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To the solution of one pseudo-Volterra integral equation

In this paper, we study a homogeneous singular integral Volterra equation of the second kind (pseudo-
Volterra integral equation). The singularity of the integral equation is shown. Properties of its kernel are
proved. The characteristic equation is constructed. It is shown that it really is a characteristic equation
for the studied integral equation. The kernel estimates of its integral operator are established. Solvability
issues of the corresponding non-homogeneous integral equation are also researched. The weight class of
the uniqueness for its solution is determined. A weight class is also established for the right side of the
nonhomogeneous equation under study. The weight class of the uniqueness for its solution is defined on the
basis of estimates for the kernel of the integral operator of the equation.

Keywords: characteristic equation, kernel, integral operator, class of essentially bounded functions.

Introduction

We study the solvability of a pseudo-Volterra integral equation:

o(t) + / K, (t,7)d)dr =0,

where the kernel K, (¢, 7) is representable as a sum:

4
Kw(t7T) 4 ZKS)(LT),
=1
and ( 2
1 tY + 7% tY 4+ 7
K@ . . A S
U 2aym (t— )32 eXp{ 4a2(t—7)}’
1 v W (tw _ ,Tw)2
K® = _ . . A S U
& 2avm (t—732 TP\ a2t —1) [’
K® 1 1+wt! . (t +7)?
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© ayr (-2 P\ 2t - 1) [’

1 14 wtw L (tv —7v)?2
K& — . =7 L
© T udm (- )2 eXp{ 4a2(t — 1)

This kind of/integral equations arise in solving the following boundary value problem:
ou(z,t) o 0%u(z,t)
—a
ot 0x?

du B du(t) | Ou
Orle=0 dt 0z | z=tw

=0, {(z,t)|0<z<t’ t>0};

:07

where @(t) = u(t“,t),w > 1.
We will search for the solution of the integral equation (1) in the class of functions

379 (t) € Loo(0, 00);
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i.e.
o(t) € Loo(0, 00; t%ﬂ”).

The equation (1) can be written as:

ot) + /Ot (t> o Ko (t, 7)p(r)dr = 0. )

T

Volterra integral equations of this kind were considered in papers [1-3].
1 About properties of the kernel K, (t, )

We note that the kernel K, (¢,7) has the properties:
1)K, (t,7) > 0 and is continuous when 0 < 7 < ¢ < o0;
2) limy .y, [} Ku(t,7)dr =0, to > £ > 0;
3) limy 04 fo W(t, T)dT = 1.
The singularity of the integral equation (1) is property 3 of kernel K, (¢, 7). We prove this property.
Lemma 1. If w > %, then

lim K(”(t T)dr = 1.
t—0+

Proof. We have:
t tUJ +T (tw _"_TUJ)2
1) — o -
/ Kot m)dr = Zaf / t—73/2 p{ 4a2(t7)}dT
I w-rvt (tY 4 7¢)
- = . . S S A N Sa
ﬁ /0 [4a(t—7)3/2 + 2a\/t—7] exp{ da2(t — 1) } T

1 b w1 (2 4+7v)2
. cexpd T L) G gy — .
avT Jo Vt—T exp{ 40,2(15—7)} TTATR

In the integral J; we make a replacement

T
Sa(t 7)1/2"

Ji1= \/_ / exp(— )da;zl—erf{t;;g}.

We estimate the second integral Js:

1 R (t° + 7¢)2
Jor— . . —— 7 Ydr <
TavE Jy Vier eXp{ a >}T

_1 t
w-TYT?2 dr w AT 1
< . = ft‘“_f.

w1l

As a result, we get

1 t
As from conditions w > 3 and t — 0 it follows erf { } — 0, then from here we get the required ratio.

1
Lemma 2. If w > , then

lim K()(tT)dT_O i=2,3,4.

t—0 0

1
Proof. Let be 3 < w < 1. In this case, we will have at ¢t — 0:

0</tK2(t Yar < =~ /t - Y. 1 4 50
,T)aT >~ . .
- 0 “ QGﬁ 0 \/t—T 2af
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To the solution of one pseudo-Volterra integral equation

In this case, we have used the following double inequality [4; 55] for all 0 < 7 < ¢ < o0

T T <t — Y <w -7V

Lt —1).

at 0 <w < 1.
Now let be w > 1. Then we have:

' 1 P g
K2(t, 7)dr < . dr =
/O w(t:7) 7= %ar /O t— 3"’

= ||’7' :t-81112Oz7 dr = 2t-sina-cosada” =
9. {w—3

2aﬁ . 0

jusy . .
2 sina(l — sin?¥

21973
2a/7
The last integral is bounded (i.e. a number C;(w) is bounded) due to the existence of@ finite limit for the
integrand at a unique singular point a = 7. Indeed, calculating the next limit:

)da = C1(w)

1
COS2 «v

: s 2w s 2w

. sina(l —sin“ «) . (1 —sin** a) C o oue 3

lim - :11W71:4w~1m}rsm2“ Yakcos? a= 0,
a—= % COS2 (¢ o=y COS2 (v a— 5

we obtain at w > 1 required limit

t

lim [ KZ2(t,7)dr =0.
t—0 Jq
For the kernels K32 (¢, 7)

, K2(t,7) the proof is obvious.
Lemma 2 is proved

In the sequel, we need the following lemmas
Lemma 3. If w > %, then

K
tf_“/ § d < C =const. 0 <t < 0.
Proof. Indeed, we have:

. tKS})(t,r) B\ e

(t + 7v)?2
- - — 3 dr <
0o T3 Y Za\f TP (t—71)3 exp{ 4a?(t — 1) T
,,w t2w
. - tdr <
2(1\/_ / S t—T% exp{ 402@_7)} T
o | E t o2 t“da -2 dx
—_ = — I’ = 7
=t 2av/t — T 261\/9; 4a(t—7)% 4ax?
1 1 (1— x)w_g f2w—1
= Y72 — dr =
aﬁ/(J z3 P 4a*x !
” 1 31— w—3 {201 1 1_ w—3 2w—1
: / ( a? z exp{_ i }dm+/( xs) ? eXp{_ . }dm <
a7 | Jo T2 4a’x 1 T2 4a?x
Clw) [2t4 2ot 22472 1 : 2
< d —x)2 de =
where
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Further, if we make the following replacement in the first integral:

w3 p tw*%d
TN i

and leave the second integral unchanged, then we will have

11

8 [>® ) 234w =3 1201 (1 —g)@ 2
J:Wﬁwﬁexp{—f}dzs— NG TeXp = ¢ -
av?2

w—3

1
2
1 1
=3 2471,0 tv—3 t2w71
=4 . . — < (C < 0.
erfe (aﬁ) * a(2w—1) 2a exp{ 4a? } - o
Hence the assertion of Lemma 3 follows.
Lemma 4. If w > %, then

dr < C(w) = const. 0 <t <00.
0 T

[N

t (2) t 2w L w w w)2
K, 1 A e —
e (t7), . <) ‘T.exp{g_ﬂ}mg
0o \T (t=7)2 4a?(t — 1)

1

w \2
1 1 — v twfl t2w71 (1 — X ) |x:l 3
S - ( < )|:1::0 2 ~exp{ — — 2 / Iwi%dx#»
Tl (Q-x) 3 2a 4a (I'=2)l,—0 0

w—1 2w—1 _ w2 19w
+ sup {xw*%} [tZa .exp{t L xi) }}/ 1- ~dz} < C(w) = const.

4a? 1-Z (1—-2x)2

Nl=

For the kernels K3(t, 7), KZ2(t,7) the proof is obvious.
Lemma 4 is proved.
Remark 1. Since, according to Lemma 1, there is the singularity of the kernel Ki,l) (t,7), for that the

statement of Lemma 3 holds, then for the kernel K(* (t,7) with a weak singularity (Lemma 2), the statement
of the Lemma 4 becomes obvious. This has showed the above proof of the Lemma 4.

2 Characteristic integral equation. Estimates for the kernels of integral operators

For the integral equation (2) we will construct a characteristic equation

<p(t)+/0t (t)g_th (t,7)-@(r)dr =g (t), 3)

T

where

4
K (tr) =Y K (t,7);
=1

KW (¢, 7) 1 (2w — 1) (72071 4202 o3 (2w —1) (121 + T2w—1)2 .
oAb T = 2a+/T (1201 — T2w—1)3/2 P 4a? (291 — 720-1) ;
1 20 — 1 3/2 . $2w—2 2w — 1) ($2w—1 _ f2w—1 2
KO ()=t _ (21 cexpd 2= ™)1,
20/ ($20-1 — 720-1)1/2 4q? (291 — 720-1)
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To the solution of one pseudo-Volterra integral equation

w— w_1)2
K(B) (t T) = — 2 . (2w — 1>3/2 't2w_2 cexXp 4§ — (Zw _ 1) (t2 ' + 7_2 1) .
b 2a/T (t20—1 — 7—20.)71)1/2 4a? (t20—1 — 720-1) )
w— w—1)2
K(4) (t 7_) _ 2 ] (2w _ 1)3/2 . t2w—2 expd (2w _ 1) (t2 1_ 7_2 )
b a\/T (t20=1 — 7-2w—1>1/2 42 (t20-1 — 720-1) :

Let us show that it really is a characteristic equation for the equation (1). First, we note that the kernel
Ky, (t,7) also has a property similar to the property 3 of the kernel K, (¢, )

t
lim [ K" (t,7)dr = 1.

-0 J,
Equation (3) with the following replacements:

1 2w1—1 1
t= 'tl s T =
(Zw—l > <2w—1

@ [(%11 -t1>2w111 =¢1(t1),9 [(26011 :

is reduced to an integral equation of the form:

t
o1 (02) + / 2
0 T1

The kernel K (¢, 7) has the form:

1
2w—1
'T1> 5
1
2w—1
t1> ] =g (t1),

Ky (t1,m1) - pa (T1)dm = g1 (t1) - (4)

4
= Yo K (7)),
=1

where
O = _2;/%. ; 75__7;3/2 -exp{—4£§&?i) }
KD (1) = a\Q/E-“_i)l/Qﬁxp{—M}. (5)

We found a solution to the equation (4) with kernel (5) and it has the form [5]:

0 [ F

t)dr +C - o (),

where the resolvent R (¢, 7)

= Ry (t,7) + Ra (t,7) has the form:

IR SRR ORI NS SR ) e d D
Ry (t,7) YT ;)( 1)" By, { p{ a2<7_t)}+3( +1) p{ a2(7_t1)}+
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+3(n+2) -exp{—a(;l(:z)t)} +(n+3) .eXp{—M}] ;

3 1

Ruolt,7) = 2a/T T/T —t (27 — t)+
% Z (=1)" By - [rn (8, 7) + 1 (6,7) = T2 (8,7) — Trss (8, 7)]
n 2
wo (t) = Q\f Z 2n+3)Bn-exp{—(24:23)~t}.

For the resolvent the following estimate is valid:

3 3
T-T2 -12

1
|R(t,7’)| < L2 [t )3/2 exp{_az (t—T)

i }gyt(;%gj;;]exp{_w%

N IRAESCA S f\f L8N
(t— )% a(t—r) \/ (2t — 1) 4q2
Returning to the old variables, i.e. making replacements

71 =2w-—1) N o1 [(Qw 1) t2w71] = (1);

~1 \1
~

t1=(2w—1)- 71 g [(2w—1)# = g(1),

we get the solution of the characteristic equation (3)
oy 3w

e =g+ [ (£) - rutdn) dgar+ - pul(2w - 1),
0

T

where the resolvent Ry, (t,7) will have the following estimate

1 % twfé,rw-%,rwaZ t2w71 . 7_20.)71
( w—l) eXp{(2WI)a2 (1201 _7-24;.;—1)} +

Rh(th) < OQ(W) : (th—l _ 7-20.1—1)

Sl
tvTaTYTaT

2w—2 ]

e

39 (t20=1 — 720—1)F (24201 _ r2w—1)

3 1 5 1 -
3 1 2 w3 . 3w—3 t2w 1 =3 . Bw—73
<C3(u;)(2w—1)g < ) T .exp{ 5 T}—l— T T - ~| <
2w —1 T3w=3(t — 7)2 a?(t—r) (2w —1)% (t —7) 5723
< Oy VTR 2ty Calw) P
< Gs(w) TESE AR T G P Sy
Indeed:
1 5 2w—35
t“’*? 'T3w7§ 2
< Calw) e
(2w—1) (t—7)2729-3% wre .t —T

Theorem 1. The general solution to the characteristic integral equation has the form

o () = glt) + / (t) R(t,7) - g(t)dr 4 C - o2 — 1) - £247),
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To the solution of one pseudo-Volterra integral equation

3 Solution of an integral equation.
Regularization method by the solution of the characteristic equation

Remark 2 [6; 183]. If the (particular) solution of the integral equation

0+ [ Kay@i=f)
s given by the formula
va) = @)+ [ R0 f @
then the (particular) solution of the integral equation (with a modified kernel)

+/3a%wﬁguwﬁ:ﬂm

mm:fm+/fMawﬁguww

The same is true for solutions of the corresponding homogeneous equations.
Using Remark 2, we consider equation (1), which we represent in the form

s given by the formula

/ Ky (t, 1) o(r)dr = /o (K (t7) — Ky (t,7)] - o(7)dT. (6)

Assuming the right side of the equation (6) is temporarily known, we write its solution:

o(t) = /Ot[Kh(t, ) — Kot 7)] - o(r)dr + /Ot Ro(tor) - {/OT[Kh(T, ) = Ko(r,m)] - <p(ﬁ)dﬁ} dr+

+Co 90 ((Qw —1)- t2“’_1) )

In the repeated integral, we change the order of integration and change roles by variables 7 and 7, we
obtain

/ K t, ) p(T)dr = C - o (2w — 1) - t271), (7)

the kernel K (t,7) has the form

K(t,7)=K(t,7)+ K(t,1), (8)

where

Rt 1) = Knllyr) — Ko(t,7), K(t,7) = / CRitm) - [Kn(r1.7) — Ko(my. 2)ldm.

First we estimate the function K(¢,7), that is the first term of (8). For this we introduce the following
notation: _ _ o ' ‘ o
K (t,7) = PPem s KD (4 7) = PPe %, i=1,2,3.4,

where .
1 2 — 1)2 2w—1 | t2w—2 t4“"_3
Pitr) = e Qe DT )
Qaﬁ (t20=1 — 720-1)3
1 t“’ 4T T
P t,7) = ;

(1) (2w — 1)(t2°«’—1 + T2w—1)2 .
(t,7) = exp {_ 4a2(t20—1 — 720-1) )

(< +7)? } .

QY (t,7) =exp {— 12— 1)
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The following statement is true.
Lemma 5. If w > %, then
t
lim [ K(t,7)dr =0, 0 <7 <t< o0 (9)
t—=0 /o

and the following estimate is correct

tw—l -
Q) Oy (w)
t—T t—T1

‘f((t, 7)‘ < Oy (w) : (10)

where Q(t,7) = min {Qnt,7); 2QL(t,T)}.
Proof. We note that from the estimate (10) immediately follows the ratio (9). Note that the estimate (10)
obvious for summands

K900 KO ()] =238

We prove the estimate (10) for the first summand |K}(¢,7) — K. (¢, 7)|.
We have:

14 ) — KD ()| =
_ ’ Pty e (@ ()} - PO ryexp { -0 T)H <
< [PVt 7) - PO ()| exp { Q4 7Y} +
POt e {0} 1 - e Qi) - e} <
< P () - PO )| exp { Q0 (11 b+
+PO (1,7 | Qf (i) — Q) (£:7)] exp { QL (1.7}

For further calculations, we first prove the following lemma.
Lemma 6. There are relationships:

B2, 7) - PO (t,7)] < Co(w)

B @ (t.7) - Q)| exp { QW (17} <

tw—l (1) t
< Cylw) o exp ~ BT L (11)
t—T1 2
Proof. We introduce the notation:
= t—T
Pl(taT) = [P}EI)(t7T) - Pogl)(t77—):| ) tw—1 °

Then, making a replacement 7 = tx, (0 < 2 < 1), we obtain

t4w73 + t2w727_2w71 oW ) \/ﬁ _

(t29-1 — 720-1)3 (t—7)3 -

Nlw

P(t,tx) = 2@15 ((Qw —-1)

tw—1

1 14 2971 14+ a“
- 2w —1)% - - Vi-z=
2a/m (( w=1) (1— a2 1) (1_x)3) ’

(S

26 Becrnuk KaparanauHckoro yHuBepcuTeTa



To the solution of one pseudo-Volterra integral equation

2a\/T (1—2)(1—a2-1)3

_ 1 e-1ia4o* T 0 -a) - (1 4a) 1o )

1 1+ t—1-2¢ 1 (w-1)-2*!t—w.av!

-1
lim d

v 2av/7 -2 T 2ay7 —1 TN

Let us show the validity of the second statement (11) of Lemma 2. First of all, we note that

Q1 7) = QW) < Calw) |1 —w] 127, (12)

Indeed, we have

4a2 t2w71 _ 7—2w71 t—T1

—2w w— w— w UJ2
tl_z“’\Qh(t,T)—Qw(t,TH:tl 2 -{(zw—l)(t2 R S Gl ) }

_ t172w . (2w B 1)(t2w71 B ,7_20.)71) B (tw _ ,rw)2 4(2w _ 1)t2w717_2w71 Q 4w _
4a? t—T1 t2w—1 — p2w-1 t—T
1 1— 292  4(2w — 1)g2w—1 Agw
:|7-:t;5||:4a2{(2w—1)(1—3§2“_1)—( 2)” | 4 W2 A }

1—=2 1 = g2w=1 1—x

o1 (2w =12 (1 —2) — 2@ — 22
lim — { (1—z)(1 — 22o=1) }
1

=1 -2t x (2w D)1 —a)ifr— 1= D, (2w 1) [z 7#].

a 1 — g2w-1
So,
t172w ‘Qh(th) - Qw(ta7)| =
2w—1 1 —gl-v 1l—w 1
2w—1 oy, .
_ = 2w 1_x21w—1N ) ,§<w<1,
2w—1 1—oz ¢ w—1
2w—1 R
2 ) e rE , w> 1.

This directly implies the inequality (12).
We now turn to the proof of inequality (11). We have:

PO A|RL (8, 7) - QU (t )| exp { QW (t7)} <

< Cy(w) -t”‘lMexp{_m} 5
= C5(w) 't%_lﬁ(tl_ﬂ% e j—aT“ eXp{_M} =
scg(w)-(ttj;;'exp{‘W}'

Lemma 6 is completely proved.

The proof of Lemma 5 is completed by applying the estimates from Lemma 6.
Lemma 7. If w > 1/2, then the following estimate is correct

o 5 5 L 1 t2w71 T twfl t2w71 T
K(t <Ot 4t . - . -
K (7] < * +\/t777' GXp{ t—T }+\/ﬁ exp{ t—T }}
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We now turn to an estimate of the summand K (t,7) from (8).

t
K(t,7)= [ Ru(t,n) K(m,7)dr,

T

using the following inequalities:

\/,7_ . tw—% B t2w—1 T T2w—% .
Ru(t,7) <C5(w)(t_7_)g-exp{ az(t—T)}+C6(w)tW+é Y
K] < Crlw) T exp {~QU 1)} + Cale) =

The estimate is carried out in four stages:
w—1 w—1/2 w—
1) Inzft 71 L ﬁ-exp{ 7t2 ! }dTl

T V-1 (t—71)3/2 a?(t—r1)

1
_w—3 423 4222 (1224, \Y7 27 (@=1)2 271 (1224 7) _
=1 fo (- f)l/2 : (t—i—)?’/? jE=) (1+Tz2)Z EXP\~ - pde =

1
_1 ) w1
943 $20—1, 1 24T 2 1202
= S= eXP{ }fo ' (W) exp {*m dz <
9.42w—1 $2w—1 o \/Ea\/ﬁ o aﬁt“’_l $20—1 o
< t—1 eXp{_ t—7 }T tw - Vt-T eXP1— t—1 :
Further

w=1/2 /o _
2) I]_Q f m%e){p{ m}d’rl:

_1 oo (1422)2 (1422)3/2 ¢ 2 12071 (4,20
=tv"2 0 Et .f)1)/2 ((t ZT))3/2 (tleri_;) ((IJ:Z)Q)QZ eXp{—,tETL—T)}dZ =

_ 2*tw71/2 $2w—1, z +T/t t
= &t exp{— tiTT} ( e ) eXp{ m}dz<

o (lﬁ t2w—1VT
I *\/ﬁexf’{ — }

t—1
20w—1

3) T _ft 71“71 Ty 2 dr —

21 = Jr Uo7 ot s = =

_ t22

;1 T:ZQ, ’7'1—’7':(15—’7'1)227 T = f++;—,
— —T1 4
- (t—7) 22 t—T p 2(t — 7)zdz

mn—T7=@-7 ;t=T11 = ; dm =

! 1+ 22 T2 T T (14 22)2

_g—w—1/2 +r 1422 (t—7)-2zdz 20-2
=t f(] ( 1422 (t=7)z (1422)2 < C-t

t 1 wa_% et oo (1422 \29TF a4, w1
4 Iz= [ 2=y tw+%.ﬁdﬁ =tk (fz2+T> e SO

Lemma is iproved.

4 Main result

Thus, the following statement is proved:
Theorem 2. If w > %, then the kernel of the integral equation (7) has the estimate

= 1 !
K(t, ’ <O ety + :
‘ 7)< { Vi—1T Nt—T

which means that the integral equation (2) for any

1579 f(t) € Lo(0,00)

has a unique nonzero solution: t2~% - p(t) € Laoo(0,00).
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M.T. JIxxenanues, M.I1. Pamazanos, M.T. Kocmakosay A.O. Tanun

IIceBmo-BosbTeppaHblH MHTETPAJIIABIK, TE€HAEYiHIH MIENTyi TypaJibl

Maxkasaa 6iprekTi cuHrynapsbl 2-rekTi Bosbreppa umarerpasasl renueyi (mcesno-Bonbreppa nnTerpas-
JBIK, TeHeyl) KapacTeipburad. OHBIH sPOCHIHBIH, KACHETTED] [oJIeNIeHreH. XapaKTePUCTUKAJIBIK, TeHJIe-
yi KYPaCTBIPBUIBII, 3€PTTE/IN OTBIPFAH MHTETPAJIBIK, TEHICYIIH XapaKTePUCTHKAJBIK TEHIEYl OOJaTBIHDI
kepceTiai. OHBIH, MHTETPAJIIIBIK OIePaTOPBIHBIH SAPOCHIHBIH Oarajiaybl aHbIKTa A6, COHBIMEH KaTap Coli-
Kec OIpTEeKTI eMec MHTEerpasiIblK TEeHJEY/IiH IHeHIiMi Typajbl CYpaKTap KapacCTBIPBLIIBI, OHBIH IIENIMIiHIH
JKAJIFBI3JBIK KJIACHI aHBIKTAJIbl. COHbIMEH Oipre 3epTTesin OThbIpraH OIPTEKTI eMec TEeHJIEY/iH OH Karbl
VIIiH CAJIMAKTBIK, KJIACHI TaraibIH a1kl OHBIH MENTIMIHIH »KaJIFbI3IbIFbIHBIH, CAJIMaKTBIK KJIAChl TEHJEY-
JIiH, MTHTETPAJIIBIK, ONIEPATOPBIHBIH, Oapalaybl HETI3iHIe OPHBIKTHIPBLIFAH.

Kiam cesdep: cunarraMaliblk, TEHIERY, $/1PO0; HHTEIPAJIIBLIK, OIIEPATOD, eJIeyJIl meHereH (byHKIUAIAp Kiac-
Taphbl.

M.T. Jxenanues, M.I1. Pamazanos, M.T. Kocmakosa, A.O. Tanun

K pemtieauio ogaoro mcesio- BosabTeppoBoro
MHTETrPaJIbHOTO yPaBHEHU

B craThe M3yveHO OMHOPOIHOE CHHTYJISIPHOE MHTErPAJIbHOE ypaBHeHHe Bosbreppa BTOporo pona (mcesmo-
BosbreppoBo naTEerpanbuoe ypasHenue). Jlokazanbl cBoicTBa ero siapa. 110CTPOeHO XapaKTepUCTHYIECKOe
ypaBHeHMe. [loka3aHo, YTO OHO JIEMCTBUTEIBHO SIBJIAETCH XaPAKTEPUCTUYIECKUM YDPaBHEHUEM HCCIIELYEMO-
IO MHTETrPAJIbHOIO YPABHEHUSI. YCTAHOBJIEHBI OIEHKU SIJIPpa €r0 MHTEIPAJIBLHOrO oleparopa. PaccMOTpeHbl
TaK>Ke BOIIPOCHI PA3PEIIMMOCTU COOTBETCTBYIOIIET0 HEOIHOPOJIHOIO MHTErpaIbHOrO ypaBuenus. Onpenesiex
BECOBOIl KJIACC €IMHCTBEHHOCTHU JJIsl €r0 PellleHus. Tak»ke yCTaHOBJIEH BECOBOM KJIACC JJI IIPABOM YacTH
HCCJIEyeMOTO HEOHOPOJIHOTO ypaBHeHUs. BecoBoil KjiacC eIUHCTBEHHOCTH €r0 PEIIeHUsl YCTAHOBJIEH Ha
OCHOBE OIIEHOK $JIpa MHTEI'PAJIBLHOIO OIIEPATOPA YPaBHEHU.

Karouesvie crosa: XapaKTepUCTUYECKOe yDaBHEHHE, sIPO, MHTErPAJIbHBIN OIEPATOp, KJIACC CYIIECTBEHHO
OrpPaHUYEHHBIX (DYHKIHIA.
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