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B pabore mnpuBeneHb! pe3yinbTaThl MOJEBBIX HAOIIONCHHH DIIEKTPOPA3BEAOYHON CHEMKH METOAOM JHIIOJILHOTO
anektpuyeckoro 3ouaupoBanus ([133-BII) 3a nepuon 2018—2020 rr. /s orieHKH POCTPAHCTBEHHO-BPEMEHHOM CBS3U
W3MEHEHHH I'€03JIEKTPUYECKUX MapaMeTpoB pa3pe3a C NPOSBICHUSIMH aKTHBHOW IeOJAWHAMHUKH OBUTH HCIIOJIb30BaHBI
JIAaHHBIE TI0 3eMJIETPSICCHUIO, 3aduKcupoBaHHOMY ceiicMoctanimen «Kackenen» (KASK). IlpuBeneHbl pe3ynbTaThl
COBMECTHOTO MOHHUTOPUHTA T€03JIEKTPHUECKUX TapaMEeTPOB U €CTECTBEHHOT'O CEHCMUYECKOTo MOoJIs.

Knroueswie cnosa: anekmpopaseeoxa, sneKkmpuieckoe conpomugietue, noaapusyemocms, oucnepcus, 06600HEHHOCD,

deghopmayuonnvie npoyeccoi.

BBEJEHUE

HeorpeMitemoii cocTaBisromieii ooecrieueHus 0e30-
MACHOCTH AKCIUTyaTalli OOBEKTOB aTOMHOW OTpaciu
SIBIISICTC MOHHUTOPHHT HHXKCHEPHO-TCOJOTHYECKUX yC-
noBuit ux pasmenienus [1]. B Kazaxcrane nenecoobpas-
HOCTb pelleHus MoJOOHBIX 3a/1a4 onpeaeieHa B [2], rae
MIPEIYCMOTPEH KOHTPOJIb 3a MEIJICHHBIMU I'€0JIOTHYeC-
KHMH U HH)XEHEPHO-T€OJIOTHYECKUMH MpoIeccaMy, B
TOM YHUCJIE CEICMUYECKUMM.

Jnist BEIIBIIGHUS U OTCIIC)KUBAHUS CTPYKTYPHO-BeIIe-
CTBCHHBIX M3MCHCHWI B TPYHTaX, BCICICTBHE H3MECHE-
HUS WX HAIPsDKEHHO-Ie()OPMUPOBAHHOTO COCTOSHHS U
00BOTHEHHOCTH, PEKOMEHIYETCS IMpHUBICYCHUE reodu-
3MYECKUX METOAOB, B TOM YHUCIIE IIEKTPOPA3BEIKH METO-
oM comnportusiaeHuil. Ilpu 3ToM, Kak mokazaHo B [3],
ANEKTPHYECKOE CONMPOTHUBIICHHE SIBISIETCSI OUYEHb YYBCT-
BUTEJIBHBIM JIETEKTOPOM M3MEHEHUS HANPSIKEHHOTO CO-
cTosHUS TopoAsl. [Ipy AMHAMIYECKUX Harpys3kax n3Me-
HEHHs CKOPOCTH IPOJIOJBHBIX BOJH HE MPEBHIMAIOT 5—
7%, TOTJa KaK U3MEHEHHS 3JIEKTPUIECKOTO COTIPOTHBIIE-
Hus goxomar 1o 100-200%.

J1st HeKOTOPBIX 0OBEKTOB aTOMHOM oTpaciu Kazax-
CTaHa MPOBEACHBI C MOJOXHUTEIBHBIM PE3yIbTaTOM HC-
CJIEZIOBaHUS 1O OIEHKE MH(OPMAIOHHBIX BO3MOKHO-
CTEeH ANIEKTPOpa3BEIKU B MapaMeTpax 3IEKTPUUECKOro
CONPOTHUBJICHUSI U TOJISIPU3YEMOCTH [UIsl BBISIBICHUS U
MOHHUTOpPHHI'a U3MEHEHHH OOBOJHEHHOCTH TPYHTOB BO
BpemeHnH [4, 5]. OnHako, mpu BCe EHHOCTH IOIy4YeH-
HBIX JTaHHBIX, UX HEIOCTATOYHO IS KOJHMYECTBEHHBIX
OIIGHOK TE€XHOTEHHBIX W MPUPOJHBIX W3MEHEHUH re0JIo-
THYECKOH CpeJIbl, KOTOPbIe HEOOXOAMMBI ISl THAarHOCTH-
KM 1 TIPOTHO3a COCTOSHUS TOPOIHBIX MAaCCHBOB M TPYH-
TOB B paifoHax pa3MeIIeHus] 0ObEKTOB aTOMHOW OTpac-
JIH.

LleneBbIM Ha3HauCHHEM MCCIEJOBAHUI CTaBUIOCH
MOBBIIIEHUE JOCTOBEPHOCTH BBISBIICHUS] © MOHUTOPHHTA
N3MEeHEHHU 00BOJHEHHOCTH I'PYHTOB U €J1a00 IPOSIBIEH-
HBIX F€0JUHAMUYECKHX MPOLECCOB B HUX B I€03JIEKTPU-
4YecKHX Iapamerpax Ha npumepe mromanxku KUP «baii-

Kaia-1» m FeO(l)HSPI‘IeCKOFO noimnrona «Kackenen». Pe-
3YyJbTAaTbl 3THUX I/ICCJ'IS,I[OBaHI/Iﬁ SABJIAKOTCA MPEAMETOM
PacCMOTPCHUSA B HaCTOHH.[eﬁ CTaThC.

1 PE3VJIBTATBI HCCJIEIOBAHMIT

WHdopMamoHHYI0 OCHOBY JUIsl BBIIIOJIHEHHS LieJie-
BOTO 33J[aHUsI COCTaBHJIM PE3YJIbTaThl MOHUTOPHHTOBBIX
HaONMIONCHUH T€03IEKTPUIECKUX I1apaMeTpOB, BBINOJI-
HCHHBIX Ha TEPPHUTOPHH, NPHIErafomeld K IUIOMaaKe
KUP «baiikan-1» mo ogHUM 1 TeM xe npoduisiM. B3an-
MOCBSI3b 3JIEKTPUYECKOTO CONPOTHBIICHHS Te0JI0rniec-
KOH cpeapl U cnabo TPOSIBICHHBIX T'€OJUHAMHYECKHX
NPOLIECCOB B HEll OlleHMBAlIach Ha Te0()U3UUECKOM I10-
nurone «KackeneH» Mo peakiuy 3JIEKTPUYIECKOTO CO-
HNPOTHUBJICHHS T€0JIOTUYECKOIl cpeibl Ha ciabo MposiB-
JICHHBIE T€0IMHAMUYECKHE IPOIIECCH B HEl, BEI3BAaHHEBIE
KOHTPOJIMPYEMBIM HCTOYHHKOM YIPYTHX KONeOaHH H
3eMJICTPSICEHUEM.

1.1 TIloBbllIeHUE JOCTOBEPHOCTH BBISBJIEHHUS

U MOHMTOPUHIA U3MeHEeHHiIl 00BOIHEHHOCTH

TPYHTOB B Ie03J1eKTPHYECKHX MapaMeTpax

Ha npumepe mwiomaaku KUP «baiikan-1»

[ToneBbie HaOIIOAEHNS BKIIOUAIH 3JIEKTPOPa3BeI0d-
HBIE ChEMKH METOJIOM JIUITIOJIBHOTO JIEKTPUYECKOT0 30H-
mupoBanus ([193-BIl) na momanke, mpueraromeii K
rtomaake KNP «baiikan-1» (prcyHok 1), BEITOJTHEHHbIE
B nepuon 2018-2020 rr. M3amepeHust 3JI€KTPUUECKOTO
COIPOTHUBJICHHSI U TOJSIPU3YEMOCTH HPOBEICHBI C HC-
moJsis30BanreM reneparopa I'OP-65W-500V u usmepu-
tenst BIID-210-8x (PT'TI UTU-2015) ¢ marom 10 M, nio-
TPEIIHOCTh N3MEPEHUH IIEKTPHIECKOTO COPOTUBIICHHUS
on1a He Xyxe +0,1%, monspuzyemoctu — +0,02°. O6pa-
00TKa JAHHBIX BKIIIOYAJa Pacu€T 3HAUCHUN KaXyleTrocs
DIIEKTPUYECKOTO COMPOTUBIIEHHS (Px) M (Ha30BOrO mapa-
MeTpa MOJIAPU3YEMOCTH (Qg;) IO BCEM TOYKaM HM3Mepe-
HUSL.

[oBbIIeHNE TOCTOBEPHOCTH OLEHKH OOBOJHEHHO-
CTH pa3pe3oB 00eCIeYnBaIOCh Pacu€ToM rnapamerpa oT-
HOCUTEJILHOW MONIApU3yeMOCTH [6] MyTéM HOpMHUpPOBa-
HUSI ©3MEPEHHOT0 (Ha30BOTO MapameTpa Ha 3JIeKTpuiec-
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MPUMEHEHME 3NEKTPOPA3BEKM NPU MOHUTOPUHIE UHXEHEPHO-TEONIOMMYECKUX YCNOBWUW U CNABO
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KO€ COIPOTHBIICHHE. JTa MPOIEAypa IIO3BOIISIIA HCKITIO-
YUTh BIMSHUE U3MEHEHUs 3JIEKTPONPOBOJHOCTU CPEMbI
Ha M3MepseMyI0 KaXyIytocs nojsipuzyeMmocts. I1o nan-
HBIM U3MEPEHUH TOCTPOCHBI T€0ICKTPUIECKUE PA3pe3bl
B MapaMeTpax JIEKTPUUECKOr0 COINPOTUBICHUS Py U OT-
HOCHUTENBHOU nojsipusyemoctu N*. OTHOCUTEIbHAS NO-
TPEIIHOCTh CHEMKH, OIICHEHHas M0 pe3yjbTaTaM KOHT-
POJBHBIX U3MEPEHHH, cOCTaBHIIa HE Xyke +5%, 9To co-
OTBETCTBYET TPEOOBAHMUAM HHCTPYKIUH 10 3IEKTPOpas-
Benke [7].
il

MP2r1K0

L'IPmKo 2

1 — OPUEHTMPOBOYHBIN KOHTYP TEPPUTOPIM PeakTopa;
2 — NMHUM reoduanyecknX npocuned

Pucynox 1. [nowaoxa KUP «Baiixan-1».
Cucmema nonegwix Hab0O0eHULl

Ha pucynke 2 nmpuBeeHbI pe3yIbTaThl MOHUTOPHUHTA
ANEKTPHUYECKOTO COMPOTHBIICHHS IO JTMHUHU Podust 1.

B pazpesax px aHOMaJIbHO TIOBBIIIEHHO JIEKTPOITPO-
BOJIHOCTBIO XapakTepusyercst uatepsai [1K25-100-120.
O4YeBHIHO, YTO B 3TOM K€ HHTEPBAJIC CIICAYET OXKHIATh
MAaKCHUMAaJIbHBIX H3MEHEHUH 3JIEKTPOIPOBOJHOCTH BO
BpPEMEHH.

J1J1st NOBBILICHHSI IOCTOBEPHOCTH OIIEHOK MPOCTPaH-
CTBCHHO-BPEMCHHOW JHHAMHUKH JEKTPUUECKOTO COIPO-
TUBJICHUS NIPUBIICYCHBI METOJIBI MATEMATHYCCKON CTaTH-
CTHKH, B YACTHOCTH — PAacyeT JUCIIEPCHUU ITOTO Mapame-

Tpa coryiacHo [8]:
2 Z(X _i)z

77X (ny)

re X — BBIOOpOYHOE cpesHee, N — pa3Mep BHIOOPKH.

B cooTBeTcTBHYM C PUCYHKOM 2-T, BUAHO, YTO MAaKCH-
MaJIbHOW JTUHAMHKOM 3JIEKTPUYECKOTO COIMPOTHUBIICHUS
BO BPEMEHU XapaKTEePU3YIOTCS HHTEpBajlbl pas3pes3a
ITK50-150 1 350-380 1 0XBaThIBaIOT MPEUMYILECTBEHHO
BEPXHIOIO 9acTh pa3pesa He rirydxe 20 MeTpoB.
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N3MEHEHNAMN 6one YABOEHHOrO CTaHAapTHOIO OTKMOHEHUSA
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Pucynok 2. ITnowaoka KUP «batikan-1», npoghuns 1.
Pe3ynomamol MOHUMOPUHSA UHICEHEPHO-2C0I02UUECKUX
VCI0BULL 8 INEKMPULECKOM CONPOMUBTIEHUU Pi NO OAHHBIM
J123-BI1 2018 (a), 2019 (6), 2020 (8) 200086 u 6 napamempe
oucnepcuu dNeKMpULecKo20 ConpomueneHus 6*px (2)
3a 3Mom nepuoo

B mapameTpe OTHOCHTENBFHON MONAPU3YEeMOCTH, KaK
MOKAa3aHO Ha PHUCYHKE 3, aHOMAaJbHO ITOBBIIICHHBIEC €€
3HaYeHHs1 yCTaHOBJEHbI B nHTEepBajie [1K50-125.
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02N* No faHHbIM HabnoaeHuii 3a Tpu roga U obnacTu 3HaueHUin 3Toro napa-
MeTpa: a — (‘bOHOBbIX, C U3MEHeHWAMK, He npesblllaklnmMmM CTaHaapTHOro
OTKNOHEHWA OT CpeaHero, 6- MOBbILLEHHbIX, C U3BMEHEHWUAMU O YABOEHHOTO
CTAHAAPTHOrO OTKMOHEHWUA, B — @aHOMalbHO MOBBILLEHHbIX, C U3MEHEHUAMU
6one YABOEHHOro CTaHAapTHOrO OTKIOHEHUA

Pucynox 3. [Inowaoka baiikan-1, npoguns 1.
Pesynomamul Monumopunea uH3ceHepHo-2e0102UYecKux
YCA08ULl 8 OMHOCUMENLHOU NOJAPUIYEMOCHU ¥ NO OAHHBIM
HD3-BIT 2018 (a), 2019 (6), 2020 (8) 20006 u 6 napamempe
oucnepcuu omHoCUmenbHOI nonapusyemocmu o2n* (2)
3a H5mom nepuoo
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ITpu 3TOM B 3aBHCHMOCTH OT BPEMEHU ChEMOK, BU3yaJlb-
HO HaOJI0aeTcst M3MEHEHUE pa3MepOB aHOMAJILHOM 30-
HBI KaK I10 JlaTepalii, Tak U Ha riyouHy. bonee o0bek-
TUBHBIE JIJaHHBIE 110 TUHAMUKE OTHOCHTENILHOM HOJIsIpu-
3yEMOCTH TMOJIydEHBI B TAPAMETPE JIUCTIEPCUH G,

W3 pucyHka 3-T BUIHO, 4TO B OTJIMYHUE OT DIIEKTpUUE-
CKOTO CONPOTHBIICHUS, 00JIACTH MAaKCUMAaJIbHOW IPOSIB-
JICHHOCTH JWHAMHUKH OTHOCHTEIBFHOH MHOIAPH3YEMOCTH
(ITK50-125) otHOcsATCS K OoJee TITyOMHHON YacTH pas-
pe3a. Ilpu aTOM B mapaMeTpe OUCIEPCHN UMEET MECTO
(haKTHIECKH ABE BEPTHUKAJIHHO BBITSHYTHIE aHOMAIbHbIC
30HBI. B enomM nosydeHHbIE JaHHBIE CBUACTEIBCTBYIOT,
YTO MaKCHMaJIbHON JTUHAMHUKON T'€03JIEKTPUYECKHX I1a-
paMeTpoB XapaxrepusyeTcs uHTepBasl paspesa ITKS50-
125. ITpu 3TOM B COBOKYITHOCTH OHM OXBAaTHIBAIOT NpaK-
TUYECKH BECh MUAMAa30H UCCIICAOBaHHBIX TyouH (10-45
METpPOB).

B paccMoTpeHHOM IpuMepe UMeNu MECTO aHOMaJlb-
HBIE 3G EKTHI, CBI3aHHBIE C N3MCHEHHEM OOBOJIHEHHO-
CTH pa3pesa, MPEeJCTABICHHOTO NeCYaHNKaMH, KPEMHH-
CTBIMH H YTJIUCTO-KPEMHHCTBHIMH aJIEBPOIUTAMHU, B TOM
YHCIIe U MPOXYKTaMH KOpooOpa3oBaHus 1o HUM. Iloma-
raeTcs, YTO HanOoee BEPOSITHOM IPUIHHON 3THX A de-
KTOB MOCITY>KWJIN NPOSIBIICHUS] aKTUBHON THAPOINHAMU-
KU U J1e(OPMaIMOHHBIX MPOIECCOB, CIEICTBUEM KOTO-
PBIX CTaJIO IepepaclpeielieHue IOpoBOi BiIaru Mo reo-
JIMHAMHYECKH aKTHBHBIM 30HaM, 4TO, BIIOJIHE BEPOSITHO,
JIOJDKHO ~ COTIPOBOXKIATHCSI CHIDKEHUEM Harpy30uHoOM
CHOCOOHOCTH I'PYHTOB.

1.2 Ouenka peakiuu d1eKTPHYECKOr0 COMPoO-

THBJIEHHSI T€0JIOTMYeCKOii cpelbl Ha cJ1ado mpo-

sIBJIEHHBIE Te0IMHAMMYECKHE MPOLECChI B Hei

I/ICCJ’IGI[OBaHI/IH BBIINNIOJITHEHBI C HCIIOJIB30BAHUEM MO-
HUTOPUHIOBOM ceTn reodusnueckoro nonumrona «Kacke-
JIeH» (PUCYHOK 4).

OpHO3HAYHBIN OTBET Ha B3aMMOCBS3b Je(hOpMaIOH-
HBIX TPOLIECCOB M AJIEKTPUUECKOTO CONPOTHUBIEHUS MO-
JIy4eH B KCIIEPUMEHTAaX, IPOBEJCHHBIX C KOHTPOJIUpYe-
MBIM HCTOYHHMKOM Ae(OpPMAIOHHBIX IpolieccoB. B ka-
YEeCTBE TAKOTO HMCTOYHHKA HCIIOJIb30BAH «I1aaroIIui
rpy3» maccoii 40 Kt ¢ BeICOTH 4 MeTpa. Beero Ob1to crie-
JIaHO 5 yJapoB TakuUM Ipy3oM. Pe3ynbTarsl 3TOTO 3KCIe-
pUMEHTa MPHUBEICHBI Ha PUCYHKE 5.

Kak BHIHO M3 pHUCYHKa, [OCIIE TIEPBOTO yaapa Impo-
M30LIJIO TIOBBIIIEHHE AJIEKTPUYECKOTO COMPOTUBICHHS
Ha 0,03%, mocnie BToporo — Ha 0,02%, mociie TpeThero —
Bcero nutib Ha 0,003%. [Tocnenyromue yaapsl K 3HAYH-
MBIM U3MEHEHHSIM B COTIPOTHBIICHUH HE NPUBOIMIIH.

[Nonaraercs, 4T0 P NEPBBIX JABYX yaapax MPOHUCXO-
JIMJIO YIUIOTHEHHWE TPYHTa, BCIEICTBUE Yero Habitoja-
JIOCh TIOBBIIIEHHUE €TI0 AJICKTPUUECKOTO CONPOTHBIICHNS,
a MpH TOCIeTYIOMNX — Bo3pacTaja J0Jisl SHEPTUH Ha yII-
pyroe BO3eicTBHE U YIUIOTHEHUS (ehopmanmn) mpak-
THYECKH HE HAOIIOIaJIOCh.

1 — KOHTYp Tepputopumn «KackeneH»; 2 — ceilcMOCTaHUms; 3 — cpparMeHT
3NeKTpOpa3BeA04HOTO NpodUns (a) 1 aneMeHT NPUEMHOM NuHuM (6) Annons-
HOM YCTAHOBKM 3NEKTPUYECKOTO 30HAMPOBAHWS; 4 — TOuKa BEPTUKANBbHOIO
3NEKTPUYECKOTO 30HAMPOBAHMS; 5 — NPOUIN U NUKETbI aTMOTEOXMMUYECKOM
cbEMKM CO2; 6 — MYHKTbI MOHUTOPUHTA METaHa; 7 — NONOXEHUE CKBaXUHbI

Pucynox 4. I'eogusuuecxuii nonueon «Kackenemny.
OkcnepumenmanbHas cems MOHUMOPUHSA

pK,OM*M
172.6

17256 P3
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Pq
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172.44 Pvo

172.4
-40000

-40500
-41000
-41500

1 2 3 4 %
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Bpems GMT

1 - Tpacca akceneporpamMbl (a) v 3anuch B Hel YAapoB (6); 2 — rpadvik uame-
HEHVS! ANEKTPUYECKOro COMPOTUBNEHMS (@) Ha rnybuHe 20 METPOB W NMHMN
CpedHUX 3Ha4yeHMin atoro napametpa (6) Ao u nocne AedopMaLMOHHOrO
BO3AECTBIA HA NecyaHo-TMMHUCTYI0 cpedy; 1-5 — Homepa yAapoB rpy3oM
40 kr ¢ BbICOTbI 4 MeTpa Yepes 1-2 MUHYTbI

Pucynox 5. I'eogusuuecxuii nonueon «Kackenemny.
Oyenxa peaxkyuu 21eKMpULecKo20 CONPOMuBIeHus
Ha deghopmayuonnoe gozoelicmaue KOHMPOIUPYEMbIM
NOBEPXHOCHHBIM UCHOYHUKOM YPY2UX KONeOaHul
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Taxum 06pa3om, MOKa3aHa OJHO3HAYHAS CBA3b JIECK-
TPUYECKOT'O CONPOTHBICHUS C Ae(hOPMaMOHHBIMU MIPO-
L[ECCaMU B MIECYAHO-IVIMHUCTHIX IpyHTaxX. [Ipu 3TOM aHo-
MaJIbHbIE 3 (GEKTHI B TapaMeTpe NEKTPUUECKOTO COTIPO-
TUBJICHUS MOTYT HCIIOJIb30BaThCsl B KaueCTBE JUArHO-
CTHYECKOTO TpHU3HAKa Ae(OPMAILOHHBIX IPOIIECCOB B
TaKUX IPyHTaXx.

[ OLleHKH IPOCTPAaHCTBEHHO-BPEMEHHOMN CBSI3U U3~
MEHEHHH I'e03JIEKTPUIECKUX TapaMeTPOB pa3pesa ¢ mpo-
SIBIICHUSIMY aKTHBHON I'€0ITMHAMHUKH HCII0JIb30BAHBI JaH-
HBIE 10 3€MJICTPSICEHISIM, 3a(UKCHPOBAHHBIM CEHCMO-
craanueii «Kackenen» (KASK). B mamewm cirygae mpo-
aHAJIM3UPOBAHBI JaHHBIE IO MPOSIBICHHOCTH B F€0AJIEKT-
prueckux napamerpax semuetpsicenust 20 ¢pespais 2020
rojfia, SHUIEHTP KOTOPOTO HAXOJWICS Ha yJaleHUH
71 kM OT celicMOCTaHIIUU (PUCYHOK 6).
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13:53:36 15:59:40 16:05:44 17:11:48

. ;MMM"'\

Nt

o
Pw‘ Om*m A t~7 vum. (p BII
162 v =

18:17:52 Bpemst GMT

161.9

161.8

T
o
©
~

-0.89

-0.9

-0.91
| | -0.92

161.7

161.6

1
| I
1 4
| I
161.5 T T T f f
13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00

Bpemst GMT
15:51:17.7 6 e
e

| A= sam.
e | ==,
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3eMETPACEHNS, NpUHATLIE ceitcmocTaHumen KASK
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Pucynorx 6.. 'eogpusuueckuii nonueon «Kackeneny.
IIposierennocmo celicmuueckoeo coovimus (a) 6 akcenepo-
epamme (0) u 2eoseKMpuUYEcKUX napamempax (8)

ITo sTOMY ceficMuueckoMy COOBITHIO, COTJIACHO C PH-
CyHKaMH 6-0, B, cJI€TyeT OTMETHUTD, YTO IPUMEPHO depe3
7 MUHYT [IOCJIE €70 PErHCTPALIUK aKCEIEPOMETPOM OTMe-
THJIOCH JIOKAJIbHOG, B TeUeHHE 15 MHUHYT, HOHIKCHHUE
anekTpudeckoro conportusienus Ha 0,1%. Yepes 30 mu-
HYT UMEJIO MECTO Pe3KOoe BO3pacTaHWE aMILIUTY/Ibl 3Ha-
KOIIEPEeMEHHBIX KOJIeOaHMid 3HAUeHNUH dTOTO TapaMeTpa,
cocTaBuBIIee BennunHy nopsiaka +0.1% npu nmorpemrHo-
ctu u3mepenunit +0,01%.

B monsipusyeMocTé B 3TOM MHTEpBaJle BPEMEHH 3Ha-
YUMBIX H3MEHEHUH He yCTaHOBJICHO.

B nenom, npuBesieHHbIE JaHHBIE MPAKTUYECKU TOA-
TBEPJWIN BBIBOJBI [0 SKCIEPUMEHTAM C KOHTPOJIHUpYe-
MBIM HCTOYHHKOM YIPYTHX KOJIeOaHUH B YaCTH B3aUMO-
CBSI3H 2JIEKTPUYECKOTO COMIPOTUBIIEHHS ¢ JepopMannoH-
HBIMHU TIpolieccaMM B TpyHTaXx. Kpome Toro, mokazaHa
JOCTaTOYHOCTH YyBCTBUTEILHOCTH IPUMEHEHHOH H3Me-
PUTETBHOM CHCTEMBI JUISl pETUCTPALIH CUTHAJIOB OT CJIa-
00 POSBIICHHBIX 1e()OPMAIIMOHHEIX IIPOIIECCOB B Mecya-
HO-TJIMHUCTBIX TPYHTaX.

B TO %€ BpeMmsl, yaUTBIBask BBICOKUN YPOBEHb IIOMEX
celiCMUYECKOTo MPOUCXOXKAEHUS, IPOSBICHHBIX U B T€0-
3EKTPUUYECKUX MapaMeTpax, AJIs HOBBIMIEHHS TOCTOBEp-
HOCTH OIIEHOK ITPOCTPAaHCTBEHHO-BPEMEHHOH CBA3U aHO-
MaJIbHBIX U3MEHEHHUH 3TUX N1apaMETPOB € CECMUYECKHU-
MM COOBITUSIMH HeO6XOL[I/IMO IMPUBJICKATb U JAHHBIC I10
0COOEHHOCTSIM CTPYKTYPHI UX BOJHOBBIX MOJICH.

3AKJIOYEHUE

BrImoHeHBI MCCIeNOBaHMS 10 MOBBIIIEHUIO JOCTO-
BEPHOCTH BBISIBICHUS U MOHUTOPUHIa M3MEHEHUH 00-
BOJHEHHOCTH TPYHTOB B T€03JIEKTPUUECKHIX TTapaMeTpax
Ha npumepe miomagku KNP «baiikan-1» u ouenku pe-
aKIIUU DJIEKTPUUECKOTO COMPOTUBIICHHS T€0JIOTMUECKON
cpenpl Ha cnabo MPOSBICHHBIE TEOTMHAMUYECKHAE TPO-
1IECCHI B HEH.

Juis perieHus mepBoOi 3aaud NpPU HHTEPIIPETAIHH
nmarHbIX [193-BI1 Obl1i mpuBIICYSHBI 2IEMEHTHI MaTeMa-
TUYECKOH CTATUCTUKH (IUCIIEPCHUs), YTO IMO3BOIMIO 00-
nee 000OCHOBAaHHO OKOHTYPHUTH 00JacTH pa3pes3a ¢ Mak-
CUMAJIbHBIM U3MEHEHUEM DJIEKTPHUUYECKOTO COMPOTHBIIE-
HUS ¥ TIOJIAPU3YEMOCTH BO BpeMeHHU. B aTux obnacTsx,
MIPEJINOJIOKUTETHHO BBI3BAHHBIX MPOSBICHUSIMU aKTUB-
HOU THUIAPOJMHAMHUKH U Je()OPMAIHOHHBIX MPOIECCOB,
BIIOJIHE BEPOSITHO yXYJIIIEHHE HECYIIMX CBOWCTB IPyH-
TOB.

Pe3ynbTaThl COBMECTHOTO MOHHUTOPHHTA TEO3JICKT-
PpHUYECKHX TTApaMETPOB M €CTECTBEHHOTO CEHCMUIECKOTO
IOJIsT TIOKa3alll TPOCTPAaHCTBEHHO-BPEMEHHYIO CBS3b
AHOMAITBHBIX 3()()EKTOB B ANEKTPHUECKOM COIMPOTHBIIC-
HUY C 1e()OpMAIIMOHHBIMH MTPOLECCAMH UCKYCCTBEHHOTO
Y €CTECTBEHHOTO MPOUCXOXKICHUSI.

ITocnenyromme ucciaenoBaHus JOJDKHBI ObITh HaIpa-
BJIEHBI Ha TIOJyUYeHUE KOJIWYECTBEHHBIX XapaKTEPUCTUK
Ne(OpPMAaIMOHHBIX TPOIECCOB IO T'EOIEKTPHUUECKUM
rnapameTpam.

Hannvie uccnedosanus gunancuposanucy Munu-
cmepcmeom snepeemuxu Pecnybnuxu Kazaxcman 6 pam-
Kax —HAy4yHO-mexHuyeckol npoespammuvl  «Paszsumue
amomuou 3nepeemuxu 6 Pecnyonuxe Kazaxcmany (MPH

— BR09158470).
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ps 2006 T. Ne 5. O6 yTBepKICHUU U BBEACHUH B JieiicTBUE
pyKoBoJCTBa O Oe30macHOCTH « MOHUTOPUHT HHKEHEp-
HO-TCOJIOTHYECKHX YCIOBHH pa3MeNeHust 00BEKTOB saep-
HOTO TOIUTMBHOTO IUKJIa». Y TBEP)KAEHO M BBEIEHO B Ieii-
ctBue ¢ 1 mapta 2007 r. PykoBoACTBO 10 6€30macHOCTH
«MOHHTOPHHT HHKEHEPHO-T'€0JIOTUIECKUX YCIOBUH pa3-
MEIIEeHHs 00BEKTOB SAEPHOTO TOIIMBHOTO IIUKIIa»

(P5 036-06).

TexHnueckuit perinaMenT «SlaepHas U paguanroHHas Oe-
30MaCHOCThY. Y TBEP)KIEH NMPUKa30M MUHUCTpa 3HEPreTH-
ku Pecy6nuku Kaszaxcran ot 20 ¢eBpaist 2017 1. —
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NHKXEHEPJIK-TEOJOTUAJBIK MOHUTOPUHI" KE3IHAE 3JIEKTPBAPJIAY JIbl KOJLJJAHY
KAFJANJIAPBI MEH HAITAP KOPCETIJI'EH TEOANHAMMUKAJIBIK TIPOIIECTEP
ATOM CAJIACBI OFBEKTIJIEPI OPHAJTACKAH AYAAHIAPIA

B.H. llIaiitopos, A.K. Koaasioaes, M.B. Illlyasra, H.H. Kymep6aesa

KP ¥A10 PMK «I eoghuzuxanvix 3epmmeynep uncmumymuly unuanst, Kypuamoe, Kazaxcman

Kymeicra 20182020 xprmap Ke3eHiHAe TUITONIBII MIeKTPIIik 3ouATay ([133-BII) amicimen anexkrpbapiay TycipimiMiHiH
JanajiblK OaKplIayIapbIHBIH HOTIOKEIEpl KenTipiareH. KumMaHBIH TeodeKTpiiK mapaMeTpiepi e3repicTepiHin Oencenai
reoIMHaMIKa KOpiHICTepIMEH KEHICTIKTIK-yaKbITTBIK OaiinaHbIChIH Oaranay ymiH «KackeleH» celcMOCTaHIMSCHI
(KASK) Tipkeren >xepciikiHynepi OOWbIHIIA AepeKTep NaWAadaHbUIABI. [ €0dJeKTpiik napaMmerpiep MeH TaOuFrH
CeMCMUKAJIBIK OPICTIH OipJieckeH MOHUTOPUHTIHIH HOTDKENepi KeJITIpiIreH.

Tyiiin co3oep: saexmpbapray, s1eKkmp Keoepeici, NOAAPUIAYUALAHYbL, OUCREPCUL, CYAARY, 0ehopMayusnbik yoepicmep.
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APPLICATION OF ELECTRICAL EXPLORATION FOR THE MONITORING OF ENGINEERING-
GEOLOGICAL CONDITIONS AND POORLY DEVELOPED GEODYNAMIC PROCESSES
AT THE REGIONS OF NUCLEAR INDUSTRY FACILITIES LOCATION

V.N. Shaitorov, A.K. Zholdybaev, M.V. Shulga, N.N. Kusherbaeva

Branch “Institute of Geophysical Research” RSE NNC RK, Kurchatov, Kazakhstan

The paper presents the results of field observations of electrical survey conducted using the method of dipole electrical
sounding induced polarization (DES-IP) for the period 2018-2020. Earthquake data recorded by the Kaskelen seismic
station (KASK) were used to assess the spatio-temporal relationship of changes in the geoelectric parameters of the section

showing active geodynamics. The results of joint monitoring of geoelectric parameters and natural seismic field are
presented.

Keywords: electrical exploration, electrical resistance, polarizability, dispersion, waterlogging, deformation processes
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[IpoBeneHsI SKcIIepUMEHTaIbHBIC ICCIIEIOBAHMUS MO BEIOOPY ONTUMAIBHBIX YCIOBHIA TOMOTEHH3AINHN, TIPOOOIIOATOTOBKH
U MapameTpoB mpeccoBaHus 00pa3noB. OcymiecTBIEH MOA00p penepHBIX 00pa3loB C aTTeCTOBAHHBIMHU 3HAYCHUSMU
COJIepIKaHMsl DJIEMEHTOB M OKCHIOB. B Liensix pacimupenus onpeaesieMbIX JHarna3oHOB KOHIEHTPAIMN JOIIOTHUTETLHO
npousBeAéH Noabop 8 (OHOBBIX 00pa3LOB, MMEIOMMX HauboJee THITMYHBI XUMUYECKUA COCTaB Ul TEPPUTOPUH
CeMunanaTHHCKOTO ucmbiTaTenpHoro nojurona (CUIT). OmnpeneneHo copepikaHHe JIEMEHTOB B 00pa3iiax METoIaMHu
Macc-CHeKTPOMETPUH U aTOMHO-3MHccHOHHOM cmekrtpomerpuun (MCII-MC u HCII-ADC). IIpuroroBnieHs!
MPECCOBAHHBIC TAOJICTKH, MPOBEAEH MOJYKOIMYCCTBEHHBINH peHTreHO(IIyopeciicHTHbIN aHamu3 (PDA) 8 obpasioB ¢
H3BECTHBIM COJIepKaHUEeM B pexknMe «best detectiony I BEIBIICHHIS CHCTEMAaTHICCKAX PACXO0XKICHHUH B ONPEIACTICHUN
cocraBa 00pa3IOB C HCIOIB30BAHAEM pa3pyIIAIONIETo U Hepa3pyIIarollero MeTOI0B aHAIN3a 1 MIPOOOTIOATOTOBKH.

Knrouesste cnosa: cmanoapmusiil oopaszey, PDA, nepaspywarowuii anaius, npeccoganue, 20M0o2eHU3AYUs.

BBEJEHUE

PentrenogyopecuentHsrii ananu3 (POA) — onus u3
COBPEMEHHBIX CIIEKTPOCKOIIMYECKUX METOIOB HUCCIIEHO-
BaHUS BEILIECTBA C IEJIBIO ONPEAETICHUS ero 3JeMEHTHO-
ro coctasa. [lo3BossieT MPOBOIUTH KOJIWYECTBEHHBII
aHayu3 37eMeHToB oT oepmutus (Be) no ypana (U), ¢ uc-
MOJIb30BaHKEM cTaHAapTHBEIX obOpasios (CO), a Takxke
MOJTYKOIMYECTBEHHOE N3MepeHHe OeCCTaHJapTHHIM CIIO-
cobom. Meton POA ocHOBaH Ha cOOpe U IMOCTIEIYIOIIEM
aHaIlM3e CIIEKTPa, BOSHHUKAIOIIETO MpH OOJIYYCHUH HC-
CIIelyeMOr0 MaTepuaia PEHTICHOBCKUM H3IyYCHUEM
[1]. TIprHIMD MeTOAAa OCHOBaH HA U3MEPEHUH (DOTOHOB
CO CTPOTO OIPENEIEHHBIMI SHEPTHSIMH, UCITYCKAeMBIMHU
aTOMaMH pa3HbIX AJIEMEHTOB. Permcrpupyemas MHTEH-
CHUBHOCTb U3JIyUEHUs C OIPEIEIEHHON YHEPrUeil I03BO-
JISIeT OTIPEJIeNIATh KOJIMYECTBEHHOE CO/IepKaHHe dJIEMEH-
Ta.

P®A-ananu3 sBAsIETCS] OTHUM M3 HanOoJiee MpaKTH-
YHBIX METOJIOB aHAJM3a, HE TPEOYIOUTNM CIIOKHOH Ipo-
60IOrOTOBKH, TOKCUYHBIX PEareHTOB, a TAK)KE MUHepa-
Jmu3anuu Matpuupbl, B otianuue oT UCII-MC, UCIT-A3C
U aTOMHO-a0COPOIIMOHHOTO METOJIOB, IIHMPOKO HCIOJIb-
30BaBIINXCA JUI aHAJIN3a CJIEJOBBIX 3JIEMEHTOB JI0 KOH-
na XX Beka [2]. JononHuTenbHOE IPEUMYLIECTBO B TOM,
yt0 PO A-aHamm3 He HyKIaeTCsl B BBICOKOKBAITU(UIIAPO-
BaHHOM IIEpCOHAJIE JJIsl MPOBEJCHUS MPOOOIIOATOTOBKHI
U U3MEPEHUM.

Braromaps mpocToTe, BO3MOXKHOCTH 3KCIpecc-aHa-
JM3a, TOYHOCTH M OTCYTCTBHIO CIIOKHOW IpoOomoaro-
TOBKH c(hepa IPUMEHEHHUS] METOINKH KOJINIECTBEHHOTO
HEpa3pyIIAoNIero aHaIN3a CHIIMKATHRIX 00pa3IoB UMe-
eT OOJIBIYI0 3HAYMMOCTh B Pean3aliii Hay4IHO-HCcCIIe-
JIOBATEIbCKUX U JIOTOBOPHBIX paboT 110 MacCOBOMY aHa-
M3y o0pas3loB MOYB, TPYHTOB M JOHHBIX OTJIOKEHHH.
P®A-anamu3 sBisercs Oonee OBICTPHIM H ACHIEBBHIM B
CPaBHEHUH C BBICOKOTOYHBIMU MeToaamu ananusa MCII-
MC u UCTI-ADC.

IIpakTuueckasi 3HaYUMOCTh KOJIMUYECTBEHHOTO POA -
aHanM3a omnpeensieTcs chepoit ero NpUMEHEHHNS B Hayd-
HO-HCCJICIOBATEIILCKON MPAKTHKE, B CTAIIMOHAPHBIX JIa-
OopaTopusix, B IPOMBIIIJICHHOCTH M Pa3MYHBIX o0ac-
TSIX HayKH M TEXHHKU BKYIIE C 9KOHOMUYECKOH 3¢ ek-
TUBHOCTBIO NTPOOOIOATOTOBKU M U3MEPEHUN. AHAaIUTU-
YECKHE BO3MOXKHOCTH PEHTTCHO(IYOPECIEHTHOTO 000-
PYyZIOBaHUS MO3BOJISIIOT PACIIUPUTH OIIpeeIIieMble qra-
Ma30HBl KOHLEHTPALUH ¢ MIJIJIUTPAaMM U MHKPOTPaMM
JI0 JIeCATKOB I'paMM Ha Kuiorpamm, BIUIOTH 10 100%
macchl, yto npu Hanuyun UCIT-MC u UCII-ADC nepe-
KPBIBAaET BCIO BO3MOXKHYIO JIMHEHKY OIpeesieMbIX KOH-
nentpanuid. OnpezneneHne NepeyHs OKCHAOB, a TaKXkKe
9JIEMEHTOB, KOTOpPBIE TEXHMYECKH HEBO3MOXKHO H3Me-
puth ¢ nomonipio MetozoB UCII-MC u UCIT-ADC nme-
eT GOJBIIYI0 3HAYUMOCTh M BOCTPEOOBAHHOCTh B Hay4-
HOM M KOMMEPYECKOM IIIaHe.

Hepaspymaromuid Meton aHanu3a OaET BO3MOXK-
HOCTB MOJTyYEHHsI JAaHHBIX O COCTaBe CI0KHOTO MaTepu-
ana 6e3 ero pa3pyueHus, C COXpaHEHHUEM TOJIHOTO KOM-
TUIEKCa ero (PU3NKO-XUMUIECKUX CBOMCTB. AHAJIN3 C HC-
M0JIb30BaHNEM KaJIMOPOBOYHBIX 00pa3lOB M3BECTHOTO
COCTaBa SABJSIETCS IEPCIIEKTUBHBIM CIIOCOOOM MaccoBO-
TO oIpejesieHus] OOJBITNHCTBA 3JIEMEHTOB B IPOOe MpH
CHJIMKATHOM aHaJIM3€ TOPHBIX NOPOJ U MUHEPATOB [3].

T'naBHBIM e HemocTaTKOM PDA-aHanu3a SBISIOTCS
Tpeieil 00HAPYKEHUS, HE TIPEBBIMAIOIINE HECKOIBKUX
MUJUTATPaMM Ha Kujiorpamm [4] amst G0NbIIHMHCTBA Clle-
JOBBIX 37eMeHTOB. CrieKTpanbHble HHTEPHEPESHIINN Xa-
PaAKTEPUCTUIECKOTO M3ITYYCHHUS U MaTpUIHBIEC 3(PPeKThI
TaKXKe CO3af0T TPYIHOCTH JUIS IIOJIHOCTRIO aBTOMaTHYe-
CKOr0 KOJIMYECTBEHHOIO OIpEJENIeHHs CIEA0BBIX dle-
MEHTOB B Pa3JIMYHBIX MaTPHULAX, OJHAKO MaTeMaTH4ec-
KHE aJTOPUTMBI IIPOrPaMMHOT0 00ecCIeYeH s CIEeKTPO-
MeTpa MO3BOJIAIOT KOPPEKTHPOBATH IMOIy4aeMble pe-
3ynbTaThl U NpUMEHATh PDA-ananu3 aias pa3aIuuHBIX
MaTpUI U B IIUPOKOM JHAaNa30He KOHIeHTpanuil [2].

11


https://doi.org/10.52676/1729-7885-2022-3-11-20

Bectunk Hsid PK

BbIMyCK 3, ceHTs0pb 2022

IIpu Bcex npenmMyiecTBax Hepaspyaromero POA-
aHallu3a JIOTIOJIHUTEIFHOU TPOOIeMOi KOIUYEeCTBEHHO-
r'O ONPEJCICHUS DIIEMCHTOB U OKCHUIOB B TBEPIBIX 00-
pasiax sBISETCs] HEOOXOIUMOCTh B OOJIBIIIOM KOJIHYECT-
BE perepHbIX 00pa3loB ¢ W3BECTHBIM COCTABOM JUIS TIO-
CTPOCHUS OMOPHBIX TOYCK IIKAJIBI U3MEPEHUH, 3aJI0KEH-
HBIX B MeTOJ. Heobxonumo He MeHee 5—7 onopHbIX (pe-
TIEPHBIX) TOYEK IO KaXIOMY HCKOMOMY 3JIeMEHTY [4, 5],
HanboJee MPeNOYTHTEIHHEIM BAPHAHTOM SBIISICTCS HC-
MIOJIF30BaHNE MHOTOJIEMEHTHBIX CTAaHAApPTHBIX 00pas-
IIOB C aTTECTOBAHHBIMH COJIEPKAHISIMU.

Crnemmdura PO A-ananmza 3akimoqaeTcst B CO3TAHAN
Pa3HBIX METOJIOB JJIs pa3HbIX MaTpuil. [IpuknagHas yHu-
BEPCAJILHOCTH CO3/1aBaEMOH METOJUKH 00eCIIeYUBACTCS
PaCIIUPEHHBIM MIEPEYHEM OTPEACTICMBIX KOMIIOHCHTOB,
IIMPOKUM JUAMAa30HOM HX COJCPIKAHHS, IMOIXOISIIUM
JUIsl OOJBIIMHCTBA 00PA3LOB, MOCTYNAIOIIUNX Ha aHAJIN3.
[Tpuobpetenue xe ceprudupoBanHbix CO (3TaJIOHOB)
SIBIISICTCA 3aTPATHOW 3amadell B CBS3H C HEOOXOIUMO-
CTBIO 3aKyIa Cpa3y HECKOJIBKUX 00pa3ioB. B ciydae co-
3IaHISI MOHOYJICMEHTHOH METOIUKH, «3aTOUCHHO O
KOHKpPETHBIC HY)KIIbI, TAKHX 3aTpaT HE TpeOyeTcs.

I'panynpoBounbie (penepHbIE) 00pa3Ubl SBISIOTCS
00s13aTeIFHBIM AJIEMEHTOM METOJIMYECKOTo obecmeue-
Husi POA-ananu3a. OHM MO3BOJIAIOT 00pabaThiBaTh pe-
3yJIbTaThl aHAIIM3a C HCIIOJIb30BAHUEM PErpecCHOHHBIX
ypaBHEHHH CBSI3U C y4ETOM MOTPABOYHBIX KOIPHUIIHEH-
TOB W IOJIy4aTh JIOCTOBEPHbIC JAHHBIE O KOJIMYECTBEH-
HOM COCTaBe HCKOMBIX 3JIEMEHTOB ¥ OKCHJIOB B UCCIIEY-
eMbIX oOpasmax. COOTBETCTBEHHO TPayHpOBOYHBIE 00-
Pas3IBl JODKHEI OBITH OJIM3KHU TI0 COCTAaBY K aHATIM3HPYe-
MBIM MaTepHaizaM (AMETh CXOXYI0 Marpuiy). JlaHHbIe
00pas3Ipl JOIDKHBI OBITH ATTECTOBAaHBI C TOMOIIBIO JIPY-
T'UX, HE3aBUCHMBIX METOJIOB W/WIIH MUMETh CEPTU(PHUKAT
3apaHee H3BECTHOTO COCTaBa. UHCIIO TaKUX TPayHpOBO-
YHBIX OOpA3LOB JO/DKHO OBITh JOCTATOYHO OOJBIITHUM
(20-30 po6), 4TOOBI YMEHBIIIUTH BIUSHAC HA TIOTIPABO-
YHbIC KOI(PPUIUSHTHI CITyYaiiHbIX OTPEITHOCTEH XUMHU-
YEeCKOro aHall3a M IOTPEIIHOCTEeH, JIO0IYCKaeMbIX MPH
W3MEPEHUN WMHTEHCUBHOCTEW aHAJUTUYECKUX JIMHUHN
(ammapaTypHas HOrpeIrHocTs) [S].

Lenbto rccne0BaHUI ABIAIOCH IPUMEHEHHUE Pa3IIi-
gHbIX MeTos10B aHanu3za (MCIT-MC, UCIT-ADC u Gec-
cranpaptHblii POA) U1 MOAroTOBKM M M3MEpeHust 00-
pa3loB C HEM3BECTHBIM COJEP)KAHHEM, KOTOPbIE 3aTeM
MOJKHO HCIOJIB30BaTh B KAYECTBE PEIICPHBIX IPH CO3/Ia-
HUU METOJUKHU KonyecTBeHHOro PMA-ananusza.

1 METOJIMKA UCCJEJTOBAHUI

C nesnbio pa3paboTKy MOJX0Ja K MACCOBOMY OTIpe/ie-
JICHHIO 3JICMEHTOB M OKCHIOB B 00pa3naxX rpyHTa MeTo-
oM POA nipoBesieHBI pabOTHI 110 BEIOOPY, IIOATOTOBKE U
aTTeCTallMy KATMOPOBOYHBIX 00PA3IIOB C HCIOJIh30BAHHU-
€M aJIbTEepHATUBHBIX METOJIOB aHann3a, Takux kak NCII-
MC u UCIT-ADC. Ananus copep kaHus 2JIEeMEHTOB MPO-
BOJIWJIM C TIOMOMIBIO TAKUX COBPEMECHHBIX HpI/I60pOB KakK
KBQJIpYMOJNBHBIA  Macc-criekTpomerp Agilent  7700x
(Agilent Technologies), a Tak)ke aTOMHO-IMHUCCHOHHBIN
CIIEKTPOMETpP C MHIYKTUBHO-CBsI3aHHOW mnazMoii iCAP

6300 Duo ¢upmsr Thermo Scientific. DxcriepumeHTaNB-
HBIC UCCIICTIOBAHUS MPOBOJMINCH C MPUMCHCHUEM HE-
paspyuaroiero Merona POA-ananusa Ha BOTHOAKCTIEP-
cuonHoM cnektpometpe S8 TIGER 4K (pexum uzmepe-
Hus «best detectiony).

BosneiicTBre Ha aHATUTUYCCKUNA CUTHAJT OpraHIYeC-
KON KOMIIOHCHTBI MATPHUIBI B PEHTICHO(IYyOpeCIeHT-
HOoM aHanmse (PDA) BemeT kK ocnabiIeHNIO BCeX PErHCT-
PUPYEMBIX JUHUM B pa3HON CTETIEHU U YBEJINYEHUIO pac-
CESTHHS TIEPBUYHOTO W3IYYCHHUS, YTO TIPUBOIUT K TOBEI-
meHnto GoHa. [6]. B mporiecce KonnuecTBEHHOTO aHAIU-
3a Mpo0 TpyHTa MPOU3BOAMIH MPEIBAPUTEIHEHOE H3Me-
peHHE BCEX pemlepHBIX 00pas3oB, 00padoTKa CIEKTPOB
M0 KaXJOMY OIpeAeNsieMOMY JJIEMEHTY U OTCEUYECHHE
(oHa, BKITIOYAOLIETO B ce0s B TOM YHCIIE BKJIAJl OT BIIU-
SIHUSI OPTaHMYECKUX KOMIIOHEHTOB MATPHIbl. 3HAUYCHUS
ONTUMAJBHBIX MTAPAMETPOB, MOTYYEHHBIX B X0OJI€ IKCIIe-
PUMEHTOB, JOJDKHBI 3aKIaJbIBaThCsl B IPOrPAMMHOE
obecriedeHre HETIOCPEICTBEHHO TPH CO3aHUH METOTH-
K1 U3MEPEHUH.

[IpoBenéHHBIE SKCIIEPUMEHTHI COCTOSUIN U3 HECKOJIh-
KHX TIOCJIeIOBATEFHBIX IIaroB: o0ecreueHne eqnHo00-
pasusi mpoOOIIOATOTOBKH, OO0 MapaMeTPOB U3MEINb-
YeHWsT W TPECCOBaHUs, BHIOOD pEmepHBIX 00pa3IoB,
BKJII04asi 00pa3Ilbl C HEU3BECTHBIM COJICpKAHUEM, CPaB-
HUTENIbHBIA aHaju3 BaJOBOI'O COCTaBa 00pa3loB, H3Me-
PEHHBIX Pa3HBIMHU METOIaMHU.

OO0pa3ipl HOHOBBIX MPOO C HEM3BECTHBIM COCTABOM
BECOM HE MeHee | KI' CYNIMJINCh B CYIIHMJIBHOM IHIKady
npu Temmnepatype 105 °C B Teuenue 3—6 yacos. Bozayi-
HO - CyXHe TMpOOBI MPOCEWBANCh Yepe3 CHTO (II0JIHU-
aMHIIHOE) C JAUAMETPOM OTBepcTHH | MM. ATTecToBaH-
HBIC CTAHJapTHBIC 00pa3Ibl HE HYKIAIHUCh B POCYIIHN-
BaHUH W MPOCEUBAHHH, TaK KaK MaTepHall aTTeCTOBaH-
HbeIx CO He TpeOyeT AOTOTHHUTEIEHON IIOATOTOBKH, KPO-
Me€ MPEeAYyCMOTPEHHBIX METOJUKON U3MEPEHUI.

C nenpio moadopa Hanbojee ONTUMAILHOW rOMOTe-
HU3alUU U3MEPSIeMBbIX 00pa3IioB ObLIa MPOBENIEHA CePHst
SKCIIEPUMEHTOB 110 H3MEbUEHUIO PEABAPUTETHHO MPO-
CeSTHHOTO MaTepHuaja MpoObl TpyHTa (M3HAYaIbHBIC
(bpakiy — TOHKHUI, KPYIHBIH, cpefHuii mecok [7] ¢ pas-
Mepamu gactuil ot 0,05 go 1 MMm). YcTaHaBIrBaeMBbIe ma-
pameTpsl — Macca IpoOkl, JTUTEIBHOCTh U3MEIBYCHHUS,
4acToTa 000POTOB B MUHYTY.

B x0/1¢ 9KCIEpUMEHTOB I10 TOI00PY TOMOT€HU3AIIH
METOJIOM KBapTOBAaHUS OTOMpasiach HaBecka Maccoi 50—
150r wu wucTHpamach Ha JUCKOBOM  MEIbHUIIC
«Pulverisette 9» («Fritsch GmbH», ['epmanmus; rapauTty-
pa — 3aKaJleHHas CTallb) B TeUeHHEe |—5 MUHYT CO CKOPO-
cthio Bpamenus 850—1000 o06/muH.

ITonHOE pazyiokeHue W mepecu€T Ha OKCHIBI (POHO-
BBIX 00pa3noB u atTectoBaHHbIX CO IS aHAIN3a METO-
namu UCIT-MC u UCII-A3C npoBoauiock COTJacHO
MeTogamdeckuM  ykazaHusiM MBU  Ne 499-AD5C/MC
MKXA «OmnpeneneHue 3I€MEHTHOIO COCTaBa T'OPHBIX
MOpO/I, TIOYB, TPYHTOB ¥ JOHHBIX OTJIOXEHUH aTOMHO-
SMHUCCHOHHBIM C HWHIYKTHBHO CBSI3aHHOM IUIa3MOM U
MaCC-CHEKTPATBHBIM C HHAYKTUBHO CBSI3aHHO# ITa3MOM
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Metogamm». Metogom MCIT-ADC mpoBoaniocs u3Me-
peHue npeuMyIecTBeHHO MakpokommoneHTos (Na, Mg,
K, Ca) ¢ xonnentpauusmu 6onee 0,01 macc.%. Onpene-
JICHUE COJIEPXKAHUSI MHKPOKOMIIOHEHTOB IPOBOJHMIIOCH
MetogoM UCII-MC nyTtéMm pa30aBieHus aHalIu3upye-
MBIX PaCTBOPOB C IOCJIECAYIOIINM IIEPECUETOM Ha CYXYIO
Maccy M Ha OKCHBI COTJIACHO UCIIOJIb3YEMON METOIUKE
Ne 499-ADC/MC MKXA.

U3 mepeMoroToro roMoreHHoro odpasiia oToupanach
HaBecKa Ui ananmsa Maccoii 0,1 r. It orbopa HaBecKn
UCTIONB30BANNCh Bechbl aHaimuthmdeckue RAD WAG
AS220-R2, morpemHOCcTh M3Mepenuii — 0,0001 r. M3me-
penue arrectoBanHoro CO OOKO-151 npoBoaunock B
10 moBTOpHOCTSAX (n=10).

s BBIOOpA ONTUMAIBHOTO PEXHMMa MPOOOIOIro-
ToBKU Ui PDA Obl10 mpoBeAEH 3KCIEPUMEHTAIbHBIN
noA00p HpoIopLUi CrpeccoBaHHBIX 00pasuoB (Tabe-
TOK). OHUM U3 3HAUUMBIX [TaPaMETPOB MOIYICHHUS TOU-
HOTO KOJINYECTBEHHOTO COJEP KaHMs HCCIIETyeMOoro 00-
pasna npu PO A-anannse npeccoBaHHBIX TaOJIETOK SIBIIS-
eTcs coOMoZIeHHEe MPHEMJIEMOTO YPOBHS TOMOTCHH3a-
miu obOpasna, B npenenax 40 MUKpPOH, H3MEIbYEHHOTO
JI0 COCTOSIHUS IyZpHl [4] (TIpoBepsieTcsl TaKTWIIBHO), a
TaKke oOecTedyeHus eIMHO00pa3us NMpOoOOIOArOTOBKH
BCEX PEMEpHBIX U M3MEPSEMBIX 00pa31ioB. OCHOBHBIMU
(dakTOpaMH OIICHKHM CIY)XWJIa JOMyCTUMAas TOJII[HHA
aHamu3upyeMoro cios oopasua (1,5-3,5 mm) [12], ahde-
KTUBHOCTH CBSI3YIOLIIETO arcHTa OTHOCHTENIFHO MAacChl
oOpasma, obmasi TONIIMHA, MPOYHOCTh U HEIOCTHOCTh
MoJIy9aeMoil TaOIeTKH.

Manas ToJmuHA CIIOS, B 3aBUCHMOCTH OT TTOPSI/IKO-
BOT'0 HOMEpa aHAIM3UPYEMOT'0 SIEMEHTA, MOXKET IPUBO-
JIITh K OIIMOKaM B n3MepeHuu. IIpeccoBanublie Tadier-
KH, U3TOTOBJICHHBIC 0€3 CBA3YIOIMX H00aBOK, CKIOHHBI
K OTCIIanBaHMIO 1 menymenuto. [lox nefictBuem pentre-
HOBCKOI'O U3JIYY€HUSA U BaKyyMa U3 HUX BBIACIIAIOTCS ITY-
3bIPBKH BO3/yxa. JlaHHOE siBieHHE CIIOCOOHO 3aMETHO
HU3MEHHUTDH TIOBEPXHOCTHYIO CTPYKTYpy obpasiia. Obpas-
1bl, IPUTOTOBJICHHBIE METOJIOM MPECCOBAHMS C COOIIIO-
JIEHHEM MapaMeTpoB eIMHO00pa3Hsi, OTIMYAOTCS BBICO-
KO IIPOYHOCTBIO U KAaUECTBOM aHAJIU3UPYEMOH IIOBEPX-
HOCTH, OJTHOPOHOCTBIO U yCTOWYNBOCTBIO K JAITUTEIIHHO-
My BO3IECHCTBUIO PEHTTEHOBCKOTO M3IydeHHs. JlaHHBII
Ccroco0 TPUTOTOBJICHHS OOPA3LOB XapaKTEpU3yeTCs
MIPOCTOTOH, AKCIIPECCHOCTBIO M HKOJIOTUYECKON YHCTO-
TOH MPOOOTIOATOTOBKH [5].

2 T1OJIBOP CTAHJIAPTHBIX OBPA3IIOB

U OBPA3IOB C U3BBECTHBIM COAEP)KAHUEM

B mpornecce pa3paboTku mpoueaypsl mpodororo-
TOBKH U U3MEPEHU Il ONPEIEIeHNs XUMUYECKUX dJie-
MEHTOB B 1TouBe MeToIoM PMDA Oblin BBIOpaHBI:

— CTaHJapTHBIA 00pa3ell ¢ U3BECTHBIM COCPIKAHU-
em OOKO-151;

— 8 (oHOBBIX 00paA3NOB C THMUYHBEIM XUMHYECKUM
cocraBoM mouB CUIIL.

Bce BeiOpanHbBIE 00pa3Ibl HIMEIOT OOIIYIO CHIIMKAT-
HYIO MaTpPHUITy U CXOJIHBIA COCTaB C Pa3IMIHBIMHA JHaIia-
30HAMU COJEpPKaHUS JIEMEHTOB U OKCHUJIOB. B nmanHO#

CTaThe B AaJbHEHIIEM IPUBECHBI PE3YIbTaThl SKCIIEPH-
MEHTOB cO cTaHAapTHeIM obpaznom OOKO-151 (mousa
CBETJIO-KAllITAaHOBasi IIPUKACIMICKas) Kak Hamboiee
MOJXO/SIMM MaTepualioM Mo o0IIeMy MEpevHIo diie-
MEHTOB U OKCHJIOB M HaOOpY MMEIOIINXCS CTaTHCTHYEC-
KuX AaHHbIX uaMepeHuit merogamu WCII-MC, UCII-
ADC u POA. TTon6op hoHOBEIX 00pa3LIOB MPOU3BOINII-
cs ¢ yu€ToM reorpapuuecKux U reoMop(oIoTHIecKux
KpHUTEPHEB /I BEIOOpa Tpo0 ¢ Hambolee XapakTepHBIM
XMMHYECKHM COCTABOM W MOAXOAALIMMH AWAra3OHaAMH
COZIeprKaHuUs JIEMEHTOB M OKCHIOB AJIS JAHHOI MECTHO-
ctu. Bri6op ob6pasuor ¢ tepputopun CUII o0ycnoBieH
HEOOXOAMMOCTBIO HAWJIYYILIEr0 COOTBETCTBHS HYXKJaM
pa3pabaTbiBaeMON METOAMKH M3MEPEHHH, Tak Kak HH-
TEHCHBHOCTH aHAJIMTHYCCKUX JIMHUU PETepHBIX 00pas-
OB JOJI’KHbI OBITh 6J'II/I3KI/I K HHTCHCHUBHOCTAM COOTBCT-
CTBYIOLMX JIMHUH M3MEpsSEeMBIX 00pa3lloB C HEH3BECT-
HBIM COCTaBOM [5].

Hcnonp3oBanue cepTHOUIMPOBAHHBIX CTAHAAPTHBIX
00pa3IoB AaéT BO3MOXXHOCTh BHECTH B CO3/IaBAEMYIO Me-
TOJMKY TOYHBIC KQJINOPOBOYHBIE TapaMeTphl. Taxke Mo-
YKHO MPUMEHATH UX B KAYECTBE PENEPHBIX VI KOHTPOJISI
MIOBTOPSIEMOCTH, IIPOBOJIUTH KOCBEHHYIO OIICHKY TOYHO-
CTH aHajn3a (POHOBBHIX 0OPa3IOB C HEU3BECTHBIM COCTa-
BOM, YTO IMO3BOJIMT PACIIUPUTL aHAJIU3UPYCMBIC Auara-
30HBI ONPCACTIAEMbIX KOMIIOHECHTOB.

3  PE3YJIBTATHI HCCJIEJTOBAHUI
U OBCYKJIEHUE

3.1 Tloxbop romMoreHu3amuu

OcHoBaHHeM JUIsI TOJ00pa CXeMbI OTPEACTICHUS 1 -
HOOOpa3usi TOMOT€HU3AIUH U MTaPaMETPOB IPOOOIIOATr0-
TOBKH SIBIISUTHCH PEKOMEHIAINH 110 pa3paboTKe METOU-
ku POA-ananm3a [8]. OguH 1 TOT e 00pasel rpyHTa U3-
MeJbYalCs TP Pa3HBIX YCIOBHAX ONBITa. B KadecTBe
OIIBITHOTO 00pas3Ia MCIOIF30BANACKH IPo0a TPYHTA C Tep-
putopun CHUII, npeaBapuTensHO MpoaHAIH3UPOBAHHAS
metonamu UCIT-MC u UCIT-ADC st moaTBepkaeHus
CXOJIHOTO XMMHUYECKOTO COCTaBa C JPYTUMH PETIEPHBIMU
obpasiamu 1 nmpodaMu, MOCTYMAIOUTUMH B TA00PATOPHUIO
Ha aHaJIN3, B CBSI3U C TEM, YTO HHTEHCUBHOCTH aHAJIUTH-
YEeCKHUX JIMHUNA PENepHBIX M OIpeeieMbIX 00pa3IoB C
HEHM3BECTHBIM COCTABOM JIOJDKHBI OBITh OJIN3KM K MHTEH-
CHBHOCTSIM COOTBETCTBYIOIIMX JINHUH M3MEPSIEMBIX 00-
pasuoB [5]. Pe3ynpTaT oLleHUBANCS TAKTUIBHO U BU3Y-
aJIBHO B COOTBETCTBHM C PEKOMEHJALUAMU MO COCTOS-
HHUIO TOMOTEHU3UPOBAHHOM MPOOKI, YTO OcyabiseT BiIu-
sIHUEe MaTPUYHBIX 3¢ ¢exToB [9] (tabmuma 1).

[TomHast MeToIMKa OLIEHKH TOMOTEHHOCTH 00pasia ¢
MTOJTYKOJIMYECTBEHHBIMH TPaJaIisIMA HE TIPOBOIIIACH B
CBSI3H C TE€M, YTO COOJIIOIEHNE €TUMHO0Opa3wsi poOOIIo -
TOTOBKH CaMo IO cebe SIBISIeTCS He0OX0IUMOH TIpe/Io-
CBUIKOM XOpOIlIe BOCIIPOU3BOJUMOCTH CIIEKTPA YaCTHI]
[10]. OnTUManbHBIM pe3yIbTaTOM SIBIAJCS TAaKOH MOA-
0op mapaMeTpoB, MPHU KOTOPOM HE MPOMCXOANIIO Iiepe-
rpeBa WU CIIEKaHUs MPOOBI, IIPU 3TOM TaKTHIIbHAS MPO-
BEpKa He J0JDKHA 00HAPYKHUBATh OTIEIBHBIX KPYIIHIL.
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Tabauya 1. Ilouck onmumanbHuiX YCI08utl 20MO2eHU3AYUY
NnouBeHHBIX 06paA3Y08

Macca Bpems YacrorTa,

OnbIT | Npo6bl, | U3Menbye- | 060poTOB Pesynbtar
r HUSl, MUH | B MUHYTY
Ne 1 100 5 1000 Fapgmypa Harpesaetcs.
nekaxme npobbl.

["apHuTYypa He HarpesaeTcs.

Ne 2 150 3 850 OuwyLatoTes oTaenbHble

Kpynuubl.

[apH1TYypa He HarpeBaeTcs.

Ne 3 50 1 850 OwywiarTes oTaenbHble

Kpymupl.

[apHUTYypa He HarpeBaeTcs.
Mpremnembiin pasmep YacTuy,

Ne 4 50 15 +15 1000

Kpynnocts yactun [11] oka3piBaeT BIUsIHUE HA UH-
TEHCUBHOCTh AHAJMTHUYECKUX JIMHUH ONpPENeNsieMbIX
351eMeHTOB. [Ipy MCIONB30BaHUY TIEPEMOIIOTHIX 00pa3-
II0B, HE COOTBETCTBYIOIIUX PEKOMEHAALMAM IO COCTOS-
HUIO TOMOT€HU3UPOBAaHHOM NpOOBI, MOBBIMIAETCS pas-
Opoc 3HAYCHUI MHTEHCHBHOCTEW MO OTICIbHBIM JIMHHU-
SIM, B pe3yJIbTaTe Yero BOCIPOU3BOJUMOCTD Pe3yIbTaTOB
HU3MEPEHUs BBIXOIUT 32 PAMKH JOMyCTUMOMN MOTPELIHO-
CTH U pacIIUpeHHON HeompeaenéHHocTu B 20%.

[TyTém nocienoBaTeNbHBIX ONBITOB OBLIO O00paHO
COOTHOUIEHHE MACCHl HABECKH, BPEMEHH N3MEIbUCHHUS U
4aCTOTHI 00OPOTOB IJIs JOCTHXKEHHS TPUEMIIEMBIX MOKa-
3arenei. DKCIepUMEHTAIbHBIM IIyTEM OBLIM Ompenerne-
HBI CIIeyIOIMe HanboJiee ONTHUMaIbHbIE ITApAMETPhI U3-
MeITbUCHHUS:

— wMacca mpo6sI — 50 rpaMM;

— Bpems u3menbueHus — 1,5 + 1,5 MUHYTHI;

— wd4actoTta — 1000 060pOTOB B MUHYTY.

JlaHHBIE TapaMeTphbl IPUMEHSUTUCH B TTOCIEAYIOMIEM
JUIsl TIOATOTOBKHM KaJMOPOBOUYHBIX 00pa3loB JUisi cO3/a-
HUSI METOJIUKU U3MEPEHUM.

3.2 EpamHoo0pa3mue mapamMeTpoB MPeCCOBAHNUS

s mpeccoBanust TabIETOK UCTIOIB30BANICS Jlabopa-
TOPHBII I0JlyaBTOMaTU4ECKUI THIPABIMYECKUN IIpecc
«LPME-40T». OcymiectBnéH moxdop ONTHMAaIbHON
Macchl Matepuana mpo6si (1, 3, 5, 10 r). IIpoBeneHo on-
penesieHne OTHOIIEHHS CBA3YIOIIET0 areHTa — aMHJHOTO
BOCKa, K Macce HaBecku obpasua (1:1, 3:1, 5:1, 10:1),
TaKKe NPOBEAEH 1MOA00p TONIIMHBI MOJIOKKH U3 Oop-
HOM kucinoTel Mapku x4 (1, 3, 5, 10 ) 1 mapamerps! ycu-
ys npeccosanust (10/20/30/40 1) (tabnuma 2).

Tabauya 2. llapamempor npeccosanus mabaemox

HaBecka
OnTuManbHas ®opmupoBaHue
CBA3ylOLLEro Ycunue
HaBecka NoANOXKH
BOCKa, npeccoBaHusi
obpasua (6opHas kucnora)
COOTHOLUEHUe
135100 | 3L 1,3,510r | 10/20/30/40 7
TOMLMHA
nepemeLuMBaHme | COOTHOLLEHWE NPOYHOCTb
aHanmaupyemoro o i
IO — [0 O[JHOPOLHOI «npoﬁa.nﬁno»«a» TOTOBOTO
15-35 um cmecy ~1: obpasua

Y cTaHOBIIEHO, UTO Macca MaTepHuaiia IpoOsI IS IPH-
roTOoBJIEHHs TabaeTku auamerpom 40 MM HE0OXOIUMO
W JOCTAaTOYHON TOJIMIMHBI, B paMKax aHaiu3a SBISIO-
meiicst yenoBHO «OeckoHeuHou» [1, 12] mist Beixona xa-
PaKTEpUCTHYECKOTO M3Iy4eHus, cocrtaBmia 5 T. [Ipoda
CUUTAEeTCsl OECKOHEYHO TOJICTOH JUIsi KOMIIOHEHTA U3ITy-
YEHUsl, €CJIN TOJIIMHA NPOOBI JOCTaTOYHA JJIS TOTO, YTO-
OBl IPAKTUIECKHU MOJITHOCTHIO MOTJIOTUTH U3IyUICeHUE 00-
patHO# cTopoHBI TpoOsl [13]. CooTHOmEHNE HaBECKH
o0pasia u cBA3yromero Bocka 5:1 (CoryacHo IuTepaTyp-
HBIM TaHHBIM [ 14] 111 MEHAMU3aIH pa30aBIeHUs IPO-
OBl U yBEeIIMUCHUS HMHTEHCUBHOCTH aHAJIUTHYECKOTO CHT-
HaJla MPEeJIIOYTHTENIFHBIA 00BEM CBS3YIOMIMX J100aBOK
10 OTHOIIEHUIO K Macce obpasua — 15%, npu aToM coor-
HomeHue 1:10 oka3pIBaeT MeHee KaueCTBEHHBIN CBS3YIO-
i 3¢ ¢dexT, ockimaroTces Kpas Tabierku). Heobxoau-
Masi TOJIIUHA MTOAJIOKKH T 0OecreueH st y100CcTBa pa-
00TbI C 00pa3uaMH U JUIUTEILHOCTH UX XPAaHEHHUS COOT-
BETCTBYET 5 T [0OaBKU OOPHO# KUCIOTH. s mpuaaHust
MPOYHOCTH W ILEJOCTHOCTH TAONETKH HAWIYYIIUH pe-
3ynbTaT HAOMIOAETCS TMPH MAaKCHUMAaJbHOM YCHIUH
npeccosanus B 40 1. [Ipn yMeHBIIEHUN KOJIMIECTBA CBS-
3YIOMIETO BOCKA WM CHIDKCHHU YCHIIHS TPECCOBaHUS
TIpHU U3BJICUCHUN TaOJIETOK BO3MOJXKHO IIOSIBICHHE Tpe-
IIWH, paccioeHuit U npounx nedekroB. OT kadecTBa
(hopMoBaHuUs TabJIETKN 3aBUCHT NPUTOTHOCTH 00pa3LOB
st POA ananuza (TOJNIIMHA, MPOYHOCTh M IIEJIOCT-
HOCTb, HEOOXOIMMasi JUIs AOJITOBPEMEHHOT'O XpaHEHUs,
HNOBTOPHOI'O NPUMEHEHHs], CTAOMIILHOCTH TI0JIy4aeMBbIX
pe3ynbratoB aHanmza). [Ipu 10 macc.% o0bEMa cBs3yIO-
X J00ABOK ITO OTHOIICHHUIO K Macce 00pasia TabIeTKH
MPECCYIOTCS TUIOXO, TPU HM3BJICYCHHH BO3HHKAIOT Tpe-
UHbI U paccnoenus. CornacHo [14] mis MUHUMU3aLUK
pa3baBneHus IPOOBI M yBETMYCHISI MHTCHCUBHOCTH aHa-
JUTAYECKOTO CUTHAJIA TPEIMOYTHTEIBHO BBOAUTH IO-
6aBky B kosmgectBe 15 macc.% Ilpu 20 macc.% Tabnert-
KM 3aIpecCcOBBIBAIOTCS 0e3 Ne(eKTOB, a COOTHOLICHUE
1:5 ynpomiaer nponeaypy npoOOmoArOTOBKH.

Takum 06pa3oM ObLTH OIIPEIeNICHBI CIEAYIONTHE YHH-
BepcanLHme HapaMeTpsl IPECCOBaHMUs 00pa3IoB:

onTUMalbHas Macca obpasna — 5 T

— HaBecKa CBS3YIOIIEro Bocka — 1 T;

— Macca IOJIOKKH — 5 T;

— T1peccoBanue ¢ ycunueMm 40 T.

3.3 AHaau3 00pa3uoB U aTTECTAIUS METOIAMM

HUCII-MC u UCII-AJC. IToaykoanyecTBeHHbII

a”Haau3 Ha POA. CiauyeHne pe3yibTaTOB, BbISIB-

JICHHe CHCTeMaTH4YeCKUX PACXOKACHUI

C nenbro BO3MOYKHOCTH HCHOJB30BAHUS JOIMOJHU-
TENBHBIX 00Pa3I0B C U3BECTHHIM COCTABOM, PACIINPEHHS
KaJIMOPOBOYHBIX JMHUM M aHAINTHYECKUX JIMAara30HOB
ObUTH TIPOBEAEHBI HCCIIEIOBAHUS 10 CPAaBHUTEIHLHOMY
MepeKPECTHOMY aHaJIH3y BEIOPAHHBIX 00pa3IOB HEM3BE-
CTHOTO COCTaBa pa3IMYHBIMU MeTogamMu. CpaBHEHHE CO
CTaHIAPTHBIMH 00pa3aMH U OIIEHKa BO3HUKAIOIINX OT-
KJIIOHEHUM OT MACHOPTHBIX COAEPKaHUM — aHaIUTHYeEC-
KOM MOTPEIIHOCTH.
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ITo pesympraTaM arrecTanué OOpas3mOB METOAAMH
HCII-MC u UCII-A3C npoBenéH MOTyKOIUYECTBEH-
HBII aHanMn3 8§ 00pa3loB C U3BECTHBIM COJIEp)KaHHEM Ha
POA mertonom «best detection» i1 BBISBIEHUS CUCTE-
MaTHYECKUX PACXOXKICHUH B ONpEJesICHUH cocTaBa 00-
Pa3loB C UCHOIb30BAaHUEM pa3pyIIAIOUIETO U HEpa3py-
LIAIOIIEr0 METO/IOB aHajiu3a U npobomnoaroroBku. Tak-
K€ MPOBENEH MOITYKOIMYECTBEHHBIM aHAINU3 CTaHIAPT-
HBIX 00pa3noB coctaBa. Ha pucynke 1 nmpencraBieHs pe-
3yNbTaThl aHalm3a cTaHmapTHoro oOpasma OOKO-151
metogamu POA u UCII-MC B cpaBHEHHH C aTTECTOBaH-
HBIMHU COZCPKaHUSAMH.

Kak BHIHO M3 pUCYHKA, TOYHOCTh U3MEPEHUI 00JIb-
LIMHCTBA UccleAyeMbIX 31eMeHToB Metoaamu UCIT-MC
u POA oTnnyHO coryacyeTcs ¢ uX aTTeCTOBAaHHBIMU CO-
JIepKAHUAMHU, Jaxe C y4ETOM MOJYKOIHYECTBEHHOTO
MeToJa aHanu3a Ha POA 1 pa3nuyHBIX OJXO0I0B K IIPO-

neaype mpoOOIOATOTOBKH (XMMHYIECKOE PasIOKCHHE U
paspymatonmii ananu3 VCII-MC u Hepaspymaromui
meton PPA). Hanbonee TouHble onpesessieMble 3Haue-
HUSI IIPH MTOJTYKOJIMYECTBEHHOM aHaiu3e Ha PO A nabimo-
JIAIOTCSI TIPU OTIPEJINICHUH OKCHIOB C BBICOKUMH KOH-
nentpauusmu, ot 0,09 1o 60 macc.%. [IpoueHT oTkIIOHE-
HUSI OT aTTECTOBAaHHOI'O COJEpPIKaHHs JJIsl TIOJHOTO pas-
noxerns Mmetogom HCII-MC cocraBun B CcpemgHeM
—16,12%, i momykonmdecTBeHHOro PDA-anammsza
+11,12%. Ha pucynke 2 mpeacTaBiIeHO OTKJIOHEHHE pe-
3yNbTAaTOB M3MepeHuil cranmaptHoro obpasma OOKO-
151 oT ero arTeCTOBAaHHBIX COAEpPKAHUI MeToIaMU
HCTI-MC, UCII-A3C u POA ananuza Ha npuMepe Mo-
nenu Z-unaexca [15]. IlyHKTHpHON TUHHEH orpaHHYeH
JIOBEPUTENBbHBIN MHTEPBaJ, PaBHbIA 3HAYCHUIO PaCLIN-
peHHoil HeonpenenéHHocTH 20%, B KOTOPOM pe3yibTa-
ThI aHAJIM30B NIPHU3HAaHbI YIOBJICTBOPUTCIIbHBIMU.

100
y /\ —&— MC 1 ASC, macc%
10 p “‘t“ —@— POA, nonykonuy. Macc%
// ATtTecToBaHHoe cogepx. CO
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Pucynox 1. Cpasnumenvusie pesyriomamsl ananuza cmaroapmuozo oopasya OOKO-151 memooamu PPA u UCIT-MC
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BBMAY TEXHUYECKUX BO3MOXHOCTEN mmetoeroca 060py,U.OBaHVIH.

Pucynox 2. Omxaonenue pesynomamos uzmepenuii memooamu UCIT-MC, UCIT-A9C u POA
OMHOCUMENbHO AMMECMOBAHNBIX coOepiIcanuti cmanoapmuozo oopazya OOKO-151
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WHCcTpyMeHTambHAS TOTPEIIHOCTE U3MEPEeHUH (TIpo-
LIEHT CpPEIHEKBAIPAaTHYHOTO OTKJIOHEHHS) METOJaMU
UCTI-MC u UCII-ADC cocraBuna B cpeaneM 0,75% u
SIBJISLIACH MHAMBUIYAIBHOM JIJIS1 KaXKA0TO ONpeeisieMo-
ro snemenTa. [lyig meroga POA stot mokaszatens cocta-
BisieT 1,8%. Pacimmpennas HeonpeneaeHHOCTh U3Mepe-
Huii coctamia 20%. OHa BeuucieHa ¢ ko3 duiueHrom
0XBaTa, PaBHBIM JIBYM, YTO aeT YPOBEHb NOCTOBEPHO-
cTH npubIM3uTENsHO 95% (HOBEpHUTENbHAS BEPOSITHOCTD
P=0,95). st GONBIIMHCTBA ONpeNesIeMbIX 3JICMEHTOB
HaOJI0aeTCs OTKIIOHEHHE TIOTYIEHHBIX PE3yIbTaTOB OT
aTTECTOBAHHOT'O 3HAYCHHUS B CTOPOHY 3aBBILICHUS METO-
oM PDA, B ctopony 3aHmxenus — merogamu MCII-MC
u UCTI-ADC. Pa3pymaronuii MeTo]1 aHaiu3a NPUBOJAUT
K TIOTepsIM MaTepHaa odpasia B nporecce IpooOnoAro-
TOBKH, COOTBETCTBEHHO MMOJTy4YEHHbIE 3HAUCHUS TIPEUMY-
LIECTBEHHO HIKE MACMOPTHBIX. [[OMOMHUTETHHBIM KPH-
TepUEM 3aHIKECHHUs TOJYUYCHHBIX 3HAYeHWH MpH mepe-
cuéTe Ha OKCHIBI MOXKET SBIATHCS TUTPOCKOITHIHOCTD
MTOYBBI ¥ HETOYHOCTH YUETA COIEPIKaHUS a30Ta, BOIOPO-
Ila ¥ yTaepoJia B COCTaBe MCCIEAYyEMBIX 00pa3IoB ¢ HC-
MOJIb30BaHUEM KOX(P(QHUIMEHTOB TIepecdéra COTIacHO
Metoauke Ne 499-A3C/MC MKXA. OTkioHeHHE OT at-
TECTOBAaHHOI'O COJEP>KaHUsI COCTAaBUIO OT —66,67% 1o
Zr u o +11,76% mno Pb. OTkIOHEHHE COACPIKAHHSI
Al>O3, Fe;03, MnO, Ca0O, MgO, K0, Ba, Zn, Pb, Sr, Rb,
Ga =e npessiniaet 20%.

J71s moyKOJIMYEeCTBEHHOTO aHalln3a, HalpOTHB, Ha-
OJII0IAI0TCS PEUMYIIIECTBEHHO 3aBBIIICHHBIE 3HAUCHUS,
YTO 0OBACHIETCSA HEYUYTEHHBIMU MaTpUUHBIMU 3 dekra-
MH, CHCTEMATHYECKUMH MOTPEIIHOCTIMHU, H30UpaTeIh-
HBIM TOTJIOIIEHIEM U BO3MOXXHBIMH HAJIO0KCHUSIMH aHA-
JUTHYCCKUX CHTHAJIOB OT B3aHMMHOTO BJIHSHUS JICMCH-
TOB [3]. OTKJIOHEHUS! OT NAaCHOPTHOTO COAEPMKAHMS CO-
cTaBIISIIOT OT —15% mo Sr o +46,15% o Ga. Takue »ie-
MeHTHI ¥ okcuabl, Kak SiO2, TiO,, Al,Os, Fe,03, MnO,
CaO, NaO, K0, P,0s, Cu, Zn, Pb, Ni, Sr, Rb, Zr naxo-
nsatcs B mpenenax 20% OTKIOHEHHS OT MaclOPTHBIX 3Ha-
YEHHH, YTO COOTBETCTBYET JOBEPUTEIHHOMY UHTEPBAIY
pacIIMpeHHONW HEOoNpeeIEHHOCTH W3MEpeHUi. 3aBbI-
IIIEHHBIE 3Ha4YeHus coaepxkanust Mg, Ba, Ga, La moryt
OOBSICHATBCS TE€M, YTO MaTpuyHbIE d(P(EKTH U CIIeKT-
pajbHBIE HAJIOKEHUS] CHUJIHHO BIMAIOT HAa JaHHBIE U HE
MOTYT B HY’KHOH Mepe KOPPEKTUPOBATbCS aJrOpUTMaMHU
kanuOpoBkH. OCOOCHHO 3TO KacaeTcsl CIIEKTPAIbHBIX JIU-
HUI B 00JIaCTH HU3KHUX SHEPTHM, Tl CYIIECTBYET OYCHb
MHOTO WHTepQepeHINA TUKOB 31eMeHToB it K- u L-
muaAK [16]. Taxke criemayer OTMETHTH, YTO BO3MOXK-
HOCTh PDA-aHaM3a TakuxX CIICIOBBIX 3JIEMEHTOB, Kak
Ga, Cs, Ba, La, Ce B TOpHBIX MOpPOJaX U PEAKO3EMENb-
HBIX py/ax SBJIAETCS HETPUBUATIBHOM 3a7aueii u TpeOyeT
yriyOJIeHHOW OLIEHKW TOYHOCTH aHalln3a C KOPPEKITHei
MOJTy4aeMbIX Pe3yJbTaTOB CIIOCOOAMH cTaHmapTa-poHa
U MHO>KECTBEHHOI1 perpeccuu [16].

Ecnu xe otnenabHO paccMaTpuBaTh pe3yJbTaThl IM0-
JykonudyecTtBeHHOro  PMDA-aHanmu3a  OTHOCHTENBHO
HCII-MC, 6e3 yuéTa 3JIeMCHTOB M OKCHJIOB, BBIIICIIAX
3a mpenensl 20%, cpenHee OTKIOHEHUE COCTaBIISET

+19,61%. Vcnonp3ys JaHHOE COOTHOIICHHE, MOYKHO KO-
CBCHHO OIICHUTh TOYHOCTh M3MEpeHHs (POHOBBIX 00pa3-
1I0B, HE UMEIONINX W3HAYAIbHO U3BECTHBIX MACTIOPTHBIX
3HAYEHUI COCTaBa.

CpaBHUTENBHOE COJEPIKAHUE DJIEMEHTOB U OKCUIOB
MOKAa3bIBA€T OTHOCUTENBHO BBICOKYIO CXOJHUMOCTH pe-
3yJIbTaTOB U3MEPEHUH, 3a UcKiIoueHueM Zr u Ba. Ilpu
KOCBEHHOM OIleHKe MPO0 ¢ HEM3BECTHBIM COJCPKAHUEM
JUTSL CPaBHEHHUS PE3yIIbTATOB M3MEPEHHUMN, TPOBEAEHHBIX
IBYMs TaHHBIMH METOJIaMH, CIIeIyeT IPHHAMATh B pac-
4ET CTATUCTHUKY OTKJIOHEHHUH MapajuIeIbHO U3MEPIEMBIX
CTaHIApPTHHIX 00pa3noB. CoriacHO paHee MPOBEAEHHBIM
uccinenoBanusim meronamu UCII-MC u UCIT-ADC Ta-
kue 3neMeHThl, kak Ti, Na, Cu, Ni 1eMOHCTpHpYIOT 3a-
HIDKEHHE MOoJydeHHbIX 3HaueHuil Ha 30-40% otHocu-
TENbHO MX aTTeCTOBaHHBIX cojepxkanuii B CO OOKO-
151. OgHako NpH NOIYKOJINYECTBEHHOM aHAIU3€e METO-
noMm POA oTkionenue He npesbimaer 20%, COOTBETCT-
BEHHO U TAaHHBIX 3JIEMEHTOB 32 MCTHHHBIC 3HAYCHUS
clenyeT OpaTh IMEHHO pe3yNbTaThl n3MepeHus Ha POA.
Pesynbrathl cpaBHUTENBHBIX m3Mepernnit Cu, Ba, Zn, Ni,
Cr u Sr 8 poHOBEIX 00pa3noB ¢ Teppuropun CUII npen-
CTaBIICHBI HAa PUCYHKE 3.

ComocTaBnsisi JaHHBIC DIIEMEHTHOTO aHaJM3a, Kak
MIPaBUIIO, OTMEYAIOTCS 0OJiee BEICOKHE 3HAUCHUS TIPH UC-
nosp3oBaHnu MeToga POA. JlanHoe 3aBbIllIeHUE JEMOH-
CTPUPYET CUCTEMATHUUECKHIA XapaKkTep JJIsi 00IbIINHCTBA
UCCIIeTyeMbIX 00pa3ioB u 35eMeHToB. [Ipu sToOM pazHu-
1a Ha npumepe cogepxanust Cr u Sr, B 4aCTHOCTH IS
MIEPBOTO U CEABMOT0 00pasioB, B 3 paza HUxe (Touka 7,
Cr) u B 2 pa3a Bbliiie (Touka 7, Sr) Me{aHbl pe3yJIbTaTOB
mMepeHnit MetogoM PDA oObscHseTCs, cKopee, CiIy-
YaHBIMU OTKJIOHEHHSMH. B OCTaIbHOM JJOCTATOYHO XO-
POIIIO MPOCIIEKUBACTCS TOYHOCTH ONpEICICHHs pa3opo-
ca KOHIICHTpANUi B pa3HBIX 00pa3max MPakTHISCKH IS
Ka)XI0TO OTPEEIIEMOTO dJIeMEHTA.

Takum o0paszoM, Mo pe3yibTaTaM CPaBHUTEIHHOTO
aHaJIM3a HEM3BECTHBIX OOPa3IOB, B KAa4eCTBE aTTECTO-
BaHHBIX 3HAYEHUH CleIyeT NPUHUMATh PE3yJIbTaThl
NCII-MC u UCIT-A3C ananu3a ¢ NOJIHBIM Pa3I0KEeHU-
em st okcuoB AlpOs, Fe,03, MnO, CaO, MgO, KO u
snemMeHToB Ba, Zn, Pb, Sr, Rb, Ga. JIins Takux OKCHIOB,
kak SiOz, TiO,, Na,O, P20s u snemenros Cr, Cu, Ni 3a
HCTUHY ClIelyeT IPUHUMATh Pe3yJIbTaThl UK3MEPEHUN Me-
Toi0oM POA.

CnenyeT OTMETUTh, YTO B PEXKUME MOJIYKOJIUYECT-
BEHHOT'O aHAJIM3a OIPEJCICHUE BIIEMEHTOB B 00pa3max
MeTo71oM PO A BO3MOXKHO IIPHU KOHIEHTPALNAX HE HIKE
10 ppm (0,001 macc.%) [4]. [Tpu 5TOM auManasoHsl ompe-
JIEICHUS ¥ TIPeJIENTbl OOHAPYKEHUS CIIeIOBBIX SJIEMEHTOB
metogoM MCIT-MC Ha 3—4 mopsiika BbIIlIe, ¢ TOYHOCTBIO
1o 0,0000001 mace.%, omHAKO B ClTydae BaJOBOTO OIpe-
JIeNICHHsI BEICOKUX KOHIeHTpanwii PO A-anamu3 naér 60-
Jiee TOUHbIE Pe3yibTaThl. JJONOJHUTENbHBIM TPEUMYIIe-
ctBoM PDA-ananuza nepen UCII-MC sBnsiercss Bo3Mo-
JKHOCTB ompeesieHust Si, P u mpsiMoro aHanm3a OKCHJIOB,
torga kak ans metonuk UCII-MC u UCIT-ADC npume-
HUM TOJIbKO PacYETHBIN METOJ.
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Pucynok 3. Pesynomamsl cpasHumenvuuix usmeperuti cooepxcanus Cu (a), Ba (6), Zn (8), Ni (2), Cr (0) u Sr (e)
6 onoswix obpazyax ¢ meppumopuu CHUIT

ITokazarenu npenena oOHAPYKEHUS JIEMEHTOB ISt
MOYBEHHBIX MATpHUI[ MO MJaHHBEIM P®DA cocTaBwin
0,04 macc.% s okcumoB (oxcuasl Si, Ti, Al, Fe, Mn,
Na, K, P) u 0,0004 macc.% Ui CIeTOBBIX 3JIEMEHTOB,
KOHIICHTPAIUsI KOTOPHIX B HUCCIEAYEeMOM oOO0pasle He
npesbimaet 0,01 mace.%.

[Mombop ompenensieMbIXx KOMIIOHEHTOB OPHEHTHPO-
BaH Ha MAKCUMAaJIbHBII OXBAT JIEMEHTOB M OKCHJIOB, 10-
CTYMHBIX JIJISl ONIPENIETICHUS M CPABHEHMSI TIEPEKPECTHBI-
mu Metoaamu ananuza UCII-MC, UCIT-ADC u PDA, ¢
JIOCTaTOYHBIM KOJHYECTBOM CO37aBaeMbIX KaaTuOpOBOY-
HBIX 00pa3noB. JlomycTUMbIE TUAa30HbI OTPEACIIIEMbIX
KOHLEHTpaLUi B LIEJIOM COCTaBUIIM:

— st okeumo — 0,03-65% maccer 00pasia;

— nyst anementoB — 0,0001-0,7% maccer oOpasiia.

3AKJIIOYEHUE

B mpoiiecce uccienoBanuii mo ONpeesieHuIo KOJIu-
YECTBEHHOTO COICp)KaHUS XUMHYECKOro cocTaBa (Co-
JIepKaHUS IEMEHTOB U OKCHIOB B Macc.%) B CHIIAKAT-
HBIX 00pa3Iax rpyHTa, IOYB U JOHHBIX OTJIOXKCHHUH Me-
TonoM POA mnpoBeaéH KOMIUIEKC 3KCHEPUMEHTOB IO
mo0opy HamboJiee ONTHMATBHBIX IMapaMeTpoB MPO0O-
MMOJITOTOBKH W TOMOTEHH3AIMH, IMOA0Op CTaHAAapPTHBIX
00pasIoB U omnpeneneHne coctaBa GOHOBEIX 00pa3IoB ¢
tepputopun CUII ¢ HanboJiee THTUIHBIM COOTHOIIIEHH-
€M HCCIeyeMbIX dJIeMeHTOB. OmpeaeneHbl 0COOSHHO-
CTH CPaBHHUTEILHOTO aHAIN3a 00pa3IoB MePEKPECTHRIMU
merogamu ICIT-MC u UCIT-ADC (pa3pymaroniuii ko-
JIMYECTBEHHBIN aHam3) 1 POA (Hepaspymaromui mosry-
KOJIMYCCTBCHHBIN aHAJIN3), BHIABJICHA ClieIM(HKa OTKIIO-
HEHUI Pe3yJIbTaTOB M3MEPEHHUI OT MACHOPTHBIX 3HAYC-
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HUH CTaHIapTHOTO 00pasla W peaan30BaH IpaKTHIEC-
KUH MMOJX0Jl KOCBEHHOW OIIGHKH TOYHOCTH HM3MEPEHHS
00pasLoB ¢ HEU3BECTHBHIM COCTABOM I10 Ka)KIOMY HCKO-
MOMY 3JICMEHTY/OKCHTY.

DKcneprMeHTaNBHBIM ITyTEM NOA00paHbl ONTHMAIb-
HBIE MapaMeTpbl U3MEIbUCHUSI M TOMOTEHH3ALNH, TPH
KOTOPBIX HE MPOUCXOAUT MEPErpeBa Wi CIIEKaHus Ipo-
ObI, OTCYTCTBYIOT OTZEJIbHBIE KPYNHUIBl. Macca mpoOsl
IIpY 3TOM JOJDKHA COCTaBIATh 50 rpaMm; BpeMsi U3MeNb-
genns — 1,5 + 1,5 munyTsI; 9actora — 1000 0o60poToB B
MHUHYTY. BbITH OmpenenceHsl cieayrone YHHBEPCAb-
HBIE TTapaMETPhl MPECCOBAHMUSA 00PA3IOB: ONTHMAIbHAS
Macca oOpasia — 5 r, HaBecka CBsi3yloliero Bocka — 1 r,
Macca HO/JI0KKU — 5 T, mpeccoBanue ¢ ycunueMm 40 1. B
mpoliecce pa3paboTKH MPOIEAYPhI MTPOOOIOATOTOBKU U
W3MEPEHUH ISl ONpe/IeNICHHs] XMMHYECKHUX DJIEMEHTOB B
mouyBe MeTooM PDA Ob110 BEIOpaHO 9 periepHbIX 00pas-
1oB (1 CO, 8 poHOBBIX 0OPA3IIOR).

Pe3ynbTaThl MPOBEAEHHBIX HCCIEIOBAaHNH MTOKA3AIIH
MIPUMEHUMOCTh MEXMETOTHOTO CPAaBHEHHS JaHHBIX JUISA
OTIPEJETICHHUS COCTaBa PETIEPHBIX 00PAa3IoOB C LENbI0 CO-
3IaHUS METOIUKHU KoJimuecTBeHHOro PDA-ananmuza. Ha
npumepe aHanuza CO OOKO-151 meronamu UCII-MC,
UCII-ADC u OeccranmaptHeiM PDA BBIIBICHAa XOpO-
1as CXOAUMOCTh MAacCOBOTO COAEP)KaHHS IEMEHTOB U
OKCHJIOB C UX aTTECTOBaHHBIMH 3HaueHHsAMU. [IpoueHT
OTKJIOHEHUS OT aTTeCTOBAHHOTO COJEpKaHMs Ui IOJI-
Horo pasnoxerus MerogoM UCII-MC cocraBun B cpef-
HeM —16,12%, nis nomykonndecTBeHHOro PO A-ananu-
3a 11,12%. B xauecTBe NpHUNH 3aHIKEHHUS TIOTYIEHHBIX
3HAYEHHWH pa3pyLIAIOIMMH METOJaMH aHAJIN3a MOXHO
Ha3BaTh NOTEPH MaTepuana odpasia B mpouecce npodo-
MOJTOTOBKH, TUTPOCKOIMYHOCTH MPOOBI U HETOYHOCTH
yuéTa cosiepKaHus a30Ta, BOJOPO/IA U YIiIepoaa Ipy Hc-
M0JIb30BaHNH K03()(QUIMEHTOB Nepecyéra 371eMeHTOB Ha
OKCH/Ibl. 3aBBIIICHHbIE KOHIIEHTPALUH Psijia 3JIEMEHTOB
[IPY Hepa3pyIIaroIeM aHaIU3e MOT'YT OOBSCHSATBCS Mart-
PUYHBIMU 3 deKTaMHU, CIIEKTPATIbHBIMY HAJIOKESHUAMH U
uHTEep(EpEeHINIMH, HEe B TIOJIHOH Mepe KOMIIEHCHpYe-
MBIMH aJITOPUTMAaMH KQJIMOPOBKH, a TaKke HE00X0AMMO-
CTBIO KOPPEKIHMHU criocodaMu ctanaapra-GpoHa U MHOXKe-
CTBEHHOH perpeccu.

ITo pesynpTaram cpaBHHUTEIBHOTO aHAHM3a ONpeJie-
JICHBI IEPEYHHM DJIEMEHTOB JUIS Pa3pyIIAIONIEro U Hepas-
PYIIAIOIIET0 METOI0B, PE3YJIbTaThl H3MEPEHUH KOTOPBIX
JIy4dllle COTJIaCYIOTCSl C ATTECTOBAaHHBIMH 3HAUYEHHSIMHU
CO OOKO-151. Husa UCIT-MC u UCIT-ADC 310 OKCH-
ner Al;Os, Fe,03, MnO, CaO, MgO, K;O u srnemeHThI
Ba, Zn, Pb, Sr, Rb, Ga. [lna mojayKoJIM4eCTBEHHOTO
P®A-ananmsa - SiOy, TiO2, Na2O, P2Os u snementos Cr,
Cu, Ni. JlommycTrMble TUAna3oHbl OMPEACIsieMbIX KOH-
LEHTpAIMi B IEJIOM COCTaBwiId: it okcumoB — 0,03—
65% wMaccel obOpasna, mis 3nementoB — 0,0001-0,7%
Macchl oOpasia. [lokasana >3 peKTHBHOCTE KOMOWHHPO-
BaHHOTO I10/IX0/Ia B IIOITOTOBKE K OIPE/ICIIEHHIO COCTaBa
00pasloB ¢ HEM3BECTHBIM COJIEPKAHMEM JISl UCIIOJIb30-
BaHMS MX B KaUueCTBE peNepHbIX cTaHnapToB B POA ana-

JM3€ AT pACIINPEHNs AUANa30HOB ONPEeNIeMbIX KOH-
LEHTPAIU 3JIEMEHTOB U OKCHJIOB.

[ToMumo sKOHOMMH Ha MTPUOOPETEHUH CTAHAAPTHBIX
00pa3oB AaHHBIX MOAXOJ MO3BOJSET PACIIMPHUThH AWa-
Ma30HBI ONpPEAEIIEMBbIX JJIEMEHTOB M OKCHIOB. B xone
pabot 6bUT MpoU3BEIEH TOAOOP 00PA3IOB, COOTBETCTBY-
IOLIMX XapaKTepPHOMY COCTaBy NOYB (POHOBBIX TEPPUTO-
puit CUIL, nmpoBeneHo onpeaeneHne ONTHMAaIBHOTO CIO-
coba mpobomonroToBku Ha PDA, aHamm3 31eMeHTHOTO
COCTaBa, CPABHEHUE PE3YNNBTATOB U TOJyYCHUE aTTECTO-
BaHHBIX 3HAYCHNI KOHIIGHTPAIINH 3JIEMEHTOB M OKCHIIOB.

Hannvie uccnedosanus gunancuposanucy Munu-
cmepcmeom suepeemuxu Pecnybnuxu Kazaxcman 6 pam-
Kax HAy4yHO-mexHuyeckou npoecpammuvl  «Pazsumue
amommnou suepeemuxu 8 Pecnyonuxe Kazaxcmany (MPH
—BR09158470).
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3TEJIK TONBIPAK YJT'JIEPTH JAWBIHIAY 9ICTEPI
BY3BUIMAWTBIH P®A TAJIJIAY YIIIH

B.B. Koaoun
KP Y410 PMK «Paouayuansik Kayincizoik yxeoHne skonozua uncmumymaoty gunuanst, Kypuamos, Kazaxcman

EH OHTalNbl TOMOTEHM3AIUSHBIH, ChIHAMAIApAbl JaWbIHAAYIBl JKOHE YITUIEpAl NpecTey MapaMeTpiepiH TaHIay
OOMBIHIIIA IKCTIEPIMEHTTIK 3epTTeyiep >KYpri3inai. DIeMeHTTep MeH OKCHUATEp KYPaMBIHBIH aTTeCTaTTalIFaH MOHIEpi
Oap cTaHIapTTHl YITiHI penepiik yiriiepai ipikrey xy3ere acelpbuiabl. [IIoFbIpany IbIH aHBIKTAIATBIH JHANa30HAapbIH
keHelTy Makcatbinaa CCII aymakTapbl YIIIH HEFYpPJIbIM THITIK XUMHSJIBIK Kypambl 0ap 8 (OHABIK YAriiep KOochMIna
ipikrengi. Macc-criekTpoMeTpus xkoHe aToM-aMuccusiiblK criekrpomerpust (MCII-MC xone UCII-ADC) spicrepimen
yJIriziepaeri 3JeMeHTTepAiH KypaMblHa arrectarray Kyprizuimi. [Ipectenren Tabnerkanap JalbIHAANIBI, TalgayAblH
JKOHE ChIHaMa JlaibIHaayAbIH Oy3ylIbl )koHe Oy30aiThIH 9[IiCTEepiH NakaaaHa OTBIPHII, YATUIEp KypaMbIH alKbIHAAYy1a
KYHelni colikecci3mikTep i aHBIKTay YIIiH Oenrimi Kypambl «best detectiony» omiciMeH 8 yirire >kapThlail MeNIIEPITiK
pentrendmyopectentTik Tanaay (POT) xyprizinmi.

Tyitin ce30ep: cmanoapmmul yaei, POT, oy36atimvin manoay, npecmey, 20MO2EHU3AYUS.

METHODS OF PREPARING REFERENCE SOIL SAMPLES
FOR NON-DESTRUCTIVE XRF-ANALYSIS

V.V. Kolbin
Branch “Institute of Radiation Safety and Ecology” RSE NNC RK, Kurchatov, Kazakhstan

Experimental studies of the selection of the most optimal homogenization, sample preparation procedure, and sample
pressing parameters have been conducted. Reference samples were selected including eference standards with certified
values of the content of elements and oxides. For enhancement of concentration ranges determined, 8 background samples
with the most typical chemical composition in the STS territory were additionally selected. The content of elements in
samples was certified by mass- and atomic emission spectrometry (ICP-MS and ICP-AES). Pressed pellets were prepared,
a semi-quantitative X-ray fluorescent analysis (XRF analysis) of 8 samples with the known content was carried out by
the ‘best detection’ to identify systematic discrepancies in determining compositions of samples using a destructive and
non-destructive analytical technique and sample preparation.

Keywords: reference standard, XRF analysis, non-destructive analysis, pressing, particle-size composition.
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AHAJIN3 TEIIJIOBOT'O COCTOSAHUA TB3JIA BOTK-HOY PEAKTOPA UBI'.1M
IIPU OTCJIOEHUHU TOIIJIMBHOI'O CEPJIEYHUKA OT OBOJIOYKH

C.M. Xacenopa'?, O.A. Ctemanosa?, A.C. Akaes?, E.A. Maptsinenxo?), A.C. Cypaes?

Y @uauan «Hucmumym amomnou snepzuuy» PI'II HAI] PK, Kypuamos, Kazaxcman
2 HAO «Ynusepcumem umenu Illakapuma zopooa Cemeiin, Cemeii, Kazaxcman

E-mail onsa konmaxmos: khasenova@nnc.kz

B Hacrosmieii ctatbe mpeacTaBieH aHau3 TermioBoro coctostaus 1831a BOTK-HOY peakropa VBI'. 1M, BeIIOTHEHHBIH
JUIL CiTydast OTCIIOCHMS TOIUIMBHOM MaTpHIBI OT OOOJNOYKM TB3Ja MO KOPOTKOM CTOpOHE JomacTH. TexHOmorus
U3TOTOBJICHUS TBAJIOB JUIS MOJEPHU3UPOBAHHON aKTUBHOM 30HBI INpeArnojiaraeT Haludhe HEOJHOPOAHOCTEH B
MHUKpPOCTPYKType. sl OUEHKHM BIMSHHS OTCIOCHHH XapaKTepHOro pa3Mepa Ha TEIUIOBOM pexuM paboThl TBAJIA
MPOBEJICHBl pacyeThl TEMIEPATypHBIX IIOJICH B IONEPEYHOM CEUSHHMH TBAJA. Terurodundeckue pacueTbl ObUIN
MPOBEACHBI METOJOM KOHEYHBIX 3JIEMEHTOB C HCIOJIb30BaHHEM mporpammuoro kommiekca ANSYS. B pesynbsrare
MIPOBEICHUS BAPHAHTHBIX PACYETOB MOJIYYCHBI JAHHBIC O BIUSHUH OTCIOCHUH Ha pacipeesieHue TeMIepaTypHOTo Mot
TB3J1a BO BpeMst paboTel peaktopa IBI'.1M npu npoekTHO 1 HOMUHAJIBHOH MOIIHOCTH.

Knroueswte cnosa: P UBI'. IM, mean, memnepamypnoe none, nuskoe oboeawernue, TBC, meniogusuueckuii pacuem.

BBEJEHUE

HOBJIeHHbIM Ha3BanueMm VBI.1M, moBTOpHO BBEICH B

HBI'.1M — uccnenoBaTelbCKUil BOIO-BOASIHOM TreTe-
POTCHHBIN KOPITYCHOW SIIEPHBIA pEakTop Ha TETUIOBBIX
HEUTPOHAX C JISTKOBOISHBIMH TETUTIOHOCHUTEIEM W 3aMe]I-

Pucynox 1. Peakmop UBI".IM

Uccnenosarenbckuil peakrop UBI'. 1M siBisieTcst Mo-
nepHu3anuei peakropa MBI .1, ucmonp3oBaBIierocs st
UCTBITaHAH TerutoBbIeIstommx coopok (TBC) u aktus-
HBIX 30H BBICOKOTEMIIEPATYPHBIX ra300XJIaKIaeMbIX pe-
akTopos [2]. Peaxrop MBT'.1 6bu1 pa3paboTan u U3roro-
BJIeH B KOHIIe 60-x — Hauase 70-X roJI0B U BBEJEH B IKC-
mtyaranuto B Kazaxcrane B 1975 r. BozMoxHOCTB 3aMe-
HBI aKTUBHOI 30HBI pEakTOpa MO3BOJIMIA UCIOJIB30BaATh
pa3IMYHbIE THUIBI TEXHOJOTHYECKUX KaHAJIOB, OTINYAI0-
IMecs 10 Ha3HAYCHHIO, pa3Mepam, 3arpyske mo U-235,
MaKCHMAaJIbHON MOIIIHOCTH, BUJY, 3HAUYCHHUAM TETIJIOTH/I-
PaBIMYECKHUX MMapaMeTPOB — TEMIEPATyphl, JaBICHHUS U
pacxona teruionocurens [3]. B konme 80-x peakrop ObLT
MOJIEPHHU3UPOBAH ITyTEM 3aMEHBI Ta300XJIaXKIaeMBIX
TEXHOJIOTUYECKUX KaHAJIOB HAa BOJOOXJIAXAAEMBbIE TEX-
Hojornueckue kaHaib! (nanee BOTK) u B 1990 r., ¢ 00-

sKcIuryatauuio. Bun cuusy Ha pexkrop UBI.1M npuse-
JIeH Ha pucyHke 1 [4].

Peakrop ¢ BOTK ycmenrao u 6e30Tka3HO IKCILTyaTH-
pOBaJICSl TIO HACTOSIIIEE BPEMS BKJIIOUHUTEIBHO. TBIIIBI
BOTK wusrorasnusanuce u3 cmasa U-Zr ¢ coaepxKaHu-
eM ypaHna 2—4% macc. npu oboramenun 90% mo uzoromy
U-235.

B HacTos111ee BpeMs B paMKax MeXIyHapOoIHOM Npo-
TpaMMBI TI0 CHIDKEHHIO 00OTalleHns TOIUTUBA UCCIIE0-
Barenbckux peaktopoB [5] HarwoHanbHbIN saepHBIi
nentp PK ycremno peannsyer mpoekT 1o KoHBepCcuH Hc-
cienoBatenbckoro peakropa MBI 1M. KouBepcus pek-
TOpa HeoOXoIUMa Ul YMEHBIIEHHsS 000poTa BBICOKO-
000TraIIeHHOTO YPaHOBOTO TOIUTMBA B MUPE, TaK KaKk OHO
MOJKET OBITh WCIOJIB30BAHO JUIS CO3/AHMS SAIEPHOTO
opyxwusl. I TaBHas 1eJb KOHBEPCUH 3aKITI0YAETCs B 3aMe-
He nerictByronux TBC ¢ TommmBoM BbICOKOTO oforarie-
nust Ha TBC ¢ HuskoobGoramenusiM TormusoM (HOY),
conepxxamm (10 20 % wmacc.) ypan. g peanuzanuu
9TOH 3a7auu OBLIO MPUHATO pelIeHne 00 M3TOTOBICHUU
xomiiekta BOTK-HOYVY B3amen geiictByronux BOTK.

CJIO’)XHOCTh KOHBEPCHH 3aKlovanach B HE00XO0.H-
MOCTHU M3TOTOBJICHUS] YHUKAJIBHBIX TBAJIOB, KOTOPBIE HE
MIPUMEHUMBI Ui IPYTUX ycTaHOBOK. M3roToBneHue ta-
KHX TB3JIOB B CEPHUITHOM IIPOM3BO/ICTBE HE IieJIecoo0pas-
Ho. [lepen yueHbIMHU CTOsIa 3a]jada CHU3UTH OOoralie-
HUE ypaHa B TOIIUBE 0 AOIMYCTHUMOTO YPOBHS, IIPU 3TOM
JUI COXPAHEHHUS! MCXOIHBIX XapaKTEPUCTHK aKTHBHOM
30HBI TOIIMBO JTOJDKHO OBLTO COAEepKaTh OOJbIIee KOJIU-
yecTBO ypaHna. J[ist msrotoBnenus tB30B BOTK wuc-
MTOJIF30BAJICST METOJ XOJIOAHOHM nedopManni, KOTOPHIi
okazasucs He 2Q(GEeKTUBEH NPH MOBBIIICHUH KOJTHMYECTBA
ypaHa, HO3TOMY IPH U3TOTOBJICHUN HOBBIX TBIJIOB OblIa
BbIOpaHa BOJIOKOHHAs TEXHOJIOTHs [6].

TomnuBo A MOAEPHU3UPOBAHHON aKTUBHOM 30HBI
OCHOBAHO Ha KOMITO3HIINH, TIPEJICTABIISAIONIEH cO00H Ma-
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TPHUIy U3 HUPKOHUS C pPa3MELICHHBIMH B HEH M30IHpPO-
BaHHBIMHU JIpYT OT Jpyra BOJIOKHAMH METaJUTHYECKOTO
ypaHa, pacljoKeHHbIMU MapajiesIbHO OCH TB3Ja (TBAJI-
HOY). Texnonorus usrorosnenus taJoB s BOTK-
HOY ocHoOBbIBaeTCS Ha 3KCTPY3HUH, BOJIOUEHUH U IIPO-
KaTKe, 4TO MPeArnoJaraeT BO3MOXKHOE HaJIMUKe HEOHO-
POJIHOCTEH B MaKkpo- U MUKPOCTPYKType TB31a. Metain-
norpaUvecKnii aHaIu3 COTEH NUTU(OB B MPOIECCE U3-
TOTOBJICHHS TB3JIOB MTOKa3bIBacT, uTo B 10% moToka TB3-
ma-HOYVY BcTpeuaroTcs paccioeHHus XapakTepHBIX GopMm
1 pa3mepos [7].

B cBs3u ¢ aTHM, [T aHanH3a 6€30ITaCHOCTH PEaKTo-
pa UBI".1M He00X011uMO IPOBECTHU OLIEHKY BIHUSIHUS OT-
CJIOCHUSI TOTUIMBHOTO CEpJCYHHKa OT 000JIOYKH Ha Tep-
MOMeXaHWYeCcKuil pexxuM TBanNa. OJHUM U3 CIIOCOOOB
OIIGHKH BJIMSHHUS OTCIOCHHS TOIUIMBHOTO CepieyHHKa
SIBIIICTCA METOJ KOMIIBIOTEPHOT0 MOoAenupoBanus. s
3TOr0 He0OXOAUMO MPOBECTH BapHaHTHbIC PACUETHI 11O-
JIel TeMIIepaTyp B HONEPEYHOM CEUCHHUH TBAJIA, UTO U SIB-
JSIETCSI LEIBIO JaHHON paOoTHI.

Takum 00pa3oM, B HACTOSIIIIEH CTaThe, METOAOM KOM-
IIBIOTEPHOTO MOJICJIUPOBAHMS PACCMOTPEHO BIIMSIHUE Ya-
CTHYHOTO HEPAaBHOMEPHOTO OTCJIOCHHS TOIIIIMBHOTO Cep-
JIEYHHUKA OT 000JIOYKH Ha pa3HbIE TOJIIIUHBI IIPH MOIIIHO-
ctu peakropa UBI'.1M pasnoit 60 u 10 MBTt. Pazmeps!
OTCJIOCHUI OBbUIN BBIOPAHBI UCXOJIS M3 IUIOMIAAN Aedek-
Ta, 3a()MKCUPOBAHHOTO B pe3yJIbTaTe MaTepuajoBeI4ec-
KX ucciuenoBanuii TaoB-HOY. B pesynbrare uccie-
JIOBaHUH ONpezeNieHbl TeMIepaTypHbIe MOJS MoIeped-
HOTO CEYCHHMS TBAJIA TP OTCIOCHHUH CEPJICUHUKA OT 000-
JIOYKH TB3JIa IO KOPOTKOI CTOPOHE JIONIACTH.

OBBEKT UCCJEJOBAHUSA

O0BexTOoM uccienoBanus sisiercs: TBII-HOY peak-
Topa UBI'.1M.

Tean-HOY npencrasiser co0oit MOHOJIMTHBIHA cTEp-
JKEHb «CBEPII00Opa3HOW» (HOPMBI ¢ 0OO0IOUKON TOJIIIHN-
HOM 0,25 MM, MeTalTypruuecku CBapeHHOW C TOIUIMB-
HBIM CEepACYHUKOM. MaTtepuan MaTpuibsl U 0OOJOYKH
TBIM1a — cruias J110.

[Honepeunoe ceuenue TB31a-HOY npuseneHo Ha pu-
cynke 2 [7].

Pucynox 2. [lonepeunoe cevenue mesna-HOY

OCKHU3 TB3J1a C OCHOBHBIMH pa3MepaMH IPHUBEAEH Ha
pucyHke 3.

600 - 800

A-Al207

Pucynox 3. Dckusz meana-HOY

METOUKA NPOBEJEHUS UCCJEAOBAHUS

PacuerHbIe nccne0BaHNS TPOBEICHBI C TIPUMEHEHNU-
em nporpammuoro komruiekca ANSYS Fluent [8] meto-
JIOM KOHEYHBIX 3JIEMEHTOB.

B cuy cummerpuu A mpoBeieHHS pacdera I1o-
CTpOEHa JIByMepHasi OCECUMMETPUYHAasi MOJIejb, IpHBe-
JICHHas Ha pUCYHKe 4.

o6onoyka

[ cepaeutmx
B o

Pucynox 4. Pacuemnas mooens

MopenupoBaHue TEIJIOBOTO COCTOSHHMS TB3Ja pac-
CMAaTPUBAJIOCH ITPH HOPMAILHOM PEKHME SKCILTyaTaLUH
peaxtopa UBT".1M npu 60 u 10 MBT MomHocTu. [lupu-
Ha 3a30pa MEX/y TOIIJIMBOM U 000JIOYKOI MPUHIMAJIACh
passoii 30, 20 n 10 mxm. [Ipu npoBeaeHNN pacueToB 3a-
30p NMPHUHUMAJICS 3aMOJIHEHHBIM BO3JYXOM IIpU aTMO-
chepHOM JaBIICHUH.

KoHeuHoO-3/ieMEHTHAsT CeTKa MOJENU  COJCPIKUT
39820 y3noB 1 39214 >y1eMeHTOB.

Jnst mpoBeneHHsT pacdyeToB HCIOJIb30BAHO MAaKCH-
MaJIbHOE 3HAYCHHE DHEPTrOBBIACICHHUS 110 BBICOTE IS
BOTK-HOY nepsoro psiaa.

Ha BHemrHe# noBepXHOCTH 000JIOYKH TB3JIa 337aHO
yCJIOBHE KOHBEKTHBHOTO TemjooOMeHa, Kod(QuIreHT
TEIJIOOTAA4YN PACCUUTHIBAJIICA IO NPHUBEICHHBIM HHXKE
(dopmynam.
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KoaddrmumenT TermmooTaayn oT HapyKHOU TTOBEpX-
HOCTH 00O0JIOUKH TB3J1a B BOJy omnpezessiercs o gpopmy-
e [9]

a = Nu ﬁ ,
dg
rae dg — THAPABIMYECKHIl MaMeTp TpaKTa OXIax/e-

HUA, M; A, — KO3QOHUIMEHT TENI0NpPOBOIHOCTH BOJIBI
npu cpenneit temmeparype, Bt/(m: °C); Nu — uwmcno
HyccenpTta 1u1 TpakTa OXIaKACHHA.

Uucno HyccenbTra 3aBUCUT OT peXUMa TEUEHUS KU~
KOCTH. PexuM TeueHust BOJIbI OIIpeeNisiics 0 BeTUUnHe
yycia PeliHonbaca

dg
Re=G-——,
S-u
rae G — pacxoa Bombl, Kr/c; S — IUIOIMIAAb IPOXOJTHOTO
CeueHus OXJIaXKIAOIIEro TpakTa, M%;, 4 — JHHAMHYEC-
KiH K03 QUIUECHT BI3KOCTH BOABI IPH CPEAHEH TemIre-
patype, Ila-c.

B pacuere uncno PeliHonpaca mpyUHMMAET YHCIIEH-
Hble 3HaueHus 6ospuie 2000, yro o3HAYaeT TypOyJIeHT-
HBI peXHUM TedeHHMd, NpH KoTopoM uucio Hyccenbra
BBIYHCIIAETCS IO popMmyIie

Nu =0,021- Re®8 . P04 |
rae Pr — gucno Ipannrins s BoIsI Ipy CpeaHeil Tem-
neparype.

Koapunnent TermnooTnaun BIYUCISIICS 110 MAKCH-
MaNbHOMY pacxony Bozsl 12,0 xr/c, mpoTekaroniemy ue-
pe3 omumHounbli BOTK-HOVY mpm pabote peaktopa
VBI'.1M Ha npoekTtHO# MomHocTH 60 MBT 1 1o pacxo-
ny Boasl 2,0 kr/c aist mouaoctu 10 MBT. 3HaueHue ko-
a¢¢uIreHTa TEIIOOTAAYM I pacxoga BOAbI 12 u
2Kr/c  COCTaBWJIO  COOTBETCTBEHHO 56151 u
13392 Br/(m? °C).

Jis mpoBeieHNst pacueTa CBOMCTBAa MaTepHasioB ObLITH
B3STHI U3 cnpaBouHoi suteparypsl [10—12] u 3amaHbl B
BHUJie (DYHKIIMOHAIBHON 3aBUCHMOCTH OT TEMIIEPATYpPHI.

TeMmneparypa oxjaxxaaroLel BoAbl IPUHATA PaBHOM
CpeAHeH 10 BBICOTE TETIOBBIACIIIIONIEH cOOPKH MpH Ma-
KCHMaJIbHO KOHCEPBATHBHBIX ycinoBusax 75 °C (u3 pacue-
ta 55 °C na Bxozae B TBC u 95 °C Ha BBIXO/€).

IIporpamMmHbIii KOMIUIEKC IPOU3BOAUT pacyeT UTepa-
TUBHBIM METOJIOM, KPUTEPUIl CXOAMMOCTH TIO SHEPTUU
JUIA TIOJTyYE€HHOTO pEIICHWs YCTAaHOBJIEH Ha YPOBHE
1-1077 Br.

PE3YJIbTATHI MOJEJIMPOBAHUS

s Bepudukay BEIOPAaHHON METOIUKH IPOBEe-
HUS PacyeToB OBUIO TIPOBENICHO MOJEIHPOBAHUE TEILIO-
BOTO COCTOSIHHS TB3Ja Oe3 Hammumsa JedexToB. Ha pu-
CyHKE 5, a IpUBEICHO pacdeTHOE TeMIIepaTypHOe MoJe
JUTS MOJIENH TIPY MOIIHOCTH paboThl peakropa 60 MBT
IIpH pacxoje oxJaxaaromeid Boabl 12 Kr/c, Ha pUCYH-
ke 5,0 TpHUBEIECHO TEMIIEpaTypHOE MOJIe TBAJa IpH
MoIHocTH peaktopa 10 MBT npu pacxone oxnaxiato-
med Boawl 2 kr/c. lllkanma temmeparyp Ha pHCYHKax
npejcraBieHa B rpaaycax Llenscus. Jns pacuera kax-

A0T'0 U3 IMPUBEACHHBIX CIIy4acB OBLIIO MCIOJIB30BAHO Ma-
KCHUMaJIbHOC€ 3HAYCHUEC OHEPTOBBIACICHUSA I10 BBICOTC
TB3J1a.

137.04 96.03
132.24 95.12

127.45 . 94 21 :

12265 | \ 93.30 \
1785 | 92.40

113.05 91.49

108.26 90.58

103.46 89.67

98.66 88.76

93.86 87.85

89.07 86.94

a) MorHocTh 60 MBT,
pacxox 12 xr/c

6) MormHOCTH 10 MBT,
pacxon 2 Kr/c

Pucynox 5. Temnepamypnoe none mooenu mesna 6e3
Odeghekmos npu pasnudHol MOWHOCMU PEaKmopa u pacxooe
oxnaxcoaiougeti 600bl

Kak BuaHO M3 pUCYHKOB, TEMIIEpATypHOE MOJE pac-
HpeieJIeH0 PaBHOMEPHO, MaKCHMAaJbHBIE pPacUEeTHBIC
3HAa4YCHUS TEMIepaTypbl CepACcYHHKa M OOOJOYKH He
MPEBBIIIAIOT TOMYCTUMBIX MPEAETIOB HKCIUTyaTaIiH, KO-
Topeie coctaBisiioT 146 u 110 °C coorserctento [10].

Ha pucynkax 6 u 7 npuBeeHbI TEMIIEPaTYPHBIE MOJIS
MOJIEJIH MIPU MOIIHOCTH paboTsl peakTopa 60 1 10 MBT
COOTBETCTBEHHO M Pa3AMYHON MIMPHHE 3a30pa MEXIy
CEep/ICYHUKOM M 000JI0OUKON TB3JIA.

157.60
149.77
141.94
134.11
126.28
118.45
110.62
102.79 .
94.96 |
87.13 |
79.30 \

a) 6) B)

Pucynox 6. Temnepamypuvie noais Mooeau meaia npu
Mownocmu pabomul peakmopa 60 MBm u wiupune 3a3opa
medncoy cepoeunurom u obonouxoti meana 30 mxm (a),
20 mrm (6), 10 mxm (8)
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899.70
97.91
96.12
94.33
92.54
90.75
88.96
ar.17
85.38
83.59
81.80

5

[C]

B)

Pucynoxk 7. TemnepamypHoe none mooenu meadna npu
MmowgHocmu pabomwt peakmopa 10 MBm u wiupune 3azopa
Medicdy cepOeunuxom u o6orouxoi mesna 30 mxm (a),
20 mrm (6), 10 mxm (8)

MaxkcumasbHbIe PpaCyYC€THBIC 3HAYCHUA TEMIIEpATyp-
HBIX 3HAYEHUH TOIJIMBA U BHEUTHENH TIOBEPXHOCTHU TBIJIa-
HOY npu Hanuuuu OTCIOCHUN TO KOPOTKOH CTOPOHE
JIOTIACTUA MPU HOMUHAJIBHON MOIIHOCTH peakTopa 60 u
10 MBrT npexacraBieHs! B Tabnunax 1 u 2.

Tabauya 1. Pacuemnvle 3HaueHus MaKkCUMAaibHOU
memnepamypbl MONIUEA U GHEUHell NOBEPXHOCMU 000N0UKU
ons meana-HOY npu mownocmu pexmopa 60 MBm

LUnpuHa 3a3opa, MakcumanbHas Temnepartypa, °C
MKM obonouka cepAeYHUK
30 105,8 157,6
20 105,3 156,1
10 104,8 151,6

Tabnuya 2. Pacuemnvle 3nauenus MaKCUMaibHoOU
memnepanmypbl MONIUEA U GHEUHEll NOBEPXHOCMU 000I0UKU
ona meana-HOY npu mownocmu pexmopa 10 MBm

LUnpuHa 3a3opa, MakcumanbHas Temnepatypa, °C
MKM o6onoyka cepaeyHuK
30 924 99,7
20 924 99,5
10 92,1 98,7
3AKJIIOYEHUE

B pesynbTare pacdeTHBIX MCCIIEOBaHUH ompexene-
HBI T€MIIEpaTypHbIE MOJIsL MONEPEUHOr0 CEUYEHUs TB3JIa
IIPHU OTCIIOCHUH CepJICYHUKA OT 00OJIOYKH TBAJIA MO KO-
pOTKoOi#i cTopoHe Jonacty Ha TommuHy 30, 20 u 10 MxM.

PesynbTarhl pacyeToB [MOKA3bIBAOT, YTO IA30BbIH 3a-
30p MEXAy OOOJOYKOW M CepICYHHMKOM TBIJIA WIPaeT
POJIb TEIUIOU30JISILMU U 3aTPYAHAET OTTOK TEIUIA KOHBEK-
Mel OT BHENTHEW TOBEPXHOCTH 000JI0YKH TBJ1a, TIOITO-
My 4eM OOoJIbllIe BEJIMYMHA ra30BOro 3a30pa, TEM BIIIE
3HAuUEHUs! TEMIIEpaTypbl cepaeunuka. [Ipu sTom, Ha HO-

MHHaJIBHOM YPOBHE MOIIHOCTH pabOTBl peakTopa
10 MBT pacueTHble TeMIepaTypHble 3HaYEHHs TOIIJIMBA
U CepJeUHUKa He MPEBBIIIAIOT IKCILTYaTALlMOHHBIX IIpe-
JenoB, a umeHnHo 146 °C g rormsa u 110 °C miisg 060-
no4dku B3 [10].

IIpu mpoexTHO! MommHOCTH peakropa 60 MBT mak-
CHUMajbHasg TeMIepaTypa CepAeYHMKAa M BHELIHEH Io-
BEPXHOCTH OOOJIOYKH TB3Ja COCTABAT COOTBETCTBEHHO
157,6 u 105,8 °C. IIpu npuBeAeHHBIX TEMIIEPaTypPHBIX
3HAUYEHUAX OOECIeUnBACTCS ILEIOCTHOCTE OOOIOYKH.
Kunenus B TpakTe OXJI1aKACHHUS HE BO3SHUKHET, TOCKOJIb-
Ky JAaBJICHHE B TPAKTE P IPOBEICHUH HCIBITAHUH MO~
JepxuBaercs Ha ypoBHe ~1 MIla.

Takum oOpazoM, B X0Jie HCCIICIOBaHUH yCTaHOBIIE-
HO, YTO JJAHHBIA BHJI OTCJIOCHHS TOIUIMBa TB3Ia-HOVY He
MOJKET TOBJIMATH Ha 0€30IacHOCTh MPOBEICHUS 3KCIIe-
PUMEHTOB IIPH KCIUTyaTaIlH PeaKTopa.

CToHUT OTMETHUTh, YTO pacyeTHas MOJENb SABISICTCA
KOHCEPBAaTHBHOMN 1 HE yYUTHIBACT TEIUIONEPEAAYHN BJIOTb
TBOJIA.
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HUBI'.1M PEAKTOPBIHbBIH CCTK-TBY TB3JIIHIH OTHIH O3EI'THIH KABBIKIIIATAH
KABBIPIITAKTAHA BOJITHYI KE3IHJIETT KBLTYJBIK KYWATH TAJIJAY

C.M. Xacenopa?, O.A. Ctenanosa?, A.C. Akaes?, E.A. Maptbinenxo?), A.C. Cypaes?

1) KP ¥40 PMK «Amom snepzusacel uncmumymeory unuanst, Kypuamos, Kazaxcman
2 «Cemeii kanacvinsiy Illokapin amvinoazet ynusepcumemin KeAK, Cemeii, Kazaxcman

Ocol makanana BI'. 1M peakropeiabiH CCTK-TBY TBamiHIH KbUTYJIBIK KYHIHIH TanJaybl YChIHBUIFAH, KAJAKThIH KbICKA
XKarbIMEH TBAJI KaOBIKIIACHIHAH OTHIH MATPUIACBIHBIH KaObIpIIakTaHa OeliHyi >Karmaifbl YVINIH OpBIHJAJIFaH.
JKaHFBIPTHUTFAH aKTHBTI aliMak YIIiH TBIACPIl AaWbIHOAY TEXHOJOTHSICHI MHUKPOKYPBUIBIMAA SPTEKTUIIKTIH OONYBIH
Oomkaiael. TBANIIH )KBUTYIIBIK )KYMBIC PSKUMIHE TOH OIIeM/ e KaObIpIIakTaHa OeiHyAiH ocepiH Oaraay YIIiH TBIIIIH
KOJNJCHEH KHMAaCBIHIAFBl TEMIIEPATypalbIK epicTepmiH ecebi xyprizimmi. XKeury ¢usukamsik ecenrteynep ANSYS
OarmapiaMalblK KelIeH H alijanaHa OTHIPHIT, COHFBI 3JIEMEHTTEp o/iciMeH ypri3unai. HyckayIsik ecenteymep xyprizy
nHotmxkecinge MBI.IM peakTOpbIHBIH KO0ANIBIK KOHE HOMHHAIABIK KyaTIIeH >KYMBIC iCTeyi OapbIChIHIA TBIJIIH
TeMIepaTypasbIK OPICiHIH TapaTyblHa KaObIpIIaKTaHa OeiHyIiH 9cepi Typaibl JICPEKTEP albIHIbI.

Tyiiin co30ep: UBI. IM 3P, mean, memnepamypanvik opic, momen oauvimoiazan, KILLDK, sicoiny gpusuxanvix ecen.

ANALYSIS OF THERMAL STATE OF AWCTC-LEU FUEL ELEMENT OF THE IVG.1M REACTOR
WHEN FUEL KERNEL SEPARATING FROM THE CLADDING

S.M. Khasenova'?, O.A. Stepanova?, A.S. AkaevY, Ye.A. Martynenko?, A.S. Suraev?

D Branch “Institute of Atomic Energy” RSE NNC RK, Kurchatov, Kazakhstan
2 “Shakarim University of Semey” NP JSC, Semey, Kazakhstan

This article presents an analysis of thermal state of a fuel element of the WCTC-LEU of the IVG.1M reactor implemented
for a case when a fuel matrix is separated from the fuel cladding along a short side of the blade. Technology of a fuel
element manufacture for the modernized core considers presence of non-uniformity in microstructure. To evaluate how
separations of a typical size affects the thermal mode of fuel element operation, temperature fields in cross-sections of
the fuel element have been calculated. Thermophysical calculations were conducted using the finite element method with
ANSYS program complex. Based on the variants calculation, it was obtained data on the effect of the separation on
temperature field distribution of the fuel element during the IVG.1M reactor running at design and nominal power.

Keywords: IVG.1M RR, fuel element, temperature field, low enrichment, FA, thermophysical calculation.
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HAKOIIVIEHUE PAJJMOHYKJINJOB CS-137 U SR-90 PACTEHUSIMHU HA YYACTKE
PAJIMOAKTUBHBIX BBINTAJIEHUI HA TEPPUTOPUU CEMUIIAJIATUHCKOI'O
HUCIIBITATEJBHOTI'O ITOJIMT'OHA

H.B. Jlapuonosa, I1.E. KpuBuukuii, A.B. Tonoposa, E.H. ITontuBkuna, A.O. Alinapxanos
Qunuan «Mncmumym paduayuonnoii 6ezonacnocmu u yxonozuuy PI'TI HAI] PK, Kypuamos, Kazaxcman
E-mail o025 konmaxmos: larionova@nnc.kz

B cTaThe mpeACTaBICHBI JaHHBIC TI0 COJCPKAHMIO U OLICHKE MapaMeTPOB HAKOIUICHUS HCKYCCTBEHHBIX PaJHOHYKIHIOB
187Cs u %Sr cTenHBIM pa3HOTPaBbEM HA y4acTKe PaJMOAKTUBHBIX BHIMAJIECHHUI OT B3phiBa B ckBaxune 101 Ha ObBuIEH
ucbITaTepHOM momanke «Capbl-Y3eHb» CeMUMaNaTHHCKOro uctbiTaTensHoro nomurona (CUIT). OnpenesneHo, 4to
yJleJIbHas aKTUBHOCT *'CS B OYBEHHO-PACTUTENLHOM TIOKPOBE HCCIIENyEMOM TeppuTopun pocturaet 2700 Br/kr, *0Sr
— 10 3370 Br/kr. Jlnanaszonsl 3Hauenuii Ku ¥7Cs (0,0030-0,021) u *°Sr (0,064-0,36) cocTaBisioT 10 0JHOMY TOPAJIKY.
Hau6onbInuM HaKOIICHHEM B PACTEHHSX XapakTepusyeTcs *Sr, MakcHMasbHbIe 3HaueHns KH KoToporo oTMeuaroTcs B
30HE HaBaJa BOPOHKH OT B3pbIBa. 3aBUCHMOCTEH M3MeHeHHst KH ¢ pacCTOsSHHEM OT JMHUICHTPA HU JUIS OJHOIO M3
PaIHOHYKINAOB He ycTaHOBIeHO. [Ipu 3TOM Bee 3HaueHus KH Ha MOPSI0K BBIIIE MOTYy4eHHBIX paHee KH ai1st osnumneHTpoB
HA3eMHBIX SIICPHBIX UCTIBITAHMN U HA OPSIOK HIKE, 4eM 3HaueHus1 KH 3THX paJiMOHYKIIH/I0B, OTYYSHHBIX B LIEJIOM IS
mactowu o nasaeiM MATATD.

Kioueswie cnosa: uckyccmeenuvie paouonykiuowl, yesuii (' Cs), cmponyuii (*°Sr), pacmenus, xoagpguyuernm naxonnenus: (Kn,).

BBEJEHUE

HccnenoBanrne 3aKOHOMEPHOCTEW MOCTYIIEHUS pa-
JIMOAKTUBHBIX BEIIECTB B PACTEHUS SIBISIETCS OJHOU U3
OCHOBHBIX 3aJiad B oOnacTu paamodkosoruu [1-5] u
Npe/CTaBIsIeT 3HAYUTENLHBIH HHTEpeC B 001Iel mpooie-
M€ OXpaHbl OKpyxaromeil cpensl. Illupokoe paszBurue
HCCIIEeI0OBaHUs, TOCBSIIEHHbIE HW3YYEHHIO HAKOIUICHUS
PAIMOHYKJIMIOB PACTEHUSIMU, TIOJYYMIIM C HAYaJlOM HUC-
[10JIb30BAHUS SIIEPHON SHEPrUH, KOTJa Ha pa3HbIX 3Ta-
nax s;AepHO-TOIUIMBHOTO IMKJIa, KaK BCIEACTBHE HOP-
MAJBHOW, TaK W HEIITaTHOH paboTHl aTOMHO-YHEpPTeTH-
YeCKHX OOBEKTOB (paAMAIlMOHHBIX aBapHil M HHITUICH-
TOB) B OKPY’KaIOIyI0 cpefy cranu nocrynats ©°Co, *Sr,
137Cs, *H, uzoromns! Pu u ap.

CylecTBeHHBIH BKJIAJ B PaJUOAaKTUBHOE 3arpsi3He-
HHUE TPUPOJIHBIX YKOCHCTEM BHECIH MPOAYKTHI II00ab-
HBIX BBINMAJICHUH, CBA3aHHBIE C MHOTOJIETHUMU HCIIBITA-
HUSIMH SIIEPHOTO OPYXHSI B CEpeAMHE MPOIIIOro Beka.
Oxkomo 70% Bcex simepHbIX ucnbiTanui OpiBmero CCCP
pOBOJWIIOCH Ha Tepputopun Kazaxcrana, mpu 3ToM
Oousbmias 9acTh U3 HUX Ha CeMHMAIATHHCKOM HCITBITA-
tenpHOM monurone (CUIT) [6].

C momenra 3akpbiTrsi CUII momyden 60mb110i 00eM
nH(pOpMAIM OTHOCUTENPHO TEKYIIEH paJaualliOHHON
00CTaHOBKH Ha €TO TEPPUTOPHH, B TOM UHCIIE IETOCTHAS
KapTUHA TIapaMeTPOB HAKOIUIEHUS MCKYCCTBEHHBIX pa-
JMUOHYKJIMIOB M3 TOYBBI PACTEHUSMU JIJISI TEPPUTOPHIA C
Pa3TUYHBIM XapaKTepOM PaJMOAKTUBHOTO 3arpsi3HEHUS
[7]. Omnako, HECMOTpS HAa MHOTOYHCIIEHHOCTh IIPOBEICH-
HBIX MCCIIE0OBAaHUM, 10 HACTOSILETO BPEMEHHU CYLIECTBY-
0T Y4aCTKH, NPEJCTABIISIOUINE HAYUHBIH UHTEPEC C TOY-
KU 3peHHsI BapUaluil B HAKOIJICHUH PaJMOHYKIIUI0B pac-
TEHUSIMH B CHIIy OCOOCHHOCTEH paJIiOaKTUBHOTO 3arpsi3-
HeHusl. be3yclloBHO, K TaKUM TEPPUTOPHUSM OTHOCSTCS
30HBI IPOBEJCHUS SIIEPHBIX UCIIBITAHUIN, OAHOM U3 KOTO-
PBIX 30H SIBIISiCTCS OBIBIIAS HCIIBITATEIbHAS IUIOIIAIKA

«CapsI-Y3eHp» — o/iHa U3 4-X HanOollee KPYIMHBIX IDIO-
IaJI0K, Ha KoTopod B mepuoa ¢ 1965 mo 1980 rr. B oc-
HOBHOM TPOBOJIMJIKMCH IOJI3EMHBIE SIIEPHBIE UCTILITAHUS
B BEPTHKAJIBHBIX CKBOKUHAX (PUCYHOK 1, a).

M3BeCTHO, YTO paguOaKTHBHOE 3arps3HEHHE ILIO-
uragku «Capsi-Y3eHb» 00yCIOBICHO 2 THIIAMU: 3arpsi3-
HeHHe, 00pa3oBaBIIeecs 3a CUET IIePeHOCa U BBIAICHUSL
PAAMOHYKJIMIOB BCIICACTBUE IIPOBEACHUS SKCIICPUMEHTA
Ha mwiomanke «OnsitHoe moje» 24.09.1951 roxa, u 3a-
TpsS3HEHUE OT SKCIIEPHMEHTOB Ha caMOW Iuromanke. B
MIEPBOM CITydae PaguOaKTUBHOE 3arps3HEHUE TPEICTaB-
nsieT co0oif cies BRIaICHIH, TPOTIHYBIIHNCS OT CeBe-
po-3amaiHOM Y9acTH IUIOIIAIKU IO CAMOTO ora, BO BTO-
POM — BBITIAJICHHUE PAIMOU30TOIOB BCIEACTBHE MTPOBEIE-
HUSI TIOZ3EMHBIX SCPHBIX UCTIBITAHU C PaIHOAKTHBHBIM
BBIOPOCOM Ha TEPPUTOPUH caMOM IuTomaaxu [8].

OO0BEKTOM HCCIIeI0BaHUs B HACTOSIIIIEH paboTe cTana
TEPPUTOPHUS PATUOAKTUBHOTO 3arpsi3HEHUs, 00pa30BaB-
[Ierocst B pe3yJIbTaTe HCIBITAHU, POBEACHHOTO B O0e-
Boit ckBaxkuHe 101 Ha mnomaake «Capoil-Y3enb». [loa-
3EMHBIH STICPHBIA B3pPHIB OBLI MPOW3BEJCH HA IIyOWHE
225 m 18.12.1966 roma mourHOCTHIO MeHee 150 kT. B pe-
3yJIbTaTe B3pBIBa MPOU3OIIET MPOPHIB B aTMochepy ue-
pe3 TONIIy W KyIoJ pa3apoOIeHHONH MOPOIsl pagroak-
TUBHBIX Ta30B W a’po3oiieil. OCHOBHAS JOJIs paguoaK-
THUBHBIX MPOJYKTOB BhHITIAJIa B pailoHe 00pa30BaBIIEHCS
BOPOHKH (quameTpoM okoJio 400 M u TimyOuHoi 20 M) 1
Ha OJVMKHEM «CIIeJIe» MPOTKEHHOCTHIO HECKOJIBKO Jie-
CATKOB KrJioMeTpoB [6]. Llenmbio JaHHOTO HCCeI0BaHUS
CTaJI0 M3y4YCHHE OCOOCHHOCTEH HAKOIUICHHSI UCKYCCT-
BEHHBIX pagnoHykiuaoB *2'Cs u %Sr u3 mouss B pacre-
HUSIX Ha YYaCTKE PaIMOAKTUBHBIX BBINAJCHUHN OT B3phIBa
B ckBaxuHe 101, Bkouass ydyacToK MNEpEeceYeHHs! CO
«cnegoM» ot B3pbIBa 1951 roga Ha miomanke «OnbITHOE
nosne» (pucyHok 1, a, 0).

26


https://doi.org/10.52676/1729-7885-2022-3-26-30

HAKOMNEHUE PAVOHYKNUAOB CS-137 U SR-90 PACTEHUAMM HA YYACTKE PAOVUOAKTUBHBIX BbIMALEHWNA
HA TEPPUTOPUN CEMUMANATUHCKOIO UCMbITATENIbHOIO MNONMUIrOHA

Lomoime, :

T

Yo |
| —— )
0 5 10 20 30mm

YcnosHbie 06o3HaueHns
e rpannua cvn [ rpanuus =0 0,25 Kulks.xm, Cs-137
D rpaHuua ucnbiTaTensbHoi nn. "Capbi-YaeHs" == ==+ cneabl OT AAEPHBLIX UCNbITAHWA

a)

YcnosHble 0603HaYeHns
Cs-137, BK/Kr 80-120 250-300
®  Toukn ot6opa npob I <20 120-200 [ 200-1000

20-40 200-250 [ >1000
40-80

0)

Pucynox 1. Pacnonosicenue niowaoxu « Capwi-Y3env» na meppumopuu CHII (a); pacnonosscenue mouex oméopa (6)

MATEPHAJIBI U METO/IbI UCCJIEJOBAHUS

HccnenoBatenbckue miomaakd (Touyku  oTOopa
1po0) 3aJI0’KeHBI B TPAHMIAX «CIIE/Ia» OT B3phIBa B CKBa-
xwuHe 101 (pucyHok 1, 6). YuacTku U1 IpoBeIeHHs HC-
clleIoBaHuil BHIOpaHbl HA OCHOBAHMH JIAHHBIX O IUIOIIAI-
HoM pacrnpenenenuu “¥'Cs 1 pe3y/IbTaToB M3MepeHuii pa-
JIMALMOHHBIX ITapaMeTpoB (IUIOTHOCTH MOTOKA [3-4acTuiy
1 MOIIHOCTH 3KBUBaJIEHTHOH 1036l (MD/])) Bo Bpems
MIPOBEJCHNUS IKCIIEUIIMOHHbBIX padoT. Ha kaxmo mio-
IIagKe TPOU3BENICH OTOOp CMEIIAaHHOW NPOObI IMOYBHI
(MeToIOM «KOHBEpTa» Ha IIyOWHY 5 cM) M HaJ3eMHOM
4acTH pacTenwmii (momaas or6opa ~1-2 m?). [Ipoda pac-
TEHMH TaKKe NMpecTaBisia co0ol cMeIanHbIi o0paser]
CTEITHOTO Pa3HOTPaBbs C MPUOINUTENHEHO OJIMHAKOBBIM
JnoMuHEpoBaHUeM KoBbLIA (Stipa capillata, S. sareptana,
S. lessingiana), tumuaka (Festuca valesiaca) u mossiau
(Artemisia gracileccens, A. frigida).

IMoaroroBka mpo0 M aHANIN3 MO U3MEPCHUIO yIEIb-
HOM aKTMBHOCTH PaJHOHYKJINIOB B poOax MOYBHI U pac-
TEHHH MPOBOAMIN B COOTBETCTBHHU CO CTaHJAPTU30BAH-
HBIMHM METOAMYECKUMHU yKa3zaHusamu [9, 10] Ha moBepeH-
HOM o0OopynoBanuu. OnpeneneHne yAeIbHOH aKTHBHO-
CTH paMOHYKIHI0B *'CS IPOBOIMIIM HA FAMMa-CIIEKT-
pomerpe Canberra GX-2020, °Sr — paguoxumMuuecKum
BBIJICJICHHEM C TIOCJEIYIOIINM H3MepeHHeM Ha Oera-
cnektpomerpe TRI-CARB 2900 TR. KonuenTpanu:o pa-
JMOHYKJIMAOB B PACTEHHSAX OINPEICIIUIN B 30J1€, C IOCIIe-
IYIOIINM IIEPEcCYeTOM Ha cyxoe BemecTBo. [Ipenen 00-
Hapysxenus 110 *¥’Cs cocrasnsn 1 Br/kr (s npo6 pac-

Tenuit) u 4 Br/kr (s npo6 moussr), °Sr — 1 BK/KT U
5 Bx/kr, cooTBeTcTBEHHO. [lorpenIHoCTh HM3MepeHH IS
187Cs ne npespimana 10-20%, %Sr — 15-25%.

PE3YJIbTATHI U OBCYKJIEHUE

[lony4eHHbIE 3HAYEHUS YETbHONH aKTUBHOCTH pa-
muonykannos ¥'Cs u *°Sr B npoGax 1ouB M pacTeHwuii
Tpe/ICTaBIIEHbI B TabmmIe 1.

Tabnuya 1. 3uauenus yoenvnoi akmueHocmu paouoHyKIu008
187Cs u 0Sr ¢ npobax nous u pacmenuii

YnenbHasi akTMBHOCTb PaaMOHYKnNMAoB, BK/kr
Ne Toukm 1B7Cs 908

pacTeHue noysa pacTeHue noysa
1 2816 2700500 390460 3370+30
2 1543 2200400 750110 2090420
3 2916 2200400 190+30 2460430
4 8,116 2500500 300445 2560430
5 3,1+0,6 400+80 3615 510480
6 1,110,2 370£70 5318 310450
7 2,9+0,6 140+30 213 150+20
8 1,8£0,4 15030 1242 14020
9 2,3+0,5 260+50 1943 220+30
10 0,5+0,1 110+20 4,6+0,7 72410
1 <0,4 17535 1242 11620
12 110,2 80+16 8,6+1,3 75+10

Ha ocHOBaHMM MOJTy4eHHBIX JaHHBIX YCTaHOBIICHO,
YTO HccieayeMasi TePPUTOPHS OTHOCHTENIFHO B PaBHOM
CTETICHH 3arpsa3HeHa 000MMH PaJAHOHYKIHIAMH, COIEP-
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’KaHHE KOTOPBIX B IOYBEHHO-PACTUTEILHOM HOKPOBE M0
187Cs nocturaer 2700 Bx/kr, o %*Sr — o 3370 Bx/xkr.

JInst OLlEHKH MapaMeTpoB HAKOIUIEHHS paflHOHYKIH-
JIOB B PACTEHMSAX U3 TIOUBKI paccuutadsl Ku (oTHONIEHHE
yZeTbHOM aKTUBHOCTU B PACTEHHAX K YCIbHOM aKTUB-
HOCTH B IO04YBE), KOTOphIE HPEACTABIEHbl B BHUIE JHa-
rpamMM (pUCYHOK 2).
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Pucynox 2. Pacnpedenenue Ku 3Cs u ®Sr no «cnedy»
PAOUOAKMUBHBIX 6bINAOEHUL OM UCHBIMAHUs 8 ckeadicune 101

Ha ocHoBaHMM TPOBEIEHHBIX PACUYETOB YCTAHOBIIE-
HO, uTO JMana3oHsl 3HadeHuit Ku 1¥7Cs (0,0030-0,021) u
0Sr (0,064-0,36) COCTaBIAIOT HO OAHOMY IOPSIKY.
HanMmeHbIIMM HaKOIICHHEM B PACTCHHSAX XapaKTepH3Y-
ercst Y¥'Cs, 6ornee BoICOKHM — °Sr. MakcHMalbHBIE 3HA-
gerns Ku *°Sr oTmeuaroTcs B 30He HaBala BOPOHKH OT
B3pbIBa. OnHako, 3aBucuMocTei usmeHeHus: Ku c pac-
CTOSIHMEM OT SMUILIEHTPA HU JIJIsl OAHOTO U3 PAJUOHYKIH-
JIOB HE YCTAaHOBJICHO. B JaHHOM ciy4ae, OTCYTCTBHE 3a-
KOHOMEpHOCTEH pacnpeseneHus 3HauyeHuit K paarony-
KIJIUIOB MOKET OBITh CBSI3aHO ¢ HATMYHEM JOTIOJTHUTEb-
HOTO 3arpsi3HEHHSI UCCIEAyEeMON TEPPUTOPUH PaTroaK-
TUBHBIMH OCajkamMHu OT B3peiBa 1951 1. (W30mMHUSA
0,25 Ku/km? nns ¥7Cs nokazana Ha kapte (pUCYHOK 1,
a)).

Jliist o01meil OEHKH MOoNTy4eHHbIX 3HaueHuil Ku 1¥7Cs
n %¥Sr B TabmmIe 2 npuBeeHbl KH 11 macTOUIHBIX pac-
TeHU 1Mo 0000meHHbpIM JanHsIM MATATD [11], a Tak-
xe KH, nomydyennsle panee ans apyrux yuactkos CUIL
[7, 12], xapakTepHu3yOLUIUXCS aHATOTMYHBIMU IOYBEHHO-
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KIMMATHYECKUMH YCIOBHSMH U THUIIOM PaIHOaKTUBHOTO
3arps3HCHUS:

— YYaCTKHU HPOBEICHUs SKCKABAIIMOHHBIX B3PHIBOB
Ha mromanke «TeabKemM»;

— OSIUICHTPHI HAJ3EMHBIX UCHBITaHUN Ha «OTBIT-
HOM I10JIEY;

—  «CJEIBD» PAJIMOAKTHBHBIX BBIMAICHUNA (OIMKHUX
Ha «OTBITHOM TI0JIe)» U TANBHETO OT B3phIBa 1953 roma);

— ycnoBHO «(hoHOBBIe» yaacTku CUIL.

Tabruya 2. Cpeoneceomempuyeckue 3nauenus Kn
137Cs u Sy na uccredosanmvix meppumopusx CHUII [7, 12]
U MedHcOYHapoOoHvle 060bwennvie dannvie MAIATO [11]

CpepHue 3HaveHus KH pagnoHyknuaos

WUccnepyembie (B ckoBKax — uucno cnyyaes)
TeppuTopuM s wsr
nccnefyemas Tepputopust 0,010 (1) 041 (12)

(ckBaxmHa 101)
uccnedosaHHble paHee meppumopuu CUIM [7, 10]
TEPPUTOPUS NMOLLAZKM

«Tenbkem» 0,026 (63) 0,096 (50)
OMMUEHTPbI Ha3eMHbIX 0,0028 (72) 0023 67

WCTbITaHUA

«cnepbl» paguoakTUBHbIX

BbINALEHMI 0,020 (30) 0,026 (24)
YCMOBHO «(POHOBbIEN 0,030 (40) 025018

TeppuUTOpUM

OaHHble MATATO [11]
nactéua | 0,4 (124) | 1,2 (58)

Hcxonst n3 naHHBIX, HOIyYeHHBIX paHee Ha TEPPUTO-
puu CUII, cpenuue 3nauenus Ku ¥'Cs u ®Sr, ycranos-
JICHHBIE JJIS HCCIIeTyeMoro paiioHa ckBaxuHsl 101, 3Ha-
YHUTEIHHO (B CPEAHEM Ha MOPSI0K) BhIIIE 3HAYCHUH, OII-
PeAeTICHHBIX paHee IS SIHUICHTPOB Ha3eMHBIX SIIEPHBIX
ucnbiTaHuil Ha «OnbsiTHOM Tosie». [lpu 3TOoM JaHHBIE
3HaueHHs1 OJM3KM K TAKOBBIM JUISl YCIIOBHO «(OHOBBIX)
teppuropuii CUII u amst yuacTKOB MpoBeIeHHs IKCKaBa-
IIMOHHBIX B3PBIBOB Ha miommazke «Tenbkem», a Ku 1¥7Cs
TaKKe — JUIS «CJIC0BY PaJMOAKTHBHBIX BBINIaICHHUH.

B cnydae cpaBHHMTENBHOTO aHaNMnM3a C JaHHBIMH
MATAT?D, Ku *¥Cs u Sr, nonyuennsle 1s uccienye-
MO TEpPHUTOPHH, HA TIOPSAAOK HIDKE, YeM 3HaueHus Ku
9TUX PaAMOHYKIHMJOB, IOTY4YEHHBIX B LEJIOM Ui HacT-
6oumy [11]. YcTaHOBIEHHBIE pa3iH4ms, MPEXIE BCETO,
MOTYT OBITh CBSI3aHBI C 0COOCHHOCTSIMH PAaAHOAKTHBHOTO
3arpsA3HEHUs] PailoHOB IPOBEACHUS SIEPHBIX HCITBITA-
HUH, B OOJBIIMHCTBE CIy4aeB XapaKTEPU3YIOMINUXCS CO-
JiepKaHUEM PaJMOHYKIMJOB B MOYBaX B CPAaBHUTEIHHO
MeHee JOCTYITHOM COCTOSHHH.

3AKJIOYEHUE

ITo pe3ynpTaTam MpoOBEEHHOTO UCCIIE0OBAHUS OTIpe-
JIeNeHo, 4To yAenbHas akTuBHOCTH 3’CS B MOYBEHHO-
PacTUTEIHLHOM ITOKPOBE HAa YYACTKE PaIHOAKTHBHBIX BBI-
MajieHui OT B3pbIBa B CkBaknHe 101 Ha OBIBIIEH WCITBI-
taTenbHOM  miomaake  «Capbl-Y3eHb»  JOCTUTAeT
2700 Bx/xr, ®°Sr — 10 3370 Br/kr. Jlnana3oHsl 3HAYEHUIT
Ku ¥¥Cs (0,0030-0,021) u ®°Sr (0,064-0,36) cocrasnstor
10 OJTHOMY MOPSAKY. HanMEHBITNM HAKOTUICHUEM B pac-
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TeHusx xapaktepusyercs 3'Cs, Gonee Bbicokum — Sr.
Makcumanbhbie 3nauenus Ku Sr ormeuarorcs B 30He
HaBajla BOPOHKH OT B3pbIBa, OJIHAKO, 3aBUCUMOCTEH U3-
MeHeHHs KH ¢ paccTosiHueM OT SIHLEHTpPa HU JJIS OJTHO-
ro U3 PaJAMOHYKIHMIOB HE YCTaHOBJIEHO. IIpu 3TOM BCe
3HaueHus1 KH Ha Mopsiok BhIIE TOJy4eHHBIX paHee Ku
JUISl TIMIEHTPOB HAa3€MHBIX SAEPHBIX MCIBITAHUH M Ha
HOPSAOK HIDKE, 4eM 3HaueHHs KH 5THX paIHoHYKIIHIOB,
NOJyYeHHBIX B LEJIOM I NAacTOMII 110 JaHHBIM
MAT ATO, nipu 3ToM Hanboee OJIN3KY K 3HAUSHUSAM JIJIS
ycioBHO «(hoHOBBIX» Teppuropuii CUII u ans ygacTkoB
NPOBEJICHNS DKCKABALMOHHBIX B3PBHIBOB Ha IUIOIIAJKE
«Tenbkem».

Paboma evinonnena npu gunancosoit nodoepicke
Munucmepcmea obpasosanusi u nayku Pecnybauxu
Kaszaxcman 6 pamxax nayunozo epanma AP08856481
«Oyenra paouayuoHHO20 COCMOSHUSL PACIMUMETbHO2O0
HOKPOBA € MOYKU 3PEHUSl €20 CeNbCKOXO035UCMBEHHO20
HA3HAYEHUs.

JIUTEPATYPA

1. Bepnanckuii, B. 1. V30panHsie counHeHUs: B 5 T. / OTB.
pexn. akazn. A. I1. Bunorpanos; Axan. nayk CCCP. —
Mocksa: U3n-Bo AH CCCP, 1960. — T. 5.: Buocdepa I-11:
Cratbu 110 Onoreoxumun; [1ouser; ['a3er; MeTeopuTHI 1
KocMuieckas mbuib. — 1960. — 422 c.

2. Tumodeer-Pecorckuii, H. B. 30pannbie Tpyas / H. B.
Tumodees-Pecorckuit; mox pex. O. I'. T'azernko u B. 1.
HeanoBa. — M.: Meaununa, 1996. — 480 c. — ISBN 5-225-
00773-2.

3. Aumnekcaxus, P. M. Cenbckox0o3siCTBeHHAs PAIHOIKOIIO-
rusi: B k1. Arpoakonorus. — M.: Konoc, 2000. — C. 300—
322.

4. Camxaposa, H.U. [TepecmoTp mapameTpoB MUTpaLiiy
panuoHykIHI0B B arposkocuctemax / H. U. Camxkaposa,
C. B. ®ecenko, A. O. lllybuna // PagnannonHas 6uoso-
rust. Pagunoskonorus. — 2009. — Ne 3. — C. 268-276.

5. Natalia Semioshkina, Gabriele Margarete Voigt Soil -
Plant transfer of radionuclides in arid environments //
Journal of Environmental Radioactivity. — 2021. —

Vol. 237, 106692.

6. Slnepusie ucnbitanus CCCP. CeMunanaTuHCKHIA TIOTH-
roH: obecrieueHre o0Iei 1 paananuoHHON 6e30I1acHOCTH
simepHBIX ucnbitannii / Ko, aBropos oz pyk. B. A. Jlora-
gyepa. — M.: 2-1 tui. @Y «Menbuoskcrpem» npu MuH-
3npase Poccun, 1997. — 347 c. — ISBN 5-88918-008-8.

7. Larionova, N.V. Transfer of radionuclides to plants of
natural ecosystems at the Semipalatinsk Test Site / N. V.
Larionova, S. N. Lukashenko, A. M. Kabdyrakova [at al.]
/l Journal of Environmental Radioactivity. — 2018. —

Ne 186. — P. 163-170.

8. Kirivitskiy, P.Ye. Characterization of area radioactive con-
tamination of near-surface soil at the Sary-Uzen site in the
Semipalatinsk test site / P. Ye. Krivitskiy, N. V. Lariono-
va, Yu. V. Baklanova, A. O. Aidarkhanov, S. N. Luka-
shenko // Journal of Environmental Radioactivity. — 2022.
— Ne 249 —106893.

9. AKTHBHOCTb PaJOHYKIH/IOB B 00bEeMHBIX 00pa3iax.
MeroaMka BBINOTHEHUS U3MEPEHUI HAa raMMa-CIIEKTp-
omerpe: MU 2143-91: MU 5.06.001.98 PK. — Anmarsr,
1998. - 18 c.

10. Meroauka OIpEeNEICHUs CONEPIKAHMS UCKYCCTBEHHBIX
PaAuOHYKIHIOB IUTyTOHUA-(239+240), cTpoHuna-90 B
00BEeKTaxX OKpYy)Karolielt cpensl (moyBax, rpyHTax, JOH-
HBIX OTJIOXKEHUSX U pacTeHusX). — Anmatsl, 2010. — 25 c.

11. Quantification of radionuclide transfer in terrestrial and
freshwater environments for radiological assessments:
IAEA TECDOC-1616/ IAEA. — Vienna, 2009. — 163 p. —
ISBN 978-92-0-104509-6.

12. Larionova, N.V. Transfer parameters of radionuclides
from soil to plants at the area of craters produced by
underground nuclear explosions at the Semipalatinsk test
site areas / Larionova, N.V., S.N. Lukashenko, O.N.
Lyakhova [at al.] // Journal of Environmental
Radioactivity. — 2021. — No. 237. https://doi.org/10.1016/j.
jenvrad.2021.106684

REFERENCES

1. Vernadsky, V. |. Selected works: in 5 vol. / ed-in-chief,
academician. A. P. Vinogradov; USSR Academy of
Sciences. — Moscow: Publishing House of AS USSR,
1960. — Vol. 5: Biosphere I-11: Biogeochemistry articles;
Sols; Gases; Meteorites and cosmic dust. — 1960. — 422 p.

2. Timofeev-Resovsky, N. V. Selecta / N. V. Timofeev-Re-
sovsky; edited by O. G. Gazenko and V. I. lvanov. — Mos-
cow: Medicine, 1996. — 480 p. — ISBN 5-225-00773-2.

3. Aleksakhin, R. M. Agricultural radioecology: In the book
on Agroecology. — Moscow: Kolos, 2000. — P. 300-322.

4. Sanzharova, N.I. Revision of parameters of radionuclide
migration in agroecosystems / N. |. Sanzharova, S. V.
Fesenko, A. O. Shubin // Radiation biology. Radioeco-
logy. — 2009. — No. 3. — P. 268-276.

5. Natalia Semioshkina, Gabriele Margarete Voigt Soil -
Plant transfer of radionuclides in arid environments //
Journal of Environmental Radioactivity. — 2021. —

Vol. 237, 106692.

6. Nuclear tests of the USSR. The Semipalatinsk Test Site:
general and radiation safety assurance during nuclear tests
/ contributed authors supervised by V. A. Logachev. —
Moscow: 2" printing house FA “’Medbioekstrem” under
the Russia Ministry of Healthcare, 1997. — 347 p. — ISBN
5-88918-008-8.

7. Larionova, N.V. Transfer of radionuclides to plants of
natural ecosystems at the Semipalatinsk Test Site / N. V.
Larionova, S. N. Lukashenko, A. M. Kabdyrakova [at al.]
/I Journal of Environmental Radioactivity. — 2018. —

No. 186. — P. 163-170.

8. Kirivitskiy, P.Ye. Characterization of area radioactive
contamination of near-surface soil at the Sary-Uzen site in
the Semipalatinsk test site / P. Ye. Krivitskiy, N. V. Lario-
nova, Yu. V. Baklanova, A. O. Aidarkhanov, S. N. Luka-
shenko // Journal of Environmental Radioactivity. — 2022.
— No. 249 — 106893.

9. Activities of radionuclides in bulk samples. Measurement
procedure with a gamma spectrometer: MP 2143-91: MP
5.06.001.98 RK. — Almaty, 1998. — 18 p.

10. Determination procedure of the content of artificial radio-
nuclides plutonium-(239+240), strontium-90 in environ-
mental compartments (soils, bottom sediments and plants).
— Almaty, 2010. — 25 p.

11. Quantification of radionuclide transfer in terrestrial and
freshwater environments for radiological assessments:
IAEA TECDOC-1616/ IAEA. — Vienna, 2009. — 163 p. —
ISBN 978-92-0-104509-6.

29



HAKOMNEHUE PAVOHYKNUAOB CS-137 U SR-90 PACTEHUAMM HA YYACTKE PAOVUOAKTUBHBIX BbIMALEHWNA
HA TEPPUTOPUN CEMUMANATUHCKOIO UCMbITATENIbHOIO MNONMUIrOHA

12. Larionova, N.V. Transfer parameters of radionuclides Lyakhova [at al.] // Journal of Environmental
from soil to plants at the area of craters produced by Radioactivity. — 2021. — No. 237. https://doi.org/
underground nuclear explosions at the Semipalatinsk test 10.1016/j.jenvrad.2021.106684

site areas / Larionova, N.V., S.N. Lukashenko, O.N.

CEMEM CBIHAK ITOJIMT OHBI AYMAFBIHJIAFBI PATMOAKTHUBTI TYCYJIEP YYHACKECIH/IE
OCIMAIKTEPJE CS-137 )KOHE SR-90 PAIMOHYKJIMATEPIHIH ) KUHAKTAJY

H.B. Jlapuonosa, I1.E. KpuBuukuii, A.B. Tonoposa, E.H. IToniuBkuna, A.O. Aiitapxanos
KP Y410 PMK «Paouayuansik Kayincizoik ysone Ikonozua uncmumymo» gunuanst, Kypuamos, Kazaxcman

Maxkamaga Cemeit cerHak monuroHbHBH (CCIT) O6ypeiarsr «Capsi-O3eH» chiHaK anaHpiHAarsl Nel01 yHFBIMacCHIHAAFBI
JKAPBUIBICTAH PAJUOAKTUBTI TyCy ydackeciHmeri mana menrtepiMed ¥Cs sone °Sr kacauapl pajuoHyKIHATEPIiH
KUHAKTANy IapamMeTpiepiHiH Kypambl jkoHe Oaranaybl OOWBIHINA NEPEKTEP YCBIHBUIFAH. 3EPTTENETIH ayMaKThIH
TOTIBIPAK-OCIMIIK KaMBUIFBICHIHAFBI 187Cs menmrikTik 6encenminiri 2700 Bx/kr-ra, ©Sr — 3370 Bi/kr-Fa aeifiH keTeTiHi
anbikrangel, 2¥'Cs (0,0030-0,021) xome Sr (0,064-0,36) XKk MOHJICPiHIH IHWAana3oHbl Oip peT OOWBIHINA KYpaubl.
OcimzikTep/eri e YIIKeH XKUHAKTaTy “°Sr-MeH CUIaTTaNajibl, OHbIH MAKCUMaJIbl MOHI JKaphUIbIC Ka3aHIIYHKBIPBIHBIH
yHiHIicl afiMarbIiHIa OenriieHeal. DIHUIEHTPIACH apaKallbIKTHIKTarbl JKK e3repiciHae paauOHYKIHATCPAiH eimoipiHe
JIETeH TAYeNJUIr aHbIKTalFaH JKOK. byn perre JKk-HbIH Oapiblk MoHIepi ep OeTiHIErl SAPOJIBIK ChIHAKTap/IbIH
SMUUEHTPIIEp] YIiH OypbiH anbiHFaH JKk-1aH OipmiaMa xxorapsl xoHe ATOXAIL nepexTepi OolibIHIIA )KaHBUTBIMAAP YIIIH
TyTacTail albIHFaH OChl PaJHOHYKIUATEPAIH JKK-HIH MoHEpiHEeH OipliamMa TOMeH.

Tyitin co3oep: scacandvt paduonykiuomep, yesuii (<’ Cs), cmponyuii (°Sr), ecimoikmep, scunaxmay xodppuyuenmi (XKx).

ACCUMULATION OF CS-137 AND SR-90 BY PLANTS IN THE FALLOUT AREA
AT THE SEMIPALATINSK TEST SITE

N.V. Larionova, P.Ye. Krivitskiy, A.V. Toporova, Ye.N. Polivkina, A.O. Aidarkhanov
Branch “Institute of Radiation Safety and Ecology” RSE NNC RK, Kurchatov, Kazakhstan

The article presents data on the content and assessment of parameters of artificial **”Cs and *°Sr accumulation by steppe
motley grasses in the fallout area in borehole 101 of the former ‘Sary-Uzen’ testing site of the Semipalatinsk Test Site
(STS). ¥7Cs activity concentration in land cover of the study area was found to reach 2,700 Bag/kg, *°Sr — up to 3,370
Bg/kg. The ranges of Tf values for ¥Cs (0.0030-0.021) and Sr (0.064-0.36) are one order of magnitude each. ®°Sr is
most accumulated in plants. Its Tf maxima are noted in the dump zone of the explosion crater. No Tf variation
dependences on the distance from ground zero were found for either radionuclide. At the same time, Tf values are one
order of magnitude higher than the ones previously obtained for ground zeros of aboveground nuclear tests and one order
of magnitude lower than Tf values for these radionuclides obtained as a whole for pastures as reported by IAEA.

Keywords: artificial radionuclides, cesium (*¥’Cs), strontium (*°Sr), plants, transfer factor (Tf).
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VERTICAL DISTRIBUTION OF RADIONUCLIDES IN SOILS OF SEMIPALATINSK TEST SITE

A.V. Panitskiy, A.E. Kunduzbayeva, S.A. Baygazy
Branch “Institute of Radiation Safety and Ecology” RSE NNC RK, Kurchatov, Kazakhstan
E-mail for contacts: panitskiy@nnc.kz

The article addresses the pattern of vertical distribution of the major long-lived man-made radionuclides *¥'Cs, 2*!Am, %Sy
and 23°*20py in soils of the Semipalatinsk Test Site. Areas of different contamination with radionuclides are discussed —
places of aboveground nuclear and fusion tests conducted at the ‘Experimental Field’ site, the fallout in the form of plumes
within the Semipalatinsk Test Site, areas of radiological warfare agent tests at the ‘4A’ site, areas of meadow ecosystems
associated with radioactively contaminated water streams from test adits of the ‘Degelen’ testing site, conventionally
‘background’ areas of the test site, in which no nuclear or fusion tests were conducted. In the course of research, differences
were revealed in the vertical distribution of radionuclides of interest in soils of the above areas. Differences are attributed
to the pattern of how contamination with radionuclides is formed and to abiotic and biotic factors such as physical and
chemical soil properties, moistening conditions, human activity and others. Based upon findings, recommendations were
developed, aimed at the optimization of research into the vertical distribution of radionuclides in the soil cover of the former
Semipalatinsk test Site. In particular, it was found that when undertaking such research, it was sufficient to confine oneself
to dividing a territory by the soil type and restrict the research depth to 30 cm.

Keywords: Semipalatinsk Test Site (STS), nuclear weapon tests, man-made radionuclides, migration of radionuclides,

ecosystem contamination.

INTRODUCTION

As we know, during nuclear tests, soil is the major
ecosystem component exposed to contamination. It
retains all substances that entered the ecosystem
including man-made radionuclides for a long time due to
contamination. Therefore, research into the content and
distribution of radionuclides in the soil cover of the
Semipalatinsk Test Site (STS) allows the obtainment of
predictive values to characterize migration features of
radionuclides in soils. The pattern of the vertical
distribution of radionuclides at the test site has to be taken
into account in developing rehabilitation techniques for
radioactively contaminated areas.

Over years of research undertaken in the STS territory
(between 1949 and 1989), 456 nuclear weapons tests
were conducted. Of these, 116 tests were conducted in
the atmosphere at the ‘Experimental Field’ site. 86 tests
were conducted in the air, and 30 — above the ground
(aboveground tests) [1, 2, 3]. Tests resulted in the conta-
mination of soil cover with man-made radionuclides.
Both test places within the Experimental Field’ site and
areas of passing radioactive plumes became contamina-
ted. At the same time, fallout plumes went beyond the
testing site, and, in certain cases, beyond STS [4, 5, 6]. In
areas themselves, in which no nuclear tests were
conducted and through which no fallout plumes were
passing, the fallout background was formed, which
differs from that of the global fallout in the northern
hemisphere [7]. The next type of tests conducted at STS
are underground nuclear tests. These tests were conduc-
ted in two ways. In boreholes at the ‘Balapan’ and ‘Sary-
Uzen’ sites and in horizontal mine workings — adits at the
‘Degelen’ site. In the first case, the soil cover in the test
place was not radioactively contaminated, except for

individual abnormal situations. In the latter case, soil
contamination with radionuclides currently continues
due to the carry-away of radionuclides from adit cavities
via ground waters [8].

The soil cover in the STS territory became
contaminated not only due to nuclear weapon tests but
also due to damage effects of radiological warfare agents
tested (RWA). Such tests in the STS territory were con-
ducted within the ‘4’ and ‘4A’ sites [9]. The pattern of
radioactive contamination at these sites is ‘spotty’ with
the spot size from hundreds of meters to several kilo-
meters.

The global scientific literature has available many
materials that characterize features of the vertical
migration of radionuclides. In particular, the migration of
radionuclides in soils contaminated due to radiological
accidents at nucelar fuel cycle enterprises (the radio-
logical accidents in the Southern Urals in 1957, and in
Pripyat town in 1986 (the Chernobyl NPP) has benn
sufficiently studied [10, 11]. Most of the data on the
recent fallout were obtained within the short period of
time following the accidents. Whereas after testing in
individual STS areas, more than 70 years have now
passed. Some authors provide research findings on the
relationship between features of the vertical migration of
radionuclides in soil and its physical and chemical
properties or source species of radionuclides in soils [12—
15], as well as depending on landscape conditions [16—
18] and the existing external natural factors [19]. Certain
researchers cite data on the distribution of radionuclides
in soils of forest ecosystems located within the territory
adjacent to STS [20] and in the soil of STS areas that are
beyond test site areas [21].
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The objective of this article was to address the pattern
of the wvertical distirbution of radionuclides in the
undisturbed soil of various STS areas long after nuclear
weapons and nuclear effects of radiological warfare
agents were tested to shape the concept of the migration
of radionuclides in vertical profiles of STS soils.

Thus, because of a variety of existing areas that differ
in soil contamination, the STS territory is of interest to
research into the vertical migration of radionuclides in
the soil. The soil of steppe landscapes at the ‘Experi-
mental Field’, ‘4A’ sites and areas of the passing fallout
in the form of plumes are of the greatest interest because,
when undertaking research, most of contaminated areas
were not destructed. Thus, it is possible to observe the
natural vertical distribution of radionuclides in the soil.
Of special interest are radioactively contaminated
meadow soils of the ‘Degelen’ site because of many farm
enterprises surrounding it, engaged in farm animal
grazing and procurement of vegetative forage around this
testing site.

The paper was prepared under the Grant Funding
Project AP08856225 ‘Development of a technology to
remediate radioactively contaminated areas of the
Semipalatinsk Test Site’.

1 MATERIALS AND TECHNIQUES

1.1 Sampling

In terms of soil and geography, the test site territory
is included in the steppe zone and is mostly represented
by the chestnut soil type.

To research into the vertical distribution of man-made
radionuclides, soil was sampled layerwsie to be analyzed
for radionuclides. The sampling area of each layer was
200 cm?. A trowel (preset geometry) was used for samp-
ling (5x10x10 cm). Samples were collected layerwise
from the following areas:

— inthe soil cover of steppe ecosystems from places
of aboveground and air nuclear tests at the ‘Experimental
Field’ site (8 sampling points). The sampling interval — 3
cm as deep as 60 cm. Soil was sampled layerwsie next to
ground zeroes of aboveground explosions with maxima
of y- and B — indicators, from areas with no visible man-
made disturbance of the soil cover.

— in the fallout plumes that resulted from passing
radioactive clouds of explosions conducted on August
12, 1953, May 20, 1960 and July 1, 1961 (8 sampling
points).

— in RWA test places at the ‘4A’ testing site (5
sampling points). Soil was sampled layerwise in places
of maxima of B—indicators determined as a result of the
previous radiometric survey.

— in meadow ecosystems of the ‘Degelen’ testing
site associated with radioactively contaminated water
streams from adits No. 176 and 177 (2 sampling points).

— in conventionally background STS areas (47
sampling points). The sampling interval — 3 cm as deep
as 30 cm and further at 5 cm intervals from 30 to 50 cm

deep. Stratified soil sampling points were selected on
chestnut soils including the main types, subtypes and
geni. This is attributed to the fact that the STS territory is
represented by chestnut soils. Individual stratified
sampling points were selected on saline soils.

1.2 Radionuclide analysis

Activity concentrations of man-made isotopes
studied were determined as per guidelines [22, 23, 24]
with a calibrated equipment that was entered in the State
Register of Measuring Instruments of the Republic of
Kazakhstan. Activity concentrations of ¥’Cs and 2:Am
were determined using a Canberra GX-2020 y-spectro-
meter. The activity concentration of *°Sr was determined
following the radiochemical separation with a B-spectro-
meter, model TRI-CARB 2900 TR. The content of
239+240py was determined following the radiochemical
separation with an o-spectrometer by Canberra. The
detection limits were as follows: for *¥’Cs — 4 Bg/kg,
21Am — 1 Bg/kg, °°Sr -5 Bg/kg, 23%+240py —1 Bg/kg. The
measurement uncertainty did not exceed the following
precentage values: for *¥Cs and ?!Am — 20%, *°Sr —
25%, 239+240py — 30 %.

1.3 Expression of results

Activity concentrations of radionuclides in the soil
are not provided. The paper presents processed figures as
a percentage of the total activity of radionuclides in the
soil profile. This presentation makes it possible to
address the vertical distribution of radionuclides in the
soil as aimed by this paper.

2 RESULTS AND DISCUSSION

2.1 Vertical distribution of radionuclides

in the soil of the ‘Experimental Field’ testing site

The figure (Figure 1) shows the vertical distribution
of radionuclides typical of the ‘Experimental Field’ site,
at which aboveground tests of nuclear weapons were
conducted. One can see that the highest content of
radionuclides is noted as deep as 5 cm followed by a
sharp decrease. (Figure 1, a). The content of radionucli-
des in soil layers deeper than 15 cm is observed to jump.
For instance, in one area, the maximum content of all
radionuclides is at about 20 cm (Figure 1, b). The assum-
ption was made that, at this point, the soil cover was
disturbed due to anthropogenic activities. Analyses of
physical and chemical soil properties showed that the
humus content in lower layers is higher than in the first
from the surface. The content of carbonates and soil
density for all soil layers were also at the same level.
These facts prove that the soil cover integrity has been
disturbed.

Thus, in areas of aboveground nuclear tests at the
‘Experimental Field’ site, if there are no signs of
disturbed soil cover, the vertical distribution of
radionuclides in the soil is classical when maxima are
noted for topsoil followed by a decrease. The low
migration ability of radionuclides is explained by the fact
that they are mainly in a tightly bound form [25].
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Figure 1. Distribution of radionuclides at the ‘Experimental Field’ testing site: a) average distribution
based upon data from 8 areas, b) an area of disturbed soil cover
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Figure 2. Vertical distribution of radionuclides in the soil of fallout plumes: a) average distribution of radionuclides
based upon data from 8 stratified sampling points; b) distribution of radionuclides characteristic of light-chestnut
crushed stony soils in bald peak slopes; c) distribution of radionuclides in solonetzic-saline soils

2.2 Vertical distribution of radionuclides

in the soil of fallout plumes

The vertical distribution of radionuclides in the soil
cover of fallout plumes is depicted in the figure (Figure
2). Similarly to previous types of radioactive contamina-
tion, maximum activity concentrations of radionuclides
are registered as deep as 10 cm. (Figure 2, a). At the same
time, the maximum content of radioactive isotopes is

noted as deep as 5 cm in bald peak slopes, represented by
light-chestnut crushed stony soils (Figure 2, b). And in
depressions between bald peaks, represented by friable
solonetzic-saline soils, radionuclides are observed to
transfer more to lower soil layers (Figure 2, c).
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2.3 Vertical distribution of radionuclides

in soils of the ‘4A’ site

The vertical distribution of radionuclides in soils of
the ‘4 A’ site is depicted in the figure (Figure 3). One can
see that the distribution of radionuclides is different from
the previous contamination types under discussion. *°Sr
is observed to be more mobile in the vertical soil profile,
which is attributed to the mobility of this isotope as a
whole and to soils with a light particle-size composition
at the ‘4A’ site [26]. The vertical distribution of *¥’Cs and
21Am in soils of the ‘“4A’ site differs greatly from their
distribution in previous areas. For example, in area No. 2,
maxima of activity concentrations of man-made
radionuclides **Cs, 2**Am and *Sr are observed 22 cm
deep (Figure 3, b), and in area No. 24 —in the 17 cm layer
(Figure 3, ¢). In either case, a classical decrease in acti-
vity concentrations of radionuclides with depth is noted
after activity concentration peaks. Thus, with this type of
tests, one can assume two migration mechanisms of
radionuclides. The first mechanism is traced from the
topsoil to the layer with maxima of activity con-
centrations of radionuclides. At the same time, this soil
layer acts as a geochemical barrier to the radioactive
solution that is spilled at the time of testing and pene-
trating as far as the barrier layer by gravity and precipi-
tation. The example is depicted in area 2 (Figure 3, b, c).

The second mechanism can be observed from the
layer acting as a geochemical barrier, from which a cla-
ssical distribution of radionuclides is noted (Figure 3, b).
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2.4 Vertical distribution of radionuclides in soils

of the ‘Degelen’ site

The figure (Figure 4) illustrates the distribution of
radionuclides in the vertical soil profile of areas linked to
water streams from adits. These areas are additionally
moistened by water streams from test adits. A high
mobility of radionuclides is attributed to the existing
additional moistening. For example, maxima of the
activity concentration of 2*!Am are noted at a depth of
100 cm. A sufficiently high fate of °°Sr and 23%+%40py is
also noted at this depth. With no additional moistening,
the vertical distribution of isotopes in the soil can be
defined as classical.

The deep penetration of radionuclides is attributed not
only to the presence of additional moistening in the form
of creeks but also to the ongoing carry-away of
radionuclides via adit waters [27]. Water monitoring
carried out in adits of the ‘Degelen’ testing site in 2003
showed that the annual average concentration of **Cs in
the water exceeded the intervention level (11 Bg/kg) by
7 to 47 times. Research undertaken by authors earlier
demonstrated that in the water stream from adit 176, the
activity concentration of 3’Cs reached 68 Bg/kg and that
of %Sr — 155 Bg/kg. Maxima of the activity concentration
of 239+240py were registered in the water stream from adit
No. 503, where the concentration exceeded level of
intervention equal to 0.56 Bg/kg by 12 times [28].
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0
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—— Pu-239+240 —— Pu-230+240
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Figure 3. Vertical distribution of radionuclides in soils of the ‘44’ site: a) average vertical distribution of radionuclides based upon
data from 5 sampling points; b) vertical distribution of radionuclides in area 2; c¢) vertical distribution of radionuclides in area 24

34



VERTICAL DISTRIBUTION OF RADIONUCLIDES IN SOILS OF SEMIPALATINSK TEST SITE

0 20 40 60 80 100%

—e— Am-241

—a—(5-137
Sr-90

—— Pu-239+240

160
cm

Figure 4. Vertical distribution of radionuclides
in water-saturated meadow soils
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Figure 5. Vertical distribution of radionuclides in the soil
of conventionally ‘background’ areas

Table. Functions describing vertical distribution curves of radionuclides in the soil

Subtype, type of soil 137Cs WAm 29+240Py
Light-chestnut subtype y=(102+11)e-(0.5£0.03) y=(47+10)e-(0:2:0.05)x y=(76+16)g-(0320.04)x y=(90+16)e (04005}
Chestnut subtype y=(85+22)e (04008 y=(51£16)e-(0-2:0.08x y=(10614)g-(0.420.04 y=(128+28)e-(04:007)
Meadow-chestnut subtype y= (85+12) -(0.3£0.03)x y=(49+11)e-(02:009x y=108e03x y=34g70.x
Chestnut subtype y=(125+13)e-(04£004) y=(79+7)e(03£0.04 y=(85+12)g-(0320.03)x y=(126:£17)e-(0420.04x
Saline type y=(107+19)g04£005x y=(24:+5)g-(0.07006)x nla y=(8716)g-(04z0008)

2.5 Vertical distribution of radionuclides

in the soil of the conventionally ‘background’

STS territory

The vertical distribution of radionuclides in the soil
of the conventionally ‘background’ STS territory is
depicted in the figure (Figure 5). Our paper [21]
illustrates that in the conventionally ‘background’
territory, that is the one in which no nuclear tests were
conducted, radioactive isotopes are concentrated in the
topsoil as deep as 5 cm in various subtypes and variants
of chestnut soils under arid conditions with no additional
moistening.

Being formed under conditions of intense hydro-
thermal regime and high shortage of moisture that is only
received by precipitation, zonal chestnut and light-
chestnut soils largely differ in shallow wetting from the
surface. Therefore, the vertical distribution of radionucli-
des in different soil variants and subtypes does not differ
much. Functions that describe the pattern of the vertical
distribution of radionuclides in subtypes of chestnut soils
are very similar to one another (see Table) [13].

Exceptions can be meadow-chestnut soils. Differen-
ces between functions derived for the chestnut soil type
and the ones derived for saline soils can be noted. These
are the same for radioactive isotopes 13'Cs and 239+240py,
whereas for °°Sr these functions are greatly different.

Thus, taking into account the poor differentiation of
the distribution pattern of radionuclides, possibly related
to the measurement uncertainty, methodological uncer-
tainties in the field work and factors ignored that cannot
be identified at the time of sampling (mixing of layers by
burrowers or farm animals etc.), one can state that it is
sufficient to classify the soil cover by the soil type for
assessing the distribution of radionuclides in the vertical
soil profile of the STS territory.

Besides, radionuclides in soils of ‘background’ areas
not referring to testing sites, are concentrated in the
topsoil and are mostly detectable as deep as 15-20 cm.
Thus, this fact allows the optimization of the survey of
STS areas by restricting the research depth to 30 cm
(provided there is no additional moistening by water
streams or signs of disturbed soil cover).

CONCLUSION

Under arid conditions, without additional moistening
of soils, the maximum concentration of artificial
radionuclides is only in the 0-5, 5-10 c¢cm topsoil.

In places of radiological warfare agent tests at ‘4A’
site, two zones with different mechanisms of the vertical
distribution of ¥7Cs, 2*1Am, %°Sr and 2%%*240py artificial
radionuclides were identified. The first zone spreads to
the depth at which radionuclides were initially distributed
with the one-time spill of a radioactive liquid at local
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points, immediately at the moment of tests and further
penetration of the recent fallout with precipitation deep
down the soil to some definite soil (buffer) layer. The
second zone is the zone of classically distributed
radionuclides from a soil (buffer) layer to its lower layers.

Artificial disturbances of the soil cover that took
place during the nuclear tests and preparatory activities,
can disturb the common pattern of radionuclides
distribution in the soil profile.

In case soils receive additional moistening, due to
either surface flow or ground water, an intensive migra-
tion of artificial radionuclides, first of all, that of *°Sr, as
the best soluble and the most mobile radionuclide, is
noticed.

Research findings show that to assess the distribution
of radionuclides in vertical profiles of STS soils, it is
sufficient to classify the soil cover by the soil type.
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CEMEM CBIHAK ITOJIUTOHBI TOIIBIPAKTAPBIH/IA
PAJJMOHYKIMATEPJAIH TI'THEH TAPAJIYBI

A.B. lanunxkuii, A.E. KynabizoaeBa, C.A. Baiira3bl

KP Y10 PMK «Paouayuansix Kayincizoik scane Ikonozusa uncmumymo» gunuanst, Kypuamos, Kazaxcman

Makanana CeMeil ChIHAK MONMIOHBI TOMBIPAFBIHAAFBI HETi3ri y3ak emip cyperin *¥7Cs, 2!Am, %0Sr xone 23°+240Py

TEXHOTEHIK paNOHYKIMATEPiHIH BEPTHKAJIBI TapaJly CHIIAThl KapacThIPbUIFaH. PaqMoHyKINATIK JTacTaHy IbIH op TYPIIi
cunaTel Oap ydackenep Kapanasl — «Toxipube namacel» ChIHAK alaHBIHIA SAPOJIBIK XKOHE TEPMOSIPOIIBIK KapyFa skep
YCTi CBIHAKTaphIH KYpri3y opbiHIapbl, CeMell ChIHAK MOJUTOHBI ayMaFbIHBIH MICTiHAE 13Aep TYPIHIETi pagdoaKTUBTI
Tycynep, «4a» CbIHAK ajlaHbIHJA OpPHAJIACKAH SCKEPH PaJMOAKTHUBTI 3aTTEKTEp/li ChIHAY yuackeiepi, «Jlereaen» chblHaK
aNaHbIHBIH ChIHAK IITOJbHSIAPBIHAH PaJHOAKTHUBTI-JIACTAHFAH CY aFbIHJApbIMEH JKaHACKaH LIAJFBIHABI KOXYiienep
ydackesepi, TiKeJel SIPOJIBIK JKOHE TEPMOSIPOJIBIK KapylapFa ChIHAKTap JKYPri3iIMEreH MNOJMIOHHBIH IIApTThI
«bOHABIK» ayMakTapbl. 3epTTey OapbIChIHAA 3€PTTEJIETIH PaJAUOHYKIMATEPIiH KOPCETUIreH Yy4dacKelepAiH
TOIBIPAKTAPBIHAAFbl TEPEHJIr OOWBIHIIA Tapany CUMAThIHAAFbl albIpMalIbUIBIKTAP aHBIKTAIABL. AWBIPMALIBUIBIKTAP
PaIMOHYKIIMATIK JIACTAHY IbIH Iaiia 0071y CHIIAThIHA )KOHE TOTBIPAKTHIH (PU3HKa-XUMHUSIIBIK KACHETTEPI, BUIFAIAAHABIPY
peXuMi, amaM iC-opeKeTi kKoHe T.0. CHSIKThI aOMOTHKAJIBIK JKOHE OHOTHKAIBIK (haKTOPJIAPAbIH 0OIybIHA OAaWIaHBICTHI.
AnbiHFaH gepekTep HerisiHge OypboiHFbl CeMell ChIHAK IMOJIMTOHBIHBIH TOTBIPAK >KaMBUIFBICBIHAA PAAMOHYKIUITEPAIH
BEPTHUKAJ/IBl TapallyblH 3€pTTEYAl OHTalIaHABIpYFa OarbITTaJFaH YCHIHBICTap d3ipyieHIi. ATan aWTKaHIa, MYHJIaH
3epTTeyIiep KYPri3y Ke3iHae TONBIPAKTHI TOMBIPAK TYPiHE JKiKTell, 3epTTeyai 30 cM TepeH IIKKe NeiiH MIeKTey )KEeTKITIKTI
€KEH/IIT1 aHBIKTaJIIbL.

Tyitin co30ep: Cemeii coinax nonueonst (CCII), s0poavik Kapyovl CblHay, MexHO2eHOIK pAOUOHYKIUOMED, PAOUOHYKIUO-
MePOIH HCHIILICMAYbL, IKOJUCYUeNepOiH JIACMAHYbL.

BEPTUKAJIBHOE PACHPEJIEJIEHUE PAJITMOHYKJ/IMAOB B TIOYBAX
CEMHUITAJIATHHCKOI'O HCIIBITATEJIBHOT' O ITOJIUT"OHA

A.B. INannuknii, A.E. Kynnysoaesa, C.A. Baiirazst
Dunuan «Mncmumym paduayuonnoit 6ezonacnocmu u sxonozuuy PI'TI HAI] PK, Kypuamoe, Kazaxcman

B craThe paccMOTpEH XapakTep BEPTUKAILHOTO pAcCIpeNeNeHHs OCHOBHBIX JOJTOXKHBYIIUX TEXHOTEHHBIX
pamuonykaunos *¥7Cs, 2LAm, OSr u 2°*240Py g noupax CeMHUMaIaTHHCKOTO MCIIBITATEILHOTO HOJIUTOHA. PaccMOTpeHs!
YYaCTKH C Pa3IMYHBIM XapaKTEPOM DPaJHOHYKIHIHOTO 3arpsA3HEHHsS — MecTa IIPOBEIEHHS HA3eMHBIX MCIIBITAHHIA
SJIEPHOTO U TEPMOAIEPHOTO OPYXKHA HA HCIBITATENbHON uiomanke «OIMBITHOE MOJeY, PaJHOAKTUBHBIE BHINAJEHHS B
BHUJE CJIEJ0B B Ipejenax Teppuropun CeMHUNaIaTHHCKOTO HCIBITATENLHOTO MOJMIOHA, YYacTKM HCIIBITAHUS OOEBBIX
paJMOAKTHBHBEIX BEIIECTB, PACIOJIOKEHHbIE HA HCIIBITATENbHON Iomanke «4Ay», y4acTKH IyTOBHIX JKOCHCTEM,
COINPSKEHHBIX C PaJHOAKTHBHO-3aI PA3HEHHBIMU BOJOTOKAMH M3 HCIBITATENbHBIX LITOIEH MCIBLITATENBHON IUIOMAIKU
«Jlerenen», yCIOBHO «(OHOBBIE» TEPPUTOPUH MOIMIOHA, HEMOCPEICTBEHHO HA KOTOPHIX MCIBITAHMI SIEPHOIO U
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TEPMOSZEPHOTO OPYKHs HE MPOBOAWIOCH. B Xozme mccienoBaHui BBISABICHBI PA3IHUMsl B XapaKTepe paclpeieleHUs
UCCIeNyeMbIX PaJUOHYKIMAOB 10 TIyOWHE B NMOYBAX YKa3aHHBIX y4YacTKOB. Pazimuuus oOyCIOBJIEHBI XapaKTepoM
00pa3zoBaHusl PaAMOHYKIMIHOTO 3arpsA3HEHUS W HaJMYMEeM aOMOTHYECKMX M OMOTHYECKHMX (AaKTOpPOB, TaKHX, Kak,
(M3UKO-XMMHUYECKHE CBOMCTBA IT0YB, PEKUM YBIIaKHEHUsI, AEATEIHHOCTh YellOBeKa, U Ap.. Ha 0CHOBaHMU MOTy4eHHBIX
JIAaHHBIX Pa3pabOTaHbl PEKOMEH IAIMH, HAlIPaBJIEHHbIC Ha ONTHMU3ALMIO UCCIIE0BaHUI BEPTUKAILHOTO PaCcIIpeIe/ICHUS
PanMoOHYKINAOB B TOYBEHHOM IOKpOBe ObiBIIero CeMHIAIaTHHCKOTO HCIBITATENBHOTO MHONWTOoHa. B wactHOCTH,
YCTaHOBJICHO, YTO NPHU MPOBEICHUHN TAKUX HCCIIEAOBAHUI JOCTATOYHO KiacCH(PHUIMPOBATh IOYBY O THUIA IOYBBHI U
OTpaHUYMTh UCCIIeIoBaHus 10 rTyOuHb! 30 cM.

Knrouesvie cnosa: Cemunanamunckuii ucneimamenviuuiii nonueon (CHII), ucnvimanus 10epH020 OpY*CUs, MEeXHOSEHHbLE
PAOUOHYKAUOBL, MUSpayus paoUOHYKIUO08, 3a2PA3HeHUe IKOCUCTEMDbL.
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Paccmotpeno npumenenue rapantuiit MAI'ATO B rocynapcTBe-ydacTHuKe J[oroBopa 0 HepaclpoCTpaHEHUH SAEPHOTO
OpyXHsi, HE 00JaJaroneM SIepHBIM OPY>KHEM U UMIIOPTHPOBABIIMM OBICTPBIA PEAKTOP C YCTaHOBKAaMH 3aMKHYTOTO
SAEPHOTO TOIUIMBHOTO LHKJIA. OTMEUEHBI OCOOCHHOCTH OBICTPBHIX PEAKTOPOB, KOTOPHIE HEOOXOIMMO YIUTHIBATH IIPH UX
MIOATOTOBKE K 3KCIOPTY COBMECTHO C TexHojorusiMu 3amkHytoro SATLl ¢ yuerom mpumenenus rapantuiit MATATO
B rocynapcTe-uMnoprepe. K HUM oTHeceHBI BRICOKast MaccoBast ZI0JIs IUTyTOHHS B CBEKMX TOIUIMBHBIX 3arpy3Kax M 00-
pamieHue ¢ OOJBIINM KOJIMYECTBOM JISIAIINXCSI MAaTEPHAIOB B TEXHOJIOTHIECKUX [UKIIaX epepaboTKH oTpaboTaBIIeTo
simepHOTO ToruBa. ClieNnaH BRIBOI, YTO BO3MOKHO IpUMEHEHNE dQPekTHBHEIX rapanTiit MAI'ATD B rocynapcTse, M-
MOPTUPYIOLIEM TaKOH PEaKTOp ¥ YCTAHOBKH SIIEPHOTO TOIUTMBHOTO IIMKJIA, C YUYETOM MX (PU3NUECKUX M KOHCTPYKTHUBHBIX
0COOCHHOCTEH U MHHOBAIIMOHHBIX TEXHOJIOTUH, B TOM YHCJe B 001acTH ocymiecTBieHus rapantuit MATATO.

Kniouesvie cnoea: Peakmopvr nHa Ovicmpbix HelmMpoHAX, 3aMKHYMblll S0ePHbIU MONIUBHBIU YUK, IKCHOPM, DENCUM

Hepacnpocmpanenus.

BBEJIEHUE

PasBuTHe MUpPOBOM SAEPHOM 3HEPTETUKU HEBO3MOXK-
HO 0€3 PKOJIOTHUECKH YUCTHIX SJHEPTOUCTOYHUKOB Ha OC-
HOBe OBICTPBIX peakTopoB u 3amkHyTOoro ATL[ [1, 2]. Ta-
KHe peakTopsl OyIyT HE TOJIBKO OOecredeHs! sIepHBIM
TOIIMBOM Ha 3HAYUMBIN IPOMEXYTOK BPEMEHH — COTHU
1, BO3MOXKHO, THICSIYM JIET, HO M 00JalaTh BHYTpPEHHE
MIPUCYIIMMH CBOMCTBAMH 0€3011aCHOCTH, NCKIIIOYAIOIIN-
MH TSDKEJIble aBapué C BBIXOJOM paJMOAKTHBHBEIX Be-
IIECTB 3a TEPPUTOPHIO MPEANPUATHS U TpeOyIOIINe IBa-
KyallMiO HaceleHHs.

B HayuHOI1 cpezie B HacTosIIee BpeMs (popMupyercs
[IOHUMaHHe, YTO CIIeAyeT 3aMEHHUTh C)KMI'aHHE YTIIEBO-
JIOPOJIHBIX 3HEPrOHOCUTENIEH DSKOJIOTMYECKH YHMCTOU
aTOMHOM SHepreTnkoil. B o0mecTBe Takoro MOHUMaHUA
ellle HeT, 3HAaUUTENIbHAs YaCTh HACENICHUS >KUBET WILIIO-
3USAMH PEIICHHs IKOJIOTUYECKUX MPOOJIeM 3a CUeT coJl-
HEYHOH M BETPOBOH PHEPreTHKH, OHAKO MX HECroco0-
HOCTh OOECIICYHTh €BPONEHCKHE CTPaHbI JHEPIrHuei B
2021...2022 rr. 1 paboTs! 110 GOpMUPOBaHHIO BOCTPEOO-
BaHHOT'O OTHOIICHHS K aTOMHOW SHEpPreTHKE 3TO OTHO-
nieHue u3MeHsr [3].

Ha mexxnynapoanoii konpepenmn MAI'ATD FR22
«BBICTpBIE PEaKTOPHI U CBA3aHHBIE C HUMH TOIIJIMBHEIC
IUKJIBL; YCTOMYMBAs YUCTAs JHEPT U Oy TyIIero» 00CyxK-
JTATACH 0COOEHHOCTH KOHCTPYKIIMU NMEPCIEKTHBHBIX pe-
aKTOPOB, UX SKOHOMUKA, TOTNIUBHBIE LIUKIIbI, PACUETHBIE
KOJIbl, KOHCTPYKIIMOHHBIE MaTepHaisl u 1p. O630p mpo-
BOJMMBIX paboT B pasHBIX CTpaHax MpeJcTaBieH B [4].

! TInan nHa 100 ner — «PocaToM» MPHHSI AOITOCPOYHYIO CTPATErHIO
pasButus sgepHoil sHepretuku // Crpana PocatoM [DneKTpoHHBII

I'enepansubiM  aupexropom MAI'ATD P.I'poccu mo
UTOTaM KOH(EpPEeHIIMH OTMEYEHO, YTO Pa3BUTHE OBICT-
PBIX PEaKTOPOB — IIyTh K YCTOMYMBOCTH SIAEPHOU 3HEP-
TeTUKU. DTH TeXHONOoruu paspuBaioT Poccus, Kuraii,
WNunus, ©panuust, CHIA, Anonus, FOxnas Kopes.
Bynymee pa3zBurue poccHiCKOW PHEPIETUKH TaKkKe
CBSI3aHO C peakTopamu Ha ObICTpHIX HeliTpoHax (PBH)
IUTAHUPYETCS, YTO OHU CTAHYT OCHOBOM SHEPreTHYEeCKON
1 3KoJioruueckoii 6ezonmacHoctu Poccun. [pu nepexone
Ha MX HCIIOJIb30BaHHE HEN30eKEeH MEePHOT COBMECTHOM
SKCIUTyaTallii OBICTPBIX M TEIUIOBBIX PEAKTOPOB, KOTO-
pBle B HaCTOsIEe BPeMs COCTAaBISAIOT 0a3y aTOMHOMN
sHepreTuku Poccun n skcnoptHoro noptdens ["ockop-
nopatuu «Pocatom». B mnpunstoir I'ockopnopauueit
«Pocatom» «Crtparerun-2018»!, mpemycmarpuBaercs,
YTO B TEUEHHE HECKOIBKUX JICCATUIICTHI OBICTPBIE peak-
TOpBI 3aMeHAT TeruioBsle BBOP u cranyT HOBBIM 3KC-
MOpPTHBIM IpoaykroM Poccuu. Bmecte ¢ TeM, uX 3kc-
MOPT, 0COOEHHO COBMECTHO C YCTAaHOBKAMHU 3aMBIKaHHS
STLI, MoXeT BbI3BAaTh 03a00YCHHOCTH MTOJIMTUKOB U MH-
POBOI1 OOIIECTBEHHOCTH B CBS3H C PUCKOM PacpocTpa-
HeHus aaepHoro opyxwus [ 1, 2]. O3aboueHHOCTH CHIMA-
10TCs 3¢ PEeKTUBHBIM IpUMeHeHneM rapantuit MATATO
B TOCy/IapCTBE-IMITOpTEPE OBICTPOTO peakTopa, Kak 3To
OCYILECTBIISICTCSA B HACTOSIIEE BPEMS B Cllydae HMIIOPTa
TEIUIOBBIX PEaKTOPOB HESJICPHBIMH T'OCYIapCTBaMHU-y4a-
cTHUKaMu JloroBopa O HEpPacHpOCTPAHEHHH SIIEPHOTO
opyxust (AHSO). /IonoiIHUTENBHO CleNLyeT OTMETHTb,
yro MAT'ATD Hakonmio 1ocTaToyHO OOJBIION ONBIT

pecype].  URL:  https://strana-rosatom.ru/2019/02/05/den-nauki-
kruglyj-god (mara obpamtenus 23.05.2022).
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IIPUMEHEHHS TapaHTUH K OBICTPOMY PEaKTOpYy M ycTa-
HOBKaM 3aMkHyToro SATL, Hanpumep, B Anonuu.

JIOTIOJTHUTEIEHBIMA MEPaMU CHHKEHUSI 03a004€HHO-
CTH ¥ NOBBILIEHUS d3ppekTuBHOCTH rapantuit MAI'ATD
MOTYT CTaTh TEXHOJOrM4Yeckue Oapbhephl, MPeayCcMOT-
pensble B koHCTpyKuusax PBH u yctanoBkax mo nepepa-
00TKe 0TPabOTABIIETO SAEPHOTO TOIUINBA U ITPOU3BOJICT-
By HOBOTO CMENIAHHOTO ypaH-IIIyTOHUEBOTO TOILINBA,
TEXHUYECKH MOIIEP>KUBAIOLINX PEXKHUM SIEPHOTO HEpAC-
npoctpanernus u rapantuit MATATO [5]. Hemamosax-
HBIM OOCTOSITENTLCTBOM TIpH Hcmons3oBannd PBH, cHu-
MAIOIIAM OJHY M3 HAHOOJBIINX 03a00UEHHOCTEH B IIPO-
O1eMax sepHOTr0 HepacHpOCTPaHEHUsI, MOT OBl CTAaTh B
OynymieM oTKa3 OT 00OTallleHHs ypaHa U NCTI0JIb30BaHHE
HakoIlIeHHOro B Poccun 3a mpomeammue nosisexa odesn-
HEHHOT'0 TekcadTopuia ypaHa, COJEp)KaHue SHEPTUU B
KOTOPOM Ha JIBa MOPSAJKa MPEBBIIIAET FOJ0BbIe JHEpre-
THUYECKHE MTOTpeOHOCTH Mupa [6]. IMeHHO B 3TOM XHMHU-
yeckod (popme B HacTosiIIee BpeMsI XPaHUTCSI OCHOBHAS
4acTh HAKOIUIEHHOTO ypaHa.

Kpowme Toro, B HacTosimiee BpeMst pa3BUBAIOTCS pado-
TBI N0 OOHApY)KCHHIO NPU3HAKOB HapyIIeHHWH o00s3a-
TENBCTB 10 SIEPHOMY HEPACIPOCTPAHEHUIO TOCYAAPCT-
BoM-umnoptépom PBH ¢ yctanoBkamu 3amkHyTOro SATL]
[7].

BaxxHOI 0COOEHHOCTBIO OBICTPBIX PEAKTOPOB U TEX-
Houtorui 3aMkHyTOoro S T1I ¢ Touku 3peHus sIAepHOro He-
pacrpocTpaHeHusl SBJsIeTCsl OOJblIee KOJIUYECTBO ILIYy-
ToHMA Ha Bcex 3Tanax ATL u Bo3MOXXHOCTH HapabOTKH
IUTYTOHHS OPYKEHHOT0 KauyecTBa B 30HE BOCTIPOU3BOCT-
Ba OBICTPOro peakTopa, MpH ee HAINYWHU. JTa OCOOEH-
HOCTB TpeOyeT aHanm3a Bo3MoxkHocTeit MAT'ATO B Xo-
Jie IpuMeHeHust UM rapantuil B csizu ¢ JJHAO cBoespe-
MEHHO OOHapYKUBATh NMEPEKITIOYCHNUS SICPHBIX MaTepH-
aJoB M YCTAaHOBOK Ha MPOU3BOACTBO SJEPHOIO OPYKHs
WIIH SAEPHBIX B3PBIBHBIX YCTPOWCTB.

COBPEMEHHBII TOAX0/ K MPUMEHEHUIO

TAPAHTUIA MAT AT

B nacrosiee Bpema MAT'ATD npuMeHseT Noaxo K
OCYIIECTBIICHUIO TapaHTUI Ha ypOBHE rocyaapcTsa [8§,
9], paccmaTpuBas ero SICPHYIO IEATSIHHOCTD B LIEJIOM,
a He Ha OTJEJIbHON YCTaHOBKE C SJIEPHBIM MaTepHUajoM,
MOIeKaIlEel MOCTAHOBKE MOJ] TapaHTUH. Takou moaxo.
MIPeAIoJIaraeT aHaJIN3 BO3MOKHBIX Iy TeH MOTydeHUs T0-
CYIapCTBOM SIJICPHBIX MaTepUajIOB, IPUTOTHBIX JIJIST CO3-
JIaHUs SIIEPHOTO B3PBIBHOTO YCTPOMCTBA C MCTIOIH30BA-
HHUEM KaK 3asBJICHHBIX, TAK U HE 3aBIEHHBIX YCTAHOBOK.
C y4eToM 3TOTO YCTAHOBIICHBI CIICAYIONIUE OOIINE IeTTH
IIPOBEPOK ocyliecTBIeHNs rapantuii MAT'ATO:

— O0OHapyXeHHE HEe3asBJICHHBIX SICPHBIX MaTepUa-
JIOB Y BUJIOB JI€ITEIHLHOCTH B TOCYIapCTBE;

— O00HapyXeHHUE He3asBICHHOTO MTPOU3BOJICTBA WITH
nepepaboTKH SIEPHOTO MaTeprala Ha 3asBICHHBIX 00b-
eKTax;

— oOHapyXeHHe ePEeKITIOUEHNs 3asBICHHOTO SIIep-
HOTO Marepuaina. [lepekiodeHre MOHNMAETCS 3/1ECh KaK
HE3asBJICHHOE YAaJIeHUuE 3asBICHHOTO SIEPHOTO MaTe-
pHualia ¢ 3asBICHHBIX YCTAHOBOK;

— yCTpaHEHHE aHOMAaJHii, BOIIPOCOB U HECOOTBETCT-
BUM.

Hcxond u3 3THX Lieael ¥ Ha OCHOBAaHUU IIPOBOAUMO-
ro ATeHTCTBOM aHalln3a ITyTei MOIy4YeHUs JepHOrO Ma-
Tepuana, IPUroAHOrO JUIl CO3JaHUS SIAEPHOTO OpPYKHUS
WM SJEPHOTO B3PBIBHOTO YCTPOICTBA, OMpENesoTCs
TE€XHUYECKUE LIENH OCYLIECTBICHUS TapaHTHH U MIaHU-
pOBaHHE IPOBEPOYHON NEATEIbHOCTU. AHAIU3UPYS My-
Td iprodpeTernss, MAT' ATD mpoBOJHUT B KaXKIOM TOCY-
JIapCTBE aHAJIM3 3asBJIICHHOW M HE3asBJICHHOH sIIepHOMN
NEeSITeIBbHOCTH, KOTOPYI0 OHO MOTJIO OBI NMPENNpUHATH
JUTS TISPEKITIOUCHUS WITH TIOTY9IEHHUS SASPHOTO MaTepHa-
Ja, IPUTOJTHOTO JUIS UCIIOIB30BaHUS B OPYXKHUHM, IPUHU-
Masl BO BHUMaHHE TEXHHUYECKHE BO3MOXKHOCTH, OMBIT U
KOMIIETCHIIMIO CIIEIMATNCTOB HESAEPHOTO rOCy1apCTBa.

ITockonbky s3xcniopt PBH ¢ ycTranoBkaMu 3aMbIKaHUS
STII OyneT ocylecTBIATHCS TONBKO B T€ HEAIepHBIE I'0-
CyJapcTBa, KOTOPBIC MMEIOT COTJALIeHHEe O TapaHTHAX C
MAT ATD B cBs3u ¢ JIHAO ¢ nelcTBYOIMMUM JOTIOJTHHU-
TEJEHBIM TPOTOKOJIOM, W JOCTATOYHYIO HCTOPHIO WX
MIPUMEHEHHUS, TO BOIIPOCHI TOCTHIKEHUS MIePBO#i e 00-
Hapy>KCHUS HE3asBJICHHOTO SIEPHOTO Marephaja |
SIIEPHOM NIESTENFHOCTH B IaHHOW CTaTbe 00CYKIAaThCs
He OyayT. B oToM CBSI3M mpeznonaraercs, 9To BEIBOJ 00
OTCYTCTBUH HE3asABJICHHBIX AJCPHBIX MaTepHaJIOB U YC-
TaHOBOK B rOCyJapCcTBE-UMIIOPTEPE yKe clesian 1 o0cy-
XKIeHne OyleT COCPEeIOTOUYEHO Ha OCTABIIUXCS TPEX Lie-
Js1X. B 9TOI CBSI3M KOHCTPYKITMH M 9KCIUTyaTaIus ObIcT-
poro peakropa u ycraHoBok 3ambikanus SATL] paccmart-
PpHUBAIOTCS C TOYKU 3PEHHS IPOBEPOUHBIX MEPOTPHUSITUH
MAT'ATD, rapanTUpYIOIIKX UX UCIIOIb30BAHUE 1O 3asl-
BIICHHOMY Ha3HAYCHHWIO M OTCYTCTBHUIO MEPEKIFOUCHUS
SITEPHBIX MATEPHUANOB, HAXOMSIIUXCS TOJ TapaHTHAMU
MATI'ATD, Ha uenu MNpOU3BOJACTBA SIAEPHOTO OPYKHUSA
WM SAEPHOTO B3PBIBHOTO YCTPOICTBA.

OmnbiT rapantuii MAT'ATD Ha ObICTpOM peakTope
«MoHa3éey (SImoHusT) moKazaj, 9YTO OCHOBHBIE 3JIEMEH-
TBI IPOBEepOUHBIX Meponpuatuiit MAI'ATD cosmanarot ¢
MPOBOJMMBIMH Ha TEIUIOBBIX peakTopax [10]. Taxk, mpo-
BEpKa SJEPHOTO MaTepualla OCHOBAaHA Ha €ro ydeTe I0
JUCKPETHBIM €IMHHUIIAaM — TEIIOBBIICIISIONINM COOpKam
(TBC), conmepkamum sICPHBIN MaTepHat U AMEIOLIIM
YHUKQJIbHBIA HAEHTH(UKATOP B BUJIE 3aBOJCKOTO HOME-
pa. CoaeprkaHue epHOTO MaTepHana, ero XUMU4eCKUI
1 W30TOITHBIM COCTaB B CBEXKHX COOPKAX OIPEACISIOTCS
HA OCHOBE JIaHHBIX 3aBOJJa-U3rOTOBUTENS, a OCTIE 3aBEp-
LIEHUs] KAMIIAHUU B PEAKTOPE — HA OCHOBE PACUETOB BBI-
TOPaHUS JEJIIIUXCS H30TOIOB M HAKOTIJICHNST HOBBIX.

OIHOBpPEMEHHO OIIBIT TIOKA3aJ, YTO €IIe OJJHOW 0CO-
OCHHOCTBIO OBICTPOTO peakTopa, HapsSAy C MOBBIIICH-
HBIM COJIep’KaHUEM IUTYTOHHS B TOIUIHBE, CYIIIECTBEHHOM
C TOYKH 3peHHs npuMeHeHus rapaatuit MAI'ATD, sapns-
eTCsl HeTTPO3payHOCTh TEIUNIOHOCUTENS (HATPU, CBUHEI).
JlaHHast CIOXKHOCTb INIPEOAOJIEBAETCS MYyTEM IPUMEHE-
HUSI Mep coXpaHeHHs 1 HaOmoaeHus. [Ipu aToM Bocmpo-
n3BoJIIME COOPKM ONaHKEeTa YYUTHIBAIOTCSl aHAJIOTHY-
HO ocHOBHbIM TBC.
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BpeMeHHble mapamMeTpbl HHCIEKIMOHHBIX MEPOIIPU-
s, npoBoauBIIuXcss MAI' AT Ha ObICTpOM peakTope
«MoHa3EEy», onmpenesuIch UCXO0Isl U3 BPEMEHH, HEe00-
XOJMMOTO JJIsi TOT0, 4T0OBI MpeoOpa3oBaTh MaTepHal,
NEPEKIIOYEHHBIN C 3TOM YCTAHOBKH, B MaTepuall, IIpU-
TOJIHBIHN JIJIS1 UCTIOJIb30BAHMS B OpYKUH. JJ1 BbIIEIEHHO-
ro IUIyTOHHS 3TOT MapaMeTp COCTaBisI 1 mecsu, a s
OST — 3 mecsma [8].

BO3MOXHBIE MOJAXO/Ibl IO OCYIECTBJEHUIO

TAPAHTHII MAT'ATD

Ecnu sxcnopt PBH ¢ yctanoBkamu 3ambikanus ATL]
OCYILECTBJIICTCS B HESAEPHOE TOCYAapPCTBO, TO KaK yKa-
3BIBAJIOCH BBIIIE, MOKHO IToarath, uro MAT'ATD k nan-
HOMY MOMEHTY HPHIILIO K 3aKJIIOYEHHIO 00 OTCYTCTBUH
Yy 3TOr0 rOCyJapcTBa HE3asBICHHON SOEPHON AEATENb-
HOCTH. B 3TOM ciydae ycunust AreHTCTBa B paMKax ocy-
LIECTBJICHUSA FApaHTUH B TOCY IapCTBE-UMIOPTEPE MOTITIH
ObI OBITH COCPENOTOUCHHBI HA OOHAPY)KEHUH TIEPEKIIIO-
YEHUsI SIIEPHBIX MaTEPUAJIOB B CBEXKHUX UIIM 00JTyYSHHBIX
TBC na umnoptupoBanHoM PBH ¢ yctanoBkamu 3aMbl-
kauus SATL. 1o BO MHOTOM OyIeT COOTBETCTBOBATH HC-
MOJIb30BaBIIeiics ATeHTCTBOM INpakTHKE IPOBEPOK Ha
YPOBHE YCTaHOBKHU B paMKax OCYILECTBIICHHS TapaHTHUil
MAT'ATO na skcnioptupyemsix Poccueit ADC ¢ BBOP.
OnHako HENpo3payHOCTh >KHIKOMETAIIIMYECKOrO TEM-
JIOHOCHTEIISI U HEBO3MOYKHOCTh BU3YaJIbHOTO KOHTPOIIS
TBC B ObICTPOM peakTope BO BpeMsl IIepeTrpy3KH CyIIle-
CTBEHHO 3aTPYJHUT OCYIIECTBICHUE TAKMX IPOBEPOU-
HbIX Mepornpustuit MAT'ATD. TBC ObICTPBIX peakTOpOB
HE JOCTYIHBI JUI1 X (prU3ndecKoro cyera W MACHTH(HU-
Kalluy Mocyie MOMEIIeHus B 6apabaH 3arpy3ku akTUBHOI
30HBI U JIO UX HOSBJICHUS B IPUCTAHIIMOHHOM OacceiiHe
oTpaboTaBmiero TomuBa. Bmecre ¢ Tem noctyn xk TBC,
HaXOJAIIMXCS B MOJHOCTBIO TEPMETH3HPOBAHHOM peak-
TOPHOM TPOCTPAHCTBE, (U3NYECKH HEBO3MOXKEH, UTO
MOJKET B OIPEAEICHHON Mepe KOMIIEHCUPOBATh OTCYTCT-
BHE BO3MOXXKHOCTH MX HICHTU(HUKALIMH U IIepecyeTa.

Iyt nepexmouenuss TBC cBs3anbl, Kak IpaBUiIo, C
MOJMEHOHN UX MYJSKaMU, a TAaKXKe U C He3asBICHHBIMU
OCTaHOBAaMHU PEAKTOPA JUIsl COBEPIIEHHs TaKOW MOaMe-
HbL. JIONOMHUTENBHO CIEAYET PacCMaTpPHBATh BO3MOXK-
HOCTh YCTaHOBKH HE3asBJICHHOH COOpPKHU C 00eIHEHHBIM
WM IPUPOTHBIM YPaHOM B aKTUBHYIO 30HY JUI HapaboT-
ku mryToHus i TBC, B KOTOPOil HECKOIBKO TBAJIOB 3a-
MEHSIOTCS Ha CTEP)KHH C BOCIIPOM3BOMAIINM MaTepua-
soM. COOTBETCTBYIOIIME POBEPOYHBIE MEPHI JJIs1 O0HA-
PYXEHHS TaKUX ACHCTBHUI MOTYT OBITH CIETYIONTIMHU:

— TIIpOBEpKa YYETHBIX JOKYMEHTOB M COIOCTaBIe-
HUE C oTueTamu, npenoctaBiasieMbiMu B MAT'ATO, ¢
KOHTPOJIEM BHYTPEHHEHN COrTIaCOBaHHOCTH;

— CONOCTaBJICHHE YYETHOW M OIKCIUTyaTallUOHHOM
JokyMmeHTanuu. Hanpumep, 3anuck MOITHOCTH, KOTOpast
MTOKA3BIBAET, UTO PEAKTOp paboTal HEIPEPHIBHO MEXKIY
WHCTIEKIMSAMH, MOATBEPKIACT YUYETHBIE JOKYMEHTHI,
YKa3bpIBAaIOIIHE HAa OTCYTCTBHE M3MEHEHUIH B MHBEHTap-
HOM KOJIMYECTBE ICPHBIX MAaTEPHAJIOB B aKTHBHOI 30HE.
W3MeHeHHe KOTMYECTBA SAIEPHBIX MAaTEPUAIIOB U UX CO-
CTaBa ONPENEINAETCS PACUETHBIM METOAOM IIOCNIE OCTa-

HOBa peakTopa Ha Meperpy3Ky IJisl BRITPYKaeMou map-
TUH SJCPHOTO TOIUINBA;

— yka3zanue TBC kak y4eTHBIX CTUHHMII U CBEPKA UX
CCpUITHBIX HOMEPOB C MACIIOPTHBIMH JTaHHBIMH, & TAKXKE
BBEIOOpOYHAS IPOBEPKA HEPA3PYyIIACMBIMH METOIAMH U3-
MEpPCHHUIl Ha COJICPIKAHKE B HUX 3asBJICHHOTO SIICPHOTO
MaTepuana;

— IpoBepka OTpabOTaBIIEro sACPHOTO TOILUIUBA B
OacceliHe BBIIEPKKH C HCIOJ30BAHHEM ONTHYSCKUX
cpenctB HaOmoaeHns i yaeta TBC u uneHTnhuKaImm
HX HOMEPOB.

[Ipu 3TOM Ba)XHO YUHTHIBATH CIEAYIOIINE OCOOCHHO-
CTH OBICTPOTO peakTopa:

— KOHIEHTpalus JENAIUXCS U30TOMOB KaK B CBE-
JKEM, TaK U 00Jy4eHHOM SJIEPHOM TOTIJIUBE B HECKOJIBKO
pa3 BbIIIIE, YeM B TOIUIMBE TEIIOBBIX PEAKTOPOB;

— HaJIMYUE TUIYyTOHUS B TOIUTUBE B KAYECTBE OCHOB-
HOTO JIeJISIIerocs MaTepualia NepeBoUT TaKoe AepHOe
TOILIMBO B MaTepHaj MpsMOTO HUCIIOIB30BaHUS IS U3T0-
TOBJICHUSI SIICPHOTO B3PHIBHOTO YCTPOHCTBA;

— Hajmmgue OOKOBOW W/ BHYTpPEHHEW 30HBI BOC-
MIPOU3BOJICTBA B AKTUBHOM 30HE, HATIPUMED, B BHIIE BOC-
MPOU3BOIALIEH aKCHaNbHOU NMPOCIONKH, TI€ MOXKET Ha-
pabaTsIBaThCS LTy TOHUIA;

— HaJM4YUC JOMOJHHUTEIBHBIX YCTPOWUCTB OYHCTKH
BBITPY>KaEMBIX COOPOK OT >KUIKOMETAJUIMYECKOTO TeTl-
JIOHOCHUTETIS;

— BO3MOXXHOCTh KOHCTPYKTHBHO BapbHpPOBATh KO-
3¢ GUIMEHT BOCIPOM3BOJCTBA B 3aBUCHMOCTH OT IIO-
TpeGHOCTEH B IUTyTOHHH.

Bwmecrte ¢ TeM, Ipu ycIIOBHH BO3BpaTa OTpadOTaBIIIe-
ro TOIUTHBA OBICTPHIX peakTopoB B Poccuro Ha mepepa-
OOTKYy 4YacThb M3 IEPEUYUCICHHBIX OCOOCHHOCTEH MOXKET
0Ka3aThCsl HE CYLIECTBEHHON C TOUKH 3pEHMsI IPUMEHE-
Hus rapantuit MATATO.

IIpu paccMOTpeHHH MOAXOAOB IO OCYLIECTBICHUIO
rapantuit MAI'ATD B rocynapcTBe-uMnopTepe Ob1cTpo-
ro peaktopa ¢ 3aMkHyTbIM ATL] cnenyer yuutsiBars yc-
TAHOBKH IO TepepaboTKe OTpabOTaBIIETro TOIINBA, U3-
TOTOBJICHHUIO CMEIIAHHOTO YPaH-TUTyTOHHEBOTO U 00pa-
HICHUIO C PAJIMOAKTUBHBIMH OTXOJIaMH Pa3HOTO YPOBHS
AKTUBHOCTH.

Pasmemenune ycranoBok 3amkayToro SITL] Oynet cy-
LIECTBEHHO BIMATH Ha noaxolbl MAT'ATO k ocymiects-
JICHUIO TapaHTUH, MOCKOJbKY BO3MOXKHbIE IYTH Mepe-
KIJIIOYEHUS SIIEPHOTO MaTepuania, MPUroaHoro AJsl opy-
xust, OymyT pa3nudHel. Hanpumep, B cirydae MpUCTaHIU-
onnoro STI] OyaeT oTCyTCTBOBAThH JANbHSS TPAHCIIOP-
THPOBKA OTPabOTABIIETO M CBEXKETO yPaH-TUTyTOHHEBOTO
TOIIIMBA, YTO COKPAIIAET BO3ZMOKHOCTH JJIS IEpEKIIroue-
Hus. Takoke equHOEe (PYHKITMOHUPOBAHKE OBICTPOTO pea-
kTopa u npuctaniuoHHoro ATL] B kauecTBe 3HEpreTu-
YECKOT0 KOMILIEKCA CO3aCT AOIMOJHUTENbHbBIE TPYIHO-
CTH MEPEKIIOYEHHsI AJIEPHOr0 MaTepuasa B CBsI3U C Ha-
pylieHreM OanaHca MOTOKA SICPHOTO MaTepuala U He-
00X0JMMOCTBIO TIEpEeCeUCHHs TPAHHL] IHEPIOKOMILIEKCA.
Tem He MeHee, BO3MOXXHBIMH MYTSAMH HEPEKIIOUEHUS

41



MPUMEHEHWE FAPAHTUA MATAT3 B FOCYAAPCTBE C UMMOPTUPOBAHHbIM BbICTPbIM PEAKTOPOM
N 3AMKHYTbIM AOEPHbLIM TOMJIMBHBIM LIMKNOM

SAEPHOTO MaTepuala, HaXOASMIETOCs MO TapaHTHAMHU
MATI'ATD, B ycranoBkax 3aMmkHyTOoro STL[ MOTYyT OBITH:

— Ppa3oBOe NEePEeKII0YEeHUE — MAKCUMAaIbHO BO3MOXK-
HOE OJIHOKpPAaTHOE M3bATHE 3HAYUMOTO WM OJIM3KOro K
HEMY KOJIMYECTBA AJIEPHOrO MaTepuall B TEXHOJIOTHYec-
KHX IIeNOoYKax, CONpoBoXKaaeMoe (anbcupuKanmen
YUETHBIX JOKYMEHTOB B LIEJIIX COKPBITHS;

— pacmpenesieHHOE TEPeKIIOYeHNE — IOCIea0Ba-
TEJIbHOE H3BATHE HEOOMBIIOr0 KOJIMYECTBA SAECPHOTO
MaTeprasia B TEXHOJOTMIECKUX LEMOYKaX, paccpeaoTo-
YEHHOTO BO BPEMEHH, KaK MPaBWJIO, B TEYECHHE OJHOTO
neprozaa 6anaHca SIEPHOTO MaTepHaia C COIyTCTBYIO-
el Qanbcudukanuell yaeTHbIX JOKYMEHTOB.

CooTBeTCTBYOLIHE MPOBEPOUHBIE MEPHI ISl OOHAPY-
JK€HUS TaKUX JEHCTBUM MOTYT COCTOSITh U3 CIEIYIOIINX
MEPOIIPUATHIA:

— TIIpoBEepKa MaTepUabHO-0AJIAaHCOBBIX YUETHBIX
JIOKYMEHTOB U UX CPaBHEHHUE C OTYETaMU, HaIIPaBJICHHBI-
mu B MAT'ATD;

— TIpoBepKa (PAaKTHUECKOTO HAIWYMS 3aSBICHHOTO
KOJIMYECTBA SJICPHOTO MaTepuana B Xoae (U3MIECKOH
HMHBEHTApHU3allHlHY, IPOBOJAUMON ONEPATOPOM YCTAHOBKH;

— OmpeleNcHHe MOTOKA SAEPHOrO0 MaTepuana Ha
BXOJI€ yCTaHOBOK U Yepe3 Hee, a TAKIKE Ha BBIXOJIE U3 yC-
TaHOBKH.

CpencTBa COXpaHCHUs U HAOJIIOACHUS SBJISIOTCS CY-
IIECTBEHHBIM JOIOJIHUTEIBHBIM HHCTPYMEHTOM, I03BO-
JISIOIIMM HE yTPAaTUTh 3HAHUS O paHee U3MEPEHHOM KO-
JIMYECTBE AACPHOTO MaTepuana U i oOecredeHus 1e-
JIOCTHOCTH 00pPa3loB, B3STHIX JUIA aHaJH3a B JlabopaTo-
puu MATATD. Ilpu peanuzauuu 3TUX ASUCTBUI cileny-
€T UIMETh B BHIY, UYTO YCTAHOBKH C CO/IEPKaHUEM IIITYTO-
HUSI TpeOyIOT IPUMEHEHUS JOTIOHUTEIBHBIX TIPOBEPOY-
HBIX MEp C Y4E€TOM MaJloro BpeMeH! 00HapyKeHHs Tepe-
KJIFOUCHHS TUTYyTOHHS, TIOCKOJIBKY OH SIBJISIETCSI MaTepHa-
JIOM IPSIMOTO MCTIONB30BaHus. BMecTe ¢ TeM, mpu Hanu-
gy y MAT'ATD noctaTo4HO# yBEpEeHHOCTH B OTCYTCT-
BHUM B rOCYJapCTBE-UMIIOPTEPE HE3ASBJICHHOM SIEpHOU
JIeSITeNTFHOCTH YKa3aHHBIC BBIIIE BPEMEHHBIE TTapaMeTPhl
MHCTIEKIIMOHHOM NIeATETBHOCTH MOTYT OBITh HEPecMOT-
PEHBI B CTOPOHY UX YBEJIUYEHUS.

ITPOEKTUPOBAHHME OBOPYJIOBAHUS C YYETOM

HPUMEHEHUS TAPAHTUII MAT AT

Hcxoas u3 onmucaHHOro, OBICTPBIE PEAKTOPHI M yCTa-
HOBKHM 3aMKHYTOTro SATL[ momkHBI MPOEKTHPOBATHCS C
Y4eTOM  MPEACTOSIIEr0  NPUMEHEHHS  TapaHTHil
MAT ATD. 3a ocHOBY 3TOTO IienecooOpa3HO TPUHATH
OTIBIT SKCITOPTHPYEMBIX TEIUIOBBIX PEaKTOPOB. [IpOEKTHI
YCTaHOBOK, KaK W JJIs TEIUIOBBIX PEAKTOPOB, IOJDKHBI
IpeycCMaTpUBaTh BO3MOXXHOCTE CO3JJaHHs 30H OanaHca
SIIEPHBIX MaTePHAaIOB TaKUM 00pa3oM, 4YTOOBI OHU MUMe-
JU (pU3UYECKUE TPAHUIBI U Oapbepbl, 00eCIeUnBaIOIINE
COXpaHEeHHe, MOCTYIUICHHE U OTTPY3KY TOJIBKO Yepes3 Co-
OTBETCTBYIOIIUE KIIFOYEBBIC TOYKU U3MCPCHUA. Taxxke
HEOOXOIMMO TpEeayCcMaTphBaTh BO3MOXHOCTH BBIOOpa
KITIOYEBEBIX TOYEK B 30HE OajlaHca MaTepHalioB, KOTOPEIC
obecreunBaloT onpeneiacHne GakTHIEeCKOTO KOJTUIeCTBa

SIIEPHBIX MAaTEPHAIOB C TOYHOCTBIO M3MEPEHHH, COOT-
BETCTBYIOLIEH MeXIyHApOAHBIM cTanmaptam [11]. s
pa3MelleHus] ¥ UCTIONb30BaHUs CPEACTB COXPAHEHUS U
HaOJII0JICHUS B BUJIE YCTPOWCTB MHIMKALMK BMELIATEIb-
CTBa, JIMCTAHIIMOHHOTO MOHHUTOPHMHIA U HaOIIOIEHUs C
MOCTOSTHHBIM ¥ PE3€PBHPYEMBIM JHEPrOCHA0KEHHEM
JIOJDKHBI OBITH TIPEyCMOTPEHBI ClIelIHaIbHbIE MECTa.

[Ipuanmas Bo BHUMaHme, 9T0 MAI'ATD mpoBepsier
nHpOpMannI0 O KOHCTPYKIMH YCTAaHOBKH B XOJE €e
CTPOUTENBCTBA U Ha MOCIEAYIOIINX 3Taax KU3HEHHOTO
LUKJIA II€71eC000pa3HO MPEeayCMOTPETh BO3MOXKHOCTH
Takoii mpoBepku. Oco0oe BHIMAaHUE CIIeAyeT HAIPaBUTh
Ha KOHCTPYKTHBHBIE OCOOEHHOCTH, KOTOpBIE OyIyT He-
JIOCTYIIHBI PH IKCIUTyaTalliy YHEeproKoMILiekca. Pexo-
MEHJaIMK 1o yueTy rapantuit MAI'ATO B mpoekrax u
KOHCTPYKLIUH SJICPHBIX YCTAHOBOK ITPUBECHHI B [12].

B Hacrosmee BpeMsl UMEIOTCS TEXHHUYECKHE pelle-
HUSI, KOTOpbIE MOTYT COACWCTBOBATh NPUMEHEHHIO Ta-
pantuit MAI'ATO. Tak, B Poccuu Ha npeanpusaTuax-us-
TOTOBHUTENSAX SACPHOTO TOIIMBA BHEIPEHBI KOMIIBIOTE-
PHU3HPOBAaHHBIE CHCTEMBI, MO3BOJIAIOIINE HAKAIUIMBATH
nH(pOpMaNNIO 0 KOHCTPYKTOPCKOH TOKYMEHTAINH KaK-
noit TBC, ee yueTHOM HOMEPE, CKPBITBIX, UHAUBUAYab-
HBIX U YHHKAJbHBIX WHAWKATOPaX, HAHECEHHBIX HA II0-
BEPXHOCTh, M30TOITHOM COCTaBe, MPHMECAX, JETHUPYIO-
mux gobaskax u ap. [Ipu obecrieueHnn ObICTPOroO peak-
TOpa siIepHBIM ToIIMBOM U3 Poccuu u oOpaTHBIM BO3-
BpaToM OTpabOTaBIIEro, Mepe IKCIOPTHON OTIPABKOM
TBC MOXHO JOCTaTOYHO TOYHO MPOTHO3UPOBATH peria-
MEHT HX 3KCIUTyaTallud ¥ HAKOIICHUS B HUX IUTYyTOHUS.
Bcerna n3BecTHBI CPOK MOCTYTIICHHS HA CKJIa/l XPaHEHHS
CBEXKETO TOIUIMBA 3aKa3yMKa, OXHIaeMmas Jara I1ocTa-
HOBKH B aKTHBHYIO 30HY, JaThl IIEPErpy30K H 3aBeplie-
HUSI KaMITaHWH, TPOAOJDKUTENIbHOCTh XPAHEHUS U J1aTa
OTHpaBKH oTpadoTasmiero towmaa B Poccuto. Komrsio-
TEpHas CUCTEMA y4YeTa IOIy4eHHOT0 OTPabOoTaBIIETO TO-
IUTMBA TPOBEPSIET COOTBETCTBHE yYUETHBIX HOMEPOB, H3-
MepSeT U CIUYaeT ¢ XPAHALIMMHUCS B TaMATH UHAUBUIY-
IBHBIMU MHINKATOPaMH, JeJIaeT BBIBOJ O COOIIOIEHIH
periaMeHTa M OTCYTCTBUM HECAaHKIIMOHUPOBAHHBIX JEH-
ctBuit ¢ TBC. Takumu ke cuCTeMaMu MOTYT OBITh CHa0-
JKEHBI ITOCTABIISIEMbIE Ha HKCIIOPT ¥ YCTAHOBKU 3aMKHY-
toro ATII.

3AKJIIOYEHUE

TaxuM 00pa3oM, BO3MOKHBIN B Oy TyIIeM SKCTIOPT U3
Poccun B HesimepHsle rocymapcrBa-ydactHuka JTHAO
pPeaKTopoB Ha OBICTPHIX HEUTPOHAX C yCTAaHOBKAMH 3a-
MmbikaHus SITL] He moipkeH BBI3BIBATH 03a00YEHHOCTD C
TOUKU 3pEHHS SJIEPHOTO HEPacHpOCTPAaHEHUS. DTOMY
OyneT crocoOCTBOBAaTh NpUMeHeHne 3()(EeKTHBHBIX Tra-
pantuii MAT'ATD B rocymapcTBe, UMIOPTUPYIOIIEM
ObICTPBIE PEAKTOPHI U YCTAHOBKH SIA€PHOTO TOIUTUBHOTO
UKJIA, C Y4eTOM MX (PU3MUECKHMX W KOHCTPYKTHBHBIX
0COOEHHOCTEH ¥ MHHOBAI[HOHHBIX TEXHOJIOTHIH 3aMKHY-
TOTO SAEPHOTO TOIUTMBHOTO IHKIIA.
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SInponbIK Kapybl JKOK JKOHE TYHBIK SAPOJIBIK OTHIH IHMKJII KOHIBIPFBUIAPBI Oap ILAlIIaH peakTopbl UMIIOPTKA aJFaH
SnponblK KapyaAbl TapaThnay Typajibl MapTka KaTblcylusl Memiiekerte MATATD keninmikrepiH KojigaHy Kapajasl.
Wmnoprraymist Mmemiekerre MAI'ATD keninuikTepiH KOJIaHy bl €CKepe OTBIPHIIL, IAIIIAH peakTopiapas! TyHbIK SOL]
TEXHOJIOTHSUIAPBIMEH Oipre SKCHOPTKA JaibIHAAy Ke3iHIe ecKepilryl KaxxeT OONaTBHIH peaKTOpJApIbIH epeKIIeTiKTepi
aTan kepceringi. Onmapra xaHa OTBIH )KYKTEMeNepiHIeT] IUTyTOHUI/IIH KOFaphl MaccajblK yJIeci KoHe MaijalaHblIFaH
SIAPOJIBIK OTBIH/BI KalTa OHJCYIIH TeXHOJIOTHUIBIK IUKIIEpiHAe OeIiHEeTIH MaTepHaIapIblH KO MeJIIIepiMEH KYMBIC
icrey »kaTagpl. PU3UKAIBIK KOHE KOHCTPYKTHBTIK €PEKIIEIIKTepl MCH HHHOBALMSIIBIK TEXHOJIOTHSIIAPHIH, OHBIH iIIIHAE
MAT ATD KemimiKTepiH KYy3ere achlpy calachIHIAFBIHBI €CKePEe OTHIPHII, OCBIHAAN peakTOp MEH SAPOIBIK OTHIH UKL
KOHIBIPFBICHIH UMIOPTTAHTHIH MemitekeTTe MAI'ATD-HiH THIMAI KeNUIIIKTepiH KoInaHyFa O0Iasl 1ereH KOPHITHIHABI
Kacalpl.

Tyiiin co30ep: wanway HeUMpoOHOAbl peaKxmopaap, myuslk A0pOablK OMblH YUK, IKCNOPM, MaApamnay pesicumi.

IMPLEMENTATION OF IAEA SAFEGUARDS IN A STATE WITH AN IMPORTED
FAST REACTOR AND A CLOSED NUCLEAR FUEL CYCLE

N.V. GorinY, E.V. Kuznetsov?, N.P. Voloshin®, V.P. Kuchinov?,
A.N. Chebeskov®, A.P. Vasilyev¥, A.\V. Moiseev¥, VV.V. Shidlovsky®

D FSUE “RFNC- VNIITF named after Acad. E.l. Zababakhin”, Snezhinsk, Russia
2 National Research Nuclear University MEPhI, Moscow, Russia
3 JSC “SSC RF — IPPE”, Obninsk, Russia
4 JSC NIKIET, Moscow, Russia
% JSC “Proryv”, Moscow, Russia

The implementation of the IAEA safeguards in the non-nuclear weapon state party to the NPT (Non-Proliferation Treaty)
that has imported the fast-neutron reactor with nuclear fuel cycle facilities is considered. The features of fast reactors that
should be taken into account when preparing them for export together with CNFC technologies considering the
implementation of IAEA safeguards in the importing state, are noted. These include high mass fraction of plutonium in
fresh fuel loads and handling of a large amounts of fissile materials in the technological cycles of reprocessing spent
nuclear fuel. It is concluded that it is possible to implement the effective IAEA safeguards in the state importing such
reactor and nuclear fuel cycle facilities considering their physical and design features and innovative technologies,
including those used in the IAEA safeguards implementation.

Keywords: fast-neutron reactors, closed nuclear fuel cycle, export, non-proliferation regime.
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SYNTHESIS, PROPERTIES AND PRACTICAL APPLICATIONS OF DOPED AND UNDOPED,
ZINC-CONTAINING LAYERED DOUBLE HYDROXIDES - A BRIEF REVIEW
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Recently, layered double hydroxides (LDHs) have been developed for more potential applications in various industry
fields. Many synthesis methods of LDHs in the literature have been considered and classified by changing properties.
However, the property change by the synthesis method does not happen in the same way in all LDHSs. Also, when LDH
with the same composition is synthesized by the same synthesis method, it is possible to obtain LDHs with the same
composition but different properties due to the change of reaction parameters. Recently, the doping of semiconductor
nanocomposites with different element atoms has led to new properties. The effect of the elements used in the doping
process on the properties of zinc-containing LDHs was investigated and explained in the review article. The synthesis's
techniques differ from each other by the reaction parameters and they impact the crystal structure, physicochemical
properties, and morphology of LDHSs. Finding more additional effects of doping processes and doping elements' nature
on the zinc-containing LDHSs' properties, the synthesis procedures, and the determination of reaction parameters are shown
in this review article. It was revealed that rare earth elements are not selected as three valence metals for the main structure
of LDHs, they are mainly used as a doping element which is replaced by three valence metals (Al, Cr, Ti, Fe(lll)) as
dopants because of the ionic radius and various factors.

Keywords: Layered Double Hydroxides (LDHSs), synthesis procedures, methods, structural properties, photocatalyst.

1 INTRODUCTION teries [15, 16] and other field.

In order to obtain new physical and chemical proper-
ties in nanosized materials, new nanomaterials are
currently being synthesized in two-dimensional (2D)
structure and modification of known nanostructures is
being carried out. For layered nanostructures, atoms on
the layer chemically and covalently bonded each other
and some physical interactions between the layers form
bulk crystals [1-3].

LDHSs have been studied for their amazing applica-
tions in sorption, catalysis, thermal stability, supercapaci-
tors, chemical resistance and lithium-ion battery (LIB)
due to host cationic layered structure. They exhibit anion
exchange, semiconductivity, stability, alkaline resistivity
etc. LDHs are symbolized by the famous general formula
[M?* sM3*(OH) ] [A* |wzxmH20, where M%is diva-
lent cation (M = e.g. Fe, Cu, Mg, Ni, Zn or Co) and M**is
trivalent cation (M = e.g. Al, Cr, Fe, Ga or Mn). A=
shows the anions which enter the structure from the salts
used in the reaction. By changing the molar ratio of
M?2*/M3* cations, the nature of the metals, type of
interlayer anions, and different physicochemical proper-
ties can be obtained. This review will focus on layered
double hydroxides (LDHs) which are very important
representatives of 2D nanostructures containing posi-
tively charged layers and their compositional properties
will be discussed in detail. LDHs are layered crystalline
hydroxides with excellent conductivity, surface active,
optical, electrical, mechanical, thermal, magnetic, cataly-
tically properties which have broad application in photo-
catalysis [4, 5] supercapacitors [6], fire retardant [7],
energy storage [8, 9], anion exchange materials [10, 11],
biomedicine [12, 13], electrochemical sensors [14], bat-

There are many important review articles on LDH-
synthesis by various methods, properties, application
[17-19]. These methods have been analyzed by different
authors, their similarities and differences, effects on LDH
properties have been investigated, and their advantages
have been determined. Some of these methods are
presented in the review article. However, since there are
very few review articles in the literature on the
systematization and conception of the modification and
doping with metals and non-metals of LDHs, there is a
great need to write and study such very significant and
important facts. Since this is a very general topic, in the
current review article, the synthesis of Zn-containing
LDHs, composition-property relations was investigated,
the effect of doping agents, and applications were discus-
sed, and important results were examined.

LDHs are synthesized by various methods like co-
precipitation, urea hydrolysis, hydrothermal, anion
exchange, sol-gel, sonochemical, mechanochemical, etc.
which is summarized in Figure 1.

2 SYNTHESIS METHODS

Co-precipitation method. It is the simplest and most
common method for the preparation of LDHSs. Here,
inorganic salt solutions of divalent and trivalent metals in
a certain proportion are co-precipitated in the presence of
an alkaline solution. If we consider that the mixed salt
solution creates an acidic environment, the amount of
alkaline solution is even taken in excess. Also, the
dissociation rate of the salt has a significant effect on the
formation. After getting the solution to the optimum pH,
the pH of the solution may decrease again because of the
low dissociation rate. In this case, the pH of the slurry is
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controlled by the increasing pH method. pH 9 and 10 are
considered optimal for some metals (like Zn, Fe, Ni, Mn,
etc.) [20]. Even extremely high concentration alkaline
solution is used to obtain LDHs of some metals (like Ba,
Ca) [21] because of the ion radii.

To carry out the formation of LDHSs by co-precipita-
tion, the divalent and trivalent metal salt solutions should
be dropwise added to the distilled water to get a mixed
salt solution. Co-precipitation is carried out by the
subsequent dropwise addition of an alkaline solution to
the mixed solution. The technology of preparing the
mixed solution also affects the formation. Thus, it can be
prepared in 3 ways: prepare divalent and trivalent salt
solutions in the required concentration and then 1) mix
them together, 2) mix them and add dropwise into
distilled water at the same time, 3) or mix them and
dropwise add into the alkaline solution at the. Third case
results in a direct reaction. During co-precipitation,
supersaturation is an important driving force for nuclea-
tion crystal growth. We need to control the supersatura-
tion process if we want to form nanoparticles of the
desired size and composition. At low-level supersatura-
tion, crystals grow faster than they nucleate and a very
slow cooling down results in it. As a result, large size
crystals are formed [22]. At high-level supersaturation,
the rate of nucleation is greater than the rate of crystal
growth and faster cooling rates result in it. At this
supersaturation, nucleation dominates crystal growth and
results in smaller crystals [23].

Urea hydrolysis. Highly crystalline LDHs are formed
using this method [24, 25]. The use of urea instead of
NaOH as a precipitating agent is obviously advantageous
because, during the precipitation reaction, a lower degree
of super-saturation is achieved. The average diameter of
LDH nanoparticles obtained by this method is
significantly smaller and the basal distance is larger
compared to other methods [26].

Hydrothermal synthesis is the most widely used
method to get rapid heating at a temperature higher than
100 °C and to obtain well-crystallized oxides, sulfides,
hydroxides, and ternary systems. This method is also

Ce

used to perfect the LDH’s particle size, disperse distri-
bution and improve crystal structures [27, 28].

Anion exchange is also often used method for the
formation of new LDHSs from other LDHs. Although this
method is included among the synthesis methods of
LDHs, it can be considered as a modification of LDHs.
Because the precursors of the anion exchange method are
the LDH itself, the structure and composition of the host
remain the same and only change interlayer anions.
Because divalent ions are more selective than mono-
valent ones, nitrate ion is easily displaced in interlayers
and is very suitable precursors for the anion exchange
synthesis of LDHs [29]. The selectivity of counterions is
compared as follow: CO3?>>S0,>>>0OH>F>CI>Br
>NO3>ClO, and it depends of ionic radii [29, 30].

Mechanochemistry and tribochemistry. Hydro-
talcite-like Mg-Al-NOs-LDHs are successfully prepared
using the magnesium and aluminum hydrates obtained
from their nitrate salts by manually grinding technique
[31, 32]. Although this method is not yet applied to many
LDHs, it stands out for its simplicity and effectiveness.

Rehydration (Reconstruction) exploits the “memory
effect” of hydrotalcite [33] and is similar to anion
exchange. By calcination at 100-200 °C LDHs lose
water molecules between the layers, at 300-500 °C
LDHs transform into a mixture of divalent and trivalent
oxides because of the dehydration. It is reconstructed
[34, 35] to LDHs again by heating in water or weak acid
solution.

Microwave and sonication are also effective methods
for the preparation of highly dispersed and crystallized
LDH materials [30]. The effect of microwave irradiation
during the hydrothermal process to obtain LDHs was
investigated by S. Zadaviciute et al. [36] Genty et al. [37]
compared these methods by co-precipitation and a
significant increase of the specific surface area and
catalytic activity is observed. Microwave-assisted
synthesis of LDHs also stands out with its low cost and
low environmental impact treatments resulting in
efficiency in preparing LDHs using a low cost and low
environmental impact.

Figure 1. Synthesis of ZnAl-LDHs by different methods
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3 SYNTHESIS OF ZN CONTAINING LDHs

Yanzhen Liu et al. synthesized ZnAl-SO4-LDH by
anion exchange using ZnAl-COs-LDH as a precursor
[38]. Synthesis of ZnAl-CI-LDH and ZnAl-SO4-LDH is
also carried out by anion exchange. Synthesis of ZnAl-
SO4s-LDH was also carried out by repeating the
remaining steps of using 0.1 mol Na2SO4 and 0.4 g ZnAl-
CI-LDH. Successfully replacing CO3%* with SO is
defined by FT-IR spectra and the framework of LDH is
not spoiled [38]. According to the XRD pattern, the basal
space increased after the anion exchange as Zn-Al-COs-
LDH < ZnAl-CI-LDH < ZnAlI-SO4-LDH.

In another work, Aliaksandr Mikhailau et al.
presented for the first time a method for preparing
ZnAI-NOs-LDH conversion coatings on metallic zinc
[39]. The ZnAl-LDH has been synthesized using
1 mM AI(NOs)s + 0.1 M NaNO; mixed solution at 90 °C
and pure zinc as a substrate. The obtained ZnAl-LDH is
well attached to the substrate and uniform. To understand
the mechanism of LDH growth, the effect of chemical
and electrochemical processes was studied here. The
kinetics of particle growth has been studied by Al and Zn
concentration in the electrolyte, time, and the solution pH
[39].

For the sealing treatment (ST) and Zn-Al-LDH
fabrication: anodized samples immersing in boiling water
for 20 min at atmospheric pressure, then vertically
immersed in Zn(NOsz)2x6H,0 (0.05 M) and NHsNOs;
(0.3 M) mixture solution with the neutral pH adding
diluted ammonia at 45 °C for several hours. This process
leads to the arrangement of LDH nanosheets [40].

The co-precipitation method was also used to prepare
Zn-Al-NOz-LDH at the different Zn?*/AI** ions molar
ratios like 2, 3, 4,5, and 6 and pH = 7.5 [41]. The
synthesis was carried out at 70 °C for 18 h in an oil bath
shaker (50 rpm). After washing the precipitate dried at
70 °C in an oven for two days. The results show that ZnO
nanoparticles are formed when the Zn/Al ratio is
increased at the beginning of the reaction. Similar work
was done a few years ago by E.M. Seftel et al. In all
cases, as the amount of Zn metal in the mixed solution
increased, the diffraction peaks corresponding to ZnO
increased. The formation of diffraction peaks corres-
ponding to ZnO with high intensity was also observed in
my research [26]. Thus, when the concentration of the
NaOH in a base solution was increased (from 2 M to
5 M), along with ZnAl-LDH nanocrystals, ZnO was also
formed with high crystallization. This is explained by the
solubility of amphoteric aluminum in the extremely high
alkaline solution and the participation of more Zn?* ions
in crystallization.

ZnCr layered double hydroxides with F~, CI~, Br-,
I"and NOg3~ anions were synthesized by the co-precipi-
tation method [42] For the synthesis of ZnCr-LDHs with
different anions like F, CI, Br, and | via the wet
impregnation method. The difference in crystal structure
stability of obtained LDHSs was explained by the physical
properties like Mulliken bonding population, states

density, and hydrogen bonding calculated by Density-
functional theory. These LDHs demonstrate high
performance for photocatalytic degradation of hexa-
chlorobenzene and it is related to their structural stability.

4 METAL- AND NON-METAL-DOPED
OR MODIFIED LDHS

4.1 Transition metal-doped LDHs

Cobalt (Co) and copper (Cu)-doped LDHSs. High
effective Visible-Light-Driven Co (or Cu)-doped ZnAl-
LDH photocatalysts were papered by coprecipitation
method [43, 44]. The Co/Zn/Al (or Cu/Zn/Al) atomic
ratios in the initial metal salt (precursor) in mixed
solution were set as 0/2/1; 0.1/2/1; 2/2/1 and 4/2/1 (0/2/1;
0.1/2/2; 1/2/1 and 2/2/1 for Cu). It was found that Co (or
Cu)-doped LDH sheets demonstrate higher light absorp-
tion capacity than pure ZnAl-LDH materials. The authors
explain this effectiveness by the Cobalt ions server as the
photo-generated charges separator which results in the
higher photocatalytic degradation of RhB [43, 44].

Iron (Fe)-doped LDHSs. Zn-Ti-LDH/montmorillonite
(ZTL/MT) and Fe-doped ZTL/MT (ZTL/Fe@MT20%)
were synthesized by refluxing method as effective
photocatalyst for the reduction of Cr(VI) [45] The Fe-
containing LDH/montmorillonite composite prevents
charge recombination and ensures the distribution of
Cr(I11) on the surface and/or MT interlayers. As a result,
the overall photoelectrochemical equilibrium changes.

Nickel (Ni)-doped LDHSs. Nickel-doped ZnAl-LDHs
were synthesized for modeling active sites in the
application as heterogeneous catalysts for water
oxidation [46]. The authors incorporated iron and nickel
atoms into the non-magnetic ZnAl-LDH material and
used EPR spectroscopy to extract the electronic and
geometric information of the paramagnetic centers of the
resulting Fe(lll) and Ni(Il) doped ZnAl-LDH. In the
synthesis of Ni-doped ZnAl-LDH, the composition of the
precursor consisted of 2 mM AI(NOs); and 2 mM of a
variable mixture of Zn(NQs), and Ni(NOs), solutions.

Manganese (Mn)-doped LDHs. Mn-doped Zn/Al-
LDHs with Mn 0.5%, 1%, and 3.0% mol with respect to
the content of Zn were studied [47]. Photocatalytic
activity of obtained Mn-doped Zn/AI-LDHs was studied
for 4-chlorophenol. In the photocatalytic degradation
mechanism, it was found that Mn acts as an electron
(Mn®*; Mn**) or hole (Mn?*; Mn3*) trap in accordance
with its oxidation state and enhances the separation of
charges.

Vanadium (V)-doped LDHSs. ZnFe-LDH was doped
with vanadium (V) to get environmentally friendly,
effective, cheap, and sustainable catalysts [48].
The resulting Vanadium (V)-doped ZnFe-LDH catalyst
shows high effective degradation activity for pymetro-
zine in 90 min ultrasonic treatment. The pymetrozine
removal efficiency of V-doped and undoped ZnFe-LDH
is 73% and 32%, respectively, which is explained by the
high strong synergistic effect with a synergy factor of
7.17 of ultrasonic/ VV-doped ZnFe-LDH [48, 49].
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4.2 Rare earth elements-doped LDHs

It has been shown that the doping and incorporation
with rare earth elements like La*, Eu**, Ce*, etc.
improve the photocatalytic efficiency of semiconductor
materials by avoiding the recombination of charges
during the photocatalytic reactions [50-53].

If we look at the published articles, we can see that
rare elements containing LDHs are mostly synthesized
by co-precipitation and hydrothermal methods, at
constant pH, and the application frequency of elements
can be arranged as Ce>La>Eu>Th>Y>Nd>Dy>Sm>
Yb>Sc>Er>Pr>Lu [54].

In most cases, rare earth elements are in a +3 oxidation
state which replaces the trivalent metals in the crystal
lattice in a certain proportion when doping them to LDHs.
Some rare earth elements like samarium, europium,
thulium, and ytterbium, can be reduced to +2 under certain
conditions, while others, such as cerium, praseodymium,
and terbium, are oxidized to +4. In such cases, although
they take replace of divalent and trivalent metals in the
crystal lattice, create many lattice defects, which is one of
the important factors for photocatalytic applications [54].

Cerium (Ce)-doped LDHs. ZnAlCe-LDH with diffe-
rent (3.5, 5.0, and 10.0% mol) Ce content were synthe-
sized via one step co-precipitation method [55]. The
incorporation of cerium into the layers of the LDH
material is appreciated in the X-ray diffractograms and
shows some deformations in the crystal structure of the
ZnAlCe-LDHs. After calcination of cerium incorporated
ZnAl-LDH at 400 °C, the absorbance spectra of UV-vis
shifted toward the blue part of the spectra and the XPS
analysis substantiates the co-existence Ce** and Ce®* in
the ZnAlCe-LDHs [55]. The photodegradation of phenol
was particularly enhanced in the sample which contains
5% mol of Ce. In the photocatalytic mechanism, Ce**
performs as an electron scavenger, facilitates the electron
transfer by absorption of O, and increases the generation
of radicals OHe. In another work, a Ce-doped Zn-Al-
LDH nanocontainer was synthesized for the investigation
of the anticorrosion activity of aluminum alloy 2024 [56].
Obtained results indicated that Ce 3+ ions were
incorporated into LDH layers and exhibited high anti-
corrosion properties.

Terbium (Tb)-doped LDHSs. Terbium doped ZnCr-
LDH. Various amounts of terbium Tbh3* doped ZnCr-
LDH (Tb-ZnCr-LDH) have been formed by a co-
precipitation method [57]. In all cases, Th doped ZnCr-
LDH samples prove an effective separation of charge
carriers and effective charge injection efficiency
measured by photoluminescence (PL) and photo-
electrochemistry (PEC), compared with the pristine
ZnCr-LDH [57]. In another work Th-doped ZnAl-NOs-
LDHs, with different molar ratio of Zn?*/(AIF*+Tb%") is
1.3, 2.0, 3.0 and 4.0, were co-precipitation synthesized
characterized [58]. In the experiment firstly 12.52 g of
solid Th,O3 was solved in HNOj3 (63%, 100 ml) and H,0,
(30%, 10 ml) mixed solution prepared and used in the
coprecipitation process as a doped precursor [58].

Dysprosium (Dy)-doped LDHs. Dysprosium doped
LDHs has been synthesized with Zn?*: AP*:Dys. molar
ratios of 30:10:0, 30:9:1, and 30:0:10, and anion
exchanged with Different Organics [59]. The broad
photoluminescence spectrum on the yellow emission
(574 nm) of Dy suggests that the Dy3* has various
degrees of distortion and which is matching with the XPS
information. The Dy®* emission is affected by ligands. At
767 nm emission, LDHs samples are useful for optical
investigations and this type of light is able to transpose
cell walls [59].

Europium (Eu)-doped LDHSs. Eu-doped ZnAl-LDH
with Zn/(Al+Eu) of 2/1 molar ratios, and Eu/(Al+Eu) of
0.06 was coprecipitation synthesized at room tempe-
rature and phase transitions have been studied by
annealing temperatures [60]. At high temperatures (after
300 °C) the emissions of Eu3+ ions at 5D0-7FJ transition
(J=1,2,3,4), especially (J =1, 2), has been happened
depending on the phase transition from ZnAl-LDH to
mixed phases of ZnO and ZnAl,O4 of host materials
which indicate that the structure of the ZnAl-CI-LDH
more favored the emissions of Eu3+ ions. This structure
makes the materials a promising candidate in biology or
medical diagnosis for fluorescent probes applied with
high-temperature stability and less toxicity [60].

Lanthanum (La)-doped LDHs. The constant pH
coprecipitation method was also applied for the synthesis
of ZnAlLa-COs-LDHs) with different molar ratios of
Zn/Al/La like 20/6/4; 20/7/3; 20/8/2 and 20/9/1 [61].
According to the results, ZnAlLa-COs-LDHs is a very
good thermal stabilizer that enhances the long-term and
initial thermal stability of PVC with 2.4 phr content.
Especially ZnAlLa-COs-LDHs with a 20/8/2 molar ratio
of Zn/Al/La demonstrate a better stabilizing effect for
PVC than another ratio. The composite containing 100 g
PVC, 70 g dioctylphthalate, 0.3 g calcium stearate, 0.4 g
B-diketones and 2.4 g ZnAlLa-COs-LDHs presents a
high enhancement in the thermal stability because the
effective coordinating with allylic chlorine atoms of
ZnAlLa-COs-LDHs [61].

In another work Co-precipitation synthesized
Zn/Cr/La-LDHs with Zn/Cr/La = 2.0/0.7/0.3 molar ratio
indicates 1.4 times higher photocatalytic activity compa-
red to Zn/Cr-LDH for organic dye under xenon light
irradiation because of the increased surface area and light
harvesting ability [62].

Several multi-metal doping also gives or enhances
LDHs some important properties. M. Sarkarat. et al [63]
achieved multi-metal doping by substituting both
divalent and trivalent metal atoms in LDH crystal lattice
by hydrothermal technique. Multi-metal doping LDH is
also carried out by incorporation of titania onto
ZnNiAlLa-LDH at the same work (Ti%*/ZnNiAlLa-LDH)
[63]. According to the results, the authors concluded that
doping lanthanum led to poor crystallinity in LDH
structures but affected the formation of nickel zinc titani-
um oxide and doping nickel prevents the formation of
pure zinc titanate phase. A partial phase transformation
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from ZnO to nickel-zinc-titanium oxide by the calcina-
tion up to 800 °C and showed lower photocatalytic
activities compared to pure zinc titanate [63].

A new type of LDH containing La%-Zn?"-AP*
cations and MoQ4>" anions with La/Zn/Al = 1/7/2 molar
ratio was synthesized by co-precipitation and anion
exchange by [64]. The desulfurization effect of
LaZnAl-MoO4>-LDH is  higher compared to
LaZnAl-CO3?-LDH and it is a potential photocatalyst in
the degradation of thioether, thiophene, dibenzo-
thiophene and its derivatives [64].

Neodymium (Nd)-doped LDHs. Neodymium-doped
Zn-Al-LDHs were synthesized supporting by polyaniline
(PANI@Nd-LDH) via an ex-situ oxidative polymeri-
zation and indicates selective fluorescence detection and
adsorb the Cr(VI) pollutant in a short time [65]. The
synthesized PANI@Nd-LDH shows high selectivity and
adsorption capacity performance (219 mg/g) for Cr(VI)
from aqueous solutions even containing metal ion
mixtures.

4.3 Non-metal-doped LDHs

Carbon-doped LDHSs. The composites of LDHs with
carbon materials are very promising materials that enhan-
ce the surface area and increase the oxidizing groups and
improve the surface performance, adsorption and
catalytic activity [66]. These materials having excellent
physical and chemical properties are prepared by direct
mixing, self-assembly and growth in situ methods.

In the direct mixing process, Liu et al. [67] used
benzoic acid as an intercalating agent for LDH, and
mixed the intercalated LDH with a xylene / Cgo solu-
tion— ultrasonically stirred at 70 °C for 48 h. This
method is not considered effective to obtain an ideal
structure because of between carbon and LDH have
complicated interactions. Compared to direct mixing,
self-assembly controls the structure of materials with
required functions [66]. In the growth in situ method,
LDH forms and grows using carbon materials as a
substrate.

The Characteristics of Carbon Materials and Prepa-
ration of LDH-Carbon Composites. Due to the
outstanding advantages of carbon materials, such as rich
types, wide sources, good pore structure, countless active
sites, and stable surface charges, researchers adopt
different modification methods for various carbon
materials to improve the defects of carbon materials and
their applications and performance. Commonly used
carbon materials include active carbon (AC), active
carbon fibers (ACFs), bio-carbon (BC), carbon
nanotubes (CNTSs), fullerene (Ceo), graphene (GO), etc.
At present, the known carbon materials used with LDHs
to create composites mainly include biochar, fullerene,
carbon nanotubes, and graphene [66].

As carbon dopants, biochar (BC), fullerene (Ceo),
carbon nanotubes (CNTSs), graphene (GN) and graphene
oxide (GO) are promising materials for potential
applications in the fields of adsorption, light, electricity,
magnetism, supercapacitors, catalysis, etc.

Carbon nanotubes (CNT)-doped LDHs. CNT/LDH
nanocomposite was prepared by successfully assembling
electrostatic interaction between Zn-Al-LDH and
multiwalled carbon nanotubes (MWCNT) which were
functionalized by poly acrylic acid. Poly acrylic acid
enriches the surface of CNT with a negative charge and
easy interaction with positively charged layers of LDH
occurs [68] The resulting carbon electrode nano-
composite exhibited excellent electrochemical activity
for the oxidation of catechol (C¢H4(OH)2) [69].

ZnCr-LDH/carbon nanotube (CNT) was synthesized
with great crystallinity and characterized by various
analyses [91]. BET analysis shows a high specific surface
area for ZnCr-LDH / CNT compared to pure ZnCr-LDH.

Graphene oxide (GO)-doped LDHs. GO doped Zn-
Al-LDHs with the combination of N and S were
synthesized to get a low-cost and efficient electrocatalyst
for Oxygen Reduction Reaction (ORR) [70]. According
to the results of the electrochemical effect, ZnAl-
LDH/N, S-rGO with a 1/1wt ratio shows the best
electrochemical activity among the synthesized electro-
catalyst because synergistic and interaction effect
between N, S-rGO and ZnAl-LDH [70].

Fullerene (Ceo)-doped LDH. Xiao Lei Liu [67]
achieved the noncovalent intercalation of Cep into the
benzoic acid (BA) modified LDH for the potential
application in the photoelectron chemistry process and in
the field of optical limiting equipment. ZnAITi-LDO
supported C60-AgCl nanoparticles have been obtained
by coprecipitation and light-induced method and photo-
degradation of organics like Bisphenol A was studied
quantitatively by high-performance liquid chromato-
graphy (HPLC) [71]. The C60 is used in there as
supporting materials to improve the Ag-based photo-
catalyst stability. The C60@AgCI reduces the recombi-
nation of e-h pairs and supplements the efficiency of
photocatalysis. The degradation rate is determined as
90% and found that C60@AgCI-LDO nanoparticles can
be used for considerable environmental remediation [71].

Black phosphorus (BP)-doped LDHs. Black pho-
sphorus nanosheets were firstly prepared by liquid
exfoliation method and used for the preparation of
environmental-friendly BPNs / ZnAl-LDH composite by
electrostatic self-assembly consisting of p-type (BP) and
n-type (ZnAl-LDH) semiconductors [72]. The as-obtai-
ned BP/LDH composite with Zn/Al/P =73.01/26.88/0.11
atomic ratio shows high effective methylene blue (MB)
degradation under visible light irradiation, which is
greater than pristine BP (11%) and ZnAl-LDH because
[72].

As can be seen, element doping is one of the most
important modification methods applied to change the
physical, chemical, mechanical, and biological properties
of LDHSs, which are obviously very important [73-75].
Dopping of the above-mentioned elements and substan-
ces to LDHs has been applied in the literature by various
methods [42, 76]. Several of those methods are presented
with a graphical description (see Figure 2).
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Figure 2. Schematic illustration of LDH modification:
Doping by: ion exchange (a), co-precipitation (b),
impregnation (c) methods

5 CONCLUSIONS

The synthesis of Zn-containing LDHs and doping
with different element atoms by various methods were
considered in the review article. It turned out that the
main line of different methods is co-precipitation.
Although co-precipitation is considered a separate
method, co-precipitation of divalent and trivalent metals
is carried out in all methods. Although controlling the pH
is the main factor in the formation of LDHs and it is
somewhat difficult in urea hydrolysis and urea-based
hydrothermal method. Here the amount of urea plays an
important role in determining the pH of the alkaline
environment. It turned out that since LDHSs contain both
divalent and trivalent metals, when the metals in the LDH
are partially replaced by other metals, there is no
fundamental change in the crystal lattice (host structure),

and only crystal structure defects appear, which in most
cases have a positive effect on the optical properties and
photoactivity. In most cases, metal-doped Zn-containing
LDHs prove an effective charge carrier separation and
effective charge injection efficiency compared with the
LDH. In the formation of LDHSs, rare earth elements are
not selected as a 3-valent metals for the main structure,
they are mainly replaced to 3-valent metals (Al, Cr, Ti,
Fe(lll)) as a dopant because of the ionic radius and
various factors.
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JIETUPJIEHTEH KOHE KOCBIJIMAFAH, KYPAMBIHJA MBIPBIII BAP KABATTBI KOC
T'UAPOKCUATEPAIH CUHTE3L, KACUETTEPI )KOHE IPAKTUKAJIBIK KOJIJIAHBLTYEI —
KBICKAIIA HIOJTY

0.0. banaeBa
Baky memnexemmix ynugepcumemi, baxy, O3ipoaiican

JKaxpiHIa opTypIi @HEpKacin cananapblHAa JeyeTTi KojjlaHy yiuiH kadartsl Koc ruapokcunrep (KKI) a3iprenmi.
Oneduerre KKI' cuHTE31HIH KenTereH aicTepi KapacThIPhUIFaH jKOHE KACHETTepiH ©3repTy apKbUIbl XKIKTelreH. bipak
cHHTE3 9/1iciMeH KacueT o3repyi Oapibsik KKI -1e 6ipaeit 6osa 6epmeiini. Connaii-ak kypamsl 6ipaeit KKI™ Gipaeli cunrtes
ofliciMeH CHHTE3IeNTeHIe, pEaKys IapaMeTpiiepiHiy e3repyiHe 6alTaHbICTH KypaMbl OipaeH, Oipak KacueTTepi opTypii
KKTI amyra 60maer. COHFBI yaKbITTa OPTYPJIi 3JIEMEHT aTOMIAPHI Oap KapThUTail ©TKI3Till HAHOKOMITO3UTTEP/Ii JIETHPIIEY
KaHa KacueTrTrepre okenni. JlomWHT mpoleciHne KOJNAAHBUIATHIH 3JEMEHTTepAiH KypambiHaa Melpeim Oap KKIT
KacHeTTepiHe ocepi MIOMy MakajachlHIA 3epTTenai koHe TyciHmipimmi. CunHte3 omicrepi Oip-OipiHeH peakuus
napamerpiepi OoibiHIIA epekineneHeni jxoHe osap KKI-HbIH KpHCTAJIBIK KYPBUIBIMBIHE, (H3UKA-XUMHSIBIK
KacHeTTepiHe koHe MOP(OIOTHACHIHA dcep eTei. JIOMMHTTIK MPOIECTePiH KoHE JOTUHT dJIEMEHTTEPIHIH KYpaMbIHIa
MmeIpbim 6ap KKI' kacuertepine KochMIa acepiepin Tady, CHHTE3 ey NpoLeaAypalaphl )KoHE peaklus napaMeTpIiepin
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SYNTHESIS, PROPERTIES AND PRACTICAL APPLICATIONS OF DOPED AND UNDOPED,
ZINC CONTAINING LAYERED DOUBLE HYDROXIDES - A BRIEF REVIEW

aHBIKTAy OCHI IOy MakaiackiHaa kepcerinreH. Cupek sxep amementrepi KKI' Herisri KypbUIBIMBI YIIiH YOI BaJCHTTI
MeTanJap peTiHae TaHJaJIMaWTBIHBI aHBIKTAIJBI, Ojlap HeriziHeH ym BaieHTTi MetannmapmeH (Al, Cr, Ti, Fe(IIl))
KocTaJlap peTiH/e aybICTBIPBIIATHIH KOCIIa AJIEMEHTI peTiHAe MaiaaHblIa b, OUTKeHI HOHABIK PaaAnyC XKoOHE opTYpii
(axropnap.

Tyiiin ce3dep: kabammor Koc euopokcuomep (KKI), cunmes npoyedypanapwi, adicmepi, KYpoLIbIMObIK Kacuemmepi,
gomokamanuzamop.

KPATKHUI1 OB30P CUHTE3A, CBOIICTB U IPAKTUYECKOI'O MPUMEHEHHUS JIETUPOBAHHBIX
W HEJTETMPOBAHHBIX IUHKCOJIEPKAIIMX CJIOUCTBIX JIBOMHBIX THPOKCHI0OB

0.0. baiaeBa
baxunckuii 2ocyoapcmeennsiii ynusepcumem, baxy, Azepoaiidican

B mocnennee Bpemsi ciouctbie aBoiHbIe Tuapokcuasl (CAIY) Obun paspaboTaHbl JUIs NMPUMEHEHHH B pPa3iIM4HBIX
o0acTsx MPOMBIIUICHHOCTH. B muTepaType paccMoTpeHo MHOXKecTBO MeTonoB cuHTe3a CIAI™ 1 nx Kiaccu(UKaIus mo
HM3MEHEHHUIO0 CBOMCTB. OIHaKO U3MEHEHUE CBOICTBA METOIOM CHUHTE3a MpoucxoauT He Bo Bcex C/II" ogunakoBo. Taxxke
npu cuHTe3e C/II oAnHAKOBOTO coCTaBa OJHAM M TEM K€ METOAOM CHHTE3a BO3MOKHO ronydenne CI ¢ onnHakoBbIM
COCTaBOM, HO Pa3HBIMH CBOMCTBaMHM 32 CUET M3MEHEHHs IapaMeTpoB peakiuu. B mocimemHee Bpems JiernpoBaHHUe
MOJTYPOBOJHUKOBBIX HAHOKOMIIO3UTOB aTOMaMM Pa3lWYHBIX JJIEMEHTOB IPHBENO K TOSBICHUIO HOBBIX CBOMCTB.
BrnusiHue 31meMeHTOB, NCTIONB3YEMBIX B TpOIEcce JIETHPOBAHMSA, Ha cBoiicTBa mmHKcoaepskammx CJIIT mcciaenoBano u
00BsICHEHO B 0030pHOIT cTaThe. MeToIbl CHHTE3a OTIIMYAIOTCS JIPYr OT Jpyra napamerpaMH peakuuil U BIMSIOT Ha
KPHUCTAJUTMUECKYIO CTPYKTYpY, (U3MKO-XuMHUYeckue cBoiictBa U Mopgomoruto CJ/II'. B 0030pHOI craThe MOKa3zaHO
0oOHapy)XeHHE JIOTIOTHUTEIBHBIX BIMSHHUIA MPOLECCOB JIETUPOBAHUS M HPHPOBI JETHPYIOIIUX JIEMEHTOB Ha CBOMCTBA
nuHkcoaepxkanmx C/II, mporenypsl CHHTe3a U ONpe/ieIeHHe MapaMeTpoB peakiuH. Penko3zeMenbHBIC JIEMEHTHI He
BBIOMPAIOTCS B KauecTBE TPEXBAJICHTHBIX METAUIOB Ui OCHOBHOM cTpykTypsl CJII', MX B OCHOBHOM 3aMEIAOT
tpexBajeHTHBIMU Metawtamu (Al, Cr, Ti, Fe(Ill)) B kauectBe Jerupyromux npumeceil M3-3a HOHHOTO paauyca W
pa3UYHBIX CBOMCTB.

Knruesvie cnosa: croucmoie osotinvie cuopokcuovt (C/I), cnocobvl cunmesa, memoovl, CMpYKmMypHbie C80UCMEd,
@omoxamanuzamop.
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NPUMEHEHUE TEKCTOBOTI'O HHTEP®ENCA ITIPOI'PAMMBI ANSYS FLUENT
IS MOJAEJIMPOBAHUS TEIVIOOU3NYECKOI'O COCTOSSHUA TUIIOBOI'O
3KCIEPUMEHTAJIBHOI'O YCTPOMCTBA

E.A. KaoabLikakos, A.C. Cypaes, P.A. UpkumoOexon

Qunuan «Mncmumym amomnoii snepzuuy» PI'TI HAL] PK, Kypuamos, Kazaxcman
E-mail 015 konmaxmos: kabdylkakov@nnc.kz

PabGota mocssimena pa3paboTke >xypHana TeKcToBbIX komanz nporpamMbel ANSYS FLUENT. Hecmotpst Ha TO, 4TO
JIaHHasl MIPOrpaMMa UMEET XOPOILO Pa3BUTHIA M MHTYUTHUBHO NOHATHBIN rpaduyeckuii nHTEepdeiic, )KypHaIbl KOMaH]
MO3BOJISIIOT TMPOBOJAWTH HACTPOWKM pelarelis, ONTHMHU3UPYS IPOLECC pacyeTHOro oOOCHOBaHMs Oe30MacHOCTH
PEaKTOPHBIX IKCIIEPUMEHTOB, NPOBOAUMBIX B Ouinane «MHcTuTyT aromuoi s3neprun» PI'TI «HanuoHanbHbIN SAEpHBIM
ueHtp PK» (@umuan MAD PI'TI HALL PK). Xypran komaH[ 03BOJISET COXPAaHUTh HACTPOMKH pemaTess NporpaMMbl
ANSYS FLUENT B Buie mporpaMMHOrO KOAa B OTACIBHOM (haiiyic, KOTOPBI B TOCICAYIOIIEM MOXHO OyaeT
pEIaKTHPOBATh ¥ HCIONB30BATh AJIS IPYTUX pacdeToB. Takke 3TO MO3BOJIUT YIIyYIIUTh IPYIIIOBYIO pabOTy COTPYTHHKOB
HaJl OJHUM IIPOCKTOM, OOJErduTh INpolecc oOMEHa MapaMeTpaMH pemaTesisi W OIEPaTHBHO BHOCHTH MOMPABKU U
ucnpasieHus. B pamkax naHHOW paboThl pa3paboTaHa METOIMKA MOCTPOSHMS JKypHada KOMAaH AJSI MOJECITHPOBAHUS
TETIO(U3NYECKOTO COCTOSIHHS OSKCIEPHMEHTAIBHBIX YCTPOHCTB B PEAaKTOPHBIX OJKCIEpUMEHTax. Paspaborannas
METOJMKa alpOoONPOBaHa HAa IPHUMEPE PEIICHNS TEINIO(U3NIECKOH 3a1a4M C TUIIOBBIM DY

Knrwuesvie cnosa: ANSYS FLUENT, mexcmogvlii noib308amenvCKuti unmepgeric, munogoe 3KCnepumMeHmaibHoe
YCMpPOUCcmeo, peakmopHblil IKCNEPUMEHN, JHCYPHAT KOMAHO.

BBEJIEHUE

Hacrpoiika pemaresass ANSYS FLUENT uepes

rpapuyeckuii unTepdeiic NporpaMmsbl

ITpn mpoBeneHnn aHannsa 0E30MACHOCTH PEAKTOP-
HBIX ’KcniepumenToB B @umane MAD PI'TT HALL PK nc-
MOJIb3YETCs JIMIEH3UOHHOE NPOrpaMMHOE o0ecreueHue
ANSYS FLUENT [1]. lanHas mporpaMma npeaHa3Ha-
YeHa /sl BBIIIOJIHEHHUS! TeTI0(U3MYECKOTO U THIIPaBIIN-
YEeCKOTro aHaju3a CHCTeM [2—5], a Takxke JUId peIieHus
3a1a4 a’pOJMHAMUKH M MOJEIUPOBAHUA XMMHUYECKHUX
peakuwuit [6-10].

PacuerHoe oOocHOBaHME 0€30MACHOCTH MPOBOJH-
MBIX PEAKTOPHBIX HKCIIEPUMEHTOB 3aKII0YaeTCs B MOJIe-
JMPOBAHMH TETIIO(H3MUECKOTO COCTOSIHUS AKCTIEPUMEH-
TaNbHEIX ycTpoicTB (DY).

B pamkax MonenMpoBaHHs TEIIOPU3NIECKOTO CO-
crostHusI DY HE0OX0IUMO PEIIUTh Psijl 3a/1a4:

1. TlocTpouTh reOMEeTpUIECKYI0 MOJENb DY

2. TlonyuuTh KOHEYHO-3JIEMEHTHYIO PACUETHYIO MO-
nens DY

3. TIpoBecTH HACTPOWKY YCIIOBHI pacyera;

4. BBHINOTHNUTH pacyerT;

5. IlpoBectn 00pabOTKY M aHAIIM3 PE3YJILTATOB pac-
yera.

IMocTtpoeHne reoMeTpU4ecKold U KOHEYHO-3IEMEHT-
HOH pacyeTHOH Mojenu (ceTku) DY OCyIIecTBISIETCS B
pasnuusbix mporpammax nakera ANSYS. Ilocne mo-
CTPOCHHSI CEeTKH NaHHas MOJETb 3arpyxkaercs B Ipo-
rpammy ANSYS FLUENT, rae npoBoauTcs HacTpoika
ycnoBuil pacyera 1 cam pacuer. [los HacTpoiikoit ycio-
BHH pacyeTa MOApa3yMeBaeTCsl BHIOOP alropuTMa Ymuc-
JIEHHOTO perieHus TuddepeHIMaIbHOTO YpaBHEHMS, 3a-
JTAaHNE CBOICTB MAaTEPHUAJIOB MOJIEINH, HAYAIbHBIX U Ipa-

HUYHBIX YCJIOBHH, BbIOOp cxeM nuckperusaiuu. Ilocie
JAaHHBIX OTepanyii MPOBOIUTCS HHUIIHATN3AIHS pacyeTa
U BBIIIOJHACTCS 3aJlaHie HaudalbHBIX 3HAYCHUH paccuu-
ThIBaeMbIX (DU3UUECKHUX BEJIMUUH (TemIeparypa, JaBje-
HUE U T.1.) B 00beme DVY. [l npoBeneHns pacyera He-
00XOJMMO YKa3aThb KOJMYECTBO MTEPALMH U BEIHYHHY
BPEMEHHOTO I1ara.

Hacrpoiika peratenst 0ObIYHO OCYIIECTBISIETCS Ue-
pe3 rpaduyeckuii mHTEpdetic mporpaMmsl. [Ipu ncmons-
30BaHUM TpaUuecKoro HHTepdeca OTKPHIBACTCS MHO-
JKECTBO PA3MYHBIX OKOH M BKJIAJOK, IJIe BBOAATCS 3HA-
YEeHUs! Pa3IMYHbIX (HU3MUECKUX BEJIMYUH M PACUETHBIX
napaMmerpoB. [laHHas MeTOAMKAa HACTPOMKHU peliaTeis,
HECMOTPS Ha CBOIO MIPOCTOTY, UMEET PsA HETOCTATKOB.
B yacTHOCTH, OTKpBITHE MHOXKECTBA IPaUUIECKIX OKOH
¥ BBOJ MHOXXECTBO PAcCUETHBIX IapaMeTpOB SBISACTCA
YTOMHUTENBHBIM Ul IOJb30BaTENsd IPOTrPAMMBI, IO-
CKOJIbKY TpeOyeTcsl IOBTOPEHHE OJJHUX U TeX XKe orepa-
nuil. [Ipn yBennueHnn KoNu4ecTBa BHYyTPEHHUX IJIEMEH-
TOB B MOJIENIH, KOJIUYECTBO ONEpalMi yBEINYHBAETCS
MHOTOKPATHO.

Kak mpaBmio, pacuerHoe 000CHOBaHHE 0€30MacHO-
CTH PEaKTOPHBIX IKCIIEPHUMEHTOB TpeOyeT MpOBEACHHS
CepUH W3 HECKOJBKHX pacyeToB, OTIMYAIOIINXCS He-
CKOJIBKUMH BXOJHBIMH NapameTpamu. B cirygae mpose-
JICHHS TaKOTO 000CHOBAHMS TPYIIIOH COTPYIHUKOB, BO3-
HUKaeT mpobieMa, CBsI3aHHAs C BOCHPOM3BOJCTBOM He-
HM3MEHHBIX YCJIOBHI B CEpUU OJHOTHUIIHBIX pacueToB. [1o-
9TOMY, €CJIH IEpBOHAYaIbHAsl HACTPOUKA pelIaTeis npo-
rpamMMBbI OblIa TPOBEJICHA OAHUM COTPYIHHKOM, TO JIpY-
roit OyJeT BBIHYK/JEH BOCIIPOU3BOAUTD TE K€ OIEePaLUH
B rpaduyeckoM MHTepdence MporpaMMsl, 4TO SBISETCS
JUTUTENBHBIM, TPY03aTPaTHBIM U HeA()(EKTUBHBIM IIPO-
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MPUMEHEHWE TEKCTOBOIO UHTEP®ECA NPOrPAMMbI ANSYS FLUENT NS MOJENIMPOBAHUSA
TEMNNO®UINYECKOIO COCTOAHUA TUNOBOIO AKCMEPUMEHTAINBHOIO YCTPOUCTBA

neccoM. [Ipu TakoM Moaxo/e CymecTBYeT PUCK BO3HUK-
HOBEHHMSI OIIMOOK, CBS3aHHBIX C YEJIOBEYECKHM (haKTo-
pOM.

Ha pucyHnke 1 npezacTaBieH npumMep HaCTPOMKH rpa-
HUYHBIX YCIIOBHH pacdera 4epe3 rpaduyeckuii MHTep-
¢eiic mporpammbel ANSYS FLUENT. [dns mHacTpodiku
TPaHUYHBIX YCJIOBHH B JiepeBe NPOEKTa BhIOMpaeTcs
BKimanka Boundary Conditions. TTocie BeiGopa maHHO#M
BKIIAJKH OTKPBIBACTCS CIHMCOK C HAa3BaHMSAMM TPaHHIL.
Kaxmoit rpanniie cooTBeTcTBYyeT coOcTBeHHBIH D HO-
mep. [ mpumepa BeiGepem rpanumity Inlet. Tlocie BoI-
Oopa aHHOU TPaHUILBI OTKPOETCS OKHO, TA€ YCTaHABIIH-
BAaeTCsl HAIpaBJICHUE CKOPOCTH TEIUIOHOCUTENSI U BEJH-
YHMHa ero ckopocTH. [yl HacTpoiiku TemMmepaTrypbl Tell-
JIOHOCHUTENST B JaHHOM OKHE HE00XOIMMO BHIOpaTh
BKIaAKy Thermal, rae ykassiBaeTcs 3HaYCHHE TeMIIepa-
Typbl. HacTpolika 1pyrux rpaHu4yHbIX YCIOBHM OCyIe-
CTBJIETCS] aHAJIOTUYHO.

Outline View 1 Lo
Boundary Conditions )

- Setup
@ General
@ Models
£¢ Materials
[ cell Zone Conditions
3 Boundary Conditions
£¥ Mesh Interfaces -
= Dynamic Mesh
[;J Reference Values e Neie
+ 17, Reference Frames Inlet

£+ Named Expressions

+ Solution
> Results Velocity Specification Method Magnitude, Normal to Boundary =

+ Parameters & Customization
+ Simulation Reports

DIOIOIC

Momentum | Thermal

Reference Frame  Absolute et

Velocty Magnitude [m/s] 5 >

Supersonic/Initial Gauge Pressure [Pa] o .
Turbulence

Speciication Method Intensty and Viscosty Ratio =

Turbulent Intensity (%] 5 x

Turbulent Viscosity Ratio 10 .

2 (o) [rer

1 - BbIbOp BKNAAKM rpaHUYHbIX YCNIOBMIA B ilepeBe NpoekTa; 2 — Bblbop
BXOAHOW rpaHuLpl inlet; 3 — HAaCTpoiika NnapaMeTpoB BXOAHON rpaHuLbl

Pucynox 1. Aneopumm nacmpouxu epaHuyHbIX YCI06uUil
pacuema uepes epaguueckuii unmepgeiic

Bo BpeMs mpoBeneHHs SKCIIEPUMEHTa, O BO3CH-
CTBHEM PEaKTOPHOTO U3IY4YEHHUs, B 3JieMeHTax JY (B To-
uimBe, 000J104Ke, KOHCTPYKIMOHHBIX 3JeMEHTaX) Ipo-
HCXOJUT BbIJIENI€HUE TeMIoBol Hepruu. [lostomy, npu
MOJEIUPOBAHUHU TEIUIOBOro coctosiHus DY B ANSYS
FLUENT 3agaercst BHyTpeHHEe HeprosulaencHue. Jus
HACTPOWKM BHYTPEHHEr0 HEProBBIJIENICHNS] HE0OX0au-
MO BBIOpATh PacCUETHYIO 30HY, 331aTh B JAHHOM 30HE BUJL
MaTepuaga U KOJIMYECTBO MCTOUYHUKOB 3HEPruM (pucy-
HOK 2).

Vcxons U3 BBIMIECKa3aHHOTO, MOKHO MIPUHTH K BBI-
BOJy, YTO HacTpoika pemarens nporpaMmbl ANSYS
FLUENT uepes3 rpaduueckuii nHTEpdEHC ABIIETCS IITH-
TeNbHBIM TporeccoM. [lociemoBaTeNbHBIE MEPEXOIBI
MEXIYy MHOXECTBOM Ipa)MiecKUX OKOH IPU HACTPOIKe
pemaTens CHIbHO 3aMEUIIOT IPOLEeCC MOATOTOBKU U
IIPOBEJICHUSI CEPUU PACUETOB, KOTOPBIE YaCTO TPEOYIOTCS
JuIsl 000CHOBaHMS 0E30MaCHOCTH PEaKTOPHBIX IKCIIEPH-
MeHTOB. Ilo 3Toil mpuuKHe 11 aBTOMAaTU3aLUU IpoLec-

ca HACTPOMKHM pelraTess, yIpaBieHHus: pacdeToM (pery-
JIMPOBKU BPEMEHHOTO I1ara M KOJHYECTBA UTEPALH) 1
00paboTKN pe3yNnbTaToB, OCOOEHHO IpU IPYMIIOBOH pa-
00Te HaJ MPOEKTOM, NpeJIaraeTcs MCIOJIb30BaTh TEK-
croBeiii  uHTepdeiic (Text command) mnporpaMmel
ANSYS FLUENT.

@ General
+) @ Models

- ") (E

+ £ Materials r—

=[] cell Zone Conditions
+ [ Fluid
+ [ solid
+) [ Boundary Conditions
£% Mesh Interfaces
Z1 Dynamic Mesh
[Z] Reference Values
+ 12, Reference Frames
£+ Named Expressions
+ Solution
+ Results
+ Parameters & Customization

4 |m —
Tl Erergy sources

tiumber of Energy sources

1. (W/m’] 8000 A

Energy 1 source e

1 — CNNCOK 30H B AepeBe NpoekTa; 2 — BblIbop pacyeTHoM 30HbI fuel-1;
3 — HasHayeHve maTepuana UO; ans pacyeTHom 30Hb! fuel-1; 4 — akTuBaums
NCTOYHWKA BHYTPEHHEN SHEpriK; 5 — 3ajaHne KOHKPETHOrO 3Ha4eHNs
BHYTPEHHErO0 YAENbHOTO 3HEProBbIAENeHNs

Pucynoxk 2. Anzcopumm 3adanus sueposvioeneniis 8 moniuge

Hacrpoiika pewaress nporpammbl ANSYS

FLUENT ¢ noMomb10 TeKCTOBOro MHTepdeiica

Texcrossiit uaTepdeiic ANSYS FLUENT mpencras-
nsieT co0oi TekcroBble KoMauabl (Text command), coot-
BETCTBYIOUINE Pa3IMYHBIM OMEpanusiM B IPOTpaMMme
[11]. TexcroBslit nHTEpdElic pacuupsieT PyHKIMOHAIb-
HBIE€ BO3MOXHOCTH NTPOTPaMMBI U TIO3BOJIIET COXPAaHUTh
HACTPOHKHU ee pemaTelsi B BHJE NMPOIPaMMHOTO KOJa.
Kaxmomy neicTBHIO B IpOTpaMMe COOTBETCTBYET CBOSI
TEKCTOBas KOMaH/A.

B nporpamme ANSYS FLUENT umeetcs 1Ba crioco-
6a BBOIa TEKCTOBBIX KOMAH/I:

1. Ucnonp3oBanne komaHgHoW cTpokun ANSYS
FLUENT (pucyHok 3);

2. Vcnonb3oBaHME )XypHAIa KOMaHI.

JUis onTHMM3alMU MpoLecca HACTPOMKU peliaTens
mporpammbl ANSYS FLUENT mnpeamouturensHee Hc-
MOJIK30BATh XKypHaT KoMaH. JKypHan KoMaH npezcTa-
BJISIET COOOM TEKCTOBBIN (haiiyl ¢ paCIIMPEHUEM «.jOU», B
KOTOPBIM IPOTMHUCHIBAIOTCS] TEKCTOBBIE KOMAHABI [T Ha-
cTpoiikn pematensi. COOTBETCTBEHHO, TEKCTOBBIE KO-
MaH/Ibl MOTYT OBITh COXPAHEHHI B TaHHOM (aiine u nmpu
HEOOXOAMMOCTH PEIAaKTUPOBaHBL. cronb3ys >KypHal
KOMaH/I, MO’KHO pa3paboTaTh METOJIUKY HACTPOHKY pe-
maTesns, IS pacdeTHBIX OOOCHOBaHMI 0e30MacHOCTH
MIPOBOJIUMBIX PEAKTOPHBIX IKCHEPUMEHTOB.
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2 @ ; == [aHenb MHCTPYMEHTOB R =

o -

Jepeso . ") (&
NpOeKTa | .=

KomaHaHan cTpoka o

a - caommn e oo
Pucynoxk 3. Oxno npoepammer ANSYS FLUENT

METOJIUKA MPOBEJEHUS PACUETA

Pa3paboTka )kypHajia KOMaHJ

Jnst co3maHus JKypHajga KOMaHI HEOOXOIMMO CO3-
nath (Gailll ¢ pacIIupeHHeM «.joUy. [l yTeHus KypHana
koMmaH[ B okHe nporpamMmmMbel ANSYS FLUENT nHeoOxo-
MO BbIOpaTh KomaHy File — Read — Journal (pucy-
HOK 4).

I Modlel 5 Paralle! Fluent@KabdylkakovE ize.local [3d, dp, pbns, sstiw, transient, 14-processes]
Domain Physics User-Defined Solution Results View 1

Read Y Mesh.. Zones Interfaces
Write b case.. Scale... &Z Combine . g Delete... [ Append - | Ewesh...
Import o bEB Transform - | Ll Separate . g Deactwate... i Replace Mesh... | [ overset
Case & Data.. 3
Exporl 4 Make Polyhedra | < Adjacency... g Actvate.. O Replace Zone...
Export to CFD-Post (st
< Task Page <
Table File Manager. L -
Solution Files. ISAT Table Boundary Conditions (@] o
Interpolate DIRMI -
£5I Mapping »  ViewFacors.. Zone [Filter Text EBENE
Save Picture. profile - linlet L}
inlet
Data File Quantities..  scheme, > Internal <
Batch Options... o] interior--casing:213621
P interior--fuel-1
Model_ Joural interior--hole:213627

Preferences... interior--housing:213615 \'
Start Page. interior--inlet213618
Applications , Outlet

outlet 1)
Exit =) Wall

casing

Pucynox 4. Umenue srcyprana xomano

[Tocne BeIMONTHEHNE TaHHOW KOMaHIBI OTKPOETCS OK-
HO, TJie HEOOXOAMMO BBHIOpaTh COXpPaHEHHBIH KypHall.
[Mocne ureHus xypHana Bce coJiepiKalnecs B HEM TeK-
CTOBBIE KOMaHABI Oy/AyT BBINIOJHEHBI. YTeHue XypHaia
MOJKHO TaKKe OCYHIECTBHTH Yepe3 KOMaH/IHYIO CTPOKY.
JI71s1 5TOT0 B KOMaHTHOM CTPOKE HEOOXOAUMO BBECTH KO-
manny File/Read/FileName.jou. B paspabarsiBaeMbim
KypHaje KOMaHJ JOJDKHBI COJAEPKATHCS OCHOBHBIE Ha-
crpoiiku pematens nporpaMMbl ANSYS FLUENT s
pemennst Tertodu3myeckor 3amaun. OCHOBHBIC Ha-
CTPOMKH pemaTess MPOrpaMMBbl BKITIOUAIOT B ce0st:
Hactpolika BAMSHUS CUI TATOTEHMUS;

Hactpolika HcTIONB3yeMbIX PACUETHBIX MOJEIEH;
Hactpolika cCBOWCTB MaTe€pHanoB;

Hactpolika HauanbHBIX ¥ TPAaHUYHBIX YCIOBHH;
HacTtpolika BHYTpeHHEro yJEIbHOIO HEPIrOBBI-
JICJICHUS,

6. Hacrpoiika cxeM JIUCKpETH3aIIH;

7. VHunmanu3aius pacueTa,

8. Hacrtpoiika BpeMEHHOTO Il1ara U KOJHYECTBa UTe-
patuid.

Ha pucynke 5 mpeacTaBieHBl TEKCTOBBIE KOMAaH[BI
JUIs ydeTa CWUJ TpaBUTAlUM, BKIIOYEHUS YpaBHEHUS
SHEPrHH, BbIOOpa MOJENH TYPOYISHTHOCTH.

agrwdE

1 /define/operating-conditions/gravity yes 0 -9.81 0
2 /define/models/energy yes yes yes
3 /define/models/viscous/k-sst yes

Pucynox 5. Komanouvie cmpoxu 015 yuema @AusAHUusA cui
2pasumayuy, aKmueayuy ypagHeHus SHepeuu u 8b160pa
MoOenu mypoyieHmHOCmU

3nadeHns «0» B MepBOH cTpoke 0003HAYAIOT OTCYT-
CTBHE CHJI TATOTeHHUS 10 HampasieHnsM OX u OZ u ee
JeiictBue Toabko mo HampasieHHto OY. Crpoka 2 yka-
3bIBa€T NPOTpaMMe Ha aKTHBAIMIO YpaBHEHUs SHEPTHH.
KomaHibl «yes» B JaHHOH CTpoKe 0003HAYAIOT MOJI0XKHU-
TEJIBHBIIT OTBET Ha 3aIpockl mporpammel «Enable energy
model?» (Hcnonvzosame modens suepeuu?), «Compute
viscous energy dissipation?» (Paccuumams ss3x0e pac-
cesnue snepeuu?), «Include diffusion at inlets?» (Bxuio-
yumsv oughghysuro na 6xode?). CTpoka 3 oTBeUaeT 3a BEI-
6op k-omega B kauecTBe pacyeTHOW MOJIEeH TypOYIICHT-
HOCTH.

Jlnst GONBIIMHCTBA PAcUeTOB, CBS3aHHBIX C 0OOCHO-
BaHMEM O€30MaCHOCTH PEAKTOPHBIX 3KCIICPUMEHTOB,
TEKCTOBbIe KOMaHbl 1-3 (pUCYHOK 5) ocTaroTcs Heus-
MEHHBIMH. DTO CBS3aHO C T€M, YTO B JAaHHBIX pacyerax
NpUMEHSIETCS psifl PU3MYECKUX MOJIEINIeH: BIMSHUE CHII
rpaBUTALNH, HATMUHE HCTOYHHUKA SHEPTHU U TYpOYJIeHT-
HBIX TeueHu# (Moaesb TypOynenTHocTr kK-omega). au-
HBIE MOZEIIH OCTAI0TCSl HEM3MEHHBIMH IJIs1 OOJIBIIUHCTBA
9KCIIEPUMEHTOB ¥ BPEMs OT BPEMEHH YTOYHSIOTCH.

st nepBoHavYaIbHOM HACTPONKU CBOWCTB MaTepua-
70B ¥ (OpMUPOBaHUs 0a3bl MaTEPHAIOB IPOEKTA TIpe.I-
MOYTUTEIbHEH MCHONB30BaTh rpadudeckuil nHTEepdeic
nporpammbl. C €ro HOMOIIBI0 YI00HO KOHTPOJINPOBATH
BBOJMMBIC 3HAYCHHS IUIOTHOCTH, TEIUIONPOBOAHOCTH,
TEIUIOEMKOCTH, BI3KOCTH MaTepHaja U IPOYUX CBOKCTB,
a TakKe 3a/1aBaTh HEIMHEIHbIC TeMIepaTypHbIe 3aBUCH-
MOCTH 3THX CBOUCTB. [Tocne GopmupoBanus 6a3bl marte-
pHasIoB €e MOXKHO 3alKcaTh B CHEIMAIbHBIN (aiii, uyTo-
OBl UMETh BO3MO)KHOCTB HCIIOJIB30BATh 3TH MaTEepPHaJbI B
JIpyrux npoekrax. Mcmons3oBaHue 0a3bl TaHHBIX Mate-
pHaJIoB YMEHBIIAET 00BEM 3aTPauNBacMOro BPEMEHHU Ha
HAaCTPOWKY CBOMCTB MaTepuasioB uepe3 Tpaduueckuii
naTepdeiic mporpammbl ANSYS FLUENT. Pyunoe pe-
JaKTUPOBAaHUE 3TOTO (hailyia Takke JOCTYITHO B JIIOOOM
TEKCTOBOM PEIAKTOPE, 3TO MOXKET OBITH HEOOXOIMMO B
ClTydae pacIIMpEeHHUs CBOMCTB MaTepHrasa Win oOHapysxe-
HUSI HETOYHOCTEH B IEpBOHAYAIFHOH 0a3e MaTepHasoB.

BHyTpeHnHee YHepProBbIAeIeHHE B TOIIIMBE 33/1a€TCS C
HCTIOJF30BAaHUEM TIOJIB30BATENbCKUX (yHKIwA (User
Defined Function — UDF). UDF — 310 mporpamMmmupyemast
oJIp30BatesieM (QyHKIHS, KOTOPYIO MOKHO 3arpyath C
nomo1usto pemarenss ANSYS FLUENT muis pacimpenus
Bo3MoOskHOCTe# mporpammsl [ 12]. UDF ¢ynkimn 3anucs-
BaloTcs B (hailm M MHTEpHIpeTHpyeTcss caMoi mporpam-
Mo#. [lonb3oBarenbckne (QyHKIMHM TPUMEHSIOTCS NMPU
peLICHHH LIMPOKOTO Kpyra ¢usmyeckux 3amad [13-16].
B pa6ore [17] mo aHanmmu3y 6€30MaCHOCTH TPOBOJAUMBIX
peaxtopHbIx 3kcepuMenToB UDF ¢yHkImm npumens-
JIMCH 7SI 3aJaHNS] BHYTPEHHETO SHEPTOBBIACICHHS B DY
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/define/boundary-conditio
/define/boundary-cor
/define/boundary
/define/boundary-con
/define/boundary ditio

velocity-inlet inlet no no yes
ylid/fuel-1 yes uo2 yes 1 no
id/casing-1 ye

»lid/housing-1 yes st12x18h10t no no no no 0 no 0 no 0 no
! fluid/water yes water-liquid no no no no 0 no 0 no 0 no 0 no 0 no 1 no no no no no
/define/boundary-conditions/fluid/hole-1 no no no no no 0 no 0 no 0 no 0 no 0 no 1 no no no no no

/define/user-defined/interpreted-functions/"C:/Users/kabdylkakov/Desktop/Work/NNC_scholarship/Model/Model_2/UDF.c" "cpp" 10000 no
s no 0.5 no 0 no 300 no no yes 5 10

3livo no no no 0 no 0 no 0 no 0 no 0 no 1 no no no
aisi3lé.cbolochki no no no no 0 no 0 no 0 nec 0 no 0 no 1 no no no

no 0 no 1 no no no

Pucynox 6. Komanouvie cmpoku 0151 HACMPOUKU HAYAbHBIX U SPAHUYHBIX YCI0BUL paciema

Ha pucynke 6 npencraBieHbl KOMaHIHBIE CTPOKH
JUIl. UHTEPIPETAK MOJIb30BaTeNIbCKON (YHKIMHU, Ha-
CTPOMKM TPaHUYHBIX YCIIOBHI, 3aJaHUs BUJAa MaTepua-
JIOB M BHYTPEHHETO 3HEPTOBBIZCICHUS B PaCU€THON 00-
nmactu. Ctpoka 4 Ha pHCYHKe 6 OTBEYaeT 3a MHTEPIIpeTa-
uro Qaiina, comepIKamero moIb30BaTeNbCKIe PYHKITUN
(UDF). B manHO# cTpOKe MPOMUCHIBAETCA ITyTh K (ailiry
MIOJTb30BaTENbCKON (YHKIMHU 1 Ha3BaHHUE camoro (aiina.

Ctpoka 5 mpou3BOJUT HACTPOUKY TPAHUYHOTO yCIIO-
Bus Tumna velocity-inlet. Jlis HacTpo#ky rpaHUYHBIX yC-
JIOBUIT HEOOXOAMMO yKa3aTh BHJ IPAaHMYHOTO YCIIOBHSI.
K mum otnocstes: velocity-inlet (ckopocts Ha BxOE€),
pressure-inlet (naBnenue Ha Bxoze), pressure-outlet (ma-
BJIEHUE Ha BbIXo/1e) 1 apyrue. [locne ykasanus Buja rpa-
HUYHOTO YCJIOBHSI HEOOXOAMMO yKa3aTh T'PaHUILY B pac-
4eTHOW Monenu (TpaHp Wid pedpo), Te CIeAyeT 3an1a-
BaTh JAHHBIA BHJ TpaHUYHOTO ycioBus. [locie BbiOOpa
TpaHHUIBI, BEIOMPAETCS] HANIPABJICHHUS BEKTOPa CKOPOCTH,
BBIOOP CHCTEMBI OTCUETa, IPOBOJIUTCSI HACTPOHKA TEM-
neparypsl U TypOysieHTHocTH. Eciu npencraButh cuty-
alMIo, B KOTOPOil HE0OXOUMO NIPOBECTH CEPHUI0 pacye-
TOB C pa3IM4YHBIMH 3HAYCHUSIMH CKOPOCTH TEINIOHOCUTE-
JIsl HA BXOJIE, TO, MCIIOJIB3Ysl )KypHaI KOMaH/I, 0CTaTou-
HO TOJIbKO M3MEHHTh 3HaYEeHUE, OTBEYAOLIee 3a JaHHYIO
BennunHy. B ciydae, korga ckopocth TpeOyeTcs 3a1aTh
B BUAE (YHKIMOHAIBHON 3aBHCHMOCTH, HEOOXOIHMO
MIPUMEHSTH NoIb3oBatenbckue GyHkiun (UDF), Tak kak
B )KypHaJe KOMaHJ{ TAKOH BO3MO>KHOCTH HE HMEETCsI.

B nporpamme ANSYS FLYUENT moaens npencra-
BIIsieTCsl HAOOPOM M3 HEeCKOJbKUX pacuyeTHsx 30H (Cell
Zone Conditions). [lyis Moeneit peakTOpHBIX YCTPOUCTB
MaHHBIMHA 001aCTAMH OOBIYHO SIBJISIIOTCSI TOILIMBO, 000-
JIOYKA TOIUTUBA, KOPIYC, TEINIOHOCUTENb U KOHCTPYKIIU-
OHHBIE AJIEMEHTHI. {7151 JaHHBIX oOnacTeil He0OXOaUMO
yKa3aTh HAUMEHOBaHKE, BLIOPATh THUI 30HBI U MaTepuall,
U, TP HEOOXOAMMOCTH, 33JaTh BHYTPEHHEE yIeNbHOEe
9Hepro.eleneHre. JJaHHbIM OnepanusiMi COOTBETCTBY-
10T cTpoku 6—10 (pucynok 6). Ctpoka 6 3amaer B Kaue-
CTBE MaTepuala TOIUIMBa JUOKCH ypaHa. HazBanus ma-
TEpUaJIOB B JKypHAJIE KOMaH JJOJDKHO CTPOTO COOTBET-
CTBOBaTh Ha3BaHUIO MaTepuana B 6aze. Takxe, cTpoka 6
3aJ[aeT SHEProBbIJICJICHNE B TOIUIMBE B BHJIE ITOJIH30Ba-
TeNnbCcKol (yHKIMH, KoTopas mponucana B UDF caiine.
[Tpu npoBeJeHNH PAcUETOB C Pa3IMuHBIMK JTUarpamMma-
MU SHEProBbIICIEHHs] BHOCUTh KOPPEKTHPOBKU B XKyp-
HaJl KOMaHJ He Hy»HO. Heo0X0IuMo JIHIb BHECTH U3-
MeHeHns B cymectBytommid UDF ¢aiin u cHOBa 3amyc-
TUTb )KypHaJ KOMaH/ Ha UCTIOJTHEHHE.

Haspanus «fuel-1», «casing-1», «hole-1», «housing-
1», «water» sBISIOTCSI Ha3BaHMSIMH PacUETHBIX obJac-
Teil, 3aJTaHHBIX T0JIb30BaTeNeM. JlaHHbIe Ha3BaHUs COOT-

BETCTBYIOT TOILUIUBY, 000JIOYKE TOILUTMBA, IEHTPATHHOMY
OTBEPCTHIO B TOILIMBE, KOPIycY DY U TEIUIOHOCUTEIIIO.
HasBanus pacueTHBIM 00J1aCTSIM 331aI0TCS IPH TTOCTPO-
€HHH pacuyeTHOH Moaem (TIpu mocTpoeHwnn cetkn). Cre-
IyeT 0co00 OTMETUTH, YTO Ha3BaHUs o0iacTeil B )KypHa-
JIe KOMaH/I JOJKHBI CTPOTO COOTBETCTBOBATh Ha3BaHMU-
MH, 33JaHHBIMH IIPU TIOCTPOCHHUHU PACUETHOH MOJEINH.
IIpu HecooTBeTcTBUMM HazBaHui, nporpamma ANSYS
FLUENT He BBINOJIHUT YKa3aHHYIO B )KypHaJIe KOMaHJy.

Ilocne HacTpoilku pacyeTHON MOJENH, HAUYalbHbBIX U
IPaHUYHBIX YCIIOBHH, CBOWCTB MaTepuaioB HEOOXO MO
OpPOBECTH HACTPOWKY MeTomoB pererus (Solution
Methods). Hactpoiika METOIOB peIlICHHUs BKIIFOUAET B Ce-
651 BI)I60p METOAOB JUCKpPETU3aluA NaBJICHWUA, KUHCTU-
YEeCKOW 3HEPTHH TYpOyJICHTHOCTH, CKOPOCTH JHCCHIIA-
LINH, SHEPTUH, TpagueHTa (prucyHok 7). Komannsl, npen-
CTaBJICHHBIC CIIpaBa, MOAOUPAIOT CXEMY AUCKPETH3ALNH
JUISL K&KAOTO YPaBHEHHS, HCXOAS U3 CXOAUMOCTH pellia-
€MOM 3a1a4u.

| /solve/set/p-v-coupling

Task Page
/solve/set/ gradient-
Sokition Hcthode (©] scheme/no/yes
Pressure-Velocity Coupling
S::j:: & = /solve/set/discretization
-scheme/ pressure/12
Spatial Discretization
Gradient
Least Squares Cell Based ~ /solve/set/discretization
Broting -scheme/ mom/1
Second Order »
omentoy /solve/set/discretization
Second Order Upwind v / sscheme/k/
Turbulent Kinetic Energy / i
Second Order Upwind v
Spectic Dissipation Rate |~ /solve/set/discretization
Second Order Upwind '/ -scheme/ omega/1
Enerav )

Pucynox 7. Coomeéemcmeue KOMAHOHbIX CIPOK
U BLIOUPAEMBIX CXEM OUCKPEmMU3ayuu

[Tocne HACTPONKM METOMOB PELICHHS HEOOXOIUMO
MTPOU3BECTH HHUITHATM3AIMIO pacyeTa u yKa3aTh Hadallb-
HBIE 3Ha4eHHs Temreparypsl. CyIiecTByeT ABa MeToja
WHHULUAIN3alUK: THOpUIHAS WHUIMAIN3AIMI ¥ CTaH-
JapTHas uHUNManu3auus. [ qaHHOM 3aJauu MCHOJIb-
3yercst ruOpuiHas nHuIManu3anys. Ha pucynke 8 npen-
CTaBJICHBI KOMaH/IHbIE CTPOKH JUIs HHUIMATIU3ALUU pac-
yeTa ¥ 33JaHUS PaCUETHBIM 30HaM HayaJlbHbIX 3HAUEHUI
Temneparypsl. [IpoBeneHne MHMIMANM3alUU pacdera
yepe3 KypHaJl KOMaH] SBJIAETCS O4eHb ynoOHbIM. Ilo-
CKOJIBKY MOJKHO OBICTPO 3aJaBaTh pa3zIMYHBIC HAYaJIh-
HBI€ 3HA4CHHSA (U3NYECKUX IapaMeTpOB MHOXECTBY
pacueTHBIX oOmacTeil. JlaHHAs BO3MOYKHOCTh CTAHOBUTCS
«HE3aMEHHMOW» MPH MPOBEIECHUN CEPUHU PACIETOB.
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@

=

no
[ =

/zolve/patch
/solve/patch
/solve/patch
/solve/patch
/solve/patch

(¥

N

S

/solve/initialize/hyb-initialization OK

casing-1 () temperature 293
fuel-1 () temperature 293
hole-1 () temperature 293
housing-1 () temperature 293
water () temperature 293

NN
S oUW N

[\
J

/file/auto-save/data-frequency 10
/solve/set/transient-controls/time—-step-size 0.1
/solve/set/transient-controls/number-of-time-steps 1500
/solve/set/transient-controls/max-iterations—-per—-time-step 200

Pucynok 8. Komanouvie cmpoxu 0na uHuyuanu3ayuy pacuema u 3a0anus 8 pacuemubix 30Hax HaYaabHulX 3HAYeHUll meMnepamypbl

/define/operating-conditions/gravity yes 0 -9.81 0
/define/models/energy y yes yes
/define/models/visc /k-sst yes

cous

lve/set/gradient-scheme no yes
olve/set/discretization- em/ pressure 12
em/ mom 1

eme/k 1
eme/omega 1

set/discretization- eme/temperature 1
olve/initialize/hyb-initialization OK

olve/patch casing-1 () temperature 293

/solve/patch fuel-1 () temperature 293
/solve/patch hole-1 () temperature 293
/ ve/patch housing-1 () temperature 293

/solve/patch water () temperature 293

/file/auto-save/data-frequency 10
=/set/transient-controls/time-step-size 0.1

/solve t/transient-controls/number-of-tim teps 1500

0 no no 0 no 0 no 0 no 0 no 0 no 1 no n

/define/boundary-conditions/solid/housing-1 yes st12x18hl0t no
/define/bc dary-conditions/fluid/water yes water-liquid no no no
i lary-conditions/fluid/hole-1 no no no no no 0 no 0

/solve/set/transient-controls/max-iterations-per-time-step 200

/define/u d/interpreted-functions/"C:/Users/kabdylkakov/Desktop/Work/NNC_scholarship/Model/Model 2/UDF.c" "cpp" 10000 no
/define/bc itions/ velocity-inlet inlet no no ye 0.5 no 0 no 300 no no yes 5 10

/define/bc olid/fuel-1l yes uo2 yes 1 no yes toplivo no no no 0 no 0 no 0 no 0 no 0 no 1 no no no

/define/bc olid/casing-1 yes aisi316.obolochki no no no no 0 no 0 no 0 no 0 no 0 no 1 no no no

no 0 no 0 no 0 no 0 no 0 no 1 no no nc

© 0no Ono O nolnonono no no

Pucynox 9. [lonnwiil scypHan KoMano 051 HACMPOUKU YCI08ULL MUROB020 MENIOPUIULECKO20 paciemda

[Mocne nHNTMAaNM3aMK 1 33/1aHKUS HAYaJIbHBIX 3HaUe-
HUl TeMiepatypsl (cTpoku 18-23) He0OX0aUMO TPOU3-
BECTH 3allycK pacdera. B cirydae HecTalmoHapHOTro pac-
YyeTa HeOOXOJMMO yKa3aTh BETMUMHY BPEMEHHOTO II1ara,
KOJIMYECTBO IIAroB U uTepanuit (ctpoku 25-27). 3Have-
HUS BEJIMYMHBI BPEMEHHOIO IIara U KOJM4YEeCTBO UTepa-
Uil moxOMpaeTcs U3 yCIOBUS JOCTHKECHUS CXOIUMOCTH
pemenust. Eciin HeoOxo1uMo mpoBecT pacuet ¢usnye-
cKOrO mporecca B TedeHuH 150 cekyHa, ¢ BpeMEHHBIM
marom 0,1 ¢, ¥ €XKECeKyHIHO COXPaHATh PE3YJIbTaThl
pacderoB, TO HEOOXOAMMO yCTAaHOBHUTH KOJIMYECTBO IIa-
ros paBHoe 1500, ¢ MPOMEKYTOUHBIM COXPAHEHHEM Ye-
pe3 10 maros. [Tocne mpoBeneHus Cepuu pacyeToB OBLIO
0I00pPaHO ONTHMANbHOE KOJIMYECTBO HTEpaluii, pas-
Hoe 200. Ctpoka 24 ompenenseT 4acTOTy COXPaHEHHS
MIPOMEKYTOUHBIX PE3yIbTATOB pacyeTa, CTpoka 25 ycra-
HaBJIMBAET BEJIMYMHY IIIara o BpEMEHH, CIICAYIOIINE IBE
CTPOKH 33JJal0T KOJIMYECTBO BPEMEHHBIX IIIaroB U UTepa-
LM, BBITTOJIHSIEMBIX 32 OJIMH IIIar.

Ha pucynke 9 npencraBiieH Bech >KypHall KOMaHI,
pa3paboTaHHBIN JJIs1 HACTPOWKHU peIaTess MporpaMmbl
ANSYS FLUENT. C uenbto anpobannuy METOAUKH pas-
paboTaHHBIN AaHHBIA KypHAII KOMaHA OyJeT MpUMeHeH
IIPU TIPOBECHUN TEIUIOPHU3NYECKOro pacdera ¢ THIO-
BbIM DY.

IIpuMeHeHMe )KypHAJIa KOMaHJ NPU pellleHUH

TemJo(pu3nyecKkoi 3axaumn

Ilocmanoexka munoeoii mennioguzuueckoi 3a0a4u

TunoBoe DY COCTOUT U3 OJHOrO TBAJIA, CTAIBHOIO
KOpIyca M OXJIAXXIAETCS BOJSIHBIM TEIUIOHOCHUTEJIEM.
BxomHast CKOPOCTH TEIIIOHOCHUTENS TOCTOSIHHA M PaBHA
0,5 m/c. B TBane 3amaeTcs BHYTpEHHEE JHEProBbIAEIIC-
HHE COTJIACHO JHarpaMMe, IIPeICTaBICHHON Ha PUCYHKE
10. DHeproBeleieHHE MEHSIETCS KaK 10 BPEMEHH, TakK 1
o BeicoTe. Pucynok 10, 6 moka3biBaeT H3MEHCHHUS TEM-
nepaTypsl B IIeHTpe TommBa Ha BeicoTe 60 mm. Ilo yc-
JIOBHIO 33J1a4i HEOOXOUMO HCCIIEeI0BATh AMHAMUKY H3-
MEHEHHs paclpe/ieJIeHUs] TeMIlepaTypsl B o0beme DY B
teueHue 200 c. HauanbHas TeMnepaTypa 1eMeHToB DY
npunsita 293 K. Temnogusnyeckue cBoiicTBa Marepua-
JIOB 3aMMCTBOBAHbI U3 CIIPABOYHOI uTepaTypsl [ 18—20].

I'eomerpuueckass moaens Tunosoro JY co3jgaHa B
nporpamme SpaceClaim. B TomnuBHOM cepleyHHKE
nMeeTcs ICHTPAJIbHOE OTBEPCTHE AMaMEeTpoM 1,5 M.
BricoTa TormmBa, 060I09KH TOIUIMBA U KOPITyCa COCTaB-
nset 121 mM. PacdeTHast ceTka creHepupoBaHa B TPO-
rpamme ANSYS FLUENT (pucynok 11).
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\ OBonouka
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- $6.1mm

Tonnuso ~ .

TennoHocuens

a) reoMeTpus

0) ceTouHas MOJICIb

Pucynox 11. Ilonepeynoe ceuenue 3Y

3anyck scypnana komano

[Mocne 3amucy TEKCTOBBIX KOMaH[ XKypHalI HE00X0-
JIMMO COXPaHUTb. J{JIs YTeHHUS )KypHaia B OKHE MpOrpaM-
Mel ANSYS FLUENT HyxHO BBIOpaTh KOMaHIy
File — Read — Journal (pucyuox 4). Ilocie storo yc-
TaHABIMBAIOTCSI HEOOXOAMMBIE ycioBus pacyera. s
3amycKa pacyera BoinojHsercst komanaa Calculate.

PE3YJBTATBI PACYETA U OBCYKJIEHUE

B pesynbrare mpeicraBieHa AuarpaMma pacuipene-
JICHUS TEMIIEPATyphl 0 BEICOTE TOILTMBHOTO cTON0A (pH-
cyHOK 12, a). Pacmpenenenne temmeparypsl B o0beme
TOIUIMBA COOTBETCTBYET pacIpeiCICHHIO SHEPTOBbIe-
neHus o BeicoTe (pucyHok 10, a). Temmeparypa B To11-
JIMBE CHU)KAETCS OT LEHTPa K Nepudepu.

a) pacmpezeneHre TeMIepaTyphl o BeicoTe TorumBa Ha 130 ¢

413.0

Temneparypa, K

333.0

313.0

293.0
0 20 40 60 80 100 120 140 160 180 200
Bpems, ¢

0) muarpaMma M3MEHEHHs TeMIIepaTyphl B LIEHTPE TOILUINBA
Pucynox 12. Pesynomamol mennogusuueckozo paciema

Ha pucynke 12, 6 npezncrasiiena quarpaMMa u3MeHe-
HUS TEMIIEpaTypHl B IIEHTPE TOIUIMBA Ha BbICOTE 60 MM.
JluHaMuKa W3MEHEHHs TEeMIIepaTypbl COOTBETCTBYET
JuarpaMMe  W3MEHEHHs OSHEproBblieNIeHUS  (pHCY-
Hok 10, 6). PocT sHeproBuiacicHHS B HaYalle pacyeTa Be-
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JIeT K YBEJIMUYEHUIO CKOPOCTU pocTta Temneparypsl. [loc-
Je 5-0i CeKyHIpl OT Hayajla pacyera CKOpPOCTb POCTa
TEeMIIEpPaTyphbl 3aMEJISIETCS, YTO CBSA3AHO C OOJIBIIUM KO-
a¢¢urmenToM Temonepeaadn Boasl. CHIDKECHHE YHEp-
roBoiieNieHus mocine 125 ¢ BeAeT K CHIDKEHUIO TeMIiepa-
Typbl TomuBa. CKOPOCTh CHUKEHUS TEMIIepaTyphl 10C-
TUraeT MakCUMalbHOTO 3HaueHus Ha 132 c. Ilocne non-
HOTO OTKJIIOUEHUs dHeproBelaeneHus Ha 150 ¢, remmnepa-
Typa B LEHTPE TOIUIMBA IPOAOJKAET CHUXKAETCA, YTO
CBS3aHO C BO3JeiicTBUEM TerutoHocurenst. [locie 160 ¢
CHUKEHME TEMIIEPATYPBI IPEKPAIIAETCS, U TEMIIEPATYPA
B LIEHTpe ToruuBa aocturaet 3HayeHus 300 K, paBHoM
TeMIIepaType TEIJIOHOCUTENS Ha BXojie B DY.

3AKJIOYEHUE

IMocTtpoeHa pacueTHas MOAENb THUIOBOTO DKCIEPH-
MEHTaJILHOTO yCTPOWCTBA JUIA MPOBEACHUS TeIutodu3n-
yeckoro aHanuza B nporpamme ANSY S FLUENT. Cerka
KOHEUYHBIX 3JEMEHTOB IEpefjaHa B pelaTenb I 3a1a-
HUS yCIIOBUH pacyera.

Pa3zpaboTana MeToAMKa HMCIHOJIB30BaHUS TEKCTOBBIX
KOMaH]| JIIs1 HACTPOMKH YCJIOBUM pacueTra U yIpaBJICHUs
pacyeToM Ternohu3nIecKoi 3aJaun.

BrInonHeHa mosTanHas HacTpoiKa pematens c Hc-
MOJIb30BaHUEM TEKCTOBOTO MHTepdelica Ioyib30BaTes.
Bce TexcToBbIe KOMaH IbI OBIITH IPOTECTUPOBAHBI M 00B-
€IIMHEHBI B OJUH YPHal KOMaHJ, MO3BOJIIONINNA Mpo-
BOJUTH MOArOTOBKY pacdeTa B T€YEHUE HECKOJIbKUX MU-
HYT. JIaHHBII )KypHaI KOMaHI MOKET UCIIONb30BaThCS B
Ka4ecTBE OCHOBBI IIPH IOJITOTOBKE PA3IMYHBIX TEILIO(H-
3UYECKHMX 3aad, pemaembix B nporpamme ANSYS
FLUENT.

Pa3paboTaHHasi MeTO/MKa 3aJ]aHUs] HACTPOEK pellla-
TeNs ¢ TIOMOIIBIO JKypHala KOMaHJ ampoOupoBaHa Ha
IIpUMepe TEIUIOBOI'0 aHAIN3a MOJEIH 3KCIIePUMEHTAIb-
HOTO YCTPOWCTBA, MPUMEHIEMOTO B PEaKTOPHBIX JKCIIe-
pUMEHTaX.

[IpumMeHnenue xypHana KOMaH] IO3BOJISET MOJIb30BA-
TEJII0 IPOTPaMMBI OBICTPO MEHSITH apaMeTphl HACTPOK-
KM pemaTtens. JJaHHOe MPeuMyIIecTBO CTAHOBUTCS BaK-
HBIM TIPU NIPOBE/ICHUN CEPUH TETUIO(U3MUECKHUX pacye-
TOB C Pa3JIMYHBIMH YCIOBHSAMH U P I'PYIIIIOBOH paboTe
HaJ OTHUM TpoekToM. XKypHasl KoMaH]] I03BOJISET Olle-
paTHBHO BHHKATh B yCJOBHUS pacdyeTa M BHOCHTH B HHUX
TpeOyeMble H3MEHEHHS C MUHIMAaJIbHBIM HCIIOJIb30BaHH-
eM rpadudeckoro uHTepdeiica mporpammel ANSYS
FLUENT.

[Ipu pemenny TemnopuU3NIEcKrx 3a1a4 B 000CHOBA-
HHe 0e301acCHOCTH PEAKTOPHBIX SKCHEPHUMEHTOB OO0JIb-
IIMHCTBO HACTPOEK pellaTens, TaKUe KakK, pacueTHbIE
¢du3nyecKkne MOJIENH, MaTephalbl, CXeMbl JHCKpPETH3a-
MM, KO3QQUITMEHTHI peJlakcallii 1 HEKOTOpble TpaHuy-
HBIE YCJIOBUSI COXPAHSIOTCS, 4 M3MEHEHUIO IMOMAJEXAT
TOJIKO HEKOTOPBIE TapaMeTPHl, CBI3aHHBIEC C N3MEHEHH-
€M pe)KMMOB UCTIBITaHUH, HAIPIMEP, YHEPTOBBIICTICHHE.
3TO B CBOIO 0YepeIb MO3BOJISIET YTBEPKIaTh, UTO pa3pa-
OO0TaHHBIN XypHaJl KOMaH]] B HEKOTOPOH CTEIICHHU SIBIIS-
€TCsl «yHHBEPCAJIBbHBIM», TO €CTbh, Ha)K€ HAYMHAIOIUI
nosib3oBarenb nporpammbl ANSYS FLUENT moxer

MIPUMEHUTD pa3paOOTaHHBIH KypHAJI KOMaH/ AJIsI IPOBe-
JICHUSI TETUIO(U3NYECKUX PACUETOB PA3INYHBIX PEaKTOp-
HBIX yCTpoHcTB. Pe3ynbTaThl, MOTy4YeHHBIE B XOJ€E BBI-
TIOJTHEHUS IaHHOHM pabOThI, MOTYT HCIIOJIb30BAThCS JUIS
ONTHMU3AIIMU TpoLiecca PacueTHOTO aHanu3a Oe3orac-
HOCTHU PEaKTOPHBIX IKCIIEPUMEHTOB.

Hannvie uccrnedosanus @uuancuposanucy Munu-
cmepcmeom suepeemuxu Pecnyonuxu Kazaxcman 6 pam-
Kax HayyHo-mexHuyeckou npozpammul «Paszsumue
amomHou s3nepeemuxu 6 Pecnyonuxe Kasaxcmany (MPH
— BR09158470).
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SKCHHEPUMEHTTBIK K¥PbIJIFBIHBIH TEPMO®U3NKAJIBIK KYI‘/jI‘IH MOJAEJIBAEY
YIHITH ANSYS FLUENT BAFJTAPJIAMACBHI MOTIHJAIK NTHTEP®EUCIH KOJLJJAHY

E.A. Kaoablikakos, A.C. Cypaes, P.A. UpkumbexoB
KP ¥10 PMK «Amom auepzuacel uncmumymuly unuanst, Kypuamos, Kazaxcman

Kymeic ANSYS FLUENT ©OarmapiaMachlHBIH MOTIHAIK KOMaHZalap J>KypHANBIH d3ipieyre apHaiFaH. byi
OarmapiaMaHbIH JKaKChl JaMbIFaH KOHE MHTYHIMSUIBIK TYCIHIKTI rpadukanblk mHTEpdelici Oap ekeHiHe KapamacTaH,
KomaHanap xypHangapsl «KP ¥nTTeik siuponsik opransirby PMK «AToMm sHepruscsl HHCTUTYTH ¢umansiaaa (KP
¥510 PMK ADU ¢ununansl) xKypri3ijieTiH peakTopIblK SKCIEPUMEHTTEP/IH KayINCi3AiriH ecenTik Heri3aey MpoLeciH
OHTAWJIaHABIPHIN, IICHIKIIITIH TEHIIEYIH Xyprisyre MyMkiHaik Oepeni. Komanmanap xypnamst ANSYS FLUENT
OarapyiaMachIHBIH LICHIKINI TEHIICYiH OarnapiaMaliblK KoJ| peTiHne Oesek ¢aiinna cakrayra MYMKIHAIK Oepeni, OHBI
KeHiHHCH OHJIeyre KoHe 0acKa ecemnTeyliep YIIiH naiaananyra 6onansl. CoHmaii-ak, 0y 0ip ko0amarbl opinTecTep iy
TONTBHIK YKYMBICHIH JKaKCcapTyFa, MICIIYIIiHIH apaMeTpIepiMeH aIMacy MPOLECiH XSHUTICTYTe XKoHE eIl TY3eTyep
MeH XXeH/IeyIep eHTi3yre MyMKiHIiK Oeperni. Ochl yMBbIC MeHOEPiHIe peaKTOPIBIK IKCICPUMEHTTEPIC IKCIIEPAMEHTTIK
KYPBUIFBUIAPABIH JKbUTY-(H3UKAIBIK JKaFIaiblH MOJEbICy YIIiH KOMaHIajdap KypHAIbIH KYpy dIicTeMeci a3ipJieHi.
O3zipiieHreH a/ic TunTiKk DK-MeH TepMO(QHU3UKAIBIK €CeIITi MICNTy MBICATIBIHAA CHIHAIIBI.

Tyitin co3dep: ANSYS FLUENT, maminoix naiidanranyuivl unmepgerici, munmix 3KCnepumMeHmmix Kypbliesl, peakmop-
JIbLK 9KCHEPUMEHTN, KOMAHOANAD HCYPHATbL.

APPLICATION OF THE TEXT INTERFACE OF THE ANSYS FLUENT PROGRAM FOR SIMULATION
OF THE THERMOPHYSICAL STATE OF ATYPICAL EXPERIMENTAL DEVICE

Ye.A. Kabdylkakov, A.S. Suraev, R.A. Irkimbekov
Branch “Institute of Atomic Energy” RSE NNC RK, Kurchatov, Kazakhstan

The paper is dedicated to development of log of the ANSYS FLUENT program text commands. Although this program
has well-developed and easy-to use graphical interface, command logs allow to conduct the configurations of the solver,
optimizing the process of calculation justification safety of reactor experiments conducted at the “Institute of Atomic
Energy” Branch of the RSE “National Nuclear Center of the Republic of Kazakhstan” (IAE Branch RSE NNC RK).
Command logs allows to control the command to save the ANSYS FLUENT program solver as code in a separate file,
which can later be used for other calculations. Command log allows to save settings the ANSYS FLUENT program solver
as program code in a separate file, which can later be redacted and used for other calculations. Also, this would enable
improving the group work of employees above one project, facilitate the exchange process of solver parameters and
promptly make amendments and corrections. In the framework of this work, a technique for constructing a command log
was developed for modeling thermophysical state of experimental devices in reactor experiments. The developed
technique was tested on the example of solving a thermophysical task with a typical ED.

Keywords: ANSYS FLUENT, text user interface, typical experimental device, reactor experiment, command log.
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B cratbe mpuBeIeHBI JaHHbIE MOHHUTOPUHTA IKOJOTMYECKOTO COCTOSIHUS TOBEPXHOCTHBIX Box ropoaa Hyp-Cynran
(Pecnybnuka Kazaxcran) Ha npumepe peku Ecnib ¢ y4eToM onmyOIIMKOBAaHHBIX JAHHBIX. BBUIO M3y4eHO copepikaHue
KHCJIOPOZIA, aHUOHOB M KaTHOHOB B JIBYX CTBOpax pekw Ecmnp — Ha BbIXOJE M3 BsdecimaBckoro BOJOXpaHWIMINA U B
ropoze Hyp-Cynran mox moctom Ha TpuatioH-mapke. AHaIn3 00pa3oB IPOBOIIIIHN B TedeHUe roja ¢ anperst 2021 rona
mo ampenb 2022 romga. OOpa3mbl OTOUPATN eXEMECSIHO. AHAIN3 aHUOHOB M KaTHOHOB MPOBOJIWIA METOJOM HOHHOM
xpomarorpadun. YCTaHOBICHO cucteMarudeckoe npesbimenne HopMm [1JIK mo coneprkanmio Hatpws, cynb(aroB H
xnopunoB. CozepxaHue HUTpaToB M amMmMoHMs He mnpesbimaer I1JIK. IIpuunHO# siBIsieTcsl BIMSHHE KaK CEIBCKOTO
XO3AHCTBA, TaK H KOMMYHAIIEHO-OBITOBOM cdeprl ropona Hyp-Cymran.

Kniouesvie cnosa: sxonocuneckuti MOHUMOPUHe, ROBEPXHOCHIHbIE 800bL, CYIbhambl, X10puovl, Hamputl, Humpamsl, [1/IK,

Pecnybnuxa Kazaxcman.

BBEJIEHUE

Ilo nanHbIM BeeMupHOR opraHusanuu 34paBooxpa-
Henus (BO3), 6onee 2 MIIIHapAoOB YENOBEK CTPAJA0T
OT HEXBATKH MMUTHEBOM BOJBI. DTO NMPHUBEJIO K TOMY, 4TO
6onee 80% Bcex 3abosieBaHnil — pe3ynbTaT yrnorpeodie-
HUSI DKOJIOTUYECKH TPSI3HOM BOJIBI, TaK KaK OT €€ KadecT-
Ba 3aBUCUT OOLIMI yPOBEHb CAaHUTapHO-3MHIEMUOJIOTH-
geckoro Omaromomyqus [1].

Bcero Ha Tepputoprn AKMOJWHCKOW 00JacTH Ha-
cuutbiBaeTcst 2 200 BpeMEeHHBIX BOJOTOKOB, 552 03epa,
40 Bomoxpanunuil, 6 KOTIOBaHOB, 11 KomaHe, 57 mio-
TuH. Pexka Ecunb aiig MHOTUX pernoHoB Kaszaxcrana siB-
nseTcs BaKHEHINM BOAHBIM pecypcoM. OHa Oeper Ha-
yaJlo Ha ckiloHax rop Huss Ha ceBepe Kaparanaunckoi
obmactu (OcakapoBckuii paiioH) u Brajgaet B p. MpTeim
3a npenenamu Kazaxcrana [2]. OcHOBHON BOAHOM apTe-
pueit obxacTu sBisieTcs pexa Ecuib ¢ psgoM KpymHBIX
IIPUTOKOB, CTEKAIOUINX Ha ceBepe ¢ Kokmerayckoi Bo3-
BBILIIEHHOCTH, Ha I0re — ¢ OTporoB rop Yisitay. K Gac-
celiny peku Ecuib, uMeroniei BHEIHUN CTOK, OTHOCHT-
cs1 6oJIee MOJIOBUHBI IJIOIAAN AKMOJIMHCKON 00J1acTH.

N3 40 BogoXpaHWIHIN, UMEIOIIUXCS B 00JaCTH ISt
rapaHTHPOBAHHOTO BOJOCHA0KEHUs, CTOKH peku Ecnib
3aperyaUpOBaHbl TPEMs BOJOXPAHWINIIAMH, OJHUM W3
KOTOPBIX ABIseTca BsuecnaBckoe BogoxpaHwmimmie. Bs-
YecJIaBCKOe BOJOXPAHWINIIE MPeIHa3HAUYEHO I BOJO-
cHaOxenus 1. Hyp-CynrtaH, opolraeMoro 3emiiefenus
CEJIbCKOTO XO3sHCTBA, a TaKXKe Ul CAHUTapHOTO 0370~
posnenus pexu Ecuns [3].

Poct u passutue cronuns! Kazaxcrana r. Hyp-Cyn-
TaH NpUBEN K YCUJICHHMIO aHTPOIOTEHHOW Harpy3Ku Ha
pexy Ecuinb, ycunenuto ee poiu B LEsX pekpeay. JTu
(hakTopel TPeOYIOT MPOBEICHUS CTPOTOTO KOJOTHYEC-

KOTO MOHHUTOPHMHIA U CHCTEMAaTHYECKOM OLIEHKU 3KOJIO-
ruyeckoro coctosiaus peku. I'opon Hyp-Cynran xapak-
TEpU3yeTCs CPAaBHUTEIBHOM INIOTHOCTHIO PACTYIIETro Ha-
celleHus ¥ pa3BuToil uHdpacTpykrypoit. Cenbckoe Hace-
JICHWE WCIIONB3YeT BOMY UIA XO3SMCTBEHHO-TIUTHEBBIX
mesiell, Kak B [EHTPAIU30BAaHHOM, TaK U JCICHTPATH30-
BaHHOM mopsake. [Ipenmomaraercsi, 9To BIMSHHE KaK
CEIIECKOTO XO3AHCTBA B OKPECTHOCTAX TOpoja, TaK H
KOMMYHAIIHO-OBITOBO cepsl compoBOXKIaeTCs 3a-
TPA3HCHUEM MMOBEPXHOCTHBIX BOJ CTOYHBIMH, ITIOBEPXHO-
CTHBIM CTOKOM C BOJOCOOPHOM IIOMIA N BOJAOEMOB [3—
5]. TToaTOMy MOHUTOPHHT 3KOJOTHYECKOTO COCTOSHUS
pexu Ecuiib sIBiIsieTCS aKTyallbHOM 3aa4yeil.

Lenbto TaHHOTO UCCIIEAOBAHMUS SIBJISETCS IKOJIOTHYe-
CKasl OlLIEHKa COCTOSHUS peku Ecunp B mpeaenax ropoaa
Hyp-Cynran.

MATEPHAJIbI U METO/IbI

B paMmkax IaHHBIX UCCIIEOBAaHUI MOHUTOPUHI PEKU
Ecuip B npenenax ropoxa Hyp-Cynran npoBoauiics ¢
anpens 2021 r. mo anpens 2022 r. MaTtepuaioM HoCIIy-
KA TIpOOBI MCCIIeayeMON BOJBI, KOTOPBIE OTOMpaTu
KaX[IbIH MECSI] B IBYX CTBOPAX I10 TeUEHHIO peku Ecuib:
Ha BBIXOZie M3 BsdecnaBckoro BOJOXpaHMIMIIA U B TO-
poze nox MmoctoM Ha TpHaTIIOH-TIapKe C OJJHUX U TeX JKe
TOYEK, B O/IHHU U TE JKE€ CPOKH.

Ot6op 1po0b BOJIBI, UX XpaHEHUE, TPAHCIIOPTHPOBKA
1 IIOJIOTOBKA K aHAJIM3Y MPOBOAMIACH B COOTBETCTBHUH C
pekomenaanusmu u yreepxaeHasiMu 'OCT PK 51593-
2003 [6]. OnpexneneHre GpU3MKO-XUMHUYECKHX MapamMerT-
POB BOJIBI MPOBOJAMIOCH COTJIACHO MEXIOCYIapCTBEH-
HBIM cTaHaaptam, ykaszanasiM B 'OCT PK 51232-98 [7].
ITonmy4eHHBIN SKCIIEPUMEHTANBHBI MaTepuan oopabdo-

64


https://doi.org/10.52676/1729-7885-2022-3-64-68

MOHWUTOPUHI 9KONTOrMYECKOI0 COCTOAHUA NOBEPXHOCTHLIX BOA FOPOAA HYP CYNTAH
(PECNYBIIUKA KASAXCTAH) HA NPUMEPE PEKW ECUNb

TaH BapUALIOHHO-CTATHCTHYECKIM METOAOM C HCIIONb-
3oBaHueM mporpammer Microsoft Excel.

Taxoke npoBeieH aHaJIM3 UMEIOIINXCS OITyOJIMKOBaH-
HBIX OTE€YECTBEHHBIX padoT. K coxaneHuro, KoJn4ecTBo
OITyOJIMKOBaHHBIX OTEYECTBEHHBIX PabOT MaJlOYHCIICH-
HO, O/IHAKO BCE OHU OBUIM M3Y4YE€HBI U NPEJCTABICHBI B
JaHHOW paboTe. YuuThiBas CHeUU(UKY ITyOIMKaIHi,
NPOBOJMIIOCH CPaBHEHHE OIYOJIMKOBAaHHBIX paHee JaH-
HBIX C TIOJYYCHHBIMH 3KCIIEPUMEHTAIBHBIMH.

PE3YJILTATHI U OBCYKIEHUE

B rabnuie 1 npencrasieHsl oKa3aTey coJlepKaHus
U pacmpesiesieHuss MaKpOKOMIIOHEHTHOI'O CocTaBa Io-
BepXHOCTHHIX BoA T. Hyp-CyniTaH u ero okpecTHOCTeH,
IIPUBE/ICHHBIC B TUTEPATypPHBIX TAHHBIX.

B Tabmune 2 mpencraBineHbl (paKTUYECKH IMOTyUYCH-
HBIE TIOKA3aTEIH COJICP KaHMS M paclpeeleHIs] MaKpo-
KOMITOHEHTHOT'O COCTaBa UCCIEIYEeMbIX 00pPa3II0B BOJIBI.

Hcxons n3 HanmoHambHOTO NOKIaga O COCTOSHUH
OKpYyXKarouieil cpeapl 1 00 UCIOJIL30BaHUN TTPUPOIHBIX
pecypcoB Pecniyonmuku Kazaxcran 3a 2020 ron Habmroe-
HUS 32 SKOJIOTUYECKUM COCTOsIHuEM peku Ecuib u Bsue-
CJIaBCKOTO BOJOXpaHWJIMINA IIOKa3alM, YTO KadeCTBO
JTAaHHBIX BOJHBIX 00BEKTOB yXyamumiocs B 2020 roay mo
cpaBHeHuio ¢ 2019 rogom [8]. CornacHo bronneTeHro no
COCTOSIHUIO OKpY KaroleH cpelibl [9] OCHOBHBIMHU 3arpsi3-
HSIOIMMHU BEIIECTBaMHM B BOJHBIX oOBekTax T. Hyp-
Cynrad 1 AKMOJHHCKOW 00J71aCTH SIBISIFOTCS MUHEpAIIH-
3amms, xene3o obriee, maprader, cynbdatsl, XI1K, xi10-
PpUAbL, MarHui, pocdop oOmui, KabIuil, AMMOHUH HOH.

[IpeBrIieHNIe HOPMATHBOB Ka4ecTBa 10 TaHHBIM ITOKa-
3aTesiM B OCHOBHOM XapaKTEPHBI 115t COPOCOB CTOUHBIX
TOPOJICKUX BOJ B YCJIOBUSIX MHOTOUYHCICHHOTO Hacele-
Hus. Kpome 3Toro, oOMeneHne peku BbI3bIBaeT OIACEHUS
[10]. ABtopsr! [11, 12] yka3siBatoT, uto B 2008 roay B
mpo0ax BOJBI B MABOAOK HAOIIONAIUCH CIIyYau MpPEBBI-
menus IT/IK no a3oTy HUTpUTHOMY, a30Ty aMMOHHUIHO-
my. A.E. CrapukoBa, H.H. Baxpymesa [13] yka3biBanu,
YTO COJIep)KaHHWE MOHOB HATPHS M XJIOpa MOCTENCHHO
yBenmanuBaeTcs BecHoit u tetoM. Conepskanue Ca cocra-
isier 39,87 mr/n, xnopun-uoH Cl u cynasdar-uon SO4
(98 Mr/im 1 53 MI/J1 COOTBETCTBEHHO).

[IpucyrcTBue XJIOPHUIOB B BOJE MOXKET OBITH BHI3Ba-
HO BBIMBIBAaHUEM 3aJIeXKEH XJIOPUAOB UM K€ OHU MOTYT
HOSBUTHCS B BOJIE BCIIACTBUE NPUCYTCTBUSA CTOKOB. Ya-
I11€ BCETO XJIOPUBI B IOBEPXHOCTHBIX BOJaX BBHICTYIAIOT
B Buge NaCl, npuyem Bceria B Buie pacTBOPEHHBIX CO-
€IMHEHUN.

Hannane aMMoHMIA-IOHA B KOHLIEHTPAIIHAX, IPEBHI-
maromux (POHOBBIC 3HAUCHUS, YKa3hIBaCT HA CBEXKEE 3a-
Tps3HEHUE U OJIM30CTh UCTOYHUKA 3arpA3HEHUS (KOMMY-
HAJIbHBIC OYUCTHBIE COOPYKCHHUS, OTCTOWHUKH TPOMBIIII-
JICHHBIX OTXOJIOB, JKHBOTHOBOIUYECKHE (pepMBI, CKOILIE-
HUS HAaBO3a, a30THBIX YAOOpEHHH, TTOCENeHN U TypOa-
3bI). YBeNWYEeHNE KOHLIEHTPAIMH HOHOB aMMOHHS U aM-
MHaKa MOXeT HaOJIOAAaThCS B OCCHHE-3UMHHUE MEPUOJIBI
OTMUPAHUS BOJHBIX OPIaHU3MOB, OCOOEHHO B 30HaX UX
CKOIIJICHHS. Y MEHBIIIEHHE KOHIIEHTPAIUU 3THX BEILIECTB
MPOHMCXOINUT BECHOI! U JIETOM B pe3yJIbTaTe HHTEHCUBHO-
IO UX YCBOCHHUS PaCTCHUSAMH NPH (HOoTOCHHTE3E.

Tabnuya 1. CpagnumensHoie pe3yibmamol TUMEPAmypHbiX OAGHHbIX KOHYEHMPAayulli AHUOHO8 U Kamuonos 6 6ooe pexu Ecunb

Ony6nukoBaHHbIe Cynbdpatbl, | Xnopuabl, |  AMMMaKk, Hutparbl, Kanun, Marnun, Kanbumi, Hatpun, Cobinka
OaHHble mr/n mr/n mr/n mr/n mr/n mrin mr/n mr/n
HauvoHanbHbIit foknaz o
COCTOSIHUM OKPYKaloLLeit ve ve ve ve e e
cpefbl 1 06 UCNOMb3oBaHMN 503-374 203 8
MDMPOIHBIX PECYPOOR HOEMMpyeTCFI — HOEMMpyeTCﬂ HOEMVIpyeTCﬂ HOEMMpyeTCﬂ HOEMVIpyeTCﬂ HOEMMpyETCﬂ [8]
Pecny6nw Kasaxcra (>5 knacc) (>5 knacc) (>5 knacc) (>5 knacc) (>5 knacc) (>5 knacc)
3a 2020 rog
H.K. KobeTaesa,
C.3. Banmaesa B npegenax MK, uicras (2 knacc) [11]
J1.X. AkbaeBa, H.K. Kobe-
TaeBa, X.Y. bakelosa, B npepenax MK, uicras (2 knacc) [12]
3.K. Hypranuesa
A.E. CrapukoBa, 53 98 He 27 27 7 39,87 He [13]
H.H. Baxpywesa 13MepANUCL 13MepsAnuch
r.E. Hop, He 23075 He He He 165 400,04 He (4]
M.C. dutucosa 13Mepsnnch U3MEPSNUCh | U3MEPSNUCH | M3MEepsUCh 13Mepsnnch
MK BO3 (1993) 400 250 15-35 50 He He He 200 [15]
U3MEPSNNCh | M3MEPSNMCH | U3MEPSTIUCH
MAK EC (1998) 250 250 05 50 He He He 200 [16,17]
U3MEPSNNCh | M3MEPSNMCH | U3MEPSTIUCH
Tabnuya 2. CpagnumensHoie pe3yibmamsl Qakmuiecku NOIYYeHHbIX KOHYEHMPayul aHUOHO8 U KAMuoHog8 8 800e pexu Ecunb
dakTnyecku Cynbcartbl, Xnopuabl, Ammmak, Hutparbl, Kanui, MarHun, Kanbuwi, Hatpun,
nony4eHHble AaHHbIe mr/n mr/n mr/n mr/in mr/n mr/n mrin mrin
B§”°Xpa“"'“"'”49 106-508 135-700 1 0-0,32 3-179 30-120,55 72-300 100-430
S4ecnaBcKoe
Ecunb HabepexHas 255-1410 256-10119 26 0-0,15 6-31 36-236,6 60-468 204-1203
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[TpuponHas Bojia IMEET B CBOEM COCTaBE OOJIBIIOE
KOJIMYECTBO Pa3HOOOPa3HbIX XUMHYECKUX 3IIEMEHTOB,
HO HE BCE U3 HUX MOJIE3HBI JUIs opranusMa. K Bemect-
BaM, IPUCYTCTBHE KOTOPBIX HEXKEIATEIBHO, OTHOCSATCS
cybdaThl — PACTBOPEHHBIE COJIM CEPHOM KHCIIOTHI B BU-
Jie aHMOHOB. B 3emHOi1 6rocdepe oopasyercs donee 150
pa3nuHBIX MUHEpaIoB cepbl. Cylib(haTHble HOHBI HEYC-
TOWYMBBI — B IPUPOTHO cpejie cepa MOCTOSHHO COBEp-
IIaeT CJIOKHBIM KPYTOBOPOT, B KOTOPBIH BKIFOUCHEI
cpennne (M2SO4) n kucieie (MHSO4) cynbdartsl, conep-
JKaluecst B IpUpOJHbIX Bogax. IIpu yBenmuennu crere-
HHU MUHEpaIN3alui HOHBI 00Pa3yI0T YCTOWIHNBBIE COSIN-
uenus: BaSO., CaSO4. Hanbosiee akTHBHBI IBYXBaJICHT-
Hble ocHOBaHus Oapus Ba?*, kanbuus Ca?*. Yacro BeTpe-
yarTcs coenuHenus Maraus MgSOs, kanust KoSOs, Ha-
Tpust NapSOs. Ourt 00pa3yroTest BOIN3U 36MHOI TOBEPX-
HOCTH TIPH MOBBIIIEHHOW KOHIIGHTPAIUU KUCIOPOa, Mo-
9TOMY BCerjJa MPUCYTCTBYIOT B INOBEPXHOCTHBIX BOJAX,
MIPOHUKAIOT TIIyOOKO B TPYHT, HCHAPSIIOTCS M HAKAILIN-
BAIOTCS BO BCEX BUAAX aTMoc(epHBIX ocaakoB. Hamumaue
cynbp(}aToB B OOJIBIIOM KOJIMYECTBE TOBOPHUT O JaBHEM
3arpsi3HeHUH. EcTecTBEHHBIM ITyTeM Cyib(aThl, B HE3HA-
YUTENBHBIX KOHLCHTPAIMIX HAKAIUINBAIOTCS B BOJIOEME
B TIpOliecCe OTMHUPAHMS OPTaHMU3MOB M OKHCIICHHS Ha-
3eMHBIX M BOJIHBIX BEIIECTB PACTHTEILHOTO U KUBOTHO-
ro npoucxoxaenus. CynbdaTr Kaiausi NMPUCYTCTBYET B
o3epax. Cynb(aTrbl MarHus U3 roJOJCIHBIX PEarcHTOB
TOTIA/IAI0T B NPUPO/IHBIC BOJIBI Y€pEe3 JHUBHEBBIC CTOKH.
OHM NPOHHUKAIOT B [IOYBY BMECTE C KAHAIN3AIIMOHHBIMH
WU CeJIbCKOXO3SICTBEHHBIMU CTOKAaMH, B KOTOPBIX CO-
nep:kaHue cynbhaToB HamHOTO BbITIe [1/IK.

Hop I1.E., ®urucosa M.C. [14] dukcupoBamm mpe-
Boiienre HopM I1JIK B 7,6 pa3 o cojiep:kaHuto XJjaopu-
JI0B, B 2,2 pasa 0 COJEPKaHUIO KaJlblius, B 4 pasza 1o
MarHuio u oomiei xectkoctr. OHAKO aBTOPBI PEKOMEH-
JYIOT CUUTATh B IIEJIOM COCTOSIHHE ITOBEPXHOCTHOTO BO-
JI0TOKa peku Ecuiib yaoBIETBOPUTEIBHBIM, KOHIIEHTpA-
1Y OOJIBIIMHCTBA OTIPE/ICIISIEMbIX BEI[ECTB HAXOSITCS B
npeaenax I[IJIK mns pbiO0Xo3sSHCTBEHHBIX BOJIOEMOB.
XapakTepHoe JJisi TIOBEPXHOCTHBIX BOJOTOKOB MPEBbI-
menue [1JIK o conep:xanuio B Bojie KajbIUsi, MarHUs U
MOKa3aTelsl JKECTKOCTH OOYCIOBJICHO IPHPOIHBIMH H
AHTPOIIOTCHHBIMHU (DAaKTOPaAMHU.

B Hammx uccienoBanusax 3HaueHus pH Haxonuiuch
B npexenax 7,1-7,8, 9TO COOTBETCTBYET OITyOIMKOBaH-
HBIM JaHHBIM. Coneprkanue kuciopona (O2) BappupoBa-
110 ot 6,83 mr/n B Bozte pexu Ecnib 10 9,5 mr/n B 06pas-
11ax BojbI u3 BsaeciaBoBckoro Bogoxpanunuia. OnHa-
KO HaOJII0Iaoch NMPEBBIIICHNE 3HAYCHUH YCTaHOBIICH-
HBIX KOHLEHTPAIMH 10 CPABHEHHIO C OMYyOJIMKOBAHHbI-
MU [0 XJIOpHIaM, cyib(aram U Hatpuio. [loBbiieHHE
KOHIIEHTpaIui HaOII0AaI0Ch B JIETHHH TEPHOJT ToJia ¢
BBICOKOI nHcosinueil. KoHnenTpaunm ammuaka, HUTpa-
TOB, KaJIisl 1 MarHusl HaXOJTCs B Npeenax IpecTaB-
JICHHBIX JINTEPAaTyPHBIX JTaHHBIX.

CunTaem, 4TO KOHIICHTPAIMN BCEX M3YUCHHBIX Mapa-
METPOB 3aBHCENH (KPOME yKa3aHHBIX BIUSIOMMX (HaKTO-

POB) TakXKe OT MPHUPOIHI U BHIIA pe3epByapa (peka, o3e-
PO), a TaK)Ke HAIMYMS TeYEeHUs! (IIPOTOYHASA-CTOSNIAs).

BBIBObI

B nmanHOif paboTe aBTOpamMu cienaHa MOMBITKA Ipea-
CTaBHUTH 0000IIEHHBIN MaTepHall COOCTBEHHBIX UCCIIEIO-
BAaHMH 110 U3YYEHHMIO XMMHUYECKOIO cocTaBa peku Ecuib
r. Hyp-Cynran u, B mepByro odepe/s, YpOBHIO KOHIICHT-
paluu B HUX aHHOHOB U KaTHOHOB, MIOCKOJIBKY BBICOKOE
COJICpKaHUE HEKOTOPBIX MHHEPAJIBHBIX (HOPM COJCi
BPEIHO AJIS 3/I0POBbS YETIOBEKA.

ITony4eHHble pe3ynbTaThl MOKA3HIBAIOT, YTO KOHIIEH-
Tpauuu cyibdaros u xjaopuaos npessiant [11K BO3
u ITJIK EC, ogHako ocTallbHBIC 3JIEMEHTHI BXOJAT B CO-
CTaB HEHOPMHPYEMBIX, COTIIacHO [8]. AHaIu3 omy0arKo-
BaHHBIX JTAHHBIX [TOKA3BIBACT, YTO HECMOTPS HA HEKOTO-
poe npessimienue [1JIK, Bona B p. Ecuiib otHOCHTCS K 2
KJIacCy YUCTOTEHI.
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Bopa nuteeBast O0mmue TpeGoBaHHS K OpraHU3aIliH U
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16.

17.

HanmonanbHbIM 1OKJIag O COCTOSIHUN OKpY Karollen
cpezibl ¥ 00 UCTIOIb30BaHUU NIPUPOIHBIX PECYPCOB
Pecny6nuxu Kazaxcran 3a 2020 ron.
https://www.gov.kz/memleket/entities/ecogeo/documents/
details/2431322directionld=14790&lang=ru
Kasrugpomer. broyuieTeHb 0 COCTOSIHUN OKpY>KarolIe
cpenpl. https://www.kazhydromet.kz/uploads/files_
calendar/1766/file/62628da78d8e9na-sayt-russ-nur-sultan-
yanvar-2022.pdf

DneKTpoHHas razera «DKOJIOTH 00eCIIOKOESHBI
cocrosiHueM peku Ecunby. 2021. DnekTpoHHBIH pecypc
https://www.inastana.kz/news/3263741/ekologi-
obespokoeny-sostoaniem-reki-esil

KoGeraesa, H.K. MoHUTOpHHT 5KOJIOTHYECKOTO COCTOSI-
HUS IOBEPXHOCTHBIX BOJ] Ha IIpuMepe pekn Mmmm Ha
tepputopun Pecryommku Kasaxcran / H.K. KobGeraesa,
C.D. banmaesa // Bectauk KpacHosipckoro rocyaap-
CTBEHHOTO arpapHoro yausepcutera. — 2012. — Boimyck 2.
— C. 150-154. https://cyberleninka.ru/article/n/monitoring-
ekologicheskogo-sostoyaniya-poverhnostnyh-vod-na-
primere-reki-ishim-na-territorii-respubliki-kazahstan
Axbaesa, JI.X. O01mas omeHKa 3K0J0THIeCKOTro
coctostHus pexu VM Ha Tepputopun Kazaxcrana /
JI.X. Axbaesa, H.K. KoGeraesa, XK.V. Bakemosa, 3.0K.
Hyprasnuesa // Bectauk EHY um. JI.H. I'ymunesa. — 2010.
— Ne4. — C. 328-333. https://dspace.enu.kz/bitstream/
handle/data/66/obshaya_ocenka.pdf?sequence=1&isAllow
ed=y

CrapukoBa, A.E. Dxonoruueckas xapakTepucTUKa
Himmckoro Bogoxpanunuia u peku MM / A.E. Cra-
puxoBa, H.H. Baxpymesa / Becrauk Kaparanauackoro
yHuBepcurera. Cepus «buonorus. Menunusa. I'eorpa-
¢ms. — Ne 2(70)/2013. — C. 59-63.
https://articlekz.com/article/12015

Hop, I1. E. OneHka 3K0JIOTHYECKOTO COCTOSIHUS OacceiiHa
pexu Ummmwm / I1. E. Hop, M. C. ®urucosa. / Monomoi
yuensrit. — 2014. — Ne 5 (64). — C. 183-185. URL:
https://moluch.ru/archive/64/10341/

PyKOBO/ICTBO MO KOHTPOJTIO KaueCTBa MUTHEBOW BOJBL
Towm 1: «Pekomengarun» BO3. — 1993.
https://apps.who.int/iris/bitstream/handle/10665/259956/9
241544600-eng.pdf?sequence=1&isAllowed=y

Enunas cucrema kiaccuuKaIuy KadecTBa BOJIBI B
BOJHBIX 00beKkTax. — KomuTeT Mo BogHBIM pecypcam
MuHHCTEPCTBA CENBbCKOTO X035icTBa PecmyOmmku
Kazaxcran. — 2016.

Council Directive 98/83/EC of 3 November 1998 on

the quality of water intended for human consumption.
https://www.fsai.ie/uploadedfiles/legislation/food_legisati
on_links/water/council_directive_98_83_ec.pdf
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OTTeriHiH, aHUOHIAPABIH JKOHE KaTHOHAApIBIH Kypambl Ecin e3eHiHIH eki yJackeciHae - BsdecnaB cy KoiiMacbiHaH
mbira Oepicre xoHe Hyp-Cynrtan kanaceiHaa TpuaTiioH casOarbIHIarbl Kemip acThiHAa 3eprreinai. Yuriaep 2021
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MEH KaTHOHJIap MOH/IBIK XpoMaTorpadust apKbUIbl TaAanabl. Hatpuid, cynbdartap MeH XJI0pUATEpAiH KypamMbl OOMbIHIIA
IIPK HOpManapbIHBIH KYHeni Typle ackill Keryi Oenrinenai. Hurparrapnasiy sxoHe ammoHuiiain Menmepi HIPK-nan
acmaiinel. Oran ceden — Hyp-Cynital KanacbIHBIH aybUl HIapyallbUIBIFBIHBIH /18, KOMMYHAJBIK CaTaChIHBIH 12 dCepi.
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MONITORING OF THE ECOLOGICAL CONDITION OF THE SURFACE WATER
IN NUR-SULTAN CITY (REPUBLIC OF KAZAKHSTAN): ESIL RIVER CASE
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The article presents data on monitoring the ecological state of surface waters in the city of Nur-Sultan (Republic of
Kazakhstan) on the example of the Yesil River, taking into account published data. The content of oxygen, anions and
cations was studied in two sections of the Yesil River - at the exit from the Vyacheslav reservoir and in the city of Nur-
Sultan under the bridge on the Triathlon Park. Samples were analyzed during the year from April 2021 to April 2022.
Samples were taken monthly. Anions and cations were analyzed by ion chromatography. A systematic excess of MPC
standards for the content of sodium, sulfates and chlorides was established. The content of nitrates and ammonium does
not exceed the MPC. The reason is the influence of both agriculture and the utility sector of the city of Nur-Sultan.

Keywords: environmental monitoring, surface waters, sulfates, chlorides, sodium, nitrates, MPC, Republic of
Kazakhstan.
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B crarbe npuBeneHsl pe3yabpTaThl pa3padOTKH HOBBIX KOMITO3UTHBIX MaTEPHAJIOB, TIOJIyYEHHBIX M3 JIETYyUYeH 3016l YTt
(JI3Y) meronom DbroXKH.

Komro3uTHbIe MaTepHasl JETHPOBAaHB HAHOYACTHIIAMH cepedpa U 0XapaKTEePHU30BAHBI C UCIIOJIb30BAaHUEM IIEPEIOBBIX
METOJIOB OIIPEAEICHHs X CTPYKTYPHBIX IMOKa3zaTelel, a IMEHHO: peHTreHodaszoBoro aHanusza (XRD), ckanupyromei
ANEKTPOHHON MHUKPOCKOITHH C 3JIEMEHTaMH IMoIyKonmdecTBeHHoro aHanmu3a (SEM-EDS) u peHTreHO()IyopeHIIeHTHOTO
ananm3a (XRF). B xozxe morydeHus CHHTETHIECKIX IEOTUTOB Ha ocHOBe JI3Y cTpykTypHast MoauduKanus mpoBOIMIACh
JUIsl OBICTPOTO CBSI3BIBAHMS IIEOJINTOB C PTYTHIO NP yNAJICHWU €€ M3 BOJHOM Cpelbl W yIyYIICHUS KadecTBa BOJBI.
CuHTe3UpOBaHHBIE HAHOKOMITO3HUTHI HCIIOIB30BAINCH JUIA YIAJICHHUS PTYTH W3 BOJHBIX PACTBOPOB C pasiuuHbIM pH.
VYCTaHOBIIEHO, YTO PaBHOBECHE aICOPOLMOHHON CHOCOOHOCTH JUIsi CHHTETHYECKHX LICOJMTOB HACTYMaeT HMPHUMEPHO
yepe3 2 HeenH, B TO BpeMs Kak 1yt ucxonHslX JI3Y nocturaercs B TedeHue Mmecsua. [IpenBaputenbHble pe3yabTaThl

MMOKa3bIBAIOT 3HAYUTENILHO BBICOKOE yAalleHHe PTYTH U3 pactBopa — oT 80 10 90% OT MCXOIHOM KOHIIEHTPAIIUH.

Knrwouesbie cnosa: a()cop6uw1; pmymb, yeoaunivl, CUHmMmemu4eCKue HanoKkomnosumeal, jemydas 301d.

BBEJIEHUE

PTyTh U ee coequHEHHUS SABIAIOTCS TOKCUYHBIMU Be-
IIeCTBAMH, U, €CJIH BOJIA 3arpsA3HEHA UMM, THIIOBBIC TEX-
HOJIOTHUYECKHUE TPOIECCH 00pabOTKH BOABI HE d(dek-
TUBHBI Js ux ynanenus [1]. Yaoanenwe pryru (II) m3
BOJHOW (Da3bl MMeEET TEepPBOCTEIICHHOE 3HAYCHHE, II0-
CKOJIKY OHa SIBJISCTCS BBICOKOTOKCHYHON W OMAacHOM
JUT OKPYIKAIOIIEeH cpenpl, U 310pOBbs uenoBeka. Cyre-
CTBYIOT HECKOJBKO METOOB yJaJIeHUsI PTYTH U3 BOJBI,
TakuxX Kak Onopemenuanus [2—3], HOHHBIH OOMEH ¢ HC-
MOJIb30BaHKMEM cMOII [4], amcopOius Ha aKTMBHPOBAH-
HOM YTJIe ¥ MPUPOIHBIX HEoJuTax [5—6], MmemOpaHHas
¢bwbTpanus [7]. TlepcneKTUBHBIM CLIOCOOOM yIaICHHSI
noHoB ptyTH (II) M3 BOAHBIX PacTBOPOB SIBISETCS WC-
I0JIb30BaHUE aICOPOCHTOB, MTOJYYEHHbIX U3 JIETy4Yel 30-
el yriist (JI3Y), Takux Kak CHHTETHYECKUE LICOTHUTHI [ 8].

B coBpemeHnHoi1 uTepatype BcTpedaeTcsi OoIbIoe
KOJIMYECTBO PaboOT 1Mo cTaOMIIM3alMy HAHOYACTHI] Me-
TAJUIOB B MATPHIIAX: MOJIMMEPax, MOPHUCTHIX CTEKIAaX U
okcuaax (SiOz, Al2O3), KOTOpBIE UMEIOT PsiJ| HEIOCTAT-
KOB TI0 CPaBHEHHIO C aJIOMOCHIINKATHBIMH MaTpHIIAMHU
[9-10]. AmroMOCHITHKATHI IMEIOT SIBHBIC IPEUMYIIIECTBA,
TaK Kak 00J1a1af0T 00Jiee BEICOKOW TEPMHUYECKOM, XUMU-
YECKOW YCTOWYHUBOCTBIO M OCOOBIMH CBOWCTBAMH IIO-
BEPXHOCTH, YTO TI03BOJIIET PaCCMaTPUBATh UX KaK Hau-
OoJiee MEPCIEKTUBHBIE MaTEpPHANbl JUIs CTaOMIM3ALIH
HaHouactul [11].

CenekTUBHOCTH 00eCIIeYUBAETCSI MUKPOIIOPAaMH 11€0-
JUTa, UX pa3Mep MOXKET BapbHPOBaTh B JHANAa30HE
0,2-1,2 HM, KOTOPBI COBMAgacT C pa3MepaMyd MHOTHX
YTIEBOIOPOIHBIX MOJIEKyYI. [loMiIMO HHTEpeca, BBI3BAH-

HOTO creu(UYeCKUMU KaTalIMTUUYECKUMHU CBOHCTBAMU
L[COJIUTOB, OHU SBJISIFOTCS. MHTEPECHBIMH OOBEKTAMU U
JUISL MCCIIEJOBAaHUH MX COPOLIMOHHBIX CBOMCTB. YCTaHO-
BJIEHO, YTO CHHTETHYECKHE AIIOMOCHIIMKATHI SIBIISIOTCS
YHUKQJIbHBIMH MaTe€pHaIaMH, KOTOpBIE 00J1alafoT CBOM-
CTBOM TIOTJIONIATh ¥ TIPOYHO yJIEPKUBATh B CBOEH CTpY-
KType, KaK pa3JIM4yHble MOHbl METAJUIOB, TAaK M HAHOYa-
CTHIIBI MeTaJIOB [12], 4TO OTKpPBIBaET BO3MOXKHOCTH JIS
CO3/IaHMsI MaTepUaJioB, CBOMCTBA KOTOPHIX MOTYT OBITH
UCIIOJIb30BaHbl HA TPAKTHUKE TPH CO3JIAHUU Pa3IMuHBIX
HaHO- U KOMIIO3UTHBIX COPOEHTOB.

OnHako NPUMEHEHHWE CHUHTETHYECKUX LEOJIUTOB B
JTAaHHOM 00acTH KpaifHe Masio ¥ 4acTo CBA3aHO C HeJoC-
TaTOYHOI M3yYEeHHOCTHIO ATHX 00BeKkTOB. Takum oOpa-
30M, JUISl LIEJIOTO psijia HEPCIIEKTUBHBIX 00JlacTei mpume-
HEHUS! CHHTETHYECKHX aJFOMOCHJIMKATOB HEOOXOIMMO
HAaIpaBJICHHO IOJy4aTh MaTepUalibl ¢ KOHTPOJIUPYEMbI-
MU cBoiicTBaMu. [1ocKoNbKy CHHTE3 MarHUTHBIX HAaHOYA-
CTHI] SIBJISICTCS MHOTOOOemaromeil 00JacTeio McciIeno-
BaHUIi, CyIeCTByeT MHOTO paboT, MOCBAIMICHHBIX pa3-
HBIM METOJIaM CHHTE€3a MarHWTHBIX HaHodactull [13]. K
HACTOSANIEMY BPEMEHH CHHTE3UPOBaHbl MarHUTHbBIC Ha-
HOYACTHIIBI Pa3HOTO COCTaBa U (POPMBI, BKIIOYAOIINE B
ce0st okcuubl xkenes3a, Takue kak marHetut (FesOs) u
marremur (y-Fe;03), uncteie MeTajuibl uin cruiasbl. Cpe-
I TIPAKTUYECKHU UCTIONb3yEMbIX METOI0B CHHTE3a Mar-
HUTHBIX HAaHOYACTHI] CIIEAYET BBIJCIHUTH Psijl OCHOBHBIX:
COOCaXKJICHHUE, TEPMUUECKOE PA3I0KEHHE, MUKPOAMYJIb-
CHOHHBIH, THAPOTEPMAIILHBIH 1 MHUKPOBOJHOBBIH METO-
Iel [14].
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Hambonpimee pacnpocTpaHeHNe MOIYYHIN HAaHOYA-
CTHIIBI HA OCHOBE OKCHJIOB JKeJle3a, TaK Kak, HECMOTpSI Ha
Ooiiee cnaOble MarHUTHBIE CBOMCTBA B CPABHEHHH C Ha-
HOYACTUL[AMH METAJJIOB, OHU yCTOHUMBEe K OKUCIICHUIO,
MeHee TOKCHYHBI ¥ 00J1aIat0T ITUPOKUMH BO3MOKHOCTSI-
Mu yskponanusanuu [15]. Momudukanus HaHOYA-
CTHIIaMU Ha OCHOBE OKCH/JIOB eJie3a IPOBOAUTCS B TH]I-
poTepMaibHbIX YCIOBUSAX. ['MapoTrepmanbHBII MeTOx
MO3BOJISIET YETKO KOHTPOJIMPOBATh CBOMCTBA TOJydae-
MOTO TIPOAYKTA, TAKKE Kak MOP(OIIOTHSL, pa3Mep YacTHI]
1 9HCTOTY (ha30BOTO COCTABa 3a CUET BAPbUPOBAHIS Clie-
IYIOIUX [apaMeTpoB: TEMIepaTypa, MpPOJOIDKHUTENb-
HOCTb CUHTE3a, JJaBJICHHE.

1 MATEPHAJIBI U METObI

JJis 5KCTIEpIMEHTOB UCTIOIh30BAIN XUMHUYECKHE Pe-
areatsl NaOH (99,0%), AgNO; (> 99,9%) u NaBH4
(99%) mpoussoacrea Sigma-Aldrich (Cent-Jlyuc, Muc-
cypu, CIHIA). Vistpaunctyto Bony (UP) ¢ yaensHBIM co-
npotusieHreM 18,3 MOM:'cM mosydad € TOMOIIBIO
¢unpTpannonnoit ycranosku Millipore (Merck, MA,
CILIA).

XUMHUYCCKUI COCTaB 00pa3IOB HM3ydYadd METOJOM
pentreHoBckoi ¢uryopecuennud (XRF) ma Axios Max
(PANalytical, Mansepn, Benukobpuranus). Usmeperus
npoBomd B atMmocdepe remms, mpu 40-50 kB, 00pa3mbt
TOTOBWJIM B BHJE TaOmeTok ¢ 99,5% GopHOI KuCIOTOH
(Sigma-Aldrich, Cenr-JIyuc, Muccypu, CIIIA) B cooT-
HomeHuu 1/3.

AHaIM3 MHHEPAJIOTHYECKOTO COCTaBa 00pa3IOB MPo-
BOJWJIM METOAOM peHTreHo(hazoBoro aHamm3a (XRD) ¢
HCIIOJIB30BaHMEM TU(PaAKIMOHHON cucTembl Bruker D8-
Focus npu 40 kB u 40 MA, uznyuennem CuKa ¢ ¢puibt-
pom Ni (K1, 5406 A).

AHanu3 ajcopOIHu a30Ta IPY HU3KUX TeMIIepaTypax
npoBomics ¢ momomibio Autosorb-1 (Quantachrome
Instruments, UK) B nuama3oHe OTHOCHTEILHBIX JaBJie-
Hu#t ot 0,005 o 0,991. CrpyKrypHblE XapakTepUCTUKU
pacCYUTaHBI W3 U30TEPM C HCIIOIB30BAHUEM MPOTPAMM-
HOro obecriedeHust Juis aHau3a qanHbsix Quantachrome.
VY aenpHYI0 MOBEPXHOCTh paccUUThIBaIu MetogoM BET.
Pacnipenenenne mop mo pazMepam, IUIOIMAAb IIOBEPXHO-
CTH ¥ 00beM ITOp OBLIH OLIEHEHBI C UCTIOJIF30BaHUEM MO-
nem QSDFT nnst mieneBoi/ MMIMHIPUYECKON paBHOBEC-
HOM MOPUCTOM CTPYKTYpHL. BbUIM MCIIOJI30BaHbI MaTe-
MaTH4eCKUe MOJeNId 10 Teopuu bpyHayspa-DMmera-
Temnepa (BET) amnst pacuera yenpHON MOBEPXHOCTH Ma-
TepUaoB, 00beMa TI0p U pacrpe/esIeHus op 1o pa3Me-
pam.

Mopdoorudeckne XapakTepUCTHKH IOBEPXHOCTH
LIEOJINTOB U3yYaJIH C TOMOIIBIO PACTPOBOH 3JIEKTPOHHOM
Mukpockoruu (SEM) ¢ ucrmoib30BaHHEM CKaHUPYIOIIE-
ro anekTpoHHOro Mukpockona JEOL 6380 LV, kaptupo-
BaHHE aHAJIU30B BBITIOJIHSUIN C UCIIOJIb30BAHUEM DHEPIO-
JIMCTIEPCHOHHOTO PEHTIEHOBCKOTO criektpomertpa Si (Li)

(INCA X-Sight, Oxford Instruments, UK), moakirouen-
Horo k SEM.

st ancopOumu pTyTH CHHTE3UPOBaHHBIMU 00pasia-
MU npurorosieHs! pactBopsl HgCly ¢ McxoaHbIME KOH-
neHTparmsaMu ot 10 10 550 Mr/a u 103upoBKOi aacop-
6enta 0,2 T B 40 mn pactBopa. Hawanensiit pH pactso-
POB JOBOAMIHU 0 2 C NMOMOUIbIO KOHIIEHTPUPOBAHHOU
A30THOM KHCIIOTHI, TOTAa Kak UCXOAHBIA PH pacTBOpOB
ObLT 0KOJIO0 6,25. DKCTIEPUMEHTHI TPOBOIMINACH TIPU KOM-
HaTHOM TeMIlepaType B CTaTUYECKUX yCJIoBUsX. M3 ax-
COpOLMOHHBIX KOHTEHHEPOB OTOMPAIIH ANUKBOTH 00Be-
MoM 50-100 MK 171t M3MEPEHHs OCTATOYHBIX KOHIICHT-
pauii pTyTH 0 TOCTHXKEHUs paBHOBecHs. KomnuecTBo
yJaJICHHOW PTYTH PacCUUTHIBAIM IO Pa3HUIIE MEXy Ha-
YaJbHOM U OCTaTOYHOM KOHLIEHTpauusmMu. Bee nonyyen-
HBIE JaHHBIE PACCUMUTHIBAIM C UCIOJIH30BAHUEM Bapua-
[MOHHOT'O aHajM3a C NPUMEHEHHEeM Iporpammbl MS
Excel.

JJis cpaBHHUTENFHOTO aHAIN3a XUMHYCCKIX CBOMCTB
OBLTH HCCIIEJOBAHBI 2 BU/Ia CHHTETHICCKIX [ICOTUTOB H3
JeTydeit 3061 IKHOACTY3CKOTO M KapaKBIPUHCKOTO yT-
Jel, mosydeHHbIX pu temneparype 500 °C.

O6pa3np! nerydeit 3061 (JI3Y) sxubacTy3Koro yris
coOpaHBI ¢ YrONbHOM 31ekTpocTannuu . Hyp-Cynras u
Kapaxxsipurckoro yriis B r. Yctb-KameHoropeke, u 0bl-
nu Ha3BaHbl D-JI3Y u K-JI3Y coorBercrBeHHo. Bee 06-
pasiist JI3Y HCmons30Bau B UCXOIHOM BUE, O3 Tpe-
BapUTEJIbHOM IIPOMBIBKU U mpoceusanus. llepen skcne-
pumentoM o6pasis! JI3Y cymmu npu 70 °C B TeueHue
HouH. CHHTE3 IIC0IUTOB IPOBOMJIICS C HCIIOIb30BaHUEM
rugpokcuia Hatpust (NaOH, x.4. B onpeienieHHOM COOT-
somernnu ¢ JI3Y (1:1; 1:1.2). Mogudukanus moxy4eH-
HBIX IICOJIUTOB MPOBOAMIACH C HCIIONB30BAHUEM COJICH
)Kejesa (Fe2+ u F63+) JUTSl IPUJIaHUSI MATHUTHBIX CBOJCTB,
HUTpaT cepedpa (AgNO3) UCTIONB30BaNCS TS IETUPOBA-
HUS TIOJTYYEHHBIX I[€0JUTOB. LleonnTsl, CHHTE3UPOBaH-
ueie u3 K-JI3V, 6pun HazBanbs! K-1JI3, B To Bpems kak
neonuTsl u3 D-JI3Y HazBans! kak D-11J13, cooTBeTCTBEH-
HO.

Cunme3s MazHuUMHBIX UEOIUMOG

B xoze nomyueHns: CHHTETHUECKHX IIE0JIMTOB Ha OC-
HOBE JIETyueil 30J1bI YIJIsl CTPYKTypHas MOIU(HKAIM
MPOBOJIMIIACEH IS OBICTPOTO CBSI3BIBAHUS IIEOJIUTOB C
PTYTBIO TIpU YAAJICHUU €€ U3 BOJHOW Cpenbl U yydlle-
HUS QU3UKO-XMMHUYECKUX CBOMCTB. AKIIEHT OB cIeaH
Ha yBEJIMYEHHUE yJENFHOW MOBEPXHOCTH M MOPHCTOCTH
CHHTETHYECKMM TIeosnTaM. [IpugaHwe MarHWTHBIX
CBOWCTB OCYILECTBIISAIOCH METOAOM COOCAXKIECHHS HOHOB
Fe?* u Fe3* (co-precipitation) kak nokasano Ha puUcyHKe
1. MarHuTHble CBOMCTBA yIy4IIalOT TEPMOCTOMKOCTH 3a
CUeT CO3[aHMs KOMIIO3UTHON CTPYKTYpBI C HAaHOYACTH-
LIaMH JKele3a U 00yCIIaBIMBAIOT JIETKOE pa3JielIeHHe T0-
clle yoaneHus pTyTH.
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Pucynox 1. Cxema nonyuenus cunmemuyeckux yeoaumos us JI3Y memooom @viosich

2 PE3YJBTATBI M OBCYKIEHUE

2.1 Xapakrepu3anus CHHTe3MPOBAHHBIX

MaTepHaJoB

211 Penmezenogpazoewtit ananuz (XRD)

PesynbraThl HccneroBaHus 00pa3oB MPEACTABICHBI
Ha pucyHkax 2—4. Kak moka3sIBaloT CHEKTPHI Ha PUCYHKE
2, JI3Y xapaXxbIpHHCKOTO M 9KH0ACTY3KOTO YIJIsl UMEIOT
aMOp(QHYI0 CTPYKTYpy, 4YTO SIBJISETCS XapaKTepHBIM
CBOWCTBOM JieTy4el 30J161. OCHOBHBIMHU (ha3aMu COCTaB-
nsromeit JI3Y aBisroTcs MyJuINT, KBapIl U TeMaTHT.
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Pucynox 2. Juegppaxmozpamma ucxoonwix K-JI3Y (a)
u 3-JI3Y (6)

CHHTETUYECKHUE LEOIUTHI, MoyueHHsle u3 JI3Y, rak-
JKe OBLIM UCCIICIOBAHBI HA PEHTTCHOBCKOM IH(paKTO-

MeTpe ISl ONpeleNieHns] MUHEpPaIOrHYecKo (as3bl U
MIOJTBEPIKACHHS TTOJTYYCHUS KPUCTAJITMYECKOM CTPYKTY-
pel. Pucysku 3 1 4 mokas3bIBaIOT pe3ynbTaThl CHHTE3A I1e-
OJIUTOB MeTOJI0M DbIOXKH, MOJIyYSHHBIX M3 PEaKkLuu -
JI3Y u K-JI3Y ¢ ruapokcuaoM HAaTpUs B COOTHOIICHUHU
1:1,2 (mac.%) mpu temmnepatype miasienus 500 °C (O3-
11J13-500 u K-11J13-500).

CornacHo TONYYEHHBIM pe3yibTaTaM o00pa3oBaB-
mmmiicst D-11J13-500 — meonuT ¢ KpUCTaTHIECKOH CTPY-
KTYpOW CHHTETHYECKOTO aHaJbLIIMa C XUMHYECKOH (op-
myroit Na[AlSi>O¢]-H20. OaHako momydeHHBIH HEOTUT
K-JI3Y-500 nmokasan HecMeliaHHble (a3bl, YTO CHUKAET
ero (PU3NKO-XUMHUYECKUE CBONCTBA.
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Pucynox 4. JJuppaxmocpamma cunmemuueckozo yeoauma
K-1]/13-500
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a)

Pucynox 5. Muxpogomozpapuu cunmemuuecxux yeorumos I-L[J/13-500 (a) u K-1[J/13-500 (6) na SEM
U NOYKOIUYECTNBEHHBII AHAU3 dNleMeHmos memoodom EDS

2.1.2 Ckanupyrowas nekmponHas MuKpoCKonus

¢ aemenmuvim ananuzom (SEM-EDS)

Pesynerater SEM-EDS ucxonnpix JI3Y u momyuen-
HBIX IICOJIUTOB MOKAa3aHbl HA PHCYHKax 5, a u 5, 0. Pe-
3yJbTAThl CONIOCTaBUMBI C pe3ynbraramu XRF.

PesynbraThl amemeHTHOro aHanuza Mertogom EDS
mokasaiii ycrerrnoe moaudunuposanue JI3Y maraur-
HBIMU HaHOoYacTHIaMu. CpegHee MPOLEHTHOE COAepIKa-
HHE MarHUTHBIX HAaHOYACTHI[ B CTPYKType CHHTETHYEC-
KOTO IICOJINTA TI0CIIE PEaKIMU COOCAXKICHNS COCTaBHIH
(2,8+0,27)% mmsa obpasma K-1[JI3-500 u (4,0+0,44)%
qutst D-11J13-500 xommnosura (mipu p<0,05).

2.1.3 Hu3sxkomemnepamyphas adcopoyus azoma

Pe3ynbTaThl, Moay4eHHbIE METOIOM HHU3KOTEMIIepa-
TYpHO# azcopOIMu a30Ta, MOKa3aiH, YTO IUIOLIAH TO-
BEPXHOCTH MCXOAHBIX 00pa3ioB JI3Y kapaKbIprHCKOTO
U 3KHOACTY3CKOTO YIJIsl MMOKAa3bIBAIOT COMOCTABUMBbIE
3HAYEHMsI, & paCCYMTaHHbIE 00BEMBI MAKpPOIIOp M Me30-
MOp IEMOHCTPUPYIOT OOJBLIYIO JOJIIO OT 001Iero oobe-
Ma TI0p, OTHOCSAIIYIOCS] K MaKpOIIopam.

PesynbpTarel HHU3KOTEMIEpAaTypHOH a30THOM moOpo-
METPHH T0KA3aJIM, YTO BCE CHHTE3UPOBAHHBIE IIEOJHTHI
HMEIOT BBICOKYIO ILIOLIAJb YAENbHOH MOBEPXHOCTH U
00BEM ITOP MO0 CPaBHEHUIO ¢ cxoaHbMuU JI3Y, uTO U CIte-
JoBajio oxkuaate. ClenoBaTeNbHO, IPOLIECC CUHTE3A Lie-
OJIUTOB C KPUCTAJUIMYECKOH CTPYKTypoH mpouen yc-
MEIHO, 00Pa30BaNINCh ME30MOPHl M MHKPOIIOPHI, YTO
MIPHUBEJIO K PE3KOMY YBEIMYEHHUIO IUIOMIAIN ITOBEPXHO-
CTH ¥ 00BbeMa mop. MarHUTHBIE IIEONUTHI, TTOJTyYeHHEIE
METOJIOM JIETHMPOBaHUS, W MOKPHITBIE HAHOYACTHIIAMHU
OKCHJIa XKele3a WK cepedpa, IoKazain ApYyrHe pe3yiib-
tatbl. [Iponecc MomuduKay HaHOYACTUIIAMH OKCHJIa
JKeJle3a NMPUBOJMI K HE3HAYUTEIEHOMY YMEHBUIEHHIO
IUTOIIA M TOBEPXHOCTH 1 00BeMa TI0P.

2.1.4  Penmezeno-puoopecuenmuwtit ananus (XRF)

ONeMEeHTHBIN COCTaB UCXOAHOM JeTyuel 30Jbl yIiis
MectopoxaeHuit Kapaxbipa u Dkubactys, noxy4eHHbIH

metogoM XRF, mpencraBnen B Tabmmme. ComepikaHue
BCEX DJIEMEHTOB TIPENICTABICHO B %o.

Tabruya. Dnemenmuviil cocmas 0opasyos JI3y
mecmopodxcoenui Kapasxcvipa u Ixubacmys

CopepxaHue anemeHToB B J13Y
AnemeHT mecTopoxaenun (x£SD), %
Kapaxbipa Jkmnbactys
0 — — «
Na 1,38+0,03 —*
Mg 1,08+0,01 0,14+0,01
Al 15,93+0,25 14,16+1,11
Si 45,81+0,36 46,95+3,27
P 1,36+0,21 0,94+0,45
S 3,04+,036 0,27+0,08
Cl 1,15+0,01 0,74+0,35
K 2,74+0,2 1,56+0,25
Ca 8,32+0,32 6,49+0,35
Ti 3,75+0,14 2,88+0,03
Cr 0,05+0,03 1,15+0,05
Mn 0,140,017 0,54+0,36
Fe 13,90+0,95 22,27+1,23
Co 0,05+0,00 —*
Ni 0,080,001 0,24+0,1
Cu 0,18+0,003 0,08+0,03
Zn 0,12+0,01 0,08+0,01
Ga 0,02+0,02 0,04+0,04
Rb 0,02+0,01 0,02+0,00
Sr 0,30+0,02 0,44+0,01
Zr 0,08+0,01 0,30+0,014
Ba 0,06+0,01 0,29+0,02
Ce 0,31£0,01 0,23+0,018
Pb 0,04+0,01 0,09+0,01
Y . —
lMpumeyaHusi: * — aneMeHT He oBHapyxeH;

%x+SD — cpeaHee apudmMeTM4YeCKOE, oLmMbKa cpeaHero

apugmeTIIecKoro.
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Cornacao pesynbratam, XRF xapxac JI3Y mpencra-
BIIIET cO0OM Ha 65% aMIOMOCHIMKAT, YTO IO3BOJISET
CHHTE3UPOBATh MATHUTHBIC I[COTHTHIL.

2.2 JKcHepuMMEHTHI N0 YAAJTeHUI0 PTYTH

U3 3arpPsSI3HEHHOM BOJBI

ITpoBeneHs! SKCIEPUMEHTHI IO N3YUECHUIO KHHETHKH
azcopOIMK PTYTH M3 BOIHBIX PACTBOPOB C PAIHMIHOU
pH cunTeTMueckuMu neonuTaMu. B pesynerare mosyde-
HBI U30TEPMBI aJICOPOLIMH, MPEACTaBICHHBIC Ha PUCYH-
ke 6.
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Pucynox 6. Kunemuka adcopoyuu pmymu
CUHME3UPOBAHHBLMU YEOTUMAMU

[omy4yeHHBIE TICONMUTHI, @ IMEHHO 00pasusl J-11J13-
500 u K-I1JI3-500 u ux ucxoxusie oopasust JI3Y, ucmsl-
TaHBI Ha a7ICOPOIIMOHHYIO CIOCOOHOCTE HOHOB PTyTH (1)
13 BOAHBIX PACTBOPOB C MCXOJHOHM KOHILIEHTpAaLUEH HO-
HoB 10 ppm npu pH paBHOIi 2. YcTaHOBIEHO, YTO B Cpe-
JTHEM paBHOBeCHE a/ICOPOIIMOHHON CIOCOOHOCTH s 00-
pasioB D-11J13-500 u K-11J13-500 Hactymaet npuMepHO
yepe3 2 HeJleN, B TO BpeMs Kak i ucxonausix JI3Y mo-
CTHTaeTCs B TEUCHHE MECsIIa.

BBIBOIbI U ITPEJIJIOKEHUS

[IpenBapuTenbHble pe3yJbTAThl MOKA3ald 3HAYU-
TEJILHO BBICOKHMI MPOLEHT a/ICOPOIIMU PTYTH U3 PACTBO-
pa B CpaBHEHHH C HCXOHOM JieTy4eid 305101, O0pazer Ne
3-1U13-500 ynanun 6onee 90% HOHOB PTYTH, TOTJa KaK
HCXOJHAs JIeTyd4asl 30ja yAaluia JIUIIb MATYI0 YacTh.
O6pazen K-11JI3-500 nokazan nourn 80% ynaneHus uo-
HOB PTYTH II0 CPaBHEHHUIO C MCXOJHOI JieTydel 30JI0H,
YTO JIEMOHCTPUPYET 11eJIecCO00pa3HOCTh CHHTE3a LE0IIH-
TOB, KOTOPbIE MMEIOT O0JIee MOPHUCTYIO U KpUCTAILIHYEC-
KYIO CTPYKTYPY.

B nmanHO# pabGoTe OBUT MCIOJIB30BaH HOBBIA METOJ
@Db10AKH, KOTOPBII LIUPOKO UCIIOJIB3YETCSl B MUPE APYTHU-
Mmu uccnenoBatersivu [ 16—18]. OqHako B oTandne OT U3-
BECTHOTO MeTo/1a ObIIa pazpaboTana ero HoBas Moaudu-
Kalis Ha OCHOBE MMITPErHAI[MM HAHOYACTHUI| cepedpa u
MarHeTUTa, KOTOPhIC YBEINYHBAIOT YACIbHYIO TIOBEPX-
HOCTb U CITIOCOOCTBYIOT YCHIICHHOMY YJIQJICHHIO PTYTH B
BOJIHOI Cpejie B OTPEICJICHHBIX YCIOBUSIX.
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®bIO’KH 9AICIIEH AJIBIHFAH CYJAH CBIHAIITHI KOO YIINIH HAHOKOMIIO3UTTIK
HOEOJIMTTEPAIH CUITIATTAMACBI

A. Caraepa?, JK. Tayanos'®), ¥. Kantukees'® A. Boiimenos'?), C. Azar'34, . Amnan®

D «Kanviny JKIIC, Anmamui, Kazakcman
2 Hazap6aes Ynusepcumemi, National laboratory Astana, Hyp-Cynman, Kazaxcman
%) On-@apabu amvindazol Kazax ynmmolx ynusepcumemi,
Xumusa xHcone XumuAnblk mexnonozusn gaxynvmemi, Anmamel, Kazaxcman
4 K.H. Combaee amvinoazvr Kazax, ynmmulx mexuuxanvix; sepmmey ynueepcumemi, Aimamsi, Kazaxcman
i

Makanana ®proxH anicimer kemip kyineH (KK) anbiaran jkaHa KOMIIO3UIMSIIBIK MaTepHaIapAbl 93ipiiey HOTHKeNepi
OepinreH.

KomnosuTTik MaTepuangap KyMic HaHOOeMmeKkTepiMeH jerupienrer skoHe XRD, SEM-EDS, XRF cuskTel keHeHTiNTeH
cunarrama dficrepimer cumartanaabl. KK Heri3iHAe CHHTETHKANBIK ICONMUTTEPAl any OapBICBIHAA LEOIUTTEPI CYITBI
OpTajaH Ta3zapTKaHJa CHIHANIECH Te3 OalIaHBICTRIPY JKoHE (HM3MKA-XUMHAJIBIK KacHeTTepiH KakcapTy VIIiH
KYPBUTBIMIBIK MoauduKanus xyprizinai. CHHTe31enTeH HaHOKoMITo3uTTep pH opTypii cynsl epitieninepaeH Hg sxoro
YIIiH madganaseuiasl. CHHTETHKANBIK MEOTUTTEDP YIIH aJIcOpOIMSIIBIK KaOUIeTiHIH Tele-TeHIIT maMaMeH 2 anTajiaH
KeiiH maitna Gonanel, an O6actankel KK yurin Oip aif imiHzge sxeteni. ANJbIH ajla HOTHXKEIEP EPITIHAINCH ChIHANTHIH
alTapIIBIKTal )KoFapsl skoWbLTysIH 80-1eH 90% -Fa kepceTei.

Tyitin ce30ep: adcopbyus, ceinan, yeorummep, CuHme3s0en2eH HaHOKOMno3umme, Yuina Kyii.

CHARACTERIZATION OF NANOCOMPOSITE ZEOLITES FOR MERCURY REMOVAL FROM WATER
PRODUCED BY THE FUSION METHOD

A. Satayeval?, Zh. Tauanov!?®, U. Zhantikeev:®, A. Baimenov?, S. Azat'34, I. Alan®

D Zhalyn LLP, Almaty, Kazakhstan
2 Nazarbayev University, National Laboratory Astana, Nur-Sultan, Kazakhstan
%) Al-Farabi Kazakh National University, Faculty of Chemistry and Chemical Technology, Almaty, Kazakhstan
4 Kazakh National Research Technical University named after K.1. Satbayev, Almaty, Kazakhstan

The article presents the results of the development of new composite materials obtained from coal fly ash (CFA) by the
Fusion method.

The composite materials are doped with silver nanoparticles and characterized using advanced characterization methods,
namely XRD, SEM-EDS, XRF. In the course of obtaining synthetic zeolites based on CFA, structural modification was
carried out to quickly bind zeolites with mercury when it was removed from the aqueous medium and improve the
physicochemical properties. The synthesized nanocomposites were used to remove Hg from aqueous solutions with
different pH. It was found that the equilibrium of the adsorption capacity for synthetic zeolites occurs after about 2 weeks,
while for the original CFA it is reached within a month. Preliminary results show a significantly high removal of mercury
from the solution — from 80 to 90% of mercury ions.

Keywords: adsorption; mercury, zeolites, synthesized nanocomposites, fly ash.
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B craTthe ocBemieHb! BONPOCH BO3HUKHOBEHHS MOHHW3HPYIOIIMX H3ITyYCHHH Ha 3MEKTPOPU3MUECKUX YCTAaHOBKAX, MX
CBOHCTBa, 000CHOBaHa HEOOXOAMMOCTh OCHAIEHUs! ycTaHOBKM TokamMak KTM cranmoHapHOW, aBTOMaTH3MPOBaHHON
CUCTEMOM KOHTpOJISI paJMallMOHHBIX TIOJIEH, peIoskeH Habop MH)KEHEPHBIX PEIeHUI, OCHOBAHHBIX HA Pe3yJbTaTax
aHaJ M3a JaHHBIX PaJUallMOHHOTO KOHTPOJIL W OOIIMX TpeOOBaHUSX paauallMOHHON Oe3zomacHoctH. [lokazaHo, yToO
NPe/I0KEHHbIE PELICHUsI TI03BOJISIT 00ECTIEUNTh PETUCTPAIHIO ITPOIIecCa BOSHUKHOBEHUS M TAPaMETPOB HOHU3UPYIOLITHX
U3IIyYSHHH, a TAK)KE OCYLIECTBISITh KOHTPOJIb PaJNAllMOHHON 00CTaHOBKH MY MTPOBEICHUH IKCIIEPUMEHTAIBHBIX PadoT

Ha yctaHoBKke Tokamak KTM.

Knrouegvie cnosa: moxamax KTM, uonusupyrowue usnyuenus, paouayuoHHblll KOHMPOIb, paouayuornas bezonac-

HOCMb, o3umMemp, Nia3ma.

BBEJEHUE

Tokamak KTM — Hay4uHO-UCClIeq0BATENbCKAS IIEKT-
podusmueckas TopouianbHas YCTaHOBKA, ISl KOTOPOH,
TEXHHYECKUM IIPOCKTOM MPEAYCMOTPEHBI CIEYIOIINE
napaMeTpsl Ia3Mbl: Tok 750 KA, IIMTENbHOCTE pa3psaaa
I0 5 ¢, Temneparypa ot 1 10 3 k3B (35exTpoHHas Teme-
patypa 3,4-107 K), mnotsocts 5-10*° M 3. OcHOBHBIM Ha-
3HAaYCHUEM YCTaHOBKU SBJISETCS MOJyYeHHUE BEICOKOTEM-
MepaTypHOil BOJOPOJHOMN IUIa3MbI, NMOTOKM YaCTHUI[ H
SHEPTHH OT KOTOPOH OyIyT MCIIONIBL30BaThCA IS HCCIle-
JIOBAaHMS KaHAMIATHBIX MaTepHAaIOB EPBO CTEHKH Tep-
MoOsIZIepHBIX peakTopoB. Ilna3zma B Tokamake KTM ynep-
KHMBAETCSl HE CTCHKAMU KaMephl, a CIEIHaIbHO CO3/1aBa-
€MbIM KOMOMHUPOBAHHBIM MarHUTHBIM ITOJIEM.

HNOHU3UPYIOUUE U3JTYYEHUS HA JIEKTPO-

P®UBNYECKUX YCTAHOBKAX (TOKAMAKAX)

OcHoBHas np06neMa JJIs1 YCTAaHOBOK HO,I[O6HOFO TH-
I1a 3aKJII04Ya€TCd B TOM, YTO IUIa3MCEHHBIC MPOLCCCHI 3a-
BUCAT OT MHOXXECTBaA (baKTOpOB X BCJICACTBHUEC 5TOI'O CJI10-
XKHO yrpaBisieMbl. C pOCTOM TeMITepaTypsl IUIa3MEL, OY-
JACT YBCJIIMYMBATHCA U CKOPOCTH YAaCTHUI] B IJIa3ME. Omac-
Hee BCETo, KOT/Ia IIa3Ma BHE3aIHO OXJIaXKAaeTcs U Kaca-
€TCsI CTeHKH peakTopa. DTO TaK Ha3bIBAEMBIH CPHIB IIJIa3-
Mbl. Bo Bpems cpbiBa, TO €CThb PE3KOT0 OXJIAXKICHHUS
IJ1a3Mbl, TagacTt €€ IMPOBOAMMOCTb, M KOJ’IBL{GBOﬁ TOK
IJ1a3Mbl CTPEMUTCA YMCHBIIUTHCA, HO H3-3a 0OJIBIIIOTO
KOJIMYECTBAa METajlJla BOKPpYT (CTGHKI/I BaKyyMHOﬁ KaMe-
PbI, pa3JINYHbIC MCTALIMYECKUC KOHCTPYKIUHU U T.H.)
BO3HUKAIOT HABCJICHHBIC TOKH B PA3HBIX YACTAX YCTAHOB-
ki. OHU MHAYLHUPYIOT BUXPEBOE 3JIEKTPUUECKOE IOJIE,
NpEeIsATCTBYSA CHUIKCHHUIO TOKa IJIa3Mbl. 2710 BUXPEBOC
T1oJie ropasao MOIHHeﬁ, YCM INOCTOSAHHOC BJICKTPUICCKOC
moJie caMoi 1ia3Mel. brarogaps BuxpeBomy momo ObI-
CTpBIE AIIEKTPOHBI PA3TOHIIOTCS A0 CyOCBETOBBIX CKOPO-
CTeH ¥ MOTYT IEPEHOCHUTD OOJIBIIYIO YaCTh TOKA IJIa3MBI.
YeM MeHbIIIE MJIOTHOCTD IJ1a3MBI M BBIIIIE TeEMIIEparypa
OJICKTPOHOB, TEM ITPU MCHBIINX 3HAYCHUAX DJICKTPUICC-

KOTO TI0JIS1 BO3MOXKHO YCKOPEHHOE YOeraHue JIEKTPOHOB
[1].

Heympyroe paccesiHue 371€KTPOHOB B JEKTPHUECKOM
I0JIE HOHOB C NOTEPEN SHEPTUH, IPEBPALIAETCS B AIIEKT-
POMAarHUTHOE U3JIy4eHHe. ITO TaKk Ha3bIBaeMOE TOPMO3-
HOE U3Iy4YEeHHE AJIEKTPOHOB — IJIaBHBIN HCTOUHHUK U3ITYy-
YEHMsI IU1a3MBbl [IPU OUYEHb BBICOKOM 3JIEKTPOHHOH TEMIIE-
parype. U3nyyenue umeer cruiomHou crektp. [Ipuuun-
HOW 3HAYUTEIHFHOTO TOPMO3HOTO M3IYyYEHHS TAKXKE MO-
XKeT OBITh TETUIOBOE JIBI)KEHHE B TOpSYEH pa3pekeHHOH
mwasme (¢ Temnepatypoii ot 10° no 108 K u Bbime). Die-
MEHTapHbIE aKThl TOPMO3HOTO N3ITY4EHHsI, 00YCIIOBIICHBI
CTOJIKHOBEHHSIMH 3apsKEHHBIX 4aCTUL], U3 KOTOPBIX CO-
CTOUT I1a3Ma. TOPMO3HOE U3JIydeHHe IIa3MBbl C JIEKT-
poHHOI Temmepatypoii 6onee 10* K Haxomurcs B uH(pa-
KpacHOW U BUJUMOM 4acTsIX CIEKTpa, a C TEMIEPATypoil
oonee 108K B peHTreHOBCKOM auana3oHe. YUuTHIBAd,
YTO B yCTAaHOBKE TEMIIEpaTypa IU1a3Mbl OyAeT HaXOAUTh-
cs B quamasoHe ot 1,5 mo 3 k3B npu 11oTHOCTH T1a3MBI
10 M3, cienyeT paccMaTpHBaTh HOHU3UPYHOIIME H3JTY-
YeHHs 3a IpeieIaMH BaKyyMHOM KaMephl, 0COOEHHO MpHU
CpbIBaxX TOKA IJIa3Mbl, B pEHTTEHOBCKOM U raMMa CHEKT-
pax.

PexoMOMHanMOHHOE M3ITyYeHHE BO3HMKACT IIPH 3a-
XBaTe 3JIEKTPOHA HOHOM, IPU 3TOM OCBOOOXKIAaeTcs
SHEPTUsl, paBHAsi CyMMe KHHETHYECKOW SHepruu cBoOo1-
HOTO 3JIEKTPOHA U €T0 YHEPTHH CBs3U. B mra3me ¢ oTHO-
CUTEJIbHO HEBBICOKOM BJIEKTPOHHOW TeMIepaTypoul pe-
KOMOWHAITMOHHOE HU3TydeHHe OyneT mpeobiafaTh Haj
TOPMO3HBIM H3JIy4EHHEM, a TPH OONBIINX 3HAYCHHUAX
3JIEKTPOHHOHN TeMIepaTypbl 3HAYNTEIbHbIN BKIax OyneT
BHOCHTBH TOPMO3HOE U3JIy4eHHE.

B marHuTHOM nOJ€, NPU AOCTATOYHO BBICOKHX TEM-
neparypax B IUIa3Me, FeHepUPYETCs elle OJUH BUJ dJIEK-
TPOMAarHUTHOI'O U3IY4YEHUs] — CUHXPOTpPOHHOE. B oTnu-
Yye OT TOPMO3HOTO ¥ PEKOMOMHAIIMIOHHOTO M3JIydeHHUH
CHHXPOTPOHHOE MMEET 3HAYUTEJIbHO OOJBUIYIO JUIMHY
BOJIHBI, HAaXOJSIIyIOCS B MWUIMMETPOBOH oOJacTy.
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DHeprust U YacTOTHBIN CHEKTP M3IYYEHHS 3aBHCHUT OT
MHOTHUX (haKTOPOB, TaK, HAIPUMeEp, NPUCYTCTBHE B ILIa3-
Me JaXKe O4eHb He3HAUUTENbHOI MPUMECH TXKEINbIX HO-
HOB NPHUBOJUT K PE3KOMY BO3PACTaHUIO HHTEHCUBHOCTH
n3nydenus [2, 3].

ONEeKTPOMAarHUTHOE U3IyYeHHE HUMEeT IIMPOKHM
CHEKTp PHEPTUil U pa3IudHble UCTOYHUKU: FraMMa-U3Iy-
YEHHE aTOMHBIX AP U TOPMO3HOE H3Iy4IEHHE YCKOPEH-
HBIX 3JIEKTPOHOB M JAp. DIEKTPOMArHUTHOE H3JIydCHHUE
CTaHOBUTCSA MOHH3HUPYIOIIUM, KOT/Ia SHEPTUS KBAHTA U3-
JydyeHus npesbluaet 13 3B — cTonbKko HYXHO 7151 HOHU-
3alli¥ aTOMa BOAOPOJa. DHEPTUH KBAHTOB YIbTpaduo-
JieTa HeJOCTaTOYHO, 4TOOBI CEphbe3HO HOHWU3UPOBATH
ITyOOKHE CIIOU BELIECTBA, MOITOMY K HOHU3UPYIOIIEMY
W3JIyYEHHIO OTHOCST PEHTICHOBCKUE (DOTOHBI U ramma-
KBaHTBI. PEHTT€HOBCKOE M3ITyUCHHE JIEKHUT B JUANa30He
1uiH BoJiH oT 10 10 107 HM, 4To Mo sHeprun GoTOHOB
cooTtBeTcTBYeT obmactu oT 1003B mo 250 x3B. Ilpu
3TOM ()OTOHBI B CHHXPOTPOHHOM H3Iy4EeHHH (TOPMO3-
HOM CIEKTpe) MOTyT oOJamaTh SHeprueid Oobie
1 M>»B.

Ecnu npotexanne TepMOSAEPHBIX PEaKIUi B TIa3Me
XapaKTepU3yeTcs OTCYTCTBHEM «IIOPOTa» pEakIHuu H
MIPOCTPAaHCTBEHHOW CHMMETPHEH BBUICTAIOIINX HEHTPO-
HOB, TO JUI1 YCKOPUTEIBHBIX PEXHMOB CO CPBIBOM TOKa
IUIa3Mbl NTapaMeTpbl (POTOHEWTPOHHOTO M3IyYEHHs Lie-
JINKOM OTIPEJIENIAIOTCS TEHEPUPYIOIUM €r0 TOPMO3HBIM
n3JIydYeHHeM U (U3NKOW B3aUMOACHCTBUS DJIEKTPOHOB C
«MUIIEHBIOY», KAKOBOH ABJISIETCA CTEHKA KaMephl WX JTU-
BepTop [4]. YcKOpUTENbHBIE PEXKHUMBI OXHIAIOTCS Ha
BCEX JTallaXx HCCIeIOBaHUH, OCOOEHHO HpH paboTe c
IUIA3MOH KPYTJIOTO CEYEHUsI, HO TaKke W nocie popmu-
POBaHMS TUBEPTOPHON KOHPUTYPALUH.

[Tpn GosbImIMX SHEPTUSX TOPMO3SIIUXCS 3apsHKEH-
HBIX YaCTHII, TOPMO3HOE PEHTTEHOBCKOE M3IIydeHHE IIe-
PEXOIUT B HHEPTETHUECKUI TUAla30H ramMma-u3iryde-
Hus. TopMo3HOe raMMa-u3nydeHHe, Kak U TOPMO3HOE
PEHTICHOBCKOE H3JIy4eHHE, XapaKTepH3yeTCsl CIUIOII-
HBIM CTIEKTPOM, BEPXHISI TPaHMIIa KOTOPOTO COBIAIAET C
SHEpruel 3apsKeHHOM 4acTHLbl, HAIIPUMED, DJIEKTPOHA
[5].

KonctpykunonHoit ocobeHHOCTRIO ycTaHOBKH KTM
SIBIISICTCA HAJIMYME TOABMIKHOTO MOJBEMHO-AMBEPTOP-
HOTO YCTpOMCTBA. DTO CO3/a€T TPYJHOCTH B IIPOrHO3U-
POBAaHUHU JHEPreTUYECKHUX CIEKTPOB M3JIyUYEHHH U HX
pacnpocTpaHenusa. Hamuuue pasnuuHBIX TECTHPYEMBIX
MaTepuanoB B Tokamake KTM Takske MOXKeT NpUBECTH K
YBEJIMYECHUIO COJIEPKAHUS HOHOB TSDKEIBIX METAaJUIOB B
IUTa3Me U, CJEIOBATENbHO, K BO3PACTAHHIO MOIIHOCTH
TOPMO3HOTO M3Ty4eHUs B AECATKHA U COTHH pasz, 9TO CO-
OTBETCTBEHHO IPUBEET U K YBEIIMICHUIO MOIITHOCTH HO-
HU3UpYIOIIEro m3mydeHus. HecMoTps Ha TO, 9TO CKO-
pPOCTh TeHepanuy yOerarolmux 3JeKTPOHOB JOCTHIaeT
MaKCUMaJIbHBIX 3HAaUE€HUIl UMEHHO B Ha4albHbIE MOMEH-
TBI pa3psjia, MAKCUMAIbHYI0 SHEPTHIO OHM HaOWparoT
CIYCTS HEKOTOpoe BpeMms. Bcrulecku peHTTeHOBCKOTo

M3IYYCHUS, COOTBETCTBYIOIIHE BBIXOIY 3JIEKTPOHHOTO
My4Ka Ha CTEHKY KaMephbl, MOsBISA0TCS uepes ~30 Mc.

B xoxe mpoBeneHust 3KCIEPUMEHTOB C MOTYYeHHEM
mwia3Mbl Ha TokaMake KTM HeoO0X0auMo ¢ JOCTaTOYHOMI
TOYHOCTBIO OMPEAEIISATh MapaMeTphl BOSHUKAIOUINX HO-
HUBHPYIOIIKX U3TyYeHUH 3a MpeaenaMu BaKyyMHOH Ka-
MEpHI C IETBI0 COOTIOICHNS TPEOOBAHUH HOPMATUBHBIX
paBoBHIX akToB Pecryonmku Kazaxcran (manee — HITA
PK) u BeIpaboTkH Mep 6e3omacHOCTH. JlaHHBIE O Xapak-
Tepe, paclpelesIeHuN paJualMOHHbIX MOJIEHd U BO3AEH-
CTBHH MOHM3HUPYIOMINUX M3ITyYEHHH MOTYT OBITH HCIIOJh-
30BaHBI, KaK IIPH UCCIICIOBAHUI MaTepHAIIOB, TOMEIIae-
MBIX B BAKYYMHYIO KaMepy, TaK U IPH BEIOOpE 000pyI0-
BaHUs, MIPUOOPOB, pa3MEIIaeMBbIX 3a e¢ MPeIeIaMu.

KOHTPOJIb U OLIEHKA PACIIPEJEJEHUS

PAJIMATIMOHHBIX MOJIE TOKAMAKA KTM

J1n1st KOHTPOJISL ¥ OLICHKH pacIpeieieHus, perucTpa-
LY TIApaMEeTPOB PAANAMOHHBIX TI0JICH Ha yCTAaHOBKE, a
TaKXKe C LeIbI0 XapaKTepH3allui HOHU3UPYIOMINX U3ITy-
YeHUiT OblIa peleHa 3a/1a4a, COCTOSIIAs U3 HECKOIBKUX
HaIpaBJeHU, TpeOYIOMNX MPOBEICHHUS OLICHOK U aHa-
JM3a MOJYYeHHBIX JaHHBIX, MO3BOJIAIONIAs C/EIaTh BBI-
BOJIBI O PaJUALIMOHHBIX MOJIAX U BBIPAOOTaTh PEKOMEH-
JIAIMK 10 OOECTICYCHUIO PaMalMOHHON 0e30MacHOCTH
IIPY MPOBEJCHUM SKCIEPHUMEHTAIbHBIX paboT Ha TOKa-
make KTM.

B kauecTBe mepBOro HaNpaBJICHHUS B PELICHUH 3a]1a-
YM pacCMOTPEHBI BapHUaHTHl Pa3MeIleHHs TpuOoOpoB pa-
JMAIIOHHOTO KOHTPOJISt UCXO/Isl U3 YCIIOBHUI paBHOMEp-
HOTO pacHpe/esIeHusT MOHU3UPYIOMNX H3IYyYeHHH 110
BceMy o0beMy momenieHus: | (LeHTpaJbHBIN peakTop-
HBIN 3ai). BakyymHas xamepa toxkamaka KTM, B koto-
poii hopmMupyeTcsl U yIep>KUBaeTcs IIa3Ma, FeHepupy-
I0IIas AJIEKTPOMAarHUTHBIE U3JIy4eHHUs, OCHAIIICHA JIecs-
TBIO PKBATOPHAIBHBIMH NTATPyOKaMu, MpeIHa3HAYE€HHBI-
MH JUIsl yCTAHOBKH BBICOKOYACTOTHBIX aHTEHH, JJISI MO~
KIIFOUCHHSI CUCTEM JAMATHOCTHKH M JIPyroro TeXHOJIOTH-
geckoro obopynoBaHus. [laTpyOku SIBISTIOTCS CBOE0O-
pa3sHbIMM KaHAJIaMH BBIBOJA M3JIydeHWi. M3mydenue ot
Y4YacTKOB CTEHOK BaKyyMHOM KaMepbl MEXKIy 9KBAaTOpH-
IBHBIMHM TTaTpyOKaMH, B OOJIBIIICH CTEIIeHN MOTJIONaeT-
Cs1 BUTKaMH TOPOHJIANbHOM OOMOTKH MarHUTHOM cHCTe-
MBI U 3JIEMEHTaMH CHJIOBOH CTPYKTYpHI.

[Ipubops! paanamoOHHOTO KOHTPOJS OBUIM pa3Me-
LIEHB! B 9KBaTOPUAIbHON IUIOCKOCTH BaKyyMHOH Kame-
PBI HATIPOTHB YKBATOPUATBHBIX MATPYOKOB (3-if, 9-i1, 13-
1 u 17-# cexTopa) Ha PacCTOSHUM 710 5 M, a TaKXKe B Me-
cTax ¢ HauboJiee BEPOSATHBIM IIPU IPOBEICHUHN 3KCIIEpH-
MEHTOB KECTKUM PEHTT€HOBCKMM H3Iy4€HUEM U B MO-
MEIIEHUSIX CMEKHBIX ¢ IoMeleHneM | B konuuectse 14
TOYEK KOHTPOJIS (J03UMETPHI, OTMEYEHHBIE HOMEPOM 1)
U eme 9 Touek KOHTPOJsI C Pa3HECEHHEM UX 110 TeOMET-
PHH C YIETOM Pa3MepOB YCTAHOBKH IT0 YETHIPEM YPOB-
mam: —2,6 m, —1,6 M, +2,0 M, +3,0 M (103UMETpBI, OTME-
YeHHbIE HOMepamu 2—5) (pUCyHOK 1).
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. - ATJ1-02, otmeTku Ha yposhe ot | 1,5 m a0 | 2,0 m;
. - ATN-02, omverka 12,0 m;

. - A1J1-02, orverka +3,0 M

Tynomobon Uiumodar

Kiriud, iC

Tioae.10

Mom.10

\

/

¥ 1 m
Mom.11 \

- - ATN-02, otmeTka -2,6 M

@ - ATN-02, omverka -1,6 M

6) 3manne Tokamaka KTM

Pucynox 1. Cxema pasmewjerus do3umempog 6 rabopamopuom 30anuu u 30anuu moxkamaxa KTM (1 sman)

PesynbTathl mepBoro 3tana pagualoOHHOTO KOHTPO-
15 mocne nposefeHus 12 myckos B 1-2 kBaptane 2021
rojja CyMMapHOH MpOROIKUTENsHOCTRIO 2,081 cexyHn
MTOKa3aJIi HAJIM4INe PaJHalliOHHBIX MTOJICH B TOMEIIEHUI
1 ¥ cMeXHBIX ¢ HUM moMerieHusX. CpeHssl HaKOTUICH-
Has no3a cocrasuia 0,71 M3 [6, 7]. [Tpu aToM paguarm-
OHHBIE IT0JIsI B J1a0OPATOPHOM 3/1aHMU OBLIM Ha YpOBHE
€CTECTBEHHOTO PaUAI[HIOHHOTO (OHA.

Lenblo BTOporo 3Tama UCCIEAOBaHHS SBISUIOCH OII-
penereHne 3aBUCUMOCTH HaKOTUICHHO! 0361 OT MPOI0JI-

KHUTEIBHOCTH ITyCKa U PEXKUMOB SHEPTETHIECKUX Harpy-
30k Tokamaka KTM. B nocnenyromux 3xcnepruMeHTalb-
HbIx Kammnanusax 2021-2022 rr. 6bUI0 COKpAIEHO KOJIH-
YEeCTBO TOUEK KOHTPOJIS 10 § MIT., @ CHATUE MTOKA3aHUMH C
puOOpPOB PaAMAIIMOHHOTO KOHTPOJISA, NMPOU3BOAMIOCH
110CJIE Ka)KJOW IPYIIBI IyCKOB HE3aBUCUMO OT YCJIOBHUH
UX MPOBEJCHUS U JOCTUTHYTHIX PE3yIbTaToB. Jl03UMET-
pBI pa3sMellanyd HalpOTUB 3a30POB MEXIY KaTyIMIKaMU
MIPOAOJBHOTO MOJISl HAa BBICOTE BEPTUKANBHOIO LEHTpa
BaKyyMHOH Kamepbl B TOUkax 1—8 (pucyHok 2).
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- = =4 & ‘

0) TOPU3OHTAITFHOE PACIIONIOKEHIE

Pucynox 2. Cxema pa3menieHus 103MMeETpoB (2 3tar)

AHanu3 yCpeIHEHHBIX 3apETUCTPHUPOBAHHBIX JIaH-
HBIX II0Ka3aJl HEJIMHENHYIO 3aBUCMMOCTb HAKOIIJICHHOM
JI03bI OT UHTETPAITLHON JITIMTEILHOCTH Pa3psia, a TaKkkKe
HE CHIMMETPHYHOE pacipeiesieHIe H3TyUeHHS B BaKyyM-
HO kamepe (pucyHok 3) [8—16]. YpoBeHb 1 IpocTpaHc-

TBEHHOE paclipe/ieJIeHUe 3aBUCAT OT MHOKECTBA Iapame-
TPOB: XapakTepa pa3psna, MaKCHMaJIHOTO TOKa, HaJIM-
YHs CPBIBOB TOKA M HEYCTOMYMBOCTEH, AaBiIeHUs padbo-
4ero rasa, mpuMecei B azme u T.4. [17]
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0,541 0,613 1,221 1,283 1,595

2,635 2,729 5,964 6,283

[nuTeneHocTb paspaga, ¢

Pucynoxk 3. H3meHneHue HaKONIEHHOU 003bl OM UHMESPATbHOU OIUMENbHOCU PA3PAOd

TEXHUYECKHUE TPEBOBAHMUS K CTAHHOHAPHOﬁ,
ABTOMATHU3UPOBAHHOMN CUCTEME KOHTPOJIA
PAIMAIIMOHHBIX MOJIEl TOKAMAKA KTM

Ha ocHoBaHuu pe3ynbTaToB pajvalliOHHOTO KOHT-
poJis BO BpeMs MPOBENEHUSI SKCIIEPUMEHTAIbHBIX KOM-
MaHUH ¢ noJiyueHueM Iuia3msl Ha Tokamake KTM, a tak-
K€ YIUTHIBas KOHCTPYKTHBHEIC OCOOCHHOCTH YCTaHOBKH
OBLTH OTpeeTICHBl TEXHIMYECKUE TPEOOBAHHS K CTaIlHO-
HapHOM aBTOMAaTU3UPOBAHHOMN CUCTEME KOHTPOJIS paau-
aroHHBIX moreit (nanee — CKPII) u mpocTpaHCTBEHHO-
My pa3MemIeHUI0 IPUOOPOB U AETEKTOPOB paJAHAIHOH-
HOTO KOHTPOJISI BXOJISIINX B €€ COCTaB.

OcuorHo# riensto CKPIT siBasieTcss opranuzanus He-
MIPEPHIBHOTO aBTOMATU3MPOBAHHOTO MPOIIecca KOHTPOJIS
HMIIYJIbCHBIX M3Ty4deHuit Tokamaka KTM B ycioBusx qu-
HAMHUYHBIX, OBICTPOMEHSIOIIMXCS TIPOIIECCaX, B 3aBHCHMO-
CTH OT peXHUMOB pabOThl YCTAHOBKU U PACTIONOKEHHS HC-
CIIEyEMbIX YCTPOWCTB, a TAK)XKE ONEPaTUBHOIO MpECTa-
BIICHHS WH(POPMALKU OT KKAOTO OJOKa NeTeKTHPOBa-
HUS B TF000I1 MOMEHT BPEMCHH.

C menmpio BBIOOpAa TEXHHMYSCKUX M IMPOTPAMMHBIX
CpEACTB Ul IEPBOTO 3Tara CO3JaHusl CHCTEMbI KOHTPO-
TS paJNallMOHHBIX ToJiel OBbLI TpoBeeH 0030p pPHIHKA
JIETEKTOPOB PEHTTC€HOBCKOTO U TaMMa-U3IyYeHHUs, UM-
MyJIbCHBIX CHCTEM PaJMallMOHHOTO KOHTPOJIS Ha MPEJ-
MET WX COOTBETCTBUSI BBIPAOOTAHHBIM TPEOOBAHUAM
(MUHEMaNbHAS JUIMTENHHOCTh WMIYJbCA, YaCTOTHBIE
CIIEKTPHI IJIEKTPOMATHUTHBIX H3ITy4eHUH, KOJINYECTBO
TOYEK KOHTPOJISI, MAaCIITAOUpOBaHKE U JIp.), & TAKXKE OII-
peIesieHO MPOCTPAHCTBEHHOE pa3MELEHUE JeTEKTOPOB.
[lpu BEIOOpE NETEKTOPOB H3ITyYCHHM, MPUHUMAIOCH BO
BHUMaHUeE, OBICTPOJICHCTBHE — YacTOTa MOBTOPCHUSI UM-
myibcoB He Meree 10 mmr/c, mmrensHocTh 0T 10 10 20 He,
JTNaa30H W3MEPEHHUH CPeIHEeH MOIIHOCTH aMOHWCHTHOTO
SKBUBAJICHTA J03bI HMITYJIbCHOTO U3Ty4EHHS NOHU3UPYIO-
nmx u3nydenni ot 0,1 Mx38/4 1o 10 3B/4, mana3oH sHep-
ruii ot 15 k3B 10 10 MaB.

Ha cniemyromiem starne pa3BuUTHsI CUCTEMBI TUIAHAPYETCSI
pacuIvpeHre pPErucTpUpyeMoro CIieKTpa HW3JIydeHHd, a
WMEHHO JJOOCHAIIICHUE CUCTEMbI HEUTPOHHBIMH JAETEKTOPA-
MH.

3AKJIIOYEHUE

JlanHble, BriepBble NodyueHHbIe HAa Tokamake KTM,
MOKAa3aJIi HaIW4Ke paJualliOHHBIX M0JIeH B TOMEIeHHH
1 3garust KTM u cmexHbIX moMenienusx. [Ipu aTom pa-
JMAIOHHBIE TIOJIS B JJA0OPaTOPHOM 3JaHUM ObUIM Ha
YpOBHE €CTECTBEHHOTO PaJHAIIIOHHOTO (OHA.

YpoBeHb U IPOCTPAHCTBEHHOE paclpeacicHUE 3aBU-
CSIT OT MHOJKECTBA ITaPaMEeTPOB U TPEOYIOT JallbHEHIIIETO
n3ydeHus. s peructpauuy napaMeTpoB MOJIed U CHH-
XPOHM3ALUU HU3MEPEHHUI ¢ CUCTEMOW perucTpanuu (hu-
3UYECKUX IHardHoctTuk Tokamaka KTM HeoOxommmo
HNPOEKTHPOBAaHUE U MPHOOPETEHNE CTAIHOHAPHOMN, aBTO-
MaTH3UPOBAHHON CHCTEMBI KOHTPOJS paJHaIliOHHBIX
nojnei. B pabGore ompexneneHsl TpeOOBaHUS MO KiIOUe-
BBIM TapaMeTpaM CHCTEMBI U C(POPMYTHPOBAHBI OCHOB-
Hble nmkeHepHble pemeHnsa. CKPII obecnieunt Heob6xo-
JMMbIe U3MEPEHUS U PErHCTPAIUIo TapaMeTpoB U I103-
BOJIUT KOHTPOIHUPOBATH COCTOSIHHE PaTUAIIMOHHON 00-
CTaHOBKM BO BpEMS IMPOBEIEHUSI SKCIIEPUMEHTAIBHBIX
pabot Ha ycTaHOBKe Tokamak KTM.

Hannvie uccnedosanus unancuposanucs Munu-
cmepemeom snepeemuku Pecnybnuxu Kazaxcman 6 pam-
KAaxX HAYYHO-MexHuyeckou npoepammel « Hayuno-mexnu-
yeckoe obecneuenue HKCNEPUMEHMATbHBIX UCCLe008a-
HULL HA KA3AXCMAHCKOM MAMEPUAN08eIUeCKOM MOKAMA-
xe KTM» (HPH — BR09158585).

JIUTEPATYPA

1. Hccnenoanue npouecca GopMUPOBAHUS IUIA3MEHHOTO
mHypa Tokamaka KTM B pexnMe OMHYECKOTro Harpesa:
oruer 0 HHP (utorosbiit) / ®unnan « IHCTUTYT aTOMHOIA
sHeprum» PI'TI HALL PK; pyk. B.2K. YekTri6aes. —
Kypuaros, 2021. — 114 c.— T'oc. unB. Ne 0220PK00106.

2. Apuumosnd JI.A. M36paHHbIe TPy bl «(ATOMHAS GU3NKA U
¢m3uka mra3mel» // Mocksa. — 1978. — C. 304.

3. CusyxuH JI.B. KynoHOBCKIE CTOIKHOBEHHS B TOJHOCTHIO
MOHHM30BaHHOM M1a3Me // Bonpock! Teopuu mia3Mbl —
Mocksa. — 1964. — Beim. 4. — C. 81-187.

4. XpumyHos B.W. Ouenka HCTOUHUKOB U MOl U3ITydeHHs
Ha ycranoBke T-15MJ] // BAHT «TepmosiaepHbiit
cunte3» — Mocksa. — 2020. — T. 43. — Bem. 1. — C. 9-38.

79



WCCNEQOBAHWE NONEN MOHU3UPYIOLLMX U3NYYEHUIA HA ANEKTPO®U3NYECKOWA YCTAHOBKE TOKAMAK KTM

10.

11.

12.

13.

14.

15.

16.

17.

Bexman U. H. AToMHas u sinepHast pusuka: paIdoaKkTHB-
HOCTb M HOHU3UPYIOIIUE H3ITy4eHH s // yIeOHUK ISt
cpezHero npodeccuoHaIbHOro 00pa3oBaHus — 2-€ u3l.,
ucrnp. u pom. — Mocksa: U3natensctBo HOpaidt, 2020. —
C. 493.

«OmnepaTHBHBIH )KypHAI OIepaTopa IyJIbTa 00Iero
ynpasieHuss TOKAMAKA KTMy, per. Ne 17-280-19
(xypHan Ne3) ot 01.03.2018 .

AxTt paanannonHoro kKoHTpoisi KTM « TOKAMAK» 3a |
u II kBapTanet 2021 roxa, per. Ne 31-440-02/14088H ot
01.07.2021 r.

AKT pazinaniioHHOTO KOHTpoJs ycraHOBKM KTM Bo Bpems
mpoBeneHus myckoB 29.11.2021 1., per. Ne 31-440-
02/28758u ot 13.12.2021 1.

AKT pasuanroHHOro KoHTpois ycraHoBku KTM Bo Bpems
npoBeaeHus myckoB 06.12.2021 r., per. Ne 31-440-
02/29098H ot 20.12.2021 .

AKT paguaiiioHHOTO KOHTpoust ycraHoBKH KTM Bo Bpemst
mpoBeaeHus myckos 07.12.2021 r., per. Ne 31-440-
02/2993BH ot 29.12.2021 1.

AKT pasnaniioHHOro KoHTpoJs ycraHoBKU KTM Bo Bpems
npoBeneHus myckoB 29.06.2022 r., per. Ne 31-440-
02/13398H ot 08.07.2022 r.

AKT pasuaniioHHOro KoHTpoJs ycraHoBku KTM Bo Bpems
mpoBeaeHus myckoB 30.06.2022 r., per. Ne 31-440-
02/13408H ot 08.07.2022 1.

AKT paguaiiioHHOTO KOHTpoust ycraHoBKH KTM Bo Bpemst
mpoBeaeHus myckoB 01.07.2022 r., per. Ne 31-440-
02/13418H ot 08.07.2022 1.

AKT pasuaniioHHOro KoHTpoJs ycraHoBku KTM Bo Bpems
npoBeneHus myckos 02.07.2022 r., per. Ne 31-440-
02/13428H ot 08.07.2022 1.

AKT paZnaninioHHOTO KOHTpoIs yctaHOBKH KTM Bo Bpems
npoBeneHus myckoB 04.07.2022 r., per. Ne 31-440-
02/13438H ot 08.07.2022 1.

AKT paZnaninoHHOTO KOHTpoIs yctaHOBKH KTM Bo Bpems
npoBeneHus myckoB 05.07.2022 r., per. Ne 31-440-
02/13448H ot 08.07.2022 1.

3asepsieB B.C., bpursuu .., JIebenes B.U., Jlykanun
B.C. UccnenoBanue mnojiei HOHM3UPYIOIUX U3TydeHUN
Ha TepMosepHOil ycraHoBKe Tokamak-10 / AtomHas
sreprus. — 1985. — T. 59. — Ne 6. — C. 432-436.

REFERENCES

Issledovanie protsessa formirovaniya plazmennogo shnura
tokamaka KTM v rezhime omicheskogo nagreva: otchet o
NIR (itogovyy) / Filial “Institut Atomnoy Energii” RGP
NYaTs RK; ruk. B.Zh. Chektybaev. — Kurchatov, 2021. —
114 p.— Gos. inv. No. 0220RK00106.

10.

11.

12.

13.

14.

15.

16.

17.

Artsimovich L.A. Izbrannye trudy “Atomnaya fizika i
fizika plazmy” // Moscow. — 1978. — P. 304.

Civukhin D.V. Kulonovskie stolknoveniya v polnost'yu
ionizovannoy plazme // Voprosy teorii plazmy — Moscow.
—1964. — Issue 4. — P. 81-187.

Khripunov V.1. Otsenka istochnikov i poley izlucheniya
na ustanovke T-15MD // VANT “Termoyadernyy sintez”
— Moscow. — 2020. — T. 43. — Issue 1. — P. 9-38.

Bekman I. N. Atomnaya i yadernaya fizika: radioaktiv-
nost' i ioniziruyushchie izlucheniya // uchebnik dlya sred-
nego professional'nogo obrazovaniya — 2-e izd., ispr. i
dop. — Moscow: Izdatel'stvo Yurayt, 2020. — P. 493.
“Operativnyy zhurnal operatora pul'ta obshchego
upravleniya TOKAMAKA KTM”, reg. No. 17-280-19
(zhurnal Ne3) ot 01.03.2018 g.

Akt radiatsionnogo kontrolya KTM “TOKAMAK” za | i
Il kvartaly 2021 goda, reg. No. 31-440-02/1408vn ot
01.07.2021 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 29.11.2021 g., reg. No. 31-440-
02/2875vn ot 13.12.2021 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 06.12.2021 g., reg. No. 31-440-
02/2909vn ot 20.12.2021 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 07.12.2021 g., reg. No. 31-440-
02/2993vn ot 29.12.2021 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 29.06.2022 g., reg. No. 31-440-
02/1339vn ot 08.07.2022 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 30.06.2022 g., reg. No. 31-440-
02/1340vn ot 08.07.2022 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 01.07.2022 g., reg. No. 31-440-
02/1341vn ot 08.07.2022 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 02.07.2022 g., reg. No. 31-440-
02/1342vn ot 08.07.2022 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 04.07.2022 g., reg. No. 31-440-
02/1343vn ot 08.07.2022 g.

Akt radiatsionnogo kontrolya ustanovki KTM vo vremya
provedeniya puskov 05.07.2022 g., reg. No. 31-440-
02/1344vn ot 08.07.2022 g.

Zaveryaev V.S., Britvich G.1., Lebedev V.I., Lukanin V.S.
Issledovanie poley ioniziruyushchikh izlucheniy na
termoyadernoy ustanovke Tokamak-10 // Atomnaya
energiya. — 1985. — T. 59. — No. 6. — P. 432-436.

80



WCCNEQOBAHWE NONEN MOHU3UPYIOLLMX U3NYYEHUIA HA ANEKTPO®U3NYECKOWA YCTAHOBKE TOKAMAK KTM

KTM TOKAMATI'BIHBIH 3JIEKTPO®U3UKAJIBIK KOHJABIPFBICBIHJA
HNOHIAYIIBI COVYJIEJIEHY OPICTEPIH 3EPTTEY

A.T'. KopoBukos, A.T. I30ackanoBa, B.B. fIkoB.JieB
KP Y410 PMK «Amom snepzusacel uncmumymut» gpunuanst, Kypuamos, Kazaxcman

Maxkanazga 37eKTpopU3UKAIBIK KOHABIPFRUIApIa HOHJAYIIIE cayJIeNep il maiina 00y Mocenenepi, oJapAblH KaCHeTTepi,
KTM Tokamak KOHIBIPFBICHIH CTALIHOHAPJIBIK, PaIHalUsIIbIK opicTepai OaKpUIayIbIH aBTOMATTaHABIPBUIFaH XyHeciMeH
KapaKTaHIBIPY KKETTUTIr HETi3/IeNreH, paJnalrsulblK OakplIay JAEpeKTepiH Tanjgay HOTHXKENepi MEH pajnanusuIbIK
KayillCI3/IIKTIH JKaJIbl TaJlalTapblHa HETi3JIeNITeH WHXXCHEPJIK IIeNIiMIep JKUBIHTBIFBI YCHIHBUIFAH. ¥ CHIHBUIFaH
LIeiMAep HOHIAYIIbl CaylieNepAiH Mmaiga 60y mpoleci MeH IapameTpiIepiH TipKeyli KaMTaMachl3 eTyre, COHAai -aK
KTM TOKamak KOHABIPFHICHIH/A SKCHEPUMEHTTIK JKYMBICTAp JKYPri3y Ke3iHAe pajuauusuiblK >Karaaiel OaKbLiay bl
JKY3ere achlpyFa MyMKIHAIK OepeTiHi KopCceTireH.

Tyitin ce30ep: KTM mokamacel, uoHOaywisl cayieneny, paouayusinsly 6axuliay, paouayusansl Kayincizoix, 0o3umemp,
naasMa.

INVESTIGATION OF IONIZING IRRADIATION FIELDS AT THE KTM TOKAMAK
ELECTROPHYSICAL INSTALLATION

A.G. Korovikov, A.T. Izbaskhanova, V.V. Yakovlev
Branch “Institute of Atomic Energy” RSE NNC RK, Kurchatov, Kazakhstan

The paper highlights the issues of the ionizing radiation occurrence at electrophysical installations, their properties,
substantiates, the need to equip the KTM Tokamak installation with a stationary, automated radiation field monitoring
system, offers a set of engineering solutions based on the results of the analysis of irradiation monitoring data and general
irradiation safety requirements. It is shown that the proposed solutions will allow recording the process of occurrence and

parameters of the ionizing irradiation, as well as monitoring the irradiation situation during the experimental work on the
KTM Tokamak installation.

Keywords: KTM Tokamak, ionizing irradiation, irradiation control, irradiation safety, dosimeter, plasma.
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U3YYEHMUE IMPOLIECCOB ®A300BEPA30BAHHUSI B UHEPTHBIX MATPULIAX IO TUITY CER-CER
HA OCHOBE OKCH/IHBbIX COEJJMHEHUI

IL.E. Ken:xunal?, A.A. Illaiimepaenos’?, A.Y. Toaenosa?), C.K. Ackepoexos3, A.JL. Kososckniil?

1 Satbayev University, Azmamut, Kazaxcman
2 Kazaxcmancko-Bpumanckuii mexnuueckuii ynueepcumem, Anmamot, Kazaxcman
3) Hncmumym adepnoii gpusuxku M3 PK, Anmamul, Kazaxcman

E-mail oz konmaxmos: kenzhina@physics.kz

Ilenpio manHO# pabOTHI ABIAETCS U3YUEHHE TPOIIECCOB (hazoobpazoBanus B oOpasmax (1-X)ZrO; — xAl,O3 kepamuk B
3aBHCUMOCTH OT BapHalli¥ KOMIIOHEHT OKCHJOB, a TAK)KE YCTAaHOBIICHHIO M3MEHEHUS CTPYKTYPHBIX IapaMeTPOB U CTe-
MIEHN KPUCTAJUIMYHOCTH. BBIOOp B KauecTBe OCHOBBI TSI ”HEPTHBIX MATPUII SIAEPHOTO TOTIIIMBA IO THITY CEr-Cer OKCHIOB
IIUPKOHUS ¥ aJIFOMHUHHSI 00YCIIOBIIEH MX (DU3UKO-XUMUYECKUMH, CTPYKTYPHBIMH M MEXaHUYECKHIMHU CBOHCTBAMH, COBO-
KYITHOCTbh KOTOPBIX TI03BOJIUT MOJYYHUTh HOBBIW TUIT KEPAMHUK, 001a1atoMi OOIBIIMM ITOTEHIINAIOM B 00JIaCTH SAEPHO-
ro TOIUIMBA. J[aHHBIE OKCHIHBIE COEIMHEHHs 00Jaal0T BBICOKOH TEPMHUYECKOH CTaOMIBHOCTBIO M YCTOMYMBOCTBIO K
BO3JICHCTBUIO BEICOKUX TEMIIEPATYP, UTO TAKXKE MO3BOJISAET UCIOIB30BATh UX B KAUECTBE OCHOBBI AJIS JUCIIEPCHOTO siiep-
HOTO TOIUIMBA JUIS BBICOKOTEMIIEPATYPHBIX SACPHBIX PEaKTOPOB HOBOTO MOKOJICHUS. /1 MomyueHust KepaMUK Ha OCHOBE
OKCHJIHBIX COEAMHEHHH ObUI BEIOpAaH METOA MEXaHOXHMHUUECKOTO IepeMallbIBaHUs C MOCISAYIOMNUM TEPMUYECKUM OT-
XHroM. BeIOOp yciioBHiA IepeMabiBaHus, a TaK)Ke IOCIIEIYIONIEro TEPMUUECKOTO OTXKHUTra ObUT BBIOPAH JIJIsl HHULIUAIIH-
3aIliM TpoLieccoB (ha30BbIX MPEBPALICHUH U CTPYKTYPHBIX H3MEHEHHUH B PE3yJIbTaTe TEPMUUECKOTO BO3/ICHCTBUS 1 Yac-
TUYHOHN pelaKcallii MHUIMUPOBAHHBIX TPH IEPEMaNIbIBAHIH 1e(POPMAIIMOHHBIX UCKAXCHUI U METaCTaOMIBbHBIX (op-
MHpOBaHWHA. B kauecTBe OCHOBHOTO MeTo/la M3yUIeHHUs MpolueccoB (pa3000pa3oBaHms U CTPYKTYPHBIX M3MEHEHUH ObLI
BBIOpaH METOJ PEHTTCHOBCKOH AN(paKkiuy. B Xo/1e MpoBeAEHHBIX HCCIEAOBAHUH OBLIO YCTAaHOBJIEHO, YTO J0OaBICHHE
OKCHJa aJIFOMHUHHS IPUBOANT K CTPYKTYPHOMY YIIOPSIIOYESHUIO OCHOBHOW MOHOKJIMHHON (a3bl ZrOs, a Takxke hopMupo-
BaHUIO TBEPABIX PACTBOPOB 3aMELICHUs U BHeApeHHs. IIpu paBHON KOHIIEHTpAaLMU KOMIIOHEHT OKCHIOB C IOMOIIBIO
METOJIa PEHTTeHO(ha30BOT0 aHaIM3a ObUIO YCTAHOBJICHO MOJMMOpP(HOE (a30Boe MpeBpalleHue B JUOKCHAE LIUPKOHHU,
HaJIMYMe KOTOPOTO CBHIETENLCTBYET O Mpoleccax (a3oBbix TpaHcHOpMaLMii, BOSHUKAIOMINX MPH JOOABJICHUH OKCHIA
LUPKOHUS ¥ M3MEHEHUS IIPOIIeccoB (a3000pa3oBaHuUsI.

Kniouegvle cnoea: unepmuvie mampuysl, npoyeccvl Gazoo6pazosanus, OKCUOHblE KEPAMUKU, YUPKAIOU, ¢hazoevie

npespawyeHusl.

BBEJIEHUE

OpmHUM U3 cI0CO0O0B pPEIICHUS YJHEPTETHYECKOTO JIH-
cbanaHca ¥ yXoJa OT 3aBUCHMOCTH OT YTIICBOAOPOIHOTO
CBIPBS SBISICTCS Pa3BUTHE SICPHOW SHEPTETUKU U yBe-
JUYEHNE e¢ BKIaJa B MUPOBOW SHEPTeTHUECKUI CEKTOP.
B 5T0i1 cBsI31 00JIBIII0€ BHUMAHHUE B ITOCJIEIHUE HECKOJIb-
KO JIET yJIEJsIeTCs UCCIIEI0OBAaHUSAM U TIOUCKY MPaKTHYeC-
KHUX U TCXHOJIOTHYCCKUX pemeHHﬁ, CBA3AaHHBIX C pa3pa-
6OTKaMI/I HOBBIX BUIOB H}lepHOFO TOIUINBA, a TAKXEC pea-
KTOpOB HOBOT'O ITOKOJICHHUA. OCHOBHI:.IMI/I HaHpaBJ’leHI/If{-
MU B JaHHBIX UCCICAOBAHUAX SABIISKOTCA IIOUCK BO3MOX-
HOCTEM nepexo/ia OT TPaJULIUOHHOTO SIIEPHOTO TOIIMBA
K INCIICPCHOMY, 3aMEHBI TOIUIABA U3 JUOKCHJIA ypaHa Ha
IUTYTOHUEBOE TOIUIMBO, & TAKXK€ BO3MOXHOCTSIM IOBBI-
IICHUsT CTeleHU Bbiropanus TorumBa u KIIJI soepHBIX
peakTopos [1, 2].

Pemenne paHHOW 3agayd B IOCJIEAHHE HECKOJILKO
JIET PaccMaTPUBAETCS TIEPEXOa OT TPAJAUIHUOHHBIX TBO-
JIOB K AUCIIEPCHOMY SIZIEPHOMY TOILIMBA, KIIFOUE€BOM KOH-
LEMIUeN KOTOPOTO SBIISETCS pa3MellleHNe TUTyTOHHS B
HHepTHOﬁ ManI/IHC Ha OCHOBE OKCHUIHBIX WIN HI/ITpI/I}I-
HBIX coeauHenuit [3, 4]. B ciyyae pa3paGoTku u gans-
HEHWIIIETO HWCIOIL30BAHNAS MOJOOHOW KOHIEIINH IHC-
MEPCHOTO SICPHOTO TOILIMBA OOJBIIOE BHUMAHHUE JTOJIK-

HO OBITBH yJICJICHO MaTephajaM, HCIOIb3YIONMMCS B Ka-
4ecTBE MHEPTHOM MaTpuLbl [5]. OcHOBHBIMU TpeOOBaHHU-
SIMH K JJaHHBIM MaT€pHajaM SBISIOTCS: BBICOKas COBMeE-
CTUMOCTD ¢ OOJIBITMHCTBOM KOHCTPYKIIMOHHBIX MaTepu-
QJIOB, BHICOKHE TI0KA3aTEeJ N MIPOYHOCTHBIX U TEIUO()U3N-
YECKHX XapaKTepPUCTUK, YCTOWYMBOCTh K TEIIOBOMY
PaCIIUPEHUIO U MOJUMOP(HBIM HPEBPALICHUAM B CIIy-
4yae BHELIHUX BO3JIEHCTBUM, paJuallUOHHAs CTOMKOCTb U
HWHEPTHOCTHh K TPOIECCaM, CBSI3aHHBIM C HAKOIUICHHEM
paMaHOHHO-MHIYTUPOBAHHBIX aedektoB [6, 7]. Tak-
JKe B TIOCJIEZIHEE BPEMSI OTHUM U3 TpeOOBaHMI K MaTepu-
ajylaM MHEPTHBIX MaTpHIL ABISETCA NOKa3aTelb TeMIepa-
TypBl IUIABICHUS U YCTOMYMBOCTH K TEMIIEPaTypHOMY
HarpeBy B T€UEHHUE JIUTEIHLHOTO BpEMEHH. JOTO Tpebo-
BaHHE OOYCIIOBJICHO MEPEX0J0M K HOBBIM THIaM peak-
TOPHBIX YCTaHOBOK, KOTOPBIE OyyT paboTaTh ipH Oosiee
BBICOKUX TEMIIEpaTypax.

s pemreHust BcexX BBINIEYKa3aHHBIX TPEeOOBaHUM,
KaK IIPaBHJIO0, B KAYECTBE OCHOBHI HHEPTHBIX MaTPUI] HC-
MOJIB3YIOT TYTOIUIAaBKHE OKCHIHBIE COSTMHEHHUS, a TAKXKe
HX CMECH, YTO TO3BOJISIET COBMECTUTH ITOJIOKUTEIHHEBIE
Ka4yecTBa OKCHAHBIX COSTMHEHNH U TIOIyYUTh MaTepHal,
obnamaromuii GOJBITUMH TIEPCTIEKTUBAMH HCITOJIH30Ba-
HHS B KaUeCTBE AUCIIEPCHOTO saepHoro Tomiusa [8—10].
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Hanbomnee mepcrieKTUBHBIMU U3 H3BECTHBIX OKCHI-
HBIX COCAMHCHHN B JAHHOM HAIpPaBJICHHH MOKHO BbIZIC-
JIUTh TUOKCHJ IIMPKOHUS HIN LUPKAJIOHHBIC KePAMHUKH,
KOTOPBIC B CHITy COBOKYITHOCTH CBOMUX CBOWCTB SBJISIOT-
sl OJTHUMU U3 KaHAWJATHBIX MATEPHAJIOB /ISl HHEPTHBIX
MAaTpHIl AUCTIEPCHOTO siaepHOro TomnuBa. OIHAKO, He
CMOTpPS Ha P/l MPEHMYIIECTB UPKATOWHBIX KEepaMUK,
CyIIEeCTBYIOMAs MPpobieMa YCTOHINBOCTH K TTOIAMOPQ-
HBIM TIPEBPAIlCHUSIM B Pe3yJIbTaTe BHEIIHMX BO3NCHCT-
BUH JOCTaTOYHO CHUJIHO OTPaHHYMBACT CIICKTP MX IIPH-
menennst [11-13]. st ycTpaHeHHs TaHHOTO HeIoCTat-
Ka, B psae paboT OBLTO MPenIoKeHO HCIIOIb30BaTh CTa-
Ounmsupyroume 100aBKH Ha OCHOBE OKCHIOB HUTTpPHS,
LepHs U aTIOMHUHUS, JOOABICHHE KOTOPBIX MPHUBOIMT K
CTa6I/IJ'II/I3aI_II/II/I U IIOBBINICHHUIO yCTOﬁ‘IHBOCTH K II0JHu-
MopdHBIM TpeBpaenusim [14, 15].

AHanu3upys BCe BBIIIECKa3aHHOE OCHOBHOM IIEJIBIO
JTAHHOH pabOoTHI SBIACTCS U3YUCHHUE MPOIECCOB (a3000-
pazoBanus B (1-X)ZrO; — XAl,O3 kepammukax, a Takke
OIpe/ICNICHUsI CTPYKTYPHBIX HAPaMETPOB B 3aBUCUMOCTH
OT BapHaluK KOMIIOHEHT COCTaBa KepaMuK. B 3Toi cBs-
31 B Ka4eCTBE OOBEKTOB HCCIICIOBAHMS OBbUTH BHIOPAHEI
KOMIO3UIMOHHBIX KepaMUK MO THUITy CEr-Cer Ha OCHOBE
COCIMHEHUIl LUPKANIOs TONUPOBAHHOTO OKCHIOM Aako-
MUHUA. B CBOIO ouepenb, NONydYEHHBIE PE3YNbTaThl B
JlanbHEUIEM MO3BOJIAT UHTEPIPETUPOBATE PE3YJILTATHI
IMPOYHOCTHBIX U MEXaHUYCCKUX CBOICTB KE€paMUK B 3a-
BHCHMOCTH OT (pa30BOTO COCTaBa M CTEMEHH HX CTPYK-
TYPHOT'O YNOPALOYEHHUS.

IKCIEPUMEHTAJIBHAS YACTh

s cuHTe3a KepaMMK 1O TUILY Cer-Cer Ha OCHOBE CO-
SJIMHCHUI ITUPKAJIOS JOMHPOBAHHOIO OKCHIOM aJIFOMHU-
HUs1 OBLITH UCIIOJIH30BAHBI IOPOIIKH MUKPOHHOTO pa3Me-
pa ZrOz u Al,O3 nprobpereHHsle y KOMmaHud Sigma
Aldrich (CIIA). XuMuueckass YUCTOTa MCIOIb3YEMBIX
MIOPOLIKOB Ui CUHTe3a cocTaBmia 99,95%. Cunres ke-
paMHK OCYIIECTBIUICS ITyTeM BapbUPOBAHUS KOMIIO-
ueHt cocrtaBa (1-X)ZrO, — xAl,O; B muamazone x=0,1—
0,5 mous.

CuHTe3 KepaMUK OBLT OCYIIECTBIICH C IPAMEHEHHEM
MEXaHOXUMHYECKOTO METO/1a, 3aKIF0UAIOIIEerocs B Iepe-
MaJIbIBAHUN UCXOJHBIX TIOPOIIKOB B 33JaHHOM MOJIBHOM
COOTHOIIICHHH B IUTAHETAPHOU MenbHHIEe. J[st mepema-
JIBIBaHUS OblIa MCIOJIb30BaHA IIAHETApHAS MEJIbHHIIA
PULVERISETTE 6 classic line (Fritsch, I'epmanus) B
KauecTBE MEJIONIETO CTakaHa ObUT UCTIOIh30BaH CTAKaH
obbeMom 80 M1 U3 kapOua Bombpama, HCIIOJIH30BAHNE
KOTOPOTO OOYCIIOBJICHO HEOOXOAMMOCTHIO U30CTaHUS B
mpolecce MepeTUpaHusl cMecell MomajaHus MpUMeEceH,
00118101 X TOBBIICHHOHN TBEpJ0CThI0. COOTHOIICHUE
HCXOJHOW CMECH U MENIOIIMX apoB coctaBuio 2:1. Ile-
peMalsIBaHue OCYIIECTBIUIOCH B TedeHHe 30 MUHYT IIpH
ckopoctu momoiia 250 o6opoToB B MuHYTY. [locie nepe-
MAaJTbIBAHUS TTOJTYYEHHBIC CMECH TIOPOIIKOOOPAa3HOTO BU-
J1a OBLIH OTOMOKEHBI B My (DeIbHOM IeUH [Py TEMITEpaTy-
pe 1500 °C (cxopocts HarpeBa 10 °C /MuH) B TeueHue 8
9acoB C MOCIEAYIOINM OCTHIBAHHEM BMECTE C IIEYBIO B
TedyeHue 24 4acos.

HccnenoBanne a3oBoro coctaBa CHHTE3UPOBAHHBIX
KEepaMUK B 3aBUCHMOCTH OT KOHIIEHTPALUK ¥ COOTHOILIE-
HUsSI KOMIIOHEHT OKCHJOB OBUIO IIPOBEJCHO METOIOM
PEHTIEHOBCKOH IU(paKIHMK, peaIu30BaHHONW C MOMO-
LIbI0 TIOPOIIKOBOTO PEHTTEHOBCKOTO IH(pakToMeTpa
D8 Advance ECO (Bruker, Germany). Cremka augpax-
TOrpaMM OCYHIECTBIIsUIaCh B reometpun bperr-bpenra-
HO, B yriioBoM auanazone 20=20-90°, ¢ marom 0,05° u
BpeMeHeM Habopa crektpa B Touke 1,5 c. s pacmmg-
POBKH TIOJYIEHHBIX AU(PAKTOrpaMM, a TaKKe Ompese-
neHust (a30BOTO COCTaBa M CTPYKTYPHBIX MapaMeTpOB
OBUTO  WCTIONB30BAaHO TIPOTpaMMHOE  obOecreueHue
DiffracEVA v. 4.2. JTns yrounenust pa3 Gbuia HCIOIB30-
BaHa 6a3a manubeix PDF-2 (2016). YTouHeHue mapamer-
POB KPUCTAJUTMYECKON PEIIETKU MPOBOANIOCH C HCIIOJNb-
30BaHMEM ammnpokcumupyoommx ¢yHkuui Henbcona-
Telinopa.

PE3YJIbTATHI U OBCYKJIEHUE

Ha pucynke 1 mpezacraBiieHbl pe3yabTaThl (azoBoro
aHaJIM3a UCCIIeyeMbIX KEPAMUK B 3aBUCHMOCTH OT COOT-
HOIICHHS] KOMITOHEHT, HCIIOJIb3YIOIUXCSI A1t cCuHTe3a. B
KadecTBe 00pa3lia CpaBHEHHS IIPEJICTaBIeHA PEHTTCHOB-
ckas mudpakrorpamma ZrO; 0TOXIKSHHOTO MPU TEMIIe-
patype 1500 °C npu Tex ke yCIOBHSIX, YTO M 00pasIibl
CMEIIaHHOTO COCTaBa.

Amnamus obpasna ZrO, BRIOpaHHOTO B KadecTBE 00-
pasia Jyis CpaBHEHHUS MOCIIE TEPMHUYECKOTO OT)KUTra MO-
Kazal, 4To OTKHUr kepamuk ZrO; mpu Temmeparype
1500 °C (0,55T ) He npuBOAMT K (a30BbIM MOTUMOPD-
HBIM TIPEBpAICHUSIM, a TaKKe Ha JU(paKkTorpamMMe He
YCTaHOBIIEHO HAJIMUUE KaKuX — JIM00 pediekcoB, Xapak-
TepHBIX JUIs TpuMecHbIX (a3. [lonydyeHHble 1aHHbIE CBU-
JIETENILCTBYIOT O TOM, 4TO B YiCTOM Bujie ZrOz KepaMuKH
COXPaHSIOT MOHOKJIMHHYIO CTPYKTYpPY (IIPOCTPaHCTBEH-
Has cuHronusi P121/c1(14)) npu Temneparype oTxura
PaBHOM TOJIOBHHE TeMIlepaTypsl IuaBiaeHus. [Ipu sTom
YMEHBIICHHE MapaMeTpOB KPHUCTAJUIMUYECKOH pEIIeTKH
(cM. maHHBIE B Ta0IMIE) [UIS OTOXOKEHHOTO 00pasia B
CPaBHEHUH C 3TaJIOHHBIMH 3HAYEHUSIMH, CBUJICTEILCTBY-
10T O TOM, YTO OT’KHUT IIPHUBOANT K MHUIMAIU3AINH TIPO-
LIECCOB CTPYKTYPHOT'O YHOPSJOYEHHS X YaCTHYHOTO CHSI-
THS. 1e(OPMAIMOHHBIX HMCKKEHUH W HAINpsHKCHUIl B
KPUCTAJNINYECKON PEILETKE.

AHalu3 IpeICTaBIeHHON PEHTT€HOBCKON TU(PaKTO-
rpammsbl o6pasna ¢ coaepykanuem 0,1 mons AlyO3 moka-
3aJ1, YTO OCHOBHBIE peIIeKChI, XapaKTEePHbIE IJIsl MOHO-
KiIuHHOM (as3er ZrOz. OxHako HabmogaeMblie pedIeKCh
mpu 26=25,653°, 35,372°, 52,992° u 57,548° xapakrep-
Hbl st Gazel Al,O3 (mpocTpaHCTBeHHAss CHHIOHUS R-
3¢(167)) ¢ rekcaroHaIbHOTO TUINA KPUCTAILTMYECKO# pe-
merTky. Hannune nanHbIX peduiekcoB, a Takxke ux ¢op-
Ma, CBHJIETEILCTBYET O TOM, YTO B IIPOIIECCE MEXaHOXH-
MHUYECKOT'0 CHHTE3a U MOCIIEYIOIEr0 TEPMUUECKOT0 OT-
JKHTa IPOUCXOAUT POPMHUPOBAHHE CTPYKTYPBI, COJepIKa-
el BKJIIOYEHHUs B Buje TBepaoro pacteopa Al:Os Ge3
00pa3oBaHus CI0XKHBIX OKCH/IOB MJIM HIMUHEIBHOTO TH-
ma cTpyktyp. [Ipu 3ToM olleHKa BKIIaI0B Iuiomanaei ped-
JIEKCOB TIOKasana, 4rto coortHoirenue (a3 ZrO; : Al,O3
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I Bccnexyemoro obpasna cocrasuio 89 : 11%, uro B
LIeTIOM UMEET XOpOolIllee COIIacCUe C MOJIBHBIM COOTHOLIE-
HHEM HCXOIHBIX KOMIIOHEHT, HMCHOJbB3YIOIIUXCS JUIs
cuHTe3a. Takke CTOMT OTMETUTb, YTO, KaK M B CIIydace uc-
XOJIHOro 00pa3Ia, A1 UCCIEeyeMOro COCTaBa Hadmoa-
eTcsl CTPYKTYPHOE YHOPSJO4YeHHE, KOTOPOE BBIpaXKaeTCs
B YMEHBIICHUH TAPaMETPOB KPUCTAIIMYECKOH PELIETKH,
a TaKke ee 00beMa, CBHICTENbCTBYIONIEE O CHUKCHUH
KPHUCTAJUINYECKOH IUIOTHOCTH U CTEIIEHH CTPYKTYPHOTO
PasynopsiiouCHusL.

B cnyuae ysenmmuenus kommonentst Al,O3 B cocTase
KEpaMHUK, MOABEPTHYTHIX TEPMHYECKOMY OTXKHIY, Ha-
OnrolaeTcsl yBEIMYEHUE WHTEHCHBHOCTH AM(PAKIMOH-
HBIX pedIeKcOoB, XapakTepHbIx as pasbl Al,Os, 4to cBH-
JETeNbCTBYET 00 YBEIMUYCHHM €e BKJIaJa B CTPYKTYpe.

WMHTEHCUBHOCTL, OTH.ef,.

§ b

T L e e e e e e I S B R S B

20 30

JPU\.M__,_J Li.) Lnﬂ"u’L_.q;_ﬂJm,_n"ka._fﬁlJA\ o AN A P A A A

[pu stom mpm 26=35,304°, 45,599° u 59,945° obHapy-
KEHBl JAU(PPaKIMOHHBIE Pe(IIEKChl, XapaKTEepHbIE IS
Kky6udeckoit ¢as3br AlZrs (mpocTpaHCTBEHHAS CHHTOHUS
Pm-3m(221)), xapakTepHoii 1s popmupoBaHus (a3 mo
THITy TBepJoro pacreopa. OueHka BKJIaIOB Ju(paKuu-
OHHBIX pe(IICKCOB, XapaKTEPHBIX IS JaHHOHU (asbl, Ho-
Kazal, 4TO ee COoJep)KaHWe cocraBiisieT He MeHee 4%.
Bxunag ¢assr Al,Ozcocramn Gonee 20%, 9TO B COBOKYII-
HOCTH ¢ BKJagoM ¢asel AlZrs, cocrasmsier Y ot obmiero
o0BeMa, MPUXOIAIMINXCS Ha IPUMECHBIE ()OPMHUPOBAHUS.
B cBoio ouepens dopmupoBaHnme KyOmdeckoil (asbl
AlZr; cumerenbeTByeT 0 mporeccax (Ha3oBBIX TPeBpa-
LIEHUH [IPU TEPMUYECKOM OTXKHI€, KOTOPBIE COIPOBOXK-
JaroTcst 00pa3oBaHUEM TBEPABIX PAacTBOPOB, a TaKXKe
CTPYKTYPHOMY YIIOPSIIOYEHHUIO U YINIOTHEHUIO KEPAMUK.
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Pucynox 1. Pezynomamor penmeenogckoui ougpaxyuu uccieoyemoix 0opasyos (1-X)ZrOz — xAl203 kepamux

Tabruya. [Jaunvie cmpyxmyphuix napamempog ucciedyemuvix (1-x)ZrOz — xAl203 kepamux

CopepxaHne KOMMOHEHTbI X B 06pasuax (1-x)ZrOz — xAl203 kepamukax, %

[OERE]

0

0,1

0,15

0,25

0,5

ZrO, — MOHOKNNHHas!

a=5,16757+0,0035 A,
b=5,18402£0,0025 A,
0=5,274140,0022 A,

2=5,16250+0,0032 A,
b=5,19520+0,0044 A,
¢=5,25449:0,0034 A,

2=5,164560,0015 A,
b=5,18899:0,0035 A,
¢=5,243230,0032 A,

a=5,16868+0,0035 A,
b=5,18278+0,0042 A,
¢=5,24144+0,0025 A,

a=5,131180,0026 A,
b=5,16957+0,0025 A,
¢=5,238060,0022 A,

p=99,230°, B=99,205°, p=99,195°, p=99,156°, B=99,097°,
V=139,46 A3 V=139,13 A3 V=138,71 A3 V=138,61 A3 V=137,20 A3
a=5,07503+0,0033 A,
ZrO2 - kybuyeckas — — — — V=130.71 A3

a=4,73928+0,0035 A,

a=4,74393+0,0034 A,

a=4,73940+0,0024 A,

a=4,69944+0,0034 A,

AlLO3 — rekcaroHanbHas — ¢=13,01062 A, ¢=13,0106240,0032 A, | ¢=13,01062+0,0026 A, | c=13,08971+0,0026 A,
V=253,08 A3 V=253 57 A3 V=253,09 A3 V=250,35 A3

AlZbs — kvBseckan _ _ a=4,37534+0,0023 A, | a=4,39675+0,0035A, | a=4,38727+0,0035 A,
Ik V=83,76 As V=85,00 A3 V=84 45 A3
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Ha pucynke 2 mpeacTaBieHBI pe3yibTaThl (Ha30BOr0O
ananmu3a uccnenyemsix (1-xX)ZrO, — XAl,O3 kepamuk, ot-
paxaroIiX 3aBUCHMOCTH W3MEHECHUsI CONepKaHus (a3 B
obpasiax npH Bapuaniuu KOMIOHEHT. JJaHHbIC MpeacTa-
BJICHHBIC Ha JHarpamMme ObUTH PacCUMTaHbl HAa OCHOBE
OLICHKH BKJIANOB AU(PPAKIHOHHBIX PE(IICKCOB C TOMO-
mpto popmyisl (1).

_ RI ocHOBHas (aza (1)

VBKna}:[a - | + Rl ’
npuMecHasi asza ocHOBHasl (haza

T1€: lochopnas pasa — CPEIHAA HHTETpalbHAS HWHTCHCHB-
HOCTH OCHOBHOH (a3sl TUPPaKINOHHOW JIMHHH,
lnpumecnas pasa — CPEIHSISI MHTETPATbHAs WHTEHCHBHOCTD
TIOTIONTHUTENBHOH (a3bl, R — CTpYKTYpHBIA KO3 PHUIH-
€HT, paBHbIii 1,45.

a
=
g [ ]ezZro,
& 05 Az,
[} [ 1ALO,
< 04 [ Im-zro,
=
E 03
fas]
:

02
g
2
E 01
1
)
5 oo
Q
U T T T T T

¢ 20 2 60 80 100

Comepxanne dasst, %

Pucynox 2. Pesynomamoi ¢hazoso2o ananusa
uccredyemvix (1-x)ZrOz2 — xAl203 kepamux

AHanmM3 TOJIYYeHHOW pPEHTTEHOBCKON Iu(pakTo-
rpammbl 06pasua 0,75Zr0; — 0,25Al,03 kepamuku moka-
3aJ1, YTO BKJIa]] rekcaronansHoi (aser Al,O3 yBenndnBa-
ercst 10 30%, a Bkiaj Kyouueckoit paser AlZr; yBennun-
Baercst 10 5%, YTO CBHJETENLCTBYET O TOM, UTO COJIEp-
KaHUE TMPHUMECHBIX BKJIIOYCHUI CTAHOBHUTCS OOJIbILE.
[Tpu >ToM yBenuueHHE BKJIaJa JOIOJHUTENBHBIX (a3
MIPUBOAUT K (POPMHUPOBAHUIO TOTIOJIHUTEIIBHBIX Mexdas-
HBIX TPaHHUII, HAJTMYME KOTOPBIX 00YCIABINBACT IPOYHO-
CTHBIE CBOMCTBa KEpPaMUK, a TaK)X€ MX YCTOWYHUBOCTH K
BHEITHUM BO3EHCTBHUSIM.

B ciydae, korga cootHomeHne KOMHoHeHT ZrO; u
Al>O3 cTaHOBUTCS paBHBIM IPU CHHTE3€, OLICHKA (ha3o-
BOTI'0 COCTaBa II0Ka3aja, 4To COJep)KaHHe MOHOKINHHOM
¢aszbr ZrO, cocrapinsiet He 6onee 58—60%, a cogepkanue
dasbr Al,O3 cocrasmsier 6osee 35%. Ilpu aToM mMOMHUMO
panee obHapyxeHHbIX (a3 Al.Osu AlZrs B cocrase ke-
paMuK, Ha MOJy4eHHbIX AuppakTorpaMMax HaOI0ar0T-
cs ntupakIMOHHbIE pedIeKCHI, XapaKTepHbIe I KyOu-
geckoit daser ZrO; (mpocTpaHCTBEHHAS CHHTOHHS Fm-
3m(225)), ¢popmupoBaHre KOTOPOH COTIIACHO IMOTYyYeH-
HBIM JIaHHBIM CBHJIETEIBCTBYET O BOSHUKHOBEHUH 10N~
MOpQHBIX MpeBpameHusx tuna M-ZrO; — ¢-Zr0O,. Ilo-
muMopQHbIe npeBpalieHus nogooxoro tuna B ZrO; mo-
I'YT HPUBECTH K €ro YIPOYHEHHIO ¥ MOBBILIIEHUIO YCTON-

YUBOCTH K BHCIIHHM BO3JICHCTBUSAM M MEXaHHYECKUM
HarnpspKkeHusiM. [Ipu 9ToM aHanu3 CTpyKTYPHBIX IapamMe-
TPOB U1l MOHOKIMHHON (a3bl ZrO, nokaszai, yro ¢op-
MHUpOBaHHE KyOM4YecKoi (a3bl, a Tak)Ke IPUMECHBIX (a3
B BHJI€ TBEPABIX PACTBOPOB NPHBOIUT K YMEHBIICHHIO
rapamMeTpoB KPUCTAIUINYECKOW PEIIETKH, CBUICTEIbCT-
ByIOLIIEMY 00 YIOPSAOYEHHH KPHCTaJUIMYECKOH CTPYK-
TypHI JaHHOHU (a3Bbl.

3AKJIIOYEHUE

B crartbe npencTaBieHsl pe3yabTaThl HCCIIEIOBaHHS
¢azoBoro cocrasa (1-x)ZrO; — XAl,O3; kepamuK B 3aBU-
CHMOCTH OT COCTaBa KOMIIOHEHT IpH cuHTe3e. OleHka
(a3zoBoro cocraBa OblsIa OCYIIECTBICHA HA OCHOBE aHa-
Ju3a PEHTreHOBCKUX mudpakrorpamm. Cuates (1-
X)ZrO, — xAl,03 kepaMuK ObLT OCYIIECTBICH C TPHME-
HEHHEM METO/Ia MEXaHOXUMHIECKOTO TIEPEMaIIBIBAHHS C
MOCIIEAYIONNM TEPMUYECKUM OT)KUTOM IPH TeMIIepaTy-
pe 1500 °C. B pe3ynpTare IpOBEICHHOTO aHAIH3a OBLIO
YCTaHOBIIEHO, YTO J00ABJICHHE OKCHIA ATIOMHUHUS U yBe-
JMYEHUE ero COJCPXKaHUs B COCTaBEe KEPAMUK JO KOH-
nentpanmii 0,10-0,15 Monb IpUBOIUT K POPMUPOBAHHIO
CTPYKTYpBI TI0 THITy TBEPJOIr'0 pacTBopa ABYX (a3 ¢ 1o-
MHHHPOBaHHEM MOHOKIMHHOM (a3bl ZrOy, a Takxke npu-
CYTCTBHEM B COCTaBe rekcaroHanbHoit paszer Al,Os. [pu
9TOM YBENMUYCHHE KOHLEHTPAIMH KOMIIOHEHTBHI OKCHIA
QIIOMHHUS B COCTaBE IPUBOANT K (POPMHPOBAHHIO KyOu-
4ecKoW (as3pl, XapaKTepHOH AJsI TBEPAOTO pacTBOpa
AlZrs. Tlpu paBHOM COOTHOILICHHU KOMIOHEHT ZrO; u
Al;O3 B cocTaBe HCXOJHBIX CMeceil KepaMHK MOCIie Me-
XaHOXMMHYECKOTO MepeMalbIBaHUs ¥ TEPMUIECKOTO OT-
)kura ObLIO 3aduKCHpPOBaHO mOJIMMOp(dHOE (a3oBoe
npeBpainenue Tuna m-ZrO; — ¢-ZrO; nosiBjaeHue KOTo-
PBIX CBHIETENBCTBYET 00 HMHUIMAIU3AIMU MPOLECCOB
(ha30BBIX NpeBpalleHNii, CBS3aHHBIX HE TOJBKO C 00pa-
30BaHUEM TBEP/IbIX PACTBOPOB, HO M CTPYKTYPHBIX H3Me-
HEeHUI 1noKcuaa upKoHust. @opMUpoBaHUE MOTOOHBIX
MHOTO()a3HBIX CTPYKTYp B 3aBHCHMOCTH OT BapHallUH
KOMITOHEHT COCTaBa CBHJIETENLCTBYET O Iporeccax (a-
30B000pPa30BaHMs, A TAKKE B JaJIbHEHIIIEM MOXET OBITH
WCIIONB30BaHO ISl (POPMUPOBAHUS CTPYKTYP KEpaMuK,
00J1a/1at0IMX MOBBIIICHHOW YCTOMYMBOCTBIO K MEXaHU-
YEeCKHM BO3JIEHCTBUAM, 00yCIOBICHHOW HAJTMYHEM MEXK-
(ha3HBIX TpaHUII.

JlanpHelme ucciaenoBaHusl TaHHBIX 00LEKTOB Oy-
JIyT HaIpaBlieHbl Ha OMpelesieHHe HX MEXaHHYECKUX
CBOICTB, a TaAKXe PaJUalMOHHON CTOMKOCTU KEpaMUK K
BO3JICHCTBHUIO 00Ty4SHHS TSDKEIBIMI HOHAMH.

Jannoe uccredosanue gpunancupyemess Komumemom
Hayku Munucmepcmea HayKu u 6bicuieco 00paz08aHus.

Pecnybnuxu Kazaxcman (Ipanm Ne AP14871210).
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OKCHUATI KOCBLIBICTAP HET'I3IHJIE CER-CER THUIII BOMBIHIIA UHEPTTI MATPULIAJIAPJIA
®A3AHBIH TY3LJIY IPOIECTEPIH 3EPTTEY

HN.E. Kensxunal?, A A. Ilaiimepaenos’?), A.Y. Tonenosa®), C.K. Dckepoexos’?, A.JI. Koznobckniild

D Satbayev University, Anmamui, Kazaxcman
3 Kazakcman-Bpuman mexnuxanwlx, ynueepcumemi, Anmamot, Kazaxcman
3) KP M SAoponvix pusuxa uncmumymot, Anmamoi, Kazaxcman

ByJ1 ®yMBICTBIH MakcaThl OKCHATEP KOMIIOHEHTTEpiHiH e3repyiHe Oaitnanbicthl (1-X)ZrO; — XAl,O3 kepaMUKaChIHBIH
yiriepiage (azaHBIH TY3UTy MPOIECTEPiH 3epTTeY, COHIAi-aK KYpPBUIBIMIBIK ITapaMeTpiiepIiH ©3repyiH XoHe
KPHCTAIBIIBIK A9PEKECiH aHbIKTay O0JIbII TabbuIaaAbl. L{upKoHHUIT )xoHE aMOMHHUI OKCUIITEPIHIH cer-cer ThIl OoWbIHIIA
SIIPOJIBIK OTBIHHBIH MHEPTTI MaTpUaiaphbl YIIIH HETI3 PEeTiHIe TaHIay OJap/blH (HH3UKaIbIK-XUMHUSUIIBIK, KYPBUIBIMIIBIK
KOHE MEXaHHMKAaJIbIK KacHeTTepiHe OaiJIaHbICTBI, OJNAP/IbIH KHUBIHTBIFBI SAPOJIBIK OTHIH CajlachlHAA YJIKEH dJieyeTKe He
KepaMHKaHBIH JKaHa TYPiH ayFa MYMKiHIIK Oepeni. Bysr okCuaTi KOCBIIBICTap KOFapBl TEPMHUSIIBIK TYPAKTHIIBIKKA )KOHE
JKOFapBl TeMIIepaTypara Te3IMIUTIKKe fe, Oy oap sl JKOFaphl TEMIIEPATyPaIIbl SAPOJIBIK pEaKTOPIap bl jkKaHa OyBIHBI
YIIiH TUCTIEPCTI SIAPOJBIK OTHIHHBIH HETi31 peTiH/e mainananyra MyMKiHIIK Oepemi. OKCHITI KOCBUIBICTAP HETi3iHIeT]
KepaMHKa aiy YIIiH MeXaHHKaJIbIK YHTAaKTay, CO/laH KeWiH TePMUSUIBIK KYHIIpY 9/ici TaHJanibl. ¥ HTaKTay HIapTTapblH
TaHJay, COHMai-aK KeHiHri TepMUSIBIK KYHIipy, YHTaKTay KesiHae OacranraH aedopMalysuIbIK OypManaHynap MeH
METaTypaKThl TY3UIICTEpiH TEPMUSUIBIK opeKeTi MeH imiHapa OocaHCybl HoTHXeciHieri (asaiblk e3repicrep MeH
KYPBUIBIMJBIK ©3repicTep MPOoLecTepiH MHUIHAU3anusuIay YIiH Tanaanael. da3zaislk npouectepai )koHe KYPbUIBIMABIK
e3repicTepli 3epTTeyIiH Herisri oamici peTiHge peHTreHAiK Iudpaxuus omici TaHAAIIbl. 3epTreyiep OapbhIChIHIA
aIOMUHUN OKCHUJIIHIH KOCBhUTYbl ZrO; Heri3ri MOHOKJIMHIIK (a3achIHBIH KYPBUIBIMABIK DPETTENyiHe, COHJai-aK
aIMacTBIPy MEH €HTi3Y/AiH KaTTHl epiTIHAUIepiHiH maliaa 60TybIHa oOKeNIeTiH aHBIKTanAbl. PeHTTreHaik (a3anslk Tanmay
OMICIH KOJJaHa OTBIPBIN, OKCHUATEP KOMIIOHEHTTEPiHIH Oipfiell KOHIEHTPAIMICHIHAA [HUPKOHUN JIHOKCHUIIHACT]
oIMMOp(dTHI (a3anblK KaiTa KYPY aHBIKTAJJIbI, OHBIH OOJYbI MUPKOHUN OKCHIIIH KOCY JKoHE (ha3ajblK MPOIeCTePIiH
e3repyi Ke3iH/e maina 6071aTeiH Ga3anblk KaiTa Kypy IpoIecTepiH KOpCeTe .

Tyitin ce30ep: unepmmi mampuyanap, asanvly Kaielnmacy npoyecmepi, OKCUOMI Kepamuxd, yupkaiou, ¢azanviy
mypaenynep.
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STUDY OF PHASE FORMATION PROCESSES IN CER-CER TYPE INERT MATRICES
BASED ON OXIDE COMPOUNDS

I.E. Kenzhinal?, A.A. Shaimerdenov!3, A.U. Tolenova?, S.K. Askerbekov?, A.L. Kozlovskiy*?

1 Satbayev University, Almaty, Kazakhstan
2 Kazakh-British Technical University, Almaty, Kazakhstan
3) Institute of Nuclear Physics of ME RK, Almaty, Kazakhstan

The purpose of this work is to study the processes of phase formation in the samples (1-x)ZrO; — xAl,O3 ceramics
depending on the variation of the oxide components, as well as to establish changes in the structural parameters and
degree of crystallinity. The choice of zirconium and aluminum oxides as the basis for cer-cer inert matrices for nuclear
fuel is due to their physical, chemical, structural and mechanical properties, the combination of which will produce a new
type of ceramics with great potential in the field of nuclear fuel. These oxide compounds have high thermal stability and
resistance to high temperatures, which also allows their use as a basis for disperse nuclear fuel for new-generation high-
temperature nuclear reactors. The method of mechanochemical milling followed by thermal annealing was chosen to
obtain ceramics based on oxide compounds. The choice of grinding conditions, as well as the subsequent thermal
annealing was chosen to initiate the processes of phase transformations and structural changes as a result of thermal
influence and partial relaxation of the deformation distortions and metastable formations initiated during grinding. The
X-ray diffraction method was chosen as the main method to study the processes of phase transformation and structural
changes. During the studies it was found that the addition of aluminum oxide leads to the structural ordering of the main
monocline phase ZrO-, as well as the formation of solid solutions of substitution and introduction. At equal concentrations
of the oxide components using the method of X-ray phase analysis was established polymorphic phase transformation in
zirconium dioxide, the presence of which indicates the processes of phase transformation arising from the addition of
zirconium oxide and changes in the phase formation processes.

Keywords: inert matrices, phase formation processes, oxide ceramics, circaloy, phase transformations.
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COMPUTATIONAL STUDY OF RADIATION CHARACTERISTICS
IN THE NICHE OF THE EXPERIMENTAL DEVICES OF THE WWR-K REACTOR

N.K. Romanova, Sh.Kh. Gizatulin, D.S. Sairanbayev, K.S. Kisselyov, A.M. Akhanov, A.A. Shaimerdenov, A.B. Massalina
Institute of Nuclear Physics of ME RK, Almaty, Kazakhstan
E-mail for contacts: ashaimerdenov@inp.kz

A nuclear reactor is a complex engineering and technical installation that generates radiation. Because of this, the
experimental measurement of the radiation characteristics of a nuclear reactor is a difficult task, and in some cases
technically impossible. The modern development of calculation codes and tools makes it possible to determine the
radiation characteristics of a nuclear reactor with sufficient accuracy and reliability. Due to this, computational modeling
of physical processes occurring in a nuclear reactor has become one of the main scientific research methods. The WWR-
K reactor is a multi-purpose research reactor with a large number of vertical and horizontal irradiation positions used for
a wide range of scientific and applied problems. The irradiation position with the largest dimensions in the WWR-K
reactor is the niche of experimental devices, which makes it possible to irradiate objects up to 1000 mm in diameter. This
position is considered as a candidate for neutron transmutation doping of silicon ingots with a diameter of more than
200 mm. The article presents the radiation characteristics for the current and modernized configuration of the niche of the
experimental devices of the WWR-K reactor. It is shown that the upgrade of the configuration leads to an improvement
in the neutron characteristics in the irradiated position.

Keywords: WWR-K, niche of the experimental devices. radiation characteristics, Neutron-transmutation-Doped Silicon
(NTD-Si), Monte Carlo N-Particle Transport Code (MCNP)..

INTRODUCTION

Currently, there is an active development of nuclear
and radiation technologies around the world. The scope
of such technologies is very wide. For example, the
production of radioisotopes for medicine [1-6], radiation
coloring of semiprecious stones for the jewelry industry
[7-10], neutron transmutation doping of semiconductors
for the electronics industry [11-14], and radiation
treatment of seeds for the agricultural industry [15-17].
Nuclear and radiation technologies are implemented
based on nuclear and electrophysical installations, in
particular, on the basis of research reactors. The introduc-
tion and development of such technologies requires an
accurate determination of the radiation characteristics of
the reactor, which can be determined both experimentally
and by calculation.

The modern development of computational methods
and codes makes it possible to carry out sufficiently
detailed and accurate calculations, which makes them
one of the main scientific research methods. Particularly
noteworthy are numerical simulation methods based on
the Monte Carlo method, which make it possible to carry
out precision calculations [18-20].

Earlier, R&D work was carried out based on the
WWR-K reactor, together with Japanese companies, on
neutron-transmutation doping of silicon ingots with a
diameter of 6 inches (or 150 mm). Research was aimed
at reducing the axial non-uniformity of doping silicon
ingots. As a result, an axial non-uniformity doping of no
more than 12% was obtained without the use of screen
[21], and with the use of a screen, 4% [22, 23].

Nowadays, on the WWR-K reactor the possibility of
carrying out neutron-transmutation doping of silicon

ingots of large diameter (more than 200 mm) is being
considered. For such a purpose, the reactor has only a
single irradiation position — a niche of experimental devi-
ces. Preliminary studies of the radiation characteristics in
the niche showed [24] that they do not comply with the
IAEA recommendations for neutron transmutation
doping of silicon [11]. Changes to the configuration and
conditions at the given irradiation position are required.
Proceeding from this, computational modeling of the
niche of the experimental devices of the WWR-K
research reactor was carried out and a change in the
radiation characteristics was predicted when the niche
configuration was modernized. The purpose of this work
is to substantiate the possibility of creating the required
conditions for irradiating large-diameter silicon ingots in
the niche of the experimental devices of the WWR-K
reactor.

MATERIALS AND METHODS

The niche of the experimental devices of the WWR-K
reactor is a cylinder with a diameter more than one meter
(Figure 1). In the niche there is a system of screens filled
with water, which are mounted on a self-propelled
trolley. The screens are designed to change the ratio of
the gamma and neutron components of the reactor
radiation field. The water screen system consists of three
tanks that can be remotely filled or emptied. The tanks
are installed between the core and the irradiated object.

WWR-K is a tank-type research reactor. The nominal
power of the reactor is 6 MW. The coolant and moderator
are demineralized water. The neutron reflector is demine-
ralized water and beryllium. The maximum thermal
neutron flux in the central irradiation positions of the core
is 2-:10% cm2-s1 [25, 26].
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:

3

1 - core; 2 — water screens; 3 — irradiation position
Figure 1. Schematic view of the irradiation position

Computational modeling of physical processes in the
WWR-K' reactor in order to determine its radiation
characteristics was carried out by the Monte Carlo
method using the MCU-REA and MCNP6 codes
[27, 28]. The MCU-REA code is designed to calculate
the neutronic characteristics of nuclear reactors of vari-
ous types. MCU-REA also allows the calculation of
neutronic characteristics, taking into account changes in
the isotopic composition of the materials of a nuclear
reactor. The developer of the MCU-REA code is the
Russian Research Center “Kurchatov Institute”, Mos-
cow, Russia. The program's firmware is made up of the
DLC/MCUDAT-2.1 nuclear data bank. The calculation
of the space-energy distribution of neutrons was carried
out using the BNAB-98 library with a 26-group system
of constants [29]. The MCNP6 transport code is intended
for solving problems in the field of nuclear reactor
physics, radiation protection, dosimetry, radiography,
radiation medicine and nuclear safety. The user has the
ability to model geometric three-dimensional configu-
rations by setting the mathematical equations of the
surfaces limiting them of the first, second and fourth
degree, and filling them with an arbitrary material, setting
the concentration of the nuclei of the elements that make
up the substance. The ENDF/B-VII.1 library of cross
sections for the interaction of neutrons with matter in the
MCNP6 transport code was used [30]. In MCU-REA and
MCNP®, the current configuration of the WWR-K reac-
tor core was simulated with a real material composition.
Due to the fact that the niche is located outside the core
(in the concrete shield of the reactor), the control rods do
not affect the distribution of the neutron field. Therefore,
the calculations were carried out for the option when all
control rods were removed from the core. The statistical
error of calculations did not exceed 5%. The input file for
all MCNP6 calculations included 200 cycles made of 20
inactive and 180 active cycles with 500,000 histories per
cycle. The initial conditions used in the calculations are
given in Table 1.

Table 1. Main initial conditions for physical calculations.

Parameter Value
Temperature of moderator, K 293.6
Temperature of fuel, K 293.6
Density of B4C, glcm3 1.76
Density of beryllium, g/cm? 1.89
Density of aluminum, g/cm3 2.70
Coolant temperature, K 293.6
Air temperature, K 293.6
Dimensions of neutron-multiplying medium bounded dimensions

RESULTS AND DISCUSSION

According to [11], the main criteria for choosing an
irradiation position for neutron transmutation doping of
silicon are:

1. radial unevenness coefficient — 4-5% (may vary
depending on customer requirements);

2. height coefficient of unevenness — 5-8% (may vary
depending on the requirements of the customer);

3. irradiation accuracy < 3%;

4. the ratio of the flux of thermal neutrons to fast
neutrons is 7:1;

5. cadmium ratio > 10;

6. gamma radiation flux — as low as possible;

7. ingot irradiation temperature < 180 °C.

From the above criteria, it can be seen that in the area
of irradiation of silicon ingots, the neutron spectrum
should be thermal. Due to the fact that fast neutrons
create defects in the silicon lattice [11]. It should also be
noted that the gamma radiation flux should be as low as
possible in the irradiation position, since it is the main
source of energy release.

First of all, the radiation characteristics of the niche
of experimental devices for the current configuration (see
Figure 1) were determined in order to compare the crite-
ria described above. The irradiation position is conside-
red, loading into which is carried out through a vertical
well (the distance to the central axis of the core is
1610 mm). The calculation results are shown in Table 2.
The air environment in the irradiation position. Shielding
screens are filled with water.

Table 2. Radiation characteristics in the niche
of experimental devices

Characteristic Value
Thermal neutron flux (< 0.465 eV), cm-2s1 1.1-108
Fast neutron (> 0.1 MeV), cm2s-1 2.7-107
Axial non-uniformity of thermal neutron flux (<0.465 eV), % 35
Thermal to fast neutrons ratio 41
Fraction of thermal neutrons in the integral flux, % 65
Gamma radiation flux (1 eV - 10.5 MeV), cm-2s-1 1.5-10™
Cadmium ratio 3.8

Table 2 shown that the radiation characteristics in the
current configuration of the niche do not meet the above
criteria. In particular, such characteristics as the ratio of
the thermal to fast neutron flux and the cadmium ratio do
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not correspond; the neutron energy spectrum is not ther-
mal enough. Therefore, it is necessary to reduce the
neutron energy, which is possible when replacing the air
environment to water in the irradiation position. There-
fore, placement in a niche, of an aluminum tank filled by
water was considered (Figure 2). The distance to the
irradiation position does not change.

When the air environment is replaced by a water one
in the niche of the experimental devices, the neutron
energy spectrum more thermal (Table 3). The ratio of the
thermal to fast neutron flux increases from 3.3t0 4.6. The
energy spectrum of neutrons is divided into two groups:
up to 1 keV and above 1 keV. Such a division into two
energy groups is due to the fact that the capture cross
section of silicon (3°Si) up to an energy of 1keV
corresponds to the 1/v law, and above 1 keV there is a
region of resonances. Therefore, when doping silicon, it
is necessary to take into account neutrons with energies
up to 1 keV, and not only up to the cadmium boundary.

1

/

1 - additional tank with water; 2 — irradiation position
Figure 2. Schematic view of the irradiation position

Table 3. Neutron flux in the niche of experimental devices
with different environment

Neutron flux, cm=2-s-1
Neutron energy -
Air Water
0<En<1keV 1.3-108 1.1-108
1keV <En<10.5 MeV 4.0-107 24107

Further, the influence of water screens on the
radiation characteristics in the niche of experimental
devices for the current configuration was studied (Table
4). The niche is filled with air. Water screens are installed
between the core and the irradiated object. The distance
to the irradiation position does not change. In the absence
of water screens, the neutron flux increases by more than
three orders of magnitude, but the neutron spectrum
becomes harder (the cadmium ratio decreases from 11.2
to 4.6) and the gamma radiation component increases by
more than 5 times. Such conditions, of course, are
unacceptable for silicon doping, since doping efficiency
will be reduced and the number of defects in the ingot
lattice and energy release will increase.

Table 4. Radiation characteristics in the niche of experimental
devices with and without a water screen

Characteristic wate‘:vsi::t:eens Wat‘{ev:t:;:tens
Evl|ltjr)1( Sr?grsg:?lf f1n|$\70:;-zs_1 13108 2.0-10°"
i oo 1 b, e s 4010 85107
[V 105 M) ems 510" 8010

The particular cases considered have shown that it is
possible to improve the radiation characteristics in the
niche of experimental devices by creating a water
environment in the irradiation position, but it is necessary
to take into account one more important factor affecting
silicon doping — the neutron intensity. During neutron-
transmutation doping of silicon ingots, it is necessary to
accumulate a thermal neutron fluence in the irradiated
ingot of more than 10" cm™, so the neutron intensity
should be such as to achieve the required neutron fluence
in an acceptable time. Therefore, to increase the intensity
of neutrons in the irradiation position, it is necessary to
bring it closer to the core and create a water environment
in it (Figure 3), i.e. niche needs to be upgraded. The re-
sults of calculations for the upgraded niche configuration
are shown in Table 5. The distance from the central axis
of the core to the irradiation position is 573 mm.
The niche is filled with water. There are no water screens.

o
G

1 — additional tank with water; 2 — irradiation position

Figure 3. Schematic view of the irradiation position

Table 5. Radiation characteristics in the niche of experimental
devices with an upgraded configuration

Characteristics Value
Thermal neutron flux (<0.465 eV), cm-2s- 9.9-101%
Fast neutron flux (> 0.1 MeV), cm-2s-! 1.4-10%0
Neutron flux (< 1 keV), cm=2s-1 1.1-10M
Neutron flux (> 1 keV), cm=2s~1 1.9-1010
Axial non-uniformity of thermal neutron flux (<1 keV), % 25
Thermal to fast neutron ratio 6.9
Fraction of thermal neutrons in the integral flux, % 79
Gamma radiation flux (1 eV - 10.5 MeV), cm-2s-1 9.5-1012
Cadmium ratio 9.6
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Such a modernization of the irradiation position in the
niche made it possible to create conditions that meet the
main criteria, which will have a positive effect on the
effective doping of silicon ingots. In particular, the
proposed niche configuration will lead to the fulfillment
of the following criteria: the ratio of the thermal to fast
neutron flux (6.9 with a criterion of 7.0) and the cadmium
ratio (9.6 with a criterion of 10). Those indicates the
creation of a «soft» (more thermal) neutron spectrum in
the irradiation area.

Another important criterion is the formation of a
uniform neutron flux profile during irradiation of a
silicon ingot both in height and in diameter. One of the
methods for reducing the axial non-uniformity of the
neutron flux can be the use of shielding materials, which
requires the development of a special irradiation device.
Before developing the design of the irradiation device, it
is necessary to study the radial and vertical profile of the
neutron flux in the unperturbed irradiation position, i.e.
without silicon ingot. The results of such studies are
shown in Figures 4 and 5.
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Figure 4. Axial distribution of neutron flux (En < 1 keV)
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Figure 5. Distribution of neutron flux (En < 1 keV):

The nonuniformity of the neutron field profile
(En <1 keV) was 11% in diameter and 25% in height. The
design of the irradiation device will have to ensure the
inhomogeneity of the neutron field within 8% along the

height of the ingot and within 5% along the diameter of
the ingot.

CONCLUSION

The obtained results of the computational studies
have shown that the conditions for irradiating silicon
ingots with diameter more than 200 mm in the currently
existing configuration of the niche of experimental
devices do not meet the specified criteria. The
modification of the niche configuration proposed in this
paper will make it possible to create conditions for
efficient doping of silicon ingots of the large diameter.
However, the inhomogeneity of the neutron field over the
diameter and height of the silicon ingot will remain above
the allowable values. From which it follows that it is
necessary to develop a special irradiation device that
forms a uniform neutron field, which will make it
possible to obtain silicon ingots with a high uniformity of
the final resistivity, which is also an important criterion
when doping silicon.
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BBP-K PEAKTOPBIHBIH OKCIIEPUMEHTTIK KYPBLJIFbIJIAPBIHBIH TAYAINACBIHJAFbI
PAIVNATIUAIBIK CUITATTAMAJIAPABI ECENITIK 3EPTTEY

H.K. Pomanosa, II1.X. I'n3atynun, JI.C. Caiipandaes, K.C. Kucenes,
A.M. AxaHoB, A.A. lllaiimepnenos, A.b. Maccajiuna

KP DM Aoponvik ¢pusuxa uncmumymol, Anmamet, Kazaxkcman

SnponbIK peakTop — COyJIeNEHYAl TI'eHepalMsIalTbhIH KypAeTdl WHXCHEPIIK-TEXHUKAIBIK KOHABIPFbL. COHIBIKTaH
SITPOJIBIK PEAKTOPIBIH PaIHallisUIbIK CHITATTaMaIapbIH SKCICPUMEHTTIK OJIIIey Kypaeli MiHIeT OOJBIT Ta0bUIa bl )KOHE
KelOip Kargaliapla TEeXHHWKAJIBIK JKaFblHAH MYMKIH OonmMail skatanpl. Ecenrey KoaTapbl MEH Kypajigapbl >KakKChI
JIlaMbIFaH 3aMaH/a SIPOJIBIK PEaKTOPbIH PaJHallysUIbIK CHITaTTaMalIapblH alTapiIbIKTal JJIIKIEH j)KOHE HAKTHIIBIKICH
alikpiHmayra MyMKIiHIIK ©Oap. OcbifaH OaiyIaHBICTBI SIIPOJIBIK  peakTopia OonaThlH  (DU3UKANBIK HpoLecTepAi
KOMITBIOTEPJIIK MOJIENb/ICY FBUIBIMU 3EpPTTEYNEpiH Herisri ojicrepiHiH Oipine aiHangsl. BBP-K peakropsr — kem
KeJIeMJIe TIK JXKOHE KOIICHEH COyJeNeHIIpYy MO3ULMsUIaphl 0ap KOl MakKcaTThl 3epPTTeY PEaKTOPbI, 07 KeH ayKbIMJBI
FBUIBIMH JKOHE KOJIJaHOasbl MIHAETTEp/l Wienly yIuiH naiiianansuiansl. BBP-K peaktopbsiniarsl eH yJKeH KejiemJeri
COYJICNICHTIPY TO3UIHACH SKCIIEPUMEHTTIK KYPBUIFbUIApFa apHaFaH Tayaiia 00Jibin Tadbuansl, Oy auametpi 1000 MM
IeiiHTi 00BeKTIep Al coyleNneHAipyre MYMKIiHAIK Oepeni. Ataxrad mozumus auamerpi 200 MM-IeH acaTblH KpeMHHMA
KyliMaJapelH HEUTPOHABIK-TPAHCMYTAIMUIBIK JIETUPJICY VIIH KaHAWOAT peTiHae Kapaiamsl. Makamaga BBP-K
PEaKTOPBIHBIH SKCIIEPUMEHTTIK KYPBUIFbUIAphI TayalllaChIHBIH KOJIAHBICTAFbI KOHE )KaHAPTHUIFaH KOH(HUTYPALMSICHIHBIH
panuanysUIBIK CHITATTaMaIaphl YChIHbUTFaH. KOH(GUrypanusHel XKaKkcapTy cayeNeHIipy NO3UIHUACHIHAAFbI HEHTPOHIBIK
cUMaTTaMasap/bl ’KaKCcapTaThIHBI KOPCETUITeH.

Tyitin ce30ep: BBP-K, sxkcnepumeHmmik KYpoligbliapObly MAyauidcsl, paouayusibly CURAMmMAamanap, KpemHutioi
Hetumponoapmen mpancmymayusnelx neeupiey (NTD-Si), Moume-Kapno (MCNP) a0icimen uonoayuiol cayienenyoi
MmacvimManoayovl Mooenvoey.

PACYHETHOE UCCJIIEJOBAHUE PAIMAITMOHHBIX XAPAKTEPUCTHUK
B HAIIE SKCHEPUMEHTAJIbHBIX YCTPOMUCTB PEAKTOPA BBP-K

H.K. Pomanosa, I1.X. I'n3atynun, JI.C. Caiipan6aes, K.C. Kucees,
A.M. AxaHoB, A.A. lllaiimepaenos, A.b. Maccaiuna

Hucmumym soepnoii pusuxku M3 PK, Anmamul, Kazaxcman

SnepHbIii peakTop — CI0KHASI UHKEHEPHO-TEXHUUECKas YCTAaHOBKA, TeHepupYyolas u3inyderne. [loaTromy skcrepuMen-
TaJbHbIe U3MEPEHUS PAANAIMOHHBIX XapaKTEPUCTUK SJEPHOTO PEaKTOpa SBIISETCS CIIOKHOH 3a7aueil, U B HEKOTOPBIX
CIy4asX TeXHUYECKH HEBO3MOKHOM. COBpEMEHHOE Pa3BUTHE PACUETHBIX KOJOB M MHCTPYMEHTOB MO3BOJISIET ONPEAETUTh
paauaiMoOHHBIE XapaKTEPUCTUKH SJEPHOTO PEeaKTopa C TOCTATOYHON TOYHOCTHIO M JOCTOBEPHOCTHIO. B CBsI3M C ATUM,
KOMITBIOTEPHOE MOJICTTUPOBAaHUE (PU3NIECKUX MPOIIECCOB, MPOUCXOISANINX B SAJIEPHON peaKTope, CTAIO OJJHUM U3 OCHOB-
HBIX METOJIOB HayYHBIX HccienoBanuii. Peakrop BBP-K 310 MHOTOIENEBOI HCCIIeI0BaTEILCKUI PEaKTOp ¢ OONIBIINM
KOJIMYECTBOM BEPTHKATIHHBIX U TOPU3OHTANBHBIX O0JydaTeIbHBIX MO3WINN, HCIOIb3YyEMBIX IS PEIICHHUS MIHPOKOTO
Kpyra Hay4HBIX ¥ MPUKIAIHEIX 3a1ad. OOIydaTebHas TO3HIUSA C HANOOIBIINMHE pa3Mepamu B peaktope BBP-K npex-
CTaBIISIET COOOH HUITY JUTS SKCIIEPUMEHTAIBHBIX YCTPOUCTB, YTO MO3BOJISET MMPOBOAUTH OOIyIEHHE 0OBEKTOB THAMETPOM
110 1000 MMm. JlaHHast TO3ULIMSI pacCMaTpUBAETCs B KaUeCTBE KaHUAaTa AJsl HEUTPOHHO-TPaHCMYTAallMOHHOTO JIETUPOBa-
HUS CTUTKOB KpeMHUs auameTpom Oosee 200 mM. B craThbe npecTaBiIeHb paIuallHOHHBIC XapaKTePUCTHKH TEKYIICH U
MOJIEPHU3NPOBAHHON KOH(OUTYPALIMU HAIIHN SKCIIEPUMEHTAIBHBIX yCTpoicTB peakTopa BBP-K. IToka3aHo, uto ycoBep-
[IEHCTBOBaHME KOHPUTYPAIMH MPUBOIUT K yIydllIeHNEe HEUTPOHHBIX XapaKTEPUCTHK B 00IyIaTeIbHON MTO3UITUH.

Kniouesvie cnosa: BBP-K, nuwia 3KcnepumenmanbHulx YCmpoucmes, paduayuonivle XapaKxmepucmuxi, mpaHcmyma-
yuonnoe necuposanue kpemuus neumponamu (NTD-Si), mooenupoeanue nepeHoca uOHU3UPYIOUe20 U3LyYeHUst MEMOOOM
Monme-Kapno (MCNP).
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SYNTHESIS OF COMPOSITE MEMBRANE BASED ON GRAPHENE OXIDE AND NANOSTARCH
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Intensive research of nanocomposites contributes to the development of new materials in the fields of medicine,
nanoelectronics, high dielectric materials, energy, biotechnology and information technology. Therefore, the synthesis of
new materials by modifying of grapheme oxide with nanostarch and the study of its properties are of great interest. In this
study, nanocomposite membrane was synthesized by modifying of graphene oxide in a 1:1 volume ratio with nanostarch
and their chemical structures were studied by fourier-transform infrared spectroscopy and ultraviolet spectroscopy.
The results of the study showed the absorption of the etheric bond C=0 in the ultraviolet spectrum at full length was
243 nm. The infrared spectrum showed new etheric bonds O=C-OH at a wavelength of 1150 cm™'. The scanning electron
microscopy analysis indicates that grapheme oxide is homogeneously coated by starch, it means that nanostarch was
successfully polymerized on the surfaces of graphene oxide nanosheets and formed sandwich-like structures. The X-Ray
diffraction analysis indicatedthat the crystalline structure changes to amorphous to a certain extent due to the ester bond
formed between graphene oxide and starch. The electrical properties showed the resistivity of the initial graphene oxide
was p = 5.53-10% Ohm-m and after its modification by starch, the resistivity of the graphene oxide/starch membrane incre-
ased by 2 orders, which was equal to 2.59-10° Ohm-m. According to the results, high dielectric materials are very impor-
tant in electrical and electronics engineering. Therefore, there is no doubt that there will be great interest in this field.

Keywords: graphene oxide, nanostarch, dielectric materials, nanocomposite membrane, resistivity.

1 INTRODUCTION

Currently, the use of composite materials based on
graphene oxide (GO) as a sensitive element of moisture
and gas sensors, as sorbents for cleaning water from
heavy metal ions and various polluting compounds is
being actively researched [1, 2].Some studies have
reported the use of chemically modified GO in the
treatment of cancer and as a tool for cancer gene therapy
based on ribonucleic acid interference [3, 4].

According to the results of many recent studies, it has
been established that modification of GO with biopoly-
mers allows obtaining new materials with the most
improved properties [5]. Among different biopolymers,
starch is very appealing because of its cost effectiveness
and easy availability from different natural sources such
as vegetables and cereals. Besides the nourishing value,
the film forming ability has given to starch a more
remarkable role, for example in food packaging. Films
based on starchare biodegradable and edible therefore,
potential substitutes for many synthetic packaging
materials and pose negligible harm to the environment.
Unfortunately, the starch-based biocomposites have
many disadvantages (e.g. strong hydrophilic character,
poor mechanical properties and low thermal stability)
compared to conventional polymers, which make it
unsatisfactory for practical applications [6—8]. Moreover,
the utilization of nano-sized fillers can also increase

dispersibility in polymer resin and lead to improved
mechanical, thermal and dielectric properties [9-10].
[11] investigated the preparation of antibacterial
GO/starch hydrogel using 2-hydroxyethyl methacrylate
as a cross-linking agent.

The presence of oxygen functional groups in the
chemical structure of GO provides a great opportunity for
surface modification of it [12]. In this regard, modifica-
tion of GO with starch makes it possible to obtain eco
friendly, biodegradable, thermally stable, electroconduc-
tive and improved films with improved mechanical
properties [13-15]. Therefore, obtaining new composite
materials by modifying graphene oxide with starch, is
attracting the attention of world scientists.

Thus, the purpose of this research work was to modify
GO with nanostarch by ultrasonic treatment. The phy-
sico-chemical properties of obtained GO/starch compo-
site membrane are studied during the modification.

2 EXPERIMENTAL SECTION

2.1 Materials

Potassium permanganate (State standard (STST)
5777-84), sodium nitrate (STST 4168-79), sulfuric acid
(STST 4204-77), hydrochloric acid (STST 3118-77),
starch (STST 7699-78), graphite (STST 17022-81),
ethanol (STST 5962-2013), deionized water (STST
52501-2005).
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with deionized
water

HCl 5% (10 ml)

H.S04 23 ml
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NaNO: 0.5¢g KMnO. 3 g

deionized water stirring

(50 ml)

Figure 1. The GO synthesis scheme

2.2 Methods

2.2.1 Synthesis of GO

Graphene oxide was synthesized based on the
Hammers method used in the research [16]. In order to
do this, a beaker with 1 g of graphite was placed in a
container filled with ice at a temperature equal to 0 °C,
then 23 ml of 94% H,SO. was poured, after that left for
15 min and was continuously stirred on a magnetic
stirrer. NaNOs (0.5 g) was added to the obtained suspen-
sion, 3 g of KMnO4 was gradually added to it with conti-
nuous stirring for 15 min and it was further stirred for
2 hours. Then the temperature was raised to 35 °C and
held for 30 minutes. Further, was added 30 ml of
deionized water, the temperature was raised to 90 °C and
stirring continued for 30 minutes. Finally, 30% H,O,was
added until the color of the mixture changed to light
yellow. After the reaction, the product was filtered with
filter paper and washed several times with 5% HCI to
remove residual metal ions. Finally, deionized water was
neutralized by a centrifuge (Centrifuge 5427R Eppen-
dorf) until pH is equal to 7 (Figure 1).

2.2.2 Synthesis of nanostarch

Based on the method described in [17], nanostarch
has been isolated from starch by precipitation with ethyl
alcohol. The nanostarch suspension was obtained by
centrifugation (Centrifuge 5427R Eppendorf) from the
initial suspension (Figure 2).

Figure 2. The water suspension of nanostarch

2.2.3 Synthesis of composite membrane based on

GO/nanostarch

The membrane based on GO/nanostarch was
synthesized, which shown in the scheme Figure 3. First,
1% GO water solution and 1% nanostarch water solution
were prepared. The prepared solutions were mixed for
30 min in a magnetic stirrer in a volume ratio of 1:1.
The resulting solution was processed in an ultrasonic
machine UZTA-0.15/22-0 (Alena, made in Russia) at
45 kHz and 40 °C for 30 min. The treated solution was
poured into a disc-shaped plastic container and dried for
90 min in a drying cabinet at 50 °C.

oL ~~ Nanostarch
N~
08%L) Oco
~LO
Sonication Membrane
u

7
=
o i =

—— e

Figure 3. The GO/nanostarch membrane synthesis scheme
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2.24 FTIR analysis

FTIR analysis of chemical structures of GO and
GO/nanostarch membrane were performed on a spectro-
meter FT-801 (Simex, made in Russia), with resolution
1cm™®. Measurements were conducted in the region
between 450-4700 cm™ according to the standard me-
thod using a single-use universal full internal and mirror-
diffuse reflection with the upper position of the model, at
a temperature 25 °C.

2.25 X-ray diffraction

The crystal structures of GO and GO/nanostarch
membrane were studied via X-ray diffraction on a
X PertPRO diffractometer (Malvern Panalytical Empy-
rean, made in Netherlands) using monochromatized
copper (CuKa), at a scan speed of 0.05° for 10 s, with a
K-Alphal wavelength of 1.54187 A. Measurement in
reflection mode, using an aluminium rectangular multi-
purpose sample holder (PW1172/01), was performed at a
diffraction angle 26 between 10° and 40°, with the X-ray
tube voltage at 45 kV, current intensity at 30 mA, and a
measurement time of each step 0.5 s.

2.2.6 SEM analysis

The surface morphology of GO/nanostarch membra-
ne was studied by scanning electron microscope JSM-
6390LV (Jeol, made in Japan). Measurements were carri-
ed out in high vacuum mode using a secondary electron
detector at an accelerating voltage of 15 kV. The surface
of the nanostarch film is coated with gold to improve the
transfer of electrons. The specimens were mounted on
aluminum pins with carbon tape.

2.2.7 Electrical Characterization

The electrical properties of GO and GO/nhanastarch
membrane were investigated by four-point probes
method. Electrical measurements were made using the
traditional four-probe method, with current measured on
a Keithley 6485 (made in USA) and voltage applied with
a Tektronix PWS2326.

3 RESULTS AND DISCUSSION

3.1 UV analysis of nanostarch

Figure 4 shows the UV absorption spectrum of nano-
starch. New absorption peaks were not observed in the
obtained spectrum. It means that during the synthesis of
nanostarch there was not oxidation process and the
dispersibility of the aqueous solution was very good.
We saw that similar results were obtained in [18].

3.2 FTIR analysis

Figure 5 shows the FTIR spectra of GO, nanostarch
and GO/nanostarch membrane. In the spectrum of GO
obtained by Hammer's method, the OH group at
3250 cm™ and 1650 cm™!, the carbonyl and carboxyl
C=0 group at 1750 cm™', and the C=C bonds of the
aromatic ring at 1450 cm™' are observed. Vibration of
epoxide functional groups at 1300 cm™ C-O, 1050 cm™!
is characteristic of alkoxy bonds [16]. The nanostarch
spectrum shows the spectrum of nanostarch at 2850 cm™!
CH, band, 1430 cm™'group assigned to a symmetric CH;
bending vibration, 1150 cm™' CO band and at 898 cm™',
assigned to C—O-C stretching [18].

0,4 4

0,3 4

<

0,2 -

0,1+

0,0 — T
300 320 340 360 380 400 420
A, hm

Figure 4. UV spectrum of the nanostarch
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Figure 5. The FTIR spectrum of the GO, nanostarch
and GO/nanostarch membrane

And on the GO/nanostarch membrane, OH group at
3250cm™ and 1650 cm™!, CH group at 2850 cm™',
carbonyl and carboxyl C=0 group at 1750 cm™!, aromatic
ring C=C bonds at 1450 cm™!. Longitudinal vibrations
and deformation peaks, vibrations of epoxide functional
groups at 1300 cm™' C-0, 1050 cm™' C-O showed alkoxy
bonds [18, 19].The wave number of the absorption region
1150 cm™! showed that it is characteristic of the ether
bond formed between the O=C-OH carboxyl group in the
GO molecule and the OH groups in the starch molecule
[20].This means the formation of a new chemical bond
between GO and nanostarch.

3.3 XRD analysis

Figure 6 shows the changes of crystal structures of
GO and GO/nanostarch membrane. They were characte-
rized by XRD diffraction peak detected from X-ray
diffractogram. The 26 = 10.5° corresponds to the charac-
teristic peak of GO (001) lattice plane [16, 21].
Additionally, in the GO/nanostarch membrane diffracto-
gram exhibited the crystal plane of GO/nanostarch mem-
brane at 26 = 13°. This showed that due to the ester bond
between the O=C-O carboxyl group in the GO molecule
and the OH group in the starch molecule, the crystal
structure changed to a certain amount of amorphous
form, and the 20 value decreased.
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Figure 6. The XRD of the GO and GO/nanostarch membrane

Figure 7. The SEM of GO/nanostarch membrane

3.4 SEM analysis

Figure 7 shows the surface morphology of
GO/nanostarch membrane (a) and side micrograph (b).
The thickness of the membrane was about 75 um.
The surface of the membrane is smooth and in some parts
particles formed by the accumulation of nanostarch were
observed (Figure 7a). A layered structure caused by the
incorporation of GO was clearly observed in the cross
section of the membrane (Figure 7b). It is clear that the
GO is homogeneously coated by starch, indicating that
nanostarch was successfully polymerized on the surfaces
of GO nanosheets to form sandwich-like structures.

The cross-section of GO/nanostarch membrane presents
a layer-by-layer formation, which is probably caused by
the flow assembly effect of GO sheets.

3.5 Electrical Characterization

The electrical characterization of the GO and
GO/starch membrane was carried out using Keithley
Picoammeter (Model 6485) by four-point probes method.
According to the obtained results, the resistivity of the
initial GO was p=5.53-103 Ohm'm and after its
modification by starch, the resistivity of the GO/starch
membrane increased by 2 orders, which equal to 2.59-10°
(Figure 8). The increase in the dielectric constant of the
composite with the GO is attributed to interfacial
polarization occurring at the interface between the nano-
starch and GO [22, 23]. In the present study, we can
suppose interfacial and space charge polarization in the
GO loaded matrix. GO contains polar functional groups,
like -OH, -CHO, —CO, and —COOH, which ensures good
bonding and appropriate local electrical contacts that
may lead to a strong interfacial polarization and play a
role in enhancing dielectric constant, whereas, this
polarization in the pure sample may be due to the
immiscible phase of the polymer matrix. The spatial
polarization arising from the trap states results an
accumulation of charge carriers and leading to an
increase of the value of dielectric constant [22, 24].
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Figure 8. The electrical characterization of the GO
and GO/starch membrane

4 CONCLUSION

Synthesized nanocomposite membrane by modifying
of graphene oxide (GO) in a 1:1 volume ratio was obtai-
ned. Their chemical structure was studied by FTIR and
UV-spectroscopy. The results of the study showed the
absorption of the etheric bond C=0 in the UV spectrum
at full length 243 nm. The FTIR spectrum showed all the
new etheric bonds O=C-OH at a wavelength of
1150 cm™!. The SEM analysis indicating the GO is
homogeneously coated by starch, indicating that nano-
starch was successfully polymerized on the surfaces of
GO nanosheets to form sandwich-like structures.
The XRD analysis indicated this showed that the crystal-
line structure changes to amorphous to a certain extent
due to the ester bond formed between GO and starch.
The electrical properties showed the resistivity of the
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initial GO was p=5.53-1030hm'm and after its
modification by starch, the resistivity of the GO/starch
membrane increased by 2 orders, which equal to
2.59-10° Ohm-m. Obtained composite is dielectric and
from the above results, we can assume that these
membranes can be used in the field of electronics.
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I'PA®EH OKCHUAI MEH HAHO-KPAXMAJI HET'T3IHJIEI'T
KOMITO3UTTIK MEMBPAHAHBIH CUHTE3I

T. Kyansimb6exos?, 7K. Cargoannn?, E. Kacacsinos?), H. Kaiibip6exos?), K. Akaran’?),
C. Ka6apaxmanosa®), H. KanTaii'?), K. Teaenos?, M. Tenerenosa®, M. Beiicedexon?

D C. Amansconoe ameindazer Illvizvic Kazakcman ynusepcumemi, Ockemen, Kazaxcman
2 Komnosummix mamepuanoap zsinvimu opmansizot, Anmamst, Kazaxcman
%) Caméaes ynusepcumemi, Anmamol, Kazaxkcman
9 an-Dapabu amvinoazer Kazax ynmmoix ynusepcumemi, Anmamsi, Kazaxcman

HaHoxoMnosutTepai KapKbIHIABI 3epTTEYy MEOUIMHA, HAHODJIEKTPOHHMKA, JKOFaphl JAMAJIEKTPIIIK Marepuaiiap,
SHEpreTHKa, OMOTEXHONIOTHS JKOHE aKIapaTThIK TEXHOJIOTHSAIAp cajlajapblHJia )KaHa MaTepuaiapibl JaMbITYFa bIKIAJ
ereni. CoHIBIKTaH rpad)eH OKCHIIH HAHOKpaxXMalIMeH MOAH(UKaMsIIay apKbLUIE )KaHa MaTepHajiapasl CHHTE3IeY )KOHE
OHBIH KaCHETTEpiH 3epTTey YJIKSH KBI3BIFYIIBUIBIK TyIbIpansl. Bys 3epTreyne HAaHOKOMIO3HTTIK MeMOpaHa rpadeH
okcunin 1:1 kenemIiK KaThIHACHIHAA HAHOKpaxXMalMEH MOJHM(HKAIMAIAY apKbUIBl CHHTE3ICIIl KOHE OJApIbIH
XUMHSUTBIK KYPBUIBIMAAPEI HH(pPa KbI3bUI XKAHE YIbTpa KYJITiH-CIIEKTPOCKONHNS apKbLIbI 3ePTTEIAL. 3epTTey HOTHKeIepi
ynbTpakynrid crekrpraeri C=0 s¢upiik 6aitmanbichl 243 HM TONBIK Y3BIHIBIKTAFBI )KYTBUTYBIH KopceTTi. H(pa Kp3bLT
CNEKTPi TONKBIH y3bIHABIFEI 1150 cM™ Gomatein O=C-OH sxaHa »>upnik Gaiinansicrapasl kepcerti. CkaHepJeyri
ANIEKTPOHIBIK MHKPOCKOII TaJiaybl rpad)eH OKCUJIIH KpaxMalMeH OIpTeKTi KanTalFaHblH KepceTeli, OyJ1 HaHOKpaxmai
rpadeH OKCHJI HaHOMAPaKTApPBIHBIH OETTEpiHAE COTTI IOJIMMEpJICHIN, COHABHY TIPi3Ai KypbUIbIMIAp TY3UITeHIH
Oinnipeni. Penrren nudpakromerpi Tangayel rpadeH OKCHAI MEH KpaxMal apachlHOa TY3UIreH Kypzaeii 3dupsiik
OailylaHBICTBIH apKachlHIa Oenrini Oip Aopexene KpUCTANABIK KYpPBUIBIMHAH aMOp(ThIFa ©3repeTiHiH KOpCeTTi.
DNeKTpiik KacueTTepi 6acTankbl rpadeH OKCHIHIH MeHIIKTI kexeprici p =5,53-10° OM'M koHe OHBI KpaxmajiMeH
TYpIEHIIpyIcH KeliH rpadeH OKCHII/KpaxMal MeMOpaHaChIHBIH KEAEPTici 2 peTKe 0CKEHiH KopceTTi, o1 2,59-10° Om M-
re TeH 00JIbI. 3epTTey HOTHKENIepi OOUBIHIIA XKOFApBI AUITESKTPIIIK MaTepHAIAAP IIEKTPOTEXHUKA JKOHE dIICKTPOHUKAIA
oTe MaHbI3bl. COHIBIKTAH OYJI calara IeTeH KbI3bIFyLIBUIBIKTEIH 30 OO0JIaThIHBI CO3CI3.

Tyiiin co3dep: epaghen okcuodi, HAHOKPAXMAI, OUDEKMPIIK MAMePUandap, HaHOKOMHOZUMMIK MeMOPAnd, MeHWiKmi
Kedepei.

CHUHTE3 KOMHO?»I/H.[I/IOHHOFI MEMBPAHBI
HA OCHOBE OKCHUJA TPA®EHA U HAHOKPAXMAJIA
T. Kyanbimoéexos?, 7K. Cargoanun?, E. Kacaceinos?), H. Kaiibipoexkos?), K. Akaran'?),
C, Kaoapaxmanosa®®, H. Kanraiil?, %K. Toaenos”, M. Tyxaerenosa®, M. Beiicedexon?

D Bocmouno-Kazaxcmanckuii ynusepcumem um. C. Amansconosa, Yemo-Kamenozopcek, Kazaxcman
2 Hayunbiii yenmp Komno3uyuonnvix mamepuanos, Anmamot, Kazaxcman
%) Satbayev University, Aamamut, Kazaxcman
4 Kazaxckuii nayuonanvHwlii yuusepcumem um. anv-@apabu, Anmamot, Kazaxcman

HHTeHCcHBHBIE HCCIeI0BaHNST HAHOKOMIIO3UTOB CIIOCOOCTBYIOT pa3pabOTKe HOBBIX MaTepHajioB B 00JIACTH MEIUINHEI,
HAHORJIEKTPOHHUKH, MaTEePHaloB C BBICOKOW AMAJIEKTPUYECKON NPOHHUIIAEMOCTHIO, 3HEPreTHKH, OMOTEXHOJIOTHH U
nHpopManmoHHbIX TexHoJoruid. I[loaToMy cHHTE3 HOBBIX MarepualioB NyTeM MoaudHKaluuu okcuaa rpadeHa
HAaHOKpPaxXMaJIOM M M3Yy4EHHE €ro CBOHCTB MNpPEACTAaBIAIOT OonblION MHTepec. B maHHON paboTe CHHTE3MPOBAHEI
HAaHOKOMITO3UTHBIE MEMOpPAaHBI IyTeM MOAN(UKAIMN OKcHa rpadeHa B 00beMHOM COOTHOMIEHHH 1:1 HaHOKpaxManom
M M3y4€Ha UX XMMHYECKas CTPYKTypa MeTOIaMH WHPPaKPACHOH U YIbTpadHOIETOBON CIIEKTPOCKONUIMH. Pe3ynbraThl
HCCIIeIOBaHMs TI0Ka3al, 4To norjomieHue 3¢upHoit cBs3u C=0 B ynbTpaduosIeTOBOM CHEKTpPE Ha IOJHOM JJIMHE
coctaBmio 243 uM. B uH@pakpacHom crektpe oOHapyxkeHbl HOBbIe 3¢upHble cBsisn O=C-OH mnpu ummHe BOJIHBI
1150 cm L. AHaM3 ¢ OMOMIBKO CKAHUPYIOIIEH 3IEKTPOHHOM MUKPOCKOIIMH TTOKA3bIBAET, 4TO OKCHJI Tpad)eHa OJHOPOIHO
TIOKPBIT KPaxMaJIOM, 3TO 03Ha4YaeT, YTO HAHOKPaxmMaJl yCIENIHO MOJIMMEPU30BAIICS Ha TOBEPXHOCTH HAHOJMCTOB OKCH/1a
rpadena u oOpazoBall COIHIBMY-NIOJOOHBIE CTPYKTYpHl. PeHTreHo(as3oBbIii aHaIM3 MOKasal, YTO KpHCTaJUIM4ecKas
CTPYKTypa B OIIPEAETIEHHOI CTENEeHH M3MEHsETCs Ha aMOp(HYI0 HM3-32 00pa3oBaHUs CIOKHOIDUPHON CBSI3U MEXKAY
OKCHIOM Tpad)eHa 1 KpaxMasioM. DJIeKTPUIECKHE CBOMCTBA MOKa3allH, YTO yIeIbHOE CONPOTUBIICHUE UCXOIHOTO OKCH/Ia
rpadena cocrasuio p = 5,53-10° Om M, a mocne ero MoaMQUKALUK KPaxMajaoM YyAeldbHOE CONPOTUBJIEHIE MeMOPaHbI
okcuyl rpadeHa/KpaxMaln yBeIHuuIoch Ha 2 opsaka 1 cocTaBuio 2,59-10° Om-m. CorilacHo pe3yibTaTaM, MaTepuaibl
C BBICOKO#1 TM3JIEKTPUYECKON TPOHUI[AEMOCTBIO OUEHb BaXKHBI B JJIEKTPOTEXHUKE U DJIEKTPOHHKE. [109TOMY HET HUKaKUX
COMHEHHH B TOM, YTO HHTEPEC K 3TOH 001acTH OyaeT OOIBIINM.

Kniouesvie cnosa: oxcuo zpaqbeHa, HAHOKpaxmai, ()MQﬂGKmpulteCKl/le mamepuansbl, HAHOKOMNO3UMHAs M€M6paHa,
y()e.fleOQ conpomuejieHue.
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Page 19, at the end of the text prior to the section «JIuteparypa»
should be added:

«JlarHbIe UCccnenoBanns GUHAHCHPOBAINCH MuHICTEpCTBOM SHEepreTHkH Pecrry6imkn Kazaxcran
B paMKax HayYHO-TEXHHUYECKOH IporpaMmsl «Pa3suTne aToMHOM sHEepreTHkH B Pecybimke Kazaxcram
(MPH — BR09158470).»

The original article can be found at https://doi.org/10.52676/1729-7885-2022-1-13-21
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WCNPABNEHUE / TY3ETY / ERRATUM

https://doi.org/10.52676/1729-7885-2022-3-101

HcnpasiieHne kK craTbe
«KOJIMYECTBEHHBIE XAPAKTEPUCTUKHN CEUCMHUYECKHUX KOJEBAHUM T'PYHTA
MO 3AIIMCSAM NPUBOPOB CUIbHBIX IBUKEHUI HA TEPPUTOPUU
BOCTOYHOTI'O KA3BAXCTAHA»

H.H. MuxaiisioBa, A.H. CoxousioB, U.H. CokonoBa
Becmuux HAL] PK. 2022; 1(89):28-35

Ha ctp. 33 B paznene «3axitoueHre» BMECTO:
«Cratps moaroToBicHa B paMkax padot mo [MI®D «OneHka celicMUYECKOl OMMACHOCTH TEPPUTOPHUIl 0OIacTeit
u ropooB Kazaxcrana Ha cOBpeMEHHOM Hay4yHO-MeToaudeckoi ocHoBe». Lludp @.0980.»

cIIelyeT YUTaTh:

«/lanHbIe nccnenoBaHua GUHAHCHPOBAINCH MUHUCTEPCTBOM SHEepreTku PecryOnnku Kazaxcran

B paMKax HAyYHO-TEXHHYECKOU IporpaMMel «Pa3Butne atoMHOIt SHepreTuku B Pecrybnmke Kazaxcrany
(MPH — BR09158470).»

OpuruHasbpHas CTaThsl MOKET ObITh HaliieHa 1o cchuike https://doi.org/10.52676/1729-7885-2022-1-28-35

MakaJiaHbl TY3€Ty
«IIBIFBIC KASAKCTAH AYMATBIHJIAFBI KATTBI KO3FAJIBICTAP ACITAIITAPBIHBIH
JKA3BAJIAPBI BOMBIHIIA TONBIPAKTbIH CEHCMUKAJIBIK TEPEEJIICTEPIHIH,
CAHJBIK CUITIATTAMAJIAPBI»

H.H. MuxaiinoBa, A.H. Coxosnos, U.H. CokoJioBa
KP ¥A0 srcapuvicor. 2022; 1(89):28-35

33-6etTe «KOpPBITBIHIBDY OOiMIiHIIeT:
«Crtatbst moAroToBieHa B pamkax padot mo [MI®P «OmeHka ceicMUIeCcKoii OITACHOCTH TEPPUTOPUI obnacTeit
u ropoioB Kazaxcrana Ha COBpEMEHHOU Hay4HO-MeToquuecKoi ocHoBey. [lugp ©.0980.» merenmi

«JlaHHBIE UccnenoBaHUA (GUHAHCHPOBAINCH MUHHCTEPCTBOM HepreTuku Pecrry6nuku Kazaxcran
B paMKax HayYHO-TeXHHUYECKOH mporpaMmel «Pa3Butne aroMHOM sHepreTuky B Pecry6inke Kazaxcram
(MPH — BR09158470).» nem oKy Kaxer.

TymHycka Makanans! https://doi.org/10.52676/1729-7885-2022-1-28-35 cinremeci apKbuibl TabyFa 60 bl

Erratum to:
«QUANTITATIVE CHARACTERISTICS OF SEISMIC GROUND OSCILLATIONS
BY STRONG MOTION RECORDS ON THE EAST KAZAKHSTAN TERRITORY»

N.N. Mikhailova, A.N. Sokolov, I.N. Sokolova
NNC RK Bulletin. 2022; 1(89):28-35

Page 33, in the section “Conclusion” instead of:
«Cratps moaroropieHa B paMkax pador mo [MI® «OueHka ceicMIYecKoi OMaCHOCTH TEPPUTOPHIT 00IacTeit
n roposoB Kazaxcrana Ha coBpeMEHHOH HayuyHO-MeToaudeckoi ocHoBe». Lludp @.0980.»

should read:
«JlarHbIe UccnenoBaHus GUHAHCHPOBANNCHE MHUHUCTEPCTBOM dHepreTuku Pecrrybnmku Kazaxcran

B paMKax HayYHO-TEXHHUYECKOH IporpaMmsl «Pa3BuTne aroMHOM sHEepreTHkH B PecyOimke Kazaxcram
(MPH — BR09158470).»

The original article can be found at https://doi.org/10.52676/1729-7885-2022-1-28-35
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TPEBOBAHUS K ODOPMJIEHUIO CTATEN

Cratbu A7 MyONUKaLUK B XKypHaje OTIPaBISIOTCS aBTOpaMH MOCIIE PETUCTPaIuU Ha BeO-caiiTe xKypHaia B 3IEKTPOHHOM BUJIE B
¢dopmare MS WORD (.docx), a mocie npuHATHS peIieH:s O MyOINKaluN CTaThU peJakiuel (o OKOHYaHWH Ipoliecca MPOBEPKU U
PELeH3NPOBaHMsI) — W B BUJE NEYATHON KOIHMH OKOHYATENILHOW pPENaKIMH CTaThbH C COTJIACHEM aBTOPOB Ha MyOJNHMKalHIoO M MX
MOANHUCAMH (I10 TI0YTE, KyphEpPOM U Hp. B aJJpec PEAAKIINN).

Texct newyaraercs Ha auctax Gopmara A4 (210% 297 mm) ¢ momssmu: cBepxy 30 Mm; cHE3y 30 MM; cieBa 20 mm; cripaBa 20 MM, Ha
IIpUHTEpE ¢ BEICOKUM paspemmenueM (600-2400 dpi). ['opu3oHTaIbHOE PAaCcIOIOKEHHE JINCTOB HE JOITYCKACTCSL.

Ucnonesyiite mpudt Times New Roman Bricotoir 10 mynkToB. [loxkamyiicta, HCTIONB3yHTEe BCTPOCHHBIE CTHIIM 3ar0JIOBKOB
(3arosoBok 1, 2...) TOJIBKO AJIS HA3BaHHA CTATHU U 3ar0JIOBKOB MOJPA3AEIOB, U HE UCTIOIB3YHTE UX U1 OOBIYHOTO TEKCTa, TAOIHI U
MOAPHCYHOUHBIX MOJMHUCEH.

B neBoM BepxHeM yIily MepBO CTpaHHLBI 10JbKeH ObITh ykazaH uHiekc Y JIK. HasBanue ctaTbu meyaTaeTcs HIOKE 3arylaBHBIMU
OykBaMmu, B oqHOM ab3ane. [Tocie 3Toro neyaraercst TeKCT KpaTkoi aHHOTanuy Ha si3bike ctatbi (100-3000 cuMBOJIOB), M OTJETBHOM
cTpokoii (mocie dpassl KiroueBble croBa:) — kimtoueBsie ciioBa (5—10). Jlanee, co cnemyroniero ad3ama — OCHOBHOM TEKCT, COICPIKAIIHA
paznensl: Beenenne, OcHOBHYI0 4acTh 1 Pe3ynbTaThl (BO3MOXKHO, C OApasaenamMu), 3akimodeHne. [locie TekcTa craTbil MPUBOAUTCS
CIIMCOK JINTEPATypHI (Ha sI3bIKaX OPUTHHAIOB) U OJIOKH «Ha3BaHHE CTaThH, aHHOTALIMs, KITIOUEBEIE CIIOBA) HA IBYX OCTaBILIMXCS S3bIKaX.

O6parure BuuManue, uto GHO aBTOpOB U MpeCTaBIAeMble OPTaHU3AIN B CTAaThE YKa3bIBATh HE HYXKHO, T.K. CTATbH NMIPOXOAAT
JIBOMHOE «CJIENOEe» PELEeH3UpOBaHHe. DTy MHOOPMANUI0 HEOOXOAMMO OyAeT 3aloNHUTh Ha TpeX SA3BIKaX (PYCCKOM, Ka3aXxCKOM,
aHIIINHCKOM) B (hopMe Ha BeO-caliTe mpu mojade craTbi. PekoMeHIyeM 3apaHee MOATOTOBHTH €€ B BHJE OTACIBHOIO JOKYMEHTA C
tabuiamu 1o 06pasiyy (cm. OBPA3EL] Ha crienyroleil CTpaHuIie) U MPHIOKHUTH K CTAThE.

JU7st TeKcTa CTaThU MCTIONB3YHTe OANHAPHBIN MEKCTPOUHBIH HHTEPBAII, MEXKAy ab3allaMH He HY)KHO BCTABJISATH IyCThIE a03aIlbl U
CTPOKH.

He ucnione3yiiTe TaOIHIBI Ul pacHONIOKECHHS WUTIOCTPAXil U MOJPUCYHOUHBIX TOANKCEH, a Takke CpeAcTBa prucoBaHus MS
Word noBepx miuttocTparuii.

MakcuMaJIbHO TOMYCTUMBIH 00beM cTaThil — 10 cTpaHuII.

[pu Hanucanuu crareii HEOGXOAMMO NMPUIEPKUBATHCS CJIEAYIOIHNX TPeOOBaHMIi:

e  OxoHUaTenbHas peJaKuus CTaThH, MPOIIEANIas PEEH3UPOBAaHNE U JOMYIIeHHas K IMyOIMKaIiH, JOJDKHA COAepKaTh OJIOKH Ha
Tpex SA3bIKaX — Ka3aXCKOM, aHTTIMHCKOM U PYCCKOM, C yKa3aHHEM Ha3BaHUS CTAaThH, (aMHINI, IMEH, OTIECTB aBTOPOB, TIOTHOTO
Ha3BaHHs OPTaHU3AIMii, TOPOJOB U CTPAH MECTOHAXOXKICHHUS, KOTOPBIC OHHU TPEACTaBIA0T, anHOTanuu (oopemom 100-3000
CHMBOJIOB, BKJIIOYAsI 3HAKH TIPEITHHAHUS U TPOOEITB), U KIF04eBbiX cioB (5—10).

e  CcbUTKH Ha JIUTEpaTypHbIE HCTOYHHUKU JTAIOTCS B TEKCTE CTAThU IU(PaMU B KBAJPATHHIX [...] CKOOKax Mo Mepe YIIOMHHAHUS.
Crmcok smteparyps! npusoautcst mo 'OCT 7.1-2003.

e [loxkaiyiicTa, He UCTIONB3YHTE MEXaHU3M aBTOMaTHUECKOH HyMeparmu (1omst) MS Word it Hymeparuu cChUIOK Ha TUTEPATypy,
CIMCKOB, PUCYHKOB 1 TAOJIHUI] — UCIIONIB3yHTE OOBIIHBIN TEKCT;

e  Ummoctpanun (rpaguku, CXeMbl, TUarpaMMbl) JOJDKHBI OBITh BBITIONHEHBI HAa KOMITbIOTEpe (IIMpUHA pUCyHKa 8 mwim 14 cm).
Ocoboe BHIMaHHE 00paTHTe Ha HAAIIICH HAa PUCYHKE — OHH JIOJDKHBI OBITh Pa3IMIMMBI IPH YMEHBIICHNH /IO YKA3aHHBIX BBIIIE
pa3mepoB. Daifbl pUCYHKOB JOKHEI OBITH MPECTaBICHBI OTASIBHO B OJJHOM M3 PacTpOBBIX — .tif, .png (U1 cXeM u pUCYHKOB
¢ Hagmucsamu), .jpg (anst Goto) ¢ paspemerreM 300 dpi (~1000 px mis pucyHkoB mmpuHOH 8 cM 1 ~1800 pX Iy pUCYHKOB
mHUpUHON 14 cM) WM BEeKTOpHBIX — .svg, .wmf, .emf ¢popmaTtax. HazBanus (aiffioB JODKHBI COOTBETCTBOBATH MOJOKEHHUIO B
cratbe (Hamp. Pucynok 1-a.tiff). [lnsg Haamuceid Ha pHCyHKax NPeNIOYTHTEIBHO HCHONb30BaTh WpUMT Arial Narrow wim
aHaIOTMYHBIN (y3kuil mpuT 6e3 3aceyex).

e  Maremarnyeckue (HOpMyJIbl B TEKCTE TOJDKHBI OBITh HaOpaHbl kak ypaBHeHus MS Word wimm dopmynsr MathType. Cnenyer
HYMEpOBaTh JIMIIb Te (OPMYJIbI, Ha KOTOPBIE HMEIOTCSI CCHUTKH B TEKCTE.

e  Tekct momkeH OBITH TIIATEIbHBIM O0pa3oM BBIBEPEH M OTPEJAKTHPOBaH. bymaskHas BepcHM CTaThs HOJKHA OBIThH B KOHLE
HO/IICaHa aBTOPaMHU.

K craTbe npuiiaraioTes cjeayroune J10KyMeHThI:

1) Conposodumenvnoe nucomo om aeémopos, B KOTOPOM MOIDKHBI COIEPIKATBHCS CBEACHHS O TOM, YTO CTAaThsi MOXKET ObITh
OMyOIMKOBaHA B OTKPBITOM TeYaTH, paHee He Oblia OMyOIHKOBaHa, HE HAXOAUTCS HA PACCMOTPEHHH Ha MPEAMET MyOIHKaIHH B
IPYTUX U3OAHUSIX, CTAThs HE COAEPIKUT HH(POPMAIINH, CIOCOOHO MPHBECTH K KOHMIMKTY HHTEPECOB.

2)  @aiinvl pucynkos.

HasBaHue cTaTbH, aHHOTAIMs, KIIFOYEBBIE CJIOBA, a TAK)Xe CBEJCHHS 000 BCEX aBTOpAx CTAThbH 3alOJIHAIOTCS Ha 3-X sI3bIKaX
(pycckoM, Ka3aXxCKOM, aHTITHHCKOM) B (hopMe Ha caiiTe pH mojjaue ctathi (3Ty HHQOPMALIHIO TAKKE JKEeTATENbHO MPUI0KHTH K CTaThe
B BUJIe OTaenbHOTO (aiina — cM. OBPA3EL] Ha crefyrolieii ctpaHuie).

JIOMONHHUTENbHYIO aKTyalbHYH0 HHPOPMALHIO 110 0OPMICHHIO, IOATOTOBKE CTaTeii, aBTOPCKUM [IpaBaM, PErUCTPALME MOXHO
TOJTy4UTh Ha BeO-caiite xypHana B paszere Ilpasuia nisa apropos (https://journals.nnc.kz/jour/about/submissions).
CratbH, 0opMIIeHHE KOTOPHIX He COOTBETCTBYET YKa3aHHBIM TPEGOBAHUSM, K IYOJIMKALMHA He JOIYCKAKTCSI.
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OBPA3EI
Ha3Banue cTaTbH (Ha PyCCKOM SI3BIKE)
Tabauua 1. ABTOpBI (Ha pyCCKOM SI3BIKE)
Homepa
IopsiaxoBblit OtyecTBO Tenedon OpraHu3alui,
HOMeEp Umst MOJTHOCTBIO VYuenas | (6e3 ckoOOK, KOTOpBIE
Davmmust JloIDKHOCTB DNeKTpoHHAs 0YTa
aBTOpa MIOJTHOCTBIO (ecmm CTeIeHb pobenoB MIpe/ICTaBIIeT
CTaThbu nMeercs) u neducoB) aBTOP
(13 Tabuuib 2)
1 WBaHoB WBan MBaHoBUY JIOLIEHT PhD +57771114455 | my_mail@mail.ru 1,2
2 Tlerpos Ierp IerpoBuu 3aB. J1a0. K.¢.-M.H. | +69992223366 | my_mail@google.com 1
Tabanua 2. Opraau3anuu (Ha pyCCKOM SI3bIKE)
Iops axoBslit HaumenoBanune IonHblil OYTOBBIH agpec OdunuansHbIi BeO-
HOMEp (uHIEKC, CTpaHa, TOPOJ, YIHLA, IOM) calT (ecim uMeercs)
OpraHU3aLuK
EBpasuiickuii HaLMOHAIbHBIN YHUBEPCUTET 010008, Pecniyonuka Kazaxcrawn, r. Hyp-Cynras,
1 www.enu.kz
nm. JI. H. 'ymunesa yi. CarnaeBa, 2
2 AcrannHckuil $uman VMHCTUTYTA SIIepHOi 010008, Pecniy6unnka Kazaxcran, r. Hyp-Cynras, WWW.inD.kz
¢usukun MD PK rp. AObLaii Xana, 2/1 Anp.
Ha3BaHue cTaTbH (Ha Ka3aXCKOM SI3bIKE)
Tabauua 1. ABTOpBI (Ha Ka3aXCKOM SI3bIKe)
Makana . Tenedonsl ABTOp
BTOPBIHBIH Tomnbik Orxecinin FoumbiMu | (Kakmacel3 DNeKTPOHBIK YIBIMIapBIHBIH
a . Teri TOJIBIK aThbl Jlaya3biMbl . ’ . .
perTiK aThl (6orca) Japeskeci | 00C OPBIHCHI3 TOLITACh HeMipJepi
HoMipi xKoHe neduccis) (2-xecrenen)
1 WBaHoB UBan MBaHoBUY JIOLIEHT PhD +57771114455 | my_mail@mail.ru 1,2
3epTXaHa 3 .
2 Ietpos Ietp TetpoBuy veHrepymici ¢d.-mr.k. | +69992223366 | my_mail@google.com 1
Tabauna 2. Opranu3anuu (Ha Ka3aXxCKOM SI3bIKe)
YHBIMHBIH peTTiK Ataybl TonBIK TTOIITANBIK MEKEHKANBI Pecmu Beb-caiiT
HOMIpi (uHzexc, en, Kana, Kele, yii) (6osnca)
JI. H. I'ymusies ateiaaarst Eypasus ynreik | 010008, Kazakcran Pecy6mukacet, Hyp-Cyiran K.,
1 . . www.enu.kz
YHUBEPCHTETI Cotmaes kemreci, 2
2 KP OM S nposblk (pHu3HKa HHCTHTYTHIHBIH 010008, Ka3zaxcran Pecrry6mmkacer, Hyp-Cynras K., -
M www.inp.kz
Acrana (uaranst AObLTaii XaH TaHFBUTEL, 2/1
Ha3BaHue cTaThbM (Ha aHTTIMHACKOM SI3BIKE)
Tabauua 1. ABTOpBI (Ha aHTIIMICKOM SI3BIKE)
Numbers of
Order Telephone organizations
number’of Surname | Full Name Full M.'ddle Position Academic (free of brackets, E-mail representing by
author’s Name (if any) degree d hvoh h
article gaps and hyphens) author
(from Table 2)
1 lvanov | Ivan vanovich | ASSociate 1 pppy +57771114455 my_mail@mail.ru 1,2
professor
Chiefof | S3nd- Of
2 Petrov Peter Petrovich Phys. and | +69992223366 my_mail@google.com 1
laboratory
Math. Sc.
Tabanua 2. Oprauu3anum (Ha aHIIIMHCKOM SI3bIKE)
Order number Title Full post address Official web-site
of organization (zip code, country, city, street, house) (if any)
1 L.N. Eurasian National University 010008, Republic of Kazakhstan, Nur-Sultan, www.enu.kz
Satpayev st. 2
5 Astana Branch of the Institute of Nuclear 010008, Republic of Kazakhstan, Nur-Sultan, www.inp.kz
Physics ME RK ave. Abylai Khan, 2/1

Ipumeuanue: ecny HHPOPMALUA OTCYTCTBYET — OCTABIISIHTE COOTBETCTBYIOIIHE AYEHKU TaOIMIIbI ITyCTHIMH.
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