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B pa60T6 /!/ MU p8CCMOTp6AH H6KOTOpue CBOHCTB8 O~HOU6PHO~ 

SKCHTOHHOA nenOQKH, nonaraH, QTO UOX6KYRY Z6CTKO ~HKCHpOB8HH 

B yaxax KpHcTannHqecKoA pemeTKH. B 6onee o6~eu cnyqae Heo6xo

~Huo yqecT~ T6llXOB06 ~BHE6HH6 MOXeKyn. ECT6CTB6HHO OEH~8T~, 

QTO H8XHQH6 SKCHTOHHHX B036ya~6HH~ ~OHEHO 0Ka38T~ BHHHHH6 H8 

~HH8MHQ6CKH6 CBOACTB8 KpHCT8HHH46CKOH p6W6TKH 1 H, Ha060pOT 1 

yqeT KOH668HH~ pemeTKH llPHB6~6T K H3M6H6HHHM B SKCHTOHHOH no~-

CHCT6M6. 

B H8H60X66 npOCTOM BH~6 SKCHTOH-~OHOHHOe B38HMO~eUCTBH6 

MOZHO yqecT~, 6CHH npe~nOHOEHT~, QTO KOS~HnH6HTU SKCHTOHHOA 

llO~CHCT6MH 38BHCHT OT MrHOB6HHHX 3H8Q6HHA K00p~HH8T MOHeKyn.* 

Tor~a ~HH 38MKHyTOM MOR6KYHHpHOH nenOQKH C B38HMO~e~CTBH6M 

6RHE8AWHX COCe~eH COOTB6TCTBY~~U raMHR~TOHH8H MO~eT 6UT~ 3a

llHC8H B BH~e: 
N 2 AI N i- N' +-

~=f1tp: +?.;'tfR.n+t-R...)~?:,~ u"au+?;,'lJ(fluwR...)(Q,Cln+-

N' +- tv, )f.++(I) a) 
+-u~ .. 'D.-•d )+ l_.!fl(flHt,-R.w)(a·:an.,+CJ,.,ct,)+L.AJ(Il..,.,-1/., ,a.an't!-Cln n+l. 

/1::.} 11~1 0 • 

ITepBue ~Ba cnaraeuux B (I) onmcuBavT o~Houepayv pemeTKY (B 

OTCYTCTBHH 3KCHTOHOB) C llOT6HnH8H~HOA 3HeprH6H B BH~e CyMMU 

napHUX llOT6HnH8HOBi OCT8R~HU6 CHaraeMU6 - 3KCHTOHHy~ nO~CHC

T6MYi ~.Rn, P~ - COOTB6TCTB6HHO, uacca, oneparopu KOOP~H-

H8TU H HMnyn~ca n -Iii MOR6KYHbli 0~, Um -¢epMH-onepaTOpU 

polK~SHHH H yHH4TOlK6HHH; llOT6HnH8HU if ( Rn+l _ /).,_ ) H K03~H-

nHeHTuez) (R..H- ~ ), M(t(..,+,_,e.., ), M
1
(/2.,+•- ~ ) nonaraiOT-

CH ~YHKnHHMH MrHOB6HHbiX 3H846HHH pa3HOCT6~ KOOp~HH8T. 

]f 

Mbi orpaHHQHRHC~ 3~6C~ paCCMOTpeHH6M TOR~KO llOCTYll8T6R~HbiX 

CT6ll6H61il MOHSKyR. 
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HHKe w~ paccworpww 6onee npocrym wo~en~, drpaHHq&BaHc~ 

rapMOHHqecKMM npH6XHZeHHeM ~XH ~OHOHHO~ llO~CHCTe~ H XMHe~HHM 

npH6XHEeHHeM B paanozeHHH no CMe~eHHflM MOXeKyX ~XH KO~qHeH

TOB 3KCHTOHHO~ llOACHCTe~: 
,.; II/ II/ II/ 

l. = Z.. !/ ... ..:. ZmC<.',"'(x ... -x.)"-.-~ta~a .... L_'il(!+2'·~-x")ta!a.+ai;.+,an+t)+ 
tt>::l .:<m .i. ,:<j ,_, n'=-1 

" II/ 2. ,.( tnt•-••)(+ ,,+ ) "'>if'(t ~Xn+<-Xn)t>- t {j \,2) 
T .'t/ !1-f -- a .. an't'fT"tt~+lfln + £..._-.. -+-v-il-- [Q.,C3nt-l-0n n+!J\ 

n=-1 a 11•1 .1 

rAe a - ll0CTOHHH8fl pemeTKM; ~f«)~'it; .JI(a)=./ll i .tr'(a)·.tr'; 

w/:,.~ ~i'f(R ... -R..) \ ~=~t~tR ... -P..~; ·=~&,.t(R. ... -L~ J _p£.1/(f • .,_fl.. lJ 
m. ~(£.,-R..?j L (1~ . .,-.e.)/ t (#6-(L.,-L) I v--·l8..(!l..,-ll..) I. 

\ I ( . 
Rn+t-Pn .. a; fln-t,-~ ... a i R,.,.,-/l,. .. a; /l,.(_/1., .. a . 

C noMo~~n KaHOHHqecKoro npeo6paaoBaBHH, aBanormqBoro npe-

o6paaoBaBHn, npeAXOZeHHOMy MaTTHCOM H illyn~~6M /2/ npH MCCX8~0-

B8HMH CTPHKqHOHHHX HBX8HH~ B KarH6THK8X, raMHX~TOHMaH (2) MO

zer 6HT~ npHBeAeH K CyMKe AByx H6B3aHKOA6~C!ByD~X llOACHCTeK: 

~OHOHHO~ H 3KCHTOHBOI. ~Xfl BTOrO zenaT8XLHO yCTP8HBTL nepe

KpeCTHHe qneHH, CBHSHBaD~He CM8~6HHH MOX6Kyn C 3KCHTOHHHMH 

OnepaTOpaWH. llOCX6AH66 MOZHO B~llOXHHT~, CABHHYB Haqano OTcqeTa 

ABHZeHHH KaZAO~ KOXexyn~ Ha BexzqHay: 

I 
.<"' ___, )(, + J4n = )( Jl ' ~ (3-a) 

n-! 

An=-'-_- jL ['ozta~a.+ at., a,.,) +.'lif(a~a •• ,.a!.,a.)+il/!.fq:a!, -a. a ... )] j. 
ntU.h·"Ci \t=l 

(3-6) 

YHBT8PH08 npeo6pa30B8BH6, BYUOXHHm~66 TaKO~ CABH~HM66T BHA: 

_ .!._ L. P.A. 
1t ,. e (4) 
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TaK KaK BC6 onepaTOpH B (2), 38 HCKnDq6HB6M KOOP~HH8T A. 

KOMMYTHPyDT C (4), TO 6AHHCTB6HH~M peayn~T8TOM yHHTapBOrO npe-

06pa30B8HHfl raMHX~TOHHaHa (2): 

,, t L; P. -11. "1J - ; ? P. :11. 
/1. -~ e .n. e J 

HBXH6TCH npOCTO~ CAftlr!r ( 3). BH60p An B BMA6 ( 3-6) o6ecneqH

B86T zcqeaHOB6HH6 nepeKpeCTH~X qneHOB, H peayX~THpyn~~ raMHn~

TOHHaH npH06p6T86T BHA: 

!!. E~ ~ , ~ .t ( , • )t 
'J(,o:L_ -+:z-L-mw" Xnt•--<• + 

"l':' J.m 11:1 

--~ 

H' 

_ _/ 

II/ "' f"l II/... "' "' . z ~ ~ + ) ") '-1/ + + ) I ./ 0 I +LA·Q•t111 + .fl(a·.a~+'+an+,CI~ +,.c_N ca.a • .,-Q.fln+, +Lil·M.Nn-.+1-<.•M'T. 
1"1=1 

" 
1'1:="1 ""' 

Hex 

-- -- _____ ... / 

(5) 

•/ + • " '' " 1 I t ~ ) ·~rvl!l=a,.an; J=&l-1'11; w=~--.-.t-~~<;OZql+.fltf·AI't~, 
''"'""a L 

·~ I ~ ) ·~ . J 7/ I 0 
.'tf•.tf 1-!f-'-1 i .fr'=./1'(!-0t:--l.\ i-- -- {'li~,L---~f.t.-+.lf'~~ 

mw."'f< (' mw/·a'J mt.rihr~ l · 

TaKBw o6paaoY, B peaynLTaTe npeo6paaoBaHHH CABHra raMHXL-

TOHISH ~ pacnanCH Ha AB6 H638BBCHM~6 llOACHCTeMH: ~OHOHHyn 

(Hf~ ) H 3KCHTOHBYD (Hex). ITepBaH OllHCHB86T rapMOHH~6CKH8 KOXe-

6aHHH woneKyn C TO~ ze qacTOTOI Wo , HO OKOno HOB~X llOXOE6BH~ 

paBHOB6CHH, CABHHYTHX OTHOCHT6nbHO CTapHX B8 BenHqHHy; 

n~ . 
I ~~ 4 + -1- 1 + } ,'Jn>=-- L- :~<'OvOv> +..ilf<'fiva • .,+a • .,Q.>•.t(!_<a,Q • .,-a.a • .,'> (6) 

mw~~.,a ll~:r eJ( e.t: ex. _, 

J 1 _ /.fe,.: 1 I - Hu 
1tf < '" ~ = J1 L '" e 11 ; 1 1p e 11 

, 

rawBnLTOHHaH BTOpO~ DOACHCT6MH OllBCHBa6T SKCHTOHHHB B036yaA6-
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HHH. Hex OTnHqaeTCff OT raYHXbTOHHaHa M0~6XH E6CTKO ~HKCHpO

B8HH~ MOX6KYX /I/, BO-nepB~X, K03~QH6HT8MH 1 nepeHOpMHpOBSH

H~MH 3~KT8MH 3KCHTOH~OHOHHOrO B38HM0~6~CTBHH 1 BO-BTOp~, 

6onee CXOEHO~ CTPYKTypo~ 13-38 H8XHqHH ~OTIOXHHT6XbHOrO qneHa: 

L..1N. AI .... , OTIHC~8D~ero B~8HM0~6~CTBHH M6E~Y 3KCHTOHH~MH 

;oa6yE~6HHHMH COC6~HHX MOX6Kyn. ilOHBX6HH6 3TOrO qneHa U6XHKOM 

CBH38HO C yqeTOM 3KCHTOH-~OHOHHOrO B38HM0~6~CTBHffo 

B xapTpM-~OKOBCKOM npH6nueumH . .V, Aln.1 ; .-!,; N',_ ; (,-: 1 N. >) 
raMHXbTOHH8H 3KCHTOHHOM TIO~CHCT6MH npeo6paayeTCH K BH~y, 3KBH

B8X6HTHOMJ raMHXbTOHHSBY M0~6XH E6CTKO ~HKCHPOB8HH~ MOX6KyX 

C COOTB6TCTBJD~HM o6p830M TI6peHOpMHpOB8HHHMH K03~QH6BT8MH: 

x-rp 111 IV v 
; I - z 1"' 1 - ) t ') "v t -~ ) 2 '' > t ) ( 7) ·'e"- ,r:,.wnl. a.a. -TL-.,t,(a.a •• ,+a •• ,a.. + .Af•/a.a • .,-a.an+, . 

n•' lf::l '1=1 

BaEHHM CX6~CTBH6M B38HM0~6MCTBZH 3KCHTOHHO« H ~OBOHHOA 

TIO~CHCT6M HBHH6TCH H3M6H6HH6 cpe~HHX P8BHOB6CH~ paCCTOHHH« 

M6E~ MOH6KynaMH uenoqKH: 

r i J + + !Jf/.=.tRn+<-/l..-,.: a-<.<>~ ... -~.>: a--- J~IJ<Il•li'•>e.x+Jlf'a.a • .,+ 
mu_•,"a t. 

+ 'l + + ) 
+QH,a,~.+ .fll(:;.(a.a"+•-G.a .... >e, J. (8) 

B qacTHOCTH, B npa6nHE6HHH XapTpm~oKa BenzqmHa t.llv paBHa: 

x-IJ> "' .• ., • 
n 0 J '"') lA )Tf lt11 jt<)\J ,,: ~~ 1,\J 

tl/1. ~ --- L-. 1 17JIJ+.!IIfmK<--...-,~~~-j+if'-'.11n~>,l -· 
.Vclmt<-',.t. " L " i. V' t/ l• fJJ :> 

(9) 

. .; "' •. ~ I -I ')' -~ '\. - I.':~ J' ~ ' r~6 .< = J t},;{!et'3K-t,hi1- i ~K = ).tf's-<nK l<- IK + ,,._ 

n -onpe~6HH6TCH ypaBH6HH6M: 

n ~ _!_ Z [ J- !;- IJ.f i.)} 
./N' K i~ '• tl 
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B pa60T6 /3/ naBU~OB H KHcnyxa, HCTIOXb3]ff OpHrHH8HbHYD 

M6TO~HKy, BHqHCnHXH BenHqHBy .1 f?- ~Xff cnyqaff .!.1'=0 t ~ ~ j = 0. 

Yu nonyqHnm KaqecTB6HHOe cornacHe c peaynbTaTaMH aToA pa6oTu: 

YM6Hbm6HH6 paBHOB6CHHX paCCTOHHH« M6E~ MOX6KYX8MH B uenoqKe 

BCX6~CTBH6 BXHHHHH 3KCHTOHHOI TIO~CHCT6~: 

. .: -~ ii tJ 
.1/l-a =- ~ tO_ 

mw,"-a" 
(IO) 

ECT6CTB6HHO 0EH~8Tb, qTO H3M6H6HH6 ~HHaMHqecKHX xapaKT6pZCTHK 

~HOHHOA TIO~CHCT6MH H3-38 BnHHHBff 3KCZTOHHOI TIO~CHCT6MH AOXE

HO 38BHC6Tb OT KOHU6BTP8UHH 3KCHTOHOB B KPHCTanne. ll03TOMJ 

H8M npe~CT8BXH6TCH 1 qTo M6TO~, H3XOE6HH~A 3~6Cb, 06X8~86T H6-

KOTOPHM npeMM]~6CTBOM B cpaBH6HHH C M6TO~HKO« /3/, TIOCKOXbKy 

OH TI03BOXH6T TIOnyqHTb B HBHOM BH~6 38BHCHMOCTb ~~H8MHq6CKHX 

xapaKT6pHCTHK CHCT6MH 1 B qacTHOCTH, paBHOB6CH~ paCCTOHHH~ OT 

K0HU6HTP8UHH 3KCHTOBH~ BOS6~6HHA B KPHCT8XX6. 

B paMK8X P8CCM8TPHB86MOA M0~6nH BXHHHH6 ~OHOHHOA TIO~CHC

T6~ H8 3KCHTOHH]D TipOHBXff6TCH B H3M6H6HHH CTI6KTP8 3KCHTOBH~ 

Boa6yx~eHHA. TaK,B npH6naxeBHH XapTpH~OKa aKcHTOHHu« cneKTP 

HM66T CX6~~~ BM~: 

"'l-<Ji 
; 'V ~ • )l ·V )t - ('<)' 'a~ .!.'tlcQ1~ +.:,-1 + (l.fl's-in~:. , (II) 

9TOT pe3yJIUaT T8KX6 H8XO~TCH B K8q6CTB6HHOM COrX8CHH C pe-

3YXbT8TaMH, nonyqeHH~MH naBu~OBHM H KHcnyxoA, rAe &(~) BH

qHCX6H ~H cnyqaa .111'= 0 , § = d- = 0 • B qacTHOCTH, ~nH aHaqeamA 

!i B OKpecTHOCTH TOqKH A'=O aKCHTOHHuA cneKTP paBeH: 

"' ,_(f! ( (j) 

~ r;; ~ !, - .~o) • /.ttl ,.t_, r~e 
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\-If ~l J, 
<, .'0}• {,(o)-(lii+!.)~-l ; Jlo)- 3H8118HH8 SHeprHH 8KCir1TOHHbiX 

rmw,.•a-
B036YE~8HH~ B ToqKe K=o, :s~qlrfcneHHOe ~HH MO~enM zecTKO WlrfKCH-

po:saHH~x MOHeKyH. KaK H B pa60T8 /3~ yqeT KOH868Hirf~ npHBO~HT 

K C~BHry SHaqeHHH aHepr.H~ SKCHTOHH~X B036yz~eHMa npH K = 0 
X-IP 

l g !o) L. t(o) H K KBS,~tpa TH1JHOa 88BHCI4MOCTH Cfl8KTP8 OT BOH-

HOBOro BBKTOpa ~ B OKPBCTHOCTH TOqKJ4 K=O. 

~HTepeCHO~ OC068HHOCThD paCCM8TPHB88MOM M0~8Hirf HBHHBTCH 

BOSHI4KHOB8HH8 B3814M0~8~CTBHH MBE.ltY 8KCHTOH8MH 1 o6yCHOBH8HH08 

HanlrfqlrfeM WOHOHHO~ no1{CHcTeMH • .llna cnyqaa .!lt:.ll' 

~eaCTBH8 xapaKTepHayeTCH BBHirfqlrfHOM: 

t I ! 
.... =---. 'ii~tJ~.tO 

' t {. • 
.il,;-.41' m w/'u 

liTO OTBeqaeT npHTHEBHHD MBE~Y 8KCHTOH8Mirf. 

8TO B38HMO-

He06XO~HMO OTMBTHTh, qTO orpaHirfqeaHe rapMOHirfqecKHM npH-

6HHE8HH8M :s paanoaeHHH no cue~eHHHM ~HH woaQHHOI no~cHcreu~ 

H HHHBMH~M npH6HHE8HH8M ~HH 8KCHTOHHOI no~CHCTBM~ onpaB~SHO 

XHmh ~HH 06H8CTH HBB~COKHX T8MnepaTyp • .l[HH OfllrfCBHHH 8KCHTOH

WOHOHH~X BSaHMo~eMcT:sHA npa 6onee B~COKHX TeMnepaTypax aeo6xo

~auo yqecTh aarapMOHJqecKHe qneay :s pasnoaeHHH no cue~eaaau 

~HH ~HOHHO~ flO,ltCHCT8MH H rapMOBI118CKH8 cnaraeUHe ~HH 8KCH

TOHHOI nO~CHCTBMY. 
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