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Cucrembl M MHTENNeKTyanbHoOe
ynpasneHue

YK 517.977.56

ON PATHOLOGICAL SOLUTIONS TO
AN OPTIMAL BOUNDARY CONTROL PROBLEM
FOR LINEAR PARABOLIC EQUATION

S.0. Gorbonos, P.1. Kogut

Dnipropetrovsk National University Oles Honchar

M3ydena 3agaya ONTHUMAIBHOIO YHPABICHUS I JIMHEHHOIO
napaboJIMYecKOro ypaBHEHHS C HEOrpPaHHYCHHBIMH Kod(duumeHtamu B
TJIaBHOM 4YacTH DBJUIMNTHYECKoro omeparopa. (OcoO0EHHOCTBIO TaHHOTO
YPaBHEHHS SIBISIETCS TO, YTO MAaTPHI[A MOTOKA SBISAETCS KOCOCUMMETPHUIECKOH,

2
a ee kod(puUUMEHTH mpuHAMIEKaT K npocrpaHctBy L° . Tlokasano, uto
NIOCTaBJICHHAs] 3ajada MMEET CIUHCTBEHHOE pEIICHUE, KOTOPOE HEeNb3s

TOTYdHTB, Henonb3ys L anmpoKcHMHUPOBAHHBIX 3aad.
Knrouesvie cnosa: napabonnaeckoe ypaBHEHHE, ONTHMAIBHOS
yIIpaBJIeHHE, TATOIOTHYIECKOe PELICHHE, HEOTPaHNYCHHBIE KOI() (DUIIMEHTHL.
JocmimkeHo 3a1aqy ONTUMAIbHOTO KEPYBAHHS ISl JIIHIHHOTO
napaboTiYHOro PIBHSHHS 3 HEOOMEXKEHUMH KOeilli€eHTAMH B TOJIOBHIN YacTHHI
ennTuaHoro omneparopa. OCOONUBICTh AAHOTO PIBHSHHS TOJSITAE B TOMY, IO
MATPHIL TOTOKY € KOCOCHMETPHYHOK, a 1i Koe(il[ieHTH Haiexarb 10

2 o
npocropy L. TlokazaHo, 0 MOCTAaBICHA 3a[aya KEPyBaHHS Ma€ €IMHUN
PO3B’AI30K, SIKMi HE MOXKHA JOCSATTH Yepe3 TPAHHUII0 ONTUMAIBHUX PO3B’S3KiB

o0
s L anpokcuMoBaHuX 3a1au.
Kniouosi cnosa: mnapabomivuHe piBHSHHS, ONTHMAITbHE
KepyBaHHI, MATOJIOTYHMUIT PO3B’ 30K, HeOOMexeHi KoedillieHTH.

INTRODUCTION
In this paper we deal with the following optimal control problem (OCP) for a

linear elliptic equation with unbounded coefficients in the main part of elliptic
operator

2 2 .
1w =y =val2oruy@ryy b=tz orz ey, = ot (M

subject to the constraints

vy —div(Vy + A(x)Vy) = f in (0,T)xQ, 2)

¥(0,-) =y in Q, 3)

y(-,x)=0 on (0,7)xI'p, M=u on (0,7)xI'y, 4)
5vA
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ueI?(0,T;I*(Ty)) (5)

where u is a control, y, eLZ(O,T; H(l)(Q)) and uy eLZ(O,T; LZ(FN)) ,
f el? (0, T;H _I(Q; I'p)) are given distributions, A4 is a skew-symmetric square

[? -matrix.
The characteristic feature of this problem is the fact that the matrix

ARX)=[g;]; j=1,.. v 1s skew-symmetric, ;(x) =—a;;(x) and belongs to I? -space
(rather than L™). This leads to the existence of elements y e I? 0,7 ;H(l)(Q; I'p))
such that y ¢ L”((0,T)x Q) and

T
lim | [(Vo,, A(x)Vy) sdxdt<0
n—»0 0Q R

where ¢ e C*([0,T];CT(Q))>¢,—> y strongly in L*(0,T;H)(Tp)). As a
result, the existence, uniqueness, and variational properties of the weak solution to
(2)+(4) usually are drastically different from the corresponding properties of
solutions to the parabolic equations with L”-matrices in coefficients. In most
cases, the situation can change dramatically for the matrices 4 with unremovable
singularity. Typically, in such cases, boundary value problem may admit infinitely
many weak solutions which can be divided into two classes: approximable and
non-approximable solutions [1-3]. A function y = y(u) is called an approximable
solution to the initial-boundary value problem in (2)—(4) if it can be attained by
weak solutions to the similar boundary value problems with L™ —approximated
matrix 4. However, this type of solutions does not exhaust all weak solutions to
the above problem. There is another type of weak solutions, which cannot be
approximated by weak solutions of such regularized problems. Usually, such
solutions are called non-variational [2—4], singular [5—7], pathological [8, 9], etc.
The purpose of this work is to consider OCP (1)—(5) with a well prescribed

skew-symmetric [? -matrix A and, using the direct method in the Calculus of
variations, to show that this problem admits a unique solution possessing a special
singular properties. As a result, we prove that this solution cannot be attained
through a sequence of optimal solutions to regularized OCP for boundary value

problem (23)—(24) with skew-symmetric matrices 4 eLOO(Q,S3 )such that

A — A strongly in I’ Q,S 3 ). Thus, this result shows that a numerical analysis

of optimal control problems for parabolic equations with unbounded coefficients is
a non-trivial matter and it requires the elaboration of special approaches.

NOTATION AND PRELIMINARIES

Let Q be the unit ball inR>, Q= {xe R :||x||R3 < 1}. Let Cy (€:Tp) be the
set of all infinitely differentiable functions ¢@:Q — R with compact supports in
Q. Let Cy(%Tp) ={(pe CTRY):9=00n FD}. We define the Banach space

H(l) (€;Tp) as the closure of Cy (€;T) with respect to the norm (see [10])

© S.0. Gorbonos, P.IL Kogut, 2014
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1

2
”)’”Hé (@Ip) ~ L{"Vy||§3 dx]

Let H_I(Q; I'p) be the dual space to H(l) (;Ip). Let X be a Banach space
and let 7 >0 be a given value. We denote by I’ (0,T;X) the set of measurable
functions y €(0,7) > X such that ||u()|| v €L0,T). Similarly, one can also

define the set of distributions D'(O,T ;X) on (0,7) with valuesin X . I? (0,T;X)
is a Banach space with respect to the norm

1

2
B2 ror, = [Jnumnidx]
Q

If X is reflexive, the space I? (0,T;X) is reflexive, too. Moreover, if X is
separable, then I’ (0,T; X) is separable. Let C([0,T ];LZ(Q)) be the space of
measurable functions on [0,7]xQ such that y(¢,-) e ? (Q) for any ¢ €[0,7] and

such that the map ¢€[0,T]+— y(t,-)eL2 (Q)) is continuous. Let us define the
Banach space

Wry, = {y 1y e L(0,T: Ho(Q:Tp)), % e *(0.T;H ™ ( FD))}

equipped with the norm of the graph. Here, the derivative 0y /0t is the distribution
in D'(O,T s H _I(Q; I'p)). Then the following properties holds true (see [11, 12]).
Theorem 1. 1) The embedding Wr, < I? 0,7 ;L2 (Q)) is compact.

2) One has the embedding Wr, < C([0,T ];L2 (Q)).

3) Forany u,ve WFD , one has
4 -[u(t, x)v(t,x)dx =
dt a

- <u'(t,-),v(z,-)> +<v'(t,-),u(t,-)>

H™ N @Tp).Hy (@Tp) H @I p). Hy(uTp)

Let ye LZ(O,T;H(I)(Q; I'p)) mC([O,T];LZ (Q)). Then the following density
result holds: there exists ® € C*([0,7];Cy (€;Tp)) such that

|vy-va|,» () S8 V8>0.

Iy =l o2 =3 o132

Skew-symmetric matrices. Let S be the set of all skew-symmetric matrices
A(X)=[afi]l3,i=1’ ie. 4 is a square matrix with a; =—aj and, hence, a; =0.
Therefore, the set S* can be identified with the Euclidean space R3.

© S.0. Gorbonos, P.I Kogut, 2014
ISSN 0452-9910. KuGepHeTnka u BbIYMc/1. TexHuKa. 2014. Boin. 176 7



Let [? QS 3 ) be the space of measurable square-integrable functions whose
values are skew-symmetric matrices and it is endowed with the norm

1

Ml 55, = [IIIA(x)IIEsdx]
Q

In what follows, we associate with matrix A e I (Q; 53 ) the bilinear form
o(+,) 4 : 120, T; CH(Q))x I*(0,T; Ch(©)) > R following the rule
T
O(y,v).4 = [ [(Vv, A(x)Vy) 3dxdt, Vy,ve I}(0,T;CH(Q)).
0Q
It is easy to see that this form is unbounded on LZ(O,T ;H(l)(Q)) , since, in
general, the ’integrand’ (Vv, A(x)Vy) 23 is not integrable on (0,7)x€. This
motivates an introduction of the following set. We say that a distribution
ye I? (0,T; H(l) (€%;Tp)) belongs to the set D(A) if
1

T T 2
I I(V(p, A(x)Vy)R3 dxdt| < c(y, A)[-[ J."V(p"ig dxdt] ,
0Q 0Q

for all @ e C*([0,T];Cy (€;Tp)) , with some constant ¢ depending on y and 4.
As a result, having set

T
[7.01= [ [(Vo, A(x)Vy) ,ndxdt, ¥y € D,Vo e C([0,T;C5 () , (6)
0Q

we observe that the bilinear form [y,¢] can be defined for all

Qe I? (0,T; H (1) (%;Ip)) using the standard rule

[v.0]= glggo[y, Pl (7)

where {(pS }8>0 e C*([0,T];Cy (%TpH)) and @, —>¢ converges strongly in
I? (0,T; H(l)(Q; I'p)). In this case the value [y,p] is finite for every y e D(A),
although the ’integrand’ (Vo, A(x)Vy) 23 need not be integrable on (0,7)x€Q), in

general. This fact leads us to the conclusion
[y, y]1 <+, VyeD(4).

At the same time, if we temporary assume that AeLOO(Q;S3 ), then the
bilinear form [y, @] is obviously bounded on I? (0,T; H (1) (;Tp)), i.e. in this case

D(A) = I? 0,7 ;H(l) (4 T'p)) . Indeed, in view of the Bunjakowski inequality, we
get

© S.0. Gorbonos, P.IL Kogut, 2014
8 ISSN 0452-9910. KuGepHeTnka u BbIYMcJ/1. TexHHKa. 2014. Boin. 176



T
vl <[] = 53) IV g3 [V 3 xa <
00

< ||A||L°°(Q,S3)"y”L2 (O,T;H(l)(Q;FD))"v"LZ(O,T;H(l)(Q;FD))'
Moreover, if y=v then [y,y]=-[y,y], and, therefore, [y,y]=0 for all
el? 0,7;H ) Q:I'pH)) . However, as it is shown in the next section, there exist
y 0 D

skew-symmetric [? -matrices A4 such that the equality |[ ¥, y]| =[y,y] does not
hold true for some y € D(A).

We define the divergence div A of a skew-symmetric matrix 4 e I’ (Q; 53 )

as a vector-valued distribution d € H ™! (Q; R3) by the following rule
(d; ,(P>H—1(Q) @ = I(GZ,V(P)R3 dx, YoeCy(Q)

where a; stands for the i-th row of the matrix 4. We say that a matrix

Ael? (Q; S3) belongs to the space H (Q; div;S3) if d:=divdel (Q; R3) , that is

H(Q:div;S3) = {A‘A e 12(Q;8%) divd el (Q;R3)}.

MOTIVATING EXAMPLE

Our main intention in this section is to show that for a given positive scalar
value o€ R there exist a skew-symmetric matrix A4 el? (Q; 53 ) and a function
Vg € I? (0,T; H(l) (Q)) such that

Ya €D(4) and [yg,y4]=-0<0

where the bilinear form [ y,v] is defined by (6). We divide our analysis into several

steps.
Step 1. We define a skew-symmetric matrix 4 as follows
0 a(x) 0
Ax)=|—a(x) 0 —b(x) (8)
0 b(x) 0
where a(x) = b(x) = . Since
2l 2||X||R3
2
2 12nnp2 cos’ (psm v )
||a(x)||L2(Q) I dx = I I I siny dy dedp <+,
2« || NS 000 4p*

it follows that a e > (Q) . By analogy, it can be shown that b e ? (Q). Moreover,
it is easy to see that the skew-symmetric matrix 4, we define by (8), satisfies the

property Ae H(Q;div;S3) ,le Ade LZ(Q;S3) and divAe LI(Q;R3) . Indeed, in
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view of the definition of the divergence divA of a skew-symmetric matrix, we

dy
have divA=|d, |, where d; =diva; = xi)jz
d3 X R3
result, we get
12nm| 2
; p f((p,\v)sm(psm\y
||dzvai||L1(Q) =-[ J' J'% i |
000

and a; is 7 -th column of 4. As a

p2 siny dy dedp <+,

for the corresponding f; = f;(¢,y) i=1,2,3. Therefore, divAe b5 (Q;R3 ).

Step 2 deals with the choice of the function y; € ? 0,T; H(l) (Q)). We define

it by the rule

Ya(t,x)= f\/

T
exp| —— —arctan

S2a

31 -

exp(-21))

ﬂxlz +X§ —X1

X2

(- )52

>

for all (z,x)€(0,7)x Q. It is easy to see that

52a

2
X2

0
M

H

a7’ (1—-exp(—2m)) xlz +x

|

52a

7T (1 - exp(—27))

2
2

b
exp| —— —arctan

+x2

sin? pexp(—p/2), Voe[0,2n]

)

ﬂxlz +x§ —X]

X2

with respect to the spherical coordinates. Hence, vy € C ! (0Q), and, as immediately

follows from (9), it provides that

v, € L2(0,T;I(Q)) and y,(1,-)=00n ¢a Vie[0,T].

By direct computations, we get

X

vl
OEIIXIIRs

ot

aVO
0z

1 6v0
el | 2

Hence, there exists a constant C* >0 such that

Thus,

10
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2\ _ M
20 |offa st =
(I 8 )~ e |
- g%(l)xlxs - %x2x3

Vx#0.

X

V -
”°[||x||Rs

I

(10)

(11)

*

C

s

<



<+

Vygl,3 <t .
” d”R 1 "x"R3

v(1-blie )

X 5 X
vy| —— + t(l — x> 3 ] Vvg| ———
0[||x||R3 } Il OEIIxIIRg }

S a result, we infer that Vy, € L1 ; , Le. we finally have
A I infer that Vy, e I2(0,T;L*(Q; R?)), i finally h

2 1
Ya € L7(0,T; H ().
Step 3. We show that the function y,, which was introduced before, belongs
to the set D(A). To do so, we have to prove the estimate

<C[ [[IVel 3dxdt]%,

j [(Vo, Ax)Vyy) 3dxd
0Q

for all € C*([0,77;Cy (QY)).
To this end, we make use of the following transformations

T T
II(V(p,AVw) sdxdt == [(div(AVy), (p>H—1(Q) y (Q)dt
0Q 0
T (al)t V\V
=-[ div (a,)' Vv |, dt =
0 (a3)' Vy o |
H™(Q):H ()
T3 a\u r 3 3 2
=-[Z diva;,0— dt+-”ZZ i dxdt =
0i=1 Gxi H_l(Q);H(l)(Q) 0Qi= 1] 1 a 16 j
-0
sin ce Ael? (Q;S3)
T
= I J.(div A,V\V)R3 odxdt
0Q

due to the fact that divA4 eLl(Q;R3 ), which are obviously true for all
v, 9 C*([0,T];Cy (€2)) - Since

T T
-”(div A,V\V)R3 odxdt| = J.-[(V(p,AV\u)R3 dxdt| <
0Q 0Q

< C"A”L2(Q;Sskew)"\V”LZ(O,T;H(I)(Q))’

it follows that, using the continuation principle, we can extend the previous
equality with respect to y to the following one

T T
[ (Vo,AVYy) o3 dxdt = [ [o(div4,Vy,) g3 dxdt, Yo e C¥([0,TLC(Q).  (12)
0Q 0Q

Let us show that (div4,Vy,) ®3 e L”((0,T)x Q). In this case, relation (12)

implies the estimate
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T
[[(Ve.4Vy,) 3 dxdt

< “(div AVYg) H
0Q

¢ dxdt <

T
L% ((0,T)xQ) (I) !2'
T 1/2 (13)
s&(] [IVelay dxdtj :

0Q

for all @ e C*([0,T];Cy () , which means that the element y,; belongs to the set
D(4)).
Indeed, as follows from (11), we have the equality

X X
Vvo[—],—3 =0. (14)
[l 3 €
Thus, the gradient of the function Vvo[ﬁ} is orthogonal to the vector
X[ 53
R
field O = x3 outside the origin. Therefore,
X|| 53
R

(Vv )5 =1 V[(l""‘"R3)”°[||qu3 ﬂ b Fle )~
R R?

=t V(l—xs3j,L XV[L]X_Z_’_
Ml W M

3
x||R3 R

5 X X Xy
1- ] \% , —L+1
+t( [lz3 V0[||x||R3 ||x||§e 3 )2 [ 3 1+1p

where /5, =0 by (14). Since V(l —||x||;3 ] = —5||x||333 X, ﬁ =sin@siny with
R3

respect to the spherical coordinates, and function v is smooth, it follows that there

exists a constant C;>0such that ‘(Vyd,div A)R3 ‘ <y almost everywhere in
(0,T)x Q. Thus,

(div A, Vy, )R3 e L”((0,T)xQ)

and we have obtained the required property.

Step 4. Using results of the previous steps, we show that the function y;
satisfies the condition [v;,y;]=-0<0. Indeed, {p, }s—>0 e C*([0,T1;Cy ()
be a sequence such that

@; — yy strongly in L*(0,T; HY(Q)). (15)
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Then by continuity, we have

T by(12) T
[ya>yal=lim [ [(Voe, AVyg) s drdt = lim [ [@(divA,Vyy) s dxdr.
g—)OOQ g—)OOQ

Since (div A4, Vyd)R3 e L”((0,T)xQ), in view of the property (15), we can

pass to the limit in the right-hand side of this relation. As a result, we get

[Va-Ya] J [va(divA,Vyq) s dxdt =+ j [ (@div 4,Vy3) 3dxdt (16)
0Q OQ

Let Q. = {x € R3‘g < ||x||R3 < 1} and let T = {|x||R3 = s} be the sphere of radius

¢ centered at the origin. Then
T T
[ [(diva, Vyf,)R3dxdz = [ [(@iva.v) y3dH? dr =
00, 0T,

T
= -[ J.(dlv A,V)R3 (1 - "X";3 jvé[ X ]dHZ Zdt =
[l

0| T,

. )
-5 [ (dsz,v)R3v0[" 1 ]dH +o(l) = (17)

e

T3 X X XZ 2[ X ] 2
- )| T v dH ~ + o(1)
5 i [ lelle] e

3
=— 2 I [ ]dH2 +o(l)= -[bo (x)vg (x)a’H2 +0(1)
IIXIIRs S r

S2a
i (1—exp(—2m))

where by =sin@siny and vg = sin* @exp(—@) . Since

2n
J.bovgdHZ 3 >20 [J.sm Qe (pd(p-[sm \ud\u]=6ocT_3>0,
20 nT” (1-exp(—2m)) 0

it remains to combine this result with (16), (17), and relation

T T
-”(dsz Vyd) 3 dxdt = lim I -[(dsz Vyd) 3 dxdt .
00 62000,

As a result, we finally infer [y;, yy]=-0<0.

SETTING OF THE OPTIMAL CONTROL PROBLEM AND ITS PRELIMINARY ANALYSIS

Let Q be the unit ball in R>. We assume that its boundary I' = {|x|| 3= 1} is

divided onto two disjoint parts 0Q=Ip UIy . Let the sets ', and I'y have
positive 2-dimensional measures.
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Let f eLZ(O,T s H _I(Q;FD)) and y, eLZ(Q) be given distributions, let
Ael? QS 3 ) and y; € I’ 0,7 ;H(l) (Q)) be defined by (8) and (9), respectively.
The optimal control problem we consider in this paper is to minimize the
discrepancy (tracking error) between a given distribution y, € I? O, T; H(l) (Q))
and a solution y of the Neumann-Dirichlet boundary value problem for parabolic

equation (2)—(4) by choosing an appropriate boundary control u I? (0,T; I? Ty))

where
oy 3 oy
=> (61J +a (x)) cos(v,x;),
ovy = x]
d;; is the Kronecker’s delta, cos(v,x;) is the 7 -th directing cosine of v, and v is

the outward unit normal vector at ' to the ball Q.

More precisely, we are concerned with OCP (1)—(5). The distinguishing
feature of this problem is the special choice of matrix A and distribution f . As

we will see later on, this entails a number of pathologies with respect to the
standard properties of optimal control problems for parabolic equation. In
particular, this leads to the non-uniqueness of weak solutions to the corresponding
initial boundary value problem and a singular properties of an optimal pair. As a
result, numerical approximation of the solution to OCP (1)—(5) is getting non-
trivial.

To begin with, we introduce the following notion.

Definition 1. We say that (u,y) is an admissible pair to OCP (1)—(5) if

ue (0,7 12(Ty)), yeW,

»(0,-)=yg € I2(Q) almost everywhere in Q, (18)

and the integral identity

T T
[ [yepdxdt + [ [(Vo,Vy + A(x)Vy) o et =
0Q 0Q (19)

2
gf‘PH (QFD)HO(QFD)dt+Irju(de dt
N

holds true for each @ € C*([0,77;Cy (4 Ty)).

We denote by = the set of all admissible pairs for the OCP (1)—(5).

It is worth to note that in view of definition of the space W and Theorem 1,
the condition (18) has a sense. Moreover, as was shown in [13], if (u#,y) is an
admissible pair, then y e D(A).

Definition 2. We say that OCP (1)—(5) is regular if it admits at least one
admissible pair, i.e. 2+ .

We also say that a pair (uo,yo)eLZ(O,T;LZ(FN))xD(A) is optimal for
problem (1)—(5) if
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(uo,yo)eE and I(uo,y0)=( inf _I(u,y).

u,y)ez

As immediately follows from (19) and the definition of bilinear form [y, ]
(see also the extension rule (7)), every admissible pair (u,y) € E is related by the
following energy equality

1 L )
3110 ot bl gy 01
(20)

T T
- I<f’(p>H’1(Q;FD);H(l)(Q;rD)“]t+I I“‘Pdedf-
0 0Ty

However, as was shown in previous section, the value [y, y]is not of constant
sign on D(A). Hence, energy equality (20) does not allow us to derive any priory

estimate for the admissible solutions. In spite of this, the following result proves
that OCP (1)—(5) is well-posed under the special choice of distributions

vq € I*(0,T; H)(Q)), ug € 2(0,T;12(Ty)), yo e X(Q), and
fel’(0,T;H Q).

Theorem 2. Let A e L*(Q;5°) and y, € 2(0,T; H)(Q)) be defined by (8)
and (9), respectively. Assume that yp;=0 in Q and distributions
fe I? (O,T;H_I(Q)) and u, € I? 0,T; I? (T'y)) are given by the rule

S =Wa) —div(Vys + AVyq), (21)
ug =Y, (Va) (22)

where

Yr, (OIS HQTp) = L2 (0.7 H ™2 (Ty)

is the trace operator such that

Y i oy
YIFN ()’)= v, . = ,»,1{:1 (5,]- + a,»j(x))gcos(v,xi)

J

provided y e I?(0,T; HY(:Tp)) N L2(0,T;CH(Q)) .
Then the pair
@°,3%) = (ug,y4) € I*(0,T; L (T )) x D(A)

is a unique solution to OCP (1)—(5).
Proof. As follows from (9), the function y; is smooth near the boundary 0Q

and (yd )t € LZ(O,T;H(I)(Q)). Hence, u, = YIFN (yg) e LZ(FN) and y; €W (see

(10)). Moreover, the inclusion y € D(A) (see estimate (13)) implies:
div(AVy,) e [2(0,T; H™ ' (Q)).
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Therefore, in view of the inclusion (yd)teLz(O,T ;H(l)(Q)), we have
fel?(0,T;H 1 (Q)). Since y,(0,-)=0 in Q and

T T
£ o0ty b urp) = ({ !2 (v ) e +

T T
[ [ V0.V, + AWV pwedxde= | 11, (vg odH dr
00 0Ty

for all @eC”([0,T];Cy’ (%Tp)), it follows that the pair (uy,y,;) satisfies
relations (18)—(19). Thus, (u4,y;) is an admissible solution to OCP (1)—(5) in the
sense of Definition 2. To conclude the proof, it is enough to note that

I(u,y)20 V(u,y)eZ, I(ug,y7)=0,

and the cost functional /:= — R is strictly convex.
ON GAP IN ATTAINABILITY OF AN OPTIMAL PAIR

The question we are going to discuss in this section is about some pathological
properties that can be inherited by optimal pair to the problem, (1)—(5) provided the

skew-symmetric matrix is given by the rule (8). Since A€ I’ (Q; 53 ), it follows
that there exists a sequence of skew-symmetric matrices {Ak }k N eLOo(Q;S3 )

such that 4, — A4 strongly in I’ QS 3 ) . Hence, it is reasonably, from numerical
point of view, to consider the following sequence of constrained minimization
problems associated with matrices Ay, .

< inf Ik(u,y)>,k—>oo. (23)
(u,y)eE
Here,

LG, y)=1(u,y) Y(u,p)e PO, Ty ) x L2O0,T;HY(Tp)), VheN,  (24)

and (u,y)eZ; if and only if

yi -div(Vy+ A Vy)=f in (0,T)xQ,
¥(0,-)=yg in €,

y(-,x)=00n(0,T)xFD,M=u on (0,T)xTy, (25)
aVAk

uel*(0,T;L*(Ty)), ye L*(0,T;HYy(XTp)),
y, € 2(0,T;H (@ Tp)).

Theorem 3. Let uy eI?(0,T;1*(Ty)), fel?(0,T;H ' (Tp)),
Yo € I? (), and y,; € I? (0,T;H (1) (¢;Tp)) be given distributions. Then for every

© S.0. Gorbonos, P.IL Kogut, 2014
16 ISSN 0452-9910. KuGepHeTnka u BbIYMcJ/1. TexHHKa. 2014. Boin. 176



ke N there exists a unique minimizer (u,?, y,?)e E; to the corresponding
constrained minimization problem (23) such that the sequence of optimal pairs

{(u,?, y,? )e S }k <y 1s relatively compact with to the product of the weak topologies
on

L(0,T; L2 (Ty ) L (0. H (4 Tp)
and each of its cluster pairs (u*, y*) possesses the properties:

W,y)es, [y,y120. (26)

The proof of this theorem is similar to proof of Proposition 4.1 and
Proposition 4.2 in [13].
Final remarks. As immediately follows from theorem 3, some admissible

pairs (u*, y*) €Z can be attained by optimal solutions to the approximate OCPs
(23). Hence, we can conclude that the original optimal control problem (1)—(5) is

regular for every u, eLZ(O,T;LZ(FN)), feLZ(O,T;H_l(Q;FD)), Yo eLZ(Q) ,
and y, € L*(0,T; H{ (T p)).

The next observation is crucial in our paper and it deals with the inequality
(26),. As Theorem 3 proves, for any approximation {Ak }k <y Of the matrix
Ael? (Q; 53 ) with properties {Ak }k v C L™ (Q; 53 ) and A, —> A strongly in
I’ (Q;S3 ), the optimal solutions to the regularized OCPs (23)—(25) always leads
us in the limit to some admissible solution (u*, y*) of the original OCP (1)—(5).

Moreover, in general, this limit pair can depend on the choice of the approximative
sequence {Ak }k <y - That’s why it is reasonably to call such pairs attainable

admissible solutions to OCP (1)—(5). However, as follows from Theorem 2, the
pair (u*, y*) is not optimal, in general. Indeed, if y;=0 in Q and distributions
fe I? (O,T;H_I(Q)) and u, el? (O,T;L2 (T'y)) are given by the rule (21)—(22),
then (u4,y;)1s a unique optimal pair to OCP (1)—(5). As was shown in previous
section, in this case we have [y;,y;]=—o <0, where o is a given strictly
positive value, whereas [y*, y*]ZO for any attainable pair (u*, y*). Thus, for
given f, yg, Yo, 4y the optimal pair (uo, yo) to OCP (1)—(5) cannot be attained
through any L -approximation of the matrix 4 € I? QS 3 ).

CONCLUSIONS

The given example of the optimal control problem for linear parabolic
equation has an unbounded coefficient such that its unique optimal solution has a
non-variational character. Namely, the shown solutions, which can be attained

through any L™ -approximation of the stream matrix, is not exhaustive for all set of
solutions to the above problem.
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VIK 681.5

NCCIEAOBAHUE KOPPEKTHOCTH 3AJAY
NIEHTUHOUKALINUU MHOT'OMEPHBIX CUCTEM
YACTOTHBIM METOJ0OM

C.B. MeJIbHHUYYK
Hucmumym xocmuueckux uccneoosanuit HAH Ykpaunovt u I'KA Yxkpauno

Ha ocHOBe 4acTOTHOro MeToAa YCTAaHOBJIEHBI M HCCIIEIOBAHBI
YCIIOBHS, IPH KOTOPBIX 3aJaddl MACHTU(DHUKAIMU IO MPUOIIKEHHBIM JaHHBIM
SIBISTIOTCA  KOPPEKTHO IIOCTaBJICHHBIMM, @ KOTJAa HX PEIICHHS CTAHOBSITCS
HeycToiunBbIMU. [loka3aHo, 4TO Ui KOPPEKTHOW MOCTAHOBKH HEOOXOIMMO,
9YTOOBI CIOXKHOCTH MOJENH COTJIACOBBIBANACH C IMOTPELIHOCTBIO HCXOIHBIX
JTaHHBIX. [l BBIOPAHHOTO YaCTOTHOTO METO/Ia YPOBEHb HOTPEIIHOCTH 3aBUCHT
OT JUINTENBHOCTH HAOMIOACHMS U BeNWUYUHBI IIyMa. CIOXKHOCTH MOZEIH
OIPEAENACTCS YHUCIOM OOYCIIOBIEHHOCTH, TIPH KOTOPOM  IIOTY4aeTCst
YCTOHYMBOE PEIICHHE, KOTOPOE PEryIHpYeTCsl C IOMONIbI0O H3MEHEHUs ee
pasmepHocTu. Pa3paboTan anropuT perynspusaniy 3aa4d HACHTU(DHUKAINY,
obecrieqnBaronMi cI1a0yi0 YyBCTBUTEIBHOCTh K IMOIPEIIHOCTSIM MOITY4aeMOro
YaCTOTHBIM METOJOM PEIICHHSI.

Kniouegwie cnoga: cucreMHasi UASHTU(UKALUS, HEKOPPEKTHO
MIOCTaBJICHHAs 3371444, PETyIsIpru3arys.

Ha oCHOBi 4acTOTHOrO METOMy BCTAHOBIICHO Ta JOCIIIKEHO
YMOBH, IPHU SKUX 3ajadi imeHTudikamii 3a HaOIMKEHUMH JaHUMH € KOPEKTHO
MOCTaBJIICHUMH, a KOJIK 1X PO3B’SI3KU CTalOTh HecTikuMu. [lokasano, mo mist
KOPEKTHOI MMOCTAHOBKU HEOOXiAHO, MO0 CKIAAHICTh MOJEIi Y3romKyBaliach 3
MOXMOKOI BXiHMX JaHuX. J[ns BHOpAaHOro 4YacTOTHOrO METOAY piBeHb
MOXMOKH 3aJIeKUTh BiJl TPUBAJIOCTI CHOCTEPEKCHHS Ta BEIMYUHH LIYMY.
CKIagHiCTh MOJENI BHU3HAYAETHCS YHCIOM OOYMOBICHOCTi, MpPU SIKOMY
OTPUMYETBCSL CTIHKHH PO3B’SI30K, SKU PErYIIOEThCS 3a JOMOMOrOK0 3MiHH
po3mipHocTi  Mozemi. Po3pobmeHo  amropuTm  perymspu3zamii - 3amadi
inenTudikanii, mwo 3abe3mneuye cnabky 4yTIMBICTH 10 MOXUOOK ii pO3B’SI3KY,
OTPUMYBAHOTO YaCTOTHUM METO/IOM.

Kniouosi cnosa: cucremna imeHtuikaifis, HEKOPEKTHO
[IOCTaBJICHA 3a]]a4a, PeryJsIpru3aLis.

BBEJEHUE

3amaun cucTeMHOW WICHTH(UKAIINHA OTHOCATCSA K KIIACCYy TaK Ha3bIBAEMBIX
00paTHBIX, XapaKTEPU3YIOMIMXCSI TEM, UTO IPH OINpPEACICHHBIX YCIOBHUSX OHHU
SIBJIAIOTCS HEKOPPEKTHO IIOCTaBICHHBIMM M MX PEIICHHUS CTAHOBATCA CHIIBHO
YYBCTBUTENBHBIMUA K MOTPEIIHOCTH UCXOIHBIX ITaHHBIX. B 3THX ciydasx TOuHOE
pemeHne HE MOXKET OBITh IONYy4YeHO B NpPUHIWIE, a IIONBITKA HAHTH
aNMNpOKCUMHUPYIOLIee PEIIEHUE IPU Pa3HbIX PeaTn3alusiX IOIPELIHOCTH MPUBOAUT
K MHOXECTBY CHJIBHO pPa3IMYyalolIMXcsl MOJeNeld, Malo TMPUTrOTHBIX C
MPAKTUYECKOH TOUKU 3peHus.. HeKOoppeKTHOCTh B NEPBYIO OYepelb CBOMCTBEHHA
CTPYKTYPHO-TIAPAMETPHUECKON HICHTH(PHUKAIINH, KOrIa HEOOXOOMMO ITOCTPOHUTH
MOJeTh, HE 3HAs amlpHopu ee¢ pa3MepHOCTH. [lodTomMy mpm uaeHTH(UKAIMN
CIIO)KHBIX MHOTOMEPHBIX IUHAMHYECKHX CHCTEM CIENyeT OpPUEHTUPOBAThCS Ha
MOCTPOEHHE TOJBKO ANIPOKCUMUPYIOLIUX MOJAENed TaKoM pa3MepHOCTH, MpU
KOTOpOH  IONy4aeMOe  peIIeHHe  SBIACTCS  YCTOWYMBBEIM  HJH  CJa0o
YYBCTBUTEIBHBIM K IOIPEIIHOCTSIM.
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@dakT HEKOPPEKTHOCTH XOPOIIO M3BECTEH, OJHAKO YCTAHOBIICHHE YCIOBHH,
MpUd KOTOPBIX OHA BO3HHUKAET, W CIOCOOBI TOCTPOSHHS PEryIsipU3UPOBAaHHBIX
peIIeHni OCTAarOTCs aKTyalbHBIMH U HCCIIEIOBAHUH, OCOOCHHO B YCIOBHSX
OTpaHUYCHHOW  HEONPENEeNIeHHOCTH B  MaHHBIX. [IOCKONBKY  CBOHCTBO
HEKOPPEKTHOCTH SBISICTCS (DYHIAMEHTAIBHON OCOOCHHOCTBIO 3TOTO Kilacca 3a/1ad,
OHO TMPOSIBIISETCS HE3aBHUCHMO OT TOTO, KaKUM METOAOM pelIaercs 3amada
uneHTudukau. B maHHOH paboTe 3TO CBOMCTBO IETaNbHO HCCICMYeTCS IS
pelIeHus 3a1a4 UACHTH(UKAIINK Ha OCHOBE OJTHOTO M3 YaCTOTHBIX METOIIOB.

YacroTHBIE METOABI WACHTH(OUKAIMN PENIaloT 3a/Jady ITOCTPOSHUS MOIEIH
CHCTEMBI HAa OCHOBE €€ YacTOTHBIX XapaKTepHCTUK, BBINCISIEMBIX U3
SKCIIEPUMEHTATBHO MOTYUYSHHBIX HaHHBIX. VIeHTH(HKANNS TIPON3BOIUTCS ITYTEM
HAaXOXKACHHUS TepenaToyHol (YHKOWH, KOI(pQHUIMEHTH KOTOPOH CBS3aHBI C
YaCTOTHBIMH XapaKTepucTUKaMu. s pemeHus 3amaun ObUTH BBEICHBI KPUTEPUU
[1, 2], pa3paboran psg MmeromoB [3]. Cpeon MOAXOHOB, OPHEHTHPOBAHHBIX Ha
UICHTH(QUKAIIMIO B YCIOBHAX OrPAaHHMYCHHOW HEOMPEACIEHHOCTH, MOXHO
BBIJICNIUTh KOHEYHO-YACTOTHBIA [4, 5], Hamboiee aKTUBHO pa3BUBAIOIIMIICS B
MOCIICAHEE BPEeMSI.

IIOCTAHOBKA 3AJIAYHA

Onucanume yacTtoTHOro MeroAa uieHTHduKauuu. VccienoBaHue
KOPPEKTHOCTH 3a/1a4 MICHTU(HUKAIUHN IPOBEAEM Ha OCHOBE YaCTOTHOI'O METOZA,
onucaHHOro B [6]. BynyT paccMaTpuBaThcs JIMHEHHbIE CTAMOHAPHBIE YCTOMYUBBIE
MHOTOMEPHBIE CUCTEMbI B IPOCTPAHCTBE COCTOSHUIN C OJHUM BXOIOM U BBIXOJIOM
B YCIOBHUSIX OIPAaHUYEHHOW HEONPENeNIeHHOCTH, MpPEACTaBIEHHOH, C LENbIo
YOPOLUEHUS, JTUILb aJTUTUBHBIM LIIYMOM 1] Ha BBIXOJE:

x = Ax+ bu, y=ch+n, (1)
<gq,
Inll, <en )
rne x — Bekrop cocrosuus, A,b,c] — coorserctBenHo Mmarpuua N x N,

BekTop-crombenr N x1 m BekTop-cTpoka I1x N . Pa3smepHocts N wucXomHoH
reHepupyromei cucreMsl (1) Oonmplmas, anpuopu HeW3BECTHAS. 3afadei sSBISIETCS
MOCTPOCHHUE MPUOIIKEHHON MMOMXOIAIISH MOy, anekBaTHOW cucrteme (1) mo
BEIXOAYy ». B MeTonme 4acTOTHOW HICHTHU(HUKAINN ITOCTPOCHUE MAaTEMAaTHICCKOM
MOJIEJIM OCYLIECTBIISETCSI MO YaCTOTHBIM XapaKTEPUCTUKAM, BBIIENSAEMBIM U3

OKCIICPUMCHTAJIbHO IIOJYYCHHBIX BBIXOAHBIX CHTHAJIOB IIpH TapMOHHYECKOM
B036}7)K,I[CHI/II/I CHCTCMBI Ha BXOJEC:

S
u(t)= D ug -sm(cost+(ps ), (3)

s=1
e ug,®g,P, — COOTBETCTBEHHO AMIUIMTY/BI, YacTOTBl U (asbl TapMOHHK
CUTHAJA, U3BECTHBIE TOYHO, S — YMCIO rapMOHHK. YacTOThl ®¢ HE JOJKHBI

COBIIAAaTh: (,Osl EN ) S| #FS, a S IIOKHO OBITH 3aBCI0MO 60J'II>H.II/IM, qeM

8§22
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pa3MEpHOCTh BOCCTaHaBIMBaeMOW Mognenu. OIEHKH YacTOTHBIX XapaKTepUCTUK
® w Y mnomyuaroTcs ¢uUIBTpanHedl W3MEPEHHOI'O BBIXOMHOTO CHTHANA Ha
4acToTax rapMOHMK BXOJIHOI'O CUTHAaJa:

T T

by (0)=—= [yl )sin(opldr, W(e)=—= [yl )eos(opt)dr, k=1, (@)
I/lk‘EO Mk‘CO

rie T — MJIUTCIIBbHOCTH Ha6J'IIOI[eHI/I$I. B apencic npu Tt —> 0 nojrydyacM HX

TOYHBIC 3HAUCHHA B CIIy4a€ OTCYTCTBHA IIyMa T mbo KOraa mymMm HE COACPIKUT

l“apMOHI/IK, COBITAAAOMINX II0 YaCTOTE C BXOAHBIMHU (’OS .
D =Dy (), ¥ =¥ (). (6))

N3 Tteopum peanusanuid cienyer, 4ro cucrema (1) B oOmem Buae uis
3a/IaHHBIX BXOJI-BBIXOJHBIX JaHHBIX COOTBETCTBYET MHOXXECTBY IKBHBAICHTHBIX
Moneielt. [1o3ToMy M3 3TOro MHOXKECTBA BBIOEpPEM peali3allié C JKOPAaHOBBIM
MPEICTAaBICHUEM MATPHUIBI CHCTEMBl A I TMPOCTOTHI C HEKPATHBIMA

COOCTBEHHBIMH 3HAYeHUAMA o, i ,, o, <0, B, 20:

(04

A=diag(Ap)’ Ap= p ip . p=1P, x=col(xp) xp=(xcos xsiny’

—B p p
p Yp

_ _ [zcos gsin _ _|.cos sin
b—COZ(Bpl Bp—(bp by y C—”"W(Cpl Cp—(cp Cp )>
YTO MO3BOJISAET NONY4YUTh aHanuTHueckue BoipakeHus @ u V¥ [6]. 3HaueHus
9acTOTHBIX mapameTrpoB @,V cBsA3aHBI ¢ HepenaToOdHON (QYHKIHEH CHCTEMBI

V Var_ N_l+...+v + v,

W)= = AP T e () ()
op) p" +qyp” T+ @p+q0

XapaKTepI/ICTI/ILICCKI/IC IIOJIMHOMBI, a ITOJIOCa KOTOpOﬁ — CO6CTBCHHLIC 3HAYCHUA

ManI/I]_[])I A COOTHOILICHHUEM
V(joy )— (@4 + /¥ ) O(jooy ) =0, k=1S8. (6)

~ %
[Ipu mapameTprueckoil WACHTH(PUKAME MOIENTH 3aJaHHOTO Hopsgka N,
UL HAXOXKACHUS KOA(P(OUIMEHTOB MOIHHOMA Q( jcok) MOXXHO HCIIOJIb30BaTh

cucreMy JNHHEHHBIX anreOpamdeckux ypaBHenuit (CJIAY), momydaemyro uz (4)
u (6):

H(S)-4(S)=g(S). (7)
rne H (S) — MaTpulla CHUCTEMBbl YaCTOTHBIX YpaBHEHHH, q(S ) — BEKTOp,
COCTaBIICHHBIH 3 KO3 (urmeHToB moaumHoMa (. BBIpakeHHs UIT MaTpPHUIIBI
H (S) A BEKTOpa g(S) npuselieHsl B [6]. PasmepHOCTh BeKTOpa q(S ) paBHa
pasMepHOCTH N™ ammpoKCHMHUpYOmei HAeHTHHIIPYEMOil MOIENH, KOITHIECTBO

o 3k
ypaBHEHUH ompenenserca enmauHamMu S u N . [lapamerp S obo3nagaer, 4ro
koo dumuenTsl  cucreMbl  (7) 3aBHCAT OT YacTOT TapMOHHK BXOIHOTO
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B036Y)K,I[8.IOH.ICI‘O CHIrHaja, a KOJHYCCTBO €€ ypaBHCHI/Iﬁ 3aBHCUT OT KOJIHNYCCTBaA
TapMOHHK. I[J'Iﬂ YHOpOIICHHA OH MOXET OITYCKATbCA.

Koo pummenter H (S ) u g(S ) 3aBUCHMBI OT OLIEHOK YaCTOTHBIX [TapaMeTpOB,
T.e. pu HerouHoM HaxoxaeHun @ u V¥, (7) asuserca CJIIAY c HeTrouHO
3aJaHHBIMU MaTpuIei H (S ) U TIPaBOH YaCTEIO.

*
Hns BoiOpanHOro mopsiaka moxenun N w3 (7) HaXOmsATCs TPHONMKEHHBIE

OLICHKH COOCTBEHHBIX 3HAYEHWH MAaTpuIbl Momenu A . /i omHO3HAYHOTO
ONpENETICHUsT MOIECTH B JKOPHAHOBOW (opMe ocTaercs HaWTH IJHOOYIO

MOIXOSIIYI0  peaau3anuio  Kod(pUIIEHTOB b wu ¢é. CormacHo Teopuu
peanu3anuii, MOXHO JOCTaTOYHO IPOM3BOJILHO BBIOPATH 3HAYCHHS OIHOTO W3
BEKTOpOB; Torna Ko3(h(UIMEHTHl BTOPOTrO HAXOIATCA W3 IEpeorpeaeIeHHON
JTIMHEWHOW CHCTEMBI, TIOCTPOCHHON IMOJCTAHOBKON B aHATUTHYECKHAE BBIPAKECHUS
YaCTOTHBIX XapakKTepucTUK (5) WX OIEHOK, a TaKKe HANUJICHHBIX OIEHOK

COOCTBEHHBIX 3HAYEHUH A .

[orpemmnocTu oeHoK MapaMeTpoB Moaeau. [lorpemuocta b u ¢ 3aBUCAT
OT TOTPEIIHOCTH, C KOTOpod OBlTa TONydeHa MaTpuia A. Takum obpazom,
MPUTOJHOCTh HOJy4YaeMOH MOIENH Onpenensiercss YyBCTBUTEIbHOCTHIO OLIEHOK
oy tif; X MMEoImMMCS HEeTOYHOCTAM. [IOCKONBKY OHHM HaXOIATCS Kak KOPHHU
MOJIMHOMA C KO3 UIHEeHTaMI q(S ), aHallu3 CBOJAUTCS K PacCMOTPEHUIO

MOTPEITHOCTH CcHCTeMBI (7) ¢ HETOYHO OIpPEIeNeHHBIMA KOX(P(PUINCHTAMH.
[IpencraBum (7) B BuzE

(Ho(S)+ H(5,2))-(1°(5)+ 4 (5.7))= £°(5)+ £'(5.7), ®)
rae HO(S), gO(S) — COOTBETCTBEHHO TOYHBIC 3HAYCHHUS JICBOW W MPABOW YaCTH
(7, Hl(S,'c),gl(S ,'r) — OMmMMUOKHW, BEIHYUHBI KOTOPHIX, B KOHEYHOM CUETE,

0
3aBHCHMBI OT JUTMTENBHOCTH HaGmonenus. Bekrtopsr ¢'(S) wu ql(S,'r)
COOTBETCTBYIOT TOYHBIM 3HAuYeHUsAM KodpdHIMeHToB monuHOMa (O M HX

HNOrp€IIHOCTAM. TounocTts peUICHUSA CUCTEMBI OIIPEACIIACTCA ABYMS BEIIMYNHAMMU:

—  OOyCIIOBIEHHOCTBIO ~ MaTpullbl  f (S ) : p(H 0 (S )) = HH 0 ! (S 1‘ : ||H 0 (S ]| ;

— TIOTPEITHOCTRIO B JaHHBIX gl(S, t). Morpemmoctn H,(S, 1), gl(S,'r) 3aBHCAT OT

TOYHOCTH OMPECACICHUA OLCHOK YaCTOTHBIX IMapaMETPOB. Sanumnem

B(t)= @ + ADE (1) + AD™SE (1), P(r)= W + AP (1) + AP0 (1), ©)
rie ADMOS(¢) APROB(1) — norpermHOCTH, BO3HMKAIOIIME TPH (HITBTPAIHH
ammrneroro  myma, ADY(t) AP (t) — norpemmocry, BosHHKaroue

BCJIEJICTBHE KOHEYHOCTH HHTEpBajia MHTETPUPOBAHHUS HE3aIIyMJIEHHOTO BBIXOAA
CHCTeMHI (asree OyIeM X OIpeneNnsiTh, Kak «OmHOKy oT T»). [Ipu mpakTuaeckom
MPUMCHEHUH, OLCHKH CONepKaT TaKKe OMMUOKH YHUCICHHOTO MEeTona
WHTETPUPOBAHUSA M BbIUMCIUTENbHbIE. [lyCcThb aJIMTUBHBIA IIYyMOBOW CHIHAI
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HNMECT BU/L CYMMI)I KOHCYHOI'O YHuciia ]J.IYMOBI)IX FapMOHI/IK
$ M), ()
ne)=Yn. -sin(ooz“ £+ Lt ) (10)
z=1

rae nz,w(Zn),(p(Zn) — COOTBETCTBEHHO aMILTUTYABI, YaCTOTHl U (a3pl, Z — uX
KOJIMYECTBO.

Briran kaxmod z-il IIyMOBOW TapMOHHMKH B ONIMOKY OIIGHKH YacCTOTHOM
XapaKTEPUCTHKH TpH (QWIBTPAlMA Ha k- 4YacToTe BXOMHOT'O CHTHANA, B

€
HEpPE30HAHCHOM ciydae (o, # (D(Zn)) MOKHO TIPE/ICTABUTH KaK Benuumnny O —2& ||

T

rie €, = Nz ornomenne aMILTATY]] TAPMOHHK IIYMOBOT'O U BO30Y KIAIOIIETO
Ug
CUTHAJIOB [6].

A : A H &
Jlnst HepesoHaHcHoro ciydas mmeeMm AD"SC(t) AP"S¢(1)=0| = |, rae

_ne)

S—"T — OTHONLICHHC H.IyMa K CI/IrHaJ'Iy. B peSOHaHCHOM cnyqae BHOCHUMaAsA
()

OIIMOKa HE 6y;(eT 3aBHUCCTb OT AJIUTCIIbHOCTH BPCMCHW HWHTCTPUPOBAHUA T. s
AHAJIMTHYCCKUX BI)Ipa)KCHI/Iﬁ MOXXHO QaHAJIOTHYHO IIOJIYYUTH OLCHKY OH.II/I6KI/I,

- s 1
3aBHCAINYIO OT T: Addet (‘c), NG (‘r) = (| — |. B utore, MOxHO 3amHCaTh
T

el

~ 1 g .
Hror SH(HY ) H| O{0)+ 0y () + AT+ AP (1n)
a2 T
rge  AUmAnt Acomp.err. OIIMOKMA  4YHCJIEHHOTO HMHTETPHPOBAHUS M
1 €
BeruncnutensHad, O;(—),0,(—) — ommuOKH, MOPOXKACHHbIE KOHEYHOCTHIO T H
T T

LIYMOM 1], a H () — HETOYHO 3aJJaHHAsI MAaTPHUIla CHCTEMEI (7).

U3 (11) BuaHO, 9TO BIHSAET HA TOYHOCTH IPH ONPEACICHIN KOA(UINECHTOB
QO : 00yCIOBIEHHOCTh MATPUIIBI CUCTEMEI (7), TIOPSIIKA [UTHTENFHOCTH MHTEpBaa

WHTETPUPOBAaHUA T M BeNUMYMHA €, XapakTepusywolas IIyM. BeauuuHbl
morpemHocTell Kod(h(QUITMEHTOB OMpPENessIFoT MPUTOAHOCTh Mozend. B ciydae
€CIIM OHU BEJHMKH, Takas MOJAENb HENpPUrogHa, a caMa 3ajada SBISETCS
HEKOPPEKTHO MOCTABJIEHHOH.

IEJL

[enpro mccnenoBaHWi SBISETCS YCTAHOBIICGHHWE YCIOBHM HEKOPPEKTHOCTH U
BBEIICHHE TMPOIEIYpPhl PEryISIpU3alii 337124l WACHTU(DUKAIUKN IS BEIOPAHHOTO
YaCTOTHOIO METOA.
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PE3YJIBTATHI

HccienoBanue AeTepMUHHUPOBAHHOIO ciayuas. g u3ydeHUs yCIOBHM
HEKOPPEKTHOCTU BOCHOJb3yeMcsa cooTHouleHueM (11) um wuccnenyem BIusHUE
BEIpOKEHHUH, OINPEACIAIONINX MOrPemIHOCT. [IOCKONBKY —OIIMOKH — OIEHOK
MapaMeTpoB MOJENU 3aBUCAT OT MHOTMX COCTABIIAIOLIMX, HCCIEAyeM HX IO
ornenpHOCTH. [lomarass T=o00 ¥ BBIYHCIAS YACTOTHBIC XapaKTEPUCTHKH IO
AHATMTUIECKUM (POpMYITaM, MOTYIaeM MX TOUHBIC (O BEIYUCIUTEIBHBIX OIMIHOOK)

1 € i
3HaueHus. M36aBUBIIMCH TaKUM 06pasoM OT craraembix O)(—),0, (=), At
T T

(11), a Taroke MONYYNB ¢ TOYHOCTHIO JJO BRIYUCIUTENBHBIX OMIMOOK MaTpuly Hy,
MIPEJCTABISAETCS] BO3SMOKHBIM HCCIIEZOBAHUE MTOBEICHUS H(Ho) , @ TAaKXKe BIHSIHUSA

BBIYMCINTEILHBIX OMIHOOK.

ObycnosieHHOCmb Mampuybl 4acmomHuixX ypaerenut. ViccienyeM OCHOBHOM
¢dakrop, Brmsomuii Ha ycroiumBocTh pemenus CJIAY (7), oOycrnoBieHHOCTH
u(HO) , korma matpuna /1 U3BeCTHA TOYHO.

JIJis GONIBIIIOrO YHCIa CIIyY4allHO CreHEPUPOBAHHBIX MOJEICH pa3MepHOCTEH
N=2+7 n1npu BXOAHOM CHTHale, cocrosmieM w3 S=12 TapMOHUK,
BOCCTAaHABIMBAJNCH MOJIENIA, WMEIOIINE pPa3MEPHOCTh, COBMAJAMOIIYI0 C

o *
pa3MEpHOCTBIO TeHepupymolleil cucrtemsl, T.e. N =N . YcpelHEHHbIe 3HAUCHUS
00YCITOBIIEHHOCTH IUISI Pa3HBIX TEHEPUPYIOIINX CHCTEM TIPEIICTABICHBI Ha pHC. 1.

10" ;

n(H,)

2 3 4 5 6 7
A

Puc. 1. Cpennue 3Ha9eHNs 00YCIOBIEHHOCTH MAaTPHUI] CHCTEM YaCTOTHBIX YPaBHEHMIA

Kak BugmM, 00yCIOBIEHHOCTh MaTPHIBI CHCTEMBI (7) BO3pacTaeT MPHUMEPHO
Ha JIBa TOpAKa MpH YBEIMYEHUU Pa3MEPHOCTH TE€HEpUPYIOIIEeH CHCTEMBI Ha
MOPSAOK.
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PaCCMOTpI/IM TCIICPb IIOBCACHUC O6YCJ'IOBJ'IGHHOCTI/I CHCTEM opu

o *
UICHTH(DHUKAIINH alIIPOKCUMUPYIOMUX penIylnpoBaHHBIX Moneneid (N < N ). s
OONBIIOr0 4YHCTa TEHEPHPYIOMIMX CHCTEM pa3MepHOCTH N =8 HaxOAWINCh
MaKCHMaJbHbIE, CPEIHUEC W MUHHMAIbHBIC 3HAUCHUS OOYCIIOBICHHOCTH MAaTpPHIl

cucteMbl (7) nAns anmpoKCUMHUPYIOIIMX Mojened pa3mepHocTe N =247,
PesynbraThl IpUBEEHbI HA pUC. 2.

U3 puc. 2 BUOHO, 9TO poCT OOYCIOBIEHHOCTH B CpelHEM Ha JBa IMOpSAKA
COXpaHsIeTcs, HO a0CONOTHOE 3HAYEHNUE MOXET CHIIBHO BapbUpoBaThCs. M3 sToro
MOXHO 3aKITIOYUTh, YTO OOYCIIOBIEHHOCTH 3aBHCHT OT CTPYKTYPHBIX CBOWCTB
KOHKPETHOW CHCTEMBI.

[lpu mpoBemeHWM OKCIEPUMEHTOB TaKKe OBUIO 3aMEUeHO, YTO POCT
00YCITOBIICHHOCTH HEpaBHOMEpEH. YBEIMUYCHHE IOPSIIKAa MOJIENN Ha CIUHHUILY
MOXET JIaTh KaK CHIIbHOE YBEIHMUSHHE 00YCIOBICHHOCTH, TaK U HE3HAUNTEIBHOE.

Brusnue eviuuciumenvuvix noepewHocmet. IlpoBeneM BbIYMCIHUTENbHBIE
SKCIIEPUMEHTHI C [ENBI0 N3YIUTh BIUSHAC BRIYUCIUTEIBHBIX OMNOOK Ha TOYHOCTh
OIIpeNeTICHUsT mapaMeTpoB Mojenei. [Ipu 3ToM OyneM HCHONB30BaTh pa3dIHBIC
MPOLeIyphl PAHIOMU3ALNHU JJIS HAXOXKIECHUS Bapuallii 3HaYeHUH apaMeTpOB.

10" '

nH,)
1014_ e o [ETTPTTPPIIO B P P PSP TP T PP PP ]
W MakcumansHoOe

10°L-| K- CpemHee | i
0 A Munumanssoe T

10 b T b -

10E ................................... -

10EI T -

104 e T BT -

102 ......... e T -
0L A I

03 3 4 5 6 7

Puc. 2. 3naueHns 00yCIOBIEHHOCTH MAaTPUI] CHCTEM YaCTOTHBIX YpaBHEHUH
anmpoOKCUMHUPYIOIHUX MOJENIEH pa3HON pPa3MEpPHOCTH

BreruncnutensHas ommOKka TOPOXKAAeTCS HETOYHBIM (B OOHIEM ciydae)
MIPEACTaBICHUEM NEHCTBUTENBHBIX YMCEN B IIaMATH MalIWHBL. BennmunHel ommboK
MIPECTABIECHUS ONPEEIAIOTCS JJIMHOW MaHTHCChl MCIIOJIb3YEMOIO THIA JaHHBIX.
Be3 mpuMeHeHNs SKCTEHCUBHBIX METO/IOB BEIYHCIUTENHHYIO OMIMOKY HEBO3MOXHO
YMEHBIINTh, @ N30aBUTHCS OT HEE MPHHIUIIHATIBHO HEBO3MOXKHO.

Jns OUEHKHW BIUSHUS BBYHCIATENBHON IOTPEITHOCTH OBUTH IPOBEICHEI
CIEYIOLUE HKCIEPUMEHThI: 3aJaBaJIUCh PA3JIMYHbIE BXOAHBIE JaHHbIE, [UIS
KOTOPBIX TPH OTCYTCTBHH OMIMOOK BBIYMCICHUS JODKEH OBLT OBl IONy4YaThes
OIIMHAKOBBIK pe3ynbTar. Torga monyyaemas Bapualusi OLEHOK I1apaMeTpoB
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MOJICTIH TTO3BOJISICT CYUTH O BIIMSHUH OMIMOOK BEIIUCICHUH.
Boutn mpoBenieHbl SKCIEPUMEHTHI IBYX THIIOB:
1. [Ipu 3amaHHOM BXOJHOM CHTHANIC U (PUKCHPOBAHHBIX A, b BapbHUpOBaJHCh

Koo dumuenTel ¢ . g moTHOpa3sMEpHBIX MOZENEH, MPH OTCYTCTBHH OIIAOOK

BBIUMCJICHNS], 3HAYEHMS OIEHOK COOCTBEHHBIX YHCEN A MIPH JIIOOBIX C JOJDKHBI
ObLIH OBl TOYHO COBNAZATE.

2. dukcupoBasiach BCSA CHCTEMa, a BapbHPOBAIKMCH YaCTOTHI BXOIHOTO
CHTHAJIa.

B o0oux THIax SKCIEPHMEHTOB BIIMSHUE BBIYMCIUTEIBHBIX —OIIHOOK
MPOSIBJISIETCS. B TOSBJICHWM Ha KOMILUICKCHOH IUIOCKOCTH MHOXECTB OIICHOK
COOCTBEHHBIX 3HAUCHHA, TTO Pa30pOCy KOTOPBIX OMpPEAeNIeTCsl YyBCTBUTEIHHOCTD
K MOTPEITHOCTSAM BBIUYMCICHUH. BhIUMCIIeHUS MPOU3BOAMIUCH C TUIIOM JTAHHBIX C
IUIABAIOIIEA  TOYKOM  ABOMHOM  TOYHOCTH. UYacTOTHBIE  XapaKTEPUCTUKHU
OINPENCIUTUCH 10 aHATATHYCCKUM (popMysiaM JUIsl T =00, T.e. MOIJIH COICPXKAaTh
TOJILKO BBIYHCITUTEIILHYIO OIIUOKY.

Ha puc. 3 moka3aHbl TOUHBIC COOCTBEHHBIC 3HAUCHHUS CHCTEM (KPECTHKAaMH) U
WX MOJEIbHBIC OLEHKH (KpyraMu), TOJy4YeHHbIC B JETCPMHHHPOBAHHOM Cliydae
TS TeHepupyronux cucteM 10-ro v 11-ro MopsSaKoB ¢ OAWHAKOBBIMHA MAaTPULIAMH
A,b W pa3IUYHBIMH KO3(DPHIMEHTAMH BEKTOPOB c . I[lomydeHHBIE pa3OpOChI

*
OLICHOK COOCTBEHHBIX YHCEN O3HAa4YarT, 4YTO HJId OJaHHBIX CHCTCEM N =11

mapaMeTphbl Mozeneld BBIYHUCISIOTCS C 0oJIBIION NOrp€IIrHOCTbIO Ja>X€C Ha OCHOBE
TOYHBIX HCXOAHBIX HAHHBLIX. Takum O6p8.30M, PEIICHUE 3ada4un I/II[EHTI/I(i)I/IKaHI/II/I

*
MOACIN N =11 B JAHHOM CJIy4da€ OKa3aJIOCb CHJIIbHO YYBCTBUTCIIbHBIM K

BBIYHCIINTCIIBHBIM OH.II/I6K8.M, a CaMa 3aJja4a B [OaHHBIX YCIIOBUAX OKa3ajJacCb
HEKOPPEKTHO MOCTaBJICHHOM.

N =N=10 N =N=11

-15 - : : -15 - : i i ‘
-5 -4 -3 -2 -1 o s 5 -4 3 -2 - 0 1

Puc. 3. Bapuaiuu o1ieHOK COOCTBEHHBIX 3HAUCHHI MOJIEICH, TOPOKICHHBIC
BBIYUCITATENEHBIMA OIINOKAMH
Jlnsa onpeneneHus yCIOBUHA HEKOPPEKTHOCTH B ETEPMUHHUPOBAHHOM CIIydae
OBUT TIPOBEJCH 3KCIIEPUMEHT, B KOTOPOM JUISI OOJIBIIIOrO YHCIIA CHCTEM pa3HOU
pa3MEpPHOCTH IO YYBCTBUTENBHOCTH OLEHOK IIapaMETPOB HX MOJAENIEeH K
BBIUMCIIMTEIBHBIM ~ ONIMOKaM  ONpeAeiisuiack  KOPPEKTHOCTh — 3aJad X
naeHTA(UKaIuU. Takke HaXOIWIOCh YHCIO O00YCIIOBICHHOCTH ,u(HO) CHUCTEMBI

(7). PesynbpraThl IpUBEICHBI HA pUC. 4.
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Puc. 4. YyBcTBUTEIBHOCTH OLIEHOK COOCTBEHHBIX 3HAYCHUI MOzeei
K BBIYHCITUTEIIBHBIM OMIHOKaM

% 3 PUCYHKa BHUIAHBI MNPCACIbHO OOIYCTUMBIC 3HAUCHUA O6YCJIOBJ'ICHHOCTI/I

p(HO) ropsaka 10' —1017, IIpU MPEBBIIIEHUU KOTOPBIX PELICHUE CTAHOBUTCS

HEYCTOMYMBBIM II0 OTHOIICHHIO K BBIYACIHATENBHBIM OMIMOKaM. DTO 3HAYHT,
YTO HCHOJb30BaHME THUMA MAHHBIX C IUIaBalOLIEd TOYKOW ABOWHOW TOYHOCTU
OrpaHUYMBAET BO3ZMOXXHOCTH HCIONB30BaHI METONa HACHTHHUKanuu. ['panumeit
CIIy)KUT OOYCIOBIEHHOCTh MATPHUIIBI CHCTEMBl YacTOTHBIX ypaBHeHWH (7)

%
(nopsaaka 1017) mbo pasmepHOocTh Mozenu (N wmwm N He Bemme 11). B
AHAJIOTMYHBIX AKCIIEPUMEHTaX OBLIO TaKXKE YCTAaHOBJICHO, YTO IUISA CUCTEM C YHUCTO
e CTBUTENIFHBIMI COOCTBEHHBIMH 3HAUYCHHSIMH Pa3MEPHOCTH MOJEIU HE MOXKET

npeBsimath 9. [Topororoe 3HaueHMe Uncia 00yCIOBICHHOCTH u(H 0)= 10"7 Oymem

CUNTATh TpaHUIEH, BBIIIE KOTOPOW HAaXOAUTh MOZAENb OECCMBICICHHO: 3amada
HEKOPPEKTHA BCETIa, a HaWJCHHBIE MOMEITH OyIyT MPaKTHIECKH HEIPUTOIHBIMH.

UcnonezoBanne 00OWX THUIOB OKCIIEPUMEHTOB IO BEINEICHHIO TONBKO
BEIUHCIUTENBHBIX OMIHOOK JajI0 COBITAAIONIIE PE3YIbTATHL.

HccnenoBanue BJIAMAHUS NOrpelIHOCTeH MCXOAHBIX AaHHbIX. Vcciaenyem
BIIMSHUE Ha TOYHOCTh OLIEHMBAHUS IapaMETPOB MOJENH Tex cocrapisonmx (11),
KOTOpBIC B JCTCPMUHHPOBAHHOM CIydae OOHYMsUMCh. [lomaras T KOHEYHBIM,
neperzieM K pacCMOTPEHHIO HEJETEPMHHHMPOBAHHOIO ciydas, g Kotoporo (7)
OymeT ompenensaTbcss HeTOYHO. [IpoBeneM HccClieoBaHWE TOYHOCTH ITONTyIaeMBIX
OLIEHOK  YacTOTHBIX  MapaMeTpoB, a 3aTéM  HWHTErpajibHOE  BIHMSIHHE
HEOIPENIEJICHHOCTA Ha TOYHOCTh  OMpENENIeHUs IMapaMeTpoB MOAEIU U
KOPPEKTHOCTH ITOCTAHOBKH 33aJa9¥ UICHTH()UKAIHH.

Cxooumocmov oyenox uwacmommuwix xapaxmepucmuk. Viccnemyem, Kak BemeT
ce0s TOTPEIIHOCTh TONYyYaeMBIX OIEHOK YACTOTHBIX XapaKTePUCTHK OT
JUIMTEJIBHOCTH 3KCIIepUMeHTa. [t 3Toro paccMoTpum cucreMsl nopsiaka N =10 ¢
TpeMs NapaMd KOMIUIEKCHO-CONPS)KEHHBIX M YEThIPbMS J1€HCTBUTENbHBIMU
COOCTBEHHBIMH ~ 3HAUCHHUSIMH  MATPHIIBI A. Ha Bxom  mnonaBaics
MIOJIMTADMOHUYECKANA CHrHaJI H3 S =12 TapMOHMK, a IIyMOBOM CHUTHal
MIPEJCTABIISIICA B BUJE CyMMbl BOCbMH FapMOHHUK.

Ha puc. 5 mnpuBeneHbl 3HA4YeHUS BEJIMYMH MaKCHUMAJbHBIX [0 BCEM
KOOpAMHATaM  OTHOCUTENIbHBIX  MOTPEIIHOCTeH  OLEHUBAHMUS  YaCTOTHBIX
xapakrepuctuk. CIUIOMHON JWHWEH TOKa3aHa OIMHOKA, MOPOXKIAIOIIasICs
KOHEYHOCThIO HHTEpBaja MHTEIPUPOBAHMS T HE3ALIYMJIEHHOTO BBIXOZA.
[IyHkTHpOM TOKa3aHBl OIMIMOKH, BHOCSIIMECS IIYMOM T Ui HEPE30HAHCHOTO
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ciay4das TpH YPOBHSAX € =m= 0,01;0,1 (MacmTaOHPOBANNCH AMILTATYIBI

..
ITYMOBBIX TapMOHUK). LIITpHXOBBIMH JTHHHUSIMH TIOKa3aHa OIMHOKA, BOSHUKAIOIIAS
B PE30HAHCHOM ClTydae.
PasHumia gacror B ciaydae Onm3koM K pe3oHaHcy coctaBisuia 0,001. Bce
YaCTOTHBIE XaPaKTEPUCTUKU PACCUUTHIBAIIMCH II0 aHAUTUYIECKUM (hopmyInam, T.e.
omrOOK YHCIIEHHOTO HHTETPHPOBAHUS HE COACPIKAT.

W3 puc. 5 BUAHO, YTO BEIMYMHBL Addet (‘r),A‘i’det (‘c) 3aBUCAT OT

JUIATEILHOCTH  DKCIIEPHMEHTA T 00paTHO  IPONOPHHOHATIEHO, a
2 noise pnoise &

AD (‘r),A‘P (‘r) — OPAKTUYECKH BE3JIE€ MPONOPLUOHAIBHO —. JIMIIb mpu
T

OYEHL OJIM3KOM PaCIIOIOKECHU N OJHOM M3 Y4aCTOT mryma (D(Zn) K 9acTOT€ OJHOU M3

TapMOHHMK BXOAHOI'o CHUIrHalla IOoJIyda€MbI€ OLOCHKH COCTaBJIAIOIINX

rez »

A

YaCTOTHBIX MMapaMETPOB 0] \PreZ CTAHOBATCA HCYAOBJICTBOPUTCIIbHBIMU.

1ez>

Hccneoosanue 3asucumocmu om oaumenvHocmu Habmooenus. PaccMoTpum
BIIUSTHHE OIMUOKH, MTOPOXKAAEMON KOHSYHOCTHIO BPEMEHH MHTETPUPOBAHUS: T # O,
PaccmatpuBaTth OymeMm ciyuaii 0e3 Imyma, Tak Kak [P HAJIMYHAH IIyMa, B
HEPE30HAHCHOM ClIy4ae, 3aKOHOMEPHOCTH OyIyT aHalOrM4HbIE, ITOCKOIBKY
MOrPEITHOCTH OIEHOK YaCTOTHBIX IMapaMeTPOB, MOPOXKIAIOIINE HX, YOBIBAIOT MIPU
VBEJIIMYCHUH T C PAaBHOW CKOPOCTHIO.

0,06
I]]aX(@'CD,aLP) —— Ommbka o1 7
1 w3 1% mryma
S W s @+ 10% nryma |
0,051 P
=== 1% nryma, BOTIIIL pe30HAHCA
iy === 1% mym™ma, pe3oHaHC
e
0,03f
-‘O.
0,02
0,01
2

Puc. 5. OTHOCHTENBbHAS OITHOKA OMPEEIICHHS YACTOTHBIX XapaKTEPUCTHK
B 3aBHCHUMOCTH OT JUTUTEIBHOCTH SKCIIEPAMEHTa

Ecnu BapbUpOBaTh T B HEKOTOpOM MaJIOM HWHTCPBAJIC OKOJIO

* (V3
(DUKCHPOBAHHOTO T , ATO IAaeT BO3MOXKHOCTH IIONyYaTh PaHIOMH3HPOBAaHHBII
HAa0Op IaHHBIX i pemeHus cucteMbl (7). Pa3Opocsl OmeHOK mapameTpoB

aIMIpOKCHMUpYIOIed Moaenu ¢ N =3 npu N =10 npuBeneHsl Ha puc. 6.
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Puc. 6. Bapnanuy oLeHOK COOCTBEHHBIX UM CEN alPOKCUMHPYIOLIEH MOJE! B
3aBHCHMOCTH OT JJIMTEILHOCTH HaOJIIOCHHS

P8.36pOCI)I OLICHOK COOCTBEHHBIX 3HAYEHMI L MOICIIN TPETHETO IIOpsAAKa
*
Opu JIMTCIBHOCTU OSKCIICPUMCHTA IOpsAAKa T =102 IOKa3aHbl CJI€BA, a IIpU

T =100 — cnpaBa. Kpectmkamu 0003HAUe€HBI COOCTBEHHBIC 3HAUCHHUS
ANMpOKCUMUPYIOLIEH MOJIENIN IPU TOYHBIX UCXOAHBIX JaHHBIX.

YBenmuueHne MopsaKa MOAENTH TPUBOIUT K HEOOXONMMOCTH Ha MOPSAKH
YBEJIMYMBATh JUIMTENBHOCTh AKCIEpUMeHTa. J1Ji OCTPOCHUS CIOXKHBIX MOJEIEH,
JNOMYCTUMBIX ~ BBIYUCIHTENFHBIMA  OIMIMOKaMH, TpeOyIOTCS  UINTEIHHOCTH
MIPAKTUYECKH HEPEaIu3yeMble B IKCIIEPUMEHTAX.

Takum 00pa3oMm, pasMEpHOCTH ANMPOKCHMHUPYIOMEH MOAENH CIeIyeT
COTJIACOBBIBATH C BEMUYMHON OMMOKM BBIYHCICHHS YAaCTOTHBIX XapaKTEPHCTHK,
KOTOpBIE, B CBOIO 0YEpEIb, 3aBUCAT OT T U €. [Ipu HUKCHPOBAaHHOH TNTETHHOCTH

T OT BBIOPaHHOW pPa3MEPHOCTH MOIEIH N* saBucnr, Oymer nm 3amada
KOPPEKTHOH, a pemieHHe — YCTOWYMBBIM. OTO (yHIaMEHTAIbHOE CBOHCTBO
MpoLEAypsl HICHTU(UKANWK TMpeacTaBleHo B Tabn. 1 w 2. B Tabm 1
reHepupymomas cucreMa umena nopagok 10 (Tpy mapsl  KOMIUIEKCHO-
CONPSDKEHHBIX U YETHIPE NEHCTBUTENBHBIX COOCTBEHHBIX UHCIIA), a B Ta0I. 2 — TOT
e TOpSANOK, HO BCE COOCTBEHHBIC 3HAYCHUS OBUTH JEUCTBUTENbHBIMHU. Jiis

(vl *® (V3
PA3JIMYHBIX 3HAYCHUW Pa3sMCPHOCTH  MOICIIH N n  JIIMTCIbHOCTCU T,
YCTOI\/'ILII/IBOCTI) MOJIy4a€MbIX pCH.ICHI/Iﬁ YCTaHAaBJIMBAJIACh C HCIIOJIb30OBAHUEM

*
paHaoOMU3aluu. TemuBIM BBIACJIICHBI COOTHOIICHUA ‘C/ N , IHpH KOTOPBIX

peleHne, Ha OCHOBE WONYYaeMBIX pPa3OpocoB, KBaIH(UIIMPOBAIOCH KAk
HeycToiunBoe. CBeTnas 00IacTh COOTBETCTBYET YCTOHUMBOMY pelIeHHIO (cIabo
YyBCTBUTENBFHOMY K IOTPEITHOCTH). B Tabnumax Taxke HMpHBEICHEBI MONydaeMbIe
3HaYEHUs 00YCIIOBICHHOCTH u(H ) JUIS ATUX MOZEJIEH.

[Ipr yBenWYEHWH UIMTEIBHOCTH T pa30poc OICHOK MapaMeTpoB IMpH
(bUKCHPOBAaHHON Pa3sMEPHOCTH MOJICIU CyKaeTcs. UToObI MOMYyYHTh MOJENb Oolee
BBICOKHX MOPAIKOB, TPEOYETCS COTJIaCOBAHHOE YBEITHUCHHE T.

W3 Tabimi, BUAHO, YTO TPAaHHIA YCTOWYHMBOCTH CYIIECTBEHHO 3aBHCHUT OT
TOro, Kakhe ObLTH COOCTBEHHBIC 3HAUCHHS Yy TEHEpUpYIOIeH cucTeMbl. Jlis
MEepPBOM CHCTEMBI TIPU PABHOM 3HAYECHUH JUIUTEIHHOCTH HAOJIOJCHHUS MOXKHO
MTOCTPOUTH MOJICITh 00JIee BRICOKOTO MOPS/IKA, YeM JuIsl BTopod. M3 Tabi. 2 BUIHO,
YTO JIJISL BTOPOH CHCTEMBI IMIOCTPOUTH MOJENb 9-ro U 10-r0 MOpPSAIKOB BOOOIIE HE
yIaeTcsi, BCICICTBUE YCTAHOBJICHHOTO BBINIE OrpaHWYCHUs Ha 00YCIOBICHHOCTD
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u(HO)=1017, mocje KOTOpPOro Ha  Pe3ysibTaT  CYIIECTBEHHO  BIIUSIOT

BBIYMCIUTEILHBIE OIINOKH.
Tabauna 1

Yucna 00yClo61eHHOCIU MAMpUY CUCEM YACHOMHBIX YPAGHEHUT U KOPPEKNMHOCHb
NOCMAHOBKU 3a0ayu UOCHMUDUKAYUU 8 3ABUCUMOCHIU OM COOMHOUEHUs. PA3MEPHOCIU
MOOenU U ONUMENbHOCMU HAOTIOOEHUsL OJisl 2eHePUPYIOWel CUCTeMbl ¢ MPemst KOMNJIEKCHO-
CONPAICEHHBIMU NAPAMU U YeMbIPbMsl OCTICMEUMETbHLIMU COOCMEEHHBIMU 3HAYCHUSMU

JuTebHOCTH PazmepHocTh MOeIH

nabmonenus 2 3 4 5 6 7 8 9 10
10° 3,5%10° 5,0%10" 3,6%10° 1,2*10° 1,4*10° 42*107 2,1*10° 7,5*%10° 6,6*10"°
10° 32%10° 4,9%10" 9,7%10° 4,4*10* 7,6¥10° 2,0¥10° 2,9*10° 3,4*10'° 1,2*10"
10* 32%10° 4,9%10" 9,0%10* 3,1¥10* 6,3*10°  2,0¥10° 2,0¥10'° 4,6*10"" 6,3*10"
10° 32%10° 4,9%10" 8,9*%10% 3,0¥¢10* 6,2*10° 1,2*10° 2,1¥10"° 2,3*10"" 6,1¥10"
10° 3.2%10° 4,9%10" 8,9*%10° 2,9*%10" 6,2*10° 1,1*¥10° 8,6%*10° 1,4*10" 1,1*10"
10 32%10° 4,9%10" 89*%10% 2,9*10* 6,2*¥10° 1,1*10° 7,9*10° 1,4*10" 6,3*10™
10° 3.2%10° 4,9%10" 8,9*%10° 2,9*%10° 6,2*10° 1,1*¥10° 7,9%10° 1,4*10" 6,3*10"

3aMeTHM, YTO 3HAYCHHE 0OYCIOBICHHOCTH u(HO) P KOHEYHOM T HEU3BECTHO,
HO €r0 MOXXHO OLICHMBATh IO BEINYHHE u(H ), KOTOpasi CXOOUTCS K u(HO) npu
YBEIUYEHUHN T.

Tabéanna 2

Yucna 00yClo61eHHOCIU MAMpUY CUCTEM YACHONHBIX YPAGHEHUT U KOPPEKNMHOCHb
NOCMAHOBKYU 3a0ayu UOCHMUDUKAYUU 8 3ABUCUMOCHIU O COOMHOUEHUs. PA3MEPHOCU
MOOenU U ONUMENbHOCMU HAOTIOOEHUsL OJis 2eHEPUPYIOWell CUCIeMbL C 0eCSmbio
OeticmeumenbHbLMU COOCMBEHHbIMU 3HAYECHUSMU

JIuTeNbHOCTH PazmepHocTh MOeIH

nabmonenus 2 3 4 5 6 7 8 9 10
10° 3,6*10" 1,3*10° 1,7%10* 1,3*10° 2,1¥10° 2,1¥10" 1,1*10° 4,3*10" 1,1*10"
10° 2,4¥10' 2,2%10° 3,8*10* 1,0*¥10° 1,0*107 8,9*10" 6,5%10° 2,0*10' 2,6%10"
10* 2,3*10' 8,3*10% 5,8*%10° 4,0¥10° 9,6%10" 7,1*10° 4,0%10'° 52*10" 9,7*10"
10° 2,3*10' 7,8%10% 1,9*10° 3,7%107 4.4*10° 5,9*10° 9,1*10" 6,3*10"* 3,5%10™
10° 2,3*10' 7,8%10% 1,7%10° 42*107 4.4*10° 3,9*10'° 1,2*10' 8,2*10" 8,1*10™
10 2,3*10' 7,8%10% 1,7%10° 3,5*107 1,4*10'° 2,1*10" 6,3*10'* 6,3*10" 1,0%¥10'
108 2,3*10' 7,8%10% 1,7%10° 3,5*107 6,3*10° 3,0¥10" 3.4*10" 14*10" 1,7%10'
10° 2,3*10' 7,8%10% 1,7%10° 3,5*107 5,8*10° 2,1*10" 2,1*10'* 2,7%10" 2,5%10"7
10" 2,3*10' 7,8%10% 1,7%10° 3,5*107 5,8*10° 1,4*10" 1,8*10" 2,3*10'° 9,1*10"7

6Geckomeurocts |2,3*10' 7,8*%10% 1,7%10° 3,5%107 5,8%10° 1,4¥10'? 1,2*10"  3,6*10"7 4,6*10'"
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TakuMm o00pa3oM, UIss KOPPEKTHOTO ONpPEACICHUS anmpOKCHMHPYIONICH
MOJICNTA HEeJTb3s BBIXOAMTD 3a MPeelibl yCTOWYHMBOW obsacTh. [lpudyeM ee rpaHUIly
Jydille BCEro YCTAaHABIMBATh II0 YHCIY OOYCIOBJIEHHOCTH, 4YTO CIEAYeT
u3 Tabm. 1 m 2. MeToAoM YHCIEHHOTrO MOICIHPOBAHUS OBUIM TIPOBEICHBI
BBIYHCITMTENBHBIC SKCIICPUMEHTHI 110 YCTAHOBJICHUIO 00JIacTeld YCTOMYMBOCTH IS
TEHEPUPYIOIINX CHCTEM C PAa3HBIMH CTPYKTYPHBIMM CBOWCTBaMH, KOTOPBIE
BapbUPOBAIINCh B IIHPOKOM JOHAama3oHe. Pe3ynapTaTbl 3TUX HCCIACAOBAHUN
MpPEACTaBICHBI HA PUC. 7.

Ha mockoctn mapamerpoB T, u(H ) MOKa3aHbl o0NacTH, TAe 3aJadu

UOCHTHQUKAIMHA U1 CHCTEM NpPH BCEX BO3MOXHEBIX IIapamerpax SBISIFOTCS
KOPPEKTHO MOCTAaBICHHBIMH, a T1e — HeT. O0IacTb A COOTBETCTBYET MOIEILIM,
cabo YyBCTBUTENBHBIM K MOTPENTHOCTAM B MCXOIHBIX AaHHBIX. OOmacth B —
MepexoHast: MOAEND C CHHTYSIPHBIM YHCIIOM H3 3TOH OOJIACTH MOXKET OKa3aThCs
0 YCJIOBHSIM KOPPEKTHOCTH KaK IPHUTOIHOM, TaK U HEMPUTOTHON B 3aBHCHMOCTH
OT TOT0, KaKue IapaMeTpsl HMena TeHepupytomas cucteMa. Oomacts C — obmacth
HEKOPPEKTHOW IMOCTAHOBKHM 3aJaudl MICHTH(PHUKALINH; MOICIH, COOTBETCTBYIOIINE
3TOH 00JIaCTH, HENPUTOoAHBI. D 0003HaYaeT 00JacTh, B KOTOPOH HEKOPPEKTHOCTH
BEI3BIBACTCS HAJWYMEM BBIYMCIUTCIBHON OMIMOKH, OIpeneieHa IIOporoM B
w(H#)=10"7.

Kpurepuit mpurogHocTd Momenw 1Mo pa3dpocy OLEHOK ee MapaMeTpoB
CyOBEKTHBEH; B JAaHHOM 3KCIIEPHMEHTE IIPUTOIHON CYUTAIach MOJEIh, ¥ KOTOPOH
OLICHKH BCEX COOCTBEHHBIX 3HAYCHWH HE OTKIOHSUIUCH Ooiee wem Ha 5 % oT
CBOETO CpemHero 3HaYeHUS (TIPH JIOKAIbHOM BaphupoBaHuu T ). [Ipu npumeHeHnn
IPYTHX KPUTEPHEB MPUTOAHOCTH, & TAKKE B CIyYae HAIHYMS IIyMa W YUCICHHOM
WHTETPUPOBAHUH TIPH HAXOKICHUU OLEHOK YACTOTHBIX ITapaMEeTPOB, TPAHHUIIBI
obnacTeil MOKAa3aHHBIX HA PHUC. 7, MOTYT BapbHpPOBaThCA. TeM He MeHee, o0mas
KapTUHA COXPAaHSETCA.

1025 |

n(H)

Puc. 7. O6macti yCTOHIMBOCTH PEIICHHS 3aJaYH HACHTH(DIKAIIN

[Ipu mocTpoeHNM amIpPOKCHMUPYIOMIEH MOIENH, BEIOOpP €€ pa3MEepHOCTH
IOJDKEH BCETJa CBS3BIBATHECS C HWMEIOHIelcss HeolpeaeleHHOCThIo. [Ipm 3ToMm
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OLICHKHA COOCTBEHHBIX 3HAYECHHUH MOACIN MOI'yT CYHIECTBEHHO OTJIMYAaTbCA OT
COOCTBEHHBIX 3HAYEHHH HCXOOHOM CHCTEMBIL. HpI/I YBCIIMYCHUN Pa3sMCPHOCTHU

aNMPOKCUMHUPYIOIIEeH Mofen oT N K N +1 B mpenenax o0IacTH yCTOHYNBOCTH
HEBA3Ka IO BBIXOLY ||y—)3|| Oymer ymeHbpmaThca. Ha puc. 8 mokazaHBI
3aBHCHMOCTH OIIMOOK II0 BBIXOIY || y— )3" OT T s anmnpoKCHUMHUPYIOIIHMX

MoOJIeJIel pa3HBbIX MOPSIKOB IMPHU JBYX pa3HBIX IeHepupyroumx cucremax 10-ro
nopsiaKa.

LN

10° 10° 10° 1_103 10° 10° 10° 10°

Puc. 8. HeBsi3ku anmnpOoKCUMUPYIOIIKUX MOJENEH M0 BBIXOLY AJIS IBYX F€HEPHP YIOLIUX
cuctem 10-ro mopsiaka
C yBenmuYeHHEM UIMTENFHOCTH HAONIONEHWS T, YPOBEHb MOTPEITHOCTH
OLICHMBAHUS YACTOTHBIX XapaKTEPUCTHK YMEHBIIAETCA U 3a/1a4d WACHTH()UKAINN
Moenell 6oee BEICOKUX MOPSIIKOB CTAHOBATCSI KOPPEKTHHIME. BHIHO Taxoke, 94TO
IIpA YBEJIMYEHUHM T IIOCJIE HEKOTOPOI'O IIOPOTrOBOrO 3HAYECHHUS, KAYECTBO MOIEIIH
HE YJIYYIIaeTCs, a €€ MapaMeTpbl IPAKTUYECKA HE YYBCTBUTEIbHBI K U3MEHEHUAM
peanu3anui myma u norpemHoctel. Tak, [uist cucteMsl (puc. 8, JieBas 4acTb), IpU

1=10° AMMpPOKCUMHUPYIOMIFE MOAENTH O6-TO TOpsSAKa ¢ BBIINIE SBISFOTCS
%
HETIPUTOAHBIMU, TOrJa Kak Momenu 10 N =5 Tpuromgdsl. YBeIWYeHHE

JUTATENHLHOCTH O T = 108 JlenaeT KOPPEKTHON 3agady sl Mojenu N - 6, xoTs
MPHPOCT TOYHOCTH HEOOJBIIIOH.

TakuMm 00pa3oM, MOXHO KOHCTATHPOBAaTh, YTO 3aJa4d HICHTH(UKAIIAH
MHOTOMEPHBIX CHCTEM MOTYT OBITh KaK KOPPEKTHO, TaK W HEKOPPEKTHO
MTOCTABJICHHBIMU, B 3aBHUCHUMOCTH OT TOTO, KaKH€ WCIIONB3YIOTCS ISl 3TOTO
HCXOMHBIC JaHHbIC. Ecay WaeHTU(DUKAIMS MPOBOJUTCS YaCTOTHBIM METOJIOM, TO
OCHOBHBIMH XapaKTEPUCTUKAMU JAHHBIX SIBIISIOTCS UIUTEIHHOCTh IKCIEPUMEHTA
T W morpemHocTh €. llapaMerpoMm perymsgpu3anuu B STUX 3aJadax SBISIETCS

%
pa3mepHOocTs Momenu N , nubo, ImpaBWIIbHEE, YHCIO O0YCIOBICHHOCTH u(H )

Jlyis ero ompenelieHHs MOXKHO HCIONb30BaTh puc. 7. Ecau B oOimactu B Her
CHUHTYJIAPHBIX YHCEN, TO JH00ass MOJEeNIb COOTBETCTBYIOIIAsS 00JacTH A sBIsAETCS
anmpokcuMupyromnieid. Hanbonee OMM3K0i K TOYHOH OyneT Ta, y KOTOPOM p(H )

HauOoneniee. Korna B B HaxoasTcs CHHTYIsApHBIC Yuciia (OOBIYHO 3TO OJHO WIIH
JIBA 3HAYCHUS), KOPPEKTHAS MOJEIh ¢ HAWIYYIICH armpoKCHManneid MOXKeT ObITh
cpeny HUX. YCTaHOBUTH 3TO MOXHO, UCHONB3YS MPOLEAYPY PAaHAOMHU3AINH 110 T
JUIS TIOCTPOCHHUS MHOXKECTBa COOCTBEHHBIX 3HAYEHUH MOJECIH COOTBETCTBYIOIICH
pasmepHocTH. [lo pa3dpocy TOUEK Ha 3THX MHOXECTBaxX CYyJUM O IPUTOTHOCTH
MOJIEITH.
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BBIBOBI

HccnenoBanne 3amau I/I,I[CHTI/I(i)I/IKa]_[I/II/I MHOT'OMCPHBIX CHUCTEM Ha OCHOBEC
YaCTOTHOro ME€TOJa IIOKAa3aJo, 4YTO KOPPEKTHOCTbL 3aJadrd IMOCTPOCHHA
aHHpOKCI/IMI/IPYIOH.ICﬁ MOACIM 3aBHCUT OT MHOI'NX (i)aKTOpOB, T'JIaBHBIM U3
KOTOPBIX SABJACTCA COOTHOIICHUE BCIWMYHUH HMeroIIencs HCOIIPCACICHHOCTU H
CIIO)KHOCTH BOCCTaHABJIMBAECMOM MOJICIIH. I[J'Iﬂ JaHHOT'O ME€TOJa OHH ONIPECACIAINCH
COOTBCTCTBCHHO BCIIMYMHAMHA T, € U }l(H)

Tonpko MoOpenH, MONyYeHHBbIE NpPU PELIEHUH KOPPEKTHO IOCTaBIEHHON
3alaud, MOTYyT UMETh IPAKTUYECKYyI) HIPUTOAHOCTb, B HHOM CIIydyae OLIEHKU
MapaMeTpoB MOJENENd CTAHOBSTCA CHUJIBHO UYBCTBUTENBHBIMH K DPa3IH4HBIM
norpetHocTsIM. [IpuMeHeHHBIH MeTOA paHIOMU3ALMH MPEIONaraeT MoCTpOeHHe
MHOXECTBA  MOJENEH IO  HMMEIOIMMCS  JKCIEPUMEHTAJIbHbIM  JIaHHBIM.
OmnpenencHre yCTOWIMBOCTH MONTYIAEMBIX PEIICHUH MPOU3BOMUTCS MO pazdpocy
MapaMeTpoB, COOTBETCTBYIOIIMX >KOPAAHOBCKOM pean3aluu.

Juig Mozenelt pa3nuyHBIX CTPYKTYDP CHUXKEHHE MOpAAKa allIPOKCUMUPYIOLIEH
MOJIEJIM CHUXKAeT YYBCTBUTEIBHOCTh €€ IapaMeTpoB K HEONPEIesIEHHOCTH B

o *
JaHHBIX. B 3TOoM cMbIcie pa3sMepHOCTh MCKOMOM Monend N~ MOXKHO
paccMaTpuBaTh Kak IapaMeTp peryisipu3anuu 3agaud uneHTudukammm. [Ipu

*® (vl
u3MeHeHun N , MCHIACTCA }l(H ), C KOTOpOM HCEIOCPEACTBCHHO CBA3BIBACTCA

Bapuranus OLCHOK. Bbr1to MMOJIY4YCHO p8.36I/ICHI/Ie IJIOCKOCTH T — }l(H) Ha O6J'IaCTI/I,

TZie 3aJa9d MOCTPOCHHS aIlPOKCUMHUPYIOMUX Monenell OymyT KOppeKTHBIMH, a
r7ie — HET, YTO MO3BOJISIET YIIPOCTUTH MPOBEACHUE PErYIISIpU3aLUK 3a1a4H.
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VIK 681.513

BHYTPEHHUE U BHEILITHUE KOH®JIUKTHI B
PACIIPEJAEJIEHHBIX CUCTEMAX
UHTEJVIEKTYAJIBHOTI'O YIIPABJIEHUA

B.B. I1aBjos, FO.M. Illeneryxa

MestcoyHapoOHblii HAYUHO-YHeOHbLI UeHMP UHPOPMAYUOHHDIX
mexnonozuit u cucmem HAH Yrkpaunot u MOH Ykpaunot

IMpenniokeHa  CEeTELGHTPUYECKAss  Iapajurma,  KoTopas
MO3BOJISIET OCYIIECTBUTHh KOHGUI'YPHPOBAaHUE M MHTETPALUIO PACIPEAEICHHBIX
9JIEMEHTOB 3HAHWH, a TaKKe BBIIOIHUTH 3(G(EKTHBHOE MOJIEIUPOBAHHE
YEJIOBEKO-MAIMHHBIX ¥ BHYTPUMAIIMHHBIX IPUKIAIHBIX mpoueccoB. Kpome
TOr0, MOSIBJIACTCS BO3SMOXKHOCTD JUIsl 00pa3HOro OTOOPaKEHUS M UCCIICA0BAHUS
CYIIECTBEHHBIX JJIEMEHTOB DPAa3jIMYHbIX BHIOB BHYTPEHHHX M BHEIIHHX
KOH(ITUKTOB.

Kntouesvle cnoea: ynpapieHue, paclpelielicHHas CHCTeMa,
KOH(JIMKTHAsE CHUTyauus, NPUKIAJHON mpouece, (HOpPMHUPOBAaHHE 3HAHUIA,
YEeJIOBEKO-MaIlIHHAS CHCTEMa, CETELICHTPHYECKasi KOHLICILHS, MHTETPaLys.

3ampoIIOHOBAHO MEPEKELCHTPUYHY MapajurMy, sKa [a€
MOXJIMBICTh BHMKOHATH KOH(DIrypYBaHHS Ta  IHTETpallil0 PO3MOAITCHHX
@JIEMCHTIB 3HaHb, A TAKOK MPOBECTH E(PEKTHBHE MOICITIOBAHHS JIIOIMHO-
MAIIMHHUX Ta BHYTPIIIHBOMANIMHHUX MpHKIagHuX mpouecis. Kpim Toro,
3’SIBIISETBCS MOMNJIMBICTH UIE OOpa3HOro BiOOpa)KeHHS Ta JOCiKCHHS
CYTTEBHX €JIEMEHTIB Pi3HMX BH/IB BHYTPIIIHIX Ta 30BHIILIHIX KOHQIIIKTIB.

Knwouoei  cnoea: ynpaBmiHHS, PO3MOAIJICHA CHCTEMa,
KOHGITIKTHA CHTYalis, TPUKIaAHWUA mpouec, HOPMYBAaHHS 3HAHB, JIOMHHO-
MaIlIHHA CHCTEMa, MEPEKELCHTPUYHA KOHIICTIIIISI, iHTeT PaLIHs.

BBEJEHUE

Bo MHOrHX COBpeMEHHBIX IMYOJIHKAIHMIX BBHICKA3BIBAIOTCS MHEHHS O TOM, YTO
MaruCTPabHBIM HAIPaBICHUEM JaNTbHEHINEro pa3BUTHS KOMIITHIOTEPU30BAHHBIX
CHCTEM SIBJSIETCS HE CTONBKO TEXHOJIOTMYECKOE YCOBEPHIICHCTBOBAHHE, CKOJIBKO
MIOBEIIIICHUE YPOBHS WHTEIUICKTYalH3allll ITOCTPOSHHBIX Ha MX OCHOBE CHCTEM.
Tak, aBTOpEI paboTel [1] OTMEUAIOT CYIIECTBEHHOE pacIIHpeHHe o0beMa u
pa3HoOOpa3us WCCIENOBaHWA B  OONACTH  HMCKYCCTBEHHOTO  HMHTEJUICKTA.
HeobxonnMo moquepKHyTh TECHYIO CBSI3b (DyHIAMEHTAIHHOW MPOOIEMBI CO3IAaHMUS
TEOPUH HMCKYCCTBEHHOTO MHTEIUIEKTA W TMPHUKIAJHBIX 33/1a4 HOBBIMICHUS YPOBHS
WHTEIUICKTYallu3allil  CHUCTEM, CO3JaHHBIX Ha OCHOBE pPAa3MHYHBIX BHIOB
COBPEMEHHBIX HH(POPMAIIHOHHO-KOMMYHHUKAIIMOHHBIX TeXHONOrui. Emme B paHHNX
paboTax MO MCKYCCTBEHHOMY HMHTEIJUIEKTY OTMEYaloch, YTO OTHHUM M3 Hambomee
MIEPCTIEKTUBHBIX HAIIPABJICHUH SBISETCS CO3MaHUE KOMITBIOTEPH30BAaHHBIX CHCTEM
MOJCTMPOBAHUS W  TOMINCPKKH  OTHENBHBIX  JJIEMEHTOB  MBICIHTENEHON
IesTenbHOCTH denoBeka [2]. Opmako, HecMOTps Ha OOJNBIIOE YHCIO Kak
(yHIaMEHTaNbHBIX, TAK W IPUKIATHEIX pa0dOT B 3TOH 00JaCTH, UCKIIIOYATEIbHAS
CIIOKHOCTB 3aJlad, CBSI3aHHBIX C Pa3pa0OTKOH, MOMECINHPOBAHHEM W BHEIPECHHEM
WHTEIUICKTYallbHBIX ~CHCTEM, SIBIICTCS OCHOBHOW IPUYMHOW HEPEIIEHHOCTH
MHOTHX aKTyaJbHBIX BOIIPOCOB.
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IIOCTAHOBKA 3AJIAYUN

Crnenyer OTMETHTBb, YTO B TIOCIEHHEE BpEeMs TPETEpIeNia CyIIeCTBEHHEIE
W3MEHEHUsI caMa KOHIEIIHS TIOCTPOCHHS HWHTEIIEKTyallbHBIX cucTteM. Ecim
BHayaje  cTaBWjach  ioOajdpbHas  3a7ada  CO3JaHUS  YHUBEPCAIBHOTO
HCKYCCTBEHHOT'O MHTEJUIEKTA, TO ceiiyac rIaBHOE BHUMAHKE yIeNIeTcs pa3padoTKe
CHCTEM C DIIEMEHTAMH  «CHEIUATU3UPOBAHHOTO»  HMHTEIJIEKTa, KOTOPBIE
WCTIONB3YIOTCS JUTSI PEIICHUS Pa3IMYHBIX KOHKPETHBIX THUIIOB 33724 B JOCTATOYHO
V3KAX W YETKO ONpPEACICHHBIX NpPEAMETHBIX obmacTsax. I[lomoOHBIH TOAXO0M
KOHIICHTPHPYET YCHIIUS HE CTOJIBKO Ha MCCICIOBAHUH OOIUX 3aKOHOMEPHOCTEH M
B3aMMO3aBHCHMOCTEH TIPOIIECCOB MBINIIEHUST YEIIOBEKa, CKOJBKO Ha CHUHTE3E
KOMITBIOTEPU30BAHHBIX TEXHUYECKHX CPENICTB, YCHIMBAIONINX BO3MOXKHOCTH
YEIIOBEKa YCIEIIHO ICHCTBOBATH B CIOXKHBIX CHUTYaIHSIX, XapaKTePHU3YIOIIHUXCS
OOJIBIITM YUCIIOM MPOTHBOPESYMBBIX KPUTEPHEB, IJIOX0H CTPYKTYPHPOBAHHOCTHIO,
JUHAMHYCCKH  HM3MEHSIOIIecs BHEIMHEH cpemod W T.4.  Pa3paboTunkm
3¢ ()EKTUBHBIX  WHTEIUIEKTYaJIbHBIX ~ KOMIUIEKCOB  JOJDKHBI,  BO-TIEPBBIX,
HCIIOIb30BaTh COBPEMEHHBIC HMH()OPMAIMOHHO-KOMMYHUKAIIMOHHBIEC TEXHOJIOTHH
W, BO-BTOPBIX, OCHOBBIBATHCS HA aJICKBATHOW KOHIEMIIMM aHalM3a W CHHTE3a
KOMITBIOTEPU30BAHHBIX ~ CHCTEM. B  3TOM TuUlaHe  clemyer  BBIJCIUTH
OpraHU3MHYECKYIO KOHIIEIIIHIO, 3¢ HEKTUBHOCTD KOTOpOH OblIa
MPOJEMOHCTPUPOBaHa TMpPH Pa3pabOTKe CPEINCTB VIPaBICHUS OObEKTAMH H
MpOIecCaMu  Pa3IMYHON TPHUPOIBI B JOCTATOYHO CIIOKHBIX CHTYaIUsSIX — TIpU
HEJOCTATOYHOCTH HWH(POPMAIIMKM, B YCIOBUSAX JKECTKOro JaepuIuTa BpEMEHH,
MPOTHBOACHCTBUSA U T.1I. Ha 6a3e opraHn3MHUYCECKON KOHIICIITUN pa3BHIIACh TCOPHS
IPraTUYecKUX CHCTEM, WCHONB3YIOMas 3HAHUS O MOJAENSIX OCMBICICHHOTO
TOBEJICHHSI YEJIOBEKa B KA4YECTBE OCHOBBI TIOCTPOCHHS HHTEIUICKTYaJIbHBIX
YEIIOBEKO-MAIIMHHBIX KOMIUIEKCOB [3].

IEJb PABOTHI

JIByMs  OCHOBHBIMH  COBPEMEHHBIMH  TEHIEHIMSIMH B  Pa3BUTHHU
HH(POPMAITNOHHO-KOMMYHHUKAIIMOHHBIX CHCTEM SIBIISIOTCSA, C OZHOW CTOPOHBI, MX
OBICTpOE  TEXHOIIOTHYECKOE COBEPIICHCTBOBAHWE W, C IPYrOd CTOPOHHI,
CYIIECTBEHHOE TMOBHIMICHUE Pa3HOOOPa3Hsi M YPOBHS CIIOKHOCTH PEIIAeMBIX HMHU
3amau. [Ipy 3TOM 3ayacTyr0 BO3HMKAE€T ONPEIEJICHHOE HECOOTBETCTBHE MEXKIY
BO3MOXHOCTSIMH, TPENOCTABISIEMbBIMH HOBBIMH TEXHHYECKHUMH CpEINCTBAMH, U
MOHUMAHWEM TOTO, JUIS PEHICHWs KaKuX KOHKPETHBIX 3afad HMX Hambomee
errecooOpa3Ho WCMIONB30BaTh. [l09TOMY mHenplo Hacrosmed paOoTHI SBISETCS
oIpeieieHue CIIOCOO0B MPEOIONECHIS TAKOTO HECOOTBETCTBHS Ha OCHOBE YSACHEHUS
W WCCICNOBAHMS KOHIICNITYAIbHBIX MpPOOJIeM, BO3HUKAIOMHNX WpPH CO3IaHUU
pacIpeeeHHBIX CUCTEM HHTEIUIEKTYAIBHOTO YIIpaBiIeHus, ((YHKIHOHUPYIOIINX B
CIIOKHOM KOH(JIMKTHOH cpene.
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ITOAAEPKKA UHTEJUVIEKTYAJIBHOM  JIEATEJBHOCTH U  MEXAHU3MbI
®OPMHUPOBAHMS 3HAHUI

J71s yCHenTHoro pereHus IOCTaBIeHHON 3a1aui He0OXOIUMO, TIPEKAE BCETO,
9YEeTKO TMpPEACTaBIATH cebe, YTO OpraHW3alds BCEX TIPOIECCOB UEIOBEKO-
MalIMHHOIO B3aMMOJAEHCTBUS — IOIyYE€HHE M aHallu3 JaHHBIX, IOCTPOCHHE
MoJIeJIeH, HCCIeJOBaHNEe IMHAMUKH MPOLIECCOB — MMEET CBOEH OCHOBHOM LENbIO
HH(POPMAITNOHHO-KOMMYHHUKAIIHOHHOE obecricueHme HHTEIJIEKTYaIbHOM
JEeATeNPHOCTH B paccMaTpUBaeMoOil mpeaMeTHOW obmactu. [lpm Takom momxoze
mporecckl  00pabOTKHM  WH(POPMAITMOHHBIX ~ ITIOTOKOB  SIBJSIFOTCS.  OCHOBHBIM
CBA3YIOIIMM 3BEHOM MEXy, C OJHOW CTOPOHBI, CBOEBPEMEHHBIM IIOJyYECHHEM
HEOOXOIUMBIX CBEICHWH U, C OPYrOdl CTOPOHBI, TPHUHATHEM 3((PEKTHBHBIX
pEIIeHUi M OCYIIECTBICHHEM TPEOYeMbIX IS JOCTIKEHHSI TOCTABICHHBIX IIeiei
neiictBuid. Kak HM3BECTHO, NMPUHATHE pEHICHWH B JIIO0OH NpeIMETHON o0jacTh
HEBO3MOXXHO 03 TIOHMMAaHHWs KaK CYIIECTBEHHBIX B3aMMOCBs3CH MEXKIY
00bEeKTaMH [aHHOW OOIACTH, TaK M MeXaHW3Ma BIMSHUS BHEIIHEH cpenbl Ha
JUHAMHUKY HW3MEHEHHs JSTHX B3auMOCBs3ei. JpyruMu cioBaMu, NpUHATHE
peLeH ABJISETCS UHTEIJIEKTYaIbHBIM IEHCTBIEM, OCHOBAaHHBIM Ha OCO3HAHUH U
ydeTe 0COOCHHOCTEH KaK OMMCHIBAIOMINX OOBEKT YIIPABICHUS MOJIENEH (3a9acTyro
JOCTaTOYHO CIIOXKHBIX W HETMHEHHBIX), TaK W XapaKTepa BHELIHUX BO3IEHCTBUI
Ha cHucreMy. [l YCIEIIHOTO OCYIIECTBICHHS JSTOr0 TpeOyeTcs CO3MaHue
3¢ PEKTUBHBIX MEXaHU3MOB PabOTHl CO 3HAHHUAMH, B YaCTHOCTH — pa3padoTka
aJIrOPUTMOB (dbopMupoBaHus, peoOpa3oBaHMUS u HCIOJIb30BAHUS
(hopMaNH30BaHHBIX U HeQOpMATN30BaHHBIX 3JIEMEHTOB 3HaHUH. B cooTBeTCTBHH C
COBPEMEHHBIMH ITIPE/ICTABICHUSIMH BEIyIINX HCCIENOBaTeNeld B JTaHHOH o0lacTh
[4], HEOOXOIMMO, BO-TIEPBBIX, IIPOBOJNUTE YETKYIO TPAHUIY MEXIYy WH(pOpMAIUeH
W 3HAHUSMH U, BO-BTOPBIX, IMOHUMATh pPa3IMYHYIO POJIb OSKCIUIMIHUTHBIX H
UMIUTMIUTHBIX 3HAHUHA. OKCIUIMLIUTHBIE 3HAHMS SBISIOTCS YHUBEPCAJIbHBIMHU,
YETKO OCO3HAHHBIMM M  apTUKYJIMPOBAHHBIMH, IIO3BOJIIOLIMMHU  YCHEIIHO
IEeHCTBOBaTh B Pa3HOOOPA3HBIX ITOBTOPSIOIIUXCS CHTyalusX. MMITUIUTHBIE
3HAHMS SBJSIIOTCS HEOCO3HAHHBIMM W HEYETKO apTUKYJIUPOBAaHHBIMH, YacTo
OCHOBaHHBIMHU Ha MPAKTHYECKOM OIBITE M WHTYHIINH, OHH OOJBINE MOIXOMAT UL
NeUCTBUI B YHUKANBHBIX CHTYallUsAX. DBONBIIMHCTBO peanbHBIX (HparMeHTOB
3HaHMH, KaK TNPaBUJIO, 3aHUMAET HEKOTOpOE MPOMEKYTOYHOE IOJIOKEHUE B
WHTEpBaje MEXIY IOJHOCTHIO SKCIUTULIUTHBIMU U MOJHOCTBIO HUMILIMLIUTHBIMU
3HAHUSIMU.

B cBA3M ¢ BBILIEU3NIOKEHHBIM, Ba)XXHBIM MOMEHTOM  IIOCTPOEHUS
WHTEIUICKTYallbHBIX ~ CHCTEM  SIBIIETCS ~ KOHCTPyHUpOBaHHE 3P (PEKTHBHBIX
JUAJIOTOBBIX ~ TMPOLEAYp  M3BJIEUEHHs, aHalu3a W CTPYKTypHUPOBAHUS
pacrpelielieHHbIX BO BPEMEHM W IPOCTPAaHCTBE JJIEMEHTOB 3HaHM. B xone
B3aMMOICHUCTBUS YeNoBeKa c COBPEMEHHBIMU HH(POPMAITMOHHO-
KOMMYHUKaLHOHHBIMU TEXHOJIOTUSIMU MIPOUCXOJUT MOJTyYeHHe u
MIOCIIE0BATEIFHOE YTOYHEHUE KAa4eCTBEHHOH WH(GOPMAIUU O CYTH IMOIIeKaIen
pEIICHUI0 TPOOJEeMBI, a Takke KOIMYECTBEHHBIX MHAaHHBIX O 3HAYCHUIX
CYLIECTBEHHBIX rapaMeTpoB CUTYalluu. Ha OCHOBE CHUCTEMHOTO
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KOH(QUTYpUpOBaHUS W WHTETPAlMM TaKOW pACIpENEeNICHHOW BO BpEeMEHH U
MpoCTpaHCcTBe WH(POPMANNK TPOUCXOOUT (OPMUPOBAHUE HIEMEHTOB 3HAHUHA U
npoecCHOHATPHOTO WHTEIUIEKTa, KOTOPBIE MAl0T BO3MOXKHOCTh KaK IONYYaTh,
VTOYHATH W MOAM(HUIHPOBATH  BO3MOXHEIE  pEmICHWS B JaHHOU
CHEeNHANTM3UPOBAHHON MTPEAMETHOH 00NACTH, TaK U OMPENEIATh TOT MOMEHT, Koria
IambHENIIass KOPPEKTHPOBKA MOIMYCTUMBIX pEIICHHH HCCIeayeMol MpoOIeMbl
CTaHOBHTCS 10 TeM WJIM WHBIM NPHYHHAM HemenecoodpasHoil. Takolt momxonm x
MOCTPOCHUIO YEIOBEKO-MAIIMHHBIX HHTEJUIEKTYaJbHBIX CHCTEM IIO3BOJISET, C
OIIHOU CTOPOHBI, HCIOJIb30BaTh COBpEMEHHbIE HH(POPMAITUOHHO-
KOMMYHUKAllMOHHBIE TEXHOJOTMU Ui HWHTETPUPOBAHUS  PaCHpEAETIeHHBIX
AIIEMEHTOB 3HAHWH O pemaeModl mpoOlieMe M, ¢ JOPYroil CTOPOHBI, MPUMEHSThH
chopMupoBaHHBIE ~ (DpParMEHTHl  MPO(ECCHOHATHHOTO  WHTEIUIEKTa UL
KOPPEKTUPOBKM 3HAYEHMH LENEBBIX MEPEMEHHBIX W KPUTEPUEB OLEHKU
3¢ PEKTHBHOCTH MTOTYICHHBIX PEIICHIH.

CETELHEHTPUYHOCTb KAK HOBASI CUCTEMHAS IIAPATUTMA

Hist 2 pexTnBHOr0 KOHOUTYPHPOBAHUS M MHTETPALUN PACIPEICICHHBIX BO
BpEMEHH H TMPOCTPAHCTBE ODIIEMEHTOB 3HAHHWH IIEIEeCOO0Opa3HO HWCIONB30BaTh
HOBYIO CHCTEMHYIO NapaJurMy, OCHOBaHHYIO Ha KOHIIEMLHMH CETELEHTPUYHOCTH.
JaHHas mapagurMa II03BOJSIET HE MPOCTO OOBEIMHUTH PACIPENCIICHHBIE BO
BPEMEHH W TPOCTPAHCTBE IMPOLECCHl MpeoOpa3oBaHusT WHGPOPMAIMH B SIUHYIO
HUHTEIJIEKTYaJIbHYI0 CHUCTEMY, a JIOCTUYb CHHEPIrMd B3aHMMOAEHCTBYIOLIUX
JOKANBHBIX ~WHGOPMAIIMOHHBIX CErMEHTOB. KOHIENIUS CeTeneHTPHIHOCTH
mpemycMaTpuBaeT — (OPMHpPOBAaHME H  HCIIONB30BAaHHE  HHTETPUPOBAHHOTO
WHPOPMAIIMOHHOTO  IPOCTPAHCTBA, UYTO  OOECIIEYWBaET CBOCBPEMEHHOCTH
MPUHAMAECMBIX pEIICHWH, a TaKkKe WX OOOCHOBAHHOCTh W  B3aUMHYIO
KoopauHanuio. g NpakTH4ecKoro NpUMEHEHHs CEeTELEHTPHUUECKON MapagurMbl
HamboJee [enecooOpa3Ho HCIONB30BaTh TAKHE COBPEMEHHBIE HMH(OPMAIMOHHO-
KOMMYHUKALHOHHBIE CPEJCTBA, KAK CETEBbIE KOMIIBIOTEPHBIE TEXHOJIOIHH.

B coBpemeHHOI1 uTepaType BbICKa3bIBAa€TCS MHEHHE, YTO UMEHHO CETh JaeT
BO3MOXKHOCTB CO3/IaHUS TJI00aNBHOrO HWH()OPMANMOHHOIO MPOCTPAaHCTBA U
MaTeMaTHYSCKA  ONHOPOAHOW  (DYHKIIMOHANBHOH Cpembl UIA  IIPOIIECCOB
YIOpaBJI€HUsI Pa3IMYHOIO HA3HAYEHMs, C IIMPOKUMHU BO3MOXHOCTSIMH JUISL HX
TEKyIIero MpUMEHEHHs W Oymymiero coBepireHcTBoBaHUS [5]. CereBbie
TEXHOJIOTUM TO3BOJISIIOT OCYILECTBUTh KaK MOJEIUPOBAaHHE M HCCIIEIOBAaHUE
pacIpeieieHHBIX AJIEMEHTOB 3HAaHUS W WHGOpPMAanmuu, Tak W IPPEKTUBHYIO
KOOpDAMHAIIMIO  COCTaBJSIOIIMX  €JUHOro  Mpolecca  HMHTEIEKTYaJbHOro
ynpaBieHus. Kaxnplii U3 3J€MEHTOB KOMIIBIOTEPHOH CETH, OCYLIECTBISIOLINI
¢dopMupoBaHne, mpeoOpa3oBaHWE, TPHEM WIH IMepenady HWH()OPMAIHOHHBIX
MTOTOKOB, IIEIECO00Pa3HO pacCMaTPUBATh KaK HEKOTOPBIHA JIOKATBHEIA MPUKIIATHON
mpouecc. [Ipn mogoOHOM moOAXOAE caMa CeTh KOHIENTYalbHO PacCMaTpHUBacTCs
KaK onpezesieHHasi CHCTEMHas OpraHu3alus JIOKaIbHbBIX PUKIIAHBIX IPOLECCOB U
UX HHPOPMAITHOHHBIX MOJIETICH.
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ITPUKIATHBIE MPOIECCHI U KOH®JIUKTHI

B CcOBpeMEHHBIX MyONUKAIMAX YaCTO MPUHAITO PA3ENATh MPUKIAIHBIC
IPOIECChl HA JBa OONBIINX KJIAacca: YEIOBEKO-MAIIMHHbIC (HHAYE HAa3bIBAEMBIE
WHTEPAKTUBHBIMHU) W BHYTPHUMAIIMHHbIC (MHAYEC HA3bIBAEMbIC POrPAMMHBIMH).
YenoBeKo-MalIMHHbBIC TPUKIIAIHBIC TPOIECChl OOBIYHO SIBISIFOTCS HE MOJHOCTHIO
CTPYKTYPUPOBAHHBIMH, YTO JIeJIa€T HEBO3MOXKHBIM UX MOJHYIO aBTOMATH3AIUI0 U
MCKIIFOUCHUE YeNIOBeKa M3 KOHTypa ympaBieHus. Takue HpPHKIAIHBIC MTPOLECCHI
TpeOyroT pa3paboTkr 3()(EKTUBHBIX AUAIOrOBBIX IPOLELYP B3aUMOACHCTBHS
M@Ky YelIOBEKOM W HH()OPMAI[MOHHO-KOMMYHUKAIIMOHHBIMH TEXHOIOTHUSAMH, a
TaKKe JIOJKHBI IPEyCMaTPUBATh PALHOHATIBHOE paCpeaeieHre QyHKIUA MeK Ly
STHMU JBYMS DIIEMEHTaMH cucTeMbl. CTpyKTypa BHYTPHMAIIHHHBIX ITPHKIAIHBIX
MIPOIIECCOB OOBIYHO SIBISIETCS OOJiee OIMpPENeNeHHOM M yCTOMYMBOW, JWHAMHUKA
pasBUTHS 3THX MOPOIECCOB YACTO  OIMKCHIBACTCA  JACTEPMHHHUPOBAHHBIMU
COOTHOIICHWSIMA 0€3 CTOXaCTHYECKUX KOMIOHEHTOB. OIHaKO MCCIeIOBaHHE
TaKUX MPOIECCOB SIBIISIETCS HE MEHEe TPYAHOM 3a/aueil, TaK KakK 3aBUCHMOCTHU
MEXIy WX CYIIECTBEHHBIMHU TEPEMEHHBIMH MOIYT OIHUCHIBATHCS JJIOCTATOYHO
CIIO)KHBIMH ~ MATeMAaTHYECKUMH  MOJENISAMH,  HampuMmMep  HEJIMHCHHBIMHU
i epeHIHaNbHBIMA MM Pa3HOCTHBIMH  YPABHEHUSMH, YPaBHEHHSIMH C
3amas3/plBAIOIIAM  apryMEHTOM © T.J. B MOCIeIHHE TOAbl MHOIMMH
MCCIIENIOBATENSIMU  [MOKA3aHO, 4YTO TAaKHE IIPOIECChl YACTO TOPOXKAAIOT P
HenpeAckasyeMblx 3G (EKTOB, TakuX KaK BO3HHKHOBeHHE Oudypkanuid w
MOSBJICHNUE HETPAIUIIHOHHBIX THIIOB ATTPAKTOPOB.

Jlrobast pacnpenesieHHas WHTEUICKTyalbHAs CTPYKTYpa, MPEACTABISIONIAs
CO0OM CHCTEMHYIO OpPraHM3al[MI0 JIOKAIBHBIX MPUKIAJHBIX MPOIECCOB, MOJKHA
3¢ PEeKTHBHO IEHCTBOBATh B Pa3HOOOPA3HBIX CHTYAIMSAX, B TOM YHCIIE B YCIOBHSIX
HEOIPEICIICHHOCTH W TPOTUBOACHCTBH. [l YCIEIIHOro pelieHus 3TOoi 3a1adu
eif HeoOXOIMMO MPHHUMATh M HCIOJHATH PEIICHUS C y4eTOM OOJBLIOr0 YhCia
(bakTopoB, 3a4acTyi0 MPOTHBOPEYMBBIX IO CBOEH mnpupoxe. VHBIMH CIOBaMH,
Takasl CHCTEMa JIOJDKHA YCHEeUIHO (YHKIMOHMPOBAThH MPU HATHYMK KOH(DIUKTHBIX
CHTyaI[Mii Pa3iUYHOrO TUIA M PA3HOW CTENCHU BBIPAKEHHOCTH. [103TOMYy mepen
MCCIIENOBATENEM TIPEXKIE BCEr0 BO3HUKAeT mOpoOjeMa  CHCTEMATH3aLUU
koHGumkToB. Tak, B [6] npuBOmUTCS KiIACCU(PHUKALNS HEKOTOPBIX THIIOB
CHTYaIMi, TPUBOMSIIMX HIM MOTEHI[HMAJIbHO MOTYIIMX HOPHUBECTH K KOH(IHKTY.
ABTOp pasnensieT Bce BO3MOXKHBIC CHUTYal[HM HAa 4YeThIpe OONBIIMX Kiacca —
«EIUHCTBOY», «CONCUCTBUE», «HEUTPATUTET» W «IpoTUBOAcicTBHey. [lanee otu
KJIacChl pa30MBAIOTCSI HA MOAKIACCHL. Tak, COmeHCTBHE BKIOYACT B cebsi hopMbI
KOAIUIMH, COOpyXecTBa W cuMmOuo3a. IIpoTuBOIEiCTBHE, B CBOKO OYepeib,
pasbuBaeTCsi Ha HECTPOTHH KOH(IUKT, CTPOruid KOHGIIMKT M aHTarOHH3M.
OTMeTHM, YTO AWHAMHUKA W3MEHEHUS KOH(DIMKTHOW CHTyaIlMl MOXET OBITh
JIOCTATOYHO CJIOXKHOM, YTO OOYCIIOBIMBAET BO3MOXKHOCTD Mepexojia KOH(INKTa U3
ofnuoit ¢Gopmbl B apyryio. [To3ToMy BaKHOE MPAKTUYECKOE 3HAYCHHUE HMEET
CO3/IaHHE UHTEIUIEKTYAIbHBIX CHCTEM, [TO3BOJISIIONINX YCIEIHO YHKIIHMOHHPOBATh
[IPU PA3IMYHBIX BUIaX KOH(DJIMKTOB, a TAKXKE B [IMPOKOM HHTEpPBalie KOHKPETHBIX
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3HaYEeHUH MapaMeTpoB KOH(PIUKTHON CHTYAIIHH.

B cooTBeTcTBUM ¢ OpraHU3MUYECKO Teopuel CMHTE3a YeJIOBEKO-MalIMHHBIX
CHCTEM, TIOCTPOCHHE WHTEUICKTYaJbHOH CHCTEMBI pa3pemieHrs KOH(IUKTOB
MpeylaraeTcs OCYyIIECTBIIAT B CIEAYIOIIEeH ociae0BaTeNnbHOCTH [7]:

— (GopMHUpOBaHHE OMOPHOW CTPYKTYpHl (PYHKIIMOHANHHBIX ITOBEICHUI
CHUCTEMBI;

— ¢opMHUpOBaHHE  LENEAOCTHTAIOMHX  (YHKIMOHANBHBIX  IMTOBEICHU
CHCTEMBl Ha MHOXECTBE BO3HHKAIONINX BHEITHUX KOH(MIMKTHBIX CHUTYaIlHi,
IPYTHMH CIIOBaMH, (D OPMHUPOBAHHE CTPYKTYPHI CUTYAIIHOHHOTO YIIPaBJICHIS;

— (opMupOBaHHUE IETCTOCTUTAIONINX TTOBEICHUI CHCTEMBI Ha COBOKYITHOCTH
BO3HHKAIOIINX BHYTPCHHUX KOH(IUKTHBIX CHTyallud, IPYTUMH CIOBaMH,
(dbopMHupOBaHUE CTPYKTYPHI BHYTPUCHTYAIIMOHHOTO YIIPABICHHS.

Brewmnss cpeoa

Dopmann3oBaHHbIE YactuuHo HedopmanuzoBannbie
3JIEMEHTBI (bopmanu3zoBaHHEIE 3JIEMEHTHI
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XaoTuueckue
(hazosbie
TPAEeKTODUH

Puc. 1. Bo3sMoxxHbI€ THITBI KOH(JIMKTOB B PacipeeieHHON CUCTEMe
MHTEIJUIEKTYAIBHOTO YIIPABICHUS

[Ipu wucmonp30BaHUM [MAHHOTO MOAXOAAa KOH(DIUKTEI B paclpeacieHHOMH
CHUCTEME HWHTEJUIEKTyaJIbHOIO  YIpPaBJIEHUS MOXHO  pa3lelnuTh Ha  JIBa
MPUHIUIHATIBHO OTIHYAIOIIUXCSA Ipyr OoT apyra tuma (puc. 1). Bo-mepBrIX, 31O
KOH(DIUKTHI, BO3HUKAIONMIME TMPH B3aWMOICHCTBHH CO CIIOKHOH BHEUTHEH
IUHAMAYECKON CPEHOid, KOTOpasi COIEPIKUT ClIab0 CTPYKTypPUPOBAHHEIEC SJIEMEHTEI,
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MOJBEPXKEHA  IIOCTOSIHHBIM ~ HM3MEHEHHUsM, a TakkKe MOXeT OKa3blBaTb
MPOTUBOAECUCTBUE  JOCTIDKEHHIO  CHUCTEMOM  CBOMX  KPaTKOCPOUHBIX U
JONroBpeMeHHbIX 1eneil. Ilnoxas CTpyKTYypUpOBaHHOCTH U BbIpa)KCHHas
KOH(IUKTHOCTh TONOOHOW BHEHmIHEH cpeAbl OOYCIOBIMBAaEeT HEOOXOIUMOCTh
HCCIIEZI0BAaHUS B3aMMO3aBUCUMOCTEH (KOTOpbIE YacTO ABISAIOTCS HEMUHEHHBIMU 1O
CBOGH NpUpOAE) MEXAy OTHENbHBIMH COCTaBHBIMH YacTSIMH  BHELIHEH
KOH(IUKTHOW cuTyauud. [Ipym MOmemupoBaHWU M aHANN3€ IOJOOHBIX CIIOMKHBIX
HEJIMHEWHBIX MPOLECCOB MOTYT TAaKKE BO3HUKATH KOH(MIMKTHI, MPUHIUIHAIBEHO
OTJIMYAIOLIUECS] N0 CBOEMY XapaKTepy OT BBILIENIEPEUHCICHHBIX BbIPAaXKEHHBIX
BHEIIHNX KOH(MIMKTOB. Takne KOHMIUKTH OymeM Ha3blBaTh BHYTPEHHUMH. DTH
KOH(IMKTEI OOBIYHO SBJISIOTCS HE CTONB SIBHO BBIPaXCHHBIMHU H OIIPEICIIIOTCS, B
MEepBYI0  ouepenb, HE CBOWCTBAMH BHEIIHEH Cpempl, a CIenupuKon
MaTEeMaTHYSCKUX MOJETIeH, ONMMCHIBAIOIINX JWHAMHUKY OOBEKTOB W IIPOIIECCOB
YIpaBJIEHHUS.

OCOBEHHOCTHU AHAJIM3A BHEITHUX KOH®JIAKTOB

Takum 00pa3oM, TOCTPOCHHE IIETIOCTHOH CHCTEMBI paclpelelIcHHOTO
HHTEIUIEKTYaIbHOTO YIIPABICHUSA TpeOyeT CKOOPIMHHPOBAHHOTO BO BpPEMEHH U
MPOCTPAHCTBE  MOJIEJIMPOBAHUS W HCCIENOBAaHUS  IOPOXKIAEMBIX  MpU
(YHKIMOHUPOBAHUU CHCTEMBI BHYTPEHHHX W BHEIIHHX KOH(IUKTOB. OTMETHM,
9TO METOMOJOTHYECKUE IIONXONBI K aHajdu3y ATHX JBYX THIIOB KOH(IUKTOB
CYIIECTBEHHO OTIHYAIOTCA APYT OT Apyra. PasperneHue BHENTHHX KOH(IUKTOB
OCHOBaHO Ha CBOEBPEMEHHOM IIOJIYYE€HUH JOCTOBEPHBIX JAHHBIX O 3HAUEHUSIX
BCEH COBOKYIMHOCTH IapaMeTpPOB, XapaKTEPU3YIOIIMX TEKYILYI0 CHUTYyalHi0, 4TO
obecrieunBacT BO3MOXKHOCTh €€ MOICITUPOBaHUS, aHaNH3a W (OPMUPOBAHUS
HHTETPHUPOBAHHOTO WH(POPMAITMOHHOTO oOpa3a koH(IuKTa. [Ipu 3TOM OCHOBHAs
TPYOHOCTh aHANHW3a KOHQIMKTHBIX CHTyallMd IOaHHOTO THUIA 3aKII0YacTcs B
HCCIIE0OBaHUU u CTPYKTYpHUPOBaHUU B3aMMOOTHOLIEHUH MEXIY
pacrpeneeHHBIME  (DYHKIIMOHATBHBIMEA JIIEMEHTAMH CIIOKHOTO JWHAMIYECKOTO
npornecca. CucTeMHass HHTETpanus OONBIIOrO YHCIa JOKANBHBIX ITOIIPOIECCOB B
€IMHYIO LIEJICHANPABIEHHYI0 CUCTEMY JOCTHTaeTcs 32 CYET KOOPAMHHUPOBAHHOTO
B3aHMOJCHUCTBHSI DJIEMEHTOB AHAIMTHUYCCKUX, BEpOANBHBIX W CTPYKTYPHBIX
MoJeTeld, a Takke WX KOMOMHHPOBAHHS — C IENbI0 OOCSCIICUEHHs YCIIEIIHBIX
JecTBUH B IIMPOKOM JMana3oHe KOHKPETHBIX 3HAaYeHWH MapaMeTpoB
KOH(IUKTHOW cuTyaruu. TakuM o00pa3oM, CIOKHOCTh PEIICHUS BHEITHUX
KOH(IMKTOB 00YyCIOBIUBACT HEOOXOANMOCTH COBMECTHOTO HCIIONB30BAHUS KaK
(OpMaNHM30BaHHBIX, TaK W HEPOPMAIN30BAHHBIX JJIEMEHTOB 3HaHUH. WHBIMEH
CIIOBaMH, aHAJIN3 BHEITHIX KOH(IUKTOB JOIKEH OCHOBHIBATHCS Ha 3P PEKTUBHON
Mpolelype B3aUMOAEHCTBHS MEXY, C OIHONW CTOPOHBI, IPUHUMAIOUINM PELICHUS
YeJIOBEKOM U, C JPYroil CTOPOHBI, KOMIBIOTEPU30BAHHBIMU CPEICTBAMU
MOJIEJIMPOBAHUS CUTYALIMH U TIOJUIEPKKU IPUHATHS pelLeHUsl.

BaxxHpiMM acnekTaMH IOCTPOEHHUS PaCHpEeNETIeHHbIX HHTEUIEKTyalbHbIX
CHCTEM VIIPaBICHHUS SBIIETCS Kak pa3paboTKka MeXaHW3MOB aHaium3a u
pa3pelIeHnsT CTePEOTUITHRIX KOH(IUKTHBIX CHTyallni, TaK W BEIpaOOTKa HABHIKOB
JNeHCTBUI B HENPENBUACHHBIX ciydasx. [lodToMy HEoOXOmMMO TakKe cO3IaTh
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MIPOLIEAYPHI TTOATAIMHOIO U3BJIEYEHHs, 0OPaOOTKH W CTPYKTypH3alnu (h)parMeHTOB
HeOPMAIM30BAHHBIX 3HAHWH JIIOJEH, SIBISIOIIUAXCA OSKCIOEpTaMd B JIaHHOM
CHEIMAIM3UPOBAHHON MpenMeTHOM obnacTr. Crienududeckre 0COOCHHOCTH TaKOH
JMAJOroBOM IIPOIEIyphl HM3BIICUEHHMS M aHaIW3a 3HAaHWH M, HAa OCHOBE 3TOTO,
MIOCJIEIOBATENILHOIO Bce Ooiee TIIyOOKOro IPOHHWKHOBEHHS B CyTh JIaHHOM
mpobIIEMBI OTPaXkKaroT TpeOoBaHMs K OBICTPOTE M TOYHOCTH perneHuil. IIpu 3ToM
cleyeT OpPUHHUMATh BO BHHMaHHE TaKHE CYIIECTBEHHBIE II€PEMEHHBIE
aHAIM3UPyeMOil TPOOJIEMBI, KaK €€ pa3MEPHOCThb, CTEIEHb PpacCpeIOTOYEHHUS
JaHHBIX, YPOBEHb HEONPENEIEHHOCTH, CTPYKTypa B3aWMO3aBUCHMOCTEH MEXIY
OTAENbHBIMA KOMITOHEHTaMH IIpo0aeMbl [8]. AKTyalbHON IMPaKTHYECKOH 3amadeit
TaKKe SBIIETCA ONpeleleHHe TeX KOHKPETHBIX o0jacTell mpodeccroHanbHOM
JESTEIbHOCTH YeJOBEKa, B KOTOPBIX PE3yNIbTaThl MCIIOIB30BAHUS IPEIIaraeMoro
[IOAXO0[a SBIAIOTCA Haubojaee MHOroOOEINAMMMHU. Takue O00JIacTH IOJKHBI
YIOBJETBOPATH PsAAy CHenu()UIeCKuX TpeOOBaHWN M OrpaHHYeHHi. Bo-TepBBIX,
npodeccroHaabHas AEATEIBHOCTh UYelOBEKA JO/UKHA OBITh CBsA3aHA HE C
BBINIOJIHEHMEM  CTEPEOTHIIHBIX HEHCTBMH W PYTHHHBIX IPOLENyp, a ¢
HHTEUIEKTYaIbHBIMH [IPOLIECCAMH, TAaKMMH KaK aHajIu3 IpoOJeM W IMPUHATHE
pEIIeHnil B YCIOBHSX PEAlbHOrO BpeMEHH. BO-BTOPBIX, IIPH 3TOM HCIIOIB3YOTCS
YCTAaHOBHUBINHECS B TEYEHHE JUIMTEILHOIO BpPEMEHM MW 4acTo (hOpMalbHO
Bepu(UIIUPOBAHHBIE MEXAHM3MbI aHAIM3a M YCIEIIHOrO PEIIEHMs CTEPEOTHITHBIX
MpopECCHOHANBHBIX 3a7ad B JAHHOW TIPeIMETHOH o00jacTd. YCBOeHHE W
OCMBICIIEHHE JTHX MPOIENYpP, BBIAEIEHHE WX HamOolee XapaKTEPHBIX dYepT,
MOJIEJTMPOBAHKME CYIIECTBEHHBIX IS YCIEITHOrO (PYHKIIMOHMPOBAHMS CHCTEMBI
B3aMMOCBS3€il — BCE OTO SBIISAETCS OCHOBOH It (DOPMHUPOBAHHS OTHEIBHBIX
9JIEMEHTOB 3HAHMH, a TakXKe I MpeoOpa3oBaHUs 3HAHUM M3 HESIBHOW B SBHYIO
¢dbopmy. Kak pesynbraT, IOBBIIIAETCS YPOBEHb MHTEIUIEKTA CHHTE3UPYEMO
CUCTEeMbl W  obOecreunBaercss Oonee d(Q(eKTHBHOE W  HAASKHOE e
(GYHKIIMOHUPOBAHHE.

OCOBEHHOCTHU AHAJIM3A BHYTPEHHUX KOH®JIMKTOB

B ornmnuune oT U3JI0’)KEHHOIO BBIIE HHTEPAKTUBHOIO MOAX0Aa K pa3pelieHnIo
BHEIIHUX KOH(JINKTOB, MEXaHU3MBl pa3pelICHHs BHYTPEHHUX KOH(IUKTOB
SBISIIOTCSL OOJiee YETKO CTPYKTyPHPOBAHHBIMH. Tak Kak MHOTHE HHTEPECHBIC
Clydyan BO3HUKHOBEHHSI W PAa3BHTHS BHYTPSHHUX KOH(DIMKTOB CBS3aHBI C
MOPOXKICHIEM XaOTHUECKHUX (ha30BBIX TPAEKTOPUH, MX pa3pelIcHue OCHOBBIBACTCS
Ha (OpMamM30BAaHHBIX aITOPHUTMAaX YIPABICHUS XaOCOM H CHHXPOHH3ALNU
BO3HHKAIOIINX B CHUCTEME XaOTWUeCKuX sBleHHA. [lomoOHas «OalaHCHPOBKay
XAOTHUYECKUX SBJEHMUH, XapakTepHas M BHYTPUMAIIMHHBIX HIPUKIAIHBIX
mporeccoB (puc. 2), mpeacraBiseT coOodl HEOOXOAMMOE YCIOBHE IOCTHIKCHUS
CTaOMIBHBIX  (DYHKIMOHAIBGHBIX TOBEACHWHA cucTeMbl. OTMETHM eme pas
cnenu(UIecKyr0  4Yepry  BHYTPEHHHX  KOH(PIUKTOB — OHH  OOBIYHO
XapaKTEpU3yIOTCd MEHBIIEH CTENeHbI0 BBIPAKEHHOCTH, @ HWHOTAAa MOTYT He
MPOSBIATE ceOsi B TEUCHHWE JOCTATOYHO JUIMTEIBFHOTO IPOMEXKYTKa BPEMEHH.
BaxxHpIM acmekToM Takke SBJSeTCAd TO, YTO JIUHAMHUKAa COOTBETCTBYIOLIUX
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BHYTPUMAILIMHHBIX  OPUKIAJHBIX  IPOLECCOB  OMMCHIBAETCA  CPAaBHUTEIBHO
HEOONBITUM YHCIOM THIIMYHBIX CIECHAPHEB M MOPOXKAAET PsIA XapaKTePHBIX
spdexToB. OmHUM U3 TakuX 3PQEKTOB SBIIETCS YABOCHUE IEPHONA, UYTO, KaK
MPaBWIO, TPEAUIECTBYET IMOSBICHUIO XAOTUYECKUX SBJICHUM B CUCTEMax,
JUHAMUYECKUE CBOWCTBA KOTOPBIX ONHUCBHIBAIOTCA  PAa3IMYHBIMU  BUJIAMHU
HENMHEUHBbIX 3aBucuUMocTed. Ilpu 3TOM naHHblE O KOHKPETHBIX 3HAUEHUSX
MapaMeTpoB, TPH KOTOPHIX BO3HHUKAET S(PQPEKT YIOBOCHUS IEPUOa, SBISIOTCS
OMHMMH W3 Hambolee CYMIECTBEHHBIX WH(MOPMAIIMOHHBIX XapaKTEPHCTHK
HCCIIEYyEMOTr0 HEIMHEHHOro JMHAMHUYECKOro Iporecca. BenmuuuHbl 3THX
MapaMeTpoB UCIOJIb3YIOTCS KaK IPU aHaJN3€ MEXaHU3MOB MOPOXKIEHHS Xaoca, TaK
Y IIPY IOCTPOEHUH IPOLEAYP CHHXPOHHU3AIMHN XaOTUUECKUX sIBJIeHUH [9].

YesroBEeKO-MalWMHHEIE NPMKJIANHEE NPOLIECCH
MeHee cTpyKTypupoBaHHble WHTepaKTUBHbI noaxoa [wanorosble npoueaypb! Pacnpenenenue dyHkuui

IpuknagHoit TpuknanuHoit Tlpuknanuoii
npotecc 1 npouecc 2 npouecc 1

NMrnimuumTHble T 3HAHUS

CooTBeTCTBHE ((TEXIlO.'l()l'l/Iﬂ—l'lpO6J'[eM’d» —

ApTHKYIHPOBAaHHBIE 3HAHUS

puknaaHoi _ Ipuknaanoit Tpuknanuoii
nporece 1 npouecc 2 npouecc m

BHyTpMMallMHHbE NPUKIALHHE NPOLECCH
YyBCTBUTENBHOCTb K HaYarbHbIM YCIOBUSIM XaoTuyeckue aTTpaktopbl Budypkaumn MexaHuambl ynpasrneHusi Xaocom

Puc. 2. B3anmoneicTBre MPHUKIIaTHBIX MPOIIECCOB B PACIPEeNICHHON CUCTeMe
HHTEJUICKTYAJIbHOI'O YIIPABJICHUA

JuraMudeckue CHCTEMEI, OITHCHIBaEMbIE HEJMHCHHBIMA
QP epeHTnaTbHBIMA Wi Pa3HOCTHBIMU YpaBHEHUSIMH, MOTYT
XapaKTEepPU30BAThCSI HECKONBKUMH CHeNH(pUIeCKUMH TUIaMH ()yHKIHOHATBHBIX
IOBEICHUMN:

1) HampaBIIEHHBIME Ha JOCTH)KEHHE HEKOTOPHIX (DHKCHPOBAHHBIX KOHEUHBIX
COCTOSIHUH;

2) GyHKIMOHANBHBIC TOBENCHUS, (Da30BBIE TPACKTOPHH KOTOPHIX 00pa3yroT
oIpeieNIeHHBIC BUIBI IPEIEIbHBIX IUKIIOB;

3) ocoObIid THN (DYHKIUOHAJIBHBIX TIOBEACHUH, MpPU KOTOpoM (ha30oBbIe
TpaeKTOpuu (POPMHUPYIOT MHOXKECTBA IOCTATOYHO CIOXKHBIX KOH(HTYpaIuii,
HA3BIBAEMBIC «XAaOTHUCCKAMHU aTTPaKTopaMm». OCOOEHHOCTBIO (HYHKIMOHATBHBIX
MOBEICHUI TPEThETO THIA SBISETCS TO, YTO B OTOM CIydae SJIEMEHTHI Xaoca
BO3HHKAIOT B CHCTEME, JIWHAMHYECKAE CBOWCTBA KOTOPOW OMHCHIBAIOTCS
TETePMIHHPOBAHHBIMHU COOTHOIICHYSIMH, HampuMep HEJIMHCHHBIMHA
I PepeHInaNbHPIMA YPAaBHEHUSAMH, HE COIACPXKAIIUMH CpPEId CBOUX UWICHOB
CTOXaCTHYECKUX KOMITOHEHTOB. [Iporecchl, MpOMCXOmAIne B TaKOH CHCTEME,
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XapaKTEpU3yIOTCA TeM, YTO HE3HAUUTENIbHbIE BapUallud UX HAYaJbHBIX YCIOBUN
[0 HUCTEYEHHMM OIpPENEeNICHHOIO HWHTEpBaja BpPEMEHH MOIYT IOPOXKIATh
MPUHIUIHATGHO OTIWYHBEIE JAPYT OT Opyra (a3oBble TpaeKTopuu. KMeHHO
moJ00HasT IOBBINICHHAS] TyBCTBUTEIBHOCT K HAYANBHBIM YCIOBHSM SIBIISCTCS
crenn(hUIecKor YepToi BHYTPUMAIINHHBIX MPUKIIaTHBIX ITPOIIECCOB.

ITOCTPOEHME LEJIOCTHOM UHTEJUIEKTYAJIBHON CUCTEMbI

YcnemnHoe pa3pelnieHre BHYTPSHHIX U BHEITHUX KOH(IIMKTOB 00ECTICUHBACTCS 32
CUeT  PpAaIOHANBHOM  CTPYKTYpHO-(OYHKIMOHABHOH — OpTraHW3allH  IIeIIOCTHON
MHTEIUIEKTYAIBHON CHCTEMEL. [Ipr 5TOM OCHOBHOM 3amadeil sBisercs: GOpMUpPOBAHIE
WH(QOPMALMOHHBIX  MOTOKOB, KOTOPhIC ITO3BOJIIIOT — aHAJM3UPOBATH JIUHAMHKY
B3aUMOJIEUCTBUS PA3IMYHBIX JJIEMEHTOB KaK BHYTPUMAILMHHBIX, TaK U YeJIOBEKO-
MAIMHHBIX MPUKIAIHBIX IPOIECCOB, a TaKkkKe OOECIIeUMBAlOT BO3MOKHOCT
CBOEBPEMEHHOIO M KayeCTBEHHOro yrpaBieHus UMHU. OIHMM U3 Ba)KHBIX 3TarloB
TIOCTPOCHUST TIETIOCTHOM CHCTEMBI SIBIIETCS OIpEIENeHNe HEOOXOOUMOH CTEeIeHH
arperaluyy OUPKYJUPYIOLIUX B CHCTEME IOTOKOB JAHHBIX, & TaKXKE aHaJIU3 BIUSHUI
BBIOPaHHOTO YPOBHS arperaiiy Ha OBICTPOTY W KauecTBO NMPUHUMAEMBIX pEIICHUH.
Kax mokasbpiBaer oImbIT, TpeOyeMasl CTEIeHb arperanyyl 3aBHCHT OT THIIA PeraeMon
mpoOJIeMBI, KOHKPETHOrO BHJIA YEJIOBEKO-MAIIMHHOTO MHTepdelica, HANpsHKeHHOCTH
paboTel W psma Apyrux (axrtopoB. Tak, Il CIOKHBIX M OBICTPO MEHSFOIIAXCS
CHTYallii 0TOOpa)keHUE CYIIECTBEHHBIX KOMIIOHCHTOB BHEIIHETO KOH(IMKTA B BHIC
UHTETPAIBHBIX ~ 00pa3oB  MOXKET  COICHCTBOBATH  YCIICITHOW  amamTaIud
MHTEIUICKTYAIBHOH CHCTEMBI K OONBIIOMY OOBEMY pacIpeleNeHHOW HH(pOpPMAIIHH.
Jnst 5Toro HeoOXOAUMO TaK OPraHM30BATh B3aUMOACHCTBHE MEXKIY YSIOBEKOM U
KOMITBIOTEPH30BAaHHBIMH ~ TEXHUYECKUMH CPEICTBAMH, UYTOOBI MaKCHMAalbHO
3¢ PEeKTHBHBEIM 00pa30M HCIIONB30BATh ITOJNIOKHUTENBHBIE CBOMCTBA STHX ABYX
CTOPOH YEJIOBEKO-MAIIMHHOTO MPUKIAJHOrO Mporecca. 3a CUeT 3TOro TakKxkKe
obecrieunBaeTcsl BBITIONHEHHE NpuBeneHHOro B [10] omHOro M3 OCHOBHEIX
TPUHIUIIOB MOCTPOCHUS HH()OPMALIMOHHBIX CHCTEM — COOTBETCTBHSI MEXKIY
permaeMoit mpodIeMoi, HCIONB3YEMBIMH [UISL OTOr0 TEXHHYECKUMH CPEICTBAMHU, a
TAaKKE XapaKTepUCTUKAMM YEJIOBEKa, YYacTBYIOIIETO B aHalu3e JaHHOHU
npobmembl.  OOy4eHHBIH  YeNOBeK, HA OCHOBE HCIONB30BAHHUS  CBOHMX
UMILUTAIUTHBIX 3HAHUHA, 9acTO MOXKET C(OPMUPOBATH HEKOTOPOE MOAMHOMXKECTBO
Cp ONOpHBIX CTpaTeTWi paspemreHuss KOHMIMKTHOW curyarmuu. Ilo mepe
apTUKYIDIUN TaKUX 3HAHUH W TOCTENICHHOTO MpeoOpa3oBaHHs WX B
IKCIUTMLUTHYIO bopmy, MIPOUCXOJUT TMIOTIOJIHEHUE 6a3bl 3HaHUU
WHTEIUIEKTYallbHOM  cucTeMbl.  [locme  wero  ¢yHKumm  ¢GopMuUpOBaHUS
MOIMHOXECTBA OIOPHBIX CTpPAaTErdid MOTrYT BO3JaraThCsi YK€ HE TOJIBKO Ha
YeloBeKa, HO M Ha KOMIBIOTEPU30BaHHBbIE TEXHUYECKHE cpeacTBa. Jpyrumu
CIIOBaMH, «IEHTP TSHKECTH» 00padOTKH HH(POPMALINK B TAKOH CHCTEME CMEIIAeTCs
OT 4YEJOBEKO-MAalIMHHBIX K BHYTPUMAIIMHHBIM MPHUKIAJHBIM IPOLIECCaM.
COOTBeTCTBEHHO d3TOMy H OalaHC MEXKIy BHEIIHUMH U BHYTPCHHUMH
KOH(DIMKTaMH CMEIaeTcsl B CTOPOHY IOCIenHIX. UeIoBeK HaYMHAET BBITOIHSITH
UCKITIOYUTENEHO  (YHKIMH  KOHTPONS  NPABIIIBHOCTH W HAISKHOCTH
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(YHKINOHUPOBAHUS  BHYTPUMAIIMHHBIX ~ QlTOPHTMOB.  OJTH  QITOPUTMEI
OCYILECTBIIIOT aBTOMAaTHYECKHe pa30MeHNe HCXOAHOTO MHOXECTBa Sy CHTyaluit

Ha KOHEYHOE YHCIO HEMNEepeceKaolmuxXcs MOAMHOXKECTB S, 87,53, ..., 5, ,

SBIISIOIINAXCS mpoobpazamu TTOAMHOKECTB OIOPHBIX CTpaTeruit
Cp1,Cpr, Cp3,...,Cp,,. Pa3Omenume MCXOOHOTO MHOXKECTBA Ha  KIACCHI

SKBUBAJICHTHOCTH U 33J]aHUE OTHOMICHWN YIOPSAOYEHHOCTH Ha COOTBETCTBYIOIINX
(haKTOp-MHOXKECTBaX O0JIAJAIOT JIOCTATOYHOW THOKOCTBIO, T.e. OOECIIEYHBAIOT
BO3MOYKHOCTH HE TOJIBKO JIJIS a/IallTalliH{ TOJl JAHHYIO KOHKPETHYIO KOH(PJIUKTHYIO
CUTYaIIo, HO JUIA MOIU(UKAIMK PEUICHUA TPH W3MEHEHHH IIeJICH CHCTEMBI.
[TosToMy naHHBIA TIOAXOX TIO3BOJIAET CO3/1aBaTh 3(PQPEKTHUBHBIC MPOLECAYPHI
paspelieHrs KOH(PJIMKTOB C YUETOM Kak IPOIECCOB, KOTOPhIC MPHHIMITHAILHO HE
moIar0TCa (popManmu3aii B BUAC aHATMTHYSCKHX MOJEJICH, TaK M IPOIECCOB,
MIPUBOAAIINX K BOSHUKHOBEHUIO B CHICTEME XaOTUUYECKUX SIBJICHH.
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MudopmaTtuka mn
MH(POPMALMOHHbIE TeXHONIOrMm

VK 004.75+004.932.2:616

IHOAI'OTOBKA MEJUIIMHCKHUX
U30BPAKEHUI K OBPABOTKE B BOJIBIIHNX
NHO®OPMANNOHHBIX XPAHUJINIIAX

A.C. KoBajienko, A.A. llezennanu, E.K. Ilapenko

Mescoynapoonstii HayUHO-yUeOHbLI YeHMP UHPOPMAUUOHHBIX M EXHON02UTL
u cucmem HAH Ykpaunst u MOH Ykpaunut

Omnpezenensl 0COOCHHOCTH U TpeOOBaHMSA K (HOPMUPOBAHUIO
U(QPOBBIX MEIULMHCKUX H300paXCHUH, JaHBl YKPYIIHEHHBIC CTaJUM HX
KU3HEHHOro 1uMKia. IlpeacraBieHa 3-ypoBHeBash cXeMa XpaHEGHHS W
ONECPUPOBAHUA MEIUIMHCKMMH H300pQXCHUSAMH Ha ypOBHE Jie4eOHO-
JMATHOCTMYECKUX  CHCTEM,  BPEMEHHOTO  XpaHWIMILA  YYPESIKICHUS
3paBOOXPAaHEHHMS M JIOJITOCPOYHOIO XPAHEHUS M aHanu3a B  OONBLINX
nHGOPMALMOHHBIX XpaHunuiuax. OmnpenesneHsl 3aJa4d YpOBHEH, KU3HEHHbIIT
LUK U TpeOOBaHHUA K MU(POBBIM MEIUIIMHCKAM H300PAKEHUSAM, MPEITOKEHA
cXeMa MOATOTOBKU 3THX U300pakeHU Ui niepeaadr 1 00paOOTKH B OOIBIINX
UH(POPMALMOHHBIX XPAaHUITHILAX.

Knrwuesvie cnosa: memuumnackue wuzobpaxkenus, DICOM,
o0paboTka u xpanenue, [ puz.

Busnaueno ocobnmBocTi Ta BUMOrM 10  (DOPMYyBaHHS
(POBUX MEITUYHUX 300paXKeHb, TaHO YKPYIHEHI cTafii iX )UTTEBOrO LUKITY.
IpencraBneno 3-piBHEBY cucTeMy 30€pEeXEHHS Ta ONEPYBaHHS MeEIUYHHMH
300pakeHHsMHM Ha PIiBHI JIKyBalbHO-AIarHOCTUYHHX CHCTEM, THMYacCOBOTO

CXOBHIIA 3aKJIaay OXOPOHH 3[0POB’SI Ta TPUBAIOro 30epiraHHs W aHawidy B
BEJMKOMY 1H()OPMAIIHOMY CXOBHIII 32 MEKaMH 3aKiIaay OXOPOHHU 3I0POB’s.
BusHaueHo 3aBAaHHS PiBHIB, JKUTTEBU LUKI 1 BUMOTH 10 LH(POBHX
MEINYHUX 300pakKeHb, 3aIPOINOHOBAHO CXEMY ITiIrOTOBKH IMX 300paKeHb s
nepenadi Ta 00pOOKU B BENUKHX iHPOPMALIIHHUX CXOBHUILAX.

Kniouosi cnosa: mennuni 306paxenns, DICOM, obpobka i
36epiranms, ['pim.

BBEJEHUE

Pacmmmpsiercst  chepa BHeapeHHS MHPOPMAIMOHHBIX — TEXHOIOTHH B
MIPaKTHYECKOE 3/1paBooXpaHeHre. LleHTpanbHbIi 3Tan TaKuX TEXHOJOTHM HalleJeH
Ha TOJJIEP)KKY AMAarHOCTHYECKOro mpouecca. OJHOM U3 TIaBHBIX aKTyaJbHBIX
3a7a4 MPaKTHIECKOTO 3[PaBOOX PAHEHHUS SIBIISIETCS YCOBEPIICHCTBOBAHUE PabOTHI €
IAGPOBBIME ~ MEIUIIMHCKAMHU — u3o0paxenusmMu  (LIMU).  JImarHoctHueckue
MpUOOPBI U KOMILIEKCH (QOPMHUPYIOT MEAUITUHCKUE H300paKeHU B AIIEKTPOHHOM
BHJE, a JUIS UCIONB30BAHMS HX BpadyaMH-TPaKTHKaMH HEOOXOINMO UX XpaHEHHE,
o0paboTka ¥ aHamm3. brmaromaps pa3BUTHIO WH(GOPMAIMOHHBIX CHCTEM B
HACTOsIIee BpeMs CO3JaHbl W (PYHKIMOHUPYIOT OoibInne WH(OPMAIMOHHBIC
xpanmmma tama [pun wmm «o6mavnerx» XpaHwiuil. OHH TO3BOJSIIOT B CBOEH
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cpeme HE TOJBKO COAEPXKATh MEAUIMHCKHE LU(PPOBBIC H300paKeHUs, HO H
MPOBOIIUTH HX 00paOOTKY U aHAITU3.

B TO e Bpems IIMPOKO HAYald HCIIOIb30BATHCS CIEHATN3UPOBAHHBIC
HH)OPMAIIMOHHBIE ~ CHCTEMbl ~ XPaHCHUSI W apXUBUPOBaHHS  IU(POBBIX
MemumuHCKuX —u3zoopaxkenuit (PACS — amrm.  Picture Archiving and
Communication system). Takue cHCTEMBI MO3BONSIOT XpaHHUTH, 00pabaTHIBATh U
MCIONB30BaTh OTH HWH(POPMAIMOHHBIE OOBEKTHI B MEAUIMHCKHX LENsX.
Hcnonp3oBanue MOAOOHBIX CHCTEM B MPAKTHKE YKPAWHCKOTO 3paBOOXPaHEHHUS
KpalilHEe OrpaHHYCHO. JTO CBSI3aHO C MPOOJEMOW TIepexoma METUIIHHCKIX
YUPSKACHUNA Ha SJIEKTPOHHBIA JIOKYMEHTOOOOPOT, KOTOPBI [0 CHX IOp HE
peann3oBaH.

Heab paboThl — OIMpeieieHHe OCHOBHBIX YCIOBUHM, MOA0OOpP METOMOB U
CPEICTB MOArOTOBKH U Mepeadn MEUIIUHCKUX H300paskeHNH VIS UCIIOIB30BAHMS
B 00bIIMX HH(OPMAIIMOHHBIX XpaHWMInax (Ha npumepe ['pu).

AHAJIN3 CTAIMHA KU3HEHHOTO IHUKJIA IU®POBBIX
MEJIAIMHCKAX N30BPAKEHUI

JuarHocTHuecKui  Mpolecc — CONPOBOXAAETCS  MPOTOKOJIMPOBAHHUEM
pe3ynbTaToB obOciemoBaHus mamueHToB. C Hacrosiiee BpeMs Bce Oodbliee
MpPUMEHEHHE IIONYYaloT DICKTPOHHBIE (OPMBI MEAWIMHCKAX 3almuceid U
JIOKyMEHTOB. JIOCTHTHyTa JOCTATOYHO BBICOKAas CTeleHb (popmamu3amum
MEIUIMHCKAX 3alicell W JOKYMEHTOB, HECYIIUMX HH(DOPMALHIO O pe3yiabTaTax
aHaMHe3a, KIHMHUKO-IIA0OPATOPHBIX HCCICIOBAHMA, aHKSTHPOBAHHS, JTH BHIBI
3JIEKTPOHHBIX MEAULUHCKUX JTOKYMEHTOB LIMPOKO UCIONB3YIOTCs. bombias yactp
pe3ynbTaToB  (PYHKIMOHATHHOW  JWATHOCTHKH  SBILTIOTCS — MEIUIIMHCKAMU
HM300paKEHUSIMH HCCIICIYeMbIX OpPraHOB M TKaHed. MeanIumHCcKre H300paKeHus
KaK OTHENBbHBI BUI MEIUIMHCKUX JOKYMEHTOB HECYT OOIBIIOE KOIUYECTBO
HHPOPMAIIHA O COCTOSHUH HCCIEIYyeMOro IMalieHTa, KoTopas He BCErga MOXET
OBITH UCIIONB30BaHA BPAUOM B ITOTHOM 00BEME.

CoBpemMeHHasi TMarHOCTUYECKas TEXHUKA T03BOJISET MOJIy4YaTh METULIUHCKIE
n300pakeHUs] HE TOJIBKO B aHAJIOTOBOM, HO W B mudpoBoMm (opmarax. Tak kxak
MHOTHE JHAarHOCTUYECKHE IIPOIECCH, OCOOCHHO C IIPHBIICYCHHEM CPEICTB
TENIEMEUIINHCKAX ~ TEXHOJOTHH, OCHOBBIBAIOTCS Ha aHaium3e MU(PPOBBIX
MEIUIMHCKAX W300pakeHUi, s pa3paboTKi HH(POPMAIIMOHHBIX TEXHOJOTUH
IMAaTHOCTUKH HEOOXOAWM aHAIM3 W YYeT OCOOCHHOCTEH JKM3HEHHOTO ITHKIIA
TU(PPOBEIX MEAWIUHCKAX N300paskeHUH. JKU3HEHHBI IUKJI OMHCHIBAET MPOIECC
CO3MaHMs, TIIOCICIOBATEIBHOTO TIPeo0pa3oBaHUsl W NANBHEHIIEro XpaHEHUs
MEIUITMHCKOT0 H300paskeHHUS.

OueBuaHO, 4YTO IM(POBEIE MEAUIIMHCKUE H300PAKEHUS XapaKTePH3YIOTCS
OCHOBHBIMU ~ CBOWCTBaMH, MPHUCYILMMH BCEH COBOKYITHOCTH MEIULUHCKUX
JNOKyMeHTOB. ClejoBaTeNbHO, NPUHLUUINAIBHBIE 3Talbl >KU3HEHHOIO IIHKIIA
MEIUIUHCKAX HW300pakeHUH COOTBETCTBYIOT TAKOBBIM JUIS  MEIUIIMHCKHIX
JOKyMeHTOB. CTpYKTYpHasl OpraHu3alys KU3HEHHOT0 HUKJIa ONpeessieTcs BUIOM
U XapaKTepPUCTHUKAaMU KOHKPETHOI'O AWarHOCTHYECKOro Ipolecca, B KOTOPOM
HCTIONIE3YETCSI aHAIM3UPYEMOe MEIUIIMHCKOE N300 pakeHue.
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Jia pemieHus 3ajad JaHHOTO HUCCIEIOBAaHUS OCYLIECTBIEHO YKPYIHEHHUE
cTaauid sku3HeHHoro Iwkiaa IIMU, ommcanneix B [1], ompeneneHbl cdepsl
WCIONIB30BAHUSL TIPH WHPOpPMATH3ALUH JIedeOHO-THATHOCTUIECKOro Iporecca.
[IpenocraBuM KpaTkoe ONMCaHUE YKPYITHEHHBIX CTAAUN )KU3HEHHOTO [IUKJIA.

1. Co3manme aHAIOroBOro WIH NHGPOBOTO HM300paKEHUS BMECTE C
MUHHMAJIGHO HEOOXOAMMBIMA METAaJaHHBIMH H TIpeoOpa3oBaHHE aHAJIOrOBOTO
n300paskeHus B IU(poBOit popmar.

2. Karanorusauus, CO3l1aHuE MeTalaHHBIX BPYUHYIO W
aBTOMAaTU3UPOBAaHHBIMU METOJaMHU.

3. OOecriedeHne COXpaHEHUST W300paKEHUH C BO3MOXHOCTSIMH OBICTPOTO
JOCTyIA.

4. O6ecnieueHre MOMCKa N300paskeHHsI C HCIOIB30BAaHUEM KIacCH(PHKATOPOB,
MeTa/laHHBIX, TOJTHOTEKCTOBOI'O MJIM JAPYTHX TEXHOJIOTHH MOKMCKAa U BU3yalU3alys
1300 pakeHus U IPOCMOTpa (IO pe3yabTaTaM MOUCKa).

6. [loBTOopHOE HKCHONB30BaHME M CO3JaHUE HOBOM BepcuH  (KOIMUK)
n300pakeHus [UIsT HOBOT'O HCIONB30BaHISL.

8. [IpemocraBnenue moctymna u oOmmas o6paboTKa METONaMU OJHOBPEMEHHON
paboTHI «B peabHOM BPEMEHWY HIH ITOCIEIOBATEIBHO.

9. Ilepenaya, HKCIIOPT M PACHpPOCTpaHEHHWE H300pa)KEHUS B 3aIIUIICHHOM
pexume.

10. XpaneHne: coOXpaHCHHE HEAaKTHBHBIX H300pakeHUH, Oe3omacHoe
VHUUYTOKCHUE H300paKCHUH, U1 KOTOPBIX 3aKOHYMIICS COTJIACOBAHHBIA CPOK
XpaHeHus, 00CCIeUCHNEe UINTENBFHOTO XPAaHEHHUS W JOCTYITHOCTH H300paKeHUH
0ecCpOYHOH IEHHOCTH.

CoctaB 1 MOCIIEA0BAaTENIBHOCTh CTAANN 1 3TAaNOB >KU3HEHHOro nukina [IMU, a
TaKKe MOJENb JKU3HEHHOTO LHUKIA MOXET MEHAThCS B 3aBUCUMOCTH OT
TEXHOJOTHYECKUX MPOLECCOB M OCOOCHHOCTEH MOKYMEHTO00OpOTa, B KOTOPOM
[IMU 3anelicTBOBaHbI, OT IIeNiell M 3amad JOKyMEHTOO0OOpOTa, OT Ha3HAYCHHS,
HeHHocTH W coctaBa L[[MM W CBA3aHHBIX JOKYMEHTOB, OT KOJHMYECTBa
nonp3oBaTenelt [IMU, oT opraHM3alMOHHOTO U TEXHOJIOTHYECKOr0 OOCCIeUeHUs
JOKyMEHTO000pOTa U OT APYTUX (HaKTOPOB.

[IpenocraBisieMble TEXHONOTMYECKUE U METOAOJIIOTUYECKHE XapaKTEPUCTUKHI
OCHOBHBIX TpEOOBaHMHA K JKA3HEHHOMY LHUKIY LU(QPOBBEIX MEIUIHHCKIX
n300pakeHUH B KaXKIOM KOHKPETHOM CIy4ae X MCIIONB30BAHUS 00CCICUMBAIOTCS
OpraHU3alOHHO-TEXHUYECKON u uH(pOpMAITHOHHON MOIEPIKKON
3aeliCTBOBaHHEIX cTaanii. Hamo momdepkHyTh HEOOXOIMMOCTH OOECIeUeHUs
HHPOPMAIIIOHHOA HETPEePHIBHOCTA TIEPEXOMOB MEXKIy CTaIusMH COTJIACHO
XKU3HEHHOMY IIMKIIy Ha TEXHOJIOTMYECKOM, METOAO0JIOTHYECKOM, OpraHU3alliOHHO-
TEXHUYECKOM YPOBHSX.

OINIPEJAEJIEHUE TPEBOBAHHUI K OU®POBBIM
MEJUINMHCKUM U30BPAKEHUAM

Jid ucnonbp3oBaHMsST B TMATHOCTUYECKOM IIPOLECCE KaKI0€ MEAULIMHCKOE
n300pakeHUe OMONHSACTCS COMPOBOIMTENbHON WH(popMarmend. Comepkanue u
CTPYKTypa 3TOH WH(POPMAIMH OIPEAEIICTCS MPOLEAYPOH IMATHOCTHIECKOTO
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WCCIIEZIOBaHUA, OIHAKO HE BCEerga MMeeTcs IIOJIHOTAa CONPOBOAUTENILHON
HH(pOpMAITHCH.
O6o06mennas crpykrypa LIMU npuBenena na puc. 1

( Lndposoe meanLmMHCKoe nsobpaxeHue \

( MeTagaHHbIe \ ( \

JaHHble 0 nauneHTe
\ J Cragmu

KU3HEHHOTO

[aHHble 06 uccnegoBaHMK
UMKNa UMdpoBbIX

MeANLUHCKMX

[aHHble 0 cepum n3obpaxeHnit

JaHHble 06 M3obpareHuu

S A

Puc 1. O600mieHHas cTpykTypa komiuiekca [IMU-merananubie

BrlienieHb! crienyroine oCHOBHBIE ocobeHHocTr [IMU:

— uH(popManus OTIHENBHO B3ATOTO MEAWUIIMHCKOTO H300paKCHUS HOCUT
HEOIPENIeIEHHBI  XapaKTep, [IWarHOCTUYecKass IIEHHOCTh JIOCTUTAaeTcs MpU
ucnonp3oBanue [{MH B kOMILTIEKCE C METaTAHHBIMU;

— OOJIBIION pa3Mep | CIIOXKHAs CTPYKTypa Komruiekca [IMIM-MeTanannble;

— 3aBUCUMOCTh XapakTepuctuk [IMUM or ux mnpoucxoxneHus (BuA
JUarHOCTUYECKOTO  HCCIIEJOBAaHMS W IpOrpaMMHO-allapaTHble — CpelCTBa,
(dopMupyromue TUPpPOBEIC METUITHHCKIE N300pasKEHII).

Ha ocHOBe 3TMX oOcOOeHHOCTEH ompeneneHsl TpeOOBaHHS K HH(POBBEIM
MEIUITUHCKAM H300paKEeHUSIM:

— Heo0XoauMOoCTh (opMupoBaHms KoMminiekca [[MI-merananusle;

— npencrasnenune [IMU B DICOM ¢opmare;

— 00s13aTeNbHBIN YUeT BceX ITANOB )KU3HEHHOTO ITHKIIA.

Ot TpeOOBaHUS SBISTOTCS 0a30BHIMH W OOECICYMBAIOT BO3MOXKHOCTH
COXpaHEHHUs U Iepelaud CTPYKTypupoBaHHOro komiuiekca [IMU-meranannele, a
TaKke ympasieHue aocrynoM kK [IMU pasnuyHbIX monb3oBaTeliedl M3 pa3HBIX
cucteM. Jlns moBbIIIeHUss ypoBHsS Oe3zommbo4yHoN pabGotel ¢ IIMU cnemyer
MPOBOANTH (DUKCHPOBAaHWE B XypHalle ACHCTBHU IMOJb30BaTelel mpu pabore ¢
n300pakeHHeM C yKa3aHWeM BpPEMEHH H JaHHBIX HCIONB30BAHUS, UYTO
o0ecrieunBaeT COXpaHEHHWE WCTOPHM W3MEHEHWH KONMH H300pa)keHus B
KU3HEHHOM LIUKIIE.
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ITOATOTOBKA ¥ TEPEJAYA ILU®POBBIX MEJIUIMHCKUX H30BPAKEHUI B
CPERY I'PUJ

Ananu3 mequiuHcknx DICOM-u300paskeHUi BHIIOTHSACTCS MPH MTOCTAHOBKE
JarHo3a B TIIpOLECCe OKa3aHWs MEAUWLUUHCKOM TIOMOLIM B YUYPEXKIECHUAX
3npaBooxpaneHus (Y3) 1 B Hay4YHO-UCCIIEN0BATENbCKUX 3a1auax B ['pua.

Memnmuackoe DICOM-n3o0paskeHne, COrjaacHO CTaHIApTy, MPEACTaBIACTCS
HK3EMILTIPOM Kilacca, Ha3bIBaeMoro «mapa cepBuc-o0sekm» (SOP). SOP, B cBoro
odepeIb, CONEPIKUT OJOKU JTaHHBIX [2]:

1) manueHT — MeTaganHble, HACHTHOUIMPYIOINE KOHKPETHOTO TAIeHTa;

2) uccienoBaHne — MeETalaHHBIE, WACHTHQUIMPYIOMIKHE Bpada, BpeMs
HCCIIEZIOBAHUS, €T0 IapaMeTpPhL;

3) cepus — MeTa/laHHbIE, UICHTH(QUITUPYIOIIHE MOJIAIbHOCTb,
00opymoBaHMe, TPOU3BOAUTEIS, OPraHU3AIIHIO;

4) m3o00pakeHne — MeTaJaHHbIe, SBILIONIUECS ITU(PPOBBIM OIHCAHUEM
COICPIKUMOr0 M300paKeHHU: THM (3TO MOXKET OBITh KapTWHKA WA MHOXKECTBO
KaJIpoB BHJIE03AIIHCH ), XpaHEeHue, MUKCEIIH, B3aMMOPACIOJIOKEHHE,

BOCITPOHM3BEICHNE, KaIphl, KOHQUTypanus, (HoToMETpHIecKass MHTEPIpETalus U
T.J.

Takum oOpazom, B ¢aiimax DICOM opHOBpeMeHHO comepXkarcs U
HETOCPENCTBEHHO HM300pa)KCHUs, W NONONHUTENbHAs HH(POPMAIHI O IAaIHeHTe,
KOTOpOMY TaKoe WCCIeNOBaHHE MPOBOAWIOCE. MH(popMamus o MmamueHTe u
HCCIIETIOBAaHUH HE MOXKET OBITH OTZIENIEHa OT CaMOT'0 N300 paskeHII.

Hdns  pemeHuss psaga 3agad  HEOOXOOWMO  OCYIIECTBIATH — Iepenady
MEIUIIMHCKAX N300pakKeHUH, KOTOPBIE CO3MAIOTCA B MPOIECCe IMATHOCTUKU B
OTHOM MEIUIMHCKOM YUPEeKICHHH, B APYroe MEIUIMHCKOE YUpEKACHHUE IS
MPOBEICHNST KOHCYNbTALWH, (HOPMHUPOBAHUS IOMOTHHUTENBHBIX 3aKIIOUCHUA U
IpYTHX BHIOB IEATENBHOCTH. Pa3paboTka CpeicTB MOATOTOBKH M Mepenadn
MEIUIIMHCKAX M300paKeHUH ISl MCIIONB30BAaHUSA B OONBIINX HH(OPMAIOHHBIX
XpaHWIHIIAX 0a3upyercs Ha MPETIOKEHHOH TPeXypOBHEBOH CHCTEME XpaHCHHS,
mepenadn U 00pabOTKH MEIUIUHCKUX M300paKeHuH, cocrosmel u3 I ypoBHI —
(dbopMupoBaHUS W300paKEHUH C WCIOIH30BAaHUEM JIedeOHO-THATHOCTHYECKUX
cucrem Y3, Il ypoBHS — BPEeMEHHOTO XpaHSHHS MEIUIMHCKIX H300pakeHU Y3
u Il ypoBHS — qONTOCPOYHOrO XpaHEHHS U aHAIN3a MEIUINHCKUX H300paKeHNH
B cpene ['pun (puc. 2).

3amaya | ypoBHS HalelleHa Ha OCYLLECTBIEHHWE MPOLECCOB OKa3aHUs
MEIUIIMHCKON rmoMoIH Y3 — 3T0 pOpMUpOBaHHE PA3HOPOIHBIX (B YACTHOCTH, 110
croco0y  TONyYeHHs W HA3HAUCHWIO)  MENWIMHCKUX  M300pakeHH,
XapaKTEePU3YIOIUXCS TIPENCTaBICHUEM H300paxxeHnuss B U(poBoM (opmare,
HAJIMYMEM METAaHHBIX O TMAIMCHTe-UCTOYHUKE W METAJaHHBIX 00 YCIOBHUSIX
moiydeHuss wn3o0paxkeHus. Kak yka3aHo BhIIe, MEKIyHAPONHBIH CTaHAAPT
MPEACTaBICHUS  ATUX  MENUIMHCKAX  HM300paXeHWH ¢  MeTaJaHHBIMU
(permamenTHpoBaHHBIM HabopoM TeroB) — DICOM 3.0.

3amaun Il ypoBHS — BpeMEHHOrO XpaHWJIHINA METUIMHCKUX HW300parkeHuit
Y3 — opranmu3anus MONyYeHUS U YHIOPSIOYNBaHUS MEIUIMHCKIX H300paKeHuH
¢dopmata DICOM ¢ pasnuyHBIX OUATHOCTUYECKUX IIPHOOPOB, OpPraHU3ALUs
JOCTylla  MOJb30BaTeNed  KOPIOpaTUBHOM  KOMIIBIOTEpHOHM ceth Y3 K
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HM300pakEHUAM JUIS MHOTOKPATHOTO HCIONb30BaHHsS B IIporecce JieueOHO-
JIUATHOCTUYECKOTO OOCITYy)KABAaHUS TMAIlMeHTa, IOATOTOBKA HW300paKEeHUH s
nepengauu B ['pu.

n
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Puc. 2. Cxema TpexypOBHEBOI CHCTEMbI XpaHEHHs, lTepeaddl i 00paOOTKH MEJUIIMHCKIX
M300paKEHUH TS CTATUCTUYECKUX HCClieioBanuii B cpene [pus.

3amaum Il ypoHs (I'pua-cucteMbl) B JaHHOM CIlydae 3aKIIOYalOTCS B
OpraHU3aIuu:

1) monmy4yeHust OONBIIUX 00BEMOB Pa3HOPOIAHBIX MEAMIIMHCKUX H300paKeHUI
U3 pa3InyHbIX Y3,

2) XpaHEHHS U aHAIIN3a dTHX H300paKeHUH,

3) IOATOTOBKM W Tepedayn W300pakeHH B Y3 U1 HCHONB30BAHUS B
neqe0HO-TNarHOCTHYECKOM TPOIIecCe MPH IMOCTEIYIOMNX 00OpamIeHUIX MalueHTa.

[Ipu 3TOM HOMKHO COOMIOAATHCS OCHOBHOE YCIOBHE HCIIONB30BaHUS [ 'pui-
TEXHOJNOTMH  INs  pemIeHWs  MEOUIMHCKUX  3amad —  oDecreucHue
KOH(HUICHINATFHOCTH MEIUIIMHCKONH WH(OpMANUU TpH BBIXOIEC €€ 3a IMPEAeibl
VY3, 3amuTa mepcoHaNbHBIX TaHHBIX.

B 3amaHHBIX YCIOBHSX MONrOTOBKAa W Iepedada B [pum MeAUITMHCKHX
H300paskeHUH, COCTOSIMUX U3 COOCTBEHHO M300paXkeHHs B MUGPOBOM (hopMaTe H
MeETaJaHHBIX, CBOAUTCS K CIICAYIOIINM JCHCTBHSIM:
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1) ymopsimounBaHUIO METaTaHHBIX N300pasKeHHH, OTyJaeMbIX Ha pa3InIHbIX
nedeOHO-TNAaTHOCTHYECKUX cCHCTeMaX Y3 B COOTBETCTBHH co cranaaproM DICOM
3.0;

2) mepenade MEOUIUHCKIX m300pakennit popmata DICOM 3.0 B xpaHmITHIIE
V3;

3) yHOpsSIIOYMBaHUIO METATaHHBIX O MAIUCHTAX-MCTOYHHUKAX M300pakeHUH B
COOTBETCTBUU C KapTOTeKoH u/min 6a3oi nanubiX (b/l) mammenToB Y3;

4) popMupoBaHnto HAOOPa METUITMHCKUX H300paKeHH (C UCTEKIIIM CPOKOM
BPEMEHHOr0 XpaHeHus B Y 3) ais nepenauu B ['pu;

5) BEINONHEHHIO JAeNepcOHn(UKAIMH H300paKeHUH, MperHa3HauYeHHBIX IS
nepenayu B I'pu, — npouenypsl, B KOTOPYIO BXOIUT:

a) popMupoBanne 3amemaromero wuaeHTHQuUKatopa (ID) mammenta B
MeTaJaHHBIX N300pakeHNS;

0) coxpaHeHHE HICHTUPUIUPYIONINX MAIEHTa METaTaHHbIX U300paKeHUS U
3ameniaromero ID narnmenTa B B/ aenepconndukanuy;

B) yJaJleHue B MEIULIMHCKOM U300 pakeHuH METa/IaHHBIX,
UICHTHQUITUPYIOMINX MAIHEHTa;

6) BRIKITAIBIBAHAC JIETICPCOHU(DUIIMPOBAHHBIX HM300paKCHUH B KaTalor —
Oydep oOMeHa MEXIY XpaHIITHIIEM Y3 1 XpanwimiieM [ pu;

7) mepenaya nenepcoHUPUIIPOBAHHBIX N300pakeHIH B XpaHwute [ pu.

Takum 00pa3oM, CHCTEMaMH IIEPBOTO YPOBHS SIBIISIETCS AMATHOCTHYECKAS
anmapaTypa [Uld [pPOBEACHUS PAa3JIMYHBIX JTUATHOCTUYECKUX HCCIEeNOBaHUN

(cormacao DICOM  — Bcero 35 BumoB  wmopmambHOCTEH):  Y3U,
(darooporpauieckue CHCTEMBI, PEHTICHOBCKUE, sHpockonmnyeckue, KT, MPT,
aHrrorpaduyeckie MW T.O0. ITH CHCTEMbl — HCTOYHHKH MEIUIIUHCKUX

n300pakeHui, KOTOpBIe JOIKHBI OBITH mpHBeneHbl K cranmaprty DICOM 3.0 c
KOPPEKTHO TMPEACTaBICHHbBIMU METAaJaHHBIMU. B HEKOTOpBIX CcHCTeMax Mpu
HaJJIeKAIeW OpraHu3aliy pabOTHl OMEepaTOpPOB dSTa 3alJada  BBITONHICTCS
aBTOMAaTHYeCKH, B JPYTUX — JUI1 ©¢ BBIIOJNHEHUS TpeOyeTcs pa3paboTka
OpPraHU3alMOHHO-TEXHUYECKUX U MPOrPaMMHBIX CPEICTB.

Opranu3zanusi CUCTEMBI IOJTOCPOYHOr0 XpaHWIUIA U aHAJTM3a MEJULIMHCKUX
n3o0paxkeHUl Ha ocHOBe ['pun TpeOyer 3HAUUTENBHOTO O0beMa MaMSTH
3allOMUHAIONINX  YCTPOMCTB,  OONBIIMX  BBIYMCIUTENBHBIX  MOIIHOCTEH,
opranuzanuu DICOM-cepBepa ¢ COOTBETCTBYIOMIECH MPOITYCKHOM COCOOHOCTBIO,
a Takke Tmoadopa METOAOB M pa3pabOTKH CpEACTB OOpabOTKH W aHaIH3a
MEMIIMHCKAX N300paskeHui [3].

[lo pe3ymbTaTaM MPOBENCHHOTO aHANH3a CUCTEM OOpabOTKH MEIWIUHCKHUX
n300paKeHU BBIABIEHO YTO, IS OpPraHW3alUU pPabOTHI BTOPOTO YPOBHS B
HAaCTOsIIee BpEMs peajM3yeTcsl THUIIOBOE DPEIICHHWE XPaHEHUS U apXUBUPOBAHUS
IU(PPOBEIX MEIUIMHCKAX N300pakeHUH Ha ocHOBe cucteM PACS, mo3Bomisronix
XpaHUTh MEOULNHHCKHE W300pakKeHHs, VYIPaBIATh JOCTYIOM K  HHM,
BH3YalIN3UPOBATh WX, a TAKXKE PEIaKTHPOBATH METaJaHHBIE 1 OOMEHUBATHCS UMH C
JPYTUMHU CUCTEMaMH.
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BBIBOBI

Boiienennble yKpyNHEHHBIE CTAaOUM JKM3HEHHOTO IMKJIA MEIUIMHCKUX
n300pakeHU# SBIAIOTCS 0a30BBIMH, COCTaB M IIOCIENOBATEIBFHOCTH CTaAWi
xu3HeHHoro 1ukia [IMU, a takxke MOA€eNb )KU3HEHHOTO LIUKJIA MOXKET MEHSATHCS B
3aBUCHUMOCTH oT TEXHOJIOTMYECKUX MIPOLIECCOB u 0COOCHHOCTEH
JOKYMEHTO000poTa, B KoTopoM 1IMMU 3anmeiicTBOBaHBI.

Ha ocHOBe 3TMX oOCcOOEHHOCTEH ompeneneHsl TpeOOBaHHS K LH(POBEIM
MEIUITUHCKAM H300paKEeHUSIM:

— Heo0XoauMOoCTh (opMupoBaHms KoMminiekca [[MI-merananuble;

— npencrasnenune [IMU B DICOM ¢opmare;

— 00s13aTeNbHBIN YUeT BceX ITANOB )KU3HEHHOTO ITHKIIA.

[NoaroroBka MeANIMHCKHUX W300paxxeHUH K 00padotke B cpene ['pun cocTout
U3 JBYX MPOLIECCOB:

— OpraHm3amsl IPOrPaMMHO-TEXHHYECKOW CHUCTEMBI OOMEHa  ATHMH
H300paKEHUSIMA B JIeUeOHO-TIPOQUIAKTHICCKOM ~ YIPSKICHUU U Iepenadu
n300pakenui B ['pu;

— TIpenBapuTeNIbHas 00paboTka MEIUIIMHCKIX H300paKCHUH.

[Ipemioxxennas TpPEeXypOBHEBAs cxema obMeHa MEIULUHCKUMHI
M300paKEHUSIMH ~ TIO3BOJSIET  YIIOPSAJOYMBATH  MENUIIMHCKYI0  HH(OPMAIHIO
n300paKeHU# sl WCIONB30BaHHUA B JICUeOHO-THATHOCTHYECKOM IIporecce, a
TakXke IepenaBaTh IeNepCOHN(YUIIMPOBAHHBIC MEAUIIMHCKIE N300pakeHus B [ pun
VIS JOJICOCPOYHOT O XPaHEHHUS U aHaIN3a B HAyYHO-MCCIIEIOBATENbCKUX 1IeIIsX.
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MOJIEJIJMPOBAHUE CKPBITBIX ®PATMEHTOB
MOJSAPOTPAOUYECKOM

XPOHOIIOTEHIIMOTI PAMMBI THBEPCHH JIBYX
TSXKEJBIX METAJIJIOB

A.J. TatapuHoB

MestcOyHapoOHbLil HAYUHO-YHeOHbLI UeHMP UHPOPMAYUOHHBIX N EXHON02UT
u cucmem HAH Ykpaunst u MOH Ykpaunut

PaccMarpuBaloTCst BONPOCH, CBSI3aHHBIC C MOJICITMPOBAHUEM
CKPBITBIX (PParMEHTOB KPUBBIX MHTEHCHBHOCTH MHBEPCHUH TSDKEIIBIX METAJJIOB.
Pazpaboran anroputm npuOIMKEHHOTO MOICIUPOBAHUS CKPBITHIX ()parMeHTOB
MHBEPCUOHHO-XPOHOIIOTECHIIMOMETPHYECKOr0 nporecca COBMECTHOTO
U3MEPEHUsI MAacCOBOM KOHLCHTPALMU JIBYX TSDKENIBIX METAJIOB, KOTOPBIii
MO3BOJISIET ~ OCYIIECTBUTh  NPUONMKEHHOE  pa3jieJieHHe HMX  MaccoBOM
KOHLICHTPALIH.

Knrwuesvie cnosa: mnonsporpadusa, mnomaporpaduyueckas
XPOHOIIOTEHIIMOTPAMMa, MOJICIIMPOBAHUE, CKPBITBIH (DparMeHT, TsKeJblit
MeTall.

Po3rissHyro  muTaHHS, NOB'I3aHI 3 MOJEJNIIOBAHHAM
MPUXOBaHKUX (PparMeHTiB KPHUBUX IHTEHCHBHOCTI iHBEpCii BaXKKUX METAIIB.
Po3po0iieHo anroputM HaOMIKEHOr0 MOJCIIOBAHHS MMPUXOBaHHUX (pparmMeHTIB
iHBEPCIHHO-XPOHOMOTEHIIIOMETPUYHOIO MPOIECY CIIUILHOTO BHMiPIOBAHHS
MacoBOi KOHIIEHTpAIl ABOX BAaXXKKHX METaliB, SKHW 03BOJSIE 3[iHCHUTH
HaOJIMKEHe PO3/IIICHHS iIXHBOT MACOBOI KOHIIEHTPAILLII.

Kniouosi cnosa: nonsiporpadis, nonsiporpadiuna
XPOHOIOTEHILIIOrpamMa, MOJETIOBAHHS, IPUXOBaHUH (parMeHT, BaKKuil MeTal.

BBEJEHUE

[Iporpeccupyromuii mporecc 3arps3HEHHsI OKPYXKAroIIed Cpelbl TSHKEITBIMHU
METaJJITaMH TIaryOHO BJIMSET Ha COCTOSHHE BOJbI, IIOYBBI, BO3IyXa, W,
CJIeJIOBATENBHO, Ha 3JI0POBBE JIFOJIEH, CITOCOOCTBYSI ieMorpaduuecKoMy IeQHUIUTY.
[TosToMy W3MepeHHe MacCOBOW KOHIICHTPALMK TSKEJIBIX METAUIOB B O0OBEKTaX
OKpY’)KaIoIel cpelbl MpeACTaBlseT CO0OH akTyalnbHYI0 3amady. B Hacrosmee
BpeMsl IIMPOKOE PACHPOCTPaHECHUE TOAYYHIN MONAporpaduyeckue METOIbI
WHBEPCUOHHOW BOJILTAMIICPOMETPUHA M WHBEPCHOHHOW XPOHOMOTEHI[HOMETPHH.
B #X OCHOBE JIGKHUT 3JIEKTPOXUMHICCKOE HAKOILICHHE HOHOB TSHKEIBIX METaJIJIOB
Ha WU3MEPUTEIIEHOM 3JICKTPOJIC TPH HCCICIOBAaHUM JKHUIKOH MpOObI BEIECTBa, a
3aTeM (pUKcalis 3HaYCHWH TOKa (BOJHTAMIICPOMETPHS) WU 3HAUYCHUN BPEMEHH
(XpOHOITOTEHITMOMETPHS) TIPH M3MEHEHUH IMOTCHIMAIa HHBEPCUU (PacTBOPEHUS).
BonbramnepoMeTpusi W XPOHOIOTCHIIMOMETPHS  IMO3BOJIAIOT  ONPEACIATH
MHUHUMAJIBHYIO KOHIIEHTpAI[MI0 JJIEMEHTa B JKUIKOM pacTBOpPE Ha YpOBHE
10°-10™" MI/KI, YTO BIIOJHE IOCTAaTOYHO I OIICHKH KadecTBa BOILI HIKE
YPOBHS TIPEACIbHO JOMYCTUMBbIX KoHmeHTpanud (ITJK) Tsokenslx MeTaiios.
[IpuMeHsieMble METOIBI HHBEPCHOHHON XPOHOIOTSHIIMOMETPHH 33 CUET OOJBITUX
3HAYCHHWIA COMPOTUBJICHHUS B OKHCIUTEIHHOH IIEMH HMMEIOT 0o0jiee BBICOKYIO
3aIUINEHHOCTh OT MTOMEX, MPAKTHUECKH HE YYBCTBHUTEIBHBI K eMKOCTHBIM TOKaM,
YTO TO3BOJISET 3HAYUTEIBHO YIMPOCTHTh KOHCTPYKIUIO MPHOOpa W HCIOIL30BATh
pa3MYHbBIC MO MaTepHallaM HW3MEPUTENIbHBIC 3JIeKTpoAbl. [l KOHIIEHTpamuu
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TSOKEITBIX METAJUIOB B aHaIM3UpyeMod mnpobe He Hmke 0,001 Mr/am’ u MK
KoTopsIX He Hivke 0,001 MI/aM’ MOTpEelIHOCTb e¢ ONpE/IeNCHHs, CBS3aHHYIO C
MEPEKPBITUEM CKPBITBIX ()ParMEHTOB KPHBBIX HHTCHCUBHOCTH WHBEPCHH JIBYX
TSKENBIX METajIOB, MOKHO He y4yuTbiBaTh. OIHAKO B TOM cCllydae, Korza Hux
KOHIICHTPAIIMK B aHau3upyeMoit mpode Huxke 0,001 Mr/aM’ Wi ITJIK xotopserx
ke 0,001 wmr/om’ (manmpumep, PpTYTh), HEAOMYCTHMO BBINIEYKa3aHHYIO
MOTPEUIHOCTh BHOCUTH B METOX ONpeAelieHus KOHUeHTpauuu. I[lostomy
HEOOXOINMO YIAalUTh WM HAa TMOPSOOK yYMEHBIIUTHh TAKYIO IOTPEIIHOCTH. DTO
MOXHO CHENaTh IIyTeM MOJEIHPOBAHUS CKPBITBHIX (ParMeHTOB KPHUBBIX
WHTEHCUBHOCTH HWHBEPCHUU TSDKENBIX MeTayioB. B naHHOW craThbe aBTOp
MPOJOIDKAET paccMaTpuBaTh 3a/jady, CBS3aHHYIO C MOJEIMPOBAHUEM KpPUBBIX
WHTEHCUBHOCTH HMHBEPCHUU TSKENBIX METAJJIOB B AJIEKTPOXMMHUYECKOH sueike,
TEOPETUUYECKOE pelIieHne KoTopod mnpuBeneHo B [1, 2]. s sroit memn
HCIIONIE30BAJIC METOIl, CBSI3aHHBIM C aHANM30M TpadukoB IudQepeHInaTbHBIX
XpoHonoTeHorpamm [1, 3], miomaap mojx KOTOPeIMU MPSIMO MPOIOPLUOHATIbHA
KOHIIEHTPALMK TOT'O MJIM MHOTO TSAXKEJIOro MeTaia.

B [2] paccmaTpmBamock TeopeTHUecKoe OOOCHOBaHWE HamOollee MPOCTOTO
criocoba MOJETUPOBAHUS WHBEPCHOHHO-XPOHOIIOTEHIIMOMETPUIECKOTO IIpoIiecca
M3MEPEHHUs] MacCOBOM KOHIIEHTpAaLMU ABYX TSKEIbIX MeTaioB. Ilpu aTom cymma
Iomaaeii, BBUKCIAEMAs IIyTeM MpUONIDKEHHOTO HWHTETPUPOBAHUS — ITOJ
MOJTy4yaeMbIMU MOJIEJIbHBIMH KPHUBBIMH, COOTBETCTBYIOLIMMH y4acCTKy COBMECTHON
WHBEPCHU JIBYX METAIUIOB, HE BCETIa Hake MPHUOMMKEHHO paBHA IUIOMIANN ITOJ
KPHUBOH WX WHTCHCUBHOCTH HHBEPCHH, KOTOPAas ObLIIa BEIYMCICHA TEM )K€ ITyTEM I10
HUCXOIHBIM JI@aHHBIM JJIsi TOro JKe ydacTka. JlJii NONy4eHus NpaKTUYeCKU
3HAYUMBIX PE3yNBTaTOB TpeOyeTcs pa3padoTaTh ajIrOpUTM MOJAETHPOBAHHS,
KOTOpBIE Oynmer oOecreunBaTh PABEHCTBO IUIOMIAMM TOA HCXOJHOH KPHBOM
WHTEHCUBHOCTH WMHBEPCUU CyMME IUIoUIafed 1OoJ MOJENbHBIMU KpPUBBIMU JUIS
y4acTKa COBMECTHOM MHBEPCHHM JBYX MeETaUioB. [IMEHHO Takoil ciy4ail
MOJISJIMPOBAHUs Ipollecca COBMECTHOTO M3MEpPEHHs] MacCOBOM KOHLIEHTpaLH
IBYX TSDKEIBIX METAJUIOB PACCMOTPEH B HACTOsIIEH paboTe.

W3MeHeHne MHTEHCUBHOCTH MHBEPCHM JIBYX TSDKEJIBIX METAJUIOB: PTYTH M
MBIILIbAKA, JMANa30Hbl IOTEHUMAJIOB HHBEPCHUHU KOTOPBHIX IEPEKPhIBAIOTCH,
OIpeeTIeHO TI0 (hopMyIie:

dt
d_(P_fu((P):

rae ¢ — BPEMs MHBEPCHH, (0 — IMOTCHIMAJ HHBECPCHUH.

IIOCTAHOBKA 3AJIAYHA

U3BectHa KpuBas WHTEHCUBHOCTM HWHBEPCHU IBYX TSDKEIBIX METAJUIOB,
colepKamuxcs B mpo0e, OUama3oHbBl IMOTEHIMAIOB WHBEPCHH  KOTOPBIX
nmepekpeiBaroTcs. Tpebyercss pa3paboTaTh aNrOpUTM MOIETHPOBAHUS CKPBITBIX
(parMeHTOB KpMBOW MHTEHCHBHOCTH MHBepcHu. Ha puc. 1 ycnoBHO mpencraBieHa
CIUIOILIHOM JIMHUEH XapaKTepHas KpUBasi MHTEHCUBHOCTH MHBEPCUU JIBYX TSIKENbIX
METAJIJIOB: PTYTU U MBIIIbsIKA.
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He.]ILIO HCCJICJ0BAHUA SBIIICTCA pa3pa60TKa MOZICIN, KOTOpas MO3BOJIACT
0oJjee TOYHO OMpEACINTb KOHICHTPAINIO KaKAO0I'0 TSKEJIOro METajljia B r[p06e.

PEIIEHUME 3AIAYA

OmnpeneneHre KOHIEHTPALNH TSHKEBIX METAJUIOB, IPUCYTCTBYIOMIHNX B IPo0e,
IIMANa30Hbl MMOTEHIIMATIOB WHBEPCHU KOTOPBHIX IIEPEKPBIBAIOTCS, CTaHOBUTCS
BO3MOXXHBIM C IIOMOIIBIO MOJETBHBIX KPHBBIX HHTCHCHBHOCTH WHBEPCHU [UIS
Ka)XIIOT0 TsDKEJIoro Merayia. Takue MOIebHBIC KPHBBIE MOTYT OBITh ITOMTyYCHEI Ha
OCHOBE CJIEIYIONTUX JIOMYIICHUH U MpeArnonoxenui (puc. 1).

Honywenue 1. llepekpblTHe IHWANa30HOB IOTCHIIMAJIOB WHBEPCHH JIBYX
TSDKENBIX METAJIOB HE H3MEHSET XapaKTep IMPOIECCOB HHBEPCHH KaXKAOTO U3 HUX,
HECMOTPS Ha TO YTO 3TH IPOIECCH HAKIAIBIBAIOTCS APYT Ha JpyTa.

Lonywenue 2. CMelieHrne IBYX KOHLIOB Ka)KIOW KPUBOMl OTHOCHUTENIBHO OCH
OpIMHAT IOJAraeTcs OJMHAKOBBIM.

dt

J/:dq)

Puc. 1. KpuBast ”HTEHCUBHOCTH COBMECTHOIN MHBEPCHH JBYX TSXKEIBIX METAJUIOB: PTYTH U
MBIIIBSIKA

KpI/IBaﬂ MHTEHCHUBHOCTHA COBMECTHOM HWHBEPCUHU IOBYX TSDKCIIBIX MCTAJIOB:

PTyTH U MblmbsKa (puc. 1) — u300paxkeHa c mpeneIaMu UHBEPCUH [Q 1, Pp1] 1
(042, Ppy] A IEPBOTO U BTOPOTO METAILIOB COOTBETCTBEHHO. IloTeHnuanst ¢,
U (p] COOTBETCTBYIOT ITOTEHIMAJaM Hadyaja M OKOHYAHHS IIPOIECCa MHBEPCHUHU

IEpBOro MeTajjia, a MOTCHUHUATIBI @ ,» U (Ppo MNOTCHIHAJIAM Hadajla U OKOHYaHUS

nponecCa MHBCPCUHU BTOPOro MeTauia. Ha puc. 1 mo ocsam a6C]_II/ICC IIOKa3aHbI
3Ha4YC€HU MOTCHIHAaJIa HWHBEPCMU (P, a MO O0CAM OpAUHAT — 3HAYCHUA

dt .
HMHTCHCUBHOCTH HWHBEPCHU ) Zd—. Ha KpUBOM HWHTCHCUBHOCTH €CTb [Ba
¢

MaKCuMymMma. HpI/I MOTCHIIMAJIE MHBEPCUU (P AOCTHUTACTCSA 3HAYUCHHUE IIEPBOI'O
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MaKCuMyMa KpHBOfI WHTCHCUBHOCTH HWHBCPCHU H, 1> 4YTO COOTBCTCTBYCT
MaKCHMAaJIbHONU HWHBCPCUH IIEPBOTO MCTAJUIA B Hp06y. AHanoruuHo AJIsL BTOpOro
MCTaJUIa MAKCUMYM 3HAYCHUS KpHBOfI HHTCHCHBHOCTH WHBEPCUN H 2 AOCTHUTACTCs

Ipu IHOTEHLUale HHBEpCHH @, . CormacHo puc. 1 ananma3oHsl HNOTEHLIUANIOB
WHBEPCUU METAJJIOB NEPEKPHIBAIOTCS HA YYaCTKE WX COBMECTHOW HHBEPCHUU
(@42, Pp1], 9TO cooTBETCTBYET TOUKaM | M 2 Ha rpaduke KpUBOH MHTCHCHBHOCTH

HHBEPCHU.

[onaraem, 4To TPOIOMKEHUEM KPHBOH HWHTEHCHBHOCTH WHBEPCHHU IIEPBOTO
MeTayuia (CIDIOMIHAS JIMHUS A0 TOYKH 1) OyHeT DKCTpamoiupyromas IpsMas,
o0o3HaUYeHHas MyHKTUPHOH JTHHUEH y,1(¢). [lomaraem Taxke, 9T0 IpOIOIKEHHEM
KPHUBOH WHTCHCHBHOCTH HHBEPCHH BTOPOTO MeTaia (ITyHKTHPHAS JIUHUS IO TOUKH
2) OymeT OSKCTpamoNHpyIoIlas WCXOAHYI0O KpHBYIO KpHBas, OOO3HauCHHAs
MyHKTUPHOH JMHUEH .,(¢). [Ipn 3TOM mpomorkeHHEM KpHUBOW WHTCHCHBHOCTH
WHBEpCHU BTOPOr0 MeTauta (IMyHKTHpPHAs JHHUS OT TOYkd 3) Oyzmer
HKCTPAIIONHPYIOIast KPUBYIO TpsiMasi, 0003HAUYCHHAS] TyHKTHPHON JTHHHUEH V,3(().
3ameTriM, YTO B TpoOE TMPHCYTCTBYET W TPETHH MeTamn (ero Kpusas
WHTCHCHUBHOCTH WHBEPCHHU PACIIONAraeTcs 3a TOYKOW 3), MUara3oH ITOTEHIMAJoB
HWHBEPCHU KOTOPOTO HESICEH.

Taxum 00pa3oM, JIsi BUAUMBIX M HEBHIUMBIX KOHIIOB DKCTPAIOISIHOHHBIX
MPSIMBIX U KpUBBIX Y3 1(¢), y32(p) 1 y33(¢) COOTBETCTBEHHO 3HAYEHUSI CMEIICHUS
B TOYKE OKOHYAHWS WHBEPCHH IIEPBOTO METAJlIa, B TOUKAX Hadala M OKOHYAHUS

HHBEPCHH BTOPOTO METalla PaBHBI My = My = My = Vo1, TAE Y] = V41 > TAK KaK
Y41 — 3HayYeHHE KPHBOH HHTEHCHBHOCTH HHBEPCHH, COOTBETCTBYIOIIEE

IMOTCHIINATY HavdaJla IpoLecca HHBEPCUU (P, NEPBOI0 TAKEIOro METajlIa.

YuuTheiBas TNpPUBEICHHBIE [OMYIICHWs, pEHICHWE 3aJadyd COCTOMT B
CIIEIYIOLIEM.

HanoMHuMm, d4ro aHainM3  XpPOHOMOTEHLUMOTPaMMbl  3aKJIIOYaeTcs B
OIIpENENICHUH IUIOMAAN ION T'paMKOM KPHBBEIX HWHTEHCHBHOCTH HWHBEpcHH [2],
IIOCKOJIBKY ~TOCIICIOHSSA, COOTBETCTBYIOINAs BPEMEHH WHBEPCHUM ¢, TIPAMO
MPONOPLUHUOHAIIBHA MAacCOBOW KOHLEHTpPAlMM COOTBETCTBYIOIIET'O TSHKEJIOro
MeTaJa.

[Tockonbky KpHBBIE HMHTEHCHUBHOCTH HMHBEPCHMM BMECT€ C HUX CKPBITBIMHU
MPOIODKEHUSIMA MOTYT OBITH TPEICTABICHBI B TaONMYHOM BHJE, TUIOMIANN ITOL
HUMH CIEIyeT WCKaTh, HCIONB3ysS TNPHONMKEHHBIE METONBl HHTETPUPOBAHUS
(HampumMep, ¢ ITOMOIIBIO (POPMYITHI TPATISIIHIA).

B ¢opmanm3oBanHOM BHAE peHICHWE 3aNadd IIOITAIlHO 3aKII0YaeTCs B
CIIEIYIOLIEM.

B nmanpHelieM W3JI0KEHWH BMECTO OOO3HAUYCHHS «IIEPBBIA  (BTOPOK)
TSDKENBIA  MeTauny OyneM MOoJbh30BaThCs OOO3HAUECHHEM «IIEPBEIM  (BTOpOIT)

anemeHT». [lpn 3TOM mox BeIpakeHusMu f,1(¢) U f,»(¢) Oynem momgpazymeBaTh
3aganne pyHKIMH KpUBOH MHTEHCHBHOCTH MHBEPCHH IIEPBOTO (BTOPOIr0) 2JIEMEHTA
B TaOJIMYHOM BHJE.

Just  oOHapyXXeHWs IPHUCYTCTBHS IIEPBOIO W BTOPOrO 3JEMEHTOB B
aHAIM3MPyeMOi mpobe HaXOOWM BCE MHHMMYMBI W MaKCHMyMBI KPHBOM
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WHTEHCHBHOCTH WHBEPCHH JBYX TSKEIBIX METAJUIOB B NpoOe (MpeICTaBIeHHON B
TaONMYHOM BHIE) B Ipenenax [Qy, O], Te @y u @, — IOTCHIHAIHl Hayajla u

OKOHYaHM: ITponecca U3MCPECHU .
Touku MHWHUMYMOB!:

(g, Vy) — IOTEHIMAN Hauaja MpoLecca U3MEPEHUs U HadyaJlbHOe 3HaYCHHE
KPUBOH MHTEHCHBHOCTH HHBEPCHH COOTBETCTBEHHO;

(P> Y1) — HOTEHLMAN IIEPBOrO MHHHMYMa H 3HAUCHHE IIEPBOTO
MHHUMYMa KpPHBOH HHTEHCHBHOCTH MHBEPCHU COOTBETCTBEHHO;

(P2> Vipp) — TOTEHHMAT BTOPOrO MUHUMYMa U 3HAUCHHE BTOPOTO

MHWHUMYMa KpHBOfI HMHTCHCUBHOCTH MHBEPCUHU COOTBETCTBCHHO.
Touku MaKCUMYMOB:

(po1,H;) — TmOTEHIMAN TEpBOro MaKCHMyMa M 3HA4eHHEe IIepBOTO
MaKCUMyMa KpUBOW MHTEHCUBHOCTH MHBEPCUU COOTBETCTBEHHO;

(P2, Hy) — moOTeHmMaAN BTOPOTO MAaKCHMyMa W 3HAa4deHHE BTOPOTO
MaKCUMyMa KpUBOW MHTEHCUBHOCTH MHBEPCUU COOTBETCTBEHHO;

(pg, Vx) — TOTEHIHMAN OKOHYAHWSA MpoIecca H3MEpPEeHHS W KOHEYHOe

S3HAYCHUEC MHTCHCUBHOCTH NHBEPCUU COOTBETCTBCHHO.
3arem JIUIS. HAWAGHHOr O MOTEHIIMAJIa ITMKa NHTCHCUBHOCTH HWHBCPCUHU TIEPBOTO

JJIEMEHTa () YCTaHABIMBAEM THI JJIEMEHTAa W [HANa30H IOTCHIHAJIOB €ro
UHBEPCUH  [Q,), Pp;]. AHAJIOrMYHO [ HAHJGHHOrO IOTEHNIHana IHKa
MHTEHCUBHOCTH MHBEPCHU BTOPOTO JIEMEHTA (p YCTaHABIMBAEM THII DJIEMEHTA
U [Wana3’oH IOTEHLHUANIOB €ro MHBEPCHU [@,),¢pr]. Ilo momydeHHBIM
pe3ynpTaTaM HaXOAUM IIPenensl [@ ), Pp1] MEPEKPHITHS IOTEHIMAIOB IEPBOrO U
BTOPOT'O JIEMEHTOB.

B coorBerctBuM C puc. 1l ompenenseM BeNMUMHY Vo1 =h, = Y(9,) 1O
YCTaHOBJIEHHOMY DaHEe 3HA4YCHHMIO IIOTCHIMada Hadala HHBEPCHH IIEPBOrO
JJIEMEHTA Q] .

Jns ompeneneHus BPEMEHH WHBEPCHH, COOTBETCTBYIOLIETO JIEBOM CTOPOHE
rpa¢uKa KpHBOH MHTEHCHBHOCTH HHBEPCHH IICPBOIO JJIEMEHTA f| , HCIOIB3yeM

COOTHOIICHUEC

Pq2
t= [ fu(o)do.
Pal
Jlnst Toro 4to0bl MOIYYHTh MPOTHO3UPYEMbIE TAOIUYHBIC JAHHBIE CKPHITON
YacTH MpaBOM CTOPOHBI YyKa3aHHOrO0 rpadMka B JMana3oHEe [OTCHI[UAJIOB
(P42, Pp1], OyIeM NCKATh CKPBITYIO YacTh MIPaBOil CTOPOHBI YKa3aHHOTO TpaduKa B

BUJE SKCTPANOIALNOHHON MPAMOU
V51(0) = ay; - @ +byy, (1)
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e Ko3QOUIHEHTs! a1 b, ONPENENAIOTCS CIEAYIOMIM 00pa3oM:

a!_Yﬂ_YM_ Va2
2l — - >
Pa2 = Pp1 Pg2 —Ppi @)
Va2 @
by =——=92bL 4 .
Pu2 — Ppi

JHanee HemocTaloMue MPOTHO3UPYEMbIC TaONMYHBIC NTAaHHBIE CKPBHITOH YacTH
MPaBOil CTOPOHBI YKa3aHHOTO Tpaduka B AWAra3oHe IOTEHIHANIOB [(g2,Pp1]

TIOJTY9arOTCsI C MTOMOIIBI0 BeIpaXkeHus (1) ¢ ucrnonp30BaHUEM BEIpakeHUs (2).
Jns ompeneneHns BpeMEHH WHBEPCHH, COOTBETCTBYIOIIETO MPaBOW CTOPOHE

rpadMKka KpUBOW WHTEHCHBHOCTH MHBEPCHH IEPBOrO JJIEMEHTA f] , HCIOIb3yeM
COOTHOIIEHHE
Po1

=" [y(0)do.
Pa2

B PE3YIBTATE MMOJIHOC BPEM HHBCPCHUU IIEPBOI'O 3JIEMECHTA paBHO
Hh=H+t4.

Jnst ompeneneHus MPOTHO3MPYEMBIX TAOMUYHBIX IAaHHBIX CKPBITOH YacTH
JIeBOM CTOPOHBI Tpa)MKa KPHBOI MHTCHCHBHOCTH WHBEPCHH BTOPOrO DIIEMEHTA 5

C ITOMOIIBIO BBIpaskeHus (1) HaXOAMM 3HAUCHUS ), (@) U3 BBIpaXKEHH

V52(0) = y(9) = y51(0) (3)

B Tpemenax [Q,,@p] 1A BTOpOro 3meMeHTa. 31eck (@) — HCXOIHBIE
TaONUYHBIE JaHHBIC JIEBOH CTOPOHBI Tpamka KPHBOH MHTEHCHBHOCTH WHBEPCHH
BTOPOTO JIEMEHTA B JIaNa30He IIOTEHINAIIOB [(Q,2, Pp1] -

Ilocne NOJIYYCHHA HEAOCTAOIIHUX IMPOIrHO3UPYEMBIX TaOJIMIHBIX JaHHBbIX
Haxo4uM BpEM MHBEPCHU COOTBCTCTBYIOIICE JICBOM CTOPOHE YKa3aHHOI'O I‘pa(i)I/IKa

. op
ty = [y0()dg.
Pa2

I[J'Iﬂ HaXOXICHHUA IMOJIHOI'O BPEMCHH MHBEPCHH BTOPOI'O 3JIEMEHTA Tpe6yeTC${
HaWTH Ha KpHBOﬁ HMHTCHCUBHOCTHU MHBEPCHU BTOPOI'O 3JICMEHTA MOCJIIC MAaKCUMYyMa
TOYKY 3, KOTOpasa COOTBETCTBYECT MOMCHTY BPEMCHH IICPEX0Ja MHBEPCHU BTOPOro
JJICMCHTA Ha CKpI:ITI:IfI Yy4acCToOK. I[J'Iﬂ 9TOro, UCIIOJIb3yA paHCC HaWJEHHBIC TOUYKHU

MakcuMyMma (Qgp, H,) u mMuHEMYMa (Q,,2,V,;2) TPaBOro ydacTka HHBEPCHH

BTOPOr'o 3JIEMCHTA, HAXOAWM YPaBHCHHE CCKYH.ICﬁ MCXKAY 9TUMH TOYKaMH

yc((P)zac'(P"'bc’ 4)
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r1e KO3 GUIUEHTH @, U b, OMpeReNAtoTCs CIeAYIONIIM 00pa3oM:
_Hy=ym
P03~ Om2 (5)
bc =VYm3 —dc Om2-
Janee u3 pelieHns ypaBHEHUS

YO)=y.(0)=0 (6)

10l AWanasoHa IOTEHOWANoB [Qgo, P,n] HAXOmATCA KOOpAMHATHL (@3, )3)
Toukd 3. 31ech y(¢p) — HCXOAHBIC TAaOIMYHBIE JAHHBIE IPABO CTOPOHBI rpaduKa
KPUBOHM MHTEHCUBHOCTH MHBEPCHU BTOPOTO 3JIE€MEHTAa B JMANa30HE IOTCHIMAIOB
[P02; P2

I[J'If{ OnpeaciIcHuss BpEMCHHU HHBCPCHUHU COOTBCTCTBYIOLICTO HpaBOfI CTOPOHEC
JaHHOI'O Fpa(i)I/IKa OT TOYKH 2 J0 TOYKH 3 HCIIOJIb3YEM COOTHOIICHHUE

P3
5= [ fua(@)do.
Pp1

Jns Toro 4To0Bl MONXYYUTH MPOTHO3UPYEMBIC TaONHYHBIC TaHHBIC CKPBITOM
YacTH MPaBOi CTOPOHBI TpadrKka KpUBOW HHTEHCHBHOCTH HHBEPCHH BTOPOTO

QJICMCHTA B JHAIIa30HC ITIOTCHIMAJIOB [(P3,(Pb2], 6y/:(eM HCKaTb CKPBLITYHO 4aCTb

[IPaBOil CTOPOHEI YKa3aHHOro rpaduKa B BUIE SKCTPAIOISLAOMHON IPIMOI
’
y33((P) =dy3 '(P+b33 > (7

e KOOQOUIMEHTHI a3 U b,3 ONPEAEIAIOTCS CIEAYIOUIM 00pa3oM:

A= Ya3 — V01 _ Va3
93 — - >
Pu3 —Pp2 Pg3 —Pp2 )
Va3 @
by =——=43bL 1y,
D3 —Pp2

JHanee HemocTaromue MPOTHO3UPYEMbIC TaONMYHBIC NAaHHBIE CKPBITOH YacTH
MPaBOil CTOPOHBI YKa3aHHOTO Tpaduka B [IUaNa3oHe ITOTEHIHANIOB [(P3, ()]

BBIYHCIIIEM C TIOMOIIBIO BEIpaykeHUs (7) C HCTIONh30BaHUEM BRIpaXKeHUS (8).
Jns ompeneneHns BpeMEHH WHBEPCHHU, COOTBETCTBYIOIIETO MPaBOW CTOpPOHE

rpadMika KpUBOW MHTEHCHBHOCTH MHBEPCHH BTOPOrO DIIEMEHTA f5 , HCIOIb3yeM

COOTHOIICHUEC

Pp2
5= [y3(@)deo.
P3

TOF,I[a TOJIHOC BpEMsS MHBEPCHU BTOPOI'O 3JIEMECHTA paBHO
ty=th+1t5+15 .
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Beilie  mpuBeIeHHOE — pelieHHe — IeNecoo0pa3Ho  00OOHIMTh B BHIE
CIEYIOMIETO AITOPUTMA TTIOCTPOCHUSI MOZIETIH.

AaropurM. YKaxeM HauOojiee Ba)KHBIE STalbl Pa3pa00TaHHOTO aJITOPHTMA,
OTyCKasi BTOPOCTETICHHBIE €T,

Oran 1. Haxogum Bce MUHUMYMBI M MaKCHMYMBI KPHUBOH HHTEHCHBHOCTH

WHBEPCHH TOKENBIX MeTauioB 1 u 2 B mpobe B mpemenax [¢,,®,], a IMeHHO:
TOYKH MUHHMYMOB ((PH’ yH)’ ((Pml’ yml) > ((PmZ’ ymZ) H MdKCHMYyMOB ((POI’H 1) >

((POZ’ HZ) 5 ((PK’ yK) .
3Tal‘[ 2. HJ‘[;{ HaﬁHeHHOFO NOTCHIMAJIa IMHMKa HWHTCHCUBHOCTH MWHBCPCUH
HIEpBOro 3JICMCHTA (POl YCTaHaBJIMBACM THUII 3JICMCHTA W AWAIIA30H INOTCHLHUAJIOB

ero HHBEPCUH [(Q,1, Pp1] -
Otan 3. [lng HaliieHHOro MOTEHNIMANa IMKA HHTEHCUBHOCTU HHBEPCUH
BTOPOTO DIEMEHTAa () YCTAHABIMBAEM THII IEMEHTa U [MAIa30H MOTCHINAJIOB

ero HHBEPCUH [P0, Ppo] -

Ortan 4. HaxonuM mpenensl mepekphITAsS MOTEHIIMAIOB JJIEMEHTOB | 1 2 —

(P2, Pp1]-
Otan 5. OnpenenseM BENUIUHY Vo1 = A, = Y(9,41) -

Oran 6. YcTaHaBIMBAEM BpeMs 1] IIyTeM MPHOIMKEHHOrO HHTEIPUPOBAHHS
0 JaHHBIM (pparMeHTa KPHBO HHTEHCHBHOCTH HHBEPCHH MIEPBOTO JJIEMEHTA B
npeznenax [Q41, 9o ]-

Oran 7. Haxomum kosbduumentst ), b, mo dopmyram (1), (2)
SKCTPATONUPYIOIeH IpsMor y,1(¢) B mpenenax [¢ o, @y ] -

Oran 8. YcraHaBiMBaeM BpeMst {] IyTeM MPHONMKEHHOrO MHTErPUPOBAHHS
3HAYEHUH IKCTPAIONUpyIomen IpsMoit y.;(¢) B mpenenax [¢ o, Pp;] -

Oram 9. OnpenenseM MOIHOE BpeMs HHBEPCHH TIEPBOT0O dJIEMEHTA

=t +t.

Otan 10. Haxogum 3HaueHUs V., (@) 1o dopmyne ., (@) = y(@)— vy, (@)
(3) B mpemenax [@,o,@p] ATI BTOPOTO dNIEMEHTA.

Oran 11. YcranaBinuBaeM BpeMsi 15 MyTeM MPHONMKEHHOrO HHTETPUPOBAHUSI
3HaueHUH y,, (¢) B mpenenax [¢ o, ¢p]-

Otan 12. Haxomum koddduieHTs! a., b, mo dpopmynam (4), (5) cexymeit
y.(p) B mpenmemax [@gy,P,2] ¥ TOUKy mepecedeHus (¢@3,)3) KpPHUBOH
WHTEHCHBHOCTH UHBEPCHH C ceKymie mo Gopmyie (6).

Otan 13. Omnpenensiem kodddunmentsr a,3, b,; mo dopmymnam (7), (8)
SKCTPAIONUPYIOIEeH IpsIMOK 1,3 (@) B mpenenax [@3, Ppo].

Oran 14. YcraHaBiauBaeM BpeMs ¢5 IyTeM HPUOIHKCHHOrO HHTETPUPOBAHUSI
[0 JaHHBIM (pparMeHTa KPHBOH WHTEHCHBHOCTH HHBEPCHH BTOPOTO JJIEMEHTA B
npezenax [@p, @3]
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m
Otan 15. OmpenenseM BpeMs {5 IyTeM MPUONMKEHHOTO HHTETPHPOBAHMUS

3HAYEHUH IKCTPAIONUPYIOIeH IpsMoi 1,3 (¢) B mmpenenax [¢3, Ppo] .

Oran 16. Haxonum nonHoe BpeMst HHBEPCUU BTOPOI'O 3JIEMEHTa
ty=th+1t5+15 .

Pe3ynpTaToM  BBITOMTHEHHOT'O HWCCICOOBAaHUS SBISAETCA pa3paOoTaHHEBIIH
MPUOTIDKEHHBIA aTOPUTM MOJIEIHPOBAHUS CKPBHITHIX (hParMEHTOB WHBEPCHOHHO-
XPOHOIOTEHIIMOMETPUUECKOTrO MpOIlecca COBMECTHOIO M3MEPEHHS MacCOBOU
KOHIIEHTPALMHU ABYX TSKEJIBIX METAJJIOB.

BBIBOBI

3azada MOCTPOCHHUSI arOPUTMa U3MEPEHHS KOHIIEHTPAIMN KaXKJ0r0 U3 JBYX
TSDKEITBIX METAJIIOB, THAa30Hbl HHBEPCHH KOTOPBIX TEPEKPBIBAIOTCS, MOXKET OBITH
pelieHa TONBKO TPH TEPEUUCICHHBIX HIDKE IBYX JOMYIICHHWSIX, a WMEHHO:
XapakTep MPOTEKaHUs MPOIECCOB MHBEPCHH KaXIOTO TSIKEIOr0 METalljla OCTAeTCs
HEW3MEHHBIM, CMEMICHWE KOHIIOB KaXXAOH KPUBOW HWHTCHCHBHOCTH WHBEPCUU
OTHOCHTEIIBHO OCH OpIWHAT OJWHAKOBO. OTO TMO3BOJSET  00CCICYHUTH
MpHONMKEHHOE  PAaBEHCTBO MEXKIY IUIOMIAJBIO  IMOJ HCXOJHOW  KpPHUBOU
WHTEHCUBHOCTH WHBEPCHUU W CyMMOU IIIOMIANCH MO MOJEITHHBIMA KPUBBIMHU IS
y4acTKa COBMECTHON MHBEPCHUH JIBYX METAJLIOB.

[Ipennaraemsiii TOAX0] K MOCTPOCHHUIO aNTOpUTMa IO3BONISIET MPAKTUYECKU
OCYIECTBUTh MPUOIMIKEHHOE pa3JieJICeHHEe MAaCCOBOH KOHIIEHTPAllMH JBYX
TSDKEIBIX METAJJIOB HA y4YacTKE WX COBMECTHOW WHBEPCHH W OICHUTH
KOJIMYECTBEHHOE 3HAUEHWE KaXKIOr0 MeTajula KaK Ha yJacTKe WX COBMECTHOU
HWHBEPCUH, TaK U B IIPOOE B LIEJIOM.

Pa3paboTaHHBIN aNTOpUTM TIO3BOJIAET OLEHUTH JIOJW KOHIICHTPAIlMA Ha
CKPBITBIX yYaCTKaxX KPUBOW MHBEPCUU KaXKIOTO M3 ABYX TSDKEIBIX METAIIIOB, YTO
CIoCOOCTBYET MOBBIIICHUIO TOYHOCTH U3MEPEHUS KOHIIEHTPAIMH KaXKI0T0.

1. MopenupoBaHne  HMHBEPCHOHHO-XPOHOMOTEHIIMOMETPHYIECKOr0  MPOIECcCa  M3MEPeHHS
MAacCOBOH KOHLICHTPAIMH OTACNBHO B3ATOr0 Tsukenmoro wmeramia / A.D. Tarapuuos,
U.B. Cyposues, O.B. babak // YCuM. — 2012. — Ne 5. — C. 88-92.

2. MopenupoBaHne HHBEPCHOHHO-XPOHOIMOTEHIIMOMETPUIECKOTO  MPOLECCa  COBMECTHOIO
M3MEpEHMs] MAacCOBOM KOHIIGHTPALMM [BYX TsDKenbix MerawioB / A.D. Tarapunos,
U.B. Cyposues, O.B. babak // YCuM. — 2013. — Ne 5. — C. 84-87.

3. IHBepciiiHO-XPOHOIOTCHI[IOMETPUYHEe  BH3HAUCHHS  BAXKUX  MeTaliB B 00 €KTax
HaBKOIUIIHKOTO cepenoBuiia: Hayk.-metomuy. po3podka. / O.1. Kapuayxos [ta in.] / — K. :
VI'VIIT, 1997. — 88 c.

[Honyueno 17.02.2014
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MepumumHckaa m 6monormueckKas
KubepHeTuka

YIK 574.2 +51.001.572+ 616-006-085.277

CHUHXPOHM3AIISI BUOJIOTUUYECKNX TKAHEHN
CPEJIOM C MOJIHBIM NEPEMEINIMBAHUEM KAK
OBOCHOBAHUE IMTPOCTPAHCTBEHHO-
HEOJITHOPOJHOTI'O IIOJISI ITPHU
3JIEKTPOMATHUTHOM OBJIYYEHUU
ONYXOJIEN

H.A. Huxoios %, ILIL Jlommuxuii ', A.I'.Consip !

1 . .
Hauyuonansnoiit mexnuueckuit ynueepcumem Yxpaunot «KIIH»
2 . .
Tocyoapcmeennstit ynugepcumem meneKoOMMyHUKayui

Ha ocnoBe Teopuu mpocaurBaHus (HEPKOISILUN) OOOCHOBAH
BBIOOP MPOCTPAHCTBEHHON HEOJHOPOTHOCTH BHEIIHETO (PU3UUECKOTO (haKTopa,
MO3BOJISIIOIIETO MOBBICHTH 3()PeKTUBHYIO Mepdy3ur0 OHMOIOTHUECKUX TKaHEH.
ITokazano, 4YTo pa3Mepsl KiacTepoB (IATTEPHOB) IPOCTPAHCTBEHHOTO

pacnpezaeeHust BHEILIHEr0 OIS JIOJIKHBI COCTaBJIATh or
5 10 45 % none3noi miomaay (00bemMa) 00ITyIeHHsT; KOIUIECTBO KIACTEPOB —
Ooree Tpex.

Knioueevie cnoga: TpOCTPaHCTBEHHO-HEOIHOPOLHOE IOIE,
CHHXPOHU3aNus, nepdysus, MepKOIAIHMS, 3I0KaUeCTBEHHASI OITyXOb.

Ha ocHoBi Teopii mepkomsmii oOrpyHTOBaHO BHOIp
MPOCTOPOBOi  HEOJHOPIMHOCTI  30BHIMIHBOrO  ()i3UYHOro (hakTopy, SIKHi
03BONIsIE MiABUIIUTH eeKTUBHY nepdysiro Oiomoriunmx TkanuH. [lokazaHo,
0 3arajibHi pPO3MipH KiIacTepiB (MATEepHIB) MPOCTOPOBOrO  PO3MOALLY
30BHILIHBOTO MNOJISI MOBHUHHI CTaHOBHTH Bifg 5 m0 45 % xopucHOI miomi
(00’ €eMy) OHPOMIHEHHST; KiJIbKICTh KJIaCTepiB — OLMbIIE TPHOX.

Knruoei cnosa: MIPOCTOPOBO-HEOAHOPITHE nosne,
CHHXPOHI3aILis, Tepdy3isi, MEPKOISLLs, 3TOIKICHA TyXJIHHA.

BBEJEHUE

YcnoBueM BBITOTHEHUS TOMEOCTATHYECKOW (YHKIUU  OHOIOTHMYECKOM
KHUJIKOCTH SIBJIIETCSI PAKTUUYECKU HJealibHas NEepEeMEIINBaEMOCTh PAaCTBOPEHHBIX
B Hell KOMIIOHGHTOB, T.e. OOECIIEUCHHWE CHHXPOHHW3AIMH uepe3 cpeny [1].
Hapymienue TkaHeBOro romeocrasza, CHHXPOHU3ALMM, HEPEOKO MPUBOAUT K
MOSBJICHUIO H  TPOTPECCHH  3IIOKAYECTBEHHBIX  oOpazoBammit  [2]. s
3JI0KAYEeCTBEHHBIX HOBOOOPa30BaHWN XapakTepHO TIOSABICHUE, IO Mepe WX
pa3BUTHS, CIIO)KHOW HEOIHOPOJHOM XaOTHUECKOW CTPYKTYPHI, KaK Ha KIETOUHOM
YpPOBHE, Tak M Ha TKaHeBOM. HecMoTps Ha TO, 4TO pa3BUTHE U CTPOCHHE
OITyXOJEBOM TKAHW MONYUHIETCS CTOXaCTUYEeCKOW ()paKTaNbHOH —JIOTHKE,
CUHTAETCS, YTO Ha PACCTOSHIUX, CYIIECTBEHHO OOJNBIINX, YEM pa3Mephl KIETOK,
CHHXpOoHU3auus ucyesaer. OTCYyTCTBUE CHMHXPOHU3ALUU MPUBOIAUT K MOSBICHUIO
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MHOTOOOpa3us OIYyXOJEBBIX KIETOK TI0 CTPYKType ¥ (YHKIHOHANEHOU
aKTHBHOCTH. B CBOIO ouepenp, 7TO JelaeT 3JI0KAYECTBEHHBIE —OITYXOJIH
YCTOWYMBRIMA K XHUMHONY4eBOH Tepamuu. [ moBbImieHust 3QQEeKTHUBHOCTH
TepalmWy  ONyXOoNed W  MUHHMHU3AIMA  TOPAXKCHUS  3IOPOBBIX  TKaHeH
3JI0KAYEeCTBCHHBIC KJIETKH IBITAIOTCS CHHXPOHH3UPOBATH WM TIEPEBECTH WX B
akTHBHYIO 1o QyHKOuH Qazy. Tak, B IIydeBOH Tepamuud MPUMEHSIOT
PaIOCeHCHOMITH3aTOPEl U PaIUONPOTEKTOPHI [3], B XUMHOTEPAITHH 33 HECKOIBKO
IOHEH JO0 BBEICHUS OCHOBHOTO IIMTOTOKCHYECKOTO BEIIECTBA WCIIONB3YIOT
mpenaparsl, CHHXpoHm3upytomue kierognble mukisl (Lampkin B.C. et al.) [1].
OpmHako TIpUMEHEHHE IOMOOHBIX METONOB HE BCEra HaeT CYIIECTBEHHOE
MOBEHIIICHAE PEe3yAbTATOB Tepamud. Bo MHOroM 3TO CBS3aHO C KpaifHe
HEpaBHOMEPHOMH ep@y3ueit OmyXoNeBHIX TKaHEH OMOIOrMIECKUMHE KU IKOCTSIMU.

OnmHUM U3 METOJIOB CEHCHOMITH3AINN OMOIOTHYECKAX TKAHEH, B TOM YHCIE H
OITyXOJNEBBIX, SBICTCS  HEPaBHOBECHAsT  YMEpPEHHAs  DIIEKTPOMarHUTHAs
THIIEpPTEpMHUS, HE yBEIHUYHMBAIOMIAas TeMmrepatypy Oomee deM Ha 1,5 °C um He
OKa3pIBAIOMIAsl ~ MPSIMOTO  ITUTOTOKCHYECKoro  neiictBusa.  Hapsamy ¢
HETOCPENCTBEHHBIM  B3aWMOJACHCTBHEM  DIEKTPOMAarHUTHOIO  TOIS €O
3JI0KAYEeCTBEHHBIMU KIJIETKAMH, CYIIECTBEHHO IIOBBIIIACTCS BHYTPHOIYXOJEBBHIN
KPOBOTOK, OKCHTHHAITUS OIYXOJIH, JOCTaBKa XMMHOTEPAIIeBTHIECKOTrO IIpermapara
B ouar mopaxeHus. OIHAKO M 3TOT MeTon He oOecrednBaeT IOMHON
CHHXPOHHU3AIlMH CUCTEMBI BHEITHEeW cpemoil. OO0 3TOM CBUAETENHCTBYIOT,
HaIpuMep, YIbTPa3ByKOBBIE W300pakeHHs IBeTHOro Jlommiepa KapIUHOMBI
I'epera 1o u Tocme DISKTPOMArHUTHOrO oOmydeHuss B pabore [4].
[IpencraBieHHple MaHHBIE WDIIOCTPHPYIOT IOCTATOYHO OOIIEe CBOWCTBO
3JI0KAYEeCTBEHHBIX OIYXOJIeH C TeOMETPHUYECKHM XapaKTepHBIM pa3MepoM Oolee
1,5 cM, 9TO TPEHMYIIECTBEHHO KPOBEHOCHBIC COCYIBI, IHUTAIOIINE OIYXOIb,
COCpenoTOUeHH! Ha nepudepru HoBooOpa3oBaHUs. B MomenpHOM ciiydae TaHHYIO
nepu(eprr0 MOXKHO TIPEICTaBUTh KaK HEKOTOPYIO 3(PQPEKTUBHYIO IOBEPXHOCTH
pazmena cpen. B 00beMHOI YacTH OMyXONH TakkKe CIeMyeT OKUAATh YBEIHMUCHHE
IWHAMUKHA IBYDKCHUS OHOJOTHYECKHX JKHIKOCTEH, O YeM CBHUICTEIHCTBYET
VBEIMUCHUE DXOTCHHOCTH OITYXONEBBIX TKaHed B B-pexxume [4], HO 3TH
W3MEHEHUS HE BCErJa BBIPAXKCHBI, W, BO3MOXKHO, IIO3TOMY JaleKo HE Bcerma
HAONIOaeTCsl perpecc OMyXONM Iocie XuMHuoTepamuu. B pabore [5] Obum
MOKa3aHbl TUIMYHBIC N3MEHEHHUS KPOBOTOKA TPH YMEPEHHOH 3IEKTPOMAarHUTHON
THIIEPTEPMHUN paKa MOJOYHOH jkere3bl. Ha OCHOBaHWMHW ATHX HCCIENOBaHUIA ObLIa
BEIBEICHA TIPeIBApUTENbHAS KIIAaCCU(HKALNS OTBETHON PEaKIUH KPOBOCHAOKECHUS
OITyXOJH, KOTOpas TO3BOJSIET B KAKOH-TO CTEMEeHH OICHUTH 3((eKTHBHOCTH
Tepaluy B IEJIOM: YMEpPEHHBIC, CPESAHUE W BHIPAKCHHBIC M3MEHEHHS KPOBOTOKA
[5]. YMepeHHble H3MEHEHHsI COOTBETCTBOBAJIM HE3HAYUTEIHHOMY IOBBILICHUIO
CHCTOJMYECKOTO W JUACTOJMYECKOrO KpPOBOTOKAa MEHEee 4YeM B IBa paza H
MOSIBJICHUIO HEOOINBIIOT0 KOMMYECTBA IBETHBIX MAaTTepHOB. CpelaHre M3MEHEHUs
COOTBETCTBOBAIIA YBEIHMYCHHIO CKOPOCTH KPOBOTOKAa Oollee WeM B [Ba pa3a U
MOSIBJICHUIO OOJBIIOTO KOJNMYECTBA HOBBHIX IIBETHBIX MATTEPHOB. BBIpa)KeHHBIC
W3MEHEHUS HAONIONANCh MPH CYIIECTBEHHOM YBEIHYCHHUH CKOPOCTH KPOBOTOKA
Ooomee wemM B 40 pa3 W HEOOA3aTETHHOM YBEIWYCHUW IIBETHBIX MATTCPHOB.
[Ipenmonaraercs, 4to 4eM OoJee BBIPaKCHBI N3MEHEHHS Mepdy3uu TKaHEH mocie
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AIIEKTPOMATHUTHOTO  OOJYYeHHs, TeM OONbIIe BEPOSTHOCTh IOBBIMICHUS
3(h(EKTUBHOCTH TEPAITHH.

Jnst moBeimeHus 3pQeKTUBHOM nepdy3un OMyXoiId BO BpEeMsI XUMHOITyIeBOI
Tepanuy OBLIO TPEMIOKEHO HCIONB30BATh IPOCTPAHCTBEHHO-HEOTHOPOIHOE
3JIEKTPOMArHuTHOEe oOJydeHue omyxonn [6—8]. B pabore [6] TeopeTnyecku
000CHOBBIBAETCS MTOBEINICHUE MIPOTUBOOITYX OJICBBIX s dexToB npu
MPOCTPaHCTBEHHO-HEOTHOPOTHOM dIICKTPOMArHUTHOM OOJTyUeHHH. AKIIEHT B 3TOU
paboTe CTaBUTCA HAa HEMOCPEACTBEHHOM [CWCTBHH BHEITHETO (DH3HIECKOTO
(akTopa Ha META0OIMIECKYI0 aKTHBHOCTE KJIETOK. OTHAKO, YUUTHIBAS JOITYIICHHS
MOJIETH, a Takke aOCTpaKTHOCTh TEPMHHA «MeTaboNMuecKas aKTHBHOCTHY,
KpUTEpUH  BBIOOpa  ONTHMAIBGHOW  HEONHOPOAHOCTH  TIONSA  OCTArOTCS

JICKYCCUOHHBIMH.
B cBs3u ¢ 3THM menpl0 JaHHOH pPaboTHI sBIsETCS OOOCHOBaHWE BBIOOpA
Hanboee 3¢ PeKTHBHOM MIPOCTPAaHCTBEHHOMN HEOJHOPOIHOCTU

OJICKTPOMArHuTHOT O O6J'Iy‘{eHI/I${ OITyXOJIn opu KOMIIJIEKCHOM TEpanunu,
OCHOBBIBasiChb Ha U3MCHCHHUH Hep(i)YSI/II/I TKaHEH.

CHHXPOHM3ALIMA CUCTEM CPEJOM C TA®P®Y3MNOHHBIM NEPEMEIIMBAHUEM

Kak ormeuanock paHee, KaKIObIii 3JEMEHTApHBI 00bEM OpraHM3Ma MOXKHO
paccMaTpuBaTh KaK  HEKOTOPBIA  OCIMULIATOP, TEHEpaTop, HaIeNCHHBINA
aBTOHOMHEH, a OMOJIOTMYECKUE KHUIKOCTH C PACTBOPEHHBIMH B HHUX BEIIECTBAMH,
(OPMUPYIOIIUME CpeAy, MOTYT BBICTYHNATh B KadeCTBE CHHXPOHU3UPYIOIIETO
¢akropa. Eciiu cobmoaercs ycIioBre HaeaabHOr0 MITHOBEHHOTO TTePEMEITHBAHNS
Cpenbl, TO €€ MOXKHO paccMaTpHBaTh KaK MPOCTPaHCTBEHHO-OTHOPOIHOE Tole. B
3TOM cIy49ae CHHXPOHHM3AlUs TEHEpaTopoB CO CIAOBIMHA B3aWMHBIMH CBS3SIMHU
BO3MOXKHA, €CIM KOHIECHTPALUs YIPABIIOMNX (DHU3UKO-XUMHUECKHX areHTOB
3HAYHTENbHA WM CYIOICCTBEHHO OOIBINE, YeM TEHEepalus 3TUX areHTOB CaMHMHU
reHepaTopamu. [lomoca CHHXpOHHW3AIMH, IOJ KOTOPOH ClemyeT MTOHHUMATh
YaCTOTHBIM [Mala30H AaBTOKONEOAHWH B peakTope, AWAana3oH KOHIICHTpaIHi
VIIPaBIAIOMAX  METa0ONMUTOB WM WHTEHCHBHOCTH  BHEHmIHEero  (akropa,
CYIIECTBEHHO  PACIIUPSETCS TMPH  YBEIWYCHUH  KICTOUYHBIX  KOHTAKTOB
(xorummenTa B3aUMHON cBsi3n). [ 37I0Ka4eCTBEHHBIX OITyXOJel XapakTepHO
CYIIECTBCHHOE YBEIHUYCHHE TUCIIEPCHH 3HAUYCHUH KOI(D(PUIIMEHTOB CBSI3U MEKIY
Ommkaiimmu  cocemsimu  [9]. Tak, MeracTaTmdeckas CIHOCOOHOCTH OITyXOIeH
OIIpENeTIeTCs] UMEHHO PE3KUM CHIDKEHHEM CIEIUICHHUS KIETOK, HO B TO XK€ BpPeMs
OTACTBbHBIE  KIETKH  MOTYT  «CIMOATBhCS»  MEKOy  co0oi,  obOpasys
HEMOCPEJCTBCHHBIE KOHTAKThI KJIETOUHBIX MemOpan [9, 10], crmocoOHble B
HEKOTOPBIX CJIydYasxX IPHBOAUTH K IOTHOMY OOBEIMHEHHIO C 00pa3oBaHHEM
MHOrogJepHbIX KieTok [10]. VYBenuyeHue KIETOUHBIX KOHTAKTOB INPHUBOIUT K
00pa3oBaHUIO accoIfaTta, M BEPOATHOCTh CHHXPOHHU3AIHMU JKU3HEHHOTO ITHKIIA
KJIETOK, OOpa3yIoIlMX OSTOT accCOIMaT, BO3PACTaeT, IPOSBIACTCS KIACTepHAs
cTpyKTypa onyxonu. OIHAKO paAuyCc CHUHXPOHM3ALMU WM PauyC KOPpPEISLUU
TaKUX KJIaCTEPOB CYIIECTBEHHO MEHBIIE, YEM pa3Mephl CaMOU OITyXOJIH.

[pu paccMoTpennu cpensl ¢ muddy3nei, T.e. MpH yueTe HATNIUs HEKOTOPOM
WHEPIIMOHHOCTH, OCHOBHOE BIISHHE Ha aBTOKONCOAHHS PEaKTOPOB OKA3BIBAIOT
MPEUMYIIECTBEHHO ONrKaimme cocenne peaktopsl. CpemHuil KOppensaIunoHHBIN
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pamuyc win «(QYHKIHS BIUSHAS» YMEHBIIACTCS B € pa3 Ha PACCTOSHUAK S :

s~2D/o, , (1)

rmme D —  kodpounmeHT — mudy3uu  YOpaBNISIOMIEIO  [apaMmerpa
(pearenTa/MeTabonMTa), (O, — CHHXPOHHAS YaCTOTA EHEPALMU YIPABILIOIIEIO

mapamerpa reHeparopamu. Jnsd QepMEHTAaTUBHBIX peakIWid THIA TIHKOIN3a

5~102cm , JUIsS TEMHOBBIX peakiuuii orocunresa 5 ~107 em [1].

[IpocTpaHCTBEHHBIH paanyCc CHHXPOHH3AIUU MOXKET OBITh CYIICCTBEHHO
VBEIIMUEH, €CII B PEaKTOphl TEHEPHUPYIOT IBa W Ooiee MeTaboiIHMTa, MMEIOIINX
pasnmuuHbie  mUQQy3noHHBEIE CBOicTBAa. OTHONICHWE KOHICHTPAIIUA JaHHBIX
METa0OIMTOB OIPeIeNIeT CTEIEeHb KOTePEHTHOCTH peakTopoB. [logoOHbIe MOnenHy,
HaIpHMep, XOPOIIO OMUCHIBAIOT PACKPACKy MIKYPHI/IIEPCTH KUBOTHBIX [11]. s
3JI0KQYEeCTBEHHBIX OITyXOJNEH TaKUMH METaOOIMTaMH MOTYT BBICTYIATh (DaKTOPHI
pocta [12, 13]. Ha ceromHsmiHWiA eHh TIOKa HET JOCTOBEPHBIX JaHHBIX, KaKUE
(akTOpBI POCTa OIMyXOJEeH MOTYT KOHKYPHpPOBaTh MEXIy COOOH, 3amaBas TeM
CaMBIM KIIACTEPHYIO CTPYKTYpY. OOBIYHO KaXKABIH (haKTOp POCTa paccCMaTPUBACTCS
B oTnenbHOCTH [13]. KpoMe TOro, mockoiibKy 3710KaueCTBEHHBIE HOBOOOpa30BaHUS
XapaKTepU3yIOTCs  KpaifHe  HEOmMHOPOAHOW  CTPYKTypoH, auddy3uoHHas
MOJBIDKHOCT MOJIEKYJ B PA3IMYHBIX HAIMPaBICHHUAX OyaeT omimyHOH. [losromy
MaKpOCKOIMYECKass CHHXPOHM3AIH, KOTOPYIO MOXKHO OIUCATh MoAeNsiMu Mappw,
MAaJIOBEPOSITHA.

Crnemyer oXHAATh, YTO MPH XPOHUIECKUX MPOLECCcaX pa3Mephl CHHXPOHHBIX
KJIacTepoB OyIyT COOTBETCTBOBAaTH W MopdomormueckuM cTpykrypam. [lpu sTom
OBLITO TIOKA3aHO, YTO MOJI0Ca CHHXPOHU3AIMH TPH (PUKCHPOBAHHOM OOIIEM YHCIIe
peaKkToOpOB 7 B CiIydae cpelbl ¢ MONHBIM BHYTPEHHHM IEpEeMEIINBAaHUEM B 71 pa3
Oombie monockl cpensl ¢ auddysueit. CHHXpOHU3AIHS PEaKTOPOB CO CPEemor C
muddysrelt COOTBETCTBYET CIydaro, KOT/Ia YIPaBISIONINNA peareHT TeHepUpyeTcs
CaMHM pEaKTOpOM; C TIONHBIM IIEPEMEIINBAHUEM — BHEIIHUM (aKTOpOM,
HaIpUMep SHAOKPUHHON CHCTEMOH WM XHMHOIPEIapaToM MpU €ro BBEACHUH B
CHCTEMHBI KPOBOTOK.

Taxum 00pa3oM, ecid B Ka4eCTBE YIIPABILIONIETO ITapaMeTpa CHHXPOHU3ANHI
pacrpeneneHHOH CHCTEMBI BBEIOPATh AIIEKTPOMArHUTHOE IIONIE, HE BBI3BIBAIOIICE
BEIPKEHHBIX TEIUIOBEIX 3()(EKTOB, MPUBOMIIEE K CTpecCy M THOENH KIETOK,
VBEIMUCHUE pamiyca CHHXPOHH3AIMU KIETOK MOXHO OOBSCHHUTH ITOBBHIIICHHEM
TU(PPY3HOHHOH  CIIOCOOHOCTH ~ KOMIIOHEHTOB ~ OWOJIOTHYECKOM  YKHJIKOCTH.
l'eoMeTpudeckre pa3Mepsl KIACTEPOB CHHXPOHU3AIMH COCTABIIIOT MOPSIKA
MUJITAMETPOB.

OLEHKA HAWBOJIEE J3®®EKTHUBHON NMPOCTPAHCTBEHHON HEOJHOPOJIHOCTH
TMOJISI HA OCHOBE TEOPUU MPOCAYNBAHUSA (ITEPKOJIAIAN)

TepMHH «TEPKOISIHSD UCIONTB30BANICS IS IPOTUBOIIOCTABICHUS TUPPY3HH:
ecnu B ciydae AU @Py3uu pacCMaTpPHBAIOT CIydaiiHOe ONMy)KJaHHE YacTHUIl, TO B
clydae MEpKOJIUH pedb HIET O HAIPaBICHHOM IBIDKCHHHN (HAIIpHMEp, TCUCHUE
JKUIKOCTH WM TOKA) B CiTydaitHou cpene [14].

Tepmun «mepkomsimus» (percolation — aHTIL) yXKe YCTaHOBHWICA B
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OTE€UECTBEHHOU IUTEepaType, OAHAKO OH HMEET SKBUBAJIEHT B PYCCKOSI3bIYHON
JUTEepaType — «IIpOCcCauyuBaHue, «porekanuey [15].

Oobecrieuenne TKaHEH OHONOTHUSCKUMHU JKHIOKOCTSIMHU — OCYIIECTBIICTCS
KPOBEHOCHBIMH W JUM(PATHISCKUMH COCYIaMH, Kammuisipamu. TeM He MeHee,
MOBEIIIICHAE O0BeMa MUPKYIUPYIOMEH XUIKOCTH B HHX €IIe HEe O3HAdaeT ee
MIPOHUKHOBEHHUS B TKaHU. CKOpPOCTh IMOTOKA XKUIKOCTH B COCYJaX CYIIECTBEHHO
OTJIIMYAETCSI OT CKOPOCTHBIX MapaMeTPOB LIUPKYIISILMH JKUIKOCTH B MEKKIETOYHOM
MPOCTPaHCTBE. B CBs3M C 3THM BBOAAT MOHATHE YPPEKTUBHOTO KPOBOCHAOKECHUS

OpraHoB W TKaHed — mepdy3nuto. bonpmuHCTBO Mozeneld mepdy3uu
OHMOJIOTHYECKHX TKaHel ocHoBaHBl Ha auddysnoHHbIX Momensax [16]. Kak
u3BeCTHO, (P Qy3us, IMepBoUccIenoBaTeneM KoTopoi Obut A. Duk, — 3TO

MPOLIECC B3aUMHOTO IMPOHUKHOBCHHS MOJEKYNl WM aTOMOB OIHOTO BEHIECTBA
MEXIYy MOJEKYJIaMU MM aTOMaMH JPYToro, MPUBOISIINA K CAMOIIPOH3BOIEHOMY
BEIPAaBHUBAaHUIO WX KOHIICHTpAIlMid IO BCeMy 3aHmMaeMoMy oO0BéMy. [Ipomecc
muddysum ompemernsiercss CIydailHBIM, OpPOYHOBCKHM, XapaKTepOM IBHIKCHUS
YaCTHII U SBISIETCsl OECKOHEYHBIM BO BPEMEHH U IpocTpancTse. [Ipu sToM cnemyer
OTMETUTH, YTO OpPOYHOBCKOE NBIDKEHHE YACTHII, HAOMOZaeMoe Ha IUIOCKOCTH,
CYIIECTBEHHO OTJIMYHO OT COOTBETCTBYIOIIETO MOBEICHUs B oObeme. Hampotus,
CIIy4afHOCTh TpoIlecca MEPKOIISAIIH CBS3aHA CO CPEAOi, W CYyMIECTBYET IOpOT,
HIDKE KOTOPOTO MPOIEeCC IMEePKONANNN OTpaHuIeH KOHCYHBIMH OONACTSIMH WA
knactepamu. Jpyrumum  cnoBamu  TUGQPY3HOHHBI (QPOHT OT HCTOYHHKA
ONMMCHIBAaETCS  HE  TMIAAKOM  (yHKOHEH, Kak 23TO  IIpeIycMaTpPHBAET
UAeaNnn3upoBaHHas IUQPQPY3UsI, W TAC UCIONB3YIOT IOCTATOYHO CHIIBHOE
MPOCTPaHCTBEHHO-BPEMEHHOE  YCpemHEHHWe, a (pakTanbHyl0  KIACTEpPHYIO
crpykrypy [14, 17]. Hanuune mpoBoguMOCTH, WM B HAIIEM CIy4dae MPOSIBICHUE
meppy3NOHHBIX TIPOIECCOB TKaHEH, MEPKONALNNN, HAUMHACTCS ITOCIE MOSBICHUS
HEKOTOPOT0 KPHUTHYECKOrO KOIHYECTBA KIACTEPHBIX CTPYKTYp. [Ipmdaem mpomecc
MIEPKOJISIINY MIMEET ITOPOTOBEIH XapakTep.

s obecriedeHust HampaBiieHHOH aupGy3ud H yBemudeHUs 3(PQeKTHBHON
neppy3un  TKaHEH, CTPYKTypy HEpPKOJIHOHHBIX KIACTEPOB  BO3MOXHO
chopMHpoBaTh  TPH  I[OMONIM  BHEIIHETO  DIIEKTPOMArHUTHOTO  TIOJIS.
[IpocTpaHcTBEHHO-paCIpeeIeHHOS AIIEKTPOMAarHUTHOE moie mocie
TpaHC(OPMAIIMH €ro JHEPrud B MEXAaHWUYCCKUE HAMPSKEHUS U TEMIIEpaTypy
CO3M1aeT COOTBETCTBYIOIIEE IOJNE THAPOCTATHUSCKUX HampspkeHnid. Kakoe ¢ aToit
TOYKH  3peHHE  JOJDKHO  WMETh  MPOCTPAaHCTBEHHOE  paclpeeicHHe
AIIEKTPOMArHUTHOE ToJIe?

W3BecTHO, UTO KOTMUYECTBO U pa3Mep MEePKOIAIIHOHHBIX KIaCTEPOB 3aBUCHT OT
BHJA MOPHCTON CTPYKTYPHI TKaHEH, T.e. B MOJACIBEHOM CIIydae OT THUIA PEIICTKH.
Jns HEKOTOPBIX, CaMBIX THUIIMYHBIX M TPOCTHIX PEIIETOK (KBagpaTHAas, NEPEBO
Keiinu, «rancryk-6a0oukay, MIECTUTpaHHAS) TAKAE COOTHOMICHUS OBUIH TOTYYCHEI
[14]. Kputnueckas BEpOSTHOCTH (p.) MOSBICHUS NEPKOISAIAN 1T HUX HAXOAUTCS
B gumamaszoHe oT 0,3 mo 0,7. IIoCKONBKY 37TOKAa4eCTBEHHBIC OITYXOIH HMEIOT
HEOJHOPOIHYIO CTPYKTYpy, HMEET CMBICI OLEHHUTH pa3Mephl M KOIHUIECTBO
KJIacTepoB Iy aHcaMOIrs p,.. IHTepecyromiie Hac COOTHOIIEHUS UMEIOT BUJ [ 14]
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|2—oc

Zslns(p) oc|p—pc > 2)

Y

S(p)=Xs’n(p) < |p=p[", 3)
N

rie S — pa3Mep Kiacrepa, ng(p) — pacupeneNeHne KJIacTepoB o pa3Mepam, p —
BEpOSITHOCTh ~ MEPKONAIMH  (IIPOTEKAaHUs), p. — KPUTHUECKOE 3HAUCHHE
BEPOSITHOCTH MEPKOIISIIIH, S7,(p) — KOTHYECTBO 3aHATHIX SUECK, MPUHAIICHKAIIIX
KJIacTepaM pa3Mepa s, oL ¥ Y — HEKOTOpBIE ITapaMeTpHI.

3HayeHUsT mapaMeTpoB O W Y B ypaBHeHusX (2) u (3) sBIsIOTCS
VHHUBEPCAIbHBIMU, HE 3aBUCAIIMMH OT BHOA PEHICTKH, THIA MEPKOILIIUH, H
3aBHCAT TOJNBKO OT pa3MepHOCTH mpocTtpancTBa (tabm. 1). Kpurtuueckue
MTOKA3aTeNN CBSI3aHBI MEXKIY COOOH COOTHOICHUSIMU

a=2-dv=2-2B-v, 5=%+1,

4
nzZ—l, 2B+y=vd,
v

rne d — pa3MepHOCTb IPOCTPAHCTBA; 3, O, 1), V. — HEKOTOpPBIE ITapaMEeTpHIL.

Tabmuua 1
3nauenus kpumuueckux napamempos coomuowenuii (2) u (3) [14]
Pa3MepHOCTH MPOCTPAaHCTBA
Tlapamerper d=2 d=3 d=4 d=5 d>6
B 5/36 0,417 £0,003 0,5 0,7 1
v 4/3 0,875+ 0,008 0,7 0,6 172
¥ 43/18 1,795 £ 0,005 1,8 1,6

PC3YJ'II)T8.TLI YHUCJICHHOI0O MOACIUPOBAHMA MMPEACTABIICHBI HA PUC. 1.

0.5 -
’ S.0.e. .=0,30
0.4
0.3
0.40
0.2
' 0.55
0.1 -
0.70
0 - = —
0 0.2 0.4 0.6 0.8 p

Puc. 1. Pacnpenenenne Ki1acTepoB Mo CpeTHIM pa3MepaM B 3aBUCHMOCTH OT KPUTUIECKOTO
3HAYEHHUS BEPOSITHOCTH TEPKOJISIIUT

Anamu3 puc. 1 moOKa3bIBaeT, YTO T€OMETPUUYECKUE pa3Mephl KIIACTEPOB IS

obecnieueHus A hekTuBHON nepdy3nun TKaHel HaxomsaTcs B auanasone ot 0,05 mo

0,45 o.e. [lannas oreHka Mpow3BeACHA W3 ycioBHs p —> 1, KOTOpoe CTporo
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onpe/:(enﬂeT, qTo HpOHSOfI,I[CT «Hp060171», B KOHTCKCTC ,I[aHHOfI CTaTbu —
«CUHXPOHHU3ALHUS», VI OMOJIOTMYECKHX TKaHeH — yBenndenue nepdys3uu. s
BHGKTpOMaFHI/ITHOFO O6J'Iy‘{CHI/I$I 3JIOKAQYCCTBCHHBIX onyxoneﬁ, HaanMep paKa
MOJ'IO‘-IHOfI JKCJIC3BI, ITOJIC3HA IJIomalb O6J'Iy‘-IeHI/I$I COCTAaBJIACT nop;u:[Ka 5—10 CMz.
3TO O6yCJ’IOBJ’IeHO FCOMeTpI/I‘{eCKI/IMI/I paSMCpaMI/I HOBOO6paSOBaHI/Iﬂ, a TaKXeE
HEOOXOIMMOCTBIO 00NydaTh Onrokaiinee OKpykeHue omnyxond. HMcxoms wus
TIPEICTABIEHHBIX OIEHOK, TEOMETPUUYECKHE pa3Mephbl KIACTEpOB (IMATTEPHOB)
BHCIIIHCTO BJIeKTpOMaFHI/ITHOFO I10J14 ]_ICJ'IeCOO6p8.3HO BI)I6I/IpaTI> B npenenax
0,25-4,5 cv™.

NMUTAIMOHHOE MOJEJIUPOBAHUE W3MEHEHWS IEP®Y3AUA TPH JENCTBUA
MNPOCTPAHCTBEHHO-HEOJHOPOJHOI'O BHEINHEI'O ®U3NYECKOI'O ®AKTOPA

Uzmenenune 3¢ eKTHBHOIN IepPYy3UH TOA NeHCTBHEM BHEITHETO (PH3MIECKOTO
¢dakropa (BOD) mpom3BoaMiIoCs Ha OCHOBE HMHTAIMOHHOTO MOJIEIHPOBAHMS.
PaccmaTpuBanoch ~ OByXMEepHOE  IPOCTPaHCTBO.  buomorumyeckas  TKaHb
MOJleJIUpoBajach KaK paBHOMEpHas MpSIMOYIOJbHAsl peIIeTKa pa3MepaMu
300 x 300 mmkceneid. McxomHoe cocTossHHE MaTpullel HyineBoe. OOiacTH, rje
3HAYEHHUE SUEEK NMPUHUMAIIOCh PAaBHBIM EIMHUIE, MOJECIUPOBAIN KPOBEHOCHBIE
cocymel. OOmas Iuromame COCYIOB cOCTaBisia 5 % OT Bcedl MaTpHITBI
(4 500 mmkceneir). Cocynmpl, KOTHYECTBO KOTOPHIX Nc, BBIOWpalHCh paBHOM
momany. BapbupoBaaock KOIMYECTBO COCYII0OB, MECTO PACIIONIOKEHHS KOTOPBIX
BEIOMpANOCh CIy9alHBIM 00pa3oM. IlocTosHCTBO 00mEel IUTOMIagy COCYIOB,
HE3aBUCHMO OT WX KOJIMYECTBA, XapaKTepu3yeT (UKCHPOBAaHHBIN OOBEMHBIN
KpoBOTOK. [IpOHMKHOBEHHUE )KUKOCTH U3 COCYIIOB B MEXKKIETOYHOE IPOCTPAHCTBO
(Y37BI pemieTkn) IMPONCXOIHIIO OT KpalHUX TOUEK, 3HAUCHHE KOTOPBIX OBLIO PaBHO
1, CO CKOpPOCTBIO, MPOIMOPIUOHATBHON K03 duimenty muddy3un D B TOUKe B
JaHHBI MOMeHT BpeMeHH. bes BO® xoadhdunmenT D npuHAMACsS paBHOMEPHBIM
B IPOCTpPAaHCTBE. DTO O3HA4aeT, YTO 3a €IUHHUIYy BpeMEeHH (OAHY HUTEpalHio)
KHUJIKOCTh MOXKET MPOCOYUTHCSI HA MAaKCUMAJIbHOE PacCTOsSHUE:

h=kD, (5)

rac kl — HCKOTOpasa KOHCTAaHTaA.
HanpaBneHHe npocavynuBaHUA €rand BI)I6I/IpaJ'IOCI> oo CIIy4YanHOMY

paBHOMEPHOMY 3aKOHY paclpelelieHus ¢ yderoM npeabictopud. Ilog
MPEIBICTOPUE MOHMMAETCsl 3aBUCUMOCTh HANpaBjieHUs MPOCayMBaHUS OT
MpeABIIYIIero MOMEHTa BpeMeHH. B maHHO# pabore Ko3(QHIMEHT maMsaTé 10

HaImpaBJICHUIO COCTABJIAI 0,2 BEPOATHOCTHU OT NPCAbIAYIIETO 1ara _e(t—l) .

B 3aBucumoctn oT wWHTeHCHMBHOCTH B®® wusMmensercs kodpQummeHt
muddys3un, B 9aCTHOCTH, 32 CUET TeMIepaTypsl 71 :

D= DO exp(—k2 /T) + k3 . (6)

rne Dy — mpemensHOe 3HadeHme Kodddurmenta muddysum; ky, k3 —

HEKOTOPbIE KOHCTAHTBI.
Hamuue rpaJueHTa TeMIepaTyphbl, pacnpeneneHue KOTOpOH
COOTBETCTBOBANIO pacnpenenenno BO®D, cMmemniano BeposTHOCTh NPOCAYUBAHUS B
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CTOPOHY TMOBBIIEHUS 1 C OAHOM CTOPOHBI, U C JAPYrod — yBEITUUHUBAJIO
MaKCHMaJBHOE PacCTOSHUE MTPOCAYNBAHI HA /; 32 SAWHUILY BPEMCHH:

(7

oT
rae x TPaieHT 10 HalpaBIeHU 0 X(X,)).

Taxum O6p8.30M, CYMMApPHOE HAIIPaBJICHUEC IPOCAYUMBaHUA OIPCACIATOCH
BEKTOpOM

e= _erand + _egrad + _e(t—l) . (8)
MaxkcumairsHoe PaCCTOAHUC MTPOCAYUBAHNWA 3a CIUHUILY BPEMCHU
I=h+1. 9

Makcumanbnas ammutyga B®®  cocraBmsma 1. [IpocrpancTBEeHHO-
HEOJHOPOIHOE I0JIE 33aBaI0Ch KBa3UCHUHYCOMIAaJIbHBIM 3aKOHOM paclpeieieHus

a, =sin(xNr), a,, =sin(yNr), (10)

T(x,y)=kpya,” +a,” (11)

rae Ny — mapaMeTp, XapakTepU3YyIOLUH KOJUYEeCTBO MAaKCHUMYMOB IOJS BIOJb
OMHOM W3 ocell x wim y, kr — HEKOTOpas KOHCTaHTa. lIpocTpaHCTBEHHAs
nepuoauyHocTb BP® 1o3BONIAET OOCTATOYHO OJHO3HAYHO XapaKTepU30BaTh
CTeNeHb HEOAHOPOAHOCTH MOJIS OJHUM YUCIOM — N7

1 -
V.oe. A A Ne=4
08 A V2
) W Mr=1
06 1 B N=0
PaeHoMepHOE
04 & Tome
* Bez
B®d
0.2 1
0 T T T T \
0 2 4 6 8 10

Konuuectso cocynos, N,

Puc. 2. V3amenenune o0bema 3 PekTHBHOM nepdy3uu TKAHH B 3aBUCUMOCTH OT KOJIMYECTBA
KPOBEHOCHBIX COCY10B. DYHKIMS anmpoKCHManuu umeet Bua y = a In(x) + b

Db dexrrBrHas mepdys3ust TkaHel (V) omeHMBaNach IO CTEIEHH 3allOTHEHUS
HCXOJHOH pemIeTKH (MaTPHIIB) 32 PUKCHPOBAHHOE BPEMS.

OCHOBHEIE Pe3yNbTaThl HMUTAMOHHOTO MOJEINPOBAHMS 32 (PUKCHPOBAHHOE
BpeMs pu (HPUKCHPOBAHHOM 00BEMHOM KPOBOTOKE IPECTABIICHBI HA pHC. 2 1 3.
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4 6 g 10

Crenens HeomHOpoOOHOCTH, N1

f=]
[ ]

Puc. 3. M3amenenune o0beMa 3pPekTuBHOM nepdy3uu TKaHH B 3aBUCUMOCTH OT CTEIICHU
MIPOCTPAHCTBEHHOM HEOAHOPOAHOCTH BOD. DyHKIMS anmmpoKcuMaIy — KyOHdY eCKUii
TIOJIMHOM

AHanmv3 TpeACTABJICHHBIX JAaHHBIX XapakTepuiyeT ciuemayromee. llpu
(bUKCHPOBAaHHOM OOBEMHOM KPOBOTOKE YBEIMYCHHE KOJIHUYECTBA COCYIOB (puc. 2)
M0 KBa3WJIOTapH(PMHUECKOMY 3aKOHY YyBelIW4YuBaeT >(O(PEeKTHBHYIO mepdy3Hro
TKaHel (HYDKHAN npenen KBazapara KO3 UITHCHTA KOppensauuu

aNMPOKCUMHUPYIOIIEH (YHKIUA C pPacUCTHBIMH JaHHBIMHU: ? =0,85). 310
MOATBEP)KAAET MHJIOTHYIO — Kiaccupukanuio  APQPEKTHBHOCTH  YMEPEHHOM
pPamMoOvacTOTHOW THUIEPTEPMUH IO IAaHHBIM YIBTPAa3BYKOBOTO HCCICIOBAHUS B
BC-pexxume [5], 3a UCKIIOUEHHEM CIlyyash pPE3KOro MOBBIIIEHHS KPOBOTOKA B
KOHKPETHOM cocyzne 0e3 YBEeIMUeHHsS KOJIMYECTBA BH3YalH3HUPYEMEBIX COCYAOB
(uBeTOBBIX MAaTTepHOB). JlaHHOE HCKIIOUCHHUE OOBSACHSIETCS TEM, UTO YBEIMUYCHHE
KPOBOTOKa B OAWHOYHOM COCYA€ HEOTHO3HAYHO XapaKTepH3yeT MOBLIIICHHE
neppy3uu TKaHEW: MOTOK KPOBH MOXKET MPOXOOUTH TPAH3UTOM Yepe3 OIyXOJb C
MUHHMAITEHBIME 3 deKTaMu MpocaunBaHUsI B MEXKIETOYHOE MTPOCTPAaHCTBO. [1pu
VBEIIMUEHUH TIPOCTPAHCTBEHHOW HeomHOpogHOcTH monsi BOD sddexTuBHas
nepdysus ysenmuusaercs (puc. 3). I[lpm HeogHOpomHocTH mons Np > 2+3
neppy3nsi U3MEHIETCSI HEe3HAUUTENFHO M COOTBETCTBYIOIINE KPHUBHIC BBEIXOIAIT HA
«IIaTo». 37€ch MCKIIIOUYEHHE COCTaBJISET Cllydall OAMHOYHOrO KPYIHOro cocyna
(N, = 1), rme nepdy3ust KBa3WIMHEHHO BO3PACTa€T OT CTEIEHU HEOTHOPOTHOCTH
Nr. Jlng xonndecTBEHHOW OLIGHKM IaHHBIX HAa pHC. 3 HCHONB30Baliach
anmpokcuManus Buma —In(l— y) =2Ax+b, pe3ynbpTaTel KOTOPOI IPENCTABICHE B

Tabm. 2.

JaHuple B TaON. 2 CBHICTENBCTBYIOT, YTO C YBEIHMUCHHEM IIPOCTPAHCTBEHOM
HeomHopoaHocTH B®®, xapakrtepusyemoil mapamerpoM Ny, 3hdeKkTHBHAS
meppy3nss TKaHEH MOBBIACTCS MO0 KBa3UAKCIIOHECHIIMATHHOW 3aBHCHMOCTH.
YBenmuueHne KONMYeCTBa MPHUBOMUT K YBEIMYECHHUIO TapaMeTpa A (yMEHBIICHHE
MOCTOSTHHOM BpemeHH T=1/A). Tak, B HameM MOAEIHHOM CiIydae IIpH
(UKCHPOBAaHHOM OOBEMHOM KPOBOTOKE IOCTOSHHAss BpeMeHH T mpu N, = 5
MeHblIIIe, yeM pu N.= 1 Gonee uem 3,5 pasa.

I'paduueckne 3aBucuMoOCTH Ha pHC. 2 UM 3 JIEMOHCTPUPYIOT HEKOTOPHIi
KONeOATEebHBIN PEeKAM pPaCUETHBIX TOYEK MO OTHOIIEHHWIO K JMHUSAM TpeHnma. B
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OOJBLION CTENEHH WMMEHHO JTO OOYCIOBIMBAET MOHMKEHHBIC 3HAYCHHSI
KOO QHIMEHTOB KOppEIALUK 7~ B TaG1. 2. OGBICHIIOTCS JaHHBIC (IyKTYaIliH
HAJIMYMEM B HMMHTAIMOHHOM MOJEIMPOBAHUM CIYYailHbIX COCTABJISIONINX,
BJIMSHUEM OKPYIJICHUS 3HAYCHHUS IUIOIAMU COCYAa NPH KOHEYHOM JAUCKPETHOM
MIPOCTPAHCTBE, a TAK K€ TEM, YTO MPOCTPAHCTBEHHOE PACIONOKEHHE MOJESIbHBIX
COCY/IOB «CHHXPOHH3HPOBAHO» C MPOCTPAHCTBEHHBIM pacrmpezencHiemM BOO.
JIpyruMu CIIOBaMH, JUTS Ka)Or0 BApHAHTA PACIIONIOKEHHS COCYIOB UMEETCS CBOM
JIOKAIIBHBIA ONTUMYM MPH HEKOTOPHIX 3HAYECHHUSIX N7.

Tabuuua 2
Tapamempot annpoxcumayuu Oannvix na puc. 3 gynxyueti —In(l — y) =Ax+b

Koanuecrso ITapamerps! ypaBHenusi Ax + b, rae Ksaapar kospduunenra
cocynos V. X — cTeneHb HeoAHOPoAHOCTH Ny Koppensiuu r°

1 0,0562 x + 0,2953 0,65

3 0,0819 x + 0,6555 0,72

4 0,0898 x +0,9167 0,51

5 0,1980 x +1,4892 0,58

Crnenyer Tak k€ OTMETUTh, YTO IpPU PACCMOTPEHHUH NIPOCTPAHCTBEHHOU
3aJaqd B Cllydae TIIyOOKOTO  pACIIONIOKEHUS  OMyXONH  IIOBEHIIICHHE
HeomHOpoOHOCTH Tosi BO®D B HEMOCPEACTBEHHOH ONM30CTH OT W3ITyJaTels
YBEJIIMYMBAET OIHOPOIAHOCTD IOJISl C YBEIMYEHHEM paccTosHUs. Mcxoas u3 aToro,
Hambonee AQQPEKTHBHOE MPOCTPAHCTBEHHOE pacmpenencHue nons BOD
COOTBETCTBYET cirydaro Ny=2 + 3.

C TOYKM 3peHUs UMUTALMOHHOTO MOJEIUPOBAaHUS CIIEAYET TaK K€ OTMETHUTb
HEKOTOPYI0 KOHKYPEHLMIO MHTEHCHUBHOCTH IIyMa, KOTOpas MOJIeIupoBaa

BEPOATHOCTh CIIyYaHHBIX ONyXIaHWdl €.y, W HampaBIeHHOH mepdy3un
(nepkomsiueit) Egrad: IIPU BEPOSATHOCTH MPOTEKAHUSI B CIy4aillHOM HampaBlIEHUH

(Prand), CYIIECTBEHHO MEHBINCH BEPOSTHOCTH IIEPEMEIIEHHS MO TPAIUCHTY MO
(Parad), 2PdexrtuBHas mnepdysus pe3ko cHmkaerca. JpyruMH  CIOBaMH,
rpaguentHoe mone B®® He OMWKHO ONHO3HAYHO 3a/aBaTh HAaIpaBICHHUE
IBIDKSHHS KHUIKOCTH, a JIUIIb CMEMIATh B Ty HJIM HMHYIO CTOPOHY BEPOSTHOCTH
MPOTEKAHMSL.

OKCHepUMEHTANBHO TMPSIMOE TOATBEpXKICHHE yBenwdeHus A(PQeKTUBHOM
nepy3nu OIMyXOJNH U YACpKAaHUE Mpernapara B MeKKICTOYHOM IIPOCTPAHCTBE TIPH
yMepeHHOU THIIEPTEPMHH c MIPOCTPaHCTBEHHO-HEOTHOPOIHBIM
3JIEKTPOMArHUTHBIM T0JIeM OBIJIO TIOKa3aHo B pabdore [18].

BBIBOIbI

Ha ocHOBe Teopuu CHHXPOHH3AIMH KIETOK Cpeod ¢ TepeMeIluBaHUEM
OIICHKAa HIDKHErO Iopora pasMmepa IMPOCTPAHCTBEHHBIX KJIACTEpOB (TIATTEPHOB)
BHENIHEro  (¢u3uveckoro (akropa Kak CHHEPreTHYECKOH COCTaBIAIONICH
KOMILUTIEKCHOW TepaIiy 3JI0KaYeCTBEHHBIX OIyXoJied cocTanister mopsaka 0,1 cM.

HauGomee  sddekTrBHBIE  pa3Mepbl  KIACTEpOB  MPOCTPAHCTBEHHOTO
pacrpeieieHds Mol COCTaBISAIOT OT 5 10 45 % monesnol mioniaad (oobeMa)
obOnyuyenus. Jlms  omyxoliel ¢ XapaKTepHBIMH T'€OMETPHUYCCKHMMH pa3MepaMu
5-10 oM’ ¢ YYEeTOM 30HBI WHBA3WH 3TO COOTBETCTBYET pa3MepaM KIIacTepoB
BHEIITHETO AJIEKTPOMArHUTHOTO ImoJis B mipenenax 0,25-4,5 oM’
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I[aHHI)IC HUMUTALMOHHOIO MOACIIMPOBAHUA BJIMAHUA NPOCTPAHCTBEHHO-

HEOJHOPOIHOTrO BHEIIHEro (pu3udeckoro ¢gakropa Ha 3PQGEKTHBHYIO Nepy3HI0
OMOJIOTMYECKUX TKaHEH © OMyXOMH CBUIETENBCTBYIOT O HEOOXOIMMOCTH
BBIOMpATh pacOpefeieHre Nois, HMeroliee 2—3 MakCHMyMa M MHHHMYyMa B

MOJE3HOM 00IacTu O6Hy‘{eHI/I$I. KonmuecTBo OKCTPEMYMOB IPOCTPAHCTBEHHOI'O
pacnpeacicHus 10JIs1 B JTaHHOK HpPIKJ'IaI[HOfI 3a4a4€ XapaKTCPU3YyHOT KOJINYECTBO
KIIaCTEpPOB.

1.

10.

11

12

13.

14.

15.

16.

17

Pomanosckuii FO.M. Maremarudeckoe moaenupoatue B 6nodusuke / FO.M. PomanoBckuii,
H.B. Crenanosa, /[I.C. Yepnasckuii. — M. : Hayka, 1975. — 344 c.

Yepesos A.E. O6uiast Teopust paka: Tkanesbiit noaxon / A.E. Yepesos. — M. : Mzg-80 MI'Y,
1997. — 252 c.

Bubpani nekiii 3 pamiOHYKIiAHOI MIarHOCTHKM Ta MPOMEHEBOI Tepari: HaBYAIbHUN
nocibuuk / 3a pexa. A.IL. Jlazaps. — Biunuis : Hoa kuura, 2006. — 200 c.

PanuoyacToTHass rUnepTepMHsl 3JI0KAYECTBEHHBIX HOBOOOPA30BaHHMH, HAHOTEXHOJIOTUH M
nmuHamudeckuit xaoc / B.D. Open [u ap.]. — Tepuomnons : TTMYVY, 2012. — 448 c.
VibTpa3BykoBa Bi3yasi3allis IMiABUIICHHS BHYTPIIIHBOMYXJIMHHOTO KPOBOTOKY y XBOPHX Ha
pax TPyIHOI 3ay03H IMij BILTMBOM JIOKaibHOI pamiodactrorHoi rineprepmii / B.E. Open [Ta
inmt.] // TlpomeneBa miarHoctTuka, mpomeHesa tepamis. — 2011. — Ne 3/4. — C. 43-47.
Huxomo  H.A. Marematuueckoe  MOJEJIIMPOBAHUME  pOCTa  3J0KAYECTBEHHBIX
HOBOOOpa30BaHMIl IMOA CHHEPreTHYECKUM JAEHCTBUEM IPOCTPAHCTBEHHO-HEOAHOPOIHOIO
BHemHero (usuyeckoro akropa u xumuorepaneB-Tudeckoro npemnapara / H.A. Hukonos,
T.B. JlonckoBa // DieKkTpoHMKa U CBsi3b. TeMaTH4eCKUil BBIMYCK «DJIEKTPOHHKA U
Ha"oTexHojaorum». — 2010. — T. 55, Ne 2. — C. 142-146.

BiusiHue HEOJHOPOIHOCTH HJIEKTPOMArHUTHOrO IO Ha YCHJIGHHE IPOTHUBOOIYXOJIEBOM
aKTHUBHOCTU MoKcopyounmna / B.D. Open [u ap.] / Dnekrponuka u cBsizb. — 2008. —
Ne 3-4. —C. 173-177.

BonuB  mpocTOpOBO-HEOMHOPIMHOrO — €JIEKTPOMArHiTHOrO MO Ha  MPOTHILYXJIMHHY
aKTHBHICTh LUCIUIATHHY MPH il HA PE3UCTEHTHUI 0 HHOrO MiJ I[ITaM KapUUHOMH JIeTeHi
«JIptoicy / B.E. Open [ta iam] // YPXK. —2009. — T. 17. — C. 72-77.

Manenko A.I'. MexkieTouHbie KOHTaKkThl U peakuuu Tkauu / A.I'. Manenko, I.A. Uyna. —
M. : «kMeauuunay, 1979. —136 c.

BacunbeB F0.M. Kierka kak apxutektypHoe uyno. Yacts 3. Knetka eaunas, HO nenumast /
FO.M. Bacusbes // CopocoBckuii 00pa3oBatenbhbiil xypHair. — 1999. — Ne 8. — C. 18-23.

. Mappwu . Henuneiinbie auddepenunanbhbie ypaBHeHust B Ouonoruu. Jlekimu o Mogensx /

Jx. Mappu. — M. : Mup, 1983. — 398 c.

. Buoxumust yenoseka: B 2 1. / P. Mappu, [I. I'pennep, I1. Meitec, B.M. Pomysmt. — M. :

Mup, 1994. — T.2. —415c.

®daxropel pocra. ['pynma kommanmii «buoXumMaky» [DnexTpoHHBIH pecypc]. — Pexum
nmocryma: http://laboratory.rusmedserv.com/ files/39 Faktory Rosta.pdf (mara oOpamienus:
16.01.2014).

TapaceBuy FO.1O. Ilepkomsimsi: Teopus, MPUIOKEHHs, aIrOpPUTMbL: YueOHOe mocobue /
10.10. TapaceBuu. — M. : Enquropuan YPCC, 2002. — 112 c.

Kecren X. Teopust mpocaunBanus aist maremarukoB / X. Kecren. — M. : Mup, 1986. —
392 c.

buopurmMuueckiue U caMOOPraHH3aLMOHHBIC IIPOLECCHl B CEPIEYHO-COCYAUCTON CHCTEME.
TeopeTnueckue HCCIENOBaHMS M IIPAKTHUECKOe 3HauyeHue / orB. pen. B.A. AHTOHew,
A.Il. MarycoBa. — H. Hosropon : UI1d PAH, 1992. — 220 c.

. ®enep E. Opaxranst / E. Genep. — M. : Mup, 1991. — 254 c.
18.

HikomnoB M.O. ExcriepumMenTanbha orinka 3Mian kinetuku 99mTc-MIBI B kapiiHOCapkomi
VYokep-256 mix BILIMBOM OPOCTOPOBO-HEOAHOPIAHOIO EISKTPOMATHITHOrO moist /
M.O. Hixkonos / YPXK. Marepianu IV 3’131y Ykpaincekoro ToBapuctsa (haxiBIiiB 3 siiepHOL
meauiuan. 2627 Bepecns 2011 p., Oneca, 2011. — T. XIX, Bum. 3. — C. 312-315.

[Honyueno 17.01.2014

© H.A. Huxonos, ILIL. Jlomuukwuii, A.I'.Comsp, 2014
ISSN 0452-9910. Ku6epHeTuka u BbI4HucI. TexHuKa. 2014. Boim. 176 73



VIK 613.71/73-615.83

MONITORING AND CORRECTION OF STUDENTS’
FUNCTIONAL STATE BY THE INFORMATION
TECHNOLOGY TOOLS

L.M. Kozak', M.V. Lukashenko®

! International Research and Training Centre for Information Technologies and
Systems of the National Academy of Sciences of Ukraine and Ministry of Education
and Sciences of Ukraine, Kiev, Ukraine

*Vinnytsya Medical College Named after Academician D.K. Zabolotny

[IpuBenenst  pe3ynpTaThl  aHanM3a  HMHPOPMAMOHHON
texHonorun (UT) MOHMTOpUHra M KOPPEeKUMH (PYHKIHMOHAIBEHOTO COCTOSIHUS
CTYIEHTOB B IIporecce OOydeHWs, CO3JaHHOM Ha OCHOBE pa3pabOTaHHBIX
Mozenel, KOMIUICKCa KPUTEPHEB KIACCH(MKAIUKM COCTABISIOINX MOJENeH,
aNTOPUTMOB ONpPEIETICHUS] HOPMAIM30BAHHBIX OLIEHOK, (POPMUPOBAHUS IPYIII U
MporpaMM IICHXOJIOTHYecKoro compoBoxaeHus. WT Bkmrowaer Tpu 3rama:
MOHHUTOPUHT (DYHKIIMOHAJIBHOTO COCTOSTHHUS, KIACCH(HUKAIHS 3TOr0 COCTOSHHS
U Ha OCHOBE IONYYCHHBIX OIEHOK (DOPMHUPOBAHUS TPYHNI M HPOrpaMMm
muddepeHIIPOBaHHOTO MCUXOIOTUYECKOr0 CONPOBOXKACHHUS M IPOBEACHHE
koppeknuu. Ha mocnemnem sTame peanusyeTcss CO3QAHHBIM KOHCTPYKTOD
TICHXOJOT HYECKUX TPEHUHIOB, TI03BOJISIOIIUH COCTaBHUTh
muddepeHnpoBaHHbIE IPOrpaMMBI  IICHXOJIOTHYECKOTO COMPOBOXKACHUS B
COOTBETCTBHM C MO3aMKON COCTOSHMS (DYHKLHMH y HCCIEAYEeMBIX CTYICHTOB.
3aBepimaercss HMHPOPMANMOHHAS TEXHOJIOTHS MOBTOPHBIM TECTHPOBAHHEM
CTYICHTOB ¥ QHAJINW30M pE3yNbTaTOB IPOBEICHHOW ICHXOJIOTHIECKOH
KOPPEKIHUH.

Knioueevie  cnosa: nH(MOPMAIMOHHAS  TEXHOJIOTHS,
(YHKIMOHANBHOE  COCTOSIHUE  CTY[CHTOB, MOHHMTOPHMHI U  KOPPEKIHs
(YHKIMOHAIBHOTO COCTOSIHUSL, TIPOTPAMMBI IICUXOJIOTMUECKOI MOIAEPHKKH.

Hanmano pesynpraté ananizy indopmariiiaoi Texuosnorii (IT)
MOHITOPHHTY 1 KOpeKiii (YHKI[IOHATBHOrO CTaHy CTYASHTIB y Mpomeci
HABYaHHS, CTBOPEHOI HA OCHOBI PO3POOJICHUX MOJENeH, KOMILIEKCY KPHUTEPIiB
knacuikaiii  CTaHiB  CKIaJOBHX  MOJENCH, aIrOPUTMIB  BH3HAYCHHS
HOpMAJli30BaHUX OLIHOK, (OPMYBaHHS TPyn 1 TPOrpaM MCHUXOJIOTiYHOTO
cynpoBony. IT BKkiOYae TpH erTamy: MOHITOPUHI ()YHKIIOHAJILHOTO CTaHy,
KIacuikallst bOro CTaHy i Ha OCHOBI OTPUMAHUX OLIHOK (POPMYBaHHS TPYII
Ta nporpaM ugepeHLiiloBaHOro MCHXOJIOTiYHOTO CYIIPOBOAY, IIPOBEACHHS
kopekuii. Ha ocraHHpOMY eTami peasi3yeTbCsi CTBOPEHHH KOHCTPYKTOD
MCUXOJIOTTYHUX TPEHIHTIB, IO J03BOJSIE CKIACTH AU(EPEHIifioBaHi mporpamMu
MICUXOJIOTTYHOrO CYIPOBOAY BiMOBIJHO 10 MO3AiKH CTaHy Pi3HUX (QYHKIIH y
MOCTIKYBaHUX  CTYIOCHTIB. 3aBepuiyeTbcsi  iHpOpMAamiiHa — TEXHOIOTis
MOBTOPHUM TECTYBaHHSAM CTYACHTIB 1 aHAI30M pe3yIbTaTiB MPOBEACHOL
MICUXOJIOT YHOI KOPEKIIil.

Kniouosi cnosa: indopmariiiina TeXHOIOTis, )YHKIIOHATBHUI
CTaH CTY/ICHTIB, MOHITOPHHI Ta KOPEKIisl (DyHKIIOHAILHOTO CTaHy, IPOrpaMu
MICUXOJOTTYHOT i ITPHUMKH.

INTRODUCTION

The functioning of the educational system is aimed at the professional
development of young people, the formation of highly qualified specialists in
conjunction with the preservation of their health. The results of numerous studies
of students’ health testify to its deterioration and the related difficulty of the
process of a personality social adaptation. In turn, the inadequacy of the socio-
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psychological adaptation to the new conditions often as a positive feedback causes
the occurrence of emotional instability and deteriorating health, entails the adaptive
adjustment of a personality, resulted in both external and internal conflicts, as well
as maladaptive behaviors [1].

For monitoring and correcting changes associated with admission to a higher
educational institution planned work of the psychologist in higher education is
conducted. Some students have nonspecific physiological and psychological
adaptation reactions. Work arrangement with such students combines individual
and team work aimed at preventing and correcting the negative effects of stress.
The work of a school psychologist includes elements of psychotherapeutic
approach for the analysis and overcoming psychological distress of a personality.
The effect of external factors through a subjective estimation of their significance
by a specific student is taken into account.

One of the most used approaches in the psychological service in education is a
socio-psychological approach. The possibility of two kinds of age-related crises is
taken into account — the crises of personal formation which may be accompanied
by some significant life events (changes in social roles) as well as the crises caused
by external causes (sudden changes in living conditions, social relations etc.) [2].
The change of the social status and environment resulting from of admission to the
high school at the age of 14—15 may be a factor of the crisis, which can cause a
strong impuls to the personal development or disharmony. It is important to
monitor student's functional states based on the physical and mental manifestations
and reflecting their change in the learning process.

For a full and adequate assessment, monitoring and timely correction of
students' functional state (FS) it is necessary to use new information technologies,
the preparatory stage of which is the development of a functional state information
model. This model displays all the components, their functions and parameters and
is the basis for the formation of the complex of testing methods.

The purpose of this work is the analysis of information technology developed
for monitoring the functional state of students to form differentiated programs of
psychological support in the learning process.

INFORMATION SUPPORT OF INFORMATION TECHNOLOGY

The basis of information technology (IT) is the formed information model of a
student’s functional state (IM) including the three main components: intellectual,
emotional, and personality-motivational components. In our previous studies
intellectual component has been analyzed and the biological functions that provide
a cognitive mental processes has been singled out. These functions ensure forming
environmental models, establishing links between these models, the ability to save
and correcting these models, i.e. active cognitive activity, in solution of actual
problems.

The main criterion for changes in the students’ functional state is the
decreased or increased effectiveness of the learning tasks, and a leading index of
the active psychical functional state is the mental capacity, integrating basic mental
functions — perception, attention, memory, and thinking. Therefore, the
intellectual component is described by these specified system functions. The
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characteristics of the functions are obtained by using known psycho diagnostic
tests [3, 4].

We study the speed characteristics of perception arising from the action of
simple visual and auditory signals, and the system characteristics of a higher level
of perception — perception of time and space. To determine these parameters the
registration time perception of simple sensorimotor reaction, modified test of Franz
Halberg "individual minute" [5], measuring of the segment with predetermined
length and its comparison with the real standard are used.

The main attention estimation parametres are the volume, concentration,
stability, refocusing, which are determined by proofreading test.

The need to determine the current state of the memory function allows using
the characteristics of short-term memory — the volume of stored and replicated
information.

Depending on the involved elements and operations, it is proposed to
determine thinking function by the atitudes of the abstract, associative, logical,
operational, and spatial thinking.

The emotional component consists of three elements: the actual psychic
experiences (internal emotional component), the manifestation of emotions
(external emotional component) and changes in the functioning of the internal
organs (component of physiological response). In this study we pay attention to
two elements — impressive (inner feelings) and expressive (manifestation of
emotions) functions. According to our classification each of these functions is
represented by six characteristics in accordance with the basic feelings groups:
safety, affection, self-esteem, activation, pleasure and feelings of affectation. These
characteristics are determined by a designed questionnaire, included in an
automated system [6]. As the system ability to generate internal and external
manifestations of emotions the selected index of general emotional intensity is
singled out. The difference between these two functions is represented by an
emotional disbalance.

Another indicator of the emotional sphere imbalance is anxiety: resonal
anxiety as a stable feature, reactive anxiety as an actual state [7]. We should take
into account that the optimal level of anxiety is a natural and obligatory feature of
an active person, but increased rates may cause stress, anxiety, disorders of
attention and fine motor coordination.

The personality-motivational component combines functions of interpersonal
relationships: conformity and nonconformity. These functions are marked by us
based on T. Leary concept of interpersonal relationships [8] and L.N. Sobchik
individually-typological approach [9].

The function of nonconformity is characterised by four trends (octants), to
each of which is manifested by a certain style of interpersonal behavior: imperious-
leading, independent-dominating, straight forward-aggressive, distrustful-skeptical.
Octants of konformity function are: humble-shy, dependent-docile, cooperative-
conventional, responsible-generous. When creating an information model two
forms of “I-concept” are considered: “I-actual” — a self-image that most
accurately characterizes the personality at the moment, and “I-ideal” —
representation of oneself in accordance with the ideals and desires. Correlation
between “I- actual” and “I-ideal” underlies personality adaptation mechanisms,
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differences between these forms indicate the direction of the changes of functions
in the personality-motivational component. Features of highlighted functions are
determined by the test T. Leary adapted L.N. Sobchik as “Test of interpersonal
relations” [9].

Information model is a hierarchical system: level I — integral (generalized)
functional state assessment, each component (level II) is described by the
corresponding system functions (level III) whose state is determined by one or
more absolute and/or relative characteristics (level 1V). The formed automated
complex methods for quantitative characteristics of level IV are based on the
developed information model.

ALGORITHM TO DETERMINE THE RELATIVE FORMALIZED ASSESSMENTS OF
THE FS

The algorithm is based on a number of methodological approaches, including
preprocessing data array, the normalizating indicators, and developing integral
estimates [ 10—12]. Here are the stages of the proposed algorithm enlarged.

Stage 1. Formation and qualitative analysis of the generalized initial dataset. In
accordance with the information model a single table on entire dataset has been
developed. Culling numerical values is carried out — excluding data that are
artifacts or those remaining unchanged with the change of object state (from one
class to another).

For further comparative analysis it is necessary to carry out the procedure of
normalization and integration assessments formation.

Stage 11 . Normalization of indexes.

At the beginning of this stage the basic value is selected. This value can be
obtained as follows:

— Calculated on the base of the original data set (average, maximum and
minimum values, the lower and upper limits of the confidence interval);

— Defined as the norm for this index (from directories based on the age, sex
and other characteristics);

— Adopted as a kind of "ideal" value of this index;

— Defined as the range of values that meets the criteria limits or range of
primary data changes in the array.

The latest approach has been used for developing this information technology.

Using the selected reference/basic value, relative index defined as the ratio of
the current value (in units) to the selected basic constant value (in units). The result
is a dimensionless relative value.

To determine the range of variation index of 0 to 1 normalization procedure is
performed using linear and nonlinear functions.

For linear normalization the following formulae are used:

X X;

D= max

for decreasing the normalizating function; (1)
Xmax — X

max min
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D= Xi — *min

for increasing the normalizating function (2)
X ~ Xmin

max

where Xy, Xminn X; are the maximum, minimum and current index undergoing
normalization.

The normalized value of the index equal to 1 represents the best state of
investigated characteristics. Increasing the value of the index at a decreasing
normalization function indicates deterioration of the analyzed characteristics, and
that with increasing function — an improvement of the state, and vice versa.

In nonlinear data normalization exponential (decreasing or increasing), arc
tangent functions and distribution (normal, Weibull, Rayleigh, and others) are
used.

To solve the tasks of our research it is important to single out the optimum
values in normal range of investigated index, then the definition of normalized
valuations must be done including the selected range: x.,, < x; < x,, where x,, and
X.,p are boundary values range of x,, + 10%. So the normalized score is calculated:

Xi = Xyop
Xi > X0

Xyop = xmax|

X; — X

i -0,
D= L TP X <X_op 3)
X_op _xmin|
1 Xipop <Xi <Xigp

The values Xmax, Xmin are determined from the conditions of the test task or of

the confidence interval limits: Xy, Xmax =X 17, ,0 where X is the arithmetic

min >
mean; o is standard deviation; ¢ is quantile of the Student distribution; a is the level
of significance; n is the number of freedom degrees.

Stage III. Forming integral assessments.

Mostly in medical and biological research calculating the arithmetic mean or
the geometric mean of all received estimates is carried out to combine the received
normalized indicators for integral evaluation. Each normalized index is assigned
weight (using the peer review or largest variability indicators, etc.).

It is possible to calculate integral evaluation using a formula with the
additional probabilities of weight of each indicator or calculation of additional
probabilities averaged over the arithmetic mean or geometric mean.

Thus, in the first step normalized evaluation indices were calculated (level IV
of the information model). Integral estimates of the following levels were
calculated as a weighted average, combining the estimates of lower level:
integrated assessment functions (level III) combines normalized index assessment
(level 1V), integral components assessment (level II) assesses the functions and
integral (generalized) evaluation of the functional state (level I) combines
integrated assessment of intellectual, emotional, and personality-motivational
components.

© L.M. Kozak, M.V. Lukashenko, 2014
78 ISSN 0452-9910. KuGepHeTnka u BbIYMcJ/I. TexHHKa. 2014. Boin. 176



The application integral indicators for the analysis of the functional state and
its components allowed assigning a specific state of these systems quantitative
assessment, to move from verbal to quantitative measures.

MONITORING THE STUDENTS’ FUNCTIONAL STATE

The study of the developed information model was conducted with the
students of Vinnitsa Medical College named after academician D.K. Zabolotniy,
two groups with different learning load were compared: group I is students of
medical and biological lyceum and group II is students specializing in "Pharmacy".

Students” workload of medical and biological lyceum classes corresponds to
10-11 secondary school with advanced study of chemistry and biology, they
choose speciality after two years of study. Pharmacy students (group II) have
chosen their career before admission to college, they have three years training and
high learning load.

Testing was conducted four times a year, at the beginning and the end of each
two terms. The total volume of research is 218 people.

The experimental groups were homogeneous in terms of age: group I —
14-17 years old, group 11 — 14-18 years old (including three years of study).
Results of the study indicate that the academic load affects all personality structure.

Analysis of the average group characteristics revealed differences in dynamics
of the students’ functional state in the two compared groups during the year. The
first test (the beginning of the first semester) showed that the functional state of
pharmacy students (group II) was worse than the students of lyceum (group I) in all
components: the speed of simple sensorimotor reaction was lower, indicators of
memory, thinking, emotional intensity and levels of emotional disbalance were
lower, personal and reactive anxiety was elevated, the difference between the
“J-actual” and “I-ideal” was increased, information profiles of conformity and
nonconformity functions were different.

In the first terms students adapt to the new life rhythm and learning
conditions/environments, and foundations of relationships with peers and teachers
are formed. These processes are reflected in the functional state, their common
feature is the change of attributes which indicate stress: heart rate was improved,
rate of simple sensorimotor reaction, attention and memory indexes were
increased. However, different workload entails various changes in the functional
state of the students of the two analyzed groups. In particular this applies to
emotional and personal-motivational components: emotional intensity of the
students of group II was decreased, indexes of emotions of pleasure and activation
were lowered, while indexes of affect feelings were increased, emotional
disbalance has come down.

It is especially important to identify changes in the individual functional state
of students. As these changes were present in all components of functional state in
varying degrees the problems of the monitoring the state of each student and
additional psychological support differentiated according to the results of this
monitoring were arose. Preliminary studies of the dynamics of information model
(functions, components and integral assessment of the students’ functional state
during the school year allowed to reveal temporal milestones, to point out
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reduction of these indicators and to identify periods for additional psychological
support.

The orientation of programs of differentiated psychological support was
determined with regard to the specificity of intellectual, emotional, and
personality-motivational components of the functional state. The need for specific
training program was determined by the deterioration indexes of the functional
state. Algorithm for the formation of groups of students, who were recommended
to participate in the classes of specialized psychological support, was developed.

DATAWARE OF STUDENTS’ FUNCTIONAL STATE CORRECTION IN THE
LEARNING PROCESS

The task of automating the formation of differentiated psychological support
groups is solved by using the developed algorithm, which allows us to analyze the
students’ functional state based on a hierarchical information model. The analysis
begins with an examination of the highest-level models — the level of integral
assessment, and further the state of intellectual, emotional, and personality-
motivational components and their functions are revealed step by step.

From the values of the integral assessment of the functional states (DF;) three
classes of FS were singled out:

— Class F; — good functional state at 1 > DF; > 0,66;

— Class F, — satisfactory functional state at 0,66 > DF; > 0,33;

— Class F; — unsatisfactory functional state at DF; < 0,33.

In the first step of the algorithm each student was assigned according to the
test results to one of these three classes of general functional state (FS is the
highest level of information models).

Students, the general condition of which corresponds to the class F1 (good
functional state), do not require additional psychological support and,
consequently, are not included in further consideration.

In the second step of the algorithm calculation and analysis of assessments of
intellectual (DI;), emotional (DE;) and personal-motivational (DL;) components are
carried out taking into account the integrated assessment of the functional state
(DF;). For dividing classes of these components state the system of criteria was
formed, in tab. 1 criteria for determining the state of classes of intellectual
component are shown.

In the second step three groups, singled out of the basis of deterioration of
intellectual (FZII, Fz[z, Fz[}, F}Il, F}Iz, F}I}), emotional (FZII, Fz[z, Fz[}, F}Il, F}Iz,
F3l3) and personal-motivational (F,Ly, FoLl,, Fols, F3ly, F3l,, FiLs) components
with varying degrees of change in this state were revealed.

Good state of particular components, e.g. the intellectual component (/;), at
satisfactory (F,) or unsatisfactory (F3) general functional state suggests that this
deterioration of general functional state was due to negative changes in emotional
and/or motivational areas. Therefore, students whose state is determined in classes
L, Fil, FbE,\, F3E\, FbL, and FsL,, will be assigned to groups focused on
correction of deterioration in complementary components (in this case emotional
and/or motivational) and their functions.
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In the third step of the algorithm analysis of the next hierarchy level —
analysis of the functions which provide the analyzed components — is carried out.
To determine the state of particular functions the division into three classes is done
based on the general principle of determining the limits of these classes: good (1 >
X; > 0,66 where JX; is the normalized value of the analyzed function), satisfactory
(0,66 > X;> 0,33) and unsatisfactory (X; < 0,33) functional state.

Table 1

Criteria for determining the classes on normalized estimates of the state
intellectual component

Class indication | Class descripyion | Class criteria
Intellectual component (IC)
Fal, IC good state IC, 1>DI; > 0,66
satisfactory general FS 0,66 > DF; > 0,33
Ful, IP satisfactory state, 0,66 >DI;> 0,33
satisfactory general FS 0,66 > DF; > 0,33
Fols IC unsatisfactory state, DI; <0,33
satisfactory general FS 0,66 > DF; > 0,33
Fil, .IP good state, 1>DI; > 0,66
unsatisfactory general FS DF;<0,33
Fil, IP satisfactory state, 0,66 >DI;> 0,33
unsatisfactory general FS DF;<0,33
Fil, IP unsatisfactory state, unsatisfactory general DI <0,33
FS DF;<0,33

For example, in the case of reducing intellectual indexes the problem of
identification specific functions responsible for this deterioration is solved. And the
psychologist knows that this particular student needs training of functions of
attention, memory and/or thinking.

As a result of applying this algorithm three aggregated groups of additional
psychological support are formed with a focus on intellectual, emotional and
personality-motivational components. And definition of functions the state of
which has been defined as unsatisfactory or satisfactory was done for each student.

SET OF DIFFERENTIATED PROGRAMS FOR PSYCHOLOGICAL SUPPORT

Application of the algorithm, which allows classifying the FS of a particular
students on monitoring results showed a variety of state combinations of different
components and their functions in the students. To take into account these
functional state mosaics in the preparation of differentiated programs of
psychological support, we used the designer’s approach. The elements of the
developed set were trainings aimed at the intellectual, emotional, motivational
aspects of psychical activities, using proven methods.

Functional training included the development of memory, basis of eidetic and
efficient memorization, the development of attention, thinking, and creativity.
Emotional state training control is aimed at developing the ability to determine the
level of stress and causes of negative emotions, to exercise the self-analysis of
behaviors in problematic situations, to acquaint with the way the negative emotions
transformation, to develop patterns of behavior in intricate situations, to apply the
technique of self-regulation, etc.

It is very important to carry out the conflict control training, giving
information of the types and causes of conflict, types of conflicting personalities
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and behaviors in conflict, the technology depreciation and conflict regulation,
forming the ability to criticize constructively and to perceive criticism. The training
of partner relations allows to achieve enhancement of the skills in communication,
self-knowledge, the development of verbal and nonverbal manners of
communication, constructive ways of interaction. The training of assertiveness
promotes the development of skills of confident nonaggressive behavior, a clearer
perception of their rights and opportunities with regard to the rights and aims of
other people.

The perception of time has a stable relationship with other mental functions.
On the one hand, all the senses (sight, hearing, and tactual sensation) give
information about time. On the other hand, all the psychological functions unfold
within time limits. Real perception of time is reflected subjectively in the
sensations duration of all mental experiences/feelings [9]. So we involved a special
group of time control training, aimed at developing the ability to plan and
prioritize, set goals and effectively organize the fulfillment of work assignments,
understanding the principles of the organization of effective self-control, methods
and techniques of time management.

The elements of psychological training set are organized into three basic
blocks of training: "Line of Intellect" aimed at correction of situational reducing
the implementation of cognitive functions; "Line of Heart" determining the causes
and conditions for reducing emotional imbalance, formation the skill of adequately
feelings manifestation, identifying internal emotional resources to prevent chronic
fatigue and emotional burnout; "Line of Life" recommended by the low
assessments of the personal-motivational component, availability of character
accentuation or potential internal conflict.

Using the developed psychological training set allowed us to form effecting by
a program for each particular group of additional psychological support, taking into
account the need to correct the state of certain functions of the intellectual,
emotional or personality-motivational components. If necessary, in parallel with
the team work individual counseling was carried out.

INFORMATION TECHNOLOGY OF MONITORING AND CORRECTION OF
STUDENTS’ FUNCTIONAL STATE

Based on the developed models, a set of criteria classification, algorithms for
determining the normalized estimates and forming groups of psychological support
the information technology for monitoring and correction of students’ functional
state in the learning process was developed. Information technology includes three
major stages: monitoring the functional state, the classification of this state and on
the basis of obtaned estimates formation of differentiated programs of
psychological support and its correcting (Fig. 1).

Monitoring the functional state (stage I). At this stage the testing of students
with the help of the developed automated system, which was based on the
hierarchical structure of the functional state information model.

Indexes of intellectual and personal-motivational components are determined
using proven methods of psycho-diagnostics, the characteristics of the emotional
component are defined using our proposed classification of emotions, approach of
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measuring expressive and impressive functions, the emotional saturation and
emotional disbalance, as well as test method to determine them. According to the
test results normalized assessments of all levels of the hierarchical information
model were generated.

The testing of students with the help of the@

RESULTS
Functions of the i Functions of the Functions of the personality-
motivational component
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g
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Fig. 1. Information technology of monitoring and correction of students’ functional state

Classification of the functional state (stage II). Calculated integral FS
assessments are input for classification the state of each student using the proposed
set of criteria for classes of functional state.

The developed algorithm of formation the groups of additional mental
accompaniment uses the results of the functional state classification, quantifies and
verbal description of this state that allows us to include a particular individual to
the appropriate group to participate in psychological training.
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Formation of differentiated psychological support programs and carrying out
the correction of students’ functional state (stage III). At this stage, the created
psychological training set is realized, which allows to make a differentiated
program of psychological support in accordance with a combinations variety of
different components and their functions states obtained for the studied students.

Work with students under formed programs lasts throughout the term, it is
followed by testing of the participants of these programs and analysis of their
functional state.

Application of the information technology in each term allows to correct and
further maintain of the student’s functional state at a good level, which increases
the efficiency of the learning process.

CONCLUSIONS

Monitoring functional status using the developed information technology can
detect the need for additional psychological support. The results show a mosaic
combination of psychological functions states that require correction forming the
basis of the formation of differentiated programs of the psychologist’s additional
work. Evaluation of the results of the students’ functional state correction indicates
an improvement in functional reserves for the improve of the efficiency of the
educational process.
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ABSTRACTS
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ON PATHOLOGICAL SOLUTIONS TO
AN OPTIMAL BOUNDARY CONTROL PROBLEM
FOR LINEAR PARABOLIC EQUATION

S.0. Gorbonos, P.1. Kogut

Dnipropetrovsk National University Oles Honchar, Dnipropetrovsk, Ukraine

Introduction: In this paper we study an optimal control problem associated to
a linear parabolic equation with mixed Dirichlet-Neumann boundary conditions.
We adopt as a control the measurable influence imposed on part of boundary. The
optimal control problem is to minimize the discrepancy between a given
distribution and the solution of the corresponding initial-boundary value problem.
The characteristic feature of this problem is the fact that the matrix of coefficients
in the main part of elliptic operator is non-symmetric and its skew-symmetric part
is unbounded. As a result, the existence, uniqueness, and variational properties of
the weak solutions to such problems usually are drastically different from the
corresponding properties of solutions to the parabolic problem with bounded
matrices in coefficients. In most cases, the situation can change dramatically for
the matrices with unremovable singularity. Typically, the boundary value problems
of indicated type may admit infinitely many weak solutions which can be divided
into two classes: approximable and non-approximable solutions. A solution is
called an approximable if it can be attained by weak solutions to the same problem
with bounded approximated matrix of coefficients. However, there is another type
of weak solutions, which cannot be approximated in such way. It means that the
corresponding optimal control problem may also possess the same properties, i.e.
it can admit the so-called pathological solutions when none of such solutions can
be attained by optimal solutions to regularized optimal control problems with
bounded matrices in coefficients of parabolic equation.

The purpose of this work is to give the example of an optimal control
problem for parabolic equation with unbounded coefficients such that its unique
solution has special singular properties. We show that because of these properties,
a numerical simulation for a given class of optimal control problems is getting non-
trivial.

Results: We prove that under special choice of the matrix of coefficients in an
elliptic operator and the special construction of the right-hand side of the linear
parabolic equation, a unique solution to the original optimal control problem has a
singular character and it cannot be attainable through the solutions of the similar
optimal control problems with bounded coefficients.

Conclusions: We give an example of optimal control problem for which its
unique optimal pair has pathological properties, and show that because of this the
approximation of such solution becomes non-trivial.

Keywords: parabolic equation, optimal control, variational solution,
unbounded coefficient, existence result.
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REGULARITY INVESTIGATION FOR
MULTIDIMENSIONAL SYSTEM IDENTIFICATION
PROBLEM BY THE FREQUENCY METHOD

S.V. Melnychuk

Space Research Institute of the National Academy of Sciences of Ukraine and State
Space Agency of Ukraine, Kiev, Ukraine

Introduction: System identification problems are often ill-posed. Under
certain conditions system identification problems are not well-posed in that the
solution is highly sensitive to changes in the final data This property is the
fundamental characteristic of this class of problems, and holds irrespective of the
solving method. It is studied in detail, for solving by frequency identification
method.

Purpose: The purpose of research is to establish and investigate the conditions
of ill-posed system identification problem rising and propose a regularization
procedure for selected frequency identification method. Method includes the steps
of structural and parametrical identification. The regularization procedure should
provide a suitable choice of the model structure so that the problem of
identification in certain conditions would be well-posed.

86



Results: For the method used, it has been shown how the errors in the initial
data affect the accuracy of the models. On the basis of numerical experiments it
was found, that the main factor affecting the accuracy of the solution is the matrix
condition number of frequency equations. There has been established a
conditionality limit above which makes the problem of identifying an ill-posed
even for exact original data.

For frequency identification method the problem regularity testing procedure
has been proposed. It is based on parameter variation estimation, and carried out
through randomization. It doesn’t requires any additional experiments. On the basis
of the results obtained during the last time segment of the experiment, a variation
area of estimating the eigenvalues of the model are constructed.

Depending on the condition number and the experiment duration, the domains
of well-posed and ill-posed problems have been obtained. Getting into the zone of
stability ensures that the problem of constructing a model in these conditions is
well-posed. Getting into the transition zone requires verification test. In the zone of
instability model is rejected.

Conclusions: The problem of identification of multidimensional systems can
be well- or ill-posed, depending on what is used for baseline data. If the
identification is performed by the frequency method, the main characteristics of the
data are the duration of the experiment and error value. It has been shown that for a
well-posed problem formulation it is necessary that model complexity be
consistent with the error in the initial data. Error value of source frequency data
determines the dimensionality of the models, which can be constructed correctly.
Regularization parameter in this method is the dimension of the model, or, more
correctly, the condition number of the corresponding system of frequency
equations.

Keywords: System identification, ill-posed problem, regularization.
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Introduction: Main directions in the development of information and
communication systems are both their very fast technological advance and
essential increase in the variety as well as complexity of the tasks they deal with.
But in spite of the tremendous growth of scientific publications in this area, a lot of
important theoretical and practical issues have not been solved yet.

Purpose: Examination of conceptual issues as well as practical ways and
means for most appropriate usage of modern information and communication
technologies to support solving intelligent tasks in the conditions of conflict.

Methods: Artificial intelligence methods, man-machine theory, organismic
conflict resolution theory, theory of deterministic chaos, methods of chaos
synchronization and control.

Results: The principal goal of man-machine interaction is providing support
for intelligent activity in the specific problem domain. This requires elaboration of
efficient algorithms for formation, modification and application of both explicit
and implicit fragments of knowledge. Advanced network technologies could be
used for the creation of effective procedures of configuring and integrating of
various knowledge elements distributed over time and space. System paradigm
based on a net-centric concept allows an examination and effective modeling of
both man-machine and internal applied processes. Such an approach also gives a
possibility for display and examination of essential components for different types
of internal as well as external conflicts within a wide range of situation’s variables
and parameters. It is essential that the development of distributed intelligent
systems should take into consideration not only formalized procedures of
examination and solving of typical conflict situations, but also experience and
skills of effective actions in unexpected environmental conditions.

Conclusion: Development of intelligent systems requires, as a first step,
elaboration of consistent methodology as well as feasible procedures for generation
and structuring of knowledge related to both external and internal elements of
conflict situation. The next step is an efficient integration of these elements into a
single goal-directed system. The promising method to cope with this problem is the
implementation of a net-centric paradigm in combination with the usage of various
types of current situation’s informational images. The proposed approach also
allows an efficient modeling and examination of different kinds of applied
processes.

Keywords: control, distributed system, conflict situation, applied process,
knowledge formation, man-machine system, net-centric concept, integration.
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PREPARING MEDICAL IMAGES FOR
PROCESSING IN LARGE INFORMATION
STORAGES

0.S. Kovalenko, A.O. Pezentsali, K.K. Tsarenko

International Research and Training Centre for Information Technologies and
Systems of the National Academy of Sciences of Ukraine and Ministry of Education
and Sciences of Ukraine, Kiev, Ukraine

Introduction: Improvement of working with medical images is one of the
urgent tasks of practical healthcare. Diagnostic equipment provide image in digital
form that require storing, processing and analysis in order to be used by medical
personnel.

Development of information systems has caused occurrence of many data
storage systems such as GRID and cloud, which are not only limited to storing
digital medical images but also allow to process and analyze them. Special-purpose
systems such as PACS (Picture Archiving and Communication System) are widely
used as temporary digital images storage. PACS is a medical imaging technology
which provides economical storage of and convenient access to images from
multiple modalities. Electronic images and reports are transmitted digitally via
PACS. The universal format for PACS image storage and transfer is DICOM
(Digital Imaging and Communications in Medicine).

At the present time use of such systems in Ukrainian healthcare practice is
extremely limited. This is due to the problem of switching from paper to electronic
workflow that is not implemented healthcare facilities.

The purpose is in determination of main conditions, selection of methods and
means of preparing (processing, storing, transmitting and analyzing) medical
images for usage in big information storages on the example of GRID.

Method: In this work the method of hierarchical clustering is used.

Result: Preparing medical images for GRID-environment processing contains
two processes. The first is about organization of software and technical system for
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image sharing inside the healthcare facility and for image transmission to GRID.
The second process lies in medical images pre-processing.

Three-level medical images processing system based on diagnostic and
treatment system and temporary storage system in healthcare facility and GRID-
system for long-term storage and analysis has been presented. Level functions were
defined, scheme for image transmission and processing in the GRID has been
suggested.

Method of scintigraphic kidney image analysis has been chosen and tested.
Several patients’ kidney scintigraphic images have been processed by the means of
hierarchical clustering to classify patients by the value of pixel data of the selected
fragments of images.

Conclusions:

Suggested three-level system allows regulating medical data of images for
usage in diagnostic and treatment process and transmitting depersonalized medical
images to GRID.

The chosen method of hierarchical clustering could be used as one of the
stages of automated images analysis for grouping of series of patients images by
diagnostically informative attributes.

By analyzing the mean pixel value of five patients’ renal parenchyma and
pelvis scintigraphic image segments authors could divide patients into three
subgroups according to the functional state of the parenchyma and into three
subgroups according to the functional state of the renal pelvis.

Keywords: medical images, GRID, storage and processing, DICOM.
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Introduction: Progressing process of environmental pollution by heavy
metals harmful affects on human health. That is why the measurement of the mass
concentration of heavy metals in the environment is an actual task. Currently one
of the most common polarographic methods of measuring of the mass
concentration of heavy metals is the method of inversion chronopotentiometry. To
reduce the error introduced into the method that is associated with the error
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determination of the mass concentration of heavy metals at their joint inversion is
required to be able to model the hidden fragments intensity curves inversion of
heavy metals. The article considers issues related to the modelling of hidden
fragments of intensity curves inversion of heavy metals.

The purpose of the research is to obtain a model that can more accurately
determine the concentration of each heavy metal in the sample.

The task is to develop a simulation algorithm, which will ensure equality of
area under the original curve of inversion intensity sum of the areas under the
modelled curves for the area joint inversion of the two metals.

Methods: To achieve our purpose we apply the numerical integration methods
(for example, using the trapezoid rule) and linear extrapolation on hidden areas.

Results: The algorithm to approximate simulation of hidden fragments of
inversion chronopotentsiometric process of joint measurement of the mass
concentration of the two heavy metals is obtained which allows realizing an
approximate separation of their mass concentration.

Conclusions: Task of constructing an algorithm measuring the concentration
of each of the two heavy metal with overlapping inversion ranges can be solved
only if the following two assumptions, namely: the nature of the inversion
processes of each heavy metal remains unchanged; displacement of the ends of
each of the intensity curve inversion relative to the ordinate axis is equal. This
allows to provide the approximate equality between the area under the original
curve inversion intensity and the sum of area under the model curves for the plot
joint inversion of the two metals.

Proposed approach to the construction of the algorithm allows practice the
approximate separation of the mass concentrations of two heavy metals on the plot
of their joint inversion and to evaluate the quantitative value of each metal as on
the plot their joint inversion and in the sample as a whole.

Developed algorithm allows to estimate the proportion of concentration on the
hidden plots inversion curve of each of the two heavy metals, thereby increasing
the accuracy of measuring the concentration of each metal.

Keywords: polarography, polarographic chronopotentiogram, modelling,
hidden fragments, heavy metal.
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SYNCHRONIZATION OF BIOLOGICAL TISSUES
WITH COMPLETE MIXING ENVIRONMENT AS A
JUSTIFICATION FOR THE SPATIALLY
INHOMOGENEOUS ELECTROMAGNETIC FIELD
DURING IRRADIATION OF TUMORS

N.A. Nikolov'?, P.P. Loshitskiy', A.G. Solayr'

'Department of Physical and Biomedical Electronics, National Technical University
of Ukraine “Kiev Polytechnic Institute”, Kiev, Ukraine

’Department of Telecommunication technologies, State University of
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Introduction: Condition of homeostatic functions of biological fluids is
provided by almost perfect mixing of dissolved components. Violation of tissue
homeostasis or synchronization often leads to the appearance and progression of
tumors. The missing of synchronization often leads to the appearance tumor cells
which have different structures and functional activity. It makes malignant tumors
resistant to chemo- and radiotherapy. One of the methods of regulation of local and
regional blood flow and effective perfusion of biological tissues, including tumor is
nonequilibrium reasonable electromagnetic hyperthermia. It does not increase the
temperature of more than 1.5°C, and not have a direct cytotoxic effect.

Based on a percolation theory, the choice of the external physical factors
spatial inhomogeneity is justified; this factor allows the improvement in perfusion
of biological tissues. In the applied aspect, the results of the work theoretically
justify the spatially inhomogeneous radiofrequency electromagnetic field at a
moderate hyperthermia of the malignant tumours.

The purpose of the paper is to rationalise the choice of the most efficient
spatial inhomogeneity of the electromagnetic irradiation of tumour during a
combined therapy based on the change in the tissues’ perfusion.

Materials and Methods: Lower limit of the spatial inhomogeneity of the
external physical factor is estimated based on the evaluation of the characteristic
radius of diffusion of biological cells metabolites, while for the upper one it is
based on percolation theory and corresponding simulation. When simulating
perfusion of tissues biological fluid depends on: the number of blood vessels, area
of tissue, volumetric blood flow, penetration factor of fluid from the blood vessels
into the tissue, spatial temperature gradient of tissue. The spatial distribution of the
electromagnetic field which causes the heating was set sinusoidal function.

Results: The results of simulating showed that the more expressed spatial
heterogeneity of external electromagnetic field during moderate hyperthermia of
tissue the more increased perfusion. It is shown that the lower limit of the spatial
inhomogeneity of the external physical factors is determined by the metabolites
diffusion coefficient and their effective generation frequency, which geometrically
corresponds to 10”10 cm distances. The upper limit of the clusters’ (patterns’)
geometric dimensions and their number of external fields on the basis of
percolation theory and simulation is characterized by the total clusters area
(volume) of 5-45 % useful space of irradiation, provided that there are more than
three clusters.
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Conclusions: For a fixed volume flow effective tumor perfusion increases
with the number of blood vessels, as well as in enhancing the spatial
inhomogeneity of the external electromagnetic fields. Increased blood flow or fluid
velocity through the vessels uniquely characterizes the change in tissue perfusion.

The simulation shows that to increase the effective perfusion effect of the
external physical factors "force" diffusion (random) component of the fluid in the
tissues must be commensurate with the forces of directional movement.

Keywords:  spatially inhomogeneous field, electromagnetic fields,
synchronization, perfusion, percolation, a malignant tumor.
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Introduction: The functioning of the educational system is aimed at the
professional development of young people, the formation of highly qualified
specialists in conjunction with the preservation of their health. For a full and
adequate assessment, monitoring and timely correction of students’ functional state
(FS) it is necessary to use new information technologies.

The purpose is the analysis of information technology developed for
monitoring the functional state of students to form differentiated programs of
psychological support in the learning process.

Results: The basis of information technology (IT) is the formed hierarchical
information model of a students’ functional state including intellectual, emotional,
and personality-motivational components. Normalized assessments of all levels of
the hierarchical information model were generated. The study of the developed
information model with two groups of students with different learning load was
conducted. Testing was conducted four times a year, at the beginning and the end
of each two terms. As changes in the individual functional state of students were
present in all components of functional state in varying degrees the problems of the
additional psychological support were arisen. The task of automating the formation
of differentiated psychological support groups is solved by using the developed
algorithm, which allows us to analyze the students’ functional state based on a
hierarchical information model.

Set of differentiated programs for psychological support was developed, the
elements of which were trainings aimed at the intellectual, emotional, motivational
aspects of psychical activities. Using this psychological training set allowed to
form effecting by a program for each particular group of additional psychological
support, taking into account the need to correct the state of certain functions of the
intellectual, emotional or personality-motivational components.

Using this set allowed us to form effecting by a program for each particular
group of additional psychological support, taking into account the need to correct
the state of certain functions of the intellectual, emotional or personality-
motivational components.

Based on the developed models, a set of criteria classification, algorithms for
determining the normalized estimates and forming groups of psychological support
the information technology for monitoring and correction of students’ functional
state in the learning process was developed. Information technology includes three
major stages: monitoring the functional state, the classification of this state and on
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the basis of obtained estimates formation of differentiated programs of
psychological support and its correcting.

Conclusions: Monitoring functional status using the developed information
technology can detect the need for additional psychological support. The results
show a mosaic combination of psychological functions states that require
correction forming the basis of the formation of differentiated programs of the
psychologist’ additional work. Evaluation of the results of the students’ functional
state correction indicates an improvement in functional reserves for the improve of
the efficiency of the educational process.

Keywords: information technology, student’s functional state, monitoring and
correction of students’ functional state, differentiated programs of psychological
support.
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