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YnK 530.1+535.371 

HEPABH6BECHAH CAMOKOPPEnHUHH 
H CBEPXH3nY4EHHE B nAPAMAfHETHKE 

* H.H.6oron~6oe /Mn./, M.T.Typaee, A.C.WyMOBCKHH, 
B.H.IOKanoe 

HccneAOBaH MexaHHSM caepXHsnyqaTenDHoA reHepa~IH 
B napaMarHeTHKe THUa ~Mg8 (N08 ) 12 .24·J\O/c npHMechJO 
Co2+H Ce8+. lloKaSaHO, 'ITO KOppen.RlUf.R HSJly<laTeneA 
o6ycnoaneHa B9aHMOAeHCTBHeM sneKTPOHHNX H .RAepHMX 
CUHHOB, 

Pa6oTa BhlnOnHeHa B lla6opaTOpHH TeopeTH'IIeC~OH ~H-
9HKH murn. 

Nonequil ibrium Self-Correlation 
and Superradiance In Paramagnet 

N.N.Bogolubov, ~r. et al. 

The mechanism of superradiance generat.ion · in para
magnet of the type of La~8(N0.8) 12 . 24-~(f w{th th~ fin.:.. . 
purity of Co2+ and Ce 8+ is examined. It is shown t at 
the correlation of emitters is due to the interact ion 
of electron and nuclear spins. ' 

The investigation has been performed at the La o
ratory of Theoretical Physics, JINR. 

Xopowo HseecTHoe ReneHHe 3neKTPOMarHHTHoro caepxHany-
4eHHR /CH/ CBR3~Ba~T o6~4HO C MeXaHH3MOM OAHQ¢0TOHHOrO 
06MeHa, npHBOAR~HM K B03HHKHOBeHH~ B CHCTeMe COCTO~HHR . 
~HKKe 11~· ApyroH $H3H4eCKHH MeXaHH3M 6~ yKaSaH H HCCne 
AOBaH B pa6oTax12- ·6~ B OTnH4He OT MeXaHHSMa ~HKKe OAHO~ 
$OTOHH~H 06MeH HrpaeT 3AeCb nHWb BCnOMOraTenbHYD ponb , 
TOrAa KaK OCHOBHa~ .npHHaAneliCHT 11np~MOMYu BSaHMOAeHCTBHIO 
Hsny4aTeneH, o6ycnoenHea~eMy HX KoppenR~HIO a npo~ecce 
penaKCa~HH CHCTeM~ B COCTORHHe paBHOBeCH" /HepaBHOBeCHaR' 
caMoKoppen~~HR /HC//. TaKoro poAa RaneHHe . C~ MOliCeT Ha6n10~ 
AaTbCR a cerHeTo3neKTPHKax HHliCe T04KH. KIOPH npH ewaoAe HX 
H3 COCTORHHR paBHOBeCHR 14· 6~ ~pyrHM npHMepoM MOliCeT CnY*Hfb 
ceepxHsny4aTenbHa~ reHepa~H" a napaMarHeTHKe 
La~a(N0s)t2 · 24H20 C npHMeCb~ Co2+H Ce8+, peanHSOBal:fHSR 
HeAaBHO 3KcnepHMeHTanbHo161: B 3TOM cny4ae ponb HaKaldKH 
HrpaeT OTKnOHeHHe CnHHOB BHeWHHM nepeMeHHwM noneM ~' Ha~ 

. . . 
IIHcTIIT}'T ~epaoA tHsllltH All YsCCP, TllllllteHT 



-+o 
npaBJ1e HHbiM nOA yrJ10M K nOCTOftHHOMY CHJ1bHOMY nOJ110 B • none 
B0 o6e cne4HBaeT paBHOBeCHOe ynopRA04eHHe KaK 3J1eKTPOHHbiX, 
TaK H RAepHbiX cnHHOB, a HC H3J1y4aTene~ a RAePHO~ noACHc
TeMe o6yCJ10BneHa B3aHMOAe~CTBHeM Me~AY 3J1eKTPOHHbiMH 
H RAe PHbiMH CnHHaMH. 

noKa~eM, 4TO onHcaHHWH awwe MexaHH3M Ae~cTBHTeJ1bHO 
npHBOAHT K CH. PaccMaTpHaaeM~ 'H3H4eCK~ CHcTeMy 6yAeM 
xapaKTepH30BaTb raMHJ1_bTOHHaHOM/ I 

HSI = HS-I + Hph + H 1-,ph · 

3AeCb H8 _ 1 OnHCblaaeT 3HeprHIO cpeAbl H HMeeT BHA 

N 

HS-I =. I 
1 = 1 

e Oz e Ox Oy 
I gil f3 BzSi + g..L f3 (BxSi + B ySi ) 

z z xx YY n Oz 
+Ali Si Ii + A..L (Si Ii + Si Ii)- gnf3nBzi i -

+ 

n Ox Oy z2 1 
_ ,g..L !3 n <Bxi 1 +By I 1 ) + Pi1[0 1 ) - "2I0 + 1)] I, 

/1/ 

121 

0 0 0 
rAe B x, By, Bi - KOMnoHeHTbl nocTORHHoro BHewHero Mar-
HHTHo r o nonR, S , S Y, s z - cnHHoawe onepaTopw, I x , I Y, 
I z - RAePHble CnHHbl, aeJ1H4HHbl g: , g..Le, g r, g.f:- KOHCTaH
Tbi,XapaKTepH3Y~He BKJ1aAW op6HTaJ1bHOrO H cnHHOBOrO MOMeH
TOB B nOJ1HbiH yrJ10BOH MOMeHT; A..L, A

11 
- KOHCTaHTbl 3J1eKTpOH

HO-~AePHOH CHCTeMbl, Pn - napaMeTp RAepHoro 3J1eKTPH4eCKO
ro KBa APYnOJ1bHOrO B3aHMOAe~CTBHR, f3- MarHeTOH 6opa, f3n -
RAePH biH MarHeTOH. 

One paTop Hph ·. cooTaeTcTayeT 3HeprHH cao6oAHOro sneKTpo
MarHHTHoro nOJ1R 

+ H h = I 'tlcu (a a 
p q q q q 

+..!. ). 
2 

/3/ 

noc neAHHH 4J1eH B /1/ OOHCbiBaeT BSaHMOAe~CTBHe RAePHbiX 
CnHHOB C noneM H3J1Y4eHHft H HMeeT CJ1eAY~HH BHA: 

, + -iqi iqt X 
H h .. I 1 A (a e - a e ) I + 

1-'P qr qx q q r 

+IiA (a+e-i;p 
qy q 

..... 
-a eiqr)IY 

q r ' 

/4/ 

qr 

rAe 

_ .L 21TbC P,) 112 , ( - · ) Aqx = _ , ( qyeqz qze qy • yN q 

1 21TflC 1/2 z N . z z N z 
Aqy =~: ( D ·) • (qllel[ - ql[eZ ), s =I si. I =:IIi. 

yN q 1 .. 1 1= 1 
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HcnOJ1b3YR MeTOA pa6oT 18 •9~ AJ1R CHCTeMbl c raMHJ1bTOHHa .. 
HOM /1/ MO*HO nOJ1Y4HTb CJ1eA~~y~ T04H~ HepapXH~ KHHe 
TH4eCKHX ypaBHeHHH, OnHCbiBa~y~ npo~ecc CnOHTaHHOrO H3 -
J1y4eHHR: 

...1._ d9(t)> + .L <[H t9(t)]> = at 11 s-r 

1 t -iwq(t-r) N iq; x y 
- - I. fdre < I.e- (>-qxir(r)+>-qyir (r)) x 
- i1l2 q t

0 
r = ·1 

/51 
1 t - iw (t- r) N i -q; x y 

-2 I. f d re q <[t9(t); I.e (>.qxir(t)+A Ir(t))] ·X 
ifl q t i "' 1 qy 

0 
N -+-+ 

X I. eiqr (>. I x(r) + >. Iy (r)) > ' 
i= ·1 qx r qy r 

rAe t9(t) - onepaTOP, AeHCTBY~HH Ha co6cTBeHHble ll>YHK~HH 
raMH~bTOHHaHa /1/, OTHOCR~HeCR TOJ1bKO K 3J1eKTPOHHOH nOA~ 
CHCTeMe B npeACTBBJ1eHHH feH3eH6epra. 

npH 3Ha4eHHRX (9(t)=S X, 8 y , 8 z, I~ IY,I z H3 /5/ HMeeM 

N a 8x 1 ~ e
73 

Og y ell 0 z z y y z - < >=--h,._ <g . B . +g,_.BS. +A 1·1I.S . +A.i_I . S .> at i= 1 1 z 1 .L Y 1 1 1 1 1 

a Z 1 N e 0 Y 0 X xy y X 
- <S >= -ri. <g ~(BS. +BySi)+A.L(IiSi +IiSi)> , at 0 i=l .L X I 

a x 1 N zy y z n Oy n Oz 
- <I > +-;:- I. <AnS.I . + A.LS . I . - g ~ B I . -g f30R~I .> =-at 11 i=- 1 1 I I 1 II n Z 1 .L -y 1 

1 N t -iwq(t-1") i;(r'- ·r) 2 z y 
=- I. I. f e e I>. <I (t) I , ( r) > + 

ill 2 q rr ' t
0 

qy r r · 

Z X 
+ >.qx>.qy <Ir (t)Ir'(r)> I dr -

1 N t iw (t-,8) iq(r-'i:') 2 y z 
- - I. I. J e e I >. qy < ~, ( 8) I r (t) > + ift 2 q rr' t

0 
/6a/ 
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a y 1 N Z X xz n Ox 0 z -a <I >+-h I.<A Sili +A,S . I . - · g 11 ,BnBzli -g.l.BnBxi 1 • . > = 
t i=l II ~ I I 

1 N t -iw (t-T) iq(r'- r) 2 x z 
= ·- I. ~ f e q e I.\ <L(r)l (t)> + 

ih 2 q rr t 
0 

qx r · r 

y z 
+ ,\ qx .\ qy < Ir' (r) I r (t)> I d r -

N t · .... _,_L I. I. r e IWq (t- ·T) iq (r- ·r') 
·"- 2 , e lu q rr . t

0 

2 Z X 

1.\qx < lr(t)Ir' (r)> + 

/66/ 

z y 
+ .\qx .\qy <lr (t)Ir' (r)> ldr, 

a z 1 N Oy Ox n Oy Ox 
-a;- < 1 > +h i:l<A.l(Bxli +Byli)-g.l,Bn(Bxli + Byli)> = 

1 N t -iw (t-r) iq(r- •r ' ) 
=-I. I., Je q e l.\~x<lr~ (r)I;'(t)> + 

ih2 q rr to 

• X X y y 2 y X 
+ .\ qi,\qy (< Ir ' (r)-Ir (t)> + <lr ' (r) Ir (t)> )+ ,\qy <lr ' (r)Ir (t)> ld r -

1 N t iWq(t-1") iq(r--r') 2 x y 
--I.I., fe e IAqx<lr(t)Ir ' (r)> + 

m2 q rr to /6e/ 

Y y X X 2 X y 
+Aqx,\qy ( <Ir(t)Ir'(r)>+<lr ' (r)lr (t)> )+Aqy < Ir(t)lr ' (r)> ldr. 

HeTPYAHO B~AeTb, 4TO COOTHOWeH~R /6a-e/ npeACTaBnR~T 
C060H ~HTerpOA~¢$epeH~~anbH~e ypaBHeH~R, B npaBOH 4aCT~ 

KOTOP~X CTORT ABYXBpeMeHH~e cpeAH~e 6onee B~COKOro nOPRA
Ka, 4eM e neeoH. AnR npocTOT~ nepeHAeM K np~6n~meH~~ 
caMocornacoeaH~R, T.e. coeepw~M pac~enneH~e 6~HapHbJX cpeA
H~x B~Aa 

< SaS,B > =: <Sa > <8,8 >, 

<I a I ,8 > ~ < t > <I ,8 > 
' 

<81 > =: <8> <1 > . 

8 



TorAa CHCTeMa /6/-/6a-a/ npHHHMaeT BHA 
a x 1 A 11 z Y A, Y z 

- <S > =- - ·(- <8 > <I > +-=- <I > <A > + 
at 1i N N 

e 0 y e 0 z 
+ g f3Bz<S > + g f3By<S >), 

n J. 

a Y 1 A z x AJ. x z 
- <S > = - - · ( --11. <I > <S > + - <I > <S > + at fl N N 

e 0 x e 0 z 
+ gil/3 Bz <S > + g.l. f3 B x < S >) 

171 
a z 1 '\1 AJ. 

- .< S > = - - (- <I > <S > + - <I > <S > + 
at 11 N N 

e 0 y e 0 x 
+ g.l. f3 B X <S > + g J. f3 By <S >) . 

.:1 X 1A X yAy z 
--2.. <I > + ~-(-11 <S > <I > + ..2:. <S > <I > 
at ll N N 

- gnf3nB~<IY> - gnf3nBOy<l~) = 
II J. 

1 N t -iwq(t- •r) i;{(r'-r) 2 y z 
= - I. :I, f e e D•qy <~, ( r)> <I r<t)> + 

i$Nl q rr to 

Z X 
+ ·\x Aqy <I r (t) > <I r' ( r )> }d r -

/7a/ 
1 N t iw (t-1') iq(r-r ' ) 2 y z 

_....;.__I. :I, f e q e 1>. <I ,(r)> <I (t)> + 
i,. (h N )2 q rr to qy r r 

X Z 
+ Aqx Aqy <I r' (r)> <I r (t)> l d r, 

a y 1 A, z x AJ. x z 
- <I > + - (- <S > <I > + - <S > <I > -
at 11 N N 

1 N t . (t )) . -> , _..;.__I. I. fe-lC&lq _, ~lq(r - ·r) 1>.2 <I~ (r) > <lz(t)> + 
i{.tlN)2 q rr' t

0 
qx r r 

y z 
+ Aqx>-qy<lr' (r)><Ir (t)>ldr-

N 
1 I. I. 

i (11 N) ~ q rr, 

t iwq(t-1') iq(r-r') 
( e e 

to 

+ Aqx >. qy <I: (t) > <I;, ( r )> l d r , 

2 X Z 
I>. <I,(r)><lr (t)> + qx r 

/76/ 
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a Z 1 Oy 0 X 
-<I > +- IA.LBx<l > + A.L By<l >-at 11 

DR 0 Y 0 X 
-g.l ,... n(Bx< I > + 8 1 <1 >)I = 

1 N t -icu (t-1') iq(r'-r) 2 x y 
= - l: l: I e e I A <I , ( r )> <I (t)> + 

i(1i N )2 q rr, to qx r r 

X X y y 
+ Aqx Aqy (<I r' (r)> <I r (t)> + <I r' (r}> <I r (t)>} + 

2 y X I + Aqy <lr' (r)> <lr(t)> dr-

N t .. , · 
!__ l: l: Ieicuq (t--r) 

6
tq (r-r ) 

i(tl N )2 q rr' t
0 

2 Y X 
lA <I (t)> <I ,(r}> + qx r r 

/7e/ 
Y Y X X 

+ Aqx Aqy (<I r' (r)> <I r (t)> + <I r' (r} ><I r (t)>) + 

2 X y 
+ Aqy <Ir(t)><Ir'(r)>ldr. 

Ta K KaK Hac npe*Ae acero HHTepecyoT Ka~ecTaeHHwe pe~ 
3ynbTaTw, .. cAenaeM CneA~He npeAnOno*eHHR. 6yAeM C~HTBTb; 
~TO none 8° HanpaBileHO BAOnb OCH Z, H, TaK KaK AnR pac~ 
CMaT pHeaeMO~ CHCTeMw IA.LI .«IA 11 1171,npeHe6pe*eM cooTeeTcT
ey~~HMH ~neHaMH. TOrAa CHCTeMW ypaBHeHH~ /7/ H /7a-B/ 
npHHHMa~T BHA 

a X 1 e 0 A 
at<S > = -h (gilfJBz<Sy> + rf <I z> <Sy>), 

a J 1 e 0 X. A z X 
--- <S > =-- (g .{JB .<8 >+..:.:;.u. <I> <8 >), at h • z N 

a z 
- < S > = 0. a.t 

..i... < l x> + .1.. (~ <Sz > <IY >- g 0 fJ B0 <IY>) = at ll N II n z 

1 N" t -icu (t-1') iq(r' -t) 2 y z 
= - l: l: I e q e I Aq <I r' (r}> <I r (t)> + 

i(L N )2qrr'to Y 

+ Aqx 
Z X 

qy <I r (t)> .<I r' ( r~> I d r -

10 
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-+ • , 
1 N t iwq(t-r) iq(r-r) 2 y z 

--- ~ ~ f e e 1>-qy <Ir'(r)> <Ir(t)> + 
i(.b N) 2 q rr' t

0 /Sa/ 
\ \ X z I + "qx "qy <Ir' (r )> <I r (t)> d r, 

a y 1 All z X n 0 X 
- <I > + "i""" (- <S > <I > + g Q 8 <I > ) = at II N 111-'n z 

1 ~ N ft -iwq (t-t) i~(r~ ·r) I 2 x z 
--- ._ ~ e e >-qx <Ir ' (r)> <Ir(t) > + 
i (fiN )2 q rr' to 

+ >.qx >.qy <I:,(r) > <I:(t)> ldr 

! t iw (t- ·r) ._ f e q 

rr' to 
eiq(r-r') I>. 2 <I~ (r)> < I z (t)> + 

qx r r 

/86/ 

_g_ z 1 N t -iwq(t-r) iq(r'-n 2 · x y · 
<I > = ~ ~ ~ f e e I>. qx<I r' (r) > <1 r (t)> + at i(.fiN) q rr' t

0 

2 X y 
+ >.qy <Ir' (r) > <Ir (t)> ldr-

+ >-qx >-qy ( < IrX, (r)> <I~ (t)> +<I;, (r)> <I; (t) > ) + 
!Be! 

2 y X 
+ >. <I, (r)> <I (t)>ldr. qy r r 

KaK HeTpy,qHo Bl-!,qeTb, <S z > = const 1-1 e nocne,qHI-Ie TPH ypae
HeHI-IR .QJlR cpe,qHI-!X R,qepHOH no,qCI-!CTeMbl BXO.QI-IT TOJlb KO <S ~. 
YpaeHeHI-!R /3a/-/8e/ npe,qcTaBJlR~T co6ol:1 3KBI-1BaneHT 1-!epap
XI-11-1 K!-!HeTH4eCKHX ypaeHeHHH .QJlR CnOHTBHHOrO H3Jly4eHI-!R/g; 
n03TOMy HX HCCJle,qOBBHI-!e MO*eT 6b1Tb BblnOJlHeHO CTBHAapTHbi
MH MeTo,qaMH. B 4aCTHOCTH, no aHanori-IH c pa6oToi:i '1101 Mo*HO 
Bbi4HCJlHTb HHTeHCHBHOCTb ceepXI-!3Jly4aTeJlbHOH reHepa4 HH 

I(t) = ~ 'ttw ~ <a+ a > 
q q dt q q 
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~ Ha~T~ COOTBeTCTBY~~y~ 4aCTOTY KOrepeHTHOrO 3neKTPOMar
H~THOrO nonR. 

TaK~M o6pa3oM, M~ noKa3an~, 4TO e napaMarHeT~Ke T~na 
La2 Mg30N03)12 ·24H 0 c np~Mecb~ Co2+ ~ Ce 3+ Ae~cTB~TenbHO 
MO~eT B03H~KaTb ~~ np~ C03AaH~~ ~HBepCHOH 3aceneHHOCT~ 
B nOAC~CTeMe RAepH~X cn~HOB 3a C4eT KOppenR~~H 3neKTPOH
HOH ~ RAePHOH noAC~cTeM. 6onee AeTanbHOe Kon~4ecTeeHHoe 
~ccneAOBaH~e 3Toro RBneH~R c y4eTOM npo~eccoe HaKa4K~ 
RB~TCR npeAMeTOM nocneAY~~~X pa6oT. 
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KpamKue coo6~qeHU.JI OH.HH ~9-85 JINR Rapid Camrunications No. 9-85 
Ynl 539.171.12/.6+539.172.5 

0 r~HHO~ CTEnEHH CB060~ 
B AaPOH-AAPOHH~X CTOnKHOBEHM~X 

B.A.Me111ePIIKOB 

PaccMOTpeRW nonpaBKH K aAAHTHBHOH xBapxoBOH MOAenH. 
fipH BW00pe nonp&BOX yqHT~a~TCH aHanHT~ecxHe CBOHCTBa 
H ycnOBH.R nepeKpeCTHOH CHMMeTpHH aMDnHTY~ ynpyroro 
pacceHHHH anepeA. C noMO~bro aHanHsa npoueccoa PP, 
pp, rr±p, K±p AaHa oueHKa rnrooH-rnrooHHOH qacTH aMDnH

TYAhi pacceHHH.R BnepeA aApOHOB Ha DPOTOHe, rnrooH-rnrooH
HaH qaCTb nonRWX ceqeHHH SaBHCHT OT 3HeprHH HaneTaro
~ero aApOHa H npH HMDYnbCe 100 rsB/c COCTaBnHeT 10% 
nonHoro ceqeHHH. llpeACKasaHHH MOAenH AnH rHOepoH-npo
TOHHoro pacceHHHH npH 20 H 100 rsB/c xopomo co nacyroT
CH C 3KCnepHMeHTOM. 

Pa5oTa B~nonHeHa B ITaOopaTOPHH TeopeT~eCKOH ~H3H
KH mum. 

On Gluon Degree of Freedom 
In Hadron-Hadron Collisions 

V.A.t1eshcheryakov 

The paper deals with corrections to the add itive 
quark model. The corrections are defined on t he basis 
of analytic properties and crossing symmetry of the 
forward elastic scatterin$ amplituqe. By analysing 
the processes pp , pp , rr-p, and K- p an estima tion 
is found for the gluon-gluon part of the forward scat
tering amplitude of hadrons on a proton. The gluon
gluon part of total cross sections depends on the 
energy of an incident hadron, and at the momen tum 
100 GeV /c it amounts to 10~~ of the total cross sec
tion. Model predictions for hyperon-proton sca ttering 
at 20 and 100 GeV/c are consistent with experi ment, 

The investigation has been performed at the Labo
ratory of Theoretical Physics, JINR. 

Beeoe Hue 

K HacTo~~eMy epeMeHH HaKonneH 6oraT~~ 3KcnepHMeHTanb
HW~ MaTepHan no nonHWM Ce4eHH~M aApOH-aApOHH~X B3a HMO
Ae~CTBHH, a TaK*e H AeHCT8HTenbHWM 4aCT~M aMnnHTYA ynpy
roro pacce~HHII eneP8A. HHTepecHa~ oco6eHHOCTb 3THX AaH-

13 



• 

H~X COCTOHT B pOCTe aAPOH-aAPOHH~X Ce4eHHH, KOTOP~H 6~ 
enepe~e o6Hap~eH Ha ycKopHTene H¢83 /npoTBHHO/ H nony4Hn 
Hasea HHe11cepnyxoecKoro 3<!MileKTa11111. B 3THX ycnoBHRX nony4a
~T peanbH~ OCHOBY non~TKH nOCTpOeHHR CHCTeMaTHKH aApoH
aApoHH~X aMnnHTYA ynpyroro pacceRHHR enepeA 12·31. 0AHaKo 
BCe OHH CTanKHBa~TCR C He06XOAHMOCTb~ B~6opa $YHK4HOHanb
HOH s aBHCHMOCTH aMnnHTYA OT 3HeprHH. KaK BHAHO Hs 12•3·B/, 
3TOT B~6op npHBOAHT K BeCbMa pa3nH4H~ 3aK~4eHHRM 0 3aBH
CHMOCTH aMnnHTYA OT KBapKOBOH CTPYKTYP~ aAPOHOB. no3TOMY 
B03HHKaeT 3aAa4a 0 6e3MOAenbHOM BHAe $YHK4HOHanbHOH 3aBH~ 

CHMOCTH aMnnHTYA OT 3HeprHH, a T04Hee, 0 nOCTpOeHHH HaH60-
nee r H6KOH MOAenH. 

Bu6op yHurfiop.MU3UPY10Ule11 nepe.MeHHOu 

B Ka4ecTee TaKOH nepeMeHHOH 6yAeM Hcnonb30BaTb $yHK4H~ 

w(v) = ...!.. arcsin v, 
1T 

/1/ 

rAe v = (s -u)/4MjL, M.p. - Mace~ cTanKHBa~UIHXCR aAPOHOB. Mo
Aenb COCTOHT B TOM, 4TOW(v) npeAnonaraeTCR YHH$OpMH3Hpy~
UieH nepeMeHHOH AnR aAPOH-aAPOHH~X aMnnHTYA pacceRHHR Ha 
HyneeoH yron. APYrHMH cnoeaMH, e nepeMeHHOH w aMnnHTYAa 
pacceR HHR enepeA eCTb MepOMOp$HaR $YHK4HR. $yHK4HR W(v) 
YA06Ha AnR y4eTa nepeKpeCTHOH CHMMeTpHH aMnnHTYA aAPOH
npOTOHHOro pacceRHHR F t". HOpMHpoeaHH~x ycnoeHeM 

Im FA= a(Ap)+ (Ap) 
±· tot - 0 tot /2/ 

Ha eepxHeM 6epery npaeoro paspe3a e KOMnneKCHOH nnocKOCTH 
v /cM.pHCYHOK/. B nnocKOCTH w~) eecb $H3H4eCKHH nHcT 
v -nnocKocTH oTo6pa)KaeTCR e nonocy JRe w L ~ 1:/2, rpaH~4bl _KOTo
poH - cyTb o6pa34bl pa3pe3oe v -nnocKOCTH. Bocnonb3yeMcR 
pasno)Ke HHeM aMnnHTYA npo4eccoe e PRAbl TeHnopa no nepe
MeHHOH w 141. Pa3no>KeHHR y4HTb1Ba~T ceoHcTea nepeKpecTHOH 

® 

G> 

-1 -112 1/2 
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C~MMeTp~~ ~ AeHCTB~TenbHOCT~ aMnn~TYA F: B B~Ae pa
BeHCTB 

F: (: + iy) = + F± (- i + i y). / 3/ 

H~me M~ 6yAeM ~CnOnb30BaTb TOnbKO MH~M~e 4aCTH aMnn~TYA -
nonH~e ce4eH~R, KOTop~e npeACTasneH~ cneAY~~~M~ cTeneHH~

M~ PRAaM~: 

I F ( 1 . ) ~ ( 1 ) 2n-2 (n) (y) ID · -+lY= .. - 17 • 
+ 2 ~l 2 + 

(-1)n+ 1 d 2n- '2 u+(l)(y) 
a (1) = ~ a (y - y ) m- ~ u (n) 
+ 11121 m 0 • + (2n - 2)! d 2n- 2y 

1 2n-1 (n) 
Im F_ ,(2 + iy) = ~ <}) u_ (y), 

/ 4/ 

m- ·1 n+ 1 d 2n-2 u(_l)(y) 
a~1) = ~ bm(Y-Yo) ; u (n) = (~l) 

m;;::l (2n-1)! d2n-2y 

C OOM~b~ $OpMyn /4/ 6~n~ npoaHan~3HpOBaH~ 3KCnep~MeH
TanbH~e AaHH~e no nonHbiM ce4eH~RM pp, PP, K±p, "±p 141. 
PeaynbTaT~ aHan~aa np~BeAeH~ e Ta6n~~e. AeaA~aTb 4eT~pe 
K03<!XI>~4~eHTa a i , b i OTpama~T OKOnO TpeXCOT 3KCnep~MeH

TanbH~X T04eK ~ 003BOnR~T On~ca~b 3HepreT~4eCK~H XOA 
3 

Ce4eH~H B ~HTepeane pL ~ . ( 1 0,1 Q ) r3B/ C. 

Tat5n~a 

IIapaMeTpbl a i' bi /s M6/, Yo H OTHomeHHe x 2 

K .'IHcny CTeneHet:t CB060gbl no 

pp "P Kp np 

a1 84,51.:!:_0, 18 49, 77.:!:_0,09 41,03.:!:_0,12 83,49.:!:_0, 36 

a2 -4,85.:!:_0,36 1,92.:!:_0,19 5,16.:!:_0,25 -3,48.:!:_0, 62 

as 15,97.:!:_0,7 10,37.:!:_0,34 7,37.:!:_0,48 8, 72.:!:_1 , 48 

b1 8,52.:!:_0,17 1,62.:!:_0,07 3, 51.:!:_0' 12 7,85.:!:_0, 26 

b2 -13,82.:!:_0,79 -2,8.:!:_0,17 -5,65.:!:_0,51 -12,74.:!:_1, 24 

bs 15,33.:!:_1,7 2,7.:!:_1,8 5,04.:!:_0,97 12,36.:!:_2, 97 

Yo I, 71 2,31 I ,91 I, 71 

xlfnD 112/109 82/73 48/38 96/50 
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AeeHaA~aTb KO~H~HeHTOB b 1 o6Hap~HBa~T npocTyo 3a· 
BHC HMOCTb: 

(bi ) : (b i) : (bi) K : (b i) = 5 : 1 : 2 : 4. pp rrp p np /5/ 

noAC4 eT COOTBeTCTB~OTHOWeHHH npHBOAHT K 3Ha4eHHRM 

(~) = 5,37.:t,0,22; ( :Kp ) = 2,16.:t,0,12; (~) = 4,79.:t,0,23, 
rr p tTP "P 

KOTOp~e XOpowO cornacy~TCR C OTHOWeHHRMH /5/ 3a HCKn~4e• 
HHeM nocneAHero. 0HO OTnH4aeTCR OT 4 . Ha TpH CTaHAaPTH~X 
OTKnOHeHHR H CBR3aHO C 6onbWHM 3Ha4eHHeM X 2:/n0 AnR npo• 
~ecca np·pacceRHHR. no3TOMY HH*e ~enecoo6pa3HO HCnOnb30• 
BaTb 3TOT npo~ecc AnR Ka4eCTBeHH~X, a He KOnH4eCTBeHH~X 
O~eHOK, 

COOTHOWeHHR /5/ He RBnR~TCR HOB~MH, H M~ OCTaHOBHnHCb 
Ha HHX nHWb AnR TOro, 4To6~ npoAeMOHCTPHPOBaTb 3~eKTHB
HOCT b aHanH3a K03t1>4>H~HeHTOB a 1 , · bi C ~enb~ BbiRBneHHR 
KBapKOB~X, a TaK*e H APYr·HX CTeneHeH CB060Abl aAPOHOB, 
113BeCTH0 151, 4TO COOTHOWeHHR /5/ cneAYJOT 113 paCCMOTpeHHR 
aHHHr HnR~HOHH~X KOMnOHeHT aMnnHTYA H nponop~HOHanbHbl 4HC
naM a yanbHbiX AHarpaMM pacceRHHR aApOHa Ha npOTOHe: 

A A 
nd = 2N_ + N_ • !6/ 

p n 

A A 
rAe N _, N_ - o6~q11e 4Hcna aHTHKBapKOB P 

P n 

'KpoccuHe~~emHaR aMn~umyoa 
a opOH-aopOHHOeO pacceRHUR 

n a aApOHe A . 

60 nbWOH HHTepec H B TO *e apeMR TPYAHOCTH npeACTaBnReT 
aHan H3 KpOCCHHr-4eTHO~ 4aCTH aMnnHTYAbl pacceRHHR. AAAHTHB
HaR KBapKOBaR MOAenb/S/ /AKM/ npeACKa3biBaeT cneAy~~qHe OT
HOWeHHR H3y4aeMbiX Ce4eHH~: a pp; arr p : a.KJ>:a0p = 3: 2: 2: 3 , 0AHa
KO 11 3 Ta6nH~bl BHAHO, 4TO TOnbKO K03~H~HeHTbl a 1 H a 3 npH-
6mt*e HHO cneAY~T 3To~ aaaHCHMOCTH. Pa3HOCTb (a 1) PP - (a 1 ) np = 

1 , 02.:t,0,4Q MO*HO C4HTaTb COBMeCTHMO~ C HyneM, T.K. OHa He 
npeBOCXOAHT Tpex CTaHAoPTHbiX OTKnOHeHH~, a CaMO OnHCaHHe 
npo~ecca np He 04eHb xopowo. B AanbHe~weM Mbl 6yAeM npe
He6pe raTb paanH4HeM npo~eccoa pp 11 np, XOTR AnR K03~~H
~HeHTOB (a 3 ) 3TO npeAnOnO*eHHe onpaBAaHO TOnbKO B CHny 
6onb woro 3Ha4eHHR x ~/n 

0
. B To *e apeMR pa3HOCTb (a 1)"P -

- ~ 1) K = 8,74.:t,0,15 3Ha4HMa H BMeCTe C APYrHMH K03~H~HeH
TaMH OgbRCHReT 30% T04HOCTb /AKM/. 3Ha4eHHR K03¢$H~HeHTOB 
(a 2 ) coaepweHHO He yKnaA~Ba~TCR a npeACKa3aHHR AKt~ 11 no3-
TOMY BeCbMa Ba*Hbl AnR Bbi60pa HOBbiX MOAene~. 113BeCTeH PRA 
nonbiTOK yT04HeHHR aAAHTHBHOH KaapKOBOH MOAenH 13•5•7- 91. Bee 
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OHH HCnOJ1b3Y~T OAHY H Ty *e M~CJlb 0 BKJ1~4eHHH B aMnnH
TYAY cnaraeM~X, 6HJ1HHeHH~X no KBapKOB~M 4HCJ1aM aAPOHOBA. 
npH 3TOM YAaeTCR AOCTH4b YAOBJleTBOPHTeJlbHOrO OnHCa HHR 
AnR 1~\9PMa paanH4H~X npeAnono*eHHH o BHAe 6HnHHeHH~x 4ne
HOB ' · f!CHOe <))H3H4eCKOe OOOCHOBaHHe HX BeCbMa 3aTPYA
HHTeJ1bHO. 

HH*e AnR nocTpOeHHR HOBOH MOAenH M~ BOCnOJ1b3yeMCR rH
noTe30H, c<bOPMYnHposaHHOH B pa6oTe 110~cornacHo KOTOPOH 
K03<))<))H~HeHT~ npH cnaraeM~x, pacTytqHX KaK ln 2 s ,,s 0 /Teope
Ma <))pyaccapa/, He 3aBHCRT OT KBapKOBOrO COAep*aHHR aApO~ 
HOB A, a o6ycnosneHw peaoHaHcH~M o6paaosaHHeM rn~6onos 
B aApOH-aApOHHOM pacceRHHH*. npHMeHHTeJlbHO K <))OpMynaM 
/4/ OHa yTBeP*AaeT, 4TO K03<))$H~HeHT~, onpeAenR~~He BKnaA 
CnaraeM~X, paCTytqHX KaK ln 2s:fs o• COAep*aT KOMnOHeHTY 1 He 
aaBHCR~~ OT KBapKosoro COAeP*aHHR aAPOHa A. CneAYR HAee 
pa60T~ · 10( ee ecTeCTBeHHO Ha3BaTb .rOOOHHOH CTeneHb~ CBOOO
A~ aAPOHa A. Aanee, no aHanorHH c KpoccHHr-He4eTHO~ gM
nnHTYAOH, MO*HO non~TaTbCR pacnpOCTpaHHTb rHnOTe3y 1 

I 

H Ha APYrHe K03<))<))H~HeHTW (a 1) H (a 2). npH 3TOM, nOCKOJlbKY 
411C.rl<l (a 2 ) AaneKH OT npeACKa3aHHH aAAHTHBHOH KBapKOBOH 
MO[\e.I1H, OHH 6YAYT HaH60nee HH<))OpMaTHBH~ AJ1R B~6opa 6HnH
HeHH~X cnaraeM~x. Hapywa~~Hx AKH. ~3 scex ynoMRHYT~x swwe 
cny4aes HaH6onee npeAn04THTeneH sapHaHT pa6oTw 151. 0KOH4a
TenbHO npHXOAHM K cneA~~eMy B~Pa*eHH~: 

A A A 
ai = ai + Nq ;gi + N q N ns Yi • 171 

A A 
rAe N q - o6~ee 4Hcno KBapKOB, N ns - o6~ee 4Hcno He cTpaH-
HWX KBapKOB B aApOHe A. 41o1CJ1a ai He 3aBHCRT OT KB a pKOBO
ro COAep*aHHR aAPOHa A H npeACTaBnR~T ero rn~OHHY~ CTe-
neHb CB060A~· nocKOJ1bKY B Ta6nH~e BCero TPH pa 3.111o14-
H~X 41o1CJ1a (ai )pp, (ai)ITpt (ai)Kp• MO*HO onpeAe.l11o1Tb Be.l11o141o1-
H~ 4Hcen a i , {3i, y i. TorAa npeACKa3aTenbHaR c1-1na rl-1no
Te3~ /7/ MO*eT 6~Tb nposepeHa Ha 3Ha4eHio1RX nonHwx ce4e
Hio1H rHnepoH-aAPOHH~x B3ai-1MOAeHcTBHH J 12•131 . B pa6oTe 1131 

npoBeAeH~ H3MepeHHR r;~onH~x ce4eHHH l:- p "" E -P B lo1 HTep
sane HMnynbcOB 74,5; 136,9 f3B/c. BenH4HH~ nonH~x ce4e
HHH cna60 H3MeHR~TCR B 3TOM HHTepBane, 1o1 A.I1R cpa~ HeHio1R 

npeACKa3aHHH MOAenH, 3aAaHHOH <))OpMynaMH /1/, /4/, /7/, 
B~6paH lo1Mny.l1bC 101 f3B. np1o1 3TOM TeopeTI-14eCKio1e 1o1 3KCne
Pio1MeHTaJ1bH~e 3Ha4eHHR paBH~: 

29,25+0,5 M6 
29,12:£0,22 M6, 

34,8+0,5 M6 
33,3:£0,3 M6, 

AHanorH4H~e AaHH~e 1121 A.I1R Ap- H l:-p -pacceRHI-1R np 1o1 
20 f3B/c TaKOB~: 

* Kon~NeCTBeHHblli aHaJlH3 rHnoTeshi npoBep;eH B pa6o Te 1111. 
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a 
Ap 

33,3+0,5 M6 
34,7:f3 M6 

06c yxoeHue 

a · 
~ p 

34,2+0,5 M6 
34.:!:_1-M6, 

npeAnomeHHaR B~We MOAenb aAPOH-aAPOHHOH aMnnHTYA~ pac-
- · + 

c~RHI-UI enepeA xopowo onHc~eaeT aMnm1TYA~ PP-; pp-, "-p-, 
K- § - pacceRHHR B WHPOKOM HHTepeane HMnynbCOB OT 10 AO 
10 r 3B. 0Ha noaeonReT ycTaHOBHTb HanH4He e 3THX npo~ec~ 
cax YHHBepcanbHOH, He 3aBHCR~eH OT KBapKOBoro COAepmaHHR 
aAPOHOB, KOMnOHeHT~ aMnnHTYA~ pacceRHHR, B COOTBeTCTBHH 
C rHnOTe30H/lO(ee ecTeCTBeHHO HHTepnpeTHPOBaTb KaK . HanH-
4He y aAPOHOB He 3aBHCR~eH OT KBapKOBOH rn~OHHOH CTeneHH 
CB060A~ aAPOHa. AAPOH npeACTaBnReTCR COCTOR~HM H3 Tpex 
KOHCT HTyeHTH~X KBapKOB, YAepmHBaeM~X rn~OHH~M noneM, 
rn~oH- rn~OHHaR 4aCTb nonH~X ce4eHHH 3aBHCHT OT 3HeprHH 
HaneTa~~ero aAPOHa H npH HMnynbCe -100 r3B/c COCTaBnReT 
-10% nonHoro ce4eHHR, npeAcKa3aHHR MOAenH AnR rHnepoH
npoTOHHoro pacceRHHR npH 20 H 100 r3B/c xopowo cornacy~T
CR c 3KcnepHMeHTOM. BMecTe c peaynbTaTaMH pa6oT 110·111 Ha
CTOR~aR MOAenb yKa3biBaeT Ha 6onbWOH HHTepec H3y4eHHR 
CTOnKHOBeHHR aApOHOB B HX ~eHTpanbHOH 4aCTH. 

Ae Top 6naroAapeH A.A.noryHoey aa BHMMaHHe K pa6oTe 
M C.6 . repacHMoey, A.6.roeopKoey aa o6cymAeHHe. 
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Y,QI 577.112.543.52 

THE USE OF A MULTISTEP AVALANCHE CHAMBER 
FOR ANALYSING THE DISTRIBUTION OF RADIOACTIVITY 
AND TWO-DIMENSIONAL SEPARATION OF A MIXTURE 
OF LABELLED COMPOUNDS. 
Analysis of 1251 -Labelled Proteins 
from Ribosomal 30S Subunits 

G .·G .Abdu rashj dova! D. A.Abdushukurov~ M. S .Aksent i eva! 
E.I.Budovsky, A.A.Chernyi~ L.B.Kamlnlr! 
V.D.Peshekhonov, Yu.V.Zanevsky 

The possibility is considered of using a mul t istep 
avalanche chamber, operating on-line with a computer, 
for analysis of the radioactivity distribution after 
two-dimensional separation of a mixture of label led 
proteins. A high sensitivity of the chamber allows 
one to identify reliably -20 meg of the total pr ote
in from E.coli ribosomal 30S subunits apd- 1 meg qf 
the least iodized protein when the exposure take s 
-30 min. The chamber makes it possible to decrea se 
the analysis time by a factor of 100 as compared to 
conventional radioautography and to optain informa
tion on label distribution among proteins without 
desctoying the sample. · 

The investigation has been performed at the La
boratory of High Energies, JINR, and IMB of the USSR 
Academy of Sciences. 

Hcnonb30BaHHe MHorocTyneH4alo~ naBHHHO~ KaMep~ 
AnR aHanH3a pacnpeAeneHH~ paAHOaKTHBHOCTH 
nocne ABYMepHOro pa3AeneHH~ CMeCH Me4eH~X COeAHHeHH~. 
AHanH3 1251 -Me4eH~x 6enKOB 30S-cy64aCTH~ pH6ocOM 

f.f.A6~yp~OBa H ~p. 

PaccMOTpeHa BOSMOEHOCTb npHMeHeHHH MHorocTyne~a
ToA naB~HHOA K&Mephl, pa6oTam~eA Ha nHHHH c 3BM , ~H 
aHanHsa ,pacnpe~eneHHH p~HOaKTHBHOCTH nocne ~BYMepHo-

1M.M.Shemyakin Institute of Bioorganic Chemistry , 
the USSR Academy of Sciences, ~foscow 

I 2 • • Inst1tute of Molecular B1ology, the USSR Academy of 
Sciences, Moscow 

3
s.U.Umarov Physical-Technical Institute, Tajik SSR 

Academy of Sciences, Dushanbe 

19 



ro pasAeneHHH cMecH MeqeHNX 6enxoB, BhlCOKaH qyBcTBH
TenoHOCTb YCTaHOBKH nOSBOnHeT HaAe~O HA8HTH~H~po
BaTb- 20 MKr TOTanbHOrO 6enKa 30S-cy6qacTH~I pH60co
Mhl E.coli H -1 MKr HaHMeHee HOAHPOBaHHOrO 6enKa npH 
AnHTenbHOCTH 3KCnOHHPOBaHHH -30 MHH. YcTaHOBKa no
sBonHeT 6onee qeM B 100 pas coKpaTHTb BpeMH aHanHsa 
no cpaBHeHHID c TPaA~OHHO HcnonbsyeMo~ PaAHOrpa~He~ 
H nonyqaTb HH$OpMa~ o pacnpeAeneHHH MeTKH no 6en
KaM, He paspymaH npenapaTa, 

Pa6oTa BhlDOnHeHa B na6opaTOPHH BhlCOKHX 3Hepr~ 
ORHH H HME AH CCCP. 

1. Introduction 

In order to reduce a required amount of protein, in 
the analysis of protein mixtures bymeans of electrophore
sis t echniqpe the labelling by radioactive iodine is con
vent i onally used. It is essential that when iodination is 
performed with the aid of chloramine 111, iodine chloride121, 
and l actoperoxidase 131, physical and functional properties 
of pr oteins remain unchanged 141. 

Industrial 1251 preparations with a specific activity 
up t o 13-18 mCi/mcg allow one to detect several nanograms 
of pr otein in a polyacrylamide gel by radioautography. 
However, when the amount of protein is low (5x103cpm/cm 2 

gei) , the exposure must be as long as several days what 
leads to some delay in obtaining results. ·Moreover, the 
radioautogram shows merely a qualitative distribution of 
radioactivity in the gel. Of course, by means of scintil
lation counters one can directly measure radioactivity 
in each region of the gel after its cutting. This is 
a quantitative and more sensitive procedure, but it also 
takes a lot of time and has low reproducibility, 

An optimal method should combine the reliable loca
lizat ion of radioactivity in a sample inherent in radio
autography with a high accuracy and sensitivity of mea
suring isotope amounts which are characteristic for scin
tilla tion counters. These requirements are met by a multi
step avalanche chamber (MSAC) operating on-line with 
a computer. The chamber is used to analyze the distribu
tion of 1251-labelled proteins in a gel. 

To illustrate the potential of this technique, we 
descr ibe its use for analyzing quantitatively a complex 
mixture of 1251 -labelled proteins from E . .coli ribosomal 
30S subunits. 
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2. Measuring System 

The system is composed of a MSAC on-line with an SM-4 
minicomputer. The system allows one ~get-:rapidly infor
mation on the spatial distribution or-radioactive zones 
throughout the area of a sample and their ·relative acti
vity. The o~eration principle of the system is described 
in refs •16•6• •8(Tbe developed programs make it possible to 
carry out the entire analysis in the dialogue mode . An 
alphabetic-digital display, a colour TV monitor, a plot
ter and an alphabetic-digital printer are used as com
puter terminals. 

E.coli ribosomal 30S subunits were isolated as ~n 
ref. 191. The total protein of 30S subunits was prepared 

d . 1101 Th . . d. d . hl • accor ~ng to . e prote~n was ~o ~nate us~ng c oram~ne 

as in111. Two-dimensional gel electro~horesis of the 30S 
subunit protein was performed as in 111. 

The characteristic radiation with a 4 keV energy pro
duced in the decay_ of 1261 registered by means of t he de
tector with a 160x160 nnn··2 sensitive area. 

The efficiency of the MSAC, (E) (E = A[cpm] /A[dpm] x 
x100%), was determined experimentally by m'easuring tlie 
radiation of a source with known activity. This ef f iciency 
was 3.5% for 1251. 

The spatial resolution of the system was measured by 
means of test samples with 12~ zones (1 nun in diameter). 
The distance between these zones was different. The neigh
bouring zones, the distance between the edges of w ich 
was 1.1 mm or more, were identified separately. The uni
formity of the MSAC was measured by a radiation source 
(lx1 cm2

) moved along the sensitive area of the ch~mber, 
and the radiation was measured after each pitch. The data 
of such measurements were used to construct a map f non
uniformities for the MSAC area, A matrix of correc t ion 
coefficients was made on the basis of this map. If this 
matrix is used to correct data, the nonuniformities in 
the MSAC sensitivity are automatically reduced to a value 
below 5 ~~ . 

The MSAC proper background is 3-5 cpm/cm 2• Taking the 
efficiency of the detector into account, this value cor
responds to a radioactivity of 40-60 pCi/cm 2• The count 
rate of the system is up to 2.5x10 5cpm. 

The radiation of a label must be 3 times as high as 
that of the background for reliable localization of a ra
dioactive zone. Therefore, the system allows one t o de
tect reliable a radioactivity of 120-180 pCi/cm e or more. 
The time for information accumulation is determined by 
the activity of a sample zone which contains the smallest 
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isoto~e amount. To obtain ~ result with an error R = 

= N °·" IN of no more than 57., where N is the number of 
events per zone, it is necessary to accumulate at least 
300 events. This takes about 25 min for a minimal recor
ded ac tivity of ISO pCi/cm2: 

The system has very good reproducibility. Deviations 
in det ermining the radioactivity do not exceed 3-5% re
peated analyses of the same sample. 

3. Treatment of the Results of Analysis 

Wit hout desctroying a sample, the .system allows one 
to make an accurate quantitative analysis of isotope dis
tribut ion among the zones, to get jnformation on their ab
solute and relative activity, the coordinates of each 
zone, the coordinates of their centres and so on. The 
resul t s of the analysis are presented as a two-dimensio
nal matrix, each element of which contains information on 
the number of events recorded from a chamber sensitive 
element of O.SxO.S mm 2 • The number of elements in the 
matrix is 320x320. The size of the matrix elements can 
be changed for K ( K = I ,2,3, ••• ). The matrix is projec
ted on the screen of the colour TV monitor as a semi
tonic map of the activity distribution throughout the 
sample area. There are 7 colours and 12 semitones in each 
colour , and the total number of map gradiations is 84; 
The t r ansformation of the map with digital filters 1'1 2 

allows one to "get rid of random noise and to make the map 
more contrast. 

No t only the map of the entire sample but also the 
maps of those regions which are of particular interest 
can be projected on the screen of the colour TV monitor. 
It is also possible to project the three-dimensional map 
or profiles of its sections along two coordinates on the 
screen of the TV monitor or the plotter (see Fig.I).This 
allows one to detect the presence of individual fractions 
even uhen their separation is far from being complete. 
The sections can be made either along one line (column) 
of the matrix or as a band of several lines (columns) up 
to the whole width of a sample. 

In order to determine the quantitative isotope dis
tribut ion among the zones, one has to outline regions of 
interest with a course recorded on the TV monitor screen. 
Then t he computer performs a statistical treatment of the 
information. The result of the treatment is given as 
a tabl e on the alphabetic-digital printer. 
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Fig.I. Three-dimensional map of the sample obtained 
by the plotter. 

4. Discussion 

E.coli ribosomal 30S subunits contain one molecule of 
16S RNA and 21 protein molecules with molecular masses from 
8000 to 61000 D. All these proteins can be separated by 

d . . 1 1 h . . 1 1 "d 11101 two- ~mens~ona e ectrop ores~s ~n a po yacry am~ e ge 
A reliable detection of the proteins by staining the gel 
with Coomassie requires 200 meg of the total protein f rom 
30S subunits. Iodination of the proteins with 1251 pr i or 
to electrophoresis followed by radioautography allows one 
to reduce the amount of proteins required for the anal y
sis. Using ICI 121 or chloramine T 11/, one can incorporate 
up to I07Bq per I meg of protein at a specific radioacti
vity of 12~ 13-18 mCi/mcg. Since different proteins vary 
in the degree of iodination, 20 meg of the total prote in 
suffices for reliable detection of all the proteins i 
this case, i.e., I meg of the least iodinated protein in 
a spot 3 mm in diameter when the exposure takes 70 h. 

It is well known that radioautography makes it poss ible 
to determine the position and shape of spots and to e sti
mate approximately the relative distribution of radioacti
vity in the spots. In order to measure the discributi n of 
radioactivity in proteins, one has to find the spots, to 
cut the corresponding regions in the gel and to count them. 
This procedure takes a lot of time and may involve err ors 
due to an inaccurate localization of the spots, the con
tribution of the background radioactivity of the gel and 
so on. Figure 2 shows a conventional radioautogram ob
tained after two-dimensional separation of 1251-label l ed 
proteins from E.coli ribosomal 30S subunits in a polyac
rylamide gel. The X-ray film was exposed for 10 days, and 
only Sl, S3/S4, S7, S9/SII and SI9/S20 proteins were ob
served. A longer exposure of the film or greater amounts 
of the analyzed material are required to localize the re
maining proteins. 

The same gel was analyzed using the HSAC system. The 
results are shown in Fig.3. The analysis took only 15 min. 
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• 

• • 
Fig.2. Autoradiogram of the 
film after two-dimensional 
separation of 126I-labelled 
proteins from E.coli riboso
mal 308 subunits in the gel •. 

Fig.3. Digital autoradiogram from the same gel ob
t ained by the M8AC system. 

As one can see, this time sufficed to localize all the 
prote ins from E •. coli ribosomal 308 subunits. Hence, the 
method is Eigh~ sensitive. 

The system has been used to determine the relative 
distr ibution of a label among proteins. These data are 
cons i stent with those on the radioactivity distribution 
in 308 subunits proteins labelled with l2&Jusing T chlora
mine that we have obtained with an "Intertechnic 11 coun
ter. Hence, this approach is adequate for solving such 
probl ems. It should be noted that, in contrast to con
vent i onal analytical procedures, the gel is not to be 
cut and therefore it can be used in further studies. 

5. Cone lusions 

The described automatic system for express-analysis 
of t h in-layer samples can be used for examining a mix
ture of proteins and other compounds labelled with 126J 
and separated by two-dimensional gel electrophoresis or 
two-d imensional chromatography. The system makes it pos
sible to reduce the time of analysis by more than a fac
tor of 100 as compared to conventional radioautography, 
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and to get information on label distribution among pro
teins without desctoying the samples. 

The system is being successfully used for studyi ng the 
structure and function of ribosom, and it may be a plied 
to solve similar biochemical problems. 
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OTPA~EHHE YflbTPAXOflO~H~X HE~TPOHOB 
OT CHflbHO norflOmA~HX CPE~ 

B.B.ron~Kos, E.ft.KynarHH, ~.B.HHK~TeHKO 

• 

llpHBO~HTCH pesynbTaT~ HCCne~OBaHHH OTp~eHHH ynb~pa

XOnO~Hb~ He~TPOHOB OT CHnbHO norno~a~~ o6pa3~0B ec
Te CTBeHHOrO KaAMHH H KaAMHH, O~Ora~eHHOrO HSOTOUOM 
11SCd ~o 95%. 3l<:cnepHMeHTanbH~e AaHH~e xopomo onHCbi
Ba~TCH TeOpHe~ OTpazeHHH YXH, HCnOnbS~~e~ npe~CTaB-
neHHH o KOMnnexcHOM noKasaTene npenoMneHHH ~nH He~T
poH~ BOnH. Rs TeopeT~ecKoro aHanHsa cne~yeT, qTo 
B Cnyqae ecTeCTBeHHO~ CMeCH H30TOUOB KaAMHH, HMe~~eH 

nono~HTenbH~ ~HHY pacceHHHH, saXBaT He~TpOHOB K~
MHeM CH~aeT Ben~HHY K03~H~HeHTa OTp~eHHH YXH. 
Hao6opoT, npH OTPH~aTenbHO~ ~nHHe pacceHHHH, KOTOp~ 
HMeeT 113Cd, SaxBaT HeHTPOHOB ysen~HBaeT K03~H~HeHT 
OTp~eHHH. flpH yqeTe pOnH OKHCHO~ nneHKH Ha noBepx
HOCTH KaAMHH 3KCnepHMeHTanbH~e pesynbTaThl COrnaC~TCH 
c pacqeToM. 

Pa6oTa BhlnOnHeHa B na6opaTOpHH He~TpOHHO~ ~HSHKH 
OIDIR. 

Reflection ·of UCN from Strongly Absorbing Media 

V. V.Golikov, E.N.Kulagin, Yu,V.Nikitenko 

The results are reported of the study of UCN ref
l ection from strongly absorbing samples of natural 
cadmium and of cadmium enriched with 113Cd isotope 
up to 95%. The experimental data are well described 
i n the framework of the theory of UCN reflection 
which uses the complex reflection index for the re
f r action of neutron waves. It follows from theoreti
ca l analysis that for the natural mixture of cadmium 
i sotopes having a positive scattering length the 
neutron capture by cadmium reduces the UCN reflec
t i on index. On the contrary, if the scattering length 
i s negative, as it is for 113cd, the neutron capture 
i ncreases the reflection index. Experimental data are 
i n agreement with calculated results if the oxide 
f i lm on the cadmium surface is taken into account. 

The investigation has been performed at the La
bor atory of Neutron Physics, JINR • 



BeeoeHue 

Ha OCHOBe YHHBepcanbHOCTH RBneHHR, B~pa*a~~erOCR B TOM, 
4TO BCRKaR cpeAa, ~eKTHBHO norn~a~aR HeKOTOpoe HSny~ 

4eHHe, AO~Ha OAHOBpeMeHHO RBnRTbCR H 3~eKTHBH~ OTpa*a
TeneM 3TOrO H3ny4eHHR, B 1961 rOAY 6~n0 TeOpeTH4eCKH pac
CMOTpeHO OTPa*eHHe ynbTpaxonOAH~X HeHTPOHOB /YXH/ OT 
cHnbHO norno~a~HX cpeA 11•21. nony4eHH~e pesynbTaT~ noKa~ 
s~ea~T, 4TO e cpeAe c norn~eHHeM nonHoe oTpa*eHHe HeHT~ 
pOHOB HeB03MO*HO , OAHaKO B cny4ae BeCbMa CHnbH~X norno~ 
THTeneH K03$$H~HeHT oTpa*eHHR YXH R e npeAene Man~x cKo
pocTeH HeHTpDHOB ( A>> 1:/N ua) AOn*eH HMeTb 3aMeTH~ e e nH-
4HHY 

-4mVz 
R = 1-

bNu 
a 

/1/ 

rAe Vz - HOPManbHaR KOMnOHeHTa CKOPOCTH HeHTPOHa B ea~ 
KyyMe, N - 4Hcno RAep cpeA~ e eAHHH~e o6DeMa, ua - ce~ 
4eHHe norn~eHHR HeHTPOHOB, 1/Nua ~ ~~eKTHBHaR AnHHa 
npo6era HeHTPOHa e cpeAe , onpeAenReMaR nor~~eHHeM , ~ 

H m - AnHHa BOnH~ H Macca HeHTPOHa. 
no aHanorHH c oTpa*eHHeM 3neKTpOMarHHTH~x eonH OT no~ 

sepxHOCTH MeTanna ReneHHe OTPa*eHHR YXH OT cHnbHO norno
~a~~HX cpeA 6~n0 Ha3BaHO 11MeTannH4eCKHM11 OTpa*eHHeM HeHT~ 
pDHOB 11•21. 
AK~K H.M.~paHK, Hcnonb3YR npeACTaeneHHe o KOMn~ 

neKCHOM nOttasaTene npenoMneHHR n = n ' +in " AnR HeHTPOHH~x 
BOnH, paCCMOTpen B 191't r, 13·41 OC06eHHOCTH nOBeAe HR 

YXH H, e 4aCTHO~, HX oTp~Me oT norno~a~~Hx cpeA. 
D~no noKa3aHO, 4TO nOCKOnbKY KDrepeHTHaA AftHHa pac c eRHHR 
HeHTpOHa b - BenH4HHa KOMnneKCHaR /a HMeHHO AnHHa pa cceR
HHR onpeAenReT noKa3aTenb npenOMneHHR HeHTPOHH~X BOnH/, 
TO BO 

2 
nz 

, 2 
n = z 

scex cny4aRx n ~ eenH4HHa KOMnneKcHaR: 

v2 v .2 
(n' + in'~ ) 2 = (1- .-0...) + i - 1

-
z z v2 v2 

z z 

1 2 2 I 2 22 4 
-[(V -V)+y(V -V) +V. ), 
2V2 z 0 z 0 I 

z 

n"2 _ ._1_ [(V
0

2 _ V2) + j(V2 _ V2)2 + V.4) 
Z 2 Z Z 0 1' 

2Vz 

121 

2 h2Nb' 2 h2 Nb" h b' rAe Vo =--; vi =-;t"- ~-Nu (V). V; H b" ~ Ae HCTBH-
m2 " m ~:: rr m a 

TenbHaR H MHHMaR 4aCTH AnHHW pacceRHHR. 
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B o6nacTH YXH /npH Vz < V0/e cny4ae RAeP c o6~4H~M ce-
4eHHeM norn0114eHHR (0Jz2 - ·Vg)I):Vi4)MHHMaR 4aCTb nOKa3aTenR 
npenoMneHHR AnR HeHTpOHH~X BOnH CTaHOBHTCR 6onbWe AeHCT
BHTen bHOH: n~' > n~. 3Ta OC06eHHOCTb XapaKTepHa AnR OTpa>Ke
HHR 3neKTPOMarHHTH~x eonH onTH4ecKoro AHana30Ha OT noeepx
HOCTH MeTannoe, H, KaK nOA4epKHyTO e 141, cneAOBaTenbHO, 
AOn>KHa npORBHTbCR aHanorHR OTpa>KeHHR H norno~eHHR YXH 
c onTHKOH MeTannoe. B cny4ae HeHTPOHH~x eonH eenH4HHa n ~ 

oKa3~eaeTCR nponOP4HOHanbHOH ce4eHH~ norno~eHHR aa, an~' 

3aBHCHT TOnbKO OT VO H Vz. no3TOMY 4eM MeHbWe Ce4eHHe no
rno~eHHR Ua, TeM MeHbWe n~ H TeM 60nbWe K03~H4HeHT OTpa
>KeHHR YXH. 

npH OTpa>KeHHH YXH OT CHnbHO norno~a~~HX cpeA ((v:- vg )~ 
< V.4) B npeAene Man~X CKOPOCTeH HeHTpOHOB MHHMaR 4aCTb 
no~a3aTenR npenoMneHHR OKa3~BaeTCR nOPRAKa AeHCTBHTenbHOH: 
n~'- n ~, npH4eM In z I » 1111. TaKoe noeeAeHHe K03<!>¢H4HeHTa 
npenoMneHHR xapaKTepHo npH OTpa>KeHHH MeTannaMH 3neKTpo
MarHHTHoro H3ny4eHHR paAHOAHana3oHa. B 3TOM cny4ae cne
AYeT O>KHAaTb eo3pacTaHHR K03<)l¢H4HeHTa oTpa>KeHHR YXH c yee
nH4eHHeM ce4eHHR norn0114eHHR HeHTpOHOB. 

H3 pa6oT~ 141 cneAyeT, 4TO e o~eM cny4ae Ko~¢¢H4HeHT 
OTpa>KeHHR HeHTPOHOB R nor no~a~~eH cpeAOH 

(n'-1) 2 +n " 2 
R = z z 

(n~ + 1) 
2 + n ~ 2 13/ 

2 ~ 2 2 2 4 r;; I 2 2 I 2 2 2 4 
.(V z + 0/z - .V 0 ) +Vi)- y 2 · V ..j (V - V0 ) + v 0/ z - V 0 ) +Vi 

= - - - - ----- - ---,·- --------- - • 

2 I< 2 2 2 4 In ,A 2 2 j 2 2 2 4 
0/z + (vz-VO) +Vi)+v 2 ·Vz (vz-Vo)+0/z-VO) +Vi 

EcTec TeeHHo, e~pa>KeHHe /1/ AnR K03¢¢H4HeHTa oTpa>KeHHR R 
RBnRe TCR 4aCTH~ cny4aeM ¢opMyn~ /3/ B npeAene Man~x CKO
pOCTeH HeHTPOHOB 0/z « Vi)npH Vi4 >> (y

2
- V;) 2. 

v 6 z B HacTOR~eH pa6oTe coo ~a~TCR 3KcnepHMeHTanbHble pe3ynb-
TaT~ HCCneAOBaHHR OTpa>KeHHR HeHTPOHOB OT CHnbHO norno~a~
~HX o6pa340B ecTeCTBeHHOrO KaAMHR H KaAMHR 4HCTOTOH 99 , 95%, 
o6ora~eHHOrO H30TOnOM 113cd AO 95% /COAep>KaHHe H30TOna 
113Cd B ecTeCTBeHHOH CMeCH 12,26%/. 8~6op KaAMHR B Ka-
4eCTBe 06"'beKTa HCCneAOBaH'HR o6ycnoeneH TeM, 4TO MHHMaR 
4aCTb AnHH~ pacceRHHR B 060HX cny4aRX cpaBHHMa no eenH4H
He C AeHCTBHTenbHOH H cneAyeT OlKHAaTb ee BnHRHHR Ha eenH-
4HHY K03<)l¢H4HeHTa oTpa>KeHHR HeHTpoHoe 151. B eAHHHLiax 
10-12cM e o6nacTH YXH: 

b = b , ·- i b , = 

28 

{
. +0,444-0,053 i Anfl ecTeCTBeHHoro Cd 

-0,74-0,43i AnR 113Cd. 



1. MemoouKa 3KcnepUMeHma 

CxeMa 3Kcnep~MeHTanbHOH ycTaHOBK~ np~BeAeHa Hap c.1a,6. 
Ha a~xoAe KaHana YXH peaKTopa H6P-2 161, no KOTopoMy ocTy
naiOT . HeHTpoH~ C ~HTepeanOM CKOpQCTeH /3,37+5,67/ Me-l, 
nOACOeA~HeH OAH~M ~3 CBO~X OTBOAOB TpQHH~K 2, ~3rOTOBneH
H~H ~3 MeAH~x 3neKTponon~poaaHH~x Tpy6. K ABYM APYr ~M oT
BOAaM TPOHH~Ka noACOeA~HeH~ AeTeKTOP 3 ~ o6pa3e~ 4. Ae
TeKTO?, ~ o6pa3e~ MOryT MeHRTbCR MeCTaM~. 

B 71 noKa3aHo, 4TO np~ ycTaHOBKe e TPOHH~Ke o6pa 3 ~a 
C nnOillaAbiO S

0 
~ K03<1>$~~~eHTOM OTpallleH~R R (V) C4eT AeTeK

TOpa JA e o6o~x reOMeTp~Rx pacnonollleH~R ~pa3~a MOllleT 6~Tb 
3an~caH B eA~HOH $QpMe C y4eTOM HeOAHOpQAHOrO ~ He~30Tpon

HOrO noToKa YXH: 

Vr8KC 
= p. (V) · S · I (V) d V , D z,y A z,y 

v 
/4/ 

MHH 

rAe J A 1 2 - c4eT AeTeKTopa npH pacnonoliCeH~~ o6pa3~a no oc~ 
HeHTPOHOBOAa /ocb y I ~ nepneHAHKyn~tpHo oc~ He~TpoHOBOAa 
/ocb z I cooTBeTCTBeHHo; J,JPJV)- nonH~H norJ10111aeMbiH noTOK 
YXH; S

3
¢upCV)- 11 3<1><!leKT~BHaR 1 nornOIJ4a~aR nnOillaAb Ka ana 

YXH; SA - nn0114aAb AeTeKTopa; nz, ny- nnoTHOCTb noToKa 
YXH e HanpaeneH~Rx oceH z ~ y; p.D(V) ~ p. (V)- ycpeAHeHH~e 
no yrnaM naAeH~R K03¢$~~~eHTbl norn0114eH~R~XH AeTeKTOpOM 
~ o6pas~oM: 

p. 
0 

(V) = 1 - R 
0 
(V) , 

til (V,cos8)·A (cos8)dcos 2e 
Jl (V) = z,y z,y 

z. y 1 2 
I Az, y (cos e )d cos e 
0 

3 rAe Az(cosez)=COS ez ; Ay(cos8y) = cos8y - aH~30TpQn~R 
noToKa YXH e HanpaeneH~Rx oceH z ~ y cooTBeTCTBeHHo; 
V MBKC = 5,67 MC-t H VMHH = 3 ;37 MC -l - MaKC~ManbHaR H MM .. 
H~ManbHaR cKopocT~ YXH e KaHane. 29 



" 

PHc.l. a/ CxeMa KaHana YXH: 8 , 3 6 5 
I - a KTHBHaR 30Ha peaKTopa, 6/ 
2 - 3 a MeAnHTenb, 3 - KOHBep
TOp YXH, 4 - ,IJ;bJPO'!HbJH 3aMe,o;
nHTenb , 5 - H30rHyTbJH HeHTpo
HOBO,IJ;, 6 - 3amHTa, 7 - KpHo
reHHble Tpy6onpoBO,Il;bJ, 8 - ga
mHTHbJH WH6ep, 9 - BaKYYMHaR 
MeM6pa Ha, IQ - BO,IJ;a AnR Ha
MOpa~HBaHHR KOHBepTopa, II -
CHCTeMa BaKYyMHOH 6e3MaCnR
HOH OTKa'lKH, 12 - WTOpKa, 
13 - TpOHHHK, 14 - 3neKT
pOHHaR annapaTypa. 6/ CxeMa ycTpoH:CTBa AnR H3MepeHHR 
K03~H~HeHTa oTp~eHHR ra3a YXH,I -KaHan YXH,2- TPOHHHK, 
3 - ,o;eTeKTop, 4 - HCcne,o;yeMhlii o6pa3e~, 5 ~ nornoTHTenb 
YXH /nonH3THneH/, 6,7,8- ,o;Ha~parMa. 

Y4HT~BaR, 4TO AnR cneKTpa YXH I(V) HHTerpanbH~H K03~~H
~HeHT oTpall<eJ:!.HR oT MeAH Rcu = 1 /c To4HocTbl'.) -0,1%/ ;a oT 
nonH3THneHa RcH 2 = 0 /c T04HOCTbto -1 !f, cornacHo 171 

K03~~H ~HeHT OTpa>KeHHR YXH OT o6paa~a Ro MOli<HO e~pa3HTb 
4epe3 C4eTa AeTeKTOpa npH HanH4HH (JcH ) H OTCYTCTBHH . 
(J0u) e TPOHHHKe nornoTHTenR /nonH3TH~Ha/ nno111aAbto ScH~ 

Ro 
l _ 1:/JO -1/J Cu 8 CH 2 

1:/J CH - 1:/J Cu 
2 

So 
/5/ 

rAe J 0 - C4eT AeTeKTOpa npH nOCTaHOBKe B TpOHHHK HCCne
AYeMOr O o6paa~a nnOIJiaAbto S 0 . 

TpOHHHK MO>KeT epaiJiaTbCR BOKpyr OCH HeHTpOHOBOAa. npH 
noeopoTe TPOHHHKa Ha 90 ° npH coxpaHeHHH AeTeKTOpa Ha ro
PH30HTanbHOH ocH y cneKTP noToKa YXH Ha o6paa~e MeHReTCR 
Ha-aa n poxOli<AeHHR 3HepreTH4eCKoro 6apbepa, c03AaeaeMoro 
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rpaBHTa4HOHH~ noneM. nocKOnbKY 3HeprHR B3aHMOAe~cTB HR YXH 
C rpaBHTa4HOHHbiM noneM W =·mgh, TO AOCTH4b o6pa34a MOr yT 
TOnbKO HeBlFOHbl, y KOTOpbiX eepTHKanbHaR KOMnOHeHTa CKOpO
CTH Vz >y2gh /g - YCKOpeHHe CBo60AHOro naAeHHR, h - Bbi
COTa nOADeMa B none TR~eCTH OTHOCHTenbHO TpaHCnOpTHOrO 
He~TpoHOBOAa/. ~cnonb30BaHHe 3aMeAneHHn YXH e rpaeHTa-
4HOHHOM none n03BOnReT npoBOAHTb H3MepeHHR 3aBHCHMOCTH 
K03$1>H4HeHTa OTpa>KeHHR R OT CKOpoCTH He~TPOHOB, H3HeHRR 
BbiCOTY nOADeMa o6pa34a. 

8blpa>KeHHe /5/ AnR HHTerpanbHOrO K03~H4HeHTa OTpa >Ke
HHR ji' .cnpaBeAnHBO H TOrAa, KOrAa HCcneAyeMbl~ o6pa3e 4, 
~onH3T~neH H MeAb pacnono>KeHbl Ha BbiCOTe h .B 3TOM cny4ae 
R RBnReTCR cpeAHHM 3Ha4eHHeM K03$~H4HeHTa OTpa>KeHHR no 
cneKTPY YXH Ha BbiCOTe h. 

I CYzlr----r----..-----r--, 

3 

4 6 Yz 

PHc. 2. CneKTPbl pacnpe~ene

HHH YXH no npoeKqHH CKOpo

CTH V Z B 3aBHCHMOCTH OT 

BbiCOTbl UOA'beMa o6pa:;J II,a 

11Sc d: I - h = 0 IV z 
4,06 Mc-:.1, 2 - h :

1
· 

0,25 M IVz = 3 L4 MC I, 
3 - h = 0,45 M IVz 

2,9 Mc-1 I, 4- o6p aseii, 

CdecT h = 0 IVz 
= 4 '05 MC - 1 I . 

Ha pHc.2 npeACTaeneHbl cneKTpbl I(Vz) pacnpeAeneHHR YXH 
nO npOeK4HH CKOpOCTH VZ Ha BbiCOTe h,paCC4HTaHHble npH HanH-
4HH e Ka4eCTBe o6pa34a H3oTona 113Cd. flpoeeAeHHble a Hano
rH4Hble pac4eTbl c ecTecTeeHHO~ CMecb~ H30Tonoe Cd8QT no
Ka3anH, 4TO cpeAHee 3Ha4eHHe KOMnOHeHTbl CKOpOCTH Vz cna-
6o 3aeHCHT OT THna o6pa34a. TaK, AnR 113 Cd npH h = 0, 
0, 25; 0, 45 M cpeAHHe 3Ha4eHHR Vz paBHbl 4, 06 MC -1 , 
3, 39 MC - 1 H 2, 90 MC -l COOTBeTCTBeHHO; AnR CdecT npH TeX 
>Ke 3Ha4eHHRX h Vz paBHO 4,05 MC-1, 3,38 MC""1H 2, 89 MC- 1. 

2. Pe3yAbmamm 3KcnepUMeHma 
u ux o6cyxoeHue 

CyMM1fHaR nno~aAb o6pa34a H30Tona 113cd cocTaBnRna 
]2,5 CM npH cpeAHe~ TOn~HHe -5 MM, a o6pa3e4 ecTeCTBeH
HOrO KaAMHR npeACTaBnRn C060~ nHCTOBO~ npOKaT TOn~HHO~ 
0, 5 MM1 MaKCHManbHO~ nn~aAbiO 314 CM 2. 
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Red 

100 200 300 400 

PHc.3. 3aBHCHMOCTb K03~H

QHeHTa OTpaJKeHHH R OT TOJI

UUiHbl OKHCHOH nJieHKH Ha no

aepXHOCTH KagMHH. I - cH

cTeMa Cd +CdO, 2 - cHcTeMa 
113Cd + · 113 CdO • 

no cKOflbKY rny6HHa npOHHKH08eHHR YXH 8 cpeAY npH OTpa~ 
~eHHH cocTa8nReT 8enH4HHY nOPRAKa 100 A, AflR npaeHnbHOH 
HHTepnpeTa~HH 3KcnepHMeHTaflbH~X pe3YflbTaT08 He06XOAHMO 
3HaTb COCTORHHe no8epXHOCTH HCCfleAyeMOrO 06pa3~a. H3~ 
8eCTHO, 4TO 3a HCKno4eHHeM 30flOTa HH OAHH 4HCT~H MeTann 
H HH OAHH cnna8 He 06flaAaeT CTOHKOCTb~ npOTH8 OKHCfleHHR 
Ha 8 0 3AYXe npH KOMHaTHOH TeMnepaType. CornacHo nHTepaTyp
H~M AaHH~M/8/ npH AeHCT8HH 8fla~Horo 803AYXa Ha no8epx
HOCTH KaAMHR o6pa3yeTCR nneHKa OKHCH CdO nnOTHOCTb~ 
p = 8 ,2 r · cM-8. 

Ha pHc.3 npeACTa8neH~ pe3ynbTaT~ H3MepeHHH K03$~H~HeH
Ta oTpa~eHHR R. OT ecTeCT8eHHoro KaAMHR H H30Tona 113cd, 
KOrAa H o6pa3e~,H AeTeKTOp pacnonaranHCb 8 nnOCKOCTH 
TpaHcn opTHoro HeHTPOHOBOAa /h = 0/. B o6oHx cny4aRx no
ny4eHH~e 3Ha4eHHR }i He MOryT 6~Tb 06DRCHeH~ TeopeTH4e
CKHM K03~H~HeHTOM oTpa~eHHR YXH TOflbKO oT MeTannH4ecKo
ro Ka AMHR. 

KpH8~e pHc :3 H306pa~a~T· 3aBHCHMOCTb K03~H~HeHTa oTpa
~eHHR Cd H l13cd OT TOfl~HH~ OKHCHOH nneHKH Ha noeepXHO
CTH Me TaMH4eCKoro KaAMHR. I JlnR CdO V~= 19,25 M 

2
c -; 2 ; 

Vi2 = 0 ;9~5 M
2
c-

2
; AflR 

113Cd0 vg= ~3,11 M2c- 2
..l Vi = 

= 8, 12 M c - 2 I. Pac4eT K03$~H~HeHTa oTpa~eHHR R n PDH3eo
AHflCR npH HCnOflb30BaHHH peKyppeHTH~X COOTHOWeHHH AflR aM
nnHTYA~ OTpa~eHHR HeHTPOHHOH 80flH~ OT A8YXCflOHHOH CHCTe
M~ 110 KHCb-MeTaM11 /

9/. 

Pa 3flH4H~H xapaKTep 3a8HCHMOCTH K03~~H~HeHTa OTpa~eHHR 
YXH OT Ton~HH~ OKHcna Ha noeepxHOCTH MeTanna AflR 113Cd 
H CdecT C8R3aH c pa3nH4HeM . 3HaKo8 y AeHCTBHTenbHOH 4aCTH 
AflHH~ pacceRHHR Ha38aHH~x RAep. 

H3 TeopeTH4eCKHX KPHB~x pHc , 3 H 3KcnepHMeHTanbH~x 3Ha-
4eHHH K03W~H~HeHTa OTpa~eHHR R 6~no onpeAeneHo, 4TO no-
8epxHOCTb KaAMHR nOKP~Ta cnoeM OKHCH CdO TOfl~HHOH a = 

25.:!:_1 5 A; 8 cny4ae 
113Cd - TOJ'liiiHHa 113Cd = /50~~~/ A. 

Ha pHc.4 H 5 npeACTa8neH~ TeopeTH4eCKH o~HAaeM~e 3a-
8HCHMO~TH ycpeAHeHHoro no cneKTPY YXH KO~H~HeHTa OTpa
~eHHR R HeHTpoH08 OT 8eflH4HH~ ce4eHHR nor~eHHR e eAH-
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0.6 I 
0,4 

3 
0,2 
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0,8 

0,6 

0,4 4 

0.2 

0 2 3 4 5 

PHc.4. 3asHCHMOCTb ycpegHeH

Horo no cneKTPY YXH K03~H
~HeHTa OTpaJKeHH.fl R oT senH

'IHHbi ce'leHH.fl nornom;eHH.fl 

B egHHH~ax vi /Me-l I AJI.fl 

CHCTeMbi Cd + CdO. TeopeTH'tle
CKHe KPHB~e H 3KcnepHMeHTaJib

Hbie gaHHbie npl:filegeHbi AJI.fl 
CJI'ruaes: I - V = 4 06 MC-1 • 
J~_ z ' - ' 

2 - V z = 3, 65 MC -l ; 3 - V z= 
= 3 40 MC-l • 4 - V =2 9 MC-1 

' ' z ' 

R 

0.2 

0,2 
2 

0,1 L------
0~-----~---~ 

0,2 3 

0,1 

0~-----t----------1 

:::t l ') 
0 2 3 4 s V· 

I 

PHc.5. 3aBHCHMOCTb y cpeg

HeHHoro no cneKTPY YXH Ko-
3qxpH~HeHTa oTpaJKeHH.fl R oT 

seJIH'IHH~ ce'tleHH.fl nor nom;e
HH.fl B egHHH~ax vi I c -l I 
AJI.fl CHCTeMbl 11 3cd+ 113Cd0. 
TeopeTH'IeCKHe KPHBbie 
H 3KCnepHMeHTaJibHbie gaHHbie 

npHBegeHbi AJI.fl cnyqaes: I -
V z = 4 , 06 MC - 1 Z. - Vz = 

3,65Mc- 1 3- Vz= 
3 40 MC -l 4 - V = 

' z 2,9 MC-l 

Hlo14aX Vi lo1 nony4eHHble 3KCneplo1MeHTailb Hble AaHHble. np 1o1 y4eTe 
Haillo141o1R 0Kio1CHOH nileHKI-1 Ha nosepXHOCTI-1 KaAMHR 3KCnep lo1MeH
Tai1bHble pe3ynbTaTbl xopowo onHcblsa~TCR reop1o1eH orpa~eHHR 
YXH or CHilbHO norno~a~~1o1x cpeA,Hcnonb3~~eH npeACTa sne
HHR 0 KOMnneKCHOM noKa3aTene npenOMI1eHio1R AilR HeHTpOH HbiX 
BOilH / 4/ 

. IV 
CornacHo reopeTH4eCKHM npeACKa3aHHRM AI1R RAe p c no-

nomHTeilbHOH AI11o1HOH pacceRHio1R /cny4aH ecTeCTBeHHOH CMeCio1 
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H30TOnOB KaAMHR/ npH V z < V 0y'3i2 K03!M>H~HeHT OTpa>KeHHR Heih
POHOB / 3/ C pOCTOM Ce4eHHR norn~eHHR CHa4ana naAaeT, npo
XOAHT 4epe3 MHHHManbHOe 3Ha4eHHe H npH AanbHeHWeM yeenH-
4eHHH ce4eHHR norn~eHHR Ha4HHaeT B03pacTaTb /pHc.4/.POCT 
K03!M>H~HeHTa OTpa>KeHHR Ha4HHaeTCR C 

2 
Vz 1/4 vi =V0 (3-2-) , !6! v2 

0 

npH4eM npH 3TOH eenH4HHe Vi K03!M>H~HeHT _oTpalKeHHR AOCTH
V0y'2- vt 

raeT MHHHManbHOrO 3Ha4eHHR R MHH = , · • 
Vo..fJ + v z 

YcnOBHe /6/ He B~nOnHReTCR KaK B CnY4ae HCCneAOBaHHOH 
e AaHHOM 3KcnepHMeHTe CHCTeM~ Cd + CdO, TaK H e cnY4ae Ta
Koro CHnbHOrO nornOTHTenR, KaK H30TOn 167 Qd, KOTOp~H pa
Hee 11•21 npeAnaranCR B Ka4eCTBe OO'beKTa HCCneAOBaHHR AnR 
o6Ha py>KeHHR 11MeTaMH4ecKoro11 oTpa>KeHH" HeHTPOtfOB. B pe
aynbTaTe 3aXBaT HeHTPOHOB KaAMHeM CHH>KaeT aenH4HHY K03~
~H~HeHTa OTpa>KeHHR ynbTpaxonOAH~X HeHTPOHOB. 

npeACKa3~BaeMbiH 3~~eKT heenH4eHHR K03!M>H~HeHTa OTpa>Ke
HHR npH 3aXBaTe HeHTpOHOB . 1•41 06Hapy>KeH npH OTpa>KeHHH 
HeHTPOHOB OT CHCTeM~ 11Scd + 11 SCd0-cpeA~, COAep>KallleH CHnb
HO nornOillaiOIIIHe_RAPa C OTPH~aTenbHOH AnHHOH pacceRHHR 
/pHc.5/ . np~-1 Vz= 2,9 Mc- 1 ce4eHHe norno111eHHR yeenH4HeaeT 
K03~~H~HeHT OTpa>KeHHR Ha 40% /KpHBaR 4, PHC.5/. 

AeTop~ rny6oKo npH3HaTenbH~ aKaAeMHKY J1.~1.C!>paHKY, 6e
ceA~ C KOTOp~·cnOC06CTBOBanH nOHHMaHHIO MHOrHX BOnpOC08, 
paccMOTpeHH~x e AaHHOH pa6oTe, a TaK>Ke B.n.An~HMeHKoey 
H n.6. nHKenbHepy 3a none3H~e AHCKYCCHH H nOMOillb npH O~eH
Ke 3Ha4eHHH AnHH pacceRHHR KaAMHR, 
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Kpam1eue coo6114eHUJ1 OHRH 119-85 rliNR Rapid Cprrmmications No .9-85 

Y.llK 539.1 

0 CnHH-OP6HTAnbHOM PACmEnnEHHH 
HE~TPOHHbiX 3p-CHnOBbiX <llYHKLIH~ B H30TOnAX Sn 

B.B.BopoHoe, 4.CTORHoe* 

B paMKaX KBas~aCT~HO-~OHOHHOii MOAenH HApa pac
C•lHTaHbl S - H p-eonHOBble Heii:TpOHHble CHnOBble ~YHK~HH 
AnH HSOTOnOB 117• 119 • 121 • 123• 12fisn. B KBaS~aCT~HO-~OHOH.
HOH MOAenH CHnOBble ~YHK~HH Bblp~aiDTCH qepes OAHO
KBaS~aCT~Hble KOMnOHeHTbl BOnHOBbiX «lJYHK~Hii, KOTOpble· 
pac«lJparMeHTHpOBaHbl no MHOrHM HAepHbiM ypOBHHM Hs- sa 
OCTaToqHoro BSaHMOAeHCTBHH, lloKaSaHo, qTo p-BOnHO
BbJe CHnOBble ~yHK~H AnH COCTOHHHH C yrnOBbJM MOMeHTOM 
J = 1/2 SaMeTliO npeBOCXOAHT CHnOBbJe ~yHK~HH An.R CO
CTO.RHHii: J = 3/2, 3TO COrnacyeTC.R C 3KCnepHMeHTanb
HbiMH AaHHbJMH no cnHH-op6HTanbHOMY pac~enneHHID 3 p
canoBb~ HeHTpOHHb~ ~YHK~Hii, nonyqeHHbiMH B lla6opaTo
PHH HeHTPOHHOH ~HSHKH ORHH. 

Pa6oTa BblnonHeHa B lla6opaTOPHH TeopeT~eCKOH ~H
SHKH ORHH. 

On Spin-Orbital Spl ittlng of Neutron 
3p-Strength Functions in Sn Isotopes 

V.V.Voronov, Ch.Stoyanov 

The s-and p-wave neutron strength functio s in 
117,119,121,123,125sn are calculated within the q asi-
particle-phonon nuclear model. The neutron strength 
functions are defined by the fragmentation of one
quasiparticle components of the wave functions over 
many nuclear states due to a residual interact i on. 
It is shown that the p-wave strength functions with 
the angular momentum of the compound nuclei J = 1/2 
are much higher than ones with J = 3/2. These r esults 
are in agreement with the experimental data on spin
orbital splitting of 3p-strength neutron func t ions 
obtained at the Laboratory of Neutron Physics, JINR. 

The investigation has been performed at the La
boratory of Theoretical Physics, JINR. 

*HHCTHTYT HAepHb~ HCCneAOBaHHH H .RAepHOH 3HepreTHKH 
BAH, Co~HH, HPB 
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~0 HeAaBHero BpeMeHH BOnpOC 0 Cy~eCTBOBaHHH CnHH-Op6H
Tanb HOrO pact~~enneHHR B Hei1TpOHHbiX --3P-CHnOBbiX <I!YHKI.IHRX 
ocTae ancR OTKPbiTbiM. Ha-aa HanH4HR cnHH-op6HTanbHoro eaaH
MOAei1 cTBHR B RAPaX cneAOBano O~HAaTb; 4TO B o6naCTH 3p
MaKC HMyMa HeHTPOHHbiX CHnOBbiX <llYHKI.IHH CHnOBble <llYHKI.IHH S/12 
H Si/2 • COOTBeTCTB~UIHe ABYM 3Ha4eHHRM nonHoro MOMeHTa 
KOMn a YHA-RApa, AOn~Hbl o6paaoeaTb nHKH, paaHeceHHble no 

1 
wKane Maccoeoro 4HCna. 0AHaKo pa3AenbHOe onpeAeneHHe 8 1; 2 
H Si/ 2 no napaMeTpaM OTAenbHbiX p -eonHOBbiX pe30HaHCOB He 
n03BOnReT CAenaTb OAH03Ha4HbiH BbiBO~ 0 HanH4HH ABYX nH
KOB. ny4WaR T04HOCTb onpeAeneHHR S112H 8~;2 6~na AOCTHr
HyTa B nH«P OH.RH 1

1,
2/ nyTeM H3MepeHHR ycpeAHeHHbiX no peso~ 

HaHcaM AH<Il<!lepeHI.IHanbHbiX ce4eHHH ynpyroro pacceRHHR Hei1T
poHoe Ha PRAe 4eTH0-4eTHbiX RAep. 3To noseonHno enepeble 
yCTa HOBHTb HanH4He CnHH-Op6HTanbHOrO pact~~enneHHR HeHTPOH
HbiX 3 p -cHnoeblx <llYHKLIHH AnR RAeP c MaccoebiMH 4HcnaMH A -
- 50- 130. 

He i1TpOHHble CHnOBble IPYHKLIHH ccpepH4eCKHX RAep ycnewHo 
OnHCbiBa~TCR B paMKaX KBa3H4aCTH4HO-~OHOHHOH MOAenH/K¢M//S~ 
HawH pac4eTbl HaPRAY c HennoxHM onHcaHHeM napi.IHanbHbiX 
Hei1TpOHHbiX CHnOBbiX <llYHKI.IHH npaeHnbHO OnHCbiBa~T HanH4He 
nOAC TPYKTYP e Hx 3HepreTH4ecKoi1 aaBHCHMOCTH 141. TaK KaK 
Bbi4HCneHHe HeHTPOHHbiX CHnOBbiX <llYHKI.IHH B K$M OCHOBaHO Ha 
pac4e Te $parMeHTai.IHH OAHOKBa3H4aCTH4HbiX COCTORHHH B o6-
naCTH 3HeprHH B036y~eHHR e6nH3H 3HeprHH CBR3H HeHTpOHa 
Bn• TO He npeACTaBnReT HHKaKHX TPYAHOCTei1 Bb14HCnHTb HeHT
pOHHble p-eonHOBble CHnO~ble <llYHKI.IHH AnR COCTORHHH C yrno
BbiMH MOMeHTaMH J = 1/2, 3/2. Uenb~ AaHHoi1 pa6oTbl RBnReT
CR n poeepKa B03MO~HOCTH OnHCaHHR B K$M CnHH-op6HTanbHOrO 
pact~~enneHHR p-cHnoBbiX <llYHKLIHH. B Ka4ecTee npHMepa Mbl 
Bb16pan H l.len04KY H30TOnOB Sn, AnR KOTOpbiX n pOBeAeHbl H3Me
peHHR e nH«P OH.s:IH 111. 

MeTOA pac4eTa Hei1TpOHHbiX CHnOBbiX $YHK1.1HH e K«PM Hano
~eH B HaWHX pa6oTaX 13•41. no3TOMY AaAHM TOnbKO KpaTKOe ero 
QnHCa HHe. 

raMHnbTOHHaH K«PM BKn~4aeT cpeAHee none e <PopMe noTeH
LIH·ana CaKCOHa-ByAca, cnapHBaTenbHOe eaaHMOAei1cTBHe H 3<1l
$eKTHBHble OCTaT04Hble MynbTHnOnbHble H CnHH-MynbTHnOnbHble 
CHnbl. BonHOBble <llYHKLIHH BbiCOKoeoa6~AeHHbiX cocTORHHH A
He4eTHbJX C<!lepH4eCKHX RAep aanHCbiBa~TCR B cneAY~tlleM 'BHAe·: 

+ Ai + + 
'l'v(JM) = CJ)aJM + A7j Dj (Jv)[ajmQ.\fLi]JM + 

A1i1.\2i2 + + + 
+ I FJ.I (Jv)[a . [Q, . Q, . ]IM']JM l'l'o. 

A1A2i li~I JID "tilt 11 "2il2 12 

/1/ 

36 



+ + 
3AeCb ajm lA Q Ap.i - onepaTOpbl PO>KAeHHR KBa3H4aCTIA lA 4>0"~" 
HOHOB. W0 - BOnHOBaR ~YHK~IAR OCHOBHOrO COCTO~HIAR 4eTH0-
4eTHOrO RApa. Hcnonb3YR aapHa~HOHHbiH npiAH~Hn, MOmHo Bbl
aecTH ceKynRpHoe ypaaHeHHe AnR onpeAeneHIAR 3HeprHH 
17

11 
j= (17

11
) = 0 lA ypaBHeHIAR AnR KO~~IA~IAeHTOB BOn HOBO ~ ~yHK

~IAIA /1/. Hx T04Hble BblpalKeHIAR npHBeAeHbl a151. npiA IACCne
AOBaHIAIA BbiCOKOB036YlKAeHHbiX COCTORHIAH 04eHb 3~eKTIABHbiM 
RBnReTCR MeTOA CIAnOBbiX ~YHK~IAH. AnR OAHOKBa31A4aCTIA4HbiX 
KOMnOHeHT BOnHOBOH ~YHK~IAIA /1/ CIAnOBaR ~YHK~IAR IAMeeT cne

AYJOIIIIAH BIAA 
151

: 

/2/ 

3Hepren~t4eCKIAH IAHTepaan ll onpeAenReT tnoco6 npeACTaane
HHR pesynbTaTOB Bbi41A~neHHR. B AaHHOH pa6oTe Mbl Hc nonbao
aanH BeniA41AHY fl = 0; 5 M38. 3HaR C i<111 MOlKHO pace HTaTb 
HeHTPOHHble CHnOBble ~YHK~IAIA AnR AaHHOrO 3Ha4eHIAR y rnoaoro 
MOMeHTa J. EcniA HeHTpoH C op6HTanbHbiM MOMeHTOM f 3axaa
Tb1BaeTCR "4eTH0-4eTHOH MIAWeHb~, TO HeHTpOHHaR CHnOBaR ~YHK
~IAR onpeAenReTCR BblpalKeHHeM 

f I I:' of (J) r oe 
8 II n II :o ..!.:,£· U 2 f C 2 ( ) d 

J = /lE /lE J llE J 11 '1· /3/ 

of 
rAe uJ - K03~1A~IAeHT npeo6pasoeaHHR 6oro~6oea, Ir011 
CYMMa npHBeAeHHbl~ HeHTpOHHbiX WIApiAH B 3HepreTH4eCKOM HH
Tepeane /lE, a rs~p. - OAH04aCTIA4HaR npHBeAeHHaR eHTpoH
HaR WHPHHa A11R noTeH~Hana CaKcoHa-ByAca e ~opMe, AaHHOH 
e 16 ~ Hcno11b3YR ~OPMY11bl /2/, /31. Mbl pacc4HTa11H na p~HallbHble 
CIA110Bble ~YHK~IAIA A11R AaHHbiX 3Ha4eHHH f lA J A11R PRAa 4eTH0-
4eTHbiX IA30Tonoe 8n. MeTOAHKa noA6opa napaMeTpoe raMH11bTo
HHaHa K~M nOAP06Ho onHcaHa e nt. B HacTORIIIeH pa6oTe Mbl HC
nonbaoeanH TOT IKe Ha6op napaMeTpoe noTeH~Hana Ca KcOHa
ByAca, 4TO H a 1S( 

Pesynb TaTbl HaWIAX pac4eToe A11R CH110BbiX !J)yHK~HH 8 ° , 
8 3~2 , 8 1~2 lA COOTBeTCTB~IIIHe 3KCnepHMeHTa11bHble AaHHble 
noKa3aHbl e Ta6nH~e. KaK BHAHO IA3 Ta6nH~bl, pac4eTb K$M 
XOpOWO OnHCbiBa~T S-B011H0Bble CIA110Bble $YHK~IAIA lA p -B011HO
Bble CIA110Bble $YHK~IAIA A11R J = 1 /2. /lllR p -B011HOBbiX CIA110BbiX 
$YHK~IAH 8i12 HaWIA pac4eTbl Aa~T 3aBb1WeHHble B 1 ,5-2,5 pasa 
no cpaeHeHH~ c 3KcnepHMeHTa11bHbiMH AaHHbiMH 3Ha4eHHR. TeM 
He MeHee pac4eTbl K$M, KaK H 3KcnepHMeHT, 4eTKO Ae MOHcT
PHPY~T Ha11H4He cnHH-op6HTa11bHoro pac111enneHHR HeHTpOHHbiX 
3p-CH110BbiX $yHK~IAH e H30Tonax 8n. Pacc4HTaHHble a a4eHHR 
8~/2 B 1 ,3-2,6 paa npeBOCXOART 3Ha4eHHR AnR 8 ~/2• HawH 
paf4eT~ Aa~T MeHbWHe, 4eM B 3KCnepHMeHTe, OTHOWeH HR 
8112 ./8312 , HO Ka4eCTBeHHO npaBH11bHO BOCnpOH3BOART 3 aBHCH-
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Ta(Sruu~a 

HeATpOHH~e CHITOB~e ti>YHKIJ;HH S 
f 

B HSOTOnax So 

3KcnepHMeHT S '-X 10 4 Pac\leT s r X 104 

A Bn,HaB 
so 1 

Ss12 
1 

sl/2 so 1 
SS/2 

1 
S112 

117 6, 942 0. 18.:!:,0 ,04 2,14~0,15 7 ,0.:!:,1,3 0,19 3.1 5,3 

119 6, 485 0,16.:!:,0,05 1,96.:!:,0,22 5.7.:!:,1.7 0,15 3,7 5,3 . 

121 6, 180 0,06.:!:,0,04 2,02.:!:,0,18 2,4.:!:,1,5 0,11 5,3 6,8 

123 5, 944 0,17.:!:,0,05 2,07.:!:,0,21 4,9~1,5 0,15 4,5 7,8 

125 5, 732 0,19.:!:,0,03 1,35.:!:,0 ,18 10 .5.:!:,1 ,0 - 3,0 7,9 

MOCTb 3TOro OTHOWeHHR OT MaCCOBOrO 4HCna A B H30TOnax 
So. To o6cTORTenbCTBO, 4TO CHflOB~e ~YHK~HH s~/2 6onbwe 
CHflOB~X ~YHK4H~ S~/2 , B HaWHX paC4eTaX RBflReTCR ecTeCT• 
BeHH~M CfleACTBHeM TOr0 1 4TO COCTORHHR 3p312 nemaT HHme 
COCTORHH~ 3p 112 H 6onee YAaneH~ OT 3HeprH~ CBR3H He~TpO
HOB. XOTR B3aHMOAe~CTBHe CO CflOmH~H KOH~Hrypa4HRMH ~par• 
MeHTH pyeT 3TH nOA060fl04KH B WHPOKOM 3HepreTH4eCKOM HHTep• 
Bane, CYMMapHaR CHfla AflR COCTORHH~ 3pJ/2 B o6naCTH 3Hep• 
rH~ CBR3H He~TpoHa OKa3~BaeTCR 60flbWeH, 4TO H npoRBflReTCR 
B senH4HHaX, COOTBeTCTBY~~HX He~TpoHH~M CHflOB~M ~YHK4HRM. 

Ta KHM o6pa30M, pac4eT~ K~M Ka4eCTBeHHO npaBHflbHO onH
c~sa~T HaflH4He CnHH-Op6HTaflbHOro pac~enneHHR He~TpOHH~X 
3P-CHflOB~X ~YHK4H~ 6e3 cne4HaflbHO~ nOArOHKH napaMeTpOB. 
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ON THE GAUGE-INVARIANT VARIABLES 
FOR NON-ABELIAN THEORIES 

N.B.Skachkov, I.L.Solovtsov; O.Yu.Shevchenko 

Gauge invariant field variables are proposed for 
the case of non-Abelian field theories. The relat ion 
of these variables with the gauge-invariant strength 
tensor is found . It is shown that the Lorentz gauge 
condition formulated in terms of Mandelstam~s conto~r 
derivatives takes place for new field variables and 
it serves as a secondary constraint according t o Di
rac~s definition. 

The investigation has been performed at the Labo
ratory of Theoretical Physics, JINR. 

0 KanH6pOB04HO-HHBapHaHTH~X nepeMeHH~X 
e Hea6enee~x TeopHRX 

H.B.CKaqKoB, H.n.ConOBQOB, o.ro.llieBqeHKO 

B HeaoeneBO~ KanHOPOBOqHO~ TeOpHH nonH BBO~HTCH 
KanHopoBoqHo-HHBapHaHTHble noneBbJe nepeMeHHble. Ha~e

Ha HX CBH3b C KanHOpOBOqHo-HHBapHaHTHbiM TeH30POH Ha
np~eHHOCTH. lloKasaHo, qTo ~nH BBe~eHHb~ noneBb~ nepe
MeHHbiX -BblnOnHHeTCH B KaqeCTBe BTOpHqHO~ CBH3H ycnOBHe 
nopeHQa, sanHCaHHOe B TepMHHaX KOHTypHbiX npOH3BO~HbiX 
MaH~enbCTaMa. 

PaooTa BblnOnHeHa B naoopaTOpHH TeopeTHqeCKO~ ~HSH
KH mum. 

In our previous paper111 we have formulated a gauge-in
variant approach to quantum electrodynamics. It was shown 
that gauge-invariant field variables introduced in 111 co
incide with the usual fields taken in some gauge. The so
called inversion formulae that connect in a simple way 
gauge-invariant vector fields with the strength ten or F~v 
were found. It was shown that for these fields the Lo
rentz gauge condition takes place as a second-ary co st
raint in accordance with Dirac~s definition. In the pre
sent paEer we ~iye a generalization of the results o f 111 

to the non-Abelian case. 

*Gomel Polytechnical Institute 

- , f 
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We define the field potential 

X V 
B (xI 0 = A (x) - a f d., (a) A (.,(a) ) -

p. p. ~'-e v 

1 
(I) 

- ig f daa[A
11

(.,(a)).Av("'(a))], 
0 r- ' 

where T/(a) = e +a (x - e ) , 0 .$a .$I and A (x) is the non-Abe-
lian v ector field. P. 

It i s easy to see that in the Abelian case B p. (xI e) 
coincid es with the field of Fock~ s class /2,3/. 

Integrating by parts and with the help of the defini
tion of the strength tensor 

Fp.v (x) = avAp.(x)- ap.Av(x)- ig(Ap.(x),Av(x)] (2) 

we find a relation of the field 81-t(xle)with Fp.v 
1 v 

B (xiO= f daa(x- 0 F ((+ a(x- 0). f3) 
p. 0 p.v ' 

Formula (3) coincides with an inversion formula obtained 
in Fock~ s gauge (x - ( )~'-A:(x) = O.It should be noted that the 
strengt h tensor Fp.v is taken in an arbitrary gauge and not 
necessa rily in Fock~s gauge. 

In 1 41 (see also151 ) the operator 
• X V 

U(xlc) = Pexp[-lg f d'T/ Av (.,)] (4) 
• -oo 

has been introduced, where P means an ordering along the 
contour C . Now we perform a gauge transformation 

A (x) - Aw(x)=w(x)A
11

(X)w- 1 (x)+..!...a w(x)w- 1 (x) 
p. p. r- gP. 

+ 
with w (x) = U (x IC). Under this transformation F v transforms 
• • • <I + J.t 
1nto t h e gauge-1nvanant tensor J v (xI C) = U (xlc)F ~;v(x)U(xiC) 
conside red in151, and the field sp.<fle). defined by ,3), 
transforms into the gauge-invariant vector field 

1 v 
:Bp.(xiC) =fdaa(x-0 Jp.v(e+ a(x- e)IC). (5) 

0 

Tensor J p.v(xiC) obeys equality 

a p Jp.v (x I C) + a p. J vp (xI C) + ~ J pp. (xI C) = 0 

written in terms of Mandelstam~s contour derivatives,that 
are def i ned as follows 14·51 : 

-a U( IC ) _ 1. U(x + 1'1xiC')- U(xiC) 
p. X - 1m , (6) 

!1x ... o !1x 
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where contours C and C' differ only by a value of L\x. 
With the help of this equality it is _possible to show 
that 

~IL~~ <x!C)==a11 !BIL-(x; e-1c) -aiL~(x ; e-!c) . . (7) 

Thus the relation of the gauge-invariant strength ten
sor ~IL11 (x !C) with the gauge-invariant vector field !Bp<x; e-!C) 
is analogous in form to the well-known relation tha t ta
kes place in the Abelian case up to a substitution of or
dinary derivatives by Mandelstam~s contour derivati ves. 

With the help of (5) and taking into accQunt .~nt is:ym
metry of the tensor ~IL11 (x !C) and equation of motion · 
J'IL~ILII (x !C)== 0 we find 

-IL a !B IL (x ; e-1 C ) == 0. ( 8) 

Formula (8) is nothing more but a secondary cons traint 
(in accordance with Dirac~sterminology/61) and it has the 
meanin~?f generalization of the Lorentz condition for the 
non-Abelian case. 

Now let us consider a ;~?eralization o_f_ Dt!a~'s clas_s 
of gauge-invariant fields for the non-Abelian case.We 
introduce the field 

(9) 

where DIL == ~- ig{A,.t, ... ],is a usual covariant derivati ve and 
the function f11(x-y)obeys the conditions 

(tO) 

In the Abelian case the field (9) . transforms into a field 
introduced by Dirac 171. From (9) with the help of ( 10) and 
(2) the next formula follows · 

II 
B (xI f) == f dy f (x - y) F (y) IL ILII . (11) 

By analogy with the previous case let us perform with 
the help of gauge transformation with w~)==U+(x!C) 
a transition to the gauge-invariant variables !BIL (x; f!C) 
and ~1!11 (xI C) connected by formula 

~IL (x; fl C)== fdy f
11
(x - y~ ~1!11 (y 1 C). (1 2) 

For the field (12) it is possible by analogy with t he 
previous· case to prove that the next formula holds 
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~p.v (x j C)= a
11

!Bp. (x ; fj C)-~ !B
11

(x; fj C) 

and t he condition 

d'!B (x ; fjC) = 0 p. 

(13) 

(14) 

takes place. It appears as a secondary constraint and 
has t he meaning of the generalization of the Lorentz 
gauge condition for the non-Abelian case. 

In conclusion it should be mentioned that a local 
phase transformation for spinor fields, that is consis
tent with a fauge transformation of the vector fields 
with w(X) = U (xjC),leads to the gauge-invariant variables 

ll'(xjC) =r(u\xjC))ll'(x) ( 15) 

where the matrix r, as usually, connects the adjoint and 
fundamental representations of the Lie groups. 
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nOHCK AHOHAnbHOfO B3AHMO,IlEACTBH~ 
PE~~THBHCTCKHX $PAfHEHTOB ~APA 2~ 
C nOMOUlbiO 4EPEHKOBCKOfO CnEKTPOMETPA 

H.Bepew, B.M.ronoaHH, H.A.ronyTBHH, H.B.rop6yHoa, 
B. X • .lloAoxoa , C • H • ,llom1 , B. E.l!bmb.I.IOB , A. 8 • 3a py6MH , 
A.r.Kapea, B.~.Kap~BHH, B.H.nwcRKOB; 3.H.Manbl.lea, 
B.A.HoH4HHCKMH, li.A.Hoposoa, B.A.HHKMTHH, B.B.nepellblrMH, 
~.n.neTyxoa, A.A.noaTopei1Ko, ,ll.nose, B.n , CapaHI.Iea, 
B.A.CaHPHAOB, A.H.CeMe~KHH, A.E.CeHHep, ,ll.A.CMonHH, 
A.~. CyxaHOB' B. B. TMXOMHpoB, B .n. ToKapctlHH' A. r .clleAYHOB,. 
B.H.Xa6apoa, A.H.4epHeHKo, B.H.Uoa6yH, ~.A.~~HeHKO 

llpeAcTaBne~ pesynhTaT~ sneKTpoHHoro 3KCnepHMeHTa 
no OOHCKY &HO"anhHOro B9aHMOAeACTBHR penRTHBHCTCKHX 
~parMeHTOB ~ep 24Mg C HMnYllbCOM 4,5 f3B/c·A, YCKO
peHH&X Ha CHHXp~scTpoHe OHHH. OcHOBY 3KcnepHMeH
TanhHOA YCTaHOBKH COCTaBnReT CeK~HOHHPOBaH~ qepeH
KOBCKHA cneKTPOMeTp /40 cqe~HKOB C TO~OA nneKCH
rnaCOBOrO PaAHaTopa 5 MM/. HsMepeHbl c!IYHIC~ norno~e
HHH B ae~ecTae (C 

6 
H 80 2) penHTHBHCTCKHX «<Jpai'NeHTOB 

c 6 ~ z ~ . II B o6nacTH npo5eroB I ~ - e ~ - 5 CM. ~YHK~ 
norno~eHHH XOpomo ORHC~~TCH OAHOA /HOPNanbHOA/ 
3KCOOHeHTOA.B npeAfiOnozeHHH,qTO &HOManbHQK KOMOOHeHTa 
xapaKTepHsyeTCft CPeAHHM npoOeroM I CN, nonyqeHa 
aepxHftH rpaH~m& ee BJCnaAa ; · ~ . 1,4% B cpe,tU~eM AnH ~par
MeHTOB c sapJ~AON 6 ~ z ~II Ha 95% ypoBHe ~ocToaepHo
CTH. 

Pa6oTa awnonHeHa B DTAene HOBNX NeTOAO& yc~eopeHHR 

mum:. 

Search for Anomalous Interaction 
of Projectile Fragments of 2~ Nucleus 
by Usin9 of Cerenkov Spectrometer 

I. Veres et al. 

The results of the electronic experi.ent on the 
investigation of the projectile fragments inter ac
tion are presented. The experiment is made at 
4.5 GeV/c A 24 Mg beam of the JINR synchrophasotron. 
The main part of the apparatus is the live target 
assembled of 40 Cerenkov ' counters with 5 111111 t h ick 
lucite radiator. -Charge! changing reactions for the 
primary beam and secondary fragments with 6 ~ -z ~ - II 
have been registered. The interaction mean free path 
of the projectile fragments and probabilities of it~ . 
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production based on the analysis of 10 6 interactions 
are presented. The absorption function is well re
presented by one (normal) exponential. The upper li
mit of the anomalous component contribution a is 
obtained assuming that it has mean free path 1 em. 
The result is: a ·< 1.4%, on an average ove ... 6 s: z~11 
wit h 95% confidence level. 

The investigation has been performed at the De
par tment of New Acceleration Methods, JINR. 

Be e oeHue 

AHOManoHw 11-6hPOAO~aoT o6CY*AaTbCR Hay4HOH o6~ecTeeH
HOCTbo16~ HeCMOTpR Ha nORBneHHe pa60T /7-ll~ rAe Ha 60.hbWeM, 
4eM B 3 KCnepHMeHTaxl1-6<cTaTHCTH4eCKOM MaTepHane nOKa3aHO, 
4TO Ce4 eHHR B3aHMOAeHCTBHR RAePHWX ~parMeHTOB B npeAenax 
OWH60K 3KCnepHMeHTa He 3aBHCRT OT paCCTORHHR AO T04KH o6-
pa30BaHHR ~parMeHTa. C APYrOH CTOPOHW, nPOAO~aOT ny6nH
KOBaTb CR pa60TW, B KOTOpWX Ha6noAaOTCR ~parMeHTW penRTH
BHCTCKHX RAep c aHOManbHO KopoTKHM I~ 2 cM/ cpeAHHM npo-
6erOM AO eaaHMOAeHCTBHR 112•181. B pa6oTe1121 c noMO~bo pa
AHOXHMH4ecKoro MeTOAa noKa3aHO, 4TO 3~~KT Ha6noAaeTCRf 
npH 3He prHH nepBH4HOrO ny4Ka 2,0 r38/HyKnOH H He Ha6noAa
eTCR n pH 3HeprHH 1,0 r38/HyKnOH, 4TO yKa3WBaeT Ha noporo
BWH xa paKTep RBneHHR. TaKHM o6paaOM, e 4HCTO 3KcnepHMeH
TanbHOM nnaHe npo6neMy aHOManOHOB C4HTaTb peweHHOH Henb3R. 

noewweHHOe BHHMaHHe K npo6neMe aHOManOHOB KpOeTCR TaK
*e ~ HHTepeCHO~ HHTepnpeTa~HH B03MO*HOrO RBneHHR, pa3BH
TOH B PRAe TeOpeTH4eCKHX MOAeneH 114•16!8 OCHOBe 3THX pa-
60T ne~HT npeAnOno~eHHe, 4TO aHOManOHW RBnROTCR CBR3aHHW
MH COCTORHH.RMH RAep C 06"beKTaMH, HeCYIIIHMH ~BeTHOH aa
PRA114~ HHWMH cnoeaMH, aHOManbHWe ~parMeHTW ewcTynaoT 
B 3THX MOAenRX KaK HOCHTenH OTKpWTOrO ~BeTa, 4TO, KOHe4-
HO, npoT~Bope4HT rocnOACTByo~eH rHnOTeae KOH~HHMeHTa -
a6conOTHOro 3aKn04eHHR ~BeTHWX 06"beKTOB. 

31Cc nepuMeHm 

3KCn epHMeHT BWnOnHeH Ha OCHOBe 3neKTpOHHOrO MeTOAa, 
KOTOPbiH HCnOnbayeT B Ka4eCTBe "*HBOH11 MHWeHH AeTet<TOp H3 
40 4epe HKOBCKHX C4eT4HKOB1 C paAHaTOpaMH 1113 nneKCHrnaca 
TO~HHOH 5 MM. On~~tcaHHe ycTaHOBKH npHBeAeHo a 1181. 

PeaynbTaTbl ~ccneAOBaHHR RAepHoro eaaHMOAeHcTBHR penR
THBHCTCKHX ~parMeHTOB /P~/ 24Mg, npoBeAeHHOrO 3THM MeTo
AOM B o6naCTH AnHH npo6era P~ 6om.we 3 CM, COo6~eHW B 1171. 
8 AaHHOH pa6oTe HCCneAOBaHO B3aHMOA8HCTBHe P~ e6nH3H T04KH 
11.~ o6 paaoaaHHR. 
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N 

eoo 

400 

200 

z: 6 7 6 10 11 

PHc. 1. CneKTP CHrHanoB nepBoro nocne TO~KH B3aHMo
AeHCTBHH ~epeHKOBCKoro c~eT~HKa. 

06pa60TKa AaHH~X 3KCnep~MeHTa BKn~4aeT: 
- OT60p C06~T~~ C OA~H04H~ nepB~4H~M TpeKOM B 3aAaHHO~ 

o6nacT~ KOOPA~HaT ~ yrnoe BXOAa B AeTeKTop; 
- 3apRAOBY~ Kan~6pOBKY 4epeHKOBCK~X C4eT4~KOB /n e pe-

3an~Cb ~H$QpMa~~~ CO BCeX 40 C4eT4~KOB B MaCWTa6e, B KO
TOPOM aMnn~TYAa ~Mnynbca $3Y OT ny4KOBOrO RApa pasHa KBaA
paTy ero 3aPRAa/; 

- onpeAeneH~e T04eK e3a~MOAe~cTB~R nepe~4Horo RAPa 
~ ero penRT~B~CTCK~X $parMeHTOB nyTeM nO~CKa CKa4KOB $YHK
~~~ A(i). rAe A(i)-aMnn~TYAa c~rHana i -ro c4eT4~Ka; 

- nOCTpOeH~e 3aPRAOB~X cneKTpoB C~rHanoe C4eT4~KOB, 
pacnono*eHH~X Ha onpeAeneHHOM paCCTORH~~ OT T04K~ B3a~MO

Ae~CTB~R nepB~4Horo RApa; 
- onpeAeneH~e nono*eH~R n~KOB e 3apRAOB~x cneKTpa x, 

rpaH~~ n~KOB ~ ~X ~HTeHC~BHOCTe~, COOTSeTCTBY~~~X OTAenb
H~M $parMeHTaM; 

- nocTpoeH~e $YHK~~~ norn~eH~R P$ e ee~ecTee M~weH~; 
- aHan~3 $YHK~~~ norno~eH~R c ~enb~ pa3AeneH~R a HoManb-

HO~ ~ HOpManbHO~ KOMnOHeHT. 
3apRAOBOe pa3peWeH~e AeTeKTOPOB ~nn~CTp~pyeT p~c . l, Ha 

KOTOpOM npeACTaeneH cneKTP c~rHanoe nepeoro nocne B 3a~Mo
Ae~cTB~R C4eT4~Ka. n~K~, COOTBeTCTBY~~~e OTAenbH~ ~par

MeHTaM, B nepBOM np~6n~*eH~~ On~C~Ba~TCR Kp~B~M~ fa ycca. 
6onee KoppeKTHoe on~caH~e cneKTpoe nony4eHo nyTeM eeeAeH~R 

Tpex KOMnoHeHT: rayccoe~~ 4neH, onpeAenReM~~ cTaT~CT~Ko~ 
$QT03neKTpOHOB OT CTapwero $parMeHTa, 4neH, HanOM~Ha~~~~ 
Kp~ey~ naHAay, on~c~ea~~~~ $nyKTya~~~ conpoBO*Aa~~~x cTap
w~~ $parMeHT 4aCT~~ /11COnpOBO*AeH~e11 

- npOTOH~,- 8 - 3neKT
pOH~, n~OH~ ~ np./, ~ 11 cnnOWHOH 11 cneKTp, B03H~Ka~~~~ OT 
B3aHMOAe~cTB~R P$ e AaHHOM C4eT4HKe. H3 p~c.l B~AHO , 4TO 
Aa*e B nepBOM nocne B3a~MOAe~CTB~R C4eT4HKe $parMeHT~ A0-
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HOMEP CtiETlffiKA 

P H c. 2. CABHr MaKCHMYMOB cneKTPOB qepeHKOBCKHX 

c q eTqHKOB B SaBHCHMOCTH OT paCCTOH:HHH: AO BepmHHbl 

B S aHMOAelkTBHH: 24Mg. 

CTaT04 HO XOpOWO pa3AeneH~: HX nepeKp~THe H3MeHReTCR OT 
10% AnR HaTPHR H HeoHa AO 30% AnR yrnepoAa H asoTa, Co
npoeo~AeHHe npHBOAHT K cy~eCTBeHHOMY CABHry MaKCHMYMOB 
B pacn peAeneHHH OTHOCHTenbHO HOMHHanbHOrO SHa4eHHR, COQT
BeTCTBY~~ero KBaApaTy sapRAa cTapwero $parMeHTa /pHc.2/. 
3TOT CABHr yMeHbWaeTCR npH YAaneHHH OT eepWHH~. npoBeAe
HO AeTanbHOe HccneAOBaHHe 3apRAOB~X cneKTpOB $parMeHTOB 
e6nH3H eepwHH~ esaHMOAeHCTBHR. OnpeAeneH~ nono~eHHR nHKOB 
H HX r paHH~ KaK $yHK~HH paCCTORHHR OT BepWHH~. T04HOe 3Ha
HHe 3 THX eenH4HH He06XOAHMO AnR B~4HCneHHR KOnH4eCTBa 
$parMe HTOB C onpeAeneHH~M 3aPRAOM, 3aperHCTpHpOBaHH~X 
AaHH~ C4eT4HKOM. 0WH6Ka B nono~eHHH nHKOB ecneACTBHe He
npaBHn bHOrO y4eTa COnpOBO~AeHHR RBnReTCR OCHOBH~ HCT04-
HHKOM CHCTeMaTH4eCKOH OWH6KH B onpeAeneHHH 4HCna P$ , 

A Ha.flU3 oaHHbiX 

TononorHR C06~THR BOCCTaHaBnHeaeTCR npH OnHCaHHH nocne
AOBaTe nbHOCTH aMnnHTYA A(i) OAHOrO co6~THR KYC04HO-nOCTORH
HOH $yHK~HeH. B pesynbTaTe HaXOARTCR ace cTaTHCTH4eCKH 3Ha-
4HM~e CKa4KH, COOTBeTCTBY~~He B3aHMOAeHCTBH~ C H3MeHeHHeM 
sapRAa nepeH4Horo RAPa H $parMeHToe. Aea nocneAOBaTenbH~x 
B3aHMOAeHCTBHR peKOHCTPYHP~TCR, ecnH OHH HaXOARTCR He 
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B COCeAH~X C4eT4~KaX, T.e. paCCTORH~e Me~AY H~M~ 

£ :;::, 1 CM. TaKoi:i 11 Tononor~4eCK~H 11 aHaJ1~3 AaHHbiX no3BOJ1ReT 
nony4~Tb ~YHK~~~ norno~eH~R Ka~Aoro ~parMeHTa. 

MeTOAOM CTaT~CT~4eCKOrO MOAeJ1~pOBaH~R ~CCJ1eAOBaHO BJ1~R
H~e Ha ~YHK~~~ norno~eH~R ~J1YKTya~~H c~rHaJ10B, o6yCJ10 BJ1eH
HbiX KOHe4HbiM pa3peweH~eM 4epeHKOBCK~X C4eT4~KOB, ~H3H4e

CKHM~ npo~eccaM~, conpoBO~AaiO~HMH o6pa30BaHHe ~parMeHTOB, 
H reoMeTp~eH YCTaHOBK~. nonpaBKa K 3KCnep~MeHTaJ1bHO H3-
MepReMOH BeJ1H4HHe ~:/~£ COCTaBJ1ReT _::; 20% AJ1R nepBbiX Tpex 
HHTepeanoe 1 ~ £ .s: 2, 5 CM. 

~YHK~~R ~/M OnHCbiBaeTCR ~OPMYilOH 

3AeCb a - AOI1R aHOMaJ1bHbiX ~parMeHTOB, A H Aa - AJ1HHbl 
cpeAHero ceo6oAHoro npo6era AO HOpMailbHOro H aHOMaJ1b Horo 
e3aHMOAei:1cTe~i:1, f - AI1~Ha npo6era ~parMeHTa. Hopt.~HpoeKa 
Az CBR3aHa c noTOKOM ny4KOBoro MarHHR No H eepoRTHOCTb~ 

o6pa3oBaHHR ~parMeHTa wz cooTHOWeHHeM A z "'N0 · wz. Ben~4~
Hbl A ~ W z ~3MepeHbl B HaWHX n peAbiA~HX pa6oTaX /11,16/. 

AnR OnHCaH~R nOJ1Y4eHHbiX AaHHbiX /p~c.3/ AOCTaT04HO Y4H
TbiBaTb TO~bKO nepBbiH /HOI)MaJ1bHbiH/ 4J1eH 8 $Q~yJ1e /1/ .. 
8KJ1104eHHe BTOporo 4J1eHa Hec~eCTBeHHO H3MeHReT 3Ha4eH~R X ~ 

Mbl nony4HJ1~ een~4~HY napaMeTpa a npH ~HKC~poeaHHOM 
3Ha4eH~H cpeAHero npo6era aHOManoHoe Aa = 1 eM. Pe3yJ1bTa
Tbl np~BeAeHbl e Ta6n~~e. B cpeAHeM AJ1R ~parMeHTOB 
C 6 ,::; Z ,::; 11 BKJlaA aHOMaJ1bHOH KOMnoHeHTbl MeHbWe 1 ,4% Ha 
95% ypOBHe AOCTOBepHOCT~. 

~pyroi1 cnoco6 aHaJ1~3a AaHHbiX CBR3aH c H3y4eHHeM cyM
MapHbiX cneKTPOB C~rHaJ10B 4epeHKOBCK~X C4eT4HKOB KaK ~YHK
~~H paCCTORH~R OT T04KH B3aHMOAeHCTBH~ nepBH4HOrO RApa 
/

11 cneKTpai1bHbiH11 MeTOA/. B cneKTpanbHOM MeTOAe H~eTcR 
TOJ1bKO KOOPAHHaTa B3aHMOAeHCTBHR ny4KOBorO ~Apa 6e3 OT6opa 
H HAeHT~~~Ka~~~ ~parMeHTOB B ~HAHB~AYaJ1bHbiX C06b1T~RX . 
CTpORTCR aMnilHTYAHble cneKTpbl AI1R nocneAoeaTeJ1bHOCTH C4eT-
4HKOB, pacnono~eHHbiX nocne HaHAeHHOH T04KH B3aHMOAeHCTBHR. 
no napaMeTpaM n~KOB Bbi4HCJ1ReTCR 4HCJ10 ~parMeHTOB Nz(f) 
T~na Z B 3aBHCHMOCTH OT paCCTORH~R OT T04K~ po*AeHHR . 
~YHK~~R Nz(f)eblpa~aeTCR B nepBOM np~6n~~eH~~ $QpMyno i1 /2/, 
rAe nepBble ABa 4J1eHa COOTBeTCTBY~T Bbl6biBaHHIO HOpMaJ1bHOH 
~ aHOMaJ1bHOH KOMnOHeHT ~parMeHTa Z, o6pa30BaBwerOCR B nep
BH4HOM B3a~MOAeHCTB~H C eepORTHOCTbiO Wz, nOCJ1eAYIO~He 4J1e
Hbl CBR3aHbl C nepeXOAOM CTapwHX no 3aPRAY ~parMeHTOB j(j > Z) 
BO ~parMeHT Z /npoMe~yT04Hble B3a~MOAeHCTBHR, Wjz - e e
PORTHOCTb TaKoro nepeXOAa/ 

N z< £ ) = N0 I w z [ (1 - a) exp (- f.! A) + a · exp (- U A a ) ] + 

11 
+ ~ w w. 

j=z+l j JZ 

/2/ 
[ (1- a j) (exp(- U.\ ) - exp(- f:!Aj )) · .\I(A- AJ )]+ ... 1. 
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PHc.3. PacnpeAeneHHe ~parMeHTOB asoTa H KHcnopoAa 
n o AnHHe npo6era AO B9aHMOAeACTBHH, no~eHHOe TO
nonor~eCKHM MeTOAOM aHanHsa. KpHBhle onHChlBaiDT 
9KCnepHMeHTanbHhle AaHHhle B O~naCTH f ~ , 1,0 CM 
c napaMeTpoM a = 0. 

n pocTeHWaR O~eHKa BepORTHOCTH o6pa30BaHHR aHOMano-
HOB cn eAyeT H3 npeAnono~eHHR, 4TO aHOManbH~H ~parMeHT j 
npH n e peXOAe BO ~parMeHT Z COXpaHReT CBOIO aHOMaflbHOCTb. 
TaKOH MexaHH3M aaaHMOAeHCTBHR AO~eH npHBOAHTb K aHo
ManbHOMY B03pacTaHH~ KOflH4eCTBa MflaAWHX ~parMeHTOB B nep
B~X c 4 eT4HKax. O~eHKa 3Toro 3~~eKTa npHBOAHT K orpaHH4e
HH~ a ~ 2%, rAe a - ycpeAHeHHall no ~parMeHTaM C 6 ~ ' Z ~ . 11 
AOflR a HOManOHOB C AflHHOH CBo60AHOrO npo6era ~a= 1 ;o CM. 
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TaonJma 

PeaynbTaTbl H3MepeHHA npHMecH aHoManOHOB cpeAH 
<l>parMeHTOB 2\ig TononorH'IeCKHM I A/ H cneKTpanbHbiM 
/B/ MeTOAaMH 

3apHA 
<l>parMeHTOB 6 7 8 9 10 11 

A 
a -0,013 0,011 0,007 -0,013 0,014 -0,-006 

± !1a 0,018 0,023 0,020 0,031 0,023 0,018 

a 0,037 -0,017 0,003 -0,004 0,007 
B 

± !1a 0,015 0,013 0,014 0,022 0,017 

ApyroH pa3HOB~AHOCTb~ cneKTpanbHoro noAXOAa ~en~eTc~ 
cnoco6 C OTCTynneH~eM OT Bepw~Hbl B3a~MOAeHCTB~~, n p~ KO
TOpOM OT6~pa~TC~ co6~T~~ C ycnOB~eM, 4TO B C4eT4~KaX, OT
CTO~UI~X OT T04K~ B3a~MOAeHCTB~J'I HC. paCCTO~ti~e b >> A a~ 
6~n sa<t>~Kc~poeaH <IJparMeHT c onpeAeneHHbiM sapJ'IAOM k . An~ 
3TOrO Knacca co6~T~H CTPO~TCJ'I aMnnHTYAH~e cneKTP~ B C4eT-
4~KaX e6n~3~ BepW~H~ ~ B H~X BbiAen~~TC~ <IJparMeHT~ C Z > k. 
nony4aeTC~ <I>YHKLI~~ Nz(f),KOTOpa~ o6~3aHa nepeXOAaM z ... k . 

0Ha on~c~eaeTc~ <t>oPMynoH /a npeHe6pe~eH~~ o6pasoeaH~eM 
<IJparMeHTOB 3-ro noKoneH~~/ 

/3/ 

nonom~TenbHOH oco6eHHOCTb~ 3Toro MeTOAa o6pa6oTK~ AaH
Hbtx ~en~eTc~ Mana~ een~4~Ha nonpaeoK. B ocHOBHOM nonpaeK~ 

CB~3aH~ C OW~6KaM~ B onpeAeneH~~ KOOPA~HaT~ Bepw~Hbl 
B3a~MOAeHCTB~~ nY4KOBOro J'!Apa, Bbi3BaHHbiM~ <IJnyKTYai..I ~~M~ 

c~rHanoe c 4epeHKOBCK~X c4eT4HKOB. An"' yMeHbWeH~~ 3TOH 
OW~6K~ 6n~maHW~e K MarH~~ <IJparMeHT~ HaTpHR 6~n~ ~CK~4e
Hbl Kp~Tep~~M~ OT6opa. Ben~4HHbl nonpaBOK /nOP~AKa OAHOrO 
npOI..IeHTa/ 6~n~ OnpeAeneHbl MeTOAOM CTaTHCTH4eCKOrO MOAe
n~pOBaH~~. 

CneKTpanbH~H nOAXOA C OTCTynneH~eM OT eepw~Hbl B 3a~MO
AeHCTB~~ AaeT cneA~Uiee orpaH~4eH~e Ha een~4~HY aHOManb
HOH KOMnoHeHTbl c .\a = 1 CM cpeA~ <l>parMeHTOB c sap~AOM 
] .S:Z .S:: 10: a' .s:: , 1,3% Ha 95% ypOBHe AOCTOBepHOCT~ /p~c.4,5, 
Ta6n~1..1a/ An~ B3a~MOAeHCTB~H C o6pa30BaH~eM B KOHe4 HOM co
CTO~H~~ <IJparMeHTOB C 3apRAOM MeHbWe WeCT~. 

49 



..... 
N 
zr-~--~--------------------------------~ 

Cl 

9 
0 
Cl 

"' 
C) 
C) 
() 

C) 
Cl ... 
0 
CJ 

"' 
a 
§l 

~ 

ctl 

;.. =-o.oos ~ opoa 

PHc.4. PacnpeAeneHHe ~parMeHTOB asoTa H KHcnopoAa 
no AnHHe npooera, norryqeHHoe cneKTpanbHhlM MeTOAOM 
C OTCTynneHHeM OT BepWHHbl B3aHMOAeHCTBH.!I (k ~ 5). 
3KcnepHMeHTanbHhle TO~KH OnHChlBaiDTC.!I ~OpMynOH /3/ 
An .!l Nz c napaMeTpOM a = -0,005+0,008 /ecnH Aa = 
= I, 0 CM/. -

3a l\.fl10tW Hue 

C noMo~bro MeTOAa ceK~~OH~poeaHHoro 4epeHKOBCKoro Ae
TeKTopa ~ccneAOBaHO B3a~OAeHCTBHe penRTHBHCTCKHX $par
MeHTOB RApa 24Mg B6flH3H T04K~ HX o6pa30BaHHR. nocTpoeH~ 
$yHK~HH nor no~eHHR $parMeHTOB C 3apRAaMH 6 .$ Z ,$11 B ~H
Tepeane npo6eroe 1 ~ . f ~ . 5 CM. npHH~MaR cpeAHHH npo6er 
atiOMan bHOH KOMnoHeHT~ A a = 1 CM, M~ nony4~nH eepxHroro rpa
HH~Y AOfl~ aHOManoHOB cpeAH P$ RAeP 24Mg a .s 1 ,4% Ha 95% 
ypOBHe AOCTOBepHOCTH. CoeepweHC.TBOBaHHe anropHTMa BOCCTa
HOBneHHR TOnonorHH C06~THR B 4epeHKOBCKOM AeTeKTOpe MO:
meT no3eonHTb Ha ~Mero~eMCR y Hac MaTepHane nony4HTb AaH
H~e 0 B3aHMOAeHCTBH~ P41 B o6naCTH e < 1 CM. 3Ta pa6oTa 
nPOAOnmaeTCR. OcTan~cb TaKme pe3epe~ coeepweHCTBOBaHHR 
4epeHKOBcKoro AeTeKTopa. 

CneAyeT nOMHHTb, 4TO e 4epeHKOBCKOM AeTeKTope He pe
rHCTPHPY~TCR P$ c HMnynbCOM MeHbWe 2,0 r3B/c HYKflOH, 
a P$ c yrnOM 3MHCCH~ 6onbwe 3° He YAOBneTBOpRroT ycnoeHro 
nOnHOr O BHyTpeHHero OTpameHHR CBeTa B paAHaTOpe. 0AHaKO 
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PHc.S. CpeAHHH CBOOOAHbrn npooer BTOP~Hb~ ~parMeH~ 

TOB C 3apHAOM 7 S:. Z ,S.l 0 B lt>YHKUHH paCCTOHHHH OT 
BepWHHhl nepB~HOrO B3aHMOAeHCTBHH. llyHKTHpOM npo 

BeAeHa pacqeTHaH KPHBaH, COOTBeTCTB~~aH BKnaAY 
aHoManbliOH KOMnOHeHTbl a = 0, 02 c Aa = I CM, 

H3 COBOKynHOCTH AaHH~X 0 B3aHMOAeHCTBHH penRTHBHCTCKHX 
RAep H3BeCTHO, 4TO AOnR TaKHX co6~THH He npeBOCXOAHT 
1 0-~ 
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