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B B e .n e H n e 

Ilpoiiieniiiasr B 1970 rony B lly6ae Me*llYHaponaasr KOH~epeaunsr no ne

TeKTopaM qeTKO npO/l9MOHCTpllpOBana 6onbiiiOa llHTepec ~ll3llKOB K C03Jl8HHID 

6biCTpOJl9MCTBYIDIIIHX Tp9KOBbiX npn6opoB, conep)!{BIIIHX nnoTHYID pa6oqyro cpe

llY• Cefiqac pSIJl na6opaTOpllfi BeneT HHTeHCHBHblll fiOHCK •nyTefi peiii9HHSI STOll 

npo6neMbi (eM,, aanpnMep,/1-5/). OnaaKo noKa ae /lOCTHrHyTo peiiiaroiiiero 

ycnexa HH ua OJlHOM H3 HanpaBneHHM nccneJlOBBHHM, <I>H3llKll CTOnKIJYnliCb 

c 6onbiiiHMH o6'beKTHBHbiMH TPYilHOCTSIMH, o6ycnoBneHHb}_MH npnpoJlofi paaM

HO)!{eHHSI aneKTpOHOB B nnoTHbiX cpe/lax. IloaToMy cefiqac npet:~cTaBnsreTcsr . .. 
uenecoo6pa3HbiM npoauannanpoBaTb HOBbie B03MO)!{Hbi9 nyTH coat:~aHHSI TpeKo-

BbiX /l9TeKTOpOB, B KOTOpb!X npo6neMa BHyTpeHHero ycnneHHSI CllrHanOtl_.He 

orrnpanacb 6hl Ha MexaHH3M paaMHo•eansr aneKTpoHoB aerrocpe.ncTBeHHO 

B rrnOTHbiX cpenax. PaCCMOTpeHHID TBKHX B03MO)!{HOCTell H fiOCBSI.IUeHa Jl8H

H8SI pa6oTa. 

HnTsrHoil rryabxpbKOBbiil rot:~ocKorr 'a TBepnoM 

Beli(eCTBe 

Y 6onbillllHCTB8 TBepJlbiX JlllaneKTpllKOB HepaBHOBeCHbie sneKTpOHbl 

B sneKTpnqeCKllX nonsrx HMeiDT Bb!COKYID fi0JlBH)!{HOCTb 1 JlOCTHI'BIDIUyro· 103 -

104 CM2 B-1 ceK-1, 8THM ~aKTOM MO)!{HO BOCITOnb30B8TbCSI JlnSI YCKOpeHHSI 

9n9KTpOHOB1 o6pa3yiDIUHXCSI B Cn9Jl8X qacTHU, H BBOJl8 HX B ra30Bbl9 nonoCTH

ITy3b!pbKH - 38MOpO)!{eHHbie HnH aarronnMepH30B8HHbie B Jl~SneKTpnqecKOM 

aexuecTBe y noBepxuocTn npoBonoqeK. Ecnn npn aToM raa B nyabipbKax o6-



I', 

11'18Jl88T lili3KlU· ... f flOT9HUll8liO!-.,f 38)Klfra.HIUI1 TO IIH>K9KTHJ?OBSHH'hl9 B Hero 91l9KT-

pOHbl MoryT Bbl3B8Tb paapHll1 KOTOpbiA c!flopMHpyeT H8 ~OOTBBTCTBYIOlilBI: 

npoBOnO'IKe TOKOBbiH HMnynbCo 0TCIOll8 BHllHO, 'ITO COBOKynHOCTb npOBOnoqeK 

6yneT ll8B8Tb nonHyiO HH!flopMSUHIO 0 MBCTB UpOXO)KJlBHHSI '18CTHUblo 3necb 

yMeCTHO OTMBTHTb1 'ITO BnepBbiB HllBSI BbiTSirHBSHHSI sneKTpOHOB H3 ~llKOA 

¢aahl B raaoByiO c uenbiO ¢opMn:poBaHHH B aea pern:cTpn:pyeMoii npoeKun:n: 

cnena qacTHUbi paccMaTpHBa~acb B pa6oTe/6/. 

PeanaaauHH o6cy~aeMoro MeTana conpH~eaa c pemeaaeM Tpex npo-

6neM. IJepBSSI H3 HHX CBSI38H8 C !flopMHpOBSHHeM H8 npOBOnoqKe OllHOpOllHbiX 

ra30BbiX ny3blpbKOBo BTopaH 38ll8'18 COCTOHT B nony.:eHHH BO BCeM o6'heMe 

KSMepbl Bel1IeCTBa B MOHOKpHCTannH'IeCKOM COCTOSIHHH, B KOTOpOM aneKTpOHbl 

MOrnH 6bl CB060llHO YCKOpSITbCSI sneKTpH'IeCKHM noneM llO 9HeprHH, llOCTa

TO'IHOH llnH npeononeHHH noTeHUHana BbiXOll8 aneKTpOHOB H3 BemeCTB8 B raa. 

TpeTbH npo6neMa 3aKni0'18eTCSI B non6ope onTHManbHOrO COOTHOWeHHH Me~y 

paaMepoM nyabrpbKOB H naBneaaeM raaa B aax. :3TH napaMeTpbi onpenenSIIOT 

BepOSITHOCTb HHHUHHpOB8HHSI pa3pSill8 B nyabipbKB OllHHO'IHbiM sneKTpOHOM. 

CymecTBYIOT nBe BoaMo~HOCTH nonyqeHHH B TBepnoM BemecTBe raaoBbiX 

nyablphKOB. TaK,- B cnyqae nonyqeHHH nyabrpbKOB c aanaHHbiM cocTaBoM raaa 

~llKOCTh Heo6XOllHMO npellB8pHTenhHO Hara3HpOB8Tb COOTBeTCTBYIOlliHM ra30M 

H B MOMeHT KpHCTannH38UHH npOH3BeCTH neraaaUHIO nyTeM CHH~eHHH BHeWHe

ro naBneaaH aan ~nKoCThiO. raa B nyabrpbKax 6yneT npencTaBnHTb co6o:ii 

cMeCb aaraaapoBaHHoro raaa H napoB aaMopa~HBaeMoA ~HllKOCTH. llnH reae-
' 

paUHH OKOnO npOBOnO'IBK "qHCTbiX6 ny3blpbKOB llOCT8TO'IHO- onHTh-T8KU cne-

naTb BHemaee naBnean:e aan oxna~naeMoii ~HllKOCTbiO an:~e paBHoBecaoro 

naBneHHSI raa TBepnoe Teno HnH KpaTKOBpeMBHHO HBrpBTb npOBOnO'IKH. 

IJony'IeHHSI OllHOpOllHbiX no p83Mepy nyabipbKOB MO~HO ll06HTbCSI 1 no

BHllHMOMy, nyTeM cneuaanhHoii npenBapaTenhHoA o6pa6oTKH npoBono'IeK (aa

npaMep, TpaBnBHHeM) 0 npH KOTOpOH noBepXHOCTH noKpbiB8IOTCH MHKpomepOXOBa

TOCTSIMH. 0HH nocny~aT 38TBM OCHOBOH llnH aapo~eHHSI "CT8Hll8pTHbiX" ny-

3biphKOBo KoHB'IHbiH paaMep nyabiphKOB MO~Ho "'KoppeKTHpOBSTb"' CKopocTbiO 

aaMopa~JrBaHHH ~HllKOCTH H BenH'IIIHOH CHH~BHHH BHBWHero ll8BneHHSio 

Cno~aee no6HTbCSI MOHOKpHCTannH38UHH ~HllKOCTH BO BCBM 06'heMe 

llBTBKTOpa. llnH 9TOrO noTpe6yeTCSI 1 DO-BHllHMOMy, npOBOllHTb O'IBHb MBll~ 

neaaoe oxna~eaHe (HnH nonaMepaaauaro) ~HllKOCTH. OnaaKo ecTb onaceaae, 
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I 
qJO cna6biH Telv1II OX.i'1S)KJl9HliH >KlillKOCTII rv10meT OK83STbCH H 

C Tpe6yeMOH CKOpOCTblO KpHCTannH38UHH, He06XOllHMO:ii llnSI 

3biphKOB aanaaaoro paaMepa. 

llnH HOpManhHOH pa60Tbl llBTeKTOpa nnoTHOCTh llHCnOK8U 

ae non~aa npeBbiWaTb 10 14-10 15cM;j. B npoTHBHOM cny'Iae 

sneKTpOHOB B KpHCTanne 6yneT 3H8'1HTenhHO MeHbWe .10-7-J 

a¢¢eKTHBHoro HX aaxBaTa noBymKaMH. BpeMH 1o-7-1o-6ceK 1 

ycKopeHHSI aneKTpOHOB B KpHCTanne H BTSirHB8HHH HX BHyTph n 

CTBHTenhH0 0 CKOpOCTh apei!:!fla aneKTpOHOB non llBHCTBHBM no; 

rae IL - nonBH:m:HOCTh sneKTpoHoB B KpHcTannax, paBaaH ""2.10 

n: E- aanpSI~eaaoCTb aneKTpH'IecKoro nonH. Ilpn: E "' 11 

""5.10 7 CM CeK-1. IlpH paCCTOSIHHSIX Me)K}ly paaaononSipHhiMH 

B 1-2 MM BpeMH c6opa sneKTpOHOB B nyabipbKH COCTSBHT 

MeHbllie 10-7 ceK - cpenaero BpeMeHH ~H3HH aneKTpOHOB 

38XB8T8 H8 ypOBHH llHCnOKSUHHo 

BbiWe OTMe'IanOCh, 'ITO llnH BbiXOll8 aneKTpOHOB H3 TBB] 

B raa KHHeTH'IeCK8SI SHeprHSI HX llOn~Ha npeBbiW8Th nOTBHUH 

XOll8 cp • 06bi'IHO llnH llHSneKTpH'IBCKHX KpHCTannoB cp = 5 SB 

pocTb sneKTpoaoB aon~aa YllOBneTBOpHTh ycnoBHIO 

V - _,2¢ 1 8 -1 •> V -=1,8. 0 CM CeK t 
m 

rne m - Macca aneKTpoaa. TaKaH cKopocTb Mo~eT 6biTb n1 

v 1,8 .10 8 

E = - = --.,.----
1! 2.103 

4 -1 
9.10 B CM • 

Ecnn: nn:aMeTp npoBono'IeK npHHHTb paBHbiM 2r ,paccTOHHHe 

H cpenaHii paaMep nyabiphKOB - 2 R , To aanpH~ean:e aa npoB 

6biTh 

Ilono~HM 

- d 
U > E ( r + 2 R ) In - • 

r 

r = R = 0,05 MM H d = 2 MM, Torna npn: E ' 

U •> 3 KBo IJone ~e B ny3blpbK8X DpH STOM 6yneT paBHO 

3£ 
En= E, 

2 £+En 

5 



:THpOB8HHbie B Hero SlleKT

IyeT, H8 COOTBeTCTBYlOIIlBfl 

I COBOKYllHOCTb npOBOllO'IJ9K 

XO)KJ19HHSI 'IJ8CTH.Ilblo 3necb 

[HSI aneKTpOHOB :113 :>KH.IlKOA 

perHCTp:HpyeMoA npoeKUHH 

Ha c peweH:HeM Tpex ~po

Ha npoBOllO'IJKe O.llHOpO.IlHbiX 

mny'IJeHHH BO BCeM OO'beMe 

!HHH1 B KOTOpOM :aneKTpOllbl 

lOlleM ,llO SHeprHH1 .ll0CT8-

rp~HOB H3 aemecTBa B raa. 

~bHOrO COOTHOWeHHH Me:>K,Ily 

ITH napaMeTpbi onpenenHJOT 

e O.llHHO'IJHbiM :aneKTpOHOMo 

TBepnoM aewecTBe raaoBbiX 

C 38,1l8HHbiM COCT8BOM raaa 

Tb COOTBeTCTBYIOWHM raaoM 

~ nyTeM CHH:>K9HHH BHeWHe-

5yneT npe,llCT8BllSITb COCOA 

teMO!t :>KH.llKOCTH • .llnH reHe

T8TO'IJHO· OllHTb-T8KH c.ne

OCTblO HH:>Ke p8BHOB9CHOrO . 
3HHO Har.peTb npoaono'IJKH. 

oKOB. MO:>KHO .llOOHTbCSI 1 nt~

)opaoOTKH ·npoaono'IJeK (na

>KpbiBBIOTCSI MHKpowepOXOB8-

:>K,IlElliHSI. v CT8H.ll8pTHbiX" ny

:oppeKTHpOB8Tb" CKOpOCTbiO 

anewHero.naaneHHH. 

~H.IlKOCTH ao aceM oo'beMe 

vty1 npOBO.llHTb O'IJ9Hb' Me.ll

:TH. O.nnaKo ecTb onacea:~~e, 

·I 
I 

I 

'IJTO Cll80blti: TeMn 0Xll8:>K.Il9HHSI :>KH.IlKOCTH MO:>K9T OK838TbCSI li9COBM9CTHMbiM 

C TpeoyeMOtl: CKOpOCTblO KpHCT8llllH38UHH 1 H900XO.llHMOit .llllSI nony'IJeHHSI ny-

3bipbKOB 38Jl8HHOrO p83Mepa. 

.llnSI l10pM8llbHOit p800Tbl ,lleTeKTOpa llllOTHOCTb ,llHCllOK8UHti: B KpHCTanne 

ae nonmHa npeBbiWaTb 10 14-10 15cM'1. B npoTHBHOM cny'IJae apeMSI :>KH3HH 

:aneKTpOHOB B KpHCTanne oyJleT 3H8'1JHT9llbHO M9HbWe 10-7-10-6 CeK :113-38 

s¢$eKTHBHoro HX aaxaaTa noaywKaMH. BpeMH 1o-7-1o-6 ceK aeo5xoJlHMo nnH 

ycKOp9HHSI :aneKTpOHOB B KpHCTanne H BTSirHB8HHSI HX BHyTpb llY3blpbKOB, .lle!t

CTBHT9llbH01 CKOpOCTb npeit$a :aneKTpOHOB non Jl9itCTBH9M llOllSI paBH8 V=~E. 

rJle ~ - llO,IlBH:>KHOCTb :aneKTpOHOB B KpHCTannax, p8BH8SI "'2,103 CM:.! B-
1 

CeK-l 

:11 E- HanpHmeHHOCTb :aneKTpH'IJeCKoro nomr. IlpH E "' 10
4 

a/eM V "' 

.. 5.10 7 eM ceK-1. IT pH paccTOSIHHSIX Me)K.(ly paaaononHpHbiMH npoaono'IJKaMH 

B 1-2 MM apeMSI coopa :aneKTpOHOB B ny3blpbKH COCT8BHT "'10-8 C9K 1 'IJTO 

MeHbWe 10-7 CeK - Cp9JlHero BpeMeHH :>KH3HH aneKTpOHOB B KpHCTanne JlO 

38XB8Ta H8 ypOBHH ,llHCllOK8.1lHHo 

BbiWe. oTMe'IJanocb, 'IJTO Jlmr BbiXOJla :aneKTpoHoB Ha TBepnoro aewecTBa 

B raa KHHeTH'IeCK8SI SHeprHSI HX Jl0ll:>KH8 npeBbiW8Tb ll0T9HUH8ll paoOTbi Bbl

XOJl8 cp • Oobl'IJHO nmr JlHSneKTpH'I9CKHX KpHCT8llllOB cp = 5 SB1 llOSTOMy CKO

pOCTb aneKTpOHOB .ll0ll:>KH8 Y.llOBll9TBOpHTb ycnOBHIO ~ 

__ ,2¢ 1 8 -1 
V·> v-=1 1 8. 0 eM ceK 1 

m 
.···( 1) 

rne m - Macca aneKTpoaa. TaKaH cKopoCTb MomeT ObiTb nony'IJeHa B none 

v 1,8 .10 8 

E = - = ---=----
~ 2.108 

4 -1 
9,10 B CM o ( 2) 

EcnH JlHaMeTp npoaono'leK npHHHTb paBHbiM 2 r 1 paccToHHHe Memny HHMH- d 

H cpenHHH pa3Mep ny3blpbKOB - 2R , TO HanpH:>K9HHe 118 npOBOllO'IK8X. .llOll:>KHO 

6biTb 

- d 
U > E ( r + 2 R ) In - • (3) 

r 

ITono:>KHM r = R = 0,05 MM H 
4 -1 E = 9.10 B CM d = 2 MM1 Torna npH 

U •> 3 KB, flone me B ny3blpbK8X npH STOM oyneT paBHO 

3£ 
En=---- E, 

2 f + f n 

5 
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r.lle E 0 - no.'le· B nyan!phKax, E- none B Kpl!CTanne1 ! n- .tll!91!eKTp!PiecKag 

nOCTOHHHaSI rasa B nySblpbKaX1 paBHaSI .. 1, ll f - Ali8neK~pn:'IeCKaH noCTO

SIHHaH KpliCTanna. Ecnn npliHSITB f = 2, TO none B nyshlpbKaX Ha paCCTO

SIHlili 2 R oT npoBo·noqKn 6yneT E n 1 = 9.104 B cM- 1, a Ha noBepXHOCTH 

npoBonoqKn - 2R = 0 n En2 .. 105 B cM-1. Ilone B ueHTpe nysbipbKOB 

npn:6nn:meHHO MO:IKHO cqnTaTb paBHbiM E cp =(&, 1 + E~J/2= 10
5 

B cM-1• 

llnSI pacqeTa Tpe6yeMoro naBneHRSI rasa B nySbiphKax, npn: KOTopoM 

B rase MOryT 8cpcpeKTllBHO paSBRBaTbCSI :aneKTpn:qecKHS paSpS!Jlbl OT OJlllHOq

HbiX aneKTpOHOB1 BOCnonbsyeMCSI 8Mnn:pn:qeCKOii: SaBRCllMOCTbJ01 KOTopaSI Bbl

pamaeT CBSISb Memny HanpSimeHReM npo6oSI 1 naBneaneM rasa n Bennqnaoii: 

Sasopa Me:IKJlY aneKTpOJlaMH B Bllll9 H9HBHOii: cpyHKUHH 

U=f(Pd), ( 5) 

rne P- naBneHne rasa n d - MemaneKTPOilHbi:ii: sasop. IlpnMeHnTenbHO 

K paspSIJlY rasa .B nysbipbKax saBn:cn:MOCTb ( 5) 6bina ycnemHo ncnonbSOBaHa 

B pa6oTel7 I 1 B KOTOpoii: MemaneKTpOJlHb!H sasop OTO:IK)leCTBmiiiCH C pasMepoM 

nyshlphKa 2 r , a HanpHmeHne Ha nysbipbKe npnHnManocb paBHbiM Ecp = 2 r 

Ecnn rronomnTb 1 KaK aTo 6bmo cnenaHo Bbime, d = 2 r = 10-2 eM n E cp. 

= 106 B CM-1, TO U = 103 B. llanbll19 BOCnOJ!bSyeMCH 8KCnepHMeHT8nb

HblMH KpRBbiMH n:sl 81, BbipamaromnM·n sasn:cn:MoCTb U = f ( P d ) • TaK, B cny

qae sanonHeHHH nySblpbKOB H90HOM SHaqeHHIO HanpH:IK9HHH npo6oH U = 103 B 

COOTB9TCTByeT BennqnHa p d"' 60 MM pT.CT. CM1 Hnll p = 601 10-2 "" 8 aTM. 

TaKRM me nyTeM HaxonnM nnH aproHa . P = 4,6 aTM., rennH - 4 aTM. II so

nopona - 1,5 aTM. 3TH JlaHHbi9 HBnHJOTC~ npn:6nH:IK9HHbiMH 1 TaK KaK nonyqeHbl 

B ynpomaromiix npennonomeHIISIX: d = 2r n E= E . OnHaKo cTeneHb npii6nii-
cp. 

meHRSI, KaK noKasaHo ·B pa6oTel7 I npn pemeHHH nono6HbiX sanaq, nocTaToqHo 

Bb!COKaSI. Ecnii cpaKTIIqeCKOe )laBneHHe rasa B nySb!pbKaX 6y)leT CIInbHO OT

niiqaTbCSI OT paC'IeTHOr0 1 TO 8TO I!pHBeAeT, COOTBeTCTBeHH01 K He06XOJlllMOCTII 

KoppeKTIIpOBKH HanpSI:IK9HRSI Ha npoBonoqKax. OnHaKo ciinbHoro yMeHblJJeHIIH 

naBneHHH rasa B nyshlpbKax no cpaBHeHn:ro c pacqeTHhlM nonycKaTb 6yneT 

HenbSSI 1 TaK KaK. 8TO noTpe6yeT SaMeTHOrO CHH:IKeHHSI pa6o,ero HanpSI:IK9HHSI 

II OHO MO)K9T OKasaTbCSI Hll:IK9 KpllTUqeCKOii: BeniiqllHbi1 Tpe6yeMOH AnSI pas

roHa aneKTpOHOB B KpiiCTanne llO 3Heprn:n, paBHO:ii: ¢ 

6 

0TMeTHM1 qTO B cnyqae HCnOnhSOBaHHH B KpHCTanne n 

CTBeHHb!M raSOM 1 KOTOpb!H 6yJl9T HaXOJlHTbCH B TepMOJlUHaM 

cn:n co cTeHKaMn: nysbipbKOB1 n:x Heo6xonn:Mbiii: pasMep, ripn: s 

none, MO:IKeT 6b!Tb ycTaHOBneH TaK:IK9 liS SaBRCHMOCTll ( 5) 

BeneHHhiX Bl81. Hanp:i:!Mep, naBneHn:e aproHa B Tpoii:Hoii: Toq 
~ u ·-- ' 

pT. CT., nnn B nepecqeTe K KOMHaTHOli TeMrrepaType: npm 

T 300 
Hlie - p = p 

0 
-- =400 -- = 2 aTM. llmi )laHHOrO )laBne 

T0 83 
B nySb!pbK91 paBHOrO 105 Bl CM 1 paSMep nySblpbKa 0 B COOTE 

CllMOCTbiO. ( 5) I nonmeH COCTaBnHTb .. 5. 10-3 eM. AHanornqf 

JlliTCSI npliB9Jl9HH09 ~aBneHHe H He06XOJlliMb!H pasMep nysbii 

rasoB. TaK, nnSI H:eoHa naBlieHne 'paBHO 3,5 aTM 1 a nna1 

,. 3.10-3 CM COOTBeTCTBeHHO. flpaKTliqecKoe nonyqeHlie ny; 

KpncTannax yKasaHHbiX BemecTB '6yneT npencTaBnHTh, no-1 

neneHHYJO TPYilHOCTh. 

flocne KalKJlOI'O paSpHJla rasa B nySb!pbKaX liX CTeHKli 

CH noBepXHOCTHb!M sapHJlOM. flocnenyromaSI . Heii:TpanliSaUHH C 

HCXOJlllTb rnaBHhlM o6paSOM sa cqeT CTeKaHIISI SapSIA8 Ha rrp 

pOJlhl. floCTOSIHHaSI BpeMeHR 3Toro npouecca r .. 6.to-14 f 

aneKTpnqecKasr nocTOSIHHaSI KpiicTanna II p - ero ynenbHO 

flpii f = 2 II p = 1016 OM CM 1 qTO SIBnSieTCSI xapaKTepH 

nn:aneKTpRKOB1 r"' 0,3 r:· 3To OSHaqaeT, qTo rrocne Kamnoro 

TenhHOCTb nyshipbKa K perncTpauiiii nocnenyromeii: qacTHUbi 

nn:BaTbCSI npn:MepHo sa OJliiH qac. OnHaKo aTo BpeMsr MO:IKHO 

KpaTIITb, ecnn noncBeqnBaTb neTeKTop cBeToM B nonoce 

aneKTpOHOB. 3neKTp0Hbl nOll Jleil:CTBHeM CBeTa 6yJlyT OCBO( 

BymeK II I!pii06peTaTb nOBbimeHHyJO no)lBH:IKHOCTb. 3necb en 

MeTHTb,_ qTo noncBeTKa KpllcTanna B neTeKTope B nonoce 

aneKTpOHOB H Jlb!pOK 6yneT BeCbMa noneSHOH ll B npyroM 0~ 

HO, B yBenHqeHHH qiicna aneKTpOHOB1 co6npaeMbiX noneM 1 

acj:JcpeKT noBhiCHT BepOSITHOCTb perllCTpaUIIH qacTllU B Jl9 

C T9M
1 

CB9T 6yneT cnoco6CTBOBaTb TaK:IK9 'oqHCTKe" 0 

OT nonO:IKllTenbHbiX SapSIJlOB - JlblpOK1 BOSHHKaiOliJHX B cn1 

KpennSIJOmHXCSI Ha aKuenTopHb!X ypOBHHX. 
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re, c n- .rmaneKTpli'IecKaSI 

~ ananeKTpnqecKaSI nocTo-

B nysbipbKaX Ha paCCTO

i CM-l, a Ha IIOBepXHOCTli 

lone B ueHTpe .nyshrpbKOB 

0
1/2= 105 B CM-1• 

IIySb!pbKaX1 npn KOTOpOM 

'cKne paspSiaht oT oanuoq

.BncuMocThJO, KOTOpaSI Bbl

teHneM rasa n Bennqnuofi 

:KuHn 

( 5) 

fi.s~sop; ITpnMeHnTenbHO 

.rna ycnewHo ncnonhsoBaHa 

CO)I{aecTBnSil!CSI c pasMepoM 

Manocb paBHbiM Ecp = 2 r. 

d = 2 r = 10-2 
CM n E cp. 

,ayeMCSI 9KCnepnMeHTanb-

U = f(Pd) • TaK, B cny

pSI)I{e!lnSI. npo6ost U .;.103 B 

nnn P = 60/ I0-2 .. 8 aTM. 

rM., rennst - 4 aTM. n Bo-

9HllbiMH1 TaK KaK nonyqeHbl 

• OaHaKo cTeneHb · npn6nn.:. 
'• . 

>ao6HhiX saaaq, aocTaTo'lHO 

lb!pbKaX. 6yaeT ClinbHO OT

TCTB91lll01 K Heo6xoaHMOCTli 

aKO ClinbHOrO yMellbWeHHSI 

C'l~TllbiM aonycKaTb 6yaeT 

lHliSI pa6o,ero HanpSI)I{eHHSI 

tHHht, Tpe6yeMofi anSI pas

it ¢ 

I 
! 

0TMeTHM1 'ITO B cnyqae liCIIOnbSOBaHHSI B KpliCTanne nySblpbKOB C co6-

CTBellllbiM raSOM1 KOTOpblfi 6yaeT HaxoaHTbCSI B TepMOaHHaMli'l9CKOM paBHOBe

CHH CO CTeHKaMH nySblpbKOB1 HX Heo6xoaHMblll pasMep, npH saaaHHOM BHeWHeM 

none, MO)I{eT 6biTb ycTaHOBneH TaK)I{e liS SaBHCHMOCTH ( 5) li aaHHhiX1 npn

BeaeHHbiX B/8/. HanpnMep, aaBneune aproua B Tpofiuoil: TO'lKe paBHO 400 MM 

pT. cT., nnn B rrepec'l~Te K KOMHaTHoit TeMnepaType: npnBeaeuuoe aaBne•-

T 300 Hne - P = P 
0 
~ =400 ----as- = 2 aTM. llnSI aaHIIoro aaBneHnSI rasa n nonSI 

B nySb!pbKe1 paBHOrO 105 B/ CM1 pasMep nySblpbKa, B COOTBeTCTBHH C SaBH

CHMOCTb!O ( 5) 1 aon)l{eH COCTaBnSITb "" 5,10-3 CM, AHanorH'lHbiM nyTeM HaXO

anTCSI npnBeaeHuoe ~aBnemre n ueo6xoanMhiH pasMep nysbrpbKOB anSI apyrnx 

raaoB. TaK, anSI ueoua aaB.rieHHe paBHO 3,5 aTM, a aHaMeTp nyabipbKC>B 

,. 3.10-3 CM COOTBeTCTBeHHO, ITpaKTH'leCKOe nony'leHHe nySblpbKOB B MOHC>

KpHCTannaX yKaSaHHbiX BeiUeCTB ·6yaeT npeaCT8BnSITb1 no-BHaHMOMy1 onpEl

aeneHHYIO TpyaHOCTb. 

ITocne Ka)Kaoro paspSiaa rasa B nysbrpbKax nx cTeHKH 6yayT sapSI)I{aTb-

cSI noBepxHoCTHhlM sapSiaoM. TiocneayroruaSI ueitTpanusaunst cTeHoK 6yaeT npo

ncxoanTb rnaBHhlM o6pasoM sa cqeT cTeKaHnSI sapSiaa Ha npoBono'lHhle aneKT

poahr. ITocToSIHHaSI BpeMeHH aToro rrpouecca r .. 6.1o-14 £• p, rae £ - an-
~ 

aneKTpnqecKaSI nocTOSIHHaSI KpucTanna n p - ero yaenbHOe conpoTHBneHne. 

IT pH l = 2 li p = 1016 OM CM 1 'ITO SIBnSieTCSI xapaKTepHbiM anSI TBep.lll>IX 

auaneKTpHKOB,· r .. 0,3 r. 8To osaaqaeT, 'ITO nocne Ka)l{aoro paspsraa qyBCTBU

TenhHOCTb nysbtpbKa K perncTpaunn nocneayrorueit qacTHUbi 6yaeT BoccTaHaB

nuBaTbCSI npnMepao sa oana qac, OaaaKo aTo BpeMSI MO)I{HO cymecTBeaao co

KpaTHTb, ecnH noacBe'lnBaTb neTeKTOP cBeToM B nonoce ypoBaeit saxBaTa 

aneKTpOHOB, 8neKTp0llbl noa )lefiCTBHeM CBeTa 6yayT OCB060)KJlaTbCSI HS no

ByWeK n npuo6peTaTb rroBhtWeHHyro noaBH)I{HOCTh. 3aech cneayeT Boo6me oT

MeTHTh, 'ITO rroacBeTK8 KpliCTanna B Jl9T9KTope B nonoce ypOBHefi aaXBaTa 

aneKTpOHOB li ahtpOK 6yaeT BeCbMa noneSHOH H B apyroM OTHOWellHH, a HMeH

HO, B yBenH'l9HHH 'lHCna aneKTpOHOB1 co6npaeMhiX noneM B IIYSblpbKH, 8TOT 

gp~eKT noBhlCHT BepoSITHOCTb perHCTpauHH q:acTHU B neTeKTope. BMecTe 

C TeM, CB9T 6yaeT CIIOC06CTBOB8Tb T8K)I{e "o'lHCTKe" o6~eMa KpHCTanna 

oT nono)I{HTenbHhiX sapsraoB - ahrpoK, BOSHHKaiOIUHX B cneaax 'laCTHU H :::1a-

KpennSIIOIUHXCSI Ha aKUeiiTOpllbiX ypoBHSIX, 
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Cne~yeT ynoMHHYTb TaK*e o B03MO*HOCTH npHMeHeHHH B ~eTeKTope 

HMny.nbcHoro ynpaB.nHeMoro nonH. BpeMH ¢opMHpoBaHHH aToro nonH nocne 

npOXO~eHBH '18CTHUbl ~OII*HO 6biTb 3H8'1HTeJibHO Me.Hbiiie BpeMe.HB *R3.HH 

HepaBHOBeC.HbiX a.neKTpOHOB B KpHCT8JIJie 0 T.e. MeHbiiie 10-7 CeK. 

HHTH.Hoil: nyabipbKOBbifi ro~ocKon c TBep~biM 

CUHHTHIIIIHpyroiiiHM BemecTBOM 

Ua.nbHeil:IIIHM paaBBTBeM paCCMOTpeHHOrO ny3blpbitoBOrO KpHCT8JIJIH'Jec

KOrO ~eTeKTOpa MO*eT CIIY*HTb TaKOfi *e no ycTpoil:CTBy ~eTeKTOp0 HO CO

~ep*BIIIBfi B KB'JeCTBe pa6oqero aemeCTBa TBep~blil: CUHHTHJIIIHTOp. B aTOM 

~eTeKTope KBB.HTbi cBeTa, o6paayeMbie 'IBCTHueil:, 6y~yT nona~aTb B raaoBbie 

nysbipbKH H nopo~aTb B HHX aneKTpOHbl 38 C'I~T ciJoToaclJciJeKTa C noaepXHOCTH 

npoao.noqeK. Ua.HHbie aneKTpOHbi 0 KaK H B paccMoTpeHHOM Bbillle c.nyqae, no~ 

AefiCTBHeM nOCT.OHHHOrO HliH HMnyJibCHOrO 9JI9KTpH'IeCKOrO no.nH 6yAyT Bbl3bl

B8Tb, B ny3blpbK8X pa3pHA B rase H ¢opMHpOB8Tb Ha npOBOJIO'IK8X TOKOBbifi 

BMnynbc. 

OueHBM a¢¢eKTBBHOCTb perBcTpauBB qacTBU B TaKoM ~eTeKTope. Ha 

eAHHBUe. nyTH B TB9pAOM CUHHTHJIJIHTOpe 6biCTp8H '18CTBU8 o6paayeT=4.104cM- 1 

CBeTOBbiX KBa.HTOBo EcnB CJie~ '18CTBUbl npOXO~HT Ha paCCTOHliHH 0, 1 CM OT 

ny3bipbK8 AHBMeTpOM 5.10-2 CM 0 TO B Hero nona~eT OKOJIO 102 KB8HTOB0 

nonaraH AHaMeTp npOBOJIO'I9K paBHbiM 5.10-2CM H KBaHTOBblil: BbiXOA ciJoTO~neKT
pOHOB C BX. fiOBepXHOCTH ...._ .. 0,01 0 nony'JBM0 'ITO B KB*~OM ny3blpbKe0 MHMO 

KOTOpOrO npOXOAHT '18CTHU81 6yneT B03HHK8Tb npHMepHO no OAHOMY aneKTpo

.Hy. 3To oaaaqaeT, 'ITO ~eTeKTop Mo*eT aq,¢eKTBBHo pe:ncTpHpoaaTb ace 

npoxoAHIIIBe qepea aero qacTBUbi. Taxoil: npB6op 6y~eT o6na~aTb MBJibiM 

paapelllaiDIIIHM BpeMeHeM 0 paBHbiM BpeMeHB p83BHTBH paapH~a B ny3blpbK8X 

1o-7 ceK. BpeMH *e BoccTaaoaneHHH 'IYBCTBHTenbHOCTB oTAellbHbiX nyabipbKOB 

nocne ocymeCTBneHHH pa3pH~a B HHX 6yAeT HC'IHCIIHTbCH0 KaK 6biJIO .nOK83aHO 

B blllle 0 npHMepHO OAHHM 'Ia COMo B A8HHOM A9TeKTOpe K CTeneHH MOHOKpHCTan

IIH'IHOCTH BeliieCTBa OC06biX Tpe6oBaHBil: MO*HO He npeA'bHBJIHTbo 0AH8KO nony

'l:e.HHe ra30BbiX nySblpbKOB B HeM 6y~eT npe~CT8BJIHTb0 no-BHABMOMy0 60Jib

IIIYID Tpy~HOCTb. 

8 

·~ 

.. 

~ 
! 
,j 
' 

•. 1, 

I 

M 
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KBaHTOBbifi BbiXOA !jloToaneKTpoHoB c noaepxaocTH npoB 

0,01 0 . MO;KHO noJiy'IHTb nyTeM noKpbiTHH noBepXHOCTH npOBOIJI 

HbiM BemecTBOM 0 o6na~aromHM · M8JlbiM noTeHUHBIIOM BbiXO~a S 

npHMep, BaO • K BJIH Na ·• 

B cnyqae pa6oTbi ~Toro neTeKTopa B ynpaBnHeMoM pe 

¢poHT BMnynbca ~OII*eH ¢opMIIpOB8TbCSI aa BpeMg HeCKOll 

6onbiiiHx BpeMeHax aapacTaHHSI nonH B HMnynbce aneKTpoa~ 

THBHO noKHA8Tb ra30Bble nySblpbKH H BepOSITHOCTb pa3BHTHH 

KaK noxaaaHo B pa6oTe/7/, - peaxo nanaTb. 

CunHTnn.nguuoHHbiti HBTSIHoii C'IE?!T'l:BK 

B CBH3H C OCBOeHHeM npOMbiiiiJieHHOCTbro H3rOTOBJieHB: 

.naBHHHhiX ¢oTo~Ho~oB0 cnoco6HbiX c a¢¢eKTBBHOCTbro 0,3 I 

OT~eJibHbie <floTOHbxf9,10/ 1 npe~CTaBmieTCSI .HHTepeCHbiM pac 

MO*HOCTb HCnOJib30B8HHH STHX AHOAOB B KOM6HHHpOBaHHhiX A 

Tli Uo TaKHe AeTeKTOpbi MoryT npeACT8BJIHTb co6oro KOMn0:3 

THnnnpyro.meil: HHTH/ 11/, nnH KanHnnHpa, aanonHeHHoro cuHHTHl 

KOCTbiD1 H tfloTO~liOAOB, onTH'I9CKli conpH*eHHhiX C TOpUaMH. H 

.nHpa. 

ITpoxo~eHHe 'laCTHUhi qepea HHTb 6yneT Bhi3hiBaTb B He 

KOTOpaH MO*eT 6b!Tb aaperHCTpllpOBaHa ¢oTOAliOAOM. 0THOII 

li BpeMeH nOHBJieHHH liMnynbCOB Ha ciJoTOKaTOAaX OTA91IbHhiX HI 

xoAHMyro HHciJopMaunro o MecTe npoxo~eHHH qacTHUhi B npene. 

T.e. o z - KoopAHHaTe. · UHaMeTp HHTeil: cefiqac Mo*eT 6biT 
• 

MaJib!Mo 0~HaKO 3AeCb eCTb orpaHH'IeHne, CBH38HHOe C nOT• 

MHoroKpaTHbiX oTpa>KeHnHx oT noBepxHoCTH. TaK, B pa6oTe 

'ITO npH ~HaMeTpe CUliHTHJIJilipyroliiefi HliTH B 1,6 .MM noTepH 

npOliCXO~HT Ha AIIHHe HliTH B 30 MM. TaKHe noTepH o6H38Hl 

pa30M1 K8K OTMe'JaroT 8BTOpbl1 nornomeHHID CBeTa B MliKpoT: 

BepXHOCTH HHTe:ii~ · npli YIIY'Illl9Hllll K8'19CTB8 noaepXHOCTII noTe] 

IIIaJIHCb H CHll*eHIIe HHTeHCliBHOCTB Ha6nro~8JIOCb JIHIIIb H8 

B 6ynymeM MO*Ho o*HAaTb nonaoro HCKnro'leHHH nornomeHH 
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r npnMeHeHHH B aeTeKTope 

poBaHHH aToro nonH nocne 

:o . MeHbWe .BpeMeHH :lKH3HH 

ieHbWe lQ-7 CeK. 

TBepAbiM 

abipbKOBoro KpncTannnqec...; 

'pOtiCTBy AeTeKTOp1 HO CO

tbiti CUHHTHnnHTop. B aToM 

6yayT nonaaaTb B raaoBbie 

~OTOa~~eKTa C llOBepXHOCTH 

>TpeHHOM BbiWe cnyqae,noa 

rqecKoro nomi 6yayT Bbi3bi

b H8 npOBOnO'IK8X .TOKOBblii 

ru B .TaKoM aeTeKTope. Ha 

mcTnua o6paayeT==4.1o4cM-1 

~ . Ha paCCTOH.iiHH 0 1 1 CM OT 

craAeT OKano 102 KBaHTOBo 

maHTOBblti Bb!XOA ~OTO~neKT

B K8:1KAOM ny3bipbKe1 MHMO 

rMepHo no OAHOMY aneKTpo

~HBHO perHCTpHpOB8Tb BCe 
. . 

'P · 6yaeT o6naaan, ManbiM 

~rTHH paapHaa B nyabipbKax 

tlOCTH OTAenhHbiX ny3bipbKOB 

nHTbCH,· KaK ObinO noxaaaHo 

pe K CTeneHH MOHOKpHCTan

npeA~HBnHTbo OnHaKo nony

lnHTh, no-BHAHMOMy1 OOnb-

\ ... t 
'J 

KsaHTOBbiti BbiXOA ~oToaneKTpoHoB c nosepxHOCTH nposonoqex, paBHbiii 

0,01, MD~KHO nony'IHTb nyTeM noKpbiTHH nosepxHoCTH nposono'leK cnelmanh

HbiM sewecTBoM, o6naaaiOWHM ManbiM noTeHunanoM BbiXOAa aneKTpoHos, Ha-

npnMep, BaO , K nnn Na ·• 

B cnyqae paooTbi aToro aeTeKTopa B ynpaBnHeMOM pemnMe nepeaHnii 

cppoHT HMnynbca aonmeH cpopMIIpOB8TbCH 38 BpeMH HeCKOnbKO HCeK. IlpH 

6onbwnx speMeHax HapacTaHHH nonH B HMnynhce an eKTpOHbi 6yayT acjl~eK

THBHO noKl!A8Tb I'830Bbie nyab!pbKH H BepOHTHOCTb pa3BHTHH pa3pHA8 B HHX1 

xax noxa·aaHo B paooTe/7/, - peaxo naaaTb. 

CUHHTHnnHUliOHHbiti HHTHHOti: C'I~T'IHK 

B CBH3H C OCBOOHHeM llpOMbiWneHHOCTblO H3I'OTOBneHHH MHHH8TIOpHbiX 

naBHHHbiX cpOTOAHOAOB 1 CllOCOOHbiX C acpcpeKTHBHOCTblO 0,3 perHCTpHpOBaTb 

OTAenbHbie cpoTOHb/9,10/ 1 npeACTaBnHeTCH liHTepeCHblM paCCMOTpeTb B03-

MO:lKHOCTb HCnOnb30B8HHH aTHX AHOAOB B KOMOHHHpOB8HHbiX AeTeKTopax '18C

TH Uo TaKHe AeTeKTOpbl MOI'yT npeACTaBnHTb COOOIO KOMn03HUHIO H3 CUHH-
_ ... , 

THnnnpyiOmeti: HHTH/ 111, nnn xarmnm:rpa, aanonHeHHoro cuHHTHnnnpyiO.IUeii >KHA-

KOCThiO, H ~OTOAHOAOB, OllTH'IeCKH conpH>KeHHbiX C TOpUaMH HHTH HnH. KanHn

nHpa. 

flpOXO>KneHHe '18CTHUbl qepe3 HHTb oyneT Bbl3b!B8Tb B Heii CUiiHTHnmiUHI01 

xoTopaH MomeT ObiTh aaperncTpnposana cpoToanoaoM. 0THoweHHe aMnnnTya' -

H BpeMeH noHBneHHH HMnynhCOB Ha cpoTOK8TOll8X OTnenbHhlX HHTeii A8CT Heoo

XOAHMyiO HH~OpMaUHIO 0 MeCTe llpOXO>KneHHH '18CTHUbl B npenenax nnHHbl HHTH1 

T.e. 0 z - KOOpAHHaTe •. llHaMeTp HHTefi cefiqac MO:lKeT Ob!Tb caenaH O'leHb 
• 

ManbiM. OaHaKo anech ecTb orpaHH'IeHHe, cBH3aHHoe c noTepeii. cseTa npn: 

MHOI'OKpaTHblX OTpa>KeHHHX OT noBepXHOCTH. TaK 1 B paooTe/ 12/ nOK838H0 1 

'ITO npH AllaMeTpe CUHHTHnnHpyiOIUeti HHTH B 1,8 .MM noTepH CBeTa B e pas 

npoHcxoAHT Ha nnnne HHTH B 30 MM. Taxne noTepH o6HaaHbi, rnaBHhiM o6-

paaoM, KaK OTMe'laiOT aBTOpbl1 nornoiUeHHIO CBeTa B MHKpOTpeiUHHaX Ha no

BepXHOCTH HHTefi~ IlpH yny'IWeHHll Ka'IeCTBa nosepXHOCTH no;epH CBeTa yMeHb

wanHCb H CHH:lKeHHe HHTeHCHBHOCTH HaonmnanOCb nHWb Ha AnHHe 80 MM. 

B oyayiUeM MO:lKHO O:lKHA8Tb nonHOI'O HCKniO'IeHHH norno.IUeHHH CBeTa Ha no-
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BepXHOCTH HHTH nyTeM noKpbiTHH ee cneunanbHOll O,!lHOpO.!lHOll nneHKOil: C no

Ka3aTeneM onTn~ecKoro npenoMneHliH1 paBHhlM- noKasaTenro npenoMneHnH ae

mecTBa HHTHo llornoiUeHH9 CBeTa Ha noBepxHOCTH MO)KHO 6y.oeT1 no-BH.!lliMO

My1 HCKlliO~HTb T8K)K9 ll nyTeM .!lH~y3HOrO BBe,!l9HHH B HHTb cneuHanbHOH 

.oo6aBKH1 KoTopaH cMemaeT noKasaTenb npenoMneHHH y noBepxHoCTHoro cnoSI 

HirTH H C03,!l89T ycnOBHe ,!lllH CaMo!floKyCHpOBKH CBeTa/ 10/ • CBeT B HHTH pac

npocTp8HHeTCSI B.!lOllb HHTH1 He 'KacaHCb' ee noBepxaocTn. B o6onx nocne.o

HHX cny~agx noTepn cBeTa 6y.oyT onpe.oenHTbCH TOllbKO nornomeHHeM B o6~e

Me MaTepnana HHTHo TaKHe noTepH 06bi~HO M8llbl li y COBp9M9HHbiX CUHH'I'Hll..:, 

nHpyroiUHX nnaCTHKOB He npeBbiiii8IOT 015 Ha ,!lllHHe 1 Mo 

Onpe.oenHM Tenepb ~Hcno KBaHTOB1 KOTOpbte 6y.oyT .ooxo.oHTb .oo TopuoB 

HHTH OT M9CT8 npOXO)K.[l9HHH ~aCTHUblo 0603H8~HM yron npH BepiiiHHe KOHyca1 

COOTB9'I'CTBYIOIUHil: yrny nonHoro BHyTpeHHero 0Tp8)K9HHH1 ~epe3 2 a 1 TOr,!la 

R1 
--~ ' Cos a= ( 6) 
n2 

r.oe n 
1 

H n 
2 

- KoacP¢HuHeHTbi onTH~ecKoro npenoMneHHSI oKpy)Karome:l!: 

Cp91lbl H MaTepHana HHTH COOTBe'I'CTB9HHO. TeneCHbiil: yron KOHyca1 onpe.oe-

llH9Mbiil: yrnoM 2a 

n1 
0 = 2 rr (1- Cos a ) = 2rr (1- --) . 

n2 

( 7) 

llnH CUHHTHnnHpyromeil: HHTH, OKpy)KeHHOil:1 HanpHMep, B03.!lYXOMI MO)KHO 

npHHHTb n 
1 
= 1 li n 

2 
= 1,5 ; Tqr.oa {l = 2,4 CTep. '4aC'I'HU8 B HHTH 6y.oeT 

C03,!l8B8'I'b H8 O,!lHOM C8HTHMeTpe nyTH OKOllO N 0 = 4.104 
CBeTOBbiX KB8HTOBo 

llpH TOlliUHH9 HH'I'H d .. 1 MM ~HCllO KB8HTOB1 nona,!laiOIUHX B TeneCHbiil: yron 

n I 6y.oeT paBHO Nod n I 4rr = 8.103 • EcnH npHHSITb KOacP¢HuHeHT norno

meHHH CB9'I'8 H8 ,!lllHHe HHTH "" 0,5, TO ~HCllO KBaHTOBi nollXO,!lHIUHX K ee TOp

uaM1 6y.oeT .. 4.103. llpH a!fl!fleKTliBHOCTH perHCTp8UHH !floTOHOB KpeMHH9BblM 

naBHHHbiM '!fJoTO,!lHO,!lOM1 paBHOil: 0,3 1 H KOa¢!flliUH9HTe ycnneHHSI ,..108 /9/ Ha 

,!lHO,!l9 6y.oeT B03HHK8Tb TOKOBbiil: CHrHan C ~HCllOM aneMeHT8pHblX 38pH,!lOB 

106. 

BMeCTO ll8BliHHbiX I!JoTO,!lHD,!lOB MO)K}IO HCIIOllb30BBTh TaK: 

Hbre KaaanoBbre ¢oToaneKTpOHHbre yMHO)KHTenn - K<t>3Y /13-

KBaHTOBbiil: BbiXO,!l· !floToaneKTpOHOB ,..0102 H Koa!fllf!HUH9HT yCHll 

B aTOM cny~ae BbiXO.!lHOil: cnrHan 6y.oeT HMeTb .oocTaTo~Ho 6on1 

.!ly H M0)K9T perHCTpHpOB8TbCH BH91IIHHMH YCTpOil:CTB8MH 6es 

aoro ycnneHHH. 

• K co)KaneHHro1 KaK K<t>3Y, TaK n naBHHHbre ¢oTO.!lHO.!lbi o6J 

HbiM T9MHOBbiM 'wyMOM"' 1 H ,!lllH HOpManbiiOfi aKcnnyaT8UHH a~ 

noTpe~yeTCH noHH)KeHHaSI TeMnepaTypa. 

Mbi paCCMOTpenH O'I'.!l9llbHbl9 CUHHTHllllHUHOHHbie HHTHHbi9 C 

BH,!lH01 ~TO H3 T8KHX C~eT~HKOB MO)KHO C06Hp8Tb rO,!lOCKOnH~E 

6onbworo o6~eMa H nro6ofi reoMeTpHH. 3TH cncTeMbi Mory'I' p. 

npepbiBHO ~yBCTBHTenbHOM H HMnynbCHOM ( B cny~ae !flo'I'O,!lHOl 

B 'I'aKoM .oeTeKTope1 sanonHeHHOM )KH,!lKOfi HnH TBep~ofi cpel 

BO,!l0pO,!lOM1 MO)KHO 6y,!leT He TOllbKO perHC'I'pHpOB8Tb Cll9,!lbl 

onpenenHTb HX HOHH3HpyroiUyro cnoco6HOCTbo llpoCTp8HCTB9HH( 

,!leTeKTOpa B nnoCKOCTH X -y 6y.oe'I' onpe.oenSI'I'bCSI .!lli8Me1 

C~eT~HKOB1 a rny6HHli8H - z -aSI KOOp,!lliHaTa - TO~HOCTbiO l 

HOIII9HHH aMnnliTY.!l HMnynbCOB H BpeM9HH HX !flopMHpOB8HHH Ha 

T9llbHbiX aneMeHT8X - K<t>3Y HllH ¢oTO,!lHO,!lax. noaToMy paspel 

HB'I' x-y MO)K9T 6biTb C.!lenaHO He Xy)Ke 1 MM1 a .KOOp,!lHH8'I' 

BpeMeHHOe paspeweHHe y .oeTeKTopoB 6y.oeT npaKTH~ecKH T. 
y CUHHTHllllHUHOHHblX C~eT~HKOB C <J>3Y 1 li He npeBbiCliT He; 

KaHanhHbiil: aneKTpOHHbiii yMHO)KHTenb KaK c~eT'IHK 

ObiCTpbiX ~acTHU 

C noHsneHneM nepBbiX o6pasuoB K3Y OHH cTann npnMeH 

TeKTOpbi Me,!lneHHbiX HOHOB H aneKTpOHOB/ 14-~ 6/ 1 KOTOpbl9 no 

~epe3 OTKpblT_blll Topeu. 0AH8KD IIpe,!lcTaBnSieTCSI HHTepeCHbiii 

sapHaHT perucTpauun ObiCTpbiX ~acTHU 1 nepeceKaromux K3Y B 

MecTe. B aToM cny~ae npu npon:eTe ~acTHUbi ~epes K3Y us ( 

AOn)I{Hbl HH)KeKTHpOB8TbCH aneKTpOHbl BTDpH~HOll aMHCCHHo Koaq 



)ii orinopoanoii nnenKoii c no

aoKaaaTenro_ npenoMneHHH se

ru MO:x<HO 6y~:teT1 no-BHJlHMO

~eJleHHH B HHTh cneuuan&Hofi 

JI9HHH y fiOBepX!IOCTHOrO OJ10SI 

CBeTa/ 10/ • CBeT B HHTH pac

)B9pXHOCTHo B o6oux nocnea

Ton&Ko nornomenueM B o6~e-

bi If y _ COBpeMeH!IbiX CUHHTHJ1-

!I9 1 Mo 

bl9 OYAYT AOXOAHTb AO TOpUOB 

:uM yron npu sepwuae KOHyca, 

)Tpa:x<eHHSI 1 qepea 2 a , Toraa 

( 6) 

'0 npenOMJ19HHH OKpy:x<aromeA 

JieCHbtil yron KoHyca, onpeJle-

( 7) 

1 nanpHMep, B03A,YXOM1 MO:x<HO 

CTep. 'tJaCTHUa B HHTH Oy}leT 

N 0= 4.104 cseTOBbtx KBa!ITos. 

nonaJlaroirmx B TeneCHbtfi yron 

npHHHTb KO~~HUH9HT norno-

KBaHTOBj fiOAXOJlHmHX K ee TOp

HCTpaUHH ~OTOHOB KpeMHHeBbiM 

uueHTe ycuneHHH ~1o3/9/ Ha 

HCJ10M sneMeHTapHblX sapSIJlOB 

BMeCTO naBHHHblX ~OTO}llfOJlOB MO:x<HO HCllOJ1b30BaTb TaK:x<e MHHHaTrop

Hbl9 KaHanoBbte ~pTosneKTpOHHbte yMao:x<HTenu - K<I>8Y /13-15/, uMeromue 

KBaHTOBb!fi Bb!XOJl ~OT09Jl9KTpOHOB .,.Q,02 If KO~~HUH9HT YCHJ19HHH 105-to9. 

B 9TOM cnyqae- Bb!XOAHOH CHrHan 6yJleT HMeTb AOCTaTO'IHO OOJlbWYID aMnnHTy

JlY If MO:x<eT perHCTplipOBaTbCH BH9WHHMH ycTpOfiCTBaMH 093 AOfiOJ1HHT9Jlb

HOrO ycuneHHHo 

K co:x<anenuro, KaK K<I>8Y, TaK n naBHHHbte ~oToAHOAbi o6naaaroT aaMeT

HbiM T9MHOBb!M "'IIIYMOM" 1 If AJ1H HOpManbHOH 9KCnnyaTaUHH 9THX 9J1eMeHTOB 

noTpe~yeTCH fiOHH:x<9HHaH TeMnepaTypa. 

Mbt paccMOTpenH OTJl9J1bHbl9 CUHHTHnmtUHOHHble HHTHHble C'I~T'IHKlfo Qqe

BHJlHO, 'ITO H3 TaKHX C'I~T'IHKOB MO:x<HO COOHpaTb roAOCKOllH'I9CKHe CHCT9Mbl 

OOJlbWOro o6~eMa If nro6oii reoMeTpHHo 8TH CHCT9Mbl MOryT pa6oTaTb B He

npepb!BHO 'IYBCTBHT9J1bHOM If HMnynhCHOM (B CJ1y'lae ~OTOJlHOAOB) pe:x<HMax. 

B TaKoM }leTeKTope, aanomteHHOM :x<HJlKOii :n:n:n: TBepJloi!: cpeJlofi, Hanp:n:Mep 

BO}lOp0JlOM 1 MO:x<HO 6yneT He TOJlbKO perHCTplipOBaTb CJ19}lbl 'JaCTlfllt HO If 

onpeaenHTh ux_ n:on:n:aupyromyro cnoco6nocT&. llpocTpaHCTBennoe paapemen:n:e 

Jl9T9KTOpa B llJlOCKOCTlf X -y 6yneT onpenemtTbCSI Jllf8M9TpOM HliTSIHbiX 

C'l~T'IHKOB 1 a rny6HHHaH Z -aH KOOpJlHHaTa - TO'IHOCTbiD H3MepeHlfH OT

HOIII9l!HH aMnJIHTYJl HMllYJlbCOB If BpeMeHH lfX ~OpMHpOBaHHH Ha ~OTO'IyBCTBH

TenbHbiX sneMeHTaX - K<1>8Y n:nn: ~OTOJlHOAax. nosToMy paapewenue KOOpJlH

HaT x-y MO:x<9T 6b!Tb C}l9Jl8HO He xy:x<e 1 MM, a -KOOpJlHH8Tbl Z -2-5 MM •. 

BpeMeHHoe paapemeH:n:e y neTeKTopoB 6yneT npaKTlf'IeCKH TaKlfM *e,· KaK 

y CUHHTHJlJlHUHOHHblX C'l~T'IHKOB C <1>8Y, If He npeBb!ClfT H9CKOJ1bKO HCeK. · 

KaaanbHbiH sneKTpoHHbtii yMHOlKHTenh KaK C'I~T'IHK 

Ob!CTpb!X 'ISCTHU 

C llOHBJ19HHeM nepBb!X o6pa3UOB K8Y OHH CTanH npn:MeHHTbCH KaK }le

T9KTOpb! Me}lneHHblX HOHOB If 9J1eKTpOHOB/ 14- ~ 6/ 1 KOTOpbte nonanaroT B K8Y 

tJepe3 OTKpb!TbiH Topeu. 0JlH8KO npeJlCT8BJ1H9TCH lfHTepeCHblM paCCMOTpe'fb 

sapuaHT per:n:cTpauuu 6btCTpbiX qacTuu, nepeceKaromn:x K8Y B npo:n:ason&HOM 

M9CTe. B 9TOM cny'!ae npn: npon
1
eTe 'laCTHUbl qepea K8Y lf3 CTOHOK B Kanan . 

aon:x<Hbi HH>KeKTHposaT&cH sneKTPOHbi BTOPH'!Hoii sMuccun:. Ko~uuuenT sMHC-
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CIIII MaTepi1anOB1 Il3 KOTOpb!X Il3rOTOBmiiOTCl1 K8Y1 06bi'fHO COCTaBnl1eT 2-3. 

ITorraBllme B KaHan aneKTPOHhi 6ynyT rronxaaTbiBaTbCSI rroneM, ycKopSITbCSI 

II pa3MHO)I{aTbCSI II Ha Bb!XOJle KaHana C03)laBaTb periiCTpiipye.Mb!ii: IIMIIynbCo 

AMIIniiTyJla 9TOrO IIMIIynbca 6yneT 3aBIICeTb OT JlniiHbl rryTII IIpOXO)I{)leHIISI 

naBIIHbl BHyTpii KaHana Il1 cne)lOBaTenbH01 OT MeCTa I!pOXO)KJleHIISI traCTIIUblo 

l1crronb30BaHIIe COBOKYIIHOCTII ctreT'fiiKOB K8Y II03BOniiT cpa3y periiCTpiipO

BaTb KOOpJliiHaTbl MHOriiX cne)lOB traCTIIU. 

HenocTaTKOM paccMoTpeHHhiX ctreTtriiKOB SIBnSieTcSI, IIO)I{anyii:, CIInbHaSI 

HeniiHeii:Hal1 38BIICIIMOCTb aMIIniiTYJlbl CIIrHana OT MeCT~ I!pOXQ)I{)leHIISI traCTII

Ub11 trTO non)I{HO , rrpiiBOJliiTb K IIOl1BneHIIIO Ha sHatriiTenbHoii: traCTII JlniiHhi K8Y 

HetryBCTBIITenbHOii: K traCTIIUaM 30Hbl1 a TaK)I{e K HeiiOCTOSIHHOfi aqxpeKTIIB

HOCTII cqeT'fiiKa BJlOnb JlniiHbl tryBCTBIITenbHOii: o6naCTII. 

OnHaKo cymecTayeT B03MO)I{HOCTb MonepHI13aUIIII K8Y, KoTopal1 rrosao

niiT Bb!pOBHl1Tb acpcpeKTIIBHO,CTb II 3HatriiTenbHO yaenii'fiiTb JlniiHY periiCTpiipyiO.:.. 

meii: o6naCTII CtreT'fiiKa. 8Ta B03MQ)I{HQCTb CBSI3aHa C BBeJleHIIeM B K8Y JlO

IIOnHIITenbHOrO aneKTpona, pasrpaHIItriiBaiOmero nnnHy K8Y Ha nae tracTII -

)lniiHHYIO II KOpOTKY!Oo llniiHHY!O traCTb K8Y MO)I{HO IIIITaTb cna6b!M HaiipSI

)I{eHIIeM, He I!peBb!l118!0ll!IIM 0,3 KBfCM1 II IICIIOnb30BaTb B KatreCTBe )leTeK

TOpa traCTIIUo KopOTKYIO )!{e traCTb MO)!{HO IIIITaTb · Bb!COKIIM Hai!pSI)!{9HII9M 

II IICIIOnb30BaTb KaK yciiniiTenb TOKa. flyTeM IIOJl60pa COOTBeTCTBYIOI1!9ii: Be

Ji1I~IIHbl Haiipl1)!{9HIISI1 IIIITaiOmero periiCTpiipyiOIUyiO tracTb K8Y, MO)!{HO no-

6IITbCSI K09cpcpiiUI19HTa IIOBTopeHIIl1 aneKTpOHOB B Heii:, 6nli3KOrO K eJliiHHU91 

T.e. · aneKTpOHbi1 o6pasyeMbie traCTIIUeii: B periicTpiipyeMoii: traCTII, 6ynyT co 

cna6b!M pa3MHO)!{eHIIeM JlOCTIIraTb rrpoMe)l{yTO'fHOrO aneKTpOJla II BXOJliiTb 

a yciiniiTenbHYIO tracTb K8Y. KoacpcpiiUIIeHT yciineHIISI B aToii: tracTn MO)!{eT 

6biTb rronytreH paBHhiM to8-1o9114-161. BhixonHoii: IIMrrynbc a naHHOM ctreT

triiKe 6yneT cna60 3aBIIC9Tb OT M9CTa IIpOXO)KJl9HIISI traCTIIUbl B npenenax 

JlniiHHOii: traCTII ,K8Y. 

TaKOii: )1{9 cqeTqiiK1 OtreBIIJlH01 M0)!{9T 6biTb COCTaBneH II Il3 JlBYX OT

nenbHb!X K8Y 1 JlniiHHOrO II KOpOTKoro - MHHII8T!OpHDr0/13/. flpaana, B 9TOM 

cnytrae orrpeneneHHY!O TpyJlHOCTb Bbi30B9T COOCH09 COtrneHeHII9 K8Y. 

l13 JlniiHHb!X C'feT'fiiKOB MO)!{HO 5yneT MOHTIIpOBaTb rOJlOCKOI!li'f9CKH~ 
CIICT9Mbl 6onblliOrO o6~eMa. flpOCTpaHCTB9HH09 pa3p91119HII9 TaKOii: CIICTeMbl 

6yneT orrpenenl1TbCl1 nnaMeTpOM K8Y ( rropl11lKa onHoro MnnnnMeTpa), a ape-
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~.!eHHoe pa3pell.I~Hue.- - :epe:r-.. 1eHelv1 c6opa H pa~:n .. -!HO:-Ke.HHSI sne 

CTaBHT 1Q-7 C9Ko llocTOIIHCTBOM CtreTtriiKOB traCTHU Ha OCHC 

9TCl1 H93aBHCIIMOCTb HX pa60Tbl OT OKpy)!{aiOIUeii: Cpe)lblo 8To 1 

MO)!{eT OKa3aTbCl1 oco6eHHO Ba)!{Hb!M B rDJlOCKOIIIItreCKIIX CHC 

)!{a!UHX pa6oqee aemeCTBO B KOHJleHcnpoBaHHOM COCTOSIHIIHo 

KpaTKHe BbiBOJlbi 

Uenb pa6oTbi cocToSina B aHanH3e HOBbiX rrpenno)!{eHHii: 1 

CII9JlOB traCTHU B Jl9TeKTOpax, COJl9p)!{all!HX JlHCKp9THbl9 ,'fyl 

K tracTnuaM aneMeHThl. ITpencTaBnSieTcSI, 'iTO neTeKTOpbi1 y 

HIITeii: 3aMopO)I{9Hbl Hnn sarronnMepnsoBaHbl ra30Bbl9 ~Y3blpbKH 1 
meii: oTpa6oTKn TexHonornn cMoryT ycrre111ao KOHKypnpoBaTb c 

BOnO'fHb!MH KaMepaMH ITO CBOIIM IIpOCTpaHCTB9HHbiM H BpeMeH: 

cTnKaM H rro · rrnoTHOCTH pa6otrero aemecTaa. KoMrrosuuHoHHbJe 

nep)!{all!He CUHHTHnnHpyiOll!He HHTH · HnH KaiiHnnl1pbl1 3arronHeHH 

pyiOmeii: )KHJlKOCTbi01 n cpoToyMHO)I{HTenbHble aneMeHTbl - naBHll 

nnH MIIHHaTIOpHble K8Y - B HaCTOSill!ee BpeMSI MoryT 6b!Tb 6!l 

I19Hbl H HCilbiTaHblo fi09TDMY MO)!{HO Q)!{H)laTb1 'iTO TaKH9 Jl9 

aoii:nyT a npaKTHKy cpH3HtrecKoro aKcnepnMeaTa. B aToM )!{E 

paCCMaTpHBaTb H CtreT'fHKH 6bJCTpb!X 'f8CTHU. Ha OCHOB9 OllHHO'fJ 

trac HM9IOTCSI Bee T9XHH'f9CKHe I!p9JliiOCbinKH K 'TOMy1 'fT06J 

9TH C'feT'fiiKH H OU9HHTb rrepcrreKTHBy pa3pa60TKH JliiHHHbiX H 

nSipHblX C'feT'fHKOB traCTHUo 

B 3aKniO'f9HH9 aBTOpbl C'fHTaiOT CBOHM JlOnroM rro6narona: 

T9KOpBo, O.B. CaBtreHKO, n.M. CopOKO H M.n. EanaHJlHHa sa Ill 

Jl9HH9 BOI!pOCOB1 paCCMOTpeHHh!X B )laHHOii: pa6oTe. 
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f 1 06brtiHO COCTaBmieT 2-3. 

>8TbCSI noneM 1 yCKOpSITbCSI 

perHCTpHpyeMblfi HMnynbc. 

nnn:llbi nyTn: npoxomnemm 

::Ta npOXO)KJlaliHSI 'I8CTHilble 

3Bonn:T cpaay pern:cTpn:po-

•nsreTcsr, n_omanyfi, cn:nbllaSI 

MecTa npoxomnean:sr tracTn:

ITenbHofi .tracTn: nnHHhi K3Y 

: }lanOCTOSIHHOfi s¢¢eKTHB-

6naCTH. 

aun:n:. K3Y, KoTopasr noaao

nn:trHTb ll11HHY perHCTpHpyro~ 

a c aaenean:eM B K3Y no

mmy K3Y aa nae traCTH -

:HO .nn:TaTb cna6b!M aanpSI:-

30B8Tb B K8'IaCTBe jlaTeK

Tb Bb!COKHM HanpsrmeHHeM 

6opa COOTBaTCTBYIDIIIefi Be

ro ·tracTb K3Y, Momao no-

aefi, 6nn:aKoro K enHHHue, 

rpn:pyeMOfi 'I8CTH, 6ynyT CO 

iOrO . 91!aKTPOil8 H BXOilHTb 

!eliHSI B 9TOfi 'I8CTH MomeT 

fi HMnynbC B ll8HHOM C'I~T

:eHHSI traCTHUhi B npenenax 

, COCTaBneH H H3 llBYX OT

JHoro/ 13/. flpaana, B aToM 

e coqneaean:e K3Y. 

THpOB8Tb rollOCKOnHtraCKHe 

;>aapemean:e TaKofi cn:cTeMbi 

naoro MHnnn:MeTpa), a ape-

MeHHOe paapeiiJeHHe - BpeMelleM c6opa H pa3MHOJKaHHSI sneKTpOHOB H CO

CT8BHT 1Q-7 CaKe nocTOHHCTBOM C'I~T"'HKOB 'I8CTHU ll8 OCHOBe K3Y. SIBIISI

eTCSI Ha38BH,CHMOCTb HX pa60Tbl OT OKpymarometl: Cpallbl. 3TO o6CTOSITa1!bCTBO 

MOJKeT OK838TbCSI oco6eHHO B8)Kllb!M B rOilOCKOIIHtreCKHX CHCTeMaX1 conep

)K8IIIHX pa6otree BellleCTBO B KOHileHCHpOB8HHOM COCTOSIHHHe 

KpaTKHe BbiBOilbi 

Jlenb pa60Tbl COCTOSI118 B 8H81!H3e HOBb!X npennoJKeHHti: no. perHCTp8UHH 

cnellOB qaCTHU B llaTeKTOp8~1 conepmaU!HX llHCKpeTHbie "'tryBCTBHTenbHbie"' 

K traCTHil8M sneMeHTbi. flpellCT8B1!SiaTCSI 1 'ITO llaTeKTOpb11 y KOTOpbiX OKOIIO 

HHTeil 38MOpOlK9Hbl HIIH 38Il01!HMepH30B8Hbl ra30Bbla I!Y3blpbKH 1 nocne H81l119lK8-

IIIeil oTpa6oTKH Texaonorn:n: cMoryT ycnemno KOHKypn:poBaTb c raaoBhlMH npo

Bono"!HbiMH KaMepaMH no CBOHM IlpOCTp8HCTBeHHbiM H BpeMaHbiM X8
1
paKT9pH

CTHK8M H no· nnOTHOCTH pa6oqero B91119CTBa. KoMn03l!UliOHHbie llaTeKTOpbi1 CO

Il9plK8111He CUHHTH111!Hpyro111He HHTH HIIH KanH111!Sipbl1 3anonHeHHbie CilHHTHIIIIH

pyrolllefi lKHilKOCTbiD1 H ¢oTOYMHO)KHTa1!bHbl9 sneMeHTbl - 1!8BHHHble ¢oTOilHOilbl 

HIIH MHHH8TIDpHb!e K3Y - B H8CTOSIIII9e BpeMSI MoryT 6b!Tb 6biCTpO H3rOTOB':" 

neHbl H HCnbiT8Hble floSTOMy MOJKHO omHil8Tb 1 'ITO•' TaKHe neTeKTOpbl CKOpO 

aoilnyT a npaKTHKY ¢n:an:trecKoro sKcnepn:MeHTa. B aToM me nnalle MOJKHO 

paccMaTpn:aaTb n: cq~T"'HKH 6biCTpbiX qacTHU Ha ocaoae onn:HO'IllhiX K3Y. Cet!:

trac HMaiDTCSI BCe TeXHHtreCKHe npennOCbl11KH K TOMY 1 'IT06b! HCC1!ellOB8Tb 

sTH C'I~T"'HKH H OUaHHTb nepcneKTHBy paapa6oTKH ll11Hllllb!X R rn:6KHX Kann:n

IISipHbiX C'I~T'IHKOB 'I8CTHile 

B aaKnrotrean:e aaTopbi ctrn:TaroT caon:M nonroM no6naronapn:Tb E.M. IToa

TeKopao, o.B. CaB'Ia}IKO, n.M. CopoKo H M.n. EanaHilHHa 38 noneaaoe o6cylK

nean:e aonpocos, paccMoTpeHHhiX B naanotl: pa6oTe. 
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