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IIneHky HUTPUOA AIFIOMUHUS CUHTE3MPOBAHBI C TIOMOIIBIO METOIa PEAKTUBHOIO MarHETPOHHOTO Ha-
MBIJICHUST Ha KpeMHMeBBIX TTomtoxkax #-Si (100). Cion AIN TommmHOi# ot 2 1o 150 HM ITOJTy9IeHEI ¢ 1ie-
JIBIO YCTAHOBJICHMST KOPPEISIIUY MEXKIY CTPOSHUEM TIICHOK U UX 3JICKTPOIPOBOTHOCTEIO. C ITOMOIIIBIO
3JICKTPOHHOU MUKPOCKOITMY YCTAHOBIIEHO, YTO IO MEpe YIAJCHUS OT IIOBEPXHOCTH TTOIJIOXKH aMop(d-
HOE CTpOEHUE TIJICHKHU MePEXOIIO K HaHOKpUCTaUIMIecKoMy. [TimeHKy ¢ TommuHaMu 10 20 HM UMelTn
BBICOKYIO ITPOBOAUMOCTb 10 10 (OM-cM) ™!, Ipu yBeIMUEHUU TOJIILMUHBI IPOBOAMMOCTD PE3KO Manaa 1o
10-7 (Om-cm)~L. lpennonaraercs, 4To BbICOKAS TPOBOIUMOCTb TOHKUX cyioeB AIN 00ycCII0BIeHA BbICO-
KOI IJIOTHOCTBIO TPAaHUII 3¢pEeH, BCTPOECHHBIX B aMOP(HYIO MaTPHILY.
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BBEAEHWE

IToBepxHOCTHO-0apbepHbIE KPEMHUEBBIE IETEKTO-
PHI SIIEPHBIX U3TydeHiT Ha OCHOBe OaphepoB LlloTTku
Al—(p-Si) xapakTepu3yloTcsi UBMEHUMBOCThIO paboumnX
rnapaMeTpoB B Ipoliecce 3kcruryaraiu. OnHo U3 BO3-
MOKHBIX PEIIEHU 3TOM TTPOOIEMBI 3aKITI0YaETCs BO
BBEICHNY TYHHEJIHLHO-TIPO3PAYHOTO CIIOST HUTPUIA
amoMuHus (AIN) MexXay MeTaUIM4eCKM KOHTAKTOM
U IOJIYIIPOBOAHUKOM [ 1, 2]. Pe3ynbrath [1] mokaszanu,
41O CTPYKTYphl MeTai—AIN—(p-Si) oOmagaroTr ayd-
et BpeMeHHOM CTaOUIBHOCTHIO U MEHBIIITUMU 00-
paTHBIMU TOKaMH I10 cpaBHeHMIO ¢ 6apbepamu HloT-
TKH. BMecTe ¢ TeM TIpupona COCTOSTHUM Ha rpaHUlIe
paznena ¢a3 AIN—(p-Si) 1 MexaHU3MbI TOKOTIEpEHOCa
B ruieHKe AIN, KOTopble OTBETCTBEHHBI 3a MOTEPH 3a-
psiia M ypoBEHb HU3KOUACTOTHOTO IIIyMa B IETEKTOPE,
W3yYeHBI ellle HeMOCTATOYHO TSI BBIPAaOOTKU PEKO-
MeHAAUWI M0 ONTUMU3ALMY TEXHOJIOTHM TTPOU3BOI-
CTBa YKa3aHHBIX CTPYKTYD.

BaxkHBIM ycI0BUEM TEXHOJOTUM CO3AaHUsS TO-
TOOHBIX CTPYKTYD SIBIISIETCS JOCTATOYHO HU3KAS TEM-
neparypa IMoJAJ0XKU, MIPU KOTOPOK HE MPOUCXOAUT
BO3HUKHOBEHUs B Hell TepMmoaedekToB u auddysuu
MPUMECHBIX aTOMOB 4epe3 Mexda3Hble rpaHuIlbl. Bbi-
MOJHEHWE BTOTO YCJIOBUSI MOXET OBbITh JOCTUTHYTO
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C IIOMOIIBIO METOJA PEAKTUBHOIO MAarHETPOHHOIO Ha-
neuteHust (PMH). CyiecTByet psin pabOT, MOCBSIIEH-
HBIX UCCJIeAOBAaHUSIM YCIOBUI pocTta IuieHOK AIN Ha
MOBEPXHOCTU KPEMHHUEBBIX TTOMIOKEK C IOMOIIBIO Me-
tona PMH. O6b14HO Takue IJIEHKY TTOIy4al0TCsl HaHO-
KPUCTAJTIMYECKUMU CO CTPYKTYPOI BIOPIIATA, UMEIOT
BBICOKYIO IUIOTHOCTh U XOPOIILIO PAa3BUTYIO CTOJIOYATYIO
CTPYKTYPY C AMaMETPOM 3€pPeH OT €IUHUIL 10 HECKOJIb-
KMX JIECSITKOB HAHOMETPOB. B cooTBeTCTBUM ¢ 00111e-
MPUHSITON TOYKOM 3peHUs AJjIsl pOCTa OPUEHTUPOBAH-
HOI TJIEHKM HEO00XoauMa BbICOKasi MOOMILHOCTD aja-
TOMOB, KOTOpHIE, 00J1aJast 1OCTaTOYHOI KMHETUYECKOM
SHEPrueii, MOTyT pacrnoaratbCs B TepMOIMHAMUYECKH
paBHOBECHBIX y3J1ax [3—7]. MoOUJIBLHOCTh aJaTOMOB
obecrieynBaeTCsl BLICOKOM TeMITepaTypoii MOAI0XKKHN
U Tiepefayeil 9Hepruu OT aTOMOB Y MOHOB, OCEIAIOIINX
Ha MoBepXHOCTb. [Tpy HU3KOI TemIepaType MomIoXK-
KW Y CPAaBHUTEJIbHO HU3KOM IPEABAPUTEILHOM BaKyy-
M€ B KaMepe, 4acTO OOYCOBJIEHHBIX 0COOCHHOCTSIMU
TEXHOJIOTMM, HAOMI0Ma0TCs ITOTEPU KayecTBa BhIpa-
HIeHHbIX TIeHOK AIN. DTo 0OHapyX1BaeTCs B YMEHb-
IIEHUN OPUEHTALIMOHHON YHOPSIIOYEHHOCTH I'paHyl
U TMOSIBJICHUU aMOP(GHOTO CJIOS MEXIY TMOIT0XKKOM
u oobemoM 1ieHku [8—11]. Kak ycraHoBieHo B [12],
aMOp(HBINA CJI0Mf HUTpUAA aJIIOMUHUS TONIINHON B He-
CKOJIbKO HAHOMETPOB MOXKET BO3ZHUKATh MPU HUZKHUX
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TeMIlepaTypax MOMIOKKY Jaxe TIPU MPeaBapUTEIbHOMN
OTKauKe KaMephbl 0 CBEPXBLICOKOro Bakyyma. Ilpu
HM3KMX DHEPIrusiX afaToMOB o0pa3oBaHue aMOp(dHO-
ro cjiosi o0JieryaeT ConpsiXKeHUe pelIeToK MOMIOKKHU
1 HAHOKPUCTAIMYECKOl TIeHKU. KoppeKTHBIi Bbl-
0op BeJIMYMHBI pabouero JaBJieHUsI B KaMepe, COCTaBa
ra3oBoil cMecH, PacCTOSTHUSI OT MarHETPOHA 0 MO -
JIOXKHU U €r0 MOLIHOCTU MOXKET KOMIIEHCUPOBaTh (-
¢deKT HU3KOM TeMIepaTyphbl TOAJIOXKKN 1 00eCIIeUYnTh
HarblJIEHUE BbICOKOKAUeCTBEHHBIX HAHOKpUCTAINYe-
ckux meHok AIN [7]. Kak cienyeT u3 pe3ynbraTtoB [4—
6,9, 11, 13—17], nns crangapTHeix PMH-cucrem cyine-
CTBYET LIMPOKUI IMATIa30H ITapaMeTpoOB, KOTIa POCT
MPOUCXOINUT B OIM3KUX K TEPMOAMHAMMYECKU PABHO-
BECHBIM YCJIOBUSIX, U C-OCh HAIbUJICHHBIX TIJICHOK AIN
OKa3bIBaeTCsl MEPHEHANKYISIPHON K MTOBEPXHOCTH MO -
JIOXKKU He3aBUCUMO OT ee TuIa. OLieHKU ONTUMaIbHbIX
BEJIMYMH YKA3aHHBIX TapaMeTPOB OB YCTAHOBIIEHBI
B [3—6, 10, 13—16, 18, 19].

OnHaKO OCHOBHOI TNMPUYMHON BO3HUKHOBEHUS
aMmopdHoro cJios mpu pocte AIN-TUIEHOK B BAKYYMHbIX
KaMepax crangapTHeix PMH-cuctem siBisieTcst npucyT-
CTBHE OCTaTOYHOTO Krcopona [9, 16]. Kuciaopon obma-
JAeT MHOTO OOJIbIIIEl XMMUUECKOM aKTUBHOCTBIO IIPU
COEIMHEHUH C aTIOMUHUEM, YeM a30T. I3MeHeHus CBO-
O6omHbIX dHepruit [mooca peakumii oopazoBanust AIN
u AL O, cocrasisitor —253 u —1480 x/Ix/moinb [9] cooT-
BETCTBEHHO, UTO JiejaeT 00pa3oBaHue OKCHIa HAMHOTO
0oJiee MpeAnoYTUTEIbHBIM, YeM HUTpuaa. sMeHeHus
XMMMYECKOTO COCTaBa U TEKCTYpHI IieHOK AIN ¢ pac-
CTOSIHMEM OT MOBEPXHOCTH IMOMJIOXKKHN UCCIIEIOBATIUCH
B [9, 20], roe aBTOpbI NPUILIY K 3aKJIIOYEHUIO, YTO ITU
U3MEHEHUS SIBJITIOTCST pe3yJIbTATOM YMEHbILICHUS BJI-
STHUSI TIOMJIOKKY M YMEHbILICHUSI TaBJIeHUsI OCTaTOYHO-
ro Kucjopoja no Mepe pocra rieHkd. Kak orMeueHo
B [21], m3aMeHeHMe conepxkaHus Kuciaopona B AIN-1ueH-
Ke MOXET OKa3bIBaTh 3aMETHOE BIIMSIHUE HA e¢ DJICKTPH -
YECKUE CBOMCTBA, B YACTHOCTHU 3JIEKTPOITPOBOIHOCTb.

M3BeCcTHBI JUIIL HECKOJILKO padoT [21—24], roe
MPUBENEHBbI Pe3yJIbTaThl OLIEHOK BEJTUUMHbBI 3JIEKTPO-
npoBomHOCTH AIN-TIJIeHOK, HaTBUICHHBIX Ha KpeM-
HUEBbIC TIOMIOKKHU. DTU PE3yIBTaThl CBUICTEIHCTBYIOT
0 TOM, 4TO Ioygy4yeHHble MeTonoM PMH minenku AIN
C TOJIIIIMHAMM, MIPEBBIIAIOIIUMA COTHU HAHOMETPOB,
SIBJISIFOTCSI UBOJIMPYIOIIMMU U MOTYT OBITh MCIOJIb30Ba-
Hbl B KAYECTBE MOA3aTBOPHOTO AUBJIEKTPUKA C BHICOKOM
IUBJIEKTPUIECKOM TTPOHUIIaeMOCThIO. CBeeHNS O TIPO-
BOIMMOCTH 0oJiee TOHKUX cinoeB AIN Ha KpeMHUM, Ha
TEKCTYpe M XMMMUYECKOM COCTaBE KOTOPHIX 3(PheKT
OCTaTOYHOIO KMCJIOpoa CKa3bIBaeTCsl Haubosiee Cruiib-
HO, B HACTOsIILIee BpeMsI B JINTEPaType OTCYTCTBYIOT.

B nmanHoi1 paboTre mJIeHKM HUTpUIA aTlOMUHUS
CUHTEe3MpOoBaIu ¢ noMolbio Metona PMH Ha xpem-
HMEBBIX TOJJIOXKKAX B YCIOBUSIX, OJM3KUX K ONTHU-
MaJIbHBIM [4—6, 15, 16]. Caou AIN ToamHoi ot 2 10
150 HM OBUIM TTOJTYYEHBI C 1LIeJIbIO YCTaHOBJIEHUS KOP-
pensiuuy MeXay CTpOeHHEM IUIEHOK U UX BJIeKTPO-
MIPOBOAHOCTHIO. Mopdojioruio u CTpykKTypy IUIEHOK

aHAJTM3WPOBAIN C TIOMOIIBIO CKAHUPYIOIIETO BJIeK-
TpoHHOro Mukpockormna (COM) 1 nmpocBeurnBamIIEro
aJIeKTpOHHOTO MUKpockorna (ITDM). JInss MUHUMMU-
3allMU BEJIMYMHBI OOBEMHOTO COMPOTUBJIEHUS CO3/1a-
BaeMBIX CTPYKTYpP M YCTpaHEHUS MPUTTOBEPXHOCTHO-
o KOMIIEHCUPOBAHHOTIO CJIOSI, BO3HUKAIOIIEro B p-Si
B pe3yJibTaTe TpaBJeHUS] B KUCJIOTe (haKTOPOB, 3a-
TPYAHSIONIMX U3MEPEHUS DJIEKTPOITPOBOIHOCTH TIJie-
HOK, TIOJUTOXXKH BBIPE3aJIv M3 TIIACTUHBI HU3KOOMHOTO
n-Si. BelnuuHy 2j1eKTpU4ecKoit MpOBOAUMOCTH TLjie-
HOK OLICHUBAJIU TI0 BOJBT-aMIIEpPHBIM XapaKTEepUCTH -
kaMm (BAX) CTpyKTyp MeTauI—IU3JIeKTPUK—TIOIYIPO-
BomHuK (MIII) Au—AIN—(n-Si).

IMPUTOTOBJIIEHME OBPA3LIOB
N OKCINEPMMEHTAJIbHOE
OBOPYIOBAHMUE

st cunTe3a tieHoK AIN HcCImoib30Baand BaKyyM-
Hylo cuctemy TORR (TORR International, INC)
C MarTHETPOHOM, pabOTAIOIINM Ha TIEPEMEHHOM TOKE
¢ yactotoir 13.56 MI1 u yCTaHOBIIEHHOM MOIITHO-
ctbio 150 Bt. bblia ucnosab3oBaHa ra3oBasi CMECh a30-
Ta 1 aproHa ¢ yuctoToit 99.9999 u 99.998% coorser-
cTBeHHO. [lapumanbpHbIe TaBIeHUs Ta30B OB PaBHBI
2.5-1073 topp w1 azora u 3.0-10~3 Topp mis aprona
Y TIOIIEPXKUBAIMCh aBTOMATUYECKM C TTIOMOIIBIO Ha-
TeKaTeJbHbIX KJamaHOB. JlmameTp aqioMMHUEBOM
MUIIEHN cocTaBsI 50.8 MM, ymuctora — 99.9999%.
PaccrostHre Mexmy MHUIIIEHBIO M TTOMJIOXKKOM B IMTPO-
liecce HamblIeHust ObL10 paBHO 50 MM. KpeMHueBbIe
TOJIOXKKM pacroJiaraiuch Ha AepxKaTejae HOpMaabHO
K TTOTOKY TIIa3Mbl. B Tipoliecce HambUIeHUS TeMIiepa-
Typa aepxkatess noaaepxkupanach pasHoit 250°C. Tou-
IIMHY TJIEHOK U3MEPSUTH C TIOMOIIIbIO OTKATNOPOBAH-
HOT'O TTb€302JIEKTPUUECKOTO CEHCOPa, a 3aTeM KOHTPO-
JIUPOBAJIN C TIOMOIIBIO 3JIEKTPOHHOTO MUKPOCKOTIA.

IMomroXky M1 HabUIEHWST BEIPE3aid U3 TIIACTH -
HbI BBIPOXIIEHHOTO KPEMHUSI #-TUIIA C BEPXHUM 3IH-
TaKCUAJIbHBIM CJIOEM YMEPEHHOTo JerupoBaHus. ToJ-
IIIMHBI IUIACTUHBI U 30UTaKcuaabHoro cios #-Si (100)
cocTtaBJisui 650 U 5 MKM, BEJTMYUHBI UX YICTbHBIX CO-
npotuieHuit — 0.025 u 5 OM-cM cooTBeTcTBeHHO. [1e-
pen HambLICHUEM [UTS YIAJIEHUSI €CTECTBEHHOTO OKCHU/IA
MOTOXKH TPaBWJIM B BOIHOM PacTBOpE TUIABUKOBOM
xucnorsl (HF:H,O = 1:10) B Teyenue 1 MuH nipy KOM-
HaTHOI Temrmepatype. [locie TpaBiaeHUs MOATOXKU
yCTaHABJIMBAIU B BAKYYMHYIO KaMepy Ha MOIABUKHBIN
JIepXarenib, YIaJE€HHbIM OT MarHeTpOHA Y 3aKPbITHII
3acJIOHKOM. [11s1 ynaneHus MojieKys aacopoOMpoBaHHBIX
ra3oB 1 BOJIbI C MIOBEPXHOCTU MOMJIOXKHN BbIACPKUBAIN
B BakyyMe (1-107> Topp) npu temneparype 500°C B Te-
yenue 30 MmuH. 3aTeM TeMrmepaTypa Aep:KaTess OoIrycKa-
Jack 10 250°C. [Ij1s1 0YMCTKY MOBEPXHOCTH aJIIOMUHUE-
BOI1 MUILIEHU BKJIIOUAJIM MMOTOK aproHa, COOTBETCTBYIO-
it gasiexuio 1.2-1072 topp, W 3anmycKajiy MarHeTpoH
Ha MoirHoctH 150 Bt. ITocne mITMMUHYTHO# OYMCTKM
MUIIIEHW BKJTIOYAJIN TTOTOK a30Ta, COOTBETCTBYIOIINIA
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Puc. 1. COM-uszo6paxenus mieHok AIN, BeipameHHbIX MeTonoM PMH Ha momnoxxkax #-Si (001). [TineHKu TOMIIMHOM 2
(a) u 6 HM (6) crutoITHBIe aMOP(HBIE ¢ HAHOKPUCTAJUTMYECKUMU BKparuieHussMu. [Tnenku tommuaoi 38 (B) u 150 HM (T)
HAHOKPUCTAJUTMYECKHE CO CTOJIOYATON TEKCTYPOU.

nasyieHuio 2.5:10~3 Topp, 1 yMeHbLIAIN NapLUalbHOE
nasieHue aproHa 1o 3:10~3 topp. Yepes BpeMs, HEOO-
XOIMMOE IIJIST YCTAHOBJICHUS CTAIlMOHAPHOM CKOPOCTH
HarnblieHus1 Ha ypoBHe 0.4 A/c, nepxaTteiib C TTOIJTIOX-
KOi1 TiepeMeliaam K MarHeTpOHY M OTKPBIBAJIU 3aCJIOH-
Ky. Korna ToniyHa rieHKu J0CTUrana yCTaHOBJASCHHOTO
3HAYEHMS, BHIKJIIOYAIM MarHETPOH, TpeKpalliaim momna-
4y ra3oB, ¥ MPUTOTOBJIEHHBII 00pa3el] BhIIePKUBAIN
B BaKyyMe B TeueHue 15 muH mipu temnepatype 250°C.

Hst popmupoBanusgs MII-cTpykTyp Ha moBepx-
HOCTH MPUTOTOBJIEHHBIX AIN-IJIEeHOK HaMbBLISUIU 30-
JIOTble KOHTaKThl AMamMeTpoM 1.5 MM U TOJIIMHON
50 uM. Ha ThUIbHYIO CTOPOHY NOIJIOXEK HaHOCHUIN
OMUYECKHNE KOHTAKTHI C ITOMOIIBIO TaJTHii-aTIOMUHM -
€BOM 3BTEeKTUKMU. OMMUCAHHBIM BHIIIE CITOCOOOM OBLIT
npurotosyieH psia Au—AIN—(#n-Si)-CTpYKTYp C pa3HbI-
MU TOJIIIMHAMU TJIeHOK oT 2 10 150 uM. Kpowme Toro,
U3 TOH K€ KPEMHUEBOM MJIaCTUHBI ObUT TPUTOTOBJIEH
MCXOIHBIN nuoa Au—(n-Si) 1ist U3MEpeHUsT BEJIMYMHbI
COIIPOTHUBJICHUS Oa3Hbl.

st uccnenoBaHuss MUKPOCTPYKTYpHI B [IOM mo-
MOJHUTEIBHO M3 o0pa3la ¢ TOJIIUHON IuieHKn AIN
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120 HM BBIpe3anu Jamelsib pa3MepoM 500 X 500 X
X 50 HM?.

Mopdosioruio 1 MUKPOCTPYKTYPY HambIIEHHBIX
MJIEeHOK aHanu3upoBaiu ¢ nomoliibio COM Merlin
(CarlZeiss) u IIDM Libra 200 (CarlZeiss). BAX npu-
rotoBjieHHbIX MIII-CcTpyKTyp U3MepsUIX C TTOMOIIbIO
anexrpoMerpa Keithley 6517B.

PE3VJIBTATbl U3BMEPEHUN

Mopdghoaoeus u mukpocmpyxkmypa naenok. Ha puc. 1
noka3aHbl TUnuYHbIe COM-1300pakeHNsT IOBEPXHO-
cTeit 00pa3uoB ¢ ToJamrHaMu IeHOK AIN, paBHbIMU
2, 6, 38 u 150 M. Bce HanbuleHHBIE TUIEHKH BIUIOTH
JIO TOJIILMHBI 2 HM ObUIM cIUioliHbiMU. Kak ciemyer
U3 MPUBEICHHBIX CHUMKOB, MOP(OJIOTUS U TEKCTY-
pa TJICHOK U3MEHSUIUCh C U3MEHEHUEM MX TOJIIUHBI.
OCHOBHYIO YacTb 00beMa HanboJjiee TOHKUX MJISHOK
3aHuMaia amopdHas ¢asa (puc. la, 16). Hanokpu-
CTaJIMYECKUe 3epHa, pacrpenejeHHble B Hell, uMe-
JIM pa3Mmep, IpUMMEPHO PaBHbIN TOJIIMHE TJIEHKU.
C yBeJIMYeHUEM TOJIIIMHBI pa3Mep TPaHyJ BO3pacTail,
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Puc. 2. ITonepeuHoe nzobpaxeHue odopasua ¢ mieHkoir AIN TonmmHoi 120 HM, rtojydeHHoe ¢ momolibio [19M Ha na-
mesu ToaumHoi 50 HM. Yckopstoiee HanpsikeHue — 200 kB. [TyHKTUpHBIMUY JIMHUSIMU BbIIEIEHbI: aMOP(MHBIIA ol 1,
PACTIOIOKEHHBIN Y TTOBEPXHOCTH TMOMIOXKY, IMTepeXoaHbIi ¢ci1oii 11 ¢ aMopdHOiT 1 HAHOKPUCTAUIMIECKOM (ha3aMu 1 Ha-
HokpucTtauyeckuii cioii 111 (a). KaptunHa anekTpoHHoit nudpakumnu, mojydyeHHas: Ha jamenu. CBETIbli AUCK B LIEH-
TpaJbHOI YacTU CBSI3aH C TIPUCYTCTBUEM amopdHoit (a3wl B rieHKe. Limdbpamu 1—6 0603HaYeHBI KOHIIEHTPUUYECKHE
OKPYXXHOCTHU ¢ TM(PaKIIMOHHBIMIA MaKCUMYMaM#, OOYCIOBICHHBIMH OTPaXKeHUEM OT CEMEUCTB KPUCTAILIOTpapUIECKUX
miockocTteit. IndpakiimoHHbIe MAKCUMYMbI, BbI3BaHHbBIE KDEMHHUEBOM MOITOXKOM, HaOII0JaI0TCS B JIEBOM HUXKHEM

yray pucyHka (0).

yMeHbIaucsa o0beM aMop(dHOro MaTepuaga Mexmy
HUMM, W Y TUIEHKU TOSIBIISIACh CTOI0YaTasT TEKCTypa
(puc. 1B, 1r). Kak BugHO Ha puc. 1r, B 60yiee TOICThIX
TUIEHKAX C yIaJeHUeM OT MIOBEPXHOCTH TTOMTOXKKH TT10-
TIepeYHBI pa3Mep TpaHysI BO3pacTal OT SIUHMIL 10 Jie-
CSITKOB HAHOMETPOB.

H3MeHeHUsT CTPOCHUSI TIJICHKU C PACCTOSTHUEM OT
KPEMHUEBOM MOIJIOXKNA MOXHO HAOIIOAATh HA U30-
OpakeHUU MOTMEPEYHOro ceueHusT 0OpasLa, MoJyudeH-
HOM Ha JlaMesiu ¢ moMolibio [TOM (puc. 2a). ¥ no-
BEPXHOCTU KPEMHUSI MOXHO BBIAEIUTb aMOP(HBII
choii I ronmmHoi ~10 HM ¢ peIKMMU HAHOKPUCTAJI-
JIMYeCKUMMU 3epHaMU pazMepoM ~5 HM. C yBeInYeHU -
€M PACCTOSIHUSI OT TIOMJIOXKKH TJIOTHOCTD PACIOIOXKE-
HUs 3epeH Bo3pacTaeT. B cioe 11 o6bemMbl amopdHO
U KPUCTAJUIMYECKOM (ha3 0Ka3bIBAIOTCS CPABHUMbBIMU,
pa3Mep 3epeH yBeanuyuBaetrcs g0 10 oM. B cioe 111 Ha
PACCTOSIHUSIX OT TTIOBEPXHOCTHU MOIJIOXKKU, TIPEBbIIIA-
omux 30 HM, HaHOKpUCTaUIMYecKasl ¢aza 3aHUMAaeT
BeCh 00BbEM IUIEHKHU, pa3Mep 3epeH IpU 3TOM Bo3pac-
taet 10 20—50 HM.

Ha puc. 26 npencraBieHa KapTuHa nudpakiuu
2JIEKTPOHOB, TOJIydeHHas ¢ romoiibio [I9M Ha na-
Menu. Ha cHUMKe BBIIESIOTCST IIEHTPATbHBIIN OeIbIi
IUCK 1 TU(paKIIMOHHBIE MAaKCUMYMBI, pacItojiaraio-
muecs Ha KOHIEHTPUIECKUX OKPYKHOCTSIX. OOBIY-
HO Takasi KapTMHa HabJitogaeTcsi, Koraa UccieayeMblil

00BEM COCTOUT KaK U3 aMOP(MHBIX, TaK U KPUCTAJIU-
YecKUux o0JsiacTeit ¢ pa3opueHTalueit 3epeH Ipyr OTHO-
CUTEJIBLHO JIpyTa.

M3mepeHHble BeTUYMHBI AUaMEeTPOB AUPPaKIIMOH-
HBIX KOJIell, pACCTOSIHUSI OT oOpaslia 10 PErucTpupy-
foIleit KaMephl ¥ 3amaHHasl [UTMHA BOJTHBI 3JIEKTPOHOB
A TIO3BOJISIIOT OLIEHUTh BEJIMYMHBI MEXKILJIOCKOCTHBIX
paccTosIHUI B HAHOKPUCTAJLJIaX ¢ TTOMOLIbIO (hOPMYJIbI
Bynbda—bparra: 2dsin® = An, roe d — MeXII0CKOCT-
HOE paccTosiHue, 6 — yroi audpakiuu, # — MOpsIIoK
audpakuuu. PesynbraTbl 3TUX OLIEHOK MpeacTaBie-
HBI B TabJ1. 1, M3 KOTOPOI CclemyeT, 4TO KOJIbIla ¢ HO-
MepaMU 2 U 5 ¢ BBICOKOI TOYHOCTbIO COOTBETCTBYIOT
BTOPBIM MopsiakaM audpakuuu ot miaockocteid (0001)
u (100) monokpucramioB AIN co CTpyKTypoii BIopLiuTa
[25]. Kosbiia 1 1 6 MOryT OBITH BBI3BAaHBI TUMPaKIIM-
el oT cemeiicTBa ruiockocteit (1210) KpucTtanianuecko-
ro AIN. OgHako MajlOBEpOSITHO, YTOOHI KoJiblia 3 u 4
ObLIM 00YyCIOBIEHBI audpakuueit oT kpuctaaia AIN.
B cootBeTcTBUM C [26] MOMyYeHHBIE BETMUYUHBI OTHO-
LIeHUI d/n MOTYT BO3HUKATh pU AU(PPAKINU OT ILI0-
ckocreii (001), (110) u (120) KydM4YECKOro OKCUHUTPU -
na amomuHust AION. Beicokoe comepkaHue KUCIOpo-
Jla B HAITBIJIEHHBIX TIEHKAaX OBLJIO 3apETHUCTPUPOBAHO
C MOMOIIIbIO PEHTTEHOBCKOro MukpoaHanusa (COM-
EDS). YcraHoBneHo, 4To HauOOJIbIlIasi KOHLIEHTPALWSs
Kuciopoaa HaxoguTcs B amopdHoM cioe I (puc. 2),
COCTaB KOTOPOTO OJIN30K K OKcuy amoMuHus Al,Os.

KPUCTAJIJIOTPA®USA  tom 69  Nel 2024
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Ta6mua 1. BerauciaeHHble 3HaYeHUS d/n 1711 1U(paKIIMOHHBIX KOJIEIl Ha puc. 20

Konbio d/n, A n ITapameTtpnl BeiectBo ITnockocth D,%
peLIETKH,
1 2.91 1 a=3.11 AIN (1210) 7
2 2.49 2 c=4098 AIN (0001) 1
4 a=1794 AION (001) 3
3 1.93 a2
3 — = 5.61 AION (110) 4
a2 -
4 1.76 2 = = 3.73 AION (120) 6
a5 —
5 1.75 2 - = 3.48 AIN (1010) 1
6 1.48 2 a=3.11 AIN (1210) 5

IIpumeuanue. [Toka3aHbl OTHOCUTENbHBIE OTKJIOHEHUS [ MOTYYEHHBIX BETMUMH MEXIIOCKOCTHBIX PACCTOSIHUM OT MapaMeTpoB
peiieTok MoHokpucTtauioB AIN (Biopiut) [25] u AION (kybuueckuii) [26]. TTosicHeHUs B TEKCTe.

Peszyaomamor snexkmpuueckux uzmepernuii. s
OLIEHKM BEJUYMHBI 2JIEKTPOIMPOBOIHOCTU HAMbLIEH-
HBIX TUIEeHOK AIN Obutm m3MmepeHbl BAX cTpykTyp
Au—AIN—(n-Si). I1pu 60IbIINX IPSIMBIX HAIIPSKEHM -
s1X 00JIaCTh MPOCTPAHCTBEHHOTI'O 3apsijia B MOJIYIIPOBO-
JIHUKE OTCYTCTBYET, U BeJIMUKMHA TOKA 00yCIOBIMBAET-
Co TOCJIE0BATENbHBIM COMPOTUBIEHUEM CTPYKTYPHI,
COCTOSIIIIMM M3 CONPOTUBJIECHUS MOJYIPOBOIHUKO-
BOI MOJJIOXKU U COMPOTUBICHUS TUIEHKU. Bennuu-
Ha Moc/ef0BaTeIbHOTO COMPOTUBIIEHUSI MOXET ObITh
orpezesieHa 1o HakiaoHy BAX B 3Toit o6iacTu xapak-
TepucTuku. Kak cienyer U3 MojydyeHHbIX JaHHBIX,
COMPOTUBJIEHNE J1aXe CaMbIX TOHKUX IJIEHOK ObLIO
B JIECATKU pa3 00JIblIE COMPOTUBIEHUS KPEMHUEBOM
nomIoxXKu. TakuM o0pa3oM, BUI TIpsIMbIX BeTBeil BAX
uccienyeMbIX 00pas3loB B 00J1aCTH OOJBIINUX MPSIMBIX
HarnpsiKeHUi 00yCIOBIMBAJICS BETUUMHONM COMPOTUB-
JieHus meHokK AIN.

Ha puc. 3 npuBenens npsimeie BeTBu BAX psina
HWCCIeNOBAaHHBIX 00pa31OB ¢ TOJIIMHAMM TIJIEHOK
AIN ot 2 no 110 um. Kak ciaegyet u3 rpacduKkoB,
C YBEJIMYEHUEM TOJNIIMHBI cBbilIe 10 HM HabaonaeT-
Csl pe3K0e YMEHbIICHWE BEINUMH MPSIMBIX TOKOB Ue-
pe3 CTPYKTYphl. Bbinensitorcst Tpu TpyIinbl KPUBBIX,
npumepHo cooTBeTcTBYomux I, IT u I1T nuHTEpBanam
TonmuH 2—10, 25—35 n 55—110 HM COOTBETCTBEHHO
(puc. 2a).

Ha puc. 4 npeacraiieHbl paccuuTaHHble 13 BAX
3aBUCUMOCTU BEJIMYUH MPOBOAUMOCTU CTPYKTYp G OT
Hanpsikenust U: G(U) = dI/dU. Kak BUIHO U3 pUCYH-
Ka, ¢ BO3pacTaHWeM HaIlpsiKeHUsI TPOBOAUMOCTD Kax-
JIOro oOpaslia yBeJIMUMBAETCs U JOCTUTAeT BEJTMYUHBI,
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Puc. 3. INpsmeie BetB BAX cTtpyktyp Au—AIN—(#-Si).
Tonmuua naenku AIN (B HM) yKa3zaHa psiIoM C COOT-
BETCTBYIOLIMMU KpuBbIMU. Temneparypa 294 K.

NpakKTUUYECKNU HE U3MEHSIOLIEHCS NpU AajdbHEeHIeM
pocTe HanpsikeHusi. B COOTBETCTBUM € TIPUBENCHHbI-
MU BbIlIE€ COOOpPaKEHUSIMU 3TU 3HAYCHUSI TPOBOAM-
MOCTH 00pa3lLoB ObLJIM UCIIOJIb30BaHbI [JIsT BHIUMCIIC-
HMSI BEJIUYUH YAECIbHONU MPOBOAMMOCTU HAMBIIEHHBIX
wieHoK AIN.
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Puc. 4. 3aBUCHUMOCTH MPOBOAMMOCTU OT HANPSIKEHUS
1151 cTpykTyp Au—AIN—(n-Si) ¢ pa3HbIMU TOJIIUHAMU
ieHoK AIN, BblUMCIIEHHBIE U3 TIPSIMbIX BeTBeil BAX.
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Puc. 5. 3aBUCUMOCTD BeJTMUUHBI YAETHHON TIPOBOIUMO-
CTU OT TOJIIIMHBI HAIbIIEHHBIX TUIeHOK AIN. Temnepa-
Typa 294 K. ITokazansl obnactu I, I1, 111, coorBeTCcTBY-
fo1ye ciosM Ha puc. 2a. [IyHKTUpHBIMU TUHUASMU TI0-
KaszaH XOJl 3aBUCUMOCTH O(/) MpU TOJIIMHAX, MEHBIITUX
¥ 0oabiux 20 HM.

Ha puc. 5 npuBeneHa 3aBUCUMOCTb pacCUMTaHHOI
BEJIMUYMHBI YAEIbHON MPOBOAUMOCTH O HATIBIJIEHHBIX
mieHok AIN oT ux ToawuHbl A: 6 = Gh/S, toe S —
IUIoIIaab KOHTaKTa. Kak BUIHO U3 pUCYyHKa, INIEHKU
C TOJIIIMHOM B HECKOJILKO HAHOMETPOB UMEU TOBOJIb-
HO BBICOKYIO TTIPOBOIMMOCTb IPU KOMHATHOM TeMIIe-
patype. IIpoBomIMMOCTb MOYTH JUHEWHO pociia C yBe-
JIMYEHUEM TOMIUHEL: oT 1.5 (Om-eMm)™! g 4 = 2 HM
10 10 (Omrem)™! g A = 15 M. OgHAKO NP Jallb-
HeHIIeM pocTe TOJIIMHBI yaeJlbHas IIPOBOIUMOCTD
TUIEHOK pe3Ko mnajaja, u npu 4 = 110 HM ee BenumHa
obu1a ~3-1077 (Om-cm)~!. M3710M XapaKTepUCTUKU pac-
nonarasncs B oonactu 11 mpu ronmmnaax ~20 HM.

OBCYXIEHHWE

Pesynbrathl, TOJydeHHBIE ¢ TOMOIIBIO 3JIEKTPOH-
HO MUKPOCKOIWUM, MOKa3adu, YTO HallbLIEHHbIE
rieHku AIN comepxaiu Kak KpUCTAIMYECKUIA, TaK
n aMmopdHbIi MaTepuan. OcHoOBHas 4YacTh aMOp(HOMI
¢a3bl ObLIa cocpegoTouyeHa B TOHKOM cioe I, mpu-
JieramolieM K MoBepXHOCTU Moaioxku. Kak ormeya-
JIOCh BbIllIe, TPUUMHOM MOSIBJIEHUsI aMOP(HOTO CJ104,
MO-BUAVMMOMY, SIBJISIOCH TIPUCYTCTBUE OCTATOUHOTO
KHUCopoaa B BaKyyMHOI kKamepe [9, 16]. Boicokas
KOHILIEHTpALMsl KMCJI0POaa B HaYaJIbHBIX CJIOSIX Ha-
MbLISIEMO TIJIEHKU MOTJIa ObITh MPUYMHON UX aMOP-
duzauum [27, 28]. ITo Mepe TOro Kak OCTaTOYHBIH
KHUCJIOPOJ, pacXodoBaJjicsd IpU TeTTepUPOBAHUU pac-
MbUISIEMBIM AIIOMUHUEM, B TJIEHKE MOSIBJISIOCH BCE
OoJibliee KoanyecTBo rpaHya AIN. BHauane o6paszo-
BbIBaJIMCh CPABHUTEIbHO PEIKO PACTIONOXEHHBIE CITY-
YaifHO OPUEHTUPOBAHHBIE 3epHa B aMmopdHOM ciioe 1.
ITocTteneHHO UX IMIOTHOCTb PACIIOJOXEHUSI B aMOp-
(Hoit maTpuiie u pasmep Bodpactanu (cioii I1). Ipu
JanbHelIeM TaJeHUU KOHIEHTpaluMu KUCIopoaa
amopdHas (aza ucuesana, U HAUMHAJICS POCT OpU-
€HTUPOBAHHON HAHOKPUCTAJIMUYECKOM TIeHKU AIN
(cnoit 11T). Habmtogaemast mocienoBaTeIbHOCTD CIOEB
B TOMNEPEYHOM CEUEHMU TIJICHKU HA PUC. 2a COOTBET-
CTBYeT naHHbIM [9, 20], rne npeacraBieHbl MOJOOHbBIE
CHUMKH W MPUBENEHbI CXeMaTUUYECKHE MOAEIN POCTa
ieHoK AIN nmpu MarHeTpoHHOM HamblieHnu. B [27]
MPUBEACHBI OLIEHKN BEJIMYMHBI KOHLIEHTPALUU KUCIIO-
porna B ruieHke AIN, Korma HaOMI0OA0TCs OIMMCAHHBIC
BBbIIIIe UBMEHEHMUST e MOP(hOJOTUU U CTPYKTYpPhI. [1pu
comepkaHuu Kucyiopona 6osee 50% Marepual MIeHKH
CTaHOBUTCSI aMOPGbHBIM, 1pu 30% MOSIBISIOTCS KOPOT-
KH€E CTePXKHHU TONIINHON 5 HM, pu 15% HaunHaeT 06-
Ppa3oBbIBaThCsl CTOJI04YATAsI TEKCTYpa C OOJIBIIIUM KOJI-
4eCTBOM Je(PeKTOB U TOJIIIUHON TpaHya ~10 HM, Ipu
colep:KaHUM Kuciaopona MeHee 5% rpaHyiibl BBITTPSIM-
JISIIOTCS, X MIX TOJIIIMHA yBenuuuBaeTcst 10 30 HM. DTo
TaKKe COOTBETCTBYET pe3ysibTaTaM [29], rae mokaszaHo,
yTOo pa3mep 3epeH AIN yBenuurBaeTcs ¢ yMEeHbIIESHU -
€M cojiep>KaHus KUCIOpOo/a B IJIEHKE.

OtMmeTuM, 9TO JIecopOIMsI CO CTEHOK KaMephl Yya-
CTUYHO BOCIIOJIHSIET TOTEPU KUCIOpOa M3-3a TeT-
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TepUpPOBaHUSA. DTOT 3(PHEKT MOXKET OBITh IPUINHOM
3aMETHOTO coIepXaHUsI KMCJIOpOoda BO BCEX CJIO-
sx meHku. Ha nudpakiumonHoii kaptuHe (puc. 20)
MPUCYTCTBYIOT KOJIblia, COOTBETCTBYIOIIIME KyOuye-
ckoit ¢aze AION. OngHako B [27] moKa3aHO, UYTO MPU-
cyrcTBue B tuieHKe AIN kucimopona (Bruioth 10 30%
KOHIIEHTpAIIMW) He TIPUBOIUT K 00pa30BaHUIO HU
KpucTajuimueckoit, Hu amop¢Hoii ¢a3sl AION. Pe-
TUCTPUPYETCS TOJBKO KpuUcTaimueckas gasa AIN co
CTPYKTYpPOi1 BlopuuTa. DTO NpOTUBOpeUYre TpedyeT
JTOTOJTHUTENbHBIX UCCENOBAHUI CTPYKTYPHI TJIEHOK
AIN, nosyyaembix meronoMm PMH.

BnusiHue xuciaopona Ha KpUCTATUIECKYIO CTPYKTY-
py MoHokpucTtaioB AIN uccienosanoch B [30—36], rae
OBbIJIO YCTAHOBJIEHO, YTO TIPY KOHIIEHTPAIUsIX HiKe 1%
KUCJOPOJ SBJISIETCS MpUMecho 3ameltieHus. [1pu 3ame-
IEHUH a30Ta KUCIOPOIOM IUTS COXPaHEHUS 3apsSITOBOTO
OayaHca B peleTke 00pa3yloTcsl BAKAHCUN aTIOMUHMS,
KOTOPBIE COBMECTHO C aTOMaMHU KUCIIOPOIA CTAHOBSTCS
KOppeJUpOBaHHBIMU TOYCYHBIMU AedekTamu [30—32].
Korma KoHIIeHTparust MoBbIIIaeTcs 10 6%, aTlOMUHWIA,
KHMCJIOPOJ 1 a30T CO3/aI0T OKTa3ApUYeCcKUe BKIIOUe-
HUSI, KOTOPBIE OKA3bIBAIOTCSA CTPYKTYPHBIMU eMMHUIIA -
MM TITAaHAPHBIX e(DEKTOB — MHBEPCUOHHBIX JOMEHHBIX
creHok (MIAC), pa3gesiommux JOMEHbI C 36 pKaJIbHO
CUMMETPUYHOM cTpyKTypoil [33—36]. O6sryHo U/C
Jiexar B 0a3MCHOM MIOCKOCTU, HO MOTYT UCKPUBJISITh-
Cs1 M IEPEeXOUTh B MPU3MaTUYECKUE IJIOCKOCTH pellieT-
ku Bropuuta. MJIC npencraBisitoT co00ii MpOTSKEHHbIE
nedekTol pemretku [34—36]. UMeHHO Je(eKThl TAKOTO
tuna (MUJC coBMeCTHO ¢ IpaHULIAMU 3€PEH) MOTYT
OBITb OTBETCTBEHHHI 3a 00JIee BBICOKYIO 3JIEKTPOIIPO-
BOJHOCTb MOJUKPUCTAULTNYECKUX 00pa3oB MO CpaB-
HEHMIO ¢ MOHOKpucTayamu |37, 38].

151 miccoemoBaHHBIX B HACTOSIIEH paboTe TUIEHOK
AIN c TomuumHamMu, MeHbIIMMU 20 HM, XapaKTepHO BbI-
COKOE colieprkaHre KUCIIOpoa 1, KaK CIIEACTBUE, MaJIbIi
pasMep KpUCTATMYECKUX 3€PEeH U 00JIbIas TIIOTHOCTD
UX TpaHULl. DTUM MOTYT OOBSICHSATHCS MOJTYyYEHHBIE
BBICOKME 3HAYeHUs UX IpoBonuMocTH (puc. 5). B [39]
ObUTa 0OHApY>KeHa ITOBBIIIIEHHAS TIPOBOTUMOCTB ITO Tpa-
HUIIaM 3€peH B TTOJIMKPUCTATUIMYECKIX HEJIETUPOBaH-
HBIX TUIEHKax aaMasa. MccnemoBaHust TeMiepaTypHoi
U YAaCTOTHBIX 3aBUCUMOCTEH MPOBOAMMOCTH MO3BOJIWIN
3aKJIIOYUTh, YTO MIEPEHOC HOCUTENIEH 3apsiia OCyIlecT-
BJISIICSI C TOMOIIBIO MTPBIKKOBOTO MEXaHU3Ma, KOTOPbIi
peanu3yeTcsT TIPU BBICOKOM TIJIOTHOCTHU 3JIEKTPOHHBIX
cocTosiHuit Ha rpaHuiax. B [40] ¢ moMolbio cCKaHUPYIO-
11Ie#1 TYHHEIbHOI MUKPOCKOIMK ObLIa 3apKCHUpOBaHa
BBICOKAS MJIOTHOCTh TOKA Ha IpaHUIIaX 3€peH B HAHO-
kpucrajmyeckux rieHkax HfSi,O, u ZrO,, sHaunresnb-
HO TpeBbIIIAIoIIAasl TUIOTHOCTh TOKA B 00beMe.

Crnenys cka3aHHOMY BBIIIE, MOXHO TIPEIIOIO-
>KUTb, YTO POCT BEJIMYMHBI MPOBOAUMOCTU HA HaYaslb-
HOM y4JacTKe KpPUBOI (puc. 5) Mpu TOMIIMHAX OT 2 10
20 HM MOXeT ObITh O0YCJIOBJIEH YBEJUUEHUEM TIJIOTHO-
CTU I'paHMUIl 3epeH U3-3a YBEJIMUEHUS KOJMUYeCTBa rpa-
HYJ 1 X 00Jiee TECHOTO pacIojioXeHUsI B aMOp(dHOM
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MaTpulie 10 Mepe PacXOAOBaHUsSI KMCIOPOoAa B KaMe-
pe. [Ipu MabIX TOJMIIMHAX IJICHKM MHOIME TPaHYJIbI
MPOPACTAIOT OT MOMJIOXKKH 10 €€ ITIOBEPXHOCTHU, U TO-
KOIIEPEHOC MOXET OCYIIECTBIISITHCSI OECIIPENSITCTBEH -
HO BIOJIb UX I'paHuil. [1pu ganbHeiineM yMEHbIICHUN
KOHLEHTPALUU KUCIOPOAA Pa3Mep KPUCTAIINIECKHUX
3¢pEeH HAYMHACT YBEJUYMBATLCS, OHM 3aHUMAIOT BECh
00beM IUIEHKH, U IJIOTHOCTb TPAHULl HAYMHAET I1a-
natb. Taknum o6pa3oM, cIipaBa OT TOYKM MaKCUMyMa
Ha KpUBOI 3aBUCKMOCTH MPOBOIUMOCTHU OT TOJILIMHBI
(puc. 5) pacrionaraetcst 30Ha HAHOKPUCTAJUTMYECKOTO
pocTa IUIeHKH, a clieBa — 30Ha CMEIIaHHOTO pocTa
(amopdHOTO ¥ HAHOKPUCTAJTUYECKOTO).

OtMmeTuM, uyTo B TuieHKe AIN TonmumHoi 150 HM
(puc. 1r) MHOrMe rpaHyjbl He MMPOHU3bIBAIOT €€ Ha-
CKBO3b, YIIUPAsICh B TPAHUILIbI MOCJIEAYIOIINX 3€PEH.
[Tpu nporekaHUU ToKa Yepe3 TaKylo Cpeay HOCUTEIU
3apsiaa OyayT BBIHYKIEHBI ITPeoojieBaTh Oapbephl, Cy-
ILIECTBYIOIIIME HAa FPaHUIIAX 3€PEH, UTO 3HAUYUTEIBbHO
YBEJIUUYMUBACT DJEKTPUUECKOE COTTPOTUBJICHUE TIJICHKU
[37]. Beicokas TNIOTHOCTb 3JI€KTPOHHBIX COCTOSTHUI
Ha rpaHuuax 3epeH [37, 38] MoXeT MpUBOAUTH K 3a-
XBaTy CBOOOJIHBIX HOCUTENICH 3apsaa U TIPOSIBISAThCS
B BUJIe MMOBBIIIEHHOIO YPOBHSI MOTEPh 3apsifia U 1IymMa
B MIII-cTpyKType, coaepxKalleil HaHOKpUCTaLInde-
CKYIO TIJICHKY.

SAKIIIOYEHUE

I[Inenku AIN, HaneuieHHbBIe MeTomoM PMH Ha
KPEMHUEBBIEC MOIJIOKKHN, COAEPKAIN KaK KPUCTAJIIA-
YecKUuii, Tak 1 amop¢HbIi MaTepuan. OCHOBHAs 4YacTh
aMopHoIi (ha3bl ObLIA COCPENOTOUEHA B TOHKOM CJIOE
g0 10 HM TOJIIMHOM, TIpUJIeTaloieM K IIOBEPXHOCTHU
nomIoxXku. ITpuunHoit mosgBiIeHUsT aMOpP@HOTO CJI0s,
Kak IoJiaraercsl, siBJsIOCh MPUCYTCTBUE OCTATOYHOIO
KUCI0poJa B BaKyyMHo# kamepe. [To Mepe pacxono-
BaHUsI KUCJIOPOJA U3-3a TeTTePUPOBAHUSI paCTIbLIsie-
MbIM TIOMUHUEM CTPOEHUE TIJICHKU MEPEXOANUIO OT
amop@dHoro K HaHokpuctauinueckomy. ITnenku AIN
ToamuHOM 1o 20 HM o061amanu BbICOKOI MPOBOAM-
MocTbo 10 10 (OM:cM)~!, 4TO, MO-BUAMMOMY, OBLIO
00YCJIOBIIEHO BHICOKOM TIJIOTHOCTBIO TPAHUII 3€PeH,
BCTPOCHHBIX B aMop¢Hylo MaTpully. [Ipu yBeande-
HUM TOJIIMHBI CBbIIIe 20 HM MIPOBOAUMOCTb IIJIECHOK
pe3ko najgana 1o 3HadeHui ~10~7 (Om-cm) ™!, cienys 3a
YMEHbIIIEHUEM IUIOTHOCTU TpaHull 3epeH. s ycra-
HOBIIEHMSI MEXaHMU3Ma TOKOIEPEeHOCca B IMOJTYYECHHbBIX
miaeHkKax AIN HeoOXomuMBbl JOIOJIHUTEIbHbBIE U3Me-
pPEHUSI 3aBUCUMOCTEN MX BJIEKTPOIIPOBOTHOCTU OT
TeMIepaTypbl U BEJIUYUHBI DIEKTPUUECKOTO ITOJIS.
OTaenbHbIE UCCIIENOBAHUS TPEOYIOTC IJIsl YCTAHOB-
JIEHUsI BJIUSTHUSI TUTIA TIPOBOAMMOCTH MOMIOXKHN Ha
BEJIMYMHY TTPOBOAUMOCTU AIN-TIJIEHOK ¢ TONIIMHAMU
B HECKOJILKO HAHOMETPOB, Korna 3G (EeKT ITOITOKKHA
MOXET ObITh HauboJIee 3HAUMTEIeH.

ABTOpPBI BBIpaXaloT 0JIarOmapHOCTb COTPYIHU-
KaM MeXIMCIMITIMHAPHOTO peCypCHOTO IIeHTpa I10
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HamnpasieHuto “Hanorexnonorun” CIIGIY 3a mo-
MOILb B TIPOBEASHUU MCCIEAOBAHUN MOpdoJoTUN
U CTPYKTYphI 00pa3ioB Ha COM u [1DM.
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