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SaaprwH ~~,momc~ monHM 0 pacnpocfpSHfiml!.\®raca ~ npono~H~e~ 

ipmCT8~8o no~nOl!.\ll8tCfi KSK KM!H6T~~ac~moo TSK m CU/liHOBM~lll CTe

neH~~~ C~060AM HOCmta~eJ t0~$o B cny~SfiX 0 ~OrAB qscTOTS yn~Tp8-

8BYK8 COBD8~88T C C06CTB8HH~Wil ~SCTOTS~l/l SX6KTPOHHOM no~Cl/JCTe

OOM, nor~o~SMfilO moo®aT p630BllHCM~~ ~8PllKT8Po ACP - SKYCTlll~SCKMM 

CilM!EOE~l paaoHSHC HS S~SETponax npoEO~l/JYOCTm - COOTB6TCTByeT 

cnyqew, KOr~a SBJKOB8H BOnHB BU8~B88T nepexo~~ MG~AY 3JI8KTPOH

Hl,llilll ypOlSll·Ul!ill/li C peaJINJ'IHOli1 opM!ElHTll~MS!ll cmrna. CmmTp "i:8CTOT ACP 

B0061!.\8 ,;mp6,llS J!ll8TCH CTPYKTYPOM ra~MJ!HOHWi8H8 B3 8Ht.o.nsmcTBll!H 

aneKTpOMOB npoBOAI/IYOCTII! C none11. YJIDTP88BYKOBOM BOJIH.bl. 

!GP BO ~HOrHX OTHOWSHll!RX no,no6eH ~pyrmu taKHM peaoaaHCHblM 

~e~tu I npOBOAR~IIX KpmcTMnax~ KaK napfl,l!'.arHll!THHmp UWKnotpOH-

K8pTmRe nor~o~eHlllfl 8BYK8 8J!6KTpOH8HH npOBO,llHUOCTH~ C Toi JIHWD 

paa~E~e~~ .qTo OHM BH3blB8~TCff nepeH6HHblll. 3J!6KTPOll.8rHHTHblli noneH, 

conpOBOJtA81lll\}Ua 8BYKOBY~ BOJIHY, 8 H8 BH6WHHWI/I nepe"11.eHHbl.llM SJieK

TpmqecKI/IWII UJ!S MSrHHTHlill.111 nons~m. CymeCTB8HH06 OTJ!l/l'!He ACP OT 

peaOH8HCOB BO BHGIUlllX 8J!8~TpOM8rHHTHblX nonHX COCTOI/IT B TOM, '!TO 

OH H8 38BHCI/IT OT CKI/IH-8~6KT8 H norno~eHHe HOCll!T o6~ell.Hlill xapaK

Tep A8S8 B Kp111CT8JIJI8X C BNCOKHHH KOHneHTPBI.U'IHHII! sneKTpOHOB. ~py

roe OTJIH'!He CBH38HO C T8H, qTO AJ!ff nornomeHHH 8BYK8 cy~eCTB8HH8 

npocTp8HCTB8HH8ff H80AHOPOAHOCTD IlOJIH CH6~8HHli B KPHCTaJine; B 

npe.nene, KOr,na AJ!I/IH8 3BYKOBO~ EOJ!HH CTP8MMTCR K 6eCKOHeqHOCTH, 

norno11,eHHO 06p8I1188TCfl B HYJID. IlOSTOlilY mHpHHlil JIHHl'i.11 ACP 38BI/ICHT 

K8K OT ~6XSHll!8MOB peweToqao~ penaKcanmH, T8K MOT npo~eCCOB 

'AHcpqlYBWM HSOAHOpO;!tHMX H6p8BHOmecH~X pecnpe'AeJieHH.11 aneKTPOHOB. 

B08HIIIK8D~HX npH pacnpocTp8HSHME 8BYKS. 
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Ilorn0~8HH8 3ByKa 3H8KTPOH8MH npoBOAHMOCTH HS npOTHZ8HHH 

PHA8 H8T HayqanOCb KSK T80p8THqecKH, T8K H 3KCll8pHM8HT8HbHO. 

IlpH 3TOM, OAH8KO, p8CCM8TPKB8noc1,, rnSBHblM o6paaow, norno~8HH8 

3BYK8 KKH8THqecKHMH CT8ll8HHU CB060Abl 8~8KTPOHOB. Tauw o6pa-

30M, o6~8H ~X3KQ8CK8H KSpTXHS norno~eHHH 3BYK8 npOBOAft~KM KPH

CTSnno1,1 OCT8Banac1, HenonHott. B ~8CTBA8CHT!i1X rOA8X llOftBKXHCb 

TOHbKO AB8 T80p6THqecKH6 pa60Tbl, nOCBft~8HHb18 CllKHOBOMY norno~e

HHD 3BYK8 HS aneKTpOHSX npOBOAHMOCTH B ~enoqHblX M8Tannax/I/ H 

BHCMyTe/
2
/. PeaynbT8Tbl/I/ llOABeprSnHCJ, KpKTKK8 B CBH3H C TeM, 

qTo B 3TOtt pa60T8 CllHH-op6HT8Hl,H08 B38HUOA8ttCTBH8 aneKTPOHOB 

yqHTYBanocb Henontto/3/. Peayn1,TaTwl2/ nonyqall1'cR KSK qacTHYU 

cnyqaU AHH KPHCTannoB THna BHCMYTS Ha T8OPKH, K3nOK8HHOi B 

AHCC8pT8UHH. 

IlpeAnaraewaa AHccepTSUHR npeACTSBJlfteT cp6o'1 nonblTKY no

CTpoeHHH AOCT8TOqHo nonttott H nocneAOB8T6HbH0'1 T80PHH ACP H CBft-

38HHblX C HHM HBH6HH'1 B npoBOAH~HX KPHCTannax. ~nH p8W6HHH no

CT8BH8HHOtt 38A8qH Hcnon1,aonatt M8T8M8THQ8CKH'1 annapaT M8TOA8 

H6p8BHOB8CHOro CT8THCTHqecaoro onepaTopa (HCo)/4 , 5/, llOCKon1,Ky 

STOT M8TOA OCHOB8H HS H8H601ee o6ux IlP8ACT8BneHHHX 0 X8p8KT8-

pe 3BOHDUHH H8P8BHOB8CHblX CHCTBM. ~KCC6PT8UHH COA8PKHT III CTpa

HHU M8WHHOilHCHoro T6KCT8, 4 ~a6nauu, 70 ccwnoK Ha nHT6p8Typy 

H COCTOHT Ha BB8A8HHH, qeTblpex rnaB, 38KHDQ8HKH K npKnOK8HKH. 

MexaijHSMbl B38HMOAeUcTBHH aneKTpoHoB npoBOBHMOCTH 

Cl_() SB~M/6/ 

IlepBSH rnaBa ll0CBH~6H8 KayqeHHD M8X8HH3MOB B88KMOAettcTBHH 

KHH8TMQ6CKHX H CllHHOBb!X CT8ll8H6'1 O•06OAW 3H6KTPOBOB llpoBOAHMO

CTK co 3BYKOM. ~na 3TOI uenx llOCTpOeH Il0mlb1'1 3~KTKBBYI rs-
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Wl4HUOHH8B H lt) "" H + Ht1lt) --(ra1um1,TOHH8H I(, P -T60p!'l1ii 

B03MY~8HHH) npOBOAH~ero KpHcTanna B noCTOHHHOY YSrHHTHOM none 

H npH H8mltll1R 3BYKOB0'1 BOXHldo H -raYRinl>TOHHSH Cl!CT8Mbl B 

OTCYTCTBHe aByKoBo'1 Bontte, a cnarae1We, BXOAH~He B H~3 (t) 9 

nponopUHOHSnl,Hbl awnnHTYA8 3BYKOB0'1 BOnHbl H OlU'lCblBSDT paanHqHbl8 

U6X8HH3MH B88HKOA81tCTBHtt aneKTPOHOB co SBYKOH. 8TH W8X8HH3lil,I 

COOTB8TCTBYDT HOAY»HUHH aByKOBOR BOnHolt paanHqHblX B38!1!MOA8lCT

BH'1 KHH8THqeCKHX 14 CilHHOBblX CTeneHett CB060Abl aneKTpOHOB M6ll!AY 

co6ott H C ApyrHMH llOACHCT8Y8HH KpHcTanna. Kpowe Toro, CDA8 

BXOAHT rawanl>TOHH8HH.B38HliOA8ICTBHH aneKTPOHOB C conpOBOlt)l8D

~HK 3BYKOBYD BOHHY aneKTpOM~rHHTHW noneu. Ka:,noa !1!3 B38!'JHOA8i

CTBHtt H_i;5-(-t:) coAepuT 6eccnHH0By11 qacT~ H1,1i(O II! t1scr1, 

H sf (t), aaBHCHll!YD OT onepaTopa cmrna ane1nip0Ha. OueTCTBeH

HblH aa ACP RBnHDTCH cnHHOBble qacTH BSBHHOAettcTBHi Hsi{t). 
B npoBOAR~HX KpHCTannax cy~eCTBY6T uenw1 PRA M8X8HH3HOB B38HHO

A8~CTBHR IBYK8 co CllHH8MH sneKTPOHOB. B A!l!CC8pT8UHH nonyqeHH 

HBHb18 BYp8X8HHR AHR r8HHnl>TOHH8HOB STHX B38HHOA81CTBHI !I! oue

H8H nopHAOK B8llllllHHH BXO,lllill!HX B HHX KOHCTSHT. 

]lewopMBUHOHHO-Cill!HOBb1'1 M8X:8HH31i H ~§ COOTB8TCT~115T 

CllHH-Op6HT8Jll,HOlt qacTH A8~0pM81UiOHHOro B38HKOA81tCTBHH aneKTpo

HOB co aByKow. Ilbe3o-cnHHOBHR MeXaHH3W H:! cooTBBTCTByeT 

CllHH-Op6HT8nl>H0'1 QSCTH B38HYOA8'1CTBHH aneKTpOHOB C noneH aneK

TpaqecKoi nonHpHaauHH, nponopuHottan1,Ho'1 cue~eHHD B n&e3o-anex

TpHqecKIIX KpHCTannax. 8nBKTpouarHHTHb18 Y8X8HH3Hbl OTB8Q8DT B38H

MOA8iCTBHD cnHHOB C cawocornacOB8HHblM aneKTPOM8rHHTHblM noneu, 

oonpoBOXAS~HM aByKonyo BoJIHy. BaaHMOAe'1cTBK8 H~ c wsr

HJlTaoi KOKllOH8HTOl aToro nona HM88T 06b!Qllb!R H8rHKTO-JtHllOnl>HHtt 

BMA. 8neKTPHQ8CK8R KOMllOH8HT8 nonH B38HHOA8iCTBY8T co cnHHSH• 

qepe3 nocpeACTBO CllKH-opdHTSn&HOro B38HMOA8iCTBHH. COOTB8TCTBY-
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DDIHM rBHJ!L!'OHKBH H!5 611.n llOCTpoeH B paOoTe H~eTa/31. 
B Oom.wBHCTBe npOBO)tH~X KPHCTannoB cy~eCTByeT CBH3L Me&

AY KHH6TXqecKHMK K CllHHOBWMK CT8ll8HHMK CBOOOAW 3J!6KTpOHOB npo

BO~HMOCTI, o6yc~o•neHH8H, H&np■xep, OTCYTCTBl8M neHTp8 IHB&p

CHH B KPKCTBnnHqecKol peweTK6 HRH 38BHCHMOCTLD ~8KTOp8 Cll6KTpo

CKOnHqecKoro pac~en.neHHH OT HMllYnLCB. IlpH H81IHqHH TBKOI CBH3H 

norno~8HH6 8HeprHH 3BYKOBOff BORH!l KHHBTHqecKHMH CT6ll8HHIUI CB0-

60A!l aneKTPOHOB npKBOAHT TBK&e HK K3M8H8HKD COCTOHHHH HX CllH

HOBOI no~c•CT8Mll. HanHqHe TBKOI CBH3H 3KBXB8R8HTHO llOHBR6HHD 

CllHHOBHX no~p8BOK KO BC6M THll8M B38HMoieAcTBHi 3BYK8 C sneKTpo

HBMH - T.e. B03HHKHOB6HHD HOB!lX X6X8HH8MOB CllHH-3BYKOB!lX B38H

MOA6ICTBHI, C llOMOlltLD KBHOHHqecKoro npeo0p830B8HHH, YCTp8HHDllt8-

ro B nHHeiHOM npH0nH&8HHH B38HMOA8ICTBH8 KHHBTHqecKHX H CllHHO

BllX creneHeff CB000All, B ~ccepTanHH B!lqHcneH!l rBMHRLTOHH8H!l 

H ilT H f'T H n H 'IIIT CilHH-3BYKOB!lX B38HMOA8ffCTBHff S5 , s5 , s~ , l.f , 

cooTBeTCTBYDlltllX STHM wexaHHawaw .nna KPHCTannoB THna CJ 5 
' S,, Ge, I,sg 161. 

Bee nonyqeHH!l8 B ,lU(CC6pTanHH raonLTOHHBH!l CllHHOB!lX B38X

MOA8lCTBKi xoryr O!lTL 38llHC8H!l B cne~Dllt8M 0611t8M BKAB(YA00HOM 

ARH 8H8RH38 KHHBTXKH ACP: 

3.nec1, 

H ( ) ""° ..i:-• .. ; j" iwt sJ t = ?-: "P-; l 1) 'I.Hf> 11, e .. ., 
T"' - s r-"'•.«,-:; = ~ {s~ r~· r~~ •~·Xj} l1l l-i,) f..,_ J J J ___ , e 

~ 

(I) 

J.:'11 .... 
'1-'-i l 'P C -qxcnoBwe MBTPKIU,1, onpe~enHDlltH8CH CBOI-

CTBBMH KPXCTanna; - -> '!,(Cf) - B8KTOpH8H 8Mll.lIHTYAB, Q_ - BO.n-
. °' r JC HoBott B6KTop, w - qacTo:ra aByKoBoit .aonHu; XJ , PJ , SJ -

KOMilOH8HT!l onepSTOPOB KOOPAHHBT!l, KHH8THqecKoro HMnym.ca H CllH-

6 

HB J -Toro aneKTPOH8LCOOTB8TCTB6HHOi HHA6KC!l f"' 1 ol1 , cl,_ 1 --

npoOeraDT SHaqeHHH (+, o, -), 8 CKOOKH {---,---} o003H8-

qaDT CHMM8TpH30B8HH06 npOH8B8A8HH8, TaKHM oOpaSOM,BCH B8KTOpHO

onepsropH8H cTpyKrypa Baa11Mo.nettcTBHtt Bu.nene~a B onapaTopax T\,p. 

3BllHCI, raMH,lII,TOH118HOB CilHHOB!lX B88HMOA6liCTBHtl: B qiopMe (I) 

YA06H8 TBM, qro KBEAOMY H3 oneparopoB ,11 (if) COOTB8TCTBy-

er OAHB onpe.neneHH8H nHHllH ACP. Hanp11Mep, oneparopau Tt(1) 
OTBeqaeT OAHB nHHllfi H8 388M8HOBCKOtl: qacrore W& 1 AOCT8TQqHo 

ysKaH, qro611 ee MOEHO"H80RDA8TI, H8 3KCnepHM8HT8. OneparopaM 

T + c(. 
- OTBeqaB)T TPH .lIHHHH H8 qacrorax c.:1i; , We+ Ws J 

w.- Ws ( Wo - n11K.lIOTpOHH8H qacTora), npH AOBO.lII,HO ~eCTKHX 

yc.nOBUHX H80.lIK>A88MOCTH, 1l8CTOT!l ACP IlP6ACT8B.lIHJOT COCJOH He qro -HHOe, KBK qacTOT!l npenecCHll B IlOCTOHHHOM uarHHTHOM no.ne H 
CM8W8HHllX CllHHOBO-HMilY.lII,CHllX MOMBHTOB 3.ll8KTPOHHOro pacnpe,ne.ne

HHH < T 'II (if)) . B ,n110cepTanm1 npne.neHu tta6op11 onepaTopoB 

Tn(~) A.lIH Ka~oro 11a cn11H-3BYKOB!lX rauH.nI,TOHHBHOB H cooT

BeTCTBYDlltH6 HM H860pll qacTOT ACP B KPHCTa.n.nax Si , Ge , In sg, (AS. 
~.nH Cp8BH8HHH MB~AY co6on HHT6HC11BHOCTett paa.nHqHllX CllHHO

BllX B3811MO,netl:cTBHli B AHCC8pTanHH npllBOAHTCH oneHKH nopH,nKa 

Be.nHqHH!l cpeAHHX MarHHTHux HHAYKn11n Bf s(MieKTllBHux warHHTHWX 

no.nett, KOTOp!le no CBO6MY .nettCTBHD HS CllHH SKBHB8n6HTHU COOTBeT

CTBYDlltllM Baa11Mo.nettcTBHHM H,,t • Ha srHx onettoK BH,nHo, qTo 

S.ll8KTpouarHHTH!l8 M6X8HH3Mll B3811MO,nettcTB11H BO BC8X c.nyqaHX npe

He6peE11MO M8.lIU no cp8BH8HHJO C .ne~opuanHOHH!lM 11 llI,6303n6KTpHqe

CKHM, KOTOpue OK8SUB810TCH OAHOro nopH,nK8 Be.n11qmrn. 8TOT pesyn1,

T8T cor.nacyeTCH C ~8HHllMH, no.nyqeHHllMll B TBOPHH CilHH-qJOHOHHOtl: 

pe.naKcanHH, MexaH113Mll, COOTB6TCTBYJO!J1H8 CBHSH Me~,ny l<HH8THqecKH

M11 11 CilHHOBllMH CT8Il8HHMH CBOCJo,nu, OK8311B8JOTCH B0001J18 cpaBHHMllMH 
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no nopH,1.\RY BeJrn'lHH!l C ,1.\eqiopM8UHOHHO- R nr,eso-cnRHOB!lMH, HO MO

ryT Ii 38MeTHO npeB!lillBTb RX. 8TO oco6eHHO CRnbHO npOHBnHeTCH B 

RpHcTannax THna CdS , r,1.\e BBJIRRO Baa111.10,llei1cTBHe RHH6TR'l6CRl4X 

14 cnHHOB!lX CTeneHett CB060,1.\ll aneKTPOHOB. 

IlornomeHHBH MOmHOCTb H ill14p14HB nHHHtt/?/ 

Bo BTOpon rnaBe IlOCTpOeHO o6~ee BllpBEeHne ,1.\nH SBYKOBOll 

MO~HOCTH, norno~eHHOll npoB0,1.\H~HM KPHCTannou npH pacnpocTpBHe

HHH B H6M SBYKOBOH BOnHll, H HB ero OCHOBe HBH,1.\8H 'lBCTOTHllH 

cneKTP Ii Bll'lHCneHB illRpHH8 nnHHH ACP. liCX0,1.\H HS Bllp8E6HHU ,1.\nH 

wnpHH!l nRHHtt, Mll onpe.itenann HHTepBaJIN 3BYJC0BllX qacTOT,B KOTOpux 

ACP MOEeT H86nI0,1.\BTbCfl 3KCnepHM8HT8nbHO. Ilorno~eHH8 3BYKOBOi1 

aHeprHH paccuaTpHB88TCH B OKpeCTHOCTH pesoHBHCH!lX 'lBCTOT B 

KB8,1.\p8TH'lHOM npH6nllE8HllH no aunnHTY,1.\8 cue~eHHtt (cna6oHenHH8i1H!li1 

peEHM ACP). 

Cpe,1.\HHH 3ByKOB8H MO~HOCTb Q , norno~eHHBH npoB0,1.\H~HM 

KpHCTannoM c rauHnbTOHHBHOM H , HMeeT BH,1.\: 

0 

Q=Qlt), Q(t)= _plJt◄ eeti ( 'i)~~m' e t~H 'vH~llM,lfi;H)~2> 

3,ll8CJ:, qepTa CBepxy 03HB'l88T ycpe,l\H8HH6 no .Bp8116HH t , j3 -
o6p8THBH PBBHOB6CHBH Te1.mepaTypa CHCT8MN, 8 CK06KH (---,---) 

o603HB'lBIOT KBBHTOBYIO KOppenHUHOHHYIO \IJYHKUHJ4/: 
4 

(A,B):5 J1(6A,6B(1ip1)),, l:lA-<A>o, <A~=Sp(A_po), 
O 0 

r,1.\e p
0 

- paBHOBBCHOe pacnpe,lleneHHe rH66ca. ~op»yny (2) .l\nH 

norno~eHHOU MO~HOCTH HOllliO paCKPliTb, nonbSYHCL ~eno11Kon yp8BH8-

HHU ,1.\RH ,l\ByXBp8H6HHUX ~YHJCIU!i1 rpHH8. EcnH BBID!tUIHU 

.!l._=JAW~+ (ol,+olz.+---)Wo, 

• 
(}A,oL;)= (+ ,0,-) 

'> 

npe,1.\CT8BnHIOT co6ott peaOH8HCH.ll6 llBCTOT.ll ACP. TO ,1.\RH norno~e1mH' 

COOTB6TCTBYIJl!l6rO 3TOU nHHHH, 6y,1.\6M H!.16Tb: 

r"' ... 
Q I 1.\, J..-11 _ i ... 

1
2. ('T,, TT"_,, ·) (ci,,w) 

11· P W Li+'-i('\,)'U t,) ("{),I(-'{) 11 7. 2.' (3) 
' t . (r (~.w))+(n,.-w) 

r,1.\6 r \, ,W) - illHpHH8 p630HBHCHOi1 nHHHH, o6yCnOBR6HHBH ,1.\HqJ-

\IJY3H6H aneKTpOHOB H pacceHHHeM HX HB peweTK8. 

C TOttHOCTDIO ,1.\0 l!R6HOB nopH,llK8 'l,2, H B 6opHOBCKOM npH6nH

M6HHH no .BSBHM0,1.\eUcTBHIO aneKTPOHOB C pacceHBSTenHHH mHpHH8 nH

HHH onpe,llenHeTCH Bllp8E6HH8!.I 

r'II . (j\'11 'II 

<f,cJJ - 'tt I.J lW) -t V {C.J) ' 

r,1.\e 

< e 

u\11 q'\'11 J. (i\'11 • 2, 
-V ( W) : J-1 II ( c.>) C,0.5 f} + J.J.1. ( c.>) $111 0 

-> 
- yron Mell,l\y BeKTopawn ~ H H ) , a 

- T8H30p ,1.\H\Il\IJY3HH 
11 )) (w) - IJBCTO-

TS 0,1.\HOPO.itHOtt penaKC8UHH: 

cp~ lw) = 'Ill_,. Rt so Jt e(E-i..i1t ( r·· r-.. l*)) 
('r, 1M) •O, \ I 

Ci:\" " '111-2. ~j0Jt e{£-iw)t 1('f~t r ..... -ttl') + ( rp'II- rr-"\t))} 
1..JJ.tw> l'i'".r_,.) _.,.. l , , (4) 

0 

11 ~ IL 5 l t (£-iw)t ( t ,i rj,-11 .\ 
V l w > == ('1'", 'I') ru: _,,_"· e ltJ , 1 m (-1:); 

• 'II ~ 'I\ -

T(ei = if [ T , Hee], (5) 

'II T'II 11 
r,1.\e T= (~ .. o) apryMeHT t y T oaHat1aeT renaett-

6eproB~Koe ripe,llcTaBnettHe, Hee"' Het + [ 'r, Het], Hd -
raHHnoTOHHBH .asan1,10,1tei1cTBHH aneKTPOHOB c pemeTKon, a T - one

patop KBHOHl4l!6CKOrO npeo6paaOB8HHH, ycTp8HHll1116rO B nHHe'ttHOH npH-

6nHX8HHH HS rauHnLTOHHaHa H .asaHH0,1.\ettcTBHR uex.ity KHHeTRl!e-
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CKl1Ml1 (K) 11 Cil11HOllllMl1 ( S) CT8Il8HHMl1 CllOClO,llll 31leKTpOHOB 

npOllO,llliMO CTH. 

Ilpo.11011bH8H l1 nonepeqHaH KOMilOH0HTJ1 TeHaopa AH\M>Y3l1l1 'D~ 
l1 <£): 1 ll CllOD oqepe,llb,OClHapyZHll8DT pe30H8HCHUH xapaKTep. Be-

'11 fTl'll ry,'11 
111-1ql1H8 )} tw) 88lll1Cl1T OT CTPYKTypu onepaTopa I • EC11l1 I 

He co.11epJKl1T KOMilOHeHT aneKTPOHHOro l1MilY11bC8, TO B KOMMYTBTope 

(5) OT1ll1qeH OT HY11H T01lbKO BK118,ll M811UX 1 38Bl1CH~HX OT Cill1H8 

B3811MO,ll0HCTBl1ii 3110KTpOH8 C peW8TKOii, l1 V'II IlP8'ACT8BnHeT CO

Cloii qacToTy pe11aKcau11u npoAOJibHoro ( Vus) HJIH nonepetrnoro ( Y.u) 
Cill1H8 aJieKTpOHOB npoBO'Al1MOCTH. Ecn11 1'"' 38Bl1Cl1T OT HMilYJibCB, 

TO B (5) OTJil1qeH OT HyJIH llK118'A rnaBHliX, CleccnHHOBUX qacTeii 

B3Bl1MOAeiicTBHH aneKTPOHOB c peweTKoii, BCJieACTBHe qero V"' cTa

BHTCH rop83'AO ClOJibwe, qeM B IlP0'Ali'Ay~eu CJiyqae, H no IlOPHAKY B8-

n11qHHU connaAaeT c qacToToii JI1160 npoAonbHoro ( l/11 ,,,) JIHClo no

nepeqHoro (VJ.~) 1-1unyJibCa aJieKTPOHOB. 0AHOPOAHBH qacTb aaTy-

xaHHH TeHsopa ,ll111pqiys11u BcerAa 111o1eeT nopHAOK BeJIHqHHU V11111 1rna 

}).Lill, T8K KBK onepaTop Il0TOK8 BeJIHqHHU rr"'ri > BCel''A8 

COAepEHT KOMilOH8HTY 11MilYJibC8 1 XOTH 6U 11HH8iiHO. 

B pe30ll8HCHOi! TOqKe (..v = ..0..,. W.tpl1H8 JIHHHH ACP no nopfi'A

KY Be1111q11nu HueeT BH,ll: 

-n v'J, v2 r = ~2, ( _!L CPS'° & + -=-
Vu"' '), 

k- sin2. g) + v·n, · 
i V 2. Wot -'-• 

rAe V
11 

H ¼. - cpeAHHe CKopocTH xaoT11qecxoro ABHlleHHH 

(6) 

8118KTpOHOB B'A01lb H nonepeK H8Ilp8B118HHH IlOCTOHHHoro warHHTHoro 

IlOJIH. ACP Cly.z1eT H8ClJID'A88W npH ycnOBHH r~ << .Q.n • B 'AUC-

cepT8UHH oelcyn'A88TCH 3TOT KpHTep11n 'AJIH pasnHqHoA CTPYKTypu one

PBTOPOB 'T'"' t COOTB8TCTBYD~X JIHHHHM p830H8HC8. llOApOClHO pac

CU8TpHB8DTCH cJiyqau, KOrAa T"' He aaBHCHT OT 11uny11Dca H KorAa 

1'"' CO'A8P~HT KOMilOH8HTY HMilY11bC8 B nepBoii CTeneHH. 
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A. Ecm1 onepaTop TTI., I± He aauc11T OT HMilYJibca, eMy 

COOTBeTCTByeT 0'AH8 pe30H8HCH8H JIHHl1H H8 qacTOTe il.,. " (A.)s , 

8 Y11 B Blip8JK8Hl111 'A11H Wl1pl1Hhl 1111HHH r 1 
: r± COBil8,1186T C 

qacToTon peJiaKcau1111 nonepeqHoro cn11Ha lis . TaK KBK AnH aJieK

TPOHOB npoBO'AHMOCTH ))J.s ~;:. VJ.,. , JIHHHH ACP OK83hlBaeTcH Ta

Koii JKe ysKoii, K8K 11 B CJiyqae 0611qHoro H80,llHOPOAHOro napaMeTpli

qecrrnro pe 30H8HC8 • YCJIOBlie r 11 
<_.(. .D,_~ lllillOJIHHeTCH, eCJIH peao

ll8HCH8H Jll1Hl1H JielKl1T B 11HTepB8Jl8X qaCTOT: 

. r? ...,, -} 
v11111 y;. np11 ~ II H 

II 

is" ➔ -} 
V J.s << W 4 ~ V .J.1'1 ·V.'J, np11 ~ .L H , w.,.u:: ))~111 

• (7) 
w~ 1J,S'- ~ ➔ 
_

0 
_. npH '\,.L H' We>> v ...... ' 

Y ... ,. Vf 
rAe s - CKOPOCTb BByKa • 

.,.,,, fTI :to(. 
E. Ecn11 onepaTop I : I CO,lleplKHT KOMilOHeHTY 11MilY1lbC8 

Jll1HeiiHO, ACP ClyAeT CO,llepxan Tpli JIHHl111 H8 qacTOT8X w(,, W.,-tcJs, 

Wc-Ws COOTBeTCTBeHHO Tpeu 3HaqeHHHM d., = (+, o, -). 0,llHO

pOAHBli qaCTb V 'n Wl1pl1Hli 1111Hl111 r"' OK83!1B88TC!i nopH,llK8 

qacTOTli peJIBKCBUHH mmynbC8 Vu,,. 111111 v~,,, • CneAOB8Te1lbHO, 

JIHIUIH ACP BOOCl~e ,ll011JKHli 011Tb rop83'AO w11pe, qe1.1 B CJiyqae A. kia 

Blipa~eHHH (6) CJieAyeT, qTO np11 npo.11onbHOM pacnpocTp8H8Hl111 3BYK8 

Booel~e 11 np11 nonepeqHoM pacnpocTpaHeHHH B cna601.1 1.1arHl1THOJ.1 none 

( Wo ~< VJ.~·) H6P8B6HCTBO r"' ,(..( .Q_TI He Blill011HH6TC!i HH B 

KBKOM HHT6pB8118 qacTOT - ACP OK83liB8eTCH H6H86Jl~,ll8eJ.111M. 9TOT 

peayJibTBT ocTaeTCH cnpaBe,llJIHBli!.I 11 B oCl~eM cnyqae onepaTopoB, ~ 

38BHCH~HX OT HMilY1lbC8. IlpH nonepeqHoM pacnpocTp8H6Hl111 3BYK8 B 

Cl11lbHOJ.I uarHHTHOJ.1 none (Wo>> v.A.~) KpHTepHii H8611D'A88MOCTl1 

BHilOJIHHeTCH B qacTOTHOJ.1 HHTepBaJie 
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(8a) 

;!IHR HHHHH ACP Ha qaCTOTe 

H B qaCTOTHOU HHT8pBane 

..n." = ws c IIIHPHHOil r±o~ V 
- Ulll 

v.J..111 << w -« CJ; 'J.S'

V.._.. V; 
;!IHR HHHHil ACP Ha qacToTax .n.,, = Wo :! CJs 

r-±,:!: ::::! v.L.'111• 

(86) 

C IIIHpHHOil 

B ;!IHCC8pTaUHH noKa88HO, qTo cnyqail A peanHayeTCH, H8npHuep, 

S. Hd HdT HH B KPHCTannax THna 't- uexaHH8M8UH Si 
I 

SJ 
I 

SJ H B 

KpHcTannax T1rma CJ S wexaHH8M8MU H ~ , H ~ , H;;. MarHH

TO;ztHnonbHblil Mexau:11au H~ pean:11ayeT BO Bcex THnax KpHcTannoB 

He / 
cnyqail A, 8 M8XaHH8M HW8Ta Sf - BO BC8X THil8X KpHCTannoB 

cnyqail E. B KpHcTannax THna In SS uexaHH8Mhl, oCiycnoneHHble 

CBfl88HHblM C HHB8pCHOHHOil 8CHMM8TpHeil B88HMO;zteilCTBH8M KHH8THqe

CKHX H CilHHOBblX CTeneueil CBOCiO;ztbl aneKTPOHOB, CO;ztepEaT B CBOHX 

raMHHbTOHHaHax ,l{ononbHO 6onb111He ua6ophl onepaTopoB T~. 0HTe

pecHaR ocoCieHHOCTb 8TOro cnyqaa COCTOHT B TOM, qTo cpe,l{H 8THX 

na6opoB BcTpeqaIOTCH ,!{Ba THna onepaTopoB T" , npeuecc:11pyI0111Hx 

(T + oo .,, ... +-) 
Ha qacToTe W5 , npHqeu nepBhlil Ha HHX -, , 1 -,-+ 

88BHCHT OT aneKTPOHHblX HunynbCOB (B ;ztHarOH8HbHOil KOM6HH8UHH), 

a BTopoil ( T±) - He aaBHCHT. 3To oaHaqaeT, qTo cooTB8TCTBYI0-

111aa HHHHH ACP Ha qacTOT8 C.Vs Ciy;zteT npe;ztcTaBnHTb co6oil uanoxe

HHe IIIHPOKOil HHHHH (c IIIHPHHOil nopH;ztK8 qacTOTbl penaKCaUHH aneK

TPOHHOro HMnynbca) H yaKOil HHHHH (c IIIHPHHOil HHHHH H8O;!1HOPO.l{HOro 

napawarHHTHOro pe80H8HC8). 0THO1118HH8 HHT8HCHBHOCTH yaKoro U8HT

panbHOro THna K HHT8HCHBHOCTH IIIHPOKOit HHHHH no nopR.l{KY BenHqffHb( 

paBuo t\t /'Ill's .( ! . IloaToMy TaKaR CTPYKTypa nHHHH ACP 

12 

B l-n SB MOE8T 6b1Tb OCiHapyzeHa TOHbKO ;ztnfl ;!IOCT8TOqHo KO-

pOTKOBOnHOBoro 8BYK8 npH M8HblX cpe.l{HHX aaeprHHX aneKTpOHOB E 
(1W8KH8 TeunepaTypbl ;!IHH H8BblpOE;!l8HHblX aneKTPOHHblX pacnpe;ztene

HHit H M8Hbl8 KOHU8HTp8UHH B cnyqae BblpO~;!18HHblX). 

YpaBH8HHH 6anaaca TeunepaTyp/8, 9/ 

,TpeTbH rnaBa IlOCBH1118Ha IlOCTpOeHHIO ypaBH8HHil aaepreTHqeCKO

ro 6anaHC8 ueE;zty paanHqHb(MH IlO;!ICHCTeuauH npoBO;!IRIIIOro KpHCTanna 

B cna6o H8HHHeilHOM pelKHJ.le ACP. B KPHCT8nne UOEHO Bbl,l{8HHTb cne

'AYIOIIIH8 H8p8BHOB8CHbl8 Il0,l{CHCT8Mbl: IlO,l{CHCTel!bl KHH8THqecK11X ( K) 

H CnHHOBblX (5) CTeneHeihCBOCiO,l{bl aneKTPOHOB npoBO;!IHMOCTH, no;zt

CHCT8M8 paCC8HB8T8 neil ( t) - gJOHOHOB H npHMecoil, IlO;!ICHCTeua 

ll,l{8pHblX CilHHOB (-n} H IlO;!ICHCTeua paB~OB8CHbIX CTeneHeil CBOCiO;ztU 

- T8pMOCT8T (T) , Ey;zt~M cqHT8Tb, qTo B ycTaHOBHBlll8MCH peJIHMe 

H8Cbllll8HHH ACP cy111ecTBYIOT CTaUHOHapHue HepaBHOB8CHb18 TeunepaTy

Pbl IlO;!ICHCT8M p;1 
, p;1

, p,.' 
1 

p;1
, OTnHqHb18 K8K ;ztpyr OT 'APY-

-4 
ra, T8K HOT TewnepaTypbl T8pMOCT8T8 j!>. 

EcnH norno111eHH8 8BYKB CilHHBMH aneKTPOHOB HM68T peaoHa!CHblit 

xapaKTep, OTKHOH8HH8 f>s OT paBHOB8CHoro auaqeHHH P, 6y;zteT 

HM6Tb M8CTO B yaKOM HHTepBane qaCTOT nopH;ztKB llllipHHbl HHHHH ACP. 

B TO ll6 Bp8Mfl OTKHOH6HHe pk OT paBHOB8CHH (paaorpeB KUH6TH

qecKHX cTeneHeit cBo6o;ztbl) 6y;zteT o6ycnoBneao, Bo-nepBhlX, Hepeao

H8HCHhlM 6eccnHHOBblM B8BHuo;11eitcTBH6M H k£ (t) H, BO-BTop1,1x, 

nepe;11aqitt qacTH 8HeprHH OT HepaBHOB8CHOit CilHHOBOH IlO;!ICHCT8Mbl 

K KHH8THqecKHM CTeneHHM CBO6O;ztbl B npoueccax CilHH-peweToqaon 

penBKCBUHH. Ilocne;ztHHit M8XBHH8M B ycnOBHHX ACP ;!IOJIJK6H npHBO;!IHTb 

K peaoHBHCHOMY HaueueaHro napaMeTpa PK• 
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C IlOMOll10D MeTOAB HCO B AHCC8pT8UHH nocTp08H8 CHCT8M8 

ypaBH8HHtt 6anaHC8 TeMnepaTyp AnR OTKnOHeHHn OT paBHOB8CHH 

Cr,. : Pi _ ~ 1,: I< S e TI 9TB CHCT8M8 HM88T BHA: 
o J ' r' J ' , ' , • 

Lu(h ~}'kt LKS(b~Js - Ll(e\!)~j\e +QI(= 0 

LsK1h b~K + Lss1l1~J,s - Lwr.1 b~t +Os== 0 

LKe(!t)JK + Lsetl/~Js- (Lee(e,+ Lttc1))~_?t= 0 (9) 

rAe 
LKec111b.?ic+ Lsecr/llJ>s- (LeeN-+ L11,,T1)~p11 = 0, 

O it ' ' 
Ljj•i,,; = S Jt e ( H.i1•1, Hr,-) ltl) 

. ~ 

Hi1•1 "' TT [ Hj' He,.] 

G Et ' ' ) 
L,..,IT)-= 5 Jt e ( H,.tT). H,.,,ri lt) _.. ' 

. _ _L[H H ] 
H,.11) - it "'• 'lot "(IO) 

(j Id'> '= ( 1£ o S, e) e»l<+S ''". ""') = ( e, n ) • 

Het H He• - rawHn0TOHHBHu B3BHMOAencTBHH aneKTpOHOB c pac

cenBaTenHMH H HAep11uwn cnnaaMH, Htt H H11 - raw11n0TOHHBHU 

B38HMOAencTBHH pacceHB8Tenen H HA8PHhlX CilHHOB C T8PMOCTBTOM, 8 

QI( H Os - aByKoBue MOlllHOCTH, nornoU1eHHue KHH8TH11ecK1111..11..11 

CilHHOBUMH CT8Il8HHMH CB060AU aneKTPOHOB,COOTB8TCTB8HHO: 

5° Ei, ( 11 'vHe5!11 i~.H '0Htt\M,l -~) 
QK,S::: QK,S (t) > Ql(,Slt}: .i' __ Jt1 e .Llu c)t > e t '<)t e 

5- -Et ¥ i o - ,tH 
Ak,s-·-::: 0 Jt e e i'I; [Hw,s, ---] e 11 

(II) 

H
o f -d HH ;+H 
k's= f J J-! e eT H",s e--.-

• 0 

s~o. 

B AHCCepTBUHH BUllHCneHU B HBHOM BHA8 BC8 KOppenHUHOHHUe 

qiyHKUHH LJJ'c .. , H L1o1 ... 'LTJ • IloKaaaao, qTo B cny11ae, 

14 

KOrAB onepaTop CilHH-3BYKOBoro B38HMOAencTBHH He 38BHCHT OT HM

nyJ10C8 H COOTB8TCTB8HHO ACP nerxo HS0JIDA88M, noqTH BCH 3BYKOB8H 

MOlllHOCTL, norJIOlll8HHSH KpHCTSnJIOM aa peaoHBHCHon 1l8CTOTe, IlOCTy

nseT no K8HS.1y "aByJCOBSfl BO.IHB ~ aneKTpOHH.1,16 cmtHY11
1 T.e. 

QK = 0 , Os= Q • Hail,zleau cT·aunoaapu.1i1e peweHHH ypaBaeaH'1 

Oanaaca B 3TOM cnyqae npH p88HUX M8X8HH3MSX p8CC8HHHH aneKTpo

HOB H psanHqaux CKOpOCTHX nepeAS1lH 3HeprHH no KSH81!8M "aneKTPO

Hhl-p8CC8HB8T81!H-T8pMOCT8T11. 9TH peW8HHH onpeA811HDT ycnOBHH pa

aorpeBa KHH8TH1l:8CKHX CTeneaen CB000Ahl aneKTPOHOB npoBOAHMOCTH 

npH HBChllllBHHH ACP. 

A. ECIIH npeo011BA8Dll1HM M8X8HH3MOM penaKC8UHH KHH8THqecKon 

H CilHHOBon 3HeprHH HBnH8TCH pacceHHHe HS 8KYCTHqeCKHX qJOHOHax, 

B03MO~Hhl C118AYDlllH8 1l8CTHhl8 c11y11aH: 

a) qJOHOHU Il8P8A8!0T aaeprHD T8PMOCT8TY ClhlCTpee, 118M nonyqa

DT ee H3 aneKTPOHHUX Il0ACHCT8M. TorAB BUilOJIHH!OTCH COOTH0lli8HHH 

bpt < ~ JK < ~ J s • B 3TOM cny11ae qioHOHhl npaKTnqecKH 

OCTSDTCH B paBHOB8CHH, 8 paaorpeB KHHeTHqeCKOH Il0ACHCT8Mhl OKa-

3.lilB88TCH cna6uw. 

0) OOMeH 8H8prHen no KSHany K- t IlPOHCXOAHT OhlCTpee, 

11ew yTeqKa no KSHsny f - T, a cKopocTL 3TOH yTe1lKH npeB!IlllS

eT CKOpOCTL IlOCTynneHHH no K8H8JIY s- t , BunonHHIOTCH COOT

HOW8HHH b Ji = ~ JK < b Js • B aTow c11y11ae aepaBHOBecaocTL 

qJOHOHOB He BnHH8T HS CKOpOCTL pe1!8KC8UHH 3118KTPOHHUX CilHHOB, 8 

paaorpeB KHH8TH1l8CKHX CTeneHen CBOOO~hl paBHH8TCH paaorpeBy wo

HOHHon no~CHCT8Whl. 

B) ~OHOHU nepeA8KlT 3HeprHD TepMOCTBTY WBAnermee, qew nony

qsf()T ee Ha 3118KTPOHHUX Il0ACHCT8M. TorAa BUil011HH8TCH COOTHOW8HH6 

bJt = ~JK = ~.?s· 
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B 3TOM cnyqae pe~aKCBUMfl 388Y8HOBCKOa SHeprHM onpeAenHeTCH 

nponycKaTenLHOi cnoco6HOCTbll KBEana l--+ T B aa6n~.ztaeTCH 

CI.rnbHliti paaorpe:a ii)OHOHOB g conpoBOZ~81lIJUiilCfl C~lJX!,Hl,lld paaorpeBOil 

KMH8TmqeCKMX CT8Il8Het CBOOO~li aneKTpOHOB. 

CMTY8Uldld (6} H (B) COOTB8TCTBYllT rpOHOHHOMY ya~o~y ropny 

AnH nepeAaqM SHeprMH OT 3BYKOBOi BOnHli K T8pHOCT8TYo 

Eo EcnM penaKC8UMn K~H8TH~8CKOl 3H8prMM onpeAenHBTCfl pac

CBHHM6li H8 8KYCTmqeCKHX 00HOH8X9 HO penSKC8Uldfl CilMHOBO~ 3Hep

rMH - ynpyrmu pacceaHM8M HS HawarHMTHliX npH~8CflXo cy~eCTBYBT 

B03MOZHOCTb paaorpeBa KMH8THqeCKOM IlO)tCHCT8~li9 H8 CBH3BHHOrO C 

paaorpeBOll noACMCT8Mh! pacceHBBTanalo 3A8CL npe.itCTBBHflllT HHTepec 

cneAYll~Me cnyqam~ ) L 
a) p8BHOl38CH.18 i))oHOHh! - '?Or.its /'ti. = ~ r;ite d..o= ~) 

Ps ~ +c!o Ltt~lll 

To8• 3H8llMT8nLHh!~ paaorpeB KMH8THll8CKOM IlOJtCHCTBliH )tOCTHraeTCH 

npm L$~lf> > LK.cliJ, c L OJK ;¾t<o!o ~ 
6} rpoHoHttoe ya1:toe ropno - TOr.ita c;-" - r.zte ~I(= L ' 

Or£ 4 ❖ a(~:,!• (f(T) 

MnH ycnoBH8H 3HaqHT0llLHOro paaorpeBa KMH8THqeCKO~ no.itCMCT8lllhl 

HBnHeTcH Lssio > Lm,1• 

IlonyqeHHli8 B JtMCC8pTSWiK HBHY8 Bupa:eHHH .itnH KOPPBJIBUMOH-

HUX ~YHKUHil ~BDT B03HO:HOCTL OU8HI4Tb Bhlll011HHHOCTL KpHTBpHBB 

CMllbHOro paaorpeBa KHHBTHqeCKHX CTenaaatt CB060AH aneKTpOHOB 

BO BCBX paao6p8Hl-lliX cnyqaflX. IlOK83lllHOi aanpmuep, QTO B 'n- I-nsg 
ycnoBHB paaorpeBa B cny11a Ea BunonaaaTCfl Boo6~e TOnbKO npK 

oqeHL HH3KHX TeunepaTypax, B TO Bp8WH KBK B cnyqae E6 HOKHO 

nony'lHTb oonbruott paaorpaB H npH aToK ropaa,ito narqe. 

Ii 

K~aeTHqecKHe HBneHHH, conYTCTBYllSHe Acp/B, 91 

B qeTBBPTOM rnaBe IlOK838HO, qTo B ycnOBHHX H8CU~HIIH ACP 

AOnXHU H86nll.it8TbCH AIIH8MHqecxaH n~nHpH38UHH HABP (a~8KT OBepxa

yaepa) H P630H8HCH08 H3M8H8HH8 KHH8THqeCKHX K03ilxPHUH8HTOB THna 

aneKTponpoBOAHOCTH. 

B38HMOA6ilCTBHe HABPHliX CilHHOB C aneKTPOH8MH npOBOAHMOCTH 

KpHCTanna npHBOAHT K OTHOCHTenbHOMY H3MBHBHHll HA8PHOil CilHHOBOil 

nonHpH38UUH, nponopuHOH8RbHOMY p83HOCTH ftK - Js • B ycno

BHHX Hep8BHOB6CHOCTH KHH8THqecKHX CTeneHeA CBOOOAU 3118KTPOHOB 

ponb 3WW8KTHBHOrO nepaweTpa H8CU~8HIIH p830H8HC8, onpe.itellH~~ero 

CT6Il8Hb HABPHOil nonHpll38UHK, HrpaeT B81Il(QHH8 "l,)f lt "!, ( 4- ~::), 

r,11e "l - aHaqeHHe napawerpe B oouqHoA reopHH nonapH38UHH. C 

.itpyroA CTOpOHU, npH norno~eHHH 3BYKOBOU 3HeprHH HS P630H8HCHOil 

nHHHH .0.,, c W5 , KOrAB ACP AOCTBToqao xopomo Ha6nDAaew, paaorpeB 

KHHBTHqeCKOil IlOACHCT6Kli He MOX6T npeBUW8Tb paaorpeBa CilHHOBOil 

IlOACHCTBIW. HaH6onbWHil paaorpeB JtOCTHraeTCH npH CHTYBUHH WOHOH

HOro yaKoro ropna, Kor.its bJic"' b_F,5 • Ilp11 ~.Pie"' e_p5 ,oA

HBKo, BeJIHqHHS 'll,* oopa~aeTCH B Hynb - 3TO 03H81l86T 1 qTo HJ8p

H8H Il01IHPH38UHH He OYABT Ha6nD,ll8TbCH HnH OYABT oqeHb cna6oil. 

HaH6onbmee ~HaqeHHe HA6PHOil nonHpH38UHH AOCTHrBeTCH, KOrAa KHHe

THqecKHe CT8Il6HH CBOOOAli aneKTpOHOB OCT81lTCH B p8BHOBBCHH. Tor

AB irt~' H Mli Hweew 06UllHU£i 3ipql8KT 0Bepxayaepa. 

B ,lUICC6pT8UHH IlOK838HO, qTo OTHOWBHHe_ napaweTpOB H8CUJJ18HIIH 

ACP HS qaCTOTe n..,.:: CJs H 911P B napeweHHOK warHHTHOK none c 

8Kll11HTy,llO/l 84 , KK66T Bll,ll 

• \Ac, 
11 .. , 

a: 
V., 
rt 

( Bi )2, 
\B. ' 
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r,&e Bi - awweKTliBHOB nepeueHHOe uarHHTHOe none. no CB00MY 

,&eHCTBliID H8 cnHHU aneKTPOHOB 3KBMBBH8HTH08 3BYKOBOM BOJIHB. Ilo

K838HO, qTO B PH'A8 cnyqaeB STO OTHOW8Blie Y0~6T OK838TbCH 60J!bW8 

e,&liHHUU. Oco6eHHO CH!JlbHBH H'A8PH8H noJip~2lailMn npm H8C~~BHIIJIIJ 

ACP ,&011»:HB B08HliK8Tb B KpHCT8HJI8X THna C ~s • BCJ!!,! B38!11HO,l1Bm-

H kr H'r 
CTB1i8 cmmoB co 3BYKOM o6ycnoaneHO liBX8H!ti3U8HIIJ Sf '/Ii. $§ 0 

H~T HF 
Baawwo,ll;e!!CTBHH Sf ii SJ , CBl!38HHJ.,18 

c HHBepcmoHHOlii ac!llMllieTpMel1 KpHcTannDB T1ma l'l'I SS To~e ;itBDT I) 

38H8THYID .11,llepHyID nonHpH38UHID. 

B ,llHCCBPTBUHli paCCHOTpeHO pe30H8HCH08 IIJ3HeH8Hli8 3J!BKTponpo-

BO,llHOCTH G° H8BUpOE,ll8HHOro nonynpOBO,llHWKS, HOTOpoe ,llOJ!ltHO 

H86JIID,ll8TbCR npH H8CU~8HHM ACP. B npe,lUIOJI0:8HMli, qTO pacceHHIIJB 

aneKTpOHOB o6ycnoaneHO B381iHO,lleMCTBM8H C BKYCTHqecKHlili WOHOHBHM 

H ,&nR cnyqaR pBBHOBeCHOH ~OHOHHOM no,&CHCT8!,ll.l,I, nonyqeHB OUBHE8 

OTHOillBHHR a~~BKTOB H3M8H8Hlifl 3JI8KTponpoBO,llHOCTM B pe:HHe ACP IfJ 

B pe:i1ume anP: 

(~G) / (bG) _ V.1.s (~)2. 
CT ~CP \G :anr - ri B4 • 

(13) 

OueHKH noK83UB8DT, qTO aTOT aiM!BKT nerKO HB6nD,ll88W H wo:eT 61,!Th 

HCnOJlb30B8H ;ltJIR ;lt8T8KTHpOBBHHR ACP. B OTJIUqHe OT ;itHHBKHqeCKOA 

H,&epHO~ nonHpH38UHH, ycnoBHR npORBneHHR ail,xpeKTB pe30H8HCHOro 

H3Y8H8HHH aneKTponpOBO,llHOCTH B peEHYe H8CU~8Hlifl ACP ynyqwBDTCH 

B ycnOBHRX yaxoro ropna B KBHane penBKCBUHH aHeprHH OT HepaBHO-

BBCHUX WOHOHOB K TepuOCTBTY, 

18 

OcHOBHUe pe3YJlhT8TU 8HCC8pT8gHli 

I. PaCCYOTpeHU OCHOBHUe M9XBHH3Wl B38HMO;lt8HCTBHH cnHHOB 

aneKTPOHOB npoBO~HMOCTH C noneM cuemeHHH, BO3HHK8DIIIHY npH pac

npoCTPBHeHHH 3BYKB B npoBO'ARmeM KpHCTanne. IlonyqeHU raMHJlhTOHH-

8Hbl 3THX B38H!AO~eHCTBHH Ii oueHKH nopR,llKB BenHqHHJ.,I BXO,IVi~X B 

HHX KOHCT8HT. 

2. !IOCTpoeHhl BliP8llCeHHR ;ltJIR cpe~HHX 3HaqeHHH noJIHOH aKy

CTnqeCKOH MO~HOCTH, norno~eHHOH aneKTPOHBYH npOBO,llHHOCTH, Ii 

MO~HOCTeH, norno4eHHhlX KBllt,l.\OR HS H9P8BHOBeCHUX IlO;ltCHCTeM KpH

CTanna. Ha OCHOBBHHH STHX Bupa~eHHH nonyqeH cneKTP qacTOT ACP 

H 06~He WOPMYHU ;itJIR illlipHH pe30HBHCHUX JIHHHR. neT8JlbHO paao6pa

HU cnyqaH THilHqHID{ nonynpOBO~HliKOBUX Ii nonyMeTBJIJIHqeCKHX KpH

CTBHJlOB CJS , l 11 sg , Ge J S1 , &i. IlOK838H8 CBR3h Mell]ly mHpH

HOH JIHHHH ACP H onepaTOpHOH CTPYKTypoll cnHH-3:BYKOBUX raMHJlDT0-

HH8HOB. 06cyE~BIDTCR ycnoBHH H86JlID;itaeMOCTH ACP npn paanHqHl,IX Me

X8HH3M8X B38HMO,&eRCTBHR aneKTpOHHIDC CilHHOB co 3BYKOH. 

3. BuBO'ARTCR ypaBHeHia 6anattca TeMnepaTyp HepaBHOBeCHhlX 

IlO~CHCTeM KHHeTnqeCKHX H CilHHOBblX CTeneHeR CB060;ithl 3Jl9KTPOHOB 

H B38HMO;itel1CTBYID~X C HHYli 'AJIHHHOBOJlHOBblX WOHOHOB H R;itepHIDC 

CilHHOB. CT8UHOH8pHhle pemeHHH STHX ypaBHBHHH ;iteTBJlhHO nayqeHbl 

;ltJIR paanHqHUX M8X8HH3YOB penaKCBUHH HYilYJlbCa, SHeprHH H HBM8rHH

qeHHOCTH aneKTpOHOB npOBO,llliMOCTH. IlOK838HO, qTO B ycnoBHHX wo

HOHHoro ya~oro ropna peaKo BoapacTaeT paaorpeB KHHeTnqecKHX 

CTeneHea CB060;itli aneKTPOHOB npH H8CU~8HHH ACP. npyraR npnqHHB 

TBKOro paaorpeBa, YOJICeT 38KJIIDq8TbCR B KOCBSHHOM 06MeHe 3HeprHeR 

Mex~y KHHeTnqecKHMH H CIDIHOBUMH CTeneHRMH CB060;itli aneKTpOHOB 

npH ynpyroM pacceHHHH HX HB npHMBCHX. 

4. PeweHHH ypBBH8HHH 6anaHC8 liCilOJlb3YDTCH ~JlH OIDIC8HHR 'ABYX 

KHHBTHqecKHX a<Pq>eKTOB, conyTCTBYDmHx ACP - pe30H8HCHOro H3YeHe-
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HHR aneKTpHqecKoro conpoTHBneHHR KpHCTanna HB IlOCTORHHOM TOKe 

H AHHBMHqecKoa nonRpH38UHH RAepHHX CilHHOB. IlonyqeHH oueHKH no

PRAK8 BenHqHHH 3THX 34)q)6KTOB B paanHqH~ CHTY8UHRX. IlOK838HO, 

qTQ C pOCTOM paaorpeBa KHH6THqeCKHX CTeneHel CB060AH aneKTpO

HOB {~OHOHH06 y3K06 ropno, ynpyroe npHM6CHOe pacceRHHe) OTHO

CHTenbHOe H3MeHeHH6 llOABHXHOCTH yBenffqHB86TCR, 8 BenHqHH8 Mep

Hoa nonnpH38UHH Il8A86T. 

PeaynbT8TH AHCCepT8UHH AOKnBAHB8nHCb perynnpHO HS ceoaa

pax TiadopaTOPHH TeopetHqecxoR ~H3HltH ORHH H onydnDOBaBH B pa-

60T8X/6-II/. 
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