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I. B B e A 6 H H 6 

He,!IBBHO B Jlae1op8TOp>!H H1{6 pHbiX npo.6ne.11 01-1HI/l Bbln01lHBII SKC

n6pi!M8HT/I/ no 1!3M6p6HI1kl CKOpOCTH ),Jt,.M OC1p830ll8!111H MS<JO

YOneKyn dt,u 11 nonylleHa 1111JKHIJH OUBHKB: Adt-_,« > ro8. c-I 
Cornac11o Teop6TH48CK>~M paclleTaM/2/ CionbuaH CKopocTb aTo-

ro npOI~6CC8 oCiyc noaneu8 pe 30H8HCHbiY Y6XBHH3MOM o6pa 3oa ai!Hfl M6-

aouoneKyn Ji,u B cnaoocaHaaHHOU BPBIIIBTenbHO-Kon66aTeJibHOM 

cocTORHHH c KB8HTOBhiMI1 4>1C1IBM>I J = I, -zr = I. 8H6 pr>~R CBfl311 

aToro cocTOf!HHfl - £.11,. ~I al3 6biJJ8 anepable Bblll>IC1!6H8 a padoT/
21 

no T60p>!>! B03MJ .!\6ll>IH 1 p68111!30 1J 8HHOi1 B 8,li>!D68 ·TH46CKOM npe,!ICT8B

n6ll>l>l 38AB411 Tp6x T611/3-7/. 

){1!H l\BT8nbHOPO >13J461i>IH )A. -M6 3 01J01l6KJ1lflpHbiX np0116CCOB 

B CM6CH H30TOUOB BOl{OpOl{D >1 1 B 48CTHOCTH 1 ,llilii OUHC8 HI1ii npOUCC

ca pe30H8HCHOrO 06p8301l8HHH .118 3 0U0116KJ1l cJtp IIBOOXO,lii!MO 

3H8Tb HX ypOBH>I 3H6pPI1>1 C TO'll!OCTbiO rv 0,01 aB, 'ITO COCT8B11ii6T 

I'VI0-
6 

M6308TOM!!biX 6.ZI>IHHU 3!1eprvm t_.,..= 2 ttt~~d =5626 ,52 aB/
2/. 

B A8HHOH p860T6 np6ACT8B116Hbl peaynbT8Tbl BblllHCnenHA oHep

r>~H f. r.r paan>!llllbiX COCTORHI1H ( TlT) ,-«. -MB 3 0MOJJBKY 11 1!30-

TOflOB DO,liOpO.l\8. Bb1411C11Bl!I1H BblnOnHBHbl B 8JIH868TH4BCKOM npC,liCT8-

B116l!HH 38AB411 Tp6x Ten, a KOTopoM aonHOJJBH <l!YHKU~IH _,M -ue ao

MoneKynhl paanaraeTcf! no nonHOMY H86opy peweuHH 3B.l\D tJH .ZIBYX 

UBHTpOB KBBIITOBOH MBXBHHKH/
3- 57. J3 3TOM nO,liXO.l\6 HCXO,!IHDH 311,118-

48 HB C06CTBBHHbl6 3H84BHI1H JlnH 116pBniiTI1ili1CTCI<OPO yp8BIICHI1H 

llipe,liHHr6p8 B liJeCTHMBpHOM npOCTp8HCTBe CBOIHTCH K pelli9lll1kl 331{8-

tlH lliTypua-JlHyBHnJIH 11lfl CHCTBMbl OCibiKHOU9HHbiX J.IHTerpO,IU1<jxpepeH

UHB JJbHhiX yp8BHBHH~. MaTpi!Ubl K03'MJHU119l!TOB <JTOH CI!CTBMil ( aqx~eK

THBHble flOTeHUH81lbl 3818411 Tpe X Ten B 81\11868TI14eCKOM ll pe.l\CT8B1!6-

HHH) Bb14HC116Hhl C HB06XO,llr.IMO£t TOIIHOCTb!O C flOMOl!lblO anropHTMOufi0-
-I57, 

COOTBBTCTBJ!Oi118H 3818tl8 lliTypM3-JlHyBH111lfl pe we Ha '111C11Bil!IO C 

TpeCiyeYO~ OTHOC~Te1!~HO~ TOII!IOCTb~ B p8MKBX HBflpepbiBHOPO Bl!ano
ra weTo~a HbDTOH8/I6 ,I7 / c nouo~b~ 8nropHTMOB/IB-20/, pe8n~ao
BBHHbiX B B~,lle KOMTIJIBKCB nporp8MM 118 fl3biK8 FORTHAN-4 , Bee 

BbltlHCneHll!fl BblnonneH!i na 8l3M C,l\C-6500. 

B H8WHX npelhiiYlllHX p860T8X yKa38HHaH aanaqa illTypwa

JlHyBH1IJIH peweHa B IBJXypOBH6BOM npH61IH~8Hr.IH/6/, a TBK~B no 



TeopRK B03YJ46HHH/?/. Pe3yJ!bT8T~ 3TRX BuqRCnCHRH, a T8KZ6 pe-

3]J!bT8T~ U8Rnyq wRX B8pR8QROHHUX pacqeTOB/d ,gj Cp8BHH d8n TCH CO 

3ii8'16URHMR £TIT , llOJ!y'leUHl:JMR B A8UHOH p8 6 0T6. 

2. UOCT8HOBK8 3888'114 

HonnoB~e tiJynKQRH Y.,-r ( ~ t) a nonH~e 3HepraR E .. r: 
p83llR'IH~X COCTOll.HRH 1.-t't") _...M - li630YOJ!6KYJ! R30TOllOB BOl\OpO-

;zta H8XO,llll.'ICli J.l3 Hepenll.TRBHCTCKOI'O yp8Bli6HRli li. p6,llRHI'epa D lli6C

THII6pHOM npocTpaHCTBe ( r, R) /4/ 

( H- E .. l:')Y .. .-(~R) =0 (I) 

r,lle (B 6,llKHH Q8X e = t. = I) 

A A A t 
H = T ... + ~c.. + R I (2) 

"- ~ [( z 2 1 T ... =- ~Ho V-; + ~ Vi1) - ( 1;_~) A; 

hC4 = -1 t::..-- j__ - _1 
z;;~ t" r-... y-1 ' (3) 

1 j_ -1 .4 1 Ht-Ho. 
..L - - + - - -'- + - '£.== • 
Mo - M~~o. M1 ' t>ta. - t"\_,.. M4. > M1 +l'<q_ 

3,ll6Cb R. - B6KTOp, C06,llJ.!Hll.IOil\IIIH li,llpa 11630MOll6KYAU ct H f 
c MaccaMIII Me;. H Me (a llBJ!hHeBweM /'14. ~ 1'1e ) ; ~ - seK-

Top, C06,llRHHIOli{I'Ji'! Cepe,llKHY 0Tp63K8 R. R ,.,.... - -Jole30H C M8CCOH 

rnl"; ~ K r, - paCCTOHHRli OT H,l\6p Q H ~ ,llO /" --14630-

Ha. 

.l!BIIIJKeHJ.te ;«- -Me3oHa B we3o!.loneKyne xapaKTepa3yeTCli Tpe-

Yli napa60J!H'I6CKRMJ.I KB8HT0Bbii4H 'IHCll8MK VI ;: ( 11:1 11~ tot} 1 8 OTHO-

CKT6J!bH06 ABK:tteHI'Ie R.,llep Cl H g - H860p01.1 KB8HTOB~X 1Jl1Cen 

't' = ( J t11r 1T ).. ) , r.zte J H ~'~"~r - nonHbiH Op611T8J!bHbltl M0146HT 

CKCTeMbl Tpex Ten R ero npoeKQRli H8 OCb i na6opaTOpHOH CHC

T6Mbl K00p,ll11H8T CODTBeTCTll6HHO 1 V - Bl16p8QROHHOe KB8HTOBOe 

q11cno, a )\ = ± (-) 1 - nonHaH t~eTHOCTb cacTeMu Tpex Ten. 

HaH6onhwHM J.tHTepec npe,l\CTBBIIRIOT ypoBHH 3HepraK Me3ouoneKyn 1 

COOTB6TCTBYIOli{Re OCHOBHOYY COCTOll.HHIO ,li,BI1JI[eH.Kf! .)-< --M630H8, T. e • 

COCTORHJ.IIO C KB8HTOB~MK IJTI!Cli8J.IR VI = [000]. llOCKOnbity B OTCyT

CTBHe U8I'HRTHbiX nonelil 3HeprKR ;"t -¥630MOneKyn He 38BRCHT OT 

2 

KB8HTOBOI'O IJHCn8 ~T 1 Ubi B ,ll8nbH61ilW614 6y,ll614 6I'O OilYCK8Tb. 

T8KH¥ 06p83011, ,llnf! COCTOf!HHi'\ C n = [000] H 38,ll8HHOi'! nonHOi'! 

qeTHOCTbiO ).. B011HOB8f! tlJYHKQHli 38BHCHT nKWb OT KB811TOBbiX 'IJ.I-

cen J Jot 1r 

~t:(~ it)=< r: flt1t) =<~, Rlnr> = :t;v (~ R). (4) 

9TH BOnHOBbl6 tiJYHKUJ.IH Y.l\OBJ!6TBOpRIOT COOTHOW6HHIO OpTOI'OH8nb

HOCTH! 

<:r,.IJ',.'>= 5JrJR'Yr:c~"R)'i';y(r,~= an,()11-zr'. (5) 

A.llH868TH'I6CKHiil 683HC, no KOTOpOMy pa3n8I'86TCf! BOllHOB8ll. 

tPYHKUHR <?; Rl J 1T) cocTORHHli ( 'J '11") ue30¥011eKy1!u, onpe,llenR-

6TCR KBK nonHbllil H860p peweHHH 38,ll81JH .l\BYX U6HTpOB KB8HTOBO!il 

UeXBHHKH/
5/, T.e. 38,1\BIJH 0 ,llBHE6HHH jK--¥630H8 B KYJ!OHOBCKOU 

none .llBYX tPHKCHposaHHbiX R.ll6P 1 CL H C 1 y,llaneHHblx Ha paccToR-

HHe R. ,llpyr OT ,llpyra: 

h ¢.. (r. R) = EJ. (R) fJ.. (r; R) 
J ' J ' (6a) 

tf,.. cr. R) = < r. R I J > = < ~ R I VI~ n.a. m F) 'tJ ) ) ' 
... 
h ~ (~; R) _ 1/ r11 c- ) - - ~ r. R 

~ c. ' 
(6C5) 

~ (~ R) = < r; RIc>=<~ I< I k 11.z m F) 1 

I',ll8 

~~ - - :J.... A ... - j_ - .L ~ ( 6B) n - ~ r r;, r, 
rauHnDTOHHaH 3a;zta'lH .llBYX ueHTpOB 1 EJ (R) - Tepu, cooTBeTcT-

BYilU!H.It cocToRHHil I j > .llHCKpeTaoro cneKTpa a To A aaAB'lH, a k-
Hunynbc ./'(--ue 30118 1 cooTBeTCTBYIOIIIHiil coCTOHHHil 1 c.> HenpepbiB-

Horo Cil6KTpa STOH 88;!t8'lH. 

CocTORHHR Li > .= I j p > AHCKpnaoro cneKTpa HyuepyllT-

CR H860pOU j : ( 11£ 11.a. 1'11 ] nap860rulq6CKHX KB8HTOBbiX qHC6JI 

11 1 I'! .a. 1'11 H 'l8THOCTbll f "" ( :J, L<) no OTHOW6HHil , , _,. ..... . 
K HHB6pC.IIK r - - r' OTHOCHTen:DHO H8'l8JI8 KOOp;ztiiH8T. B 
CqJepo•,llU:bH!iX KOOp,llHH8T8X r: CJ it 1(1. }'= 14+1( J..: t;.,-t; 

1. ' ' J, R ' ' R ' 

~ 



pemeHI'IH </J. (yt; /() , orpaHHll6HHU6 B 06naCTH i ~ 'f < 00, 

- j ~ Z ~ d i, 0 :if If~ 27T,O~R. <. 00 ,MOlltHO npe.n;CT8BHTL B 
BH.n;e 

{ 

... i..Yt<l( 

~ (r; R)= ~f' (P; ~) = ~f'(f' Z> <f; I<)= ~·p(I,2;R)~ (~-'~:(7a) 
OHM y.n;OBneTBOpH~T COOTHOlli6HI'ID OpTOrOHBn:&HOCTI'I: 

<J'fl/p'> = SJr¢.'''(r.R) ¢, ,(r. ~) = o.,., s-_1'1, s;, n' ~ t~' 
J r ' J r , " ··· ... ... " ", 

3 (76) 
dr == L(f~i~)JfcllzJ((. 

8 

COCTOHHI'IH I c > E I k s r > HenpepblBHoro cneKTpa aa.n;atJH 
.ZI;ByX U6HTpOB xapaKT6pl'l3y~TCH I'IMnyn:&COM k ~--M630H8, H860-
POM .S = ( tlz. rn] napa6onl'ltr6CKI'IX KB8H'!'OBblX tJHCen ~.z H tt1 

1'1 'tJ6THOCTLD f . COOTB6TCTBy~~He pellieHHH, orp8HH'tJ6HHbl6 B 06-
naCTH 1 ~ J <. oo - .1 !G lz ~ i o !G 'f ~ 27T o < R < oo 

' , :> -

t
()"'ei'f'1~ 

~ (~R)= Jf,C~ k,R)=~,C~z, <e;k,R)= ~,.Cf,i)c/)~ ~'"'~' 
e ' 

y.n;oBneTBOpH~T C _h01D6HHJO OpTOrOH8n:&HOCTH: 
(8a) 

<c.lc'>=SJrf_ u~R)~,(r.R) = s-, ,S",.."',b. .", S'"(k- k'). <8") 
C. I C J f tl.:l. .l V 

3aBHCHMOCTD BOnHOBo~ qJYHKUHH "f;1f' C 7, R) OT yrnoBux 

nepeMeHHbiX e H ~ B8KTopa R = { R, e, .p} B na6opaTopaoA 
CHCT6M6 KOOp.Z!;HHBT, 8 T8K36 OT 83HMYTBn:&HOrO yrna ~ B6KTOpa 

r = { J, lz. ...2o <f )- B CI'ICT6146 KOOp.Z!;HH8T, Bp81l(81J~e~CH BI48CTe 
C B8KTOp014 R , OT.n;e naeTCH C ll0140UILD CHMM6TpH30B8HHO~ K0146H-
H8UHIII HOpMHpOB8HHblX ]) -qJyHKUI'I~ BHrHepa: 

3)
1 (.Pe'f'=(3 +s-o .... 0[c-re•rw~D-r (cl'e,O)+ e-i""'fD:_(~f{o)l 
"'"'r ' ' J !1rr J '""'T ' ···r ~, 

KOTOpble COOTB6TCTBYJOT nonHO~ ll6THOCTH ).. = +(-{ / 4/ • (9) 

Hcnon:&aya pemeHHH (76), (86) H q,yHKUHH (9), BOnHOBYil 
qJYHKUI'IIO (4) MOZHO npe.n;CT8BHTL B BK.n;e paanozeHHH: 

4 

]" :r 'I 1f' 

":Y;,-r (~ i) = 2: ~~'~ ... :r ( <1', e, 'f) R-
1 

Fl>\ ( J., 2_, R) (IDa) ,....,.0 
00 

{ 

00 

TlT F:,(i,z,R)== :;;
14 

fo ~o ~r(I,bR)XJr (R) -t-

' 0() (1D6) 

+ ~.Jk ~r(J,2;k,R)i5:v-(k,R)} · 
PerynapHble npH R = o 1'1 orpaHHtreHHble Ha nonyocH o~ R <. oo 

qJYHKUHH 

Tv 
j (R) = < R ;Jpl1'11">,. < R.; 111.~'~ ... ~ f I jlT) Jr , 

1V 
jsr (lc,R)= < R;ksp\1lT>= <R; k ~zmpl Tv> (II) 

npe.n;CT8BnH~T OTHOCHT6n:&H08 pa.n;Han:&HOe .li;BHE6HH6 H.n;ep Ol H e 
B ~-14630MOneKyne 1'1 y.n;OBneTBOpHJOT COOTHOlli6HH~ OpTOrOH8n:&

HOCTH, KOTOpoe cne.n;yeT HS (5), (70) H (80): 

!it. ~'if:, rJ~ i;';(<)f;~T(R) +' 

+ r.~ k fJR j5~1f'(lc,£)jS':r(lcJRj. = b~'IT~IIa) 
0 0 

llpH OOCT8HOBK6 rpaHH'tJH~X ycnOBH~, COOTB6TCTBY~~HX npaBHn:&-

HOMy npeAeny .ZI;HCCOU1'18UI'IH ~ -14830MOneKynbl H8 146308TOM H H.n;po 
/ 4/, Anft BOnHOBO~ qJYHKUHH (IDa) B paano•eHHH (1D6) BMBCTO peme

HIIIt 

lfA~ (J', i; R) ) <eJ..._ (f, ~; IZ) , lf5 ~ (~ ~ j k)~.), l.f5 ~< (f,h k, R) 
o6~trHo acnon:&aynT HX naaeiHHe Kow6BHBUHH (apryweH~H onycKaew): 

~4>. = ~ ( lfj, - I('J14) , 

'fJI = h; ( <(Jj + lfJw) (12&) 

14 aHMOrlrlllHH8 KOM0HHaiUIII ,ltJISI f ga., H 'f ~ i 

5 



ilpeo6paaoBSHHe (lla) HH~YUKpyeT npeo6paaoBBHI4e ~na WYHK-
o/ Tv-( ) rv-

uKa _ij' '= _,rJ"j ~ H ..tjcc : ~· cc ( R) 

.xj~ = -Jt ( .ii, - ~· ~) ' 

.f.., = _1_ (J,, + .ii ... ) 
(126) 

~ '(i; ' TV" 

H TaKoe :&e npeo6paaoBBHHe ~mi is, ( k, R) 
rv-

H ~'< (k,R). 
ilOCKOncKY npK 3TOM BUllOHHH6TCH COOTHOW6HH6 

~' i.J, + VJ ... JJ.... = ~ .... JJ'"" -t- ~.jf~t 
TO p83HOll6HHe (106) COXp8HH6T CBO~ BHA C H3M6H6HK6M CMUCH8 

1111~6KC8 f : 
P = (#,u.)- f = (a,t) • 

(13) 

ilO~CT8BnHH llOCTpOeHH06 T8KI4M o6p830M p83HOll6HK6 ~nH BOHHO-

BO~ WYIIKUHK ~r: ( ~ R) B ypaBHeHHe (I) 14 ycpe~HHH ero 

no nepeMSHHUM .P, 0, 'f, J, i, , llpH~eM K 6eCKOH81lHO~ CiiCTeMe 

06UKHOB6HHUX 14HTerpO~K~epeHUK8HbHUX yp8BH6HKH H8 nonyOCH 

O*R< 00 • 

I 
... { Jz. _ :r(Y+1)-Zmz. _ 2.RM + Z,ME.rv-}.ic(~) = 

.uz. R z. 

00 00 00 

=- LV._i(R)i.j(R) + E Jclk ~5 (1c,~)~(lc,ll.) 
j".1 S:j b t 

I"'{clt.- J('f+:i)-2.m"'- 2.M-+ "HE }i (kR): 
JR.Z. R.z. R ~ TV s I (14) 

""' - 00 = L {fs,(k,!l.)J.(I~) + r JJk"~s,(k,lc:,()~,(k:R) 
i. ""1 s"'.1 o ' 

C rpSHHilHUMH ycnOBiiHMK 

3~6Cb 

(T1f') 

.J,(k,o)=O . ' 
~"" i,(~):; 0 ' i: i,z., ... 
fl.-110 

i 5 (lc,o) =O, &,.,.. is(k,tt)=O 1 S= 1,2, ... , (15) 

~-- 0~ I< <. 00. 

1'1 "' Ho/rt'IQ. , E.rv = E,.f:'- c1~ - aneprHH COCTOHHiiH 

~- Joi630MOneKynu, OTCilKT8HH8H OT 3HeprKH £:1.._. 

6 

OCHOBHOrO COCTOHHHH W8308TOM8 ( l'tl,.... f'1 .... ), 8 BCe B8HKtliiHU K3M8-

pHiOTCH B e~iiHiiUBX e = t; = m-. = :1. • CKcTeua ypaBHeHKH (14) 

38lli!C8H8 B 11 ~BYXKOJolllOH8HTHO~ WOPM6 11
/

3 •4
/: 

.( (t<.):. .i._-rCR) = ( J..a. (R>) 
i.u (fl.) > 

rv- (i sC4 ( lcJ.)J is ( kl 1/.) = j s ( 1<, ~) = i ; 
s( (k~~) 

u.' (/') : I 1d 
"' (u·~ J.Ct c~) u~ ., (R)) 

~J Ua
1
Jo..(R) 1f;.t

1
J&(R) ' 

A - (1 0) I - 1 
0 ' 

(16) 

il aHanorK11HO - ~nH lo\8TPiiU vis (k,R-), Vs<. c k,R) 14 u.ss' (1<)::,~). 
iloTeHIJ.HBnu Ut.p,jp' (R) BHQiiCHHIOTCil no wopuynau, KOTO-

pue cneAyiO'I 143 npeo6paaoBSHK~ (12a) 11 (126): 

U.:<l,Jo. 0'·) = i ~ ('f.D,J~ + V::u,J~J- (vig,J" + ~u,J~J~ - ZN £~ ... S'.i 

(( . , 
U~a (( (R) = 1 ~ V;.~ j'-Y;,v. J") -t· (v.~ jL•-v(.( ;0\ (17) 

' (I l - ) C.O 1 cJ )V &. ) <) ~ ~ 

11 (o\. Lt{y . _ V. . '-(V V \7 
v,1,j~>- "'; - z L \. ~. aS ~<.:)Jv.J . C:,,j ~ - i.u1 j31j ' 

'Vit,J l (R) = l ~ (V.:3,Js -i Viw,JLI; + (V;.~ 1j ,. + ~u~J")~- ZME,y.fi;i . 

IlOT6H UH8HU V... J4. "" V;,o J 4 ( R ) Jl 'l'·A · llblp8&810T-
" ' I ~JQ q (:t) ( IJ} 

CH 'fi-Ve a TepMii E J (1')( II MITPII11HU6 aneM6H'l'l:i H~i (lt)t H r· (R), 

Q t~ (IZ.) ll 8,/' ( R. ) onpeAU8HHii6 :B pa c50TBX' 10- 2 t 
14 •1 I cneAYro~M o6paaox: ' 

<:" H'~) ( ) C*) V. .• ( R.) == ~H E',. (~) ou + ;.4 i<t (It) - i +Z~t- H. ...(R.) + 
~J. (J • ~~~ ~h 

<•> / La'"'> ,.,., J + B,~J~ '"It)+ JA 'l,i/lt) + za,l,il Cf{) .Jf( 

(IS) 

V { 
(-> ( ) (-> ( 

'-IJIA. (R):: IJe H;,J,JIA. R + Bl,,~ ... It)+ 

.L <-> (-) J 1 + .Jit QiJ,J"'(Jt.) + 2,QlJJ1A.(It) .JR • 
(19) 

7 



AHanorHqH~e COOTHOWSHHH cnpaBSAnHB~ AnH 

V, ... 'a. ( R.) C oqeBHAH~MH 38MSHBMH '-,J, 
qaCTH pBBSHCTB (18), (19), 

V:u,jv. (~) H 

:J .....,. 1.< B npaBOM 

Jlna noTeHuHanoB V..,, s P' ( lc, R) , 
HHH A.IICKpSTHOrO I i. > H Henpep~BHOrO 
38ABqH ABYX USHTpOB, COOTHOW8HHH (18), 

CBH3~BBD~HX COCTOH-

1 c.> cneKTpOB 
(19) no-npe~aewy cnpa-

BSAniiB~, 

ITOTSHUHB~ Ysp,s'r' ( k, lc~ K) > 
HHHB 1 c.> H I c.'> Henpep.biBHoro cneKTpa 
pOB, B 06~ew cnyqae MOEHO npSACTBBHTb B BHAS 

CBH3~BSD~e COCT0-
3BASqH ABYX USHT-

vsr,s'r' (k,lc: R) = Ys,,s'r'C k,~) S"(k-k') -r ?{r,s'r' (k,k>~). 
(20) 

ITOA06Ho (18), noTeHuHan~ 
npeACTBBllSH~ KBK 

Ys,, s '3 ( k, R) woryT 6~TI> 

,, kL (i') H ('t') 
Ys3,sa (k,R) = ?,M · ?: r,s' + H,,,sj(k,R)-(1-f'Zflt) s3,s3(k,~!)+ 

B(i') ( ) J Q(+) ( ) (+) J + s,,s, k,~ -+JR. s,,s3 k,R + Z,Qs,,s~ (k,~) JR. • (21) 

B~pBliSHHB ARB noTeHUHBnoB ~ll s'"' (k,£) , YsJ,s'w.. ( lc, R) H 

Vsv. s'• ( k R) CTpOHTCH BHBnorHqHo (18) H (19). 
' ~ ) (t;) 
Hcnonbaya acHMUTOTHKY waTpHqHbiX aneweHTOB H i.f ( R) 

H,~~)(R.) 7 Q~±>(rl.), B~;'U.)npH R-oo 1211, HBMAew,~qTo 
HBqano OTC'Cl8T8 3HSprHH E tot' (B SAHHHUBX e = 1; = """- = :t. 
pSBHo/4/: 

-~ .:f... 
(ZM) ~--,~.._Coo) = E"l-(oo) = E.1a =- ~ 

T.e. 3HSprHH OCHOBHOrO COCTOHHHH M830BTOM8 ( l'lf_,.. Ho.) • ilpH 

aTOM V::~ ... ,~"' (oo) = 0. 
Pewaa CHHrynapHyD 3BAaqy illTypMa-RKyBHnna (14), (IS) c 

llOTSHUHBllBMH (!? )-(21) ,MOliHO HBMTH ypOBHH ::JHeprHH E. ·nr H BOll

HOB~e WYHKUHH .ii (R) H .f/k,R.) M630MOJISKyn. 

• 

3. PeweaHe aaAaq~ lliTypwa-RHYBHnna Ana CHCTe~ 

06~KHOB8HH~X HHTerpOAHW$epSHUHBllbH~X ypaBHSHH~ 

ITpH pemeHHH CHHrynapHO~ 3BASqH lliTypwa-RHyBHnna (14), (IS) 
AnH deCKOHequoii CHCTe~ OO~KHOBSI!I!~X HHTerpOAHi))<pepei!UHBllbH~X 
ypaBHeHHM Ha nyqe o~ R < oo annpoKCHMHpyew ee perynapHoM 

3BAaqeU lliTypwa-RHyBHllllH AllB KOHeqHOH CHCTSM~ ypaBH8HHM ~aawep-
HOCTH N Ha KOHeqHow HHTepBane 0 ~ R. ~ R..., /22,2 1: 

,. { jl 
I 'JRz. - JC1+1~ _ ZM + ?,ME. l.{ (R.) = 

Rz. R rv j ' 

"'• tis k ... 
= 2: frc:/~)~(R) + L Sdk u,s(k,~).x'/k,R~~a 

J ='1 s =-1 0 ( ) 

i{..J:. JR.l -
J(HJ.)-Zttt2.- .?J::!_ ?ME }J. (k I{):: 

Rz R. -t- w :nr s ' 
~~~ f'ls k,.. 

:: I. usi. (k,R)i.;(R) + L S.Jk' uss'(k,I<R)~,(k;R) 
L=1 s'=1 ° ' 

C rpBHHqa~MH ycnoBHBMH 

j._(o) = .i,: (Fe,..)= 0, 1. ~i, ~ /11'.: 

.Xs(k,o)= .is(kJ . ..,) =OJ j~S ~ ~~ o~k ~ k.., ~226) 
qHCllSHHOe HCCllSAOBBHHS CXOAHMOCTH p83llOESHHit (!0), npOBS

~6HH06 B ABHHOM pa00TS 1llOKB3biB8ST, qTQ AnH BblqHCllSHHH ypOBHSM 

::JHeprHH ~ -M830MOll8rlYll C TOqHOCTDIO "'0,1 aB ~OCTBTOqHo 

nonouu N,; = !3, f'ls = 6, R"" = 60, k,.. = IO. ITpH aTOM HH
Te pBBli o ~ k ~ k,... AllH Ka:.:~oro c oc TOBHHB I k s '> pa aOH-
BBSTCH N ~S) Y3JlOB~IlH TOilKBMH ko~, ( ..l -= 1, 2.

1 
... J N,._csJ) 

C WBrOM Aka~, H BCS HHTerpa~ no k 38MSHHIOTCB CyMMBMH BH-

AB k N"'"> 

s~(k)Jk == .2:-f(k.o~.)lf(k")Ak.L , (23) 
0 .1.=1 

r~e ~(k,~.)"'-k.t - B6C8 KBBApBTypHOU qJOpMy~ CHMUCOH8, 
llpH TBKOM ~HCKpSTH3BUHH HenpepbiBHOrO CllSKTPB oomee qHCJlO 

ypaBHeHHR B CHCTewe (22) paBHO N = Z (tv',; + ,.v,) 
./fl. ) 

rAe N'c. = L Nl<cs> • 
S'!'~ 
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B ~aHHoA pa6oTe ~ = II9, T.e. o6~ee QKCno ypaBHeHHA 
B CKCTeWe (22) paBHO A( = 264. 

ilOT6H!Ui8nhl Vl" (I{) , CBH3b1B810~He COCTOHHHH fC:>=I~~H..tttt) 

H IJ>=I11:tl14 m) iucKp6'l'Horo cneKTpa aa~aqK ~Byx ~eHTPOB ~nH 
BC6X HB60pOB KB8HTOBhlX QKC6n, y~OBneTBOpHIO~KX ycnOBH!O 

11 = ~ 1 + t1z + 1'11 + 1 ~ 3 1'1 1 = 111
1 + 11f. + 1"1

1 
+- .1 ~ 3 , .. 

a TaKae noTeHUHanbl Y:t~ ( ~), Y;; (R)., CBH3blBBIOI!lKe (9,~)-
-napy cocTOHHHA 1 :1) = \000) c TpeMH napawu cocTOHHHA 

IJ'> = \3oo>. I 2!0~, I I2o> ua o6onoqKa 11 = 4, BblqucneHhl c 
OOMO~L!O anropHTMOB/I ,II/ H8 HHT6pBane H3146H6HHR 

R = O,I(O,I)20(I)IOO c OTHOCHT6nLHOA TOQHOCTLD rvi0-7• 06ute6 
QHCno HCOOnL30B8HHbiX llOT6H~H8nOB Vli (R) p8BHO 436. 

ilOT6HUiiBnhl "¥15 ( k, R) , CBR3biB8loii(H6 napy OCHOBHbiX COCTO
HHHI aa~aq11 ~Byx ~eHTpoB IOOO~) a IOOOu> c napawu lksg) 
H I k s u) cocTORHKA HenpepbiBHoro cneKTpa, BblQKCneHbl c a6co-
nDTHOA TOQHOCTL!O rvi0-5 H8 HHTepBane K3146H6HHH 
R = O,I(O,I)5(0,2)II(0,5)20/I 3,I4/. ~nH COCTOHHHft 

S = (ltz r>~] = [oo] OOT6H~H8nbl paCCQHT8.HI:i llPH 3H8.Q6HHSIX 
k = 0,2(0,I)1{I)IO ( l'l.c'') = I8), .ztnH COCTORHHA (IO], (20}, 

LOI] H (II) - npH k = 0,2(0,I)I(0,2)2(I)IO ( Af:'>= 22), ~nH 
COCTOHHHH (30] - npH k = 0,2(0,2)2(I)5 ( fVI<U) = !3). 0611166 
QHCno HCOOnL30B8HHhlX llOTe~HanoB ~5 (1c,R) H "Ys1 (fc,R) 
paBHO 476. 

~H8rOH8nLHb18 M8TpH'IHble aneMeHTbl Ys,,s, ( k,R) 
1 

Ys5,sw. (k,R) 
111 T.~., CBH3blBBIOI!lHe napbl cocToHHHA 1 c > = 1 k ~'~.z.""' j) H 
lc') =I k h" WI~<) aenpepbiBHoro cneKTpa aa~aqH ~BYX ~eHTPOB, 

BblQIIICn6Hbl B pa60T6/I 5/ C a6conDTHOA TOQHOCTL!ONI0-5, 
AnR Ha6opoB ~.z = O,I,2,3 H 1'\1 = O,I npH aHaqenHHX 
k = 0,2(0,I)I(0,2)2(I)I0 B HHT6pBane H3146H6HHH 

R = O,I(O,I)5(0,2)II(0,5)20. "' 
06uua« BH~ MaTpH~bl noTeH~HanoB V ( R) , pacCQHTaHHOit B 

HBCTOHI!l66 BpeMH, np6~CTaBneH He pHc. I. 
~nH QBCn6HHOro p6W6HHH 38~8QH lliTypMa-AHyBHnnR (22) 6blnH 

HcnonLaoBBHbl anropHTMbl/I8- 20/l nocrpoeHHble He OCHOBe aenp6pblB
Horo &Hanora MBTo~a HLDTOHa/I I H ero wo~H~HKB~HA/I 7/. 

Bb1QHCn6HHH HCKOWI:iX 3H8Q6HHI ~lV'> .J;(~), .X5 (k_i{) 
npOBO.ztHnHCL C OOMOlllLD nporpaww ITER /I9/ H BAAP /20/. 

llpH STOW H8Q8nLHb16 npH6nHE6HHH .ztnH E.~v- H .i.i. (I{) BbltiHC-

10 

H 

<l) 

:::r 
:s: 
1=: 
10 
co 

E-< 

-+-a\ 
~ 

"' 
~ 

0..... <l) 

" ~ 
n_ 

1=: 
» :.:: I"( 
Q) 0 
1=: e-o 
0 Q) 

1=: 
» 
:.:: 
Q) 

1=: 
0 
::11 

:::!! 

~ 
0 
ro 
Q) 

..., 
'-..) 

::11 

...... 
~ 
h ,....... 

..__, 0 
H 

'lS: ..__, 
:s: 
:II 
tr:: 
0 
e-o ~ 
(.) 
0 

a_ 
(.) ..-. 

0 ,....... 0 
>1:1 ._, 
ro 
._;> 

l:> ... 
\lj ,....... 

0 

I H ._, 
Sl 
ro 
a:: 
pq ~ 
(.) a... 
gj ,....... 

0 
~ 0 
Po ._, ., 
a:: 
(T) 

,....... 
0 
H ._, 

~ 
a... 

,....... 
0 
0 ._, 

I 
Q) 

IE :s: 
1=: e-o 
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DHDHCh no nporpauwe SYSTEM /I8/, KOTOpaH TI03BODH8T pewaTh 

qSCTHqHy~ 3a~aqy illTypua-RHyBHDDH ~DH CHCT8MU rv 40 OClUKHOB8H
HUX ~HflxPepeHuHanhHux ypaBHeHH~. HaqanhHble npH6nHllteHHH ~nH ~ynK
UH~ .is ( Jc, R.) BUClHpanHCh paBHUMH HYDil. 

Ilporpawua ITER n03BOnH6T pewaTh qaCTHqHyiO 38~aqy illTypwa

J!HyBHDDfl (22), (23) ~Dfl CHCT8MU OClb!KHOB8HHUX .ztHMJepeHUHaDhHUX 
ypaBH8HH~ paauepHOCTH rv 300 ~Dfl UaTpHUbl nOT8HUH8DOB

1 
H30Clpa

llt8HHO~ HS PHC. I. 

Ilporpau.u.a BAAP nocTpoeHa Ha ocHOBe nporpauuu ITER 

,llDH peweHHH 3a~aqH (22), (23) C ll.aTpHUe~ nOT8HUH8DOB cneuHanh
HOrO BH~B: B H6~ npHCyTCTBYIOT TODhKO nOT8HUH8Dbl 

u1J(Il), ~i(R'), uis(k,R), USi(k,R), V;;:CR) H U5 s (lc,R) 

(Ha PKC. I aTa MaTpHua BH.zteneHa nyHKTHpou). 8TO TI03BODH8T CO
KpaTHTh Bpeii.H Bblqlt!CD8HH~ HB nopH.ztOK no cpaBH8HHIO C BP611.6H611. 
BblqllCJISHH~ no nporpawe ITER • 

IlpH Bu6paHHOM cnococ5e paac5HeHHH HHTepBana 0 $ R ~ R..., 
yanoBUYH ToqKau.H R.~, B KOTOpblx aa~anbl noTeHuHanbl v., (R) 

A ) ......_) 0 , 

VH ( k, R H U 51 ( Jc, R), a TaKllte npH Buc5paaHux aHaqe-
IU!HX IV;, Ns tl,lccs) R.., OTHOCHTenhHaH ToqaocTh pewemm 

) ) ) 

38~aqH illTypu.a-RHyBHDDfl (22) C nouo~h!O anropllTMOB ITER H BAAP 
COCTaBnHeT I0-4-I0-5 

A 

U~j(Rl 

R 

/ NsxNc-J ~ Nf I ! )l),lkl'l U.!(_T ____ _ 
I I L_.__, 
I I I 
I l-+-, 
I I I 
I L_J._ 
I I 

A 

U.,(k,Rl 

A 

Uss (k,R) 

PHc.I 

12 

c- 11 ( n1)-"- c, 11 [n,n2m] c.11 k --.:.... ._, kn2 m _c(2l -~cC21 r-c(2)( )- ~c C2l[ J 
n2 ,m ~.m 

0.5 
dttJ 

(J=1, U=1) cn=-0.64 3B ' ' ' ' 
0.4 

) 
I 
I 
I 

0.3 
I 
I 
I 
I 0.2 
I 
I 
I 

I I 
I 

),_ 
0.1 

n k 
4 3 

I'll c. 2 

4. OocyJ~tAeHHe peaynhTaToB 

Peaym;TaTbl BuqHcneHHli npe~cTaBneHbl B Tfl c5JtHUBX I-9. B nep

BO~ CTpOKe TaClDHU l-3 npHB8~8Hbl 3HaqeHHfl £ 1 r = c ~~ , BUq.Hc

D6HHUe B ~ByxypOBHSBOM nplt!ClDHJ:6HHH ( /I;,=J. > ~ =-0) a.ztHBClaTH-
qeCKOrO M8TO~a74-?/ C nowomhll anropHTM8 SYSTEM • B aTOM npll-

" 6DHJI6Hlllt! M8Tplt!U8 noT8HUHaDOB U ( R) COCTOHT TODhKO H3 O~HO-

ro 6noKa tr1i(R) (cu.. pHc. I), ToqHOCTh BbJqHcneHHH aHeprHH 

Er~ ~nH rny6oKHX ypoBHe~ cocTaBnHeT I-5 aB, a aHaQeHHe 
£;;>(.J.Y..,) = -0,64 aB. CTaUHOH8pH08 COCTOHHH6 ( J" =I, V =l) 

M830MOD6KYDb1 di)K B aTOM npH6DHllt8HHH OTCYTCTByeT, a BM8CTO 
Hero TIOHBDH8TCH KB83HCTaUHOHapH08 COCTOHIIH8 C aHeprHe~ 

co> 
t. 11 (J~) = +0,47 aB H mHpHHO~ "' 0,2 aB. IlpH pacwltlpe-

HH!tl CHCT8MU ypaBHSHH~ (22) · aTOT KBa3HCT8UHOHapHbl~ ypOB6Hh ~BH

J:6TCH K rpaHHU8 KOHTHHyyua, H npH Ni = 4 1 #s = 0 KB83HCTaUHO
H8pH08 COCTOHHH8 CTaHOBHTCfl CTaUHOHapHUII.. B BSpHaUHOHHblX pacqe
Tax/8 19/ CTaUHOHa paoe COCTOHHH8 ( .T =l 1 1T =l) MOneKynbl .J ~ 
He o6aapyllteao. 

Bo BTOPO~ CTpOKe Ta6nHU l-3 npHB8,ll8Hbl aaaqeHHH 
' - l: (I.) 

CJtr -:::. £JV" t c.,a
7
f:'' BblqHCD6HHbl6 no T80{lHH B03My~eHH~ CornaCHO 

anropHTMY pa60Tbl 3/, npHqeu. BKna~ ~lt!CKpeTHOrO cneKTpa 

t.
11

r = t~ -t C~~!,,... BUqHCnHDCH no nporp811.11.8 SYSTEM npa II",; =I3 t 
N!; = 0' a ~yHKUHH ~4 il xi, t H8~.(16HHbl6 npH peweHHH 

c(aJ 
3TO~ CHCT8Mbl 1 iiCTIODh30BaHbl ,llDH BblqHCD8HHH BKJia~a cG4~~ 

(cw. (25)). 
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TaOnHua 2 

9HeprHH CBH311 - £ 111" ( aB) COCTOHHII!t ( T"lf" ) loi630W0116I<Y11 

Jd/"' H dt« 

(rv-) I (OO) (OI) (10) (II) (20) MeTOA 

]lByxypOBH6B06 
322,69 33,14 224,08 0,64 83,56 npllci1IIIli6HH6 

TeopHH BOaMy-
324, 99 35,66 226,74 1,83 85,34 1116HHit 

dd;« 1325,05 35,81 226,61 1,39 86,31 ITER x) 

325,04 35,80 226,6J 1,9Ixx) 86,32 DAAP 
a) a) 0) 

324,27 32,76 226,55 - - BapHBUHOHHNli 
pacqeT 
-
-
,llByxypOBH6B06 

3I7,04 32,21 230,IO -0,47 99,90 npH011Hli6HH6 
TeopHH Boauy-

3I9,09 34,70 232,6I 0,63 I03,I6 Ul6HHit 

J-tr 13I9,I5 34,87 232,43 O,I7 I02,52 ITER x) 

3I9,15 34,87 232,44 0,64xx)I02,54 BAAP 

3I8,ol' 32,95a> 
BapHBUHOHHNli 

- - - p8C116T 

x) BN11HC116HHH no nporpaMMe ITER BHnonueHN npH R .... = 20. 

xx) 8HB116HHH, nonylleHHNe no nporpa101e BAAP np11 R..., = 6 0. IlpH 
'\n=20 -EH (JJ~) = I,39 aB II -~t (J'tM) = O,I7 aB, T.e. 
n01IHOCTb~ COBnB,nB~T C peaynbTBTBUII, nony116HHiiMH no npo
rpBMMe ITER • 

a) Carter B.P., Phys. Rev., 165, 139, 1968. 
0) Halpern A., Phys. Rev. Lett., 13, p. 660, 1964. 
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I 
• 

TpeTbH CTpoxa co~epzHT peaynbTBTN BN'IIHcneHHlt l1~ no 
nporpBMMe ITER C l.{6JIH!t0M 3BnOJIH6HHOlt MBTpHl.{elt nOT6HUIIB1IOB 
IT(R) ,BHA KOTopolt npe,ncTaBneH HB p11c. I. 

qeTB6pTBH CTpOKB Co,nepzHT pe3yJibT3Tii BN1111C116HIIlt 
no nporpaMue BAAP 

Bo BC6X nepe1111C116HHiiX C1IY11BHX HCn01Ib30BBH!i 1111Wb AHBrOHB1Ib
Hble M8Tpii11Hii6 aneueHTbl (20), CBH3b1B6IOIIIH6 COCTOHHHH I k s';> 
HenpepbiBHOrO Cn6KTpa, T.e. flOT6HUH3111i B ypBBH6HIIHX (22) HU6IOT 

~ ( ~ I 

BHA uH,(k,k,R.) = U'H(k,lt) bs~' S'(k- K)' npH116M B no-
T6Hl.{H6118X Uu (. k, R) YIITeH T01IbKO BeAYI!lHlt 11116H: 

A A. Z. 
Uss ( k, It) = I M I( . 

B flHTOa CT~OK6 npHBe,neHii peaynbTBTii HBII1IY11WIIX BBpHBUIIOH
HiiX p8C116TOB/8, I. 

B npoBe,neHHHX Bli'IIHCneHHHX Hcnonb30BBHH cne,nyiOillHe 3HB11eHHH 
MBCC 'IIBCTHI.l (B e,niiHHUBX MBCC!i aneKTpOHB ttl!! ) II 3HB116HH6 
R~ /24/: 

rnl"t = 206,769, Mp = I836,I52, HJ = 3670,48I, 
Mt = 5496,9I8, ./<~ = I3,6058 aB ~ 

~a TB011Hl.l I-3 nerKo BH,neTb, liTO 3HB11eHHH E~lT , BH'IIHC
neHHHe no TeOpHH B03MYill6HHit, B6Cblol8 Cl1IH3KII K 3HB116HIIHM, Bli'qiiC-
116HHbiM no nporpBMMBM ITER II BAAP • 3HB'l6HIIH e11T , paCC'lH-
taHHii6 no nporpaJLM8ll ITER H BAAP, c Oonuolt ToqHOCTb~ 
( rvl0-2 aB) COBllBABIOT 116l!AY co6olt. 9TO 03HB1186T, 'lTO npH Bb111HC-
116HHHX c aTolt TO'lHOCTbD BKJIBAOM noTeHI.liiB1IOB tr.:d· ( R.) npa 
i. t: J' :/=. 1.. MO:IIHO npeHe6p611b. KBK npBBII110, peaynDTBTii paC'le-

TOB E. 111" c rpaHH'lHHMH ycnoBHHMH (226) np11 R..., = 60 z !:..., = 20 
He p83JIH11BIOTCH M6&AY C060lt C TO'qHOCTb~ ~ 10-2 aB, nOSTOMY Bbi-
1111C116HHH no nporpBMMe ITER BlinonueHbl npH R.,., = 20. !ticKnD'IIe
HHe COCTBB1IH~T CJIB60CBfi38HHii6 COCTOHHIIH ( J =I, V =I) M630MO
neKy11 J d_,A-( II J t,..« , AJIH KOTOpbiX 3H3116HIIH e nr t noJiy
'l6HHhl6 np11 R..., = 20 H R.., = 60, saMe THO paanii'IIBDTCH ( CM. TBO

JIIIUY 2). 
BhlliHCJIHB ¢JYHKUIIII ~ (~) 11 .is (lc, R) , uanpHMep 

no nporpaMMe SA A f' , MOZHO HB~TH BKna,n, KOTOpNlt BHOCHT B BJ, 
xaz,noe H3 cocTOfiHHlt I J > = I 11s ~.z. ,.., '> 11 I c.> = I k "'.z. ..,..> 
aa,naq11 ABYX l.l6HTpOB. 9TO, B CBOD O'lepe,nb, n03B01IH6T qHC116HHO 
HCC116AOBBTb CKOpOCTb CXOAIIMOCTII p83110li6HHS (106) II onpe,n61IHTb 
MIIHHMB1IbH06 'qiiC110 11116HOB B STOM p88JIOJ!6HHH, H60ClXOAIIM06 AJIH Bli-
11HC116HIIH E. TV C SBABHHOit TO'IHOCTbKl. 

IS 
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co 
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.-1 

0 
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0> 
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0. 
~ 

C'J ~ 

co C'JI 
(D .-1 

.-11 • 
'"' +' .-1 +' 

<I> 
~....:! 

II> • 
CIJ > 
~ <I> 

~ 

en » en .c: ;., 
p.. ~ 

p.. . ..: 
co 

s::: 
~ ~ 
<I> CIJ 
+' Q. 
~ .-1 
Cll Cll 
(.) ;.c 

~...-... 

Cll 'C) • 

C :3TOM ~81lbl0 npe,liCT8Bltl14 SHeprHJO £ nr COCTOHHHH ( T1r) 
B BH,lle CyYMbl, 8H81IOrH'lHOli pH,liY T.eopHH B03My.J(6Hltlit/3/ 

E Tlr =: 
(0) (~) 

f. y,. -t- C. nr (24) 

r.z~e R~ 

t'"> =(2.Mf15JR i (l~)f_j(Jz.- :r(n1)-z..., .. _ 2.11) y (t.)}i('-) 
11T 

1 l J11 R 1 R + ~1 1 
0 ' 

c (II.) (..Z.) (2.) 

c...llT = E. .Usc.... + E. c..•,t 

II,; c > 
E.~) = ~ "" "" ~ (.Z.)[., 11 wo] ='"E. z. [i] (2S) 

J•s,... L.... ~ ~ TlT .s. z L-.. llT 
"~"0 11zso ..,=o j=1 

lc,.. Ns k.,. 
. c..z.> ~ 5 (.:z> [ J ' r cz> E..Go,.t = 2: L.... J k Er,. k "a no. = ~ J Jk C.

1
,. [ks] 

t1z=O 1'>1=-0 o 5=:1. o 

{(,. "" 
E.~ [Js] = (ZMY

1 S .J R .i1 (/{) ~i (I{) -XJCR) , 
0 

1{,. ,.. (25a) 

t.~~ [ks] = (zHY
1 J JR i 1 (t.) ~s (k,R).\ (k,l{) 

0 

llp.l'l STOll li>YHK~.I'IH ~· (t) , .is ( k, /{) HOpM!tlpOB8Hbl yCJIOBH6M 

N.; f.., ffs k.., f.., 2. J (26 ) 

Z { L: SJ~< .X~CR) + ~ SJk SJR .xs,ck,,:)r=i 
p:(o.,f) j-=1 " If S=1 0 0 ' 

KOTOpoe annpoKCHM.I'IpyeT YCIIOB.I'Ie HOPMHPOBKH (11a) B TOM xe CMbiC

ne, B KBKOM CHCT8M8 ypSBHeHHli (22) annpOKCHMHpyeT CHCTeMy (14). 

CyMMbl B npaBbiX ll8CTHX paBeHCTB (25a) CJie,llyeT OOHHMBTD B COOT

B6TCTBH.I'I C OOpe.z~eneHHHMH (16), H80pHMep, 

~ ~;i.; = ~4. v.u.,~·~~ +1.1 ... ~"Jj'{' +i.1t~'-.J"~"+~,~~J~~t<2?) 
H T.,ll. (&) 

"'£•) "' . 0TM6THM, '170 B6111tlllHHI:il c. nr H c.. TlT , BblllHCII6HHbl6 

00 ~PMYIIBM (24), (258) HHWb OpH6nH~8HHO COB08,li8DT C aianorHq
HbiMH B61IHQHH8MH 1 BbiQHC;6HHbiMH no TeOpHH B03My~eHHii/3 ,~ OOCKOH~-
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T861UU.\8 4 
BKll8.ll p83lli!.'<Hhi X cocT OHHI!.H I J > = 111:~. ~a. rn> ,lii!.CKpeTHoro 

Cll8KTp8 38,118'< 1!. .l(BY X UeHTpOB B 3Hepri!. IO CBH31!. - £ 1,-(aB) 
YeaowoneKyn 

p F' ,« p .J/'< JJ.,M d t.,M 

11. [~llo."'] (00) (IO) (00) (IO) (II) ~ (II)(nr 

I [ooo] 246 , 947 101 ,236 215,401 91 ,141 0 ,558 -G ,645 

[roo} I , 591 I ,II4 1,213 0 ,946 0,310 0,282 
2 [010] 1, 779 1,639 1,725 1,797 0,409 0 ,395 

[001} - 0,465 - 0,321 0,104 0,067 

[200] 0,332 0,229 0,232 0,181 0,059 0,053 
(IIO} 0 ,221 0,138 0,284 0,245 0,048 0,051 

3 [0201 0,001 0,003 0,000 0,001 0,008 0,003 
(101] - 0,130 - 0,099 0,021 0,015 
[oii1 - 0,000 - 0,000 0,001 0,001 

[300] 0,128 0,088 0,088 0,069 0,022 0,019 
4 [210} 0,075 0,041 0,106 0,087 0,017 0,018 

[1201 0,001 0,002 0,000 0,001 0,003 0,002 

"~ £~ .. /,,,. 4,128 3,849 3,648 3,747 1,002 0,906 

£ E.,Hsc .. 251,075 105,085 219,049 94,888 1,560 0,261 

c•> ca> 
BK118.ll - E-J.:scr [ ".&'"]::-J: t 1.,. [ "1 lfa.too] 

T86l!Hl.\8 5 

OT COCTOIIHI!.~ IJ>= ~~ .... 1'0> 
"'1 

PP# p.I,M. JJ.,M Jt;~< 

~ [ (00) (10) (00) (IO) (II) (II) 

[oo] 2,051 1,431 1,533 1,196 0,391 0,354 

[IO] 2,075 1,818 2,II5 2,129 0,474 0,464 

[or] - 0,595 - 0,420 0,125 0,082 

[20] 0,001 0,005 0,001 0,002 O,OII 0,005 

(II] - 0,000 - 0,000 0,001 0,001 
E. (I.) 

Jiscr 4,127 3,849 3,648 3,747 1,002 0,906 

II 

• 

KY I!.Cll0llb3Y8Mhle tPYHKI..\HH ij ( K) H .i5 (k, R) OT11H-

1lBDTCil OT tPYHKI..\H~, llOCTf06HHhiX no TeOpHH B03MY~6HH~, yxe BO 

BTOPOM nopH,liK6 no (2M)- , 
~) 

B T86l!Hl.\8 4 llpi!.B8.1{8Hhl BKl!B,llli - £Tv [ 11:a 11a I'>"] p83-

l!HiiHhiX cocTOHHI4~ 1 J)= I ~'~:s. 11& ~> .liHCKpeTHoro cneKTpa 38AB'<H 

.IIBYX l.\6HTpOB B 3HeprHK> CBH3H - E.Tlr , M3 HHX BH.l{HO, liTO 

npHB6.liBHHhle 3HB1lBHHH c TOiiHOCTI>D "'0,1 aB 14cqepnhiBBK>T BKliBA 

cocTOHHI4~ I J > AHCKpeTHoro cneKTpa. 

B T861IHI..\8X 5 H 6 npHB6.1{8Hhl B81lH'iHHhl 

(£) ~ ~) 
- t,.ltHI' [11z.1'H] =- L.... f..T"lT (11111zt>1] 

.. 1 

(&) [ k.., (:1.) 

- Ec..o,.t n .. rn] =- S.lk £r-r [k~"a.""'] 
0 

(28) 

KOTOphle npe.l{CTBBIIHIDT coc>o~ BKIIBA cocTOHHH~ IJ > = !111 11z...,.. > 
14 I~ ) = I k 11z. m > ,lllWKpeTaoro 14 aenpephiBHoro cneKTPOB aa-

.1.\B'<H .1.\BYX 1..\BHTpOB npH tPHKCHpOBBHHiiX H860p8X KBBHTOBhiX llHC€11 ( 11a. 1'11] • 

Ta6nHua 6 
(&) :1<1 (Z.J 

BKllB.ll - f.. c.Kf ( 11z "'] =- s J k t. T1T ( Jc Kz. I'M] OT COCTOIIHH~ 
0 . 

lc> = )lc "L"") 

p P/"- p.J/( JJ,;< cJY-t 

~ ~ (00) (IO) (00) (IO) (II) (II) 

[oo} 0,892 0,519 0,831 0,598 0,120 O,II7 

[IO] 0,407 0,229 1,085 0,834 0,092 0,122 

[or] - 0,694 - 0,500 0,057 0,046 

[2o] 0,172 0,191 0,261 0,301 0,043 0,061 

[II] - 0,065 - 0,043 0,025 0,014 

·[30] 0,017 0,025 0,032 0,045 0,012 0,014 
E.(&) 

c.o..t 1,488 I, 723 2,209 2,321 0,349 0,374 
-- -- -- --- - -------- --
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• 

(lt) 
Ha p.ac. 2 npe~cTaBneHbl TBKJKe <iJYHKUHH E..r...,. [ k "'z. ~J, 

COOTBeTCTBYIOUIIIe ypoBHIO ( J :::1, 1T :::!) Me30iol01l6KYllbl Jt~ 

JlerKO BH~eT:b, ll'l'O CyUieCTBeHHbl~ BKJI8~ B f. (£~ ... t BHOCHT JIHW:b 

06ll8CT:b 3H81l6HHM 0 ~ k ~ 3. 
B T86JII!l.{e 7 ~llH COCTOHH!di ( J =l, 1T :::! ) lole30I.IOJieKyll 

.J..I~ H c:li:-_,M Kpowe Belll!llHH -t:~~t~<~tt.._l->1] -:-C.~~;crl"'z.""] 
) 

npe~CTBBlleHbl TBK~e Belll!llHHbl 

(.:1.) (.:Z..l 
-fnr[11J]=-2: C. [..,1"z.....,] 

(.&) 

c..~.,"... = 
T...r ' tl . ,.., z., 

- '""" f._(&) [ H 1 
L-- nr 1 

• 
~"1 

(29) 

Ha pliO. 3 ~JIH COCTOHHHH ( J" :::I, 1/ :::I) M830MOJI8KYllh! npe~-

CT8Bll8Hh1 BeJI.Illll!Hhl - f...~~ [ "'"] , a TBRJKe WYHKI.\Hll 

(2.) ( ~ (.2) k 
- Enr k) = - L-- ~ r-v- [ 112 1"1] 

(30) 
"a, rn 

noRa3b1BBIOUI.Ile BRna~ cocToRH.an IJ> ll I \c s'> B sHe pr.1110 CBH-

c;~ [ 1'1] 
3J.I - £:1~ (Jt«) • 

B TB6ll.lll.\e 8 np.llBe~eHhl BKJIB~hl OT 38MKHy-

ThlX 060llOileK Vl = t11 + 11z -T 1'11 -T :1 ~ncRpeTHoro cneRTpa aa~all.ll 

~BYX l.\8HTpOB! 

(2) ~ 
- Enr [n] ==- ,t_, 

(2) 

E ,...,. t ~.1 ~'~.z.l'\1 J 
~'~i, ll.z,m 

n1 + ".z. -r m -+- :1 = n 1 Yl ~ 2. 

(o) 
- £,.,..[:tJ =-- cr,.. .. (31) 

B T86ll.lll.\e 9 npe~CT8BlleHh1 OTHOC.IlT8llDHNe BKnB~hl Al!CKpeTHO-

ro .11 HenpephlBHoro cneHTpon aa~aqn ~Byx l.\8HTpoB B C.:rv- • Jler-

KO Bli~8T:b, qTQ ~nH rny60l\HX ypOBHeti onpe~eJIHIOUIHn BKJ18~ B C.r-,r 
BHOCI!T napa cocTOHHHii I J ) ==I 000 3) , I 000 t-<.> , B TO npeMH 

RaK ~nH Clla60CBH38HHbiX COCTOllHHn H806XO~HMO YllHT~BBT:b BKll8~~ 

£~ [j] I! ~~~I k s] oT Bos6yJK~eHHh1X cocToHHHn 1j) .a I ks). 
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-E}{) [kn2 m] 3B 

0.10 

0.05 

0 

B:mo - f. [ .., 
JtSGY ~l J 

l1lC ,J 

dt jJ 

(J=1,V=1l 

2 

Ta6nuua t.l 

.::;-· "' '\"' E. [ 11_! 11, " ' j £_1 L- , ~ 1"11'' 
•·•=" n._= .. · t:J.:: l' 

l-1::: ...... \11 .'t .,.. Wi..,... j .... 

OT pa 311HliHUX o6onoqeK Vi ,l!HCKpfl'I !!Oro cneKTp8 ll 3He prV.D 

CBH3K M630W0116Kyn 

PfJ'< !'c0t d~ d~ 

~) {00) (IO) (00) (IO) (II) (II) 

I 246,947 101,236 215,401 91,141 0,558 -o,645 

2 3,370 3,218 2,938 3;064 0,823 0, 744 

3 0,554 0,500 0,516 0,526 0,137 0,123 

4 0,203 0,131 0,194 0,157 0,042 0,039 

f~c.- 4,!27 3,849 3,648 3,747 !,002 0,906 

Cd·SC~ 25!,074 !05,085 2!9,049 94,888 !,560 0,2.6! 
---- -- -
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• 

Ta6naua 9 

HK1l8~ COCTORHH~ ~HCKpeTHOI'O H HenpepHBHOI'O CneKTpOB 38~8qH 

~BYX U6HTpOB B 3HeprHIO CBH3H - c_JlT (aB) W630M01leKyr. 

PF'~ f~ J~ Jt-« 
(rli) (00) (IO) (00) (IO) (II) (II) 

. Eja. 2528,52 2663,23 27II ,27 
- E.(;~ 246,94 7 IOI ,236 215,401 91,141 o,558x -G,645x 

(L) 
. E.l<scv 4,127 3,849 3,604 3, 747 1,002 0,906 

t. (Z.l 
- c.o"t 1,488 1,723 2,199 2,321 0,349 0,374 
- £(:1.) 

Tll" 5,615 5,572 5,803 6,068 1,351 1,280 
-~Col -!(2.) 

Tlf' llf' 252,562 106,808 221,204 97,203 1,909 0,635 

- E.r.,. 252.954 106.982 221,543 97,399 I ,907 0,636 

x) 3HaqeHHR nonyllaHH no ~opuyne (24). H ~ByxypoBHeBoM npH6nHEe

HHH CHCTeMH (14) BM6CTO npHB6A6HHHX 3H8li6HH~ nonyliHM 
(o) ) Co)(. ) E,H (J~ =-0,640 aB H t::H J~ = D,474 aB. 

3 a K n ~ q e H H e 

B .naHHO~ pa6oTe noKaaaHo, qTo pa anmKeHHe (106) BOnHOBO~ 
WYHKI..IHH ~t' ( r-, i!) no 8}.\Ha6aTHqecKoMy 6aa11cy CXO.l\HTCR .no
cTaToqHo 6HCTpO H MO~eT 6HTb C ycneXOM HCn01lb30B8HO ~1IR npeUH-
3HOHHOI'O BHliHC1l6HHR ypOBH6~ 3HeprHH l'l -M630M0116Kyn. 

B OT11Hl1He OT npe,l.\H.l\YmHX pa60T 8BTOpOB/2- 3/, B Y.OTOPHX ,llllH 
peweHHR 38,1.\8qH (22) HCll01lb3Y6TCH TeOpHR B03MymeHH", peaynbT8TH 
,li8HHOH p800TH He 38BHCRT OT B611HqHHH napaweTpa M81lOCTH (2M)-l, 
6CT6CTB6HHO B03HHK8IO~ero B 8~H868THq6CKOW MGTO~e/4-7/. 

AHanHa nonylleHHHX peaynoT8TOB noaBonReT aaKniOqHTo, liTO 
,IIOCTHI'HYT8R B ~8HHO" pa :50Te OTHOCHT61lbH8R TOqHOCTb I>£./ t_ BH
qacneHHil ypOBHe~ 3HeprHH )A -M630M0116KY11 ( rv 10-3 ~llR rny60KHX 
ypOBHe~ H "'10-2 ,1.\llR C1l860CBH38HHHX ypOBHe~) MOlKGT 6HTb ynyqwe-
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Ha npH paCillHpeHHH CHCT8M~ ypaBH8HH~ (22 ), a TaKMe TipH 6onee 
pa~Houanl>HOM Bhl6ope sua1.1e HH~ R.., , k ~'~'~ , 11 R H A k . 

A6con~ruaa TO'IHOCT:b B~'IHCneHHH sueprHH rny60KHX yposue~ 
N O,I sB, ~ocTMruyraa B aauuo~ padore, KaK crrenyer HS auarrHsa 
raunHJ:( 4-8, uo;r.er 6~T:b TBKJKe yny1.1rneua npH pac rnHpeHH!.l cnc•re
uu ypaBH8HH~ (22). AOCOll~THaH TO'IHOCT:b B~1.!HCJI8HHH SHeprH~ crra-
60CBH3aHHYX COCTOHH!.lM M830MOlleKyll HeCKOIT:bKO Bhllli8 !.l COCTaBnHeT 
N 0,05 sB. 

Cna6oCBH38HHble COCTOHHHH ( J" =l, v-=I) M830MOJI8KYll .J .J~ 
H J t,.M- 6bllll1 sneps~e o6uapyJKeiiu B pa6oTax16/ H 121 cooTBeT
crseuuo. Bhl 1.!Hcrreuuue B nauuo~ pa6oTe sueprHH Err STHX coc-
TOHHJdi npH Bb16paHHhlX 3Ha1.!eHHHX N,_ JV5 ll.kcs) 11R. H A k pas-

' > ) HbJ: 
£II( Jd)'< )=-I,9I sB, £II( d~ )=-0, 64 sB. 

BBH~Y B8)t(H OCTH llOlly'leHHOrO pe 3Yll:&TaTa ~ITH OllHCaHHH npo
~ecca _,M. -KaTaJIH3a B CM8CH ~e~TepHH H TpHTHH/25/, 6blll0 Obi Bec:o
Ma JK8JI8T8 H:OHO Bhl'IHC liHT:O SHeprHH STHX COCTOHHH~ KaKHM-ITHOO ~p~rHU 
CllOC060M, H8ilpHMep: !.lCilOll:03YH pa3DH1.!Hbl8 BapHa~HOHHble M8TO~Y7 ' 
9 •261, pa3naraa perneHHH ~v- ( ~ R.) no ;~~syx~eHTpoB~M GJYHK
~HHM lliTypMOBCKOrO THna 1.!11CTO ~HCKpeTHOrO cneKTpa/27/, pewaH CO
OTBeTCTBy~~He ypaBHeUHH la;~~~eeBa B KOOpnHUaTHOM npOCTpaUCTBe/ 28/ 
nu6o JKe uenocpe~CTfeHHO pe rnaa sa.na1.1y ua co6cTBe dHbl e sua1.1eHHH 
~nH wYnK~Hn F.(,.. C l ~ I<) s TpexMepuoM npocTpaucTse 
( 1 z R / 29 • ' ' 

} ~ 

ABTOPLI npl13HaTeJI:bHbl c.c.repUITeilny, !O.H.,lleMKOBy, M.KaC1.!HeBy, 
M.B.KoMapony, c.m.cnaBH HOBY H M.TI.~ai~Mauy sa MHOrO'IHCJieHHLJe 
06CyJK;L\8HHH HB p83JIH1.!HbJX STanax pa60Tbl. 
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KHC ~.A., Py;L\eHKO A.H., CaTapoB B.H., CepreeBS H.B., Co
MOB ~.H., CTonynHH B.A., ~Hll:b1.!6HKOB B.B., Coo6~eHHe O~H, 
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