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Abstr a .ct 

0 
The formulae usually used for K regeneration on nuclei with spin 

J >-. 1 a re changed due to spin dependerce of the for-Nard scattering a m
litude . The definition of necessary quantities is given in ( 1) - ( 6). Spin 
dependence exists in the amplitudes R in ( 4), p in ( 6) and a.lso in A 1 
u.nd A 2 in ( 3) - ( 5) . The spin dependence of the forward s cattering mat
rix for nuclei with spins 1 and 3 / 2, 2 and 5/ 2, 3 and 7/ 2 is given in 
( 7) - ( 9), The a..mplitude f in ( 3 )and ( 6) is given b y ( 10). With the 
account of expansion ( 11) for the spin dens ity matrix w e obtain ( 12) -
( 14) for the a bovementio ned values of nuclear spins. The express ion for 
the total cross sections of interaction with aligned nuclei h aving spins 
3 a nd 7/ 2 is given in ( 16). Interference experiments a fter the regenera
ti :m on aligned targerts is considered in the second section of this paper. 
The amplitudes are g iven in ( 18) and ( 1 9) . The expression for the two
pion decay are g iven in ( 17), ( 20) and ( 21). The change of the reg ene
ration amplitude phase ¢ p on aligned targets makes it possible to change 
the c~racter of intereference. The dependence of prob:~.bilities on 

t 
2 

=< T > ( 22 ) can have an extremum in which, as it follows from ( 23) , 
the amplitudes of strong and weak K 

0 
interactions become related. Expres

sions· ( 26) a nd ( 27) g ive the generalization of the obtained formulae for 
th e case of nuclear spins equal to 3 and 7/2 . Th].dgtter value of spin 
is especially interesting because it is equal to Ho spin with the help 
of which targets with a noticeable degree of a lignment were obtained a t 
v 0.rious laboratories. Even in the absence of the a ligned ta r get the exis. 
tence of the amplitudes B, c ... in ( 12) - ( 14) chang es general formula e for 
regeneration. For nuclei with spins 1 and 3/ 2 we obtain ( 28) a nd ( 29) . 
These expressions are extended to ( 30) a nd ( 31) in the case of t""'- 0. 
The genera lization for th2 casr3rf nuclei having higher spins is o6vious. 
The Kobzarev- Okun experiment w ith two plates of different substa nces 
can be perfo!"med w ith plates of the same s ubs ta nce, but it is necessary 
t o have, at least, one a ligned plate. The change of the degree of alignment 
ma.kes it possible to change smoothly the regeneration properties of tar-
gets. The required formula e a re given in ( 3 2) and ( 33). 

0 
Besides the weak interactions the study of spin effects in K reg~ 

nera tion is u seful for the investigation of sp in depe ndence of s trong inte
r .=<c tio n o f K- mesons \\1itl1 nuclei. 



BaeneHHe 

YfccnenOB8HHe CITHHOBbiX a<jxpeKTOB B CHrrhHbiX, arreKTpOMBrHHTHblX H Crr86biX 

B38HMO!l8fiCTBH~X OK838ITOCb BeCbM8 ITITOilOTBOpHbiM M8TO!lOM H3yqeHH~ KBK Mexa

HH3M8 pa3nHqHbiX rrpoueCCOB MeJKilY qaCTHUBMH H Hllp8MH , TBK H 06HapyJKeHH~ H 

HCCIT81lOB8HH~ pa3rrHqHbiX CHMMeTpHl! B38HMO!lel!CTBH~. 

K O - M830HOB, KBK H3BeCTHO, rrpHBOAHT K B03MOJK-

HOCTH HCCrrellOBBHH~ pa3nHqHbiX TOHKHX BOITpOCOB, OTHOC~WHXCH KBK K cPH3HKe 

pacnana K O - Me30HOB, TBK H K CHIThHbiM B38HMO!lel!CTBHHM K 
0 

- Me30HOB. 

Pa3BHTHe TexHHKH rron~pH30B8HHbiX MHWeHefi no3aon~eT paccMoTpeTb aorrpoc 

o pereHepauHH K0 
- Me3oHoB Ha non~pH30BaHHOM pereHepaTope. 

Ill 
KaK OTMeTHrr eme B caoel! pa6oTe M.fya , o6bJqHbie <!>opMyrrbi ocTaiOTCH 

cnpaaenrrHBbiMH npH pereHep8UHH HB H!lpax CIT HH8 0 H 1/2 

B cnyqae , Korna cnHH ~nep J paaeH (H npeBhlwaeT) , CITHHOBBH 38BH -

CHMOCTb coxpaH~eTc~ nn~ pacce~HH~ 6eccrrHHOBbiX qacTHU anepea. 

H8CKOITbKO ycrrOJKHHeT 8H8ITH3 ITO Cp8BHeHHIO C J = 0,1/2 H, B TO JKe BpeMH, 

IT03BOrr~eT H86IT!Oil8Tb HOBbie a<!>c!JeKTbi , paCCMOTpeHHIO KOTOpbiX ITOCBHWeHa H8CTO

~W8~ pa6oTa . noK838HO, KBK MeH~IOTC~ 06wHe <!>opMyiTbl KOrepeHTHOl! H AHtPpBKUH

/2/ 
OHHOI1 pereHepauHH Ha ~apax c J "> I. PaccMOTpeHbi HHTep<!>epeHUHOHHbie onbiTbi 

13; 
Ha BbiCTpoeHHOfi MHWeHH. 06cy>KnaeTc~ aKcnepHMeHT Ko63apeaa-0KyH~ B cny -

qae, KOrna OllHB H3 ITITBCTHH ITOrrHpH30B8H8 TBKHM 06p830M, qTQ BbiCTpOeHHOCTb 

oTnHqHa OT Hyn~. HeKOTOpbie 3aMeqaHH~ OTHOC~TCH K B03MO>KHOCTH Ha6n10neHHH 

ac!JcpeKTOB 3 IT8KTpOM8rHHTHOl! pereHep8UHH /4/ 
Me30HOB 

UHH 

MO>KIIO BbiCK838Tb HB!le>Kny, qTO H3yqeHHe CITHHOBbiX acflc!JeKTOB B pereHepa

K 
0 

- Me30HOB oKa>KeTcH rrone3HbiM nnH u e noro pHna 3BJlaq, a caMH aTH 

HCCIT8!lOB8HH~ 38fiMyT H8KOTOpOe MeCTO B ITI18H8X na6opaTopwfi, pacnonara10wHx 

non~pH30B8HHbiMH MHUieHHMH (CO CITHHOM j > ) • 

3 



AMilllHTyna pereHepauHH 

/ 5 / / 1/ 
I. KaK noKa3 allH anepBbie Keli3 H M.fyyn , BllHHHHe aewecTBa Ha ny'!OK 

HeRTPBilhHbiX K - Me30HOB ( C HMilYilhCOM k ) llPHBOJlHT K TOMY, 'ITO BHYTPH 

o -o 
aewecTBa cocTOHHHHMH K H K , pacnanaiOWHMHCH no npoC T biM aKcnoHe HTaM , 

I . 0 , . 0 ( 
HB/lHIOTCH He COCTOS!HHH K > H K > B BBKyyMe), a 

S L 

.K I I .K o I ·x o > ~ > - · R > 
S S L 

(I a ) 

H 

IK'> -I KL>+RIK
0 

>, 
L 8 

(I 6) 

rne npeHe6peraeTCSI '!lleHaMH, KBanpaTH'!HbiMH no R , a caMo 

irrNA(f-f) (2) 
R • 

3nech 

DIS-mL 

"~ rs -TL 

Ills • m L - MBCCbl COCTOHHHI% 

k(-
1
-+ijt) 

2 

A- ( 1 _ v 2 ) -1/2 

0 

I K 8 > L 
.K > 

H 

-I 

< r 8 ~r L > v 

r 
B rL • a H - nonHbie 

WHPHHbl p8Cll8Jl8 COOTBeTCTBYIOWHX COCTOHHHI%; V - CKOOOCTb K O- Me:.lnknR n'l' -

r .. -3r • 
HOCHTellhHO sewecTsa. TaK KaK L = ·1,5 10 8 , To A .. cpenHel!: 

nnHHe pacnana KopoTKOJKHBymHx K 0 
- Me3oHoB B semecTBe. 

o -o 
- aMnnHTY!Ibi ynpyroro pacceSIHHH snepen K H K , BenH'IHHbi H 

3 
cooTBeTCTBeHHo, c HnpaMH, N - '!Hcno Hnep B eM • 

0 
PaccMoTpHM nyt~oK K , KOTOpbiR yJKe npowen B BaKyyMe 3HB'IHTenhHoe apeMH 

>>A . KoMnoHeHTa K 
0 

yJKe pacnanach , H nyt~oK conepJKHT K 
0 

- Me3oHbi. 
8 L 

nycTb TaKoll ny'IOK npoxonHT t~epe3 nnacTHHY aewecTaa. BonHOBBS! ljlyHKUHS! K0 
- Me-

30HOB /lOC/le npOXOlKJlCHHH paCCTOS!HHH 

-1/1 
Le(1-v 2 ) vl 

161 
B BeWeCTBe naeTCH ( CM,, HBilpHMep, ) 

-.\ l _(.\1-.\2 l 

.P - e 
1 I I :K 

0 
> + R [1 - e 

L 

f 
1IK:>I (3) 
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r.ne 
1 

>. = -- r· + i m' 
I 2 >. 

2 r· + i m' 
2 .L L 

LlaJKe B oTcyTCTBHe CPT - HHBapHaHTHOCTH 

>. +.\ 
I 

=-
1
-tr +r )+i(m +m )-

2 S L S L 

npH e e c npaBe .QITHBOCTH 

>. ->. =1[-
1-(r -r )+ i(m

8
-m )) 2 

I 2 2 S L L 

Lln H .nanb He Awero BBe.neM 

2 rr N v 

{1-v2)k2 

(f + f ) . (4) 

(5) 

(6) 

2. CnHHOBaH 38BHCHMOCTb KorepeHTHoA pereHepauHH CBH3 aHa c aaa~CHMOCTbiD 
OT CITHH8 8 MITITHTY.ll pac ceHHHH 

H f • KaK HaaecTHo, 3BBHCHMOCTb oT cnHHa 

.QITH p acceHHHH BITepe.Q OTCyTCTByeT KBK .QITH 6eCCITHHOBbiX H.Oep, TBK H .QITR H.Qep 

CO CITHHOM 1/2. 

Lln H H.Qep CO CITHHOM ] ~ 1 38BHCHMOCTb 8MITITHTY.Qbl p 8CCeRHHR OT C ITHH8 

OCTaeTCH H .QITH pacceHHHH Bn e pen. TaK, CITHHOBBH CTpyKTy p a MBTPHUbl ynpyroro 

pacce HHHH K O H K O - Me30HOB HB H.Qpax CITHH8 1 H 3 / 2 HMeeT BH.Q 

r.n e 

HOD, 

T 20 

M ( k, k ) = A' + B 
( 7) 

.. .. 
S - CITHH H.Opa, k - e.QHHH'IHb!li BeKTOp H811p8BITeHHH na.Q8IDU!HX K- Meao-
A, B - 8MITITHTY.llhl pacceHHH: 

v'2 
- HenpHBO.OHMbiH TeHaop, HOpMHpOB8HHblH TBK, 'ITO 

+ LM LM 
SpT T =(2]+1). 

06o3 HB'IHM nnH nan h Heliwero cpenHee 3HaqeHHe 

= < T 20 > . 

LlnH pacCeRHHR 6eCCITHHOBbiX '18CTHU HB H.Qp8X CO CITHHBMH 2 H 5/2 
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M ( k, k) ~ A + B T 
20 + C T 

40 

(8) 

IIIT H CIIHHOB 3 H 7/2 

~ ~ eo 
M (k , k ) c A + B T 20 + C T 40 + D T 

(9) 

B o6meM c nyqae pacceHHHH 6eccrrHHOBhiX 'ISCTHU Ha Hnpax npoH3BOIIhHoro 

CIIHH8 Tpe60B8HHH COXp8H8HHH 

171 
p - '!eTHOCTH B CHIIhHblX B38HMOII8HCTBHHX llpHBO-

-+ 

IIHT K TO My , 'ITO B p83ITOlK8HHe M ( k , k ) BXOIIHT ITHWh CIIHH - T8H30phl 

'!eTHOI'O IIOpHIIK8 
LO x / · -

T , rrpH'Ii!!M L max = 2 J , ecnH CIIHH Hnpa J - ue-

n h ili, H L max 2 J- 1, ecnH J - n onyuenhili. 

rne 

-+ 

AMrtnHTYIIhi H CBH38Hbl C M(k,k) 

p s 

f ESp (M{k,k )p
8 

), 

171 
- rronHpH38UHOHHaH MaTpHua rrnoTHOCTH. Ee MOlKHO 

BHTh p831IO)f(8HHOli 110 T8H30p8M 
TLM 

p s 
-I 

(2 J + 1 ) 
2 J K 

k k 

K=O M=-K 

113 ( 7), ( J0) H ( II) 

+ 
< T KM > T KM 

f c A + B < T
20 

> • A + B t 
2 

H 8 H81IOI'H'IHO IIIT H 

f=A+Bt 2 

( 10) 

TSKlf<e rrpencTa-

(II) 

( 12a) 

( 126) 

x/ K o 
l1ccnenOB8 HHe pere HepaUHH - M 830HOB H8 Bb!CTpOeHHblX MHW8HHX 

MOlK8T 6b!T h H C II01Ih30B8HO IIIIH 3K<;:rrepHM8HT81IhHOli• rrposepKH 3 TOJ'O y TB8plKII8 HHH, 

a, CII81IOB8TE!llhHO, H p - 'leTHOCTH B38HMOII8HCTBIIH, COXp8HHIOUIHX C Tp8HHOCTb . 
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DnH Haep co crrHHSMH 2 H 5/2 (t • < T 40 >') . 4 

f • A +: 8 t 
2 

+ C t 
4 

f • A +· 8 t 
1 

+· C t 
4 

H QnH CllHHOB 3 H 7/ 2 ( t 

f • . A + B t 
2 

+ C t 
4 

+· D t 
8 

+Ct+Dt 
4 

( 13) 

( 14) 

0 
3. nonHbie Ce'!eHHSI B38HMoaeAcTBHSI K - Me3 0HOB c stnpaMH 38BHCSIT OT cpen-

Hero 3HB'!eHHSI orrepaTopOB T LO H (eM. ( JO) H ( J4)) nnH } = 3, 7/2 HMe-

lOT Blln 

C1 a C1 + 
ll>t Oll>t 

(1 +t (1 +t (1 
I tot 4 2tot 8 !tot ( 15) 

Dnst J = 2, 5 / 2 rronyqaeTcst Bbipal!<eHHe, aHa norHqaoe (15) c (1 0, nnst 
3 tot J I, 3 / 2 o6pamaeTcst o6pamaeTcst B HYIIb H (1 

2 tot 
B COOTBeTCTBIIH C OllTH'!eCKOA TeopeMoJ;! 

k k Im A - (1 lm C E (1 

4" Otot 
4" 2 tot 

lm B 
k k E (1 lm D E (1 

4" 1 tot 
4" Stot 

( 16) 

npH 113MepeHIISIX C HeiiOIISipH30B8HHOJ;! MHmeHbiO OIIpenenHeTCH 
(1 

0 tot 
K - Me30HOB (II npyrHx 6eCCiliiHOBbiX '!8CTHU) C BbiCTpo-

. nonHbie 

C e '!eHHH B38HMoneACTBHH 

eaaoA MHllleHhiO (cHHHa 3, 7/2 )naiOTCH (15). B enH'!HHbi 
(1 I tot ' u ·2 tot • (1 · 

3tot 
MoryT 6b!Th II IIOnOl!<HTenhHbiMH H OTpiiUSTenhHblMH. 

npHMoe H3MepeHHe (1 

1,2,3 tot ao CHX rrop He rrposonHnoch. Oao rrpencTaB-

7 



/1SI8T 38M8THblH HHTepec l!/151 cjlH3HKH Hnpa, T.K. ero CYlU8CTBOBAHH8 CB5l38HO C KpaT

HbiMH CT0/1KHOB8HH51MH ( BHyTpH Hnpa ) H C B03MOlKHblMH MHOr0'!8CTH'-IHbiMH CH/lBMH . 

0cTaHOBHMC51 Ha Hnpax cnuHa I, 3/2. DnH HHX a · = C1 = 0 HO 
3 tet ' 2 let 

a · .; 0 DnH TaKort cna6ocBH3B HHOti cucTeMbi , KBK nertTpoH, B o6nacTH 
I let 

npHM8HHMOCTH HM!lYilbCHOrO npH611HlK8HH51, KOrna BM!l/lHTyna p8CC851HH5! (Bnepen) H8 

Hnpe paBHa cyMMe aMnnuTyn pacceHHH51 Ha HYKilOHax, a 1 tot =0 . 0Ti1H'-!He v 
, te; 81 

oT HY/151 noHB/lHeTC51 nuwb npu yqeTe nepepacceHHH51. KaK noKaaan HenaBHO UepeH , 

B TOM lKe !1pH611HlK8HHH, B KOTOpOM 6bi/18 !10/lY'-!eHa !lO!lpBBKB fnay6epa K (1 

0 tot 

B03H HK88T H OT/lli'-11'18 OT HY/151 a I tot B enH'-IHHa a 1 to t OK838118Cb B8CbM8 '-IYBCT -

BHTenbHoii K noaeneHHIO BOilHOBoii cjlyHKUHH neiiTpoHa H a MBilbiX paccT051 HH51X. B npu-

6nulKeHHH rnay6epa (npH BblCOKHX 3HeprHHX) a I (1 He npeBb!W88T 10%. 
!lot 0 tot 

C TO'-IKH apeHH51 pereHepauuu K 
0 

- Me3oHoB, 6cJnbworo 3cjlcjleKTa Moli<Ho OlKHUBTb 

HB npyrHX, 6on ee KOMnBKTHblX 51npax C nHHB J = I H (Hill'!) BllB/11'1 OT o6nacTeil 

npHMeHHMOCTH HMnynbCHOrO npH611HlK8HH51. 

B HacToHwee apeM51 coanaHbi HeCKOilbKO MHllleHeii c non51puaoaaH H biM 
18

1cio , 

cnuH KoToporo paBeH 7/2. nonHpH38UH51 3Toro 51npa nocTuraeT 50 -60%. B btcTpo

x/ 
8HHOCTb 11p51MO He H 3M8p51118Cb, HO, COr/18CHO Bhl'-IH C /1 8HH51M , OH8 llOCTHr88T 3Q% • 

npHHliH!ll'IB/lbHb!X TPYllHOCTeii B nocTHlK8HH H 6onee Bb!COKOA CTeneHH Bb!CTpoeHHOCTH 

He Bl'lllHOo 

TaK lKe, KBK u npu npoaeneHHH onbtTOB no pereHepauuu Ha 51npax co cnuHaM H 

0 H 1/2, 3KCnepHM8HTbt no pereHepauu u Ha Hnpax co cnH HBMH J ~ 1 B paMKBX 

H30TO!lH'!eCKOH IIHB8pH8HTHOCTH llQ/l)I{Hb! 6biTb ll0!1011H8Hbl O!lb!T8MH no H3MepeHHIO 

ceqeHHii B38HM0ll8HCTBIISI C Bb!CTpOeHHOii MHWeHbiO ll/151 38p51lK8HHblX K - Me30HOB. 

KorepeHTHBH pereHepaunH Ha BbiCTpoeHHoif MHmeHH 

I. 0cTaHoBHMC51 BHa'!an e Ha 51Upax J = I, 3/2. C'!HT851, 'ITO MHW8HH 

H3 51llep C HeM8/lb!M 3H8'18HHeM a 
I tot 

H t2 MOryT 6b!Tb C03ll8Hbl, Mbl 

paccMoTpHM HH)I{e HHTepcjlepeHUHIO B • K -+ 2 rr pacnane nocne npoxo)l{neHH51 nyq-

0 
KOM K -M830HOB !10115!pH38 UHOHHOrO pereHepaTopa C t 

2 
f 0 . 

x/ 
AaTop 6naronapeH B.M.nymuKoBy, E.C.HeraHoay u <!>.n. W anupo a a 

o6cy)l{neHH e 3 Toro aonpoca . 
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BbtpalKeHHe ans1 cxopocTH pacnaaa K 0 
.. ,. + ,-, qepea c-o6cTsennoe speMSI 

nocne OpoXOlt(JleHHSI MHWeHH HMeeT H3BeCTHbil! BHJl 

I+ _ , (r) • F I ;). 2 t 12 I p ; 11.1 S r + 'I+ - ; '1M L r I i 
( 17) 

rae 

(If + .. -I T JC 1- ) 1¢+-
"+--1"+-1 e 

(,.+II' -I T g s ) 

OT cTeneaH BhiCTpoeaaocTH 
t 2 B (17), KSK BHJlHO H3 (4)-(6), 38BHCSIT BenH-

'IHHbi p 
H ). 2 • npeJlCTSBnSISI C OOMOIUhiO ( 12) f + f 

p c p (t 2) c p 0 + 2 pI 

i~rNA (A-A) 

k(-
1
-+ip.) 

P ·I P 
1 1 

2 
H, B npeHe6pelKeHHH KB8Jlp8TH'!HblMH 'IJleHaMH, 

NL 
(>,• +). lf=r f +--(u 

2 2 L 2 +a 
0 tot 0 tot 

) + t 

9 

2 

NL 

2 

. 1</> 1 
e 

B BHJle 

( 18) 

k ( -
1
- +ill)( 19) 

2 

( 20) 



TaK KaK u · H 
1 tot u 1 tet He S!BiiHIOTCS! nonO>KHTe nbHO o npelleneHHblMH 

BeilH'iHH8MH, K03qxpHUHeHT b 
I 

B ( 20) M O >Ke T 6 b !Tb H 6 0iibUJe II M e Hbllie H Y ilH . 

C nOMOIUbiO ( 18)-(20) llOily'iaeM H 3 ( 17) 

I (r,t) r 
b t 

<+->el2 2 - rS r 2 - r L r 
IIi> +t PI e +117 I e +- 2 s 0 2 I +· _ 

rlle 

+21~ liP +t P + _ , 0 2 I 

--i-<rL+~,, 
e cosxlm 

b t 
I 2 

= r (+ _ , ) e 
s I I P + t P I 

0 2 I 

2 _rs r 
e 2 

+ 117 I +-

_ r L r 
e 

I 

-2<rL+~'' 
+2117 le [lp lcosx +tIP lrosx ll, +·- 0 0 2 I I 

x= rp -rp +(m -m )r 
p + - · L S 

)( o = rp o - rp + - +· ( m L- m s ) r 

)( =rp -4> +(m -m )r, 
I I +- L S 

a r (+-)- IUHpHHa p8Cll8ll8 K 
0 

-+ "+"- . s s 

+ 

+ 

( 21) 

2, KaK BHllHO H3 (21), BO BpeMeHHciM 38BHCHMOCTH BepOS!THOCTH pacnalla no 

cpaaHeHHIO CO cny'iaeM HenonHpH30B8HHOA MHllieHH llOS!BiiSIIOTCS! llOllOiiHHTe nbHhle 

OCUHililHUHH. BpeMH 38 MHIUeHbiO, npH KOTOpOM HHTe p<jlepeHUHH H8H6onee 3 8Me TH8
1 

r :; r -I 2 In I pI 'I I 
R S + - · 

CMeiUaeTCH llpH t 2 " 0 ( H p I " 0 ) no Cp8BHeHI!IO C TeM, 'iTO llOiiY'iBeTCS! 

B 3KCnepHMeHTe H8 MHIUeHH C t 2 = 0 J.13MeHeHHe QJ83b! rp MO>KeT H3Me HHTb 
p 

aecb xapaKTep HHTep¢epeHuHA, CllenaTb ee 6onee OT'i~TnHBOM (nnn, Hao6opoT, " c Ma-

a aTb", lliiSI 'iero He Tpe6yeTCS! nOnHpH30BBHHOA MHWeHH), 

10 
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I 
I 

3. i1HTepecyHCb 388HCHMOCTbiO I+-· OT t
2 

• 11pellCTB8HM ( 21) 8 8Hile 

b 1 
1

2 2 2 2 
+ _( r, t 2 ) • r 

8 
( + - ) e ( X + Y t + Z t 

2 

) , 

( 22a) 

rae 

X "' I Po I 
2 r 2 

+I" I +-

-rL, 
e +21'1 liP I 

+- 0 cosx 
0 

y "'21 p 
I 
Ill P 

0 
I cos(¢>-</> 

0 I 

- rs r 
> e +I 'I I 

+-

(226) 

cos x I 
I 

H 

2 

Z a I p 
I 

8 (22a) OCTBeTCH UHWb 

2 
I ( r , 0 ) • r s ( + -·) X + - · 

HoBBS! HHijJopMBUHH COilepJKHTCH 8 8eUH'JHHBX y , Z 2 llml H3MepeHHH KOTO-

pb!X aeo6xonHMbl OUbiTbt npH paanH'IHb!X aaaqeHHHx t 
2 

• BenH'IHHbi X 1 , Y k 

Z 

2 

110-pB3HOMy 3B8HCHT OT Bpe MeHH ( PBCCTOHHHH) nocne MHWeHH. EcnH .X 2 K8K 

ljJyHKUHH r HMeeT KOpOTKOJKH8YWYIO, llOUrOJKH8YUlYIO H HHTepljJepeHUHOHHYIO KOMI10ReH

Tbl1 TO ljJyHKUHH y He HMeeT llOUrOJKHBymel! KOMI10HeHTb!; 8 Z 2 X8p8KTepuaye'tcH 

OllHOil KOpOTKOJKH8ymel! KOMUOHeHTOl!. 

4 . 0TMeTHM eme O.QHy B03MOJKHOCTb H3y'JeHHH pereaepaUHH 11pH .p83UH'JHbiJI! 

3H8'JeHHHX t S • 

fipH ll8HROM r (paCCTOHHHH 38 MHWeHbiO) HHTepeceao paCCMOTpeTh 38B~ 
CHMOCTb I + - · ( r , 

) oT t 2 • B aexoTopbiX cny'IaHx s a aBHCHMocTH 

t 2 MOJKeT H86UIOil8TbCH 3KCTpeMyM, 8 KOTOpOM OK83biB810TCH C BH38HHblMH 8eUH'JHHblo 

xapaxTepH3YJOntHe 838HMoneilcTsHe H pacnaa X 0 - Meaoao8. 

YcnOBHe 3KCTpeMyMa ( 22), KBK ljJyHKUHH t 2 , 11pHBOilHT K K8BilpBTH'IHOMy ypa8-
HeHHIO 

ua KOpHeil KOToporo ( I ·t 
2 

I ~ 1 ) 

t 1, 2 

2 

-(b Y-2Z
2

) + y(b Y-2Z 2 
) 2 -4Z 2 b (b X 2 - Y) 

I - I I I 

II 

( 23) 

(24) 



~H3H~ecKHA HHTepec rrpeacTaBn~~T TOnhKO aeAc TBHTenhHbie 3Ha~eHH~. CneaoBa-

TenhHO, an~ cymeCTBOB8HHH BKCTpeMyMa aon.HO BhliTOnH~TbCH 

2 2 4 2 2 
b

1
Y +4Z -4Z b 1 X >0. 

( 25) 

TaK KBK ~YHKUHH X 2 'y H 
2 

Z ITO-p83HOMY 38BHC~T OT BpeMeHH '• MOT'YT 

ITOH8a06HTbC~ OITb!Tbl H8 p83nH~HbiX p8CCTO~HH~X 38 MHWeHb~. npH b : 0 
I Y P 71+ _ , - 1- r r 

- t = --- = I ~I cos ( X - X ) + I --- I cos x e 2 s 
2 2 z2 PI o 1 p 1 1 

5, lJO-p83HOMY MO*HO noaoiiTH K nony~aeMOH B OITbiT8X C BbiCTpOeHHOH MH-

weHb~ HOBOH HH~OpM8UHH, noc KOnhKY ITpH p O 'f p 
1 

, 
BpeMeHH8H 38BHCHMOCTb 

pacnaaoB ( aa.e npH ~HKCHpOB/lHHOM ,3H8~eHHH t ) 6yaeT coaep•aTb (cornacHo 
2 

(21)) aBB OCUHnnHpyJOmHX cnaraeMbiX, H3y~eHHe HHTep!jlepeHUHH H8 BbiCTpOeHHOH MH

WeHH MO.eT ITOMO~b 6onee TO~HOMY orrpeaeneHHIO !jla3 bl </J+-, H BenH4HHbl (mL-m
5

), 

XoT~ p O H pI ( BMec Te C HX !jla3aMH) MOT'YT 6biTb onpeneneHbl B OTnenb-

x / 
HbiX OITbiT8X 0 He CB~38HHbiX CO cna6biMH B38HMoneACTBH~MH , H3MepeHHe KOPOT-

KO*HBymeA KOMITOHeHTbl ("' exp [- r S r ] ) H8 BbiCTpoeHHOM MHWeHH IT03BOnHeT 

He3 8BHCHMO BOCCT8HOBHTb MonynH Po H p I H cos ( ¢ -¢ ) . 
0 1 0 

K - Me-npH H3 BeC THbiX I 11 I. ¢7) H m L - m
5 

Hccn e aoBaHHe pereHepauHH 

3 0HOB H8 BhlCTpoeHHOH MHWeHH MO.eT npeaCT8BHTb HHTe pec H an~ ~H3HKH CHnb

HhlX B 3 aHMoaeAcTBHA. TaKHM o6pa30M, Mo•Ho rrony~HTh aaHHwe o IP I H ¢ 
I I 

(He roBop~ y•e o I p I H 
(I ¢0 ) , ~TO MO.eT npea c TaBnHTb HHTepec OCO-

6 eHHO B TeX cny~B~X, KOT'aa np~Mhle H3MepeHH~ 38TpyaHeHhl, 

KpoMe Toro, c orrocTaBneHHe p (H p1 ), nony~eHHbiX H3 pereHepauH-

OHHhlX OIThlTOB H H3 HCcneaoB8HH~ CHnbHhlX B38HMoaeACTBHH, IT03BOnHeT noaoATH K 

H 3 y4eHHIO a neKTpOMBT'HHTHbiX ~eKTOB B pereHepaUHH, KOTOp b l e ITO OUeHKe 3enb-

/ 4 / 
aOBH~8 , MOT'YT aOCTHT'BTb B 8MITnHT y ae 10%. 

6. YTo6bi npocneaHTb 3 a TeM, KaK ycno•H~JOTC ~ nony4 e HH bie B b iWe Bbipa•eHH~ 

anH Bepo~THOCTH K 
0 

-+ 2 rr pacnaaa npH pereHepaUHH Ha BbiCTpoeHHbiX MHWeHHx 

6&nbWOT'O C ITHH8 0 OCT8HOBHMC~ H8 cny~ae pereHepaUHH Ha BhlCTpOeHHhlX ~apax CITHHB 

3 H 7/ 2 TeM 6onee, ~To nocneaHee 3Ha~eHHe c oBnaaaeT c o C ITHHOM Holes 

xl 
l13MepeHHe nonHbiX ce~eHHA B38HMoaeAcTBH~ 3apH•eHHbiX K - Me30HOB c 

Bb!CTpOeHHOH MHWeHhiO ,:t8eT BenH~HHbl b j H j m p 
1 

• 

12 



npH OTilH'IHbiX OT HYilH 
2 ' 4 H t e c IlOMO!IlbJO ( 14) nonyqaeM 

p=p(t2 ,t 
e ) = P o + · P 1 t + P 2 t 4 + P 3 t 

(26) 

If CKOpOCTb pacnaaa Ha IT+ IT- · B TOll lK6 IIOCTaHOBKe 3KCII6pHM6HTa, 'ITO H IIp6lKJl6 

( IIOnHplfSOBaHHaH MHW6Hb B IIY'!Ke K O- M630HOB) 
1 

-b t -b t - b I 2 I ( ) - r \. + - ·) e I 2 2 4 3 e I m I • +- r,t2,t4,te s 
(27) 

rae b JlaHo B ( 20) 
1 

a 
I 

NL 
b =---(u· + u 2 2 tot 2 tot 

NL 
b =--(u +u 

' 2 3 tet 3 let (27a) 

H 

-f'L r 2 - r r 
I in 1

2 
a I ~ 1

2 
e + I pI e s + 2 I ~II PI 

_ _!_ ,r +f'1r 
e 2 s I.: cos X = 

r 2 - ·f' r 12 - L' I I s 
=1'1+· - e + po+t2pl+t4p2+tep3 e + 

--2...,r +r ,, 
+ 2 I ~ I e 2 L s I I p I cos X o + t 2 I p I I cos X I + + - 0 

( 276) 

+ I P 2 I cos X 2 + t e I p 3 I ros X 3 I . 

<f>aabi 
Xo 'XI • X 2 JlaHbl B (21), a CMbiCil x3 0''!eBHJl6H 

x.=</> -q, +(m -m )r. 
, 3 'I L S 

H3 (27) BHJlHo H o6mee GaKniD'IeHHe, crrpaaeanHaoe anR cnyqag HJlep rrpoH3-

BOTihHoro CIIHHa, HccneaoaaHHe K 
0 

-> 21T pacnaaa Ha 6onhUJHx paccToRHHHX aaeT 
2 

I 'I I 7 HCcneaoaaHHe a6nH3H caMol! MHWeHH II03BOnHeT rrony'IHTb caeaeHHR o I pI, +·-

KOTOpbie OTHOCHTCH K !jJH3HKe CH11bHblX B3aHMOJl6l!CTBHl!, a TaKlK6 06 3116KTpoMarHHT-

Hol! pereaepauHH K 
0 

- Me3oHoa. 
0TnH'!He OT HYilH t 

2
, t I , , , • M6HH6T ljla3y aM-

13 



nnHTYilbi pereHepauHH "'p CMemaeT MHHHMYM B HHTep~epeHUHH H MO~eT 

H3MeHHTb xapaKTep HHTep~epeHUHH. 

CnHHOBMe a¢¢eKThl B peresepaaHH sa senonHpH30BBHHOA 

MHilieHH 

• 
CymecTeoeaaHe cnHHoeoA a aBHCHMOCTH e aManHTyaax f • H p am1 

Hllep CO CfiHH8MH J ~ 1 npHBOilHT K H3MeHeHHHM B o6mHX ~pMynax pereaepaUHH. 

HanHqHe aecxonhKHX aMnnHTYil e (12)-(14) He 6onee o6mHx cnyqaHx H3MeHHeT 

COOTHOWeHHe Me~llY KorepeHTHOA H llH~paKUHOHHOA pereHepaUHHMH, qTo H8XOilHT-

. 6 M r I 11 CH B COOTBeTCTBHH C 0 mHM 38MeqaHHeM • YYil8 • 

B llH~pattJ:iliOH!iOA pereHepaUHH CKfl8Jib!B8IOTCH He aMnnHTYilbi, a KB81lp8Tbl 
0 0 

aMnnHTyll. CeqeHHe o6paaoeaHHH K 
8 

H3 nyqxa K L nponopuHoaanbHO JlnH J =I, 3 / 2 

l£-fl 2 -IA-AI
2

+IB-BI
2 

YHcno Ko 
s , pereHepHpoeaHHbiX e cnoe dz Ha rny6HHe z a nnacTHHKe eewecT-

ea, paeao 1!2 
- 2 _ 

2 
-r8 c(t-•2l ;., 

N[IA-AI +IB-BI . ] e dz. 

EcnH npoHHTerpHpoeaTb aTo Bb!pa~eHHe no nnacTHHKe TonmHHOA L , TO anSI 

BKfl8Jl8 JlH~p8KUHOHHOA pereHep8UHH nonyqHM 

d (I • 

(--) 
d n o o 

( A Jl8H8 B (2)). 

- -L/A 
NA[IA-AI 2 +IB-BI 2 ][1-e ] 

0THOUieHHe d (1 ) 
Ro •lp 12 /(--;t(} oo 

r 
R

0
(A,B), 

r 

(28) 

KOTOpoe JlflSI Haep CO cnHH8MH 0 H I/2 He 38BHCHT OT aMnnHTYJl pacceSIHHH 1 llflSI 

Hllep c 6dnbWHMH 3HaqeHHHMH cnHHOB HaqHHaeT 38BHCeTb OT HHX. nnH J = I, 

3/2 H3 ( 28) 1 ( 2) H ( 6) 

R
0
(A,B)- R

0 
(A,O) [ 1 + 

r r 

2 
I B- B I 

- 2 I A- A I 
1-1 

14 



L/ A -L/A 4NAA2 [1-2e- 2 cos(mL-ms)r+ e 
R

0 

(A,O) ---------------------------------------------( 1 _ e-L/ A) 2 ( 11 L- m 
8 

) 

1 
2 1 + [ 

(29) 

0 
H R 

B 

(A,B) . 
1J 

yMeHbwaeTcH no cpasaeHHIO co cny'!aeM, Korna HanH'!HeM aMnnHTyn 

H 
npeHe5peraeTCH, 3TOT a~eKT BnHHeT HB 38KIII0'19HHe 0 891IH'IHHe paa

HOCTH M 8CC 
( ffi L- m S );K OTOpoe H3Bfl e Kae T CH H3 H3 M e p e HHH RO 

0TM9THM, K8K H3M9HHIOTCH nony'leHHble Bb!We Bblp8lK9HHH, KOrna pereaepa4HH. 

H3Y'I89TCH Ha nonHpH30B8HHOA MHW9HH. Ce'!eHHe pacceHHHH Bnepen nponopUHOH8flbHO 

- 2 - 2 _ , 

I A -A I + I B- B I + t 
2 

2 Re [ (A -A ) • ( B- B) 1 . 

TaKHM o5paaoM, BMecTo ( 28) nony'!HM 

du du du 
---) ~<---)00 +t (-) • 

dO 0 dO 2 dO 2 (30a) 

rne (du/d0)
00 

naHo s (28), a 

- - L / A 
N A 2 Re [ ( A - A ) * ( B - 3 ) 1 [ 1 - e ] o 

(306) 

8 e lJH'IHH8 p B COOTBe T CTBHH C ( 18) 38 BH CHT OT _ t 
2 

o C y'leT OM ( 19), HMeeM: 

R o (A, 0) 

[ 1 + 

B- B 2 I 1 + t 
2 

---____,_,...--- I 
A -A 

(A-A)*(B- B) 

I A- A 1 2 

(31) 

Vf ccneaOBBHHe ST OrO COO THOtu e HH H B cjly HKUHH t
2 

MOJKeT 
n oMO'Ib s o n peaen e HHII 

8 Mfl liH TYll B - B 0 

i1a MeHe11 11e cjlopMyn ll/IH >~aep c 5onbtuHMII 3 Ha'leHHHMII c nHHOB O '! e BHll Ho . B 

'I II CIIHTe n e (31) n p 0113BOllHTC H 38MeHa 

B- B 
+ t 

A- A 

B 3 HaMe Ha T e ne T o ro JK e Bblpa JK e HH H 

A-A 

15 

c - c 
+ t. ----

A -A 
+ .... 



... 1 + 
B- B 12 

+ 
1+ IB-BI2 

IA-A-1/ 

2 P.e [ ( A- A ) * ( B - B ) ] 

I A- Al 2 
I A- Al 2 

2 Re [ ( A - A ) * ( B - B ) ] l 2Re r(A-A)*(C-C)] 
+ t + t 4 ----------- + .... 

I A- A 1
2 - 2 I A- A I 

YlKe rrpw rrpoBeneHHII OIIbtTOB rro pereHepauww Ha Hnpax CO CIIHHOM 1/2 

rreo6XOllHMO yqHThlB8Tb BKnan 8MIIIIHTYllhl C nepeBOpOTOM CIIHH8 B DH~p8KUHOHHYID 

pererrepaUHID rrpw oTnHqHhlX oT HYIISI yrnax pacceSIHHSI , 3To aaMeqaHHe rrpwo6peTaeT 

npaKTHqeCKHA HHTepeC K8K npH rrepexone K 6onee TOqHhlM HCCnenOB8HHSIM 1 T8K H 

IIpH IIOilbiTK8X o6HapylKHTb BKII8ll 9 IIeKTpOM8f'HHTHOA pereHepaUHH. C 9TOA TOqKH 

3peHHSI DIISI HCCnenOB8HHSI 9IIeKTpOM8f'HHTHOA pererrepaUHH MOlKHO peKOMeHDOB8Th 

x/ 
HCCIIeDOB8HHSI TOIIhKO C 6eCCIIHHOBbtMH S!llp8MH 

OnbiT Ko63apesa H OKyHH 

B 1960 rony Ko6aapeB H OKyH& 13HepBbte nocTaBHnH Borrpoc o6 orrpeneneHHH 

3 H8K8 p83HOCTH M8CC m L -m S H YK838IIH Ha B03MOlKHbtA CIIOC06 orrpeneneHHSI 9TOA 

BenwqHHhl B 9KcnepHMeHTe c pererrepauweA Ha nByx rrnacTHHKax pa3nHqHhlX BemecT~ 

OnHHM ll3 B03MOlKHbtX rrpHMerrerrwA BbtCTpoeHaoA MHmeHH SIBnSieTCSI rrpoBeneHHe 

9 KcnepwMeHTa Ko63apeBa-0KyHSI c DBYMSI nnaCTHH8MH ( onHoro HnH pa3t!btX semecTB), 

ODH8 H3 KOTOpbtX X8p8KTepH3yeTCSI OTIIItqHoA OT Hyn>t BblCTpOeHHOCTbiD, 

PaccMOTpHM nBe rrnacTHHbt pa3naqrrbtx pererrepllpyiDmwx cBoAcTB a H b, rra 

0 
nepByiD H3 KOTOpbtX rranaeT rryqoK K L - Me3oHoB. Ha•tano oTcqE\Ta BpeMeHH Bbt-

6epeM Ha Bbtxone_ H3 BTopoA nnacTHHbt b 

AMnnwTyny I 'K s> nocne nnacTHHbt b ( ecmr rrpeHe6peq& nornomeHHeM B nna

CTHHax) MOlKHO npenCT8BHTb B BHge DBYX cnaraeMhlX 

xl 

I M L r 
e 

-IM r 
P e s 

a + p b • 

ABTop 6naronapeH M.H.nonropeuKoMy aa o6cy.neHHe 9Toro Bonpoca. 
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rae pa H 
-aMIIIIHTYil b! pereHepauHH aemecTa a H b. EcnH Ha6moaaTb '!Herro 

pacrraaoa Ha aaa nHoHa, To K npHaeaeHHoMy BbiUle Bbipa~<eHHJO Heo6xoaHMo ao6aBHTh 
0 

BKnaa liMIIIIHTYilbi pacnaaa K L .. 2 rr . 

HHTeHcqaHoCTh K
5 

-fr -r >r 
KOM/IOHeHTbl paSHa 

I • I P 12 e s L 
ab a 

Pa3HOCTh 3THX aayx Bbipa)l{eHuf! 

ab 
-I r -r ) r 
e s L l + 

(32) 

coaep)I{HT cnarae Moe, nponopuHoHanhHoe sin ( m L- m 
5 

) r • 

B cnyqae aayx rrnacTHH H3 onHoro aemecTaa MO)I{HO rrony'IHTb pa3nH'!He a p 

H p b 3a C '!~T Bb!CTpOeHHOCTH, HaiipHMep, II/IaCTHHbi b. Jln51 Be!UeCTBa, COilep)l{aiUero 
BbiCTpOeHHbie Hapa CIIHHa I; 3/2, 

H p be p a+ t2 p I e p 0 + t 2 p I 

I ( t ) - I ( t ) = t ( 2 Re ( p • p ) + 
ab ~ ba 2 2 0 1 

-cr -r , 
HI-e 5 

L l-

(33) 

- 4 t 
-~cr -rL,, 

e 2 s I p I I p I sin ( ¢ o - ¢ I ) sin ( m L - m s ) r • 
0 

EcnH p a= p 0 .;, p 1 , To nocneaHee cn araeMoe npH H3MeHeHHH t
2 

HMHTHpyeT Henpe 

PbiBHoe H3MeHeHHe pereHepnpyJOmnx caoilcTa c~ea. Ko3¢'<jmuHeHT npH 

--cr -r ,, 
t sin ( ¢ - ¢ ) e 2 s L 

2 0 I 

17 



naeT npHMo 

sin(mL-m 8)r. 

Hao6opoT, npH H3aecTHOM ( m L- m s ) ( 33) naeT B03MO)I(HOCTb onpenenHTb 

P I I P I sin ( ¢ - ¢ ) . 
0 I 

B pa3BHTHe pa6oTbl Ko63apeaa 11 OKyHH PHil aB Topoa paccMaTpHBan pereHepauu~ 

HB CHCTeMaX H3 He CKOJlbKHX llJl8CTHH - C JlOHCTb!e CHCTeMbi .PereHep8UHH B HHX o6nanaeT 

pHnoM xapaKTepH~x oco6eHHOCTe~ . 

B~cTpoeHHaH MHWeHb 6onbWHX p83Mepoa, B KOTopo~ HapHny co c noHMH 3HaqH 

TenbHO~ nonHpH38UHH HMe~TCH CJlOH ManoA nonHpH38UHH, HMHTHpyeT nono6Hy~ CJlOHC

TY~ cHcTeMy . HccnenoaaHHe pereHepauHH Ha TaKoA MHWeHH MO)I(eT naTb caeneHHH 

0 npOCTp8HCTBeHHOM pacnpeneneHHH ll0JlHpH38UHH B MHWeHH H 0 llpyrHX HBneHHHX, 

KOTopbie MoryT npencTaBnHTb HHeTepec nnH ~H3HKH TBepnoro Tena. 

3aKn~'!eHHe 

BbiWe 6b!flH paccMOTpeHbi <HeKoTopbie 3~~eKTbl , K KOTOpb!M npHBOllHT HanuqHe 

cnuHoaoA 38BHCHMOCTH a aMnnuTyne B38HMoneAcTDHH K 0 
- Me3 oHoa c HnpaMH , lla>Ke 

llJlH Hllep CO CllHHOM ) / 2 3KCTp8ll0JlrtUHH K HyneBOMy yrny pacceHHHH 06H38H8 yqHTbi 

B8Tb B03M0)1(HbiA BKJlBll 8MllJlHTYil l C nepeBOpOTOM CllHH8. llnH 5lllep CO CllHH8MH 

_:::1 MeHReTCH COOTJ!'JI.Ue HHe Me)l(ny BKJl81l8MI! llH~p8KUHOHHOH H KOrepeHTHOA pereHe

paUHH na)l(e nnR HenonRpH3oBaHHoA MHWeHH . Hcnonb3DB8HHe HDB~x B03MD>KHOCTcti , 

KOTOpbie OTKpb!B8~TCH C C031l8HHeM BbiCTpOeHHbiX MHWeHeti B HCCJlellOB8HHHX CHJlb

HbiX, cna6biX H 3 neKTpoMarHHTHbiX B38HMoneAcTBHti c yqacTHeM K0 
- Me3oHoa, Mo>KeT 

npHBeCTH K 3H8qHTeJlbHOMy llOB~WeHH~ TOqHQCTH B HCCJlellOB8HHH TBKOA Heo6~qHoA 

0 -0 
cucTeMbi , KaKoA HBJlH~TCH K -X -'IBCTHUbi . Ha npoTH>KeHHH nocnenHero necR-

THneTHH Ka)I(Jloe noBbiWeHHe Ha nopRiloK TO'IHOCTH B uccnenoaaHHH K 0 
- K 0 

- cuc -

TeMbl npHBOilHJlO K HeO)I(Hil8HHbiM pe3yJlbT8T8M, 

AaTop nonh3yeTcR cny'!aeM Dbip83HTb 6 n aronapHOCTb C.M.6HneHbKOMy, M.!O.Ko6-

3apeay, c .r.MaTHHHHy, 3.0 .0KOHOBY • M.H . nonropeuKDMy , P . M.Pb!HiliiHY II K . A.Tep

MapTHpoCHHY 38 none3Hoe o6cy)l(neHHe paccMoTpeHHbiX Bbiwe aonpocoa .11 ueHHbie 

38Me'!8HHH . 
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