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B Pecny6nuke Ka3axcTan UMeroTcst yCIOBUS [ OPTaHU3AIMU TOJTHOTO TEXHOJOTHUYECKOTO IIUKJIA IPOU3BOICTBA ATOM-
HOH 3JIEKTPOIHEPTHH, HAYMHAS OT JOOBIYM YPAHOBBIX Pyl U 3aKaHUMBast 00bEKTaMH JI0JITOBPEMEHHOTO XPaHEHUS Pano-
akTUBHBIX 0TX010B (PAO) [1]. o ceroaHsmHero BpeMeHH He MPOBOIHINCH PabOThI IO OYCHb BAYKHOW COCTABIISIOIICH
3TOTO LUKJIA — CO3aHHIO MYHKTOB TIIyOHHHOTO0 3axopoHeHus PAQO, B cocTaBe KOTOPBIX MTPEIMETOM OTIEIBHOTO U3yde-
HUS SIBJISIETCS TIO/I3€MHas HcclieioBaTelnbekast naboparopus (ITMJ1) aist monTBep kaeHUs 10ITOBpEMEHHOT0 O6€30I1acHOTO
3axoponeHuss PAO B BHIOpaHHOM MecTe pa3MelleHHs ITyHKTa INTyOHMHHOTO 3axopoHeHus. [IpoBoauMble ncciaeoBaHus
HAalpasJICHb! Ha pa3pabOTKy METOANYECKIX PEKOMEHIANMIT IT0 MPUMEHEHHIO TE€0JI0T0-Te0(pU3NIECKIX METOJI0B B 000C-
HOBAHHUE MPUTOJHOCTH MOTEHIUAIBHBIX IUIOMAA0K A1 pa3Memienus [TNJI.

Knroueswvie cnosa: paduoakmu(mble 0mx00bl,’ N003eMHASL UCCIE00B8AMENbCKASL ﬂd@OdeOpuﬂ,‘ 2@0]1020'2@0¢M3MU6CK1/I€
ucmedoeauuﬂ; CemunanamuHckuil UCnvlmamesibHblil NOJIUCOH, ceojlocudecKoe 3dXOpoOHeHUe.

BBEJEHUE

B Pecny6mmike KazaxcTan IMErOTCS YCIOBUS TS Op-
TaHMU3alUHN TIOJHOTO TEXHOJIOTHYECKOTO IMKJIA MPOH3-
BOJICTBa aTOMHOH 3JIEKTPOIHEPTUH, HAYMHAS OT JOOBIYH
YPaHOBBIX DY/ M 3aKaHYMBas 00bEKTaMH J0JITOBPEMEH-
HOTO XpaHEHHUsS U 3aXOPOHEHUs PaTUOAaKTUBHBIX OTXO-
noB (PAO). B PecniybOnuke noka He NpoBOAWINCH pabo-
ThI 110 TAKOW BaKHOW COCTaBIIAIOLIEH 3TOTO LMKIA, KaK
co3/aHUe TYHKTOB TIyOMHHOTO 3axopoHeHms PAO, B
COCTaBe KOTOPBIX IPEIMETOM OTIENbHBIX UCCIEAOBAHUN
SIBIISICTCA TIOJ3€MHAsl MCCIIeIoBaTeIbCcKasl J1abopaTopus
(ITMJT) mist moATBEep KICHUS TOJITOBPEMEHHON Oe3orac-
HOCTH BBIOOpa MecTa pa3MeIIeHUs IMyHKTa TITyOHHHOTO
3axopoHeHud. [loaTomy mpu peanuzanuu JaHHOTO IMpPO-
€KTa IUIAaHUPYeTCs MCIOJIB30BaTh OMBIT CTPaH, B KOTO-
PBIX Iepes CO3/IaHHeM ITYHKTOB TTTyOMHHOTO 3aXOpOHE-
Hust PAO npoeKTupoBauch, CTPOUITUCH U AKCILTYaTHPY-
tores [TWJI. K takum crpanam otHocstes Lserust, un-
naaaus, Snonus, Poccus, Kuraii, benbrus, Wumous,
[Befinapus u 1p., TIe UMEIOTCS OOMIMPHBIC PalOHBEI
Pa3BUTHS KPUCTALIHYECKUX ITOPOJ, U THE TITyOOKHe 3a-
xopoHeHus PAO npusHaHbl Ha 3aKOHOAATEILHOM YPOB-
He [2-5]. CTpaHBL, SKCILUTyaTUPYIOIINAE TaKHe OOBEKTHI,
HMEIOT OTIPOOOBAaHHBIC TEXHOJIOTHH U OMBIT Pa3padoTKH,
coopyxenus [TUJI u mynktoB uzonsiiuu PAO.

B Kazaxcrane i neneil npoekTa NPUMEHUM OIIBIT
nccnenoBannii Ha CeMHITATATHHCKOM HCIBITATEIHHOM
nosurone (CUII), rae B TeueHHe MOCIeTHUX JIET IIPOBO-
JTUITNACH paOOTHI TIO BBISIBICHUIO PAaiOHOB Pa3BUTHS KPH-
CTAJUTMIECKHUX TIOPOJ ¥ OIIPEAETICHUIO METOJ0JIOT Y I'€0-
JIOTO-Te0(M3NIECKOT0 M3Y4YeHHs M BHIOOpa YYacTKOB,
MPUTOAHBIX JuIst u3ossinuu PAO.

Ha teppuropun CemunanaTUHCKOr0 UCBITATEIbHO-
ro nojurona no 20 KpuTepusiM BbIIENIEHBl 9 MOTEHIIH-
aJbHO MEPCIEeKTUBHBIX y4acTKoB sl uzossiuuu PAO,
MIPOBEJICH OTOOP U MPEIBAPUTEIEHOE U3yUeHHE 3-X y4a-

CTKOB MHTPY3HUBHBIX MOPOJ (TPAaHOIHOPUTOB M AHOPH-
toB). Ha stix yuactkax (Kocmoksr, AkOoTa-3amnaHbIi,
Ax60Ta-BocTouHBIIT) OPOOOBaH KOMIUIEKC METOJIOB —
9JIEKTPOPA3BEAKH, CEUCMOPA3BEAKH, MarHUTOPAa3BEIKU
U HEKOTOPBIX METOJIOB CKBAKMHHOU reo(u3uku (METO
3apsa, KapoTaxka), U CJIeNaH BBIBOJ] O MEPCIEKTUBHOCTH
UX MCIIOJIb30BAHMUS B MPOCKTAX IO BBIOOPY MECT I 00b-
ekToB m3oyiuu PAQO, B yacTHOCTH, MOA3EMHOM HcCIe-
JIOBaTEIILCKOH JTabopaTopuu.

Ha teppuropun CUII ¢ 2020 rona mpoBoastcs pado-
TBI C MPUMEHCHHEM T€0JIOTO-TeO()U3NICCKIX METOJIOB
JUTSL OLIEHKHW IPUTOTHOCTH yyacTKa Juist n3ossiiuu PAO u
npoektupoBanus [IMJI B mpenenax ropHoro maccuba
Herenen (ru. I'paHuTHSIN).

T'opublii MmaccuB JleresneH ObLT BBIOPaH HCXOIS U3 TO-
ro, 4YTO HA €r0 TEPPUTOPHUH MPOU3BOAUINCH MHOTOJIET-
HUE SiZICpHBbIE UCTIBITAHMs, B pe3yJbTaTe 4ero ObUIN c03-
JIaHBI TPAHCIIOPTHBIC, DHEPTETUYECKUE U JPYTHE KOMMY-
HUKAIIMU, KOTOPbIE MOTYT OBITh UCTIOJIB30BAHBI TIPH CO3-
JAaHUW HOBOW MHPPACTPYKTYPHI.

Lenbio MpOBOIMMEIX HCCICIOBAHUHN SBISETCS yCO-
BEPIICHCTBOBAaHUE W ONTHMHU3AIUS METOJIOB HM3YYCHUS
paiioHOB noTeHuuanbHou Nokanuzauuu [TWJI no npuns-
THUS PEUICHUS O €€ CO3JaHNH, U pa3paboTKa MeToanIec-
KHAX PEKOMEHIAINH 10 TPUMEHEHHUIO I'e0JIoro-reousu-
YECKUX METOJIOB B 000CHOBAaHUE MPUTOHOCTH TMOTESHIIH-
aibpHBIX TUIomanok st pasmenienus [TWJIL. Tlo pesynb-
TaTaM aHaJNM3a MIPOBEACHHBIX PabOT MO reooro-reodu-
3M4YecCKOMy 00CIIeIOBaHMIO TOPHOTO MaccuBa JlererneH
OBLITM BBIOPAHKI JIBa HANOOJIee TIOAXOASIINX 110 KOMILIe-
KCY XapaKTepUCTUK y4acTKa — 3T0 yyacTku Kocuioksl u
I'paHuTHBIH.

1. YYACTOK KOCHIOKEI

VYyactok Koclokbel HaxoIuTCs B ceBEpO-3amaHOMI
4acTH FOPHOro mMaccusa [lereneH, B 3K30KOHTAKTE rpa-
HUTHOTO MaccuBa C BMENIAIOMIMMH TopoaaMu. AOco-
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JIOTHAsA BBICOTA y4acTka — 663,8 M, oTHOCHTEIBHOE TIpe-
BBIIICHUE HAJ OKPYXAIOLIEHl MECTHOCTBIO COCTaBISAET
110 m.

Beutn npoBeznieHb! pabOTHI 0 YTOUHEHUIO CTPOCHUS
y4acTKa, BBISBICHUIO HEOJHOPOJHOCTEH M aHU30TpPO-
MUY, U3YYECHUIO THAPOT€0JIOTHYECKOT0 PeXUMa, Onpeie-
JICHUIO cocTaBa ¥ (PU3NKO-MEXaHUUECKHX CBOMCTBA TOp-
HBIX TIOPOJI.

Jnst u3y4eHHs MOHOJIUTHOCTH TOPHBIX IOpPOX MO
MIOZTHOKUIO TOPBI, HA TOPU30HTE BEPOSTHOTO pa3Melle-
Hus xpaamwmma PAO (ropusont abe. Beic. 560 m), mpo-
BEJICHO CelicMHYecKoe NMPOCBEYMBAaHUE (PUCYHOK 2, B).
[TyHkTHI IpHEMa U BO30YKIEHUS CEHCMUYECKUX KoJieba-
HHUH pacroyarajluch Ha NPOTUBOIOJIOKHBIX CKIOHAX ro-
PBL

[To mepudepnn ydactka 3HaYUTEIBHBIM Pa3BHTHEM
MOJIB3YIOTCS PBIXJIblE YETBEPTUYHBIC OTJIOKEHMS, 3a-
TPYIHAOLME KapTUPOBaHUE Maneo30ickux nopox. Ilo-
3TOMY ISl yTOUHEHUSI T€0JIOTMYECKOTO CTPOCHNUS ydacT-
Ka, B TOM YHCJIE ISl BBIIBICHHS ¥ KAapTHPOBAHMS BO3MO-
KHBIX 30H Pa3jOMOB, Ha Y4acTKE MPOBEICHBI ILIOIIAI-
HBIE ChEMKH METOIaMH MarHUTOMETPHUH U KalllaMETPHH.

MaranToMeTpHs IPOBE/ICHA Ha BCEH IUIOMany y4a-
ctka no cetu 20%20 M ¢ HCIOJNB30BAaHUEM IPOTOHHBIX
MarHutoMeTpoB MM-61, MoauduUpoBaHHBIX 3a CUeT
CHAa0>XEHMsI BCTPOCHHOH MaMATHIO M BBIXOJOM JJISI CO-
XpaHeHHs1 HaKoIUIeHHOU nHpopmaru B DBM.

Pe3ynbTaThl MarHuTOMETpUH [6] MpUBEACHBI HA PH-
cyHke 1, 6. BusHO, 4TO MarHUTHOE MOJIC Ha OOJIBIICH Ya-
CTH y4acTka Onu3Kko K cpegHeMy 3HaueHuro — 57800 HTx
U BapbUpPYyeT B HEOOIBIINX IpEAeiax, YTO MOXKET OBITH
CBSI3aHO C Pa3BUTHEM OJHOTHITHBIX TI0 COCTaBY Mopoa. B
9TOH YacTH 3aKapTHPOBaHBI OOHaKEHMS TpaHUT-TIopdhu-
POB, K KOTOPBIM OTHECEHA MOJIy4eHHasl XapaKTepUCTHKA
MarHutHoro noss. [lo mepumerpy rpaHuT-noppupos, Ha
JIOCTATOYHO 3HAYMTENHLHOM MPOTSHKEHHH, MarHUTHOE
T0JIe XapaKTepU3yeTcs: HOHMKEHHBIMH 3HAUEHHUSIMH, OT-
BEYAIONIUM CHEHHTAM M TPAHOCHEHUTaM, OKaiMIIIIO-
IIMM rpaHuT-nopdupsl. PazmMep maccuBa rpanuT-nophu-
POB ompenensercs Mo pe3yabTaTaM MarHUTHOW CheMKHU
kak 600—700 mx1000-1100 m. Hanboiee BbICOKHE 3HA-
YeHWs MAarHuTHOro 1ojg, jgocturaromue 60000—
62000 5Tn, OTMEYEHHEI B CEBEpO-BOCTOYHON YACTH yda-
CTKa, T1Ie UIMEIOT MECTO OOHAXKEHUS! TMOPUTOB U 0a3aiib-
ToB. [ToKa3aTensHO YTOUHEHHUE IO pe3yiIbTaTaM MarHHT-
HOH ChEMKH T'€0JIOTHYECKOT0 CTPOSHHUS B CEBEPO-BOCTO-
YHOI yacTu y4acTtka (pucyHok 1, a) [7—8]. 3mech mo BbI-
COKHMM 3HA4YEHUSIM MarHUTHOTO MOJIS, OKaWMIISIOIIUM

10JI€ HU3KNX 3HAYE€HUH MOJYJsI MAarHUTHOTO ITOJIS, YeT-
KO KapTHpYeTCsl IUOPUTOBBIH MacCHB, NPOPBaHHBIH B
LIEHTPaAJIbHON YaCTU CUEHUTOBBIM UHTPY3uBOM. OTMeua-
eTcd TaKXKe HECKOJbKO JHMHEHHBIX 30H MOHMXKEHHOTO
MarHuTHOTO MOJI, KOTOPBIMH, IO BCEH BEPOSITHOCTH,
TPaCCUPYIOTCA Pa3phIBHBIE HAPYLICHHUS.

Jnst n3y4deHuns reoIoTHYeCcKUX CTPYKTYp Ha IITyOHHYy
300 M u Oornee mpuBIEKaNach AMEKTpoMeTpus. M3mepe-
HUSL TIPOBEICHBI METOAOM IEPEXOJHBIX IIPOLECCOB
(MIIIT) B Mogudukanyuy 30HANPOBAHUS CTAHOBICHHEM
monist B OimmoxHel 30He (3CB). MI3MepeHus BBITIOTHEHBI 110
TpPEeM TIPOJOIBHBIM NPOQWISIM — HEHTpaTbHOMY (depe3
BepiuHy ropsl Kocmoxsr), Boctounomy (B 80 M OT Boc-
TOYHOH IPAHUIIBI YYACTKa), 3al1aAHOMY (BJIOJIb 3aMa Ho-
ro Kpast yyactka). HaGnroieHust npoBeeHbI C UCIIONB30-
BaHMEM LU(PPOBOH  BIEKTPOPA3BEIOYHONH CTaHLUH
«uxn-mukpo» (Cubupckoro HUU reonoruu, reodusu-
KH ¥ MHHEPAJIBHOTO CHIPbS).

Brruncienne Kaxymerocs 3JIEKTPHYECKOTO COIPO-
THBJICHUS U 00paboTKa pe3yNbTaTOB N3MEPEHUH IPOBe-
JICHBI COTJIACHO MHCTPYKIMU TI0 3JEKTPOpa3BeKe Mec-
TOpOXKIEHUH [9].

Ha pucyHke 2 mpuBeneHBI pe3ynbTaThl padoT Mo
Hentpansaomy npodrmtto. Kak cnemyer u3 pucyska 2, 0,
Te0IEKTPUYECKUH pa3pe3 XapaKTepH3yeTcsl MOCTeNeH-
HBIM YBEJIMYEHHEM Ka)KyIIErocs 3JeKTPUYECKOTo Co-
MPOTUBJICHHUSI C TJIyOMHOW INPAaKTUUECKH PaBHOMEPHO
BJIOJIb Beeit anHbI mpoduis. Takas xapakTepucTuka co-
XpaHseTCsl OT JHEBHOW MOBEPXHOCTH M JI0 a0COJFOTHBIX
orMmetok 550-500 M, KOTOpBIE MOTYT NPEACTABUTH UHTE-
pec ans ycrpoicta wroiabHu s PAO. Huxe ypoBHs
450 M 3auKCHPOBAaHO HECKOIBKO OJIOKOB, XapaKTECPH3Y-
ommuxcst noBeleHHBIM 70 700 OM 3HaueHUEeM Kaxylie-
TOCsI 3JIEKTPUYIECKOT0 CONPOTUBIIEHUA. B xone OypeHus
CTPYKTYPHO- THIPOTEOJIOTHYECKUX CKBaXUH 36/1, 48
(pucyHOK 3) ¥ TOCTPOEHHSI T€OJIOTHUYECKOTO pa3pesa (pu-
CYHOK 2 a), OBIJIO YCTAaHOBJIEHO, YTO MOHOJIUTHOCTD TIO-
pox 3adukcupoBana a0 yposHs 450 m. IToposr, exa-
I¥e HUXE 3TOTO MHTEpBasla, UMEIOT CPeIHMH IMoKa3a-
TEJIb Ka4eCTBa MOPO/I U SIBJISIOTCS CPETHETPEIITHOBATHI-
Mu. ba3zanbpToBRIe TaBOOPEKYHH TEMHO-CEpOro I[BETa
MMEIOT HapyIIEHHYIO IIEITOCTHOCTD 3@ CYET BCKPBITUS UX
JafiKaMH KBapIUTOB CEPOro IBeTa (PUCYHKH 4—5), KOTO-
pBI€ TaK *e OBIJIO BUIHO Ha T€03JIEKTPUUECKHX pa3pe3ax
MIPEICTaBJICHHBIC PEAKUMH JIMHEHHBIMH Y3KOJIOKAIbHBI-
MH HCKa)XEHHSIMHU M30JIMHUH, XapakTepusyromuecs 00-
Jlee HU3KUM TPaJMeHTOM KaXKyIIErocs 3JIEKTPHUECKOTO
COIIPOTHBIICHHS, Y€M B OKPYXKAIOIINX HOPOIax.




FEONOrO-rEO®U3UYECKUE MCCNENOBAHMA N ONMPEQENEHUE NMPUrOAHOCTU YYACTKOB KOCLLOKbI U FTPAHUTHbIN

ANsA NPOEKTUPOBAHMWSA NOA3EMHON MCCNEQOBATENLCKOW NABOPATOPUU
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1 - YeTBEPTUYHbIE OTNOXKEHWS: @) FOMOLEH — CYIMUHKW, cynecu, LuebeHb; 6) BEpXHUA MNeicTOLH-TOMOLEH — CYrMNHKM, Cynec, Mnecky;
2 — no3[HeNepMCcKve rpaHUT-NopdMpLI: @) B LIEHTParbHOM YacTu Maccuea; 6) B 3HAOKOHTAKTE; 3 — NO3AHENepMCKIe rpaHuThbl; 4 — paHHenepm-
CKWe CUEHWTBI; 5 — No3aHeKaMeHHOYroNbHbIE AMOPHTHI; 6 — AeBOHCKMe 6a3anbTbl, NECYaHNKU, U3BECTHAKN; 7 — CKBaXWHbI; 8 — y4acTok Ae-
TanbHbIX 1CCNeaoBaHNi

Pucynox 1. I'eonocuueckas kapma (a) u kapma uzonunui macnumnozo noas AT (6) yuacmra Kocuwiokel
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FEONOrO-rEO®U3UYECKUE MCCNENOBAHMA N ONMPEQENEHUE NMPUrOAHOCTU YYACTKOB KOCLLOKbI U FTPAHUTHbIN

ANsA NPOEKTUPOBAHMWSA NOA3EMHON MCCNEQOBATENLCKOW NABOPATOPUU
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Topsottarbimiii u peprikatbbi Macurads
1:5000

a) TeoJIoTHUECKuit paspes ckB-36/1 — ckB-48

ugera

BEEREESES

- TCKTOHUYCECKUE HAPYILICHUA

B) CKOPOCTHOH pa3pe3 M0 CEHCMUYECKUM JaHHBIM

Pucynox 2. Paspeswl no ocegomy npoghunro FO3 — CB yuacmxa Kocuioker
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CUHUIA Kpyr — nomnoxeHue ckBaxuHbl Ne48 npobyperHoit B 2021 r., kpacHbIi Kpyr — nonoxeHue ckeaxuHbl Ne36/1; npobyperHoi B 2016 T.,

KpacHbIl KBafpaT — KOHTYp yyacTka CbeMKi1 MeToA0M 3apsia npoBeaeHHoi B 2016 1.

Pucynox 3. Cxema yuacmra Kocuioxel (na monozpaghuueckoil ocrose)
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ANsA NPOEKTUPOBAHMWSA NOA3EMHON MCCNEQOBATENLCKOW NABOPATOPUU
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Pucynox 6. Monumopune cxeaxcun 1,9,17, 22, 27, 48 na ynacmre Kocwokwl 3a 2018-2022 2.
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Pucyrnox 7. l'uopoeeonoeuyeckas kapma yyacmka Kocuwioxoi

Ha ocHoBaHMM NaHHBIX MOHUTOPHMHIA YPOBHS IPYyH-
toBbIXx BoX (YI'B) mccnenmyemoro ywactka 3a 2018-
2022 r. (pucyHOK 6), TOJTy4EeHHBIX ITPH MPOBEICHUH I'€0-
JIOTHYECKUX W THJPOTEOJIOTHUECKUX PadoT, MocTpoeHa
CXeMaTH4eCKasi THAPOTreoIornyecKkas KapTa (PUCYHOK 7)
HCCIIEYEMOTO y4acTKa.

Ha kapte (pucyHOK 7) BHIHO, 9YTO OCHOBHBIE 00JIaCTH
[IUTaHUsI CKOHLUEHTPUPOBAHBI B LICHTPAJILHOM, I0KHOU U
CEBEpHOW YaCTIX yYacTKa, IPEICTABICHHBIX Hambolee
BO3BBIIIAIOIIUMHUCS 3JIEMEHTaMH penbeda, CII0KEHHBIE

CKaJIbHBIMH TOPOJIaMH TAJIC030CKOTO BO3pacTa. 30HEI
ITUTaHMS, TI0 CPABHEHMIO C HU)KE PACIIOJIOKESHHBIMH, Xa-
paKkTepu3yroTCcsl OOJIbIIEH POHMUIIAEMOCTBI0 KOPEHHBIX
MIOPOJ ¥ COOTBETCTBEHHO 00JIee BBICOKUMH 3HAUCHUSIMHU
ko3 unmentoB ¢ripTpannuu. AOCOIIOTHBIE OTMETKH
YPOBHS HOJA3EMHBIX BOJ BapbUpYIOT OT 485 mo 535 m.
OCHOBHOE HaIlpaBlieHHE JBHXXCHHUS MOA3EMHBIX BOJI
OPHMEHTHPOBAHO HA 3aIla]] U Ha CEBEPO-BOCTOK.
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2. YYACTOK I'PAHUTHBIIT

VYyactok ['panuTHbIi pacnionosxeH Ha FOB ot yuacr-
ka Kocmioks! B pefenax 1,5 KM U npeacTasiseT coooi
Iomanky 5x5 kM, KOTopasi CJIOKeHa 4YeTBEPTUYHBIMH
OTJIOKEHHUSMH M YAaCTUYHO BBIXOAaMH KOPEHHBIX MOPOJ
Ha JTHEBHYIO TIOBEPXHOCTb.

Ha yuactke ['pannuTHBIN OblIa IPOBE/IEHA FE0JIOTHYE-
cKas cheMKa 1o 67 mpodmam macmrada 1:5000 (pucy-
HOK 8, a), KOTOpasi BBISABHIIIA, YTO YYaCTOK CIIOXKEH Tpa-
HUTaMH ¥ IUTaTHOTPaHUTaMH JETEIEHCKOTO WHTPY3UB-
HOTO KoMmIulekca. Ha 3HauuTeNnpHOM 4acTH U3y4EHHOU
TEPPUTOPHUN KOPEHHBIE TOPOJBI HEPEKPBITH COBPEMEH-
HBIMH YETBEPTHYHBIMH OTIOKEHHUSIMH, PE/ICTaBICHHBI-
MU aJUTIOBUAJIBHBIMU TIECKaMH, CYNECSIMH, CYTTTHHKaMH 1
IJIMHAMH. B 11e710M KpHCTaTMyecKue TOpHBIE MOPOJIBI
SIBJISIFOTCSI TOCTaTOYHO IIoTHEIMU. [ToseBoe oOcnenoBa-
HHE TI0Ka3aJIo, YTO B U3yYCHHON YacTH yyacTka cucTeMa
TPEILIMH pa3BUTa HE3HAYUTEIHHO, YTO IO3BOJISET Cle-
JaTh BBIBOJ 00 OTHOCHUTENILHO HEBBICOKOW MPOHHUIIAEMO-
CTH CTPYKTYpBI U1 aTMOc(epHBIX ocankoB. [1o pe3yss-
TaTaM I'e0JIOTHIECKOH CheMKH ObLIAa COCTABJIEHA I'€0JI0-
rudgeckas KapTa (pUCyHOK 8, 0).

Takke Ha yyacTke [ paHUTHBIN BBINOJIHEHA IJIOIIAM-
Hasl TIeNIeX0/1Hast MarHUTOPa3BeA0YHast CheMKa, CETh Ha-
omonenus no mwonaau 4000 mx5000 m. Bee mpoduis
opuenTupoBansl ¢ lOra Ha Cesep. M3mepenus npoBojau-
auck ¢ marom 50x50 metpos. IlosneBbie HaOMIOACHUS
BBINOJHSJIMCh KBAHTOBBIM MarHutoMerpoM MMPOS-1,
MMEIOLIMM BCTPOCHHYIO MaMATh, U BEIXOA0M JJIst cOpoca
HakoruleHHOW nHdpopmanuu Ha DBM. O6paboTka naH-
HBIX ¥ HHTEpPIPETaIys BBITOJIHEHA B iporpamMme Excel u
Surfer.

ITo marepuanam MarHUTOMETpUH (PUCYHOK 9) B LieH-
Tpe N3y4aeMoH IUIOIIAJKH BBIIEIACTCS yIaCTOK, HMEIO-
M HOpMaJbHOE 3HAYE€HHE IMOJHOTO BEKTOpPAa MarHWT-
Ho# mHaykuuu 3emin (58100-59860 uTin), a Takxe 30-
HBI, IpeuMyniecTBeHHO B CeBepo-3amagHoi 9acTu wuc-
CJIEIyeMOT0 y4acTKa, IJIe OTMe4aeTcsi MYHTEHCHBHOE yBe-
JIMYEHUE BEKTOPA MarHuTHOM WHAYKOWUH, BHAYCHUA T10JI-
HOTO BEKTOpa MarHUTHOW MHAYKIWH 3emiu (59900—
63450 uTxn). ITopoxpl, Jexariue 3a MpeaciaMu Bblae-
JICHHBIX Y4aCTKOB, IMEIOT UHbIE (PM3HIECKNE CBOHCTBA.

B 2022 r. 66u1 nposioxkeH npoduitk, nepeceKaronui
yuactok [ 'panutHsIii (pucynok 10). Ha nannom npogune
MIPOBEJIEH KOMIUIEKC Te0(hU3NUECKUX padoT, BKIIOYAIO-
mux B cebs: ceficMopasBenky mMetonoM MPB ¢ marom
IIT10 meTtpos u marom I1B 100 meTpoB u 3nekTpopas-
Beaky merox 3Ch. Ietnsa 100x100 metpos, mar 50 met-
poB. JlaHHbIE METOABI TIO3BOJIMIIN BBISIBUTH HAaNOOIIEE 11e-
JIOCTHBIN KPUCTAJUTMIECKUI MacCHB IS BEIHOCA U Oype-
HUSI CKBKUHBL. B CKBa)XMHE IIaHUPYETCs IPOBECTH Ka-
POTaXX ¥ TUAPOTEOIOTNIECKUE PabOTHI.

C mOMOIIbI0 METOa 30HIUPOBAHHUS CTAHOBJICHUEM
nojist B Gmmokuedt 30He (3CB) [9] obecnieunBaercs riy-
6unHocTh uccienosanus 10 700-1000 M, Takke MeTOZ,
3Ch 1 nmoMoraer BBISBISTH B TE€OIJEKTPUUECKOM IOJIE
00J1aCTH MOHMUKEHHBIX 3HAYEHHUM KaXKyIIErocs COMPOTH-
BJICHUS U TIOBBIIIEHHBIX 3HAYEHHI yJIEIbHOW MPOBOIHU-

MOCTH, CBSI3aHHBIX C Pa3yINIOTHEHHBIMHU Y4aCTKaMH TOp-
HBIX TIOPO/I.

a) KoHTYyp y4acTka cbeMku 4000x5000 meTpoB

1 | Qs

1 - YeTBepTnyHas cuctema. CoBpeMeHHbIN oTAen. AnnoBrasnbHble Necku,
Cynecu, CyrnMuHKN U IMKHbI; 2 — PaHHWE HXXHENPOTEPO30MCKIUE UHTPY3NU.
[paHuTbI U rppaHoANOpUTSI

0) pe3y/bTaThl T€0JIOTUYECKOTO KapTHPOBAHUS

Pucynox 8. Anemepnamusnviii yuacmox Jezenen, (M 1:5000)
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L=~ "]~ 30Ha TEKTOHUYECKOTO HapyLLEHNs!

Pucynox 9. Anemepnamuenuiii yuacmox I panumnvlil, kapma uzoounam maznumnozo noas (M 1:5000)

Pucynox 10. Pacnonooicenue ceogusuyeckozo npoguns
Ha yuacmxe I panummolii

B pesysbraTte 00pabOTKH celicMOrpaMM MOCTPOeHa 1
yBsi3aHA MO B3aMMHBIM BpEMEHaM CHCTeMa HaOltoJieH-
HBIX TOI0TPadOB BIOIb MPOPHIISL.

[TocTpoeHre CKOpPOCTHOTO pa3pesa BBIIOIHEHO celic-
MOTOMOTPa)UUECKUM CIIOCOOOM C  HCIOJIb30BAHUEM
nporpammuoro mnakera X-Tomo (C-IlerepOypr, P®).
JlBymepHas ctapToBasi CKOpOCTHast Mozenb V (X, z) 3a-
JlaBaach B BHJE JIMHEHHOTO YBEJIMUYECHHSI CKOPOCTHU C
TITyOMHOM.

Ha pucynke 11 npencraBiieH noyy4eHHbIH B pe3yib-
TaTe TOMOTpaUUEeCcCKUX PacueToB CKOPOCTHOI paspes ¢
y4eTOM H3MEHEHHUs! penbeda IHEBHOH IOBEPXHOCTH
BHoub npoduits. Ha npotsbkennu Beero npoduis ot 0 10
4100 M, oTMedaeTcsi OTCYTCTBHE HHU3KOCKOPOCTHOTO
cJI0st I 30HBI BhIBeTpuBaHus. CaM paspe3 xapakrepu-
3yeTcsl Kak BBICOKOCKOpocTHOM. Ha ceiicMoTomorpadu-
YEeCKOM CKOPOCTHOM pa3pese BBIASJSIOTCS TPH Ociad-
JICHHBIE 30HBI B paiione mukeroB 210-500 M, 1680-
2020 m u Tpeths, camast Oombias, 3080—-3750 m, a Takxke
30HBI C Pa3yIUIOTHEHHBIMU TOPHBIMHU NTOPOJAMH HA IIH-
kerax 950 M, 2450 m u 2820 M. Ha mnwmkerax 2180—
2380 M xopomio BeiesseTcs (MoKa3aHa YepHOH CeTKOit
Ha pa3pese) He HapyIICHHas BBICOKOCKOPOCTHAs 30Ha,
KOTOpasi yJOBJIETBOPSET HAIEH 1NN M0 MOUCKY MOHO-
nuta. Vicxoms U3 ONMMCcaHus CeHCMOTOMOTPapuIeCKOro
CKOPOCTHOTO pa3pe3a, MOXKHO C/eNaTh BBIBOJ O PEKO-
MEHJAIMU 110 OypeHHI0 KapTHPOBOYHOH CKBa)KMHBI Ha
nukere 2250 M.
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Pucynox 13. I'eosnexmpuueckuii paspes no npogooumocmu (St)

Ha yuactke I'panutHslii o npodwmmo mmmaoi 4000
MIOTOHHBIX METPOB OblIa MPOBEJECHA JIIEKTPOpA3BEIKa
METOJIOM 30HIUPOBaHKs CTAHOBJICHHS IOJISI B OJIMOKHEH
30HEe. DJIEKTPOMArHUTHBIC 30HANPOBAHUS POBOIMINCH
mrarom 50 M, 6€3 MepeKPBITHIA.

Ha pucynkax 12-13 npuBezieH npumep reodIeKTpH-
4ecKoro paspesa no npogwuio. Pazpes xapakrepusyercs
B LIEJIOM HEOOJIBIIUMHU 3HAYEHHUSMH DIIEKTPHUYECKOIT Tpo-
BOAUMOCTH (ST OT COTHIX HOJeH MO HecAThix, CM'M).
VYuacrok npodmist Ha nmukerax 2200-2500 M xapakTepu-
3yeTcsi HauOoJbIIeH MPOBOANMOCTBIO 0€3 KaKuX-JIM0o
BU/IMMBIX HAPYIIEHUH, YTO MOKHO YBHUJIETH C TIOMOIIBIO
CIUIOIIHBIX M30JIMHUH cTaHOBJIEeHU. [1o HHTEeHCHBHOCTH
N3MECHEHHS M30JIMHUI Ha MHMKETaX MOXHO CYIHTh O Ha-
pyuieHusx omHopoaHocTn maccuBa: 190-620 m, 1800—
2180 M, 31003750 m.

Takum 06pa3zom, KOMIUIEKC Te0PU3NIECKIX METOJIOB
[10], Brirouatomuii B ce0st ceiicMUUYECKUH U AJIEKTpOpa3-
BEJOYHBIIl METOJIbI, TO3BOJIMII BBIACIUTH B M3y4aeMOU
re0JIOTHYECKOH cpesie HanboJiee MoIXo Ui 0 MOHO-
JIMTHOCTHU y4acToK, nukeTsl oT 2180 m 10 2380 M. Onu-
pasick Ha KOMIUIEKCHBIE Te0(hU3NUECKHE JaHHbIE, PEKO-
MeHayeTcs: Oypenue ckBakunbl Ha 1K 2250 s mon-

TBEPXKJICHUS ¥ yTOUYHEHUSI MHTEPIIPETalluH MTOTyIE€HHbIX
JAHHBIX.

B nenom yuacTok I'paHUTHBII paccMaTpuBaeTCs Kak
NepCcieKTUBHBIN A1 npoektuposanus 111 Ho nis no-
Ka3aTenbCTBa ero npurogHocty s co3nanus [N xe-
00X0TMMO ITPOBECTH CIIEAYIOIIUE PaOOThI:

— ceiicMopa3Bej0uHbIe NPOQUIbHBIE PabOTHI METO-
nom MPB-KMIIB;

— niryOuHHas npoMIbHAs 3IEKTPOpa3BeiKa METO-
oM 3CB3;

— OypeHue CTPYKTYPHO-THPOTEOJIOTHYECKUX
CKBaXXMH, JUI CO3JaHHUs CETU MOHUTOPUHIA 33 MOI3EM-
HBIMH BOJIaMH;

—  OMBITHO-(UIIHTPAIMOHHEIE PA0OTHI,

— MOHHUTOPHUHI THIPOTCOJIOTHUECKUX YCIOBUHA Ha
y4acTKe;

— aHaAJIUTHUYECKHE pPabOThl 1O [aHHBIM OIBITHO-
(UIBTPAIMOHHBIM PabO0TaM H THUAPOTEOJOTHUECKOTO
MOHHUTOPHHTA;

— OypeHHe CTPYKTYPHBIX CKBayKHH Ii1yonHoit 300 u
0oJiee METpPOB, C IeTbI0 0TOOpa MPOO HA METPOXUMHYEC-
KHH, nerporpaduueckuii, neTpopu3nIecKii U Ipyrue
BH/IbI aHAJIM3a BEIIECTBEHHOT'O COCTaBa TOPHBIX MOPOJ;

13
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— H3y4YeHHE U KapTUPOBaHME ITyTEH MUTpaIUH MOJ-
3€MHBIX BOJ;

— celcMOJIOru4ecKuii MOHUTOPHHT;

— nabopaTopHble pabOTHI 10 U3YUEHHIO OapbepHBIX
CBOMCTB CKaJIbHBIX MOPOI.

3AK/IIOYEHHUE

BrImoHeHHBIE Te0I0T0-Te0hn3nIecKie UCCIeI0Ba-
HUSI TOKa3aIH 3P (EeKTUBHOCTh PUMEHIEMBIX METO/IOB
IPU W3Yy4YCHUH IUIOMIAA0K, ITOTEHIIMAIBHO IPUTOIHBIX
Jutst m3ossinuu PAO. B pesynbraTe BBINIOTHEHHBIX PadoT:

— YTOYHEHA TeoJIOTHYecKas MO3MIUS MHTPY3UBHO-
ro MaccuBa I'pPaHUT-MOP(GHUPOB U €ro CBs3b C BYJIKAHO-
IUIYTOHUYECKOHN CTPYKTYpoi MaccuBa Jlerenes;

— yTOYHEHa MOP(QOJIOTHS MacCHBa U ONECHEHBI €ro
pa3Mmepsl B iaHe u Ha Tryonay (1900-2000%600-700 M,
Ha riryouny 250-300 m);

— YCTaHOBIICHO OTCYTCTBHE 3HAUHUTEIBHBIX TEKTO-
HUYECKUX Pa3JIOMOB, HAPYIIAOIINX MOHOJIUTHOCTE OJ10-
Ka I0po/I, B IIpeJiesiaX HHTPY3UBa IPaHUT-TIOp(UPOB;

— OIICHEHA CTENEeHb OJIHOPOTHOCTH OJIOKOB FOPHBIX
MOPOJ MaccuBa 10 reo(hU3NUECKUM apaMeTpam: Kaxy-
HIEMYCsl JIEKTPUIECKOMY CONPOTHBIIEHHIO U CKOPOCT-
HBIM ITapaMeTpaM CeHiCMUYECKHUX BOJIH.

[TomyyeHHBIE pe3yabTaThl MO3BOJIMIIM CHENATh 3a-
KIIFOYCHUE, YTO HAa JAaHHOM YPOBHE HM3YYEHHOCTH yda-
cTok Kocmioksr MOXKHO paccMaTpuBaTh B Ka4eCTBE I10-
TEHIMAJIbHO MPUTOTHOTO MecTa Ui pa3MEIeHHs TI0J-
3emHoro xpanwiuia PAO. Ha yuactke I'panutHslii cie-
IIyeT TPOBECTH KOMIUICKC T'€0JIOTO-TeO(U3NICCKUX pa-
00T IUIA OIICHKH MEPCIEKTHBHOCTH €T0 HCIIOIB30BAHUS
nox co3nanue ITNJL

BbI00op KOMILIEKCA Te0JIOr0-reo(U3nIecKux padoT
OIpeNessieTcsl Pa3IMYHOCThIO  (DU3MKO-MEXaHHYECKUX
CBOWCTB IMOPO/I MOTEHLUHUAIBHBIX YUYaCTKOB PacCIOIOkKe-
aus [TAJI n BMenaromux mopoj u ux reomerpueit. Oco-
00e BHIMAaHHUE YIEISUIOCh METO/IaM, TIO3BOJISIOIINM BBI-
SIBIISATH OJIOYHBIC CTPYKTYPHI U ONPENETSTH €CTECTBEH-
HYIO I[EJIOCTHOCTh MAaCCHBA TOPHBIX TTopo1. Takum oOpa-
30M, (PH3HKO-TEOJOTHYSCKOW MOJENBI0 IS IOTCHIHU-
anbHBIX MecT pacnojoxkenusi [INJI aBnsercs mioTHBIN,
HE TPEIIMHOBATHI MacCHB KPHCTAJUIMYECKOW TOPHOM
TOpOJbI, OTHH‘IaIOI].[HﬁCS[ OT BMEIIAOIUX MTOPO/I MOBbLI-
IIEHHOW MarHUTHOM BOCIIPUUMYHNBOCTBHIO, TOHUKCHHBIM
QJICKTPUYCCKUM COIIPOTUBJICHUEM U MOBBIIIIEHHON CKO-
POCTBIO paclpOCTpaHEHUs IPOLOIBHBIX BOJIH.

MeTO}IH‘IeCKI/Ie PEKOMEHAAIMU 10 MNPHUMCECHCHUIO
CKBAXXHNHHBIX FeO(i)I/I?)I/IqCCKI/IX METOAOB IIpU H3YUYCHHUU
IITyOOKMX TOPH30HTOB KPUCTAIIIMYECKNX MAacCHBOB MO-
T'YT NPEICTaBISATh HHTEPEC ISl pa3paObOTYMKOB IPOEK-
TOB IO U3YYCHHUIO U BEIOOPY YHaCTKOB JUISl CTPOHUTEIIHCT-
Ba XPaHWJIMII OTTACHBIX OTXOO0B.

Hannvie uccnedosanus unancuposanucy Mumnu-
cmepcmeom suepeemuxu Pecnybnuxu Kazaxcman @ pam-
Kax —HAy4yHO-MexHuyeckou npoepammuvl «Pazsumue
amomnou suepeemuxu 8 Pecnybonuxe Kazaxcmany (MPH
— BR09158470).
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Kasakcranna ypan keHin eHaipyaeH 6actan PK y3ak Mep3iMii cakTay 0OBEKTUICpiHE ACHIH aTOM 3JIEKTP SHEPTUSICHIH
OHJIPY/IH TOJBIK TEXHOJOTHSUIBIK LUKIIH YHBIMAACTBIPY YIIiH OapiblK jkarjnaiiap jkacairaH. PecrmyOnukana ockl
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KOK, OHBIH KYpaMbIH/Ia )KEKEJIETeH 3epTTeyIepAiH HhICAHACHI TEPEH KOMY ITyHKTi OpHajachll TaHjanraH xepe PK y3ax
YaKBIT Kayilci3 KeMilTyiH pacTay YIIiH kepacTsl 3epTTey 3epTxanacsl (JK33) 6ompin Tadbutaabl. COHIBIKTAH OCHI )KOOAHBI
icke acwlpy ke3inge PK tepeH kemy myHKTTepiH Kypy anabiHAa K33 »xo0anaHbIN cajblHFaH JKOHE MaiilalaHbUIATHIH
eIIepAiH TOXKipuOeciH malnanany xocnapianyna MyHnaii engepre [lsenns, Ounnsaans, XKanonus, Peceit, KpiTaii,
benbrus, Yuaicran, llIBeinapus xoHe T. 0. Kipeai, MyHAa KPUCTAJIBI KBIHBICTAPIBIH 1aMYyBIHBIH KEH ayJaHaapsl 0ap
xoHe PK TepeH jxepreyi 3aHHaMalbIK AeHreiae TaHpuraH. MyHOai oObeKTiIepAl MaiAanaHaTelH eepAe ChIHAKTaH
OTKCH TEXHOJIOTHIAp MEH JaMy Taxipubeci 0ap K33 kyprutbicel MeH PK apHanraH okmaymiay myHKTTEpi Oap.

Tyiiin co30ep: paduoaxmuemi KanObIKMAp, HCepacmyvl 3epmmey 3ePmXanacyl, 2€0102UsIbIK-2e0DUUKATBIK 3epmme)-
qep; Cemell ColHAK NOAULOHBL,; 2€00UANBIK KOMY.

GEOLOGICAL AND GEOPHYSICAL STUDIES AND DETERMINATION OF THE SUITABILITY
OF THE KOSSHOKA AND GRANITNY SITES FOR THE DESIGN OF AN UNDERGROUND
RESEARCH LABORATORY

A.V. Komlev, U.A. lgibaev, 1.0. Marchenko, Z.N. Frolov, V.A. Bardyukov
Branch “Institute of Geophysical Research” RSE NNC RK, Kurchatov, Kazakhstan

In Kazakhstan there are all conditions for the organization of the complete technological cycle of nuclear power
generation, from extraction of uranium ores and ending with facilities for long-term storage of radioactive waste. In the
Republic there have been no works yet on such an important component of this cycle as creation of underground RW
disposal facilities, where the subject of separate investigation is an underground research laboratory (URL) for
confirmation of the long-term safe disposal of RW in the selected location of the underground disposal facility. Therefore
during implementation of this project it is planned to use experience of the countries, where URL were designed, built
and operated before creation of RW disposal sites. Such countries include Sweden, Finland, Japan, Russia, China,
Belgium, India, Switzerland, etc., where there are extensive areas of crystalline rock development, and where deep RW
disposal is recognized at the legislative level. The countries operating such facilities have proven technologies and
experience in development, construction of URL and RW isolation sites.

Keywords: radioactive waste; underground research laboratory; geological and geophysical studies; Semipalatinsk test
site; geological disposal.
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THE SYNTHESIS METHODS AND APPLICATIONS
OF LAYERED DOUBLE HYDROXIDES - A BRIEF REVIEW
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Layered double hydroxides (LDHs) which are one type of layered material are promising materials due to some of their
interesting properties, such as ease of synthesis, unique structure, uniform distribution of different metal cations in the
brucite layer, surface hydroxyl groups, flexible tunability, intercalated anions with interlayer spaces, swelling properties,
and high chemical and thermal stability, ability to intercalate different type of anions, and also high biocompatibility. This
review article is focused on more information about synthesis methods of layered double hydroxides, and their
applications in many fields. The most common synthesis methods for layered double hydroxides are co-precipitation,
urea hydrolysis, hydrothermal synthesis, sol-gel, reconstruction, etc. are discussed. LDHs shows excellent performance
as a multifunctional material for its promising applications in the fields of catalysts, water treatment, flame retardants,
polymer additivies, adsorbents, nuclear industry, environmental protection, photocatalysts, and material science.

Keywords: layered double hydroxide, co-precipitation, hydrothermal synthesis, sol-gel method, sonochemical synthesis.

1. INTRODUCTION 2. SYNTHESIS METHODS OF LDHS

Layered double hydroxides (LDHs) are a family of
natural and synthetic materials having a general formula
of [M(ID)1_xM{II1)x(0H),](A},) - nH,0. M (1) and
M (111) are divalent and trivalent metals, respectively, and
A"is the anion between the layers. Where divalent metals
can be Mg?*, Ca?*, Zn?*, Co?*, Cu?*, etc. Trivalent metals
can be AI¥*, Cr¥*, Co®, Fe¥, Mn%*, etc. Many anions can
be used, including CI-, NOs, COs%, and many organic
anions. LDHs are also known as hydrotalcite-like
compounds or anionic clays [1-5]. LDHs often find
application in pharmaceuticals, as polymer additives,
adsorbents, supercapacitors, and in catalysis. This is due
to having variable layer charge density, reactive
interlayer space, ion exchange capabilities, a wide range
of chemical compositions, and rheological properties [6].
LDH materials can be synthesized using different
techniques, of which the most common are used methods
such as co-precipitation, hydrothermal synthesis, urea
hydrolysis, sol-gel, mechanochemical, sonochemical, ion
exchange, and reconstruction methods [7]. Layered
double hydroxides have prominent properties for
example unique structure, mixed metal hydroxide layers,
exterior hydroxyl groups, ease of synthesis,
electrochemical activity, non-toxicity, flexible anions
and cations tunability, biocompatibility, remarkable
chemical and thermal stability, high surface, superb
anion exchangeability, the sustainable transmission of
intercalated anions [8-10]. Because of these properties,
pure layered double hydroxides embedded with
functional materials and layered double hydroxide
nanocomposites, particularly carbon-based graphene
becoming popular materials for wide applications [11].
In this review paper, we could get more information
about different synthesis methods of LDHs and
applications in many fields.

2.1. Co-precipitation method

Co-precipitation method is commonly used
procedure for preparing LDHSs because it produces large
amount of material and is easy to handle at laboratory
level. It has been used extensively for the one-pot direct
synthesis of LDHSs containing a variety of layer cations
and interlayer anions [12].

The synthesis of LDHs with co-precipitation method
can be applied at both constant and variable pH. This
method offers great freedom in choosing the interlayer
anions. LDHs with a great variety of both metal ions and
interlayer anions can be synthesized with this technique
[12]. To assure precipitation of the metal ions, it is
necessary to control the pH in the solution such that the
reaction takes place under supersaturated conditions.
Layered double hydroxides are prepared at low and high
supersaturation conditions.

Precipitation at low supersaturation

Precipitation at low supersaturation requires slow
addition of divalent and trivalent metals salt in the chosen
ratio into aqueous solution containing desired anion, and
pH is maintained at selected value. A second solution of
an alkali is added into the mixture salts solution
simultaneously at such a rate as to maintain the pH at a
selected value leading to facilitate homogeneous
precipitation of the two metallic salts [13]. The anion that
is to be introduced should have a high affinity for the
LDH layers and be present in excess, otherwise the
counter-anions of the metal salts may be incorporated by
competing reactions. Consequently, metal nitrate and
chloride salts are commonly used because of the low
selectivity of LDHs toward these anions. Furthermore,
LDHs have a high affinity for carbonate anions and
hence, unless this is the target anion, reactions are
generally carried out under nitrogen in order to avoid
absorption of atmospheric carbon dioxide which would
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generate carbonate ions in situ [14]. One advantage of
this method is that in many cases it allows careful control
of the charge density (M?*/M3* ratio) of the hydroxide
layers of the resulting LDH by means of precise control
of the solution pH. The second advantage is that low
supersaturation  conditions usually give rise to
precipitates with higher crystallinity than those obtained
under high supersaturation conditions, because in the
former situation the rate of crystal growth is higher than
the rate of nucleation [14, 15].

Precipitation at high supersaturation

High supersaturation of LDHs precipitation was
performed by the instantaneous addition of mixed
MZ*/M3* salt solution into an alkali solution containing
desired interlayer anion. Preparations under conditions of
high supersaturation generally give rise to less crystalline
materials, because of the high number of crystallization
nuclei. Because this method leads to a continuous change
in the pH of solution, the formation of impurity M(OH)-
and/or M(OH)s; phases, and consequently an LDH
product with an undesired M?*/M3* ratio, often results
[16]. Thermal treatment performed following co-
precipitation may help increase the crystallinity of
amorphous or badly crystallized materials. Hence the
synthesis of LDHSs at high supersaturation method is less
common than low supersaturation for the preparation of
LDHs materials [17].

In general, this is achieved by holding the pH equal
to or higher than the pH necessary for precipitation of the
most soluble metal hydroxide [18]. The concentration of
base solution during precipitation and the nature of base
solution can also affect the hydrotalcite formation.
Depending on the precipitation conditions, well-
crystallized hydrotalcite or amorphous materials can be
obtained [19]. These conditions are pH of the reaction,
medium, concentration of the base solution, nature of the
base solution, aging time and aging temperature, total
cation concentration, and M2*/M3* molar ratios.

The variation of the compositional gradient in the co-
precipitated LDH is narrower as the precipitation
conditions are constant. This is achieved by careful
control of solution pH. Table 1 lists pH values for
precipitation of hydroxides of the most common LDHSs
[20].

Table 1. Preparation of Layered Double Hydroxides: pH
values of precipitation of some M(I11) and M(I1) hydroxides

pH at which hydro-

Cation | pHat102M | pHat 104 M xide re-dissolves Reference
Al 39 8.0 9.0-12.0 [9]
Cr3* 5.0 95 125 [16]
Cu 5.0 6.5 7
Zn2 6.5 8.0 14 [15]
Ni2* 7.0 85 [5]
Fe2t 75 9.0 [10]
Co?* 75 9.0 [11]

An advantage of this method is that it allows good
control of the cation composition in the brucite-like
layers. The effect of pH is considered in this review since
LDH for different metal salts can be formed at different.
Another advantage of this method offers an LDH product
with better crystallinity than the similar method of high
supersaturation. This is because the rate of crystal growth
is higher than the rate of nucleation in low
supersaturation conditions [21]. This method is often
done by the slow addition of metal nitrate solutions to a
solution of hydroxide and carbonate. The crystallite size
distribution is wider when there is no additional aging
step reported by Valim [22]. Pinnavia and co-workers
compared the aging step with the level of crystallinity of
hydrotalcite and found there was an enhancement in
crystallinity [23] with increased aging time. There was
no correlation, however, between base catalytic activity
and improved crystallinity. Zhao et al. [24] synthesized
MgAI-LDHs with the different Mg: Al molar ratios by co-
precipitation method. The precipitation was done at
100°C. After precipitation, the slurry was aged at 100°C
for 2, 6, or 13 h. XRD patterns of the MgAI-LDH with
the Mg:Al molar ratio of 3 exhibited the characteristic
reflections of the hydrotalcite phase. The peaks became
narrower with the increase of aging time indicating that
the crystallite size increased. The average crystallite size
is estimated by using the Scherrer equation [25, 26]:

aA
D= Bcosd (1)

Where, D is the crystallite size, R is the Scherrer
constant (R = 0.89), A is the wavelength of the incident
radiation (A=0.1542 nm), and f is the FWHM value for
the peak at the Bragg diffraction angle 6. The crystallite
size increases with the aging time (Table 2).

Table 2. Crystallite size depending on aging time and aging
temperature [19]

Sample Aging time, h Aging temperature, °C D, nm
2 23.6
MgsAl-LDH 6 100 28.6
13 319
40 118
Mg-Al-LDH 6 60 15.1
100 31.0

A large variety of LDH systems have been reported
successfully synthesized with the co-precipitation
method, both di-metallic and multi-metallic systems are
reported, including LDHs such as NiMn-COs;, MgAl-
COs, NiAI-CO3, CoMnAI-CO3, CoMnMgAI-CO; and
NiCrAl-COs [27].

2.2. Urea hydrolysis method

The urea hydrolysis method is frequently used for
synthesis of highly crystalline LDHs to use a urea
solution, which gradually hydrolyses to release
hydroxide ions and allows an extremely fine control over
precipitation. Urea was used as an agent for precipitation
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from “homogeneous” solution very attractive, and it has
long been used in gravimetric analysis to precipitate
several metal ions as hydroxides or as insoluble salts
when in the presence of a suitable anion [23]. Urea
hydrolysis rate can be controlled by the reaction
temperature. Hydrolysis of urea proceeds in two steps,
the formation of ammonium cyanate (NHsCNO) as the
rate determining step, and the fast hydrolysis of the
cyanate to ammonium carbonate [28].
CO(NH,), - NH,CNO 2
NH,CNO +2H,0 — 2NH; + CO%~ (3)

Hydrolysis rate of urea can be adjusted by controlling
the applied temperature during reaction. The hydrolysis
of ammonium carbonate gives pH of about 9 which is
suitable for precipitating a wide variety of metal
hydroxides. Since the working pH for the co precipitation
of LDHs is in the range of 9-11, urea is a good candidate
for the synthesis of LDHSs. On the other hand, the urea
method is an ideal way for the preparation of LDHSs since
during hydrolysis ammonia liberates the hydroxide and
carbonate anions which are the main components of
LDHs [29]. The compounds prepared using this method
display homogeneous sizes and platelet-like primary
particles  with  well-defined hexagonal  shapes,
crystallinity and specific surface area are observed to
increase by using urea, which may be very interesting
from the viewpoint of nanotechnology since LDHs offer
nano-size two-dimensional spaces for the creation of
functional materials [28]. The degree of crystallinity of
LDHs depends on the synthesis temperature and
decomposition rate. At low temperatures, large particles
are formed due to the slow nucleation and slow
decomposition rates of the urea [24]. The urea hydrolysis
method is uniquely used in the synthesis of LDHs with a
high charge density [25].

The hydrolysis of urea can easily be controlled by
controlling the temperature [26]. The rate constant
increases by about 200 times when the temperature is
increased from 60 to 100 °C [27]. Oxidation states of the
metal cations can be controlled by the addition of
oxidizing agents such as ammonium persulfate [28].
Typically, the pH of the solution is controlled to be in the
area of pH = 6-10, which is where precipitation of most
LDHSs will occur. The urea method favors the growth of
larger particles than the earlier mentioned co-
precipitation method. The urea method consequently
yields products with much higher crystallinity [32]. A
disadvantage is that the formation of LDHs with the urea
method will nearly just give carbonate as the interlayer
anion because of its high affinity for carbonate. However,
the relatively gradual way in which the pH increases with
urea hydrolysis is not always advantageous. For example,
most divalent cation nitrates will precipitate as
hydroxides quite readily using urea but trivalent cations,
except aluminum, will not. A. Inayat et al. [30] have
recently reported a direct synthesis of ZnAl-LDHs with
nitrate as the interlayer anion using the urea hydrolysis

method. This is achieved by careful control of the pH of
the solution and by adding an excess of nitrate, the
intercalation of the interlayer anion can be manipulated
to other interlayer anions such as nitrate, as well.

Costantino et al. [31] prepared M(ll)/Al-carbonate
LDHs (M(Il) = Mg, Zn, and Ni) by this method. The
effects of varying the temperature, total metal cation
concentration, molar fraction Al/AI+M(I1), and molar
fraction urea/M(I1)+Al in solution on the composition
and the crystallinity of the samples were investigated.
The optimum conditions to prepare LDHs with a good
crystallinity in a relatively short time using a simple
procedure were suggested to involve dissolving solid
urea in a 0.5 M solution of the chosen metal chlorides to
give a urea/metal ion molar ratio of 3.3. The clear
solution was maintained at 100°C for 36 h. The urea
method is not suitable for the preparation of Mg/Al-
LDHs with low charge density but allows the preparation
of compounds with high charge density not easily
obtainable using other procedures [32]. Adachi-Pagano
et al. [33] prepared mono-disperse sub-micron-sized
Mg/Al-LDHs by the urea hydrolysis method, and the
results were compared to the constant pH co-
precipitation method. The compounds prepared using the
urea method displayed platelet-like primary particles
with a hexagonal shape.

2.3. Hydrothermal method

The hydrothermal method is usually used when
organic guest species with low affinity for LDHs are
required to be intercalated into the interlayers, and when
the ion exchange and co-precipitation techniques are
ineffective in this case. Hence hydrothermal synthesis
has proven efficient because this method ensures no
competing anion in the interlayer other than the intended
by making insoluble hydroxides as inorganic source. The
key features of this method is utilized to control particle
size and its distribution [13]. Hydrothermal approach is
usually carried out to improve crystallinity and is studied
for Mg-Al-LDHes. It is found that increase in LDH crystal
size results in improved crystallinity of hydrothermally
treated samples. One advantage of hydrothermal method,
when compared with other co-precipitation ones, is to
avoid undesirable waste discard which may be harmful to
the environment for instance NOs~, OH™, CI, etc. [15].

The method follows two synthesis routes. The first
route is where the materials are prepared at temperatures
above 373 K in a pressured autoclave. Here, the LDHs
are synthesized from MgO and Al,Os precursors or
mixtures formed through the decomposition of the
precursor nitrate compounds [34, 35]. In the other
synthesis route, LDHSs are prepared at low temperatures
and are also subjected to a process of aging. During the
aging process, the LDH precipitate is refluxed at a
specific temperature for 18 h.

Hydrothermal synthesis is effective in such cases
because insoluble hydroxides, for example, magnesium
and aluminum hydroxides can be used as the inorganic
sources ensuring that the desired anions occupy the
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interlayer space since no other competing anions are
present [36, 37]. Hydrothermal synthesis has been used
to control the particle size and its distribution when
soluble magnesium and aluminum salts were used
together with an alkali solution to prepare Mg/Al-
carbonate LDHs [38, 39], but is particularly useful when
LDH-like materials are prepared using powders as
starting materials. Single crystals of a layered compound
with the formula 3CaO-Al;O3-CaCOs-11H,0 were
synthesized by a hydrothermal process using Ca(OH),
AIl(OH)3, and CaCO;s as starting materials, with a molar
ratio of 3.5:2:0.5 [40]. It was found that the hydrothermal
temperature influenced the crystal structure of the
resulting material. An ordered structure was obtained at
120°C, and a disordered one at 100°C. Both disordered
and ordered structures have identical main layers
[CasAl(OH)12]%*, but they have different arrangements
of water molecules and carbonate groups forming the
interlayer region of composition.

2.4. lon-exchange method

lon-exchange method is also a commonly used
method for the synthesis of LDHs composites and has
been effectively useful for the intercalation of a number
of different types of anions. The anion exchange method
is useful when the co-precipitation method is
inapplicable, in particular when the chosen divalent or
trivalent metal cations or the anions involved are unstable
in the alkaline solution, or when there is a strong
possibility of interaction between the guest species and
the metal ion [38]. It is also known as the first LDHSs are
prepared by co-precipitation method with host anions,
most commonly NO3;~, CO5?", and CI~ as the exchange is
easier than multi charged anions. In the later stages,
anions present in the interlayer region are exchanged with
the preferred anions by stirring the LDH precursor in a
solution containing an excess of the anion to be
intercalated. To avoid carbonate intercalation the whole
process of anion-exchange should be carried out under
inert atmosphere [13, 15]. Owing to the fact that the
process is reversible, LDHs can be incorporated into
polymers after intercalation to improve the chemical and
physical properties of the materials, that is, the thermal
stability and optical and magnetic properties, and also to
change the surface properties of the host from
hydrophobic to hydrophilic [15]. The host—guest
exchange generally depends on the electrostatic forces
between positively charged LDH layers and the
exchanging anions. Target anions can be intercalated in
two possible ways, as described in the equations [38]:

LDH - A™ + X"~ > LDH - (X"")m, +A™ (4)

There exists weak electrostatic interaction with
layers, and hence these anions can be easily replaced by
anions with higher electrostatic interaction with layers
[39]. Figure 1 shows the schematic representation of ion-
exchange method. There are several factors which
determine the extent of ion-exchange in any given case:

Affinity for incoming anion

The exchange efficiency varies depending on the
ability of the exchanged anions to stabilize the lamellae
and/or to their proportion with respect to the LDHs
precursor anion. Generally, the exchange ability of
incoming anions increases with increasing charge and
decreasing ionic radius. The order of intercalation is as
follows: CO3? > HPO4?> > SO4? for divalent anions and
OH~ >F > CI"> Br- > NO3 > I~ for monovalent anions.
The co-intercalation of a second anion was found to have
no effect on the order of ion exchange preference.
Because nitrate is exchanged most easily, nitrate pillared
LDHs are usually used as the precursors for ion exchange
[40].

Exchange medium

The appropriate solvent will favor the anion-
exchange process. The interlayer space of LDHs can be
expanded to some extent in a suitable solvent medium,
which favors the ion exchange process. For example, in
aqueous medium favors the exchange by inorganic
anions, whilst an organic solvent favors exchange by
organic anions [39].

pH value

The working pH should be 4.0 or above 4.0. A low
pH value therefore favors liberation of the original anion
as the conjugate acid and incorporation of a less basic
anion from solution and the hydroxyl layers will break
[40].

Chemical composition of the layers

The chemical composition of the LDH sheets
influences the charge density of the sheets and the
hydration state, thereby affecting the ion exchange
process. Some other factors such as temperature also
have an impact on the ion exchange process. Anion-
exchange process will be more favorable at high
temperatures. However, that too high a temperature
might have an adverse effect on the structural integrity of
the LDHs. Moreover, this method depends on the
chemical composition of the brucite type layers [41].

The ion-exchange method is especially useful when
the co-precipitation method is inapplicable such as when,
for example, the divalent or trivalent metal cations or the
anions involved are unstable in an alkaline solution, or
the direct reaction between metal ions and guest anions
is more favorable. In this method, the guests are
exchanged with the anions present in the interlayer
regions of preformed LDHSs, as shown in figure 1 to
produce specific anion pillared LDHs. In thermodynamic
terms, ion exchange in LDHs depends mainly on the
electrostatic interactions between the positively-charged
host sheets and the exchanging anions and, to a lesser
extent, on the free energy involved in the changes of
hydration [42-44].

This method was first proposed by Bish [45], who
demonstrated the anion exchange of carbonate by
chloride, nitrate, bromide, and sulfate. Several factors
determine the extent of ion exchange [41] such as affinity
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Figure 1. Schematic illustration of loading cisplatin prodrug
DSCP to LDH through ion exchange [44]

for incoming anion, exchange medium, pH value, and
chemical composition of the layers

2.5. Synthesis of LDHSs by sol-gel method

In this method, is initially the formation of a sol by
hydrolysis and partial condensation of a metallic
precursor is then followed by the gel formation. Metallic
alkoxides, acetates, or acetylacetonates, as well as many
inorganic salts can be used as metallic precursors. The
properties of the obtained solid LDHs depend on the
hydrolysis and condensation rates of the metallic
precursors and can be tuned by controlling different
reaction parameters such as pH, nature and concentration
of the metallic precursors, solvent and the temperature of
synthesis [44].

The sol-gel method has several advantages over
traditional methods:

(1) low temperature processing and consolidation is
possible

(2) smaller particle size and morphological control in
powder synthesis

(3) the homogeneity and structural properties of the
resulting solids are controllable at the synthesis level by
simply varying the composition of the precursors,
temperature, aging time, and removal/addition of reactant
species. The material prepared by sol-gel method has
well controlled pore sizes, high specific surface area and
high purity [45]. However, currently, it is the less
exploited method.

The sol-gel method forms LDHSs with a larger surface
area than those formed by the co-precipitation method
[43]. However, properties such as basicity as well as the
divalent and trivalent metal ion molar ratios of LDHs
synthesized with the sol-gel method are still not
understood [48-50]. The sol-gel method is a low-cost,
simple preparation method and efficient wet-chemical
method of high-purity metal oxide materials from LDH
precursors through hydrolysis and condensation
processes [51]. LDHs are prepared by the sol-gel process,
the mechanism shows the formation of sol during
hydrolysis and the partial condensation of a metallic
solution which is the first step, and the second step is
followed by gel formation. Hence, metallic alkoxides,
acetates, acetyl acetates, and inorganic salts are used as
metallic precursors. The interesting properties of the
resulting solid LDHs depend on certain defined

parameters, such as hydrolysis and slow condensation of
metallic precursors, that are finely tuned by regulating
different reaction parameters adopted such as pH, the
concentration of the metallic precursors, solvent, and
temperature. The materials synthesized by the sol-gel
method show pore sizes that are well controlled and have
a high specific surface area as reported by Yang et al.
[52].

2.6. Reconstruction method

Reconstruction method is based on “memory effect”
of some LDH. This method involves calcination of
LDHs. Calcination is a process of heating to high
temperatures in inert atmosphere to remove the interlayer
water, anions, and breakdown partially the hydroxyls
from lamellae and convert interlamellar anion into
volatile, forming a double oxyhydroxide. After calcined,
a solution containing the anion of interest is added,
regenerating the LDHs by hydrolysis and the new
intercalated anion. In general, during regeneration
process, pH is raised, so it must be corrected to avoid
hydroxyl from occupying the interlayer space [49, 50].
This is the method of choice when large anions should be
intercalated into LDH or when the chosen anions are not
favored for intercalation by ion exchange method. The
incorporation of competing anions is also limited, even if
particular care should be paid to the pH value that when
raises too much can favor the OH" insertion [52].

This is the most necessary and interesting method
which has the advantages of the “memory effect” of
LDHs. In detail, these materials, once heated at elevated
temperatures of about 650°C in inert conditions, result in
the formation of a mixture of metal oxides that are easy
to regenerate the hydroxide layers when exposed to
water. These are highly applicable in base-catalyzed
reactions such as Aldol, Michael, and Wittig reactions
[53]. The prepared LDH-COs3 are thermally decomposed
to a mixture of oxides which is easily dispersed in the
desired anion solution under inert conditions in deionized
water to avoid CO3?~ contamination. This is the common
method used when larger anions have to be intercalated
in LDHs [54]. The incorporation of competing anions is
also restricted, depending on parameters such as pH
value which increases leading to favor the OH~
formation. Various examples have been reported in the
literature, such as pesticides, vitamins, and antibiotics
[55, 56].

2.7. Sonochemical method

In a sonochemical method, LDHs are prepared by the
co-precipitation method followed by sonochemical
treatment. In the first step, the co-precipitation method is
performed in the latter as explained fully above. In the
second step after successful completion of mixing, the
resultant solution is subjected to ultrasound irradiation at
a given time and temperature. The solid precipitate is
filtered, washed thoroughly with deionized water, and
put in an oven overnight for further drying. This
sonochemical method is best described as a synthetic and
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Figure 2. One-step sonochemical synthesis of NiMn-LDH for supercapacitors [60]
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Figure 3. Schematic representation of (a) adsorption method, (b) layer-by-layer deposition
and (c) direct co-precipitation method of layered double hydroxide (LDH) [62]

high-intensity ultrasonic/three-fold acoustic cavitation
phenomenon that assists in improving the crystallinity of
LDH phases [57, 58]. When the solution mixture is
subjected to ultrasonic irradiation, rapid movement of the
fluid leads to a three-fold acoustic cavitation phenome-
non (Figure 2) in which microbubbles undergo
nucleation formation, growth, and implosive collapse
[59]. The formation of microbubbles produced a
distinctive hot spot due to the compressional heating
induced by collapsing of the bubble and therefore yields
the bubble with extremely high temperature, pressure,
and cooling rates [60].

2.8. Adsorption and Layer-by-Layer method

In this case, adsorption (Figure 3, a) can be referred
to as the adhesion of divalent and trivalent ions from a
liquid or dissolved solid to surface of the LDH adsorbent.
This creates a film of the adsorbate over the surface in
many processes like chemical, physical, biological and
natural systems and widely used in various industrial
applications [61]. The adsorption process may occur
through weak van der Waals forces (physisorption) or
covalent bonding (chemisorption) and also may occur
due to electrostatic attraction between the adsorbate and
surface of the adsorbent. It is a surface phenomenon most
widely adopted in wastewater treatment for removal of
various organic contaminants from aqueous solution.

Layer-by-layer (LBL) assembly (Figure 3,b) is a
universal method for coating substrates with polymers,
colloids, biomolecules, and even cells. This presents
superior control and versatility when compared to other
thin film deposition techniques in certain research and
industrial applications. The LBL technique is known to

support electrostatic interactions between positively
charged layers and negatively-charged molecules and
leads to nanostructured thin films [63]. This LBL
deposition technique has three types of methods known
as () the dipping layer-by-layer deposition technique
(dipping-LBL); (Il) spray layer-by-layer deposition
method (spray-LBL) and (Ill) spin layer-by-layer
deposition method (spin-LBL) method. Dipping-LBL is
executed by chronologically adsorbing opposite charged
materials onto a substrate via enthalpic and entropic
driving forces [64]. In this method, the time depends on
both the diffusion and adsorption of molecules, solutions
or suspensions. Spray-LBL is a deposition technique
where divalent and trivalent solutions are sprayed onto a
vertical substrate, and the layer is formed after
completion of drying in an oven overnight [58]. In spin-
LBL method, the solutions or suspensions are deposited
on a substrate attached to a spin coater, and the rotation
speed generates a high centrifugal force. Thus, high
rotational speed with high airflow rate at the surface leads
to fast drying times of the liquid which in turn quickly
and easily produce very uniform layers or thin films. In
both spray-LBL and spin-LBL methods, the total time
does not depend on the diffusion of molecular species.

3. APPLICATIONS OF LDHs

Layered double hydroxides known as anionic clays or
hydrotalcite materials have attracted increasing attention
in recent years. These materials are of interest as catalysts
and catalyst precursors and supports [61], as ceramics
precursors, as hosts for photoactivation and photocataly-
sis [63], as anion exchangers [64], as traps for anionic
pollutants including some kinds of nuclear waste [65], as
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flame retardants [66], and additives for polymers [67].
Additionally, much work has been done in preparing
noble metal-containing catalysts by the calcination of
LDHs carrying the metal in question. For example, Mg-
Al LDHs have been prepared with intercalated
hexacyanoruthenate (II)  anions.  Layered double
hydroxides have anion exchange capacity, and the ability
to capture organic and inorganic anions make makes
them unique as inorganic materials. Our review deals
with the current and potential applications of these
materials, including in catalysis, ion exchanges, pharma-
ceutics, water treatment, nanomedicine, flame retardants,
photochemistry, polymer additives, and electro-
chemistry. LDHs are 2D materials with great potential
[68]. Their structural and morphological characteristics
can foresee future even wider employment [69].

3.1. Catalysts

The LDHs structure is well-known as an effective
solid catalyst. Zhang et al. used the Cu?*-based LDH
powder as a catalyst for wet oxidation [70] and reported
that the array of active Cu?* centers on the surface of
CuzZnAl-LDH is ordered net shaped, which is influenced
by the effect of the ordered cross trap. The advantages
of novel LDH films can overcome the problems of the
use of powdery catalysts on an industrial scale, such as
high-pressure drop and difficult catalyst separation. Lv et
al. reported that the activated MgAI-LDH film was
promising to be used as a precursor to synthesize
monolithic catalyst for the aldol condensation of acetone
and other base-catalyzed reactions [71]. Velu and co-
workers. reported that Mg/Al mixed oxides derived by
calcination of LDHs catalyzed the diastereoselective
synthesis of nitroalkanes from aldehydes, these facile
hydrogenation reactions, which occur with retention of
configuration, allow the formation of pharmacologically
important  derivatives  [72,73].  Recently, the
Mg/Zn/Al/Fe mixed oxides obtained from an LDH
precursor gave ethylbenzene conversion as high as 53.8%
and a styrene selectivity of 96.7% at 773 K in the
dehydrogenation of ethylbenzene reported by Gao [74].
The high catalytic activity and stability of the
Mg/Zn/Al/Fe catalyst were attributed to the presence of
a large number of strong acid sites and a moderate
number of base sites on the catalyst. Higher content of
iron oxide species favors the redox cycle and also

enhances the dehydrogenation activity [75].
MgAI-LDHs has been studied by Choudary et al.
[75] as support for metals, e.g. nanopalladium (0). These
catalysts were prepared by ion-exchange with PdCl,>
followed by reduction. Choudary et al. found that using
this material in ionic liquids the catalysts has higher
activity and selectivity than the homogeneous PdCl,
system in the Heck olefination of electron-poor and
electron-rich chloroarenes. In addition, these catalysts
showed higher activity in the C-C coupling reactions of
chloroarenes than other heterogeneous catalysts with
nanopalladium (0) on supports as alumina or silica [75].
Additionally, LDH supported rhodium(0) catalyst was

effectively used in the Heck, Suzuki and Stille cross-
coupling of haloarenes. Catalyst could be easily removed
and reused in several cycles [77].

3.2. Water Treatment

Wastewater often contains oxyanions such as F~, ClI-,
Br, PO4*, which are harmful to both humans and
wildlife. Enhanced ability to remove oxyanions is of
importance in environment protection. Structured LDHs
is one new type of promising material due to their ability
to capture organic and inorganic anions which can be
used in water treatment. Calcined LDH powder is also an
important type of material used in water treatment since
LDH can afford mixed metal oxides and has a special
property called the memory effect. The main advantages
of LDHs over conventional anionic exchange resins
include their higher anion exchange capacity for certain
oxyanions and their good thermal stability. Furthermore,
LDHs can be fully regenerated in a short time for reuse.
Lv et al. used MgAI-NO3-LDH powder [71] and calcined
powder [76] to remove F~, CI, Br-, and I, and concluded
that the rate constant for exchange of nitrate anions by
halide decreases in the order of F~ > CI-> Br > I,
following pseudo-second-order kinetic models. The
novel and well-dispersed nanocrystals of LDH on the
paper substrate without aggregation were considered to
provide a large specific surface area as well as good
accessibility, underlying the superior adsorption
performances of the film sample [77].

3.3. Flame retardants

The LDHs is also commercially promising as an
additive in flame retardants. Many flame retardants are
considered harmful, having been linked to liver, thyroid,
reproductive, and neurological effects. Currently,
halogen-free alternatives are one active research area.
LDHSs have been widely investigated as additives in this
context. Compared to other flame retardants [78], LDH
is a new type of material due to high smoke suppression,
nontoxicity, or low toxicity. LDH is currently explored
as a second-generation flame retardant with enhanced
properties by either modification of the layers or
intercalation of different anions. Lin et al. found that a
borate-pillared MgAI-LDH with ethylene vinyl acetate
(EVA) as the polymer component was a promising flame
retardant [79]. By tuning the composition of the layers,
the flame retardancy of LDHs was steered. For example,
ternary ZnMgAI-LDH showed better flame retarding
properties than binary MgAI-LDH [79].

LDHs as stabilizing agents for PVC and other
polymers Chlorine-containing polymers such as
poly(vinyl chloride) PVC undergo an autocatalytic
dehydrochlorination reaction under the influence of
elevated temperatures or UV radiation. Since the HCI
originating from the de-hydrochlorination of the PVC
chains is believed to sustain this autocatalytic process,
stabilizers that irreversibly bond HCI can thus inhibit the
degradation. Heavy metal compounds such as cadmium
stearate or lead stearate are currently used for this
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purpose; alternatives are required however in the light of
environmental concerns associated with the use of heavy
metals. LDHs have been employed to good effect and,
indeed, the largest current commercial application of
LDH materials is in the polymer industry, mainly to
stabilize PVC [80].

3.4. LDHs as additives in functional polymer
materials

Chlorine-containing polymers such as polyvinyl-
chloride (PVC) undergo an autocatalytic dehydro-
chlorination reaction under the influence of elevated
temperature and UV radiation. Since the HCI originating
from the dehydrochlorination of the PVC chains is
believed to sustain this autocatalytic process, stabilizers
that irreversibly bond HCI can thus inhibit the
degradation. Heavy metal compounds such as cadmium
stearate or lead stearate are currently used for this
purpose. However, alternatives are required due to
environmental problems associated with the use of heavy
metals. Indeed, the largest current application of LDH
materials is in the polymer industry, mainly to stabilize
PVC [80, 81]. Recently, Duan et al. [82] found that
MgAI-LDHs with Mg/Al = 2 have the optimum stabili-
zing effect on PVC because of their higher layer charge
density and consequent stronger driving force for the
uptake of CI~ into the interlayer galleries. However, this
LDH contains the highest quantity of interlayer CO3%
ions but the lowest overall HCI absorption capacity,
suggesting that it is the reaction of HCI and CO3? ions
that are most important in stabilizing the PVC against
thermal degradation. Flame retardant materials may be
formulated to be more resistant to ignition or to have
slower rates of flame spread in a major fire. LDHs have
also found useful applications as flame retardants in PVC
and other polymers as well leading to reduced quantities
of smoke during combustion [83]. The most significant
flame retardant effects, observed using a mass loss
calorimeter, indicated that the EVA polymer filled with
50 wt.% of LDHs has the slowest heat release rate and
the lowest evolved gas temperature.

3.5. Adsorbent and anion-exchange

Fast growing industrial sector has loaded environ-
ment with pollutants and toxicants which can cause
adverse effects to human health and the surroundings.
Recently, environmental pollution is one of the most
serious problems in the world due to its deep effect on the
future of human beings. Then the investigation for
resolving the problem of the environmental pollution in
the world began to draw major public attention. Heavy
metal ions and organic dye molecules have high toxicity
and poor biodegradability for plants and animals at
higher concentrations [62]. In recent years, LDHs have
been aroused increasing interest as adsorbents by virtue
of their properties, which make them attractive materials
for adsorbing heavy metal ions and organic dyes. Their
abundance in nature, low cost, and good adsorptive
properties, a result of their negatively charged layers and

high large surface per unit of mass, large porosity, high
anion-exchange capacities and flexible interlayer space,
etc. i.e. it satisfies all the requisite properties of
adsorption of heavy metal ions and organic dye
molecules. [62, 69]. The anion- exchange capacity of
LDHs is affected by the nature of the interlayer anions
initially present and the layer charge density. When the
layer charge density is very high the exchange reaction
may become difficult. LDHs greater affinities for
multivalent anions compared with monovalent anions
[62]. Adsorption is a surface phenomenon, used for the
accumulation of contaminants between two phases such
as solid-liquid interface or solid-gas interface. Normally,
adsorption mechanism occurs due to intermolecular
forces of attraction between adsorbent and adsorbate.
When a solution having adsorbate encounters the
adsorbent, surface forces at the interface concentrate the
solutes on the surface of the adsorbent [84-87]. LDHs
can take up anion species from solution by three different
mechanisms: surface adsorption, interlayer anion-
exchange and reconstruction of a calcined LDH
precursor by the “memory effect” [62]. Removal of dyes
from wastewater is of significant consideration because
dyes being colored pollutant cause environmental
hazards. Up until now, many researches have been
reported to synthesize pure LDHs materials or LDHs-
based on composites due to their have high anion
exchange and adsorption ability which allows them to be
an alternative adsorbent or ion exchanger, make these
materials favorable to remove contaminants from
aqueous systems [44, 45] Moreover, LDHs have been
successfully applied in the removal of toxic metals and
organic dyes in aqueous solution. Heavy metal cations
and radioactive metals were eliminated by using chelate
ligands intercalated LDH because of flexible
interlamellar region and specific pH. The adsorption
characteristics of metal cations were separately studied
and concluded that metal cations were separated due to
high bond energy and high sensitivity of OH of LDHs.
Various uncalcined and calcined of LDHSs have been used
to investigate the adsorption of heavy metal cations [88].
ZnAl-LDHs have been widely reported to be able to
adsorb a wide range anionic and cationic dyes from
aqueous solution such as methyl orange (MO), congo red
(CR) and methylene blue (MB). Adsorption efficiencies
of calcined and uncalcined LDHs were compared and
found that better removal efficiency is exhibited by
calcined LDHs [45, 47]

3.6. Effect of LDH on the photocatalytic activity

Several biological dyes are mainly using in various
industries like leather, cosmetics, paper and textile
industries. The wastes generated from those industries,
particularly textile industries includes a huge amount of
toxic substances and dyes which are adding throughout
the colouring procedure. They are hard to eliminate from
various water treatment processes and be able to disposed
through rivers and sewers easily. They might also endure
degradation to produce extremely carcinogenic and toxic

23



THE SYNTHESIS METHODS AND APPLICATIONS OF LAYERED DOUBLE HYDROXIDES - A BRIEF REVIEW

substances [89]. That’s why there is an urgent need to
develop an economic and efficient treatment method
which are adept of deals through huge amount of polluted
waters including significant amount of organic dyes. So
many techniques were described for the elimination of
toxic dyes from polluted water, comprising sedimen-
tation, flocculation, coagulation, adsorption, photodegra-
dation, etc. [90]. The because of the opportunity, by
means of solar light that is free of cost besides renewable
energy source. Layered double hydroxides (LDHs) have
been concentrated as of late, all things considered, as
environmental-friendly materials that can be utilized as
photo catalysts or photocatalyst supports. The resear-
chers found that was one of the first to report the high
photocatalytic activity of the ZnCr-LDHs, which
energized future research in LDH materials as photo-
catalysts, considering that the utilization of LDHs as
photocatalysts has for the most part been ignored up till
then [91]. LDH found an expanding interest for the most
recent couple of centuries and generally connected to the
area of photocatalysis on account of their constancy,
simplicity of planning and reduced cost. Besides, LDH
can be synthesised with an assortment of trivalent and
divalent cations and in this way, semiconductor consti-
tuents can be acquired by picking a appropriate chemical
configuration. These were utilized for the photodegra-
dation of various molecules, for example, phenolic
mixes, pesticides, anionic dyes and cationic dyes [92].

3.7. Applications in nuclear industry

L. Aimoz et al. [93] analyzed the applicability of
MgAl-1, ZnAl-I and ZnAlI-103 as potential matrices to
store 12°I. Theiss et al. [94] studied the iodine and iodide
adsorption capacity of previously calcined ZnAl-LDH
and its thermal decomposition and suggested that iodine
species may form non-removable anions by thermal
decomposition of the LDH structure when these anions
are intercalated into the LDH structure. Bastianini et al.
[95] studied the ZnAl-I and ZnAl-13 LDHs obtained via
intercalation of molecular iodine from nonaqueous
solution and described a mechanism of iodine diffusion
into the interlayer space to combine with iodide. One of
the factors that can significantly affect the iodine
retention capacity of LDHs is the presence of carbonate
in the interlayer space, an anion with higher affinity than
iodide or iodate [96]. Therefore, several studies [97, 98]
investigate diverse intercalation methods involving
dissolution and recoprecipitation procedures to obtain
MgAI-LDHs avoiding any presence of carbonate in the
material. Prasanna et al. showed that iodide-containing
MgZnAlI-LDHs lost the intercalated iodide by leaching
even at neutral pH, since hydroxide ion (coming from the
aqueous medium) can displace the former [99].

MgAI-LDH has been used by Kulyukhin et al. [100]
as adsorbent materials for ¥’Cs and *°Sr with poor
results; however, a material based on MgNd-LDH may
be used for *°Sr recovering. LDHSs applications in adsorp-
tion and ion exchange processes are also important; there
is a considerable interest in the use of LDHSs to remove

negatively charged species. LDHs can take up anion
species from solution by three different mechanisms:
surface adsorption, interlayer anion-exchange and
reconstruction of a calcined LDH precursor by the
memory effect [101]. Both uncalcined and calcined
LDHs have also been used as sorbents for deconta-
mination of radioactive wastewater, Toraishi et al. [102]
reported the adsorption behavior of 103 anions from
radioactive wastewater by LDHSs, concluding that 103 is
weakly adsorbed on the external surface of carbo-
nate—LDH, whereas 103~ is exchanged for interlayer
NOs™ in nitrate—LDH.

4. CONCLUSIONS

This review article has demonstrated the wide variety
of methods that are available for the synthesis of LDHs
and their applications in many fields. The method of
choice will depend on the purpose for which the LDH is
to be used. If accurate structural information is required,
then pure phases with high crystallinity are necessary.
LDHs with layered structure are exciting materials for
their attractive properties. LDH materials can be success-
fully synthesized by co-precipitation, urea hydrolysis,
hydrothermal, sonochemical methods and etc. depending
on formation conditions. Sodium carbonate and sodium
hydroxide, ammonia, or urea can be used as precipitating
agents. The most general base solution for the layered
double hydroxide synthesis is the mixture of Na,COs and
NaOH. We have described some data in our review
applications of layered double hydroxides in different
fields. LDHSs represent one of the most technologically
promising materials as a consequence of their low cost,
relative ease of preparation, and the large number of
preparation variables that may be adopted. Many applica-
tions of LDHs, such as in energy storage, catalysis, and
adsorption fields, are based on its surface area and
electrical conductivity. At present, even though a great
deal of work of academic and commercial interest on
LDH materials has been carried out, still more remains to
be done to exploit completely their potential applications.
In the future, we believe work on applications of these
layered compounds will continue to expand rapidly.
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KATTbBI KOC TMHIPOKCUATEPAIH CUHTE3I 9AICTEPI )KOHE KOJIJJAHBIJIYbBI — KbICKA IIOJIY

K.A. UGparumoBa
Bakxy memnexemmik ynueepcumemi, baky, Ozipoaiiscan

KabatTter matepuanasie 6ip Typi Ooisin TabbLTaTEIH KabaTThl Koc ruapokcuarep (LDHs) cuaTesnery xeninairi, 6ipereit
KYPBUTBIMBL, OpyIIUT KaOaTBIHAA OPTYPIi METaJUl KaTHOHIAPBIHBIH OipKeNKi Tapaimybl, OCTTIK THAPOKCHI TONTAapEHI,
HUKEMJi peTTeNy CUAKTHI KeHOip KBI3BIKTHI KacHeTTepiHe OailaHBICTHI EPCICK THBAJIBI MaTepragap OO TaObLIa b,
KabaT apajblK KeHICTIKTepi 0ap HMHTEpPKAJUpJICHIeH aHWOHJAp, ICIHY KacHeTTepl jKoHE JKOFapbhl XUMHSJIBIK >KOHE
TEPMUSUIBIK TYPaKTBUIBIFBI, OPTYPJi THNTETi aHWOHAAPAbl HHTEpKANaNMsiIay KaOlleTi, COHBIMEH KaTap >KOFapbl
Ouoyiinecimainik. by mony Makanacel kKabaTTanraH KOC THIPOKCHATEP/IH CHHTE3 dAICTEpl JKOHE OJIapbIH KOINTereH
cajanapia KOJJIAHBUIYBl Typaibl KOCHIMIIA akmapaTka OarbiTTanFaH. KabaTTbl KocapianFaH THIPOKCHATEPIl
CHHTE3/ICY/IH €H KOl TaparaH 9JicTepi Oipirilm TYHABIPY, MOYEBHHA THUIPOJIU3i, THAPOTEPMHUSUIIBIK CHHTE3, 30J1b-TElb,
pekoHCTpyKuus xoHe T.0. LDHs kaTanusatopiap, cynpl Ta3apTy, JKaJblHFa Kapchl 3aTTap, IOJMMEpIli Kocmajap,
afcopOeHTTep, aTOM OHEPKICiOi, KopImaraH OpTaHBl KOpray, (DoToOKaTamu3aTopiiap *KOHE MaTepHalITaHy canajapblHOa
MIEPCIICKTHBAIBI KOJAAHY YIIiH Kol (yHKIIMOHAJIEI MaTepHall peTiH/e TaMalla OHIMALTIKTI KOpCceTe/Ii.

Tyiiin co3dep: Kabammoi KOC 2UOPOKCUO, KOCA MYHObIPY, 2UOPOMEPMUSTLIK CUHMES, 301b=2€lb d0ICi, COHOXUMUSIBIK,
cuHmes.

METO/IbI CHHTE3A U IPUMEHEHHME CJIOUCTBIX IBOMHBIX T'MIPOKCHIOB —
KPATKHUI OB30P

K.A. UG6parumoBa
Bakunckuii zocyoapcmeennutit ynusepcumem, baxy, Azepoaiidcan

Crouctsie nBoitabie Tuapokcuasl (CUIT), KOTopble NMpeacTaBisIOT OO0 OJMH M3 THIIOB CIOWCTBIX MAaTEpPHANIOB,
SIBISIFOTCSI TIEPCHEKTUBHBIMHA MaTepuaiaMu Oraromaps HEKOTOPHIM HHTEPECHBIM CBOWMCTBAM, TaKMM KaK IPOCTOTA
CHHTE3a, YHUKAJbHAs CTPYKTypa, PABHOMEPHOE paclpesieiecHHe KaTHOHOB Pa3IMYHBIX METANIOB B OpPYyCUTOBOM CIOE,
MOBEPXHOCTHBIE TUIPOKCHIIBHBIC IPYIIIBI, THOKas IepecTpanBaeMOCTh, HHTEPKAINPOBAHHBIE aHUOHBI C MEKCIIOEBBIMH
MPOCTPAaHCTBAaMHM, CBOMCTBAMHM HaOyXaHMs, BHICOKOH XMMHYECKOW M TEPMHYECKOIl CTaOMIBHOCTBIO, CHOCOOHOCTHIO
HHTEPKAINPOBATh PA3IMYHBIC TUIIBI AHHOHOB, a TAK)KE BRICOKOI GMOCOBMECTUMOCTHIO. JTa 0030pHas CTaThs MOCBSIIEHA
nHpopMaMK O MeToJax CHHTE3a CIOUCTBIX JBOMHBIX THIPOKCHIOB M WX NPUMEHEHHMM BO MHOTHX OOJacCTSIX.
OO6cyxnaroTcss Haubosiee paclpOCTPAHEHHBIE METOJBl CHHTE3a CIIOMCTBIX ABOMHBIX THIIPOKCHIOB: CO-OCaXKIEHUE,
THJPOJI3 MOYEBHHBI, THAPOTEPMAIbHBIN CUHTE3, 30Jb-Te€Nb, PeKOHCTpyKIus U aAp. CAI' neMOHCTpUpyeT OTIHYHbBIE
XapaKTEPUCTUKH B KauyecTBE MHOTO(QYHKIMOHAIBHOTO MaTepHana JJsl €ro MEepCIeKTHBHBIX NMPUMEHEHHWH B 00slacTh
KaTaJM3aTOpPOB, BOJIONIOATOTOBKH, AaHTHITUPEHOB, MOJMMEPHBIX 100aBOK, aacOpOEHTOB, aTOMHOW NPOMBIIUIEHHOCTH,
3aIIUTHI OKpY>Karollen cpesibl, pOoToKaTaIn3aTopoB U MaTepPHAIIOBEICHUS.

Knruesvte cnosa: cioucmulii 080UHOU 2UOPOKCUO, CO-0CANCOEHUE, SUOPOMEPMANbHBII CUHMES, 30]b-2elb Memoo,
COHOXUMUYECKUN CUHINES.
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BBEJIEHUE

HccnenoBanusi, IpoBeICHHBIE B MOCIETHUE AECATH-
JIeTUs], TI0Ka3ajid, 4To (apMaleBTUUECKHE IpenapaThl
TaKKe OKA3bIBAIOT 3HAUYNTEIBHOE BIMAHNIE Ha 3arpsi3He-
HHE OKpYyx)atomieid cpensl [1]. Tlo cpaBHeHHIO ¢ NpyruME
3arps3HATEISIMH (TSKEIbIE METAIIBI, IECTULUBI, Opra-
HHYECKHE BEIECTBA), (DapMalleBTHUECKUM Mpenaparam
yZenseTcss MCHbIIE BHUMAHUS, XOTS B IIOCIEIHUE Jecs-
THJICTHSI KOJIMYECTBO cTaTel Mo (hapMaiieBTHIECKOil Te-
MAaTHKe 3HAYUTENHHO YBEIHIHIOCH [2].

dapmareBTHUECKUE TPenapaThl WK JeKapCTBEHHBIE
BemiecTBa (JIB) B HU3KO# KOHIIGHTPALIMHU OKa3bIBAIOT Jie-
yeOHOe JEWCTBHE Ha JIOJEH M >KUBOTHBIX. braromaps
CBOUM (PM3MKO-XMMHUYECKHM XapaKTepUCTUKAM OHU MO-
T'YT IIpeosioyieBaTh MeMOpPaHbI U OBITH CTOMKHMH B BOJI-
Hoit cpene [3]. Kpome Toro, ecnu dapmaneBTHYecKue
Ipenaparsl He yNAJSIOTCS MPH OYHUCTKE CTOYHBIX BOJ,
OHM TIONAJAIOT B IOBEPXHOCTHBIE BOJBI, IOCKOJBKY
OOJIBIIMHCTBO (hapMaleBTHYECKUX IIPENapaToB MMEIOT
BBICOKYIO TIOJIIPHOCTh M HHU3KYIO JIeTydecTb. CorylacHO
Hayton u ap. [1], bapmameBTryecKrue MPOITYKTHI ABJISA-
FOTCS] HEKOHTPOJINPYEMBIMU XUMHUECKUMH BEIIECTBAMH,
BBI3BIBAIOIIIMH CTPECC MPH HOIAJaHUH B OKPYKAIOIIYIO
cpeny.

B nocnennue aecsaTuiaeTHs MPOU3BOACTBO U MOTPEO-
neHne (papManeBTUUECKOW NPOIYKIHUH CTPEMHUTEIHHO
YBEJIMYUIIOCH ¢ pa3BuTHeM MeaunuHel. Okono 3000 co-
€IMHEHUH HUCIIONBb3YIOTCS B KadecTBe (hapManeBTHYEC-
KHX TPErnaparoB, a T0JI0BOi 00beM NPOU3BOCTBA IIpe-
BbIIIaeT COTHU TOHH [4, 5]. IlpoTHMBOBOCHANMUTEILHBIE
npenaparsl, aHTUOMOTHKH M aHAJIbIETHKHU SIBIISIOTCS ca-
MBIMH PaCHpOCTPAHEHHBIMU JICKAPCTBAMH, UCIONb3Ye-
MBIMH BO BceM Mupe. CieZioBaTeNnsHO, OSBICHHE BOJO-
pPacTBOPHUMBIX M (papMaKOJIOTHUECKH aKTHBHBIX OpTaHH-
YEeCKMX MHKpO3arps3HHUTENCH NMpHUBIEKaeT Bce OObIIe
BHHMMaHHs BO BceM mupe [5, 6]. IIpu atom cripoc Ha dap-

MalleBTUYECKUE Tpernaparbl pacTeT M3-3a YBEIUUCHUS
MHPOBOTO HACEJICHUS, ITUPOKON JOCTYIMHOCTH Ha MHPO-
BOM DBIHKE, HHBECTHIINN B cepy 3ApaBOOXPAHCHUS U
nporpecca B MEAULMHCKUX UccaenoBanusix [7]. B Hacro-
sii1iee BpeMs BO BCEM MUpe Hctnonb3yercs okono 4000 ak-
THUBHBIX (DapMalleBTHUECKUX HHTPEIUECHTOB M MOTPEOIIs-
etcg okoiao 100000 ToHH B roj

O4uCTHBIE COOPYKEHUSI ANUMHUHHUPYIOT OpraHuyec-
KHe KOMIIOHEHTHI, KOTOPBIE CONIEPKAT OCITKH, YTICBOIBI
U nunuael. Ho He crocoOHBI ynamsTh JeKapCTBEHHbBIE
npenapaTsbl, IOTOMY YTO MEJMKAMEHTBI CaMU 110 cede sB-
JISIIOTCS OMOJIOTUYECKU aKTUBHBIMH dJIEMEHTaMU B Opra-
HU3Me denoBeka. DapMalieBTHUeCKue mpenaparbl MOT'yT
OBITH YyCTOWYHMBBIME BO BHEIIIHEH cpesie, 1 OHU He BCeTaa
abcopOHMPYIOTCS WM Pa3pyIIAIOTCS MOTHOCTHIO B Opra-
Hu3Me. B Hacrosiniee BpeMst HET OUUMCTHBIX COOPYKEHUI,
KOTOpBIC HAINpaBIICHBI HA yIaJeHUE (papMarieBTUICCKUX
npenaparos u ux meradbonutos [8—15].

Bo muorux ropozaax KazaxctaHa M3HOC OYMCTHBIX
coopyxeHH# cocraisier 6onee 90%, npu 3TOM B HEKO-
TOPBIX KaHaJU3alMOHHBIE OYHCTHBIE COOPYKEHUS OT-
CYTCTBYIOT BOOOIIIE W TOPOJICKHE CTOKU Yepe3 BPEMEH-
HBIE OTCTOMHUKK COPAChIBAIOTCS cpa3y Ha MOt QUIIBT-
pamuu [16, 17]. Ananus nutepatypsl okasai, uto B Ka-
3aXcTaHe He MPOBOJUTCS MCCIIEIOBaHUE KaK MyTeH 1o-
CTYIUICHHUSI, pacTipeIeTICHUs, YPOBHS KOHIICHTPAIIUH Ka-
KHX-JIHOO JICKAPCTBCHHBIX BEHICCTB B OKPYKAIOUIYIO
cpeny, TaK u clieHapueB ux jaerpaganui |18, 19].

Kpowme aTor0, conmyTcTByOMIEH MPoOIeMoii B HaCTO-
siiee Bpemst siBisieTcst oTcyreTBue cranaaptoB [TAK no
onpeneneHno KoHueHTpauui JIB B MOBEpXHOCTHBIX,
MUTHEBBIX M CTOYHBIX BOoJax He ToJibko B Kazaxcrane,
HO U BO BCEM MHpe. PerieHue 3TUX 3K0JIOrHIeCKUX MPo-
OJyieM oYeHb BaXkHO JiIs KazaxcTaHa, MOCKOJBKY HET Oa-
36l AaHHbIX JIB, mocrymnamoumumx npu UX MpoOU3BOJICTBE
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WIA TOTpeOJIeHNH HAaceNeHNEeM WIH/A JKUBOTHBIMU B
CTOYHBIE WU TOBEPXHOCTHBIE BOJBI.

CtuMynom i TeKYIIUX UCCIE0BaHUH JIeKapCTBEH-
HBIX MpenaparoB, sIBISETCS MHTEPEC, BHI3BAHHBIN HE00-
XOJMMOCTBIO MPOBEICHUSI MOHHTOpPUHTA JIEKapCTBEH-
HBIX [IPENapaToB B CTOUYHBIX BOJIAX TOPOJACKUX OUHCTHBIX
coopyxenuil. B Kazaxcrane ner oduimansao omyOmnu-
KOBaHHBIX JIaHHBIX IO pPe3yIbTaTaM dKCIIEPUMEHTAIHHO-
T'0 QaHAJTUTUYECKOTO OTPE/ICICHHUS U COJCPKaHNHT KaKHX-
00 JIEKapCTBEHHBIX IPENapaToB HE TOJIBKO B CTOYHBIX
BOJIaX, HO M TOBEPXHOCTHBIX BOJaX, BKIIOUYAs PEKH U
o3epa. [IpucyrcrBre mo0b1x JIB B CTOYHBIX BOJIAX, 0CO-
OCHHO TIOCJE€ WX OYKMCTKH, BBI3bIBACT 03a00YCHHOCTD,
T.K. CBSI3aHO C IIOCTYILJICHUEM BbIABICHHBIX JIB B OKpy-
x)arotryro cpeny. JIrodoe nocryruienue JIB Moxer npu-
BECTH K PHUCKaM, CBS3aHHBIM C OyAYLIMMHU KOJOrHYec-
KAMH TpoOJieMaMu, HalpuMep, naryOHbIM IT0CIeICTBU-
SIM JJISL 30POBBS UEIOBEKa M COCTOSIHUS OKpY’KaroIen
CpEIIBL.

B noxnane BO3 [20] pekoMeHI0BaHO TIPOBOIUTE pe-
TYJISIPHBIH MOHUTOPHHT 32 (DapMareBTHIECKUMHE CPEICT-
BaMHU B BOJHBIX pecypcax W IMUTHEBOH BOJC Ha HAIIHO-
HAJILHOM YPOBHE IIPH OTCYTCTBUH HOPMATHBHBIX MaH/Ia-
TOB JIJIsI OIICHKH BO3MOJKHBIX YPOBHEH pacrpoCTpaHCH-
HOCTH U BO3JIEUCTBUS B COYETAHUU C OLIEHKON MOTEHIU-
albHBIX PUCKOB BO3JICHICTBUS Ha 30POBhE UEJIOBEKA Ue-
pe3 NUTHEBYIO BOAY.

[lenplo TaHHOTO HCCIIEAOBAHUS SIBISETCS U3ydCHUE
koHueHTpauuii JIB (kapbamazenuHa u cynbpamerakca-
30J1a) B TOBEPXHOCTHBIX Bofax I. Hyp-Cynras u ero ox-
pecTHoCTEN.

MATEPHUAJIBI U METO/IbI

OT0OOp ¥ MOATOTOBKY K aHAJIMU3y MPOO BOIBI MPOBO-
muu B coorBerctun ¢ TOCT PK 51593-2003 [21].

IIpo6b1 oTOMpaTu U3 Pa3IHYHBIX BOJAHBIX OOBEKTOB
(Bomoxpanmmuma Bsraecnasckoe, pex Hypa, UM, My-
kblp, Kapacy, o3epa-Hakonurens crouHsix Box Tammasl-
KoJ1b ¥ Maublid Tamaeikons). [IpoOsr oTOHpanyu exemecs-
9YHO B IEPHOJI C arpedis mo nexadps 2021 r.

INepen anamm3oM 00pasibl GUIBTPOBAIN C HUCTIOINb-
30BaHHEM QHUIBTPOB U3 MUKpoBoiokHa Whatman GF/F
Glass u crexnoBonokna Chromatofil CA 20/25 0,2 MkM.
Xpomarorpaduueckoe paslielieHne MPOBOIUIN Ha KO-
nonke Hypersil Gold C8 150*2,1 MM ¢ pazmepom 4acTuiy
1,9 mxM. B kadecTBe moABUXKHOM (ha3bl UCIIOIB30BATH
CBEPXUYUCTYI0 Boay H areroHutpuia (60:40, 00./00.).
CxopocTs nmoToka coctasisiia 0,3 mi/MuH, a oOHapyxe-
Hue pukcuposanu mpu 230 um [22-28].

B dncne nexapcTBEHHBIX IIpenapaToB, akTHBHO MC-
MI0JIb3yEMBIX HaceJIEHHEM, HEOOXO0JMMO TaKKe paccMa-
TpHUBATh (papMaleBTHYECKHUE CyOCTaHIIMU, KOTOPHIE SIB-
JISIOTCS yCTOWYMBBIMY B OKPY KAIOLIEH cpejie ¥ He Mol
JTAIOTCSI OMOJIOTHUECKOMY Pa3JIoKEHHIO, TAKHE KaK Kap-
6amazenun. IIIMpPOKO pacrmpocTpaHEHO M MOJb3yeTCs
BBICOKHM CIIPOCOM BO MHOTHX CTpaHax MUpa, B TOM 4H-
cie u B KazaxcraHe, Takoe JiekapCTBO Kak CyJibpomeTa-
kca3zodl. B cBs3u ¢ atuMm, nannsie JIB OblM onpeneneHs
KaK IieJIeBbIe (CM. TaOIuIy).

Tabruya. Xapaxmepucmuxa yenegvix JIB

Hasganue | ®opmyna | HasHayeHue MpumeHeHne | Ccbinka

[lencraue Hanpas-
NIEHO Ha YHNYTO-
KeHue baktepuii,
BbI3bIBAOLLMX WH-
C10H11N3O3S | aHTMbroTuk | cbekumm. HasHava- | [23-25]
eTcsa Ans npodu-
NaKTUKWA NHEBMO-
HUW BO BPEMSI Kyp-
ca XumuoTepanmu

Wcnonbayetcs
ONs NeveHns anu-
nencwn. lMpenapat
pasraraetcsi B ne-
CisH12N20 | aHanbreTk | YeHu Jo akTuBHbIX | [26-28]
MeTabonnTos, ko-
TOpblE TaK e ak-
TUBHbI, KaK U UC-
XO[IHOE NeKapcTBO

Cynbeho-
MeTakcason

Kap6ama3-
eMnvH

PE3YJIBTATBI U OBCYKJIEHUE

[onydeHHbIe pe3ynbTaThl MOKa3ald HPUCYTCTBHE
uccinenyemsix JIB B IOBEpXHOCTHBIX BOJaX. Y CTaHOBJIE-
HO, 9TO KapOaMa3eIuH U CyIb(paMeTaKkca3oil He BEISBICH
B BOJIC BOJOXpaHIUTHIIa Bssuecnasckoe u B o3epe Maibrit
Tangeikons. OgHAKO B BOJIE 03epa-HAKOTIUTENS CTOYHBIX
Boa Tanapsikoss kKapOaMa3eniH BBISIBIICH B HOSIOpE B KOH-
nertparmu 0,0649 mr/in, B pexke Kapacy — 0,0572 mr/n
COOTBETCTBCHHO. B nexabpe kapOaMa3enuH BBISBICH B
pexe Mykbip B koHueHTpauuu 0,1202 mr/m, B peke Hypa
— 0,0076 Mr/in, B 03epe-HAKOMHUTENIC CTOUHBIX BOA Tai-
nwikouts — 0,0082 mr/n, pexe Uinm — 0,0076 mr/n. Cyiib-
(dameTtakcasous ObUT 00HapY)eH B peke Kapacy B HosiOpe
B KoH1eHTpanuu 0,0038 mr/n u B nekadpe B oOpas3nax u3
o3epa Tanmsikons B koHneHTparmn 0,0046 mr/m.

Konnenrpanun kapbamazenumHa ObUTH 0OJiee BBICO-
KHMH, 9eM cyibpamerakcazona. Bo3aMoXHOW pHIHNHOM
SIBIIICTCS €T0 HAKOTUICHUE B BOJIE B CBSI3U C €TO YCTOWYH-
BOCTBIO K (haKTOpaM BHEIIHEH Cpelbl, a TaK)Ke CBOWCT-
BOM IJ10X0 paznararbes [29-31]. OuulieHHble CTOYHbIE
BOJIbI BO3BpaIaioTcs B peky Mmmm u, mpoxozs uepes pe-
Ky, CHOBA IIPEBPAIIIAIOTCS B ITOJHOIEHHYIO CHIPYIO BOAY.
Bo03MO0XHO, 3THM ¥ 00BSICHSETCSI MOSIBJICHUE B IIOBEPX-
HOCTHBIX BOJIaX JIaHHBIX JIEKapCTB.

OTH pe3ynbTaThl YKa3bIBalOT HA MIPUCYTCTBHE JIEKap-
CTBEHHBIX BELIECTB, IPUBOASAILIMX K MOSBICHHIO HOBBIX
po0IIeM B OKpYKaIOIICH cpefie, CBI3aHHBIX C 3arpsi3He-
HHUEM, B TIEPBYIO OYepellb, BOTHBIX pecypcoB. [lomydeH-
HBIC JaHHBIC BBIOOPKH ITOKA3alH, YTO KOHIICHTPAIUU
JIaHHBIX JICKApCTB ObLIN 3HAUYNTEIBHO BBIIIE 3UMOM, UeM
JIETOM.

Henp3st 01HO3HAYHO yTBEPXKIaTh, YTO KapObama3enuH
1 cynbhamMeTakca3on B BeCEHHE-JIETHUH mepuoj adco-
JIIOTHO OTCYTCTBYIOT, TaK KaK BEpOSITHEE BCETO UX KOH-
LIEHTPAINX IIPOCTO HAXOAATCS BHE MPEIesIoB OOHapyKe-
HUS MeTona. HaceneHne Takoro 0OJBIIOro Topoja, Kak
Hyp-Cynran, rie npoxuBaroT 6ojiee MUJIIHOHA KHTe-
JIel, TOCTOSIHHO NPHHUMAIOT pa3lIMuHbIe JIEKapCTBa, B
TOM YHCJIE ¥ JAaHHbBIEC JIEKapCTBEHHBIE Ipenapartsl. Bos-
MOJKHO, YTO B JICTHHEC MECSIBI X NPUHUMAIOT B HaU-
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MEHBIIUX KOJIIMYECTBaX. YBEJIHMUCHHE HCIIONb30BAHMUI
(hapMaleBTHYECKUX NpenaparoB, HeA(HEKTUBHOCTD CH-
CTeMBI OYMCTKU CTOYHBIX BOJ|, HEAJEKBAaTHAs MpaKTHKa
YTUIM3aLUU TPOCPOUYEHHBIX U HEHCIIOIb30BAHHBIX Jie-
KapCTB MOT'YT IIPUBECTH K MOMaJaHUIO JAHHBIX JIEKAPCTB
B OUHCTHBIE COOPYKEHHS U JaJiee B PEKH.

ITomyueHHBIe pe3yabTaThl COTIACYIOTCA C JAHHBIMU
IPYTHX aBTOPOB. YKa3aHO, YTO KapOaMa3emmH MOXKET
MIPUCYTCTBOBATH B TOBEPXHOCTHHIX Bonax (mo 1,1 mr/m)
[32]. B OGombmiMHCTBE HCCIICIOBAHMMA, KOHIICHTPAITIH
cynb(paMeToKca30a B TOBEPXHOCTHBIX BOJaX COCTABIIS-
i ot 0,286 1o 0,0052 mr/1, a B HEKOTOPBIX IMPodax — 110
4 mr/n [33, 34]. Kapbamasenun oOHapy»XHBajCsi B KOH-
nentpanusx ot 0,0818 no 3,6 mr/i, cynshamerakcaszon B
koHeHtpanusx oT 0,066 mo 0,7 MI/a1 COOTBETCTBEHHO
[36-37].

3AKJIOYEHUE

VY4uuTeBass OTpOMHOE KOJIHYECTBO (hapMaleBTHYEC-
KUX MpenaparoB, KOTOPbIE CYIIECTBYIOT M 0OHApYKHBa-
IOTCSL B OKpY’KaloIleH cpene, aTa paboTa MogdepKkruBacT
HEOOXOAMMOCTb JANTbHEHIIINX UCCIIeI0BaHU (hapMarieB-
TUYECKH AaKTUBHBIX 3arpsi3HUTENICH BOAHBIX OOBEKTOB.
[Mockonbky (apMalieBTHUECKHE Ipenaparbl 00JalatoT
Ype3BBIYAHHO Pa3HOOOpa3HBIM OHOJIOTHYECKHM JIeiCT-
BHEM, TIPEATIONIATaeTCs, YTO OYAyIINe UCCIICOBaHUS BBI-
UTPAIOT OT M3YUYCHUS PACIIPOCTPAHEHUS JIEKAPCTBEHHBIX
BEIIIECTB B OKPY’KaIOIIeH cpese, BKIItoYast (PU3NOJIOrHYe-
CKHE WM METa0OIMIECKIE XapaKTePHCTUKU TaHHBIX Jie-
KapCTBEHHBIX cyOcTpaHuuii [38—39].

OCHOBHBIE TIeNTN 3aKITFOYAI0TCS B TOM, YTOOBI IT0-HO-
BOMY B3IVISIHYyTh Ha 3Ty TeMY, HOJIY4YHUTh MIPeIBapUTEIIh-
HBI€ PE3yIBTATHI IO COAEPIKAHHIO JIEKAPCTB B IIOBEPXHO-
CTHBIX BOJIaX, CIIOCOOCTBOBATh Oojiee ) (PEeKTUBHOMY U
pe3yIbTaTUBHOMY HOHHMMAHHMIO ITOCTABIICHHOM mpoOie-
MBI, a TaK)Ke MPU3HATh 3HAYUTENIBHYIO BAXKHOCTh JTaHHOM
npobnemsr st Kazaxcrana [40].

PesynbTaThl COOCTBEHHBIX HCCIIEIOBAHUI 1O M3yde-
HUIO KOHIICHTPANXH JIEKapCTBESHHBIX BEIIECTB B TIOBEPX-
HOCTHBIX Bogax I. Hyp-CynTas 1 ero okpecTHocTeil 1mo-
Ka3aJii IPUCYTCTBHE B HUX KapOaMaseluHa u Cyibdame-
Takcasona. JJaHHbIe TeKapCTBEHHBIC BEIECTBA OTHOCST-
¢4 K pa3IMIHBIM KJIaccaM JIEKapCTBEHHBIX IIPenapaToB U
UX MPUCYTCTBHE B BOAHBIX 00BEKTAX OKpYKAIOIIEH cpe-
IIBI BBI3BIBAET 000CHOBAHHOE OECIIOKOMCTBO.
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Maxkamaga Hyp-Cynran xamacsl MeH oHBIH MaHBIHAArbl (Kazakcran PecrmyOnmkachl) skep YCTi CymapbIHAAFBI TOPLTIK
3arrapabiH (M) moHuTOpMHTI mepexTepi OepinreH. HoTmkenep kep ycTi cynapslHAa kKapOamasenwH MEH Cyibda-
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The article presents the monitoring data of medicinal substances (PM) in the surface waters of the city of Nur-Sultan and
its environs (Republic of Kazakhstan). The results show the presence of carbamazepine and sulfamethaxazole in surface
waters. Samples were taken monthly from April to December 2021. Analysis of medicinal substances was carried out
using the method of high performance liquid chromatography (HPLC). A possible reason for the presence of medicinal
substances in surface waters is their entry with wastewater from the public utility sector of the city of Nur-Sultan into
surface sources after treatment.

Keywords: environmental monitoring, surface water, medicinal substances, Republic of Kazakhstan

34



BecrHnk HIA PK BbINyck 4, nekabpb 2022

https://doi.org/10.52676/1729-7885-2022-4-35-40
YK 538.94

OPTICAL PROPERTIES OF LOW-DIMENSIONAL SYSTEMS:
METHODS OF THEORETICAL STUDY OF 2D MATERIALS

G.A. Kaptagay?, B.M. Satanova?, F.U. Abuova?, N.O. KoilykY,
A.U. Abuova?, S.A. Nurkenovd, A.P. Zharkymbekova?

D Kazakh National Teacher Training University, Almaty, Kazakhstan
2 L. N. Gumilev Eurasian National University, Astana, Kazakhstan
3) Astana International University, Astana, Kazakhstan

E-mail for contacts: fatika_82@mail.ru

Heterostructures based on graphene and two-dimensional films of nanostructured, ferromagnetic, transition metal oxides
are promising for the development of new multifunctional materials for memory cells, quantum computer elements,
Li-battery anodes, (photo) catalysts, supercapacitors, transistors, sensor materials, solar panels, fuel cells, electrochromic
devices. A large volume of publications devoted to graphene and heterostructures based on it is and mainly their synthesis
processes of hybrid structures. The methods of theoretical investigation of the optical properties of two-dimensional film
materials, despite their diversity, require improvement. Consequently, the article presents methods of theoretical
investigation of the optical properties of two-dimensional hybrid film structures in combination with ab-initio method.

Keywords: heterostructures, two-dimensional materials, low-dimensional structure, transition metal oxides, Van der

Waals materials.

INTRODUCTION

The discovery of semi-metallic graphene, which is a
two-dimensional allotropic modification of carbon
formed by a carbon layer one atom thick, created a
powerful theoretical and experimental prerequisite for
the development of two-dimensional film materials
(2DLM). Each film contains a cell with a covalent bond
providing a stable configuration of the structure.
Hexagonal BN (boron nitride) called white graphene is a
close analogue of graphene with a similar geometric
structure, in a primitive cell of which each carbon atom
is replaced by boron and nitrogen. Hexagonal BN being
a wide-band insulator is used as thin tunnel barriers
[1, 2], sealing materials [3] and nondefective dielectrics
[4]. Currently, experimental work is being developed on
synthesizing films with controlled electronic properties
with a combination of carbon, nitrogen and boron.

Another group 2DLM - transition metal dichalco-
genides (TMD) contains a variety of film materials with
tunable electronic properties and different band gap
widths. It is generally denoted AB,, where A metal is
mainly molybdenum or tungsten, and B is chalcogenide
(sulfur, selenium or tellurium), which are exfoliated from
natural ores or synthesized by chemical vapor deposition.
Along with molybdenum and tungsten, stable compo-
unds with zirconium, ruthenium, tantalum, titanium, nio-
bium and nickel are used. Of the many compositions, the
well-studied compositions MoS;, MoSe;, WS, and WSe;
have a configurable band gap of ~1-2 eV with carrier
mobility of 100 cm?-V1-s71 at room temperature [5].

Black phosphors or phosphorene (in the form of a
monofilm) have high anisotropic properties and a tunable
band gap from 0.33 eV to 1.5 eV with carrier mobility of
1.00 cm?-V1-s71 at room temperature [6].

Two-dimensional transition metal oxide films (TMO)
are currently important both in fundamental research and
in technological applications due to their wide range of
material properties from semiconductors, metals to
superconductors. However, a material with fixed proper-
ties may not have universal application. Due to the
unique crystal structures, physical and chemical proper-
ties, 2D TMO can be efficiently configured using various
strategies such as size reduction, intercalation, hetero-
structure, doping and gating. The structures created by
the combination of two or more atomically thin graphe-
ne-like materials change the properties of the initial
structures, and a material with new hybrid properties
appears, which opens up new paradigms for the develop-
ment of new materials and nanodevices. Strong covalent
bonds ensure the planar stability of 2D crystals, and the
connection between different layers is provided by van
der Waals interactions. Hence, such heterostructures are
called van der Waals vdW heterostructures.

Heterostructures based on graphene and two-
dimensional films of nanostructured transition metal
oxides are promising for the development of new multi-
functional materials for memory cells, quantum compu-
ters, anodes of Li-batteries, (photo)catalysts, super-
capacitors, transistors, sensor materials, solar panels, fuel
cells, electrochromic devices. A large volume of publica-
tions devoted to graphene and heterostructures based on
it is practically devoted to the study of the features of the
synthesis processes of hybrid structures. The combina-
tion of graphene and two-dimensional nanostructured
transition metal oxides will lead to fundamentally new
and unidentified processes, patterns at the interface of
structural elements, creating a new base for multifunctio-
nal materials in the nanoscale range.
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The creation of two-dimensional (2D) materials has
been promising since the invention of graphene. Two-
dimensional transition metal oxides films (TMO) are
currently important both in fundamental research and in
technological applications due to their wide range of
material properties from semiconductors, metals to
superconductors. However, a material with fixed proper-
ties may not have universal application. Due to the
unique crystal structures, physical and chemical proper-
ties, 2D TMO can be efficiently configured using various
strategies such as size reduction, intercalation, hetero-
structure, doping and gating. Due to the flexible
adjustment of the properties of 2D TMO, they become
attractive candidates for various applications, including
electronics, optoelectronics, catalysis and energy.

However, all these 2D films are simple semi-
conductors or semi-metals in which charge is the
dominant degree of freedom. Other functional properties,
such as magnetism and polarity, due to other degrees of
freedom (for example, spin, orbit and lattice), are usually
inactive or insignificant in these systems, which limits
the scope of their application. Although many ab initio
calculations and some precise experiments have claimed
that magnetism in 2D materials is induced by surface
relief, boundary conditions, doping, defects, or a displa-
ced electric field, these types of magnetism are somewhat
external. Despite enormous efforts, these types of exter-
nal magnetism caused by external factors are still
hindered by their weak magnetization, low operating
temperature, poor reliability and uncontrollability. We
review the recent progress and challenges, and offer our
perspective on the exploration of 2DLM-based vdWHs
for future application on oxygen evolution reaction
(electrode/catalyst functionalities) and optoelectronics.

Brief review of theory of experimental methods

of studying vdwW

Two-dimensional Van der Waals (vdW) graphene-
TMO materials have multielectronic effects in 2D layers
that create unstable collective states. Due to this, ferro-
magnetic ordering of spins was observed in 2D soft
ferromagnets at low Curie temperatures. The inclusion of
stable collective states will expand the technological
application of this class of materials.

Experimentally [7, 8] it was revealed that in transition
metal oxides (TMO) in combination with graphene at the
interface of the structure forms new and promising
magnetic, electronic and optical properties. In low-
dimensional structures, the localization region of wave
functions is tens of nanometers, the matrix elements of
the interband transitions have the same dimension as the
width of the structure. This in turn enhances the optical
response in such structures as opposed to 3D structures.
Since 2 materials of the system are one atom, their
surface conductivity tensor is described in xy planes as

Y xx 7/xy
7/:
yyx yyy

Here the z-axis components disappear, which
Y2 =Vx =7y, =0. Considering  magneto-optical

effects [9-11], the surface conductivity tensor is

represented as
- { oo } )
“TH 7L

where y, longitudinal conductivity and y, The Hall
conductivity was defined by the Kubo formalism [12].
At room temperature and in the mid-infrared region, the
longitudinal conductivity and y,, Hall conductivity is

related with the Drude model [13] by the following
expressions:

- 1-iwr
= s 2
& 7(WCT)2+(1—iWT)2 @
=y 3)

(Wer)” +(1-iwr)?
where r=% — scattering time (I'— the rate of

attenuation of plasmons), a, ~ eB,vZ I u_ cyclotron
frequency (electron charge e, B, component on the axis
z of magnetic field), v ~10°m/s Fermi speed,

_ 2
;/:Mln{Zcosh[zﬂC ﬂ 4)

For frequencies above the mid-infrared region, the
main expression of [8] longitudinal and Hall conductivity
are not simplified in the Drude model. In the case of

magnetostatic  simplification (B, =0), longitudinal

conductivity y, = Jintra = Zinter D€Cause of the intra-
cavitary ( 7, ) @nd interpolar y;.., contribution

2%k, T 7 7]
Vintra (W): . Ir{ZCOSh[ZkCT J:| (5)

zh  1l-iwr 5

Interband conductivity is formed from direct inter-
band electronic transitions. It is not taken into account at
room temperature and frequencies below the mid-
infrared zone, since it is much smaller than the interband
contributions. It is expressed in integral form:

e2| [w 4iw[G(s)-G(w/2)
Yinter (W) 4h G 2 + T ) Wz _452 S ' (6)

G(s) sinh [A1s/(kgT)]
~ cosh[ u, /(kgT)]+cosh[s/(kgT)]
in optical properties are described they are treated as

surfaces. When exposed to an electric field, a nonlinear
optical response is manifested. For the first time, the

U]
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nonlinear optical response in solids and liquids was
investigated by J. Carom.

In many computational electromagnetic methods, it is
more convenient to work with volumetric equivalents of
surface quantities. In practice, volumetric conductivity is
used instead of surface conductivity y, =7,/ he .

where hy; the effective thickness is 2DLM. The electro-

magnetic properties of such materials are also described
by the dielectric permittivity ¢ which is related to
conductivity with the following expression;

& =1+iﬂ=1+—i7'- (8)
W EoWheg
N
)
kZ:: |w5k + (|W)

where f,, w, and ¢, oscillation strength, resonant

frequency and spectral width.
Along with linear optical properties, nonlinear optical
properties of low-dimensional structures by the nonlinear

surface conductivity tensor »{™ (Q,w) , where Q= nw
and n=2,3,.... The surface conductivity tensor of the
third harmonic of graphene is expressed as:

Aw
T , 10
(zw} o

Van der Waals (vdW) heterostructures consist of two-
dimensional (2D) materials and functional different
structures (transition metal oxides, organic molecules,
layered metal oxides, layered double hydroxides, layered
metal chalcogenides, layered metal carbides and etc)
which have been intensively studied for development
optoelectrical properties [9]. If the functional structures
are appropriately designed, this enables manipulation of
the electronic structure and optical properties of 2D
materials [10]. To determine the effectiveness of mixed-
dimensional heterostructures, it is important to under-
stand the nature of charge and energy transfer processes
across the semiconductor interface at fundamental
timescales. It was discussed the recent findings on
photophysical processes within three different vdW
heterostructures: 1) conjugated polymer/MoS2 organic/
2D heterostructures [11]; 2) polymer: fullerene/MoS2
organic/2D heterostructures in the presence of a plasmo-
nic metasurface [12]; and 3) ReS2/MoSe? type-11 2D/2D
heterostructures [13-16]. In the organic/2D hetero-
structures investigated, ultrafast charge transfer from
MoS?2 to the conjugated polymers occurred within 9 ps,
and in some cases, in under 120 fs. The charge generation
yield was improved by over a factor of 6 at ultrafast time
scales in the presence of a plasmonic metasurface. In the
ReS2/MoSe2 heterostructure, we show that resonant
energy transfer dominates over charge transfer from
ReS2 to MoSe2, even without a charge-blocking inter-
layer. vdW heterostructure Hybrid Materials with diffe-

iyo(hvee)®

® (3w, w) =
e 3w W) 487 (hw)?

rent energy application purposes with anisotropic 2D
nanosheets of layered inorganic solids (layered metal
oxides, layered double hydroxides, layered metal
chalcogenides, layered metal carbides, and graphene)
attract research interest therefore of their multifunctional
nanohybrids applicable for renewable energy techno-
logies [17-20]. The monolayered 2D nanosheets of
inorganic solids can be synthesized by soft-chemical
exfoliation reaction of the pristine layered materials.
A great diversity in the chemical compositions, crystal
structures, and defect structures of inorganic nanosheets
provides this class of materials with a wide spectrum of
physical properties and functionalities. The inorganic
nanosheets can be used as powerful building blocks for
exploring high performance hybrid electrodes and
catalysts with the help of interface and defect enginee-
ring. These materials can play a role as active
components, additives, and substrates for improving the
energy performance of hybridized species. In this talk,
several practical examples of interface-/defect-enginee-
red 2D inorganic nanosheet-based hybrid materials with
electrode/catalyst functionalities will be presented
together with the discussion about the relationship
between chemical bonding nature and functionalities.
Perovskite structures are promising materials for energy
purpose systems and with combination with graphene
used for as solar collectors, with their complexity
structure and electronic and optoelectronic properties its
required investigation as electrode/catalyst materials.

Computational methods for 2DLMs

Calculations will be performed within the framework
of density functional theory (DFT) [21], DFT+U,
[22, 23] in the software that perform quantum-chemical
calculations. One of them VASP software package. The
study uses an integrated approach that includes the search
and preparation of nanoclusters of the systems under
consideration, descriptions and characterization of the
structure and size by additional computational methods,
calculation of electronic properties, visualization of the
results obtained, as well as comparison of computational
and experimental data. However, the accuracy of DFT
depends on the correct choice of the exchange-
correlation functional [24-27]. The theoretical study of
the relaxation of the geometry of the structure and
electronic excitation is a developing task. Computational
ab initio methods have proven to be a reliable tool in the
study of spectral dynamics. The brief explanation of the
computational method of identifying optical properties of
2D structures given in Figure.

As seen from the scheme relaxed structures taken
from the computational 2D materials database (C2DB)
[24] and on next step calculated electronic band energies
and wave functions with DFT calculations. Also
performed calculations to obtain the optical vibrational
modes. The momentum and electron-phonon matrix
elements that taken from electronic states and phonon
modes analyzed and stored. At the end of calculations for
a considered excitation frequency and input/output
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polarization vectors the Raman spectrum is calculated.
Experimentally Raman spectroscopy is mainly used to
reveal composition, structure and layer thickness of 2D
materials. Authors [29] performed computational
identifying 733 2D materials from C2DB for Raman
spectrum and compare them with experimental data for
15 known monolayers [30]. By them illustrated dates in
article for MoS; (H-phase) and WTe, (T -phase).
Calculated spectra dates show precious agreement with
experiments for the Raman peak positions [31].

C2DB
Relaxed structures

A
Band energies eq and
wavefunctions Ink»

Zone-center phonons 1 and
electron-phonon potentials

Electron-phonon matrix elements Momentum matrix elements

k|0, VES Imk> {nk |p| mikc)

l l

Raman spectrum I(w)

Excitation frequency wis and
polarization vectors Uia, Uout

Figure. Computational method scheme of the calculation
Raman tensor of 2D materials

At the moment, this method is in the early stages of
development. Thus, now there are no commercial and
public programs on which it would be possible to calcu-
late the spectral dynamics. Preliminary steps have been
implemented in programs in the form of conventional
additions that import information about molecular dyna-
mics and the electronic structure for these configurations
from standard quantum software packages of quantum
chemistry and then build spectral dynamics based on
these inputs. In modern modeling methods, photo-
excitation or injection of charge carriers puts the system
into a nonequilibrium state causing spectral dynamics,
which is described by solving the corresponding
nonstationary Schrodinger equation or the Liouville-
Neumann equation for a reduced density matrix with
certain approximations. This atomistic method involves
interactions of electronic degrees of freedom with lattice
vibrations. The implemented method describes dissipa-
tive quantum dynamics of electrons by combining a
density matrix for open systems of electronic excitations
at the semiconductor-metal interface. This combination
of methods has the potential to describe a wider range of
phenomena with higher accuracy [32-33].

Studying the energy of oxide materials, one can
imagine photoinduced catalysis as a sequence of elemen-
tary atomistic interactions between electrons, lattice
vibrations, and external illumination. In these reactions,
the electronic system is not isolated. The initial goal is to
study the interaction of electronic excitation with lattice

vibrations. The atomistic electronic structure approach is
important for studying bounded systems with reduced
symmetry (inhomogeneous systems, surfaces with
defects, nanoparticles), since standard approaches are
unable to investigate periodic structures. The available
atomistic treatments of the interactions of electrons with
iononic skeletons suggest a “continuous” calculation of
the non-adiabatic interaction. We found a slight differen-
ce between the estimates of the interaction energy
obtained by the two methods. Using this methodology,
we expect to significantly reduce the required numerical
and time resources and speed up the computational
procedure.

The problem of the band gap width is caused by the
local nature of the exchange energy (within LDA or
GGA). The Hartree-Fock approximation ignores correla-
tion, but includes exact exchange, whereas DFT approxi-
mates electronic exchange and correlation, which leads
to the so-called exchange-correlation functional. Hybrid
exchange-correlation functionals, such as those construc-
ted by Purdue et al. [34], which combine the exchange
correlation of GGA with the exact exchange of HF, seem
to be suitable for semiconductors.

Perspectives

The development and research of nanoscale van der
Waals heterostructures from (2D) films of transition
metal oxides (OPM) and layered structures based on
them as promising materials for micro-, nano- and
optoelectronics is a rapidly developing direction in
science. Theoretical at the atomic level, 2D films are
being developed from epitaxial ultrathin oxide layers on
various substrates with varying amounts of film to study
their chemical properties and structure.

The theoretical predestination of the electron-optical
and magnetic properties of the above materials will allow
us to characterize the structures of defects in transition
element oxides and develop methods for controlling them
in the process of manufacturing electronic devices with
the required properties.

Despite of the tremendous quantity of research
activities of 2DLMs with variable electronic properties
and the unique ability to exfoliate and restack 2DLMs
hybride structures as vdW nowadays required detailed
study for materials engineering and device design. By
combining 2D semiconductors with low dimensional
materials, mixed-dimensional heterostructures benefit
from the advantageous properties of their constituent
components. Recently researches devoted to TMO,
organic molecules, layered metal oxides, layered double
hydroxides, layered metal chalcogenides, layered metal
carbides and etc. Perovskite structures with complexity
of structure is perspective objects for studying for
combination with graphene like low dimensional systems
for creation the van der Waals hybrid heterostructures.
Therefore, the task of development and research of
hybrid van der Waals structures based on pervskite is still
open. To determine the effectiveness of analogy mixed-
dimensional heterostructures, it is important to under-
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stand the nature of charge and energy transfer processes
across the semiconductor interface at fundamental time-
scales. In further researches we aimed to study different
perovskite structures with combination low dimensional
systems like graphen.

These studies were funded by the Ministry of Science

and Higher Education of the Republic of Kazakhstan in
the framework of grant funding “Development and rese-
arch of new multifunctional vdW structures of 2D films
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OINPEJIEJIEHUE CE30OHHBIX U3MEHEHU KOHIIEHTPAIIUHA U30TONOB PAJIOHA
HA TEPPUTOPUU I'OPOJA KYPYUATOBA

10.E. Apramonos, E.B. Mycraduna, 10.B. baknanosa
Qunuan «Mncmumym paouayuonnoi 6ezonacnocmu u sxonozuuy PI'TI HAI] PK, Kypuamos, Kazaxcman
E-mail ons konmaxmos: artamonov@nnc.kz

B cTartbe mpeacTaBIeHBI PE3yNbTATHl HCCIIEAOBAHMUS COJCP KaHHUA H30TOIOB PAaZoHa B BO3AYIIHON Cpelie IKCILTyaTHpye-
MBIX 37aHuil r. KypuaToBa, O1leHeHbI 3aBUCUMOCTH KOHIIEHTPALUU H30TONOB PaJioHa B MOMENICHUAX JKUMIbIX U aIMUHU-
CTPaTHBHBIX 3/laHUH OT Ce30Ha rojia, a TakXKe OT TUIa IIOMEUICHUI U UX Ha3HaueHus. V3yueHne Ce30HHBIX U3MEHEHUN
KOHIIEHTpPAILlUH pajioHa B BO3IYIIHOMN Cpefie OCYIIECTBIJIOCh MyTeM MNPOBEICHHUS U3MEPEHUI YKBUBAJICHTHOI paBHOBE-
cHoit o0bemHol aktuBHOCTH (DPOA) 1 o6bpemHo#t akTuBHOCTH (OA) pagona. Bnepssie aist r. Kypuarosa onpeznenena
00beMHasl aKTUBHOCTb M30TOIIOB paJioHa B IIOMEIIEHHSX )KIIBIX 3/IaHUH U 3laHUH TPOM3BOACTBEHHOTO Ha3HaYeHUsI. Pe-
3yJIbTaThl TOKa3any, 4ro 3HaueHus JPOA u OA pasoHa B Bo3ayXxe 00CIeJOBaHHBIX MOMEIIEHUH aJMUHUCTPATHUBHBIX U
KUJIBIX 3/JaHNH yBEIMIUBAIOTCS OT 3UMBI K JIETY, 00pa3ysl CIIEAYIONTHH YOBIBAIOIINH PAL: 1emo > OceHb > 6ecHa > 3uMd,
YTO, BO3MO’KHO, CBA3aHO C IIPOMEP3aHNUEM I'PYHTA M HAJTMYMEM CHEXXHOT'O TIOKPOBa B 3UMHUIT niepno. Takke moaydeHo
MIOATBEPKICHUE CHIDKCHNS KOHIIGHTPAMH PaJioHa B BO3yXE MOMEIICHUH C YBETMUCHAEM 3TaXa 31aHHs.

Knroueswvie cnosa: p(,ZOOH, uzomonbvl pa()oHa, 00veMHAsL AKMUBHOCTb (OA), IK6UBATICHMHAA pPABHO6ECHAA obvemHas

akmusnocms (OPOA), ce30nHble usMeHenUs KOHYeHmpayuy padoud, JHCuible U RPou38o00CmMBEeHHble 30aHUs.

BBEJEHUE

OnmHuM u3 (aKTOpOB, OKA3bIBAIOIIUX HEMNOCPEICT-
BEHHOC BJIMSHUC Ha 0€30MacHYI0 00JIaCTh OOMTaHUS Ye-
JIOBEKA, SIBIAETCS paJuallMOHHOE BO3JCHCTBUE eCcTecT-
BEHHBIX HCTOYHHUKOB M3JTy4eHHs, B YaCTHOCTH, PaloHa U
€ro JouepHUx npoaykros pacnazaa (IIIP).

Pajgon BXOOWT B COCTaB TpeX PaJHOAaKTUBHBIX Ce-
MEHCTB €CTECTBEHHBIX PaJAHOHYKIHIOB, POIOHAYATLHHU-
KaMU KOTOphIX aBnstores 238U, 225U u 2%2Th. [lannble pa-
JTUOHYKIIAABI BXOST B COCTaB 3eMHOU KOPHL. Sapa pamo-
Ha TIOCTOSIHHO 00pa3yroTCs B OKPYXaroIlei cpeae mpu
PaIMOAKTHBHOM paciajic MaTepUHCKUX SAep paarnoHyK-
JIUI0B-POJIOHAYAIBHHUKOB. [IJTOTHOCTH ITOTOKA pajioHa C
MTOBEPXHOCTH TPYHTa OMpEeNseT KOHIEHTPAIUI0 H30-
TonoB pajiona u ero JII1P B mpuzemuoit armocdepe. Tak
e, KaK ¥ TeJINi, TOUTH BECh PaJIOH COCPEIOTOUEH B TOJI-
II1ax MOYBEHHOT'0 MOKPoBa U Bo. I1o mpuOIM3UTEIHHBIM
MOJICYETaM BEPXHMH CJION 3€MHOW KOPBI TIyOWHOU 10
1,6 kM conmepxut okoio 115 T pamona, a B atMmocdepe —
okouio 4 kxr [1]. BeaencrBue cBoeld XUMUYECKON HHEPT-
HOCTH, PaJIOH JOCTaTOYHO JIETKO IMOKUAAET KPUCTAILIU-
YECKYIO PEIISTKY MHHEpaja, B COCTaB KOTOPOTO BXOJIH-
T MaTepUHCKHE SApa, U MOMagaeT B TPYHTOBBIC BOJIBI,
MIPUPOJHBIE T'a3bl M BO3AYX. 32 BpeMsI H3yUeHHs ITOBeie-
HUS paJloHa YUEHBIMH OBUIO OTMEYEHO, YTO €T0 YPOBHHU
B IpU3EeMHON atMocdepe M 3MaHUsIX 3aBUCIT OT MCTOY-
HUKOB ITOCTYIUICHHS, a TaK)Ke IMMOTOJHBIX M KIMMaTHIeC-
KHX ycIoBHH. Tak, "3MEHEHUS B COCTOSHIUH aTMOC(hephl
BBI3BIBAIOT N3MEHEHHS B COCTOSIHUH IOYBBI K MUKPOKIIHU-
Mara nomeeHui [1].

Panon sBisercs HamOoiee 3HAYMMBIM IPUPOIHBIM
HCTOYHHUKOM 00yueHus. CorlacHO TeKyIel OleHKe Ha-
yaHOro komutera Opranusanuu 00beIUHEHHBIX HAIUN
0 AEHCTBUIO AaTOMHOM pajivaliiy, paJioH BMECTE CO CBO-
umu [IIP oTtBeTcTBEeH mpuMepHoO 3a 3/4 roqoBoil UHIHU-

BHIYyaIbHOU 3P PEKTHBHON IKBUBAICHTHOH O3Bl 00Ty-
YeHUsI, MOJy4aeMOil HaceJIeHHeM OT 3€MHBIX UCTOYHH-
KOB pajivallvy, U MPUMEPHO 32 MOJOBUHY 3TOU J03bI OT
BCEX €CTECTBEHHBIX HMCTOYHMKOB paguanuu [2]. bosb-
LIYIO YacTh 3TOM JI03bI YEJIOBEK MOJyYaeT OT paJHoHyK-
JIJIOB, TIOTIaJAlONIMX B €r0 OPraHU3M BMECTE C BJIbIXae-
MBIM BO3/IyXOM, OCOOCHHO B HEIIPOBETPUBAEMBIX ITOME-
IIEHHSIX, Ky/Ja IOCTYIIaeT U3 TOYBBI Yepe3 MUKPOTPELIH-
HBI B CTPOMTEIBHBIX COOpYKeHUsX. OMacHOCTh pajoHa
JUISL 4eJIOBEKa 3aKJII0YaeTCsl B TOM, YTO, [IOT1a/1asi B Opra-
HU3M YeJIOBEKa MPH JbIXaHWH, OH MOXKET BBI3BATh Maryo-
HBIE ]ISl 3/I0POBBSI TIOCJIEICTBHS, MPEXKIE BCEIO — paK
nerkux. Ilo manueiM Ciyx661 OOmiecTBeHHOTO 3710pO-
Bbsi CIIIA (US Public Health Service) pamon — Bropas mo
CepbE3HOCTH TIPUYMHA BO3HUKHOBEHMS Y JIIOIEH paka
nerkux nocie kypenus [3]. OcHOBHas DO B CTPYKType
00JIydeHHUs] HACEJICHUsI IPUXOIUTCSI Ha BHYTPEHHEe 00-
Jly4eHME 3a CUET MHTAJISAIMKM H30TONOB pajoHa (2?Rn —
pajon u ?°Rn — TopoH) U UX KOpoTKoKuBymux JIIIP,
COZIeprKaIXCs B BO3yX€ JKHIIBIX M 0OIIECTBEHHBIX 3/1a-
HUH, TIPONU3BOJICTBEHHBIX MOMEICHNH, B TaKXKe B IpHU-
3eMHOM cJioe aTMoc(epbl Ha TEPPUTOPUHN HACENCHHBIX
ITyHKTOB.

B cBsI3M ¢ 3TUM LIeNbI0 UCCTIEIOBAHUS CTAJIO OIpe/e-
JICHHE CTaTyca paJoHOONAaCcCHOCTH Teppuropuu r. Kypua-
TOBa U M3y4YCHHE DKBHBAJICHTHAs PaBHOBECHask 00beM-
Has aktuBHOCTH (DPOA) u o6peMHas akTHBHOCTH (OA)
palioHa B )KUIIBIX ¥ ]MUHUCTPATHBHBIX 3/JaHHUSX TOPO/IA,
MOCKOJIbKY OJIHUM M3 ()aKTOPOB, OKa3bIBAIOIINX HEMNO-
CpPE/ICTBEHHOE BIIMSHHE Ha 3JI0pPOBbE HACEIICHHS, SBIICT-
Csl paJMallIOHHOE BO3/ICHCTBHE €CTECTBEHHBIX HCTOYHH-
KOB H3JIy4€HUs], B YaCTHOCTH, pajgoHa u ero JI1P.
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HcTouyHnKH MOCTYIVICHUS PAaJi0HA M TOPOHA

B NIOMeIlleHUs 31aHuii

Panon koHLIEHTpUpYeTCs B BO3AyXe MOMEIIeHul 3/1a-
HUI pa3IN4HOrO Ha3HAYCHMS JIMIIb TOTJa, KOTAa OHU B
JIOCTaTOYHOM Mepe H30JIMPOBaHBI OT BHELIHEH Cpessl.
[Moctynass B momemieHue uepe3 (GpyHIaMEHT M TOJ H3
TpyHTa WM U3 CTPOHUTEIBHBIX MaTEpUaNoB, UCIOJbB30-
BaHHBIX B KOHCTPYKIIUH JIOMa, PaJOH HAKAIlIIMBAETCS B
BO3yX€ IOMeIleHus. B ciydae repMeTusanuu nomelie-
HUS C LEJIBIO €T0 YTEIUIEHHs B XOJIOJIHOE BPEMs IoJia Co-
JlepKaHue pafioHa B BO3JyXe MOMEIIEHHS HEMHHYEMO
BO3pAcTeT, IIOCKOJIBKY TPH 3TOM e1le OoJiee 3aTpyiHseT-
cs BBIXOJ PaJOHA U3 MOMelleHus. B koHeuHOM HTOTre B
MIOMEIIEHUU MOTYT BO3HUKATh JI0BOJIBHO BHICOKHE YPOB-
HH paiialiii, OCOOEHHO €CIIU JI0M CTOMT Ha IPYHTE C OT-
HOCHUTEJILHO TMOBBIIIEHHBIM COJEPXKAHUEM PaTUOHYKIIU-
JIOB WJIM €CJIH IIPU €ro MOCTPOiiKe MCIOIb30BAIN MaTe-
pHabI C IOBBIIIEHHONW Pa0aKTUBHOCTHIO [4].

CrpounTenbHble MaTepuanbl IpU JTOCTATOYHO OO0JIb-
1IOM COJEP’KaHHWU B HUX ypaHa U TOPHsI TAK)KE MOTYT SIB-
JATbCS MCTOYHMKOM MOCTYIUIEHUS PajJOHa B MOMeIle-
Hue. M3 TakuX NOMyISPHBIX CTPOUTENBHBIX MAaTEPUAIIOB
Kak JIepeBO, KUPIHUY, OETOH BBIIEIACTCS OTHOCUTEIHHO
HeOoIBII0e KOMYEeCTBO pasoHa. HamHoro 6onee paamo-
AKTUBHBIMH SIBJIAIOTCS TIEM3a U TPaHUT, HCIIOJIb3yeMbIe
pu ctpoutenscTBe B crpaHax CHI™ u Esponsl. Crpou-
TeJIbHBIE MaTepHuajbl, MoJlydyaeMble HpH TepepabdoTKe
PYA, SBJISIOUIMECS] OTXOJaMHU NPOU3BOJICTB WM JOOBIYU
palvoaKTHBHBIX MaTepualioB 00JIaaloT HauOobIIei
YAETBbHOM paguoaKTUBHOCTHIO. K TakuM cTpouTeabHBIM
MaTepuagaM OTHOCSTCS TIIMHO3EMBI, KalbLIUI-CUINKAT-
HBIH nutak, Gocdorunc. K 1pyrum npompIIuIeHHBIM OT-
XOJlaM C BBICOKOH PaIl0aKTUBHOCTBIO, HCIIONb3YEMBIM B
CTPOMTENBCTBE, OTHOCAT KHUPIUY M3 KPACHOHN TIIUHBI —
OTXOJ] IPOU3BO/ICTBA AIFOMUHHS, JOMEHHBIN IIJIaK — OT-
XOJ YepHOH MEeTaJTypTHH, ¥ 30JIbHYIO IBLIb, 00pa3yio-
LIYIOCS TIPH COKUTAaHUM YTt VIcTopus Taxke 3HaeT Ciy-
Yau MPUMEHEHUs JJIs1 CTPOUTENBHBIX IieNieil Jaxe O0TXO-
JI0B ypPaHOBBIX DPYAHMKOB. PajauannoHHBIA KOHTpOJIb
CTPOMTENBHBIX MAaTEPHUATIOB XOTh U MMEET Ba)KHOE 3Ha-
YeHHe, OJHAKO TPYHT OCTAeTCs TJIABHBIM HMCTOYHHUKOM
pasioHa B 3aKpBITBIX MOMEIIEHHUSIX. B HEKOTOpBIX cTpa-
Hax cTapble OTBaJbl TOPHOJOOBIBAIOIINX PEATIPUSITHH,
coJlepXKaluX PaJHOaKTHUBHBIE MAaTEpUalbl, SBJISIUCH
MECTOM >KUJION 3acTpoiiku. Ho naxke B MEHee UCKIIOUU-
TENBHBIX CIy4asX IPOCAYUBAIOIINICS CKBO3b MOJ PafOH
IIpeACTaBIsIET COOOH TIIaBHBIN HCTOYHNK PaJHOaKTHBHO-
ro oOJy4eHHS HACeJICHHS B 3aKPBITHIX MOMEIIEHHSIX.

A TONIINHA U [EIIOCTHOCTH (T. €. KOJIMYECTBO TPEIINH U
MUKPOTPEUINH) MEXITAXKHBIX MEPEKPBITUN ONpeesieT
CKOPOCTh MPOHUKHOBEHHUSI UCXOSIIEI0 U3 3eMIIU Pajo-
Ha B rnoMenieHus [4].

Kpurepuu onieHKU NOTEHIIHAJIBHON pajoHO-

ONMACHOCTH IKCIIyaTHPYeMbIX 31aHUI KHJI0T0

U 00111eCTBEHHOI'0 Ha3HAYeHMs B PecnyOiuke

Ka3zaxcran

OCHOBHBIMH KPHUTEPUSIMH OLEHKH HOTECHIHaJIbHOU
pamoHoomacHOCTH momenieHuii B PecmyOmuke Kazax-
CTaH SIBJISIIOTCS CJISAYIOLME BEJIMYMHBI: CPETHEr010Bast
OPOARn ouepHUX INPOLYKTOB pajoHa U TOPOHA B BO3-
Jyxe ToMelleHui (He momkHa npessimats 200 br/mS),
MOIITHOCTH 3 (HEKTHBHON T03bI TAMMAa-U3ITydeHUs B T10-
MmemeHnsx (ge 6omee 80 MBK/(M?:c)), IIIOTHOCTH TOTOKA
palloHa ¢ TIOBEPXHOCTH TPYHTA (HE MOJDKHA MPEBEIMIATH
MOIITHOCTH JI03BI HAa OTKPBITOH MECTHOCTH OoJiee 4eM Ha
0,2 Mx3B/9), 3 deKkTUBHAS yIenbHas aKTHBHOCTb TPH-
POJHBIX PaAMOHYKIIUIOB B CTPOUTEIBHBIX MaTepuaiax
(ue nomxHa npesbimath 370 bk/Kr), ykasaHHbIE B TUTH-
eHnyeckux Hopmatuax [Ipuka3z MunucTpa 3apaBooxpa-
HeHus Pecy6nuku Kazaxcran ot 15 nexabps 2020 rona
Ne KP ICM-275/2020. O0 ytBepxkaeHnn CaHUTapHBIX
npaBuil «CaHUTapHO-3IHIEMUOJIOTHYECKHE TpeOOBaHHS
K 00ecIieueHHI0 paIuaoOHHON 0€30ITacHOCTIY. 3aperu-
cTpupoBaH B MuHHCTEepCcTBE focTuiny Pecyommku Ka-
3axcran 20 mexadps 2020 roma Ne 21822 [5].

B maHHOM wHcClleZIoOBaHUH TPOBOIMIINCH H3MEPECHHS
OPOA u OA paznoHa B BO3JyX€ KUIBIX U aIMUHHUCTpA-
THUBHBIX TIOMEIICHAH.

MATEPHAJIBI U METO/IbI UCCJIEJOBAHUS

O0BbeKTHI HCCTIeI0BAHMS

Ha HaganmpHOM 3Tane UcciieJ0BaHMM, C 11eIbi0 BBIOO-
pa OOBEKTOB HCCIEOBAaHUIM IPOBEACHBl H3MEPEHHUS
OPOA panoHa BO BceX HMOMEIICHUSIX aJIMUHHCTPATUB-
HBIX 37aHuH Qrumunana MHCTHTYT paanaiioHHOH Oe301a-
cHoctH ¥ sKkonorun (MPB3). [To momryueHHBIM pe3ynbTa-
TaM BBIOpaHBI Pa3HOTHUITHEIC, Pa3HO-YPOBHEBBIC MOMe-
IICHUS, ¢ MAKCUMAIIbHBIMU, CPEIHUMH U MUHUMAJbHbI-
mu 3HaueHusAMHu DPOA pazoHa B 9 aAMUHUCTPATUBHBIX
snanmsx gummana UPBED. B xauectBe 00bEKTOB HCCITe-
JIOBaHMsI BHICTYNAIOT TakKe 12 >KUIIBIX KBapTHUP, PacIio-
JIO’KeHHBIX Ha 1-2 stakax 3ganHuii r. Kypuarosa pa3nuy-
HBIX TOJIOB ¥ MaTE€PHAJIOB OCTPONKH (prucyHok 1). B BbI-
OpaHHBIX MOMEIICHUSIX BEIHCh €KEMECSUHBIE H3Mepe-
Hust OA 1 DPOA u30TONOB pajioHa.
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YcnoBHble 0603HaYeHus

A P apanmna ¢ WPBE3

® 1-3paHue Ne 23

® 2-3panve Ne 25A

® 3-3panue Ne 26

® 4-3panne Ne 27

® 5-3panne Ne 29

® 6-3ganne PMM

® 7-3panne OPCMOC (yn. Kynanbas 18)

® 8-3paHue OPCMOC (yn. Kynanbas 18)

® 9-3panne OPCMOC (yn. Muonepckas 3)
XKuneie snanun r. Kypyatosa

® 10-yn. MNoGeawl 6

® 11-yn. AnekceeHko 2

® 12-yn. ABas 30

®  13-yn. Onumnuiickas 9
®  14-yn. PoxaHosuya 3

®  15-yn. Onumnuiickan 16
® 16-yn. Tayencianik 49

®  17-yn. Onumnuitickan 40
®  18-yn. Onumnuiickas 38
®  19-yn. Onumnuiickan 28
®  20-yn. Onumnuitckan 20

0 100 200 400

Pucynoxk 1. Obcredosannvie scunvie u aOMuHucmpamusHvle 30anus 2. Kypuamosa

Metoaunka usmepeHmii

W3MepeHns: KOHIIEHTpAalUU pajoHa MPOBOIMINCH B
COOTBETCTBUU ¢ MEeTOUKOH TPOBENEHUS PaJUALIMOHHO-
TMTHEHHYECKOro 00CIIeIOBAaHHS TEPPUTOPHH M KUJIBIX U
OOIIECTBEHHBIX 3/aHUI ONpeeIIoel o0mmi mopsi-
JIOK OpraHM3allid U MPOBEACHUS PagUalliOHHO-TUTHE-
HHYECKOTO 00CIIeI0BAHHS TEPPUTOPHH, a TAK HKE JKHIIBIX
1 OOIIECTBEHHBIX 3aHHUH, 00ECIIEYNBAIOIIETr0 pealn3a-
mio  TpeboBaHmit  3akonHa PecmyOnumkm Kasaxcran
«O paanannoHHOH Oe3omacHoCTH HaceneHus» u «Hopm
panuaoHHOW 0€3011acHOCTHY 10 OTPaHUYEHHIO 00ITy-
YeHHSI HACEJICHHs, 3a CYET IPUPOJHBIX HCTOYHUKOB HO-
HU3HPYIOIIETO U3NTydeHus [6].

W3MepeHust B BBIOPAHHBIX [T 00CIICI0BaHMS IOME-
IICHUAX JKUJIBIX U aIMUHUCTPATUBHBIX 3JaHUH TPOBOIU-
JIUChH TIOCJIe UX IpeABapUTEIbHOMN BBIIEPKKHU (HE MEHEee
12-24 yacoB) npu 3aKPBITHIX OKHAX H IBEPSX B IITATHOM
pEeXMME TPHHYIUTEIFHON BEHTHSILIMHM (IpH €e HaJu-
yun). YcranoBka cpencts usmepennit OA u OPOA pa-
JIOHa ¥ 0TOOp NMPOO BO3IyXa MPOU3BOJIMIACE B MECTAX C
MHUHHAMAaJIbHOM CKOpPOCTBIO BO3IyXOOOMEHa Ui TOrO,
4TOOBI ITOJTydEeHHBIE PE3YJIbTATHI, 10 BO3MOKHOCTH, Xa-
paKkTepu30BAIM MaKcUMaibHble 3HadeHus OA wim
OPOA pamoHa ¥ TOpOHA B JaHHOM momenieHuu. [Ipubop
pa3Merancs B MecTe, HCKITI0YAoIeM ITPOX0KICHHE de-
pe3 Hero MOTOKOB BO3/1yXa, 00YCIOBJICHHBIX CKBO3HBIM
MIPOBETPUBAHUEM IOMEMICHUS (B CTOPOHE OT NPSIMOH,
COEMHSAIONIEH OKHO U IBeph B ToMeteHu ). [Tpu n3me-

peHHAX MPHOOPHI pacHoJaraivuch: He Hke 50 ¢M oT mo-
na, He Ommke 25 cM ot creH 1 50 ¢M 0T HarpeBaTebHBIX
JJIEMEHTOB, KOHAUIUOHEPOB, OKOH U JIBEPEH.

OkcmpeccHble nsmepenns DOPOA panoHa B Bo3ayxe
MIOMEUICHU! OCYIECTBISUIUCH C HCIOIB30BAHHEM pa-
nuometpa panoHa «Pamon-02y. [Tpuniun aeiictBus pa-
JHOMETpa OCHOBaH Ha oTOope aspososeit JIIP pamona
Ha a’pO30JIbHBIE (HIBTPHI C MOCIIECAYIOIINM U3MEPEHHU-
€M aKTUBHOCTH anb(da-usnyuareneii RaA, RaC’. Orbop
a3pO030JILHBIX MPOO MPOU3BOJMIICS Ha CIIEKTPOMETpHUUE-
ckuit puisTp THA ADA-PCII-20 ¢ MOMOIIBIO BO31YXO0-
3a0opHOr0 ycTpoicTBa. Perucrparus anbda-u3mydeHus
MPOU3BOAMIACH C TOMOLIBK HOIYHPOBOJHHUKOBOTO
KPEMHHEBOTO AeTeKkTopa anbda-dactui. [lorpemHocTs
n3MepeHnii He npesbimana +30% B quanasone ot 1 1o
5-10° br/m®.

Onpenenenne OA pagoHa B BO3AyXe MOMEILICHUH
MIPOBOAMIIOCH C TOMOUIBIO paIiOMeTpa pajioHa «AJbda-
pax Ilmtocy. Ipunimn aedcTBus 0oka n3mepenus OA
pazoHa OCHOBAH Ha 3JIEKTPOCTATUYECKOM OCAXKICHHUU
3apskeHHBIX HOHOB 2P0 (RaA) n3 oToOpaHHOM IPOOL!
BO3/yXa Ha MOBEPXHOCTH ITOIYyIIPOBOJIHUKOBOTO JETEK-
TOpa, PACHOJIOKEHHOIO B U3MeEpUTENbHOU kamepe. OA
OTIpefieIsIeTCsl 10 KOJIMYECTBY 3aperMCTPUPOBAHHBIX
anbga-yacThI Ipyu pacnaje RaA, oceBIIMX Ha IETEKTOP.
IIpenen nomyckaeMoil OCHOBHOM OTHOCHTENIbHOH IO-
TperHOCTH B mpobax Bo3ayxa +20 % B auama3one ot 1
10 2-10° Br/m3.
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PE3YJILTATBI U OBCYXKJIEHUE

Onpenenenue coaep:kaHUsI U30TONMOB PaJOHA B
BO3IYIIHOI cpefie IKCIIyaTHPYeMbIX 3AaHMIA T.
KypuaroBa

Jlns mpoBeneHNs MccIeI0BaHUs COIEepKaHuS pagoHa
u ero JAIIP B >KuMIBIX W aJIMHUHUCTPATHUBHBIX 30aHUIX
r. KypuaroBa Oplim mpom3BeseHBI 3aMephl KOHIICHTpA-
LMW paJoHa B BO3JYLIHOW cpene 3maHuil. M3mepeHus
DOPOA u OA pasoHa B IOMEUICHUSIX KWIBIX U aAMUHH-
CTpaTUBHBIX 3/1aHui T. KypuaToB MpOBOJMINCEH €XeMe-
cstaHo ¢ ¢epaitst 2021 mo stuBaps 2022 rona. B xoze uc-
clenoBaHus BeINoJNHEHO okojo 1400 n3mepenuit SPOA
u 960 m3mepenmit OA pamona.

B xone npoBeeHHBIX UCCIEIOBAaHUM YCTaHOBIICHO,
YTO BCE IOMEIIECHMS JKWIBIX M OOJBIINHCTBO IOMEIIE-
HUM aJMUHHUCTPATUBHBIX 3JaHUN HE coAepXkaT B BO3-
JYIIHOM cpelie KOHUEHTpalui, IPEeBbIIAIOIINX YCTaHO-
BJICHHBIC 3aKOHOIaTEIHCTBOM I'MTHEHUISCKUE HOPMATH-
BbI [5]. TIpolieHTHOE COOTHOIIICHHE PE3yIbTATOB, TOJTY-
YEHHBIX 32 BECh MEPHUOJ| UCCIEOBAHUS, MPEICTaBICHO
Ha pUCYHKax 2 u 3.

8%

21200 m>200 92%

a)

m>200

6)

Pucynox 2. DPOA (Brx/m®) 6 nomewenusx admunucmpa-
musnvix (a) u scunvix (6) 30anui 2. Kypuamosa

CornacHO TUTHCHHYECKHIM HOPMATHBaM, CPEIHETO-
nosast OPOA JIIP panoHa u TopoHa B Bo3ayxe noMelie-
HUM KWIBIX ¥ aIMUHHCTPATUBHBIX 3IaHUN HE IOJDKHA
npesbimath 200 Br/me,

BonpmmuHCTBO pe3ynbraToB m3mepennii SPOA pano-
Ha B TIOMEIIEHISIX aJMIHUCTPATUBHBIX U JKMIIBIX 3aHUI
JeXUT B guanaszone ot 1 g0 100 Bx/M%, npeBbinienus ru-
rueHndecknx HopmatuBoB DPOA pajmona 3adukcupona-
HBI B 8% cityuaeB. [IpeBbleHnii JOyCTUMBIX 3HAUE€HUI
DOPOA panoHa B MOMEUICHUSIX JKUJIBIX 3JIaHUH 3a BeCh
MIEPUO]T KCCIICIOBAHNH He 3a(h)UKCUPOBAHO.

[ockonbky momyctumeie ypoBHH OA pamoHa B BO3-
JyX€ DKCILTyaTHPYEeMBIX MOMEIIEHHH aJMUHHUCTPaTUB-
HBIX U JKWIBIX 37[aHUH HE PErJIaMeHTHPYIOTCS TUTUCHU-
YyeckuMH HopMatuBamu PecnyOnuku Kazaxcrawn, B kaue-
CTBE BEPXHUX I'paHHUI] pe)epeHTHOTO YPOBHS B3STHI 3a
OCHOBY 3Ha4yeHUs, pekoMeHayemble [lyOnukanueit 115
MexayHapoIHOW KOMHCCHM IO PaJHONIOTHYECKOl 3a-
mute. JlaHHbIe 3HAYEHUSI TS KHUJIBIX TOMEIIEHNH cocTa-
BisttoT 300 Br/M3, s aIMUHUCTPATHBHBIX MTOMEIICHUH
—1000 Br/m3 [7].

3%

= 1-1000 =>1000

a)

m <300

6)

Pucynox 3. OA (Bx/M3) 6 nomewjenusax adMunucmpamueHvix
(@) u scunvix (6) 30anuii o. Kypuamosa

OcnoBHas Macca 3HaueHn OA pajoHa pacnpenene-
Ha B Juamna3one oT 1 mo 150 Bx/MS, TIPEBBILIEHUS BEPX-
Hell TpaHMIbl peePEHTHOTO YPOBHS HAOIOIAIOTCS B
3% citydaeB, 4TO CBHICTEIILCTBYET O OE30MAaCHOCTH Tpe-
ObIBaHHMS YEJIOBEKA BO BCEX MOMEIICHHUSX JKUJIBIX 3IaHHH
1 B OOJBIIMHCTBE MOMENICHU aJIMUHUCTPATUBHBIX 371a-

HHUU.

OueHka 3aBUCMMOCTH KOHUEHTPALUMHU U30TONOB
pasoHa B MOMEIIEHUsIX JKHJIbIX U aIMUHUCTPA-
TUBHBIX 31anui r. KypuaTroBa ot ce30Ha roaa
[ToromHble YCIOBUS MOTYT BIUSTH KaK HA MHTEHCHB-
HOCTB AKCXaJSIIAN SMaHAINI N30TOIIOB PaJOHA U3 10U~
BBI, TAK W HA YCIIOBHS KOHIIEHTPHUPOBAHHS JOYECPHHUX
MPOAYKTOB MX pachaja B MPU3EMHOM CJIOC aTMOCQEPHL.
HMeHHO 03TOMY B pa3lIMUHBIX palOHaX 3€MHOIO LIapa
CpelHsisl BeJIMUMHA YIeIbHON aKTUBHOCTHU PaJioHa B BO3-
JlyXe U3MEHSETCS B TeX WM UHBIX npenenax. Kpome to-
ro, pachnpelesieHue TOJUYHBIX SKCTPEMYMOB MOXKET
UMETh XapaKTepHBIE OCOOCHHOCTH [UIS ONPEACICHHBIX
obnacTteii. B aToM ciiyuae, OCHOBHOE BIIMSIHHE OKAa3bIBAE€T
MUKPOKJIMMAT TePPUTOPHH. BakHbIMH (hakTOpamH, OI-
peAeTSIONMME KOHIIEHTPAITHIO PaJHO0AKTHBHBIX a3P030-
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Jel B MPHU3EMHOM CJlI0€ aTMOC(EpBl, SBIAIOTCS MHTCH-
CHUBHOCTb BEPTHKAJIBHOTO TypOyJIEeHTHOTO OOMEHa U Be-
JIMYMHA SKCXAJIIUU PaJIoHA, 3aBHUCSILNAS OT COCTOSIHUS
MOYBHI B AaHHO# MecTHOCTH [8—10].

Jnst M3y4eHust JaHHOTO SIBJICHUSI OBUIM IPOBEICHBI
N3MEPEeHNUs COAEPIKAaHUS PajoHa B BO3AyXe MOMELICHUH
KUJIBIX M aJIMUHUCTPATHBHBIX 37[aHUH TOpOJia B 3UMHHH,
BECEHHUH M JIETHUM ce30HBI rofa. Pe3ynbTaTsl n3Mepe-
Hust OPOA 1 OA pamoHa B )KHIIBIX ¥ aIMUHUCTPATHBHBIX
3maHmsx . KypuaToBa npezacraBieHsl B Tabmmmax 1 u 2.

Tabnuya 1. 9POA padona 6 nomewjenusax
AOMUHUCIMPATIUBHBIX U HCUNBIX 30aHull 2. Kypuamosa
8 3ABUCUMOCIU OM CE30HA 200a

c OPOA pagoHa B nomeLyeHusx, bk/im?
€30H
aAMWHUCTPATUBHBIX 34aHUA |  KWNbIX 34aHWIA
anma 83+8 14 +1
9 - 360 (n-204) 2-24 (n-144)
secHa 64+8 11+1
2 - 373 (n-204) 2 - 26 (n-144)
neto 119+28 14 +1
3-1203 (n-204) 2-50(n-144)
— 53+5 12+6
3395 (n-204) 1-28 (n-144)
lMpumevaHus:

8 yucnumene — cpedHee apughmemuyeckoe, OwUOKa;

8 3HaMeHameie — MUHUMabHOE U MaKCUMalibHoe 3Ha4yeHue,

N — Konuyecmeo uamepeHud;

8 akcnnyamupyembix 30aHusx cpedHezodosass OPOA MNP padoHa u mopoHa
8 8030yXe XunbIx nomeweHull He 0omkHa npesbiwams 200 bk/m3

B 3umnwmii nepuog POA panona B HOMELEHUAX afl-
MUHHCTPATUBHBIX 3aHUH MEHSIETCS B TUana3oHe oT 9 1o
360 Bbx/m* npu cpenneM 3HaueHnu 83 bk/M3?, BECHOI — OT
2 1o 373 Bx/m> npu cpennem — 64 Bx/m3, 1etom — ot 3 10
1203 Bx/m* npu cpeaneii Bennuune 119 bk/m*, ocenbro —
ot 3 1o 395 bk/M® npu cpenHem 3HadeHnu 53 br/m>.

B nomemenusax xuisix 3ganuit OPOA panoHa B 3UM-
HUi mepuox konebnercs ot 2 1o 24 bx/M*® pu cpenHeM
3HaueHnu 14 bx/m3, BecHol — ot 2 10 26 bx/M* nipu cpe-
maeM 11 Bx/m3, nerom — ot 2 mo 50 bx/m® npu cpexneit
BenmunHe 14 Bx/m3, ocensto — ot 1 1o 28 Bx/m® ipu cpe-
IHeM 3HaueHuu 12 Bx/m>.

MakcuManbHble u3MepeHHble 3HaueHust DPOA pano-
Ha B BO3/1yXe MNOMELICHUH aIMIHUCTPATUBHBIX U KHIIBIX
3naHuii T. KypuaroBa mpeacTaBieHbl Ha pUCYHKE 4.

MakcumManbHOE€ MrHOBeHHOE 3HaueHne DPOA pano-
Ha cpeay NOMELIEHUM aJMHHHUCTPATUBHBIX 3[JaHUN OT-
MEYEHO B IT0/IBaJIbHOM ITOMEIICHUH (y3€JI BBOJA) KOPILYy-
ca UIPBD Ne 23 (1203 Bx/m®). [lanHOE 3HaueHME B 6 pas
MPEBBIIIAET NPEAEIbHO JOMyCTUMOE 3HAUCHHE, YKa3aH-
HOE B THTMEHMYECKUX HopMaTuBax W pasHoe 200 Br/m3
[5]. Cpenn nomeleHnt XUabIX 30aHUM MakCUMallbHOE
MraoBeHHoe 3HaueHue DPOA pasoHa noaydeHo B KBap-
THpe 10 aapecy yi. Tayencizzix 49 (50 Bx/m®), mannoe
3HAa4YCeHHE HE MPEBBIACT IpeaeIbHO-T0IYCTUMBIA Ypo-
BEHB.

Munanmansras DPOA panoHa cpean moMenieHni aj-
MUHHUCTPATUBHBIX 3JaHWN 3a(UKCHpPOBaHA B TOMeEIIe-
Huu 31aaus UPBD Ne 26 (2 Bx/m®), cpenu momenienuit

KIUJTBIX 3/IaHUH — B KBapTUPaX 10 agpecy yi. OmuMimii-
ckas 9, 28, 38 (2 bx/m3).

lMnoHepckas 3 l
KyHanb6as 18
KyHaH6as 16

Kopnyc 27
Kopnyc 25
Kopnyc PMM

Kopnyc 23

Kopnyc 26

rrllrrr'

Kopnyc 29

o

200 400 600 800 1000 1200

AnekceeHko 2 (2 atax)
Abas 30 (2 aTax)
Onumnuiickas 28 (2 atax)
Onumnuitckas 9-8 (2 aTax)
Onumnuitckas 38 (1 atax)
Onumnuiickas 28 (1 atax)

PoxaHosuya 3 (1 aTax)

Onumnuitckas 20 (1 aTax)

Onumnuitckas 16 (1 atax)

Tayencisaik 49 (1 atax)

Mobeab! 6 (1 aTax)

T

Onumnuitckas 40 (1 aTax)

o

10 20 30 40 50
H3/va MBecHa MNeTo M oCeHb

6)

Pucynox 4. Cezonnas usmenuueocmo IPOA padona (bk/m®) 6
6030yXe noMewenuil AOMUHUCMPAMUBHLIX (@) u dcunvix (6)
30anuii 2. Kypuamosa

B 3umumii nepuon OA pajoHa B TOMEIIEHUSIX aMU-
HUCTPATHUBHBIX 37]aHUH MEHSETCS B IUanazoHe oT 23 1o
1453 bx/m® nipu cpeaHem 3Hadenuu 184 Bk/m>, BecHOM —
ot 20 mo 1468 Br/m?, cpenusist OA — 190 Bx/m?, metom —
ot 33 no 2373 bx/m® nipu cpenueit Benuunne 255 br/m3,
oceHsio — oT 21 1o 1900 bx/mM* mpu cpenHeM 3HaUCHUH
189 br/m®.
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Tabnuya 2. OA padona 6 6030yxe nomeweHuil
AOMUHUCIMPATIUBHBIX U HCUNBIX 30aHull 2. Kypuamosa

8 3a8UCUMOCMU OM CE30HA 200d

¢ OA papgoHa B Bo3ayxe nomeweHui, bk/m?
€30H
aAMWHUCTPATUBHBIX 3AAHUA |  KWMbIX 38aHUIA
ma 184420 68+13
23-1453 (n-204) 20 -122 (n-36)
BecHa 190+20 4748
20-1468 (n-204) 14 - 122 (n-36)
neTo 255448 60+9
33-2373 (n-204) 24 -171 (n-36)
0CeHb 189422 66+10
21-1900 (n-204) 23-127 (n-36)
lMpumeyaHus:

8 yucrumene — cpedHee apugmemuydeckoe, owubka;

8 3HaMeHamerne — MUHUMaTbHOE U MaKCUMalibHOE 3HayeHue,

N — Konu4ecmso usMepeHul;

8EpPXHAIA 2paHula pehepeHmHo20 yposHs 8 xunuwax 300 br/m3,
8 paboyux nomeweHusx 1000 Bk/m3 (nybnukayus 115 MKP3) [3]

B nomemenuax xuibix 30aHuil OA pajoHa B 3MUMHUI
nepuon konednercs ot 20 mo 122 bx/m® mpu cpenHem
3HadeHnu 68 Bx/M?, BecHOI — oT 14 mo 122 Bx/m, cpen-
i1 OA — 47 bx/m?, netom — ot 24 mo 171 bx/m® mpu
cpemneir Bemmumae 60 Bx/M3, ocenpro — ot 23 mo
127 bx/m® ipu cpenaneM 3HaueHHH 66 br/M>.

MakcumManbHble U3MepeHHble 3HaueHus OA pamoHa
B BO3[yXC MOMCIICHUNA aIMHHUCTPATHBHBIX U MKHIIBIX
3naHui r. Kyp4aroBa mpeacTaBieHbl Ha PUCYHKE 5.

MakcumManbHO€ MTHOBEHHOE 3HaueHne OA pajoHa
cpeau MOMEIIEHUH aJMUHUCTPATUBHBIX 3/IaHNUH 3a(uK-
CHpPOBaHO B ITOJIBAJIbHOM IOMEIICHUH (apXHB) KOPITyca
HPBD Ne 23 (2373 bx/m®), CpeIy TIOMEIIEHUH >KHJIBIX
3laHUi — B KBapTupe 1o aapecy yi. Omumnuiickas 20
(171 Bx/m®). MuanMansHas OA pazoHa cpenu moMere-
HUI aJMUHUACTPATHBHBIX 30aHUN 3a(UKCHPOBAHA B II0-
MemeHun kopiyca UPBED Ne 29 (20 Bx/m®), cpeau nome-
LIEHUM KWIBIX 3JaHUM — B KBapTUpPE IO aapecy YL
Onumnuiickas 38 (14 bx/m3).

IIpoBenenHble ucciaenoBaHus Moka3auu, uto DPOA
n OA pazmoHa B BO3yXe MOMENICHUH YBETUUINBACTCS OT
3UMBI K JIeTy. Ha MmoBbIIeHre SKCXaNIAIUH PaJIoHa B JIET-
HUI NIepHOJ OKa3bIBAIOT BIIMSIHUE KOJEOAaHUs Temriepa-
TYpHI TIOYBHI B TEYCHHE CYTOK M BBITECHEHHUE pafioHa U3
MTOYBHI TIOYBEHHON BJIAarod BO BpPeMs BBITAJICHHUS OCall-
KoB. CyIIecTByeT Tak)Ke MHOXKECTBO HCCIICJOBaHUM, 10-
Ka3bIBAIOIINX 3aBUCUMOCTH CKOPOCTH BBIXOJIa PaJiOHA Ha
MMOBEPXHOCTh OT TEMIIEPATyPHO-0APUUECKUX YCIOBUI
Cpelbl U CWIBHYIO MOJIOKHUTEIbHYIO CBSI3b MEXKY IIOT-
HOCTBIO TIOTOKa PajioHa W TMOBBIIICHHEM TEMIIEPATypHI
BO3JlyXa B aTMoc(epe, U 0OpaTHYIO CBSA3b B OTHOIICHUH
nasienus [ 11-15].

B xoze nccnenoBanuii Takke MOATBEPKACHA TCHICH-
U] OHMDKEHUS KOHIIEHTPAINH paIoHa B BO3IyXe IIOMe-
IICHUH C YBEIMYCHUEM 3Taxxa 31aHus. [loyueHHbIe pe-
3yabTathl pacnpenenenus DPOA u OA panona B 3aBu-
CHUMOCTH OT 3TaXXHOCTH 00pa30Baly Clie YOI yObIBa-
o psa: noosan > 1 smaoic > 2 amaosc. IPOA n OA
pajoHa B BO3IyXE IOMEIICHHUHA aIMHHUACTPATHBHBIX U

JKUNBIX 30aHuil I. KypuaToBa B 3aBUCUMOCTH OT 3Ta>KHO-
CTH IPEJICTAaBIECHbI HA PUCYHKE 6.
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KyHanb6as 18 l
KyHaH6as 16 -—
Kopnyc 27 -
Kopnyc 25 | .
Kopnyc PMM | .
Kopnyc 23 I

Kopnyc 26 h—
Kopnyc 29 l_
0 500 1000 1500 2000 2500
a)
ArekceeHko 2 (2 aTax) ..
A62s 30 (2 57ax) I
Onumnuitckas 28 (2 atax) L
Onumnuiickas 9-8 (2 atax) L
Onumnuitckas 38 (1 aTax) | T ——
Onumnuitckas 28 (1 atax) e
PoxaHosunya 3 (1 atax) _
Onumnuickas 20 (1 atax) h—
Onumnuitckas 16 (1 aTax) ..
Tayenciagik 49 (1 o7ax) | ——
Mobeab! 6 (1 aTax) -.
Onumnuickas 40 (1 atax) ‘_
0 50 100 150 200
H3yMa HBecHa MNETO M OCeHb
0)

Pucynox 5. Cesonnas usmenuusocmv OA padoua (bx/m®) 6
6030yXe noMewenuil AOMUHUCMPAMUBHLIX (@) u dcunvix (6)
30anuii 2. Kypuamosa

InoTHOCTH pajgoHa cocTapisieT 9,73 kr/mS, uto, Ipu-
MepHO, B 8 pa3 6onble IIOTHOCTH Bo3ayxa. Kpome To-
TO, palOH B OTIMYHE OT BO3JyXa MCHBIIEC IMOJABECPIKCH
TEMIIEPaTyPHBIM HHBEpCHSIM. TakuM 00pa3oM, uccieno-
BaHUS MMOATBEPIWIN, YTO, OyIydH TSHKEIBIM ra3oM, pa-
JOH, MMPpOHUKAaA B 3JaHUE B OCHOBHOM M3 IOYBbI, COOT-
BETCTBEHHO, HaKaIUIMBAeTCs B OOJIbIIEH CTEIIEHH B IO
BaJIbHBIX IOMELICHUSX U Ha HIDKHUAX ATaXax.
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Pucynox 6. DPOA (a) u OA (6) padona (Bx/m°) 6 6030yxe
noMeweHull HCUNbIX U AOMUHUCTPAMUBHBIX 30AHUL
2. Kypuamosa 6 sasucumocmu om smadgjcnocmu

H3yyeHne 3aBUCHMOCTH KOHIIEHTPAIUH Pal0OHa

B BO3AYLIHOI cpeae NMOMeLIeHUii 0T UX TUIIOB U

Ha3HAYeHUS

B nporecce nccnenoBanus coOpaHbl TakkKe JTaHHBIE
0 BJIMSHUM THUINA W HA3HAYEHUS MOMENICHUS HA aKTUB-
HOCTh paioHa B HeM. Pacnipenenenune OPOA u OA pano-
Ha B 3aBMCHMOCTH OT TUIA U HA3HAYEHHs MOMEILEHUs
IPEJCTaBICHO Ha PUCYHKE 7.

Ipesbimenust nonyctuMeix yposHeil DPOA u OA
pamoHa 3apUKCHPOBAHBI B TEXHHYECKHUX aIMUHHCTpPA-
THUBHBIX MIOMEIICHUSAX [I0/[BAJIa U TIEPBOTO 3TAXKa 3JaHUN
WPBD, npennasHadyeHHBIX s oOecriedeHus (yHKITHO-
HUPOBAHMS CHCTEM BEHTIIUPOBAHUSA, TEIUIO- ¥ JJIEKTPO-
obecrieueHns, a TakK)Ke MOMEUICHUH CKIaJUpOBAaHMUS, 3a
UCKJIIOUE€HHEM HEKOTOPBIX PEJIKO HCIOJIb3YEMBIX U He-
IIPOBETPUBAEMBIX KAOMHETOB.
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Pucynox 7. Pacnpeoenenue POA (a) u OA (6) padona
(Bx/M3) 6 3a6ucuMOCHU OM TMUNOE AOMUHUCTPANUGHBIX

nomeuyenutl

3AKJIIOYEHUE

B pesynpraTe npoBeIeHHBIX HCCIIEOBAaHUH yCTaHO-
BJICHO, YTO:

— 92 % pesynsratoB m3mepennii DPOA panona B
MTOMEIICHUAX aIMUHUCTPATUBHBIX ¥ JKUJIBIX 3/IaHUH OT-
HocuTcs K jauanasony 1-100 Bx/m®, npesbliienus Tpe-
JensHO fgormyctumoro 3HaueHust OPOA pamona, ycraHo-
BJICHHOTO TUTHEHWYECKIMH HOpMaTHBaMH, 3a(pHuKCcHpo-
BaHbI B 8 % ciryuaeB. 97 % pe3ynbTatoB usmepenuin OA
pa/ioHa B IOMEIIEHUSIX aIMUHICTPATUBHBIX 3/1aHUH pac-
npejenensl B auanasone 1-150 Br/mM3, npesbimienus
BEpXHEH I'paHHIBl peepeHTHOTO YPOBHSI, YCTAHOBIIEH-
Horo B 115 myGmukanmmun MKP3, nabGmopatorcs B 3%
ciydaeB. [lonydeHHbIE pe3ynbTaThl CBUAETENLCTBYIOT O
0€30IMaCHOCTH MOMEIIEHUH KIIBIX 30aHUH U OOJIBIITHH-
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CTBa MOMEUIEHUM aJAMMHUCTPATUBHBIX 3JaHUM Ui IO-
CTOSIHHOT'O WJIM BPEMCHHOTO MPEOBIBAHUS YCIOBEKA.

— B 3umHuit nepuon cpeanee snauenue IPOA pa-
JIOHA B IOMEILEHUSIX aIMUHUCTPATUBHBIX 31aHUI COCTa-
BisieT 83 Bx/M3, BecHoit — 64 bx/M?, ocenbio — 53 Br/M?,
neroM — 119 bx/m?. Jlannsle pacupenenenuss POA u
OA pajoHa B 3aBUCUMOCTHU OT CE€30Ha rojia 00pa3oBain
CIEAY IO y6bIBaIOLuI/Iﬁ psn: iemo > ocendb > 6ecHa >
suma. [Ipennonaraercs, 4To 3T0 CBSI3aHO C IPOMEP3AHU-
€M rpYHTa U HaJIM4UEM CHEKHOT'O [TOKPOBA B 3UMHMH I1e-
PHOA, a TakXKe C BIMIHAEM TEeMIIEpaTypHO-OapUIecKUX
YCIIOBUI Cpelibl Ha CKOPOCTh BBIX0/1A paJjOHA HA TOBEPX-
HOCTb.

— B 3aBucumoctu ot stakHocTH 3gaHuil OPOA u
OA paltoHa pacrpe/ie/ieHbI B CICIYIOMEM HOPSIIKE: n00-
sanvHvle nomewjenus > 1 smaosie > 2 smasc. Ilpesbliie-
HUsE fonycTuMbIX ypoBHeit DPOA u OA pajoHa 3aduk-
CHPOBAHbI B TEXHUYECKUX aIMUHUCTPATUBHBIX MIOMEIIIe-
HUSIX NOJBaja U NEPBOT0 3Taxa, MPeIHa3HAYEHHBIX AJIs
obecnieueHns (HYHKIIMOHUPOBAHUS CHCTEM BEHTHIIAPO-
BaHUs, TEIUIO- M 3JIEKTPO-00ECIICYCHNUS, a TaKKe TIoMe-
LIEHUN CKIAAUpPOBaHUs, 32 HUCKIIOUEHUEM HEKOTOPBIX
PEAKOUCTIONB3YEMBIX U HETIPOBETPHUBACMBIX KaOMHETOB.

3nauenust OPOA u OA panoHa, U3MEpEHHBIE B IOMe-
HIESHUSIX JKWIBIX 37aHUM, PAacMOIOKEHHBIX Ha TEPPUTO-
puu r. KypuaToBa, He MpEeBHIIIAIOT MPEAETBHO OMYCTH-
MBIX 3HAQYEHUH, YKA3aHHBIX B TUTHEHUYECKUX HOPMATH-
Bax, YTO MO3BOJISIET OIEHUTH MOCTOSTHHOE WU BPEMEH-
HOe TpeObIBaHNE YesloBeKa B 00C/IeJOBaHHBIX IOMeIlle-
HUSX 0€30MacHBIM JJIs 3I0POBBS.

st GonpIIMHCTBA 0OCTICIOBAHHBIX TOMEIICHUH af-
MUHUCTPATUBHBIX 3[JaHUI XapaKTEpHO TaK>K€ HENPEBBI-
LIEHHE NPEEeIbHO I0NYCTUMBIX 3HAUEHUH, YKa3aHHbIX B
TUTHEHUYECKUX HOopMmaTHBax. Tem He MmeHee, A MOA-
BaJIbHBIX MOMEIICHUH aIMUHUCTPATUBHBIX 3IaHUH U 11O-
MEIIEHUH IEPBOTO 3TaXa, PACIIOJIOKEHHBIX B IMUHHICT-
PaTUBHBIX 37aHUSAX 0€3 HAIMUUs TOJBajia, XapaKTEPHBI
MIPEBBIIIEHUS TMPEACIHLHO JOMYCTUMBIX 3HAYEHUH, YKa-
3aHHBIX B THTUEHUYECKUX HOPMATHBaX.

Jns1 momenieHuii ¢ NOBBIILIEHHOW KOHIEHTpauuei pa-
JIOHA PEKOMEH]TyeTCS TPOBECTH PsiJT MPOTUBOPATOHOBBIX
MEPOIPUATHI, TAKUX KaK FepMeTU3alus 1eaei u oTBep-
CTHUH B [10JIaX MOMEILEHUH, YIIy4lIEHUE KauecTBa PUTO-
YHO-BBITSDKHOM BEHTHIIILMU. J[aHHbIE MEPONPUSATHUS T10-
3BOJISIT CHH3HUTH COJICpKaHUE paJioHa B BO3AyXe 0OCIe-
JIOBaHHBIX MIOMEIICHUH.

Kpome Toro, smuccus pajioHa U3 CTEH yMEHbIIAETCSI
B 10 pa3 mpu 00IMIIOBKE CTEH IUTACTUKOBBIMH MaTepHa-
JIaMU THUTIA TOJIMaMUA, TOTUBUHWIXJIOPHIA, TTOJUITH-
JICHa WX TIOCTIE MTOKPBITHS CTEH CJI0OEM KPAacKH Ha 3TIOK-
CHUJIHOM OCHOBE WJIM TpeMs CJIOSIMH MAacJIsTHOM KpacKw.
Jlaxe mpu oKJelike cTeH 000SMH CKOPOCTh YMUCCHH pa-
JIOHa yMeHbIaeTcsi npuMepHo Ha 30% [4].

Jannvie uccnedosanus @urancuposanucs Munu-
cmepcmeom sHepeemuku Pecnybnuxu Kazaxcman 6 pam-
Kax HayyHo-mexHuyeckou npoepammel «Pazeumue
amomHou suepeemuxu 6 Pecnybauxe Kazaxcmany
(UPH — BR09158470).
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KYPYATOB KAJTACBIHBIH AYMAFBIHJIA PAJOH N30TOIITAPBIHBIH
IIOFBbIPJIAHYBIHBIH MAYCBIM/IBIK O3I'EPICTEPIH AHBIKTAY

FO.E. Apramonos, E.B. Mycrapuna, }0.B. bakianosa
«Paouayuanslx Kayincizoix scone yxonocus uncmumymat» KP ¥410 PMK ¢unuans, Kypuamos, Kazaxcman

Makanaga KypuaToB K. maijalaHBUIATBIH FHUMapaTTapblHBIH aya OpPTacBIHAAFBI PAJOH H30TONTAPHIHBIH KYpaMbIH
3epTTey HOTHXKEIEP] KeNTIpiIreH, TYPFbIH jKoHEe SKIMIIIIK FUMapaTTapAblH Yi-KaillapbIHAaFbl paJloH H30TONTaPbIHBIH
KOHLIEHTPALMSCBIHBIH Kb ME3TiIiHe, COHJAi-aK y#-KailapAblH TypiHE >XOHE OJIapAblH MaKcaThlHA TOYEJILTIri
OaramaHagel. Aya OpTAachIHIAFbl PAJOH KOHICHTPAUMSACHIHBIH MAayCBIMIBIK ©3TepiCTepiH 3epTTey paJoHHBIH
SKBUBAJICHTTI Tene-TeHaiK koneMaik oencenainirin (OTKB) xone kenemaik 6encenniniria (Kb) emmey apKpuisl xKy3ere
acelppUIABl. AsFamr per KypuaTtoB K. TYpFBIH YiJlep MEH OHAIPICTIK FUMapaTTapiAblH YH-KaimapelHOa pPagoH
N30TONTAPBIHBIH KOJIEM/IIK OeJICEeHIUIIr aHbIKTamIbl. HoTrkenep oKIMINUIIK jKoHE TYPFBIH YH FUMapaTTapbIHBIH YH-
XKainapeiHbeIH 3epTTenreH ayacbiHnarsl DTKB men pamgon Kb MoHIepi KbICTaH ka3Fa Kapai apThIl, KeJleciien: scasz >
Ky3 > KoKmeM > KbiC TOMEHJICY KaTapblH KYPAaHTBIHBIH KOPCETTI, OYJI TOMBIPAKTHIH KATHIIT KaTybIHA )KOHE KbIC ME3TTiH e
Kap JKaMBUIFBICHIHBIH OoJyblHa OaiiaHbICTl Oonybl MyMKiH. CoHIal aK fFuMapar KaOaTBIHBIH YJIFAlObIMEH Vi
Kalnap/bpIH ayachbIHJIaFbl Pa/I0H KOHIEHTPALMSCHIHBIH TOMEHJIEY] pacTalibl.

Tyiiin coe30ep: padon, paoon uzomonmapwl, kKoremoix bencendinix (Kb), sxsusanenmmi mene-menoix koiemoik beacenoi-
qik (OTKB), padon KoHYeHmMpayuscolHbl, MAYCbIMObIK 632epyi, MYPbIH JCIHE OHOIPICMIK umMapammap.
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DETERMINATION OF SEASONAL CHANGES IN CONCENTRATIONS
OF RADON ISOTOPES WITHIN KURCHATOV TOWN

Yu.E. Artamonov, Ye.V. Mustafina, Yu.V. Baklanova
RSE NNC RK Branch “Institute of Radiation Safety and Ecology”, Kurchatov, Kazakhstan

The article presents findings on the content of radon isotopes in the air of buildings maintained in Kurchatov t., the
dependence of concentrations of radon isotopes in residential and administrative buildings on a season assessed as well
as on the type of premises and their purpose. Seasonal variations in radon concentrations in the air were studied by
measuring the equivalent equilibrium volumetric activity (EEVA) and the volumetric activity (VA) of radon. For the first
time, volumetric activities of radon isotopes in premises of residential and industrial buildings have been determined.
Data showed that EEVA and VA values of radon in the air of residential and administrative premises surveyed increase
from winter toward summer in the following descending series: summer > autumn > spring > winter, which, is perhaps
related to soil freezing and the presence of the snow cover at the winter time. Radon concentration was also proved to
decrease in the indoor air with a storey.

Keywords: radon, radon isotopes, volumetric activity (VA), equivalent equilibrium volumetric activity (EEVA), seasonal
variations in radon concentrations, residential and industrial buildings.
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1¥7Cs IN THE ORGANISMS OF MOUSE-LIKE RODENTS
INHABITED THE AREA OF NUCLEAR WEAPON TESTING

A.V. Panitskiy, N.Zh. Kadyrova, A.B. Bazarbaeva, T.N. Tuleubaeva
RSE NNC RK Branch “Institute of Radiation Safety and Ecology”, Kurchatov, Kazakhstan
E-mail for contacts: panitskiy@nnc.kz

The paper presents the results of researching 3’Cs radionuclide concentration in the organisms of mouse-like rodents
(organisms of jerboa (Allactaga major Kerr and Allactaga saltator Eversmann) and marmots (Citellus erythrogenus
Brandt)) living in the field of nuclear-weapon testing at the Semipalatinsk test site and the parameters of 3’Cs radionuclide
transition to organisms of studied animals. It is revealed that relatively elevated magnitudes of *Cs activity concentration
in organisms of jerboa and marmots are observed on the assumption of their residence in local contamination sites. With
venturing from contamination sites at the distance exceeding the radius of animal activity, high values of radionuclides’
activity concentration are not reported. Despite the fact that animals live in the environment which components display
high activity concentration of radionuclides, the extremely high concentration of radionuclide in these animals’ organisms
has not identified.

The midpoint measures (AM=£SD) of CRmusoi 0f ©*7Cs radionuclide for the muscle tissue of Allactaga saltator Eversmann
amounted (2.1£1.3)x1073 (n-11), for muscle tissue of Allactaga major Kerr — (4.7+2.7)x1072 (n-9), for the muscle tissue

of Citellus Erythrogenus Brandt — (7.0+5.6)x1073 (n-6).

Keywords: radioecology, radionuclides, *’Cs, mouse-like rodents, STS.

INTRODUCTION

Currently, researchers are focusing on the risk
assessment of numerous factors affecting biota. Notably,
there have been developed multiple models for
evaluation of radiation exposure of wild animals [1].
Typically, the models are based on data obtained in areas
that have been exposed to radionuclide contamination as
a result of radiation accidents. The measures of radio-
nuclide transition parameters (concentration ratio values
(CR)) into organisms of wild animals obtained for areas
of nuclear-weapon testing on the territory of Semipala-
tinsk test site (STS) are outnumbered [2]. The STS
territory differs both in the nature of radionuclide
contamination and in its natural and climatic
characteristics. Furthermore, there have been passed
more than 60 years since separate tests on the STS were
completed. Therefore, data acquisition about radio-
nuclide transition parameters in this area is essential for
understanding peculiarities of radionuclide mobility in
food chains in the remote period after contamination of
natural ecosystems.

Previously, various authors detected high values of
radionuclides activity concentrations in organisms of
animals which had close contact with radioactive
grounds: soil fauna, fossorial mammals (mice, rats, etc.),
amphibians (toads, frogs, etc.), reptiles (lizards, snakes)
[1, 3-6]. Accordingly, mouse-like rodents were chosen
as the object of research in this work. These are the red-
cheeked marmot (Citellus erythrogenus Brandt) and two
species of the jerboa family (Dipodidae) — the jumping
jerboa (Allactaga saltator Eversmann) and the large
jerboa (Allactaga major Kerr). Previously, researches of
radioecological state of mouse-like rodents on the STS
territory have not been carried out.

This article aims to estimate the radioecological state
of mouse-like rodents and obtain certain parameters of
the transition of radionuclides into organisms of gophers
and jerboa for continued use in risk assessment for biota.

1. MATERIALS AND TECHNIQUES

1.1. Objects of research

The mouse — like rodents — red-cheeked gopher
(Citellus erythrogenus Brandt) and two species of the
jerboa family (Dipodidae): the jumping jerboa (Allactaga
saltator Eversmann) and the large jerboa (Allactaga
major Kerr) widespread on the STS territory, was chosen
as an object of research.

The systematic position of the species is given in the
table below (Table 1).

Table 1 Systematic position of research objects the Mammalia
class — the Rodentia order

Family Genus Species

Squirrels Marmots Red-cheeked marmot
(Sciuridae) (Spermophilus) (Spermophilus erythrogenus)

Jerboa Allactaga Large jerboa
(Dipodidae) 9 (Allactaga major Kerr)

Jerboa Jumping jerboa
(Dipodidae) Allactaga (Allactaga saltator Ewersmann)

Aspects of the biology of these species have been
studied extensively.

The red-cheeked marmot. This is a medium-sized
mouse-like rodent. The body length is 23.5-28 cm. The
weight of the animal in the investigated regions can reach
230-250 g. The red-cheeked marmot leads a settled way
of life. It is a herbivorous species. Marmots feed on suc-
culent vegetative parts and seeds of various steppe plants.
The size of the feeding area of red-cheeked marmot on
average is about 1800 m?.
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The large jerboa. The large jerboa is the biggest one
among jerboa. It has a relatively short body (18.7-26 cm
long). The body weight is more than 300 g. The large
jerboa leads a settled way of life. However, it is
characterized by local movements related to food
conditions. The radius of daily activity can be 4-5 km.
There is a prevalence of bulbs, green parts of plants,
seeds and insects in the diet of large jerboa. Its diet may
equally include the corpses of birds (larks).

The jumping jerboa. The jumping jerboa is a medium-
sized rodent. The body length is 13-15 cm. The body
weight can reach 150 g. The jumping jerboa also leads a
settled way of life. Its behavior barely differs from the
large jerboa. However, the radius of daily activity (2—
3 km) and body sizes are smaller.

1.2. Sampling

The capture of the animals was held from 2006 to
2010, in summer. Adults were used for the study.

The jerboas were caught by slow sneaking up and
then quick covering the animals with a net. The marmots
were poured out of their holes with water. The average
weight of caught marmots was 170+60 g (AM=£SD, n-
28). The average weight of the large jerboa was 300+50
g (AM£SD, n-19). The average weight of the jumping
jerboa was 103+15 g (AM=£SD, n-55).

The catch of animals was carried out in the following
areas:

— “background” parts of the STS beyond the testing
grounds (Figure, a.);

— the trace of an excavated nuclear explosion that
runs in a northern direction from the “Atomic Lake”.
Jerboas were also caught within this trace. Marmots were
caught in the area of the trail located 1000 m from the
embankment of the “Atomic Lake” in the northwestern
direction (Figure, b.) [7].

1.3. Assessment of radionuclide content

in the soil of animal capture sites

For estimation of !¥"Cs activity concentration in
ground of caged animals’ habitats on the track of
excavating nuclear explosion the available data on radio-
nuclides activity concentration in soil (0-5 cm layer) at
points located around the sites of their capture was analy-
sed. These points are accessible in the electronic database
of the branch of the National Nuclear Center of the
Republic of Kazakhstan, Institute of Radiation Safety and
Ecology. As a result, it was found that the maximum
magnitude of *3’Cs activity concentration in the ground
of the mouse-like rodents’ capturing area reaches
2.6x10* Bg-kg*. The distribution of values by frequency
of occurrence does not follow the normal Gauss law.
The coefficient of variation was 88 %, which indicates a
spread in the general data set. The arithmetic average
values of *¥Cs activity concentration (+ standard error)
in the soil on the trail of excavation explosion were
(6.6x1.1)x10% (n-29) Bq-kg . In the “background” terri-
tories, the activity concentration does not exceed
15 Bg-kg ™.
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Figure. Territory for animals’ capture: a) “background”

parts of the STS beyond the testing grounds; b) trace of
an excavated nuclear explosion — the “Atomic Lake”
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1.4. Radionuclide analysis

After entrapment, the animals were delivered to the
laboratory and euthanized. Determination of *¥’Cs was
pursued only in a well-homogenized wet mass of muscle
tissue. Determination of radionuclides concentration in
bone tissue, skin, hair, or internal organs was not carried
out.

187Cs activity concentration in the muscle tissue of
mouse-like rodents was measured in accordance with
standardized practices using calibrated equipment. Mea-
surements of ¥’Cs activity concentration were imple-
mented using a Canberra GX-2020 gamma-spectrometer
[8]. The statistical error of measurements (taking into
account source error) did not exceed 10%.

2. RESULTS AND DISCUSSION

Results of ¥Cs activity concentration measurements
in mouse — like rodents’ muscle tissue are presented in
Tables 1-3.

In the muscle tissue of the jumping jerboa (Allactaga
saltator Ewersm), caught on the radioactive trail of
excavated nuclear explosion, *’Cs activity concentration
evolves in the range of 5-30 Bq-kg*. Conversely, ¥'Cs
activity concentration in same tissue of the large jerboa
(Allactaga major Kerr), caught at the same venue varies
in the range of 6-59 Bq-kg . At last, quantitative magni-
tudes of *¥’Cs radionuclide activity concentration in the
muscle tissue of both species of jerboas, caught in the
“pbackground” areas of STS, were not recognized. In the
organisms of marmots caught on the trail of excavated
nuclear explosion in the “Atomic Lake” region, **’Cs ac-
tivity concentration values varied within 1.5-92 Bq-kg .
There were no quantitative measures of *’Cs radio-
nuclide activity concentration in the muscular tissue of
marmots, which were caught in the “background” areas
of the STS, found. According to results, the levels of
activity concentration of radionuclides in the animals’
organisms depend on the levels of this activity concen-
tration of radionuclides in the ground of their habitats.

For assessment of parameters of radionuclides trans-
fer into mouse-like rodents’ organisms there was used ra-
tio values (CR) applied in the following works: [3, 9, 10].

In this paper, CRmuscl-soit Was defined as:

Activity concentration in biota
(in the muscle tissue)(Bg-kg™* FW)

CRmuscl-soil = . . B
Activity concentration in soil (Bg-kg™* DW)

Table 4 shows the CRmuse Values for mouse-like
rodents and the coefficients of variation of these values.
Although, the average CRmuse mMmeasures of %Cs
radionuclide for all animals are within one order, there is
a high variation of these values both within the samples
of CRmusct Values for each animal species, and the entire
sample for studied mouse-like rodents. The average
values of CRmuset Of *¥7Cs radionuclide for the muscle
tissue of jumping jerboa were (2.1+1.3)x1072 (n-11), for
large jerboa — (4.7+2.7)x1073 (n-9), and for red-cheeked
marmot — (7.0+5.6)x1073 (n-6).

Table 1. 3'Cs activity concentration of the muscle tissue
of jumping jerboas (Bq-kg™* FW)

“Background” parts
of the STS (n-10)

Plume of excavation
explosion (n-16)

<0.6
<08
<13
<09
<2
<1
<0.6
<0.7
<04
<1.0

19£1
25+1
81
9+2
1+07
25+1
14 +1
152
61
25+1
5+1
191
15+2
81
25+2
30+2

Table 2. *¥Cs activity concentration of the muscle tissue
of large jerboas (Bg-kg™* FW)

“Background” parts
of the STS (n-12)

Plume of excavation
explosion (n-6)

<05
<05
<05
<05
<05
<05
<05
<05
<1
<05
<05
<05

59 +1
321
14 £1
35+1
19£1
50 +1

Table 3. 137Cs activity concentration of the muscle tissue
of red-cheeked marmot (Bg-kg™* FW)

“Background” parts
of the STS (n-12)

Plume of excavation
explosion (n-8)

<05
<05
<05
<05
<05
<05
<05
<05
<1
<05
<05
<05

63+13
15+03
204
92+18
7916
21+4

Table 4. CRmuscl Values for mouse-like rodents on the track

of the excavation nuclear explosion

Area of capture 137Cs (AM£SD) N CV%
Jumping jerboa (2.1£1.3)x10-3 11 63
Large jerboa (4.7£2.7)x10-3 9 57
Red-cheeked marmot (7.045.6)x10-3 6 80
All mouse-like rodents (4.3£3.7)x10-3 26 86
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Thus, AM values of CRmusc-soit for all species of
mouse-like rodents of interest were nx1073. The paper
[11] quotes CRwo-soit Values (whole organism activity
concentration, Bq-kg ™' fresh mass/soil activity concen-
tration, Bq-kg™' dry mass) of ¥’Cs for the striped field
mouse (Apodemus agrarius), bank vole (Myodes glare-
olous) and yellow-necked mouse (Apodemus flavicollis)
inhabiting the Chernobyl exclusion zone. Unlike our
results, AM values of CRyo-sil Were 2 orders of magni-
tude higher being at the level of nx107!. Lower CR values
for mouse-like rodents within STS are attributable to less
available species of 3’Cs (*3’Cs was found in soil to be
mainly in tightly bound form (up to 98 %)) at STS
compared to the Chernobyl exclusion zone [12].

CONCLUSION

Research shows that the levels of radionuclides acti-
vity concentration of mouse-like rodents’ organisms de-
pend on the levels of this activity concentration of radio-
nuclides in the ground of their habitats. Individuals live
in areas with high values of radionuclides activity
concentration in the soil, reaching 2.6x10* Bq-kg™.
Though, despite of previous fact, extremely high measu-
res of activity concentration of these radionuclides in the
animal organisms are not identified.

The average values (AM=SD) of CRmysa Of ¥Cs
radionuclide for the muscle tissue of jumping jerboa were
(2.1£1.3)x1078 (n-11), for large jerboa — (4.7+2.7)x1072
(n-9), and for red-cheeked marmot — (7.0£5.6)x1072 (n-
6).

Unfortunately, due to the lack of data on radionucli-
des concentration in organisms of rodents inhabited on
the territory of the STS in the earlier date after radio-
nuclide contamination, comparison of the obtained
parameters of radionuclides’ transition into organisms of
mouse-like rodents in the long-term is not possible.

These studies were funded within the framework of
the ISTC K-759 project and the scientific and technical
program of the Ministry of Energy of the Republic of
Kazakhstan “Development of Nuclear Energy in the
Republic of Kazakhstan” (IRN — BR09158470.
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APOJBIK KAPY ChIHAJFAH JKEPJEPJAE MEKEHAEWUTIH THIIIKAH TOPI3IEC
KEMIPTTIUTEPIIH, AF3ACBIHAAFBI $¥'Cs

A.B. IIanunxuii, H.2K. Kagsiposa, T.H. Tyney6aesa, A.b. Bazap6aesa
«Paouayuansik Kayincizoix scane sxonozun uncmumymury KP ¥0 PMK ¢unuanv, Kypuamos, Kazaxcman

XKymeicta Cemell ChIHAK TOJMIOHBIHBIH SIPOJIBIK Kapy CBHIHAJIFAH JKepiepae MEKEHICWTIH THIIKAH Tapizaec
Kemiprimrepain arzaceiHnarsl (kepboanapasH (Allactaga major Kerr skone Allactaga saltator Eversmann) skone xep
tuingepinin (Citellus erythrogenus Brandt) nemecinne) *¥'Cs paamonykiuiiHiH KypamblH 3epTTey HOTHKENEPi KOHE
137Cs paavoHyKIMIiHIH 3€pTTENETIH KaHyapJap/blH aF3achlHa ©Ty NapameTpiiepi KenTipiareH. KocaskTelH MeH
CapBIIIYHAKTAPABIE, ar3achkiHgarsl  3’Cs  paJHMOHYKIMAIHIH MEHINKTI GeJCEHIUINiHIH CalbICTBIPMAIbl  TYPAE
JKOFapblIaybl OJIap/bIH JAaCTaHyIbIH JKEPruUIIKTI ydacKelepiHae Tikesell MeKeHJereH jkarnaiina Oaiikanmansl. Jlacrany
ydacKeJepiHeH >aHyapiap OeJCeHIUITIHIH paJuyChlHaH acaThlH KaIIbIKTHIKKA albICTaraH Ke3[e >XaHyapiapAarbl
PaIMOHYKIMATEPAiH MEHIIIKTI OeNICeHIUTITIHIH KOFaphl MoHAEP] Tipkenmeii. Kanyapiap TaOuru OpTaHBIH KypaMaac
OemiKTepiHIe paIHMOHYKIHATEPIiH MEHIIIKTI OeICeHMITIri >XOraphel JXepiepae MeKeHACHTIHiHe KapamacTaH, Oy
KaHyaplapIblH ar3achlHIa PaIHOHYKIUATEPIIH 6Te )KOFaphl Meulepi OailKanMaiiapl.

Oprama MoHi (AM£SD) CRpuuset ¥'Cs pamuonyxmuninin Allactaga saltator Eversmann OymmiblkeT TiHaepi YIIiH
(2.1£1.3)x1073 (n-11) xypamer, Allactaga major Kerr Gymmbiker TiHmepi ymin — (4.7+2.7)x107 (n-9), Citellus
Erythrogenus Brandt 6ynmisikeT Tingepi ymin — (7.0£5.6)x1073 (n-6).

Tyiiin co3dep: paduosxonoaus, paduonykiudst, *3'Cs, mouuxan mapizoec xemipeiuumep, CCII.

137Cs B OPTAHU3ME MBIIIEBUIHBIX I'PHI3YHOB,
OBUTAIOIIIUX B MECTAX UCIIBITAHUA AAEPHOT'O OPYXKHUA

A.B. IIanunxuii, H.2K. Kageiposa, T.H. Tyney6aesa, A.b. Bazap6aesa
Qunuan «Hncmumym paouayuonnoii 6ezonacnocmu u sxonozuuy PI'TI HAIL] PK, Kypuamos, Kazaxcman

B pa6oTe NpUBOAATCS PE3yJbTaThl HCCIENOBAHUS COJEpkKaHUs paauoHykiauaa 'Cs B OpraHuM3Me MbILEBHIHBIX
rpeiyHoB (TymkanuukoB Allactaga major Kerr, Allactaga saltator Eversmann u cycmukoe Citellus erythrogenus
Brandt), obuTaromx B MeCTaX HCOBITaHHS SACPHOrO opyxus CeMHIaTaTHHCKOTO HCIBITATEIHFHOTO TOJHIOHA |
napameTphbl Tiepexoia paauoHykiuaa 3’Cs B OpraHM3M MCCIELYEMbIX KHBOTHBIX. [10Ka3aHO, YTO OTHOCHTENEHO
TIOBBIIICHHBIE 3HAYEHHUs YJCIbHBIX aKTUBHOCTEH pamuoHykmupa ¥’Cs B opraHmsMe TYNIKAHYHKOB U CYCJIMKOB
OTMEYAI0TCsA MPU YCIOBUM MX HETIOCPEACTBEHHOTO MPOKMBAHMS Ha JIOKAJIBHBIX yJacTKax 3arps3HeHus. Ilpu ynanenun
OT Y4acTKOB 3arpsA3HEHHs Ha PACCTOSIHUE, IPEBBIIIAIOIIEE PAJANYC AKTUBHOCTH KUBOTHBIX, BHICOKUX 3HAUECHHUH yIEITbHOM
AKTHBHOCTH PA/INOHYKIIMJIOB B )KHMBOTHBIX He (ukcupyercs. HecMoTpst Ha TO, 4TO )KMBOTHBIE OOMTAIOT HA YYacTKax C
BBICOKOH yIEINbHOW aKTHBHOCTBIO DPAAMOHYKIIMIOB B KOMIIOHEHTaX HPUPOTHON Cpenbl, KCTPEMalbHO BBICOKOTO
COJIepKaHUs palMOHYKIIMIIOB B OPraHM3Me 3THX KUBOTHBIX HE OTMEYACTCsl.

Cpenuue 3Hauenns (AM=£SD) CRmusol paguonyknuaa *3’Cs quis MplleuHOM TkaHu TylkaHuukoB mpeiryHos (Allactaga
saltator Eversmann) cocrasuu (2.1+1.3)x1073 (n-11), ays Meimeunoi Tkaru Gonbmioro Tymkanuuka (Allactaga major
Kerr) — (4.7£2.7)x1073 (n-9), nna melmeuHol TkaHu cyciamka kpacromekoro (Citellus erythrogenus Brandt) —
(7.0+£5.6)x1073 (n-6).

Kniouesuvie cnosa: paouosxonozus, paduonyknuodst, ' Cs, moluesuonvie epuizynvl, CUII.
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HNCCIIEJOBAHUA B OBOCHOBAHUE ITPOEKTA
BbIBOJA PEAKTOPHOM YCTAHOBKH UI'P U3 DKCILTYATAIIUM

B.K. Iixe, A.H. Kotasip, A.A. Muiuiep, B.A. Taiinaituyk, C.M. Kaxuraes,
A.Jl. Bypum, B.C. I'ubipsi, U1.B. IIpo3opoBa, A.K. Myxamenuen

Qunuan «Mncmumym amomnoit s3nepeuuy PI'TIl HAI] PK, Kypuamos, Kazaxcman
E-mail onsa konmaxmos: valente07@mail.ru; mukhamediev@nnc.kz

B craThe mpuBeneHBI pe3yNbTaTHl HCCIEIOBAHNI B 000CHOBAaHME MPOEKTA BHIBOAA PeakTOpHOU yctaHoBKH MI'P u3 aKkc-
wryaranud. [To pe3ynpraTaM KOMIUIEKCHOTO HHKEHEPHO-PaANAIlMOHHOTO 00CIEA0BAHNS OIPEIENICHBI TPAHUIBI CHCTEM
peaxtopa UI'P, BEIBOAMMBIX U3 SKCIUTyaTalllH, a TAK)KE€ YCTAaHOBICHO COOTBETCTBHUE COCTOSIHUS PEAKTOPHON YCTaHOBKU
UI'P (PY UI'P), ee cucteM u 000pynoBaHus TpeOOBaHUAM IIPOSKTHOM, UCIOJHUTENBEHON M SKCIUTyaTallMOHHOHN JIOKY-
MeHTauuu. HeltpoHHO-(pHU3HYeckne pacyeTsl akTHBHOCTH HPOJYKTOB JA€JICHUS U MPOAYKTOB aKTHUBAIIMH, & TAKXKE MOLII-
HOCTH HKCIIO3ULIMOHHOMN 1036l HOHU3UPYIOLIETO U3TyUYEHHUs Ha Pa3HbIX PACCTOSIHUAX OT OCHOBHBIX 3JIEMEHTOB KOHCTPYK-
1y PY UI'P ObL1H BBITIOIHEHBI C MOMOIIBIO mporpammHoro komimiekca MCNPS. Tlo pesynbraTaM BBITIOJTHEHHBIX pac-
YeTOB YCTaHOBJIEHA IPyIINa paguoHyKINI0B, KOTOpas BHOCUT OCHOBHON BKJIaJ B paJIMOAKTUBHOE U3TydyeHHE aKTUBHON
30HbI PY UI'P, a Taxke onpenencHbl OCHOBHBIE 3J1EMEHTBI KOHCTPYKIINH, CYIIECTBEHHO BIMAIONINE HA paAUallHOHHYIO
obcranoBky PY UI'P. Ilo uroram WHCTpYMEHTANBHBIX W PACUCTHBIX HCCICIOBAHWH pa3pabOTaHO W COTJIACOBAHO C
KADHK M3 PK Texauueckoe 3aganue Ha pa3paboTKy TexHHYecKoro npoekra «Beeon PY UI'P u3 skcrumyaTammmy.

Knrouegwie cnoea: peaxmop UI'P, 661600 u3 sxcniyamayuu, KOMNIEKCHble UHICEHEPHO-PAOUAYUOHHbIE 06C1e008AHUA

(KHPO), MCNPS5, npooyxkmul Oenenus, MOUWHOCHb IKCNO3UYUOHHOU O03bL.

BBEJEHUE

Bbe3onacHslil BEIBOJ U3 DKCIULyaTaluu SACPHBIX yCTa-
HOBOK C Y4€TOM HX OOJIBIIOr0 KOJHYECTBA U JITUTEIHHO-
IO CpPOKa SKCIUTyaTallil CTaHOBUTCS OJHOW M3 cephes-
HBIX TIPOOJIEeM MUPOBOH siJIepHO# oTpaciu. B HacTosee
BpeMsI IPaKTHUECKHU BO BCEX Pa3BUTHIX «SIICPHBIX» CTpa-
HaX MPOBOATCS pabOTHI 10 BBIBOJY PEAaKTOPOB M3 IKC-
IUTyaTalliy; IpU 3TOM KauyecTBO PEIIEHHs JKOJIOrHyec-
KHX, TEXHUYECKNX U (PMHAHCOBBIX BOIIPOCOB HAIIPSIMYIO
CBSI3aHO CO CTETEHBIO0 NPOPabOTaHHOCTH MPOEKTa BBIBO-
Ila peakTopHOH ycraHOBKH (PY) U3 akcmumyaTanuu u co-
OTBETCTBYIOLIETO KOMIIJIEKCHOTO IUIaHA BBIIOIHEHUS
9TOM paboTHI.

BrIBOJ M3 AKCIUTyaTaIllii — 3TO OJWH M3 OCHOBHBIX
9TANOB XU3HCHHOTO IUKJIA J1H000# PY Hapsimy ¢ BbIOO-
pPOM IUIOLIAJKH, MPOEKTHPOBAHUEM, CTPOUTEIHCTBOM,
BBOJIOM B JKCIUTyaTaIMi0 M 3KCIUTyaTalue, moja KoTo-
PBIM TOHUMAETCsI KOMIIJIEKC MEPOIPUSATHH, HAlIpaBJICH-
HBIX Ha UCKJIIOYEHHE BO3MOXHOCTH HCIIOJIb30BAHUA YC-
TAaHOBKHM M 00€CTIeUnBaIONINX 0€30MaCHOCTh IIEPCOHAA,
HaceJIeHUs U OKpYXaroulel npupoaHoil cpensl. B coot-
BETCTBHH C TpeOoBaHUAMH [ 1-3], sKcIuTyaTHpyromas op-
TaHU3alus 10 UCTEUSHHS IPOEKTHOTO CPOKa IKCILTyaTa-
i UP nomkna obecnieduts pa3pabOTKy pasfiena 1o
cHsaturo MP ¢ sxcrutyaranuu B citydae €ro OTCyTCTBUS B
COCTaBe TEXHUUYECKOI0 IpoekTa PY.

Kommnekc wuccnenosarensckoro peakropa WIP
(K1P UI'P) PI'TI HALL PK mpexacrasisier co0oit crox-
HBIH WH)XEHEPHO-TEXHUUYECKUI OO0BEKT C yHHKaJIbHBIM
000pyI0BaHNEM U COOPYKEHHUSIMH, Pa3BETBICHHBIMH Ce-
TAMU U KOMMyHHKanusmMu. Peakrop UI'P Haxonutcs B
sKcIUTyaTauu 6osee 60 JeT, 9To CpaBHUMO C IpeIeIb-
HBIMH CPOKaMH HCII0JIb30BaHus peakTopoB ADC u 60i1b-

IIMHCTBA HCCIIE0BATENBLCKUX PEaKTOPOB Mupa. B aToi
CBA3UY 3aJla4u YIIpaBJICHUS CTApEHUEM U BbIBOJla U3 DKC-
mtyatauuu PY UI'P sBndrorcs akTyanbHeIMH [4].

Ilenpro HACTOAMIUX HCCIENOBAHUH SIBJICS aHAIIN3
TEXHHYECKOTO U pajiMallnoHHOro cocrosiuusg PY B oboc-
HOBaHHE IPOEKTa BBIBOJA U3 IKCIUTyaTallMH UCCIIe0Ba-
Tesnbckoro peakropa UI'P wa KUP UI'P.

[NomydeHHbIE pe3ynbTaThl HCCIIEIOBAHUN TTO3BOIHIIH
OLICHNUTH TEKYIllee TEXHMYECKOE U paMalliOHHOE COCTO-
STHUE CTPOUTENBHBIX KOHCTPYKIUH, CHCTEM U 000pyI0-
BaHMS peaxkTopa Ui pa3paboTKu NpoekTa BbIBOAa PY
WI'P u3 skcrutyaTamuy, a Tak)ke€ YCTAaHOBUTH KPUTEPUH
OCBOOOXKICHHSA CHATOTO C OSKCIUTyaTalldH HCCIEI0Ba-
TENBCKOTO peakTopa u3-moja koHtposisi KAODHK MO PK
u MATATO.

METO/IbI OHEHKH COCTOSIHUA PY UI'P

Paboter mo omeHke Tekymero cocrosHus PY WIP
BKITIOYAITH B ce0s aHATN3 MPOEKTHO-KOHCTPYKTOPCKOU U
SKCILIyaTalMOHHOM AoKyMeHTauuu Ha PY UI'P, unxe-
HEpHOE U paiaIlioHHOe 00CIeT0BaHUE COCTOSHUS CHC-
TeM U 000pyJOBaHUS PEAKTOpa, pa3paboTKy M COriaco-
Baane ¢ KADHK MD PK Texaudeckoro 3aiaHus Ha pas-
pabotky npoekta «BoiBog PY UI'P u3 akcruryaTarmm

st dopmupoBanust 0a3pl JaHHBIX, HEOOXOIMMBIX
JUii 00OCHOBAaHWS TEXHHYECKOTO MPOCKTa BBIBOJA H3
skcrutryararuu PY UT'P, ObII0 BEINOTHEHO KOMITJICKCHOE
WH)XEHEepHoe W panuanroHHoe obcienoanue (KMPO)
COCTOSIHUSI OCHOBHBIX 3JIEMEHTOB KOHCTpyKuuu PY UI'P
C y4eToM 0COOCHHOCTEH €ro MPHKIIaJHOTO HCIIOIb30Ba-
Hus [5].

Peakrop UI'P [6] 6bu1 co3man B 1960 roxy u oTHO-
CHUTCS K KJIacCy UMITYJIbCHBIX HCCIIEJIOBATENIECKUX PeaK-
TOPOB TOMOT€HHOTO THIIA Ha TETJIOBBIX HEHTPOHAX, HMe-
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€T TBEpAYI0 ypaH-Tpa(hUTOBYIO aKTHBHYIO 30HY. PeakTop
UI'P (pucyHok 1) paboraer B pexuMme IporpamMMupye-
MBIX UMITYJIECOB MOIIIHOCTHU Ha TenjaoeMKocTu. [To npun-
LUy TallleHUusl UMIIyJIbCa PEeaKkTop SBJSIETCS camoracs-
IIUMCS, KOHTypa TEIUIOHOCHUTENS, OXJIaKAAMOLIEro akK-
TUBHYIO 30HY, He uMeeT. Cpeiu UMITYJIbCHBIX PEaKTOPOB
0O0JIBIION MHTETrpasibHON MOIHOCTH peakrtop MI'P obna-
JTaeT CaMbIM BBICOKUM (DIIFOGHCOM TETIOBBIX HEHTPOHOB,
coctapnsomuM 3,7x10% ¢cM™?, u unTerpanbHoil 10301t
raMma-u3nydeHus 3a myck — 4,8x107 pan B 3HAYUTENb-
HOM 10 00BhEMY IKCIIEPUMEHTAIBHON MOJIOCTH B HEHTPE
peakTopa.

1 — opraHbl perynupoBanusi CY3; 2 — LieHTpanbHbii 3KCnepUMEHTaNbHbIN Ka-
Han (L3K); 3 — 6ak ¢ oxnaxpaiowlen Bofon; 4 — NoaBWKHas YacTb KIagku;
5 — koxyx peakTopa; 6 — nnuTa GMoNorMYeCKoi 3aLnTbI; 7 — KpbILLKa peakTo-
pa; 8 — BokoBoit akcnepumeHTanbHbIi kaHan (B3K); 9— HenogeuxkHas YacTb
knagku; 10 — rpacomToBbIN OTpaxatens; 11 — peanHoOMeTanIMyeckuit Komnew-
caTop (cunbdoH)

Pucynox 1. Peakmop UI'P

KOHCTpYKTHUBHO peakTop MpecTaBiisieT co0oi Kia-
Ky 13 TpadUTOBBIX OJIOKOB M CTEPIKHEH, U3 KOTOPBIX CO-
OpaHbl BepTUKAJIbHbIE KOJOHHBI, COEIUHEHHBIE CBEPXY
rpaduToBEIMU 3aMKamH. [ 'paduToBas Kiajgka peakropa
pa3MenieHa B repMETHYHOM CTATBHOM IUJIHHIPUIECKOM
KOXyXe ¢ renueBoil cpegoil. CTampHOM KOXKYyX peakropa
pacriosioxxeH B Oake ¢ oxJaxkJaaronield BoJ0H, HO MPpUHY-
JIUTENBHON cucTeMbl oxJaxaeHus peakrop UI'P He nume-
er. ['padguroBbIe 3JIEMEHTHI aKTHBHON 30HBI peakTopa
MPONUTaHbl BOJHO-COJEBBIM PAaCTBOPOM ypaHa. AKTHUB-
Hasg 30Ha peaktopa UI'P cocrouT W3 HEMmoABMXKHOW U
MTO/IBYDKHOM YacTel KIIaaKu, TeoMeTpruueckas opma Ko-
TOpO# B paboyeM COCTOSIHUH OJM3Ka K KyOHMYecKou ¢
qumHON pebpa 1400 MM. AKTHBHAS 30Ha OKpYy)KeHa 00-
KOBBIM ¥ TOPIEBBIM TPadUTOBBIMH OTpPAKATEIIMHU.

B rpa¢uToBoii KITaZKe M KOPIyce peakTopa Takke Me-
I0TCSL IIMIIMHAPUYECKHE OTBEPCTUS AN pa3MeIleHus B
HUX CTaIlMOHAPHBIX 3KCIEPUMEHTAJIBHBIX KAaHAJIOB —
LEHTPAIBHOTO U OOKOBOTO0. DKCIIEpUMEHTANIbHbIE KaHa-
JIBl PEAKTOpa OCHAIIEHBI NETIEBBIMU BOJOOXTAXKAAEMBI-
MH YCTPOMCTBaMHU — HENOABMXHBIMU aMmITynamu. Pa6o-
YUMH OpTraHaMU yNpaBJICHUs U 3aIUThl peakTopa sBIIs-
oTcsi 16 TpadUTOBBIX CTEP)KHEH perynupoBaHUS C II0-
TJIOTHTEJIEM 13 OKUCH TaI0JINHHSA.

Taxoke peakTop BKIIIOYACT B C€0s psii TEXHOIOTHYEC-
KHX CHCTEM, KOTOpbIe 00€CTIeUnBaIOT BaKyyMHUPOBAHHE
Y HaIlOJTHEHHUE KOpIIyca TellneBor pabouel cpemoii, ot-
BOJ TeIJa OT KOpIlyca PeakTopa M aMILys 3KCIepHUMEH-
TaJIBHBIX KaHAJIOB, yNpaBJIEHHE U aBapUNHHYIO 3alLIUTy
peaxkTopa, TEXHOJOTHMYECKUIl M paguallMOHHBIH KOHT-
POJIb 3KCILUTyaTallMOHHBIX MPEEIIOB M YCIOBUH Oe3omac-
HOW paboThI peakTopa.

B cBs3u ¢ tem, uto PY UI'P HaxonuTes B skcmutyaTa-
1M, OIICHKA TEXHUYECKOTO COCTOSHHA U PaJHallIOHHOE
o0crieToBaHNE OCHOBHBIX CHCTEM M 0OopyzmoBaHust PY
UT'P mpoBoauimce, 1Mo CyMmEeCTBY, Ha paboTaromeM 000-
PYZOBaHUH, IIPU 3TOM NPHUHUMAINCh BO BHUMaHHE pe-
3yJIBTATHI:

— KOMIUIEKCHOH IPOBEPKH pabOTOCIIOCOOHOCTH CH-
cTeM U aneMeHToB peaktopa UI'P, BeimonHenHo# B 2020
rony [7];

— TeKyIIero oOCIyKUBaHUS M IUIAHOBOT'O MpEyI-
peanuTeNsHOro peMoHTa obopynoBanus peaktopa UI'P u
€ro CHUCTEM.

WHcTpyMeHTaNnbHOE pagualioHHOE O00CIiieI0OBaHUe
OBIIO IPOBEACHO MyTEM IPSIMBIX H3MEPEHHH MOIITHOCTH
SKBUBAJICHTHOH /1032 TaMMa-M3JIy4eHHUs! C MCII0JIb30Ba-
HUEM YHUBEpCaJbHOro panuomerpa—unozumerpa PKC-
01COJIO n nyTem pacyeTHBIX OLIEHOK B TE€X CIydasX, KO-
IZla JOCTYII K 000PyI0BaHHIO 1 00BEKTaM 00CIIeI0BaHUS
JUIS IPSIMBIX U3MEPEHHUH ObLT HEBO3MOJKEH.

HeiitponHo-¢pu3ndeckne pacdeTsl aKTUBHOCTH TPO-
JTYKTOB J€JICHUS ¥ POTYKTOB aKTUBAIMH, a TAK)KE MOIII-
HOCTH 3KCIIO3UIMOHHOM 10361 (MO/]) OBLIM BHITOTHEHBI
C UCTIONIb30BaHMUEM pacueTHoro kojga MCNPS5 [8-10], ot-
HOCSIIETOCS K YHCITy YHHBEPCAIBHBIX IPOTPaMM JUIA pe-
IIEHUs 3a/lad IepeHoca M3IY4YeHHs B NPOU3BOJILHOU
TpeXMEpPHOH TeoMeTpHu ¢ OnOIMOTeKaMH KOHCTAaHT
ENDF/B-5,6.

PacueTs! BEITOIHAINCH B HECKOJIBKO 3TAIOB, Ha Mep-
BOM dTare Obuia ucroib3oana mporpamma MCNP s
pacdera MpOAYKTOB akTHBalMy. Ha criemyromux sranax
MTOJTyYSHHBIE Pe3yJIbTaThl ObUIH HCIIOIB30BAHBI TIPH MIPO-
BEJICHUH WHXCHEPHBIX PACUETOB IO COOTBETCTBYIOIIUM
(dhopmyaM, KOTOpBIe TIPUBEACHBI HIDKE. Pacuersr MO/]
ObUTH MTPOBEJEHBI ¢ TToMOIIbI0 nporpaMMbl MCNP mst
KaXX/IOTO PaJIHOHYKIINIA C YI€TOM CHIKEHHS €T0 aKTHB-
HOCTH CO BPEMEHEM, UCIIOJIb3Ysl CIIPABOYHBIE IaHHBIE 10
pammonykimaam (I1J] u ITA), Takue Kak BBIXOJ U JHEP-
T'Hs FaMMa-KBaHTOB.

Pacuernas monens peaktopa UI'P nig mporpaMMel
MCNPS5 mMakcHManbHO TPHUOIKEHA K CYIIECTBYIOIICH
KOHCTPYKIIMU peaKkTopa: 3aJjaHa peaybHas TpexMepHas
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TEOMETPHSI PACHIONOKEHHSI KOHCTPYKIIMOHHBIX MaTepHa-
70B, TpaduTOBBIX OJOKOB M crepxHeH. ['paduueckoe
n300pakeHne pacyeTHOI MOJEIH MPECTaBICHO Ha puU-
CyHKe 2.

1 — 6ak ¢ BOfOW; 2 — HENOABWKHASA YacTb KNaaKu; 3 — NoABWKHAS YacTb Knaj-
ku; 4 — 6okoBoil akcnepumeHTanbHblil kaHan (B3K); 5 — LeHTpanbHbIiA akcne-
pumeHTanbHbIi kaHan (L|3K); 6 — cTepeHb perynupoBaHus; 7 — oTpaxater;
8 — TennoBble 3kpaHb!

Pucyrnok 2. Pacuemnas mooenv peaxmopa UI'P

AxtuBHas 3oHa PY UI'P, omucanHas B pacdeTHOM
Mojenu, coctout u3 1440 ypaH-rpagUTOBBIX OJIOKOB.
B Hell yuTeHO HEpaBHOMEPHOE paclpeesieHue KOHIEH-
TpaIy ypaHa 1o akTUBHOM 30HE B aKCUAILHOM U paju-
apHOM HarpaBlieHHIX. OCHOBHBIC (HU3UIECKUE MapaMe-
TPBI aKTUBHO 30HBI IPUBEICHHI B Tabuie 1.

Tabauya 1. Qusuyeckue napamempuvl akmusHotl 30nvl PY UT'P

Napametp 3HaueHue

Konuyectso 6rokoB 1440

Matepuan akTuBHOW 30HbI rpacuT ¢ CofepxaHueM ypaHa

[noTHocTb 1,71 rlem3
abapuTbl [MakcumanbHbIe):
- [OnMHa 98 Mm
—  luMpuHa 98 Mm
—  BbICOTa 133 Mm

PacdeTsr akTHBHOCTH MPOIYKTOB JACJICHUS OBLIN BEI-
MIOJTHEHEI C YYETOM BEJIWYHHBI MHTETPAIBHOTO SHEPro-
BEIJICIICHUS 32 Bce BpeMs dkcruryartarym PY UT'P (c 1968
o 2022 rox). Bxiang npoaykToB aeneHus B popMupoBa-
HHUE PAIUAIIMOHHON 00CTAHOBKH OBLI OIIEHEH 110 PacyeT-
HOM MHTErpagbHOU akTUBHOCTH [11].

YnenbHasi akTHBHOCTh POAYKTOB aKTUBAIIMU, HAKO-
IJICHHBIX B KOHCTPYKIIMOHHBIX MaTepuajiaX B TECUCHHE
OTETHHOTO IMyCKa peakTopa, OMpeAesaach C y4eTOM
BPEMEHH, MPOIICAIIET0 Mocie mycka, mo ¢opmyne (1)
[12]:

Cum®@(T)- N,
A

re ( — yJeabHast aKTHBHOCTS i-TO paJIHOaKTHBHOTO H30-
TOIA B MaTepHasaX KOHCTPYKIMOHHBIX 3JIEMEHTOB, BK/T;

q=1p (1-exp(-2-T))-exp(-2-t) (1)

f f7
p=——-—— — OTHOCHTENBHOE COIEPKAHHE SIEP-MH-

100 100
nieHell B MaTepHajaX KOHCTPYKIIMOHHBIX 3JIEMEHTOB;

f; —conepxaHue i-ro aKTHBUPYEMOT'0 3ICMCHTA B MaTe-

naje KOHCTPYKIIMOHHOTO 31eMeHTa, %; f;" — pacmpo-
aje KOHC OHHOrO sreMenTa, %; f;" — pacmpo

CTPaHEHHOCTh M30TONA SApa-MHIICHH B €CTECTBEHHOM
CMECH I-r0 aKTUBU3UPYEMOTO 3eMenTa, % (tabmuua 1);
Oaxm — MEKPOCKOITMYECKOE CEUCHHE aKTUBALIMH TETUIOBHI-
MU HeHWTpoHamu 1ist i-o¥ peakumu, 10724 cm? (Tabnuua
1); Ai — MonsipHast Macca saep-MHUILeHeH s i-0i peak-
mur, Monb Y, Na — wumciao Asoraapo, Mo 2,
Na = 6,022-10?% @(T) — ycpeaHeHHas IIOTHOCTH MOTO-
Ka TETUIOBBIX HEHTPOHOB B MaTepHae KOHCTPYKIIHOHHO-
ro >IeMeHTa, Heiftpon/cm?-c; T — BpeMst 0OIydeHHus Ho-
TOKOM TEIUIOBBIX HEUTPOHOB, 0 600 cexyHn; t — BpeMst
BBIICPKKH ITOCIIE 00IydeHus, 10 ~55 JeT.

B cBs3u ¢ TeM, 4To BpeMs 00IyueHHUs ypaH-TpaduTo-
BBIX OJIOKOB BO BpeMs €AMHUYHOIO MYCKa HECPAaBHUMO
MaJio 1Mo CPaBHEHHUIO C BPEMEHEM BBHIICPIKKH, Gopmyna
(1) AN OTACNBHOTO PaTOU30TONA IPUHUMAET CIISIYIO-
i Bua (2):

K
a-p- 2l S g aep(-2h), (@)
I

rae K — KxonnuecTBO MycKoB 3a BCe BpeMsi KaMITaHHH pe-
akTopa; @; = CZ5(T)i — (hiroeHC HEHTPOHOB 32 i-blif MyCK;

ti— Bpems1, Tpoleee Mocie i-ro mycka.

Briny BBIMOJIHEHBI PACYEThl AKTUBHOCTH MPOTYKTOB
aKTHBALIMU JIJISl OCHOBHBIX 3JIEMEHTOB KOHCTPYKIUH PY
UI'P. Pacuer MD]] a1t OMMHOYHOTO ypaH-rpaduTOBOrO
6;10ka akTUBHOM 30HEI PY MI'P ¥ OCHOBHBIX 3JIEMEHTOB
KOHCTPYKIIMM PEAKTOpa MPOBOIWICS ISl CIEAYIONIUX
ciyvaes [12]:

— Ha paccrostuuu 0,02 Mm;

— Ha paccTosiHUU | M.

— Ha pacctostHun 10 M.

MD3]] oT KaXI0ro 3HaYMMOI0 PaAUOHYKIHIA OIpe-
nemsutack o gopmyne (3) [13, 14]:

P=2-P,-q-r-G(sr), 3)
rae P — MDJI oT paguoHyKiInaa B TOUKE OMpEIeICHHUS,
P/qac; P, — TramMma-mioCTOSHHAas PaJHOHYKIINJA,

P-cm?/u-MKu (tabmnma 1); q= C/V — ynenpHas 00BeM-

Has aKTUBHOCTH pajuoHykauna, MKu/cm®; C — akTuB-
HOCTb PaJIUOHYKJINJA B KOHCTPYKIIUOHHOM 371eMeHTe 1P
UI'P, MKu; V — 00beM KOHCTPYKIIMOHHOTO 351eMeHTa PY
UT'P, cM3; 1 — paanyc UMIMHAPA, KOTOPHIM TIPE/CTaBIIs-
€TCsl KOHCTPYKIMOHHBIN s5ieMenT PY UT'P, em; G(uor) —
(yHKIOWSA, yIUTHIBAIOIIAS Pa3MepHl, MaTepHal 3JIeMeHTa
koHcTpykuuu PY UI'P, B3auMHOE pacroio;KeHUe UCTo-
YHHUKA U3Ty49EHUS U TOUKH omnpeneneHnst MOJ] u apdex-
TUBHYIO 3Hepruto n3nydenus [ 10]; po — muHeHHbIH K03¢]-
(PUIFEHT MOTIIOIIEHHUS TaMMa-M3JIydeHIsI B MaTepHaie
as1eMeHTOB KoHCTpykunu PY UI'P B 3aBucumocT ot 3¢h-
(EKTMBHOM SHEPTMHU raMMa-u3aydeHus, cM L [12].
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PE3YJBTATBI HCCIEJTOBAHWI N X

OBCYXJIEHUE

[To pesynpraTam MHXeHEpHOTO oOcienoBaHus PY
HI'P cocTaBiieH mepedeHb UMEIOLIEHCS MPOEKTHO-KOH-
CTPYKTOPCKOHN M IKCIUTyaTallUOHHOW JHOKyMEHTAalluUd Ha
PY UI'P u ee 0CHOBHBIC CUCTEMBI JIJIsI pa3pabOTKH TeX-
HHAYECKOTr0 MpOEeKTa BeIBOJA U3 3KcIuryaranuu PY UI'P.

B pesynpraTe KOMIUIEKCHOW MPOBEPKH PabOTOCIIO-
cobHOcTH cucteM u 3neMeHToB PY UI'P ycranoBneHo,
gro PY UI'P, ee cucremsl 1 060pynoBaHHE HAXOIATCS B
paboTOCIOCOOHOM COCTOSIHUH H COOTBETCTBYIOT IIPOCKT-
HO-KOHCTPYKTOPCKOM U 3KCIUTyaTallMOHHOM TOKyMEHTa-
LUY.

WHcrpyMeHTanbHOE pagvaliMoHHOE 00cieoBaHue
MIPOBEJICHO JUIs OCHOBHOT'O 000PYI0BaHUsI TEXHOJIOTHYE-
CKUX CHCTEM PEaKkTopa, IEPBUYHBIX NpeolOpaszoBaresnei
CHCTEM YIIPABIICHUA U 3aIIUTHI, TEXHOJIOTHYECKOTO KOH-
TPOJISL U KOHTPOJIS PaJHallUOHHOW 0OCTaHOBKH, pa3Me-
LICHHBIX B TPaHHULIAX PEAKTOPHOTO 3JaHUs U IPUCTPONKHI
«TemnooOMEeHHUKH 3KCIIEPUMEHTAIBHOTO KOHTYPa.

Pe3ynbTaThl painannoHHOTO 0OCIEIOBaHUS CHCTEM
u obopynoBanus PY UI'P, momemeHuii peakTopHOTO
3JaHUS ¥ IPUCTPONKH «TennooOMEeHHNKN SKCTIEpUMEH-
TAJILHOTO KOHTYpa» MPHUBEACHBI B Tabnuie 2.

Ilo pe3ynbTaraM pacueToB ONpPENEICHO, YTO OCHOB-
HOM BKJIaJ B PaJHOaKTHBHOE M3JIy4eHUe ypaH-rpaduto-
BbIX 0JIOKOB akTHBHOI 30HBI PY UI'P BHOCAT Takue pa-
nuoHyknuasl kak nesuit (Y7Cs), nepuit (**'Ce, #Ce) u
npaseoaum (***Pr). Pe3ynmbTaThl pacdyeToB aKTUBHOCTH
MPOJXYKTOB JENEHUs ypaH-TpaUTOBBIX OJIOKOB aKTHB-
HoW 30HBI PY UI'P, Ha kotopsle mpuxogurca 90% ot

CyMMapHOW aKTHBHOCTH, IIPEICTAaBJICHBI B Tabmume 3
[13].

Ha pucynke 3 npeacraBieHa quarpaMma akTHBHOCTH
PaAMOHYKIMOB, BHOCAIINX OCHOBHOI BKJIa/ B pauanu-
OHHYI0 00cTaHOBKY Ha PY UI'P, mpu 3TOM, B COOTBETCT-
BHU ¢ XpoHosoruei myckoB PY UI'P, yureHo u cHibke-
HHUE WX O0IICH aKTUBHOCTH CO BPEMEHEM (PUCYHOK 4).

7,00E+13

6,00E+13

5,00E+13

Bk

4,00E+13

3,00E+13

AKTWBHOCTb

2,00E+13

1,00E+13

—
0,00E+00 e I

1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 2017 2022
Bpewms, rog
106 Rh m 137 Cs m 137 Ba m 144 Ce m 144 Pr m 134 Cs

®mO95Nb m95Zr w103 Ru

Pucyrnox 3. Akmugnocms paouoHyknuoos, 06pazo8aHHvIX
6 npoyecce oenenus *3U ¢ bnoxax akmueHotl 301v

3Ha4eHUE HHTErPaabHOTO JHEPrOBBIIECIICHHUS B aK-
TUBHOM 30HE 3a BpeMs 3kciuryatauuu PY UI'P u unTe-
rpajibHOM  (HaKOIUIEHHOHM) aKTUBHOCTH  COCTABMIIO
2,74-10% Ix u 3,32-10* Bk coortBercTBeHHO. Ha pu-
CyHKe 4 mpejcTaBlieHa AuarpaMma U3MEHEHHs 0CTaToY-
HOM ¥ MHTErpaJIbHOM aKTUBHOCTHU aKTUBHOW 30HBI peak-
TOpa B COOTBETCTBUU C XpoHoJoruei myckos PY HUI'P.

Tabauya 2. Pe3ynomamul paduayuonno2o odocredosanus cucmem u obopyoosanus PY UI'P u nomewjeruii

YpoBeHb paavaLnoHHOTo YpoBeHb pafuauMoHHOrO | JKBUBaNEHTHas PaBHOBECHaA
MecTo npoBepieHus usmepennid, | MowHoOCTb A03bl, |  3arpA3HEHUA o-aKTUBHLIMM 3arpA3HeHNs B-aKTMBHbIMU 00beMHas aKTMBHOCTb
nomelyeHme m3B/4 papuoHyKnupamu, paguoHyKnupamu, papoHa v TopoHa (3POA),
o-yacT./(MuH-cm?) B-yacT./(MuH-cMm2) Bk/m?

[NepekpbiTue BepxHee 0,00057 _ 2, dmke. _
(oTmeTka «+3») (He cHumaemoe)
[NepekpbiTue BepxHee _ 25, He cukc.
(nop GronnuToit; oTMeTKa «+1») 047000 (cHumaemoe) 4
Kpbiwwka xparunuwa AM 0,00027 _ 150, douke. _
(oTmeTka «+0») (He cHUmaemoe)
BeHTkamepa 0,00014 4 44, duxe. 172
(BeHTarperarbl) (He cHUmaemoe)
Onepatopckas 0,00150 — 53, . 43

(He cHumaemoe)
CaHnponycKHUK 0,00015 _ 2, couke. _
(«rpsi3Has» 30Ha) (He cHUmaemoe)
YyacTok fe3akTusauum 0,00580 — 246, Q. 23

(He cHUmaemoe)
Hacoctas 0,01750 — 75, . 75

(He cHUmaemoe)
HapnbyHkepHoe 0,00940 — 750, . 45

(He cHumaemoe)
Tennoo6MeHHWKM 0,00032 _ 5, couke. 308
9KCTIEPUMEHTANBLHOTO KOHTYpa (He cHumaemoe)
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™ QOcraToyHas (Ha CerofHAWHMA AeHb) aKTMBHOCTE ™ MIHTErpanbHan akTUBHOCTb

Pucynoxk 4. Hsmenenue unmezpanvHol akmueHocmu
npooyKmog OeneHus akmueHou 30nvl PY UT'P

Tabruya 3. AkKmueHoCms NPOOYKMOE OeNleHUs. YPaH-
epagumosvix 610x08 akmuenou 3ouvl PY UI'P

PapnauuoHHble XapaKTepucTUKM pagoHYKNUAoB
usoron KONMYeCTBO fiAep, WT. AKTUBHOCTb, Bk

0Sr 2,01-1021 1,63-1012

€Y 2,01-1021 1,63-1012

9y 1,11-1022 2,69-10%

95Zr 2,21-1022 4,31-1013

9Nb 3,26-1021 2,23-10%

103Ru 1,13-102 5,88-10%2

106Rh 9,96-1022 5,75-10%

127Te 1,36-102 1,54-1012

129Tg 5,39-1021 3,68-10"

134Cs 1,20-1017 1,29-10°

1¥1Cs 2,45-1021 1,83-1012

37mBa 3,72:10" 1,72:1012

“1Ce 4,08-102 2,97-10%

144Ce 9,40-102 9,38-10™

144Pr 9,40-102 9,38-10%

06Lwme paguaLMOoHHbIe XapaKTepUCTUKM TOnnMBa

VHTerpanbHas akTMBHOCTb aKTUBHOW 30HbI, Bk 3,32-10™
AKTUBHOCTb OfiHOrO Grioka, bk 2,81-10M
YnenbHas 06beMHas akTUBHOCTb, Bk/cm3 1,71-108
YnenbHas MaccoBasi akTUBHOCTb, Bk/T 1,00-108

ITo pe3ynpTaTaM BBITIOTHEHHBIX PACYETOB MTPOTYKTOB
aKTHBALIUM Il OCHOBHBIX 3JIEMEHTOB KOHCTpyKLuu PY
UI'P ycTaHOBIJICHO, YTO HAHOOJBIINI BKIAJ B PaHalli-
OHHYIO OOCTaHOBKY BHOCSIT TaKH€ JJIEMEHTHI KaK KOXYX
peakTopa, OCHOBHOH 0ak M pe3NHOMETANTNIECKUI KOM-
neHcarop (CuibGhoH). Pe3yabTaThl pacyeToB MpeACTaB-
JICHBI B Ta0IuIIe 4.

Tabruya 4. Pacuemnvie xapaxmepucmuku akmueHOCmu
anemenmog koncmpykyuu PY UI'P

AKTMBHOCTb

3neMeHT KOHCTPYKUMN | purerpanbhan, | JAceHAA | YAGNbHAA

Bk ' | obbemHas, | MaccoBas,

Brklcm3 Bkir

Koxyx peaktopa 3,17-10° 1,95-106 2,49-10°
OcHosHoi 6ak 1,18-104 11,2 1,43
PeanHomeTannmuyeckuii 9.56-10° 8.77-10¢ 112104
KomneHcaTop (CUnbgoH)

Tabruya 5. Pesynomamet pacuema MIJ] om ochosHbix
anemenmog koncmpyxkyuu PY HUI'P

M3, m3B/4
Paccros-
Ne HHe. M oT Koxyxa | OF OCHOBHOIO | OT Cinb- | OT 0AHOTO
’ . 6axa thoHa 6noka
1 0,02 20,3102 7,28-107 8,61 560
1 3,54-102 1,91-107 3,94 1,06
10 0,18-102 0,02-10-7 0,15 0,002

Pesynbratel pacuera no onpenenenuo MIJ[ noHu-
3UPYIOUIETO U3IY4YEHUS OT OCHOBHBIX KOHCTPYKTUBHBIX
anemenToB PY UI'P: koxyxa peakTopa, OCHOBHOTO Oaka,
PEe3MHOMETAJUINIEeCKOTO KOMIIeHcaTopa (CHib(poHA) U
onHOTO ypaH-TpaduToBoro 6mokxa PY UI'P npuBeneHs
B Tabuuie 5.

3AKJIIOYEHUE

O0600m1ast pe3ybTaThl BHIIOJHEHHBIX JOKYMCHTAIb-
HBIX, HTHCTPYMEHTAJbHBIX M PACUETHBIX HCCIICJOBAHUM
TEXHUYECKOT0 M pagualuoHHOro cocrosinus PY UIP,
MOXHO C YBEPEHHOCTBIO YTBEPKAATh, YTO JAHHBIE, O-
Jy4eHHBIE C YIETOM 0COOCHHOCTEH TEXHOJIOTHH TIPUME-
HeHust peakropa UI'P B skcnepuMeHTanbHBIX LEIX, a
TaKXKe C y4eTOM YHHMKaJbHBIX KOHCTPYKTHBHBIX pellle-
HU, pealM30BaHHBIX [IPU €r0 CO3JaH1H, 00ECTIeYHBAIOT
BO3MOKHOCTh pPa3pabOTKH U OOOCHOBAHUS MPOCKTHBIX
MaTepHaJioB M0 BHIBOJY MCCIIEAOBATEILCKOTO PeaKkTopa
UI'P u3 sxcruryaranuu. [Ipu 3T0M cielyeT NOAYEpKHYTh,
YTO Pe3yJIbTaThl BCECTOPOHHEH OLCHKH TEXHUYECKOTO U
panuanroHHoro coctosnus peakropa UI'P u ero cucrem
SIBIIIFOTCS TOCTATOYHOM OCHOBOH TSI BEIOOpa M 000CHO-
BaHU MMOPSIKA BHITIOHEHHS JEMOHTaXHBIX pa0OT U OII-
penerneHus rpaduka UX BHIITOJHEHHS C YIETOM YCTAaHOB-
JIEHHBIX B XOJIe UccienoBaHuil rpanun cucrem PY UI'P
U BXOJSIIUX B UX COCTAB OTAEJIbHBIX 3JIEMEHTOB, a TaK-
e C yU4eTOM UX U3MEPEHHBIX M PACCUUTAHHBIX PagHal-
OHHBIX XapaKTEePUCTHK.

OxnJaeMbIM pe3yIbTaTOM BBIITOJHEHHBIX HCCIIENO-
BaHHUH CTaJIO TO, YTO HANOOIBIIYIO PaIHAlMOHHYIO OTla-
cHocTh B npouecce BeiBoga PY MUI'P u3 skcmnyaranuu
OyAyT MPEICTaBIATh YpaH-Tpa(UTOBEIC OIOKH U APYTHE
AJIEMEHTHI KOHCTPYKIIUU aKTUBHOH 30HBI (HAIIpUMeEp, pe-
3MHOMETAJUTMYECKUH CHIIB(OH), TIPH 3TOM ILIAHHPOBA-
HUE paboT 1Mo WX JEMOHTaXY HEOOXOIMMO OCYIIECTB-
JISATh C YI€TOM TpEOOBaHHUN pa3MeIICHUS SICPHBIX MaTe-
pUaNoB B XpaHUJIMUILAX, KOTOPbIE OTBEYAIOT HE TOJIBKO
yCIIOBUIO o0ecrieueHns paJnaliMOHHON 3alUThl, HO yC-
JIOBUAM 00ECIEUCHHS COXPAHHOCTH SIIEPHBIX MaTepHa-
JIOB M X HEPACIIPOCTPAHEHNS, a TAKXKE YCIOBUAM oOec-
MeYeHus AJepHON M siepHOl (u3ngeckoil Ge3omacHo-
CTH.

Paboma evinonnena 6 pamkax Hay4HO-mMexHU4ecKoll
npoepammur UPH BR09158470 «Pazsumue amommoti
anepeemuku ¢ Pecnyonuxe Kazaxcmany, ucmounuk ¢gu-
Hancuposanus — Munucmepcmeo suepeemuru Pecny6-
auxu Kazaxcman.
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UT'P PEAKTOPJIBIK KOHIBIPFBICHIH TAUJIAJAHY JAH HIBIFAPY )KOBACBIH
HETIBAEYAETI 3BEPTTEYJIEP

B.K. Lixe, A.H. Kotasip, A.A. Muuiep, B.A. Taiinaiiuyk, C.M. Kaxuraes,
A.Jl. Bypum, B.C. I'usips, U.B. IIpo3opoBa, A.K. Myxameaues

KP Y410 PMK «Amom auepzuacel uncmumymul» punuanst, Kypuamoe, Kazaxcman

Maxamaga UI'P peakTopibIKk KOHABIPFBICHH MMaliiajaHyAaH IIBIFapy K0OACKH HETi3Aey YIIH 3epTTeyaiH HOTIDKENepi
kenripinres. KemeHnai WHXeHEPIiK-pagialisuIbIK 3epTTEY HOTIKeNIepi OOHBIHIIA Naiiananyqad meFapeutatein UIP
peaxTopHl KylenepiHiy Imekapaiapsl alKbIHIas!, conpai-ak UI'P peaktopisik KoHABIPFBICHIHBIH (MIP PK), oHBIH
XKyiienaepi MeH »XaOJIbIKTapbIHBIH JKal-KYHiHIH jxobanay, aTKapy >KoHE MaijJajaHy Ky)KaTTaMacbIHBIH TallanTapblHa
colikecTiri aHbIKTanAbl. bemy eHiMuepi MEH akTHBTEHJIIpY OHIMJAEpiHIH OeJCeHIUNTiHIH HEHTPOHIBIK-(DH3HKAIIBIK
ecenteyiepi, congaii-ax UI'P PK Heri3ri KypbUIBIMABIK 3JIEeMEHTTEPiHEH OPTYpJll KaIUBIKTHIKTAFbl HOHAAYLIBI CoYJIe-
JICHYIIH KCTIO3MLMSUIBIK 103achIHbIH KyaTsl MCNP5 Oarnapnamanbik KelleHiHiH KoeMeriMeH opbIHaaiabl. OpbIHIaiFaH
ecenTeysepiH HaTKenepi OoWbIHIIA patuoHyKauATep ToObI aHbiKTanabl, o1 UI'P PK Oencenni aliMarbIHBIH pajuo-
aKTHUBTI COyJieJICHYiHEe Heri3ri yyec Kocaabl, conpaii-ak UI'P PK pamuanusibik sxarmaiibiHa alTapibIKTail ocep eTeTiH
KYPBUIBIMHBIH HETI3T1 3JIEMEHTTEP] aHBIKTAIIBI. ACHAINTHIK XOHE CCENTIK 3epTTeyICpAiH KOPHITHIHABICH OoiibrHma KP
OM ADKBK-men «MI'P PK mnaiinananynaH mbeFapy» TEXHUKAIBIK )KOOACHIH d3ipIieyre apHaIFaH TeXHUKAIBIK TaCHIpMa
O3ipIeH I )KOHE KeIiCIIi.

Tyitin ce30ep: UI'P peaxmopvl, naiioananyoan wivleapy, KeuieHOI UHoceHeprik-paouayusnvly zepmmey (KUP3),
MCNPS, 6eny enimoepi, sxcnosuyusieix 003aHblY Kyamal.

THE STUDIES IN SUPPORT OF THE IGR REACTOR FACILITY DECOMMISSIONING PROJECT

V.K. Tskhe, A.N. Kotlyar, A.A. Miller, V.A. Gaydaychuk, S.M. Kazhitaev,
A.D. Vurim, V.S. Gnyrya, L.V. Prozorova, A.K. Mukhamediyev

Branch “Institute of Atomic Energy” RSE NNC RK, Kurchatov, Kazakhstan

The article presents the results of studies to justify the project for decommissioning the IGR reactor facility. Based on the
results of a comprehensive engineering and radiation survey, the IGR reactor system boundaries to be decommissioned
were determined, and the compliance of the IGR reactor facility (IGR RF) state, its systems and equipment with the
design requirements, executive and operational documentation was established. The neutronic calculations of the fission
products’ activity and activation products, as well as the exposure dose rate of ionizing radiation at different distances
from the main construction elements of the IGR RF, were performed using the MCNP5 software package. Based on the
calculation results, a group of radionuclides was established, which makes the main contribution to the radioactive
emission of the IGR reactor core, and the main construction elements that significantly affect the radiation environment
of the IGR RF were determined. Based on the instrumental and computational studies results, the Terms of Reference for
the development of the technical project “The IGR Reactor Facility Decommissioning” were developed and approved
with the Committee of Atomic and Energy Supervision and Control of the Ministry of Energy of the Republic of
Kazakhstan.

Keywords: IGR reactor, decommissioning, comprehensive engineering radiation surveys, MCNP5, fission products,
exposure dose rate.
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SYNTHESIS OF DIFFERENT METAL DOPED ZnAl-LDH/PVA NANOCOMPOSITES
FOR ADSORPTION AND PHOTOCATALYTIC APPLICATIONS

0.0. Balayeva
Baku State University, Baku, Azerbaijan
E-mail for contacts: oobalayeva@gmail.com; ofeliyabalayeva@bsu.edu.az

Due to their high surface area, electronic properties, energy storage performance and catalytic activity, two-dimensional
(2D) nanostructures have attracted significant interest and great attention in developing science. Layered double
hydroxides (LDHs) belong to 2D nanostructures and have a high surface area, very important physicochemical properties,
and biological activity. However, there has always been great interest in their doping to enhance and improve these unique
properties, especially photocatalytic activity. In this work, ZnAl-based LDHs were synthesized and their doping with
active- (Ca, Sr), transition- (Co, Cu, Cd, Ni, Pb, Fe), noble- (Ag) and rare earth- (La) metals were carried out by
impregnation method. The removal of cationic and anionic dyes from aqueous solutions by adsorption and
photodegradation on as-synthesized and doped ZnAl-LDH/PVA nanocomposite was also studied. The obtained results
were correlated with the structure and physicochemical properties of the nanocomposites.

Keywords: Layered Double Hydroxides (LDH); metal-doped, sorption; photodegradation; Rhodamine 6G; Ponceau 4R.

1. INTRODUCTION

2D nanomaterials are generally layered materials can
be classified according to their chemical composition,
properties, and application. They are classified based on
different criteria like sheets layered nanostructures, films,
nano-patterned surfaces, and coatings [1]. Graphene
[2, 3], graphene oxide (GO) [4], Mxenes [5], silicate
clays [6], hydroxides, and layered double hydroxides
(LDHEs) [7], [8], some of transition metal chalcogenides
[9-11], some of transition metal oxides (TMOs) or mixed
metal oxide (MMO) [12, 13], black phosphorus nano-
sheets (BPN), Boron and boron nitride nanosheet,
antimonene (AM) and antimonene oxide nanosheet [14]
are sheet-like layered nanostructures possess excellent
physical, mechanical, chemical and biochemical proper-
ties due to structures, high surface area and surface
charge. In order to obtain new physicochemical proper-
ties in nanomaterials, new 2D nanomaterials are currently
being synthesized in science, or modification of known
nanostructures is being carried out. In layered nano-
structures, atoms on the layer chemically bonded each
other and there are physical interactions between the
layers to form bulk crystals [1], [15, 16].

This research article will focus on layered double
hydroxides (LDHs) which are very important represen-
tatives of 2D nanostructures containing positively
charged layers and their compositional properties will be
discussed in detail. LDHs are layered crystalline hydro-
xides with excellent conductivity, surface active, optical,
electrical, mechanical, thermal, magnetic, catalytically
properties which have broad application in photocatalysis
[17-19] supercapacitors [20, 21], fire retardant [22, 23],
energy storage [24, 25], anion exchange materials
[26, 27], biomedicine [28, 29], electrochemical sensors
[30], and other field. As known, to enhance or change the
electrical, optical and structural properties of semi-
conductor nanoparticles, it is very important to include or

dope small or large amounts of other elements on their
surface or inside. Many experiments on metal doping to
TiO, have been carried out in the literature [31].
Depending on the nature and amount of the dopant and
method, various but excellent results have been obtained
[32]. However, since LDHs themselves are formed from
atoms of various elements, their doping has not been
widely studied. It is for this reason that by taking LDH
with a uniform composition (ZnAl), it was doped by the
method of impregnation with metals of different activity.
The photocatalytic activity of doped materials was studi-
ed by decomposition of dye compounds under sun light
and explained in detail.

2. EXPERIMENT

2.1. Synthesis of Zn Al LDH in PVA matrix

Zinc-aluminum layered double hydroxide (ZnAl
LDH) nanoparticles in polyvinyl alcohol (PVA) matrix
was synthesized via co-formation method [33]. 40 mL of
10% PVA solution was added into the mixed metal salt
solution before the co-precipitation with Zn/Al = 3/1
molar ratio and mixed for 30 min. 25 mL of 5 M sodium
hydroxide (NaOH) solution was drop wise added to the
mixed salt solution. The pH of the sample was adjusted
to ~10 by adding some additional drops of NaOH
solution. The obtained slurry was aged for 2 weeks and
heated at 90 °C for four days, washed with hot distilled
water (~98°C), dried at room condition (at 25 °C), cuted
into pieces and used for the adsorption and sunlight
photodegradation of anionic and cationic dyes like
Ponceau 4R (P4R) and Rhodamin 6G (R6G). The
chemical structures of ponceau 4R and Rhodamin 6G are
shown at Scheme 1:
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Scheme 1. The molecular structure of Rhodamine 6G (a)
and Ponceau 4R (b)

2.2. Doping of Zn Al LDH by impregnation

method

The metal doping [cobalt (Co), copper (Cu), cadmium
(Cd), nickel (Ni), lead (Pb), iron (Fe), silver (Ag),
lanthanum (La), calcium (Ca) and strontium (Sr)] of the
obtained nanocomposite was carried out for enhancing
the photodegradation. The pathway of nanocomposite
synthesis can be shown as follow: zinc sulfate hepta-
hydrate (ZnSOs x 7H20) and aluminium sulfate octa-
decahydrate [Al2(SO4)s x 18H,0] water solutions were
prepared — mixed together (Zn/Al = 3:1) — added into
PVA solution — titrated with 5 M NaOH — adjusted to
pH 10 — strongly shaked — heated at 90 °C — wa-
shed — dried.

The pathway of metal doping can be shown as follow:
Well dried and cutted nanocomposite obtained as above
was added into 1mM metal salt solutions of iron (1)
sulfate heptahydrate (FeSO, x 7H-0), nickel(ll) nitrate
hexahydrate [Ni(NOgz), x 6H,Q0], cobalt (1) nitrate hexa-
hydrate [Co(NO3), x 6H20], lead (I1) nitrate (PbNO3),
cadmium nitrate tetrahydrate [Cd(NOgzy. x 4H,0], copper
sulfate pentahydrate (CuSO4 x 5H0), calcium nitrate
(CaNQg), strontium nitrate hexahydrate [Sr(NOs), x
6H,0] and silver nitrate (AgNOs) — aged for 4 h in a
dark — heated for 3h at 90°C — cooled down till room
temperature — washed — dried at room condition —
heated at 150°C for 7h — used for the sorption and
photodegradation.

Lanthanum (La) doped ZnAl-LDH was synthesized
by mechanically mixing of as-precipitated LDH solution
with lanthanum oxide 1% La;Os.

2.3. An overview of the synthesis pathway

of metal doped LDH

The choice of method for the synthesis of LDHs
directly affects their crystallization. Sometimes, even if
the method is the same, the crystallization may not go
well if the reaction conditions and parameters are not
chosen properly. For this, some scientists apply an aging
for the synthesis.

Fe-doped LDH was synthesized as an effective
photocatalyst for the Cr(VI) reduction of [34]. In the
process, 1.19 g of Zn(NO3), x 6H,0 and 0.11 mL of
TiCls were added into 50 mL of deionized wa-
ter — added 1.5 g of urea — mixed — heated at 130 °C
for 12 h — followed by ultrasonication by adding mont-
morillonite in10, 20 and 30 wt% for 3 h — refluxed for
12 h — filtrated — washed with the DI water. For the Fe
doping, the obtained precipitate (0.2 g) was dispersed in
Fe(NO)s x 9H,0 solution (200 mL 0.015 mM) — stirred
for 10 min at pH 3 — filtrated — washed with deionized
water — dried at 75 °C for 24 h in an oven [34]. In
another work, the synthesis of Fe-doped ZnAl-LDH,
Zn(NO3)2 (6 mM) and a variable mixture of AI(NOs)s
and Fe(NOs); (2 mM) was added (1 mL/min) to the
carbonate solution (pH 10) — stirred at 50 °C for one
hour — pH adjusting to 10 with 1M KOH — filte-
red — dried at 100 °C for one hour [35]. In the synthesis
of Ni-doped ZnAlI-LDH, the composition of the precursor
consisted of 2 mM AI(NO3); and 2 mM of a variable
mixture of Zn(NOs), and Ni(NOs), solutions [35]. In the
synthesis of Mn-doped Zn-Al LDHs with 0.5; 1, and
3.0% of Mn, the nitrate salts of Zn, Mn and Al in ade-
quate proportion were dissolved in distilled wa-
ter - heated at 90°C by hydrolysis with urea
(NH2CONH2) - pH was adjusted to 10 with
NaHCO3/NaOH  solution — vigorously  stirred at
90 °C — refluxed during 36 h — filtered — washed with
hot water (90 °C) — dried at 100 °C for 12 h [36]. In the
Cerium (Ce) doped LDH experiment, Zn(NO3), x 6H,0
(0.05 M), AI(NO3)3 x 9H,0 and Ce(NO3)s x 6H,0 (toge-
ther with 0.025 M) were dissolved boiled-distilled water
(100 mL) — added to 200 mL of NaNOs solution
(0.1 M) under stirring at room temperature approxi-
mately 1.5 h — adjusted pH = 10.0 by the addition of
2M NaOH solution —aged at 65°C for
18 h — filtered — washed with boiled distilled water by
three times — dried at 60 °C [37]. In Terbium (Th) doped
ZnCr-LDH synthesis, two aqueous solutions (0.2 M Zn
nitrate, 0.1 M Cr+Th nitrates precursor and bases like 1M
NaOH and 0.5 M Na;COsz) were prepared — simul-
taneously added to deionized 100 mL of water — the pH
maintained at 9 — transferred into an autocla-
ve — hydrothermally  treated at 120°C  for
24 h — filtered — washed with deionized water — dried
at 60 °C for 24 h. 0.5% Tb* doped LDH shows high
performance in oxygen evolution (1022 umol-h™t-g™?)
among other ratios [38]. In the experiment of synthesis of
Dy doped LDH with a 30:9:1 ratio 447099 of
Zn(NQOg),- 6H.0, 2.6671g of AI(NOs)s-9H.0, and
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0.2741 g of Dy(NOs3); dissolved in 250mL distilled water
in nitrogen atmosphere — titrated with 4% ammonia
solution — pH adjusted to 9 — recovered the white
powder — washed with distilled water — dried at 60 °C.
In the experiment of Lanthanum (La) dopped LDHs,
Zn(NO3)2 x 6H.0 solution was mixed with AI(NO3); x
9H,0 and La(NOs); x 6H,O mixed solution and drop-
wise added with together base solution containing NaOH
and Na,CO3; — stirred for 4 h at 85 °C at 10 pH — aged
for 20h at 65 °C — filtered — washed — dried and
ground [39].

In another work, a mixed solution containing
Zn(NOs3)2 x 6H20 (1.0 g), Cr(NOs3)3 x 9H,0 (0.27 g) and
La(NOs)s x 6H,0 (0.2 g) and a mixed base solution con-
taining 2 M NaOH and 0.5 M Na,COs were added to a 3-
necked flask simultaneously — pH was adjusted to 9-10
by adding 1 M NaOH — stirring for 12 h — transferred
to Teflon-lined stainless steel autoclaves — heated at
160 °C for 24 h — centrifugated — washed with deioni-
zed water — dried at 80 °C in an oven for 6 h [40].

3. RESULTS AND DISCUSSION

3.1. Physical-chemical characterization of as-

obtained ZnAl-LDH/PVA nanocomposite

XRD results of as-obtained and P4R adsorbed,
photodegradated ZnAl-LDH/PVA nanocomposite are
given in Figure 1. It is seen that the expected diffraction
peaks of ZnAl-LDH with 003; 006; 101; 015; 018; 110
and 113 Miller index are observed which is confirm the
formation of hydrotalcite-like (JCPDS No. 48-1023)
structure. Because the P4R is an anionic dye, it is inter-
calated the layered structure. The basal spacing increased
from 0.7nm to 0.724nm and 0.762 nm after the
adsorption and photodegradation of P4R, respectively.
The diffraction peak corresponding 003 Miller index
doubles after the photodegradation which is explained by
the formation of two phases (relaxed and strained) under
the light [41]. The average particle size increased
subsequently from 17 nm to 12 nm and 4 nm by the
sorption and photodegradation, respectively. It is
explained by the fact that, with the increase in the
distance between the layers, the stability of the crystal
lattice is weakened and the layers are expanded and
separated. Since the R6G is a cationic dye, it could not
intercalate the positive LDH layers and did not expand
the interlayer distance. Therefore, there was no essential
change in the XRD diffractogram after the sorption.

The FTIR spectra of as-obtained and P4R dye adsor-
bed ZnAl-LDH/PVA nanocomposite are shown in
Figure 2. The transmittance bands fitting —OH (3600-
3100 cm™) of water, alcohol and carboxylic acid
molecules were observed more clearly after the adsorp-
tion of anionic dye (P4R). It is related to the fact that
some of the water molecules also entered between the

layers during the intercalation via dye adsorption.
The band fitting to asymmetrical R-SOs~ is observed
after the sorption of P4R molecules. The plenty amount
(3) of aryl sulfonate group on the dye molecule made the
band significantly intensive. The bands observed at
frequency 1651 cm™?, 1558 cm™, 1492 cm™ match up
with H20, —-N=N-, -C=C-—, respectively [42]. Symmetri-
cal -SO;™ falls at 1200 cm™ and 1141 cm™ frequency.
The bands corresponding metal hydroxides (739 cm™ for
Al-O-H and 690 cm™ for Zn-O-H (Figure 2, a) are shif-
ted to high wavenumber (776 cm™ for AI-O-H and
717 cm™ for Zn-O-H (Figure 2, b) after the adsorption of
P4R. Itis explained by the fact that the interlayer physical
interaction has weakened because of the intercalation.
Therefore, the free energy of the hydroxide layer
increased [43].
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Figure 1. XRD pattern (A) and SEM image of ZnAl-LDH/PVA
nanocomposite

65



SYNTHESIS OF DIFFERENT METAL DOPED ZnAlI-LDH/PVA NANOCOMPOSITES
FOR ADSORPTION AND PHOTOCATALYTIC APPLICATIONS

99,601
99,701

™
LR
99605 o
I >

@

3453 88
329029
3211,95

3696,79
361724

99,60 1

MponyckaHie %

99,40

374850
3357,01

99 3(!5
992(!5
99 |Ué
99 EII]%
98 Sﬂé
98 Bﬂé

. ' . . ' .
3500 3000

382156

380373

3490,86
2906,18

3362,66

MponyckaHue 9%

. . ' .
3500 3000

. . .
2500

a)

1549,02

L 73945

. ' . . ' . o . . . '
2000 1500 1000 500

Bonosoe uicno (cw-1)

1538,93
1362,40

. ' . . ' . . . . '
1500 1000 500

Figure 2. FTIR spectra of as-obtained (a) and P4R adsorbed (b) ZnAl-LDH/PVA nanocomposite

3.2. Adsorption and photodegradation of anionic

(P4R) and cationic (R6G) dyes onto ZnAl-LDH/

PVA nanocomposite

Sorption and photodegradation processes were taken
place at a neutral pH of 5 ppm (R6G) and 20 ppm (P4R)
of dye concentrations. 10 mg of sorbent in 10 mL of dye
solution was taken, and the maximal absorbance was
detected as 517 and 527 nm for P4R and R6G by Ultra-
violet-visible (UV-Vis) spectrometer, respectively.
As can be seen from table 1, the P4R sorption degree of
undoped pure nanocomposite is low than metal doped
ones. Itis increased by Cd, Cu, Fe, Co, Ni and Ca dopants
and decreased by Ag and Sr dopants. The increase of
sorption degree by doped nanocomposites can be
explained by the increase of positive charges of metals
which enhaced the adsorption of anionic P4R dye by
electrostatic effect onto positively charged nanocom-
posite. The decreasing of the sorption degree with Ag and
Sr can be explained by the tendency of silver to
sulphidation and strontium to oxididation in open air.
Because silver shows +1 and +2 oxidation states it creates
many defects in the LDH structure and it must increase
the photocatalytic activity. But here the activity of Ag-
doped LDH photocatalyst increased for the degradation
of cationic dye (R6G), but not for anionic dye (P4R).
It can be explained by the fact that the doping of metals
was carried out by the impregnation method but not by
co-formation. With this method, the distribution of the

dopant element in LDH takes place on the surface. Unlike
anionic dye, the cationic dye cannot intercalate into LDH,
so its sorption happened on the surface and photo-
degradation increased due to surface defects. Defects that
were more formed during Ag doping and had a high
distribution on the surface. The maximal adsorption
degree is observed by Cu and Cd doping metals (Table 1)
for anionic dye because of the increasing of positive
charges. In contrast to adsorption, the photodegradation
degree of as-obtained undoped ZnAl-LDH/PVA nano-
composite is high for anionic dye (P4R) (Figure 3), but it
is enhanced by Cd, Fe, Ag, Co, Sr and Ca dopants. The
maximal photodegradation degree is observed by Sr and
Fe doping metals. In spite of the fact that Cu-doped LDH
shows high adsorption, the photodegradation degree is
happened very low (~60%). In the literature, the increase
of photocatalytic activity with doping is mainly explai-
ned by the decrease of the band gap energy and thus the
increase of the electron transition [44]. The results of the
research work are consistent with this concept. So the
band gap energy decreased from 3.12 eV to 3.1 eV by Sr
and Ag, 3.09 eV by Pb, 3.08 eV by Cd, 3.06 eV by Co,
3eV by Cu and Ni, 2.6 eV by Fe and 2.2eV by La
dopants (Figure 4). However, the nature of the dopants,
whether they are s, d or f elements, and thus the formation
of n- or p-type conductivity directly affects the recombi-
nation of h+ and e- pairs, as well as the decomposition of
dyes by the resulting radicals.
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Table 1. Adsorption and photocatalytic degradation degrees of P4R anionic dye onto as-obtained
and metal doped ZnAl-LDH/PVA nanocomposites

Doping metals — Cd Cu Fe Ag Co Ni Sr Ca Pb
Sorption degree,% 50.98 64.40 66.54 54.92 4347 54.74 55.99 45.97 51.87 41.68
Photodegradation degree,% 92.07 94.09 60.08 94.90 93.10 93.48 89.00 95.32 92.26 91.04
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Figure 3. Adsorption and photocatalytic degradation of P4R anionic dye onto as-obtained (a) and Cd (b), Cu (c),

Fe (d), Ag (e), Co (f), Ni (g), Sr (h), Ca (i) and Pb (j) — doped ZnAl-LDH/PVA nanocomposites
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Figure 3 (continued). Adsorption and photocatalytic degradation of P4R anionic dye onto as-obtained (a) and Cd (b), Cu (c),
Fe (d), Ag (e), Co (f), Ni (g), Sr (h), Ca (i) and Pb (j) — doped ZnAl-LDH/PVA nanocomposites

Table 2. Adsorption and photocatalytic degradation degrees of R6G anionic dye onto as-obtained
and metal doped ZnAl-LDH/PVA nanocomposites.

Doping metals As obtained — Cd Cu Fe Ag La Ni Sr Ca Pb
Sorption degree,% 19.59 3105 | 2351 1645 | 1068 | 19.00 578 1097 | 1743 | 1693 | 1058
Photodegradation degree,% 88.54 87.56 7943 66.01 57.98 81.78 67.87 66.11 81.39 75.51 65.13

327 o than the metal doped ones. As can be seen from the
, o T T Figure 5, b, h and i, the intensity of absorbance bands at
"'\ low wavelength decreased significantly which are

28 correspond to organic and aromatic species. As can be
\_ seen from the spectra, if the photocatalyst is not used, the
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Figure 4. Band gap values of metal doped and undoped
ZnAIl-LDH/PVA nanocomposite

As can be seen from Table 2, pure ZnAl-LDH/PVA
nanocomposites without any doping are an excellent
photocatalyst for cationic dye (R6G). The effectivity in-
creased from adsorption to photodegradation (Figure 5).
Here La did not affect the adsorption, in contrast the
sorption degree occurred very low. The potential effec-
tivnes of using rare-earth elements-LDHs and their
related oxides as photocatalysts are being investigated by
numerous authors [45]. The authors confirm that, the co-
existence of La3* species leads to an improvement in the
photocatalytic properties of LDH materials [40, 46]. Here
the photocatalytic degradation activity of R6G increased
despite very low adsorption and reached to 67.87%
which is also not a good result beside undoped- and Sr,
Ag, Cd and Ca doped LDH. It can be released the electro-
static repulsion interaction between these elements and
cationic dye. As a result, we can say that, both adsorption
and photocatalytic degradation of cationic dye like R6G
is better with undoped ZnAl-LDH/PVA nanocomposite

photodegradation of dyes also takes place with low
degree (Figures 1, 2). The decomposition of R6G without
catalyst is faster than that of P4R. In Cd-doped LDH, the
light decomposition curve without catalyst almost
overlaps the sorption curve.

The photocatalytic degradation mechanism can be
described as follow [47-53]:

Adsorption of P4R:
CooH11N2NazO10S3 + ZnaAl[(OH)e]+3 . 3(N037) .
9H,Ochemisorp. — ZNAI[(OH)6]*® - x C20H11N2010S3> -
9H,0

Adsorption of R6G:
C2sH3:CIN2O3+ Zn3A|[(OH)e]+3(N037) :
9H2Opnysicosorp. — ZnSAl[(OH)6]+3 -(CI") - 2(NO3") -
9H,0+ +Cy3H31CIN,O3

Photodegradation:
ZnAl-LDH (with and without dopants) + hv — ZnAl-
LDH (ec|37 + hVB+)
H,O + h* — OH + H*
O,+e — 0Oy
P4Rags + hv — P4R s
P4R" + e — P4R~
P4R™+ h* — P4R*
R6Gags+ hv — R6G s
R6G™ + e — R6G~
R6G™+ h* — R6G*
ZnAl-LDH (ece™ + hyg*) (with and without dopants) +
R6G*(or R6G™, P4R™, and P4AR") — Degradation pro-
ducts + ZnzAl[(OH)6]**(NO*") - 9H,0 (regenerated
catalyst)
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Figure 5. Adsorption and photocatalytic degradation of R6G cationic dye onto as-obtained (a) and Cd (b), Cu (c),
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Figure 5 (continued). Adsorption and photocatalytic degradation of R6G cationic dye onto as-obtained (a) and Cd (b), Cu (c),
Fe (d), Ag (e), La (f), Ni (g), Sr (h), Ca (i) and Pb (j) — doped ZnAI-LDH/PVA nanocomposites

4. CONCLUSIONS

The synthesis of ZnAl-LDH/PVA nanocomposite
and its doping with various metals by impregnation
method were discussed in this research article.
The influence of dopant element to the sorption and
photodegradation is also studied. Because the P4R is an
anionic dye, it intercalated the layered structure by
expanding the basal distance from 0.7 nm to 0.762 nm,
but the cationic dye (R6G) could not. The doubling of
diffraction peaks corresponding 003 Miller index is
explained by the formation of two phases (relaxed and
strained) under the light. It turned out that the photo-
degradation improved by the metal doping of LDH for
anionic dye and weakened for cationic dye because of the
electrostatic interaction between the dyes molecules and
layered structure.
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METAJIJI JIET'UPJIEHI'EH ZnAl- KKI' / IBC HAHOKOMIIO3UTTEPI:
CHUHTE3 ’KOHE COPBHUAJBIK-®OTOKATAJIMTUKAJIBIK KOJIAHY

0.0. banaeBa
Baky memnexemmix ynueepcumemi, baxy, 93ipoaiiscan

Exi emmemzai HaHOKYpBUIEIMAAp (2D) >xorapel OeTiHIH aymaHBIHA, SJCKTPOHIBI KACHETTEpiHE, DHEPTHS CaKTay
OHIM/IUTITIHE )KOHE KaTaTUTUKAIBIK OeJICCHAITIriHe OailyIaHBICTHI FRUTBIM/IBI JAMBITY 1A YIIKCH KBI3BIFYIIBUIBIK MICH YIIKEH
Ha3ap ayxapabl. Kabatter kocapmanras runpokcuarep (KKI') 2D HaHOKYpBUIBIMAApEIHA JKaTadbl XKOHE KOFaphl OETTIK
aymaHbl, 6T¢ MaHBI3IB (PU3UKA-XUMHSIIBIK KACHETTEPl KoHE OMONIOTHUIHIK OerceHainiri 6ap. [lereHmeH, ocel Oipereit
KacHeTTep/Ii, acipece (HOTOKATATNTUKAJIBIK OCICEHAUTIKTI XKaKCapTy JKOHE )KaKcapTy YIIiH OJIap IbIH JOIMHTIHE dpKamIaH
YIIKeH KBI3BIFYNIBLIBIK 00, Byt sxymbicta ZnAl werizingeri LDH cuntesgenai xoue onapasiy 6encenmi- (Ca, Sr),
aybicy- (Co, Cu, Cd, Ni, Pb, Fe), acsur- (Ag) xone cupek xep- (La) meranmap CiHaipy oiCiMeH Kypri3iji.
Cunresnenre sxoHe nerupierred ZnAl-KKI'/monuBuHWI cCIMpTi HAHOKOMITO3UTIH/IE a7cOpOLus )KoHE POTOoAErpagaius
apKBUTBI CYJIBI €pITIHAUIEpACH KaTHOHJBIK XKOHE aHWOHIBI OOSFBIITApIBI JKOIO J1a 3epTTENAi. AJBIHFAH HOTIDKEIEp
HAHOKOMITO3UTTEPiH KYPHLIBIMBIMEH JKOHE (DU3MKA-XUMHUSUIBIK KACHETTEPIMEH KOPPEIIAIMSIIAH IbL.

Tyiin ce3oep: Kabammur koc euopoxcuomep (KKI), memann xocnacwl, copoyus, ¢pomooecpadayus, Pooamun 6G,
Tlonco 4R.
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CHUHTE3 1 COPBIIMOHHO-®OTOKATAJIMTUYECKOE NIPUMEHEHUE JIETUPOBAHBIX
METAJIJTIAMH HAHOKOMITIO3UTOB ZnAl- CAT/TIBC

0.0. banaepa
Bakunckuii zocyoapcmeennutii ynusepcumem, baxy, Azepoaiiodscan

JIBymepHBIe HAaHOCTPYKTYPH! (2D) mpuBIekIn 3HAYUTEIHHBIN HHTEpEC M OONBIIOS BHIMAaHHE B COBPEMEHHON Hayke,
Omaromaps cBoeil OOJBIIOH IITOIA ! TOBEPXHOCTH, JICKTPOHHBIM CBOWCTBAM, XapaKTEPUCTUKAM HaKOIUICHHS YHEPTHA
U KaTajauTHyeckoil akruBHocTh. Ciionctelie nBoiHbIe runpokcupl (CIY) oTHOCATCS K TByMEpHBIM HAaHOCTPYKTYpaM U
o0naaroT OOJBIION TUIONIAIbI0 TIOBEPXHOCTH, OYEHb BaYKHBIMHU (DH3HKO-XUMUYECKUMH CBOWCTBAMH M OWMOJIOTUYECKON
aKTHBHOCTHI0. OJJHAKO BCer/a CymiecTBOBAJ OOJBIION MHTEPEC K MX JETMPOBAHHUIO JUIS YCUJICHUS M YIYULICHHUS THUX
CBOHCTB, 0COOEHHO (POTOKATAINTHIECKOH aKTUBHOCTHIO. B nanHo# pabote 6butn cunTe3upoBansl C/II Ha ocHoBe ZnAl
U TIpOBeNeHO MX JierupoBanue akTuBHbBIME (Ca, Sr), mepexonubiMu (Co, Cu, Cd, Ni, Pb, Fe), 6naropoausiMu (Ag) n
penko3eMenbHbIMHI rteMeHTaMu (La) ocyImecTBIaImucy METOI0M MPONUTKH. Takske ObIII0 H3YUSHO yaadeHUEe KAaTHOHHBIX
1 aHUOHHBIX KpacHTeNeH M3 BOAHBIX PACTBOPOB IyTEM aacopOuuu M (GOTOomErpagalii Ha CBEKECHHTE3UPOBAHHOM H
nerupoBaHHOM HaHokommo3ute ZnAl-CAT/TIBC. [TomyueHHbIE pe3yibTaThl COIOCTABICHBI CO CTPYKTYPOH U (PH3HMKO-
XMMHUYECKHMHU CBOMCTBAMU HAHOKOMITO3UTOB.

Knruesvie cnoea: Croucmule dsotinvie cuopokcudsi (CUI), necuposannvie memannamu, copoyus, gpomoodecpadayus,
Pooamun 6G, [Tonco 4R.
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T'OJOTPA®BI TPACC ILIOIIAJKA YUCCA (HEBAJCKHI UCTIBITATEJIbHBIN TOJIUTOH) —
CHUCTEMBI I'PYIIUPOBAHMUSI «OKEPEJILE» (OBCEPBATOPHSI «<BOPOBOE»)

K.C. Henenna?), B.A. An?

D Hayunaa cmanyus PAH ¢ 2. buwkeke, buuixek, Kvipzoizcman
2 Hncmumym ounamuxu zeocghep PAH umenu M.A. Cadosckozo, Mockea, Poccus

E-mail ona xonmaxmos: nepeina.k@mail.ru

B craThe paccMaTpuBaloTCs BpeMeHa Impodera MpoJoIbHEIX BOJH 1y 8 B3peiBoB Yucca Flat (HeBaackuii McnpiTaTens-
ueiid [Tomuron NTS) ¢ 1979 no 1984 rr. ¢ marautymamu mp = 4,9-5,9. Bpemena npo0era moirydeHsl IpH IepecMoTpe
ceiicMorpamMM u3 apxuBoB MHcTuTyTa tnHaMuku reochep um. M.A. CagoBckoro st mojcucteMsl «Osxepelnsey nepu-
(bepuiiHbIX TYHKTOB 3epeHza, Boctounoe, UkanoBo Oonblie06a3oBoi cuctemsl cericMudeckoro rpynnuposanust (BCI)
reo¢usudeckoit odcepparopun (I'O) «bopoBoey. [lanHas cucrtema pabdorana ¢ 1979 r. Ha teppuropun Kazaxcrana.
Ha npumepe peructparyy noa3eMHBIX SJEpHBIX B3PHIBOB Ha IJomIaake Yucca HeBaackoro HCIbITaTeIbHOTO MOJIUTOHA
(NTS) uccnenyrorcst TokainbHbIe roJorpadbl 1 TMHEHHbIE TPEHIBI BpeMEeHHU npobera MpoJI0JIbHON BOJIHBI B TUaNa30He
SMUIIEHTPANBHBIX paccrostauid 89,3110°-90,3701°. CaenaHbl OIICHKH CKOPOCTEH MPOJOJIBHBIX BOJH JJIsI Tpacc Yucca-

Oxxepenbe 1 nepuepuitHbIX MyHKTOB.

Knrueswvte cnosa: P-eonna, ckopocms, epemsa npobeza, Hesaockuil ucneimamenshuiti nonueoH, Llenmpanonas Azus.

BBEJEHUE

W3zydyenne cTpoeHUst 3eMITH 10 pe3yIbTaTaM BPEMEH
npo0era MPOJ0JIBHBIX CEHCMHYECKUX BOJIH aKTyaJIbHO B
HacTOAIIee BPEeMs, IOCKOJIbKY JaHHbIC HaONIOICHUH 10
CHX TIOp MOTIOJHAIOTCS U YTOUHSIOTCA (Hapumep, Koop-
JIUHATBl UCTOYHHUKOB, IIapaMeTphl 3apsiia, MarHUTYbI).
OcoOCHHBII HWHTEpEC NPEACTABNISIECT HU3YYEHHE TaKUX
JTAaHHBIX I TeJleCeCMUYECKHX TPacc ¢ PpacCTOSHUAMU
MEX]Ty HCTOYHHUKOM-TIpueMHIKOM ~10 000 kM (3nuieH-
TpansHbIe paccTogHus A~90°). B apxuse UucturyTa au-
HaMHUKHU Teocep COXpaHWINCh CEHCMOTpaMMBbl HCTOPH-
YEeCKUX SAIEPHBIX B3PHIBOB, 3aPErHCTPHUPOBAHHBIMH Ha
tepputopun ObiBIero CoBerckoro Coro3a. PesynbraTsl
00pabOTKM JaHHBIX SKCHEPUMEHTAIBHBIX CHCTEM Ha-
Omro/IeHMs IPEICTABIIEHBI B JaHHOH pabore. B mccneno-
BaHUH NPHUBEICHBI XapaKTEPUCTUKH CUCTEMbI HaOmro/1e-
Hust — «Orkepenbey 00IbIIe0a30Boi CHCTEMBI IPYIITHPO-
Banus (BCI') reodusngeckoit obcepBaTopun «bopoBoe»
(manee Oxepernbe) ¢ TpeMs nepruepUifHbIMU TyHKTAMH
—3epenna (ZRN), Bocrounoe (VOS) u Ukanoso (CHK),
pactnionoxeHHO# Ha TeppuTopru Kazaxcrana. B momHoM
00béMe cucTeMa rpynnupoBaHus «Odkepenbe) Havama
pabotats B utone 1979 .

B pesynprate npoekra MHTL K-063 co3nana cospe-
MEHHasi CHCTeMa CEHCMOJIOTHUECKUX HaOJoAeHuH, oc-
HallleHHasl CPEeJICTBAMH TEIEKOMMYHHUKaIUH 1 00paboT-
K{ JIaHHBIX, BKJIIOYAIOMIAsi B ce0sl ceicMUYecKue CTaH-
un OosemIoi anepTypHO# rpynnsl bopoBoe (cTaHIum
BRVK wu cucremsr rpynmuposanus CHK, ZRN, VOS).
BosbimHCTBO 3amuceil He aHAJTU3UPOBAIIUCH, U MTapame-
TPHI CBSI3aHHBIX C HUMHU COOBITHI 10 CHMX MOp HE ObUH
onpeieNieHbl. UG POBbIe apxuBHbIe NaHHble [1S1B Opun
nepeopMaTHPOBAaHBl B COBPEMEHHBIH (opmar, U xpa-
uares B popmate CSS 3.0. Takas 6a3a 1aHHBIX cymecT-
ByeT uIs OoubIe6a3oBoii cucteMsl bopoBoe 3a nepron
1980-2000 rr. CrkopocTHasi HEOJHOPOJHOCTh M aHU30-

Tponus mox MaccuBoM I'O bopoBoe mpakTudeckn HeU3-
BeCTHHI. B 3TOM cirygae oOpabaTeiBacMbIe JaHHBIE HMe-
0T HEOJWHAKOBYIO TOYHOCTH, M AHAJUTHK HE MOMKET
KOHTPOJIMPOBATh 3Ty M3MEHYHBOCTh. B CBS3M c 3TUM
BO3HHMKaeT HE0OXOJMMOCTh Pa3pabOTKH ajlbTepPHATHBHO-
ro MOJX0/a, He MCKIIIOYAIONIEro NMPpHOIMKEHHbIE H3Me-
peHusl.

B mpoekte MHTI] K-063-97 yuacTBOBamu Tpu Hay4-
HBle opraHu3anyu: MHCTUTYT reodusnyueckux uccieno-
Banuii (MI'M) HannonansHOTO siAepHOTO IeHTpa Pec-
myonmuku Kazaxcran, MacTHTYT MuHamuku reocgep Poc-
cmiickoit akagemun Hayk (M PAH) u MaCTHTYT QDM3n-
ku 3emin Poccuniickoii akagemus Hayk (MD3 PAH).

B Hacrosimee BpeMst craHIMK MoAepHH3UpyroTcs. C
1999 r. maHHas cucTeMa IeperMMEHOBaHA M MPeodpa3o-
BaHa B ceilicMuyeckyo rpymnmny bopoBoe B paMkax mpo-
exta MHTI] K-063-97 ¢ momoripo 3apy0OeKHbIX KOJUIA-
6opatopoB npoekta — cotpyaaukoB LDEQO, ycranosie-
Hbl cranimu Quanterra Q680 mist c6opa JaHHBIX C JIO-
KaJIbHBIX CeHCMUYecKUX noAarpynn «Oxepelbey B [EHT-
pel noarpynn. M3 HanuonansHoro IlenTpa [laHHBIX
(r. Anmarter) o kaHanam Internet JaHHBIE TOCTABISAIOTCS
B LDEO, IRIS-DMC [1].

MHorwue ucciaeIoBaTeNn 10 CHX Mop H3YJaroT Hacle-
JIMie SIIEPHBIX B3PBIBOB HA TEPPUTOPUH CAMBIX KPYITHBIX
UCTIBITATEIbHBIX MOJIUToHOB — CemunanaTuHckoMm u He-
BajckoM. PasupiMu uccnenoBarensimu Juisi HeBanckoro
nosimrona CIIA moctpoeHs! rogorpadsl pacnpocTpaHe-
HUSI TIPOJIOJIBHBIX U TOIEPEYHBIX BOJIH, HATIPUMED, JUIs
paccrosiauii 0—200 kM, a TakkKe CleslaHbl OLIEHKH 3aTy-
xanus [3]. Yucca Flat — paBauHHas oGiacth B ceBepo-
BOCTOYHOI 4aCTH UCTIBITATENBHOTO ToyIMroHa B Hesane,
rae B nepuoa ¢ 1951 mo 1992 rr. 6s110 TipoBeaeHo 827
3aJJOKyMEHTUPOBAHHBIX aTMOC(EPHBIX M MOJ3EMHBIX
SIIEPHBIX MCITBITAHUI, YTO COCTABIISIET IOUTH BOCEMBb/IE-
CSIT IPOILIEHTOB Beex sanepHbIX ucnbitTanuit CIIA. B reo-
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JIOTUYECKOM OTHOIICHHH 3Ta 00JIACTh CIIOKEHa B OCHOB-
HOM YETBEPTHYHBIMH OCAJOYHBIMH TOPOJaMH MOIIHO-
cthio 10 600 M. [ToapoOHOE OMMCcaHUE TEOIOTMYESCKHX U Te-
KTOHHYECKUX 0COOCHHOCTEH mpHBeieHO B paboTtax [4-7].

METO/Ibl U IAHHBIE

B 1976 . Ob1a 3amymieHa cucTeMa anepTypHas CUC-
TeMa «TpeyroJbHUK», B COCTaB KOTOPOH BXOAMIIH NIEPU-
¢epuiinbie ctannuu «UkanoBoy» (72 kM ot cranimu «bo-
poBoey), «3eperna» (86 kM) u «Boctounsiiny (60 km).
IMoncucremsl tuma «Oskepenbe» OBUIM OPraHU30BAaHBI
BONMM3M Hacen€HHBIX MyHKTOB 3epenaa (ZRN), Bocrou-
Hoe (VOS) u Ukanoso (CHK) KokueraBckoii obmactu
(Cesepusrii Kazaxcran) B 1980 r. [8]. B kaxxmom myHKTE
moncucteMa «Oxepense» cocrosiia u3 6-tu HYTIos pe-
ructpauuu (HYII — HeynmpaBiseMblil MyHKT), pacioio-
KEHHBIX PaBHOMEPHO IO OKPY)XHOCTH C PaWycoOM MO-
psanka TpEX KHWIOMETPOB OT IEHTpa MNepudepHitHOTO
mynkra (I1I1). [Tnan pacnonoxernus «Oxepennit» 00Ib-
me6azoBoi cuctemsl rpynnuposanus (bCI') reoduznye-
ckoii obcepBaTopun «bopoBoe» npeacTaBieH Ha PUCYH-
ke 1, a koopaunatel Becex HYTlos, IIIT u LlentpansHoro
myskra (I{I1) B Tabaure 1.

r‘\S
c A

Pucynox 1. [Inan-cxema « Odxcepenvey 60avuie6azosoi
CUCEMbL CETICMUYECKO20 SPYRNUPOBAHUS 2e0PUUYECKOT
obcepsamopuu (BCI” I'O) «Boposoey

[Tnan pazmemnienns, reoe3ndeckue 1 OCHOBHBIC Ma-
pametpsl noacucreM «Oxepenbe» 00ipIIe0a30BoOM cHc-
TEMBI CEHICMHUUYECKOTO TPYIIHPOBAHUS Te0(hU3NUECKOI
obcepBaropun (BCT' I'O) «bopoBoe» mpencTaBiieHsl B
Haureit npeapiayuei padore [9]. OcHoBHBIE eprdepHii-
Hble nmyHKTEI — 3epenna (ZRN), Bocrounoe (VOS) u
Ykamoso (CHK). Ilenrpamsubiii myHkT — bBopoBoe
(BRVK). Bokpyr Kaxmoro u3 nepupepuitHbIX ITYHKTOB
pacnososxeHo 1o mects nyHkToB HYTIoB ¢ ogHOKOMIIO-
HEHTHBIMH ceificMoMeTpamu (Tak HasbiBaeMble «Orxepe-
mbsi»). Jwmamerp moarpymm «Oskepenuii» paBeH 6 KM.
OO0mmmii anepTypHBIN pa3Mep CUCTEMBI «OO0JIBIIIOTO TPEY-
ronbHEKa» — 135 kM. Kongurypanus «Oxepenss» VOS

ommmaanack oT ZRN n CHK B cBsi3u CO CIOKHBIMH Me-
CTHBIMU Teosiorndeckumu ycnosusimu: HYII6 mepeme-
méH B HeHTp «Oskepenbs», a nepudepuilHbIi MyHKT
12 na nnarupyemoe mecro HYII6. B xaxxnom «Oxe-
pense» HOMepa HVYIIoB ot 4 no 9 (pucynok 1). Ilnan
BCT reodusudeckoii oocepBaropuu «boposoey (bsgbrv)
[8]. B ckBaxkune HYTla Gbut ycTaHOBJICH BEpTUKATBHBIN
ceiicmonpuémunk tuna CbY-B, nadopmarist koTroporo
niepenasanach o kabemro B I1I1. anee mo paguoperneii-
HBIM JIMHUSIM CBSI3H B BUJIE YaCTOTHO-MOYJIMPOBAHHOTO
curHana — B reHTpaibHbii myHkT (L1 — reodpnsndeckas
obcepBaTtopus «bopoBoey), rae nHGopMaIH Bcel MoI-
CHCTEMBI PErucTpHpoBasiach B LU(PpPOBOM (opMaTe Ha
24-xKaHAJIBHOM CTaHIIMU HU(PPOBOI TPEXKOMIOHEHTHOM
peructpanyu CLP-O: 24 usmepuTenbHbIX KaHana ¢ yac-
TOTOM OIPOCOB 2 MC U IEPUOAOM OCHOBHOT'O ITHKJIa KOM-
myTaiun kananos 48 mc [2]. Kanamst CLIP-O ¢ 1-ro o
6-oii coorBercTBeHHO M1t HYTIoB 4-9 cranumu 3epen-
na, xaHaibel ¢ 7-ro mo 12-e1ii miig HYIIoB 4-9 cranmun
Bocrtounoe u kaHaisl ¢ 13-oro no 18-b1i1 g HYIlos 4—
9 cranmmu Ukanoso. Karaner CLIP-O ¢ Homepamu 19-24
6butH cBOOOIHBIMU. [loporoBasi 4yBCTBUTEIBHOCTD H3-
MepuTenbHbIX kKaHainoB CbY-B cocrasisina 0,3 HM B no-
noce vactot 0,73+3,5 I'n. IlpuBsska celicMuueckoil uH-
(dopMaly K 3TAJIOHHBIM CHUTHANaM TOYHOTI'O BPEMEHH
(OCB [2]) ocyiiecTBisaachk B IEHTPAILHOM MYHKTE Ha
CLP-O.

Tabauya 1. I'eoepapuueckue koopouHamvl nyHKmMog

«Obicepenvey.
0
MyHkT Hyl-'la UJ':E:;SC(N) uo::;:;;c(E) Bbicota (m)
nm 52,9506 69,0056 384
4 52,9704 69,0323 358
5 52,9461 69,0485 380
392"5'&”8 6 52,9271 69,0338 386
7 52,9294 68,9772 306
8 52,9546 68,9633 292
9 52,9771 69,0027 300
nn2 52,7231 70,9805 297
4 52,7686 70,9906 266
5 52,7435 71,0042 261
B"C\;g“s”(’e 6 52,7478 70,9649 272
7 52,7276 70,9370 282
8 52,7524 70,9211 285
9 52,7696 70,9511 293
nn3 53,6756 70,6162 124
4 53,6952 70,6431 9%
5 53,6716 70,6592 120
q"(";‘ﬂ‘}’f" 6 53,6509 70,6324 133
7 53,6539 70,5869 13
8 53,6796 70,5731 59
9 53,6975 70,6002 90
5;’;&3;3 un 53,0581 70,2828 315
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Tabnuya 2. OcrogHbie NAPAMEmMpPbL NOOZEMHBIX AOCPHBIX 63PbIE06 NIoWAoKU Yucca oanno2o uccredosanus [12-14].
Mb — maenumyoa. h — enybuna 6ypenus; H — evicoma nosepxrnocmu nao ypoguem mops,; mp — no oaunvim MUJJI° PAH

Ne Ha3sBaHue Dara Bpewms (UTC) lupota, | [onroTa, h, H,

nin ncnbITaHus rrrr-MM-aa Yac:MUH:CeK N° E° M M Tun nopon Mo
1 Fajy 1979-06-28 14:44:00.17 37,143 -116,088 536 1303 anniosui 5,0
3 Hearts 1979-09-06 15:00:00.09 37,088 -116,054 640 1232 Ty 58
4 Baseball 1981-01-15 20:25:00.09 37,087 -116,046 564 1232 Ty 57
5 Bouschet 1982-05-07 18:17:00.11 37,069 -116,046 564 1217 Ty 57
6 Frisco 1982-09-23 17:00:00.09 37175 -116,089 451 1347 Ty 49
7 Tortugas 1984-03-01 17:45:00.09 37,066 -116,047 639 1216 Ty 59
8 Mundo 1984-05-01 19:05:00.09 37,106 -116,023 566 1292 Ty 54

B mpenpinymueit padore [10], cBs3aHHOI ¢ crcTeMOi
rpynmupoBanus «Osxepense» BCT 'O «bopooe», aBTo-
pamu paccMaTpUBAIINCh 3HAYCHUS BPEMEH Ipoodera mpo-
JIOJIbHOW BOJIHBI HA MCTIBITATENBHBIX IUIOIaakax Pahute
Hesanackoro ucnertarensroro nonurona (NTS) B mepu-
oxc 1967 mo 1992 rr. B HacTosmeit paboTe 00Cy)IaroT-
Csl pe3yJIbTaThl perucTpanuu Ha cucremax «Oxepenbe
MIPOJIOIBHON BOJIHBI OT ITOI3€MHBIX SIACPHBIX HCIBITAHUH
Ha rromanke Yucca NTS.

B nanHoii paboTe i aHaTH3a BpEeMeH podera mpo-
JTOJIbHOM BOJIHBI P BBIOpaHBI BOCEMb UCIIBITAHUHN HA TLJI0-
maake Yucca HeBajcKoro MCHBITATEIbHOIO IIOJIMTOHA
(NTS) [11, 12] ¢ 1979 o 1984 rr. ¢ MarHUTYIaMH My =
4,.9-5,9, ocHOBHBIE TapaMeTPBI KOTOPHIX IIPEICTABICHEI
B Tabmmie 1. 3HaueHNs MarHUTY]] IIOBEPXHOCTHBIX BOJH
i [TB NTS moxno Haittu B [13, 14]. PesynbraTs!
orneHkn [MIC-mOBepXHOCTHBIX A(PQPEKTOB IOI3EMHBIX
SIICPHBIX B3PHIBOB, MPOBECHHBIX B Yucca Flat u Pahute
Messa (pucynok 2), npusenens! B padote [15]. Tem He
MeHee, oJiH coBMecTHBIN B3pbIB CIIA 1 BenukoGpura-
uur (Mundo) 66T peICTaBIeH ¢ TOMETKON «HEBO3MO-
KHO KITaCCU(PHUIUPOBATH.

37.4°N
&
® L 2
37.3°N | L S, i
N K IR
()()0 g ® ¢ F:::;:r Climax Stock
" Xadhe (™
37.2°N { Pahute Mesa |
¢
G l
37.1°N ¢ 6?%
L 4
Granite Yucca Flat ¢ 08
37°N o
Alluvium
36.9°N "
116.6°'W 116.4°W 116.2°'W 116°W

Pucynok 2. I'eoepaghuueckoe nonogicerue 63puleos
na Hesadckom noaueone [15]

[To BBIOpaHHBIM MOJ3EMHBIM SJICPHBIM B3pbIBAM
(ITIB) Ha paGoraBmmx kaHajax moxacucteMm «Osxepe-
Tbe» OB onpeiesieHbl BpeMeHa npobera (1) mpooss-

Hol BosiHbI P. Tlocne 06paboTku 1 aHanM3a Bcex ceic-
MOTPaMM Pe3yNbTaThl OBUIN CBEICHBI B TAOJHITHI 3HAUE-
HUH. JIJ11 COOTHONICHUS ¢ OAHOW M3 HamboJiee M3BECT-
HeIX ctanimii B CCCP — Boposoe (tabmuma 2). B Tabmm-
1e 3 yKkaszaHbl JaThl IpoBeaeHusl ucnbitanuil 1151B, Ho-
mepa HVYIloB, 3HaueHMs] SNULEHTPAIBHBIX PACCTOSHUM
(A°) u BpeMeHa BCTYIUICHHUIA MPOIONBHOM BOIHBL P (tp1)
Ha Bcex HYIIax BCT 'O «bopoBoey.

Tabnuya 3. [lapamempor 63pv1606 naowaoxu Yucca (uz
mabauyel 2) ons cmanyuu «boposoey BRVK

NeNe | HaumeHoBaHue [arta A Az° to1

n/n UCNbITaHWA | ITIT-MM-A4 OT aNMUUeHTpa | cek

1 Faji 1979-06-28 | 89,9983 356,16 782,106
2 Hearts 1979-09-06 | 90,0549 356,18 782,409
3 Baseball 1981-01-15 | 90,0563 356,18 782,359
4 Bouschet 1982-05-07 | 90,0742 356,18 782,530
5 Atrisco 1982-08-05 | 90,0614 356,21 782,388
6 Frisco 1982-09-23 | 89.9664 356.16 781.807
7 Tortugas 1984-03-01 | 90.0772 356.18 782.568
8 Mundo 1984-05-01 | 90.0386 356.20 782.259

[Ipu 06paboTKe OOHAPYKHUIHCH COOM MHPOPMALIUH B
0aze mamHBRIX WHCTHTyTa muHamMuku reochep (MU
PAH), Bo3HHKIIHE TipH TepeOpMaTHPOBAHAN HUPPO-
BBIX MAarHUTHBIX JICHT Ieo(U3UYecKOil 00cepBaTOpUH
«boposoe» mns I1AB Yucca NTS. Ha Bcex nepudepmii-
HBIX MyHKTax 3ammcajics Tosbko oguH [ISIB Tortugas
1984-03-01. [ns apyrux 1B otcyrcTBytoT ceiicMo-
rpaMMBbI:

— TIAB Faji 1979-06-28 mynkra Ukanoso «Oxepe-
by s HYTIos 5-9;

T151B Hearts 1979-09-06 nns Bcex 6-tu HYIlos
ITYHKTOB «3epeHaa», «BocTouHoey;

— TI51B Baseball 1981-01-15 HVII 6 «YkanoBo»;

— TI5B Bouschet 1982-05-07 HVII 4, 8, 9 «Bocro-
YHOEY;

— TI5B Atrisco 1982-08-05 HYTII 4, 5, 8 «3epenna»,
HVII 4, 5, 9 «UxkanoBo»; Bce HYIIb1 «BocTouHoeY;

— TI5B Frisco 1982-09-23 HVYII 5 «3epenma»; HVII
4 «BoctouHoey,;

— TII5IB Mundo 1984-05-01 HVTI 5, 8 «3epenman.
Taxnum o6pazom, Bcero 3Hadenuit s 8§ [IB mo myHk-
tam: 3epenya 24, Bocrounoe 16, Ukanoso 30.
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Tabnuya 3. Bpems npobeza éonnvl P no epemenu nepoo
NO0HCUMENLHO20 IKCMPEMYMAd NepUhepuiiHbix NYHKMOo8 Ol
naowaoku Yucca NTS. Ecau ceiicmoepamma omcymemeayem,
mo obosnauenue (-)

3epeHpa BocTouyHoe Ykanoso
[ata Ne HY- PeHa

rrrr-
MNa o tp1 o tp1 ° tp1
MM- AR A cek A cek A cek

90,1463 | 782,792 | 90,2469 | 782,900 | 89,3429 | 778,424

90,1699 | 782,936 | 90,2711 783,023 | - -

1979- 90,1895 | 782,986 | 90,2692 782,999 | - -

06-28 90,1896 | 782,990 | 90,2910 | 783,051 | - -

90,1650 | 782,826 | 90,2672 | 782,909 | - -

90,1409 | 782,797 | 90,2473 | 782,956 | - -

_ - - - 89,3996 | 778,768

_ - - - 89,4222 | 778,871

1979- - - - - [ 89,4444 778,990

09-06 - - - - 89,4439 | 779,020

_ _ _ — [894190 (778,878

Z Z Z — (89,3997 778,782

90,2039 | 783,110 | 90,3052 | 783,221 | 89,4010 | 778,671

90,2275 | 783,254 | 90,3294 | 783,319 | 89,4237 | 778,814

1981- 90,2471 783,306 | 90,3274 [ 783,322 - -

01-15 90,2472 | 783,310 | 90,3492 | 783,375 | 89,4453 | 778,920

90,2226 | 783,166 | 90,3254 | 783,369 | 89,4204 | 778,826

90,1985 | 783,075 | 90,3065 | 783,275 | 89,4011 | 778,730

90,2218 | 783,308 89,4189 | 778,870

90,2454 | 783,408 | 90,3473 | 783,515 | 89,4416 | 778,967

1982- 90,2651 | 783,458 | 90,3453 | 783,515 | 89,4637 | 779,113

05-07 90,2652 | 783,463 | 90,3671 | 783,615 | 89,4632 | 779,114

90,2406 | 783,368 | - - 89,4384 | 778,974

90,2164 | 783,227 - - 89,4190 | 778,925

1982- 902518 [783341| - - [894510 778,997

08-05 90,2519 (783,344 | - - | 89,4505 | 778,999

- - - - 89,4256 | 778,858

90,2031 (783,108 | - - - -

90,1143 | 782,663 - - 89,3110 | 778,222

90,2392 | 782,816 | 89,3337 | 778,297

1982- 90,1575 | 782,830 | 90,2373 | 782,729 | 89,3558 | 778,441

09-23 90,1577 | 782,359 | 90,2591 | 782,772 | 89,3553 | 778,467

90,1331 | 782,692 | 90,2353 | 782,723 | 89,3305 | 778,276

90,1089 | 782,600 | 90,2164 | 782,130 | 89,3111 | 778,278

90,2248 | 783,016 | 90,3260 | 783,607 | 89,4219 | 778,698

90,2484 | 783,739 | 90,3502 | 783,704 | 89,4445 | 778,133

1984- 90,2680 | 783,265 | 90,3483 | 783,274 | 89,4667 | 779,012

03-01 90,2681 | 783,695 | 90,3701 | 783,851 | 89,4662 | 779,015

90,2435 | 783,602 | 90,3463 | 783,712 | 89,4413 | 778,490

90,2194 | 783,124 | 90,3273 | 783,617 | 89,4220 | 777,825

90,1859 | 783,242 | 90,2876 | 783,732 | 89,3834 | 779,182

- - 90,3118 | 783,830 | 89,4060 | 779,283

1984- 90,2292 | 783,606 | 90,3095 | 783,449 | 89,4282 | 779,405

05-01 90,2293 | 783,822 | 90,3317 | 783,977 | 89,4277 | 779,383

- - 90,3079 | 783,836 | 89,4028 | 779,289

Olo|N|oojo|ldh|jlO(|N|OD|OI|h|lO|O(N|OD|OI|D|lO|O(N|OOD|OM|Dh|lO|O| N[Ol d|lO|O|N[OOD|lOW||lO|l|N[([OOD|OW|d|O|[|N|O|OW

90,1805 | 783,202 | 90,2889 | 783,742 | 89,3834 | 779,218

s moctpoeHns rogorpadoB M OIECHKH JIMHEHHBIX TPEH-
JIOB BpeMeHHU npolera MpoJ0IbHON BOJHEI Ha Tpaccax
Yucca - ZRN, Yucca - VOS n Yucca — CHK uncnons3o-
BaJlach METOJMKA M PE3YJIbTAaThl HCCIICIOBAHUH, OITyOn-
KOBaHHBIC aBTOpPaMH B Hpeblaynux padorax [16-18].
[Ipu mocTpoeHnH JOKanbHOrO rojorpada MCIoab30Ba-
JIMCh apaMeTpbl BpeMeHH rpobera BosHbI P 11t kax0-
ro u3 HYTIoB «Osxepenps» 1 AULIEHTPAIEHOE PacCTOs-
HHe A° [ mocTpoeHHs TpaduKa 3aBHCHMOCTH
tpr = F(A°) = k-A°+b, momyueHHBIC METOIOM JTMHEHHO
perpeccun, rae K u b — nponsBossHble KOHCTaHTHL. [Ipn
OLICHKE TPeH[a ot B MIUUIMCEKYHaX 3a TOJ BMECTO JIIHU-
LEHTPAIBHOTO PACCTOSIHUSL  HCIIOJIb30BANOCh  BpeMs
B3pbIBa B KAJICHAapHOM BpeMenu [17].

PE3YJILTATBI

[o mpuBeneHHBIM B Tabnuax 3HadeHusM tp1 BCT T'O
«BopoBoe» mocTpoeHs! CBOIHBIC TPadUKH.
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Pucynox 1. Jluneiinviil mpeno 80 épemeHu 0Jis 6Cex 3HAUSHULL
epemen npobeza npodonviblx 60nn 01 IIAB Yucca —
eeoghuzuueckas obcepsamopust «boposoey

3AKJIIOYEHUE

[ToxroToBieHs! TabMUIBEI BpeMeH npodera BOJIHB P
JUTA TPAcCHl IUTOMaAKa Yucca — nepudepuitHple MyHKTHI
nojacucTeMbl «Oxepenbey reoPpu3ndeckor odcepBaTo-
pun «bopoBoe» (mo myHkram 3epeHna, Bocrounoe u
UkanoBo). IlocTpoeH JoKaibHBIA rogorpad, KOTOPBIH
YAOBJIETBOPSAET YPAaBHEHHIO:

tp (cex) =309.8116+(5.2455+0.0709)- A°,
rae A° — pacCTosiHUE B Tpajycax.

Yucca — 3epenoa (ZRN)
tp (cex) = 376,2907 + (4,5019+1,2060) -A°,
s dexruBHas ckopocts Vp=4,50 km/c.

Yucca — Bocmounoe (VOS)
tp (cex) = 62,8565 + (7,9782+1,0874) -A°,
a¢extuBHAA ckopocTh Vp=7,98 km/c.

Yucca — Ykanoso (CHK)
tp (cex) = 244,8133 + (5,9681+0,5950) -A°,
a¢extuBHAA ckopocTs Vp=5,97 km/c.

Yucca — I'O Boposoe
tp= 309,1337+(5,2532+0,0691) -A°,

s dextuBHas ckopocts V=5,25 km/c.

[Ipu oneHke NMHEWHOTrO TpeHAAa BpeMEeHU Npoldera
IIPOIOTIBHON BOJIHBI MBI ITOJTYYHIIH OTHOCHUTEIbHBIE (iry-
KTyaluu BpeMeHu npobera (ot), rae Tq — Bpems B KaJieH-
napHoM Bpemenu (JII.MM.ITIT):

Yucca — I'O Boposoe
3t (cex) = —6,0996+(0,0002+5,09-10) - Tg.

Hanmune craboro TpeHna BO BpeMEHH CBHIETEIBCT-
BYET O BO3MOXXHOW aHW30TPOIHU CKOPOCTEH, CBI3aHHOM
C poTalell BHyTPU3EMHBIX 000JI09€eK, TaKUX Kak sIpo,
1 3BOJIONXH 3eMJIM. DTOT BBIBOJ MOJTBEP)KIACT CyIIIe-
CTBYIOIIYIO MO3aMYHOCTh CTPOCHHSI MaHTHH U siipa 3eM-
1M, TOKa3aHHO# B paboTax Hamux komurer [19-21].

3HaueHHUs IIOCTOSHHON B YpaBHEHUHM TPEHIA JUIs
tpaccel Yucca — ZRN ot Yucca — VOS omnuaercs B oc-
HOBHOM H3-3a TOTO, YTO 3alKCh B3PHIBOB Ha HEKOTOPBIX
HVYTlax otcyrctByer. [lockonbky HauOoubliee YHCIIO
3ammce ceficMorpaMm Ha nepudepuifHoM myHKTe Yka-
s0Bo 30, a HauMmeHblIee y nyHkTa Bocrounoe 16. I1oa-
TOMY HanOosiee OJIM3KHE 3HAYEHHS CKOPOCTH MPOII0JIb-
HBIX BOJIH K cpefHel aist Tpacesl Yucca-boposoe momy-
YHUJIach y MyHKTa YKajIoBo.
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IOKKA (HEBAJIA CBIHAY AJIAHBI) YHITH XKYPI'I3Y YAKBITBIHBIH KUCCIKTEPI — «AJIKA»
CEMCMUMKAJIBIK MACCHUBTEPI («<BOPOBOE» 'TEO®U3UKAJBIK OBCEPBATOPHSCHI)

K.C. Henenna?, B.A. An?

D Biwkex kanacvinoazet PFA zvinvimu cmanyuscet, biwkek, Kvipevizcman
2 Caooeckuii PFA I'eocghepanap ounamuxacwl uncmumymot, Mackey, Pecei

Maxkanana 1979-1984 xpuinap apansirsinaarel FOxka ®nat (Heaga ceinak amansl HTC) 8 sxapbuibic yImiH OOMIBIK
TOJIKBIHIAPABIH JKYPY YaKbITTapbl KapacThIpblUIa/sl. MarHuTymacsl mb = 4,9-59. JKon xypy yakeitel ['eoctepanap
JMHAMHMKAChl HMHCTHUTYTBIHBIH MyparaThIHIaFbl cefcMorpamMMmanapisl KalTa Kapay HOTIDKeCiHAe anblHAbl. M.A.
CanoBckuii «bypabait» reodusukansik obcepBaTopusachiHBEIH (['O) ceHCMHKANBIK TONTACTHIPYIBIH 1pi 0a3albIK
xytecinig (BCI') 3epenai, Bocrounoe, UkamoBo mieTki HykTenepiHiH «Oskepenby imki xyheci ymin. Bym xytie
Kasakcran aymarsiana 1979 sxeurgan 6epi sxymeic icten keneni. Hepana momuronsiasiH (HTC) FOkka anmaHsIHAAFE Kep
acThl SIPOJIBIK KAPBUIBICTAPBIH TIPKEY MbICAbIH MakganaHa oTeIphin, 89,3110°-90,3701° snMIEHTPIIK KAIIBIKTHIK
JIMAIa30HbIHA OOMJIBIK TOJIKBIHHBIH JKYPY YaKbITBIHBIH JKEPriIKTI rogorpadTapbl MEH CHI3BIKTHIK TEHICHIHSIIAPHI
3eprrenesi. P-TonKpIHBIHBIH XKbuiAaMabIKTapbl FOkka-Osxepernbe xKoJAapbl MEH HIETKI HYKTeNep YIIiH OaranaHapbl.

Tyiiin co30ep: P monxvinvl, dicvindamovix, casxam yaxovimol, HTC, Opmanvix A3us.
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TRAVEL TIME CURVES FOR YUCCA TEST SITE (NEVADA TEST SITE) - SEISMIC ARRAYS
«OZHEREL’E» (GEOPHYSICAL OBSERVATORY «BOROVOYE»)

K.S. Nepeina?, V.A. An?

Y Biwkex kanacvinoazet PFA zvinvimu cmanyuscet, biwkek, Kuvipzoizcman
2 Caooeckuii PFA I'eocghepanap ounamuxacot uncmumymot, Mackey, Peceil

This paper presents the travel times of P waves for 8 Yucca Flat (Nevada Test Site NTS) explosions from 1979 to 1984,
with magnitudes my, = 4.9-5.9. Travel times were obtained by revising seismograms from the archives Sadovsky Institute
of Geosphere Dynamics for the subsystem “Ozherel’e” (Necklace) of peripheral points Zerenda, Vostochniy, Chkalovo
of the large-base seismic array system (SAS) of the geophysical observatory Borovoye. This system has been operating
since 1979 on the territory of Kazakhstan. By the example of registration of underground nuclear explosions at the Yucca
site of the Nevada Test Site (NTS), local travel time curves and linear trends in the P wave travel time in the range of
epicentral distances 89.3110°-90.3701° are investigated. We estimate of the velocities of effective P waves for the Yucca-
“Ozherel’e” and peripheral points.

Keywords: P-wave, velocity, travel-time, NTS, Central Asia.
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BBEJIEHUE

Cerp cTanuuii MoHUTOpUHra HanmonansHoro suep-
Horo nentpa Pecnyonuku Kazaxcran (HSIL] PK) siBnsier-
Csl CPAaBHUTEIILHO HOBOM CETHIO0, cO3AaHHON UHCTHTYTOM
reo¢pmsndeckux uccienosanuit HAL PK B coTpynamue-
CTBE C PSIOM MEKIYHAPOIHBIX U 3apyOC)KHBIX OPraHu-
3alMii 3a MOoCIeAHIE MeHee ueM Tpu aecsaTunetus. Ee oc-
HOBY COCTAaBHJIM CTaHIIMU, PACTIONIOKEHHBIE HA TEPPUTO-
pun Kazaxcrana u Bxosiiue panee B Ciy0y CIICI[KOH-
Tposst Munucrepctsa o6oponsl CCCP, a Takke B crelr-
cekrop M®3 AH CCCP, 3anumaBimecs 3agadyaMu Mo-
HUTOPHHTA SICPHBIX HCIBITAHUHA. TOTIKOM K CO3IaHHIO
cetu B HammonansHoM simepHoM uentpe PK sBuiuch
moxnucanue B 1996 r. u patudukanus B 2001r. [Joroo-
pa 0 BceoOBEMITIOIINM 3aTPEIeHUEM SIICPHBIX UCTIBITA-
wuit (JB35N) u 3akiroueHme psiia MEeXITyHAPOIHBIX CO-
iameHuil. B coorBeTrcTBuu ¢ 3TUMH JoKyMeHTamu B Ka-
3aXCTaHe JOJDKHEI ObLIN OBITH CO3AaHBI OOLEKTEI, BXOS-
e B cOCTaB MeXIyHapOJHBIX CHCTEM MOHUTOPUHTA
1715t KoHTpoJist BeimonHeHust JIB351M. 3a noctatoyHo He-
6osbIoi mepuoa 1999-2016 rr. B Kasaxcrane moctpoe-
HBbI U BBEJCHBI B IKCILIyaTAIlMIO COBPEMEHHbIC HU(pPO-
BEIC celicMUYeckne W WH(Pa3BYKOBHIE CTAHIUH, C
1999 r. mavan ¢ynxmonuposars LleHTp cbopa u obpa-
OOTKH creHaIbHOMN ceficMuyeckoil WH(MOpMAIIHH, BHI-
nonHsroIui GyHkr KazaxcTaHCKOTO HAIMOHAIBHOTO
LEHTpa JaHHBIX B MeXAyHapOJIHOW CUCTEME MOHHUTO-
punra JIB35U.

Cetp HAII PK umeer psim ocoOeHHOCTEH.

— Crannuu cetn HAL] PK co3paBamuce B MecTax
HE3aBUCHMO OT YPOBHSI CEMCMHYHOCTH IIOMAAKH, HO
[JIaBHBIM TPeOOBaHUEM SIBIISIIOCH TO, YTOOBI MECTO pac-
MIOJIOKEHUS TUIOMIAAKH ObUTO TUXUM C TOYKH 3PEHUS
celiCMUYECKUX IIYMOB. bosbIias yacTh CTaHIMNA pacro-
JIO’)KEHA B CUMTABIIMXCS paHee aCeCMUYHBIMU pailoHax
o nepumeTpy Bcero Kazaxcrana.

— Cranuuu cetu HALL PK B ocHOBHOM nipescraBie-
HbI CEIICMHUYECKUMH IPYIINaMu, BKIItoYaomumMu ot 10 10

21 »meMeHTOB B Kaxkaol. B cocTraBe celCMUUYECKHX
TPYII, KaK TPaBWIIO, AMEETCA OJHA MIMPOKOIOIOCHAs
TPEXKOMIIOHEHTHas1 cTaHUus U 9—20 OIHOKOMIIOHEHT-
HBIX CTAHINH (BEpTUKAIBHBIC KaHAIBI).

— Cneuungwukoii cern morntopurara HALL PK sBs-
€TCS W TO, YTO B COCTaB ATOH CETH BXOJST HE TOJIKO
ceificMuUecKkre, HO U MH(Pa3BYKOBBIC CTAHIINH, YTO MO3-
BOJISICT PACHIMPHUTh KPYT PETUCTPUPYEMBIX COOBITHH, 110~
BBICUTH JOCTOBEPHOCTh PACMO3HABAHUS WX MPUPOIBI,
YIIYYIIUTh TOYHOCTH JIOKALIMU UCTOYHHKOB.

Cerp cranmuii HSIl PK sBnsercs ka3axcTaHCKUM
CETMEHTOM TJI00abHON CHCTEMBI KOHTPOJIA 32 SACPHbI-
MU HcTbITaHuIMA. Ee TaHHBIE TIepenaroTcs B P MEXK-
QYHapOJHBIX IICHTPOB HaHHBIX, TakuxX, kak |IDC, ISC,
EMSC, IRIS/DMC. IpakTuka nokasania, 4to celicMude-
ckue crannuy Ka3zaxcraHa J0CTaTOYHO BEICOKOYYBCTBU-
TENEHBI KaK B PETHOHAIBHOM, TaK W II00aJT-HOM MOHH-
TOpPUHTE.

OnHUM U3 BOXHEUIINX KPUTEPUEB UYBCTBUTEIHHO-
CTH CEUCMUYECKHUX CTAHIMH MOHUTOPHUHIA SIBIISETCS
YpOBEHb celicMUUYeCcKOTO 1yMa. Ero nccienoBaHus mpo-
BOJISITCS Ha Pa3HBIX ATAmmax co3aHus U paboThl CTAHIIUH.
Tak mnst BEIOOpA IDIOIMIAOK O CTPOUTEIBCTBO HOBBIX
CTaHIU, 000CHOBAHHSA aNIEPTYPHl CEHCMUYECKUX TPYIIIT
00s13aTeNTFHO M3YYAl0TCs ceiicMmdeckne mrymMsl. [Tpume-
pOM Tako#l pabOTHI MOXKET OBITh M3YYCHHE IIyMOB IS
cranimu AS057-boposoe [1]. Bo Bpems skcruryaTamuu
CTaHIM{ JUISL TOBBIMEHUS 3()(HEKTUBHOCTH 00pabOTKH
CEHCMHUYECKHNX JTAaHHBIX TaK)Ke MPOBOMATCS HCCIEA0Ba-
HUSI MOZEJIU LIyMa U €ro Bapuanuil. MOHUTOpPUHT Xapa-
KTEPUCTHK IIyMa MO3BOJISIET OTCIEKHBATH U3MEHSIOIITY-
FOCsl 0OCTAaHOBKY B PaiiOHE CTAHIIUN, 9YTO MOXKET TIOMOYb
B BBISIBJICHHMHM HOBBIX MCTOYHHKOB ITYMOB BOJIM3M CTaH-
Ui, HAPUMeEp, CBA3AHHBIX C pabOTOH KaKuX-ITHO0 Mpo-
MBIIUICHHBIX MTPOU3BOJCTB U T.A. MOXHO TaKXe OTMe-
TUTH TaKOH BaXKHBIA aCIEKT U3YYCHUS IIyMa, KaK KOHT-
POITb PabOTHI PETUCTPUPYIOIUX KaHaOB. CHCcTeMaTH4e-
CKasl OIICHKAa MapaMeTpPOB IIyMa SBJISIETCS HHCTPYMCH-
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TOM BBISBICHUS JIIOOBIX CYIICCTBEHHBIX H3MCHECHHUH B
napameTpax anmnaparypsl.

Huskuil ypoBeHb CECMHUYECKOrO LIyMa IpsSIMO CBS-
3aH ¢ 3 (PEeKTHBHON YyBCTBUTEIHLHOCTBIO CTAHIUH, C €€
CIOCOOHOCTRIO OOHAPYXKEHHS CIAOBIX CEHCMUYECKHUX
CUTHAJIOB, a TaK)K€ TOYHOCTHIO OMNpEJeNCHHUs MapaMerT-
POB MCTOYHHKOB. J{711 MH(PPA3BYKOBBIX CTAaHIWH B (hak-
TOpax, onpeAesomux uX 3 (PpeKTHBHOCTE, €CTh CyIIIe-
CTBEHHOE OTJINYHE OT CEHCMHUYECKUX CTaHIUN. bojbIioe
BJIMSHHE Ha IBA OCHOBHBIX acTekTa 3((EeKTUBHOCTH HH-
(pa3BYKOBOH CETH OKa3hIBACT H3MEHEHUE aTMOC(EPHBIX
napameTpoB. IlepBblii CBA3aH C HAJIMYUEM BOJIHOBOJOB
Juist MHQPa3BYKOBBIX (a3, KOTOPBIN BIUSET Ha YyBCTBHU-
TeNbHOCTb cTaHIMU. OH ompeieNnsercs, B OCHOBHOM, BbI-
COTHBIMH IPOQUISIMU TOPU3OHTAIBHBIX KOMIIOHEHT CKO-
pPOCTH BETpa M TEeMIlepaTypsl B Tporocdepe U cTparo-
coepe. KapTbl 4yBCTBUTENBHOCTH HWH(PaA3BYKOBHIX ce-
Tel OCTYIIHBI B IUTEPATyPHBIX HICTOUHUKAX, HAIIpUMeED,
[2]. BropemM acmiektoM 3((eKTUBHOCTH SIBIACTCS TOY-
HOCTH JIOKQJIM3alUK SMUIEHTPOB coObIThil. TodHOCTH
JIOKAIIU3alMH CYIIECTBEHHO 3aBUCUT OT TOYHOCTH OIpe-
JIeNIeHNs ABYX MapaMeTpoB — (ha3oBBIX CKOpOCTel U Oa-
Ka3MMYyTOB CHTHAJIOB, TOYHOCTb OLIEHKH KOTOPBIX TAKXKe
3aBUCHT OT ITapaMeTpoB aTMochepsl. st yaeTa BIusHUA
W3MEHEHHs TapaMeTpoB aTMoc(epbl Ha TOYHOCTD JIOKa-
JIM3alliU IPEJIOKEHO UCIIONB30BaTh ballecoBCckuil moj-
XOJI, OCHOBaHHBIM Ha ydeTe NpH JIOKATU3AINK alpuop-
HBIX JaHHBIX O paclpeleseHUH OUIMOOK OINpeaeIeHHs
0aka3uMyTOB U (ha30BBIX CKOpocTeit — mpuopos. Ha mpa-
KTHKE PacCUUTHIBAIOTCA IpeABapUTETIbHbIE KapThl 3HA-
YEHUH MPHOPOB B 3aBUCHMOCTH OT SMHILEHTPAIBLHOIO
paccTosiHHS 1 OaKa3uMyTa.

Panee nns ceiicmuyeckux cranuuit HALL PK yxe
MIPOBOJMIINCH UCCIIEA0BAHNS TUHAMUYECKUX XapaKTepu-
cTHK myMoB [3, 4]. B manHO# paboTe mpoBeAeHO UcCIie-
JIOBaHHE CHEKTPAIBHBIX MOJeNel Iryma i Oosee Imu-
POKOI0 Kpyra CEHCMHUYECKUX CTAHIUN U C IPUMEHEHUEM
JIpyroid MeToauku. V3yueHne MH(QPa3BYKOBBIX IIYMOB
o ctannusam HSALL PK mpoBeneno BriepBhIe.

1. XAPAKTEPUCTHUKA CETH CEiICMUYECKHX

M MTHO®PA3BYKOBBIX CTAHIIMI HAIL PK.

Cempb ceticmuyeckux cmanyuti HAL] PK nipencrasie-
Ha CTaHIUSIMH, 9aCTh KOTOPBIX BXOJHT B pa3IUIHbIE III0-
OalbHBIE CeTH, a YacTh OTHOCUTCS ToJbko k HAL] PK.
HesaBucumo OT NpUHAUIEKHOCTU CTAaHLUN pa3HbIM Ce-
TSM BCE€ JJaHHbIC B HETIPEPHIBHOM PEKUME TOCTYIAIOT B
Lentp nanseix B 1. Anmatsl (KNDC), roe apxuBupyror-
cs1 1 oOpabatsiBatoTcs. Beero B Hacrosiiee Bpemst B Co-
cTaBe ceicMU4ecKol ceTd (PyHKIMOHUPYIOT 5 celicMu-
YECKUX Py U 8 TPEXKOMIOHEHTHBIX CTaHIUI.

Ha pucynke | noka3zaHa cxema pacroJIOKeHHs CTaH-
1uii Ha Tepputopun Kazaxcrana.

B Mexnynaponuyo cetb MoHuTopmHra (MCM)
OJIB35I1 BxomsaT celicMuuecKkue rpynmsl MaxkaHdu
(MKAR) — mepsBuunas craumuss MCM, Boposoe
(BVAR) — Bciomorarenbhast ctanims MCM, Kypuatos-
Kpect (KURK) — BcriomorarensHast cranius MCM;
TPEXKOMITOHEHTHAS CECMHUYecKast CTAaHIHSI AKTIOOMHCK

(AKTO) — BciomorarensHas ctannus MCM. B mexmy-
HapojHyto ceTb ctaniuii AFTAC (AreHTcTBO NpHKIIaI-
HBIX TeXHOJIOrHH Bo3aymHbIx cui CIIIA) BxoxsT ceiic-
muueckue rpynmel AxOymak (ABKAR) u Kaparay
(KKAR). CeiicMuyeckie TPyMIbl HUMEIOT PasIHIHYIO
koH(purypanuto u aneptypy [5]. Tak, konpurypanus ue-
Teipex rpynn (Makanuu, bopoBoe, Kaparay, AxOynak)
MIPEACTABISIET COOOH YCIIOBHO /IBE KOHLICHTPUIECKHUE OK-
PYXHOCTH C pa3MEIIECHHBIMU BIOJIb HUX JEBSTHIO 3IIe-
MEHTaMHU (BEpTUKAJbHBIC CEHCMOMETPHI) M ILEHTPAIb-
HBIN 3JIEMEHT (TPEXKOMITOHEHTHBIH ceficMoMeTp). Amep-
Typa ux cocraBisieT 3—4 kM. DT0, TaK Ha3bIBaeMbIE, Ma-
JIOANepTypHBIE CeHCMHUUYECKUE IPyNIbl (PUCYHOK 2, a).
Ceticmuueckas rpynna Kypuartos-Kpect [5] umeer kon-
¢urypamuio B Bujie IByX B3aMMHO OPTOTOHAIIBHBIX MTPO-
¢uneit ¢ 21 pasmerneHHbIMU ieMeHTaMu (20 BepTH-
KaJIbHBIX CEHICMOMETPOB, | IEHTpaNbHbIH — TPEXKOMIIO-
HEHTHBIN ceficMomeTp) (pucyHOK 2, 6). Aneptypa rpyim-
MBI COCTABIIACT 22,5 KM.
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Pucynox 1. Cxema pacnonosicenus cericmuieckux
u ungpazeyxosvix cmanyuti PITT UTH

B rmobamsHyro cetp Habmronenuit IRIS (mexnyHa-
POIHBIH KOHCOPIIMYM CEHCMOJIOTHYECKUX MHCTHUTYTOB)
BXOAAT TPHU TPEXKOMIIOHEHTHbBIE CTaHIMKM — bopooe
(BORK), Kypuaros (KURK), Makanuu (MAKZ). K ce-
@ HSL] PK OTHOCATCS TPEXKOMIIOHEHTHBIE CTAHIIMH
KNDC, INoaropuoe (PDGK), Opray (OTUK), Kackenen
(KASK). B Tabmuiie 1 npuBeieHbl HEKOTOPBIE XapaKTe-
PHUCTHKH yCTAaHOBJIEHHOTO Ha CTAHIMAX 000pYIOBaHMUS.

Cemb unghpaseykoewvix cmanyuti HAL] PK npencras-
JIeHa TpeMsl HH(PPa3ByKOBBIMH I'PYIIIaAMHU.

B cootBerctBum ¢ /IB35U1 B Kazaxcrane Obl10 nipe-
JYCMOTPEHO CTPOUTEIBCTBO OJHOW HWH(PA3BYKOBOH
craniu MCM (IS31-AxTroOuHcK). CTaHIus HOCTpOeHa
1 Havyana nepenasaTh gaHHble B 2001 r. OHa pacnonoxe-
Ha B paifoHe nocenka Taccait XpomTayckoro paiioHa Ax-
TIOOMHCKOH oOsactu. B apxuBe Kazaxcranckoro Haiuo-
HanpHOTO neHTpa maHHBIX (KNDC) xpansTcs naHHBIE
CTaHIMH, HaUMHAs ¢ Aekabps 2003 T.
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ceiicMomeTpamu; 21 — TPEXKOMMOHEHTHBIN CEACMOMETP

ceicmomeTpamu, MK31 — TpexkoMMOHEHTHbIA cencMoMeTp

a)

0)

Pucynok 2. Konghueypayus ceiicmuuecxkux epynn Maxanuu (a) u Kypuamos-Kpecm (6)

Tabnuya 1. Ceiicmuueckue cmanyuu cemu HAL] PK u munvl ycmano8ieHHo20 Ha Hux 060py0osanus

Cranuma n Ko Tun cTaHymm Tun cenicmomeTpa YcnoBus yCcTaHOBKM
NPUHAANEXHOCTb K CeTH
MakaHum (IMS) MKAR (PS23) ceiicMmyeckas rpynna
MK 31 TPEXKOMMOHEHTHas CMG-3TB ckBaxmHa 61 m
MK01-MK09 OHOKOMMOHEHTHbIE BEPTUKArbHbIE GS21 CKBaXMHbI 31 M
MakaHuu (IRIS/GSN) MAKZ TPEXKOMMOHEHTHAs STS-2 LUTONbHS
Kypuatos (IMS) KUR (ASO 58) celicmndeckas rpynna
KURBB TPEXKOMMOHEHTHAs CMG-3TB CKBaXWHA 52 M
KUR01-KUR20 O[HOKOMMOHEHTHbIE BepTUKarbHble CMG-3V CKBaXMHbI 26-52 M
Kypuatos (IRIS/IDA) KURK TPEXKOMMOHEHTHas STS-1, STS-2 00 1.09.2019 r. waxra 25 M
STS-5A, STS-6 ¢ 1.09.2019 r. ckBaxmHa 41 m
Axbynak (AFTAC) ABKAR ceiicMmyeckas rpynna
AB31 TPEXKOMMOHEHTHas KS 54000 CKBaXMHbI 80 M
AB01-09 OHOKOMMOHEHTHbIE BEPTUKArbHbIE GS 21
Boposoe (IMS) BVAR ceiicMuyeckas rpynna
BVAO TPEXKOMMOHEHTHas CMG-3TB CKBaXMHa 62 M
BVA1-9 OAHOKOMMOHEHTHbIE BepTUKarbHble GS 21 ckBaxmHbl 30-53 m
Kapatay (AFTAC) KKAR ceiicMmyeckas rpynna
KK31 TPEXKOMMOHEHTHas CMG-3TB ckBaxmHa 60 M
KK01-09 OHOKOMMOHEHTHbIE BEPTUKArbHbIE GS21 CKBaXMHbI 50 M
AxTrobuHck (IMS) AKTO TPEXKOMMOHEHTHas CMG-3TB CKBaXMHa 65 M
Boposoe (IRIS/IDA) BORK TPEXKOMMOHEHTHas STS-5A €22/08 2019 .
STS-6 CKBaXMHa 65 M
KNDC KNDC TPEXKOMMOHEHTHas CMG-3ESPC, CMG-5T ByHkep, rmybuHa 2 m
Opray OTUK TPEXKOMMOHEHTHaS. CMG-3ESPC, CMG-5T ByHkep, rmybuHa 2 m
[MoaropHoe PDGK TPEXKOMMOHEHTHas Trillium Compact ByHkep, rmybuHa 0 m
Titan 4G
Kackenen KASK TPEXKOMMOHEHTHaS. CMG-5TC ByHkep, rnybuHa 1 m

B mane nn¢pasBykosas rpynma [S31 « AKTIOOMHCK
npeacTaBisieT co0ol TpeyronbHUK, 00pa30BaHHBIN 3Jle-
MenTtamu H7-H9, co cropoHoii 2 KM U ¢ IEHTpanabHOI TO-
ykoi H1, okpy>XeHHOHW HOMOJHUTEILHON IPYyIIION 3iie-
MEHTOB, BBIIIOJHEHHON B BUJIE KBajpaTa CO CTOPOHOMH
okouio 200 M (pucyHok 3) [6].

Jlo ocenn 2019 ronma ans perucTpanuyd Ha CTaHIMH
UCIIONB30BAINCE HH(PPA3BYKOBbIE TaTYUKU — MUKpOOa-
pometrpst MB2000, xoTopble ObUTH yCTaHOBJIECHBI B OyH-

Kepax BMecTe ¢ aurutaizepamu Aubrac. Beero Takmx
IPpUOOPHBIX COOpyKeHHUH ObuT0 BoceMb. Cuctemsl H u L
pa3IMYaTuch KOHCTPYKIUSIMHU YCTPOWCTB JIJIS ITOJABJIe-
HUs BeTpoBbIX ToMex. Ocenbio 2019 roga coBMECTHO ¢
MCM O/IB34U 6bina npoBeneHa MOJEPHU3AINS CTaH-
uyu. Beut mo6aBieH elne OuH AEBATHINA JJIEMEHT, CHCTE-
MBI TTOJIABJICHUSI BETPOBBIX NOMEX ObUTHM YHU(PHIIUPOBa-
Hbl. B Tabsuie 2 mpeacTaBieHbl XapaKTEPUCTUKH HH(-
Pa3BYKOBBIX CTaHIUI.
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Tabruya 2. Xapakmepucmuxu uH@pazeyKosvix Cmanyuil
cemu HAL] PK

Tun Ycnosus
MUKpOGapomeTpa | YCTaHOBKM
MB2000 (go 2019

r.)

CraHuna | Kog Tun cTaHumm

AxTiobuHck | 1S31 | uHdbpa3BykoBast MB-3 6 oceHut ByHkep O M
2019r.
Kypuatos | KURIS | uHcppa3Bykosas MB2005 ByHkep 4 M
Chaparral Physics
MakaHun | MKIAR | nHcpa3BykoBas Model 25 ByHkep O M
58.01 58.02 58.03 58.04 58.05 58.06
50.42 50.42
H7
H9 o
50.41 A x Py : 50.41
. AA.; H3
A 1
H5
50.40 X 4 ¥ ‘ 50.40
A
H8
50.39 50.39
58.01 58.02 58.03 58.04 58.05 58.06

Pucynox 3. Cxema pasmeiyenus snemenmos unghpaszeykogoil
epynnot 1S31

B 2010 roxy 6pu1a mpou3BeneHa MOICPHU3AIINS TIe-
pemremmeit k UT'Y HALL PK ot Ciryx08I crienuiaibHOTO
koHTponst CCCP uH]pa3zBykoBoit ctannuu «KypuaToBy»
[7]. o cytu, OblIa MOCTpOCHA HOBasl CTAHIUS, HE YCTY-
Maromas 1Mo CBOUM BO3MOKHOCTSIM CTaHIUSIM, BXOJS-
muM B coctaB MCM. Briocneactsun Oblila HajIa)keHa aB-
TOMaTHYeCcKasi JIOKAJIN3alKsl SMHUIEHTPOB MH(PPa3ByKO-
BBIX COOBITHH 110 JAaHHBIM JIByX Ka3aXCTaHCKUX MH(pa-
3ByKOBBIX rpymn IS31 u KypuaToB u ogHOM poccuiickoit
rpynmnsl [S46 3anecoBo, pacnonoxxeHHoi B Poccun He-
JTaNIeKo OT Ka3aXCTaHCKO-pocchiickoi rpanunsl. Cran-
s 1S46 3anecoBo, Takke kak u IS31 AKTIOOHMHCK, BXO-
nut B cocraB MCM. Ha pucyske 4 noka3aHa cxema pas-
MeIMIeHUs 3JIeMeHTOB nH(ppa3BykoBoil rpymmsl KURIS-
Kypuaros.

7860 7861  78.62
50.72 e ] 50.72
A
: KISC  Kis3
: ‘A
Kisz i
50.71 1N A R 50.71
50.70 - 50.70
7860 7861  78.62

Pucynox 4. Cxema pasmewyenus s1emeHmos uH@paszeykosot
epynnoi KURIS-Kypuamos

B aBrycte 2016 roma Ha BocToke Kazaxcrana Obuia
OTKphITa HOBas wWH(pa3Bykosas rpymma MKIAR-Ma-
kxanuu [8]. Ha pucyHke 5 mokazaHa cxema pa3MelieHus
3JIEMEHTOB 3TOU rpyniibl. E€ naHHbBIe Takke BKIIOYEHBI
B aBTOMATH4ECKyI0 00pabOTKy MOHHTOPHHIOBOH CETH.

OnemenTsl nHOpa3BykoBoi rpynmnsl Makanan (MKIAR)
pa3MeIIeHbl BHYTPU MEPUMETPa CEUCMUUCCKON TPYIIIIBI
MaxkaHuu, npeBbIIAOIIEN €€ 10 anepType.

82.29 82.30 82.31

46.78 46.78
- MKI58
mxsv : .
46.77 it L 46.77
MIXSB ;{Il’ A
2 MKIS59
A
MKISS
46.76 v 46.76
82.29 82.30 82.31

Pucynox 5. Cxema pazmewjerusi s1eMeHmo8 UHGPa38yKosoil
epynnovt MKIAR-Maxanuu

leomeTpudeckn Tpymma mpeAcTaBiseT coOoil aBe
KOHIIGHTPUYECKHE OKPYXHOCTH JHaMeTpaMH OKOJIO
1 xm u 250 metpoB. MH(ppa3ByKOBbIE TaTYHMKH — MUKPO-
6apometprl Chaparral Physics Model 25 — yctaHoBIeHbI
B OyHKepax BMecTe ¢ aururaiizepamun AIM24S. Bcero
TaKkuX NPHUOOPHBIX COOPYXKEHUil neBATh. B muiane 310
nenrpansHasa ctanius MK151, Bokpyr Hee pacrionoxe-
HBI 4 CTaHIINH, OCTAIBHBIC 5 CTaHIUMI YCTAaHOBJIICHEI IO
6omnbiromy kpyry (pucyHok 5). Ko Bxomam mMukpobapo-
METPOB THOIKIIOYSHBI YCTPOHCTBA ITOJABICHUS BETPO-
BEIX TOMeX. BeTpo3amuTHbIe YCTpOCTBA Ha AIEMEHTax
TPYIIEl aHAJIOTHYHBI 18-METPOBBIM CHCTEMaM, HCIIOIb-
syembiM B Kypuarose u IS31 [6, 7].

2. METOJUKA PACUETA CIIEKTPAJIbHBIX

XAPAKTEPUCTHUK HIYMA

OmnuceIBaeMBbIE B 3TOH CTaThe PE3yIbTATHI MTOTYIEHBI
pu oMo nporpammuoro obecredenns (I10) PQLX
[9]. TIo cpaBHEHMIO ¢ paHEe MCHOJB30BAHHON METOU-
Ko#i B pabote [3], 310 1O 06aaaet ciaeayronuMe npeu-
MYIIECTBAMHU:

— 3HAYUTENHHO OoJyiee BBHICOKAs CKOPOCTh pacuéra
CIIEKTPAJIbHBIX XapaKTEePUCTHUK;

— BO3MOXXHOCTh 00OpabaTbIBaTh OOJBIINE IO IPO-
JIOJDKUTENILHOCTH WHTEPBAJIbl 3allUCH, YTO IO3BOJISET
MOJTy4aTh CTATHCTHYECKH OoJiee HaAEKHbIE PE3YIIbTaThI
(mampumep, 1400 4acoBBIX OTPE3KOB B HOBOM HCCIIEO-
BaHUX NPOTHB 20 MMOJy4acOBEIX OTPE3KOB B CTAPOM);

— TIIpPEACTaBJICHUE PE3yJIbTATOB B BUAE (YHKIUH
IUTIOTHOCTH BEPOSITHOCTH JIEJIaeT HeoO0s3aTeNIbHOM 1pet-
BapHUTEIBHYIO OTOPAKOBKY yJaCTKOB C 3aIHCAMH 3eMIIe-
TpPsICeHUH, TAK KaK OHHM MPAKTHYECKH HE BIHUSIOT HA pac-
YeT MeMaHbl BEIOOPKH;

— pa3MmenieHue pe3ynbTaToB B 6aze MySQL mo3Bo-
JISeT AenaTh JTI00bIe 3ampock! K 0a3e A7 aHaIn3a CIIeKT-
palbHBIX KPUBBIX MO TOJaM, Mecslam, JHSIM W 4Yacam
(HanpuMep, JaHHbIE 38 HOYHbIE Yachl OIPEIeNIEHHOTO To-
J1a, MeCsIIIa ¥ JTHS);

— HMeeTcs BO3MOXKHOCTH CO3/aBaTh MPOEKTHI JUIS
000T0 KOJIMYECTBA CTAHLIMH B HETIPEPHIBHOM WHTEpBa-
JIe BpEMEHHU.
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Kpome Toro, B OTIMUHME OT MPEABIAYIIETO HCCIIENO-
BaHMs CEHICMUUECKHX IIYMOB JUISl CEHCMUYECKHUX TPYIIT
ObUTH HM3Y4YEHBI CIIEKTPAJIbHBIE XapaKTEPUCTHKH NIyma
HE TOJIBKO MO KOMIIOHEHTaM TPEXKOMIIOHEHTHOW CTaH-
LIMH, HO U 10 OJHOKOMITIOHEHTHBIM 3JIEMEHTaM IPYIIIIbI,
YTO SIBJISETCS BAXHBIM JUIS OLUEHKH 3((EKTHBHOCTH
CTaHIMI NIPH 0OHAPY)KEHUU CUTHAJIOB.

1O PQLX cocrout U3 cepBepHOH U KIMEHTCKOH Ya-
CTEH M BKJIIOYAET B ce0s TaKkKe CPEACTBa AJISI U3BJICUE-
HUSI JaHHBIX U3 0a3bl U ynpasieHus nHdopmanueit. [Ipu
HaJIMYUH BOJHOBBIX ()OPM M PECIIOHCOB aImaparypsl,
PQLX cepBep BBIUHCIACT CTATUCTHKY IO Tpaccam, mpo-
BOJIUT pacy€T KPUBBIX CIIEKTpaJIbHOI tutoTHOCTH (Power
Spectral Densities - PSD) u ¢pyHKIuii MIOTHOCTH BEpo-
satHoctu (Probability Density Functions — PDF), mome-
mas pe3ynsTarsl B 6a3y MySQL st 6sicTporo gocryma.

PQLX client ucronb3yeTes s TOCTYyMa K pe3yJibTa-
TaM M BKJIIOYAaeT rpaguyecKyio 000JI0UYKY, COCTOSIIYIO
n3 3-X gacreil:

1) Trace Viewer: mo3BoisieT mpoCMaTPHBaTh Tpac-
CBI, TPUMEHSATH (DYIIBTPHI M BEIYHUCIIATE CHEKTP.

2) PDF Viewer: npemocraBisieT 10CTyI K HHPOpMa-
mun PSD u PDF B 6aze gannbeix. PDF Busyammsupyercs
C HCIOJIb30BAHUEM IIPEIYCTAaHOBICHHOTO MOJb30BaTe-
JIeM BpeMEHHOro okHa. lImeercss BCTpOeHHas BO3MOMXK-
HOCTh IIOCTPOSHHUS MEAMaH, MaKCUMaJIbHBIX, MUHHMAaJIb-
HBIX 3HAYEHUH U NEPCEHTHIIEH.

3) Station Viewer: mocie noakioueHus K 6a3e 1aH-
HBIX BH3YaJIMI3UPYET CTATUCTUKY TPACC, NHPOPMAIIHIO O
HaJM4YUK BOJHOBBIX (popM U PDF. BonHoBBIE opMBI HE
xpaHsaTes B 6aze MySQL 1 [OIKHBI OBITH JOCTYITHBI Ue-
pe3 ¢aitnoByro cucremy nim Beb-cepsuc.

CnekTpanbHble KpUBbIE OBUIM PacCUMTaHBI 110 BCEM
ceiicmuuecknM Tpymnmam AkOymak, Boposoe, Kaparay,
KypuatoB-Kpect, Makan4uu 1 TpEXKOMIIOHEHTHBIM CTaH-
M MAKZ, AKTO, KNDC, OTUK u PDGK. Ilo rpyn-
IIaM CTIEKTPB! M3yYaJIUCh JUI1 BEPTUKAIBHBIX KOPOTKOIIE-
PHOJHBIX NaTYUKOB M JUIS BCEX KOMIIOHEHT TPEXKOMIIO-
HEHTHBIX cTaHiui. PSD paccuutsiBaich 1o JaHHBIM Ha-
60pamMM KPUBBIX CIIEKTPATIBHOM IMJIOTHOCTH 32 MECAI] B OK-
He JUHOM 1 Yac, ¢ mepekpbiTueM S0 MPOIIEHTOB.

190
-120

v
(=]
wn

Hcnonp3yemble HAMU B pacueTax BOIHOBBIE (HOPMEI
ObuTH npezcTaBieHsl B popmate mini-SEED, meranan-
uele B popmate SEED RESPONSE. Pesynbrarer npen-
craBieHsl B popmare PNG U BKIIOYAIOT pacCUUTaHHbIC
PSD, PDF u mpouyro comyTcTByOLIyI0 HH(pOpManuio.
Pacuer PSD npoBoawiics B auanazone nepuonos 0—183
cek. Bce BotHOBEIE POPMBI M METalaHHBIE [UISl PACYETOB
6putn ToryueHs! ¢ caiita IRIS/DMC [10].

3. PE3YJIbTATBI U3YUEHUS XAPAKTEPUCTHK
IIYMA IO CTAHIIUAM HSAIL PK.

3.1. CpaBHeHHe CNIEKTPAJIbHBIX KPUBBIX ceii-

CMHYEeCKOro IIyMa II0 JBYM MeTOAMKaM pacueTa

B pabore [3] onieHka CieKTpaibHBIX XapaKTePUCTHK
LIYMOB MPOM3BOAMIACE Oojiee 15 jeT Hazaja ¢ MOMOIIBIO
Japyroi meroauku u apyroro I10. [lns nonydeHus crex-
TpaJbHOW MOJENHU IIyMa CO3JaBajHCh BBIOOPKU U3 OT-
JIENBbHBIX OTPE3KOB CeMCMHUYECKUX 3amuced JuHou 10
MUHYT. B kaxxayto BeIOOpKY BXonuiio He meHee 20 oTpe-
3KO0B 3amnuceil. OTAeNbHO H3yJallich MOJICIH JHEBHOTO U
HOYHOTO IryMa. /{7 aHanM3a HCHoIb30BaIach Mporpam-
Ma POWER, mo6e3Ho mpenocraBienHas Llentpy naH-
HbIX coTpyaHukoM LDEO Bon-Sur Kumom. Ha Bxon
IIPOTPaMMBI TIOIABAIINCH YYaCTKU 3aIIMCH, CBOOOJHBIE OT
3eMJICTPSICEHUH, BEIOpPAaHHBIE HA OCHOBAaHWH BU3YaJIbHO-
I'0 KOHTPOJIS ¥ aHAJIM3a KaTaJoroB 3eMJIeTPsICEHU I MHpa,
CKOPPEKTHPOBAaHHBIE 3a XapaKTepUCTUKHU Ipubopos. B
pe3yibpTaTe pacdyeToB OTIEIBHO AN KaKIOH CTaHIMH,
Ka)JJOH KOMIOHEHTBI, U JHS U HOYH OBUIH TTOJTyYEHBI
Ha0O0PbI CNIEKTPAIBHBIX KPUBBIX CEHCMUYECKOTO IIyMa.
Jnst xaxxnoit BeIOOpKHM paccunTaHHbix PSD Haxonuiack
Me/aHa BCeX CIEKTPOB, KOTOpas Jajee CUUTanach Mo-
JIETIbIO CIIEKTpPA IIYMOB JJIsl JAHHOM CTaHINH.

CpaBHEHHNE CIEKTPATBbHBIX KPUBBIX IIyMa JUIs OZHUX
U TeX K€ CTaHIMH, ITOJYYEHHBIX B PE3yJbTaTe IPEAbIIY-
IIIET0 1 HACTOSIIEr0 MCCIICOBAHUH (PUCYHOK 6), MOKa-
3BIBACT, YTO OHHM XOPOILIO COIJIACYIOTCS MEXIy COOOMH,
T.€. HOBOE HUCCIICIOBaHHE SIBIISAETCS JIOTHUECKUM IPOIOII-
YKEHHEM TIPeIbITyITIX.

(S)

Pucynox 6. Cpasnenue PSD wiyma 015 éepmuransHoti KOMROHEHMbl MPEXKOMNOHEHMHO20 CellCMOMempa
epynnvt MKAR, nonyuennvix 6 pesynomame uccireoosanus 2005 2o0a u Hacmosue2o ucciedo8anus
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3.2. U3yyeHHe CyTOYHBIX 1 CE30HHBIX Bapuanuii

ceiicMu4ecKoro myma.

s Bcex cTaHUUi pacCUMUTBHIBAINCH UHIWBUIYAJIb-
HBIE TI0YACOBBIE TPa(UKN CIIEKTPANbHBIX KPUBBIX LIyMa
PSD c nepekpbITeM B HOI9aca, 0 KOTOPBIM 3aTEM IPO-
BOJIMIIACH PacueThl MEIMAHbl U MEPCEHTIIIEH, TOKa3aH-
HBIX Ha PUCYHKax Pa3HbIM IBETOM. IIpruMepsl momydeH-
HBIX JUJIS CeCMHUUECKOW rpymmbl AKOymak rpaduKoB
NIPE/ICTaBIICHBI Ha PUCYHKE 7. PacueTsl mpou3BeIeHbI 3a
nBa mecsina 2017 rona — onus netHuit (utons 2017 rona)
u oJvH 3uMHHH (exabpb 2017 rona). Ha pucynke 7 npu-
BeIeHBl HMHAMBUAYyaJbHbIE To4acoBble rpaduxu PSD
IIyMa, a TAaKXKe MEANaHbl U1 BCEH BEIOOPKH C COOTBET-

CTBYIOIIUMH NEPCEHTHIISIMU I BEPTHUKAIBHOTO KaHala
ABO1.

YepHbIMH JIMHUSAMH Ha TpaduKax IMOKa3aHbl HUKHE-
ypoBHeBass NLNM u BepxueyposueBast NHNM monenu
Ietepcona [11]. Kak BunHO, MeuaHa BEIOOPKH CIICKT-
pOB OM3Ka K HI)KHEYPOBHEBOW MOJIENIM Ha 3HAYUTEINb-
HOM JIMamna3oHe MEpHOoJ0B, BKIIOYas MHTEPBAJ, Xapak-
TEPHBII I CUTHAJIOB OT OJIM3KUX M PErMOHANIBHBIX CO-
OBITHIA.

Ha pucynke 8 mpuBeneH cBOIHBIA rpaduk MeauaH
CIIEKTPOB IIyMa JUIsl BCEX CECMUUECKHUX CTaHLUH IO BO-
JTHOBEIM (popMam, IMoTydeHHBIM B JHEBHOE Bpems ¢ 01
1o 13 yacoB GMT.

KZ.ABO1.—-.SHZ : 1482 PSDs
01-07-2017 / 31-07-2017

KZ ABO1.-- SHZ : 1482 PSDs
01-12-2017/ 31-12-2017

Pered (50c)

a)

0)

Pucynok 7. PSD wyma ons éepmuxanvhoco kopomxonepuoonozo kanaia ABO1 epynnet ABKAR.
Cneea npusedenvl pe3yibmamyl pacuema no 0anHvlm 3a uioab 2017 2., cnpaea — 3a dexabpo 2017 2.

-80

o
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PSD (dB) re (m/s”2)A2/Hz

200

AKTO BH1 Mione

AKTO BHZ [lexabpb

KNDC BHZ Wionb

OTUK BHN[lekabps

PDGK BHN Wionb
ABO1 SHZ [lexabps
e KURO1 BHZ Ut0Nb

= = = NHNM

AKTO BH1flexabpe
KNDC BHE Wionb

KNDC BHZ flexabpo

OTUK BHZ Wonb

PDGK BHNJexabpb
BVA1SHZ Wionb

KURO1 BHZ flexabpe

Period, s

AKTO BH2 Wionb
KNDC BHE [lexabpe
OTUK BHE Uionb
OTUK BHZ[Jexabps
PDGK BHZ Uionb
BVA1 SHZ [lexabpb

MKO1 SHZ Wonb

AKTO BH2 flexabpe
KNDC BHN Wions
OTUK BHE lexabpb
PDGK BHE Wono
PDGK BHZ lexaGpe
~ KKO1 SHZ Wionb

MKO1 SHZ[lekabps

AKTO BHZ Wions

KNDC BHN [lexabpe

OTUK BHN Wions

PDGK BHEJekabps
ABO1SHZ Mionb
KKO1 SHZ [lexabpe
= = = NLNM

Pucynox 8. Meouanuvt cnexmpog wyma ons 6cex ceticMueckux cmanyuil no 80IHOBbIM opmam
(OnesHoe epemst) 051 08YX Ce30H08 — 1Mo U 3UmMa
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PSD (dB) re (m/s*2)~2/Hz

e AKT

)BH1 Wior - AKTO BH1 /lek6p

——— AKTO BHZ flekGpt ——— KNDC BHE Wiont
——— KNDC BHZ Wionn

— KNDC BHZ Nexbpt

OTUK BHN 1

——— PDGK BHN Mion

ABO1 SHZ flex6pn

— KURO1 BHZ Wione

— KUR01 BHZ

- NHNM

Period, s

AKTO

—— KNDC

BVA1 SHZ flexfipt

Nlexbipt ——— MKO1 SHZ Hionn

BH2 Wwonu AKTO

BHE [lexbp

K BHE Vronn ot

BH2 flexGipt BHZ Mion

— KNDC BHN Wsonn

HN flexGpn

K BHE [lek6pb OTUK BHN HMionn

BHE Mo

—— PDGK BHE [ler6p

ABO1 SHZ WMot

HZ Nexbpn
KKO1 SHZ Wror

KKO1 SHZ NexBon

——— MKO1SHZ flekfipy, = = = NLNM

Pucyrnok 9. Meduarnwvl cnekmpog wiyma 015 6cex CetcMudeckux CManyull no 0JIHO8bIM hopmam
(HOuHOE 8peMst) Ol 08YX CE30HO8 — JIeMO U 3UMA

Ha pucynke 9 mpuBeneH cBOIHBIN rpaduk MeIHaH
CIIEKTPOB IIyMa AJis BCEX CEMCMUYECKUX CTaHILIMM MO BO-
JTHOBBIM (hopMaM, NMOJTyUEHHBIM B HOYHOE Bpemsi ¢ 13 10
01 wacoB GMT.

W3 pucynkoB 8 1 9 BUIIHO, UTO B paliOHe MUKa MHK-
poceiicM Ha eproie ~5 ¢ popma CrieKTpaTbHbIX KPUBBIX
I BCEX CTaHLIMM IT0X05Ka, Ha 00Jiee HU3KHUX U 00JIEE BhI-
COKHX MepHOax Ha Pa3HbIX CTAHIUSAX OTMEYAIOTCS CIIe-
muduueckne ocodbeHHocTr. Ha ManbIx nepruogax cCHiIbHO
«OTCKaKUBAKOT» BBEPX KPUBBIE I BCEX KOMIIOHEHT
craanmn KNDC, ycraHoBnenHo# psimoMm ¢ LleHTpom
JIAaHHBIX B IIIyMHOM MECTE B I'. AJIMaThl, IPUYEM B JHEB-
HOE BpeMsI yPOBEHb IIIyMa 3HAYMTENIFHO BHIIIE, YEM B HO-
yHOe. BhICOKuil ypoBeHs mrymMa HaOIIOJaeTCsl TakXKe Ha
MaJbIX nepuojax no cranuu Kypdaros-Kpecr, ycraHo-
BIIEHHOW HEBJAJIEKE OT Kene3HoW poporu. Ilockosbky
HMHTEHCUBHOCTH JKEJIE3HOIOPOKHBIX IIEPEBO30K HE 3aBU-
CHUT OT BPEMEHH CyTOK, YPOBEHb IIIyMOB B HOYHOE BpeMs
Ha 3TOH CTaHIUM JAaxke MpeBblllaeT JHeBHOH. Ha Bcex
OCTaJlbHBIX CTAaHLUSAX JAHEBHOW IIyM 3aKOHOMEPHO UH-
TEHCHBHEE HOYHOTO.

B paiione MUKpoceicMUUECKOT0 IIUKA ~5 C aMILIUTY-
JIbl BCEX CTaHIMK B iekabpe BbIle, ueM B utone. Cpas-
HEHHE B 3TOH 00JACTH TOJIBKO CIIEKTPOB MaJIoANepTyp-
HeIx rpynn (Maxanun, AxOynak, Kaparay, Boposoe)
(pucyHnok 10) mokasbIBaeT, 94TO IS OJHOTHITHBIX CTaH-
Ul MOKHO BBIJENUTH JBE XapakTepHBIE YepTHL. Ypo-
BEHb IITyMa B JieKkaOpe B paiioHe 5 ¢ CYIIeCTBEHHO BHIIIIE,
4YeM B HIONIE, U B 3UMHEE BPeMs yPOBEHb IIyMa 3aKOHO-

MEPHO yMEHBIIAETCS OT MaKCUMyMa Ha CTaHLUHU
ABKAR 1o cpennero Ha cranmusix KKAR u BVAR u
camoro Hu3koro Ha MKAR. B jeTHee BpeMs 1ryM Ha Iu-
ke onunakoB 1t ABKAR, KKAR u MKAR, camoe Hu-
3Kkoe 3HaueHne y BVAR.

Ha pucynke 11 npencrasieH rpaguk cpaBHEHHS
CIEKTPAJIFHOI'O YPOBHS IIyMa Ha Pa3HbIX MepHoax s
onmHOU U3 cTaHuuit cetn — AkOynmak (ABO1). Takue rpa-
(MKH IOCTPOEHBI ISt BceX CTaHIMH ceTH. Ha Hux moka-
3aHbl YPOBHH IIyMa JUIs JI€Ta U 3UMBI, a TaKKe AJs KaxK-
JIOTO CE30HA OTAENBHO JUI JHS U HOYH.

CrnenaHbl BBIBOJBI O KOJIUYECTBEHHBIX M3MEHEHHSX
YPOBHEN IIyMa B pa3HbIX YaCTOTHBIX JMana3zoHax. Tak
MaKCHMaJIbHBIE Bapualid YpPOBHS IIyMa OT 3MMHETO
BPEMEHMU K JIETHEMY Ha IIEPUOJAX B PallOHE MUKPOCEUC-
MHYECKOTO MHKa (~5 ¢) JOCTHraroT 3HaUYeHUH IS CTaH-
it ABO1- 8,625 dB, BVA1- 7,125 dB, KKO01 - 6 dB,
KURO1- 6 dB, MKO1 - 6,125 dB. Otme4eHo yMeHbIIIe-
HUE JAMana3oHa BapHalUil IIymMa OT CaMbIX 3amajHbIX
CTaHUUHI K BOCTOYHBIM U FO)KHBIM.

Taxkum 06pa3om, U3yueHHEe XapaKTepUCTUK CeicMu-
YECKOro HIyma I0Ka3ajo, 4TO AN BCeX CEHCMHUYECKHX
TPYII €cTh psiJi OOIMIMX YepT B CIIEKTPAJILHBIX XapakTe-
pHUCTHKaX:

— Jlng Bcex Tpymnn Ha OONBIINX MEPHOAAX MeINaH-
HO€ 3HAYEHHE CIIEKTPAJbHON IJIOTHOCTH BBIXOAWT 3a
Npeensl BEpXHeW Mojieny celicMuueckoro nryma Ierep-
cona [11];
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Pucynoxk 10. Cpaenenue cnekmpog uiyma pasuvix MAaioanepmypHuix epynn 6 ouanazote nepuooos 0,95-15 c¢
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Pucynox 11. Cpagnenue ypogneii cnekmpos ceicMuuecKux ulymog nemom u 3umotl, Oném u Houwto oasi cmanyuu Axéynax ABO1

— Jlns Bcex cTaHUuMi B JIeTHEE BpeMsl YPOBEHbD IIy-
MOB B pailoHE MHKPOCEHCMHYECKOTO MHUKa OJH30K K
YpOBHIO HIXKHEHN Moaenu [letepcona;

— Jlnsg Bcex craHIMIA B 3UMHEE BpEeMsl YPOBEHb IITy-
MOB B pallOHE MUKPOCEHCMUYECKOTO ITUKA BEIIIE YPOBHS
JICTHETO ITyMa;

— AOCOIOTHBIH ypOBEHb CEHCMHYECKOrO IyMa B
MuKpoceiicMuueckoit mosoce gactot (0,1-0,4 I'n) moHu-
YKAeTCs 110 Mepe yAaIeHUs CTAaHIIMHA OT OCHOBHOTO peru-
OHa HCTOYHUKOB MUKpoceiicM — CeBepHON ATIIaHTHKH;

— Jluid Bcex cTaHLUM YpPOBEHb 1lIyMa B JIHEBHOE Bpe-
M3l BBIIIE, YEM B HOUHOE BpeMsl.

3.3 Ouenka Bo3MOKHOCTeii MHPPa3BYKOBO
CeTH HA OCHOBE CIEKTPATbHBIX XapaKTepPUCTUK
HyMa H Bapuanuii napaMmeTpoB aTMocgephbl.
Pacuer criekTpajabHBIX KPUBBIX HH()PA3BYKOBOTO IIy-
Ma TIPOM3BOAWICS aHAJOTHYHO TOMY, KaK 3TO JIeJIaI0Ch
Uit ceiicMuueckux ctaHuui. [lockonbky nmporpamMmmHoe
obecrieuenne PQLX He npucnocobiieHo 1Mo yMOoT4aHHUIo
it 00paboTKM MH(PPA3BYKOBBIX 3alMCeH, OblIa Mpous-
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BEZICHAa COOTBETCTBYIOIIAs afanTanus. BMmecTo BcTpoeH-
veix B IO mopenelt celicMuueckoro myma Ilerepcona
[11] 6buTH MCcTIONB30BaHBI MOJETH HH(PA3BYKOBOTO IITy-
Ma bpayna [12].

CnexrpajibHbIe KpUBBIE OBUIN TOCTPOEHBI 110 HHPpa-
3ByKOBBIM rpymmaM 1S31, KypuatoB u Makanuu 3a oTuH
JeTHUH U onuH 3uMHui Mecspsl 2017 roga. s npen-
crasneHus B Buae PSD nH(ppa3BykoBOro Iryma, paccuu-
TBIBAJINCH HAOOPBI KPUBBIX CIIEKTPATBHON INIOTHOCTH 32
MecsII B OKHe JuInHOH 1 gac, ¢ mepekpeiTreM 50 mpoteH-
ToB. Ha prucynke 12 nmpuBeneH npuMep CIieKTpOB IIyMOB
s rpymmsn [S31.

Ha pucynke 13 moka3aHO cpaBHEHHE MeEIHaHHBIX
CHEKTpPOB I TpeX HWHQpa3BykoBeIXx rpynn IS31,
MKIAR u KURIS, a Ha pucyHnke 14 — T0 e, TOIbKO 1711
HOYHOT'O BPEMEHH 3UMOM.

CpaBHeHHE XapaKTepUCTUK WH(Pa3BYKOBOIO MIyMa
MOKa3ayo, 4To Uil BceX WH(Pa3BYyKOBBIX TPYIIL, KaK M

JUISL CEHCMHUYECKUX, €CTh PSR OOLIUX YEpPT B CIIEKTPab-
HBIX XapaKTepUCTUKAX:

— Jlns Bcex CTaHIMH B JIETHEE BpeMsi MHKpPOOapo-
METpUYECKU MUK B palioHe 3HauU€HWH IEepHOJO0B ~5 C
YEeTKO He MPOCIIeKUBACTCS;

— Jlns Bcex cTaHLM B 3MMHEE BpeMs MUKpOOapo-
METPUYECKUH MUK BBIPAXKEH JOCTATOYHO SIPKO;

— Jlyid Bcex CTaHLMM B 3UMHEE BPEMS YPOBEHD IIIy-
MOB B palilOHE MUKPOCEHCMUYECKOTO TUKA BBILIE YPOBHS
JIETHETO IIIyMa;

— AOCOTIOTHBIN ypoBeHb HH(PA3BYKOBOTO IITyMa B
Mukpobapomerpudeckoii momoce wacror (0,1-0,4 I'm)
MIOHMXKAETCS M0 Mepe yNaleHUs CTaHIUH OT OCHOBHOTO
peruoHa UCTOUYHUKOB MHUKpoceiicM — CeBepHoi ATiaH-
THKHY;

— Jlns Bcex cTaHIMi ypOBEeHb IIIyMa B THEBHOE Bpe-
Ms BBIIIC, YEM B HOYHOC.

IM.I31H1.—- BDF : 1439 PSDs
01-07-2017 / 30-07-2017

IM.131H1.-- BDF : 1439 P5Ds
01-12-2017 / 30-12-2017
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Pucynoxk 12. PSD ungpaszsyrkosvix uymos ons xanana Hl epynnet 1S31. Cresa npusedenuvi pesyromamuot
pacuema no danuvim 3a utons 2017 2., cnpasa — 3a dexkabps 2017 a.
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Pucynok 14. Meduanvl cnekmpos uiymos 015 6cex uHQpaseyKovix epynn
07 3anucell, NOIYYEHHbIX 8 HOUHOe 8pems 6 Oekabpe 2017 .

CoBMecTHOE PAacCMOTPEHHE DPE3yIbTATOB PacdyeTOB
CHEKTPAJBbHBIX KPUBBIX IIIyMa M0 CEHCMHYIECKUM U HH(-
pa3BykoBbiM craHuusaMm cetu HSL[ PK nokassiBaer, uto
HaOJII0JICHHOE U3MEHEHHE a0COIIOTHBIX 3HAYeHUH ypOB-
HSI MUKPOCEHCMUYECKOTO IIIyMa OT JieTa K 3UMe U I10 Tep-
putopun Ka3zaxcraHa MONHOCTBIO COOTBETCTBYET pe-
3yJnbTaTaM HaOMIONEHHS U MOAETHPOBAHUS MUKpPOCEHCM
u Mukpobapom [13, 2]. B To ke Bpems B 00J1acTH KOPOT-
KHX TIEPHOJIOB HA KAX/IOW CTaHIIMH HAOJIONAI0TCS HHAN-
BU/TyaJIbHBIE TOJILKO €H MpUCYIINEe 0COOCHHOCTH.

3AKJIIOYEHUE

HccnenoBanue CeKTpaabHbIX XaPaKTEPUCTUK LHIyMa
II03BOJIMJIO HA HOBOM COBPEMEHHOM TEXHUYECKOM YPOB-
HE OIIEHUTh BO3MOXKHOCTH ceHcMuuecKod u uHppasBy-
KOBOH CeTH, U3Yy4UHUTh OOIIYI0 KapTHHY M 3aKOHOMEpPHO-
CTH pacnpeeneHns 1 U3MeHeHHs (POHOBOTO IIyMa B pas-
HBIX JHaNa3oHaXx 4YacTOT, BBIABUTb WHJIVBHyaJbHbIE
0COOCHHOCTH CIIEKTPAJIbHBIX MOJENICH IIyma aiisl psja
CTaHIIUH.

[IpuBeneHHble pe3ynabTaThl OLIEHKU IapaMeTpoB
ceficmuueckoro mryma mno Bcem ctanmusm HSL PK cBu-
JIETENBCTBYIOT O IIPEKPACHBIX BO3MOKHOCTAX 3TUX CTaH-
LUi B MOHMTOPMHIE SJIEPHBIX B3pPBIBOB U 3eMJIETpsICE-
Huil. Monenu mryma OJIu3KH K HIDKHEYPOBHEBBIM MHUPO-
BBIM MOJEJISIM CEHCMUYECKOro myMa. /luana3zon Bapua-
LUH IIyMa B TEUEHUE CYTOK U CE30HOB HEBEIIUK.

CoBMecTHOE pacCMOTpPEHHE PE3YIbTATOB MO CEHCMHU-
YEeCKUM W WH(Pa3BYKOBBIM CTAHIMAM ITO3BOJIMIO CJie-
JIaTh BBIBOJ O COTJIACOBAaHHOM M3MEHEHUH IIyMa B o0Jia-
CTH MHKPOCEHCMHMYECKOTO MaKCUMyMa Kak B TEUEHHUE
CE30HOB I'0Jla, TAK U B IIPOCTPAHCTBEHHOM aCIICKTE pac-
[IpeEIeHNs] YPOBHEN LIyMa IO CTaHLUSAM TEPPUTOPUU
Kaszaxcrana.

Bce BBIBO/IBI U 9KCIIEPUMEHTAbHBIC TaHHBIE, MOTY-
YEeHHBIC B PE3yJIbTaTe MPOBEACHHBIX paOOT, BaXKHBI IS
noBbIeHUs 3P PeKTUBHOCTH paboOT M0 CEHCMOMOHUTO-
PHUHTY KaKk B KOHTPOJIC 3a pabOTOCHOCOOHOCTHIO CTaH-
Ui, TaK ¥ B 00pabOTKE JaHHBIX.

Hannvie uccrneoosanus @unancuposanucs Munu-
cmepcmeom 3nepeemuxu Pecnybnuxu Kazaxcman 6 pam-
Kax HAayyHo-mexHuyeckou npozpammul «Paszsumue
amomuou 3uepeemuxu 6 Pecnyonuxe Kazaxcmany (MPH
— BR09158470).
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KA3AKCTAH PECIIYBJIHUKACDI YJITTBIK SIAPOJIBIK OPTAJIbIF bIHBIH MOHUTOPUHI'
KEJIICI CTAHIIUAJIAPBIHBIH JEPEKTEPI BOUBIHIIA CEUCMUKAJIBIK
KOHE NH®PAKBI3bLJI IIYJIAPABIH CIIEKTPJIIK CUITATTAMAJIAPBI

FO.A. CmupHoOB, , H.H. MuxaiijoBa
KP ¥40 PMK «I'eopuszukanvix 3epmmeynep uncmumymat» gunuanvt, Kypuamos, Kazaxkcman

KP ¥40 >xexici cTaHIMsIapbIHBIH TOJKBIHIBIK HBICAHTapbl OoibHma PQLS OarmapiaManblk KaMTamachl3 eTYIiH
KOMETIMEH CeHCMUKAIBIK KoHe HH(PAKBI3bUT INYBUIIJIBIH CIIEKTPIIK CUIIATTaManapsl ecentenreH. Ecenrey HoTmkenepi
[TeTepcoOHHBIH CEHCMUKANBIK INYBUT XKoHEe bpayHHBIH MHQPAKBI3BUT MIYBUT YITiIEpiMEH CanbICThIpbuiansl. Lybinsiy
KYHJEJIKTI )aHe MayCBIMJIBIK ©3repyiHe Tajjay kacanasl. MUKpOCeHCMHKAJIBIK MAKCHMYM aliMarblHAAFbl JSHTeHIiH
e3repy 3aHABUIBIKTapblHA €peKlle Ha3ap ayaapbuUiansl. baiikanran epekmenikrep CONTYCTIK ATJIAHT MYXMTHIHIA
OpHAaJaCKaH MUKPOCEHCMUKAIIBIK )KOHE MUKPOOap KO3/AepiHiH OpHAIAaCybl MEH AMHAMUKACHIMEH XKaKChl TYCIHIIpiIei.

Tyitin coe30ep: celicMUKanbIK HCoHe UHPPAKLIZbLL ULYbLL, CHEKMPIIK Mblebl30blK, MUKPOCEUCMUKA, MUKpobapomaiap,
deneell, sapuayusi.

SPECTRAL CHARACTERISTICS OF SEISMIC AND INFRASOUND NOISE BY DATA
OF THE MONITORING NETWORK STATIONS OF THE NATIONAL NUCLEAR CENTER
OF THE REPUBLIC OF KAZAKHSTAN

Yu.A. Smirnov, , N.N. Mikhailova

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

The spectral characteristics of seismic and infrasound noise were calculated by the waveforms of the NNC RK network
stations using PQLX software. The calculation results were compared with the seismic noise model by Peterson and
infrasound noise by Brown. The daily and seasonal noise variations were analyzed. Special attention was paid to
regularities of the level change at microseismic maximum. The observed peculiarities are well explained by the location
and dynamics of microseism and microbarom sources located in the North Atlantics.

Keywords: seismic and infrasound noise, spectral density, microseism, microbarom, level, variations.
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SKCIIEPUMEHTAJIBHBIE UCCJIEJOBAHUSA 110 BBICOKOTEMITIEPATYPHOMY
KOPPO3MOHHOMY B3AUMOJIEMCTBUIO OJIOBSAHHO-JIUTUEBOI'O CILIABA
C HEP)KABEIOIIEN CTAJIBIO U TYTOILIABKUMHU METAJLJIAMU

B. Boukos?, I0. Monkpartos?, 10. I'opauenxo?, K. Camapxanos?, E. Tyay6aes™?,
3. Canap6ex’?), H. Opasraaues?), b. Opazbimoexos?, E. Apbinrazp®)

Y @uauan «Hnucmumym amomnou snepzuuy PI'II HAI] PK, Kypuamos, Kazaxcman
2 Bocmouno-Kazaxcmanckuii ynusepcumem um. C. Amansconosa, Ycmo-Kamenozopck, Kazaxcman
3) Tomckuii Ilonumexnuueckuii Yuusepcumem, Tomck, P®

E-mail ons konmaxmos: bochkovw@nnc.kz

B nanHO cTaThe ONMUCHIBAETCS HCCIIEA0BATENIBCKAs! pad0Ta 10 ONpEIEICHII0 KOPPO3HOHHONH COBMECTUMOCTH KaH/ANAaT-
HBIX MaTEePHAJIOB MaTPULbI KamMLIIpHO-TIopucTo# cTpyKTypHl (KIIC) ¢ )KuAKUM ONOBSIHHO-JIUTHEBBIM CIUIABOM IPU BbI-
COKHX Temmeparypax. MccrnemoBanus MPOBOIIINCH CO CITaBOM Sn7s-Lizs # oOpasnamu ayCTeHHTHON Hep)KaBeroreit
cranu Mapku 12X 18H10T, Bananus mapku BOJI-3 u Tantana mapku TT. DkcriepuMeHTHI 110 B3aUMOECHCTBUIO KUAKOTO
OJIOBSIHHO-JIUTHEBOTO CILIaBa ¢ KaHAMAaTHBIMH oOpa3uamu Marpuipl KIIC npu BEICOKMX TemmepaTypax MpOBOJMINCH
Ha dKCTepHMeHTabHON yctaHoBke Tul pA, co3manHas Ha 6aze TepMorpaBuMeTpuieckoro aHammsatopa TGA/DSC 3+.
B pabote nmpuBoauTCs ONMMCaHNE METOIWKY 1 YCIOBHUS POBEICHHUS BEICOKOTEMIIEPATYPHOH KOPPO3HOHHBIX HCIIBITAHHUH.
B xone peanmzanun gaHHO#H pabOTH! OBIIM MPOBEICHBI SKCIIEPUMEHTHI 110 H3YYCHNIO COBMECTIMOCTH OJIOBSHHO-JIUTHE-
BOTO CIIaBa B JKUAKOH (haze ¢ HepikaBeIoIIel CTalbio, BAHAAWEM W TAaHTAJIOM B TeMIlepaTypHoM mHTepBaie oT 600 °C
1o 1000 °C. Ha ocHOBaHUHY IOTYYEHHBIX PE3YIBTATOB OBLIH OTIPEIEIICHBI TEILTOBBIE AP PEKTHI MPOIIECCOB, MPOTEKAOIINX
B pe3yJIbTaTe B3aMMOCHCTBHS CIUIaBa ¢ KaHAUAaTHeIME MaTepuanamu Matpunsl KIIC. B pesynpraTe anann3sa noixydeH-
HBIX Pe3yJbTaTOB BBIABJIEHO, YTO MPU B3aUMOJECHCTBUHU HCCIEAYEMBIX MATEPHAJIOB C JKUAKHUM OJIOBSHHO-TUTHEBBIM
CIUTaBOM Snys-Lios P BRICOKHX TEMIIEpaTypax MPOUCXOIAT CIIOXKHBIC (PH3UKO-XHMHUECKUE TIPOIIECCHI TAKHE KaK: cee-
KTHBHOE PacTBOPEHHE KOMIIOHEHTOB KHIKUM CILIaBOM (pacTBOpUTENIEM); IPOHUKHOBEHHE KOMIIOHEHTA JKUAKOTO CIIaBa
(omoBa) B riTyOb HEprKaBEIOIIEH CTall; MAaCCOMEPEHOC PACTBOPEHHBIX METAJJIOB M3 TBEPJOTO METAaJIa B KU IKHMA.

Kniouegvie cnoea: ono8anHO-TUMUESbI CNAAB, KANULIAPHO-NOPUCIASL CIMPYKMYPA, NIA3MO0OPAWeHHbLL Mamepuai,
aKchepumenmanvholll komniexce Tul pA, ouggepenyuanorno-ckanupyrowas Kaiopumempus, KOppo3sus, IHMAIbRUSL.

1. BBEJAEHHME

[Tpn npoexTHpOBaHUM U CO3AAHUH OYAYIINX TEPMO-
simepHBIX peaktopoB (TAP) omHON M3 TEpBOCTENICHHBIX
WHKCHEPHBIX 3ajiad SIBISIETCS BBHIOOp OOpalIeHHBIX K
mwrazme MatepuanoB (OIIM), crabumpHO paboTarommx
IIPY BBICOKHMX DHEPreTUUECKHUX Harpys3kax. [IpoBoanmble
HCCIIeIOBAHMA Ha JIEHCTBYIOMNUX B MUPE TEPMOSICPHBIX
YCTAHOBKAX IOKAa3bIBAIOT MEPCIEKTHBHOCTh HCIIONB30-
BaHus B kauectBe OIIM xwunkoro nutusa. OHAKO €CTh
psia mpoGiieM, KOTOpPbIE CBSI3aHBI C BHICOKOI CKOPOCTHIO
UCMIApEHHs JINTHS B BaKyyMe IPH BBICOKUX TEMIIEpaTy-
pax. VIHHOBallMOHHBIM pEIIEHHEM 3THX NPOOJIeM SBIIS-
eTcs NCIOJIb30BaHUE B KaYECTBE OOPAICHHOTO K TU1a3Me
MaTeprala OJIOBIHHO-JIMTHEBOTO CIUIaBa, KOTOPBIA MMe-
et 6oJiee HU3KHE MapaMeTpbl MapooOpa3oBaHus B BaKyy-
Me I10 CpaBHEHHIO ¢ utueM. C TaHHBIM JIMTHICOIepKa-
MM MaTepualioM HUCCIIEJOBAaHHS B MUPE IPOBOIHMINCH,
HO OHM HEMHOTOUYHCIIeHHBI. Hampumep, nmerorcs naH-
HBIE MCCIIEIOBAHUI O BO3MOXKHOCTH HMPUMEHEHUS JKH/I-
KOTO 0JIOBA M OJIOBSIHHO-JINTHEBOTO crutaBa B TSP, koTo-
pBle OBIIM TONYYEHBI, KaK PacYeTHO-TEOPETUYECKHMU
MeTozamH [ 1], Tak ¥ B 9KCTIEpUMEHTaX, TPOBEICHHBIX Ha
IUTa3MEHHBIX ycTaHOBKax M Tokamakax ISTTOK (JIucca-
6on, [opryramus), FTU (®packarru, Utanus), a Takxe
Ha cresuaparope TJ-II (Bapcenona, Ucnanus) [2—6].
BBuay Toro uro onosstHHO-UTHEBBIH ciiaB (OJIC) siB-
JSIETCSl OTHOCUTENBHO HOBBIM KaHJWJIATHBIM MaTepua-

JIOM, a UMEFOIINXCS TaHHBIX TSI 0OOCHOBAHMUS €T0 MPH-
meHeHus B TSP siBHO HE 1OCTATOYHO, TO CYLLIECTBYET He-
o0xoauMocTs B Ooiiee MOAPOOHOM HM3YYCHHUH CBOWCTB
JaHHoro Matepuana. OQHON U3 MEePBOCTENEHHBIX 3a]a4
H3Y4YEeHMsI CBOICTB OJIOBSHHO-TUTUEBOTO CIUIABA SIBJISIET-
Cs pacueTHO-IKCIIEPMHUEHTAIbHBIM IMyTeM OO0OCHOBATh
BO3MOYKHOCTh MCIIOJIb30BAaHUS JTaHHOTO MaTeprana B Ka-
yectBe OIIM B ycTaHOBKax ympaBlsieMOTO TePMOsAep-
Horo cunre3a [7, 8]. [Ipeamnonaraercs 9To OPH HCHOJb-
30BaHuU B THAP xunkuil 010BSHHO-JIMUTHEBBIN CIUIaB
OyneT ctabunu3upoBaH B MeTamuieckoi marpure KITC
[9, 10], ogHako *uaKOE OJOBO MPU B3aUMOACHCTBUH CO
CTISIMM U TYTOIUIABKUMHU METaJUIaM{, B 3aBUCUMOCTHU
OT TEMIEPATYPBI, UMEET BBICOKYIO KOPPO3MOHHYIO aK-
TUBHOCTB. [lo3TOMYy, U1 000CHOBaHMS BEIOOpa MaTepH-
asra Matpuns! KIIC cymectBoBana He0OX0JMMOCTH MTPO-
BEJIEHUSI UCCIIEOBAHUN MO B3aUMOJEUCTBUIO KHJIKOTO
OJIOBSTHHO-JIUTHEBOTO CIUIaBa ¢ KaHIWJATHBIMH KOHCT-
pykuuoHHbIMU MaTepuanaMu TSP npu BeICOKUX TemIe-
paTypax, B 4acTHOCTH, C ayCTEHHUTHOH HepkaBeromien
CTaJIbIO, BAHAAMEM U TAaHTAJIOM.

B nanHOI cTaThe MpeacTaBiIEHBl 3KCIIEPUMEHTAIb-
HBIE HCCIEIOBAHMSA 1O ONPEICICHUIO KOPPO3HOHHOTO
BO3/ICHCTBUSI KUIKOTO CIIaBa Snys-Lizs Ha cTaib MapKu
12X18H10T, Banaguii mapku B3JI-3 u TanTanm Mapku
TT B quanaszone Temmneparyp ot 600 °C o 1000 °C.
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2. ATIITAPATYPA U METOJIAKA UCITBITAHUIA

KAHJIUJATHBIX MATEPHAJIOB B CILIABE SN-L I

Jlnst mpoBeieHHsT SKCIIEPUMEHTOB 110 B3aHMOJICHCT-
BUIO JKUJKOTO OJOBSIHHO-JIUTHEBOTO CIUIaBa C HEpKaBe-
IOIIEH CTaNBIO, BaHAWEM M TAHTAJIOM IIPH BEICOKHX TEM-
neparypax OblIa 3ajeiCTBOBaHA HSKCIEPHMEHTAIbHAS
ycranoBka Tul'pA (pucyHok 1), co3nannas Ha 6a3e Tep-
MorpaBuMeTpudeckoro anammzatopa Mettler Toledo
TGA/DSC 3+. [lonpobHoe omrcaHue XapaKTePUCTHUK U
PEXUMOB pabOTHI YCTAHOBKH ITPUBOAUTCS B padote [11].

s nccrreoBaHmii OBLTH MCIIOIB30BAaHBI 00pa3Ibl B
¢dopme auckoB guamerpoM 10 MM£0,25 MM U TONIHHON
1,3 MmM%0,25 MM (pucyHOK 2).

ﬁllljllll .iiiiﬂlljwﬁglllllﬂlll||III|II|I

6) obpaser V

a) obpaserr SS B) obpasen Ta

Pucyrnok 2. Brewnuii 6uo uccrnedyemvlx 00pasyos

Pucynox 3. Obwasn cxema npogedenus sKkcnepumenmos

HcnbiTanns 1o B3aMMOJICHCTBHUIO BBINIE IMPEACTaB-
JICHHBIX 00PAa3II0B € KUKUM OJIOBSIHHO-JTUTHEBBIM CILIA-
BOM NPOBOAMJINCH B Juana3oHe temrepatyp ot 600 °C
10 1000 °C. Ha pucynke 3 npencraBieHa odmias cxema
IIPOBEJICHUS SKCIICPUMEHTOB C UCIIBITYEMBIMH 00pasia-
MH, KOTOpasi BKIIIOYAET B ce0s dTarbl 3arpy3Ku o0pasiia,
€ro MOJrOTOBKH M MPOBEJCHUE UCTIBITAaHUH.

[epen 3arpy3Koii HCTIBITYeMOTO 00pa3ia B TUTEIh U3
BBICOKOTEMNepaTypHoil kepamuku Al>O3 moBepXHOCTH
o0pa3ia Obl1a OYHIIEHA OT OKHCIIOB U 3aII0JIMPOBaHa Me-
XaHUYECKHM CIIOCOOOM IpPHU MOMOIIM abpa3uBHON HaX-
nayHoit Oymaru. [locne dero B THrenb ObUI 3arpykeH
OJIOBSIHHO-JIUTHEBBIHN crutaB Snzs-Ligs. CritaB Sn-Li B He-
00XOJMMOM [UIsl IIPOBEJCHUSI KOPPO3HOHHBIX 3KCIIEpH-
MEHTOB KOJIMYECTBE OBLT M3TOTOBJICH IO paHee pa3pado-
TaHHON TEXHOJIOTHH, OIMCaHHOH B pabore [12]. [Tpore-
JypbI I3TOTOBJIEHUSI CIIaBa C 33JaHHBIM COOTHOILICHUEM
JUTHA ¥ 0JI0Ba OBLIN pean30BaHkl Ha ycraHOBKe BUKA
[11] ¢ ncrionp30BaHUEM CIIEIHATLHOTO 3aI1aTEHTOBAHHO-
ro 3KCIepuMeHTalIbHOTO ycTpoiictBa [13]. Hanee, Tu-
refib ¢ 3arpy)KCHHBIMHE MaTepHalaMy YCTaHaBIIMBAJICS B
PEaKkIMOHHYIO KaMepy TepMOrPaBUMETPHUUECKOTO KOMII-
nekca TGA/DSC 3+ u 3akpbIBaJICS IITATHON KPBIIIKOH C
oTBepcTueM. [locie 4ero mpoBOAMINUCH IKCIEPUMEHTHI
[0 BBICOKOTEMIIEPATYPHOMY KOPPO3UOHHOMY B3aMMO-
JCHCTBHIO OJIOBSIHHO-JIUTHEBOTO CIUIaBa C HEPXKaBElO-
el cTaiplo, BaHAIUEM M TaHTAJIOM. DKCIIEPUMEHTHI C
Hep>KaBEIOIEH CTalbio OBIIIM MPOBEICHBI P TEMIIEpa-
Typax 600 °C, 800 °C u 1000 °C, a BaHagueM U TAHTAJIOM
mpu 800 °C u 1000 °C. [Ing xaxnoil TemnepaTypsl Hc-
TI0JTb30BAJIMCH HOBBIH THI€llb, 00pa3el M CBEXKHH CIUIaBa
Snys-Lizs. JITUTEIBHOCTD BBIAEPKKHA Ha KaXIOH HMCCIie-
JlyeMo# TeMIiepaType coctapiisiia mopsiaka 10 qacos. Ha
pUCYHKE 4 mpeACTaBICHBbl JUarpaMMbl IPOBEICHHBIX
KOPPO3HOHHBIX 3KCIIEPUMEHTOB C HEp:KaBeIolIeH cra-
JIb10, BaHaJueM u TanTtamom mpu 1000 °C.
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Pucynox 4. Jluazpammol nposedenus KOppo3UOHHbIX IKCHepU-
Menmog no e3aumodeticmeuro Snrs-Lizs ¢ nepocaseroweti
cmanvio (a), sanaouem (6) u manmanom (8)
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3. PE3VJIBLTATHI KOPPO3UOHHBIX

SKCINEPUMEHTOB

B pe3synbrare npoBeieHHBIX SKCIIEPUMEHTOB 1O OIIpe-
JIETICHUIO XapaKTepa B3auMOJICHCTBHS HCCIIeTyeMbIX MaTe-
PHAJIOB C KUJIKKM CIUIaBOM Sn-Li IpH pasiMdIHBIX TeMIle-
paTtypax C HCHOJIB30BaHMEM MeTona auddepeHnnansHo-
ckaHupytomei kanopumerpun opu (JICK) Obin mosyde-
HBI sl TEPMOTPaMM UL HeprKaBeIoLIeil cTai, BaHAIus,
TaHTaa. [loydeHHBIe TepMOTpaMMBI OBIITH 0OPaOOTaHEL,
TETIoBbIe 3 (EeKTHI 3a(hUKCHPOBAHHBIE B IIPOIIECCE TIPOBE-
JCHHSI UCTIBITAHHUI OBUTH NPOaHATN3UPOBAHEL

Taxxke, B pe3yJbTaTe IPOBEICHHBIX 3KCIEPUMEHTOB
ObLIN MTOJTy4YeHBI 00pa3LIbl, HCIIBITAHHBIE IIPH TEMITEPaTy-
pax ot 600 °C mo 1000 °C, ¢ KOTOpHIMH B IOCEIYIOIIEM
OBUIM MPOBECHBI MaTEPHANOBEIUECKIE UCCIICIOBaHNUSI.
Ha pucynke 5 npezacTtaBiieH XapakTepHbIH BUJ 00pa3LoB
MOCJIE UX MUCIIBITAHUH ITPU BBIIEPKKE 00pa31I0B IPH TEM-
nepatype 1000 °C B Treuenue 10 gacos.

a) 0) B)

Pucynok 5. @omozpaguu nosepxnocmu cnaasa Snys-Lizs
nocne ezo ezaumooeiicmeusi npu 1000 °C C neporcaseroweti
cmanvio (a), sanaduem (6) u manmanom (8)

L T REEAALLCLLL
600 °C 800 °C 1000 °C

Pucynok 6. @omozepaguu nosepxnocmu no02omosneHnbix
waughos Ha npumepe 0o6pa3y08 Hepaicagerwel cmaiu

w| Havano athdekra 216,43 °C

1504

TennoBoKn NOTOK, MBT

200

Wurerpan -14,65e+03 mJ
SHTansnus -40,50 Jg!
0] Hauano adbperta 267,03 °C

350

WHTerpan 12,96e+03 mJ
0 OHTansnva 29,75 Jg-!
Hauano accpexkra 415,32 °C
7 Whrerpan -7567,22 mJ
3HTansnus -14,37 Jg!

W3 mony4eHHBIX 00pas3IoB, JJIS TPOBEICHUS Jajb-
HEHIIUX MaTepUAIOBEIYECKUX HCCICIOBAHUMN, OBLTH
BBIPE3aHbl NPOJOJbHBIE YAaCTH C IOMOIIBIO OTPE3HOTO
cranka Qcut 150A u moAroTOBJICHKI MeTaLIOrpaduiec-
Kye I BbL.

4. OBCYXIEHME PE3YJbTATOB

Hepocagerowan cmans

Jnst onpeneneHns ¥ ONMMCaHUS TEIUIOBBIX IIPOIECCOB
u 3¢ dexroB, 3apeructprpoBansbix ICK meTomom, npo-
TEKaIOUIUX B PE3YJIbTaTe BHICOKOTEMIIEPATYpPHOTO B3au-
MOJICHCTBHS OJIOBSHHO-JIUTHEBOTO CILUIaBa C HEPXKABEIO-
el cTajpio OblIa BBIIOJIHEHAa 00paboTKa MOTyYeHHBIX
Tepmorpamm. Ha pucynke 7 npencraBieHa TepMoOrpam-
Ma 00pa3na HepXKaBeIoIeH CTam.

CornacHo TepMorpaMMe, IOJydeHHBIH BO BPEMsI HC-
MIBITAHUS CTAMH TIpH TemriepaType ~216 °C mpoucxoaut
(ha30BbIi EPEX0.l U3 TBEPOTO COCTOSIHHS OJOBSIHHO-JH-
THEBOTO CIUIaBa B JKHKOE, JAHHBII MIPOLIECC HMEET K30~
TepMuueckuii xapakrep u cocraBun 17,37 JLx/r. Iocne
IUTaBjieHus IpH Temmneparype 267,03 °C nabiromaercs Te-
wioBoit addext 40,50 /T, KOTOPHIH TOBOPUT O Hayae
npoliecca B3auMO/ICHCTBHS OJIOBSIHHO-JIUTHEBOT'O CILIaBa
(OJIC) B XUIKOM COCTOSTHHU C MOBEPXHOCTBHIO 00pasiia.
Crenyroliye THKH, KOTOpbIE HAOIIOJAIOTCS HAa TEpMO-
rpaMMe T0 Bceil BUANMOCTH CBSI3aHBI C IIPOLieccaMy pac-
TBOPEHHMS B CIJIABE€ KOMIIOHEHTOB HEP’KaBEIONIEH CTaH,
TaKWX Kak: HAKEINb, TUTaH U XpoM. OOpa3oBaHuE MHTEP-
METaJUTHYECKUX COCANHEHUN (MHTEPMETAIIIUIOB) IPO¥C-
XOJIUT KaK C MOTJIOMICHUEM, TaK 1 BBIACICHUEM TETLIA.

B nanpreiieM ObLTH POBEIEHBI MUKPOCTPYKTYPHBIC
HCCIIeIOBaHMS UCTIBITAHHBIX 00pa31ioB HepiKaBeroLiei cra-
nu. [Tpu momornm onruyeckoro Mukpockomna SopTop ICX-
41M ObLIM TOMYYCHBI CHUMKH TIOBEPXHOCTH 00PAa3IIOB 1M0-
cne ucrbiTanuit. [lomyueHHble pe3ynbTaThl YKa3bIBalOT Ha
TO, YTO y 00pa3iia HeP>KABEIOIIEH CTaTH, UCIILITAHHOMN MPU
temneparype 600 °C, B 30He KOHTAaKkTa co CruiaBoM Sn-Li
HaOJrOIaeTCsl HEPAaBHOMEPHBIM TOHKHII CIIOH KOPPO3HOH-
HOTO B3aWMOJICHCTBUSI, 3aMI0JIHEHHBIA POyKTaMH KOppO-
31H, ¥ TIPEUMYIIECTBEHHO PACIIONIOKEH B IIEHTPAILHON Ya-
CTH (pparMeHTa HeprKaBeIoIeH cTan (prUcyHOK §). Makcu-
MaJlbHast TOJIIIMHA ¢10sI ~30 MKM.

WHTerpan 7755,84 mJ
SHTanbnus 17,80 Jg~’
Havano acpdpexta 621,72 °C

100 150 200 250 300 350 400 430 500

650 700 730 800 850 00 950 1000 1050 ES

Temnepatypa, °C

Pucynox 7. Peaynomamut [{CK ananuza ¢ obpasyom neposcaseiowjeii cmanu
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cs K 3HAYUTEIHHON KOPPO3uHu U GOPMON3MEHEHHUIO (pHU-
cyHok 11). HabnromaeTcst mpu3HaKu CKBO3HOTO MPOHUK-
HOBEHHsI KOMIIOHEHTOB cIu1aBa Sn-Li B MaTepuan Hepika-
BEIOLIYIO CTalb. B cTpykType cruiaBa Sn-Li HaOmogaer-
csl CKOIUIeHHE Mop (WM «BBINABIIMX» BKIIOUYEHHN)
BJIOJIb JIMHU, SKOOBI OBTOPSIONINI KOHTYp 00pa3iia He-
p>KaBerolIel CTamm.

Pucyrnok 8. Cnoii Koppo3uoHH020 83auUMOOeliCmEusi Cmaiu ¢ ' ) ' ] n )
cnnagom Sns-Lizz npu memnepamype 600 °C a) npu x500 6) pu x1000

IIpu KOHTaKTE HEPIKABEIOLEH CTAJIM C JKUJKHUM CILJIa- Pucynox 10. 3onwr pacmeopenus u nopoobpazosanus na
BoM Sn-Li npu temmeparype 800°C dopmupyercs He- NOGEPXHOCMU Hepdicaseloujeti Cman

CKOJIBKO 30H, IPUCYILE K (PH3UKO-XUMUYECKOMY B3aUMO-
JIEUCTBHIO KHUIKOMETAIITMIECKOTO C TBEPJIBIM METalIn-
geckuM MatepuaioM (pucyHok 9). Tonmriaa 30HB pac-
TBOpeHHsl Jocturaer 80 MKM IpPHU 3TOM YMEHBIIECHHUE
TONIIHMHEI 00pa3ma He 6osree 50 MiwM. [1oz 30H0I pacTBO-
PEHUS PacIoIoKeHa TOHKask OPUCTast 30Ha, ChopMHUpo-
BaHHasi BEPOSTHO M3-32 M30MPATENHHOTO PAaCcTBOPEHHS
KOMITOHEHTOB HEPKaBEIOIIEH CTallM U UX MaccolepeHo-
ca (pucynok 10).

.I'_ Crens SneLi

Pucynox 11. Ilanopamuuiil cHumok ceuerusi 0opasya

30Ha pACTEODEHIA

L e— nepacaseroweti cmanu nocie 1000 °C
Banaouii
- 0EL DpOEMNIEL Ilo pe3ysnbTaTaM, MOTYYSHHBIM IIPH UCIBITAHUU 00-

P TROPITEnN

pasiia BaHaMsA BHJHO, YTO OH HapsAy ¢ HepKaBeromen

CTaJIbI0 UMEET J0BOIBHO HU3KYIO0 KOPPO3HOHHYIO CTOM-

| He pacreopeniki 2 .

> i g, Craas) KOCTh B XuaKoM cpene Sn-Li. CormacHo pesynbraram
JCK aHanmu3a BHJIHO, YTO YK€ IpPH TEMIIEpaType

261,40°C mabmromaetcs TermoBoi 3¢ dekrt, KoTopsIii To-

Pucynox 9. 3onwl 63aumoodeticmeus npu memnepamype 800 °C 1
BOPUT O Hayajle Ipolecca B3auMOACHUCTBUS ITOBEPXHO-

Hanee Obin neeneoBan obpasel HepKaBeloLwel cTa- ctr obpasna c xunkum OJIC (pucynok 12). DHTANBIHA
Ji, UCHBITAHHBIA HPH_ temneparype 1000 °C B cpene rpoliecca B3auMOAEHCTBHS BaHAIUS C )KUJKUM CIUIaBOM
JKuAKoro ciasa Sn-Li. JlaHHbIi oOpasel, NOABEpIHyI- Sn-Li cocrasmia 21,18 J/T.

i

WHTerpan 11,32e+03 mJ
DHTanenMs 33,49 Jg~
Hauano adppexra 391,10 °C

WHTerpan -7022,80 mJ
SHTanenus -20,77 Jg!
Hayvano achchbekta 215,84 °C

o

WuTerpan -8779,30 md
SHTansnua -25,97 Jg!
Havano adpchexra 576,04 °C

TennoBoKn NOTOK, MBT
; g

Wnterpan -7162,80 mJ
BuTansnms -21,18 Jg'!
Hauano acchekta 261,40 °C

100 150 200 2350 300 350 400 450 500 550 600 650 700 750 800 850 400 950 1000 1650 “c

TemnepaTypa, °C

Pucynox 12. Pesynomamot [{CK ananuza c 06paszyom éanaous
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Ipu KOHTAaKTe BaHAAWS C KUIAKMM crutaBoMm Sn-Li
npu temneparype 800 °C, kak U ¢ HepxKaBerollel cra-
7610, (POPMUPYETCS] HECKOJIBKO 30H, MPUCYIINX (PU3UKO-
XMMHUUYECKOMY B3aHMOJICHCTBHIO KHKOMETAIIMYECKOM
CHCTEMBI C TBEPJBIM MeTaIOM. ToIIrHa 30HbI PacTBO-
penust nocturaetr ~70 MKM, IPH 5TOM YMEHbBILEHHE TOJI-
IIMHBI 00pa3ia He 6onee ~50 MM (pucyHOK 13).

[pu mcnsrTanmii BaHagus mpu Temmnepatype 1000 °C
HaOJTF01aeTCsl HEPaBHOMEPHBIN CITON TIPOIYKTOB aKTHBHO-
ro KOPPO3HOHHOTO B3aMMOJEHCTBIS OIBITHOTO 00pasua u
craBa (pucyHOK 14). MakcuMmarnbHas TONIIMHA CIOs, 3a-
TIOJTHEHHOTO TIPOYKTaMU KOPPO3HH coCTaBmIa ~370 MKM.

Pucynok 13. I[lanopamuutii chumox o6pasya V-800 °C

Tanman

Io pesynbTatam kpuBbIX AuddepeHInaTLHO-CKAHH-
pyIoIIeit KaJIOpUMETPHU UCCIIEA0BAaHNI KOPPO3UOHHOTO
B3anMOIEHCTBUS 00pa3la TaHTaja C )KUAKUM OJIOBSHHO-
JIUTHEBBIM CIIJIABOM HAOJI01aeTCsI HEOOBIION TEIIOBON
sapdexr 12,73 [bx/r npu temneparype 282,21 °C. Ilpu
JabHEHIIIeM HarpeBe oopasiia Ipyrux TerioBsX 3 de-
KTOB He HaOmomaeTcs BIioTh 10 1084,10 °C.

TonmuHa C10s8 KOPPO3HMOHHOTO B3aUMOIEHCTBUS
tanTana ¢ OJIC mpm temmeparype 800 °C cocraBmia
mpuMepHO ~5 MKM, a pu Temmepatype 1000 °C okoio
10 mxm. Huke Ha pucynkax 16 u 17 npencraBieHbl na-
HOpaMHbIE CHUMKH IIOTIEPEYHBIX PE30B, HCCIIEAYEMBIX
00pa3sios npu temmepatype 800 °C u 1000 °C.

04 MHTErpan
JHTanbnns
Havano athdpexta 216,04 °C

WuTerpan
SHTanbnus
Hauano adekta

-7505,78 mJ
16,64 Jg-!

Tennosoii NnoTok, MBT

WHTerpan -5743,36 mJ
SHTanenus -15,73 Jg'
Havano acbdekra 282,21°C

170,93 mJ
0,38 Jg'!
420,44 °C

Pucynox 17. [Nanopammwiii chumox obpasya Ta-1000 °C

Wnrerpan 282,14 mJ |
SHTansnus -16,14 Jg! |
Hauano acbchexra  1084,10°C
7

100 150 200 250 300 350 400 450 500 550

650 700 750 800 850 500 950 1000 1050 o

Temnepatypa, °C

Pucynox 15. Pezynomamut [{CK ananuza ¢ obpazyom maumana
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3AKJIIOYEHUE

B pesynprate aHanm3a MOJTYyYEHHBIX DPE3YJIBTATOB
BUJIHO, YTO NIPH B3aUMOJCHCTBHHN HCCIIEIyEeMbIX MaTepH-
aJIOB C >KUIKUAM OJIOBSIHHO-JTMTUEBBIM CILIAaBOM Snzs-Lios
IIPU BBICOKHX TEMIIEPATypax MPOUCXOAAT CIOXKHbIE (Hu-
3MKO-XMMHUYECKHE IIPOIECCH], TAKHE KaK CEICKTUBHOE
pacTBOpEHHE KOMIIOHEHTOB XHIKUM CIUIaBOM (pacTBO-
puTesieM); TIPOHUKHOBEHNE KOMIIOHEHTA HIKOTO CILIa-
Ba (0JI0Ba) B IIIyOb HEpIKaBEIOILECH CTaJIN; MacCONEPeHOC
pPacTBOPEHHBIX METAJUIOB U3 TBEPAOTO METaJlla B >KHUII-
kuit. Cranp mapku 12X18H10T npu Temnepatypax BbI-
me 600 °C HauMHAaeT MHTEHCUBHO PAacTBOPATHCS INPHU
B3aUMOJACHCTBUH C OJOBSIHHO-JIMTHEBBIM CIIaBOM. VH-
TEHCUBHOCTbH PACTBOPEHUS BaHA/INS aKTHBHO BO3PACTACT
npu Temnepatypax Beimie 800 °C. Uro kacaeTcs TaHTana,
TO MBI BUJMIM, YTO B JAHHBIX YCJIOBUSIX OH ITPOSIBIISIET O~
BOJILHO HETIJIOXYI0 KOPPO3HOHHYIO CTOMKOCTB 10 OTHO-
menuto K OJIC, ¥ moKa3bIBaeT JIy4IIUE Pe3yabTaThl MO
CPaBHEHHIO C OCTAJBHBIMH KaHauaaTaMu. CorjacHo pe-
3ynbTaTaM, nosydyeHHoIM npu nomomu JICK anammsa
BHHO, YTO B3aUMOJICHICTBHE KHUIKOTO OJIOBSIHHO-TTUTHE-
BOTO CIUIaBa C HEP)KaBEIOIEH CTalbl0 HAaUMHAETCS yXKe
mpu Temneparype 267,03 °C. Uto kacaeTcsi BaHaausl U
TaHTajla, TO AJS HUX TeMIepaTyphl Hayana B3auMOACH-
CTBHS CO cIiaBoM cocTaBui 261,40 °C s BaHaus U
282,21 °C nmna tanrana. Crams mapku 12X18H10T, Ba-
Haauit Mmapku BOJI-3 u Tantan mapku TT MoryT OBITH
IIPUMEHUMBI B Ka4€CTBE KOHCTPYKIIMOHHBIX MaTEPHAIIOB
SIP u TSP xontakTupytomux ¢ OJIC B orpaHMueHHOM
JIarta30He TeMIleparyp.

bnazooapnocmo
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cmepcmeom snepeemuxu Pecnyonauxu Kazaxcman é pam-
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amomuou snepeemuxu 6 Pecnybnuxe Kazaxcmany (MPH
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SKCNEPUMEHTAIIbHBIE UCCIIEAOBAHUA O BbICOKOTEMMNEPATYPHOMY KOPPO3UOHHOMY B3AMMOAEWCTBMIO
ONOBAHHO-NUTUEBOIO CNITABA C HEPXABEIOLLEW CTAJBIO U TYTOMNABKUMW METANNAMU

KAJAWBI-TUTAA KOPBITHACBIHBIH TOT BACITAUTBIH BOJIATIIEH )KOHE BAAY
BAJIKUTBIH METAJIIAPMEH KOT'APBI TEMIIEPATYPAJIBI KOPPO3USJIBIK
OPEKETTECYI BOMBIHIIIA SKCIIEPUMEHTTIK 3EPTTEY.JIEPI

B. Bouxos?, I0. IMonkparos?, 10. Topauenxo?, K. Camapxanos?, E. Tyay6aes™?,
3. Canap6ex’®), H. Opasraaues?), b. Opazbimoexos?, E. Apbinrazpr)

D KP ¥40 PMK «Amom nepzusacol uncmumymo» unuanst, Kypuamoe, Kazaxcman
2 Capcen Amanaconos amoinoazol Ilvizvic Kazaxcman memnexemmix ynusepcumemi, Ockemen, Kazaxcman
3) Tomck nonumexnuxanvix ynusepcumemi, Tomck, PD

byn Makamama Jkorapsl TemIepaTypaja KamwnIIpiblK-KeyekTi KypbiibiM MarpuiachlHelH (KKK) kanammarTeix
MaTepHANAAPBIHBIH CYWBIK KaJaWbI-TUTHH KOPBITIIACBIMEH KOPPO3ISUIBIK YHIECCIMAUITIH aHBIKTay OOHBIHINIA 3epTTEy
JKYMBICHI CHIIATTajFaH. 3eprreynep Snrs-Lizs KopsrrmacsiMen sxone 12X18H10T mapkanbl ayCTEHHTTI TOT GacmaiThIH
6omat, BOJI-3 mapkansl Banaguii skoHe TT Mapkaisl TaHTaN yiaritepiMeH xyprizinmi. CyHbIK Kamaibl-TATHIA KOPBITIIA-
ceiveH KKK mMaTpumacsIHbIH KaHINAATTHIK MaTepUAIJAPEIHEIH 03apa opekeTTecyi Ooitprama Taxipuderep TGA/DSC 3+
TEPMOIPaBUMETPHSIIBIK TaJaFbill HeriziHzae xacanrad Tul pA ToxipuOerniK KOHABIPFBICHIH/IA KOFaphl TeMIlepaTypaia
xyprizinai. XKymbIcTa jkoFapsl TeMIlepaTypalibl KOPPO3UsUIBIK ChIHAKTAPBIH JKYPri3y 9JicTeMeci MEH HIapTTapbIHbIH
cUnaTTamalnaphbl KeNTipiireH. Byl sKyMBICTBI JKy3ere achlpy OapbIChIHIa CYHBIK (ha3agarbl KIAHbI-TUTHI KOPBITIACHIHBIH
ToT OacnaiiTeiH OonarneH, BaHaauiiMeH xaHe TantanMeH 600 °C-tan 1000 °C-ka neifiHri TeMiepaTrypablK apaibIKTarbl
yinecimainirin 3eprrey OolbIHIIA TXipuOenepi Xypri3ingi. AnblHFaH HOTHXKedep Heri3iHne KopbiTnaHbiH KKK
MaTpHLACHIHBIH KaHANWAATTHIK MaTepUajlapbIMEH 03apa OpeKeTTeCyl HOTHKECIH/IE Maiia 00JaThIH NPOLECTEPiHIH KbUTY
ocepliepl aHBIKTAJbl. AJIBIHFAH HOTIDKENEPl Tajlay HOTHIKECIHAE 3epTTelNeTiH MaTepHanaapibiH Snrs-Lizs Cyibk
KaIalbl-TUTHI KOPBITIIACHIMEH OJKOFapbl TeMIepaTypaja e3apa JpEKeTTeCyl Ke3iHAEe KOMIOHEHTTEpIiH CYHBIK
KOpEITIIaMeH (EpIiTKIIIIeH) CEeNeKTHBTI epyi; CYHBIK KOpHITIA (Kalxalbl) KOMIOHEHTiIHIH TOT OacHmalThIH OOJNATTHIH
TEpEeHJIITIHE €HYi; epireH MeTaaAapAblH KaTThl METalIaH CYHbIK METaFa MaccaTachIMalaybl CHAKTBI Kypaemni (hu3uka-
XUMUSUTBIK TIPOIIECTEP JKYPETiHI aHBIKTAJIIBL.

Tyiiin ce30ep: Kanaibl-TUTUI KOPBITIACH], KaIMJUISAPIBIK-KEYeKTI KypbUIbIM, IUIa3Mara aifHanraH Mmatepuai, Tul pA
TOXIpUOeiK KenreHi, A dpepeHnnanibl CKkaHepiey KaJopuMeTpUsChl, KOPPO3Hs, SHTAIBITHUSL.

EXPERIMENTAL STUDIES ON HIGH-TEMPERATURE CORROSION INTERACTION
OF TIN-LITHIUM ALLOY WITH STAINLESS STEEL AND REFRACTORY METALS

V. Bochkov?, Yu. Ponkratov?, Yu. Gordienko?, K. Samarkhanov!?, E. Tulubayev®?),
E. Saparbek®?®, N. Orazgaliyev®, B. OrazymbekovY, E. Aryngazy?

D Branch “Institute of Atomic Energy” RSE NNC RK, Kurchatov, Kazakhstan
2 Sarsen Amanzholov east Kazakhstan state university, Oskemen, Kazakhstan
3 Tomsk Polytechnic University, Tomsk, Russia

This article describes experimental investigations to determine the corrosion compatibility of candidate matrix materials
of a capillary-porous structure (CPS) with a liquid tin-lithium alloy at high temperatures. The studies were conducted
with the Snzs-Lizs alloy and samples of 12Ch18Nil0Ti grade austenite stainless steel, VEL-3 grade vanadium, and TT
grade tantalum. Experiments on the interaction of a liquid tin-lithium alloy with candidate samples of the CPS matrix at
high temperatures were carried out on an experimental TiGrA setup based on a TGA/DSC 3+ thermogravimetric analyzer.
The paper provides a description of the methodology and conditions for conducting high-temperature corrosion tests. In
the course of this work, experiments were carried out to study the compatibility of a tin-lithium alloy in the liquid phase
with a stainless steel, vanadium and tantalum samples in the temperature range from 600 °C to 1000 °C. Based on obtained
results, the thermal effects of the processes occurring as a result of the interaction of the alloy with a candidate materials
of the CPS matrix were determined. As a result of the analysis of the results obtained it has been revealed that at interaction
of the studied materials with liquid tin-lithium alloy Snzs-Liss at high temperatures complex physical and chemical
processes take place, such as: selective dissolution of components by liquid alloy (solvent); penetration of component of
liquid alloy (tin) into stainless steel depth; mass transfer of dissolved metals from solid metal into liquid.

Keywords: tin-lithium alloy, capillary-porous structure, plasma-facing material, TiGrA experimental complex, differen-
tial scanning calorimetry, corrosion, enthalpy.
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KOMIIO3UT HA OCHOBE INIOPUCTOI'O TPEXMEPHOI'O KPUOT'EJIA, MXene I HAHOYACTHI
CEPEBPA UIA YIAJEHUA METHJIEHOBOI'O CHHEI'O (MC) U3 BO/IbI
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B sToM mccnenoBaHHE MBI COOOIIaeM O HOBOM KOMITO3UTE Ha OCHOBE MOPHCTOro TpexmepHoro kpuorens U TisCoTy
Mxene HaHOJHCTOB, a Takxke HaHodacTHll Ag (MXene/Ag/4VP-MAAC), KOTOpBIH OBLT ITOTydeH METOIOM CaMOCOOpKH
1 TIpUMEHEH JUia yaajaeHnus MeTiieH cuaero (MC) ¢ cuHepru3MoM ancopOunu M OTOKATATUTHIECKOM Jerpamarini.
Cuneprmdeckuii 3 GexT U TOITyIeHHBIX KOMIIO3UTOB TI0 OTHOIICHHUIO K yaaneHnto MC cBsi3aH ¢ OTIMYHOI agcopOIm-
OHHOM CIIOCOOHOCTBIO KpHOTeIA ¥ (POTOKATAIUTHYECKOW akTUBHOCTEI0O MXene/Ag. IIpoBeneHHbIe UCCIeJOBaHMS ITOKa-
3aiu, uto MXene ynyd4IiaroT He TOJNBKO MPOLECC aJcopOIHy 3a CHET HaJWYHs MHOTOYMCICHHBIX (DYHKIMOHAIBHBIX
Iy, HO U oToKaTaauTu4eckoe pasnoxenne MC Omaromaps CBOCH BBICOKOM 3IEKTPHUECKOM mpoBoauMocTi. Kpome
TOT'0, BKIIFOYCHUC HAHOYACTHI] Ag yiay4dymaeT CHOCO6HOCTI) MOTJIOCHUS CBCTA, KOTOpLIﬁ Bo36y>1<)1aeT TOBEPXHOCTHBIC
AJIEKTPOHBI HaHOYACTUI] Ag 3a cueT 3¢ exTa MOBEpXHOCTHOTO MJIa3MOHHOI'O pe30HaHca. B 1enoM, rmojgy4eHHbIe pe3ysib-
TaThl CBUAETEILCTBYIOT O TOM, UYTO CHHepreTuueckuil adpdekr ancopounu-dorokaranusa spisercs 3GpHekTHBHBIM CIIO-
c00OM yllaJIeHHs] OPraHUYECKOTO KPACHUTEIIS U3 BOJIBI.

Knrouegwie cnosa: xpuozenv, MXene, nanouacmuywl cepedpa, adcopoyus, homokamanus, op2aHuieckutl Kpacumenb

BBEJEHUE

BeICTpBII TEMI HHAYCTpHAIN3aLUH OKa3bIBAET CEPb-
€3HOe HETaTHBHOE BIMSHHE Ha INI00ATbHOE COCTOSIHUE
9KOJIOTHH U 37J0POBbE HeJOBeKa. 3a4acTyI0 3arps3HEeHUe
CBS3aHO C BBIOpPOCAMHU OPraHMYECKHX BELIECTB, HOHOB
TSDKEJBIX METAJJIOB, Pa3IMYHOrO pojia OMOJIOTHUECKHX
TOKCHHOB U Ta30B [1]. [[BymepHsie (2D) maTepuains mpu-
BJIEKaIOT 0c000€ BHUMAHHUE JJIsl PA3BUTHSI COBPEMEHHBIX
TEXHOJIOTHI1 OYHCTKH OT BBIIICTIEPEUUCICHHBIX 3arpsi3-
HUTENeH Onmaromapst CBOCH CTPYKType, MEXaHHYeCKOI
MIPOYHOCTH, IPUBJIEKATENBHBIX JIEKTPOHHBIX U ONTHYE-
CKUX CBOWCTB [2—4]. Cpenn HHUX, MHOTOOOCTIAFOIIUMHU
sBisirorcst MXenes, KoTopele Ha psity ¢ Haubosee u3y-
YEHHBIMU TpeAcTaBuTensIMH 2D MaTepuanoB, HaXOASAT
CBOE IPHUMEHEHHE B Pa3IMYHBIX O0JACTSX, BKIIIOYAIO-
IIMX XpaHeHHEe SHepruu [5], OMOMeaUIMHCKHE HPUIIo-
XKeHHUs [6], 3ammuTa OT IEKTPOMArHUTHBIX momex [7] u
O4YHNCTKa BOAHI [8].

MXenes UMEET CIOUCTYIO CTPYKTYPY, KOTOpas npe-
cTaBJieHa 00IIeH XUMUIECKO# hopmyinoit, Mn+1XnTx, T1€
M — 3T0 MeTamt nmepexoqHoi rpymmbl, X o6o3Hadaer C
n/umn N, a Tx SBIstoTCst QYHKIMOHAIBHBIME IPYIIIAMH,
takumu Kak -O, -OH u -F. Ux ¢usudeckue u xummdec-
KHE CBOMCTBA ONPENENAI0TCS pa3sMepaMH U KOJTUYECTBOM
CJIOEB, MOPSIIKOM MX PACIIOJIOKEHUS, HATHYHEM Aedek-
TOB M (YHKIMOHANBHBIX Ipynm[9]. CiocobHOCTh M3Me-
HEHMsI U HAJICTPOMKHU UX CBOMCTB IO3BOJIIET CO3/1aBaTh
CJI0’KHBIE KOMIIO3UTHBIE CTPYKTYpbl MXenes ¢ Apyrumu
0D, 1D, 2D and 3D matepuanamu [10]. B gactHOCTH,
MHOT'OCJIOIHBIE U 0IHOCIIOWHBIE HaHOIHCTHI T13C2Tx Mo-
T'YT OBITh MCTIOIB30BaHBI B KAYECTBE CTPOUTEIHHBIX 0110~
KOB JIJIs1 CO3JaHUS HOBBIX THOPUIHBIX KOMIIO3HTOB IS
OUYUCTKH BOJBI OT OPraHUYECKUX 3arpsA3HUTENEH U HOHOB

TsOKeTBIX MeTasuioB [11]. Takue KOMIO3HUTHI MOTYT OBITh
B BUIe MeMOpaHbl Ha ocHOBe Ti3C,Tx 1 okcnaa rpadeHa,
Ti3C,Tx-yriiepoHbIX BOJOKOH, a Takke B Buae TizCoTy,
MOJM(HUIMPOBAHHBIX HAHOYACTHLIAMHU cepedpa u Al*-
KaTHOH-UHTEPKAINPOBAHHON MeMOpaHoii, o0Jiaatonue
BBICOKOI CTEINEHBIO y/aleHHs OpraHUYeCKHX Kpacure-
neit [12]. Taxxke coobmiaercs 0 KOMIIO3UTaX HA OCHOBE
BBICOKOIIOPUCTBIX a’porenedl u rumpporeneit u TisCoTy,
KOTOpbIE JEMOHCTPHPYIOT BBICOKYIO aJCOPOIMOHHYIO
CIIOCOOHOCTB /ISl PA3JIMYHBIX OPTaHUIECKNX JKUIKOCTEH
¥ MOHOB TsikenbIx MeTaiioB [13]. Tem He MeHee, 10 cux
Iop He COOOIIAIIOCH O CO3/IaHUM KOMITO3UTA HA OCHOBE
TisC,Tx u kpuoreneii [14]. C apyroit CTOpOHBI, U3 JTUTE-
paTypHBIX JAHHBIX CJENyeT, YTO KPHOTENH, KOTOpBIE
MIPEACTABISIIOT COOOM MOJMMEPHBIH MaTepHai ¢ KpHO-
TeHHOM CTPYKTYpOH, 00JaatoT BhICOKOI 3¢ (heKTHBHO-
CTBIO K CEJICKTUBHOMY YAAJICHHIO MOHOB TSIKEJBIX Me-
TAJUIOB U TOKCHUYHBIX OPraHMYECKHX 3arpsi3HUTEINEH
[15]. IIpu aTom Ti3CaTx MOKET YCHIIMBATH CITIOCOOHOCTH
K OYHMCTKE BOJBI BCETO KOMIIO3UTA 3a CYET HaJH4Hs
(YHKIIMOHAJIBHBIX TPYIII ¥ BBICOKOH YAEIbHON IIIoIa-
JIM TIOBEPXHOCTH 32 CUET IPOLECCOB KOMIIEKCO0Opa3o0-
BaHMS W/WIM HOHHOTO oOMeHa [16]. DToT daxrop ycuie-
HUSL MOXET OBITh MIOIOJHHUTENBHO YIIydIleH IyTeM
(YHKIIMOHAIN3AIMN YaCTHLAMU cepedpa, YTO MO3BOJIUT
MOJTY4UTh (POTOKATATUTUYECKYIO aKTHUBHOCTH KOMITO3H-
Ta, U IPUBEJET K BO3MOXXHOCTH COBMECTHOTO MPHUMEHE-
HUSI IBYX TEXHOJIOTHIT OYMCTKH BOIbI, @ UMEHHO a/1cOp0-
My B GoToKaTamTuTHIecKoi nectpykuuu [17-19]. Ta-
KOH CHHeprudeckuit 3 PeKT yCHenrHo peaan3yeTcst It
CO3JJaHUSI PA3JIMYHBIX KOMIIO3UTOB HAa OCHOBE JAPYIHX
JIBYMEPHBIX MaTepHajoB, TAKMX Kak rpadeH, s ouucT-
KM BOJIBI OT OPraHUYECKHX 3arpsi3HnTeNel. B nanHoi pa-
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KOMMNO3WUT HA OCHOBE NOPUCTOI0 TPEXMEPHOIO KPUOTENSA, MXene U HAHOYACTUL, CEPEBPA
AnA YOANEHUA METUNEHOBOIO CUHEIO (MC) U3 BOAbI

060Te MBI pacIIUpseM 3TOT MOAXOM, MCIOJIb3Ysl HOBBIH
kjacc 2D MaTepuasoB myTeM CO3AaHUS KOMIIO3UTA T'H0-
puaHoro kommo3uta MXene/Ag n 3D-kpuorens, KOTo-
PBIit TOKa3aJ1 XOpOLIYIO a1COPOIIMOHHYIO U pOTOKaTaIH-
TUYECKYI0 aKTUBHOCTb 110 OTHOILIECHHUIO K YIAJICHUIO Me-
THJICHOBOT'O CHHET'O U3 BOJHOT'O pacTBOpa 6e3 NCIOoJIb30-
BaHMs BHEIIHETO BOCCTAHOBUTENSI WJIM MOBEPXHOCTHO-
aktuBHOTO BemecTBa [20]. [TomydeHHBII KOMITO3UT OBLT
0XapakTEpPHU30BaH C MMOMOIIBIO PEHTTEHOBCKOM nudpak-
un (XRD), ckaHUPYIOMIETro 3JIEKTPOHHOTO MIKPOCKOTa
(SEM) u UK-®ypre crieKTpOCKOITHH.

1. METO/BI 3KCIIEPUMEHTA

1.1 Marepuansl

Humernnakpwiamun (DMAAm, 99%), N,N'-metu-
nenOucakpunamuy (BisAAm, 99%), 4-BUHMINIUPUANH
(4-VP, 95%), metakpunoBas kuciora (MAAc, 99%), N,
N, N, N'-terpamermmtunenauamud (TEMED, 99%),
rugpokcun Hatpus (NaOH, >98%), nepcynbdar ammo-
aus  (APS, 98%), mumermncymedpoxcun (AMCO,
>99,9%), xmopux mutus (LiCl, >99%), consras xucmora
(HC1, 37%), nmaBukoBas kuciota (HF, >48%) Opiia
npuobpereHa y Sigma-Aldrich (I'epmaHus) 1 UCTIONB30-
BaJach B TOM BHJE, B KaKOM OHa OblIa IIOSydCHA.
TizAIC, (TOO «Kap6on-Ykpaunay, Ykpauna, 99%) uc-
MIOJIK30BAJU 6€3 JOMOIHUTENbHON OUHCTKU. 96% 3TaHOI
HCIIOJIb30BaId B TOTOBOM BHJE. UHUCTBIN KpacuTelb Me-
TuieHoBb cuHuit (MC) ¢ MoJekynaspHOW Maccoit
319,85 r/moub 6611 IpHOOpeTeH y Acros Organics (Heto-
Jxepcn, CILIA). Boga Puris Eco RO 1600-M ucmnoss3o-
BaJlach B Ka4eCTBE JICHOHM3UPOBAHHON BOJbI Ha MPOTS-
KEHHUH BCETO HCCIICTOBAHUS.

1.2 Cunre3 kuciaorHoro kpuoreias 4VP-MAAC

IIpu cuHTE3e KpHOTels WCMOJIb30Bad METOJ] pajIu-
KalbHOUM monuMmepusanuu. st moapoOHOTo MapiipyTa
CHHTE3a B KAUE€CTBE OCHOBHBIX MOHOMEPOB HCIIOJIb30Ba-
1 4-VP u MAAc, B To BpeMs kak BisAAm ncnosnp3oBa-
JIM B Ka4ecTBe cuIuBaroniero areura, DMAAm B kauect-
Be JomnosnHuTenabHoro monomepa, TEMED u APS B ka-
YecTBE KaTallu3aTopa M HHUIATOPA, COOTBETCTBEHHO.
CHHTE3 KpHUOTENlsl TPOBOAMIN CIEAYIOUMM 00pazoM:
20 MJT OUCTUILTMPOBAHHOW BOZBI ACTAa3UPOBAITH IyTEM
NPOJIYBKH Ta3000pa3HbIM a30ToM B TedeHue 30 MuH.
BisAAm n006aBJisijIv IPH TIIATEILHOM IIEPEMEITUBAHNH,
4T00BI 00ECIeUnTh NOIHOE pacTBopeHue BisAAm, noc-
e uero jo6aasiian MAAc u DMAAm. [lanee, 4-VP no-
OaBJISITY TIPU UHTEHCUBHOM TIEPEMENTUBAHIH C TTOCIEY-
IOLEH KHUCJIIOTHOM HeWTpanuzanued S5SM  pactBopoM
NaOH no nonyuenus pH B npenenax 6,5-7,5. ITocne no-
JIy4€HUsI TOMOTEHHOIO0 pacTBOpa M3 BhIIIEYKa3aHHOMN
cMecu o karmism no6asisuin 0,037 ma TEMED, a taxoke
5% APS (0,45 mut) 1u1st MHUITUMPOBAHUS [TPOIIECCA MOJTH-
Mepuzanuu. Okoso 2 MJI KOHEYHOH CMeCH OTMEpSIU B
YUCTBIE MITPHIIBI, C JTATHHEHIIIUM TTePEMEICHUEM B 0X-
naxaaromuii tepmoctar (Julabo F34) npu —12 °C u oc-
TaBJIeHBI Ha 24 daca s 3aBEePIICHUS TTOJUMEPHU3AIHH.
CUHTE3UpOBaHHBIE KPUOTEH HECKOJIBKO pa3 MpOMbIBA-
JM TUCTHITUPOBAHHOW BOJOM, BBICYIIWUBAIN BBIMOpa-

JKUBAaHUEM, B3BCUIMBAIM U NOMELIAINM B T€PMETHYHBIN
IJTACTUKOBBIA KOHTEMHEDP 1S AAJIbHEMILIEro aHaIu3a.

1.3 Cunre3 Mxene

Ti3C,Tx MXene 6511 curTe3upoBan u3 TisAlIC,, cre-
Iys Hamboliee pAcIpOCTPaHEHHOMY METOHY CHHTe3a
[21]. 0,5 r TisAIC; memnenno Beicemanu B 10 mi 48%
HF u TmarensHO nmepememnBaiy Npyu KOMHATHON TeM-
nepatrype B TeyeHue 24 4acoB JI0 HOJIyYSHHUSI pacTBOpa
kapOuna turana (Ti3Cz). CunresupoBannsiii TisCy o1-
MBIBAJIM OT KHCJIOTHI JAUCTHIJIMPOBAHHOW BOJOH METO-
JIOM HEHTPUPYTHPOBaHUS-ICKaHTalluH npu
3500 06/muH. [Iporiecc OTMBIBKM MPOBOAMIHA 5 pa3 1o
JIOCTIDKEHMSI HeHTpanbpHO# cpenbl (pH 6-7). @umstpat
CYLLIMJIH IO BAKYyMOM B Te4eHHe 24 4acoB IPH KOMHAT-
Ho#l Temnepatype. IloyueHHbIi MHOTOCOMHBIN MXene
XPaHWIH B IUIOTHO 3aKPHITOH IUIACTHKOBOM KOJIOE IS
JadbHEUIINX UCCIIEOBAHUMN.

1.4 Cunre3 komno3ura MXene/Ag

0,1 r MXene ocTopoxHo pacTBOpsutd B 30 M1 1TuC-
THJUTNPOBAHHOM BOJBI M 00padaThIBaIM yIbTPAa3ByKOM B
tedeHue 30 MUHYT IS TTOJTHOTO pacTBopeHus. O0pado-
TaHHYI0 YIbTPa3BYKOM CMECh MEpEMEIINBAIN TIPH
300 06/muH B TeueHue 10 MUH py KOMHATHOM TeMIepa-
type. 50 Mr AgNOs pactBopsiii B 30 MJI JUCTHIUIMPO-
BaHHOM BOJIBI B OT/JICJILHOM CTaKaHe U 100aBJIsUIN K pac-
TBOPY, O0OpabOTaHHOMY  yJbTPa3BYKOM.  XJIOIbS
MXene/Ag npomsbiBaiu B 96% 3TaHOIE METOIOM IICHT-
pudyrupoBanus-nekantanuu npu 3500 o6/mMuH 3 pasza
1o 5 MuH. CHHTE3UPOBAaHHBIN KOMIIO3UT BBICYIINBAIHN B
TedeHue 24 4 B BaKyyMe M UCIOJIb30BAJIH IS AalbHel-
IIETO aHaJN3a.

1.5 Moauduxanus kpuoreas 4VP-MAAc

MXene/Ag

Kommosut kpuorenss MXene/Ag/4VP-MAAc nony-
yanu ciexyromum obpasom: 0,1 r mopomka MXene/Ag
pactBopstti B 10 MJI AMCTHILIMPOBAHHOW BOIBI M 00pa-
OaTeiBai  yIbTpa3BykoM B TedeHne 10 wmuH. B
MXene/Ag cycnieH3HIO IIOMEIaIN 00pa3bl KPHOT SIS U
MOMeIaN B IIEHKep-MHKYOATOp JUIi MepeMenInBaHus
IIpu KOMHATHOH Temreparype B TedeHnH 24 4. Moaudu-
LMPOBaHHbIE 00Pa3Ibl NPOMBIBAIN JUCTHIUTUPOBAHHOM
BOJIOM, CYIIWIN BBIMOPaXHBAHNEM, B3BEIIMBAIH U II0-
MeEUIaJId B YACThIM IepMETUYHBIN IIACTUKOBBII KOHTEH-
HEp Ul JAIBHEHINETro aHalIu3a.

1.6 XapakTepu3anus CHHTE3HPOBAHHBIX

o0pa3uosB

Hdns ompeneneHus  QyHKIMOHAILHO-TPYMIIOBOH
CTPYKTYPBI CHHTE€3UPOBAHHBIX MaTEPHAJIOB UCIIOIb30Ba-
mn  UK-Oypse-ciekrpodoromerp Cary 600 Series
(Agilent Technologies), ocnamennsii mogyem HIIBO
nHOppakpacHOTo cekTpa. CIIeKTpsl peTUCTPHPOBAIIICEH B
nuanazone 4000—400 cm ™ ¢ paspermnennem 4 cm * 1 cKo-
pocTbio ckanuposanus 1 cm ¢l CunTe3MpoBaHHbIE 06-
pasibl IpeIBapUTEIbHO JIMODMIN3UPOBAIN U U3MENTbYa-
JI1 B MEIKUI MOPOIIOK AJs MOIy4eHHUs CIeKTpoB [22].
Jnst XapaKTepuCTHKH CTPYKTYpHOI MOp(OJIoruu | 3ite-
MEHTHOT'O COCTaBa 00pa3loB MCIOIB30BAIN CKaHHPYIO-
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A JEKTPOHHBI MHKpockon Zeiss Crossbeam 540
(SEM, I'epmanus) npu 5-20 kB, ocHaIIeHHbIH A€TEKTO-
POM 00paTHO paccessHHBIX JCKTPOHOB [23, 24]. JlanHbIe
0 ¢azoBoM coctaBe ucxoaubx TizAlC, 1 Mmogudumpo-
BaHHBIX KPHOTEJICBBIX KOMIIO3UTOB IOJIyYEHbI METOAOM
penrreHogaszoBoro anamuza (XRD). Cnexkrper XRD
UACHTH(UIMPOBAIH C TIOMOIIBIO0 PEHTTEHOBCKOTO AN(-
paktometpa (Rigaku SmartLab, SImoHus) ¢ BEICOKO3HED-
rernaecknM pazpemenuem 2D HPAD-nerekropa HyPix-
3000. MaTepuaisl CKaHUPOBAIM B [Hana3oHe ot 5 1o 70°
¢ yrmom audpaxmun 20 mpu 40 kB n 40 MA.

1.7 Ancopouust MC u oTokaTaaurudeckue

XapaKTepUuCTHKH

@DOoTOKATAINTHIECKYIO aKTHBHOCTh CHHTE3HMPOBAH-
HBIX MaTEPHAJIOB ONPEACIISIIN C TOMOIIBIO (POTOXUMHUIE-
ckoro peakropa OKPC-B ¢ HenpepbIBHBIM CHEKTPOM C
noctossHHON aiuHo# BouHBI 500 HM. DoTokaTamuTHyEeC-
KH€ HCCIIeI0BAaHNS TIPOBOIMIIN B KBapIIEBOM COCYAE TPH
KOMHATHOW TeMIiepatype AByMs NapTHAMU: yepe3 2 4 U
3,5 4 mociie 3amepa CTeNeHu acopOLUK B TEMHOTE B Te-
yenue 30 MUH U 2 4, COOTBETCTBEHHO. B 0001x ycnoBusx
10 Mr xpuorens ¥ KOMIIO3UTOB Ha OCHOBE KPHOTEJIs OC-
TopokHO aucneprupoamun B 400 mn pactBopa MC
(30 mr/n) u mepememuBanu B Teuenne 30 MuH U 2 9 (B
3aBHCHUMOCTH OT 3KcmepuMenTta) npu 100 o0/MuH mist
JIOCTHIKCHUSI paBHOBECHS aJICOpOIMsA-IecopOnus mepen
¢dorokatanmzomM. CKOPOCTh MEPEMEIINBAHUS BBICTABIIS-
nack Ha 300 00/MuH 11 Bcero kcrepuMenTa. Tok pea-
KTOpa OB yCTAaHOBJICH Ha YPOBHE 6 A, a HaNpsDKCHNE Ha
ypoBHe 110 B. Peaktop OBUI MOAKITIOUCH K IUPKYIISIIH-
OHHOI cHUCTEME C BOASHBEIM OXJIAXKICHHEM, YTOOLI H30e-

KaTh KOJNeOaHU TeMmeparypbl Ha MPOTSHDKCHUH BCETO
aHanu3a. POTOKATATUTHYESCKUE HCCICIOBAHUS MPOBO-
JIMJIACH B TEUCHHE JBYX YacoB, M Kaxble 30 MUHYT OT-
oupanu obpaser; o0bemoM 1 M it ananusza B Y D-Bu-
JUMO#t 0071acTH, YTOOBI OTCICKHUBATE MTYTh IerpaJallui
xpacurens MC B Bofe.

2. PE3VJIbTATBHI U OBCYXJIEHUA

2.1 Xapakrepu3auus CHHT€3MPOBAHHbBIX

00pa3uoB

Ha pucynke 1 mpezacTaBieHsl JaHHBIC aHAIH3a MOP-
(oyornu MOBEPXHOCTH MOTydEeHHBIX 00Pa3IoB, KOTOPAs
OblTa MCCIEeOBaHA C MOMOIIBIO CKAaHHPYIOIIEH JJIEKT-
pounHoii Mmukpockomnuu. J{ist MXene HaOm0gaeTCS TUTIH-
YHasi aKKOPJIEOHHAsI CTPYKTYpa C MEKCIIOEBBIM paccTosi-
HUeM okoJio 1 HM (pucyHok 1, a). COM cHuUMKH u1s 00-
pastia MXene/Ag CBUIETEIBCTBYIOT 00 YCIICIITHOM POC-
Te HaHOYACTHI Ag Ha TOBEPXHOCTH M MEXIY CIOSMH
MXene (pucyHok 2 B). Ha COM cHuMKax aist 00pa3ios
YHUCTBIX ¥ MOJU(DUIIMPOBAHHBIX KPHOTENEH OTYETIHBO
BU/IHA MaKpPOIIOPHCTasi CTPYKTYpa C B3aUMOCBSI3aHHBIMH
IMopaMy ¥ TOHKAMH CTeHKaMu (pucyHok 1, 6, ). B ciy-
Yae C YMCTBIM KPHOTENIEM 3TH CTEHKH MMEIOT IJIaJKyIo
MoBepXHOCTh  (pucyHok 1, 0), Torma  Kak  JjId
MXene/Ag/4VP-MAAC Ha ux TIOBEpXHOCTSIX HaOIoaa-
I0TCSI HAJIMYKe HeOTHOPOIHBIX 00pa3oBaHUi MmocJie mpo-
BeZIeHHs Ipoliecca ux Moaudukauu (pucyHok 1, r). He-
OJTHOPOJTHBIE pacIipeAesIeHus IIop Mo pa3MepaM s 00-
Pas3IloB YHUCTHIX U MOAU(PUIIMPOBAHHBIX KpUOTesel Obun
paccyMTaHbl U Haxoawiuch B auamna3zone ot 10 mo 30
MKM.

Pucynoxk 1. COM-uzo6pasicenus: MXene (a); 4VP-MAAc (6); MXene/Ag (8); MXenel/Agl4VP-MAAC (2)
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MXene
MXene@Ag a
MXene@ Ag/AVP-MAAC

(111)

(002)

(004)

(008)
(220}
(311}

Intensity,(arb,unit)

15 25 35 45 55 65 75
26,(deg)

7,

AVP-MAAc

Mxene@Ag/4VP-MAAC

Transmittance,(arb,unit)

3400 2400 1400 400

Wavenumber,{cm™)

Pucynok 2. Penmeenozpammel (a) u UK-Dypove-cnexmpockonuueckuii anaius (6) MXene, MXene/Ag, MXene/Ag/MAAc

JAnst viccnienoBaHust CTPYKTYPBI OIyYSHHBIX KOMIIO-
3UTOB OBIT TNPOBEICH PEHTICHOCTPYKTYPHBIN aHamu3
(XRD) no u mocie MOTU(HKAIIMA MHOTOCIONHBIX
TisC,Tx uacTuniamu cepedpa, a TakiKe 1Mocje BHEIPEHHs
UX B TPEXMEPHYIO CTPYKTYpY Kpuoreneii (pucyHok 2, a).
Pentrenorpamma aist MXene 1eMOHCTpUPYET XapakTep-
uere aku st Ti3Co Ty (002), (004), (008) u (110) mpu
3HaueHuax 20, 6.18°, 18.25°,27.68° u 60,55° cooTBeTCT-
BeHHO. B ciyuyae ¢ MXene/Ag HaOnMO1a10TCI HHTCHCUB-
HBIE NTUKH, KOTOPBIE COOTBETCTBYIOT miockocTsaM (111),
(200), (220) 1 (311), uTo yKa3bIBaeT Ha XapaKTepHBIE MTU-
ku cepedbpa (JCPDS no. 04—0783), a McHee HHTCHCHUB-
Hele nuku maockocteit (002), (004) u (006) cooTBeTCT-
BylOT MHorocnoiHoi crpykrype TisC,Tx. Penrreno-
rpamma it MXene/Ag/4VP-MAAC nmMeeT geThipe OT-
YETIIMBBIX TNHKa Ag, 9YTO IOATBEPKAACT BHEAPECHHUE
MXene/Ag B amopdHYT0 MaTpuIty kKpuorens. s gomo-
JHHUTEIBHOTO HCCIEOBaHUS IOJMYYEHHBIX 00pa3loB
ObUI MPOBEJICH aHaN3 C MOMOIIBI0 HH(ppakpacHoit Dy-
pre-criektpockomuu (FT-IR) mpu ucmons30BaHAA pekH-
Ma TIOJIHOTO OTpaskeHHs (pUCYHOK 2, 0). Micxons u3 naH-
HBIX, g ynctoro 4VP-MAAC mMK IpUMEpHO MpH
3300 cm?  coOTBETCTBYET BalEHTHHIM KOJEOAHMAM
rpynn -OH, a octpelii ik npu 2927 cm~! oTHOCHTCS K
mojiocaM BaJIeHTHBIX kosiebanuit C—H. [lns onuHapHBIX
ceszeit -CH-, -CHj-, -CHz- cniekTp moriomienus Haxo-
murest B obmactr 2026 cm L, 2167 em ™t u 2358 em ! co-
oTBeTcTBeHHO. [Tuku nBoitHON acumMerpuu npu 1600 u
1542 cm! csazann ¢ amuauoi (1) u amunnoit (II) rpyn-
namu cooTBeTcTBeHHO [25]. [luk mnornowmeHuss npu
1398 cm ! BosHmKaeT m3-3a m3ru6a —~OH rpymmer kap6o-
HOBOM KHCHOTHI. I1010CHI BaJEHTHBIX KOJIeOAHUH TPy
C-O-C u C-OH nabmopanuch npu 1217 em?, 1132 cm™t
u 1051 cm™ [26]. JIBe OCHOBHBIE XapaKTEPHCTHUECKIE
nonocs as TisC, MXene nabmonganucs npu 3500 cm !
u 1600 cm 2, uto coorserctByer O-H n —C=0 cootsert-
cTBeHHO. Kpome TOro, mojoChl TOTJIOMICHHUS TpH
1616 cm ! m 1494 cmM ! nokaseIBAOT IPUCYTCTBHE aMu-
na, a nojgoca C=0 oOycnosiena npucyrctsueM N,N-au-
METWIAKPUIAMUJIA, SIBIISIOMIETOCS OJHUM M3 OCHOBHBIX
IpeALIeCTBEHHUKOB. B o0pa3ue Habmronanack ciabas
nosioca N-H amuna nipu 3150 cm L. On Tarke umeer xa-
PaKTEpHYIO UMUIHYO rpynmy nipu 1612 cm™! s usru6a
C-N.

2.2 Dd¢dhexkTHBHOCTD yaaJeHUS

221 Aocopouuonnasn 3¢ppexmuernocmo

Cuneprerndeckuii a3pdekr ancopbimu u porokara-
JIUTUYECKOTO PA3JIOKEHUS Ul TOJyYEHHBIX KOMIIO3HU-
TOB OBUI BBISIBJICH IO OTHOIICHMIO K yxameHmo MC
(30 mr/n, 400 M1, pH=8) u3 BogHOrO pactBopa. JlaHHbIC
10 a/ICOPOIIMOHHON COCOOHOCTH OBUIN TOJYYEHBI TIPH
OTCYTCTBHUH yIbTPa(HOIETOBOrO OOIyIEHUS U IIpecTa-
BJIEHBI HAa pUCYHKE 3, a. [{ns nanpHeiero u3y4eHus me-
XaHU3Ma ylaJleHHus: ObUTH NMPUMEHEHBI MOZEIN TMCEBIO-
MIEPBOTO U MICEBJI0-BTOPOTO MOPSIIKA JJIsi COOTBETCTBUSI C
9KCIIEPUMEHTAILHBIMU JaHHBIMH. JIMHelHbIe (OpMBI
JaHHBIX MOJIENIEH UMEIOT B!

In(qe - G ) = InQe —Kit (1)
t 1 t
—=—t — @
on k2q§ Qe

rae (e — paBHOBECHAs aICcOpOIMOHHAS EMKOCTh, (t ajl-
copOIHOHHas EMKOCTD B OTPEICICHHBI MOMEHT BpeMe-
HH, t — Bpemst aicopbimy, a Ky u Ko sBIsieTest KOHCTaHTOM
CKOpPOCTH aJCOpOIMH ISl TICEBIO-TIEPBOTO U TICEBIO-
BTOPOTO TIOPSIIKA, COOTBETCTBEHHO. ANCOPOUpOBaHHOE
kommaectBO MC (ct, MI/T) pacCYMTaHO COTTIACHO CIEIy-
oleMy ypaBHeHUIO (3):
Co—C )V
C, =( OW t) 0 (3)
total

rre Co 1 Ct (MI/J) 3TO KOHIICHTPAIMH HAYAIBHBIC H B MO-
MeHT BpemeHH t, Vo 11 Whotal 006EM pacTBOpa 1 Macca oopas-
113, COOTBeTCTBEHHO [27]. CoryiacHO TMHEWHOM OIICHKE 3KC-
TIEPIMEHTANIBHBIX TAHHBIX, MPEACTABICHHBIX HA PUCYHKE
3, 0, ObLIH OTIPE/IC/ICHBI 3HAYCHHUSI KOHCTAHTBI CKOPOCTH a1
copOIM U paBHOBECHBIE aJICOPOITMOHHBIE EMKOCTH. Jlis
xommozuta MXene/Ag/MAAC 3KcriepuMeHTAIbHBIE J1aH-
HBIC a7[COPOIIMH COMTOCTABMMBI CO 3HAYCHHUSAMH /IS YHCTO-
ro KpHOTrelsl W HIDKE B cpaBHeHHH ¢ MXene/Ag/4VP-
MAAC, 9T0 BO3MOXHO CBHJETEIILCTBYET O YACTUIHOM 3a-
OWBaHWM TIOPHICTOM CTPYKTYPBI KPUOTENS YacTHIIAMHU
MXene/Ag. 13 naHHBIX MOJEIUPOBaHHS KHHCTUKH TICEB-
JIO-TIEPBOTO (PHCYHOK 3, 0) M IICEBO-BTOPOrO MOPSIKOB
(prCYHOK 3, B) CIIEyeT, YTO MOJEIb IMICEBA0-BTOPOro MO-
psIKa JTydine KOPPeIHpyeT ¢ SKCICPUMEHTATBHBIMU JaH-
HBIMH, YTO TOBOPHUT O MPOILIECCE XMMHUUYCCKOU aacopoImm
KpacHTelIsl CHHTE3UPOBAHHBIME 00pa3iiaMu.
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Pucynok 3. A0copbyuonHas emKocms 8 3a8UCUMOCU OM 8peMeHl 0J1A pA3IUYHbIX 00pasyos npu pH=8 (a);
KuHemuyeckue spaghuxu ncesdo-nepgozo nopsaoxa aocopoyuu MC (6); kunemuueckue epaghuxu

nceg0o-emopo2o nopsioka aocopoyuu MC (8)
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Pucynox 4 Dghpexmusnocmo pomoxamanumuneckoeo yOaieHus 6 3a8UCUMOCHU OM 8PEeMEHU
OJIsL pasnuuHbIX 00pasyos: epems 6osoevicmeus Y O-uznyuenus (a) 3,5 waca u (6) 2 uaca;

2.2.2  Cunepzus adcopouuu u ghomoxamanusa ons

yoanenusa MC

HccnenoBanre (GOTOKATATUTHYECKOTO PAa3I0KEHHS
MC (30 mr/n, pH=8) 6b1;10 TIPOBEACHO NP BO3ACUCTBUU
ynbTpaduosneroBoro obmydenus (500 am, 660 BT) ¢ Bpe-
MeHeM 00iydeHus 2 u 3,5 4, Ipy 3TOM IpeIBapUTEIbHO
poBoIMIIachk ajgcopouus 2 9 1 30 MUH COOTBETCTBEHHO
(pucyHok 4). Kunernka QoToOKaTaIMIecKoi qerpaialim
OblIa ccileIoBaHa ¢ IIOMOIIBIO MOJIEIIH TIEPBOTO HOPS-
Ka, corsiacHo (opmyiie (4):

C
n| 2 |=k t
n(coj P

(4)

e, KaK 4 B ciiydae ¢ agcopouueit Co u Cr (Mr/J1) 3TO KOH-
LEHTPaly B Ha4YaJbHBIH U B ONpPEIEJICHHbIE MOMEHTBI
BpeMenH t, a K, sIBIISIeTCSl KOHCTaHTa CKOPOCTH PEaKITHH.
B cnygae, xorna o0irydenre aamioch 3,5 4, a agcopouus
30 MuHyT, HaOMIOIaeMbIe 3HAUYCHUSI KOHCTAHT PEaKIuu
it obpasnoB MXene, MXene/Ag, MXene/Ag/MAAc
cocrasmm 0,0014, 0,0014 u 0,0025 mMuH* cooTBeTCT-
BeHHO. Kommosur MXene/Ag/MAAc mokaszan Makcu-
MaspHOe obuiee yaaineHne MC, KOTopoe JOCTHIIIO 3Ha-
yeHust 651 Mr/r 3a cuer cuHeprudeckoro 3¢ddexra an-
copOI 1 (HOTOKATATTUTHIECKOTO Pa3OKeHUs (PUCY-
HOK 4, a). 3ameTHOrO ynyumenus yganeHuss MC He Ha-
0JII01aJ10Ch B CITyYae, Korja BpeMsi afcopOrmu (B TEMHO-
Te) u poronerpanamust MC mmmmmcs 1o 2 49 (pUCYHOK
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4, 6). Ilpu 3ToM B 000WX CIIy4asx TUHAMHKA yIAIICHUSL
MC umeeT cX0oXHii XapakTep.

Bnussane MXene Ha mporniecchl aacopOuu u Gporto-
KaTaJuTHueckoro pasioxeHusi MC MOXHO OOBSCHUTDH
CIIEAYIOMM 00pa3oM: BO-IIEPBBIX, HATMYHUE MHOTOYHC-
JICHHBIX (YHKIMOHAJIBHBIX TPYII NPUBOAUT K HOHHO-
IIEKTPUUECKOMY B3aHMMOJICHCTBHIO U, CIICJOBATEIBHO, K
Tydmed aJcopOIHMOHHON CIIOCOOHOCTH; BO-BTOPEIX,
MXene MMeEET OTIMYHYIO BJIEKTPUYECKYIO IPOBOAM-
MOCTB, YTO BO3MOKHO CIIOCOOCTBYET pa3JieieHHIo (hoTo-
WHIyIUPOBAHHBIX 3aps/I0B, CHIKas KOJHIECTBO HX pe-
KOMOHMHAIMH ¥ TEM CaMbIM yBEIH4YNBasl (POTOKATAIUTH-
YeCKy10 akTUBHOCTH [28]. C 9T0i1 TOUKH 3peHHUs, OUeBUI-
HBIM sBJIeTCS (aKkT BIUSHHS CTPYKTypsl MXene, Tak
KaK POBOANMOCTD JUIsl OJHOCIIOWHBIX CTPYKTYP B JIECSIT-
KU pa3 BhIIIE B CPABHEHUH C MHOTOCJIOHHOM CTPYKTYpO#
[29], uTro moxaTBep}kAAaETCS M MOTYYEHHBIMH JKCIEpH-
MCHTaAJIbHBIMU NAaHHBbIMU. C L[pyFOﬁ CTOPOHBI, BKIIIOYEC-
HHE HaHOYAaCTHIl Ag yIydlIaeT CIIOCOOHOCTH MOTJIOIIe-
HUSI CBETA, KOTOPHI BO30YXKIaeT OBEPXHOCTHBIE HJICK-
TpOHBI HaHOYacTHI Ag 3a cueT 3pdexTa MOBEPXHOCTHO-
IO IUIa3MOHHOTO PE30HAHCA, KOTOPBIE TAK)KE YIaCTBYIOT
B pasznoxeHnu MC Gnarogaps 3axBaTy 3THX 3JIEKTPOHOB
Moznekynamu Oz ¢ 00pa3oBaHHEM aHUOH-PAUKATIOB HIIH
ITyTeM OKHCIIEHUS TMJIPOKCIIBHBIX rpyni. Takum obpa-
30M cuHeprernueckuii apdexr ynansenuss MC u3 BoHO-
ro pactBopa c MPUMEHEHUEM KOMITO3HTa
MXene/Ag/MAAC ocCyIIeCTBIICH 3a CUET CIOKHBIX Me-
XaHU3MOB acopOLuy U (GOTOKATATUTHYECKOTO Pa3iio-
xenuns [30—32]. BaxxHO OTMETUTB, UTO 7151 O0Jiee Tay0o-
KOTO TMOHMMAaHHS BCEX IPEAJIOKEHHBIX MEXaHHU3MOB H
OTIPEJIETICHUH POJIN KaXKIOTO 10 CPABHEHUIO C JPYTHMH,
BO3MO)KHO HEOOXOIMMBI HCCIICIOBAHMS BIHUSHUS JITHHBI
BOJIHBI O0JTy4eHUs, 3arPy3KH YacTHIl NIEPEXOJHOTO Me-
TaJUla ¥ yAaJIeHHe PYTruX THUIIOB OPTaHUYECKUX KpacH-
Tenei.

3AKJIOYEHUE

B 3akmrodeHun MBI cOOOIIAEM O TMOPUCTOW KOMIIO-
3UTHOW CTPYKType Ha OCHOBE TPEXMEPHOTO KPHOTE,
MXene u HaHOYACTHUI] OIATOPOTHOTO MeTallIa, 0bIana-
IoIIei BBEICOKOW ancopOIMOHHON U (OTOKATATUTHIEC-
KOW aKTMBHOCTHIO TIO OTHOUIEHHIO K ynaneHuio MC. B
UTOTe, NOJYYCeHHBIH KoMmo3uT MXene/Ag/MAAc mpo-
JIEMOHCTPUPOBAJ BBICOKHI cuHepreTndeckuii addexr
azicopOMK-PoTOKaTAIN3a OPraHUYECKOro KpacuTels
MC B 3amaHHBIX ycloBHAX. [IpenMmylecTBOM Takoro
KOMIIO3HTA SBISAETCS MOAXO0J K KOHTPOJINPYEMOMY CHH-
Te3y, a TakKe KOMOMHHPOBaHHAsl NMPUpOJIAa KpUOTeJeH,
MXene u HaHOYacTHI] Ag, KOTOpas criocoocTByeT ¢ de-
kTuBHOMY ynaneHuto MC. Kpome Toro, Mel npoaeMoH-
cTpupoBany, 4ro MXene GaronpusTHO BIMSET Kak Ha
npouecc aacopOIyu, Tak U Ha Impolecc (OoToKaTaIUTH-
YECKOT0 PA3JIOKEHHS 32 CUST HAJIMIUSI MHOTOUYHCIICHHBIX
(YHKIMOHAIBHBIX TPYIII, 33 CYET KOTOPBIX YBEJINYMBa-
eTcsl aJcOpOIMOHHAs CIIOCOOHOCTH Martepuana. I[Ipm
sToM MXene UMeeT OTIMYHYIO JEKTPUUECKYIO MPOBO-
JIMMOCTb, YTO CIIOCOOCTBYET pa3/esIeHHuI0 (OTONHIYIH-
POBAHHBIX 3aps/IOB, CHIKAsI KOJIMIECTBO UX PEKOMOMHA-

IMA ¥ TeM CaMbIM yBENM4YHMBas (POTOKATATUTHYECKYIO
akTHBHOCTH. C JIpyroil CTOPOHBI, BKJIIOYEHHE HaHOYA-
cTul Ag yiaydliaeT CriocOOHOCTH IOTJIONICHUS CBETa,
KOTOPBIH BO30YX/1aeT MOBEPXHOCTHBIE 3JIEKTPOHBI HAHO-
yactull Ag 3a cueT 3 eKkTa HOBEPXHOCTHOTO Ia3MOH-
HOT'O pE30HaHCa, KOTOPHIE TAKXKE YYacTBYIOT B pasJloxKe-
nur MC Oxaromaps 3axBaTy 3THX 3JIEKTPOHOB MOJIEKY-
nmamu Oz ¢ 00pa30BaHNEM aHHOH-PATUKAIIOB HIIH ITyTEM
OKHUCIICHUS THAPOKCHIBHBIX Irpymil. bonee Toro, mpocro-
Ta METOZa MOIyYeHHs KOMIIO3UTa U OTCYTCTBHE HE00XO-
JIMMOCTH HCIIOJIb30BaHUS TOPOTOCTOAIIETO 000pynoBa-
HUs genaer kommo3uTel MXene/Ag/MAAc mpusneka-
TENBHBIMU | JJIS IPYTUX 001acTel HCClieIOBaHUM.

bnazooapnocmu

Paboma evinonnena npu noodepoicke Munucmepcm-
6a obpazoeanus u nayxu Pecnybnuxu Kaszaxcman 6 pam-
kax npoexma AP09259907.
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CYJAH METUJIEH KOI'TH (Mb) AJIYFA APHAJIFAH KEYEKTI YIII OJIIIEM/JII KPUOTEJIb,
MKCEH K9OHE KYMIC HAHOBOJIIIEKTEPIHE HEI'I3JJEJI'EH KOMITIO3UT

A. Hypmapin®, I K. MerGeny?, ©. Caraesa?), I11. Taybinoaes™?, O. Boiimenon?

D Acmana ¥nmmux sepmxanacwvt, Hazapoaes Ynusepcumemi, Hyp-Cynman, Kazakcman
2 Aoponvix pusuxa uncmumymst, Aimamol, Kazaxkcman
3) Hnorcenepnix scone yugpnvix zoivimoap mexmedi, Hazapoaes Ynusepcumemi, Hyp-Cynman, Kazaxcman

By 3eprreyne 6i3 keyekti 3D kpuorensre xone Ti3C2Tx Mxene HaHOMapaKTapblHa, COHIAN-aK ©3MIriHEH KYPacTHIPY
apKBUTBI aJIBIHFaH JkoHe MeTwieH kokiH (MB) xxorora Koinansuran Ag HaHoOemmekTepine (MXene/Ag/Cryogel) Heriz-
JIENTeH JKaHa KOMIIO3HUINS TYPaJbl Xa0apiaalMBbI3.) aacopOnus xKoHe (POTOKATATUTHKANBIK ACTPadais CHHEPTU3MIMEH.
AnbiHFaH KoMIo3UTTepAiH MK-HBI JKOIOFa KAaTBICTBI CHHEPTHSUIBIK ocepl KPHOTENBIIH TaMama ancopOLMsUIBIK
KabineriMeH sxoHe MXene/Ag (hoTokaTamUTHKAIBIK OenceHuliriMer 6ainanpicTel. OpblHOanFaH 3eprreyiep MXenes
KenTereH (GyHKIIMOHAIIBIK TONTapAbIH 00JybIHA OalNaHBICTHI aICOPOIIMS MTPOIIECIH FaHa €MeC, COHBIMEH KaTap jKOFaphbl
AJIEKTP OTKI3TIIITITiHIH apkacbiHga CM (oTOKaTaTUTHKAIBIK BIABIPAYBIH YKaKcapTaThbIHBIH KepceTTi. COHbIMEH KaTap,
Ag NP xocburybl GETTiK IUIa3MOH/IBI pe30HaHC acepi apKplibl Ag NP 0eTTik 2IeKTpoHIapblH KO3IbIPATHIH KAaPBIKTHI
CiHipy KabineriH »akcapransl. JKanmel ajgraHja, alblHFaH HOTHXKENEP aJCcOpOLMSUIBIK-(DOTOKATATU3IIH CHHEPTHSIBIK
acepi OpraHUKaJIbIK JaCTAYIIbl 3aTTAP Il KOOBIH THIM/L dfiCi EKEHIH KopCceTe .

Tyiiin co30ep: kpuozenv, MXene, kymic nanoberutekmepi, adcopoyust, GomMoKamanius, OP2aHuUKaiblK O0sy.

COMPOSITE BASED ON POROUS THREE-DIMENSIONAL CRYOGEL, MXENE AND SILVER
NANOPARTICLES FOR REMOVING METHYLENE BLUE (MB) FROM WATER

A. Nursharip?, H.K. Megbenu®, A. Sataeva?, Ch. Daulbaev!?, A. Baimenov?

D Astana National Laboratory, Nazarbayev University, Nur-Sultan, Kazakhstan
2) Institute of Nuclear Physics, Almaty, Kazakhstan
% School of Engineering and Digital Sciences, Nazarbayev University, Nur-Sultan, Kazakhstan

In this study, we report a novel composite based on a porous 3D cryogel and Ti3C2Tx Mxene nanosheets, as well as Ag
nanoparticles (MXene/Ag/Cryogel), which was obtained by self-assembly and applied to the removal of methylene blue
(MB) with synergism of adsorption and photocatalytic degradation. The synergistic effect for the resulting composites
with respect to MC removal is associated with the excellent adsorption capacity of the cryogel and the photocatalytic
activity of MXene/Ag. The studies performed have shown that MXenes improve not only the adsorption process due to
the presence of humerous functional groups, but also the photocatalytic decomposition of SM due to their high electrical
conductivity. In addition, the incorporation of Ag NP improves the ability to absorb light that excites the surface electrons
of Ag NP through the effect of surface plasmon resonance. In general, the results obtained indicate that the synergistic
effect of adsorption-photocatalysis is an effective way to remove organic pollutants.

Keywords: cryogel, MXene, silver nanoparticles, adsorption, photocatalysis, organic dye.
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BectHnk Hsid PK

BbInyck 4, nekabpb 2022

IMAMSATH BJAJUMHUPA TIETPOBUYA COJIOAYXHUHA

(12.04.1941 — 31.10.2022)

31 oxTsops 2022 roga Ha 82-M roay ymiesa u3 KH3HH
IJIABHbIH HAY4YHbIH coTpyaHuK MHcTUTYTa SiAepHO#
¢uszuku, HayyHblli pykoBoauTeab lleHTpa kKomm-
JICKCHBIX IKOJIOTHYECKHX UCCJIeJOBAaHU I, J0KTOP (u-
3MKO-MATEeMATHYECKUX HAYK, 4eH MeKayHapoaHo-
ro paauoxumuuyeckoro od6mecrsa COJIOAYXHUH
Baagumup IlerpoBuy.

Buagumup Ilerposuu Cononyxus poauics 12 ampe-
a1 1941 rona B r. Cnaccke [Ipumopckoro kpast B ceMbe
BOCHHOCITYXAIIero.

Herckue roxst Comonyxuna B. I1. mponum B Y36e-
kuctane, r. Camapkann (1941-1945r1r.); B PymbInum,
rT. Byxapect, Tumumoapy, Apan, Ilmoemrn (1945-
1947 rr.); B Kopee, r. IIxenbsia (1947-1949 rr.); B Ku-
tae, r. [lopt-Aptyp (1949-1954 rr.). C 1954 roaa mo-
CTOSIHHOE MECTO XHUTEeNbCTBA — I'. Atma-ATa.

B 1958 1. oxonumn cpennioro mkoiry Ne 20 u mocty-
T Ha pusngecknid paxymnpret Kas['y. B 1963 r., mocne
okoHuanus obdyuenust B Kas['V (kadenpa paguoaxkTus-
HBIX n30TOMNOB) ObLT pacnpeneneH B AP AH KasCCP.
B 1964 r. moctynun B actiupanTypy (pyKOBOANUTEIb — JIa-
ypeat Jlenunckoil u I'ocynapctsennoit IIpemuit CCCP

Coxonbckuii B. B.). [lanpHeiimas TpynoBas IesTelb-
Hoctb Cononyxuna B. I1. cszana ¢ USAD. 3anuman gon-
KHOCTH OT MHXKEHepa 10 3amecTuTens aupekropa. Ha
MIPOTSHKEHNHM MHOTHX JIET PYKOBOJIUII JIabopaTopuei ak-
THUBAIMOHHOTO aHaIH3a (MI03Ke MEPEUMEHOBAHHOH B J1a-
6opaTopuro sIepHO-HU3NIECKUX METOJOB aHAIIN3A).

Comonmyxus B. I1. sBisteTcs crieraaincToM B odac-
TH SIIEPHO-(PU3UIECKUX METOIOB aHAIIN3a U UX HCIIOJb-
30BaHUS IS PELICHUS] BCEBO3MOJKHBIX HAYYHBIX U MPaK-
THUYECKHUX 3a/1a4. Ero Hay4HbIe Hccae10BaHUS 0XBAaThIBA-
10T IIMPOKUI KPyr MpobJeM IOJyNpOBOJHUKOBOM TeX-
HUKH, T€0JOTUH, He(hTEXUMUH, IKOJOTUH, PaTUOIKOIIO-
THU ¥ IpYTUX cep HayKH 1 TeXHUKH. [Ipn ero akTHBHOM
y4acTUH B JaOOPAaTOPUU pacCUUTaH, pa3paboTaH U CO3-
JAaH MAarHUTHBIA O€3)KEeJe3HbI TOPOHMIANBHBINA OeTa-
CIIEKTPOMETP «ANEIBCHH», PACCUNTAHA, CKOHCTPYHPO-
BaHa, M3TOTOBJICHA M YCTAHOBJICHA B 3JaHUM PEAKTOpa
BBP-K naeBmMoTpancnopTHas cucteMa Jiisi akTUBaLlOH-
HOTO aHaJIM3a [0 KOPOTKOKUBYIIUM M30TOIaM; pa3pado-
TaHO, M3TOTOBJICHO U UCIIBITAHO CIELHaIbHOE YCTPOICT-
BO U1 00Iy4eHus HehTH OONbIHM (IIFOSHCOM HEHTpO-
HOB Ha peakTope BBP-K.

Pazpaborannsiii CononyxunsiM B. I1. meTos akTuBa-
LIMOHHOTO aHaJIK3a Mo AJIEKTPOHAM BHYTPEHHEH KOHBeEp-
CHH OBLI YCIICIIHO MPUMEHEH JUISl HCCIIEA0BAHUS CTPYK-
TYpbl aHOMaJILHO (DOTONPOBOALIUX TOJYIPOBOASIINX
IUIEHOK CeJIeHu1a pTyTH. PaGoThI MPOBOAMINCE IO TEMa-
tuke akageMuka AH Ka3CCP Kopcynckoro M. U.
BriepBrie 3KCTIEpUMEHTAIbHO OBIIIO YCTAHOBIEHO, YTO
TaKue MOJYIPOBOAHUKH UMEIOT HE CIUIOIIHYIO, a IPEePHI-
BUCTYIO «OCTPOBKOBYIO» CTPYKTYPY, UTO B 3HAYHTEI]b-
HOHN CTENEeHHU CII0OCOOCTBOBAJIO MOHMMAHMIO MEXaHU3Ma
aHomasibHOH (hororpoBoauMocTH. [To pe3ysbraram 3THX
pabot B 1978 1. OH 3amUTHI KaHIAUAATCKYIO JHUCCEPTa-
nuio Ha TeMy «OmpeneneHue 3JeMEHTHOTO COCTaBa Io
3JIEKTPOHAM BHYTPEHHEH KOHBEPCHUI.

3HaYNTeIbHBIN 00BeM HAyYHBIX HCClIeoBaHM Bia-
nuMupa IleTpoBuua MOCBSIIEH METOJMYECKHM pas3pa-
00TKaM 1 N3yYEHUIO MUKPOIJIEMEHTHOTO COCTaBa HeTpa-
JUIHAOHHBIX YIJIEBOJOPOAHBIX MCKOIAEMBIX: BHICOKOBS-
3kue He(TH, He(pTEeOUTYMUHO3HBIE TOPOIBI, MPUPOJIHEIE
OUTYMBI, TOPIOYHE U YIIIUCTHIE CIIAHIBL. JTa paboTa BbI-
MOJIHSUIACh IPU KOHCYJIBTAllUM CO CTOPOHBI aKaJeMHKa
AH Ka3CCP Hanmuposa H. K. Pa3paboranssie mmoj pyxo-
BoactBoM ComnomyxuHa B. I1. MeToauKu MCTIOIH30BaHBI
JUI. W3YYEHHUs COCTaBa MCKOMAEMBIX YTIIEBOJOPOIOB
pasIuYHBIX MecTopoxkaeHui KaszaxcraHa W ObIBIIETo
CCCP. B moxgapnstomieM ux 00JIbIINHCTBE O0OHAPYKESHBI
MTOBBIIIEHHBIE COJIEPIKaHNS [IEHHBIX METAJUIOB BaHAIUS U
HUKEJIs,, BO MHOTHX — MOJINO/IeHa, TUTaHa, XpOMa, 30J10-
Ta, cepedpa, masa s 1 wiatuHel. Kpome toro, onpesne-
JIEHb! KOHLEHTPAIUH HKOJOTHUECKU U TEXHOJIOTUYECKU
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NAMSTY BNAAUMUPA ETPOBUYA COMOAYXUHA
(12.04.1941 — 31.10.2022)

BPEIHBIX IPHMECEH: MBIIIBSK, cepa, OpoM, CeleH, Cypb-
Ma u Jp. BeInonHeHHbIe nccae 0BaHus CIocOOCTBOBAIH
PELIEHUIO TPOOIEMBI KOMITJIEKCHOTO OCBOEHHS ITPUPOI-
HBIX PECYPCOB.

B 2009 r. Cononyxun Bnamumup [lerpoBuu 6aectsi-
111e 3aIUTHII JUCCEePTAIUIO HAa COUCKaHNUe YUEeHOI! cTere-
HU JIOKTOpa (DPM3UKO-MATEMaTHYECKHX HayK MO JABYM
cnenranbHOCTIM «01.04.01 — mprbOOpEI U METOMBI FKC-
nepuMeHTanbHON Qu3ukm» U «03.00.16 — sxonorHsa» 1Mo
TeMe «SnepHo-hu3ndecKkre METONBl B PEHICHUH MPoo-
neM HeTAHOH oTpaciu u sKkonorun Kasaxcranay.

Comomyxusn B. I1. snsercs coaBropom MoHOTpadun
«Metaiel B HeTax» u Oonee 300 HaydyHBIX PadOT,
OITyOJIMKOBAaHHBIX B Pa3JIMYHBIX HAYYHBIX M3JaHusX. Pe-
3yJIBTATHl 3THX PabOT J0N0KeHbI Ooiiee yeM Ha 80 Mex-
JTyHapOJHBIX, Beecoro3ubix n Pecnydnmkanckux koHde-
PEHIUAX U COBEUIaHUsAX. VIMeeT aBTOpPCKHE CBUAETENb-
CTBa Ha M300peTeHus U siBiusercs coaBTopoM IlaTeHTa
PK Ne 5042 «Cmoco0 BeIeneHUS U KOHIICHTPUPOBAHUS
IUTyTOHUS ¥ aMmepunus U3 o4 CeMHUnataTHHCKOTO Ho-
sroHa». CoaBTOpP OTKPBITHSA IIATH MECTOPOKACHUH Ba-
Hazus B HeTsax [ToBomkes. B kauecTBe skcnepTa 1o Bo-
pocaM paJlalioHHON 0Ee30IacHOCTH NMPHUHMMAN yda-
CTHE B ayJUTaX NpeAnpusATHi o 1o0brue ypana. Ha mpo-
TshxeHuu 6ogee 8 net (BmioTh 10 passaia CCCP) seisut-
cs uneHoM Hayunoro cosera CCCP mo nmpuiiokeHHIo
METOJIOB SIIEpPHON (DU3UKH B CMEXKHBIX 00JIACTSX, BO3-
rnasisiemoro akaaemukoM AH CCCP ®neposeim I'. H.,
a no3xke — wieH-koppecnonaeatoM AH CCCP MocrTo-
BbIM B. . Bragumup IlerpoBud Obin uneHoM Mexnay-
HApOJHOTO PaIMOXUMHUYECKOTO OOIIECTBA; YWICHOM Yye-
Horo Cosera USI® MD PK. 3a Bce Bpems padotel B UH-
cruryte Conmonyxus B. I1. akTHBHO ydacTBOBaI B 001IIe-
CTBEHHOH >XM3HH. B cTyneHueckue roabl sBISUICS dile-
HOM cOopHO#T koMauael Ka3['VY no mraBanuto. Pexopc-

MEH YHUBEpPCUTETA, HEOAHOKPATHBINA NpPU3EP MEPBEHCT-
Ba PecryOnuku. Jlonrue roapl sIBISUICS KalUTaHOM KO-
Manuabl MA®D mo Boseibony. AKTHBHO paboTal B mpod-
kome MHcTutyTa. Ha mpoTsykeHuN HECKOIBKUX JIET ObLI
npesugeHToM Jloma Yuensix USD AH KazCCP u onauM
13 aKTUBHBIX OPraHU3aTOPOB MexXAyHapOJHBIX COBEILa-
HU ¥ KoHpepeHIHH.

[ox maygnsiM pykoBoacTBoM Conoxyxuna B. I1. cy-
IIECTBEHHOE Pa3BUTHE MOIYYMIN PAANOIKOIOTNIECKUC
nccienoBanus. Pa3BuTa NpUHIMITHATIBHO HOBAst METOIO-
JIOTHS, BKIFOYAIONast B ce0s IUPOKHUN KOMITIEKC siiep-
HO-(M3UIECKUX, CIIEKTPOMETPHUIECKHX, PaJHOXUMHIEC-
KHX U APYrHX MeTonoB. [IpoBesneHbl oOcienoBaHus Ha
CeMunanaTUHCKOM UCIBITATEIBHOM MOJUTOHE, IPOIOJI-
JKAIOTCSI MCCIIEIOBAHUS Ha MOJMIOHE A3THp U Ha 00beK-
tax «Jlupa». BosnpminHCTBO paboT HALTK CBOE IPOIOJI-
JKEHHE TIpH BBITIONHEHUU psaaMexayHapoHbIx ITpoek-
ToB B pamkax nporpaMmMm MHTI[, HATO, MATATO u
ap. Bexyrcs paboTsl Mo paanannoHHOMY M THIPOXUMH-
YeCKOMY MOHHTOPHHTY BCEX TpPaHCTPaHWUYHBIX pek Ka-
3axcrana. VccinenoBaHus ciocoOCTBYIOT OOBEKTHBHOMY
MIOHUMaHHIO paJualioHHOW oOcTaHOBKM B Kaszaxcrane
U IVHAMUKU €€ Pa3BUTHS, a TaKXKe BBIPAOOTKE paruo-
HaJIbHBIX PEIICHHUH 0 BOIIpOocaM peabmiuTany Hanbo-
Jiee 3arpA3HEHHBIX TEPPUTOPUN HALlIEH CTPAHBL.

3acnyru Cononyxuna B. I1. ormedensl opaeHom Pe-
ciy6nuku Kazaxcran «Kypmer», 30710TbIM 3HaKOM «3a-
CITy)KCHHBIN pabOTHHK aTOMHOW oTpaciiu PecnyOnuku
Kazaxctan», a Takxke nmodeTHelMu rpamoramu MH-AH
PK, MOMP PK u HAII PK.

Kosrern n ydeHnKy HaBceria COXpaHsT CBETIYIO Ia-
MsATh 0 Bragumupe [erpoBuue, kak 06 0JHOM U3 HanOo-
Jlee aBTOPUTETHBIX YYEHBIX, MPU3HAHHBIX HE TOJBKO B
Halel cTpaHe, HO, M IaJIeKO 3a ee MpejesiaMu, a TaKkxKe
00 yBaXkaeMoM, J0OPOM M OT3BIBYMBOM YEJIOBEKE.
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TPEBOBAHUS K ODOPMJIEHUIO CTATEN

Cratbu A7 MyONuKaLUK B XKypHaje OTIPaBISIOTCS aBTOpaMH MOCJIE PETUCTPAIMU Ha BeO-caiiTe xKypHaia B JIEKTPOHHOM BUJIE B
¢dopmare MS WORD (.docx), a mocie npuHATHS peIIeHHs O MyOIMKAI[MK CTaThU peaKuuei (M0 OKOHYaHUM Mpoliecca IPOBEPKH U
PELeH3NPOBaHMsI) — W B BUJE NEYATHON KOIHMH OKOHYATENILHOW pPENaKIMH CTaThbH C COTJIACHEM aBTOPOB Ha MyOJNHMKalHIoO M MX
MOANHUCAMH (I10 TI0YTE, KypPhEPOM H IIP. B aJIpeC PEAAKIINH).

Texct newyaraercs Ha auctax gopmarta A4 (210% 297 mm) ¢ momsamu: cBepxy 30 Mm; cHE3y 30 MM; caeBa 20 mm; cripaBa 20 MM, Ha
IIpUHTEpE ¢ BEICOKUM paszpemenueM (600-2400 dpi). [opu3oHTaNbEHOE pacIonokeHNe JTUCTOB He JTOITyCKaeTCsl.

HUcnonesyiite mpudt Times New Roman Bricotoir 10 mynkToB. [lokamyiicTa, HCHOb3yiiTe BCTPOECHHbIE CTHIM 3arojIOBKOB
(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 MEpBOH CTpaHHLBI JOJDKeH ObITh ykazaH uHiaekc Y JIK. HazBaHue cTaThy meyaraercsi HIDKE 3arJIaBHBIMU
OykBamu, B ojlHOM ab3arie. [Tocie 3Toro neyaraeTcs TEKCT KpaTKoii aHHOTauu Ha si3bike ctaThd (100—3000 cHMBOJIOB), M OTACIEHON
cTpokoii (mocie ¢passl Kirouersie cioa:) — kiroueBsbie ciioBa (5—10). lanee, co cnemyromiero ad3ama — OCHOBHOI TEKCT, COICpKAIIHNA
paznensl: Beenenne, OcHOBHYI0 4acTh 1 Pe3ynbTaThl (BO3MOXKHO, C OApasaenamMu), 3akimodeHne. [locie TekcTa craTbil MPUBOAUTCS
CITMCOK JINTEPATypHI (Ha SI3BIKAX OPUTHHAIOB) ¥ OJIOKH «Ha3BaHUE CTAThH, aHHOTALHS, KIIIOUEBHIC CIIOBA) HA JIBYX OCTaBIIMXCS S3bIKAX.

O6parure BuuManue, uto GHO aBTOpOB U MpeCTaBIAeMble OPTaHU3AIN B CTAaThE YKa3bIBATh HE HYXKHO, T.K. CTATbH NMIPOXOAAT
JIBOMHOE «CJIENOEe» pELEeH3UpOBaHue. DTy MHGOOpMANUI0 HEOOXOAMMO OyAeT 3alOoJHUTh Ha TpeX SA3BIKAaX (PYCCKOM, Ka3axCKOM,
aHIIIMICKOM) B (hopMe Ha BeO-caliTe mpu mojade craTbi. PekoMeHIyeM 3apaHee MOATOTOBHTH €€ B BHJE OTACIBHOIO JOKYMEHTA C
tabuiamu 1o o6pasity (cm. OBPA3EL] Ha crienyroleil CTpaHuIie) U MPHIOKHUTH K CTAThE.

JU7st TeKcTa CTaTbU MCTIONB3YIHTe OAUHAPHBII MEXCTPOUHBIH HHTEPBAJI, MEXKAy ab3allaMH He HY>KHO BCTaBILATH ITyCThIe a03ambl 1
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 crateii He0GXOAMMO NPUAEP:KUBATHCS CJIEAYIOIIMX TPeOOBAHMIA:

e  OxoHUaTenbHas peJaKuus CTaThH, MPOIIEANIas PEEH3UPOBAaHNE U JOMYIIeHHas K IMyOIMKaIiH, JOJDKHA COAepKaTh OJIOKH Ha
Tpex SA3bIKaX — Ka3aXCKOM, aHITIMHCKOM U PYCCKOM, C yKa3aHHEM Ha3BaHMS CTaThH, (AMHINI, UMEH, OTYECTB aBTOPOB, TOJTHOTO
Ha3BaHUs OPraHHU3allUii, TOPOIOB M CTPAH MECTOHAXOXICHHUS, KOTOPHIC OHH MPEICTABISIOT, anHOTanuu (06bemoMm 100-3000
CHMBOJIOB, BKJIFOYAs 3HAKU NPEITMHAHKS U TPOOEIB), M KIIFOYEBBIX cioB (5-10).

e  CcbUIKH Ha JUTEpaTypHbIE HCTOYHHUKU JAIOTCS B TEKCTE CTAaThU IHU(PaMu B KBAAPATHBIX [...] CKOOKax MO Mepe yIOMHUHAHUS.
Crmcok smteparyps! npusoautcst mo 'OCT 7.1-2003.

e  [loxkaiyiicTa, He UCTIONB3YHTE MEXaHU3M aBTOMAaTHUECKOH HyMeparmu (Tosst) MS Word 1utst Hymeparuu cChUIOK Ha TIUTeparypy,
CIMCKOB, PUCYHKOB 1 TAOJIHUI] — UCIIONIB3yHTE OOBIYHBIN 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 Pa3IMYMMBI IPH YMEHBIICHHUH JI0 YKAa3aHHBIX BBIIIE
pa3mepoB. DaifTbl pUCYHKOB JOKHEI OBITH MPECTaBICHBI OTAEIBHO B OJJHOM U3 PacTpOBBIX — .tif, .png (U cXeM u PUCYHKOB
¢ Hagmucsamu), .jpg (anst Goto) ¢ paspemerreM 300 dpi (~1000 px mis pucyHkoB mmpuHOH 8 cM 1 ~1800 pX Iy pUCYHKOB
MUPUHOW 14 cM) WM BEeKTOpHBEIX — .svg, .wmf, .emf ¢popmaTtax. HazBanus (aifyioB JOJKHBI COOTBETCTBOBATH IOJIOKEHHIO B
cratbe (Hamp. Pucynok 1-a.tiff). [lns Haamuceid Ha pHCyHKax NPeNOYTHTENBHO HcHonb3oBaTh mWpUdT Arial Narrow wim
aHaIOTMYHBIN (y3kuil mpuT 6e3 3aceyex).

e  Maremarnyeckue HopMyJIbl B TEKCTE TOJDKHBI ObITH HaOpaHbl kak ypaBHeHus MS Word wimm ¢popmynsr MathType. Cnenyer
HYMEpOBaTh JIHIIb Te HOPMYJIbL, Ha KOTOPbIE MMEIOTCS CCBUIKU B TEKCTE.

e  Tekcr nomkeH OBITH TIIATENBHBIM 0Opa30oM BEIBEPEH M OTpPEJaKTHpOBaH. byMaskHas BEpCHH CTaThs JOJDKHA OBITh B KOHIIE
TMOJINMCaHa aBTOPAMH.

K craThe npuiaraiTcs cjieayoume 10KyMeHThI:

1) Conposodumensvnoe nucomo om aeémopos, B KOTOPOM NOJDKHBI COIEPKATBCS CBEACHHS O TOM, YTO CTAaThsi MOXKET ObITh
OnMyOIMKOBaHA B OTKPBITOM MeYaTH, paHee He Oblia OMyOIHKOBaHa, He HAXOUTCS HA PACCMOTPEHHH HA MPEIMET TyOIHKalUy B
IPYTUX U3OAHUSIX, CTAThs HE COAEPKUT HH(YOPMAINH, CIOCOOHOM MPUBECTH K KOHMIIMKTY 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 HHQOPMAILIHIO TAKKE JKETATENBHO MPUI0KHTH K CTaThe
B BUJIe OTAenbHOTO (aiina — cM. OBPA3EL] Ha crefyrolieii ctpaHuie).

JIOMONHHUTENbHYIO aKTyalbHYH0 HHPOPMALHIO 110 0)OPMICHHIO, IOATOTOBKE CTaTeii, aBTOPCKUM IIpaBaM, PErHCTPALMH MOXHO
TIOJTy4UTh Ha BeO-caiite xypHana B paszene IlpaBuia nis apropos (https://journals.nnc.kz/jour/about/submissions).
CratbH, 0OopMIIeHHE KOTOPBIX He COOTBETCTBYET YKa3aHHBIM TPeGOBAHMSIM, K IYOIMKALMHA He JOIYCKAKTCS.
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OBPA3EI
Ha3Banue cTaTbH (Ha PyCCKOM SI3BIKE)
Tabauua 1. ABTOpBI (Ha pyCCKOM SI3BIKE)
Homepa
IopsaxoBslit OtyecTBO Tenedon OpraHu3alui,
HOMeEp Umst MOJTHOCTBIO VYuenas | (6e3 ckoOOK, KOTOpBIE
Davmmust JloIDKHOCTB DNeKTpoHHas oYTa
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.G.-M.H. | +69992223366 | my_mail@google.com 1
Tabanua 2. Opraau3anuu (Ha pyCCKOM SI3bIKE)
Iops axoBslit HaumenoBanune IonHblil OYTOBBIH agpec OdunuansHbIi BeO-
HOMEp (MHZIEKC, CTpaHa, TOPOJ, YU, IOM) CalT (ecIm uMeeTcs)
OpraHu3alyH
EBpasuiickuii HaLMOHAIbHBIN YHUBEPCUTET 010008, Pecniyonuka Kazaxcrawn, r. Hyp-Cynran,
1 www.enu.kz
nm. JI. H. 'ymunesa yi. CarnaeBa, 2
2 AcrannHckuil pumman MHCTUTYTA sIIepHOi 010008, Pecniy6nnka Kazaxcran, r. Hyp-Cyanras, WWW.inD.kz
¢usukun MD PK rp. AObLaii Xana, 2/1 Anp.
Ha3Banue cTaTbH (Ha Ka3aXCKOM SI3bIKE)
Tabauua 1. ABTOpBI (Ha Ka3aXCKOM SI3bIKe)
Makana . Tenedonsl ABTOp
BTODPBIHBIH Tomnbik Orxecinin FroumbiMu | (Kakmacel3 DNEeKTPOH/IBIK YIBIMIapBIHBIH
a . Teri TOJIBIK aThbl Jlaya3biMbl . ’ . .
perTiK aThl (6orca) napexeci | 00C OPBIHCHI3 HOLITACHI 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 ¢b.-mr.k. | 469992223366 | my_mail@google.com 1
Tabauna 2. Opranu3anuu (Ha Ka3axCKOM SI3bIKe)
YHBIMHBIH PETTIK Ataysl TonBIK TOIITANBIK MEKEHKAMBI Pecmu Beb-caiiT
HOMIpI (uHeKc, e, Kajia, Kelle, yii) (6osca)
JI. H. l'ymunes ateiagarst Eypasust yarteik | 010008, Kazakcran Pecryonukacer, Hyp-CynraH K.,
1 . . www.enu.kz
YHUBEPCHTETI Cotmaes kemreci, 2
2 KP OM S nposblk (pHu3HKa HHCTHTYTHIHBIH 010008, Ka3zaxcran Pecrryommkacel, Hyp-CynraH K., -
M www.inp.kz
Acrana (uaranst AObLTaii XaH TaHFBUTEL, 2/1
Ha3BaHue cTaTbM (Ha aHTIIMHACKOM SI3BIKE)
Ta6auua 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 | ASSoctate 1 pppy +57771114455 my_mail@mail.ru 1,2
professor
Chiefof | Sand 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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OTBeTCcTBeHHBIIT cekpeTaps K.¢.-M.H. B.A. Butrox
ten. +7 (722-51) 3-33-35, E-mail: VITYUK@NNC.KZ

Texuuyeckuii pexakrop I.I'. Ilepenenkun
ten. +7 (722-51) 3-33-33, E-mail: IGOR@NNC.KZ

Anpec penakuuu: 071100, Kazaxcran, r. Kypuaros, yi. Beii6it atom, 2b
https://journals.nnc.kz/jour
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