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Introduction

Denote by C,(R?) the class of all real,
measurable r.f.’s %(t,s) uniformly continuous in the
mean square (m.s.), defined on a probability space
Q% P), ME(ts)? <C, 0<C<o, (ts)€E R?

The function
1
0Py, x) = max (M3t s) — 5t sHP)
[t—t'|<xq

|s—=s’|<xy
—o0o<t,s<00
X1,%y =0,
is said to be the continuity module of the first type ([1],
[6]) of ar.f. 3(t,s) € Cq(R?).
We call the function

wéz)(x) = (t _ t/)z +n'(l;lx_ SI)Z < x2 {Mlg(t, S)

1
-3t s)HI*)z,
x=0

the continuity module of the second type of a r.f.
3(¢t,s) € Co(R?).

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2023.10.126.22

The continuity modules wg(l)(xl,xz) and
wéz)(x) of 3%(t,s) € Cq(R?) have the following
properties:

1% For any 0 < x; < x'q,
inequalities:

0< Xy < xlz, the

1 1 1
wé )( X1, Xp) < wé )(xll' X2) < wg( )(x’px’z)
hold.

29 Foranyn€ Nand 0 < x; < x,,
a)g(l)( nx;,nx;) < na)g(l)( X1, X5).

3% For any
0<x; < xy, wéz)(xl) < a)g(z)(xz).

4% Foranyn € N,

0<x; <x;, wéz) (nx) < na)g(l) ().
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L - _
50 . (1)( x) < w?EZ) (x) < a)él)(x' x) < 01 (5326{0'1 (t)}: 02 (fggc{o_z (5)}.
wéz)(x\/_), sz.

Let (X, Yy)r=1 be a sequence of independent
identically distributed real random vectors with a joint
distribution function Fis(x,y) depending on the
parameters t and s such that (Xi,Y:) has the
mathematical expectation (t,s) and covariation matrix

o1(t) 0
( 0 0,(S)
the set QcR2.

Consider the approximation of 3%(t,s) € Co(R?)
on the compact set G — Q by the 1.p.o.

), where the parameter (t,s) changes on

P(5t8)=/ . 5(x, )dF (x,¥) @)
) ey S(z)

Where  Fo"(x,y) = P{ S <X E-<y},

SV =3 X, SP =31,

the integral in (1) is understood in the m.s. sense.
Note that the asymptotically best approximations
of random processes by I.p.o. are studied in work [13].
According to [5, p. 268], r.f. Pn(%;t,s) is defined
for all
(t,;s) € Q.
The results of [1], [6] imply that

. l 1)
(max { M[3(t,s) — (% t,5)2)2 < Cro ( n)
and

max { M|3(¢,s) —

P.(%t,s)|2 < Cr 0@ (=
max. w3t < Cws ()

The smallest (“best”, “optimal”) constants that
can be put instead of the constants C1 and C, on the
right sides of these inequalities,

max { M|3(t,s)—Pp (%:t,5)|? }2

=Cy(F)= sup {&¢ 5
gecn(lz\elz wy (‘/—‘/—)
ne
and
o= o) e (MI3(69)-PaGits)[2)2
2 = L - sup @ )
ST —cs
ne

respectively.

The study of the exact values of the smallest
constants C; and C, leads to complex calculations
related to the specifics of the distribution Ft(")(x).
Instead of them, we present in the work asymptotically
optimal constants, i.e.

max { M|3(t,s)— Pn(zts)lz}z

Ci = Tmm [,_2% 7 (&€ and
17 S [ 3eCq(R?) (1)(‘/_‘/__) ]
. 1 ¢ {(tsgc{MIZ(tS) Pn(Gts)? }2
= lm
2 gec (R2 “’éz)(ﬁ)

Introduce the following notations:

DDi( 01,0,) = {(w, v); Ju| < — , |v| < <3,
01 o2

&, = &( 01,0,) =Yr0 fRZ\Dk d®(u,v), where

O(u,v) = o f fexp{—

—00 —00

}dxdy

Qc=Qx(01,02) ={(uVv): K¥< 0,2 + 0,2v2 < (k+1)7},

®,= @,(01,02) =X%-o fRz \Qk ao(u,v) ,

Ou,v) = - [* [ exp {~ 222 3dxdy

Let G < Q be any compact set, and the
following conditions are satisfied:

(A1): sup M|X; —t|° <Ly, sup M|Y; —s|® < Ly,

(t,s)eG (t,s)EG

0< Li <o0o,[ = 1,2

(B1): 01 = 04(tp) = sup o4(t) >0,
(t,s)EG

0, = 0,(Sp) = sup o,(s) >0
(t,s)eG

(Cy): the set G issuch that (¢t,, so) €G.
Theorem 1. If conditions (A1), (B1), (Ci1) are
satisfied, then
a) forany 3%(t,s) € Co(R?)
and € > 0, there exists no(€) € N such that for all
n>ny(e), the following relation holds:

1
— . 215 <
({%)aEXG{Mlg(t'S) Pn(g; t,S)l }z <

1 1
< [%1( 0'1r0'2) + E]wél)(\_m'\_m)

b) this inequality is unimprovable for the class
Co(R?) in the sense that for any £ > 0, there exist
ni(e) € N and ar.f. 3n(t,s) € Co(R*) such that for
all n > n, (g), the inequality

1
_ . 2t
(gr;?exc{ M|3(t,s) — B,(3n; t, s)|*}z >

>[a;(01,07) — €] wgn(\/%,\/% ) holds.

Theorem 2. If conditions (A1), (B1), (C1) are
satisfied, then the relation

1
— (tm)emG[Mlé(tS) Pn(3t.s)|)2
Iim  sup { ) 1=
n—»oo CA(R2
2eCo(R?) wy (J—J—)

= &1( 01, 0-2) hO|dS.
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Theorem 3. If conditions (A1), (B1), (Ci1) are
satisfied, then
a) for any 3%(t,s) € Cq(R?) and & >0,
there exists ng(g) € N such that for all n > ny (), the
following relation holds:

max{ MI3(t, ) — P £, 9) )2 <

1
< [®( 01,05) + +elwg” ()

b) this inequality is unimprovable for the class
Co(R?) in the sense that for any € > 0, there exist
ni(e) € N and ar.f. 3n(t,s) € Co(R') such that for
all n > n, (¢), the inequality

1
— . 25
max {M|3(t,s) — K, (§n; £, )"} >
> [2,(01,0,) — €] Wy ()
holds.
Theorem 4. Let conditions (A1), (B1), (C1) be
satisfied. Then the following relation holds:

max { M|5(t,s)—Pp(5:t,5)|? }2

{(t)G
@

Im sup
= 3eCa(R?)

=a&,( 04,07) .

(\/—ﬁ)

Consider the examples.

Let {(X, Yx)}x-1 be a sequence of independent
identically distributed random vectors generating a
I.p.o. B,(%t,5s) .

Example 1. Let (X;,Y;) be a vector with
independent components such that X; and Y; have a
Bernoulli distribution with parameters t and s,
respectively. Then the set or parameters Q=[0,1]% and
the operator
Pn(g, t' S) = Bn(g' t' S) =
= Nk=0, Lo ChCit*s® - (1 —

k e
55
is the Bernstein polynomial of two variables. If we
take G=Q, then the asymptotically optimal constant
in the estimate

—t)n_k(l _ S)n—e .

(fg)r‘lf[o 1]2{ [3(t,s) — B,(%3,t,9)]%)z <
<cC w(i)( 1
1 % \/_ \/_

is Ci = 2G5

{M[3(t,s) -

(¢, s)e [o, 1]2
o (),
the asymptotically optimal constantis C5 = a, (%,%).
Example 2. Let (X;,Y;) be a vector with
uncorrelated components that have a Bernoulli
distribution with parameters t and s, respectively, and
a joint distribution:
P{Xlzl,lel} =0, P{X1:1,Y1:O} =t,

—), and in the estimate

Bu(5 6 9)]%): <

P{X1:0,Y1:1} =S,

Then

Pn(3, t,kS) = Zosk+esn Crllc—ecﬁsk(l —t-

n-e-kz(X.¢€

9" 355
is a Bernstein-type polynomial introduced by Lorentz
[12].

In this case the set of parameters Q={(t,s): 0 <
t+s <1}

If we assume that G=Q, then the asymptotically
optimal constant in the estimate

, IMI5(s) — P56 9)]? }2

(¢, )e[o 1)2

P{X1=0, Y1=0} = 1-t-s.

<o (i

is C] = 381(1 l) and in the estimate

(2)
M P, <

max (ML) = G5 6 )% < oo (),
the asymptotically optimal constant is

" 11

G =27

Example 3. Let (X;,Y;) be a vector with
uncorrelated components that have a Poisson
distribution with parameters t and s, respectively.
Then

Pu(%3,t,s) =
k e
5(7)
is the Mirakyan operator [7] for random fields and the
set of parameters  Q = [0, o0)2.
If G = [0,1]2, then the asymptotically optimal
constant in the estimate

T {M[3(t,s) — P,(3, ts)] 1}2

ViV

is C] = @,(1,1), and in the estimate

1 1
o, (M3 ) — BB 6 )l < Co? ()

Vn
the asymptotically optimal constantis C; = a,(1,1).

In the deterministic case, i.e. when %(t,s) is a
non-random function, Theorems 1 — 4 imply the
following results:

Let C(R?) be the class of all uniformly
continuous functions bounded on R?. Consider the
approximation of the function f (t,5) € C(R?) on a
compact set G = Q by the l.p.o.

Pa(fits) = [ f (x,y)dE® (x, ).

(nt)k(ns)®
S0 Lo g —exp{-—n(t + )} -

< G (=

Denote by

WV (,y) = sup j—vjsx |f(65) = f(,)]
|s—s'|<y
—oo<Lt,s<0

the continuity module of the first kind, by

0P@E) = sup_ If(ts) — f(t,5)]

J(t=t)2+(s—-5)2<6
—oo<t,s<0

the continuity module of the second kind of a function

f (xy) [11].
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Theorem 5. If conditions (A1), (B1), (Ci1) are
satisfied, then

a) forany f (t,s) € C(R?) and & > 0, there
exists ng(e) € N such that for all n> ny(e), the
relation

— . <
(rtfgc)lgg;lf (t,s) = P,(f;t,8)] <
(

< [#1( 01,00 + E]wfl)(%'%)
holds;

b) this inequality is unimprovable for the class
C(R?) in the sense that for any &€ > 0, there exist
ni(e) € N and fn(t,s) € C(R?) such that forall n
> n, (¢), the inequality

(?;gleaglfn(t. s) — B (fn;t,8)| >

> [@(01,02) — elopn (G, = )
holds.

Theorem 6. If conditions (A1), (B1), (Cy1) are
satisfied, then the following relation takes place:

_ max _|f (t,5)=Pn(f;t.5)
lim  sup {(t,s)ec M, 1 1 1=
o feT(R?) “r G

Theorem 7. If conditions (A1), (B1), (Cy1) are
satisfied, then

a) for any 3%(t,s) € Co(R?) and &€ > 0, there
exists ng(e) € N such that for all n> ny(g), the
relation

®1( 01,07).

—P,(f;t,9)] <
(’ggglgglf(t's) W (f5t,9)]

< [ee,( 04,0,) + s]a);z)(\/%) holds;

b) this inequality is unimprovable for the class
Co(R?) in the sense that for any £ > 0, there exist
ni(e) € N and ar.p. 3n(t,s) € Co(R') such that for
all n > n, (¢), the inequality

1
_ . 25
(gf)lgg;{ Mfn(t,s) — B(fn;t,s)|*}z >
1
> [2,(01,0,) — gl @)y, ()
holds.

Theorem 8. Let conditions Ay), (B2), (C2) be

satisfied. Then the following relation takes place:

max |f (t,s) — P,(f; t,5)|

(t,s)eG
P

= &;( 01,0,).

Note that Theorems 5-8 are of independent
interest and are new in the classical theory of
approximation of nonrandom functions.

Let now 3%(t,s) € Co(R?) be a separable sub-
Gaussian continuous with probability one r.f.
satisfying the condition

(A2 |13t 9) = 3w 0|, <

sub T

Iim sup
n—-co fEE(Rz)

<o(JE—w + s -v)?),

(t,s), (u,v) € R?,

where w(x) isthe continuity module, for which there
is an inverse function w~1(z), and the integral

fl w(z)dz
0 z/|lnz|
[4].

< oo, the norm || * || g5 IS introduced in

With respect to the sequence of distribution
functions th?)(x,y), suppose that the following
conditions are satisfied:

(B2): partial derivatives with respect to t and s of
functions dthl)(x,y) exist and are continuous
functions of (t,s)e Q forany n€ N, (x,y) € R?

(C2): [dF (e, M]s = pit (e, y)AED (%, y),
[dED (x, )]s = pi2 (x,¥) dED (x, ),

where continuous for (t,s)eQ functions p{f'si(x,y),
(x,y) € R? are such that

sup [, lpri(y)IdFS (x,y) < oo, =12,
(ts)eQ

If conditions (B2) and (C>) are satisfied, then for
any

(t,s) € Q, the partial derivatives with respect to t
and s of the r.f. Pn(%;t,) exist with the probability one
[4, p. 268], and

Pn(%t,s) 1=/, 5(x, W) prs (6, WIS (x,y) = Pa,
1(3:t9),

[Pn(%t5) 1= f2 50, V) 1015 (6 AR (x,y) =P
n2 5;L,8).
Obviously, r.f.’s Pn;i(%;t,5) are sub-Gaussian, i.e.

M Pni(%:t,5) =0,

=1,2.

Assume that they satisfy the condition

(D2): there exists a sequence of positive numbers
(@t i) =1 Such that gns moGoro n € N,

sup ||anl (g' tr S)”sub S an,ir

(ts)eQ

It is not difficult to verify that the conditions
(B2), (C2), (D2) are satisfied for classical operators
such as Bernstein, Weierstrass, Mirakyan operators,
etc.

sup [[Pn, i(%; ¢, )| sup < 0, 1
(ts5)eQ

i=1,2.

Investigate the r.f. N (t,s) =
3E)-PRELS) o1 the set G,
cow (7R
Wherecy =0, + 0, +1, 0, = sup ay(t),
(ts)eEG
g, = sup a,(s).
(ts)eG

Denote by d the diameter of the set G.
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cow(dg)

Setc; =./2In(d; + 2),q, = ,
w(dg)+2dg\/a,21_1+a,21,2
1 1
Vo=t |In—7——=<+
o1(Zo(E))

o Qo) vz
z\[linz|”’
where w~1(z) is the inverse to w(x) function.
Theorem 9. Let conditions (Az) — (D) be
satisfied. Then for any n € N and for all z > 64, the
inequality
P{ max | Tn(t5)
(t,s)EG Yn
is valid.

1
+ [ —
no(3) i

2
| > 2z} < Zexp{—z?y,f}
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the inequality
P{ max [3(t,s) — P,(%;t,s)| <&} =1—4 holds.
(t,s)eG
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Introduction

Creating reference materials that determine the
most accurate pressure distribution on the airfoil
surfaces is an actual task of the airplane aerodynamics.

Materials and methods

The study of air flow around the airfoils was
carried out in a two-dimensional formulation by
means of the computer calculation in the Comsol

the airfoils having the names beginning with the letter
U were adopted. Air flow around the airfoils was
carried out at angles of attack (a) of 0, 15 and -15
degrees. Flight speed of the airplane in each case was
subsonic. The airplane flight in the atmosphere was
carried out under normal weather conditions. The
geometric characteristics of the studied airfoils are
presented in the Table 1. The geometric shapes of the
airfoils in the cross section are presented in the Table

Multiphysics program. The airfoils in the cross section 2.
were taken as objects of research [1-37]. In this work,

Table 1. The geometric characteristics of the airfoils.

Airfoil name Max. thickness Max. camber Leading edge radius Trt‘a'ilérll%:ige
ULTIMATE/JCE 12.85% at 34.2% of the chord 0.05% at 0.0% of the chord 0.8961% 0.5804%
UNIVERSITY OF

ALBERTA UA 79-SF- 29.62% at 67.5% of the chord 5.89% at 100.0% of the chord 0.2016% 10.27%
187
UNIVERSITY OF
GLASGOW GU25- 19.99% at 40.0% of the chord 7.13% at 45.0% of the chord 1.3448% 0.0%
5(11)8
UG Uy | 138%at17.9% of thechord | 4.64% at 23.8% of the chord 2.1541% 0.0614%
Up"”kga"rfe?y Dick |7 0% at 29.1% of the chord 1.8% at 39.3% of the chord 0.3639% 0.0%
US1000ROOT 18.57% at 27.1% of the chord 0.13% at 0.0% of the chord 0.6962% 0.0096%
USA 22 9.1% at 20.0% of the chord 4.42% at 40.0% of the chord 0.785% 0.1%
USA 25 8.28% at 20.0% of the chord 5.24% at 30.0% of the chord 0.9853% 0.0%
USA 26 9.82% at 20.0% of the chord 4.34% at 40.0% of the chord 1.0195% 0.0%
USA 27 11.07% at 30.0% of the chord 5.1% at 40.0% of the chord 1.128% 0.02%
USA 27 mod 13.29% at 30.0% of the chord 5.1% at 40.0% of the chord 1.5494% 0.024%
USA 28 13.16% at 30.0% of the chord 3.75% at 50.0% of the chord 1.239% 0.0%
USA 29 13.16% at 30.0% of the chord 5.54% at 40.0% of the chord 1.242% 0.0%
USA 31 14.86% at 20.1% of the chord 9.36% at 39.9% of the chord 2.2425% 0.0%
USA 32 14.72% at 20.0% of the chord 9.33% at 40.0% of the chord 2.0712% 0.0%
USA 33 14.19% at 30.0% of the chord 4.86% at 30.0% of the chord 3.4496% 0.0%
USA 34 17.99% at 30.0% of the chord 7.7% at 40.0% of the chord 2.9586% 0.0%
USA 35 18.14% at 30.1% of the chord 6.41% at 40.1% of the chord 4.0949% 0.43%
USA35A 18.14% at 30.1% of the chord 6.41% at 40.1% of the chord 4.0949% 0.43%
USA 35-B 11.61% at 30.0% of the chord 5.96% at 30.0% of the chord 1.6642% 0.25%
USA 40 13.32% at 30.0% of the chord 4.19% at 40.0% of the chord 1.987% 0.1%
USA 40B 13.63% at 20.0% of the chord 4.0% at 40.0% of the chord 2.3536% 0.0%
USA 41 6.6% at 30.0% of the chord 4.49% at 40.0% of the chord 0.7349% 0.0%
USA 45 14.52% at 30.1% of the chord 4.14% at 30.1% of the chord 1.404% 0.0%
USA45 M 11.63% at 30.0% of the chord 3.32% at 30.0% of the chord 1.1829% 0.0%
USA 46 6.54% at 20.0% of the chord 2.17% at 40.0% of the chord 0.7365% 0.0%
USA 48 14.9% at 30.0% of the chord 2.88% at 40.0% of the chord 1.3037% 0.0%
USA 49 7.25% at 30.0% of the chord 1.73% at 40.0% of the chord 0.6395% 0.23%
USA 5 6.38% at 30.0% of the chord 4.53% at 40.0% of the chord 0.6074% 0.0%
USA 50 7.04% at 30.0% of the chord 1.95% at 40.0% of the chord 0.6436% 0.0%
USA 51 9.33% at 30.0% of the chord 2.57% at 30.0% of the chord 0.7526% 0.0%
USA 98 14.3% at 30.0% of the chord 6.6% at 50.0% of the chord 3.0712% 0.9%
USA-35B 11.61% at 30.0% of the chord 3.19% at 30.0% of the chord 1.6642% 0.25%
USNPS4 (smoothed) 11.94% at 34.2% of the chord 5.02% at 34.2% of the chord 1.0858% 0.7756%

Note: USA 35-B (U.S. Navy (USA)).
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Table 2. The geometric shapes of the airfoils in the cross section.

UNIVERSITY OF ALBERTA UA 79-SF-187

UNIVERSITY OF ILLINOIS UI-1720

UNIVERSITY OF GLASGOW GU25-5(11)8

Uplink DLG by Dick Barker US1000ROOT
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USA 26 USA 27
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\

USA 27 mod USA 28
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USA 33

USA 34

USA 35-B

USA40B
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Figure 1. The pressure contours on the surfaces of the ULTIMATE/JCE airfoil.
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Figure 2. The pressure contours on the surfaces of the UNIVERSITY OF ALBERTA UA 79-SF-187 airfoil.
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Figure 3. The pressure contours on the surfaces of the UNIVERSITY OF GLASGOW GU25-5(11)8 airfoil.
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Figure 4. The pressure contours on the surfaces of the UNIVERSITY OF ILLINOIS UI-1720 airfoil.
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Figure 5. The pressure contours on the surfaces of the Uplink DLG by Dick Barker airfoil.
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Figure 6. The pressure contours on the surfaces of the US1000ROOT airfoil.
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Figure 7. The pressure contours on the surfaces of the USA 22 airfoil.
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Figure 8. The pressure contours on the surfaces of the USA 25 airfoil.
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Figure 9. The pressure contours on the surfaces of the USA 26 airfoil.
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Figure 10. The pressure contours on the surfaces of the USA 27 airfoil.
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Figure 11. The pressure contours on the surfaces of the USA 27 mod airfoil.
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Figure 12. The pressure contours on the surfaces of the USA 28 airfoil.
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Figure 13. The pressure contours on the surfaces of the USA 29 airfoil.
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Figure 14. The pressure contours on the surfaces of the USA 31 airfoil.
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Figure 15. The pressure contours on the surfaces of the USA 32 airfoil.
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Figure 16. The pressure contours on the surfaces of the USA 33 airfoil.
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Figure 17. The pressure contours on the surfaces of the USA 34 airfoil.
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Figure 18. The pressure contours on the surfaces of the USA 35 airfoil.
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Figure 19. The pressure contours on the surfaces of the USA 35 A airfoil.
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Figure 20. The pressure contours on the surfaces of the USA 35-B airfoil.
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Figure 21. The pressure contours on the surfaces of the USA 40 airfoil.
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Figure 22. The pressure contours on the surfaces of the USA 40 B airfoil.
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Figure 23. The pressure contours on the surfaces of the USA 41 airfoil.
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Figure 24. The pressure contours on the surfaces of the USA 45 airfoil.
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Figure 25. The pressure contours on the surfaces of the USA 45 M airfoil.
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Figure 26. The pressure contours on the surfaces of the USA 46 airfoil.
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Figure 27. The pressure contours on the surfaces of the USA 48 airfoil.
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Figure 28. The pressure contours on the surfaces of the USA 49 airfoil.
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Figure 29. The pressure contours on the surfaces of the USA 5 airfoil.
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Figure 30. The pressure contours on the surfaces of the USA 50 airfoil.
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Figure 31. The pressure contours on the surfaces of the USA 51 airfoil.
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Figure 32. The pressure contours on the surfaces of the USA 98 airfoil.
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Figure 33. The pressure contours on the surfaces of the USA-35B airfoil.
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Figure 34. The pressure contours on the surfaces of the USNPS4 (smoothed) airfoil.
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Results and discussion

The calculated pressure contours on the surfaces
of the airfoils at different angles of attack are
presented in the Figs. 1-34. The calculated values on
the scale can be represented as the basic values when
comparing the pressure drop under conditions of
changing the angle of attack of the airfoils.

34 airfoils of the USA, UNIVERSITY and other
types were subject to consideration. All airfoils are
asymmetrical.

The UNIVERSITY OF ALBERTA UA 79-SF-
187 airfoil has the maximum thickness. The minimum
thickness is specified for the USA 5 airfoil. The
maximum camber of 9.36% is determined for the USA
31 airfoil.

A minimum camber of 0.05% is specified for the
ULTIMATE/JCE airfoil. The largest leading edge
radius was observed for the USA 35 and USA 35 A
airfoils, and the minimum radius was observed for the
UNIVERSITY OF ALBERTA UA 79-SF-187 airfoil.
The greatest thickening of the trailing edge is made in
the UNIVERSITY OF ALBERTA UA 79-SF-187
airfoil. Most airfoils do not have a trailing edge
thickening.

Let us consider the aerodynamic characteristics
of the airfoils described above.

The ULTIMATE/CE airfoil is subjected to
almost the same intensity of pressure distribution on
the leading edge both during climb and descent of the
airplane, due to minimal camber. But the amount of
drag when climb is less than when descent of the
airplane.
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Introduction

Creating reference materials that determine the
most accurate pressure distribution on the airfoil
surfaces is an actual task of the airplane aerodynamics.

Materials and methods

The study of air flow around the airfoils was
carried out in a two-dimensional formulation by
means of the computer calculation in the Comsol
Multiphysics program. The airfoils in the cross section
were taken as objects of research [1-37]. In this work,

Doi: &os¥eS https://dx.doi.org/10.15863/TAS.2023.10.126.24

the airfoils having the names beginning with the letter
V were adopted. Air flow around the airfoils was
carried out at angles of attack (a) of 0, 15 and -15
degrees. Flight speed of the airplane in each case was
subsonic. The airplane flight in the atmosphere was
carried out under normal weather conditions. The
geometric characteristics of the studied airfoils are
presented in the Table 1. The geometric shapes of the
airfoils in the cross section are presented in the Table
2.

Table 1. The geometric characteristics of the airfoils.

Airfoil name Max. thickness Max. camber Leadm_g edge Tra|_||ng edge
radius thickness
VL62-JAP 7.01% at 30.0% of the chord 6.84% at 40.0% of the chord 0.6927% 0.25%
VM 20 11.05% at 30.0% of the chord 5.53% at 30.0% of the chord 1.3142% 0.0%

Note: VM 20 (France).

Table 2. The geometric shapes of the airfoils in the cross section.

"

Results and discussion

The calculated pressure contours on the surfaces
of the airfoils at different angles of attack are
presented in the Figs. 1-2. The calculated values on
the scale can be represented as the basic values when
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Figure 1. The pressure contours on the surfaces of the VL62-JAP airfoil.
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Figure 2. The pressure contours on the surfaces of the VM 20 airfoil.

The considered airfoils are asymmetrical. The
maximum thickness is observed in the VM 20 airfoil,
however, the maximum camber along the chord length
is noted in the VL62-JAP airfoil. The ratio of the
leading edge radii of the two airfoils is approximately
1:2. At the same time, it is noted that the VL62-JAP
airfoil has a thickening on the trailing edge, and the
VM 20 airfoil does not have it.

Let us compare the aerodynamic properties of
the considered airfoils.

At an angle of attack of O degrees, a positive
pressure arises on the leading edge of the airfoils,
characterizing the drag, approximately the same in
each case. During the climb of the airplane, the
difference in pressures on the leading edge is
significantly different: the drag on the leading edge of
the VL62-JAP airfoil is higher than on the leading
edge of the VM 20 airfoil. When the airplane
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Introduction
UOT 631.331.06

It is known that a numerical sequence is such a
sequence of numbers that, starting from the second
limit, each of its limit from himself previous limit the
same one of the number from the total is taken [1, 2].
other to the definition according to finite if the
sequence of its first differences in the sequence
remains constant (ai-ai1=d), 1st compilation to
this sequence number series it is said [3].

If m - th of differences sequence stable has

Doi: éos¥ef https://dx.doi.org/10.15863/TAS.2023.10.126.25

been (m — 1) - th of differences sequence stable if
not, then to sequence m - th compilation number
series it is said [3, 4]. This in definition record those
who are common has been both name (1-c¢
compilation), both too high compiled number ranges
coverage does.

Appreciation according to geometric series so
number is the sequence that the second too much
starting with his each onelimit from himself previous
limit ratio stable remains [1, 2].

The number and geometric ranges between

connection about is reported that if ¥1s ¥Y2s - -2 ¥y
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the difference d which is number is a series

XqsX gy ey Xy

g = a’ , then a*:,a*:a
sequence having an accent geometric is a series [4].
This the same based strength of the tops consistently
as change contains does. ®1:%Xz» s Xy Actually in
question of the relationship @ = 0, the difference
d the number of series with, stroke g which is
geometric series between connection that it is not it is
obvious. Here new one of sequence ¥a purchase
given. This sequence to work geometric series
organize does. Y.N. Sukonnikin ¥= [5] investigation
numerical-geometric  which he called a series to
sequence dedication has been done. Numerical-
geometric series sequence has been in the recurrent
case so given: U,eq = qit, +d (1)

here g and d — are constants.

Inthe article itissaid that numerical-geometric
series special case § = 1 when d = 0 number
series, when to work geometric is a series. This line
up (D) initially in relation to
n =123, ..,q9 #1,d = 0to be intended is held.

Numerical-geometric line up limit revealed
formulais as follows:

d d

Upsy =q° (u1+ qu} — @

The same at the time numerical-geometric series
2nd compilation turning there was a sequence

Upsy = (@ + Du,—qu, ;1 (3)
equation with is given.

d= Up Uy sty

Ty
¥

Un ~Un-g

Numerical-geometric line up the difference so
appointment is:

Ay = Upgq — Uy 4

Submission which is numerical-geometric line
up 2nd compilation turning sequence naming [5] it
seems his first of differences sequence geometric
series formation with is connected. This is numerical-
geometric in the series (5) sequence, stroke g which is
geometric is a series.

The actuality of the subject. Instead, on the
same number of terms of the given geometric and
numerical series addition and subtraction given
Examining the geometric-numerical series obtained as
a result of actions and Deriving the appropriate
formulas for determining their main indicators of this
field of science deepens and serves its development.
The possibilities of applying the obtained results in
various fields of science expands . This point of view
topic is relevant.

The purpose of the study. Conducted on the
same numbered limits of the given geometric and
numerical series addition and subtraction geometric-
numerical series consisting of new sequences obtained
as a result of actions characteristics to investigate and
key indicators certain is to do.

Research object. Conducted on the same
numbered limits of the given geometric and numerical
series transactions as a result received new are

sequences .

Research methods. Theoretical studies of the
same numerical limits of given geometric and
numerical series on conducted transactions as a result
received new of sequences characteristics to study
service does.

Materials and discussions

With the direct participation of the limits and
other important indicators of the given geometric and
numerical series it is important to study the new
sequences obtained . On limits of geometric and
numerical series instead of collection made and exit
received from operations of new sequences
characteristics let's investigate.

Theorem 1. Given geometric and number line
up and either number and geometric line up from the
first a sequence consisting of the sum of the terms of
the same number starting from constitutes a
geometric-numerical series and his the second
differences form a new geometric series. The product
of this series is the given geometric seriesequal to the
multiplication has been limits number to work two
limit is less.

b, =b, +d(n—1)

bia,a,

Theorem from the condition it appears whom

one geometric and one number series is given. Let's

catch it that geometric series &, = @44 n_l, number
series and formulas with is given here and b,

—suitable a, the nth limit of geometric and numerical
series ; and — respectively, geometric and numerical
series first limit; g — geometric series stroke; d — the
numerical sequence difference; n — suitable series

limits common is the number.
[ I - A

b, by ..., b,

In the given formulas n=1,2,3... determine the
corresponding limits of the corresponding series by
writing the values make becomes | mean

geometric series hit g, number series difference
d.

This of ridges the same No limits collecting the
following sequence we get:
gy =a; +by,
g;=a,+hb,=a;q+b,+d,

g;=a;+b;=a,9°+b, +2d

g.=a,+ b, =a1q3+b1+3d’

Bn-z = Op-3 + bn—! = ﬂ’lqn_a + 'bl + d(ﬁ'— 3)
Bn-1 = Op—y + bn—l = alqn_: + lbl + d(n_ 2]

g. =a,+b, =a,q" ' +b, +dn—1) )
here 81-82, ...., 8n, — geometric-numerical line up

limits replaced expression; n — both too geometric
number line up limits is the number. 8182  8n
Every two given from the ridges organize

where for new sequence ),
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for now conditional as,

geometric-numerical series

let's call it
Now we determine the first differences ofdy ;

this series:

diyy=8:—8g1=aq+by+d—a;— b =a;(g—1)+d,
di;=gs—8=a;q° +by +2d —a;q — by —d =a,q(q—1) +d,

dLa = Ba

dyn-3= 8n2— Zn-3
=a,q" *g—1)+d

—g3=a,q°+b, +3d —a,q° — b, —2d =a,q*(q— 1) +d

=a,g" 3+ b, +din—3)—a,q"*—b, —d(n—4) =

dLn—z = Bn-1" Bn-:z7<T alqn—z + b, +d(n—2)— alqn—a —b, —d(n—3) =

=a,q" (g—1)+d

Ayp1 = 8n —8p_1 = aiqn_l + by +d(n—1)— aiqn—z —by —d(n—2)=

=a,q" (g —1)+d

dy;
here i = n — 1 — first of differences suitable limit
price; i — geometric-numerical line up first of
differenceslimits is the number, .

d ., Now we determine it:

dyy =dy,

—dy, =a;q(g—1)+d—a,(g—1)—d =a,(g— 1)?

U]

First of differences (7) from the sequence use by
doing (6) geometric-numerical of the ridge the second
differences

dy, =dyg—di, = a,q°(gq—1)+d—a,qlg—1)—d =a,q(qg —1)* =,

rfi:,m—1 = dl,n—! - rim—a = alqn—a(q —1)+d— alqn_4(q —1)—d=

=0,q" g ~ 1) =,

Ay = il,n—l - dﬂl

=a,q" (g — 1) = v,
d. —

£,

Il =

2 b

m=i—1=n—2 second here of
differences suitable limit price; m — the second of
differences in sequence of limitsis the number, .

U1y Vg s Uy (8)
in sequence d3 1, d5 5, «es s, and or limits is the
number.

m=n—2

Second of differences consisting of sequence,
to the definition according to Yes having a number
new geometricseries to be of the stroke for stable to
be conditional must be paid . This of sequence hit
find:

vy _ a,qlg-1)%

v, - a,(g—1)% My
Um E._qn_s':q—l}z _
s - 2, g™ *(g—1)2 =q

Vg, Vgy vy Uy

Received strokes equal to be shows that the

=a,q" (g—1)+d —a,q" (g—1)—d =

®)

second of differences sequence consisting of accented
geometric line up stroke with is the same and of this
series number of thresholds too

m=n—2-is_ m
n =m + 2 in his statement n - in by writing instead

received new geometric line up limits so can be:

vy =a,(g—-1)° v, = ayqlg—1)°
Um = a‘lqm_l[iq - 13‘.
where m =1,2,3,...by writing, a 1 and it is possible to
set any limit according to the values of q . Theorem 1
for received suitable geometric-numerical line up (6)
nth _ limit so is written:

g8, =a,q" ' +by +d(n—1) (6a)
from the sequence new geometric line up m _ limit is
as follows:

v, = a1q™ (g — 1) (9a)
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01,02,....0n (6) geometric-numerical of the ridge
n-first limit total the following is like:

S, =gy tg, +-+g,=ay+by+tay+by+-+a,+h, =

=a,_(q"—1)+b,_:rbnn
g—1 2
and either
g™ 2b,+din—
5n=ﬂ-q 1}+ = ﬂn ﬂn
g-1 z . (10a)

New geometric the ridge Vir¥z:--+Vm, (9)
sequence based on his m - the first limit total to work
the foIIowinngquom appointment is done:

Sp =22 = a,(q" — (g - 1. (11)

Theorem 2. The given geometry line up starting

gy =a; —by=a;+ (_bil

g: = fla — bﬂ
g3 = az — by
gy, = ay,— b,

with the first each one limit with given number a
sequence consisting of the difference of the same
numbered terms of the series constitutes a geometric-
numerical series and itsthe second differences form a
new geometric series. This series of the given
geometric sequence equal to the multiplication has
been limits number to work two limit is less.

As in Theorem 1, suppose a geometric series and
an numerical series b, given. Theorem condition
according to given geometric series , from the first
starting with each one extreme given number line up
the same No limit if we leave received new sequence
it happens like this:

; =a; + (_b:j =ayq+ [:_bi —d),
=az + (—by) = a,q° + (—b; — 2d)
= a, + (—by) = a,q° + (—b; — 3d)

8n = 4y — bn = a, + (_bn] = a’lqn_i + [_b1 - d(ﬂ' - 1:]] (12)

(12) in sequence exit practical collection with
being replaced theorem 1-in condition suitable as
received. Then according to theorem 1 of the new
sequence of (12). to organize a geometric-numerical
series and his second consisting of differences of
sequence to work new the formation of a geometric
series is obtained. This the product of the series is the
given geometric series hit is equal to and and the
number of limits is given than that of the series two
limit is low. This case too new geometric in series (9).
which is like (6) and (12) of sequences spelling
comparison if we do to see happens that only the
difference (12) each in writing of the second
summation for the limit opposite sign, that is, it is
negative. (6) and (12) that the first collected ones of
the geometric series in the corresponding limits of the
sequences are the same, but number to the series
belong which is the second of those gathered opposite
marked to be at the expense of received geometric-
numerical The limits of the series with the same
number are different in price. It is clear from the above
that the first of the sequence obtained after the
addition operation performed on the limits of the
given series and when determining their second
difference, the indices of the numerical series are
completely corrected, on the contrary, given
geometric line up indicators to work new geometric
the ridge they form.

These reasons, the same numbered terms of the
geometric series and the same numbered terms of the
numerical series collection on or the arithmetic
sequence of the sequence obtained as a result of
subtraction operations of being named based that it is
shows.

New geometric line up done coming for before

geometric-numerical line up first and the second
differences need to be determined. The transition to a
new geometric series is the second of the geometric-
number seriesof differences after the head to give his
3 rd compilation transitive geometric-numerical series
naming conditions .

If the limits and other indicators of the given
geometric and numerical series are the same for both
theorems if so, of the limits of the received geometric-
numerical series prices will be different. Despite this,
received new geometric of the series indicators
absolutely the same happens.

Theorem 2 for received geometric-numerical line
up (12) n - th limit is as follows:

g, =a;q" ' —b, —d(n—1). (12a)

This case received new geometry line up m - th
limit (9a) formula with statement is being

01,92,.-s On
5n=g1+g2 +"'+gn=a1_b1+a2 _bi +'"+Q‘,”—b” =

_aylg"-1)  biby
=T
(12) geometric-numerical of the ridge n - the first the
sum of the limit so appointment is done:
and either

_alg"™1)  2b4dn-1)

n
n g 2 . (13)

New geometric the ridge ¥1: ¥zs -2 Vm,  (9)
sequence based on his m - the first limit total theorem
in 1 (11) formula with appointment we do

Theorem 3. Given number line up from the first
starting with each one limit with given geometric The
sequence consisting of the difference of the same
numbered terms of the series constitutes a geometric-
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numerical series and its the second differences form a
new geometric series. This series of the given
geometric sequence is equal to the product and the
sign of its limits changes oppositely, and the number
of its terms is two less. For example, number series a,
and b, geometric series is given. According to the

g, =by —a; =by +(—a;) = —a; + by,
g3 =by—a; =by+(-ay) =—a;+b, =
gs=by—a,=b,+(-a,)=—-a,+b =

(14) sequence also, in (12). as in the subtraction
operation replaced by summation, theorem Received
in accordance with the condition of 1. Then (14)
makes the new sequence a geometric-numerical series
and sequence consisting of its second difference and
forms a new geometric series. Previous in this series
in theorems from those received the difference his of
the sign of limits of the given on the contrary change.

For example, for the considered case, if the limits
of the given geometric series have a positive sign , the
new geometric line up limits sign on the contrary, it
will change and negative will be.

Thus, it consists of the second difference of the
geometric-numerical series obtained under the
conditions of theorem 3 the sequence also forms a new
geometric series. The product of this series to the
product of the given geometric series is equal to limits
sign on the contrary changes, limits number to work

01,92,...,0n

condition of the theorem, the given numerical
sequence , starting from the first, each one if we
subtract the same numbered limit of the given
geometric series from the limit received new
sequence so can:

= _a'lq:'_ II'.}1 + d’
—a,q"+b, +2d
—a,;q®+b, +3d

n=—ayq" " + by +d(n—1) (14

two limit is less.
New geometric line up limits (14) and (9) entries
suitable as so can be: )
v, = —a,(q — 1)7, i
v, = —asq(g — 1)°

v, =—a,;,q" (g — 1) (15)

here m = 1,2,3, ..., known a; and of q _ relevant
prices suitable (15) new geometricof the ridge any
limit appointment make possible.

Theorem 3 for received suitable geometric-
numerical line up (14) n - th limit so is written:

g, = —a;q" * + b, + d(n — 1) (14a)

New geometric m - th of the series limit to (15).
suitable as such statement is:

v,, = —a,;q" (g — 1)* (153)

S, =g tg++g,=—a;+b—a+by——a,+b,=

T i 4
—a,lg™1)  B,+h
=—= +—=—1n
g—1 2

(6) geometric-numerical of the ridge n-first limit total
so is taken:

and either
5. = —a, (g"-1) + 2b,+din—1)

q-1 z (16)
New geometric the ridge ¥1: Yz -+ Pm , (15)

sequence based on his m — the first limit total so
appointment we do:

Sp= 2T = —a@n - D@—D gy
Example 1. If of each number of thresholds 6,
stroke g=3 which is geometric series
2, 6, 18, 54, 162, 486 and given a numerical
sequence with difference d=2 3, 5, 7, 9, 11, 13 the 3rd
set of transition geometric-numerical series obtained
by collecting the terms with the same number starting

from and new geometric line up limits and of the latter

hit appointment do it

According to the condition of the example, by
performing the summation of the limits , the 3rd
arrangement is a transitive geometry. number line up
limits appointment we do:

5,11,25,63,173,499. (M1)

Geometric-numerical line
differences we find:
dy, = 6,d;; = 14,d, 5 = 38,d,, = 110,d, ; = 326.

First of differences 6, 14, 38, 110, 326
sequence based on geometric-numerical of the ridge
the second differencesappointment we do:

dy, =8,d,, = 24,d,, =72,d,, = 216.

Second of differences

8,24,72,216 (M2)

sequence new geometric series that it is certain
make for his hit we find:

q, =24:8=3,q,=72:24=3,q, = 216:72 = 3,

up (M1) first
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Received strokes equal to be with geometric-
numerical of the ridge the second of differences
consisting ofof sequence stroke q=3 which is new
geometric series which is certain was done.

v, =2-1-4=8v,=2-3-4=24,v, =2-

is taken.

Example 2. Based on the conditions of Example
1, the same number of the same number of the
geometric series is the same number of the numerical
series the limits of the 3rd set of commutative
geometric-numerical series obtained by subtracting
the limit of number and this series the second of
differences consisting of sequences new geometric
line up limits and set the stroke do it

First give an example condition suitable as the
3rd compilation transitive geometric-numerical line
up limits appointment we do:

-1,1, 11, 45, 151, 473. (M3)

Geometric-numerical of the ridge (M3) first
differences we find:
dy, = 2,dy, =10,d,; =34,d,, = 106,d, ; =322,

First of differences 2, 10, 34, 106, 322
sequence based on geometric-numerical line up the
second differencesappointment we do:
dL1 =g, dz,z = 24, dz,a =72, d2,4 =216,

The product of the new geometric series (M2)
obtained since the values of the second differences are
the same as in example 1 ,limits number, also other
prices there too same as received will be.

Example 3. If each the number of terms of one
5, the difference d=3 which is number series

3, 6,9, 12, 15 and the geometric series with the
term =3 5, 15, 45, 135, 405 is given, then the
numerical series, Starting from the first, the same
number of the geometric series from the end of the
same number taken if we exceed the limit3 rd
compilation transitive geometric-numerical line up
limits and new geometric line up limits and hit
appointment do it

For example condition suitable as, of limits
deduction instead of giving geometric-numerical line
up limits appointment we do:

-2, -9, -36, -123, -390. (M4)

Geometric-numerical of the ridge (M4) first
differences we find:
dyy=-7,dy, =-27,dy; =—-87,dy, =267

First of differences -7, -27, -87, -267 sequence
based on geometric-numerical line up the second
differencesappointment we do:

dyy =—20,dy, =—60,d,, =

Second of differences

-20, -60, —180 (M5)
sequence new geometric series that it is certain make
for his hit we find: g, = 3,q, = 3,93 = 3.

A sequence consisting of the second differences
of a geometric-numerical series with the received
points being equal It is certain that there is a new

—180 .

m=n—2=6—2=4 (9) formula based
on too new geometric line up limits certain let's:Limits
being the number

9.4=72,v,=2-27-4 =216

geometric series with variable q=3, opposite sign and
different values was done.
m=n—2=5—2=3
Based on the formula (15a), let's determine the
limits of the new geometric series:Limits being the
number
v, =-5-1-4=-20v,=-5-3-4=—60,v, =—5-9-4=—180
is taken.

The result

1. Studies have shown that v given geometric
and numerical series, starting from the first one, are
the samea sequence consisting of the sum of the terms
of no The 3rd arrangement forms a commutative
geometric-numerical series and his the second
differences form a new geometric series. The product
of this series is the given geometric seriesequal to the
multiplication has been limits number to work two
limit is less.

2. ltis established that with each term of the
given geometric series, starting from the first one the
sequence consisting of the difference of the same
numbered terms of the given numerical series, the 3rd
arrangement, transitive geometryconstitutes a number
series and its the second differences form a new
geometric series. This series stroke given geometric
line up hit equal to and the number of limits two terms
less.

3. It has been proven that given given by each
term of the numerical series, starting from the first one
The sequence consisting of the difference of the same
numbered terms of the geometric series is the 3rd set
of transitive geometric constitutes a number series and
its the second differences form a new geometric series.
This series whose product is equal to the product of
the given geometric series, and the sign of its terms
changes oppositely, the terms ofnumber to work two
limit is less.

4. Given geometric and number ridges, from
the first starting with the same No limits on conducted
collection and exit deeds as a result received new of
sequences 3 rd compilation transitive naming the
geometric-numerical series is justified . For the
formation of a new geometric series first, it is
necessary to determine the first and second differences
of the geometric-numerical series. New geometry the
transition to the series occurs after the second
differences of the geometric-numerical series , its 3rd
arrangement transitive geometric-numerical naming
the series conditions .

The novelty of the research work. It has been
proved that if a given m number of 1- If we multiply
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the terms of the same numbers of the number series,
then the new sequence of numbers obtained The m - th
arrangement forms a number series. For the first time,
the general difference of high-order numerical series
and the 2nd compilation number line up n-first limits
of the total formulas removed .

Importance of research work. The obtained
results can be included in the textbooks of the
respective schools. Various science in the fields
number sequence with connected with issues related
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Introduction

Adult students are completely different form
children or adolescent students. Compared to younger
group of students, adults do not need that much
demonstration but ask for more explanation and
formulation of principles. They are matured, their
intelligence has already developed. They went
through a whole educational system and they dispose
of rich personal experience. They have also developed
specific habits and have specific expectations. Adults
are in many cases not really interested in language, but
in what they do through it. That is to say, adult
students view language as an instrument for doing
other things. It is not always easy for them to make a
decision of enrolling to a language course. They know
they need to learn English for some reason - they
dispose of a high degree of extrinsic motivation. But
they also know that they will be in the same class with
other students. This fact can be quite stressful for
some of them. They are sure that “others’ level of
English will be different from theirs, that they might
not be good enough and the “others” might see it. It is
not a pleasant idea and can play a key role in their final
decision to “go for it” or not.

Doi: &os¥® https://dx.doi.org/10.15863/TAS.2023.10.126.26

Quite interesting is the transformation of an
attitude towards goals and their fulfilling in
connection with the age of students and their mental
development. Young learners can learn English with
remarkable ease, enthusiasm and naturalness. They do
not understand short/long-term goals as such. What
they understand is the final classification and that it is
important. More important are for them everyday
activities presented in a form of games. They
understand that there are task to be done, they do them
and learn through them. These tasks represent short-
term goals and attract children’s concentration and
attention through providing direct motivation (boring
activity can attract children’s attention only up to 40
minutes). Constant change of activities is beneficial
and ensures fulfilling of the defined goals.
Adolescents are in a very difficult condition as they
often mean something completely different from what
they actually feel and do. This ‘disharmony’ is caused
by proceeding physiological change in an individual.
They are competitive, they need to be seen in a good
light by their peers and are very sensitive to criticism.
They are extremely impatient and expect the success
to come soon after setting the task. The morefast the
cycle ‘Task — Success — Appreciation — New task’ is
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the more motivating it is for them. They are not aware
of long-term goals. Their inspiration is mere curiosity.
It is necessary to explain why they should learn
concrete language items or do concrete activities so
that they are aware of their short-term goals the same
as of their long-term goals. Moreover, the goals
should be reminded to them regularly during the
learning process as their interest in them can waver.
Completely different situation occurs with adults.
Since they usually choose themselves to be present in
English lessons they are also usually highly motivated
intrinsically. Their values have already been
determined, they are well aware of their aims and they
want to fulfil them. They are matured and responsible
enough to realize that if they want to reach their aim(s)
they must sacrifice something to that. They of course
need to be encouraged from time to time to increase
their motivation but generally they are easier to deal
with than adolescents. None the less experience of
success and praising are very important for them as
well as they are for everyone else, including children
and adolescents. Praising is a proof of success and
success is always highly motivating. Therefore it is
wise to increase students’ interest and motivation by
sensible use of praise.

One of the main objectives that adults have for
learning English is to improve their vocabulary and
improve it fast.

As we know, there is little worse for an English
teacher than having frustrated adult students in a class
who aren't either learning the vocabulary they want to
or improving their English as quickly as they think
they should be doing.

Most people don't learn English because they
have a love of languages. Most adults are learning
English for a purpose, whether it be to pass an exam,
for business, their career or to go on holiday. So when
deciding what vocabulary to teach them, you need to
choose vocabulary which is useful or necessary for
them.

The problem with adult classes in doing this is
that they all have their own interests (e.g. football,
technology, fashion etc...) and reasons for learning
English (career, job hunting, business, travel etc...). If
students aren't interested in the vocabulary they are
learning, they'll just get bored and unmotivated. For a
teacher choosing the right vocabulary to teach in class
can be difficult.

The constant need to satisfy language
(especially English) demands stipulated by potential
employers affect everyone. Nowadays children
usually start with English or some other languages in
very young age. Sometimes they acquire a relatively
high level before the end of their compulsory
education. On the other hand older generations are in
a huge language disadvantage. Learning English is not
easy at all for them unless they dispose of at least basic
knowledge of it (or some other Germanic language) or
of general talent for languages. It is not easy at all to

learn in mature age. Certain psychic barriers might
negatively influence learning. To avoid that it is
necessary to select the right and efficient learning
strategy for adult students taking into consideration
various important aspects arising out of their specific
needs. The aim of this work is to discuss adult
students’ vocabulary teaching possibilities and outline
suitable ways of effective and comfortable dealing
with them.

In this section | would like to present some
suggestions and possible ways of how to teach English
vocabulary effectively through techniques which | use
in my lessons and which can be further extended into
other variations. They were mostly inspired by Craig
Wealand’s ideas presented on the Internet pages
(http://www.mansioningles.com/profesores08.htm).
They are based on the fact that students tend to group
words and make associations and connections for
better remembering. It is useful to find out the ways
students learn new words, if they use particular
techniques or systems and adjust them to be used in
their lessons. The following techniques can be of good
support to that.

FLASH CARDS

Flash cards are well known as a very useful tool
for learning language. Yet the general opinion is that
flash cards have a limited use and work well especially
with young learners since they help them to visualize
words. As cards can contain various things (words,
pictures, phrases, functions, sentences, symbols etc.)
their use is not limited at all and neither is the age of
students they are suitable for. There is probably no
reason to explain the principle of working with flash
cards, as their use is more or less familiar to everyone.
But it might be interesting to realize that cards with
simple icons can help e.g. with revising when a simple
pointing to a requested gender, tense or sentence form
(positive, negative, question, imperative, statement)
indicated on cards can represent a fast and non-
disturbing way of instructing the student’s production.
Obviously, many other icons can be invented to
indicate certain requests.

WORD WALLS

A word wall is a systematically organized
collection of words, phrases, functions etc. displayed
in larger letters on a wall or other well visible place in
the classroom. It is a tool which highlights significant
points and offers a visual reminder and an instant
exposure of contained notes to students. They can
refer to them as often as needed and they usually use
them throughout the lesson whenever they are not sure
about a certain language item or just for a simple
checking of spelling, correctness of structures, etc.
Some teachers have invented a system of big sheets of
paper containing individual selections of various
phrases and functions for students. Whenever we
come across a new one, we add it to our word wall in
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a form of a strip of paper glued to the corresponding CONVERSATION
group. E.g.: Saying god-bye: It was a pleasure to meet Repetition is  closely  connected  with
you. Take care and see you soon again. Disagreeing: | conversation in communicative means. Students

see it a different way. I see what you are saying but...
I am sorry but | must disagree there. Expressing
somebody’s opinion completely absolutely entirely
certainly

INSIGHT PICTURES

The characteristic of words can be represented
the way they are written. Through this vocabulary gets
personalized, which helps with remembering.
Students can draw a word in any way they imagine it
or associate it.

MEMORY
ASSOCIATIONS

This technique is based on a principle of
similarity of words from different languages. If the
sound of a word reminds students of a word from their
language it is worth to make an association, which
would help them to remember it.

PICTURES AND WORD

REPETITION

Learning of language items is primary but
exercise and activities focused on repetition are very
important too. It is supposed to be the third and last
stage of so called PPP principle (Present — Practice —
Produce). Repetition is a very useful way of not only
bringing to mind and revising vocabulary items,
which students has already learned, but it is also a
great chance to find out what has already been well
mastered by students and what needs more practice or
possibly more explanation to be fixed. When we do
exercises we concentrate on the parts that are not clear
or make any kind of trouble (pronunciation, linking,
tenses, collocations, meaning...). The problematic
parts are marked to be easily found for later checking.
Most students are asked not to write answers into their
students’ books for being able to work on the same
exercise more times. Is it not a problem because the
key for the exercises is available and if not we note the
right answers into their exercise books. This way they
can work and practice with the exercise at home.
Doing the same exercise twice might seem to be
boring but it is not and it is very effective indeed.
Repetition of a certain exercise can help to improve
the language enormously. Every time a problematic
word or phrase is repeated either in the same or in
different context is becomes more clear and familiar.
The types of exercise we usually do are matching parts
of collocations, expressions, lines of dialogues; gap-
filling with supplied words/expressions; finishing
sentences (I would like to...... ); true/false
(correct/incorrect) exercises for reading
comprehension or checking grammar used in supplied
sentences.

sometimes find it difficult to express themselves in
particular situations or when they have particular
communicative intentions. It has already been
mentioned above that the aim of practice is to be able
to modify and adjust the language to the actual
knowledge and communicative ability of students.
The improvement is possible only through practice. |
never believed that re-learning the example
conversations is a good idea for developing
communicative ability. It may increase a negative
feeling of dependence on the learned lines and inhibit
the natural spontaneity of expressing the learner’s own
ideas and reactions. Therefore | make my students to
speak as much and as free as possible and insist on
their using English for any comments they make
(which is unfortunately not always observed). For
practicing conversation we use a very effective
technique. We pick up words either accidentally or
deliberately and talk about them. Another way to start
conversation is working with pictures. Pictures
showing social situations (a couple on a bench in a
park, a girl on a bicycle, a group of people waiting for
their bus...) interest students as they offer a possibility
to imagine who the people are, what are they doing
and why, what happened before and what might
happen next. Pictures provide a good source of topics
for speaking. Another useful way for practicing
conversation is to work with texts. It is so-called
learning for comprehension. The teacher firstly reads
dialogues and stories so that a student should listen
carefully to get an idea what the text is about and
provide a short content of the story. Second listening
is done over the text — students listen and read
consequently. After this reading they should be able
to provide more detailed information. According to
the difficulty of the text we either discuss unknown
words and phrases or continue with the final reading —
by a student. This final reading should prepare
students to be able enough to retell the story in their
own words, to paraphrase it or summarize it. A role-
play activity for further practice sometimes follows.
The presented scheme is usually more or less
successful but there are many aspects influencing the
process like tiredness, health condition, level of the
text, weather... The good thing is that every activity
can be simply adjusted to the actual circumstances.

MAKING MISTAKES

Mastering a new language is not an easy task at
all. It is a very complicated process which is
unavoidably connected with making mistakes. There
is a variety of mistakes: error, mistake, slip of the
tongue, fossilised mistake etc. They all are made for
various reasons but we will simply use the general
term ‘mistake’, which will be sufficient for this
matter. Whatever activity students do it is always
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closely connected with making mistakes. That is a
natural rule. The traditional way of looking at
mistakes is that they are forbidden. Students should
perform in a way of avoiding them otherwise they are
most likely to be reproached and punished by a bad
mark. But this attitude is completely wrong. It is the
other way round. Students should not be afraid of
making mistakes at all. Mistakes are extremely
important for learning and making them during their
learning process is the best way of a successful
acquisition of the language. When my student makes
a mistake we usually take advantage of it and discuss
the particular piece of grammar and compare it
possibly with other ones to see clearly the difference.
It usually brings smiles to the face of my student and
the sentence containing the wrong item is well
remembered for a long time, which is highly effective.
Teacher’s strategy is to encourage students to speak as
much as possible in our lessons and not to be afraid of
making mistakes at all. This is agreed at the very
beginning of our course. Students do not get
reproaches for their mistakes. They are actually being
‘praised’ for making them by comments of a type: ‘It
is very good we have come across this mistake. Not
making it we could have miss an important thing. Now
we can look closely at that particular item and find out
where the problem is...” It usually works. Students are
not stressed by a negative reaction and take mistakes
as a normal part of a learning process.

USING SINGING

Singing songs in English is a good activity for
learning the word in class. If students sing one or two
songs with appropriate gestures, a harmonious class
atmosphere is encouraged, and students attention is
easily focused. Singing songs with gestures, using
them just as with poetry, increases student
involvement in the learning process. Activities that are
gestural, visual and physical can be used in learning
new skills which include both learning physical
concepts, as well as arriving at the goal of learning and
knowing vocabulary words. [4;365]

In the class, teachers can divide the whole class
into several groups; each group is required to
participate in the chorus so that they can master
more and more vocabulary words in the activity of
collaborative learning for young and adult
students. Students can connect certain vocabulary
words with the music, hence raising students’
interest in reviewing some English words. For
example, when the students are reviewing vocabulary
words about the different parts of one’s body, the
teacher can connect these words with the popular song
titled “The Song of Health” whose words are as
follows: “Please get up early, shaking hands, kicking
legs, bending arms, clapping shoulders, so that you
will be healthy.” The brisk rhythm, melody, and
different tones and cadence will attract the attention of
primary pupils. They can dance together while singing

this popular song. This series of activities will make
students  remember the vocabulary  words
automatically.

TOTAL PHYSICAL RESPONSE

Originally developed by James Asher, an
American professor of psychology, in the 1960s, Total
Physical Response (TPR) is based on the theory that
the memory is enhanced through association with
physical movement. [5;3] It is also closely associated
with theories of mother tongue language acquisition
in very young children, where they respond physically
to parental commands, such as "Pick it up" and "Put it
down". TPR as an approach to teaching a second
language is based, first and foremost, on listening and
this is linked to physical actions which are designed to
reinforce comprehension of particular basic items.

Atypical TPR activity might contain instructions
such as "Walk to the door"”, "Open the door”, "Sit
down™ and "Give Maria your dictionary”. The
students are required to carry out the instructions by
physically performing the activities. Given a
supportive classroom environment, there is little
doubt that such activities can be both motivating and
fun, and it is also likely that with even a fairly limited
amount of repetition basic instructions such as these
could be assimilated by the learners, even if they were
unable to reproduce them accurately themselves.

This technique works great with Kinesthetic
learners, namely those who learn best by moving their
bodies. Most teachers are aware of the advantages of
Total Physical Response in the ESL classroom.

The main advantage of TPR is that teacher can
get students physically engaged in the lesson. It gets
them out of their seats and shakes things up.

REALIA

It is not secret that all group of learners has the
more interest to the objects that one can touch, hold
and feel, rather than picture of this objects. The use of
realia or real-life objects in the ESL classroom can
make a huge difference in student learning. It engages
them and motivates them to learn. It’s fun and sets a
more natural learning environment

Realia-real  things-represent  the  actual
conditions with which the learner will live. As such,
realia should be used whenever possible. Real things
are available. The task is to locate them and put them
to use in helping students learn. Examples of realia
are: insects; coins; rocks; plants; pets; and stamps.

ROLE PLAYING

Teaching students vocabulary can also be based
on dialogues. Teachers can introduce some of the
words which provide both definitional and
contextual information about the words to be
learned by making up a dialogue for students so
that students can understand a further meaning and
usage of the words.[1;524] For example, in a class,
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the teacher could ask a group to design how to
begin the new lesson with an interesting dialogue
between teacher and students:

T=teacher S=student

In this section have been described ideas that
could be useful and very supportive for teaching
English. As long as teachers dispose of a variety of
diverse activities they have a good chance to find just
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Introduction system and several faults that occur in asynchronous

Asynchronous motors are the main consumers of motors, asymmetrical and non-sinusoidal currents
electricity, they are designed to work under appear in asynchronous motors and they have a
symmetrical and sinusoidal voltages, but due to the negative effect on the operation modes of the
connection of various loads to the power supply asynchronous motor [1].

stator

rotor

A

+ T
ia

Figure 1. Schematic diagram of a three-phase asynchronous motor.
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The formation, types and negative effects of
asymmetric currents caused by various effects during
the operation of an asynchronous motor are
considered. In the stator of an asynchronous motor,
symmetric windings are placed at an angle of 120°
from each other, when voltage is applied to these
windings, corresponding magnetic currents are
generated in each phase according to the magnitude of
the voltage (Fig. 1) [2].

Methods: Asynchronous motors have amplitude
asymmetry and phase angle asymmetry. As a result of
various effects, the asymmetric currents in the
asynchronous motor lead to the asymmetry of the
magnetic fluxes in the stator (1) and it is as follows
[3].

<I>A(9,t)=%(bm{sin(9—a)t) +sin(0 + o))} )
®,(6,1) =%<Dm{sin(9—wt)+sin(9+a) _%”j}

D (0,1) =%(Dm{sin(9—a)t) +sin[9+ ) —%”j}

where 6 — the angle between the magnetic flux and the
stator current, ®m, — main magnetic flux.

Analysis  of asymmetrical currents in
asynchronous motors.

In  three-phase  asynchronous  motors,
asymmetrical currents occur when the amount of
currents in each phase differs from each other. The
causes of asymmetrical currents in asynchronous
motors are as follows:

i (A) 4

» Damage to the stator coil

* Bearing damage

» Damage to the magnetic circuit

* Operation in extreme load mode

*  Asymmetrical supply voltage

Based on the above reasons, asymmetrical
currents cause the following negative effects in
asynchronous motors:

» Causes the power factor to decrease

» Causes an increase in the temperature of the
asynchronous motor

» Leads to a decrease in stator torque

» Causes the stator current to increase

* Increases the amount of noise and vibration

« Asynchronous motor shortens the operating
cycle

The asymmetrical currents that occur in
asynchronous motors are as follows:

1. Amplitude asymmetry (if the currents in each
phase differ in amplitude).

2. Phase asymmetry (if the currents in each
phase do not form an angle of 120° from each other).

Amplitude-asymmetric currents occur when the
amount of currents in each phase differs from each
other in terms of amplitude, and the coefficient of
asymmetry is different from one. (Fig. 2) Amplitude-
asymmetrical currents create a magnetic flux in the
opposite direction in the stator of the asynchronous
motor, which causes a decrease in torque, mechanical
power, and heating of the asynchronous motor [4].

WATAYA

P

t{sek)

Figure 2. Time-dependent description of amplitude asymmetry currents.

Li(A) 4

AVATA

t{sek)

Figure 3. Time dependence description of phase asymmetry currents.
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Phase-asymmetrical currents occur when the
phase angles of the currents in each phase differ from
each other, that is, the angle between the phase
currents is not 120°. Phase asymmetry currents, like
amplitude asymmetric currents, create a magnetic flux
in the opposite direction in asynchronous motors,
which leads to a decrease in the torque and mechanical
power of the asynchronous motor, as well as its
heating (Fig. 3). Phase asymmetry currents have a
greater negative impact on the operation of an
asynchronous motor compared to amplitude
asymmetry currents [5].

The main negative effects of asymmetrical
currents are overheating of asynchronous motors and
generation of a torque opposite to the direction of the
main electromagnetic torque, which has a negative
effect on the insulation of the stator winding.
Exceeding the specified amount of asymmetrical
currents in an asynchronous motor leads to a
shortening of its working life. If the amount of
network voltage asymmetry is 4%, it causes the
operation period of the asynchronous motor to be
reduced by two times [6].

Figure 4. Mechanical description of a three-phase asynchronous motor under the influence of asymmetrical
currents.

As a result of asymmetrical currents creating an
electromagnetic moment of equal and opposite
direction in the stator of an asynchronous motor, the
slip coefficient of an asynchronous motor is also
divided into two, and it is described in the following
mechanical description (Fig. 4).

The slip coefficient of an asynchronous motor in

the direction of the electromagnetic field is
determined as follows:
w,— @,
Sm =S T _ 1——r (2)
, 1)

S S
The slip coefficient of an asynchronous motor
against the direction of the electromagnetic field is
determined as follows:
-, — o, ,
Sy = it B S e & (3)
— Wy @y
where ws— angular velocity of the magnetic flux in the
stator, o — angular velocity of rotor.
The power of an asynchronous motor is
determined as follows:

3R, U,,)"

R 2
S, [r] + X2
Sq

where P, — active power in the appropriate direction
(5), Pq — active power in the opposite direction (6).

The effect of asymmetrical currents on the
electromagnetic torque of an asynchronous motor is
determined as follows:

P, - (6)

M=M,+M, (7
P 3RU,) 1 (8
S, (R,] +Xf}
Sm
M _i_ 3R, (U,)° 1 9)
! a)S ws

2
S, (Rrj +X?
Sq

P=R,+F, 4) where My, — electromagnetic torque in the appropriate
direction (8), My — electromagnetic torque in the
R 2 o B Vg
P, = 3 r(Uzlm) (5) opposite direction (9).
R, ) The torque in the opposite direction due to the
Smy| — | + X asymmetrical currents reduces the amount of the main
S :

m electromagnetic torque and, as a result, reduces the
electromagnetic torque of the induction motor and is
defined as:

*
Philadelphia, USA 347 '; Clarivate

Ana lytics indexed



ISRA (India)  =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIE =1.500 SJIF (Morocco) =7.184  OAJI (USA)  =0.350
3R U,,) 1 3R, (Uy)® 1 (10) In three-phase asynchronous motors, non-
= - o sinusoidal currents occur due to high harmonic

- 2 a)S 2 S
s B ext ™ a2 e
Sm Sq

Power losses due to asymmetrical currents are
determined as follows:

3R, (Uy,)’ R U, | (D

2] ] 2]

Due to asymmetrical currents, the occurrence of
a magnetic flux in the opposite direction in the stator
of an asynchronous motor leads to an increase in
reactive power, which leads to a decrease in the useful
efficiency of the asynchronous motor, which is
defined as follows:

_&_ (1_Sm)Pm

P P,+P,

(1_ Sm)

2
S, (Rf] +X?
sq

where Un — appropriate direction voltage in the stator
windings, Uq — opposite direction voltage in the stator
windings.

The analysis of the asynchronous motor
asymmetrical currents shows that by reducing the
amount of electromagnetic torque in the opposite
direction generated in the stator with the help of
compensating devices, it is possible to increase the
useful efficiency of the asynchronous motor.

Analysis  of non-sinusoidal currents in
asynchronous motors.

(12)

(13)

L(A) 4

currents generated in the stator. The formation of high
harmonic currents in electric energy consumers in
enterprises is not desirable, which leads to the
deterioration of the technical and economic indicators
of electrical devices [7].

In asynchronous motors, high harmonic currents
are formed due to the following effects:

* Increased asynchronous motor load

* Low power of the asynchronous motor
supply transformer

» Length of asynchronous motor supply cable

« Control of asynchronous motors through
devices consisting of semiconductor elements

« Faults in the electromagnetic system of the
asynchronous motor

* Malfunctions in the mechanical system of the
asynchronous motor

* Non-symmetry of rotating parts of an
asynchronous motor

* Operation of asynchronous motors in a
network with different non-symmetrical loads

Due to the above reasons, non-sinusoidal
currents cause the following negative effects in
asynchronous motors:

* Reduces active power factor

* Leads to reduction of asynchronous motor
torque

* Asynchronous motor causes overheating

« Affects reactive power compensation and
starting capacitors

+ Affects the winding insulation of the
asynchronous motor stator

* Increases the error in the counters for
determining the active and reactive energies of
asynchronous motors

e Causes a malfunction of the switching
devices in the protection system of the asynchronous
motor

VAR

t(sek)

Figure 5. Time dependence description of asynchronous motor nonsinusoidal currents.
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Higher harmonics are divided into the following
types:

3,6,9,12,15, 18, 21, 24, 27, 30... zero-sequence
(triple) harmonics, such harmonics are generated in
asynchronous motors due to single-phase loads in the
mains, three-phase loads connected to the mains are
triple does not produce harmonics. This type of higher
harmonics has a low current value, so this type of
higher harmonics has almost no effect on the main
magnetic flux.

4, 7, 10, 13, 16, 19, 22, 25, 28, 31... suitable
sequence harmonics, such higher harmonics generate
magnetic fluxes in the direction of the main magnetic
flux of asynchronous motor, high frequency magnetic
fluxes generated by higher harmonics are
asynchronous causes the temperature of the motor to
increase.

2, 5,8, 11, 14, 17, 20, 23, 26, 29... reverse
sequence harmonics, such type of super harmonics
produce magnetic fluxes opposite to the main
magnetic flux direction of induction motor, these

M,

Sy

M,= M, + M; + M;

higher harmonics high-frequency magnetic currents in
the opposite direction caused by the asynchronous
motor lead to a decrease in the electromagnetic
moment and an increase in the temperature and
reactive power [8].

Each higher odd harmonic current generates
electromagnetic torques in the stator, respectively.
These torques in turn have corresponding slip
coefficients for each of the odd harmonics and is
illustrated in the mechanical description below (Fig.
6).

Result: non-sinusoidal currents are generated
due to high harmonic currents generated in the stator
of an asynchronous motor depending on certain
factors (Fig. 5). Negative effects of odd harmonics can
be seen mainly in asynchronous motors. Double
harmonics are compensated in the magnetic field, so
their effect is absent. High harmonics mainly cause
heating of asynchronous motors and reduction of
active power factor [9, 10].

i T

M;

M,

Figure 6. Mechanical description of a three-phase asynchronous motor under the influence of non-sinusoidal
currents.

The effect of high harmonic currents generated
in asynchronous motors on asynchronous motors is as
follows:

The effect of zero-sequence and even harmonics
on the main magnetic flux of a three-phase
asynchronous motor is almost non-existent, mainly 5,
7, 11, 13, 17, 19, 23, 25, 29, 31.. higher odd
harmonics have a negative effect . Moments in the
corresponding direction caused by non-sinusoidal
currents were determined by the expression 6n+1, and
moments in the opposite direction by the expression
6n-1[11, 12].

The slip coefficient generated by high harmonics
corresponding to the direction of the electromagnetic
field of an asynchronous motor is determined as
follows:

Wen1 — Oy @,
Seni1 = =1- (14)
a)Gn+l a)6n+1

The slip coefficient of the asynchronous motor
generated by high harmonics opposite to the direction
of the electromagnetic field is determined as follows:

— Wgny — W, =1+ %
— Wgny W

where Sgn+1 — the slip coefficient generated by higher
harmonics in the appropriate direction (14), Sen-1 — the
slip coefficient generated by higher harmonics in the
opposite direction (15).

Torques in the opposite direction lead to a
decrease in the main electromagnetic torque and are
given below:

Sen1 = (15)
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N N In three-phase asynchronous motors, due to the
ZM =M i +2Mm.(6n+1) _ZMq.(en—l) (16) effect of high harmonics, there is an increase in
=t 5 n=t (17) electrical and electromagnetic power losses and a
M _ 3R (U enin) 1 decrease in mechanical power.
m-6n-1) R 2 @oni1) The active power resulting from higher harmonic
Sim.(6n+1) (s : J + X! currents is given below:
men Pout = (1_ Sl)Pl - Z(l_ Sen—l)Pﬁn—l + Z(l_ 56n+1)PGn+1 (21)
B 3R, (Ulq.(s,H))2 1 @18 The useful duty factor resulting from high
a.(6n-1) Dons harmonic currents is given below:
ne

2
R 2
Sc|.(6n—1) : + X r
Sq.6n-1)

where Mmain — main electromagnetic torque of an
induction motor, Mm en+1) — electromagnetic torque
generated by higher harmonics in the appropriate
sequence (17), Mmen1y — IS an electromagnetic
moment generated by higher harmonics in the
opposite sequence (18).

The value of the total harmonic distortion of non-
sinusoidal currents generated in an asynchronous
motor is determined as follows and its value is
expressed in %:

2
N
THD, = Z('kJ (19)
n=2 Il
In three-phase asynchronous motors, high

harmonic currents lead to a decrease in power factor,
which is given below:

COS@:% (20)
1+(THD,)
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Introduction methodology, algorithm, and program for studying the

The problem of studying the mutual influence of diffraction and special properties of non-dissipative
underground structures with the ground is considered cylindrical bodies has not been sufficiently resolved
important. Different types of underground structures [10, 11]. Various theoretical concepts have been
can be used to solve this problem. In recent years, the proposed to address these issues of non-dissipative
construction of underground communications has been cylindrical bodies with either a segmented or non-
actively carried out in seismic zones. Therefore, it is segmented design, with the results (approximate and
necessary to assess the reliability of such structures precise) requiring further scrutinization and utilization.
(tunnels, pipelines, underground roads, etc.) under the
influence of seismic and landslide processes, and 2.Methods
studies the state of deformation and strengthening [1- 2.1. Purpose of the study
3]. To study the state of underground structures under The purpose of the research is to develop a
seismic influence, there are two main methods: methodology and algorithm for studying the dynamic
experimental research and theoretical analysis [4, 5]. deformation state of a cylindrical body consisting of an
The methodology, algorithm, and program for studying ellipsoidal neck section located in a rubber-elastic
the diffraction and special properties of elastic environment under the influence of harmonic
materials in elliptical cylindrical bodies interacting vibrations, and to obtain and analyze quantitative
with each other and a vibrating environment has not results (Figure 1). This article discusses the problem of
been sufficiently solved [6-9]. In addition, there is no diffraction of harmonic waves on an elliptical
established scientific basis for studying the special cylindrical cavity in an elastic medium, and presents a
properties of non-dissipative cylindrical bodies. The method for solving this problem and the numerical

[ ]
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results. The connection between deformation and
distortion is expressed by the Bolzmann-Volterra
integral. The diffraction of harmonic waves in an
elliptical cavity is related to the problem of the theory

& = const

of elasticity in a purely deformed state. The problem of
the relationship between elasticity and deformation in
the elastic medium is solved by using the Lame
equation for a deforming solid.

M = const

7

1- Figure. Schematic representation of an elliptical cavity.

The equations that express the processes of
diffraction are derived using the wave equation and are
solved using the Math function. Finite results are
obtained and analyzed. The diffraction of elastic and
acoustic waves on cylindrical bodies with a smooth
profile has been widely studied by domestic and
foreign scientists. The problem of the diffraction of
elastic waves on isotropic elastic cylindrical bodies
with a smooth profile has been investigated in works
[12,13] where the mutual influence of the elastic waves
is considered.

2.2. Method of laying and solving the issue

Let's suppose that an elliptical cavity is given in
an elliptic coordinate system in an elastic medium
(Figure 1). Let a harmonic pulse (SH pulse) propagate
along the OX axis at an angle to the major axis of the
elliptical cavity. The pulse front is parallel to the Z axis.
The problem under consideration relates to the
mechanics of deformable solid bodies and is a
boundary value problem in the theory of elasticity.
Under these conditions, the following relationships
hold.

u=v=0, w=w(xY,t) =w(&n,t) Q)

The connections between the strengthening and
deformation in physics are described by the
Boltzmann-Volterra integral and can be expressed as
follows:

0y = A&y, +201.6,(1, 1 k=123)

Here o,
tension and deformation Tensor,
operator [14]:

A9()= [af(t)—jmred (t—r)af(r)dr}

&)

&; — respectively, components of the

Ao, i, -Volterra

[1{¢(t) = Uy, |:¢(t)7j;R<u (tfr)(}ﬁ(r)dr}.

Here ﬂ"UC’ILIOC’RCZ.’RC,u_
Lame parameters and nuclear relaxation of the

environment,
¢(t - time arbitrary function. Using the main
equations of the dynamics of deformations, we derive
the following w equation for the elastic medium in
terms of the displacement dynamics.
Low 3)
cZ ot
If we use the relationships (1) and (2) mentioned
above, then we can identify the deformations that occur
in the environment due to the impact of compression
forces. They can be described as follows:
Lo OW ‘
G&:%g—‘f—%:[l?w(t—r)agi(‘;)dr, (4)
Hoe OW Ly, ¢ ow(r
0, :?0%7?0;[ R, (tfr)#dr.

Here H =c\/ch?¢—cos?y, 2c— focal length; w-

displacement of ambient points at displacement.
Assuming conditions for being free of deformations
caused by compression on an elliptical cross-sectional
cylindrical cavity located in an elastic medium, the
condition can be expressed as follows:

O 21201 2, =%(5=4,0<sn<27n) (5)

The utilization condition of Somerfield’s
invariance in an elliptic vacuum is carried out
infinitely. The shape of the SH XOY - surface that
comes to the elliptical void from infinity due to the
infinity is as follows:

Aw— j R, (t—7)Aw(r)dr =

-

W. = Aei(kl(xcosﬁ+ysin9)—wt) (6)

0o [l
Here A- descending wave amplitude, in the case
[0

of the set, this magnitude will be given by; k, =—
sl

wavenumber, @ — the angle at which the falling wave
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is aligned with the axis of the Ox. The solution of the is obtained by the addition of the incident and reflected

equation (3) presented a_bove is sought as follows waves: W=w, +w'.

W =W(g,me, @) These waves are quantified by the Sommerfeld's
Here W (&,7) - is the displacement amplitude and radiation condition, which is established by defining
satisfies the following complex parametric differential the I_Mgthi_eu ) flunctioln. _ T?e) argitrary. CgEStar?t
equation [ 1 & & , , ) amplitudes in the last solution (5) are determined by the
| Lsz 28 oy Tl }W(gy'”)zo ®) boundary condition. To find these arbitrary constants,

HETe I (w) =1 1% () + L (@), K- = ' p | iyt = KE /G2 we use the following relation.

Under the influence of the SH wave, the °°{CHMGS)'@O,Q)Cen(ﬂ,Q)Cen(ﬁ,q)+ ]+

expression for the displacement in the elliptic ,
p p p +Sn+1Nen121 (50!q)sen+1(nlq)sen+1(€vq)

- . - - R =0
coordinate system, which can occur in a cavity-elastic !

medium, is given as follows [15]: » | cew ce ce (0.9)+
W= AT Ce, (£, q)ce, (7,9)Ce, (6,0) + }m. 9) +AY " T (o, a)ce, (7, a)ee, (6,9) =0 11).
DS S, ()88, (7,0)58,.4(0.0) 0 | +iSe" (&, q)se, ., (m,q)se, ., (6,0)

Here ce,and se,- Periodic (trigonometric) Multiplying the two sides of the last (11) equation in
functions of Mate, c.,, se- Radial or modulated accordance with the mat'e function
functions of the Mate. The general solution of the cey(n,9),ce,(n,q),..... and se,,(17,q) if we integral
equation (8) presented above is expressed through the the ham over the length of the Ellipse, and using the
Mate function and appears as follows orthogonality property of the mat'e function, then

arbitrary invariant magnitudes can be found:

ot 1 2
,q==(a,I',c)" (10 _ _n '
+sn+1Ne£121(§,q)sen+1<n,q)sem(@.ol)}e 1m0 e~ —inace) (&,.0)/ Me, (5, a),

Here Me®(&,g)and Ne®, (£,q)- Mathieu - S, =—i""ASe; ;(&,09)/ Ne,, (&, 9). (12)

Putting the arbitrary constants found from (12) in
(10), then we find the complete representation or
expression of the displacement. This gives a private
solution to the last expression (8) and takes the
following view

n=0

IR {cheg”(aq)cen (7.0)ce, (6,9) +

Hankel functions, C, and S

arbitrary constants.

The general solution (10) mentioned above
expresses the reflection or diffraction of incident waves
on an elastic medium-medium interface [16,17]. By the
reflected wave that returns from the surroundings of the
elliptic cavity, the increase in displacement amplitude

integral constants or

n+1

T .n{Cen(é,q)cen(n,q)Cen(H,qH
W—AZI ) +
n=0 +|Sen+1 (§’ q)sen+1 (77! q)senﬂ (6’ q)
RS {(—i"ACe; (&,9)/ Me, (&, 0)Me? (£,q)ce, (7, q)ce, (0,q) + }
+(-i"ASe] (&, 0) 1 Ne,,, (&, @)Nel, (£, q)se,,, (1, a)se,, (6,0)

n=0

From this displacement expression, it becomes the contour voltages produced in an ellipse transverse
possible to find the concentricity ( 0,=0,12 ) Of cross - sectional space in a Convex-elastic medium:

Ay {[Cen(aq)—Men(é,q)ce;(éo,q)/Me;(;’o,q)]Ceg(n,q)cen(e,q)+ }e .
" OHIE | H[Se,,(6,0)-Ne, (£,0)SeL, (&,0)/ Ney(&,,0)]ses., (7.0)se,., (0,0))

When =0 and £=& =0, the following G =|HO e /200, CONSEANE  that  represents  the

condition on the displacement on the elliptic X, concentration of maximum contraction related to b/a
and #. Due to the elongated environment of the

surface s satisfied: elliptical conical cylindrical cube, the issue being

W| s = ii”cem (&,m)ce, (0,q) / ce, (x/2,q)e' (14) studied can be approached using the theory of elasticity
e in the problem of single deformation. In this case, the
Numerical results were obtained based on differential equation of motion in elliptical coordinate

equations (13) and (14) when calculating expansion systems (Figurel) leads to the Lame equation [19,20],

and contraction, resulting in finite results of complex and using the potentials of expansion and contraction

numbers. The main goal is to find the along the elliptical boundary, it is expressed as follows:
[ ]
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1 (a¢ +e62;(K)_ equation has two parts of roots: the real (Re €2) and

U, = ;
al o on  oéa

1 04 Oy, 5}@ )
uryx :_(___ )
al on of ®3 noz

0 O 1
u S —
* oz (62 c; ot 4
Here, k=12 describes the equation of motion for
the environment and elliptical body in the conventional

way, ¢2- the speed of the oscillations. The

characteristics of an elliptical cavity located in a
homogeneous and elastic environment are described by
its equation of motion, using the Lame equation for a
simple problem of elastic theory. The condition that the
forces at the boundary are zero is imposed for the
solution of the problem.

(+20) ou, A, ash2e

(15)

(A+2u)
2al®

al ot alop 2al’
A 0u; A du, 2sh2¢ A
[—+——L+ U+ ——
al of alonp 2a)° ° 2al
Moving potentials amplitudes ¢, (r), v, ()

satisfies Gel'mgol's equations:

sin2nu, ] =0,

£

sin2pu, 1 =0.

(16)

Ne =0 =1 n=2 =3
1 0,31529D+00 0,07927D+01 0,11075D+01 0,12755D+01
-10,24476D+00 -10,27538D+00 | -10,49782D+00 -10,39915D+00
2 0,128621D+00 0,47232D+01
-10,07852D+00 -10,13223D+01
3 0,404607D+00 0,08123D+00

-i0,078552D+00 | -i0,13228D+00

Vi +a® gy =0 , Vi, +p%, =0

The solutions of Gelmgolds equations are
expressed through the Mate function. If we use (16)
linear conditions, we can obtain a system of algebraic
equations with complex coefficients. In order for this
system to have a solution, the main determinant
composed of coefficients with unknown values must be
equal to zero [18]. The elements of the main
determinant are calculated as a function of the complex
parameter @ . To determine the complex parameter
@ | we obtain the frequency equation as follows:
(n* -DF, F, (1) -(y* 12)F, () +F,(y) +n” = (n* - y*/2)* =0 (17)

Here F,(X) = xce,(x)/se,(x), n=123...

3. Results and their analysis
The complex parametric frequency equation (17) is
solved using the Miiller method. This transcendental
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4. Conclusions

The results obtained for a cylindrical cavity when
a=b were compared with the results obtained for an
elliptical cavity located in an elastic environment (by
Prof. Safarov I.1.). The results were found to have a
difference of up to 3%. The frequency of oscillations
of the elliptical cavity located in an elastic environment
was found to be dependent not only on the Poisson
coefficient (v), but also on the a/b parameter. When

the value of the Poisson coefficient 0<v <0,4

changed within a certain range, the real and imaginary
parts of the frequency varied by up to 25%, and the
dependence on a/b changed by up to 20%.

4 2
0 \i _op? oV
on on’
Here T, S, L, D - constant parameters.

The problem was solved by the method of initial
parameters. Taking into account the fact that the depth
of the foundation changes when a concentrated load is
applied to the elastic beam, a bending moment plot is
constructed, as a result of which a decrease in the
bending moment will occur.

—+S% _—q(x) (18)
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Introduction

Qil Painting

Oil painting remains one of the most popular art
forms today. By using oil paints on canvas, artists can
capture the richness of color, texture and depth of an
image. And one of the key techniques used in oil
painting is to emphasize the shape of an object in an
image using a single color, light, and shadow.

This technique allows the artist to create a three-
dimensional and visually appealing effect. Light and
shadow play an important role in creating the illusion
of reality by adding depth and volume to objects on
the canvas. However, by using a single color, the artist
can achieve expressiveness and unigueness,
emphasize the basic shape of the object, and give
character to the work.

In this research paper, we will focus on the study
of oil painting technique in which the selected object
in the picture is highlighted with a single color and
emphasized by light and shadow. We will explore the
influence of various factors such as color choice,
lighting, and paint application technique in creating
the desired effect and adding depth to the image.

The success of this technique requires not only a
thorough understanding of the principles of oil
painting, but also a keen perception of light and
shadow. The result will be a unique, attractive and
expressive work. | hope that my research will help

Doi: &os¥®! https://dx.doi.org/10.15863/TAS.2023.10.126.29

artists improve their skills and take the quality of their
art to the next level.

Explain the choice of techniques to emphasize
the shape of an object in an image, using color,
light, and shadow.

The choice of the technique of emphasizing the
shape of the object in the picture using one color, light
and shadow in oil painting on canvas is based on the
artist's desire to convey the volumetric and realistic
nature of the depicted object.

The use of a single color to emphasize the shape
of the object makes it possible to create a harmonious
and uniform impression. The absence of a variety of
colors and shades helps to focus the viewer's attention
on the shape of the object itself. A single color can
also create a simple and minimalist effect, giving the
work elegance and style.

Light and shadow are integral to creating volume
and depth in an image. The use of light and shadow
effects helps to convey the different levels and
contours of an object. Highlights help to emphasize
the protruding parts of an object and give it volume,
while shadows create depth and the appearance of
concave parts.

Oil paints are an excellent choice for this type of
work. Their dense texture allows the artist to create
different shading and light translation effects and to
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explore different ways of applying the paint to achieve
the desired result.

The choice of this technique can also be driven
by artistic exploration or experimentation to create
effects that can be achieved with only one color, light
and shadow.

In general, using a single color, light and shadow
to emphasize the shape of an object in an oil painting
on canvas helps to convey dimensionality, depth and
realism in the work, creating a harmonious and
minimalist effect. This technique also offers the
opportunity to experiment and explore new ways of
conveying the effects of light and shadow, which can
lead to interesting and innovative results.

A review of existing methods and researches
related to the technique of painting with oil paints on
canvas, highlighting with a color, light, shadow the
shape of the object in the picture, is an important topic
for art historians and artists.

In art with oil paints, there are many famous
cultures and artists who have used this technique. One
of the most famous artists using oil paints is Jan
Vermeer, he is known for his realistic portraits where
the focus was on the shape of the subject, creating a
stunning light and shadow effect. His style has
inspired many modern artists, for example the
painting "Rest during the Flight to Egypt" by Antonis
van Dyck, "Girl at the Window" by Louis-Leopold
Boilly, where the artist develops his images by
drawing shadows, highlights and details to achieve the
desired contrast, or the painting "First Scout” by
Norman Rockwell, the artist does not worry about
how the different tones will be combined or what will
result from their mixing.

Modern techniques and materials for painting
with oil colors to emphasize the shape of an object are
varied and constantly evolving. One such technique is
the use of gradations of tone to create the illusion of
volume and shape in an object. This is achieved by
applying different shades of the same color and using
light and shadow to emphasize certain parts of the
object. Different brushes and tools are also used to
create different textures and tones.

Research articles that explore the effects of using
a single color, light, and shadow on the perception of
an object in an image are important to artists and art
historians. Research shows that the use of a single
color, especially when combined with bright light and
shadow, can create a strong effect of depth and
volume. Studies also show that the use of light and
shadow can create the illusion of movement and
texture, making the painting more lively and
interesting.

Overall, the technique of painting with oil paints
on canvas, using a single color, light and shadow to
emphasize the shape of an object in a picture, is unique
and exciting. Research in this area helps artists and art
historians to better understand and use these methods
and techniques to create outstanding works of art.

Research Methodology Description.

This research paper explores the methodology of
using oil paints when painting on canvas to highlight
the shape of an object using a single color, light and
shadow.

The first step of the research is to describe the
chosen painting materials. In this case, oil paints are
used, which offer a more flexible texture and allow the
creation of rich colors. The canvas is chosen for its
quality to allow better adhesion of the paints and also
to achieve the desired texture.

The description of the working process includes
the use of only one color, light and shadow to
emphasize the shape of the object in the image. The
researchers explain the technique of applying the
colors with the lighting of the object to create a sense
of volume and depth. While working on a research
paper that involves using only one color, light, and
shadow to highlight the shape of an object in an image,
researchers use a specially designed technique to
create a sense of volume and depth.

Before they begin, researchers analyze the
lighting of an object and determine its key
characteristics, such as light direction, intensity, and
color temperature. This allows them to determine the
locations of light and shadow on the object.

Next, researchers develop a methodology for
applying color with the object's lighting in mind. They
determine how colors will change depending on the
angle of incidence of the light and create a hue scale
for each area of the object. For example, they can use
bright and saturated colors on areas of the object in
direct light, and darker and less saturated colors on
areas in the shade.

Researchers also describe paint application
techniques that can create different effects to visually
emphasize the shape of an object. They can use color
blending techniques to create smooth transitions
between light and shadow, and color application
techniques along the contour of an object to
emphasize its shape and volume.

The use of oil brushes is one of the key
techniques in this process. Oil brushes allow
researchers to create different textures and effects on
paintings, adding detail and giving the object a more
realistic look. In addition, the use of oil brushes allows
for more precise application of color and control over
its distribution on the surface of the object. Research
Methodology Description.

This research paper explores the methodology of
using oil paints when painting on canvas to highlight
the shape of an object using a single color, light and
shadow.

The first step of the research is to describe the
chosen painting materials. In this case, oil paints are
used, which offer a more flexible texture and allow the
creation of rich colors. The canvas is chosen for its
quality to allow better adhesion of the paints and also
to achieve the desired texture.
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The description of the working process includes
the use of only one color, light and shadow to
emphasize the shape of the object in the image. The
researchers explain the technique of applying the
colors with the lighting of the object to create a sense
of volume and depth. While working on a research
paper that involves using only one color, light, and
shadow to highlight the shape of an object in an image,
researchers use a specially designed technique to
create a sense of volume and depth.

Before they begin, researchers analyze the
lighting of an object and determine its key
characteristics, such as light direction, intensity, and
color temperature. This allows them to determine the
locations of light and shadow on the object.

Next, researchers develop a methodology for
applying color with the object's lighting in mind. They
determine how colors will change depending on the
angle of incidence of the light and create a hue scale
for each area of the object. For example, they can use
bright and saturated colors on areas of the object in
direct light, and darker and less saturated colors on
areas in the shade.

Researchers also describe paint application
techniques that can create different effects to visually
emphasize the shape of an object. They can use color
blending techniques to create smooth transitions
between light and shadow, and color application
techniques along the contour of an object to
emphasize its shape and volume.

The use of oil brushes is one of the key
techniques in this process. Oil brushes allow
researchers to create different textures and effects on
paintings, adding detail and giving the object a more
realistic look. In addition, the use of oil brushes allows
for more precise application of color and control over
its distribution on the surface of the object.

Oil brushes are one of the most important tools
in oil painting and are widely used by artists of
different styles and directions. By using them, you can
achieve a variety of effects and create unique textures
on the canvas. Here are some important ways to use
oil brushes:

1. Create textures and effects: Oil brushes allow
you to create different textures on a painting, from
rough and brittle to soft and smooth. This can be
especially useful when painting natural objects such
as trees, rocks, waves, etc. The artist can use different
types of brushes to achieve the desired texture and
effects.

2. Add details: Oil brushes allow artists to add
details and enhance the realism of the image. You can
use a fine brush to paint fine details such as hair, small
objects, or textures on fabric. It is also possible to use
different brushes to create different types of textures
to add depth and volume to an object in a painting.

3. Precise application of paint: Oil brushes have
a certain stiffness and elasticity that allows the artist
to have more control over the application of paint on

the canvas. This allows the artist to easily change the
width and depth of the reds, create different effects,
and control the transitions between colors. This is
especially important when creating smooth transitions
and textures in a painting.

4. Control over color distribution: Qil brushes
allow the artist to control the distribution and blending
of color on the canvas. The artist can work with thin
layers of paint, gradually adding or removing paint to
create the desired effect. It is also possible to mix
colors directly on the palette or on the canvas with a
brush, which gives more freedom when working with
complex shades and tones.

Overall, the use of oil brushes is an important
and effective way to create artwork. They allow artists
to express their creative concept in a more precise and
detailed way, adding life and realism to their work.

The research work involves developing and
describing a methodology for applying paint, taking
into account the lighting of the subject, as well as
describing techniques for applying paint and using oil
brushes to create different effects. This will allow the
researchers to emphasize the shape of the object in the
image and create a sense of volume and depth.

To measure performance and test the
effectiveness of the technique, researchers can use a
color analyzer to evaluate the chosen color and its hue
on the canvas. They can also survey artists or viewers
to get feedback on the visual impact and credibility of
the image.

All these research methods help to understand
how the use of a single color, light and shadow can
affect the extraction of the shape of an object on
canvas when using oil paints. The results of the study
will suggest a new approach to painting techniques
and enable artists to more deeply and accurately
convey the shape and volume of an object in their
works.

Results of the study.

In this paper, a study was conducted to determine
the effectiveness of this technique in creating three-
dimensional images on the canvas plane.

The study produced several images that
highlighted the shape of an object using only one
color, light, and shadow. Each image was a realistic
representation of some object or subject, such as an
apple, a flower or a bowl.

The analysis of the resulting images allows us to
draw the following conclusions. First, the use of a
single color instead of the usual color spectrum allows
to focus the viewer's attention on the shape of the
object, facilitating its visual perception. This creates
an effect of depth and three-dimensionality, making
the viewer "see" the object on the canvas as if it were
in the real space in front of him.

The use of light and shadow in combination with
a single color can create deceptive lighting effects in
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an image. This makes the object look more realistic
and lifelike, enriching its texture and detail.

However, it is worth noting that the results of this
study are not groundbreaking, as artists have
previously explored and used the technique of
highlighting the shape of an object using a single
color, light and shadow. For example, some works by
artists Georges Seurat and Claude Monet demonstrate
similar effects. Nevertheless, this study plays with this
technique and presents new applications of it.

Discussing the results of the study, it can be said
that they confirm the effectiveness of the technique of
painting with oil paints on canvas using a single color,
light and shadow to highlight the shape of the object.
This technique is capable of creating realistic and
three-dimensional images that can capture the
viewer's attention and evoke an emotional response.

However, more research needs to be done using
a wider range of objects and different color
combinations to more fully evaluate the capabilities of
this technique and compare it to previous research and
artwork. It is also worth considering the effect of
different lighting options on the effect of highlighting
the shape of an object using a single color, light and
shadow.

Conclusions.

The detailed results and their significance in the
context of the topic under study showed that the
technique of oil painting, which uses a single color,
light and shadow to highlight the shape of an object in
an image, can be very effective. The use of a single
color can create a harmonious and balanced image in
which the shape of the object is clearly highlighted.

Research has proven that light and shadow play
a key role in representing the volumetricity and shape
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of an object on canvas. The correct application of light
and shadow can create a realistic and three-
dimensional image. This emphasizes the importance
of proper lighting in oil painting and visual
communication.

The applicability of this technique in the practice
of artistic creation and visual communication is
enormous. It can be used to create expressive and
emotional works and to convey a certain mood.
Moreover, the use of a single color, light and shadow
to highlight the shape of an object allows one to focus
on the shape and structure of the object itself, making
the image more convincing and vivid.

However, there are potential avenues for further
research and improvement of oil painting techniques
using a single color, light and shadow to highlight the
shape of an object in an image. One possible avenue
is to investigate the effect of different color schemes
on the perception of object shape. Also, the research
could delve into aspects of lighting to reveal how
different light sources and different lighting angles
affect the representation of the shape and volume of
an object.

In addition, the possibility of using different
materials other than oil paints in creating an image
using a single color, light and shadow to highlight the
shape of an object can also be further investigated.
This will allow artists and designers to expand their
creative toolkit and create unique and original works.

Thus, the technique of painting with oil paints
using a single color, light and shadow to highlight the
shape of an object in an image has significant potential
and can be an effective way to convey shape and
volume. Further research and improvement of this
technique may lead to even better and more expressive
images.
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COGNITIVE MODEL OF THE TALE OF THE FISHERMAN AND THE
GOLDFISH

Abstract: A cognitive model of the fairy tale about the fisherman and the goldfish has been developed, in which
conceptual and quantitative manifestations of immeasurable feelings, emotions, actions of the fisherman, goldfish,
old woman, and the sea are modeled. Their formulaic, phraseological, visualized on graphs description of the
behavior of the corresponding curves has been implemented and justified. They are as expected. A system of 4
semantic equations with 13=8+4 semantic variables has been developed: meaning (y1), meaning (y2), meaning (ys),
meaning(ys), meaning(zi),..., meaning(zs), satisfying matrix semantic equality of the form meaning(Zms)=
meaning(YmsCs), where meaning(Zms)=meaning(z1)®...®@meaning(zs), meaning(YmsC*ss)=meaning(Ymac*)
@meaning(Ymac"2)®meaning(Ymac?s)®meaning(Ymac?s). Matrix semantic equality corresponds to matrix equality
with numerical z-, y-variables modeled as matrices: Zms=YmsCss. Four semantic solutions-knowledge (new extracted
knowledge) learn not only new meanings, but also paired connections, the forces of manifestations of 13 semantic
variables. Visualization of the mutual dynamics of curves (variability values of z-, y-variables from matrices Zmg,Yma)
knowledge about “weights” (from Cgg) and z-, y-variabilities in a model with 8 z-variables, 4 y-variables showed the
dynamics of the model values of unmeasured indicators of manifestations of feelings, emotions, actions of a
fisherman, goldfish, old woman, sea. The variables introduced into the model are endowed with mathematical and
statistical properties, and the parameters are constant. They are modeled in the Optimization Problem and depend
on the numbers of variables and on the values of the indicators that form a mosaic within an 8-by-8 square. Both
uncorrelated (y-) and correlated (z-) variability are multiplied by their “weights” - the strength of the factor
manifestation. Interesting knowledge was gained after visualization. The model ‘justifies” its replacements of
indicator values with both semantic (with semantic variables) and algebraic (with numerical variables) equalities.
In the ending of the fairy tale, the goldfish (to a lesser extent than the sea) does not want (minus sign of strength
€24=(-0.0295)) factor z,, to a lesser extent wants to promise the fisherman (with strength c34=0.1528, z3), but she does
not promise (does not answer) to fulfill his desire”, “after returning home, the fisherman sees his wife’s result (with
the strength (cas = 0.9521, 74) of her “non-promises - the previous broken trough. These 4 z-factors are more
informative (in plot of the fairy tale) than the old woman’s desire to have a new hut (csa = 0.0418, zs), and for the
goldfish the old woman’s former desire “to be a pillar noblewoman” is indifferent (the strength of the goldfish’s
desire is 0: css = 0.0000, z6). The strengths of the manifestations of feelings, emotions, and actions of the goldfish at
the end of the fairy tale clarify the meaning of factor y4 and its z-variabilities of 4 factors z, z3, 24, zs.

Key words: multisense equation with known and unknown semantic variables, Cognitive Model of the tale of the
fisherman and the goldfish.
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Citation: Zhanatauov, S. U. (2023). Cognitive model of the tale of the fisherman and the goldfish. ISJ
Theoretical & Applied Science, 10 (126), 361-381.

Soi: http://s-0-i.0rg/1.1/TAS-10-126-30  Doi: &os¥®f https://dx.doi.org/10.15863/TAS.2023.10.126.30

Scopus ASCC: 2604.

Philadelphia, USA 361 (; Clarivate
Analytics


http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:sapagtu@mail.ru
http://s-o-i.org/1.1/TAS-10-126-30
https://dx.doi.org/10.15863/TAS.2023.10.126.30

ISRA (India)  =6.317 SIS(USA)  =0912 ICV (Poland) =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) = 0.350

KOITHUTHUBHASI MOJIEJIb CKA3KH O PBIBAKE U 30J10TOM PBIBKE

Annomauyun. Paspabomana Koenumusenas mooeib CKA3KU 0 pvlbaxke u 3010mou pblOKe, 8 KOMOpou
MOOENUPYIOMCSL CMbIBTIOGbLE U KOIUYECMEEHHbLE NPOSAGNEHUSL HEUIMEPSIEMbIX YYECmS, IMOYUL, Oelcmeull pbloaka,
3o10mou  pwlbku, cmapyxu, Mmops. Peamuzosana, ob6ocnoséana ux gopmyivroe, ppazeonrocuyeckoe,
BU3YATUZUPOBAHHOE HA 2pauKax onucamus nogedenuil coomeemcmeayiowux kpugvlx. OHu coomeemcmeyiom
oarcudaemomy. Paspabomana cucmema uz 4-x cmvlciogulx ypasuenuti ¢ 13=8+4 cemanmuueckumu nepemennblMu.
emblLen(y1), CMbLCA(V2), CMBLCA(V3), CMBLCA(V4), CMBLC(Z1), ..., CMBICIL(Z8), YOOBLEMBOPAIOUWUX MAMPULHOMY CMBLCIOBOMY
paeencmey euoa cmuici(Zmg)=cmuici(YmaClag), 20e cmoicn(Zmg)=cmuoica(z1)®...®cmoica(zs), cmvica(YmaClag)=
emvien(YmaCh)®cmuvicn(Yma2) ®cmvica(YmaChs)Dcmuvicn(YmaCts). Dmomy mampuunomy cmwiciosomy paeencmey
coomeemcmeyem MampuyHoe paeeHCmMeo ¢ YUCTOBbIMU Z-, Y-NEePEMEHHbIMU, CMOOCTUPOBAHHBIX 6 GUOE MAMPUY:
Zng=YmsC'ga. YUemvipe cemanmuueckue pewenus—3nanus (Ho6ble U36NeUeHHbLE SHAHUSL), NOZHATOM He MONbKO HOEbLE
CMBICTIbL, HO U NAPHbLE CE:3U, CUTbL NPOsIGIeHUll 13 cemanmuyeckux nepemennvix. Busyanuzayus 63aumHbix OUHAMUK
KpPUBbIX (3HAYeHUU U3MeHyusocmel z-, Y-nepemennuix usz mampuy Zmg,Ymas) sHanuii o «gecaxy (uz Cgg) u z-, Y-
UBMEHUUBOCTAX 8 MOOENU C 8 z-NepemMeHHbIMU, 4 Y-NepeMeHHbIMU NOKA3ANd OUHAMUKU MOOETbHbIX 3HAYEHUll
HeusmepsieMbix noxKazamenel nposeieHull 4y6cme, dIMoyull, 0elcmauii pvloakd, 3010Mot pblOKY, Cmapyxu, MOpsi.
Bseoennvie 6 modens nepemennvle HadeieHvl MAmeMamuyecKumu u CMamucmu4eckKuMy COUCMEamu, d napamempbl
nocmosumwl. OHu cmoodenuposanvl 6 OnMUMU3aYUOHHOU 3a0aye U 3a6UCsm Om KOIUYECE NePeMEHHbIX U Om
SHAYEHUT UHOUKAMOPOS, 00pasylouux Mo3auky enympu keadpama 8-ua-8. Kax nexoppenuposanmvle (y-), max
KOPPenuposanmvie (z-) U3MEHUYUBOCHU YMHONCAIOMCS. HA CBOU «8ecay - CUNbl nposigienust gaxmopa. [lomyuenvl
unmepecHvie 3nanusi nocie gusyamuzayuu. Ceou 3aMeHbl 3HAYEHUU UHOUKAMOPO8 MOOelb «0DOCHOBbIBAECN) KAK
CMBICIOBLIMU  (C CeMAHMUYECKUMU NEePeMEHHbIMUL), MAK U aneebpauyeckumu (¢ YUCIO8bIMU NEePeMEHHbIMU)
pasencmeamu. [lams cobblmutl CKA3KU peanusylomest HOCIe008aAMeNbHO, KANCOOMY U3 KOMOPbIX 3aPUKCUPOBAHbL
24 momenmos epemenu i=1,...,.24. B kaowcowiti momenm eépemenu omrioHenue om () 3nauenus zip (Uiu Opyaux)
noKazamens, UsMepsouje20 (CMOOEIUPOBAHHO2O 3HAYEHUSI HEUSMEPAEMO20 NOKA3Ames)) «ceianue cmapyxu
umMems HOB0e KOPLIMOY, 00pA3VIOMm KPUBYIO «Z2», 3A8UCAWYTIO OM KPUBOU  «Z3» (¢ cunoi c;1=1), om Kpugou  «y1»
(no gopmyne y1=21*1,00+ z,* (-1,00)+2,*1,00+25*1,00). Omu 3a8ucumocmu 6UOHbI GUSYAILHO U CLOBECHO
ONUCHIBAIOMCS (PpaA3amMl, XAPAKMEPUIYIOWUMY — UX MPEHObl: MPEHO KPUBOU  «Z2» MeEONEeHHO DPACHYywull u
CONPOBOACOAEMCS  NPLI2AIOWUM U YObIBAIOWUM MPEHOOM KPUBOU «V1», CONPOBOANCOAEMbIl  CUTLHLIMU
OMKILOHEHUSIMU KPUBOU «z3» om () — CUTbHIMU COMHEHUSIMU 6 COZHAHUU 3010mot puloku. Tlo mepe 6o3pacmanust
HoMepa paxkmopa y1,Y2,Y3,Ya. B ¢unane ckasku 3on10masn puloxa (6 menvuiell cmenenu, yem mope) ne xouem (3Hax
munyc cunvt ca=(-0,0295)) pakmopa zz, 6 menvuieli cmenenu xouem obewams pvroaxy (¢ cunou c3a=0.1528, 23), a
OHa He obewaem (He omeeuaem) UCNOIHUMb €20 JHCeLAHUEY, «NOCLe 8038PAUIeHUs. OOMOU PblOAK GUOUM Y HCEHbl
pesyabmam (¢ cunou (ca4=0,9521, 24) ee «neobewanus — npesxcruee pasdoumoe kopoimo. dmu 4 z-gpaxmopa s610Mes
bonee uHgopmamueHviMu (8 Crodceme CKA3KU), HeM HCelanus cmapyxu umems Ho8yio u30y (cs4=0,0418, zs), u dns
3010MOU  pLlOKU OE3PA3IUYHO  NpedicHee Jicelanue Cmapyxu «Ovlmb Cmoib060U 0BOPAHKOUY (CUNA HCELAHUS
sonomou pwioku pasra 0: ce4=0,0000, Zg). IIpusedensv cuvl npossLeHUl UY8CME, IMOYUL, OCUCMBUL 3010MOU PbIOKU
6 (hunane cka3Ku NPOSCHAIOM CMbICIL (PAKMOPA V4 U €20 Z-U3MeHUUBOCmell 4-X paxmopos 22,23, 24, Is.

Kniouegble cnosa. MHO2OCMbICIOB0E YPAGHEHUE C U3BECTMHbIMU U HEU3BECTHHLIMU CEeMAHMUYECKUMU
nepemennvimu, Koenumuenas modens ckasku o pvloaxe u 3010moii puloKe.

Beenenne TearpanbHO-My3bIKallbHBIE M SKPaHH3HPOBAaHHbBIE

B pycckyro kyneTypy BomLia IOTOBOpPKa MIOCTAHOBKM peanu3oBaHbl B 1937 roxy Ha cTyauu
«ocTaTbcsi y pa3OMTOro KOpBITa» — TO €CTh «Mocdunbpm» ObIT CHAT 1BETHOH (110 MeTony [laBna
HOTHATHCS 3a OOJNBIIMM, a OCTaThCS HH C YeM. DTa U MepmmHaa) KyKosbHBIH MysnsTgmibM  «Ckaska o
Jpyrue Gppasbl BIOXKEHbI B CO3HAHUE MHOTHX, (B GeKT peibake W prIOKe». ABTOp CIICHApHUi M PEXUCCEp-
OT «paboTBI» «CKAa3KH O PBIOAKE M 30JI0TOI PHIOKE» nocTaHoBIIMK — Anekcanap Ilrymko. B 1950 roxy
OGecKkoHeueH. Ilo mMpoxo pacnpoCTpaHEHHOU Ha KUHOCTYIUH «COI03MyNBTOMIEMY TI0 CLEHAPHIO
BEPCHH, CIOKET CKa3K/ OCHOBaH [ 1] Ha momMepaHckon Muxauna BonbnuHa — BBINYCTHWJIM — PUCOBaHHBIN
ckazke «O poibake W ero >keHe», B HHAEKCE MYJIBTHILITNKAIMOHHEIN (hrteM «Cka3zka o peiOake u
CKa304HBIX crokeToB Aapne-TomricoHa Ne555) u3 peiOke». Pexumccép-nocraHoBmmk —  Muxaun
cOopHHKa cKka3ok OpaTheB [ prMM, ¢ KOTOpO#H cKa3ka Lexanosckuii, komnozurop — IOpuit Jlesutun. B
uMeeT OOLIyI0 CIOXKETHYIO JIMHHIO, a TakKxke mynbrhmibMe «BoBka B TpuumeBsitoM mapcTse»
HNEpeKINKaeTcss C PYCCKOW HApOAHOM CKa3KOH (1965) rnaBHbIA repoil OKa3bIBacTCs Ha MOCIEIHEH
«Kannas crapyxa». bonee npeBHss Bepcus CrokeTa cTpanune cka3ku «Ckazka o poibake M pbIOKe»,
— HHJUWKCKas ckaska «30JI0Tasi ppl0a», ¢ MECTHBIM TOBOPUT CO CTapyXOH M HE OYECHb YBa)KUTEIHHO
HAIIMOHAJFHBIM KOJIOPUTOM, 37ech 30J0Tas phIOa- oOpammaercss K Hel Ha «ThI». 1I0TOM OH BBI3BIBAaET
MOTYIIECTBEHHBIM 3/1aTONIMKUII TOJABOAHBIM ZIyX. 3om0Tyto PeIOKY, HO Ta OTKa3BIBACTCSA UCIIOIHATH €TI0
OcMmpICIIeHNe CKa3K{ MPOBEACHO B PAa3HBIX JKaHpax. KeJaHue.
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B (1)I/IJ'H)M6 «Ilocne J0XKAWYKa, B YCTBCPI...»

(1986) HBan-uapeBuy )it WBan-nmoaxuasIn
PasbIrphIBAIOT nepen Komeem KyKOJIbHOE
mpefcTaBiIeHHe dTOH ckaskum. B 1986 roxmy

YeX0CIOBalUKUM pexuccépom Bracroit SHeukoBoit
Opu1 cHAT MynmsTQmwIbM «Cka3ka o peibake u
pe10Ke»/O rybdri a rybce. B 1997 rogy B CaHkT-
[erepOyprckom npamarndeckoM Teatpe «Ilarpuor»
POCTO 0611 mocTaByieH My3bIKaJIbHBIN CIIEKTAKIIb 110
MOTHBaM cKa3ku (nocranoBka ['ennanus Eroposa). B
1998 roay TeatpoM Kykos MockoBckoro ['opoackoro
JlBopua nmerckoro (IOHOIIECKOTO0) TBOpYECTBA OBLI
MIOCTaBJIEH CIIeKTakib-ornepa «Cka3ka o pelbake u
pBIOKe».  Pekmccép-mocTaHOBIINK Enena
IInotHukoBa, komno3urop - Enena Morunesckas. B
2003 romy Ha KmHOCTYIUH «COIO3MYIBT(PHUIBM»
co3/1aH KYKOJBHBIH MYIbTHILTUKAIIMOHHBIA (HIEM
«O prerbake u peIOKe». Pexxnccép-mocTaHOBIIK —
Haramest [J{abmwxa, KOMITO3UTOD I'ennanuit
I'maaxoB. B 2017 rogy B ApXaHTeIbCKOM TeaTpe
npambel umMeHr M. B. JlomoHOCOBa OBLI MOCTaBICH
JIeTCKUi criekTakib «CKaska o pbl0ake M pBIOKe».
Pexuccép — Anacrac Kuuunk. 3omotas peibka (6anet
Muskyca) — Ganer Ha My3bIKy JltonBura MuHkyca,
3osoras peibka (Oaner YepermHuHa) — OaneT Ha
My3blky Hukonas Yepennuna, co3gansbiii B 1937
roxy. Hmke (B 2023 romy) m3nokeHa KOTHUTHBHAS
(mo3Haromas) Momelh CKa3KH O phI0ake M 30J0TOH
peiOKe. B Heill  m3MepsIOTCS  HEW3MEpHMEIC
MOKa3aTeIH MPOSBICHUN KENaHUH, YyBCTB, SMOLUIH,
JIeicTBHH phlOaKa, 30J10TO# peIOKH, cTapyXH, MOps.. B
(uHae cka3ku ppIOaK (B MEHBILEH CTEIICHH, YeM B 1-
BIf pa3) «30BET 30JIOTYIO PBIOKY W MPOCUT» (3HAK
MHUHYC CHJIbI TposiBiieHust c?24=(-0,0295)%) ¢akropa
Zp, 30J0Tast peIOKa B MeEHbBINEH CTemeHH obemaer
peibaky (¢ cunoii ¢?3,=0.15282 cmpicn(zs), oHa He
obemmaer (cuna mpossaeHus c’g=0, cMbIci(zs, HE
OTBEYACT) WCIOJNHHUTH €ro JKEIaHUe», «IOCie
BO3BPAIICHUS IOMOH phIOaK BUANT Y )KEHBI pE3yJIbTaT
(c OGomboi cumoit mnpossueHus  (c?44=0.9521?,
CMBICI(Z4) €€ «HEeoOeUIaHusl — MpeKHee (0 HOBOTO
KOpbITa) pa3zouroe KopwiTo. CKaska akTyalbHa B
OusHece. Jlost MarucTpoB Ou3Hec-
aJIMUHUCTPUPOBAHUS SIBIISICTCS NPUMEPOM METO/a
«IIpPUMaHKa 1 KPIOYOK», B KOTOPBIH MONaAaI0T PhIOaK
1 30J10Tast pbIOKa, a KaJgHas cTapyxa MCIONb3YyeT UX
st oboramenust (kak mpu OKCIIO-2017), HO B
KOHIIE y Hee BCE KOHPHUCKYIOT IO CTaThsiIM
BHPTYaJIbHOTO KOJIEKCA 3aKOHOB.

HMcxoanble JaHHBIE

Hcxonuoii nHpOpMAarmeit 11t MOJIeIH SIBIISIOTCS
CMBICIIBI 8 Z-(haKTOpPOB, BBIPAXKAIOIINX KOMIIETCHIIMN
WHINBUAOB-00y4aeMbIX, Z-(paKTOpPBI CIIOCOOCTBYIOT
BHE/IPEHUIO  aHAJTUTHYECKUX  CIIOCOOHOCTEH 1
YOPaBIAIOTCS CMBICTaMH 4-X y-(hakTopoB. CMBICIIBI
Y-(aKTOpoB B3STHI U3 TEKCTA Ca3KHU:

1) «cocrostHME 30510TOM pBIOKM Tpu 1-0it
BcTpeue ¢ pbhibakoM (cMmbici(y1)): «oHa obemiaer

J000M BBIKYII M IIPOCHT OTITyCTHTh €€ B Mope, (JInho
B 3aBHUCUMOCTH OT MNpOCHhOBI 30J0Tas phidaka He
OTBEYACT PHIOAKY)»;

2) «3010Tas ppIOKa AapHUT HOBOE KOPHITO BMECTO
pa3buroro, ymbo m30y, MO0 cTaTyc CTOIOOBOM
IBOPSIHKH, JIMOO  CTAaTyC «BOJNBHAsS  LapHLa»
(embici(y?));

3) «cocTosiHHUE MOpS, 3aBHUCSILEE OT >KEITaHHH
crapyxu (cMbIci(y3));

4) «3050Tas ppiOKa HE OTBEYAET Ha ITOCIIEHIO0
npock0y perdoaka» (CMbICI(Ya)).

CMBICITBI (JAaKTOPOB M3 TPYIIIBI, COCTOSIIEH U3 8
Z-QaKkTopoB, BIHMSAIOT HAa CMBICHBI 4-X Y-(hakToOpOB.
Cmeicnel 8  z-akTOopoB  cocTosAT W3 ¢pas,
BBIDOKAIOLNIMX  MPOSBICHUS  YyBCTB,  OMOLH,
IeWcTBUH  phI0aka, 30JI0TOH PBIOKH, CTapyxw,
noBeneHUH  Mops. B momenmu  dakrtopamu,
BJIMSIOLIMMHE HA HE3aBUCUMBIE Y-(DaKTOPBI, HA3HAYUM
KOpPETHPOBaHHYIO CHCTEMY CMBICIIOB z-
NepeMeHHbIX. X  KONMYeCTBO  JIOJDKHO — OBIThH
JOCTaTOYHO OOJIBIINM, OHM MJOJDKHBI OTOOpaKkaTh
BOXHBIE OIM30/bl CKa3KH, MOCIEI0BATEIHLHOCTh
KOTOpBIX BeleT K (uHajIpbHOMY 3mu3ony. Crarycel
30JI0TO  PBIOKM, CTapyxH, MOBEACHHH MOpS
MIOCTOSIHHBI, Y pbI0aka CTaTyC MEHSETCS: €CIM OH
MPOCHT 30JI0TYIO PEIOKY Y MOpSi— OH PBHIOAK, €CIIU OH
CTOMT TIiepel CTapyxod — cTapuk. MHOXKeCTBO
CMBICJIOB Z—(aKTOPOB COCTOUT M3 8 CICOYIOLIHX
CMBICIIOB 8 Z-(haKTOPOB :

1) «ppIOaK OTIyCKaeT 30JI0TYIO PBIOKY, HE TIPOCS
Harpaas (CMbICi(Z1));

2) «I03BaTh 30JI0TYIO PHIOKY U MONIPOCUTHY Hee
XOTst OBl HOBOE KOPBITO BMECTO pPazOHUTOrO»
(cmbicn(z2)).

3) «pbibak 30BET 30J0TYI0 PBIOKY (CMBICI(Z3)),
«KOTOpasi MOSBJISETCS M OOEIIAeT HCHOJHUTH €ro
poCcKOy»;

4) «1ocie BO3BpaLICHHs IOMOIl CTapuK BUAUT Y
JKEHBI HOBOE KOPBITO» (CMBICII(Z4)).

5) «crapyxa »KenaeT IOJYYUTb HOBYHO H30y»
(cMbIci(zs));

6) «crapyxa Kenaer
JIBOPSIHKOM» (CMBICTI(Z6));

7) «crapyxa xenaeT ObITh «BOJHHOK HAPHIICH»
(cmbicn(z7));

8) «crapyxa kemaeT OBITh  BIaIbIUULEH
MOPCKOI0, cama 30J10Tast pbIOKa JI0JDKHA CTaTh Y He€ B
yCayKeHun» (CMbICI(Zg)).

Dpa3el, BBIPa)KAKOLINe
YIpPaBIEHYECKUX peIlIeHUH Bcero 4:
CMBICI (Y2), cMbICT (Y3), CMBICT (Y4).

BaXHBIMH HCXOJHBIMH JaHHBIMH JUIS MOJCIH
SBJISIOTCS ~ Ha3HAYCHHBIC OKCIEPTOM  HMCXOJHBIC
3HAUYCHUs CHJ BIUSHHSA Ck=COrr(zx.Yj), ke {l,...,9},
je{l,...,4} 13 uHAMKATOPOB HAMYHS 3HAHUM: C11=1;
ca1=(-1); c22=1; c=1; ca=1; c5=1; c22=1; c72=1;
C73:(-1); 083:(-1); csa=1; c7a=1, 084:(-1). Moszauka
{ckj} u3 snemenToB Oymyrieit Matpuisl «BecoB» Cgg
3aJ1aeTCs IKCIIEPTOM B COOTBETCTBUH CO CMBICIAMH H

OBITb  CTOJ0OBOM

CMBICIIBI
cMbIcn(y1),
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CUJIaMU napHOU CBsI3U Ckj=COrr(zx,Yj) cMbIci(Y2),...,cMbIci(Y4) HE cokpamiatorcs. boiee

HIDKETIEPEUHCIICHHBIX CMBICIIOB (DaKTOPOB M3 TEKCTa
ckasku. CroBecHas MOJIETIb  CKa3KH HMEEeT
3aBUCHMBIE 10 CMbICTaM Mokaszatenu. Crennduxa
YIPaBILSIIOIIMX TapaMETPOB  MOJEIH OTIWYHA OT
cremuduK MoJeNIeH B APYTUX MPEIMETHBIX OJACTIX
[1-8].

3agaya:  paspaborare  cuctemy u3  4-X
CMBICIIOBBIX ypaBHeHUH ¢ 13=9+4 cemaHTHYECKUMU
nepeMeHHbIMU  cMBIC(Y1), cMBICT(Y2), cMbICT(Y3),
cMbIci(Ya), CMBICI(Z1),. . .,CMBICI(Z),
YIOBIICTBOPSIIONIMX ~ MAaTpUYHOMY  CMBICIOBOMY
paBeHCTBY BHaa cMbICH(Zmg)=cMbICH(YmaCsg), e
CMBICT(Z mg)=cMBbICI(Z1)D. .. DcMbIc(Zg),
eMbIcT( Y maCPa8)=cMbICTI(Y maC*1) BcMbica(Y mac*2) D
eMBICT( Y maC*3)Dembic(Y mac?s). DJIEMEHTHI
matpuibl Cfag paBHBI 8 /IeMEHTaM TEPBBIX 4-X CTPOK
¢, ¢y, cf3, ¢*s marpuisl namukaTtopos Cag, a ee i-as

CTpoKa ¢!} uUMeeT KOMIIOHEHTHI, paBHBIC
KOMIIOHEHTaM MaTpHIIBI HHNKATOPOB
Css:c"=(Cj1,Ci2,. . .,Cjg), i=1,...,4. DTOMYy MaTpH4HOMY
CMBICIIOBOMY PaBEHCTBY COOTBETCTBYET
MaTEMATH4ECKOE MATPUYHOE DABEHCTBO anst

YHCJIOBBIX MEPEMEHHBIX BUAA: Zms=YmaCTss. TakoBo
MIPAaBUJIO COOTBETCTBUS MATPUYHOTO CMBICIIOBOTO

paBeHCTBa CBOEMY MATPHYHOMY YHCIOBOMY
PaBCHCTBY.

IIpumensieMasi cucTeMa MHOTOCMBICJIOBBIX
YpPaBHeHMit

MHOTOCMEBICIIOBOE ypaBHCHHE [9-10]

KOHCTPYHUPYETCSI U3 MHOIOMEPHOM MaTeMaTH4eCKOU
Mojenu [8], rae y’ke BBeICHBI YHUCIIOBBIE TapaMeTPHl,
nepeMeHHble, (YHKLIUH CBSI3H, COOTBETCTBYIOIIME
peambHBIM ~ CBOMCTBAM  peaJbHBIX MHOTOMEPHBIX
00BEKTOB pPa3HBIX THUMOB. THUTT 00BEKTOB, UX CBOHCTB
OTpakaeTcss B CMBICIAX CBOMCTB 00BekToB [2-11].
CyMMBI CMEICTIOB CBOWCTB (Z-TIEPEMEHHBIX) 00BEKTa
MOTYT 00pa30BaTh HOBBII CMBICT Y-TIepEMEHHOM
(B3amMeH crapomy cwmblcmy) win Her [7]. B
MHOTOMEPHOH  MareMaTH4eckod Mozenn (oHa
ABJISIETCS ~ BTOPUYHOM,  TIEpBHYHA  MaTpUYHAA
CMBICIIOBAst MOJIEJIb) IEpEMEHHbIE ACTSATCA Ha 2 BUA!
W3BECTHBIC HMMEHa-CMBICIIBI Z-TIepeMEeHHBIX:
CMBICI(Z1),...,CMBICI(Zg) ¥ W3BECTHBIE  HMEHa-
CMBICIIBI  Y-TIEPEMEHHBIX  CMBICI(Y1),. . .,CMBICI(Ya).
KommdectBo 4 mepeMEHHBIX pPAaBHO KOJIHUYECTBY
mucniepenit disp(y1)=A1,disp(y2)=Ao,...,disp(ys)=rs. B

COOTBETCTBUH C 3HAYCHUSAMH A1, A2,...,A4, B3ITHIMHU U3

napsl CMO/JIEITUPOBAHHBIX MaTpHuIl (Cas,Ass)
MIPOCTABJISIFOTCSl YUCIIOBBIE TAPaMETPHI Cit,..., Cgg B
HUKETPUBECHHbIE 4 ypaBHEHHUS CHCTEMBI

MHOTOCMBICJIOBBIX  YPaBHEHHA. He mnpoBogum
YAaJEHUs CIIaraéMbIX C «BECaMm» Cij, €CIIH JaXke UX
BEIMYMHEI HE  YJIOBJICTBOPSIOT KPUTCPUIO OBITH
WHIUKATOPOM CKpBITBIX 3HaHui [11,14], mostomy
KOJIMYECTBO  CJIaraéMblX B  ypaBHEHUAX  C
HEM3BECTHBIMH  HOBBIMH  CMBbICIAMH  CMBICI(Y1),

«KOPOTKHE» CYMMBI CMBICIIOB TPUBEACHBI IS
oOJerdyeHusi OCMBICIIMBAHUS YUTATENeM CTaThu. Jlis
KOHCTpyupoBaHus 6 ¢pa3 miasi 4 HOBBIX CMBICIIOB
(HOBBIX CEMaHTHYECKHUX Y-TIepeMEHHBIX )
HOBBIN_cMBICH(Y1), HOBBIH_cMBICT(Y?),
HOBBIN_CMBICI(Y3), HOBBIA CMEICTI(Y4), CYIIECTBECHHO
JIOTIOJTHSAIOIIUX ~ HUCXOJHBIE  CMBICIBI  CMBICI(Y1),
cMbIci(y2), cMbica (Y3), cmbica(Ys) HPUMEHSUTHCH
METO/Bl CMBICIIOBOTO NPEoOpa3oBaHUsl HCXOIHBIX
CEeMaHTHUYECKUX MePEMEHHBIX B HOBEIC
CEeMaHTHUECKHUE MepeMeHHbIe. DTO — TpyAo3aTpaTHas
0COOCHHOCTh KOTHUTHBHOTO MOJICIUPOBAHUSL.

TpeOyemble (Qpa3bl, OTpa)KAOMIHE CMBICIEBI
HEM3BECTHBIX 4 HOBBIX CMBICIOB Y-TIepEMCHHBIX,
MOJKHO CKOHCTPYHPOBATH, €CIIN CMOJICIINPOBATH:

a) mapy MaTpull  COOCTBEHHOH CTPYKTYpHI
(Ags,Ces), Tne Cgg — MaTpuIa NCEBIOCOOCTBEHHBIX
BEKTOPOB, CgsCTgs=lgg, CTg5Cgs=+lgs,
Ags=diag(A1,...As), tr(Ass)=hi+...+As=8, yCJIOBHE
YHOPSIOYCHHOCTH A1>...>As>0 He Tpebyercs;

0) MaTpuIbl 3HAYEHUH HEKOPPEIUPOBAHHBIX
HU3MEHUYUBOCTEH Y ma, KOPPEIUPOBAaHHBIX
u3MeH4nBocTel  (OTKNOHEHHH  OT  0)  Zmg,
COOTBETCTBYIOT CBOMM CHCTEMaM MHOTOCMBICIOBBIX
YpaBHCHHH C UW3BECTHBIMH M  HCU3BCCTHBIMH
CEMaHTHYECKUMHU (CMBICIIOBBIMH) TICPEMEHHBIMU.

Wnoe nazBanue [11] snemenToB matpuusl Cegs
BBEIEHO B CTaThsX [2-8], OHO OTpakaeT CMBICI
«BECOB», MOJCIUPYEMBIX B Halled MOJENH, Halll
METOJ] MOJCITHPOBAHUS OTIMYACTCS OT METOIOB U3 [2-
10].

Hosrle Mmopenupyemble 2 MaTpuIlsl B Hamei
MOJIeNn JIOJKHBI o0nanaTh CBOMCTBaMH:
OpTOroHaNbHas (HE OPTOHOPMHPOBAHHAS) MaTpHIA
Css  COOCTBEHHBIX  BEKTOPOB  €j=(C1j,Cyj...Cqj) T,
PacCTIONOKEHHBIX 110 crosbiam MaTpPHIIBI
Css=[c1|c2]...|cs] cormacoBana co CBOMM CIIEKTPOM Asgg
HEWCTIONIE3YeMON HaMHU KOBapHAI[MOHHONH MaTpPHIIBI
Wss=(1/m)Z"msZms, Ass=diag(rs,...As) B pemaemoit
nmwke Onrummzannonnoit 3amaue:  (lss,Iss)=>(Css,
Ags) (npyrue meronsl cmotpute B [10-12]) menesast
(GyHKOMS OTIHYAeTCS OT paHee INPHUMEHSBIICHCS
¢byHkuun:  At...tAg=8, Temepp 3TO PaBEHCTBO
SIBIISICTCS. (PYHKIIUCH OrpaHHUYCHHUH MPU U3MEHSICMbIX
3HayeHusx 8*8+8 anementoB 2-x matpuil Csg, Ass,
CrggCes#lgs, CgsC'ss=lgs. =~ Mogenupyembie HHKE
cinyvaitnple MaTtpuilbl Umg W Ymg Takwe, 4YTO
MOMUUHSIFOTCSL cooTHomeHusM OOpatHoit Moaenu
AmHanmuza I'maBHBIX Komnonent [14]:
(/m)UTmgUms=lss, Yms=UmsA %3, Zms=YmsC'ss, B
Marpuie Ymg dIEMEHTBI j-TO CTON0UA Y1j,Y2j,. - -,Ymj (-
as  y-mepemenHas, J=1,...,8) uMewT cpenHee
apudMeTHyecKoe, paBHOE HYJIIO!
(I/m)(y1j+yzit...tYm)=0 ¥ nmucmepcH0 paBHYRO A
(U/m)(y?1+y2o5t. .. +y2mi) =N, cyMMa aucniepcuii paBHa
8: Mt...+he=8. Marpuip! Y me=Ums A%,
Zms=YmgC'ss B TaKOM TMOPSIIKE MOICIUPYIOTCS W
HUHTEPIIPETUPYIOTCS KaK MHOTOMEpHbIe BBIOOPKH
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[14]. B wHameli Mozmenmu MBI MOJEIHPYEM (21,22, ...,28).
HeCTaHAapTU30BaHHbIE (C"gsCss#lgs) 4. YeThIpe CMBICIOBBIC YPABHCHHUS:
KOppeTUpOBAHHBIE Z-TIepEMEHHBIE SIBIIIIOTCS embic(y1)=cmbici(z1)*1.00@cmbicn(z2)*(-1.00)@
MHOTOMEPHBIMH  JaHHBIMH, OOBCIMHEHHBIX B embici(Z3)*1.00®cmbicn(zs)*1.00;

MaTpully Zms, B KOTOPOH 3JEMEHTHl j—TO CTOJIOIA
24),2%j,...,Zmj (j-ast mepemennas, j=1,...,8) wumer0T
cpenHee apu(METHIECKOe  paBHOE HYIIIO:
(2/m)(z4j+2a5t. .. +Zmj)=0, U OUCTIEpCHIO HE paBHYIO 1:
(Um)(Pyj+ 2%+, . +2%m)#1, cymma pucnepcuii  He
paBHa 8. OneMeHTHI MaTpPHUIIBI Ces
HHTCPIPETHPYIOTCS ~ KaK  HHIUKATOPBHl  3HAHUIT
[13,14]. Matpuua Ymg, B KOTOPOH 3JIE€MEHTHI j—TO
cronbua Yij, Y2j,-..,ymj (j-as y-nepemennas, j=1,...,8)
UMEIOT CpeiHee apu(pMETHYECKOe pPaBHOE HYJIIO:
(2/m)( yaj+yait ... tYmj)=0, 1 IUCTIEPCHIO PABHYIO Aj:
(LIm)(y?1+y2oit. .. +Y2mi) =), cyMMa qucTiepcuil paBHa
8: Mt...+As=8. Marpuna Yms, HHTCPIPETHPYETCS
Kak MHOTOMepHas BbIOopka. HecTanmapru3oBaHHbIE
KOPPENHPOBaHHBIE  Z-IEPEMEHHBIC -  JaHHBIC,
00beANHEHHBIC B MATPUILy Zmg, B KOTOPOH 3IIEMEHTHI
j-ro crombua  Zij,2y,...,Zmj (j-as Zz-mepemeHHas,
j=1,...,8) umeroT cpenHee apupMETHUECKOE PABHOE
Hymo: (1/m)(zyt+zt...+Zmj))=0 u ngucmepcuio, He

paayto 1: (1/m)(Z%4j+  Z%+...+Z%m)=l, cymma
mucriepcuii  He  paBHa 8.  Marpuna  Zms
MHTEPIPETHPYETCS Kak MHOTOMEpHas
HeCTaHJapTU30BaHHasl BHIOOPKA.

[Ipumensiemass  cucTeMa  MHOTOCMBICIOBBIX
YpaBHEHMH COCTOUT U3 4-X CMBICIOBBIX YpaBHEHHH
c 12=8+4  ceMaHTHYECKUMU  TEPEMEHHBIMU
cmbIci(Y1),eMbICi(Y2),cMbIC(Y3),cMBICT(Ya),
YIOBICTBOPSIIONIMX ~ MAaTPpUYHOMY  CMBICIOBOMY

paBeHCTBY BHIa CMBICH(Zmg)=cMBICI(Y maCPsg), Tre
cMBICI(Zmg)=cMBICI(Z1)D. .. DcMbICci(Zs),
embicn(YmeCPag)=cmpicn(Y mac*1)®cmpica(Y maCh2)®
embIcn(’Y maC*3)@emprcn(Y macs ).

KornutuBHasi MoJejb CKa3Ku 0 pbidake u
30J10TOM pbIOKe

HNudopmannoHHEIMA KOMIIOHCHTAMHU
KOTHUTHBHOM MOJIEIN «KOMITETCHIINH, BHEAPSIOMINH
AHATUTUYECKUE CTIOCOOHOCTH SIBIISIFOTCSI:

1. Mogaensnas napa marpui] (Cgg,Ags): MaTpuiia

COOCTBEHHBIX qycen Ags, Marpura
MCEBIOCOOCTBEHHBIX BEKTOpOB Cgg TakMx, 4TO
BeIMONTHSIOTCST  ycioBust: CggC'=lgg, C'gsCgs=+lgs,

Agg:diag(h, .. .7\.3), tl’(/\gg):7\4+. .. +Ag=8,
Asgs=diag(2.5000,2.5000,2.5000,1.5000,0.0000,
0.0000,0.0000,0.0000,0.0000).

2. Matpunst Cgg u Agg MOJENUPYIOTCS MPHU
pemennr ONTHMU3AMOHHON 3a1a4yn. By TaOmumb-
TPOTPaMMEI OnTuMH3aIUOHHON 3aJa4u:
(18s,188)=>(CgsAgs) mpuBesnen B Tabmuie 2.

3. U3BecTHble  CMBICIOBBIE  IEPEMEHHBIE
CMBICI(Z1),..., CMBICI(Zg) B MOJENN HWCIOIB3YIOTCS
JUTSI HAXOKJACHHSI HOBBIX CMBICJIOB JIJISI MOJIETBHBIX Y-
MEPEMEHHBIX  Y1,Y2,Y3,Y4, KOTOpBIE  YIPABISIOT
COOTBETCTBYIOIIUMH YUCJIOBBIMU 8§ Z-TIepEMEHHBIMH

embici(y2)=cmbici(z1)*0.00@cmbicn(z2)*1.00+
eMbIci(Z3)*1.00Dcmbici(z4)*1.00@cmbic(zs)*1.00D
embici(Z6)*1.00;
embic(ys)=cmbici(z1)*0.00@cmbicn(Z2)*(-0.4334)D
cmbIci(23)*0.7284@cmbicn(z4)*(-0.1269)®
embici(zs)*(-0.1681);
embici(Ya)=cmbici(Z1)*0.00@cmbicin(z2)*(-0.0295) @
embici(Z3)*0.1528@ cmbici(z4)*0.9521+
cmbici(Zs)*0.0418.
CucreMe CMBICTIOBBIE PAaBEHCTB COOTBETCTBYET
CHCTEMa YHCIIOBBIX alreOpandecKux PaBeHCTB:
y1=2:*1,00®2,* (-1,00)+z3*1,00+ zg*1,00;
Y2=2,*1,00+25*1,00+24*1,00+ z5*1,00+ z6*1,00;
Y3=2,*(-0,4334) +25*0,7284+24*(-0,1269®z5*
(-0,1681);
Y4=2,*(-0,0295)+23*0,1528+2,*0,9521+
25*0,0418.

5. Henynesrie TUCTICPCHU 11=0.0250,
22=0.02500, 23=0.02500, 24=0,1.5000 u3
momenbHoro  cnektpa  Agg=diag(2.5000,2.5000,

2.5000,1.5000,0.0000,0.0000, 0.0000,0.0000,0.0000)
paBHBI 3HAYeHWsAM ainreOpamdeckux ¢Gopmyn Y-
U3MEHYUBOCTEH  VYio,Vi1,YiaYis, 1=1,...,24, wuMeIOT
pa3BHble 3HaueHUs. Jpyrux 3HauCHUI HE yJaloCh
HOJY4MTh NMpH peuteHnn ONTUMHU3aLMOHHON 3amauu
¢ 13 wuHnukaTopamu (yHpaBISIOLIHE HapaMeTpshl,
COOTBETCTBYIOIINE CMBICIIaM y-TIepeMeHHbIX
Y1,...,Y4) IPUCYTCTBHS 3HAHUI.

6. V3 BEIYNCICHHBIX B paMKax Mojaenn 8*8=64
WHJIUKaTOPOB B CMBICIIOBOI MOJIENM HCIIONB3YIOTCS
Bce (B ToM umciie 13 Ha3HAYCHHBIX OKCIIETOM)
WHIMKaTOPOB HAIMYUS MOJENBHBIX 3HAHUH, Kak
MokaszaHo Ha PrcyHkax 1-8, afieKBaTHBIX 0XKHIaEMBIM
3HAHUSIM.

7. Kaxxgast U3 4eThIpex CMBICIOBBIX QOpMyIT U3
MYHKTa 3 KOTHUTUBHO CKOHCTPYHPOBaHA U3 CMBICIIOB
8 HemsMepsieMbIX M 3aBUCHMBIX APYT OT Apyra Z-
nokasarene. Yersipe CMBICIIOBBIE  (DYHKIIMU
peasn30BaHbl B KOTHUTHBHOM MOJENHM  CKa3KH O
peibake M 30J0TOI pBHIOKE: «CTapUK OTITyCKaeT
pBIOKY, HE TIpocs Harpajb», «30J0Tasg pbIOKa
BEITIONTHSCT (TIOCTIe TIPOCh0 phIdaka) Bce 6 KeIaHWHA
CTapyXu, HauMHasl C HOBOTO KOPbITA, KOHYasl «OBITh
CTOJIOOBOH JIBOPSIHKOW», «IIPOSIBIEHHS TPEBOXKHOTO
COCTOSIHUSI MOPSI», «30JI0Tast pbIOKa He OTBEYaeT Ha
MOCTIETHIOI MpPOCchOy phIdaka IOTOMY, YTO OHa
M3MepHia IEHHOCTH BCEr0 MPOM3OMICAINIEI0 H
yoenunach B OE3rpaHUYHON KATHOCTH CTapyXu».
Uetblpe HE Y—M3MEHUYHBOCTH HE KOPPEIHPYIOT APYT
¢ apyrom:  (Y1,y2)=corr(yzys)=corr(y1,ys)=...=
corr(yl,y4)=0, TaKk Kak A12=A23=...=A14=0. Otn
PaBeHCTBA — CJIEJCTBHE UCXOIHOM THITOTE36I MOJIEIIH:
OHU 110 CMBICIIAM JPYT Ha ApYyTra HE BIMSAIOT.

8. CMBICIIBI Z-TIOKa3aTeNel SBIAIOTCS BXOJHBIMU
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JaHHBIMU MOJCJIIH, OHU Cq)OpMyJ'H/IpOBaHI)I B HyHKTe u HyTeM KOMHL}OTepHOFO MO[[e.]'II/IpOBaHI/Iﬂ
«I/ICXO)IHI)IG JAHHBIC)» CTAaThU. Cﬂy‘{aﬁHLIX ManI/II_I Vomg, Umg y[[OBﬂeTBOpHIOT

9. CocraB mcxomHBIX MHIWKAaTOpoB (13 mITYK,

Tabmuma 2) He
CMOZIEINPOBAHHBIX
HalJCHHBIX @IpU pPEIIEH
3amaun.

OTJIMYEH 11O
WHIUKATOPOB,
OnTUMHU3aIMOHHOMI

nn

3HAQYCHUAM OT

(hopmansHO

10. MopenbHble MaTpuubl Y ms, Zmg (Tadbmumax 5
1 6) (TOTy4eHHBIE ITyTEeM BBIUUCIICHUS 10 alITOPUTMY

paBeHCTBaM anreOpamdecKol CHCTEMBI YpaBHEHHIA,

COOTBETCTBYIOT

HaWJeHHBIM

BBIIIIE 4

MHOT'OCMBICJIOBBIM YPAaBHECHUSM.

Tadanua 1. Mopeabnas maTpuna Css CeBA0COGCTBEHHBIX
BEKTOPOB ¢ 13 HCXOHBIMH HJIM MOJIEJIbHBIMH HHANKATOPAMHU

Ass=diag()
1 2 3 4 5 6 7 8

1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-1.0000 1.0000 -0.4334 -0.0295 -0.1256 -0.2409 0.0000 0.0000

1.0000 1.0000 0.7285 0.1528 -0.1544 -0.3156 0.0000 0.0000

0.0000 1.0000 -0.1269 0.9221 -0.0114 -0.1733 0.0000 0.0000

0.0000 1.0000 -0.1681 0.0418 0.7262 -0.1115 0.0000 0.0000

0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000

1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

4.0000 5.0000 0.7629 0.8762 0.5671 0.2001 1.0000 0.0000
OnruMu3annoHHas 3agaua (1gs,I88)=>(Css,As3) mLeneBast (YHKIHS HMEET BHI
Jost MOJCITUPOBAHUS MaTpPHULBI Cags CsatCeatCratcsaa), ee 3HaYCHHUE JOJDKHO
WHJIMKaTOPOB HaJIMYUs CKPBITBIX 3HaHUH MHUHUMHU3HPOBATBCS, COTJACHO CIOXKETY CKa3KH.
chopmupyem i mapel  Matpurr (Cgs, Agg) 2 CTapyxa JKeJlaeT: MOJy4UTh HOBYIO u30y (CMbICI(Zs)),

JMaroHaNbHbIe enuHUYHBIe MaTpuibl (lss,Igs). OHH
SBJISIFOTCSL  HadanbHbiMu  3HaueHusMH  (Cgg,Ags).
IMporienypa GRD2  mocie  mociiemnoBaTeabHBIX
npubmmkeHuil  mpeobpaszyer matpunbl  (lgs,Iss) B
matpuilbl  (Cgs,Agg). s mpouenypst  GRD2,
HEoO0X0AUMBbI (PYHKIIMK OrpaHUYEHHH, TOMOTAOIIHE
npouenype GRD2 yMmeHbIINTh padOTy NpH THOHCKE
peteHus (MaTpHIIBI Ces,Ass). [pocTeMu
OTPaHUYCHUSIMH, HE BBI3BIBAIOIINX BO3PAKCHUIA,
SIBJSIFOTCSI MH/IMKATOPBI, HA3HAYCHHBIE SKCIEPTOM:
cu=1;c21=(-1);c20=1;c3=1;c40=1;c52=1;
c22=1;c72=1;c73=(-1);c83=(-1);c54=1;c74=1;c84=(-1).
®opmyna cp=1 o6o3nauaer apyryo (dopmyiy
corr(zy,y1)=c11=1. Ecnu 3HaueHUst 2-X MEPEMEHHBIX
(zi,..., Zim), (Yi1,...,Yim) CTaHIAPTU3UPOBAHBI, TO
zin=1*yi, i=1,...,24. Tlocnenuss GopMyJia MposICHAET
cMbIc  (opMysibl, HO y Hac NepeMeHHble He
CTaH/APTU3UPOBaHbl. OTH 3HAYEHUS BHIPAKAIOT
YCIIOBUSI CKa3Ku: HJieajibHasi MapHas CBs3b (Kak B
CKa3Ke, B JKU3HM TaKOW CBsI3M He ObIBaeT) B Iapax
nokKasaTenell JIeHCTBYIOIINX CYOBEKTOB CKa3KH.
OTKJIOHEHHE O/IHOTO ITOKa3aTelisl paBHO OTKJIIOHEHHIO
npyroro. VineanbHas cBA3b.

Pemraercs OnruMH3alMoOHHAs 3agauva:

OBITh CTOJIOOBOW ITBOPSHKOW (CMBICN(Zs)), OBITH
«BOJIBHOYO LIAPHILIEID (CMBICT(Z7)), OBITH BIIAABIIUIICH
MOPCKOIO. Mopens JnoDKHa 3HATh Oyaymui
pe3yJbTar KellaHWH CTapyXu, MOATOMY Mbl BBOJIUM
HECTPOroe OrpaHMYeHHE Ha CyMMY €€ IKeIaHHid:
MHHUMH3UPYEM 3Ty CyMMY. MBI MOTJIH [TOTPeOOBaTh
OOHYJICHHS JKEJTaHUH CTapyXH, HO JKeJlaeM B MOJIEIN
COXPaHUTb €JMHUYHBIC 3HAUCHNSI HHINKATOpoB. EcTh
omacenwue, uTo npouenaypa GRD2 otkaxercs mcKaTh
pemrenne  (Ceg,Ags). Hcmonb3yem OrpaHUYEHHUS:
M+...+As =8 TpW W3MEHSAEMBIX 3HAUCHHWSIX 8*8+8
aneMeHTOB 2-x Matpun Cgs, Ags. OrpaHudeHus Ha
3JIEMEHTHI MaTpHIL;: C™C+#lgs, CggCgg=lgs,
Asgs=diag(As,...As), tr(Asg)=h+...+As=8, oe3
OTpaHWYEHHNH Ha MOHOTOHHOCTB: A1>...>An>0.

Mpbl mpoBeleM  MOJAEIMPOBAHUE MAaTPHUIIbI
MICBAOCOOCTBEHHBIX BEKTOPOB Cags:(lgs,lgs)=>
(ng,/\ss), CT88C83¢|83, ngCT88=|88 1 MOJACITIMPOBAHUEC
JUIA Hee JUaroHabHOW MaTpuiel Agg. OcoOeHHOCTD
MaTpHIIBI TICEBI0OCOOCTBEHHBIX BEKTOPOB Cgg COCTOUT
B TOM, 4YTO ¥ TIO3BOJSIIOT  MOJICIIUPOBATH
KOpPpPEJIUPOBAHHbIE Z-TIEPEMEHHBbIE C JUCIEPCHIMHU,
6ompmmmvu 1. Takas  z-mepemeHHas — Oosee
W3MEHYMBA, 4YeM Y-TlepeMeHHas 3TO

Y4,
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COOTBETCTBYET CBOMCTBAM ITOKa3aTeledl M3 TeKcTa
cka3ku. CHIBHO U3MEHYMBBIE Z-TIEpEMEHHBIE (Z2, Z3,
Z3, Zs, Zs) depe3 (opMymIBl IEepelaroT 3aMETHBIC
HEHYJIEBBIC IUCIIEPCUH Y-TIEPEMEHHBIM Y1, Y2, Ya.
3HauyeHUs Z-TIepEeMEHHBIX (Z1, Z2, Z3, Z4, Zs,..., Z8)
SBJISTFOTCSI MHOTOMEPHBIMH JAHHBIMH, 00bEANHEHHBIX
B MaTpUIy Zmg, B KOTOPOIl 3JIEMEHTHI j—TO CTOJIOIA
23),23j,...,Zmj (j-as mepemenHnas, j=1,...,8) wumer0T
cpenHee apumMeTHyecKoe paBHOE HYJIIO:
(1/m)(z4j+2zajt. .. +Zmj)=0, U aUCTIEpCHIO HE paBHYO 1:
(Um) (24225 +.. . +2%m) #1, cymma aucmepcuii He
paBHa 8.

Pemas OnNTUMH3AUOHHYO 3anauy:
(138,I38)=>(Cgs,Ags), MBI HageeMcCsl TTOTYYUTh APYTHE
3HAYEHHs JIEMEHTOB MaTpPHULbI Agg, OTIMYAIOIINAECS
OT JIMArOHaNbHOW Marpuilbl Asg U3 crateil [2-8].
OCHOBHBIM BBIYHMCITUTEIIbHBIM PEryJIsaTopoM
SBJSIETCST  MO3aMKa HWCXOIHBIX HWHIMKATOPOB |
Ha3HA4YEHHbIC HKCTIEPTOM 3HAUCHUs |3 MHANKATOpPOB.
Bun  tabmumpl-mporpamMmbl - ONTHMH3aIMOHHON
3a7a4u ¢ 13 UCXOMHBIMM HWHAWKATOPAMH NPUBECH B
Tabmumax 9,10.

KoHncTpyupoBanne cMBbICJI0B Y-()aKTOPOB ¢
13 ucX0AHBIMM MHAUKATOPAMM

CMBICIIOBOE PaBEHCTBO CMBICT(Zmg)=
embIci(YmsCTes) MOYHO 3amlucaTh MO-Apyromy:
eMbICH(Z1)@®. .. ®cmbicn(Zg)=cMbica(y1*CT1)®...@
cmbici(Ys*C'g). Tak Kak He CyLIECTBYET 8 Y-CMBICIIOB,
a IMeeM TOIBKO 4 Y-cMbIcia (CMBICIBI cMBICT(Ys*CTs),
.., cMbIcI(Ys*CTs OTCYTCTBYIOT), TO COKpallaeTcs
KOJIMYECTBO CMBICIIOB U3 TIPABOM YaCTH CMBICIIOBOTO
paBeHcTBa. CMBICTIOBBIE pPaBEHCTBA HE O0JIAAAIOT
CBOWCTBAMHM  YHCIOBBIX W  (DYHKIIMOHAJIHHBIX
PaBEHCTB. Nmeem CMBICIIOBOE PaBEHCTBO
cMBICT(Z1)®. .. @cMmbicia(Zg)=cmbica(y1*CT1)®D....®
cMBICT(Y4*C 4). DTO PaBEHCTBO HOJDKHO BOIIOTUTECS
B ¢pa3pl. CMbICT (pa3bl U3 MPaBOA YaCcTH MOJDKEH
PaBHATBCSA CMBICTY  (hpassl W3 JIEBOW 4YacTH
paBeHCTBa. B MaTpUUHOM BH/E JTAHHOE CMBICIIOBOE
PaBEHCTBO UMEET BUJL: CMBICH(Zmg)=cMbICI( Y maCFas).
Tak Kak B KOTHUTHBHOM KOMITBIOTHHIE CMBICIIOBBIC
paBeHCTBa Ooyiee  3HAYMMBI, YeM  YHCJIOBBIC,
(yHKIMOHAJIBHBIE  PAaBEHCTBA, TO CMBICJIOBOMY
PaBEHCTBY eMbICT(Zmg)=cMbICT(Y maCPas)
COOTBETCTBYET MaTeMaTH4eckass MOJeNb BHja:
Zms=YmaCTgs. B npapoii wactu ywactByroT 4 1-ble
KOMIIOHCHTHl §-TH TICEBJOCOOCTBCHHBIX BEKTOPOB
CL,...,c8. UeTBepka «BecoB» U3 Kaxmoro (u3 8)
TMICEBJIOCOOCTBEHHOTO BEKTODA, YMHOYKAETCSI
MOWICHHO Ha 3Ha4YeHUs 4-X Y-U3MEHUYUBOCTEH,
MoNy4arTcs 4 pe3yibTata NAlT 4 MPOU3BEICHUS
BHJa y*c, a cyMMa uX paBHA 3HAYEHUIO OJTHOMU (U3 8-
1) Z-M3MEHYHUBOCTH.

ITouemy wucnonb3ytorcsi 1-bie 4 KOMIIOHEHTBI
MICEBJOCOOCTBEHHOTO BeKTOpa? OTO 3aBUCUT OT
MECTOHAXOXK/ICHHUSI HEHYJIEBbIX COOCTBEHHBIX YHCEI

A1=2.5000, A,=2.5000, A3=2.5000, A4=1.5000 wu3

marpuibl  Agg=diag(2.5000,2.5000, 2.5000, 1.5000,
0.0000, 0.0000, 0.0000,0.0000,0.0000). Asgs. IlepBbic
4 KOMIOHEHTHI KaXIOro IICEBIOCOOCTBEHHOTO
BekTopa (u3 8) COOTBETCTBYIOT |-BIM 4-M 37eMEHTaM
Marpuibl  cobcBeHHbix umcen  Agg=diag(2.5000,
2.5000, 2.5000, 1.5000, 0.0000, 0.0000, 0.0000,
0.0000, 0.0000). Mognenpras Matpuma Cags
UCIIONIB3YETCS  HEMOJHOCTBIO  M3-32  MEHBILETO
KosmuecTBa Y-u3MeHunBocteil. KommyectBo — Z—
W3MEHYMBOCTEH pPaBHO 8, a MX CMBICIBI SIBISIOTCS
3aJaHHBIMM B HWCXOJHBIX JaHHBIX. Ecmu OB
KOJIMYECTBO  Z—M3MEHUYMBOCTEH COBHAJIO OBl C
KOJIMYECTBOM Y—M3MEHYHMBOCTEH, TO MBI OBl peraiu
CMBICJI0BOE ypaBHeHHe cMbICI(Zmg)=cMbICI(Y mgCTgs)
cO CBO€eH MAaTEMaTHYECKOH MOJIENBIO BHJA:
Zms=YmsCTgs. Ho MBI 10 TIOCTAaHOBKE 3aj1a4d
paccMaTrpuBaeM MAaTPHYHOE CMBICIIOBOE PAaBEHCTBO
BHJA cMbICT(Zmg)=cMbICT(Y maCPas), TTO3TOMY
popmyna Zms= YmsC'ss B JaHHOM KOTHUTHBHOI
MO/JICIH HE IPUMEHUMA.

3aliMeMCsi  MHTEJUICKTyaJbHbIM  aHAJIM30M
CMBICJIOBOTO paBeHCTBA CMBICT(Zmg)=
eMbIC( Y maCPas). PaccmoTtpum MmatpuuHOe
paBeHcTBO  cMbIcH(Zmg)=cMmbIci(YmsCPss),  Ono
pasnaraercsi B CHUCTEMY  MHOTOCMBICIIOBBIX
YPaBHEHUH BUJA:
cMbIci(Y1)=cMbIc(Z1)*1.00®cmbic(z2)*(-1.00)
@cmbici(Z3)*1.00@cmbici(zs)*1.00;
cMbIci(Y2)=cMbIci(Z1)*0.00®cmbic(z2)*1.00D
cMbICi(Z3)*1.00@cmbIci(Z4)*1.00@cmbici(Zs)*1.00D
embicii(Z6)*1.00;
embici(ys)=cmbici(z1)*0.00@cmbici(z2)*(-0.4334) &
cMbICi(Z3)*0.7284@cmbici(z4)*(-0.1269)@
cmbici(zs)*(-0.1681);
embici(Ya)=cmbici(z1)*0.00+cmbic(z2)*(-0.0295)®
embici(Z3)*0.1528@ cmbici(z4)*0.9521@cmpic(zs)*
0.0418.

PaccmorpuM 1-y10 CMBICIIOBYIO HEW3BECTHYIO
MEPEMEHHYI0  CMBICI(Y1)=«COCTOSIHUE  30JI0TOH
pBIOKH TIpu 1-0i BeTpede ¢ ppIOakoM: OHA oOemaeT
700011 BBIKYTI U TIPOCUT OTIYCTHTH €€ B MOpe, (71100
B 3aBUCHMOCTH OT MPOCKOBI phI0aKka HE OTBEYaeT
poi6aky)» (cmbici(y1)), SABISIONLYIOCS HEH3BECTHOM
CeMaHTHUYECKON MepeMEHHOM W3  ypaBHEHUS
cmbici(Y1)=cMbici(Z1)*1.00@cmeici(z2)*(-1.00)®
cMbIci(Z3)*1.00® cmbici(zg)*1.00. s Hen3BeCTHOM
nepeMeHHo#  cmbici(y1) W3 JIEBOM  YacTH
CKOHCTPYHPYEM CyMMy CMBICIIOB
(HOBBIIT cMbIci(Y1)) claraeMblX W3 MPaBOH YaCTH
paBHCTBA. [TpoBepum ¢bpasy u3 BHOBb
CKOHCTPYHPOBAaHHOTO HIDKE CMbICIIa
HOBBIA_cMBICH(Y1) © (pasy «» U3 cMbICI(Y1)=«
COCTOSIHME 30JI0TOM pBIOKM MpH 1-0ff BCTpede ¢
peiOakoM: oOHa ofemaeT 000N BBIKYN W MPOCHT
OTIYCTUTH €€ B MOpPE» Ha OTCYTCTBHE HPOTUBOPEUHS
10 UX CMbIciaM. Ecin 0TCyTCTBYeT MPOTHBOPEUHE 110
UX CMBICJIAM, TO CYHMTaeM, 4YTO CMBICIIOBOE
ypaBHEHHE
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embicn(y1)=cmbici(z1)*1.00@cmbicn(z2)*(-1.00)®
@cmpici(z3)*1.00@cmbicn(zs)*1.00 nMeeT
CEeMaHTHYECKOE PEIICHUE, PABHOE HOBBIH CMBICI(Y1).

[IpoBoaMM  KOHCTpYHpOBaHHE  CYyMMAapHOM
¢bpazsrl ULt HEHU3BECTHOM CEeMaHTHYECKOU
epeMEeHHO HOBBIN_cMBICH(Y1). Hucniepcus

nepemennoii pasua disp(A1)=2.5000, MbI oxHIaeM
Oompmero o0peMa WHGOPMAIMH, CMOXXKEM JH MBI
npeoOpa3oBaTh ee B 3HaHUA? B aHanmmsnpyemom
ypaBHEHHH TPHUCYTCTBYIOT 4 cMmbicma 4-x Z—
MEPEeMEHHBIX: «CTAPHK OTIYCKAaeT PhIOKY, HE Mpocs
Harpaab» (¢ cunoit c?11=1%, cMbicn(z1)), «1103BaTh
30JI0TYyI0 PbIOKY M HE MONPOCUTH HOBOE KOPBITO
BMeCTO pasbutoro» (c cuioit c?21=(-1) 2, cmbicn(zy)),
«CTapuK 30BET PBIOKY (¢ cunoii ¢Z31=1% cmbicn(zs)).
Ho, Bompeku crojkeTy cka3ku Ha Ha4aJbHBIN 3MU30/,
«crapyxa KejaeT ObITh BIaAbIYHUILIEH MOPCKOIO, cama
30J10Tasi ppIOKa JOJDKHA CTaTh Y He€ B YCIIyKEHUI» (C
cunoit  ¢%1=12, cmbIcn(zg))). 3mech B HOBEHIH
cMbIci(y1) BXOAAT (pasbl, OTPHUILAIONINE >KEIAHHS
CTapyXd, OHHM BHJHBI M3 CMBbICI(Z4), CMBICI(Zs),
CMBICN(Zg), CMBICT(Z7). DTU OTPHULAHUS BEBISBIAIOTCS
u3 (aKTOB:  «IIOCIC BO3BPALICHUS JOMOW phIOAK
BUAUT y KeHbl HOBOE KOPBITO» (C cuioit c4=07,
CMBICII(Z4)), 9TO O3HAYaET: HE BUIUT HOBOT'O KOPHITA,;
Jlaliee «crapyxa JKeJlaeT IMOJY4YHTh HOBYIO u30y (c
cunoit cs5:°=0%, cMbIci(Zs)): y CTApyXH HET *KeJIaHUs
UMeTh Hu30y; «crapyxa jkenaeT OBITh CTOJOOBOW
JBOPSHKOI» (¢ cunoit c612=0, cMbICI(Z6)): y CTapyXu
HET eJaHust ObITh CTOJIOO0BOM JBOPSHKOMN; «CTapyXxa
JKenaeT OBITh «BOJIFHOIO IapHIei» (¢ Crioi cn?=0?,
CMBICII(Z7)): OHA HE X0YeT OBITh «BOJIBHOIO IAPHIICH.
Temepp ydYeT HCXOMHOTO CMBICIA HEPEMEHHOM
cMBICI(Y1)= «COCTOSTHHE 30JI0TOH PBIOKH Tpu 1-oi
BCTpeUYe C PBHIOAKOM» M CPABHEHHE €ro C HOBBIM
CMBICIIOM I103BOJISIET HAM YTBEPIKAATh: HOBBIH CMBICII
HE JIOTOJTHSIET CMBICI(Y1), & PeyraabiBacT Oyayiue
amu301bl  cka3kh. CMBICIOBOE YpaBHEHHE BHJA
embici(y1)=cmbici(z1)*1.00@cmbici(z2)*(-1.00)®

cMbICI(Z3)*1.00@cmbic(Zg)*1.00  mpemyraabiBaeT
Oyayiye XelaHus CTapyXH U TOYHO BUIIMT: «CTapyxa
JkenmaeT ObITh BIAABIYHMIICH MOPCKOIO, caMa 30JI0Tas
pBIOKa JODKHA CTaTh y HEE€ B YCIY)KEHUW» (C CHIION
cg1=1, cmpIci(Zg)). C 3TOI OroBOPKOH HOBBIA CMBICI
CMBICIIOBOTO ypaBHEHHUS cmbIci(y1)=
cmbicin(z1)*1.00@cembici(z2)*(-1.00)Dcmebici(zs)*

1.00@cmpbicn(zg)*1.00 MoxeT OBITh BKIIOYEHO B
MoJienb. B apyrux mnpeamerHsix obOmactax [2-7]
TaKoro He ObuI0. BhienpuBeieHHas hpaza «HOBOE
KOPBITO BMECTO pazbutoro» (¢ cumioi c?1=12,
cMBICI(Z2))» IO TYHHSACTCS MIPABHITY
(hYHKIIMOHAJIBHBIX IPE00pa30BaHUMI CBOWCTB KOPHITA!
Hosoe (cTapoe)=HoBoe, Hosoe(HoBoe)=cTapoe. OmHa
(hyHKIHSA — HOB0e, 2 apTyMEeHTa - CTapoe M HOBOE (B
ckoOKkax). B ckazke ymoMsiHyTHI 2 KOPBITa: CTapoe H
HOBOE, TIOATOMY (YHKIUS OOHOBICHHS BHJAA
HOBOE(HOBOE)=CTapoe JeiCTByeT ¢ cuioi cZg=12,
(yHKIIMS OOHOBIEHUS BHIA H0B0e(CTapOe)=HOBOE

nedcTByeT ¢ cunoi c?1=(-1) 2. DyHKUMA MMEET
TOJIBKO 2 3HA4YeHus, 2-oe 3HA4E€HHE eCTh JICHCTBUE
HOBOE(CTapOe)=HOBOE MPOMCXOJUT  paHbIIC, YeM
JeHCTBHE HOBOE(HOBOE)=CTapoe. Taxk
(dopmamm3oBanach OIHAa W3 KpPaTKUX (pa3 «HOBOE
BMECTO HOBOTO KOPBITA=IPEXHee pa3OUTOE KOPHITO»
W3 TEOpPHH CMBICIOBBIX ypaBHeHHH. B dopmymax
JPYTHX Y-TIEpEMEHHBIX Y1,Y2,Y3 ,Y4 CHIIbI IPOSIBICHUIH
Z-(hakTOpOB MMEIOT pa3Hble 3HAKU ILIIOC WIIM MHUHYC,
BIMSIIOIINE Ha KOHCTPYyHpYEeMbIe (pasbl.

PaccMoTpuM 2-y10 CMBICIOBYIO HEHW3BECTHYIO
MepEeMEHHYI0 CMBICI(Y2)= «30J0Tasi phIOKAa JIapuT
HOBOE KOPBITO BMeCTO pa3buroro, nmubo n3dy, a11ubo
CTaTyC CTOJIIOOBOW IBOPSHKH, JTHOO CTaTyC «BOJBHAS
mapuiia»y. Ee cMbicioBass ¢opmyna cMbici(yz)=
cMbIci(Z1)*0.00@cembIci(Z2)*1.00@cmeici(Z3)*1.00D
cMbICi(Z4)*1.00Dcembici(Z5)*1.00@cembici(ze)*1.00.
CMbBICIT MPaBOil YacTH MOJDKEH OBITh PaBEH CyMMe
CMBICJIOB 6 Z-TIepeMEHHBIX Z1,Z2, ...,Z6. «300Tas
peIOKa BHIIONHSET (TOCIe Mpockd phidaka) Bce
JKEJAHUS CTapyXH, HAUMHAasI C HOBOTO KOPBITA, KOHYAs
JKEJTaHUEM «OBITh CTOJIOOBOM BOPSIHKOMY CMBICT(Zg).
BhINOIHEHBI AEANBHO C BECAMHU C222=COIT? (Z2,Y2)=1%;
C23=C0rr2(z3,y2)=1;C%42=C0r1*(Z4,Y2)=1;
C?52=C0rT%(25,Y2)=1;C%2=c0Ir%(z5,y2)=1 paBubIME 1.
BHOBB Ha3HaYEHHBIN MOAEBIO «Becy c12=1. Mozensb
JO0aBIISET K 5-TH JKENIaHMSAM CTapyXH, €€ UCXOIHOE
1-oe xenaHKue — HOBOE KOPHITO (CITyCKOBOW MEXaHU3M
pasorpeBa xamgHOCTH ctapyxu). HoBblid cmblci(y2)=
«30J10Tast phIOKa BEIONHSET (TIOCIe POCch0 prIdaka)
BCce 6 KeJIaHWil cTapyXH, HAuMHAsi C HOBOTO KOPBITA,
KOHYasi «OBITH CTONOOBOI ABOpPSIHKOI». DTa Qpaza
KPaTKO IepenaeT CMBICI HEU3BECTHOW CMBICIIOBOI
MIePEMEHHOM HOBBINA CMBICT(Y?2).

PaccMoTpuM 3-10  CMBICIIOBYH0 HEU3BECTHYIO
MIEPEMEHHY IO CcMBICI(Y3)=«COCTOSIHUE MoDpsl,
3aBHCAIEE OT JKeMaHWi CcTapyxm», (cmbici(ys)).
CMBbICIT TIpaBOil YacTH CMBICIIOBOTO ypaBHEHHS
cmbIci(Ys)=cMmbici(Z2)*(-0.4334)®cmpbici(z3)*
0.7284®cmbicn(z4)*(-0.1269)®cmpbici(zs)*(-0.1681)
paBeH CyMMe CMBICIOB 4 Z-TIepeMEHHbIX Z2, ...,Zs.
3HaKH CHUJI MIPOSIBICHUI COCTOSHUI MOpPSI OCTOSHHO
MeHsIoTCs: To Twmoc (1 pa3), To MuHyc (3 IITYKH).
[Tnoxoe cocTosHWE MOpS 3aBUCHT HE TOJBKO OT
JKEaHUW CTapyXH, OHO 3aBUCUT OT JACHCTBUM
30JI0TOH pBIOKH, OT Tpockd peidaka.  [lmoxoe
(TpEeBOXKHOE) COCTOSHHE MOpS TIPOSBIOCH: a) MpH
«mpockbe ppibaka JaTb HOBOE KOPHITO» (C 3aMETHOI
cumoit  c23=(-0.4334), cmeicn(Zz)); 6) korma
MOSIBJISIETCS.  30JI0Tasi pbhIOKa Ha 30B CTapuka |
ucrnonHuna ero kenanume (¢ cuoi c¢%33=0.15282,
CMBICN(Z3)); B) KOTJa phIOaK BUAWT Yy KEHBI HOBOE
KophITo», (¢ MeHbluedl cwioit  ¢%3=(-0.1269)?,
CMBICI(Z4)); T) KOTHA CTapyxa >eNaeT MONyIHuTh
HoBYW u30y (c Mamoii cunoit  ¢%53=(-0.1681)?
cMmbici(zs)). Kak BuamMm, Mojens — OIEHUBAeT
COCTOSIHUE MOPS I10-Pa3HOMY — HaHOOJIbIIAs CTENICHb
YXYIIICHUS. MOJEJIUPYETCSs KOTAa CTapyXa IpOCHUT
HOBOE KOPHITO (C 3aMeTHOH cuiioii c%3=(-0.4334)?,
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CMBICI(Z2)), C MEHBIICH CTENeHbI0 - KOraa pbibak HOBOTO  KOpBITAa, KOHYas «OBITh  CTONOOBOI

BUJIUT y KE€HBI HOBOE KOPBITO, KOTJIa CTapyXa jKeJlaeT
noiy4ynts HOByIo m30y. Ilpmpoma (mope) 3apanee
U3MEPUMO pearupyeT Ha SIIH30/1bl, YyBCTBYET IIOXOH
(buHAT, TOPHUITAET CTAPYXY.

PaccmoTpuMm 4-10  CMBICTIOBYIO HEHM3BECTHYIO
MepEeMEHHYI0  CMBICT(Y3)=«307I0Tasi  pHIOKa  HE
OTBEYAET Ha ITOCIIECIHIOI NPOCkOy phidaka». CMBbICH
NpaBoil YacTH ypaBHEHHs CMBICI(Y4)=CMbICI(Z2)*(-
0.0295)@cmbici(z3)*0.1528@ cmbici(24)*0.9521®
cMbIci(Z5)*0.0418 paBeH cymMMe CMBICIOB 4-X Z—
MEPEMEHHBIX Z2,Z3,Z4,Z5. «30JI0Tast pIOKa HE OTBEYAET
Ha HOCJIEIHIOIO0 ITPOCh0Y phIOaKa MoToMy, 4TO: a) OHa
ObLTa BHIHY’KJIEHA CIIACTU CBOIO J)KU3Hb M BBHIITOJHHIIA
npockOy pbibaka aTh HOBOE KOPHITO» (C 3aMETHOM
cumoit  ¢?4=(-0.0295%), cmbicn(Z2)), 6) oHa
HOSIBIISUIACH Ha KaXKIIbIil 30B phl0aKa 1 HCIOJHSIA €ro
xenanme (c cumoit c?34=0.1528% cmsbici(Z3)), B)
BIIEPBBIC TI0CJIC BO3BPAILCHUS JOMO pbIOaK BUIUT Y
JKEHBI HOBOE KOPBITO», (C MEHBIIEH CHIOH c%4=(-
0.1269)?, cMbIci(Z4)), T) OHA BBINOJHUIIA KEJIAHUE
«CTapyxH IOJyYUTh HOBYIO M30y» (C MayloW cuioi
c?%54=0.04182, (zs)». KopoTkuii HOBBIH_cMbICI(Y4)=
«30r0Tas ppIOka HE OTBEYaeT HAa IOCIEAHIO
npock0y peidaka MOTOMY, YTO OHa H3MeEpuia
LIEHHOCTH BCEro IpOM30lleaNero u yoOeaunach B
0e3rpaHMYHON JKaJHOCTH CTapyXu».

Yerpipe QyHKIHU TpeOYIOTCS peannu3oBaTh B
KOTHUTHBHOMW MOJIENIM CKa3KH O pbl0ake M 30J0TOMH
pBIOKE: «CTapuK OTIyCKaeT pbIOKY, He mpocs
Harpajpl», «30J0Tas pbIOKa BBINONHIET (IOCIE
npock0 prIOaka) Bce 6 KeTaHWH CTapyxH, HAUMHAS C

JBOPSIHKOW», «IIPOSIBICHHSI TPEBOXKHOTO COCTOSHUS
MODS», «30JI0Tas PbIOKa HE OTBEYaeT Ha IOCICAHIO0
mpocsOy peibaka MOTOMY, 4YTO OHAa M3MEpHiIa
LEHHOCTH BCEro IPOM3OLIEAIIero W yOenunach B
0e3rpaHHYHON JKaJHOCTH CTApYXU».

MoneaupoBanne YACJIAOBBIX MATPHIT Y m4. Zms
Y- U Z—OTKJIOHEeHUH 1N 4-X MHOTOCMBICJIOBBIX
yYPaBHeHMit

M0 MATEMAaTUYCCKOW MOJENH, TAC OTACIBHO
Mo ieupoBaKuCch MATPUIIBI Umg 1 Ymg [21] Takue, uto
(L/M)UTmgUme=lss, Y mg=Ums A 2, 3aTeM
MoJenupoBanack Matpuna Zms=YmsC*ss. Matpuua
3HAYCHUHN Z-TIepeMEHHBIX 71,22,23,...,28
Zmg=YmaC%ss. (CasC'gs#las, mpn sTOM  CggClgs=lgs).
Jlerko Beruucisiercs B T Excel. Matpunbl Zmg 1 Y ma
COJZIepIKaT MOJENbHBIE 3HAYCHHS HEH3MEPSEMbIX
H3MEHYHUBOCTEH (OTKITOHECHMIHA oT 0),
COOTBETCTBYIOIIUX HEU3MEPSEeMbIM (hakTOpam.

Marpuna Y®ng t=1,...,0c, oGecnmeuuBaer
CIly9allHOCTh ~ OyIyIIMX 3HAYCHUI y- u Z-
orknonenuit us Marpunl (YOms, (YOns. ZOng). B
Marpuiie Ym4 DJIEMEHTBI J-TO CTONONA Y1j,Y2j,. - .,Ymj
(jran y-mepemennas, j=1,...,4) UMeIOT cpeaHee
apudmeTHyeckoe, paBHOE HYJIIO:
(L/m)(yj+yajt... tYmj)=0, mucmepcuro paBHYI A
(1/m)(y21,-+y22,-+ ...+y2m,-):7v, j=1,...,4, npu sTOM
cyMMa mucrepcuii paBHa 8: M+...+As=8. Matpuirs
Zmg, Yma ipuBesieHsl B Tabnuiax S u 6.

Tab6auua 2. Bua tadaunsi-nporpaMmsl ONTHMHU3a1LIMOHHOIM
3apaun: (lsslss)=>(Css A ss) B Mojesu ¢ 8 Z-nepeMeHHBbIMH, 4 Y-1IepeMeHHbIMH

1 2 3 4 5 6 7 8
z1

1,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 1,0000
z2

-1,0000 | 1,0000 | -0,4334 | -0,0295 | -0,1256 | -0,2409 | 0,0000 | 0,0000 | 1,0000
z3

1,0000 | 1,0000 | 0,7285 | 0,1528 | -0,1544 | -0,3156 | 0,0000 | 0,0000 | 1,0000
z4

0,0000 | 1,0000 | -0,1269 | 0,9221 | -0,0114 | -0,1733 | 0,0000 | 0,0000 | 1,0000
25 0,0000 | 1,0000 | -0,1681 | 0,0418 | 0,7262 | -0,1115 | 0,0000 | 0,0000 | 1,0000
26 0,0000 | 1,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 1,0000
4 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 1,0000 | 0,0000 | 1,0000
28 1,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 1,0000

4,0000 | 5,0000 | 0,7629 | 0,8762 | 0,5671 | 0,2001 | 1,0000 | 0,0000 | 8,0000

0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000
lam 2,2000 | 2,2000 | 2,2000 | 1,4000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 8,0000
cll= 1 1,00000
c21= -1 0,01000 | 0,8889 0,0418
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c32= 1
c42 1
c52= 1
c62= 1
c72= 1
c73= -1
c83= -1
c54= 1
c74= 1
c84= 1
c22= 1
Ta6auna 3. Marpuna Vg 3HaueHnii paBHOMEPHO pacnpeaeseHHbIX
B uHTepBase [-1;1] ciiyyaiiHbIX Ynces
1 2 3 4 5 6 7 8
1 -0,0526 0,2325 0,1472 0,2836 0,4510 0,1750 -0,4181 0,4119
2 02491 02025 10,3691 0,1119 -0,0937 -0,4153 0,3616 0,3006
3 04804 -0,1537 -0,1748 -0,3778 0,2711 -0,4207 0,3584 -0,3557
4 -0,3396 -0,1483 -0,1056 -0,2194 0,3334 -0,1585 -0,1537 -0,4411
5 0,2506 0,2913 0,0429 0,4258 0,0636 -0,4439 0,0428 -0,218
6 -0,3220 -0,0171 0,0081 -0,2066 0,4277 0,4112 -0,3246 0,3169
7 0,1498 0,0732 -0,3036 -0,2938 0,0365 0,2262 0,4715 0,1633
8 -0,0365 0,0022 -0,2170 -0,0953 -0,2983 0,2472 -0,1444 -0,4108
9 -0,1159 0,0598 0,4960 -0,0091 -0,4771 -0,4942 0,0984 0,3699
10 -0,0890 0,4267 -0,2604 0,0959 0,4344 0,3072 -0,0811 0,4152
11 0,0524 -0,2548 -0,2290 0,4417 0,1496 0,2894 -0,2359 0,2202
12 -0,2712 0,1883 0,2892 -0,3829 0,2302 0,1233 0,3226 -0,0219
13 -0,169 0,1326 0,3656 -0,2619 0,0969 -0,0347 -0,0969 -0,2931
14 0,3837 10,2969 0,3366 0,2169 0,0056 -0,5400 -0,3927 0,2508
15 -0,3847 -0,1853 -0,3437 0,2376 0,0837 0,1218 -0,4063 0,3548
16 -0,1107 -0,0035 0,2945 0,3531 -0,0615 0,2229 0,3361 0,0425
17 -0,2165 0,2396 0,226 -0,3821 -0,4993 -0,4196 0,0233 -0,4245
18 0,4099 -0,2633 -0,2912 0,0071 -0,35 0,3413 0,1077 0,4082
19 0,4624 -0,4753 -0,4591 0,2163 -0,115 0,1077 0,0494 -0,2835
20 -0,3494 -0,0523 -0,4393 0,4715 -0,1760 0,3021 -0,3766 -0,5348
21 -0,0445 0,0407 0,2313 -0,3828 0,0520 -0,1864 0,4132 0,1939
22 0,5209 -0,0220 -0,0650 -0,1270 -0,5044 0,2160 -0,3278 -0,1449
23 -0,3813 -0,1751 0,3810 -0,4338 0,3967 -0,1858 -0,1223 0,1286
24 -0,0763 -0,4358 -0,2987 0,3110 -0,4572 0,2077 0,4952 -0,4481
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Tadanua 4. MaTtpuna Ums U-u3MeHINBOCTeEId
ul u?2 u3 ud usb ub u’v us
1 -0,1817 1,0248 0,5007 0,9556 1,4810 0,5737  -1,4066 1,2640206
2 0,8607 0,8926 1,2555 0,3771 -0,3077 -1,3615 1,2166 0,9224543
3 1,6599 -0,6774  -0,5946 -1,2730 0,8903 -1,3792 1,2058 -1,091652
4 -1,17343 -0,6536  -0,3592 -0,7393 1,0949 -0,5196  -0,5171 -1,353734
5 0,8659 1,2840 0,1459 1,4348 0,2089 -1,4553 0,144 -0,669067
6 -1,112612 -0,0753 0,0275 -0,6962 1,4045 1,3481 -1,092  0,972477
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7 05176063 03227 -1,0327  -0,9900  0,1199 0,7416 15863 0,501097
8 -0,126119 00097 07381  -03211  -0,9796 0,8104 -0,4858 -1,260747
9 -0,400471 02636  1,6872  -0,0306  -15667  -1,6202  0,3311 1,1351277
10 0307523  1,880756 -0,8858  0,323164 142653 1007142 -0,2728 1274148
11 0,1810586 11,1230 -0,7790 14884  0,4913 0,488  -0,7936 0,6757163
12 0937082 0,82998633 0,083712 -1,2902261 0,7550614 0,4042419  1,0854  -0,06726
13 0583948 0,58448345 124350 -0,8824981 0318221 -0,1137472  -0,326  -0,89954
14 1,3258047 1,30865084 1144946 07308918 0,0184034 -1,7703288 -1,3211 0769624
15  -1,32926 -0,8166901 -1,16912 0,8006436 0,2748739 0,3993242  -1,3669 1,0887876
16 -0,382503 -0,0153898 1,001741 1,1898385 -0,201945 0,7307717 1,308 0,1303763
17 -0,748076 1,05609581 0,768735 -1,2875304 -1,639624 -1,375608  0,0784 -1,302791
18 1416334 -1,1604823 -0,99054 0,0239386 -1,149342 11189357  0,3624 1,2526658
19 15977381 -2,0948918 -1,56166  0,72887 -0,377632 0,3530986 0,166225 -0,870079
20 -1,207287 -0,2304803 -1,49431 1,5888054 -0,577948 0,9904219 -126697 -1,641288
21 -0,153762 0,17942573 0,786763 -1,2898801 0,1707751 -0,6110823 1,390163 0,5950047
22 1799874 -0,0969303 -0,22111 -0,4279319 -1,656372 0,7081506 -1,10279 -0,444732
23 -1317512 -0,7717327 1295974 -1,4617414 13027263 -0,6091153 -0,41143 0,3946069
24 0263641 -1,9207919 -101606 1,0479761 -1,501373 0,6809398 1,666037 -1,375216
0,0000 0,0000  0,0000 0,0000  0,0000 0,0000  0,0000  0,0000
1,0000 1,0000  1,0000 1,0000  1,0000 1,0000  1,0000  1,0000

Taoauna 5. Matpuna Yms y-M3MeHYHBOCTEH

Ne yl y?2 y3 y4
1 -0,26958 1520027 0,7426 1,130738
2 127665 15323901 1,8622 0,446165
3 246208 -1,00476 -0,8819 -1,50628
4 -174047 -0,96946 -05328 -0,87474
5 128434 1904433 0,2164 1,697693
6 -1,65027 -0,11174 0,0408  -0,8237
7 076773 0478601 -1,5318 -1,17137
8 -0,18706 0,014437 -1,0949 -0,37995
9 -059399 0,390998 2,5025 -0,03627
10 -045613 2,789612 -1,3138 0,382373
11 026855  -1,6657 -1,1554 1,761087
12 -1,38992 1,231069 14591 -1,52662
13 -0,86614 0,866929 1,8445 -1,04419
14 196649 1,941043 1,6982 0,864803
15 -1,97161 -1,21135 -17341 0,947334
16 -056734 -0,02283 14858 1,407836
17 -1,10958 1,566443 1,1402 -1,52343
18 210076 -1,72127 -1,4692 0,028325
19 2,36983 -3,10723 -2,3163 0,862411
20 -1,7907 -0,34186 -2,2164  1,8799
21 -0,22807 0,266131 1,167 -1,52622
22 266964 -0,14377 -0,328 -0,50634
23 -1,95419 -1,14466 1,9222 -1,72956
24 -0,39104 -2,84899 -1,5071 1,239982
0,0000  0,0000 0,0000  0,0000
2,2000 22000 22000 1,400
[ ]
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Taoauna 6. Matpuna Zms Z-H3MeHYHBOCTel
Ne z1 z2 z3 z4 z5 z6 z7 z8

1 -0,2696 1,4344 1,9641 2,5024 1,4424 1,5200 | -1,43E-08 | -0,2696
2 1,2767 -0,7730 4,0252 1,5124 1,0295 1,3239 | -2,73E-08 | 1,2767
3 2,4621 -3,0402 0,5848 -2,3270 -0,9194 -1,0048 | -151E-11 | 2,4621
4 -1,7405 1,0277 -3,2317 -1,7347 -0,9164 -0,9694 | 2,11E-08 | -1,7405
5 1,2844 0,4763 3,6057 3,4933 1,9390 1,9044 | -2,39E-08 | 1,2843
6 -1,6503 1,5451 -1,8581 -0,9012 -0,1530 -0,1117 | 1,20E-08 | -1,6503
7 0,7677 0,4093 -0,0484 -0,4423 0,6872 0,4786 | 4,30E-09 | 0,7677
8 -0,1871 0,6872 -1,0282 -0,2084 0,1826 0,0144 | 8,32E-09 | -0,1871
9 -0,5940 -0,0986 1,6143 0,0389 -0,0313 0,3910 | -1,35E-08 | -0,5940
10 -0,4561 3,8039 1,4349 3,3204 3,0265 2,7896 | -6,87E-09 | -0,4561
11 0,2685 -1,4854 -1,9698 0,1577 -1,3978 -1,6657 | 1,11E-08 | 0,2686
12 -1,3899 2,0336 0,6708 -0,4076 0,9219 1,2311 | -4,26E-09 | -1,3899
13 -0,8661 0,9644 1,1849 -0,3613 0,5132 0,8669 | -8,54E-09 | -0,8661
14 1,9665 -0,7870 5,2767 2,5489 1,6917 1,9410 | -3,50E-08 | 1,9665
15 -1,9716 1,4839 -4,3014 -0,0893 -0,8802 -1,2113 | 2,69E-08 | -1,9716
16 -0,5673 -0,1410 0,7072 1,1290 -0,2138 -0,0228 | -8,42E-09 | -0,5673
17 -1,1096 2,2267 1,0547 -0,0287 1,3111 1,5665 | -6,01E-09 | -1,1096
18 2,1007 -3,1861 -0,6864 -1,5079 -1,4731 -1,7213 | 6,37E-09 | 2,1008
19 2,3698 -4,4985 -2,2929 -1,9922 -2,6817 -3,1072 | 1,61E-08 | 2,3698
20 -1,7907 2,3541 -3,4599 1,7293 0,1094 -0,3418 | 2,14E-08 | -1,7907
21 -0,2281 0,0334 0,6550 -1,3351 0,0061 0,2661 | -3,69E-09 | -0,2281
22 2,6696 -2,6563 2,2096 -0,5842 -0,1098 -0,1438 | -1,18E-08 | 2,6696
23 -1,9542 0,0273 -1,9628 -3,0353 -1,5401 -1,1447 | 1,08E-08 | -1,9542
24 -0,3911 -1,8413 -4,1484 -1,4772 -2,5438 -2,8490 | 2,52E-08 | -0,3910
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 | 0,0000
2,2000 3,8390 6,2828 3,0045 1,8738 2,2000 0,0000 | 2,2000

Bn3ya.1m3auuﬂ 3HAHUI 0 «Becax» M z-, Y-

cBOOOAHO yXoAWT B Mope (¢ cuioi ca1=1,

H3MEHYHBOCTAX B MOJEJIH ¢ 8 Z-mepeMeHHbIMHU, 4
y-niepeMeHHbIMH

Touku Ha Pucynkax 1-3 noka3pIBaroT B3aUMHBIE
TUHAMUKA ‘‘CKaYKU-TIAJCHUSD) TOYEK IEePEeMEHHBIX
(21,22,23,28,y1). Busyanuzaums auHamMuk (HakTopoB

TIOBE/ICHUH, KOMITETEHIINH OTIINYaeTCs oT
BU3yaNu3alid TUHAMUK (AKTOpOB M3 APYTHX
npeaMeTHslx  obmacteit  [16-22].  Pucynox 1
MOKA3BIBACT  BO3PACTAIOIIYI0 IHHAMHUKY Y —

M3MEHYMBOCTh (PaKTOpa Y1 CO CMBICIIOM «COCTOSTHHE
30JI0TOH pHIOKM TpH 1-0if BCTpede ¢ ppiOakoM: oOHa
oOemraeT MOO0OH BBIKYII ¥ MPOCUT OTIYCTHTH €€ B
Mmope». Ilocne >kemaHusi crapyXu OH BBIHYX/ICH
«T103BaTh PHIOKY M ITOTIPOCHTH XOTsI OB HOBOE KOPBITO
(c cmmoit co1=1, cwmbica(z2)), 3050Tast phIOKa
BBINOJTHSACT TPOCEOY (¢ cmioit c31=1, cMbIci(z3)) ©

JcIiepcHeil, u3Mepsoleil crerneHb CBOOOJBI ee
noBeneHuss  A1=2.4, yi). CoObiTHE peanusyercs B
TeUeHHe MOMEHTOB BpeMeHH i=1,...,24. B kaxmaplii
MOMEHT BpEMEHM OTKJIOHeHHe oT 0 3Ha4yeHus Zj
TIOKa3aTelsl, U3MEPAIOIIEro GKellaHne MMETh HOBOE
KOPBITO», 00pa3yloT KPHBYIO «Z2», 3aBUCSALIYIO OT
KpUBOH  «cMbIci(Za» (¢ cuitoi c¢2:1=1), OT KpUBOM
«yw» (mo  dopmyne  Yy1=z:*1,00+z,*(-1,00)+
2,*1,00+zg*1,00). DTm  3aBHCHMOCTH  BHIHBI
BU3yaJbHO M CIIOBECHO OINHMCHIBAIOTCS (hpazamu,
XapaKkTepu3yloUMMH WX TPEHIbl: TPEHJA KPHUBOM
«Z»» MEMJICHHO pacTylMid H  COIPOBOXKAAETCS
MIPBITAIOIIMM U yOBIBAIOIIIMM TPEHIOM KPHBOH  «Y1»,
CONPOBOXKAAEMBIH CHIIbHBIMH OTKIIOHEHUSIMH KPUBOH
«Z3» oT 0 — CHJIBHBIMM COMHEHUSIMH B CO3HAaHHH
30J10TON PBIOKH. Yucnosoit ¢axr —
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BU3yaJIU3UPOBAHHOE PaBEHCTBO (zir*1=yin*1, Junamuka Y-U3MEHYHUBOCTHU (axTopa Y3

i=1,...,24, o3Hauaer: uzmeHuugocmsb npocvoul (Yit, €
cuiioit 1 omnycmums ee) 3010TON PHIOKH mpH 1-0i
BCTpEUE C PHIOAKOM PAaBHA USMEHYUBOCHIU OMEEMHOU
peakyuu (Zi1) peidaka: 1-as CHIBHO TIPOCHT, 2 -Oif
aJIeKBaTHO  CWJIBHO  OTBedYaeT. [VI3MEeHYMBOCTH
mpochkOBl (DaTh HOBOE KOPHITO) pbibaka (C cCruion
c31=1, Z3) ipu 2-0#f BcTpeue ¢ 30710TOH pPEIOKOI paBHA
M3MEHYNBOCTH «IIPOCHOBI 30JI0TON PHIOKH TpH 1-0i
BCTpEYe». Ot UICHTUYHOCTH OTBETHBIX
usMeHuugocmell 30J10TOH PBIOKH CBHIETEIBCTBYET:
OHAa TBEpAO BHINOJHAET CBoe 1-oe obemanue,
MOCJIEIYIONINe  OTKYIBl ~ HCIIOJHSET — OJNHAKOBO
MPaBHIBHO.

[IpuBeneHHBIE NpUMEYaHUs MPUIATAIOTCS KO
BCEM MHTEIUICKTYaJIbHBIM HCCIIEIOBAHHIAM KPHBBIX U3
Pucynkos 2-8.

3uHauenus zi1,i=1,...,24, yi1=zi1*1.00+z;,*(-1.00)
+2i3*1.00+2g*1.00 oyeHp ONMM3KU IPYT K APYTy, UX
TOYKM Ha TpauKe HE PA3IWYUMBI, T.C. 3HAYCHHA
YHCeIT (zi1*1.00+213*1.00+2ig*1.00) PaBHBI
sHaueHusM  uucen  Zp*(-1.00).  M3MeHYHBOCTH
(akTopa Z; «1M03BaTh PBHIOKY W TONPOCHTH HOBOE
KOpPBITO BMECTO  Pa3OHTOr0O» paBHa cymMe
M3MeH4YMBOCTeH (hakTOpOB Z1, Z3, Zg ( Pucynok 2).

Ha pucyske 3 Ha BO3pacTaroIlyro JUHAMHUKY Y—
M3MEHYMBOCTH  (akTopa y2 €O  CMBICIOM
«M3MEHYHBOCTBY BIIUSIOT o tdhopmye
y2=2,*1,00+25*1,00+24*1,00+25*1,00+2¢*1,00)
IuHAMUKA 5 (a He 3-X) z—M3MeHYHMBOCTEH: 72 (C
cuioit c22=1), Z3 (¢ cumoii c3=1), 24 (c cunoii c*?=1),
zs (c cuioii cs2=1), zs (c cuoii cg=1). Cpenu 5 z—
KPHUBBIX 3 Z—KpPHBBIE HMEIOT Majible OTKJIOHEHWUS,
MOATOMY HX BIIMSIHUE HAa Y>—M3MEHYHMBOCTh CHIIbHEE
(ux jucnepcun paBHbl  $%,=3,8390, $%=6,2828,
$%4=3,0045) ® 2 Z-KpMBBIE HMMEKT OOJbIIHE
OTKJIOHEHUsI, II0TOMY WX BIHMSHHE Ha y-—
W3MEHYMBOCTh cnabee (WX JUCIIEPCHH  PaBHBI
$%5=1,87382?, s%=20007). ®aKkTophl «I03BATH PHIOKY
Y TIOIPOCUTH HOBOE KOPBITO» (CMBICH(Z2), «CTapuK
30BET PHIOKY M OOemaeT MCHOIHUTD €ro JKEIaHHe»,
«T10CJIe BO3BPAICHHS JOMOW PbIOaK BUIUT Y KEHBI
HOBOE KOPHITO» (CMBICH(Z4) SBILTIOTCS — OoJee
MHQOPMATUBHBIMU (B CIOKETE CKa3KM), 4YeM JKeTaHUA
CTapyXd HMETh HOBYI Hu30y (CMbICI(Zs), «OBITH
CTOJI00BOI ABOPSIHKOI (cMBICI(Z6). [IepedncienHbIe
BBISIBJICHHBIC CKPBITHIE 3HAHUS TPOSCHSIIOT CMBICI
CKa3KU. CoBnanaromue JUHAMUKA 2-x
M3MEHYMBOCTEH Y2 («305I0Tasi pplOKa JapUT HOBOE
KOPBITO BMECTO pa3OUTOro») M «OBITH CTOIOOBOH
IBOPSHKOW»  (cMbICi(Zg), (00e  BIOMSAIOT  Ha
BO3pacTaIONIYI0 TMHAMUKY Z-M3MEHUYMBOCTH (hakTOpa
Y2 CO CMBICJIOM «30J0Tas pbBIOKa JapuT ... »
MOKa3blBaeT €ro Oouyipllylo cumily Qakropa Yoz,
NPUCYIIETO 30J0TOM pBIOKE, YeM CHiIa  BIUSHHSA
(axropa zs, mpucymero crapyxe («ObIThb CTOIOOBOM
ZBOPSIHKOM (Zg)).

B3anmHas TuHaMuKa Y-U3MEHYMBOCTh (pakTopa
V3 B 4-X Z-U3MEHUYUBOCTEH (PaKTOPOB Z2,Z3, Z4, Zs.

(M3MEHUYMBOCTD «COCTOSIHMSI MOpS, 3aBUCSIIEE OT
KEeNMaHU CTapyxu») Hu 3-X Z-M3MEHYNBOCTEH
(aKkTOpoOB 72,23, Z4 BIAMAIOT HAa BO3PACTAIOLIYIO
JVUHAMHKY Z-WU3MEHYMBOCTH (haKTopa Zs CO CMBICIIOM
«2-0e KeTMaHWe CTAPYXH IIONyYHUTh HOBYIO H30Yy».
Cpemn 4 Z—xpuBBIX 3 Z-KpHBBIE MMEIOT OOJBIIHE
OTKJIIOHEHHs, II09TOMY MX BIHMSHHE Ha y3—
W3MEHYMBOCTh CHJIbHEEe (MX JAUCIIEPCHUH PaBHBI
$%=3,8390, $%=6,2828, $%,=3,0045) u 1 z-kpusas
UMeeT OOJIbIINE OTKJIOHEHHUS, TOATOMY €ro BIIMSHHE
Ha Yy—HM3MEHYHMBOCThH ciabee (ero aucrepcusi paBHa
$%5=1,873822). Mope He XO4YeT (3HaK MMHYC CHJIBI
c23==(-0.4334)) taxropa zz, 4TOOBI PEIOAK II03BA
30JI0TYIO PBIOKY ¥ TIOIPOCHJ y Hee HOBOE KOPBITO» (C
cunoit ¢23=(-0.4334), cmbici(Z2)), HO 3aBHCHMBINA OT
CTapyXH CTapUK KaK «pbIOAaK 30BET 30JI0TYIO PHIOKY,
a oHa 00€IaeT WCIOJIHUTH €ro JKEJIAaHWe», «I0Cie
BO3BpAIICHHS OMOH pPBIOAK BHAMT Yy XKCHBI HOBOE
KOpBITO» C cuitoit (c43=0.1269, cmbici(zs)). Otu 4 z-
(akTopa sBiAlOTCS Oosiee MHGOOPMATUBHBIMU (B
CIOKETE CKa3KH), 4YeM JKEIaHHs CTapyXh HMETh
HOBYyI0 m30y (c53=0.1681, cmbicn(zs)), a aiast Mops
0e3pa3MyHO JKeJlaHHWE CTapyXH «OBITh CTOIOOBOU
JIBOpSIHKOW»  (cuya JkenaHus Mopsi paBHa O:
c63=0.0000, cwmpici(zs). DTH cI0Ba, MPOSCHSIOMINE
cMbIc (akTopa Y3 M ero 4-x Z-U3MEHYHMBOCTEH
(aKTOpOB Z2,Z3, Z4, Z5, OTCYTCTBYIOT B TEKCTE CKA3KH.
CnoBa m3 Tekcra ckasku «Mope, K KOTOpOMY
MPUXOIUT  CTapHK, TIIOCTETIIEHHO MEHSAeTCs  OT
CIIOKOWHOTO U CHHEro K 4Y€pHOMY U OypHOMY, a 101
KOHelIl K IITOPMSILEMY» Mbl JIOTIOJHMIN
NPOSCHSIONIMMH,  COJICPKAIIUMH ~ YHUCJA,  CHIIBI
cBsizeit, mudposeie 3HaHUS cioBaMu. [Ipupoaa (Mope)
OCY)K/IaeT »aJHOCTh CTapyXd, MOJeNIb IpOBela
u3MepeHue ee nposiBieHui. Jlucnepcun Z-(hakTopos
TIPEBBIIIAIOT JCTIEpCHA y-hakTopos:
Aa=disp(y3)=2.2000, disp(z2)=3.8390,
disp(z3)=6.2828, disp(z4)=3.0045, disp(ys)=1.8738,
BIHSIOIINX Ha BO3PACTAIOIIYI0 JUHAMHKY Z-
HN3MEHYMBOCTH (DaKkTOpa Zs CO CMBICIOM «cTapyxa
XKeJaeT MOJIY4YNTh HOBYIO U30Yy».

MpbI IIpOBENM HMHTEIUIEKTYaJIbHOE OCMBICIICHHE
CMBICJIOBOTO ypaBHEHHMS, M3MEPSIOLIETO TT0Ka3aTeNn
NOBEICHUSI MOPsI — BBICIIEH IPUPOAHON CHIBI B
ckaske. M3mepureneMm NposiBIEHUHA MOpS SIBISETCS
dbopmyna Yy3=2,%(-0,4334)+25*0,7284+24*(-0,1269)+
25*(-0,1681), wu3Mmepstomias apyrue HEH3MEPUMbIC
(baxTopsl.

®dakrop ys (MeHee U3MEHYUBBIH, YeM JIpyTue y-
¢baktoper, ee mucnepcus As=disp(ys)=1.4000) c
CMBICIIOM «3010Tasi pHIOKAa HE OTBEYaeT Ha
MOCNEAHIO  TpockOy — pblbaka»  mpuoOperaer
MPOSICHSIONINE JIETAIM B KOHTEKCTE «IIPHYHMHA-
CIIECTBHE». OJTO  CBA3aHO C  IOSBICHUEM
(YHKIIMOHAIEHOH CBSI3U Y-M3MEHUYNBOCTH (DaKTOPA Y4
BUjIa Ya=2,*(-0,0295)+25*0,1528+2,*0,9521+
25*0,0418, 00ycnOBIEHHOW CMBICIIOBEIM PAaBEHCTBOM
cMbIC(Zmg)= cMBICT(Y maCPag) OT Z-m3MenumBOCTEH
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4-x z-haKkTopoB 73,23, Z4,Z5 (Bo3ueictBuA 4-X Z-
KpHUBBIX Ha PucyHnke 7). Bzaumnas nunamuka 4-x z—
W3MEHYNBOCTEH (mposBneHHUH Z-(haKTOpOB,
BIMSIOIIMX Ha BO3PACTAONIYI0 [OWHAMHUKY V-
U3MEHYNBOCTH (DAKTOpa y4 C HOBBIM CMBICIOM
«3070Tas ppiOka He OTBe4aeT...» Ha Pucynke 7
MO3BOJISIET  JIONIOJIHUTEIPHO y3HATh HHTEPECHBIC
MPOSIBIEHUS] YyBCTB, AIMOIMM, neiicTBuil 3010TOMH
peiOKH, pblOaka, SKagHOM  cTapyXu. 3HaHUA
M3BJICKAIOTCS M3 CMBICJIOBOIO paBEHCTBA BHAA
HOBBIH_cMbICT(Ya)=cMbIci(Z1)*0.00DcmbIci(zZ2)*(-

0.0295)@cmpici(z3)*0.1528@ cmbici(24)*0.9521®

cMbIci(Z5)*¥0.0418 M M3 COOTBETCTBYIOLIETO €My
YKHCIIOBOTO paBeHCTBa Ya=2p*(-0,0295)+25*0,1528+

yeM MOpe) He X04eT (3HaK MUHYC cuitbl ¢24=(-0,0295))
¢bakTtopa 7, B MEHbIIEH CTEMEHH XO04YeT obeuaTh
priGaky (¢ cunoii ¢?34=0.15282 cMbIci(zs)), a OHA He
obemaer (He OTBEYACT) WMCIIOJIHHUTH €T0 KCIIaHUEY,
«ociie BO3BPAICHUS IOMOIl phIOaK BHAMT Y JKCHBI
pesyabrar (¢ cumoii (c%44=0,95212, cMmbici(zs)) ee
«HeobemaHus — MpexHee pa3dnuToe KOpeITo. J1H 4 Z-
(daxTopa sBAOTCS Oosiee MHOOPMATUBHBIMU (B
CIOXKETEe CKa3KH), YeM >KeNaHUs CTapyXu HMETb
HOBYI0 U30y (¢%54=0,04182,cMbIC(Z5)), ¥ IS 30510TOM
peIOKM 0e3pa3nuyHO  TpeKHee JKeJaHUE CTapyxH
«OBITH CTONOOBOM JBOPSHKOW» (CHia >KellaHMs
3omoToii  peibku pasHa 0: c%4=0.0000, cMbICH(Z6)).
IIpuBeneHbl cubl MPOSABICHUN YYBCTB, SMOLMIA,

24*0,9521+ 75*0,0418. OHU 000CHOBAHEI BBIILE. AeicTBUi  3070TOM  pBIOKM B (HMHANIE CKa3KH

Cpenu 4 Z—KpUBBIX 3 Z—KPHUBbIE UMEIOT OOJIbIIHE NPOSICHSIOT ~ CMBICT ~ hakTOpa Y4 m ero  Z-
YKJIOHEHHUS, 03TOMY X BIIASIHUC Ha y4_ U3MEHUYHMBOCTEHN 4-X (1)aKTOp0B 22,23, Z4,Z5. Mope nong
W3MEHYMBOCTh CHJIbHEE (WX JAWCHCPCHH PaBHBI KOHEN CTaHOBHUTCS ITOPMSIINM,
$%,=3,8390, $%=6,2828, $%=3,0045) u 1 z-kpusas OPEIyNPEKAAIONINM Hac.
MMEEeT MEHBIINE OTKIOHEHHS, TI0O3TOMY €r0 BIHSHHE
Ha ys,~M3MEHYHBOCTH cilabee (ero OucIepcus paBHa
$%5=1,87382?). 3onotas priOKa (B MeHbILEl cTeneHy,
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Pucynok 1. B3aumHasi JMHAMMKA 2-X M3MEHYMBOCTEMH Z2, Z3, BAMSIOLIMX HA HA BO3PACTAIOUIYI0O JUHAMUKY
H3MEHYHMBOCTh Ha Y —M3MEHYHBOCTH (PAKTOPA Y1 CO CMBICJIOM «COCTOSTHHE 30J10TO¥ PbIOKH npu 1-0i
BCTpedYe ¢ ppI0aKoM: OHA o0eliaeT JII000M BBIKYII M IPOCHT OTHYCTUTH €€ B MOpe»
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Pucynok 2. CoBnajamomasi JTHHAMHKA 2-X U3MEHYUBOCTEH Y1, Z1 BIAUSIOUIUX HA
HA BO3PACTAIONIYI0 IMHAMHUKY Z-H3MEHYHBOCTH (aKTOpa Z2 CO CMBICIOM
«M03BATh PHIOKY M MONMPOCHTH XOTS ObI HOBOE KOPHITO BMECTO Pa30UTOr0»
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Pucynok 3. BzaumHasi iuHaMuKka 3-X Z -UBMEHUYUBOCTEH Z2, Z3, Z4, Z5, Z6, BAUSIIOLIUX HA
HA BO3PACTAIONIYI0 IMHAMHUKY Y —M3MEHYHBOCTH (GaKTOpPa Y2 €O CMBICAOM «30J10Tasi pbI0Ka JapuT
HOBOE KOPBITO, J1U00 U30y, 1U00 cTaTyC CTOJI0O0BOI ABOPSIHKH, JIM0O CTATYC «BOJbHASI HAPHLA)
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Pucynok 4. CoBnajgaiomasi JTMHAMHMKA 2-X M3MEHYHBOCTEH Y2 (30J10Tasi ppIOKa JapUT HOBOE KOPHITO
BMECTO Pa30ouTOro), Zs BJAUAIOIINX HA BO3PACTAIOLIYIO JTHHAMMKY Z-U3MEHYMBOCTH (paKkTOpa Z2 €O CMBICJIOM
«M03BATHh PHIOKY U MOMPOCUTH XOTs1 ObI HOBOE KOPBHITO BMECTO Pa30UTOr0»
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Pucynok 5. Bzanmuas 1TMHAMHKA Y-H3MEHYHBOCTH (PAKTOPa Y3 («COCTOSIHHE MOPS, 3aBUCAIIAN OT KeJIaHHI
CTapyxu») M 3-X Z-H3MEHYHMBOCTeil (PaKTOPOB Z2,73, Z4 BIMAIOIINX HA BO3PACTAIOLIYI0 IMHAMHKY Z-
H3MEHYHBOCTH (PaKTOPA Z5 CO CMBICTIOM «CTapyXa KeJIaeT MOJyYHTh HOBYIO H30y»
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Pucynok 6. B3aumHas TuHAMMKA Y-M3MEHYHMBOCT (paKTOpPa Y3 M 2-X Z-H3MEHYMBOCTeM

(l)aKTOpOB 72,73, BIMSIOIIUX HA BO3PAaCTAOINYI0 JMHAMHUKY Z-U3MEHYMBOCTH
(l)aKTOpa Z5 CO CMBICJIOM «CTapyxa kKeJj1aeT nmojJy4uTb HOBYIO I/I36y»
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Pucynok 7. BzaumHasi iuHaMuka 4 z —M3MeHYMBOCTeil ()aKTOpPOB, BIUSIIOIIUX HA
HA BO3PACTAIOLLYI0 IHHAMMKY Y-U3MEHYUBOCTH ()AKTOPA Y4 C HOBBIM CMBICJIOM

«30J10Tas leﬁKa HE OTBEYaAe€T ... , MOTOMY YTO»
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Pucynox 8. B3aumHas [MHAMHKA Y-M3MEHYHMBOCT (paKTOpa Y4 M Z —M3MeH4YUBOCTeil 3-X paKkTOpOB,
BJIMSIIOIMX HA BO3PACTAIOMIYI0 AMHAMHUKY Z-H3MEHYMBOCTH (pAKTOPA Zs C CMBICJIOM «CTapyXxa jKeJaeT
OBITH BIaABIYMIEl MOPCKOIO, cCAMA 30JI0Tasl PLIOKA JOUKHA CTATh Y Heé B yCTy:KeHHMID)
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Pucynox 9. Oxno Haacrpoiiku «Ilouck pemenus»
¢ omeparopamMu TaGJHUbI-TIPOrPAMMbI PeLIeHHUsT
onTumMusauuonHoit 3agaum: (Iss,lss)=>(Css, Ass)
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[ - ————— - - N
MNapameTpbl Noucka peleHMA ' Py @
MakcuManbHoe Bpema: CeKyHO l OK l
MpeaentHoe YHCNO UTEPaLIMIA: 1000 ’ OTmMeHa ]
OTHOCMTENbHEA NOrPellHOCTb: 0,00000001 ’ 3arpy3uTb MOAENb... ] |
[NonycTUMOe OTKNOHEHWE: 0 % l CoxpaHWTb Mofenb... ] |

] Nuneiinas mogens

[ | HeoTpuuaTenbHbie 3HaueHms

ABTOMaTHYeCKoe MacllTabupoeaHne

|| NokazbigaTh peaynbTaThi nTepaumii

OueHkn PazHocTu
@ nuHeiiHan @ npamble
() KBagpaTWuHan () ueHTpanbHble

MeTopa noucka
(@ HbtoToHa

) CONpSDKEHHbIX [PafNeHTOB

Pucynox 10. mapamerpsl noncka pemenusi (Css, Ass) B TadJMIe-nporpaMmme
pemienus onruMusanuonnoi 3agaun: (Iss,lss)=>(Ces, Ass)

3aki0ueHue

Beime  paspaborana KorHuTHBHas — Mojenb
CKa3KH O pbIbaKe U 30JI0TOH phIOKE 00 CMBICIOBBIX
KOJIMYECTBECHHBIX  NPOSIBICHUAX peann3oBarh,
o0ocHOBaTh WX (popMyiBEHOE, (PpazeoIOTHIECKOE,
BU3YyaIN3UPOBAHHOE Ha Tpadukax ONHMCaHMA
MOBEICHUH  KPHUBBIX COOTBETCTBYET OXKHIACMOMY.
PazpaboTana cuctema u3 4-x CMBICIOBBIX YPaBHEHUH
¢ 13=8+4  ceMaHTHMYECKMMH  [EPEMEHHBIMU:
cMbICT(Y1),cMBICI(Y2),cMBICT(Y3),cMBICT(Y4),
CMBICI(Z1), ..., CMBICN(Zg), YJIOBJIETBOPSIOIINX
MaTPUYHOMY  CMBICJIOBOMY  PaBEHCTBY  BHAA
embici(Zmg)=cMbicn(YmaChs), rme  cmbicn(Zmg)=
embIci(Z1)@®. .. ®cmbici(Zg),cMbici(Y maClag)=
embIcn('Y maC*1)@embicn(Y mac’2)Dempicia(Y macts)®
cMbIca(YmaCts). DTOMy MaTpMYHOMY CMBICIIOBOMY
PaBEHCTBY COOTBETCTBYET MATPUYHOE PABEHCTBO JUIA
YHCJIOBBIX Z-, Y-TIEPEMEHHBIX, CMOJICINPOBAHHBIX B
BHJIE MaTpPHUII: Zme=YmaCTea. UeThlpe ceMaHTHUECKUE
pemeHus—3HaHUg (HOBbIE W3BJICUCHHBIE 3HAHUA),
TIO3HAIOT CMBICIIBI, TAPHBIE CBSI3H, CHJIIBI IIPOSIBICHUN
13 cemaHTHYECKHX MEpeMEHHbIX. Busyanuzanus
B3aUMHBIX JTIMHAMHK KPHBBIX (3HayeHui
W3MEHYNBOCTEH Zz-, Y-TIEpEMEHHBIX W3 MaTpHIl
Zms,Yma) 3HaHUH o0 «Becax» (u3 Cgg) u z-, Y-
M3MEHYMBOCTSX B MOJENH C 8 Z-TIepeMEHHBIMH, 4 y-
MepEeMEHHBIMHM TIOKa3ajla  JHHAMHKHA MOJAEIbHBIX
3HAUCHWH HeW3MepsieMbIX TMoKazarenmeidr  [15-19)]
MPOSIBIICHUI YyBCTB, 3MOIMH, NEWCTBUII prIOaka,
30JI0TOH pBIOKH, cTapyxu, Mops. BBeneHHbie B
MO/IeNTb TIPEMEHHBIE Ha/IeeHBl MAaTEMAaTHIECKUMH U
CTATUCTMYECKIMH  CBOMCTBaMH, a IapamMeTpsl
HOCTOSIHHBI. Onn CMOJIEIINPOBAHBI B
OnTuMu3anoHHON 3aJaue U 3aBUCSAT OT KOJIMYECTB
NEepeMEHHBIX W OT 3HAuYeHWH  WHAWKATOPOB,
o0pa3yromux Mo3auKy BHYTpHU KBajpata §-Ha-8. Kak

HEKOppEIHpOBaHHEIE (Y-), TaK KOppPETUPOBaHHEIE (Z-
) MI3MEHYHBOCTH YMHOXKAIOTCS Ha CBOH «BECA» - CHJIBI
nposiieHust  ¢axropa. IlomydeHsl HHTEpecHbIE
3HaHMA MOCKe BU3yan3annd.  Mogenb W3BIEKIa
HOBBIE  3HaHMA W aJCKBaTHBl  pPEaJbHBIM
NIPEACTaBICHUSAM JIOJEH O CyOBEKTaX CKas3KH.
Mogenp WCHpaBiIsSeT HENPaBUIBHO Ha3HAYECHHbIC
9KCIIEPTOM 3HAYCHHS HMHAMKATOpPOB. CBOM 3aMEHBI
3HAUYEHUH WHANKAaTOPOB MOJENb «OOOCHOBBIBACT
KaK CMBICIIOBBIMU (c CEMaHTUYECKUMHU
NepeMEeHHbIMH), TaKk U  anreOpandeckuMu (C
YHCJIOBBIMH NIEPEMEHHBIMH) PaBEHCTBAMHU.

Ilath  COOBITHIA  CKa3KU peanu3yroTCst
HOCJIEI0BATEIBHO, KaXI0My u3 KOTOPBIX
3aukcupoBaHbl 24 MOMEHTOB BpemeHH i=1,...,24. B
KaX[bIil MOMEHT BpEMEHH OTKJIOHEHHE OT () 3HaUeHU

Zip (WM IpyruX) TIOKas3aress, HM3MEpSIOLIEero
(cMOJIETMPOBAaHHOTO ~ 3HAYEHHWS  HEU3MEPSIEMOIo
MOKa3aTels)) <«KelNaHHe CTapyXh HMEeTb HOBOE

KOPBITO», 00pa3yloT KPHBYIO «Z2», 3aBUCALIYIO OT
KpHMBOH  «Z3» (¢ cuitoit ¢%1=1), oT KpuBO#  «Yy1» (110
dopmyne y1=z1*1,00+z2*(-1,00)+z3*1,00+25*1,00).
OTH 3aBHCMMOCTH BHJHBI BH3YaJbHO W CIIOBECHO
OIUCHIBAIOTCS (pazaMH, XapaKTEPU3YIOIIMMH  HUX
TPEHJbl: TPEHT KPUBOU  «Z2» MEIJIEHHO pacTyILIui U
CONPOBOXKAAETCS MPBITAIOIIEUM W YOBIBAIOLIUM
TPEHJIOM  KpUBOH «Yy1», COIPOBOXIAEMBII
CHJIbHBIMH OTKJIOHEHHSIMH KpHUBOH «Z3» oT 0 —
CHJIbHBIMH COMHEHUSIMU B CO3HAHHH 30JI0TOH PBHIOKH.
[To mepe Bo3pacTanust HoMepa paxropa Y1,Y2,Y3,Y4 .
B ¢wunane ckazku pridak (B MEHBIIEH CTEICHH,
4yeM B 1-bIii pa3) «30BET 30J0TYIO PBHIOKY U IIPOCHT
(3HaK Mumyc cunsl c?24=(-0,0295)%) daxropa z,
30J10Tast pbIOKa B MEHBIICH CTEIICHH 00eaeT prIdaKy
(c cunoit ¢34=0.15282, cmpici(z3)), OoHa He 0bemaeT
(cuma c?s4=0, cMbICi(Zg)), HE OTBEYAET) MCIIOIHUTD
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€ro JKeJIaHHWe», «II0CJIe BO3BPALICHHs JOMOH pBIOAK
BHJIUT y JKEHBI pe3yibrar (¢ cunoi (c?4=0,95212,
CMBICII(Z4)) €€ «HeoOenaHusi —HOBOE€ BMECTO HOBOTO
KOpBITa= MpeXHee pa3duToe KOpheITo. B ckaske
YIOMSHYTHl 2 KOPBITa: CTapO€ M HOBOE, IO3TOMY
oOHOBIIeHHOE ((YHKIHS BHAA HOBOE(HOBOE)=CTapoe
AMEET TOJBKO 2 3HAa4YeHMs, 2-0€ 3Ha4YeHHE
HOBOe(CcTapoe)= HOBOE OBIIIO paHbIlIE ) HOBOE KOPBITO
€CTh CTapoe KOpBITO. DTH 5 Z-(haKTOpOB SIBIISIOTCA
Oosiee MHGOPMATHBHBIMHU (B CIOXKETE CKa3KH), 4eM
JKeJIaHWs CTapyXH HMMETh HOBYIO n30y (c%54=0,04182,
CMBICI(Z5)), W AL 30JI0TOH  PBIOKM Oe3pa3IuuHO
NpEeXHEe JKellaHWe CTapyXH «OBITh CTOJOOBOU
JIBOPSTHKOW» (CHIIA JKENaHUsS 30JI0TOW PHIOKH paBHA
0: ¢%4=0,0000, zp). [IpuBeneHs! CHIIBI MPOSBICHUAN
YyBCTB, SMOILINH, AEUCTBHUH 30JI0TOI PHIOKH B (pHHATE
CKa3KH{ MPOSACHSIIOT CMBICH (PaKTOpa Y4 U 3aBUCHMBIX
OT HEro Z-M3MEHYMBOCTEH 4-X (DaKTOPOB Z2,Z3, Z4, Zs,
Zg. Mope moa KOHEN CTaHOBHUTCS IITOPMSIIUM,
npeaynpexaaromuM Hac. Ecin W3 Tekcra craThu
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Introduction cut the mare. Upon learning of this, Timur and his
Folklore, literature, the art of Turkic peoples are mare run away to a distant country. They find a golden
very close and similar to each other. The reason is that feather and a magnificent bird. Thanks to his courage
these peoples together have passed several historical and help, the mare Timur marries the beautiful fairy.
stages. From ancient times to the present day they Such motives and plots are also present in the
lived a unified association, a single community. These Karakalpak folk tale “Dark Kyz (the girl of an
historical events have been preserved in folk oral orphan)” [2, p. 246-248]. For his reasons: in ancient
works. Myths, legends, stories and fairy tales express times, there were a husband and wife. They had the
the difficult life and life experience of people. only daughter. Once the wife of this man dies. A man
In fairy tales, the difficulties and struggle of marries another woman. The stepmother oppresses an
people for achieving their goals are preserved. There orphan girl. The cow helps the orphan girl. The
are several examples of such problems in fairy tales. stepmother orders her husband to cut a cow. The
The Tatar folk fairy tale "Golden Feather" [1] orphan girl buried the cow's bones into the ground.
tells about the difficult life of the orphan Timur. His Wonderful clothes come out of the bone burial
mare is an animal speaking human language. The ground. This clothing is a kind of orphan. As a result,
mare understands Timur's concerns. The stepmother the people chosen an orphan girl as a ruler.
Timur is very angry and cruel. The stepmother adds There are common features in the tales of these
poison to bread and gives it an orphan. The mare two peoples. These tales also have their own national
warns the orphan that poison has been added to bread. characteristics. The Tatar folk tale mentions the name
With the help of mare Timur survives. Then her of the hero (Timur). This name is very common

stepmother gets sick of lies. She orders her husband to
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among the Tatar people. In the Karakalpak folk tale,
the main character is represented by an orphan girl.

The name of the hero is also mentioned in the
Tatar folk tale “The Verce Son Ahmet” [1]. It
mentions a bold, brave Ahmet and ten of his brave
brothers. Ahmet is looking for his ten brothers. He
leaves his house and goes to distant countries. They
(brothers) marry the eleven daughters of the king and
reach their goal.

There are such motives and plots in the
Karakalpak folk tales “Three heroes” [3, p. 219-220],
“Eshmurat Batyr” [3, p. 221-223], “Batyr screamed”
[3, p. 272-277]. Three brothers save their people from
enemies. Eshmurat Batyr is a brave and strong young
man, like his thirty -nine brothers. The brothers save
people from terrible giants. Forty guys are trying to
marry forty girls. This fairy tale is very similar to the
fairy tale "The Violent Son Ahmet." In fairy tales,
plots, some episodes are very similar, very close in
content. There are similar motives in the Karakalpak
folk tale “Asan Genzhe” [3, p. 119-125]. The main
character, Asan Genzhe (Asan Jr.), saves his brothers
from death. He kills an evil old woman and saves
people who are in danger. Asan marries a beautiful
fairy named. This episode is also found in the Tatar
folk tale "The Violent Son Ahmet."

The Tatar folk tale "Kamyr Batyr" is also very
interesting. The old man and the old woman have no
children. The old woman sculpts the shape of the baby
from the dough. The old man and the old woman
return home, having finished their household chores.
The baby sits at home and plays with a goat. “We
made it from the dough, even if it is called Kamyr!” -
says the old man. The Kamyr began to grow by the
day, but by the clock. In one month it grew like the
other and will not grow in a whole year. And Kamyr
arrives at Kamyr every day. ” Kamyr Batyr shows
great courage, does good deeds with his friends.

There is a similar motive and the plot in the
Karakalpak folk fairy tale “Kuryk” (tail). The old man
and the old woman want to have children. The old
woman finishes a goat and receives milk. Then the
goat kicks the old woman. The old woman falls to the
ground. Then the tail of the goat turns into a boy. This
boy will help the old man and the old woman. The
child takes the salary of an old man and an old woman
from a rich man.

The forest genie is mentioned in the Tatar folk
fairy tale “Shurale” and the work of the Tatar People’s
Poet Gabdulla Tukai of the same name (1886-1913).
The young man goes into the forest and chopped
firewood. At this moment, Shurala, a forest demon
appears. The young man deceives a forest demon and
squeezes his hand between the logs. Shurale asked the
young man: "What is your name?" The guy says
"lltyr" (last year). The next day, forest demons ask
Shurale: “Who made you like that?” He says "Tier"
(last year). Forest demons said: “If he hurt you last

year, where will we find him this year?” They laugh
and leave.

In the Karakalpak folk tale "Aryk Mergen" [2, p.
102-105] (thin shooter) there are the same motives as
in the fairy tale "Shurale". There are several versions
of this fairy tale. In some versions, the character
threatening the hero is a bear. In other versions, a
dangerous character for the hero is a nursery or albasla
(forest demons). Aryk Mergen seems to these
characters as “Tier” (last year). Friends of the
Antagonists laugh: “If he hurt you last year, where
will we find him this year?”

There are a lot of similar motives and plots in the
above -mentioned fairy tales. It should be noted that
the Tatar and Karakalpak folk tales have common
features. In particular, the names of fairy tales, the
names of the heroes and words are very similar to each
other: Timur, Kesh, Kish (evening), tyn, warm (night),
“tan” (dawn), Kamir (dough), Saran (mean), Yumart
(Zhomart, generous), lobby (flower), pelvis (bald),
Altynshesh, Altynshash (golden hair), Bai (rich),
Kobyz (ancient Karakalpak musical instrument),
Cubes, Shynkobyz (ancient metal province musical
instrument), chapan, chapan, chapan, chapan. Chapan
(rich outerwear of mullah), jigit, jigit (guy), kalpak,
kalfak (small velvet cap, embroidered with beads or
gold and silver thread) and others.

Some epics, dastans and fairy tales of these
peoples have mutual similarities and originality. For
example, the Karakalpak folk epic "Alpamy" is
similar to the Tatar folk tale "Alpamsha and a brave
Sandugach.” Horse Alpamsha Batyr - Akbuzat
(Akbosat). The horse of Alpamys in the Karakalpak
epos is Bayshubar. This (Akbuzat, Ak Boz AT) is also
called in the Karakalpak language. In language, the
Tatar and Karakalpak languages are very close and
have common family ties. That is, the Tatar and
Karakalpak languages take place among the Turkic -
speaking peoples. These issues were analyzed by the
Karakalpak scientist K. Mambetnazarov in a number
of his scientific works [4]. Tatar and Karakalpak folk
art, language, culture and art are very similar to each
other. The reason is that these peoples lived together
and created together from ancient times.

We tried to analyze these issues with the above
examples. The folklore of these peoples has much in
common in terms of the plot and motive. There are a
lot of examples of fairy tales. It is impossible to make
out all these tales in one article. Therefore, we strive
to analyze these issues in our next articles. A
comprehensive study and analysis of the Turkic -
speaking and world folk tales are relevant in modern
folklore science.

There are general similarities, motives, plots in
the folklore of the Turkic-Mongol peoples. In
particular, there is a similarity between Kyrgyz and
Karakalpak oral works. As you know, the Kyrgyz and
Karakalpaks since ancient times lived together and
have passed several historical stages. Kyrgyz and
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Karakalpaki - Turkic peoples. Their language, culture,
folklore, literature, traditions are very similar. This is
confirmed by the fact that the epics "Manas" and
"Alpamy" are very close in content. In addition, there
are literary ties between these peoples in written
literature. For example, the works of great writers as
Genghis Aitmatov and Tulepbergen Kaypbergenov
are known and famous in the world.

Tales of these peoples are very similar in
content. Tales of these two peoples have traditional
formulas, motives, plots.

The motive of the dream is mentioned in the
Kyrgyz folk tale “Minbai, Zhuzbai” [5] and the
Karakalpak folk tale “Shepherd”. Minbai sees the sun,
moon, star in a dream. A shepherd boy is also
mentioned in the fairy tale "Chopon Bala" [6, p. 9-13].
He also sees the moon and a falling star in a dream.
We know that there is such a thing as "if someone sees
the sun, moon and stars in a dream, that person will be
happy." Indeed, it is very interesting and relevant to
study the motive and plot of “dreams”.

In the Kyrgyz folk tale “Asan” [5] and the
Karakalpak folk tale “Asan Genzhe” [2, p. 137-147]
there is a “three brothers” motive. In the Kyrgyz folk
tale, two older brothers rudely treat their younger
brother Asan. In the Karakalpak folk tale, Asan has
good relations with his older brothers. He helps his
older brothers. In both fairy tales, the father of the
three brothers is the king. In the Kyrgyz fairy tale, the
brothers' father is known as a khan. In the Karakalpak
folk tales of the ruler, the “Patsha” (Padishah) is
called.

The Kyrgyz folk tale “Golden Ring” [5] is
similar to the Karakalpak folk tale “Boy and Snake”
[2, p. 77-80]. In the Kyrgyz fairy tale, the old man
gives money (Tyyn) to his son and sends him to the
bazaar. The boy buys a puppy, a cat and a snake. The
old man drives his son out of the house. The snake
helps the child. The king of shakes gives the boy a
gold ring. The golden ring is magical. The boy marries
the king's daughter. Massten Kempir (Baba Yaga)
steals a gold ring and princess. Puppy and cat help the
child. The gold ring falls into the water. Fishermen
catch this fish. The boy buys fish. A golden ring
comes out of the fish. Such episodes are in the
Karakalpak folk tale "Boy and Snake".
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Fairy tales about animals also have their own
characteristics among folklore works.

The Kyrgyz folk tale “Fox and the Wolf” [5] has
a resemblance to the Karakalpak folk fairy tale “Fox
and Shakal” [2, p. 184]. These tales talk about the
cunning of the fox. In the Kyrgyz fairy tale, the fox
deceives a wolf. That is, he says to the wolf; "You can
eat sheep meat." The wolf falls into the trap when he
wants to eat meat. The fox eats meat and leaves. The
same events will occur in the Karakalpak fairy tale.
The heroes of Kyrgyz fairy tales are a fox and a wolf.
The heroes of the Karakalpak fairy tale are a fox and
a jackal. The motive and plot of two fairy tales are the
same.

The Kyrgyz folk tale “Man is the strongest” [5]
is similar to the Karakalpak folk tale “The Greatest in
the World” [7, p. 421-422]. In the Kyrgyz folk tale,
the question is asked: "Who or what is stronger, the
red pheasant (Kyzyl Kyrgyz), ice, rain, earth, forest,
fire, grass, sheep, wolf?" They say that a person is
stronger than anyone. A similar question is asked in
the Karakalpak folk tale: which of them is the
strongest? Magpie (xokke), ice, sun, cloud, rain, earth,
mouse, cat? In the fairy tale, the cat (pyushyk) is
considered the strongest. Both peoples have a fairy
tale called “Leo and Hare” [5] and “Aryzlan Menen
Koyan” [7, p. 421-422]. The content of fairy tales is
the same. Leo wants to eat a hare. The hare acts
reasonably. He says to Leo: "There is a lion stronger
than you in the well." Leo sees his reflection in the
well. He jJumps into the well. Hares get rid of the evil
beast. The fairy tale "Hungry Wolf" is also present in
the folklore of both peoples. In the Kyrgyz folk tale,
the wolf wants to eat a hawk, a goat, a horse. But the
horse scores the wolf. After a while, the wolf dies.
There are such episodes in the Karakalpak fairy tale.
The wolf wants to eat a goat, a sheep, a horse. The
horse scores the wolf. After that, the wolf dies. In both
fairy tales, the wolf speaks poetic poems [3, p. 226-
227].

Tatar, Kyrgyz and Karakalpak folk tales have
many similar episodes, motives, plots. If you pay
attention, dialogs in Kyrgyz folk tales are described by
poetic verses. In Karakalpak folk tales, poetry is less
common. The study of the language, style, poetics,
genesis and typology of fairy tales of these two related
peoples is one of the most pressing issues.
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Abstract: This article addresses such issues, as priority measures for improvement of the personnel policy and
the state civil service in Uzbekistan, the legislation, the contents of the KPI, types of KPI used in world practice,
important indicators of efficiency, the urgency of its introduction as well as the KPI practice in foreign countries and
their effects on organizational performance. Also, the paper highlights the need to introduce KPI in Uzbekistan, the
results expected from its introduction, the advantages and ensuing problems.

The main stages of audit activities of Uzbekistan Chamber of Accounts (COA), the implementation of measures
based on the results of the audit, monitoring and analysis of the operational discipline, as well as the KPI-related
work carried out in the COA are covered in this research.

It is scientifically based that the author achieves positive results as a result of the implementation of the efficiency
system for the improvement of the state financial control and internal audit system.

The achievement of positive results due to the implementation of the efficiency system for the improvement of
the public financial control and internal audit system is scientifically justified by the author.
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Introduction e implementation of the system for assessing
Intensive social and economic reforms carried the performance of the public civil service in
out in ‘New Uzbekistan’ depend to a large extent on Uzbekistan;
the proper formation of public finances and their e determining the level of achievement of the
effective use. main efficiency indicator of civil servants as a subject
The program of priority measures related to of performance evaluation;
fundamental improvement of personnel policy and e promoting or demoting a civil servant,
state civil service system in Uzbekistan has been assigning a qualification level, rewarding and
already approved. applying disciplinary punishment based on the
This program envisages the development of a achieved results;
strategy for the development of the State Civil Service o formulating the activity plan of the public
until 2030 and the implementation of modern methods civil servant based on the main indicators of his
of management and performance evaluation of activity.
employees based on integrated key performance It is envisaged to take into account the main
indicators (KPI). indicators of the employee's performance when
The Law of the Republic of Uzbekistan “On the conducting the qualification exam.
Publ_ic Civil Service” also specifies a number of In his speech to the Parliament on January 22,
requirements, namely: 2020, the President of Uzbekistan emphasized the

feasibility of introducing a KPI system to assess the
activities of heads and employees at all levels of
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executive authorities, starting with the Prime Minister
and members of the Government.

As the above-mentioned tasks and the
mechanisms of their implementation show, improving
the functioning of the public financial control system
and increasing the effectiveness of their activities in
our country is of critical importance.

Scientific research aimed at studying the
economic content of “Key Performance Indicators”
(KPI) shows that this concept itself covers a wide
range of processes.

The concept of ‘Key performance indicators’
(KPI)

The notion “KPI” is an abbreviation of the
English expression of “Key Performance Indicators”,
translated into Russian as “Klyuchevye pokazateli
effektivnosti” (“KumroueBbie MOKazaTesu
s dextuBHOCTH), and into Uzbek as
“Samaradorlikning muhim ko ‘rsatkichlari”.

‘Key performance indicators’ are conceptual
tools that:

e measure the degree of realization of the goals
set for the organization;

e assess the performance of the organization,
its departments and employees expressed in numbers;

o that the organization makes it possible to
assess the situation and implement its strategy;

e ensures employees' desire to increase their
work activity.

The relevance of introducing KPI:

e The experience of foreign countries
demonstrates that KPI is an effective and fair system;

o KPlis currently introduced in enterprises and
banking institutions of Uzbekistan;

e The President of Uzbekistan has set the goal
of introducing this system for all state institutions;

The draft Law of the Republic of Uzbekistan
“On Public Civil Service” envisages the introduction
of a system for evaluating the performance of public
civil servants.

The KPI experience of foreign countries

Let’s tackle types of KPIs used in international
practice.

¢ Indicators of achieved results that evaluate
the results achieved in terms of quality and quantity;

e Cost indicators that evaluate the amount of
the resources spent;

e Activity indicators that assess the
performance of production processes (compliance
with the performance algorithm);

e Productivity indicators that evaluate the
ratio of the results achieved and the time spent;

o Efficiency indicators that evaluate the ratio
of the results achieved and the resources spent.

The peculiarity of the KPI system used for civil
servants, especially for the employees of the COA of

Uzbekistan, is that most of the results cannot be
expressed only in terms of financial indicators, such
as the reduction of expenses and the increase of profit,
which are considered important for business entities.

As for international standards, such as 1SO
9000:2008, the KPI system is interpreted as follows.

o Effectiveness — the level of achievement of
the intended results or the ability of the organization
to focus on results.

e Efficiency — the mutual ratio of resources
spent with the achieved results, or the organization's
ability to implement its goals and plans through
certain quality indicators expressed by certain
requirements (time, price).

That is, to understand the functioning of the KPI
system, one needs to operate with these two important
tools, ‘Effectiveness’ and ‘Efficiency’.

The KPI system in Uzbekistan: experience,
advantages and problems

The necessity to introduce the KPI system in
Uzbekistan is justified by the following factors.

» The peculiarity of the COA activities. The
result of the efficiency of the employees in charge of
many tasks that require a large amount of labour
remain not visible or measurable and thus neglected.

= Although the number of employees, assighed
functions and tasks within the COA structure are
increasing, there is an imbalance in the distribution of
labour among employees.

» Due to the high competence of the COA
employees, they should not be busy only with the
execution of current tasks, and the need to encourage
them to engage in personal initiatives and activities
when the volume of work is low, as well as to engage
in additional activities that can bring a high impact on
the COA.

» There is a need to increase the quality of
performance of tasks and functions by proportional
distribution of labour among employees and
increasing work efficiency.

» Since a mechanism for objective assessment
of the employee's activity is created, his/her personal
motivation, self-confidence, loyalty and operational
approach as well as creativity will is expected to
increase.

Expected results

®» Due to healthy competition among
employees, work efficiency and productivity will
increase.

» |n addition to direct audit events, the
effectiveness of control measures will improve due to
the fact that employees will be highly valued for
identifying problems. preventing and taking measures
to eliminate them.

» The focus is set on the full identification and
elimination of violations, additional income,
optimized costs, and existing problems at the control
object.
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Achieved results

In its yet-not-so-long period of operation, the
COA of Uzbekistan has done a lot of positive work in
implementing the KPI. An ad interim charter was
developed to regulate the procedure for evaluating the
effectiveness of the COA.

The procedure for determining the effectiveness
of the COA management staff, i.e. the assessment of

labour discipline, volume of work performed and
operational discipline, as well as indicators of
initiative, was established.

To ensure that the KPI of employee activity
should be clear, measurable and result-aimed, the
following approach was applied by the COA recently
(See Table 1).

Approaches used in the assessment of critical performance indicators (Table 1)

1. Daily tasks that do not require Preparation of draft business trip order, Minimal
special skills or experience study program, business trip certificates, assessment
letters to ministries, issuance of travel
tickets
2. Performance of current tasks and Participation in the audit event Minimal
functions assessment
3. Achieving efficiency while Identification of deficiencies, additional Applying
performing assigned tasks income, optimized costs during the audit encouraging
event coefficients
4, Implementation of the results of Elimination of identified deficiencies, High level
the audit event restoration of deficits to the budget, assessment
acceptance of given proposals
5. Activities that are not directly Be engaged in academic activities outside of High level
related to work, but improve its working hours and gaining international assessment

quality through self-improvement

Also, with the appropriate order of the COA
Chairman, an Evaluation Commission was established
to re-check the performance indicators of the
employees.

The following sources of information are mainly
used to determine the KPI of the COA employees:

The single e-system of the operational discipline
— WWW.app.ijro.uz;

The e-system of the COA operational discipline
— www.hp.ijro.uz;

certificates and scholarly degrees

The “State Audit” software of the COA -
www.davlatauditi.uz;

The unified automated information system of the
COA,;

The e-program on the daily activity, location and
attendance of the COA employees — davomat_bot

The official website of the COA -
www.ach.gov.uz is set to collect indicators through e-
programs.

Key performance indicators (Table 2)

Key performance indicators
(based on the functions and tasks of the COA divisions)

Total number of indicators — 66

1. Key indicators of
performance

(per control event)
Total 39
number

2. Additional indicators of
performance
(per expert analysis)

3. Other indicators and
affecting factors

22 5

Key performance indicators (Table 2.1)

Key indicators of performance |

Total number of key indicators — 39

1. Engagement in audit

2. Taking measures
events following audit events

3. Analysis and monitoring of
COA documents execution
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number
Four stages in determining KP1 of the COA ® Participation in the development of

employees

The following indicators related to the KPI of
COA employees have been elaborated and are
currently applied by the COA.

At the same time, the following four stages in
determining employee performance indicators have
been determined.

1. The main stages of participation in audit
events;

» Development of the COA annual program;

® Participation in the organizational stage of
the audit event;

® Participation in the initial study phase of the
audit event and remote examination;

= |nvolvement into the control event;

» Forming the results of the audit event;

2. The main stages of implementation of
measures following the audit event

= Review of objections expressed by the
control object;

» Preparation of proposals for elimination of
identified errors, prevention of future occurrences,
and improvement of the control object performance;

» Making proposals to the Administration of
the President and the Cabinet of Ministers regarding
bringing to responsibility the heads of ministries, state
committees, agencies, local state authorities and other
public organizations;

» Preparation of presentations, instructions,
conclusions, and analytical data;

= Submission of the materials following the
audit event to the law enforcement bodies;

® Participation in the process of reviewing
materials in law enforcement bodies or courts.

3. Stage of monitoring and analyzing the
execution of COA documents

» Acceptance of proposals and instructions,
summary, analytical information, measures and road
maps;

» Criminal or administrative proceedings
initiated by law enforcement bodies;

» Checking that measures have been taken
against the responsible employees of the control
object;

® Bringing to administrative responsibility
those who have violated the budget discipline,
obstructed the COA legal activities or did not fulfill
their legal requirements.

4. The stage of forming additional KPI

» Preparation of the COA annual report;

» Preparation of information for the meetings
of the President of Uzbekistan, the Administration of
President, Chambers of the Parliament, the Cabinet of
Ministers and the COA itself;

normative-legal and departmental documents;

» Release of analytical data to mass media;

» Addressing appeals of individuals and legal
entities;

» Providing practical assistance to legal entities
and individuals;

= Execution of direct assignments of the COA
Chairman and Deputies Chairman;

» \Working with candidates for recruitment to
the COA

The results of the introducing KPI into the
COA activities

Today, the KPI of the COA employees are
automatically evaluated. Currently, the performance
of the COA employees is evaluated at the end of each
quarter and translated into the KPI rating system based
on 234 indicators in 17 areas of activities.

This process serves to improve the work
efficiency of the concerned employees, to increase
their work and initiative, moral and material
stimulation.

In particular, employees with consistently high
KPI are encouraged, and on the contrary, measures are
taken to impact the performance of those with low
indicators.

Proposals to improve the KPI system in the
COA

The following measures are proposed to be taken
to improve performance evaluation indicators of the
COA employees.

All COA divisions should study in depth the
aggregated indicators of the KPI system and research
the possibility of using them.

The special targeted guidelines for the use of
these new indicators should be developed and each
employee should be brought to it.

Approbation of the work by 2-3 employees of a
COA division in the past period of 2023 should be
done.

Upon the results of the approbation, the optimal
amounts of evaluation indicators should be
determined.

To systematically assess the performance of the
COA employees, a special e-program should be
developed in the nearest future.

Conclusion

Today, the implementation of the KPI system in
the activities of financial control bodies employees is
considered one of the urgent requirements. It is aimed
at achieving performance and efficiency indicators of
the area.
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The introduction of performance indicators
produces healthy competition among employees. Due
to that, work efficiency and the effectiveness of aduit
events increase.

This new system enables to identify and
eliminate ongoing problems in control objects.
Special focus is made on preventing violations as fully
as possible.

By its means, a mechanism for objective
assessment of the employee's activity is created. That
gives stimulus for the employee's personal motivation,
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PREPARATION AND PHOTO LUMINESCENT PROPERTIES OF
LAYERED GES SINGLE CRYSTALS

Abstract: One of the most interesting phenomena that has provided a lot of information about defects in single
crystals is photoluminescence (PL). This paper presents data on edge and near-infrared (IR) luminescence of layered
GeS single crystals. In the layered high-resistivity semiconductor compound GeS, local centers have been studied
using both photoelectric and optical methods. Comprehensive studies of photoelectric and optical properties indicate
that the recombination scheme of GeS is quite complex and contains a number of local levels.
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Introduction characteristics of these compounds, such as a narrow
UDC 53:37.016 band gap, high dielectric constant, relatively high
radiation resistance, high carrier mobility, and the
Semiconductor compounds of the AIVBVI type predominance of ionic bonding, increase the
are considered promising materials for use in various possibility of their use. To study the energy spectrum
fields of electronics, such as thermionic elements, of the bottom of the conduction band and the top of
solar cells, memory elements and others, or have the valence band, the dispersion law, and the
already found their application. The fundamental mechanism of charge carrier scattering in
*
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semiconductor compounds and their hard alloys,
doping with donor and acceptor impurities is widely
used. By doping, filling electron or hole states, one
can change the location of the Fermi level, and this
significantly simplifies the calculation of band
parameters.

From this point of view, doping the AIVBVI type
GeS binary compound with rare earth elements or
obtaining solid solutions of low concentrations and a
comprehensive study of their physical properties is of
interest. The resulting substances containing rare earth
elements (REE) are widely used in the manufacture of
energy converters and photoresistors that are resistant
to radiation, pressure and humidity. The resulting
materials with the participation of rare earth elements,
in which the 4f-5d-6s transition occurs, due to the ease
of complete filling of the 4f level of the electronic
structure, and the appearance of variable valence due
to the movement of electrons at the 4f level in atoms,
are interesting objects of research. From this point of
view, melts and compounds based on the participation
of rare earth elements make it possible to obtain new
promising materials with the required physical
properties, which is important for their research.
Alloys of the GeS and Ge0.995Nd0.005S system were
synthesized from the starting elements in quartz
ampoules evacuated to 0.1333 Pa. The synthesis was
carried out in two stages: initially, ampoules with the
substance were heated at a rate of 4-5 degrees/min. to
the melting point of selenium and kept at this
temperature for 3-4 hours, after which the temperature

Ipg, oth.en

was raised to 950-10000C, depending on the
composition, and kept for 8-9 hours. When
synthesizing ternary alloys of the Ge0.995Nd0.005S
system, elements of special purity were used as
starting components.

The synthesized samples for complex
physicochemical analysis and electrophysical studies
were annealed for 100-140 hours. Homogenizing
annealing of the resulting single-phase samples was
carried out in an environment of spectrally pure argon
at 800 K. After annealing, samples with dimensions of
2 4 18 mm were cut from the crystal ingots in an
electric spark installation. The interaction in the
Ge0.995Nd0.005S  system was studied using
differential thermal analysis (DTA), X-ray diffraction
(XRD), microstructural analysis (MSA), as well as
microhardness measurements and density
determination. XRF was carried out on a model D-2
PHSER X-ray device using CuKa radiation and a Ni
filter.

The PL spectra excited by laser radiation
(A=6328A, maximum intensity L=1020kV/( [cm]
A2 s)) were measured in the temperature range T=77-
300K using an MDR-2 and DFS-13 monochromator.
Registration was carried out according to a standard
scheme using synchronous detection. FEU-62 and
photoresistor PvS served as radiation detectors. A
preamplifier assembled on the basis of a low-noise
microcircuit was included as a matching element
between the receiver and the U2-8 amplifier.

13

hv, 5B

Fig.1. PL spectrum of a GeS single crystal at 77K.

The interaction in the Ge0.995Nd0.005S system
was studied using differential thermal analysis (DTA),
X-ray diffraction (XRD), microstructural analysis
(MSA), as well as microhardness measurements and
density determination. XRF was carried out on a
model D-2 PHSER X-ray device using CuKa
radiation and a Ni filter.

The PL spectra excited by laser radiation
(A=6328A, maximum intensity L=1020kV/( [cm]
A2 s)) were measured in the temperature range T=77-
300K using an MDR-2 and DFS-13 monochromator.
Registration was carried out according to a standard
scheme using synchronous detection. FEU-62 and
photoresistor PvS served as radiation detectors. A
preamplifier assembled on the basis of a low-noise
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microcircuit was included as a matching element
between the receiver and the U2-8 amplifier.

In the PL spectra at temperatures 77K<T<300K
three bands with maxima of 0.62, 0.77 and 1.1 eV are
observed (Fig. 1). The ratio between the intensities of
the bands varies from sample to sample, however, in
the same sample, the intensity of these bands remains
practically unchanged when the temperature changes
from nitrogen to room temperature.

REE atoms (in the particular case Nd atoms),
introduced as impurities into GeS, form energy levels
inside the band gap. Luminescence of rare earth
elements is intracenter. The radiation from these
centers is a set of characteristic lines. REEs have an
incomplete 4f electron shell, which is shielded by

1,0

1,122B
05 —

Iy, otH.€N

more outer shells. Each rare earth element has its own
characteristic spectrum, which depends on the degree
of filling of this shell. Under the influence of an
external field, splitting of energy levels appears.
Optical, including luminescent spectra of rare earth
elements are determined by transitions of f-electrons,
which are well screened by 5d electrons. The position
and number of excited states depend on the number of
electrons in the 4d shells.

As can be seen from Fig. 2, the spectrum of a
layered GeS single crystal activated by Nd3+ atoms
consists of separate groups of lines. Analysis of the
luminescence spectrum allows one to obtain
information about the structure of the optical rare-
earth center, in particular, to determine its symmetry

1,6oB

0,9

1,1

13 1,5 1,7

hv, B

Fig. 2. The FL spectrum of a GeogesNdo,00sS single crystal at 77K.

Optical, including luminescent spectra of rare
earth elements are determined by transitions of f-
electrons, which are well screened by 5d electrons.
The position and number of excited states depend on
the number of electrons in the 4d shells.

As can be seen from Fig. 2, the spectrum of a
layered GeS single crystal activated by Nd3+ atoms
consists of separate groups of lines. Analysis of the
luminescence spectrum allows one to obtain
information about the structure of the optical rare-
earth center, in particular, to determine its symmetry.

In contrast to ordered systems, in disordered
systems, including “soft” crystals, instead of a group
of narrow lines, a blurred band with more or less
pronounced maxima is observed. They look as if the
lines of the crystal spectrum have increased in width,
remaining in the same place, partially superimposed
on each other.

The tendency of rare earth elements to oxidize
promotes glass formation during cooling of a Gel-
XNdxS single crystal (x=0.005). The most common
glass former is SiO2, from which quartz ampoules are
made, where single crystals are grown.

Thus, in the “soft” GeS matrix, the optical
centers - Nd3+ impurity atoms are in their own
specific field, and this position manifests itself in the
form of elimination of spectral lines. Unlike other rare
earth elements, it is possible to obtain high radiation
powers on neodymium ions due to a four-level
scheme; in rare earth elements, in addition to 4f — 4f
transitions, allowed electric dipole transitions 5d — 4f
are observed [4]. Due to the fact that these transitions
are resolvable, the intensity of the corresponding
bands in comparison with the 4f—4f lines will be
high, and the emission time will be short. But since the
crystal field has a greater influence on the 5d shell

Philadelphia, USA

393

2 Clarivate
Analytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350

(than on the 4f shell), the bands will be wide, and their
position will depend on the matrix.

As can be seen from Fig. 2, at a low concentration
(x=0.005) of Nd3+, REE can be considered as an
independent set of emitting centers. Obviously, in this
case, the luminescence intensity will be linearly
related to the REE concentration. When a certain
concentration of rare earth elements increases, the
interaction of ions and resonant energy transfer
between Nd3+ ions begins. During resonant
transmission, the probability of non-radiative energy
loss increases. Therefore, the intensity of REE
luminescence decreases with increasing
concentration. At low concentrations of Nd3+, we can
assume that spontaneous radiative transitions
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RESEARCH PROGRESS, HOT SPOTS AND TRENDS OF TEA CULTURE
COMMUNICATION IN CHINA: VISUALIZATION ANALYSIS BASED
ON CITE SPACE

Abstract: The article dwells on the issue of the research progress, hot spots and trends of tea culture
communication in china: visualization analysis based on cite space. The given article presents a time distribution
map of literature on domestic Chinese tea culture communication research from 1984 to 2023. The map is based on
the number of literature publications per year (as shown in Figure 1). It can be observed that the number of literature
publications in this field exhibits a fluctuating increase followed by a decreasing trend over the years. The change in
publication patterns can be categorized into three phases. The author co-occurrence knowledge graph can reflect
the publication collaboration cooperation of scholars in specific certain field. In this paper, the author analyzed the
co-occurrence of authors in the field of Chinese tea culture communication. The resulting knowledge graph of author
co-occurrence is shown in Figure 2. The map consists of 272 nodes, with only 87 lines connecting them. The network
density is calculated to be 0.0024, indicating a low level of connections between scholars in the field. This suggests
that most publications are independent or involve collaboration between a small number of scholars, and there is a
lack of large-scale academic cooperation. It is concluded that Cite Space visualization software to conduct a
bibliometric analysis, systematically organizing the publications in the field of Chinese tea culture dissemination
research in China from 1984 to 2023. The analysis reveals that, firstly, the research on the dissemination of Chinese
tea culture in China has experienced the stages of "budding,” "exploding,” “exploding," and "explosive," indicating
progress in the field. First, in terms of research progress, domestic research on Chinese tea culture communication
has gone through three phases: the "emerging period", the "boom period"”, and the "decline period".
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Introduction
UDC - 81.822.08

On November 29, 2022, during the 17th
Ordinary  Session of the Intergovernmental
Committee for the Safeguarding of the Intangible
Cultural Heritage of the United Nations Educational,
Scientific and Cultural Organization (UNESCO) in
Rabat, Morocco, China's nomination of "Traditional
Chinese Tea-Making Techniques and Related
Practices" successfully passed the evaluation and was
officially inscribed on the Representative List of the
Intangible Cultural Heritage of Humanity by
UNESCO. As the birthplace of tea, China not only
boasts a diverse range of tea varieties, but also
possesses an exceptional tea culture, complete with
tea rituals and customs.

Chinese tea culture is prevalent worldwide.
General Secretary Xi Jinping attaches great
importance to the protection and preservation of tea
culture development. He has also emphasized the
significance of "tea on the road" on multiple
occasions, highlighting the cultural significance
embedded in tea. This serves as a metaphor for the
harmonious relationship between humans and nature,
as well as advocating for international relations based
on values such as "diversity" and "win-win
cooperation”. "Win-win cooperation" in international
relations. General Secretary Xi Jinping has provided
significant guidance on the preservation of intangible
cultural heritage. He emphasized the importance of
effectively safeguarding intangible cultural heritage to
meet the increasing spiritual and cultural needs of the
people, and to promote cultural self-confidence and
self-improvement. The dissemination of research on
Chinese tea culture is an important aspect of
contemporary Chinese tea studies [5].

At present, scholars have conducted various
research on brand building in the tea industry,
innovation and reform in tea garden industry, and the
integration of tea tourism for high-quality
development. Revised 2: However, there is a limited
amount of systematic research and summarization on
the dissemination of Chinese tea culture. Some
representative studies include: In 2019, Yang Hong
analyzed the impact of tea culture development in
Shandong and explored the specific meanings of tea
culture, while also delving into the inheritance and
development of tea culture in the region. In 2007, Liu
Feng focused on the brand positioning of Shandong
tea and identified three common dissemination
misunderstandings: homogenization, vague
generalization, and exaggeration. This paper utilizes
Citespace software to address three misconceptions of
communication.

This paper utilizes Citespace software to analyze
the development trend, research hotspots, and
evolution of the field of tea culture communication in
China. The aim is to present an overview of China's

tea culture communication research and provide a
concise reference for future researchers.

I1. Data Sources and Research Methodology

(1) Data Sources

In this paper, the Chinese core journals in the
CNKI database were selected as the data source. An
advanced search was conducted in the CNKI database
using "Chinese tea culture" and "overseas
dissemination" as the subject terms. A total of 307
articles were obtained that met the specified criteria.
A total of 307 articles were obtained. After screening
and excluding dissertations and specialty journals, a
total of 259 valid documents (including academic
journals and academic series) were ultimately
obtained.

(11) Research Methods

Quantitative analysis of literature refers to the
systematic, systematic and quantitative description of
explicit apparent content of literary works. This
approach which gained popularity used in years.
CiteSpace years.CiteSpace is capable data analyzing
literature data, providing provides an objective and
scientific quantitative tool for tracking and the
relevant issues in the field of Chinese tea
dissemination. Currently, present, is been widely used
to the research hotspots and advancements advances
in disciplines. fields. In this paper, CiteSpace 6.2.2
software was chosen to carry out the related research
work [6].

I11. Analysis of the research lineage of the
dissemination of domestic Chinese tea culture

(DAnalysis of the amount of literature
published

This paper presents a time distribution map of
literature on domestic Chinese tea culture
communication research from 1984 to 2023. The map
is based on the number of literature publications per
year (as shown in Figure 1). It can be observed that the
number of literature publications in this field exhibits
a fluctuating increase followed by a decreasing trend
over the years. The change in publication patterns can
be categorized into three phases.

Stage 1: Budding (1984-2015). In (1984-2015).
In 1984, China's tea exports exceeded the highest level
in history for the first time. In that year, the China Tea
Import and Export Corporation exported 139,300 tons
of tea for the entire year, surpassing the previous
record of 134,100 tons exported in 1886 for the first
time. The export of tea also facilitated the
dissemination of tea culture, and scholarly articles on
the expansion of Chinese tea culture continued to
surface. During this period, the dissemination of tea
culture is in its infancy, and the annual number of
papers issued is in single digits.

Stage 2: Explosion period (2016-2018). During
this period, there has been continuous progress and
development in  network technology and
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communication modes, particularly with the environment, the Belt and Road context, and language

advancement of Internet new media. Simultaneously,
the "One Belt, One Road" policy has facilitated the
dissemination of Chinese culture and trade. As a
result, Chinese tea culture is experiencing a significant
boom. From 2016 to 2018, there was a significant
increase in the number of articles focused on the
dissemination of Chinese tea culture. On average, 39
articles were published each year, with a majority of
them being related to new media. There are 39 articles,
most of which are related to the new media

teaching [7].

Stage 3: Fallback period (2019-2023). Due to
factors such as the COVID-19 pandemic, the trade and
cultural dissemination of Chinese tea have been
impacted since 2019. Tea fairs cannot be carried out
offline due to the decline of physical stores and the
tightening of public consumption. These factors
contribute to the downward trend of tea culture
dissemination.
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Fig. 1. Temporal distribution of Chinese tea culture dissemination research articles in China

(1) Author Analysis

The author co-occurrence knowledge graph can
reflect the publication collaboration cooperation of
scholars in specific certain field. In this paper, the
author analyzed the co-occurrence of authors in the
field of Chinese tea culture communication. The
resulting knowledge graph of author co-occurrence is
shown in Figure 2. The map consists of 272 nodes,
with only 87 lines connecting them. The network
density is calculated to be 0.0024, indicating a low
level of connections between scholars in the field.
This suggests that most publications are independent
or involve collaboration between a small number of
scholars, and there is a lack of large-scale academic
cooperation.

The number of publications and the frequency of
citations can, to a certain extent, reflect the degree of
academic contribution and influence of scholars in a
specific field. In this paper, we further analyze the top
10 authors based on the number of publications and
their citation frequency. We found that there are seven
scholars who have more than one publication. These
scholars are Liu Xiaoping, Yu Yue, Fang Caigin,
Wang Lihong, Lin Hang, Liu Zhonghua, and Lin
Fang. Among them, Liu Caiping stands out with four

publications. Taken together, Liu Caiping is a prolific
author in the field of Chinese tea culture
communication research in China and has a strong
influence in the academic community.

(i) Analysis of Publishing Institutions

The co-occurring knowledge graph of authoring
organizations can reflect collaboration among of
academic communities and growth development of
academic research networks in this field. In this paper,
we constructed a co-occurring knowledge graph of
research institutions in China that focus on the
dissemination of Chinese tea culture (as shown in Fig.
3). We found that the number of nodes in the graph is
relatively small (245), as well as the number of links
between nodes (30). Additionally, the overall density
of the network is relatively low, measuring only 0.001.
This indicates that the institutions involved in the
research and dissemination of Chinese tea culture in
China are relatively decentralized. There is not only
limited cross-institutional cooperation, but also
weaker connections between institutions. As a result,
a comprehensive academic research cooperation
network has not yet been established.
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Fig. 2. Co-occurring knowledge map of authors of domestic research on Chinese tea culture dissemination

In this we conducted a count of counting the
number of articles published by engaged article
research on of Chinese tea communication. We found
get that there are only three institutions with more than
articles in this field. These institutions are namely
Anhui Agricultural University, Jinzhong Institute of
Information, and Xianyang College. They are
considered to be are most more prolific institutions in

the field of Chinese tea culture communication in
China. However, when considering the type of issuing
institutions, the primary ones are all higher education
institutions. This means that the institutions
responsible for disseminating Chinese tea culture in
China are relatively homogeneous, lacking the
participation of enterprises and other non-academic
entities.
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Fig. 3. Co-occurring knowledge map of Chinese tea culture dissemination research organizations in China

1VV. Analysis of Domestic Research Hotspots in
Chinese Tea Culture

(1) Keyword Co-occurrence Analysis

High-frequency keywords are words that occur
frequently in the literature data, and they can
effectively reflect the core content and current issues

in the research field. In this paper, we conducted a
keyword analysis to identify the main keywords in
research on domestic Chinese tea culture. We found a
total of 262 main keywords, which appeared 603
times. Among these keywords, there were 14 with a
frequency of occurrence of at least 5 times, totaling
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276 occurrences. These 14 words account for 45.77%
of the total frequency of occurrence of all keywords,
and are therefore classified as high-frequency words.
Moreover, the higher the centrality of a node, the
greater its influence on other nodes. Statistics have

shown that words such as "tea culture,”
"dissemination,” "cultural communication,” "The Tea
Scripture,” "cultural exchange," and "role" appear

more than 8 times, indicating that they are the main
focal points in the study of Chinese tea culture
dissemination in China. Furthermore, when analyzing
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keywords with a centrality greater than 0.1, it becomes
evident that "tea culture,” "dissemination,” and
"cultural dissemination" are the central themes in
domestic research on the dissemination of Chinese tea
culture. From a comprehensive perspective, "tea
culture,” "dissemination," and “cultural
dissemination™ are the focal points and core research
topics in the field of Chinese tea culture dissemination
research in China. Additionally, research on cultural
differences holds a prominent position. The study of
cultural differences dominates the field.

BLERE

Il &

Fig. 4. Knowledge map of keyword co-occurrence in domestic research on Chinese tea culture dissemination

Through the co-occurrence knowledge map of
keywords in the study of Chinese tea culture
dissemination in China (as shown in Figure 4), it can
be observed that scholars in the field of Chinese tea
culture dissemination in China have conducted
extensive research on various themes such as "Tea
Culture," "Dissemination," "Culture Dissemination,"
"Tea Scripture," "Cultural Exchange," and "Role."
The study on the dissemination of Chinese tea culture
is characterized by fragmented themes.

(if) Keyword clustering analysis

Keywords are highly condensed representations
of the literature, which intuitively reflect the research
themes. High-frequency keywords can effectively
identify and describe the current hot topics in specific
subject areas. Cluster analysis is the primary method
used to identify hot topics, and the keyword clustering
function in CiteSpace software assists in exploring hot

topics within a specific field. In this paper, we use a
time slice of 1 year and employ the TOP5% threshold
setting method. We conduct cluster analysis using the
minimum spanning tree algorithm (MST) and obtain
7 clustered themes. The analysis includes 262 nodes
and 494 lines, with a network density value of 0.0144.
As can be seen in Fig. 5, the 7 clustered themes are
"Tea culture,” "Communication," "Tea production,"
"Tea consumption,” "Tea ceremonies," "Tea history,"
"Tea varieties,” and so on. "Tea culture,”
"dissemination,” "cultural dissemination,” "Tea
scripture,” "cultural exchange," "role,” and "culture.”
The seven clustered themes are "tea culture,”
"dissemination,” “cultural dissemination,” “tea
scripture,” "cultural exchange," "role,” and "overseas
dissemination.” These themes are currently popular
research topics in the field of domestic research on the
dissemination of Chinese tea culture.
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Fig. 5. Knowledge map of keyword clustering for Chinese tea culture research in China

V. Analysis of the Evolution of Chinese Tea
Culture Communication in China

The burst detection function of CiteSpace
software can identify keywords that experience a
sudden appearance or a significant increase in
frequency during a specific stage. This feature allows

for a more comprehensive representation of the
evolution of research topics and highlights the focal
points of academic research during that particular
stage. In this paper, the knowledge graph of emergent
words is obtained based on the research samples, as
shown in Fig. 6.
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Fig. 6. Co-occurrence knowledge map of keywords for Chinese tea culture dissemination in China

As shown in Figure 6, there are 21 emerging
terms in the field of Chinese tea culture
communication research in China from 2013 to 2023.
Based on the timeline of the emergence of key terms,
research on Chinese tea culture communication in
China can be roughly categorized into the following
three stages:

Stage 1: 2014-2016. The emerging words during
this period include "Tea Scripture," "cross-cultural,
"Chinese-English," "translation," "information
theory," "Britain," and other terms. Among them,

"Tea Scripture” and "Britain" have a higher intensity
of emergence, with values of 1.63 and 15
respectively. "Tea Scripture” also has a longer
duration, spanning from 2014 to 2017. During this
period, against the backdrop of globalization and with
the strong support of the Chinese government's "Belt
and Road" policy, the study of the grounded theory of
Chinese tea culture dissemination in China has
emerged as a prominent research topic [8].

The second stage (2017-2020) witnessed the
emergence of several key terms, including "role,"
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"university," "communication channel,” "mass from 1984 to 2023. The analysis reveals that, firstly,
media," "communication strategy,” and "role of tea the research on the dissemination of Chinese tea
culture.”  "communication  strategy,” “cultural culture in China has experienced the stages of
confidence,” "measures,” "“traditional culture," "budding," "exploding," "exploding," and
"Chinese diaspora,” and "Chinese -culture" are "explosive," indicating progress in the field. First, in

repeated multiple times in the text. "Overseas
Chinese" and "Southeast Asia". Among them, the
factors that have a greater impact are the emergence
of "communication channels" and "cultural self-
confidence," with scores of 1.16 and 1.06
respectively. Additionally, the duration of the "role"
factor is longer, spanning from 2016 to 2018. The
duration of the "role™ was longer (2016-2018). During
this period, domestic scholars are paying more
attention to the specific modes of dissemination and
regions of Chinese tea culture within China.

Stage 3: 2021-2023. The emergent terms in this
period are "cross-border e-commerce,” “cultural
exchanges," "Confucius Institutes," "new media," and
"communication.” The most prominent terms in this
period include "cross-border e-commerce,” "cultural
exchange,” "Confucius Institute,” "new media,” and
"communication effect.” Among them, “cross-border
e-commerce” and "cultural exchanges™ have a higher
intensity of emergence, with 1.22 and 1.06
respectively. The terms "new media" and
"communication effect" also appear frequently, along
with  "cross-border e-commerce” and “cultural
exchanges". "Cross-border e-commerce” will have a
longer duration (2020-2023). During this period, the
Chinese tea trade and cultural communication were
severely impacted by the Xin Guan epidemic.
Traditional physical communication methods, such as
tea fairs and offline trade, were disrupted. As a result,
the industry had to adapt and shift towards online
development, utilizing new media and e-commerce
platforms for communication and trade.

Conclusion and Prospect

This paper utilizes CiteSpace visualization
software to conduct a bibliometric analysis,
systematically organizing the publications in the field
of Chinese tea culture dissemination research in China
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HHTEI'PAIIMA MAPKETUHI' OBbBIX I/ICC.JIEI[OBA‘HI/II?'I B CTPYKTYPY IPOLHECCA
MMPOEKTUPOBAHNA ACCOPTUMEHTHOU KOJIJIEKIIMU OAEX/1bI

Annomayun: B cmamve paccmompeHnvl Memoobl coopa uHdopmayuu 0 nompeoumenbCkux npeonoymeHusIx.
Ilpeonoscennas cmpykmypa npoyecca npoeKmupo8aHusi ACCOPMUMEHMHOU KOIIeKYuUu onpeoensem mecmo
MAPKemUuH208bIX UCCTIe008AHULL KAK 80 2llage, MAK U 6 3a6epuieHul npoyecca npoeKmupo8aHusl.

Knrouegvie cnosa: mapkemunzosvie UCCIe008aHUA, NPOEKMUPOBAHUE ACCOPMUMEHMHOU KONEeKYUU, HeulHUe
gaxmopel mapkemunea.

Beenenne ACCOPTUMEHTHOro psjga Kkomineknuu. Ilo  Mepe

IIpoextupoBanuem 4CCOPTUMEHTHOU pa3BUTHSI ~ MHTEPHET-MarasMHOB  OJSXKIBl U
KOJIJIEKLIMHU SIBISIETCS OCNIEN0BAaTEIbHOCTh AEHCTBUM COBEpIICHCTBOBAHMS  LHU(POBBIX  TEXHOJOTHWH,
OT TIOCTAaHOBKH 3aJa4ydl JI0 pPa3pabOTKH pelIeHus, MOTPEOUTENN MOMYYaroT OOMIMPHBIE BO3MOXKHOCTH
YZIOBIIETBOPSIIONIETO OOIIECTBEHHBIM IOTPEOHOCTSIM BBIOOpPA yJOBJIETBOPAIOIINX UX TOBapoB. Benencraue
U TPOM3BOJACTBEHHBIM BO3MOXXHOCTAM. B ocHOBe JocTynma K Macmraly pasnudHoil uHGopMaimy,
MapKeTHHTOBBIX HCCIICIOBAHUM  JICXKUT  aHAIH3 TI0JIb30BATENN CTAHOBSTCS OoJiee pa30OPUNBBIMH.
BHYTPEHHUX M BHEUTHHX (PaKTOPOB, KOTOPHIE B CBOIO Pemuts mocraBieHHBIE 3aJadd  CIIOCOOHBI
ouepelp BIMAIOT Ha pa3paboTKy Ju3aiiHa W COBpEMEHHBIE  HMH(POPMALMOHHBIE  TEXHOJIOTHH,
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TJIaBHYKO  POJIb cpemu KOTOPBIX UTPAIOT MOCPEICTBOM pa3MEIICHUs] aHKET Ha Wweb-caiitax
KOMIIBIOTCPHBIC ~ MH()OPMAIIMOHHBIC CHCTEMBI H BO3MOJKEH KakK IPH HAJTHMYUKM COOCTBEHHOTO pecypca,
WuTteprer. Ompoc MOXHO TPOBOIOUTH  IYyTEM TakK ¥ [IPU €T0 OTCYTCTBHH, HAIIPUMED, B IOMYILIPHBIX
pa3MeILIeHUs] aHKEeThl Ha calTax, IOCELAeMBbIX conpabHeIX ceTsax «B Konrtakre», «Facebooky,

LENEeBOM ayIUTOpUEN WM MYTEM pacChUIKU IO
3JEKTPOHHOW nouTe. MeTox mNpoBeNeHUs OIpoca

«Twitter» u gpyTHux.

v’ makpocpega

e npupopa

e pemorpadun

L] NOINTUKA

9KOHOMMKa

e  couManbHble
dakTopbI

e HTN

e  Ky/AbTypa

SAmAA MM e

A 4

v muKpocpeaa

e notpebutenu

o nocCTaBLUKU

nocpeaAHUKn

®  KOHTaKTHble
aygutopum

SIPH P KA S

®  KOHKYpPEHTbI

U\ U

Pucynok 1. Kiaccnpukanus BHemiHuX pakTOpoOB MapKeTHHIa

I[pyFI/IM COBPEMCHHBIM NOAXOAOM K METOJAaM

cbopa HHpOpPMALIUU o MOTPEOUTETBCKIX
MPEIIOYTEHISIX SBISCTCS HAONIOJICHHE, C IIOMOIIIBIO
KOTOPOTO  OCYILECTBISIETCS ~ CHUCTEMaTHYEeCKOe,

IUTAHOMEPHOE H3yUYCHHWE IOBEACHUS MOTPEOUTEIIS.
DT0 AEUCTBHE, B OTJIHYKE OT OMPOCa, HE 3aBUCHUT OT
TOTOBHOCTH HaOmomaeMoro oOBEKTa COoOOIaTh
HH(POPMAIIUIO U SIBJIIETCS MPOIIECCOM OTKPBITOrO HJTH
CKpPBITOTO cOOpa ¥ perucTpanuel COOBITUH W
0COOBIX MOMEHTOB, CBSI3aHHBIX C €r0 IOBEICHUEM.
[IpenMeToM HaOMIOACHUS MOTYT OBITH KaK OOBEKTHI,

TaK ¥ XapaKTEPUCTHKH U IMOBeIeHNe NoKynarenei. K
9TOMY  METOJQYy  OTHOCATCS  MAapKETHHIOBEIC
HCCIICIOBAHUS, TPOBOAMMEIC KOMIAHUSAMH IIPH
HAJIMYHMH Y HUX cOOCTBEHHOT0 web-cepsepa. Ipomecc
3aKiroyaeTcss B cOOpe M IOCIEAyIOIeM aHalh3e
naHHbIX  (aitnoB xxypHanoB (logfiles) web-cepBepa
WM OJjarojiapsi HCIOJBb30BAHUIO TEXHOJOTHH C
npuMeHeHueM QainoB cookie. ITH NaHHbIE MOTYT
OTHOCHThCS K MOBE/ICHHIO MoCeTUTeNeH,
OUYEPEHOCTH X TNEPEXOJ0B II0 CTPAHUIAM WIJIH
CTaTUCTHKE MOCEICHUI web-cepBepa. Bo3moxHoCTH
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aHalu3a CTaTUCTUKU IOCELICHUN cepBepa SBISIOTCS
OJTHUM 13 3()(HEeKTHUBHBIX HHCTPYMEHTOB MapKETHHTa.
B oTnmume oT mpoBEAEHHS OMPOCOB, TPEOYIOUIMX
aKTHBHOTO  ydYacTHs  DECIIOHICHTOB,  aHAJM3
CTAaTHCTHKH TI03BOJISIET cobpatb LICHHYTO
uHpopManuio, HE TpHUBIEKas MOCETUTENEH K
AKTHBHBIM JICHCTBHSIM.

Kaxnoe  mpeampusitue  CymecTByer B
ONpeNieIeHHON MapKeTHHTOBOM cpene, KoTopas
NPE/ICTaBIsIET COOOH COBOKYHMHOCTh BHYTPEHHHX H
BHEUIHUX  ()AKTOPOB,  KOTOpPBIE  HEOOXOIMMO
YUUTBIBaTh MpPHU IUIAHUPOBAHUM KOJUIEKIIMU U
pa3paboTKe MporpaMMbl ISHCTBHH.

BremHs1st MapkeTHHrOBas cpenia GUPMBI B CBOIO
oduepens MOAPA3NENACTCS HAa  MHKPOCpEny W
Makpocpeny. K BHeIHell MapKEeTHHIOBOM cpere
OTHOCSTCS BCE OOBEKTH, (aKTOpsl M SBICHUS,
KOTOpBIC HAaXOIATCA 3a NpeJellaMu MPEeIIpHUsTUS U
HETIOCPEJICTBCHHO BIMSIOT HAa €ro AEATEIBHOCTb.
B mukpocpeny GpupMbl BXOIAT B3aMMOOTHOIICHHS

¢upMBl ¢ MOCTaBUIIMKAMH,  MOCPEIHHKAMHU,
KJIMEHTaMH W KOHKypeHTaMH, TOrAa  Kak
B Makpocpeny GpupMsl BXOJAT (axTopsI

MIPEUMYIIECTBEHHO colualpHOro IutaHa. K HuM
OTHOCSITCS (akTopsIL: 3KOHOMMYECKOTO,
JIeMorpauIecKoro, MOJUTHIECKOT0, MPHPOAHOTO,
TEXHUYECKOT O u KyJbTYypHOTO Xapakrepa.
Knaccudukanus BHemHMX (HaKTOpOB MapKETHHTa
IpeJCTaBIcHa HA PUCYHKE 1.

* IpupoHbIe (GakTOphI (Ce30H, KIMMaTHIECKUE
YCIIOBUSA) BIHUSIOT Ha AaCCOPTUMEHT KOJUICKLIUH, Ha
IPrOHOMUYECKUE [IOKa3aTeIn (dopmupyromye
3alLUTHBIE CBOMCTBA OleXkAbl. Ecinu npoektupyemas
KOJUIEKLIUS OZIEHKAbL paccuuTaHa Ha
KOHTUHEHTAIbHBIA KJIMMAarT € IPOJOJIKUTEIbHOM
3UMOM M KOPOTKHMM JIETOM, B aCCOPTHUMEHT
00s13aTeIbHO JIOJDKHBI BXOJUTB: KYPTKH, MalbTO,
CBUTEpa, IUIaThs, IOOKM, mmIanky, mapdsel. s
PETHOHOB C KOHTHHEHTAJIBHBIM KIMMaToM Oynaer
aKTyalbHa OJ€XK/a C UCIOJIb30BaHHEM HATYpPaIbHOIO
Mexa.

* JeMorpaduieckue (aKTOpPHl OIPEAEIIOTCS
cpenoi, KoTopas BO MHOTOM OIpenenseT Oy Iyniii
CIIPOC:  UHUCJICHHOCTb  HACEJICHUS, BO3PACTHYIO

CTPYKTYpPY, COOTHOIIEHHUE TOPOJICKOTO U CEJILCKOrO
HaceJICHHs, ITHUYECKYI0 U PEIUTHO3HYI0 CTPYKTypa
HaceneHus U apyroe. JlaHHbIe (aKTOPHI BBIBISIOT
YHCIO W JAWHAMHKY motrpeOureneil. Hampumep,
nemorpadrdecknii  aHanum3 CHOMPCKOTO permoHa
10Ka3aJl, 4TO YJEJbHBIN BEC MOJIOAEKHU - B TOMCKOU
obmactu 24%, B 3abaiikanbckom kpae 23% u B
HoBocubupckoii oonactu 21%. CremoBarenbHO, B
HoBocubupcke, Tomcke u 3abalikanbCKoM Kpae,

Oyzer  HambOomlee  BOCcTpeOOBaHA  KOJUICKITHS
MOJIOAEKHOM OJIENHKIBI.
* JKOHOMHYECKHE (DAKTOPBI OIMpPEAENSIOTCS

SKOHOMHYCCKUM TIOJIOKCHHEM CTpaHbl (pEruoHa),

CTPYKTypOH u JUHAMUKOMN notpeOIeHus,
MIOKYTIaTENbCKOM  CIIOCOOHOCTBIO HaceJIeHHs,
COCTOSIHUEM  (PUHAHCOBOW  CHCTEMBI, ypPOBHEM
nH}IAIHAN. Ceronus 3aKOHYMIIACH 3moxa

HAMITYJIGCUBHOTO M 0Ge3XyMHOTO moTpebienus. [Ipu
BBIOOpE OIEKIBI MOTPEOUTENIE CPABHUBAET IICHBI,
WIIET HauboJiee BBITOJHBIE MPEIIOKEHUS U
OpHUEHTHpYeTCS Ha 0ojiee MOCTYNHbBIC, [EIICBBIC
OpCHIBL.

* colnuanbHble (PAKTOPBI  XapaKTEPU3YIOTCS
MOJIO)KEHUEM  OTHEJBbHBIX  COLMAIBHBIX  CJIOEB
00111eCTBa, pacpeIeICHUEM ero MO MPHHAICKHOCTH

K pa3NU4YHbIM KJaccaM, YPOBHEM COLHMAIbHOM
CTaOMIIBHOCTH.
. KyJIbTYpHbBIE (baxTopsI OTIPEICTISIIOT

WHIMBUIYAIM3aLI0 3aIPOCOB MOTpeOuTEeNeld 1o
OTHOLICHHIO K TOBapaM H yciyram. K atum pakropam
OTHOCSTCS: YpPOBEHb 00pa3oBaHHMsi W mpodeccus,
TpaaAuIKH, 00bIYa, BEPOUCIIOBEJaHUE, CTHIIb, 00pa3
HKHM3HU.

[peanoxennas CTPYKTypa nporecca
IIPOEKTUPOBAHHUS (puc.2) aCCOPTUMEHTHOMN
KOJUISKI[MM  ONpEJAENseT MECTO MAapKETHHIOBBIX
HCCIICIOBaHMI KaKk BO TIJIaBe, TaK M B 3aBEPLICHHU
mpouecca  MpOeKTHpoBaHHA.  Ilpy  momorm
copMHPOBaHHBIX OTYETOB MapKEeTHHTOBBIX
HCCIICIOBaHMI  pa3pabaThIBacTCs  OKOHYATEIbHOE
TEXHUYECKOE 3aJlaHUe, B KOTOPOM OIPEICISIOTCS
TpeOOBaHUS K NPOSKTHPYEMOIl acCOPTHMEHTHON
KOJUIEKIIH.
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MapKeTHHI‘OBLIe HCCJICA0OBAHUSA
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Pucynok 2. CTpykTypa npouecca npoeKTHPOBAHUS aCCOPTUMEHTHOM KOJIEKIINT
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CUHTAKCHYECKHN CIIOCOB OBPA3OBAHU A CPABHUTEJIBHBIX KOHCTPYKIIUI B
KAPAKAJIITAKCKOM SA3bIKE

Annomauusn’. B dannotl cmamve paccmampusaiomcs 0NPOCyl, CPAGHUMENbHBIX KOHCMPYKYUL 00pa3068anibvie
C NOMOWbIO NOCNeN0208 U CN08 68 (OYHKYUU NOCLeN0208, A MAKHCE GbIPUANCEHHbIE CIONCHONOOUUHEHHBIMU
NPeoNoAHCEHUAMU C NPUOAMOYHBIM CPABHUMETLHBIM.

Kniouesvie cnoesa:. cpashnenue, cpagnumenvhvie KOHCMPYKYUU, NOCNEN02, SA3bIK, JUHSBUCTIUYECKUL AHAIU3,
npuem,  CUHMAKCUYECKUU  Cnocob, ynoodobnenue,  Xy0odiCeCmeeHHOe  NpousgedeHue,  ClO080COYemaHue,
8bIPA3UMENbHbIE — CPEOCMBA  SA3bIKA,  CeMAHMUKO-CIMULUCIMUYeCKUe  O0CODEHHOCMU,  CIONHCHONOOYUHEHHOE
npeonodicerue, CI0HCHONOOYUHEHHbIE NPEONONHCEHUsL C NPUOAMOYHBIM CDABHUMETIbHBIM.

Beeagenue «CpaBHeHue MPUHAIIEKUAT K YUCITY

Kak  s3pIk  sBHsieTCssT  NHEpPBORJIEMEHTOM BOXHEHIIMX MPUEMOB IMO3HAaHUM MuUpa. TexHuka
JTUTEpaTypbl, TaK ¥ JIMHTBUCTUYECKHN aHaIHM3 CpaBHEHHMS TIO3BOJISIET YUTATEIIO BHISIBUTH CXO/ICTBA U
XYJIO’)KECTBEHHOTO TeKCTa sBISETCS (HyHIaMEHTOM pa3nuuus peanuit Myupa, ¢ 1esblo NOJyYeHUsI HOBOM,
€ro JIMTEPaTypOBEIYECKOTO U CTHJIMCTUYECKOIO 00BEKTHBHOM HHGOPMAIIUHU O MPOIECCaX U SBICHUAX
n3yueHud. ToabKO Mocae Hero MOXKHO MEPEXOIUTh K ’)ku3HU. lVcnonb3oBaHuWe CpaBHEHHs B JIUTEpaType
CEepbEe3HOMY PACCMOTPEHHUIO UJIEUHOTO COAEepKaHUS U Takke uMmeeT dPPeKT cBsA3M, MOMOraeT M300pa3uTh
XYJIOKECTBEHHBIX ~OCOOCHHOCTEH  JIMTEpaTypHOTrO CYyOBEKT ¢ TIOMOIIHI0 MHOT'OOOPA3HBIX aCCOLHMAIIHIA C
MPOU3BENEHUSI B MX CHHTETUYECKOM HCTOPHUKO- menplo  Oonee monHOro BocmpuATHA. [lo  aTuMm
¢unonornueckom eauncTse. [13, 8;] MpUYMHAM, Ha TPOTSHKEHUHM COTEH JIET, CpaBHEHHUE

OmHUM W3 S3BIKOBBIX CpPEACTB OOPa3sHOCTH SIBJISIETCS TIOIYJIAPHOM JIUTEpaTypHON TeXHUKOU. [Ipu
SIBIIIETCSl CPAaBHEHHE, CYTh KOTOPOI'O 3aKIIIOYAeTCs B 9TOM HECMOTpSI Ha MPUCTAIbHBIA MHTEPEC BEAYIIMX
COIIOCTaBJICHUU JBYX WM HECKOJIBKHX OOBEKTOB, ¢mrocooB W IJIMHTBHCTOB K TpoOiieMe IPUPOJIBI
SIBIICHUH, WMEIONUX ONM3KHWE WM OJUHAKOBBIC (yHKIUH cpaBHEHUS, TIENBIN P ACTIEKTOB OCTAETCS
MIPU3HAKH. Heu3yueHHbIM» [8,10]
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N3yuenune GbyHKIHN CpaBHEHUS B YeThIpeX AIIEMEHTOB: 1) CpaBHUBAEMOTO MpeaMeTa —
XYZ0)KECTBEHHOM IPOM3BEJCHUH SIBISIETCS 3a/aueii «IpEeAMET CpaBHEHUs»; 2) TpenMera, ¢ KOTOPHIM
auteparypoBena.  OpHaKko  3TO  NPECTaBISET CpaBHMBaeTCsi Jpyrol — «oOpa3 cpaBHEHUs»; 3)
OousibIION MHTEpec W y JuHrBUcTa. JlIs sI3bIKOBEZA obmero osiueMeHTa Uil O0OMX  CpaBHHBAEMbBIX

BAXHO M3YYEHHE CPAaBHUTENBHBIX KOHCTPYKLHH
(000OpoTOB) W WX CTPYKTYp, o0OBEMa CIIOB H
CIIOBOCOYETAHHH, HCIIOJB3YEeMBIX B 3TUX
KOHCTpyKusx. [loaTroMy mocnenHee BpeMms B
HEKOTOPBIX TIOPKCKHX S3bIKaX BEIUCH CIICHUaIbHBIC
HCCIICIOBAHUSL [0  BCECTOPOHHEMY  HM3YYCHHIO
cpasuenwuii [1; 3; 4; 5; 6; 8; 11; 12]. Tem He MeHee,
HeNb3s CKa3aTh, YTO [aHHas Tmpobiema oOpema

OKOHYAaTCJIbHYIO CHUCTEMATU3alul0. B I3TUX
HCCIICAOBAHUAX MOXHO TIPOCICAUTh PAa3JIMYHBIC
MHCHMUS OTHOCHTCJIBHO CpaBHeHHﬁ, KOTOpPbIC

00yCIIOBNICHBI, HAa HAIl B3MJIAJ, YCTPOHCTBOM W
BHYTPCHHUMH BO3MOXKHOCTSIMH Ka)XJIOTO  SI3BIKA.
[Tono6HOE MHOTOOOpa3e MHEHUH U B3IJISJIOB BOBCE
HE 03HAYAET, YTO TIOPKCKHE S3bIKU HE UMEIOT HHYETO
obiero B mepeiave cpaBHeHuil. PackpeiTie 0011ero
U CBOEOOPA3HOTO B TOM WIIH HHOM TIOPKCKOM SI3BIKE,
BBICTYIAIOIIEM B  KAauecTBE 3aKOHOMEPHOCTH,
Npe/ICTaBIsieT co0o0i BechbMa OOJBLIOE HAYYHOE
3HAYCHHE.

Kapaxkannakckuii SI3BIK obnanaer
MOTCHIMAJIBHBIMU BO3MOXXHOCTAMU W CPEACTBAMH,
obpazytommmu CpaBHUTEIIbHBIE KOHCTPYKLIMH,
HU3yuyeHHEe W TEOpPEeTHYECKas OICHKa KOTOPBIX
00yCIIOBIMBACT HAYYHO-TPAKTHYECKYIO I[ICHHOCTb
UCCIIEIOBAHMUSI.

CpaBHeHHE - OTO YHHKalbHOE Ka4decTBo,
KOTOPBIM HaJIeJICH Y€JIOBEK MPUPOJIOi U C MOMOIIBIO
KOTOPOTO OH Pa3JIMYaeT U OL[CHUBACT CYIICCTBYOIIHE
B MHpE MpPEAMETHI, SBICHHS, COOBITHS, MPU3HAKH.
Cucremaruszanus BBIPA3UTENbHBIX CpEJICTB,
BBIPOKCHUE u packpbITHe CEMaHTHKO-
CTHJIUCTUYCCKHX  OCOOCHHOCTEH  CpPaBHUTEIbHBIX
KOHCTPYKIIMHA —3TO OJHA W3 OCHOBHBIX MPOOIEM
JIMHIBUCTHKH, €€  CHOenuajgbHoOi  oOmactu -
CTHJIUCTUKUA. B KapakajamakCKOM sI3bIKO3HAHUU [0
CHUX TOp HET HAy4YHO 000OIIEHHOTO HCCIIe0BaHus IO
3TOM IpodIIeMe.

CpaBHeHI/IC ABIACTCA  OJHHMM K3  CaMBbIX
CJIOKHBIX BHUIOB BBIPA3UTCIIbHBIX CPCACTB SA3bIKA,
OTJIIMYAOIIUXCA oT APYyTrux I/1306pa31/ITCJ'II>HO-
BbIPA3UTCIbHBIX CPEACTB CBOMMH CTPYKTYPHBIMU,
CCMAHTUYCCKUMH u CTHJIINCTHYCCKUMHU
OCO6CHHOCT$IMI/I, BCECTOPOHHEE HUCCIICAOBAaHUC

KOTOPOTO OOYCIOBJIEHO CBOEH aKTyaJbHOCTHIO B
KapaKaJIIaKCKOM A3BIKO3HAHUU.

CpaBHeHI/IeM Ha3bIBACTCS CTHIIMCTHYCCKOC
CpEeICTRO, KOTOpOe nepezaer obpasHoe,
XYJ0KECTBEHHOE,  AMOIMOHAIBLHO-IKCIPECCUBHOE
BO3JICHCTBHE TOXAECTBEHHBIX WM  Pa3IUYHBIX
CTOPOH MPEIMETOB WJIH SIBICHUN MyTeM CpPaBHEHHS
OJHOTO TpeaMera C JPYTUM Ha OCHOBE OOMIMX,
CXOKHX MPU3HAKOB.

Kak KOHCTpYKIHMS, CpaBHEHHE HMEET CBOE
COOCTBEHHOE TIOCTPOEHHE, KOTOPOE COCTOWUT W3

MPEeIMETOB, TO €CTh OOLIETO [T CPABHECHUS MPU3HAKA
«OCHOBa CpaBHCHHUS»; 4) TIPAMMAaTHIECKOTO
MOKa3aTelsi— «I0Ka3aTessl CPABHEHUS.

B KkapakanmakCKOM SI3bIKE CpaBHUTEIbHBIC
KOHCTPYKIIUHU 00pa3y0TCs MPH MOMOIIH MTOCIIETIOTrOB
U CIIOB B (DYHKIIMH MOCJICTIOr0B THUIIA KUOU, CbIAKIbL,
MbLCATIbL, MAPU3IU, CEKUIU, SIHTbL U T. II:

1) mocnemor xubu oOpa3yeT CpaBHHUTEIHHYIO
KOHCTPYKIIMIO, HAXOICh MOCie 00pa3a cpaBHEHHSI.
@OyHKIMA 3TOr0  Tocjienora B 0Opa3OBaHUH
CPaBHHUTEIBHBIX KOHCTPYKIUH OM3Ka K (YHKIHU
abdukca —oati//-Oeii, HO OHH PpaA3IUYAIOTCS IO
YHOTpeONeHHIO: -0atl//-Oetl ynoTpeOseTcss BO BCeX
CTUJIAX pEYH, a Ku6u B OCHOBHOM BCTpPC€YAcCTCA B
MUCbMEHHOM CTHIIE.

Hampumep: Jloiinu kuéu bILUKBL  OTHIHA
KYWAaupHuil,

Menun MoXHYH €TTUH opMaHbId JYHbS.
(OXHHUSB);

2) TOCNeNoT sHAbl 00pa3yeT CpaBHUTEIHHEIC
KOHCTPYKIIMU B COUYETAaHUU C UMEHHBIMH CIOBaMH B
OCHOBHOM (MMEHHUTEIFHOM) Iajexe. XOTS OTOT
MOCTIEeNIOr  ABISIETCd MEHee TPOAYKTHUBHBIM B
KapakaJllakCKOM  s3bIKe, B  TO3THYECKHX U
HEKOTOPBIX MPO3aMYECKUX IPOU3BEACHUSIX OH
YOOTpeONseTcs B  PasIUYHBIX  CTHIIMCTHYCCKHUX
nensx. Hanpumep:

Hap3an Oymnaknapsl KaHIal a3ana,

CeHUH Kepnul AHAbL MBIHLIK XM masd.
(A1.FOcymioB)

3) mocIenor cuisaKabl 00pa3yeT CpaBHUTECIHHBIC
KOHCTPYKILUH B COYETAaHUH CO CIOBAaMH B OCHOBHOM
(nmenuTenpHOM) mangexe. [lo  cpaBHEeHMIO C
BBIIIICyKa3aHHBIMH MOCJIeTIOTaMH, chepa
YHOTpebIeHNS 3TOTO TIOCIENIOTra HECKOJIBKO IIUPe: OH
MOJKET MCHOJIb30BaThCS B MO33MHU, TPO3€E, a TAKXKE B
yCTHON pasroBopHoi peun. Hanpumep: banacer
VHBIKIAIl Kajca Ja epmeK CblAKAbl Y3blH-uLyoai
aHeoumenepou  ceimen  kararyreiH  emm (T
KaiisimbepreHos).

Bripaxkas 3HaUeHHE CpaBHEHUS, STOT MOCIIEIIOT
B TO € BpPEeMs HMMEET U OTICIbHBIC CTHINCTUICCKIC
¥ CMBICJTIOBBIE OTTEHKH;

4) mocnenor Mmuciu Tpu  0OpazoOBaHUHU
CPaBHUTEIHHON KOHCTPYKIMM YIOTpebisierca He
O4YeHb TNPOAYKTHBHO. OT JApPyrux MOCIENOrOB,
00pa3yIoMKX CpPaBHUTENBHYI0 KOHCTPYKIIMIO, €ro
oTan4aeT 00s3aTeNbHAs MPETIO3UIIHS TT0 OTHOIICHUIO
K 00pa3y cpaBHEHHS, KOTOpas HaXOJIUTCS TOJIBKO B
¢dopme umeHuTenbHoro mnaaexa. Ilocnenor mucau
MIpUCYL MUCbMEHHOMY cTHir0. Hanpumep:

Kuitzen kuitumnepu mucau 3aznvipan

Kosramell  OpHBIHAH  TYpIBI,
(OxuHUS3);

sIpannap.
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5)  moCmenor  mbicansl MO CBOEMY o0pa3  CpaBHCHUSI ~ HaXOIHTCS B  COCTaBe

YHOTPeOJICHHIO, (PYHKIUU B TPEITIOKCHUU OJH30K K
MOCJICNIOTY MucAu W AKTHBHO YIHOTpeOisercs B
o0pa3zoBaHUN CPaBHHTEIILHBIX KOHCTPYKIIUH.
Paznnyarorcst OHM TOJNBKO MOPSIIKOM PacOI0KEHHs
B CPaBHUTEJIBHOW KOHCTPYKLMH: IIOCIENOT MUCAU
nMeeT HeTHOKYIO TO3HIINIO, a TOCIeTIOT Mblcanbl —
THOKYIO MTO3UINIO, T. €. OH MOXET HaXOAUTHCS U [0,
u mocie obpasa cpaBHeHus [ 7, 49. ].

Hanpumep: Kenau enau sxurupma cerus,

extnm muiinem muican ozusz. (bepnax).

Kynnsipran KOPHUHHCH
Taynap TOJKbIH/A,

VYHKbIIaH OSIHFaH apuiyoaii
Mylcan

6) akTUBHO ynotpeOnsercs anst oOpa3oBaHUs
CPAaBHUTCIBHBIX KOHCTPYKIIMHA B KapaKalaKCKOM
S3bIKE M CJIOBO cexunnu. OHO BbIpaXkaeT 3HAYCHHUE
CpaBHEHHs, YNOJOOJICHHMS B  COYETAHHH C
CYIIECTBUTENFHBIMU, MECTOUMEHHUSAMH, HAPCUUSIMH U
B OOJIBIIMHCTBE CIIy4aeB BBICTYIACT KaK CHHOHHM
TIaroia ykKca, XOTS WMEIOTCS MEXAy HUMH
CTHITUCTUYCCKHE  Pa3IH4Uid.  «...CIOBO  CeKULIU
yHOTpeONsieTcs B KadecTBE CHHOHMMAa K CIIOBY
yKcaeawn, €Cli CIOBO yKca2aH UMeEeT HeHTpalbHOe
3Ha4YEHHE, TO CJIOBO CeKu/iiu B OOJBIIMHCTBE CIIy4acB
CKJIOHHO BBIpa)aTh OTPHIIATEIbHOE 3Ha4YeHHE» [2,

114;].

Kpome »sTOoro, B KapakalamakCKOM s3bIKe
CPaBHHTEIbHbIE KOHCTPYKIMH 00OpasyroTcsi TpH
MIOMOIIX TIOCHEJIOTOB — MIPU3IU, MakKwliemme,

wenu, myye, cope.

B kapakanmakxCKoM S3BIKE OIIpeeSICHHYIO YacTh
CpaBHEHHUIA, 00pa30BaHHBIX CHHTaKCUIECKUM
Croco0OM, COCTaBITIOT KOHCTPYKIHH, BBIPaKCHHBIC
B (opMe CIOKHOMOMIMHEHHBIX TMPEIJIOKEHUN ¢
MPUJIATOYHBIM CPABHUTENBHBIM. B HUX MpUIaTOYHOE
KOHKPETHO HE PachpOCTPaHsET IIaBHYIO 4acTh, KakK B
JIPYTUX  CJIOXHOMOJAYMHEHHBIX TPEUIOKECHHUIX, a
COTOCTABJISIOTCS, CpPaBHHUBAIOTCS COJIep KaHMUS
TJIABHOTO M MPUAATOYHOTO B 1esioM. Hampumep:

AJ1 OHBIH TepeHJINIU

Kaneunu aece erep,

OPpMaHJIbl APULIAHBIH

I'erora 60J1IFaH BIIKBI

Kaniesiu tepen 6ojica

Kea connaii Tyncu3 tepen (U.10.).

[Tpu 00pa3oBaHUH CpPaBHUTEIHHBIX
KOHCTPYKLIMH MOTYT ydYacTBOBaTh HE BCE (DOPMEI
CPaBHUTEIHHBIX CIIOXKHBIX TIPE]IOKESHHIA, & TOJIBKO T
W3 HHUX, KOTOpble O0Opa3oBaHbl C IOMOIIBIO
COOTHOIIIEHNUS MECTOUMEHHUHN KaHOall, Kauuienu,
Kanail, Heuie W COOTHOCHUTEIBHBIX CJIOB COHOAI,
coHwtenny, conau, coHwa. B cpaBHUTENIBHBIX
KOHCTPYKIHUSAX, OOPa30BaHHBIX TaKHUM CIOCOOOM,

MPUAATOYHOTO MPEAJIOKEHHUS, a MPEAMET CPABHEHUS
— B cocraBe IJaBHoro. BompocutensHo-
OTHOCHUTENIbHbIE MECTOMMEHHUS K€ BBIMOJHSAIOT POJIb
TOKa3aTessi CpaBHEHUSI.

Hampumep: IllpiHap Tamblpbl KaHIIA KeTce
TEpeHre,

Conma OexkeMm, coHIIa Koibly cascer (M.
Ocymion).

B coBpeMEHHOM  KapaKaJIaKCKOM  SI3BIKE
CpPaBHUTEIbHBIC KOHCTPYKIHU TIEPEHAOTCS TaroKe
MMOCPEICTBOM  CHHTAKCHYECKOTO  Mapaiieu3Ma.
«JTapannenusm Kak npueM CpaBHEHHUS
pacnpocTpaHeH BO MHOTHX si3bIkax. CyIIHOCTb 3TOT0
TUTNIA CpPaBHEHUS 3aKilo4aercs B  TOM, UTO
CJIOBOCOYETAHMsI, COCTaBJIIONINE OOBEKT U 00pa3
CpPaBHEHMS, UMEIOT OJMHAKOBYIO CTPYKTYpy, 4YTO
YCUJIMBAET XYJ0XKECTBEHHO-ICTETHUECKOE
Bo3eiicTBue cpaBHeHus» [1, 26]. Hampumep:

Ycrara 6apcan, cangana 6ap,

Canpajabl Kep ae, LIalIbIH KOp,

MoJinara 6apcaH, KdjieM 0ap.

KaJsieman kep e, KacbIH Kop.

lepmure 6apcan, XuHxku 0ap,

XUHKUHU KOP Jie, THCUH KOp,

Kap ycrune kap :kayap,

Kapasl kep e, eTUH KOp.

Kan ycTHHe KaH Tamap,

Kanabl kep ne, 0eTUH KOP.

KyMHaH KalkaH NOpCbIKTAH,

X9p eMIleru TOPChIKTal. («AJaMbICy).

Takum oOpa3oM, B CcTaTbe pPaCCMOTPEHBI
OCHOBHBIC 3JICMEHTHI CPaBHUTCIHHBIC KOHCTPYKITHH,
BEIp2)KCHHBIC CHHTAKCHYECKHM CHOCOOOM M HX
yHOTpeONicHHe B KapaKalllaKCKOM SI3bIKE. 37ech
MOHO YBUJICTH 60HI)IHI/I€ BO3MO>XHOCTHU s3bIKa B

BBIpAXKCHUU TOHKHUX YYBCTB YCIOBCUCCKOT'O
MBIIUICHUA. AHATU3UPYys TNPUMEPHl, MBI MOXEM
OoOHapyXuTh, uTO cdepa ymorpebiIeHus Bcex
OCHOBHBIX [IOKa3aTeNeH, Y4aCTBYIOIIHUX B
IIOCTPOCHUU CPABHUTEIIBHBIX KOHCTPYKLHH, HeE
onauHakoBa. Eciii HEKOTOpBIE U3 HUX yIIOTPEOIISIOTCS
MPOXYKTUBHO,  TO  JIpyTMe  HENPOJIYKTHUBHO,

HEKOTOpbIE MPUCYIIH TOJIBKO K MUCEMEHHOMY HJIH K
Pa3roBOPHOMY SI3BIKY, 8 HEKOTOPBIE U MUCBMEHHOMY,
U Pa3roBOpHOMY s3bIKY. BMmecTe ¢ TeM, HEeKOTOpEIE U3
HHUX YHOJO00JIsAs MPEeIMETHI, SIBICHUS, IEUCTBUS APYT
C JPYroM IOKa3bIBalOT UX OJHM30CTh, TEM CaMbIM
00pa3yloT  CpaBHHTENbHbIE  KOHCTPYKIHMH  CO
3HAYCHUEM CPABHCHUS, @ HCKOTOPBIC IMMOKA3bIBAKOT UX
pa3nuuusg 1 00pa3yoT CPaBHUTEIHHBIE KOHCTPYKIHH
CO 3HAUYEHHUEM YyTIOI00JICHNS.

A mociaejaor wennu MoxKeT 00pazoBaTh
CpPaBHUTEJIbHbIe KOHCTPYKIIMM H €O 3HAaYeHHeM
CPaBHEHMsSI H CO 3HAYEHHEM YNOoA00JIeHu .
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Introduction

Criminal responsibility is understood as the legal
consequence of committing a crime, which is
represented by a sentence, punishment or other
measure of legal effect by the court against the person
who is guilty of committing the crime.

Committing an act that has all the symptoms of
a crime is the basis for prosecution [1. B-37].

Criminal responsibility is a form of legal
responsibility, which is defined in the criminal law
and consists in applying responsibility to a person who
is guilty of committing a crime by the court.
Accordingly, criminal responsibility differs from

other types of responsibility (moral, civil,
administrative, etc.) primarily in terms of its content
[2. B-105].

The concept of criminal responsibility is
generally understood as a criminal legal relationship
between the state and the person who committed the
crime. In this case, the state has the right to apply
criminal legal measures against the person who
committed the crime. A person who commits a crime
shall be obliged to apply the punishment specified in
the sanction only for this offense, and the same
measure of impact shall be applied to him.

Three theories are important in interpreting the
concept of criminal responsibility:

Doi: éos¥e! https://dx.doi.org/10.15863/TAS.2023.10.126.37

The first theory states that criminal liability is a
personal or property measure against a person who
commits a crime.

The second theory understands criminal
liability as a state coercive measure specified in the
criminal law, that is, a coercive measure is applied to
the guilty party that results in a conviction.

The third theory, criminal liability, refers to all
criminal legal relations, as well as relations between
the individual and the state (in the form of law
enforcement agencies).

The issue of criminal responsibility of a person
is considered from the moment of criminal liability.
The issue of criminal responsibility is carried out in
the form of involving a person in the inquiry and
preliminary investigation (application of coercion and
preventive measures), hearing the case in court,
issuing a guilty verdict (indictment), conditional
sentence and conviction. Criminal responsibility ends
when the conviction ends or is removed. Criminal
responsibility begins or ends with the entry into force
of the court verdict. As soon as the guilty verdict of
the court enters into legal force, the coercive measure
of the state specified in the sentence will affect the
person who committed the crime. Or from this time
the criminal responsibility ends. As a result, criminal
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responsibility is not established and conviction does
not occur.

Criminal responsibility has a number of legal
characteristics, which include:

firstly, according to its legal content, criminal
responsibility creates legal consequences;

secondly, criminal liability is caused only by a
socially dangerous act committed by a person's fault;

thirdly, it is expressed in forms of coercion of
the state, such as the application of legal action,
punishment or other criminal-legal measures;

fourthly, it arises, takes place and is canceled
within the framework of criminal legal relations [3. B-
35].

Criminal responsibility begins with the court's
decision on the conviction, that is, the conviction of a
person found guilty of committing a crime. Criminal
responsibility can be carried out in the following
forms:

1. to try the culprit without punishment;

2. judging the culprit by imposing punishment,
but exempting him from actual execution;

3. judging the guilty party by imposing a
punishment and executing it;

4. Applying punitive and medical coercive
measures to the culprit, as well as judging them with
their real execution.

Criminal liability differs from other legal
liabilities by having its own characteristics. These are:

2. According to the basis of application.

Criminal liability is applied only to persons who
have committed a socially dangerous act, which
includes all the elements of the criminal structure
specified in the Special Part of the Criminal Code.
Civil liability in the form of pecuniary damage
compensation is applied not only when pecuniary
damage is caused due to acts constituting a criminal
offense, but also when damage is caused as a result of
other offenses.

According to the content of the responsibility.
Criminal responsibility has the character of state
coercion and is applied on behalf of the state. The rest
of the impact measures do not have this feature.

1. According to the subject applying criminal
responsibility. Criminal responsibility is applied only
on the basis of a conviction by a court. No other
official can apply such a measure of influence. Other
measures of responsibility may be applied by
competent bodies and officials outside the court.

2. According to the order of application. The
special procedure for criminal prosecution is defined
only in the Code of Criminal Procedure. The Code of
Criminal Procedure determines the procedure for
criminal prosecution by the inquiry, investigative
bodies and the court. Other legal measures are
regulated by other legal norms.

3. According to the range of entities subject to
responsibility. Criminal responsibility is specific and
applies only to the individual who committed the

crime. Other liability measures can be applied to legal
entities. For example, the Civil Code defines liability
for legal entities.

The Criminal Code only determines the criminal
liability of a natural person, that is, a person. This
means that legal entities are denied criminal
responsibility according to the Criminal Law of the
Republic of Uzbekistan.

In accordance with international treaties,
agreements or current laws, if the question of the
responsibility of foreign citizens does not belong to
the courts of the Republic of Uzbekistan, they will be
resolved in accordance with the norms of international
law if they committed a crime on the territory of the
Republic of Uzbekistan.

Article 11 of the Criminal Code defines the cases
of legal exclusion of the principle of territoriality from
the criminal legislation of the Republic of Uzbekistan.
This represents the current world concept of granting
legal immunity to criminal prosecution of certain
persons performing public duties.

Regardless of the type and level of the socially
dangerous act committed by the person who is granted
the right to use immunity, he will not be held
criminally liable without the consent of the country
that served the interests of that country.

In accordance with the current legislation, the
following foreign citizens can use the right of
immunity in the territory of Uzbekistan:

* employees of diplomatic missions of foreign
countries;

* employees of consular offices of foreign
countries;

* employees of international intergovernmental
organizations;

* other representatives of foreign countries.

There are factual and legal (normative) bases of
criminal responsibility.

The factual basis of criminal liability is an act
committed by a person. In order for an act to be
recognized as a crime, it must have all the elements of
the crime under the law.

The legal (normative) basis of criminal
responsibility is the composition of the crime
provided for in the Criminal Code. Factual and
normative bases form the general basis of criminal
responsibility. If there is full correspondence between
the committed act and the signs specified in the law,
the evaluation of the act allows the competent
authorities of the state to exercise their rights and
obligations to bring the guilty party to criminal
responsibility.

A necessary feature of the objective aspect of the
crime is the criminal consequence. Every human
action causes certain changes in the surrounding
reality. A socially dangerous consequence of a
criminal act (inaction) is that it creates a socially
dangerous consequence because of itself.
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The criminal consequence is the real damage
caused by the crime to social relations, it is expressed
in direct, indirect, direct and indirect negative changes
(damage, damage, loss, etc.) causally connected with
the criminal behavior, and in the last account, social
(economic, moral, legal and other) values will
undergo negative changes. A criminal consequence
should be understood as a change in social relations
protected by criminal law as a result of the
commission of an act. The consequence causes direct
harm or threatens to cause direct harm. A criminal
consequence is a necessary element in crimes with a
material content, and a consequence is not required in
crimes with a formal content.

Material or immaterial damage to social relations
protected by criminal law is represented by damage or
other negative change.

Criminal legal consequences can be divided into
groups according to the following criteria:

* depending on the nature of the damage;

* depending on the degree of danger of the
damage caused;

* as defined by law;

* depending on the importance of qualifying the
crime.

Consequences resulting from a socially
dangerous act can be divided into tangible and
intangible types.

Material consequences are consequences in the
form of property and physical damage that tend to be
clearly proven. If physical damage is expressed in the
death of a person or in various degrees of damage to
health, property damage, for example, crimes aimed at
robbing the property of others, are aimed at reducing
the property of the victim. It is possible to accurately
measure material and physical damage. Therefore,
such damage is differentiated according to the amount
of the crime. It is customary to divide into simple,
aggravating and special contents. For example, in the
case of looting property: the looting is large and very
large. However, measuring the political, ideological,
organizational, psychological, social and other aspects
of material damages is more complicated.

Intangible consequences are expressed in two
types:

- intangible damage in the form of real damage,
for example, the damage provided for in the first part
of Article 144 of the Criminal Code;

- a consequence in the form of a risk of harm;

According to the degree of danger of the
damage, the consequences are divided into two
groups:

- intended as a sign of the main criminal offense,
for example, the first part of Article 104, intentional
infliction of grievous bodily harm;

- intended as a sign of a qualified crime, for
example, the third part of Article 104, intentional
infliction of grievous bodily harm that caused the
death of the victim.

Depending on the law:

- Consequences clearly defined in the provisions
of the Special Part of the Criminal Code;

- measurable consequence, i.e. such damage is
not clearly specified in the law or other normative
legal documents, which are determined by the law
enforcement bodies based on the factual
circumstances when the act is committed, for
example, "significant amount of damage" or "other we
can show the phrases "serious consequences".

Pursuant to Article 182, Part 1 of the Criminal
Code, a person is prosecuted for the violation of
customs legislation, due to the fact that he illegally
transported goods and other valuables in large
quantities (amounts from 300 to 500 times the basic
calculation amount) across the customs border of the
Republic of Uzbekistan, administrative punishment
for such action occurs if, after application, there is a
very large amount (amount 500 times the base
calculation amount or more) according to Part 2.

In the provision of the relevant article of the
Criminal Code, the norms providing for
administrative prejudice belong to the category of
crimes with a low social risk. Crimes of low social risk
are committed intentionally and punishable by
imprisonment for a term of not more than three years,
as well as crimes committed due to carelessness and
punishable by imprisonment for a term of not more
than five years [4. B-16].

Administrative prejudgment is an act of
repeating the offense committed by a person who has
been held administratively responsible for a year.
Certain crimes with a low social risk may not be
punishable by imprisonment. Most of the articles
dealing with crimes of low social risk do not provide
for imprisonment (only for some specialized or highly
specialized crimes).

The existence of the committed act is the only
basis for bringing criminal responsibility in the
literature from the elements of the criminal law related
to the criminal law. The basis for bringing to criminal
responsibility arises from the time when a person
commits a socially dangerous act that has criminal
elements [5. B-41]. However, in order to apply it to a
specific person, there must be a legal document - a
legally binding conviction of the court. The judgment
of the court is the basis for the application of criminal
liability.

Article 5 of the Criminal Code establishes the
principle of equality of citizens before the law,
according to which: "Persons who have committed
crimes have the same rights and obligations,
regardless of gender, race, nationality, language,
religion, social origin, faith, personal and social status,
equality before the law is established." This basis
leads to the conclusion that no person is considered an
ameliorating or mitigating circumstance.

Article 8 of the Criminal Code states: "No one
can be held responsible for the same crime twice."
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Non-criminal liability for the same offense is criminally responsible for the idea, thought,

only a feature of criminal liability. But in addition to
criminal responsibility for one crime, other measures
of responsibility can be applied. For example,
compensation for material damage caused by crime
(civil liability), dismissal from work (disciplinary
liability).

Conclusions

From the above it can be concluded as follows:

1. The only and sufficient basis for criminal
liability is the presence of all the signs of the criminal
element in the committed act.

Although the criminal code does not define the
concept of crime, the theory of criminal law defines
the crime. The term "criminal composition" means the
set of objective and subjective elements that describe
a certain socially dangerous act as a crime, for which
responsibility is defined in the Criminal Code. The
disposition of the norms of the Special part of the
Criminal Code specifies which acts are crimes and
defines them. Social relations protected by the
Criminal Code using the objective signs of the crime
(the object of the crime), the act itself and its
consequences and the causal connection between
them (the objective side of the crime); the subjective
signs of the crime mean guilt, the motive and purpose
of the crime (the subjective side) and the demands
placed on the person who committed the crime.

2. Only the committed act can be a crime. In this
way, it is guaranteed that a person will not be held
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International Academy of Theoretical & Applied Sciences - member of Publishers International
Linking Association (USA) - international Association of leading active scientists from different countries.
The main objective of the Academy is to organize and conduct research aimed at obtaining new knowledge
contribute to technological, economic, social and cultural development.

Academy announces acceptance of documents for election as a member:
Correspondents and Academicians

Deadline - January 25, 2024.
Documents you can send to the address T-Science@mail.ru marked "Election to the Academy members".

The list of documents provided for the election:

1. Curriculum vitae (photo, passport details, education, career, scientific activities, achievements)
2. List of publications
3. The list of articles published in the scientific journal 1SJ Theoretical & Applied Science

* to correspondents is not less than 7 articles

* academics (degree required) - at least 20 articles.

Detailed information on the website  http://www.t-science.org/Academ.html

Presidium of the Academy

International Academy of Theoretical & Applied Sciences - member of Publishers International
Linking Association (USA) - MexmyHapoaHoe 00beIMHEHHE BEYIINX aKTHBHBIX YUEHBIX C PasHBIX CTPaH.
OCHOBHOW TIETBIO ESATCHBPHOCTH  AKaJeMUH SBISCTCA OpraHM3alusg ¥ TPOBEACHHEC HAYYHBIX
I/ICCJIe)IOBaHI/II\/’I, HanpaBneHme Ha nonyquHe HOBBIX 3H3.HI/IIZ CHOCO6CTByIOHH/IX TCXHOJ’IOFI/I‘IGCKOM}I,
3KOHOMHUYECKOMY, COLIMAJIbHOMY U KyJIbTYPHOMY Pa3BUTHIO.

Axkajiemus 00bsBJISIET PUEM JOKYMEHTOB HA M30paHUEe B CBO COCTaB:
YieH-KOPPECIOHACHTOB U AKa/IeMHUKOB

[Ipuem moxymeHTOB ocymecTBisercs a0 25.01.2024.
JIOKYMEHTBI BBICBLIAIOTCS TI0 anpecy T-Science@mail.ru ¢ momertkoii "M36panue B coctaB AkageMun'.

CHnHCOK J10KYMEHTOB NPeA0CTABIAEMBbIX 1/ H30paHus:

1. ABroduorpadus ($hoTo, NacHopTHBIE JaHHEIE, 00yYeHUE, Kapbepa, Hay4yHas IesaTeIbHOCTb,
JIOCTHOKEHUS )
2. CIIICOK Hay4HBIX TPYAOB
3. Cricok crareit onmy0OIMKOBaHHBIX B HaydHOM xypHane 1SJ Theoretical & Applied Science
* JUIS YIICH-KOPPECIIOH/ICHTOB - HEe MeHee 7 cTaTeil,
* 1 akaleMMKOB (HeoOXxonuMa ydeHas cTerieHb) - He MeHee 20 crareii.

IMoapoonast mudopmanust Ha caiite  http://www.t-science.org/Academ.html

Presidium of the Academy
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