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A H H 0 T a U R H 

PaccMoTpea ·aonpoc o6 uanytteHRH aoa6y)K.ll8HHoro ocuunnHTopa B npucyTCTBHH 

T8KHX )1{8 H8B036y)K.ll8HHbiX OCUHnnHTOpOB 1 H8XO.llHllllJXCH OT Hero H8 paCCTOHHlflf MHOro 

6onbW8M .llnHHbl H3nyttaeMoil: BOnHblo noK838H01 'ITO 6 STOM cnyt[ae OCHOBH8H 'IBCTOTa lJ 

aaTyxaHHe MoryT nH6o pac~nHTh~~--~13.1{•_ H~npu~ep, 5 cnyttae, Kor .oa HMe~TCH __ f:icero 

.ll68 OCUHnnHTOp81 nu6o MOryT CT8Tb cpyHKUHHMlf yrna 1 nOLl KOTOpblM npOH3BO.lllfTCH 

Ha6nro.oeHHe 1 K8K 1 aanpHMep, B cnyttae .oocTaTottao .onHHHoil: nHHetl:aoa uenottKH ocuun

nHTopoa. 06cy*.llaeTCH aonpoc o BnHHHHH aToro cpaKTopa aa HanytteaHe H.llpa, axo.oH-

ll.lero B COCT8B KpHCTanna. 

~ 

Podgoretsky M.J. , Roysen J .J. 
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I. KaK xopowo II3BecTHO II3 pa.nHocneKTpocKonrnr H onTHKH [1,2] , HaJmqrre 

B6JIH3H B036y:m:.neHHOro H3JiyqaTemi .npyrrrx TaKHX :m:e H3JiyqaTenefi npHBO.llHT K HBJieHHIG 

nepeKaqKH 8HeprHH Me:m:.ny HHMH 1 qTo OTpa:m:aeTCH Ha xapaKTepe H3JiyqeHHH BCefi CHCT€1 

Mbl B UeJIOM, C KBaHTOBOfi TQqKH 3peHHH 8TO HBJieHHe CBH3aHO C B03MO:tKHOCTbiO "6ny

:tK.UaHHH11 BQ36y:tKneHrrH BHyTprr crrcTeMbi o.nrrHaKOBhiX rr3nyqaTenefi. AHanorrrqHbie HBne-

HHH .llOJI)KHbi 1 no-BH.llHMOMy1 B03HHKaTb H nprr H3nyqeHHH O -KBaHTOB B036y:m:.neHHbi-

MH HnpaMH 1 eCJIH B6JIH3H HHX HaXO.UHTCH HeB036y:tK.UeHHbie H.npa TOrO :tKe THIIa, 

BXO.UHll!He, HaiipHMep, B COCTaB MOJieKyJibl HJIH KpHCT8JIJ1a, 

B HaCTOHlllefi pa6oTe npennonaraeTcSI, qTo H.npa MO:tKHO paccMaTprrBaTb KaK H3o-

. x/ 
TpOIIHbie KJiaccrrqeCKHe OCUIIJIJIHTOpbl 1 IIOCKOJibKY KBaHTOBOe II KJiaccrrqecKoe paCCMOTpE" 

HHH 3a.naqii 06 H3J1yqeHIIII OCUHJIJISITOpa IIpiiBO.llSlT 06biqHo K O.UHHaKOBbiM pe3yJibTaTaM, 

JlnSI IIpOCTOTbl 6y .UeM cqiiTaTb~qTQ peqb H.UeT 06 8JieKTprrqecKOM .lliiiiOJibHOM Ii3J1yqe

HIIH, PaccMOTpeHIIe ocTaeTcSI cnpaBe.nniiBbiM TaK:m:e .nnSI MarHIITHoro .n:rrnonbHOro H3ny-

qeHIISI 1 a B o6mrrx qepTaX - II .llJISl H3nyqeHH5! 6onee BbiCOKOfi MyJibTHIIOJibHOCTH, 

2, BHaqane paCCMOTpiiM 3a.naqy 06 H3J1yqeHIIH SI.llpa, BXO.llSill.lero B COCTaB CHMMeT 

prrqHofi .llByxaTOMHOH MOJieKyJibl 1 OCb KOTOpofi cfJHKCIIpOBaHa B IIpOCTpaHCTBe, npe.nno-

naraeTCSI 1 qTo paccToSIHIIe Me:m:.ny SI.npaMII Q., MHoro 6orrbrue .llJIIIHbi BOJIHbi ;\. , II3-

nyqaeMOfi CB060.UHbiM 5!.llpOM 1 CJie.UoBaTeJibH0 1 HHTepecyiOll.laSI HaC CB5I3b Me:m:.ny Hrr-

. xx/ 
MH OCyll.leCTBJISleTCSl TOJibKO qepe3 none H3JiyqeHHSI B BOJIHOBOH 30He , 

JlerKO HaiiHCaTb B 8TOM cnyqae CIICTeMy ypaBHeHIIfi 1 onpe.nenHIOlllYIO 

qeHIIH TaKofi MOJieKyJibl B TOqKe, HaXO.llSill.lefiCSI .naneKO OT Hee, IIO.ll yrJIOM 

OCII 1 KOTOpa5! cqiiTaeTCSI HanpaBJieHHOfi OT OCUIIJIJIHTOpa C .lliiiiOJibHbiM MOMeHTOM 

K OCUIIJIJIHTOpy C MOMeHTOM I? 
K ee 

Po 

x/ 
B TeX CJiyqa5JX 1 Kor.na KBaHTOBbie scpcpeKTbl Ka:m:yTCSI Cyll.leCTBeHHbiMII; OHH 

6y nyT cneuiiaJibHO o6cy :m:.neHbi. B qacTHOCTH, cne.nyeT no.n qepKHYTb, qTo H30TponHOMY 

KnacciiqecKoMy 

CIIIIH HyJib, 

OCUIIJIJIHTOJ?Y COOTBeTCTBYIOT SI.Upa, IIMeiOll!IIe B OCHOBHOM COCTOHHIIII 

xx/ 
CTporo rOBOpSI, BeJIIIqiiHa a He SlBJISieTCSl IIOJIHOCTbiO cfJIIKCIIpOBaHHOii :rr3-3a 

KBaHTOBOfi Heonpe.neneHHOCTII IIOJIO:tKeHIIH H.Uep B MOJieKyne, JlerKO BII.lle1:b, qTO .llJIH 

H.nep c aTOMHbiM BeCOM A,...... 10.0 aTa Heonpe.neneHHOCTb nopSI.UKa 10-lu CM, noaTOMY 

npiij\ >) 1 o-1 0
cM BeJIHqiiHY ex- MO:IKHO cqHTaTb cpHKCHpOB8HHOii, 
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jj (t) + f3 fj_ (t- ~) + 2a---e (t) + w2. Po(t) =: 0 . . . . . . 
( 1 ) f-1 {t)+j3 R, (t- r~)+2.0 fi (t) +w'-f-1. (t)=O 

£ (. ff;,, t J ,_ fJ 1. z L-1-i r t - %-J -r/f. ( t - ~0 + 
!Yo C 

a~os{} J} 

rne Y::. ,V ~l 3 A o 
a paCCTOSIHIIe 

~ 

I< u .i2.'Z, 
OTC'liiThlBaeTCSI OT 

- cpenHee apeMH )KII3HII, )->::. 't'ii £i W 
Pa . 3aecb Mhi nmr rrpocToThi C'liiTa~M, 'ITO II3nyqeHIIe rronHpii3o

x/ 
rreprreH.UIIKynSipHo:1!. ocii MoneKynhr • BBHO B IInOCKOCTH 1 

n pH BbiBOLle ypaBHeHII:i!. ( 1) npeanonaranOCb, 'ITO OCUIInnSITOpbl HeiiO.UBII)KHbl LlpyP 

OTHOCHTenbHO .apyra. C KB8HTOB0:1!. TO'lKH 3peHIISI 3TO 03H8'!8eT, 'ITO B IIpouecce 06Me

H8 B036y)K,lleHHeM Me)KJly SIJlpBMH He MO)KeT II3MeHSITbCSI KOne6aTenbHOe COCTOHHIIe MO

neKynhi. nocne.aHee ycnosiie 6y.aeT BhmonHeHo, ecnH aHeprHSI oT.aa'lH npH II3ny'leHHII 

KB8HT8 SI.UpOM MeHbWe paCCTOHHIISI Me)K.QY COCe.QHIIMH Kone6aTenbHbiMH ypOBHSIMH huJ 
KO)l' 

T.e. 

r.ae M - Macca HyKnoHa. 06bi'lHO 

IIpii /;w Q. 0,11'1ev , ecnii 

hW/(00~ 0,3 ev 
A _, 100. 

3ana.aHM cnenyrowiie HaqanbHhre ycnOBHSI: 

Rct)=/;ctJ=.O npH t< 0, 

A(o)==AJ Ko 
1 
q (0) = 0) . K= OJ 1. 

(2) 

, TBK 'ITO (2) BbiiiOnHSieTCSI 

fb 

(3) 

nepexo.aSI s ciicTeMe ( 1) c y'leToM uaqanhHhiX ycnoBH:1!. (3) K narrnacoBCKHM o6pa-

38M pi< ( ~) II pa3pewag nonyqarowyrocg CHCTeMy anre6paii'!eCKIIx ypasHeHII:1!. oT

HOCHTenbHO IIX cyMMhr II pa3HOCTII, 'nony'lHM: 

x/ 
nonSIPII38UIISI B.UOnb OCII He IIpHBOJliiT1 KBK nerKO BH.UeTb, K IIHTepecyroweMy 

Hac B38IIMO.QeHCTBHIO II IIOTOMY He paCCMBTpHBBeTCSI. 

~ 

I 

t. 
1 



f 
tf". 

I 
I 

I 
i 

(4a) 

If 

(46) 

00 

rne fk C~)::: j exp (- ~ t) f! (t) dt J K= 01 :L. 
0 ( 5 ) 

0 xl 
EcnH ~t H t,--J IlpOCTbie KOpHif". 3HaMeHaTeJJeti COOTBeTCTBeHHO B /4a/ H /46/, TO 

B HX OKpeCTHOCTH ( 4a) H ( 46) llpHHHMaiQT CJJenyiOlllHH BHn: 
w:J. 

Po ( 2) i-A C Z) = A · . q_ t" · J 
[ 2 ~: _,_ 2;r+ j ~/ ~ exp(- 9-~a..)} ( tJ_ -r, ,) 

w:r. 

' 9J 
Do(f._J-ft{~)= A z. . a, . 
I , [2. fj +!2r-PCJJ c exf(- tJ{a. )} ( tt- ~J) 
J'l epexonH Tenepb o6paTHO K p ( t ) C TIOMOWblO o6bi'lHOlf (i1opMyJJbi: 

k. 

P. ( t) = .'l:i j;""'e.:xp ( ~ t) Pk rtJ d't) 
6-/00 

rne 6>0 
nony<IHM: 

f?(tJ -r R.ctJ =A Z· 
l 

(6) 

( 7) 

( 8) 
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nocK01IhKY ~j If ~J' , B006IUe roBOpSI 1 KOMn119KCHbie •mcna, npe.llCTaBl!M l!X B Blf.ll~: 

~i = Oi + iw;} 
ri = r.~ .,. ,. w,;· 

(9) 

BaSI, 

npe.llnonaraSI, KaK 06b!'IHO, 'ITO fw,. I If /(A)_;·/ Mano 0~1Ilf'Ia!OTCSI OT w If Y'IlfTbi

'ITO ~ L_~ 1. 1 nony'Il!M C TO'IHOCThiO .llO B91Ilf'IlfH nepBOrO nopSI.llKa no 

~) 0 (w: 1-ji;, C119.llYIOllllf9 ypaBH9HlfSI .ll1ISI onpe.lle119Hl!SI U) /) (A)iJ a;~ J.)•: 
I) J . Gc)Q. 

w 2
- w/-[ 1 +fC'o,S +] = 0 

J. z. w·a..J W - Wj { j- j>COS + : 0 

0,· :::.- o- ~ fCAJ; sin w': 
d)= -r + ~ fw_;· sin ~a_ 

HeTpy .D.Ho noKaaaTh, 'ITO npn Bbin011HeHiflf ecTeCTBeHHoro ycnonn SI 

Wctfo < j 
2.C 

(lOa) 

(106) 

(lOa) 

(lOr) 

Ka>K,ll09 lf3 ypaBH9Hlffi (lOa) If ( 106) MO)K9T ,l!M9Th T01IhKO no .llBa, OT1Ilf'Ia!OIUlfXCSI 

1Ilflllh 3HaKOM1 KOpHSI 0 KOTOpb!e C TO'IHOCThiO .llO Ma1Ib!X nepBOro nopSI.llKa no yKaaaHHb!M 

Bbillle napaMeTpaM, paBHbi: 

W; = ± W { i- l f t!oS ~a..) 

Cc>_j :: ± w { i + l p ecs ¥) . 

~ 

n O.llCTaB1ISISI ( 11 a) If ( I I 6) COOTB9TCTB9HHO B ( lOB) If ( 1 Or). HaXO.lllfM 

f,· :: - 0- l J3 w sin ~ Q.. < 0 

o; 
'J 

= - Y+ j_ ~w sm ~ ~ 0 0 ..2F C . 

(Ita) 

( 116) 

(liB) 

( llr) 

XJ 
f 

rf'-,. ' . 
' 

,;., 
'-,,., 



~-, t• ~-
~~ . 
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~· 
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TaKnM o6pa30M 1 OKOH'18TenbH0 1 11:3 (8) n (11fi, 6, a, r), nonyqaeM 

Po (t) = J [ ea.s(w,. t) exp(-1 ?f;/ t) -r cos(cv_;·t) exp(-IJ;.f t)j 

f](t) = ~ [ &s(w; t) eXf(-l;(t/t)- eos(~;t)e~(~l(j/t)] 
(12) 

noncTaan.Sist ( 12) a abipa)l{eHne nnst Hanpst)l{eHHOCTii nom1 E, annnM, 'ITO ao3Hn-

K8eT noaOJlbHO CJJO)KH8Sl 1 38aliCSllll8Sl OT apeMeH!i1 K8pT!iH8~ a '18CTHOCTH 1 Kpnaast pacna

na OK83bla8eTCSl HeSKCnoHeHUii81lbHO~ li CT8HOaliTCSl T8KOaO~ TOJlbKO no liCTe'leHHii ape-

7:'> 
1. 

\?fi -~jl 
CooTBeTCTayiOUl8Sl KOHCT8HT8 pacnana MeHbWe Q H8 aenli'lliHY 

/!.!::. Sin ~ - ( ~ ..!l Sin ~) V ..2 c - 81i a.. c () . 
OqeannHo, 'ITO nnst sTnx abiaonoa HecymecTBeHHO ncxo.aHoe r.pennono)l{eHne o cpnKcn

poaaHHOCT!i nonO)I{eHiiH OC!i M01leKy1lbT a npOCTp8HCTae. 

3. Llnst Toro, 'ITOobi nony'lliTb npencTaaneHne o6 li31ly'leHiiH ao3oy)l{neHHoro stnpa, 

axonstlllei'O a COCT8a KpMCT811118 1 Mbl paCCMOTp!iM CH8'18118 acnOMOI'8Te1lbHYIO 38na'ly 

00 H31ly'leHHH OCU!i1111SlTOp8 1 axonHlllei'O a COCTaa o.aHOMepHO~ uenO'IKH C nepnonoM a,. 
KaK 6y .aeT an.aHo 11:3 nanbHe~wero, a eTo~ 3anaqe y)l{e co.aep)l{aTcst ace xapaKTepHbie 

qepTbi, npncymne w:my'leHiiiO KpucTanna. BMecTe c TeM oHa MO)I{eT obiTb pew eHa no 

KOHU8 a 8HaJJMTH'IeCKOM anne, 

Llnst TOI'0 1 'ITOObl Ha~Tii none H31ly'leHMSl a HeKOTOpO~ TO'I:Ke 1 HaM HeooxonuMO 

3HaTb cpyHKUMIO: 

F(tJ =2 f-R ct- ~J, 
,k. /( 

( 13) 

n 10 
I' ne ~ - pacCTOSlH!ie OT 9TO~ TO'IK!i no I(- OCU!i111lHTOp8 1 a cyMM!ipOBalme npOM3-

aonuTCSl no aceM ocunnn.RTopaM uerro'!Kii, llerKo enneTb 1 'iTO nn.11 orrpe.aeneHii.ll f; 
rronyqaeTC.Il cnenyiOma.R cncTeMa ypaaHaHnR: 

P(t- £)+f <' __.£_ P (t- ac1" 1 - &)+~YP(t- &J-tr-f:i/l(t .. &)t4) 
1c c 6 /h/ k+n C tJ 1< C C - O 

h#O -
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C Ha 4a.Tlbi!LIMH yc.noB HHMH, BH8.Tl0f"H 4HLIMI1 ( 3), Vl3 ( 13) li ( 14) .ll.Tl51 cPYIIKUHII r(t) 
rro.ny'!aeM ypaBIIeHHe: 

!: 1 .. atnl ' k'k • 
J~rtJ-rP.J22 /<.fnt en{t- -c- -c)+2;yF{t}-rttl-FrtJ=o. < 15 ) 

F K hj;O I( . 

B c.ny4ae, Kor.na paccToHHHe .no T04KH Ha6mo.neHnH M mro 6o.nbwe .nnnHLI 

ueno•tKII, ypaBuemre ( 15) MO>KHO rreperracaTb B Bn.ne: 

• · · (3 1. • • a/nl i · · 
F(t)-t -R. 2 Z In/ R+n{t- -c+ -f)+20F(t}+4J~fr(t)=O (15al' 

o k h 'i:o J 
~ 

r.ne C=·acosil, a (J- yro.n Me>K.ny Ro H OCbill uerr04Kll 1 KOTOpaH C4l!TaeTC51 

HanpaB.neHHOH B CTOpOHY HOJJOMHTellbHbiX liH.[leKCOB "K ", Ec.na no o6e CTOpOHbl oc-

llHJl.TlHTOpa Po HaXO.llHTCH .llOCTaT04HO MHOJ"'O .llpyi"'HX OCUHJim!TOpOB 1 TO Mbl c.ne.naeM 

ManyiO OWH6Ky, pacrrpocTpaHIIB B ( 13) - ( 15a) CYMMI!pOBaHIIe B o6e CTOpOHbl DO 

6 . x/ n ( 15 ) " " " " eCKOHe4HOCTH , OMeHHB, .nanee, B a IIOpH.llOK CyMMI!pOBalll!H ITO K. II fl, :> 

CMoMeM 3arrncaTb ypaaHeHHe ( 15a) .n.nH F { t) B 3aMKHyToM BH.ne:/ 

00 atnt+e/1.. c.( J z r: ----)+20 r, t +CU r(t)=O (16l c ' !r t J + J3 h?-:_ 0<) 

1. •• 
1nt P{t-

h :f:O 
C Ha'!aJJbHbiMH yc.nOBHHMH: 

f(tJ = irt J = o rrprr t <0 
) 

f(o)==AJ P{o)=O. 

DeiicTayH Terrepb TaK >1< e ,KaK B c.ny4ae .nayx ocunn.nHTopoB, rrony4u M: 

1 
_ ~{1.-foen_[i-exp(-q,~J][i-e.rp(~~a.~gJ]j+:tr 

J(ll)- A e a 
~z{ 1- p e,_ [ i- exp (- 1, a~ J][ i- exp (- 9, a.~ J} + cu2 +.2~~ 

rlocJie IIpOCTbiX 1 HO I"'pOM03.llKHX Bbi4HCJJeHHH IIOJIY'IIIM CJJe.llyiDWHH pe3yJibTaT: 

( 17) 

.(18) 

CO·=±. w ( i+ l~[4si,.,Z w(a+€)+ ?f/'(a+&i][4s&-nl w(a-e) + 't{-Ca-f.)
2J}} 

t ~ 4 2C c2. 2. e. · c.z. 
( 19) 

Oi = -t+fwf{[{!inl-r1.}1i- wc~+C-J]+[(!ln2 -ri.)11- ~ra;e]} 

x/ 
Mo>I<Ho rroKa3aTb, 4TO TaKoe ynporueHne 3aae.noMo B03MO>KHO rrprr Bbl!hO.nHeHHH 

yCJJOBI151 i :t (b,S$ >')> ;2iic)/'w , KOTOpOe HapywaeTCH TOJibKO .llJIH Yf"JlOB V 
4pe3Bi>l4aHHO 6JI!I3KHX K ~ =0 H ~ = ljf 

1· .\ 
I 
I 
l 

f*::· 
I 
·j 

I 

1' 
~"'; 

.I 

l 

l 
I 

I 
J 

\ 
i 



I 
I 
~ 

I 

i 

i 
I .-. 
r 

:l 

3peCb n'l. H nl - uenbie 'IHCna, KOTOp'Ie .UOmKHbl 6b!Th Bbi6paHbl T8K 1 'IT06bi 

Bbipa:>KeHHs:I B KBa.upaTHbiX CK06Kax ( 19) He npeBbilllann no Mo.uymo 1i . 

n PH Bb!BO.lle ( 19) npe.unonaranocb, 'ITO ( 18) HMeeT e.uHHCTBeHHbiH no-

niOC. 3To cnpaBe.llllHBO npH BhlnOnHeHHH 9CT9CTB9HHOrO ycnOBHH 

y,w < i 
2i{ . 

¢opMynhi ( 19) 

'IHH8M -Is 
nonyqeHhl c TO'IHOCTbiD .uo qneHOB nepsoro nopH.uKa no senn-

VIa HHX cne.uyeT, 'ITO pellleHHe ypasHeims:I ( 16) HMeeT BH.U: 

(20) 

TaKHM o6paaOMt OK8abiB89TCH 1 'ITO no.u K8:>K.llbiM yrnoM :; HM99TCH CBOH '18CTO-

Ta CJ; ( :J) n aaTyxaHHe 

UJ; H ?/i OT :; 

(i(~) • VIHTepecHo OTMeTHTb1 'ITO xapaKTep aasncnMoc-

TH HllnOMHHaeT pacnpe.ueneHue HHTeHCHBHOCTH B cnyqae ,llHcppaK-

UHH Ha O.llHOMepHOil pellleTKe. VlaMeHeHHe '18CTOTbl 

LHu:: lw-w;f,_ w-t (21) 

O.uHaKo s6nnan yrnos ~ 1 .UnH KOTOpbiX 

w;(ar.U) __ 
0 

!lc 
senH'IHHa ero cTaHOBHTCH aHa'IHTenbHO 6onbllle, VIa (19) nonyqaeM 1 'ITO 

max /1 ;til - 0 / ,.._ 
(\ 

a o, (22) 

T.e, HaMeHeHHe aaTyXBHHH MO:>KeT CT8HOBHTbCH BeCbM8 CyllleCTBeHHbiM. C Te'leHHeM 

BpeMeHH Hany'leHHe OCTaeTCs:I TOnbKO no.u TeM!f yrnaMH 1 KOTOpb!M COOTBeTCTByroT 

MHHHManbHble aaTyxaHHs:Io 

4, C.uenaeM 1 HBKOHeu 1 HecKonbKO Ka'leCTBeHHbiX aaMe'laHHfi 1 OTHOCs:IlllHXCH K ~Hc-

Tanny C Ky61I'IeCKOil pell.leTKOil:o B 3TOM cnyqae MO:>KHO H8niiC8Tb CIICTeMy .llnH ~ 
( Tenepb y:>Ke nonHp!Iaau!Is:I cywecTBeHHa) 1 aHanorii'IHyro ( 14) c HaqanbHhiMII 'ycnoBIIHMII 1 
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aHanornqHbiMII ( 3). Ecnn ssecTn cpyHKUIIIO J5 ( 1: ) , nonHOCThiO aHanornqHyiO cpyHKUIIII 

F ( t ) B ( 13 ) 1 TO nprr Tex :tKe ynporuaiOrurrx npe.nnono:tKeHrrHx MO:IKHO .nnH Hee 

nonyqrrTh cne.uyromee ypasHeHrre (rn onpe.uenHeT HanpaJ:?neHrre Ha TOqKy Ha6niO.neHrrH, 

lrril::d. ): 

~ (t) + ,z 1.. fir.. a.( .. ....,...., J 
!K/ /)Lt- c /1</-tKh?) 

k:f=O 

(~ 
(24) 

Jt! t- ~ (tkt.,.khiJJ)+ .21 irtJ +CKJ' i{t) = o 
...., 

-j32. ,;,3 
k:/::0 

C HaqanhHb!MII ycnOBHHMII! _. ~ 

Y, (tJ= ~ (t)::: 0 n?-u 
-'? ' . -:> 

~ coJ =A, 
• 
~ 

X {o) = 0 

t <0 
(25) 

ToqHoe peweHne ( 23) s aHanrrTrrqecKOM BII.lle HaiiTH He y .uaeTcH, o.nHaKo, cxo.u

CTBO ypaBHeiUill ( 16) ll ( 23) .ll8eT OCHOB8HIIe O:IKH.ll8Th1 qTO pelll eHHH HX 6y .llyT1 B 

OCHOBHOM, T8K:IK9 CXO.llHbiMII 1 T.e. qTQ ll3JiyqeHII9 H.llpa, BXO.llHlll9f'O B COCT8B KpHCT8JIJI81~ 

X8p8KT9pll3Y9TCH q8CTOT8Mll ll COOTB9TCTBYIOlllHMH 38TyX8HHHMn:, 38BIICHIUIIMI:I OT Hanpaa· 

JI9HIIH. 

Jlng TOI'Os qT06bi npoBe.lleHH09 paCCMOTpeHne COOTB9TCTBOB8JIO .ll9HCTBIITeJihHOCTII, 

.llOCT8TQqH0 1 qTo6bi B npouecce 06MeHa B036y:tK.ll9HH9M Me:tK.llY H.llp8MII He II3MeHHJIOCh 

xl 
BHYTP9HH99 COCTOHHII9 KpiiCTanna • no9TOMY OllHC8HHOe II3MeHeHII9 qacTOTbl 1 B nprrH-

UIIne, MO:tKeT 6b!Th H861IIO.ll9HO C DOMOlllh!O MeTO.llllKII, npe.llllOJIO:IK9 ·HOH Mocc6ay9pOM 

[2 ' 3]. 
~ 

AsTOpbi Bbipa:tKaroT 6naro.uapHOCTh B.Y:I.OrneseuKoMy, B.M.<PaiiHy, .H.Y:I.XaHn

HY, .Ll.C. 4epHaBCKOMY rr <P .JJ.Wannpo Ga yqacTn e B o6cy:tK.lleHnn pa6oThi n cymecTBeH-

.Hbl9 38Meq8HIIH. 

x/ 

BHH (2). 

PyKonnch nocTyrmna B nG.naTenbCKIIii oT.nen 
28 MaH 1960 ro.ua. 

B cnyqae MoneKynhi aHanorrrqHoe Tpe6osaHHe CBH38HO c BhmonHeHrreM ycno-
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