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A.K. XKacyaan™, b.K. Paxaanaos? /.P. baitxan’,
A.b. IIsiaap6ex’, K.4. OpmanOexos’

Yruusepcumem umenu Hlaxapuma 2opoda Cemeit, Cemeii, Kazaxcman
?TOO «PlasmaScience», Ycmo-Kamenozopck, Kasaxcman
(E-mail: *ainur.99.99.99@mail.ru)

Viccaeaosanne nponecca popmMupoBaHms HOKPBITUI OIpU
MMKPOAYTOBOM OKCHMAMPOBaHMM TUTaHa

AnnsoTanus. B paborte mccaeaoBaHbl CTPYKTYpHO-(pa3oOBble COCTOSIHUS ITOKPBITHIA,
cdpopMIUPOBaHHEIX Ha ITIOBEPXHOCTY TUTaHa METOA0M MUKPOAYTOBOTO OKCUAMPOBAHMS
(MJO). B xoae wmccaejosaHusi OBIAM TIPOBEAEHBI CEPUM DKCIEPUMEHTOB C
BapbUpOBaHIEeM IapaMeTpOoB IIpoljecca 1 cocTaBa daekTpoanta. C Ucroab3oBaHIeM
Pa3AMYHBIX aHAAUTHYECKUX MEeTOAOB, BKAIOYAs DAEKTPOHHYIO MMKPOCKOIMIO U
PEHTTeHOBCKYIO AM(pakInio, OblAM IpoaHaAM3MPOBaHB MOpQoAOorMIecKue I
CTPYKTypHble M3MEHEHMS IIOKphITUil. MHMKpOAyTroBoe OKCHMAMPOBaHME TUTaHa
IIPOBOAMAOCh B aHOAHOM IIOTEHIIMOCTaTHMYEeCKOM peXXmume B TedeHue 10 MuHyT B
Ppa3AMYHBIX DAEKTPOANUTAX Ha OCHOBe POCPOPHON KICAOTHI, oprodpocdaTra HaTpuUs,
IMAPOKCUAa Kaaus U ruapokcnanarnuta. [Tocae MAO MukporeoMeTpust TOBepXHOCTU
He MeH:sIeTCsl, T.e. Ha IIOBePXHOCTY TUTaHa (POPMUPYETCsl TOHKOe IIOKPBITHE TOAIIHOIM
5-7 Mxm. PesyapTaThl MccAe40BaHM IIOBEPXHOCTY IIOKPBITUI METOAOM CKaHUPYIOIIIei
9AE€KTPOHHOI MUKPOCKOIIMM II0Ka3aAl, YTO Haubo/ee IIOPUCTON ITOBEPXHOCTBHIO
U3 BCeX MCCAeAYeMBIX IIOKPBITUII 004aaloT ITOKpHITH:, cPOpMUpPOBAHHLIE B
paexTpoaute ¢ JobasaeHneM ruapokcuga kaans (KOH). PesyabTaTsl peHTTeHOBCKOI
Audpakimu okasaau, YTo aHaTas M pyTHUA ABASIOTCs OCHOBHOI ¢a3oil B TOKPBITHUSX.
CocraB 1€KTpoaunTa ABASIETCS OAHNUM U3 OIIpeAeAsIonux ¢pakropos npoiecca MAO
U MMeeT pellalioliee 3HadeHne Aas npumenenus MAO. Pesyabrarsl nccaeoBaHNs
ITO3BOASIOT IOAYYMTh IAyOOKOe IOHMMaHue Ipoliecca GpopMUPOBAHNS TOKPBITUI
IIpY MUKPOAYTOBOM OKCHAMPOBAHUY TUTaHA.

Karouesble ca0Ba: MUKPOAYTOBOe OKCHAMPOBaHMe, KaabIuii-pocdaTHoe TTOKPLITHE,
(JusuKo-mexaHnIeCKUE CBOMICTBA, DAEKTPOANT.

DOI: doi.org/10.32523/2616-6836-2023-143-2-6-15

1. BBeaenue

Muxkpoayrosoe okcuauposanue (MAO) - cpaBHNUTeAbHO HOBBI CITOCOO 9A€KTPOXMMIUIECKO
00pabOTKM ITOBEPXHOCTM IIPEMMYIIeCTBEHHO MeTaAANdecKNX MaTepualoB, Oepylumil cBoe
Hayalo OT TpaAMIIMOHHOIO aHoAuMpoBaHusA. Vlccaegosanme mpornecca (GopMUpOBaHNUS

Ne 2(143)/2023 /A.H. Tymunres amoindazor EYY Xabapuivicol. Dusuia. Acmporomust cepuscol
ISSN: 2616-6836, eI SSN: 2663-1296

(e2)



A K. Kacyaan, B.K. Paxaduros, 4.P. baiixan, A.b. Ivinapbex, K.J. Opmaribexos

IIOKPBITUI IIPU MUKPOAYTOBOM OKCUAMPOBAaHUM TUTaHa SBASETCS Ba’KHBIM HaIlpaBAeHUEM
B 004acTy TIOBEePXHOCTHON MOAMQUKaINMU MaTepualoB. TUTaH M ero CIaaBbl IINPOKO
IPUMEHSIOTCA B Pa3AMYHBIX OTPacAsAX, BKAIOYas adPOKOCMUYECKYIO, aBUALIMOHHYIO,
MEAUIIMHCKYIO ¥ DHepPreTUYecKylO IPOMBIIIAeHHOCTY, Oaarojapsi MX BBICOKON ITPOYHOCTH,
AETKOCTU ¥ XMMMYECKON CTOMKOCTU. I1py MUKPOAYTOBOM OKCUAMPOBAaHNUM TUTaHA IIPOUCXOAUT
oOpa3oBaHIe TOHKMX OKCHUAHBIX ITOKPBITUI Ha €ro IMOBEPXHOCTU. DTU IMOKPBITUA 004ajaioT
PsA40M IOA@3HBIX CBOJICTB, TAaKMX, KaK yAy4dllleHHasl KOPPO3MOHHAsI CTOMKOCTD, TpUOO0A0rMIecKast
YCTOMYMBOCTL, @ TaK’Ke BO3MOKHOCTh M3MEHEHMS UX CTPYKTYPhl M XMMMYECKOTO COCTaBa.
Oanako npornecc GOpMUPOBaHIUs DTUX HOKPBITUIL SBASETCSA CAOXKHBIM U TpeOyeT 4eTaabHOTO
nccaeaosanyst. MAO rospoasieT popMmposaTh MHOTOPYHKIIMOHAABHBIE OKCUAOKepaMIdecKye
IIOKPBITUS, KOTOPble 3HAaYMTEeAbHO IOBBLIIIAIOT IIPOYHOCTHBIE U 3alllUTHBIE CBOJICTBA pabodmx
IIOBEPXHOCTEN AeTaAell.

Texnoaormio MAO ncnoan3yloT raaBHbIM 0OOpa3oM A4s (POpMUPOBAHMS OKCUAHO-
KepaMIMJeCcKMX ITOKPBITUII Ha IOBEPXHOCTM CIIAaBOB Ha OCHOBe THTaHa, MarHus, TaHTala U
aaiomyuus [1-3]. IloayyeHnue okcuaAHO-KepaMMYeCKUX IIOKPBITUII METOAOM CTPEeMUTEABHO
pasBuBalonierocs s rocaegnue roael MO no3soaseT 1noaydaTh KOMIIO3UIIMOHHBIE MaTepuaAbl,
KOTOpble 004a4aloT 0oaee BLICOKMMM MEXaHUKO-TpMOOAOrMYecKMMU cBoiicTBamu  [4,5].
CrniaaBbl TMTaHa 004a4ai0T HU3KUM CONPOTMUBAEHMEM K M3HOCY, HO IIMPOKO HUCIIOAB3YIOTCS
B aBTOMOOMABHONM, XMMMUYECKON ¥ OMOMEAMIIMHCKON OTpacAsX IPOMBIIIA€HHOCTH, YTO
yBeanunBaer cgepsl nmpuMmenenns meroda MAO [6-9]. AHaan3 coBpeMeHHBIX TpeACTaBAeHNI
O MexaHU3Me pocTa OKcugHO-Kepammdeckux MAO-IOKpeITUITI ITO3BOAMA CA€AaTh BBIBOA,
4YTO CTPYKTypa U CBOJCTBA HOKPBITUI 3aBUCUT OT HecKOAbKMX napamerpos [10]. OcnosHpiMUI
IapamMeTpaMy, BAMSIOIIMMI Ha CTPYKTYPY U CBOJCTBA IIOKPBITIIA, IBASETCS COCTaB DA€KTPOANTA.
Texnoaorndyeckumm pakTopaMi, BAMAIOMVMI Ha CBOMCTBA IMOKPBITHI, TAKXKe MOTYT CAY>KUTh
IapaMeTphl HaIpsDKeHMs, TOKa, 4acTOoThl U BpemeHM. BcaeacTsume 9TOro, HeoOXOAMIMBI
1CCAeAOBAHMS II0 YCTAaHOBAEHMIO 3aKOHOMEPHOCTeN, IPOMCXOAAIIMX IpU (POPMUPOBAHUN
OKCUAHO-K€paMMUYECKMX TIOKPBITUII B 3aBUCUMOCTU OT ItapameTpos mpouecca MAO. Ilpn
MUKPOAYTOBOM OKCUAMPOBAHMM TUTaHa B COCTaBe IOKPBITUI IOABASIOTCA KPUCTaAMYecKye
dasnr okcnaa tnrtaHa [17, 18]. B nccaegopanmsx ObIA0 ITOKa3aHO, UTO IIPUCYTCTBUE PyTUAA U
aHaTasza BAMSAET Ha PpOCT U MOP(POAOTMIO OKCUAHBIX ITOKPBITUI Ha ITOBEPXHOCTM THUTaHa IIPU
MUKPOAYTOBOM OKcuAuposanun. Pytma, Oaarogaps cBoeii KOMMIAKTHOM KPUCTaAAMYeCKO
CTPYKType, ClIOCOOCTBYeT (POPMMUPOBAHNIO ILAOTHBIX M I1a AKX ITOKPBITHI C BLICOKO¥ CTOIKOCTBIO
K Kopposuu. C 4pyroit CTOpOHBI, aHaTa3 ¢ ero 604ee OTKPHITON ¥ IIOPUCTON CTPYKTYPOIL MOXKEeT
CocoOCTBOBaThL ODPa3OBaHUIO ITOKPBITUIL C 00Aee DOABIION ITOBEPXHOCTHOM IIAOIIAABIO U
00./1ee BLICOKOI aAre3eln.

Heapro aanHON pa®oOTel OBIAO MCCA@AOBaHME BAMSHMS COCTaBa 9AEKTPOANUTa Ha
¢popMupoBaHe CTPYKTYPbI U CBOIICTBA IIOKPBITUI, IT0Ay4eHHBIX MeToAoM MO na mosepxHocTH
tutana BT1-0.

2. MeToasl

Hanecenne mokpertuii merogoMm MAO mposegeno Ha ycraHoske Guintek «APS-77300».
Yerpoitctrbo MAO  Guintek  «APS-77300» cocrout mu3 IporpaMMMpPYyeMOro MCTOYHMKA
IlepeMeHHOTI0 TOKa, F'aAbBaHI4eCKOl 0XAaXK AaloIeli BaHHEl, Ha0Opa 9 AeKTPOAOB U ITPOrPaMMHOTO
oOecriedeHms1 AAsl yIpaBAeHMSI ¥ KOHTPOAs IlapaMeTpOB 9AeKTPO(U3NIeCKOro CXKUTaHNUs, a
TakKe IMPPOBOro ocumasorpada, IMO3BOASIIONIETO MOAydaTh KMHETHYEeCKyIO 3aBUCHUMOCTD
B nponecce. IToayuyenne MAO-OKpeITHA HTPOBOAMAOCH B aHOAHOM IIOTEHIIMOCTATUYECKOM
pexxume. Prucynok 1 maaioctpupyer NpuHIMIINAABHYIO cxeMy ycraHoBku MAO. B kauectse
aHO/a MCII0Ab3YeTCsl BEHTUABHBIN MeTaAA, KOTOPBIN IIOTPY>KaIOT B IIepeMeIllaHHbI DA€KTPOANT.
B xauecTse »1e€KTpOAUTHYECKOTO DAeMEHTa U KaToJa BhIOpaH KOHTeNHep U3 Hep>KaBelollei
cTaan. DAeKTPpUIECKII TOK ITogaercst oT uctounuka nuranns MAO. Temneparypa saexTpoanTa
peryaupyetcst Hioke 40°C ¢ TOMOIIBIO KOHAEHCUPOBAaHHOI BOABL. [loaaep>kanne TemepaTypsl
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HEOOXOAMMO AAsl TOAy4eHUs! KadyeCTBeHHOTO OKcugHoro caosa [11-12]. Aas yaep>kanus
TeMIlepaTypPhl BOKPYT IIOCYABI C DAeKTPOANTOM Oblaa 0OMOTaHa MegHas TpyOKa, IT04KAIOUeHHas
K cTaHIuy oxAaxaenus sl-1500/aurora-pro/.

TepmomeTn

Mewanka

NCTOYHMK
NMHUTaHKWA

BaHHaA BoAa

Pucynox 1. [TpuHiiunmnaasHas cxema sKcIlepuMeHTaAbHOM yctaHoBK MO

B cooTBeTcTBUN C ITOCTaBA€HHBIMU 11eAsSIMI B KauyecTBe OObeKTa 1ccae0BaHs OblA BRIOpaH
tutaH BT1-0. ITlepea MAO nposeseHa IoATOTOBKa ITOBEPXHOCTY 00Pa3I0B TUTaHA K HAHECEHIIO
MOKPBITUI (IAM(OBKM U MecKOCTpyiiHas obpaboTtka). B Tabamiie 1 mpuseseHbl pe>KUMBI U
cocras aexkTpoanTta 4451 MAO turana. XuMM4IecKuil COCTas 91eKTPOANTA 3HAYNTEeALHO BANSET
Ha yCKOpeHMe IacCUBaliiy MeTalaa 1 IIpobost AuDAeKTpUKa I, Kak CAeACTBIe, Ha 0Opa3oBaHue
TOHKOII M30AMPYIOIIel IIAeHKN. VIcXoas 13 9TOro BEIOpaHbI pa3ANdHbIe DAeKTPOAUTH (Ppocdar
HaTpus, IMApodocdaT HaTpuUsl, TUAPOOKUCH Kaaus U rugpokcuanaTtut) 4451 MAO turana.

Tab6amnmia 1. Cocras saexTpoanta u pexxumsl MAO TuTtana

Pexxnver MAO
Cocras naexTpOANUTa Yacrora, | Hanpsokenne, | Bpems, Tok, Tox
T B MUH A/cm?
Na,PO, (6r), ruapokcuamatut 100 200 10 20
(0,75r), KOH(2 1)
(Noagl;I)PO , (5 T) M THApOKCHAIIaTuT 50 300 10 20 Tepemermmii
Na,PO,(5 r) n ruapokcumanaTur 200 300 10 12,6
(0,51)

Mopdoa0ruio moBepXHOCTH PacCMOTPeAr Ha HU3KOBAaKYYMHOM PacTPOBOM 5A€KTPOHHOM
Mmukpockorne JSM-6390 LVJEOL. Pentreno¢a3oBblit aHaAU3 MccAeAyeMbIX 00pasIioB BRIITOAHACS
Ha audpakromerpe X-pertPRO 8 CuKa nsayuenun npu yckopsionieMm Hanpsikenun 40 kB n
aHoaHoM Toke 30MA. Pacindposka AnppakTorpaMM BHIIOAHAAACh BPYIHYIO C IOMOIIBIO Oa3bl
AanHpix PDWin (pucynok 2). [llepoxoBaTocTh HOKPBITHS U3MepPsIAY C IOMOIIIBIO ITpoduaomeTpa
mogean 130.
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Pucynok 2. basa 4aHHBIX IOPOIIKOBO AM(PaKTOMETPIUNI

3. Pe3yabTaThl M 00CyKAeHIe

Mopdoaorusi moBepXHOCTM HOKPHITUA (pasMephl, KOAMYECTBO II0p, HaAW4INUs TPeIuH),
cpopmuposanHeix MeTogoM MAQO, 3aBUCUT OT cocTaBa 9A€KTPOANUTa U cyOcTpara (II0AA0XKKMN).
Ognako aasa scex MAO-nOKpeITHII XapakKTepHO HaAuW4ue MOp, KOTOPBIe SBAAIOTCA KaHadaMU
DAEKTPUYECKUX IHPOOOeB U CAeACTBMEM BLIXOAA Ta30BBIX IIy3bIpeil Ha I1OBEePXHOCTb.
Muxkpocrpykrypa MAO-IIOKpBITUII MMeeT TUNNYHYIO IIOPUCTYIO CTPYKTYpy (PUCYHOK 3).
B xoge ®»Toro mpouecca TOHKMUIT OKCUAHBIN CAOM (POPMUPYeTCs Ha IIOBEPXHOCTU TUTaHa
IIyTeM BO3JeMCTBI: DAeKTPUIECKOTro AyTosoro paspsga. OamH us raasHeix 3¢pdpexros MAO
TUTaHa - 9TO OOpa3oBaHMe MUKpopeabeda Ha MOBEPXHOCTU. B HayaAbHBIX cTaausX Ipolecca
oOpa3zoBaHMs ITOKPHITUA HabAI0AaeTcsl 0Opa3oBaHNe MeAKMX BBICTYTIOB, IIOKPBITBIX OKCUAHBIMU
yactuamu. C passutueM Ipornecca peabed cTaHOBUTCS 0oJee BRIpa’kKeHHBIM U 00pasyloTcst
MUKPOTPYOOUKM U TOPEHI, IIPOHMU3BIBAOIIME MOKphITHe. Takke HaOAI04aeTCs MOsABACHMe TaK
Ha3bIBa@MbIX «OCTPOBKOB» Ha IOBEPXHOCTU. DTU OCTPOBKM MPEACTaBASIOT cOOON MecTa, TAe
IIpOIlecC OKCHAMPOBaHMA IpOTeKaeT 0oJee MHTEeHCHBHO, YTO IMPUBOAUT K (POPMUPOBAHMIO
Do4ee IAOTHOTO M TOACTOTO IOKPHITUS IIO CPaBHEHMIO C OKPY>KaloIleil ITOBePXHOCTLIO.
Mopdoaorndeckne m3MeHeHUs CTPYKTYpPhl PV MUKPOAYTOBOM OKCUAVPOBAaHMM TUTaHa
MOTIYT WUIpaTh BaKHyI0 pOAb B OIpeAeAeHNU CBOVCTB IIOKPBITHUII, TaKMX, KaK aAresmus,
TpnubOOAOTMYeCKas yCTOMYMBOCTL M KOPPO3MOHHAsS CTOMKOCTh. [loHMMaHme »TUX M3MeHeHUIn
IIOMOTaeT ONTUMU3UPOBaTh Iporecc GpOpMUPOBaHNs ITOKPHITUI 11 pa3paboTaTh MaTepuaabl C
JKelaeMBIMU XapaKTePUCTUKAMU A4S Pa3AMYHBIX IIPOMBIIITAHHBIX ITPUAOXKEHMIA.
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Pucyrnox 3. MuKkpocTpyKTypa IoBepXHOCTI 0Opasiia 40 1 rocae HaHeceHmst MAO-TTOKpuITmi
B Pa3AMYHBIX DA€KTPOAUTaX: a) TUTaH (ncxoansii); 6) Na,PO,+ FTA+KOH; B) Na,HPO_+I'A; r)
Na,PO+T'A

Anaans m300pa’keHMII ITOBEPXHOCTU OOpPasloB C IOKPBITUAMYU, CPOPMUPOBAHHBIMU
B DAEKTPOAUTAX Pa3AMYHOIO COCTaBa, IOAYYEHHBIX C mnomompio POM mnokasaa, 4rto
Hanboee ITOPUCTOI ITOBEPXHOCTHIO M3 BCEX MCCAeAYeMBIX IMOKPBITUIT 004aAaloT MOKPBITH,
chopMupoBaHHbBIEe B DAeKTpoauTe ¢ JobabaeHmeM ruapokcuga xaams (KOH). Bosmosxno
Aobasaenne B vaexTpoant KOH n yBeamdeHme mAOTHOCTM TOKa CIIOCOOCTBYeT BO3PacTaHMIO
UMHTEHCUBHOCTU ITporiecca rasosbigesenus npu MAO. CTout orMeTuts, 94To 445 CTabMABHOCTA
9AEKTpOAUTa HeoOXOAMMa INeAodHast cpeda, TpeOyemsiii pH KoTopoir co3aaioT OOBIYHO C
rioMombio ruApookucy Kaans KOH nan natpusa NaOH. DkcrieprMeHTsI 110 U3Yy4eHUIO BAMAHISA
KOMIIOHEHTOB 94eKTPOANTOB IT0Ka3aan, 9To npu KoHueHtpaunu KOH nan NaOH B saexTpoante
MeHee 3 T/A TPUBOANT K yBeAMYEHMIO DHeproeMkoctu rnporjecca. ITpu cogepskannm KOH nan
NaOH 6o4ee 6 1/a 92eKTpOAUT MMeeT BBICOKYIO arpecCMBHOCTD, YTO IMPUBOAUT K TpaBAEHNIO
IIOBEPXHOCTU M YMEHBIIIEHUIO TOAIIVHBI OKCUAHOIO cao: [13].

CocrosiHMe TIOBepXHOCTHOIO CAOsl XapaKTepu3yeTcs HaAudMeM IIIepOXOBaTOCTU U
BOAHICTOCTU, KOTOpble 00pa3oBaAlch B pe3yabTaTe IIeCcKOCTpyiiHoi 0O0paborku. ITocae MAO
MUKpPOTeOMeTPs IIOBePXHOCTU He MeHSIeTCs, T.e. Ha IIOBePXHOCTH TUTaHa POPMIUPYeTCsI TOHKOe
IIOKpBITHE TOAIINMHOM 5-7 MkM. CaeayeT OTMeTUTD, YTO NpOPuUAOMeTpUdIecKre U3MepeHus,
BBIIIOAHEHHBIE 40 U IIOCAe HaHeCeHMsl IOKPBLITHS, He BBIABUAM CYLIeCTBEHHOIO M3MEHEeHI
IIIepOXOBAaTOCTHU ITOBEPXHOCTH (TabAauIia 2).

Ta6amnmna 2. [llepoxoBaTocTs 11oBepXHOCTH 0Opaslia 40 u rtocae HaHeceHyst MAO-TTOKpbITHi

Obpasis [TepoxosarocTs R , MKkM
/0 HaHeceHusl MOKPBITUI 1.65+0.22
MAO-niokpsitne B 3aekTpoante Na PO, +KOH+T'A 1.57+0.32
MAO-niokpsiTne B daekTpoanute Na, HPO +T'A 1.68+0.25
MAO-niokpsiTue B 31ekrpoante Na PO +T'A 1.47+0.39
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Ha pucynke 4 mnoxasaHbl pe3yaAbTaThl peHTreHO(daszoBoro aHaamsa MAO-mokprITHii,
IIOAyYeHHBIX B pasHBIX DaAekTpoanTax. Ha rpaduke penrreHodaszoBoro aHaamsa ObLAK
3aperncTpupoBaHbl: AMQPPaKIMOHHbIe IUKM TUTaHa (OT IIOAA0XKKIM) U KpUcTaaandeckye pasbl
pyTMaa m aHaTasa. AHaTas, pyTuA M OPYKUT SBASIOTCS TpeMs OCHOBHBIMM HOAMMOpQpaMu
okcnga tutana (TiO,) [14]. C yBeandenneM npuAOKEHHOTO HAIPSKEHUs U IIAOTHOCTM TOKa
TeMIlepaTypa IIOBBIIIIaeTCsl, ¥ aHaTa3 IIpespamiaercss B pytua npu 815 °C, KOTOphIN sABASETCS
6o.4ee crabuapnoI Bpasoit TiO, mpu BeIcOKMX TemriepaTypax [15,16]. ®a3oBblit cOCTaB HOKPLITHI,
noaydennsix B daekrpoante Na,PO+ I'A+KOH, cocrout m3 Ti m BbICOKOTEMIIEpaTypHOI
MoaupuUKauM AMOKCHMAA TUTaHa — pyTuaa, T.e. goOasaenme B pactsop KOH mpusoaut x
yBeanueHnio sHeproemkoctu rnponecca MAO. Ocnosnast poab pacrsopa KOH 3axkaiouaercs
B oDecrieyeHNM ONTUMAABHBIX YCAOBUII AAsl Hpoliecca IMapaTaliiy TUTAHOBOTO AMOKCHAA
n gopmuposanms pyruaa m anaraza. Pactsop KOH moxxer peryamposats pH-3Hauenme
PeakIMOHHON cpeapl, oOecrieunsas IIeAO0YHYIO cpeay, KOTOpasi CIiocoOcTByeT 9(PpQpeKTUBHOMI
rMAparanuy TUTAaHOBOTO AMOKCHAA ¥ OOpasoBaHMIO >KeaaeMbIX (pas. OOmias xmmmdaeckas
dpopmyaa oOpasosaHus pyTiAa U aHaTa3a IPU MUKPOAYTOBOM OKCUAMPOBAHUY TUTaHa MOXKET
OBITh IpeJCcTaBAeHa CAeAYIOIM 00pa3oM:

2Ti02 + O, — TiO, (Pytua) + TiO, (Anaras)

Yuactue KOH B 9TO1 peakinm 3akA1049aeTcs B IpeJ0CTaBAeHIUN IMAPOKCUABHBIX MOHOB (OH))
AAs B3aMMOAEVICTBIS C TUTAHOM U KUCAOPOAOM. ['MApOKCIAHBIE MOHBI CAYy>KaT KaTaAu3aTopaMu
OKICAUTEABHOI peakIiy, CII0COOCTBY: 00pa3oBaHMIO pyTiAa U aHaTa3a.

OAaHaKo CTOUT OTMETUTD, UTO Peaxi sl OpMUPOBaHN PyTIAa M aHaTa3a ABASETCs CAOKHBIM
IIpOIIeCcCOM, U B Hell MOXKeT ydacTsosaTh He TOoAbKO pactsop KOH, HO m apyrme ¢akrops,
Takue, KaK TeMmIlepaTypa, BpeM: peakuuu U KOHLeHTpanus peareHToB. [losTOoMy TOYHBIE
YCAOBUA PeakIUM 1 KOHKPeTHBIe COOTHOIIEHI I MeX Ay KOMIIOHeHTaMI MOTYT BapbUPOBaThCS B
3aBMCUMOCTY OT KOHKPETHOIO 9KCIIepUMEeHTa UAM IIpolLiecca.
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Pucynox 4. Audpakrorpamma obpasiia 40 1 rmocae HaneceHnst MAO-TTOKPBITHIL B pa3AMYHBIX
»AeKTpoauTax: a) TutaH (ncxoansii); 6) Na,PO,+ 'A+KOH; B) Na,HPO_+I'A; r) Na,PO+T'A
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4. BeIBOABI

MeTog0M MUKPOAYTOBOTO OKCHUAVPOBAHUSA Ha IIOBEPXHOCTU TUTaHa OBLAM ITOAYYEeHbI
OKPBITUA AnoKcua Tutana TiO, B Moagndukannm pyTuaa n anatasa. beia nccaeaosan porecc
¢popmuposanna MAO MOKpHITUII B aHOAHOM pexmume B TedeHme 10 MMHYT B pa3AMIHBIX
DAEKTPOAUTaX Ha OcHOBe (pocdOpHOI KUCAOTH, opTodocdaTa HATPUs, TUAPOKCUAAQ KaAU
u TuApokcuanaruta. PesyapraTel peHTreHO(a30BOIO aHaAM3a He II0Ka3aAl CyIeCTBeHHBIX
u3MeHeHM? (pa3oBOTO COCTaBa MCCAEAYEeMBIX IOKPBITUII. OKCIIePpUMMEHThl II0 M3Y4eHUIO
BAVSAHMA KOMIIOHEHTOB 9AeKTPOANUTOB II0Ka3aau, 4To gobasaenne B pactsop KOH npusoaur
K YBeAMYEHUIO DHEeProeMKOCTH IIpollecca M B pesyabTaTe OOpasyeTcs AMOKCH/ TUTaHa B
MoAMpUKAIIUM PyTIAa, a TakKe M3-3a MHTEHCUBHOCTY IIpoIiecca ra3oBblgeleHns obpasyeTcs
Iopucras CTpykTypa MHokpbITuii. Takum oOpasom, cocTap 9A€KTPOAUTA SBASETCA OAHUM U3
onpeeasomux ¢gakropos nporecca MAO 1 nmeer perraioniye 3HadyeHue AAs IpUMeHeHNs
MAO. Kpome TOrO, M3MeH:1s pe>KMMBI IIpoliecca U cocTaBbl ®AeKTpoanTos npu MAO moxHO
IIOAYYUTh IOKPBITHE C PeryAMpPyeMOi HOPUCTOCTBIO.

Pabora BhIIOAHEHa B paMKax IIpoekTa TIpaHToBOro ¢uuaHcuposanus Kommurera
Hayku MHuBO PK AP13068451 «Iloayuyenne MHOroQpyHKIIMOHAAbHBIX KaaAbIuii-
¢docPaTHBIX HOKPBHITUII ¢ HaHOYACTMIIAMM AMOKCHAA TUTaHa MeTOAOM I1lda3MeHHO-
92eKTPOAUTUIECKOTO OKCUAVIPOBAHNS.
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TuTaHHBIH MUKPOAOFaabIK TOTBIFYHI Ke3iHge )XKaObIHAApPABIH TY3iay IIpoIieciH sepTTey

Angarna. JKywmeicta tutaH OeTiHge MUKpO goraablK TOThIFy (MAT) oaiciMen KaabmTackaH
>KaOBIHAAPABIH KYPBLABIMABIK-dasaablK Kyiti sepTTreadi. 3epTrey 6aphICchIHAA ITpOoliecc TapaMeTpaepi MeH
9AeKTPOAUT KYPaMBIHBIH ©3TepyiMeH OipkaTap ®KCIlepUMeHTTep XYPrisiadi. Op Typai aHaAUTUKAABIK
daicTepai, COHBIH iIliHAe DA€KTPOHAB MUKPOCKOIIM MEH PeHTTeHAIK Au(paKIMIHbI KOA4aHa OTHIPHII,
>KaOBHAAPABH MOP(QOAOTUAABK >KoHe KYPHIABIMABIK e3repicrepi TaajaHAbl. TuUTaHHBIH MNKpPO
AOFaABIK TOTBIFYBl @aHOATHI IIOTEHIIMOCTaTUKAABIK pesxkuMae 10 MunHyT 60761 GocOop KBIIIKBIABL, HATPUI
oprodocdaTrl, Kaamit TUAPOKCUAI >KoHe TIMAPOKCHMAIlaTUT HeTisiHAeri opTypai »aekTpoautTepe
Kypriziaai. MAT-aaH Keitid OeTTiH MUKPOTEOMETPUSICH ©3repMeliji, SIFHV TUTaHHBIH OeTiH/e KaAbIHABIFbI
5-7 MKxM 604aThIH KyKa Ka0ObIH rariga 6oaaapl. CKkaHepAeyIili 9AeKTPOHAB MUKPOCKOIINS 9iciMeH >KaObIH
GetiH 3epTTey HaTMKeAepi OapABIK 3epTTeAeTiH >KaObIHAAPABIH eH KeyeKTi OeTiHje KaaAuil IMAPOKCUA]
(KOH) xocplaraH ®4eKTpOANTTe Ty3iAreH KaObHAap Oap ekeHiH KepceTTi. PenTrenaix amdpaximisa
HOTIKeAepi aHaTa3a MeH PyTuA >KaObIHAapABIH Herisri pazachl eKeHiH KopceTTi. DAeKTpOAUTTIH KypaMbl
MAT npouecinig aHpIKTaymsl (pakTOpAapbIHEIH 0ipi 00abin Tabbraaas! xxaHe MAT KoagaHy ymiiH ere
MaHBI3ABl. 3epTTey HITUKeAepi TUTaHHBIH MUKPO AOFaABIK TOTBIFYBIHAA >KaOBIHAApPABIH Haliga 00ay
IIPOIIeciH TepeH TYCiHyTe MyMKiHAiK Oepeai.

Tyitin cesaep: MUKPOAOFaABIK TOTHIFY, KaabIuii-pocdar >KaObIHBI, ¢U3MKa-MexaHUKaAbIK
KacueTTepi, ®A€KTPOANT.

A. Zhassulan’, B. Rakhadilov? D. Baizhan', A. Shynarbek’, K. Ormanbekov’
!Shakarim University of Semey, Semey, Kazakhstan
’LLP PlasmaScience, Ust-Kamenogorsk, Kazakhstan

Investigation of the process of coating formation during microarc oxidation of titanium

Abstract. The structural and phase states of coatings formed on the surface of titanium by the method
of microarc oxidation (MAQ) are investigated. In the course of the study, a series of experiments were
conducted with varying process parameters and electrolyte composition. Morphological and structural
changes of the coatings were analyzed using various analytical methods, including electron microscopy
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and X-ray diffraction. Microarc oxidation of titanium was carried out in anodic potentiostatic mode for 10
minutes in various electrolytes based on phosphoric acid, sodium orthophosphate, potassium hydroxide
and hydroxyapatite. After the MAO, the microgeometry of the surface does not change, i.e. a thin coating
with a thickness of 5-7 microns is formed on the surface of titanium. The results of the examination of the
coating surface by scanning electron microscopy showed that the coatings formed in an electrolyte with
the addition of potassium hydroxide (KOH) have the most porous surface of all the coatings studied. The
results of X-ray diffraction showed that anatase and rutile are the main phase in coatings. The composition
of the electrolyte is one of the determining factors of the MAQO process and is crucial for the application of
MAO. The results of the study allow us to gain a deep understanding of the process of coating formation
during microarc oxidation of titanium.

Keywords: microarc oxidation, calcium-phosphate coating, physical and mechanical properties,
electrolyte.
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Technology for obtaining anomalous photovoltaic effect films
from cadmium halides and on the nature of Microphotocells

Abstract. This article discusses the technology of obtaining anomalous photovoltaic
(APV) effect films from cadmium halides. APV effect is a unique phenomenon where
a photo-induced voltage is generated across a metal-semiconductor interface, and it
has been a subject of research for decades due to its potential applications in solar
energy conversion devices. In this context, cadmium halides are a promising class
of materials for APV effect films due to their unique properties. The technology of
obtaining APV effect films from cadmium halides involves a complex process of film
deposition, annealing, and surface modification, followed by a series of electrical and
optical measurements to characterize the material properties. This article highlights
the recent advancements in the technology of APV effect films from cadmium halides,
including the use of new deposition techniques, surface modification approaches,
and device architectures. The potential applications of these films in solar energy
conversion devices are also discussed, along with the challenges and opportunities in
the field of APV effect research.

Keywords: anomalous photovoltaic effect, cadmium halides, film deposition,
stoichiometry, dispersion evaporation, doping, explosive evaporation, acoustic
faraday effect, selenium films, cadmium telluride films, thickness gradient, oblique
deposition, CdTe APV films, CdSe APV films.
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Introduction

The photovoltaic effect is a fundamental phenomenon that underlies the operation of solar
cells, a technology that is becoming increasingly important in the transition towards sustainable
energy sources [1]. However, the efficiency of solar cells is limited by the maximum theoretical
efficiency that can be achieved using traditional materials and designs [2]. Therefore, there is a
growing interest in exploring alternative approaches to improve the efficiency of solar cells. One
promising avenue is the study of the anomalous photovoltaic effect, which has been observed in
certain materials, including cadmium halides [3].

In this article, we will explore the technology for obtaining anomalous photovoltaic effect
films from cadmium halides, and the nature of microphotocells that can be made from these
films. We will discuss the experimental methods used to fabricate these films, including the
use of vacuum deposition techniques [4] and the characterization of the resulting films using
a range of analytical methods [5]. Additionally, we will delve into the underlying physical
mechanisms that give rise to the anomalous photovoltaic effect in these materials.

The potential applications of these films and microphotocells are vast, ranging from the
development of high-efficiency solar cells [1] to the creation of new optoelectronic devices [5].
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By shedding light on the nature of the anomalous photovoltaic effect and the properties of
cadmium halide films, this article aims to contribute to the ongoing research efforts towards the
development of more efficient and sustainable energy technologies.

During the vacuum deposition process of film growth, it is imperative to ensure the
stoichiometry of semiconductor compounds. Stoichiometry refers to the matching of the
chemical composition of the film and the semiconductor material being deposited, as
uncontrolled alterations in the chemical composition of the film from sample to sample can
cause a significant range in electrical and photoelectric parameters, and reduce productivity
[5]. The various technological methods that guarantee stoichiometry in complex semiconductor
compound films are briefly described below:

a) Dispersion evaporation of all semiconductor compound components (the three-
temperature method) [4];

b) Doping the semiconductor film during or after deposition with a less volatile component,
i.e., an element with low vapor pressure;

c) «Explosive» evaporation of the semiconductor compound.

The discrete evaporation method has been well-tested on such binary compounds as A"BY
and A"BY), such as GaAs, InSb, CdS, among others. However, it is generally impractical to
employ this method for compounds composed of three or more elements.

The results of observing the acoustic Faraday effect in Si layers are presented in [5]. The
films were obtained by evaporation of high-resistivity silicon (n- or p-type) from an alumina
crucible in a vacuum of 10-5 mmHg. Glass, quartz, and Plexiglas were used as substrates.»

Research methods

Silicon films were obtained by evaporating pieces of the source material in a vacuum of
10° mmHg using a specially made crucible made of beryllium oxide and alumina [6]. In order
to obtain anomalous photovoltaic (APV) silicon films, p-type monocrystalline silicon with a
resistivity of 300 ohm-cm was etched in HF-HNO, [7]. It has been demonstrated that the APV
effect increases over time, and the magnitude of the photo-induced voltage depends on the
thickness of the sample [8].

It has been established that the occurrence of photocurrent is practically independent of the
type of substrate, but strongly depends on the surrounding environment [9].

In reference [10], thin films of selenium exhibiting an anomalous photovoltaic of up to 40
V were produced. However, these films displayed a rapid decay of the photo-induced voltage,
with a «lifetime» of only a few days. Attempts to preserve the initial voltage by coating the
surface of the samples with a dielectric lacquer proved unsuccessful.

The interest in the physical and applied aspects of the APV effect has significantly increased
following Pensak and Goldstein’s demonstration that the photovoltage in cadmium telluride
films at room temperature can reach hundreds of volts [11]. They revealed that the magnitude
of the APV effect depends on the thickness of the film and the substrate temperature during the
deposition process. Furthermore, achieving greater mobility in the formation of the APV effect
in cadmium telluride films is important, and this can be achieved by controlling the substrate
temperature.

Results and discussion

Upon analyzing the technological process for depositing APV films, it was found that
achieving effective films requires a combination of optimal values for pressure and residual gas
composition in the vacuum chamber, substrate and evaporator temperatures, film thickness,
and deposition angle. Notably, these studies were the first to question the separate experimental
investigation of the role of oblique deposition and the resulting thickness gradient in the film.
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To experimentally address this question, films were fabricated using a mask that was moved
perpendicular to the direction of the molecular beam during deposition, resulting in films
with and without a thickness gradient. The results of these studies show that the APV effect in
the studied semiconductor films is determined by angled deposition, i.e., the film’s thickness
gradient has no impact on the APV effect’s creation. Some parameters for studying CdTe APV
films are presented in Table 1.

Table 1.
substrater € 49 62 76 100 120 155 215 250 305 355

U,V 0 0 0 35 22 87 94 140 150 105

The APV effect in cadmium selenide films was obtained in [11]. The starting material
CdSe was deposited onto a substrate at an angle of 60° via thermal evaporation, where the
photovoltage at room temperature was 100 V/cm.

According to a novel approach for fabricating CdSe APV films, the starting cadmium
selenide is loaded in the evaporator in powder form, with 10-15% of its weight evaporating
during the deposition process. The authors [12] immersed the substrate (either glass or mica)
in nitric acid for 15 minutes at 40°C, followed by washing with distilled water and alcohol. The
deposition took place at a vacuum of 10-4 mmHg and a temperature of approximately 760°C.

The structure of the CdSe APV film corresponding to p-n junction (a) and Dember (b)
models is illustrated in Fig. 1. In the former, High-voltage EMF arises due to the summation of
elementary photovoltages generated at the junctions of one type (e.g. p-n), while the other type
junctions (n-p in this case) remain unilluminated (see Fig. 1a).

A J )
V,, =NLin| 14] 22
q

(1)

Si

(J, and ] ; denote the saturation current and photocurrent, respectively, in a p-n junction).

In the Dembe model (see Fig. 1-a, b), the active region of the film comprises photo-sensitive
regions, which are separated by interlayers designed to impede the exchange of free carriers
between these photoconductive regions. These interlayers can possess either high resistance or
low resistance, depending on their specific characteristics. Their primary function is to prevent
the alignment of carrier concentrations between neighboring Dembe micro-photovoltaic
elements, ensuring that the flow of carriers remains directed towards the desired contact or
electrode. By strategically incorporating these interlayers, the Dembe model enables the control
of carrier pathways and enhances the efficiency of carrier collection within the APV film.
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Figure 1. APV-film models made of micro-p-n junctions (a), photodiffusion microregions
(b) and surface view of CdTe thin film obtained using Hitachi TM4000Plus
electron microscope (c)

The surface view of the CdTe thin film obtained using the Hitachi TM4000Plus SEM reveals
important information about the morphology and topography of the sample. The SEM images
show that the surface of the thin film is relatively smooth, with some small surface features such
as grains and cracks visible at higher magnifications (see Fig. 1c).

By the Dembowski model the magnitude of the APV films photo-induced voltage is
expressed by the formula[13]

éT.b—11n1+A2'2/2'0
g b+l 1+Ar7/7,

VA‘PV =
(2)

(The dark conductivity of the film is denoted as t;, while the photoconductivity values at
the ends of the i-th element are represented by At, and At,).

Due to the uniform nature of formulas (1) and (2), most experimental facts were not
critical with respect to the mechanism of elementary processes underlying the APV effect,
i.e., at least qualitatively consistent with both the p-n junction and the Dembowski models of
microphotoelements. When] oV, AteoV, ] =R and t=1/ R (in the intensity of incident light and
the dark resistance), it can be seen that for the photo dlffusmn and photo-voltaic mechanisms,
U,.,=f(V, R), i.e., the APV effect can only occur in high-resistance films. Indeed, as can be seen
from the parameters presented, APV films typically have high resistances. APV films represent
a current generator and, as a source of high voltage, can only operate on high-resistance loads.

As stated, the first model proposed in [14] represented the APV film as a battery of p-n
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junctions. Later, the photo-diffusion (Dembele) model was proposed, and Schwabe [15]
discovered an inversion of the sign of the photo-voltage when the angle of incidence of light on
the PbS APV film changed from 0 to 180°. Such an inversion of U, ,, cannot be explained within
the framework of the p-n junction model since the sign of the photo-voltage in a p-n junction
does not depend on the voltage applied to the junction (see Fig. 1a). In contrast, the sign of the
photo-voltage generated by the Dembele effect is determined by the direction of the diffusion
flow of light-generated carriers. Thus, when the angle of incidence of light on the APV film
changes and the illumination passes from one face of the elementary photovoltaic section to
another, the sign of U, changes (see Fig. 1b). The use of angular dependencies of U, (¢)
(¢ is the angle of incidence of light on the APV film) to resolve the issue of the nature of the
APV effect is complicated by the fact that, as shown in Ref. [16], an anomalous Dembele effect
is possible. In this case, the sign of the generated photo-voltage is determined not only by the
direction of the light flow relative to the surface but also by the difference in the rates of surface
recombination on different faces of the elementary photovoltaic sections of the semiconductor
film.

In the works [17, 18], it has been shown that this uncertainty can be eliminated by
conducting angular measurements of U, ., (¢) on films illuminated by monochromatic light with
different wavelengths. Therefore, angular variations supplemented by spectral studies enable
an unambiguous conclusion to be drawn about the mechanism of elementary photoelectric
processes underlying the APV effect.

Conclusion

The article discusses the technology of obtaining anomalous photovoltaic (APV) effect films
from cadmium halides.

1. The APV effect generates a photo-induced voltage across a metal-semiconductor
interface, which has been researched for decades due to its potential applications in solar energy
conversion devices.

2. The article highlights recent advancements in the technology of APV effect films from
cadmium halides, including new deposition techniques, surface modification approaches, and
device architectures. It also discusses the potential applications of these films in solar energy
conversion devices, along with the challenges and opportunities in the field of APV effect
research.

3. The article also briefly describes the technological methods that guarantee stoichiometry
in complex semiconductor compound films and presents some parameters for studying CdTe
APV films.
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K.E. Onopkyaos, A.J. 30kupoB
Depearia memaekemmix yrusepcumemi, Qepzana, ©30excman

Kaamnit raaorennarepineH KaabllTaH ThIC POTOD1€KTPAiK acepi Oap maeHKaaapabl
aay TeXHOAOTHUSCHI )K9He MUKPOPOTO1eMeHTTepaiH TaOMFaThl Typaabl

AngaaTna. Makasaga KagMUil radoreHUATEepiHeH KaAbITaH ThIC PpOTODAeKTpaik (APV) acepi Oap
II/IeHKaJdapAbl ady TeXHOAOIVLICH KapacTeipeiaadbl. APV addexrici — Oya MeTaaa->KapThlAal ©TKi3rim
uHTepdericte POTOMHAYKIIMAAaHFaH KepHey Ialija 60AaThIH epeKIle KyOBLABIC KoHe 01 KYH DHePIMSCHIH
TYpPAeHAIpY KYpblAFBLAAapBIHAA 9A€YeTTi KOAJaHblAybIHa OaifAaHLICTHI OHAAFaH >KblAAap OOMBI 3epTTey
HBICaHBI 604451. By TypFbIda KagMuii raaoreHuATepi Oipereit kacuerrepine Oaiaansictel APV addexrici
Oap maeHKa MaTepuaaAapbIHBIH IIePCIeKTUBAABIK KAackl 00AbI TaOblaaabl. KagMuit raaoreHuATepineH
APV s¢dexTici Oap maeHKasapAbl aay TeXHOAOTMSCH MaTepuaAAblH KacHeTTepiH cuIaTTay YIIiH
9AEKTPAIK JKoHe ONTUKAABIK OAllleylep CepUsChIMEH ILAeHKaHBl TYHABIPYABIH, KYIAipyAiH KeHe OeTti
e3repTy4iH Kypaeai IpolieciH KaMTHABL. bya Makadaga KaagMmuii raaoreHuarepinen APV sddekrinig
I1/1€HKaAapbIH aAy TeXHOAOTUACBIHBIH COHFBI KeTiCTiKTepi, COHBIH iIlliHAe >KaHa >KaybIH-IIIaIllbIH dAiCcTepiH,
GeTTi ©3TepTy TociaaepiH >KoHe KYPHIAFLI apXUTeKTypadaphlH KOAJ4aHy Typaasl aiiteiaagsl. CoHaall-ak,
O6ya ¢puabmaepAiH KyH DHEPIUACHIH TypAeHAIpy KYPBIAFbIAapblHAaA d4eyeTTi KOAAaHBLAYBI, COHAal-aK
APV acepiH 3epTTey casacblHAAFLI Macededep MeH MYMKIHAIKTep TaAKblAaHaAbl.

Tyriiina cesaep: KaabTaH ThIC POTODAEKTPAIK 5PPeKT, KaaMUI ral0TeHUATEP], T1eHKaHbI KOAJaHY,
CTeXMOMeTpUs, AMCIePCUIABIK DBarlopalus, AOIMHI, >Xapblarbil Oyaany, Papageil aKyCTUKaAbIK
s dexTici, ceseH MaeHKaAaprl, KaAMUI TeAAYPUATI TIAeHKaap, KaABHABIK TPajueHTi, Kea0ey TYHABIPY,
CdTe APV naenkaaapsl, CdSe APV naenkaaapsr.
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Technology for obtaining anomalous photovoltaic effect films from cadmium halides and on the nature of Microphotocells

K.E. Onopkyaos, A.J1. 30kupos
Depearckuii zocydapemeerinviii ynusepcumen, Pepzana, Ysdexucmar

TexHOAOTVSI MOAYYEeHNS IL1€HOK C aHOMAaAbHBIM (POTOD1eKTpIriecKuM 3¢ peKkToM ns
raaoreHMA0B KaAMIs ¥ O IPUpOJe MUKPO(OTO?1eMeHTOB

Annorammsa. B jaHHOIN cTaThe paccMaTpMBaeTCsl TEeXHOAOTMS —IIOAy4eHUs IIAeHOK C
aHOMaABHBIM oTosaekTpudeckum (APV) sdpdekrom ms razorennios Kagmusa. DPpdexr APV — st0
YHMKaJAbHOE sBAeHMe, NPY KOTOPOM Ha TpaHMIle pasjeda MeTaAA-TIOAYNPOBOAHUK TeHepUpyeTcs
JoromHAyIIMPOBaHHOE HATIPSIKEHNE, I OH OBLA ITPeAMETOM UCCAeA0BaHNI Ha ITPOTSIKEHUN AeCATUACTU
13-3a €ro MOTEHI[MaAbHOTO IIPUMEHEeHMs B YCTPOIICTBaX IIpeoOpasoBaHms COAHEYHOI sHeprun. B sTom
KOHTEKCTe TaA0TeHUABI KaAMIU ABASIOTCA ITePCIIeKTUBHBIM KAaCCOM MaTep1aloB 4451 IA€HOK ¢ P deKToM
APV 6aarogapsi CBOMM YHMKaABHBIM CBOJICTBaM. TeXHOAOIMs IoAydeHus IaeHoK c sddexrom APV
13 TaAOTEHMA0B KaAMUs BKAIOUaeT CAOXKHBIN ITPOIecC OCa’kAeHMs IAeHKM, OTKUTa U MOAMPUKaIUn
ITOBEPXHOCTH C TTOCAAYIOIIeN cepueii DAeKTPUIECKMX ¥ ONTUIECKUX U3MEPEeHUI 445 XapaKTepUCTUKI
CBOIICTB MaTepuada. B ®Toil craThe ocBeIaioTcs HocaejHue AOCTVKEHUS B TeXHOAOTMH ITOAYYEHMUs
naeHoK ¢ 3P Ppexkrom APV 13 ra10TeHNAO0B KaAMIs, BKAIOYas MCII0Ab30BaHIe HOBBIX METOA0B OCaKAEHI S,
IT0AXO0/0B K MOAM]UKAITNI TIOBEPXHOCTHU M apXUTEKTYP yCTpoiicTs. Takke 0OCy>KAaeTcs IOTeHITaAbHOe
IIpUMeHeHNe 9TUX IIAeHOK B yCTPOIICTBaxX MpeoOpa3oBaHMsl COAHEUHON DHePIuM, a TakKe MpoOaeMBbl 1
BO3MO>KHOCTH B 004acTu nccaejosanus sdpdekxra APV.

KaroueBble ca0Ba: aHOMaAbHBEIN (POTODAEKTPUIECKNIT dPPEKT, Tal0TeHUAb KaJMMNs, HaHeceHue
IIA€HKM, CTeXMOMEeTpuUs, UCIapeHue ANUCIepCUM, AOIMHI, B3PLIBHOE MCIapeHMe, aKyCTU4eCKU
s PexT Gapajes, ceaeHOBbIe IIA€HKHU, ITAHKN U3 TeAAypuAa KagMus, IpaAlieHT TOAIIMHEI, HAKAOHHOE
ocaxaenne, naeHkn CdTe APV, naenxku CdSe APV.
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a- 0eamexkTepAiH ‘Be sigpocbIMeH COKTBIFBICY Ke3iHAeri
cepniMai mMambIpaybIHBIH )XKahaHABIK 3aHABLABIKTapbI

Anaatma. Makaaaaa a+°Be sIApOABIK JKYJieHiH TOMEH DHepPIVLI JUalla30HAa cepIimMai
IIaIplpay KMMachIHbIH SKCIIePUMeHTaA/bIK JAepeKTepiHiH cumaTraMachiHa 3epTrey
KYprisiagi. AaplHraH KuUMaJdap IapaMeTpAepiHiH y4eTiATreH MOH DHepPIUsCLIHbIH
esrepyiMeH TeyeaAi  KaAIlbl 3aHABLABIKTapbl OearizenreH.ONTHMKAaABIK MOAeAb
(OM) 1meHOepiHge Taagay HeridiHAe ®HeprusAdapAblH KeH Alalla3oHBIHAA
©3apa 9peKeTTeCy4iH ©DHepreTuKaablK Toyeadi ONTUKAABIK IIOTeHIMaaAaphl
tabblaran. JKylieai TaagayablH HOTUIKeCiHAe aHBIKTaAFaH IOTeHIIMaAAap/blH
DHEPreTUKaAblK 3aHABLABIFBl DKCIIEPUMEHTTIK ©Alleyep >KyprisiaMereH »HepIVs
Ke3iHAeTi IpolecTepaiH KMMAachIH SKeTKiAiKTi adajiriMeH Ookayfa MyMKiHAIK
Oepeaiflaposap apachlHAAFbl — dcepAecyAiH  KeIleHAIK  (QPYHKUMACH  OOABII
TaObLAaTHIH MOTEHIMAa, IIallbkipay IIpoleciHie e3apa 9peKeTTecyai CUIlaTTaiThIH
SMIUPUKAABIK ©4111eM 004bIT TaOblaaAbl. IloTeH1IMaaAbIH CHIPTKBI (paKTOpAaphIMeH
TOyeAAiAiriH Kypy 3epTreyaepin apOip S4POABIK XKylieci yIIiH XKeKe XY Prizy KaxeT.
PeHOMEHOAOTUAABIK TeOPUSAaPAbIH AdAAITIH apTTHIPY MaKCaThlHAA >KacaAaThIH
MYHJall TaajayAap OSKCIIePUMEHTaAAbl AePeKTepAiH YAKeH MacCHBiHe CylieHyi
Tric. PeHOMEHOAOTUAABIK TaCiadepAiH HITU KeAepiHiH IIbIHAMABIFBIH HaKTblAay
YLIiH TeOPpUSABIK TYPFbIZaH IIOTEHIIMAAAapPAbLIH JKoHe TOABIK peaxIus KUMaHbIH
DHEepPTeTUKaABIK TayeaAidikTepiHiH >XKahaHABIK 3aHABIABIKTapBIH aHBIKTAy AYpPBIC
6oaaapr. Makasaza a+’Be mpomeci ymin seprxanaapk E_=30 - 60 MeV snepris
apaAbIFbIHAAFbl DKCIIEPUMEHTTIK JepeKTep >KMBIHTBIFBIH KYlieai Taajay HerisiHae
IOTeHIMaAAapAbIH JKoHe TOABIK peaklus KUMAachIHbIH DHepPreTUKaAbIK, ToyeaAiairi
aHpIKTaaapl. KnuMma mnapamerpaepiHiy yJeTylni IIOFBIp 9SHEPIVSICBIHA Tayeadl
’kahaHABIK 3aHABIABIKTApPBHIH KaHaFaTTaHABIPATHIH ITapaMeTpAepiHiH OHTalAbI
MaHJepi TabbLAABL.

Tyitin cesaep: cepmiMmai IIambIipay, HaKThl JKoHe >KOpamaa IlOTeHImad, Byac-
CakcoH, (peHOMEHOAOTUAABIK TalAay.

DOI: doi.org/10.32523/2616-6836-2023-143-2-24-35

Kipicme

Actpodusnkaga, AApOABIK DHepreTrKaja TePMOCHHTe3 IIpollecTepi KesdiHge Oepmaamii,
AUTHIL, GOp, KOMipTeri s14poAapbIHBIH KOII TY3i4eTiHAIr XKeHia 14poaapAbIH HyKAeOCHHTe3iMeH
Tikeae OariaaHbICcThI[1, 2].

YcoIHBLAFaH KyMBICTa ‘Be sApochiHaH a4 - 0OAIIEKTiH cepriMAi INaIIbIpayblH 3epTTey
YIIiH TOMEH SHeprusjarbl DKCIEePUMEHTTIK AepeKTepre TeOPUAABIK TaajayAap >Kyprisiaai.
‘Be(*He,’He)’Be, “Be(*‘He,*He)’Be npouectepi ymin M.K. bakrsibaes T.6. [3], 4.M. A>xaHceiiTos
1.0.[4], C.M. AykpsHOB T.0. [5], A.C.dembsanosa 1.0. [6] xone A.C. AsHNUKNHT.0. [7] aBTOpAapABIH
E =30 - 60 MeV sHeprusi apaablfbIHAAFbl DKCIEPUMEHTTIK gepekrepine OM meHOepinae
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Kyleai Taajay >Kacaaabl. Taasgay HerisiHAe HOTeHIMaAAapAblH >KoHe TOABIK PpeakKIus
KVIMAaChIHBIH YHepTeTUKAaAbIK ToyeAAiAirinig >kahaHABIK 3aHABLABIFEI aHBIKTaAABL. VIOH 14 POABIK
e3apa apekeTTecy IpolleciHle DHEPIMSIHBIH ©3repyiMeH IOTeHIMaaljap IlapaMeTpAepiHiy
HBOAIOLNACH KopceTiaeai[8].

PeHOMEHOAOTUAABIK,  TaCiAJepAiH HOTVOKeAepiHiH INBIHAMABIFBIH  HaKTblday — VIIH
TeOPUAABIK TYPFBIAAH HOTeHLNAaAJapAblH >KoHe TOABIK peakUNs KMMaHBIH SHepreTUKaAbIK
ToyeaAaiaikTepiHiH >KkahaHABIK 3aHABIABIKTapBIH aHBIKTay AypbIic 0oaaabi[9].Makaaaga
seprxanaablk E =30 - 60 MeV sHeprus apaabirbinga a+’Be s4poabik mmporiecin xyiteai Taajay
HOTIKeCiHAe OpTaK 3aHABIABIKTHI KaHaraTTLIPATBIH OHTalABl >KaHa IapaMeTpaep TOOBI
AHBIKTAAABL.

Teopusiapik 604iM

CoxkTrIrpicKaH sapoaap yurin OM Ooiibiama acepaecy U(R) - morennmaasr peannrep
TeH/eyi HeTidiHJe ecerTeAeTiH noTeHIIMaa 004aabI[10]:

27 v (5) = £ (£)o)

MyHJa - 4, YOTBIH a3aiTblAFaH Maccachl, R - oaapabIH Macca opTaAbIKTaphl apachlHAAFbI
apakalbIKTHIK, aa E - caapicTeipMaanl KosraapicTeiy CMS sHepruscer.
Omnrukaaslk morennmaa [11]:

U(r) = V() = V() — i(Wy () + Ws(r)) ()

MyHAaV . - KyAOHADBIK ITOTEHIMAA.
Haxkrsr motentimaa[12]:

v )

V(i) =V, [1 + exp (r;

R = r,AY3(4)

Keaemaik ;xopaMaa norennuaa:

Wy (r) =W, [1 + exp (%)]_1(5)

MyHAa R-paauycsl, a, - augdysairi.
CepnimMai mamsipayAsig gudg@epeHnnaiask Kumacer[13]:

= = A(0)I%(6)

OnTuxaablk napamMeTpAepAiH caabICTBIpMaAbl KaTeAiri:

2 (o)7—(0i)3
X [ (40))y ] (7)

MYH/Aa (oi)T’ (Gi)9 — TEOPUAABIK >KoHe DKCIIePUMEeHTTIK K1MMaaap, (AGi)9 — kuMakareairi, N —
HYKTeJep CaHBL.

BECTHWK EHY umenu A.H. I'ymunresa. Cepus Dusura. Acmpornomus Ne 2(143)/2023
BULLETIN of L.N. Gumilyov ENU. Physics. Astronomy Series 25



a- beautexmepdir; °Be s0pocoivert cokmuizbicy Kesitdezi cepnimoi uauibipayvioit Kahanovik 3aH0bAbIKmapol

Taaagayably A94A4iTiH  aHBIKTay VIIIH peakIMsAAapbiHBIH OR - TOABIK KUMaCBIHBIH
DHEPreTUKaAbIK ToyeAAiAiriHiH 3aHABIABIFBIH TeKcepy KakeT. TOABIK peaKlms KMMaCBIHBIH
DHepIUsAFa ToyeaAAiliri osaeOmerTepderi >XKahaHABIK 3aHABIABIKIIEH Yillecce aHBIKTaAfaH
napameTtpaepai KaObiagayra 60aaapr [14].

Taaaay 6eaim

Elab=30 - 60 MeV sneprus guarasoHbIHAA a+9Be;[4p0Abu< nponecine OM Herizinae Taasay
kacaaapl. ONITUKaABIK IIOTEHIIMAAABIH IIapamMeTpAepiH i3gey ymiiH kyi Tenaeyaepi FRESCO
KOABI OaFAapaamMaceiHja ecenTeaai[15].

a+9Be}IApOALIK XKy¥ie YIIIiH DKCIIEPUMEHTTIK Aepektep KopbiHaH E, =30 MeV [5-7], E , =40,

47 MeV [4] xone Elab=50’ 60 MeV [3] aBTOpaapAblH dHepTrUsAapblHAAFbl AepeKTep TaHAaAbIIl
aapiHABL. Keaeci kecrege TaagaydaH aHBIKTaAfaH OHTallAbl IIapaMeTpAepi >KUBIHTBIFBIH
KOpCeTiAreH.

Kecte 1. OM nHerisiHae 0i3aiH aHbIKTaraH Elab=30'60 MeV »sHeprus apaabIKTarbl
IapameTpAepAiH DHepreTuKaAblK TayeAAiAiri

E., Moderob v, T, a, w, r, a, Oy DKcrepuMeHT
MeV MeV fm fm MeV fm fm ;(2 /N mb aBTOpAapbl
30 oM 220.0 0.487 0.65 8.93 1.25 0.63 8.4 978 C.M. AykpaHOB T.0.
30 oM 130.0 0.773 0.622 | 19.55 0.34 19 18.8 1970 A.C. denukuH T1.0.
30 oM 158.3 0.779 0.605 | 9.04 1.141 0.872 | 159 1143 AS. Adempsnosa T.0.
40 OM 113.9 0.91 0.61 19.6 | 091 1.19 19 1396 AM. AxanceitTos T.0.
47 OM 115.4 0.691 0.2 25.1 | 0.76 0.48 18,5 1420 AM. AxaHCeWTOB T.0.
50 OM 114.0 1.15 0.87 137 | 1.6 0.8 13.7 1970 M.K. Baktri6aes T.6.
60 OM 85.0 1.05 0.41 16.4 | 1.65 1.16 6.8 1924 M.K. Baktri6aes T.6.

Kecreaen ;(2 / N — mapameTpiHiH MaHi 6,8 — 19,5 apaabiKra aHbiKTaa4bl. Taagay OobIHIIIA
aHbIKTaAfaH KecTeJeri IlapaMeTpJep HeTri3iHae caAblHFaH TeOPUAABIK KMMaAdapbIHbIH
DKCIIEPUMEHTTIK 4@peKTepiH cumnaTTaysl Keaeci 1-7-cyperrepae KopceTiareH.
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Cyper 1. C.M. /lykbsHOB T.0. aBTOpaapabiH E,  =30MeV sHeprusigarbl 9KCIIepUMEHTTIK
AepeKkTepiH Taaaay
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Cyper 2. A.C. AenukuH T1.0. aBTOpaapabiy E =30 MeV sHeprusigarbl 9KCIIepMMeHTTIK
AepeKTepiH Taaaay
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a+'Be
E,.=30 MeV

® EXP(A.S. Demyanova)
OM (x’/N=15.9)

4He+4He+n - configuration

0_ deg

Cyper 3. A.C. JembsiHOBa T.0. aBTOpaapabiH E, =30 MeV sHeprusiaarbl 9KCriepUMEHTTIiK

AepeKTepiH Taaaay

1000 a+'Be
- E_ =40 MeV
10
'
Q1
'g 0.0
B ® EXP(D.M. Janseitov)
© Es3 —— OM (X!/N=19)
1E4
1E-5
“Be(*He, He)'Be
1E-6
! T T T T T T T T 1
20 40 &0 80 100
o deg

Cyper 4. A.M. XKanceiiTos T.0. aBTropaapasif E, =40 MeV sHeprusiagarbl 9KCIIepUMEHTTIK

AepeKTepiH Taaaay
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a+'Be
- E_=47 MeV
. L ]
10
1
5 o
- e EXP(D.M. Janseitov)
0,01 OM (x*/N=19.5)
1E-3
] 3 3
e Be('He, He)'Be
1 L 1 L I L 1
20 40 60 80

0, deg

Cyper 5. A.M. XKawnceinTos T.0. aBropaapasiy E =47 MeV sHeprusigarbl 9KCIepUMEHTTIK

1000

100

AepeKkTepiH Taajay

a +“]Ee
Elm=5f} Me\

1I]-é
=]
=]
B 13
=}
0.1 g
: ® EXP (MK Baktybayev)
0,01 —— OM (x*/N=13.7)
1E-3 o 1 L] 1] .} 1
40 il B0
0 deg

Cypert 6. M.K. BakTbi0aes 1.0. aBTopaapabid E | =50 MeV sHeprusigarbl 9KCIIepMMeHTTIK

AepeKkTepiH Taajay
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a- borutexmepdi *Be sdpocvimernt coxmuiavicy Kesitdezi cepnimdi ulauiblpayviott, kahanoolk ardviAbikmapui

1000 3
a+ Be
o2 E,_.=60 MeV
10
b 1
o
&
S
0.1
0.01 ® EXP (M K. Baktybayev)
OM (We)
1E-3
1E-4 4 . ; . T . T - T
20 30 40 - =
6_ deg

Cypert 7. M.K. bakTniOaes 1.0. aBTopaapabiH E, | =60 MeV sHeprusiaarbl 9KCIIepUMeHTTiK
AepeKkTepiH Taajay

Taasayaply Keaeci caThICBIHAQ OITMKAABIK IIOTeHIIMAaAAbIH HaKTBl JKoHe >KOpamaad
0eiKTepiHiH yAeTyIIIi IIOFBIP MOHBIHBIH DHePTUCHIHA ToyeAAiAiri sepTTeadi. 3epTTey HoTIKecl
Kezeci 8-cypeTTe KopceTiareH.

15'3'—_ e /- Real potencial
140 + e W -Imaginary potencial
130 4 ']
120 -
110 -
100
a0
80
70
&0
50 -
40
30
20 - .
10 - 5
U . . ] ' I g ] = I . 1
20 30 40 50 80 70
Enetgy (MeV)

Cypert 8. V - HaKkTBI X9He W - >)XOpaMaa NOTeHIMaalapbIHbIH 9HepreTUKaabIK TayeaAiairi

V, W (MeV)
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V - makter xeHe W - >KopaMaa HOTeHIIMaAJapblH 9SHepreTuKaablK Toyeaaiairi
aaeOneTTepaeri >JkahaHABIK 3aHABLABIKIIEH YIiAeCeAl.

Taaaayapiy cOHFBI K€3eHiHAE O, — PeaKIVHBIH TOABIK KMMaHbIH D9HEPTeTUKAABIK ToyeAAiiri
anbIKTaaabl. Taaaay HoTmxeaepi Oovibiama B, =30- 60 MeV sHeprusiaapaarbl aabIHFAaH TOABIK
KMMaHBIH YAeTyIIi IIOFBIp DHepPTUsAChIHA ToyeAAiri >KahaHABIK 3aHABIABIKTapMeH CoiiKec
AHBIKTAAABL.

2500 -
a+ Be
En=3[]—ED MeV
2000 - ™ ]
5 1500 -
[ ]
E L]
[+ 4
© 1000- .
®  Qurvalues
500 -
¥ I b I * ] ¥ I . ]
20 30 40 50 60 70

E,,, (MeV)

CypeT 9. G - TOABIK peakINsl KMMaCBbIHBIH YAETYIIi HIOFBIp 9HePIUsIChIHA Toyeaaiairi

AHBIKTaAfaH TOABIK KMMaHBIH 9HepreTMKaAblK Toyeaaiairi [8, 9Jeaebmerrepaeri
3aHABLABIKTapMeEH Yiideceai.

bya seprreyai Kasakcran PeciyOankacs! I'erasiM sxoHe >KOFapel 0iaiM myuHMCTpAiri (I'panT
No AP14871692 «10B+12C >xene 15H+11B xyiieaepi ylIiH cepIliMai IIamipipay >KoHe aaMacy
MeXaHU3MAePiH 9KCIIePUMEeHTTIK KoHe TeOPUAABIK 3epTTey») Kap>KblAaHAbIpaAbl.

KopbIThiHaBI

E_ =30 - 60 MeV sHeprus apaabifblHaa a — OeAIleKTep IIOFHIPBIHBIH ‘Be siapochiHan
mameipayblH  OM  HerisiHge >Kylieai Taagay >kacaaapl. Taagay HeTmoKeciHAe opTak
DHepPreTUKaAbIK 3aHABLABIKTH KaHaraTTaHABIPATBIH ONTHUKAABIK IapaMeTpAepiHiH OHTallAbI
MoH/Jepi TaOBLAABL.

Exinmi kezeHge a+°Be mporieci yImiH HaKTHl KoHe >KOpaMaa IOTeHIIMaAAapAblH YAeTYIIIi
IIOFBIP DHEePIMACHIHA TOYeAA1Airl aHbIKTaAABbL.

Conrpl keseHde a+’Be mporjeci yIIiH TOABIK peaxIins KUMAaCBIHBIH DHEPreTUKaAblK
Toyeaiairi seprreaai. Temen sHeprus aiiMarblHAa aHBIKTaAFaH 3aHABIABIKTAp 94e0MeTTiK
3aHABIABIKTapFa CoVIKeC Keaeai, sAFHU >KahaHABIK ToyeaaiaikTi Koazayra yaec Kocaabl. CybIK
sApoaslK ‘Be(a,a)’Be >xyiteci yriH 6i34iH aHbIKTaFaH ITapaMeTpAepAiH JKOFaphl A9A4iK MaHAePi
SAAPOABIK acTpopu3nKala KyAAbI3japAarsl XKeHia A4poaap peaKIMACHHBIH KMMAacChH 3epTTey
Ke3iHJe KOA4aHbIC TabaAbl.
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H. Amanreanawr'?, A. Coaaarxan’, 4. lllayaup6aesa’, A. Anyap'’, 1. KaceimxaHosa'
'Eepasuiickuii Hayuonarvioi yrusepcumem umenu /1. H.I'ymuresa, Acmana, Kasaxcman
Mncmumym sdeproir pusuxu, Aamamul, Kasaxcman

I'a06aabHBIE 3aKOHOMEPHOCTH YIIPYTOTO pacCesTHUsI IIPY CTOAKHOBEHIN
a-dacTur ¢ ssapom ‘Be

Annoranmsa. B crathe mposejeHO mccAeOBaHMe XapaKTePUCTUKU DKCIIEPUMEHTAAbHBIX AAHHBIX
CeveHNs yIIPYTOTO pacCesTHILS B HI3KO9HEePreTMIeckoM Aralia3oHe s]epHOI cucteMsl a+°Be.YcraHOBAEHEI
oOmue 3aKOHOMEPHOCTM, 3aBUCAINNME OT M3MEHEeHMS DHePIMM YCKOPEHHBIX WMOHOB IIapaMeTpoB
roAy4eHHBIX cedeHuii. Ha ocHose anaamsa B pamikax onrtudeckoit mogeaum (OM) oOHapy>KeHBI
DHepreTUYecK! 3aBMCUMBble OITHUYECKUe ITOTeHIIMaAbl B3aMMOAENCTBUSA B IIMPOKOM AMalla3oHe
PHepruii. DHepreTuyeckas 3aKOHOMEePHOCTb IIOTeHIIMAA0B, BEIABAHHAS B Pe3yAbTaTe CCTeMaTIIecKOoro
aHaAM3a, MO3BOASET C AOCTATOUHON TOYHOCTBIO IMPOTHO3UPOBATh CeYeHMe ITPOIeCCOB IPU DHEPIUX,
IIpY KOTOPBLIX DKCIIePUMEHTaAbHbIe M3MepeHus He IpOBOAMANCH. IloTeHIMaa, KOTOPBIA SBASETCS
KOMITLAEKCHOM (PYHKIIMeN B3aMOAEMCTBU MeXAy SAApaMM, ABASETCA SMIMPUIECKUM M3MepeHUeM,
KOTOpOe ONNChIBaeT B3aMOAEeICTBIe B IIpolecce paccesHus. Iccae oBanus MOCTPOEHIs 3aBUCUMOCTA
IOTeHIIMala OT BHEHIHUX (PaKTOPOB HEOOXOAUMO MPOBOAUTb MHAUBUAYAABHO AAs KaXKAOM sIAepHOI
cucremsl. Takne aHaAM3HI, TPOBOAVMEIE C 11€ABIO ITOBBIIIEHN T TOYHOCTY (PEHOMEHO10TUIeCKIX TeOPHIA,
AOAKHBI ONMPATLCs Ha OOABINION MacCUB DKCIIEPUMEHTAaAbHBIX AaHHBIX. A5 yTOUHEHUS IIPaBAUBOCTI
pe3yapTaToB  (PEHOMEHOJOTUYeCKMX II0AXOAOB TeOpeTHYecKu IIpaBliAbHee OyJeT OIpejeAuTh
rao0albHble 3aKOHOMEPHOCTM ITOTEHIMAA0B M DHEPreTUUeCKUX 3aBUCUMOCTell IIOAHOTO PeaKI[OHHOTO
ceyeHms1. B craTbe onpegesena sHepreTudeckast 3aBMCUMOCTD ITOTEHIIMAA0B 1 IT0AHOIO CeYeHIs peaKkInn
Ha OCHOBE CHCTeMaTUYeCKOTO aHaAmM3a DKCIePUMMEHTaAbHOIrO Habopa JaHHBIX B MHTepBade DHEPIuu
aaboparopnoro E_ =30 - 60 MsB gas mponecca a+’Be.Haitaens! onTuMaabHbIe 3HaYeHIs ITapaMeTpPOB
CeueHNs, yA0BAETBOpsAIOIINe I100aAbHBIM 3aKOHOMEPHOCTSM, 3aBUCAIINM OT SHEPIUM YCKOPSIOLIETo
IydJKa.

KaroueBble caoBa: yImpyroe paccesHue, peaabHBII U MHMMBI mHoTeHnuad, Byac-Cakcon,
(JpeHOMEHOA0TIECKIIT aHAAS.

N. Amangeldi'?, D. Soldatkhan', D. Shaudirbayeva’, A. Anuar’, L. Kasymkhanova*
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
“Institute of NuclearPhysics, Almaty, Kazakhstan

Global patterns of elastic scattering in the collision of a - particles with a °Be nucleus

Abstract. The article investigates the characteristics of the experimental data of the elastic scattering
cross section in the low-energy range of the a+’Be nuclear system. General regularities depending on the
change in the energy of accelerated ions of the parameters of the obtained cross sections are established.
Based on the analysis in the framework of the optical model (OM), energy-dependent optical interaction
potentials in a wide range of energies were found.The energy regularity of potentials, revealed as a
result of systematic analysis, makes it possible to predict with sufficient accuracy the cross-section of
processes at energies at which experimental measurements were not carried out.The potential, which
is a complex function of the interaction between nuclei, is an empirical measurement that describes the
interaction in the scattering process.Studies of the dependence of the potential on external factors should
be carried out individually for each nuclear system. Such analyses carried out in order to improve the
accuracy of phenomenological theories should be based on a large array of experimental data. To clarify
the truthfulness of the results of phenomenological approaches, it would be theoretically more correct to
determine the global patterns of potentials and energy dependences of the full reaction cross-section.The
article defines the energy dependence of the potentials and the total cross-section of the reaction based on
a systematic analysis of the experimental data set in the energy range of laboratory E, =30 - 60 MeV for
the a+°Be process.Optimal values of the cross-section parameters satisfying global laws depending on the
energy of the accelerating beam are found.

Keywords: Elastic scattering, real and imaginary potential, Woods-Saxon, phenomenological analysis
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A.H. T'ymures amvuindaeor Eypasus yammork yHueepcumeni,
Acmana, Kasaxcman
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Taouru MmognpupaeHreH copoeHTTepAi KOA4aHa OTHIPHIII,
TeXHOTeHJiK XdHe I'MApOMIHepaaAbl MIMKi3aTTaH ypaH
aayABIH COPOIMSIABIK TEXHOAOTMSACHI

Anpaarma. bya sxympic Taburm MoamduKanmsdaHFaH CopOeHTTepAl KoaJaHa
OTBIPBHII, TEXHOTEHAIK JKoHe IMAPOMUHepaAAbl IINKi3aTTaH ypaH aAyAblH COPFBIABIK,
TEeXHOAOTUACHIH 3epTTeyre apHa/AfaH. 3epTTeyAiH Heri3ri MakcaThl-ypaHAbl ©HAIpY
JKOHE OHJey CaAachlHAAFbl OChl TeXHOAOTMSHBIH TUIMAiAiri MeH IIepCHeKTUBaChIH
aHBIKTay.

JKymricta TaOuru TypaeHaipiaren copOeHTTepaiH apTypai TypaepiHe, oaapAblH
COPFBLABIK, CHINIBIMABIABIFBIHA JKOHE ypaHHBIH epeKlleirine Taajay >Kacaaaabl. bya
TeXHOAOTUIHBIH DKOAOITIABIK aclleKTilepiHe epekille Hazap ayJapblladbl, ©JITKeHi
Taburn MoguduUKanuAalaHraH cOpOeHTTepAi K044aHy KOpIllaraH opTara Tepic acepai
asaliTyra MyMKiHAik Oepeai.

Congaii-ak, >XYMBICTa COpOeHTTepAi KaaIlblHa KeATipy >KoHe KaiiTa IlaiijadaHy
d4icTepi KapacThIpblAaabl, OYA OChI TEXHOAOIVISIHBIH PeCypPCTHIK TUiMAiAiriHe bIKIIaa
ereai. Coprplaay TeXHOAOTUAHBI KOAAaHYABIH DKOHOMMKAABIK Maligachl ypaH eHAipy
MeH eHJeyre KeTeTiH IIBIFbIHAApPABIH TOMEHJEeyiH ecKepe OTBIPBII, >KYMBICTa Ja
KapacThlpblaaAbl.

3epTrey HaTIKeAepi Taburn MogudUKanysAlaHFaH COpOeHTTepAl KOAAaHa OTBIPHIII,
ypaH aaAyAblH COPOIMAABIK TEXHOAOTMSACH OHEPKICINTIK KOAJaHy YIIiH >KOFapbI
TUIMAIAIK IeH HepcreKTuBara ue ekeHiH kepcerteai. Kylieaepai >xaxkcapry >koHe
copOeHTTepAiH KaHa TypAepiH a3ipaey MaKcaThIHAa OCHI cadaja OAaH api sepTreyaep
MeH MHHOBalMsAAaPAbIH Ka>kKeTTiAiri aTar eTiaai.

JKyMBIC Tay-KeH ©HepKacibi >KoHe DKOJAOTMAABIK Kayillci3agik caaachbiHAAFDLI
MaMaHJap VIIOiH IpaKTHUKaAbIK >KoHe FBIABIMU KYHABIABIKTHI Oiadipeai, COHbIMEH
KaTap OCHI caJajarbl opi Kapalifbl 3epTTeyJep MeH a3ipaeMeaepAiH HeTisi peTiHae
naiigaaaHblAybl MYMKIH.

Tyiin cesaep: coprelaay, JecopOums, COpOeHT, DAIOEHT, 9Al0aT, Macc-
CIIeKTPOMeTPusL.

DOI: doi.org/10.32523/2616-6836-2023-143-2-36-43

1. Kipicme

lmapomunepaaas! mukizar 0oaamakra MeTaadapAbl, COHBIH illliHAe ypaHABI COPFbLAAY
dJicTepMeH aay VIIiH TalThIpMac IMKi3aT Ke3i 604aa aaaasl [1]. bya >xymbicta ypaHABL >Kep
acThI CyBIHAH COPFBIAAY YIIIiH, KYpaMbIHAA 246 MKI/AM® A2aKke KeH OPHBIHBIH TaOMFN ITyHIUTI
(KasakcraH), TexHOTeHAIK IIBIKKaH ¢ocdorurc (Kaapumit cyabdaT IUAPATH) OAapAbIH
Heri3iHAeri KOMMIO3MUINS >KoHe OAapAblH MoAuQUKaUNsAAaHFaH ©HiMAepi IaiigadaHBIAABL
Taburu mynrutrti esrepty, ¢ocdoruric IeH IIYHIUT HeTidiHAe KOMIIO3MIIMS aAdy >KoHe
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oHbIH Moaudpukanuacel. Moguduxkatopaap peTiHge MbIC, HUKeAb, MBIPBLIII IMAPOKCUATEP],
coHjan-aK TpubOytmadocdar KoadaHbidagpl. ToxkmpOeaik 3sepTTeyaep KepCeTKeHAel,
MoAMpUKaIMAAaHFaH IIYHITUT TYHipIIikTeATeHHeH KeliH >Kep acThl cybiHaH chiHaaraH CysaH
aayra MYMKiHJIK OepeJi AMHaMMKaABIK COPFbLAQY PeXXIMi ypaHHBIH IITaMaMeH 66% Kypaiabl.
«®ocPornmnc-IyHrnT» KOMIO3UIIUACBIHBIE TYMipIITiKTepi >KoHe OHBI ©3repTy eHimaepi ~88-
AeH Oacrall ypaH IIbIFapyAbl KaMTaMachl3 eTeTiH >Kep acThl CyblHaH ypaHABI CTaTUKAABIK
copbiusiay peXXuMinge KypaMbiHaa rutaepi Oap OipkaTap IIyH cOpOeHTTepi aAblHAbI JKoHe
cplHaAAbL ~99,5 %.

YpaHHBIH TUAPOMMHEpaAAbl KO3Aepi eH YJAKeH MYXWUT CyJapblHga Hasap ayJapaabl
MYXUT CYBIHBIH Y/AKeH KeJeMi >KoHe OHJAFfbl YPaHHBIH KOHIIeHTpaIVCH (IlamMmaMeH 3 MK/
am?) 6oaaapl. bipkaTap eagep ke cyaapblHaH ypaH adyfa TeIpbicyAa. Kasipri Tanaa kernreren
MeMaeKeTTepAe ypaH KOHIleHTpanusicel Oipaemre 10 —aaran Mkr/am’-ten 1000 MKr/am’-xe
AeNiHTi KeaaepAiH caHbl TipkeareH 004l TaObLAaAb! [3]. CaABICTHIPY YIIIH YpaHABI JKepacThl
IraliMaJay oa4iciMeH aay Ke3iHge >KepacThl KeHAepiH ImaiiMazay ©HiMAl ypaHABl COpPFbLAAY
KylieciHe TycCeTiH IIaliMaaay Ke3eHiHJeri epiTiHgidep eckepiaeai ypaHn KoHIleHTpanmscel 10000
MKr/AM® xeteai. COHABIKTaH yYpaHHBIH OCBI KOHIIEHTpAIMACH Oap Keaaepai ap3aH IUKi3aT
peTiHge KapacTeipyFa 604aabl. Makaaaja 3epTTey HoTIDKeadepi KeATipiareH MI/AM yCTaliTHIH
>KepacThl CybIHAaH yPaHABI COPFbLAAy Ke3eHi KeaTipiaren [4].

Hlynrur- KypamMblHAa MUHepaa Kewipreri [4], Typai KoclladaapMeH KypaMbl JacTaHFaH
KpeMHIII, aAIOMIHNI, TeMip >KoHe Oackaja ®AeMeHTTep Kesgecedi. bya mmHepaa opbiHABI
aAa/bl IIBIHBI JKoHe KpUCTaaabl popMasap apachiHAa OChI )KoHe o3re Ae OeAridepiH aHbIKTaliThIH
koMipTeri Ooabint kKeaeai. IllyHruranely Herisri KypblABIMABIK 94eMeHTTepi raoOyaaaap
Ooapinn TabbLAaABI cepaablK KoHe Ae DAAUIICOUATH KoMipTeri meainepi opra ecenmen 10
HM Ty3iaimaep[4], oHblH iminAe 60c opbiHAApABIH 00Aaybl aHBIK [4]. [laitigasanpiaran Aaakea
KeH OPHBIHBIH IIYHIUTiHiH JKyMbIcbiHAA -0,1 MM KO44aHbLAABL. AAaKOA KeH OPHBIHBIH, IITYHIAT
KOPBI KY34ereH MIAANOH TOHHaFra OaradaHaabl. A1aKeA KeH OPHBIHBIH IIYHTUTiHIH XMMUAABIK
KypaMBI koHe ¢pocdorurica, XyMbICTa KOAJaHbLAFaH, 1-KecTege KeaTipiaren [5].

Kecre 1. Azakea KeH OpHBIHBIH ITYHTUTIHIH XMMHUAABIK KypaMsl [5]

Copbent Kypamel, caamax
C Si Al Fe Mg Ca Na K
Iyurur 10,00 28,02 7,77 4,52 1,16 1,07 1,28 1,75
2. Oaicrepi

1. TaOurarra kesaeceTiH TaOuFM Typderi IIyHIUT AJaKea KOAiHIH CyblHaH ypaHABI
coprblaay YIIiH IlaligadaHblagbl >KoHe OHBIH XUMMAABIK KypaMmbl 1- KecTede KeATipiareH.
Asakea KeAiHiH CyblHaH TYpPaKThl XKafdaiija ypaHAbl COPFbLAAy YIIiH ipi TyMipHIiKTi ITIyHTUT
(+0,6-1,1 mM) KO0a4aHaMBbI3. AaaKkea Cybl ypaH TYPaKTLICEIH apTTBIPY MakcaTbIHAA aA/bIH-aAa
OyaaHaBIpEII aaaMbl3. 0,6 T caaMaKIIeH NIYHTUTIiHIH iarimti kepceTiareH cyra 0,6 AM° KeaeMiHge
opHaaacTbipblaaabl . CopOeHTTiH epiTiHAIMeH JKaHacy yaKbIThI 2 caFaTThl Ky paliAbl, epiTiHAiHIH
Temneparypacsl mamamen 22 °C. Coprelaay XylieciHge cCOpOeHTIIeH Cy YHeMi MeXaHUKaAbIK
apa/acTBIPFBIIIIIEH apaAacThIPblAAbL. 2 caFaT ©TKeHHEeH KelliH cy KOpFaa4bl >KoHe O4aH yPaHHbIH
KYPaMBIH CIIeKTPAiK 94icTieH aHbIKTay YImiH 1,2 cM® geKaHTaT aabIHABL. A KeAeci CyFa KOCBIMIIIa
caamarsl 0,5 r TaOMFM NIYHTUTTIH >KaHa 0e4iri opHaaacTeipbiaAbi[4]. 2 r IIlyHrnTTeH aabIHFaH Cy
Aa TypaKThl apasacTeipyMeH 2 caraT ycraaapl. Cy IIyHIUTIIeH TYHABIPblAFaHHAH KelliH ypaHHBIH
KypaMBblHa Talgay >kacay YIIiH oJaH Ta¥bl 1,2 cM® AeKaHTaT aAbIHABL ToXXMpOMEHiH COHFBI
caThIChIHAA KaAFfaH COpFblAay CyblHa IIyHTUTTIH Tarbl 0,6 r >kaHa Oeairi Koceiaabl. JKorapoiga
KepceTiareH Kargaiiaapga 1,6 r IIyHTUTTeH Cy caKTadajbl, CO4aH KeiiH ypaHHBIH KypaMbIH
aHBIKTay YIIiH o4aH 1,2 cM’ AeKaHTaT aAbIHABL.
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2. Xep actpl marMaaay o4iciHae Moaudukanusaiap KYMBIC gepeKTepiHe CaliKec MBIC
(II) >xoHe HMKeAb IMAPOKCUATEPIH MOAM@UKAUMAAAYIIE areHTTep peTiHAe IaligalaHABL
I'mapoxcuarep copbeHTTEepAiH OeaceHAipiaTeH OeTiHe JKaFblAAbI.

Oa ymiiH caamarer 1,5 1 TaOuryu copOeHTTIH iaMeri IIBIHBI BIABICKA KOMBIAABIL, OFaH
KYKIpT KBIIIKBIABIHBIH 6 cM® M epitingici Kyiisraasl. Keaeci >xyiiede KyKipT KBIIIKbLABIHBIH
KaAfaH epiTiHAici IIBIHBI BIABICTAH AeKaHTaLMs apKblAbl aABIHBIII TacTaAAbl, al aAblHFaH
copbentke 2,3 cm® kaHbIKKaH MbIc (II) koHe HUKeAb HUTpAT epiTiHAici KyITbLAABI[6]. Opi Kapaii,
IIBIHBIHBIH, KypaMbiHa 600 1/AM° TypakTeicel Oap 2,3 cM® KayCTUMKAABIK HaTpUIl KYUBIAABL.
CopbenTrepain OeTiHe OTBHIPFBI3bIAMAraH TMAPOKCUATEPAIH CyCIIeH3MCHl Ta3apThIAFaH CyAbI
narjazaHbll AeKaHTarysidaHAsl. Ocbl MOAMDUKAINS HOTUXKECIHAe aABIHFaH COpOeHT OeaMe
TeMIlepaTypachblHAa KenTipiaai. Opi Kapaill, aablHFaH MoAupUKaIMsIlaHFaH IIEOAUT >KoHe
LIYHIUT KA CybIHaH ypaHAbI COPFblAay YIIiH KOAAAHBIAADI .

3. HoTmkeaep XoHe TaaKblaay

Aaakea KeOAiHIH CyblHaH ypaHABl COpFblaay OONBIHIIA yKcac ToXipubeaep LeoaAUT
KOMeriMeH >KacaAraH.

Ocpl ToXxMpOMeHiH HoTIKeaepi KecTee KeaTipiaren. 2-Kecrege kepceriaren MaaiMeTTepaeH
KOPIIl OTBIPFAaHBIHBI3AAlA.

1-taxxipnbeae ypaHABI IIYHTUTKe IIBIFApPy ~76 % Kypaawl (KeifiHri Toxipmbeaepse Oya
KepceTkimTep ~96% - Fa AeitiH >KoHe 04aH api Kapaii~82,6% - Fa AeiliH ©3repill OTHIPABI);

4-Toxipubese 1IeOAUTTEH ypaHABl Oeain aay 89% aeirinri moHre me 60a4bl (KevriHTi
TaXXipubeaepae Oya KepceTkini[4] ic )Xy3iHAe TYpPaKThl OOABII KaAABI ).

Kecreae ycwinpiaran. 1- gepektep Azakea KOAiHiH CyblHaH ypaH cOpOTBI DOAFaH Ke3ae
ypaHAbl copOeHTKe ic XysiHae eaeyai Typde aady caaMarbl 1,5 r IIyHIUT HeMece IL1€OAUT
iaMeKTepiH >XoHe 3 caraT COPFbLAAY Y3aKTHIFBIH ITalljalaHfaH Ke3je FaHa KOA JKeTKidizeTiHin
kepceteai. MyHgait karaaliaapaa aTaaraH copOeHTTep AJakeaA KOAiHiH CyblHaH ypaHHbIH
mamMaMeH 92% - % aaaabl

Kecre 2. TaOuru IIyHINUT IIeH 1I€OANTTI HaiijalaHa OTHIPLII, YpaHAbl COPFblAay HoTIDKeaepi

Ne Yaxkpitel, | Illynrur, | Ypan mearnepi, Ypausabyg CopOeHTTeH ypaH aay
TaxXipuOe car T MKI/am® JKOFaAybl, MKT
MKT | %
IIyarur
1 3 1,5 6,42 3,21 17,9 | 76,96
2 3 1,0 4,98 2,46 18,6 | 95,89
3 3 1,5 3,14 1,57 19,5 | 82,6
IleoanT
4 3 1,5 3,82 1,91 19,2 | 88,77
5 3 1,0 3,83 1,91 19,2 | 80,65
6 3 1,5 3,58 1,79 19,3 | 90,92

Ocnl copOeHTTepAl TYTHIHYABI JK9He COpFblAay Yy3aKTBIFBIH OJaH 9pi apTTBIPY Kap>KbLABIK
TYPFbIAaH MYMKiH eMec, OMTKeHi 04 cOpOeHTTe ypaH OHAipyAi ic Ky3iHge apTThIpMaiabl.

Vonutrin copreiaay KaOiseTiH Moamudukanumsaay apKblAbl apTTHIPY MaKcaTblHAQ
SKYMBICTBIH Keeci Ke3eHiHAe MOHAB MoguduKanusaay 94iciH TaHAay >KoHe MOoANpUKAIUIAaH
KeifiH OHBIH COPFBLIABIK KalileTiH Oaraaay OOJBIHINIA TaJlall - aphl3 3epTTeyaepi Kyprisiaai.
3eprTey AepeKTepi LIYHIUT KOMeTiMeH OpBIHAAAADL.
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Kecrege 2 Mogudukanusaianrad IIyHITUT IIeH [IEOAUTIIEH YpaHAbl COPFblaay OOMbIHIIA
ToXXipuOeaepAiH  caAbICTRIpMaAbl — HITUDKeJepige KoepceTiareH (JKOFapblga — ailThlAFaH
MoaupuKanusAlaH OaraH IIyHTUT IIeH LIeOAUTTI HaligadaHyMeH OipJeil COprblaay peskuMi
KO/AJaHbLAFaH).

Kecreae kopceriaren mMaaiMeTTrepaeH KOpill OThIpraHbIHBI3Aal. 3 caraT yaKbIT ©Te Keae
MoAn(pUKaIMsAAaHFaH IIYHIUTKe ypaH aAy TaOufM Typde apTaAbl, aa 2 caraT imriHge Oya
kopcetkim 20% - ra apTagbl.

Varbaim maccacw 180850 mg
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Cyper 1. llyHINTTi TepMOTpaBUMeTPUsIABIK TalAay HITIKeAepi
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Cyper 2. lleoanTTiy TepMOrpaBMMeTPUAABIK TaAAaybIHBIH HITVIKeaepi
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SIFHM, KecTege KeATipiAreH TypaKThl MoHAEpAeri KoA CyblHaH ypaHABl COpPFblAay YIIiH
aaAbIH asa OeAceHAipiAreH IIYHTUT IIeH I[e0AUTTI KOAAaHY KOA CybIHaH ypaHAbLI COpPFbLAAY
ylIiH Tabuy copOengepai naigaaaHyMeH CaAbICThIPFaHAa YPaHHBIH COPOEHTKE ITbIFapblAybIH
92,96% aeHreitiHAe apTTHIpyFa MYMKiHAIK TyAbIpaThIHBIHA KO3 JKeTKidyre 60aaapl. CaabICTBIPY
ylIiH MogudukanusiaHOaraH IIYHTUT IIeH II€0AUT KOA CyblHaH ypaHABI TeK 92% aeHreitinge
aayfa MYMKiHAIK Oepeai.

Kecre 3. KykipT KpIIIKBLABIMEH OeaceHAipiareH MoguduKalMsAlaHFaH IEOANUT II€H IITYHIUTTI
nalijadaHa OTBIPBII, yPaHAbI COPFblAAy HITUXKeAepi

No Yakpirel, | lynrut, | Ypan Meatiepi, | YpaHHBIH >KOFaAybl, CopOenTTeH ypaH aay
TaXXipube car r MKI/AM? MKT
MKT %
IMynrur
1 2 0,6 6,38 3,18 17,96 88,4
3 1,0 5,13 2,56 18,58 95,6
3 2 1,6 1,77 0,85 20,29 96,8
Ileoanut
4 2 1,5 3,48 1,74 19,40 88,76
5 2 1,0 8,19 4,09 17,05 83,65
6 2 1,5 3,85 1,92 19,22 93,66

Kecreae xeartipiaren gepexkrepdai Taagay. 3-Kecrege KopceTeai:

1) TaOwru myHrut Asakea KeH OPHBIHBIH CyblHaH ypaHHbIH 88,4% — Ha JeiiiH, a4
MoAnpUKalsAAaHFaH IIYHTUT ypaHHBIH 96,88% - Ha AeifiH copFplaay¥Fa MYMKIHAIK Oepeai;

2) Taburum nmeoant Aaakea KeH OPHBIHBIH CyblHaH ypaHHBIH 88,76% — Ha aeiliH, aa
MoAMpUKalsAAaHFaH IJe0ANT-YpaHHBIH 93,66% - Ha AelfiH coOpyFa MYMKIHAIK TyABIpaABbl.

4. KOpBITBIHABI

Taburn moamduxanmsaanraH copOeHTTepAi IalijadaHa OTHIPHII, TEXHOTEHAIK >KoHe
IMAPOMUHEPaAABIK IINKi3aTTaH YpaH aayAblH COPFbIAayM TeXHOAOTACH A POABIK DHepIeTIKa
JKoHe SAPOABIK OTBIH OHJiIpyre apHaAraH IIMKi3aT 0a3achl cadachblHAAFbl IePCIIeKTUBAABIK
OarpITTH Oiagipeai. Ocpl casasarsl 3epTTeyAep MeH a3ipaeMeaep OaphIChIHAA Keaeci HoTIKeAep
MeH KOPBLITBIHABLAaPFa KOA >KeTKis3iaai:

1. Taburu TypaeHaipiareH copOeHTTep ypaH aaAy >KYyileciHiH TMiIMAiAiriH >KakcapTyra
MYMKiHAiK OepeTin Oipereit xacuertepre me. TaOuru copOeHTTepAiH XMMMAABIK KYpPaMbIH,
KYPBIABIMBIH JKoHe OeTKi KacleTTepiH e3repTy 0AapAblH CeAeKTUBTIAIriH JKoHe ypaHABI ycTay
KabizeTiH apTTBIpyFa KOMeKTeceai.

2. CopOums TeXHOAOTUACH YPaHABI 9pTYPAi ITNKi3aT Ke3aepiHeH, COHBIH illliHAe OHAipicTiH
TeXHOTeH/AiK KaAABIKTapbIHAH KoHe IMAPOMIHepaAAbl epiTiHgidepAeH alyra MyMKiHAIK OepeAi.
bya 6ypeiH naiigaaaHelAMaraH pecypcTapAbl MaiijalaHy MyMKiHAITIH JKoHe KOpIllaFaH OpTara
Tepic acepai asaiTyAbl KaMTaMachl3 eTeai.

3. CopOums >KylieciH OHTallAaHABIPY >KoHe ypaH aAyAblH OHTallAbl JKaFdalidapblH TaHAQy
TeXHOAOTVAHBIH JKOFaphl TUIMAiAiri MeH SKOHOMUKAABIK OPBIHABLABIFBIH KaMTaMachl3 eTyJe
MaHBI3AbI pea aTKapaabl. OHTalabl MoguduKausalaHFaH cCOpOeHTTepAl TaHaay, IPOLeCcTiH
OHTallABl >XYylieAepiH aHBIKTAy >KoHe COpOeHTTepai KaAllblHAa KeATipyAiH TuiMAl agicTepiH
93ipaey ypaHABI aAyABIH COPFLLABIK TEXHOAOTMACBHIH COTTI JKy3ere achlpyAbIH HeTi3Ti aciexkTiaepi
00ABIIT TaOBLAAABI.

4. TaOuru MmoaguduKanusiaHFaH COpOHTTepAi KOA4aHa OTBIPBII, COPFBIABIK TEXHOAOTMSTHBI
KOAJaHy DHEPTeTUKAABIK KayiIlCi3AiKTi >KaKcapTyra >KoHe ypaH UMIIOPTBIHA ToyeAAiAiKTi
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azaliTyfa okeaedi. Bya KOMipKBIIIKBIA Ta3bIHBIH TOMEH IIbIFapbIHABLAAPB Oap DAEKTp
SHePIVCLIHBIH MaHBI3Abl K31 O0ABII TaOblAaTBIH aTOM SHepPreTMKACLIHBIH AaMyblHa BIKIIAA
eTeai.
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b.b. AGayaanes, b.M.Caranosa, ®.Y. AOyosa, I .M. Apaabaesa
Eepasuiickuii nayuonaronoi ynusepcumem um. /.H. l'ymuresa, Acmana, Kasaxcman

CopOumoHHas TeXHOAOTHSI MOAYyUeHNsl ypaHa U3 TeEXHOT€HHOTO U
IMAPOMITHEpPaAbHOTIO CHIPbS C IPUMeHeHMeM IIPUPOAHBIX MOAN(PUIVIPOBaHHBIX
COpOeHTOB

Annoranms. JanHas paboTa IOCBSIEeHa U3YYeHNIO COPOLMOHHOM TeXHOAOTUM ITOAYYeHNs ypaHa
13 TeXHOTEHHOTO U TMAPOMMHEPAABHOTO CHIPDS C MCIOAL30BaHMEM ITPUPOAHBIX MOAUPUIIMPOBAHHBIX
copbenTos. OcHOBHas IeAb UCCAEAOBaHUS - OIpeAeAuTh SPQPEeKTUBHOCTb U IEePCHeKTUBBI DTOI
TeXHOAOTUMU B 00AacTu 400b14M U ITepepabOTKN ypaHa.

B pabGore mposoauTcs aHaAM3 Pa3sAMYHBIX BUAOB €CTECTBEHHO MOAM(PUIIMPOBAHHBIX COPOEHTOB,
UX COPOIMOHHON eMKOCTH U creluduaHocTu ypana. Ocoboe BHUMaHIMEe YAeAsAeTCA DKOAOTUIeCKUM
acrieKTaM 9TO TeXHOAOIUM, ITOCKOABKY MCIIOAb30BaHME IMPUPOAHBIX MOAUMUIIMPOBAHHEIX COPOEHTOB
I103BOAsIeT MUHUMU3MPOBATh HETaTUBHOE BO3AeMICTBIe Ha OKPY>KAIOIIyIO cpeay.

B pabore Takxke paccMaTpHUBAlOTCS METOALI BOCCTAHOBAEHHUA M THOBTOPHOTO MCIOAb30BaHMS
COpOEHTOB, ITO CITOCOOCTBYeT pecypcHO 9P PeKTUBHOCTU AaHHOV TEXHOAOTUH. DKOHOMMYECKIIE BBLITOLI
OT IIpUMEHeHMsI COPOIIMOHHONM TeXHOAOTMM TaKXKe pacCMaTpUBAaIOTCsI B pabOTe C yuyeTOM CHIUKEHUs
3arpar Ha 400bI9y U HepepabOTKy ypaHa.

PesyapTaThl mccaeqoBaHNsS ITOKA3BIBAIOT, YTO COPOLMOHHAS TEXHOAOTMS IIOAYYeHUs ypaHa C
JICTIOAB30BaHMEM IPUPOAHBIX MOAMQPUIMPOBAHHBIX COPOEHTOB MMeeT BBICOKYIO S(PEeKTUBHOCTh U
IIePCIEeKTUBY A5 ITPOMBIILAeHHOTro TpuMeHeHns. OTMeueHa HeOOXOAUMOCTh JaAbHEMIINX UCCAe JOBaHIUIT
U MHHOBAIIMIii B 9TOI 00AaCTU € LeAbIO YAYJIIIeH!s IIPOLeCccoB U pa3pabOTKI HOBLIX BAOB COPOEHTOB.
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Tabuzu moduduuprerzer copoermmepdi KOAIAHA OMLIPOINL...

Pabora npeacrapaser coOOM MPaKTUYECKYIO U Hay4HYIO IIeHHOCTb AAsl CIeIMaAMCTOB B 004acTu
TOPHOAOOBIBAIOIEl ITPOMBIIIAEHHOCTY I DKOAOTMYECKO) Oe30I1acHOCTM, a TakKe MOXKeT OBITh
JCIIOAb30BaHa B KAaYeCTBe OCHOBHI A5 4aAbHENIINX UCCAe0BaHUII U pa3paboTOK B 9TOM 001aCTH.

Karouesble caoBa: copOums, 4ecopO1ins, COpOeHT, AI0eHT, DAI0aT, MacC-CIIeKTPOMeTPus.

B. Abdualiyev, B. Satanova, F. Abuova, G. Aralbayeva
L. N. Gumilyov Eurasian National University, Astana, Kazakhstan

Sorption technology for obtaining uranium from technogenic and hydromineral raw
materials using natural modified sorbents

Abstract. This work is devoted to the study of sorption technology for obtaining uranium from
technogenic and hydromineral raw materials using natural modified sorbents. The main purpose of the
study is to determine the effectiveness and prospects of this technology in the field of uranium mining
and processing.

The paper analyzes various types of naturally modified sorbents, their sorption capacity and the
specificity of uranium. Special attention is paid to the environmental aspects of this technology, since the
use of natural modified sorbents minimizes the negative impact on the environment.

The paper also discusses methods of recovery and reuse of sorbents, which contributes to the resource
efficiency of this technology. The economic benefits of the use of sorption technology are also considered
in the work, taking into account the reduction of costs for the extraction and processing of uranium.

The results of the study show that the sorption technology for producing uranium using naturally
modified sorbents has high efficiency and prospects for industrial applications. The need for further
research and innovation in this area is noted in order to improve processes and develop new types of
sorbents.

The work is of practical and scientific value for specialists in the field of mining and environmental
safety, and can also be used as a basis for further research and development in this area.

Keywords: sorption, desorption, sorbent, eluent, eluate, mass spectrometry.
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