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Ananna pa60Tbi }KH.aKocrnoro cqenHKa AnbBapeaa . . . 

/1/ 
B nocneJlHne tteThipe rolla rpynna Anbsapeua nposena pS!Jl nccne]lo-

sannft C UeJiblO C03Jl8HUSI HUTSIHOI'O C"leT"lUKa Ha OCHOBe C)KH)KeHHhlX api'OHa 

n Kcenona. OcHOBHbie pesynbTaThi, nonytteHHbie aToft rpynnoft, CBOJlSITCSI K 

cneJlyxomeMY. B C'leT'IUKe c *HilKOaproHOBhiM sanonneHneM n nanpSI)KeHHOCTbiO 

noJISI y HUTU -2.106 B /eM B03HUK810T OT]leJibHble yttaCTKH ]lJIUHOft He 6onee 

4 MM, Ha KOTOpblX JiaBUHHOe pa3MHO)KeHUe 9JieKTpOHOB npOHCXOJlHT C atiJ<iJeK

TUBHOCTblO ·100%, 0JlH8KO CYMMapHaSI JlJIIIHa T8KHX "ropSI"lHX" yttaCTKOB He 

npeBbllllaeT 20% OT pa6oqeft ]lJIUHbl HUTU, 'LJ:UCJIO yttaCTKOB, MeCTa UX B03HUK

HOBeHUSI U BpeMeHa )KU3HH - He KOHTponnpyeMblo C nOBbillleHUeM HanpSI)KeHHSI 

'IUCJIO I'OpSI'IUX TO'IeK yBeJIU'IUBaeTCSI, U B CtteT'IUKe B03HUK810T JIO)KHble pa3pSI

Jlbl, B, HeKoTOpbiX cny~aHx ropSittne TO'IKH ucqesaxoT nocne nepsoro *e paspSI

Jla. Y JlHBHTeJibHOft OC06eHHOCTblO pa60Tbl C"leTttHKa C api'OHOBblM sanoJIHe

HHeM SIBJISISTCSI CUJlbHaSI 38BUCUMOCTb aMnJIUTYJlbl TOKOBbiX HMnynbCOB OT 

BHewaero ]lasnennH. TaK, c ysenntteHHeM JlasneHHSI aMnnnTyJl9. naJlaeT, a· c 

. · noHn*eHneM - pacTeT., TaKoe noBeJleHne paspSIJlHoro TOKa as Tophi pa6oTb/1 I 

6biJIU CKJIOHHhi o6'bSICHUTb o6pasosaHHeM Ha nposonottKe MHKponyahlpbKOB, 

B KOTOpblX pa3BUBaeTCSI pa3pSIJl, 0JlH8KO aBTOpbl He HalllJIU JlOCTaTO"!HblX OCHO

BaHUft ]lJISI OJlH03H8"1HOI'O YTBep)KJleHUSI 0 U npupoaa I'OpSI"lUX TO'IeK Ha npOBO

JIOiJKe OCTSJISCb HeBhiSICHeHHOft, 
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111 
HecKOnhKO nyt~mne peaynhT8Thi B nonyt~e.lthi c >KHJlKHM KCe.IIO.IIOM, 

8¢¢eKTHB.IIOCTb B03HHKHOB9HH£ nponopUHOHanb.lthlX naBHH H8 npOBOnO"'K9 

COCT8Bn£eT -30%. llpH nocneJlyiOIIl9M nOBb!lli9HHH HanpH>K9HHSI HHTSIHOfi C"'9T

"'HK npespamaeTC£ B HCKpOBOfi C Manofi s¢¢eKTHBHOCTbl0 0 He npeBbllli8IOIIlefi 

1%. 
As Tophi uccneJloBaHnfi I 1 I HaJleiOTC£ JlOBeCTH aproHOBhifi H KCeHOHOBhiii 

C"'9T"'HKH JlO pa60"'9I'O COCTOSIHH£, 0CHOBHOH nyTb 6opb6hi C I'Op£"1HMH TO"'

K8MH H nOJlHSITHSI s¢¢eKTHBHOCTH JlO 100% 8BT0pb! BHJlSIT B 6onee rny60KOH 

O"'HCTKe >KHJlKOCTeii H 6onee TIIl8T9nbHOM y)laneHHH MHKpomepOXOB8TOCTeii 

C nosepXHOCTH npOBOnO"'9K. llepcneKTHBHOCTb T8KOI'O nyTH 1-!9 Bhl3b!B89T 

coMHeHHH. 0JlHaKo ceiit~ac ocTaeTCH 6onhmaH HeyJlosneTsopeHHOCTh oTcyTcT

sueM o6'bHCHeHHH SisneHnii, KOTOpbie Ha6niOJl8IOTCH a paapHJle Ha nposonO'IKe. 

8TO npem)le BC9I'O OTHOCHTCSI K npHpOJle I'OpS!"'HX, TO"'eK H 38BHCHMOCTH na

BHHHbiX HMnynbCOB OT Jl8BneHHSI, llpeJlCTaBnHeTCSI, "'TO OT npaBHnbHOI'O nOHH

M8HH£ CyiilHOCTH 9THX £BneHHH B 3H8"1HTenhHOfi CTeneHH 38BHCHT H Bb!60p 

onTHManhHOI'O HarrpasneHHH )lanbHeiimero uccneJlOBaHHH. HulKe CJlenaHa nonhiTKa 

npoaHanH3HpOB8Tb 9TH gsneHH£ 0 H HaMe"'eHbl HOBble nyTH HCCneJlOB8HH£ C 

>KHJlKOCTHbiMH C"'9T'IHK8MH, 

BoaHHKHOBeHHe "ropH"'HX" TO"'eK na HHTH 

12-81 
llaBHO yme 6hinO o6HapymeHO , ,"'TO pa3pS!Jl B >KHJlKOCTH CHnbl!O 

3aBHCHT OT I'HJlpOCTaTH"'eCKOI'O Jl8BneHHSI H CTeneHH Jlei'a3aUHH >KHJlKOCTH ' 

H sneKTpOJlOB, OH 06bi"'HO HMeeT HaCh!IIl9HHe npH )laBneHHSIX 60-80 aTMI 41 • 

Y CTaHOBneHO 12,31 0 "'TO B TIIlaTenbHO o6earalKeHHOM >KHJlKOM JlHSneKTpHKe 

npH pa6oTe BJlanH OT TO"'KH KHneHHSI pa3pS!Jl npaKTH"'9CKH He 3aBHCHT OT 

JlasneHHH. H soaHnKaeT numb npu HanpgmeHHH, 6nn3KOM K npo6usHoMy. B 

pa6oTaX 15,61 o6HapylKeHO B03HHKHOB9HH9 orpaHH"'9HHOI'O pa3pS!Jla B JlHSneKT

PHtieCKHX >KHJlKOCT£X TonhKO s MHKponyahipbKax rasa. Oco6e.IIHO "'eTKO 

9TO gsne.IIHe Ha6nroaaeTC£ B >KHJlKOCTSIX npH TeMnepaType s6nH3H TO'IKH 

/3/ 
KHneHHSI 

COBOKynHOCTb 9THX uccneJlOBaHHH He OCTaBnS!eT COMHeHHH B TOM, ."'TO 

3aBHCHMOCTb pa3pS!Jla B lKHJlKOCTH OT JlaBneHHSI o6SI3aHa, rnaBHhiM o6pa30M 0 

napQI'830Bh!M ny3b!pbK8M, llocneJlHH9 MOI'yT HaXOJlHTbC£ Ha sneKTpOJlaX B 
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I'OTOBOM BHAe B !iJopMe a,Acop6HpOBaHHOI'O I'a3a H I'a3a, COAep:lKaUlei'OCSl B 

MHKpOTpeUlHHaX, fly3blpbKH MOI'YT BHOBb B03HHKaTb B MOMeHT ABH:lK9HHSl 

nepsHttHi.ix 3aJ;>SlAOB H ttaCTHttHOI'O pa3MHO:lKeHHSl HX aa aneKTpOAax. B aTOM 

nnaHe peaynbTaThi I'pynnhi Anbsapeua Hau6onee nonHo MOI'YT 6biTb o6'bsrcHe

Hhi see :lKe o6paaosaHHeM MHKpony3hipbKOB Ha nposonottKe, TeM 6onee, 'ITO 

pa6oTa CO CtteTttHKaMH senaCb npaKTHtteCKH s6nH3H TO'IKH KHneHHSl :lKHAKOC

TeJ:l, I'Ae 3aBHCHMOCTI:. pa3pro:tHbiX npoueCCOB OT aasneHHSl1 KaK y:lKe OTMetta

JliOCb1 HOCHT oco6eHIIO tteTKO Bbipa)KeHHhlii xapaKTep. 

-Hau6onee sepOSITHO B03HHKHOBeHHe ny3b!pbKOB Ha nposonottKe npOHC

XOAHT B MOMeHT pa3psraa Ha MHKpOOCTpHSIX H nhinHHKaX, B OKpeCTHOCTH KOTo

pb!X !iJopMHpyeTcsr noshiWeHHasr aanpsr:lKeHHOCTb nonsr. ,Ua:lKe B cnyttae otteHb 

ManhiX pa3MepOB OCTpHii, He npeBhiWaiOUlHX MHKpOHa, HX snHSIHHe Ha pa3pM 

H MHKpopa3pbiB ·)KHAKOCTH 6yaeT senuKo. PaccMOTPH~ STO yTsep)Kaeaue 6onee 

noapo6Ho, IlycTb MHKpoocTpHSl Ha nposonottKe HMeiOT !iJopMy arinuncouaa c 

Manoa nonyocbiO b H 6onbwoii - BhiCTynaiOweii - h • Toi'aa none s6nuai 

BhiCTyna MO)KHO npeacTaBHTb KaK 
111 

(1) 

a Ha nosepXHOCTH BbiCTyna 

E ... E 
0 
_l_. (2) 

g 

3aecb r - nepeMeHHhiii paauyc ~ h , E0 -Hanpsr)KeHHOCTb nonsr s oTcyTCTBHe 

BbiCTyna, 

Ecnu AnSI npHMepa npHHSITb b = 0,2h h 

5 

1 MKM, TO 
_1 

g 

(3) 

(4) 

= 10 H 

(5) 



rAe r - B MKM. Tipn r = 10 MKM none E 6y.AeT npeBhiWaTb E0 Ha OAHH 

npoueHT. Ha noBepxaocTn BblcTyna E 6y.AeT 6onbllle E 0 y)l{e B -
1-g 

pa3, T.e. B 10 pa3, 3To 'lpe3Bbi'Iaiiao 6onbwoe nepeaanpsDKeHne. B ra3ax, 

aanpnMep, nepeaanpg*eHHe Aa*e Ha aecKonbKO npoueHTOB pa.AHKanbHO Me

ageT xapaKTep pa3pR.Aa. Ecnn y'leCTb, 'ITO cpe.AHRg .AnHHa CBo6o.AHoro npo-

6era aneKTpoHa A
1 

B none E ~2.106 BlcM, Ha KoTopoM aneKTpoH Ha6npaeT 

9H8pl"HI01 .AOCT8TO'IHYIO .Ang IIOHH38UHII 8TOMOB *IIAKOI"O apl"OHa, IIM8IOIUIIX 

cp I "' 13 9B 1 paBHa 

AI= _!...!_ .. 6. J0-2 
eE 

MKM1 
(6) 

TO CT8H8T RCHbiM 1 'ITO nepeHaiipR)K8HH8 B 0Kp8CTHOCTH Bb!CTyna npOCTHpaeTCR 

Ha r/ A1 "'200 J:ln!rH CB060J:Illb!X npo6eroB, 3T01 KOH8'1H0 1 .AOn)I{HO CYIU8CTB8HHO 

II3MeHgTb ycnoBng pa3pgJ:~a B6nii3H npoBonO'IKH. H~ npiiBeJ:IeHHoro aaanii3a 

BH}:IHO, 'ITO MIIKpOH80}:1HOpO.AHOCTH Ha IlpOBOnO'IK8 III"paiOT T8M 6onbWYIO ponb 

B pa3BIITIIII pa3pgj:~8 1 '18M Bb!W8 nnoTHOCTb cpe}:lbl H Cp8J:IHgg Haiipg)l{eHHOCTb 

nong, JlaHHbiH 4JII3II'I8CKHH clJaKT II ne*HT, no-BII.AIIMOMY 1 B OCHOBe npouecca 

o6pa30B8HIIg ropg'IIIX TO'I8K Ha npoBOJlO'IK8X, KOTOpb!H Ha6nro}:lancg B /l / • 

3a o6pa30B8HII8 ropg'IIIX TO'I8K Ha MIIKpOW8pOXOB8TOCTHX l"OBOpiiT II TOT 

4JaKT 1 'ITO 9TH TO'IKH MOI"yT CO BpeMeHeM IIC'I838Tb B O.AHOM M8CT8 H nORB

nHTbCg B .ApyroM, Hc'le3HOBeHIIe IIX o6g3aHo pa3pyllleHIIIO MIIKpOBhicTynoB 

B pa3pgj:~8 1 a IIORBn8HII8 - o6pa30B8Hlll0 HeO}:IHOpOJ:IHOCTeii B pe3ynbT8Te 

pa3pbiXn8HIIg nOBepXHOCTH HHTII pa3pgJ:IOM, JliiH8MIIK8 nO}:I06HOI"O M8X8HII3M8 

"nepeCKOKa" OC06biX TO'I8K pa3pRJ:I8 IIO noBepXHOCTil aneKTp0}:18 no}:lp06HO pac

CMOTpeHa B I 4/ • 

TiogBn8HII8 nepBII'IHOH naBIIHbl aneKTpOHOB B )KIIJ:IKOCTII B6nii3II HllTil 

Bn8'18T 38 co6oii PO*A8HH8 HOBbiX naBilH 38 C'I8T o6~eMHOH ¢oTOHOHH38UHH 1 

KOTOpag, HanpHMep, B apl"OH8 IIM88T 3H8'11lTenbHYIO BepogTHOCTb /8-13/, Tio 

9TOH npH'I~He pa3pHJ:I B nnoTHbiX Cpe.AaX B6nii3II nonO)I{HT8nbHOI"O OCTpiig Ho

CIIT TO'I8'1HO-BCnbiW8'1HbiH xapaKTep /8,9,13,14/, B Ha'lanbHYIO naBilHy BnHB8-

IOTcg T8K)I{8 H Te aneKTpOHbl 1 KOT0pb!8 p0)1{}:18IOTCR Ha K8T0}:18 B. pe3ynbTaTe 

4JoToa¢¢eKT8 1 B8pOgTHOCTb KOTOpOI"O 06b!'IHO COCTaBngeT 0,01-0,02 /8,.l0, 15/, 

"cl>oKyCIIpOBKa" }:18llllb!X aneKTpOHOB B Ha'lanhHYIO naBIIHy OCyiUeCTBngeTcg 

IICKa*eHHbiM noneM naBHHbi, CyMMapHbiM pe3ynbTaToM noJ:~o6aoro npouecca 
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siBnSieTcSI uarpea )KHnKocTH H po)KneHHe napoaoro nyahipbKa. IlocnenueMy 

cnoco6cTayeT T8K)Ke HOHHhifi MexaHH3M rneaepa, B peaynbTaTe neil:CTBHSI 

,KOTOpOI"O IIOnO)KHT9J1bHhl9 HOHhl1 OCT8IOII1H9CSI B J18BIIH9 IIOCJ19 yxo,oa 9Jl9KTpO

HOB1 OCna6JISIIOT M9)K8TOMHYIO CBSI3b B MHKpODOJIOCTSIX )Kli,QKOH Cpenhio 06pa30-

B8BWHfiCSI IIY3h!p9K 38T9M COXp8HSieTCSI HeKOTOpoe Bp9MSI (no H8KOIIJ19HHSI 

. 06beMHOI"O aapSI.Oa Ha CT911Ke) B CT8UHOHapiiO-paBHOB9CIIOM COCTOSIIIHH 6naro-

napSI npHTOKY 9H9pi"HH H3 pa3pSina raaa. B CBOIO oqepenb, HeCMOTpSI Ha 

MaJIOCTb MH:KpOIIy3h!pbK81 pa3pSin B HeM MO)K9T D0.0.09p)KllB8TbCSI K8K 38 C'19T 

HOHH38UHH I'838 B IIY3b!pbK91 T8K H 6naronapSI IIOCTYIIJI9HHIO 9Jl9KTpOHOB OT 

CTeHOK IIY3hlpbK81 rne OHH o6pa3yiOTCSI ¢oTOHOHH38UHeil: ( C aepOSITHOCTb!O 

.. 0,02 /9,13,15,16/), neaaKTHB8UH9H B036y)K.Q9HHhiX 8TOMOB1 6oM6apnHpOB-' 

KOH H Heii:TpanH38UHeil: IJOJ10)KHT9J1bHb!X HOHOB1 KHH9TH'I9CK8Sl 9Hepi'HSI KOTOph!X 

B ny3h!pbKe MO)K9T .OOCTHI"8Tb 30 9B, IloTOMY pa3pSI.QHhiH TOK non)KeH 6h!Tb 

nponopUHOH8Jl9H 06'beMy !'838 B IIY3h!pbK91 K8K B9JlH'IHHe HCTO'IHHKa ¢oTOHOB1 

B036y)Kn9HHhiX 8TOMOB1 HOHOB, 9Jl9KTpOH0Bi T.e. TOK noJI)K9H HM9Tb o6paTHO 

.nponopUHOH8JlbHYIO 38BHCHMOCTb OT f'HnpocT8TH'I9CKOI'O naaneHHSI. Ka-

'19CTB9HHO naHHb!H Bb!BOn COI'JiacyTeCSI C 38BHCHMOCTb!01 Ha6nroneHHOil: K8K 

B pa6oTe rpynnbi AnbBapeua 111 , TaK H a 6onee pauu~x pa6oTax /2-61. 

C110C06bl HCKniO'leHHH OC06biX TO'leK pa:3pH.Qa HB 

11pOBOnO'IKBX 

a) YcTpaHeHHe MHKpomepoxoaaTocTefi 

CHnbHOe BJlllSIHHe MHKpOOCTpHil: Ha pa3BHTH9 I'OpSI'IHX TO'I9K Ha npoBo

JlO'IK9 BbinBHI'89T TpepOB8HH9 a¢¢eKTHBHOii 6opb6b! C 9THMH HeOnHoponHOCTSI

MHo 0ilHHM H3 HCIIbiT8HHbiX cnoco60B ynaneHHSI MHKpOlllepOXOBSTOcTeil:, KOTo

, pb!H c ycneXOM HCIIOJlb3yeTcSI npH H3I'OTOBJ19HHH f'830Bh!X C'I9T'IHKOB1 38KJ1!0-

'189TCSI·B nporpeae no Kpacuoro KaneHHSI uaTSiliyTofi HHTH Ha c'l:eT'I:HKe. 

IlpH 9TOM HSI"peBe M8Tepnan HHTH peKpHCTSJ1JlH3Y9TCSI 1 HDOBepXHOCTb 

cTaHOBHTcSI HneanhHO rnanKoil:. BbiropaiOT TaK)Ke paanH'IHbie noaepxuocTHbie 

aarpSI3HeHHSI. XopowHe peaynbTaTbi no O'IHcTKe noaepxHOCTH npoaonSilllHX HH

Teil: H npHTYIIJ19HHIO MHKpOOCTpHfi naeT Bb!COKO'ISCTOTHblll pa3pSin IIpH HH3KOM 

.oaaneHHH. 
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6) Yaen!PieHne nnaMeTpa npoaono'!KR 

CHIVK9HHSI OTHOCHTenbHO:il ponH MHKpOBb!CTynoB B paspsrne MOJKHO Jl06HTh

CSI nyTeM yBennqeansr nnaMeTpa HHTH B C"leT"'HKe no "onTHManbHoro" pasMepa, 

aenH"'HHa KOToporo MO:JKeT 6biTh ycTaHoBnena ns cnenyronmx coo6paJKeHn:il,. 

Koac!Jc!JnuneHT paSMHOJKeHnsr aneKTpoHoB B cpene onnchmaeTcsr, KaK HSBeCTHo, 

COOTHO!IleHHeM 
R 

n = exp ( I a cl r ) , 
•o 

(7) ' 

rne a - nepBbi:il Koa!jJ!jlnuneHT T ayncenna, KOTOpbi:il c xopolllHM npn6nnJKeHHeM 

MOJKeT 6biTh npencTaBneH B cnenyromeM Bnne/7/: 

a "' 11 exp [ _ -~ -l
eE ' (8) ·-

3necb 11 - "'Hcno coynapean:il aneKTpoHa c aToMaMH cpenhi Ha caHTHMeTpe 

nyTn, ¢ 1 - noTeaunan noansaunn aToMoa, E - aanpSI:JKeHHOCTb nonSI, 

r0 - pannyc HHTH n R - pannyc Kopnyca C"leT"'HKa. B cny"'ae nneanhHo:il 

noaepXHOCTH HHTH none paBHO: 

u 
Eo= ----, 

r In R/ r
0 

(9) 

a aa · BhiCTyne ono xapaKTepnsyeTcSI !jlopMyno:il ( 1), Ecnn 'noncTaBHTh Tenepb 

B (7) Bb!paJKeHHSI ( 1) H (9) H npH paBHSITb n I K n 2 1 r )le n 1 - KOa!jJ!jJH-

UHeHT paSMHO:JKeHHSI aneKTpOHOB B C"leT"'HKe C HJleanhHon HRTh!O H 

liHThl01 HM9IOIUe:il MHKp0Bb!CTynhi 1 TO nony"'HM COOTUO!IleHHe 1 yCTaHaBnHBaiOIUee 

CBSI3h M9:JKilY onTRManbUO:il BenR"'RHOll pannyca R pa60"'RM Hanpsr:JKeHReM: 

R 

,I exp [-II¢ / eU In _R_] clr 
o I r !..o 

"' l . ( 10) 
R 

I exp [- ___ _::_!i_ ____ ] clr 

, 0 eU R l h l ] -ln--[1+(--l)---
r r o g (r-ro+h)3 

ITpu sanaHHhiX senuquaax h II R H rp
1 

- COOTHO!IleHHe (10), 

MO:JKHO pelllHTb "'HCneHHbiM MeTOilOM H nony"'HTb CBSI3b M9:JKJly r II U 
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a) DoKpbiTHe npoaono'IKH cnoeM JlHaneKTPHKa co 

cna6ofi npOBOJlHMOCTbiD 

ilpOCT8SI B03MO)I(HOCTb ycTpaHeHHSI I"OpSI'IHX TO 'IOK Ha npOBOllO'IKe OTKpbiB8eT

CSI C HCll01lb30B8HHOM llOKpb!THSI ee CllOOM AH91lOKTpHKa CO cna6ofi llpOBOAHMOCTbiO, 

.llefiCTBHTellbHO, K8)1(Jlblll y'laCTOK TaKOH HHTH 6yAeT pa60T8Tb B pe)KUMe 

CaMOOI"paHH'IOHHSI TOKa B pa3pSIJle, K8K 9TO HMeeT MeCTO, HallpHMep, B 
l\11.. 

pa6oTeVcaMoraCSIWHXCSI c'!eT'IHKOB c 6onhmHM conpoTHBneHHeM. O'!eBHAHO, 

'ITO conpOTHBllOHHe CllOSI Ha npoBOllO'IKe A01l)I(H0 YAOBllOTBOpS!Tb ABYM ycno -

BHSIM: 

(11) 

U 0 -U <Ri (12) 

rne r - nocToSIHHaSI BpeMeHH cnoSI, R - ero conpoTHBneane H ~ - aneKT

PH'IeCKaSI OMKOCTb 0 T + ll r - BpeMSI ABH)I(OHHSI COOTBOTCTBOHHO ll0110)KII

Te1lbllb!X HOHOB H aneKTpOHOB OT HHTH AO KOpnyca C'IOT'IHKa, U0 - pa6oqee 

H8llpSI)I(0HHe, U HanpmKeHHO I"8WOHHSI H - MHHHM81lbllblll TOK pa3_; 

· psrna. CooTHomeHHe ( 11) oTpa)i{aeT ¢aKT aanaaaomaHHSI aoccTaHoanemur 

llOTOHUHana B TO'IKO pa3pSIAa OTliOCHTellbliO MOMOHTa npHXOAa B 9Ty TO'IKY 

BTOpH'lllblX aneKTpOHOB 0 KOTOpb!e o6pa3yiDTCSI Ha K8TOJle llOJl JlOHCTBHeM 

nonO)KHTenhHhiX HOHOB, CooTHomeHneM ( 12) ycTaHaannaaeTCSI noporoBaSI 

38BHCHMOCTb MO)KAY U U 

· Llnsr aenH'IHH R u C MO)KHO aanHcaTb cneayromue Bbipa)KeHusr: 

rne 

R = p ...f.!!. (l +BJ..!~ ' 
2 1Tf 

f. 
c = £ --------- ' 

2fn (l + 8/ r 0 ) 

f - AllHHa l!HTH, 

llOUUe U JlU91lOKTpU'IOCK8SI llOCTOSIHH8SI C1IOSI 0 

Ma (11), (13) n (14) cnenyeT: 

10-12 

417 
p£>r 

+ 

9 

( 13) 

(14) 

u £ - ynenbHOe conpoTHB-

r0- paJlHYC npOBOllO'IKU, 

(15) 



3AeCb p - B OM.CM, T + - B CeK. EcnH B Ka'leCTBe COllpOTHBneHHSI HCUOnb-

30B8Tb1 HallpUMep, IlOKpbiTHe 113 CTeKna, y KOTOporo p = 2.1Q13 OM. CM ll 
' - I . 

£ = 5, TO l!3 ( 15) 6yAeM l!M8Tb: r < 10 ceK. 3TO HepaaeHCTBO 6yAeT 
' + 

BhmonHSITbCSI npaKTH'IeCKH acerAa npn 3anonHeHHII C'leT'Il!Ka mo6otl: cpeAotl:. 

Bbipa*eHne ( 15) cneAyeT paccMaTpaaaTb KaK ycnoaae, KOTopo,e npa 3aAaH

HOM r + AOn)!{HO BbinOnHSITbCSI Ami aneKTpOT8XHH'I8CKIIX xapaKTepHCTIIK MaTe

paana noKpbiTHSI. Heo6xoanMaSI *e Tonumaa rroKpbiTl!SI MO*eT 6biTb ycTa-:

Hoaneaa l!3 aenn'IHHhi R , KOTopaSI HaXOAHTCSI 1!3 ( 12). T aK, AnSI noKpbiTHSI 

1!3 CTeKna TOniill!Ha CnOSI AOn)!{H8 6biTb < 1 MKM. 

r) 3anonHeHHe C'I8T'IIIK8 OAHO- II MHOr'OaTOMHOti )!{I!AKOCTb!O 

BhiWe Mbi Bl!Aenu onpeAenSIJOWYJO ponb cjloTonpoueccoa B o6pa3oBaHl!l! 

r'OpSI'Il!X TO'IeK Ha HHTl!. MO)!{HO O)!{lJA8Tb, 'ITO l!CKnlO'IeHl!e l!nH Cl!nbHOe 

noaaanenae cjloTonpouecca aon)!{HO saMeTHO cTa6anasapoaaTb paspSIAHbie 

XapaKTepHCTl!KII )!{HAKOCTHOr'O C'18T'Il!Ka, K8K 9TO l!MeeT M8CTO, Hanpl!Mep, 

B I'a30BOM C8MOI'8CSIUieMCSI C'I8T'II!Ke. 3TOr'O MO)!{HO AOCTII'Ib, ecnu l!CUOnb30B8Tb 

B K8'18CTBe •pa60'Ieti Cp8Abl MHOr'08TOMHy!O )!{lJAKOCTb HnH CMeCb l!3 MHOI'D

l! OAH08TOMHOfi )!{lJ,I:lKOCTefi. Konl!'I8CTBO MHOr'08TOMHOfi A068BKII B CMeCH 

AOn)!{HQ 6biTb T8KHM, npu KOTOpOM nornomeHHe OCHOBHOH AOnl! ynbTpacjlaone

TOBOfi paAaauau aocTaranocb 6bi na anane necKonbKl!X anHH cao6oanoro 

npo6era aneKTpOHa nA I • 3aKOH nornoiUeHl!SI paAHBUHH HMeeT BHA 

) .. J0 exp[-!lnA 1 ], (16) 

I'Jle ll - KoacjlcjluuneHT nornomeHHSI: 

/l=Nu. (17) 

3JleCb N - 'IHCno MoneKyn MHoroaTOMHOfi ao6aaKH a eJlHHuue o6'beMa H 

CT- C9'I9HHe nornpmeHHSI 9THMH MOneKynaMH ynbTpacjJHoneTOBOfi paAH8UHH. 

.UnSI 6onbWl!HCTBa MHoroaTOMHbiX Monexyn u "'2.to-
17 

cM
2 • TioaToMy, ecnu 

Upl!HSlTb B COOTB9TCTBHH C (6) A I= 6.10-6 CM lJ , n "' 102, TO 

J I J 0 .. to-2 6yaeT JlOCTHraTbcst npH ll .. 104 cM-1, HnH npH 

N .. 5.to:.!U cM-:i. 3To o3Ha'IaeT, 'ITO KOHileHTpauast MHoroaTOMHOi!: A06aaKu 

JlOn*Ha cocTaanSITb .. 2%. 

10 

J 

,• 

B Ka'Ie< 

ucnonb30BaHbi 

oprauuqecKue 

KaMepe 9TII )!{ 

HhiX npuMecef 

HOCTI! npl!ni!Ill 

ua TenbHhiX , np 

Bbip8)!{8HII8M , 

3JleCb Upl!HSIT: 

aneKTpOOTpHUE 

II - '18CTOTI 

BpeMeHH - II"' 

Ha HHTb COCTa 

B npeaenax 

h "' 104 t KOl 

a) Pa3MHo*e 

I1HTepeCf. 

C'leT'IHKa nepe1 

HhiM uanpSI)!{eH 

TiycTb An 

HbiX UMnynbCOE 

rAe r no-n 

Kopnycol\1 cqe~ 

.llOA JleHCTBHe!ll 

UH!O U B036y)KJ 

BOnHhl nonSI II 



a conpoTHBnennsr ncnonh

o p ;. 2,1Q13 OMo CM ll 
1 

)TO' HepaBeHCTBO 6yneT 

:'leT'IHKa nro6oil cpenoil. 

me, KOTopo,e npn 3anaa

:nx. XapaKTepHCTHK MaTe

lTHSI MOX<eT 6hiTb yCTa

: 12), TaK, nnsr noKpbiTHSI 

lTOMHOH ~HAKOCTbiD 

)OUeCCOB B o6pa30B8HHH 

:Knro'leHne nnn cnnbHoe 

tnH3HpOB8Tb pa3pSIAHhl9 

[MeeT MeCTO, HanpHMep, 

~TH'Ih, ecnn ncnonh3oaaTh 

'b HnH CMeCb H3 MHOI'Q

>MHOH no6aBKH B CM9CH 

>BH~fi nonH ynhTpa¢none

nbKHX nnnH CBo6onHoro 

JannaUHH HM99T BHn 

(16) 

(17) 

KH 6 enHHHU9 o6~eMa H 

Tpa¢uoneT6Boil panuauun. 

1-17 cM2 • ll 09TOMY t ecnH 

:M H · n .. 102, TO 

4 CM-1, HnH npH 

SI MHOI'08TOMHOH no6aBKH 

B K8'19CTBe no6aBOK HnH pa6oqefi MOneKyngpHOH cpenhi MOI'yT 6b!Tb 

ncnonh30BaHhi, HanpnMep, ~HAKl!e MeTaH, aTaH, anmea, nponaa n KpeMHnii:

opraauqecKue ~HAKOCTH. llepen HCllOnh30B8HHeM B C'leT'IHKe nnn B HHTSIHOH 

KaMepe 9TH )K HAKOCTH He06XOAHMO TIUaTenhHO O'IHIU8Tb OT 9neKTpOOTpHU8Tenh

Hb!X npnMeceit, oco6eHHO oT Kncnopona. MmKno noKa3aTh, ncxonn H3 aeposrT

nocTH llpHnHnaHHSI 9neKTpOHOB K MOneKynaM, 'ITO KOHUeHTpaUHSI 9neKTpOOTpH

UaTenhHbiX npnMeceit He non)!ma npeBhiiiiaTh BenH'IHHhi C , onpenenSieMofi 

Bb!pa~eHHeM 

l- exp [ 
c 

h 

In (l- w ) 

vt 
(18) 

3nech npnHSIThi cnenyrowne o6o3HaseH nsr: W- BepOSITHOCTb o6pa30B8HHSI 

9neKTpooTpnuaTenhHhiX noHOB 3a BpeMSI t , h - K09¢¢nuneHT npnnnnaann n 

v - qacToTa coynapeHHfi 9neKTpoHa c MoneKynaMH ~HAKOCTn· aa ennmmy 

BpeMeHn - v"' 6.1o14 ceK-1, TaK, aanpnMep, ecnn BpeMn c6opa aneKTPOHOB 

H8 HHTb COCTaBnSieT t "' 1 Q-7 CeK, a llOTepn 38 C'leT npnnnnaHHSI AOllyCTHMbl 

5 npenenax w "' 0,1, TO a cny'lae npHMecn KHCnopona, nnSI KoToporo 

h "' 104, KOHU9HTpaUHSI non~Ha 6biTb < 2.10-3%, .. 
BnnonRPHOe nMnynbcHoe n BbiCOKoqscrornoe nnrsnne 

cqerqnKs 

a} l-'a3MHO)KeHHe aapsrna Ha OAHOH HHTH 

l1HTepeCH8SI B03MO~HOCTb OTKpb!B8eTCSI npn Henpepb!BHOM llRT8HHH llHTH 

cqeT'IHKa nepeMelillhiM noneM - 6nnonnplibiMH nMnynhcaMn unn BhiCOKO'IacToT

HhiM aanpSI~eHneM .- npn BhmonHeHnn onpeneneHHhiX ycnoBnil:, 

llycTh nnnTenhHOCTh nonynepnona Kone6aHnsr, nnn nnnTenbHOCTh 6nnonsrp-

Hb!X HMnynhCOB, 

T <r (19) 

rne r rro-rrpe~HeMy oaHa'laeT BpeMSI npeii¢a aneKTpoaoB Me~ny HHTbro n 

Koprrycol\.1 c'leT'IHKa. Torna rrepBH'IHbie 9neKTpOHhi, o6paayeMbie 'lacTnueil:, 

non neil:cTBHeM nono~uTenhaoil: nonyBonHhi nonsr Bhi30BYT oKono HHTH noan3a

unro n B036y~neane cpenhi, Bo BpeMSI cnenyroweii: - oTpnuaTenhnoil - nony

BonHhi nonSI nono~HTenbHhie HOHbi oT nepBoit naBHHhi neii:Tpanua;yroTcSI y 
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/16/ 
HHTH H C BepOSITHOCTblO 0,02 BblpByT 113 Hee BTOpH'IHble 9119KTpOHbl, 

K sTHM aneKTpOH8M no68BSITCSI H npyrHe aneKTpOHbi1 KOTOpbie o6p83YIOTCSI H8 

HHTH B036y)KJl9HHbiMH 8TOM8MH C BepOSITHOCTblO ,.,0,3 116 / H !lJoTOHaMH 1 a 
' 

T8K)Ke 9119KTpOHbl1 B03HHK8101llHe B 06'beMe )KHJlKOCTH 38 C'leT $oToslfl!fleKT8 H s<jl-

!fleKT8TieHHHHI'8 H8 M9T8CT86H1IbHblX 8TOM8X,8CSI COBOKynHOCTb BTOpH'IHblX 9JI9KT

pOHOB 6y)leT COCTaBliSITb }' -10 )lOJilO OT 'IHClla TeX 91!9KTpOHOB 1 KOTOpble 

C06Hp810TCSI H8 HHTb B nOJIO)KHT9JibHblli nonynepHOll noJISI, BeJIH'IHHY }' 6yneM 

H83b!B8Tb BOCnpOH3BO)lHMOCTbiO BTOpH'IHblX 9JieKTpOHOB, 8TOpH'IHbie 9JieKTpOHbl 

non )letlCTBHeM nOJISI OTpHUaTellbHOH nonyBOJIHbl 6ynyT .yJlaliSITbCSI OT HHTH 

no 3aKOHy 

u 
dr•" Jt r_ 'R 

rln--
ro 

H 38 apeMSI T < r OTOtlllYT H8 p8CCTOSIHHG 

r .. yr~+2p. u 
In ..JL 

ro 

T<R 

.. 

(20) 

(21) 

rne p._- nonBH*HOCTb aneKTpOHOB a *HllKOCTH. B cnenyiOruyiO nonyaonHy 

HaDpSI)K9HHSI 9TH 9119KTpOHbl BHOBb BepHyTCSI K npoB01101JKe H DOBTOpSIT 

npouecc pa3MHO)KGHHSI. TipH STOM H8 HHTH 6y)leT HaK8DJIHBaTbCSI 3apSI)l 1 H 

38 H UHKliOB OH COCTaBHT B91IH'IHHY 

Q .. en 
0 

exp Z [ J + Y exp (2 Z )[ YH exp (2 N z} _ J ] -l. 
Y • exp (2 Z}-l 

(22) 

TiapUH81lbHaSI 'IBCTb sapSI)la, o6pa3yiOruaSICSI B H -oM llHKne,. pasHa 

rne 

Q H .. en o y H exp [ (2 H + J } Z ], 

r 

Z • f a Jr. 
r 
0 

12 

(23) 

(24) 

B aTHX lflopMynax n c 

e - aneMeHT8pHbiii aa 

pe)leJI5l9TCSI ( 21 ) , llns 

Heo6XOllliMO 3H8Tb SIBl 

meHHe (22) noaaonge· 

y '> l , TO npouecc 

HM9Tb MeCTO H BeJIH' 

Q, 

TipaKTllqecKll 9TO 03Ha 

HOll HanpSI)K9HHOCTH nc 

COCT8BY 6JIH3K8 K C 

o6bi'IHO > 1. BpeMSI 

)lOmKHO 6b!Tb .,1 o-8 c 

HblX MOJieKyJI, 

TI OCJ!e pei'HCTp8I 

CHlllK9HO !!Jill nOliHOCTl 

l!8CTOT8 Kone68I 

HbiX HMnyJibCOB 1 Jl011 

rne r H8XO):(HTCSI 

r "'-

EcnH, H8npHMep, B c· 

H nO)lBHlKHOCTb 9JI9K' 

r = 3,1Q-7 CeK H 

8$4JeKTHBHOCTb 

CHJiy p8BHOBepOSITHOI'< 

nonynepHOJ:Ibi nonSI, 



Hee BTOpH'IHbl9 sneKTpOHbi. 

>Hhi, KOTOpbie o6paayroTCSI aa 

) ==0,3 /l6/ H 4JOTOllaMH 1 a 

'II aa C'leT <jJoTos<jJ<jJeKTa 11 s<jJ-

BOKynHOCTb BTOpll'lHbiX sneKT

l 1-ex sneKTpoaoB, KOTOpbie 

>Jl nonSI. Benii'IIIHY y 6yJleM 

JOHOB. BTOPII'IHbie sneKTPOHhJ 

I 6yJlyT yJlanSITbCSI OT HHTH 

(20) 

(21) 

1. ~ cneJlyromyro nonyaonay 

K npOBOnO'IKe H ilOBTOpgT 

eT, HaKannHBaTbCSI 38pSIJl 1 H 

Z)-11 
----1. (22) 

N -oM UHKne,, paaHa 

< (23) 

(24) 

B STHX <jJopMynax n 
0 

- 'IHcno aaqanhHhiX sapSIJlOB, o6pasyeMhiX 'laCTHUeii, 

e - sneMeHTapHhiii sapSIJl, a - nepBhiii Kos<jJ<jJIIUIIeHT TayHceHJla 11 r- on-

peJlenSieTCSI (21 ), nnSI npaKTII'l9CKIIX Bbl'lHCneHIIil: no <jJopMynaM (22) H (23) 

Heo6XOJliiMO SHaTh SIBHhiil: Bllll <jJyHKUIIil: a= a (E) If y = y (E) • CooTHO-

llleHHe (22) nosaonSieT· CllenaTh BalKHhiil: BhiBOil o TOM, 'ITO ecn11 a= 0 , a 
y > J 1 TO npOUeCC pa3MHOlK9HII5I sneKTpOHOB B C'l9T'IIIK9 6yJleT BCe lK9 

HM9Th M9CTO If 'aenii'IIIHa sapSIJla 6yJleT paBHa: 

y (yN- l) 

y- l 
]. (25) 

TipaKTII'l9CKI! 9TO 03Ha'laeT, 'ITO TaKOil: C'l9T'li!K MmKeT pa60TaTh npll nOHIIlK9H

HOil: Hanp5IlK9HHOCTII nonSI, OC069HHO B TeX cny'laSIX 1 KOI'Jla pa6oqaSI ~M9Cb no 

COCTaBy 6nH3K8 K CM9Cif neHHHHI'a. nnSI 8THX CMeceil: KOa<jJ<jJIIUH9Hl' y 

o6bi'lHO > 1. BpeMSI HapacraHII SI nonSI B 611nonSipHhiX HMnynbcax nHTaHHSI 

llOnlKHO 6b!Tb .. 10-8 CeK, T,e, HeCKOnhKO M9Hblll9 Bp9M9HII li<II3HII B036ylK~eH
HhiX MOneKyn, 

Tiocne per'IICTpaUIIII K8lKJlOI'O IIMnynbCa none Ha C'i9T'!IIK9 llOnlKHO 6b!Tb 

CHIIlK9HO 11n11 nOliHOCThlO CHSITO Ha BpeMSI BOCCTaHo.~neHIISI 'lYBCTBI!TenhHOCTH, 

l.!aCTOTa KOne6aHII5I Bb!COKO'ISCTOTHOI'O nonSI, Hnll UIIKnii'IHOCTII 6HnOnSip

HhiX HMnynbCOB, JlOnlKHa YllOBneTBOpSITh cneJlyiOUieMy COOTHOUI9HIIIO: 

f> 
l ---·· 2 r 

(26). 

r'Jle r HSXOiliiTCSl 113 (21) np11 r -.R II T-.r 

R2 2 - 'o 
lp _B__. r = 

2 p.- u 'o 
(27) 

Ecn11, HanpiiMep, B C'i9T'IHK9 R =0,4 CM , 'o 10 MKM1 
3 U = 3.10 B 

H nOJlBHlKHOCTb aneKTpOHOB B lKHJlKOCTH p. .. 500 CM2 B -1 CeK -1 1 TO 

r = 3.10-7 CeK H f :::: 1,6 Mru. 

3<jJ<jleKTHBHOCTb per'HCTpaUHH 'ISCTHU B TSKOM C'l9T'IHK9 6yJlel' • 0,5 B 

CHny paBHOBepOSITHOI'O llpOXOlKJl9HIISl HX B nonOlKIIT9nbHhifi H OTi:JHUaTenhHbiti 

nonynepHOilhi nonSI, 
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6) Pa3MHO>KeHRe 38p5I.Qa Ha .QBYX HRTHX 

flpRHURfi pa3MH0}1{9HR5I aneKTpOHOB Ha O.QHOfi HRTH MO>KeT 6biTb pac

npocTpaHeH Ha .QBe R 6onee HRTefi, TOnbKO B T8KOM B8pRaHTe nonynepRO.Q 
\ 

nonSI T .QOIJ*eH y.noBn~TBOpHTb HOBOMy ycnoBRIO r + > T >r_ , r.ne r _ 

R r + - BpeMSI .QpeficfJa aneKTpOHOB R nonO}I{RTenbHhiX ROHOB Me}I{.Qy HRTHMRo 

8 9TOM C'leT'IRKe o6e HRTR 6y.nyT S38RMHO ycRnRBaTb KoacflcfJRUReHT pa3MH0-

}1{9HR5I aneKTpOHOB, 3neKTp0Hbi 0 pO}I{.QeHHhie y O.QHOfi HRTR, 6y.QyT 38 BpeMSI 

r _ < T npHXO.QRTb Ha .npyryro HRTb R :no~onHRTenbHO pa3MHo>KaTbCH, IT on~ 
*RTenbHhre >Ke ROHhr B CHny ycnoBRH r + > T 6y.nyT HefiTpanR30BaTbCH y 
11

CBORX" HRTefi, CyMMapHhifi 38p5I.Q 0 HaKannRBBIOIURfiCH Ha KB}I{.QOil: HRTH 38 

N URKiroB, 6y.neT RMeTb BenR'IRHy: 

Q·=en
0

expZ [1'+ y 2
exp(4 ZHy

2
Hexp(4NZ)-1] ---- ] 

Y2 exp (4Z )-1 -- • 
(28) 

C OOTBeTCTBeHHO 

QN = e n
0 

y 2H exp [ (4N +·1 )Z], 
(29) .. 

I'.Qe l .no-npe}I{HeMy Bbipa>KaeTCSI COOTHOII!eHReM (24) • 

113 (28,) Bli.QHO, 'ITO npR OTCyTCTBRR npSIMOfi ROHR38URR aTOMOB - a .. O,

HO npR HanR'IHR BTOpH'IHhiX npoUeCCOB o6pa30B8HR5I aneKTpOHOB - y > 1 -
CyMMapHhifi 38p5I.Q Q 6y.Qe'I'. B03paCT8Tb no 38KOHy 

Q .. en [ 1 + 
0 

y2(y2N-1) 
---1. 
y 2_1 (30) 

3TO 03H8'18eT, 'ITO .QBYXHR'I'HHOfi C'leT'IRK, KBK R O.QHOHRTHHOfi, MO>KeT pa6o

T8Tb npR noHR>KeHHOM uanpH*eHRR. BoccTaHoBneHRe 'IYBCTBRTenbHOCTR C'leT

'IRKa nocne C'IRThiBalmH K8>K.QOI'O RMnynbca .QOn>KHO .QOCTHI'8TbC5I BpeMeHHhiM 

llOHR}I{eHReM RnR CHSITReM nonSI, 

qaCTOTa llOnSI llHT8HH5I .QOn}I{Ha Y.QOBneTBOpHTb ycnOBRIO 

2 r 
1 

>I>-' 
·- 2 r + 

14 

(31) 

.._ 

RnR 

IL U 

s· 
(S 2-r:)ln 

'o 
I'.lle S - paCCTOHHHe Me}I{.Q~ 

C'JeT'IHK .nauuoro TRn 

pei'RCTpHpOBBTb '18CTHUhi ' 

3.QeCb yMeCTHO 38Me· 

HnH BbiCOKO'IBCTOTHOe llHTl 

B TOM OTHOIIIeHHH, 'ITO llpH 
' 

>KeT 6hrTb c.nenaHa cyrueCJ 

. HanpH)K9HHeM, 803MO)KHOC'I'b 

. 6naro,napH HCKniO'I9HHIO R3 

Ha K8TO.Qe H B 06'beMe }I{R, 

Mo*Ho OTMeTHTb eme, 

noneM cna6ofi uanpH*eHHOC 

pa3MHO)K9HHH aneKTpOHOB E 

PaccMoTpeHHe cfJH3R'I« 

HhiX' )KH.QKOCTHhiX C'JeT'IHKa: 

nyahrpbKH raaa Ha npoBonc 

HRH OC06hiX TO'IeK pa3p5I.QS 

803HHKII!He C9H'I8C TJ 

KOCTHOI'O THlla MOI'YT 6hi1 

RCUOnb30B8HHSI HHTeil. "OUT! 

TH TOHKHM CnOeM .QHSneKTJ: 

ITpe.ncTaBnHeTCH r;~ec1 

B Ka'leCTBe pa6otJeil. cpe.nhr 

BTOMHhiMH >KH.QKOCTSIMR, .· 

06Ha.Qe)KHB8IOII!RM MC 

HReM 6RnOnSipHhiMH HMnym: 

'IRKBX MHOI'OKpaTHO ycHnHE 



J:lBYX HHTSIX 

Oil: . HHTH MO:>KeT 6biTb pac-

IKOM BapHaHTe nonynepHOJ:l 

>BHIO. r+> T>r_, I"J:le r 

•HbiX HOHOB Me:>KJ:ty HHTSIMHo 

IBBTb KOa!jJcfJHUHeHT paSMHO

HOfi HHTH 1 6yJ:tyT sa BpeM.SI 

lbHO paSMHO:>KaTbC.SI. Tiono

YJ:lYT HefiTpanHsosaTbC.SI y 

UHHC.SI Ha KB:lKJ:lOfi HHTH sa 

'Z}-1] 
--·--]. (28) 

(29) 

(24)• 

~OHHSBUHH BTOMOB - aa0 1 -

HH.SI anexTpOHOB 

WHy 

y> 1 -

(30) 

lHOHHT.SIHOH 1 MO:>KeT pa6o

! 'IYBCTBHTenbHOCTH C'leT

' J:lOCTHI"BTbCSI BpeMeHHbiM 

' ycnoBHIO 

(31) 

lWH 

p._ u 
2 2 . 

( S - r ) In 
0 ' 

s 
'o 

Jl.+ u 
>1>---

(52_,2) In _s-
o 'o 

rne S - paccTOSIHHe Memny nposonoqxaMH. 

(32) 

C"JeT"JHK J:taHHOI'O THna B CHny OJ:lHHaKOBOCTH HHTeH 6yJ:teT cnoco6eH 

pei"HCTpHpOBBTb "JBCTHUbi C a!fl!fl eKTHBHOCTbiO -1. 

3necb yMeCTHO SaMeTHTb 1 'ITO HeripepbiBHOe 6HnOnSipHOe HMnynbCHOe 

HnH BbiCOKO'IBCTOTHOe fiHTBHHe J:lBYXHHT.SIHOI"O C'leT'IHKB 6yJleT noneSHbiM H 

B TOM OTHOW9HHH 1 'ITO npH y = 0 aMnnHTyJ:ta fiHTaromero HanpSI:>KeHH.SI MO-

:>KeT 6b1Tb CJ:tenaHa cymeCTBeHHO 60nblli9H 1 '19M npH fiHTaHHH fiOCTO.SIHHblM 

HanpSimeHHeM. BosMomaocTh ycHneHHSI nonSI B nepsoM cnyqae npeJ:tcTaanSieTcSI 

6nai'OJ:l8pSI HCKniO'IeHHIO HS paSp.SIJ:la BTOpH'IHblX aneKTpOHOB 1 o6paSyiOlliHXC.SI 

Ha KBTOJle H B o6~eMe :>KHJ:lKOCTH BJ:{anH OT HHTH. 

MoJKHO oTMeTiiTh eme, 'ITO nepeMeHHOe none a cotieTaHHH c nocTOIIHHbiM 

noneM cna6oil: aanpSIJKeHHOCTH MOJKeT cJ:tenaTb 6onee pasHoo6paSHbiM pelKHM 

paSMHO:>KeHHSI aneKTpOHOB B HHTSIHblX C'l9T'IHKBXo 

KpsTKHe BbiBO.Qbi 

PaccMoTpeHHe !jJHSH'leCKHX npoueccos o6pasosaHHSI pasp.SIJ:lOB B HHT.SI

HbiX' lKHJ:lKOCTHblX C'leT'IHKBX noxasano, 'ITO MHKpOHeOJlHOpOJ:lHOCTH H MHKpO

nySb!pbKH rasa Ha npOBOnOKe SIBn.SIIOTCSI OCHOBHblMH HCTO'IHHKaMH nopO:>KJle

HHSI OC06biX TO'IeK paspSIJ:lB. 

BosHHKWHe cefiqac TpyJ:tHOCTH B HccneJ:toBaHH.SIX co cqeT'IHKBMH :>KHJ:l

KOCTHoro THUS MOI'yT 6b1Tb 1 nO-BHJ:lHMOMy, OT'IBCTH npeo]:loneHbi nyTeM 

HCUOnhSOBBHH.SI HHTeil: "OfiTHManhHOI'O" JlHaMeTpa H llOKpblTHSI HX nosepXHOC

TH TOHKHM cnoeM J:lHSneKtPHKB CO cna6ofi npOBOJlHMOCTbiOo 

TipeJlCTaBnSieTCSI BeCbMB nepcneKTHBHhlM HCfiOnbSOBaHHe B C'leT'IHKaX 

B xatieCTBe pa6oqefi cpeJlbl MHOI'OBTOMHblX, JKHJlKOCTefi H HX CMeceil: C OJlHQ

BTOMHbiMH :lKHJlKOCTSIMHo 

06Ha]:le:>KHB810lliHM MOJKHO C'IHT8Tb nyTh COSJ:lBHHSI C'leT"JHKOB C fiHTa

HHeM 6unonSipHbiMH HMnynbCBMH· H· BbiCOKO'IBCTOTHbiM noneM.' B STHX C'leT

'IHKBX MHOI'OKpBTHO ycilnHBBIOTCSI nepBH'IHble H BTOpH'IIIble npOUeCCbl o6pa-
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aoeaHI:!SI 1:1 pa3MHO}I{8HI:!SI anexTpoHoe. Opoeepxa npi:!HUI:!na pa6oTbi TSKI:!X C'IeT

.'II:!KOB Ha1:16onee npocTo MO}I{aT 6biTb ocyruecTeneaa Ha C'IaT'II:!Kax c ra::)OBbiM. 

aanonHeHI:!eM. 

B aaxnJO'IeHI:!e as Top C'II:!TaeT CBOI:!M npi:!SITHbiM aonroM no6nar·oaapi:!Th · 

B.M. noHTexopeo 1:1 JI.M. Copoxo aa o6cY*lleHI:!e PSilla eonpocoe, paccMoT

peHHbiX B pa6oTe. 
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