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Abstract. In this paper, it is derived a rich hierarchy for the Toda lattice with a self-
consistent source in the class of periodic functions. We discuss the complete integrability
of the constructed systems that is based on the transformation to the spectral data of
an associated discrete Hill‘'s equation with periodic coefficients. In particular, Dubrovin-
type equations are derived for the time-evolution of the spectral data corresponding to
the solutions of any system in the hierarchy. At the end of the paper, we illustrate our
theory on concrete example with analytical and numerical results.
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1. Introduction

Our goal is to construct a hierarchy for the periodic Toda lattice with
a self-consistent source in the class of periodic functions that can be inte-
grated via the inverse spectral method. Toda lattice [29] is the model of a
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nonlinear one-dimensional crystal. It describes how the chain of particles
with exponential interactions of the nearest neighbors move. It is widely
known that, by means of the Flaschka variables [12], the Toda lattice has
the form

dn:an(bn+l_bn)7
by =2(a2 —a%_;), neZ

n—1

The Toda lattice has several applications. For instance, the Toda lattice
model of Deoxyribonucleic acid (DNA) in biology [26]. In addition, another
significant property of the Toda lattice type equations is the existence
of so-called soliton solutions. The presence of soliton solutions and the
integrability of equations have tight connections. The research results
present that all the integrable systems have soliton solutions [22]. For
further development of the periodic Toda lattice we refer to [9;11;17;18].

Over the last few years, the interest has been growing in the soliton
equations with self-consistent source [1-4;8;20;23;27;28;32|. These equa-
tions have essential applications in plasma physics, hydrodynamics, solid
state physics, etc. [7;13;14;19;24;25].

The fisrt investigation of the discrete soliton equations with a self-consis-
tent sources has been considered in [21]. In this work the Toda lattice
with a self-consistent sources are formulated and calculated by using the
Darboux transformation. In [6;30;31], a scattering method was developed
for integrating the Toda lattice with a self-consistent source.

In [5], it is obtained algebro-geometric quasi-periodic finite-gap solutions
of the sourceless Toda lattice hierarchy. In [1], the authors demonstrated
integrability of the periodic Toda lattice hierarchy with an integral-type
source which comes from the eigenfunctions of the continuous spectrum of
the discrete Hill‘s equation.

In this work, we consider the N- periodic Toda lattice hierarchy with
a self-consistent source where source is developed by the eigenfunctions of
the discrete spectrum of the discrete Hill‘s equation.

The goal of this work is to obtain formulations for the solutions of the
constructed new system in the framework of the inverse spectral problem for
discrete Hill‘s equation. In the one-gap case, we write the explicit formulas
for the solutions of under consideration problem, expressed in terms of
Jacobi elliptic functions.

The new system, similarly to [13], [10] can be applied to some models of
special types of electric transmission line.

2. Formulation of the problem

In the present paper, we consider the N-periodic Toda lattice hierarchy
with self-consistent source

Ussectust IpkyTCKOro rocyIapCTBEHHOTO YHUBEPCUTETA.
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( 2N
an = Pp(an, by) + an ZéN-H(/\iat) [( 72+1)2 - (frZL)Q} )
bn = Qm(ana bn) + QZHN-H()\Z'a t)f'rlz(anfvzz—f—l - anflfyzz—l)a (2‘1)

i=1
an—lfrilfl + bnf:z + anf?i+1 = Alf?i? 1= 17 27 ceey 2N7

Apn4+N = Qnp, bn+N = bna Ap > 0, (f;L+N)2 = (szL)2’ n e Z7 te Ra

and the initial conditions

an(0) =al, b, (0) =02, neZ, (2.2)
with the given N-periodic sequences a2 and b0, n € Z. Where

Pr(an,bn) = an[_ﬁn,m = Bn+1m + bn—s—lan—i-l,m],
Qm(an,by) = aianﬂ,m — ai_lan,Lm — 2b,Bnm + bian,m, meN,teR,
and {am, s(t) fo<s<m, {Bn.s(t) to<s<m satisfy the recursion relations
ano =0, Pno=co, a1 = 2cy, cop = const,
Brs—1 = Br1.5-1 = bn(Bns—2 — Bn1,5-2) — G2Qn+1,5—2 + G2_1Cn—1,5—2,

Qn s = bnan,sfl - anl,sfl - ﬁn,sflv 2<s<m,

a2 aQ 2
_ Yn—1 n n b
ﬁn,m Ty Qp—1m—1 — ?anJrl,mfl + ?an,mfl - nﬁnfl,mfl-

Varying m € N yields Toda lattice hierarchy with self-consistent source
(2.1). The function sequences

{an(®)} o0, {bn (O} X0 a0} o0 U0} S0 {2 (O}
— are unknown vector-functions, besides {f:(¢)}>,, are the Floquet-Bloch

solutions for the discrete Hill’s equation and

(L(t)y)n = An—1Yn—1 + bn¥Yn + an¥Yniy1 = Ayn (2‘3)
normalized by conditions
fity=1, i=1,2, ..., 2N. (2.4)

The eigenvalues \; of (2.3) are solutions of equation A2%()\) — 4 = 0, where
AN) =0\ t) + onr1(N 1), and 0, (N, t), n € Z and @, (A, t), n € Z are
solutions of equation (2.3) under the initial conditions

90(/\,t) = 1, 91()\,t) = 0, gOo(/\,t) = O, (pl()\,t) =1.
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The factor Oy,1(\,¢) in system (2.1) is defined from the equality

Yl
=
t
>/
H~
e
>/
E

where pq(t), pa(t), ..., un—1(t) are roots of the equation 041 (A, t) = 0.

The main aim of this work is to construct the IV - periodic Toda lattice
hierarchy with integral-type self-consistent sources and derive representa-
tions for the solutions {a,(¢)}>, {bn(t)}> 0, {fL()}>Z, {f2(t)} ¥, -,
{f2N(#)}>°, of the N-periodic Toda lattice hierarchy with an integral source
under the initial conditions (2.2) by means of the inverse spectral problem
for discrete Hill equation.

3. The basic information about the theory of Direct and
Inverse Spectral Problem for the discrete Hill’s equation

In this section we give basic information about the theory of direct and
inverse spectral problem for the discrete Hill’s equation [2;29].
We start with the following discrete Hill’s equation

(Ly)n = Ap—1Yn—1 + bpyn + UnpYn+1 = AYn (3.1)

Up+N = Qn, bn+N - b’na ne Z7

with spectral parameter A, and with period N > 0. Let’s 6,,(\), n € Z and
©n(A), n € Z be the solutions of equation (3.1) under the initial conditions
90()\) = 1, 91()\) = 0, (,00(/\) = 0, ng()\) =1.

Let A1, A2, ..., Aoy be the roots of equation A%(\)—4 = 0. We define the
auxiliary spectrum 1, po, ..., py—1 as the roots of equation Oy 11(A) = 0.
As it is known [29], all A;, i =1, 2, ..., 2N and p;, j =1, 2, ..., N—1
are real, the roots j; are simple, but among the roots A; may occur the
roots of multiplicity two. It is easy to show, that

2

N 72N
AN —4= | JJ>-M (3.2)
j=1 j=1
N o
Ons1(A H aj H (A = 1) (3.3)
7=1 7j=1

We shall introduce
) 1 .
oj = sign [HN(,uj) — QN(M)] ,7=1,2, .., N—1.
j

Ussectust IpkyTCKOro rocyIapCTBEHHOTO YHUBEPCUTETA.
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Definition 1. The set of the numbers p;, j = 1, 2, ..., N —1 and
sequences of signs 0j, j =1, 2, ..., N —1 is called spectral parameters of
the discrete Hill’s equation (3.1).

Definition 2. System of spectral parameters {u;, Uj}j.\f:_ll and numbers \;,
i=1, 2, ..., 2N is called spectral data of the discrete Hill’s equation (3.1).

To find the coefficients a,, b,, n € Z by the spectral data, we shift all
the suffixes n by a constant k in (3.1) to get

Aptk—1Yn—1 + bn+kyn + ptkYnt+1 = AYn,n € Z (3'4)

then we get the following trace formulas [2]

N-1
A+ Ay 1
bi+1 = % +5 D (g + Agj1 — 2u5k) (3.5)
j=1
A2 + A2, 1=
af = T+ 2 ) (N + A5 — 20, -
7=1
N-1 2 N— ( )\)
1| A+ Xon 1 «— 1 0j.k 11/1’Jk
4 2 2j:1 ’ ’ , 22:: L# (:ujk_,uzk>
(3.6)
where p, j =1, 2, ..., N — 1 are the roots of equation Oy () = 0.

Here 0, 1(X), n € Z is the solution of (3.4), under the initial conditions
Oo (X)) =1, 01 (X)) =0.

4. Constructing a hierarchy for the periodic Toda lattice with a
self-consistent source

In this section, we present our method for constructing a hierarchy of the
periodic Toda lattice with a self-consistent source by using spectral theory
of the discrete Hill‘'s equation. We consider the system

2N
an = Pp(an, by) + anZGN—&-l()\iat) [( 711+1)2 - (ffz)Q] )
=1
. 2N ~ . . .
by, = Qm(arm bn) +2 ZGN—H()\ht)f;z(anf;L-q-l - an—lfé—l)? (41)
=1
an—lf?ifl =+ bnfé + anf?i+1 = )\Zf;w 1= ]-7 27 ceey 2N7
Ap+N = Apy bpiN = by, an >0, ( ,ihLN)2 = (f,il)Q, neZ teR,
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and initial conditions
an(0) = a2, b,(0) =0, ne€Z, (4.2)

with the given N - periodic sequences a2 and b, n € Z. Where P, and
Q. are unknown functions of a,, and b,. The aim is to find all functions
P,, and Q,,, m € N so that the Cauchy problem (4.1)-(4.2) should be
completely integrable in the framework of the inverse spectral problem of
discrete Hill‘s equation

Let y/(t) = (g(t), vi(t), . yh(®)T, 5 =1, 2, .., N =1 be the
normalized eigenvectors for the corresponding eigenvalues A\ = p;(t), j =
1, 2, ..., N — 1, associated with the following boundary problem

(Lt)Y)n = an—1Yn—1 + bp¥yn + @nyns1 = Ay, 1 <n <N
y1 =0, yn11 =0.

Using (4.1), we obtain the following equality

N 2N
i (8) = Y [2Pm(an, b))yl i1 + Qulan, ba) W) + Y Fl(t),  (4.4)
=1

n=1

where

E

FI(8) = On4100,t) D {20nl(Fi)? = (£t +
n=1
+2an(ffri) Wh)? = 2an-1(fr 1 fa) (W)} -

For convenience, let us put

Hy, = 2P (an, ba) Yyl o1 + Qmlan, ba)(yh)>. (4.5)

We will find sequences u,, that

Upt1 — Up = Hy. (4.6)
We seek for u,, as following
tn = An(y3)” + 2 () Buyivigs + an(t) Culyn)®, (A7)

where A, = A, (1j(t)), Bn = Bn(p(t)) and C,, = Cp(p1(t)) are unknown
coefficients yet. Substituting (4.7) in (4.6) we get

_An + aiCn-l—l = Qma

Ussectust IpKyTCKOro roCyIapCTBEHHOTO YHUBEPCUTETA.
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Apt1 — aiC’n + QBn+1(:uj —bnt1) + Cpga (Hj - bn+1)2 =0,
—an By, — aan—i-l - anCn-l-l(Mj - bn+1) = Pp.
Consiquently,
P, = —apnB, — apByi1 — anCnJrl(,Uj - anrl), (48)
Qm = aiCnH - ai—lcn—l + QBn(Nj —bn) + Cn(ﬂj - bn)g- (4.9)

The left side of (4.8) and (4.9) independent of 1, according to this we seek
for B,, and C,, in the form

m m
Bn = Zﬂn,ku;ﬁ_kv Cn = Zan7k/ﬁ§n_k- (410)
k=0 k=0

Putting (4.10) into (4.8)-(4.9) and comparing left and right sides of the last
equality we find

ano =0, fno=co=const, an1=2c, (4.11)

2
Brk—1 = Bn-1k-1 =bn(Bni—2 — Bn-1k—2) — @50ni1 -2+

' (4.12)
+an 112, 2 < k<m,
Ak = bnan,kfl - anl,kfl - Bn,kfla 2 < k <m, (413)
2 2 2
Ap—1 an n
/Bn,m = —FOn—1m-1— 5 Qn+tlm—1 1T 5 Onm—1— bnﬁn—l,m—la (414)

2 2

and so
{ Pm(ana bn) :an(_ﬁn,m - ﬁn—i—l,m + bn+1an+1,m)7

Qm(ana bn) :azan—&—l,m - aiflan—l,m - 2bn/8n,m + bian,my m € N.
(4.15)
Then, varying m € N yields the Toda lattice hierarchy with a self-consis-
tent source
2N
an :an(_/Bn,m - 5n+1,m + bn-‘rlan-‘rl,m) +an Z éN+1(>\’i’ t) [(friz+1)2 - (fvlL)Q] >
1=1
by, :aianﬂ’m — aiflan,l,m — 2b,Bnm + bian,m—l—
2N
+2> O i ) f(anfier — an-1fh_1), m € N.

i=1

(4.16)
Explicitly, one obtains from (4.11)-(4.16) few equations of the periodic
Toda lattice hierarchy with a self-consistent source, m =1, ¢g = —1,
2N ' '
an :an(bn-i-l - bn) +an Z 6N+1()‘iat) [( 711+1)2 - (f:l)Q] )
i=1
2N

bn =2(ap —ap_1) +2 01N ) f(anfier — an1fioy),
1=1



10 B.A.BABAJANOV, M. M. RUZMETOV

m = 2,
an =C1an(by — bpt1) + anla 1 — a2 1) + an(b2 g — b2)+
2N ' ‘
+ anp Z 9N+1()‘i7 t) |:(f721+1)2 - (f::L)Z] )
. S, (4.17)
bn =2¢1(a?_| —a?) —2a2_(by + bu_1) + 202 (by + bpy1)+
+2 Z Ony1(Nist) frlanfnin — an—1fn_1),
i=1
m = 3,
(dn :CZGn(bn - bn+1) - clan(a721+1 1+ bn+1 b2) + an(bn+1 bi)—i_
+ anlaZ i (bota + 2bp11) + an(bn+1 —by) —aZ_(bp_1 + 2b,)+
2N ‘ '
+ anZHNH()\ut) [(fhe)? = (D)7
i=1

bp =2co(a2 | —a2) + 2c1[a?_{(bp + bp_1) — a2 (bp + bpy1)] + 242 (a2 +

+ a5 4q) + 2a5 (b 4 bubng1 + by 1) — 2051 (b + bubn 1 + b)) —
2N
—2a}_ja} 5 —2a5_ +2) Onp1 (i) fa(an i — an1fo),

\ =1

etc.

5. Evolution of spectral parameters

In this section, we prove the basic result of this paper.

Theorem 1. If the functions an(t), bu(t), f¥t), ne€ Z, k=1, 2, ..., 2N
are solutions of the problem (2.1)-(2.4), then the spectrum of discrete Hill
operator (2.3) is independent of t, and the spectral parametrs p;(t), j =
1, 2, ..., N — 1, satisfy the system of equations

. \/Hk 1 MJ /\k) 2N 9N+1()\’£7t)}
() =2 Cr (i (8)) —
it Hk a0 - um) { i) = 23

(5.1)
where

Zalk,um k (t).

Ussectust IpkyTCKOro rocyIapCTBEHHOTO YHUBEPCUTETA.
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ON THE CONSTRUCTION AND INTEGRATION 11

Proof. Putting (4.7) into (4.6) and summing over n, we get

N
> Hy=un1—ur = An1(yh )’ + 20801 (8) BN i1y Yot

n=1

+aX(t) On (Yl 10)? — A1(y])? — 2a1(t) Biylyb — a3 (t) Cr(v3)>.

Due to

(5.2)

an+1 (Yo = (15() = b1 (E)yh 4, — an(t)yk,

and y{ =0, yfVH =0, from (5.2) we find

N
> " Hy = ad(H)C1(1))? — ak ()Cn+1(yh)? = ad(1)C1[(1)* — (WA)?] (5.3)
n=1

Substituting (5.3) in (4.4) we obtain

2N
1 (1) = ad(t)C1 (i (1) (W) — (h) 2 + D Fi (). (5.4)
=1

Now, we will calculate second term of right-hand side of (5.4).

N
F)(t) = Ony1(Nist) Zpanfﬁﬂygzﬂ(y%fﬁﬂ — Y1 fa)t
n=1
+ 2an fr 47 (Y frgr — frZLy7]1+1)] = 20n+1(Nis 1) Z fﬁﬂyizﬂTn"‘
n=1
~ N . . ~ N . .
29N+1(/\i7 t) Z f:L+1yZL+1Tn+1 = 29N+1()‘i7 t) Z f1§+1y;+1(Tn + Tn—f—l) =

n=1 n=1

20N +1(Nis 1)

N ~
20n11(\iy 1) _
Z N — (Tn+1 Tn)(Tn+1 + Tn) — )\’L — Nj(t)

? T2 _ T2 ,
: Mj(t) ( N+1 1)

n=1
where T}, = an(y%fflﬂ - yi+1fé). It is easy to see that

Fi _ 265 (A a3 ()
i A — pj(t)

Therefore, according to (5.5), we have

(W) = (W) (5.6)

2N

N j CDa2(F)2 .
RO e N (O ik I )
i=1 i=1 ¢ J
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Substituting (5.7) in (5.4) we obtain

2N & )
(1) = ~263)? — ()7 {cle(t)) - ‘W} 6.9
i=1 ° 4

where C1(p;(t)) = >0k, alvkp}n*k(t). The factors ay i, k=0, 1,...,m are
defined from recursion relations (4.11)-(4.14).
By virtue of the equalities

- ) d@?v (QJ')Q ) (Hj )2
o = i, (52 o0 = LB = S

we can write (5.8) in the form

2a0 (eﬂ(uj(t)’t) - va(lti(t),t)) {Cl(ﬂ‘(t)) B <l éN-i—l (/\Z',t) } .

fj(t) = — : —
(95\”1)/’,\:#:(0 =R
(5.10)
Using the equality
GN()‘7 t)SON—H()‘a t) - 9N+1()\7 t)gON(A, t) =1
we obtain
; 1
0y (1 (), 1) = ————— = o3 (/A2 () =4 (5.11)
M O (ui(),1) ’
where

oj(t) = sign <0§V(,uj(t),t) - %(,u;(t),t)) ,j=1,2, ..., N—1.

It follows from expansion (3.3) that

TN
Ons1(\ 1) H aj T = ). (5.12)
7=1 k=1

Differentiating expansion (5.12) with respect to A and assuming that
A = pj(t), we find

N -1 N1

ACN N (H ) I s —m)  (513)
k=1 k=1
k)

Ussectust IpKyTCKOro roCyIapCTBEHHOTO YHUBEPCUTETA.
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Substituting (5.11), (3.2) and (5.13) in (5.10) we obtain equality (5.1).

We now show that A (t) independent of t. Let {g%(¢)} be the normalized
eigenfunction of the operator L(t) corresponding to the eigenvalue- A (%),
k=1,2, ... 2N, ie.

An—19%_1 + bugk + angt 1 = Mgk

By differentiating the last identity with respect to ¢, multiplying by g’nC and
summing over n we get

N

d/\k . . 2
=2 (Q%(t)gfigﬁﬂ + b (t) (9’2) ) : (5.14)
Usining (2.1) we can write equality (5.14) in the following form
dA N 2N
k
S 2Plan, ba)ghok 1 + Qulan b) (6] + Y FE(),  (5.15)
n=1 i
where

N
SICRUTET)D {2an(fi)? = (F)ghgh i+

F20n(fi L) (95)% = 2001 (Facs F2)(9E) }

As (5.8), taking into account the periodicity of g¥, we can easily see that
Ai(t) = 0. O

Remark 1. The factors ajy, k =0, 1,...,m are defined from recursion
relations (4.11)—(4.14) and they depend on a,(t), b,(t). It is easy to see
that an(t), b,(t) are formulated by A, and pu;(t) via trace formulas (3.5)
and (3.6).

Remark 2. Theorem 1 provides the method for solving problem (2.1)-
(2.4).

1. Solving the direct spectral problem for the discrete Hill’s equation
with {a9} and {02} the spectral data \;, i =1,2,...,2N and u,;(0),0;(0),
j=1,2,...,N — 1 are obtained.

2. Using the result of Theorem 1, we find the p;(t),0;(t),j =1,...,N-1.

3. Using the trace formulas (3.5) and (3.6), we calculate a,,(t), b, (t) and
hence fk(t),n€ Z, k=1, 2, ..., 2N.

Corollary 1. If N = 2p and the number p is the period of the initial
sequences {a2} and {b}, then all roots of the equation A(A\) +2 = 0 are
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double roots. Because the Lyapunov function corresponding to the coeffi-
cients an(t) and by (t) coincides with A(N), according to the analogue of the
Borg inverse theorem for the discrete Hill equation (see [15]), the number p
is also the period of the solution a,(t), by (t) with respect to the variable n.

We now illustrate the use of Theorem 1 to solve the problem (2.1), (2.2)

when m =2 and m = 3.
Let us consider the following periodic initial value conditions

(a'[r)l)2 = § - <_1)ng7 bg = 07 ne Z7

for the periodic Toda lattice hierarchy with a self-consistent source (4.17)
(m = 2). In this case,
N=2 M=-3 do=-1 A3=1 M\=3, 1(0)=0, 01(0) = 1.

Using remark 2, we obtain

1 1
an(t) = \/2 - 58712 (302& 3> cn <30t, > dn <30t, 3),

bu(t) = (—1)" <30t ;)

A2 — sn? (30, 3) — 3cn (30, §) dn (30, %)
2a0(t) [)\k — sn( 0t, %)]
Rty =1, k=1,2,3,4,

where sn, cn and dn are the Jacobi elliptic functions. The graphs of these
functions are listed below.

fi(t) =

9

a,® b,® .

0.5

0 0.5 1 L5, 2 0 0.5 1 5, 2

0 0.5 1 5 2 0 05 1 5 ¢ 2

The graph of ag(t) and a1(t) on [0, 2].  The graph of by(t) and b1(t) on [0, 2].

Ussectust IpKyTCKOro rocyIapCTBEHHOIO YHUBEPCUTETA.
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We now illustrate the use of Theorem 1 to solve the problem when
m = 3. In this case the solution of the problem (2.1), (2.2) has the form

) 1 1 3 1 1
an(t) = \/2 - §5n2 (—30757 3> - (—1)”5071 (—30757 3) dn (—3075, 3),

b(t) = (—1)"sn (—30t, 1) ,

3

iy e (230 3) — on (301 dn (301, )
o 2a0(t) [\ — sn (=301, 3)] ’

k) =1, k=1,2,3,4.

0 05 i 15, 2 0 05 i 5, 2

The graph of ag(t) and a1(t) on [0, 2].  The graph of by(t) and b1(t) on [0, 2].

6. Conclusion

In this paper, we have investigated the hierarchy of the periodic Toda
equations with self-consistent sources, where the source is formed by eigen-
functions belonging to the discrete spectrum of the discrete Hill equation.
We also presented a new method for constructing a hierarchy for the pe-
riodic Toda equations with a self-consistent source. Then the integrable
a rich hierarchy for the periodic Toda lattice with a self-consistent source
are obtained. We also presented an efficient method for solving the inverse
spectral problem for the discrete Hill’s equation which is very comfortable
for numerical calculation. At the end of the paper, we have illustrated our
theory on concrete examples with analytical and numerical results which
can be used in some models of special types of electric transmission line.
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HOCTpOGHI/Ie n mHTerpmpoBaHue HepapXH‘IECKOﬁ Oerno4YyKun
TO,Z[EI C CaMOCOrIJIaCOBaHHBbIM MCTOYHMKOM

B. A. Babaszkanos!, M. M. Pysmeros!
L Vpeenuckuti 2ocydapcmeennuti yrnusepcumem, Ypeewy, Pecnybauxa Y3bexu-
cman

AnHoTauus. B crarbe BbIBelleHA HepapXus JJisl Menodku Tompl ¢ caMOCOrIacoBaH-
HBIM UCTOYHUKOM B KJlacce nepuoandeckux GpyHkiuit. O6cyK1aeTcs moJIHasE UHTETPUPY-
€MOCTDb IIOCTPOECHHBIX CHUCTEM, OCHOBaHHasd HA HpeO6paSOBaHI/II/I B CIIEKTpPaJIbHbIC JaHHbIE
CBfA3aHHOI'O JUCKPETHOI'0 ypaBHEHUA XI/I.HJIa C IIepuoJuvIeCKuMu KOS(l)(I)I/ILH/IeHTaMI/I. B
YaCTHOCTH, ypaBHeHHs Tuna JlyOpoBrHA BBIBOAATCH [JjIs BPEMEHHOW BOJIOIUU CIIEK-
TPaJIbHBIX JTaHHBIX, COOTBETCTBYIOUIUX PEUICHUAM .HIO6OI7I CHUCTEMbI B U€papXUu. ZLa,HHaH
Teopus IPONJIJIIOCTPUPOBaHA HA KOHKPETHOM IPUMeEpPE C AaHAJIUTUIECKUMU U YUCJIEHHBIMU
pesyabTaTaMu.
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