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@ EpesaHCKuii </Ju3ul.lecKuii UHCTuTyT, 1976 

HeOAHOpO.llHOe HllH OUHOOCHOe naeneHHe, npHnO::>KeHHOe 

K nonynpOBOnHHKy, npHBOllHT K HHTepeCHblM a$$eKT8M. 

0AHHM H3 3TMX alf>$eKTOB £Bnsi:eTCH H3MeHeHHe TOKa p~~ 
nepexo.1::ta HnH illoTTKH nHona non BJIHSIHHeM naanemrn [I J. 

• 

TipH Bb!COKHX noKanbHb!X naaneHHSIX o6paTHhlil: TOK UHO­

na HaCTOnbKO qyBCTBHTeneH K Maneil:rneMy H3MeHeHH!O BHew-

He:ii: CHllbl, qTO noaaonsi:eT HCnOnb30B8Tb 3TOT alf><PeKT B 

cosnaHHH paanHqHhlX MexaHoaneKTp~eCKHX npeo6pa3oaa­

Tene:ii: [1] . B 3THX HccnenoaaHHHX naeneHHe non HHlleH­

TOpoM COCTaBmleT 103 
- 7 • l 0 4 

KI'/CM:? 1 eCTeCTBeHHO,B03-

HHKaeT aonpoc HCCnenoeaHHH, ITOMHMO qiH3WieCKHX acneK­

TOB si:aneHH:ii:, MexaHHqecKHX CBO:ii:CTB noKanbHO ne¢opMHpo­

B8HHOH o6naCTH nonynpoBOAHHKa. TaKHe HccnenoBaHH£ npo­

BOnHnHcb c uenb!O Bb!£BneHHH nnaCTH'ieCKOH ne<PopM8UHH • 

reHepaUHH llHCJlOK8UH:ii:, ne<PeKTOB, Tpem.HH H T.ll. (2-9,11]. 
B pa6oTe [6] nonyqeHbI ypaaHeHHsi: nonHoro nong 

MexaHHqecKHX Hanpsi:::>KeHHil:, coanaaaeMoro cnaaneHHO:ii: 06-

nacTbIO c<t>epHqecKOI'O HHlleHTOpa Ha nonynpOBOllHHK c pe­

llieTKO:ii: THna "'anMaa•. ITpHBOASITCSI nHHHH MexaHH"ieCKHX 

~anpsi:::>KeHHH no p83JlH"iHb!M KpHCTannorpa¢H"i0CKHM Hanpa­

BneHHSIM. 0TMeqaeTCSI, qTo npH Bb!COKHX 3HaqeHHSIX naene­

HHSI non HHlleHTOpOM B03HHK8!0T TpeIUHHbl, H3BeCTHbie K8K 

TpeIU:KHbl : fep·ua. 

B pa6oTax [12-14] ObllIO o6Hapy::>KeHo, "iTO npH noKanbn 

HOM naanemm HI'JIOH Ha repMaHHeBbie llHOAHbie CTpyKTYPbI 

( p - tl. nepexon, lliOTTKH llHO.ll HnH npH:lKHMHOH KOHTaKT 

MeTann-nonynpOBOnHHK) npH onpe)leneHHOM ".mopOI'OBOM "' 

3Ha"ieHHH CHllbl npmKHMa Ha c<t>epH"ieC.KHA HH.lleHTOp Ha 06-
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paTHOli aeTBH aonbT-aMrrepHhIX xapaKT epHCTHK ( BAX) oxono 
Haq ana KOOpAHHaT, rrosransreTCSI yqacTOK c OTpHUaTenbHhlM 
corrpOTHaneHHeM ( OC) fl/ -T1ma. DpH orrpeneneHHO:H 1' rpa­
J-InqHoli .. CHne . rrpH:>KHMa ( f rp pHc, l) o6naCTb OC HC':leaa­
eT. Pa3HOCTb Me:>Kny rroporoao:H H :rpaHH':[HOH CHnaMH 0':1€Hb 
Mana H cocTaansreT 2 -.'3% OT rropo:roaoro 3Ha':leHHsr CHnhI, 
C pe,!lHee ,!laBneHHe £0A Hrnoli !IpH 3TOM COCTaBnsreT 
6 - 7 • 10 

4 
:Kr/CM • DpeACTaansreT HHTepec HccneAoaa-

HHe MeXBHH':leCKHX CBOHCTB KOHTaKTa HH.!leHTOp-repMaHHH 
rrpH TaKHX Bb!COKHX 3HaqeHHSIX noxanbHoro aaaneHHH, a 
TBK:l!<e HccneaoaaHHe CBOHCTB KOHTaKTa HH.!leHTOp-KpeMHHH 

rrpH cpemmx aHatieHHsrx aaanemrn ao IO 
5
xr/cM 2 .CpeaHee 

.ll8BJI€HHe IlOA c¢epHqeCKHM HH.!leHTOpOM Bhl':IHCJIHeTCSI c 
rro MOIUbIO ¢op My nhr cornacHo [I 0 J 

f '/3 
~p:::: 91R 2/3 [ t ( 1~52 - '"'"t-a ) ] 2/3 J 

rae F - CHJIB !IpH)!(HMa , R 
Topa, E, , E H b' , 

- paAHyc KPHBH3Hbl HH)leH- · 
E' - xoa¢¢HUHeHTbI Dyac-

COHa H MOJzynH !OHra rronynpOBO.!lHHKa H MBTepHana HHAeH­
Topa, c TO':IHOCTbIO 3 -5%. 

Do HalllHM nHTepaTypHhIM JlaHHbIM OTCYTCTBYIOT axcne­
pHMeHTanbHhi e pa60Tb! !IO yxaaaHHOMy BOnpocy. 

Ebmo rrpoaeaeHo . HCcneaoaaHHe o'rrre':laTKOB HHJleH'I'opoa 
H3 xopyH.!la, Tnepaoro crrnaaa BK6M H CTami: Ha rroaepx­
HOCTH MOHOKpHCTannoB repMaHHH H KpeMHHH B OBBHCHMOCTH 
OT . p~AHyca ~aKpyrneHHH HH)leHTOpOB, KpHCTannorpa¢ H':leCKOH 
OpHeHTBUHH H THrra rrpOBOAHMOCTH. 

B Ka'leCTBe HHAeHTOpa HC!IOnb30BaJIHCb HI'nbI H3 KOpyH­
Jla, Taep.1:1oro crrnaaa BK6M H Ha cTanH c pa .rtHycoM aaxpy:r­
neHHH KOH':IHKa 30-150 MKM, c uenbIO yMeHbWeHHH MexaHH-

~eCKHX MHKpOHarrpH:lKeHHOCTeA Ha corrpHKacaromHXCH rroaepx­
HOCT>IX HH.r::teHTOpa H KpHCTanna,noaepxHOCTH o6 pa6aTb!B8JIHCb 

CBMb!M TmaTeJibHb!M o6pa30M cy6MHKpOHHhlMH anMa3Hb!MH 
rracTaMH, MHHHMSJibHSH BelJH'IHHa aepeH KOTOphlx 0,1 MKM. 
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06pa3Uhl H3I'OTOBmIJIHCb H3 6e3AHCJIOKaUHOHHOI'O repMaHirn H 
KpeMHHSI MapKH r3C,fJlf,K3<P H KUE c IIJIOTHOCTbIO AHCnoxa­

rrntt MeHbllle qeM 10cM-2~hnocxocTH (I 11), {I IO}n(looh,h1peaa-

nucb Ha O.!lHoro cnHTKa. OpaeHTaUHH cnHTxoa no KpHcTanno­
rpaii>H'lec xott IIJIOCKOCTH . {111)" onpeaeneHa peHTI"eHOBCKHM 
annapaToM YPC-5011, a opHeHTaUHSI no (110) H (1001} · Ha­
npaaneHHSIM - ¢oTorpa¢H'leCKHM MeTOJlOM Docne lllJIH<f>oaxH 
IIOBepxHOCTH o6paauoB IIOJIHpoaanHCb anM83Hb!MH cy6MHKpCH­
Hb!MH rracTaMH c rrocnenyIO!llHM yMeHbllleHHeM 3epeH JlO Be­
nHtIHHb! O,I MKM. f'epMaHHeBbie 06paatth1 TpaBHnHcr. a :Ho.r:c-
HOM TpaBHTene [I 6 J , a xpeMHHeahre a CP-8. 

Heo6xoaHMaH .cnna rrpH>KHMa Ha HHAeHTop coaaaaanacb 
:; IIOMOIUbIO pbrqa)KHOi!: YCTaHOBKH [I4] • 3H8':leHHe CHnhI H3-
MeHHnOCb OT .2 AO 600 :r B 38BHCHMOCTH OT pailHyc a aaxpy:r. 
rreHHsr Hrn. Jlnsr o rrpe.r:cenemu1 aHa':leHH.H F r p 6hIJIH CHSIThr 06-
paTHhre BAX repMaHHe BbIX .!lHOllHhIX CTpyKTyp B a aBHCHMOCTH 
OT CHnbI npmKHMa ( !Ibe30,llHOAOB ) Ha JlBYXKOOpJlHHaTHOM ca­
MOIIHCUe DJlC-02 I . XapaKTepHbiil: rpa¢HK Ami !Ibe30.!lHOJl013 
Ha ocHose p- n. nepexo.r:ca rroKaaaH na pHc. l . Tiocne orrpe­

aeneHHH F 2p HH.!leHTop Harpy*aeTc.H psrAoM can IIPH*HMa 
qepea orrpe,lleneHHbiii: !iHTepsan (HarrpHMep, JlnH xopyH.Qa no 

IO r), Tax, tIT06br MHHHMallbHOe H MaKCHManbHoe 3Ha'leJi:ise 
COCTaarum.o 20-:3U":o OT F rp . JlnH Kp0MHHSI 3HatieHHSI CHJI 

rrpH)!{HMa Ha HHJl0HTop, i:cnsr pa3HhIX paAHy coa a aKpyrneHHsr , 
onpeuensreM Ha ¢opMynhr (I) Tax, ':IT06 br cpeAHee aaan eHHe 

4 2 5 2 IIO.!l HHJleHTop oM c ocT aamm o 7 · IO Kr/ cM - 3 . IOxr/c M. 

Mc c n eAoBaHH.H rrpOBOJlHJIHCb Ha pacTpOBOM an exTpOHHOM 
MHx p ocxone ( P3M) MapxH :JS M -50A. 

Jlo rrorpy * eHHH HHJleHTopa Ha o6paaeu c y Bel!H':leHHeM 
12000 6bmH c ¢ioTorpa¢iupoaa HhI nonHpoBaHHasr H TpaaneHHa.si 
IIOBepxHOCTH repMaHHH H xpeMHHSI JJ.llsr pa3JIH'IHbIX OpHeHTa -
uai!: , YAenbHhIX conpoTH:sneHHA H THna npoBOAHMOCTH. Ha 
pHc. 2 rroxaaaHa THIIH':[Hasr MHKpo$oTOrpa¢iusr rronupoaaHHott rro­
aepxHOcTH 6e3AHCJIOKaUHOHHOI'O r epMaHHSI MapKH f3C-l 

anH KpHcTannorpaipHqecKoro Hanpaan eHHH · (I I I) . Pa3pyweH­
Hh1:lf cno.tt MHHHManeH Ansr HarrpaBJI0HHH (11 1) • MaKCHM8.ll0H 
JllIH " I l 0 > • 3TOT peay nbTaT co BIIa)laeT c peay JlbT8T8MH' 
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11onyqeHHhIMH B pa6oTe [ 17] H .SIBJUieT CSI xapaKTepHhI M 

JlJl.sI Hcc.neeyeMhIX 06pa3uoa. H a TpaaneH HhIX o6paauax pa3-

pyrneHHhI:il: CJIO:il: OTCYT CTBy e T. 

I1 ccnenoa a H H.sI 110Ka sanH , 'iTO H a rep M a H HeBhIX o6paa­

uax o60HX TH ITOB 11pOBOll.H MOCTH Jl}I.sI CHJI !1plVKHMa BblIJJe 

Frp H a 20% OTneq a TKOB He o6Hapy:lKeHo, KpoMe H a11paane­

HH5I .(1 10) • Bhr!ll e 3Toro 3Ha 'ieHH5! 11onyqaeTcsx o Tne 'i aToK 

B B HJle KpaTepa , IIOKa3aHHhI:il: Ha pHc .3. KaK BHJlHO, TpemH­

Hhl HJ:IY T BI'ny6 h KpHCTan na 110 K p yry I T.e. 110 Kp810 cnaa­

neHH O:il: o6naCTli. BHyTpH KpaTepa B HAHhl CJieJlhI paapy!lleHlrn' 

110-BHJlHMOMy, OHH o6p83YIOTC.sI 3a cqeT BHYTpeHHHX OCTa­

TO'IHbI X ynpyI'HX Hanp.sr:lKeHH:il:, KOTOpbie OCT8IOTC51 11ocne 
11naBHOI'O CH.HTH.sI Harpy3KH c HHJleHTOpa. 

LJ.n51 IIJIOCKOCTH (11 O) 1 IIOJiy'ieHHbie peayJihTaThl CHJih­

HO OTJIH'iaIOTC.sI Jlpyr OT Apyra. TaKO:il: pe3yJihT8T MO:lKHO 

6hIJIO O:lKHJl8T h, T8K KaK HarrpaaneHH51 l 110 ) SiBJI.sIIOTC~ rnaB­

Hb!MH KpHCTannorp a ¢H'ieC KHMH HanpaaneHH.sIMH CKOJlb)!{eHH.H B 

repM8HHH. c yMeHb!lleHHeM ya.enbHOI'O C011pOTHBJieHH51 repMa­

mrn oTrre'ia•TOK c T aHOBHTCH OT'ieTnHBhIM npH aHa'ieHHHx F rp. 
HecKOJihKO HeO)!{HJlaHHO To, 'iTO MSI urn c 6oJihlllHMH pa.i:u1:y­

ca1vrn: 38Kpyrn eHHSI, OTl1e'i8TOK 11onyqaeTC5I npH M8JlhIX 3H8-

qeHH.sIX CHJihI 11pH:l:KHMa ( HMeeTc.s.r BBHJlY no cpaBHeHHIO F rp ) , 
xoT.sr npei:uronaranocb , 'ITO Ha ocTpI>Ix .uon.>KHo 6bITh Hao6o­

p o T. 3 T OT peaynh TaT, 110-BH.UHMOM)', CB5138H c TeM, 'iTO Be­

po.srTHOCTb aaxaaTa o6na CTH c MHKpOHepOBHOCT5lMH H paa-

n .. qHbIMH THl18MH ne¢eKTOB ( JlHCJIOKallHH , MH:KpOTpelllHHbJ H 

T . Jl.) CT8HOBHTC 51 6 oJibUie :il: n o cpaBHeHHIO c OTIIe'iBT·K~MH OT 

HI'Jl c M 8JlblMH 38KpyrJieH H.sIMH. Lln.sr CT8JlbHbJX HI'JI OT!1e'ia­

TOK n ony q a eTC5.I rna)lKHM, T .e. IIp OiiCXOJlHT tieKOTOpa.H 11JI8CTH~ 

qec K a.II a e¢opMaUH.H CT8JIH KaK 6onee ' M.HI'KO:il:' 110 cpaBHe­

HHIO c T BepJlblM cnna BOM H xopyHAOM, 'iTO Ii c rna:lKHBaeT 

M exaHH'ieCKHe H 811p5.!)KeHH .H Ha HepoBHOCT.IIX cnaaneHHblX 110-

aepxHOCT e :il:. .l'v'!o.lKHO npennonO)Kl{Th, 'iTO o6paa y IOTC.II M.l!KpO­

TpelUHHbI f epua [6] 1 KOTOpble reHepHpyIOTC·.sr C y B e llH'ieHH­

eM CHJihl IIpH)KHMa Ha HHJleHTop. TipHBeJleHHhie 3 JleCb pe-

3YJibT8Thl H8ll!HX HCCne)lOB8HH:il: 110 K83h!B8IOT, 'iTO , 110 Kpa:il:Helt 

Mepe, OHH CT8 HOB .sITC51 0118CHhIMH 3 8 r paHH'IHO :il: CHJIO:il: npH-
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:lKHMa. 0JlH8KO All.sI KopyH.UOBbl X HI'JI Ha HeKOTOpbI X o6paa­

uax repM aHH .sI 3aMeTHbI cneJlbI OTne'l:aTKa 11pH aHa "!eHH.srx 

rpaHH'IHOH CHJih l ( pHc.4). 

D.n.H KpeMHH .sI HHT epnpe·TaUHR 3 K Cne pHMe HT8JlbHblX pe­

aynhTa'rOB B o6na CTH Bb!COKHX JlaBJ!eHHH y cnO)!{H.HeTC.fl,XOT.H 

uo .uaaneH H.sI 10
5 

KI' / CM .2. OT neqaTKH (paspyureHH.II) He 

o6Hapy )!{HB8IOTCSI . 3To CB.H3aHO c ABYM.II 11p H'iHH8MH : B 0 -

11epBhIX , HaJIH'iHeM TBepJloro xpynx oro cno.sr SL 0 2 ,xoTo­

phI:il: KaK-TO 38Aep:lKHBaeT peaKUHIO o6'beMa TBe p JlO:r'O Ten a,; 

BO-BTOpbIX, Ha KpeM[HHH H e H a6JIIOJlaeTC51 3<fi<fieKT oc I K OT O­

p b!H cny:lKHT .UJI51 repM aHH.9. Ha"IaJlOM OTC'leTa ( HMeeTC.11 

BBHJ:IY F rp ) • 3Ae Cb M bI 11peJlnonarae~ 'iTO aTOT 3¢cp eKT 

H aqHHaeT npORBJIRTbC.sI npH o n p e .ueneHHOM 3H8'ieHHH .uaane­
H H.H. 

Ha OCHOBaHHH HaUIHX OilbITOB MO)!{HO YTBep:lKAaTb,'iTO B 

o6naCTH Jl8BJleHHH AO 8. l O ~xr/cM 2, no~ KO~Opb!M -Hccneey­

IOTC.11 Kpe M HHeBble nony n pOBO.UH HK OBhie npH60 pbl [ 1 J • HH­

KaKHX paapyrneHHH B BHAe OT n e qaTKOB He 06Hapy:t1<e H o . 

Kax H3 BeCTHO [11] 1 xacaTeJihHhr e H a np.H )!{eHH.II HMe­

IOT M8KCHM 8JlbHhie 3Ha'ieHH51 y KpaeB KOHTaKTa H HJlYT 110.U 

yrnoM 4 5° B rny6b KpHCTanna (c yqeTOM 8 HH30Tp 0 11HH 3TOT 

yro n , 110-BHJlH M OMy. MO :lKe T H3MeH51TbC.H). 3TH Hanp.sr)!{eHH.H 

H o6paayIOT TpelllHHbI. ToT ¢ a KT , 'iTO IIO.U HHJleHTOpOM OKO­

JIO noaepXHOCTH KpHCTanna npHMepHO 80% JlaBJieHH5.I HMeeT 

r:- "POCT aTH'!eCKH:il: x apaKTep, .si:an.si:eTc.sr T OHI 6naro npH.IIT ­

HO:il: npH'IHHOH , 'iTO nonynpoBOJlHHK (repMaHHH, KpeMHHH) 
BhI Jlep)!{HBa eT CT OJlb Bh! COKHe 3H8'ieHH.H AaaneHH:il: - A 0 

10 s K r / .CM ~ H e !10ABe p r a .srCb paapyureHHIO. fHl10Teaa MaKCH­

M8JibHblX KaCaTeJihHhlX HaIIp51)!{9HHH 11pH BCeCTOpO HHe M .ua a­

neHHH H e IlpHBOAHT K B03HHKHOBeHHIO p a s pyura ro m ero COCTO.s:i­

HH.sI, 'ITO, B 'i8CTHOCTH, H Jl0K83h!B8!0T HCCne.uoaaHH .H BJIH.sI­

HHR noxan hHoro AaBneHH.sr Ha B A X .UHOAOB [1 3 J • Heo6-

paTHMbie .HBJle HH.H B03H HK8IOT AaneKO aa npe nenaMH 38KOHa 

fyxa, AJl.II rerMaHHH OHO COCT8BJ1.sieT 4,4 . 101txr/cM 2 [1 5) 
Mo:lKHo npeJlIIOJIO)!{HTh1 'iTO B HaweM cnyq ae paapyllleHHe 

n p OHCxOAHT 11PH TaKHX 3H8'ieHH.sIX Jle¢opMaUHH, c KOTOpb!X 

::H.IITa ynpyra.H BCECI'Op0HHH5.I .ue¢opM aUH5!. 3necb Mb! He 
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paCCMaTp:irnaeM KHHeTH'ieCKHe acneKTbl paapyuieHHH. 0.uHa­

KO, TaK KaK Mb! npOBO.QHM H3MepeHHH Ha P3M nocne no­

'rp~X<eHH~, TO cymecTsyeT HeKOTopasr penaKcaum1
1 

KOTopaR 

cymecTBeHHO He MO.lKeT H3MeHHTb KapTHHY OTile'iaTKa,nos­

TOMY IlpH 6onee MHKpOCKOilH'ieCKHX H3MepeHHHX Hy.lKHO 

Y'iH1'bIB8Tb STOT cjlaKTOp. 3JleCb TaKX<e cneeyeT OTMeTHTb, 

'iTO BpeMsr, aa KOTOpoe KpHCTann BbI.Uep)KHBaeT MexaHH'iec­

KHe Hanpsr)!{eHHsr JlO ero paapymeHHsr, srsnsreTcR OAHHM Ha 

"Ba.lKHbIX napaMeTpOB B KHH0TH'ieCKO:i!: TeOpHH npO'iHOCTH [18] . 
TaK KaK MbI paccMaTp1rnaeM MexaHH'ieCKHe acneKTbI 

s<P<PeKTa HeOAHOpOAHoro .uasneHHH Ha nonynpOBOAHHKOBhie 

IlpH60pbI, TO Hy.>KHo Y'iHTblB8Tb KBKOBa ponb npoTeKaromero 

TOKa qepea .uecjlopMHpOB8HHylO o6naCTb. Cy AA no ABHHbIM 

.upyrHx aBTOpoB, ponb sneKTpOMexaHH'ieCKOI'O scjlcjleKTa [19] 
cymecTBeHHO He H3MeHHT o6myro KapTHHy. XoTsr B HameM 

cnyqae CnO)!{HhlH xapaKTep nonsr .uecjlopMBUHH aHH30TpOilHOI'O 

KpHCTanna eme 6onee ocno.>KHHT xapTHHY nepeHoca TOKa 

qepea .uecjlopMHpOBBHHyro o6naCTb. 3.uecb MO)!{eT IlOBnHsrTb 

H Ta BbI.UensreM851 MOIIIHOCTb B BHAe TeMnepaTypbI, KOTO­
pas MO)!{eT cPnYKTyHpOB8Tb, 
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PHc.1 Ce Meli CTBo o6paTHbIX BOnbTaMnepHbIX xapaKTepHc­

THK repMaHHeBoro IlbeaO,!:lHO.Ua. liHcjlpbl Ha Kp!iBblX 

yKa3blB8lOT BenH'iHHy CHJibl npIVKHMa Ha HH.UeHTOp B 
rpaMMax. 
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PHc.2 MliKpo~oTorpa¢HH nonHposaHHOA nosepxHoCTH 6e3-
AHcnoKa UHOHHOro repM8HHH ( x 12000 ) • 
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Pnc.3 ~'hrKpo¢oTorpa¢HH OTrre~aTKa Ha TpaBneHHOH ITOBepx­
IIOCTlf repMaHHH ( x 20000). I1HJ:l9HTOp H3 TBep.i:toro 
cnnaBa M"apKH BK6M. 
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