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§1, B B e n e H H e 

B pa6oTe 11 / 6binH nonpo6Ho npoaHanu3HpoaaHbI · ycnoaas1 Ha6moneHHSI 

HHTep4>8peH1mH llpH perHCTpaUHH nayx HeTOlKneCTBeHHblX 'ISCTHU B Koppeilll

UHOHHblX 3KC11epH~8HTaX, qornaCHO Ill, nm1 onHHX H Tex lKe 'ISCTHU A H 

.B HanH'IHe HnH OTCyTCTBHe HHTep~epeHUHH 38BHCHT OT THlla peI'HCTpHpyro

lllHX npH60pOB, B 'laCTHOCTH, HHTep~peHUHSI B03MOlKHa, ecnu '18CTl!Ubl A 

H B HeCTa6HnbHbl H HM810T onHH8KOBbl8 Monbl pacnanoa, a HX perHcTpaUHSI 

npoH3BOnHTCSI no nponyKTaM 3THX pacnanoa x), 

Uem,10 HaCTOSIIUell pa60Tbl srnnsieTCSI 6onee neTalibHOe H3y'leHHe HHTep

~peHUHOHHblX srnne.lmll npH perucTpauH11 nap H8CTa611nbHb1X iiacTuu. Oco6oe 

BHl!MaH11e npH STOM ynenSieTCSI HHTep~epeHUHH npH perHCTpa~HH nayx HeCTa-

611nbHbIX 'laCTHU C onHHSKOBblMH cn11HaMH H npyrHMH coxpaHSIIOIUHMHCSI KBaH

~OBbIMII 'll!cnaMH onHHM neTeKTOpOM (cM. T8K)K8 151 ,. Mbl npHXOnl!M .K BbJ,

Bony, 'ITO ecn11 pa3HOCTb Mace 'ISCTHU A H ' B CTp8Ml!TCSI K Hyn10, Bepo

SITHOCTb peI'HCTpaUHII H8TO)KneCTB8HHbIX '18CTHU K8K onH~M, TaK H nBYMSI 

C neTeKTOpaMH MOlK8T 6b1Tb B psine cny11aeB onHCaHa T8MH lKe ~OpMynaMH, 'ITO 

H aepOHTHOCTb peI'l!CTpaUHH TOlKneCTBeHHblX 'ISCTHU ( CM, /1 I). 

§2. KoppenSIUHOHHbJe ~OpMynbl nm1 BOnHOBblX naKeTOB 

nap H8CTa61mbllblX 'ISCTHU 

TTycTb B pe3ynbTaTe_KaKoro-nu6o rrpouecc~ B HeKoTopoll: TO'IK0 npocT-

paHCTBa xx) o6pa3yOTCSI napa .iieCT86HlibHblX 'laCTHll A H · B , llpll'l8M 

x) /2-4/ , 
CM. B CBSl31! C 3TIIM pa60Tbl , noCBSllll8HHbl0 aHan113y CBOil:CTB nap 

l(-0 io . 
xx)C11Tyauusi, B03HIIK_a101UaS1 npii o6pa30B8HHH '18CTHll A H B B pa3Hb!X 

T0'1KaX npocTpaHCTBa, nu6o B pa3Hble MOM8HTbl BpeMeHH, Tpe6yeT cneunanb

HOI'O paCCMOTpeHHSI, 
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nepBblli: neTeKTOp, pacnonoJKeHHblli: Ha paCCTOSIHHH . el OT 0611aCTH poJKne-

HHS! naKeTOB qaCTHU A H B , ¢HKCHpyeT npOllYKTbl pacnana 3THX qac-

THU B cocTOSIHHH I n > , , :i BTOpoli: neTeKTop, pacnonoJKeaa1,1li: · Ha paccTosi-

HHH e2 OT o6naCTH POJKlleHHSI naKeTOB, ¢HKCHpyeT nponyKTbl pacnana 

qacTHU A H B B COCTOSIHHH l m :> • 0603Ha'IHM 'lepea a (l,2) ( a (2,1)) 

aMnnHTYllY pOJKll0HHSI HnH pacCeSIHHSI, COOTB0TCTBY!OlllYIO BbineTy 'laCTHUbl .A 

D HanpaBneHHH nepBOI'O (BTOporoJ neTeKTOpa, a 'laCTHllbl B - B HanpaB

neHHH, BTOporo (nepBoro) neTeKTOpa,fA ➔ n' 1 B ➔ n (fA ➔ m; f 13 ➔ m ).;... 

aMnnHTYllbI nepexona 'laCTHU A H B B COCTOSIHHe In> (Im> ) • Tor

na, corna~Ho 111, · 'IHcno aanaanbIBaJOlllHX coBnaneHHit npa per11cTpauH11 qac-

THU A H B llBY,MSI neTeKTOpaMH nponopuHoHanbHO B011H'IHHe: 

d2 p 
n,m 

... I :p<±,> 
D,m ( t I • t 2 > I 2 dt i dt 

2 

rne 

<+) . . 
.P

0
7,;, (r1 , t 2 )aa(l,2}_fA- f 8 ....;, exp (-(i 

2 mA C 

ii 
rA 

.+-,-->t, l X 

.. [ . ~~J rB . l [ "'a c2 . rB l 
. x exp -( i ~+T) t 2 :!:°;a(2,Uf8 ..,, fA- exp -(i--r"'+ ~,) t 

1 
· X 

.•. ( ' [ ( m A c~ ' r A, ) l . 
x··exp. -• i-•·+-• 1· ·.; 

C•• •• ; ;t, · .. C 2 2 

Ip<~ (1 ,t >l 2 =l~U,2lfA ➔n n,~ t ·· 2 , fB ➔m 
2 . 

1- exp [-<rA tl + rB t2) l + 

+ I a (2,1) fB➔n fA ➔m 
2 I exp [-( r A t 2 + rB t l ) 1 ±, 

rA+rB 
_ _;,._' ( t +t ) 

+ 2e 2 
1 2 Re I a U,2) a*(2,ll f f f* f* ,c-

A➔n B-+m B-tn A .. m 

I 2 
X -Cm -m le (1 -1) 

e '.fi A B l 2 1 

4 

(1) 

(2) 

(3) 

l 

j 
l 

j 
.j 

---

3necb mA H mB - MaCCbl 'laCTHU A 

Hbl, \ = f
1 

/ v(t) t- 1? 1
2 

"" f
2 

/ J2) y2>, 
II B 

(I) 
V 

rA H rB - !IX WHpll

V 
(2) 

- rpyn-

llOBble CKOpOCTH B011HOBblX naKeToB, llBHlKYIIlHXCSI COOTBeTCTBeHHO B HanpaB
v 2 -Ii 

neHHff nepBOI'O ff BTOpOI'O neTeKTOpOB, y ., ( 1---.) - nopeHUOBCKffH 
• c2 

¢8KTop; 3HaK (+) nepen IIHTep¢epeHUffOHHblM ·qneHOM B ¢opMynax (2) H (3) 

COOTBeTCTByeT 'laCTffUaM A H B C uenbIM CllHHOMl 3HaK (-) - 'laCTH-

uaM C nonyuenbIMff CnHHaMffl ¢opMy11bl (2-3) cnpaBell11HBbl np11 YC110B1111 

A ; ••• 
um~= lmA -ma·l.<<mA,mB x). 0HH noHano6SITCSI HaM B nan&HeilweM npH 

paCCMOTpem111 Bonpoca O perffCTpaUHff napbl HeCTa6ff11bHblX 'laCTIIU 0/lHHM ne

TeKTOPOM (CM, §4-5). 

PaCCMOTIJHM Tenepb 6011ee 06111118 cnyqaii, Korna _nOMHMO napbl 'laCTHU 

A II B pOJKllalOTCSI TSKJKO napbl TOJKlleCTBeHHblX qaCTHU AA ff BB. 

CocTOSIHHe, KOTOpoe .npH 8TOM o6paayeTCSI, HenocpenCTBeHHO nocne aKTa re

HepaUHH IIMeeT BHll: 

I </I 0,2> > ~> 
. (I) (2) 

= a (1,2) I A > I a > + 

+ a(2,1) IA>(2
) IB>(I) + r<:!:" (1,2) I A>(I) IA><2> + 

AA 

+ rC:> 0,2) IB >(t) I B ><2> 
BB 

3necb. FAA 0,2) - aMnnHTyna o6pa3oBaHffSI napbl AA. ' F BB (1,2) 

(4) . 

. ~ . ~ 
aMnllHTyna o6pa30BaHffSI napbl BB , npff'leM F - (1,2)- + F -, (2,1) 

AA(BB) . - AA(BB) 

HO, Boo6we I'OBOpsi, a 0,2) . ,/, a (2,1) • nerKO Bl!lleTb, 'ITC> B paccMaT-

p11BaOMOM cnyqae BepoSITHOCTb per11cTpau1111 paci:IanoB A, B :-1 n>, A, B➔ I m > 

neTeKTOpaMII, BKlllO'leHHblMII no cxeMe COBnanem1n, nponopu110Ha1IbHa Bel!l!'lll-

1 .. (+) 12 
He P n, m ( t 1 , I 2 ) d I I d I 2 , rne 

x) 
Bonee neTanbHO ycnOBIISI np11MeHl!MOCTII ¢opMynbl (3) II cnencTBIISI, 113 Hee 

BbITeKa!Ollllle, o6cyJKnaJOTCSI B pa6oTe 111• B '18CTHOCTH, ecn11 o6a neTeKTOpa 
. ' ~ 1 

OllffHaKOBbl (!n>aelm >) , TO npH 1
1 

,t
2
<< ______ !1

1
-1

2
1«----

<+> l_mA-mBlc2 1rA.-rB 
aMnllHTyna peI'IICTp8UIIII P _, =aU,2)t,a( 2,1) 1 T,e. IIMeeT T8KOfl 

. n.m . 
JKO Bllll, KaK B cnyqae TOJKlleCTBeHHblX qacTHU, 
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=c+> 
p -. 

n,m ( ll • 12 
. (+) 

... FAA. (1,2> f A➔n rA.:Om 

,/ 

2 
.• m:A C r 
exp [-(i -+~• ) ( t 

11 2 l +.t 2 

1±) (1,2) fB ♦ n + BB 

m B c2 rB 
f B ➔ m exp [ -Ci --r-' + ,.., ) ( I l + t 2) ] +. 

+. p~> 
n,m 

( I l • I 2 ) • 

p<.:-> (1 , I )° 
n,m I 2 

onpeD.ensieTCSI no it,opMyne (2 )x): 

) + 

ci>opMyna (5) onHCbIBaeT, a 'laCTH0CTH, K0ppen.llUHH npu pacnaD.aX napbl 

Ko R"0 (cM, /2-41), npu 8T0M poru, 'laCTHUbl A urpaeT K~ -Me30H, 

a ponb 'laCTHUbl B - K; - Me30H, nocKonhKY K - ~e30Hbl sisnmoTCSI 60-

.. <+> 
30H8MH, C0OTBeTCTByromee BblpaJKeuue HMeeT CTpyKTypy pn ,m ( t 1• t 

2
) • 

AMnnHTYD.bl o6pa30BaHHSI nap YD.0BneTB0PSIIOT B paCCMaTpHBaeMOM cny'lae co-

0T:t0llieHHHM: · 

Fe+> (1,2) 
Kl Kl 

F C+> ( 1,2) 
K2K2 

a (l,2) ,. -,a(2,l) • 

(6) 

PaneucTno (6). cooTaeTcTnyeT T0MY, 'ITO npu polKLleHHH napbI K° KO n coc

TOSIHH~ C 'leTHblMH op6HTanhHblMH MOMeHTaMH 06pa3yeTCSI KOM6HHaUHSI 

K1Kl-K2K2 

MH - KOM6HHaflHH 

, a a· COCTOSIHKHX c He'leTHbIMH op6HTanbHblMH MOMeHTa.;.. 

K 1 K2 • 

§3. HHTepif,epeHUHSI npH pacnaL1aX nap pe30HaHCOB xx) 

H3BOCTHO, 'IT.0 cneKTp ait,if,eKTKBHbIX Mace np0LlYKTOB pacnall~ HecTa-

6nru,Hoil 'laCTKllbI HMeeT 6peilT-BHrHeposcKyro cpopMy: 

x) . 
Ecm1 D.eTeKT0pb! 

nenH'IHHb! 1 p 12 
n,m 

UHHM. 

xx)B §3 nonaraeM 

He if,HKCHpyIOT npoeKUHH CilHHOB npOLlYKT0B pacnaD.a, 

H I ff . I 2 
cneD.yeT npocyMMuponaTb no nonHpu3a-n, m . 

'ti :a• C =-· } 

6 

/• 

I 
) 

1 
! 
I 

.1 

J 

l 
;j 
I 
i 

dW ~-: 
2" 

f A ➔ n 2 
1 · .. d M (7) 

rA 
M -m +i-, 

A 2 • 

rD.e f A ➔n - aMnnHTyD.a pacnaD.a, C0OTB0TCTBY!OlllaH .nepeXOLlY B Ll8HH0e coc-

T0HHHe I n > • 

npeD,nonOlKHM, 'ITO B pe3ynbTaTe K8KOil-nu6o peaKUHH p0JKD.aeTCSI LlBa 

·ueTOlKD.eCTBeHHbIX pe30HaHca c OD.HHSKOBbIMH MOLlaMH pacnaLIOB In> H I m > • 
BpeMH lKH3HH pe30HaHCOB HaCTOnbKO Mano, 'ITO ua6nroD.eHHe apeMeHHblX KOp

penHUHil, paCCMOTpeHHblX B §2. CTaHOBHTCSI HeB03M0lKHb!M, OLlHaKO MOlKHO 

IlOCT8BHTb Bonpoc 0 pacnpeL1eneHHH ait,¢eKTHBHblX M8CC np0D.YKTOB pacnalla 

LlBYX pe30H8HC0B. nycTb nepBb!H LleTeKT0p perHCTpnpyeT npOLlYKTbl pacnaL1a 

D.BYX pe30H8HCOB A ,H B B COCTOSIHHH I ii> C CYMM8pllb!M HMnylll>COM 

pl H aq>if,eKTHBHOil Maccoll m t , a aTopoil LleTeKTop per11cTpupyeT npo-

D.yKTbI pacnaD.a TeX lKe pe30H8HCOB B COCTOHHHH Im>• c cyMMapHbIM HM-

nynbCOM p2 u aqiqieKTHBHOil Maccoil m2 · • npouecc a Ll8HHOM cnyqae MO-

JKeT HLlTH no LlBYM HepaanH'IHM~IM nyTHM: a) COCTOHHHe In> o6pa3yeTCSI 38 

C'leT pacnalla pe3oHanca· A , a cocTOHHHe I in > - 3a c'leT pacnaD.a pe3oHaH-

ca B ; 6) COCTOHHHe In>-, o6pa3yeTCH B peaynbTaTe pacnalla pe3oHaHca B , 

a cocTOSIHHe I in> - a peaynbTaTe pacnaD.a peaouanca A • PacnpeL1eneuue 

no 8q>qleKTHBHblM MaCC8M M 1 H M2 6yL1eT llM0Tb BUD.: 

d 2 w<±> 
n,m 

f f a(pl •P2 
----·I A ➔ n B ➔ m . ~-

2 ' . 1 
(2"). (Ml -mA+-i-TA )(M2-mB+2rlll 

(8) 

f 
'A ➔ m B ➔ n + 

•a (p , p l 
2 1 

2 

I dMl dM2 
i , i 

(M1-mB+-TBHM2 -mA+-rAl 
2 2 

rLie . a ( Pi • P2 ) ( a (p 2 

ca A ( B ) C HMnynbCOM 

➔ 

• p l 

1'1 

) ) - aMnllllTYLla o6pa30B8HllH pe30H8H

• a pe30H8HC8 8 ( A ) - C HMnyru,coM 

➔ 

P2 

npaBllnO BbI6opa 3H8K8 B q>OpMyne .(8) TaKO0 JKO, KSK ll B §2 (CM, 

TaKJKe /1 /). Ecnu perHCTpupyIOTCH OLlllHSKOBble MOLlbl pacnaD,a pe30H8HCOB 

A ll 8 ( A ➔ In>, 8 ➔ In> ) , TO B npeL1ene, np11 m ➔m , r ➔ r 
. .A B A B 
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d2 vi-~ 
n~n 

-la(p,p l+a(p,p >1 2 

I 2 2 I . 

d M
1 

d M
2 

r2 . 
[(M -m )

2 +-l£(M
2 I 4 

2 r 2 
-m) +-] 

4 

(9) 

Bb1palKeH11e (9) COBnaAaeT C ijiopMynol!, onHCb1Ba10mel! KOppenHUIIII rrp11 

. pacnaAaX napbl TOlK!leCTBeHHblX peaoHaHCOB. Llel!CTBIITenbHO, Ben11'111Ha 

a ( p , p ) + a ( p , p ) CHMMeTpll'lHa OTHOCIITellbHO aaMeHbl p ➔ p 
I 2 - 2 I 2- I 

B cnyqae 6030HOB ( 13 npouecce y'laCTBYIOT TOIIbKO 'leTHbl8 op611TanbHble MO-

MeHTbl) II 8HTIICIIMM8TpH'IHa B c·nyqae ijiepMIIOHOB ( Y'lSCTByIOT TOnbKO He'leT

HbJe .MOMeHTbl), 

B cny'lae o6paaoBSHll!I napbl TOlKAeCTBeHHblX peaoHaHCOB pacnpeAeneH11e 

aijiijieKTIIBHblX Mace npOAYKTOB pacnaAa BCerAa IIMeeT BIIA (9) He3a~HCIIMO 

OT Toro, perucTpupyIOT AeTeKTOpbl OAIIHSKOBble MOAbl pacnaAa 11n11 paanuq

Hble, 

Ecn11 noMIIMO HeTOlKAeCTBeHHblX peaoHaHCOB A 11 B B TOM lKe 

npouecce 06paay10TC!I napbl TOlKAeCTBeHHblX peaoHaHCOB AA 11 BB , Te 

lKe paccylKAeHIISI, 'ITO II B §2, npuBOAHT K o6mell ijiopMyne An!I pacrrpeAene

HIISI aijiijieKTHBHblX Mace: 

+ 

d 2 w<±? ==-, 
n,m {2,r)2 

f f a(P,,p 
A ➔ n B,..m 1 1 

+ 

( M1 - m ~ + {--rA )( M2 -m 5 ++T 8 ) 

1
A .. m 1B ➔ n a(;2 

➔ 

•P1 ' + + 
(Ml -mB+ +rB )(M2 -mA +7rAl 

(+) ( ➔ ➔ F _, p • p 
AA I 2· A ➔ n A ➔ m 

F <,!.> (p ,p ) f 
BB 1 2 B ➔ n B ➔ m +----------------i . i 

(Ml-mA +T'.rA)(~ -mA+2rA (M.1:-m B ++rB ')(M2-mB ++, rBl 

➔ 

(10) 

I dMI dM2 

3AeCb F<±.> ( p 
AA I • P2 

F<:t> (.. ➔ 
II BB. p I ' p2 - aMrrn11TyAbl o6pa30B8HIISI nap 

AA II BB <+> ➔ ➔ , np11'l«:!M F -• ( p
1 

,p
2 

8 

l = + F <±> ( ➔ . p2 
➔ 

• p I 

" 

' 

I 

f 
I 

} 
i / 

.. \ 
I 
i 

l 
r 

4, HHTep4>epeHUHOHHble smneHHH np11 per11cTpau1111 nap 

HecTa611nbHblX 'laCTHU OAHHM AeTeKTOpOM 

HTaK, 113 CKaaaHHOro BbIWe cneAyeT, ''ITO B KOppenHUHOHHblX onbITaX 

MOryT IIHTep4>ep11poBaTb mo6b1e He TOll<AeCT'.BeHHble 'laCTl!Ubl A 11 B 

11Me10m11e OAHHaKOBble MOAbl pacnaAa, B 'laCTHOCTH, ecn11 AeTeKTOpbl iji11KCH-

PYIOT IIPOAYKTbl pacrraAa 'ISCTHU A II B B yaKOM 11HTep~ane yrnoB, 

IIHTepijiepeHUH!I B03MOlKHa H B cnyqae, KOrAa cn11Hbl 8TIIX 'laCTIIU paanH'lHbl 

(paaHOCTb cn11HOB Is A - s 5 I rrpeAnonaraeTCH uenb1M 'lHCnoM). Ilplf aToM 

nocne ycpeAHeHll!I no yrnaM. IIHTepijiepeHUIIOHHbJe 'lneHbl B ijiopMynax (3) 11 

(8) HC'leaaIOT, 

KorAa rOBOpSIT, 'ITO 'lSCTIIUbl A 11 B HeTOlKAeCTBeHHbl, 06bl'IHO 

noApaayMeBaIOT cymeCTBOBaHHe HeKOToporo crroco6a, KOTOpbll! n03BOnHeT IIX 

paan11'l11Tb, Ho ecnu TaKoA cnoco6 cymeCTByeT, To cornacHo anrrapaTy KBaH-

TOBoA MexaH11K11, cocTOHHIIH IA> II I B> AOnlKHbl 6bITb opToroHallbHbl 

APYr Apyry, T,e. <AI B > = o • HcHo noaTOMy, 'ITO ecn11 AeTeKTOpbI per11-

cTpupy10T caMH paanu'lllMbie ( opToroHalJbHbie) cocTOHHHH I A > 11 I B > , 

a He IIX cynepn0311UIIH, IIHTepijiepeHUll!I B KOppenHUIIOHHblX onbJTaX He Ha6nro

AaeTC!I • 

3aMeT11M Tenepb, 'ITO nonHoe COOTBeTCTBHe MelKAY noHHTll!IMII HeTOlK

AeCTBeHHOCTII II paan11'IIIMOCTH HMeeT MeCTO 6ea KaK11x-n1160 oroeopOK TO/lb

. KO An!I CTa611nbHblX 'laCTIIU, KoHe'lHO, ecn11 HecTa6111IbHble 'ISCTIIUbl o6naAa

lOT paan11'lHblMII KBSHTOBbIMII '111cnaM11 (HanpHMep, aapHASMII 11n11 cn11HaM11), 

KOTOpble coxpaHHIOTC!I B rrpoueccax pacllaAa, TO 8TII 'lSCTIIUbl B ·np11Hu11ne 

TSKlKe paan11'lllMbl, T,e. IIX COCTO!IHIISI OpToroHanbHbl, IlpeAIIOnOlKHM, OAHSKO, 

'ITO y ·qaCTIIU A II B see coxpaHSIJOffilleCH KBaHTOBbie 'lllCna OAHHS-

KOBbl, npH'leM 'laCTl!Ubl OTnH'lSIOTC!I MSCCSMII H BpeMeHSMII lKH3HH, B cny11ae 

CTa6HllbHblX 'ISCTHU c OAHHSKOBbIMII BHyTpeHHIIMII KBSHTOBblMII 'lllCnSMII, HO· 

p83Hb1MII, _XOTSI 11 6n113KIIMII Apyr K Apyry_ MSCCSMH, Mbl IIMeeM B CBOeM pac

nopHlKeHIIII B np11HUIII1e 6eCKOHe'lHO 6om,woe BpeMSI AnSI Toro, 'ITP6bl onpe-

Aen11Tb MaCCbl 'ISCTIIU A 

TIIUbl, 

II B H TeM CSMblM 11AeHT11iji11u11poBaTb 8TH 'lac-

B cnyqae HeCTa6HllbHblX 'laCTIIU c OAIIHSKOBblMII BHyTpeHHIIMII KBSHTO

BblMII 1111cnaM11 CHTYSUIISI IIHSH: speMH 113MepeHll!I MaCCbl orpaHll'leHO Bpe-
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M0H0M lKll3HII II caMa Macca He SIBnSieTCSI BnOnHe onpeneneHHOli Benl!'IIIHOli. 

noaTOMY e,nenyeT OlKl!llaTb, 'ITO TaK11e 'laCTl!llbl He nonHOCTblO paanl!'ll!Mbl, 

11n11, C qiopManbHOli TO'IKII apemtH, COCTOSIHIIH TaKIIX 'laCTllll HeopTOl'OHanbHbl • 

.IleliCTBIIT0nbHO, HeTpy/lHO noKa3aTb, 'ITO nng HeCTa611nbHbIX 'laCTl!ll A 

11 B cnpaBe1In1IBO COOTHOWeH11e: 

<BI A> 

i 
n fA 

➔ n f * 
B -+ n 

2 crA +rB> + i 
(mA-mBlc 

·ti 

(11) 

2 
3necb r A = i I :1 A -+ n I 

2 

r .. ilfB ➔ n'I B 1'110 IA ➔n • fB ➔ n-;. 

aMnn11Ty1Ibl p;cnana, onpeneneHHblB B §2; 3HaK cyMMbl BKnIO'laeT TaKJKe IIH

Terp11poBaH11e no yrnaM x) 

CymecTBeH!{O, 'IT,o B cnyqae HecTa611nbHblX 'laCTIIU C onHHaKOBblMII cn11-

HaMII. 'leTHOCTHMII II APYI'IIMII coxpaHSIIOlllllMIICH KBaHTOBblMII 'll!CnaM11: 

i f f * 
n A ➔ n B ➔ n 

/,, 0 • <AIB>-/,O 

HecTa61InhHbl8 ·qacTHllbl, nnH KOTOpb!X 

O<l<AIB>l2<1, 

Mb! 6y11eM Ha3b!BaTb ,, KBa311TOlK1IeCTBeHHblMII '. 
2 

JlerKO BlllleTb, 'ITO ecn11 _c_ Im -m I <<r , r 
1\ A B A B 

II f ➔ f 
A➔n B ➔ n 

Ben11'IHHa <A I B > -+ 

nneKCHb!X Mace 'laCTl!ll 

• CnenoBaTenbHO, np11 CTpeMneHHII pa3HOCTH KOM-
, /j. r n 

A · II B K Hymo ( /j.m- i ----- ➔ o ) • 
2c 2 

'KBa3IITOlKlleCTBeHHbl8' 'leCTl!llbl nepeXOllHT B "HCTHHHO' TOlKlleCTBeHHbie, 11n11 

x) <PopMyna ( 11) nnH HeliTpanbHblX K - Me30HOB 6bma nony'leHa B pa6oTe161• 
(CM. TaKlKe 17/): Ecn11 CP-'leTHOCTb coxpaH11eTCH i f f * - 0. 

. K• ➔ n KL-+n 
11 <K • I KL>= o ; nplI HapyweH1111 CP-1IHBap11aHTHOCT11 1 Boo6me l'OBOPH,<KLIK. >-/, o. 

no CMbICny BblBOlla qiopMyna ( 11) cnpase11n11Ba nnH n106b!X HeCTa61InbHblX 

'laCTIIll (nonpo6Hee 3TOT Bonpoc 06cylK11aeTc11 B pa6oTe' ISi). 

. IO 

;) 
«' 
-L\ 

l 1 __ 

) 

i(" 
i'\l 

,\ 

'I 

1 l 
J· 
'! 
'I 
:i 
! 

KOTopbIX, no onpe11eneH1110 < A I B > ... I , ( CM, .pa6oTy /5/). 

C npyroli CTOpOHbl, ecn11 'laCTl!llbl CTa611nbHbI, TO C.Q!:naCHO ( 11 ) I np11 

n106oli oTnl!'IHOli OT Hyng pa3HOCTI! Mace c~cTOHHIIH I A > 11 I B > opTo-

roHanbHbI, 

nepelineM Tenepb K aHanuay npouecca perucTpauuu napbl qacTl!ll A 

H B OllHIIM neTeKTOpOM ( 6y11eM CHa'lana C'll!TaTb, 'ITO nap bl AA . 11 BB 

He 06paay10TCH). nerK'o noHHTb, 'ITO ecn11 'laCTl!llbl A H B B npl!HUl!ne 

paan11'1l!Mbl, IIHTepqiepeHUIIH He l!MeeT MeCTa. lleliCTBIITBnbHO, Ha6n1011aH noc

ne aKTa 1!3MepeHHH aa 'laCTIIUBli, KOTOpag He nonana B 113M8pHT8nbHblli npu-

6op, Mb! MOlK0M ee 11·11eHTHqJHllllPOBaTb, '11' TeM caMblM 011H03Ha'IHO yKa3aTb, 

KaKyIO 113 'laCTl!ll -A 11n11 B - npu6op aaper11cTpupoBan. C qiopManhHoli 

TO'IKH 3p8HHH, 'laCTl!llbl B C'IBT'IHKe He IIHTepqiep11py10T, ecnu !IX COCTOHHHH 

opTOI'OHanhHbl. BalKHO nonqepKeyTb, 'ITO XOTH np11 per11·cTpaUHH TaKIIX 'laC

THll B KoppenSIUIIOHHblX onhlTax Mb! B onpeneneHHblX ycnoBHHX MOlKeM Ha6n10-

11aTb IIHTepqiepeHUIIIO, B cny'lae JnaneHHH BTOpOI'O neTeKTOpa np11 n1060M cno

co6e perHCTpauuu HHTepqiepeHUHOHHblli qneH CTaHOBHTCSI TOlKlleCTB0HHO paB

HblM Hyn10. 

llTo KacaeTCH ynOMllffYTblX Bb!We 'KBa3HTOlKlleCTB0HHbIX" 'laCTllll, ·To 

!IX COCTOHHIISI He nonHOCTblO paanu'll!Mbl, II noaTOMY MOlKHO OlKl!llaTb Hanu

'IIIH u·HTepqiepeHUHII npu per11cTpall1111 nap 3THX 'laCTl!ll OllHHM C'l0T'IHKOM. 

.IlnH 6onee no_:1po6HOl'O paCCMOTpeHHH 3TOl'O BOnpoca sepHeMCH K KOppenS!llll

OHHOli qiopMyne (3). IlpennonOlKHM, 'ITO_ Mb! y6pan11 BTopoli neTeKTop. HcHo, 

'ITO per11cTpauuH pacnanoB A -+ n B ➔ ·n OllHIIM 110TeKTOpOM 3KBHBa-

neHTHa pe!'HCTpau11n KOppenS!llHli 3THX pacna110B co BC0MH pacnanaMI! 'laCTHll 

A H B Ha BCeX pacCTOHHIIHX B ~HH0MaTl!'l8CKII conplllKeHHOM Hanpasne-

HIIH. CnenosaTenbHO, BepOHTHOCTb per11cTpau1111 pacnanoB A -+ n , B -+ n 

neTeKTOpoM, pacnonolKeH~~IM Ha paccTOHH1111f 1 ... v<1> y<O t I OT 06nacT11 

pOlKllBHIISI naKeTOB A II B nponopuuoHanbHa sen11'lnHe: • 
d p (+) ( ) dt 1 n 

... Qn_' ti 

1'110 

o<:!:> 
00 

i I p<:t/ <t 
2 

( t 1 ) .. f • t 2 ) I d t2 (12) 
n m n,m l 

0 
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a Bb1pai-1rnH11e IP <:t> ( 1_ 1 , t 2 ) I 
2 onpeAenReTCH no 4><>pMyne (3). 

n,m 
3neM8HTapH08 IIHTerp11pOB8Hll8 

2 
2 

rf±l (1 1 )= l.fA ➔nl. 
n 

~ l.f B ➔m I. 
rB 

2 

A88T 

I a (1,2) 12 e -rA t I 

2 

+ I r B➔ n I 
~ I.I A ➔m I 

rA 

I a (2,1) 12 -r B t t e ± 

I. r* -

+ 

± 2Re I a (I,2) a* (2,1) rA➔ n 
(* ( m A ➔ m B ➔ m 

B ➔n r +r (m -m ) C 2 
A __ e_ + i __ B_ A 

2 11 

X e 

rA+ra .1
1 2 

2 2 

(13) 

(m A -mB) 2 
)exp[-i 

11 
c 1 1llx 

no onpeAeneHIIJO ~ 1·rA ➔ m 1:-rA .i lrB ➔m' .. rB • Bb1p8lK8Hlle, CTOR-

mee ·IlOA 3H8KOM cyMMbl B IIHTepcpepeHUIIOHHOM •meae, eCTb Mepa HeOpToro

HanbHOCTII cocToRH11i!. I A > ·11 1.B > ( CM. cpopMyny ( 11 ) ) • B 11acTHOCT11, 

ecnH Mb! per11cTp11pyeM pacceRHlle '18CTlllt A H B B CIICTeMe ueHTpa IIHep-

UIIII • ( a ( 1,2) ... r ( 8.) , a (2,l) •HIT - 8 > , rAe 8 -.yron pacceRHIIR), TO 

o!±> (tt ) - l.rA ➔ nl.2 Lr<8) 1.2 .. -rA t I + 

2 2 -r , 
+ Lr B .. n I : l,f (IT -,8 ) I. e B t t. ( 14) 

rA +rB ---2--t, i(m A -"n)c2 

+ 2e Re {r(8) r*(IT-:8) rA ➔ n r*B ➔ n <Al,B>exp[- . 11 · _11] 1 •. 

CTpyKTypa cpopMyn (13-14) He 38BIICIIT OT Toro, per11cTp11py10TCR ·n11 

pacnaAbl 'laCTHU A II B 11n11 IIX B3aHMOAei!.cTBIISI. l1a (14) cneAyeT, 'ITO 

AnR '1rnaa11TOlKA8CTB8HHblX' 'laCTIIU IIHTepcpepeHUHOHHbJe qneHbl oTnH'IHbl OT 

12 

HynR. HMeHHO T8Kll8 'laCTHUbl II T0nbKO TBKHe IIHTep<bep11py10T np11 IIX per11-

CTpau1111 OllHHM A8T8KTOpOM. 

. rAll ~ r 0 11· 
B npeAene, KOrAa m A - i --::---y-➔ m 8 - i 2 , Mb! nony11aeM 113-

2 C 2 C 

B8CTHYJO cpopMyny AnR C8'18HIIR pacceRHHR TOlKQ8CTB8HHbJX '18CT11u: 

< t.> d,}±> - '\ 2 • 
Qn (t) -dfi .. , ((0) I +lf(IT-8) I + 2Re £(0) (*(IT-0) 

3aM8THM, 'ITO C8'18H118 o6pa30B8HIIR 11n11 pacceRHIIR ABYX HeCTa611nbHblX 'lac-

TIIU A II ·n CBR3a110 ·c Ben11'111HaM11 Q 
n 

( I I ) IIPn,m(tl • I 2 

xapaKT8pll3YIOlllllMII B8pORTHOCTb per11cTp~u1111, npoCTblM COOTH0lll811118M: 

(+) - 00 • ~ ~ <+> ) 
a - - f dt 1 f d1 2 ,,;, ,,;, P - (1 1 ,1 2 · "' '6 0 .n m n,m 

• f d 11 I. 
0 n 

Q <±> ( t 
n t 

( 15) 

• I 'a 0,2) 1
2 

+ I a (2,1) 12 ± 2 l<AI B >1 2 
Re aO,2) a*(2,l) 

Ilp11 <BIA> ./0 
- 2 2 

BenH'IHHa a /. la 0,2) I + I a (2,l) I • 3TO 03-

H8'188T, qTo B cny'!ae o6pa30B8HIIR napbl H8CTa611nbHblX '18CTIIU C OAll118KO

BblMII coxpaHRJOlllllMIICSI KBBHTOBbJMII 'IHCnBMII IIHTepcj>epeHUIIOllllbli!. 'lneH OTn11-

'18H OT HynR npu n1060M cnoco6e per11cTpau1111. Ilp11 3T0M IlOHRTIIR H8TOlKACCT

B8HII0CTII II T0lKA8CTB8HH0CTII '18CTH_U, 0'18BIIAH0, He IIM8JOT ylKe Toro a6co

nJOTHOro 3H8'18HIIR, KBK B cny'Jae CT86HllbHblX '18CTIIU. • 

5. LlanbHei!.mee 06cylKAeH11e II np11Mepb1 

Ecn11 B peayllbTaTe 8KTa eaa11MOA8ilCTBHS1_06paayeTCR COCTORll118 (4), 

AnR eep0RTH0CTH pacnaAOB A .. n • B .. n 

6onee o6mee Bb1paJKeH11e: 
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0AHHM ACTCKT0pOM, Mb! nony'IHM 



ii P0 
• (t;) (t ) d I I 
On I 

rtte 

. :;c±> c I } .. ~ r, p <t.> c I 
n 1 m 0 , n,m 1 ' I 2 

2 ) I di 2 .. 

( 16) 
2 2 

!al+ 1/31 +2Re (<AIB>/3*a 

3tteCb 

a ,. a ( 1,2) I A .. n exp 
mA c2 rA 

[-(i--+-- lt,l 
t,. 2 

+ (17) 

+ F<±> ( 1,2) I 
BU B.,. n 

m c2 r 
exp [ - (i -

8
-- + --8-) t 
~ .2 l 

/3 .. F<±> 
AA 

· m c2 • r 
( 1,2) I exp [ - (j_j__ + _A_ ) t 

A ➔ n 11 2 l 
t. 

mB c2 rB 
-t_ a(2,1) IB ➔ n exp.(-(i -~--+ -

2
-) 1 1 ] 

3aMeTHM, 'ITO BblpalKeHHe (16) c y'leTOM COOTHOWeHHli (6) onHCblBa

eT BepOSITHOCTb peI"HCTpaUHH pacnattOB napbl KO KO OllHHM aeT:,.KTOpOM, 

PaHee HHTepqiepeHUHOHHbie SIBneHHSI_ npii peI"HCTpauHH napbl K° K
0 

OllHHM 

tteTeKTOpOM H3y'laiIHCb B pa6oTe 191• B 'laCTHOCTH, TaM 6bmO noKa3aHo, 

'ITO npu HapyweHHH CP-HHBapHaHTHOCTH, KOI"ll_a COCTOSIHHSI KL H K • 

B006We I"OBOpSI, HeOpTOI"OHanbHbl, BblpalKeHne llnSI BepOSITHOCTH peI"HCTpaUHH 

pacnallOB CHCTeMbl KL K • (06paay101UeliCS1, HanpHMep, B npouecce 

<f, .. K. K L ) coaeplKHT ocuunnupy10muli 'lneH, nponopuuoHanbHbili nenu

'IHHe HeopToronanbHOCTff < KL I K • >-· B nonHOM cooTneTCTBHH c qiopMyno11 

(13). nerKo BHAeTb, 'ITO B o6meM cnyqae o6paaonaHHSI napbl i-:° K0 cyM-

-Ma noKaaaHHli llByx c'leT'll!KOB,· He nKnIO'leHHbIX no cxeMe coanatteHHli, pac-

14 

nonolKeHHblX HS paBHblX paCCTOSIHHSIX OT TO'IKH pOlKlleHHSI napbl B KHHeMaTH-. 

'leCKH conpSllKeHHblX nanpanneHH.IIX, He coaeplKHT ocuunnupy10.mero HHTepq>e-

peHUHOHHOI"O qnena, ecnu COCTOSIHHSI KL H ,K • opToI"oHanbHbI, TTpu <~I t...>J.o 
ocuunnHpy10mull 'lnen nponop1monanen nenH'IHHe:. 

Re I < KL I k. > f~ ➔n f IC ➔n exp [ 
S L 

( ) c2 
mL-ma· •t,]le 

h 

r +r1, 

2 
tt 

TTpeanonOlKHM Tenepb, 'ITO tteTeKTOp peI"HCTpHpyeT Bee MOllbl pacnattoB 

'ISCTHU A H B • BepOSITHOCTb peI"HCTpSUHH B aTOM cny'lae, O'leBHllHO, 

nponopuHOHanbHa BenH'IHHe ~ Q <-t.> ( t ) , neI"KO BHtteTb, 'ITO BbipalKeHHe 
n n l 

ttnSI BepOSITHOCTH peI"HCTpaUHH cottepJKHT OCUHnnupy10mne. HHTepq>epeHUHOHHbl_e 

qneHb1, nuneliHble. H KBattpaTH'IHble no nenH'IHHe <A I B> • TTpu aToM: 

00 

J, ( ~ 
0 n 

Q • (i) ( t )) <! t l 
n l < /±> (1,2) 1 /t.> ( 1,2) > . (18) 

rtte I r/J <±} o,2> > BeKTOp COCTOSIHHSI (4), TTpH F AA•-F
88 

m-0 Mb! 

npHXO~HM K q>OpMyne (15). 

nepelitteM Tenepb K cny'la!O o6pa30BaHHSI nap KOpOTKOlKHBYDlHX HecTa-

6unbHblX 'ISCTHll (peaonancon) c OllHHSKOBblMH coxpaHHIOIUHMHCSI KBSHTOBbl

MH 'IHCnaMH. CocTOSIHIISI TSKHX 'ISCTHU, cornacno ( 11), ttOnlKHbl 6bITb Heop

TOI"OHSnbHbl, B §3 Mb! paCCMOTpen11 KOppenSIUIIII B pacnpetteneHHII aq>q>eKTHB

Hb!X Mace npottyKTOB pacnatta ·,A, B .. n · H A, B -+m • HalitteM Tenep& yKa

aanHoe pacnpetteneHHe npH peI"HCTpHpOBSHHII OAHIIM tteTeKTOpOM, LlnSI 8TOI"O 

HYlKHO npoCyMMIIPOBSTb q>opMyny (8) no BC8M MOttaM pac~atta A, B .. m 

C cyMMapHblM HMnynbCOM 
.. 
p2 H npOIIHTeI"pllpOBSTb no aq>q>eKTIIBHbIM Mac-

caM M 2 , HHi"eI"pllpOBSHHe II cyMMHPOBaHHe IIHTepq>epeHUHOHHOI"O 'lnena 

B q>OpMYne (8) ttaeT: 

I 00 fB ➔ m l*A-+ m d M2 ~ f B ➔ m f * 
~ T,;""'l m A-+ m -· m 

(M2 -ma+;---!_) (M2 - m A - i--A-) 
f'A+ra 

2 2 2 
+i(m 8 -mA) 
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B peaynbTaTe MbI nony'IHM: 

d w<t>. 
n 

!, 
m 

.. 2 <±> 
f d W dMn •· 6 n.m • 

J:f A ➔ n 12 1.a 
.. .. 2 2 .. .. 2 . 

( Pi • p 2 ) I I fB ➔ n,. I a (p2 • Pi 
+ · 'i;. (19) 

277 2 rA 2 rB 
(Ml -mA) +-4-' (Ml -mB ) + -4--· 

-~ ➔ ➔ ➔ 

+ 2Re (<A!:B> fA ➔ n fi'J ➔ n 
a (pl •P2·) a*(P2•.P1 

r > I dM1 

-mB-i_B_) rA 
i M1 -mA + i--H M1 2 2 

TTpu <A I B>,{O cnexTp s4JqieKTHBHblX Mace (19) He CB0AHTCSI K cyMMe iwyx 

6peiiT-BUI'Hep0BCKHX 'lneH0B. B cny!Iae o6paaoBaHUSI .nap pe30H8HCOB AA , 

BB H AB UHTerpnpoBaHue H CyMMUp0BaHHe 4>opMynb1 (10) npuB0AHT K 

cnei:ty10meMy BbIpaJKeuu10 i:tnsi cnexTpa s4iilieKTHBHbIX Mace npoi:tyKT0B pacna

i:ta A, B .. n 

ri:te 

.. <+> 
d W -

n 

00 2 • d:) ) . 
,.!, fdW· 'dM • 

m O n,m 2 

.. [Jil 2
+lrl

2 
+2Re(<AIB>.y*x)] rn, 

X •·-a( p
1 • p 2 ) f A➔n ~--...,.,..-,. • ) f B ) F <±> ( P 'p 2 B➔n _ +i -----,-,--- ,+ BB I (Ml mB 2 

i--A-: 
2 

(Ml-mA+ 

(20) 
<+> .. .. • . .. .. 

Y • F - (p ,p ) f --------+ a(p ,p )f 
AA l 2 A➔n r 2 l B ➔n r 

(M -m + i -A-,) (M -m + i --I!..,) 
l A 2 l B 2 

ct>opMyna (20) OilHCb!BaeT, B 'laCTH0CTH, pacnpei:tene1111e sqiqieKTHBHbIX 

Mace ABYX a - 'laCTHU B pea KUH SIX C o6paaoBaHueM ABYX Boa6yJKA8HHb!X 
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C0CT0S!Hllii su:18p nc*8 
· 1 H Be*28 c sneprusiMu 16,6 H 16,9 MsB x), TTp11-

MepoM Mor 6b1 cnyJKHTb eme ne 11ccnei:toBaUHb1ii npouecc a + c. 12 .. 2 Be *8 .. 4a • 

B SToii pe~KUHH o6paayeTCH nHueiiuan xoM6nuauHH nap f<I,, *8 
t 

Be * 8 
l 

Be* 8 Be* 8 Be* 8 Be* 8 

2 2 l 2 
C CYMM8pllblM 1!30T0JT11'18CKHM Cill!H0M, 

paBHblM nyn10. nocxonbKY yp0BHH Bei*s H Be* 8 
2 

06riana10T 0AHHaKO-

Bb!MH CilHHaMH H '18TH0CTHMH (2+). a HX WHpHllbl cpaBHIIMbl 'e. pa3H0CTbJO 

sueprHii, na qiopMynbI (II ) cnenyeT, 'IT0 CTeneub 11eopToro11anbuocTH 

l<ne;8 I Be!i
8 >1·- I II s4iilieKT oTxnoaeunn crreKTpa sqiilieKTHBlll':lX 

Mace OT 6peiiT-BHI'llepoBCKOii qiopMbl A0nlKeH 6b!Tb 3!18'1HTenb!lbIM. 
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Pyxonucb nocTynuna B uanaTelibCKHii 0Ti:ten 

11 11osi6pn 1968 rona, 

x)Yp'oBHH Bei8 H Be*/ npencTaBnSIJOT co6oii cynepn03HUHH C0CT0SI-
HHA C H30T0ilH'l8CKHMH cnuHaMH OH 1; TeopeTH'l8CK0MY H 3KCil8PUM8HT8libHO-
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