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NMPUMEHEHUE HAHO/IUCITEPCHBIX IIOPOLIKOB METAJLJIOB
B KOHIEHCHPOBAHHBIX CHCTEMAX

A.E. Bakkapa, I'.T. Cmary.ioBa, B.T. Jlecoaen
KazHY umenu anv-Dapabu, Kazaxcman, Anmamsi

K rereporennbiM koHaeHcHpoBaHHBIM cMecsiM  (IKC) oTHOCATCS KOHICHCHPOBAHHBIC BELIECTBA,
CrOCOOHBIE K CaMOIIOJUICPKMBAIOIIEMYCSI TOPEHHIO M COCTOSIIIME M3 TOPOILIKOOOPa3sHbIX KOMIIOHECHTOB,
CNIPECCOBAHHBIX, JIMOO pACIpPEICICHHBIX B  IOIMMEPHOM CBS3YHOIIEM. XapaKTEepHOH OCOOCHHOCTHIO
IeTEPOreHHbIX KOH/ICHCHPOBAHHBIX CMecei sBisieTcst 0oubiioe 0ObEeMHOE COJACPKAHME B HMX JIMCHCPCHBIX
KOMITOHEHTOB, KoTOpoe MoxkeT aocturath 90% wu Gonee [1]. [IpenmymiecTBOM reTeporeHHbIX KOHIEHCHPO-
BAHHBIX CMCCEHl SBIISICTCSI BO3MOKHOCTh BAPbUPOBAHHS COOTHOLICHHS! KOMITOHEHTOB, UTO MO3BOJISICT U3MCHSATH B
IIMPOKOM JIMANa30HE TEXHUUCCKHE XapaKTCPUCTHKN BBICOKOIHEPIETHYECKUX TBEP/IBIX TOILIHB.

Hanbonee nsBectHbiMu kmaccamu ['KC sBisiioTCS cMeceBble TBEpP/bIE PAKETHBIE TOILIMBA, CMCCCBBIC
B3pHIBUATBHIC BCLICCTBA, MHMPOTCXHUYCCKHE COCTaBbl M TepMHTHBIC coctaBbl (CBC-cuctemsi). Bee atu I'KC,
HECMOTps Ha OOJIBIIOE OT/INYKME B CBOMCTBAX, KaK OT/EIBHBIX KOMIIOHCHTOB, TaK U CUCTEM B 1I€JIOM, 00/1aar0T
psiioM 001X 0coOCHHOCTEH. B mepByto ouyepe/ib, 3TO MPOSBIACTCA B TOM, YTO MX CaMOMOJICPKHBAIOILEECA
TOPEHME HEBO3MOKHO 0€3 B3aMMOJICHCTBHS (XHMHYECKOTO, TEIUIOBOTO, MEXAHHYCCKOTO M T.J1.) KOMIIOHCHTOB,
KOTOPOE TPOMUCXOJUT KaK B TIETCPOICHHOM pEXKHUME, TaK M B TOMOTCHHOM Ha JTane B3auMOJICHCTBHS
ra3000pa3HbIX WIIH JKHIKHX MPOXYKTOB pasnoxkenus [2]. B Hactosie# pabore OCHOBHOC BHHMAHHE Y/IC/IACTCSA
HIepBOMY M HauboJIee pPacrpoOCTPAHCHHOMY C TOYKHM 3PCHHsS MpaKTHYeCKuX npuiaoxkennd knaccy 'KC —
CMECEBBIM TBEP/JbIM PAKCTHBIM TOIUIHBaM. (CMeECeBbIC TBEP/BbIC PAKETHBIC TOILUIMBA TPECTABIISAIOT COOOM
CIIO)KHBIC KOMITO3HIIMOHHBIC MAaTepHalIbl, COJICPIKAIIME JMCHEPCHBIC KOMIIOHEHTBI, PACIPECICICHHBIC B
HOJIMMEPHOM CBsi3ytoiieM. OCHOBHBIMU JIHCIICPCHBIMH KOMITOHEHTAMH CMECCBBIX TBEP/IbIX PAKCTHBIX TOILIHB
SIBJIAFOTCS. OKUCIIMTEIb (MIEpXJI0paT aMMOHMSI, HUTPAT aMMOHHMS M JIp.), SHCPreTHYCCKHUE 100aBKH, K KOTOPbIM
OTHOCSTCS M3MEJIbUCHHBIC B3PhIBYATHIC BEILECTBA, Takue Kak, HuTpamuHbl (oktoreH (HMX) u rexcoren (RDX),
a TaKKe MOPOIIKOOOpa3Hble METaUIbl (ATFOMHHMI, MarHHi M JAp.) WM UX ruapuisl [3, 4]. B nanHo# crathe
PaccMOTPEHBI TETEPOreHHbIC KOHICHCHPOBAHHBIC CHCTEMbI, HCIOIb3YEMbl B KaUECTBE TOILTMBA JUIA PAKCTHBIX
JIBUTATENICH MAJIOW MOIIHOCTH, MCIIOJIb3yEMBbIC TSl 3aIyCKa CHIHAIBHBIX M ()eiiepBEPOUHBIX PAKET, a TAKKE IS
YIIPaBJICHHs HATIPABJICHUEM JIBH)KCHHS JICTATEIILHBIX ANapaToB BO BPEMs MOJICTA.

K TBEpABIM paKCTHBIM TOIUIMBAM /Ul JBHUraTelicH Majiold MOIIHOCTH TPEABABIAIOTCS CIEHYIOLINE
TpeboBaHMs:

— PaBHOMEPHOCTh PACTIPE/IC/ICHNSI KOMIIOHCHTOB H, CJIC/IOBATE/ILHO, MOCTOSHCTBO (PM3HKO-XUMHUYCCKUX H
9HEPreTUYCCKUX CBOMCTB;

— YCTOMYHUBOCTh ¥ 3AKOHOMEPHOCTh TOPEHHSI B KAMEPE PAKCTHOTO JIBUTATEIIA;

— KOMIUIEKC (DM3MKO-MEXaHHYECKHUX CBOHCTB, OOeCreyMBaronmMX paboTocnocoOHOCTh JBUrareis B
YCIIOBHSIX TIEPErpy30K, TCPEMEHHOH TeMrepaTypbl, BHOpAlHii, YTO OYEHb BAXKHO NPHU KOHCTPYMPOBAHUH
PAKETHBIX JBUTaTENICH Majioli MOLTHOCTH.

Taroke TOIUIMBO JIOJDKHO OTBCYATh OCHOBHBIM JKOJIOTMYCCKHM HOPMaM M, 10 BO3MOMKHOCTH, MMETh
HHM3KOTOKCHUYHBIC TIPOIYKThI, OE30MacHble /UIi OKPYKAOIICH Cpe/bl, YTO HE BCErJa BO3MOXHO HpU
MCIOJIE30BAHNH TOIUIMB HA OCHOBE NIEPXJIOparTa.

B npeuiaraemoii pabore ObLTM M3rOTOBJICHBI /1Ba BHIA FETCPOrCHHBIX KOHJICHCHPOBAHHBIX CHCTCM Ha
OCHOBE HHTpaTa KalMsi M YIJICBOJOPOJHBIX TOPIOYMX — cOpOMTa M Caxaposbl, PH TOPCHUHM KOTOPHIX HE
BBIICIISIFOTCS TOKCHYHBIC TIPO/TYKTHL.

OcHoBHblc KOMIIOHEHTBI W3rotosiaeHHbIX ['KC: kammesas cenmtpa KNO; — 65% u copObut (copduron)
C¢H406 nim caxap (caxapo3za) CoH,0,— 35%.

IMpouecc wmsrortoBneHust o6pazoB I'KC cocToMT M3 Tpex OCHOBHBIX CTaJHi: MPCINOArOTOBKA
KOMITOHEHTOB (CyIIIKa ¥ H3MEJIbYCHHE), IUIABICHHE KOMIIOHEHTOB M ()OpMOBKa 00pasLIoB.

IMepen nobasnenuem cenutpsl B cocraB ['KC npoBoaunack ee npeaBapuTe/ibHas CyIiKa [PH TEMIIEpaType
100-150°C B TeueHue 2-X 4acoB. 3areM MPOCYIICHHYIO CEIMTPY HM3MeIbyasM B MeibHHULE. Heobxomumbie
komuuectBa copbura 1 KNO; B cooTHOmeHHH 35/65 nepeMeIMBaiM B TCUCHUE HECKOJIbKMX MHUHYT.

CrieflyiolM ~ 9TarnoM  M3rOTOBJICHMS  SIBJIICTCS  [UIABJICHHE KoMIoHeHToB. [lpouecc muiaBneHus
npoBoicsi mpu temneparype 120-145°C B TOJICTOCTEHHOH MOCY/e W3 HEpIKaBEIOIIeH CTaaM, KOTopas
JemidupyroT KosebaHne TeMiepatypbl. JKCIEPHMEHTAIBHO BBISBICHO, 4TO Temneparypa 120-145°C ssisercs
ONTHMAJILHOM TEMIIEPAaTypOH IUIABICHUS, IIPU KOTOPOH BCE KOMIIOHCHTBI CMECH NMPHHUMAIOT BS3KO-TCKYUce
cocrosiHue, HeoOxoaumoe i 3aiMBKM B popmbl. [lpu janbHeliieM HarpeBaHMH TOILUIMBO HAYMHACT
pasnaratbest, a neperpes Bbitie 180°C HezomycTM, BBU/Ty Hauasla Ipolecca 3ayriepakHBaHHs.

PaccMOTpeHBI CHCTEMBI Ha OCHOBE HHTpaTa Kalius M YIJICBOJIOPOJHBIX TOPIOYMX — copOuTa M
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caxapo3bl C JI00AaBJICHMEM pA3IMYHOTO KOJMYECTBA MHKPOHHOTO IMOpOMIKA ATIOMHHHMA U JIPYTHX
crabmwmsupyomux  100aBok. ITOpOIIOK — alOMMHMS  BBOAWJICS, YTOOBI TOBBICHTH  JHEPrETHUYCCKHE
xapaktepuctukn TorumBa. C jobGaBnenneM amomunus (AIIB) Ttemneparypa npomnecca ropenus ['KC
HOBBICHIACH. [Ipu 3TOM J100aB/ICHHE PABHOIO KOJMYECTBA AIIOMMHHUS 110 PAa3HOMY CKa3bIBAIOCh HAa IPOLIECC
ropetust ' KC B 3aBUCHMOCTH OT MCXO/IHOTO YIJIEBOJIOPOIHOIO FOPHOYETO.

Ilpu ¢opmoBannu obpasuos ['KC BHyTpH TOIUIMBHOrO 3apsjia 0Opa3yloTCs MyCTOTBI, BCICICTBHE
HEI0CTATOYHOIO YIUIOTHEHHUS MACChl, YTO CHIIBHO CKa3bIBACTCS HA PABHOMCPHOCTH OPEHHUs BCEro 3apsna. s
NPEIOTBPAIICHHS  YKa3aHHBIX HEJOCTATKOB M MOBBILICHHS SHEPreTHYCCKMX XapaKTCPUCTHK TOIUIMBA, B
ncxoaHyro cMech ['KC 100aBisiiii B Ka4eCTBE METALIMYECKOro roprodero amomunuit (AIIB)  MHKPOHHOTO
pasmepa B Koudectse 2-6 % u okcra kesesa (1) B komauectse 1% cepx oOuieii maccel. Jlobasnenne yacTui
amomunns (AIIB) npuBoaut K mnoBsimieHuto Temmeparypsl ropenns I'KC wa 100-150°C, no6aBnenue
HaHO/IUCTICPCHBIX OKCHJIOB JKeJie3a CyIIecTBeHHO crabmmmusupyer nporece ropenust I'KC, uto B COBOKYNMHOCTH
NPUBOJIUT K YBEJIMYCHHIO y/IEIIBHOM TSTH TOMmBa Ha 15 —20%.
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HOBBII TUII CdTe-ITIPUEMHUKA SJIEKTPOMATHUTHOI'O U3J1YYEHUSI

A.C. Aunnios, B.H. 3aBepioxun, A.Ill. Mupcararos
@TH HIIO «Duzuxa-Connye» Akademus nayk, Tawxenm, Y3bexucmana

W3BeCTHO, YTO NPHEMHUKH 3JICKTPOMAarHUTHOIO X— M p-M3Iy4eHHs U3 A’B-MoHOKpHCTAIOB (C
Gapbepamu LLIOTTKH WM p-n-TIEPEXOIAMH) CO3/IAIOTCS H MCTIONB3YIOTCS YIKE JUIMTEILHOE BpeMsl, Hanpumep, [1].
0c060 OTMETHM, YTO TeXHOJIOTHS Takux A’B® IPHEMHMKOB CJ0KHA M B HUX HMeeT MecTo 3 dEeKT nonspu3amm
(3I1), yxyamarommii ux (QyHKIHMOHAIBHBIC XapakTepucTHKH [2]. Boum co3naubl Takke meHounsie n-p-CdTe-
npuemnnku (ITI1) msrkux X-xksauToB Ge3 11 [3], Ho >1u ITIT nmeroT MaiTyro TOMIIMHY YyBCTBUTEILHOM 00J1aCTH
(6a3b1) d=30um, uTo He 1M03BOIIsICT 3P (HEKTHBHO PETUCTPUPOBATH X-KBAHTHI U SJIEPHBIE YACTHLIbI 50JIEE BBICOKUX
suepruii (E), Hanpumep, a— vactuuml ¢ £, > 6 MeV. Ilenpio naHHOM paboOTHI SBISUIOCH CO3/1aHHE HOBOTO
tuna mwieHounoro Al-p-CdTe-Mo-npuemnnka ¢ 6apsepom IlorTku 1 d >100pm, uccie10BaHUE €r0 CTPYKTYPHI,
XapakTEpPUCTHK U CIIOCOOHOCTH PaboTaTh B CIEKTPOMETPUYECKOM pekume. [Ipu 5ToM B 6ase Takoro npHeMHUKa
JomkHa (TIpH 0OPaTHBIX HAINPSDKCHHSIX CMCILCHHS V) BO3HMKATh MPOTSKEHHAs BHICOKOOMHAs 00J1acTh 3a CYET
HOBOTO MEXaHM3Ma «MHKEKIIMOHHOTO 00eiHeHUs. Takol MEeXaHH3M BNEPBbIC ObLT TEOPETHYECKH MCCIIEI0BAH
B [4] u1st TIOJTYTIPOBOTHUKOBBIX CTPYKTYP IPH NPAMBIX V.

[nenounsie npueMHuKH ¢ GapbepoMm [lloTTkn ObUM CO3/1aHBI HAMM MyTEM HANbUICHUS ATIOMHHHUS B
BaKyyMe (~10"° Torr) Ha noBepxHocTh KpynHOGMOouHBX CdTe-TICHOK p-THIa MPOBOAMMOCTH, BHIPALICHHBIX HA
MosubieHoBoi notoxkke (Mo). Diekrpudeckuii GPOHTAIBHBIA KOHTAKT M3 amoMunus (Al) nuMen TommmHy
50A u mwiomane S~lecm’. THUIOBHIM JNEKTPHUECKMM KOHTaKTOM sBisulack Mo-noanokka. Ilnenku p-CdTe
UMEIH yJIelbHOE conpoTuBieHne p~(2-3)10" Q-cm u BpeMst KH3HH HCOCHOBHBIX HOCHTEJICH ~10° s. Tnenku
obnajiany cToNGYATON CTPYKTYPOH KPHUCTALINTOB B HANPABICHHH POCTA M TPEICTABISIH COOOH MPaKTHYECKH
MOHOKpHCTA/UL. PasMepbl KPUCTAUIMTOB B MONEPEYHOM ceyeHHH cocTaBimsumi oT 150 1o 200 pm. Tommuna
mieHok p-CdTe Gbuta 120-150 pum 1 MX KPHCTAUIMTBI MPOHM3BIBATH BCIO TONIIMHY TUICHKH. JL1s BbIACHEHHUS
peanbHoro crpoeHns Mo-p-CdTe-Al cTpykTypbl ObLT NPOBOIMICS PEHTICHOCTPYKTYPHBIH (ha3oBbIi aHamus ¢
nomorisio audpaxromerpa JIPOH-3M (uznyuenne CuK,, 4=0.15418 nm) npu 7=300 K.

Beuio o6Hapy)eHo, yto BOMM3H Mo-KoHTakTa nMeercst KpucTtaummyeckas (aza MoO; ¢ pombuyeckoi
CTPYKTYPOH #-THIIA, IIMPUHOMN 3aNPELIeHHOH 30HbI £,=2,7 €V, a ee Tpu napameTpa peIleTKH UMEIH CICIYHOIHe
SKCMIEPUMEHTATBHBIC 3HAYCHHS; (ey;=0.3962 nm, bey;=1.3983 nm M e;=0.3638 nm Onmskue K Tabnu4HbIM
3HaueHMsAM. AHaIM3 peHTreHorpamMmsl camoii wienku p-CdTe (puc.la) nokaspiBaet, 4To NPUCYTCTBYIOIME HA
PEHTTEHOrpaMMe  MHTCHCHBHBIC ~ CTPYKTYPHBIC  JIMHHH BbI3BaHbl  KPHCTAJUTMYECKOH  PCIICTKOM
nonynpoBoHuKOBOH (assl mienkn p-CdTe, a umenno; (111), (220), (400), (331), (422), (511). Takum obpazom,
B M(PAKIIMOHHOM CTIEKTPE IUICHKA TPHUCYTCTBYIOT BCE MHTCHCHBHBIC JIMHUM XapaKTEpHBIC s canepuTHon
pewerku p-CdTe. DTo O3HayaeT, 4TO MOMyYCHHAs IUICHKA MMEET MOJUKPHCTALUIMYCCKYIO CTPYKTYpY H ee
KPUCTAUTUTH TIPEHMYIIECTBEHHO OPHMCHTHPOBaHHBI 10 Hanpasienuto (111). CrenosarenbHo, B IUICHKE
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