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1. BBE,L\EH~E 

B pa60T~/11 AaHa nOCTaHOBKa npRMO~ 3aAa4~ AnR B~4~cneH~R 
CBR3aHHblX qq -COCTORH~~ e KBa3\11nOTeH,-,~aIlbHOM nOAxOAe ~. T •Tono
pOBa/ 2, 3 / c Y4eTOM cn~HOB~X B3a~MoAe~cTB~~ 6e3 np~MeHeH~R Teo
p~~ B03My~eH~~. PeweH~eM npRMo~ 3aAa4~ nOKa3aHO, 4TO paHee 
Ha~AeHHble ~3 õe ccnaaoaoa oõpar aoã 3aAa4~ 14,5 / nepaaerpu qq -no

TeH,-,~anOB Aa~T xopowee Ha4anbHoe COOTBeTCTB~e Me~AY MOAenbHbl
M~ ~ 3Kcnep~MeHTaIlbHbIM~ 3'Ha4eH~RM~ Macc B cc - ~ bb-CIIlCTeMax. 
PeweH~R 06paTHO~ 3aAa4~ c Y4eTàM nonHO~ cn~HOBO~ 3aB~C~MOCT~ 

AnR 3T~X C~CTeM npeACTaBneHbl B HaCTOR~e~ pa60Te B cnY4aRX 
IIKOHBeH,-,~OHaIlbHoroll nOTeH,-,~aIla/ô! ~ noreauuana P~4apACOHa/7'/ 
B n.2 np~BeAeH~ ~OPMYIl~pOBKa ~ KOMMeHTap~~ oco6eHHOCT~ npRMO~ 

3aAa4~ KBapKOH~R. B n.3 AaH~ OCHOBH~e xapaKTep~CT~K~ MeTOAa 
CTep~HeB~X cnna~HOB/8-W/. c nOMO~b~ KOToporo pewa~TCR 4~cneH

HO ypaBHeH~R npRMO~ 3aAa4~. nOCTaHOBKa 06paTHO~ 3a~a4~ AIlR .. 
onpeAeIleH~R napaMeTpOB npO~3BOAR~~X nOTeH4~~nOB ~ Mace KBap-
KOB Ha OCHOBe cneKTpOCKon~4eCK~X AaHH~X o qq-c~cTeMax np~BeAe

Ha B n.4. Pe3ynbTaT~ peweH~R COBOK~nHOCT~ 06paTH~X 3aAa4 B 6ec
cn~HOBOM ~ cn~HOBOM CIly"4aRX ~ AIlR pa3J1~4HbIX npO~3BOAR~~X no
TeH,-,~aIlOB npeACTaBIleHbl B n.S. 06CY*AeH~e pe3YIlbTaTOB ~ CAenaH
H~e Ha ~X OCHOBe B~BOA~ AaHW B TOM ~e naparpa~e. 

2. O nOCTAHOBKE np~MO~ 3A,L\A4~ 

COBoKynHocTb MOAeIle~, ~cnoIlb3yeM~x AIlR on~caH~R cneKTpa 
qq-c~cTeM, BKIl~4aeT Tp~ Bap~aHTa npAM~X 3aAa4, OCHOB~Ba~~~XCR 

Ha pa3Il~4Hb1X BOIlHOBblX ypaBHeH~RX: Ha HepeIlRTYlBIIlCTCKOt-1 16eccn~
HOBOMI ypaBHeH~~ WpeAIIlHrepa Iv = li; Ha KBa3~nOTeH,-,~anbHOM 

peIlRT~B~CTCKOM ypaBHeH~~ !2.3! 6e3 Y4eTa cn~HOB~X B3a~MoAe~cT
B~~ I v = 21; Ha nOIlHOM KBa3~noTeH,-,~aIlbHoM ypaBHeH~~ 12,3/c npa

M~M Y4eTOM Bcex cn~HOB~x CTPYKTYP B3a~MOAe~CTB~R Iv = 3/. 
nOIlHoe B3a~MoA~~cTB~e CTPO~TCR Ha OCHOBe npO~3BOAR~~X nOTeH
u.~aIlOB aex r opaor'o (V) ~ cxanapaor-o (S) T~nOB. B HaweM paCCMOT
peH~~ ~CCIleAOBaHbl ABa TaK~X nor euuuana - "KOHBeH,-,1Il0HaIlbHbl~1I 

no r euuuan "50 / ICM; i = 1I 

416v (r) = + 'Y/ 1 
K r , (aS I K ) const > O, Sl(r)=(1- 71 1) K r 

1 3r 

1 



lt1 no r euuaan PIt14ap,qCOHa 171 (RM; 1 CII 2) 

I 8" 2 1 - 4 I (Ar)
V

2
(r) ...	 - [A r - -. ], A ... const > 0, 82 (r) :::z "12 r,


27 r 
Q
 

rne 3Ha4eHIt1f1 "1 1 == ~ lt1 "1 2 ::1 ~" A2 onpeneneau /CM.'/3/, n.3.2/ 

1t13 ycnOB~f1 nIt1He~HO~ 3aB~C~MOCT~ 3an~pa~~ero nOTeHLt~ana, a C~M

80n lo OSHa4aeT 

-Ap.r 

lo ( A r ) r e dl1 . 
1. Il[17 2 + ln 2 ( 11 2- 1)} 

nOCTaHOBKa npflMblX sa,qa4 paCCMOTpeHa B ner anax B paõo
r ax /1, 3- 5l/. 3,qeCb HanOMH~M ypaBHeH~f1 ~ OCHOBHble xapaxrepact aka 

Bce~ cOBoKynHocT~ npflM~X sa,qa4, Ha OCHOBe KOTOp~X pewanaCb 06

paTHafl sa,qa4a KBapKOH~f1. 

YpaBHeH~e Ha coõcr aeuaue SHa4eH~f1 aanacuaaex B oõurenpauaroa 

BIt1,qe 

2
 
{~ + bll ( w) - VN S, 11 i (r) - VL S JJ i (r ) (~ . ~) 

_ v. (r () (Q 1 ..! ) <"q .r,.) 
SS,lI i r ) ~1 . ~ - V T, 11 i ( r ) r 2 2 I <I> C!:. ; w ) 0, /2.1/ 

11 = 1,2, 3 ; i = 1, 2, 

rne õeccruruoaaa 4aCTb (VN S, 11 i ), cnlt1H-op6l1lTanbHOe (VL S, 11 i ), 

cnuu-cnaaoeoe (VS S, lI i) lt1 r euaopaoe (V T • lI i) Bsa~Mo,qe~CTBIt1f1 

npIllBe,qeH~ B OT,qenbH~X 4aCTH~X cnY4aflX. 

11 = 1. B KnaCCIIl4eCKOM cnyuae VL S, li = Vss. li = VT , li = 0, a 

VNS,li (r) = rnVi(r),
 

2
 
rne P..1 - Macca «aapxa, b 1 ( w ) = mw, w - 3Heprlt1f1 ,qBYX4aCTIIl4H0It1 

v
 

CIt1CTeMbl BC. u , ~. C06CTBeHHble COCTOflHlIlfl 3a,qa~~ IIlMe~T 06b14HY~
 

CTpYKTYPY
 

<I>(r;w}==-X o(r;w)Yf. «(),epL n	 ,
-

1
r n L . m r=0,1,2, . 

... ; e =0,1,2, ... 
r 

HYMepY~TCfI KBaHTOBbIM~ 4~cnaM~ opõurane aoro MOMeHTa e, 11I pa,q~anb

H~M 41t1CnOM n r , a paA~anbH~e $YHKLtIt1~ y,qOBneTBopfl~T ypaBHeHIIl~ 

l_L _ e(~+~ + bl~(W) - V N s , lI i ( r ) l x f ( r ; w ) /2.2/
n r r 2	 °,dr 2 

v' = 1 , = 1,2, 

2
 
~ ycnoB~~ HOpMlIlpOBKIIl .r X f (r ; w ) dr 1 .
 

n ro 

1/ ==_ 2. 6eccn~HoBblll1 KBa3~nOTeHLtV1anbHblll1 cnY4all1 (V L S, 2i 

VSS, 2i = V T. 2i = O) CBOAIIlTCfI Tome K oeure-uno O,qHOKOMnOHeHT-
Horo paA~anbHoro ypaBHeHlIlfl /2.2/ Anfl $YHKLtIllIll X oCr; w).B ,qaHn L r 

2 2 
2 w -4m
 

HOM criyuae /1/ = 2/ Ben~4V1Ha b2 ( w) = ----- ~MeeT CMblcn

4 

KBa,qpaTa nonuoro ~Mnynbca 3$$eKTIt1BH0Il1 4aCTIIlLtbl c penaruaac r c

•	 2
KO~ np~BeAeHHO~ MaCCOIl1 -~, w - nODHafl 3Hepr~R 4aCTIIlLt B C.Lt.~. w 

3aB~CfI~~~ OT 3Hepr~~ KBa3~nOTeHLt~an VN S 2i CTpO~TCfI ~3 npOlll3


BO,qfl~IIlX nOTeHLt~anOB Vi 11I Si' KBa3~nOTeH~lt1an VN S,'2i /paBHO KaK
 

11I lt1 V B cnyuae 11 = 3/ perynRplt1S0BaH /CM./3/,
VNS' V L S' VSS T 
n.3/, 4TO 06eCne41t1BaeT perynflpHoe nOBe,qeHlt1e peweH~~ KBa3I1lnOTeH

LtlllanbHblX ypaBHeHlIl1l1 B OKpeCTHOCTIIl Hynfl. Per ynapaaapyioume nOTeH

Ltlllan~ np~ 3TOM IIlMe~T B~,q 

4as . 
- C 1--- nplll 1 = 1 

3r	 ' 

V i'( r ) 

-C ~ 1-410(Ar)
2 27 --.---- nplt1 i:::: 2, 

rne Ci = const >- l/i = 1, 2/. np~ npennonoxeuunx , cnena-u-ux
 
B pa60Tax'!1.3/, ,qnfl 6eccn~HoBoll1 KOMnOHeHT~ KBa31t1nOTeHLtlllana
 

nonY4aeTCR B~pameHV1e 

8Eas, Kwr 4 K a s KU11 - --- .t- ---- + -~ + _.__._- nplll 1 , 
ar 2 3 2wr 

VN S •2i
 

817 1-41 0 2 1617A2 4A 2 m
 
---- [ 2 E ------ + A wr + ---- (1 - 4 I )
27 r	 27 () wZ 2 r 

2
 
817 1-41 0 2 A U 12
 --- (------- .) + ----] 2,27 r wr	 np~ 

2 
3 



rAe 

3w-2m 3w+2m
Ull z;-- U 12 = Zi W + 2m - 2 V[ (i:::l 1, 2 ) ,
 Z2 

W2 _ 2m2 
E 

2w 

np~Me4aH~e. B cnY4aRx v = 2 ~ 3 Tpe6yeTCR TonbKO, 4T06~ 
1 1 

i-x(r;w)1 <ce V (rE-[O,e>oj, w E-~ ).r 

v = 3. CnY4a~ nonHoro KBa3~nOTeH~~anbHoro ypaBHeH~R AnR 
ABYX penRTHB~CTCK~X 4aCTH4 co Cr1~HOM 1/2 .. 6eccn~HoBaR 4aCTb 
KBa3HnoTeH4Hana cÓBnaAaeT c TO~ me 4aCTb~ ~3 npeA~Ay~ero cny
4aR: ~S.3i = VNS•2i / i = 1,2/, a perynRp~30BaHHble paAHaJlbHble 
4aCT~ oneparopoe cnHHOBblX B3a~MoAe~cTB~~ ~Me~T BHA /1,3 /: 

16a sU 21 2 K 
---~- + np~ 1,

3 wr 3 Z 1 r 

'tS,3i 
1\23277 [ U 1 - 41 o 

+ --] npH .~ 22 wr 3 2·,Z 2r 

2a K-U (__s ) npl-1 1, 
31 3wr3 4wr 

VSS, 3i 

1\2-~U (1-41 0 

27 w 32 r 3 r ) ripa 2; 

2a s_ + ._K__ ) 
npH 1,U 3 1 (-wr 3 4wr 

VT , 3i 
4__77 1-41 
Z"/w- U 3 2 { 3 - o + -~) npa 2,r 3 r 

rAe U2i '=~ w+2m 2 2 

Zi 
U3i (i=l,2); b3 (w) b 2( w ) . 
~ 

4 

PeweHMR ypaBHeH~R /2.1/ B npMCYTCTB~H TeH30pHoro·4neHa 
V T, 3i xapaKTep~3Y~TCR KBaHTOBb'M~ 4~cnaM~ normoro MOMeHTa J, 
nonaor-o cn~Ha S, npocrpakc r aeauoã 4eTHOCT~ P ~ paA~anbHblM 4~C

nOM n . B o6~eM cny-iae OHM Bblpa)f{a~l'CR KaK cynepnoaauau 6.a3~C-·r 
HblX <PYHK'-'l1i1 /CM. /11:1, rn.Xlll, c.66/ $n ,LSJ (~; w) = 

r 

1 ClI M = -r X (L) ( r; w) ;;J L SJ (e, 4> ) c onpeneneaasu« KBaJ..lTOBblM 4~cnOM 
nr 

nonHoro yrnoBoro MOMeHTa L /4b~ 3Ha4eH~R onpeA~nR~TCR ~3 He
paBeHCTBa IL - 8·1 . .::;: J .:s: L + 8 /. Cne.QYR paõore /11. np~BeAeM 
Ha60p ypaBHeH~~, nonY4a~~~~cR ~3 ypaBHeH~R /2. 1/, np~ on~caH~H 

pa3nH4H~X /no 8 ~ J / cBR3aHH.blx COCTORHl1~ qq -CI;lCTeMbl co cn~HOM 

v = 3, s = O. TorAa L = J, P = (- 1) J 
~ BonHOBaR cPYHK~t.1R 

OAHOKOMnOHeHTHaR 

1 M 
<I>nr.s=of~;W) = rXnr(J)(r;w)'lJ.JO,J U},ejJ), 

a ee paA~anbHaR 4aCTb YAoBneTBopReT ypaBHeH~~ 

l-C - !(l...±.-!l + b; (w) - VN S, 3 i + 3 VSS, 3j f V T ,3i 1)( n,<J) (r; w) ~~ 2 2 
dr r /2.3a/ 

(i=1.2); 

v' v 1 S 1 pB 3TOT cnY4a~ BXOART COCTORH~R c CHrHaTYpo~ n o' n fr i
 
~ T.A. /B cTaHAapTHblx cnexrpockona-recxax o603Ha~eHMRx
 

2S t- 1
 
nr L J r,
 

v = 3, 8 = 1. 3Aecb L == J (J > O), P = (_1).1, BonHOBaR cPYHK
~HR Tome OAHOKOMnOHeHTHaR 

1 . M 
$n (!:: w ) = rXnr(J/ r; W)~jJl.J (e,cP)

r,S=1J 

c paAHanbHO~ 4aCTb~, YAOBneTBopR~~ei1 ypaBHeH~~ 

l-~ - -li~; 1) + b~(W) - V NS, 3i + VL S, 3 i - V SS, 3 i 
dr 2 r 

/2.36/ 

- V T , 3i I X n r (J ) ( r i W ) o ( i 1, 2 ), 

5 



KOTopoe onacuaaer COCTOflHl;1f1 rwna n r 
3 p 1 ' n ~ D2 ' l;1 T. A. 

li = 3, 8 = 1. Ilpn L == J ± 1 (J > O), p = (-1)
J±l 

coõcr sea-
Hafl $YHK~l;1R ABYXKOMnOHeHTHafl 

<1>n'r,S=lJ (~;w) = +[Xnr(J-l)(r;W)'!jJ~l1J(e, <p) + Xnr(J+ l)(r; w) x 

x '!JJM+ 1 1 J (e, <p )], 

a ee paAl;1anbHWe 4aCTl;1 f1BnR~TCfI peWeHl;1f1Ml;1 CBfl3aHHO~ Cl;1CTeMW l;13 
ABYX Al;1$$epe~~l;1anbHWX ypaBHeHl;1~ BToporo nopflAKa: 

{L - (J+1~U_-±:.-2.1. + b~(W) - VNS, 3 i +(J+2)V
dr 2 r	 L S"3 i 

V T" 3i 
-v . + ' l x (r; w) 2 iJ( J + 1) VT , 3i 

SS,31 2J + 1 n (J+ 1)r 2J + 1 
x 

x X n (J _ I} r'; w) = O,
 
r
 

/2.3B/ 
2 ' 2


(~- - _liL+ 1) + b 3 ( w) - VN S, 3i - (J - 1 ) VL S. 3i
 
dr 2 r 2
 

VT .s: , 2J -J(J + 1)
 
- VSS, 3-i ---Ix . (r;w)- V ' x


.2J+1	 2J+1 T.31n r(J-l) 

x X n (J + 1) (r,; w ) = O ( i 1, 2) .
 
r
 

3 3 3Cl;1CTeMa /2.3B/ OTBe4aeT COCTOflHl;1f1M runa n r 8 1 , n r Dl ' n P2'r
 
nr 

'3
F2 li1 T.fJ..
 

v = 3, 8 = 1. Ecna J = O, $l;13l;14eCKl;1~ CMblcn l;1MeeT 'rons xo . 

KOMnOHeHTa BonHOBO~ $YHK~l;1l;1 C L == J + 1 l;13 npenunyuier-o cny-ran ~ 

T.e. 

<1>n	 ,S=l J=O (~; w) = -}X n (1)(r;w)'!J~ll(e, <p), 
r	 r 

4bfl paAl;1anbHafl 4aCTb YAOBneT80pfleT ypaBHeHl;1~ 

2 
d 2 2 

t dr 2 - '7 + b3 (w) - VNS. 3 i + 2 VL S, 3i - VSS, 3 i + V T• 3i I X 

6 

XX (r'w) =0 (i= 1,2),	 /2.3rfn (1) , 
r 

K KOTOPOMY Bblp0)f{,qaeTcfI B 3TOM cnyuae Cl;1CTeMa /2. 3B/ l;1 «o ropoe 

onacuaaer COCTOflHl;1f1 n r 3 p o • 

COBoKynHocTb ypaBHeHl;1~ /2.2/, /2.3a-r/ onpeAenfleT 3Heprl;1l;1 
l;1 eonaosue $YHK~l;1l;1 CBfl3aHHO~ qq -Cl;1CTeMbl 8 3aBl;1Cl;1MOCTl;1 OT 3a

AaHHOrO BeKTOpa napaMeTpOB 

, T
 
X 1(X ll = m, X12=as,X13=K, X 1 4 = C 1 ) 8 eM.
 

/2.~/ x ={ 
= rn , X 22 = A , X 32 = C 2 ) T B RM.X2 ( X2 1 

npRMafl 3aAa4a npl;1 3Ha4eHl;1f1X napa-re'rpca Xl' nonyueuaux peWeHl;1eM 
6eccn~HOBO~ 06paTHOH 3aAa4H, AaeT npaBl;1nbHOe KOnl;1~eCTBeHHúe 

onncaaue 3Heprl;1~ l;1 <PYHK~l;1~ cê - l;1 bb -C~CTeM B, Cnl;1HOBO~ penara
Bl;1CTCKOIIt MOAenl;1 v = 3 /CM. /11. r aõn , 1 l;1 2/. OTMeTl;1M ronsxo , 

4TO cneKTp ypaBHeHl;1R /2.3r/ B pa601e/ 1í OKa3anCR 3Ha4l;1TenbHO 
CMell.\eHHWM BHl;13 l;13-3a OWl;16Kl;1 B KOMnb~TepHo~ nporpaMMe, rAe 6wn 

2	 4 
rrponyurea 4neH - -2- . 

r 

3.	 np~MEHEHI1E METOtlA CTEP>KHEBbrX CnJlAVtHOB
 
tlJlH PEWEH~a nPRMOVt 3AtlA4M
 

tll;1$epepeH~l;1anbHble ypaBHeHHfI Ha coõc r aeauue 3Ha4eHl;1R /2.2/, 
/2.3a-r/ B Tpex Bapl;1aHTaX npflMOIIt 3aAa4l;1 KBapKOHHfI pewa~TCfI 

4l;1CneHHO MeTOAOM CTep)f{HeBWX cnna~HoB /MCC//8-10/. npl;16nl;1)f{eHHWe 

paAl;1anbHble aoruroeue $YHK~l;1l;1 X (r ; w) H coõc r aeuasre 3t-!a4eHl-1f1 r 
VIr l;1ll.\yiCR Ha KOHe4HOM l;1HTepSane (r , rbl C [O, coe} B BPfAe /10 Ia 

M 
- - .... (o) •	 /3.1/
X	 (r; w ) == P \ (r; w ) L a \ * 8 2 ÀÀ* (r ) , 

r /\ À*=ll,/\ t 

iAe 8 cnyuaax v = 1,2 l;1 v = 3 /2.3a,6,r/: M= 1, À= 1, r == 

==(nr,P), a B cny-rae v = 3 /2.3B/: M = 2, À. = 1,2;, r == 
~ (n , L == J + 1), ecnu À = 1 , r == (n r' L = J - 1 ) 'I ecna À = 2. 
CTep)f{HeBafl $YHK~l;1R peureuua /CM./ l O,: c.2/ PÀ. (r; w) = Xr, oCr ;W)x 
x X r, (r; w ) aanaer ca np0l;13BeAeHl;1eM aCl;1MnTOTl;14eCKl;1XDe 

peWeHl;1~ ypaBHeHl;1f1 /2.1/ npl;1 r -+ O (X o ) l;1 r -+ oe (Xoe)' Ee KOHK

7 



peTHbl~ B/f1A Ha~AeH B pa60TaX·/41 /c.292/ /f1/1/ /c.6-9/. nOn/f1HO
M/f1anbH~~ KOnnOKa~/f10HH~~ 6a3/f1CH~~ Cnna~H CTeneH/f1 2 S2.ÀÀ*( f) 

onpeAeneH B(10~ c.7. B CnY4ae C/f1CTeM~ /2.3B/ Cnna~HOB~e K03$
$/f1~/f1eHTbl a1<,O{ /f1 a??2 AalOT OTHOC/f1TenbHbl~ BeC oõeux KOMnOHeHT 
nOnHO~ $YHK~/f1/f1 ~n 8J. np/f1 3TOM B HaCTO~~e~ pa60Te np/f1H~TO, 

4TO aiO~ = 1, a ~ (oi nOnY4ae'TC~ peWeH/f1eM C/f1CTeMbl /2. 3B/. 3Ha
4eH/f1~ •aroro K03<t>$/f14/f1eHTa: al,o{ < 1 /f1n/f1 a<f\ > 1, oôycnoanaaaor 
KnaCC/f1$/f1Ka~/f11O AaHHoro peWeH/f1~ C/f1C TeMbl KaK 28+ 1 (L = J - 1)J 
/f1n/f1 28+1 (L = J +l)J COOTBeTCTBeHHO. 

CTa6/f1nbHOCTb /f1 T04HOCTb np/f15n/f1~eHH~X peWeH/f1~ 3aB/f1C~T OT 
s~50pa OCHOBH~X napaMeTpOB MCC -~, f b /f1 N /4~cna nOA~HTep

BanOB B lfa , f b ] / . nYTeM 4/f1CneHH~X 3KCnep/f1MeHTOB YCTaHOBneHO, 
4TO cTa5/f1nbH~e peWeH/f1R, rapaHT/f1PYIO~/f1e He MeHee n~TM BepH~X 

3Ha4~~/f1X ~/f1<t>P B co6CTBeHH~X 3Ha4eH/f1~X i. nonY4alOTC~ np/f1 
f a = 10-5 $M /B cnY4ae CM; i = 1/ /f1 f a = 10-4 $M /B cnY4ae RM; 
i = 2/ /f1 N = 250. 3Ha4eH/f1~ napaMeTpa fb /f1HA/f1B/f1AyanbH~ An~ 

pa3n/f14HblX peWeH/f1~, OH/f1 onpenennnac s ycnoaaesi X, (f b ; W) _ h 2 
/h ~ 0,04 - war cnna~HOBO~ ceTKIo1/. , 

B~~~cneHIo1~ npOBOAlo1nlo1Cb Ha 3BM EC-1D61 B pe~/f1Me c ABO~HO~ 

T04HOCTblO nplo1 nOMO~101 nporpaMM~ RODSOL, B KOTOPO~ pean/f130BaH 
anropar a /10/, 

4.	 06PATHA~ 3AaA4A KBAPKOH~~ 

Uenb o6paTHo~ 3aAa4101 - 3TO onpeAeneHlo1e ~Ha4eHIo1~ OCHOBH~X 

xap axr epa c ru« X /2.4/ qq -C/f1CTeMbl, a r axxe cpaBHeHlo1e Ka4eCTB 
nplo1MeH.ReMblX MOAene~ /p = 1, 2" 3/ B Io1X MOA/f1<t>Io1Ka~Io1~X /i = 1, 2/. 
3Ta ~enb AOCT/f1raeTC~ Haxo~AeHIo1~M cpeAHeKBaApaTlo14ecKlo1x pewe
HIo1~ /12/ HenIo1He~HO~ nepeonpenene-n-oã C/f1CTeMbl ypaBHeHIo1~, c anau
BalOl.4e~ np/f15nlo1~eHHble /MOAenbHble/ 3Ha4eHlo1R 3Heprlo1~ W c axcnepu
MeHTanbHO 1013BeCTH~MIo1 MaccaMIo1 pe30HaHCOB mB 4ap~OHIo1Io1 101 50TTO
MOH/f1/f1. 

/4/$OPMynlo1poBKa 05paTH0lo1v 3aAa4101 OCHOBbIBpeTC~ / CM. . n .3/ 
Ha npennonoxeuaa , 4TO B npoc r p auc r ae- He/f13BeCTHbIX (w <;. ~t; XIE-~K~ 

~ E- ~3) cyuie c r aye r He~Bl;1a~ <t>YHK~I;1~ 

w =	 w( Xi ) , i = 1. 2. /4. 1/ 

AIo1$<t>epeH~lo1pyeMa~ no BceM ~oMnoHeHTaM BeKTopOB X, KOTopa~ reHe
plo1pyeTc~ MeTOAOM cTep~He~~x cnna~HoB. _ 

npeAnono~MM, 4TO AaH seKTOp 1013MepeHH~X 3Heprlo1~ qq-clo1~TeM~ 

- - - T /.l /4.2/
.w = (w, 1 • w, 2 • •• .• w, 11) ~ ~ , 11 -. ueno e > 1, 

KOMnOHeHT~ KOToporo HYMepYIOTc~ Ha50poM KBaHTOB~X 4lo1cen , 

8 

/CM. n.3/ /f1 CB~3aH~ c MaCCaM/f1 pe30HaHCOB cneAYIO~/f1M o6pa30M: 

fl;, - 2m ripa v = 1, 
w, 

{ 11, nplo1 v = 2, 3. 

C APyroM CTOpOHbl, He~BHa~ $YHK~/f1~ /4.1/ onpeAenneT seKTOp

;} 
w(X) - - - T 11 /4.3/(»; 1 (,X ). », 2 ( X ) •.. , • w, 11 ( X » <;.:R , 

f 
4b/f1	 KOMnOHeHT~ - 3TO 3Heprlo1/f1 ;(X). B~4/f1CneHH~e no MCC. 

PeweHlo1e nep~onpeAeneHHO~ Hen/f1He~HO~ C/f1CTeM~ ypaBHeH/f1~ 

f( X) W( X) - w == O	 /4.4/0= 

T
OTHOCIo1TenbHO Helo13BeCTHblX X=(X t • X2 •...• X ) • n = 4 np/f1n 
i = 1 /f1 n = 3 nplo1 i = 2, n < 11 B CMblcne M/f1H/f1M/f13a~1011o1 <t>YHK~/f10

Hana 

X 
2 
(X) IIP(w(X) -

-
w ) 1i 

2
2 

AOCT/f1raeTC~ peUleH/f1eM (w' (X ) P )1'_ ycpeAHeHHo~ 3aAa4101 /úi paaaep
HOC T b 10 (n x n ) 

F( X) = (;. (X » T p 2 f (X) = O ,	 /4.5/ 

r ne	 P = diag (~}\ . •• '••• P _ ) - MaTp/f1~a s3Be.W/f1BaH/f1~, a w' (X) P2 I1 
MaTp/f1~a ~Ko5101 An~ aex r op a w (X ). 

C/f1CTeMa ypaBHeH/f1~ /4.5/ OTHOC/f1TenbHO He/f13BeCTHbIX X npeACTaB
n~eT /CM. /4// 05paTHYlO 3aAa4Y An~ CB~3aHH~X COcTO~~/f1~ KsapKO
H/f1~. 4lo1cneHH~e peWeH/f1~ 3aAa4/f1 '/4.5/ HaxOA~TC~ ~BToperyn~p/f130
BaHH~M /f1Tepa~/f10HH~M npo~eCCOM raYCC-HbIOTOHOBCKoro T/f1na /1~/. 

CTaT/f1CT/f14eCK/f1~ xapaKTep pewaeMO~ 3aAa4/f1 Y4/f1T~SaeTC~ np/f1MeHeH/f1
i:	 eM AByxwa~oBO~ npo~eAYP~ LCH /CM. /4!,c.297/,KOTopa~ n03Bon~eT 

onpeAenlo1Tb HacneACTBeHH~e O~/f15K/f1 He/f13BeCTH~X /f1 3Ha4eH/f1e CTa

1\ Tlo1CTlo14eCKoro KpIo1Tep/f1~ X2 = X 2 /(J1 - n + 1) B T04Ke peWeH/f1~ C/f1
CTeMbl	 /4.5/. 

B~4/f1CneHIo1~ npoBeAeH~ Ha 3BM EC-1061 B pe~/f1Me c ABO~HO~ T04Jt 
o,	 HOCTblO. ~Tepa~lo1oHH~~ npo~ecc ocy~ecTBn~nc~ nporpaMMO~ 

"

COMPD/ 13
! /5/f15n/f10TeKa CTaHAapTH~X nporpaMM O~~H, nporpaMMa 

N° C-401/ B,Baplo1aHTe / 14/. 
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5.	 PEWEH~UI 05PATHOVl 3A,llA4l1 KBAPKOKIt1f1.
 
AHAnlt13 ,PE3ynbTATOB lt1 BbIBO,llbl
 

PeweHH~ o6paTHo~ saAa4H - Maccw KBapKOB H napaMeTpW nOTeH
4HaJlOB cc- H bb -CHCTeM - ,lJ,JlR KBa3J,mOTeH4I11aJlbHOIII Mop,eJ1H C nori
HblM y4eToM CnHHa / v =' 3/ H p,Jl~ 6eCCnHHOBblX MOA-eJlelll / v = 1, 2/ 
npe,lJ,cTaBJleHW 8 Ta6Jl.l. PaC4eTW B o6olllx paCCMaTplllBaeMWX BaplllaH
r ax i = 1 /CM/ lIt i = 2 /RM/ OCH08bIBaIOTC~ Ha 3KcneplllMeHTaJlbHblX 

'I'aõrmua 
MaCCbI KBapKOB H nap axe-rpsr ItKOHBeH~HOHaJIbHOrO" 

rrOTeH~Hana /i = 1/ ~ rrOTeH~HaJ1a PH~apAcoHa 

/i	 = 2/ 

KBa 311nOTeHUWlllb
.D.l1H re pa 

EeCCnl1HOBOeYpaBHeH l1e Illpe-
Hoe ypaanen l1e C 

une ypaBHeHVl8 
KBa3Hn(lT~HUl1anb 

T04HblM yqeTOMIlapa (Y:::' I ) cnana ( ')1= J)( y;::. 2)
MeTp~ 

l,51632tO,OI6·1,3948êtO ,015 I,45155!O,010cc 
• ____...l.-....___• _______0___'tYL ---~ _...	 -- --_ ...-- --- _.. _._'_. ---, 

4,8c!73~tO,OO84,80641:0 ,0054, 77640tO ,006 /r3B/ bb 

0,59211:0,049,O,32~76:0 ,0,420, 47317,!-O ,0L'OCC 
._~~------_..- .--~ - .._-cLs 0,43737:0,0100,42~79tO,0090,36715:0,006bb 

- 

t::l' 
0,15925:0 ,0030,15415:0,003CCze __~~~ ~~~~-!5XJ 4 
0,16971:0,0030,1744:2:0,001o,17548:0 ,002
 

cc
 

/r3n-2/ bb 

6,335~I,05(4. )---..__._-...._---- >--- ._--------- 
C~ 

7,443~O,68(4.)bb -
I ,5J120~O ,004,CC 1 ,54J28~0 ,Cü31,49754:0 ,004t'J11_ 

bb 4.88'755tO.0008 
. 

4.88075t.0.OO24.88704~0.002/r3B/ 

O,28402'!,0,OOO9cc °,27517+°,002 ..~39nI?:soo3 _A ,---. 
t~2 0,29298:0,0005O,29655!,0,OOIO,'~026B!,O ,OO?/f3B/ bb 

- 5,292!,O,4ócc (4.) 

C2. - '9 ,648~I ,25(4. )
bb -

... 
I 

:I Ta6nH~a 2, ! 
Cnex-rp xacc ~apMOHHH, cooTBeTcTBYlOIW1H 
pa3nH~HbIM peurennax 06paTHOll 3 anaxn 

, I 
2!rl1 ~K(}n. 

~ 

fi,lr38/ (v=3) IJ/.;,Kcn. ""'" fi /;;8/ (~:.1) 
"'-' 

~/r:3-8/(Y'=2) 

I 11,. LJ /f3B/ i:: .1.. Z=2 71;- l /f3B/ i:: .L i:: 2 ;':: .L i..:: 2

. r rIs., 2,9810 3,0779 3,0470 

"I ;2I~o 3,5920 3,6D5 3,6215 

li
.' I 
I 
I 

bISo 

:rIp1. 
I 

ir3 P1 3,5100 

4,0328 

3,5063 

3,4909 

4,05II 

3,5128 

3,4964 
.'

lpx.; 3,5249 3,5205 3,5158 3,4961 3,5264 

!23p.i. 3,9720 3,.9335 

13 po 3,4150 3,4145 3,4145 

23 po 3,8647 3,8725 

jr 3 S1 3,0969 3,0835 3,0551 15 3,0969 3,0972 3,0979 3,1214 3,!O08 

~3S1. 3,6860 3,6177 3,6293 25 },6860 3,6686 3,6739 3,6389 3,6425 

13 .ti, 1 3,7700 3,7714 3,7742 lei 3,7700 3,7928 3,7867 3,7760 3,8073

33 Sj. 4,0300 4,0414 4,0516 3s 4,0300 4,0702 4,0753 4,0522 4,0471 

23 
]) .1 4,1590 4,1631 4,1594 2J. 4,1590 4,1553 4,1503 4,1603 4,1689 

1.3 
; 4 .s1 4,4150 4,4114 4,4149' 43 4,4150 4,4128 4,4152 4,4140 4,3938 

'J 3.D
l 4,5151 4,5023 

53Sj. 4,7't97 4,7551 2 
13P~ 3,5558 3,5413 3,5492 

23 P2. 3,96-90 3:,9758 , 
~2 0.,8120 0,8418 0,9088 0,8349 1,0405 1,16J5 

xx, ' 6.:10- 5 3.10- 3 2..10-7 6.10-9 8.10-9 1.10-7 

f 

*CpeAHHH Macca MYnbTHrrneTa.
 

**MaKCHMaJIbHaH HeBH3Ka ypaBHeHHH /4.5/.
 

gaHHwx o CB~3aHHWX COCTO~HIII~X 4apMOHIII~ 11I 60TTOMOHIII~ 11I3 pa


fl 60T /15/ 

u ,lJ,eJlbHOM 

:I ti = 1,2: 

/CM. Ta6Jl.2 11I 3/: Pa3MepHoçTIII pewaeMWX 
CJlY4ae CIllCTeM /4.4/ CJle,lJ,YIO~lIIe: 

7 AJlA CC, 3 AnA i == 

r ~ { - n == {8	 AnA bb, 2 AnA i == 

B Kam,lJ,OM OT

1 , 

2, 

5 

·1	 .n
10	 1 i 

I 

http:�____...l


11 ,Q11 A cc, 4 ,Q11A i = 1, 
ti "" 3 : n {11 '= { 12 

,QJ1R	 bb, 3 ,Q11A i '= 2. 

napaMeTp ~i perynRp~3~py~~ero nOTeH~~ana V; He Bn~ReT 
Ha peweH~R HepenRT~B~cTCKO~ MOAen~ ti = 1, a B penRT~B~CTCKOM 

'Laõrmua 3 

CrreKTp Macc 60TTOMOHHH, cooTBeTcTBYIDmHH 
pa3nW·IHbIM perneHHHM oõp araoü s anaxa 

2.S~ AKcn. ,.LI./r~81 (Y = 3) .ú3Kcn. 
-.." 

vi(/r;) B/(~=J.) ;;'lr~81 (Y: 2) 

'TI..- LJ /f-3BI t= 1 i..,=2 ~e Ir3BI i =1.. ~=2 i= 1. i.. =2

lISo . 9,4580 9,4542 

lI? 
I 9,9158 9,9078 

I'3P1 9,8945 9,9080 9,9000 1px). 9,9033 9,9DO 9,9021 9,'9141 9,9042 

2'jp
I 10,2537 10 ,2525, 10,2537 2px) 10,2603 ID,2585 10 ,2599 10 ,2604 10,2603 

)Jp
I 10,5318 10 ,5j48 

13po 9,8729 9,8746 9,8696 
;3 p . o 10 ,2270 ro ,2.270 ID,2J22 

13S.l 9,4600 9,4586 9,4598 13 9,4600 9,4600 9,4599 9,4605 9,460H 

e 
JS..1 IO,OD4 9,9933 10,0016 25 iO,G~34 10,0106 10 ,0216 9,'1337 10 :0021 
J " 

I D1 10,1516 10,1464 

335 1 10 ,J555 10,3302 10,3404 3S: 10,355) lO,3462 
; 

10,3546 . 10,3)31 10,3446 

;'P.D 1 10,4394 lO ,4383 

4JSl 10,573"0 10,6036 10,6122 4S 10,5730 10,6185 10,6203 10,6108 10,6210 
.' 

)J1).1 10,6907 10,6895 
3')gj 10,8660 10,8529 -IO,e525 50S 10,e660 10,8579 Ia ,8477 10,8560 10,e6::!8 

43J)J. 10,9IB9 10,9149 

63Ss. Il ,0800 II ,0925 11,0768 6S II ,0800 II ,0817 11,0524 11,'0804 11,0826 

3
I P2 9,9146 9,9303 9,9216 , 
i3P2 1O,nID 10,nII 10 ,2694 

13F2 10,3491 ID,3481 
)..2. 0.8757 0,9832 0,7487 0,7724 0,7938 0,5639 

gX~ 3.10-4 3.10-2 4,10-7 3.10-4 1.10-7 9..10-) 

*CM. Ta6n.2. 

**CM. Ta6n.2. 
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6eccn~HOBOM cnY4ae ero Bn~RH~e Mano ICM., Hanp~Mep, Ta6n.3 
B: / 1' 1. n03TOMY 3aAa4a ti = 2 pewanaCb np~ ~~Kc~poBaHHoM 3Ha4e
Hl1~ C i = 4 I i = 1, 21, xoropoe oõecnevaaaer peryriapuoc r s KBa3~
nOTeH~~anOB VNS B Hyne ICM./ lI, c.9/. Onpenenar s 3Ha4eH~e na
paMeTpa Ci MomHO TonbKO B MOAen~ ti = 3. 

B Ta6n.2 ~ 3 AaH cneKTp Maccc~- ~ b~-c~cTeM, nonY4eHH~~ 
c AaHHWM~ ~3 Ta6n.l. B 3T~X me Ta6n~~ax AaH~ KaK npeACKa3aH~R 

jHepr~~ pRAa COCTORH~~, He o6~apymeHHwx nOKa 3Kcnep~MeHTanbHO. 

B KamAOM cnY4ae np~BeAeHO ~ 3Ha4eH~e Ben~4~H~ ~2, xapaKTep~3Y~
·1 ~ee CTaT~CT~4eçKY~ AOCTOBepHOCTb peweH~R. B Ta6n.4 nOKa3aH~" 

CTPYKTYPHble xapaKTep~CT-J;1K~ paA~anbHblX ~YHK~~~ 3aAa4~ ti = 3:'1 
4~cno ~x Hyne~ ~ 3Ha4eH~~ K03~~~~~eHTOB af~{ . 

Ka4eCTBeHH~~ aHanM3 peweH~~ Ino 4~cny Hyne~ ~ no 3Ha4eH~RM 

K03<t>~~~~eHTa a\~l ' onpenenaourero Bec KOMnOHeHTbl c L '= J + 1 
B BonHoBo~ ~YHK~~~ C~CTeM~ 12.3all nOKa3WBaeT npaB~nbHoe COOT
BeTCTB~e MemAY KBaHTOB~M~ 4~cnaM~ MOAenbHWX ~ 3Kcnep~MeHTanb

HO Ha6n~AaeM~x COCTORH~~ KBapK-aHT~KBapKoBo~ C~CTeMW. CneKTp 
4apMOH~R ~ 60TTOMOH~R on~CblBaeTCR Kon~4eCTBeHHO XopOWO ITa6n.2 
~ 3/. 

~3 aHan~3a peweH~~ ace~ cOBoKynHocT~ o6paTH~x 3aAa4 MomHo 
caenar s cnenyouiue BbIBOAbl. 

li CpaBHeH~e HepenRT~B~cTCKO~ ~ penRT~B~cTCKO~ 3aAa4~ B 6ec
cn~HOBOM cnY4ae Ha OCHOBe Mopen~ i = 2 6wno npeAMeTOM Haw~x 

~ccneAoBaH~~ B pa6oTax/4.5 / . 3Aecb, np~ 60nee nonHOM aHan~3e 
IBKn~4alOl1leM MOAenb i = 1/, nOATBepmAaJOTCR cneneuuue pauee su
BOA~ o TOM, 4TO CC-C~CTeMa on~C~BaeTCR nY4we penRT~B~CTCK~M 

ypaBHeH~eM; caM~ >Ke penRT~B~CTCK~e 3~~eKTbl MeHbwe aarparaaaor 
3Ha4eH~R Macc KBapKOB, a B ropa3Ao 60nbwe~ CTeneH~ Bn~RJOT 

Ha napaMeTpbl B3a~MOAe~CTB~R. nOcneAHee oco60 Bblpa>KeHO B MOAen~ 

i = 2, rAe napaMeTp B3a~MoAe~cTB~R A B penRT~B~CTCKOM cnY4ae 
YMeHbwaeTcR np~MepHo Ha 25% AnR o6e~x KBapKOB~X C~CT~M ITa6n.1/. 

21 AHan~3 pe3Y~bT~TOB, nonY4eHHWX o6paTHo~ 3aAa4e~ He3aB~C~

MO AnR CC- ~ b~-C~CTeM, YKa3blBaeT Ha cneAy~~e TeHAeH~~~ 
B ~3MeHeH~~ napaMeTpOB nOTeH~~anOB ITa6n.1/. B MOAen~ i = 2 
3Ha4eH~R napaMeTpa A np~MepHO OA~HaKOBW B YapMOH~~ ~ 60TTOMO
H~~ ITonbKo B cnY4ae ti = 2 ~x pa3H~~a AOCT~raeT 7%1. 3TO rOBO
pur B nons ay IlapoMaTHo~" He3aB~C~MOCT~ B3a~MoAe~cTB~R, KOTbpaR 
npeAnonaraeTCR apriori MHor~M~ aBTopaM~. 8 MOAen~ i = 1, rAe 
napaMeTpbl no r e uua ana Anfl ManblX ~ ôonsurax paccToRH~~ orneris aue , 

1\	 Ha6n~AaeTcR YMeHbweH~e IHa 26%1 napaMeTpa KynoHoBcKO~ 4aCT~ 
nOTeH~~ana np~ nepeXOAe OT cc- K b~-c~cTeMe, 4TO cornacyeTcR. I c RBneH~eM aC~MnTOT~4écKO~ cBo6oAW ITa6n.1, cnY4a~ v = 3/. 

; i
\

31 B 3aAa4e c nonHWM Y4eTOM cn~HOBO~ 3aB~C~MOCT~ MOAenw 
, I I c KOHBeH~~OHanbHWM nOTeH~~anOM I i = li ~ c nOTeH~~ano~ P~4apA

COHa li = 2/ Aa~T npaKT~4eCK~ OA~HaKOBoe Kon~4eCTBeHHoe on~cai 
I 
I 

13
.1 



H~e cneKTpOB cc- ~ b6-c~cTeM. anH CC-C~CTeM~ 3Ha4eH~H CTaT~CT~
. Ta6n:HI..J;a 4 

4eCKoro Kp~Tep~H i 2 OA~HaKOB~ AnH 06e~x MOAene~ /Ta6n.2, cny
CTP-YKTYPHbIe nannsre o peuienaax crraaoaoã 

4a~ v = 3/, a B cnyuae bb - C~CTeMbl x2 'AnH MOAen~ i = 2 ~MeeT
CI1CTeMbI I v = 31 gJUI CM-rrOTeHI.J;l1ana I i = 1I 

HeCKonbKO nY4wee 3Ha4eH~e /Ta6n.3, cnY4a~ v = 3/. OTMeT~M,11 RM-rrOTeHI.J;Hana li = 21 . 
OAHaKO, 4TO 06a nor eauuana HeYAOBneTBop~TenbHO oru-cueaor CBepx
TOHKoe pac~enneH~e S-COCTOHH~~ 4apMOH~H. 3TOT HeAOCTaTOK, Be
pOHTHo,CBH3aH c OTCYTCTB~eM /no nocTpoeH~IO/ KOHTaKTH~X 4neHoa 

2S+-'f 

'flt' LJ	 

c C - cacr eua b b - CYiCTeua 

oG (o) 

1~ 1. 
HV1111 dJv HKllit}t /. (o) 

, .J.,1 
HVJm CÍlVHKllYiA 

.):. (::IH) /1:': (:1-.1) J:-1:1+.í) , X-r:r-.J.) 

1
3 S J. í = I -0,0499 ° .0 -0,0412 ° °t. = ~ --0,0571 ° ° -0,0299 ° O 

23 S.1. ~ = I 
i = 2 

-0,0454 
-0,0507 

I 
I 

I 
I 

-0,0399 
-0,0~90 

I 
I 

I . 

I 

13 .D.1 i = I , - ? 

24,74 
9.989 

O 

° ° ° 
25,75 
Ih.05 ° ° 

I 

° 33 S 
J. 

i = I 
~ = 2 

-0,0428 
-0,0471 

2 
2 

2 
2 

-0,0391 
-0,0284 

2 
2 

2 
2 

23 .D1
i. = I 
i == 2 

25,29 
11,22 

I 
. I 

2 
2 

26,02 
18,14 

I 
I 

2 
C! 

4
3 S.1 Z = I 

2 = 2 

-0,0409 
-0,~446 

3 
3 

3 
3 

-0,0386 
-0,0280 

3 
3 

3 
3 

33 .Di i· == I 
t = 2 

26,13 
11,89 

2 
2 

3 
3 

26,33 
19,61 

2 
2 

3 
3 

53 S~ Z == I 
t. = 2 

-0,0395 
-0,0427 

Li

l~ 

4 
4 

-0,0381 
-0,0276 

4 
4 

4 
4 

43 .D i. ;, = I 
i = ;:" 

-
-

-
-

-
-

26,58 
21,81 

3 
3 

'+ 

4 

6
3S.1 2 = I 

,. = 2 
-
-

-
-

-
-

-0,0376 
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B cn~H-cn~HOBOM B3a~MOAe~CTB~~ (Vss ), a r a-ose c YMeHbweH~eM 

BKnaAa 3an~palO~ero nOTeH14~ana, B~3BaHH~M o6~e~ npo~eAYPo~ pe
rynHp~3a4~~ nOTeH14~anOB. 

nODY4aeM~e B AaHHOM nOAXOAe BonHOB~e ~YHK4~~ COOTBeTCTSYIOT 
T04HblM COCTOHH~RM cn~HOBO~ C~CTeMbl B OTn~4~e OT ~YHK~H~ nep ryp
õaruanor-o nOAxOAa, rne COCTOHHlltfl ycpenue ausre , OAHaKo, noxa 
Bonpoc 06 06~eM onpeAeneHHH CKanHpHoro npO~3BeAeHHfI B KBa3H
nOTeH~~anbHOM nOAxoAe OCTaeTCH HepeweHH~M, co6cTBeHH~e ~YHK14~~ 

KBa3~nOTeH14HanbHO~ CHCTeM~ Henb3H npHMeHHTb Ha npaKTHKe. 

ABTOP~ B~pa>l<a~T 6naroAapHocTb c.6.repac~MoBY 3a KOHCTpYK
THBHoe COTpYAHH4eCTBO H BHIltMaHHe K pa60Te. 
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