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Lecture One 

HIGHER SYMMETRIES AND COMPOSITE MODELS OF 
ELEMENTARY PARTICLES 

A. TA VKHELIDZE* 

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS, TRIESTE, ITALY 

1. INTRODUCTION 

Recently, group theoretical methods based on the synthesis of internal symmetry and 
space-symmetry properties have been extremely successful in the investigation of elementary 
particles properties. 

There are two points of view in the application of group theoretical methods in the 
theory of elementary particles. According to the first one, all particles are considered as 
equally elementary. Another point of view suggests that there are some fundamental particles 
carrying all symmetry properties (as quarks, trions, Schwinger model, etc.), and all physical 
particles are considered as bound states of these. The composite model, in the SU(6) frame, 
is much like the Wigner model of nuclear shells, combining spin independence and isotopic 
invariance of nuclear forces and classifying all nuclear states by different representations of 
the SU ( 4) group. The difference consists in that we are not sure that particles representing 
the fundamental representation of SU(3) exist at all. However, the plausibility of the idea of 
composite models of elementary particles attracts attention of many physicists. 

Our aim is to discuss the simplest dynamical model and to investigate in the framework 
of this model the form factors and magnetic moments of baryons and mesons. This paper is 
in fact a review of investigations performed by Bogolubov et al. [ 1 ]. In order to illustrate 
the nature of the problems mentioned above, and as an introduction to the discussion of a 
relativistic model of composite particles, we shall first consider a nonrelativistic model, where 
the particles are regarded as bound states of the quarks. 

Such a consideration may be justified by the following arguments. Examination of the 
relations predicted by SU(6) suggests that the interaction, leading to formation of bound 
states, weakly depends on spin, and a good agreement of mass formulae with experimental 
data confirms an idea that masses of fundamental particles are large compared to the symmetry
breaking perturbation. 

We shall show also that the small Dirac magnetic moment of the quark nevertheless could 
lead (due to the enhancement mechanism) to large moments of known baryons. 

In the next part of our review we shall consider relativistic models of composite particles 
and their electromagnetic form factors. 

• Permanent address: Joint Institute for Nuclear Research, Dubna, USSR. 
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2. BOSONS 

Consider a nonrelativistic model where the particles are regarded as bound states of the 
quarks. The wave functions of the quarks are the fundamental six-dimensional representation 
(sixtets) of SU(6). It is well known that the members of the sixtet are SU(3) triplets, each 
member having spin l/2. 

We denote the wave function of a quark by 1/Ja = '1/;i,A where i = 1, 2 is a spin state 
index and A = 1, 2, 3 is the SU(3) index. For zero energy quark we have 

VJa = tAXi 

XI= @ X2 = (~), (2.1) 

tA denotes the SU(3)-triplet. Thus for each A we have a two-component function VJa• 
The transformation property of antiquark wave function is given by a conjugated repre

sentation of SU(3) group. We denote the wave function of an antiquark by 1/Jb, and for zero 
energy we have 1/Ji,A = :itAxi = EiK XK· 

Regarding a meson as a bound state of quark and antiquark, we denote the wave function 
of meson by 1/J~- The problem is to write down the equation for ipg. 

To get such an equation we use the following assumption: 
(a) we assume that the interaction which leads to a formation of bound states is weakly 

dependent on spin and unitary spin; 
(b) the internal motion of a quark is regarded as nonrelativistic. 
Taking into account the remarks which we made above, in zero approximation, where 

spin and unitary spin dependence is neglected, for the mesons we may write down the 
quasipotential equation which in the centre-of-mass system has the following form 

(£2 
- H 0 (r))1jJ~(r) = 0. (2.2) 

Ho depends only on the relative co-ordinate r 2 = (rI - r2)2. 
As Ho is a scalar function, the energy spectrum for all 36 mesons is the same. In 

general, the perturbation which removes this degeneracy may depend on spin and unitary spin 
simultaneously. We assume that there are two types of perturbations: the first removes the 
degeneracy with respect to spin and the other with respect to unitary spin. We neglect the 
interference terms; they are supposed to be of second order in the perturbation. 

The perturbation term which depends on spin may be represented in the following form 

jB [ - - 2 , ] jB - - 2 , ] jA HI1/JiA = (S; + S1) Vi(r) + VI (r) i/JiA + [(S; + S1) Vi(r) + V2 (r) i/JiA. (2.3) 

The operators S;, 51 are the spin operators for the quark and antiquark, correspondingly. 
We use the designation 

- jB S;ij;iA 

S-.,,,}B 
J '1-'iA 

-;' jB 
S; i/J;'A• 

§J ,If B 
J' '1-'iA · 

(2.4) 

In order to write down a perturbation eliminating the unitary spin degeneracy we use the main 
idea of Zweig [2], viz., we assume that the mass of the quark t3 is different from those of t 1 
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m~ = m5 + Am28! = (m5 + ½Am2) - (,\s)AAm2. 

The perturbation which could give such a splitting may be chosen by analogy with Eq.(2.5) 

(2.5) 

The matrices (),s)A act on the index A and (.Xs)B on the index B: 

(2.6) 

Taking into account the perturbation terms (2.3) and (2.4), we get 

(E2 
- Ho)i/J~ [Vi(r)(Si + Sj)2 + V{(r)]i/J{J + 

+ [V2(r)(Si + Si)2 + v;(r)]ifJ{t + · 
·s + W(r) [(.Xs)A + (,\s)B ]1/J;A . (2.7) 

For the unperturbed solution we have 

JB ·s 1/JiA (r) = /Y;A 1/J(r), (2.8) 

where PiJ is independent of r. After separating the spin and unitary spin structures we get 

s is the total spin of the system. 

Vfx{ 
Bd 

PA 0 i 

s = 1, 

s = 0, 
(2.9) 

Since the perturbation terms conserve the total spin, Eq.(2.7) splits into two equations: 
one for spin I and the other for spin 0. 

For the case of spin 1, we have 9 vector mesons: 

v-( Jz (po+ w') p+ K*+ ) p Jz (po - w') i(*O 

K*- K*o ¢/ 

v/ = P+, V,l -2 = p ... (2.10) 

Using Eqs.(2.8) and (2.9) we see that to find the mass corrections to the vector mesons we 
must diagonalize the quadratic form 

(2.11) 
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Substituting Eq.(2.10) into Eq.(2.11) we get 

M 2 = (mi-i) [p+p++p_p_p 0 P°]+ 

+ (mi+ 2i) [k*+ Kd + k*-K*- + .K*° K* 0 + K* 0 k*0
] + 

+ 

+ 

( 
2 a) I I ( 2 5 ) -, I m 1 - 3 w w + m 1 - 3a ¢ ¢ + 

hi (2w'w' + ¢'¢' + '✓'2,w'w' + V2¢'¢') 3 . 

From this we see that 
2 a 

m~ = m1 - 3, 2 ( 2 2 ) mK. = m1 + 3a . 

If we put h 1 = 0, we get 

2 2 
mw' = mp d 2 2 2 2 an m<t>' +mp= mK·· 

(2. l 2) 

(2.13) 

(2.14) 

If we want to calculate the masses of real w and ¢ mesons, we must diagonalize the quadratic 
form 

( mi - i) w'w' ( mi - ~a)¢'¢'+ ~1 [2w'w' + ¢'¢' + V2w'¢' + V2¢'w']. (2.15) 

The eigenvalues of this form are given by the equation 

1 3 3 3 1 

I 
m2 - !! + lli - µ ./'ih 

./2 2 5 !!:J. 
3 h1 m 1 - 3a + 3 - µ I =0. (2.16) 

Excluding the parameters mi, a, and h 1 we obtain the well-known formula of Schwinger [3]. 

2 2 2 2 42 2 2 2 2 
(mw - mP)(m<t> - mp)= 3(mK. - mp)(m<t> + mw - 2mK.)- (2.17) 

Now we would like to give a brief survey of the situation concerning pseudoscalar mesons. 
To get the known mass formula it is sufficient to make replacements m 1 -+ rn0 , h1 -+ ho, 
p-+ 1r, K-+ K*, w'-+ rJ', ¢'-+ rJ". Then we have 

2 a. 
m;. = mo - 3' 2 2 2 

mK =mo+ 3a. (2.18) 

From this follows the Glashow formula 

2 2 2 2 
mK. =mp= mK - 1n". (2.19) 

In order to avoid the mixing of unitary singlet and octet of pseudoscalar mesons, we 
choose from 36-meson states only 35 states which satisfy the conditions 

7f'~ = 0. (2.20) 
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We also require that the perturbation does not break this condition .. For the perturbation 
matrix r this requirement leads to 

r c,a = O c,b · (2.21) 

This condition may be satisfied if we take the perturbation matrix in the following form 

Then for the pseudoscalar octet we get 

which leads us to the Gell-Mann-Okubo mass formula 

2 4 2 1 2 
m11 = 3mK - 2m71". 

3. BARYONS 

In our approach baryons are regarded as bound states of three quarks. Denote the wave 
function of the baryon by '1/Jabc· In the zero approximation we write the following equation 
for baryons 

(E - Ho)'l/Jabc = 0. (3.1) 

We represent the perturbation terms in the following form 

H'l/Jabc - - - 2 ' [(S; + Sj +SK) W1 + Wz]'l/JiA,jB,kC 

+ W2[(>.s)A + (>.s)B + (>.s)c]'I/Jabc 

+ W3[(>.s)APBc + (>.s)BPAc + (>.s)cPAB]'¢iA,jB,kC, (3.2) 

the functions vV depend only on a relative distance between the quarks, PAB is the permutation 
operator. The third term carries on the exchange interaction for the octet. 

There are three types of symmetries for the wave function with respect to the permutation 
of the unitary and spin indices: completely symmetric with 56 components, antisymmetric 
with 20 components and the function transforming under the two-dimensional representation 
of the permutation groups of three elements, 70 components. 

As was shown in paper [4], a better relation between the magnetic moments is obtained 
for the function symmetric with respect to spin and unitary spin, 56 .components. 

However, if we assume that there are no additional quantum numbers, the space function 
must be completely antisymmetric which .is impossible if the system is in the S-state. 

A way out can be found if the quarks are supposed to obey parastatistics [5] or if 
we introduce additional quantum numbers which antisimmetrize the total wave function. 
Employing these additional quantum numbers we are able to make the quark charges integer 
without violating the relations between the magnetic moments. 

Consider Eq.(3.1) with the perturbation (3.2) for the functions symmetric with respect to 
spin and unitary spin. ' 
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The perturbation term (3.2) conserves the total spin of the system, and the equation for 
the baryons splits into two equations: one - for spin 3/2 and the other - for spin 1/2. In 
the zero approximation, the baryons wave function can be represented in the form 

'l/JABc(r1,r2,r3) = cp(r1,r2,r3)¢ABC· 

For the octet particles we have c/>ai,bj,ck 

1 
v3 { ¢11,11,22 - ¢11,21,12} , p 

1 
v3 { ¢21,21,22 - ¢21,11,22}, r 

I;+ 1 
v3 {¢11,11,32 - ¢11,31,12}, 

(3.3) 

1 
v3 { ¢21,21,32 - ¢21,31,22}, (3.4) I:- = 

I:o 1 
J6 {2¢11,21,32 - ¢11,31,22 - ¢21,31,12}, 

A 
1 

y2 { ¢11,31,22 - ¢21.31,12}, 

-- 1 { -o 1 v3 ¢31,31,22 - ¢21,31,32}, .=. = v3 { ¢31,31.12 - <Pll,31,32} · 

The functions ¢ABC are normalized by the condition 

11¢AAAll2 
= 6, ll<PAAall2 

= 2, 11¢Aacll = 1. 

Using the perturbation theory we obtain the following relations for the masses of baryons 

mE - mN = a + b, m 3 - - mN = 2a - b, mi\ - rnN = a - b. (3.5) 

From this, follows the Gell-Mann-Okubo mass formula 

3mA + mE 
m-= + mN = ----- 2 

For the decuplet particles we have 

mo - mE• = mE• - m::::- = m::::- - mo- = -a - b. 

Thus, for the mass splitting in the octet and decuplet we get 

mE - mN = mE• - mo. 

(3.6) 

(3.7) 

(3.8) 

It is easy to write the perturbation which describes the electromagnetic mass splitting within 
the isotopic multiplets 

{ 
2 2 2 H2'l/Jabc = I1(eA +ea+ ec) + I2(eAeB + eAf,c + e3ec) 

+ h(eAeaPAB + eAecP;1c + e3ecPBc)e4;abc}. (3.9) 
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The first term represents the electromagnetic corrections to the proper effective mass of the 
quarks; the second term, the direct electromagnetic interaction of the quarks; and the third 
term, the exchange interaction. Noting that e~ = l + ½eA we write down the electromagnetic 
perturbation as 

H2 {I{(eA+es+ec)+I~(eA+es+ec)2 

+ l3(eAesPAB + eAecPAc + esecPsc)} 1/Jabc· 

Using this interaction we get 

. 1 
a+ ,B + 3'' 

1 
-a+ ,B - 3'' 

1 
mE•+ - mE.o =a+ ,B + 3,, 

2 
m 3 ._ - m 3 .o = mE·- - mE.o = -a+ ,B + 3,, 

4 
a+ 3,B + fY· 

From this we find the electromagnetic mass splitting in the octet 

(3.10) 

(3.11) 

(3.12) 

We also get the relations between the electromagnetic mass splitting in octet and decuplet 

(3.13) 

From SU(6) symmetry follow relations between the magnetic moments of baryons. This 
is one of the important consequences of SU(6) symmetry. Using the formulae of quantum 
mechanics for the relativistic composite model it is possible to calculate the magnetic moments 
of baryons. 

Actually, choosing the magnetic moment operator in the form 

j1 = 3µ[(ea)A + (ea)B + (ea)c] (3.14) 

one can easily show that the magnetic moments of the resonances are 3eµ where e is the 
resonance charge, and for the baryon octet we have 

(3.15) 

The magnetic moments of other particles follow from the unitary symmetry relations 

(3.16) 

In order to get the experimental value of the magnetic moment we must put µ equal to 
the nuclear magneton µ = e/2m, where m is the mass of the bound states, that is, baryons. 
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Now we want to study a mechanism providing for such an enhancement of the magnetic 
moment of the quark. 

Consider the bound states of the Dirac particle in the scalar field. We wish to calculate 
the magnetic moment of Dirac particles which are in the bound states. 

Let us write the Dirac equation 

[M + V(r) +(]a. (p - eA)]u = E(Ju. 

We consider the case 

V(r) = { 

Representing the spinor u in the form 

we get the following equation for r.p: 

0 
-M+a 

U= (~) 

r > ro 
r < ro 

(M + V - E)r.p + iJ(p - eA) M + ~ + vii(p- eA)r.p = 0. 

(3.17) 

(3.18) 

(3.19) 

(3.20) 

Taking into account only the first order terms in the electromagnetic interaction, we obtain 
the correction to the energy operator 

A -- 1 -- -- 1 --
6.E = eu ·AM+ E +Vu· p + eu · p M + E +Vu· A. (3.21) 

Calculating the energy spectrum correction to the S-state, we arrive at the following expression 
for the magnetic moment 

00 

_ 2e J g(r) dg 3 d 
µ - 3 M + E + V dr r r, (3.22) 

0 

where the function W = rg satisfies the equation 

W" + (E2 
- M - V)W = 0. (3.23) 

Using the requirement that W(ro - 0) = W(r0 + 0) we obtain the equation for the energy 
spectrum of bound states 

E-M l (W') 1 (W') 
ro(E + M)(E + a) + E + O'. W ro-O = E + M W ro+O · 

(3.24) 

Later on, the calculations are made for the case AI -> oo. Here the energy spectrum equation 
has the form 

ro(E2 
- a 2 )1 12 cotgro(E2 

- a 2
) 112 = 1 - ro(E + er). 

Integrating Eq.(3.22) and taking the limit M -> oo, we get 

14 

e 4Ero + 2or0 - 3 
µ=-

6 2E2ro - 2Eo + a 

(3.25) 

(3.26) 



for the case a: = 0, numerical calculations give Ero ~ 2. Thus, 

e 5 
µ~--

2E6' 
(3.27) 

If the proton is considered as a bound state of three quarks in the self-consistent field, 
the energy of each quark is equal to E = m/3. Using .then (3. 27) for the magnetic moment 
of the proton we obtain a value for the nuclear magneton to be µQ ~ 2.5. We have seen that 
the effective magnetic moment of Dirac particles which are in the bound states is determined 
by the bound state energy. 
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Lecture Two 

ELECTROMAGNETIC FORM FACTORS IN COMPOSITE MODELS 
OF ELEMENTARY PARTICLES (RELATIVISTIC MODELS) 

A. TA VKHELIDZE* 

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS, TRIESTE, ITALY 

1. INTRODUCTION 

In our previous review we have considered the simplest variant of the dynamical approach 
to SU(6) symmetry. Using the assumption that the mass of a quark is large we write down 
nonrelativistic SU(6) symmetric equations which reflect mass relations obtained in SU(6) and 
relations between magnetic moments. In the simplest example of a Dirac particle scalar field, 
the mechanism of the enhancement of the magnetic moment was shown. 

It is of interest to write down relativistic invariant equations for composite particles which 
describe the enhancement of magnetic moments and produce the true electromagnetic form 
factors of elementary particles**. 

Recently a number of very interesting results concerning form factors were given in the 
theory of Salam et al. [I] based on SIJ(12) symmetry. However, in order to calculate 
electromagnetic form factors, a nonminimal electromagnetic interaction is introduced there. 

In our papers**, we studied a dynamical model of composite particles, satisfying re
quirements of /J(l2) invariance as well as relativistic ones. In this model the minimal 
electromagnetic interaction for the quarks is suggested, and electromagnetic form factors and 
decay vertices for baryons and bosons are obtained. 

2. RELATIVISTIC EQUATION FOR MESONS [1] 

We consider the composite model of elementary particles in which all the particles are 
regarded as bound states of three basic particles with spin 1/2. In a relativistic extension 
of the SU(6) symmetry theory, the quarks must be described by 12-component functions 
'l/JA = 'l/Jo.,a, where a= 1, 2, 3 is the SU(3) index, and a= 1, 2, 3, 4 is the Dirac spinor index. 
The group SU (12) acting on the quark function i/; is generated by I 44 matrices ,\;fr, where 
A; are the nine generators of U(3), and r r are the sixteen Dirac matrices which form U( 4). 
We denote the antiquark wave function by 'ljJ 8 = 'lj}f3,b_ 

• Permanent address: Joint Institute for Nuclear Research, Dubna, USSR. 
•• See Ref. [ I) of Tavkhelidze, A., Higher Symmetries and Composite Models of Elementary Particles, these 

Proceedings. 
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Mesons which are bound states of the quark and antiquark are · described by a mixed 
spinor of the second rank 1/J!f. The question is to find an equation for 'l/J~(x1,x2). 

In order to study the bound states of the system one could resort to the methods employed 
in quantum field theory, viz., to the Bethe-Salpeter equation. However, there are well-known 
difficulties connected with a solution of this equation in the case of strong interactions. 

We will therefore start from the relativistic-invariant equation for two particles admitting 
solutions of the form 

(2.1) 

where ¢~ (x1 + x2) is .a mixed spinor of the se~ond rank which de~cribes the. m.oti~n of 
the system as a whole, and ¢(x1 ~ x2) is a scalar function describing the relative motion 
of particles. The simplest example of an equation invariant under a homogeneous group* 
U(12) and describing the interaction of two particles is the squared Dirac equation with the 
factorizing potential: 

(2.2) 

x j dx~dx;W(x~ - x;)o(x 1 + x2 - x~ - x;)'l/J~(x~,x;), 

~ where V(f>) is the squared Dirac operator for the particle (antiparticle) 

~ v11~i (x) ~ [ (M -:r- i t--,t a~n )'] [ (M· ± it ,n a~n)] (2.3) 
~ n=O n=O · · 

and 

1n1m + 1m1n = 2gmn, 911 = 922 = g33 =:. _9oo_ = -1. 

We require that the Fourier transform W(q2 ) of ,the scalar function W(x) be real in the 
Euclidean space. In particular, l.-V(r/) can be taken in the form 

2 L . CN 
W(q ) = ( 2 N2 · )2 · q - - U: 

N 

(2.4) 

The operators V and W do not act on the spinor and unitary indices. Thus, Eq.(2.2) is 
invariant under 1/(12) in a trivial fashion. Before including into Eq.(2.2) the symmetry 
breaking terms we shall study it in more detail. 

Performing the Fourier transform 

(2.5) 

W(.1:1 - x2) 

*l/(12) acts only on the discrete indices and does not affect the variables x. 

~
,........__ - IC."-

~ ,..~- .•• . . . '""! :lo~ b._ ... _ .. .: i.uu.il ........ ;..i.r,t l 
Q ~1t~'..iidX EG.it:;,~;z.;:i..ti'! 
~ t';i-1~. n,,,.....,.,..:-i.f t. 
. ~ ~~"' • , ~ "- ... • - . " r 
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we write Eq. (2.2) in the form 

(Pi - M 2)(p~ - M 2)1/J;f (p1,P2) = -igo7r4W(q2)</>;f (p) 

(2.6) 

p=p1 +P2 q = ½(P1 -p2), 

where 

<t>;f (p) = J W(q2)1P;f (~ + q, ~- q). (2.7) 

Assuming the quark mass M to be large (infinite in the limit) and taking into account only 
the higher terms in M, we obtain in the zero approximation 

1/J;l ( ~ + q, ~ - q) 

g = 

-igW(q2)¢>;f (p) 

9o71'
4 

M4. 

Multiplying (2.8) by W(q2 ) and integrating over q we get 

1 = -ig J W 2 (q2)dq. 

(2.8) 

(2.9) 

The function <t>;f (p) describing the motion of the system as a whole remains undetermined. 
Going over to the Euclidean momenta qo -----> iq4 and taking into account (2.9) we obtain the 
real value for the charge 

1 = 9 J w2(-qi)dqE, 

(JE is the four-momentum in the Euclidean space. 
In order to get equations for the function <t>;f (p) we rewrite (2.6) as 

( 
1 2 2) ,1,B (p p ) 2P + 2q <v A 2 + q, 2 - q l (J\.F1 2 2 B (p p ) J\.12 +P1P2)i/JA ?+q, --q 

- 2 

(2.10) 

(2.11) 
4 

-9071' 2 B + l J\.12 W(q )<PA (p). 

Multiplying Eq. (2.11) by W(q2 ), integrating over q and using Eqs.(2.8) and (2.9) we get 

(p2 - m2)<t>!(p) = 0, 

where the meson mass is given by the expression 

J. 2 2( 2 
m2 = 4igf q2w2(q2)dq = 4 _qE:V (~E)dqE. 

j W 2(-qi)dru, 

Later on we use the solution of Eq.(2.12) which satisfies the supplementary condition: 

A' B B B' ho· P)A <PA 1 (P) + (, · P)B,<PA (p) = 0. 
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This condition chooses the solutions corresponding to opposite signs of the energies for the 
quark and antiquark. This can be easily seen if we rewrite (2.14) in the rest frame: 

(2.15) 

Since p2 = m 2, we can require a simultaneous fulfilment of the Eqs. (a) or (b): 

( 

A )A' ,1,B p-m A 'l'A' =0, (p + m)~,¢f = 0, (a) 

(2.16) 

(

A )A',1,B p+m A 'i'A' = 0, ( , )B ,1,B' _ o p-m B''l'A - · (b) 

Further we shall use Eqs.(2.16a). Note that the supplementary condition (2.16) breaks up the 
/J(12) invariance. Indeed, in the rest frame p= 0 (2.16a) reduces to (2.14) which is invariant 
under the group SU(6). 

We note that the condition (2.14) selects the mesons with a negative intrinsic parity. 
Let us investigate in more detail the spinor and unitary structure of the functions ¢1. 

The mixed spinor of the second rank can be represented as 

¢~:i = [¢i + ,y5¢~ + i, .. t,y5¢~5 + "t¢~ + 1aµv ¢tv]~(,\;)i (2.17) 

where i = 0 ... 8, aµv = ½hµ,v - ,v1 µ) and Ai are Gell-Mann matrices. 
Substituting Eq. (2.17) into Eqs. (2.16) we get [2] 

,1,i . ,1,i 
Pµ'-1'5 = im'-1'µ5, 

(2.18) 
,1,i . ,1,i 

Pµ'-1'µ5 = -irn'l'r,, 
V ,1,i · ,1,i p 'l'vµ = -im'-1'µ-

It follows from here the vector field should be transverse: 

Pµc/J~ = 0 

¢~ = [ (1 + !) (,5¢5 +,µ¢µ)]: · 

3. FORM FACTORS AND THE MAGNETIC MOMENTS OF MESONS 

To calculate the form factors of mesons, we consider Eqs.(2.2) in a weak external 
electromagnetic field. For this purpose we make the usual substitution 

.iJ .8 A() i-,=,-- -> i -,=,-- + e m X 
uxm u:rm 

(3.1) 

and write Eq. (2.2) in the form 

(3.2) 
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where 

A' 

vl' (x, A) = [ (M - i,n a~n - eA(x)) ( M + i,n a~n + eA(x)) L (3.3) 

V~,(x, A)= [ (M - i,n a~n + eA(x)) (M + i,n a~n + eA(x))] :, 

Here e is the matrix of the electric charge which is expressed in a certain way in terms of the 
matrices >.. 

Retaining in Eq.(3.3) the first order terms in e and making use of the expansion in the 
large mass of the quark M, we get an equation describing the motion of the meson in a weak 
electromagnetic field 

(p2 
- m 2 )¢~ (p) = 2 / dk f(k 2 )p · A(k)[ef cp~, + e~,¢~' (p - k)] + 

+2 j dk f(k 2 )[(ekA)f <l>!,(P - k) + (eAk)~,cpf (p - k)], 

or, in the x-representation, 

2 B · - [ A' O B B O B' ] ( □ x + m )c/>A(x) = 2iAµ(x) eA Dxµ <PA'+ eB' OXµ cp (x) + 

+2; [ (eu:;;) :· ¢~,(x) - (,1"7"~;;) :, of (x)] , 

A(x) = j e-ikx f(k)A(k)dk, 

where f (k2 ) is determined in the following way 

2 f dq W ( q - ~) W ( q) 
f(k ) = f dq W2(q) 

(3.4) 

(3.4a) 

(3.5) 

Before calculating the form factor of mesons we consider the case of the constant magnetic 
field. Using Eq.(2. I 6) one can see that for large components cp we obtain 

cp=a+a•,p 

and for the vector field ,p in the constant magnetic field the following equation holds 

(p2 
- m 2 ),p = 2ie[.H • ip], 

where e is the charge of the vector meson. 

(3.6) 

(3.7) 

It follows from Eq. (3.7) that the magnetic moment of the vector meson is equal to e/m. 
We make two important remarks: (a) the expression for the magnetic moment involves not 
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the quark mass M, but the meson mass m; (b) the magnetic moment of the meson regarded 
as a composite particle is twice as big as the normal magnetic moment of the vector meson 
with charge e and mass m. Now we pass to a calculation of the meson form factors. 

Let us rewrite Eq.(3.4) in a more compact form 

where the notations are introduced 

By definition the meson vertex is given by 

Substituting the spinor cpj in the form of Eq. (2.17) and using Eq. (2.18) we get the 
electromagnetic vertex in the following form 

where 

Pa ( 2) { ( k
2 

) ( _ )e ( k
2 

) ( _ )e Ja = m f k 1 + 8m2 'Pµ'Pµ F - 1 + 4m2 cp5cp5 F-

-2:2 (kµkv - igµvk2)('Pµ'Pv)F} + ~ J(k2)[ipµ'f)c, - 'Pa'Pµ]F + 
1 . 

+2 t:a/JapPakµ['PtJ'P5 - ip5cp~]'b, 
m 

( ir.1r.)e = ,-;;P "'q' eq - ,7,P eq' ,r.q 
rr F rq'rq p rq' q rp• 

( ,-,,,r.)e = 1-;;P ,,,q' eq + 17,P eq' ,r.q 
rr A rq'rq p rq' q rp-

From this expression we have 

V e 2 
9M = - f(k ), 

m 

(3.11) 

(3.12) 

(3.13) 

where g ;,?' is the electric form factor for the vector and pseudoscalar mesons respectively, 
!I fr is the magnetic form factor for vector mesons, and gt is the quadrupole moment of 
vector mesons. 
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The last term in (3.11) describes the radiative decay of vector mesons. Substituting there 
the known matrices for pseudoscalar and vector mesons, we get 

[cp5cp,e]v = 1 [n+ p+ + jf-- p- + [<+ K+ + [<- K- - 2k°K* 0 
- 2K0 [<* 0] + 

+ [~no+ J_ri° + ~xo] P + [J....no + ~f/o] cpo + (3.14) 
3 J3 V3 ° J3 3 

For the physical particles w and cp we have 

+ [ts-o + v'2 -o + 2 -o] o -7f -TJ -x w . 
3 3 3 

w = fswo + If cpo, 

cp = If wo - fscpo. 

The matrix elements for the radiative decay are given by the expression 

M = - 2
e gv pc 0 .6<7Pp<7kpAa ( cp5cp,e )'b, 

m 

where the radiative decay constants are equal to 

(3.15) 

(3.16) 

. 3J3 3 
= 3V3g..,'lo = rr,9-P'lo = --gK·"K"· 

2v2 2 
9,n,o = 3gporro = V3gpo 77o = 3gK-+ K+ = 3gK•- K-

(3.17) 
Taking into account the mass difference between the mesons only in the phase space, we get 
the following expression for the decay width 

4 mv - mp 2 

( 
2 2) 3 

rv--,p+-y = 0:3mv 2mi 9vp, (3.18) 

where n is the fine structure constant, mv and mp are the masses of vector and pseudoscalar 
mesons. 

Now we write down the matrix element for the decay of a heavy pseudoscalar meson xo 
into the vector mesons: 

M - 2e a.6<7p k A - ,,.. · - J,.,J 9x.o Vf. P<7 p o'f .6'f'5· (3.19) 

Here 9x.o v is the radiative decay constant of xo meson. We carry out calculations without 
mixing xo and T/o mesons. We obtain 

9x_opo = ; 9>,.o"-' = ts (3.20) 

and 
m>-- - mv 2 

( 
2 2) r xo-->V+-y = 40::Afx. 2m~ 9>,_oV (3.21) 

where mx. is the mass of pseudoscalar xo meson. 
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4. RELATIVISTIC EQUATION FOR BARYONS [1] 

We apply the above developed method to obtain an equation describing the baryons. In 
the quark model the baryons are regarded as bound states of three quarks. Thus, the wave 
function of the baryon is a spinor of the third rank 7f!ABc(x1,x2,x3). 

By analogy with the meson case we consider the relativistic invariant equation for 7f!ABC 
which admits the solution of the form 

where ¢ABC is the spinor of the third rank which describes the motion of the centre of mass 
of the bound system of three quarks, i.e., the baryon as a whole, c.p stands for some scalar 
function. 

To get an equation describing the motion of baryons in a weak external electromagnetic 
field we shall start from the squared Dirac equation 

VA(x1)VB(x2)Vc(x3)7f!ABC(X1,X2,x3) = goW(x1,X2,x3) X 

x j dx1
1dx;dx;W(x~,x;,x;)c5(x1 + x2 + x3 -x~ - x; -x;)7PABc(x~,x;,x;), (4.2) 

where the operators V are given by the expression (3. 3), W(x 1 , x2, x3) is the scalar function 
which satisfies the conditions 

(4.3) 

The Fourier transform lV(q1, q2 , q3) of the scalar function lV may be, for example, taken in 
the form 

To get the equation for the function 

j lV(x~, x~, x;)'PABc(x~, x;, x;) x 

x c5(x1 + x2 + X3 - x~ - x; - x;)dx~ dx;dx; (4.5) 

we use again, by analogy with the meson case, the expansion in the large mass of the quark 
M and retain the terms of the first order in the charge e. As a result, for the Fourier transform 
of the function (4. 5) we get the following equation 

(P2 
- 1117v)¢Andi) 2 / dk J(k 2 )A · p[eA +es+ ec]¢Asc(P - k) x 

x 3 j dk f(k 2 )[(ekA)A + (ek.4)s + (ekA)c]¢ABc(p - k),(4.6) 

23 



where the nucleon ·mass mN is determined from the equation similar to (2.13), while the 
function J(k2 ) is given by 

J(k2) = f W(p1,P2,p3)W(p1 + k,p2,p3)8(p1 + P2 + p3)dp1 dp2 dp3 
f W2(P1,P2,p3)8(p1 + P2 + p3)dp1 dp2 dp3 

From this, in particular, it is seen that* F(O) = 1. 

(4.7) 

When the electromagnetic field is absent Eq. (4.2) is invariant under U(12) as the 
operators V and W have no spin and unitary structure; the free equation 

(p2 
- m 2 )<PABC = 0 (4.8) 

is also invariant under U(12). In order not to mix the solutions with positive and negative 
energies in the free case, we use a supplementary condition 

A' B' c'· 
(p)A <PA'BC = (p)B <PA'B'C = (P)c <PABC'· (4.9) 

We require that <PABC satisfy simultaneously the following equations 

(p - m)A<PABC = (p - m)B<PABC = (p - m)c<PABC = 0. (4. IO) 

Conditions (4.9) and (4.10) break the invariance under the group U(l2), conserving, at the 
same time, the invariance under SU(6). 

Consider the solution (4.8)-(4.10) corresponding to the symmetrical spinor of the third 
rank. The symmetrical spinor <PABC is a relativistic generalization of 56-plet in the non
relativistic scheme SU(6). 

The symmetrical spinor <PABC may be represented as [2] 

<PABC = <P(ap)({3q)(-yr) = If Dc,13-ydpqr + 

+ 
6

~ [N[a{3]-yfpqsB: + N[/3-yJafqrsB; + N[-yaJ{3frpsB;] ,(4.11) 

where Da/3-y is the symmetrical spinor of the third rank, N[n/3]-y is the spinor antisymmetrical 
with respect to the indices n, {3, dpqr stands for the unitary decuplet, Bt is the unitary octet. 

Using relations (2.17) one can obtain [2] 

Dc,{3-y = 1Paµ(-yµC)13-y - i-(Pµ1Pv - Pv1Pµ)a(aµvC)13-y, 
-m 

(4.12a) 

*To ~et form factors of mesons and baryons (3.8-4.6) we use the equation which contains the squared Dirac 
operators 82, and the factorizable potentials. As Bogolubov has shown (3). these results remain unchanged, if we use 
nonsquared Dirac operators for quarks and describe bound states with a Bethe-Salpeter-type equation. For example 
Bogolubov's equation for bosons ha~ the form 

{ (Di - M)(D2 + M) - 7 fl 7~
5Jw} '1/J = o, 

where 

W(x1,x2) = M 2 - u(x1 - x2). 
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N [(p + m)1'.C] 0 13 .,. 
[a/3]-y = m 'f/-y, 

where C is determined by (,µC) 0 13 = (,µC)13 0 , cT = -C. 

so: 

The spinors '1/J and 'l/Jµ satisfy the equations 

(p - m)'l/Jµ = 0, ,µ'l/Jµ = 0, 

(p- m)'I/J = 0, pµ'l/Jµ = 0, 

Da/3-y = 1Pµa [ ( 1 + !) 1µCL'Y. 

(4.12b) 

(4.13a) 

(4.13b) 

Consider the baryon in a constant magnetic field. Retaining only the large components of the 
spinor <PABC we get from (4.6) 

(4.14) 

Here the spin or indices run from one to two. It can be seen from ( 4.14) that the effective 
magnetic moment of the quark with charge e in the baryon is 3e/2m and the operator of the 
baryon magnetic moment is 

j1 = ~[(eB)i + (eB)z + (eB)J]. 
2m 

(4.15) 

Averaging ( 4.14) over the functions corresponding to the particles with spins 3/2 and 1/2 
we get the well-known relations among the magnetic moments following from the SU(6) 
symmetry [4]. 

It is rather interesting that the magnetic moment of the proton calculated by Eq.(4.14) 
turns out to be equal to three nuclear magnetons. Thus, just as in the meson case, the 
magnetic moment in the composite model is determined by the mass of the bound state, and 
the composite particle possesses an anomalous magnetic moment. 

Let us now study the electromagnetic form factors of baryons. We consider the vertex 

3:z.AacrA' A 2 1 A" 
'f' A 'f/A'BC = m a , (4.16) 
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2 a<rpA k Ta= f. Pa p"(>,."(5. 

Here dpqr is the wave function of the decuplet, B: is the wave function of the octet, 1/Jµ is 
the wave function of particles with spin 3/2, and 1/J is the wave function for particles with 
spin 1/2. From ( 4.17) we have 

a¾2 
= eF(k

2
) ( 1 + 4: 2) , 

1/2 ( 2) ( k
2 

) GE = eF k l + 
2
m2 , 

G3/2 = ]!_F(k2) 
M 2m ' 

a~? = _!:_F(k2 )µ; µp = 3 µn = -2 µE- = -1 
2m 

0 212 
Q 

e 
m3' 

( 4. 18) 

where c¾2·112 are the electric form factors of baryons with spins 3/2 and 1/2, respectively 
3/21/2 3/2" G l\l ' are the magnetic form factors, G Q is the quadrupole moment. 

The last term describes the photoproduction and decay of resonances. The matrix element 
for the radiative decay is given by the expression 

- 6e a{3ap k A .T..,I, 
fvf - - gd-,b+-yf. Pa p a'!''f'/3• 

m 
(4. 19) 

For the constants gdb we have [5] 

2 
9t:,.+p = g1:,.on = Y-=.0 2° = gt+E+ = - ,13Yt0 11. = 2gf::0 E 0 = 1. (4.20) 

Taking into account the mass difference only in the phase space, we get for the decay width 
of resonances 

2 ( 2 2)3 ( )2 md md + mb mb 
fd ..... b+-y = 30:- 2 2 1 + -

mb md Tlld 
(4.21) 

where md is the mass of the baryon from the decuplet, and mb is the mass of the baryon 
from the octet. We have seen that the interaction of the composite particle with an external 
electromagnetic field is nonlocal. 

Note that if we apply these results to the examination of vertices in quantum electrody
namics we have to restrict ourselves to the first order of the perturbation theory, in order not 
to deal with difficulties connected with violation of unitarity and causality due to the nonlocal 
character of the interaction. 

Now we discuss in more detail the symmetry properties of the wave functions of baryons. 
The equation which describes the baryons admits a solution of the form 

1PABc(x, Y, z) = ',D(X, Y, z)¢ABC(,T + y + z), (4.22) 

where 'P is a scalar function which is symmetric with respect to the variables :r, !J, z. 
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In studying the form factors we have used the wave function which is symmetric with 
respect to the permutation of indices A, B, C. So we choose the completely symmetric wave 
function '¢ ABC to describe the baryon state. 

However, if we consider the quarks to be Dirac particles which can be also in free states, 
we must require that the wave functions of baryons be antisymmetric with respect to the 
permutation of all quantum numbers of true quarks. Here we meet a contradiction. Choosing 
the completely symmetric wave function for the baryons we get good agreement between the 
theoretical and experimental results, although such a choice contradicts the Pauli principle. In 
order to avoid this contradiction we assign a new quantum number to the quark*. We assume 
that, besides the spin and unitary index, the quark is characterized by the quantum number a 
and the quark wave function will be denoted by '1/JABc(x, y, z) = '1/JABC;abe(x, y, z) where a 
runs from one to three. For the baryon wave function we have 

'1/JABc(x, Y, z) = '1/JABC,abe(x, Y, z) 

We determined that the equation which describes the baryon allows a solution of the form 

1 
'1/JABc(x, Y, z) = y/(3cabe'P(X, y, z)'¢ABc(x, Y, z), (4.23) 

where cabe is the totally antisymmetric tensor. The presence of the tensor cabe guarantees the 
antisymmetric property of the baryon functions, if the function '1/JABc(x, y, z) is completely 
symmetric. 

The relativistic invariant equation which allows the solution of the form (4.23) will be 
obtained by a strict generalization of Eq. (4.2). It has the form 

A' B' C' 
VJ 1Yfj_ ~ t/J~'.!i'Q' (x, y, z) = ½YcabeW(x, y, z) x 

x J dx'dy'dz'TV(x', y', z')6(x + y + z - x' ·- y' - z')ca'b'e' '1/JABC,a'b'e'(x', y', z'), (4.24) 

where D is the squared Dirac operator. In order to describe the baryons in an electromagnetic 
field, we must make a usual substitution 

(4.25) 

where e is the charge operator. We suppose that the charge operator acts not only on the 
unitary index but it acts also on the additional quantum number. Such a generalization of the 
charge operator leads to an integer value for the quark charge. We want to emphasize that 
the prediction of Eq.(4.2) concerning the form factors remains unchanged if we treat three 
triplets on the same footing. 

We define the charge operator in the following form 

A' A' a' 
eA = eA +ea. (4.26) 

The operator e;t' acts on the unitary index and has the form 

( 

2 

A' 3 
eA = 0 

0 

0 
(4.27) 

*This possibility is also discussed in the recent paper by Nambu [4]. 
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The operator e~' acts on the additional quantum numbers and is of the form 

C 
0 

}} ) . ' 3 
e~ = ~ 

1 
3 
0 

(4.28) 

Then the charge of the quark is integer. 

a 
1 2 3 

A 
1 1 1 0 (4.29) 
2 0 0 -1 
3 0 0 -1 

Taking into account that the operator e{ is diagonal and Sp e{ = 0 we get 

abc a' 0 
E ea Ea'bc = · (4.30) 

Therefore, we have the identity 

A' 1 abc ( A' a') eA = 6E eA + ea fa'bc• (4.31) 

' \ 1 I I 

Let us consider Eq.(4.26) where the charge operator e has the form e'.;i = e1 +e~. Retaining 
in this equation the first order terms in e and making use of the expansion in the large mass of 
the quark !vf, we get an equation describing the motion of the baryon in a weak electromagnetic 
field 

(p2 
- m 2 )¢ABc(p) 

/ 
[ 

A' B' C'] dk f ( k) rA + rQ + r:c ¢ !l' !}_' Q' (p - k) 

(4.32) 
A' ' ' 1' rA = [2A·pe+3(ek·A)]i-

For the nonperturbed solution we have 

(p) 1 
¢ABC= ~Eabc¢ABc(p). (4.33) 

Substituting (4.33) into (4.32) after averaging over the functions 05 cabc and taking into 

account (4.32) we arrive again to Eq.(1.2) which was our goal. 
Assigning a new quantum number, we may construct 3 types of mesons ¢;{,'{, c/J~.'i, 

1/J!•J. The charges of these mesons coincide with the charge of the known mesons. The 

me~ons are constructed by the triplet I with charge (I 00), the mesons ¢I·; - for the triplet 

2 with charge (I 00) and 1/J!:f are constructed by the triplet 3 with charge (0 - I - I). 
In order that the meson form factors remained unchanged, it is sufficient that the zero 

approximation solution take the form 

B,b 1 ·a,1,B 
i/J A,a = v'30b 'f' A' (4.34) 
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Such a solution selects the mesons in which the states 1/Ji, 1/J~, 1/Jl appear with equal weights. 
Now I want to discuss briefly a possible test of the hypothesis that the mesons are 

constructed with three triplets. 
From the expression for the electromagnetic meson form factors it is easy to see that 

assigning the new quantum number we change only the radiative decay vertex. 
Indeed, taking the charge operator in the form e -+ e + ea we get 

(4.35) 

where ea = 1/3 for the mesons 1/Ji, 1/1~, and -2/3 for the mesons 1/Jj. 
The results of calculations for the radiative decay constant are given in the Table. 

Table. RADIATIVE DECAY CONSTANTS 

Decay Quark models 1/Ji' 1P~ 1/;i 
Po -> rro, 1/3 1 -1 

k*±-> k±, 1/3 1 -1 
k*o -> ko, -2/3 0 -2 
w-> rr 0, 1 1 2 
w-> r,°, 1 1 1 

3v'3 v'3 - v'3 

i.p -> T/O'Y ~v1 3 3 0 2v1 
Xo-> po, -v1 -v1 -v1 
xo-> w, -~v1 0 -2v1 
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KPATKIIM QqEPK )KII3HII II ,UEJITEJibHOCTII 
AKA,UEMIIKA A.H. TABXEJIII,U3E 

An16epT HHKmpopoBI1q TaBxeJIH,1J,3e po.UHJIC51 16 .ueKa6p51 1930 r. B T60-

JIHCH. OH poc B .up)')KHOH rocTenpHHMHOH CeMhe C 6oraTblMH Tpa,!lHUH51MH, 

oqeHb MY3hIKaJihHOH, my6oKO noqHTaBIIIeH mo.ueti: KYJihTYPHhIX II o6pa-

30BaHHhIX. 

B 1948 r. A.H. TaBxeJIH.U3e OKOHqHJI 8-IO M)')KCKYJO cpe.UHIOIO IIIKOJIY 

r.T6HJIHCII, a B 1953 r. T6miHccKIIH rocy.uapcTBeHHhIH yttIIBepcHTeT no cne

UHaJihHOCTH «TeopeTHqeCKa51 qm3IIKa». I1oJiyqeHHa51 B yttIIBepcIITeTe OCHOBa

TeJibHa51 no.uroTOBKa H peKOMeH.uaUIIII aKa.ueMIIKOB H.H. BeKya II H.H. Mycxe

JIIIIIIBHJIH ,!laJIH eMy B03MO)KHOCTh npoti:TII o6yqeHHe B acnIIpaHType B MaTeMa

TIIqecKoM HHCTHTYTe HM. B .A. CTeKJioBa AKa.ueMIIH HaYK CCCP. Ero HayqHhIM 

PYKOBO.UIITeJieM 6hm aKa.ueMIIK H.H. Eoromo6oB. B 1957 r. Ha YqeHOM coBeTe 

MHAH A.H. TaBxeJIH,1J,3e ycneIIIHO 3alllHTIIJI KaH.UII.UaTcKyIO .u0ccepTaUIIIO Ha 

COHCKaHIIe yqeHOH CTeneHH KaH,!lH,!laTa (pH3IIKO-MaTeMan1qecKIIX HaYK. 

C 1956 r., no npIImaIIIeHIIIO H.H. EoroJI1060Ba II A.A. JioryHoBa, A.H. TaB

xeJIH.U3e HaqaJI CBOIO HayqHYJO .ue51TeJihHOCTh B Jia6opaTop1rn TeopeTlJlieCKOH 

(plI3IIKII 061,e.uIIHeHHOro HHCTHTYTa 51.UepHbIX IICCJie,!lOBaHHH (JIT<t> OH5IH), 

TOJihKO qTQ C03,!laHHOro B )ly6He Me)K.uyHapo.UHOro qJII3IIqecKoro ueHTpa. BhI

COKa51 HayqHM, HCKJIJOqIITeJibHO 6JiaronpII51THa51 II .uo6po)KeJiaTeJibHa51 aTMO

ccpepa, uapIIBIIIM B OH51H, cnoco6crnoBaJia rnopqecKoMy HayqHoMy 

IlOHCKy. 

B )ly6He A.H. TaBxeJIH.!l3e pa6oTaJI B nepIIo.u 1956-1970 rr. H npoIIIeJI TTYTh 

OT HayqHoro COTPY.UHIIKa .uo 3aMeCTIITeJI51 .UHpeKTOpa Jia6opaTOpHH TeopeTH

qeCKOH qJII3IIKII. B 1963 r. A.H. TaBxeJIII.U3e Ha YqeHOM coBeTe JIT<t> OH5IH 

3alllIITHJI .UIICcepTaUIIIO Ha COIICKaHIIe yqeHOH CTeneHII .UOKTOpa (plI3HKO-MaTe

MaTIIqecKHX HaYK. B 1965 r. eMy 6hIJIO npHCBOeHO 3BaHIIe npocpeccopa. BMe

CTe C aKa.ueMHKaMH H.H. EoroJII060BhlM II A.A. JioryHOBhIM OH MHoro BHH

MaHII51 y.ueJI51JI no.uroTOBKe HayqHOH CMeHhl, npHBJieKa51 Ha060Jiee o.uapeHHhlX 

cTy.ueHTOB II acnIIpaHTOB B Jia6opaTOpIIIO TeopeTIIqecKOH (pH3HKH. 

A.H. TaBxeJIH)],3e npIIHa,!lJie)KIIT 6oJihllla51 3aCJiyra B opraHH3aQHH H npoBe

.ueHHH B .Ily6He H 3a ee npe.ueJiaMII ueJioro p51.Ua CHMil03HYMOB, IIIKOJI, KOH

cpepeHQIIH 0 np. Oco6o CJie.uyeT OTMeTHTh HecpopMaJihHbie ceMHHapbl, pe

ryJI51pHO npoBO.UHBIIIIIec51 B 1966-1971 rr. OH5IH II UEPH (EBponeikKHM 
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IJ,eHTpOM 51,nepHbIX HCCJie,noBaHHH B )K.eHeBe). UeJiblO 3THX BCTpeq 6bIJIO 06-

C}')KJJ:eHHe Hatt6orree rrepcrreKTHBHblX HarrpaBJieHHH HCCJie,noBaHHH B o6rracTH 

cpH3HKH BbICOKHX 3Heprn.H. B pa6oTe OJJ:HOfO H3 TaKHX ceMHHapoB, rrpoxo

,D;HBIIIero B T6HJIHCH B 1969 r., rrpHHHMaJIH yqacTHe JJ:HpeKTOpa rroqTH Bcex 

51,nepHblX u,eHTpOB MHpa. 

B rreptto,n pa6oThI B JIT<I> A.H. TaBxerrH,n3e aKTHBHo yqacrnyeT B HayqHoli 

H HayqHo-opraHH3aIJ,HOHHOH pa6oTe .npyrn.x cpH3HqeCKHX HHCTHTYfOB. 

B 1965-1970 rr. A.H. TaBxerrttme no rrpttrnaIIIeHHIO aKa,neMHKa A.A. Jlory

HOBa rrpHH51JI yqacTHe B opraHII3aIJ,Hll ceKTOpa TeopeTHqecKOH cpmHKH HHCTH

Tyra cpH3HKll BbICOKHX 3Heprn.li (flpOTBHHO) H 6bIJI ero rrepBbIM PYKOBO,D;HTe

JieM. B pe3yJihTaTe coBMeCTHhIX ycHJIHH H.H. Eororr1060Ba H A.H. TaBxerrH,n3e 

B KtteBe B 1967 r. 6bIJI OTKpbIT HHCTHTYf TeopeTHqecKOH cpH3HKH (HbIHe 

HOC5Illl,HH HM51 H.H. Eororr1060Ba), r.ne A.H. TaBxeJIH,n3e pa6otarr 3aBe,nyrollJ,HM 

OT,D;eJIOM (pll3HKH 3JieMeHTapHbIX qacTHIJ, (1967-1971 rr.). 

B 1967 r., B TeCHOM COTpy,nHHqecrne C aKa,neMHKaMH H.H. Eororr1060BblM 

H M.A. MapKOBbIM, OH ,no6HBaeTC51 rrpaBHTeJibCTBeHHOro peIIIeHH51 06 m.na

HHH )Kypttarra AH CCCP «TeopeT11qecKa51 H MaTeMaTttqecKa51 cpH3HKa». ,!lo 

1991 r. A.H. TaBXeJIH,n3e 51BJl51JIC51 3aMeCTHTeJieM rnaBHOfO pe,naKTopa 3TOfO 

)Kypttarra. 

B 1970 r. rrpe3HJJ:HYM AKa,neMHH HaYK CCCP yrBep,nHJI A.H. TaBxeJIH,n3e 

B .[lOJI)KHOCTH .UHpeKTopa BHOBb C03.[laHHOfO HHCTHTyra 51.[lepHbIX HCCJie,noBa

HllH (MocKBa), nopyqHB eMy pa3pa6oTKY CTPYKTYPhI H cpopMttpoBaHHe Hayq

HOH TeMaTHKH 3TOfO u,eHTpa. Tiocrre .[lllCKYCCHH C yqacTHeM BH,D;HbIX yqeHbIX-

3KCrrepTOB, rrpH peIIIa10meii rronnep)KKe aKa,neMHKa M.A. MapKOBa, B 115111 
AH CCCP ccpopMHpoBarrHch ,nBa ocHOBHhlX HayqHhIX HarrpaBrreHH51: cpH3HKa 

qacTHIJ, ll aTOMHOfO }l.[lpa ll HeiiTpHHHa51 acTpocpH3HKa. EbIJIO 3aITJiaHHpoBaHO 

C03.[laHHe 6a30BbIX 51.[lepHO-cpH3HqecKHX ycTaHOBOK HHCTHTyra: MoCKOBCKOH 

Me30HHOH cpa6pHKll (B r. TpoHIJ,Ke) H HeiiTpHHHbIX o6cepBaTOpHii C COOTBeT

CTByIOlll,llMH HeiiTpHHHbIMll TeJieCKOilaMH, rromeMHblMH - B TipH3Jib6pycbe 

(EaKcaHCKa51 HeiiTpHHHa51 o6cepBaTOpH.H) ll IlO,D;BO,D;HbIM Ha 03epe EaiiKarr. 

<l>aKTHqecKH TeMaTHKa 11HCTHTyra rrpencTaBJI51Jia co6oii O,D;HO HOBOe Harrpa

BJieHHe - qacTHIJ,bl H KOCMOJIOrmI. 

K 1986 r., Korna A.H. TaBxerr0me 6bm H36paH rrpe3HJJ:eHTOM AKa,neMHH 

HaYK fpy3Hll, B 11HCTHTyre 6blJia rroqTH 3aBepIIIeHa BC51 rrpe,nBapHTeJihHa51 pa-

6orn, pa3Bepttyro IIIHpOKOe Me)KJJ:yHapo,nHoe COTPY.IlHHqecTBO C ttayqHhlMH u,eH

TpaMH 11TaJIHH, AMepHKll ll npyrn.x CTpaH, HaqaTbl rrepBbie 3KCrrepHMeHTbl. 

TeopeTHqeCKHe H 3KCnepHMeHTaJibHhle HCCJie,noBaHH51 COTPY.IlHHKOB 3TOro HH
CTHTyra 6bIJIH y)Ke xopOIIIO H3BeCTHbl IIIHpOKOH HayqHOH o6mecTBeHHOCTH. 

B 11HCTHTyre 51.[lepHbIX HCCJie.[lOBaHHH A.H. TaBXeJIH,n3e rrpO.IlOJI)KaeT IlJIO,D;O-
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TBOpHO pa6oTaTb ITO ceii ,neHb, 5IBJI5151Cb 3aBe,nyrorn:HM OT,L{eJIOM TeopeniqecKOH 

cpH3HKH - Ha)"IHbIM p)'KOBO,L{HTeJieM IUIH. 

HaqHHM c 1969 r., pa3 B ,nBa ro,na, B ocHOBHOM Ha 6a3e IUIH PAH H 

AH rpy3HH, A.H. TaBxeJIH.[{3e rrpoBo,nHT Me)K.L{yttapo,nHble KOHcpepeHU:HH, rro

CB.Sirn:eHHbie cpH3HKe KBapKOB. 

B 1970-1986 IT. A.H. TaBxeJIH.[{3e - rrpocpeccop MocKOBCKoro rocy,nap

cTBeHHoro yttHBepcHTeTa HM. M.B. lloMOHocoBa, qTo, HecoMHeHHo, CbirpaJio 

Ba)KH)'IO pOJib npH cpopMHpOBaHHH illHpOKO H3BCCTHOf0 B Ha)"IHOM MHpe OT

,neJia TeopeTHqecKoii cpH3HKH lUIH PAH. 

B rrepHO,L{ pa60TbI B MocKBe aKTHBH3HpOBaJIHCb CB513H A.H. TaBxeJIH,[{3e C 

T6HJIHCCKHM rocy,napcTBeHHbIM yttHBepCHTeTOM H AKa,neMHeH Ha)'K rpy3HH. B 

1971 r. rrpH rro.n.nep)l(Ke aKa,L{CMHKa H.H. MycxeJIHillBHJIH B MaTCMaTHqecKOM 

HHCTHTYTC HM. A.M. Pa3Ma,[{3e 6bIJI C03,L{aH OT.L{eJI TeopeTHqecKOH cpH3HKH, u:e

JIHKOM )'KOMIIJieKTOBaHHbIH MOJIO,L{bIMH yqeHbIMH, rrpome,nmHMH CTa)I<HpOBKY B 

ny6He. P)'KOBO.L{CTBO OT.L{CJIOM 6blJIO rropyqeHO A.H. TaBXeJIH.[{3C. 

B 1980 r. Ha 6a3e rrpo6JieMHOH Jia6opaTOpHH qJH3HKH BbICOKHX ::mep

rnA, cyrn:ecTBOBaBmeii npH cpH3HqecKOM cpaKyJibTeTe T6HJIHCCKOro YHHBCp

CHTeTa (TIY), r,ne pa60TaJIH B OCHOBHOM qJH3HKH, BblpOCillHe B ny6HC H IIO,L{

,nep)KHBaIOrn:He C Hett Ha)"IHblC CB513H, 6bm C03.L{aH HHCTHTYT cpH3HKH BblCO

KHX 3Heprnii TIY. HayqHOC p)'KOBO,L{CTBO HHCTHTYTOM 6bIJIO B03JIO)KCHO Ha 

A.H. TaBxeJIH.[{3e. 

BKJia,n rpy3HHCKHX yqeHbIX B pa3BHTHe cpmHKH BhICOKHX 3HeprnA 6bIJI rro 

,L{OCTOHHCTBY ou:eHeH, H B 1976 r., rrpH 60JibillOH IIOMCp)KKe npaBHTCJihCTBa 

rpY3HH, B T6HJIHCH cocTO.SIJiach XVIII PoqeCTepcKM KoHcpepeHU:H5I no cpmHKe 

BhICOKHX 3Heprnii, B KOTOpoA yqacTBOBaJIO noqTH 1500 cpH3HKOB. 

B 1967 r. A.H. TaBxeJIH.[{3e 6bm m6paH qJieHoM-KoppecrroH,neHTOM AKa

,neMHH Ha)'K rpy3HH, a B 1974 r. - ee ,neHCTBHTCJihHhIM qJieHOM. 

B 1986 r., rro peKOMeH.naU:HH npaBHTCJihCTBa · rpy3HH H rrpH rro.n.nep)l(Ke 

AKa,neMHH Ha)'K CCCP, A.H. TaBxeJIH.[{3e 6hIJI m6paH npe30,neHTOM AKa,neMHH 

Ha)'K rpy3HH. B 1993 H 1998 IT. 06rn:ee co6paHHC AKa,neMHH Ha)'K fpy3HH 

BHOBh IlO,L{TBep,nHJio ero IlOJIHOMoq1rn KaK rrpe3H.L{eHTa. BKJia,n AKMCMHH Ha)'K 

B Ha)"IH)'IO H HHTCJIJieKTYaJihH)'IO )KH3Hb fpy3HH IlOJI)"IHJI .nom1rny10 ou:eHKy. no 

rrpe,ncTaBJieHHIO npe3H.L{eHTa CTpaHhI rrapJiaMeHT fpy3HH B HIOHe 1999 r. npHH5IJI 

3aKOH 06 AKa,neMHH Ha)'K fpy3HH. 3aKOHOM ycTaHOBJICH rocy.napcTBeHHhIH 

CTaTYC AKa,neMHH Ha)'K fpy3HH, onpe,neJICHhl ee 3a,naqH H rapaHTHH npaBOBOH, 

HMyrn:ecTBeHHOH, opraHH3aU:HOHHOH H qJHHaHCOBOH ,ne5ITCJihHOCTH. 

C 1986 r. A.H. TaBxeJittme 5IBJI5ICTC5I maBHhIM pe,naKTopoM )KypHaJia «Co

o6rn:eHH5I AKa,neMHH Ha)'K fpy3HH», KOTOphIH B HaCT05Irn:ee BpeM5I m,naeTC5I Ha 

rpy3HHCKOM H aHfJIHHCKOM 513hIKax. 
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C 1995 r. OH .ruipeKTOp lfHcnrryra cp1I3HKH BbICOKHX 3Heprnii TIY 

HM. M.A.,U)KaBaXHIIIBIUIH. HaKOIIJieHHbie B HHCTHTyre 3Hamrn H OilbIT c,nemum 

B03MO)KHl,IM cpopMHpOBaHHe ceTH MHTepHeT B AH rpy3HH H rocy,napcTBeHHbIX 

BbICIIIHX yqe6HbIX 3aBe,neHmlX rpY3HH. 

A.H. TaBXeJmme - aBTOp 6orree ,nByxcoT HayqHbIX ny6JIHKaUHH, KOTO

p1,1e xapaKTepH3)'lOTC~ BbICOKHM HH,neKCOM UHTttpyeMOCTH. MHorne H3 ero co

aBTOpOB 6UJIH HatmHaIOIUHMH HayqHbIMH COTpy,nHHKaMH, a cero.n~ OHM -

npH3HaHHbie B MHpe KpynH11e yqeHbie, opraHII3aTop1,1 HayKH. 

3a B1ma10mttiic~ BKJia,n B HayKy A.H. TaBxerrttme B 1984 r. 61,m m6paH 

tJJieHoM-KoppecnoH,neHTOM AKa.neMHH HayK CCCP, a B 1990 r. - .neiicTBH

TeJlhHhIM tJJieHoM (aKa,neMHKOM) AH CCCP (c 1991 r. - PoccttiicKoii aKa,ne

MHH HayK). 

A.H. TaBxerrttme - rraypeaT rocy,napcTBeHHOH npeMHH CCCP (1973 r.), 

KOTOpOH 61,m OTMet.IeH UHKJI COBMeCTHhlX pa6oT «<l>OTOpO)K,[\eHHe 7r-Me30HOB 

Ha HYKJIOHax». UHKJI coBMeCTHhIX ttccrre,noBaHtt:fi «HoBoe KBaHTOBoe t.Ittcrro -

UBeT H ycTaHOBJieHHe ,L\HHaMH'l!eCKHX 3aKOHOMepHOCTeH B KBapKOBOH CTpyK

Type 3JieMeHTapHbIX 'l!aCTHU H aTOMHhIX ~.nep» B 1988 r. 61,m y,nocTOeH lleHHH

CKOH npeMHH. B 1998 r. «3a C03,L\aHtte EaKCaHCKOH HeHTpHHHOH o6cepBaTOpHH 

H HCCJie,noBaHH~ B o6rracTH HeHTpHHHOH acTpOcp1I3HKH 3JieMeHTapHbIX qacTHU 

H KOCMH'l!eCKHX rryqeiI» A.H. TaBxerrttme, COBMeCTHO C COTpy,nHHKaMH MH

CTHTyra 51,nepHbIX HCCJie,noBaHHH, 61,ma npttc~eHa rocy,napcTBeHHa51 npeM~ 

PocCHHCKOH <l>e.nepaUHH. 

B 1987 r. B rocy,napcTBeHHOM peecTpe OTKp11Tttii CCCP 61,mo 3apern

cTpttpoBaHo OTKpbITHe «TipaBIUia KBapKOBOro C'l!eTa ,MaTBeeBa-Mypa,n51Ha
TaBxeJIH,n3e». 

HauttoHaJihHM aKa,neMH51 HayK YKpattHhI B 1996 r. npttcy,n1Uia A.H. TaBxe

rrttme npeMHIO HMeHH H.H. Eororr1060Ba. Me)K.[\yttapo,nHM accouttau~ aKa

)leMHH HayK, npHHHMa51 BO BHHMaHHe 60JihIIIOH BKJia,n A.H. TaBxerrttme B 

yKpeITJieHHe Me)K.[\yttapo,nHoro HayqHoro coTpy,nHttt.IecTBa, B 1998 r. Harpa

JlHJia ero 30JIOTOH Me)laJihIO. 3a aKTHBHOe yqacTHe B pa6oTe BceMHpHoii cpe

)lepaUHH yqeHhlX H B CB513H C npa3)lHOBaHHeM 2000-JieTH~ Po)K,[\eCTBa Xptt

CTOBa Ilana PHMCKHH MoaHH TiaBerr II Bpyq1UI A.H. TaBxerrttme n~TH11ii 
3HaK. 

B 1987-1990 rr. A.H. TaBxeJIH)l3e 61,m )lenyraToM BepxoBHoro CoBern 

rpy3HH H tJJieHOM Tipe3H.!lHYMa BepxoBHoro CoBern. B 1989 r. OH 61,m m6paH 
HapOJlHhIM )lenyraTOM CCCP. 

A.H. TaBxeJIH)l3e HMeeT p51Jl BhICIIIHX rocy.napcTBeHHhIX Harpa.n CCCP H 

PocCHHCKOH <l>e.nepaUHH. OH tJJieH HeCKOJlhKHX HHOCTpaHHblX aKa,neMHH, yqacT

HHK TiaryoIIICKOro .L\BH)KeHH51 yqeHblX 3a MHp. 
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CaM Arrh6epT HlIKHcpopom1q B aBT06HorpacpHH TaK xapaKTeplI3yeT CBOH 

rryTh B HaYKe: «KaK cpH3HK 5I Bbipoc B IIIKoJie aKa,neMHKa H.H. Eoromo6oBa -

Moero HaCTaBHHKa H yqHTeJI5I. I1poii,u5I 6oJibllIOH ITYTb HayqHOH H HayqHo

opraHlI3aUHOHHOH ,r:i;e5ITeJibHOCTlI, TeCHO COTpy,r:i;HuqaJI H o6ruaJic5I c BbI,[(aIOIUH

MlIC5I yqeHbIMlI, rocy,r:i;apcTBeHHbIMlI lI X035IHCTBeHHblMlI ,r:i;e5ITeJI5IMlI Kpyrrttoro 

MaCIIITa6a. EoJibllllIHCTBO lI3 HlIX -.- HeITOBTOplIMbie JiliqHoCTlI, JIIO,[(lI C orpoM

HbIM )KlI3HeHHblM OITblTOM, BCTpeqlI lI o6rueHHe C KOTOpbIMlI 6bIJilI BeCbMa 

BrreqaTJI5IIOIUlIMlI lI OKa3aJilI 60JibIIIOe BJilI5IHHe Ha cpopMHpOBaHHe MOeH JIHq

HOCTlI». 

A.H. TaBxeJIH,[(3e H ero cyrrpyra MaHa Meyttaprn5I HMeIOT ,r:i;o% Harn H 

CbIHa HoIIIpeBaHa, a TaK)Ke BHYKOB - MaHKO H HHKy ... 

Bee, KTO xopoIIIO 3HaeT Arrb6epTa HHKlI<pOpOBHqa, BCer.rra OTMeqaIOT Ta

KHe ero KaqecTBa, KaK rrpe,r:i;aHHOCTb H,[(eaJiaM HaYKH, orpOMHYJO CHJIY BOJIH, 

pe,r:i;Kyio pa6oTOCI10C06HOCTb lI YMeHHe CITJIOTlITb JIIO,[(eH ,[(JI5I ,[(OCTlI)K_eHH5I rro

CTaBJieHHOH ueJIH, Ha,[(e)KHOCTb B ,r:i;p~6e H ,r:i;o6poTy. 
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TPY,[(bl AKA,UEMIIKA A.H. TABXEJIII,[(3E TIO OCHOBHbIM 
HAIIPABJIEHII.HM Ero HAyqHOH ,UE.HTEJibHOCTII 

(c KpaTKHMH KOMMemapHHMH) 

1. J(ucnepcuOHHLie COOTHOWeHHB (J(C) 
u npn6JimKeHHbie ypaeueHHB e KBaHTOBOH Teopuu UOJIB (KTil) 

O6o6mrui MeTO/l J(C H.Eoromo6osa )lJUI tteynpyrnx npoueccos u npoueccos c nepe
MeHHhlM lJHCJJOM tJaCTHU s KTTT, A.TasxeJJH)l3e cosMeCTHO c A.DoryttOBhIM snepBhie nony
lJHJJ .UC )lJ151 aMnJJHTYil cpoTOpmK)leHml 7r-Me30HOB Ha HYKJJOHax. Ha QCHOBe ,!laHHhlX J(C 
B np116J1mKe1rnu ilBYXlJaCTHlJHOH YHHTapHOCTH 6blJlH noJ1Y4eHhl CHHryJJ5IpHbie HHTerpaJJbllbie 
ypaBHeHH51, THna ypasHeHHH H.MycxeJJHlllBHJlH, )lJ151 napuHaJJhllhIX aMnJIHTYil cpoTopo)K)leHH51 
(COBMeCnlO C A.noryHOBhlM H n.CoJJOBbeBbIM). 51).lpOM 3THX ypasHeHHH 5IBJ15IeTC51 aMnJJHTy.Ua 
MeJott-HYKJJOH11oro pacce5IHH51, a ueommpO/lHruI lJaCTh npe/lCTaBJJ5IeT co6ott JHatJem1e aMnnu
TY/lhl cpoTOpO)K)leHH51 B O)lllOIIYKJJOHHOM np116nm1rnHHH. 3TH pe3yJJhTaThl noJ1Y4HJ1H 3KCnepu
MeHTaJJbHOe IlO)lTBep)K)le1111e. 

On the role of bound states in the photoproduction processes// Dokl. Acad. Nauk. 1957. 
V.112. No.l. P.45-47. Bibi.: 2. 
Co-authors: A.A.Logunov, B.M.Stepanov. 

Dispersion relations for photoproduction reactions of 1r-mesons on nucleons // JETF. 
1957. V.32. No.6. P.1393-1403. Bibi.: 5. 
Co-author: A.A.Logunov. 

Dispersion relations for meson-nucleon scattering processes in the static nucleon approx
imation// Bull. Georgian Acad. Sci. 1957. V.18. No.l. P.19-24. 
Co-author: A.A.Logunov. 

Photoproduction processes and dispersion relations// Nucl. Phys. 1957. V.4. P.427-452. 
Bibi.: 9. 
Co-authors: A.A.Logunov, L.D.Solovyev. 

Approximate equations for the amplitude of photon scattering on nucleons // Dokl. Acad. 
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2. Kea1unoTeHUHaJihHhlH MeTO)l e KTII 
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B paMKax KOTOpOH .!lJ]}I onuca11m1 CHCTeMbl JlBYX B3aHMO)leHCTBYIOIUHX lJaCTHU nonyqeHbl pem1-
TlfBHCTCKHe TpexMepHbie KBa3HilOTeHUlfaJibllbie ypaBHeHlf}I, lf3BeCTHbie B JilfTepaType KaK ypaB-
11el11f}I J1ory110Ba-TasxeJilf)l3e. EbIJI pa3BHT peryJI51pHblH MeTO)l nocTpoeHlf}I KBa3HilOTeHUHaJia 
(KO) 11a oc11ose JlBYXtJaCTHlJHOH cpyHKUHH fpHHa. Enaro)lap51 BKJia.LlY MHorotJaCTHlJHbIX npo
Me)KYTO'IHbIX COCTO}llllfH KBa3ItnOTeHUHaJI }18JI}leTC51 KOMnJieKCHOH cpyHKUHeH 3HeprnH. YcTa
lIOBJiellbl aHaJIHTlfl(eCKHe CBOHCTBa Kn no 3HeprnH. 

YpaBHelllf}I J1oryHOBa-TasxeJIH)l3e C ycnexoM npuMeH51JOTC}I ,!lJl}I BbllJHCJieHlf}I cBepxTOH
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3. Koue11uo3uepre-rH11ecKue (K'.3) npamma C)'MM u .llYaJILH0CTL 

A.TaBXeJJH)l3e COBMeCTHO C A.JioryHOBhIM H JI.COJJOBheBblM nonyqeHhl K3 npaBHJJa C)'MM 
M51 aMnJJHTY.llhl Me30H-H)'KJIOHHOro pacce51HH51 H Ha HX OCHOBe ycTaHOBJJeHO CBOHCTBO mo-
6anhHOH .UYaJJhHOCTH - HHTerpanhHhle COOTHOllleHH51 Me)l(Jly pe3oHaHCHOH t.JaCThIO aMnJJHTY.llhl 
pacce51HH51 H pe.u)l(eBCKHMH napaMeTpaMH. CBOHCTBa mo6aJJbHOH H JIOKaJJhHOH (BeHeUHaHo) 
.uyanhHOCTH nocJJ~HJIH OCHOBOH M51 cpopMynttpOBKH CTPYHHOH MO)leJJH a.upOHOB. B )laJJhHett
llleM COBMeCTHO C H.KpaCHHKOBhlM H K.1:leThlpKHHhlM MeTO)l K3 npaBHJI C)'MM 6hlJI 0606me11 
Ha cnyqatt KBaHTOBOH xpoMO)lHHaMHKH C HCil0Jlh30BaHtteM xapaKTepHoro M51 3TOH TeopHH 
CBOHCTBa acttMilTOTH'-leCKOH CB060)lhl. 
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4. Macchi <l>epMHOHOB " JIBJICHHe CUOHT3HHOro napywenmr CHMMeTpHH 

MHKpOCKOilH4eCKrul TeopHll csepxTeKY4eCTH H csepxnpoBO)lHMOCTH H.Eoromo6osa OCHO
Bafla 11a OTKpbITOM JIM llBneHHH cnmnamIOro 11apywemrn CHMMeTpHH OCHOBHOro COCTOllHml. 
A.Tasxem1me O.UIIHM H3 nepBbIX (COBMeCTIIO C E.Ap6y30BblM H P.<t>aycTOBbIM) ycTaHOBHn BO3-
MO)KIIOCTb BO31111KIIOBellHll MaCCbl cpepMIIOHOB 3a C4eT CilOHTaHHOro HapyweHHll Cl!MMeTpHH B 
.usyMep11oii MO.UeJJII KTn. 
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Mat. Fiz. 1976. V.26. No.2. P.172-174. Bibi.: 5. 
Co-authors: N.V.Krasnikov, V.A.Matveev, K.G.Chetyrkin. 

Spontaneous symmetry breaking in the case of massive scalar particles II INR preprint 
IT-0057. 1977. 5 p. Bibi.: 3. 
Co-author: N.V.Krasnikov. 

5. KBaHTOBOe 'IHCJIO UBCT. cl>H3H'ICCK3H MO,lle.Tlh 3,llpOHOB 

K3K CBH33HHLIX COCTOHHHH UBCTHLIX KBapKOB 

B 1965 r. A.TasxeJJH.ll3e cosMeCTHO c H.Eoromo6oBhIM H E.CTpyMHIICKHM, 11e3asuc11Mo OT 
HaM6y H XaHa, Bbl,llBHHyJJ rnnoTe3y O HaJJH4HH y KBapKOB IIOBOfO KBaflT0BOro 'IHCJJa, 1133Bafl
HOro BnOCJJe,llCTBHH «UBeTOM». CornaCHO 3TOii rnnoTe3e Ka)Kllblii nm KBapKOB C llaflllblM apo
MaTOM MO)KeT HaXOllHTbCH B Tpex yHHTapHO 3KBHBaJJeHTllblX C0CT0HIIHHX, C00TBeTcTByrournx 
TpeM 3Ha4eHHHM UBeTa. O11HOBpeMeHHO 6bm ccpopMyJJHp0B311 npmruun OT6opa cp113H'leCKHX 
COCTOHHHH KBaHTOBbIX CHCTeM, 0nHCb1Ba10ll.(HX ua6JJ10l1aeMble Me30llbl H 6ap110llbl, KOTOpblH 
orne4aeT Tpe6oBaHHIO 6ecuseTHOCTH a.llPOIHlblX COCTOHIIHii. EblJIO on1e4e110 TaK)Ke, 4TO UBeT
Hbie KBapKH MOryT HMeTb KaK 11po6Hbie, TaK H ueJJ04HCJJellllble 3JieKTpH'leCKlle 3apHllbl. B 
nocne11HeM CJJY4ae UBeTOBaH CHMMeTpHH llOJl)Kfla 6bma 6bI 11apywaTbCH 110 Kpaii11eii Mepe B 
3JJeKTpOM3rHHTHblX (3M) B3aHMO,lleHCTBIIHX. 

B 0TJJH4He oT Monenu KBapKoB fenn-Ma11a H Useiira B 111111a~rnt1ecKoM no11xo11e Eoronro-
6osa-Tasxenume useTHbie KBapKH paccMaTp11san11c1, KaK cp111w1ecK11e cpy1111aMe11rn11b111,1e 'ta
CTHUbI - cpepMHOllbl, HaXOJlHll.(HeCH B anpo11ax B KB33IICB06om10M C0CT0HIIIIII. 81,Jt11ICJie11111,1e 
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B paMKax 3Toro no.uxo.ua 3M- H cna6b1e cpopMcpaKTOphI a.upoHOB, nrnpttHhI 3M-pacna.uos Me-
30HOB nonyqttntt 3KCnepttMeHTanbHOe no.uTBep)K)leHtte, qTo onpas.uano 3anO)KeHHYJO B OCHOBY 
)lHHaMH'IeCKOH MO)lentt mnoTeJy KBa3HCB060)lHhIX KBapKOB. 

B paMKax MO)lentt KBa3HHe3aBHCHMbIX KBapKOB 6binH nonyqeHbl npasttna «KBapKOBOro 
cqern MaTBeesa-Mypamma-Tasxem1.uJe», cornacHo KOTOphIM nptt 6onhmttx 3Hepnrnx H ne
pe.uatJax ttMnynhca ttMeeT MecTO cTeneHHoe nose.ueHtte no 6ommoMy ttMnynhcy aMnnttTY.llhI 
ynpyroro pacceaHtta H cpopMcpaKTOpOB a.upoHOB. TTptt 3TOM noKa3aTenb CTeneHH Bblpa)KaeTca 
tJepe3 nonHoe 'lttcno KBapKOB, H3 KOTOpbIX COCTaBneHhl tJaCTHUhl, yqaCTBYJOIUHe B peaKUttaX. 
O6o6meHtte cpopMyn KBapKosoro ctJeTa Ha .upyme npoueccb1 c yqacrneM a.upoHOB H nen
TOHOB H HX 3KCnepttMeHTanhHaa nposepKa asnaeTca cymecTBeHHhIM 3TanoM B flOHHMaHHH 
qJH3HtJeCKOH npttpO.llhl UBeTHhIX KBapKOB H KBapKOBOH CTPYKTYPhl a.upoHOB. 

llttHaMtttJeCKaa KBapKOBaa MO)lenb a.upoHOB nerna B OCHOBY flOHCKOB penaTHBHCTCKoro 
o6o6meHtta SU(6)-cttMMeTptttt ::ineMeHTapHhIX qacrnu tt npttsena K cpopMynttpoBKe penarn
BHCTCKH-KOBapttaHTHhIX ypaBHeHHH .una CBa3aHHhIX CHCTeM tJaCTHU B KBaHTOBOH TeOpHH nona 
(cosMeCTHhie pa6oThI c B.Ka.uL1mescKHM, P.Mypa.u»HOM, HryeH BaH Xhey, 11.To.uopoBhIM). 

For the question of the composite models in the elementary particle physics II JINR 
preprint D-1968, Dubna, 1965. 12 p. Bibi.: 5. 
Co-authors: N.N.Bogolyubov, B.V.Struminsky. 

Relativistic invariant equations for the composite particles and form factors (I) // JINR 
preprint D-2075, Dubna, 1965. 15 p. Bibi.: 8. 
Co-authors: N.N.Bogolyubov, Nguen van Hieu, D.Stoyanov, B.V.Struminsky, V.P.Shelest. 

Higher symmetries and composite models of elementary particles // Proc. ICTP Seminar 
«High Energy and Elementary Particles» (Trieste, 1965). Vienna, 1965. P.753-762. Bibi.: 5. 

Electromagnetic form factors in composite models of elementary particles (relativistic 
models) // Proc. lCTP Seminar «High Energy and Elementary Particles» (Trieste, 1965). 
Vienna, 1965. P.763-779. Bibi.: 5. 

Magnetic moments of relativistic quark models of elementary particles II Phys. Lett. 
1965. V.17. No.3. P.331-332. Bibi.: 3. 
Co-author: HJ.Lipkin. 

Some effects in quark model II JINR preprint P-2524, Dubna, 1965. 10 p. Bibi.: 6. 
Co-authors: V .A.Matveev, B. V .Struminsky. 

Relativistic invariant equations for the composite particles and form factors (II) II JINR 
preprint D-2141, Dubna, 1965. 10 p. Bibi.: 5. 
Co-authors: N.N.Bogolyubov, V.A.Matveev, Nguen van Hieu, D.Stoyanov, B.V.Struminsky, 
V.P.Shelest. 

SU(6)-symmetry and its possible generalizations II JINR preprint D-1929, Dubna, 1965. 
9 p. Bibi.: 18. 
Co-authors: V.G.Kadyshevsky, R.M.Muradyan, I.T.Todorov. 

SU(6)-symmetry and higher angular momenta II Phys. Lett. 1965. V.15. No.2. P.180-
182. Bibi.: 13. 
Co-authors: V.G.Kadyshevsky, R.M.Muradyan, I.T.Todorov. 

Relativistic generalization of SU(6)-symmetry II Phys. Lett. 1965. V.15. No.2. P.182-
184. Bibi.: 14. 
Co-authors: V.G.Kadyshevsky, R.M.Muradyan, I.T.Todorov. 
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On the unitarity of the S-matrix in the disturbed SL(6) symmetry II Dok!. Akad. Nauk. 
1966. V.167. No.4. P.792-794. Bibi.: 12. 
Co-author: Nguen van Hieu. 

Relativistic invariant equations for the composite particles and form factors II Voprosy 
Fiziki El. Chast. Erevan, 1966. P.406-420. Bibi.: 5. 
Co-authors: N.N.Bogolyubov, V.A.Matveev, Nguen van Hieu, D.Stoyanov, B.V.Struminsky, 
V.P.Shelest. 

Leptonic decays of baryons in .the universal V-A theory II Yad. Fiz. 1966. V.3. No.5. 
P.910-917. Bibi.: 7. 
Co-authors: O.G.Bokov, Nguen van Hieu, K.V.Rerikh, A.A.Khelashvili. 

Algebras of currents and dispersion relations II Dok!. Akad. Nauk. 1966. V.168. No.2. 
P.316-317. Bibi.: 2. 
Co-authors: A.V.Efremov, V.A.Matveev, A.A.Khelashvili. 

Symmetry group ISL(6) as a covariant generalization of the group SU(6) II Voprosy 
Fiziki El. Chast. Erevan, 1966. P.377-389. Bibi.: 23. 
Co-authors: V.G.Kadyshevsky, R.M.Muradyan, I.T.Todorov. 

On the unitarity of the S-matrix in the disturbed SL(6) symmetry II Dok!. Akad. Nauk. 
1966. V.167. No.4. P.792-794. Bibi.: 12. 
Co-author: Nguen van Hieu. 

Current-current interaction and pole model of the nonleptonic hyperon decays II JINR 
preprint P2-3254, Dubna, 1967. 7 p. Bibi.: 4. 
Co-authors: Y.Niri, B.V.Struminsky. 

Quarks and composite models of elementary particles II Proc. Int. School «High Energy 
Physics and Elementary Particle Theory» (Yalta, 1966). Kiev, 1967. P.635-638. Bibi.: 17. 
Co-author: B.V.Struminsky. 

Simplest dynamic models of composite particles II Fundamental Problems in Elementary 
Particle Physics: Proc. of XIV Conf. on Phys. at the Univ. of Brussels (Brussels, 1967). 
London, 1968. P.145-154. Bibi.: 2. 

Dynamical moments of composite particles in quantum field theory II Topics in Elemen
tary Particle Theory: Proc. of the Int. Seminar (Varna, 1968). P2-4050, Dubna, 1968. 
P.269-279. Bibi.: 9. 
Co-authors: N.N.Bogolyubov, V.A.Matveev. 

Field algebra and SU(2) x SU (3) x T24 symmetry group II JINR preprint P2-3858, Dubna, 
1968. 10 p. Bibi.: 6. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Collective resonance phenomenon in hadronic systems II JINR preprint E2-8742, Dubna, 
1975. 9 p. Bibi.: 3. 
Co-authors: V.A.Kuzmin, V.M.Lobashev, V.A.Matveev. 

A minimal generalization of 5-quark model of '11-particles II Phys. Lett. 1976. V.63B. 
No.2. P.209-210. Bibi.: II; Pisma v JETF. 1976. V.23. No.9. P.543-545. 
Co-authors: K.G.Chetyrkin, N.V.Krasnikov, V.A.Kuzmin. 

High transverse momentum processes in composite models II Proc. XVIII Int. Conf. on 
High Energy Physics (Tbilisi, 1976). Dl,2-10400, Dubna, 1977. P.A4-l l-A4-15. Bibi.: 18. 

Inclusive processes with large transverse momenta in the composite particle approach II 
Fiz. Elem. Chast. Atom. Yad. 1977. V.8. No.3. P.478-543. Bibi.: 64. 
Co-authors: A.N.Kvinikhidze, A.N.Sissakian, L.A.Slepchenko. 
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Deep-inelastic scattering and quark structure of hadrons // PJ:oc. Int. Conf. «Neutrino 
77» (Baksan Valley, 1977). M., 1978. ,V.2. P.189-:209. Bibi.; 21. 
Co-authors: N.V.Krasnikov, K.G.Chetyrkin. · . 

.. Power falloff behaviour of the high-pr inclusive cross S,t!ctions II JINR preprinl E2-l 1581, 
Dubna, 1978. 23 p. Bibi.: 25. 
Co-authors: N.S.Amaglobeli, A.N.Kvintkhidze, V.A.Matveev, A.N.Sissakian,LA.Slep_chenko,, 
Yu.V.Tevzadze. 

Dynamics of processes with high momentum transfer // Proc. Conf. «Fundamental 
Problems of Theoretical and Mathematical Physics» (Dubna, 1979). Dubna, 1979. P.291-
301. Bibi.: 19. . . , ... , . . . . 

Co-authors: S.P.Kuleshov, V.A.Matveev. , 
Integrally charged quarks and spontaneously broken color symmetry II Proc. Int. Seminar 

«Quarks'80» (Sukhumi, 1980). M., 1981. P.58-80. Bibi.: _24. . . 
Integer charge quarks and spontaneously broken colour symmetry II J. Teor. Mat. Fiz. 

1981. V.47. No.2. P.147-162. Bibi.: 15. . ' . . 

Co-authors: A.Yu.Ignatiev, V.A.Kuzmin, V.A.Matveev. K.G.Chetyrkin, M.E.Shaposhnikov. 
Colour~d scalars and new hadrons// J. Teor. Mat. Fiz. 1982. V.53. No.2. P.181-187. 

Bibi.: 17. 
Co-authors: A.Yu.Ignatiev, V.A.Matveev, K.G.Chetyrkin, M.E.Shaposhnikov. . 

Coloured scalars and new hadrons// 'Proc. Int. Seminar «Quarks'82» (Sukhumi,1982). 
M., 1983. P.28-46. Bibi.: 19'. . 
Co-authors: A.Yu.lgnatiev, V.A.Matveev, K.G.Chetyrkin, M.E.Shaposhnikov. 

Coloured scalars and new hadrons// Phys. Lett. 1982. V.117B. No.3,4. P.252-256. 
Bibi.: 17. . 

Co-authors: K.G.Chetyrkin, A.Yu.lgnatiev, V.A.Matveev, M.E.Shaposhnikov. 
Colored quarks II Gravitation and Elementary Particles. M., 1982. P:220-285. 

Co-authors: N.N.Bogolyubov, V.A;Matveev. · 
Experimental complex cif the meson factory linear accelerator II INR preprint TI~0003. 

I 975. IO p. Bibi.: 6. 
Co-authors: I.Baril et al. 

Meson factory is a new powerful research instrument II Vestnik AN SSSR. 1983. V.2. 
P.l 15~125. Bibi.: 4. 
Co-author:· V.M.Lobashov. 

Color, colored quarks, quantum chromodynamics // Proc. Int. Seminar «Quarks'94». 
Singapore; 1995. P.3-13. Bibi.: 42. 

6. Macuna6uas mrnapuaHTHocTh npoueccoB npu BhlC0KHx ,meprusx. 
IlpHHUHU aBT0M0.!leJlhH0CTH 

B UHKne pa6oT A.Tasxemune, Bbmon11e1111b1x cosMecTHO c B.MarneeBblM H P.Mypa.ns110M, 
BblJlBHHYT npmm1m aBTOM0JleJlMIOCTH·B qJH3HKe BblCOKHX. :meprHH (1969 r.) H Ha ero OCH0Be 
pa3BHT e.nH11b1ii no.nxo.n K om1cam110 ~rnne11HH Macuna6110-H11Bap1rn11T11oro nose.ne11m1 pa3I1H'-I~ 
11b1x npoueccos rny60Ko11eynpyroro B3aHMo.neikTBHB nemo110B c a,npo11aMH. 

Tipe.ncKa3a110 Macwrn6110-mrnap1ta11n10e nose.ne1me npoueccos o6pa30BatmB nap MIOOH0B 
B CTOJlKII0Bemrnx a,upoHOB npH BblC0KHX :rneprnBX B o6nacTH 60J1bWHX HHBapHaHTHblX Mace 
JlHMIOOIIOB (Ha3BaHHblX 1103,!lllee npoueccaMH Jlpenna-5111a). 
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.D:atto 0606mem1e np!IHUima aBTOMO.[leJibHOCTH )l.TUI npouecCOB CHJlhHOro B3aHMO.[lettcTBmI 
a.!:IPOHOB npH BhICOKHX 3Heprm1x, B qacTHOCTH, M» npoueccoB HHKJII03HBHOro o6pa30BaHH51 
a.!:IPOHOB C 60JihlllHMH nonepe'IHhlMH HMilYJihCaMH. 

B coBMeCTHhIX pa6ornx c H.Eoron1060BhIM H B.BJia.!:IHMHpOBhIM (1972 r.) B paMKax no
KaJihHOH KBaHTOBOH TeopHH non» .r1aHO CTporoe o6ocHOBaHHe cymeCTBOBaHH51 aBTOMO.[leJih
HhIX (MaClllTa6HO-HHBapHaHTHhIX) aCHMilTOTHK rny6oKOHeynpymx npoueccoB H ycTaHOBJieHa 
TO'IHa» B3aHMOCB»3h CTPYKTYPHhIX cpyHKUHH 3THX npoueccoB c noBe.r1eimeM KOMMyrarnpoB 
JIOKaJihHhlX 'TOK OB B OKpeCTHOCTH CBeTOBOro KOHyca. 

B nocne.r1y10IUHX pa6oTax (COBMecrno c 3.BHuopeKoM, B.MaTBeeBbIM H .D:.Po6arneKoM) 
.[laHO o6o6meHHe 3THX pe3yJihTaTOB M» He.[IHaroHaJihHblX MaTpH'IHbIX 3JieMeHTOB T-npOH3Be
.[leHHH JIOKaJihHhIX TOKOB H aMnJIHTY.rl BHe MaCCOBOH noBepxHOCTH. 

On the automodel character of the asymptotic behaviour of the form factors of the 
electromagnetic and weak interactions II JINR preprint P2-4578, Dubna, 1969. 13 p. Bibi.: 13. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Muon pair creation in the strong interactions and asymptotic sum rules II JINR preprint 
P2-4543, Dubna, 1969. 23 p. Bibi.: 12. . 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Current commutators, vector dominance and automodelity in lepton pair creation processes 
in strong interactions II Vector Mesons and Electromagnetic Interactions: Proc of the Int. 
Seminar (Dubna, 1969). P2-4816, Dubna, 1969. P.109-136. Bibi.: 5. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Mass spectrum of Di-muon produced in strong interactions II JINR preprint P2-4824, 
Dubna, 1969. 14 p. Bibi.: 12. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Deep inelastic lepton-hadron interactions II Proc. Coral Gabi~s Conf. on Fund. Interac
tions at High Energies II (Miami, 1970). New York, I 970. P.178-186, Bibi.: 4. 

Scale invariance, current commutators and vector dominance in deep inelastic lepton
hadron interactions II JINR preprint E2-4968, Dubna, 1970. 52 p. Bibi.: 51. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

The automodelity hypothesis and the asymptotic behaviour of strong, electromagnetic and 
weak interactions at high energies II JINR preprint E2-5962, Dubna, 1971. 15 p. Bibi.: 15. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Automodelity, current commutators and vector dominance in deep inelastic lepton-hadron 
interactionsllFiz. Elem. Chast. Atom. Yad. 1971. V.2. No.I. P.7-32. Bibi.: 51. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

On automodel asymptotics in quantum field theory (II) II J. i:eor. Mat. Fiz. 1972. V.12. 
No.3. P.305-329. Bibi.: 14. 
Co-authors: N.N.Bogolubov, V.S.Vladimirov. 

Automodelity in strong interactions II Lett. al Nuovo Cim. 1972. V.5. No.14. P.907-
912; JINR preprint E2-6638, Dubna, 1972. 18 p. Bibi.: 11. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Automodelity and asymptotics on mass shell on the basis of the Jost-Lehmann-Dyson 
representation II J. Teor. Mat. Fiz. 1973. V.16. No.3. P.315-327. Bibi.: 8. 
Co-authors: E.Wieczorek, V.A.Matveev, D.Robaschik. 
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Automodellism in the large-angle elastic. scattering and structure of hadrons II Lett. al 
Nuovo Cim. 1973. V.7. No.15. P.719-723. Bibi.: 8. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Electromagnetic mass differences of nucleons and sum rules in the automodel region II 
JINR preprint E2-7028, Dubna, 1973. 9 p. Bibi.: 10. 
Co~authors: B.A.Magradze, V.A.Matveev, D.Robaschik, E.Wieczorek. 

Automodelity behaviour in large-angle elastic scattering and hadron structure II JINR 
preprint D2-7110, Dubna, 1973. 11 p. Bibi.: 8. 
Co-author: V.A.Matveev. 

Large-angle scattering and the quark structure of hadrons II JINR preprint E2-8048, 
Dubna, 1974. 10 p. BibL: 4. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Automodel solutions for matrix elements of currents in conformal-invariant theories II J. 
Teor. Mat. Fiz. 1975. V.22. No.I. P.3-19. Bibi.: 20. 
Co-authors: E.Wieczorek, V.A.Matveev, D.Robaschik. 

Automodel asymptotics of the fixed angle scattering amplitude in the framework of the 
Dyson-Jost-Lehmann representation II J. Teor. Mat. Fiz. 1976. V.28: No.2. P.157-171. 
Bibi.: 7. 
Co-authors: B.Geyer, Th.Gornitz, V.A.Matveev, D.Robaschik, E.Wieczorek. 

Automodel asymptotics in the high momentum transfer processes II Proc. Int. Seminar 
on Deep-Inelastic and Inclusive Processes (Sukhumi, 1975). M., 1977. P.9-20. Bibi.: 7. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

Quark counting method for the inclusive processes II Proc. Int. Workshop «Inclusive 
Reactions» (Serpukhov, 1976). Serpukhov, 1977. P.300-316. Bibi.: 34. 
Co-authors: A.N.Kvinikhidze, V.A.Matveev, A.N.Sissakian, L.A.Slepchenko. 

Scale violations in deep inelastic lepton-hadron processes and the power Jaw in large-pr 
hadron collisions II JINR preprint E2-l 1580, Dubna, 1978. 
Co-authors: V.A.Matveev, L.A.Slepchenko. 

The quark counting rule and scale invariance phenomenon at high energies II Proc. Int. 
Seminar on High Energy Physics and Quantum Field Theory (Protvino, 1978). Serpukhov, 
1978. V.2. P.22-30. B.ibl.: 21. 
Co-authors: V .A.Matveev, L.A.Slepchenko. 

Quark counting rules at large PT II JINR preprint E2-l 1894, Dubna, 1978. 8 p. Bibi.: 14. 
Co-authors: V .A.Matveev, L.A.Slepchenko. 

Method of quark counting for inclusive processes II J. Teor. Mat. Fiz. 1979. V.40. 
No.3. P.329-339. Bibi.: 19. 
Co-authors: V.A.Matveev, R.M.Muradyan. 

On automodel asymptotics in quantum field theory II Proc. Int. Conf. in Quantum Field 
Theory and Quantum Statistics, M:, 1979. 
Co-autho.rs: N.N.Bogolyubov, V.S.Vladimirov. 

· Integral equation for causal distributions and their automodel asymptotics in the ladder 
ip3 theory II J. Teor. Mat. Fiz. 1980. V.45. No.3. P.302-312. Bibi.: 14. 
Co-authors: A.N.Kvinikhidze, B.A.Magradze, V.A.Matveev, M.A.Mestvirishvili. 

Anomalous dimension quark counting at large transferred momenta in QCD II Phys. Lett. 
1981. V.1008. No.I. P.75-78. 
Co-authors: V .A.Matveev, L.A.Slepchenko. 
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7. CTpJ'Krypa OCHOBHOro COCTOJIHHJI H iiecoxpaueuue <l>epMHOHHOro 

u 6apHOHHOro quceJI B KaJrn6poBoquLJX TeOpHJIX 

B 1..uu01e pa6oT A. TaBxemmJe, BhmonHeHHhIX coBMeCTHO c B .MaTBeeBbIM, B .Py6aKOBhIM, 

B.ToKapeBhIM, M.lllanolllHHKOBhIM, BnepBbie B paMKax crnu.uapTHOH TeopHH 3neKTpocna6h1x 

B3am.10.ueHCTBlfH IlOCTaBneHa If peUieHa npo6neMa HeCTa6HnhHOCTlf HOpManhHOH 6apHOHHOH 

MaTepHH B 3KCTpeManhHbIX ycnOBlfJIX CBepXBblCOKHX nnOTHOCTeH. B 3THX pa6ornx 6hin0 noK~-

3aHo, lJTO KnIOlJeBhIM CBOHCTBOM Kantt6pOBOlJHbIX B3aHMO)leHCTBHH, ne)KalJ.lHM B OCHOBe BhlBO)la 

0 HecTa6HnhHOCTlf CBepxnnOTHOH 6apHOHHOH MaTepHH, 51BmieTC51 Cfl0)KHa51 CTPYKTypa BaKYYMa 

If CBJ:J3aHHOe C HeH ClfflbHOe HecoxpaHeHlfe cpepMHOHHblX KBaHTOBblX lJHCen. 

TipHHUlfnlfanhHO Ba)KHbIM pe3ynhTaTOM 3THX HCcne,uoBaHHH J:JBn51eTC51 BblBO)l O B03MO)KH0-

CTlf cymecTBoBaHH51 B npttpo.ue npoueccoB HHTeHCHBHoro pacna.ua uopManb11oro Bemecrna B 

KOHTaKTe C KanneH CBepxnnOTHOH cpepMHOHHOH MaTepHH C MOll(HblM BbI)leneHlfeM 3HeprHH. 

B nocne.uHee BpeM51 B03MO)KHOCTlf no.uo6HbIX J:JBneHlfH aKTHBHO o6c~aIOTC51 B CB513H C 3a

nycKOM HOBOrO noKoneHH51 Konnaii.uepoB co CTanKHBaIOll(HMHC51 pen51THBHCTCKHMH 51,llpaMH, a 

TaK)Ke B CB513lf C IlOlfCKOM «TeMHOH» MaTepHH BO BceneHHOH. 

0,uHHM lf3 xapaKTepHbIX npoaBneHHH cno)KHOH cTpYKTYPhI BaKy~ia B TeopHH Kantt6po

BOtJHhIX noneH J:JBn51eTC51 npo,ueMOHCTpHpOBaHHOe B 3TOM UHKne pa6oT 11a npHMepe TOlJIIO 

pelllaeMOH MO)lenlf illBHHrepa - 2-MepHOH KBaHTOBOH 3neKTPOJlHHaMHKH - BblpO)KJle1me 

saKYYMa no cpepMHOHHOMY •-mcny H KHpanbHOCTH npH yqeTe TOnonorw-1eCKH HeTpHBHanbHbIX 

KOHcpmypaUHH KanH6poBOl-JHblX noneH (TaK Ha3bJBaeMhIH )lBOHHOii 0-BaKYYM). 

Ha ocHose TOl-Juoro onepaTop11oro pellle11ua ypasHe1mii 3TOH Monem1 11aiine110 cpH3Hl-Je

cKoe npocTpaHCTBO If nocTpoeuo OCHOBHoe COCT0511!He CHCTeMhl, KOTOpoe He HMeeT onpe

neneHHblX cpepMHOHHOro If KHpanbHOro l-JHCen If xapaKTepH3yeTC51 JlBYM51 npOH3BOJibllbIMH 

yrnoBbIMlf napaMeTpaMH. YcJIOBHe KOHcpaHHMeHTa B ,uam,oii 1\10,UenH CBO)ll!TC51 K Tpe6osa

HHIO o6pameHH51 B Hynb B npocTpaucTBe cp1!3Hl-JeCKl!X COCT0511ll!ii oneparnpa KanH6pOBOl-JHOro 

(3JieKTpH4eCKoro) 3apJ:Jna. 

B036~eHH51 CHCTeMbl onHChIBaIOTCJ:J CKan51pHbll\l 11eiiTpanbllblM noJieM E, JlJl51 KOTOporo 

ycTaHOBneua CB513b C rpa,uHeHTHO HHBapHaHTHblMI! noKanbllbll\111 TOKaMH, nocTpoeHHblM H3 

cpepMHOHHbIX If KanH6pOBOl-JllbIX noJieH. PeUieHa npo6JieMa u (1 )-aHOManHH. l·byqe11 KaK Me

XaHlf3M uecoxpaHeHHJ:J aKcHanhHOro TOKa, TaK If ero cne)lCTBH51, B l-JaCTIIOCTH, n051BJie1me 

KBapKOBoro KOH)leucaTa (1/;1/J) = 0 H He11yneBOH MaCCbl CKanapHOH E-l-JaCTl!Ubl. TioKa3aHO, 

lJTO E-l-JaCTlfUa .uonycKaeT anhTepHaTHBHOe npe)lCTaBnem,e JIH6o KaK KBapK-a!ITHKBapKOBOe 

COCT051Hlfe, ntt6o KaK COCT051HHe nceB)lOCKanap11oro rnI0011m1. 

B pa6ornx, Bhmon11e11HhIX coBMecnm c B.ToKapeBbIM, MeTOJl ueno'!eK ypas11em1ii H.Eo

ronI06oBa lfCilOJib30BaH )ln51 HCCJie)lOBaHHH CBOHCTB cpyHKUHH fpu11a KaJiu6pOBOl-JHO-H11Ba

pHaHTHblX COCTaBHbIX onepaTOpOB B MO)leJIH Wsmirepa, H 11a 3TOH OCIIOBe ycTaHOBJiella 

CTPYKTypa OCHOBHOro COCT051HH51 MO)lenu. 

A.Tasxenume (cosMeCTHO c H.KpaCHHKOBbIM H 8.KyJhMHllhIM, 1977 r.) B paMKax Te

opHH «BenHKOro 061,enm1eHH51» npenno)l(ella MO)leJib Kantt6pOBO'IHOro B3aHMO)leHCTBH51 co 

cBepxcna6hIM C P-HapyUieHHeM, no3BOJI51IOlUM onttcaTb o.u11ospeMe11110 KaK 3cpcpeKT C P
HapyllleHH51 B peJlKHX H K -pacna.uax, TaK If B0311HKllOBel1He 6apHOIIIIOii aCHMMeTpm, Bce

JieHHOH. 
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