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0. I0. IPHXOJIEKO

JJIEKTPOHHBIE ITPOHECCHI B AMOP®HbLIX IIJIEHKAX As Se. S,
IHOJIYYEHHBIX PAZHBIMHU METO/AMU

O600matoTes pe3yIbTaThl HCCICAOBAaHUN AIEKTPUUECKUX U ONTHUECKUX CBONCTB, MPOIECCOB NepeHoca HOCHTENeH 3apsia 1
(poTonporogrMOcTH B aMOPPHBIX MeHKax As,Se,S,. MOTyYeHHBIX METOJAMH TEPMHYECKOTO HMCIAPEHHS B BAKYYME U HOHHO-
M1a3MEHHOI'O BBICOKOUACTOTHOTO PACTBLICHUS. Y CTAaHOBICHO, UTO NJICHKH, IIPUTOTOBICHHLIC Pa3sHBIMH METOJAaMH, OTIHYAIOTCS
SIeKTPOHHBIMH [IapaMeTpaMy M UMEIOT CYIIeCTBCHHBIC pa3/IMiMs B HEPaBHOBECHBIX Ipolieccax. [lokazaHa Bo3MOXKHOCTE dddek-
THBHOTO YIPaBICHUS HIEKTPOHHBIMH CBOMCTBAMHE IIJICHOK ITyTeM WX CTPYKTYPHON MOAM(pUKALUH.

Beeaenue. [Ipobnema ynpaBicHuUs! 3ICKTPOH-
HBIMH MPOLIECCaMH B aMOPQHEBIX TIICHKAX XaJIbKO-
TCHUJHBIX CTCKIO0OpPa3HBIX MOTYIPOBOIHHKOB
(XCII) stBisieTcst OAHOM U3 aKTyaIbHBIX TIPOOICM B
(uznKe HeYynopsI04eHHBIX CTPYKTYP [1-3]. OHuM
13 ICPCICKTUBHEIX HANPABICHAN €€ PCLICHUS SBJI-
€TCs CTPYKTYPHAS MOAU(DHKALINS MATCPUATA. H3MC-
HEHHE ATOMHOH CTPYKTYPBI MaTepHalia Ipu coxpa-
HCHUH XHMHUYCCKOTO cOCcTaBa [4], - KOTOPVIO MOXK-
HO OCYIICCTBUTD IyTEM M3MCHCHUS YCIOBHH HCIIa-
PCHUS ¥ KOHACHCALINY 2TOMOB Ha TIOATIOXKKY IIPH 10~
JYUCHHUH TUTeHOK. O THAKO UCTIONB30BAHKUE STOTO MO~
X0Ja B PaMKax METoJa TCPMHUYCCKOTO HCIApCHHUS
B BaKyyM€ HE MPUBOIUT K CYLICCTBECHHOMY H3Me-
HECHHIO 3JICKTPOHHBIX CBOMCTB MIICHOK. bonpmmmu
MEPCICKTUBAMH B 3TOM HANPABICHUH 00IagacT
METOJ HOHHO-TIIA3MEHHOTO PACTIBLICHH I, TIO3BOIL-
IOIIUH MONyYaTh MJICHKH MBIIIbIKOCOACPKAIUX
XCII ¢ cyIIecTBEHHO OTAMYHBIMH OT TEPMOOCAK-
JCHHBIX IICHOK BJICKTPOHHBIMH MAapaMeTpaMu H
HEpaBHOBECHBIMH Tporieccamu [5-8]. B wactHOCTH,
B [5-8] mpm cpaBHUTETBEHOM HCCIEIOBAHHUH JJICKT-
poHHBIX porieccoB B amMopdubix mieHkax XCII cu-
crembl As-Se u coctaBa As S, MONTy4EHHBIX METO-
JaMH TepMudeckoro ucnapeHus B Bakyyme (TH-
IIJICHKH ) 1 HOHHO-TIIA3MEHHOT'O BEICOKOYACTOTHOTO
pacnosiicHus (BU-meHkn), Obiir 0OHAPYKEHBI pas-
JWYHS B TAKUX 3JICKTPOHHBIX MapaMeTpax IJICHOK
KaK IPOBOIUMOCTb, SHCPTHs aKTHBALIHMH MPOBOIH-
MOCTH U OIITHYCCKAS IIHPUHA 3aMPCIICHHON 30HbI, a
TAKXKE CYLICCTBCHHBIC OTIMYHS B MPOLEccax mepe-
HOCA HOCHUTEIICH 3apsiaa u poronposoaumoctu. Taxk,
Hanpumep, v THU-nIeHOK CTEeXHOMETPHUUIECKOTO
coctaBa As,Se, UIMEET MECTO MOHOMOJIAPHBIH JIbl-
POUHBII MEPEHOC HOCUTEIICH 3apsiaa U MOHOIOAP-
Has ApipovHas porornposoanmMocts [ 1-3] (u3-3a 3Ha-
YHUTEIPHOTO PEBBIICHUS MOABHKHOCTH JBIPOK HAJ
MOABHKHOCTB IO 3JICKTPOHOB). OAHAKO, TS TIICHOK
3TOrO COCTABA, MOTYICHHBIX METOAOM HOHHO-TIIA3-

MEHHOT'O BBICOKOYACTOTHOT'O PACIBIIICHHS, B IPOTH-
BOMOJIOKHOCTD TU-TmeHKaM, yCTaHOBICHBI OUIO-
JSIPHBIN IEPEHOC U OumoJsIpHast POTOMPOBOAMOCTE
[5, 6]. UccaenoBaHms CTPYKTYPHI ITHX IIEHOK T10-
Ka3aJI¥ CYLICCTBCHHBIC PA3INYMS B TAPAMETPE CPeI-
HETO MOPIKa aTOMHOH CTPYKTYPHI L B B CTpyKTYp-
HBIX ¢AMHULAX, (hopmupyromux mieHku |7, 8]. Ta-
KuM 00pa3om, ObLIIO YCTAHOBJICHO, YTO H3MCHCHUC
cnocoba nonyueHus mieHok XCIT cucremsbr As-Se
u coctasa As,S., MPHBOAUT K CYLIECTBEHHOMY H3-
MEHCHHUIO B UX aTOMHOH CTPYKTYpPE U, KakK Cleq-
CTBHE, B CIICKTPE 3ICKTPOHHBIX COCTOSHUH, T.¢. Obla
VCTAHOBJICHA BO3MOXKHOCTH 3 (PEKTUBHOM CTPYKTYP-
HOU MOAM(]HKALINHT HX 3ICKTPOHHBIX CBOWCTB.
Urto0HB! BRISICHUT, SIBISIOTCS JTH YKa3aHHBIC Pa3-
JIMYHS B 3NICKTPOHHBIX MPOLIECCAX B AMOP(HBIX IICH-
kax XCII cucremer As-Se u cocraBa As,S., npucy-
mUMHA ¥ apyruM Meitnbkocogepkamum XCIL, mo-
JYYCHHBIX Pa3HBIMH METOJAMHM, B JAHHOU padore
00001IAI0TCS KaK paHee MOMYUCHHBIC PE3yIbTaThI,
TaKk U OPUBOIATCS PE3yIbTAaThl HOBBIX HCCICAOBA-
HUH 3JICKTPOHHBIX cBOHCTB amopdHbIx rureHok XCI1
cocraBa As,Se.S., npurotosnenusix TH- u BU-me-
togamu. Ilnenxku XCII cocrasa As,Se.S,, mpea-
CTaBJLIOT OOIBINON MPAKTUICCKHH HHTEPEC AT O~
TUYCCKOH 3amucu HHPOPMAIIUU B BULY JTAOUIBHOC-
TH UX CTPYKTYPBI H BEICOKOH (POTOUYBCTBUTEIBHOCTH

[91.
MeTtoanka 3KCHepHMEHTA

ITpm nmonyuennn mrenok THU- u BU-meromamu
MapaMeTPsl TEXHONIOTHICCKHIX MPOLIECCOB NOAOHpa-
JHMCh TaKUM 00pa3oM, YTOOBI MOTYYATUCH IIICHKH
COCTaBa, COOTBETCTBYIOWIETO COCTABY HCXOAHOTO
XCI1, amopdHO# CTPYKTYPBI, H ¢ MAKCUMATBHOH Be-
JTUMYUHOHN ApetihoBOi MOIBHKHOCTH HOCUTENCH 3a-
psAma, KOTopasd, Kak W3BECTHO, SBIAETCA CTPYKTYP-
HO-IYBCTBHTEJBHBIM mapamMerpom [10].

ITpn mony4uernn naenok BU-meromom pacmsl-
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Paouayuonnas dhusuxa u pusuxa mgepoozo mena

JICHUEC OXJIAXKIACMOU MHUIIICHU, U3TOTOBJICHHOU U3
maccuBHoro XCII, ocyimecTBisiock Ha YaCTOTS
13,56 MI'n B atmocdepe aproHa mpu JaBICHHU
» 1 I1a. IlpurorosiaeHue ICHOK METOAOM TEPMU-
YECKOTO MCIAPEHHUA OCYIIECTBIAIOCH B BaAKyYME
» 1,44107 I1a.

Jng nccneaoBaHUS IIEKTPHUIECKHX CBOMCTB,
MPOLIECCOB MEPEHOCA HOCUTENEH 3apsaa u porompo-
BOJMMOCTH 00pasLibl, IMCIOIIHE KaK IIAHAPHYIO, TAK
U «COHABHUM) CTPYKTYPY € IMEKTPOAAMHU U3 ATFOMH-
HUS, IPUTOTABINBAJINCH HA AUIICKTPHIECKUX TIOA-
JIO’KKaX M3 TOMHAMHTHON TUIEHKH «KAITOH» C VAEIb-
HBIM  CONPOTHBICHHUEM, NPEBHIIIAIOIIAM
10'® OMYcm. UzyueHne ONTHYECKUX CBOHCTB MPO-
BOJAWJIOCH Ha IIJICHKAX, OCAKICHHBIX HA IOJIMPOBAH-
HbIE CTEKJISHHBIE IOTOKKHA. B 3aBucnMocTH oT
HUCCACAYEMBIX CBOHCTB TojimuHa miacHok XCII
mmeHanack ot 0,5 mo 10 MxMm.

Jns ctabumm3anny CTPYKTYPHI H CBOHCTB CBE-
JKETIPUTOTOBIICHHBIC TIJICHOYHBIC OOPA3IIBI OTHKHra-
nuck B TeucHue 30 MUHYT IPH TeMIeparypax, Omu3-
KUX K TeMmeparype pasmsrdycHusa. [lo maHHBIM
PCHTICHO-(TyOPECLICHTHOTO aHATH3a COCTAB MONY-
YAEMBIX IUIEHOK OTIMYAETCS OT COCTaBa MCXOTHO-
ro marepuana He oonee yeM Ha 3%. AmopdHOCTD
CTPYKTYPHI IUICHOK KOHTPOIHPOBAJIACh METONAMH
3JICKTPOHHOH M PEHTTCHOBCKOH TU(PaKLIH.

TemneparypHas 3aBHCHMOCTB JJIEKTPOIIPOBOI-
HOCTH 00pa3uoB M3MEPAIach B HHTCPBAJIC TEMIIC-
paryp ot 300 K no Temmepatypsl pazmsrdcHus 1 .
Marepuana micHok. CriekTpatbHBIC XapaKTePUCTH-
KM IIPONYCKAHMS U OTPAKEHHS CBETA PETHCTPHPO-
BaTKCh B HHTCpBANC AH BOITH OT 0,40 10 0,75 MKM.
[To 3TuM maHHBIM, C YUETOM TONIIHUHBEI 00pPa3LOB,
onpeaensics ko3(pPUIueHT ONTHYECKOro NOrIoLIe-
Hust a. ONTHYECKas IHPHHA 3aTPCLICHHOM 30HbI [,
IJICHOK PacCUHUTHIBAJIACH U3 CIEKTPATbHBIX XapaK-
TCPUCTHK MOTJIOMICHHS CBETA MPH ko3 duureHTax
a, COOTBETCTBYIOLINX KParo MOJIOCH PyHIAAMCHTAb-
HOTO ITOTJIOIIEHHS C CITOIB30BAHUEM COOTHOIIECHHUS
Tayua [4]: 6hn ~ (hH — Eg), rae sn — sueprust GoTo-
HOB.

[lepenoc HocuTenel 3apsaaa B 00pa3uax «cIHA-
BUY» cTpyKTypel npu 7' = 300 K uccnexosancs mo
BPEMSIIPOJIETHON METOAMKE, MO3BOJAIOMEH pas-
JETBHO OMPEACNATh APCH(OBYIO MOABHKHOCTD
BJICKTPOHOB M, ¥ JBIPOK M B MATCPHAIAX, y KOTO-
PBIX BPEMS MPOJIeTa HOCUTEIICH 3apsiaa MEHBIIIE Bpe-
MEHH Am3eKTprueckoii perakcaruu [10]. Mmkek-
U HoCHTENCH 3apsaaa B obpasen ocymeCTBIIsIaCh

AMITYJTBCOM CHJTEHOTIOTTOIACMOTO H3TYICHHS J1a3¢-
pa ¢ amuHO# BoHEI 0,337 MKM U ATATETBHOCTEIO 10
HC. Bpems mposera Hocurenel 3apsia uepes oopa-
3e1 £ OPEIENANOCH U3 3aBUCHMOCTEH MEPEXOJHBIX
(hOTOTOKOB 3JICKTPOHOB U ABIPOK OT BpemeHH [ 10].
3HaueHue AperoBON MOABHUKHOCTH M PACCUUTHI-
BaJ0Ch U3 cooTHOMmEHUs v = d/({ YE), rae d — Ton-
Ha 00pasia, £ — HanpsKEHHOCTh JTCKTPHUSCKO-
ro noist. PoTonmpoBOANMOCT IICHOK M3VYATIACH B
MPOJOIBHOM U TIOMCPCTHOM PEXKUMAX IO CTaHAAP-
THOU metoauke | 10]. boaee noapoOHO BhItie-
VKa3aHHBIC KCIICPUMCHTATBHBIC MCTOAUKN OTTUCA-
HBI B [11].

Pe3ynbrarel 3KcnepumMeHTa
H HX 0o0cy:kgeHHe

W3 nccnemoBaHuil TEMIIEPATYPHOH 3aBUCHMOC-
TH TEMHOBOU HPOBOIUMOCTH U CIIEKTPATBHBIX Xa-
pakrepuctuk npomyckanusa csera THU- n BU-me-
HOK a-As,Se.S, OblnM OnpeaeneHsl MPOBOAMMOCTD
o0pasios npu komHaTHOH Temnepatype (7=300 K)
S - PHEPT sl AKTUBALIUH IPOBOAUMOCTH £S, 3HAUECHU s
MPEASKCIIOHCHIMATBLHOrO MHOXKUTENT (' B 3aKOHE
H3MCHCHHS MPOBOAUMOCTU C TEMIICPATYPOH (s =
=Cexp(-Es/kT)), onTrudeckas HIMPUHA 3aMMPEIICHHON
30HBI Eg U TIOJIOKCHUC YPOBHSA DEpMHU OTHOCHUTETh-
HO CEPEIMHBI 3aNPEIECHHOHN 30HbI [, = Eg/2 -k,
VYka3aHHBIC TApaMETPhl MJICHOK MPUBEACHHI B Ta0-
aure. OmuOKy B ONPEACACHUH MapaMeTPOB OMpe-
JCISLINCh X pasz0pocom or obpasiua K obpasiy u
COCTABJIA/IU MOTOBMHY MOPSAKA BETHYHHbI 1A S , +
0,02 3B ana Es u £0,01 3B ga Eg.

W3z Tabauus ciaeayer, uro BU-nmeHku a-
As,Se.S. nveror 6071€€ HU3KUE 3HAYCHUS TPOBOU-
MOCTH, XapaKTepU3VIOTCS OONBIIMMHU 3HAYCHUSAMHU
SHCPTUU AKTUBALIMK MPOBOJUMOCTH U MCHBIIUMHU
3HAYECHUAMH ONTUYECKON IIMPHUHBI 3aMPELICHHON
sonbl. Bemmuuna J1F, y THU- u BU-nnenok nmeer
Manbie 3HaueHus, uy BU-nnenok J1£, < 0. 9o npo-
THBOPCUHE MEXK Y COOTHOLICHUMH N1apaMeTpoB k£
u Eg/2 BY-micHOK MOXHO OOBSICHUTH, 00paInasch
K MPEACTABICHUAM (QH3UKH aMOPQHBIX TIONYIPOBO -
HUKOB 00 aHTUNAPAUICIBHBIX YHEPTCTHICSCKHUX (ITyK-
Tyalusx KPacs 3ampeuieHHOM 30HbI [ U [, KOTO-
PBIC CBS3aHEI, COTNIAcHO [ 1], ¢ moxanpHBIMU HCOTHO-
POAHOCTAMH CTPYKTYPHI.

C npyro#l CTOpPOHBI, U3 CPaBHEHHS 3HAYCHHU
SHEPTHUU aKTHBALUHU NPOBOAUMOCTH M ONTHUCCKOH
LIMPYHBI 3ANPEIICHHON 30HB MOYKHO 3aKITFOUHTE, UTO
kak ang TU-, tak u ama BU-ineHok cripaBeamBo
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