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S u m m a r y 

There can be two kinds of observation 
of the two-particle state interference. One 
can measure the difference between the mo
ments of arrival of two like particles at 
detectors and the difference between their 
coordinates. This is the space-time expe
riment (1) used in·astronomy.Instead of it, 
one can measure the differences between the 
energies of like particles and also between 
their momenta. This energy-momentum experi
ment (II) can be used in particle physics. 
Both can give us the space parameters (di
mensions) of the re.gion in which the 
particles are produced: star in I and exci
ted multiple production volume in II. But 
the time parameters obtained in I and II 
do not coincide. We analyse this difference 
in §§ 1,2 and show that it appears due to 
different phase expressions;. (12) in I 
and (12') in II •. The probability of the 
effect is ,(16) for I and .. (8) :for II. At the 
end we propose the experiment wI1ich in one 
limit comes into I and in 'the opposite case 
into II ( § 3). 
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§1. HMnyAbCH0-3Hepzemu~eCKUe KoppeARijUU 

1. B Hamux npe,nLI,ny~ux pa6oTax /l- 3~ a TaIOKe B pa-
6oTax / 4 ,5/ 6LIJIO noKa3aHo, qTo Ha6mo,neHHC HMilYJibCHO

:mepreTHqecKBX KoppemIUBH nap TO)KJJ;CCTBCHHLIX qacTHU 

Il03BOJI.HCT onpe,neJIBTb npocTpaHCTBCHHO- BPCMCHHLIC xa

paKTepBCTHKH npouecca reHepauuu. UenLIO HacTo.H~e:e: 
CTaTbH .HBJI.HCTC.Ji ,naJILHe:e:mee paccMOTPCHBC B03MO)Kl{LIX 

npHMeHeHHH 3Toro .HBJieHB.H a .H,nepHo:e: $H3BKe H ero co
nocTaBJienue C KoppeJI.HUHHMH nap ci>oTOHOB, HCilOJib3YCMLIMH 

B H3BCCTHOM MeTo,ne lipayHa-TBHCCa ,llJIH H3MepeHBH yrnoBo

ro ,nHaMeTpa 3Be3,n /cM., HanpHMep/6 • 7/ /. 
IlpB BCilYCJ<aHBB naphl TO)KJJ;CCTBCHHLIX qaCTBU /,nn11 

onpe,neJieHHOCTH, IlHOHOB/ ,nBYMH ToqeqHLIMB B3JiyqaTCJIJIMB 

I H 2 co BpeMCHCM :>KH3HH T' BKJIJOqaeMLIMH B MOMCHTLI 

t1 H t 2 H pa3HCCCHHLIMH B npocTpaHCTBe Ha pacCTOJIHHe 
➔ ➔ 6 r1-r2, BepOJITHOCTb Ha JIIO'ACHHJI qacTHU C HMilYJibCaMH 

p3 = I w 3, p 3 I H p 4 = I w 4 , p 41 onpe,nen.HeTC.H B cooTBeT
cTBHH C paBCHCTBOM / 2/ 

ip3 r 13 + iw3t 1 ip4 r 2tiw4t 2 ip4r14+iw4 t 1 ip 3r23+i~ t2 
w,,,,e e +e e 2_ 

w 3 -w 1+if'/2 w 4-W 2+ff/2 W4-W 1+if'/2 ~-w2+ir/2 I 

/1/ 
3,necb r = h / r - 3HepreTeqecKaJI WHpHHa Ka)KJJ;oro H3 B3ny
qaTenee:, a w 1 H w 2- cpe,nHHe 3HaqeHH.H 3HeprBHB3JiyqaeMLIX 

HMH qacTHU. EcJIH BCJIHqHHLI w 1 H w 2 MoryT BapbBpoBaTbC.Ji 

H pacnpe,neJieHbl paBHOMepHO B ,nocTaToqHo WHpOKOM 3Hep-

3 



reTHqecKOM HHTepBane, To./1/ cneAyeT npOHHTerpHpOBaTL 
now 1 H w 2 .TorAa nonyqaeTc.s: BLipa>KeHae * 

W"' 1 + 
cos[q(;

1
-';.'

2
) - q

0
( t

1 
- t

2
) ] 

l+(qor)2 
/1 I 

B KOTopoM q O = w 3- w 1. H➔ q = p3 - p 4 • H3MepeHHe JaBHCH
MOCTH W OT pa3HOCTeH q H q O AaeT B03MO>KHOCTL onpe-

➔ ➔ 

AenHTL napaMeTpLI r l -r 2 H t C t 
2 

• 
AHanoraqHa.s: B03MO>KHOCTL OCTaeTc.S: H B TOM cnyqae, 

KOrAa _qacTHULI HcnycKalOTC.S: He ABYM.S: H3nyqaTen.s:MH, 
a · ueno:ii ax coBoKynHoCTLro, · pacnpeAeneHHOH B AOC Ta ToqHo 
Y3KOM HHTepBane npocTpaHCTBa-BpeMeHH. IlycTL, Hanpa
Mep, H3nyqaTenH pacnpeAeneHLI paBHOMepHO BHYTPH 3nnan- · 
COHAa c nonyoc.s:MH A, B H C, napannenLHLIMH KOOPAHHaT
HLIM OC.S:M x, y H z; npeAnono>KHM TaK>KC, qTo Bee H3ny
qaTenH "BKnroqaroTc.s:" B OAHH H TOT >Ke MOMeHT t=O ,npaqeM· 
BpeM.s: HX )KH3HH r oqeHL BenHKO no cpaBHeHHIO C pa3Mepa -
MH 3nnHnCOHAa. TorAa B COOTBeTCTBHH C / 2/ 

rAe 

W"' 1+ 
12( q) 

l+(qr)2 
0 

I{q) =3(sinp-pcosp)/p 3 , 

p2=(q A)2 +(q B)2 +(q C)2. 
X y Z 

/2/ 

/3/ 

/4/ 

IIycTL MOMCHTLI BKmoqeHH.S: H3nyqaTenee paBHOMepHo pac
npeAeneHLI B npoMe>KyTKe BpeMeHH (-T,T),T_orAa /2/ nepe
XOAHT B 

2 ➔ • 

W "" 1 + 1 ( q) [ sinqo T / 
1 + (q r)2 q T . 

0 0 
/5/ 

* CM. il>opMyny /63/ B pa6oTe / 3/. 3AeCL H B AanLHeii
weM BenHqHHLI h H C nono>KeHLI paBHLIMH eAHHHUe. 
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2. IIocneAH.S:'1 4>opMyna COAep>KHT ABa xapaKTepHLIX HH
TepBana BpeMeHH: T H r • IIepBLIH cB.s:JaH c AnHTenLHOCTLIO 
npouecca o6pa30BaHH.S: B036y)K'AeHHOH CHCTeMLI, BTOpoii 
xapaKTepH3yeT AnHTenLHOCTL ee cyiuecTBOBaHH.S:. B npHHUH
ne, 4>opMyna /5/ no3Bon.s:eT onpeAenHTL napaMeTpLI T H 
r nopo3HL. Hap.HAY c T H r cyiuecTByeT eiue TpeTHH Bpe
MeHHoii napaMeTp, xapaKTepH3YIOJUHH npouecc MHO>KeCTBeH
Horo po)K'AeHH.S:: BpeM.S: t L, B TeqeHHe KOToporo POAHBWHec.s: 
qacTHULI npo6eraroT B036y)K'AeHHLIH 06'LeM /CM. TaK*e / 5/ /. 
,Il;n.s: Toro, qTo6LI oueHHTL ero ponL, npeACTaBHM ce6e, 
qTo tL >> r , a T = 0 .TorAa BonHOBLie naKeTLI, C03AaBaeMLie 
H3nyqaTen.s:MH, HaXOA.S:IUHMHC.S: B nepeAHe:ii H 3aAHeii /OTHO
CHTenLHO HanpaBneHH.S: Ha6nrop;eHH'1 n./ qaCT.S:X ·B036y>K
AeHHOrO 06'LeMa, He CMOryT HHTep4>epHpOBaTL: noKa 3aAHHH 
naKeT A06e>KHT AO TOqKH o6pa30BaHH.S: nepeAHero, nocneAHHH 
ncqeJHeT •. ,Il;n.s: KonaqecTBCHHoro aHanH3a 3Toro 34>ii>eKTa 
HaAO OTKa3aTLC'1 OT HCilOnL30BaHHOro HaMH paHee ynpo
mawmero npeAnono>KeHH.S: o TOM, qTo BpeM.s: >KH3HH. r ae
nHKO no cpaBHeHHIO C pa3MepaMH H3nyqaroiueii CHCTeMLI. 

IIycTL H3nyqa Tena pacnpeAeneHLI B o6nacTH n6nH3H Ha
qana KOOPAHHaT no 3aKOHY 

➔ 1 X 2 y 2 z2 
U ( r) - exp [ - -( - + - + - ) ] . 

• 2 A2 82 c2 
4 

BocnonL3YCMC.S: 4>opMynaMH /57 / H /58/ H3 ·. pa6ona1 / 3/ . H 
npOHHTerpapyeM /1' / no BCeMy npocTpaHCTBY c BecoM 
U(rl) U(r:J. TorAa MLI ·on.s:TL npHACM K 4>opMyne /2/, 
HO B Heii Tenep_L 

2 ➔ 22 22 2 2 
I ( q) = exp [- ( qxA + _q YB + q z C ) ] • /6/ 

. . 

IlpeAnono>KHM, qTo HHTepecyroiuae Hae y3KHe napLI qacTHU 
Ha6n10AalOTC.ff B HanpaBneHHH OCH z. YqTeM TaK>Ke, qTo npH 
➔ ➔ ➔ ➔➔ ➔ 

p 1 "' p 2 BenaqaHa q O = q v , r AC v - CKOPOCTL qacTHU 
(~1"' ;2"' ~); nOCKOnLKY ; HMeeT TOnLKO OAHY KOMno
HCHTY v , BLIIlOnH.S:eTC.S: paBeHCTBO ~ z = q o / v • BXOA.S:JUYIO 

. B /6{ BenaqHHY q ;c 2 MO>KHO TenepL npeACTaBHTL B BHAC 
q~( t ) 2 , TAe tL= C/"v. CneAOBaTenLHO, 4>op¥yna /2/ 
c yqeTOM /6/ npHHHMaeT BHA 
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W - 1+ exp[-q;A2-q;B2-ql(tL)2J 

·l + (qod2 
/7/ 

HiiTep4>epeHD;HOHHLIH 11neH B o6nacTH qo~ 1/ 1 ,ZJ;eHCTBH

TenLHO uc11e3aeT, ecnu tL >> r • EcnH BBecTH eI.Qe napaMeTp 
T,To /7/ nepexo~T B 

W - 1 + exp [-qx2A 2 - q;B2 - qo2( tL) 2 ] 

l+(qr)2 
0 

sinq 0T 2 
(--) /8/ 

qoT 

TenepL HHTeptl>epeHD;HJI B o6nacTH q O - 1/r HMeeT MeCTO 
TOnLKO npH BLlnonHeHHH ycnOBHH r>> tL H r >>T. 

BpaI.QaJI nnocKOCTL napLI BOKpyr OCH ; 'MeHJIJI HanpaB
neHHe ii , aapLHpyJI CKOpOCTL v OT6HpaeMLIX 'laCTHD;, MO)KHO 

onpe.ZJ;enHTL Bee napaMeTpLI, BXO.ZJ;JII.QHe a /8/. K CO)KaneHHIO, 

npH COBpeMeHHOH TO'IHOCTH 3KCnepHMeHTa, CKOpeii Bcero, 
y,ZJ;aCTCJI. ou;eHHTL · TOnLKO HeKOTOpoe 3tl>4>eKTHBHOe apeMJI, 
6nH3KOe K [r 2 + (tL)2 +T2/3JJ/2,H cpe,ZJ;HHH pa.ZJ;HYC o6naCTH 

B3aHMO.ZJ;eiicTBHJI. Ilo3TOMY npa o6pa6oTKe 3KcnepHMeHJaJL"" 
HLIX ,ZJ;aHHLIX, BepOJITHO, u;enecoo6pa3HO' /cM. TaK)Ke 8 / 

annpoKcHMHpoBaTL 11eTL1pexMepaoe pacnpe.ZJ;eneaae /8/ .ZJ;By

MepHLIM, HCnonL3YJI BMeCTO 'leTBepKH BenH'IHH qo, q , 

q H q napy q O H q2., r,ZJ;e qj_- npoeico;HJI q aa nnocKocT1, 
nlpnea]HKfJIJipHyto K ..L ii • 3Ta napa · xopowa TeM, 'ITO a 

npocTeiiweM cnyqae c4>epa11ecKH- CHMMeTpH'IHOro pacnpe

,ZJ;eneHHJI HMeHHO OHa BXO.ZJ;HT a tl>opMyni.I /2/, /5/~ /7 / H /8/. 
KpoMe Toro, IIPH paBHOMepHOM pacnpe.ZJ;eneHHH no tl>a30BOMy 

o6beMy KaK pa3 B nepeMeHHLIX.(qo,qf) nnoTHOCTL pac
ripe,ZJ;eneHHJI OKa3LIBaeTCJI KOHe'IHOH B TO'IKe ( 0 ,0) ,B oxpecT

HOCTH KOTOpoii pacnono)Ke~ HHTeP4>epeHD;HOHHLIH MaKCHMyM. 

I 
§2. 1Ipoc111paHC1!16eHHO- epeMeHHble KoppeAJll,IUU 

· 1. B npe.ZJ;LIAYI.QeM naparpatl>e · roaopanocL o Tpex THnax 
BpeMeHH~X napaMeTpOB: r ' T H t L • Ecnu nro6oii H3 HHX 

CTaHOBHTCJI O'leHL 6onLWHM, B03M0)KHOCTL H3MepeHHJI pa3-
Mep0B H3ny11a101.Qeii CHCTeMLI npaKTH'leCKH HC'le3aeT, no-
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CKOnLKY HHTeptl>epeHD;HOHHLIH 3tl>tl>eKT OCTaeTCJI TOnLKO B 
HeHa6n10,ZJ;aeMo Manoii o6nacTH 3Ha'leHHii q o• C ,ZJ;pyroii CTo

poHLI, B aCTPOHOMHH c IIOMOI.QLIO Ha6nro,ZJ;eHHJI ABYXtl>OTOHHLIX 

HHTeptl>epeHD;HOHHLIX 'OPfJnJID;HH y,ZJ;aeTCJI onpe.ZJ;enJITL yrno
BLie pa3MepLI 3Be3,ZJ; 6 ' HeCMOTPJI Ha TO, 'ITO apeMJI BX 

)KH3HH / coana,ZJ;aroutee no CMLicny c aenH'!HHoii T / MO)KHO 

C'IHTaTL 6ecKOHe'IHO 6onLWHM. H ace )Ke 3,ZJ;eCL HeT HHKaKo

ro npOTHBOpe'IHJI C BLIBO,ZJ;aMH 06 HC'le3HOBeHHH HHTeptl>epeH

D;HH, BLITeKaIOWHMH H3 COOTHOWeHHH THna tl>opMynLI /8/. 
,1:(eno B TOM, 'ITO B tl>H3HKe 3neMeHTapHLIX 11acTHD; H B 

acTpOHOMHH pe11L H,ZJ;eT O pa3HLIX MeTO,ZJ;aX Ha6nro,ZJ;eHHJI HH

Teptl>epeHD;HOHHLIX KoppenJID;HH TO)K,ZJ;eCTBeHHLIX 'laCTHD;. B 

H,ZJ;eHHOM OTHOWeHHH 3TH MeTO.ZJ;LI O'leHL 6nH3KH ,ZJ;pyr K .ZJ;py

ry: a o6oHX cny'laJIX perHCTPHPYIOTCJI napLI TO)K,ZJ;eCTBeHHLIX 

'laCTHD; H onpe,ZJ;enJIIOTCJI pa3MepLI COOTBeTCTBYIOI.QHX HC -

TO'IHHKOB. Ho B nepBOM MeTo.ZJ;e H3MeJjJIIOTCJI 3HeprHJI H 

HMDynLc ,ZJ;eTeKTHpyeMLIX 11aCTHD;, a BO BTOpOM - MOMeHT 

HX nona,ZJ;aHHJI B ,ZJ;eTeKTOp H KOOp,ZJ;HHaTa ,ZJ;eTeKTOpa. CoOTBeT

CTBeHHO MLI 6y,ZJ;eM roaopHTL 06 HMIIynLCHo- 3HepreTH'leCKOH 

H o npocTpaacTaeHuo- apeMeHHol nocTaHOBJ$e onLITa * • MLI 
TaK)Ke noKa)KeM, 'ITO npH npHHJITOM B acTpOHOMHH npocT

paHCTBeHHO-BpeMeHHOM BapHaHTeHHTeptl>epeHD;HOHHoroonLI
Ta, B OTnH'IHe OT H3nO)KeHHoro BLIWe HMnynLCH0-3Hepre-

• L T TH11ecKoro aapaaH'{a, apeMeHHLie napaMeTpLI t H non-

HOCTLIO BLIDa,ZJ;aIOT. BMeCTO HHX DOJIBnJleTCJI ,D;pyroii Bpe

MeHHOH napaMeTp, auanorH'IHLiii no caoeMy CMLicny aenu11a

He T' a HMeHHo: HHTepaan KOppenJID;HH,HnH BpeMJI KOppe

napoBaHHoro HCilYCKaHHJI perHCTpHpyeMLIX 11acTHD;. 

2. PacCMOTpHM KpaTKO npHHD;HilHanLHLie OCHOBLI TeopHH 

npocTpaHCTBeHHo-apeMeHuoro 3KcnepaMeHTa. IlycTL BMe

IOTCJI ,ZJ;Ba B036y)K,ZJ;eHitLIX aToMa, pacnono)KeHHLIX B TO'IKax 

*B iH3HKe 3neMeHTapHLIX 11aCTHD; ,ZJ;nJI onpe,D;eneHHJI HM
nynLca TaK)Ke Tpe6yeTCJI 3HaHHe KOOp.ZJ;HHaT.,.KaKHX-TO, ,ZJ;e
TeKTOpOB. 0,ZJ;HaKO TO'IHOCTL BX npocTpalicTBeHHOH noKanH-
3aD;HH acer,ZJ;a Ha MHOro nopJI.D;KOB Xy)Ke TOH rpaHHD;LI, 
KOTOpaJI BL1Te1<aeT H3 COOTHOWeHHJI Honpe,ZJ;eneHHOC_TH 
Ax. Llp - 1. Cne.ZJ;oaaTenLHO, 06cy)K,ZJ;aeMaJ1 B 3TOM cny11ae 
nocTaHOBKa onLITa OTHOCHTCJI no CBOCMY xapa1<Tepy K 
HMnynLCHO- 3HepreTH'leCKOMY THny. 

7 



i; 
ir 

1 H 2. HcnylJleHHhle HMH iiioTOHhl perHCTPHPYIOTCH .n;eTeKT0-

paMH 3 H 4 B M0MeHTLI BpeMeHH t 3 . H t 4 /pHC. 1/. 

I 

! 
<t> 

h-- r1; 

L 

iii\ /nz 
/ . J. ,-.--.-34 

l 

. ll'.>----:-

3 
~'\ i 
~w~ 

/ 

Puc. 1. C~eMa pacn0A0JICeHUJI UC1JI0'IHUK06 U oemeKmopoe 
'IQC1JIUij. 

H3ny11eHHe aTOMOB ·nyCTL 3a.n;aeTCJI TOKaMH, H3MeHJIIOlJlHMH

CH BO BpeMeHH no 3aICoHaM 

-iw 1t g 1 ( t) e 

r .n;e iiiYHKUHH g i< t )' 

8 

--iw t 
H g

2
(t)e 2 ., 

H g2 ( t) Me.n;neHHO H3MeHJIIOTCJI no 

( 

cpaBHeHHIO C 3KCnoHeHTaMH. ,lJ;JIH onpe.n;eneHH0CTH MO)Kl{O 

6hIJIO 6hl, HanpHMep, C'IHTaTL HX iiiYHKUHHMH THna 

t - te 
toe- --

2r 
~E>(t-te)Aee e 

r.n;e /cM., HanpHMep, / 10 / / aMnJIHTY.ll:L:J A e H 4ia3hl oe -
cny11aii:Hhle BeJIH'IHHhl, MOMeHThl te , BXO,ll;HlJlHe B apryMeH

Thl 0 - . iiiYHKUHH, pacnpe.n;eneHhl BO BpeMeHH no 3aKOHY 
-1 -1 B "' IIyaccoua, a r >> w 1 , w 2 • Be.n;eM TaIOKe .n;Be ..,yuK-

UHH KoppeJIHUHH * 

Aj{0) =<gj(t) gj (t+0) >, 

YJJ:0BJieTBOpHIOlJlHe paBeHCTBa A j ( -0) = A f ( 0) • 
AMnJIHTY.ll:Y ,ll;BOHHOro OTC'leTa B MOMeHThl t 

3 
H t 

4 
MO>KHO C TO'IHOCTLIO .n;o HeCylJleCTBeHHoro 06Ulero MHO>KHTe

JIH 3anucaTL B BH.n;e 

-i w 1t;r-iw ir 13 -iw2 t 4 +iw 2 r 24 
A=giCt3-rd e git4-rJ e + 

/9/ 
-iw t +iw r -iw t +iw r 

+g (t -r ) e 1 4 114 g ( 1 -r ) e 2 3 2 23 
1 4 14 • 2 3 23 ., 

r.n;e CHMBOJiaMH r 13, r 24 H T • .n;. o6o3Ha11eHh1 paccTOHHHH 

Me>K.n;y TO'IKaMH 1 H 3, 2 H 4 H T .n. · Bhl'IHCJIHJI Bep0JITHOCTL 

,ll;BOHHOrO•OTC'leTa, yqTeM, 'ITO paCCTOJIHHJI OT HCTO'IHHKOB 

.n;o npueMHHKOB MHoro 60JILWe paCCT0JIHHH Me>K,ll;y HCTO'I

HHKaMH HJIH Me>K.n;y npHeMHHKaMH. B 3THX ycJIOBHJIX 

r - r = G - ;3); = ; ~ 1' 
13 14 4 . 1 34 

r.n;e ii 1 - . HanpaBJieHHe OT HCTO'IHHICa 1 Ha npHeMHHKH; 

auanorH'IH0 r23 - r24 = ; 34 ~ 2 • O6o3Ha11aJ1 elJle t3 - t 4 = 0 
➔ ~ ➔ -t 

w
1 

n 
1 

= k 
1 

H w
2 

n 
2 
= k 

2 
, nony11HM 

* CTporo I"(>BOpJI, JyHKUHJI KoppeJIHUHH paBHa 

<SJC1> gj(t+0) >-l<gj <1> >1
2

, 

HO Mhl npe.n;nonaraeM, 'ITO <g / t ) > = O , TaIC ICaIC <Aj > = 0 • 
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\Al 2=lg(t -r )g (t -r )1 2
+\g(t -r )g (t -r

23
)\

2
+ 

1 3 13 2 4 24 1 4 14 2 3 

+ gl(t3-r1J g;'(t4-r14) g2(t4-~4) ~(t3-r23) x 

- ➔ ➔ ➔ ➔ 

xexp(-iw 1 0 +ik1r34 ) exp(iw20-ik 2 r34) + K,C, 

Bae,IJ,eM o6o3Ha'leHHJI T1·=; 34 ; 1 , T
2 
=; 34 ~ 2 

H npoae

,IJ,eM ycpe,IJ,HeHHe BeJIH'IHHLI IA/2 no MOMeHTaM perHcTpau;HH 

qacTHIJ; l3 H t 4 npH ci>HKCHPOBaHHOM 3Ha'leHHH 0=t3-l4• 
Tor,IJ,a noJiy'IHM 

2 ➔ ➔ 
<I Al >= 2,\ i< O) Az{O) + ,\* (0-=-T ),\ ( 0-T. ) -i(<,J ru.1z0+Hkrk 2> f34 

1 1 2 2 e +K,C, 

EcJIH C'IHTaTL ci>YHKIJ;HH 1\(0) H A,,!.O) · COBna,IJ,aIOIQHMH, TO 

IlOCJie,IJ,Hee COOTHOWeHHe npHHHMaeT 6onee npocTylO cl>opMy: 

2 2 -Hwrw2 )0+i (k1-k2)r34 <IA! >=2X (O)+,\*(0-T
1
),\(0-T

2
)e +K.c. 

/10/ 
➔ ➔ ➔ ) 

Pa3HOCTL apryMeHTOB ( O-T2)-{0-T1)=TrT2 =r34(nrn 2 ; ee 

MO>KHO nepenucaTL B BH,!J,e T 1- T2 = r:f4 rh/L , · r,IJ,e rit H 

-;f2 - ~pOeKIJ;HH r 34 H r 12 Ha IlJIOCKOCTL, nepneH,!J,HKy

JIJipHyIO HanpaBJieHHIO Ha6JIIO,IJ,eHHJI, a L - paCCTOJIHHe Me)K,!J,y 

o6JiaCTHMH, B KOTOPLIX pacnOJIO>KeHLI HCTO'IHHKH H ,IJ,eTeKTO

pLI /CM. PHC. 1/. Cxo,IJ,HLIH 'IJieH BXO,!J,HT H B IlOKa3aTeJIL 

3KCilOHeHTLI: 

➔ ➔ ➔ -

( kl - k 2 ) r 34 -

➔1 . rl L 
r34 12 + ( u.> - u.> ) r34, ---W 1 2 

L 
/11/ 

L ➔ 
r,IJ,e u.1 = ( u.1 1 + u.1~/2 ,a r 34 - npO,!J,OJILHaH KOMilOHeHTa r 34 • 

TaKHM o6pa30M, paCCTOJIHHe Me)K,!J,y HCTO'IHHKaMH r 12 
BXO,!J,HT B /10/,, TOJILKO B BH,!J,e npoeKIJ;HH Ha IlJIOCKOCTL, 

10. 

~ ,' 

' [i, 

\ 

l ! 
'1 
<: 

I 

nepneH,!J,HKym1pHyro Jiy'IY 3peHHJI ~ ~ n'1 + ~ 2, CJie,IJ,oBaTeJIL

HO, npo,IJ,OJILHLie pa:iMepLI HCTO'IHHKa HeJIL3H onpe,IJ,eJIHTL 

C IlOMOIQLIO OilLITOB, OCHOBaHHLIX mi. HCilOJIL3OBaHHH COOT

HOWeHHH /10/. 3aMeTHM TaIOKe, 'ITO, B OTJIH'IHe OT npo

,!J,OJILHLIX pa3MepoB HCTO'IHHKa, cl>opMyJia /10/ CO,IJ,ep)KHT 

npo,!J,OJILHLie xapaKTepHCTHKH npHeMHHKa /BeJIH'IHHLI r i ' 
T1 H T2/-

HHTepeCHO conocTaBHTL CTPYKTypy apryMeHTOB 6LICTPO 

H3MeHHIOIJ.1HXCH MHO)KHTeJieii BLipa)KeHHH /1/ H /10/, co

OTBeTCTBYJOIQHX HMilYJILCHO-3HepreTH'leCKOMy H npocTpaH

CTBeHHo-BpeMeHHOMY IlO,!J,XO,IJ,aM • 

B HMilyJILCHO-3HepreTH'leCKOM BapHaHTe OilLITa B ap-

. ryMeHT 3KCilOHeHTLI BXO,!J,HT cl>a3a . 

- ➔ ➔ .. 

a= ( k
3 

- k 
4

) Ci\- ?
2

) - ( w
3 

- w 
4 

) ( t 
1 

- t 
2

) • /12/ 

B Heii HMilyJILCLI H 3HeprHH onpe,IJ,eJIJIIOTCJI CBOHCTBaMH ,IJ,e

TeKTOPOB, a KOOP,!J,HHaTLI H MOMeHTLI apeMeHH OTHOCJITCJI 

K HCTO'IHHKaM. B npOCTpaHCTBeHHo-apeMeHHOM "3KcnepH

. MeHTe B apryMeHTe 3KCilOHeHTLI CTOHT cl>a3a 

➔ -➔ ➔ ➔ 

,8 = ( k 1 - k2) ( r3 - r 4) -:-- ( u.> C u.> 2) ( t3- t 4) • /12 '/ . 
T " V enepL HMilYJILCLI H 3HeprHH onpe,IJ,eJIJIIOTCJI CBOHCTBaMH 

HCTO'IHHKOB, a KOOp,!J,HHaTLI H MOMeHTLI BpeMeHH OTHOC.RTCJI 

K ,IJ,eTeI<TopaM. HcTO'IHHKH H ,IJ,eTeKTOpLI IlOMeHHJIHCL MecTa

MH! B TOM _npH6JIH)KeHHH, B KOTOpOM nepBLIH 'IJieH 112"1 
nepeXO,!J,HT B /11/, if>a3y a B /12/ MO>KHO 3ailHCaTL 

B.BH,IJ,e 

a=-;. .l -; l ~ - ( w - w ) ( t - t - rL ) . 
34 12 L 3 4 1 2 12 

/11 'l 

CJie,IJ,oBa TeJILHO ;- B • HMilYJILCHO- 3HepreTH'leCKOM 'aapHaHTe 

OilLITa B ci>OPMYJILI BXO,!J,RT npO,!J,01.ILHLie pa3MepLI HCTO'IHHKa,. 

3aTO npO,!J,OJILHLie pa3MepLI o6JiaCTH, 3aHJITOH npHeMHHKaMH, 

6e3pa3JIH'IHLI. 

3. BepHeMCJI K cl>opMyJie /10/. BXO,!J,HIQHe.B Hee KOppe-

JIJIIJ;HOHHLie ci>YHKIJ;HH A( 0 - Tl) H ,\(0 - T 2> o6paIQaJOTCH . 

B HYJIL npH ,!J,OCTaTO'IHO 60JILWHX 3Ha'leHHJIX apryMeHTOB. 

II 



B peaJILHblX YCJIOBHHX 3TH ·3ffaqeHHH 06blqHO OKa3blBaIOTCH 

oqeHL 6oJILWHMH no cpaBHeHHIO c BeJIHqHHoii ( T1 -T2),II03-

TOMY B AaJILHeiiweM MO:>KHO cqHTaTL T1 = T 2 = T H BMecTo 

/10/ nHCaTL 

-
2 .\( 0 - T) 2 - w ➔ l ➔ 1 <!Al >-1+1 ( ) I cos[(w1 -w 2)(0-T)--r r

1 
J. 

.\0 L34 2 
/13/ 

IIonyqeHHaH <l>opMyJia OTHOCHTCH K ilcnycKaHHIO <l>oTOHOB 

ABYMH 3JieMeHTapHbIMH HCTOqHHKaMH. IIycTL TenepL 3THX 

HCTOqHHKOB oqeHL MHOro H OHH pacnpeAeJieHbl paBHOMepHO 

nonoBepXHOCTH Kpyrnoro AHCKa paAHyca R,nepneHAHKYJI.Hp

Horo K HanpaBJieHHIO Ha6JIIOAeHHH /HJIH no noBepXHOCT.H 

wapa, CBeT.HUleHCH B COOTBeTCTBHH C 3aKOHOM JlaM6epTa/. 

TorAa HaAO npoHHTerpHpOBaTL /13/ no IlOBepXHOCTH AHCKa, 

qTo, npHBOAHT K Bblpa)KeHHIO 

2 .\(0-11 2 2J {p) 2 -
<!Al >,d+ I .\(0) I (---) cos[(wi-w 2)(0-T)l,/14/ 

p . 

B KOTOPOM apryMeHT <l>YHKUHH EecceJI.H 

p= w 111 I¢ 
34 

/15/ 

CB.H3aH· C yrJIOBblM paAHYCOM 3Be3Abl cp • EcJIH AHCK HMeeT 

<l>opMy 3JIJIHnca c nonyoc.HMB A H ·, B, TO apryMeHT p Bbl-

pa)KaeTCH qepe3 npoeKUHH 1l mi. 3TH OCH / rA H r3~ /, 
34 34 ~ 

wJA 2 a·2 wi_/2 2 2 2 w1 
p=L (r34A) +(r34B) =rr34VA: cos lfl+B sin¢ =r1a4·KO, 

a CMblCJI paccTOHHHH KO sceH H3 pHc. 2. BpaUla.H nnoc

KOCTL AeTeKTOPOB, MO:>KHO B npHHUHne onpeAeJIHTL OCH 

3JIJIHDCa. EcJIH AeTeKTOPbl BblAeJI.HIOT HeKOTOPYIO nonocy 

qacTOT OT w - liw/2 AO w + /).w/2, TO /14/ HaAO npOHH

TerpHpOBaTL no w 1 H w 2 • TorAa nonyqHM 

12 

2 - 2 
<!Al >-1+ I .\(0-11 I [ 2J1(p) 

.\(0) p 
/).w (0-T) 2 

sin - 2- · ] . /16/ 

~~(0 -T) 

6,/· 

" 

2 

~I~ ~4 --- ,., -- .... _ 
I 

-✓ 
l(t4 

I 

Puc. 2. CxeMa om,1111a. JlAocKoc111b oe111eK111opoe npoxooum 
'-lepe3 1110'-ll<U 0,3,4. 3AAUn1TIU'-leCKUii 0UCK n0AY'-ldemc.R CJtCa-
1TIUeM KPYZA0Z0. Jlpu 31110M 1110'-lKa nepece'-leHUJI nA0CK0C1TIU 
oeme1<111opoe c 0Kpyxuoc111b10 nepexooum e 1110'-l1<y l\. • 

<l>opMyJibl /13/ H /16/ o6oCHOBb1BaIOT npHHUHnHaJILHYJO B03-

MO)KHOCTL onpeAeJieHHH yrJIOBbIX pa3MepoB 3Be3Abl H Bpe

MeHH Koppen.HtiHH·3JieMeHTapHbIX HCTOqHHKOB B npocTpaH

CTBeHiio-:epeMeHHOM ·BapHaHTe HHTep<l>epeHUHOHHoro onblTa. 

BapLHPYH c: noMoli{LIO · pa,z:i110TeXHHqecKHX 3aAep)Ke_K BeJIH

qHHY 0, MO)KHO o6paTHTL B HYJIL apryMeHT 0 - T, nocne 

qero /13/ H /16/ nepexoAHT B 

13 



I 

<IAl2> - - ""i+ r-=-J i(P> 12 
0= T p • 

/17/ 

.nocneAYIOI.QaJI BapHaUHJI napaMeTpa p IlO3BOnHeT H3Me

pHTL yrnoBoii paAHYC <p , C Apyroii CTOPOHLI, H3MepeHHe 

3aBHCHMOCTH aenHqHHLI <IA! 2 > OT 3aAep:>KKH 0 npu <I>uxcu

poaaHHOM 3Ha'leHHH p AaeT BO3MO:>KHOCTL BLIJICHHTL CTpyx

TYPY <l>YHKUHH KOppenHUHH A ( 0) H onpeAenHTL AilHTenL -

HOCTL BpeMeHH KoppenHUHH. CneAyeT, Bnpo11eM, OTMeTHTL, 

'ITO B acTpOHOMBH nocneAHeii BenH'IBHOii <l>aKTB'leCKB He 

BHTepecyIOTCJI. 

§3. CuHme3 oeyx munoe UHmep¢epeHt1UOHHblX KoppeA.JltlUii 

BLime pacCMOTpeHLI ABa pa3nH'IHLIX BapaaHTa Koppe - · 

nHUHOHHOro 3KcnepBMeHTa: HMnynLCH0-3HepreTH'leCKHH H 

npocTpaHCTBeHHo-apeMeHHOH. IloKa:>KeM, 'ITO, B npBHUBile, 

BO3MO:>KeH B eAHHLiii, 6onee 06UU1ii IlOAXO~, KOTOpLiii B OAHOM 

npeAenLHOM cny11ae peanu3yeT npocTpaHCTBe_HHo-apeMeH

Hoii BapBaHT, B APYrOM - HMilYJILCHO- 3HepreTH'leCKBii. 

IIpeAilOnO:>KHM, 'ITO B036y:>IC'AeHHLie aTOMLI, pacnono:>KeH

HLle B TO'IKax 1 H 2, HMeIOT OABHaKOBYIO ecTeCTBeHHYIO 

WHPBHY r . B TO'IKax 3 B 4 nycTL HaXOAHTCJI OABHaKOBLie 

pe3oHaHCHLie pacceuBaTenH C ecTeCTBeHHOH WBPHHOH y • 

B6nH3H Tex :>Ke Toqex noMellleHa napa ctieT'IBKOB, npuqeM 

Ka>K,nLIH H3 C'leT'IBKOB perHCTpHpyeT MOMeHT nonaAaHBJI 

<l>oToHa, pacceHHHOro TOnLKO "CBOHM" pacceHBaTeneM. Tor

Aa xapaxTep BHTep$epeHUBOHHLIX JIBneHBii, BO3HHKaIOUUIX 

B TaKoii YCTaHOBKe, 3aBBCHT OT aenH'IBHLI OTHOWeHBJI y/r: 
npH y ;r » 1 peanH3yeTCJI npocTpaHCTBeHHo-apeMeHHOH 

BapHaHT. np:e y/r<< 1 - HMnynLCHO" 3HepreTH'leCKBii. 

PaCC'IHTaeM BepOHTHOCTL cpa6aTLIBaHHJI C'leT'IHKOB 3 
H. 4 B MOMeHTLI BpeMeHH t 3 H l 4 , . npeAnonaraH AnH npo

CTOTLI, 'ITO o6a aTOMa 1 H 2 B036y:>K'AeHLI OAHOBpeMeHHO 

npH t = 0 • AMnnHTYAa Hcny~KaHHJI aTOMOM. 1 <l>oTOHa c 'lac-

TOTOH (i) nponopuHOHanLHa BenH'IHHe 
r 

w-w 1 +ir/2 

14 

aMnnHTYAa paccesHHJI Taxoro <l>oTOHa pacceuaaTeneM 3 

nponopuHoHanLHa /9/ Y ; aMnnHTYAa cpa6aTLIBaHHH 
w - w 3+iy/2 

C'leT'IHKa 3 B MOMeHT t. 3 nponopUHOHanLHa npOH3BeAeHHIO 

ABYX 3THX AP06eii H COAeP:>KHT ellle MHO:>KHTenL exp[-iw(t3-r1:i)l 
Y'IHTLIBalOUUIH 3ana3ALIBaHHe IlPH Pcl;CilpOCTpaHellHH nonH 

OT TO~IKH 1 AO TO'IKH 3. AHanorH'IHLIM o6pa30M CTPOHTCJI 

H aMnnHTYAa cpa6aTLIBaHHJI C'leT'IHKa 4 OT <l>oToHa 'laCTOTLI 

f2, HCilYllleHHoro aTOMOM 2. B HTore MLI npHXOAHM K BLI
pa:>KeHHIO 

, ryexp[-iw(t 3- r13)] ryexp[-iD(t4 -r24)] 
A (w,il)=---------· ---------

(w-w1+ir/2)(w-w 3+iy/2) (O-w 2 +ir/2) (f!-w4 +iy/2) 

. K HeMy HaAO A06aBHTL CXOAHOe BLJpa:>KeHHe 

,, ryexp[-iw(t3-r23)] 
A (w,il)=---------

ryexp[-i!l(t4-r14>] 

( w-w 2 +W/2) (w-w3+iy/2) (!)-wl +W/2) {n-w4 + i y/2) 

COOTBeTCTBYIOlllee B3ny11eHBIO 'laCTOTLI (,J aTOMOM 2, a 11ac

TOTLI n - ~TOMOM_, 1. IlocKonLKY M~MeHTLI cpa6aTLIBaHHJI 

C'leT'IBKOB TO'IHO <l>HKCHpoBaHLI, 11acTOTLI w H Q OKa3LIBa

IOTCJI nonHOCTLIO HeonpeAeneHHLIMH. Ilo3TOMY nony11eHHYIO 

cyMMY cneAyeT eI.Qe npoHHTerpupoBaTL· no w H fl. TorAa 

nony11aeM oxoH11aTenLHoe BLipa:>KeHHe 

A(t3 ,t4) "'fdwdfl[A'(w,fl) +A"(w,P)]. 

Ilocne HHTerpupoaaHHH nony11aeM 

A ( t 3, l4) = F 13F 24 + F 14' F 23 , 

rAe 

/18/ 

/19/ 

exp [-i( wj -ir/~ ( tk -rjk) ]-exp [-i(wk-iy/2}(tk-rjk)] 
F =yr------------------x 

Jk wj-wk-i(r-y)/2 

x 0 ( lk - r jk) • /20/ 

15 



HHTepecyromaR Hae BepoRTHOCTb cpa6aTbIBaHHR cqeTqHKOB 
2 

W ( 13, l 4 ) = I A ( l 3, l 4) I , 
TO eCTb 

W( 13' t 4) = I F 13 F 24 + F 14 F 23 I 
2 

• 
/21/ 

.n;anbHeiiwaa 3a,Itaqa COCTOHT B BblRCHeHHH npe,ItenbHoro 

noBe,IteHHR BepoRTHOCTH W ( l 3 , l 4 ) npH y/f' ➔ 0 H IlPH 
y/r ➔ 00 • B nepBOM cnyqae qacToTa pacceaBaeMblX cl>oToHOB 
cl>aKTHqeCKH COBila,ItaeT c co6CTBeHHbIMH qacTOTaMB pacceH
BaTeneii w 3 H w 4; MO)KHO IlO3TOMY O)KH,ItaTb peanH3aUHH 
HMilYilbCH0'-3_HepreTHqecKoro BapaaHTa, npH KOTOpOM 4>mc
CHPYIOTCR qacTOTbl cl>oTOHOB, a 3aBHCHMOCTb OT l 3 H l 4 
acqe3aeT. Hao6opoT, npH y/f' ➔ "" pacceaBaHHe He oKa-
3blBaeT HHKaKoro BilHRHHR Ha qaCTOTY pacceaBaeMblX 4>0-
TOHOB, "pa6oTalOT" cl>aKTHtJeCKH IlHIIlb cqeTqHKH, OTMeqa10-
mue MOMeHTbl perHCTpaUHH. B 3THX ycnoBHRX ecTeCTBeHHO , 
O)KH,ItaTb p~anu3aUHH npocTpaHCTBeHHO-BpeMeHHOrO BapH-

aHTa. 
,D;eiiCTBHTenbHO, KOr,Ita IIIHPHHa I' cl>HKCHpoBaHa, a oT

HO·weHHe y/r ➔ 00 , , BTOpble 3KCilOHeHTbl B qacnaTene Bblpa
)KeHH.H /20/ acqe3a10T, a ,Itpo6b y/[wj -wk -i(r·-y) / 2] ➔ -2i. 
Ilo3T.OMY aMnnHTY.It,a npHHHMaeT BH.It · 

A( t 
3

, t 
4
) "' exp[-( i w

1 
+f'/2) (t3 -r13)]exp[-(iw2+r /2)(1 4-r24 )]x 

x ® ( t 3- r 13) ®( t2 - r 24) + 

+ exp[-( iW1 +r/2) ( 14-:- r 14)] exp [ -( iw 2 +f'/2) ( 13 - r 23)] X 

x®(14-r14)@(13-r23)' 

COBila,ItaromHii C /9/, IlOCKOilbKY B paccMaTpHBaeMOH 3a,Itaqe 
TOKH g 1 H g 2 C TOqHOCTblO ,Il;O IlOCTORHHOrO MHO)KHTena 

paBHbl exp (- r1/2) ® (1) • 

16 

--· 

IlycTb Tenepb npa cl>aKcapoBaHHoii UIHpa:ue r OTHo-
rueHHe y/r ➔ O , T.e. r ➔ O. Tor,Ita npaKTHqecKH ,Itna 
Bcex 3HaqeHHH 13 H 14 B qacnHTenax Bblpa)KeHHR /20/ 
MO>ICHO npeHe6peqb nepBbIMH 3KCilOHeHTaMH. Il03TOMY aM
nnHTy,Ita 

exp[-iwit3-r1J] exp[-iwit4-r 1~] 
A(1 3 , t4)"' -----------®( t 3-riJ®(¼ -tzit+ 

( w1,- u.>3-if' /2) (w2-w4-if' /2) 

exp[-iw4(l4-r14)]exp[-iw3(t3-riJ] ®(14-r14) ®(t3-r23) 

+ ( w rw4-if'/2) ( w 2-w 3-i r/2) 

CO,Itep)KHT 0611\HH MHO)KHTenb exp (-iw 3 l 3 - iw 4 t 4) , · Bbl

na,Ita10mHii H3 Bblpa)KeHHR ,IJ;IlR. BepORTHOCTH W( 13, t 4) • Ilo
cne,IJ;Hee HMeeT BH.It 

exp (iw3 r 13 + iw 4r 24) 
W-l------'------®(t3-r13)®(t4-r24) + 

(w 1-w3-ir/2)(wl-W4 -ir/2) 

/22/ 

exp( iw41' 14 + jw3r23) 2 
+ . . 6(t3-r23) ®(14 -r14) I . 

( wl - w 4 -1r/2) ( W 2- W 3-1 r/2) 

IlpH ,ItOCTaTOqHO ,Il;IlHTenbHOM Ha6nIO,IteHHH /B03MO)KHOCTb 
KoToporo o6ecnequeaeTca ycnoeHeM y ➔ 0 / apryMeHTbl 
®-cl>yHKUHH CTaHOBRTCR IlOilO)KHTeilbHblMH, caMH 0-cl>yHK

UHH Bblila,ItaIOT H /22/ nepexo,IJ;HT e 

i( w 3r 14 + w l24 ) i( w 4 r 14 + w 3 r 23) 

W- I e + e 12 ' 
(wcw 3 -if'/2)(w2-W 4-ir/2) (w CW 4-ir/2)(w2-W3-il /2) 

T .e. BO3HHKaeT cl>opMyna, onHchlBa10maa HMnynhcHo- 3Hepre
TaqecKHH eapHaHT HHTep4>epeHUHOHHoro OilblTa /npH co
IlOCTaBneHHH c /1/ Ha.Ito yqecTb, qTo ceiiqac t 1 = 1 2 /. 

IlpoBe,IteHHble paccy)K)leHHR IlOKa3blBaIOT, qTo npocT-
paHCTBeHHO-BpeMeHHble H HMilYilbCHO-3HepreTaqecKHe 

I 17 



HHTepcl>epeHUHOHHhle ,nayxqaCTHqHhle KoppenHUHH ,neHCTBH
Tem,Ho HMelOT e,nHHYIO npapo,ny H HBnHIOTCH BCero nHWL 
pa3naqHhlMH npe,nenLHhlMH cnyqasMH 6onee o6inero cl>a3a
qecKoro HBneHHH. 3aMeTHM, qTo· 3TO 3aKnroqeHHe He CBH-
3aHO C KOHKpeTHhlMH oco6eHHOCTHMH H36paHHOH HaMHMO
,nenH pacceaBaTeneu c aapLapyeMoH wapHHOH y • K TOMY )Ke 
pe3ynLTaTy Mhl. npawnH 6hl, ecna 6hl B TOiiKaX 3 H 4 Haxo
,nanHCL mo6hle ,npyrae qacTOTHhle cl>HnLTphl, HacTpOeHHhle 
Ha qacTOThl w 3 H w 4 H o6na,naromae BapLHpyeMOH WHpHHOH 
nonochl nponycKaHHH. 

AaTophl 6naro,napHhl B.JI.JI106owany 3a aa)KHhle 3aMe
qaHHH. 
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