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SIPIHII OTAHbIK
MALUANBIK-TIFIATEH
KABENbAIK OHIMA]
C@ CKEKOCY

2023 *bINAblH, KbipKyWeriHae «Aaponbik TeXHonorM apK|» AK 6a3acbiHga «3J1B-4 anekTpoHAb! yaeT-
KilliHAe KOpfaHbIC OpTacbiHAA Nonumepni KabenbAik OKLWaynayabl moauduKaumanay» KobacblH icKe acbl-
py WeHbepiHae GOTOINEeKTPAIK Kyienepre apHanfaH Kabenbaik eHiMAi cayneneHaipy ylWiH Kaita opay *enici
icke Kocbinabl. Kagimri kabenbaepaeH anblpMallblibifbl, KYH KabeniHae MbiC OTKI3riluTepai KoplafaH opTafa
acep éTyp,lH, BapAabIK TypaepiHeH (KaHObIP, Kap, YAbTPaAKYATIH caynieneHy, TemneparypaHbiH esrepyl) Kopfaw-
TbIH apHaMbI eKi KabatTbl okwaynay b6ap. byn kabenbaep ¢0ToaneKTme CTaHUMANAP MeH Xyienepai nanpa-
NaHy KesiHAe KMbIHABIKTapAbl 6014bipManapbl.

AdepHoe obwiecmeo KazaxcmaHa

«faponblk TexHonormanap napki» AK kaHe «Kasanektpomaw» HLIC-meH bipnecin Kypbinfad «BETA IZOL»
HLUC craptan KomnaHMACbl OCbl YaKbITKa AeiiH KasakcTaHga Kabenbhik eHimaepai wWbiFapy KesiHae
KONAaHbIIMaFaH PaAVaALMANDIK-TITIATEH OKLWaynamacbl 6ap OTaHAbIK Kabenbaep Wbifapasdbl. OHAeY TOTbIFy
[AEerpagaunacblH TOMEHAETY YIWiH MHEPTTI OpTafa XKy3ere acblpblnagbl. OHIMHIH aMpbIKWa epeKlenikTepi —
KbICKA TYWbIKTaNy KesiHAeri TEPMUANBIK TYPAKTbINbIKTbIH, }OFapbl TOTbl, TOMEH MEHLIKTI 3aKbIMAAHY XaHe

_TOMEH TUTPOCKOMMUANBIK, YIKEH KYPbIbIC Y3bIHAIFbI aHe Kabenbaik OyibiMaapAbiH, TOMEH CaNMafbl, KYMbIC

PEXMMIHAEN OKLWaynayablH PYKCAT EeTiAreH TemnepaTypacbiHblH, KOfapblnayblHa ©OalnaHbICTbl KYKTEME
KabineTiHiH *ofapblnaybl. bonalwakTa MyHaii-CyacTbl KabenbAepiH WbiFapy Aa KocnapiaHyaa.

ByriHri TaHAa KyH KabenbaepiHiH Keneci Typaepi Woifapblnagpl:

1. K3M B-lzol Solar KABE/Ib MAPKA/IbI (1,2 Typi)

[aN0reHci3 aHe TyTiH AeHreni TemMeH bip AAPONbI UKEMAT 3NeKTp Kabeni KyH naHenbaepi MeH TypaeHaip-
riTepai HomMHanabl KepHeyi 1,5 KB TypaKTbl TOKKA KoHe KoplafaH opTa Temnepatypacol 90°C ageniH Kocy

YWiH GOTO3NEKTPAIK XyWenepAe nahganaHyfa apHanfad. Kabenb TY 27.32.14-001-56416250-2022 60iibiH-

wa *acanfaH, EN 5061:2014-12 ctaHAapTbiHa COMKEC KacasfaH.

2. K3M B-lzol Solar (1 Typ) 1x4,0-1,5 kB

Kabenbgai xobanay:

o MEMCT 22483-2012 60ibIHLIA 5-Li KNAcCTbl MbIC KananblnaHFaH CbIMAapAaH eTKI3ril xin;

o ©3JiriHeH TiriNeTiH, TYTiH AeHreni TOMEH, raoreHci3 0TKa Te3imai noanonedumH KocnacbiHaH OKLWaynay;

e ©3JiriHeH TirineTiH, TYTiH AeHreii TOEMeH, ranoreHci3 OTKa Te3imai nonmoneduH KOCMacbiHaH KacanfaH

KabblK.

4,0 mm? HOMMHaNabl KMmacbl 6ap 6ip Mbic Kanaii-
blIaHFaH Ken CbiMAbl ABHreNeK TYPFbiH YUMEH OKLuay-
NaHfaH XXoHe e3f4iriHeH TirineTiH nonnoneduH Kocna-
CblHaH KacanfaH Kabbifbl 6ap GoToaNeKkTpAiK Kabenb- |
AiH WapTTbl 6ENriciH a3y Mbicanbl. i

3. K3M B-lzol Solar (1 Typ) 1x4,0-1,5 kB

o KabbIKTbIH OeTKi kepeprici kKemiHae 1 FOm;

o KoplwafaH opta TemnepaTypacbiHAa NaanaHy;
..o MuHyc 40°C-taH natoc 90°C-Ka aenin;

o OTKI3riWTiH Makcumangpl Temnepatypacbl 120°C.

KbICKa TYMbIKTaNyAblH MaKCMMangbl pyKcaT eTiareH
TemnepaTypacsbl 5 ¢ iwiHae 250°C Kypanabl.

HobanblK KyaTTbl/biFbl Xbl/IbIHA 15 MbIH, LWaKbIPbIM-
fa peiiH Kabenbaik-eTKi3riw eHimaepai Kypanabl.
Enperi anfawkbl KyH 371€KTP CTAHUMACBIH Cany YLWiH
paguaumanblk  MoauduKauManaHfFaH OKLWaAyNafbilbl
6ap MHHOBaUMANLIK Kabenb-eTKi3rill eHimaepiH ca- & “-LEaes '
TbiN anfaH ©36eKCTaHAbIK KOMNAaHUAMEH KacaifaH aifallKbl xanbngapanbm Kenicimwapt opbiHAanabl. KyH
naHenbAepiH cany YLWiH Ka3aKCTaHAbIK 6HIMAEPAIH, 6ipiHWi NapTMACLl KepLi enre XeTkisina,i.

ByriHri TaHAa Kabenbai 6poHAAY KaHe epyre apHanfaH KababIKTbl OPHATY KYMbICTapbl aaKkTanabl. Kabenbaik
BHIMAEP aCCOPTUMEHTIH KEHENTY ocnapnaHyaa. Mbicanbl, HaHoAMCNEPCT rpadeH Tapi3ai TONTbIpFbiWbl 6ap
*aHa PTC nonumepiH, cofaH KeWliH yaeTKilTe 31eKTPOHAAPADI, Kbl/IKbIMaNbl KypaMfa apHanfaH Kabenbaepai
(nOKOMOTMBTEP MEH BaroHAap) aHe aToOM 3/1eKTP CTaHLMANAPbIHA apHaNFaH Kabenbaepai e3repTy )ocnapna-
HyAa.

2024 KbinfFbl 23-26 KaHTap apanbifblHga OuannnuHHii, MaHuna KanacbiHaa eteTiH Forum for Nuclear Coo-
peration in Asia (FNCA) Xbin caibiHFbl dopymbl aacbiHga 70 xaHe 95°C TemnepaTypaga a3oT atmocde-
pacblHAafbl YArinepai TepMuANbIK BHAEYAEH KeMiHri 3epTTey MKYMbICTapbl Typanbl 6asHAama YCbIHbIAAAbI.
Byn 3epTTey 60C paaMKanaapablH, KO3FaNfblWTbIFbIHbIH, ©3rE€PYiH IHEe NOAUITUNEH KabaTTapblHAAfFbl KaNaplK,
6oc pagMKkangapablH, PEKOMOUHALMACHIH, COHAAN-AK CIYNENEHreH YATINePAiH, NOAMITUAEH KabaTTapbiHAaFb
AErPajaUMANbIK PeakLmMa Kbl14aMAbIFbIHbIH TOMEHAEY AIPEXeCiH aHe aiKacnanbl 6ainaHbiC A3pexeciH
baranayra MyMKiHAIK 6epeai.

Olicepim KABUO/IANHA,
Aatn
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XOK3O>W

B ceHTAbpe 2023 roga Ha 6a3e AO «[Mapk agepHbIX Tex-
HonorniM» bbina 3anyLieHa NePeMOTOYHAA IMHKA JasA 06-
Jly4eHnA KabenbHOW NPOAYKLMM SNA GOTOINEKTPUYECKMX
CUCTEM B paMKax peanm3auuu npoekta «Mogndukauma
NOMMMEPHOW KabenbHOW M301ALMM B 3aLLMTHOM Cpede Ha
yckopuTene anekTpoHoB 3/1B-4». B otinume ot 0bbluHbIX

In September 2023, a re-
winding line for irradiating
cable products for photo-
voltaic systems was laun-
ched at the Nuclear Tech-
nology Park JSC as part
of the implementation of
the project «Modification of
polymer cable insulation in a protective medium at the
ELV-4 electron accelerator». Unlike conventional cab-
les, solar cables have a special double-layer insula-
tion that protects its copper conductors from all kinds
of environmental influences (rain, snow, UV radiation,
temperature changes). These cables avoid problems in

BOMIOK 5 Knacca no MOCT 22483-2012;

o V301ALMA U3 CAMOCLLMBAIOLLErOCS, C HU3KMM YpOB-
HEM [blMa, 6e3rafioreHoBOr0 OrHE3aLWMTHOMO Mo-
MonepHOBOTO KOMNAYHAa;

o 000/104Ka M3 CAMOCLLMBAIOLLErOCA, C HU3KUM YPOB-
HEM [blMa, 6e3rafioreHoBOr0 OrHE3aWMTHOMO Mo-
monepHOBOTO KOMNAYHAa.

Mpumep 3anucu ycnoBHOro 06o3HaueHus Kabens ¢o-
TO3NEKTPUYECKOTO C M30/1ALMeN 1 060104KOM M3 camoc-
LWMBAOLLEroCcA NoAMonepnHOBOro KOMNayHAa, C OAHOM
MeZAHOM NIy)KEHOW MHOrONPOBOOYHOM KPYION XKUIOM
HOMMHaNbHbIM ceyeHnem 4,0 Mm2:

3. K3M B-lzol Solar (tun 1) 1x4,0-1,5 kB

o [lOBEPXHOCTHOE COMPOTMB/IEHNE 0DONOYKM HE Me-

free flame-retardant polyolefin compound.

Sample recording of the conventional designation
of a photoelectric cable with insulation and sheath
made of self-crosslinking polyolefin compound, with
one copper tinned multi-conductor round core with
nominal cross-section of 4.0 mm?:

3. KEM B-lzol Solar cable (type 1) 1x4,0-1,5 kV

o Shell surface resistance not less than 1 Gohm;

o Operation at ambient temperature;

e From-40°C up to +90°C;

o Maximum temperature of conductor is 120°C;

Maximum permissible short-circuit temperature
250°Cfor 5.

. y ) . Hee 1 TOm; The design capacity is up to 15 000 kilometers of
Kabenew, Kaﬁe}'lbvp,flﬂ CONHeyYHbIx baTtapeit umeet cneun-  the operation of photovoltaic plants and systems. e KCTAyaTaUMM TIpU TemmepaType oKpywaioweii  cable and wire products per year. The first international
/bHYIO ABYXC/IONHYIO U30NALMIO, KOTO- cpeapl; contract signed with a company from Uzbekistan, which

pad 3aLLMLLAET er0 MeLHble MPOBOAHMKM
OT BCEX BMZOB BO3ZEWCTBMA OKpYyato-
LLew cpeabl (Lowap, CHer, ynbTpaduone-
TOBOE M3/y4eHNE, U3MEHEHNA Temnepa-
Typbl). TV Kabenn No3soNAT U3bekaTb
npobnem npu aKkcnyataumm GpoToanek-
TPUYECKMX CTAHLMIA U CUCTEM.

Craptan komnaHua TOO «BETA 1ZOL»,
co3aaHHan coBMecTHO ¢ AO «[IMapK AAepHbIX TEXHONOMMIN»
nTOO «KazaneKkTpomalL», NPOM3BOAUT OTeYeCTBEHHbIE Ka-
6env ¢ paamaLmoHHO-CLLINTON U30NIALMENA, KOTOPasA A0 3TO-
ro B KazaxcTtaHe He NpUMeHsANach Npy BbiNycKe KabenbHoM
npogyKumn. ObpaboTka NPOBOAMTCA B MHEPTHOW Cpeae
D18 CHYXKEHWA OKUCAUTENBHON Aerpagaumnm. Otanuntens-
HbIMW OCOBEHHOCTAMM NPOAYKLMM ABNAKOTCA BbICOKMIA TOK
TEPMMYECKOW YCTOMYMBOCTM MPU KOPOTKOM 3aMblKaHWMK,
HW3KaA yAeNbHaA NOBPEXKAAEMOCTb M Manas MMrpoCcKo-
NUYHOCTb, BONbLLME CTPOUTENBHBIE A/IMHBI U Mafblid BEC
KabenbHbIX M34e/1M, NOBbILEHHAA Harpy3o4Has Cnocob-
HOCTb, 0byCN10BNEHHasA 6o1ee BbICOKOM AOMYCTUMON TeM-
nepaTypoii u3onaumm B pabouem pexxume. B nepcnektuse
TaK¥Ke NNaHMPYETCA BbINyCK HegTenorpyKHbix Kabenei.

Ha cerogHAWHWA AeHb NPOM3BOAATCA Chefytolime
TUMbI CONHEYHbIX Kabeneit:

1. KABE/Ib MAPKU K3M B-Izol Solar (tnn 1,2)

Kabenb 0gHOXUAbHbIN TMOKMUIA SNEKTPUYECKUI C CLUK-
TOW M30/1AUMEN M 0DONOYKOM, He COAepHalluMi rano-
TEHOB M C HM3KMM YPOBHEM [biMa NpeAHa3HayeH Ana
MCNONb30BaHWA B (QOTOINEKTPUYECKMX CUCTEMAX ANA
MOAKNIOYEHMA NaHenen cosHeYHbIX baTapei u npeobpa-
30BaTeneil Ha HOMMHaNbHOE HanpsaxeHue 1,5 KB nocto-
AHHOTO TOKa M TEMNEepaTypon OKpPYKatoLien cpeabl A0
90°C. Kabenb nsrotosneH no TY 27.32.14-001-56416250-
2022, pa3paboTaHHbIM B COOTBETCTBMM CO CTaHAAPTOM
EN 5061:2014-12.

2. K9M B-lzol Solar (tun 1) 1x4,0-1,5 kKB

KoHcTpyKuma kabens:

o TOKOMPOBOZALLAA KMUNA U3 MEAHbIX JyKEHbIX Mpo-

InZ2C>r

OF THE FIRST DOMESTIC
RADIATION CROSS-LINKED
CABLE PRODUCTS

The startup company BETA IZOL LLP, established joint-
ly with Nuclear Technology Park JSC and Kazelectro-
mash LLP, produces domestic cables with radiation
cross-linked insulation, which has not been previously
used in Kazakhstan for cable products. Processing is
carried out in an inert medium to reduce oxidative
degradation. Distinctive features of the products are
high thermal stability current at short circuit, low speci-
fic damage and low hygroscopicity, large construction
lengths and low weight of cable products, increased
load capacity due to higher permissible temperature
of insulation in operating mode. The production of oil-
submersible cables is also planned in the future.

The following types of solar cables are produced
today:

1. KEM B-lzol Solar cable (type 1,2)

Single-core flexible electric cable with cross-linked
insulation and shell, halogen-free and low-smoke is de-
signed for use in photovoltaic systems for connection of
solar panels and converters for rated voltage of 1.5 kV
DC and ambient temperature up to 90°C. The cable is
manufactured according to TC 27.32.14-001-56416250-
2022, developed in accordance with EN 5061:2014-12.

2. KEM B-lzol Solar cable (type 1) 1x4,0-1,5 kV

Cable design:

o conductive core made of tinned copper wires of

class 5 according to GOST 22483-2012;

o Insulationmadeofself-crosslinking,lowsmoke, ha-

logen-free flame-retardant polyolefin compound;

o shell made of self-bonding, low smoke, halogen-

AdepHoe obujecmeo KaszaxcmaHa

o MuHyc 40°C go natoc 90°C;

o MaKcmanbHasa TemnepaTtypa nposoaHuka 120°C;

MaKCMManbHO A0NyCTMMan TeMNepaTypa KOPOTKOro
3amblkaHua 250°C B TeyeHme 5 c.

MpoeKTHaA MOLLHOCTbL cocTaBnAeT go 15 TbicAY Kunno-
MeTpoB KabenbHO-NPOBOLHUKOBOM NPOAYKLMK B TOA,.
McnonHeH nepBbit MeXAYHAPOAHbIA KOHTPAKT 3aK/Ho-
YEeHHbIN C KoMNaHWel 13 Y3bekncTaHa, Kotopas 3akynu-
212 UIHHOBALMOHHYO KabenbHO-NPOBOAHUKOBYIO NPOAYK-
LMIO C PaAMaLMOHHO-MOANOULMPOBAHHOW M30NALMEN
ANA CTPOUTENBCTBA NEPBOM CONHEYHON 3NEKTPOCTAHLMM
B CTpaHe. lNepBas NapTWA Ka3axCTAHCKOM NPOAYKLMM ans
CTPOUTENBCTBA COMHEYHbIX NMaHeNEeNn y¥e AOCTaBNeHA B
COCeLHION CTPaHY.

Ha cerogHAWHWA AeHb yxKe 3aBepLueHbl paboTbl No
yCTaHOBKe 060pyaoBaHMA ana BPOHNPOBAHMA U OnneT-
K Kabena. MnaHMpyeTca pacliMpeHne accopTMMEHTa
KabenbHOM npoayKuuu. Hanpumep, nnaHupyetca W3-
rotosneHne Hosoro PTC nonnmepa ¢ HaHOAMCNEPCHbIM
rpadeHonoa06HbIM HaNONHUTENIEM C NOC/EAYIOLLEN MO-
AndUKaLMeR Ha YCKopUTENEe 3NEKTPOHOB, Kabenen ans
NOABWMKHOIO COCTaBa (nouomomsos ¥ BaroHoB) K Ka6e-
Nen gNna aTOMHbIX 3N1EKTPOCTaHLMA. ~

70 n 95°C. laHHOe wccnegoBaHue NO3BOAUT OLEHWUTH
M3MEHEHWE NOABMMKHOCTM CBODOAHbIX PauKaNoB U pe
KOMBMHALWMIO OCTAaTOYHbIX CBOOOAHbIX PAAMKaIO0B B C/I0

AX NO/IN3TUNEHa, a TaKXKe CcTeneHb CHMXeHWA CKOPOoCTn

peakunn aerpagaunn B Choax noan3TUNEHA 06}'Iy‘-|eHHbIX
O6p83LI|OB U CTeneHb CLUNBKW.

Alizepum KABU/O/IANHA,

AO «[AT»

nsk_kz_1993

purchased innovative cable-conductor products with
radiation-modified insulation for the construction of
the first solar power plant in the country. The first batch
of Kazakhstani products for the construction of solar
panels has already been delivered to the neighboring
country.

As of today, the installation of cable armoring and
braiding equipment has already been completed. It
is planned to expand the range of cable products. For
example, it is planned to produce a new PTC polymer
with nano disperse graphene-like filler with subsequent
modification at the electron accelerator, cables for
rolling stock (locomotives and cars) and cables for
nuclear power plants.

A report on further research work on post-thermal
treatment of samples in a nitrogen atmosphere at 70
and 95°C will be presented at the annual Forum for
Nuclear Cooperation in Asia (FNCA) to be held from
January 23-26, 2024, in Manila, Philippines. This study
will evaluate the change in free radical mobility and
recombination of residual free radicals in polyethylene
layers, as well as the extent to which the degradation

reaction rate in the polyethylene layers of irradiated
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APMAH CYNEMMEHOB:

MEHIH, CEHETIH
AZAMbIM GAP

KentokcaH — «Yn6i- KBX» KLC ywiH epeki
6acbl bacTangpl.

BecKbinaaH keiiH—2020 kbingpiH 25 xen-
TOKCaHblHAA «Ka3zaTomeHepkaciny» YAK» AK
eHwinec yibimbl «YM3» bipneckeH Kacinop-
Hbl (51%) oHe KbiTainblk CGNPC-URC
(49%) KOMNaHMACHI Kbly BENETIH KMUHAKTAP
(®BX) eHaipy 3aybiTbiH Backapyra memne-
KETTIK IMLEeH3MA anabl.

2024 xbinbl «Ynba-HKBX» wobanbiK KyaTt-
Ka WbIFyabl Xocnapnan otbip. byn MBXK Ty-
piHgeri ypaH 3ksuBaneHTtiHgeri 200 TOH-
Ha. KacinopblHHbIH, 6ac AupekTopbl ApmaH
CynemmeHOB KbI3MeTKepAepAiH, 0Cbl TapuXm
CITTi Kanal aKplHAATaTbIHbI TYPasbl anTbin

bepai.

ApmaH AcxaTtynbl, 3aybIT YWiH ©TKeH
XbIN KaHAau epekLe 6onapi?

Byn eTe KapKblHAbl *dHE COHbIMEH bipre
BHIMAI YakbIT 6onabl. Bapabirbl 6i3 KbiTaiira
Bec eTKisinim xacagbik. OnapaplH TepTe-
yiH 6i34iH cepikTecTepimis Kabbingaabl. Ocbl-
Naiilla, bl COHbIHA AeWiH TemeH bailbl-
TbINFaH ypaHfa KalTa ecenTereHAe Kasanbl

150 TOHHa eHiMm KeHenTinetiH 6onaapl. Kbl- iy,
TaWAblH aTOM 3MEKTP CTAHUMACLIHbIH, pe- —
aKTOp/apblHa €Ki OTbiH TMenreH. byn «AHu-

3AHbY XaHe «PaHYIHraH» CTaHUMANAPbI.

Ocbl yaKbIT iWiHAe KaHAaM KMbIHAbIKTapFa Tan 601AbIHbI3?

«KanbinTacy» KeseHiHAe, 6i3 aiTKaHAal, KenTereH KublHAbIKTap 6onapbl. Onapra Kabablk npobnemanapsbl
MEH KbITaW/bIK TYTbIHYLUbINAPABIH, KYTNEreH Tanantapbl Kipeai. Atan anTKaHAa, OTbIH TYMipLIIKTEPIHAETI CYTEKTI
6aKblnay Typanbl. HaTuKeciHAe 3aybiTTa KaHa benim — Tabnetkanapabl Kentipy 6enimi nainga 6onabl. YpaH au-
OKCUAi TYWiPLWIKTEPIH KEeNTipy 0NapablH, KYPamblIHAAFbl CyTEriH BaKblNay KaHe a3alTy YLWIiH KakKeT.

CoHpaii-aK TacbiMangay KoHe opay uHakTapbl (TOX) 6oMbIHWA KMbIHABIKTAp 6014bl. Byn cepiktectepimis-
LiH aHa eHimi. Onapabl e3aepi acaabl. KetiHHeH ASC Tanabbl boibiHwa TOX-bIH 83repTyre Typa Kengi.

OfaH Koca, Kypan-*abablkTapMeH, eHAipicTe, TaCbiManaayaa KublHAbIKTap 6onabl — 6api ae bipiHwi peT *Kaca-
NbIN aTKaH eaj. bipak 6i3 6ap/blK KMbIHABIKTAPAbI COTTI KEHAIK.

AdepHoe obwjecmeo KazaxcmaHa

Y)KbIMHbIH, XKYMbICbIH Kanail 6afanaicbis?

Bi3fiH YKbIM KepemeT. 9p TypAi YATTap MEH MIAEHWETTEPAIH aAaMAapbl YKYMbIC iCTEUTIHIHe
KapamacTaH, e3apa TYCiHiCTik eTe »aKcbl. Ka3ip 3aybiTTa 150-4eH acTam agam *KyMbic icTeii. byn petrte
KOCbIMLUA KMbIHTbIK XKYPri3inyae, eiTKeHi Keneci *binbl Tabnetkanap meH KB yyackeci eki aybicbim-
Abl }YMbICKQ ayblcaapl. HeriziHeH annapaTiubinap Kaxer.

inaiKk Kedepri KbiameTkepnepaiH, 6ip Geniri KXP azamattapbl 6onfaHblHa KapamacTtaH, byn myngem
npobnema emec. bipiHwigeH, 6i3aiH, *KyMbICLUbINAPAbIH, KONWINiri afFblAWbIH TiNiIHAE conneins, ekiH-
WigeH, KbI3MeTKepaep apTypAi }KONAAPMEH OpTaK Tin TabyFa Tbipbicagpl. [lereHMeH, 3aybiTTa «6i3giH»
*aHe «bi3aiki emec» aen 6eny Kok! bi3 6apimis b6ip yaKkeH KomaHaambI3!

Ci3aiH, »Kac Y)KbIMbIHbI34a KaHAAM A3CTypaep KanbintacTbl?

93ipre onapablH, caHbl a3. bipak 6i3 KasipaiH e3iHae KaHa *bin, Haypbi3, 8 Haypbi3, baTbipnap Ky-
Hi *koHe backa mepekenepai bipre Tonnaimbi3. KiriTTep *KyMbICTaH TbiC YakpITTa Aa bipre Xypea,.

KbITaliIbIK cepikTecTepmeH KapbiM-KaTbIHACbIHbI3 Typasibl aTbin 6epceHis.

©3apa apeketTecy 6apnblK yakpiTTa 6onagbl. OHIM eHAIPYAI KblTalk TapanbiHbIH, eKingepi Kagafa-
nangpl. Onap 6apnbik npouecTepai eTe KaTaH, b6akblnanabl. [aynap kui TybiHAanabl, 6ipak onap-
AblH 6apAbIfbl biMbIpaFa Keny apKblabl WeLlinea;.

KbiTalinbIKTapaaH He yilpeHyre 6onagbl?
EKi Hopce: TabaHAbINbIK NeH cabblpblabiK!
3aybIT emip Cypy Ke3eHiHAe Ci3 YwWiH Here aitHanAabl?

Byn meHiH, emipimaeri yNKeH, KbI3bIKTbl XdHe MaHpl3abl Koba. KyHAeniKTi yMbiCbIMMeH KaTap
«MefMa» TyNFacbiHA aHanbIn, Xui cyxbat bepin KypmiH. LLbiHbIMEH, 6i3 KyH callbiH Kypaeni macene-
Nepai Wwewemi3. BHAipicKe KaXeTTiHiH, 69piH Kanal caTbin any Kepek, KeiiHipek — Kypaeni reocasacu
Yafaanapbl ecKepe OTbIPbiM, }KOFapbl Canabl OHIM LUbIFAPbIN, XKeTKi3y 6ap!

Ci3 bipaeH 6acwbl nayasbimbiHa KenicTiHi3 6e?
M3, meH BipaeH Kenicin, KacinOpbIHHbIK, KaHAAW KMbIHABIKTapFa Tan 601ybl MYMKIH eKeHiH enecTeTin
Kepaim. lereHMeH, MeH Can « 6akpbITTbIMbIH», HETi3Ti KyPblbICMEHCI38TTi, bipak MafaH 8HAIPICTiiCKe KOCbIN, KeHaeyre
Typa Kengi. bakbITbiMbl3fa OpaK, YKbIM eTe aKkcbl. CeHeTiH agamaap 6ap!

2024 xbinFa apHanfaH }ocnapnapbiHbi3beH 6enice oTbipcaHbi3.

Herisri miHaeT — »obanblk KyaTTblbIKkKa — ypaH 6anamacbiHaa 200 TOHHA AalblH 6HiM WoiFapy. byn Keitaifa
anTbl XKeTkisinim 6onagpl gerenai bingipeai!

¥aHa Xbln KapcaHbIHAA YXKbIMFa He Tineincis?

EH 6acTbiCbl, KYMbIC 9pKaLLaH KyaHbiw aKenciH. CoHAaii-aK AeHCaybIK, WblFapMaLlbliblK TabbIC, yAnecimainik,
KOMblAFaH Bapnblk MiHAETTEPA OpbIHAAYAbI TiNENMIH!

Anekceli TPOCKYPAKOB,

«YM3» AK 6acnaces Kbiamemi

nsk_kz_1993 ¥ nskassociation1993
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MHE ECTb HA KOO
NONOXKUTLCA!

APMAH CYNEAMEHOB

[ekabpb — ocoboe Bpema ana TOO «Ynb6a-TBC».
MmeHHO B aTOomM mecaue B 2015 rogy cTapToBan NPoOeKT
Nno CO34aHMI0 3aBOAA.

Natb net cnycta — 25 aekabpsa 2020 roaa coBMeCTHoe
npeanpuatne YM3, «goyka» AO «HAK «Kazatomnpom»
(51%) 1 kutaickoit komnaHum CGNPC-URC (49%) nony-
YMNO FOC.IMLEH3MIO HA IKCMAYaTauMio 3aBoga no npo-
M3BOACTBY TEN0BbIAeNAOWMX cbopok (TBC).

B 2024 rogy «Ynbba-TBC» nnaHupyeT BbIMTM Ha
NPOEKTHYHO MOLLHOCTb. 370 200 TOHH B ypaHOBOM
skemBaneHTe B Buae TBC. O Tom, Kak c0prp,-
HUKM npubavKatoT 3T0T McTopUYeckuin M -
MOMEHT, HaM paccka3an reH.aupektop il
npeanpuata ApmaH CyneimeHoB.

ApmaH AcxaTtoBuy, 4yem ana
3aBoAa bbin npumevare-
NeH yXoaAawWwmi roa?

370 6b1/10 AOCTATOYHO Harl- =
PAXXEHHOE W OAHOBPEMEH-
HO — NPOAYKTUBHOE BPEMA.
B 06LLei CNOKHOCTU Mbl
OCYLLECTBUAN 5 NOCTaBOK
B Kutait. Yetbipe M3 HUX
Y)Ke MPUHATbI  HALIMMK
napTHépamu. Takum 06-
pa3om, 0 KoHLA roaa by-
[LeT CYyMMapHO OTTPYKEHO
150 TOHH NpoayKuum B ne-
pepacyéte Ha HWM3Koobora- R
WEHHbIA ypaH. [lBe napTiy e A8
TBC yKe 3arpyeHbl B peak-
Topbl ASC Kutaa. 310 CTaHumu
«SAHUBAHB» U «DaHYSHIaH.

December is a special time for Ulba-TVS LLP. This was
the month when the project to establish the plant was
launched in 2015.

Five years later - on December 25,2020, ajoint venture
of UMP, a subsidiary of NAC Kazatomprom JSC (51%)
and the Chinese company CGNPC-URC (49%) received
a state license to operate a plant for the production of
fuel assemblies (FA).

Ulba-TVS plans to reach its full de-
signcapacityin 2024. This
is 200 tons of
urani-_

|

P —

- _—

i

napTHEPOB. OHKM WX M3roTaBaMBanu camu. lo3sxe no
TpebosaHnam AIC TYKu npuwwnoch gopabatbiBaTh.

MoMMMO 3TOrO, BO3HWMKANW TPYAHOCTM U ¢ 060pya0Ba-
HWEM, 1 C MPOM3BOACTBOM, 1 C TPAHCMOPTUMPOBKOW — BeAb
BCE ieNnanoch Bnepsble. Ho co Bcemu BbI30Bamm Mbl bnaro-
MOYYHO CNPaBUANCh.

Kak oueHuBaete paboty
Konnektusa?

KOMEKTVIB Y Hac 3ameyaTe/IbHbIi . Heavotpa Ha To,
. UTO pa601a+or JOAY Pa3HbIX HALMOHA/b-
HOCTE/ U KyIBTYP, B3aUMOMNOHWME-
Hve omvieHHoe. CeiMac Ha 33
Baze TpyamTea bonee 150
[ b, yenioseK. Mpn sTom
St BeOET Jonort
HUTENbHbIN

HabopTaK

A KaK B

| HAVE SOMEONE
TO RELY ON!

ARMAN SULEIMENOV

employees are bringing this historic moment closer.

Arman Askhatovich, what was remarkable
for the plant in the past year?

It was a busy and, simultaneously, productive
time. In total, we made five deliveries to China. Four
of them have already been accepted by our partners.
Thus, by the end of the year we will have shipped a
total of 150 tons of products in terms of low-enriched
uranium. Two batches of fuel assemblies have already
been loaded into the reactors of Chinese NPPs. These
are the Yangjian and Fangchenggang plants.

What challenges have you faced during this time?

There were many difficulties at the « start-up»
stage, as we call it. Among them were problems
with equipment and unexpected requirements from
Chinese customers. In particular, to control hydrogen
in fuel pellets. As a result, a new section appeared
at the plant —a section for drying tablets. Drying of
uranium dioxide pellets is necessary to control and
reduce the hydrogen content in them.

There were also difficulties with transportation
land packaging kits («TPK»). This is a new product
of our partners. They manufactured it themselves.

Later, they had to modify them according to the

requirements of the NPP.
In addition, there were difficulties with equipment,
production, and transportation — everything was done
for the first time. But we successfully coped with all the
challenges.

How do you evaluate the work of the team?

C KaKMMM CNOXKHOCTAMM NPULL- cne- Our team is wonderful. Despite the fact that people

NOCb CTONKHYTbCA 33 3TO Bpems? ayto- of different nationalities and cultures work together,

wem rogy mutual understanding is excellent. Currently, more

Ha aTane «CTaHOB/NIEHMAY, KaK Mbl €ro Ha- ysacrokTabne-  than 150 people work at the plant. At the same time,

3blBaeM, CIOKHOCTEN bblno Hemano. Cpean Hux Tk TBCnepexo-  additional recruitment is underway, as next year the

npobaembl ¢ 060pyAOBaHNEM N HEOXKMAAHHbIE TPE- ( * [MTHa aByxcMeHHyto  tablets and fuel assemblies’ section will switch to two-
60BaHMA OT KUTAWNCKMX 3aKa34YMKOB. B YaCTHOCTM, NO KOH- : ﬁ pabory. B ocHoBHom Tpe-  shift work. Mostly machine operators are needed.

TPOAO BOAOPOZA B TON/IMBHbIX TabneTKax. B pesynbrate Ha
3aBOZE MOSABM/ICA HOBbIM Y4ACTOK — Y4aCTOK CyLLKM Tabne-
TOK. CyLLKa TabNeTOK M3 AMOKCKAA ypaHa Heobxoanma aa
KOHTPO/IA M CHUXKEHMUA COAEPKaHWA B HUX BOAOPOZA.
TakKe OblNM CNOKHOCTU C TPAHCMOPTHO-YNAKOBOY-
HbiMK KomnaekTamm (TYK). 3To HOBOE M3aenne HaLMX

um
equivalent

in the form of fuel
assemblies. Arman Suleime-

nov, General Director of the enterprise, told us how the

AdepHoe obujecmeo KaszaxcmaHa

BytoTCA annapaTinkm.
A3bIKoBOM Hapbep HECMOTPA Ha TO,
YTO YaCTb COTPYAHWKOB — rpaxpaaHe KHP,
BOBCE He npobnema. Bo-nepsbix, Oo/blUaA YacTb
HaLMX PabOTHWUKOB FOBOPUT MO-aHIIUICKM, BO-BTOPbIX, CO-
TPYAHMKM CTAPAOTCA HaWT OBLLUMIA A3bIK PA3IMYHBIMKM My-

The language barrier, even though some of the
employees are Chinese citizens, is not a problem at
all. Firstly, most of our employees speak English, and
secondly, the employees try to find a common language
in various ways. However, there is no division into «ours»
and «not ours» at the plant! We are all one big team!

nsk_kz_1993 ¥ nskassociation1993
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TAMW. BNpo4em, HUKAKOrO AENEHWA HA «HALUMX» U «HEe Ha-
Wwwx» Ha 3aBoge Het! Bce mbl — ogHa Bonbluas KomaHaa!

Kakue Tpaguuum cnoxunucob B Bawem monogom
KonneKtuse?

lMoKa nx HemHoro. Ho Mbl yXKe COBMECTHO oTmedaem Ho-
Bbli roa, Haypbi3, 8 Mapra, [leHb 6atbipa 1 Apyrie npasaHu-
Ku. Takyke pebsaTa COBMECTHO MPOBOAAT BPEMSA M BHE paboTbl.

Pacckaxkute 0 B3aMMOAEHCTBUM
C KUTaCKMMM NapTHEPaMMK.

B3anmopeiicTBne nponcxoauT NocTosHHo. Mpeacra-
BUTENM KUTAMCKOW CTOPOHbI OCYLLECTBAAIOT HaA30p 3a
NPOW3BOACTBOM MpPOAyKUMU. OHM [0BOABHO KECTKO
KOHTPO/IMPYIOT BCE MPOLLECChbl. YacTo cNyyatoTca cnopbl,
HO BCE OHM pPa3peLLaloTca KOMMNPOMMUCCAMM.

Yemy MOXKHO NOYUYUTHCA Y KUTaLeB?
[1ByM BeLLaM: ynopcTBy 1 CNOKOMCTBMIO!

Yem 3aB0g, 33 Bpems CyLLECTBOBAHWA CTa
NM4HO AnAa Bac?

370 60/bLUIOK, MHTEPECHBIN U 3HAYUMBIMA NPOEKT MOEN
¥U3HW. MToMMMO NoBCeaHEBHOW PabOTbI, A CTaN «KMeAUN-
HOM» NIMYHOCTbIO, YaCTO Aat0 MHTEPBLIO. Hy, a ecm cepbés-
HO, TO KaXK/Abl/ AEHb Mbl PELLAEM HenpocTble 3agaun. Kak
3aKynuTb BCE HEODXOAMMOe A1 NPOM3BOACTBA, A NO3Ke
— MPOU3BECTY KA4YECTBEHHYIO NPOAYKLMIO U NOCTaBUTD €€,
YUMTbIBaA HEMPOCTYHO FeOMNONTUYECKYO 0BCTAHOBKY!

Cpasy m Bbl cornacunmncb Ha A0MKHOCTL PYKOBOAUTENA?

[a, A cornacunca cpasy 1 npeanonaran, Kakue TpyaHo-
CTM MOTYT XAaTb NpeanpuaT1e. Bnpoyem, MHe HeMHOro
«MNOBE3/10», 0OCHOBHaA CTPOWKa npoLuia 6e3 meHs, oaHa-
KO MPULAOCH 3anycKaTb M OTNaXMBaTb NPOU3BOACTBO.
Bnaro, Konnektve XxopoLwni. ECTb Ha KOTro NONOKUTLCA!

Mopenutecb nnaHamu Ha 2024 roa.

[NaBHaA 3aa4a: BbIXOA, HA MPOEKTHYIO MOLLHOCTb —
200 TOHH roTOBOW NPOAYKLMM B YPAHOBOM 3KBUBANEH-
Te. ITO 03HAYaET, YTO NOCTABOK B KWTait byaet wecTb!

Yro norkenaete Konnektmey B npeaasepum Hosoro ropa?

Camoe rmaBHog, NycTb paboTa Beeraa NPMHOCUT PaaoCTb. A
ELLE KeNato 340PO0BbS, TBOPYECKON PEaNn3aLy, CAKEHHO-
CTW, YCTIEXOB, BbIMO/IHEHMA BCEX MOCTaB/IEHHbIX 334a4!

Anekceli [TPOCKYPAKOB,
npecc-cayx6a AO «YM3»

What kind of traditions have been
established in your young team?

There are not many of them yet. However, we already
celebrate New Year, Nauryz, March 8, Batyr’s Day and
other holidays together. The guys also spend time
together out of work.

Tell us about interaction with Chinese partners.

Interaction takes place on an ongoing process. Chinese
representatives supervise the production of products.
They control all processes quite strictly. Disputes often
occur, but they are all resolved by compromise.

What can be learned from the Chinese?
Two things: persistence and calmness!

What the plant has become for you
personally during its existence?

This is a big, interesting, and meaningful project of
my life. In addition to my daily work, | have become
a «media» personality, often giving interviews. Well,
seriously, every day we solve difficult problems. How to
procure everything we need for production, and later
to produce quality products and deliver them, given the
difficult geopolitical situation!

Did you immediately accept a management
position?

Yes, | agreed immediately and assumed what
difficulties might await the enterprise. However, | was
a bit «lucky», as the main construction work took place
without me, but | had to launch and debug production.
The team is good. There is someone to rely on!

Share your plans for 2024.

The main task is to reach the full design capacity of
200 tons of finished product in uranium equivalent. This
means that there will be six deliveries to China!

What would you wish the team on New Year’s Eve?

Most importantly, let work always bring joy. | also
wish you health, creative realization, coherence, success
and fulfillment of all tasks.!

Alexey PROSKURYAKOV,
press service of UMP JSC

AdepHoe obujecmeo KaszaxcmaHa
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M]HdpopmayuonHbiii

[U]enmp no
[A]JmomHeim

[TlexHonozuam

npu Accoyuayuu
«floepHoe 0bwecmaso Kazaxcmaxa»

GLOBAL iy
w ATOMIC
QUIZ 2023 «

3agauu:

— NONyNApM3aLLMA HaYKN U TEXHUYECKOro 06pa30oBaHus;
— pacnpocTpaHeHune 6a3oBbIx 3HaHMI1 06 aTOMHOW OTpac/K;

— aKTBHas paboTa ¢ NpodeccMoHanbHbIM Hay4YHbIM COOBLLECTBOM;
— 3KONOrMYecKoe BocnuTaHne n bopbba ¢ paanodobueil.
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MWUXAWUT YYOAKOB:

«BI3 YM3-HA KO/ AY
MEH bIHTbIMAKTACTbIK
YLLIH ANFbIC AUTAMBI3»

19-26 maycbim apanbifbiHAa «KasatomeHepkacin» YAK» AK
eHwinec KacinopHbl Yn6i mertannyprusa 3aybiTbiHbiH, (YM3)
aymafblHAa opHanackaH A3XA TBY 6aHkiHge (TBYB) ypaH
rekcadropuai (YI®) 6ap 24 umnuHapai Kaita ceptudmKar-
TayablH GipiHWi Ke3eHi eTKisingi. onemaik Taxipnbege 6yn
npoueaypa anfaw peT TOATbIPbIIFAH LUAUHAPAEPAE KYPri-
3ingi.

CepTudukatrayabl AIXA yibIMAACTbIpAbl, an KYMbICTapAbl
aBCTPUANBIK rga KomnaHuacsl meH bonrapuanbik Bultest opbiH-
faapl. byn petre Kaita cepTuduKaTTay pacimaepi weHbepiH-
[le KaXKeT UWAMHApAepai aHangblpyfa XKaHe yCTayfa apHan-
FaH *abapikTbl « MALL3ABO/» XKLUC aaibiHAaAbI.

CepTnduKatTay KOpbITbIHAbICHI OOMbIHIWA bipikKeH yinec-
Tipy KomuTeTiHiH (BYK) XIII oTbipbicl aHe ADXA TBYE naiigana-
HY eHiHgeri [V }ymbIC KeHeci oTTi.

«YM3-nHdopm» KypHanuctepi Muxamn BaneHTMHOBMUNEH
Ke3gecin, ADXA TBY 6aHKiHiH, KailTa cepTUdUKaTTanybl MeH
YKYMBbIC iCTeYiHiH eH KbI3bIKTbl CATTEPIH 6ing,.

Muxaun BaneHtuHosuu, ci3 TBYB »kobacbiH 6ackapa-
Cbi3, OHbIH, A9XA YLwWiH KaHAaW MaHbI3bl 6ap eKeHiH ait-
Tbin 6epiHi3wi.

AIXA TBY 6aHKi ADXA-He MmyLle enaepaiH cypaHbicbiHa baii-
NaHbICTbl AIXA KOHdEpPEeHUMACHIHbIH, WeLWimiMeH Kypbiaabl.
31 memnekeT KaszipAiH, e3iHAe aTOM 3HepreTMKacblH Nangana-
Hyaa oHe 30-fa XyblK aTOM CTaHLMANAPbLIH CanfbiCbl Keneai.
Byn adpuka koHe asua engepi. TBY GaHKi aTOM 3HEPruacbiH
eHAjprici keneTiH, 6ipak A3C yWiH OTbIH KETKI3YyAiH, XKyieniniriHe
KYMaHZAHaTbiH engepre KaxeT. OcCbl MaKcaTTap YLWiH Cy-Cynbl
3HepreTUKanblk peakTopbiHbiH, (CCIP-1000) 6ip KYKTEMECIH He-
MECe YL KalTa XKYKTeNYiH eHAipyre *KeTKiNiKTi ypaH rekcadTopuaiHik,
Kopbl Kypbiiabl. CoHbiMeH KaTtap, TBYb Kypy «xaHafaH KenreH
enpepai» ypaHabl 6anbitTy 6oMblHWA 63 eHAIPICIH KYPY KaMeTTiniriHeH
KYTKapagbl, eiTKeHi byn afpaiga aToM KapyblH Kacay Kayni 6ap.
ASXA OTbIH Kacay YLWiH WKKI3aTTbl *KeTKi3yaiH, Kenini 6onbin Tabbina-
[bl KoHe KaxeT bonfaH Kafaanaa YI®-HbiH KON CYFbIAMaNTbIH KOPbIH
yNFanTyFa 6onagbl.

YM3-HblH, BaHKTiH, }KYMbIC iCTeyiH KamTamacbi3 eTy KeHiHAeri
YKYMbICbIH Kanai 6aranaicbis?

A3XA KasakctaH aymarbiHga 2015 Xbinbl anemaeri anfawkpl TOMeH
OalbiTbiNFAH ypaH OaHKiH Kypy Typanbl Kenicimre KON KoOWbIAfaH

AdepHoe obwjecmeo KazaxcmaHa

catTeH bactan Ynbi metannyprua 3aybiTbl-
MeH bIHTbIMakTacaabl. 2019 binbl TBYD
nanganaHyra bepingi. Kasip atom oTbl-
HbIH »Kacay ywiH 60 uyuamHgpae 90 TOHHA
WKKi3aT 6ap. bi3 3aybITTbIH, KOFfapbl BiNiKTI
Kbi3meTKepnepiHe YIP cakTay ywiH 6apAablK
KaFfanmnap Kefen acanfaHbl YWiH anfbic
aiTambI3 XKaHe OyriHri TaHaa AIXA-meH Kacan-
faH WapTKa cavkec TBYB-KiH ceHimai nangana-
HY KaMTamacsbI3 eTinyae.

CoHpait-ak, ci3 AJXA-HiH TeH Tepafacbl 6o-
nbin TabbinatblH bipneckeH yinectipy Komu-
TeTiHiH Ke3eKTi 0TbIpbICbl OTTi. OCbl KOMUTETTIH,
JKYMbICbI Typanbl aUTbin 6epiHi3wi.

BYK — 6yn obaHblH, 6apablK KaTbiCyLWblNapbI-
HblH, TOMeH OaMbiTblNFaH ypaH OoibiHWa bipnec-
KEH KYMbIC KOMUTETI. On KblN CalblH XMHaNagbl.
OHAa meHeH backa Tafbl bip TeH, Tepafa — KP SM

YY[IAKOB

Mwuxaun BaneHTMHOBWY

2015 KbInablH aknaH abiHaH 6actan ASXA A4pO0AbIK 3Hep-
reTuKa AenaptameHTi 6ac AupeKTopbIHbIH OpbiHbacapbl KaHe
Bacwbicbl KbI3MeTiH aTKapaabl. 2007 XblnAblH, aknaHbiHaH
BacTan areHTTiKTe )KyMbIC icTeit bacTaraHfa geitiH Muxaunn Yy-
[,AKOB aTOM 3/1€KTP CTaHUMACHIH 6acKkapaTbiH JyHuexy3inik
yMbIMAap KaybIMAACTbifbiHbIH, MacKey OpTafibifbiHbIH, AM-
pekTopbl 6onap!.

ByfaH peniH 1995 kbingaH 6actan Muxaun BaneHtuHo-
BMY peceinik «PocaHeproaTom» KoHUepHiHae bipkaTap
OaclWwbINbIK  KbI3BMETTEP aTKapAbl, COHbIH iwiHae 1999
bINAbIH, CaYipiHAe «PocaHepHOaTOM» 6ac AMPEKTOPbIHbIH
opbiHb6acapbl aHe buanbun A3C AMpeKTopbl Naya3biMbiHa
TafabiHAanabl. 1993 xbingaH 1995 xbinFa AeniH Muxa-
nn Yyaakos Mackey meH JlongoHgasbl A9C BAO KeHecLuicCi
6onbin ymbic icteai. 1983 xbingaH 1993 xbinfa aeitid Ka-
JMHWH aTOM 3N1EKTP CTaHLMACbIHAA 9PTYPAI Nayasbimaapaa
KYMbIC icTeai. AQponbiK TEXHUKA FblAbIMAAPbIHbIH, 4OKTOPbI
ZapexeciHe ue.

aTOM 3HEepPreTMKachbl XaHe eHepKacin AenapTameHTiHIH aupektopbl fymap CepfasuH Bap. KomuteT oTbipbic-
TapbliHaa TBY-abl 6ip Kbl iWiHAe nanganaHy KeHiHAeri ©3eKTi macenenep, COHAAMN-aK 3aHHAMa, KeAeHAik
JKOHE KapXKblNblK KaMTamachbi3 eTy macenenepi *aHe 6ackanap TankpinaHaabl. bubin 6i3 YM3-biH KaitTa ceptu-

duKaTTaypaH eTyiHe BanNaHbICTbl XKUHANADIK,

AWTNaKLWbI, KalTa cepTMdMKaTTay Typanbl. bi3 6yn Gpopmatrarbl X ymbicTap anempae anfaw per
XKyprisinreHin 6inemis, onapabiH 6ipereitniri Hege? Mpouecc KaHLWA YaKbITTbl anAbl, KaHWA MaMaH
KaTbicTbl? CepTuduKaTtTayFa AanbiHAbIK Kanau Kyprisingi?

YIP-iH caKTay CTaHA4ApTTapbliHa COMKeC KailTa cepTUdMKaTTay ap 5 Mbln calblH XKyprisinyi Tvic. byn xonbl

nsk_kz_1993 ¥ nskassociation1993
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@ ILRQA Austria GmbH bac mepairepsik yiibIM peTiHae apeKeT eTTi, 041 Hacka xofapbl MamaHAAHAbIPbINFAH KO- Hannbi 6i34iH KacinopbiH Typanbl 3
o CaNKbl MepAirepnik KOMNaHMANAPAbI KYMbICKA TapTTbl. bip anTa iwiHAe 6 MamaH Xymbic icTedi. bapabiK Ka- ci3aiH acepiHi3 kKaHpain? IS
2 KeTTi ic-Wwapanap cananbl OpblHAANAbl. Anfall peT Kalta cepTMOMKaTTay TOATHIPbIAFAH UMAWMHAPAEPAE &

Kyprisingi. AngbiHFbl cTaHAAPTTap O60MbIHIWAE UMAMHAPAEPAI anbin TacTay, 6ocaty, rmapobainaHbiC Kyprisy, ASXA TBY opHanactbipy ywiH YM3 aypbic TaH-

COfZlaH KeWiiH ToNTbIpy *KaHe TBYB-He KalTapy KaxeT 6onabl. byn Kypaeni, JanfaHblHA Tafbl 4a K63 XeTKi3gi. Ci3aiH 3aybITbiHbI3

Y3aK aHe KbimbaT npoueaypa. CeHimai cepikTec aHe 6i3 OHbIMEH XKYMbIC icTeyai

2020 Kbinbl XKabablKTap MeH CblHaK a4icTeMeCiHiH, KeTingipinyi- Xanfactolpambl3. biz YM3 KbiameTkepaepiHe TypaKTbl

He BanNaHbICTbl YyAbTPAALIOBICTbIK AeDEKTOCKONUAHBI OPHbIHAA XKYp- KONL4AYy MeH bIHTbIMAKTAaCTbIK YWiH anfbiC auTambl3.

risyre MyMKiHZIK OepeTiH HaKTblNaHFaH CTaHAAPTTAP eHrisinai. BapnbiK TybiHAaFaH MiHAETTep BipneckeH Kyww-xirep-

onemae anfaw pet TBYb aymafbiHaa uuanHapnepai bypan ao- MeH wewinedi. Tnimai e3apa ic — sapeKeT XacafaHbl

HeKepneyaiH, canacbl Tekcepingi. On ywin « MALLI3ABO» MLIC (YM3 eHLwinec KacinopHbl) apHaiibl }abablK YWIiH-OTKIi3y XeHiHaeri aupekTop AnekcaHap Xoaa-

[avblHAAN, KnanaHaapabl Tekcepy b6oWbiHWA KeKe agicTeme acagbl. MyHbIH 63pi 24 UMAMHAPAE OpPbIH- HOBKa aHe BYK 6oWbiHWa TeH Tepafacbl, KP atom

nangapl. KopbITbIHABI KYyKaTTap Kasip AanblHAbIK NpoueciHae. 23 uuanHap ceptudukat angpl. bip umavuap- 9HepreTMKacbl aHe 6HepKacibi aenapTameHTiHiH,

[ie CaKTay KayincisgiriHe acep eTnenTiH WwafblH cypakTap 6ap. On 6oibiHWa XKeKe wewim KabblngaHagbl. ampektopbl fymap CepfasuHre epeklle anfbic aiTa-

Mbi3.
YM3-ga, 6acka KacinopbiHAApPAA anbiHFAaH TONTbIPbIIFAH LUAUHAPAEPAI cepTUPUKATTAy fOnua AHmonosa,
TOXipubeciH naganaHy }KocnapnaHyga ma? «YM3» AK 6acnace3s Kbiamemi

OpuHe, byn biperen Taxipnbe! AnabimeH on Keneci Xbiibl TBYB-HbIH KanfaH 36 UMAMHAPIH cepTUdUMKaTTay
YWiH KongaHbinagpl. KeniHHeH 6i3 ocbiHAaW a4icTi aToM eHepKacibiHiH, 6acka KacinopbiHAAPbI Kanaybl 6OWbIH-
LWa KongaHa anaTblHAAM eTin FblAbIMM KYPHANFa Makana AanblHAAYAbI )KOCMapAan OTbIPMbI3.

Ve
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MWUXAWN YY1AKOB:

«Mbl BNATOfIAPHb|
YM3 3A NOAAEPMKKY U
COTPYAHMYECTBOY

C 19 no 26 wnioHs B baHke HOY (BHOY) MATATS, pac-
NONOXXEHHOM Ha TeppuTopun YNbBUHCKOrO MeTannyp-
ruyeckoro 3asoga (YM3), nouepHem npeanpuatum AO
«HAK «Kasatomnpom», npoBeAeH Mepsblii 3Tan mno-
BTOPHOW cepTudMKaumm 24 umanHApPoB ¢ rekcadtopu-
oM ypaHa (FPY). B MMpoBOW NpakTHKe 3Ta npoueaypa
BMepBble NPOBOAMNACH HA 3aMOIHEHHbIX LUAVHAPAX.

OpraHusatopom cepTuduKaummn Bbictynuno MATA-
T3, a camu paboTbl BbINONHAINCH ABCTPUIICKOM KOMNa-
Hueit LRQA un 6onrapckoit Bultest. Mpu atom obopy-
[lOBaHVe ANA BPALLEHUA U MOAAEPNKAHMA LUANHAPOB,
yTo HeobxoAMMO B pamKax npoueayp pecepTuduKa-
UMK, bbin10 nsrotosneHo TOO « MALL3ABO/».

Mo ntoram ceptudukaymum coctoanocs Xlll 3aceagarme
06beanHEHHOTO KoopaMHaUMoHHoro KomuteTa (OOK)
n IV paboyee cosewaHue no 3kcnayatauum BHOY
MATATS.

HypHanuctbl «YM3-undopm» scTpetnancs ¢ Muxa-
unom BaneHTMHOBMYEM, 4YTODObI y3HaTb Camble MHTE-
PECHble MOMEHTbI pecepTUdUKaLmMmM U GYHKLMOHUPO-
BaHuA banka HOY MATATS.

Mwuxaun BaneHTuHOBMY, Bbl pykoBoaute
npoektom BHOY, noxanyiicra, pacckaxkure,
Kakoe 3HauyeHue ana MATATI oH umeer.

bank HOY MATATS co3gaH pelleHnem KoHdepew-
uvmn MATATD B €BA3M € 3anpoCcom cTpaH-4neHoB MATATS.
31 rocydapcTBO Ye 3KCMyaTMpyeT aTOMHYIO 3Hep-
reTuky u nopagka 30 XOoTAT NOCTPOUTb aTOMHblE CTaH-

MIKHAIL CHUDAKOV:

«WE ARE GRATEFULTO
UMP FOR SUPPORT AND
COLLABORATION»

From June 19 to 26, the first stage of re-certifica-
tion of 24 uranium hexafluoride cylinders was con-
ducted at the IAEA’s LEU Bank (LEU Bank), located
at the Ulba Metallurgical Plant (UMP), a NAC
Kazatomprom JSC subsidiary. In the world practi-
ce, this procedure was conducted on filled cylin-
ders for the first time.

The certification was organized by the IAEA,
and the work itself was performed by the Aust-
rian company LRQA and the Bulgarian company
Bultest. The equipment for cylinder rotation and
support, which is required as part of the recertifi-
cation procedures, was manufactured by
MASHZAVOD LLP.

Following the results of certification, the XIlI

®1 Joint Coordination Committee (JCC) meeting and

the IV IAEA BLEU operation workshop were held.

UMP-Inform journalists met with Mikhail Va-
lentinovich to find out the most interesting mo-
ments of recertification and functioning of the
IAEA LEU Bank.

Mikhail Valentinovich, you are in charge of
the BLEU project, please tell us what
significance it has for the IAEA.

The IAEA LEU Bank was established by a decision
of the IAEA Conference following a request from
IAEA member countries. 31 countries already
operate nuclear power and about 30 want to
build nuclear power plants. These are both African
and Asian countries. The LEU Bank is necessary
for countries that want to generate nuclear energy
but have doubts about the regularity of fuel
supplies for nuclear power plants. For these pur-
poses, a stockpile of uranium hexafluoride suf-
ficient to produce one load or three reloads of
a water-cooled power reactor (VVER-1000) has
been created. In addition, the establishment of the
LEU eliminates the need for «<newcomer countries»
to set up their own uranium enrichment facili-
ties, since in such a case there is a risk of making
nuclear weapons. The IAEA is a guarantor of raw
material supplies for fuel creation, and the ura-
nium hexafluoride reserve can be increased if
necessary.

AdepHoe obwecmeo KazaxcmaHa

LMK, ITO U adpUKAHCKME, U a3naTckme CTpaHbl. baHk
HOY HeobxoaMm cTpaHam, KOTOPblE XOTAT reHepupo-
BaTb y ceba aTOMHYO SHEPrUI0, HO COMHEBAIOTCA B pe-
r'YNAPHOCTM NocTaBoK Tonauea ana A3C. BoT gna atux
Lenenm u cosjaH 3anac rekcadpropmaa ypaHa, AocTa-
TOYHbIVA 419 NMPOWU3BOACTBA OAHOW 3arpy3KkM AU Tpex
nepesarpy3ok BOA0-BOAAHOMO SHEPreTUYeCcKoro peak-
Topa (BB3P-1000). Kpome Toro, co3aaHune BHOY nsbas-
NAET «CTPAHbI-HOBUYKMY» OT HEOBXOAMMOCTH CO34aBaTb
coDCTBEHHOE MPOM3BOACTBO NO 06OralleHnto ypaHa,
TaK Kak B TaKOM CAy4ae eCTb PUCK CO34aHWUA aTOMHOrO
opyxua. MATATI aBnaeTcA rapaHTOM MOCTaBOK CblpbA
AN1A CO34aHMA TONNBA, U NPU HEOBXOAMMOCTM Henpu-
KOCHOBEHHbIM 3anac MDY moKeT bbITb yYBESMYEH.

Kak Bbl ouieHuBaete paboty YM3 no
obecneyeHuto GyHKLMOHUPOBAHUA baHKa?

MATATS coTpyaHWYaeT ¢ YNbOUHCKMUM MeTannypru-
YeCKMM 33aBOAOM C MOMEHTA MOAMMCAHMA Cor/aLlle-
HWA O CO34aHMKM Ha TeppuTopun KasaxctaHa nepBoro
B Mupe baHKa HM3KooboralleHHoro ypaHa B 2015 roay.
B 2019 rogy BHOY 6bin caaH B akcnayataumio. Ceil-
yac B Hem Haxogutca 90 TOHH cbipba B 60 unAMHApPAX
AR U3TOTOBNEHWMA aTOMHOro Tonauea. Mbl 6naro-
AapHbI BbICOKOKBaAMPULMPOBAHHO-
My MEepCoHany 3aBoAa 3a TO, YTO bbiau
OMepaTMBHO CO34aHbl BCe YCNOBUA
ANA XpaHeHus MY, n cerogHa obecneyu-
BaeTcA HafeXHanA akcnayartauma BHOY B
COOTBETCTBUM C gorosopom ¢ MATAT3.

3aHMMmaeT noct 3amectutensa [eHe-
PasbHOr0 AMPEKTOpa U pyKoBOAMTENA
[lenaptameHTta agepHon sHeprun MA-
AT ¢ despana 2015 roga. [lo Ha4yana
pabotbl B AreHTcTBe ¢ ¢espana 2007
roga Muxaun Yyaakos 6bin ampekTopom MOCKOBCKO-
ro ueHTpa BcemupHoii accoumaLym opraHn3aLunin, sKc-
nayatupytowmx A3C (BAO A3C).

Mepep atum ¢ 1995 roga Muxann BaneHTMHOBKY 3a-
HUMan pAA, PYKOBOAALLMX MOCTOB B POCCUINCKOM KOH-
uepHe «PocaHeproatom», B TOM uYucne B anpene 1999
roga 6bin Ha3zHayeH Ha NOCT 3aMecTUTeNs reHepasnb-
HOro aupektopa «PocaHepHoaTOMa» M aupekTopa bu-
nnbumHckon A3C. C 1993 no 1995 rog, Muxaun Yyaakos
pabotan coseTHukom BAO ASC B Mockse 1 JIOHAOHe.
C 1983 no 1993 roa paboTan Ha pPasaMYHbIX AOMKHOC-
TAX Ha KannHuHckon A3C. meeT cTeneHb LOKTOPa HayK
no AAEPHOM TEXHUKe.

How do you evaluate the UMP’s performance
in ensuring the functioning of the Bank?

The IAEA has been cooperating with Ulba
Metallurgical Plant since signing an agreement to
establish the world’s first Low Enriched Uranium Bank
in Kazakhstan in 2015. The LEUB was commissioned
in 2019. It now holds 90 tons of raw material in 60
cylinders for nuclear fuel fabrication. We are grateful to
the highly qualified personnel of the plant for promptly
creating all conditions for uranium hexafluoride storage,
and today reliable operation of the LEUB is ensured
in accordance with the agreement with the IAEA.

There was also a regular meeting of the

Joint Coordination Committee, which you
co-chair from the IAEA. Please tell us about the
work of this committee.

The JCC is a joint working committee of all partici-
pants in the Low Enriched Uranium Project. The JCC
meets on an annual basis. Besides me, it has one more
co-chairman — Gumar Sergazin, Director of the Depart-
ment of Atomic Energy and Industry of the Ministry of
Energy of the Republic of Kazakhstan. The committee
meetings discuss topical issues on
the operation of LEU for the year, as
well as issues of legislation, customs
and financial support, and others. This
. year we gathered at UMP due to the
fact that recertification is underway.

Mr. Chudakov has been Deputy Di-
rector General and Head of the IAEA’s
Department of Nuclear Energy since
February 2015. Prior to joining the
Agency, Mikhail Chudakov was Direc-
tor of the Moscow Centre of the
World Association of Nuclear Operators (WANO) since
February 2007.

Before that, since 1995, Mikhail Valentinovich
held several senior positions in the Russian concern
Rosenergoatom, including in April 1999 he was ap-
pointed Deputy Director General of Rosenergoatom
and Director of the Bilibino NPP. From 1993 to 1995,
Mikhail Chudakov worked as an advisor to WANO
of NPPs in Moscow and London. From 1983 to 1993
he worked in various positions at Kalinin NPP. Mr.
Chudakov has a Doctor of Science degree in nuclear
engineering.
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Takke npoLuno oyepeaHoe 3acegaHue
06beMHEHHOTO KOOPAUHALMOHHOTO KOMMUTETA,
B KOTOpOM Bbl iBnsieTecb conpeacegatenem

ot MATAT?J. MNoxanyicra, pacckaxure o

pabote aToro Komurera.

OKK — 3T0 KOMUTET COBMECTHOW PaboTbl BCEX yyacT-
HWMKOB MNPOEKTa MO Hu3KooboraweHHOMy ypaHy. OH
cobupaetca exerogHo. B Hem, Kpome MeHs, ecTb elle
OAVH conpeacesaTenb—AMPEKTOP AenapTaMeHTa aToM-
HOW 3HEepreTMkM M npombiwneHHoct M3 PK lymap
CeprasvH. Ha 3acegmaHuax KomuTeTa obCyxaatoTca
aKTyanbHble BONPOCLl No sKkcnayataunu BHOY 3a rog,
a TaKXe BOMPOCbl 33aKOHOAATE/NbCTBA, TAMOMEHHO-
ro u duHaHcoBoro obecneyeHus u apyrve. B atom rogy
Mbl cObpanncb Ha YM3 B CBA3M C TEM, YTO NPOXOAMT ne-
pecepTUdmKaLmA.

Kcratu, o peceptupukaymum.

Ham u3BecTHO, 4T0 PaboTbl B TaKOM
¢dopmare npoBOAUNUCD BNEPBbIE B MUPE,
B Yem 6blna MX YHUKANbHOCTb?

CKONbKO 3aHAN NPOLLECC, CKOIbKO CneLy-
anucros 6b1n10 3ageiicTBoBaHO? Kak npoBo-
Annacb NOATOTOBKA K cepTuduKauymn?

NepecepTnduKauma, B COOTBETCTBUM CO CTaHAApPTa-
MM XpaHeHua MDY, LonKHa NPOUCXOANTb Kaxable 5 ner.
Ha 3TOT pa3 B KauyecTBe reHepasbHOM NOAPAAHON Op-
raHu3aumm BbicTynuna komnanua LRQA Austria GmbH,
KOoTopan npuBieKana K pabotam gpyrue yskocneuma-
NIU3MPOBaHHbIE CybnoapaaHble KomnaHuu. B TeyeHne
Heaenu pabotanu 6 cneumanncTos. bbinM KauecTBEHHO
BbINO/IHEHbI BCe Heobxoaumble meponpuaTusa. Bnep-

|6 MOBTOPHAA cepTudMKauMA NpoBOAMNACL Ha 3a-
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Speaking of recertification. We know that it
was the first time in the world that work in
this format was conducted, what was unique
about it? How were the preparations for
certification carried out?

Recertification, in accordance with HFC storage
standards, should take place every 5 years. This
time LRQA Austria GmbH acted as the general
contractor and involved other highly specialized
subcontractors. 6 specialists worked during the
week. For the first time, the re-certification was
carried out on filled cylinders. According to pre-
vious standards, cylinders had to be removed,
emptied, hydrotested, then filled and returned to
the BLEU. This is a complex, time-consuming and
costly procedure.

In 2020, due to

LRQA (Lloyd’s Register Quality Assurance)  the equipment and
— CTpaxoBas KOMNaHMsA, NOCTaBAA-
Lan ycayrv no obyyeHuto u ceptu-
duKauum / an insurance company
supplying training and certification re introduced to
services.

test methodology
improvements, re-
fined standards we-

enable on-site ult-
rasonic defectosco-
py. For the first time in the world, the quality of wel-
ded seams with cylinder turning was checked at the
BLEU site. For this purpose MASHZAVOD LLP (a UMP
subsidiary) manufactured special equipment and
created a separate methodology for checking valves.
All this was performed on 24 cylinders.The final
documents are now in the process of preparation.
23 cylinders have already received certification. One
cylinder has minor issues that do not affect the safety
of storage. A separate decision will be made on it.

e obwecmso KazaxcmaHa
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MONHEHHbIX LMAMHApPaXx. Mo npeablayLmm CTaHAapTam
LMAMHAPBI HYKHO BbI10 BbIBO3WTL, ONYCTOLIATD, NPOBO-
AVTb TMAPOUCTBITAHWUA, 3aTeM 3aN0NHATL U BO3BPALLATb
B8 BHOY. 370 cnoXHaf, 4AMTeNbHAA M AOPOrocToALLan
npoueaypa.

B 2020 roay, B CBA3W C COBEPLIEHCTBOBaHWEM 060-
PYyAOBAaHUA U METOAMKW WCMbITaHWA, Bblan BBEAEHDI
YTOYHEHHble CTaHAAPTbI, KOTOPble MO3BOAANT BbINO-
HUTb YNbTPa3BYKOBYIO AedeKTOCKoNMIo Ha mecTe. Bnep-
Bble B MUpe Ha Tepputopun BHOY 6bino nposepeHo
KauyeCTBO CBAPHbIX LWBOB C NPOBOPAYMBAHUEM LUAUHA-
pos. Ana atoro TOO «MALL3ABO» (moyepHee npea-
npuatme YM3) u3rotoBneHo cneumanbHoe obopyao-
BaHWE W CO3[aHa OTAe/bHAaA METOAMKA MO MpPoBepKe
KnanaHoB. Bce 370 u 6bl10 BbINOAHEHO HA 24 UWMAUH-
Apax. 3aKNYnTeNbHbIE AOKYMEHTbI CEMYac B npoLiecce
MOATOTOBKM. 23 UMAMHAPA Y)KE NOAYYMAn cepTUdUKa-
umto. Mo ogHOMY LMAUHAPY eCTb HeboAbLUKE BOMPOCHI,
KoTopble He BAMAIT Ha 6e3onacHocTb xpaHeHua. Mo
Hemy ByZeT NPUHATO OTAENbHOE PeLleHme.

MnaHupyeTca M UCNONb30BaTb ONbIT
cepTUOUKaLMM 3aN0NHEHHDIX LUNTUHAPOB,
nonyyeHHbli Ha YM3, Ha apyrux npeanpuaTmax?

KoHeuHo, 3T0 yHMKanbHbIA onbiT! CHavana oH by-
BET NPUMEHEH ANA CepTUPUKALMK B CNeAYIOLLEM rody
ocTaslwuxca 36 umamHapos bHOY. Bnocnegctsmm mbl
NAaHUPYeM NOATOTOBUTb CTATbIO B HAYYHbIN XKypHaN ANA
TOr0, YTOObI TaKYI0O METOAMKY MOIM MCMNONB30BaTb NPU
EeNaHuM U Apyrue npeanpuaTMA aTOMHON MPOMbILU-
NEHHOCTY.

KakoBo Balue BneuatneHue o Halem
NPeAnpUATAN B LiesIOM?

MATAT?3 euLe pa3 ybeaumnocs, yto YM3 ana pasmele-
Hua HOY 6bin BbiIbpaH NpaBuabHO. Bal 3aBoA — Haaex-
HbI NApTHEP, ¥ Mbl ByAem NPoA0MKaTb C HUM PaboTaTb.
Mbl 6narogapHbl nepcoHany YM3 3a nocTosAHHY0 noa-
DEPXKKY M COTPYAHMYeCTBO. Bce BO3HMKatOWwMe 3aga4m
PELIAKTCA COBMECTHbIMU yeuamamu. Ocobas baarogap-
HOCTb 33 3QdEKTUBHOE B3aMMOAENCTBME — AUPEKTOPY
no cbbiTy AnekcaHapy XozaHoBY M conpesceaaTento no
OKK, anpekTopy AenapTamMeHTa aTOMHOW SHEPFETUKM U
npombiwneHHocTn PK fymapy CeprasuHy.

HOnua AHmoHoea,
npecc-cayn6ba AO «YM3»

Are there any plans to use the experience
of certification of filled cylinders gained
at UMP at other enterprises?

Certainly, this is a unique experience! First of
all, it will be applied for certification next year
of the remaining 36 cylinders of BLEU. Subsequ-
ently, we plan to write an article for a scientific
journal so that this methodology can be used by
other nuclear industry enterprises as well, if they
wish.

What is your overall impression of our company?

The IAEA has once again made sure that UMP
was chosen correctly to host the LEU. Your plant
is a reliable partner and we will continue to coo-
perate closely. We are grateful to the UMP staff
for their constant support and cooperation.
All arising tasks are solved by joint efforts. Special
thanks for effective interaction are due to Ale-
xander Khodanov, Sales Director, and Gumar Ser-
gazin, JCC Co-Chairman, Director of the Depart-
ment of Atomic Energy and Industry of the Repub-
lic of Kazakhstan.

Yulia Antonova,
press service of UMP JSC
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YHFbIMANAPZbI XMMUANBIK, OHOEYAIH
WbLTKbIMA/bI KOHZbIPFbICHI

Tabufn eTkisriwTiri 6ap KeHAepaeri ypaHAbl *KepacTbl YHFbIMaNbIK Wwaimanay (HYL) KeyekTi CyMbIKTbIKTbI
Tay KbIHbICTAPbIHbIH, KATTbl aHEe CyiblK (a3anapbiMeH ©3apa SPEeKeTTeCeTiH epiTKilKe aybiCTbIpyAbl Kes-
nengi. HatuxeciHae Kep KOWHayblHAA 9pTYpAi QU3MKa-XMMUANLIK NpouecTep Kypeai. YpaHHbiH, KY¥LI
Ke3iHAeri reoTexHONOTMUANbIK YHFbIMaNapAblH KYMbIC Taxipubeci yakplT eTe Kene cy3ri MeH YHfbiManap-
[blH, Cy3ri aiMaKTapblHblH, KOAMaTaumAcbiHa 0ainaHbICTbl 0NapAbIH GHIMAINIM TeMeHAeWTiHIH KepceTeai.
KonmaTtauma npouectepi ycak KaHe XYKa KOocnanapAblH Tay KbIHbICTAPbIHbIH, TECIKTEPi MEH KapblKTapblHa
TabuFM Hemece KacaHAbl MexaHWKaNblK KO3Fa/biCbIMEH, COHAAN-aK ONapAa epireH XMMUANbIK 3aTTapAblH, TyH-
6acbiMmeH bipre *Kypeai, byn eHiMAi FOPU3OHTTbIH, OTKI3FIWTITiHIH TOMeHAeYiHE biKNan eTea,.

«ofapbl TexHonoruanap MHcTUTyTb» HKLUC mamangapel «PY-6» XLUIC mamaHgapbimeH bipnecin xeHaey-
KannblHa Kentipy KymbicTapblH (WKKM) Kyprisy KesiHae reoTeXHONOrMANbIK YHFbIMANapabl XMMUANbIK OH-
Jleyre apHanfaH apHaibl KblKbIManbl KOHAbIPFbIHbI (KK) a3ipnen, ewrisai. Astopnapbl KocyHos A.O., La-
BaHAa B.B., Konbaesa M.M., Mbip3abek K.A., Mataes M.M., KeHetaes .C., buwmmos K.E., /iunuHckuii B.K.,
TpetbakoB C.HO. eTiHiM 6epin, «TexHONOTUANLIK YHFbIMANAPAbl XMMUANBIK OHAeYre apHanfaH XKblMKbIManbI
KOH/ZbIPFbI» TaKblPblObl 6oMbiHWa 28.04.2017. 6ton. Ne8 KZ Ne 2153 naTeHTiH anapl.

KK TexHonormanblk KabablkTapbl cepTUPUKATTaNFaH, Kayinci3 KoHe 3KONOMMANbIK Ta3a, YHFbiManapaa
KKK Kyprisy ywiH apHaibl KacanfaH, aliblk KOHTeWHepsep MeH pe3epByaprapAbl nanaanaHyabl 6on-
AblpMayFa MYMKiHAIK 6epeai. Mpouectepai 6ackapy KyienepiH aBTOMATTaHAbIPY eHOEK eHIMAINIriH apTTbI-
Pyfa, XMMMANbIK peareHTTepAiH LbIFbIHAAPbIH a3aiTyfa KoHe yYHfbiManapga KKK Kkyprisygin Trimai-
NiriH apTTbipyFa MyMKiHAiK bepeai (1-cyperT).

1-Kecre - lekonbmatupneywi epitiHainepain Kypambl

Jexkonbmatusauma Kenemi, H,SO,, HE. Kr OHaenreH aipay AU taynikke | AL, TaynikteH
epiTiHAicCiHiH, Kypambl m3 Kr ! YHFbIMaNapbiHbIH, CaHbl neiiiH, NH_HF, KeWiH, HF
HF + H_SO, 3.0 120 150 (2,0%) 5 26 55
HF + H,SO, 3.0 120 200 (2,5%) 19 30 48
HF + H,SO, 3.0 120 250 (3,2%) 4 25 30
HF + H,SO, 3.0 120 300 (4,0%) 38 32 50

KKKXK xvmuanbik apictepi TEXHONOTUANBIK epiTiHAINEPAIH ©HIMAI FOPU3OHTTbIH, HEri3ri XbIHbICTAPbIMEH
§3apa dPEKETTECYi HITMXKeCIHAE Naifa 6ONFaH KayblH-LWALbIHAbLI epiTyre KaHe otofa OafblTTanfaH. YHfbl-
manapabiH, KKK KesiHae ¢TOpCyTeK KbIWKbIbIHBIH €epiTiHAiNepiH KongaHy eHbek Kayincisagiri Tanan-
TapblH CaKTall OTblpbiN, apHalbl TEXHONOTUANBIK KabAbIKTa apHaiibl 93ipNeHreH agicteme OOWbIHWA XKyprisi-
nepj. OAiCTiH M3HI cyTeri TOP KbIWKbIIbIHBIH, €PITIHAINEPIH YHFbIMAHbIH, LUBFIHAINEPMEH dpEKeTTecyi
YWiH OHbIH cy3ri beniriHe Tikenen bepy, apAMGT aingay apKbiibl YHFbIMAZAH ThIC PEaKUMA eHIMAEpiH epiTy
IHe Kot 60nbin Tabbinagpl. PTOPCYTEK KbIWKBINbIHBIH, KOHLEHTPALMACHI MEH K8NeMi YHFbIMAHbIH, BHIM-
AiniriHe, anablHFbl XMMUANBIK OHJAeY TaxipubeciHe KaHe TreoNoruMANblK Kafganmnapsa 0OalnaHbICTbl TaH-
fanafbl. KyKipT KbIWKbIAbIH KOCY €piTiHAIHI HbIFaiTy, pH-Tbl TOMEHAETY KIHE OHIMAj rOPMU30HTTaFbl HEri3ri
epiTKiWTiH, 6eMTapanTaHyblHa *Kon Bepmey yWiH KapacTbIpbliFaH.

1-kectege YHFbIManapAa 33ipNeHreH oaHe CblHAaNfaH [AeKONbMATU3aUMANBIK epiTiHAinepaiH, peuenTypa-
Nnapbl KenTipinreH.

2023 KbINAbIH Winge-*KenTokcaH annapbiHAa AavbiH GTOPCYTEK KbIWKbIAbIMEH AEKONbMATU3ALUANBIK epi-
TiHAI peTiHAe *Kymbic icTey ywiH KK-Hbl 6eiimaey 60MbIHLWIA KYMbICTAP KYPri3ing,i.

YHFbIManapapl eHaeyre AeWiH XoHe oAaH KeliH naifanaHy YHFbIMana-pbiHbIH, OHIMAININT MeH XymbIC
Y3aKTbIfblH Tanaay GTopcyTek KblWKbIAbIH KongaHa oTblpbin, KKK XMMUANbIK SAiCiHIH TMIMAINIriH aHbIKTayFa
MYMKiHZIK 6epai.

XUMUANBIK BHAEY KYPrisinreHre feMliH KoHe OfaH KeWiH TeoTeXHONOTUANbIK YHFbIMANAPAbIH, KYMbICbIH
CafbICTbIPManbl Tangay YHFbIManapablH, anfblHFbl XeHAey apanblk uukni (MAL) 25-50 Kr menwepiHge am-
MOHUI BUPTOPUAIHIH (NH4HF2) epiTiHainepiH KongaHy aHe 150 Kr KYKIpT KbIWKbIIbIH KOCY Ke3iHae opTa
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Monitor well

1-cypem — TexHO/102UANbIK YHFLIMANAPObI
XUMUSAAbIK 6HOey2e apHANFaH
HCBITHBIMASbI KOHObIPFbI

1 - eHiMOi KeKkHCUeK;

2 — emnelimiH KeK#UeK;

3 —cy3eiee waKbiH alimakma weey;

4 — aliday yHFLIMAAAPbIHLIK KONOHHAAAPSI,
5—aliday yHFbIMANAPbIHLIK KOAOHHAAAPSI,

6 — XUMUASbIK 6HOey2e apHanFaH ¥abosikmap;
7 — KbICbIMObI WAAHe;

8 — pe3epayapdbiH CbilibIMObI/bIFbI.

2 — cypemme YHFbIMAAapObl XUMUANbIK
eHOeydi Htypaiy cbi3bacsl KepceminzeH.

ecenneH 30 ToyniKTi KypafaHblH KepCeTTi. ¥HfbiManapabl $TOPCYTEK KbIWKbIIbIHBIH, €piTiHAINepimeH eHaey

HaTuxenepi MAL, 2,0 %-paH 55 Toynikke aewiH, 2,5 %-gaH 48 Toynikke aeiniH, 3,2 %-paH 30 Toynikke AeWiH,

4,0 %-paH 50 Toynikke AeWiH ynfaloblH KepceTTi. YHfbiMmanapablH, KAL, Kofapbinaybl 6epinreH ¢TopcyTek

KbILLIKbIIbIHbIH, YIKEH KeeMiHe KaHe AalblH KbIWKbIAAbIH, 4EK0NbMATU3aLMANDIK epiTiHaige TMIMAI epyiHe baid-
NaHbICTbI.

Kenxcemaes . C.,

Kapamaes E.M.,

«Xorapel mexHonoauanap uHcmumymeoi» XILLUIC
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MEPEABUKHAA YCTAHOBKA
XUMWUYECKOU
OBPABOTKM CKBARWH

NMoa3eMHoe CKBaXkMHHOe Bbiwenaymsanmna (MCB)
ypa-Ha B pyZaxX C eCTecTBEHHOM MNPOHMLAEMOCTbIO,
npeaycMaTpuBaeT 3aMeHy NOPOBOM KMAKOCTM Ha pac-
TBOPUTE/Ib, KOTOPbIV B3aMOAENCTBYET C TBEPAON U KMUA-
KMMKM pa3amu ropHbix nopod. B pesynbtate B Hegpax
MPOTEKAKOT Pa3NnYHble GU3NKO-XMMUYECKME NMPOLLECCHI.
MpakTKa paboTbl re0TEXHONOTUYECKUX CKBAXKMH MpW
MCB ypaHa, NOKa3bIBAET YTO CO BPEMEHEM BCNEACTBUM
KONbMaTaLMmn GuAbLTPa U NPUPUALTPOBOM 30H CKBAXKMH
MPOUCXOAMUT CHUMKEHME UX NPOU3BOANTENBHOCTU. KOAb-
MaTaLMOHHbIe NPOLECChl COMPOBOXKAAIOTCA €CTECTBEH-
HbIM WMAWU UCKYCTBEHHbIM MEXaHWYECKMM nepemelle-
HMEM MEeNKMX U TOHKMX NPUMeceii B NOpbl U TPELLMHbI
FOPHbIX MOPOA, 3 TaKKe OCAKAEHWEM B HWUX PACcCTBO-
PEHHbIX XMMUYECKMX BELLECTB, CMOCOOCTBYIOLLME CHU-
YKEHMEe NPOHMLAEMOCTU NPOAYKTUBHOIO rOPU30HTA.

Cneupanuctamm TOO «UHCTUTYT BbICOKMX TEXHOMO-
rMN» COBMECTHO co cneumnanmctamm TOO «PY-6» bbina
pa3paboTaHa ¥ BHeApeHa cneLmanbHas yCTaHOBKa ne-
peasukHan (YMN) ana xumuyeckon 06paboTKM reoTexHo-
NOTUYECKMX CKBAXKMH NPU NPOBEAEHUN PEMOHTHO-BOC-
CcTaHoBUTENbHbIX paboT (PBP). AsTopamu KocyHos A.O.,
[laBaHaa B.B., Konbaesa M.[., Mbip3abek K.A., Ma-
TaeB M.M., Kenetaes K.C., buwwumos K.E., /lunuu-
ckuii B.K., Tpetbsakos C.t0. 6bina nogaHa 3aaBKa v nony-
yeH nateHT KZ Ne 2153, ny6n. 28.04.2017. 6ton. Ne 8. no
Teme: «llepeaBuKHAA YCTaHOBKA A/19 XMMUYECKOW 06-
PabOTKM TEXHONOTUYECKMX CKBAKMH Y.

TexHonornyeckoe obopyaosaHue Y ceptudunympo-
BaHO, 6€30MacHO M 3KOMIOrMYHO, pa3paboTaHo creuu-
anbHO ana nposefeHnA PBP Ha cKBaXuHax, No3sonseTt
UCKNOYUTL NPUMEHEHWE OTKPbITBIX EMKOCTEW U pesep-
ByapoB. ABTOMaTu3auma CUCTEM ynpaBaeHWA npouec-
COB NO3BO/IAET MOBbLICUTH NPOU3BOAUTENBHOCTL TPYAQ,
COKPATUTb Pacxofbl XMMUYECKUX peareHToB 1 NOBbICUTb
3QPeKTUBHOCTb NpoBeaeHMA PBP Ha CKBaXMHaXx.

Xummnueckne metogsl PBP HanpasneHbl Ha pacTBo-
PEHWE W YCTPaHEeHMA 0CafkoB, 0bpa3oBaBLUMECA B pe-
3yNbTaTe B3aMMOAENCTBUA TEXHONOMMYECKMX PacTBOPOB
C BMELLAIOLWMMM NOPOAAMM NPOAYKTUBHOTO FOPU3OHTA.
MpUMeHeHWe pPacTBOPOB (TOPUCTOBOAOPOAHOM KuC-
Nnotol Npu PBP ckBaXnH NpoM3BOAMTCA NO CNeumnanbHo
pa3paboTaHHOM MeToAMKE Ha CMeuuasbHOM TEXHONO-
rMyeckom obopyaoBaHuK, npu cobnogeHnm Tpebosa-
Huit 6e3onacHocTn Tpyaa. CyTb MeToaa 3aK/tyaeTcs
B Mojaye pPacTBOPOB (HTOPMCTOBOAOPOLHON KUCAOTbI
HenocpesCTBEHHO B QUILTPOBYIO YaCTb CKBAXKMHbI ANA
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A MOBILE INSTALLATION
FOR CHEMICAL
TREATMENT OF WELLS

Underground in-situ leaching (ISL) of uranium
in naturally porous ores involves replacing pore
fluid with a solvent that interacts with the solid
and liquid phases of rocks. As a result, various
physical and chemical processes take place in
the subsurface. The practice of geotechnological
wells operation at wuranium ISL shows that
with time due to the filter and near-filter zone
colmatisation of wells there is a decrease in
their productivity. Colmatation processes are
accompanied by natural or artificial mechanical
movement of small and fine impurities into the
pores and cracks of rocks, as well as by the
precipitation of dissolved chemicals in them,
which contribute to a decrease in the permea-
bility of the productive horizon.

Special mobile installation (MI) for chemical
treatment of geotechnological wells during repair
and restoration works (RRW) was developed and
implemented by specialists of Institute of High
Technologies LLP jointly with specialists of RU-6
LLP. The authors Kosunov A.O., Shavanda V.V., Kop-
baeva M.P., Myrzabek K.A., Mataev M.M., Kenzhe-
taev J.S., Bishimov K.E., Lipinsky V.K., Tretyakov S.Y.
have applied for and received the KZ patent No.
2153, publ. 28.04.2017. bulletin No. 8. on the sub-
ject: «Mobile installation for chemical treatment
of technological wells».

The technological equipment of the MI is cer-
tified, safe and eco-friendly, designed specifically
for well servicing, eliminating the use of open
tanks and reservoirs. Automation of process control
systems allows to increase labour productivity,
reduce chemical reagent costs and increase effi-
ciency of well servicing.

Chemical methods of RRW are aimed at
dissolving and removing sediments formed as
a result of interaction of process solutions with
the host rocks of the productive horizon. Appli-
cation of hydrofluoric acid solutions during RRW
of wells is carried out according to a specially
developed methodology on special technological
equipment, in compliance with labor safety
requirements. The essence of the method con-
sists in supplying solutions of hydrofluoric acid
directly into the filter part of the well for its reac-
tion with sediments, dissolution, and removal

AdepHoe obwecmeo KazaxcmaHa
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€€ peakumuu ¢ 0caaKoobpa3oBaHMAMM, pPacTBOPEHUE U
yAaneHne NpoAyKTOB pPeakLuuu 3a Npesesibl CKBaXKMHbI
NyTéM 3pAMPTHOM OTKAuKM. KOHUEHTpauua u obbem
GTOPUCTOBOAOPOAHOW KUCAOTbI NOAOMPAETCA B 3aBU-
CUMOCTU OT MPOWU3BOAMUTENBHOCTU CKBAaXKMHbI, OMbITa
NPEALECTBYIOWMX XMMUYECKUX 06paboTok M reo-
NOTUYECKUX YCNOBMIA. [JobaBneHWe CepHOM KUCAOTbI
npeaycMaTpuBaeTca ANA YKPenaeHua pacTtBopa, CHU-
eHne pH M npepoTBpalleHNe HeWTpanusaumm oc-
HOBHOrO PacTBOPUTENA B NPOLYKTMBHOM rOPU3OHTE.

B Tabnunue 1 npuBeaeHbl pa3paboTaHHblie 1 onpobo-
BaHHble HA CKBA)KMHAX PeLenTypbl AeKOAbMaTUpYto-
LLLMX PAcTBOPOB.

Ha PucyHKe 2 npuBeaeHa cxema NPOBEAEHUA XMMU-
Yeckoi 06paboTKM CKBAXKMH C npumeHeHem Y.

B nepuopg vonb-gekabpb 2023 roga bbian npous-
BeAeHbl paboTbl Mo agantauum YM ana pabotbl ¢ ro-
TOBOM (TOPMCTOBOAOPOAHOM KMCAOTON B KayecTe Ae-
KOZIbMaTMPYIOLLETO PacTBOpa.

of reaction products outside the well by ehrlift
pumping. The concentration and volume of hydro-
fluoric acid is selected based on well performan-
ce, previous chemical treatment experience and
geological conditions. Sulfuric acid is added to
strengthen the solution, reduce pH and prevent
neutralization of the main solvent in the productive
horizon.

Table 1 shows formulations of decolmatising
solutions that were developed and tested at the
wells.

Figure 2 shows the scheme of chemical treat-
ment of wells with the use of the M.

During the period July-December 2023, work
was carried out to customise the MI to work with
ready hydrofluoric acid as a decolmatising solu-
tion.

Analyses of productivity and operating time of
production wells before and after well treatment

Tabnuua 1 - Cocrasbl gekonbmatupyowwux pacrsopos / Table 1 - Compositions of decolmatising solutions

Cocras Aekonbma- " Konuyectso o6pabotaH- = MPL, go, cyTok MPL nocne,
TUpylowero pacteo- | O6bém /
-, H. SO, HF, HbIX OTKaUYHbIX CKBaXXUH / IRC up to, cytok / IRC
pa / Compositions Volume, 2
.. N Kr / kg Kr / kg / Number of treated days after, days
CHCLEE ERBIT M umping wells NH HF HF
solutions pumping a2
HF + H_SO, 3.0 120 150 (2,0%) 5 26 55
HF + H. SO, 3.0 120 200 (2,5%) 19 30 48
HF + H SO, 3.0 120 250 (3,2%) 4 25 30
HF + H_SO, 3.0 120 300 (4,0%) 38 32 50

AHann3 nNpou3BOAUTENBHOCTU W NPOAOMKUTENbHO-
CTM paboTbl 3KCNAYATALMOHHBIX CKBAXXMH 4O M nocne
06paboTKM CKBaXXMH MO3BOAWUA ONpeaennTb 3pdek-
TUBHOCTb XMMMYecKoro metoga PBP ¢ npumeHeHnem
$TOPMCTOBOAOPOAHOM KUCAOTI.

CpaBHWUTENbHbIN aHanM3 paboTbl reoTexHonormyec-
KUX CKBaXXMH [0 M Moc/ie nposefeHuA xum.obpabor-
KW MOKa3an, YTo NPeAWecTBYIOWMA MEXPEMOHTHbIN
umkn (MPLL) ckBaxuH coctaBnsan B cpeaHem 30 cyToK
NnPpWM NPUMEHEHUU PaAcTBOPOB bBudTOpMAa aMMOHWMA
(NH,HF.) B konndectse 25-50 kr 1 gobasneHnm cepHont
Kucnotbl 150 Kr. Pe3ynbtaThl 06paboTKM CKBaXKMH pac-
TBOPaMM GTOPUCTOBOAOPOAHOM KMCNOTbI MOKa3an yBe-
nnyenne MPL npu 2,0% fo 55 cytok, npu 2,5% po 48
cyTok, npu 3,2% a0 30 cytok, npu 4,0% go 50 cyTok. MNo-
BbllweHne MPLL ckBaxuH 0bycnoBneHo 601bwnm 06b-
€MOM NoAaBaeMort GTOPUCTOBOAOPOAHON KUCNOTbI M
9PEKTUBHBIM PACTBOPEHMEM TOTOBOM KUCIOTbI B Ae-
KONbMaTUPYIOLLEM PaCcTBOpE.

Kernxcemaes }.C.,
Kapamaes E.M.,
TOO «MAHCMumym 8bICOKUX mexHono2uii»

made it possible to determine the effective-
ness of the chemical method of RRW using hyd-
rofluoric acid.

The comparative analysis of geotechnological
wells operation before and after chemical treat-
ment showed that the previous inter-repair cycle
(IRC) of wells averaged 30 days when applying
ammonium bifluoride (NH,HF)) solutions in the
amount of 25-50 kg and adding sulphuric acid
150 kg. The results of wells treatment with hyd-
rofluoric acid solutions showed the increase
of MRC at 2.0% up to 55days, at 2.5% up to
48 days, at 3.2% up to 30days, at 4.0% up to
50 days. Increase of wells IRC is caused by a large
volume of supplied hydrofluoric acid and effec-
tive dissolution of prepared acid in decolmatising
solution.

Kenzhetayev Zh.S.,
Karataev E.M.,
Institute of High Technologies LLP
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CACN, LLE3UW KOHE XKEMHIH
KOMIPIH KABY TYPA/bI

Nikipranac ¢popmatbiHgarbl Kesgecy A.C. MywWKWH aT. KiTanxaHaHblH aMepUKaHAbIK OypbiWbIHAA OTTi.
OckemeHperi KasakctaH PecnybauKacbl, anemaik KOFaMAacTblK »KIHE XahaHAbIK aHTUAAPONBIK KO3-
FanbiC YWiH MaHbI3abl OKMFa — 29 Tambi3 Cemeit AApoONbIK CbiHAK noauroHbl (CACH) KabbinFaH KyHi.
LaKkbipbinFaH cnukepnep YNbi metannyprua 3aybitbiHbiH, (YM3) KbiameTkepnepi 6onapi.

O©J/IEMHIH, 3NULEHTPI

«YM3» AK fblibIMM OpTanblIfbiHbIH, KeTeKLWici,
¢.m.F. g., npodeccop MaHapbek KbiibllKaHOB
CACM-HbIK emip cypy Tapuxbl K3HEe OAaH KeWiHri
abblNybl Typanbl fblbIMU-KENWINiK A9PiC OKbl-
Abl.

HyprisinreH XapblabicTap, anaHaap, pagnoOHYK-
ANATEPAIH Tapany aymarbl, CbIHAaKTapAblH, Canga-
pbl Typanbl aknapatbl 6ap cnamarap 6ip-6ipiH an-
MacTbipabl.

1989 KbiNbl MOAUFOHAA COHFbl Kapblabic 60A-
Abl, 1991 xbinbl KP Mpe3naeHTiHiH KapablFbimeH
CACN xkabbinabl. KasakctaH bacbiHaH bactan aa-
PONbIK Kapycbli3 en Bonyfa KoHe anemHiH, bap-
NbIK MemnekeTTepimeH 6eibiT KapbiM-KaTbIHACTbI
CaKkTayfa wWewim Kabbingasabl. An eKi KblagaH
KeWiH MONUTOHHbIH, MHOPAKYPbINbIMbIH Ol 60M-
bIHWA Ka3aK-amepuKaHAblK oba icke KocCblagbl.
! 1994 Xbinbl A4PONbIK KapyAblH 6apnablk apceHa-
Nbl KaszaKcTaH aymafbiHaH wWolfapbingbl. 1995 xbl-
Nbl XUMUANBIK KapbIbIC 3A4iICIMEH COHFbI AAPO-
NbIK 3apAaTbl KoMbinabl, an 2000 Xbiabl COHFbI
WTONbHA KoWbinabl. KasakctaH YKimeTi Af4ponbik
CbIHAKTap aMMafblHAAFbI 3K0}10I'MﬂﬂbIK aFnanapl Keningety OoMbiHWa GipKkaTap WyFbin  Wapanap
Kabbingaabl. AKLL neH ManoHus YKIMETTepi 3KONOrMANbIK 3epTTeynep Kyprisyae auTtapabiKTak Kap-
XKbINbIK Kemek kepceTedi. AKL neH HanoHua rpaHTTapbl 60MbIHLA FbIBIMU XKYMbICTAp OYTiHTi KyHre AeMiH
Xanfacyga.

bINY HOHE KOPbIKMNAY

MOAWUTOHHBIH Xabblny Takbipblbbl pagnodobua macenenepiH Tankblnaysa bipkanbintbl TyCTi. YM3 MHXe-
Hep-du3uri AHatonmnii CrenaHoB Tabuen paguaumansik GOH Typanbl aTTbl, peHTreH meH KT-4aH KopbIK-
nay Kepek, an 6ip ypaH TabnetkacblH KONbIHbI3Aa Kayinci3 yctayFa 6onaapl, b6ipak TepiHiH Tikenen nac-
TaHYbIH 601 4bIPMaY YLWiH MYHbl KONFANMNEH XKacafaH KeH.

— KT-0aH cbipmKbi cayneneHyOin bip pemmik do3acelH anyra 601a0sbi, 6ipak adam 00aH cayneneHy KesiHe
aliHanamalidel, — pen TyciHAipai AHaTonuit AHatonbeBuu. — Tinmi KT #caHe ¢aropozpagua cuskmel
Ui MeduyuHanblKk 3epmmeynep OeHcaynvikka alimapasikmaili 3usH Kenamipmelodi. MpoyedypadaH
bipHewe KyH emKeH COH, 0eHe mosbifbiMeH KaamnbiHa Keaedi #aHe mepic acep 60amadiosl.

- Eeep adam ofaH paduoakmusmi usomonmap eHce, cayneneHy KesiHe aliHAAAMbIHbIH aman emkKim Ke-
nedi, - geai ToiHAayWbINapAbIH 6ipi sHrimere KocbinbIm.

— On ywiH adam, meicansl, ye3ulioi xymysl Kepek, bipak myHOal #ardalinap mipkenaeH

AdepHoe obwiecmeo KazaxcmaHa

#OK. balieinmel mypoe, adam paduoakmusmi papMayesmuKansiK npenapam-
mapdel eMOiK MaKcamma KonO0GHFGH Ke30e UOHOaywbl cayneneHyoin Ke3i 6ona
anaodel, - aen TyciHaipai AHatonuin CtenaHos.

AN CI3AEPAE YM3-[A KANAI?

Mikipcanbic YM3-Ha Aa KaTbICTbl, ThiHAaywbinapfa «Ynba — MBX» aHa eHaipici Typanbl AIXA TBY 6aHki
- Obyn KangblKTap emec, OTblH GHAipyre apHanfaH LWMKi3aTTblH, CTPATErnANbIK KOPbl €KeHAiri anTbingbl.
Ynbi meTannyprua 3aybiTbiHbiH, YPAHMEH YMbIC icTereH 6ap/blK YaKbITbiHAA Kbl3MeTKepaepaiH, 3aH-
MEeH benrineHreH cayneneHy f03acbiHaH ackaH bipae-bip afnal Hemece aBapUANbIK Kafnal boaFaH KOK.

ka1

OATA U BPEMA .’:';_a.'(j ABIYCTA, 15:00 |

O©3EKTI TYPA/bI

opuHe, Kesgecyae OVYriHri TaHAa eH ©3eKTi
TaKbIPbIM — AaTOM 3/71€KTP CTAHUMACBIHbIH, KYPblabl-
Cbl KeTepingi. byn anekTp KyaTblHblH KeTicney-
WwiniriHeH 6acka KenTereH 3KONOTUANbIK Macene-
nepAai wewertiHi ce3cis. Cebebi XI0-ga Kemipai
KAFYAbIH, 3MAHbI KOpLWafaH OpTafa OPHbl TOAMAC
3naH Kentipeni. bipak Ka3akcTaHHbIH aTtoM 3Hep-
TMACBIH KONAaHy OafbiTbiHAA YAKEH KYMbIC KyTin |
TYp.

KaTbiCyLWblnapAblH, CypaKTapbiHbiH, 6ipi: «CoHbi- |
MEH, aH(EeMHIH KeMipiHeH KOPKY KepeK ne, Kemip-
0i paduayusra mekcepedi me?».

— bapnelk kKemip miHdemmi mypoe mekcepinedi,
an KemipOiH a3 meawepiHde paduayus-eme a3,
axce meolHbiw ylblIKkmal anadel, - aen Kyaimcipen |
sayan 6epai MaHapbek Kanbimynbl. '

n]mggf). ; NEePHk bITE

KOPbITbIHAbICbIHAA

3an cypakTapbl Ken 6ongbl, 6i3aiH *Kactapbimbi3
3uBepTTep MeH beKkKkepenbaepai TYCiHEeTiHiH, TBan meH TBC aereH He eKkeHiH bineTiHiH, Ka3akcTaHaa atom
3N1EKTP CTAHLMACBIH Cany TaKbIpblObIHAA COMNece anaTbiHbIH KIHE 01 KalaH aKTanaTbiHbIH Biny KyaHTaabl.
— byeiHai ombIpbicma KemepinzeH MaKebipbIIMap HahaHAbIK CUNAMKA Ue, OHbIH iWiHOe A0PONbIK Ka-
pydbl KOMOAHY Kaymi, amom 37eKmp CMAHYUAAAPbLIHbIH Kypblaeicsl, paduogobus, amomdsl belibim
makcamma nalidanaHy, cOHObIKMAH XanKbiMbI3, acipece xacmap 6inimdi 6ony Kepek. binim — Kyw neH
Hyp, an 6i30ix 3amaHda 6inimdi 6ony nalidansl», — gen aTan eTTi CO3iH KOPbITbIHAbINAN Kene AHaTonui
CtenaHoB. — As1 6i3 Ka3aKCmaHHbIH amom eHepKacCibiHiH eKini pemiHOe 0CbiFaH yaec KOCYbiMbl3 Kepex.
AHHa YymuHa,

«YM3» AK 6acnace3 Kbiamemi
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MPO 3AKPBITHE CuAN,
LIE3UI
W BABYLLIKUHY YINIAPKY

BcTpeya B popmate AMCKYyCCMM MpOLWNa B amepwu-
KaHCKOM yronke 6ubnnotekun um. A.C. MNywkuHa B YcTb-
KameHoropcke. oBog 6onee 4em BECOMbIA — MCTO-
puyeckas gata ana Pecnybavku KasaxctaH, MMpoBoro
coobuecta U MobanbHOTO aHTUALEPHOTO ABUMKEHMA
— 29 aBrycta, Koraa 6bin 3akpbiT CemunanaTUHCKMiA
UcnbITaTeNbHbIM AaepHbId noaurod (CUAN). Mpurna-
LWEHHbIMM CNMKepaMM BbICTYNUAW COTPYAHUKM Yb-
BUHCKOro meTtannypruyeckoro 3asoga (YM3).

MNUUEHTP MUPA

C Hay4yHO-MONYNAPHOM NeKumen ob uctopum cylue-
CTBOBaHMA M nocaegytowem 3akpbitun CUAM BbICTY-
nuA pyKoBoauTenb HayyHoro ueHtpa AO «YM3», fok-
TOp ¢.M.H., npodeccop MaHapbek KbinbilwKaHOB.

Cnangbl ¢ MHGOpMaLMen 0 NPOBEAEHHbIX B3PbIBAX,
nAoWAAAX, TEPPUTOPUM PACNPOCTPaHEHMA paamo-
HYKNMAOB, NOCNEACTBMAX WMCMbITAHWA CMEHAAN Apyr
Aapyra.

B 1989 roay Ha nonuroHe 6bin Npou3BeAéH Mo-
cneaHuid B3pbis, B 1991 roay Ykasom lMpe3unaeHta PK
CUAN 6bin 3aKpbIT. KazaxcTaH ¢ caMoro Havyana pewun
cTaTb 6e3bAAepHoi CTpaHoW M NOAAEpPKMBATL MMUP-
Hbl€ OTHOLLEHWA CO BCEMM rocyaapcTBamm mupa. A yxe
No NPOLUECTBMAM ABYX NET BOBCHO 3apaboTan KasaxcKo-
aMEPUKAHCKMUM NPOEKT MO YHUUYTOKEHUIO MHPACTPYK-
Typbl nonuroHa. B 1994 roay Becb apceHan AfepHOro
Opyua Obln BbiBe3eH C Tepputopun KasaxcraHa. B
1995 rosy MeTofoM XMMMUYECKOro Noapbiea bbin yHUY-
TOXEH NocnesHUN AaepHbIv 3apag, a 8 2000 — yHuuTO-
XWUAW NOCNESHION WTONbHIO. lMpasutenbctBom Kasax-
CTaHa bbln NPUHAT PAA HEOTNOXKHbBIX MEP MO CMATYEHNIO
SKONIOTMYEeCKo OBCTAHOBKM B 30He AAEPHbIX WCMbl-
TaHui. CylecTBeHHY0 GUHAHCOBYIO MOMOLLb B MpPO-
BEAEHUM IKONOMMYECKMX WCCNEeLOBaHUMA OKa3blBaKOT
npasutenbctea CLUA n AnoHuun. HayyHble pabotbl no
rpaHTam LUTatoB 1 ANOHWMM ayT no cei aeHb.

ABOUT SHUTTING DOWN
OF SNTS, CESIUM,
AND GRANDMA'S CHARCOAL

The meeting in the format of discussion was held in
the American nook of the A.S. Pushkin Library in Ust-
Kamenogorsk. The reason is more than weighty — a
historic date for the Republic of Kazakhstan, the world
community, and the global anti-nuclear movement
— August 29, when the Semipalatinsk Nuclear Test
Site (SNTS) was closed. The invited speakers were
employees of Ulba Metallurgical Plant (UMP).

THE EPICENTER OF THE WORLD

A pop-sciences lecture on the history of existence
and subsequent closure of the SNTS was given by the
Head of the Scientific Center of JSC «UMP», Doctor
of Physical and Mathematical Sciences, Professor
Manarbek Kylyshkanov.

The information slides about the explosions, areas,
radionuclide spreading territory, and consequences
of the tests succeeded each other.

In 1989, the last explosion was made at the test
site, and in 1991, by the Presidential Decree of the
Republic of Kazakhstan, the SNTS was closed. From
the very beginning Kazakhstan decided to become
a nuclear-weapon-free country and to maintain
peacellful relations with all countries of the world. After
two vyears, the Kazakh American project to eliminate
the infrastructure of the test site was already in full
swing. In 1994, the entire arsenal of nuclear weapons
was removed from the territory of Kazakhstan. In
1995, the last nuclear charge was eliminated by che-
mical detonation, and in 2000, the last adit was
destroyed. The Government of Kazakhstan has taken
several urgent measures to mitigate the environ-
mental situation in the nuclear test site. The
governments of the United States and Japan provide
substantial financial assistance for environmental re-
search. Scientific work under grants from the United
States and Japan continues up to the current day.

AdepHoe obwecmeo KazaxcmaHa
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3HATb U HE BOATbCA

TeMa 3aKpbITUA MOJMFOHA NAAaBHO NepeTekna B 06-
CyXaeHune Bonpocos paanodobun. AHatonuin Crena-
HOB, WHXeHep-¢ou3nK YM3, pacckasan o ecTecTBeH-
HOM pasMaLMOHHOM QOHe, YTO He CTOUT BOATLCA PEHT-
reHa u KT, a oAHy ypaHOBYyl TabneTKy MOXHO Cno-
KOVHO MofepaTb B PyKax, HO AenaTb 3TO KenaTesb-
HO B nepyaTKax BO M3bexaHWe NPAMOro 3arpssHe-
HMA KOXHbIX MOKPOBOB.

— Om KT MO¥HO nosny4yume pa3osyro 003y 8HEWHe-
20 0bs1y4eHUA, HO Yen08eK OM 3Mo20 He CMAHo-
8UMCA UCMOYHUKOM U3/YyYeHus, — NOACHUN AHa-
Tonuii AHatonbesud. — Jaxe 00807bHO Yacmele
MeOUYUHCKue uccnedosaHusa, makxue Kak KT u
(nroopozpacpusa, He HaHecym 3HAYUMO20 epeda
300posblo. Yepes HeckonbKo OHeli nocne npoyeody-
pbl OP2aHU3M MOAHOCMbIO BOCCMAHABAUBAEMCA U
He2amueH020 8030elicmeus He npoucxooum.

— Ommeyy, Ymo 4en0BeK CMAHOBUMCA UCMOYHU-
Kom paduayuu, ecau 8 Hez2o nonadaom paouoak-
MUBHblE U30MOMbl, — K PA3roBOpy NOAKNOUMACA
OAMH U3 cayLuaTenen.

— [na amoezo Yenosek dosieH npo2nomums, K npu-
Mepy, uesull, HO MaKux ciy4aes 3aghUKCUPOBAHO
He 6bin0. A ecau cepbE3HO, Yenosek Moxem He-
HA00/7120 CaM CMamMe UCMOYHUKOM UOHU3UPYHO-
We2o U3ny4yeHUs npu MpUMeHeHuu Um paduoak-
MUBHbIX (hapMauesmu4eckux npenapamos e se-
yebHbIX Yenax, — nosacH AHatonnit CTenaHos.

A KAKY BAC, HA YM3?

[Aunckyccna 3atpoHyna u YM3, caywartenam pac-
CKasaiMm npo HOBOe NpPoM3BOACTBO «Ynbba-TBCy,
yto baHk HOY MATATS — 370 cTpaTernyeckui 3anac
Cbipbl ANA MPOW3BOACTBA TOM/IMBA, a He otxogpl. U
YTo 3a BCe Bpemsa pPaboTbl YnAbOMHCKOrO meTanaypru-
YECKOro 3aB0Za C YPaHOM He OblsI0 HM OZHOTO Cay4an
MPEeBbILEHNA YCTAHOB/IEHHOW 3aKOHOM A03bl 06Ay-
YEHWA COTPYAHUKOB UM aBAPUMHOM CUTYaLMN.

&

TO KNOW AND NOT BE AFRAID

The topic of landfill closure smoothly flowed into
a discussion of radiophobia. Anatoly Stepanov, a
physics engineer at UMP, spoke about the natural
radiation background, that one should not be afraid
of X-rays and CT scans, and that one uranium tab-
let can be safely held in one’s hands, but it is advi-
sable to wear gloves to avoid direct contamination
of the skin.

— A CT scan can give a single dose of external ra-
diation, but it does not make a person a sour-
ce of radiation,- Anatoly Anatolievich explai-
ned. — Even quite frequent medical examina-
tions, such as CT scans and fluorography, will
not cause significant harm to health. A few days
after the procedure, the body fully recovers and
there is no negative impact.

— | would like to note that a person becomes a
source of radiation if radioactive isotopes enter
him,” — one of the listeners joined the con-
versation.

— For this purpose, a person must swallow, for
example, cesium, but no such cases have been
recorded. But seriously, a person can briefly be-
come a source of ionizing radiation himself
when he uses radioactive pharmaceuticals for me-
dical purposes, - explained Anatoly Stepanov.

LIKE ON THE UMP?

The discussion also touched upon the UMP; the
audience was told about the new Ulba-TVS pro-
duction facility, that the IAEA LEU Bank is a strate-
gic reserve of raw materials for fuel production, not
waste. Moreover, for all the time the Ulba Metallur-
gical Plant has been working with uranium, there has
not been a single case of exceeding the legally estab-
lished radiation dose to employees or an emergency.
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Ob AKTYA/ZIbHOM

KoHeuHo, Ha BcTpeye Bblna NOAHATA, NOXaNyW, ca-
Mas aKTya/lbHaf Ha CErofHA TemMa — CTPOMTENbCTBO
A3C. HecomHeHHO, 3TO pewwuT, NOMMMO AeduumnTa
3/IEKTPO3HEPTUM, U MHOTUE SKONOTUYECKME NPOBAEMDI.
MoTomy YTO Bpes OT CKMUraHma yra B TIL, HAHOCUT He-
nonpasuMblin yliepd oKpyatowein cpege. Ho npea-
CTOMT OrpOMHas paboTa B HanpaBJEHWUMN NMPUMEHEHUA
KasaxcTaHOM aTOMHOW 3Hepruu.

OfMH 13 BONPOCOB OT NPUCYTCTBYHOLWMX Bbln cnepy-
towmm: «Tak cToMT nm 60aTbca 6abyLWKUHOMN YINAPKK,
NPOBEPAIOT N YrO/Ib Ha HANMYME PaSUaLUn?»,

— Becb yeonb 00HO3HAYHO NpPOBepAom, U 8 MasnbiX
0b6vémax yena paduayuu — musep, 6abywka mo-
#em crname cnokolHo, — ¢ ynblbKow otBeTUN MaHap-
bek Kanbimoswy.

B 3AK/TIOMEHUU

Bonpocos 13 3ana 66110 MHOTO, OTPaAHO 3HATb, YTO
HaWwa MONOAEXDb pa3bupaeTtca B 3uBepTax U bekkepe-
NAX, 3HaeT, yto Takoe TB3J/1 n TBC, MOXKeT CO 3HaHNEM
Zena norosopuTtb Ha Temy ctpoutenbctea ASC B Kasax-
CTaHe, M Koraa OHA OKyNUTCA.

— [lodHsmMble ce200HA Ha 8cmpeye membl — 210601b-
Hbl, 3MO U y2p03a MpUMeHEHUA AOEPHO20 OPYHUSA, U
cmpoumenscmeo A3C, u gonpocel paduogobuu, u uc-
N0/16308aHUE AMOMA 8 MUPHbIX UYenAax, M03Momy Hawu
/100U, U 0COBEHHO M0100EMHL, 00M#HbI 06100aMb 3HA-
HUAMU. 3HGHUA — Cuna u ceem, U 8 HaW B€K M0/1e3HO
66imb NPOCBEUWEHHbIM Y€/108€KOM, — OTMETUA B 3aK/H0-
yeHun AHatonuin CtenaHoB. — M Mbl KGK COMPYOHUKU
308000, npedcmasnAwWe20 amomHyro ompacas Ka-
3aXCcmMaHa, 00/1#¢Hbl 3IMOMy crnocobcmeosams.

AHHa YymuHa,
npecc-cayx6ba AO «YM3»

ABOUT THE ACTUAL

Certainly, the meeting raised perhaps the most
pressing topic of the day - the construction of a nuclear
power plant. Undoubtedly, this will solve, in addition
to the shortage of electricity, many environmental
problems. Because the harm from burning coal in
thermal power plants causes irreparable damage to
the environment. But there is a lot of work to be do-
ne in the direction of Kazakhstan’s application of
nuclear energy.

One of the questions from the audience was as
follows: «So should we be afraid of grandmother’s
coal stove, is the coal checked for radiation?»

— All coal is definitely checked, and in small volumes of
coal radiation is negligible, grandmother can sleep
well, — Manarbek Kalymovich replied with a smile.

IN CONCLUSION

There were a lot of questions from the audience,
it is encouraging to know that our young people un-
derstand about Sieverts and Becquerels, know what
a fuel element and fuel assemblies are, and can
talk about the construction of a nuclear power plant in
Kazakhstan and when it will pay off.

— The topics raised at today’s meeting are global,
including the threat of nuclear weapons, construc-
tion of nuclear power plants, radiophobia, and the
peaceful use of the atom, so our people, especially
young people, must have knowledge. Knowledge
is power and light, and in our age, it is useful to be
an enlightened person, — Anatoly Stepanov noted
in conclusion. — And we as employees of the plant,
representing the nuclear industry of Kazakhstan,
should contribute to this.

Anna Chumina,
press service of UMP JSC
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BONALLAK METANAbl *KRACAYLLIbINAP

«Ka3satomeHepkacin» YAK» AK eHwinec KacinopHbl Yn6i metannyprua 3aybitbiHaa (YM3) 6epunnnis
Heri3iHae biperei eHiMaep — MHTEpMeTaNAnATep XKacay 60ibIHLWA KyMbicTap 6enceHai Kanfacyaa.

\
@&

Bepunnuningiy, ekinik meTannapanblk KOCbINbICTapbiHbIH, (6epunnno3) AApONbIK HKaHE TEPMOALPOAbIK SHep-
reTMKaZa, acnan Kacayfa, aspofapbllTbIK XaHe Backa cananapaa KongaHy aneyeti 30p. ONEMHIH, TYKMip-Tyk-
nipiHeH KenreH MamaHaap, fanbiMAap MeH 3epTTeyllinep Gepunnnin UHTEPMETANNUAIHIH yNKeH 6onalafbiH
6onKanapbl.

BAFbIT - BEPUNTUATEPTE

CoHfbl bingapbl «YM3» AK apTypni bepunnnatepaeH AanbliHAamanap meH byrMbimaapapl any TEXHONOTMA-
NapbliH 33ipnenai *KoHe eHri3eai, COHAaN-aK 0NapablH, KACUETTEPIH 3epTTENA].

EBreHunit ®paHuy,
«YM3» AK 6epunnuit eHgipiciii aupekTopb!:

— bepunnulidin #aHa KonOaHy cananapbiH i30ecmipy *oHe OHbIH He-
2i3iHde #aHa mamepuandapdsl xacay — 6i30iH mexHosnoemap, Fan6im-
oap MeH Mapkemonozmap ywiH mypakmel MiHOem. fblabiMU-mexHU-
KanblK Mpo2pecKe HeFypsbiM ayblp HYMbIC #arO0albiHOQ CeHiMOi y-
MbiC icmelimiH waHa Kacuemmepi 6ap mamepuandap Kaxem. bepun-
nUOmep Qa3POFAPbIWL BHEePKacibiHOe HaHe M aHAOAH MACanFaH mep-
MOAOPObIK CUHMe3 peakmopaapsiHOa nalidanaHy ywiH Kaxem Hap-
ce.

Kasipri yakpitta YM3 fblibiM1 OpPTaNbifbiHbIH, OEpPUANIA 3epTxaHachl
KaHa HapbIKTapAbl urepy ywiH bGipereit eHimaepai *acay 60MbIHWA Kap-
KbIHAbI ¥XYMbIC Xyprisyae.

Cepre# Ypapues,

«YM3» AK fbinbimu

OpPTaNbifbIHbIH, 6@pPUNNNIA 3epTXaHACbIHbIH,
MeHrepyLici:

- bi3 mumaH/xpom/mauman 6epunaudmepi mypa-
A6l alimein ombIpMbI3 — 01apObIH  6apPsbIFbIHbIH
«emip cypy» Kabinemi 6ap — mek K0n0QHy OpPHbLIH
mabbiHbi3. bi30iH miHOemimi3 KaHOal HOFapbl KyH-
Obl 6HiMOepOdi anyra 601aMbIHbIH }#aHe 01apObIH
KaHOal Kacuemmepi MeH cunammamanapsl 60ayel
MYMKIH eKeHiH 3epmmey. byn b6areim 6i3 ywiH *a-
Ha 60aFaHOLIKMAH, 6YA HYMbICMbI KA3GKCMAHObIK
FolnbiMu yibimoapmeH bipaecin amkapydamei3. by-
2iHei maHda marman bepunaudmepiqer (Ta,Be ),
xpomraH (CrBe ,) waHe mumarHar (TiBe ) daiibiH-
oamanap meH ObylibimOapObl 6HOIpyde anFauwiKel
Hamuaenep 6ap.

AdepHoe obwiecmeo KazaxcmaHa

bepunnutidiy 12 amomeiHa 6ip
FAOHG MUMAH AMOMbIH KOCY OHbIH
KYpblbIMbl MeH KacuemmepiH
mybezelini e32epmeodi. TumaH
bepunnutii masza 6epunnulioi
K0M0aHy MyMKiH 6oamaraH
#ardalioa #ymeic icmeli anadol

Cepreit Yaapues:
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BAP/IbIfbIHA TOTEN BEPETIH META//1!

ByriHri KyHi apTypAi ¢u3mKanblk GakTopnapAplH, aTan aWTKaHAa, npo-
TOTUNTIK BGNOK yArinepiHiH, PecypcTbiK TEPMOLUMKAALI  CblHAKTapbIHbIH
acepiHeH TWTaH bepunangiHeH acanfaH OyibiIMAapAblH, MiHE3-KYIKbIH
3epTTey Xanfacyaa.

— ColHaKmap apmypni OuHamuKkacel 6ap aybicranel #biny acepiH 6indipedi. byn mwymeicmap Kapncpys
mexHono2uanelK uHcmumymeimeH (KIT, TepmaHus) biHmMbiMakmacmelK weHbepiHoe mumaH bepunnu-
OiHeH xacanfaH 610KkmapoblH wobanaHameiH DEMO mepmoadponsiK peakmopbiHelH 6aaHKem-ma-
pamkbiwsiHOa 610kmapOsbl NaloanaHy HOCNAPAGHFAHFA YKCAC aYbICMAnbl Hbiay HyKmemenepiHe my-
PAKMbIAbIFbIH Heziz0ey MaKcamoelHOQ 0pbIHOAna0bI. byziHei maHOa KCKA3UBMINiK eHepKacinmik #ab-
OblIKma HaKmMel mpomomunmepae HakeiH meawepde maxcipubeni dalibiHoamanapdsl any 6oaein ma-

6bi1a0bl.

Kasipri yaKkbiTTa HaKTblAaHFaH Xblay peXumaepiHae antbl Genikke
OeniHreH nNpOTOTUNTIK ONOKTbIH, anTblbypbIWTLl TEPMOLMKAAI CbIHAK-
TapbIHbIH, Ke3eKTi Ke3eHi opblHAaNyAa.

MaHap6ek KbinbllwKaHoB,

«YM3» AK fbinbiMK OPTaNbifbiHbIH 6aCTbIfbI:

— AndeimeH 6i30iH manceipeic bepywimizze «Kbi30blpy — CANKbIH-
oamy» YuknoepiHiH caHbiH 150-2e OdeliiH apmmeipy MiHOemi
Koliblndel. Cammi ceiHaKMapoaH KeliH yukndap caHel 500-ee
OeliiH, codaH KeliiH 1500-ee deliiH ecmi(!). Mapmei Hobin iwiHde
6i3 KanraH 500 cbiIHaKMbI epekwe memeHuie ¥aroalinapoa emkxi-
3emi3. byn eme maHbI306l, elimkeHi 6i30iH mamepuan 800 epa-
O0ycka OeliiHei memnepamypansiK Hykmemenepoe Kaxemmi
YUKA caHbiHG memen bepemiHiHe ceHimOi 60ybiMbI3 KepeK. byn
wymbic YM3 fFoinbiMu  opmaneiFbiHbiH,  b6asacelHoa, 6epunauli
3epmxaHaceiHOa xcypeisinyde. bi3 ocbl uHmepmemannudneH bip-
Kamap ceiHakmapObl (Kapacpys uHCMUMymelHblH CYPAHbICHI
bolibiHwa) GipiHwi 60n6in eMKi32eHimMi30i aman ememiH. An ma-

YM3 bipezeli mamepuansiHa
KasakcmaH PecnybaukacelHblH
Yammeoik A0ponbiK 0pmansiFbl
(Kyp4amos) meH KP Adponbik
cpusuka uHcmumymel (Aama-

Mbl) KbI3bIFyWblAbIK MAHLIMMBbI.
OnapmeH bipnece omoipsin,
bepunnuli 3epmxaHacLl mumaH
bepunnudiHiy Hezi3ei Kacuemmepi
MeH napamempepiH 3epmmey
600ibIHWa ic-wapanap ¥ocnapsiH
#acaodel. Anoarel 2 #bln0a 3aysim
Fan16IMOAPbI OCbI 3epMMeynepmeH
aliHaneicadsl, b6yan memasnobiH
marbl He icmeli anamelHelH biny
ywiH akcmpemanosl #ardalinapoa
3KcnepumeHmmep Hcypaizedi

mepuan onapra cammi memen 6epdi!

—Eeep 6yn coiHaKmap cammi emin, mamepuan Hawapaamaca, 6i30iH mumaH bepunnudimia mepmoso-
posbIK peakmopaapda KonodaHyra «ymimkep» 601y mymkiHOizi 6ap.

— YM3 mexHonoemapsl MeH fansimoapsl bipHewe pem coiHFa mycmi. An 6yn coiH — fapsiw 03YipiHiH Ma-
mepuansiH #acaydel onap natisikmel Kabeindadel. 3aysimmelH bipezell damyel HaKbiH apada Kaxemmi
eHimee aliHanein, adamaam ueinieiHe Kei3mem emedi den ymimmeHemis!

Pa3usa Cepmaesa,
«YM3» AK 6acnace3s Kbiamemi
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CO30ATENU METANIA

BYAYLLIETO

Ha YnbbuHckom metannypruyeckom 3asoge (YM3),
aouepHem npeanpuatum AO «HAK «Kasatomnpom»,
aKTMBHO Npopo/MKaeTca pabota Haj co3AaHUEM YHU-
Ka/ibHbIX MPOAYKTOB — UHTEPMETaNNNAO0B Ha OCHOBE
6epunnus.

Y BMHapHbIX UHTEPMETANNNYECKUX COEAMHEHNN De-
punnuna (6epunnnaos) GonbLION NOTEHUMAN NpuUMe-
HEHUA B AAEPHON U TEPMOAAEPHOM SHEPTrETUKE, NpU-
H0pOCTPOEHUM, aBUAKOCMUYECKOW M APYIUX OTPACAAX
NPOMbIWAEHHOCTU. ChneumanucTbl, y4éHble U uccne-
[0BaTe/IM CO BCEr0 MMpPA MPOPOYaT MHTePMEeTaNu-
nam bepunnus bonbluoe byayliee.

KYPC - HA BEPUNTUAbI

B nocnegHue roabl AO «YM3» pa3pabatbiBaeT 1 BHe-
LPAET TEXHONOTUM NONYYEHUA 3arOTOBOK W U3AEUA U3
pa3NnyHbIX 6EPUNINAOB, A TAKKe U3Y4AET UX CBOMCTBA.

EBreHuit ®paHuy,

AuvpeKTop 6epunnnesoro

npoussoactea AO «YM3»:

—[Touck HoBbIX npumMeHe-

Huli Gepunnus u co3da-
HUE HOBbIX MamMepuanos
HG e20 OcHoge — Mocmo-
AHHble 300a4U 014 HAWUX
MEXHO0/10208, y4EHLIXUMAP-
Kemoso2o8. HayyHo-mex-
Hu4YecKuli npoepecc mpe-
byem mamepuanos ¢ Ho-
8bIMU  cgolicmeamu, Ko-
mopsle 6ydym HaO0éx-
Ho pabomame 6 b6onee
WECMKUX YC0BUAX 3KC-
nayamayuu. U bepunnu-
0bl —3MO MO, YMO HYHCHO
0719 NpuMeHeHUs 8 a3po-
Kocmuveckoli ompacnu u
8 €030a8aeMbIX Peakmo-
pax mepmos0epHo20 CUH-
me3a.

— B Hacmosauwee spemsa nabopamopusa bepunnus Ha-
yuyHo20 uyeHmpa YM3 ycuneHHo pabomaem Hao
C030aHUeM YHUKQ/bHbIX MPOOYKMOo8 018 0C80EHUA
HOBbIX PbIHKO8 CObima.
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CREATORS OF METAL

OF THE

FUTURE

The Ulba Metallurgical Plant (UMP), a NAC Kaz-
atomprom JSC subsidiary, is actively continuing
work on the creation of unique products - be-
ryllium-based intermetallics.

Binary intermetallic compounds of beryllium (be-
ryllides) have great potential for application in nuc-
lear and fusion energy, instrumentation, aerospa-
ce, and other industries. Specialists, scientists and re-
searchers from all over the globe are predicting a
great future for beryllium intermetallics.

TOWARDS ON BERYLLIDES

In the last few years, UMP JSC has been develo-
ping and implementing technologies for the produc-
tion of different beryllide parts and products, as well
as studying their properties.

Yevgeniy Frants,
Director of beryllium
production at UMP JSC:
- Finding new applications
for beryllium and creating
new materials based on
it are ongoing challenges
for our technologists, scien-
tists, and marketers. Scien-
tific  and  technological
progress requires materials
with new properties that
will work reliably in har-
sher operating conditions.
This is what beryllides are
for use in the aerospace in-
dustry and in the fusion
reactorsthatare being deve-
loped.
Currently, the beryllium la-
boratory of the UMP. Re-
search Center is working
hard to create unique pro-
ducts to develop new mar-
kets.

AdepHoe ob6wecmeo KazaxcmaHa
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Cepreit Ypapues,

HauyanbHUK nabopatopuu 6epunnus

Hay4yHoro ueHTpa AO «YM3»:

—Peyb 0 bepunaudax mumaxa/xpoma/maHmana -
8Ce OHU UMEerm B803MOMHOCMb «HUMb» — Halmu
€800 HUWY npumeHeHus. Hawa 3ada4a — uccnedo-
8ame, Kakue npodyKmbl 8bICOKO20 nepedena Mol Mo-
HEM Moay4ame, U Kakumu ceolicmeamu u xapakme-
pucmuKkamu oHu moaym 06aadams. [10cKoMbKY 3mMo
HanpasneHue HoBoe 041A HAC, OaHHY0 pabomy npo-
800UM 8 compydHUYeCmse C KAa3aXCMAHCKUMU UC-
cnedosamesnbCKUMU opeaHusayuamu. K Hacmoswe-
My MOMeHmy ecmb repeble pe3yabmamesl 8 Mosny-
YeHUU 3G020moB0K U u3denuli u3z bepunnudos maH-
mana (Ta Be .), xpoma (CrBe ,) u mumana (TiBe ).

JobasneHue 8ce20 Auwb 00HO20 AMOMA Muma-
Ha K 12 amomam bepunnus paduKanbHO MeHs-
em e20 cmpykmypy u ceolicmea. bepunaud mu-
maHa moxem pabomame 8 yca08uUsxX, Ko20a
npumeHeHue 4ucmoao bepunnus He803MOMHO.

META/I/, KOTOPbIVA BbIAEPXKMUT BCE!

CerogHa NPOAOMKAKOTCA TECTbI-UCCNEL0BAHMA MO-
BeAEHUA u3genuii u3 bepunanpa TUTaHa B YCI0BM-
AX BO3AENCTBMA Pa3NNYHbIX GU3NYECKMX (AKTOPOB, B
YaCTHOCTM, PECYPCHBIX TEPMOLUKANYECKMX UCMbITaHU
06pa3LoB 610KOB-NPOTOTMMOB.

Ceprei1 Ypapues:

—WUcneimaHua npedcmasnarom coboli 3Hakonepe-
MeHHOoe menaoe8oe 8030elicmaue ¢ pasnuyHol OUHa-
MUKoll. [laHHble pabombl 8bINOAHAIOMCA 8 PAMKAX
compyoHu4ecmsa ¢ TexHO/n102UYecKUM UHCMumy-
mom Kapnacpys (KIT, lepmaHus) ¢ uenbro 060cHO8a-
Hus ycmoliyusocmu 610Ko8 u3 bepunnuda mumaxa
K repemeHHbIM mernsa086iM HA2PY3KAM, aHAA02UY-

YHuKaneHelm mamepuansom YM3 3auHmepeco-
8as1uUcb HayuoHanbHbIl A0epHsIl yeHmp Pecny-
6auku KasaxcmaH (Kypuyamos) u MHcmumym
A0epHol ¢usuku PK (Aamamel). B compyOoHu-
yecmee ¢ Humu nabopamopua bepunaua pas-
pabomana naaH meponpuamuli no u3y4YeHur
(pyHOamMeHManbHbLIX ceolicme U napamempos
bepunnuda mumaa. B bauxaliwue 2 200a yyé-
Hble 3ag800a bydym 3aGHUMAMbLCA 3MUMU UC-
C1e008aHUAMU, MPOBOOUMb 3IKCHepuMeHmeol 8
9KCMPEManbHLIX ycaosusax, ymobsl y3Hame, Ha
ymo ewé cnocobeH amom memana.

Sergey Udartsev,

Head of the Beryllium Laboratory

of the Scientific Center of UMP JSC:

—We are talking about titanium/chromium/tan-
talum beryllides — they all have a chance to «live»
— to find their niche applications. It is our task to
investigate which products of high conversion we
can obtain, and what properties and characteris-
tics they may have. Since this direction is new for
us, we are doing this work in cooperation with
local research organizations. By now, we have the
first results in obtaining workpieces and products
from tantalum (Ta Be ), chromium (CrBe ,) and ti-
tanium (TiBe, ) beryllides.

The addition of just one atom of titanium to 12
atoms of beryllium completely changes its struc-
ture and properties. Titanium beryllide can ope-
rate in conditions where pure beryllium cannot
be utilized.

THE METAL THAT CAN WITHSTAND ANYTHING!

Nowadays, tests and studies of titanium beryllide
products behavior under the influence of various
physical factors, in particular, resource thermocyclic
tests of prototype block samples are still in progress.

Sergey Udartsev:

—The tests represent variable thermal stresses
with different dynamics. This work is performed
within the framework of cooperation with the
Karlsruhe Institute of Technology (KIT, Germa-
ny) to justify the stability of titanium beryllide
blocks to variable thermal loads similar to those
in which the blocks are planned to be used in the
breeder blanket of the designed DEMO fusion

The National Nuclear Center of the Republic of
Kazakhstan (Kurchatov) and the Institute of Nuc-
lear Physics of the Republic of Kazakhstan (Al-
maty) were interested in the unique UMP
material. In collaboration with them, the beryl-
lium laboratory developed the plan of measu-
res to study fundamental properties and para-
meters of titanium beryllide. In the next 2 years,
the plant’s scientists will be engaged in these
studies, conduct experiments in extreme condi-
tions to find out on what else this metal is capab-
le of.
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HbIM MmeM, 8 KOmopbiX MAAGHUPYemca 3KCnayama-
yua 610Kk08 8 61aHKeMe-pa3MHoOMUMene npPoek-
mupyemo2o mepmosdepHoz20 peakmopa DEMO.
IKCKNO3UBHOCMb HA Ce200HA 3aKao4aemca 8 no-
/IY4eHUU OMbIMHbIX 3020MOBOK HA MPOMbIUWAEHHOM
060py0o8aHuU 8 pasmepax, NpubauMeHHobIX K pe-
a/16HbIM IPOMOMUMNAM.

B HacToslwee Bpems BbiNONHAETCA OYepeAHON 3Tan
PECYPCHBIX TEPMOLMKANYECKMX WCMbITAaHUI  LWeCTU-
rPaHHOrO GppParMeHTUPOBAHHOMO Ha LWeCTb yacTei 6/10-
Ka-NpoTOTMNa B YTOUHEHHbIX TEM/IOBbIX PEXMMAX.

MaHap6eK KbinblLWKaHoB,

HayaNbHUK Hay4yHOro ueHTpa AO «YM3»:

- CHaYana HawuM 3aKaz4yukom bblna nocmasneHa
300040 — ysenu4ume Koau4ecmeo UUK08 «Hazpe-
8aHUA-0CMbIBaHUA» 00 150. [locae ycnewmHsix uc-
neimaHuli Yucno yuknos yeenuyunu 0o 500, a 3a-
mem 0o 1500(!). B meyeHue nony2o00a 6ydem
nposodums ocmaswueca 500 ucneimaHuli 8 oco-
60 3KCMpemasbHbIX yCa08uAX. IMO 04YeHb BAIKHO,
MOCKO/bKY Mbl 00} HbI 6bimb y8epeHsl, Ymo Haw
mamepuan 8bidepHum
Heobxo0umoe  Konu-
Yyecmeo YUKA08 npu
memnepamypHeIX  Ha-
2py3kax do 800 zpady-
cos. [anHaa paboma
gedémca Ha 6asze Ha-
y4Ho20 yeHmpa YM3, 6
nabopamopuu  bepusn-
aua. Ommevy, Ymo Mol
nepsvle, Kmo nposesn
pAd ucneimaHuli  (no
3anpocy UHCMumyma
Kapnacpys) ¢ amum uH-
mepmemanaudom. ¥ mamepuan ux ycnewHo eoioep-
wan!

— Ecau amu ucneimaHus npoldym ycnewHo u mame-
puasn He paspywumcs, ecmb 8epOAMHOCMb, YMO
Haw 6epunnud mumaHa cmaHem «KaHOUGAMOM»
018 pabomsl 8 MepMOoAOePHbIX PEaKMopax.

— TexHon02am U y4éHoim YM3 He pa3 bpocanu ebl-
308bl. M1 amom 8bi308 — CO30aHUE MAMEPUANA KOC-
muyeckoli apel — docmoliHo npuHAmM umu. Ocmaém-
€A HadesmsCs, Ymo YHUKAAbHAA pa3pabomka 3a-
8000 8 CKOPOM 8peMeHU 8onaomumcs 8 Heobxo-
oumyro npodykuuro u bydem caymcums 8o b6s1a20 Ye-
noseyecmea!

Pazusa Cepmaeea,
npecc-cayrba AO «YM3»
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reactor. The exclusivity to date lies in obtaining pro-
totype blanks on industrial equipment in dimen-
sions close to real prototypes.

Currently, the next stage of resource thermocyclic
tests of the hexagonal fragmented into six parts pro-
totype block in the specified thermal conditions is
underway.

Manarbek Kylyshkanov,

Head of Scientific Center of UMP JSC:

— Initially, our customer set the task of increasing the
number of hea-
ting-cooling cycles
to 150. After suc-
cessful tests, the
number of cyc-
les was increa-
sed to 500 and
then to 1,500(!).
Within six months
we will conduct
the remaining

500 tests under particu-
larly extreme condlitions.
This is very important, be-
cause we must be sure
that our material will
withstand the necessary
number of cycles at tem-
perature loads of up to
800°C. This work is being
performed at the UMP
scientific center, in the
beryllium laboratory. |
should note that we are
the first ones to conduct several tests (at the request
of the Karlsruhe Institute) with this intermetallic
compound. The material has successfully withstood
them!

— If these tests are successful and the material does
not degrade, there is a possibility that our tita-
nium beryllide will become a «candidate» for fusion
reactor operation.

— Technologists and scientists at UMP have been chal-
lenged many times. This challenge — creation of spa-
ce age material — is worthily accepted by them.
We can only hope that the unique development
of the plant will soon be realized in the necessary
products and will serve for the benefit of mankind!

Raziya Sertayeva,
press service of UMP JSC

AdepHoe obuwecmeo KaszaxcmaHa
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2023 Kblnbl 27 xaHe 29 Kapawaga Kasakctan PecnybaukacbiHaa Peceit,
KasakcTaH, TaxikcTaH, ©36ekcTaH, TyHuc, KbipFbicTaH, TaH3aHusa, YHAiCTaH
oHe MHAoHe3Ma capanwblinapbl aMengepai FblAbIMU, TEXHONOTUANDBIK KIHE
MHHOBALMANBIK Cananapfa TapTy OOMbIHWA Y34iK ToXipnbenepai ycbiHAbI.

Ic-wapanapabl «KasaKCTaHHbIH, AAPOALIK KOFaMbl» KaybiIMAACTblfbl KaHE «ATOM canacbl akengepiHiy
Gipnecriri» aiengep 6actamanapbiH KONAAY KIHE AaMbITY KOPbl YAbIMAACTbIPYLWbINAP KON KOWFaH anenaep
MYZ/JecCi YWiH bIHTbIMAKTACTbIK Typaibl XanblKapanblK Kenicim weHbepiHae «PocaTom» mMemnekeTTik Kop-
NOPaLMACBIHbIH KONAAYbIMEH YAbIMAACTbIPAbI.

ActaHapa aviengepaid, MHHOBALMANbIK OeNCeHAINIriHIH, AeHreriH apTTbipy KaHEe 0NapAblH, KOFfapbl Tex-
HONOTUANDIK Cananapfa KaTbiCyblH KeHeNnTyre, Kacibu gamy ywWiH afaai KacayFa OafbiTTanfaH cTpaTerusa-
NnapAbl iCKe acblpy mMaKcaTblHAa YibIMAACTbIpbiNFaH «Ka3akcTaH KoHe Peceit aengepi: *Kofapbl TEXHONO-
TUANBIK CananapAbl OPHbIKTbI 4aMbITy MaKCaTbIHAA bIHTBIMAKTACTbIK IHEPIUACHI» Xa/NblKapanblk Gopym-amna-
NOTbl iC-Wapanap CePUACHIH allThbl.
dopyM-AManorka KatbiCyWblnap aMen mamaHAapablH, Kacibu gamybl yWiH Konawabl opTa Kypy, fblabiMu
KbI3METKe bIHTaNaHAbIPY, XKac ypnakTel STEM-MaMaHAbIKKa TapTy, COHAAN-aK FblbIMU-TEXHMKANbIK Canazga
XaNblKapanblK AMANOTTbl 4aMbITy 6OMbIHWA Y34iK TaXipnbenepai yCoiHAbI.

Peceit MeH Ka3aKCTaHHbIH bepik cepikTecTik 6annaHbicTapbl avien KewbaclwbinapablH 6enceHsi KaTbicybl-
HbIH apKacbiHAA KenTereH aHa popmatrapra ue 6onabl, aen atan oT1Ti PO OK depepaumna KeHeci *KaHbliH-
nafbl Eypasuanbik aiengep Gopymbl KeHeciHiH Tepafacol fannHa KapenoBa KyTTbikTay ce3iHae, — «Ka3ak-
CMAHHbLIK GMOM C€a/aacsl MeH AO0POsbIK KoFamel aliendepiHiH 6ipaecmiziHiH cepikmecmizai mamaHOap-
OblH 6inim 0eHeeliiH apmmbIpyFa, MexHOM02UANbIK HIHE UHHOBAYUAALIK MEXHO102UANAPObI iCKE ACbIpy Ke-
3iH0e maxcipube anmacyra 6areimmantaH }MacmapobiH FolAbIMFG 0€2eH KbI3bIFYWblbIFbIH 0AMY».

O3 KeseriHae, «PocaTom» MeMNEKETTIK Koprnopaumackl 6ac AMPEKTOPbIHbIH, NePCOHaN *KeHiHAer opbiHbaca-
pbl TaTbAiHa TepeHTbeBa aMeNAEPAiH, KOFapbl TEXHONOTUANDIK CananapFa KaTbICyblH KEHENTY MaKcaTbiHAa Pe-
ceit meH KasaKCTaH ailengepi apacblHAafFbl XanblKapaablK AMANOrTbl 4aMbITYAbIH, MaHbI3AblAbIFbIH aTan eTin,
«Ka3aKCTaHHbIH, A4PO/bIK KOFaMbl» KaybIMAACTbIFbIHA 9PINTECTIK YWiH anfbic 6ingipai. Canagasbl reHAepAik
Tene-TeHAiKTi KAMTaMachbi3 eTy POCaTOMHbIH, KaAp CancaTbiHbIH MaHbl34bl 6aFbITTapbiHbIH 6ipi 60bIN Tabblnagbl.

KA3AXCTAHA

«Ka3aKCTaHHbIH, AAPOANbIK KOFaMbl»  KaybiMaac-
TbIFbIHbIH, AnpekTopbl TorKaH CedynnnHa dopym-
AManor o3blK ToXipubenepmeH anmacyra, aengep-
AiH Kacibu pamyblHa KaHe aToM eHepKacibiHaeri
aMenaepain, aNeyeTiH awy MyMKIHAIKTEPIH KepceTyre
barbiTTanfaH Peceit MeH Ka3aKCTaHHbIH, a/ien-MaMaH-
[APbIHbIH, XaNblKAPablK bIHTbIMAKTACTbIFbIH AaMbl-
Tyfafbl XaHa cepniH 6onfaHbIH aTan etTi, — «CoHfbl
3epmmeynepee cylieHe omeipsin, Peceli meH Ka-
3aKCcMaH aliendepi apacbIiHOAFbI XAAbIKAPAbLIK biH-
MmbIMaKmMacmelKkmel dameimy Ka3akcmaHoa #oFapel
MexHUKanblK 6inim anraH Kbi30apdbiH Kem dezeHOe
50%-bl ocbl baFbIMma HyMbICMbl HAAFACMBbIPYOQ.
®opymda ocel MaceneHi weuwly YwiH KambICywbl KOM-
NaHUANapObIH y30iKk maxcipubenepi yColHbIAFAHY.

«3epmmeynepae calikec, anemoik amom canacsiH-
0a epnep meH aliendepdin ekindieiHoe meHaepimcis-
0ik balikanaowbl: Peceli meH Ka3zakcmaHObl Koca asn-
faHoa, anemHiH 18 eniHOe aliendep ocel canadarsl
Kbi3memKepaep CaHbiHbIH 25%-biH Kypaliosl, 6acwibi-
NbIK nayasbimoapoa onap o0aH 0a a3. COHObIKMAH
Kbi30apFa amom canaceiHoa KaHOal mMymkiHOiKmep
awelNaMbIHbIH Kepcemy MaHbI30bI»,— Aen aTan eTTi
«ATOM canacblHbIH aienaep bipnaecTiri» KOPbIHbIH TEH,
KypbInTanwbicbl AnekcaHapa Pabbix.

Cnukep Axmyp3uHa J1a33ar, «KAZENERGY» Kaybim-
[ACTbIFbIHbIH, aAamy KanuTandbl AaMbITy MeHiHAeri

JKOFAPbI TEXHONOTUANbIK
CAANAPIAFbI QUENLEP

AdepHoe obwjecmeo KazaxcmaHa
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ATKapylubl AMPEKTOPbI, CTEPEOTUNTI, YWPEHLWIKTI ASCTYPNEpPAi ©3repTy KaXKeTTiri Typanbl xabapnagbl. On
«KAZENERGY» oitengep sHepretuKkanblK KaybbiHa Oubln 10 Kbl TONFaHbIH alTTbl. [acTypni sHepreTMkaaa
anengep a3 - KbisMeTKepnepaiH, 6apablk Kacibn KypambiHbiH TepTTeH bip Geniri faHa. «KasaTomeHepkaciny
YAK» AK OneymeTTiK KyMbIC AenapTameHTiHiH, aupektopbl KoxarunguHa aHHat KasaTomeHep-
KaCinTiH, Heri3ri 6acbiIMAbIKTapbIHbIH, 6ipi reHAepAiK TeHAIK €KEHiH aiTTbl. OTKEH XblAAblH, COHbIHAA KOMNa-
Huaga 21 000-HaH acTam agam KyMbIC icTedi, onapapiH 3 642-ci aengep. Komnanua 6apnblk AeHreigeri
KbI3SMETKepNepAiH, d/M1-ayKaTblH KOAJAyfa WMHBECTULMA Canafbl: KbI3METKEPNEPAiH KapXbliblK, OU3MKa-
NbIK, }XHE dNEYMETTIK 9/1-ayKaTbl, MAHCANTbl AAMbITY, MCUXMUKA/bIK AEHCAYNbIK CUAKTbI. ¥YMbIMAaFbl dMenaepain
KewbacwbINbIK YNECiH apTTbipy YIWIiH anfalKbl ic-wapanapAblH, bipi KoMnaHuagafbl aiiengepre albina-
TbIH MYMKIHAIKTEPAI KepCeTy MaKcaTblHAA OTKi3inreH «ouenmep KewbacwbiiblFbl anTanbiFbl» 60n4bl. Ocbl
Oafgapnama apKpblibl KOMNaHMALA aengep KaybiMAacTbiFbl Kypblnagbl — «bi3 cepikmecmik HeziziHde Poca-
mommeH bipze aliendepze 6apabIK HUHAKMAAFAH a71eyemmi icKe acelpyra Kemekmecemin 6ardapaamanapos
icKe acoipydbl #OCnapaam omoipmoi3».

LaKbipblAFaH WeTenaik apintectep Ae 63 NikipnepiH bingipai. Kpipfbidctan PecnybaunkacoiHgassl WiN npe-
3ngeHTi Anaa [lyMwen6uea KbipfbidctaHaa 2020 xbinbl FOHUCED KonaaybiMeH acTapAblH, FblabIM, TEXHUKA-
NIbIK CaNa KoHEe MHXeHEepAiK KbI3MeTTeri MYMKIHAIKTEePiH KeHeWTyre OafbiTTanfaH «fbinbiMmaafbl Kbi3gap»
6afaapnamachl icke KocblnFaHblH xabapnaabl. 48 MbiHHaH actam okywbl STEAM aHe Kewbacwbinbik 60MbIH-
Wa TPEHUHITEPAEH OTTi, COAaH KeWiH e3 KypaacTapbiHa cabak bepai. 600-4eH acTam OKbITYLbl MaTEMATUK],
bvonorua, xumusa, dusmnka, MHGopmaTnKa boMbIHILA reHaepniK baFgapaaHFaH OKbITY KypcblHaH eTTi. Kypc ocbl
NoHAEPAI OKbITYAbIH MiHAETTI bafmapnamacbiHa Kipdi, 6apabik cabaktap Pecnybnunka fbinbiM MUHUCTPAITIHIH,
CalTbIHAA ALWbIK Typae opHanacTbipbingpl. 2 700 Kpi3 STEAM TabbicTbl KewbacwblinapbiHaH KaCinopbiHAAP MeH
MUHUCTPAIKTEP OOWMbIHWA LWebepAik CbiHbINTapbl MEH 3KCKypcuanap ¢opmaTtbiHAa TaniMrepnik bargapnama-
CbIHAH OTTi, KATbICYLLUbINAP FbI/IIM MEH TEXHUKANbIK Canaga TabbiCTbl MaHCan KypfaH aienaepMeH TaHbICTbI.

HakTbl fbinbiMAapfa TapTy YWiH OKYLbINAPMEH aHEe KacinTik 6armap Oepy OOMbiHWA CTyAEHTTEPMEH
Kesgecynepai TaxikcTaHHbIH WIN benimweci ae eTkiseai. KaybiMaacTbiK FblNbIMU-TEXHUKANbIK Canafa, OHbIH,
ilWiHAE XMMUANBIK, BUONOTMANBIK, PAAMONOTUANDBIK KIHE AAPONbIK KAYINCi3AiK canacbiHAa *KYMbIC iCTENTIH aiten
MaMaHAaapabl GipikTipeai, aeai pecnybnankagasol WiN ekini MexpaHnres MymuHoBa. Yitbim pecnyb6imKaHbIH
KETEKLUI Oofapbl OKY OPbIHAAPbIHbIH, CTYAEHTTEPI apacbiHAa 3CCe KOHKYPCTapbIH 6TKi3eAi, oHAa onap FblNbIMU-
TEXHUKaNbIK Cananapaafbl anenaepain kewbacwbiablifbl Typaabl 63 oMnapbiMeH beniceai, coHaan-aK Kbiaapabl
NPaKTUKaNbIK KOHPEepPEeHUMANAPFa KATbICYFa LWaKbIPaZbl.

KP ¥nTTbIK AA4pOAbIK OpTa/blfbl ACTa NanbiHbIH, AMpekTopbl Maitpa MyKpileBa aiiengepai fbinbiMea

an Tap ' cTi. OHBIH AMTYbIHLIA, BHAIPICTE XKaHE 3epTXaHaZa HKYMbIC
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ictentiH 900-re XyblK KbI3MeTKepAiH 28 naiibi3bl aviengep 6onca, on wamameH anfaHaa 243-i. An fbiibiMu
papexeci 6ap 34 kaHamaatTbiH, 11-i aengep. OnapabiH, 6apabiFbl AepAiK OPTasblK MamaHAapbiHbIH, apKa-
CbIHAA FblNIbIMFA KENreH — Kbi3Aap CTYAEHTTIK WaKTapblHaH «KaHATTapPblHbIH, aCTbIHA a/bIHAbI»: 0Nap YLUiH aTOM
9HEpreTUKachl CanacblHAaFbl TaHAAFaH MaMaHAbIKTapbl bobiHWA Webepnik cabakTapblH OTKI3iNA,.

Kbi3gapra oKy Gafaapnamanapbl MeH fbiibIMU-METPUKA DOMbIHIWA MaMaH, SAPONbIK KaHEe TePMOAAPONbIK
peakTopnap martepuangapbl canacblHAarbl 3epTTeywi fanbim, A. BypkiTbaeB aTbiHAafbl JHEPreTMKa KaHe
MALLUMHA Kacay MHCTUTYTbIHbIH A4POAbIK GU3MKa FblNbIM-
AapbiHblH, AOKTOpbl WMHew KeHXMHA 63 Ky3bipeTTepiHe
ceHimai bonyra Kemektecedi. On AOKTOPAHTTApPAbIH, Fbl-
NbIMK KeTeKwici, oHblH 70%-AaH actambl Kbi3gap. opin-
TecTepimeH bipre MHew »acTapfa XanblKapanblK pew-
TUHITIK XypHangapfa MaKananap Kasyabl KoHe aKaje-
MUANbIK MAaHCANTbl 4aMbITYAbl YMpeTesi.

2023 xbinbl 29 Kapawaga Anmatbigafbl «STEM-geri
anenmep» CECCUMACBIHbIH, XanblKkapanblK MOHWUTOPUHTIHAE
«9Nengep TEXHONOrnANap MeH MHHOBALMANAPAbIH TypaK-
Tbl AaMybl YLiH» CECCUACBIHbIH, CMMKEPNEPi anengepain,
TEXHONOMMANAP MEH MHHOBALMANAPAbI AaMbITYFa, COHAAN-
aK CTYAEHT KbI3Zap MeH Xac ypnaktel STEM-re Tapty
KOHIHAEr NPaKTUKaFa KOCKAH Pesi MeH yNecCiH TanKblnagpl. : '- :

©3iHiH KeKe TaxipnbecimeH benickeHaep: Taibaesa Tamapa, FOHECKO Kad)ep,paCblelH, foueHTi, an-Papabum
aTbiHaafbl KasYY npodeccopsl; KeHnHa UHeww, aaponbik
¢un3nka boiibiHwa PhD, oKbITy Gafgapnamanapbl KoHe
FbIIbIMU-METPUKA OOMbIHIWA MamaH; MakeeBa AWXKaH,
«Ka3poboTuke» MpesnaeHti; Mepcn Oxowya MBsakura-
NNMA, 3NEKTPOHMKA KIHE TENEKOMMYHUKALMA UHKEHEDI,
MHPOPMATUKA KIHE alliblK Aepektep 6a3acbl HoMbIHLLIA
MaructpaHT CaHKT-MeTepbypr INeKTPOTEXHUKANBIK YHU-
BepcutetiHae; Conpgarosa l0aua, «Atomdnot» PMY pagua-
LUMANBIK Kayinci3aik ToObIHbIH, BipiHWi caHaTTbl pagnMome-
TPUCT MHXKeHepi; aaponbIk 6inim bepy enwinepi, Kynbcap-
ToBa AHHa, A4PO/bIK TEXHONOTUANAP KaYinci3airi fblabIMU-
TEeXHWKaNbIK OPTa/bIfbIHbIH XK0ba meHeakepi; PaTtx Haba
Apuna, Peceit agponbik 6inim 6epy enwici, MHAOHE-
3UA MyHaWl-ra3 KaybIMAacTbifbiHbIH, Peceit aHe LUblfbiC
Eypona cekuuAcbiHbIH XaTwbicbl; CapKucbAH UpuHa, Kobanay KeHCeciHiH Haclubichl, PocaTom TEXHUKANbIK,
aKageMUACbIHbIH, A4P0NbIK 6inim 6epy TpaHcdepi, KammyH HaxBa, dusmnka dakynbTeTiHiH, npodeccopsl TyHMC
YHUBEPCUTETI KaHe backa capanibinap.

MyHaai 3eptteynep STEAM-ae Kbl3 CTYAEHTTEPAIH Aa-
MYbIH YXYMbICKA OpHanacyfa KemekTecy, TabbICTbl eKin-
LEepPMeH Ke3zecy, Oofapbl TEXHONOTUANBIK Cananaphafbl
eKinaepaiH, CaTTiNIK TapuXblH HacMxaTTay apKplabl biH-
TaNaHAbIPYAbIH, MaHbI3AbINbIFbIH KepceTeai. TexHonorua-
NbIK Kewbaclubl avenaepait penaik moaenbaepiHiH, Mbl-
CaNblHAAQ MEHTOPUHI-CECCMAFA KaTbICYLUblAApFa FblAbIMM-
TEXHUKANbIK MaMaHZAbIKTapAafbl Kbl34ap Typanbl Kanbin-
TaCKaH CTEPEOTUNTEPAI KaNal KOKFa KoHe MaMaHAblK-
Ta KOFfapbl HITWMXKeNepre KON KeTKi3yre mbicangap Ken-
Tipingj.

an-®apabu atbiHaarbl KasYY cryaeHtTepi meH HUAY
MWU®U dunmanbl apacbiHaH 150-aeH acTam KyHAi3r MeH-
TOPUHI-CECCUAFA KATbICYLIbINAPAbIH, }KOFapbl KbI3blFyWbiNblFbl KasakcTaH Pecnybimnkacbl meH Peceigin, 6eniHai
JKOFapbl OKY OpbIHAAPbIHbIH, anaHblHAA OipneckeH ic-wapanapApl OTKI3yAi KanfacTblpyAblH MaHbI3Ablabl-
FbIH KepceTTi.

KAK 6acnace3s Kbiamemi
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MEHLLMHbI BbICOKOTEXHOMOFUYHBIX OTPACAEM
WOMEN IN HIGH-TECH INDUSTRIES

27 1 29 HoAbpa 2023 roga B Pecnybnnke KasaxcraH

bekunctaHa, TyHUCa,- KblpﬁBC aH;

1 p,ep)KKVI W Pa3BUTUA XKEHCKMX MHMUMATMB «O6bean-
HEHUE KEeHLWMWH aTOMHOI OTPACAU» NpY NOALEPKKE
fockopnopaunn «Pocatom» B pamKax MOAMMCAHHOIO
OpraHv3aTopammn MexayHapoAHOro CornaweHuna o co-
TPYLHUYECTBE B UHTEPECAX KEHLUMH.

OTKpbIN ceputo meponpuaTuii B ActaHe MexayHa-
POAHbIV GopyM-amnanor «KeHwmHbl KaszaxctaHa u Poc-
CUW: 3HEpPruUA COTPYAHWYECTBA B LENAX YCTOWYMBOrO
Pa3BUTUA BbICOKOTEXHONOTUYHDBIX OTPACAen», OpPraHu-
30BaHHbIN C LEeNb0 NOBbILIEHUA YPOBHA MHHOBALMOHK-
HOW aKTMBHOCTM KEHLMH W peanusauuu CTpaTerun,
HanpaBNEeHHbIX Ha paclMpeHne MX y4acTua B BbICO-
KOTEXHONIOTUYHBIX OTPACAAX, CO3L4aHWE YCNOBUM AN
NpPodeccroHaNbHOro PasBUTHA.

aKcnepTbl M3 Poccun, KasaxctaHa, Ta,u,wMCTaHa ¥3-

«Nuclear Society of Kaz

On N mber 77

Kaza hst

Support and Develop

«Association W -
with 0 ‘Corporation un-

der the international agreement on cooperation for
women signed by the organizers.

The series of events in Astana was started by the
International Forum-Dialogue «Women of Kazakhstan
and Russia: Energy of Cooperation for Sustainable
Development of High-Tech Industries», organized to
increase the level of women’s innovative activity and
implementation of strategies aimed at increasing
their participation in high-tech industries and creating
conditions for professional development.

The participants of the forum-dialogue presented
the best practices for creating a comfortable

AdepHoe obujecmeo KaszaxcmaHa
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YyactHuubl Gopyma-auanora npeactaBuav nyyline
MPAKTUKM NO CO34aHNUI0 KOMPOPTHOW cpesbl ANA NPo-
deccMoHanbHOro pasBUTUA KEHLUMH-CNEeLUanucToB,
CTUMY/NIMPOBAHMIO K Hay4yHOW AEATENbHOCTM, NpuBe-
YyeHuto monogoro nokonenuna B STEM-npodeccun, a
TaKXe No pasBUTUIO MeXAYHAapPOAHOro AManora B Ha-
YYHO-TEXHUYECKOM chepe.

Kpenkne napTHepckue casn Poccun n Kasaxcra-
Ha npuobpenn mHoro Hosbix popmaTos, baarogaps
aKTUBHOMY YYaCTUIO XeHLWWUH-1u4epoB, OTMeTUA] B
NPUBETCTBEHHOM cnoBe npeacesatens Coseta EBpa-
3MIMCKOrOo KeHcKkoro popyma npu Cosete Pesepauum

®C PO lanuHa Kapenosa,— «[lapmHepcmeo 06%-

obuwjecmsa KazaxcmaHa HaNpasneHo Ha noebIWeHi
yPO8HA 3HAHUU cneyuaaucmos, 06MeH onbIMoMm ML
peanusayuu MexHoN02UYeCKUX U UHHOBAYUOHI
npoeKkmos, CMuMynupos8aHue uHmepeca mosaoo
K HayKe». :
B cBol ouepenb, 3amecTUTeNb reH.AMPEKTOF
nepcoHany lockopnopaumm «Pocatom» TaTbfiHa
TbeBa 00603HauMNa BaXKHOCTb Pa3BUTMA MEXAYH
HOTO AManora MeXay KeHwmnHamm Poccum n
CTaHa C LeNblo PaCMPEeHUA YYacTUA KeH
- ;'ibICOKOTEXHOHOI'VILIHbIX oTpacnax u noﬁnaro
% * na Accoumaumio «faepHoe obuiectso Kase
iﬂé—la»psa napmeMcnequwe reHge
*®6anaHca B oTp TCA OfHMM U3 Ba
HanpaB/iEeHU KaAPOBOM NOAUTUKM PocaToma.
AunpekTop Accoumnaumm «AaepHoe o0buiecTo Kasax-
ctaHa» TorkaH CeitpynnnHa otmetnna, Yto Gopym-
AManor CTan HOBbIM MMNYNbCOM B Pa3BUTUU MEXAY-
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environment for professional development of female
specialists, stimulating scientific activity, attracting
the younger generation to STEM professions, as well
as for the development of international dialog in the
scientific and technological area.

Strong partnership ties between Russia and
Kazakhstan have acquired many new formats due
to the active involvement of women leaders, said
Galina Karelova, Chairman of the Council of the
Eurasian Women’s Forum at the Federation Council
of the Federal Assembly of the Federal Assembly of
the Russian Federation, in her welcoming speech, -
«The partnership between the Association of Women
1 the Nuclear Industry and the Nuclear Society of
l{ 1zakhstan is aime improving the knowledge of

ia//sts sharing nce in the implementation of
nological and innovative projects, and stimulating
people’s interest in science».
yana Terentyeva, Deputy General
nel of Rosatom State Corporation,
drtance of developing international

€202 (£9) € 5N

her gratitude to the Assg
of Kazakhstan» for the part

Kazakhstan» Togzhan Seifullina noted that the forum-
dialogue became a new impetus in the development
of international cooperation of women professionals
from Ru55|a and Kazakhstan aimed at sharing best
- @Ve opment o
oh ol ortunit
industry,—
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MbIWAEHHOCTU,— « OCHOBbIBAACL HA NOCAEOHUX uccre-
008aHUSAX, 8biABAEHO, Ymo 8 KazaxcmaHe meHee 50%
desywek, Moay4uswWUxX sbicwiee mexHu4yeckoe 06paso-
8aHUE, NPOOoAXam 3mo HanpasaeHue 8 pabome.
Ha ¢opyme npedcmasneHsl aydywue npakmuku Kom-
NaHuUl-y4acmHUKos 014 peweHUA 3mo20 80pPoCa».
«Co2n1aCcHO UCcnedos8aHuUAM, 8 Muposoli amomHoU
ompacau Habawdaemca OucbanaHc 8 npedcmas-
AIBHHOCMU MYXYUH U JeHWUH: 8 18 cmpaHax mupa,
gKnto4aa Poccuto u KasaxcmaH, 3eHWuHsl cocmas-
narm 25% om yucna pabomHukos smoli cgepeol, Ha
PYKOBOOAWUX mOCMax ux ewe meHbwe. [losmomy
8AXCHO MOKA3bI80Mb 0e8yWKAM, KAKUE 803MOXHOCMU
neped HUMU OMKPbLIBAOMCA 8 AMOMHOU ompacau»,—
nopyepkHyna coyypegutens ®PoHga «ObbeamHeHUe
YKEHLUMH aTOMHOW oTpacin» AnekcaHapa Pabbix.
Cnukep Axmyp3uHa J1a33at, IcnoNHUTENbHbIN Au-
PEKTOpP NO Pa3BMTUIO YE0BEYECKOro KanuTana Acco-
umaummn «KAZENERGY», coobumna o HeobxoammocTtu
M3MEHEHUI CTepeoTUNU3aLMKN, MPUBBLIYHLIX TPAAM-
umin. OHa pacckasana, 4to KeHCKOMy 3HepreTuye-
ckomy knyby «KAZENERGY» B 3TOM rogy MCRNOAHM-
nocb 10 net. eHWMH B TPAAMLMOHHOW 3HepreTuke
Maso - BCEro YeTBePTb U3 BCEro NpodeccMoHanbHOro
coctaBa paboTHukos. Koxarmnguua Mauuat, [u-
PEKTOp AenapTaMeHTa Mo couuanbHoi pabote AO
«HAK «Ka3zatomnpom», coobuinna, 4To O4HUM U3 OC-
HOBHbIX NpuopuTeToB KazaTomnpoma ABAAETCA reH-
[lepHOE PaBeHCTBO. B KOMNaHUM Ha KOHeL, NPOLIA0ro
roga pabotano 6onee 21 000 yenosek n3 Hux 3 642
KEeHWMHbl. KomnaHua BKNagblBaeTcaA B Nognepika-
HWe 6narononyuma COTPYAHMKOB HA BCEX YPOBHAX:
PrHaHCOBOE, PU3MYECKOE U couManbHoe bnaronony-

expose young ladies to the opportunities available
to them in the nuclear industry»,— emphasized
Alexandra Ryabykh, co-founder of the Foundation
«Association of Women in the Nuclear Industry».

Speaker Akhmurzina Lyazzat, Executive Director
for Human Capital Development of the Association
«KAZENERGY», reported on the need to change
stereotyping, habitual traditions. She said that the
Women’s Energy Club «KAZENERGY» celebrated its
10thanniversary thisyear. There are few womeninthe
traditional energy sector — only a quarter of the total
professional staff. Kozhagildina Zhannat, Director of
Social Work Department of NAC Kazatomprom JSC,
said that one of the main priorities of Kazatomprom is
gender equality. At the end of last year, the company
employed more than 21,000 people, including 3,642
women. The company invests in employee well-
being at all levels: financial, physical and social
well-being of employees, career development, and
mental health. To increase the proportion of women
leaders in the organization, one of the first activities
was the «Women’s Leadership Week» held to
showcase opportunities for women in the company.
Through this program, a women’s community is
being created in the company,- «We plan to partner
with Rosatom to implement programs that will help
women realize their full gained potential.».

The invited foreign colleagues also expressed their
opinions. Aida Duishenbieva, President of WiN in
the Republic of Kyrgyzstan, said that in Kyrgyzstan in
2020, with the support of UNICEF, a program «Wo-
men in Science» was launched, aimed at expanding
opportunities for young people in science, techno-

AdepHoe obwiecmeo KazaxcmaHa

WWW.NUCLEAR.KZ el NEPHOE
$O3§ OBLIECTBO
W%y’ KA3AXCTAHA

Yynme COTPYAHMKOB, Pa3BUTUE Kapbepbl, MEHTAaNbHOE
3gopoBbe. [1A NOBbIWEHNA LOAW KEHLWMWH cpeau
pyKOBOAMTENEW B OpraHM3auuu, OgHUM W3 NepBbIX
meponpuATuii boina «Heaens KeHCKoro AMAepcTeay,
NPOBOAMMAA C LENbld  AEMOHCTPALMM BO3MOXKHO-
CTei, OTKPbIBAKOLLMXCA ANA KEHLWMH B KOMNAHUW. [o-
CpeaCcTBOM 3TOM NpPOrpammbl B KOMMNAHUK CO34aeTcA
JKEHCKOe coobLWecTBo, - «[laaHupyem Ha napmHep-
CKol ocHose 8mecme ¢ Pocamomom peasu308bi18amsb
npo2pamMmmsl, KOMopble MOMO2YM HEHUWUHAM peanu-
308b18aMb 8€Cb HAKOMAEHHbIU MOMeEHUUAN».

CBOE MHEHMe BbICKA3aNM TaK¥Ke MNpUrNaléHHble
MHOCTPaHHble Konneru. NpesnaeHTt WiN B pecnybnu-
Ke KbiprbiacTaH Auga [yiweHbuesa coobuwmna, 4to
B Kbiproisctane 8 2020 roay npu nogaepxke HOHU-
CE® 6bina 3anyweHa nporpamma «[leBOYkM B Hay-
Ke», HanpaBNEHHaA Ha pacWwMpeHne BO3MOXKHOCTEN
MOJIOAENKM B HayKe, TEXHUYECKOMN CHEPE N UHIKEHEP-
HOM aeaTenbHOCTU. bonee 48 TbiCAY WKOAbHMKOB
npowAnu TpeHnHrn no STEM wn nuaepcrey, a 3atem

0byumnnun cBomx cBepcTHUKoB. bonee 600 npenogasa-
TeNen Npowau KypC reHAepHO-OpPUEHTUPOBAHHOIO
obyyeHMsa no matemaTuke, buonoruu, xumuu, ¢ou-
3nke, uHdopmatuke. Kypc sowen B 0bA3aTeNbHYHO
nporpammy npenogaBaHWA 3TUX NPeLMeToB, BCe
YPOKM pa3meLLleHbl B OTKPbITOM AOCTyne Ha cante
MuHobpHayku pecnybamku. 2 700 LeBoYEK NpOLWAM
Nporpammy HacTaBHMYECTBA OT YCMeWHbIX TMAEPOB
STEM B dopmaTte macTep-KNaccoB M 3KCKYpPCUM Mo
NpeanpuATMAM M MUHUCTEPCTBAM, YY4aCTHULbI MO-
3HAaKOMMUUCb C KEHLMHAMK, KOTOpPble BbICTPOUIM
YCMELLHYIO Kapbepy B HayKe U TEXHUYECKon cdepe.
BcTpeun co WKoMbHUKAMKM U CTYAEHTaMKM No npo-
GopueHTaLMN ANA NPUBJEYEHMA K TOYHBIM HayKam
nposogut Takxe otgeneHne WIN TagukuctaH. Co-
00LWEeCTBO 00BEAMHAET KEHLWMH-CNEeLUanncTos, pa-
boTatoLMX B Hay4YHO-TEXHMYECKOW chHepe, B TOM Uncie
B chepe xMmuyeckon, buonornyeckom, paamnonoruye-

logy and engineering activities. More than 48,000
school children received STEM and leadership trai-
nings and then taught their peers. More than 600
teachers took a gender-specific course in math,
biology, chemistry, physics, and computer science.
The course became part of the mandatory program

for teaching these subjects, and all lessons are pub-
licly available on the Ministry of Education and Scien-
ce’s website. 2,700 young women completed a men-
toring program from successful STEM leaders in
the format of master classes and excursions to en-
terprises and ministries; the participants met women
who have built successful careers in science and
technology.

The Tajikistan branch of WiN also conducts career
guidance meetings with schoolchildren and students
to attract them to the natural sciences. The community
unites women professionals working in science and
technology, including chemical, biological, radiological,
and nuclear safety, WiN Tajikistan spokeswoman Meh-
rangez Muminova said. The organization holds essay

contests among female students at the republic’s
leading universities, where they share their thoughts
on women'’s leadership in science and technology, and
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CKOW W saepHoM 6e30nacHOCTM, pacckasana npeacra-
sutenb WIN B pecnybnuke MexpaHres MymuHoBa.
OpraHu13aumua NpoBOAMT KOHKYPCbl COYMHEHWUMN Cpeam
CTYLEHTOK BeayLMx By30B pecnybiuku, rae oHu ae-
NATCA CBOMMM PA3MbILLIEHUAMM O NINAEPCTBE KEHLLMH
B HAaYYHO-TEXHUYECKMX OTPACNAX, @ TaKXKe Npurnawaer
[LeBYLUEK K Y4aCTMIO B MPAKTUYECKMX KOHEpeHLMAX.

CBOMM OMbITOM, KaK NPUBIEYL MKEHLWMH B HaAYKY,
noAennnach AMPEKTOP aCTaHWMHCKOro otaeneHuna Ha-
LLMOHANbHOTO AfepHOro ueHTpa KasaxctaHa Maipa
Mykywesa. 1o ee cnhoam, cpegu noutu 900 cotpya-
HWKOB, 3aHATbIX B NPOU3BOACTBE M NabOPaTOPHOM pa-
6ote, — 28% COCTaBAAT XKeHWMHbI, nx 243. A cpeam
34 KaHAMAATOB C YYEHOM CTENEHblo KeHWMH — 11.
MpPaKTMYeCKn BCe M3 HUX MPULLAK B HAYKY, Brarogaps
CneuyanncTam LEeHTPa — AEBYLIEK «B3AAN NOA ONeKy»
eLle COo CTyAEeHYEeCKOM CKamMbW: NPOBOAAT AR HUX Ma-
CTep-KNaCChl, KOTOPbIE NOTPYKatOT B BblbpaHHYyLO cne-
LLMANbHOCTb B CHepe aTOMHOW 3HEPreTUKK.

MomoraeT AeBylKam CTaTb YyBEpPEHHee B CBOMUX

e

KOMMETEHUMAX M chneumanuct no obyyawowmm npo-
rPammam M HayKOMeTpuW, Y4YEHbl-UccnenoBaTenb
B 00/1aCTM MaTepuanoB AAEPHLIX M TEPMOALEPHbIX
PEaKTOPOB, AOKTOP HAyK NO AAEpHOM PU3MKe Kasax-
CTAHCKOro MHCTUTYTa SHEPTeTUKM U MALLUMHOCTPOEHMA
um. A. bypkntbaesa UHew KeHxkuHa. OHa HayyHbIi
PYKOBOAMTENb LOKTOPaHTOB, 6onee 70% M3 KOTOpPbIX
— [leBYLLKK. BmecTe ¢ Konneramm MHew obyyaet mono-
LEXb, KaK NUCaTb CTaTbM B MEXAYHAPOAHbIE PENTUH-
rOBbI€ }KYPHaAbI, KaK MUCATb CTaTbN B MEXAYHAPOAHbIE
PENUTUHTOBbIE KYPHA/bl M Pa3BMBaTb aKaLEeMUYECKYHO
Kapbepy.

Pofb W BKNafA KEHWMH B Pa3BUTME TEXHONOTUN U
MHHOBALMM, @ TaKXe MPAKTUKM MO BOBNEYEHUID Ae-
BYLLEK-CTYAEHTOK M MONIOAOr0 NokoneHus 8 STEM 06-
CYAWUAN CMMKepbl ceccun «KeHLWMHbI 3a yCTonymBoe
PA3BUTUE TEXHONOMUI U MHHOBALMI» 29 HoAbpA 2023
rofa Ha MexayHapoaHOW MOHUTOPUHT ceccum «KeH-
WMHbl B STEM» B Anmartsl.

invites girls to participate in practical conferences.
Mayra Mukusheva, director of the Astana branch
of the National Nuclear Center of Kazakhstan,
shared her experience on how to attract women to
science. Almost all of them came to science, thanks
to the specialists of the center — the young women

were «taken under supervision» since they were
students: they hold master classes for them, which
immerse them in the chosen specialty in the field
of nuclear energy.

Inesh Kenzhina, a specialist in training programs
and science metrics, a research scientist in the field
of nuclear and fusion reactor materials, and a PhD
in nuclear physics at Kazakhstan’s A. Burkitbayev
Institute of Energy and Mechanical Engineering,
help the girls become more confident in their
competencies. She is the supervisor of PhD students,
more than 70% of which are women. Along with
her colleagues, Inesh teaches young people how to
write articles for international peer reviewed

journals, and how to develop their academic careers.

The role and contribution of women in the
development of technology and innovation, as well
as practices to engage female students and the
younger generation in STEM were discussed by the
speakers of the session «Women for sustainable
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O cBOEM IMYHOM OnbiTe pacckasanu: Taxkubaesa Ta-
Mapa, goueHT Kadeapbl FOHECKO, npodeccop KasHY
umeHu anb-®apabu; Kenxkuna MHew, PhD no apepHoit
du3mnKe, cneumannct no obyyarowmm nporpammam u
HaykomeTpuu; MakeeBa AWxKaH, lpesngeHT «Kaspo-
6otuke»; Mepcu [Mowya MBakuTanuma, MHKEHep
MO 3N1EKTPOHMKE U TENEKOMMYHUKALMAM, MArucTpaHT
no UHPOPMATHKE M OTKPbITbIM 6a3am AaHHbIX B CaHKT-
NeTepbyprckom INEKTPOTEXHMYECKOM YHUBEPCUTETE;
ConpartoBa lOnua, vHXeHep pagMoOMETPUCT Mepson
KaTeropuu rpynnbl paZuauMoOHHOM 6Ge3onacHoCTH
oryn «Aromenot»; ambaccagopsl agepHoro obpaso-
BaHuA, KynbcaptoBa AHHa, MeHeaXep N0 NPOeKTam
Hay4Ho-TexHUYecKoro LeHTpa 6e30nacHOCTM AAEePHbIX
TexHonorunit; ®arx Haba Aguna, ambaccagop poccuin-
CKOro aZepHoro obpasoBaHmMsA, CEKPETapb POCCUICKOM
M BOCTOYHO-EBPOMNENCKON CeKUMM WHAOHEe3nICKoro
HedTe-razoBoro coobuiecrtsa; CapkucbaH UpuHa, py-
KOBOAMTENb NPOEKTHOro oduca, TpaHchep AAepHO-
ro obpasoBaHuA TexHWYecKol akagemuu Pocatoma,
KammyH HaxkBa, npodeccop dpusmyeckoro gpakynoreta
TYHWUCCKOTO YHMBEPCUTETA U APYr1e SKCNepTbl.

MogobHble WCCNeaoBaHUA AEMOHCTPUPYIOT BaX-
HOCTb MOTMBMPOBATb Pa3BUTME AEBYLLEK-CTYAEHTOK B
STEM y4epe3 nomolb C TPYAOYCTPOMUCTBOM, BCTPEYM
C YCMEWHbIMA NPeACTaBUTENAMM, MONYAAPU3aLMIO
UCTOPUIA ycnexa NpeacTaBUTeNel U3 BbICOKOTEXHO-
NIOTMYHbIX OTpacneit. Ha npumepe ponesbix mogenen
KEHLLMH-TEXHONOMUYECKUX NNAEPOB, Y4ACTHUKAM MEH-
TOPUHI-CECCUU ObIAM MpeacTaBAeHbl NPUMEPbI, KaK
PYLMTb CNOXKMBLUMECA CTEPEOTUMNbI O AEBYLLKAX B Ha-
YYHO-TEXHMYECKMX npodeccnax U A0BUTHCA BbICOKUX
Pe3yNbTaToB B Npodeccum.

Bbicoknin uHTepec 6onee 150 OYHbIX Y4aCTHMKOB
MEHTOPUHI-CECCUM U3 uYnuCna CTyaeHTOoB Ka3Hy um.
anb-Papabu n punanana HUAY MUOU npoaemoHcTpu-
POBas BaXKHOCTb NPOLOMKEHNA NPOBEAEHNA COBMECT-

HbIX MEPONPUATMIA Ha NaoWaaKe NPOPUAbHBIX BY-

308 Pecnybaunku KasaxcraH u Poccun.
Mpecc-cnym6b6a S0K

@

development of technology and innovation» on
November 29, 2023 at the International Monitoring
Session « Women in STEM» in Almaty.

Their personal experiences were told by: Tamara
Tazhibayeva, Associate Professor of UNESCO Chair;
Kenzhina Inesh, Professor at al-Farabi Kazakh National
University, PhD in Nuclear Physics, an expert in training
programs and scientific metrics; Zhakeeva Aizhan,
President of Kazrobotics; Mercy Joshua Mwakitalima,
Electronics and Telecommunications Engineer, Master’s
student in Computer Science and Open Databases at
St. Petersburg Electrotechnical University; Soldatova
Yulia, Radiometric Engineer of the first category of
the Radiation Safety Group at Atomflot Federal State
Unitary Enterprise; nuclear education ambassadors,
Kulsartova Anna, Project Manager of the Nuclear
Technology Safety Center; Fatah Naba Adila, Russian
Nuclear Education Ambassador, Secretary of the Russian
and Eastern European Section of the Indonesian Oil and
Gas Community; Sarkisyan Irina, Head of the Project
Office, Nuclear Education Transfer, Rosatom Technical
Academy; Kammoun Nezhwa, Professor of the Physics
Department, University of Tunisia; and other experts.

Such studies demonstrate the importance of
motivating the development of female students in
STEM through assistance with employment, meetings
with successful representatives, and popularization
of success stories of representatives from high-tech
industries. Using role models of female technology
leaders as examples, the participants of the men-
toring session were presented with examples of how
to break the stereotypes about girls in science and
technology professions and achieve high results in the
profession.

The high interest of more than 150 full-time partici-
pants of the mentoring session from among the students
of Al-Farabi Kazakh National Research University and
MEPhI branch demonstrated the importance
of continuing joint events at the specialized
universities of the Republic of Kdzakhstan
and Russia. - -
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5H-350 PEAKTOPbIHZIA COYNENEHTEH
08X16H11M3 AYCTEHWTTI GONATTbIH_
GA3ANBIK KYPAMbIHA PALMALMALAH KEMIHTI
KYMAIPYNEPOIH SCEPI

A.10. TapaneeBa, A.B. Konomuituesa, [.A. Mepexko, M.C. Mepexko
Anponbik pr3nKa MHCTUTYTbI, AnmaTbl, KasakcTaH

BEH-350 peaktopbiHaa (AKTay K., Ka3aKCTaH) Kofapbl 3aKbIMAAWTbiH Ao03anapfa AeiiH HEUTPOHAAPMeH
cayneneHreH 08X16H11M3 (AISI 316 6onaTbiHbIH, aHanOrbl) BHepKacinTik 6onattarbl dpeppomarHuTTiKk OLK
asacbiHbIH, KyMaipy KUMHETMKACbiH 3epTTey KediHae o GeppwTTiH KyWAipy TemnepaTtypacbiHblH AManaso-
Hbl MmapTeHcuTKe (600-750)°C KapafaHAa bipliama Kofapbl EKEeHi aHbIKTaNAbl aHe CeHcubunusauma acepi-
HiH KepiHy TemnepaTypacbiHa CalKec Keneai, Oyn AAPOAbIK PEaKTOPAapAbIH, KOPMYCiliNiK KypblafbinapbiH
KannblHA KeNTipy NPoLecCiHAe KOCbIMLIA TEXHONOTUANDIK KMbIHABIKTAP TYAbIPYbl MYMKIH.

KIPICME

AISI 304 Hemece X18H10 (12X18H10T, 08X16H11M3, AISI 304, AlSI 316 aHe T.6.) TUNTI ayCTEHUTTIK TOT
6acnanTbiH bonatTap ©HepPKaCINTiK AAPOAbIK PeakTopaapAblH, KOPNycCiWwinik KypbinsbinapbiHbiH, (KIK) Kypbi-
NbIMABIK MaTepuangapsl petiHae KeHiHeH KongaHbinagbl [1]. KIK TyTacTbiFbl MeH XyMbIC KabinetTiniri peak-
TOP KOHAbIPFbINAPbLIHbIH, NalnAanaHy PecypcbiH aHbIKTaWAbl, OUTKEHI 0NapAbl PEaKTOpPFa TEXHUKANbIK Kbl3MeT
KepceTy NpoueciHAe aybiCTbipy MYMKiIH emec [2].

AycTeHuTTi 60naTTapabl  KApKbIHAbI HEMTPOHAbIK 9Cep eTy jKafdalblHAA ManganaHy npoueciHae
MaTepPMaNbiH, KYpbIbIMbIHAA PAAMALMANBIK CUMNATTafbl akaynap nanga 6onagpl [3], XMMUANBIK KYPaMHbIH, ce-
rperaumacel [4,5], XMMUANBIK 3NeMEHTTEPAIH, TPaHCMyTauuackl [6] KepiHeai. MyHbiH, 63pi HEMTPOHABIK Cayne-
NEeHYAH CbIHFbIW, PagMAULMANBIK WHAYKUMANAHFAH ICIHY, PaAvaUMANbIK bIHTANAHAbIPY CUAKTbI KaFbIMCbI3
acepnepiHe akeneai. KaHa pasanapabiH, nanga 60nybl, Mmbicanbl, Kapbuatep, XPOM HUTPUATEPI, TUTAH, HMO-
6uin; Cr xoHe Fe a-¢pepputneH baibiTbinFaH naBec pasanapbiHbiH O-, B-, 0-, X dasanapsl [7-10]. AycTeHUT AaH-
[EepiHiH WeKapanapbiHaa ¢epput BenlekTepiHiH, Ty3inyi mMaTepuaniblH, KOppO3uAfa TO3iMAINITiHIH, anTap-
NbIKTaN TOMEHAEYIHE KIHE bIKTUMaN Mep3iMiHeH bypbiH by3binybiHa akeneai [11,12].

Kasipri yakbitta (400-500)°C TemnepaTypaja Y3aK YaKbIT Kynaipy apkbinbl CCIP TunTi peakTopnap
KOPMYyCTapblHbIH, MEXaHWKaNbIK CUNaTTaManapblH KaamnblHa KenTipyre MyMKIiHAIK 6epeTiH TexHonorusnap
KongaHbinaabl [8,13,14]. Anaiaa, ofapbl CayneneHreH metactabunbii aycteHWTTi 6onattapablH, 6apbik,
KacMeTTepiH KaTapy YLWiH TepMUANBIK eHaeyaiH biperen pexxumi KaxeT — 1 000°C geitiH Kpi3aplpy aHe bip-
Hele cafaT OoWbl 3Kcno3muma, Oyn Kasipri yakbiTTa TEXHONOTUANBIK TypFblgaH Kypaeni. Kyigipy npoue-
CiHae TemnepaTtypa rpafMeHTTEpI iWKi KepHey rpagueHTTepiHe akenyi mymKiH. 1 000°C-TaH TemeH Temnepa-
Typaza, mbicanbl, (600-800)°C apanbikTa y3aK yaKbIT KYMAipy CEHCMOUAM3aumaFa, AeMeK, A9H LWeKapanapbiH-
[la KaTTbl KOPPO3UAFa aKenyi MymkiH [15].

Byn XKyMbICTa KOFapbl 3aKbIMAANTbIH A03aNapFa AeliH HeMTPoHAapMeH caynenenred 08X16H11M3 (AISI 316
60naTbIHbIH, aHAN0rbl) BHEPKCINTIK bonaTtTarbl PeppUTTiK a-PasaHbiH KyWAipy KMHETUKACHI 3epTTenesi.

3EPTTEY MATEPUANIAAPBI MEH SAICTEPI

08X16H11M3 6onat yarinepi (Xumuanbik Kypambl, canmasbl.% : Fe-Her; Cr — 15,5-17; Ni — 8,5-10; Mn - 1,5-2;
Si — 0,6-ra geniH; Mo — 1,52; C — 0,08-re pewin) BH-350, «M-41» Kblngam HeNTPOHAAPAAFbl pPeakTop-
[blH, Xblny 6eneTiH XuHafbiHbIH (HBX) antbl Kbipabl KaknaKTbl KyOblpblHAH Kecingi, peaktopaplH benceHai
anmafblHAa 272 TayNiK iWiHAe nanaanaHbNgbl.

Bapnbifbl 3 NnacTMHa 3epTTengi, onap apTypai benrinepaer -300, 0 kaHe +300 MM OMiKTIKTE peaKkTOpPAbIH,
©3eK OpTa/iblfblHAa KaTbICTbl Kecingi (1-cypet), byn cayneneHy napameTpiepiHiH e3repyiHe MyMKiHAIK Gep-
Ai (1-kecte). 3epTTeneTiH yarinepaiH, reometpuansik enwemaepi: 50 x 20 x 2 mm («-300 mm» kaHe «+300 mm»
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benrinepi) waHe 50x10x2 mm («0 mm» benrici). bacTankbl MaTepuaniblH, Ke3i peTiHAE NepPCcOHaNAbl KaTTblK-
TbIPY YWiH ManganaHbiNFaH KaHE HEUTPOHABIK cayneneHyre ywbipamasaH bH-350 peakTopbiHbIH, MMUTALMA-
nbik MBXK anTtblbypbIlwThl KybbIpAAPLI NaAaNaHbIAAbI.

KepHeKi TeKcepy CyiblK HaTPUMAIH, (KAKNAKTbIH, iWKi Kafbl) acepiHe ylbipaFaH NAacTMHanapAablH, beTiHae
KOppOo3us, TOT OWaKTapbiHbiH, 60/1ybIH KepceTTi. KaknakTbiH, CbIpTbiHAAFbI YArinepaiH 6eTi KapaHfbl TaKTan-
WAMEH abbinFaH. INEKTPONUTTIK XKbINTbIpaTyFa AeiH KaHe KeiH TBC MM-41 KopnyCbIHbIH, 3€PTTENTEH YAriNe-
piHiH doTtocypetTepi 1(b-k)-cypeTTe KepceTinreH.

:
nf’ -

L350 |7
C
+300
0 10]

-300

34.1 cHa, 330°C :

20 l , ® -
i e
50 .'

a -

1-cypem. b-41 KopnycbIHQH KecinzeH cxemacs! (a) #aHe ynzinepOin colpmkbl mypi (b-k)
Yneinep: b, ¢, d, e — «+300 mm»; g, h, j, k — «-300 mm», f — «0 mm». Bemi: b, d, f, g, j — iwki; c, e, h, k — ceipmKbl.
BbemiHiK Kylii: b, c, f, g, h — anekmpoaummik weinmsipamyra deliiH; d, e, j, k — keliiH.

1-kecte. 08X16H11M3 60naTTaH XacanfaH M1-41 KopnycbIHbIH YATiNEPiH cayneneHgipy
napametpnepi, bH-350 peakTopbiHbIH 6enceHAi aiMarbiHAA NalganaHFaHHAH KeliH

Ynri [o3a, cHa Temneparypa, °C Helitpongap dntoeHci, H/m? mf:‘::;::::’b::ﬁ}:%
—300 mm 34,1 330 1,1x10¥ 7,3x107

0 Mmm 43,1 370 1,4x10% 9,2x1077
+300 mm 34,1 395 1,1x10% 7,3x1077

Kaknak KybbipnapblH AakblHAAYWbl 3aybiTTblH, MYPafaTTblK AEpPeKkTepiHeH eHaipic npoueciHae BH-350
PEaKTOPbIHbIH, benceHai aiMafblHA KOKW anAblHAA KaknaK Kybblpnapbl MeXaHWMKANbIK-TEPMUANbIK BHAEY-
AeH eTKeHi benrini — 6ip cafat iwiHae 800°C TemnepaTypasa 6ocatbinatbiH 20% cybik gedopmaLus.

CoyneneHbereH maTtepuangbiH, Kesi petiHae 08X16H11M3T 6onatTaH acanfaH TBC MMMTATOPbIHbIH, KaK-
nak KybblpblHaH KecinreH yarinep navgananbingpl. Matepuan tmtaH (1-1,2)% Kocy apKbiibl cayneneHreH 6o-
NaTTaH epeKleneHesi aHe CyblK WNeKkTeyaeH KeliH GocaTbinamangpl. HatukeciHae 6acTtankbl matepwan-
AblH, KypblibiMbl AedopMauuanaHfaH o-pa3acbiHblH, TipKeareH menwwepiHid, 601ybiIMeH KaHe ilKi KepHey-
NEPAiH, KOFapbl AeHredimeH cMnaTTanagbl.

Ynrinepai wv3oxpoHabl Kyhaipy Bakyymaa 50°C kagammeH (150-750)°C TemnepaTypa AManasoHbiHAA
1 Ma-pgaH Kem emec opbiHAanAapl, yarinepai (10-15) MUHYT Kbi3ablpFaHHAH KeMiH, TemnepaTtypaga ycTay ya-
KbITbl 30 mMuHYT 6onabl. Yarinepai cankbiHaaTy 6enme TemnepaTtypacbiHAa cyAa Kyprisingi. Kynaipyai 6ac-
Tamac OypbiH, yArinep Koppo3ua eHIMAEPiH KeTipy YLWiH MexaHWKanblK Tericteyre »aHe 3NeKTPOAUTTIK
KbINTbIPATyFa yWbIpadbl. 9P KYWAIpYAEH KeMiH INEeKTPONUTTIK KbINTbIPaTy bIKTUMan naTWHaHbl aHe/Heme-
Ce XKEHiN NernpneHreH anemeHTTEPAiH 6ETKi KabaTblH KeTipy YWiH KaiTanaHabl. Yarinepaeri GeppomarHuTTik
a’-pasacbiHblH, MenLepi 3aybITTblK CTaHAAPTTap OOMbIHWA anAablH ana KannbpneHren «Feritscope MP-30»
deppo3oHabIHbIH KemerimeH enweHai. KopbiTbiHAbl HaTUKe (10-15) enwemaepai opTallanay apKblabl anbiHAbI.
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- 6onamka atiHany 08X16H11M3T " . ; e 0 2.0 . oa 3 S
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08X1§H11M3T cayneneHbereH 601aTTbiH, KaNIbIHbIFb 2 MM (16 x 7 mm) nnactuHanap TypiHAeri 2 yari 3epT- 5% 0.4 % i

Tengi. FischerMP-30 ¢eppuTOCKONbIHbIH, KOMEriMEH KaKnak KybblpbiHbIH OeTiHiH, y3blHAbIFbI OOMbIHIIA Mar- o 5 1.01 g o _

HUTTeNy CanbiCTbipManbl Typae OipKenKi beniHreHi, XuUekKe KakblHAafFaH CalblH KaTTb OCeTiHi aHbIKTanApl. 0.2 i sl . ™ 0.5 N, ' "

byn afganga iWwKi marHUTTeNy CbIPTKbI afblHAH 2,5 ece Xofapbl. MexaHWKanbIK Terictey, CoaaH KeniH Xumua- t o m A o

H ) ) H H H _ 0.0 T T T T T T T T 0.0 T T T T T T T T T T
NIbIK KbINTHIPATY MArHWTTeNYAIH, alTap/ibiKTail esrepyiHe aKenmed. byn d)eppowlarHMTTlK dasaHbiH, 6en P TR S TR PR FRE FR TR T T T o0 550 400 00 4. 360 Bl 00
WEeKTepi maTepuangplH KanblHAbIFbIHAA €KeHiH KepceTedi. JedpopmaumanaHfaH aimakka (KaknakTbiH, Lie- 5 T  oC 5 T oC

IKCMNEPUMEHTTIK HOTUKENEP

TiHe) JKaKblHAafaH CaiiblH MArHUTTENYAIH KOfapblnaybl OHbIH AedopMaumanaHfFaH a’-mapTeHcuTKe bGaiina-
HbICTbI EKEHiH KepceTeai.

2 KoHe 3-cypeTte 6eTTiH OpTacbiHaH KoHe LWeETIHE KaKblH KecireH YAriHi KacbiTy TemnepaTypachl-
HblH, }KOFapbliaybIMeH MarHUTTenyAiH, e3repy KuCbiKTapbl OepinreH. Kynaipy KesiHae TemnepaTypa Aua-
nasoHblHAa a’-dasacbiHbiH, TemeHaeyi 6aikanapl (200-350)°C, On a’-MapTEHCUTTIH, TONbLIK KyWin KeTyiHe
LeniHri Keibip MHKybaumMANbIK KeeHMeH aybicTbipbingbl, 0n 500°C Temnepatypaga 6actangpl, 850°C Temne-
paTypafa KeTKeHae OeTTiH, CbIPTKbl XKafblHaH ©/ILEHTeH MarHUTTeNy Heare AeMiH, an iwki *KafblHaH (0,1-0,2)%
6ongpl. GeppomarHuTTiK dasaHblH, canbiCTbipManbl bipniktepaeri Kypambl Aa 3epTrengi (Kynaipy 6actan-
FaHfa AENiHri MarHWTTeNy MaHiHe KaTbiCTbl). 4 (6)-cypeTTeri KUCbIKTapaaH GeppoMarHuTTik dpasaHblH, bacTan-
Kbl ME/ILLIEPI *ACbITY KNHETUKACbIHA aiTapAbIKTan acep eTNemnTiHiH Kepyre bonaabl.

bH-350 peakmopbiHOa HelimpoHOapMeH cayneneHzeH
08X16H11M3 6onammarsl heppummi Kylidipy

BEH-350 peakTOpbIHbIH, AAPOCHIHbIH, LEHTPIHE KATbICTbl 9PTYPAi benrinepaeH KecinreH yarinepaiH, MarHuT-
TenyiH enwey -300 mm xaHe 0 mm benrinepgeH KecinreH yarinepaeri GeppoMarHuUTTIK ¢asaHblH, Kaambl
KypambiH KepceTTi (cypeT. 3 (a,6)) 0,25% acnagpbl. TBC MMMTATOPbIHbIH, CayneneHbereH KOopnycbiHbiH, OETi-
HiH OpPTaCblHAH KeCinreH yarinepae CanbiCTbipblAaTbiH Ga3anbik menwep Tipkengi, 6yn maruutteny aedop-
MauMANaHFaH MapTEHCUT Hemece Kangplk O-peppuTke bainaHbiCTbl ekeHiH Kepceteai. CayneneHy Temne-
paTypacbiHbliH, 65°C KOfapbliaybl MarHUTTENYAiH TepT ece apTyblHa akengi — (0,2...0,7) -aan (0,8...1,2)%-Ffa
LeniH, byn matepuanablH, KypblibiIMbIHAA *aHA Ga3aHblH — pagnaumataH TyblHAAFaH GeppUTTiH AaMYbIH XKa-
He OHbIH Nanaa 6onybiHbIH ANOPY3NANBIK CUNATbIH KepCceTea,.

-300 mm kaHe 0 mm bGenrinepiHeH KecinreH yarinepaid ¢eppomarHuTTiK dasanblK KyWAIpY KWUCbIKTapbI
fa ykcac -500°C-ka faewiH alTapnabikTal e3repictepaid, 6onmaybl xaHe 550°C-Ta KypT TemeHpaey (4-cyper).
650°C TemnepaTypaFfa KeTKEHAE YATinepAiH marHutTenyi ¢eppo3oHATbIH, Ce3iMTanAbiFbiHAH acnagbl. YKcac
cypeT cayneneHbereH yarinepai Kynaipy npouecinge 6aikanabl (2-cyper).
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2-cypem. M3oxpoHdbi Kylidipy npoueciHde (6emmin opmaceiHda) 08X16H11M3T 6onam yneinepindeai peppomazHUmMmiIk
a’gpasacwiHbiH (a-Kenemdik nalibizbeH, 6-canbicmelpmansi bipaikneH) KypambiHbiH 32epyi
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OTH? - oTE?

3-cypem. bemmiH colpmKbi (a) #aHe iwKi (6) #areiHaH enweHzeH u3oxpoHOb! Kylidipy npoyeciHde
(rcuerke reakbiH) 08X16H11M3T 6onam yneinepiHdeai peppomazHumMmik a’-ha3acbiHbIH
(a-kenemOik nalibi3beH, 6 — canvicmblpmansl BipaiKneH) KypamolHblH 632epyi

395°C Kofapbl TemnepaTypaja cayneneHreH yarige ¢epput daszacbiHblH, KyWAipinyi TmiciHwe 600°C xaHe
750°C ofapbl TemnepaTypaga bactanbin, askTanabl. bepinreH Temnepatypa AuanasoHbiHaa 316 TmnTi 60-
nattapaa (myHaa 3eptrenreH 08X16H11M3 6onaT ocbl Typre KaTafbl) XPOM aTOMAAPbIHbIH, MUTPALMACHI
6aikanatbiHbl H6enrini. Mbicanbl, AedpopmaLmMa NPOLECIHAE ANHAMUKANbIK AedOpMaumAbIK KapTaroablH bac-
TaNybIMeH KepiHedi, 6yn AMCNOKaUMAHbI KOcna aTomAaapbiHblH, aTMocdepacbiMeH b6i0KTayaaH Typagpl [16].
BypbiH [10] )ymbicbiHAa BN-350 peakTopbiHAa 46 yitkbiFa aeniH cayneneHred 12X18H10T bonatta GeppuTTiH,
eKi Typi 6ap — TaycbinFaH KaHe XpommeH OaibiTbinFaH. Ocbinaiwa, 395°C TemnepaTypafa cayneneHreH
08X16H11M3 Bonat yarinepiHaeri deppomarHuTTik dpaza depput gen bonxkayra 6onagpl, OHbIH KYHAIpinyi, Ty3i-
Ny CUAKTDI, AUPDY3NANDIK KaHE XPOM aTOMAAPbIHbIH, AU dY3nACbIHA BaNNaHbICTbI.
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KOPbITbIHAbI
BEH-350 peaktopblHAa cayneneHbereH aHe cayneneHreH 08X16H11M3 60naTTbiH, MarHUTTeNyiHe HenTt-

POHAbIK CayneneHydi, acepi 3eptrengi. ~400°C Kofapbl TemnepaTypafa HEMTPOHAbI CAyNeneHy pasauauma-
NbIK MHAYKUMANAHFaH GeppuT Ty3y apKblibl MaTepuanablH, MarHUTTENYiHIH, XOofFapbliaybliHa SKeNai.
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- M30XpoHAbl KyiAipy npoueciHae aycTeHWTTi 60naTTapAblH MarHUTTeNyiHiH, e3repyiH 3KCMepuMeHTTIK BTMAHUE ﬂOCTPAAMALlMOHHle INFLUENCE OF POST-RADIATION 2
S 3epTTey HaTWXeCiHAe MblHanap anbiHApl: bipiHwigeH, caynenenberen 08X16H11M3T 6onat yarinepin- OTXXUToB HA ®A30BbIN COCTAB ANNEALING ON THE PHASE COMPOSITION E
o i i a wepi (200-350)° nai, - . o
S i vy ewySotamen vesounen s SU0C renmepaDaRe NarATT $asadi Toron AR AYCTEHMTHOVA CTAIA 08X16H11M3, ~  OF O8Cr16NIiIM3 AUSTENITICSTEEL £
2 bactanagbl; eKiHwigeH, TemeH Temnepatypaga (<400°C) coynenenren O08X16H11M3 60natTbiH, yarine- OB/TIYYEHHOW B PEAKTOPE BH-350 IRRADIATED IN THE BN-350 REACTOR ®

piHae deppomarHuTTik dasaHbl (a-mapTeHcuTTi) Kynaipy 550°C Temnepatypaga 6actanbin, 650°C Temne-
paTypaja ansKkTangbl; YWiHwWigeH, ofapbl Temnepatypaga (~400°C) cayneneHreH 08X16H11M3 60natTbiH
yarinepinae deppomarHutTik dasaHbl (a-pepput) Kyraipy 600°C Temnepatypasa b6actanbin, 750°C Temnepa-
Typafa asKTanabl. byn Temnepatypa uHTepBanbl 08X16H11M3 6onattafbl ceHcMbuAM3auMA ICepiHiH Ke-
PiHY MHTEPBaNbIMEH KaKCbl COWMKeC Kenedi, Oyn iWKi Kypbiafblnapabl KannbiHa KenTipy npoueciHae Ko-
CbIMLLA TEXHONOTUANBIK KUbIHAbIKTAP TyAblPYbl MYMKIH.

3eptreyai KasakctaH PecnybankacbiHbiH aHepreTMka MUHUCTPAIr KapKblnaHablpabl («Ka3akcTaHabIK yaeT-
Kil KeweHaep 6a3acblHAa AAPONbLIK KoHE pafuauMAnblK GU3MKa CanacblHAAFbl KeWeHAi fblibiMKU 3epTTey-
nepai AambiTy» Bafaapnamachl).
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AdepHoe obuwjecmeo KazaxcmaHa

A.10. Tapaneesa, A.B. Konomuiiuesa,
O.A. Mepexko, M.C. MepeKo
WUHcTuTyT agepHoi dusnkun, Aamatsl, KasaxcraH

Mpu UcCNes0BaHUN KMHETUKM OTXKUTa GpeppoMarHuT-
Hov OLIK ¢a3bl B npomblwneHHoi ctanm 08X16H11M3
(aHanor ctanu AlSI 316), obnyyeHHON HeMTpOHamMK A0
BbICOKMX NOBPEXAAOLWMX 403 B peakTope BH-350 (r. Ak-
Tay, KasaxctaH) obHapyKeHo, 4TO AManasoH Temne-
paTyp OTKMra a-deppuTa HECKONbKO BblE, Yem Map-
TeHcuTa (600-750)°C M cooTBETCTBYET TEMMEPATYPE NPO-
ABNeHMA 3ppeKTa ceHcnbuamsaumm B AaHHOM CTanw,
YTO MOKET BbI3BaTb AOMONHUTENbHbIE TEXHONOTMYECKME
CNIOXHOCTM B MPOLLECCE BOCCTAHOBMTENBHOMO OTXKMra
BHYTPMKOPMYCHbIX YCTPOWCTB AAEPHbIX PEAKTOPOB.

BBEAEHUE

AycTeHuTHble Hepagetowme ctaam Tvna AlSI 304
unn X18H10 (12X18H10T, 08X16H11M3, AlSI 304, AlSI
316 1 Ap.) WIMPOKO NPUMEHAIOTCA B KAYECTBE KOHCTPYK-
LMOHHbIX MaTepuanoB BHYTPMKOPMYCHbIX YCTPOWCTB
(BKY) npomblilwneHHbIX aaepHbIx peaktopos [1]. Lle-
NIOCTHOCTb M pabotocnocobHocTb BKY Bo MHorom onpe-
AENAeT 3KCNNyaTaUMOHHbIA Pecypc peakTOpHbIX YCTa-
HOBOK, MOCKO/IbKY OHM He MOryT ObiTb 3aMeHeHbl B
npoLecce TEXHUYECKOTO 0BCNyKMBaHUA peakTopa [2].

B npouecce aKkcnyaTauyMm ayCTEHUTHBIX CTaNEN B yC-
NIOBUAX WMHTEHCMBHOMO HEMTPOHHOTO BO3AENCTBMA B
CTPYKTYpe MaTepuana BO3HWKAIOT fedeKTbl pafnaLLmoH-
HOM npupozbl [3], npoABAAeTCA cerperawuma XMMnUYecKo-
ro cocTasa [4,5], TpaHCMyTaLMA XMMUYECKMX SNEMEHTOB
[6]. Bce 310 NpMBOAMT K TAKUM HEraTMBHbIM 3pPeKTam
HEMTPOHHOrO 0bNYYeHWA, KaK OXpynuvBaHue, pagma-
LMOHHO-MHAYLMPOBAHHOE pacnyXaHWe, PajuLMOHHO-
CTUMYNMPOBaHWeE 0bpa3oBaHMe HOBbLIX Ga3, Hanpumep,
Kapbuaos, HUTPUIOB XPOMa, TUTaHa, HMobus; 6-, B-, o-,
X ¢a3, da3 Jlaseca, oboraweHHoro Cr u Fe a-peppuTa
[7-10]. Obpa3oBaHMe GePPUTHBIX YACTUL, MO FPaHULAM
AYCTEHMUTHbIX 3€PEH NPMBOAMT K 3HAYMTENbHOMY CHU-
YKEHWIO KOPPO3MOHHOW CTOMKOCTM MaTepuana u, NOTeH-
LMaNbHO, NpexaeBpemMeHHOMY pa3pywenuto [11,12].

B HacToALlee BpeMA NPUMEHAOTCA TEXHOOMUM, MO-
3BO/IAIOWME C MOMOLLBI ANUTENBHOTO OTXKMIA Npu
Temnepatype (400-500)°C BoccTaHaBAMBATL MEXaHWYE-
CKME XapaKTePUCTMKM KOPMycoB peakTopos Tuna BBIP
[8,13,14]. OgHaKo, AnA BO3BPATa BCEX CBOWMCTB BbICOKO-
06/1y4€eHHbIX MeTacTabUNbHbIX ayCTEHWUTHBIX CTaNEN He-

AY. Tarapeeva, A.V. Kolomiytseva,
D.A. Merezhko, M.S. Merezhko
Institute of Nuclear Physics, Almaty, Kazakhstan

Upon investigating of annealing kinetics of ferro-
magnetic OCC phase in industrial steel 08Cr16Ni11M3
(analog of steel AISI 316) irradiated by neutrons
to high damaging doses in reactor BN-350 (Aktau,
Kazakhstan ) it was found that the range of
annealing temperature of a-ferrite is slightly higher
than martensite one (600-750)°C and corres-
ponds to the temperature of appearance of sensi-
tization effect in this steel, which may cause addi-
tional technological difficulties in the process of
reductive annealing of nuclear reactor internals.

INTRODUCTION

Austenitic stainless steels of AISI 304 or Cr18Nil0
type (12Cr18Nil10Ti, 08Cr16Ni11M3, AISI 304, AlSI
316, etc.) are widely used as structural materials
for internals (ICs) of industrial nuclear reactors [1].
The integrity and operability of IC largely deter-
mines the operating life of reactors since they can-
not be replaced during its maintenance [2].

During operation of austenitic steels under con-
ditions of intensive neutron exposure, defects of
radiation nature appear in the material structure [3],
segregation of chemical composition [4,5], trans-
mutation of chemical elements [6] may occur. All
this leads to such negative effects of neutron irradia-
tion as embrittlement, radiation-induced swelling,
radiation-stimulated formation of new phases, such as
carbides, nitrides of chromium, titanium, niobium; 6-,
B-, o-, X- phases, -Laves phases, Cr-and Fe-rich a-fer-
rite [7-10]. The formation of ferrite particles at the
austenitic grain boundaries leads to a significant
decrease in the corrosion resistance of the material
and, potentially, to early failure [11,12].

B Nowadays, technologies are used that make it
possible to restore the mechanical characteristics
of WWR reactor vessels by means of long-term
annealing at temperatures of (400-500)°C [8,13,14].
However, to restore all properties of highly irradia-
ted metastable austenitic steels a unique heat treat-
ment regime is required-heating up to 1000°C and
holding for several hours, which is currently tech-
nologically difficult. Temperature gradients during an-
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06XOAMM YHUKANbHbIA PEXUM TEPMUYECKON 0b6paboT-
Kn—Harpes 8o 1000°C 1 BblgepKKa B TEYEHME HECKOb-
KMX YacoB, YTO, B HACTOALLEe BPEMA, ABNAETCA TEXHO-
JIOTUYECKN CNOXKHbIM. PafsMeHTbl TeMnepaTyp B Npo-
LLeCCe OTXKMra MOTYT NPUBECTM K TPaSMEHTaM BHYTPEH-
HUX HaNpPAXKeHUN. [JAUTENbHbIV OTKUT NPU TEMNepaTy-
pe Huke 1000°C, Hanpumep, B HTepBane (600-800)°C,
MOET NPUBECTU K CEHCMOMUAN3ALMM W, CnesoBaTeNb-
HO, CU/IbHOM KOPPO3MM NO rpaHuLam 3epeH [15].

B HactoAwei paboTe wuccnenyetca KMHETUKA OT-
Xura geppuTHOM a-¢a3bl B MPOMbILIAEHHOW CTanu
08X16H11M3 (aHanor ctanu AlSI 316), obayyeHHOM
HEMTPOHAMM [0 BbICOKMX MOBPEXKAAOLLMX 403,

MATEPWANbI U METOA bl MCCNEAOBAHUA

O6pasubl ctann 08X16H11M3 (XMMUYECKMIA COCTaB,
Bec.%: Fe — ocH.; Cr — 15,5-17; Ni — 8,5-10; Mn - 1,5-2;
Si—pn00,6; Mo—1,52; C— go 0,08) Bbipe3anu 13 yexso-
BOI LIECTUTPaHHON TPyObl TEN0BbLIAENAIOLLEN COOPKM
(TBC) peaktopa Ha bbIcTpbix HeWTpoHax BH-350, «[-
41», KOTOpas 3KCM/IyaTMPOBANACh B aKTUBHOI 30He pe-

nealing can lead to internal stress gradients. Prolon-
ged annealing at temperatures below 1000°C, such
as in the range (600-800)°C, can lead to sensi-tization
and hence severe grain boundary corrosion [15].

The present work investigates the annealing kine-
tics of the ferritic a-phase in industrial 08Cr16Ni11M3
steel (analog of AlSI 316 steel) irradiated by neutrons
to high damaging doses.

MATERIALS AND METHODS

Samples of steel 08Cr16Ni11M3 (chemical com-
position, weight. % : Fe-basic; Cr-15.5-17; Ni-8.5-
10; Mn-1.5-2; Si-up to 0.6; Mo-1.52; C-up to 0.08)
were cut out from the cover hexagonal tube of the
fuel assembly (FA) of the BN-350 fast reactor, «P-
41», which was operated in the reactor core for 272
days A total of 3 plates cut from different marks -
- 300, 0 and +300 mm in height relative to the cen-
ter of the reactor core were investigated (Fig.1),
which made it possible to obtain the variation of
irradiation parameters (Table. 1). Geometric dimen-

Tabn. 1. Napametpbl 06nyyeHns obpasuos yexna M-41 us craam 08X16H11M3T, nocne skcnayatauum B
aKTUBHOW 30He peakTopa bH-350 / Table. 1. Irradiation parameters of P-41 cover samples made
of 08Cr16Ni11M3 steel, after operation in the core of BN-350 reactor

O6pasew Do3a, cHa Temneparypa, °C dnoeHc HEWTPOHOB, H/m? Ckopoctb Habopa [03bl, cHa/ceK
Sample Dose, dpa Temperature, °C Neutron fluence, n/m? Dose rate, dpa/sec
—-300 mm 34,1 330 1,1x10% 7,3x107
0 Mmm 43,1 370 1,4x10% 9,2x1077
+300 mm 34,1 395 1,1x10% 7,3x1077

aKTopa B TeYeHune 272 cyToK. Bcero 6bino nccnenoBaHo
3 NAACTMHbI, Bbipe3aHHbIX C pa3Hbix oTMeToK -300, 0 u
+300 MM MO BbICOTE OTHOCUTE/NIbHO LEHTPA aKTUBHOM
30HbI peakTopa (Pwc. 1), 4To N03BOAWAO NONYYNUTb BapU-
aumio napameTpos obaydeHus (Tabn. 1). feometpuye-
CKMe pa3mepbl uccaesyembix 06pasyos: 50 x 20 x 2 mm
(oTmeTkM «-300 MM» 1 «+300 mm») 1 50 x 10 x 2 Mmm
(oTmeTKa «0 MMm»). B KauecTBe MCTOYHMKA WUCXOAHOIO
MaTepuana UCnoNb30BaM LECTUrPaHHble TPYObl MMU-
TaumoHHbIX TBC peaktopa BH-350, KoTopble MCNONb-
30Ba/INCb A7 TPEHWMPOBKM NEPCOHANA M He noasepra-
JNCb HEATPOHHOMY 0BYYEHMIO.

Bu3yanbHbIA OCMOTP MOKa3an Haanume 04aroB Kop-
PO3MK, PKABUMHBI HA MOBEPXHOCTM NAACTUH, KOTOpPbIE
OblM noABepKeHbl BO3AEWCTBMIO KMAKOTO HATPMA
(BHYTpeHHARA cTOpoHa uYexna). [loBepxHOCTb 06pas-
LLOB C BHELIHEN CTOPOHbI Yyexna bblna NOKpbITa TeM-
HOW naTuHou. PoTorpadum wmccneayembix 06pa3LoB
yexna TBC M-41 ao 1 nocne aNeKTPONAUTUYECKON NOAK-
POBKM NpuBeaeHbl Ha Puc. 1(b-k).

sions of the studied samples: 50 x 20 x 2 mm (marks
«-300 mm» and «+300 mm») and 50 x 10 x 2 mm
(0 marks «0 mm»). Hexagonal tubes of simulated
fuel assemblies of the BN-350 reactor, which were
used for personnel training and were not expo-
sed to neutron irradiation, were used as a source
of initial material.

Visual inspection showed the presence of corro-
sion areas, rust on the surface of the plates, which
were exposed to liquid sodium (inner side of the
cover). The surface of the samples on the outer si-
de of the cover was covered with dark patina. The
pictures of the investigated samples of P-41 FA co-
ver before and after electrolytic polishing are
shown in Fig. 1(b-k).

It is known from the records of the manufactu-
rer of the cover tubes that during the production
process before being placed in the core of the
BN-350 reactor the cover tubes were subjected to
mechanical-thermal treatment-cold deformation of
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Puc. 1. Cxema eblpe3sKu (a) u sHewHuli sud obpasyos (b-k), svipe3arHseix us vexna -41
/ Fig. 1. Cutout scheme (a) and appearance of specimens (b-k), cut from the P-41 sheath
06pasypl: b, ¢, d, e — «+300 mm»; g, h, j, k — «-300 mm», f — «0 mm». [losepxHocme: b, d, f, g, j — BHyMpeHHss;
¢, &, h, k—eHewHas. CocmosHue nosepxHocmu: b, ¢, f, g, h — do anekmponumuyeckoli noauposku; d, e, j, k —nocae
Samples : b, ¢, d, e — «+300 mm»; g, h, j, k — «-300 mm», f — «0 mm». Surface : b, d, f, g, j — internal;
¢, e, h, k—external . Surface condition : b, c, f, g, h — before electrolytic polishing ; d, e, j, k — after

M3 apXMBHbIX AaHHbIX 33aBOAA-WU3rOTOBUTENA Yex-
NOBbIX TPy M3BECTHO, 4YTO B NMpoLEcce NPOM3BOACTBA
nepes nNOCTaHOBKOM B aKTUBHYO 30HY peakTopa bH-350
yex10Bble TPy6bl OblIM NOABEPTHYTHI MEXAHWUKO-TEPMU-
yeckoin 0bpaboTke — xonogHasa aedpopmaumsa 20% c ot-
nyckom npu 800°C B TeueHMe Yaca.

B KauecTBe MCTOYHMKA HEODNYY4EHHOTO maTepuana uc-
nonb30Banv 0bpasLibl, Bbipe3aHHbIE U3 YeXN0BOM TPy6bI
TBC-umutatopa, BbINOAHEHHOTO U3 cTann 08X16H11M3T.
MaTepuan oTmyaeTca ot 06/1y4eHHoM cTanu fobaBneHN-
em TuTaHa (1-1,2)% 1 oTCcyTCTBMEM OTMYCKa NOCNE XO0A-
HOM NpOKaTKW. B pesynbTate CTPYKTypa WMCXOAHOMO Ma-
Tepuana XapaKTepusyeTcA HaaMuMeM pPerncTpupyemoro
Konnyectea  AepopMaLMOHHO-MHAYLMPOBAHHON o-a-
3bl U BbICOKMM YPOBHEM BHYTPEHHUIA HANPAXKEHNN.

N30XpOHHble OTXKMMM 06Pa3LLOB BbINOAHANM B BaKYY-
Me He xyxke 1 MNa B gnanasoHe Temnepatyp (150-750)°C
¢ warom 50°C. NMocne HarpeBa 06pa3LLoB B TeyeHuu (10-
15) MUHYT, BpEMS BbIAEPKKM NPU TEMNEPATYPE COCTaB-
nano 30 muHyT. OxnaxaeHne obpasyoB NPoOBOAMAMN B
BOZe KOMHATHOM TemnepaTtypsl. [lepeg Hayanom oT-
ura obpasibl NoABepraan MexaHU4eckon Wanposke
N 3N1EKTPOAUTUYECKON NOMMPOBKE C LENbI YAaNeHuA
NPOAYKTOB KOPPO3uu. Mocne KakAOro OTKMIa 3/eK-
TPOAUTMYECKYIO NONMPOBKY NOBTOPAAN ANA YAANEHUA
BO3MOMHOW NaTUHbl M/MAKM 06eAHEHHOro MO NErkum

20% with a tempering at 800°C for one hour.

As a source of unirradiated material, samples
cut from the cover tube of the FA simulant made
of 08Cr16Ni11M3 steel were used. The material
differs from irradiated steel by addition of titanium
(1-1,2)% and absence of tempering after cold rol-
ling. As a result, the structure of the initial mate-
rial is characterized by the presence of a regis-
terable amount of strain-induced o’-phase and a
high level of internal stresses.

Isochronous annealing of the samples was carried
out in vacuum not less than 1 Pa in the temperature
range (150-750)°C with a 50°C step. After heating
the samples for (10-15) minutes, the holding time
at temperature was 30 minutes. Cooling of the
samples was carried out in room temperature wa-
ter. Before annealing, the samples were mechani-
cally ground and electrolytic polished to remove
corrosion products. After each annealing, electroly-
tic polishing was repeated to remove possible pa-
tina and/or light alloying element-depleted sur-
face layer. The amount of ferromagnetic a’-phase
in the samples was measured using a Feritscope
MP-30 ferro-probe pre-calibrated to factory stan-
dards. The result was obtained by averaging (10-15)
measurements.
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NerMpyowym 31emMmeHTam MOBEPXHOCTHOro coA. Ko-
Nnyectso deppomarHuTHoin o'-dasbl B 0bpasuax u3-
MepAan ¢ nomoLLbio peppo3oHaa «Feritscope MP-30»,
NPeABapUTENbHO OTKAaZIMBPOBAHHOTO MO 3aBOACKMM
3TanoHaM. MTOroBbI pe3ynsTaT Nony4Yanu ycpesHeHu-
em (10-15) nsmepeHuit.

3KCNMEPUMEHTA/IbHbLIE PE3Y/IbTATDI

ObpamHoe mapmeHcumHoe o’ y-npespaweHue
8 Heobay4eHHoU cmanu 08X16H11IM3T

WUccneposanu 2 0b6pasua B BUAE NAACTUH TOALLMHON
2 MM (16x7 mm) HeobnyyeHHoM ctanm 08X16H11M3T.
C nomouwbto depputockona FischerMP-30 6bino
BbIABNEHO, YTO HAMarHMYEHHOCTb MO [AJMHE [pPaHK
yexnoBon Tpybbl pacnpegeneHa OTHOCUTENbHO pPaB-

0.7
_ i
0.61% g, I s I_ .
@0'5_ .,
=]
. 303 D
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0.2 {
= = . oy
0.1 L S -
[ S -
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a T...,°C
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= BuemHss ctopoHa / inner side

EXPERIMENTAL RESULTS

Reverse martensitic a’->y-transformation in
unirradiated 08Cr16Ni11M3 steel

Two samples in the form of 2 mm thick plates
(16x7 mm) of unirradiated 08Cr16Ni11M3 steel
were investigated. Using a FischerMP-30 ferriteo-
scope, it was revealed that the magnetization
along the length of the edge of the sheath tube is
distributed relatively uniformly, increasing strongly
as it approaches the edge. Moreover, the mag-
netization of the inner side is 2.5 times higher than
that of the outer side. Mechanical grinding follo-
wed by chemical polishing did not result in noti-
ceable changes in magnetization. This indicates that
the ferromagnetic phase particles are in the thick-

1.6+

20 S8 5
H,
" "N
0.0 +—

0 100 200 300 400 500 600 700 800 900
6 Tn'ﬂk" OC

* BuyTpenHnsas cropona / outer side

Puc. 2. UameHeHue coOepxaHus geppomazHumHol a’-hasel (a — 8 06beMHbIX NpouyeHmax, 6 — 8 omHocumMenbHbIX
eduHuyax) e obpasuax cmanu 08X16H11M3T 8 npouecce U30XPOHHbIX OMM#(LU208 (8 cepeduHe 2paHu)
/ Fig. 2. Change of ferromagnetic a’-phase content (a - in volume percent, b - in relative units) in 08Cr16Ni11M3
steel samples during isochronous annealing (in the middle of the face)

HOMEPHO, CUNbHO YBENNYMBAACL NO Mepe npubanxe-
HMA K pebpy. Mpy 3TOM HaMarHWYeHHOCTb BHYTPEH-
HeW CTOPOHbI B 2,5 pa3a Bbile, Yem BHewHen. Mexa-
HUYecKana WAMPOBKAa C NOCAEAYHOWEN XMMUYECKOM
NOJIMPOBKOM He MPWUBENN K 3aMETHbIM WM3MEHEHMAM
HaMarHM4YeHHOCTU. ITO CBUAETENbCTBYET O TOM, YTO
yacTuubl deppomarHuTHoM ¢asbl HaxogATcA B TON-
e martepuana. YBenmMyeHMe HaMaArHUYEHHOCTU Mo
mepe npubanxkeHnn Kk bonee pedpopmMmpoBaHHOM 06-
nactn (pebpy uexna) no3sonser NPesnonoKuTb, YTO
OHa 0bycnoBneHa AepOPMALMOHHBIM O -MaPTEHCUTOM.

Ha Puc. 2 n 3 npuseaeHbl KpuBblE M3MEHEHUA Ha-
MarHM4eHHOCTM C POCTOM TemmnepaTypbl OTKUra 0b-
pasua, BblPe3aHHOr0 M3 CepeauHbl rpaHu M B6AW-
31 pebpa. lMpu oTKUre NPOMCXOAMN0 YMeHblUeHWe
a’-da3bl B AnanasoHe Temnepatyp (200-350)°C, koTto-

ness of the material. The increase in magnetization
as we approach the more deformed region (the edge
of the sheath) suggests that it is due to deforma-
tion o’-martensite.

Figs. 2 and 3 show the magnetization change cur-
ves with increasing annealing temperature of the
sample cut from the middle of the face and near
the edge. During annealing, there was a decrease of
the a’-phase in the temperature range (200-350)°C,
which was replaced by some incubation period be-
fore complete annealing of the o’-martensite, which
began at 500°C. Upon reaching the temperature of
850°C, the magnetization measured on the outer
side of the face decreased to zero and on the inner
side to (0.1-0.2)%ob. The ferromagnetic phase con-
tent in relative units (relative to the magnetization
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pOe CMEHANOCb HEKOTOPbIM WMHKYDALMOHHBIMM Nepw-
OAOM nepes, MOSHbIM OTKMIOM O-MapTeHCWTa, KOTO-
pbin HaumHanca npu 500°C. Mo AOCTUKEHMIO Temne-
paTypbl 850°C HaMarHMYeHHOCTb, M3MEPEHHaA C BHeLU-
HEN CTOPOHbI FPaHN YMEHbLUaNacb A0 HY/A, @ C BHy-
TpeHHei — go (0,1-0,2)% 06. UccnenoBanu Takxke co-
AepkaHne GeppomarHuTHOM ¢asbl B OTHOCUTE/bHBIX
eAMHULAX (OTHOCUTENbHO 3HAYEHWA HaMarHUMYeHHOC-
TW 00 Hayana oTuros). M3 Kpuebix Ha Puc. 4(6) Bua-
HO, 4TO MEepBOHAYaNbHOE KOAMYECTBO (eppomMarHuTt-
HOW {a3bl He BNMAET 3HAUUTEIbHO HA KUHETUKY OTXKUra.

Omscue peppuma 8 cmanu 08X16H11M3,
061y4eHHoOU HelimpoHamu 8 peakmope bH-350

N3mepeHus HamarHMyeHHocTM 06pasLoB, Bbipe-
3aHHbIX 13 Pa3HbIX OTMETOK OTHOCUTE/NIbHO LIEHTPa akK-
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value before annealing) was also investigated. The
curves in Fig. 4(b) show that the initial amount of
ferromagnetic phase does not significantly affect
the annealing kinetics.

Annealing of ferrite in 08Cr16Ni11M3 steel
irradiated by neutrons in BN-350 reactor

Magnetization measurements of the samples cut
from different marks in relation to the center
of the BN-350 reactor core showed that the total
content of the ferromagnetic phase in the samples
cut from the marks -300 mm and 0 mm (Fig. 3(a,b))
did not exceed 0.25%. A comparable amount of
a-phase was recorded in the samples cut from the
middle of the face of the unirradiated FA simulant
sheath, suggesting that the magnetization is due

3.0+
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\Oc
< 154 .
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Puc. 3. U3ameHeHue codepiaHua gheppomazHUMHoOU a’-¢hasel (a — 8 06bEMHbIX MpoueHMax,
6 — 8 omHocumenbHbIx eOuHUyax) 8 0bpasuax cmanu 08X16H11M3T 6 npoyecce U30XPOHHbIX OM*(U208
(86nu3u pebpa), usmepeHHoe ¢ sHewHell (a) u aHymperHeli (6) cmopoHb! 2paHu
/ Fig. 3. Change in the content of ferromagnetic a’-phase (a - in volume percent, b - in relative units) in
08Cr16Ni11M3 steel samples during isochronous annealing (near the edge), measured from
the outer (a) and inner (b) sides of the edge

TMBHOW 30Hbl peakTopa bH-350, nokaszano, 4to obee
cofepxaHue ¢eppomarHuTHoi ¢asbl B 06pasuax,
BbIpe3aHHbIX ¢ oTMeToK -300 mm 1 0 mm (Puc. 3(a,b))
He npesblwano 0,25%. ConoctaBMMoOe KOAMYECTBO
a-¢dasbl ObIIO 3aperncTpupoBaHo B obpasuax, Bbipe-
3aHHbIX W3 CepeaMHbl rpaHn HeobnyyeHHOro yexna
nmutatopa TBC, 4To No3BonAeT NpeanoNoXMTb, YTO Ha-
MarHM4yeHHoOCTb 0bycnoBieHa AedopMaLMOHHO-UHAY-
LLMPOBAHHbIM MapTEHCUTOM MAM OCTATOYHbIM O-pep-
putom. YBennyeHue Temnepatypbl 06/y4eHMA Ha
65°C npuBeno K 4-kpaTHOMY YBEMYEHUIO COAEpMKa-
HUA HamarHuyeHHoctu — ¢ (0,2...0,7) mo (0,8...1,2)% 06.,
YTO CBMAETE/NbCTBYET O PA3BUTUM B CTPYKType Mmarte-
puana HoBoM ¢a3bl — pPagMaLMOHHO-MHAYLMPOBAH-
Horo pepputa 1 And Y3MOHHOWM NPUPOAE €ro BO3HMK-
HOBEHMA.

to strain-induced martensite or residual o-ferrite.
Increasing the irradiation temperature by 65°C led
to a fourfold increase in the magnetization content
- from (0.2...0.7) to (0.8...1.2)% vol., which indicates
the development of a new phase in the material
structure — radiation-induced ferrite and the diffu-
sion nature of its occurrence.

The annealing curves of the ferromagnetic phase
of the samples cut from the -300 mm and 0 mm
marks are also similar — no significant changes up to
500°C and a sharp decrease at 550°C (Fig. 4). Upon
reaching the temperature of 650°C, the magneti-
zation of the samples did not exceed the sensitivity
of the ferro probe. A similar pattern was observed
during annealing of unirradiated samples (Fig. 2)

In the sample that was irradiated at a higher
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KpvBble oTkura ¢peppomarHutHon ¢asbl 06pasLos,
Bblpe3aHHbIX ¢ 0TMeTOK -300 mm 1 0 MM TaKKe Noxo-
XKW — OTCYTCTBME 3HAUYUTE/bHbIX M3MeHeHWUM fo 500°C
n peskoe cHueHue npu 550°C (Puc. 4). Mo poctuke-
HUM Temnepatypbl 650°C HamarHM4eHHOCTb 0b6pa3-
LOB He MpeBblWana YyBCTBUTENLHOCTU (eppo30HAa.
Cxoxan KapTMHa Habnoganacb B NPOLECCE OTHKMra
Heoby4eHHbIX 06pasLoB (Puc. 2).

B o6pa3ue, KoTopblii 061y4anca npu 6onee BbICOKOM
Temnepatype 395°C, oTxur ¢pepputHoM dasbl Hayan-
CA W 3aKoH4MAcA npu Bonee BbICOKMX TemnepaTypax
600°C n 750°C, coOoTBETCTBEHHO. M3BECTHO, YTO B AaH-
HOM AMana3oHe TemnepaTyp B cTanax Tmna 316 (uc-
cnepgyeman 3gecb ctanb 08X16H11M3 oTHocuTca K
3TOMY TWMy) HabAOAAETCA MWUIpaLMA aTOMOB XPOMa,
KOTOpanA NpPOABAAETCA, Hanpumep, WHUUMAUMEN Aau-
HaMu4eckoro AedopPMaLMOHHOIO CTapeHnUs B NpoLec-
ce gedopmaumm, KOTopoe 3akntoyaetca B 610KMpPOB-
Ke [AMCNOKauMin atmochepamu NPUMECHbLIX aTOMOB
[16]. PaHee B pabote [10] 6bIn10 NoOKa3aHoO, YTO B CTa-
nm 12X18H10T, obnyyeHHoi B peakTope BH-350 ao 46
CHa HabnogaeTtca Aga TMna ¢epputa — 0beAHEHHO-
ro u oboraleHHoro Xxpomom. Takum 06pa3om, MOKHO
NPEeANONOXKMUTb, YTO GeppomarHuTHas dasa B obpasLiax
ctann 08X16H11M3, obnyyeHHbIX Npu TemnepaType
395°C npepacrtaBnsetr coboit Gepput, OTHKUI KOTOPO-
ro, Kak u obpasoBaHue, HOCUT ANDPY3UOHHBIVA XapaK-
Tep 1 obycnosneH guddysner aTomoB Xxpoma.

. 0.25 + «0 mw» 43,1 cna. 370°C
< % 4T:
2 0209 I T aNITH—E -
ﬁ e : Q'f -%_ ? ! "f'*\
3] A 1 o -
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T 0.10-
S 0.05
E :
= 0.00 - r T T :
0 100 200 300 400 500 600 700 800
b Temnepartypa, °C
—e— BHelHAs *— BHYTpCHHAA
external internal

Puc. 4. U3meHeHue codepiaHua peppomazHUMHoU
a’-(hasbl 8 npoyecce U30XPOHHLIX OMH(U208 06paA3L08 cMma-
nu 08X16H11M3, 0bsy4eHHbIX HelimpoHamu 8 peakmope
BH-350/ Fig. 4. Changes in the content of ferromagnetic
a’-phase during isochronous annealing of 08Cr16Ni11M3
steel samples irradiated by neutrons in the BN-350 reactor

temperature of 395°C, annealing of the ferrite
phase began and ended at higher temperatures of
600°C and 750°C, respectively. It is known that in
this temperature range in steels of type 316 (the
08Cr16Ni11M3 steel studied here belongs to this
type), migration of chromium atoms is observed,
which is shown, for example, by the initiation of
dynamic strain aging during deformation, which
consists in the blocking of dislocations by atmosp-
heres of impurity atoms [16]. Earlier in [10] it was
shown that two types of ferrite — depleted and
chromium-enriched — were observed in 12Cr18Nil0T
steel irradiated in the BN-350 reactor to 46 dpa.
Thus, it can be assumed that the ferromagnetic
phase in the samples of 08Cr16Ni11M3 steel irra-
diated at 395°C is a ferrite, the annealing of which,
as well as formation, has a diffusive character and is
due to the diffusion of chromium atoms.

CONCLUSION

The influence of neutron irradiation on the
magnetization of 08Cr16Ni11M3 steel, unirradiated
and irradiated in the BN-350 reactor, has been
studied. Neutron irradiation at a high temperature
of ~400°C led to an increase in the magnetization of
the material due to the formation of radiation-in-
duced ferrite.

As a result of experimental studies of changes in
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3AKNOYEHUE

N3yyeHo BO3aeiCTBME HEMTPOHHOMO 06/NyYeHMA Ha
HamarHuyeHHocTb ctanm 08X16H11M3, HeobnyyeHHOW
n 0bnyyeHHow B peakTope BH-350. HeltTpoHHOE 06AY-
YyeHue npu BbicoKon Temnepatype ~400°C npuseno K
YBE/IMYEHWNIO HAMArHUYEeHHOCTW MaTepuana 3a cyet 0b-
Pa30BaHMA PafMaLMOHHO-MHAYLMPOBAHHOTO deppuTa.

B pesynbrate 3KCMepUMEHTaNbHbIX MCCAELOBAHUM
W3MEHEHWM HAaMarHWYeHHOCTU AyCTEHUTHbLIX CTanel B
NpoLecce M30XPOHHbIX OTKWUIOB OblIO NOMYYEHO: BO-
NepBbiX, COAepKaHMe MapTEHCUTHOM a’-da3bl B HEOD-
JIy4eHHbIX 0bpasuax ctanm 08X16H11M3T ymeHbLuaeT-
cA B AnanasoHe Temnepatyp (200-350)°C, 3atem, nocne
HEKOTOPOro WHKybauuoHHoro nepuoga, npu 500°C
HAYMHAETCA NOJHbIN OTXKUI MarHUTHOM ¢a3bl; BO-BTO-
PbIX, OTKUI GepPPOMarHuTHOM dasbl (NPeANoNoKUTENb-
HO O-MapTeHcuTa) B 0bpasuax 06/1y4YeHHbIX NPU HU3-
Kux Temnepatypax (<400°C) cranv 08X16H11M3 Hauan-
cA npu 550°C v 3akoHumMAcA npu 650°C; B-TPETbUX, OTKUT
deppomartutHoM dasbl (NpesnonoxutenbHo a-dep-
puTa) B 06pasyax 0b6ay4eHHbIX NpU BbICOKOM Temmne-
patype (~400°C) ctanm 08X16H11M3 Hauanca npw
600°C u 3akoHumnca npu 750°C. [aHHbIM MHTEpBan
TeMnepaTyp XOPOLIO COBNAAAET C MHTEPBAIOM NPOAB-
nenuns apdekta ceHcmbunmzaumm 8 ctanm 08X16H11M3,
YTO MOMET BbI3BaTb [AOMOJHWUTE/NbHbIE TEXHONOTMYe-
CKMEe CNOXKHOCTM B NPOLEcce BOCCTAHOBUTE/IbHOMO OT-
KMra BHYTPUKOPMNYCHBIX YCTPOWCTB.

WUccneposanne  puHaHcupoBanocb  MuHuKcTepCT-
BOM 3HepreTuku Pecnybaukm KasaxctaH (Mporpamma
«Pa3BUTME KOMM/IEKCHbIX Hay4yHbIX MCCAEA0BaHWUI B
obnactv agepHon M paavauMOHHOM OU3MKM Ha ba-
3€ Ka3aXxCTaHCKUX YCKOPUTENbHbIX KOMMAEKCOBY).
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the magnetization of austenitic steels during isochro-
nous annealing, it was obtained: first, the content
of martensitic a’-phase in unirradiated samples
of 08Cr16Nil1M3 steel decreases in the tempe-
rature range (200-350)°C, then, after some incuba-
tion period, at 500°C the complete annealing of the
magnetic phase begins; second, the annealing of
the ferromagnetic phase (presumably a-martensite)
in samples irradiated at low temperatures (<400°C)
of 08Cr16Nil1M3 steel began at 550°C and en-
ded at 650°C; third, the annealing of the ferromag-
netic phase (presumably a-ferrite) in samples ir-
radiated at high temperature (~400°C) of
08Cr16Ni11M3 steel began at 600°C and ended at
750°C. This temperature interval coincides well with
the interval of manifestation of sensitization effect
in 008Cr16Ni11M3 steel, which may cause additio-
nal technological difficulties in the process of re-
ductive annealing of internals.

The research was funded by the Ministry of Ener-
gy of the Republic of Kazakhstan («Development of
Complex Scientific Research in the Field of Nuclear
and Radiation Physics on the Basis of Kazakhstan Ac-
celerator Complexes» Program).
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AdepHoe obwecmeo KazaxcmaHa

N.B. XpomyuwuH, T.U. AKceHoBa, E.K. ChamkaHoB
Anponbik GU3nKa MHCTUTYTbI, AnMaTbl, Ka3aKkcTaH

JlaHTaH CKaHAATbIHbIH, KYPbINbIMbl MEH KacueTTepiHe oTTeri 60C OpbIHAAPbIH Ka/NbiNTacTbipy SAiCiHIH,
acepi Typanbl TePMUANbIK-AECOPOLMANDLIK 3epTTeyaep Kyprisingi. JlaHTaHHbIH, KOCbIMLIA K3He TamLbl
CKaHAATbIHAaH CY MEH KOMIPKbILWKbIN ra3blHbIH, WbIFYbIHbIH, TEMNepaTypasblK TayenAainiri anbiHabl. Kocbim-
WA KepamuKa KaTWOH TamMLbIAbIFbIH Xacay apKblibl CUMHTE3fe/NreHre KapafaHAa NPOTOHAAPAbI WHTep-
Kanaumusnay KabineTiHiH kofapbl GONYbIMEH cMMATTanaTbiHbl KepCeTinreH. V' —tunTi akaynapaplH ofa-
pbl TEpic 3apAAbl ONapAbIH OH 3apAATanfaH oTTeri 6oc opbiHAapbiMeH benceHai apekeTTecyiHe biknan eTeAi
waHe V. cyabiHepy npoueciHe KaTbicyblH 610KTaiiapl Aen 6omxaHaabl.

TyWiH ce3aep: NaHTaH CKaHAATbI, aKLENTOP/bIK AOMMHT,
KaTMOH TanLWbI/bIfbl, OTTEri 60C OpbIHAAPDI,
TEPMUANDIK AECOPOLMANBIK CNEKTPOCKOMMUS.

KIPICME

KaTTbl OKCUATI NPOTOH OTKI3riWTepi OTbIH ¥aCyWanapbiHbIH, 3NEKTPONU3EPAEPaiH, CyTeri AaTYMKTEPIHIH,
oHe 0acKa 3N1eKTPOXMMMANDBIK KYPbINFbINapAblH, KaTTbl INEKTPOAUTTEpi peTiHAe nanganaHy yuwiH
nepcnekTueanbl Matepuangap 6onbin Tabbinagbl. Kasipri yakbiTTa 6enrini MOHABIK OTKI3riWTEPAiH,
apacbiHga LaScO, naHTaH CcKaHAATTapbl epeKle Kbi3bIfyWbibIK - TyAblpadbl. byn  matepuangap
A"B"0". nepoBCKMT KypbiibiMbIMEH CMNaTTanafpl KaHe KypambiHaa cyTeri 6ap aTmocdepaga NpoOTOH
oTKi3riwTiriH kepceteni [1-3]. CoHbIMeH KaTap, Byn KocbinbicTap Gapuid LepaTbl Heri3iHAeri KeHiHeH Ta-
HbIMAN NPOTOH OTKI3riWTepiMeH CanbICTbipFaHAA KOMIPKbIWKbIA ra3blHA KaTbICTbl KOFAapbl TYPaAKTbIAbIKKA
ne, ONTKEHi onapAblH KypamblHAA CiNTini Kep 3n1emMeHTTepi KOK. Anaiga, ocbl maTepuangapab
NPaKTUKaNbIK KONAaHy ONapAblH HEri3iHAe 3N1eKTPOXUMUANBIK KYPbIAFbIAAPAbIH, TUIMAINIMT XKeTKinikcis
6onfaHAbIKTaH d/i A€ KUbIH, COHAbIKTAH 0M1apAblH OTKI3TilTIK KACUETTEPIH, XMMUANBIK KIHE MEXaHUKaNbIK,
TYPaKTbINbIFbIH KaKCapTy MaKCaTblHAA KeleHAi 3epTTeynep XKyprisinyae.

KaTTbl OKCWMATI 2NEKTPOAUTTEPAE MPOTOH OTKI3riWTiriHiH naiaa 60NybIHbIH KaXKeTTi WapTbl-akLenTtop-
NbIK, AOMNMWHT apKblNbl HEMECe CUMHTE3 NpoueciHAe KaTMOHAAPAbIH bipiHAe TanwWbIAbIK TYAbIPY apKblabl Ty3i-
Nyi MYMKiH VO** oTTeri 60c opbiHAAPbIHbIH, 60AYbI.

AKUenTopAbIK nerupney KesiHge «A» Hemece «B» nmosvumAcbiHAaFbl YW BaNEHTTI KaTUOHAbI €Ki Ba-
NEHTTi 31IeMeHTNeH iWwiHapa aybICTbIpy *Kypeai. byn xafaanaa 6ip kocna atombiHaa 0,5 VO** oTTeri 60c OpblIH-
fapbl Ty3ineai. AnblHFAH YW BaANeHTTi KAaTUOHFA LAKKAHAAFbl KAaTMOH TamnwWbIAbIFbIH TYAbIPY apKblabl OT-
TeriHiH 60c opbiHAApPbI Nakaa bonfaH Kafaanaa yw ece ken 1,5 VO** 6oc opbiHAAp Ty3ineai.

blnFanabl aTmocdepasa otteri 60c opbiHAapbl Hap maTepuangapapl Kynaipy Kperep-BMHK HoTaums-
CbIHAA Ka3blNFaH KBAa3UXUMUANBIK TEHAEYre COMKEC CyAblH, AUCCOLMATUBTI epyiHe KaHe HITUXKeciHAe npo-
TOH OTKI3riWTiriHiH nanaa 60nybiHa biknan eTeai:

H,0+V, +0} =20H, (1)

Mynaa V" —+2 Timai oH 3apagpl 6ap oTTeri 60c opHbl,
0, —Top TYWiHIHAEri OTTeri MOHbI,
OH," - otTeri TyAiHiHgeri OH-Ton [4-5].

KocbinfFaH yarinepaeri otteri 60c opbiHAAPbIHbIH, CaHbl 6ipAaen AONWHT MeH TanwbiNbiK AeHrennepiHaeri
TanwbINbIKKa KapafaHaa Yl ece a3 6onybl Kepek 6onfaHabIKTaH, (1) calikec eKiHLWi Kafaainaa MHTEPKaAUPNEH-
reH NPOTOHAAPAbIH CaHbl Kebipek 60aybl Kepek.

nsk_kz_1993 ¥ nskassociation1993




.
3@

AOEPHOE
OBLLIECTBO
KA3AXCTAHA

WWW.NUCLEAR.KZ

WWW.NUCLEAR.KZ

3@

AOEPHOE
OBLLIECTBO
KA3AXCTAHA

I
I
o
~
)
L
o
[-]]
2

Byn KYMbICTbIH MaKcaTbl Kypaeni okcuatepaeri otteri 60C opblHAAPbIH KaAbINTAcTblpy TACiNiHIH, NaHTaH
CKaHAATbIHbIH, KacueTTepiHe acepiH 3epTTey 60bin Tabblnagp!.

MATEPUANIQAP MEH SAICTEP

JlaHTaH CKaHAATbIHbIH, KePaMUKaANbIK YArinepi aHy agicimeH cuHTesgenai [6].CkaHAaT TopbiHAA OTTETri
60c opbIHAAPAbIK Naitga 60ybl KATUOHAbIK KOCManay apKblabl XaHe KaTUMOH TamnLWbIAbIFbIH Kacay apKblbl
y3ere acblpbingbl. 1 Kectege apTypai TacingaepmeH Ty3inreH otteri 60c opbiHAApbl 6ap Komno3uuuanap
KepCeTiNreH.

Kecte 1. CuHTE3a€NreH KepaMuUKa

AKLENTOPAbIK AOMUHT KaTMOH TanwbiNbIfFbIH TYAbIPY
La0.9sr0.lsco2 95 LaO 9SCOZ 85
I-a0.9ca0.1sco2 95 LaO 97SC02 955

LaScO3 LaScO3

AnblHFaH yarinep Pnma optopombuanblk 6ypmanaHybl 6ap nepoBCKUT KypblabiMbiHA Me 60napl. bapabik
KepCeTinreH KOMNO3MUMANAPAbIH, NaHTaH CKaHAATbIHbIH, yarinepi ayaga 500°C temnepatypaga 7 cafat 6oiibl

Kynaipinai.
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3- LGOVQSralScOZ%, 3- Lao’gsscozlm, 4 - LaagScOZlgs.

1-cypem. Akyenmopnbik 0onuHe (a) #aHe KAmuoH (b) manwbinbiFeiH #acay apKbiabl cUHMe30enzeH cayneneHbezeH
/IGHMQAH CKAHOAMbIHbIH, Y2inepiHeH cyoblH WbiFybl

OPTYPAi Kypampaafbl NaHTAH CKaHAATbIHbIH, KYPblAbIMbl MeH OeTTik KyWi peHTreHAik ¢dasanbik Tangay,
CKaHep/ieyLi 3NEKTPOH/bI KaHe aTOMAbIK KywTi muKkpockon (JEOL JSM-6490 LA mumKpocKon) apKpiibl 3epT-
Tengi. beTiHiH anemeHTTiK Tangaybl Oxfordinstruments aHepreTMKanblK AUCNEPCUANBIK aHANN3aTOPbI APKblbI
OpblHAANAbI.

TepmorpasumeTpuansik Tangay EXSTAR-6300 TepmuanbiK aHanvM3aTOPbIH NalganaHbin, a3oTTbl HeMe-
ce ayaHbl Ta3apTty apkbiabl 25°C-TeH 1300°C-ka AewiHri TemnepaTypa AMana3oHbIHAAFbl KaTTbl yArinep-
fie opblHAAnAbl. TepMuAnbIK Aecopbumnanbik Taxipubenep KaTTbl AeHenepaeH rasgapiH, 6eniHy npouecre-
piH 3epTTeyre apHanfaH KOHAbIPFblAA Keneci wWapTrapha KYprisingi: YAriHi Kbl3gblpy KblAgaMAblfbl
42 rpaa/muH, Kbicbim 10° Ma [7]. CyAblH, OTTEriHiH, aHe KOMIpKbIWKbIA rasbiHbiH, WhiFybl MX-7304 pa-
AVOXKMINIK MACC-CNEKTPOMETPIHIH KeMeriMeH TipKkeai.

AdepHoe obwjecmeo KazaxcmaHa

HOTUMEJIEP }XOHE TANIKbINAY

CKaHepneywi 3NeKTPOHAbI MUKPOCKOMUAFA CIMKeC, KepaMMUKaHblH, BeTi TyWipLWiKTi KypblibiIMHbIH 60-
NYbIMEH CUNATTaNAbl, KETICMeWTiH yarinepaeri AHAEPAIH, Menlwepi KOCbIMWA yAarinepre KapafaHaa yn-
KeH 6onabl. YarinepAain aHeprua AMCNepcUACbIH Tanaay OeTiHiH aNeMeHTTIK KypaMbl MaNiMAENreH cTexmo-
MEeTPUAFA KaKblH EKEeHiH KepceTTi.

BypblH anTbinfaHAaW, biAFangbl aTMmochepaga NaHTaH CKAHAAT YATINEepiH KyWaipy OKcuA TOpbIHAAFbI
CYAbIH AMCCOUMATUBTI epyiHe aKkenedi. Tepmogecopbumanbik 3dKCNepuMeHT OapbicbiHaa (1) peakums
OHHAH CONFa KapaW Xypeai KaHe epireH cyablH Wbifybl 6anKkanaabl. JecopbumanaHfaH cyaplH Menwwepi
Tek oTTeri 60c OpbIHAAPbLIHbIK, CaHblHA faHa eMeC, COHbIMEH KaTap 0NapAblH KanbiNTacy a4iciHe, AONAHT
TYpiHe XJHe AONWHTI aeHreiiHe fe GaWnaHbICTbl eKeHAiri aHbIKTanabl. 1-cypetTe NaHTaH CKAaHAATbIHbIH,
YATinepiHeH CyAblH, WbIFy CNEKTPAEPI YCbIHbIFAH, KaNbLuiA MEH CTPOHLMI KOCbINFaH (a) KoHe XKeTicnenTiH
(b). X = 0.1 6ipaein bonfaH Ke3de KoCbIMLIA YATINEPAEH anbiHFaH CYAblH Menwepi KepiHeai (cypet 1a, 2, 3
KMCbIKTapbl) KEeTiCNeWTiH KepaMuKaFra KapafaHaa eaayip kofapbl (cypeT 1b, Kucbik 4). 1b cypetTeH KepiHin
TypfaHAan, gecopbumanaHfaH CyablH Meslwepi X ecyimeH KyTinreHaeih ecnewnpi, b6ipak asaagpl. LWama-

1.6 " 121 A
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(a) 1-LaScO; 2-Sr, 3~ Ca (x=0.1); (b) 1-LascO0, 2-1la,,S5c0,,.; 3-La,ScO,,.

2-cypem. JTaHMAH CKAGHOaMbIHbIH Yn2inepiHeH CO, weifyblHbIH mepmoodecopbyuanbiK
cnekmpanepi, Koceimwa (a) #aHe xemicnetimin (b)

cbl, 6y ofapbl Tepic 3apaapl 6ap V7 TunTi akaynapAbiH nanaa 6onybiHa 6annaHbiCTbl, 6y 0NapAbIH OH
3apAaATanfaH VO” otTeri 60oc opblHAApPbIMEH BenceHAi apeKkeTTecyiHe biKknan eTesi *aHe COHFbICbIHbIH, H,0
epiTy NpoLeciHe KaTbiCyblH BAOKTakAbI.

KaTTbl OKCMATI 3NEKTPONUTTEPAI 3epTTey KesiHAe onapAblH, KeMIpKbIWKbIA rasbiHa KaTbiCTbl 6enceH-
AiniriHe epeklwe Has3ap ayaapblnagbl, 6UTKEHI COHFbICbI MaTepuanablH, TYPaKTblAbIFbIHA Tepic acep eTeai
JKOHe OHblH, AerpagauuacbiH Tesgetedi [8]. byn acipece KypambiHAa CinTini Kep anemeHTtTepi bap Ke-
PaMMKaNbIK MaTepuangapfa KaTbICTbl.

2-cypeTTe NaHTaH CKAHAATbIHbIH, KOCbIMLLA YK3HEe KEeTiCNeuTiH yAarinepiHeH CO, TepmuanbIK necopb-
uus cnektpaepi kentipinreH, CO, wWbIfy cnekTpnaepi Kypaeni KepiHicke we, necopbunanaHfaH Kemip-
KbIWKbIN Fa3blHbIH, Me/LWepi KOCbIMLIA KIHE KeTiCNenTiH KepammKa YWiH wamameH bipaen (cypet 2a,b).
AIiTa KeTy KepeK, X Tamwbl/iblfbl A3PEKECiHIH XKOFfapblaaybiMeH yarigeH gecopbumananfad CO, mesnwepi
apTaabl.

KOPbITbIHAbI

JlaHTaH cKaHAaTbliHa Heri3genreH KaTTbl OKCUATI NPOTOHAbI OTKI3riWTepAiH KacueTTepiHe oTTeri 60C OpbIH-
AapblH KanbINTacTblPy 94iCiHIH acepi 3epTTeng,i.
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MHTepKanMpneHreH NpoOTOHAAPAbIH CaHbl A4ONAHT KaTUOHbIHbIH, TYPi MEH KOHLUEHTPAUMACbIHA, Ln Tanwsbl-
NbIK AeHreiiHe 6anaHbICTbl EKEHAIM KepCeTinreH.

Tepic 3apaabl *ofapbl V'’ TMNTi akaynapabiy naiiga 6onybl onapapiH OH 3apaaTanfad V™ otteri 6oc
OpbIHAAPbIMEH BenceH/i apeKeTTecyiHe biknaa eTefi )aHe COHFbICbIHbIH H,O epyiHe KaTbiCyblH 610KTaltAbl
Aen 6onxaHyaa.

Aecopbumnananran CO, meswepi KOCbIMIA KSHE Tamnlibl KepamuKka YWiH wamameH bipaei ekeHairi
6akanapl, CO,-re KaTbICTbl TANWbINbIK YATINEPIHIH BenceHainiri X TanwwblNbIFbIHbIH, 6CYIMEH apTabl.

3epTTeyai KasakcTaH PecnybamKacbiHbIH, 3HepreTMka MWHUCTPAIN KapXbinaHabipabl («KasakcTaHAbIK,
VAETKiW KeweHaep 6asacbiHAA AAPONbIK KoHe paauauuanbik GU3MKa canacblHAAfFbl KELWEHAi FblabIMU
3epTTeynepai AambiTy» bafaapnamacsl).
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MCCNELOBAHME NPOLIECCOB
TEPMOZECOPBLMN CO, U H 0

13 UOHHbIX MPOBOAHWKOB
HA OCHOBE LnScO,

N.B. XpomywuH, T.WU. AkceHoBa, E.K.CnhamkaHoB
WUHCTUTYT agepHoit dusnkmn, Anmatel, KasaxcraH

BbINo/sHEHbI TEPMOAECOPOLMOHHbIE MCCNEA0BaAHMA
BAMAHMA cnocoba GOPMMPOBAHMUA KMCNOPOAHLIX Ba-
KaHCWI1 Ha CTPYKTYpPY U CBOMCTBA CKaHAaTa laHTaHa. MNo-
Jly4eHbl TEMNEPATYPHbIE 3aBUCUMOCTU BbIXOAA BOAbI U
AMOKCMAA yrneposa U3 LONMPOBaHHOTO M AePULMTHOTO
CKaHAaTa NaHTaHa. [oKa3aHo, YTo A0NMPOBAHHAA Kepa-
MWKa XapaKTepusyeTcs 6onee BbICOKOW CNOCOOHOCTbIO
MHTEPKANMPOBATb NPOTOHbI, YEM CUHTE3UPOBAHHAA Ny-
TeM co34aHuA aeduumTa no KatmoHy. Mpeanonaraetcs,
YTO BbICOKMIA OTPULATENbHbIA 3apag AedeKToB Tuna
V™ cnocobCTByeT MX aKTMBHOMY B3aUMOAEMCTBMIO C
MNONOXKMTENIbHO 3aPAKEHHBIMMU KUCNOPOAHbIMU BaKaH-
cuamu u bnoknpyert yuactve V™ B npouecce pactsope-
HUA BOAPI.

Kntouesble ckaHaaT naHTaHa, akLEnTopHoe JoNMpo-
CNoBa: BaHue, JePULMT KaTMOHA, KMCIOPOAHbIE
BaKaHCUM, TEPMOAECOPOLIMOHHAA CreK-
TPOCKOMMA.

BBEAEHUE

TBepPA0OKCUAHbIE NPOTOHHbIE MPOBOAHUKN ABAAIOT-
CA NEPCNeKTUBHbIMKM MaTepuanamn Ans UCNo/ab30Ba-
HUWA B KAYECTBE TBEPADIX INEKTPOUTOB TOM/IUBHbIX AYe-
€K, 3/1eKTPONN3EePOB, BOAOPOAHbIX AAaTYMKOB U APYrUX
9NEKTPOXMMUYECKUX YCTPOMCTB. Cpeayu M3BECTHbIX B
HaCToALLEE BPEMSA MOHHbIX MPOBOAHMKOB 0CODbIN UHTE-
Pec NpeACTaBAsoT CKaHAATbl NaHTaHa LaScO,. [laHHble
MaTEPUaNbl XapaKTepU3yoTCA NEPOBCKUTHOM CTPYKTY-
poit A"B"0", n NposBAAKOT NPOTOHHYIO NPOBOAMMOCTb B
Bogopoaocoaepallen atmocdepe [1-3]. Kpome Toro,
3TV coeanHeHuns 0bnaaatoT bonee BbICOKON CTabunbHO-
CTbHO MO OTHOLLEHMIO K AMOKCUAY YINepoaa No cpaBHe-
HMIO C LUIMPOKO M3BECTHBIMM MPOTOHHbIMM NPOBOAHMKA-
MW Ha OCHOBe LiepaTa bapus, NOCKO/IbKY He COAEepsKaT B
CBOEM COCTaBe LLeN0YHO3emMeNbHble 31emMeHTbl. OfHa-
KO NPaKTUYECKOE UCMOb30BaHNE AaHHbIX MaTEPUANOoB
MOKa 3aTPYAHEHO M3-33 HEAOCTATOYHO BbICOKOM 3P PeK-
TUBHOCTU INEKTPOXMMMUYECKMX YCTPOMCTB HA UX OCHOBE,
MO3TOMY BEAYTCA KOMNNEKCHbIE UCCEA0BAHMA C LENbIO
YNYYLIEHUA WX NPOBOAALIMX CBOKCTB, XMMMUYECKOW M
MeXaHMYeCcKon CTabunbHOCTH.

HeobxoauMbiM yCNOBMEM MOABAEHWUA MPOTOHHOM

INVESTIGATION OF CO, AND H,0

THERMODESORPTION PROCESS
FROM IONIC CONDUCTORS BASED
ON LnScO3

LV. Khromushin, T.l. Aksenova, E.K. Slyamzhanov
Institute of nuclear physics, AlImaty, Kazakhstan

Thermodesorption studies (TDS) of the influence
of the oxygen vacancies formation method on the
structure and properties of lanthanum scandate
have been performed. Temperature dependences
of water and carbon dioxide yield from doped
and undoped lanthanum scandate were obtained.
It is shown that doped ceramics are characteri-
zed by a higher ability to intercalate protons than
those synthesized by the formation of cation defi-
ciency. It is assumed that the high negative charge
of V" -type defects favors their active interaction
with positively charged oxygen vacancies and
blocks contribution of V™ in the process of water
dissolution.

Keywords: |anthanum scandate, acceptor doping,
cation deficiency, oxygen vacancies,
thermodesorption spectroscopy.

INTRODUCTION

Solid oxide proton conductors are promising
materials for use as solid electrolytes of fuel cells,
electrolysers, hydrogen sensors, and other electro-
chemical devices. Among the currently known io-
nic conductors, lanthanum LaScO, lanthanum scan-
dates are of particular interest. These materials
are characterized by the perovskite structure of
A"B"Q". and exhibit proton conductivity in hydro-
gen-containing atmosphere [1-3]. In addition, these
compounds have a higher stability in relation to
carbon dioxide compared to the well-known pro-
ton conductors based on barium cerate, because
they do not contain alkaline earth elements. Howe-
ver, the practical use of these materials is still dif-
ficult due to insufficiently high efficiency of
electrochemical devices based on them, so comp-
rehensive research is being conducted to impro-
ve their conductive properties, chemical and me-
chanical stability.

A necessary condition for the appearance of
proton conductivity in solid oxide electrolytes is
the presence of oxygen vacancies VO** ,which can
be formed by acceptor doping, or by creating a de-
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NPOBOAYMOCTU B TBEPLOOKCUAHbIX 3NEKTPONUTAX AB-
NAETCA Ha/MuNe KNCNOPOAHBIX BaKkaHcmii V™, koTopble
MOryT 6bITb CPOPMMPOBAHBI NYTEM AKLENTOPHOTO A0-
nupoBaHua, 1bo nyTem co3gaHua geduunta No oAHo-
MY M3 KaTUOHOB B MPOLLECCE CUHTE3A.

B cnyyae aKLEeNTOPHOTO AONMPOBAHMUA UMEET MECTO
YaCTUYHOE 3aMEeLLEHNE TPEXBANIEHTHOTO KaTWOHa B Mo-
31Mummn «A» uan «B» Ha ABYXBANEHTHbIW 31eMEHT. Mpw
3TOM Ha O/IH aTOM AonaHTa 0bpasyetca 0,5V, kucno-
POAHbIX BaKaHCKM. B cnyyae GopmMmnpoBaHuUa KUCA0poa-
HbIX BaKaHCM/ MOCPEACTBOM CO34aHMA geduumta no
KaTMOHY Ha OAMH yAaNeHHbI TPexBaNeHTHbIA 06pa3y-
eTca B TpW pasa 6onblue BakaHcuid 1,5V

OTKMI MaTepManoB C KUCNOPOAHBIMM BaKaHCUAMM BO
BNAXKHOM aTMocdepe cnocobCTByeT AMCCOLMATUBHOMY

ficit on one of the cations in the process of synthe-
sis.

In the case of acceptor doping, a partial substitu-
tion of the trivalent cation in position «A» or «B» for
a divalent element takes place. In this case, 0,5V, oxy-
gen vacancies are formed per one dopant atom. In
the case of formation of oxygen vacancies by crea-
ting a deficiency in cation per one removed trivalent
cation, three times as many 1,5V vacancies are
formed.

Annealing of materials with oxygen vacancies in
a humid atmosphere promotes dissociative dissolu-
tion of water according to the quasi-chemical equa-
tion given in the Kreger-Wink notation and, as a
consequence, the appearance of proton conductivity:

H,0+V,” +0; =20H, (1)

3peck V" — kncnopoaHas BakaHCHA € 3GGEKTUBHbIM
NONOXKMTE/IbHbIM 33aPAA0M +2,
0, = MOH KMCNOPOAa B Y3/1e PelUEeTKy,
OHO* — OH-rpynna B KucnopoaHom y3ne [4-5].

PaCTBOPEHMIO BOAbI COTNIACHO KBA3UXMMUYECKOMY YpaB-
HEeHWI0, 3aNncaHHOMY B HoTaumu Kperepa-BuHka u, Kak
CNeACTBME, NOABNEHMIO MPOTOHHON NPOBOAUMOCTH:

MOCKONbKY KOMMYECTBO KMUCIOPOAHbIX BaKaHCW B
[ONMpPOBaHHbIX 0b6pasuax AOMKHO ObiTb B TpU pasa
MeHbLUE YeM B AePULMTHBIX NPU OAUHAKOBbIX YPOBHAX
fonvupoBaHua U geduumta, To cornacHo (1) Bo BTopom
C/ly4ae KONMYECTBO WHTEPKA/NMPOBAHHbIX MPOTOHOB
JIO/KHO ObITb BonbLLE.

Llenbto HacToAwien paboTbl ABAAIOTCA MCCAEA0BAHMA
BAMAHMA cnocoba HOPMMPOBAHMA KMCNOPOAHbLIX Ba-
KaHCWI1 B CNOXKHBIX OKCMAAX Ha CBOWCTBA CKaHAaTa laH-
TaHa.

MATEPUANbI U METO/A bl

Kepamunueckve 06pasupl CKaHAaTa NaHTaHa bOblau
CMHTE3MPOBaHbI METOAOM CUraHua [6].Popmuposa-
HUE KUCNOPOAHbIX BAaKAHCKUI B PeLUETKe CKaHAaTa ocy-
LLeCTBAAMN NOCPEACTBOM KaTUOHHOTO AONUPOBAHUA K
nyTem co3gaHua geduumTa no KatuoHy. B Tabn. 1 npea-
CTaB/eHbl COCTaBbl, COAEPKALLME KNCIOPOLHbIE BaKaH-
cun, cGOPMMPOBAHHbBIE Pa3HbIMM cnocobamu.

NonyyeHHble 06pa3Libl UMENN CTPYKTYPY NepOBCKU-
Ta C OPTOPOMOMYECKMM WCKakeHMem Pnma. Ob6pas-
bl CKaHAATA NlaHTAHa BCEX YKa3aHHbIX COCTABOB OT-
Xuranm Ha Bo3sgyxe npu Temnepatype 500°C B Te-
YyeHue 7 4acos.

CTpYKTYypa v COCTOAHME NMOBEPXHOCTU CKaHAATa NaH-
TaHa Pa3HOro coctasa OblM UCCNea0BaHbl METOAAMM
PEHTreHOPa30BOro aHanMn3a, CKAHMPYHOLLEN SNEKTPOH-
HOW ¥ aTOMHO-CM/IOBOM MMKPOCKONWUM (MMKpPOCKON

Where VD** — oxygen vacancy with +2 effective positive
charge,
0, —oxygen ion in the lattice node,
OHO* — OH- group in the oxygen unit [4-5].

Since the number of oxygen vacancies in doped
samples should be three times smaller than in defi-
cient ones at the same doping and deficiency levels,
according to (1) the number of intercalated protons
should be larger in the second case.

The purpose of the present work is to investigate
the influence of the method of formation of oxygen
vacancies in complex oxides on the properties of lan-
thanum scandate.

MATERIALS AND METHODS

Ceramic samples of lanthanum scandate were
synthesized by the combustion method [6]. The
formation of oxygen vacancies in the scandate lat-
tice was carried out by cation doping and by crea-
ting a cation deficiency. Table 1 shows the compo-
sitions containing oxygen vacancies formed by dif-
ferent methods.

The obtained samples had the structure of pe-
rovskite with orthorhombic distortion Pnma. Samp-
les of lanthanum scandate of all indicated com-
positions were annealed in air at 500°C for 7 h.

The structure and surface state of lanthanum
scandate of different compositions were investi-
gated by X-ray phase analysis, scanning electron
and atomic force microscopy (JEOL JSM-6490 LA
microscope). Elemental analysis of the surface was
carried out using an energy dispersive analyser
OxfordInstruments.

TG analysis was performed on the EXSTAR-6300
thermoanalyser on solid samples in the tempera-
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JEOL JSM-6490 LA). dnemeHTHbIA aHanAW3 MNOBEpPX-
HOCTW BbINONHEH C UCMO/Mb30BAaHUEM 3Heproaucnep-
CMOHHOro aHanusatopa OxfordInstruments.

ture range from 25°C to 1300°C with nitrogen or
air purging. TDS experiments were conducted on a
installation for the study of outgassing processes

Tabn. 1. CuHTe3npoBaHHaa Kepamuka / Table. 1. Synthesized ceramics

AKkuenTtopHoe gonupoBaHue / Acceptor CospaHue gepuumTa No KaTMOHY /
doping Creating a cation deficit
|-a0.9sr04ls(:02 95 LaO QSCOZ 85
LaO 9caO ISCOZ 95 LaO 97SC02 955
LaScO, LaScO,

TepmorpaBMMETPUYECKMA  aHANW3  BbIMONHEH Ha
TepmoaHanusatope EXSTAR-6300 Ha TBepablx 0bpas-
Lax B Avana3oHe Temnepatyp ot 25°C go 1 300°C ¢ npo-
[YBKOW a30TOM MAM BO34yxom. Tepmogecopbuuok-
Hble 3KCMEePUMEHTbI NPOBeAeHbl Ha YCTaHOBKe ANA UC-
CNefloBaHMA NPOLLECCOB ra30BblAeNEHUA U3 TBepAbIX
TEN NPU CNefyoWwmxX YCA0BUAX: CKOPOCTb HarpeBa 06-
pasua 42 rpaa/muH, aasnenue 10° Ma [7]. Bbixog Bo-
Abl, KUCNOPOAA U AMOKCUAA Yriepoda perncTpuposa-
AW C UCNO/Mb30BaHWEM PALMOYACTOTHOTO MACC-CMeKT-
pomeTpa MX-7304.

PE3Y/IbTATbI U OBCYKAEHUE

Mo AaHHBIM CKAaHWUPYIOLLEW SNEKTPOHHOM MUKPOCKO-
MM NOBEPXHOCTb KEPAMMUKM XapaKTepu3oBasiacb Ha-
JIMYNEM 3EPHUCTON CTPYKTYPbI, MPUYEM pa3mep 3epeH
Ha AedUUMTHBIX 0bpa3sLax bbin 6onblie, Yem Ha Aonu-
POBaHHbIX. IHEProAMCNEPCUOHHbIA aHann3 0bpa3uoB
MNOKa3as, YTO 3NEMEHTHbIV COCTaB NOBEPXHOCTM BIM30K
K 3aBIEHHON CTEXMOMETPUM.

Kak 6b110 0TMEYEHO paHee, OTKUT 06pa3L0B CKaHAa-
Ta NaHTaHa BO B/IAXHOW aTMocdepe NPUBOAUT K ANCCO-
LMAaTUBHOMY PaCTBOPEHMIO BOAbI B peLIeTKe oKcuaa. B
X0Ze TepMOoAecopPOLMOHHOIO 3KCMEPUMEHTA peaKuma
(1) npet cnpasa Haneso v HabaAAETCA BbIXOZ, PacTBO-
PEHHOM BOAbl. YCTAaHOB/NEHO, YTO KONMYECTBO AECOp-
OMPOBaHHOM BOAbI 3aBUCUT HE TO/MbKO OT KO/IMYECTBa
KUCNOPOAHbIX BaKaHCKIM, HO 1 OT cnocoba ux dopmupo-
BaHWA, TMNA AOMNaHTa M YPOBHA JonupoBaHua. Ha Puc.
1 npepcTaBneHbl CNEKTPbI BbIXoAa BoAbl M3 06pa3LoB
CKaHAaTa NaHTaHa, AONMPOBAHHbIX Ka/bLLMEM U CTPOH-
unem (a) n pepuumntHbix (b). BuaHO, 4TO NPK OAMUHAKO-
Bom X = 0.1 KonnM4yecTBo BoAbl, AECOPOUPOBAHHON U3
A0NMpPOoBaHHbIX 06pa3Lo. (Puc. 1a, Kpusble 2, 3) cylue-
CTBEHHO Bbllle, Yem M3 AedUUMUTHON Kepamuku (Puc.
1b, kpusas 4). Kak BuaHo u3 Puc. 1b, konmyectso ae-
COpbMPOBAHHOM BOAbI HE PACTET C POCTOM X, KaK OXM-
Aanocb, a ymeHblaetcs. Mo-Buaumomy, 3to obycnos-
NeHo obpasosaHuem aedektos TMna V' ¢ BbICOKMM
OTPULLATENbHbBIM 3aPALOM, YTO CNOCOOCTBYET X aKTUB-
HOMY B3aMMOAEMNCTBUIO C NONOXKUTENBHO 3aPAKEHHDI-
MM KNCIOPOAHbIMM BakaHcuaMM V™" 6nokmpyeT yya-
CTWe nocneAHuX B npouecce pactsopernu H.0O.

from solids under the following conditions: sample
heating rate 42 deg/min, pressure 10° Pa [7]. The
yields of water, oxygen and carbon dioxide were re-
corded using a radio-frequency mass spectrometer
MX-7304.

RESULTS AND DISCUSSION

According to scanning electron microscopy data,
the surface of the ceramics was characterized
by the presence of a granular structure, and
the grain size on the deficient samples was larger
than on the doped ones. Energy dispersive analy-
sis of the samples showed that the elemental
composition of the surface is close to the reported
stoichiometry.

As noted earlier, annealing of lanthanum scan-
date samples in a humid atmosphere leads to
dissociative dissolution of water in the oxide lattice.
In the TDS experiment, reaction (1) proceeds from
right to left and the yield of dissolved water is
observed. It is found that the amount of desorbed
water depends not only on the number of oxygen
vacancies, but also on the way of their for-
mation, the type of dopant and the level of doping.
Fig. 1 shows the water yield spectra of lantha-
num scandate samples doped with calcium and
strontium (a) and deficient (b). It can be seen that
at the same x = 0.1 the amount of water desorbed
from the doped samples (Fig. 1a, curves 2, 3) is
significantly higher than from the deficient cera-
mics (Fig. 1b, curve 4). As can be seen from Figure 1b,
the amount of desorbed water does not increase
as x increases, as expected, but decreases. Appa-
rently, this is due to the formation of defects of
V" -type with high negative charge, which favors
their active interaction with positively charged
oxygen vacancies V" and blocks the participation
of the latter in the H,O dissolution process.

Special attention in the study of solid oxide
electrolytes is paid to their activity with respect
to carbon dioxide since the latter negatively affects
the stability of the material and accelerates its
degradation [8]. This is especially relevant to ceramic
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Puc. 1. Bbixo0 800bI U3 06pa3y08 Heoby4YeHH020 CKAHOAMa AAHMAHA, CUHME3UPOBAHHO20 Nymem aKUenmopHo20
donuposaHus (a) u mocpedcmeom co3daHua deguyuma no kamuony(b) / Figure 1. Water yield from samples of
non-irradiated lanthanum scandate synthesized by acceptor doping (a) and by creating a cation deficiency (b)

Ocoboe BHMMaHMe NpU UCCNEA0BAHWM TBEPAOOK-
CUAHbIX 3NEKTPONIMTOB YAENAETCA WX aKTUBHOCTM B
OTHOLLEHWUM OMOKCMAA YrNepoha, NOCKONbKY nocnes-
HWUA OTPMLATENbHO BAMAET HAa CTabWAbHOCTb MaTe-
puana u yckopset ero gerpagaumio [8]. OcobeHHO 3T0
KacaeTcA KepamMYecKMX MaTepuasnoB, COAEPKALLMX B
CBOEM COCTaBe LLEI0YHO3EMENbHbIE I1EMEHTDI.

Ha Puc. 2 npuBeaeHbl cnekTpbl Tepmogecopbumm
CO, v3 AONMPOBaHHbIX W AedULNTHBIX 06Pa3LOB CKaH-
AaTa NlaHTaHa. BuaHo, uto cnektpsl Bbixoga CO, umetot
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(a) 1-LaScO;2-5r,3-Ca(x=0.1);

materials containing alkaline earth elements in their
composition.

Figure 2 shows the TDS spectra of CO, from doped and
deficient lanthanum scandate samples. It can be seen
that the CO, yield spectra have a complex appearance,
with the amount of desorbed carbon dioxide being
approximately the same, for both doped and deficient
ceramics (Figure 2a,b). It should be noted that as the
degree of x deficiency increases, the amount of CO
desorbed from the sample increases.
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Puc. 2. TepmodecopbyuoHHbie cnekmpbl 8bixoda CO, u3 06pa3yos ckaHdama AaHMaHa, AoUPosaHHo20 (a) u deguyum-
Hoeo (b) / Fig. 2. TDS spectra of CO, yield from lanthanum scandate doped (a) and deficient (b) samples

CNOXHbIA BUA, NPUYEM KONMYECTBO AecOpOMpPOBaHHO-
ro AMOKCMAQ YIepoaa NPMMEPHO O4MHAKOBO Kak Ans
[ONUPOBAHHOW, TaK U ANA AedULMUTHOM KepaMuKkm (Puc.
2a,b). Cnepyet oTMETUTb, YTO C POCTOM CTeneHu aedu-
umta x Konnuectso CO,, AecopbuposaHHOro 13 0bpas-
LLa, YBENMYMBAETCA.

CONCLUSION

The influence of the oxygen vacancies formation
method on the properties of solid oxide proton
conductors based on lanthanum scandate has been
studied.
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3AK/TIOMEHUE

WUccneposaHo BanaHMe cnocoba popmmpoBaHUA KUC-
NOPOZHbIX BAKAaHCUIA Ha CBOMCTBA TBEPAOOKCUAHBIX NPO-
TOHHbIX NPOBOAHWKOB HA OCHOBE CKaHAATa NaHTaHa.

MOKa3aHO, YTO KOMMYECTBO WHTEPKANMPOBAHHbIX
NPOTOHOB 3aBWUCUT OT TUMA M KOHLEHTPaUMWU KaTUOHA
AONaHTa, ypoBHA aeduumta no Ln.
Mpeanonaraetca, 4Yto obpa3oBaHMe AedeKToB TWMA
V'’ C BbICOKMM OTPMLIaTENbHBIM 3aPAA0M CNOCOBCTBY-
€T UX aKTUBHOMY B3aMMOZEMNCTBUIO C NONOKMUTENBHO 3a-
PAMKEHHBIMM KUCIOPOAHBIMM BakaHCAMM V™" 1 6nokn-
PYeT y4actue nocneAHux B pactsopernu H.0.

3ameyeHo, YTO KONMYECTBO AecopbUpPOBaHHOMO co,
NPUMEPHO OAMHAKOBO KaK A/1f AOMUPOBAHHOM, TaK W
ANA fedUUMTHOM KepaMMKKM, NPUYeM aKTUBHOCTb Ae-
GUUMTHBIX 06Pa3LOB MO OTHOLIEHMIO K CO, ysennumsa-
eTCcA C pocTomM AeduumTa X.

Uccneposanne duHaHcMpoBanocb MUHMUCTEPCTBOM
sHepreTukn Pecnybnmku KasaxctaH (Mporpamma «Pas-
BUTKE KOMMIEKCHbIX HAY4YHbIX UCCNEA0BaHNI B 06naCTH
AAEPHOM 1 pasnaLMOHHON GU3MKM Ha Ba3e Ka3axCTaH-
CKMX YCKOPUTENbHbIX KOMMNEKCOBY).
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tons depends on the type and concentration of
the dopant cation and the level of Ln deficiency.
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actlve interaction with positively charged V~
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les towards CO, increases with increasing deficien-
cy X.
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MATEPUANOAPADBIH MEPTI/TIKTI BETIHE MAKbIH
KABATTAPbIHbIH KOHBEPCUA/BIK SNEKTPOHAbI
MECCBAY3P CNEKTPOCKOMUACDI

M.®. Bepewak, U.A. MaHakoBa, K.K. TheybepreHos
Anponbik r3mKa MHCTUTYTLI, AiMaTbl, KaszaKcTaH

CKaHepneywi KOHBEPCUANDBIK 3NEKTPOHAbI Meccbaysp CNEeKTPOCKOMUACHIHbIH, 4iCi YCbIHbINAbBI, ON KOH-
BEPCUANBIK INEKTPOHAbI AETEKTOPAAFbl aHOA MHEe TYpiHAe Kacanaabl. 3epTTeNneTiH maTepuanfapabl, *Kepri-
NiKTi 6eTKi KabaTTapbIHbIH, KYPbINbIMAbIK-Ga3anblk HKafaaibl Typanbl aknapaT ana oTblpbin, YAriHiH 6eTiH cKa-
Hepney MyMKiHAiri KepceTinreH. CNeKTPOMETPAIH aXKblpaTbiMAbINbIK KabineTiHiH GipkaTap ¢akTopnapfa Tay-
eNAiNiri aHbIKTaNAbl: MHeHiH COHfbl BeniriHiH anametpi (~ 20 MKM), aHOA NeH KaToA apacbiHAafbl anlliak-
TbIK (~ 2 MM), 3N1€KTPOATap apacbiHAafbl noTeHuman (~ 1 000 B).

TyiiH ce3pep: meccbayap CNEeKTPOCKONMACHI, Meccbayap CneKTpomeTpi,
KOHBEPCUANbIK INEKTPOHAAP, AETEKTOPAAP.

KIPICNE

Meccbayap addekTici Aen aTanaTblH raMMa-pe30HAHCTbI CiHipy KaHe Kepi KalTapblIMANTbIH AAPO aPKblbl
raMMa-KBaHTTapAbl LWbiFapy Kybbiabicbl 1958 binbl awbingbl. OTKEH Ke3eHAe AAPOAbIK ramma-pe3oHaHC-
TbIK CNEKTPOCKONUAHbIH, 34icTeMenik 6a3acblH KypyAa KaHe XKeTiNAipyae YIKEH KeTIiCTIKTepre Ko KeTKi3inai
[1-4], e1TKeHi Kasipri yakplTTa meccbayap CNEKTPOCKONMUACHI GU3MKA MEH XMMMWAHBIH, Te0N0rMA MeH MUHe-
PanoruAHbiH, 6MoNorMA MeH MeAMLMHAHbIH, KOCMOMOTUAHBIH, XaHE WMHAYCTPUAHBIH, SPTYPAiI cananapbiHAa
KeHiHeH KongaHblnyaa [5-11].

Pe30HaHCTbIK KO3faH AAPOHbIH, biAblpaybl €Ki apHa apKblabl XKYPYi MYMKiIH eKeHi benrini: pe3oHaHCTbIK ram-
Ma-KBAHTTbIH, KaWTa LUbIFAPbIAYbl KIHE ilWKi KOHBEPCMA NPOLLECi, KOHBEPCUANDIK KIHE O0Xe-31eKTPOH-
[apMeH KaTap cuMnaTTaManblK PEHTreH caynenepi Ae wboifapbinagpl. Ocbinanwa, >’Fe aaponapbiMeH ramma-
KBAHTTApAblH, PE30HAHCTbIK MKYTbIAYbIH OaKblNayAblH, TOPT SA4iCIH €Hrizy MyMKiHgiri 6ap. Ocbl aaictemenik
Tacinaepain 6apablFbiHbIH apPTbIKWbIIbIKTaPbl MEH KeMLWiNiKTepi 6ap KaHe HaKTbl MiHAETTepre CyWeHe OTbipbin
Kongaxbinaapi [10].

Hytbiny reometpuacbiHaafbl (MS) TpaHcMMccUANbIK Meccbayap CNEKTPOCKONMACH 3epTTey O0ObEeKTICi
>’Fe meccbayap u3oTonbl 6ap pakoBMHA BONFaH KaFaaiaa KondaHblnagpl *KaHe >’Co TeKLWwe CUHroHMACh Bap
napamarHuTTiK MaTpuLUaAa raMma-cayneneHy Kesi petiHge naMganadoinagpl [11,12].

Meccbayap CNEKTPOCKONUACHI eKi Kafdaiga KongaHbinagdbl: OGipiHWigeH, meccbaysp M30TOMbl KOK YA
3epTTeNnei — ramma-KBaHTTapAblH, K83i MyHAa 3epTTeNeTiH yArire eHrisinreH pagmoakTusTi npenapat 60/bin
Tabblnagpl [13]; ekiHwigeH, meccbaysp paguoHyKAuAiHiH *'Co Ty3inyiHe SKeNeTiH cayneneHyre yuwbipafaH
yari 3eptreneai. CoHfbl KafganMpa Y-150mM M30XPOHAbI LMKNOTPOHbIH MaWAanaHa oTbipbin, KasaKkcTaH
PecnybnunKacbiHbiH, A4ponbik du3nka MHCTUTYTbIHAA (KP ADWU) icke acbipbinFaH HacTamnKkbl KOWblAFaH aToM-
napabl (BKA) KoHe onapAblH COHFbl KYMNEepiH CeNekTUBTI TipKkey agictemeci KongaHbinagbl [14,15]. byn aaic
VATIHIH, LIAFbIH KEPTiNikTi aMMaKTapblH TaHA4aManbl Typae 30HATAyfa, AAPOAbLIK FAMMa-Pe30HaHCTbIK CMNEeKT-
POCKOMMWAHBIH, PagMaLMANbIK acepnepre CesimMTangplfblH efdyip apTTbipyfa xaHe BMA Texey aimarbiH-
[afbl MaTePUanablH KYPbINbIMbIH 3epTTeyre MyMKiHAIK 6epeai [14].

Anaiipa, GipkaTap mMacenenepai Wewy YWwiH Pe30HAHCTbIK LWallblpay SA4iCi KaWTapbIMCbI3 KaHe OCbl NpPo-
LLeCKe inecne KaiTanama caynesneHyci3 eH Konannbl 601ybl MyMKiH. by, eH, anabiIMeH, MacCUBTIK yarinep meH
KYKa NNeHKanapablH OeTKi KabaTTapbiH 3epTTeyre KaTbICTbl.

[WwKi KoHBepcua npoueci K-3neKkTpoHaapaa Kypyi bIkTMMan. Temip CiHipriw XafoanbiHAA 3NeKTPOHAAPAbIH
sHepruackl 7.3 KaB Kypaiabl, 6yn TMimai KabaTTbiH, KanblHAbIFbIHA WamameH 100 HM caitkec kenegi [16-19].

[20] KoHBepcHANbIK 3NEKTPOHAAPAbI TipKEY TaciNiMeH epeKweneHeTiH meccbayap CNeKTPOMETPAEPIHIH,
GipHewe TypiH cunatTanabl. OnapabiH, bipi-MHTErpanabl KOHBEPCUANbIK 3N1EKTPOHAbI Meccbayap ChnekTpoc-
konuacbl (ICEMS), Ke3feH LWbIKKaH bapAblK 3N1eKTpoHAapabl Tipkenai. EkiHwici-anddepeHumanabl KoHsep-
CUANbIK 3N1EKTPOHAbI Meccbayap cnektpockonuackl (DCEMS) TipkenreH aneKTPOHAapAblH 3Hepruacbl onap-
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AblH, WbIFy TepeHairimeH 6ainnaHbiCTbl ekeHAiriHe HerisgenreH [21]. DC EMS Tek eTe Tap aHEpreTUKanblK almaKkTa
OpHanackaH 31eKTPoHAAPAb! Tipkenai. byn 6y30aiTbiH afic HeFypibiM Kypaeni XaHe Kbimbat [22] Kabar-
Tapabl aPTYPAi TICINAEPMEH (XMMUANDBIK, MEXaHUKANbIK, Na3epAik XaHe T.6.) anbin TacTay apkplabl 6eTTi Ka-
0aTTbl 3epTTEYre HEeri3AenreH AecTPyKTUBTI TICINAEH alblipMallbinbIFbl [23].

KoHBepCHANbIK KaHe OXe-anekTpoHAapabl Tipkey agictemenepi KP ADU apponbiK raMma-pe3oHaHCTbIK,
CMNEeKTPOCKONMA 3epTXaHacbiHAA iCKe acbipbingbl. [leTeKTopnapablH €Ki Typi KypacTbipbiifaH KaHe a-
CanfaH: KOHBEPCUANbIK KIHE OXKe-INeKTPOHAbl ra3 paspAATbl MPONOPLMOHANAbLI AETEKTOP KIHE INEeKTPOH-
Abl ra3 pPa3pAATbI KOLKiH aeTeKkTopbl [24].

OcCbl KYMbICTbIH, MaKcaTbl 3epTTeNeTiH MaTepuangapAblH WafblH OeTKi KabaTTapbliHbIH, KYpblabIMAbIK-da-
3a/blK Kal-KyMi Typanbl aKknapaT anyfa MYMKiHAIK 6epeTiH cCKaHepneyli KOHBEPCUANbIK 3NEKTPOHAbIK Mec-
cbayap cnektpockonuacbiHbiH, (SCEMS) agictemeciH ycbiHy 60/1bIn Tabblnaabl.

MATEPUANOAP MEH 94ICTEP

[aMMa-KBaHTTapAbIH, PE30HAHCTbIK JKYTbIYbIMEH KOHBEPCUANDLIK 3N1E€KTPOH YAriHiH, OeTiHeH LWbIFaibl,
ON ra3 KOCNacblHbIH, MONEKYNaNapblH MOHAAY KOHEe KO3A4blpYy YLWiH 3HepruAHbl Xofantafbl. HatuxkeciHae
3/1EKTPOH-MOHABIK KynTap Nanga 6onafbl, 0NapablH, Menlepi rasgafbl KO3fanbiCTbl 6acTaFaH 3NEKTPOHHbIH,
9HepruAcbiIHa NPONOpPUMOHaANabl. JeTeKTOpAbIH, KYMbIC KeNeMiHiH, d1eKTp epiciHAe OH, MOHAAP KaToAKa, an
9N1eKTPOHAAP aHOAKA Kapal KblmKuabl. AHOATbIH, KaHbIHAA KOLWKiHHIH nainga OonybiHA Kafaal Kacanagpl.
OcblifaH HannaHbICTbl ra3dbl KYWENTY Ky3ere acbipbliagbl. AHOATA XUHANFAH 3NEKTP 3apasbl 6acTankpl MOH
KYMTaPbIHbIH, CaHbIHA NponopumroHan [10].

Cypem 1. SCEMS demekmop Kaccemacl

Cyper 1-pe CMS [eTeKTOpbIHbIH KacceTacblHblH, annbl KepiHici bepinreH. KacceTaHblH, aupblKlla epek-
weniri [24], 6yn aHoa Bonbppam CbiM MHECI TYPiHAE KacanfaH. PE30HaHCTbIK emec GOHAbI a3aiTy YLWiH nHe Ted-
NIOH KabblfblHA OpHanacTbipblnagbl. MyHaal reometpuasa aHog neH Katos 6eTi apacbiHAa reTeporeHsi aneKkTp
epici naiga 6onaabl. byn Kafoankga AETEKTOPAbBIH, CE3IMTan Kenemi MHEHIH YIUbIHAA KaHe KaTog, yAariciHae
Heri3i 6ap eTe Tap KOHycTbl bingipeai. byn KOHYCKa Heri3iHEH aHOATbIH, acTbiHAAFbl KaToA aimarbiHaH
WbIKKAH 31eKTPOoHAap eHeai. KacceTa Kamepara OpHaNacTbipblaabl, OHbIH, anAbIHFbl 66iri antoMuHUin Gonb-
ra Tepeseci 6ap ¢naHeuneH *abblafaH, rAaMMa-KBAHTTapAbIH, YArire eTyi xaHe *’Co-AaH PEHTreH caynenepi
CY3y YWiH. KamepaHblH ilWKi GeTi ramma KaHe cunaTTaManblK cayneneHyaeH nainga 6onfaH GpoTOINEKTPOH-
AapAblH GOHbIH a3alTy YWiH NAEKcUrnaccneH *abbinfaH. Bakyymabik kKamepa GpopBaKyym COPFbICbIHA KHe
He(8%) CH, kocnacbl 6ap ras 6annoHbiHa KOCbifaH. [eTEKTOPAbI KYMbICKAa AanblHAAY KesiHAe Kamepa
BaKyyMZanaabl }aHe aTMochepanbiK KbiCbIMFa AENiIH reNNA-MeTaH KOCnacbiIMeH TOATbIPbIAAAbI.

CneKkTpOMEeTpAiH, axblpaTbiMablnbiFbl BipKaTap ¢akTopnapfa OalNaHbICTbl: MHEHIH COHfbl BeniriHiH, Aua-
MeTpi (¥20 MKM), aHOA MeH KaToA apacbiHAafbl a/NlWaKTbiK (~2 MM), 3N1EKTPOATap apacbiHAafbl NOTEHLM-
an (~1 000 B). KepceTtinreH napameTtpnep CNEKTPOMETPAI OpPHATy NpoueciHAe TaHAanadpl. AWTa KeTy Kepek,
YCbIHbINFaH 9/1iC XpOM MaTpULacbiHAA eTe KyaTTbl °’Co Ke3iH nainganaHyabl Tanan etesi.

Meccbayap 3epTTeynepi TypaKTbl YAeY PEXUMIHAE KyMbIC icTedTiH MS-1104Em cnekTpoMeTpiHAEe Kypri-
3ingi. famma-KBaHTTapAblH Ke3i peTiHae 50 mKu 6encenainiri 6ap xpom matpuuacbiHaa °’Co 6ongbl. famma
KOHE KaWTanama CayneneHyai TipKey Pe30HaHCTbIK CLUMHTUANAUMANBIK aeTektop Fe, ICEMS xaHe SCEMS pe-
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TEKTOP/NapbiH Genme TemnepaTypacbiHAa KONAAHY apKblabl Ky3ere acblpblngbl. Meccbaysp cnekTpiepiu
eHaey SpectrRelax 6afmapnamachl apKbibl yAbTPa KYKa NapaMeTpaepaiH TapanyblH KaanblHa KenTipy KaHe
CNEeKTPAI MoAenbaik AeKoATay aaicTepiMeH opbiHAanabl [25].

HOTUMEJIEP

SCEMS [eTeKTOpbIHbIH, aXblpaTbiMAbINbIFbIH Oafanay YWiH Katod €Ki ¢onbrafiaH TypaTblH 3KCnepu-
MEHT Kyprisinai. OnapablH, 6ipi cuHrneT TypiHAeri meccbayap cnektpi 6ap ayCTEHWUTTIK KypPblabIMHbIH
X18H10T ToT 6acnaiTbiH 60naThl; ekiHwici — 205 K3 MarHuT epici 6ap MarHUTTIK PETTENreH KypblnbiMbl 6ap
Cu,,Ni Fe , Kopbitnacbl. Meccbaysp cnektpepi (Cypet 2) yw HykTeae Tipkenai. bipiHwici (a) nHenin donbra
TYMICKEH KepiHe Kapama-KapCbl OpHanacybiHa CaiKec Kengi, KanfaH ekeyi (b xaHe c) ToT 6acnaiiTbiH bonart-
TaH acanfaH X18H10T ¢onbra meH GybiHHAH 1 MM KalbIKTbIKTA Cu,,Ni Fe, ., KopbITNacbiHbIH, WeTTepiHae
bongpl. (a) cnektpi X18H1O0T Tot 6acnaiTbi 6onatraH xsHe Cu ,Ni _Fe . KOPbITNACbIHAH TypaTbiHbIH
barikay KublH emec. (b) koHe (c) HyKTenepiHae TycCipinreH cnektpnep yArinepaiH MoHoda3anbliblFbiH
KepceTeai. OcbiNaniwa, iWKi KOHBEPCUA NEKTPOHAAPbI TIPKENETIH MHEHIH, acTbiHAafFbl aimak 3.14 mm? acnai-
Abl. Byn wamaHbl uHe aHoATbl SCEMS-AeTeKTOpbIHbIH, aXKblPaTbIMAbINbIFLI Aen caHayfa 6onadpl. Ainta Kety
Kepek, KacceTa aHOATbl KaToZ, YKa3blKTblfbl HOMbIMEH KbIKbITYFA MYMKIHAIK BEPETIH KypblAfbiMeH XabaplK-
TanfaH. [lemeK, 3epTTeneTiH MaTepuanaapablH, KeprinikTi 6eTki KabaTTapbliHbiH, KYPbINbIMAbIK-Ga3anbIk,
KYMi Typanbl aknapaT ana oTblpbin, YArinepaiH 6eTiH ckaHepneyre MyMKiHAIK 6epinea,.

KOPbITbIHAbINAP

I, % CKaHepAneyLwwi KOHBEPCUANDBIK 3NEKTPOHABI Meccbayap CneKTpocKonuaA-
CbiHbIH, 9A4iCi YCbIHbINAbI aHE Ky3ere acblpbligpl, Oyn KOHBEPCUANBIK
3NEKTPOHAb! AEeTEeKTOpAafbl aHOA MHe TypiHAe Kacanagpl. 3epTreneTiH
MaTepuangapAblH, Keprinikti 6etki KabaTTapblHbIH,  KypblabIMAbIK-da-
3a/bIK Kafgalbl Typanbl aknapaT ana OTblpbin, YAriHiH OeTiH ckaHepney
MYMKiHAir KepceTinreH. CneKTPOMETPAIH aXblpaTbIMAbINbIK KabineTi-
HiH GipKaTap daKkTopnapfa TayenAiniri aHblKTanAbl: UHEHIH, COHFbI Beniri-
HiH AuameTpi (~ 20 MKM), aHO4 NeH KaToA, apacbiHAafbl aNLAKTbIK,
(~ 2 mm), anekTpoaTtap apacbiHgafbl noteHuman (~ 1000 B). KepcetinreH
napameTpiaep CNeKTPOMETPAI OpHATy NpoueciHAe TaH4anaabl.

3eptTeyai KasakctaH PecnybamnKacblHbIH, 3HepreTMka MuHMCTpAIri Kap-
blnaHabipabl («KasaKkcTaHaplk yAeTkiw KeweHaep 6asacbiHAa A4po-
NbIK K3HEe pagmaumanbik GU3MKa canacbiHAaFbl KeleHAi FblibiIMU 3epT-
Teynepai AambITy» bafgapnamacsi).
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Cypem 2. SCEMS — X18H10T yneiciHiH *’Fe A0ponapbiHOars
cnekmpnep - Cu, Ni, Fe, :
(a) — honvea mylickeH xcepoe;

(b) - X18H10T ¢ponveada;
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KOHBEPCMOHHAA 3/IEKTPOHHAA
MECCBAY3POBCKAA CNEKTPOCKONUA
NOKANbHbIX NPUNOBEPXHOCTHbIX
CNOEB MATEPUANOB

M.®. Bepewak, U.A. MaHakoBa, XK.K. TheybepreHos
WUHcTuTyT AagepHon dusmnkmn, Anmatsl, KasaxcraH

MpeanoXeH MeTof, CKaHUPYHOLWLEN KOHBEPCUOHHOW
3NIEeKTPOHHON MeccbayspoBCKON CMEKTPOCKONMK, 3a-
KNOYaIOLLMIACA B TOM, YTO aHOZ, B IETEKTOPE KOHBEPCH-
OHHbIX 3/1IEKTPOHOB BbINOJHEH B BUAE MMbl. [TOKa3aHa
BO3MOXXHOCTb OCYLLECTBAATL CKAHUPOBAHME MOBEPXHO-
CTM 06pasLia ¢ NonyYyeHnem MHPOPMALIUK O CTPYKTYP-
HO-)a30BOM COCTOSHMM JIOKa/IbHbIX NPUMNOBEPXHOCT-
HbIX C/I0EB MCCNEAyeMbIX MaTepuanos. YCTaHOBNEHa
3aBMCMMOCTb pa3peLlatolen cnocobHOCTU CheKTpo-
MeTpa OT pasa $aKTOPOB: AMAMETPA KOHEYHOM YacTy
urabl (~ 20 MKM), 3a30pa MeKay aHOAOM U KaToaoM
(~2 mm), noTeHumana mexay anektpogamu (~ 1 000 B).

Kntouesble meccbayspoBCcKas cnekTpockonus,
cnosa: meccbayapoBCKMiA CNEKTPOMETP,
KOHBEPCHMOHHbIE 3EKTPOHbI, AETEKTOPbI.

BBEAEHUE

ABNeHMe raMMa-pe30HaHCHOro MOrOWEHNA U UC-
NyCKaHWA raMmMa-KBaHTOB A4pOM 6e3 oTaauu, M3BecT-
Hoe Kak 3dpdekT Meccbayapa, 6b110 OTKpbITO B 1958
rogy. 3a npoweawnin nepuos A0OCTUrHYTbl 6onbline
ycriexu B CO34aHWM M COBEPLUEHCTBOBAHUM MeTO-
AMYECKon 6a3bl AAEPHOW raMMa-pe30HaHCHOM Chek-
Tpockonuu [1-4], TaK Kak M B HacTosllee BPeMsa Mec-
cbayspoBCKasn CMEKTPOCKONMA HAXOANT WMPOKOE Npu-
MeHEHWEe B Pa3NNYHbIX 001acTAX QU3MKM U XUMUMK,
reoNorMn U MUHepanoruu, 6MonorMm u MeauLmHbI,
KOCMONOTUM U nHAycTpum [5-11].

M3BeCTHO, YTO pacnaj Pe30HAHCHO BO30OYKAEHHOTO
AAPa MOXET NPOMCXOAMTb MO ABYM KaHanam: nepe-
W3/ly4YEHNE PE30HAHCHOTO ramMMa-KBaHTa M MpoLecc
BHYTPEHHEN KOHBEPCUM, KOrZa Hapady C KOHBepCu-
OHHbIMU W OXE-3EeKTPOHAMM, MCMYCKAETCA TaKke
M XapaKTEPUCTUYECKOE PEHTIEHOBCKOE W3NYYEHME.
Takum 06pa3om, NoABNAETCA BO3MOXKHOCTb peannsa-
LMW YeTbipex MeToAMK HabnogeHua pe3oHaHCHOro
NOrNOWEHNA raMMa-KBaHTOB Aapamu *'Fe. Bce aTn me-
TOAMYECKME MOAXOAbl MMEKOT CBOM MpPenMyLLecTBa M
HeA0CTaTKM, U UCMONb3YHOTCA UCXOAA M3 KOHKPETHbIX
3apay [10].

TpaHCMMCCMOHHAA MeccbayspoBCKas CMEeKTPOCKO-
nua B reoMeTpun Ha nornowexue (MS) npumeHsetcs
B C/yyae, Korga O0b6beKToM MccnefoBaHMA ABAAETCA
NOrNOTUTENb, COAEPKALLMIN MeccbayapoBCKMUIM M30TON
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CONVERSION ELECTRON
MOSSBAUER SPECTROSCOPY
OF LOCAL NEAR-SURFACE
LAYERS OF MATERIALS

M.F. Vereshchak, I.A. Manakova, Zh.K. Tleubergenov
Institute of nuclear physics, Almaty, Kazakhstan

The method of scanning conversion electron
Mdossbauer spectroscopy is proposed, which consists
of the anode in the conversion electron detector made
like a needle. The possibility to perform scanning
of the sample surface with obtaining information
on the structural-phase state of local near-surface
layers of the materials investigated has been shown.
The dependence of the resolving power of the
spectrometer on several factors has been establi-
shed: the diameter of the end part of the needle (~
20 um), the gap between the anode and cathode
(~ 2mm), the potential between the electrodes (~
1000 V).

Keywords: Mdssbauer spectroscopy,
Maossbauer spectrometer,
conversion electrons, detectors.

INTRODUCTION

The phenomenon of gamma resonance absorp-
tion and gamma-ray emission by a nucleus without re-
coil, known as the Mossbauer effect, has been disco-
vered in 1958. Over the past period, great successes
have been achieved in creating and improving the
methodological basis of nuclear gamma resonance
spectroscopy [1-4], as even nowadays Mdssbauer
spectroscopy is widely used in various fields of physics
and chemistry, geology and mineralogy, biology and
medicine, cosmology and industry [5-11].

It is well known that the decay of a resonantly
excited nucleus can occur through two paths: the
re-emission of a resonant gamma-quantum and the
process of internal conversion, in which, along with
conversion and Auger electrons, characteristic X-ray
emission is also emitted. Thus, it becomes possible
to implement four techniques for the observation of
resonant gamma-ray absorption by *’Fe nuclei. All
these methodological approaches have their own pros
and cons and are used based on specific tasks. [10].

Transmission Mdssbauer spectroscopy in geometry
on absorption (MS) is applied when the object of
study is an absorber containing the Mdssbauer iso-
tope °’Fe, and as a source of gamma radiation *’Co
in a paramagnetic matrix with cubic singony is used.
[11,12].

AdepHoe obwecmeo KazaxcmaHa
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’Fe, @ B Ka4yecTBe WCTOYHMKA FraMMa-U3/yYeHUs UC-
nonb3yetca >’Co B napamarHUTHOM MaTpULE C Kybuue-
CKOW cuHroHuei [11,12].

dMMUCCUOHHAA meccbayapoBcKas CNEKTPOCKONUA UC-
NONb3yeTcA B ABYX CAy4Yasx: BO-MEPBbIX, UCCAEAYETCA
obpasel, He coaepalmin meccbaysapoBcKoro M3o-
TOMNa — MCTOYHWKOM FamMMa-KBAHTOB 3[€eCb ABAAETCA
PAAMOAKTUBHbIN Npenapat, BHEAPEHHbIN B Uccaeaye-
MbIt 06pa3el, [13]; Bo-BTOpbLIX, UccneayeTca obpasel,
NoABEPrHYTbIA 061yYeHUto, NpuBoAALLEMY K 0bpa3o-
BaHMIO meccbay3apoBcKoro paanoHykaunaa °’Co. B no-
CNefHEeM CNy4yae NMPUMEHAETCA METOAMKA CENEKTUB-
HOW perucTpaummn nepsuYHO BblOUTLIX aToMmos (MBA) u
MX KOHEYHbIX COCTOAHWUM, peann3oBaHHas B MHCTUTYTe
apaepHon dusmkm Pecnybnunkn KasaxcraH (MAP PK) ¢
MCNONb30BAHMEM WM30XPOHHOrO UMKNOTPOHA Y-150M
[14,15]. 3Ta meToAMKa NO3BONAET M3OMPATENbHO 30H-
AMPOBaTb Masble JIoKanbHble 061acT 0b6pasua, 3Ha-
YMTENbHO MOBbLICUTb YYBCTBMTENbHOCTb ALEPHON ram-
Ma-Pe30HaHCHOM CMNEKTPOCKOMUM K PafvaLMOHHbIM
sddPeKTam 1, YTO OYeHb NO3BONAET U3yYaTb CTPYKTYPY
maTepuana B 30He TopmoxkeHua MBA [14].

OfHako, Ana pelweHusa paga npobnem Hambonee
NpeAnoYTUTENbHBIM MOXKET OKa3aTbCA METOAMKA pe3o-
HaHCHOrO paccesHns 6e3 0TAauM U CONPOBOXKAAOLLMX
3TOT MPOLLECC BTOPWUYHBIX U3NYYEHWUI. ITO B MEPBYHO
oyepeab OTHOCMTCA K UCCeL0BaHMIO MPUMNOBEPXHOCT-
HbIX C/I0EB MACCMBHbIX 06PA3L,0B U TOHKMX M/IEHOK.

C Haubonbluein BepOATHOCTbIO MPOLLECC BHYTPEH-
HEeN KoHBepcuM UAET Ha K-aneKTpoHax. B cayyae no-
TNOTUTENA W3 XKesle3a SHepPrus 3/1eKTPOHOB PaBHAETCS
7.3 k3B, 4ytOo cooTBeTCTBYeT TOAWMHE 3PPEKTUBHOMO
cnos okono 100 Hm [16-19].

B [20] onucaHbl Heckonbko TMNOB Meccbayapos-
CKMX CMEKTPOMETPOB, OTAMYAKOLMXCA cnocobom pe-
TUCTPALMM KOHBEPCUOHHbIX 31eKTPOHOB. O4MH U3 HUX
— WHTerpanbHas KOHBEPCMOHHAs 3/71E€KTPOHHas Mec-
cbayapoBckas cnektpockonus (ICEMS), peructpupyert
BCE 3/EKTPOHbI, UCMYLLEHHbIE WMCTOYHUKOM. [pyrow
- anddepeHUManbHan KOHBEPCMOHHAA INEKTPOHHAA
meccbayapoBckas cnektpockonua (DCEMS) ocHosa-
Ha Ha TOM, YTO SHEPTUA PErUCTPUPYEMbIX 3NEKTPOHOB
cBA3aHa c rybuHow unx Bbixoga [21]. DCEMS peructpu-
PYeT TONbKO 3/1EKTPOHbI, HAXOAALLMECA B O4EHb Y3KOW
SHEepreTMYeckon 061acTu. ITOT HepaspyLwaoWmin Me-
104 ABAAETCA 60Nee CAOXKHLIM U AOPOrocToAWMM [22]
B OT/IMYME OT AECTPYKTUBHOO NOAXO0AA, OCHOBAHHOIO
Ha MOCNOMHOM MCCNEA0BAHWUM MOBEPXHOCTU MyTEM
CHATWA CNOEB PA3INYHBIMM CNOCOBAMM (XMMUYECKUM,
MEXaHMYEeCKMMM, Na3epHbiMKU 1 Ap.) [23].

MeTOAMKN PernucTpaumm KOHBEPCUMOHHBIX M OXe-
3/IEKTPOHOB peann3oBaHbl B JlabopaTopun AaepHoi
ramma-pe3oHaHcHon cnektpockonun UAP PK. Ckoh-
CTPYMPOBAHO M M3TOTOBNEHO [BA TUNa LAETEKTOPOB:
ra3opaspAAHbIA NPONOPLMOHANbHBIA AETEKTOP KOH-

Emission Mdssbauer spectroscopy is used in two
cases: firstly, a sample that does not contain the Mds-
sbauer isotope is investigated — the source of gamma
quanta here is a radioactive preparation embedded
in the investigated sample [13]; secondly, a sample
subjected to irradiation leading to the formation of
the Mdssbauer radionuclide *’Co is investigated. In
the latter case, the technique of selective registration
of primary knocked-on atoms (PKA) and their final
states, implemented at the Institute of Nuclear
Physics of the Republic of Kazakhstan (INP RK) using
a U-150M isochronous cyclotron, is used [14,15].
This technique makes it possible to selectively probe
small local areas of the sample, significantly increase
the sensitivity of nuclear gamma resonance spectro-
scopy to radiation effects, and, importantly, allows
us to study the structure of the material in the PKA
inhibition area [14].

However, in order to solve a number of problems,
the technique of resonant scattering without recoil
and accompanying secondary radiation may be the
most preferable. This applies primarily to the study
of near-surface layers of massive samples and thin
films.

The internal conversion process is most likely to
occur at K electrons. In the case of the iron absor-
ber, the electron energy is 7.3 keV, which corresponds
to a thickness of the effective layer of about 100 nm
[16-19].

Several types of Mdssbauer spectrometers are
described in [20], which differ in the way of registra-
tion of conversion electrons. One of them, integral con-
version electron Mossbauer spectroscopy (ICEMS),
which registers all electrons emitted by the source.
The other is differential conversion electron Mos-
sbauer spectroscopy (DCEMS) is since the energy
of the registered electrons is related to the depth
of their yield [21]. DCEMS only registers electrons
that are in a very narrow energy region. This non-
destructive method is more complex and expensive
[22] in contrast to the destructive approach which
is based on the layer-by-layer examination of the
surface by removing layers by various methods
(chemical, mechanical, laser, etc.) [23].

The methods of registration of conversion and
Auger electrons were implemented in the Laboratory
of Nuclear Gamma Resonance Spectroscopy of
the Institute of Nuclear Physics of the Republic of
Kazakhstan. Two types of detectors were designed
and fabricated: a gas-discharge proportional de-
tector of conversion and Auger electrons, and a gas-
discharge avalanche detector of electrons [24].

The purpose of this work is to present a technique
of scanning conversion electron Mdssbhauer spectro-
scopy (SCEMS), which allows to obtain information
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BEPCUOHHBIX U OXE-3/IEKTPOHOB, U Ta30pa3pAAHbIN
NaBUHHBIN AETEKTOP INEKTPOHOB [24].

Lenbto HacToswen paboTbl ABNAETCA NpeacTasie-
HUE METOAMKM CKaHWUPYHOLWEN KOHBEPCUMOHHOMN 3/1EK-
TPOHHOM meccbayapoBckoi cnekTpockonuu (SCEMS),
no3BoNALWEN NoNyYaTb MHPOPMALIMIO O CTPYKTYPHO-
$a3o0BOM COCTOAHWUM MasbiX NPUMNOBEPXHOCTHbIX CI0EB
nccneayeMbIX MaTepUanos.

MATEPUAJIbI U METOAbI

MpU PE30HAHCHOM MOMOWEHNM FaMMa-KBaHTOB
“3 NoBepPXHOCT 06pasLa BblNETaeT KOHBEPCUOHHDI
3/IEKTPOH, KOTOPbIV TEPAET SHEPTUIO HAa MOHU3ALMIO U1
BO30YK/AEHWEe MONIEKYN ra30BOi cmecu. B pesynbrate
CO3Jal0TCA INEKTPOH-UOHHbIE Napbl, KONMYECTBO KO-
TOPbIX NPOMOPLMOHANBHO 3HEPTUM INEKTPOHA, C KO-
TOPO OH Ha4yan ABMMKEHWE B rase. B anekTpuyeckom
none paboyero obbema AETEKTOPA MONOMKMUTENbHbIE

’ AN0EPHOE WWW.NUCLEAR.KZ
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on the structural-phase state of small near-surface
layers of investigated materials.

MATERIALS AND METHODS

During resonant absorption of gamma-quanta, a
conversion electron release of the sample surface,
which loses energy to ionization and excitation of
molecules of the gas mixture. As a result, electron-
ion pairs are formed, the number of which is
proportional to the electron energy by which it
started to move in the gas. In the electric field of
the detector working volume positive ions drift to
the cathode, and electrons — to the anode. Near the
anode, conditions for avalanche formation are for-
med. Due to this, gas amplification is accomplished.
The electric charge collected at the anode is
proportional to the number of primary ion pairs [10].

Fig. 1 shows a general view of the SCEMS detector

Puc. 1. Kaccema demexkmopa SCEMS / Fig. 1. SCEMS detector cassette

MOHbI APendylT K KaTody, a 31eKTPOHbI — K aHoAy.
B6/au3n aHoza cO34atoTCA YCA0BUA ANA PA3BUTUA Na-
BMHOODOpPa30BaHMA. 33 CYET 3TOT0 OCYLLECTBAAETCA ra-
30BO€ YCU/IEHME. DNEKTPUYECKMI 3apad, cObpaHHbIN
Ha aHoAde, NPOMOPLMOHANEH YMCAY NEePBMYHbIX Map
nowHos [10].

Ha Puc. 1 npuBeaeH obwmin BUA, KacceTbl AETEKTO-
pa SCEMS. OtanumutenbHaa 0cobeHHOCTb KacceTbl B
CpaBHeHMUH c [24], COCTOUT B TOM, YTO aHOZ, BbINOHEH
B BMAE UMbl U3 BOAbOPAMOBOM NPOBOMOKK. Urna ¢
LeNbl0 YMEHbLWEHNA Hepe3OHAHCHOro ¢oHa, nome-
waetca B TepaoHOBY 060104Ky. B Tako reomeTtpumm
MEXAy aHOAOM W MOBEPXHOCTbIO KaToda COo3jaeTca
HEOLHOPOAHOE 3NEeKTpUYeckoe nose. YyBCTBUTENb-
HbIl 06beM [eTeKTopa B 3TOM C/yyae NpeacTaBafeT
[LOBO/IbHO Y3KMI KOHYC C BEPLIMHOW Ha OCTPUE MUIbl
M OCHOBaHMEM Ha obpasue — Katoge. B 3TOT KOHyC
nonazatT, B OCHOBHOM, 3/1EKTPOHbI, BblJI€TEBLIME U3
obnact Katoga, HaxoaAawenca nog aHogom. Kacceta
MOMELLAEeTCA B Kamepy, NepesHAA YacTb KOTOPOM 3a-

cassette. A distinctive feature of the cassette in
comparison with [24] is that the anode is made in
the form of a tungsten wire needle. The needle,
in order to reduce the non-resonant background,
is placed in a Teflon sheath. In this geometry, an
inhomogeneous electric field is generated between
the anode and the cathode surface. The sensitive
volume of the detector in this case is a rather narrow
cone with the apex on the needle point and the
base on the sample — the cathode. Into this cone fall
mainly the electrons released from the cathode
region located under the anode. The cassette is pla-
ced in a chamber, the front part of which is closed
by a flange with a window made of aluminium foil
for the path of gamma-quanta to the sample and
filtration of X-rays from *’Co. The inner surface
of the chamber is covered with Plexiglas to reduce
the background of photoelectrons formed by
gamma- and characteristic radiation. The vacuum
chamber is connected to a forevacuum pump and
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KpbiTa GAaHUEM C OKHOM W3 anloMUHMEBOW (GONbru
AN1A NPOXOXAEHMA TaMMa-KBaHTOB K 06pasuy v dunb-
TPaLWM PEHTTEHOBCKOTO M3nyyeHns ot >’Co. BHyTpeH-
HAA MOBEPXHOCTb Kamepbl MOKPbITa OPrCTEKAOM AN
YyMeHbLeHNA GoHa $OTO3NEKTPOHOB, 06Pa30BaHHbIX
raMMma- ¥ XapaKTepPUCTUYECKMM U3Ny4YeHneM. Bakyym-
HaA Kamepa coefuHeHa ¢ GopBaKYYMHbIM HAaCOCOM W
rasosbim 6annoHom c He (8%) CH,-cmecbto. Mpu nog-
rOTOBKE AeTeKTopa K paboTe, Kamepa BakyyMMUPYETCA
W 3aNONHAETCA resIMi-MeTaHOBOM CMEeCbio A0 aTMOC-
depHoro gasnexus.

Pa3speLwatoLlan cnocobHOCTb CNEKTPOMETPA 3aBUCUT
OT pAfa GaKTOPOB: AMAMETPA KOHEYHOM 4acTU UMbl
(~ 20 MKMm), 3a30pa MeXay aHOAOM M KaToAoM (™ 2 MMm),
noTeHuUmana mexay anektpogamu (~ 1 000 B). YkasaH-
Hble NapameTpbl NOAOMPALOTCA B MPOLLECCe HACTPOMKK
cnektpometpa. Cnesyer 3aMeTUTb, YTO Npeasiaraemas
MeToAMKa TpebyeT NCNoNb30BAHWUA LOBObHO MOLLHO-
0 UCTOYHMKA *'Co B MaTPULE M3 XPOMa.

MeccbayapoBckMe MCCNe0BaHMA NPOBOAMAM Ha
cnektpometpe MS-1104Em, paboTatowero B pexume
NOCTOAHHbIX YCKOPEHWI. B KauecTBe MUCTOYHMKA ram-
Ma-KBaHTOB CAyKun *’Co B MaTpuLe Xpoma aKTUB-
HocTblo 50 MKu. Peructpaumio ramma- v BTOPUYHOIO
W3/ly4EHMA OCYLLECTBAANM C MOMOLLbIO PE30HAHCHOTO
CUMHTUANALMOHHOrO aetektopa Fe, ICEMS- n SCEMS-
[ETEKTOPOB NPU KOMHATHOM TemnepaType. Obpa-
BOTKY MeccbaysapoBCKMX CMEKTPOB BbINONHANN METO-
[aMW  BOCCTAHOBNEHMA pacnpefeneHnin CBEPXTOH-
KMX NapamMeTpoB M MOAENbHOW PacMPOBKM CMEKT-
pa ¢ nomoLLbto nporpammel SpectrRelax [25].

PE3YNbTATDI

[na oueHKM paspelwatowein cnocobHoctn SCEMS-
AeTekTopa 6bl1 NpPoBeAEeH IKCMEPUMEHT, B KOTOPOM
KaTog, coctosan u3 asyx ¢onbr. O4HOM U3 HUX ABNANACH
Hepasetoww,an ctanb X18H10T aycTeHUTHOW CTPYKTY-
pbl C MmeccbayapoBCKMM CMEKTPOM B BUAE CUHINETA;
Apyron — cnnas Cu Nij _Fe ., umetownit marHuToyno-
PALOYEHHYIO CTPYKTYPY C MarHUTHbIM nonem 205 K3.
MeccbayapoBckue cnekTpbl (Puc. 2) peructpupoBanu
B Tpex Touykax. Mepsas (a) cooTBeTCTBOBaNA NOMONKE-
HUIO WUINbl HAaNPOTUB CTbika ¢onbr, ase apyrue (b u
C) HaxoAMANUCb Ha Nonax GpoNbr HepPXKABEIOLWEN CTaM
X18H10T u cnnasa Cu ,Ni Fe  Ha pacctosHun 1 mm
OT CTblKa. HeTpyaHo 3ameTuTb, YTO criekTp (a) cocto-
UT M3 NOACNEKTPOB HepKasetowei ctanm X18H10T u
cnnasa Cu ,Ni _Fe . CnekTpbl, CHATbIE B TouKax (b) u
(c), yka3biBatoT Ha MOHOGdA3HOCTb 06pa3LoB. TakMm
obpa3om, naowanab Nog WINOM, U3 KOTOPOW NPOuC-
XOAWT PErncTpaLusa 31eKTPOHOB BHYTPEHHEW KOHBEp-
cuu, He bonee 3.14 Mm?2, 3Ty BEIMUMHY MOXKHO CYMTaTb
paspelatoweit cnocobHocTbio SCEMS-petektopa ¢
WrosibyaTbim aHogoMm. CneslyeT 3ameTuTb, YTO KacceTa

a gas cylinder with a He (8%) CH, mixture. During
preparation of the detector for operation, the cham-
ber is pumped and filled with helium-methane mix-
ture up to atmospheric pressure.

The resolving power of the spectrometer de-
pends on several factors: the diameter of the end
part of the needle (~20 um), the gap between the
anode and cathode (~ 2 mm), the potential between
the electrodes (~1000V). These parameters are
selected in the process of spectrometer adjustment.
It should be noted that the proposed technique
requires the use of a rather powerful source of *’Co in
a chromium matrix.

Mdossbauer studies were performed ona MS-1104Em
spectrometer operating in the constant acceleration
mode. *’Co in a chromium matrix with activity of
50 mCi served as a source of gamma-quanta. The
gamma and secondary radiation were registered
using a resonant Fe scintillation detector, ICEMS and
SCEMS detectors at room temperature. The Mos-
sbauer spectra were processed by the methods of
restoration of superfine parameter dis-tributions
and model spectrum decoding using the SpectrRelax
program [25].

RESULTS

To evaluate the resolving power of the SCEMS
detector, an experiment was conducted in which
the cathode consisted of two foils. One of them was
stainless steel Cr Ni Ti of austenitic structure with
a Mossbauer spectra as a singlet; the other was
an alloy Cu Ni Fe  having a magnetic ordered
structure with a magnetic field of 205 kE.

Mossbauer spectra (Fig. 2) were registered at
three points. The first (a) corresponded to the posi-
tion of the needle opposite the foil junction, the
other two (b and c) were located on the foil fields of
stainless steel Cr Ni Ti and alloy Cug,Ni Fe  at
1 mm from the junction. The spectrum (a) consists
of subspectra of stainless steel Cr Ni, Ti and alloy
Cu,,Ni Fe .. The spectra recorded at points (b)
and (c) indicate the monophasic nature of the
samples. Thus, the area under the needle, from
which the internal conversion electrons are registe-
red, is not more than 3.14 mm?. This value can be
considered as the resolving power of the SCEMS
detector with needle anode. It should be noted that
the cassette is equipped with a device that allows
moving the anode along the cathode plane.
Consequently, it is possible to scan the surface of
samples to obtain information on the structural-
phase state of local near-surface layers of the mate-
rials investigated.
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CHab)XeHa yCTPOWCTBOM, MO3BONAOWMM NepemeLLaTh
aHOA, BAO/b MIOCKOCTH KaToga. CnesoBaTenbHo, npe-
[OCTaBNAETCA BO3MOXKHOCTb OCYLLECTBIATb CKaHUPO-
BaHMe NMOBEPXHOCTM 06Pa3LLOB C NoMy4YeHUEM UHPOP-
MaLyKn O CTPYKTYPHO-Ga30BOM COCTOAHMM IOKA/IbHbIX
NPMNOBEPXHOCTHBIX CI0EB UCCNEAYEMbIX MAaTEPUA/IOB.

BbIBOAbI

MpeanoXKeH M peann3oBaH METOL CKaHMpPYHOLLEN
KOHBEPCUOHHOM  3NEKTPOHHOW  meccbay3poBCKo
CNEKTPOCKONMM, 3aK/HOUAKLWMIACA B TOM, YTO aHOA B
[ETEKTOPE KOHBEPCMOHHbIX 3/1EKTPOHOB BbINONHEH
B BMAe Urbl. [oKa3aHa BO3MOXKHOCTb OCYLLECTBAATD
CKaHMPOBAHME NOBEPXHOCTM 06pa3ua € NonyyeHUem
MHOOPMALMM O CTPYKTYpHO-Pa3o- Lo
BOM COCTOSIHUM NIOKaNbHbIX npuno- =~ °°
BEPXHOCTHbIX CNOEB MCCAeLyeMblX 120
MaTepuanos. YCTaHOBAEHA 3aBUCKU- |is
MOCTb pa3peluatoleit cnocobHocTn |,
CNeKTpomeTpa OT pafa (aKkTopos:
AMaMeTpa KOHEYHOM 4acTu UIbl
(~ 20 MmKMm), 3a30pa MeXAy aHOAOM
M Katogom (™2 mMMm), moTeHuMana s
mexay anektpogamu (~ 1000 B). 120
YKasaHHble napameTpbl NogobpaHbl 115
B MPOLLECCE HACTPOMKM CMeKTpome- 110
Tpa. 105.”

WUccnepoBaHne  ¢uHaHcMpoBa- 1005
nocb MUWHUCTEPCTBOM 3HEPreTUKK
Pecnybnuku KasaxcraH (Mporpamma
«Pa3BuTHE KOMMIEKCHBbIX Hay4YHbIX
nccnegoBaHuii B obnactu agepHoi
W paguaumMoHHoOn PuU3MKM Ha base

105
100 ke

CONCLUSION

A method of scanning conversion electron Mdss-
bauer spectroscopy has been proposed and
implemented, which consists of the anode in the
conversion electron detector in the form of a needle.
The possibility to scan the sample surface with
obtaining information on the structural-phase state
of local near-surface layers of investigated materials
is shown. The dependence of the resolving power
of the spectrometer on a variety of factors has
been established: the diameter of the end part of
the needle (~20um), the gap between the anode
and cathode (~2mm), and the potential between
the electrodes (~1000V). These parameters were
selected in the process of spectro-
meter tuning.

The research was funded by the
Ministry of Energy of the Republic
of Kazakhstan («Development of
Complex Scientific Research in the
Field of Nuclear and Radiation Phy-
sics on the Basis of Kazakhstan Ac-
celerator Complexes» Program).

Puc. 2. SCEMS-cneKTpbl Ha Agpax
>’Fe obpasya X18H10T -
Cu,,NiFe :

(a) — Ha cTbIke donbr,
(b) — Ha donbre X18H10T,
(c) — Ha ponbre Cu Ni Fe .
/ Fig. 2. SCEMS spectra on *Fe nuclei
of Cr Ni, Ti—Cu,,Ni Fe :
(a) — on foil junction,

Ka3aXCTaHCKMX YCKOPUTE/bHbBIX KOM-
MAEKCOBY).
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BysaH api aKkayabl KO KOHIHAEri KYMbICTApAbl XKYPrizep anabiHAa KOPNYCTbiH OKNaHbIH Yy KaHe Ta-
3apTy 6oMbIHLWA ic-liapanap XKyprisineai.

AfbimaaFbl KapoTaxabiH M3 HaTWKenepimeH TaHbICKAHHAH KeMiH on1ap MexaHW3MAEP4i, KOCblibICTap-
Abl KIHE TeXHWUKANbIK KYPanaapablH KapamabliblfblH TeKcepe 6acTangpl.

Makepai YHfbiMafa Tycipmec OypbiH pan-
bIHAbIK YKYMbICTapbl Kenecigen Xyprisinea,i.
OHbIH, XKymbiC beniri cbimmeH bekiTinreH
Warblpfa MafblHFaH WbIHbI MaTaMeH opan-
faH (3-cypet). XeHmey matepuannl bap
AaviblHAaNfFaH nakep nebenka KabeniHe xo-
He aya aijay KoHe XyWeHi 6ocaTy WnaHr-
TapblHA KOCblnaabl. bepinreH apanbikta na-
Kep nebeakaHblH KemerimeH Tycipineai. Jle-

2-cypem — Ypnemeni nakep
OefiKaHbl TOKTATbiM, OHbl KOA TeXeriliHe
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OekiTiHi3. MaKepai TONTbIPY KeNiCiHe KON COPFbICbIHbIH KeMerimeH 22-25 aTm KbiCbiIMMeH cy bepinea,.
Byn KbiCbIM MaKepai ypAey YWiH KeTKiNiKTi, on 3epTXaHanblK 3epTTeynepdi ep beTiHae Taxipunbenik
YKONIMEH KYPri3y KesiHAe anAblH ana aHbiKTanfaH. KantamaHblH, XyMbIC 6eniri MeH KanTamaHblH, iWKi 6eni-
riHe TWiN, WbIHbI TANLWbIKTbI KOPNYCTbIH, 3aKbiMAaNnfaH b6enirimeH 6ainnaHbICTbIPy YWiH KanTamaHbl ypaereH
coTTeH 6actan 65-70 MMHYT KyTiHi3, COAaH KeWiH XyiledeH CyAbl afbi3biM, KanTamaHbl KOPNyCTaH KeTe-
pin, WbIfapbin anbiHbl3. TOATLIPY Kenici Xyheci 6ocaTblnafbl, Nakep NacTaHyfaH Ta3apTbiNafbl KIHe Ke-
WeH Keneci yHfFbiIMafa AanbiHAanagbl. MymbiC afaKTanfaHHAH KeliH yw cafaTTaH KeWiH (Byn yakbiT Xe-
NIMHIH, TYNKINIKTI KaTalobl YWiH KaXeT) KopnycTafbl akaynapabl HaKTbinay ywiH M3 TOK KapoTasKbiH XKypri-
3ei.

«Bonkosreonorna» AK Wpkonb KaHe XopacaH Oypfbinay MKYMbICTaPbIHbIH, YyYacKenepiHae YHfFbiMa-
NapAbl Urepyre apHanfaH KOHAbIPFbIHbI KONZAHA OTbIPbIM, KanTamaHblH, aKay/lapbiH KO TEXHOOTUACHIH
[ananblk CblHAy XKyprisingi, 6yn nakepai nbiCbIKTay KaKeT eKeHiH KepceTTi, aTan alTKaHAa, KanTaMaHblH,
YNKEH ayMafblHAafbl aKaynapAbl KOK YWiH OHbIH KyMbIC 66niriH y3apTy; KanTamaHblH YAKEH ayma-
FbIHAAFbl aKayNapAbl KO YWiH OpTanblK TYTIKTI (63eKTi) aybipnaty, nakepAaiH nanga 6onyblH 6onabipmay.
CoHbIMeH KaTap, Tycy Ke3iHAe LWblHbl MaTaHbIH KbIKYbIH 6014bIpMay YWiH pe3eHKe Tbifbi3AafbiwTap
)Kacay Kepek, onap Aa OpTanbIKTaHALIPFbIW PesiH aTKapaabl.

3-cypem — ¥HroiMara mycyee 0alibiHOAAFGH NaKep

Kantama 6afaHanapbiHblH aKaynapblH KO TEXHONOTUACBIH KONAAHY YLWiH abAblKTbl OipblHFal MKbin-
biManbl PBP-KeweHiHe opHanacTbipyfa 6onagbl, OfaH NaKepAi ypAey YWiH CyibIKTbIKTbI Tycipy-Ke-
Tepy KoHe 6epy ywiH 15/5 MM Kumacbl 6ap arpeccuBTi OpTafa KYLIEWTINTEH KaHE XMMMUANbLIK TO3iMA
MaMaHAaHAbIPbINFAH YHFbIMANbIK KaNUANAPAbIK KyObip KOCbINafbl; MYKLbIFbIPMEH Kabenb; YHFbIManbIK,
Kanuanapnblk Kybbipfa apHanfaH KOCKbIW 3N1eMeHTTep; Nakepabl 6ocaty kyihenepi (Tekcepy Knana-
Hbl); 60 6ap aNeKTPAIK KbiCy COPFbICHI, 31eKTp *eTeri 6ap reodusnKkanbik nebenka; YHFbIMara TYCETIH YH-
FbIMANbIK KaNUANAPAbLIK KyObIpAblH Y3bIHAbIFbIH BafbiTTayFa KoHE e/leyre apHanfaH TEpeHAiK AaTYMri
6ap 610K-6anaHC (reoPpu3nKanbik ponuk); backapy 610rbiH, TEPEHAIK AATYUTIH, MAarHUTTIK Benri gatumrin
KaMTUTbIH TePEeHAIKTI enley KyWheci; TOK KoHe OelHe KapoTa Kyprisyre apHanfaH KaxeTTi KabablK.
PBP KelweHi Tipkeme Hemece 6OPTTbIK MaluMHA Heri3iHAe OpHaTbINAAbI.

KopnycTblH, aKaynapblH KOWAbIH, YCbIHbIAFAH TEXHONOTMACBIH KOAAAHY KOPMyCTblH, akaynapbiHa 6an-
NaHbICTbl TEXHONOTUANBIK YHFbIManapabl KaWTa Oypfblnay CaHblH a3anTyfa MYMKiHAIK Oepegi, TexHono-
TUANBIK YHFbIMANapAbl Cany KaHe nNaifganaHy KesiHAe YaKbiT MeH MaTepuangaphblH 6HIMCIi3 LWblfblH-
[apblH a3anTyabl KAMTamachi3 eTes,.

AdepHoe obwjecmeo KazaxcmaHa
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TEXHONOTnA
YCTPAHEHWA AEDEKTOB
OBCAIHOU KO/IOHHbI

Xa3os P.B., Cbiraes E.M., LLan6aes X.C.,
CyntaHos E.E., LLloapo 10.B.,
Natbinosa 0.A., Mywpanunos A.A.
AO «Bonkosreonorusa», Anmatbl, KazaxcrtaH

O6cagHble KonoHHbl (OK) npeaHasHayeHbl gns 130-
NALUMN CTEHOK CKBAXMH OT paboyero mpocTpaHCTBa
CTBO/IA B MPOL,eCce KCnayaTaLumum u obecneunsatoT Tpe-
Byemyto NPOYHOCTb U FEPMETUYHOCTb NPU BO3AENUCTBUM
Ha HWUX BHYTPEHHWX W BHELLUHUX BO3AEWCTBUI, B NEPBYHO
oyepesb, FOPHOTO U NAACTOBOTO AaBAEHMA.

Aedektbl OK MoryT Bo3HMKaTb NpU PasnnyHbIX 06-
CTOATENbCTBAX: NPU U3rOTOBNEHMUM 0OCaAHbIX TPYO, NpK
X TPAHCMOPTUPOBKE W XPAHEHUM, MPU COOPYKEHUU W
9KCMyaTaLMmM CKBAXKMHDI.

MN3BECTHO AO0CTaTOYHOE KOAMYECTBO CMOCObOB Mo
ycTpaHeHnuto gedpektoB OK, ncnonbayembix B HedTa-
HOM NPOMBILNEHHOCTU, HO A3NIEKO HE BCE BO3MOMKHO
alanTMpOBaTb M WUCMONb30BATb AR TEXHONOTUYECKMX
CKBAXXMH MOA3EMHOIO CKBAXXMHHOTO BblLLENa4YMBaAHMA
(NCB). 370 cBA3AHO M C mMaTepuanom obcagHbix Tpyo
AR TEXHONOTUYECKMX CKBAXKMH (MONMBUHUAXNOPUA),
M C KOHCTPYKLIMEN CKBaXKMHbI, IyOMHON, TEXHONOTMEN
JKCnayaTaumMen M mMetosamu NPOBEAEHWA PEMOHTHO-
BOCCTAHOBMTE/IbHbIX PaboT.

Cneupanuctammn dpunuana AO «Bonkosreonorus» bbl-
Na NpefNIoXKeHa TexHonorna yctpaHeHus aedektos OK. B
NOBPEXAEHHDIV Y4acTOK 06casHOM TPYObI TEXHOMOTMYE-
CKOW CKBAKMHbI CMYCKAOT HaZyBHOW Nakep co cnewuant-
HbIM MaTepuanom, 06paboTaHHbIA Kneem, KOTOPbIM W
BOCCTaHaB/AMBAIOT rEPMETU3ALMI0, NEPEKPDIBAOT UHTEP-
Ba/l NOBPEXAEHNA. [1 NPUMEHEHMA 3TON TEXHONOTUM
NPUMEHAIOT: CTEKNOTKAHb (PUCYHOK 1); ABYXKOMMNOHEHT-
HYIO 3MOKCUAHYK CMOAY; MaKep OAMHAPHbIA HaAyBHOM
(PMCYHOK 2); OCHACTKy M BComoraTesibHOe 060pyaoBa-
HWE - PYYHOW HACOC ANA HAMONHEHWUA U OMOPONKHEHUS
nakepa, wnanru MHA (NOAMITUNEH HU3KOMO AaBAEHMA)
BNA HaNONHEHWA M ONOPOXKHEHMA NaKepa.

MNepep, Ha4anom pabot aHam3mpytoT AaHHble MNC (reo-
du3MYecKkme nccnesoBaHNA) METOLOM TOKOBOTO KapoTaKa
MO CKBA¥KMHE BHYTPM 06CAZHOMN KOMOHHbI AR onpeaene-
HWA LenecoobpasHOCTM NPUMEHEHMA METOAA, KOMYECTBA
¥ CTENEHW HaPYLUEHMUI LLeNOCTHOCTM 0BCaAHOM KOMOHHBI.

[Janee NnpoBOAAT MEPONPUATMA MO NPOMbIBKE U O4M-
LLEHMIO cTBONA 06CAAHOMN KONOHHbI Nepes, NPoBeAEHH-
em paboT no ycTpaHeHuto aedekTa.

Mocne o3HakomneHua ¢ pesynstatamm MMC Tokosoro
KapoTaa, NPUCTYMaloT K NPOBEPKE MEXaHW3MOB, CO-
€AMHEHWI M UCNPABHOCTY TEXHUYECKMX CPEACTB.

TECHNOLOGY
FOR ELIMINATING CASING
STRINGS DEFECTS

Khazov R.V., Sygaev E.M., Shalbaev J.S.,
Sultanov E.E., Shchodro Y\V.,
Latypova Y.A., Mushrapilov A.A.
Volkovgeology JSC, Almaty, Kazakhstan

Casing strings are designed to isolate well walls
from the working space of the wellbore during
operation and provide the required strength and
tightness under the influence of internal and ex-
ternal influences, primarily rock and formation
pressure.

Casing string defects can occur under various
circumstances: during casing string fabrication, du-
ring transportation and storage, during well const-
ruction and operation.

There are enough casing string defect elimi-
nation methods used in the oil industry, but not
all of them can be adapted and used for process
wells of in-situ leaching (ISL). This is due to the
material of casing for process wells (polyvinyl-
chloride), well design, depth, operation technology
and methods of workover operations.

Specialists of the Volkovgeology JSC branch
proposed a technology of casing string defect
elimination. An inflatable packer with a special
material treated with glue is inserted into the
damaged section of the casing of the process well,
which is used to restore sealing and cover the
damage interval. To apply this technology the
following are used: glass fabric (Figure 1); two-
component epoxy resin; single inflatable packer
(Figure 2); tooling and auxiliary equipment - hand
pump for filling and draining the packer, HDPE
(low-pressure polyethylene) pipes for filling and
draining the packer.

Before starting work, GIS data (geophysical sur-
veys) are analyzed using the current logging
method along the well inside the casing strings to
determine the feasibility of using the method, the
number and degree of violations of the integrity
of the casing strings.

The next step is to flush and clean the casing
string before the defect repair works.

After reviewing with the results of GIS current
logging, proceed to check the mechanisms, con-
nections, and serviceability of technical equip-
ment.

Before running the packer into the well, pre-
paratory works are carried out as follows. Its
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Mepen CMycKOM nakepa B CKBaXKMHY, MOATOTOBM-
Te/NIbHble paboTbl NPOBOAAT creaytowmm obpasom. Ero
paboyylo YacTb 0OMaTbIBAOT NPONUTAHHOM CMOJOW
CTEK/IOTKaHbIO, KOTOPYIO GUKCHPYIOT C MOMOLLBIO MpOo-
BO/IOKM (pUCYHOK 3). MoAroToBAEHHbIN NaKep C PEMOHT-
HbIM MaTepuaNom MOACOEAUHAOT K Tpocy nebesku
W WAAHraM HarHeTaHUs BO34yXa M OMOPOMHEHWUA CU-
cTembl. B 3afjaHHbIi MHTEPBAN MaKep CMyCKaloT ¢ Mo-

working part is wrapped with resin-impregna-
ted fiberglass cloth, which is fixed with a wire
(Figure 3). The prepared packer with repair mate-
rial is connected to the winch cable and hoses for air
injection and system emptying. The packer is lowered
by the winch at a given interval. After stopping the
winch, lock it with the hand brake. The packer filling
line is supplied with water at a pressure of 22-25

molpbto nebeakn. OctaHoBMB nebeaky, UKCMpYIOT ee
Ha Py4HOM TOpMmo3e. B MHMIO 3anonHeHUA nakepa no-
30T BOAY NoA AasneHnem 22-25 aTm npu NOMOLLM
PYYHOrO Hacoca. ITOro AaBAEHMA AOCTAaTOYHO ANA Ha-

atm using a hand pump. This pressure is sufficient to
inflate the packer, which was previously determined
during laboratory tests by experience on the surface.
The packer is waited for 65-70 minutes from the

PucyHox 2 — HadysHoli naxep / Figure 2 — Inflatable packer

[yBaHMA Nakepa, YTo 6bINO NpenBapUTENbHO Onpese-
JIEHO MpW NPOBeAEHUN NabopaTopHbIX UCCAeA0BaHUM
OMbITHbIM NYTEM Ha nosepxHocTU. OxupgatoT 65-70
MWHYT OT MOMEHTA HaZlyBaHWA Nakepa ANA CONPUKOC-
HOBEHMA paboyert 4acTM nakepa M BHYTPEHHeW ua-
ct1 OK ¥ cKnemBaHMA CTEKNOTKAHW C NOBPEXAEHHBIM
yyactkom OK, 3aTem CTpaBAMBalOT BOAY M3 CUCTEMbI,
¥ NPOM3BOJAT NOAbEM W M3BNeyeHue nakepa u3 OK.
CuCTeMy NIMHWK 3aNOHEHUA ONOPOXKHAIOT, NaKep Oun-
LLAKOT OT 3arpA3HEHMUIA M KOMNNEKC FOTOBAT K Cleayto-
LLen CKBaXMHe. Yepe3 Tpu yaca nocne 3aBepLlUeHUs
pabot (3T0 Bpemsa HeobXOAMMO A/ OKOHYATENbHOMO

moment of packer inflation for contact between the
working part of the packer and the inner part of the
casing string and bonding of the glass fabric to the
damaged part of the casing string, then the water is
vented from the system and the packer is lifted and
removed from the casing string. The fill line system is
emptied, the packer is cleaned of contaminants and
the system is prepared for the next well. Three hours
after completion of the work (this time is necessary
for final curing of the glue), a current GIS logging is
performed to clarify the eliminated defects in the
casing strings.

AdepHoe obujecmeo KaszaxcmaHa
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3aTBepAeBaHus Knes) nposoaaT MNMC ToKoBbI KapoTaxk
AN19 yTOYHEHUA YCTPAHEHHbIX AedekTos B OK.

Monesble WUCMbITAaHWUA TEXHONOTMW YCTPAHEHWA Ae-
dekToB OK npoBoAMAMCL Ha y4YacTKax bypoBbix pabot
AO «Bonkosreonorua» Mpkonb 1 XopacaH ¢ Mcnonb3o-
BaHMeM YCTaHOBKM Ans 0cBoeHus ckBaxuH (YOC), KoTo-
pble NoKas3anu, 4To Heobxoanma AopaboTka nakepa, a
MMEHHO - YAMHeHMe ero paboyen yactn gas yctpaHe-
HUA pedekToB Ha bonblweit naowaan OK; yTaxeneHne
LleHTpanbHOW TPYbKM (WTOKA) AnA npeaoTBpalleHus
BCM/IbIBaHMA Nakepa. Kpome Toro, Ans npesoTspalle-
HUA CMELLEHWA CTEKNOTKAaHM NpKU cnycke Heobxoaumo
M3roTOBWUTb PE3UHOBbLIE CaNlbHUKK, KOTOPble ByAyT TaK-
K€ UrpaTb PO/b LLEEHTPATOPOB.

[na  NPUMEHeHUs TeXHONOrMM YCTPaHeHus Ae-
dektoB OK BO3MOMHA KOMMNOHOBKA 060pyA0BaHMA B
eauHbIn MobunbHbIA PBP-Komniekc, B KoTopblid Gy-
[ET BK/OYEH CMELManu3npoBaHHbIM  CKBAXKMHHbIN
KanuANApHbIA TpyboNpoBOA, apMUPOBAHHLIN W XW-
MWUYECKM CTOWMKMI K arpeccuBHbIM CpPesam CeYeHUem
15/5mMm 4N cnycka-nogbema M Nodadn MKUAKOCTY

e RS

Field tests of the casing string defect elimi-
nation technology were conducted at the drilling
sites of JSC «Volkovgeologiya» Irkol and Khorasan
using a well completion plant (WCP), which showed
that it is necessary to modify the packer, namely
- lengthening of its working part to eliminate
defects on a larger area of the casing; weighting
of the central tube (rod) to prevent floating of the
packer. In addition, to prevent displacement of
the fiberglass during launching it is necessary to
make rubber glands, which will also play the role
of centralizers.

To apply the technology of casing string
defect elimination it is possible to assemble the
equipment into a single mobile RVR-complex,
which will include a specialized downhole capillary
pipeline, reinforced and chemically resistant to
aggressive media with a cross-section of 15/5 mm
for descending-lifting and supply of fluid for
packer inflation; a rope with a winch; connecting
elements for downhole capillary pipeline; packer

PucyHok 3 — [TodzomosneHHsil K crycKy 8 ckeaxcuHy naxep / Figure 3 - Packer prepared for running into the well

ANA HaflyBaHMA Nakepa; TPoC ¢ nebeakon; coeanHu-
Te/IbHble 3/1IEMEHTbI A1 CKBAXKMHHOTO KanWANAPHOTo
TpybonpoBoAa; CUCTEMbI OMOPOXKHEHWUA Nakepa (06-
PaTHbIVA KNanaH); 3NEKTPUYECKMUI1 ONPECCOBOYHbIN Ha-
coc Ha 60 6ap, reopusmyeckan nebegka c 3nekTpo-
npuBOAOM; b6n0K-D6anaHc (poauKk reodusmnyeckuit) c
LWECTEPEHKON NoA AaTYMK FYOMHbI 4R HanpaBAeHUs
M W3MEPEHMA [L/IMHbI CKBAXKMHHOMO KamnuANApHOro
TpybonpoBoAa, CYCKAaEMOr0o B CKBAXKMHY; CUCTEMA U3-
MepeHua rybuHbl, BKAOYatoWan B ceba 610K ynpas-
NeHNs, AaTYMK [IYOMHbI, AATYMK MArHWUTHbIX METOK;
Heobxoammoe 060pyaoBaHME ANA NPOBEAEHUSA TOKO-
BOTO M BMAEO KapoTaxa. PBP-komnnekc Byaer cmoH-
TUPOBaH Ha 6ase npuuena uam 6opPToBOI MaLLMHE.

MpuMeHeHNe NPEANOKEHHOW TEXHONOTMK  YCTpa-
HeHna aedektoB OK nO3BOAWT COKPATUTb KONMYECTBO
nepebypoB TEXHONOMMYECKMX CKBaXKMH M3-33 AedeKToB
0bcafiHbIX Tpyb, 0BECNeYnT CHUMKEHWE HENpPOM3BOAM-
TENbHbIX 3aTPAT BPEMEHW U MATEPUANOB NPU COOPYIKE-
HUM U SKCMTyaTaLLMM TEXHONOTUYECKUX CKBAXKMH.

emptying system (check valve); electric pressure
pump for 60 bar, geophysical winch with electric
drive; block-balance (geophysical roller) with a
gear for depth gauge to guide and measure the
length of downhole capillary pipeline run into
the well; depth measurement system including
control unit, depth gauge, magnetic mark sensor;
necessary equipment for current and video log-
ging. The RVR complex will be mounted on a trailer
or flatbed truck.

Application of the proposed technology of ca-
sing string defects elimination will allow to re-
duce the number of re-drilling of process wells
due to casing defects, will provide reduction of
non-productive time and materials costs during
construction and operation of process wells.
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TEXHONOTUANDIK ¥HFbIMANIAPAbIH, OKMAHbIH
REHEUTYTE APHANIFAH LUAPbI/1bl KALLIAY

Xasos P.B., Mywpanunos A.A., Lasxanos A.P., /latbinosa 0.A.
«Bonkosreonorua» AK, Anmatbl, KasakctaH

TEXHONOTUANBIK YHFbIMaHbIH, KEPHCI3 MHTepBanblH Oypfblnay KesiHAe HerisiHeH KeceTiH TeKTi Tac Ke-
CeTiH acnanTap Ko/ngaHblnagbl. byn eki, yw XaHe TOPT KanakTbl CaTblAbl FMAPOMOHUTOPALI NUKODYp-
FblNap, onap ruapasaukanbik 6akblnay apHanapbl 6ap KoHe KanaklWaHblH, LWeTKi 6eniriHiK 6oibimeH
KapObUATI KecKiluTepaiH, caTblNbl OpHanacybl 6ap Keckiw TMNTi Tac KeceTiH acnanTap.

YHfbIMa OKNaHbIH KeHenTy anametpi 190, 215, 244, 295, 320 mm M, C, T TUNTI CEPUANDIK LWAPXKbI TIPI3Ai
KallaynapmeH Xyprisineai (1-cyper).

1-wapsel, 5-3yy mecikmepi 6ap makma,
2-ponukmep,  6-mabaH,
3-wapnap, 7-Kopnyc,

4-mytipeyiw, 8-6ekimy ncinmepi,
9-maHxbanayra apHanraH b6enoik

PucyHok 1 - LLlapxebinel Kaway

LapKbIHbIH, KYMbICbIHbIH, KMHEMATMKacbl Kaway avHan-
FaH Ke3ge 0N 3 OCiHiH, aiHanacblHAAfFbl CaNbICTBIPMaNb
KO3faNbiCKA KOHE Kallay OCiHiH aMHanacbiHAafbl MopTa-
TWBTI aiHAaAManbl KO3FaNbICKA KATbICy apKblabl  KypAeni
KO3FanbIC acamapl. EKi aiHanmanbl KO3FanbiCTbl KOCKAHAA,
Wwapxbl benrini 6ip nesmik ocbTiH alHanacbiHAa ailHana-
Abl. Jle3gik ocCbTiH, OpHanacyblHa 6alnaHbICTbl TiCTiH, KeH-
KapMeH ©3apa apekeTTecy cunaTbl e3repedi. LUapXbiHbl
KeH)apfa alHanaplpfaH Ke3ae, KYKTeMeHi KbiHbicKka bepy
KbiCKa mep3imai 6onbin Tabbinagbl, Oyn KawayablH Kapy-
JKapaFblHbIH, TO3YyblH a3aWTaabl. byn kafganpa nainpga bona-
TbIH AMHAMMUKANbIK KYKTEMENEP HbIHbICTbIH, KapPKbIHAbI Oy3bl-
NyblHa biknan etedi. WapXbinbl KawayablH, AW3aiHbl OHbIH,
JKYMbICbIHA KOHE KeH)XapAafbl Tay KbIHbICTAPbIHbIH, XKOMbIAY CcMNaTbiHA 3cep eTedi. LWapkbiabl KawayablH
KYPbINbIMAbIK epeKLWwenikTepi OHbl YHFbIManapabl Y34iKci3 KeHXapMeH BypFbinay KesiHae, AFHU WapKbIHbIH
ayZaHbl YHFbIMaHbIH KEHXXapblHa TUTeH Ke3ae bapbiHla TMiMAi NaiganaHyfa MyMKiHAiK bepeai.

CoHAaW-aK, YHFbIMa OKMaHblH KeHeWuTy (AMamMeTpiH ynfaiTy) KesiHAe WapKblibl Kallaynap eTe Xui
KonAaHblnagbl, 6yn MyHAamM Tac KeCeTiH KypanablH AU3anHbIH TUIMAI NakganaHy emec.

benwektey KeseHiHAE TEXHONOTUANbIK YHFbIManapAbl Cany KesiHAe Wi Ke3geceTiH macene - Tay
KbIHBICTAPbIHbIH, OMbINY CMNATbiHA OainaHbICTbl (Wapkbinbl Kaway) TKK-Abl WamagaH Tbic TYTbIHY. Al-
Hany MOMEHTIH Kalayfa 6epy KesiHAe [ONTapAblH KaHAacy alMMafbl MMHUMANAbI, HETi3ri KyKTeme
Kallay KopnycbiHa Tyceni, COHAbIKTAH OHbIH, T€3 TO3ybl OPbIH anagbl. Tafbl Bip macene - KOCbIMILA TYCipy -
KeTepy onepauuanapbiH Kyprisyre KeTeTiH yakblT TKK-Abl aybiCTbipy KesiHAe, Oyn Kannbl eHimAinik-
TiH TOMeHAeyiHe aKkenea,.

AdepHoe obwjecmeo KazaxcmaHa
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LOM3 «Bonkosreonorma» AK ¢uananbiHbiH, MamaHZapbl «Annak» Oypfbliay KYMbICTapbl y4vacke-
CiHAE YHFbIMa OKNaHblH AnameTpi 190 mm-re AeiiH KeHeWTyre apHanfaH Tay KbIHbICTaPbIH Oy3aTbliH Ky-
PanAblH, *KaHa KOHCTPYKLMACHIH YCbIHAbI.

CypeTTe KepceTinreHAen, WapXKblabl KeHeWTKiw (2-cypeT) 1 OypaHAanbl Kanfafbil eMi3iKTeH, onapfa
BekiTinreH wapkbinapbl 6ap yw KeHeuTKiw 6enimHeH Typagbl 2. 3 BipikTipinreH KeHenTkiw beniriHiH apT-
Kbl Xafbl KallayAblH TOMEHTi afblHa Kapai KeHeWleTiH KOHYCTbIK 6eTTi Kypaiabl. HykTeni cbi3bik 4 cepus-
NbIK, WAPKbl KallayblHbIH, 6enimaepi MeH WapKblnapablH, apKaAblKTapblHbIH, OPHANACYbIH KepceTea,.

Kaway Au3aiHbiHbIH 6yn e3repyi Kyy CYMbIKTbIFbIHbIH, afblHbIH, LIAPXKbIAapAblH, YHFbIMA KabbipFachbl-
MEH KaHacy alMMafblH apTTbipyfa MYMKIHAIK Gepefi, Oyn YHFbIMA OKMaHbIH TUICTi AMameTpre AeMiH Ke-
HeNnTy KesiHae Tuimai by3binyFa akenea,.

AnameTpi 190 Mm 60naTbIH YLWWAPMKbIAbI KEHENUTKIW AnameTpi 161 mm 6onatbiH nanganaHbinFaH wap-
bINbl KallaynapAaH »KacanfaH. ABToreHAi rasbeH AaHeKkepaey apKbiabl WApKbiAbl KalayablH Kopny-
CblHaH ywWw TabaH Kecinin, KawayabiH, anameTpi 190 mm 6onaTbiHAaM eTin Kopnycka 6acka bypbliwneH Aa-
HeKepneHai.
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2-cypem - YCbIHbIAFAH WapPXbiabl KeHelimy KOHCMpPYKYUACsI

«Annak» y4yackeciHae anameTpi 190 mm 6onatbiH 6ec yLWWaPKbIAbl KEHEUTKIWNEH opTala TepeHAiri
363 m 60natbiH 15 yHfbiMa bypfbinanabl. Ocbinaiwa, yWILApKblabl KeHENTKIWTiH AananblK CblHAKTapbl
YL YHFbIMAHbl «6B/IWEKTEY» Ke3EHiH KYPri3y YWiH KEHENUTKILTIH Pecypchl KETKINIKTI eKeHiH KepceTTi.

YWWapKbinbl KEHENTKIWTi KONAaHYAAH CbIHAKTAp MKYPri3y YyaKblTbiHA HAKTbl 3KOHOMMUKANbIK acep
915 MblH TeHreHi Kypaabl.

AvameTpi 190 MM yLIWAPXKbIAbl KEHEWTKILWTI NaWAanaHy TEXHONOTUANBIK YHFbIMANapabl CanyablH, A9C-
TYPAi TEXHONOTUACbIHAH AMameTpi 190 Mm yWIWApXKbiAbl Kalayabl NaAanaHyabl anbin TacTayfa MYMKiH-
Aik 6epepi, byn e3 KeseriHae «Annak» Oypfblnay KyMbICTapbl y4yacKkeciHae ae, «Bonkosreonorua» AK
Oypfblnay KymbiCTapblHbiH, 6acka y4ackenepiHge ae TMK LWbIFbIHAAPbIH KaHe KOCbIMWa TyCipy-KeTepy
onepayumMAanapbiHa apHaaFfaH yaKbIT WbIFbIHAAPbIH KbICKAPTYFa aKeneai.
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LUAPOLLUEYHOE A0N0TO
ANA PACLLUPEHMA CTBO/A
TEXHONOTMYECKUX CKBAXUH

Xasos P.B., Mywpanunos A.A,,
LLaexanos A.P., latbinosa H0.A.
AO «Bonkosreonorna», Anmatbl, KasaxcraH

Mpu npoxoake 6eCKepHOBOrO MHTEPBAsA TEXHO/O-
TMYECKOW CKBaMKMHbI UCMONb3YETCA NPEUMYLLECTBEHHO
MOPOAOPA3PYLIAIOWMIA MHCTPYMEHT PENXYLLEro TUMa.
370 ABYX-, TPEX-, M YETbIPEXIONACTHbIE CTYyNEHYaTbIe M-
LPOMOHUTOPHbIE MUKOOYpPLI, NpeacTaBAsAtowWmMe cobow
MOPOAOPA3PYLLAILLMIA UHCTPYMEHT PEXYLLEro TMna ¢
TMAPOMOHUTOPHBIMU KaHaMaMM U CTyneH4aTbiM pac-
MONOXEHNEM TBEPAOCMIABHbIX PE3LL0B N0 Nepudpepui-
HOW 4acTu 10NacTu.

PacwupeHune CTBONMA CKBAXMHbI NPOM3BOAMTCA Ce-
PUMHBIMM WapoLleYyHbiMu gonotammn Tuna M, C, T ama-
metpom 190, 215, 244, 295, 320 mm (pUCyHOK 1).

ROLLER CONE BIT
FOR REAMING PROCESS
WELLBORES

Khazov R.V., Mushrapilov A.A.,
Shavkhalov A.R., Latypova Y.A..
Volkovgeology JSC, Almaty, Kazakhstan

While penetrating the coreless interval of a
technological well, cutting-type rock-destroying
tools are used predominantly. These are two-,
three-, and four-bladed stepped hydro-moni-
tor picks, which are rock-destroying tools of cut-
ting type with hydro-monitor channels and step-
ped arrangement of carbide cutters on the pe-
ripheral part of the blade.

Wellbore reaming is performed with serial M, C, T
type roller cone bits of 190, 215, 244, 295, 320 mm
diameter (Figure 1).

1 - wapouwka,

2 - pOAUKU,

3 - wapuku,

4 - wmugm,

5 - nauma ¢ npomsI8oYHLIMU
omeepcmusmu,

6 - nana,

7 - Kopnyc,

8 - pe3bba npucoedUHUMenbHas,

9 - N0ACOK 0418 MAPKUPOBKU

PucyHok 1 - LLlapowe4Hoe 0osnomo

KuHemaTnka paboTbl Wwapow-
KM COCTOWT B TOM, YTO MpPU Bpa-
LWEHWN [ONOTa OHa COBepLuaeT
CNIOXHOE ABMMKEHWe, y4acTBya B
OTHOCUTENIbHOM [BUXXEHUU BO-
Kpyr cobCcTBEHHOM OCM M nepe-
HOCHOM BpALLATE/IbHOM ABMXEHUWM BOKPYr OCU [0O-
nota. lpu CNOXEHUW [BYX BpaLLATENbHbIX ABUXKE-
HUM WapoLIKa COBepLUiaeT BPaLLEHWe BOKPYr HEKOTO-
PO MTHOBEHHOW OCW. B 3aBUCMMOCTM OT NMONOXKEHUSA
MFHOBEHHOM OCM MEHAETCA XapaKTep B3aMMOAENCT-
BMA 3ybLa ¢ 3a60eM. Npu NepekaTbiBaHUM WAPOLLKM MO
330010 nepeaaya Harpysku Ha MOPoAy HOCUT KpaTKo-

1-cone,

2 - rollers,

3-balls,

4 - pin,

5 - plate with flushing holes,
6 - foot,

7 - housing,

8 - connecting thread,

9 - belt for marking.

Figure 1 - Roller cone

The operation kinematics of
the roller cone is that during
bit rotation it performs a
complex motion, participating
in relative motion around its
own axis and translational
rotational motion around the bit axis. By adding
the two rotational motions, the roller cone per-
forms rotation around some instantaneous axis.
Depending on the position of the instantaneous
axis, the character of interaction between the
bit and the bottom hole changes. While rolling
the cutter over the bottom hole, the load transfer

AdepHoe obwecmeo KazaxcmaHa
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BPEMEHHbI XapaKTep, YTO YMeHbLUAEeT M3HOC BOOPY-
weHua ponota. Co3gaBaemble NpU 3TOM AMHAMUYeC-
KWE Harpysku CnocobCTBYIOT WHTEHCUBHOMY paspy-
WEHMIO nopoabl. KOHCTPYKUMA LAPOLEYHOro A010Ta
B/IMAET Ha ero paboTy v XapaKkTep pa3pyLUeHWA NOPOAb
Ha 3aboe. KOHCTpYKTMBHble OCOBEHHOCTM LapoLley-
HOrO [0710Ta NO3BONAKT MaKCUManbHO 3OEKTUBHO
MCNONb30BaTb €0 NpU OYPEHUM CKBAXKMH CMOLIHBIM
3aboem, T.e. MPU COMPUKOCHOBEHWUM NNOWAAN LIAPO-
LLEK K 320010 CKBaXMHDbI.

TaK»Ke WapoLleyHble 40N0Ta O4EHb YacTO UCMOAb3Y-
IOT NpW pacluMpeHnn (yBesnyeHne AMameTpa) CTBOAA
CKBaXMHbI, YTO ABAAETCA He 3HEKTUBHbIM UCNOb30-
BaHMEM TaKOWM KOHCTPYKLMM MNOPOAOPa3pyLLaOLEro
UHcTpymeHTa (MPK).
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AOEPHOE
OBLLIECTBO
KA3AXCTAHA

to the rock is short-term, which reduces wear
of the bit armament. Dynamic loads created in
this process contribute to intensive rock destruc-
tion. The design of a roller cone bit affects its
operation and character of rock destruction at
the bottom hole. The design features of a roller
cone bit allow to use it most effectively when dril-
ling wells with a solid bottom hole, i.e. when the
cone area is in contact with the bottom hole.

Also, roller cone bits are very often used for
reaming (increasing the diameter) of the wellbore,
which is not an efficient use of such a rock destruc-
tion tool (RDT) design.

The most common problem that arises when
constructing process wells during the drilling pha-
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PucyHok 2 - [pednazaemas KOHCMPYKYUA WaApOWeyHo20 pacwupumens
/ Figure 2 - Proposed design of a roller cone reamer

Hanbonee 4acto BO3HMKaowWwasa npobnema npu co-
OPY)KEHUWN TEXHONOTMYECKUX CKBAXKMH BO BPEMA NpO-
BeAeHMA 3Tana pa3bypku - ypeamepHblin pacxog MPU
(wapolweyHoro A4010Ta), CBA3aHHbIN C XapaKTePOM pas-
pywenuna nopoa. [pu nepegaye KpyTALLEro MOMEHTA
Ha 40M10TO NAOWAAb CONPUKOCHOBEHMA LWAPOLWEK M-
HWMa/NbHaA, OCHOBHAA Harpyska NPUXOAMT Ha Kopnyc
[0N0Ta, M3-33 Yero M NPOUCXOANT ero bbICTPbIN U3HOC.
Ewe ogHa npobnema - 3aTpaTbl BPEMEHM HA NpoBese-
HWe [ONONHUTENbHBIX CMYCKO-MOABLEMHbBIX OnepaLmi
Ans 3ameHa MPU, uTo BneYeT 3a COO0W CHUMKEHME NPO-
M3BOAMUTENBHOCTU B LLEENOM.

se is excessive consumption of the roller cone bit
due to the nature of rock fracture. During tor-
que transmission to the bit, the contact area bet-
ween the cones is minimal, and the main load is on
the bit body, which causes its rapid wear. Another
problem is the time required to perform addi-
tional downhole operations to replace the RDT,
which results in lower productivity in general.

The specialists of CEME Volkovgeology branch
proposed a new design of rock-destroying tool for
reaming the borehole to 190 mm diameter at the
Appak drilling site.
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Cneunanuctamm o¢wunmana AO «Bonkosreonorusa»
LLOM3 6bina npeanoxeHa HOBAA KOHCTPYKLMA NOPOAO-
Pa3pyLWaELLEro MHCTPYMEHTa, NpeaHa3HAYeHHOro Ana
pacWMpeHna CTBOMA CKBaXMHbI A0 AvameTpa 190 mm
Ha y4yacTke BypoBbIx paboT «Annak».

Kak noKa3aHO Ha PUCYHKe, LWAPOLEYHbIA pacLiu-
pUTENb (PUCYHOK 2) COCTOMT M3 MPUCOEANHUTENBHO-
ro HuNnensa ¢ pesbbowt 1, Tpex cekuui paclmpuTens c
3aKpensieHHbIMU Ha HUX Wapowkamn 2. CnnHKKM 3 co-
eMHEHHbIX CeKLUMI pacumpuTens 06pasyroT KOHYCHYHO
MOBEPXHOCTb, PACLIMPAIOLLYHOCA NO HAMPaBAEHUIO K
HUKHEN YacTu onoTa. MyHKTUPHON AnHKUEN 4 NoKasa-
HO NONIOXKEHWNE CMMHOK CEKLMI M WAPOLEK CEPUNHOIO
LWAPOLLEYHOro AONOTa.

Takoe M3MeHeHMe KOHCTPYKUMM A0NO0Ta NO3BOAAET
YBENNYMTb MOTOK MPOMbIBOYHOW XKMAKOCTH, NAOWALb
CONPUKOCHOBEHMA LUAPOLLEK CO CTEHKOM CKBAXKMHbI,
yTo BedeT K b6onee 3GPEKTUBHOMY Pa3pyLIEHMIO MU
PaCLIMPEHNN CTBOMA CKBAXKMHbI [0 COOTBETCTBYHOLLEMO
Anametpa.

TpexwapoLueyHbli paclwmnputens gnametpom 190 mm
M3roToBW/IM U3 BbIBLUMX B YNOTPEOAEHUM LWAPOLIEYHDIX
[010T gnametpom 161 mm. lMpu nomoLm rasocsapku
aBTOreHa M3 Kopnyca LapoLwWweyYyHoro A0A0Ta Bbipe3anu
TPV Nanbl, U NPUBapPUAM 0BPATHO K KopMycy Nog Apyrm
YINIOM TaK, 4TobbI AMaMeTp AonoTa coctasun 190 mm.
Ha yyactke «Annak» mATbIO TPEXLUApOLIEeYHbIMK pac-
wuputenamm amametpom 190 mm 6bin0 pasbypeHo 15
CKBaKMH CO cpefHew rnybuHoi 363 m. Takum obpaszom,
nonesble UCMbITAHWA TPEXLUAPOLWEYHOro paclumputens
MOKa3anu, YTo pecypca paclimpuTena LOCTaTOMHO ANA
NPOBeAEHNA 3Tana «pa3bypKM» TPEX CKBAXKMH.

®aKTMYEeCKUA 3KOHOMMYECKMM 3PEKT Ha Bpems
NPOBELEHNA MCMbITAaHUN OT NMPUMEHEHWUA TPexLlapo-
LWeYHOro pacwuputena coctasun 915 Tbic. TeHre.

Mcnonb3oBaHWe TpexwapoLweyHoro paclmputens
avametpom 190 MM NO3BOAWUT UCKAKOYMTL U3 Tpagu-
LLMOHHOW TEXHONOTUM COOPYKEHUA TEXHONOTUYECKMX
CKBAXXMH NPUMeHEeHe TpexLLIapoLweyHoro 4oa0Ta Ana-
meTpom 190 mm, 4TO, B CBOIO O4epesab, MPUBESET K Co-
KpaleHnto pacxogos Ha TMLL n BpemeHHbIX 3aTpaT Ha
[ONONHUTENbHbIE CMYCKONOABEMHbIE OnepaLmn Ha Kak
Ha y4yacTke bypoBbix paboT «Annak», TaK U Ha ApPYruX
y4acTkax byposbix pabot AO «BonkoBreonorusy.

As shown in the figure, the cone reamer (Figu-
re 2) consists of a threaded nipple 1, three reamer
sections with cones 2 fixed on them. The backs 3
of the connected reamer sections form a co-
nical surface extending towards the bottom of
the bit. The dotted line 4 shows the position of
backs of sections and cones of a serial roller cone
bit.

This change in bit design allows to increase the
flushing fluid flow and the area of contact bet-
ween the cones and the borehole wall, which leads
to more efficient fracturing when reaming the
wellbore to the appropriate diameter.

Three-cone reamer with diameter of 190 mm
was made of used 161 mm diameter roller cone
bits. Using autogen gas welding, three legs were
cut out of the roller cone bit body and welded
back to the body at a different angle so that the
bit diameter was 190 mm.

At the Appak site, five 190 mm diameter three-
cone reamers drilled 15 wells with an average
depth of 363 meters. Thus, field tests of the three-
cone reamer showed that the reamer resource is
sufficient for the «drilling» stage of three wells.

The actual economic effect at the time of testing
from the application of the three-cone reamer
amounted to 915 000 KZT.

The use of a 190 mm diameter three-cone
reamer will eliminate the use of a 190 mm dia-
meter three-cone bit from the traditional tech-
nology of construction of technological wells,
which, in turn, will lead to a reduction in the cost
of materials and supplies and time costs for addi-
tional tripping operations both at the drilling site
«Appak» and at other drilling sites of Volkovgeo-
logy JSC.
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flaepHoe obwecrso KasaxctaHa

MONOAEKHOE OTOENEHME

KOMMYHUKALMOHHAA NNOLWaAKa:
UHpopMaLMOoHHbIH LIeHTp N0 aTOMHbIM TEXHONOTUAM
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YPAH OHAIPY KbI3METIHIH,
IKONOTMANBIK MAYANKEPLLIAIT

ToknaH6etos M.B.}, banabues T.[.., Mepmenes 10.I.%,
NaHosa E.H.%, Aranos 0.A.%, bonblaKkosa H.A.2
l«KasaTomeHepkacin-SaUran» XLLC,
2«¥KoFapbl TexHonornanap MHCTUTYTbI» MKLIC

«Ka3atomeHepkacin-CaypaH» MLIC ypaH eHAipy KbI3METIH Ky3ere acblpy KesiHAe 3KONOTUANbIK Kayincis-
AIKTI KamTamacbl3 eTy MakcatbiHAa anfaw pet 2020 xaHe 2023 Xblngapbl KeHilwTepre iprenec aymakrapaa
JKOHE XKaKblH MaHAafbl engi MmekeHaepae (Kbisemwek KeHTi, TayKeHT KeHTi, KalHap aybinbl KaHe MbiHbIC ATa
aybiNibl) KeleHAi IKONOrUANbIK 3epTTeyNep KYPri3ingi, KeprinikTi TypfFblHAAP YWiH 3KONOTUANDIK TayeKen-
nep b6aranaHabl. HyprisinreH eki XbinablK 3epTTeyaep *Kep KOMHAyblH NalnganaHy WeKapacbiHaH TbiC OHAIpic-
TiK KbI3METTIH, 9CepiH aHbIKTafaH KOK, enfi MeKeHAepAeri SKONOTUANbIK Kafaal TYPaKTbl KaHe Tabufn ¢oH-
HbIH, KafdalblHa CalKec Kenea,.

KIPICME

«KasatomeHepkacin-SaUran» XKLUC (byaaH api — KacinopbiH) KasakctaH Pecnybaukacbl TypKicTaH 06bicChl
Co3ak, ayfaHblHbIH, aymafblHAa TabuFu ypaH eHAipyAi »y3ere acbipagbl. KacinopblH 601y aliMaFblHAA KOpLa-
faH TabuFM OpTaHbl CaKTay YLWIiH KayankepLwinik anagpl. KacinopbiHAa pasnaumanbiK Kayinti 06beKT peTiHae

Y1 g o ; > oy 2 3 r Y

1 - cypem - XbiHbiC-Ama ayblabIHOG MONbIPAK CoIHAMAAAPLIH Ay

OHAIPICTIK Kayinci3aik, paanMoaKkTUBTI KanAbIKTapMeEH XYMbIC iCTey HOpManapbl KaTaH CaKTanagbl. KasakcTaH-
[blK 3KONOTMANBIK 3aHHAMara CaMKeC BHAIPICTIK 3Konoruanbik Bakbinay bafmapnamachl opbiHAaNaAbl, OHbIH,
MaKCaTbl KaCiMOpblH aymafblHAA KoHE CaHUTAPUANbIK-KOPFay alMarblHAA TOMbIPAKTbIH, CyAblH, aTmocde-
PasblK ayaHblH, 3KONOTMANBIK Kai-KyMiH b6akpinay, KasakctaH PecnybaumkacbiHbiH, KopluafaH opTaHbl KOpFay
CanacbiHAAfbl YaKINETTi opraHbl benrinereH HOPMaTUBTEPAIH OpPbIHAANYbIH BaKblnay 60nbin Tabbinagbl. HKep-
FiNiKTI XaNbIKTbIH, aflaM [AeHCay/blfblHA pPagMauMANbIK 9Ccep eTy Cangapbl Typanbl anaHAaywWwbIAblfbH TYCiHE
OTbIpbIN, KacinopbiH 6acwbinbifbl 2020 xaHe 2023 Kbingapbl KaCiNOPbiH LekapacbiHaH 10 Km-re aewiHri
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KALWbIKTBIKTA KOHE KaKblH enfi MeKeHAepAe KeHiwTepre iprenec aymakTapZa KeleHAi 3KONOruAnbIK 3epT-
Teynep Kyprizyre 6actamalubinblK Kacafbl. TONbIPAKTbIH, EpP acTbl XaHE aybl3 CyNapAblH, IKONOTUANBIK Kaf-
[anbl 3epTTengi, KoplwaraH TabufM OpTaHblH KOMAMAbl KafaanblHbIH, MHAMKATOPbI PeTiHae 6uMoapTypAinik-
TiH, al-KyMiH baFanayfa epeKkLie Hasap ay4apbiagpl.

HETI3r1 661IM

KacinopblH OpHanackaH ayaaHAa TypaTblH KEePrinikTi TypFblHAAP HerisiHeH TaykeHT, KaiHap, MbiHbic-ATa
(KapaTay Tay bekTepiHaeri ankan) enai mekeHaepiHae kaHe Kbisemiwek KeHTiHae (Betnak [ana weni) wo-
FbipnaHfaH. KacinopbliHfa iprenec aymaktapaa Man awblnagpl, 6apabiK KeprifikTi cy Ke3aepiH xanblK Lapya-
WbINbIK-TYPMbICTbIK, MaKCaTTapAa XKaHe Mangbl Cyapy YLWiH NakganaHagbl.

JK0n102UANbIK 3epmmeynep #aHe Hamuxenep
Hep ambingbicbl. YpaH eHAIPY KbI3METiHIH, MapKep-3aTTapbiHbiH, (pH, cynbdattap, pagnauuanbik Kepcer-

KilTep) *KaHe TONbIPaKTbIH, IKONOTUANDIK, Kal-KyWiHiH 6acKa Aa KepceTKiWwTepiHe 3epTTeynep Kyprisingi (1-ke-
cte, 1-cypet). Iprenec aymaktapga 2020 Kbinbl anbda- KoHe beTa-6enceHAinikTiH opTalla KepceTkiwTepi

2-cypem - KydolkmaH mabuFu cy CoiHGManapslH any («YsaHac» KeHiwiHin ayoaHsl)

337 xaHe 626 BK/kr, enai mekeHaepae 400 xaHe 610 BK/Kr Kypaabl, Byn caHUTapPAbIK-TUTMEHANbIK KepceT-
KiwTtepaeH (1200 BK/kr) acnaitgpl [1] kaHe ¢OHAbIK KepceTkiwTepre cankec Keneni-350 BK/Kr aHe
630 BK/kr. LLlaxTanapra iprenec aymakrapgafbl TOMbIpak — ©CIMAIK KaMbIAFbICbl HETI3IHEH peTTenmereH Aa-
Na KoNJapbl MeH Mas ato apKblabl By3binagbl.

1-kecte - KO obbekKTinepiHge aHbIKTanaTbiH napametpnep Tisbeci
Ne | KO HbicaHbl

AHbIKTanaTtblH napameTpaep Tisimi

1 Tonbipak | PH, cynbdatrap, HUTPATTap, KUbIHTBIK MEHWIKTI anbda-benceHginiri, *KMbIHTbIK MeHLWIiKTi beTa-
6enceHainiri, TONbIPaKTbiH, CYy CbIfbIHABICLIHLIH, TbiFbi3 Kangbifbl, Al, As, Bi, Co, Cr, Cu, Fe, Mn, Ni,
Pb, U, V, Zn, M3/ (doH, TaHaay OpHbl), anbda-benweKkTepaiH aFbiHbIHbIH TbiFbI3Ablfbl (POH, ipiKTey op-
Hbl), TONbIPAKTbI GUINKA-XUMUANBIK 3EPTTEY.

PH, KypfaK Kangplk, 6MKapboHaATTap, *Kaanbl KaTTbl/IbIK , XJIOPUATEP, HUTPATTApP, HUTpUTTEP, docdaT-
Tap, KMbIHTbIK MEHLWIKTI anbda- benceHainiri, ) KubiHTbIK MeHWIKTI 6eTa- 6encenainiri, Ag, Al, As, Bi, Co,
Cr, Cu, Fe, Mn, Ni, Pb, V, Zn, U.
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3-cypem - KyOblIKmaH aybi3 cy cblHamanapsi any (xeke yi, KaliHap aybinsi)

Tabusn aHe aybi3 cy. 3epTTey HaTUKenepi 6oibiHwa 2020 xbinbl (2, 3-cypeTTep) Tabusn cyapiH, pH aeHrewi
TabuFM MaHZep wweriHae Oonapl, 3epTTENTeH YHFbIManap4aH anblHFaH Cy Tabusn Typae MUHepangaHybl,
KaTTbINbIFbI, XNOPUA Kypambl, anbda oHe beTa-benceHAiniri *ofapbl aHe aybi3 Cy MaKcaTbiHAA Naiaana-
Hy YWiH KOCbIMIIA Cy AaWblHAaygdaH (cy3yaeH) etyi Tuic. Engi mekeHaepae OpPTanbiKTaHAbIPbIAFAH CyMeH
Kab/ablKTayaH aNblHATbIH aybl3 CyAblH, CMNaTTamanapbl aybi3 Cy canacbiHbiH, HOPMATMBTEPIHE CIMKEC Keneai.

4-cypem - flana aeamacsi (Trapelus sanguinolentus).
KarxcyeaH keriwiHde kesdecedi

5-cypem - Opma A3sus macbakacel (Testudo horsfieldii),
IUCN misimiHe ereizinzeH. KaHxy2aH KeHiWiHiK
MAHbIHOG MAbbLIAFGH.
AlmakTa TabuFu cunaTTafbl Tabuen cebenTepaeH TybliHAAYbl MYMKIH PaMOAKTMBTINIK AEHreMiHiH, Kofapbl-
NaybIMEH ©34iriHeH TerineTiH YHFbIManap maceneci 6ap. byn macene ogaH api 3epTTenyi Kepek.
2023 KbinFbl TONbIPAK NeH cyabl 3epTTey HaTuxenepi 2020 Kbinfbl 3epTTeyepPMeEH CanbiCTbipFaHAa anTap-
NbIKTaii e3repictepai kepcetneai, 6yn TypaKTbl SKONOTUANBIK KaFaainabl KepceTteai.

BuoanyauTypninik. KacinopblH KypambiHa apTypAai Tabufn aliMaKTapa OpHanackaH bec KeHiw — beTnak
[lanaHblH, cycbi3 ca3abl weniHaeri «LbiFbic MbIHKYAbIK» aHe «YBaHac» KeHiwTepi, Kapatay Tay bekTtepiHAeri
«KaHXyfaH» KeHiwi, MoMbIHKYM Kymabl ankabblHaafbl «OpTanbik MOMbIHKYMY aHe «OHTYCTiK MoWbIH-
KYM» KeHiwTepi Kipeai. byn aymakTapaa ¢nopa meH ¢dayHaHbiH, anyaH TypAiniri 6ap (Hofapbl ecimaiktepain,
80 TypiHe AeniH, CYTKOpekTinepain 22 Typi, KyctapabiH 268 Typi, repnetodayHaHbiH, 18 Typi, OHbIH iWwiHae
CMPEK Ke3aeceTiH KaHe Kbi3bla Kitan Typnepi (4-6 cypettep). OpHUTOdAyHAHbIH, SpTYpPAINiri Herisri opHUTO-
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4-cypem - flana azamacsi (Trapelus sanguinolentus).
KauxcyaaH KeHiwiHde Ke3decedi

5-cypem - Opma A3sus macbakacei (Testudo horsfieldii),

IUCN mizimiHe eHzizinzeH. KaHuCy2aH KeHiwiHiK
MOHbIHOO MabbIAFaH.
NOTUANDBIK aMaKTapPMEH YKaHe KOHbIC ayAapaTbiH Kyc-
TapablH KOLWi-KOH onjapbiMeH 6ainaHbicTbl. KaTbl-
Cy alimarblHAa 61MoanyaHTypAinikTi caktay — KP akono-
TMANBbIK 3aHHAMaCblHA, XaNblKapaiblK KOHBEHUMANAP-
Fa JXOHe OPHbIKTbI Aamy KafuaaTTapbiHa (ESG) caiikec
KCiNOPbIHHbIH, CTPATErMANbIK MaKcaTbl. buoanyaHTtyp-
NiNiKTiH, Xan-KyWiH 6afanay MaKcaTbiHAA 3epTTeneTiH
ayMaKTapablH, erken-terkenni reoboTaHUKANbIK Cu-
naTTaMacbl KYprisingi, 3epTreynepmeH aHyapaap
6enceHainiriHiv, 6apablKk Herisri MmaycbiIMaapbl — KekK-
TeMHiH, 6acbl, KOKTEM-}Ka3, a3 KIHE Ka3Ky3 KeseH-
Aepi KaMTbINAbI, MaHbI34bl MEKeHAEY OpblHAAPbI bail-
Kanabl. YpaH eHAIpy KbI3METiHiH XaHyapaapablH, Typ-
NiK KypamblHa acepi 6ankanmagpl. OCIMAIK Kambin-
FbICbIHbIH, ©3iH-03i emaeyi (KonaplH, KaWblAbIMHbIH
ecyi) apamwenTepaiH, pyaepanbabl TYPAEPAiH nainaa
6onybiMmeH bipre *Kypeai.

6 - cypem - KopraH yacel (Buteo rufinus).
LibiFbic MbiHKYObIK KeHiwiHiK aydaHsl

KOPbITbIHADI

«Ka3atomeHepkacin-SaUran»» XKIWC KeHiwTepiHe iprenec KaTKaH ayMaKTapda KYPri3inreH eki XbliablK
9KONIOTMANBIK 3epTTeynep ypaH eHAipy KbiameTiHiH, KO-fa acepiH aHbIKTafaH OK. byfaH ypaH KeHAepiH Ke-
PacTbl YHFbIMANbIK WaMManay afiCiHiH, 3KONOrMANbINbIFbI, COHAAN-aK KacinopblHAAFbl OHAIPICTIK Kayinci3aiKTi
KamTamacbl3 eTyeri 3amaHaymn Tacingep, pPagnoakTUBTI KaNAblKTapMEH KYMbIC iCTeyai KaTaH, baKblinay KaHe
KO-fa acep eTyaiH LeKTi pyKcaT eTiareH HOPMATUBTEPIH OpblHAAY apKblAbl KOA KeTkidineai. KacinopbiH co-
HbIMEH KaTap KeHilTepre iprenec ayMakTapAafbl XKaHe KaKblH MaHAafbl engi mekeHaepaeri KO obbekTine-
PiHIH al-KyWiH Gakpinanabl. EKi XKblnablk 3epTrey Hatuxenepi 6oibiHwa (2020, 2023 X:K.) IKONOTUANBIK
KaFfaan TYPaKTbl 60/1bIN Kanaabl, PaanaLmanbik KepPCeTKilTep GOHAbIK AEHTENre CaliKeC Kenea,.

«KasatomeHepkacin-SaUran» MLWC ypaH eHAipy KbI3METIH anfacTblpa OTbIPbIN, iprenec aymakrap MeH
enfi MeKkeHAepre ofaH 3pi IKONOTMANbIK MOHWUTOPUHI KYPri3eTiH 6onadpl, COHAaN-ak myaaeni Tapantap-
Fa ©3€EKTi 9KONOrMANDIK aknapaT bepeTiH bonaabl.

OAEBUET

1. «Paguaumanbik KayinTi 06beKTiNepre KOMbINATbIH CAHUTAPUANbIK-INUAEMUONOMUANBIK TananTap» (PKOKCIT)
caHuTapuanslK Karmganapsl N2 KP ICM-90 25.08.2022 .
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9KO/IOMMYECKAA OTBETCTBEHHOCTb
YPAHOZOBbbIBAOLLEEN AEATENBHOCTH

ToknaH6etos M.b.!, banabues T.4.%,
NepmeHes 10.I.% NaHoBa E.H.2,
Aranos 0.A.%, bonblakosa H.A.2
TOO «Kazatomnpom-SaUran»,
’TOO «UHCTUTYT BbICOKMUX TEXHONOTUIAY

B uenax obecneyeHus 3konoruyeckon besonac-
HOCTM MpPW OCYLLECTBNEHUN ypaHozobbiBatoWeN Ae-
AatenbHocTn TOO «Kasatomnpom-SaUran» Bnepsble B
2020 n 2023 rogax nposeaeHbl KOMMAEKCHbIE 3KOMO-
rMYecKne UCCNefoBaHWA Ha NPUAEraloWwmx K pyaHU-
KaM TeppUTOpUAX U B BAMMKAMLIMX HACENEHHbIX MyH-
KTax (n. Kbizemwek, n. TaykeHT, c. KaltHap 1 c. MbiHbIC
Ata), OLEHEHblI 3KONOTMYECKUE PUCKU ANA MECTHOrO
HaceneHua. lpoBefeHHble ABYXTOAMYHbIE UCCNeno-
BaHMA He BbIABW/W BO34ENCTBUA NPOU3BOACTBEHHOWM
LeATeNbHOCTU 33 npegenamu rpaHuL, Heapononb-
30BaHWA, 3KONOrMYeCcKan OOCTAaHOBKA B HACE/NEHHbIX
NyHKTax CTabuabHa M COOTBETCTBYET COCTOAHUIO ecTe-
CTBEHHOTO NPUPOAHOro GpoHa.

BBEJEHME

TOO «Kaszatomnpom-SaUran» (manee — npeanpu-
ATMe) ocylecTBnseT A00Obl4y NPUPOAHOrO ypaHa
Ha Tepputopun Cy3aKCKOro paioHa TypKecTaHCKOM
obnactn Pecnybnukm KasaxctaH. Mpegnpuatve npwu-
HUMaEeT OTBETCTBEHHOCTb 3@ COXPAaHEHME OKpYKato-
e NpupoaHOM cpeabl B PerMoHe npucytcTema. Ha
NPeAnpUATUM, KaK Ha PasMaLMOHHO-ONACHOM 06beK-
Te, CTPOro cobnaatoTCA HOPMbI NPOU3BOACTBEHHOM
6e3onacHoCT, 0bpaLLeHMA C PagMOaKTUBHbIMKU OT-
xofamu. COrnacHO Ka3axCTaHCKOMY 3KONOTUYECKOMY
3aKOHOZATENbCTBY BbiNONHAETCA [Mporpamma npous-
BOZCTBEHHOrO 3KOMIOTMYECKOTO KOHTPONA, LENbio KO-
TOPOMN ABNAETCA KOHTPO/Ib 3@ IKONOTMYECKMM COCTOA-
HMEM MOYBbI, BOAbI, aTMOCHEPHOTO BO3AyXa Ha TEppH-
TOPUM NPEANPUATUA U B CAHUTAPHO-3aLLUTHOW 30HE,
KOHTPONb BbINOJIHEHUA HOPMATWUBOB, YCTAHOB/EH-
HbIX YNOJHOMOYEHHbIM OpPraHOM B 061acTU OXpaHbl
OKpy»Katowen cpeppl Pecnybamkm KasaxctaH. MoHu-
Mas OMaceHWA MeCTHOrO0 HaceNeHWA O NOCNeACTBUAX
PAAMALMOHHOMO BO3AENCTBMA Ha 3[0pPOBbE Yenose-
Ka, pykosoacteom npeanpuatma B 2020 n 2023 rogax
MHWULMMPOBAHbI KOMMIEKCHbIE SKONOTMYeCKne uccne-
[I0BaHMA Ha NPWUAEralowWmxX K pyaHUKaM TePPUTOPUAX
Ha yaaneHun oo 10 KM OT rpaHuL, NPeanpuaTUa U B
OAMKANWKMX HaceneHHbIX NyHKTax. O6cneso0BaHO 3KO-
NIOTMYECKOe COCTOAHME MOYB, NOA3EMHbIX M MUTbEBbIX

THE ENVIRONMENTAL RESPONSIBILITY
OF URANIUM MINING ACTIVITIES

Tokpanbetov M.B.}, Balabiev T.D.},
Permenev Y.G.2, Panova E.N.?,
Agapov 0.A.%, Bolshakova N.A.2
Kazatomprom-SaUran LLP,
2|nstitute of High Technologies LLP

In order to ensure environmental safety during
uranium mining activities, Kazatomprom-SaUran
LLP for the first time in 2020 and 2023 conducted
comprehensive environmental studies in the areas
surrounding the mines and in the nearest settle-
ments (Kyzemshek, Taukent, Kainar and Zhynys Ata),
and assessed environmental risks for the local po-
pulation. The two-year studies have not revealed
any impact of production activities outside the
subsoil use boundaries, the environmental situation
in the settlements is stable and corresponds to the
state of natural background.

INTRODUCTION

Kazatomprom-SaUran LLP (hereinafter — the en-
terprise) conducts natural uranium mining on the
territory of Suzak region of Turkestan province
of the Republic of Kazakhstan. The enterprise takes
responsibility for preservation of the natural en-
vironment in the region of its presence. The enter-
prise, as a radiation-hazardous site, strictly observes
the norms of industrial safety, radioactive waste ma-
nagement. According to the Kazakhstani environmen-
tal law, the Program of industrial environmental cont-
rol is implemented, the purpose of which is to
control the environmental condition of soil, water,
atmospheric air on the territory of the enterprise
and in the sanitary protective area, control of comp-
liance with the standards established by the autho-
rized agency in the field of environmental protection
of the Republic of Kazakhstan. Understanding
the concerns of the local population about the
consequences of radiation impact on human health,
the management of the enterprise in 2020 and 2023
initiated  comprehensive  environmental  studies
in the areas surrounding the mines at up to 10
kilometers from the boundaries of the enterprise
and in the nearest settlements. The environmental
condition of soils, ground and drinking water was
surveyed, and special attention was paid to assessing
the state of biodiversity as an indicator of the favo-
rable state of the natural environment.

AdepHoe obujecmeo KaszaxcmaHa
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BoZ, 0coboe BHUMaHME yAeNeHO OLEHKE COCTOAHUSA
BropasHoobpasna, Kak UHAMKaTOpa 61aronony4yHoro
COCTOSIHUA OKPYKaloLLEN NPUPOAHON Cpeapl.

OCHOBHAA YACTb

MecTHOe HaceneHve, NPOXMBatoLLEee B paloHe pac-
NONOXEHWUA NPEeANPUATUA, COCPEAOTOYEHO B OCHOBHOM
B HacesieHHbIX NyHKTax TaykeHT, KaiiHap, MbiHbic-ATa
(npepropHas ponuHa Kapatay) u B nocenke Kbizem-
wek (nyctbiva betnak [ana). Ha npuneratowmx K npea-
NPUATUIO TEPPUTOPUAX BbINACAETCA CKOT, BCE MECTHble

BOAHbIE MCTOYHUKM UCMONB3YHOTCA HaCENEHMEM B XO-
3AMCTBEHHO-ObITOBbIX uenax n ana soaonoA CKoTa.

MAIN PART

The local population living in the area of the enter-
prise location is mainly concentrated in the settle-
ments of Taukent, Kainar, Zhynys-Ata (Karatau foot-
hill valley) and Kyzemshek settlement (Betpak Dala
desert). Cattle graze on the territories surrounding
the enterprise, all local water sources are used by the
population for domestic purposes and for watering
cattle.

Environmental studies and results

Soil cover. The content of uranium mining marker
substances (pH, sulphates, radiation indicators) and

PucyHok 1 —0m6op npob nousel 8 . HMuiHbic-Ama / Figure 1 - Soil sampling in Zhynys-Ata village

JKonoz2uyecKue uccnedoeaHus u pesyabmamol

MouyBeHHbI NoKpoB. MpoBeseHbl UCCAEA0BaHNA CO-
[EPKaHNA  BELLEeCTB-MApKepoB ypaHon00bIBatoLLEN
peatenbHoctn (pH, cynbdaTtbl, pagMaLMOHHbIe MOKa-
3aTenu) u Apyrvx nokasaTtesnei 3KoNOrMYecKoro cocTo-
AHMA noys (Tabauua 1, pucyHok 1). Ha npuneratowmx
Tepputopuax B 2020 roay cpeaHue nokasatenn anbda-
1 beTa-akTUBHOCTM cocTaBunu 337 v 626 Bbr/Kr, B Hace-
NeHHbIX nyHKTax 400 1 610 BK/Kr — 4TO He npeBbillaeT
CaHUTapPHO-TUrMeHNYEeCKMX nokasateneit (1200 BK/Kr)
[1] wn cooTBeTcTBYET (HOHOBLIM MOKa3aTeENAM —
350 BK/Kr u 630 Bk/Kr. MoYBEHHO-PACTUTE/bHbINA MO-
KPOB Ha MPUAEralowwmX K pPygHUKAM TEPPUTOPUAX Ha-
pyWweH B OCHOBHOM HEPErNaMEHTUPOBAHHOW CETbHO
MONEBbIX AOPOT M BbIMACOM CKOTa.

other indicators of the environmental state of soils
were studied (Table 1, Figure 1). In the surrounding
territories in 2020, the average values of alpha and
beta activity were 337 and 626 Bqg/kg, in the set-
tlements 400 and 610 Bg/kg — which does not exceed
the sanitary and hygienic indicators (1200 Bq/kg)
[1] and corresponds to background indicators -
350 Bg/kg and 630 Bqg/kg. The soil and plant cover in
the territories surrounding the mines is mainly affec-
ted by the unregulated network of field roads and
cattle grazing.

Natural and drinking water. According to the re-
sults of studies in 2020 (Figures 2, 3) pH levels of na-
tural water were within natural values, water from
the surveyed wells has naturally high mineralization,
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MpupoaHble U nuTbeBble Boabl. o pesynbTaTam
nccnegosanuit 8 2020 rogy (pucyHkm 2, 3) ypoBHM pH
NPUPOAHON BOAbl HAXOAWAMCH B NPeaenax ecTecTBeH-
HbIX 3HAYeHWil, BoAa W3 06CNefOBaHHbLIX KOMOALEB
obnasaeT ectecTBEHHON MOBbILEHHOW MMHEpanu3a-
LMEN, KECTKOCTbIO, COAEPKaHMEM XI0PUAOB, anbda
n 6eTa-aKTUBHOCTbIO, U A/1A UCNONb30BaHWUA B NUTbE-
BbIX LEensx AO/KHA NPOXOAMTb A0M.BOAOMOATOTOBKY
(dunbTpaumio). B HaceNeHHbIX NYHKTaX XapaKTEPUCTUKM

¥ - - >

PucyHok 2 — Ombop npob npupooHoli 8006 U3 K0100Ud (palioH pyoOHUKa «YeaHac»)
/ Figure 2 - Sampling of natural water from a well (Uvanas mine area)

hardness, chloride content, alpha and beta activity, and
for use for drinking purposes should undergo additional
water treatment (filtration). In the settlements, the
characteristics of drinking water from centralized water
supply meet the drinking water quality standards. In
the region there is a problem of self-discharging wells
with increased level of radioactivity, which can be
caused by natural reasons of natural character. This
problem is subject to further study.

Tabnuua 1 - MepeyeHb onpegensembix napameTtpos B 06bektax OC / Table 1 - List of defined

parameters in OS objects
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PucyHok 3 — Om6op npob numeesoli 8006 U3 K0a100Ud (4acmHeili dom, c. KaliHap)
/ Figure 3 - Sampling of drinking water from a well (private house, Kainar village)

HUIO ¢ uccnegosaHmamum B 2020 rogy, 4To rOBOPUT O CTa-
OMNBHOM 3KONIOTMYECKOM COCTOSIHUM.

buopasHoobpasme. B cocTtaB npeanpusTMA BXOAAT
NATb PYAHWUKOB, PACMO/IOMKEHHbIX B Pa3HbIX MPUPOAHbIX
30HaX — PYAHVKM «BOCTOYHBIM MbIHRYAYK» M «YBaHAC»

kum» and «Southern Moyinkum» in the sandy massif
of Moyinkum. These territories have a rich species
diversity of flora and fauna (up to 80 species of
higher plants, 22 species of mammals, 268 species
of birds, 18 species of herpetofauna, including rare
and red-listed species (Figures 4-6). The diversity
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O6bekT OC . .
Ne . / MepeueHb onpegenaembix napamertpos / List of defined parameters
OS objects
pH, cynbdaTtbl, HATPATbI, CyMMapHana yaenbHas anbda-aKTMBHOCTb, CYMMapHas yae/bHan 6eTa-aKTmB-
HOCTb, M/IOTHbI OCTaTOK BOAHOM BbITAXKM noussbl, Al, As, Bi, Co, Cr, Cu, Fe, Mn, Ni, Pb, U, V, Zn, M3/,
1 Mousa / Soil (doH, mecTo 0T6Opa), NNOTHOCTL NOTOKA anbda-yactTuy, (GoH, mecto oTbopa), GMU3NKO-XMMUYECKME UC-

cneposaHua nous. / pH, sulfates, nitrates, total specific alpha activity, total specific beta activity, dense
residue of soil aqueous extract, Al, As, Bi, Co, Cr, Cu, Fe, Mn, Ni, Pb, U, V, Zn, MED (background, sampling
site), alpha particle flux density (background, sampling site), physico-chemical studies of soils.

PucyHok 4 — CmenHas azama (Trapelus sanguinolentus).
BcmpeveHa 8 palioHe pyOHUKG KaHxcy2aH.
/ Figure 4 - Steppe agama (Trapelus sanguinolentus).
Found near the Kanzhugan mine

PucyHok 5 — CpedHeazuamckas yepenaxa
(Testudo horsfieldii), sHeceHa e cnucok MCOI.
Bcmpeyera 8 palioHe pyOHUKaG KaHxcy2aH.

/ Figure 5 - The IUCN-listed Central Asian tortoise (Testudo

pH, cyxolt ocTaTok, rmapoKapboHaThbl, }KECTKOCTb 06Las, XJ10puabl, HATPaTbI, HUTPUTLI, pocdaTbl, Cym-
MapHas yaenbHasn anbha-akTMBHOCTb, CyMMapHas yaenbHas 6eta-aktmeHocTb, Ag, Al, As, Bi, Co, Cr, Cu,
2 | Bopa/Water | Fe, Mn, Ni, Pb, V, Zn, U / pH, dry residue, hydrocarbonates, total hardness, chlorides, nitrates, nitrites,
phosphates, total specific alpha activity, total specific beta activity, Ag, Al, As, Bi, Bi, Co, Cr, Cr, Cu, Fe,

Mn, Ni, Pb, V, Zn, U

MUTbEBOW BOAbI M3 LLEHTPAZIM30BaHHOMO BOAOCHADKe-
HMA COOTBETCTBYIOT HOPMATMBAaM KauyecTBa MUTbeBOM
BoZbl. B pernoHe cyuwiectsyet npobaema camonsnveato-
WMXCA CKBAXMH C MOBbIWEHHbIM YPOBHEM pPaaMmo-
aKTUBHOCTW, KOTOPbIN MOET ObITb Bbl3BaH E€CTECTBEH-
HbIMW NPUYMHAMM NPUPOAHOrO Xapaktepa. [aHHasa
npobaema NoANeXUT AaNbHENLLEMY U3YYEHUIO.
Pe3ynbTaThl UccnefoBaHMi noysbl M Boabl B 2023
rofly He BbIABWUAM 3HAYMMbIX U3MEHEHWI NO CpaBHe-

The results of the soil and water surveys in 2023
showed no significant changes from the surveys in
2020, indicating a stable environmental condition.

Biodiversity. The company includes five mines
located in different natural zones — the mines «Eastern
Mynkuduk» and «Uvanas» in the waterless mud
desert of Betpak Dala, the mine «Kanzhugan» in the
foothill valley of Karatau, the mines «Central Moyin-

AdepHoe obujecmeo KaszaxcmaHa

B 6€3BOAHOM IMMHUCTOM NycTbiHe betnak [dana, pyaHuK
«KaHXyraH» B npearopHoi gonvHe Kapatay, pyaHVKH
«LleHTpanbHbIt MoWbIHKYM» U «HOKHbIN MOMbIHKYM»
B MecYyaHom maccue MOMbIHKYMbI. 3T TEPPUTOPUM
“metoT boratoe BMA0BOE pazHoobpasune dnopbl 1 day-
Hbl (80 80-T BMAOB BbICLUMX PAaCTEHUIA, 22-X BULOB Mie-
KonuTatowmx, 268-mu Bnaos ntuu, 18-Tv BMAOB repne-
TOdayHbI, B TOM YMC/IE PELKME U KPACHOKHUKHbIE BUADI
(pucyHKM 4-6). PasHoobpasue opHUTODayHbI 06BACHA-

horsfieldii). Found in the Kanzhugan mine area.

of bird fauna is explained by its proximity to key
ornithological territories and migration routes of mig-
ratory birds. Preservation of biodiversity in the re-
gion of presence is a strategic goal of the enterprise
in accordance with the environmental legislation of
the RK, international conventions, and principles
of sustainable development (ESG). In order to assess
the state of biodiversity, a detailed geobotanical
description of the surveyed areas was carried out,
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eTCA COCEeACTBOM C K/OYEBbIMWU OPHWUTONOTMYECKMMM
TEPPUTOPUAMM U MYTAMU MUTPALLUM NEPENETHBIX NTHLL,
CoxpaHeHue b1Mopa3Hoobpa3na B pernoHe NPUCyTCTBMA
— CTpaTernyeckan Lenb NpeanpuaTMA B COOTBETCTBUM
C 3KON0rMYeCcKMm 3aKoHodaTenbcteom PK, mexayHa-
POAHLIMU KOHBEHLMAMM M NPUHLMNAMMU YCTONYUBOrO
pa3sutnA (ESG). B Lenax oueHKM cocToaHna buopasHo-
0bpasuna nposeseHO AeTanbHOe reoboTaHUYecKoe onu-
CaHWe uCcCneayemblX TEPPUTOPUIA, WUCCNeA0BaHMAMM
OXBayeHbl BCE OCHOBHbIE CE30HbI AKTUBHOCTU KUBOT-
HbIX — Ha4aN0 BECHbl, BECEHHE-NIETHUIN, NETHWUI U NeT-
He-0CeHHWI nepunoabl, HabAATCA 3HAYNMbIE MeCTa
obutaHua. Bosgeinctauna ypaHoaobbiBatoLwen aeatens-
HOCTU Ha BM/OBOW COCTaB MMBOTHbIX HE OTMEYEHO.
CaMOoBOCCTaHOBNEHME PACTUTENLHOMO NOKPOBA (3apac-
TaHWe [OPONKHOW KOo/Meu, NacTouLl) conpoBOXKAaETCS
NOABNEHUEM COPHBbIX, PYAEPaNbHbIX BUIOB.

BbIBOA

MpoBeaeHHble Ha Npuaeralowmx K pygHukam TOO
«Kazatomnpom-SaUran» TeppuTOpUAX [ABYXFOAMYHbIE
9KOMIOTMYECKNEe WUCCNEeL0BAHMA He BbIABUAM BO3AEN-
cTBMA ypaHomobbiBatowen geatensHoctn Ha OC. 3710
[LOCTUrAeTCA KaK 3KONOTMYHOCTbIO MEeToAa NOoA3eMHO-
rO CKBAXXMHHOIO BblILLENAYMBAHMA YPAHOBbIX PyA, TaK
¥ COBPEMEHHbIMM NOAXOAAaMM B 0becneyeHnn npoms-
BOZCTBEHHOW D€30MacHOCTM Ha NPeANPUATUAN, CTPOTUM
KOHTpONEeM 3a 0bpalleHneM C PaaMoOaKTUBHBIMK OTXO-
[aMU U UCNONHEHNEM NpeaeNbHO-A40NYCTUMbIX HOPMa-
TMBOB B034encTeua Ha OC. MpeanpuaTUEM TaKKe KOH-
Tponupyetca cocTosHne 06bekToB OC Ha NpUaeratoLLmx
K PyAHMKaM TEPPUTOPUAX U B BAIMMKANLINX HAaCENEHHDIX
nyHKTax. o pesynbTaTam ABYXroAaMyHOro obcnesosa-
Hua (2020, 2023 rr.) skonornyeckas obcTaHOBKa OCTa-
eTcA CTabunbHOM, PaAnaLLMOHHbIE NOKA3aTeNN COOTBET-
CTBYHOT POHOBOMY YPOBHIHO.

TOO «Kaszatomnpom-SaUran», npogonasa ypaHomo-
ObiBatoLLYtO AeATENBHOCTb, BYAET NPOBOAUTD AaNbHE-
LUMI 3KONOTUYECKMIA MOHUTOPUHT NPUAETAOLLMUX TEPPU-
TOPUM M HACeNEeHHbIX NYHKTOB, a TaKXKe NPefoCTaBAATb
3aMHTepeCcoBaHHbIM CTOPOHAM aKTYya/lbHYIO IKONOrnYe-
CKY0 MHPOpMaLMLO.

NUTEPATYPA

1. CanuTapHble npasuna «CaHWTapHO-3NMAEMUONOTU-
yeckune TpebOBaHMA K PafMaLLMOHHO-OMNACHbIM 06b-
ektam» (C3TPOO) Ne KP ICM-90 ot 25.08.2022 r.

PucyHok 6 — [He300 KypeaHHUKa (Buteo rufinus).
PatioH pydHuka BocmoyHsili MbiHKYOYK.
Figure 6 - Nest of a barrow marten (Buteo rufinus).
East Mynkuduk mine area.

the surveys covered all the main seasons of animal
activity — early spring, spring-summer, summer and
summer-autumn periods, significant habitats were
observed. No impact of uranium mining activities
on animal species composition was observed. Self-
regeneration of vegetation cover (overgrowth of road
ruts, pastures) is accompanied by the appearance of
weedy, ruderal species.

CONCLUSION

Two-year environmental studies conducted in the
areas surrounding the mines of Kazatomprom-SaUran
LLP have not revealed any impact of uranium mining
activities on the OS. This is achieved due to the eco-
friendly method of in situ leaching of uranium ores,
as well as modern approaches in ensuring industrial
safety at the enterprise, strict control over radioactive
waste management and fulfillment of maximum
permissible standards of impact on the OS. The en-
terprise also monitors the condition of environmen-
tal facilities of OS in the territories surrounding the
mines and in the nearest settlements. According to
the results of the two-year survey (2020, 2023), the
environmental situation remains stable, radiation indi-
cators correspond to the background level.

Kazatomprom-SaUran LLP, while continuing uranium
mining activities, will conduct further environmental
monitoring of surrounding areas and settlements, as
well as provide the relevant environmental informa-
tion to stakeholders.
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MyK-oneHb — Lucanus cervus
Yrposbl ana supa
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Omio8: HenerasbHbl COOP 3K3IEMMNAAPOB A5 KOMTEKLLUNA.
Mapazumel: HEKOTOPbIE NepPenoHYaTOKPbIIbIE Napasu-
TUPYIOT Ha IMYNHKAX PKYKa.

. - ey tabigat
KazakcmaHbiH Kbi3bin Kimabol = L ’ medi’ag
KpacHasa kHuea KazaxcmaHa = D ‘.

The Red List of Kazakhstan ' i =

ACBK



CKAYAN HABEAU U3YYAU CTAHLIUIO 3AMYCKAM U CMOTPU
NPUNOXKEHUE HA PUCYHOK CO BCEX CTOPOH CUEHAPUHU

MYATOM.RU/AR | TAK)E, Bbl MOXETE HAVTI TPUMOXKEHVE B APP STORE 1 GOOGLE PLAY 110 3ATIPOCY “A3C HA NIALIOHA" | PASPABOTAHO B PWRG.RU




