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Bausaue obisyuenus TsaxkeabiMu mouaMu Ni 124 ga paaualiimoHHOe
nedekToobpaszoBanne B Kepamukax BeO'!

AwunoTarnus: B pmamnoit pabore mpuBeleHBbI PE3YJIbLTATHI UCCJIEIOBAHUS  IIPOIECCOB
obpazoBaHus U Pa3BUTUA PAAUAIMOHHLIX 1e(EeKTOB B MaTepuajax Ha OCHOBE OKCHIA
Gepuimist 1oJ, BozfeiicTBueM obsyuennst moHamu Ni'?t ¢ menblo m3yueHms BO3MOXKHOCTH
IIPUMEHEHUsI UX B Ka4eCTBe KOHCTPYKIIMOHHBIX MaTEPUAJIOB SIJIEPHBIX yCTaHOBOK. OOJydeHme
nposogmitock Ha yckoputesne [II-60 momamm Nil'?T ¢ smeprumeit 100 MsB u duoencom
obsyuenns 10 13-1014 I/IOH/CMQ. Iloxazano, 4To mpM MajJbIX 3HadeHUdX QIIIOeHca
obJiyuenust, Ijisi KOTOPBIX XapaKTepHO 0Opa30BaHUE OIUHOYHBLIX JePEKTOB B CTPYKTYpE,
BeJIMUMHA TIapaMeTpa KPUCTAJJIMIECKON PEIIeTKH W3MEHSeTCsl He3HAUYUTEJbHO. Y BeJudeHre
bimoenca nonos Nil?t  ofycioBiuBaer peskoe HM3MeHEHHE 3HAYEHHH IIAPAMETPA DEHIeTKH
U CPEIHEKBAJIPATUIHOTO CMEIEHUsT ATOMOB W3 y3JI0B PEIIeTKH, BBI3BAHHOE 3HAYUTEIbHBIM
yYBEJINUEHNEM KOHIIEHTPAIUU HUCKAYKEHWl B CTPYKType. YCTAHOBJIEH SKCIIOHEHIMAJIbHBIN
XapakTep U3MEHEHWs BEJIMUYUHBI CPEIHEKBAJIPATUIHBIX CMEIIEHUN aTOMOB, YTO OObSICHSIETCS
obpaszoBanmeM obJacTeil mepekpbiBanus JedekTos npu dimoence obaydenus 1014 mom/cm?
C TOCJEJYIOIMUM BO3HUKHOBECHHEM B KPHUCTAJUIMIECKONH CTPYKTYypPe OTPOMHOIO KOJIMYECTBA
MUTPUPYIONUX 1eDEKTOB, UHIYIUPYIOININX UCKAXKeHUE 1 J1eDOPMAIUIO CTPYKTYPbI BCJIEJCTBHUE
pa3pbiBa XUMUIECKUX CBs3el.

KuroueBbie cjioBa: MOHBI HUKE/IsI, TOHU3UPYIOIIEE U3/IyIeHne, paIualinoHHbIe 1epeKThl, OKCUI,
OepuyLns, KPUCTAJLINIECKAsT CTPYKTypa, (DJIIOCHC, YCKOPUTEIb.

DOLI: https://doi.org/10.32523/2616-68-36-2019-128-3-107-112
BBenenue. Bricokasd paamanuoHHasg W XUMHUYECKas CTOMKOCTh K BO3JEHCTBUIO Pa3INIHBIX
TUIMIOB NOHU3UPYIONIETO U3y I€HUs sIBIISIETCS OJTHIM U3 BaXKHEHITNX TapaMeTPOB MPUMEHUMOCTH
KOHCTPYKIIMOHHBIX ~MAaTE€pPUAJIOB B sJIEPHOI HpOMbIILIeHHOCTH. Haunbosibiuit  BKJaJ B
U3MeHeHNe CTPYKTYPHBIX, MPOYHOCTHBIX W TEILIOMPOBOASIINX CBONCTB MaTepHAJIOB B MIPOIECCE
SKCILIyaTaIllUd BHOCAT IOTOKU HEHTPOHOB, IIPUBOJAIINE K 3HAYUTEIbHOMY YXV/IIEHUIO (DU3UKO-
XUMHUYECKIX XapaKTepucTuk MarepuasnoB |1, 2|. B smeprom peakrtope HabOp 10361 OOsICe
1011 -101* meitTpomn/cm? TpebyeT ITHTEIHLHOTO BPEMeHH SKCIOZHINHI, TIPH 3TOM B Pe3ysbTare
B3aUMOJIECTBUS C HEHTPOHAMU MaTepuajbl CTAHOBATCH PAJMOAKTHUBHBIMU U TPeOyIOT
OOJIBIIOTO BPEMEHM BBIJIEPXKKH, YTO CYIIECTBEHHO OCJIOXKHSET HU3ydeHHe BO3HUKAIOINIMX IIPU
06JIyYeHIN PAIMAIMOHHBIX J1eeKTOB U UX HOCIeAyIonlyto Bosonuio [3]. Masast mocTynHOCTS
WCCJIEIOBATEIBCKAX PEAaKTOPOB WM BBICOKHII YPOBEHB OCTATOYHON paanuaIliy Jajii MOIIHBIHA
TOJMOK B HUCIOJIB30BAHUU YCKOPUTEJEH TIKEJbIX HOHOB JiIsi MojejnpoBanus 3bdekTon
obJiydenust HefiTpoHAMU U HAOJIOMEHUS JUHAMUKHA W3MEHEHUsl (PU3UKO-XUMUIECKUX CBOMCTB
MaTepuayioB. Takum o00pa3oM, OOJIyUeHHEe TSKEeJILIMA HOHAMHU IIPUBOAUT K CTPYKTYPHBIM
MOIU(MUKAIMAM UCC/IEAYEMbIX MATEPHUAJIOB BC/IEACTBHE 00pa30BaHUs KACKATHBIX Te(PEKTOB U
HocJIe Iy omeil GbICTPOl JIMCCUIIAIINY SHEPIUHU B IPUIIOBEPXHOCTHBIX 00JacTsx [4, 5.
Bnaromapst  BbICOKOII — paaualinOHHOI, XUMUYECKOI, KOPPO3UOHHONM  CTOMKOCTH U
TEIJIOIPOBOTHOCTH, & TaKyKe MAJOMy 3HAUYEHWIO CEYEHMS IOTJIOMIEHUS TEIJIOBBIX HENTPOHOB,
KepaMuKu Ha ocHoBe okcuja Gepuiums (BeO) obsagaror GOJIBIINM HOTEHIMATIOM IPUMEHEHHSI

Ipagora Bemonsena B pamkax rpanta UPH NeAP05133476, dbunancupyemoro MOH PK.
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B Ka4yecTBE KOHCTPYKIIMOHHBIX MAaTE€PUAJIOB ATOMHOM U $JIEPHO¥ MPOMBIILIEHHOCTH. Kpome
TOrO, B BBICOKOTEMIIEPATYPHBIX SJIEPHBIX peakTopax kepamuku BeO MPUMEHSIOTCS B KAdeCTBe
3aMeIuTesell U oTpazkareseil HeiiTpoHos [6-8].

B crarpe npemcraBieHbl pe3ybTaThl UCCACIOBAHUS BJIUSHASA OOJIyUEHUsT TSIPKEJIBIMUA HOHAMU
Ni'2* ¢ smeprueit 100 MsB na cpoiicrsa xepamuk BeO. Hacrosinmee nccieioBanne sBjseTcs
9aCcThbIO IUKJIa PaboOT, MOCBSIIEHHLIX W3YYEHWIO BJIUAHUS WOHU3UPYIOIIETO WU3JIyIeHUsT Ha
CTPYKTYPHBIE CBOWCTBa KOHCTPYKIIMOHHBIX MAaTEpPHAJIOB, IIPOBOIUMBIX Ha 6a3e yCKOPHUTEJId
rskesbix noHoB JI1-60 Acranunckoro dusimana NMucruryra snepuoii dbusuku MD PK [9, 10].
DKcrmepuMeHTaJIbHAas 4acTh. Wcxonmbie 0bpasIThI IpeACTaBJISIIN coboit
MOJIMKPUCTAJITIIECKUE CTPYKTYPHI Ha ocHoBe BeO Tommumoit 15 MmxMm. O6Iydenne mpoBoInIOCh
Ha ycKopuTese Tszkeabix nmonos JI1-60 momamu Nil'?T ¢ smeprmeit 100 MsB u duroencom
1013-10™ wmomn/cm? | uro coorBeTcTBYeT hopMEpoBaHHIO 06TACTell MepeKphIBaHus TeheKTOB
IpU B3aMMOJEHCTBUN HAJIETAIONINX HOHOB C KPUCTA/LUIMIECKON CTpPyKTypoit. MakcumasibHas
sunHa 1pobera nonos Ni 2T B obpasmax pasna 12.7 £ 0.5 MKM.

MCCHe,ZLOBa.HI/Ie JNHAMUKHN N3MEHEHU A CTPYKTYPHBIX CBOICTB n OCHOBHBIX
KpUCTaJUIOrpadpuIecKnx XapaKTepPUCTUK [0 U I0CJe OOJIyUeHUs ITPOBOJUIOCH METOIO0M
PEHTTeHOCTPYKTYpHOro aHajau3a Ha judpakromerpe D8 ADVANCE ECO (Bruker, 'epmanust)
¢ ucnosibzoBanuem uziaydeans CulK « . st unenrudukanum a3 u u3ydeHusr KpUCTAIITIECKON
CTPYKTYPBI KCIIOJIb30BaJIoch mporpaMmuoe obecrnedenne Bruker AXS DIFFRAC.EVA v.4.2 u
MexKIyHapoaHas b6as3a ganabix ICDD PDF-2.

PesynbpraTrbl m o0bcyxkmeHme. Yiupyrue u HEYIPYTrue CTOJKHOBEHUsI HAJIETAIONIUX WOHOB
C aToMaMM KPHUCTAJUIMIECKOUW PEIIeTKH CO3Jal0T B CTPYKTYpe OOJBIIYI0 KOHIEHTPAIUIO
[EPBUYHBIX JE(DEKTOB, KOTOPBIE, MUIPUPYS [0 CTPYKType, CIOCOOHBI BBI3BATH 0Dpa3oBaHUE
JIOKAJIbHBIX 00JiacTeil HEpABHOBECHBIX Je(PEKTOB U aMOPMHONOM00HbIX BKJIOUYeHU. OqHUM U3
HanboJiee PACIPOCTPAHEHHBIX METOJOB OIEHKU MOIUMPUKAINYA KPUCTAJINIECKON CTPYKTYPBI
BCJIEJICTBUE BHEIHUX BO3JEHCTBUN SIBJISETCS PEHTIEHOCTPYKTYPHBIA aHAJN3, ITO3BOJISIONINN
C BBICOKOH CTEIeHbI0O TOYHOCTH OIEHUTh KaK HW3MEHEHHs CTPYKTYPHBIX XapaKTEPHUCTHUK,
TaK W JUHAMHUKY HU3MEHEHUsS WCKAaXXeHUl u J1epOpMAIMU KPUCTAINIECKON PEIIeTKH BO
Bpemsi obusryuenusi. Ha pucynke 1 npuBesieHbI MOJTydeHHBIE PEHTTEHOBCKUE TU(MPAKTOTPAMMBI
uccaenyeMbix kepamuk BeO 710 u mocje o0y deHus.
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PucyHok 1 — Penrrenosckue naudpakrorpamMmmbl kKepamuk BeO 110 u nociie obirydeHust

Ucxonst W3 TOJNYYEHHBIX — JAHHBIX, UCXOOHBIN ~ obpa3zerr  mpencTtaBiser  coboit
[MOJIUKPUCTAJINIECKYIO CTPYKTYPY C PEIIEeTKON IeKCAroOHAJLHOIO0 THIIA M IapaMeTpaMu
pemerkn a = 2.671 A, ¢ = 4.332 A. PeHTreHOCTPYKTYpHBI aHaJIM3 MCXOIHOIO obpasia

MOKA3bIBAET HAJIMIME TPEX HAMOO0JIee NHTEHCUBHBIX JUMPAKIIMOHHBIX MAKCUMYMOB C UHJIEKCAMU
Mutepa (100), (002) u (101), cBUIETENIbCTBYIOMUX O HAJTMYUY TPEX BbIJIEJIECHHBIX HAIIPABJICHUIT
bopMupoBanuUs TEKCTYPDI, BIOJb KOTOPBIX MPOUCXOAUT (hOPMUPOBAHUE KPUCTAJLIATOR.
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Anammsz  obmydeHHBIX 00pas3noB Be(O mokasbiBaeT pe3Koe W3MEHEHWE WHTEHCUBHOCTH W
dopMbl TUPAKITUOHHBIX MAKCUMYyMOB, 9TO B CBOIO OYepe/ib YKa3bIBA€T HA BO3HHUKHOBEHUE
JIOIIOJIHUTEIbHBIX MUKPOHAIPS2KEHUN U J1e(PeKTOB B CTPYKTYPE IO, BO3/IEUCTBUEM OOy YeHUSI.
B pesynbrare yBesmdenust 1036l 00IyUeHUs MOSABISAETCH aCUMMETpUs NUMPAKIIMOHHBIX ITHKOB,
KOTOPYIO MOXKHO OODBSICHUTH 00pa3oBaHueM o0JacTell pasylopsiIOYeHHOCTH B CTPYKType U
yBeJINYEHNEM BKJIaJ[a OT HAIPS2KEHUN U WMCKAXKEHUU KPUCTAJUIMYECKOU pereTku. Peskoe
yBeJINUYeHNEe MUKPOUCKAXKEHUN B KPUCTAJIUYECKOH CTPYKType Mpu OoJibiux (JIroeHcax
obsiydyeHust OOYCJIOBJIEHO W3MEHEHNEM MeXKIIJIOCKOCTHBIX PACCTOSHUI, CMEIeHNeM AaTOMOB
U3 y3JI0B PENIeTKH, a TaKKe yBeJIUYeHHEM KOHIeHTparuu JeeKTOB B DPEIIeTKe BCJIEJCTBUE
BO3HUKHOBEHWsT MEPEKPLIBAIONINKCS 00gacTelt KacKa HbIX JederToB. OOaydeHne TaxKeTbIMA
nonamu ¢ suHeprmeit > 100 M»sB mpuBomur K mepemade B KPUCTAINIECKYIO CTPYKTYPY
OI'POMHOT'O KOJINYECTBA SHEPIUU, OJIHAKO TOJBKO YACTh KMHETHUYECKOH SHEPIUH HAJIETAIOIINX
9aCTUIl W I[EPBUYHO BBIOMTHLIX AaTOMOB pAaCCEeHMBAETCs B BUJE IMOTEHIMAJBHON 3SHEPIrUu
CMEIIEHHBIX ATOMOB. DBOJIbIasi YacTh SHEPIUU COXPAHSIETCS B BUJE SHEPIUU BO30YKICHUSI
u TpanchOpMUPYETCS B TEILUIOBYIO, HM3-3a €YE€ro B CTPYKTYPE BO3HHUKAET yJapHas BOJIHA,
YHOCHIAs 9aCTh MEXKJIOy3eJbHBIX aTOMOB U3 00JAaCTU KackaJa, o0pa3ysi TeM caMbiM 00JIacTH
C TMOHMKEHHON aTOMHOHN IJIOTHOCTBIO ¢ (hOpMHUPOBAHUEM 00JIACTell PA3yIOPSII0ICHHOCTH WJIN
amopdubix Britoudenuii [11, 12]. Cmemenne makcumyma AudpakIMOHHON JIMHUM B 00JIACTH
MaJIbIX YIJIOB CBUJIETEJLCTBYET OO0 YBEJIMYCHUU MEXKIIJIOCKOCTHBIX PACCTOSHUM, KOTOpPOe
00yCJIOBJIEHO MUTpAIlell U BHEJIPEHUEM BBIOUTBHIX U3 Y3JIOB PEIIETKH aTOMOB B MEXKIOY3JIUe,
a TaKKe yBeJIMYeHUEM KOHIEHTPAINHU Je(DeKTOB U JIOKAJIbHBIX 00JacTeil pa3ynopsiI0UeHHOCTH
B cTpyKType. V3menenune dopMbl IudPaAKIIUOHHON JIMHUM MOXKET OBITb CJIEJICTBUEM JBYX
dakTopoB: pazmepHOro 3hdeKTa U UCKaXKeHWit u jgedopMalnii KPUCTAJJIMIECKON PEeeTKn
[13]. Ananus dopmbl u mupuHbl AudpPaKIUOHHBIX JUHU MeTogoM BusbsiMca-Xouia nmokasad,
9TO JJIst O0JIy9IEeHHBIX 00pa3ioB oba (hpaKTopa UMEIT PABHOBEPOSTHOCTHBIN XapaKTep BJIMSHUS
Ha U3MEHEHUE CTPYKTYPHBIX CBOMCTB.

OpauM U3 crocoboB OIEHKHU JieOpMAIUil U MCKAXKEHUN KPHUCTAJINIECKON CTPYKTYpPBI B
pe3yJibraTe BHEIIHUX BO3JEHCTBUI sIBJISETCST METOJI, IIPU KOTOPOM HU3MEPSIOTCH H3MEHEHUS
rnapaMerpa KPUCTAJIMIECKON PEIIeTKU W BEJIMYUHBI CPETHEKBAIPATUIHBIX CMEIIEHUNH ATOMOB
u3 y3y0B pemterku. OTeHKa BEJUYUHBI CMEIIEHUI TPOBOJIUTCS IIyTeM H3MEPEHHs OTHOIICHUM
JIByX Hambojiee MHTEHCUBHBIX JIMHUI OJIHOTO U TOrO Ke 0obpasiia [0 U Iocje ODJIydeHUus u
paccauTbiBaeTcs 1o (gopmyJie:

I
U? = 3d%1 K 1) <1> ] 7
o I irradiated Iy initial . Ar? [(h% + k% + l%) - (h% + k% + l%)]

e a — mapamerp Kpucrtasuindeckoit pemerku, (I1/12)initiat s (11/12)irradiated — OTHOIICHEE
WHTEHCUBHOCTEH MuPAKIMOHHBIX JIMHWI [0 U 1ocjae OOJIydeHHWsI COOTBeTCTBeHHO. Ha
pPHCYHKe 2 MOKa3aHbl TpadUKN 3aBHCHMOCTH IapaMeTpa KPHUCTAJINIeCKON perneTku (a) u
CPeJIHEKBAJIPATUYHOM BEJMYUHBI CMeIleHnil aToMoB u3 y370B pemerku (6) or duroenca
obJIyaeHmsI.

Veesmuenne dumoenca nonos Ni 2T obyciosiuBaer peskoe H3MeHeHHe 3HAYEHUI MapaMeTpa
pemieTku 1 CpeJHEKBaJIPaTUIHOI'O CMEIIEeHud aTOMOB U3 Y3JI0OB pPEIIETKH, BbISBAHHOE
SHaYUTE/IbHBIM YBEJIMYECHNEM KOHIECHTPAIINN NCKaXKeHuii B CTPYKTYDE€. CMeH.[eHI/Ie AaTOMOB II0CJIe
10713 ¢B CTPYKTYPE IIPEKPAIlaeTCsd, U CTapTyeT aTepMUYecKasl IIePEeCTPOrKa UJId CIIOHTAHHAsI
peKOM6I/IHaL[I/ISI, He CBdA3aHHad C TEIIJIOBbIMU BO36y)K,H‘eHI/IHMI/I aTOMOB. Bpel\lﬂ JKU3HU CIIOHTAHHOI
PEKOMOUWHAIINHN, B Pe3y/JbTaTe KOTOPOTO IMPOUCXOAUT AHHUTUIAIUS OJIU3JICKAINX 1e(DEKTOB
mwin pekoMOuHanust J1epeKTOB OJHOIO THIA C IOCJEAYIONUM 00pa3soBaHHEM KOMILIEKCOB
BAKAHCUOHHOIO WJIM MexKjoy3esabHoro tunos, pasuo 10! ¢, B ciywsae obpasobanusi B
CcTpyKType objiacreil IepekpbiBaHUs HTeDEKTOB, XapaKTEpHBIX st (DJIFOEHCOB O0JIydeHMsT
5x1013 — 10 I/IOH/CMQ, poriecchl 0Opa30BaHUsI W HAKOIIEHUsT J1ePEKTOB IPeodsIagaroT
HaJI [POIECCAME UX CIOHTAHHOW PEKOMOWHAIINN W AHHUTWJISIIIUU, 9TO IPUBOJIUT K M3MEHEHUIO
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FIGURE 2 — JIluHaMMKa M3MEHEHHMsI IapaMeTpa KPUCTAJUINYECKOi pemeTkn (a) ¥ BeJIMUNHbL CPEAHEKBAIPATUIHBIX
cMmemenuit aromos (6) B nponecce 061y Yenust

IJIOTHOCTH W CTeleHN coBepieHcTBa Kepamuku [14]. IlinorHocTh wmCciemyeMoil KepamMuku
pacauThIBAIACH 10 (hopMyJIe:

1.6602> AZ
p= v,
0

rne Vy — obObeMm 3jieMeHTapHON ddeiiku, Z — UYUCJIO0 aTOMOB B KPUCTAJLIMYECKON sveiike,
A — aromublil Bec. V3MmeHeHme mapamMeTpa KPHUCTAJJIMYECKON PEIIETKH IO, BO3JEHCTBHEM
00JIyYeHNsT IPUBOIUT K U3MEHEHUIO 00'beMa 3JIEMEHTAPHON STUefiKU U, COOTBETCTBEHHO, CTEIIEHU
coBepiiieHCTBa pereTku. Ha pucynke 3 mpejcraBiieHbl IpadUKu 3aBUCHAMOCTH IIJIOTHOCTA U
CTEIEeHU COBEPIIEHCTBA KPUCTAJIINIECKON CTPYKTYPhI KepaMuku BeO or 10361 00/IydeHus.
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FIGURE 3 — 3aBUCUMOCTD IIJIOTHOCTH M CTENEHU COBEpIIEHCTBa KpHCTaJIHI/I‘{eCKOﬁ CTPYKTYpPBI OT d)moeHca O6JIy‘{eHI/IH

VMeHbilieHre IUIOTHOCTH U TOsBJEHUE OOJBINIOTO YHUCIa Oo0JiacTell Pas3ynopsiIOYeHHOCTH B

CTPYKType SBJISIOTCS NPUYNHON CHUXKEHUSI TBEPJIOCTH, CTPECCOYCTOMYUBOCTU, PaIUMAITMOHHON

U XUMHUYECKON CTOMKOCTH HCCJIeIyeMbIX 00pa3roB. Pe3koe yMeHbIIeHWe IJIOTHOCTH KEePaMUK

BeO cBsizano ¢ ¢opmupoBanueM B CTPYKType OOJIBINON KOHIEHTPAIIMH TOYEUHBIX JIe(PEKTOB,
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MUTPUPYIONIUX B CTPYKTyPE U HMPUBOISIINX K PA3PhIBY XUMUUIECKUX CBS3€H U MOCJIETYIOIEMY
BBIOMBAHUIO aTOMOB M3 y3JI0B PEIIETKH.

Saknouenue. B jannoii pabore IpUBENEHBI PE3YJILTATHI UCCJIEJIOBAHUS — IPOIECCOB
obpazoBaHUs ¥ PA3BUTUS PAJUAIMOHHBIX Je(EKTOB B MaTepHajiaXx Ha OCHOBE OKCHJA
GepmLtnsa 110J] Bo3jeiicTBieM obuydenns momamu Nil'?T . BpiGop HOHOB HEKess ¢ SHeprueif
100 M»sB o0yciioBjieH BO3MOXKHOCTBIO MOJIEJIUPOBATEL BO3JEHCTBHE W3JIydeHUS Ha T[VIyOUHY
[IPUTIOBEPXHOCTHOTO  cjiosi  Oostee  10-12 MKM u  co3/aBaTh pPaJMaIMOHHbIE J1ePEKThI,
KOTOpbIE CPAaBHUMBI C HEHTPOHHBIM BO3JEHCTBHEM Ha MaTepHaJ. PeHTreHOCTPYKTYPHbIH
aHaJu3 YCTAHOBUJI SKCIOHEHIIMAJIbHBIN XapaKTep U3MEHEHUS BeJMYMHBbI CPEHEKBAIPATHIHBIX
CMEITEHNII aTOMOB M3 Y3JIOB PENIeTKH, OKA3bIBAIOIINI 3HAYUTE]bHOE BJIMSAHUE HA HCKAYKEHUE
u JieOpMAIII0 KPUCTAJINIECKONH CTPYKTYPBI B ciyuae oO0pa3oBaHus 00JacTeill epeKPhIBAHMS
nedexkToB mpu 6oabmmX BIoeHcax 00y IeHHs.
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Ni 12+ aypip nongapmen caynenenaipyain BeO kepaMukana akayapablH KaJbIITACybIHA acepi

Apparna: By »KyMmbiCTa siIPOJIBIK, KOHIABIPFBLIAPABIH KYPBUIBIM/IBIK MaTepuaJiap peTiHje naijanaHy MyMKIiHIIriH
seprrey MakcarsiHga Nil2t  pompaymbr coymeseny ocepiHeH Gepmiuimii OKCHIIHIH HerisiHze MaTepHasIapIarbl
paauanusIbIK, aKay/IapAblH KaJbIITaCThIPy 2KoHE JaMmy YZAepiciH 3eprrey HoTuKesepi Kesripisren. CoysesieHy ylepici
sueprusicel 100 MsB skome dmoencer 10 13 -10 14 I/IOH/CM2 Ni 12+ ponpap apxsuist DC-60 yaerkimre eoTkisimii.
Kypbuibivziarel GipbIHFail akaysiapAblH I[aiiga OOybIMEH CHIATTAJIATHIH COYJIeJIeHY (DJIFOEHCTIH INarblH MOHIEPI YIIiH
KPHCTaJIBIK, TOP/BIH mapaMerpi mamasst esrepemi. Ni 12t mommapaes dbiroenci yiaraiTysl KypeUIbIMIAFET GypMasayiap
KOHIICHTPANUACHIHBIH eJIeyJIl ocyiHe 0ailIaHbICTBI TOP IIapaMeTPiHiH »KoHe TOp TYHiHIHEH aTOMIAPAbIH OpTalla KBaJPATTHIK
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BIFBICYBIHBIH, KYPT ©3repyiH KamMTaMacbl3 eTeli. ATOMIApAbIH OpTallla KBaJIPATTHIK BIFBICYbl ©3rePYIiH SKCIOHEHTAJIBIK,
CUIaTHl aHBIKTAIABL. ByHBI, coymemeny dumoenci 10 14 I/IOH/CM2 boslaThIH Ke3ze, KabaTrracaThblH akayjaap ayMaKTapbl
KAJIBIITACY bl aPKbLIbI TYCiHAIpeal. XUMUSIbIK OaillaHbIcTap/ibl Oy3y cajiiapblHaH KPUCTAJIIBIK, KYPbLIBICTAFbl OypMaJIay ibl
2KoHe JedOpMAaIMsHbBI TYABIPATBIH KOIITEreH OTIIEN aKaylap KaJbIITaCThIPAIbI.
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The effect of Ni 2t heavy ion irradiation on radiation defect formation in BeO ceramics

Abstract: Given paper presents study results of radiation defect formation and development processes in materials based
on beryllium oxide under Ni12t jon irradiation in order to study the possibility of using them as structural materials
for nuclear facilities. The irradiation was carried out at the DC-60 accelerator by Ni 2% ions with an energy of 100 MeV
and irradiation fluence of 10 13 -10 14 ions/cm 2 . Tt is shown that for small irradiation fluences, which are characterized by
single defect formation in the structure, the value of crystal lattice parameter varies slightly. An increase in fluence of Ni 12+
ions determines a sharp change in values of lattice parameter and root-mean-square (rms) atomic displacement from lattice
sites, caused by a significant increase in concentration of distortions in the structure. An exponential character of changes
in the rms atomic displacements is established, which is explained by formation of defect overlap areas at irradiation fluence
of 10 ' ions/cm 2 with following appearance in crystal structure of a huge number of migrating defects inducing distortion
and deformation of the structure due to chemical bonds breakage.

Keywords: nickel ions, ionizing radiation, radiation defects, beryllium oxide, crystal structure, fluence, accelerator.
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journal. Deviation from the established rules delays the publication of the article.

1.Purpose of the journal. Publication of carefully selected original scientific.

2. The scientific publication office accepts the article (in electronic and printed, signed by the author) in Tex- and Pdf-

files, prepared in the LaTeX publishing system with mandatory use of the original style log file. The style log file can be

downloaded from the journal website bulphysast.enu.kz. And you also need to provide the cover letter of the author(s).

Language of publications: Kazakh, Russian, English.

3.Submission of articles to the scientific publication office means the authors’ consent to the right of

the Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-

publication of it in any foreign language. Submitting the text of the work for publication in the journal, the

author guarantees the correctness of all information about himself, the lack of plagiarism and other forms

of improper borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams,

illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put the

same icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a big formulas, the article title should not repeat in the content, it should

not contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article -

introduction/ problem statement/ goals/ history, research methods, results /discussion, conclusion).

Key words (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the

article, as well as terms that define the subject area and include other important concepts that make it easier and more

convenient to find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,

results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by

an inscription. Figures should be clear, clean, not scanned.

Tables are included directly in the text of the article; it must be numbered and accompanied by a reference to them in

the text of the article. Figures, graphics should be presented in one of the standard formats: PS, PDF, TIFF, GIF, JPEG,

BMP, PCX. Bitmaps should be presented with a resolution of 600 dpi. All details must be clearly shown in the figures.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the

text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

6. The list of literature should contain only those sources (numbered in the order of quoting or in the order of the English

alphabet), which are referenced in the text of the article. References to unpublished issues, the results of which are used

in evidence, are not allowed. Authors are recommended to exclude the reference to pages when referring to the links

and guided by the following template: chapter number, section number, paragraph number, theorem number (lemmas,

statements, remarks to the theorem, etc.), number of the formula. For example, "..., see [3, § 7, Lemma 6]"; "..., see [2], a
remark to Theorem 5". Otherwise, incorrect references may appear when preparing an English version of the article.
Template

1 Bopouun C. M., Kapany6a A. A. [Izera-byuknua Pumana. -M: ®usmariur, -1994, -376 crp.-book

2 Bausos E. A., Cuxos M. B., Temuprasues H. O6 obiieMm ajaropurme UuCI€HHOIO MHTETPUPOBAHUS (DYHKIMH MHOIHX
nepemenHblx // 2KypHas BbIMUCIATEIBHON MaTeMaTHKU M MareMaTudeckoil dusuku -2014. -T.54. Ne 7. -C. 1059-1077. -
journal article

3 KybGaupbimesa A.2K., Abukenosa I1I. O mHopmax mpousBOAHBIX (DYHKIUN C HYJIEBLIMU 3HAYCHUAMH 33JIaHHOTO HabOpa
JINHEAHBIX (DYHKIMOHAJIOB U MX HPHMEHEHHs K IIOIEPEYHUKOBBIM 3aja4daM // PyHKIMOHAJIBHBIE IPOCTPAHCTBA U TEOPUS
npubsmkenus: Gyuknuit: Te3ucel 1okaam0B MexKyHapoHON KOoHdepeHInn, NOCBAEeHHON 110-71eTuio co JHsI POXKIEHUST
akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. - Mocksa, 2015. -C.141-142. - - Conferences proceedings

4 Hyprasuna K. Peinaps maremaruku u uadopmaruku. -Acrana: Kas.nmpasaa, 2017. 19 anpess. -C.7. newspaper articles
5 Koipo B.A., Muxaitmuuenko I'I. AnajmurTudeckuii MeToJ| BJIOXKEHMsI CHMILIEKTHYecKoi reomerpuu // Cubupckue
SJIEKTPOHHBIE MareMaTudeckue wusBectus -2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenus: 08.01.2017). - Internet resources

7. At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages
(if the article is English language). Then a combination of the English-language and transliterated parts of the references
list and information about authors (scientific degree, office address, telephone, e-mail - in Kazakh, Russian and English) is
given.

8. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the
article within three days. Articles that receive a negative review for a second review are not accepted. Corrected versions
of articles and the author’s response to the reviewer are sent to the editorial office. Articles that have positive reviews are
submitted to the editorial boards of the journal for discussion and approval for publication.
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9. Payment. Authors who have received a positive conclusion for publication should make payment on the following
requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):

PexBusursr:

1(PI'II IIXB "Espasuiickuii Hanponaibublii yausepcurer umenu JI.H. I'ymunesa MOH PK

AO "Bauxk IlearpKpenutr"

BUK 6anka: KCJBKZKX

NUK: KZ978562203105747338

K6e 16

Knu 859- 3a crareio

2)PI'II IIXB "Espasuiickuii nanmonanbubtii yausepcurer umenu JI.H. T'ymunesa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

Ko6e 16

Kmu 859 - 3a crarbio

3)PT'II IIXB "Espasuiickuii Hargmonanbublii yausepcurer umenn JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

K6e 16

Knu 859 - 3a crareio
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BUK Banka: HSBKKZKX
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Kun 859.
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ITonoxkeHue O PYKOIUCSAX, MIPEACTABJIsSIEeMbIX B >XKypHai «BecrHuk EBpasumiickoro HanmoHaJIbHOTO
yHusepcurera numenu JI.H.I'ymunesa. Cepusi: @usuka. AcCTpoOHOMUsI»

Pedaxyusn olcyprana npocum agmopos 03HAKOMUMBCA C NPABUAGMU U NPUOEPHCUBAMBCA UL NPU Mod20moske pabom,
HAMPABAAEMBLT 8 dHCYPHAA. OMKAOHEHUE OM YCTNAHOBAEHHBIT NPABUA 360ePIAHCUBAEM NYOAUKAUUIO CMAMDU.
1. IHens >xypHasa. [lybinukanus TIiaTeJbHO OTOOPAHHBIX OPUTHMHAJBHBIX HAyYHBIX pabOT 10 aKTyaJbHBIM IIpobJjiemMam
TEOPETUIYCKUX U IKCIIEPUMEHTAIBHBIX UCCIEJOBAHAN B 001aCTH (DU3UKH U ACTPOHOMIUH.
2. B penaknumio (B GymMarKHOM BH/e, IOJAIMCAHHOM BCEMH ABTOPDAMH U B 3JIEKTPOHHOM BHJE) IPEACTABJAIOTCH Tex- u
Pdf-daitner paboTsl, moaroroBieHHbIE B M31aTeabCcKOM cucreMme LaTeX, ¢ 06s3aTeIbHBIM HCIIOIB30BAHUEM OPHUIMHAIBHOIO
crusnesoro daitna xypuana. CruseBoii daill MOXKHO CKadaThb CO caiita KypHasa bulphysast.enu.kz. Asropy (aBropam)
HEOOXOIMMO IIPENOCTABUTE COIMPOBOAUTEIBHOE MHCHMO.
SI3bIk myGauKauuil: Ka3axXCKuil, pyCCKuil, aHTJINACKAN.
3. OrnpaBieHune crareii B peJakKIMIO O3HA4YaeT corjlacue aBTOpoB Ha mnpaso Vsparensi, EBpasuiickoro
HanmoHaJbHOro yHuBepcutera uMenu JLLH. I'ymuaeBa, usmanHusi crareili B >KypHajle U IE€PEeU3IaHUS
ux Ha JI060M wmHOCTpaHHOM s#s3bike. IlpencraBiisisi Tekct paboTbl s myGamkamuu B >KypHaJie, aBTOP
rapaHTUpyeT NPaBUJILHOCTH BCEX CBeJeHUil 0 cebe, OTCyTCTBUE ILUIArnaTa U APYrux dopM HEIIPABOMEPHOTrO
3aMMCTBOBaHUs B PYKOIIMCH, Hajajexxkaimnee odopMJIeHHEe BCeX 3aMMCTBOBaHMII Tekcra, tabiui, cxem,
WJLJIIOCTPALUIA.
4. O6beM craTby HE JJOJKEH HpeBbImarh 18 crpanur (or 6 cTpaHwuir).
5. Cxema MMOCTPOEHUsI CTAThU
I'PHTH http://grnti.ru/
Hhuyuaast u pamuaus aemopa(os)
INoaroe naumerosarue opzaru3ayul, 20pod, cmpara (eciau aBropbl paboTAIOT B PA3HBIX OPTaHU3AIUAX, HEOOXOAUMO
[TOCTABUTH OJMHAKOBBIA 3HAYOK OKOJIO (haMHJIMK ABTOPA U COOTBETCTBYIOMIECH OPraHU3aIN )
E-mail asropa(oB)
Hassanue cmambvu
Annomayus (100-200 csioB; He JOJIZKHA COJIEPKATH I'POMO3JKHE (DOPMYJIbI, O COAEPXKAHHUIO INIOBTOPSTH HA3BAHWE
CTaTbH; HE JOJIXKHA COAEP2KaTh OnbamorpadutuecKue CChIIKT; JO/KHA OTParkaTh KPATKOE COAEPXKAHUE CTATbU, COXPAHI
CTPYKTYDPYy CTaTbU —BBeJeHHe/ IIOCTAHOBKA 3aJadu,/ 1€,/ MCTODPHs, METOJbl HCCJIEJIOBaHUs, DE3yJIbTaThbl/00CyKIeHHE,
3aKJIIOUEHUE / BBIBOJBI).
Karoueswvie caosa (6-8 cios/cioBocoderannii. KiiodeBble ci1oBa JOKHBI OTpayKaThb OCHOBHOE COJIEPIKAHUE CTATHH,
HCIIOIb30BATH TEPMUHBL U3 TEKCTa CTATHH, & TAKKE TEPMUHBI, OIIPEAEJIAIONINE IIPEAMETHYIO 00/IaCTh U BKIIIOYAIONINE PYTHe
BaKHBIE IIOHSTUsI, TO3BOJISIIONIUE O0JIErIUTh U PACIINPUTH BO3MOYKHOCTH HAXOXK/IEHUs CTATHU CPECTBAMH HH(MOPMAIIMOHHO-
[IOMCKOBOW CHCTEMBI).
Oc1oeHol meKrem cmambvu T0JIKEH COlEePKATh BBEJIeHNe,/ IOCTAHOBKY 3aJa1u,/ 11eJ11,/ HCTOPUIO, METO/IbI UCCIIEJOBAHNSI,
pe3yIbTaThl/ 06CY XK I€HHE, 3aKTIOYCHUE / BBIBOJIBL.
Tabnibl BKIIOYAIOTCS HEIIOCPEICTBEHHO B TEKCT PAOOTHI, OHU JIOJI2KHBI ObITH IPOHYMEPOBAHBI U COIIPOBOXK AATHCS CCHLIKON
Ha HHUX B TeKcTe paborbl. PucyHku, rpaduku JI0JKHBI OBITH IPEJACTABJIEHBI B OJHOM U3 CTaHIApTHBHIX (gopmaros: PS,
PDF, TIFF, GIF, JPEG, BMP, PCX. Toueunble puCyHKH HEOOXOAUMO BBINOJIHATH ¢ paspemenueMm 600 dpi. Ha pucynkax
JIOJIPKHBI OBITH SICHO II€PEJAaHbl BCE JETAJIU.
B craTbe HyMepyroTCs JIAIIb T€ POPMYABL, HA KOTOPBIE 110 TEKCTY €CTh CCHIIKH.
Bce abbpesuamypst u coxkpauweHUs, 3a UCKIIIOYEHUEM 3aBEJIOMO OOIEN3BECTHBIX, JIOJIXKHBI OBITH pacumdpoBaHbl IPU
[IePBOM YIIOTPEOIECHUN B TEKCTE.
Ceezienust o purarcosot noddepaicke paboThl YKA3bIBAIOTCS HA MEPBOI CTPAHUIE B BUIE CHOCKH.

6. Crucok JmrepaTypbl JOJXKEH COJEPKATh TOJILKO Teé MCTOYHUKHU (IPOHYMEPOBAHHBIE B IOPSJIKE LUTUPOBAHUS HJIUA B
[OPsiZIKe AHIVIMHACKOTO ajihaBuTa), Ha KOTOPBIE NUMEIOTCsI CChUIKK B TeKcTe paborel. CChLIKU Ha HEOIyOJIMKOBaHHBIE PaGOTHI,
Pe3yJIbTaThl KOTOPBIX UCHOJIB3YIOTCHA B JOKA3aTEIbCTBAX, HE JIOIYCKAIOTCH.

ABTOpaM peKOMeHIyeTCsl IpH OPOPMIIEHUH CCHLIOK HCKJ/IIOYUTH YIIOMHUHAHUE CTPAHMI] M PYKOBOJICTBOBATHCS CJIELYIOIIUM
mabI0HOM: HOMEp IVIaBbl, HOMEp naparpada, HoMep ILyHKTa, HOMED TeOPEMbI (JIeMMbI, yTBEDPK/ICHUs, 3aMEUaHUs K TeOPEMe
"..., e [3; § 7, memma 6]"; "..., M. [2; samewanme K Teopeme 5|". B mpormBHOM
CJly4ae IPH IMOATOTOBKE aHIVIOA3BIYHON BEPCUM CTATHUA MOTYT BO3HUKHYTH HEBEDHBIE CCHLIKU.

IIpumepsbl odpopMIIeHNs CIIMCKA JIUTEPATYPbI

1 Bopouun C. M., Kapany6a A. A. [Izera-byukiua Pumana. -M: @usmariur, -1994, -376 cTp. - KHUra

2 Baunos E. A., Cuxos M. B., Temuprasues H. O6 obimeMm ajaropurme UuCI€HHOIO MHTETPUPOBAHUS (DYHKIMHA MHOIHX
nepemenHbIx // 2KypHas BbIMHCIATEIBHON MaTEeMaTHKU U MaTeMaThuieckoil dusuku -2014. -T.54. Ne 7. -C. 1059-1077. -

u 1.1.), HoMep dopmyssl. Hanpuwmep,

cTaTbst
3 XKyGaunpbimesa A.2K., Abukenosa I1I. O mopmax mpou3BOAHBIX (DYHKIUN C HYJIEBLIMU 3HAYCHUSIMH 33JIaHHOTO HabOpa
JIMHEHHBIX (DYHKIMOHAJIOB U MX HPHMEHEHHs K IOIIEPEYHUKOBBIM 3aja4daM // PyHKIMOHAJIBHbIE IPOCTPAHCTBA U TEOPUS
upubsmkenns: Gyuknuit: Te3ucel n1okiaanoB MexkayHapoHON KOoHdepeHIun, HOoCBAIEeHHON 110-71eTuio co qHs POXKIEHUST
akagemuka C.M.Hukosbckoro, Mocksa, Poccusi, 2015. - Mocksa, 2015. -C.141-142. - Tpyabl KoHdepeHmun

4 Hyprasuna K. Peimaps maremaruku u undopmaruku. -Acrana: Kaz.mpaszga, 2017. 19 anpens. -C.7. - razeTHasi cTaTbs
5 Koipo B.A., Muxaitmunuenko I'I. AnajaurTuueckuii MeToJ| BJIOXKEHHsI CHMILIEKTHYecKoi reomerpuu // Cubupckue
SJIEKTPOHHBIE MareMaTudeckue wusBectus -2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - 9JIEKTPOHHBIA >KYPHAJI

7. Tlocne cnmcka JuTepaTypbl, HEOOXOUMO yKa3aTh 6ubauorpaduieckne JaHHbIE HA PYCCKOM M aHIJIMHCKOM f3bIKax (ecin
craTbst 0bOPMIICHA Ha KA3aXCKOM SI3bIKE), HA KA3aXCKOM U aHIVIMHCKOM sI3bIKaX (ec/n craTbs 0hbOpMIIeHA Ha PYCCKOM SI3bIKE)
7 Ha PYCCKOM M Ka3axCKOM SI3bIKax (ecyam crarTbs oopMIIeHa HA AHIVIMICKOM S3bIKE). 3aTeM HMPHBOIUTCH KOMOWHAIHS
AQHIVIOS3BIYHON M TPAHCIUTEPUPOBAHHON YaCTeil CIIMCKa JINTepPaTyPhl U CBEJIEHUsI IO KarXKIOMy 13 aBTOPOB (HayIHOE 3BaHHE,
ciry»kebHbIi aapec, TesedoH, e-mail - Ha Ka3aXCKOM, PYCCKOM U aHIVIMACKOM sI3BIKAX).
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8. PaGora c 92yieKTpOHHOU KoppekTypoi. Crarbu, nocrynusmme B Otzen HaydHbIX wns3zaHuil (pegakius),
OTIPABJIAIOTCS Ha AaHOHMMHOE pelleH3WpoBaHue. Bce peleH3uu 1o craTbhbsiM OTIPABJSIOTCA aBTOPY. ABTOpaM B TedYeHHe
Tpex AHell HeoOXOAUMO OTIPABUTH KOPPEKTYpy cTarbu. CTaTbH, MOJLYYUBIINE OTPUIATEIbHYIO PEIEH3UI0, K TOBTOPHOMY
PacCMOTPEHMIO He IPUHUMAIOTCs. VcIIpaB/IeHHbIE BADHAHTHI CTATEH M OTBET aBTOPa PEIEH3EHTY IPHUCHIIAIOTCA B PETAKITUIO.
CraTby, UMEIONINE TIOJOXKUTEIbHBIE PEIEH3UH, IPEICTABIAIOTCA PEAKOJUIEIH Ky PHAJA s OOCYKIACHUS U yTBEPKICHUS
IS Ty OJIMK ALY,

ITepuonuyHOCTh >KypHaJa: 4 pa3a B TOf.

9.0nmara. ABTopaM, IIOJIyYHUBIINM IIOJOXKHUTEIHHOE 3aKJ/IIOYEHIE K OILyOINKOBaHUIO, HEOOXOIUMO IPOU3BECTH OILJIATY II0
cnexyomuM peksusutaM (s corpynaunkos EHY — 4500 renre, miis croponnnx opranusanuii — 5500 Tenre): PexBusursr:
PexBusursr:

1)PI'II IIXB "Espasuiickuii Hanmonaabuelii yausepcurer uMenn JIL.H. Dymuresa MOH PK

AO "Bank lenrpKpeaut"

BUK 6anka: KCIBKZKX

NUK: KZ978562203105747338

Ké6e 16

Knu 859- 3a crareio

2)PI'II IIXB "Espasuiickuii nanmonanbubii yausepcurer umenu JI.H. T'ymunesa MOH PK AO "Bank RBK"

Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

Ko6e 16

K 859 - 3a crarsio

3)PI'II IIXB "Espasuiickuii Haimonanbublii yausepcurer umenn JI.H. T'ymunesa MOH PK AO "ForteBank"

BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

Ké6e 16

Kuu 859 - 3a crareio

4)PT'II IIXB "Espaswuiickuii nHannonansusiii yausepcurer umenn JIL.H. Tymmuinesa MOH PK AO "Hapoameiit Bank
Kazaxcran"

BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ko6e 16

Kun 859.

"3a nybnukamuio B Becruuke EHY @O asTopa"
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MakaJjiaHbI paciMaey YJIrici
MPHTU 27.25.19
A K. XKy6ansmmesa ', H. Temupranues?, A.B. Yrecos?
U Memumym meopemumeckoti mamemamury u nayumoir evucaernuti Bepasutickozo
HAYUOHAALHO020 YyHusepcumema umenu JI. H. Tymunesa, Acmana, Kazaxcman
2 Axmaobuncruti pezuonasvhon eocydapemeenoni ynusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaennoe nuddepeHiimpoBanue pyHKIiI B KOHTeKcTe KoMnbioTepHOTO

(BBIYMCIIMTEILHOIO) IIONEPEeYHNKA

Bseaeunune

TekcT BBEIEHUS. ..
ABropam He cileyeT UCIOIb30BaTh HecTangaprable makersl LaTeX (mcmospsyiiTe ux Juin B
citydae KpaifHeil HeOOXOMMOCTH )

3aroJioBOK CeKIu

1.1 3aroyioBOK moaceKnuu
Okpy:xeHus.

Teopema 1. ...

JlemMma 1. ...

IIpenmoxxenue 1. ...

Ompenenenne 1. ...

CaencrBue 1. ...

3ameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemot.
HokazaTeanbcTso. TekcT moKazaTeabCTBA.

2. ®opmysibl, TaOJUIIbI, PUCYHKH

. — e sl A — : (1Y)
In(en;Dn)y =0n(en; T; F; D)y = (l(N),;r]lvf)EDN N (8N, (l ,@N>)Y, (1)
rie On (en; (™), on))y = on(en; T F; (I, on) )y =
= s 17O e (10 (D) 00 1 () a0 -
feF y

’»yg\;')lgl(‘rzl,...,N)

Tabsuipl, pUCYHKH HEOOXOAMMO pacrojiaraTh mocjie ynomuHauus. C KaxK0if WILTIOCTpaIeil JoJKHA
CJIeI0OBaTh HAJIIINCh.

Tasnua 1 — Hassauue Tabauiinbt

IIpoctoie He mpoctiie
2,3,5,7,11, 13,17, 19, 23,29 | 4, 6, 8, 9, 10, 12, 14

3. Cchuiku u dbubsmorpadus

st cChIIOK Ha yTBepzKJeHus, (POPMYJIbI U T. II. MOXKHO HCIIOJIh30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyina (1)

st pykoBomcTa 1o ATEX u B KadecTBe puMepa 0oOPMIIEHUS CCBIIIOK, CM., Hartpumep, JIppoBckmii C. M.
Habop u Bepcrka B nmakere WTEX. Mocksa: Kocmocundopwm, 1994.

Crucok auTepaTypbl 0QOPMIISETCS CJIEYIONUM 00PA30M.
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Ficure 1 — Ha3zBanue pucyHka

Crmcok jureparypbl

1 Jlokymuesckuii O.M., T'aspukos M.B. Hauasa yuciennoro ananuza. —M.: TOO "dAuyc", 1995. —581 c. - kuura

2 Temupramumes H. Komnbrorepublii (BBIYMCIMTEILHDIH) [ONEPEYHUK KAK CHHTE3 HM3BECTHOIO ¥ HOBOIO B
quciaennom anasnuse // Becrauk Eppasuiickoro mammonanbuoro yamsepcutera umenu JI.H. Dymunesa —2014.
~T.4. Ne101. —C. 16-33. doi: ... (upu HaIU9IUN) - CTATHSI

3 2Kybanbimesa A.2K., Abukenosa I1I. O HOpMax MPOU3BOIHBIX (DYHKIINN C HYJEBBIMU 3HAYEHUSIMU 3aJaHHOTO
Habopa JIMHEHHBIX (DYHKIMOHAJIOB M UX IPUMEHEHHsI K IIONEPeYHMKOBBIM 3agadaM // PyHKIMOHAJbHBIE
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