPOPMAIIHIO
IUI. AHAJIM3a BO3MOXKHBIX IPUYMH BBIMYCKA HEKAYECTBEHHOM MNPOIYKIUU
B X0J1e paboThI peaibHOro 000pynoBanus. B pesynbrare paboTsl Obliia pas-
paboTaHa MMHUTAIIMOHHAST MOJEIb TEXHOJOTMYECKOW JIMHUM W3TOTOBJICHUS
TBC nns M®P, cocTosiiiast u3 y4acTKOB MOJa4yu KOMIUIEKTYIOIIUX, COOPKHU
u koHtpoasi TBC, 3anenanuBanuss TBC u pa3dopku aedeKTHBIX KapKacoB
TBC. [lanHasg mojaenb MO3BOJISIET MPOBOJUTH AHAIW3 IMPOLIECCAa U3TOTOBJIE-
Huss TBC MO®P, yuuteiBasg pasiauyHble HapaMeTpbl, PECYpPChbl U YCIOBHS
kaxxaoro stana coopku TBC. Mcnonb30BaHre UMUTAMOHHOW MOJIENH T103-
BOJIUT MOJYYUTh UH(POPMAIIMIO I ONTUMHU3AIMKU MPOU3BOJICTBA, a TAKXKE
IPOAHATU3UPOBATh 3aTpaThl Ha MPOU3BOJACTBO. TakuMm 00pa3oM, MOJENIb
Mo3BOJIsIET UMUTUPOBATh padoTy uaun TBC B pexume coopku TBC ¢ yue-
TOM TIOTPEOJICHUSI PECYPCOB IS BBIMMYCKa MPOIYKIIMK 3aJJaHHOTO KAa4YeCTBa,
noJiy4ath MH(OpMAIMIO ISl aHalKu3a BO3MOYKHOCTEH ONTHUMU3AIMH TTPOU3-
BO/JICTBA, BPEMEHHBIX U PECYPCHBIX 3aTpar.

PA3PABOTKA MOAEJN MPOLIECCA CMELLEHUA MOPOLLKA
CO CTEAPATOM LINHKA

Xoxnexkos M.E.", Cusog C.U.1

Hayunvie pyxosooumenu: E¢ppemos E.B.Y, @evicun A.1.?
YTomexuii nonumexnuueckuii ynusepcumem (TITY),
634050, Poccus, 2. Tomck, np. Jlenuna, 30, ?°A0 «IIpopwisy, 2. Mocksa
E-mail: meh2@tpu.ru

B pamkax npoekra «IIpopeiB», peanusyeMoro rockopnopauueit «Poca-
TOM», COTpyaHUKU OTaeneHus saepHo-TormBHOTO 1ukia TITY pa3zpabatei-
BAIOT MPOTPAMMHBIN KOMILIEKC «KOJ OnTUMM3alMU U TUATHOCTUKU TEXHO-
norudeckux mnponeccoB (KOJ TII)». DToT KoMIUIeKC NpeaHa3HayeH st
UMUTAIUUA PAOOTHI TEXHOJOTUUYECKUX CXEM 3aMKHYTOTO SIZIEPHOTO TOTUTMBHO-
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ro nukna (3ATL). Ognoit u3 Baxkusix oneparuit B 3ATL] sBasiercst nepeme-
IIMBAaHWE CMEIIAHHOTO HUTPHUJHOTO ypaH-IryToHueBoro torumsa (CHYII-
TOIUTMBO) cO cTeaparoM ImHKa. [ToaTomy B kommiekce KO/I TII tpebOyetcs
co37aTh MOJYJb, KOTOPBIA OyAeT MMUTHUPOBATH MPOIECC CMENIUBAHUS TIO-
poIKa co creapaToM IuHKa. [Ipyu co3maHuu Momenu B Ka4eCTBE BXOTHBIX
ObUIM BBIOpaHBI: YacToTa BpamieHus KoHteiHepa (f), pasmepsl rpaHyI
(d;...dx), ux maccoBbie goiu (Nj...ng), pa3Mepbl YacTHI[ cTeapaTra IHMHKa
(dic...dkc), ux MaccoBble 101 (Nic... Mk ), ITIOTHOCTH TPaHyJIbI (p), INIOTHOCTh
YaCTHIIBI CTeapaTa IUHKa (p.), KOHCTPYKTUBHBIN Kodddumuent (K), a B kaye-
CTB€ BBIXOAHOU — K03 duireHT HanunaHus Ky, KOTOpbIA YKCICHHO paBeH
OTHOUIEHUIO TUIOLIAM TPaHyJl, TOKPBITHIX YaCTUIIAMH CTeapaTa LIMHKa K 00-
e riomaau rpanys. B kauecTBe OCHOBBI B3siTa paHee pa3padOTaHHYIO
u BHeapennyro B KO/ TII moaens nporiecca ycpeaHeHusl, JONOJIHUB €€ Clie-
TYFOIIIAMH COOTHOIIICHUSIMH.
Pacuet koadduruenta Hanunanus Ky npousBoauics no ¢popmyie [1]:

1

Ky = 22 — (ﬁe;’ﬂ')(1+gk($:i$"1}) (1 — e~at),

5|:|E|:|:|.. Weeoh

T71€ Span — MJIOLIANIb TPAHYIIATA, MTOKPHITAS] CTEAPATOM IIUHKA, Syay — TUIOIIAIH
IPaHyJIsATa, Wyeos, — MACCOBAs J0JS cTeapaTa IIMHKA, JJI MOJHOTO MOKPBITUS
IPaHYJIATA, Wyejiers, — MACCOBAsSI 10JISI cTeapaTa LIMHKA, 100aBJIEHHAs B ammapar,
K — KOHCTpYKTHBHBIH KO3()(DUITUECHT, 0. — KOHCTAHTA CKOPOCTH CMETIICHHSI.
Pacuétr HeoOxoauMoil MaccoBOM JI0IM CTeapaTa IMHKA MPOU3BOIUIICS
o dhopmyire:
N-d*p_.

W —
HeoOx, Da'pm.H\-‘-da-pm.’

rae N — KoJIMYecTBO YacTHUll cTeapaTa IIMHKA, U1l IOKPBITUSL OJTHOM T'PaHyJIbl,
D — nuamerp YacTuil rpaHynsTa, d — AMaMeTp 4acTHIl cTeapara IUHKA, Prp. —
IJIOTHOCTB TPAHYJIbL, Pcr. — ILIOTHOCTh YACTHIIBI CTEAPATA [IMHKA.

Cnucok ucnojib30BaHHOM JUTEPATYPHI

1. Dry mixing and coating of powders -  URL:
https://www.researchgate.net/publication/45259158 Dry mixing and coating
of powders. — TekcT: 3JeKTPOHHBIH.
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PA3PABOTKA UMUTALIMOHHOX MOZENW
TEXHONOI'MYECKOIO YYACTKA MPAHYINIUPOBAHUA

CemeHos [1.10.7, Cuszos C.N."

Hayunvie pyxosooumenu.: E¢ppemos E.B.Y, Devicun A.1.?
YTomexuii nonumexnuyeckuii ynusepcumem (TITY),
634050, Poccus, 2. Tomck, np. Jlenuna, 30, 2A0 «IIpopwiey, 2. Mocksa
E-mail: dys12@tpu.ru

B pamkax npoekra «IIpopbiB» rockopropanuu Pocarom corpyaHukamu
TIIY pazpabatsiBaercs nporpamMubiii komruieke KOJI TII. On npenna3zHaueH
JUIL AIMUTAIMKA paOO0Thl TEXHOJIOIMYECKUX CXEM 3aMKHYTOI'O SJIEPHOTO TOILIMB-
HOro uKiIa. OJHUM U3 €ro IpOLECCOB SIBISIETCA IPAHYIHPOBAHUE CMEIIAHHOTO
HUTPUAHOTO ypaH-turyToHueBoro tommBa (CHYII-rommmBa), 94to 00BSCHSET
HeoOxonuMocTh co3nanus B KOJI TIT momynst uMuTaliMy JaHHOTO TpoIiecca.

Cmech nopowro Topowok Ipanynam Vepeonennuiii
PuO2, UO2, B .o CHVYII- r CHYII- Veped epanynsm CHYII-
“Cu cKkpana uxpesou pazmoii monflusa' paryiuposarue monined > CpeoHeHUue MONued

Jlyi moricka HEOOXOJIMMOTO B XOJi€ Pa3padOTKU MOJETH pacHpeaeTICHHUsI
TpaHyJsITa [0 AUaMETpaM MOYKHO BOCIIOJIB30BaThCs pacmpeaeneHnemM CBeHCOHa:
c PN _
_(di] d [ k 1]
f(d)=Ae ‘™ | — ,
d
0
rne d — guamerp rpanyr; do — pa3mMep OTBEPCTUH CETKH; pr, — HACHITHAS
IJIOTHOCTh TPaHyJIATa; Ny — YacTOTa BpalleHUs IIHEKa; ¢, k, A — mapaMeTpsl

pacnpenenacHusl.
Jlns mporpaMMHOM peanu3aluy TaHHOU

rendiatn ouer MOJIETIM  pemIeHo ObUI0  HCIIOJIB30BATh
-Crasher_l\letDiameter: float -T!meArri.v_e: int o
o o b | dpeiivBopk QT C++, TaK Kak Apyrue MOJy-
e S Soromay e | 1A B KOJI TIT k MOMeHTY Hayana pa3pabot-
| -RollsFrequency: float -PuShare: float
-Ctrjf;\_sherFrequency: float »USEare: fflloat KN MOZACIIN YIKC ObLJIM HAITMCAaHBI C IIOMO-
public: . -CShare: oatl o
Ponerooun(T PowderGrandated*| “souerg | LPIO YIIOMAHYTOTO (periMBoOpKa.
] HAETOF) 0 beut BBeneH kinacce Granulation, KOTOpBIi
+CheckReadyToWork(): bool 19
+Updatetime: in): ool i ONHUCHIBACT OOLIMI (PYHKIIMOHAN yCTaHOBKU

r T

PowderGranulated PowderGrinded FpaHYJ'H/IpOBaHI/IH. I[.H;[ 3TOIr0 KJacca 6IJIH
prtr, | R g pa3paboran HabOp METOAOB, IIPEIHA3HAYCH-
float> float>
+[;’aowderGranulated() +(;Wder(3rinded() HBIX I[Hﬂ HpHeMa BXOHHBIX I[aHHI)IX C YCTa'
+ChangeParam(...) +ChangeParam(...)
+GetParam() +GetParam() HOBKI/I BHXpeBOFO paBMOHa n Hepeﬂa‘lI/I I[aH'
+WriteToFile() +WriteToFile()
+WriteToDataBase() | +WriteToDataBase() HBIX yCTaHOBKe YCpe,Z[HeHI/IH

I T
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Jliis mepenaun uHGOPMAITUU MEXTy YCTaHOBKAMH O COCTaBE CJIOCB MaTepHa-
na 6wu1 co3nan kmacc Powder. Ha ero ocHoBe Ob11u pa3zpaboTaHbl IPOU3BO/I-
Heie kmaccel PowderGrinded u PowderGranulated, koTopbie onuchIBaroT ma-
paMeTphl CIIoS MaTepuaia, MPUHATOIO C YCTAHOBKH BUXPEBOTO pa3MoJia,
Y YCTAaHOBKH T'PaHyJIUPOBAHHUS COOTBETCTBEHHO.

B pesynbTaTe nmpoBeAEHHOTO HCCIEAOBaHUs OblIa pa3paboTaHa UMHUTA-
IIMOHHAS MOJIeTTb pa0OThI y9acTKa TPAHYIUPOBAHHSI.

MOAENIMPOBAHUE OTKITNKA SIPM B ®PEM®OPKE ALLPIX2

®nycosa [1.C., bukmemos H.P.

Hayunwvui pykosooumens: I'ocones A.C., K.¢h.-m.H.
Tomckuii nonumexHuuecKuil yHusepcumen,
634050, Poccus, . Tomck, np. Jlenuna, 30

E-mail: dsf7@tpu.ru

B pamkax pa6oter Hajx LIKIT CKU® Bcrana 3agada o pa3paboTke cUeT-
YUKa PEHTIC€HOBCKOTO M3YyYEHHUS C MCIOJIb30BAHUEM KPEMHHEBBIX (DOTOYM-
Hoxkutened (SiPM) nHa cranmmu 1-2 «CTpykTypHasi JUarHOCTUKa» Ha -
dbpakToMeTpe BBICOKOTO paszpemieHus. llenbio gaHHONW paboOTHI SIBISIACH
paszpadoTtka 1udposoit mogenu SiPM cepun EQR-15.

bema co3mana Mogens SiPM ¢ ucnonb3oBaHueM  (ppeiimMBOpKa
Allpix2 [1], KOTOpBIi TO3BOJAET MOJCIMPOBATh TOJYIPOBOIHUKOBBIC
YCTPOMCTBA M MPOIECCHI, MPOUCXOSIINEe B HUX. J[JIs TeHepanuu CHekTpa,
nomnajarIiero Ha cencop SiPM, OblT cMOE€IUPOBaH CUMHTWIIATOP HAa OC-
HOBe KpucTaimia LaBr3 c¢ ucnonb3oBaHueM NpOrpaMMHOTO OOECTICUeHHS
GEANT4 [2]. Jns oOpabOTKH 3KCIEPUMEHTAIBHBIX JaHHBIX HCIIOJIb30Ba-
muck nactpymentsl CERN ROOT [3].

30°C

Voltage, V
o
o
i
T

o
=3
E

TT T TTTI[TT

=
‘\I\ll\l

AN PRI PR PUPIFI EPRPINII ETUPIFE BRI IR BRI BP0

Time, s

Mopnemupyemasi JUIMTENBHOCTh CUTHAJIA IIPU PabOUMX YCIIOBUSIX COOTHOCUT-
Csl C MACTIOPTHBIMU 3HAYEHHUAMHU J1s1 BBIOpaHHOTo SiPM Xoporiieit TOUHOCTHIO.
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PaboTa BbINOMHEHA MpU MTOAAEPKKE MHUHUCTEPCTBA HAYKU U BBICHIETO
oOpazoBanus Poccuiickoit @enepannu B pamkax nporpammsl «Haykay (Ilpo-

exT Ne FSWW-2023-0003).

Cnmcok UCnoJIb30BaAHHOM JTUTEPATYPHI

1. Spannagel S. et al. Allpix?: A modular simulation framework for
silicon detectors // Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment. 2018. V. 901. — P. 164-172,

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. V. 506. Ne 3. —
P. 250-303.

3. Brun R., Rademakers F. ROOT — An object oriented data analysis
framework // Nuclear Instruments and Methods in Physics Research Section
A: Accelerators, Spectrometers, Detectors and Associated Equipment. 1997.
V. 389. Ne 1-2, — P. 81-86.

PA3PABOTKA UMUTALIMOHHOW MOLENU TEXHONOIMMYECKOIO YYACTKA
NnoAroToBkK U XPAHEHMA NPECC-NOPOLLKA

CmupHos J1.KO.", Cusos C.U.1

Hayunwie pykosooumenu: E¢ppemos E.B.r, Deticun A.1.?
YTomexuii nonumexnuyeckuii ynusepcumem (TITY),
634050, Poccus, 2. Tomck, np. Jlenuna, 30, 2A0 «IIpopwiey, 2. Mockea
E-mail: lys9@tpu.ru

B pamxkax npoekra «IIpopeiB» rockopnopauun Pocatom cotpyaHukamu
TIIY pazpabarbiBaeTcs 1upoBON ABOMHUK Momyis (dadpuKanuu-
pedabpukanuu. Cpeau Ipovero OH MpeIHa3HaueH IS MOJCIIUPOBAHUS TIPO-
IIECCOB, MPOUCXOJAIIMX HAa YydYacTKe ITOJATOTOBKM W XpaHCHHs Ipecc-
nopoika. Hactosimas paboTa mocBsiIeHa CO3aHUI0 MOJENH JJIsi COOTBET-
CTBYIOLIETO MTPOTrPaMMHOTO OJIOKA.

BX0IHBIMY TaHHBIMH TS pa3padaThIBAEMOW MOJIEIH SIBJISIFOTCS TpaHy-
JIOMETPUYECKHI COCTAaB TPaHyJIsiTa, YaCTOTA BPAIICHUS U BPEMS YCPEIHCHHMS.
BbIXoj — cTeneHb CMeIIeHHs TOPOIIIKa.

Jlucriepcus pacrpeeieHus IeJIeBoro KOMIOHEHTa o0 00beMy 3arpy3Ku
KOHTeifHepa onpezensercs o gopmyie o= (¥, (¢,-c) 1) /(2L 72). e Vi = Milpi —
o0beM I-ro ciost rpanynsTa; Cj = mi/Vi — KOHIEHTpalUs 1EJIEBOr0 KOMIIO-
HenTa B I-M cioe; C = (X, m,)/(TX, 1) — KOHUEHTPAIUS [[EJIEBOr0 KOMIIOHEHTA
B KOHTeIHepe, coaepxaimieM N cioeB rpaHysira.
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HauanpHas cTeneHb cMEIIEHHs onpezaessercs 1no Gopmyne: z=1-/c/s,.
T/i€ o, — JUCIIEPCHUs IS CIy4dasi IOJIHOTO pa3/ieiCHUsI KOMIOHEHTOB CMECH.

CreneHb CMEILICHHSI B MPOLIECCE YCPEAHEHUS: Z=Zy+(1-e¥(1-Z), Tie @ —
AMITIUPUYECKAsE KOHCTAHTa CKOPOCTU CMEIIICHHS.
[Iporpamma, peanusyromias MOJIeTb y4acTKa, Oblja HalMCcaHa Ha SI3bIKE TPO-
rpammupoBanus C++ ¢ ucnosibzoBanuem ¢peitmBopka Qt. beuta copmupo-
BaHa CJICJIyIOIIasi CUCTEMa KJIAaCCOB, MPEICTABIISIIONINX KaKIbIH OOBEKT TeX-
HOJIOTHYECKOTO ydacTKa: 0a30BBIM Kiacc JUIs onepanyid ydyacTka W KJacChl-
HACJICTHUKH, TEPeorpeesatonue paboTy HEKOTOPBIX METOA0B 0a30BOroO
KJ1acca, a TaKkKe KJIacChl JIsl XpaHEHUs JaHHBIX O MOPOIIIKE.

Pabora monienu ygacTka MpOUCXOIUT CICAYIONIUM 00pa3oM: CO3/1ar0TCs
BCE CYIIECTBYIOIIHME OOBEKTHl M YCTAHOBKH y4acTKa YCPEIHEHUsI, BHITIOJIHS-
€TCSl YyCTaHOBKA aTpuOyTaM 0OBEKTOB 3HAYEHUM, MPEAYCMOTPEHHBIX HaYalb-
HBIMHA YCJ'IOBI/IHMI/I, SaHYCKaeTCﬂ MUK I10 BpeMeHI/I, B paMKax KOTOpOFO ocy—
IICCTBJIIACTCA p)II[ HpOBGpOK, CBA3aHHBIX C XO-
AJ0M BpCMCHI/I, B pe3y.HBTaTC KOTOpBIX COCTOd- | Z
HHUE CUCTEMBI OOHOBIIACTCS. 1,0

B pe3synbrare paboThl mporpamMma reHepu- g /
pyeT daiasl, coaep)Kalue COCTOSHUS IPOH3- 06 /
BOJCTBEHHOT'0 yYacTKa M NPOM3BENCHHBIC TPO- /
OYKTBI ¢ MX XapakTepucTukamu. Hampumep, Ha | /
PUCYHKE TIpeJICTaBjeH TpauK M3MECHEHHUS CTe- 02 /
IICHU CMCHICHHA IIPpHU CIICAYIOIIUX IIapaMCTpax:

Ouau = 0,037, 6,= 0,475 n = 30 06/muH, Kk, = 0,95.

—

0 50 100 tc

NMPOEKTUPOBAHUE MATHUTOB BbIBOJJA B CUCTEME TPAHCMOPTUPOBKHU
BHELLIHUX MYYKOB N3OXPOHHOIO LINKINOTPOHA Y400P

bacc B.U.1

Hayunwiii pykosooumens.: Muoiwkun B.@.2, 0.¢p.-m.n., npogpeccop
L06veounénnviii uncmumym s0epuvix uccredosanuil,
Jlabopamopus s0epHvix peakyuil
2TomcKutl noAumexHu4eckuii yuusepcumen,

634050, Poccus, e. Tomck, np. Jlenuna, 30
E-mail: vadim2@tpu.ru, vadim2@jinr.ru

JlabGoparopus snepHbix peakiuit uM. diepopa OObEAMHEHHOTO UHCTH-
TyTa SIAEPHBIX MCCIIEIOBAaHUN MPOBOAUT PabOTHI MO PEKOHCTPYKIMH ITUKJIIO-
TpoHa Y400 B Y400P [1]. B nmpoekTe peKOHCTPYKIMHU YCKOPUTENS MPEIy-
CMOTPEHO CO3/J1aHUE HOBOM CHCTEMBI BBIBOJA IMYYKOB 3apsKEHHBIX YACTHII.
B HOBOI1 KOHCTPYKIHH, MOCIE€ KOPPEKIMU MO YIJIaM TPACKTOPUU YCKOPEH-
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HBIX YaCTHLI, IyYKH TPAHCIOPTUPYIOTCS B ABYX HANPABJICHHIX: K YCTAHOBKE
SHELS u B HoBblil skcnepuMenTanbabiii 3an (HO3). YckopeHHblit my4yok
MOMAaIaeT Ha KOHEUHYI0 TOYKY pa3pabaThlBAEMOr0 MarHuTa BBIBOJA, KOTO-
pBI MpegHa3HAYeH U1 COIIACOBAHUSI TOPU30HTAIIBHOIO U BEPTUKAIBHOIO
HaIlpaBJIEHUN TPAECKTOPHIl ITyYKOB MOHOB C OChIO HANpPABJIEHUS BBIBOJHOTO
KaHaJIa CUCTEMbI TPAHCIIOPTUPOBKH BHEIIHUX ITyYKOB YCKOPUTETIS.

Pacder HOBOI cUCTEMBI MOBOPOTHBIX MATHUTOB TPAHCIIOPTUPOBKH ITPO-
BOIWJIM I Iyuka noHoB “8Ca*®, A/Z = 5.34, ¢ MaKCUMAalbHOM KECTKOCTBIO
no paboueit guarpamme BR =3.31 Tunwm, ¢ sHeprueii 18.575 M»aB/aykioH
1 my4ok uoHoB “8Ca*®, A/Z = 9.6, ¢ xectkocTbio BR = 2.99 Tn M u sHeprueii
4.688 M»sB/nyKkioH.

B pabote npuBonaTcs pe3ynbTaThl MOJEIMPOBAHUS HECKOJIBKUX Bapu-
AHTOB MPOEKTUPYEMBIX MAarHUTOB BBIBOJA, OMHUCHIBAIOTCA OCOOEHHOCTHU HX
KOHCTPYKIUM, CPABHUBAIOTCS MAapaMETPbl KOPPEKTUPYIOIIMX MAarHUTOB, pa3-
paboTtanubix ansa nukiaoTponos J(I280 u Y400P. B noknane Takxe AeMOH-
CTPHUPYIOTCH:

1) Marnut BeIBoja JummHONH 200 MM., paccuuTaHHbIA Ha yroa 3.207°,
00€ecIeunBaoIIeM paguyc MOBOPOTa HEHTPAIbHOU TpaekTopun 3580 MMm.

2) JIByXIUTOCKOCTHOW IOBOPOTHBIH MAarHUT, PACCUMTAHHBIM HAa Mar-
HutHOoe mosie 0,4 Tn u mpenHa3HAYECHHBIA JUIsl KOPPEKUHUH YTIIOB YaCTHIL
B BEPTHKAJIbHOM U TOPU30HTAIBHOM HAIIPABIICHUSX BBIBOJHBIX TPACKTOPHUH.

3) Koppekrupytomue marautsl C-00pa3HOTO THIIA B BEPTHUKAILHOM
Y TOPU3OHTAIIBHOM HCIIOJIHEHUSX, SIBJSIOIIMECS aHAjIoraMu MarHuTOB, HC-
MoJIb3yeMbIX B UkJIoTpoHe [(11280.

Pe3ynbrarsl pacueToB OyAyT MCIOJI30BAHBI IIPU MPOEKTUPOBAHUU CH-
CTEMBI BBIBOJIA ITYYKOB 3apsKEHHBIX YacTUL] HUKJIOTpoHa Y400P.

Cnucok ucnojib30BaHHOM JUTEPATYPHI

1. Yu. Ts. Oganessian, G.G. Gulbekyan, B.N. Gikal, I1.V. Kalagin et al.
“Project of the U400R CYCLOTRON AT THE FLNR JINR”, Flerov
Laboratory of Nuclear Reaction, Joint Institute for Nuclear Research, Dubna,
Moscow reg., 141980 Russia, Proceedings of RUPAC XI1X, Dubna 2004.
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MOJENIMPOBAHUE NMPOLIECCA QEJ'IEKTI/IBHOVI COPBLIMK
B MOHOOBMEHHOW KOJNTOHHE

Honeux C.C.

Hayunwiii pykosooumens.: Bepeyn A.11., 0.¢h.-m.H., npogheccop-koncyromanm
Tomckutl norumexHuyeckuil yHugepcumen,
634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: ssd10@tpu.ru

Cnoco6HOCTh HOHOOOMEHHOTO MaTepuaia CyleCTBEHHO KOHIEHTPHUPO-
BaTh U3BJIEKAEMbIE MOHBI, B TOM YHCJI€ U30TOIBI U3 PA3JIMYHBIX XUMHUYECKUX
COCTMHCHHN SIBIISICTCS BAXKHBIM CBOMCTBOM, HCITOJIb3YEMBIM B TE€XHOJIOTHYEC-
CKHX TIpOIleccax BOMOOYUCTKH, PA3ACIICHUs], COPOIMU PAIUOHYKIHUIOB TBEP-
noit ¢azoii [1], BeIIeICHHS IIEHHBIX KOMIIOHEHTOB U3 Pa3JIMYHBIX CPEI.

JIJis IoTy9YeHnsT BHICOKOW CTETICHH OYHMCTKU KHUJIKUX PaIHOAKTHBHBIX OT-
XOJIOB METOZIOM MOHOOOMEHHOM COpOITHH, KaK MPABIJIO, TIPOIECC OPTaHU3YIOT
B JIBa 3Tama: MEPBBIM OCYIIECTBIISIETCS 00ECCOIMBAHNE, @ BTOPHIM — HETIOCPE/I-
CTBEHHOC YIaJICHUE PATMOHYKIHIOB M3 00ECCOJCHHBIX OTXOAOB C IMOCIEAYIO-
el MPOTUBOTOYHOM pereHepaieil copoeHToB. B 11ensix yBenuueHus: mpous-
BOJUTEIHHOCTH (WIBTPOB HavaibHast ckopocTh 90-100 M/u moHmkaercs
10 10-20 m/4 B koH1ie 1uKia. JlJist ynaneHus U3 OTXO/I0B 1€3Usl, CTPOHITUS U KO-
0aJpTa, UCTIONB3YIOT JOOABIEHUE CEJICKTUBHBIX COPOCHTOB, YaIlle BCEr0 MOHT-
MOPWIJIOHUTA (HAHOIJIMHA), YTO 3HAYUTENIPHO YBEJIIMYMBAET CTENEHb OUMCTKHU
U MONTy4uTh TpeOyemyro BenuunHy B 98—99 %. Bricokast n30upareabHOCTh ce-
JICKTUBHBIX HOHOOOMEHHBIX COSTMHEHH MTO3BOJISIET 00ECIIEUNTh HEOOXOTUMYIO
CTETICHb KaK BBIJCIICHUS, TaK M JATBHEHIIIETO KOHIICHTPUPOBAHHSI.

CeNIeKTUBHOCTh OMpPEACIISIETCS YKMCJIOM TOIMEPEYHBIX CBSI3EH HMOHO00-
MEHHHKA, Pa3MEPOM €To TIOp, TUIIOM (PYHKIIMOHATLHBIX TPYIII, CHIIBHO 3aBHU-
CUT OT XapaKTEPHCTHK BHEITHETO PacTBOPAa W BO3PACTACT NMPH YBEIUYCHUH
3apsiia noHa. KoadpuimeHT n30TOMHOTO pas3jiesieHus: Ha CeIEKTUBHOM HOHO-
0OMEHHOM MaTepuajie TakyKe 3HAYUTECIIBHO BHIIIIC.

Maremarudeckoe MOJCIHPOBAHME JIAHHBIX IPOIECCOB, MPOTEKAOIIIX
B MOHOOOMEHHBIX KOJIOHHAX, C TOMOIIBI0 METOMOB PETPECCHOHHOTO aHAJIM-
3a[2] mO3BOISIET ydYECTh OCHOBHBIC IMapaMeTPhl, KOTOPHIE OKa3bIBAIOT
HanOOJIbITIEe BIMSIHUE Ha MPOIIeCC COPOIMM (TUTT MOHOOOMEHHHUKA, €T0 (hU3HKO-
XUMHYECKHE CBOMCTBA, KWHETHUECKUE MapaMeTphl Mpoiiecca, KOHCTPYKTHBHBIE
O0COOCHHOCTH KOJIOHHBI), YCTAHOBUTH MX B3aUMOCBSI3b, OIEHUTH BKJIAJ] KOYKJIOTO
napamMeTpa, €ro BIUSHUE Ha BEJIMYUHY UCCIICAYeMON (YHKIIUH.

[Tpumenenre MoauUIIMPOBAHHBIX HOHOOOMEHHHKOB C TIPUBUTHIMHU Ce-
JICKTUBHBIMA CBOWCTBAMH 3HAYUTEIBHO TMOBBIMIACT 3(P(HEKTUBHOCTh Kak
MOHOOOMEHHOM COpOIMHU, TaK U U30TOMTHOTO O0OTaIlICHUSI.
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PA3PABOTKA NPOrPAMMHOIO MOAYNA NO CO3AAHULO TOMNONOM UK
C YYETOM OCOBEHOCTEW OBBEKTA AN1A NAKETA MPOrPAMM «J10IOC»

CyxaHos E.A., Yynpukos A.MN.

Hayunwvui pykosooumens: Kyzneyoe M.C., k.m.H., doyenm,
Cenusanuxosa O.B., cm. npenooasamerns
Tomckuii nonumexHu4uecKuil yHueepcumen,
634050, Poccus, e. Tomck, np. Jlenuna, 30
E-mail: eas70@tpu.ru

CoBpeMEHHOE PAa3BUTUE TEXHOJOIMH IMO3BOJISAET MPOBOAUTH O€30MacHOe
WCIIBITAHUS B PA3JIMYHBIX Cpefax C HCIOJIb30BAHUEM IPOrpaMM U METOOB
KOMITBFOTEPHOTO MOJIEMPOBaHus. B 1aHHbIII MOMEHT Ha Tepputopun PO naer
MIPOLIECC UMIIOPTO3aMEIIEHUSI HHOCTPAHHOI'O MPOTrPaMMHOT0 OOECIIeYeHHs Ha
OTEYECTBEHHOE U OJTHUM W3 MIPOIYKTOB, KOTOPBIN MMO3BOJISIET IPOBOJAUTH MOJIE-
JMpPOBaHKE TeIIoNepeHoca B Bemiectse spisercs «Jloroc-Teroy.

B makere nporpamm «JIOI'OC» st pacdera NpUMEHSIIOTCS pa3IMvHbIC
TOTOJIOTUYECKHE METOJbl MOCTpoeHUus Mmojeneil. IlpaBuiibHas TOMONOrUs
BA)KHA JUJI1 KOPPEKTHBIX M MPABUJIbHBIX BBIYMCICHUN. TOMOJIOrMYeCKU Me-
TOJ CO3AAET MPSAMYIO 3aBUCUMOCTh MEXAY TOYHOCTBHIO MOJIETHU U pecypcamu
HEOOXOMUMBIMU NIJIsi TPOBEJCHUsI BhIUUCICHUS. Oco00 BIMSET METOA TpH
TPUAHTYJISAIIUU OOBbEMHBIX U MHOTOMEPHBIX MOJIEJICH, KOTJja BOZHUKAET IPO-
6siema ¢ BepudUKaIuei pacyeToB U MOTYYECHHBIX PE3yJIbTaTOB C peaJbHBIMU
nanabiMu. [IpennaraeTcss 4OCTUYh MaKCUMAIbHBIX MOJICIUPYEMBIX JAHHBIX
NPy TOMOIIM TMOCTPOEHUSI HEIJIAHAPHBIX TOJUTOHOB PAa3UYHOTO THIA
U pa3MepoB, MPUHUMAsE BO BHUMaHUE 0COOCHHOCTU (hYHKITMOHUPOBAHHS MO-
JENUPYEeMOro 00ObEeKTa, TEM CaMbIM IMEepEHAIPaBJIsis pecypchl Ha BaXKHbIE JIe-
Tanu Mojenu. JIJisi CHYKEHUs 3aTpaT pecypcoB aBTOpaMu paHee pa3paboTaH
JOTIOJTHUTENbHBIA MOAYJIb TTO3BOJISIOIIUN TPOBOJUTH NapaJljIeIbHO PacyeThl
10 TEIUIONPOBOAHOCTH U YJEIBHOM TEIJIOEMKOCTH BEILIECTB C yYETOM H3MeE-
HCHHUS TPAJIUCHTA TeMIepaTypsl [2].

VYuuTeiBas BbIIE CKa3aHHOE BO3HUKAET HEOOXOIMMOCTHh B pa3paboOTKe
Y BHEIPEHUU MOJYJISl TIO3BOJISIOIIETO MOATOTABIMBATH TOMOJIOTUYECKYIO CET-
Ky 00BEKTa C MCTIOIH30BAHUEM PA3IUYHBIX TUIOB MOJMTOHOB, YTOOBI PabOT-
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HUK, @ B JaJIbHEHIIEM MCKYCCTBEHHBI HMHTEJUIEKT, MOI CaMOCTOSATEIbHO
OIIpEeNeNsITh HEOOXOAMMBIE YYacTKH Juisd Oojiee AETalIbHOTO MOJEIMPOBAHUS
00BeKTa U pacu€ToB. Takoil MOIX0/ MO3BOJIUT CIKOHOMHUTH PECYPCHI U BPEMSL.

Cnmcok UCIo/1b30BAHHOM JTUTEPATYPHI
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obOpamenus: 10111.2023).

2. IlporpaMMHBI MOIYNb MO pacueTy TEIOPU3NUECKHUX CBONCTB
auokcunaa ypana / @enepanbHbIi HHCTUTYT MPOMBITUIEHHONW COOCTBEHHO-
ctu [DnektpoHHbiii pecypce] //: [caiir]. — URL: https:/fips.ru/iiss/
document.xhtml?faces-redirect=true&id=e3c166c6d2516478760b851814847319¢
(mata oOpamenus: 1.11.2023).
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Cekyusi 5

MOAENWPOBAHUE B A0EPHOM TOMNUBHOM LIUKIIE.
PAOUOXUMWYECKUE MPOLIECChHI

0.¢h.-M.H., npogheccop B.®. MbiwkuH
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BO3MOXHbIE HAPYLLEHUA
FMUHUCTBIX MUHEPANOB B MOJE Allb®A-U3NYYEHUA

Yebomapes K.P., Cepzees O.C.

Hayunwiit pykosooumens: Motukun B.®., 0.¢h.-m.H., npogheccop
Tomckutl norumexHuyecKul yHusepcumem,

634050, 2. Tomck, np. Jlenuna, 30
E-mail: krc1@tpu.ru?

[Ipobnema obOpaiieHust ¢ paJuOaKTUBHBIMU OTXOJAaMH CTajla aKTyaJIbHOU H3-
3a pocTa FKOJIOTMYECKUX MPOOJIEM M MOTEHIMAIBHOIO PaJMOAaKTUBHOIO 3arpsi3He-
HUs. J[71s MUHUMH3AIMY BO3/ICHCTBUS Ha OKPYXKAIOIIYIO CPEAy M CHUKEHHS pUCKa
JUIS 3I0POBbsS YeJIOBEKA ObLI MPEAJIOKEH METOJl 3aXOPOHEHHUS PaIUOAKTUBHBIX OT-
XO0JIOB B T€OJIOTUYECKOM Cpee.

KittoueBbIM acnieKTOM MPOEKTHPOBAHUS TaKMX OOBEKTOB SIBISIETCS CO3JaHUE
WHXEHEPHBIX OaphepoB 0€30MacHOCTU, KOTOpble obecrieyaT Oe30MacHOe 3axX0po-
HEHHUE Ha MPOTSHKEHUH BCETO CPOKa IKCIUTyaTalluu 00beKTa.

B mocnegnue rogpl TIMHUCTBIE MAaTepUANbl MPU3HAHBI MEPCIIEKTUBHBIMU JIJIS
MCIIOJIb30BAHMSI B HH)KEHEPHBIX Oapbepax 0€30MacHOCTH.

B mpouiecce MmoaenmpoBaHust BO3eHCTBUS anb(a-u3mTydeHns HA MOHTMOPHII-
JIOHUT OTCJIEKHUBAIOTCS TPACKTOPUHU JABUKEHUSI HOHU3UPOBAHHBIX YACTHUI B yIIOT-
HEHHBIX CclosiX. Takke MOJENHPYIOTCS TPOIECChl B3aUMOJICUCTBHSI, TaKUE Kak
MOHM3aIMs, BO3OYK/IEHHE, YIIPYroe U HEeyNpyroe paccessHue u oopa3oBaHHUE BTO-
PUYHBIX YaCTHII.

Ha ocHOBe monyd4eHHBIX JAHHBIX MOXHO OTMETHUTH CJIEAYIOIINE U3MEHEHUS,
MoJ1 ICHCTBUEM allb(a-u3TydeHHs], TTTHHUCTHIXE MaTePHUAIIOB!

e OO0OpazoBanue AePEKTOB KPUCTALUIMYECKON PEIIeTKH: BaKAaHCUM, MEXK]I0-
y31us U Je(DEeKThl YIIaKOBKH, BIMUSIOT Ha CBOWCTBA MaTEpHaa;

e (OOpa3zoBaHue MOBEPXHOCTHBIX MOBPEKICHUMN: Pa3phIBbl U U3THOBI B CJIO-
UCTBIX CTPYKTYpaX, YXYIIIaeT MEXaHUYECKUE XapaKTePUCTHKN MaTepHana;

e (OO0OpazoBaHHe BTOPUYHBIC MPOAYKTHI, TAKHE KaK CBOOOIHBIC paIHKaIIbI
1 60Jiee CIOKHbIE MOJIEKYJIb, UTO BIMSIET HA XUMUYECKHE CBOMCTBA;

e Ha 3aBUCHMOCTHh KOJHWYECTBA PAIUAIMOHHBIX TMOBPEKICHUU MPSIMO
MPONOPIIMOHATBHO YUCITY OOJYYEHHBIX YAaCTHII, JJIsl anb(pa-4acTUIll C dSHEepruen
1o 2 M»aB;

e ATOMBI aqIOMUHHUA 00JIaJal0T HanOOJIBIIEH BEPOSATHOCTHIO BBIOMBAHUSA,
CMEIEHNEe aTOMa AJFOMUHMSI IO/ BO3/ICUCTBUEM alib(a-dacTHIlbl MPUBOJUT K U3-
MEHEHHIO 3aps/I0BOr0 YKCiIa Ha —2 U MacCOBOTO uuciia Ha —4;

e PaaunanmonHoe pa3pylieHrne MUILIEHU YMEHbIIIAETCS C PACCTOSHUEM;

e PesynbTaThl MOJETUPOBAHUS COIVIACYIOTCS C CYIIECTBYIOLUIMMU 3aBHUCH-
MOCTSIMH, HO UMEIOT HEONPeeIEHHOCTH U3-3a YIPOIIECHUN B MOJCIIH.
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OBPALLEHUE C PAOWOAKTUBHBbIMA OTXOOAMU
B PECMYBJINKE KASAXCTAH

Cnsimbaes T.E.", PaxumxaHosa J1.A.2

Hayuonanvuvii ynusepcumem obopoust umenu Ilepeozo Ilpezudenma
Pecnybnuxku Kazaxcman — Enbacewi, . Acmana, PK
E-mail: slyambaev_t@mail.ru
2Kazaxckutl azpomexnudeckutl ucciedo8amenbCkull YHueepcumen
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E-mail: laura-rahimjan@mail.ru

B cBs3u ¢ pa3BuTHEM aTOMHOM MpomblluieHHOCTH B PecnyOnuke Ka-
3axcTaH, HeOOXOIMMO pelIaTh MpobieMbl 0€30MacCHOTO OOpaIeHUs C Paauo-
aktuBHbIMU oTXxojamu (PAQO). K PAO oTHocuTcs 00JiydeHHOE TOILIUBO
Y 3arpsi3HEHHbIE PAJUOHYKIIUJIAMU 3JIEMEHTHl KOHCTPYKUUNA, OCHACTKA, pac-
XOJIHbIE MaTepualibl, pacTBopbl. Ha nanueiii MmoMmeHnt B PK pa3paboran mpo-
exT 3akoHa «OO0 oOpamenun ¢ PAO» B cBSi3M ¢ TJIAHOM CTPOUTENIHCTBA
B pecniyosnke ADC. [etictByromas B PK B HacTosiee Bpems cucrema Kiac-
cupukaruu PAO ynoBiaeTBOPUTEIHLHO COOTBETCTBYET TPEOOBAHUSAM pajua-
IIMOHHOM OE€30IMacHOCTH M OOpalleHus Ha 3Tamnax cOopa, COpTUPOBKH, Tepe-
Bo3ku U xpaHeHuss PAO B mecrax ux oOpazoBaHusi u HakoruieHus. Ho
JlaHHAsl CUCTEeMa HE YJOBJIETBOPSIET TPEOOBAHUSAM MOJHOTHI U d(PPEKTHUBHO-
CTH Ha dTarax KOHIALIMOHUPOBaHUsA U 3axopoHeHus PAO.

OcnoBubiMu ucTouHHKamMu PAO B PK saBmatorcs «Kazatommpom»
u «YM3». B pesynbTare mpouU3BOJICTBEHHOW JEATEIBHOCTH YpPaHOI00bIBA-
IOLUX Tpeanpuatuii komnanuu «KazatoMmnpom» o0pa3yroTcs TOJIbKO TBEp-
nble Hu3KkopaaunoaktuBHbie oTx0abl (TPO). Otu TPO nepenaroTcst B MyHKTHI
3axoponenus PAO (IT3PO). Bokpyr I13PO npoOypenbl CKBaXUHBI 10 MEPBO-
ro BOJIOHOCHOTO TOPHU30HTa ISl KOHTPOJS PaAMOAKTUBHOTO 3arps3HEHUs
MTOA3EMHBIX BOJI.

Pasmemenne PAO, oOpa3oBaBmIUXCsi B pe3yJibTaTe MPOU3BOJICTBEHHON
NEeATeNIbHOCTU «Y M3, MPOU3BOAUTCS B COOPYHKEHUSIX yHaCTKa «XBOCTOBOE
X034icTBO». K HUM OTHOCSTCS: NPYABbI-UCTIAPUTENH (KAPThl), MOTUIBHUK JJISI
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PAO, nonydeHHBIX B X0/€ MepepabOTKH KOHIICHTPATOB TOpHs U TeTpadTo-
puaa, MOTWJIBHUK JJIsl XPAHEHUS PAJUOAKTUBHBIX 3KCTPAr€HTOB U Maces, MO-
THJIBHUKY 71 XpaHEeHUsl HU3KO- U cpeaHeakTuBHbIX TPO u oTpaboTaHHBIX
aMITyJIbHBIX UICTOYHUKOB HOHU3UPOBAHHOTO U3ITyYEHHUS.

B Hacrosiee BpeMs OCHOBHas JeATEIbHOCTh MO oOpamenuto ¢ PAO
CBOAMUTCS K UX cOOpy, COPTUPOBKE M pa3MelleHHI0 Ha xpaHeHue. [lepepa-
6otka PAO ocymiecTBisieTcsi B HEIOCTaTOYHOM cTeneHu. B nokmnane odcyx-
JAI0TCS MEPOIPUSATHS, KOTOPhIe HEOOXOAUMO MPOBOAUTH C YY4ETOM TpeOoBa-
Hul 3akoHogarenbcTBa PK o kaxnomy m3 kmaccoB PAO. AHanusupyrorcs
npoOsemMbl BbIOOpA M pa3pabOTKU TEXHOJOTUU TMEpepadOTKH, OTBEPKACHUS
U 3aXOpOHEHUS B JalbHEHIIeM, UCX0/s U3 Kiacca onacHoctd PAO u cnenu-
(GuKH AeSITENbHOCTH KaXKAO0TO MPEANPUSATHSL.

U30TOMHbIA 3GOEKT PAOUKANBHbIX MPOLECCOB
B CIIABOM MATHUTHOM MNOJE

3apbikbaesa K.C., Hypeanues [.H., Cmaunos /[.E.

HAO ynusepcumem umenu [llaxapuma, 2. Cemet, PK
E-mail: Kamshat.ru@mail.ru, daniarsemei@mail.ru, smlvdr8@gmail.com

B cBs3u ¢ MOCTOSIHHBIM pacHIUpeHUEM MOTPEOHOCTH B CTaOMIBHBIX
M30TOMAX B TaKUX OTPACIAX, KaK MEIUIIMHA, OMOJIOTHs, MaTepUaJIOBE/ICHHE,
CIIMHTPOHWKA, KBAHTOBBIC BBIUMCIICHUS AKTyaJIeH IMOWCK WHHOBAIMOHHBIX
METOJIOB Y TEXHOJIOTUI MOTYyYEeHHS U30TOMHON MPOAYKITUH.

N3BecTten marHuTHbIM u30TONMHBIA 3pdekr (MUI), oTkpbIThl Byua-
yeHko A.JI., Monunem IO.H. u ap., B KOTOpOM XUMHYECKask peakus MExXIy
IBYMS pajuKallaMH, IPOTEKaroIias B ¢laboM MOCTOSSHHOM MAarHUTHOM TIOJIE,
CEJIEKTHBHA MO W30TOIAM, OTJIMYAOIIUXCA AepHbIM ciiHOM. [Ipu BEICOKOM
Kod(pdunmerTe ogHOKpaTHOro paszacineHus, MO He TpeOyeT MCIOIb30Ba-
HUsL OOJIBIIIUX PHEPTETUYECKUX 3aTpaT. 3ajavya MCCIEIOBAaHUS — MOUCK TPO-
IIECCOB, B KOTOPOM I1€JIEBOM MPOAYKT OCTACTCS B KHMJKOH hase.

Eciu B mpormecce, B koTopom Habmomaercss MUD, neneBoit uzororn
ocTaeTcsl B JKHUJKOU (haze, TO TaKOW MpOIecC MOXKHO PEaIn30BBIBATh B BUIIE
KackagHOW TexHoioruu. IIpum sTom uckmodaeTcss mporecc (Gha3oBOro mepe-
Xo0/1a, TpeOyrouid 0onbIuX 3aTrpaT sHepruu. OOOoTalleHHOE MO IEJICBOMY
U30TOIy COEJWHEHHE MOKHO TOBTOPHO MojBeprarh (poToiausy B ciabom
MarHuTHOM moJie. B pazaenutenbHOM Kackajie MOKHO MOJYYUTh 3aJaHHYIO
KOHIICHTPAIIUIO 11€JIEBOT0 U30TOMA B MPOAYKTAX PAAUKAIbHBIX MPOILIECCOB.

Jlns popmupoBaHusl Kackajga HEOOXOAUMO YCKOPSATh PEaklMH pajuKa-
JIOB C 1IEJIEBBIM M30TOTIOM, MPUBOASIINX K BOCCTAHOBJIECHUIO UCXOJIHOTO CO-
equHeHus. [Ipu 3TOM Kackaj mpeacTaBisieT co00M OHOCTYIEHUYATY0 yCTa-
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HOBKY, B KOTOPOW MEPUOAUYECKH U3MEHSIOT, HAlPUMEP, BEJIMUUHY MArHUT-
HOTO TIOJISI W/WJIM TEMIIEpaTypy. DTO CBSI3aHO C TE€M, YTO M3-3a WU3MEHEHUS
M30TOMTHOTO COCTaBa pabodeil >KUIKOCTH HM3MEHSETCS 3HAYCHUE YaCTOTHI
CTOJIKHOBEHHS PAJNKAJIOB — OCKOJIKOB pabouei KUIKOCTH, COACPIKAIIUX I1e-
JIEBOU U30TOIIOB.

B noxnane aHanmm3upyroTcs (U3UKO-XUMHUYECKHE TPOIECCHl W Tapa-
MarHUTHBIC SIBJICHUS, HAOJIOJAOIIMecs B KacKaJHOW TexHoJioruu. Hampu-
Mep, MPUBOSATCS pe3yJIbTaThl aHaIK3a PaJUKaIbHBIX MPOILIECCOB IIpH PoTO-
JM3€ Pa3IMYHBIX JKUIKUX CHCTEM, HaXOJAIIUXCS B CIaOOM MarHUTHOM
nosie. I3BecTHO, YTO paguKaibl C U30TONIAMH CO CIIMHOBBIM SIAPOM OBICTpEe
bopMUPYIOT XUMHUYECKYIO KOBAJEHTHYIO CBs3b. [Ipu B3anMo1eiCTBUHM M30-
TOIIOB OJTHOT'0 XHUMHYECKOTO 3JIeMEHTa 0ojiee BEpOSATHBI XUMHUYECKUE pPeak-
UM MEXIY paJuKaliaMH, COJICPKAIIMMU Pa3Hbl€ MU30TOIBI, Ye€M OJMHAKO-
Bble. Takke TMNPUBOASATCS PE3yJbTaThl SKOHOMHUYECKOTO aHajlu3a —
AHAJIU3UPYIOTCSL 3aTPaThl PHEPTrUU HA TOJYUYEHHE MAKCUMAJIBbHOTO o0Oora-
meHus: padodeit xxuakoctu. [1oka3piBalOTCs S KOHOMHYECKH O0OOCHOBAHHBIC
TEXHOJOTUYECKHUE TTapaMeTphl KacKasa.

CEMAPALUA PAOWOHYKNUAOB N OBNYYEHHOIO NTPAGUTA

CambibanduHa A.E., 3apbikbaesa K.C., KynmaxaH6em O.K.

HAO ynueepcumem umenu [llaxapuma, 2. Cemeii, PK
E-mail: aigerimsemei@mail.ru, Kamshat.ru@mail.ru,ongdassyn@Iist.ru

Hcnonb3oBanue sSAEpHON SHEPrUM HAYMHAIOCH C YpaH-rpadUTOBOTO
peaktopa (YI'P) CP-1, noctpoennoro B 1942 romy moa TpuOyHaMu cTaguoHa
Yukarckoro ynumBepcutera B CIHIA. B panpreimem Obuio pa3paboTaHO
MHOXECTBO KOHCTpYKuuid YI'P paznuuHoro Ha3HaueHus. 3HAYUTEIbHAS
yacTh YI'P Oblna cnenuanbHO pazpaboTaHa M UCMOJb30BaIach JJisi HapaboT-
KU OPY>KEMHOTO IJIyTOHHUA. 3a 3TO BpeMs BO BCEX CTpaHaxX CyMMapHO ObLIO
noctpoeHo 123 YI'P. B HacTosiiiee BpeMsi CyMMapHOE KOJIMYECTBO 00JTydYeH-
HOro peaktopHoro rpaputa (OPI')) B MHpe coOCTaBIsSIET OKOJO
260 teicsy ToHH. [loaTOMy 3amaya 3KoJOTHYECKH Oe30macHOr W 3P GeKTHB-
Hoil yrunuzauuu OPI siBnsieTcst 0011eMUpOBOIA.

OPI" conepxut C u pagvoHYKIMIBI TSKENBIX DJIEMEHTOB, MONANAl0-
mue B rpaduT B mporiecce pa3udHBIX aBapUHBIX cUTyanwi. Beimenenue
14C or rpadura npencTaBiseT HepelIaeMyl0 3a1ady M3-3a HEOOXOIMMOCTH
WCIIOJB30BaHUs JIUIb TEXHOJOTUM MOJIy4YeHHs! u30TomnoB. [loaTtoMy Ha naH-
HOM 5Tane Bbigenenne 1*C He paccMaTpuBaeTcs.

W3BecTHBIC paguOHYKIHABI 3HAYUTEIHFHO OTIMYAIOTCA OT Trpaduta mo
(U3UKO-XUMUYECKUM CBOMCTBaM. Takue KOMIOHEHTHI Kak rpaduT U paguo-
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HYKJIUABI APYTUX XUMHUYECKUX 3JIEMEHTOB, MOXKHO Pa3JeisaTh XUMHYECKUMHU
MeTo/laMu. 3a/iaya BCKPBITHS PATUOHYKIUAOB, HaXOAIINXCSA B TITyOMHHBIX
closiX TpaduTa MOXKET PelIaThCsl MEXaHUYECKHUMH U 3JICKTPOXMUMHYECKUMU
metonamu. [Ipu xumudeckoir oOpaboTke, u3-3a ruapodoOHOCTH TpadwuTa,
HEOOXOJIMMO OIIEHUTh MaKCHUMaJIbHBIM pa3mep yactuil nopomka OPI', mos-
BOJISIFOLIMI TOJHOCTBIO €r0 J€3aKTUBHPOBaTh. [IpeBpamieHne peakTopHOTo
rpadguTa B MOPOIIOK C 3aJJaHHON JUCIIEPCHOCTHIO MOXKET pelaThCsl pa3iny-
HBIMH OTpabOTaHHBIMHU MeToJaMu. KoMMepuecku HOCTYIHBI pa3iuvHble TH-
bl MEJIbHHUII.

[IpoBouau SKCIIEpUMEHTAIbHBIE HCCIIEIOBAHUS 110 MEXaHUYECKON aK-
TUBALIMM XMMUYECKOTO pa3/eNIeHHs] MOPOIIKOB rpaduTa U UMUTATOPOB pa-
JUOHYKIIMJIOB, HAXOJAUIUXCS B BHJIE TOHKOAMCIEPCHBIX MOPOIIKOB METaJI-
JI0B. Y CTaHOBIIEHO, YTO IOTEPH UMUTATOPOB IO BeCy He mpeblinaet 7—8 %.

VYka3pIBaeMbI€ BBIIIE MPOLECCH] TAKXKE AHAIU3UPOBAIN C TOUKU 3PEHUSA
SHEPrur XUMHUYECKOU cBsi3u. [IpoBoaMIIM TEPMOJUHAMUYECKHAE PACUETHI JJIs1
OLICHKU BEPOSATHOCTH MPOTEKAHUS PA3IMYHBIX CLIEHAPUEB MEXaHUYECKON aAK-
TUBALIMM TIpoOLlecca TPABJICHUS PATUOHYKIHMIOB TSKENBIX XUMUYECKHX 3JIe-
MeHTOB. [TosryueHbl 0OHaIeKUBAIOLINE PE3YIbTATHIL.

B noknane aHanu3upyroTcs MPOLECCHI, CBSI3aHHBIE C MPOHUKHOBEHHEM
TPABSIIMX PACTBOPOB B MUKPOUACTHUILY Tpaduta, copepKaiiei mopbl pa3ind-
HOM rTyOMHBI, 1 METOJAaMU co3/1anus Takux nop. [Ipu 3ToM paccmarpuBarorcs
TpeOyeMble 3aTpaThl PHEPTUHU, pearecHTOB U BpeMeHu obOpadotku OPI' mpu
Pa3IMYHBIX TEXHOJIOTHIX U3MENbYeHUs rpaduta u OpMUPOBAHUS TTIOPOIIIKA.

PACYET MNOrNOLEHHOW 0O3bl B MOHOOBMEHHOW CMOJE
NMPU PA3AENEHWM NIOTELMSA-177 OT UTTEPBUS
C UCNONb30BAHUEM NMPOrPAMMHOIO KOMIMMEKCA GEANT4

Yepmkos M.C., OcokuH A.A.

Hayunwiii pykosooumens: Tumuenxo C.H., k.m.H., 0oyernm
Tomckuil norumexHu4ecKuil yHugepcumen,

634050, Poccus, e. Tomck, np. Jlenuna, 30
E-mail: msc6@tpu.ru

Jlrorennii-177 ("Lu) oTHOCHTCS K 4nciy Haubosee epCIeKTUBHBIX PaIro-
HYKJIUJIOB, CIyXallluX OCHOBOM JUISl TPOM3BOICTBA HHHOBALMOHHBIX pafuodapmMa-
IIEBTHYECKHMX JICKAPCTBEHHBIX IMPENapartoB. B HacTosIiee BpeMsl U3ydaeTcsl BO3-
MOYKHOCTh HCIIOJIb30BaHUA /LU NpakTUYEeCKH BO BCEX KJIAcCaX COENUHEHMIA,
WCIIOJIL3YEMBIX B PAJMOHYKIMIHOW Tepamuu. Iloka TOJBKO OJMH Hpenapar
(}""Lu-DOTA-TATE) nonyuusn ogo0peHHe Ha KIMHMYECKOE MCIOIb30BAHME, Ja-
GOpaTOpHBIE MCCIIEN0BaHUs BEAYTCs eme s 19 npenaparos [1].
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Cy1iecTBYyIOT pa3Hble METOJIbl HapaOOTKHU JIIOTELUS, OJUH U3 KOTOPBIX He-
NpAMOil peakTopHbIi crocod [2]. Mumens u3 okcuaa urrepous Yb203, obora-
menHas 10 99,999 % no usoromy ’°Yb, obnyyaercs Ha CpeIHENIOTOYHOM PEAKTO-
pe (¢ MaKCUMAanbHOM MIOTHOCTBIO NOTOKA TEIUIOBBIX HEHTPoHOB 2-1014 H/(cM?-c))
HNPT-T moTOKOM TEIUIOBBIX HEUTPOHOB Ha MPOTSKEHUM 3-X CyTOK. [locne mporiec-
ca o0JydeHus: MUILIEHb BBIJEPKUBAIOT, PACTBOPSIOT B colisiHoi kucnote HCI u no-
JyYEHHBIM pacTBOp IMPOITYCKAIOT Yepe3 HOHOOOMEHHYIO KOJIOHKY ISl pa3AesieHus
JOTELHS OT UTTEPOUSL.

[Tpu pazaeneHny paguoaKTUBHBIX AJIEMEHTOB METOJJOM HOHOOOMEHHOM Xpoma-
Torpaduu CymecTByeT MpoOiieMa HEraTUBHOTO BIIMSHUS BO3JEHCTBUS MOHU3UPYIO-
HIETO M3JIYYEHHsI HA CMOJTy. TaK, Mpy 3HAYEHUAX MOTJIOMIEHHOM 103kl 0Koo 1 MIp
HAuMHAET MajaTh 00bEMHAsi EMKOCTD 3a CUET Pa3pylLICHUs MaTeprasa HOHUTA.

Jlyis pacyeTa MOIHOCTH TOTJIOIMIEHHOW M03bI HAa KaTHOHOOOMEHHOW CMOJIe
IpU pa3elieHud HM30TONOB JIIOTELMS M HUTTepOMs Oblaa HamucaHa MporpaMmma.
B Heli mocTpoeHbl Moenu XpoMatorpadguueckoi KOJIOHKHU, 3alI0OJTHEHHON HOHO00-
MEHHUKOM, U HCTOYHWKA wu3iydeHus. [lodydyeHHBIE CHEKTpbl ramMma- U OeTa-
W3IIy4eHUs JIOTenus-177 XOpouo CoriacyrTcs ¢ U3BECTHBIMH SKCIEPUMEHTAb-
HBIMH criekTpamu. J{iis Moaenuposanus 66110 poseaeno 108 pacnanos 'Lu. Ipu
MPOXOXKIECHUH Yepe3 KOJIOoHKY Bceil aktuBHocTH (1181,9 I'bk) cpenusis nmornorieH-
Has no3a coctaBuina 3,04 k['p. MonooOMeHHast cMoia He ObUTa IOBpEXKIeHa, U 00-
MEHHasi éMKOCTh, BO3MO>KHO, HE MOCTpajaja, MOCKOJIbKY CPEIHsSsS IMOIJIOIIECHHAs
703a ObLIa MEHbIIIE TEOPETUUECKOTO 3HAUECHHUS.

Cnucok ucnojib30BaHHOM JUTEPATYPHI

1. Kyzuenos P.A., booposckas K.C., Cseryxun B.B. [u np.]. [IpouszBoacTBo
mrorenus-177: texHonorndeckue acnektol / // Pagnoxumus. — 2019. — T. 61, Ne 4, —
C. 273-285. - DOI 10.1134/S0033831119040014.

2. Tlarent Ne 2573475 C2 Poccumiickas @Denepamms, MIIK G21G 4/04,
G21G 4/08, CO1F 17/00. Cnioco6 nony4eHus: BHICOKOYUCTHIX coeauHenuit 177Lu,
CBOOOJHBIX OT HOCHTEIIS, a Takke coeauHeHus 177Lu, cBOOOIHBIE OT HOCHUTES .
Ne 2013155710/05 :  3asmn. 12.04.2012: omyos. 20.01.2016 / C. Mapke,
M. Xapdenmremiep, K. XKepnocekon, T. Hukyna ; 3assutens UTM U30TOIIEH
TEXHOJIOTUMEH MIOHXEH AI'. — EDN KFDEMY.
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9KCTPAKLIMA PEAKO3EMEJSIbHBIX INEMEHTOB
HA®TEHOBOW KUCNOTOU

Kuey b.T.

Hayunwiii pykosooumens: Kapenun B.A., 0.m.1., npogheccop

Tomckuii nonumexuudecKull YHUgepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: bachthuan@tpu.ru

HadrenoBas kucnora SBISICTCS OTHOCUTEIBHO JICHIEBBIM IKCTPAreHTOM,
KOTOPBIN UCIIOIB3YETCS B TUIPOMETAIUTYPIUH JIsl U3BICUEHUS U pa3IeICHUS
KaTUOHOB IIBETHBIX MeTauioB. CBolcTBa HA()TEHOBOUM KUCJIOTHI B yIi€BOI0-
POJIHOM KOJIbIIE€ KOTOPOM COAEPMKUTCS IMITh aTOMOB yriepoja (puc. 1) mos-
BOJISIFOT MCIIOJIB30BaTh €€ JJIsl SKCTPAKIIMOHHOTO U3BJICUCHUS U Pa3CICHUS
HE TOJIBKO IIBETHBIX, HO M PEJIKO3eMEeIIbHBIX AemMeHToB (P39) [1].

CH,— CH, //O
™ CH— (CHp)y— 4
CH, — CH, OH

Puc. 1. Cmpykmypa nagpmenogoti kucinomol

ITponiecc skcTpakiuu HaQTEHOBON KHUCIOTOW MPOTEKAET MO KaTHOHO-
0OMEHHOMY MEXaHU3MY:

R-COOH + Ln® 2 (R-COO)sLn + 3H".

BrinonHeHs! ucciienoBaHus Mo 3KCTpakKIUMOHHOMY u3BiedyeHuto La, Ce,
Nd 1 Sm 13 HUTpPATHBIX PacTBOPOB B 3aBUcHUMOCTH OT pH cpenpl (puc. 2).

a
400

300 -

200 -

A WO DN B

100 -

0
30 35 40 45 50 55pH

1-Sm;2—-Nd;3-Ce;4-La
Puc. 2. Bauanue pH na koagpuyuenm pacnpeoenenus o P39
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W3 puc. 2 BugHO, uTo HadTEeHOBasI KHUCIOTa SBisieTCs 3(P(HEKTUBHBIM
skcTparenToM P30, ¢ yBennueHuem mnopsiakoBoro Homepa P33 koadduim-
€HT pacrmpeaeneHuss o pe3ko Bo3pacraer. [lpu yBemmuenun pH ot 3
10 5,5 0ism BO3pacTaeT MPUMEpPHO Ha MOPSJIOK OBICTpEE, YeM O, Mcrmonb3ys
ATy 3aBUCUMOCTb, MOXKHO OTAEIATH 3JEMEHTHI Y -TIOATPYIILI OT IIepUEBOil,
a Takxe paszgenats P30 BHyTpu noArpyIi.

Cnmcok UCIo/1b30BaAHHOM JTUTEPATYPBI

1. Singh D.K., Singh H., Mathur J.N. Extraction of rare earths and yttrium
with high molecular weight carboxylic acids / Hydrometallurgy. — 2006,
V.81. - P.174-181.

IKCTPAKLIUA BONTb®PAMAT-UOHOB
B CUCTEME AHTUMNPUH-CYNIb®OCAIULUITOBAA KUCIIOTA

Hatsepm E.C.

Hayunwiii pykosooumens: Kapenun B.A., 0.m.1., npogheccop
Tomckuu noarumexnHuyeckuu yHugepcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: esn8@tpu.ru

Jnis onpeneneHrs Boidb(ppama UCHOIb3YIOT THOIMOHAT U TUTHOII, C KOTO-
peiMu W 00pazyet koMiuiekcHble coeaunenust. B 10 M HCI kommieke ¢ nutho-
JIOM SKCTParupyroT aMUIaleTaToM M OyTWJIaleTaToM, a THOLMOHATHBIA KOM-
TUIEKC SKCTPArupyroT AMATUIOBBIM M W30MPONmiIoBbiM ddupamu [1]. Ocamok
kyrdepara Bonbdpama U3BJIEKAIOT U30aMUIIOBBIM cIpTOM B cpezie 3 M HaSO,.

Hamu npoBeieHbl HCCIenoBanus 1o ussnedeHno WO,2 -HOHOB B opra-
Hu4ecKkyto ¢aszy B cucteme antunupus(All)-cynbdocanuimnoBas Kuciora
(CCK)-H20O B npucyTcTBHM HEOPraHUYECKUX KHCJIOT, OCHOBAaHUN M BBICAJIH-
Bareneil. [Ipu uzydennu skcrpakuun WO,2 -noHos B cucreme AIT-CCK-H,0
BBINIAJAET OCAJOK 3a cueT 00pa3oBaHMs BOJbPpamMoBoi KucCIOTh. [IpoBene-
HbI uccnegoBanus no pacnpeneneHuto W (100 MKr) Mexay opraHM4YecKon
v BoaHOW (Qa3zamu. I[lokazaHo, 4YTO MakcUMalbHas CTENEHb W3BJIEYE-
aust WO42~ (76,6 %) mocturaercst ipu BBeeHnH B cucteMy 1 M pactsopa HCL.

[Ipu yBenMYEeHUU KUCIOTHOCTH YMEHBIIIAETCS U3BJICUEHUE U MPOUCXO-
JUT TOMOTEHU3AIMN CMECH 3a CUET B3aUMOJCHCTBHS KHUCJIOTHI C aHTUITUPH-
HoM. [Ipu noGasnenuun 1 M pactBopa NaOH crenenb u3BJIeueHUs] COCTABIISI-
et 67,3 %. Ilpu nobasnennn Gonpbiiero konuuectBa NaOH B3auMoeiicTByeT
¢ CCK, 3a cyeT 4ero CHImKAeTcsi 00beM OPraHNYecKor (a3bl ¥ MPOUCXOIUT
rOMOT€HH3alHsI. 3aBUCUMOCTh CTEIIEHU M3BJICUECHHS] OT KUCIOTHOCTU CPEIBI
npuBeeHa Ha puc. 1.
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100 fEw, %
80 |
/‘/\
ool >
a0/
Chel 20 CNaOH
MOJB/ . . . . MOJIB/T1

2,2 1,7 1,2 0,7 0,2 0,3 0,8

Puc. 1. 3asucumocmo cmenenu uzenewenuss 1-107° M WO4%
om kuciomuocmu 6 cucmeme AIl-CCK-H,O
(Can= 0,60 M, Cccx= 0,30 M; Chcr= 1,0 M; Cnaorn = 1,0 M)

Cucrema cymectByeT B nuama3zone pH = 1,09-1,85, 3a npenenamu Ko-
TOPOTO MPOUCXOIUT ToMoreHu3arus. OnrumansHoe 3HadeHue pH = 1,38.

Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPbI

1. Elwell W.T., Wood D.F. Analytical chemistry of molybdenum and
tungsten // Pergamon Press. — 1971. — P. 31-32.

UCCNEAOBAHUE BNMUAHWE NPUPObl AHUOHA
HA 3KCTPAKLWIO P3M KAPEOHOBbIMU KNCITOTAMU

Cunun I"E.

Hayunwiii pykosooumens.: Kapenun B.A.0.m.u., npogheccop
Tomckuu nonumexHuyecKul YHu8epCcumem,
634050, Poccus, 2. Tomck, np. Jlenuna, 30

E-mail: gesl@tpu.ru

[Ipy KaTHOHOOOMEHHOW SKCTPAKIMU KapOOHOBBIMHM KHCIIOTAMU HEOPra-
HUYECKHE aHUOHBI HE MepexoasaT B opranuueckywo ¢azy (OD) [1]. [Ipupoaa
aHWOHA KUCJIOTHI B BOJHOM (hase BiusieT Ha xoja 3aBucuMocTH lga = f(pH).
DTO0 CBSI3aHO C PA3NUYHON CIIOCOOHOCTHIO KATHOHOB K KOMILIEKCOOOpa3oBa-
HUIO B BOJHOM (haze ¢ pasHbiMu annoHamu. CpaBHuBas AG°t oOpa3oBaHus
KaTHOHOB JIAHTAHUJIOB M UX KOMIUJIEKCOB C aHHOHAMHU MOXHO CJI€JIaTh BHIBOJT
0 TOM, 4TO B CyJb(haTHON cpesie OCHOBHAs (hopMa CYyIIeCTBOBAHUS JIAHTAHU-
na — ero kommiekce ¢ SO4% -nonom LnSO4* mmm Ln(SOy); .

IIpu mepexoe OT HUTPATHOM CpeAbl K XJIOPUAHOM OKa3bIBA€T DKCTpa-
rupyeMocTh Ce Bo3pacTaeT 3a CUeT 00pa3oBaHUsl B paCTBOPE MPOUYHBIX KOM-
miexcoB CeCl 3™, Ipu yBenuuenuu konuentpamyu Cl-HOHOB PE3KO CHHKA-
eTcst Koa(pPuIMeHT pacupeaeneHus: Uepus Oce U IPYTUX JAHTAHUIOB, B TOXKE
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Bpems y Y3* 5TOro He MPOMCXOMUT M3-3a TOTO, YTO 0OPA30BAHUE XJIOPUIHBIX
KOMIUIEKCOB HETO MEHEE XapaKTEPHO.

IIpn Hu3KMX 3HaYeHHMsIX pH W KOHIEHTpauuy SKCTPAareHTa pa3anyus
B Oce ¥ Oy IIPHU DKCTPAKLUHA OJIEMHOBOM KMCJIOTOM HE CKa3bIBAIOTCS U3-3a TO-
ro, uro 3tu P30 He uzBnekatorca B OD. Ilpu yBenuuennn pH u KoHIIEHTpa-
[IUU SKCTpareHTa Ko3QQUIMEHT paclpeaesieHUus] BO3pacTaeT U MPOSBISIOTCS
pasmiuns B noeaennu Ce®* u Y3 B pasmmunbix cpenax (puc. 1). ay B HUT-
paTHOM U xjopuaHou cpenax Omusku. [lepexon Y B O B cynbdaTHBIX pac-
TBOpax MPOUCXOAUT 3aMeTHO Xyxke. [Ipu skcrpaknuu Ce npu 3aMeHE aHUO-
Ha-JIMTaHJa C HUTpaTa Ha XJOpUJA U, 3areM Ha cyibdar kordduimreHta
pacrpeeneHus MOoCTENEeHHO YMEHbIIAETCS.

OrsieHOBas KMCJIOTA

50 r

40 |

20

10

0 —=p .
2,5 3 3,5 4 4,5 5 pH

1—Ce-NO;3; 2—Ce-Cl;3-Ce-SO+%;4—Y-NO3: 5-Y-Cl; 3— Y-S0,

Puc. 1. 3asucumocms oce u u oy om pH 600HO1U ¢hazvl 0151 HUMPAMHOLU,
X0pudHou u cyrvghamnou cpeo npu sxcmpaxyuu 0,5 M pacmeopamu
OJICUHOBOTL U HAPMEHOBOU KUCTOMbL 8 0-KCUTLOE

Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPbI

1. Miller F. Carboxylic acids as metal extractants // Talanta. 1974.
V. 21. P. 685-703.
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MATHUTHASI CUCTEMA JTMHUA TPAHCTMIOPTUPOBKM MYYKOB YACTMUL,
BbIBEAEHHbLIX U3 LIUKINOTPOHA Y400P

bacc B.U.1

Hayunwiii pykosooumens.: Muiwkun B.@.2, 0.¢h.-m.n., npogpeccop
LO6veounénnvii uncmumym soepuvix uccredosanuii, JIAP, 2. /[yona
2TomcKuil NOTUMexXHUYecKutl yHueepcumen,

634050, Poccusa, 2. Tomck, np. Jlenuna, 30
E-mail: vadim2@tpu.ru, vadim2@jinr.ru

Huxnorponusi kommieke U400 skcrmyatupyercs B JISAP OUSAU
¢ 1985 roga. B Hacrosiee BpeMsi KOMIUIEKC TOTOBHUTCS K PEKOHCTPYKIIMH,
KOTOpasi BKJIKOYAET B c€0s MOJEPHU3ALMIO OCHOBHBIX Y3JIOB IUKIOTPOHA,
a TAaK)KE€ CO3JaHME HOBOW CHCTEMBI TPAHCHOPTUPOBKH YaCTHUI[ IO KaHAJIAM,
BEIYLIMM B JIBA OCHOBHBIX HampasieHus: K ycranoBke SHELS u B HOBBIN
sKcniepuMeHTanbhbii 3a1 (HI3) [1].

B npoekte pexoncTpykuu nukinorpona Y400 npeanonaraercs TpaHc-
MOPTUPOBKA MYYKOB 3aAPSIKECHHBIX YACTHUI[ JO NOBOPOTHOro mMaruuta TMI1,
I7ZI€ C HYJEBBIM NOBOPOTOM IIy4OK yacTull Hampasisiercs B HO3, a nmus
TpaHCIIOPTUPOBKHU K ycTtaHOBKE SHELS TpaekTopus mydka 4acTHIil ITIOBOpa-
yuBaeTca Ha yroa 40,6°. TpancnopTupoBKa BBIBEICHHBIX NMy4ykoB B HO3
OCYILECTBIISIETCS MOCIE MOBOPOTHOro Maruura TM1 no pasBogsiero mar-
Hura TMS, mocne KOTOporo Mmydky 4acTHL HalpaBJIIOTCA HA Pa3JIM4HbIC
(u3nueckre yCTaHOBKHU. DJIEMEHTAMU JIMHUU TPAHCIOPTUPOBKH SIBIISIOTCS
IMOBOPOTHBIA MarHut TM2, OCyIIEeCTBIAIONIMNA TOBOPOT MyYKa B TOPU30H-
TQJIbHOM HAMNpPaBJICHWH, W BEPTUKAJIbHBIE MOBOPOTHbIE MAarHuThl TM3
n TM4. KomMmoHOBKa MAarHUTHOM CHUCTEMBI JINHUM TPAHCIIOPTUPOBKHU IPEA-
CTaBJieHa Ha puc. 1.
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Puc. 1. Komnonoska kananoe mpancnopmuposKu nyuKo8
om yuknompoua ¥Y-400P k ycmanoske SHELS u x ycmanosxam ¢ HI3
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Pesynbrarel pacueToB OyayT UCHOIB30BaHBI MPU MPOESKTUPOBAHUU JIU-
HUW TPAaHCIIOPTUPOBKH ITYYKOB 3apSKEHHBIX YAaCTUIl OT HUKIOTpoHa Y400P.
B noxmame nmpuBOASATCA PE3ydbTAaThl PAaCUETOB TPEXMEPHBIX MOBOPOTHBIX
MarHuToB TM Kak 4aCTH MAarHUTHOW CUCTEMBI JINHUM JUIs1 TPAHCIIOPTUPOBKH
MOJIy4aeMbIX IYYKOB 3apsDKEHHBIX YAaCTHIl M OOCYXIAIOTCS OCOOEHHOCTH
IIPOLIEIyPBI pacueTa.

Cnmcok UCIo/1b30BaAHHOM JTUTEPATYPBI

1. Yu. Ts. Oganessian, G.G. Gulbekyan, B.N. Gikal, 1.V. Kalagin et al.
“Project of the U400R CYCLOTRON AT THE FLNR JINR”, Flerov
Laboratory of Nuclear Reaction, Joint Institute for Nuclear Research, Dubna,
Moscow reg., 141980 Russia, Proceedings of RUPAC XI1X, Dubna 2004.

NTMHUNA TPAHCINTOPTUPOBKU MYYKOB
Ana HOBOIro 3KCNEPUMEHTAIIbHOIO 3ANA LUWKINOTPOHA Y400P

bacc B.U.1

Hayunwiii pykosooumens.: Muoiwkun B.@.2, 0.¢p.-m.n., npogpeccop
L06veounénnviii uncmumym s0epuvix uccredosanuil,
Jlabopamopus si0epHvix peakyuil
2TomcKutl noAumMexHu4ecKuti yHusepcumen,

634050, Poccus, . Tomck, np. Jlenuna, 30
E-mail: vadim2@tpu.ru, vadim2@jinr.ru

OcHoBHas aestenbHOCTh JlabopaTopuu simepHbIX peakiuii umenu dre-
pOBa, CBsi3aHa ¢ (pyHIaMEHTAJIbHON Haykoul. B Hacrosimiee Bpems B abopa-
TOPUU TIPOJIOJKAIOTCST paOOTHI 10 PEKOHCTPYKIIUU IuKI0TpoHa Y400, obec-
[IEYMBAIOIIETO HUCCIIEOBAHUS MO TPEM OCHOBHBIM HANpaBiICHUSIM (PU3UKH
TSDKEJIBIX HMOHOB: CHHTE3 TSDKEIBIX M DK30THUYECKHMX SIIEp, HUCCIEHOBaHUS
AJIEPHBIX PEaKIU U UCCIIEIOBAHNS B3aUMOJCHCTBUS BEUIECTBA C TSKEIBIMU
nonamu. Ilocne pexoHCTpykiMu 1UKIOTpoH Y400 Oyaer Ha3bIBaThCA
Y400P [1]. Jus Y400P Heobxoaumo pa3paboTaTh U pacCUUTaTh HOBYIO CX€-
MY JIMHUWA TPAHCTIOPTUPOBKU MOHOB OT Y400P k MuIIeHSAM, PacrionoKeHHbIM
B HOBOM 3KCIiepuMeHTaIbHOM 3ajie (HO3).

Jnist pacyeta MpOEKTUPYEMBIX MOBOPOTHBIX MATHUTOB CUCTEMbI TPAHCIIOP-
TUPOBKU OBUIM B3ATHI Iy4oK MOHOB “Ca*®, A/Z = 5.34, ¢ MaKkcUMabHOM KeCT-
KOCTBIO 10 paboueit tuarpamme BR = 3.31 T-m, ¢ sHeprueit 18.575 MsB/nykion
¥ myd4ok noHoB “8Ca*®, A/Z =9.6, ¢ xectkocthio BR =2.99 T'm u sHeprueit
4.688 M»B/nyxioH.

B cocTaB kaHan0B BXOAUT KOMMYTUPYIOIIMKA MarouT TMS ¢ naayknuen
MIEPEMEHHOI0 MarHUTHOro nouis 10 1,3 T, KOTopbIi MO3BOJISET MOBOPAYU-
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BaTh My4YOK Ha TpW HampasieHus: Ha yribl 0° u +40°, uro obecneunBaeT
TPAHCIIOPTUPOBKY MOHOB K TPEM 3KCIEPUMEHTAIbHBIM ycTaHOBKaM. Kop-
pekuus my4koB ocyuectsisiercs CM-koppektupyromumu Mmarautamu (CM-
corrective magnet), a ¢GoKycupoBKa obOecreunBacTcs AyOjeTaMu KBaapy-
noJbHbIX JUH3 TxQy, UMEroImuX rpaueHThl MarHuTHOroO nojst 1o 7,7 Tiu/m.
D710 mo3BoJIsAET chopMHUPOBATH MyUOK YACTHI] AUAMETPOM 1 cM B 30HE 00ITy-
yeHus obpasna [2].

Pe3ynbrarel pacueToB OyayT MUCIOJIB30BaHbl MPU MPOECKTUPOBAHUU JIU-
HUI TPAaHCHOPTUPOBKU IYYKOB 3apSKEHHBIX YaCTUL OT KOMMYTHUPYIOLIErO
marauta (turning magnet) TMS, pazaensomiero my4yku 4acTHIL 110 TPEM OC-
HOBHBIM KaHajaM TPaHCHOPTHUPOBKH, 10 YCTAHOBOK C MULICHSIMH.

Cnmcok HCIoJIb30BAHHOM JTUTEPATYPbI

1. Oganessian Yu. Ts., Gulbekyan G.G., Gikal B.N., Kalagin I.V. et al.
“Project of the U400R Cyclotron at the FLNR JINR”, Flerov Laboratory of
Nuclear Reaction, Joint Institute for Nuclear Research, Dubna, Moscow reg.,
141980 Russia, Proceedings of RUPAC XIX, Dubna, 2004.

2. Kalagin L.V. etal., Heavy ion cyclotrons of FLNR JINR - status and
plans / Proc. of 26" Russian Particle Accelerator Conference, Protvino, Russia,
Oct. 2018. — P. 6064, doi:10.18429/JACoW-CYCLOTRONS2019-FRBO02.

EMKOCTb KATUOHHOIo OBMEHA MPUPOOHON
U OBJTYMEHHOU MWHUCTOU CMECH

Kanokosa A.P., Ommuk A.K., Ban L.

Hayunwtit pykosooumens: npogheccop TIY Mviuukun B.D.
Tomckuu noarumexnuyeckuu ynugepcumem, 2. Tomck
E-mail: ark18@tpu.ru, ako6@tpu.ru

['MyuHa MMPOKO UCTIONB3YETCs IPU CO3/IAHUU WHKEHEPHOTO Oaprepa 0e3-
OITACHOCTH TIPU 3aXOPOHEHUH SACPHBIX OTXO0MOB. M3BeCTHBI pabOTHI MO HC-
CIICTIOBAHUIO BIMSHUS pagvialiii Ha (U3UKO-XMMHYCCKHE CBOWCTBA TIJIMHBI.
OnHako, HEIOCTATOYHO U3YYEHO BO3JCHCTBHUE Paguallii Ha CBOMCTBA TJIMHBI.
EKO omnpenensier 6apbepHble CBONCTBA TNIMHUCTHIX cMmeceil. [loaTomy akty-
QJIBHBI UCCIICIOBAHUS, CBSI3aHHBIC ONPE/ICIICHUEM B3aUMOCBSI3H TIOTJIONICHHON
703bI ¥ OapbepHBIX CBOMCTB. CTaBMIACh 3aJja4a U3MEPCHHS U CPABHCHUS 3HA-
YCHMS TIOKa3aTelie, ONpeaeomuX 0aphepHbIE CBOMCTBA MPUPOTHONW U 00-
JTy4eHHOU TJIMH, HAapuMep, EMKOCTh KaTuoHHOTO oOMeHa (EKO).

Jist SKCriepuMEHTANBHBIX 3HAYEHUN HAMH MCIIOJIb30BAJIaCh CMECH TJIMH,
cozepkainiasi MUHEPaJIbl MOHTMOPWJUIOHUT, KAOJIUHUT, BEPMHUKYJIHUT. OTa
cMech 00Mydanach y-usnydeHueM uszorona °Co 10 HOMNIOMIEHHOH J03bI
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0,3 MI'p. Cmech Haxonuiaach Ipu KOMHATHON TeMIlepaType U aTMOCHEpPHOM
nasnenun. [InoTHOCTH 06IyUaeMoii cMecu cocrasisia 1,4 r/evs,

EKO Beicymennoit rnunsl onpenensiii no ['OCT 17.4.4.01-84. Dkcnepu-
MEHTaIbHO modyyeHo 3HadyeHue EKO mnpupogHOil TJIMHBI COCTaBIISLIO
26,725 (mr 5kB.)/100 T. B pe3ynbpTare pagualiiOHHOTO BO3JICHCTBHS Ha TIIMHY
e€¢ EKO ymenpmmiacek Ha 8,725 (mr 9kB.)/100 1. U3BectHO, uTo EKO ompene-
JSIETCS YJIENbHOW MOBEPXHOCTBIO YaCTUI] [NIMHBI U KOJJMYECTBOM IPOTHBOWHOB
MEXIy NaKeTaMu MuHepaiia. Takxke U3BECTHO, YTO MOHU3UPYIOIIEE U3TyUYeHHE
IOPUBOJIUT K (POPMUPOBAHUIO TOUEUHBIX JEPEKTOB B CTPYKType MUHepaia. M3-
BECTHA MyOJMKalMs, B KOTOPOM MOKa3aHO, YTO MOJHas amopdu3auus (paspy-
IIEHUE KPUCTAIIMYECKON CTPYKTYphl) INIMHUCTOTO MUHEpaJIa POUCXOUT, ITPU
oOiyuyeHMH OeTTa-yacTUI[AMU, MPOMCXOAMT IPU MOIJIOMIEHHOM J03€ OKOJIO
10 I'p. TTosToMy pa3pylueHus, MOITy4aeMble MUHEPAIAMH TIPH TIOTJIOMIEHHOM
no3e ramma-u3nydenus 0,3 MI'p, He CTOIb 3HAYUTEIIBHBI.

B nmoxmane aHanmM3upyroTcs NpUYMHBI yMeHbIIeHHs BennduuHbel EKO.
Hanpumep, nzmenenne EKO MOKeT MPOU30UTH B PE3yJbTAaTe YMEHBLICHUS
YAEIBHON NMOBEPXHOCTH IIMHBI. Bropoil npuunHon n3MeHeHuss EKO moxer
OBITh M3MEHEHHUE 3apsa >Kele3a, COAEPX AIIErocs B MAKeTax TIIMHUCTOTO
MUHEpaia, B pe3yibTaTe B3aUMOJEUCTBUS ¢ raMMa-usinydeHuem. M3 ceptu-
(ukaTa Ha HUCIOJIB3YEMYIO CMECh BUAHO, UYTO COAEpNKAHHME OKCUIA Kejle3a
cocrapisieT 3,85 %. Takxke TEOpeTHMUECKU aHAIM3UPYIOTCS BO3MOXKHOE BIIM-
SHUE TEMIIEPATYPBI U JABJICHHS HA PaJMAllMOHHOE Pa3pyLICHUE pa3IMYHBIX
MUHEPAJIOB. JTU YCIOBHUS CBA3aHBI C BO3MOXHBIM «OTKHIOM» MHUHEpaJa,
OTIpE/ICIISIONIEM KOHEUHYIO KOHIIEHTPAIHIO 1e(DEeKTOB.

W3MEHEHWUE KOQ®PULIMEHTA ANPOY3NU NPOTUBOUOHOB
NPU NOABNEHUU PA3PbIBA XUMWUYECKOWU CBA3U
B CTPYKTYPE MrMWHUCTOrO MMHEPATNA

UWykwuna 4.4., Ban LlatinyHb

Hayunwiii pykosooumens: Moiukun B.®., 0.¢h.-m.H., npogeccop
Tomckuu nonumexHuyecKul YHu8epCcumem,
634050, 2. Tomck, np. Jlenuna, 30
E-mail: dds17@tpu.ru

Jlnst co3manus WHXXKCHEPHBIX OaphepoB OE30MACHOCTH TPHU 3aXOpOHE-
HUU pauOaKTUBHBIX 0TX0/10B (PAO) mcnons3yloT cMmecu, oOoraiieHHbIE
MOHTMOPWIITOHUTOM. [Ipu koHTakTe ¢ PAO B KpucCTaIMueckon CTPYKType
MUHEpaja TMOSBIAIOTCA AePEeKThl, KOTOpbIe YXYIUIAIOT €ro OapbepHbIE
CBOMCTBA. DJTO YBEJIMYUBAET BEPOSITHOCTh NMOMAJaHUs PATUOHYKIUIOB B
OKPY’KAIOUIYIO Cpemy.
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KBaHTOBO-XMMHYECKOE MOJEIUPOBAHUE IO3BOJSET UMHUTHUPOBATH Pa3-
JUYHbIE Je(PEeKThl. AHAIM3UPOBAIN BIUSHUE BAaKaHCHUU B TETPadAPUUECKOM
clioe MUHepaja Ha ero OapbepHble cBoMcTBa. Materials Studio koHTponHpyeT
KOJMYECTBO MOJEKYJSpHBIX opOuTaneid. [losTomy nanst 3amonHeHus: Hemo-
CTAIOLIMX KOBAJIEHTHBIX CBSA3€M HCMOIb30Banu paaukansl *H wim «OH.

[IyTeM KBaHTOBO-XMMHUYECKOIO MOJEIMPOBAHUS PACCUUTHIBAIM SHEp-
ruio B3aumosericteus nonoB Na*, Li*, Cs*, Rb*, maxomsmuxcs mexay ma-
KETaMH MOHTMOPWJIJIOHUTA, C pacuyeTHOU suerkor. Cynepsueiika, UCIob-
30BaHHas JUJId pacYETOB, COJEPKAIA OJUH MaKET U3 3 x3 sueek. Pe3ynbraTe
pacyeToB MPUBEICHBI HA PUCYHKAX: a — UCXOJHBIA MUHEpan, 0 — MUHEpA
¢ neexTom.

04730
_94140
a1

gATE0

a) L //c 6)

W3 pUCYHKOB BUJIHO, YTO, U1 UICXOAHOTO MUHEpaia, B KOTOPOM OTCYT-
CTBYET BaKaHCHsl, OTEHIMAIbHAS IMa HAaOII01aeTCs B TOUKe 3aMeHbl Al** Ha
MOH Mg?* B OKTadapU4eCKOM CIIO€, B CBSA3M C MOSBJIECHUEM 3apsaa. [ youna
AMBI COCTaBJISET 3 3B 17151 0THOTO MOJI PACUETHBIX STUYEEK.

[Ipu Hanuuum aedekra popmupyercs Oosee rirydokas sima, 4eM B HUC-
XoHOU cTpykType. IIpu 3Tom rinyouna simel paBHa 30 3B. Jloruuno npen-
MOJIOKUTh, YTO MNpPH 3TOM KO3PPULUHMEHT IUPPYy3UH KAaTHOHOB JOJKEH
YMEHBIIATHCS U3-3a MPOJODKUTEIBHOTO HAXO0XKICHHUSI KAaTUOHA B 3TOM TOY-
Ke, IPEACTaBIAIOIIECH 1Sl KaTHOHA MOTEHUUAJIBHYIO sIMy. DTO MPOTUBOpE-
YUT SKCHEPUMEHTAJbHBIM pe3yjbTaraMm. B 1okiajne aHaiu3upyercss BO3-
MOXHBIE  NPUYMHBI  HECOOTBETCTBHMS  SKCIIEPUMEHTAJBHBIX  JTaHHBIX
PacCUYETHBIM PE3yJIbTaTaM.
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ONTUMAJTbHBIE PEXXUMbI PABOTbI FMNEPCKOPOCTHOM
FA30BOU LEHTPU®DYITU UTYACCY MPU PA3NNYHBIX KOHLIEHTPALIUAX
LIENEBOIO U3OTOMA B MOTOKE OTBOPA

Bacunbes A.B.

Hayunwvie pyxosooumenu: boeosanos C.B., 0.¢h.-m.H., npogheccop;
Tponun U.B., K.¢h.-m.H., Ooyernm
Hayuonanvuoui uccneoosamenvcxuii soepuwiii yuusepcumem MUDHU,
115409, Poccus, . Mockea, Kawupckoe wiocce, 0. 31
E-mail: AVVasilev@mephi.ru

VY coBpeMeHHBIX LEHTPU(DYT, TPUMEHSIOMUXCS I Pa3eIeHUs] U30TO-
OB ypaHa, CKOPOCTb BpallleHUs poropa gocturaer nopsaka 900 m/c, co-
IJIACHO OTKPBITHIM JaHHBIM. B 0003pumMoM OyayiiemM MOryT ObITh CO3JaHbI
Marepuaibl, MO3BOJSIOIIKME TOCTHYb ckopocTed cBbimie 1000 m/c. OgHako
BOIIPOCHI 00 ONTUMAJIBHBIX PEXUMaX paOOThl TAKUX TMIEPCKOPOCTHBIX Ira30-
BbIX neHTpudyr (I'TLl), mpu KOTOpBIX AOCTUraeTcs ONTHUMaybHas (MaKCH-
MaJIbHO BO3MOYKHAs) pa3aenuTenbHas cnocooHocth AU, Kak pyHKIus OT Ta-
KHX IapaMeTpoB Kak JaBJieHWE Ha CTeHKy poropa P, motox nurtanus F,
nepenaja Temieparypsl Ha eauHully JumHbBl AT Ha TOopuax poropa u Moul-
HOCTB Ta30BOro TpeHust W [1], ocTaroTcst OTKPBITHIMA.

C npyroii cropoHsl, ckopoctu BpaueHus oosiee 1000 m/c mo3BoSSIET HAIESTh-
Csl Ha TIOJTyYEHHE KOHIIEHTPAIMH TEJIEBOT0 KOMITOHEHTa Oostee 5 % 6e3 ucmosb30-
BaHUs KackaJoB. B gaHHOI paboTe MpoBeAEeHbI ONTUMU3AILIMOHHBIE PACUETHI, TIPU
KOTOPBIX JIOMOJHUTEIILHBIM KPUTEPUEM SIBIISUIOCH MOTYyYEHHE KOHIEHTPALMA 130~
Tona ypaHa-235 B notoke otoopa Cp, prkcrpoBaHHOM BETUUMHBL.

B kauectBe nepBoro 3rana ObLUIM MPOBEAEHBI YUCIEHHbBIE PACUETHI IO MOUC-
Ky ONTHUMAJIbHBIX peKUMOB padoThl B [Tl mpu ycrnoBuu, 4TO KOHUEHTpAIUs
B rotoke otoopa C, Obiia 3apukcuposana ot 1 10 5 %. beiio ycraHoBneHo, uTo
ONTHMAJTbHAS pa3lieNuTesbHast criocoOHOCTh AU yObIBaeT JIMHEWHO C yBEIUYECHH-
eM KoHueHTparmu Cp, yMeHbIIalcs B 3TOM MPOMEXYTKE IPUMEPHO B TPU pasa.

Ha BTOpOM M TpeTbeM 3Tame ucCieqoBaHMsl, ObLIM MOJTY4YE€HbI OINTH-

MaJIbHbIE PEKUMBI OT JUIMHBI L B quanazone ot 1 10 5 M U ckopocTu Bpaiiie-
Hus poropa V ot 1000 mo 1500 m/c, ipu yciaoBUM, UTO KOHIIEHTpAIUS U30TO-
na ypana-235 B nmoroke oroopa Cp =5 %.

Cnmcok UCnoJIb30BaAHHOM JTUTEPATYPHI

1. Glaser A. Characteristics of the gas centrifuge for uranium
enrichment and their relevance for nuclear weapon proliferation //Science &
Global Security. —2008. — T. 16. — Ne 1-2. — C. 1-25.

2. Doneddu F., Roblin P., Wood H.G. Optimization studies for gas centrifuges
Il Separation Science and Technology. —2000. — T. 35.—Ne 8. — C. 1207-1221.
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B3AUMHOE BITUAHUE KATUOHOB
HA UX KOQ®OULIMEHT AP DY3NUU YEPE3 MUHUCTBIE MUHEPATDI

BaH L., Wykwura 4.4., Amymosa A.E.

Hayunwiit pykosooumens: npogheccop TIY Muviuukun B.D.
Tomckuti norumexnuyeckuu ynugepcumem, 2. Tomck
E-mail: yeab6@tpu.ru

N3yyeHne B3auMOJIECHUCTBUSL PAIMOHYKIIMJOB C MIIMHUCTHIMU MUHEPATAMU
NpeACTaBsieT co00M aKTyallbHOE HaNpaBJCHHE, BIMSIONIEE HA OE30MacCHOCTh
XpaHEHHsI PaIMOAKTUBHBIX O0TX0JI0B. C yBeIMYeHHEM 00BEMOB PATMOAKTUBHBIX
OTXOJIOB HEOOXOJMMO HE TOJIbKO ONTHUMH3UPOBATh METOABI MX 3aXOPOHEHHS,
HO U TPEICKa3bIBaTh BOZMOKHBIC ITyTH MUTPALIUUA PATUOHYKIUIOB B TITyOOKHUX
ciosix 3emun. B Hacrosiiee BpeMsi HEIOCTATOUHO U3y4YEHbI IPOLIECCHI B3aUMO-
JEMCTBUS KATHOHOB PAIMOHYKIIMJIOB C TIMHAMHU B PA3JIMYHBIX YCIOBHUSX.

Ms1 MmogenupoBaiu nporecc 1udPy3un KaTHOHOB Yepe3 YIUIOTHEHHBIN
cio HaOyxmed mmHBI B mporpamme Materials Studio. Mcnonb3oBasics
Na-BepMUKYIIUT, Y KOTOPOTO MEXIy IaKeTaMH TJIMHBI coaepkutcs Na'.
[Tpu 5TOM YacTh MEKIAKETHBIX HOHOB HATpPHUs 3aMeHsJIM Ha HOHbI Cs*
win RD*, uMmeromumMu SKBUBaICHTHBIN 3apsaa. Takke 3aMeHsUIM JiBa HOHA
HATpUS HA OJIMH JBYXBaJCHTHbII KaTnoH Mg?* uin Ba?",

MopaenupoBaHue METOJIOM MOJIEKYJSIPHOM JWHAMHUKH MPOBOJWIIN IPU
YCJIOBUU MOCTOSIHHOM IJIOTHOCTH TJIMHBI. PacyeTsl moka3bIBatOT, YTO KaTHO-
Hbl B MEXIAKETHOM IPOCTPAHCTBE IJIMHBI PACHPENEIICHbl HE PAaBHOMEPHO,
a CrpyNnupoBaHbl B cOU. Takke BUIHO, YTO KaTHOHBI PACIPEICICHbl He-
PAaBHOMEPHO B MEXIAKETHOM MPOCTPAHCTBE. JTO CBSI3aHO C TEM, UYTO B HU3Y-
yaeMOW HaMU pacueTHOM MOJIeNI aTOMBI Si, HAXOAIIUECS B TETpadApax, 3a-
MelleHbl Ha Al b Ha OHOW CTOPOHE MakeTa riauHbL. [Ipu 3ToM KaTHOHBI
CUJIbHEE aJICOpPOMPYIOTCS MOBEPXHOCTHIO C OJHOW CTOPOHBI MAKETa, COIEp-
JKamiero OoJblIee KOJIMYECTBO 3aMEHEHHBIX aTOMOB TAKeTa.

[lepemernieHre KaTHOHOB B MEXITAKETHOM MPOCTPAHCTBE TJIMHBI C OJTHOU
TOYKH B JPYTYIO TOYKY BO3MOXKHA MPU YCJIOBUHU, €CIIH SHEPIUsl UX TEIJIOBBIX
KOJICOAHUW TIPEBBIIIACT BEIMYUHY MOTCHIIMAILHOW siMbI. [Ipyn ATOM KOHIIEH-
TpaLMsl 3apsAI0B TETPAdIPUUECKOrO CJIOs NTaKeTa BEPMUKYJIUTA, KOTOpasl onpe-
JeTIsIeT SHEPTHUI0 B3aUMOJICHCTBHS C HOHAMU, OKa3bIBaeT HaUOOJbIIee U3MEHEe-
Hue kodduimenTa mudPpy3un KaTHOHOB MTPU U3MEHEHUH TEMIIEPATYPHI.

YcTaHoBIEHO, YTO BIUSHUE TeMIepaTtypsl Ha AU( Y310 BOJIBI HAMHO-
ro Oosbllle, 4eM Ha MUTpPaALUI0 KaTHOHOB. [Ipu HU3KOM ruaparauuy riauH
TeMIlepaTypa HE3HAUYMUTEJIbHO BIUsAET Ha IU(Py3u0 BOJIBI M KATHOHOB,
a pa3Mep U Macca THApaTUPOBAHHOTO MOHA OKa3bIBAIOT CUJILHOE BIMSHHE Ha
ero nuddy3uro Mexay nmaketamud W copobuuto. B nokiane mpuBonsTcs pe-
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3ynbTaThl pacyeToB Kodpduiuenta nuddy3un Mexay MakeTaMHu pasHbIX
MOHOB M 00CYKIaeTcsl MOJTy4YEeHHBIE PE3ybTaThl MOJEIMPOBAHUSA; 0OOCHO-
BBIBAIOTCSI IPUYUHBI B3AMMHOTO BIHMSHHS KATHOHOB.

WCCNEAOBAHMUE NPOLIECCA PA3PYLUEHWUA MMUHUCTBIX MUHEPAIIOB
B NOJE BETA-U3NYYEHUA

Cepeees O.C., Yebomapes K.P.

Hayunwiii pykosooumens: Motwkun B.D., 0.¢h.-m.H., npogheccop

Tomckuti nonumexHuyecKuli yHugepcumem,
634050, Poccus, . Tomck

B cBere pe3koro o00CTpeHHUs] 3KOJOTMYECKUX MPOoOIeM BO BTOPOM MO-
noBUHE XX BEKa, BKIIOUAsi BEPOSITHOCTh PAMOAKTUBHOE 3apa’KeHUS, BOIIPOC
oOpallleHHsI ¢ paauoaKTUBHBIMU OTXO0/JaMH CTaJl MPEIMETOM 0CO00T0 BHUMA-
HUs. [ TMHUCTBIE MaTepualibl ABJIAIOTCS HanOoJiee MEepPCIeKTUBHBIMH, KOT/Ia
paccMaTpUBaETCs BOMPOC O KOHCTPYMPOBAHUHU XPAHWIMI IS PAIUOAKTUB-
HbIX 0TX0J10B (PAO).

I'muHuCTBIE MUHEpAJbl MOJABEPraloTCs 3PO3MOHHOMY MPOHUKHOBEHHUIO
PaIMoOaKTHUBHBIX OTXO0JOB MpU ITyOUMHHOM 3axopoHeHnn PAO. Nonusupyro-
mee u3nydenne PAO U ydku TsHKETbIX HOHOB (POPMHUPYIOT B IJIMHE J1edek-
Thl, KOTOPBIE BBI3bIBAIOT M3MEHEHUSI (DU3UKO-XMMHUUYECKUX CBOMICTB BBHIIIIE-
YIOOMSIHYTBIX MatepuayioB. [loaToMy HEOO0XOIMMO HCCIEAOBaTh MPOIIECC
pa3pylieHus TIIMHUCTBIX MaTepuayioB JJisi obecreyeHus: TpeOyeMbIX Xapak-
TEPUCTUK U MPEJICKA3YEeMOCTH UX TTOBEJCHHUS Ha MPOTSKEHUU BCETO KU3HECH-
HOTO ITMKJIa 00BEKTa KOHCEpBAIMKU UK 3axopoHeHus PAQO, BBINOJIHEHHOTO
C IPUMEHEHHUEM TJIMHUCTBIX MaTEPUAIIOB.

B noxnane mpuBOasITCA pe3yiabTaThl MOACTUPOBAHMS PaIUAIMOHHBIX
MOBPEXKICHUM MUHEpajia MOHTMOPWIJIOHUT B Tioie -uznyuenus. Onpenene-
Ha 3aBUCHUMOCTh KOJIMYECTBA 00PAa30BABIIMXCSI BAKAHCHI B MUIIICHU, UMUTH-
pytoieid MoHTMOpHWLIOHUT (MMT), ot mornoménHoi ao3el. [lokazana u-
HeWHasT 3aBUCUMOCTh KOJIMYECTBA PAJUALMOHHBIX  pa3pylIeHUH  OT
morJiomeHHon 1036l B auama3one 0-0,4 MI'p. OueBuaHO, 9YTO KOJIMYECTBO
BBIOMBAEMBIX aTOMOB MPOMOPIIMOHAIBHO UX KOHIICHTPAIIUU U CEYEHUIO B3a-
UMOJICHCTBUS ¢ OeTa-dyacTuiaMu. [Ipu 3TOM KOJIWYECTBO BBHIOMTHIX aTOMOB
pPa3HOro BHA CYIIECTBEHHO OTIMYAIOTCS M3-32 OTIMYMS UX KOHIIEHTpaIUu.
OnpeneneHbl KOHEYHBIE KOOPJIWHATHI aTOMOB, BBIOMBAGMBIX M3 PEIICTKH
MHUILIEHU TOJ BO3JEHCTBUEM HOHU3ZUPYIOMIETO HW3IYYEHHUS, YTO MO3BOJISIET
oTpeensaTh, aTOMbl Kakux djeMeHTOoB B MMT Hambomnee 4yBCTBUTEIHHBI
K BO3JICUCTBUIO [B-U3TyYeHUs U Kakue 00JIacTH NMAaKeTOB MUHEpasia HanboJee
YyBCTBUTEJIBHBI K U3JTYYEHUIO.
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Habmonaercs paauaiinoHHOE pa3pylieHHe KaKk MUHEPasa, Tak U MOJICKYJT
Boibl. [Ipu aToM pagukainsl H 1 OH u3 MeXnakeTHOro mpocTpaHCTBa KaK JIETKO
«3aKpBIBAIOTY» 00OpPBAaHHBIC XUMUYECKHE CBSI3M MUHEpAJa, TaK M CaMH «aTaKy-
I0T» TIOBEPXHOCTh TakeTa. ATombl Al, GobIas 9acTh W3 KOTOPBIX pacroJiara-
I0TCS B OKTa3/IPUYECKOM CJIO€ MaKeTa, BHIOMBACTCSI HAUOOJIEE YacTo.

B Terpasapuueckom ciaoe BO3MOXKHO B3aWMOJECHCTBUE paaukaioB H
u OH kak c BakaHcuelt Al, Tak u pa3pylieHue «Iieqoi» 4acTu nakera. Ba-
KaHcu Al B OKTa’Ipu4yecKkoM cjioe HE MOTYT TaK JIETKO 00pa3oBaTh HOBYIO
XUMHUYECKYI0 CBsi3b. OHAKO CYIIECTBYET BEPOATHOCTH 3a0poca, IpH yjape
c HajeTaromie yacrtuiei, pagukaioB H u OH B o6nacts Bakancuu Al B Ok-
Ta3ApUYECKOM CIIOE.

HcxonHble KOOpJIMHATHI BHIOMBAEMBIX HM30TOIOB HEPABHOMEPHO pac-
MpeesIeHbI MO rTyOUHE MUIIICHHU.

NONYYEHWUE TPUGTOPUOA NNYTOHUA
Curbko H.C.

Hayunwiii pykosooumens: Kepun U.U., 0.x.1., npogheccop
OI'VII «I'’XK», 662972, Poccus, 2. Kenesnocopck, yu. Jlenuna, 0. 53
E-mail: natalisee@list.ru

3aMbIKaHUE SIICPHOTO TOIUIMBHOIO IUKJIA — OJIHA W3 KJIFOYEBBIX 3ajad
JUISl CETOJHSIIHEN aTOMHOM 3HepreTuky. OJHUM W3 HAIIPaBJICHUM MO penie-
HUIO JJAHHOM 3a/1auu SIBJSIETCS CO3JaHUE KUJIKOCTHOTO, HA OCHOBE pacIuiaBa
dbTopuaos, xkunkocosieBoro peakropa (KCP) mis TpancmyTaiiuu MUHOPHBIX
BBICOKO PaJMOAKTUBHBIX aKTUHUOB, OCHOBHYIO MacCy KOTOPBIX COCTABJISIOT
Am, Np, Cm. B stux pacriaBax B KaueCTBe HHUIIMATOPA TPAHCMYTAIIUU MU-
HOPHBIX aKTUHHJIOB MPUMEHSIOT HeJIeTy4uui Tpudropua miyTonus [1].

Ncxonnoe coenunenue s rugpodTopupoBanus npeacrapieHo PUO,.

O0paboTKy MTUOKCH/A TUTYyTOHMSI BEJIM PEeaKIMOHHON cMmechio Ar-HF-H;
npu 500 °C ¢ nonyuennem PuFs o peaxium (1):

PuO, mt 3HF T 0,5H, = PuF; mt 2H,0 ™) (1)

Jlanee mpoBoAMIIM JTOBOCCTaHOBJIEHHE Hempopearuposasiiero Pu(IV)
JI0 €r0 TPEXBAJIEHTHOT'O COCTOSIHUSI peakiinoHHOM cMmechio Ar-H; mpu 600 °C.

Hnst upentudukanuu PuFs, npoBenu peHTreHo(a3oBbIi aHAIN3 MOTY-
YeHHOro 00pas3lia, pe3yJbTaThl MPECTABICHBI HA PUCYHKE.

Comnocrapnenue audpakTorpaMMbl 00pasiia ¢ JaHHBIMU Oa3bl PEHTIeE-
HOBckuX NaHHbIX COD (xapaktepHbie pediiekcsl B oonactu 20: 24,5; 25,1;
28; 35,3; 44,2; 45,3; 50,2; 51,1; 53,1; 65,1; 69; 70; 71,4), nokas3ayio ux UICH-
TUYHOCTbh, YTO CBUACTEIBCTBYET O TOM, YTO KpUCTa/uinyeckas (aza oopasia
COOTBETCTBYET OpyTTO-hopmyie PuFs.
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Cnmcok UCnoJ1b30BaAHHOM JTUTEPATYPHI

1. UrnarseB B.B., ®eitnoepr O.C., 3arautbko A.B. u ap. XKuakocose-

BOI peaKTOp: HOBBIE BO3MOXXHOCTH, ITPOOJIEMBI U pelIeHus // ATOMHas HEp-
rus, 2012, 1. 112, Bpim. 3

CTAHOBJEHUE A0EPHOW MEQULINHBI
B PECINYBJIUKE KASAXCTAH

YmbipxaHos T.H., Macoedosa E.H., MyxamedxaHosa E.C.

HAO ynueepcumem umenu [llaxkapuma, 2. Cemeti, PK
E-mail: timirlan-95@mail.ru, kate_white89@mail.ru, merkezhan04@mail.ru

SAnepHas MenuimHa — 3TO 00J1aCTh, OCHOBAHHAsI HA MCIOJIb30BaHUU pa-
JUOAKTUBHBIX HYKJIHUJIOB B JUArHOCTUYECKUX M TEPANECBTUYECKUX LEIAX.
Pa3paboTka TexHONOTHI paAnOHYKIUIHON Tepanuu i Pecnyonmku Kazax-
ctaH (PK) sBisieTcs 0coOOEHHO BaXXHOM, TaK KaK MCIOJIb30BaHKUE JAaHHOTO Me-
TOJa TOJIbKO BXOJIUT B KJIMHUYECKYIO MPAKTUKY JICUCHUS] OHKO3a00JeBaHUM.
OCOOEHHOCTBIO PAAVMOHYKIUAHON Tepamuu SIBISETCS BbICOKas crenuduy-
HOCTb U 3(PPEKTUBHOCTDH, BBI3BIBAIOIIAS MUHUMAJIHHOE KOJIMYECTBO MOOOY-
HbIX 3 (PEKTOB.

OCHOBHBIM Pa3pabOTUUKOM TEXHOJIOTUHN SIICPHOM MEIUIIUHBI SIBJISIETCS
uHctutyT SAnepnoit ¢pusuku PK. Beuia mpoBeneHa oneHka cnoco0oB Hapa-
OO0TKHM PaJMOAKTUBHBIX W30TOTOB JIJIsl ONIPEACIICHUs TIepeuHsl Hauboee mep-
CIEKTUBHBIX JJIs1 00mydenus: Ha pekrope BBP-K penkxo3eMenbHbIX amemMeH-
TOB JUIsi HapaOOTKU paJUOAKTUBHBIX HM30TOMOB W aHAIW3 WX SACPHO-
(usnueckux xapakrepucTuk. Takue m3oTomsl Kak: °°Ho, 1%°Dy, Y, 175Yp,
198Sm, Y7Ly, ¥'Nd, °Tm, °Gd u *'Ce moryT GbITh HCIIONB30BaHEI B TEpa-
MY OHKOJIOTHYECKUX 3a00JIEBaHUM.

SnepHas MeauIMHA ACUCTBYET HA KJIIETOYHOM YPOBHE. ITO €€ OTIIMYUTEb-
Hasi 0OCOOCHHOCTh OT BCEX JAPYTUX METOJIOB MCCIIEOBAHMS WK JiedeHus1. IMeHHO
C MOMOIIBI0 paarodapMIpenapaToB Mbl MOXKEM YBUAETH MATOJIOTUYECKUE W3-
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MEHEHHSI Ha YPOBHE METa0OJIMUYECKUX HapyleHui. Hu onuH U3 METoIoB Tyde-
BOM JMArHOCTUKHU HE JTAET TAKOTO YPOBHS, KaK PaJUON30TOIIHBIE UCCIIEIOBAHM.
Cpenu npeumMyliecTB TaKuX MCCIENOBAaHUM, TEpe APYTMMHA METOJJAMH JTUArHO-
CTHKH, MO>KHO Ha3BaTh: aMOYJIaTOPHOCTh 0OCIIEIOBAHUS; OTCYTCTBUE TOOOUHBIX
JEUCTBUM M BO3PACTHBIX ONPAHUYEHUI; HEMHBA3UBHOCTh; BO3MOYKHOCTh MHOI'O-
KpaTHOTO MOBTOPEHHs 0e3 pucKa j1si 00JIHOT0; Majias pa3oBasi 103a.

COBpEMEHHYIO SACPHYIO MEAUIIMHY MOXKHO Pa3JeUTh HA JBE OTPACIH —
JIMarHOCTUYECKYIO U JeueOHyr0. B muarHoctudeckom IiaHe sigepHasi MeauIu-
Ha B KazaxcraHe pacronaraet moka TOJBKO JBYMSI TEXHOJOTHSIMU: MO3UTPOH-
HO-OMHUCCHOHHON ToMorpadueid 1 0JHO(POTOHHO-IMUCCHOHHON ToMOTrpaduei.
J1o cux mop UCHOJB3YETCs JIMIIb OJIUH pagrodapMipenapaTr —hTOpriIroKo3a.

SAnepHas MeauIMHA B TEpaNeBTUUECKOM HaripaBieHuuB PK nemaer Tonb-
KO nepBble maru. B Hacrosimee Bpemst B Pecriyonuke Kazaxcran GyHKIMOHM-
pPYIOT 7 LICHTPOB U OTACIICHUH SIICPHON MeIULIMHBI. OHAKO, TOJIBKO B OJHOM
Y3 HUX HCHOJB3YIOT PAJIAOHYKIUAHYIO TEPANMIO NPH JEUYCHHHM paKa IIUTO-
BUHOM JKEJIE3hI.

B noknane npuBoauTcs MOAPOOHBIN aHaIW3 MpoOJeM, BO3MOXKHOCTEH
U gocTwkeHuid yupexaennii PK, B KOTOpbIX pa3pabaTbIBaIOTCS METOIUKH
JICYEHNsl, TEXHHYECKUE YCTPOUCTBA MUJIM UCITONBb3YETCA sIACpHAs MEIULIMHA.

IKCNEPUMEHTANbHAA YCTAHOBKA
Aana onPEAENEHNA KOSO®OULMEHTA AUDOY3UU KATUOHOB
YEPE3 BAPBLEP

BaH LI., Amymoea £1.E., CeOHes B.B.

Hayunwuit pyxosooumens: npogheccop TITY Muviuukun B.D.
Tomckuu nonumexnuyeckuil yHusepcumem, 634050, Poccus, 2. Tomck
E-mail: caylunl@tpu.ru

['miHa currtaercst mepCneKTUBHBIM MaTepHaIoM Uil (GOPMHUPOBAHUS UHKE-
HEpHBIX O0apbepoB OE30MACHOCTH IYHKTOB 3aXOPOHEHUS paIMOAaKTUBHBIX OTXO-
10B (PAO). OcHOBHOM XapaKTepUCTUKOM Oapbepa 0€30MacHOCTH SBIISIETCS Bpe-
Ml 3aIIIUTHOTO JIEHCTBUS, onpeensiemoe koddduimentom nuddy3un KaTHOHOB
pamuonykunoB. Koaddurment muddy3un Mexmy nakeraMu MUHEpasia MO>KHO
OIIPEACTNUTh U3 PE3yJIbTaTOB KBAHTOBO-XMUMHUUYECKOT0 MojiempoBanust. OHaKo,
MOJIETIMPOBAHUE HE YUUTHIBAET BCE BO3MOXHbIE TpaekTopuu aAuddy3uu paguo-
HyKIUA0B. [109TOMY TOJBKO 3KCIIEpPUMEHTAIBHBIC HWCCIICAOBAHUS TIO3BOJISIOT
orpenenuTb Ko3hduueHt mudpdy3un, yUuThIBAIOIIUN Bce (PaKTOPHI.

W3BecTHBIE YCTAHOBKHU JIs AKCIEPUMEHTAIHHOTO OMpPEeIeHUs KOd(d-
¢unuenta nuddys3uu, Kak NpaBuiio, COAEPKAT pa3leibHble EMKOCTU C BbI-
COKHM COJIEp)KaHUEM COJIM U TUCTHILINTA, @ TAK)Ke YIUIOTHEHHOTO CJIOS TJIH-
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HBI, Pa3MEIIaeMOT0 MEXIY JBYMsI EMKOCTSIMU. B HEKOTOPBIX CiIyyasx, eMKO-
CTH C 3aITacoM JKHUJIKOCTH OTJAEIIEHBI OT y3Jia ¢ OaphePHBIM MaTEPUATIOM U CO-
0OIIAIOTCS C HUM C ITOMOIIBIO PE3NHOBBIX TPyOOK. B 3TOM cityyae TpeOyeTcs
HETpEephIBHASI MPOKauKa XUJAKOCTeH. [[ns ompenesneHusi KOHIIEHTpAlluu pa-
JTUOHYKJIMJA UCIOJIB3YIOT JATYMKU PAaJMOAKTUBHOTO M3IYUYCHHs, a MPU HUC-
M0JIb30BaHUU UMHUTATOPOB PAAUOHYKIUJOB — KOHIYKTOMETPHI.

B Hamen skcniepuMeHTanbHOM YCTAHOBKE YIUIOTHEHHBIN CIIOW TJIMHBI HAXO-
JIAJICS, B KOHTAKTHOM Y3JI€, MEXKITy EMKOCTAMH ¢ 00BEMOM 2 ¢M°, HaxosIuecs
B KOTOPBIX >KUAKOCTH TEPUOINYECKH OOHOBIISIMCH. 3ariac JKUIKOCTeH HaXOaUICs
B KtoBeTax: kommdectBo 1 M pactBopa NaCl coctansuio 500 M1, a «IMCTUILISATA —
120 mn. XKuakocTy neproOAWYECKH IMPOKAYMBAINA C MOMOIIBIO MEPUCTAITBTHYC-
CKHMX HacOCOB cO CKOpocThio 110 mu/muH B Teuenuu 20—15 MUHYT.

Bce perann KOHTAkTHOrO y3jla BBIIOJHEHBI M3 HEPXKABEIOLIEW CTaM
12X18H10T. Oka3zasnocsk, uto B pactBope NaCl cBapHbie BBl KOPpO3UpyrOT. [1o0-
ATOMY KOHTaKTHBIH y3€Jl MPeIBAPUTENTLHO MOABEPTaJid XUMHUYECKOH MOJIMPOBKE.

baprepHbIii C10M YyIIIOTHEHHOW TJIMHBI JuaMeTpoM 30 MM MMEN TOJIIH-
Hy 3—4 mM. IlyreM cCTSArMBaHus MOJOBMHOK KOHTAKTHOTO Yy3Jia 3aJaBajiu
IJIOTHOCTh IMHBI B auanaszone 1,5-2,0 r/em®. Conepxanune NaCl B xroBeTe
C «IUCTWJUIATOMY OMPENEIISIA OJIUH pa3 B CYTKU C MOMOIIBI0 KOHTYKTOMET-
pa B Teuennn 2030 nHEH.

B noxnane npuBoasaTcs rpadMKu U3MEHEHHUS KOHIeHTpaluu Na* B Kio-
BeTe C «auctwuiatom». [lo atomy rpaduky onpenensiim KodQPUIIMEHT
mubdy3un KaTruoHa Yepe3 YIJIOTHEHHBIA CIIOW TIUHBI M0 (Gopmysie, yUUuThI-
BAIOILIEW KOJIMYECTBO KUJKOCTEU U UCXOAHYIO KOHUEHTpAMU COlIu. MHOTrO-
KpaTHBIE MMOBTOPEHMSI MTOKA3aJIM, YTO JOBEPUTEIHHBIN UHTEPBAJ OMIUOOK U3-
MEpEHUs HE MPEBBIILIAIOT 3HaUeHU £5 %.

OBJTYYEHUE NMNHACTOIO MUHEPANA
MEXNAKETHbIM UCTOYHUKOM U3NYYEHUA

YepenHes M.C., Kanokosa A.P., Ommuk A.K.

Hayunwiit pyxosooumens: npogheccop TITY Moiuukurn B.D.
Tomckuu nonumexnuyeckuil yuusepcumem, 634050, Poccus, 2. Tomck
E-mail: maxcherepnev@tpu.ru

[mMuHMCTBIE MUHEpAJIBI MIUPOKO HCIOJIB3YIOTCS MPU 3aXOPOHEHUU pa-
IMOaKTUBHBIX 0TX0/10B (PAQO) aTOMHOW MPOMBIIUICHHOCTH. Y IIJIOTHEHHAS
TJIMHA, U3-3a MaJIOW CKOPOCTH MHUKPO(MIBTpAIIK BOJAHBIX PACTBOPOB, SIBIISI-
€TCSl XOPOIINM OaphepHBIM MaTepuaaoM. [Ipu TIOTHOCTH C1Os TIUHBI OoJiee
1,9 r/em® pacrpocTpaHeHye paguoOHYKIMIOB OIpeaeseTcs b qudpysu-
ell, MPOTEKAIIIeH KaK MEXIy TJIMHUCTHIMU YaCTHIIAMH, TaK U MEX]y IMaKe-
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TaMH OJJHOM MUKpOYacTHULIbl. ECIM TJIMHAa KOHTAKTUPYET C paJuOHYKIIHIaMH,
TO MCTOYHUK HMOHU3UPYIOIIETO HM3IYYEHHs OKa3bIBACTCS MEXIY IMaKeTaMu
MuHepana. Kak nmpaBuiio, pu yCKOPEHHBIX PaJHAllMOHHBIX UCIIBITAHUSX, UC-
TOYHHMK H3JIy4EHHUS] HAaXOJIUTCS 3a IpelejaMy HCHBITBIBAEMOIO Marepualia.
[Io3TOMY YCKOpPEHHBIE HCIIBITAHUSI HE MOTYT B IOJIHOM MEpE UMUTHUPOBATh
yCIIOBUSL HaTypHOro oOmydenwus. Llenp mccnenoBanus — oOaydeHHE TIIMHU-
CTBIX MUHEPAJIOB C MOMOIIBIO PAIUOHYKIUAOB, BHEAPSEMBIX B IPOCTPAHCTBO
MEXIy MaKeTaMH.

N3BecTHO, YTO B MPOCTPAHCTBO MEXAY MAaKeTaMH TITMHUCTOrO MUHEpa-
JIa JIETKO 3aTSATUBAIOTCS KATHOHBI, HEUTpaIbHbIE YACTHUIIbI, & AaHUOHBI OTTAJI-
KHUBAIOTCA.

Pabota ¢ paaroHykiaugamMu TpeOyeT Halu4us CIelUadbHOM 1abopaTo-
pun. [ToaToMy HE0OX0IUMO BBIOPATH PATUOHYKIIH/I, UCIIOIB30BAHUE KOTOPO-
ro HE MPEJCTaBISIET OMACHOCTU JJI NepcoHaNa. TakuM paJuoOHYKIHIOM SIB-
JsieTcs pajioH.

PanoH, paamoakTUBHBIN OJIArOPOJIHBIA Ta3, BCTPEYAETCS B MPUPOJC
B MaJIBIX KOJIMYECTBAX KaK MPOMEXYTOUYHON HYKJIH] B LIETIOYKE PATUOAKTUB-
HOTO pacrnaja, B X0/1€ KOTOPO#l U3 ypaHa MOCIeA0BaTeIbHO 00pa3yloTCs pas3-
JUYHbIE KOPOTKOXKHUBYILME PAJUOAKTUBHBIE M30TONBL. B KOHEYHOM cuere
obpasyercs cTabWiIbHBIA u30Ton 2°°Ph. HemocpeacTBeHHO pajioH SBJIAETCS
npoaykToMm pacnana Ra. Ilostomy marepuansl, coiepKaniie ypaH, BbIIes-
FOT ra3000pa3Hbli paguonykIuy 222Rn. Camblii JONTOKUBYIIUIA M30TOII 222RN
uMeeT nepuo/] noiypacmnana 3,82 cyrok. A6COpOMpOBaHHBIN B TIWHE PaJIOH
pacnaznaercsi 10 CBUHIA, oOnydast €€ u3HyTpu. IIpu 3TOM CBUHEN OcTaeTcs
MEXIy MakeTaMd MHHEpaJia, YTO TAKKE€ UMUTHUPYET MOCJIEACTBUS B3aHMO-
JEUCTBUS PAAUOHYKIUIOB C YIJIOTHEHHBIM CJIOEM TJIMHBI.

B noknaze nmpuBOIATCS pe3yJbTaThl MCCIENOBAHUS CyXOH CMECH MU-
HEpaJoB TJIMH, JJIUTEIbHO HAXOJMBIIMXCS B aTMocdepe, B KOTOPOH MOA-
IEpKUBANAch BHICOKAs KOHIEHTpanus 2?Rn. IlpuBoasarcs rpadukm pacmpe-
JeJIeHUs] CBHUHIIA 10 00BEMYy YIUIOTHEHHOro cJjiosi TiuHbl. Ha ocHoBe
AKCHEPUMEHTAIBHBIX JAHHBIX CPOPMYIMpOBaHa (pu3nyecKkas U MaTeMaTH-
Yyeckask MOJEIM MPOTEKAIOMIMX MPOLECCOB, OOBSICHAIOMMX HaOII0Aar0UMe-
csa pacrpenesieHus cBuHUA. [lyTeM aHanu3a LIEMOYKH pachaaa JI0YEepHUX
PaAMOHYKIUAOB PajioHa OLEHEHO paclpeleieHre Mo 00beMy TIJIMHBI MO-
IJIOIIEHHOM 03Bl U3TyYEHHUS.
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OCOBEHHOCTW MOAENUPOBAHUA MPOLIECCOB U30TOMHOIO OBMEHA
B T’MBKUX MPOU3BOACTBEHHbLIX CACTEMAX
C WOHOOBMEHHbIMA MATEPUATTAMU

banawkog B.C.", [Jopocheesa J1.1.2, BepeyH A.l1.2

1000 «Csazb Asmomamuxar, 2. Cesepck
2Tomckutl norumexHuyeckuil yuusepcumem, 634050, Poccus, e. Tomck
E-mail: balashkov_vit@mail.ru

HNonooOMeHHbIe TeXHOIOTUH, 3PPEKTUBHO HCTIOIB3YEMbIE B IIPOLIECCax
BOJOMNOJITOTOBKH, CEJIEKTUBHOTO BBIJICJICHUSI U KOHIIEHTPUPOBAHUS, U30TOII-
HOTO OOOTaIlleHHs, HANUIM IIMPOKOE NPUMEHEHHE B HayKe, MEAUIIMHE
Y IIPOMBIILJIEHHOCTH.

AKTyaJIbHBIM TPUJIOKEHHUEM B HCCIICIOBAHUSX HACTOSIIETO BPEMEHHU
SBJISIETCS BHEAPEHUE THUOKUX TPOU3BOJACTBEHHBIX CHUCTEM, OCHOBAHHBIX
Ha BO3MOYKHOCTSIX TpeOyeMOl MepeHAaCTpPOMKH OOOpYAOBaHUS MOJ HYKIbI
TEXHOJIOTUYECKOro mpouecca. [[poTHBOTOUHbIE OOMEHHBIE KOJIOHHBI C MpPHU-
MEHEHHEM HOHOOOMEHHBIX MAaTE€pUalOB MO3BOJISIIOT MPOBOJUTH U30TOIHOE
oOoraileHue 10 He0OXOAUMOM CTENEHU U MO MIKUPOKOMY PsIIy U30TONOB MPHU
MUHHUMAJIbHOM NIEPEHACTPONKE TEXHOJIOTHYECKOTO 000PYI0BAHHUS.

MonennpoBaics npolecc HENPepbIBHOIO N30TOMHOIO 00OrallleHus pu
B3aMMHO TPOTHBOIMOJIOKHOM TepemMenieHn (a3 B JIBYyX(a3HON CHUCTEME
MOHOOOMEHHUK — PAcTBOP B OOMEHHOM KOJIOHHE C IMOCJIEAYIOIUM oOpariie-
HUEM TIOTOKOB 3JIEKTPOXMMHUYECKUM METOJIOM B 3JeKTpoauanusarope [1]
c yueToMm psna (akTopoB, KoTopbie oOecrieunBanu 3GHEKTUBHYIO paboTy
BCETO YCTPOMCTBA.

KonuuecTBo BeliecTBa, NEPEHOCUMOTO Yepe3 MONEPEYHOE CEUCHHE
KOJIOHHBI, ONPEAEISIIOCh C YYETOM JIUHEMHONW CKOPOCTHU IBUKEHUSI TBEPIAOU
¢da3pl U TUIIa HOHOOOMEHHOTO Marepuana [2]. BenuunHa BBICOTHI SKBHBa-
JIEHTHOM TEOPETUYECKOM CTYNEHM HAaXOAWJIACh C YYETOM NPOJOJBHOM,
BHEILIHEW U BHYTpeHHeW nuddy3un B KojJoHe. Benuunna crenenu pasziene-
HUS M30TONOB JIETKUX IIEJIOYHBIX 3JEMEHTOB HM3MEHsSJIach B Mpeienax
1,021 + 1,092 B 3aBUCHMOCTH OT YCIIOBHH OCYIIECTBISHUS mpoliecca. [lo-
Jy4YEHHbIE PACUECTHBIE 3HAYEHUSI XOPOUIO COTJIACYIOTCS C IKCIEPUMEHTAb-
HBIMH TAaHHBIMH.

[Ipumenenne oOMEHHBIX NBYX(a3HBIX CHCTEM C OOpalleHHe MOTOKOB
(a3 MEKTPOXUMHUUECKUM METOJIOM IO3BOJISIET 3HAYNTEIHHO COKPATUTH 3a-
TpaThl Ha BBIJCIICHHUE 1IEJIEBOTO U30TOMa, 00ECTICYNTh HEMPEPHIBHOCTD MPO-
1ecca pasaejaeHus ¢ HeOOX0AMMOM CTEIICHBIO aBTOMATH3aIlMH U MOOUJIBHO-
CThIO O0OPYJIOBAHMS, CO3/1aTh NEPEHACTPAUBAEMYIO TEXHOJIOTHIO Tpoliecca
oOoralieHusl.
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MOAENUPOBAHUE U AHANTIN3 KWHETUYECKUX XAPAKTEPUCTUK
TPAHCIOPTA U30TOMUYECKNX NOHOB
B YCNOBUAX ANEKTPOANAIU3A

AnmbiHues T.[1.7, banawkos B.C.2

000 «Csazb Aemomamuxay, 2. Cesepck
2 Tomcxuii nonumexuuueckuil ynueepcumem, 634050, Poccus, 2. Tomck
E-mail: tdal@tpu.ru

DNEeKTPOAHAIIU3HBIE METOJIbI OYMCTKUA PACTBOPOB 3PPEKTHUBHO MpUMeE-
HSFOTCSl B MPOIECCaX BOJOMOATOTOBKH, OYUCTKH M KOHIICHTPUPOBAHUS TEX-
HOJIOTHYECKUX PACTBOPOB BO MHOTHX OTPACISAX MPOMBINUICHHOCTH, B TOM
YUClIe M Ha MPEANPHUATHIX aTOMHOW MPOMBINIJIEHHOCTH. B KkadecTBe y3ma
oOpailleHusI TTOTOKOB (ha3, MOCTyMHaIMUX CcO cTaauil oboramenus [1], uc-
MOJIB3YIOT JEKTPOAUATM3HBIC anfapaThl, pa3Inyarouecs Kak KOJIM4eCTBOM
Kamep, Tak U TUIIOM UCTOJIb3yeMOTr0o MEMOpPaHHOTO MaTepuarna.

AHamu3upys KUHETUYECKHUE XApaKTEPUCTUKH TPAHCIOPTAa H30TOMHYC-
CKMX MOHOB B YCIIOBHUSIX DJICKTPOJUAIN3a C KATHOHHUTOBHIMU MeMOpaHamH,
MOXXHO CJIelaTh BBIBOJI 00 OCHOBHBIX (PaKTOpax, KOTOpPHIE OKa3bIBAIOT
HauOOJbIIIEe BIUSHUE Ha CKOPOCTh MEPEHOca MO0 MEXMEMOpaHHOMY Mpo-
CTpPaHCTBY [2], 3an0THEHHOMY KaTHOHUTOM. CKOpPOCTh NE€pEeHOCa B JJAHHOM
cirydae OyJeT onpeeNsiThCsl OTHOLIEHUEM MOABUKHOCTEH, MIOTHOCTHIO TOKA
U MOHOOOMEHHON €MKOCTBIO, HUCIOIB3yEMOTO MOHOOOMEHHOTO MaTepuarna.
[Iporiecc BhITECHEHUSI TIEPEHOCUMBIX HOHOB C YMEHBIIICHUEM WX KOHIIEHTpa-
IIUU TIPOUCXOUT MPHU 3aMEIICHUN 30HBI 00OTAIIEHHOW M0 JIETKON COCTaBIIs-
IOIIeH 30HOM O0Jiee TSHKETOTO M30TOMA JJIS JIETKHUX IIETOYHBIX DJIEMEHTOB.

Bpewmsi, koTopoe HeoOxommumo Jts 3aBepiiieHus mporiecca auddy3un u30To-
MMUYECKUX MOHOB, B OCHOBHOM 3aBUCUT OT MEKAJIEKTPOTHOTO PACCTOSHYS, HATIPSI-
KEHUSI, PUIIOKEHHOTO K AJIEKTPOAUATM3HOMY ammapaTy ¢ Y4eTOM TOABHKHOCTH
M30TONMUYECKUX MOHOB M KOHCTPYKIIMOHHBIX TMapaMeTpoB padoueld kamepbl. Ori-
TUMaJIbHAS IJIOTHOCTh TOKA HAa TAKOM arllapaTe HaXOUTCS B TUANa30He 3HAUYCHUN
0,01-0,04 MA/M? u onpesensercs B 3aBUCUMOCTH OT TOPM30OHTAILHOM U BEPTH-
KaJIbHOW COCTaBJISIIOIIEH BPEMEHH B TMHAMUYECKUX YCIIOBHUSX PAOOTHI AJICKTPOIH-
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aJIM3HOTO armapara. AHaJIN3 YCIIOBHI MEPEHOCAa H30TOMMYECKUX HOHOB TTOKA3bIBa-
et, uto ¢ mmMeHeHneM pH sddexTrBHOCTL OyAeT BO3pacTaTh, €CIIH MPOLIECC dJEK-
TPOZIHMANIM3a TPOTEKAET B IIEJIOYHON Cpenie, B 9TOM Ciydae Takke HalOmonmaercs
YMEHBIIICHHE SHEPro3aTpar Ha MPOLECC HIEKTPOMHTPALIUH.

Cnmcok UCNoJIb30BaAHHOM JTUTEPATYPHI

1. MonenupoBaHue mpolecca MEKTPOXUMUIECKOTO 00pallieHus MoTo-
KoB (a3 mpu m30TOMHOM oOMeHe // M30TOmbI: TEXHOJIOTHMH, MaTepHasbl
u npumenenue — Tomck: TITY, 2020. — C. 88.

2. OmpeneneHre ONTUMAJIBHBIX YCIOBHM TpOIECCa 3JICKTPOXUMUYE-

ckoro oOpareHus: ToTokoB (a3 mpu n30TomHOM oOMeHe // M3BecTus By30B.
®wusuka — 2022. — T. 65, Ne 4 (773). — C. 107-112.

MOAENIMPOBAHWE OBMEHHBLIX MPOLIECCOB U3OTOMHOI0 PA3AENEHUA
HA CENEKTUBHbIX WOHOOBMEHHUKAX

[pucsxHiok H.P.7, banawkos B.C.2

1000 «Csazb Aemomamuxay, 2. Cesepck
2 Tomcxuii nonumexuuueckuil ynueepcumem, 634050, Poccus, 2. Tomck
E-mail: nrpl@tpu.ru

CenexkTuBHbIE MOHOOOMEHHUKH 3(P(PEKTUBHO MPUMEHSIOTCS NpH U30Mpa-
TEJIBHON COPOIIMH 1IEHHBIX KOMIIOHEHTOB U3 TEXHOJOTUYECKUX PACTBOPOB, MPHU
pa3leNieHny U KOHIICHTPUPOBAHUU M30TOMOB, U3BJICUEHUU 30J10Ta U ypaHa U3
Py, a TaKkKe B MPOIECCax BOJAOMOATOTOBKU B PA3IUYHBIX OTPACISAX MPOMBIIII-
JIEHHOCTH.

N36uparenbHOCTh HOHOOOMEHHUKA, KaK MPaBHIIIO, ONPEEIISETCS OTHOIIE-
HUEM aKTHBHOCTEH [1] M mposiBIsieTcsl, KOrja HEPrU NPUTSHKEHUST TBEPIOM
¢da3o0if pa3nuyHbI, YTO OOYCJOBJICHO Pa3IUYMEM B PaJMycax MOTJIOMAEMBIX
MOHOB M WX 3apsijiax, TaK KaK MOHBI, COPOMpyeMbIe TBEpAOH (pa30ii, BCTYMAIOT
BO B3auMOJIeHiCTBUE C (DPMKCUPOBAHHBIMU MOTEHIIUATIO00pPA3yIOIMMU MOHAMU
MOHOOOMEHHOT0 MaTepuana MaTpuilbl. C yBeJIMUYEHHUEM 3apsijia MOHA YBEIUYU-
BAETCSl PHEPIUs €r0 MPUTSHKEHUST TTPOTHUBOMOJIOKHO 3apsHKEHHOM TBepIoi da-
301 MOHOOOMEHHHKA, YeM OOJIbIlIe U3MEHseTCs dHeprus [ nboca npu nepexoie
IpaHUIIbl pa3jiena MEXIy BHEITHUM PAcTBOPOM U TBepHoH ¢a3zol, TeM Jydllie
copOupyeTcs BEIIECTBO, TeM 00Jiee BBIMYKJIOW CTAHOBUTCS U30TEpMa COPOIIHH,
KOTOpasi omnpenessier ollee KOJIMYeCTBO OOMEHHMBAIOIIUXCS MOHOB B KaXKIOM
u3 ¢a3, TeM 3GGEeKTUBHEH B CBOIO OYEPEIb M MPOIECC H30TOITHOTO Pa3/ICICHHS
[2], Tak KaK TPUMEHEHHWE WOHOOOMEHHHKOB C TPHUBHUTHIMH CEJICKTUBHBIMU
cBoiicTBamMu (P(HEKTUBHO, KaK JUIS TIPOIIECCOB COPOIIMHU M MOHOOOMEHHOTO T10-
TJIOIIEHUS, TAK ¥ U30TOITHOTO 00OTAIICHUSI.
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[Tpu yBenmuuenuu ckopocteit nepenoca [3] B KuUIKOH (a3e 10 BepxHEi
TPaHMUIIBI, OTpeesieMoi KodpHuIeHToM nepeMenBaHus B KOJIOHHE, yBe-
JTUYUBACTCS BpeMs, TpeOyemMoe ISl MOJTHOTO HACHIIICHUS MOHOOOMEHHUKA,
a TAaK)K€ BO3pPACTaeT BBICOTA 3KBUBAJICHTHOW TeOpeTHYecKOoW crymneHu. On-
THMaJIbHAsE CKOPOCTh MepeMeIeHuUs TBEP10i (ha3bl M3MEHSIIACH B JUAIA30HE
ot 0,01 mo 0,1 cm/c, BenmmuMHA CTENEHU PA3ICICHHS IS JICTKUX IICIIOYHBIX
asieMeHTOB B nuamna3one ot 1,021 go 1,092 B 3aBHCHMMOCTH OT THIIA HOHOOO-
MEHHHKA, KHHETUKHU U TTapaMeTPOB HOHOOOMEHHOM KOJIOHHBI.

Cnmcok UCI0J1b30BAHHOM JTUTEPATYPBI

1. 3axapos E.U., Ps6uukoB B.E., /Ipsxo B.C. NonooOmeHHOE 060pY-
JNOBAaHUE aTOMHOU MPOMBIIIIEHHOCTH. — M.: DHeproatomusaar, 1987. — 248 c.

2. Modeling of Sorption Processes on Solid — phase lon — exchangers //
AIP Conference Proceedings. 2018. Vol. 1938: Isotopes: Technologies,
Materials and Application (ITMA —2017). 020021, 6 p.

3. Hopodeena JI.U. MonenupoBaHie U ONTUMH3AIMS PA3ICTUTEIbHBIX
nporeccoB — Tomck: TITY, 2008.

OCHOBHbIE NPUHUWMNbI OPTAHU3ALIUK U MOAENNPOBAHUA MPOLIECCOB
PASOENEHUA N30TOMNOB B MPOTUBOTOYHbIX CACTEMAX
C ANEKTPOXUMUYECKWUM OBPALLEHMEM NMOTOKOB ®A3

AnaHbes [].C.

Hayunwvui pykosooumens: Bepeyn A.1L., 0.¢h.-m.H., npogpeccop-koHncyromanm
Tomckuii nonumexHuwecKuil yHusepcumen,
634050, Poccus, 2. Tomck, np. Jlenuna, 30
E-mail: dsa26@tpu.ru

B Hacrosiee Bpemsi aKkTyaJIbHBIM SBIISIETCS HAlpaBi€HUE HMCCIENO0Ba-
HUH, cBA3aHHOE C A(Q(DEKTUBHBIM O00BEAMHEHUEM PA3TUYHBIX METOJIOB pasfie-
JIEHUS C LIEJIBI0 OPraHU3alliy HENPEPBIBHOIO 3aMKHYTOTO IpoLecca, MO3BO-
JSIOLIETO  OCYIIECTBUTh  H30TOMHOE  pas3leleHuEe C  IMOCHEAYIOIUM
oOpailleHHueM TMOTOKOB (a3, Korja M3BJICKAEMbId HM30TON TEPEBOAUTCS M3
TBEPAOH B XKUAKYIO (a3y, B yCIOBUSX JabHEUIIEro ero J1000o0raiieHus Ha
AIIEKTpOXpoMarorpaduyueckoM anmnapare U BO3BpaTOM YacTH MOTOKA B UCXO/I-
HYIO CUCTEMY KacKajia OOMEHHBIX MPOTUBOTOYHBIX KOJIOHH.

Opranuzanusi TakOro Nporecca OCHOBaHA HA COBMEIIEHUH M30TOIHOTO
oOMeHa B Kackajle MPOTUBOTOYHBIX HOHOOOMEHHBIX KOJIOHH [1] ¢ anekrpoau-
anu3aTopoM sl oOpalieHusi moTokoB (a3 [2] u mpolecca 3IEeKTPOXPOMaTo-
rpaduu [3] B yCTpOHCTBE C KATHOHUTOBBIMU MEMOpaHaMH TPH TUHAMUYE-
CKHUX YCJIOBHUAX T€pEeMENIeHUs] TBEPAOr0 HOHOOOMEHHOIrO Marepuasa
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Y BHEIIHEro pacTBopa. OCHOBHBIE MapameTpbl, MOJAEIUPYIOIINE IPOIECC
B YCTAHOBKE HM30TOMHOIO OOOTalIEHUs, ONMPEHEISIIOTCA ¢ YYETOM HCXOIHOU
KOHIIEHTPALIMK MMUTAHMS, TPEOYEMOU BEJIMYMHBI OTOOpPA U OAHOKPATHOTO KO-
s dunuenta pazneneHus. [lpu sToM KodPUITUEHT pa3aeneHus OnpeneseT-
Csl TUIIOM MOHOOOMEHHHMKA M KOHCTPYKIHOHHBIMH OCOOCHHOCTSMH KOJIOHH.
HeoOxomumoe konruecTBO CTymeHeld u3MeHsuioch 10 135 B kackazge u3 7 Ko-
JIOHH C BBICOTOM 3KBMBAJICHTHON TeopeTndeckor tapenku B 50 cm. Pacmpe-
NEJICHUE KOHLEHTPALMI O CTYNEHSM KacKaJa MOKa3bIBAET yBEIUYEHUE HC-
XOIHOM KOHIIeHTpauuu 710 95 % co cTtopoHbl 0TOOpA.

Maremarnueckoe MOJAEIUPOBAHUE MTPOIIECCOB B YCTAHOBKE M30TOIHOIO
oOoraiieHust JJis JIETKUX IIEJIOYHBIX 3JIEMEHTOB YCTAaHABIMBAET B3aUMOCBS3h
OCHOBHBIX [apaMETPOB U MOKAa3bIBAET UX BIUSHUE HA OTOOp 00OrameHHOro
MPOAYKTa, YTO IMO3BOJSET MPOBOJUTH THOKYIO HACTPOMKY OOOpYIOBaHMS
C 1IEJIbI0 U3MEHEHHUSI BBIXOAHOW KOHIIEHTPALMH JI0 TPeOYyeMOM BEIMYHHBI.

Cnucok ucnoJib30BAHHOM JIUTEPATYPhI
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9KCNEPUMEHTAIIbHOE U3YHEHUE BAPBEPHbIX CBOWCTB
NnPUPOAHOU N OBNNYYEHHOU CMECHU I'1IUH

Ban L., Kanokosa A.P., CedHes B.B.

Hayunwvui pykosooumens: Mouuxun B.®., npogheccop TIY
Tomckuii norumexHu4ecKuil yHugepcumen,
634050, Poccus, . Tomck, np. Jlenuna, 30

E-mail: caylunl@tpu.ru

B cBsi3u ¢ pazBuTHEM SAEPHON SHEPTrETUKU U MOCTOSTHHBIM HAKOILICHHU-
eM paguoakTuBHbIX 0TX0A0B (PAQO), akTyanbHa 3amauya yruwiuzanuu PAO.
Ha cerogusimHuii IeHb TJTMHUCTBIE MUHEPAJIBI CYUTAIOTCSI Haubosee MoaXo-
JSIAM OapbepHBIM MaTepUAJIOM Ui TyHKTOB 3axopoHeHus PAQO. IIpu kon-
takTe ¢ PAO riamHuCcThIE MUHEPAJIBI 00JTYy4alOTCs, YTO MPUBOAUT K HEKOTO-
pOMY H3MEHEHHMIO MX CTPYKTYpbl U T€M CaMbIM BIIMSET Ha UX 3alllUTHBIC
cBoricTBa. Llenb ucciaeqoBanusi — U3MEpPEHUE U CpaBHEHUE KOA(DPUIIUECHTOB
audy3un kKaTHOHOB Na* B IPUPOTIHBIX M OOJIYUCHHBIX TIMHUCTBIX CMECSX.
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JI7st mccneIoBaHMs HCTIOIb30BalIaCh CMECh MUHEPATIOB MOHTMOPHJIJIOHUT, Ka-
OJIMHMT M BEPMMKYJIUT, KOTOpas 00NIydanach y-u3iydenneM msorona ®Co 1o mo-
riomeHHoi 10361 0,3 MIp. IInotHOCTs 06IydacMoli cMecu cocTasisa 1,3 r/ems,
[Ipu 5TOM HepaBHOMEPHOCTH 00JydeHHus! o 00beMmy He mpesbimana 20 %. [l
YCpeIHEHHS MOTJIOIIEHHOM JI03bI TIMHA TTOCIE O0yUeHHS TIePEeMEIINBANIACk.

[Tpu onpenenennn kodpdurmenta quddy3nn HaBecKa MOPOIIKOOOpa3-
HOW TIWHBI 3aKiaJbIBajach B LHJIMHIPUYECKUN KOPIYC YIUIOTHSUIOCH [0
3HadyeHus ot 1,62 no 1,9 rp/em®. Ilpu aumeTpe yIuIOTHEHHOTo ciosi 40 MM
€ro TOJIIMHA cocTaBiisia 4—-5 MM. BHavanie u3MepeHus, ¢ OJTHON CTOPOHBI
O6apbepHoro cinos 3anuBanu 1 M pactBop NaCl, a ¢ a1pyroit CTOpoHbI — JIU-
CTWLIAT. ExxeHEBHBIE U3MEPEHUS TPOAOJDKAIUCH B TedeHun 20—-30 qHel.

OKCIIEPUMEHTAILHO TIOJTY4YeHHOe 3HaueHue koddduuuenta nuddysuun
TIPUPOIHOM TIIMHEI COCTaBIIo 6,75-10712 m?/c. JIna oGpasua 00IydeHHOM M-
Hbl Kooduuuent auddysun cocrasms 8,05-10712 m%/c. OuenuBany Bpems 3a-
uTHoro nedctBust (B3]l) ymioTHEHHOTO CJIOsi CMECH TJIMHUCTBIX MUHEPAJIOB
TonuuHou 1 metp o dopmyne, npuBeaeHHor B ['OCT 26412-85. I[omy4deHbl
cienyromue 3Havenus: B3, = 138,2 net, B3oe: = 115,9 ner.

B nmoxmame mpuBOAWTCS aHANM3 TPUYUH YXYANICHUS OapbepHBIX
CBOMCTB TJIMHUCTBIX CMECEH MOCie JTy4eBOTro BozaeucTBus. O030p nutepa-
TypbI 10 00PA30BAHMIO PAIUAIMOHHBIX TTOBPEKIECHUN B TJIMHAX MOKA3bIBAET
IPOTEKaHUE CIIEAYIONIUX MPOLIECCOB: PAIUO0JIA3 BOAbL, H3MEHEHHUE BaJICHTHO-
CTH TaKHuX dJeMeHTOB, kak Si, Fe u Mg; obpa3oBaHue Toue4yHbIX Je(HEKTOB
IpU MaJbIX J03aX, a TAKXKE pa3pylleHue CTPYKTYpbl MUHEPAIOB Mpu OO0Jb-
muX a03ax. Mi3MeHeHrne BaJeHTHOCTH AJIEMEHTOB COMPOBOKIAETCS MOBBIIIIE-
HUEM UX SHEPIHH CBS3U C OKPYXKAIOIUMH aTOMaMH. DTH U3MEHEHUs MUHE-
paJioB Tpu OOJMYYCHHH TPHUBOIAT K OCTAOJCHUIO DHEPIUU  CBS3H
MEXTaKETHBIX MPOTHBOMOHOB ¢ MUHEpalioM. B pesynbrare obecrednBaeTcs
0oJiee JIeTKoe MPOXO0KICHNE KATHOHOB Yepe3 YIJIOTHEHHBIN CIOW TJIMHBI.

CBOWCTBA OBOrALLEHHbIX MO M30TOMAM MATEPWANOB

PaxumxaHosa J1.A., anamaH C.E.

Ka3zaxckuii aepomexnuyeckuil ucciedosamenvbCKutl yHUSepCumem
umenuCaxena Cetighynnuna, 2. Acmana, PK
E-mail: laura-rahimjan@mail.ru, sungat.zholaman@mail.ru

B P® u crpanax 3anana vcnoiaszyercs 3Qp(eKTUBHAS TEXHOJIOTUs 1EH-
TpuyXKHOTO pa3ieNeHHs] U30TOMOB OOJBITMHCTBA XUMUYECKUX DIIEMEHTOB.
B CIIA 3anyckaercs emé 6omnee ddpdexrtuBras texnomorus SILEX mis pas-
JIeJIeHUsl M30TONOB ypaHa. [loaToMy akTyalbHBI MCCIIEOBAHUSA IO TOUCKY
HOBBIX 0obJyacTeit 2((HEKTUBHOTO MTPUMEHEHHUSI N30TOITHBIX MAaTEPHAJIOB.
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3amava ucCieOBaHUS CBsA3aHa C 0030pOM HAY4YHBIX CTaTell, OCBSIICH-
HBIX HCIOJb30BAHHIO OOOTAIIEHHBIX MO HM30TONaM Marepuaios. Ilpu 3tom
Oyayt BuaHbl HambOojee 3¢G(eKTUBHBbIE OOJACTH TEXHOJOTMH M METOJIOB
MPUMEHEHUS MOAU(PUIUPOBAHHBIX IO U30TONIAM MaTEPHUAJIOB.

Bce ¢usnko-xuMuueckue CBOWCTBA BEIIECTBU COCTUHEHHM B pa3HOMN
Mepe 3aBHUCST OT M30TOMHOTO COCTaBa. BONBIIMHCTBO M30TOMHBIX 3((HEKTOB
OKa3bIBAlOTCSl OUeHb MasleHbKUMU. Hanbonee sipkoe nposiBieHuEe U30TOITHOTO
s¢deKTa cBI3aHO C TeMIepaTypamu IUIaBICHUS U KUIIEHUS BOJBI, COAEpkKa-
meit H u D. HaGnrogaeTcst cHukeHue temnepartypsl miasiienus Ge npu yBe-
JMYEHUU Macchl u3otona. OnucaHsl pa3inuusl B 3HAYEHUSIX MapaMeTpa KpH-
CTAJUIMYECKOM pemeTKH, M Kod(p(UIUEHTa TEIUIOBOTO pPAaCIIUpEHHUs,
paszIuyue B TEMIEpaType KpUCTAJLIM3ALMK PACIUIaBOB, TEMIIEPATYphl IEpe-
X0/la B CBEPXIIPOBOJIAILEE COCTOSIHUE IPUPOJAHOTO U OOOTAIEHHOTO MO U30-
TOIaM BEUIECTB.

N3-3a ciiydaifHOro pacnpeeseHus H30TONOB, B KpUCTauIax o0pa3yroT-
Csl HEOJTHOPOJHOCTH, XapaKTEPHU3yeMble M30TONUYECKUM OECHOpSAIKOM, KO-
TOPBIE MOJITBEPKAAETCS B IKCIIEPUMEHTATBHBIMH JTAHHBIMHU.

CaMmbIMU pacnpOCTpaHEHHBIMH KOHCTPYKIIMOHHBIMU MaTepHalaMH SIB-
JSIOTCS CIUTIaBBI xkere3a. OIHAKO, B IUTEPATYPE NPHUBOIATCS JIUILb HEMHOTO-
YUCJICHHBIC CBEJCHUS O Pa3JIMUMU CBOMCTB K€JI€3a PA3HOIO M30TOMHOIO CO-
craBa. Hanpumep, Ipu OKHCIIEHUH KeJe3a MPUPOJHOIO U30TOIHOIO COCTaBa
u oboramennoro mno °'Fe mo 95.1%, no JaHHBIM PEHTTEHO-
(bIyOpeceHTHOrO aHanu3a, CojepKaHue KHMCIOPOAa Ha TOBEPXHOCTH ° Fe
0Ka3aJi0Cch HIDKE Mpefiesia OOHapyKEeHHUsI, a JUIsl IPUPOJIHOTO JKejle3a OHO CO-
craBuio 10-13 %. BeposiTHOW NpUYMHON OTIWYHUS TPOIECCA OKUCICHHS
MOKET OBITH CBSA3aHO C Pa3IM4UeEM CIIMHOB sizep “°Fe u °'Fe.

N3-3a pa3nuuus B 3HEPrUM KoJeOaHHs] KPUCTALUTMYECKON PEIIETKH Ma-
TEPUAJIOB C Pa3IUYHBIM M30TOMHBIM COCTAaBOM MHapameTp KPUCTAILTUMYECKON
peleTku, cojaepKalieil JIeTKUi u30Ton OoJblie, YeM TshKenbld. B To ke
BpeMsi KO3(DPUIIMEHT TEIIOBOIO PacIIMpPEHUs KpHUCTallla C JIETKUM H30TO-
oM MeHblue. [Tpu 3ToM MakcuManabHOE pas3ivyuve B 3HAYEHUSX KO3 (ULU-
€HTa TEIIOBOTO PaCIIMPEHUs HaOII0AaeTCsl IPU KPUOTEHHBIX TEMIIEpaTypax.

B noknage mpuBonsATCS pe3ynbTaThl 0030pa JIMTEPATYPhI MO BHICOKUM
n30TONMHBIM 3 dexTam u obnacteit Hambonee dHPEKTUBHOTO MPUMEHEHUS
M30TONHBIX MAaTEPUAIIOB.
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