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1. BBEilEHME 

YpaaHeH~e Wpe.Q~Hrepa sa,qa~H Tpex Ten c KynOHOBCK~M asaHMO

.QellicTaHeM - ,qee no.na>t<JriTeJlbHO sapRmeHHbre 4SCTVHJ,br /r..Qpa/ a H b 

C 3SPFI.QSMI-1 H MSCCSMlr1 (Z aM a), \o1 (Z ~b) Ill OTplll~aTeJlbHO 3Sp.R-

)I{eHHS.R 4SCTHLJ,S C /3J1eKTPOH 1-1111-1 fl- -Me30H, Zc ""-1 , rn c=ID e 1411\.11 

m I - HMeeT awglll. p . 

(H -En,)'l'.,(7. R) = 0. /1/ 

3,qecb R - paccTORHI-le Me>:{.QY RAPSMH a 111 b, r - paccTORHHe 4ac-

nru,br C ,QO cepe,QHHbl OTpe3Ka R , n H r - KBSHTOBble I.IJ.IICJla, xapaK

Tep~tt3yiOI.J.IIIIe COCTORHIIIe Clo1CTeMbl Tpex Tell. 

Ha6op KBSHTOB~X 414C€J1 n,(Nfrn) BO,QOpO,QOnO.Q06HOrO STOMa 

C 3SPR.QOM Z = Z a+ Z b , B KOTOPbl~ nepeXO,QVIT CHCTeMa Tpex TeJl 

e npe,qene R-+ Q/2/, xapaKTepHsyeT ABH)f(eHHe 4acn1LJ,br c a none .R.Qep 

a 111 b. Ha6op r= (vJm J'\) xapaKTepHsyeT OTHOCHTeJlbHoe ,qewmeHHe 

R,Qep, J - nOJ1Hblll1 MOMeHT CHCTeMbl Tpex Ten, rn J - era npoeKL.IIrlfl, 

A~ ±(-1) .J - nonHafl 4eTHOCTb C\tiCTeMbl, V - KOJ1e6aTei1bHOe KBaH-

TOBOe 41r1CJ10. 

raMI-111bTOHitlaH C\tiCTeMbl TpeX Ten \t!MeeT B\t!A/S/ /e eAHHirll.laX 

e=n=ma=1 I 

I -

z. zb 
------+ 

ra rb 

1 1 1 
-=m (-+-), 
M aMa Mb 

1 
M"· a 

K = 

/2/ 

/2a/ 
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rAe ('~ min(f, J), <I>YHK4~~ ¢Nfm (;; R) 
Hble 1-1 orpaHI.44eHHble peweHHR aa,qall-l-1 
XaH11KH 2 

- pe-ry;u~p-

A£YX ~eHTPOB K88HTOBO~ Me-

lb- ENfm(R) I¢Nfm (i:; R) ~ 0, 

1;; - k2 121 .p em (r; k. R) = o 

C r8MII'!JlbTOHPI8HOM 

/4a/ 

/46/ 

/4a/ 

COOT8€TCTBYIO~Io1e ,Q11CKP€THOMy _(I HenpepblBHOMy cne.t<TpaM, 8 14 <f> -
yrnOBhle_ nepeMeHHble eet<Topa R =I R, 0, cl>l , D-Q>yHK1..41111-1 BHrHepa 
D~m J(<I>, 8, 0) HOpMI-iPOBaHbl Ha e,qHHH4Y. 

np~tt no,qcTaHOSKe P}3110meHHR /3/ 8 YP8BH€HHe /1/ lo1 ycpe,qHe
H).1VI no K00PAJ.IIH8T8M r , 8 , ¢ npHA€M K CYICTeMe o6biKHOB€HHbiX 

'1' AY1¢$epeHtV-tanbHbiX ypa-aHeHH-i1 ' 
N; 

I~ +2M< J - U,.J,. (R) I X. (RJ = :t U ,.,. (R) X,. (R) + 
dR 2 v ' ,·~i 

Ns km 
+ :t f dkU. (k,R)x (k,R), 

JS S 
s ko 

2 Ni 
1-d- + 2M'J -UJ (k,R)Ix (k,R) = :t dR 2 v ss s 

N 8 km 
+ ~ fdk"U

88
.(k,k', 

s'f s k 
0 

R) X , (k ~ R) , 
s 

U . (k, Rl x . (R) + 
SJ J 

/Sa/ 

/56/ 

r,qe Mbl eeem1 coKpalijeHHble o603Ha4eHHR j '"{NP m), s c= (Em), x. (RF-
2 J =x J;: (R)=Ii>. X (k,R) =x!v (k, R) = I ks>. u.J (R) J(J+l}-Zm + ~+ u. (R) Nr.m s t.m u R2 R 11 • 

a 34>¢l€KTHBHble noTeH4J.18Ilbl Uij (R) , , Usj (R) ~ U88.- (k,k '~R), onpeAeneH
Hble a 11~ Bb14HCJ1eHbl a pa6oTax /4-St ; 3HeprH.A CB.R3H -~'Jv""-(Enr-"E1.a) 
CI-!CTeMbl Tpex Tell OTC4l1TbiBaeTCR OT 3Hepr~-tH E 1 a =-1/2 OCHOBHOrO 
COCTO.AHH.R l-130i1HPOBaHHOrO aTOMa (Ma , m c ) • 

B npeAelle Ni ~ oo , N 8 ~ oo , ko ~ 0, km~ oo 01CTeMa ypaeHe
HH~ /5/ C rpaH~4HbiMH YCllOBI-I.AMI-1 

X (0) = X (k, 0) = X (R ) = X (k, R ) = 0 , J s J m s m !6! 

Rm ~ oo 

2 



3·KBHBSJ1eHTHa HCXO,QHOMy ypaaHeHI-110 /1/, TSK KaK pS3110>KeH~e /3/ 
e· 3TOM npe,Qene - T04Hoe, nocKonbKy peweHH.R I 4! o6paayiOT no!l

Hbli'l Ha6op. 

8 npe,(\bi,QYLLIHX pa6oTaX aBTOPOB/
1
,. Clo1CTeM-a ypaBHeH~tri'l /5/ lo1Cnonb-

30BaJ1SCb AJ1R Bb!4J.o1Cl1eHJ.1R 3Heprlo11o1 COCTORHHi'l J1 -Me30MOJ1eKyJ1 1-130-

TOnOB BOAOPOAa np~~r 3Ha4eHHRX N i = 13, N s = 6 , k o = 0,2, k m = 

= 1 Q C noTeH~J.oiaJlaMH U ij (R) H T. A·, 3aAaHHbiMIII Ha CeTKe Y3J10B 
R ~ 0,1(0,1) 20(1) Rm ~60. 

~OCTJ.1rHyTaR npl-1 3TOM T04HOCTb B~4111CJ1eH~i'l ~0,1 38 He,QOCTa

T04Ha AJ1R ,QeTSJlbHOro onHcaHHR npo~eccoe pe30HaHcHoro o6pa3oea

HHR ft-Me30MOJ1eKyJ1/15~1-1 ee He06XO,QHMO YI1Y4WHTb no Kpai'!Hei'l Mepe 

Ha nOpR,QOK. nnR 3TOrO npe~,Qe ecero He06XO,QHMO Bbi4HCJ1HTb BKJ1SA 

B 3HeprHIO ( .Jv BbiCWHX cocTORHH~ I j > H !ks> 3aAa4YI ABYX ~eHTpoe, 
T. e. Bbl4vtCilVITb ( Jv 8 npe,Qene N i 4 ""' ' k 0 4 0. npH peweHHVI 

3TO~ sa,qa4VI e ,QaHHO~ pa6oTe vecnoJlb30BaHbt 3HS4eHHR Ni =23 , Rm=100, 
VIHTerpvtpOBaHvte no nepeMeHHOr:i k B ypaBHeHHRX /5/ BbtnOJ1HeHO TSK 

. 111 
~e, KSK H B pa6oTe , N

8 
=6. 

2. METOA PEWEHHR 

CvtcTeMa ypaeHeHHH /5/-/6/ pewanacb c noMOLl.lbiO nporpaMM~ 
BAAP/ 9 -; C03AaHHoH Ha ocHoee anropHTMOB, ~~rcnonb3YIOLLV•1X Henpe

P~BHbtH aHanor MeTOAa Hb10ToHa' 101• MaTpt .. n~a fi(R) 3$$eKTvtBHbtX no

TeHuvtanoe CHCTeMbl ypaeHeHHH /5/ HMeeT BH,Q, npe,QCTaBJleHH~H. B 
'1' pa6oTe · ·• MaTpM~a U(R) COCTOMT M3 6JlOKOB Uij (R) , U is (k, R) 

H uss~(k,k'1 R) pasMepHOCTH 2x2, HanpHMep, 

U .. (R) - lg.Jg (
u. . u,g,ju) 

171 
11 U. . U 

IU, Jg iu, ju 

rAe COCTOAHYIR lig> H liu> npHR-..-:,.,o6pa3yiOT napbl C OAYIHaKOBbiM 

Ha6opOM napa60I1H4eCKHX KBaHTOBbiX 4HCell [n
1

n
2

mp), OTflH4a~-
Ll.ll-1eCA J1J.1Wb 4eTHOCTbiO p = g, U = (-1) f * , ,... 

6 nporpaMMe BAAP HCnOJ1b30BaHa MaTpHt.ta U(R) • COCTOAUlaR lo-i3 

' 1cTpOKH 11 U !j (R) , U ts<k.R), 11
AHaroHam1

11 U jj (R), U 88 (k,R) 
1-1 ''cTon6ua'' U j! (R), U5 1 (k,R). Cnet.ta.tanbHoe HccneAOBaHio1e, npeAnpH

HAToe B pa6oTe I 11, nOKS3b!BSeT, LITO BKJ1104eHHe noTeH1.4HaJlOB Uij (R) 
npH iJj~ 1 B CHCTeMy ypaeHeHHH /5/ He H3MeHAeT pe3yllbTaTOB Bbl-

4HCJ1eHvtH 3HeprVIH ~:Jv 
_1()-4. 

Me30MOJ1eKyn C OTHOCHTeJlbHOH T04HOCTbiO 

PeWHB CHCTeMy 

'Jv 

ypaBHeHH~ /5/ C rpaHH4HbiMYI 

H BOJ1HOBble if>YHK~Hio1 )( i (R) 

yCJlOBYIRMH /6/, HaH-

M X, (k, R) C 

* OpaBHJla COOTBeTCTBHR: n 1 ~N-C-1. 
1 1-(-)1-m). 

n ~-(f -m- -=-='---
2 2 2 
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OTHOCHTeJlbHOt:l T,04HOCTbiO -10-4 /1, g: nOCJle 4ero MO}f(HO onpeAeJH.1Tb, 
KaKot:l BK!laA B 3HeP'n11o c Jv BHOCYIT Ka*AOe H3 cocTofiH1-1t1 I j> 
Yl jks>. ,[lnfl 3TOrO npeACTaBI-1M "f B Bl-1A€ ,. 1' Jv, 

(0) + ' ( 1) + '(2) 
(Jv=cJv Jv Jv !8/ 

'(O) + ,(1) = (2Mf1 
Jv Jv 

0 

d2 J f X (R) (- - + U (R)) X (R) dR , 
I ·dR II I 

No km 
/ 2) (k) dk = '(2) + ( (2) ' (2) }; ((2) + J Jv N=2 N d c 

ko 

N-1 {; 10 I; 
,~2~ (k)' ,(2) }; }; (2) (2) 

(k) = }; S = c NEm ' N 1=0 m=O 1=0 m=O 

!91 

Rm 
,(2) =(2M)-! J x

1 
(R)U

1
J(R)xj (R)dR, 

j 0 

Rm 
'(2) (k) 

' 
f X (R) U (k, R) X (k, R) dR • 1 ls s 

0 

Bb1pa>KeHI-1fl /8/, /9/ no cpopMe aHailOrl-14Hbl pa3Jl0}f{€Hl-1to cJv 
eo BTOpOM nopFIAKe Teopl.-11-1 B03MYIL\€Hl4~ WpeA.HHrepa

1121 
no na-

paMeTpy (2M)l . O,QHaKo s ,Qet1cTBI-1Te1lbHOCTI-1 HX T04HOCTb Bbtwe, 
nOCKO!lbKY anpHOpHafl O~eHKa T04HOCTH -(2M)-S He Y4HTbiBaeT IlOKa
JlJ.13a~HH BOilHOBbtX ¢lyHKL1Ht1 CHCT€Mbt TP€X T€!1 npH KOH€4HbiX 3Hal.le
HHfiX R, LlTO npHBO,Ql-1T K ,QOn011HHT€JlbHOMY nOAaB11€HHIO BKJlaAa BbtCWHX 
cocTOfiH1-1t1 I j > H I ks> e 3HeprHIO CBR3H c Jv • KpoMe Toro, Cf>yHK_
LIIIIH xj., (R) H x 

8 
(k,R), ~~tcnonb3yeMbte np111 Bbt411tCileHI-1111 E Jv no cpopMy

naM /t:J/, /9/, nOJ1Y4€Hbt He no TeOpl-11-1 B03MYIL\€Hl-1~, a np~.-1 TOI..IHOM 
P€W€HJ.1lr1 CHCT€Mbl /5/. 

~3 Ta6Jl. 1 BVI,qHO, 4TO 3Ha4€HI-1R ;-Jv, B"bli..IHCJ1€HHble nO ¢l0pMyJ1aM 
/8/, /9/, COBna,QaiOT CO 3HalleHJ.1RMH CJv, HaWAeHHblMJ.1 npl-1 414CJ1eH-
HOM l4HTerp~ttpoeaHHH CHCTeMbt ypaBHeHHW /5/ no nporpaMMe BAAP 
C OTHOCJ.1T€11bHOW T04HOCTbiO 10-2 -10-3

.3TO n0380JlR€T HCnOJ1b30BaTb 
¢opMyJlbl /8/, /9/ ,QilR lr1CC!l€AOBaHlr1fl CXOAlr1MOCTVI pa3JlO>K€HHfl /3/. 

* B ,Qa!lbHet1weM Mbt orpaHH41o1MCR J.1CCJl€,QOBaHH€M COCTORHI-1i1 C non
HbiM MoMeHTOM J=O 1.1 J =1. B 3TOM cny4ae AOcTaT04HO y414TbteaTb 
n"Wb COCTORH"R j = INI m> " s = llm>c m;:: I;= 1. 



Ta6mu~a I 

3HeprHH 'Jv /o.B/ M€30MOneKyn H TIOTipaBKH K miM [)(Jv /3B/ * 
t; 

pc:ljvt Jr)r Jt,M dd . Jt/4 cr./.::.~,, 0=0,11•0) (J-~.11·0) o-~ . .,.·o) c:r-V·i) 

~ .. lJ 
-221,?61 -226, 7I5 -232,542 -I, 96ffi -D, ?OI? 

E::nr -221,498 -226,5?2 -232,420 -1,9649 -0,6882 

~fnr· - 0,221 - 0,104 - 0,095 -0,058? -{),0535 
\ 

Ta6mn.J;a 2 

l3Kna.r~ 
12) f,B/ P33J!H"4HbJX COCTOHHMti U> AHCKp€THoro I N • cneKTpa 3aAa'-lH UBYX ~€HTpOB B 3HeprHW (Jv Me3oMoneKyn 

dt,M 
N rcJr Jdr 

(J •0, tJ.O) (J•-i, 1f•O) 
cLtfl 

(J•i,II•O) 
JJr . 
(J•i,U"•i) (J•i,V'af) 

I -213,429 -223,956 -229,?55 -0,5495 0,8405 

~~ - 2,996 - 0,605 - 0,736 -0,3121 -{),4602 

3 - 2,081 - 0,922 - 0,742 -0,5?53 -0,5203 

4 - 0,402 - O,I7I - 0,16? -{),0918 -{). 0912 

5 - 0,161 - 0, ffi9 - 0, ffi8 -0,0450 -0,0390 

9 
6 - 0,083 - 0,036 - 0,035 -0,0225 -0,0202 

L: c.a' 0,038 - 0,014 - O,OI5 -O,OI02 -0,0097 N•1 Ill -

eJ!fc:~'- 6,766 - 1,817 - I,864 -1,0568 -1,1406 
N•~ 

~e<> 
J - 0,149 - O,O?I - 0, ffi4 -0,0398 -0,0360 

~Bee Bb1"4HCJJ€HHH Bbln0JJH€Hbl TIPH 3Ha"-l€HHRX MaCe '-laCTJ.:UJ;: m IJ. = 
206,769; Mp: 1836,152; Md=3670,481; M1 ,5496,918 H 3Ha'Y:eHHH 

2Ry~27,2107 3B. 
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~ Ta6nH~a 3 

BKnaAbl ( ~~m /3B/ B 3Hep~Hro CBR3H CJvCOCTOR~HR 
M€30MOJl€KyJibl dtp 

(J ~ 1, v ~ 1) 

(~m) N 2 3 4 5 6 7 8 9 t E.(~) 
N• l(t,m 

(00) 0 ,277I 0,05IO 0,0188 0,0092 0,0052 - - - O,:i6I2 
(IO) c, 1750 C,0095 0,0024 0,0010 0,0005 0,0003 - - 0,1886 
(28) 0,3955 0, 0496 O,OI73 0,0083 0,0047 - - 0,4754 
( :;,_ ) 0,0057 0,0020 O,OOII 0,0006 0,0004 - 0,0097 
( 4C) 0,0034 0,0018 o,oorr 0,0007 - 0,0070 
(5C) 0, 0002 0,0001 0,0000 0,0000 0,0003 
(60) 0,0000 - - 0,0000 
(70) 0,0000 - 0,0000 
(II) C,OC84 C•, OOII C,CCC0 0,0002 o,ooor - - - 0, OI01 
(2I) D,0633 0,013? c. 0055 0,0028 0,0017 - - 0,0870 
(3I) 0, 0006 0,0002 - - - - 0,0008 
(4I) 0,0003 0,0002 - - - 0,0005 

- c.<•> C~) C,46C2 C,52D3 C,0912 0,0390 0,0202 0, 0085 0, 0012 0,0000 Cd ~ -I,I406 )I 

- VE) C,92C4 3,5122 1,4596 1,2179 1,0886 



B ra6n. 2 npJ.IIBeAeHbl BKilaAbl f (
2 ) /9/ e f ~ 2 ) pa3JU.14HbiX co-

• N n· • 
CT0$'1HVU1 Me30MO!leKy!1 p~( , dd;1. 1-'f dtp.. p~-1 Bbl4t-tCJJeH~Ho1 BK!lS,Qa 

( ( 2 ) OT 060n04eK N""" 7,8,9 Y4-TeHa miWb t.I3CTb COCTORHI-1111 C 

pAni-14.HbiM-VI f ~ m /s ra6.nvn.1e np~t~eeAeH HX cyMMapHbtYI BKJTS.Q/. 

8 Ta6n. 3 npeACTSB!1€Hbl BKJ18,Qbl ( c:rm B 3Hepn110 COCTORHl'IR 

(J"'=l. Vcc.1) M€30MOJ1eKyi1bf dt.p, KOTOpble n03BOJ1R10T yBI11A€Tb CXO

,QVIMOCTb paanomeHt-t~ /3/ VI /9/ no a,QHa6arH4ecKoMy 6a3Hcy. Opo-

4ePKOM 0TMC4eHbl COCTOfi.H~1A o60J104eK N=779, KOTOPble He YI.IVITbiBa

I114Cb B npoBeA€HHbiX P<Kl..leTaX /BK!la,Q KSJf<AOrO 1113 Hl-lX < Q ,002 38/. 

B ra6n.4 H 5 npVtBeAeHbl aHanorH:4Hble BKllSAbl / 2 }(k)- vt (( 2)(k) 
--·-~ • s 

8 1(2) OT COCTORHltH'.1 Hf:'npepbiBHOrO cneKTpa 3S,QS4VI ABYX \..I:€HTPOB. 

Oplt1 ( 8bll.lli1CJ1CHI1ll1 '(~) YLlTt.::Hb!- see BKJla,Qbt ( ~~) (k) c Ol - 0. r .,Q,1, ...• 7 
km 

VI m-1 ,f =-1.2,3,4.Hey4T€HHbl€ BKJla,Qbl f(;)=£~ 2 )""' f £~2 ) (k)dk OT 6o-
lm · tm 

ko 
ltl 

nee 8b!COKI-1X J' He npeBt:.IWaiOT 0,01 36' • no AaHHbiM Ta6n.5 MO)I(HO 

OUCHI-1Tb BKJla,Q COCTOAHI-1Yi i kf Ill- C 60flbWI-1MI-1 r · 

Ta6J1HU<l 4 

l~K.Ti;lJ~ ( :!) (k) / :}})/ cOCTOHHHii !ks> uenpepbiBH?ro cneKTpa 

3a)l<l'Hf ,UBYX LJ;€t'ITpoB B (Jv 

k 

0,2 

0,4 

-0,697 

-I ,178 

0,6 -I ,375 

0,8 -1,340 

I,O -I,I92 

2,0 -0,439 

5,0 -0,031 

IO,O -O,OOI 
"'<c&) <.. -2,303 

<:'~'c.~) o-... -0,072 

dJJA 
(J •{,IT=O) 

-0,325 

-0,535 

-0,597 

-0,554 

-0,463 

-O,II6 

-0,002 

-0,000 

-0,799 

-0,033 

-0,297 

-0,494 

-0,560 

-0,527 

-0,448 

-0,128 

-0,005 

0,000 

-0,80I 

-0,031 

-0,1846 

-0,2943 

-0,3125 

-0,2652 

-0,2014 

-0,0373 

-0,0000 

0,0000 

-0,3586 

-O,OI89 

-0, I702 

-{),2789 

- 0,3086 

-0,2770 

-0,2224 

-0,0500 

-O,OOI2 

0,0000 

-0,3881 

-O,OI75 

7 



co 

Ta5Jmu;a 5 

BKna,o;bJ ( C:) (k) I 3B/ B 3HeprHIO CBH3H - E Jv cocTOHHHH (J"" 1, v: 1) 
Me30MoJieKynw dtf1 * 

5•[n,m] k 0,2 0,3 0,4 0,5 I,O 
[oo] O,C6I2 0,0038 0,0986 O,I058 0,0732 
[ro] 0,0650 0,0085 0,1035 O,IIOO 0,0'113 
[20] 0,0!72 0,0254 0,0326 0,0382 0,0360 
(30] 0,0003 0,0006 0,00!0 O,OOI7 0,0056 
[or] 0,0234 0,03!7 0,0369 0,0390 0,0265 
[n] 0,0032 0,0048 0,0004 0,0076 0,0099 

- e•l(k) 0,1702 0,2347 0,2789 0,3024 0,2224 
- fc(E) 0,85II 0,7822 0,6972 0,6047 0,2224 

* flpHBep;eHbl BKJia,D;bl OT g-, U -nap COCTOHHHH C f = 2n 2 + ill 
H f=2n 2 +m+l. 

2,0 5,0 ..., (2) 
s 

O,OI04 O,OOOI O,I2I5 
0,0!28 0,0002 0,!259 
O,OI26 0,0003 0,0635 
0,0057 0,0004' -0,0149 
0,0060 O,OOOI 0,0478 
0,0026 0,0001 O,OI45 
0,0500 0,0012-< ~2)"0,388I 
0,0250 0,0002 



3. Bb14HCnEHHE 15,<;> H s,<;J 

npl-1 Bbi4HCJ1eHH\.1 SKJ1a,QOB 0€ J2} 1-1 8E(:) OT BbiCWHX COCTORH14t1 

! j> H 1 ks> aa,qa4H .Qey-x LteHrpoe npe>K,qe ecero y4reM ro o6croR-:-
renbcreo, YTO aonHOBble tf)yHKI..IHI-1 x j (R) 1r1 X 5 (k, R) 3KcnoHeHu.Ha.nb-
HO aaryxa10r BHe o6nacnt R"' 3 /npH 60I1bWYIX 3Ha4eHJ.1fiX 3HepnH1 
CBfl31-1 -E Jv I J.1I1J.1 R""' 7 /,qnR cna6ocsRaaHHbiX cocrofiHHH//1,12f3ro 
03Ha4d€T, 4TO npl-1 Bb141-1Cil€HJ.114 B€111441-tH E (2) 1-1 € (2) (k) MaTpYI4Hbl€ 

J • ' 
311€M€HTbl Ulj (R) J.1 Uls (k, R) ,QOCTaT04HO 3HaTb JlHWb B orpaHHYeH-
HOi-1 o6nacrH ~t~3MeHeHio1R R < 7. B 3TOH· o6nacn1 ,qeyxu,eHTpoeble ¢yHK-
4~-'~H ¢j (t\R) H ¢ 5 (f;k,R) ~ C xopoweii T04-HOCTbiO annpOKCI-1MI-1pyiOTCR 
O,QHOU.€HTp0BbiMJ.1 ¢YHKU,H.AMJ.1 80,QOPO,QOnO,Q06HOro ~:ITOMa C 3apR,QOM A,Q-
pa z = 2 a + z b npl-1 BblnOJ1H€HJ.H1 YCJ10Bio1i1· 121 : 

R Yo RZ p
1
. ~-I-2E. (R)I "- < 1. 

2 I 2N -
kR 

c~-<1. 
2 - 1101 

T. e. npH N _:: 7 1o1 k ~ 0,3. np~-1 3TH X 3Ha4eHHRx N 1o1 k son HOBble 
¢yHK~Hitl ,QHCKpeTHoro 1o1 HenpepbiBHoro cneKTpos aToMa so,qopo,qa ne
pexo.QRT ,qpyr s ,Qpyra npltl aaMeHe Z/N- ik /!3,14/. 

COOTHOWeHHFI /9/ np1o1 N >> 1 H k <<1 MO}I(HQ npe,qCTSBI-lTb B Bl-1-

ko ko '(2) (k) d(~) 
Eo 

s,<2J r '(2) (k) dk ~ f ~ f f (E) dE , c k 2 c 0 0 0 

z2 k2 
rge E~-- ~ E~- All" ,QHCKpeTHOrO ltl HenpepbiBHoro cneKTpOB 

2N 2 2 
STOMa BO,QOpO,QS COOTBeTCTBeHHO, a ~YHK41t1J.1 

f (E)~ ~,<2J 
d z2 N 

,(2) (k) 

k 
1121 

cosna,qaJOT Me>KAY co6oa:1 s npe,Qene N-+ oo 1o1 k--> 0: 

f d (0) ~ f c (0) ~ A. I 12al 

T.e. Ha rpaHH4e ,QHCKpeTHoro H HenpepbiBHoro cneKTpOs aToMa so
,qopo,qa, 4TO cornacyeTc.A c lti3BeCTHbiMJ..1 peaynbTaTaM·III /!3,!4/, 

Ha Plt!CyHKe np1o1se,qeHbl 3Ha4eHJ.1fl ¢YHKLU-1H fd (E) "' fc(E), Bbt-
""cneHHbte no ¢>opMy!laM I 121 np" N ~ 4,5,6 " k~0.2; 0,3; 0.4; 0,5; 
a TSK}I(€ J.1HTepnOI1fl41t10HHSR $YHK4J.1R f(E), npe,QCTSBJ1RIO~afl ltiX B 
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N=4 
• 

11',121 
4 CN 

5 
0 

! -51n>a 
i 
hs 
il 

6 J 0 t-J_ 1014 1,0 
l ..... ~ .... 

I ~ru-inz 
I . I 

I I 

: 0,5 : 
I I 
I I 
I I 
I I 
I I 

• 0,3 

dt,. 
11=1. U=11 

• 0.4 

Clkl/k 

• 
k=0.5 

---'-----'--- ~----~-------'---- _l j j ' 0.06 008 0.10 ' -on -0.10 -o.os -o.os -0.04 -o.oz o o.o2 0.04 0.12 EleJI 

BhNHcJJeHHC BK.nap;on 0( ;
1
2 l H iir ~.:n H ·mcpi'HHJ ( .lv cocToH-

HHH (,J,....l.v=l) M€30MOJWKYJ!hl dt1i. Kpy%1\B- ·m;JqeJJHH 

N3 
¢YHKJ~Hi1 fd (E),.,- r ( 2) H f (El :--F!\k) .-'k l'lf>1'4HC.JH'HHbW 110 4 - N <· . ' 

¢opHyJiaM /9/ 11 /12/. Tpeyronl>J!11KH - 'lHil'H'JliiH ljlyJJKIJ,IfJl 

f(E) ,....A-tB·E+C·E2 /IJ/ c K<nrPQmJUIL'HT<JMll~ l!pmH·-
,n;eHHbi:'-1:11 B Ta6n .. 6. DpH E.,_ 0. '-JTu cooTBeTCTHYL'T k ·- 0 
HJm N""""· f(O) =-A. BKna;u,JJJ(\~)- 0,03(J ·JB H ,)r~:?.J = 
= 0, Q 18 3B paBHbl llJlOLI.(ClAHM, Ol'pal!H'IeHHf,JH JJYHKTHp<lM 

11 OTp€3KaMH ocH a5cJ..~;Hcc E 1::. E -;;. 0 H 0:.:. E ::... E 0 
COOTB€TCTB€HHO. 0HH Bbi'4HCJ1l'Hhl 110 Q!OpMy.ri<IM I 14 I 
npH N r=7' E 0 ,Q,02 I fd(E) ,... t'('(E) - f(E) . 'JHatteHHH E 
rrpHBe)J,eHbJ B e)J,HHHJ.t;ax e ~ h ,- m a= 1. 

o6nacn1 E1 ::, E _:: E0 *. ¢>yHKLt\.1~ f{E) Bbt6paHa e B(I!Ae 

f(E) ~A+ B·E+C·E 2 , /13/ 

* 3Ha4eH\.1R f d (E) np\.1 N= 7,8 H 9 MeHbWe C00TBeTCTByiOU,.Jit1X 3Ha-
4eHI-1~ ¢yHKLt\.1\.1 f(E), nOCKOJlbt<y npl-1 Bbi4111CJ1eHH\.1 t: <.J) I-1CnOJ1b30-

BaHa TOJlbKO 4aCTb COC.TORH\.1~ \Nfm>: np111 N=7 - TOJlbi<O 7 co

CTOAHIII~ 1113 13, npH N"= 8 - TOJlbi<O 4 1113 15, nplll N= 9 - TOnb

KO 1 COCTORH\.1e J.13 17. no3TOMy AI11=1 nOCTpoeH\.11=1 f(E) . 3Ha4e-

H\.1R 'rd(E) np1o1 N= 7,8,9 Ke Hcnonb3oeanHcb. 
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a ee Ko3¢l<IH1U,11eHTbl, onpeAeneHHble no 3Ha~e-HYI~IM $YHK~Y1~ f d(E) 

111 fc(E) e TO~Kax N=5,6 111 k=0,2~ 0,3, npe,QcraeneHb1 a 

Ta6n.6. 

nonpaBK\.1 tJE (2 ) 
d 

J.1 [)( (2) 

" 
Bb14HC!lfiiOTCfl no ¢JQpMyilaM 

(2) 
0< d 

4 2 4 2A 
9 

-(A- B- +C-)+--- l: 
(2) 

' N ' 
N 3 N 2 N 4 N i N""7 

/14/ 

np~-1 E0 .,Q,02, N 1 7 

19/, /12/" P"C~HK~. 

norpeWHOCTb \(1'/{.Jv) 

/15/ 

BbiCWVIX COCTORHIIll:i : .)- L.1 , ks· 8 3Hepn110 CB.A3H -EJy onpe,QeilReTCfl 

norpewHoCT.AMH Bbltn1Cile~u.1R K03$$Hu,L4eHTOB A , B 111 C "' norpew

HOCTbiO Bbi4VICI1€HL.1fl 3Ha'-1CHL41:i t ~2) VI ~ (2) (k) no ¢opMyilaM /9/. 

L4 t Jv 

E Jv VI 

*VITb .Qil.A OU,€HK\-1 norpewHOCTVI npL4 Bbi4J.1Cil€HL4111 ..:(2) 

KaK cne,Qyer 1113 cpaBHCHYIR 3Ha4CHL4~ ~.Jv 

norpeWHOCTb HC npeBbiW,·JeT J 0-;d OT 3Ha4€HYI.A 

flOCilCAHIHl 

MO}KCT cny
* N 

3Ha4€HV1fl r)l lv AJIH rny60KL4X ypOBHCf'1 Me30M0Jl€KYJ1 COCTaBJl.A-

!OT BCilL44VIHY O,L :JB, d AI1R ypoeHe~ (J,l, v=l) Me3oMoneKyn 

d.dJL Ill dtf< He npeBbiWa!OT 3Ha4CHJ.1fl -0,05 38. norpeWHOCTVI 

-\(i5 € .Jv ) Bbi4111CileHYI.A 8CJ1YI4YIH 3t Jv onpe,QCil.AIOTCfl T04HOCTbl0 

.\A.' A . 10-2 onpcgeJlt:HYI.A K03¢¢lYIL\YICHTOB ¢yHKL\V1YI f(E). OHYI npH-

eegeHbl B Ta6J1. 6 Yl paBHbl · 0, 004 38 ,QJl.A CYIIlbHOCBR3aHHbiX Yl 

0,001 36 ,Qn.A cna60CBFI3aHHbiX (J-...,1, v-1) COCTO.AHVI~ M€30MOJlCKYil 

ddp_ L.1 dtp.. 

---------
~8 ,QC~CT8L4T€nbHOCTIII pa3I1YI~~e M€*AY "'Jv ~ fJv o6yCI10BJl€HO 

8 OCHOBHOM norpeWHOCTbiO Bbi4~CJl€HYifl Beil\.14L4Hbl l <J~ + E <J~ no 

~OpMyne /9/: KaK L438eCTHO, TO~HOCTb ¢OpMyn /9/ yBCJlY!4HBaerC.A 

C POCTOM N, n03TOMy a6cOJl!OTHa.A norpeWHOCTb npYI 8bi4111CilCHL4111- /~) 
a cny4ae N>?l MeHbwe, 4eM o6LL\afl norpeWHOCTb np111 Bbi4L4CileHJ.1YI EJv· 

ll 



Ta6mnw ~ 

Ko3<MJHI~HeHTbJ pa3JIOiKeHHH ¢yHKl.l,HH f(E) If 3Ha'-!€HHH f>f (:) 

/), ~2) • Sf Jv If t\U)( Jv ) 

pdl 
(T=O;V"=D) 

cldf1 
(J=i, V=O) 

dJ.f' 
(T=I.u.o) 

ddJA 
(1=1, 1!• i) 

di)1 
(J=i,lf=1) 

A±t. A. -3,68 -1,70 -1,57 -0,975 -0,900 
;tO, 06 ;t0,05 ;tO, 03 ;t0,039 ;t0,0I9 

B±~B II;t2 3,8;t1,7 4,6±_0,9 3,1;!),2 2, 7;t0,6 

c :l:t~ c -62+50 -I7;t49 -23;t26 -22;t34 -13;t18 
~ (?.) -cJ - 0,149 - 0,071 -0,064 -0,0398 -0,0360 
5c.<~l .c.- 0,072 - 0•, 033 -0,03I -O,OI89 -0,0175 

~~" -0,221 - O,I04. -0,095 -0,0587 -0,0535 
±A~ ) +0,00-l t. 0,003 ;t0,002 ;t0,0026 ;tO,OOI2 :ra -

Ta?nm~a 7 

BKJlaJJ;bl ( ~~~201 /3B/ B 3H€pi'HIQ CB5l3H - I Jv COCTORHHR 

(J = 1, V"" 1) ME'30MOJIE'KYJlhi dt11 

[1\mJ n, 0 I 2 3 4 5 

[oo] 0,2867 0,0534 O,OI98 0,0097. 0,0055 

[ro] 0,40I2 0,0517 O,OI83 .. 0,0090 0,0051 

[or] 0,0717 O,OI48 0,0058 0,0030 0, OOI7 

[20] 0,0035 0, OOI9 0,0012 0,0000 

[n] 0,0009 0,0004 

[30] 0,0000 
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Ta6Juut;a 8 

BKnaA 
(2) 

COCT05IHHH 
(2) 

' HenpepblBHoro cneKTpa B 3Heprmo ( · 
n2m 

pdf" ddy d.if . doll.:: Jt . 
(n,m] (l=0,1f=0) (J=i,11=0) ( !•4,U=O) (!= ,IT=4) (l;r. tr2~) 

[oo] -0,8?8 -0,309 -0,252 -O,I239 -O,I2I5 

(ro} -I,II6 -O,I44 -0,250 -0,0944 -O,I259 

[2o] -0,275 -0,060 -O,O?I -0,0440 -0,0635 

[3o] -0,034 -0,006 -0,008 -O,OI25 -O,OI49 

[or] 0,000 -0,265 -0,207 -0,0585 -0,04?? 

[n] 0,000 -O,OI5 -O,OI2 -0,0254 -O,OI45 

c."> c -2,303 -0,?99 -0,80I ...(),3586 -0,388I 

4. 3AKni04EHHE 

BbtnonHeHHoe !-1ccneAOBaH!-1e .QaeT perynRpHbt~ cnoco6 Bbtl.II-1CneHI-1R 

BK!1S,Qa 0( Jv 8 3Hepr!-110 C8R31-1 Me30MOJ1eKy!1 OT 8b1Ctm1X COCT0l9Hit1~ 

l N£ m> 1.-1 I kErn> aa,QS\..11-1 .QBYX u,eHTpos np14 N...,.""' 1-1 k...,. 0. t.1a Hero 

cne,QyeT, l.ITO J..1cnonbaoaaH~t~e orpaH~t~l.leHHoro Ha6opa 6a3!-1CHbiX .QByx

u,eHTPOBbtX ¢YHKU,I-1~ G paanomeH!III-1 /3/ B0!1HOBOill ¢yHKU,I-1H CYICTeMbl 

TpeX TeJl npH Bbll..ll-lC!leHI-11-1 3HepntH E Jv COCTOl'lHIIIilt (Jv) Me30MOJ1e-

KyJ1 He l'lBJll'leTCR npen.RTCTBI-leM ,Q!1R HaXO>K,QeHvtR E Jv C BbiCOKOH 

TOl.IHOCTbiO. nonyl..leHHbtil! pe3yJ1bTST Cna6o 3SBVICI-1T OT MSJ10CH1 ¢op

MS!1bHOrO napaMeTpa pa3J10}!(8HHR (2M)-1 /KOTOpbl~ B CJlyl..lae Meao

MOJleKyil paaeH ~Q, 1/ Y1 MO}!(eT 6b1Tb VICnOilb30BaH ,QJlR Bbii..IVICJ1eHI-1R 

3Hepr1-1H CBR3VI TSKI-1X CVICTeM, KSK e+e-e+ J.1 H-, ,Q1lR KOTOpbiX (2M)-l= 

= 1/2 Vl'""l COOTBeTCTBeHHO. 

B 3aKJ1101..1eHVIe aBTOpbl 6naro,QapRT t.-1. B. ny3biHV1Ha' T. n. nyabtHYIHY' 

Jl.H.CoMoaa aa noMOU\b, H.4>.TpycKosy aa npe.QOCTasneHI-le npo_rpaM

Mbt Bbi\.1\IIC!leH\IIR 3¢¢eKTI-1BHbiX noTeHU,I-1SJ10B 3S,QS!..IVI Tpex TeJl, CBR3bi

Bai0~14X COCTORHI4R ,Q\IICKpeTHOro cneKTpa 3S,QS4\II .QBYX u,eHTpoa, 

n.H.A6paMOBS, t.1.8.KoMaposa aa MHOr0414CJ1eHHble 14 nnO,QOTBOpHble 

06cym,QeHI4R nOCTSHOBKI4 14 pe3y!1bTSTOB pa60Tbl. 
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