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NUMERICAL METHODS OF SOLVING THE INITIAL VALUE PROBLEM FOR
ORDINARY DIFFERENTIAL EQUATIONS WITH EVALUATION OF THE
MAIN MEMBER OF THE LOCAL ERROR

One of the modern scientific methods for investigating phenomena and processes is mathematical modeling. A
mathematical modeling is the effective method of study of economic processes, in many important cases allows to replace
the real process, and also gives an opportunity to get both quality and quantitative picture of the designed problems. Since
the exact solutions of the investigated models can be got only in very partial cases, then it is necessary to use numerical
methods. In the design of economic problems there is a necessity not only to find the numeral solutions of such models but
also research of the estimations of their local and global errors. Continuous fractions are widely used in computational
mathematics. They make it possible to obtain monotonic and two-sided approximations, have a weak sensitivity to rounding
errors, and also correctly reflect the basic properties of the problems studied. A research object is initial value problem for
ordinary differential equations. The purpose of the study is to develop methods and algorithms to build computational
methods for the numerical solution of the Cauchy problem for ordinary differential equations. Formulas of the Runge-Kutta
type of the fourth order of accuracy of the solution of the initial problem for ordinary differential equations based on
continued fractions are derived. New two-sided numerical methods of the third order of accuracy are offered which at each
node point make it possible to obtain not only upper and lower approximations to an exact solution, but also without
additional computational costs give information about the magnitude of the leading term of the local error of the
approximate solution. Two-sided formulas at each step of integration use less number of calculations of the right-hand side
of the differential equation than the known bilateral methods of Runge-Kutta type. The proposed formulas, using only four
calculations of the right-hand side of the differential equation, allow at each step to obtain a method of fourth-order accuracy
method and two bilateral formulas of the third order of accuracy

Keywords: initial value problem, continued fractions, methods of Runge-Kutta type, two-sided approximations,
nonlinear numerical methods.

Continuous fractions were widely used in

INTRODUCTION

A mathematical modelling is the effective method of
study of physical processes, in many important cases allows
to replace the real process, and also gives an opportunity to
get both quality and quantitative picture of the designed
process. Since the exact solutions of the investigated models
can be got only in very partial cases, then it is necessary to
use numerical methods.

computational mathematics. They make it possible to obtain
monotonic and two-sided approximations, have a weak
sensitivity to rounding errors, and also correctly reflect the
basic properties of the problems studied [1-5]. The process
of calculating continued fractions is cyclical and can be
easily programmed.

Problems involved in the construction and
investigation of mathematical models of physical and
chemical, biological and economic processes, problems of
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multidimensional optimization, electronic, kinetics, etc lead
to the need to solve nonlinear differential equations and its
systems [6-8].

Objects and methods of investigation. A research
object is Cauchy problem for ordinary differential
equations. A problem of construction of numerical methods
for the solution of initial value problem for ordinary
differential equations, that are based on the continued
fractions, is the actual problem of computing modeling.

The purpose of the study is to develop new
computational methods of the third and fourth order of
accuracy for the numerical solution of the Cauchy problem
for ordinary differential equations.

Formulation of the problem. Many applied
problems lead to the need to solve systems of nonlinear
differential equations.

A new application of continued fractions to the
development of numerical methods for the solution of
differential equations is proposed

RESULT AND ITS DISCUSSION

Consider the initial value problem for ordinary
differential equations

V()= f(x,3(x)), 9(x) = ,, 0S X< X (1)

where »(X) is areal 7 -component vector and f

— a real vector function of a dependent and an independent
variable; moreover, it is assumed that the function f is

differentiable as many times as necessary for numerical
analysis.

We consider the scalar case, since on the systems of
differential equations this technique is carried over
componentally.

1. Construction of numerical methods based on
continuous fractions

Using the theory of constructing one-step methods
[9-14] and continuous fractions, we seek the approximate
solution of the Cauchy problem (1) in the form

yﬁkﬁé, @)

k-1 d
d , + = G
- i,0 dk,l ( )

D)'l =
=0 1+

1+O N dkﬂ,_1
1+du

Expressions d,, for k+[= 1,4, (k=14

[ = 0_,3 ) have the form

d0,0 :1 5 di,O :_Zdifm,o '%9 l=1’_4 s
m=1 yn
dvl =_dv+1’0 } V:L_39
dv,O

>

d,,=d,.,—d, , n=12;
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d q
d1=3 =d1,2f’ O, :hzamiki , 4= k+1 5
i1

1,2

q
k,=f(x,+ah, y,+ hz,ﬁijkj),
j=1

q
o= 5. @
j=1

Here /1 — the step of integration (h=x,, —X,,
n=0,123,..)q;, a, ﬂij — the parameters. These
formulas allow to construct both explicit (ﬂz’/ =0, at
1 < j ) and implicit numerical methods. It is convenient to
write parameter @, @, ﬁ,»j values in the form of a table:
a | Bu A By ap A ay,
M M M M M
a, ﬂvl A ﬂvv ay A a

v

In this paper, explicit one-step methods of the fourth
order of accuracy are proposed. The approximate solution

of the problem (1) is sought in the form (2)—(3) for k=4,
[=0 je.

W= n=0l2,.. )
de,o
k=0
k o o
doo l’dko _de—m'_m,kzla,
m=1 yn
4
O'm:h-Zamlkl,

4
=25 v, #0. (©)
j=1
Substituting expressions for d 5.0 (k= ﬁ) in (5)
we get
[4,0] _ P[4,o]
yn+1 -5
Q[4,o] ,
where
P[4,0] = y;
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+ 2(i a,k, ](i ak, + 24: a3ikij + + Z a,,
i=1 i=1 i=1

4
i=1 j=

a; \of
LD+
= Jay /

1

2

4 2 4 4 3
oSk | s S0, ol ($a, 2 o+
(i_l ? } ,Z=1: mi 2 f ; mi 6 f

{z”z}[z)} {3a ,ma,J o2
(S vk o(Begngm) (3] o)

Developing 4
: o)
k=f|x, + aih,yn+hz,3ijkj _ where is marked
J=1 = 1: v
 ( ) 0 0
| o, D= Zhf L
in the Taylor series in degrees ™, we find ox oy
4 4
amt i ami + h amzat Df +
Z (Z }/ [IZI j Zaml i
A . o Substituting the value for =! in the formula
2
+h {(Z i z J ij“/}@ -Df + (7) for determination Q[4’0] , we obtain
i=l j=1

K L R

Aot o of

Find the difference

~—
+

7 N\

M- I
L\’Q

¥_/N | |
|

+h eyl f{( :1 alijz + 2(2% J(z a,, + Za3l
TSR I
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Equating to zero, the coefficients of the powers h (

=1

a;

>

> "), we obtain the conditions that the parameters

& LY (i J= 1’4) must satisfy, so that

y( n+1) y£+1] = O(h5§

Let's find the coefficients for explicit methods. We
out B; =0 wiS/ =0 4=l
G =0y = Ay, :0,(1':2,4).

146

Li¥sa,
S S
] g gt
S {30

o
) 4

rorefe

4

]m(gah lj[zam +za3,j
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ﬂy,f-fz-DfM“'yn'f{@““j i
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®
Then, from the analysis of the coefficients with

Wyl f WYL f WYL B,

241%1‘:0 24:“4,‘ =0

As a result, we have the followmg relat1onsh1ps

follows,

that 921 T2 =

hy:f: Ay tay +;a3i +;a4[ =0
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ny, 6f Df {(a33 Tdyg )13320‘2 + (a34 Tay )(ﬂ420‘2 + B )} =0

- {(azz +a;, +a, )062 + (a33 tay )053 + (a34 tay )a4 } =0

E

>

2 2 2
Wy'Df 6 {("22"'“32"’“42)a2 +(a33+a43)0; +(a34+a44)0;4}:0

1
Ry f-Df ~ 5~ {(azz tayp tag )0{2 + (a33 Ty )Ot3 + (a34 Tay )054 }"'
+ 2{(a22 +as, )0!2 +ana;t+aga, } =0,

1 1
h4)’j ‘D3f¢ Z‘g{(azz +a;, +a42)0£23 +(a33 4“143)‘9‘33 +(a34 +a44)0(2}= 0,

0 1 1
h' 46§ f i_z{(a33+a43)ﬂ32a2 (a34+a44)(,842a2+,343053)} 0,

n' 4DfD f 3 {(a33 +ay )a3ﬂ32a2 + (a34 Tay )a4 (ﬂ4za2 + P )} =0,

n' 4(6f] Df : — (a34 tay ),343,332(12 =0,

2 2
a % a;
Ay, —— 5 +a,— 5

1
yn S D’ S _g+2{(a22+a32) >

{(a22 +a, +a42)0;2 +(ay, +a43)0;2 +(ay, +a44)a7f =0,
h'y; f%Df : —%+ 2y, B0, + ay(Buncty + Bty ) -
—(ay; +a;) B, +(ay, + ay B, + Baas)=0,
“Yv(Df) . - [(a22 +ay, +agy o +(ay +ag ), +(ay, +ay, ), |+ (apa,) =0,

—3aya, + 2{(%2 +a;, )0(2 +a;0;+ a34a4} =0

W'y, f*Df 3
= ﬂ, . a, =0 a,;, =0
a = Jj=1 ! (1229354) ap, =1 i=1 i=l
a,, +a,, :0, a,; =0’(i:3,4)’ ay, =y, :0.(9)
2.4 2 2 2
. ) -D
From the equations for the coefficients Yo Df ) (azz +a;, )& t+as; % +a,, % _ 21 ,

3.3 4 202
'y, f 'Df h'y,(Df ) Yol "DF 4 otiows that

1
1 < 4 ay P, +a34(ﬂ420‘2 +ﬂ43a3):g»
a0, =— 2(131 a; = Za4lal =0
2 i—2 and then
a; a; a; 1
From the equations for the coefficients /2’y - D f Ay —2 Uy =+ Gy~ =—
2 2 6
of 4 3 ,
n'ylf-D? Syt L h -D _
Inf f and By, dy Df . Wy, S - Df we Ay Pl + a44(,842a2 + /8430‘3)_ 0 .
find that Thus we obtain a system of nonlinear equations:
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(azz +a;, +a, )052 + (a33 +ay )053 +

2
(azz +ay, t+ay, )0;

3
(azz t+a;, +a, )%

(a33 +ay )ﬂszaz +

(a33 +ay, )a3/332a2 +

+ (a33 + 6143)6;3

1

(a34 +ay )a4 = E
2 :
1
+ (a34 tay )% =

6 9
3 3
1
+(a33 +a43)%3+ (a34 "“144)624 = ﬂ,
1
(a34 tay )(ﬂ42a2 + ﬂ43a3) 3
| ,
(a33 +ay ),332&22 + (a34 tay )(ﬂ420522 + ﬁ43a32) TR
3
(a34 +ay )(ﬂnaz + ﬂ43a3) E ,
1
(a3q + agq )BazBrycty = EYR

Zah =0 Zama =0 za4 %: ,
i=2
a431832a2 tay, (,3426¥2 + ,3430{3)= 0,

Zay =0 za3iai =0
i=1 i=2
b

2

(azz +as, )0{_22

a21+a22=03

Let's describe the scheme of solving the system (10):

1). Let @2 = % From the first two equations we
define
. 3a,-2
a22+a32+a4z+a33+a43—6 ( )
a,\a, —a,
2-3a,
sy +ay, = ﬁ
aa, —a;)

Substituting these values in the third equation of the
system, we obtain a relationship that combines the

parameters o, and & :
4(0{3 + 054)—60530(4 -3=0,
. = 3-4a,
Y 2(2-3ay)’
From the fourth and fifth equations it follows that

an

Q&; = —, then, in accordance with (11) &, = 1 . From the
2

148

+ a3 —

anl, =—

+

)
ﬁ
|

, A (10)
equations d,, &, = E, ay +a,, =0 we get
1 1
ay =—o—=-l,ap=——=1
2a, 2a,
Now from the equations
4 4
zay =0, Za3iai =0,
il i
2 2
a; 3 a, 1
(azz +a32)7+a33_+a347:€ ,
we will get
1 1
a3 ~ ay, + 4y, Y A3y "6
From the system (9) from the eighth to eleventh
equations follows that a,, =0, (i =1,4).
Using the seventh equation we find f3;, and f,;:
1 1

ﬂaz = = .
24(a34 tay )ﬂ43a3 28,

From the fourth and sixth equations we will represent
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a,; and By, also through f3,; : B 1 1 B 1 B, =0
L _B 228 28T
43
a33:6_27’ﬂ42=1_ﬂ43 ~1 1 1 1
:B32 ﬂ42 - _ﬂ43 > » Oy » Uy =
1+ 4 1 1+p Y5
and then a32=—T43_ a31_g’a32 343’ 33:?’
i1 o 1
From the relations &; = Z,BU (1=2,4) we will a3y = g a =0 i=24
J=1 s i ’( ’ ):
11 =0 i=14 =a,,=0
define By, =—, Byy=————, B, =0. Ay J(ETT, s T ’
2 2 2ﬂ43 ﬂlj = i< ]
Consequently, the solution of the system (10) has the We i i fgl2) ¢ of " I ‘
form give a specific set of parameter values a
1 1 By = 1,
aZ :a3 :59 a4 :13 ﬂZl 259
0 0 0 o 1 0 0 0
1/2 1/2 0 o -1 1 0 0
1/2 0 1/2 0 1/6 —2/3 1/3 1/6
1 0 0 1 0 0 0 0
2).If ar, # o, we obtain:
1 1
azl__z_azsazz 2_%9ﬂ21:a29
0 - 3(1+ 20{30{4)— 4(0:3 + a4)— 6(0:3 - az)(a4 - az) 0 = 3(1 +2a,a,)—Ha, + a4)
32 > 733 >

-3
24a, (a4 B ) "y

4a,

Py =

> Ay

_(aaz tay;+ a34), B =

120‘2(“3 -, )(a4 -a,)

12a,(e, - o ety - ;)
3(1+2 -4, +
( a3a3) (a2 aS) , ,831 =a, _ﬂn ,

120‘4(054 - )(a4 - as)
(3—4a; N — )+ 202, ~1)a, ~ 0‘3)

a; = o, — ﬂ - ﬂ ) ﬁ42
¥ P 24a, (0‘4 ay )(a3 az) as,
-2« —
— — _ — 2 _ _ _ —
alz—a13—a14—0»ﬂ43—12 ( ) sy =0, =0,a,=0,i=14, (13)
O3\a; — @ ) Ay
where @, =1, @, and @, are arbitrary numbers (Xp,yn), K — constant, p — order accuracy, @ -

satisfying the relation

a, -o,(a, —a3)(1—a2)(1—a3)¢0.

1I. Construction of bilateral methods of the third

order of accuracy
To build bilateral methods of Runge-Kutta [15-17]
are looking approximate solution of problem (1) as a

continued fraction (2), (3). Parameters a,;, «;, ﬂ,] (

=1,2,3) are defined such that

()= yT =

= whVKFH(f)+ o),
k1]

n+l

m,i, j

(14)
where y(x,,+1) and y — respectively, exact and
approximate solution of the problem (1), 4 — integration

step, I ( f ) — a differential operator, calculated at the point

parameter of bilateralism.
If in relations (9) we put
a a22 +a a3 +a =
42 43 4~ T T T
2 2

2

ap P, + a44(ﬂ42a2 +ﬂ43053): _%,
then

y( n+1) y;[m] =

=wh'K -F¥( )+ o0’ . (15)

Having solved under these conditions a system of
nonlinear equations (10), for &, = &, , we obtain

1 1 1 1
a,=a;=—, B, :5» Py =7

2 2 2B,
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B a4:1,ﬂ41:0’ﬂ42:1_ﬂ43’

B 1
2B,

a11=1, a12:a13:a14:0’ a21:_1,

1
azzzl, 6123:6124:0, a;, :g+2a)],

1
asy, =40, (:B43 - 1)_ 20, _5(1 + P ),

1 1
a3 = 51343 +20, (0)2 - 2(‘)1): a3y = g"' 2m,,
a, =-20, a, =4, (1 - By )+ 20,B,,
Ay =2P4 (20)1 —, )’ a4 =20, (16)
where f3,;, — nonzero parameter.

Putting @, = @, = @ , we get the following set of

parameters
0 0 0 0 1 0 0 0
1/ 2 1/ 2 0 0 -1 1 0 0
1/2 0 1/2 0 1/6+2a) —Za)—2/3 1/3—260 l/6+2a)
1 0 0 1 -2 2w 2w 2w
The estimate of the local error has the form CONCLUSIONS
400 _
Yuit ™ Vi Nonlinear formulas of the fourth order of accuracy
= wh’ (D2 f+1,-Df )+ O(h5 ) = for the solution of the Cauchy problem for ordinary
. differential equations based on continuous fractions have
~ ~ been constructed.
- h; ik, an Two-sided methods of Runge-Kutta type of the third

With the help of the parameters @ and /1 is reached
bilateral approximations and required accuracy on the
whole interval of integration.

The proposed two-sided formulas at each step of
integration use less number of calculations of the right-hand
side of the differential equation than the known bilateral
methods of Runge-Kutta type.

These formulas, using only four calculations of the
right-hand side of the differential equation, allow at each
step to obtain a method of fourth-order accuracy method and
two bilateral formulas of the third order of accuracy.
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Ieaex SApocaaB MukonaiioBuy, Ilaxonox bornan bBornanosuy, Kynunens Anapiii Borogumuposuy, Coxan
Herpo JIbBosny. YUMCJOBI METOJUA PO3B’SI3YBAHHSI IMOYATKOBOI 3AJIAUI JIJISI 3BUYAMHUX
JUGEPEHIIAJBHNUX PIBHAHD 3 OLIIHKOIO T'OJIOBHOT'O YJIEHA JJOKAJBHOI IOXUBKH

OO0HUM 3 CYYACHUX HAYKOBUX MemoOi8 OO0CHIONCEHHs: SABUW MA NPOYecié € Mamemamuyne MoOenO8aAHHS.
Mamemamuune MoOeN0O8anHs € ePEeKMUBHUM MEMOOOM 8UBHEHHS EKOHOMIUHUX NPOYECs, Y OA2amboX GadNCIUBUX GUNAOKAX
00360JI€ 3aMIHUMU PEalbHUll NPOYeC, d MAKONIC O0A€ MONCIUBICINb 00ePAHCAMU 5K SKICHY, MAaK i KiIbKICHY KAPMUHY
Odocniodcysanux npoyecis. OCKinbKu mMOYHi pO36 A3KU MAKUX MOOeNell MOJMCHA Ompumamu auuie y 0ydice 4acimKo8uUx
8UNAOKAX, MO HeOOXIOHO euKopucmosyeamu quciogi memoou. Ilpu 00cniodceHHI eKOHOMIYHUX NnpoOieM BUHUKAE
HeoOXIOHICMb He MiNbKU 3HAUMU HAOIUJICEHI pO36’s3Ku, ale i oyiHumu ix JOKaabHi ma 2nodanvHi noxubxu. B
00UUCTIIOBANBHITI MAMeMAmuyi WUPOKo20 3ACMOCY8AHHA HAOYau HenepepsHi Opodu. Bonu oaromv moocrusicmo
ompumMy8amu MOHOMOHHI i 080CMOPOHHI HADIUIICEHHA, MAOMb CAAOKY 4ymMaugicms 00 NOXUOOK 3A0KpY2lieHb, d MAaKO#C
BIPHO 8I000paANCAOMb OCHOBHI 81ACMUBOCTI 00CHIONCY8anUX 3a0ay. O0'eKmom 00CiONCeHHS € NOYAMKo8a 3a0aya O
3eudaunux Oougepenyianvuux pieHsaHb. Memow O0ocnioxcennss € po3podka Mmemodis ma al20PUMMIE YUCETbHO20
poss'sazyeanns 3adaui Kowi ons 36uuaiinux Ougepenyianvhux pieHans. Bueedeni @opmynu muny Pynee-Kymmu
uemeepmo20 nopsaoKy MOYHOCMI PO36'a3Y8aHHs. NOYAMKOB0T 3a0ayi 0I5l 36UHAUHUX OUpepeHyianbHux PiGHAHb HA OCHOSI
HenepepeHux 0podie. 3anponoHoeano HO8I 080CMOPOHHI YUCENbHI MEMOOU MPemb0o20 NOPAOKY MOYHOCMI, SIKi 8 KOJCHIlU
8Y3710811 MOYYL D0380SI0Mb OMPUMAMU HE MIILKU 6EPXHI MA HUICHI HAOTUNICEHHS. 00 MOYHO20 PO38 3Ky, djle i OYIHI8amu
3HAYEHHsL 207I08HO20 YIEHA IOKANbHOL NOXUOKU 6e3 000AMKOBUX 36epMAlb 00 NPABOT YacmuHu QU epeHyianbHO20 PIGHIHHSL.
Jleocmoponni opmynu UKOpUCMOBYIOMb HA KOJICHOMY Kpoyi iHmezpySaHHs MeHule 36epmaHb 00 Npasoi YacmuHu
OughepenyianbHo20 pIGHSHHS NOPIGHAHO 3 GIOOMUMU 080CMOPOHHIMU Memoodamu muny Pynee-Kymma. 3anpononosani
dopmynu, suKopucmosyouy uuie Yomupu 36epmanHs 00 Npagoi wacmuHu OugepenyianbHoeo pieHAHHA, 00380J1A10Mb
ompumysamu He miibKu 00HOCMOPOHHII Memoo Yemeepmozo NOPsOKy MOYHOCHI, die i 080CHOPOHHI YOPMYIU MPEembo20
NOPAOKY MOYHOCMI.

Kntrouosi cnosa: nouamkosa 3aoaya, HenepepsHi 0podou, memoou muny Pynee-Kymma, 080cmoponHs anpoxcumayis,
HeNiHIUHI YUCTI08] Memoou.

ITenex SApocnas Hukosaesuy, Ilaxosok bornan Bornanosuu, Kynesinen Anapeii Bnagumuposuuy, Coxan
Metp JIbBoBuuy. YACJEHHBIE METO/bl PEIIEHUS HAYAJIBHOM 3AJJAUYN IJ151 OBBIKHOBEHHBIX
JUNOOEPEHIIUAJTBHBIX YPABHEHUH C OI.lEHKOFI IJIABHOI'O YJIEHA JIOKAJIBHOMN
MHNOTI'PEHIHOCTHU

OOHUM U3 COBPEMEHHbIX HAYYHBIX MEMOO008 UCCIeO08AHUS AGNEHUL U NPOYECco8 ABNAEMCS MAMeMamuiecKoe
Mooenuposarue. Mamemamuueckoe MoOeruposarue — 3@ eKmueHblli Memoo UyueHus IKOHOMUYECKUX NPOYEeccos, 60
MHO2UX BAJICHBIX CIYUASX NO360NSEN. 3AMEHUNb DPEalbHbll NPOYecc, a maxdice Odem 603MOJNCHOCHb NONYYUMb KAK
KAYeCmEeH Y10, MAaK U KOIUYEeCMEEHHYIO KAPMUHY ucciedyemulx npoyeccos. Iockonbky mounvie peulenusi makux mooenei
MOJICHO RONYUUMb MONLKO 6 OYeHb UYACHHBIX CAYHASX, MO HeoOXO0UMO UCNOIb306aMb HYuUCieHHble Memoovl. [lpu
UCCIe008aHUU IKOHOMUYECKUX NPOOIeM BO3HUKAEM HeOOXOOUMOCMb He MONbKO HAUMU NPUOIUICEHHbIE DeUleHlsl, HO U
OYEHUMb UX TOKATbHbIE U 2100ATbHbIE NOZPEWHOCU. B @blyuciumensHol MmamemMamuke wWupoxKoe npumMeHerue noayyuiu
HenpepbisHbie Opoou. Onu 0aiom 603MOACHOCHb NOTYYAMb MOHOMOHKbLE U 08YCHOPOHHUE NPUOIUIICEHUS, UMelom cabyIo
YYECMBUMENLHOCMb K NOZPEUWHOCMAM OKPY2IEHUs, d MAKICe 6EPHO OMPAIICAION OCHOBHbIE CEOUCMEA U3YUAEMbIX 3A0AY.
Obvexmom uccnedo8anus A6Isemcs HaAu4albHas 3a0aya Ol 0ObIKHOGEHHbIX Ou@epenyuanrvrblx ypasHuenuil. Llenvio
UCCIe008aHUsL AGIACMCS PA3PADOMKA MEMO008 U AOPUMMOB YUCTEHH020 peutenus 3a0aqu Kowiu 0ns 00bikHOBEeHHbIX
oughpepenyuanvrvix ypaguenuil. Boiseoenvt popmynet muna Pynee-Kymmul uemsepmoeo nopsioka mouHocmu 015 peuieHus
HauanvbHoU 3a0auu 01 00bIKHOBEHHBIX OUphepenyUanbHbIX YPAGHEHUl HA OCHO8e HenpepbleHblix Opobell. [Ipednoicenvi
HOBbLE O8YCIMOPOHHUE YUCTEHHbIE MEMOObl MPembe20 NOPSOKA MOYHOCHU, KOMOPbLE 8 KANCOOU Y3N080U MOYUKE NO360NAI0M
nonyHams He MoIbKO GePXHUE U HUIICHUE NPUOTIUICEHUS. K MOYHOMY PEUleHUI0 HO U OYEHUBAMb 3HAYCHUEe 2NA6H020 YWIeHA
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JIOKANbHOU  ROZPeuHOCmY 63  OONOJHUMENbHBIX — GbIUUCTICHULl NPAgoll uacmu  OuppepeHyuarvho2o ypagHeHus.
Jeycmoponnue opmynbl UCnONb3YIOM HA KANCOOM WA2y UHMESPUPOBAHU MeHblde 0OpaujeHuti K npagoi uyacmu
oupgepeHyuanbHo2o YpasHeHus: No CPAGHEHUI0 C U3BECMHbIMU O8YCMOPOHHUMU Memodamu muna Pynee-Kymmui.
Ilpeonooicennvie gopmynvt, UCnOABL3YS MOIBLKO Yemvlpe 0OpaujeHus K npasoll wacmu oupghepeHyuanbHoco ypasHeHus,
RO36OAIOM NOLYYANb He MOLbKO 0OHOCHOPOHHULL MEMOO0 Yemeepmozo Nopsioka Mo4HOCHU, HO U 08YCIMOPOHHUE hOPMY bl
mpemve2o nopsioKa MOYHOCHIU.

Knrwouegvle cnosa: nauanvnas 3aoaua, HenpepwigHwvie Opobu, memoovl muna Pyunze-Kymmul, 08ycmopoHmuss
annpoxcumayusl, HeluHelHble YUCIeHHble MeMOObl.

Ooeporcarno 16.04.2018 p.
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