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1. KaK uasecrao, nomocaoii BKnaa asyx nepeKphiBaro-

IIlHXCSI pe30H8HCOB p 0 H W B 8MTinHTYJlhl pa3nH'IHhiX IlpO-

UeCCOB onHChiBaeTcSI "1.8TpH'IHhiM nponararopoM P(m) 
= (M- m)-1 , Pile M - Maccosast MaTpHua /l,2 / Bsuay 

H30TpOI1HOCTH I1pOCTp8HCTB8 M8CCOB8S1 M8TpHU8 JlH8I'OH8nb-

H8 TIO npoeKUHSIM CTIHH8 p 0 
- H w -Me30HOB H8 Il,[lOH3-

BOnbHYlO ocb. B cooTseTCTBHH c 9THM aneMeHThi M HMe-

roT CTpyKTypy 

< t A I M I t , A '> = M tt ' 8 AA , ' ( 1 ) 

I'lle t H t ' - H30TOTIH'IeCKHe CTIHHhl 083HCHbiX COCTOSIHHH 

( t, t ' = 0, 1), A H A ' - npoeKUHH oohi'IHOI'O cneaa 

(A, A ' = 0, ::t.l), 8 - CHMBon KpoHeKepa. HeaHaroaanhHhie 

MaTpH'IHhie aneMeHThi M 
01 

H M 10 , oTse'laromHe aneKTpo

MBI"HHTHOMY nepeMeWHBBHHlO COCTOSIHHft C H30TOI1H'IeCKHMH 

CI1HHBMH 0 H 1 H I1pOTHBOI101IO>KHbJMH 'G -'Il!THOCTHMH 1 npo

IlOpUHOHanhHbi KOHCTBHTe a = e 2 /!t C. 

Ha TpeoOBBHHH HHBBpHBHTHOCTH CH1IbHOI"O H 91IeKTpo

MBI"HHTHOI"O B38HMOileHCTBHH OTHOCHTe1IbHO OopameHHH spe

MeHH BbiTaKaeT, 'ITO B npellCT8B1IeHHH 'IHCTbiX H30CI1HHOBbiX 

cocrosHHH I 0 ·> H 'II > Maccosas MaTpHua CHMMeTpH'IHa 

( M01 = M 10 2· C y'I~ToM aToro coocTBeHHbie cocrosHHSI 

MaTpHUbi M , KOTOpbie accouHHpyroTcs c nonrocaMH S -
M8TpHUbl IlpH KOMI11IeKCHblX 3HB'IeHHHX a4J4JeKTHBHOft MBCCbl 

m H COOTBeTCTBYlOT lPH3H'IeCKHM pe30H8HC8M p 0 
H W 

npe.rtcTasnsroT co6oA cyilepnoa1dlHH /l-7/: 
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I 
Jpo> 

2--
=0+1£1) 2 (11> - fl 0 > ) ' ,\ ,\ ,\ 

I (2) 
2--

I w \ = 0 +I f I > 2 C I 0> + £11\ ) . 
,\ 

3aecb f - napaMeTp CMelliRB8HRSI; llpR 8TOM, B CBSI3R C 

ManocTbiO sneKTpoMarHRTHOH KOHcTaHThi, If I<< 1 • B nep

BOM npu6nR)KeHRR 

f = 
M 01 

Moo -M 11 
(3) 

TaK KaK f - KOMnneKCHaSI aenR'IRHa, aecTa6RnhHhie co

CTOSIHRSI I p 0 > R I (L) > c 0,[{RH8KOBhiMR cnRHOBbiMR KB8HTo

BbiMR 'IRcnaMR aeopToroaanbHbi apyr apyry: 

<p~ lw,\ >=<p 0 leu> 8,\,\,, 

(4) 

o I 2. lm f 2. I <p cu'> = .1----:::: :1 m f. 
1 +If 12 

flO.[{'IepKHeM, "'TO paBeHCTBO Hyn10 peanbHOH '18CTR <p 0 ]cu > 
SIBnSieTCSI cneacTBReM T -HHBapRaHTHOCTR Teopuu. 

2. PaccMoTpRM Tenepb cneacTBRSI R3 ycnoBRSI yHRTap

HOCTR, KOTOpOe B npRMeHeHRR K HeCT86HnbHbiM '18CTHU8M 

llpOCTO 03H8'18eT, 'ITO "'RCnO "RC'Ie3HYBlliRX" '18CTHU paBHO 

'IHcny aKTOB pacnaaa. BaeaeM spMHTOBCKYIO MaTpuuy 
A ,... ,... 

r =i(M-M+ ). 

C yqeToM T -RHBapHaHTHOCTH ace aneMeHThi aToll: MaTpRUhi 

B npeacTaaneHRR COCTOSIHRH I 0> R Jl > ae~cTBRTenbHhi. 
Cornacno ycnOBRIO YHRTapHOCTR, MaTpRua r Bblp8)K8eTCSI 

'lepe3 8MllnRTY.[{bi pacnaaa 'IHCTbiX H30CllHHOBb!X COCTOSIHHH: 

4 

r ,=HM , -M*, ) =!a* a, =!a a',* ·(5) 
tt tt t t n t->n t -> n n t->n t->n 

3HaK ! 
n 

KaaanaM 

03H8'18eT CYMMRpOB8HRe no BCeM B03MO)KHbiM 

pacnaaa, BKniO'IaSI RHTerpapoaaaue no ¢aaoaoMy 

06"beMy KOHe'IHhiX '18CTRUo 

Ha ocaoae ypaaHeHRH 

M I po> = ( m o 
p 

( t' t , = 0, 1) 

ro A r(L.) 
- i _P_) I p0 >, M I cu>=(m -ti-)1 w>, 

2 (L) 2 (6) 

rae m 0 R m cu - MaCChi, a rpo R r cu - lliRpRHbi p 0 
- R 

cu -e.eaoaoa, HeTpyaao nony'IHTb Bbipa)KeHHe 

<polcu'>= < Polr! w> ' 
( r 0 + r )/2 +:i(m -m 0 ) 

p (L) w p 

C llOMOWbiO (2) H (5) 3T8 ¢opMyna llpHBO,[{RTCSI K BH.[{y: 

! A;o ... nAw ->n -
n ) <poI w> = r )/2 + i(m -mpo (ro+w w p 

(7) 

3aecb 

2 -l/2 
) , A o =0+1£1 ) (a 1 -£a 0 p -> n -> n ->n 

(8) 

2 -1/2 ) -A =0+!£:1 ) (ao +£al w -+n ->n ->n 
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aMnmfTyllhi pacnalla peaoHaHcoa p 0 H w , YllOBneTaop.SI-

IOlllHe paBeHCTB8M I I A 0 1
2 = r 0 ' ! I A 1

2=r . EH-
n p -+n p n w-+n w 

nHHeHHbie KOM6HHaUHH A *o A , BXOil.SilllHe B 'IHCnHTenb 
p -+n W->n 

npaBOH '18CTH (7), BMeC're C aMITnHTYil8MH pO)KileHH.SI pe-

30H8HCOB XapaKTepH3YIOT BKnall p 0
- w -HHTep4JepeHUHH B 

pacnpeAeneHHe 94J4JeKTHBHhlX MaCC CHCTeMhl '18CTHU C 

KB8HTOBblMH 'IHCnaMH n o 

CpaBHHBa.SI (4) H (7), nonyqaeM OKOH'IaTenhHo: 

2 2- ~ 
llmfl =I! A*o A I [(r o +r) +4(m -m J ],(9) 

n p --> n W->n p w w p 

t/1 = arg ( ! A *0 A ) = arg I± [ m o-m + .l!... ( r o + r ) ] 1.( 10) 
n p ->n W-+n p w 2 p w 

1 r o +r 
flpH 9TOM tg t/J =-- e w • 

2 m -m o 
w e 

3aMeTHM, 'ITO COOTHOIIIeHHe ( 7) COBITa/laeT C H3BeCTHblM 

npaaHnoM cyMM Eenna-W Te:i1H6eprepa, ycTaHoaneHHhiM nep-

BOHa'lanhHO An.SI He:i1TpanhHhiX K -MeaoHoa /S/ • flo 

CMhrcny caoero BhiBOila 4JopMyna Eenna-WTe:i1H6eprepa 

ll0n}KH8 6hiTh cnpaBellnHB8 lln.SI ni06biX HeCT86HnhHbiX 

'18CTHU C 06lllHMH KaHanaMH paCIT8/l8 / 9 ,lO/. flpH 9TOM Be

nH'IHH8 ! A *o A o6pamaeTC.SI B Hynh TonhKO npH 
n e ->n w->n 

ycnOBHH, 'ITO HeCTa6HnhHbie '18CTHUbl HMelOT pa3Hhle BHyT

peHHHe KBaHTOBhie 'IHCna, coxpaH.SIIOlllHeC.SI a npoueccax 

pacnalla. B paCCMaTpHBaeMOM cnyqae y eo - H (J) -Me-

30HOB OllHH8KOBbie CllHHbi, 'leTHOCTH H llpOeKUHH CllHHa, T8K 

'ITO npaaa.SI qacTh (7) He pasHa HyniO (eM. T8K)Ke/6,Il/ ). 

3. EcnH npeAnonO)KHTh, 'ITO np.SIMbie nepeXOilhi c H3MeHe

HHeM G 'leTHOCTH noAaaneHhi H liMH MO)KHO npeHe6pe'lh ( T.e. 

1ri
0 

1«2\ReMIO I), TO Ha ocHoae cooTHOIIIeHH.SI Eenna-

6 

ill Te:i1H6eprepa HnH npocTo c noMOlllhiO 4JopMy nhi ( 3) nerKo 

nony'IHTh oueHKY lln.SI 4Ja3hi napaMeTpa CMeiiiHBBHH.SI 161 : 

arg ( = arg I ± [ m o - m + ·
2
i ( r o - r ) J I . 

p (J) p (J) 

B ll8HHO:i1 pa6oTe Mhi He 6ylleM nonhaoaaThC.SI sTHM npell

nono)KeHHeM, KOTopoe BP.SIIl nH MO)KHO cTporo o6ocHo,... 

aaTh 17 I , H paccMOTpHM, KaKHe yTaep)KileHH.SI MO)KHO 

CllenaTh, OllHpa.SICh Ha o6mHe Tpe60B8HH.SI yHHTapHOCTH H 

T -HHBapHaHTHOCTH H sKcnepHMeHTanhHhle llaHHhle o nap

UHanhHbiX IIIHpHHaX H Maccax p0 
- H w -pe30H8HCOBo nn.SI 

9TOI'O OUeHHM OTHOCHTenhHblll BKnall pa3nH'IHbiX KaHanOB 

pacnalla B cyMMY !A*o A . EcnH aaecTH napuHanhHhre 
n p -+n w -+n 

IIIHPHHbl paCIT81l8, Mbl MO)KeM H8llHCaTh! 
I 

!A* A =(r 
n p 0-+n W-+n p 0-+1T+ 11-

il/; ;t- - it/1 0 -

xle 1111 
+K e 11 Y 

"oY 

rile 
A 

t/1" +" - = arg - w -> "+ rr -
A eo-+ 11+11-

t/111 oy = 

,, A 
arg W-+17° y 

A o e _."oY 

r )2 
W -+11+ 11- X 

(11) 
i t/1317 

+ K e 
317 

+ t"l. 

r r I 
0 0 0 -

_ ( w->11 y e .... " y ) 2 
K "cy - r r , 

e0 ->11+1T- w ->11+11-

napaMeTpbi K 317 H t/J 317 COOTBeTCTByiOT npoueccaM e0 

W-+ TT + TT -17 ° 1 a KOMITneKCH8.SI aenH'IHH8 t OllHCbiBaeT 

BKnall llPYI'HX paCIT81l0Bo 3aMeTHM, 'ITO OTHOIIIeHHB 8MITnHTyll 

TpexnHOHHOI'O p8Cll81l8 eo - H W -Me30HOB, B006llle I'OBOp.SI, 

MO)KeT aaeuceTh oT KOHIP Hrypauuu KOHe'IHbiX 17 -MeaoHoe; 

e n1060M cnyqae 
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r r .1.. 
p 0

-+1T+1T-1T 0 W-+11+11 - 11° 2 
K3 < ( ) • 

rr- r r 
p0 -+ 11 +11- w-> 11+11-

Cornacao 3KCnepHMeHTanbHbiM t:l8HHbiM 112/ • r 0 + - '::::. 
p -+11 1T 

"'rpo = (150,4:!:_2,9} MaB, rw = (10:!:_0,04} MaB,mw-mpo= 
= (12,7±..1,2} MaB, r w-> 

11
+

11
- = (0,013±..0,003} r w , 

r + - 0 = (0,9:!:_0,006} rr .•• rr .. ~0 y=(0,087+0,005} r . 
(J) -+ 1T 1T 1T ~ "' '" - (J) 

H eaaaao MeTot:toM ilpHMaKoBa 6hma onpeaeneaa napuHanb-
HBSI IliHPHH8 pacnaaa p- -> 11- y ; OK838nOCb 1 'ITO 
r - - = (35+10) K3B 1131. KaK H3BeCTHO, B HH3IlleM p -+11 y -

nopSit:tKe no KOHCT8HTe a= 1/137 cnpaBet:tnHBO paBeHCTBO 
r r /14/ c .. o o = _ - • y'feTOM 3TOrO K 0 ;: p -+17 y p -+ 1T y 1T y 

::: 4•1 0 -
2 * • DapuHanbH8SI IliHpHH8 r p 0 -+11 + 1T -1To B H8CTOSI-

Illee BpeMSI HeH3BeCTH8 1 HO paayMHO C'fHT8Tb 1 'ITO nOCKOnb
KY pacnan p 

0 
-+17 +11 -" 

0 
, TaK )l{e KaK H pacnan w-+ 11 +11- , 

r + -
G ·· r r w-+"" aanpemeH no -'feTHOCTH, To o + - 0- +. _ o . 

P -+17 " " W-+11 " " r o + -p -+11 1T 

3To npHBOJlHT K oueaKe K 3 11 < 1/10. "4To KacaeTCSI oc-
TanbHbiX KaHanoa pacnana (477, 211y, 3"y, 1/Y, e + e -,11 +11- ) , To 
3KCnepHMeHTanbHhl9 Jl8HHhle BMeCTe C TeopeTH'feCKHMH 
OUeHK8MH nOK83biB8IOT 1 'ITO HX BKnan B ( 11} npeae6pe)I{HMO 
Man ( I e I < 10 - 2 

) . TaK HM o6pa30M, JlOMHHHPYIOIUYIO ponb B 
cyMMe ( 11 ) HrpaeT aayxnHOHHhiH pacnan, H B npenenax 
TO'fHOCTH nopHJJ:Ka 10% cnpaaennHBO COOTHOilleHHe 

* PeaynbTaT aKcnepHMeHT~ 1131 ae cornacyeTCSI c Teope
TH'feCKHM 3H8'feHHeM r 0 0 - O,lr 0 :::100 KaB, KOTOpoe p -+11 y (J)-+11 y 

cneAyeT H3 KBapKOBhiX MOJleneil: (eM., aanp., 1151 ) • EcnH 
npHHSITb r o o paBHhlM 100 K3B, TO t:tnH napaMeTpa p ->11 y 

-2 
K 11oy Mbl nony'fHM 3H8'feHHe -7•10 • 

8 

·} 

\ 

J 

\ 

vT r it/1"+ -
w .... 11+ - o e " 1T p 

< p 0 I w > "' 2 i lm f 
( r 0 + r ) /2 + i ( m - m ) • ( 12 } 

p w w Po 

0TCIOJl8 cnenyeT, 'ITO 

I 
o I 4r or + _ <p w>l"" ( P w-+11 11 1/2 

<r +r > 2 4( > • Po w + m - m o ) (J) p 
(13) 

¢+ -::.1/J =arg{±[m o-m +.i.(ro +r )]1. 
1T 11- p (J) 2 p (J) (14) 

ilOt:tCT8BnSIHB (13} H (14} 
rw = 10 MaB, rw-+ 11 + 11 

13 MaB, nonyqaeM: 

3H8'f9HHSI r Po = 150 MaB, 
= 0,13 MaB, m -m 0 = 

I <poI w·> I = 2 I Im f 1 = o,054 ; 

r +ro 615· 1 (J) p--:::::-' ' tg 1/J + - ""- - T m - mpo 1T 1T (J) 

¢11+11-= l +99° 

-810 

(J) p 

( 15} 
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4. Mbi rrpHXOAHM K cnenyiOIIIHM BhiBOAaM: 

a) ct>a3a rrapaMeTpa ABYXIIHOHHOH p 0
- w -HHTep¢epeHUHH 

A + 
W--+TT 1T 

71 + - = 
TTTT A + 

6JIH3K8 K ; ( HJIH - ; ) 1 IIpHqeM 

p 0 --+TT TT-

tg if! + - < 0~ 
TT 1T 

6) M HHMaSI qaCTb rrapaMeTpa CMelllHBaHHSI COCTaBJISieT 

OKOJIO 0 103 HJIH (~0 1 03); C TOqHOCTbiO AO qJieHOB IIOpSIAKa 

* B o6nacTH p 0 -w -HHTep¢epeHUHH pacrrpeneneHHe a¢

¢eKTHBHhiX M8CC (rr+TT-)-CHCTeMhl HMeeT BHA: 

dW(m)-dm I 1 
2 

+ 
(m o -m) 2 -+"r o I 4 

p p 
DIn+ - 12 B n + -

"ITT 1T 2 R ., TT TT I 
+ 2 2 + e . r. 

(m -m) +rwY4 (m o-m+ ..Lf o)(m -m-i~) 
w p 2 p w l 

EcnH He ¢HKCHposaTb yrnos BhineTa 11 -Me3oHOB 1 TO 

0 = ! ! I 1{31 I 2 / ! ! I 1{31 
1
2 

,\ 1{31 g W,\ ,\ 1{31 8PK ' 
B=! ! gl{JI g*~l I!! I gl{Jl 12 (IBI<viD). 

,\ 1{31 6.). p,\ ,\ 1{31 p~ -

3necb g {{Jj H gl~l - 8MIIJIHTYAhl po:>KAeHH 5I w - H 

w,\ p,\ 

p 0 -Me30HOB co CIIHpaJibHOCTbiO ,\ , I {3 I - COBOKyn

HOCTb KHHeM8THqeCKHX napaMeTpOB H KB8HTOBhiX qHCeJI 

npyrH'x qacTHU, no KOTOphiM npoBOAHTCSI ycpenHeHHe. AMn-

JIHTYAhi g w H gpo CBSI38Hbl C 8MIIJIHTYA8MH nepeXOA8 

a cocTostHHSI I 0 '> H 11 > cooTHOllleHHSIMH 

8 w=So+£gl, 8 o = 8 I - £8 · p 0 
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·-

i 
) 

I 

I 

t 

1 rw; rpo :::: Tf' 2(mw- mpo J )2-:::. __!._ BblUOJIHSieTCSI 

r o 35 p 
paBeHCTBO 

lm£ 
r I 

""- }m 71 ;;; ( W --+ TT + TT - 2 
TT+ - ) " r . Po ( 16) 

3aMeTHM 1 qTo 6e3 IIOTepH 06WHOCTH (He Hapylllast CHM

MeTpHqHOCTH MaCCOBOH MaTpHUbi) Mhl BCerna MOMeM Bbl-

6paTb ¢a3hi cocTOSIHHil: I 0 ·> H 11·> TaK 1 qTo6hi 3HaK Im f 

6bin IIOJIOMHTeJibHblMo npa T8KOM COrJiallleHHH nepen KB8A

paTHbiMH CK06KaMH B ¢opMyJiaX (10) H (14) CJieAyeT 

OCTaBHTb 3H8K 
11

IIJIIOC
11 

1 H TeM CaMbiM tP83b! 1/J H 1/J + _ 
TT TT 

OIIpeneJISIIOTCSI OAH03HaqHo: 1/J + _.::; 1/J -:::.99°. 
TT TT 

Ewe pa3 rronqepKHeM 1 qTo rronyqeHHhie pe3yJibTaThi Bhi

TeKaiOT TOJibKO H3 rrpaaHna cyMM Eenna-W Teii:H6eprepa
1 

Tpe6osanasr T -HHsapHaHTHOCTH TeopHH a naHHhiX o pe-

30HaHCHhiX rrapaMeTpax P0 
- H w -Me30HOB. Omr corna

cyiO.TCSI C IIp8AIIOJIOM8HH8M 0 M8JIOCTH 8MIIJIHTyAhl IIpSIMO

ro nepexona 0 _. TT +"- c H3MeHeHaeM G -qeTHOCTH
1 

s paM-

Kax KOToporo I a + _ /a + _ 1 << 1 71 .!- -1 1 H ,cnenosa-
0 ->TT TT I ->17 1T 1T 1T 

T8JlbHO / 2 ,4 ,S/ 

( 
aO-> TT+TT-

71+_=£+ )/(I TTTT a -( 
I --+ TT+TT-

( . 
ai ->TT+TT-

0AHaKO H8 OCHOBe IIYHKTOB a) H 6) BCe Me HeJib3SI HCKJIIO

qHTb B03MOMHOCTb Apyroii: CHTyaUHH: KOrAa BKJiaA aMIIJIH

TYAhl a 0 _. 
11

+
17

- SIBJIHeTcSI cymecTseHHhrM. Mhr MOMeM 

JIHlllb yTsepMAaTb, qTo 
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a0->77+17- I<<( I lm 
a :1- -l->1717 

r + - ..!.. 
(J)->17 17 )2 

r o 
p 

IRe f+ Re 
ao .... 17+17-

l« ( 

1 r + _ 2 
~). 
rpo al .... 77+17-

(17) 

OueHKK anSI t!Ja3hi t/J R + 17 - 6hinH TaK>Ke nony'lleHhi npyrHM 
MeTOJJ.OM B pa6oTe I I ; t!JopMyna (14) oTnH'llaeTCSI oT 
COOTBeTCTBYIOillero Bb!pa.lKeHHSI B 131 qneHBMH nopSIJJ.K8 
r(JJ I r Po • AaanH3 SKCnepHMeHTOB no H3y'lleHHIO P

0 
-w -

+ - + -HHTept!JepeHUHH B npouecce e e .... 11 11 noKa3biBaeT 1 'liTO 
A + -151 

W-> e e 
t/J 17 + 17 - = (95±.15)

0 -t/1 + _ 1 rae t/J+ _=arg A . 3To 
ee ee o+-p ->e e 

3Ha'lleHee B npenenax owH6oK cornacyeTCSI c (14), ecne 
C'liHT8Tb 1 'liTO B COOTBeTCTBHK C MOJ].enbiO BeKTOpHOii JJ.O

MHH8HTHOCTH tP838 tP + _ 6nH3K8 K HyniO. 
e e 
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