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1. BBMeHl!e 

B npeill'.ll.\'1lll! paOOTax ( 1 ) H!lMll OuJia npeMOII!lHa )lllll!lMll -

'l6CR8fl MO,ll8Jlb a.npotm38l.J;HH n KBBpKOB B !11 ,n2, e •• I n., B,D,pOHOB 

V - COpTOB TID CX8M9· pe8KUKH 

a + b ~ n .;. n1 + ~ + ••• + nv (1) 

HB OCHOB9 H3B8CTHOrO TipBBKnB KB8pKOBOrO C'IBTB (2 ), 08H8'18D -
maro B STOM C~~BB p8BBHCTBO 

v 

ll = L N1n1 , (2) 
1.=1 

r;!l.S N
1 

- 'q}ICJIQ BBJIE'IHT'HHX KB8pKOB B B,Iij)OHB 1-THITB. 

llpB~OZBHHBH MO,lle~ HOCHT CTBTHC~BCKHft XBpaKTBp B 
TOM CMHC~B, 'ITO, BO-TIBpBHX, HM99T BHB~OrRD C HBBSCTHOI UBIT0-
~01 ypaBRBHHI Boro~OBB (3 ) H3 CTBTHC~BCKOA KHHSTHKH H, 
BO~BTOpHX, B HBI y,naBTCH HaiTH 0606~BHH9 CTBTHCT,Kq9CKOrO paC
npe,llBJIBHIIR Kepnepa (

5
) HB ,llltCCIIIJ8TI!IliiYil Cl!CTBMY KOIIKYJli!PYIIIIHX 

KOMIJOHSHT B Bl!,ll6 NI!OrOM6pH011 <WJ!KIJ,l!l! KilO ( 4 ). )lo Cl!X nop CT8-

THC~BCK8H HHTE'Ipnp9TBUHH Y.llBBB~BCh ~h B KOHCBpBBTHBHDI MO
,llBJIH "XKW;HHK-ZSpTBB" ( 6 ) IIpH 'IBTHOM 'I!HCJlB ,II;HH8MH'IBCKHX CliC

TSM (CM.B (7 )). 

0 lij)yrOI CTOpO!W: 1 Mll HB IlplU8pDB89MCH CTOX8~'fllq9CKOrO 
HBIIpBBJlBIDUt B,Iij)Omt38UHH B pBMKBX KBBHTOBOI: XpoMO,li;Hii8MBKll 

(KXll} (8 ) B CBH3H C BBOllpG,llBJlBHHOCTbD CXBN pe&KUKK, OT~ 
OT (1 ), H OTCYTCTBHSM, BOOO~e roBOpfl, auanora "38KOH8 ~eiCTBY

nn;KX. Mace" (9 ). 
CymscTByaT yoe.neHHe, qTo xaqecTBeHHoe (TOUOAorxqecxoe) 

HCCJIS,IlOBBHRB H9JIHH6AHEHx CHCT9N ~pe~aJibHHX (~) yp8BH9-

IDIA npmiOCHT IIO.fib3Y H B TOM CJIY"i86, KOr,D;a OBB pem8MCH 
TBI<JI6 H 8H8Jil!TINBCKH ( 14 •

10). B ,ll8HH01! CT8TbB Mil npi!,ll6pEHB8-

6MCH BTOA TO~ apeHHH H aayqaeN BOTipOCH CDp8B9~C~ 38 -
Kona Bo~bTeppa-rayae ( 6 •

12
) 11 o~a!J,l!l! cepnyxoscKOro ~K

Ta ( 13 ) B p8NK8X ilBYl. H9JIHH91IHJIX MO,Il6JI61! NI!OrOKOMIJOH9HTH011 

,llltH8Ml!KH. 3TO HB TpY,IlHO npD,Il6JI8Tb CTBH,IlBpTH011 O~a~OH
HOA M6TO~OI, HO OC009HHO oO~erqaeT ~.no C~CTBOBBHH8 Rn
J!HlCTpBTl!BHOJI nporpaMMil PHASER ( CN. , Hanpi!M9P, B ( 

1 
I ) ) • 
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2. BJ.t¢ypR8UlH1 Ha IIJIOCROCTJ.f (atot'<nc>) 

OT OTpiDl8Tf3JlbHblX ROppE!JJRf.l.HA 

~3Y'-19HR9 yrrpyrHX R TIOJIHHX ceqeHKR B paMKaX MO~e~eA KB8H
TOBO~ TeOpHH noJJR HOCHT npHHUHITHaJJbHHA xapaRTep ( 15 ). B KXH 
OHO, BooCme rOBOpR, He RBJIJISTCR TpHBH8JlbHO~ 38~8~9~ H Tp90Y9T 
TpYnOSMKHX 8H8JIHTJ.~qecKHX pacqeTOB B BYCIDHX nopR~8X T80pHR 
B03MY1lt9ffi'U'l ( 

1 6
) • 

MH ITOJJaraeM, qTQ BC9B03M0~9 paC'-19TY IT0~00Horo THTI8 B 
HX.U MOfYT ~8Th HenoJJHYIO 11HcflOPM8Ut110, 9CJIR H9 BKJIIJ'IHTb 
B paCCMOTpeHHe rrpaBllJlbHY~ CXSMY 8np0HH38UHH p830H8HCOB • 

npH T8KOM rrpe~0~0~8HHH CT8HOBHTCJI ITOHHTHHMR R8R poeT 
ITOAHHX ceqeHKR B mHpOROM HHT9pB8Jl9 3HeprHA s 112=(15~900) raB 
( 17 ), T8R H TIORBJ!Slme MHHHMYMa B KHT9pB8Jl8 s 112=(5~10) raB, 
KOTOpoe H H83UB89TCR ceprryXOBCRKM ~KTOM ( 13

). 
8TO RBJI9HH9, ITO HemeMy MH9HRD, ITOJJHOCTbD OdR38HO MH0f0-

KOMTIOH9HTHO~ ~8MHK8 TIORBJI9HHR p930H8HCHHX CHCT9M. 0~8KO 
C UBJlblO ITpOCTOTbl H RCHOCTll CH8'-18Jl8 CB9,Il9M 38,Il8liY R .ItBYM8pHO~. 

npyrHMR CJIOB8Mll, 9CJIH Ha npoMe~TO~OM 3T8TI9 pe8RqHH (1) 
HM9JICH M8JlbTY3H8H n KBapROB H H8 OKOHN8T9JlhHOM 3T8IT9 OHH 
COC'-IHT8~Cb COrJJaCHO npaBHJIY (2), T0f,Il8 TIOCJI8 HHKJ!n3HBHOf0 
yCp9,ItH9HHR TIO BC9B03MOJKHllM .!l;OOOJIHHTBJibHb!M lOOTyJlbC8M H MHO
If9CTB8illlOCTRM n

2
, ••• , nv HM88M ll:-yp8BRemt8 ,IVIH TOIIOJIOI"H't8CROfO 

C8'f8ffiU1 0 po~emtH n = TI 
1 38pH1t8HHHX 8,1lpOHOB O.IUlOfO TIDt8 n

1 c 

r.ne ( ' ) 03H8'f8BT ~p8ffiU'fPOB8lm6 TIO SBOJllll.lROmtOMY 

napaMetpy. 

3Jl9Ch KOS$1MUW3HT JIPHPOCTB 
v 

K = -{ N1n 1tL N1 <n1 (n1)>} 
i;o;-2 

( 4) 

38U,6TIJIR9TCH C 8CCOUH8THBHHMH Cp9JJ;J:mMH MHOZ9CTB9HROCTRMH. 
0HH xapaKT6pM3KpYDT ROppeJIHqHH M8~ p83HHMH ~aMR CMCT9M p630-
H8HCOB (c~c. 1~~0 .K,A, ... ). 3KCit9pHM9HTanbHH8 ~3HHH8 H TeopetH-
'-18CKH9 ccoOpaJteturn (eM., HaiipHMep, B (18 • 19

)) npmm.n.RT R orpn
UBTSJihHHM .nnHeftHHHM KoppeJIRUKHM B p8CCM8TpHB88MOA R8MH od -
~BCTR BltJIOTh ~0 cepnyXOBCKHX SH8prRA. 3TO 03H8li89T, liTO <n1 (n

1 
)> 

ifMTHPymcH .mmelb!oA <!JYHRURBA 
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<n
1

(n
0

)> ~ A
1
n

0 + B1 (5) 
H qro ITapaMeTpH A1 H 81 y~OB~8TB0pRIDT yC~OBHHM 

A
1 

< 0, B1 > 0. (6) 
Te~e~a coxpaHeHHH raKoro pe~a ~H rame~ pesoHaH

coa ~O~~a H8d~8ThCH H H8 COBp8M8HHHX yCROpHT8~HX, qro 
rro3Bo~aer rrpe~o~araTh c~eAYromee: CHCTeMa ypaBHeHHa ~~R no~oro 
ceqeHHH y ~ Gtot H Cpe~e~ MHOE8CTB8HHOCTH X = <D0 > 38pHm8H-
HHX -qacnm 

x·~ - A (x - E ) 2 /a 
r:: r:: (7) 

y•~ - A xy - B y (8) 

BHT8K8~8R H3 (3) C yqeTeM COOTHOill8HHa (4), (5) H 38KOH8 (22 ) 

(9) 

8CTb H88BTOHOMH8H CRCT8M8. ~aqe roaopR, TI8p8M8TpH 

v v 
A ~ (N

1
+ ~ A1N1), B o ~ B1N1 (10) 

1=2 1=2 

38BHCRT OT rro~o~ 3H8prHM s 112 CTa~aanmnxcH 'I8CTHU (1) 
(T.8. OT Bp8M8HHOrO rrapaM8Tp8 ~ ~ ln s/2m~ ) H Y~OBRBTBOp~T 

H8p888HCTBaM BHA8 {6) 
A<O,B>O. (11) 

HarrOMHHM, qro 3H8q8HHR 88~ E
0 

~ 1 H a
0 N 4 E8CTKO 

~CHpOB8HH HS aH8~38 SKCll8pHM8HT8~bHHX naHHHX (22 ). 
llpH CJm9CTBOB8HHH H 8~CTB8HHOCTM p8ill9HHR yP8BH8HHR (7) 

MOZHO C~T8Tb, qro A H B ~~OH8~HO 38BHCHT He OT ~. a TO~bKO OT X1H HCC~6~0B8Th CHCTBMY ypaBHBHMA (7) H (8) MBTOAaMH 
K8~9CTB8HHOrO 8HanH38 ( 9 - 1 A) B CBH3H C TBM, ~TO T8K8H ~~-
OH8~hH8R 38BHCHMOCTh RBHO HB orrpe~B~BHa. 

CHCT9M8 HM99T C~OZHyD ocoOyD TO~Y 
KOTopo~ X8pBKT8pMCT~SCK08 ypSBHQHMQ 

1.2 - rfl,. + 6 : 0 

(E ,0) 1 BdJ!H3H c 

MMBBT 3H8"8aKH n8p8MeTpoB 6:0 H a : - (AE
0 

+ B)E • B pBKKNS 
c (11) l!3MeHeHHe 3HaKa napaMeTpa A I!pliBOAJIT K nepecT]lOliRe (0ll4>.YP-

KauR!!) waaoBOro nopTpeTa, ~TO l!~IDCTpl!pyBTCR PliCYHKOMl! I l! 2. 
BMecTo ya~a noRBnHBTCR ce~o, uosao~~ee, a ~e. uapa
MerpH3DBaTn cepnyxoacKHa MKHKMYM ~ no~x ce~eHHA y = atot" 
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~ 

c 
L 
0 
-" 

ao.oo 

5 60.00 

c 
.2 
u 
m .. o_oo 
"' 
"' "' ~ 
u 20.00 

0 

:2 

a = 4 

x = mean multiplicity 

PRe. I . q,830Buft novrpeT CHCT8Mll (7) H (8) rrpH C.n9.JlVD:IlRX 
sHa~eHRRX rrapaMeTPOB A = -2, B=O, E

0 
= 0 H a = 4. 

~ 

E 
0 
-" 

ao.oo 

__s 60.00 

c 
.2 
u 

QJ 40.00 

"' 
"' "' 2 
u 20.00 

a 
:2 

II 

0 

x = mean multiplicity 

Pnc. 2. Wn~ncTpa~R 38BHCMMOCTH cepnyXOBCROro MHHHMYM8 
OT KHT8HCHBHOCTH ROppe.nHQ»H 8 = 8e npH c.ne.JlVn -
mnx 3Ha~eHHHX napaMeTpOa: A= 0.1. B =- 0.5 H 
Be = 0. 



TiyCTb OH ~OCTHr88TCR TipR X
8 

WJHKJ.ll!H 

1\(X) ~ X+ BIA 
B 3TO~ TO~e o6pa~aeTCH B HY~ ~(X8 )=0 1 H yp8BH8HR8 

~ ~ ay 1\(x)/(X- E
0

)
2 

(12) 

B6~3R H88 rrpHHHM88T B~ 

~ ~ ae 'Y (X - X )/(X - E )2 
Ull. s c . 

CooTBBTCTBy~ee pemeHHe 

a 
y ~ C (X- €c) e exp[F/(X- Ec)l 

(13) 

( 14) 

y~oB~STBopRTe~oHo arrrrpoKCRMHpY8T aKcnepHMBHTa~bHNe naHHHe 
' ' MR pp-,up-,-n;-p .. ,K-p -B38HM0~8:A:CTmllt ( 13 • 17 • 21 ). 3Ha4:8HM8 

napaMSTPOB rrpHB9~8HH B Ta~a (20 ). ITpoHCHKM HX ~3R~8C~ 
CMHC~: 

F=X
3
-Ec>O, 

C - KOHCT8HT8 HHTerpHpOBaHHH - orrpa~e~HBTCH Haqa~bHHMH yc~OBRRMH, 

BeJmqmra 

(15) 

- ~KTMBH8H CT8ll8Hh C8MOKOppe~RqKR nc-qacT~, IT8p8HOPMHP0B8H
H8H OTpHI..l,8T8~hHHMH. KoppeJI.RIJ;JUIMM ( 11 ) , T, 8. rrpPICYTCTBHSM .Il;PYI'HX 

KOMITOHSHT 

(16) 

llo~epKH8M B8EROCTb T8KO:A: nepeHOPMKPOBKH B CBH3R C 
B03MOEHHM aHa~T~BCKKM npono~HHBM 38BMCKMOCTH 

(17) 

IIpH COBp8MBHHHX YCROpHT8JihH!lX 3H8prHRX ( 17 }, Paara,n;Ka ITO,&OOHllX 

"3ara~OK" nepeHOPMMpOBKM napaM8TpOB COOTHOlli8HMff (9} H era 
8H8JIOrOB (23 ) OCiCY!C,II;88TCH H H8MH B p860T8X ( 1 } • 
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TaC'i.Jrn.Ua. Pe3YJthTBTU no,nroliKH ::mcnep~meRTBJihHHX ~ammx 
~~H TIOXHHX ceqe~ ITO ¢QpMy~aM (!4) H (30). 

pji pp ~·p 1[ p K'p 
( 14) 

a 0.37 ' e 

K p 

E 1.60 0.20 1.82 1.00 1.34 -0.74 c 

c 15.14 14.36 9.56 8.82 8.51 6.90 
F 2.17 1.92 1.47 2.05 0.92 2.56 

(30) 

"'· 0.37 

A 16.58 15.46 10.19 9.73 8.80 7.48 
B 16.16 4.30 14.15 3.38 5.26 3.94 
c 2.58 1.93 2.85 2.30 2.75 I .69 

3. 3aKoR Bo.nhteppa-ray3e 

J.l: H8ITOJ!R09 Ht:lCbllll,8HH8 .R.ll8pHhl:X ClfJ! 

BOJI98 peaJibHO C TQqKH 3p8HHR ~3HRY H HHT9p9CHO M8T8Ma
~8CKH pemaTb ~lOrOKOMTIOHBHTHYD MO.ll9Jlh C p83HHMH R08~UHBH
TBMM BCBX THTIOB KOppeJI.RllHA, T.B. Korna nHCITBpCHOHHB.R MarpKUa 
HM89T BH.ll 

TaRa.R nocTaHOBKa ilpoC'iJteMbl rrpHBonHT B nepsyto oqepe.n;h K 
BOrrpocy 0 COCYIUBCTBOBamm. V KOHKYpHpYDII.KX KOMTIOHSHT ITpH J.l:C -
ITOJib30B8HHH O.llHOTO H TOTO •e KBBpKOBOTO cyC'iCTpaTa. ECTSC -
TBBHHO B03Hffi<88T T8KlK8 HS06XO.ltHMOCTb CB8.ll8lfli!R 38Jl8'1H, HBITpH
Mep, K .llBYMBpHOMY CJIY'-1810. ~T06bl 8TO C.ll9JI8Tb, YCTBHOBHM 38p8H89 
3aKoHoMepnccTb TRna BoJihTeppa-ray3e (6·' 2 ), na.nara~to orpaim
'lBlm.R HB CtlCYID.9CTBOB8lm8 KOHKYPRJlYJlii.HX a.npomnu CHCTBM. 

C aron IJBJibKI paCCMOTpHM CJiyqaR. 'l8CTR'IHOTO H8Cll!ll9HHR 
KOppBJl.R~ 

1=1,2, ... ,v. (19) 

6 



TorAa CHCT8M8 n - JP8BH8~ (1 ) A~R MH0~8CTB8HHOCT8~ 
8APOHOB 1=1 ,2, ... ,V copTOB 

v 

<n:~._>' =- ~ NkDik' 
k=1 

(20) 

r.IJ;e D:lk = <n:l~> - <ni><~>- sJieMeHTbi MaTpl1Ubi ,~:~Mcnepcl1.t1: (18), 
rrp:mum:aer BH.It 

r.IJ;e 
v 

F( ... ) ~ M • ~ N1<n1>, 
i=1 

PemeHHH ypaBHeHMa (21 ) 

(21 ) 

(22) 

qacTO HHT8prrp8THpYDTCH K8K 38ROH Bo~bT8ppa-ray38: CO Bp8Me
H8M 't =::. co BC8 pe30H8HCU "p8CII8A8!0TCH", <TI

1 > =::. 0, Iq>OM8 CaMOrO "rrpHcrrocoi5JieHHoro" c BHcnrnM RomtrlMtmBHToM rrpapocra 

1=2, ..• ,v. (24) 
B .n;e~CTBHT8JibHOCTH BO MHOmBCTBBHHHX IIpOU8CC8X BpBMBHHO~ 

TiapaM8Tp 't = ln(pp0/p~) TaK ~e,RaK ~ C8M8 MHO~BCTBBHHOCTb 
<n

1
>,orpaHH'i8H BBJIH~O~ t = ln Sl2m~. il08TOMY H8M R8EBTCH 

150JI88 p88JibHllM BM8CTO "HC'i83HOB8HHH" H8KOT0phi.X KOMIIOH8HT 
apoPMY~B8Tb rHITOT83Y 0 CT8IT8HH yMBHbiDBHHH OTHOlli8~ 
cpe~ MHOZ6CTBBHHOCT8~ C YBBJIH'iBHHBM ~ (HJIH <n1>} 

<n1>/<n1>= ~i(<nt>), (25) 

C UBJib!O CBBABHHH MHOrOM8pHO~ 38A8'iM K ~YMBpHO~. 
TaKHM odpa3DM, BCJIH CHCTBMhl ynopH.IJ;O'iBHH COrJiaCHO (23) RJIH (25), TO Mti H8 C'iHT88M, 'iTO OHH HC'i838!0T, XOTH COOTBBTCTBY~B 

8CCOJ.m8Tl-1Blill8 MHOE8CTB8HHOCT11, KaK 6b!JIO CK838HO B pa3.n;.2,YMBHb-maiOTCH c YBe~eHHeM 'iRcJieHHocrn AOMMHMpY~ero BJI!Aa. 
3TH OTpHU8T8~hHN8 KOppe~H~ ITOJiyqaeM B paMKaX MHOrOMepHO"A: KHO WYID<u;m.t (1 

•
18

), ec.Jrn rro.IJ;cHcTeMH, odpa3oBaHHHe rrocJie 
pacrra.n;a ynopHJlO"lleHHo~ MaccH, COJleplKaT MaJioe qHcJio paBHorrpaB:rblx K0pp8JIHPOB8HHUX KOMITOH8HT CO CJI8JlYIDmHMH 3HaqeHHHMH rrapaM8TpOB 

v = 2 HJrn: 3, 
~ 

7 



8 CH~y TaRoro ITO~OOMH 8CT8CTB9HHO npe~~OMHTb M9X8HH3M 
CB8.11:81-IHfl, 8Ha~OTH'U~ TOMY1 'ITO 6ll.n H3JIOlK8H B pa3.Q.2.C :3Toti USJibJO 

ltCTIO~b3YSM, nanpmmp, nap8M8TpH.38llHIO 

<f\(<.n
1 >) = A

1 <n
1
> + B

1
, (26) 

r~e A1 • B1 ynoa.neTaopRDT yc.noBRRM (6). 

8 3THX npe)JJio.noJtemutx Mh1 rrpn:xo~. narrpmmp, K c.ne.nyonett 
MHOTOROM110H8HTHOA. MOn9Jrn 

<n, >' 

v 

L N1<n1> 0tot' 
L;o1 

v 

<n,> L a,iNi<ni>. 
f,;1 

(27) 

(28) 

fipH OnHJI8KOBHX K0~8HT8X a11=1/80 , 'ITO Mh1 H83HB88M 

'18CTWlHHM (HJllt IIO.JTHHM) HBCH!It9lm9M, dHJtlYpKBIUm HBT 
1 

TBR RBK 
no~yqaeM pemeHHe (!7) c nenepeHopMHpoBaHHott cTenenbn 80=4. 
Kor~a see a

11 
paaHHe , T.e. npH MHrRoM po~eHHH pe3oHancos, 

C IIOMombn rronCTBHOBOR (25) H (26) TIOJIY'I89M CJl8rK8 OT~YD 
oT (7) H (8) Mone~h c.ne.ny~ero ERne 

x• o - x2 (A
1
x + B

1
) , (29) 

y • o - A xy - B y (8) 

Saech rrapaMeTpH A, B, A1 H B1 TaRES ~o~ yaoB~eTBOpHTh 
YC~OBHHM (II). 

38M8THM, qTQ B H8CTOffm88 BpeMH HBM H8H3B8CTHH 
Tot.nme sRcnept1MeHTBJthHHe 3Hat~eHHH BBJIHliHH a

11 • A
1 

H B
1 • 

KpoMe TOTO, RBR 06H'IHO,o6p830B8HH9 CTOXBCTM'IBCROTO 
CJIOft B6JIH3H ,n:STSpMHHHCTH'ISCKHX Tp88RTOpHft BHHy~BBT p860T8Tb 

1 B paMRBX npmntmra HBonpe,neJieHHOCTH 8 e V = .4 ( ) • 
HBROH8U, .QJI.A no~HOThl KBpTHHI:l, B T86JIH1\9 npHBe,n:eHH 

3HaqeHHH TiapaM8TpOB ~~H C~e~Emel TIOJIY~HOMSRO~OrHqBCKOA 
tfx>jJMym (20) 

0 tot 

a 
A <n > e 

c 

8 

(30) 
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