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Introduction

M. Lazard in [4] mesociated a Lic ring to
every nilpotent group as a direct sum of quoti-
enty uf the terms of the luwer central series. Under
certain natural conditions (for instance, when the
Eroup s a pgroup) one can define the multi-
plication of ring elements by elements of the &
eld Fp el in this way get a Lie algelrn Sic
nee the structure of Lie algebras is richer than
group of g1
problem in Lie terms makes the pmblem more
amensble to investigation. Indeed, the study of
Lie algebras associated with groups happens to
be effective for the solution of different group-
thearetical problems (see [5] and the refervnces
therein): in the study of group identities, growth
of groups, the coclass theory for pro-p groups, the
thewry of fixed puints of autumorphisms ete.

Every finite p-group i a subgroup of the
Sylow p-subgroup of the finite symmetric group.
'I‘huduu the study of these Sy]uw psubgroups is
an step in the
of all finite pgroups. In [3] L. A Kaloujni-
Be constructed a special talibeau rrpmuulanu-
of the Sylow p-sul Fuy of the
Eroup of degree p™ and used this representati-
of to study the structure of the group. In parti-
cular, he described all characteristie subgroups
in terms of parallelotopic subgroups. In [6] simi-

DN V. Boadarenio, 2012

bra { with the Sylow p-subgroup of the
symmetric group of degree p™ 15 characieristic if
and only of it i a porallelotopic sdeal.

Key Words: characteristic subalgebra, Lie al
gebru, Splow p-subgroup, symmetric group.

"Kyiv National University of Construction
and Architecture, 03680, Kyiv, Povitroflotsky
Avenue, 3, e-mail: oatvbondfgmail cum.

lar tahleau representation was constructed for the
Lie algebra Ly asociated 1o the group P amd
tablean technic was used to study the structury
of L and its finitary analog in |7, 2. 1] In the
present paper we continue study the Lie algebra
Ly and prove the analog of Kaloujnin's result: a
subalgelirn of Ly, is charncteristic if and only if it
i a parallclotopic ideal

1 Preliminaries

Let L be n Lie algebra over the field ¥,
where pis n prime number. The automorphism
Rroup of the Lie algebra L we denote by Aut(L)
A subalgebra A of the Lie algebea L b called
charactersstic subalgebra if it s imvasiant under the
actiun uf every automorphism of L, i, 2{A) € A
fur all @ € Aut(L).

Let Py be the S;Iw p-u-bgwu;- of the

group of d b ling, to |4 the
group Fu is mmumhl: to lbe group of tableaux
of the form

1w jageaglzy ) omlEne o Tmaydl (1)
where a; € Fp, auff1) € Fylon. .. 2] for
i=2.3, .. .m arc reduced polynomials of degree
& p— 1 with respect to the ideal J, generated Ly
f-n A -nen

The product of

v with enordinates

el
anl

1
tableaux u
)

i
two
LHE )
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b1, 22, Fie1) respectively is the tableay w
with coordinates

WE )
Fin +ay-3{Ta, ..

LA E T

+ iz + o, +Ei-a))

for i = 1,2,...,m, where all the products are
in the reduced form. The identity element is the
tableau with zero coordinates, and the inverse to s
tablenn of the form (I} is the tableay with coordi-
nates
—ay(xs — a1, 23 = da{m — @)y T —
=iz — .. ))

for§=1,2,...,m.

Recall the general construction of a Lie ring
associated with the lower central series of a groop,
known as the Lazard construction [{].

The lower central series of a group G is the
descending, series of subgroups

G=n(G) 2 miG) 2 NG} = ..

such that a-,(c; c -n(c:-‘] 6.6} mlG) =
F-a(G). 6] foe 2. The quotients
(Gl ms:(G)n 3 l nre mlhn Eroups.

‘The Lie ring associated with the lower central
series {7, (G) hnzt of & group @ is the direct sum
of its guotients

LIG) = @B 3l a1 (G)
=1

with the abelian groups 3n(G)/4s1(G) wri-
tten additively. The Lie bracket is defined for
bhomogeneous elements @ = 4 - Yu(0) €
ImlG) tm41(G), ¥ = v (G € ’)\.(G}f‘Fnol(GJ
by the equality

(B0 = (u s 1lG)v - Tas1(G)) =
=[] FmansalGh

and extends to all elements of L(G) by linearity.

Let p be & prime number. If 1a(G) /1 1(G) is
an elementary sbelian p-group for all n 3 1 then
each of these quotients and thus the whole ring
L{) can be considered as an additive group of
& vector space over the field F,, of appropriate di-
mension. In this case it is possible to introduce the
operation of multiplication of elements of L(G) by
elements of F,. This i the Lie

2002, 4
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In the paper [f] it was shown that the Lie
algebra Ly, nssociated with the lower central serles
of the group Fiy, has special tablean representation
similar to the representation of Pr,. The clements
of the algebrn L., can be identified with the
tableaux of the form

= [eg,eqlzih -y P PR Sy | N -
where ¢; € Fp, o(¥im1) € Fi 1,0 2im] for
3 m are reduced polynomials of degree
p— Illru'p«:ltnllasidnll.gﬂwlmdhy
polynomials x}, 25, ... . The k-th ecordinate
of the tablesu (2) wLIJ Ln: dqmvled by {u}e. The
k-coordinate tabléuy is & tableay whose all coordi:
nates are zeros rxcept the k-th coordinate. The
tableau u & Ly, has depth ¢ if the first + coordi-
nates are equal to zero.
The structure of Lie algebea on the set Ly, is
defined as follows:

(i) The sum of tableaux u, v € Ly, is the tableau
u + v with coordinates {u + vl = {u)u +
{vhe (k=1,2,...m)

(i) The product of a tableaux u & La and a
sealar a € Fy is the tableau au with coordi-
pates {ou}y = afule (k=1,2,...,m).

{ii#) The Lie bracket of tableaux u, v € Ly, is the
tablean (u, v) with coordinates
)

=1
(o= 3 (ke oy, - e
= ¥ L

Further we define basic notions sbout tableay
rapmmuum The height of a reduced term
v-u\ z, LoEm0EkEp-1, s the number
hiv) = 1 +k. + k;p+ -4 k,p*~ ', and the bei-
ght h{f) of any reduced polynomial f{z, ...
is the maximal height of its terms, The height of
the zero polynominl is zero.

The integer vector

h{u) =< h{{u}i) h(fulad.- .- hi{u}a) >

is called the characteristic of the fablean b €
L. We define the partial order on characteristi-
s by coordinatewise comparison. The vector <
Lp g, p™ ! > s maximal and < 0,0,...,0>
is minimal with respect to this onder.

Definition 1 A subalgebes U of L., is called

i=2

ring L{G) to the Lie algebra over the field F,.

il for all tableaux u,v € Lu the
eundn.kunueb'mdhlu}ﬁh(u}lmplywéb'
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Every parallelotopic subalgebra U is uniquely
defined by the vector

h{U) = l:ﬂ.l‘lrf{"{["h”--- .l_nla‘}ilhl{"im}l}.

which & called its
paralielotops bra with ck i N
consists of all tableaun with characteristic £ h.
Lema 1. [Bf For arbitrary tableaus u, v € L, the
Jollowing inequalities hold

@ »(%2 ) <=1 for i<k
(i1}

B{{{u.v)}e) € maxih{{ube), A{rhd) - 1
Moreover, for every t € Ly, there erists o fobleay
© € Ly such that A{{{u,v)}e) = h{{u}s) - 1.
Theorem 1. [ The k-th term wallam) (k = 1)

of the lower central series of the Lie algebra Ly s
the parallelotopic subslgebra of charorteristic

<{i-k+1Y,..
where (p* — k + 1)* = max{0,p* = k+ 1}.

Theorem 2. [§ The k-th term Gullw) (& 2 0}
of the upper central series of the Lie aigebro Ly, &
the parallelotopic subalgebrn of charucteristic

Atk ) > ()

<t s,
where (1! = max(0,p~" - p™ ! 4+ k).

The next statement describes when a
parallelotopic subalgebra is an ideal

P ition 1. JBf A parallel Sakoabrn I
of charucteristic
<0, Bohiery bz B >

is an sdeal i Ly of and only if
hppt —p foreveryizi+l

Proposition 2. Let G be o finile p-group and
L(G) = &Ly n(G)/ns(G) be the Lie algetra
associated with the lower central series of the group
C. Then every automorphism ¢ € Aut(G) induces
an automerphinn ¢ € Aut{ L))

Proof. Since every term %,(G) of the lower central
series of the group (7 is characteristic, then every
automorphism of the group induces a linear map
of the Lie algebra L(G) that preserves quatients
WGV 1ni(C). o

Bulietin of Turas Shevchenko
Natianal Uneversity af Ky
Seres: Phymies & Mathematics

2 Characteristic subnlgebras in L,

Fix a tuple w = (@, wa,.... w) € F7' wi-
th m non-zero elements of the Geld F, Define
the transformstion w of the Lie algebra Lo by
the rule: the tableau u € Ly, with coordinates
(e 1) 1 = 1,....om is mapped to the
tablean with coordinates

wy - wilwy e g o wEa)
The set of all transformations w we denote by W,

Proposition 3. The set W, & a subgroup of the
group Aut{Lm).

Proof. Let s prove that ench transformation w is
an endomarphism of Ly, The linearity of w follows
from the definition of addition and multiphcation
by scalars in the Lie algebra L., We check that
w preserves the Lie bracket: {{(w{u),wiv))h =

=t vy ey wy 'xe)
wlwy i3 i .
w..)':,“[ o, wy ey
gy ey,
e e e Een)) = .
a-t f oy ot oy 'E
sest 2

§ (etmn’s) i,

witna) = -B_‘_lu{m" Ix"___'w'_lh}
Wy T Br,
g ey Eead) = wiilue)ld

The trapsformation w s bijective, because it
has an inverse w™ !, which i defined by the tuple
wl = (wylug o mnt). Therefore w s an
automorphism of the Lie algebra L

Moreover, the product of wo automorphi-
sms ow W = (unu, ), .. wwal) belongs
o W, and does not depend on the order
of the factors. Hemee W,, forms an abelian
subgroup of Aut{Ls) omorphlc ta W, =
Cpoy % Cpoy % oo a]

X Cpt:

Theorem 3. Every characterustic subslgebra of
the Lie algebro Dy, 15 parallelotopie
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Proaf. Let L be a characteristic subalgebra of Ly,
Define k; = max,er h{{u}i) for each i = 1,...,m,
and let us prove that L s the parallcotopic
with the ic ML) =<
T T 8
Let u be a tableau from L with i-th coordi-
.-, zi1) of height k,. Consider the
asutomorphism w from We given by the tuple
< 1. . LEL....T >, where % is on the i-th
place. Then the tableau v = wiu) —u € L is of
the form

LSS R SPRE D) 12 Y70 (S0 O e | 4
Hence A{{v}) = h{w(z,..., 2i)) = k. Simd
larly, one can show that the subnlgebra L contai-
ns o tableau fy = [0,...,0,em(Z1,- . Fm- )] with
hiem(Tss o Fmt)) = K-

Since the group P and the Lie algebra
L bave similar tableau representations, we can
identify tableaux from Ly, with clements of P,
Consider the inner sutomorphism w,(u) = v~ u
of the group Pn and define the corresponding

ism @, of the Lie algebra Ly, 8s in
i element

@ ic, for a
= u- 1 Pm) the map is defined by

FulE) =

and is expanded to all elements by linearity.
Lot i = w0 q(Po) and T = v -9y, (P} be
elements of L(F) such that

wulu) -y P

o= 0, 06x)'zg .30,

0= [0 Ol a0, ] € ()

Consider the element wy(ulries(Fa). Ik = | then
v luy = w. Consider the case k # [ and we can
wssume k < I. Then we get

| € %P,

M {v'ww),=0amsdl+l,k+1;

() v uwhppy = b o b2
LT L o B S
e (‘ﬁ ::-:.'"(u'.’---‘;-r)

3 . I. .‘h{?h'.

Budietin of Tarus Shevchrako
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+P(Z1y Ft) = --{——"lm{“h 1={vhas |a{“h:'+
+Plzy, . m) = {!w Do+ Ple, ),
where P[:;., .o 2y} is & polynomial whose height
s Jess than the height of ji, by .. el ™t
e

[§ (v il = azpd..ozi.

Hence the tablean v~ "ur from the group Fo,
hins. the same characteristic as the tablean (u, v)+u
from the Lie algebra L. By Lemma 1 for every
U € Ly and each ¢ = 1,....m there exists a
tableau v € L, such that the height of the i-th
coordinate {(u,u)); it less by one than the beight
of ful,

‘Thm there exists & tablesy vy € Lo and
the automorphism i, of Le such that f =
P, (1) = fi € L and the height of the last coordi-
nate of the tahlean f; is low by one than the
helght of emiz; Fu—1). Similarly, there exi-
55 1y € Ly such that fy = B (fa) - fz € L
and the height of the lnst coordinate of fy is less
by one than the height of the last coordinate of
J2. Continuing.this process we gel A sequence
Siufar .o fu of tableanx with the height of the
last coordinates less by one each time. Hence the
subalgebra L containg an arbitrary tableai w, =

[0,...,0,a] for a € F,. Since L contains a tableau
= az + 0] for some a,b € Fy, then
=ty =[0,...,0,azr] € L. Therefore L contains

all possible tableaux whose last coordinates have
height two. Continuing this process we get that L
contains all tableanx whose Inst eoordinate i of

height 1,2,... k.. Hence L contains all possible
tableaux of the form [0,...,0,cm(Z1, - Zmei )]s
whete h{cm(Z1o. .o 2m-1)) € ki

In the same way, one can show
that L contains all tableaux of the form
alxye e Tim) 0y O fori=1,... m—
2, where hfe,(z1,.- . 2i-1)) € k&, and also all their
sums. Hence L contains all tableanx whose i-th
coordinate has height < &, foreach 1= 1,...,m .
Therefore L is-a parsliclotopic subalgebra of the
Lie algebra L, a

Corollary 1. Every chameteristic subalgebra of
the Lie algebra Ly, is on sdeal

Proaf. Let L be a characteristic subalgeben of L.
We need to check that (u,v) € L for all u € L and
v € L. It is sufficient to consider only tableaux u
and v that have orily one non-zero coordinate. In
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the proof of the previous theorem we have proved
Mtlu:u‘bhmx{ﬂ‘u)uda,{u}—uef.uw
the sume ch Sinco L is 1l
{u,v) € L and the statement is proved.

o

Further we prove that all parallelotopic ideals
are characteristic. The proof is based on the
Tollowing lemmas.

Lemn 2. Parallelotopic ideals A, of depth s and
with charocteristic < 0,...,0,p" "t . p™=' >
are characteristic subalgebros of Ly,

Progf. The proof goes by induction on m. The case
=1 s trivial and this ks our buse of induction.

Suppose the statement of the lemma holds for
the Lie algebra Lu—y. Consider the ideal Am_y ©
Ly with characteristic < 0,...,0,p"™" >. Take
mmmg(tﬂjdmwmmgmd
the Lic algebra L for v = p™=? + 1, which bns
characteristic

MGl =< ) >,
where tf) = max{0p"! - pm' 4} =
max{0,p! —p~l 4 1) 1 SiEm

Notice that for § < m the following inequality
holds:

N L ant TR AT T et e ¥

= 0 For i = m we have ti'
P™? 4 1. Hence ((Ln) B a characten-
stic ideal that contains tableaux of the
form  [0,0,...,0,0(, .. . Tm-1)]. where the
height of the last coordinate is equal to
Ly L

For arbiteary tableasn w € Aoy and
an automorphism ¢ € Aut(Ly) the identity
(15, Gl Ln)) = 0 implies

Wlu, Gl Lm)) = (p(u) @G Uml]) =
= (wlu)Grllwm)) = 0.

Hence (u) can not have & nob-zero coordinate
before the m-th place, In other words wiu) is a
tableau of the form [0,...,0, alz1, 73, - Tm-1)).
where h{a{z),z2 Fm-p)) € P

w(u) € Ap_y. Therefore A,y 8 a characteristic

ie, "

subalgebra

Consider  the subalgebra  Lwoy  of
the algebra L, which consists of all
tableaux  with  zero  last  coondinate, Qe
for.0a(Z1de s Ot (2000 ey Tzl O Lot Ay

12, 4
Serven: Phyrics & Mathematics

be the subalgebra of Ly_y with characteristic

< 0,000 P03 I s clear
that Loy = Lu-y and A, = A,. Furthermore,
Tt = LonfAm_y. Since Au.y is & characteri-

stic subalgebra, every m;mm—phnm‘: € Aut{Ly)
induces an L F on the
Lu/Aun-1, i€, on In-1 By the imim:llue
2B bra of
L1 Sinee wo have proved that the nulnlmbn
Ap—y is charncteristic, then A, in o characteristic
subalgebra. The statement s proved. o

Lema 3. Porallelotopic  wdeals By, with
characteristic < O, 0k p . 0™t >,
where 0 < h < p*, ore cheracteristic adeals of
the Lie algebra Lo,

Proaf. Consider the k = (p* — h)-th term yu(Lw)
of the lower central series of the Lie algebra L.
By Theotem [l the characteristic of this ideal has
{# + 1)-th coordinate of height:

{(Mn(Laa))ass = 3"~ + b b

Then Bae = (AaNnllm)) + Asyy. Since the
ideals o the right hand side are charactesistic,
the idenl Hy, is also characteristic. o

Lema 4. Porallelotopic ideals C, wath charaeten-
atie < 0,...,0,p% g = pe g - ¢ > ame
c.humln—uri: ideals of the Lic algebrg L.

Proof Consider the following (s + 1)-coordinate
tablean of the Lie algebra Lo

O, e 0,0

where h{{u}s1) = p* Then one can directly
check that €, = {Tm, 1)

Then #(C)) = @l(bm 1)) = (pllm),wlu))
for all automecphisme @ € Aut(Ly,). Therefore in
order to show that the ideal €, is chameteristic it
is sufficient 1o prove that ¢{u) € C,

Since u € A,, the tablean p{u) i of dopth
s for every automorphism ¢ € Aut(Lewm) by
Lemma T Consider the s-coordinate tablean v =
[0,....0,1,0;...,0] By Lemma J the tableau
wiv) has riepth 5= 1. Apply p times the Lie
heacket for the tablenu u with the tablean v
[oo ({0}, 6]y ) = 0. Then for an arbitrary

= ..

automorphism @ € Aut(La) we obtain
el uwl o) wl) =
S O v e 5 et (e 4
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Then hi{e(u)}es1) € p° and hi{w{u)}s) < p* 9"
for k > s+ 1. Hence p{u) € C, and the statement
is proved. o

Lema 5. Porolielotopic  ideals Dy, wath
charactenistic < 0,..., Oh Pt = -
B>, where 0 € h € p*, are charncteristic sdeals
of the Lie algebro L.

Proof. Consider the k = (p* — h)-th term 7a(Lm)
of the lower central series of the algebra Ly, By
Theorem I the characteristic of this ideal has the
(s + 1)-th coordinste of height:

{A(n{Lm))}asr = p* = p* +h=h.

Hence Dy, = (CoNV t(lm)) + Ypo41{Lm). Since
the ideals from the right hand side are characteri-
stic, then I}, Is also a characteristic ideal of the
algebra L, o

‘Theorem 4. Every parallelotopic ideal of the Lie
algebra Ly, ts characteristic.

Proaf. Let 1 be a paraliclotopic ideal wi-
th characteristic < 0,....0, ke Kpppyeoiikim >
Then k > § — p* by Proposition [
Hence I is a union of characteristic ideals
Dby Dasibsan- -+ Dim-p.an, and therefore it is
also characteristic. o

Conclusions

The present paper knne more evidence that
tablea rep d related
technic can be widely \uﬂi in the investigation
of Lie algebras associated with symmetric groups
and their subgroups. The results of the paper can
be used further to study other properties of Lic
algebras amsociated with the Sylow psubgroup of
finite symmetric group, in particular in the study
of identities in L., verbal ideals, ete.

2013, 4
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1 Introduction For M, N the-modules over A, the map f :
A — N is called the morphism of modules, if the

‘The notion of a box, introdueed in (1], 5 a0 following diagram *

Inpnﬂul uwlot mweuﬂ.u.hn theory. In 2] was *

durth h Tt turned

out luhempwnmml}md‘awmfu(g“wd:
zed Brauer-Thrall conjecture. On other hand, in
[3] wns proved, that the category of representati-
ons of box is equivalent to the category of induced
comodules over some coalgebra.

In our paper we give an interpretation the box
reduction from |2] using the coalgebra technique
from [3].

2 Modules and comodules

W fix some field k. Denote by k-maod the category
of finite dimensional vector spaces over k. The
symbol &% denotes the tensor product over k. Lot
A be n small k-linear category with multiplication
maiABA= A

The module (left) over A Is a (covariant}
functor M : A — k-mod. It means that

1. for any I € ObA there is M(I) € k-mod,
2. for any J,J € ObA there is a k-linear map

A(l, T} & M(I) M(J},
{a@m) v afm)=am.

A for all [LLK € ObA and for all o €
A(1.J),8 € A[K,T),m € M{K) there holds
affim) = (af)m.

We define by may : AQM — M the correspondent
k-lincar map.

@ Onern Pmaron, 2012

Agm 2L 4o N

~

M — N
¥

COMMULEE.

An annlogous object, where tensor product
umkbdmmdmlfm product ober A, i
called box. .

Denote by A-mod the category of finite di-
mensional modules over A
V is called a coalgebro over the category A

lgeben if Vi A-b dube with coalgeb
there are given a conssocintive
V—ve V and the counit

ar
structure, i
comultiplieation
£: V — A with respect to u, where u, £ are A-
bimodule morphisms and there hold

s (p@ly)p=(lv8uu

c{t?lv}u:‘f and [lv?zlu-u.

where 1 :
canonical momorphisms

The module M over the category A bs eallesd
eomodule over A-coalgebrn V', il there is the
comultiplication pay © M — V& M such that the

V—-Axl’ludu,.l"’--l"ﬂ:,zlm:]u
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folkowing dingram commites: vev Fofi__ aWa®aWa
M 2. VeM a &
ul liu..,. Vo AWk e “’?W

veM — VaVeM
od ] A -

For M, N comodules over V, k-linear map
f - M — N is called the marphism of comodules,
if the following diagram commutes:

M L. N

-ul lnu«

VeM Tor venN

Denote by V—comed the category of comodules
aver the A-coalgebra V.
3 Boxes

mb«x-u"u.z}wmo{nkﬂmy
A, and A bra V with the

commute, where ¥ 4 W,.?,.HA AW?W

i a map generated by natural projection ¥ o
BygaB—B.

4 Induced Comodules

Let V be a coslgebra over A, and X € A-mod.
The V-comodule Xy = VﬁX with the comulti-

plication px; = p®lx Xy —_— VDXV is called
induced V-comodule.

We dencte by Viicemod the category of
induced V-comodiiles. For X, ¥ € A—sod, the
Mphiamlf’?x - V?Y. i 1y @ f where
J:X = Y is u morphism of A-modules.

The following proposition was proved in [3]:

FYER V?V-M!lwmnmt( V= A

For the bax A, we define the category A-mod
of representations. The objects of this category are
the modules from A-mod, morphisms are defined
by the formula:

Hom 4 (M, N} = Hom (V& M. N),

the composition of morphisms ¢ : V@ N — L and

w:V?M—-N is defined as superposition:
V?Kﬂ—\: n‘;vgu‘v—_;v?n—_-t.,
Morphism F of two boxes 4 = (A, V) and

B = (B, W) isapuir (Fo, Fy), whern Fy: A — Bis
a functor and Fy : Vy — Wy is A -homomorphism,

Fyoeymego Fy,
FeRi@Faops=usoF.
It means that the diagrams
Vv A, a4

T

AWy —— B
“a

1. Let V be a coalgebrn over
u\e nuqm- A, A (A V e} ber, XY
left A-modulés, and Xy, ¥y are corespondent
induced comodules. Then there erists a canonieal
wsomorphism -

Hnmygu‘_“[)(y. ¥i) = Hom 4 (V' ? X ¥

The category of representations of the bos and the
category of mduced comodules are equivalent:

V-icomad == A—zod.

5 Induced functor on the eategories of
modules

Let A and B be k-categories, 0 A — B the k-
linear functor. The functor o endows the category
B with & structure of left (right) A-module. The
functor 4 induces two functors
.
—
et
The functor ¢ acts on Ne Bnod by the rule:

wN) =

Bemaod

(45 B — k-mod) € A-mod.
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8o p*(N) = Homp(pBa,N) € A-mod
Any morphism f € Homp(Ny, N3) canonically
gives the morphism @*(f) : Hompg(B,Ny) -
Homg(8, N3), therefore " is o covariunt functor

For M & A-mod, put ¢.(M) = Ba@ M e

B-mod, and given morphism € Homa( Ay, Mz),
we put g (f) = ln® f: B M — B3 M.

The functors . and ¢* are conjugate: for any
Me A-mod and NE B-mod, there holds

Homp(g (M), N) = Homa (M, " (V) (1)
6 Box induced by functor
Let A and B be k-categories, @ : A — B the
k-linear functor and A = (A, V, ju,£) - bax

We build the B-coalgebra

V':,BA?V?AEQ-

with the comultiplication ju, : V¥ — V¥ @ ve
given by

mall®vel) =Sl v, Ry e8]

vhere u(o) = m.,a vjay; and with the counit
Ve~ B

t’;vv"ﬂ"ggJ‘?Bl.g?uﬂ s

b

hete mg : B@ B—DB s induced multiplication
]

in the category H.
Theorem 1. Functor @ : A — B induces a bor

B = A7 = (B,VY, g, e0)-
Proof. Hmwnlcuhulf"?""=

= {B?V?B)?{BQV ?B) - Bg V? B?Vgs.

N2, 4

of Taraa
Niutinmad ingwersity of Kyiv
L2 o Phyncs & Mathematios
Bl @y ©1)8 (1 8uy@1).
Ta prove the ity of ipli e

we write the condition
(p® piv) = (1@ p)plv),
it means that
3 Yt ® Vi ® v =
2w ® v, © vy, =

_Z"u: By B vy
Now we check the conssociativity of pig

(@ D1 @v@l) =
Yimenevyenesyen) =

Y ¥ tevyyyeleygeleisunsl)
On the other hand,
e pglugll vel)=

Yueslieene(isuel)=

Y newyyel)eleay,Blauns Dl
Faquality
¥y I@l"ru-,|1€’1%1-,,“;]@1»!13--.:;\3” =

T (0w 8 1)8 18 i) €18 v ¢ 1
is obtained from the coassocintivity of comultigh-
eation ju tenzorly multiplied be 1
Now we prove the axiom of counit for £,
{eo @ tvep = lve.

It = enough to ealeulate (g, @ Tye)p on thee

It is enough to define and
counit ¢, on the elements of such kind: 1 @v @ 1,
because jiglby & v @ by) = b (1 & v & 1)y
and £ully ® v & by) = biey(l ® v & by Let
#(v) = Evgyy @ vy, then we define

nll@grvel)=Cl@y,@1ayyel=

Jements (1® v e 1)

(1eval)—=
"‘91"'
Yioawyens(sngel) —
elrg) 2wy @l)
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Using (v} € A, we obtain
vy (1@ vy 1) =
Y@yl @1 =

18(F elwplvml@l =lavel
The second equality of the counit axiom
(1,,?.,1.. = lyw is proved analogously
It proves that B = A% = (B, V¥, p,.¢,) s s
Ha)
The new box A is called induced from the
bax A by .

The functor  induces the funclor of categori-
es of induced comodules

Pleosss ' V¥ —icomod — V-icomod
where V¥ is B-bimodule induced by .

T Main statement

Theorom 2. Let A, B be the cotegories, g : A —
B the funcior, " : B-mod — A-mod and 2, ©
A-mod — B-mod the induced funclors on the
categories of modules. Then there exrists an induced
Junctor on the eategory of induced comodules

Piesmed V¥ =lcomod —s V —icomod
Mﬂmv‘gk to V?W'{MJ, This functor
Wlcomss 15 full and fasthful

Proof. It has been proved that o], ., is bi-
Jective and can be extended to morphisms,

We give construction of the funclor ¢} ey
The funclor @} ees 15 already defined on the
chjects. Let F be a morphism in the category
V¥~ fcomod:

V"?M—LV"?M'.
Then it can be continued to the morphism
V"?M-i- M
by the rule

oM -Loyvgm 2
2

2012, 4

Bulictm of Taras Sherchenks

anthemllltimw'[M]=—B?M‘
WaM=BeVeBeM=qa(Vas(M)
» 4" & 3

and the formuls (1), we obtain:

Hompg (V¥ & M, M=
Hompiy.(V @ # (M), M)
“Homa(V @ " (M) " (M)

Now we can use the Proposition 1:

Homa(V @ ¢" (M), &" (M) ¥
Homy_sconia(V @ * (M), V @ (M),

and see, that obtained morphism s needed
marphism in the category V- tcosod. [

Conclusions

In this work. we use language of comedules
from [1] te build full and faithfal functor from [2]
on the categories of induced comodules.
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1 Preface

This work i= & continuation of the series of
papers [1). In the Brst paper from this seri-
s I.h: couvergence of the expansions for the
periodic h n

l'a[!ﬂ.al..u} was investignted. In particulnr, the
expansions based on sine and Legendre polynomi-
als systems were considered. In the second paper
the conditions and speed of comvergence for
the expansions of the @-sub-Gaumian periodic
stochistic processes in the space C([0,7]) were
studied.

This work is ded'x.uud lo the investigation of
the inp of
af \»mbcm periodic stochstic processs
which use the expansions based on Legendre
polynomials.

2 pesubs s and

p-sub-Gaussian random variable. More detalls on
this topic yoo can find in |3, 3. Now we give the
‘basic definitions and results related 1o this paper

Definition 2.1. [3] A function ¢ is called an Or-
ticz N-function if ¢ = {p{z),z € R} is & conti-
puous, even, convex function; (0] = 0, »{z) is
monotoncally increases ax 3 = 0 and
#lz) g wiz)
= z

im T~
L

Lk =00,
o

Ezample 1. The following functions are the Orlicz
N-funetions:

gz salzl®, e R, a>0a> 1

2) ¢iz) m exp{cjri®} =1, zeR.c > 0o > ]

Defimition 2.2, 1t will be called that the condition
Q is Fulfilled for N-function {y(z},z € R} if

Mlinl@: e>0,
R

stochastic processes.

The notion of p-sub-Gaussian random variables
was introduced in [2] in 1985 Further this
theary was developed and complemented by many
interesting results, in particulnr, those that are
related to stochastic processes from the spaces of

@ B damsso, T.O fsowns, 2017

The possibility to take infinite values for ¢ is not
excluded

Ezample 2. The condition Q i Tubfilled for the
following N-functions:

jg"zeRI<acd
expllzl*},rER I <=2

wlz} =
wlz) =
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Defimition 2.3, Let y be some Orlice N-funetion
for which the condition Q is fulfilled. A random
vaziable § belongs to the space Sub, (1), if E£ = 0
and there exists the constant a > 0 such that
Eexp{Af) = expli(Aa}) for all A € R

T [3] it was proved that the space Sub, (1) is
Banach

" space with regard Lo the norm

Tol€) = inf Vago[Eexp{ AL} < exp{se(ra)}, A € R)

Definstion 24. A stochastic  process X
{X(8),6 € T} is called psub-Gaussian if for
every 8 € T the random variable X () is g-sub-
Gaussian.

Definition 2.5. [4] A Pamily A of random varinbles
from the space Sub,(f1) is called strictly p-sub-
Gaussian if there exists the constant €y such that
hrewqy{.e.ﬁmdn.el.ieilhloihﬁnﬁ
imequality is troe

(5) < (+(z4))

where [ is some finite set.

26. [4] The
process X is called strictly -sub-Gaussian if the
family of random variables {X(8),6 & T} is stri-
ctly @-sub-Gaussian,

The determining constant Cyx of this family
will be the determining constant of the strictly -
sub-Grussian stochastic X.

The example of the strictly w-sub-CGaussian

hastic ¢ and their can be
found in the monogeaph [4].

12
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3 Expansion into series of the standard
process.

Let X = {X(8),8 e R} be the strictly w-sub-
Gaussian 2-periodie stochastic process lor which
X(6) = X(-8), EX(6) = 0, ELX(0)* < oo and
EX(B)X(() = Ricos,8in(), 0% 0,0 5 =

We also suppose that X(t) is continuous
In mean square stochastic process It means
that the function R(ts), -1 = L € 1is
continuous. Since for the continuous in mean
square stochastic processes there always exists the
measurable modification 30 we nssume that the
process X s le. Furth . we will

2012, 4

suppose that this process is separable too. Under
these assumptions we will call (as in the papers
[1]) the process standard.

Let Tiff), k = 0,1,2,.., # € [0,7] be the
complete orthonormal system of real-valued i
gonometric polynomials of k-th power in the space
([0, =], 1) ( is some measure). Then X (8) can be
transformed inlo series

X(6) =3 GTle). (O]
. h=n

where £ = [ X(0)Te(#)dul(8) and the series (1)
converges with probability one in the norm of the
space Ly([0, 7], 4).

4 Allowable functions.

Further in this paper we will use the notion of the
allowable function for seme space. Let us introdoce
the strict definition

Definition 4.1. A function S{u), u 2 0 is said w
be allowable. for the space Sub,(11) if there exists
some constant' r = 0 such that for all u > r the
function g is monotonically increasing and for
quite small ¢ > 0 the following integral converges

f&(in(s‘") (E) -r+ I))d‘u. 2
o u
where © > 0,9(0) = rf

In the following lemma we found the wi-
de class of allowable functions for the spaces
Sub, (1), 2
Lemma 4.1, Let the N-function i such that
Jor some @ > 1 and for quite large z

wla) s Cxf,

mﬂfvrm-l]<n< 1 the function S(z) = £°,
= > 0 wall be allpwable for the space Suby(ft). In
this ease r = 0.

Proaf. Let 1 be some number such that 0 < v € 1,

and x > 0. In this case the following inequality

holds true

W0 +2) = La(lenr ¢ Lapaa € 2 @)
> o >

The function g = u'" i monotonically

ns w0, that is v = 0 Let us check
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vhather the conditcns (2) s true. Relation(3) where Cy = supycagy Th(8), then X (6) converyes

o@uwfm«(ﬂﬂ

in in space (|0, x]) to the process X (#)
and the process X () ts sample continuous with
probabifity one.

5 Expansions . based on Legendre

wi-z) 3 (g)"‘ therefors for suchi = .p(,; <
ahme' 4. 1t means that for quite small u

#(= (e () €

A (3(©)") -t

(4
Since in (4) # can be so small that for it the
inequality £(1-1/8) < 1 holds true, so the
condition (2) will be valid too. o
Let us give the theorem that is the modificati-
on of those proved in paper [1].
Theorem 4.1, Let X(#) be the standard
-sub-Goussion  stochastic process, Xn(#)
E..,&ﬂ{ﬂ&ﬂnwlwua}ﬂmm
and S{u) be the allowed function for the space
Suby{f1). If the following series converges

f:i|m|s(k +7)5(+ r)CCh,
b=l [

where Cp = suppguge Tlu), then Xn(0)
comverges in in space C([0,]) to the
initial process X(8) fthat @, for any ¢ > 0
Plsupocace |Xn(0) = X(8)] > €) — 0 as N —
00), and the process X (8) is sample comtinuous

with probability one.

This theorem and lemma 4.1 imply the
following theorein.
Theorem 4.2. Let X(6) be the standard yp-sub-
Gaussian stochestic process where i is such N-
Junction that for quite large = and for some f >
1 pfz) € Oz Xu(8) = LiLo&Tal6) is the
approzimation of this process cbtained from the
expansion (1).

If for some 0 < a < 1 the following series
converges

Y ¥ lEsikrad

(=

polynomials.

In this muwuwﬂlmunduthrupmlv
ons of the clurd
prmnhhrqndww-ym-ntmmlm
build using Legendre polynomials. The informati-
on on Legendre polynomials, in particular, their
properties, can be found in [5].
Let demote as Fy(t) the Legendre
als. The system of functions T.(6)
|f P\{mﬂdnibwﬂnmmlmdwbu
il:II.htwc (10, 7], ), where u(4) = Ja il (sec
p. 46]
U X(8) is the standard y-sub-Gaussian
stochastic process then it can be expanded into
series with reghrd ‘to this system. Namely,

- X(0)= Ze.nm.
2 kw0

whore € = yf b [ X(8)Pufcos 6)d8. Usi-
ng this expansion we can build the approxi-
mnmd’ehprm X(#) via the finite sum
Xn(0) = Tig £aTulf). The theorem 5.1 includes
the conditions under which such approximation
converges in probability in the space C(j0, %]).

Theorem 5.1, Let @ be such N-function that for
quite large x and for some B > 1 p(z) € C=°
Let ws also consider the siondard p-sub-Goassson
stochastic process X(0) with covariance funch-
on EX(#)X(n) = Ricos®, cosn). If the dermmati-
ve ZBUS of the function R(t,s) & continuous
then Xn(8) converges in probubility in the space
C([0, =]) to the process X () and this process X (8)
is sample confinuous with probobihly one.

In order to prove the theorem 5.1 we need to
prove the following lemma first

Lemma 5.1, Under the conditions of the
theorem 5.1 the following inrquality holds true

1VEEFTVHFT
IE-&IGW“ )
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# ] f ‘. }: ‘. Rt Al We, s)dds)

where W(t, s) is some contmuous function defined
in (6).

Proof of the lemma 5.1. Introducing the substi-
tution cosf = ¢, cosy = 5 and making the
integration we obtain

W+ fH+) 0"

-y f S22 Rieos#,
Bt = 5220 [ [ Rtcont conm)x
= Py{cos @) Fy(cos ) sin 8 sin padidy =
VIS IVESL
- 2 [-ljilml'
It is known (see 5]} that the Legendre polynomials

satisfy the differential equation:
(1= ) (1) = 2ELE) + klk + 1) Pt} = 0.
It implies thas
Al = s @ ~ (= )P 0)
We also remind that Fiu(l) = 1, Fa(-1) = (-1}*
So, since the function Rit,s) is even with regard

to t and s then
1 1
h= f . f RSP A(s)tds =
1 1 1 1}
T u:‘u-e.nj:.f.,““")"

=(20P{E) = (1 = )P (1)) =
*(28F{(a) = (1 — *) ] (a))altels =

- m_iTami—uL ullnu.n-

x(2P{t) = (1~ l‘]P:{t)}dt) *
x{20F{(8) = (1 = 8*) P} (s))ds.
Let us calculate the inner integral

[ i - 0 - oyp o -
- f-’: Rit, s)2tP(t)dt —

1
i ]_! Rie, o)1 = )P (1)t =

2002, 4

2)Pelt)Fya)deds (5)
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- j‘ Rt syl e~ (R(t. )0 = B -

— %) = 2R, s}] d\r) -

B P 20 [aﬂtl.sl

- f Rits) 2P (e)de+
~¥

1 .
f_. [Eg'—"]n - %) = miu,s!] Piityde =

-f' p;mMu — )t =
-1
- Pz(t}am‘ i t’!|

Rt 5

—[Imx)[——-r-n #)= n%]a

Denote s Qt, 5} = 228l _ ¢y — AL then

T k(k+ DI+ 1) =

1 LS
= fP.{t}dlj [-_:_..P,'(‘; ={1= "‘]ﬂ"[a)] Qit,s)ds
o o,

Let us caleulate the following

= f‘ [zl - (1 - )8 m] Qlt, s)ds =

= [ asriiate apis- [ a-r et s
<1 -1

Sinee

[0 -2 e i =
#
= Bl - Rt -

? (0 [u - a‘)’q“ 2) m(:.-}] ds

1
Zyw= f_. Pi{s){1 - a’]@h

= As)(1 - 2802 E o

-1

—]_:ﬂm:—, ((: -2 4
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Denote
Wit,s) = —gl- ((1 - s’)ﬁg&ﬂ) =
t, FQit.
-:.a.gg:_"_u -.T)_.g# -

PR %) DRt 5)
=2 [”—mﬁ?_ -a -:’;W] +

‘This implies the statement of the lemma.
Proof of the thearem 5.1. Since
Tu- k{k+ I +1) =

- ][_lI L“ﬁmﬁ(,]w(‘_ﬂm1 A

- |[[.ﬁ(woﬂ}dnsx

x P{con ) sin W {cos 0, cos )abdn| <

< [ [ ipecsonainer<

x| Prfcos )|} sinn|W (cos @, cosn) |dfids

and for the Legendre polynomials (see |5, p.50])
the inequality |Fi(cos 8)v/sin | € Ao holds true,
then

~(1-ah) [af..,%:.‘! - ] ®

o

Ty kel 10{I+ 1) =

4 ol 4
- j; j: 19 (cou 0, cosr)dbdn| < 7B

since the function W({t,s) is bounded (it means
that there exists such B that for all t,s € [0,7]
[Wit,s)| € B). And hence
VIE+1 VHFT
[Batil < 2Br o TR+ v

Moreover
Ci= sup [Tu{f)l €
e

< s E R oyisner < 21D
oo

In this case the conditions of the theorem 4.2 are
fulfilled for the process X (8). Indesd,

Y Y EaGhr G €

21
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(2k+ 1) (1)

. 4B§§ Wk 1) I+ 1)

-

Ko

since 0 < a < 1. This implies the statement of the
theorem. o

6 Conclusions

In the paper the expansions of the stochastic
processes into  series  with regard to the
orthonormal ‘systems of Legendre polynomi-
als are studied, The conditions were found for
approximation of the processes obtained from this
expansions to converge in probability to the initisl
series. This results can be useful for simulation of
such saving their traj
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(1) o = 0 aam peix i = 1,...,m;

(2 oj+opzanaml <ijksn

o 11, Uisomceavin te) €
Mo (Z) in e M in £
pet nopagry i £ nowo, wxan ag + oy > 0,45

Mun Gyaeso RHKOPMCTONYBUTH HSCTYRE (0
anavennn: A = [0,E(A)}, ae £(4) = (ay)
e MATPHUN noEKmMKIE Kitkon A, T6H A =
E. ey m U0, g ey — maTpini auooug. Axmo
i

CPERHIR DOPAROK € IRETENHM, TO dyy+ oy > 0
amm i j=1,...,n, i # j, 16, E(A) ¢ 3seenom.

Kiastie O meanancrucn 0 kaacwie Tino -
crox T, i (1) camawne mpomHRY BEIX METPAMILL
() € Mn(D) raxmx mo ay € =0 =
el A8 ey, .., Epn — MATPHSII AWALI Ki3b-
wa M (D). Ouesugno, mo Mo (D) € sconcusinmm
KiAnew SacTox Kiasns A

Bpoayming, mo kimuae A € xx HeTeponuM
CHpARL, TAK | BETCPONMM 3118,

Qanaseron 1.2 Moayae M usssaeyuci

Hexast £ = (&) — Iseaens MATPULA nOKE-
amxin, Moxnnaemo £ = (4,), 2= By = ay
apm i # Jmfy o= 1ami = lo..nm
£ = (o), 20 g = min (B + Big). Ovean-
o, E < £00 ¢ (0, 1)-waTpuiess. Mu nasunacso
carafng § npocTHM AKIND MOrO MATRRUS CYl-
wocti [ € (0, 1)-uarpuuro, Tobro 8 Q nesne
KpaTHAX CTRINOK | KPATIRX DETETs.

Teopema 3. |1, Teopestn 14.7.1]. Mampuux [Q] =
E_ 10 £ uampuyen cyMimenocmi cuanNo 30 R
swoe0 ripoemoso cazatdava Q = Q(E).

Cramaerren 1.4, ‘&mmk QUE) mnomnasTho Ca-
0 i £

HKID AT i Roro
nhnuqyau K, L, N cnpaneasusa pinnicrs

Kn{L+N)j=KnL+KnN.

Owemino  niavoayas  Th  haxTop-soayas
ARCTpRGYTHEHOTD nmml £ auerpulyTHEHRM
Maayan
HKID il € BP0 CYMOKD mcrplﬁnﬂun Mo
Ayain. Kimae A

O 1.5, Caawmo sn'wanl npocTsl carmf-
ALK HAIMBAETLCR JONYCTHMMHM, AKIO BN € CA-
FARIAKOM INEASNOT MATPHIL IOKLIREN N,

Oascanerven 1.6, Jlnd marpun nosaswwkin £ =
{ry) W 8 = (f;) namsawTLC exDinAICHTII-
M, SN0 GaNA Mome By TH oTpRMARS 3 (im0l ne-
PETHOPENHRMN RACTYIHIY ABOX THOI:

Tunnwm copana (anisa), semo opaned (aineR)
peryaspimedt mogyme Ay (4A) € maninmecrpby-
THEHM, llummttynﬁyruu cnpama TA ATika

ULAOrO YMCAR O NI ENEMEHTID i
00 PARKA 1 GUICELCHAM ADIANANEM O 10
ERCMONTIR 1-000 CTORTYNKA;

1

Kb Tumiis (AMB (8] o apox praxin u
1. apax cTon 3 i
Teol 2 (1)) H o

pesn 2 ([1]). Hocmynni yasoms M:M"* (?!;M“" 1. 1) Hmnt = fay) u@ =
docxon _ . i

wlanin A exeisatenmn
a) xumye A wamsducmpulymuae,
b) wclasye A £ npauws Mymn_am AP

£ nepemagpentuLui muna (U Tok IQ‘EH -
|Q{8}]

> gl e e T 2. 1], M 7 oy
b o 2os0 muny sampuA cpsisenoci [Q] nwruachm
Noonaunmo Ma(E) xisune sejx xuap g?{;l i 2 Q] = FTIQIP.

X HeMATPHEE WAL Kiknew wianx wnces . He
xah £ € My(Z).

0. 1.3. Wiso £ =
(o) € Mo(Z) waonsasrhcs MOTRHLE DOKS-
awmkin, uxmo

Omavennn 1.7, Jonyerumud carafans Q nas-
BAETLCH AOPCTRMM, NXUI, T TOYHICTIO A0 exni-
ELIEHTHOCTL, WY €UHA MATRRIN TOKRINMKLR £
axa, uio @ = GHE)
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3 wownoo
sanow uuosoecio Po= {1,...,n} o an'myeso
ameaeny (0, 1)-marpume nokamikin Ep = (A)
u-mym--w Ay = 0 &1 <, imaxme
My =

i J'lu-nomnml wo Ep £ AIRCHO IBEARHOIO Ma-
TPHILEND TOREIMMKIR.

TMeanastmmo wepes P, unosnmy beix saxci-

MANLINE eaCMenTin Muosinn P, uepes Frim —
weis ek
P, i wepes Fagy % Pin — ix pexaprin gobytox.

Oanasesna 1B Carafax QUP), orpismn 3
Ainrpass Q(F) aoaananiam CTRINOK o AR Bk
(a5} € Fraa % Finia #a3ssaeThcs carafiansos,

MM 3 MACTHOBO BTOPRANORAHOI MHO-

mumow P.

Teopesa 4. [ll Cazatddax Q(Ep) cnisnadar & on-
eadaxas G(F)

h"ms.h?uwmlﬂuﬂulm
o anm umcosownn Pomol carafiaas GP) e Gym

M
MacThoso mnopacosany MucMiy 30 38'8-
W00 ginrpasonn Gyaemo naamsaT a8 o0,
Teopema 5. [4] Herad P = cxivsenoia 3a'aava
50 2000

muﬂnvm;nwunn;

* dax fydu-seoro oy € P icwye o; € P maxe,
M4 N 10y ME MOIANICIGTIIRCA,

® iownoms ay € Puis § 0y € Pra maxi, wo
a, £ a,.

Todi casatidax Q[ P) we ¢ wcopemmus.

Teopema 6. Hi Hezat P — cxivvenna a6 'nma
40 2000

WAL s
® dax fydh-axoeo a, € P icuye a; € P maxe
O Oy 10y ne RopiaOD;
* dan Gyoh-axur gy, € Puin § 0y € Py stne
Micye wepianicmn o, € o,
® dowpe poafumma soscuwu Po= Py
P'Y P AP = B, dan axose Puy =
Fows U Fras, Pain = P, u P
Fonanr Pos Pl P # 0

To casatidox Q(P) e ¢ scopemmse

7. H] Herad PP — exinvenma wess's
Todi ea-

v uaem P
satidax Q(P) ne ¢ acopemenu
‘Teopewn 5, 6, T MOMHA VIRCLTRINTE WACTY-
MR TROM.
Teoposma 8. Herad P~ exanvesoun an mov wac-
MX080 SMOPAGEORONA AN, gD S0A0S0ATNAE
Y
o dan Sydn-mxoro o € P sowye ay € P maxe
T —
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Todk cazatdux Q[ P) ne ¢ meopemeum,
2 | ™ i ea-

rafann

Hexal @ = (X, U) — carafimax 3 swomuanon
mepunen X 1o umowanow crpisox . Cami-
ank Q = (X, U) waspacrece cwabio In'Eind.
#rwo ana Gyau-enx Ty © X lewye mopupyT
P = {z = 20,0, %1,...,Tp- 1y, Tr = v}, AF Gk
— CTPUIKA 3 NOMATHOM ¥ Ty_y TA KiHUCM ¥ Si.
k=1, 0 Mapupyr, ¥ sxoro sel crpiaxe pi-
3, HadkbacThea asmporom. Lekaisus® Sansd
TolfTo WoAR Tg = I Ta t T 2, HAIMRACTRER 1
waos. Jlampor npocTiR, AKme sl foro pepaiaiy
F LT oo Tyey, Ty pisnl. Y smoaaxy = 0
TAE 22, 0pw BIACYTROCTI inum crinmannL BEp
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N
sapmpyT, 1o I{P) = ): i(u) = )::(u.;. Y-

oo S(x,y) = 5} = mmll(P’MP < Plap). 2o
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Buewix Ku
issrni Tupaca Hleaesn
Copin: isscnes ssamesasrarron nayen

Oavanesenn 2.1, Carafianx QI], aan snoro nawo-
WYIOTICH IACTYTIN YMouM:

a) ¥xr € X : §(z,x) = 1 {icnysanms wocny aon-
s 1),

b) ¥u € U = I{u) < I[P} (nossmna cTpiaxn senma.
30 JORKHHY ILARXY ),

ac P = {bu) = xoup2y..
elu)ltz 2,

Giyaemo sanmary l-ponycTismnm.

WTi-L YT =

Conaversnn 2.2, [l marosi kil [ ma {7, 3
A EER MIBGHHRT CTRIAOK QANOID AOMYCTRMOID
Q, Gyaeso i
ko I3 Momna oTpuMaTi 3 1) AepeTROpERREME
THny (IMika gomsctn B TONI T Ha pemaouy b
Uu) = h, semo efu) =z,

L{u) = {
Hu), B iNIHOMY BHTATKY -
Tobro icnywrs mabopn {2, 27, ...

Hu)+ b, sxmo bu) ==,

a1 I} € X

™ {hy by by, b)) © Z anm mxux lpiu) =
1, Mabasheiha
12y g (4):

Bncacso e Muoxini TAKI coraflaaxin nia-
momens == s npansaos: G| = Qufly], memo:
a) @) = @ o cencl carafiaasi,

B) =
Jlerxo fasirmn, mo ne BANOWEHHA € BLIHOIIEHAM
exsiBasesTIOCT

Hexant Q[i] — Laonycrunun earafaax. Moan-
stema S{Q]) maTpiwo, exesenTasn KKoi € UHCTA

oum{®

Toepawenns 3. Jax dosiavncro [-donyermusess

AKIO § = f,
S, ), mwmod # 5
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Brulletin uf Taras Sheschenks
Nutsonal Uneversaty of Ky
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1 < 4,5,k £ n Ovwe, SIQI]}— marpuun no-
RASHHKID HEPERRMIGIO IOPRIKY. TOMG, -
na asesenn, 6o oy + o = S(5,5) + 5(.1) =
min(l(P)IP € P(i.3)) + minll(P)IF € PO =
mm(ltP’_lfPe Plii))=1 >u

Jlom wo [QUE)] = [Ql a [QE)] =
(ay). Harmanewo, wo gy = min (Fa +5y) -

By = min(l.;n‘ill_;(n..,*rau—ﬂu}) fpw
F g o= min(fatBu) - M o=

min (l.lr’illu..,+ u..«:l]). Hemo gy = 1
i # j T Ein;tn.n-t—nn,—ﬂu) = 1, wofro
ay 4+ oy = oy 2 1o Gyaeeaxax k # 5
e oomaas, mo Aonmsis Byae-axore MAPIIRYTS
318§, mo we € crpianeo, cTporo Glanmas 3a oy,
Kumw;,-oniv‘l‘wrﬂ:(am-'-dh'ﬂu}'
0, 7obro fcuye k Toxe, mo ag + oy — ag = 0.
Lle comemine, mo icHye MappyT 318 §, AEnl be €
i AKoro Acph g

fwmo gy = [, 1o min (1.!;;‘171 {ova + o — IJ) -
1. Orrme, g + oy = 1 2 1 pan Gyae-nxoro k# L
The conanune, mo aonscrns Gym-AKoro weeay 31,
o we & crplikos, cTporo Giasme 1.

fxemp g, = 0, T0 min(l.l:gnto.. oy — l]) =
0, Tobro iewye k Taxe, mo og + g = 1 = 0. L
CONRMAE, L0 FCHYT HUKA 3§, MKHA We € neTas,
AoBwHHL RKOTO acpinmce 1.

Hoal S(@ilh]) = S(@il]) Ocximmen
AT
exsinmeni, & QUS(QLD) = Qui = 1,2, 7o
@1 = @z He ofimexywnn saranmnocti, Gyaedo
wo Q) = @ = @ Komni erpinui oy

iidaxa QIf] S(QU]) e anedenor ma-
TPEN NoKaTNURTS Nepenusnoso topady. [Tpu-
waumy dax fydn-axur |-donyemusaur casaddaria

Qi) ma Qufta]  S(@ilh]) = S(Q@alla] mod ¢
miswen madh, xas Q[l] = Qalta].
foaede Hexaa Q|i]—} carnnax,

Tobmo TxuA, mwm-— wACTYiH] i yuo-
Be: Vr € X : §(z.2) = LVu € U : lu) < I{P),
A P o= {blu) = zo,mpFype.. i Fi-1tind =
e(u)),t = 2. Mepenipuuo, mo S{Q[l]) e meae-
WO saTpaneso noxaskin. [lifcwo, o, = 0 3
memavenns, & o = Sk} = min(l(P)|P €
Pi.k)) < min{i(P)|P & P, )} + min((PI|P €
Pl k) = 5{i,j) + S(3.k) = ay + o am

carnfanen &, 0 mpege B TOHKE § B TOMKY 7, BLANG-
|Lanurl- mpm pasmuranin By e By wepenmtoin
Signjn)) ™
5(Qall]. T\w mpm-l panmkana By wepenntino-
MO NOPRANKY 3 MATPHIEK NOKEIHMEIN Sieultl),
mo niANCLIRE cTpin oy, Mae wa W valseq, ae
af, € 0, ae t € (1,2} Cyxynnicrs acix eaguen-
Tin {l'-m{ €5} (no neix crpimeax carafianxa Q) -
e MM CHeTeMa TRIpHWY paarkana fy, ze
te {] 2}. Hexan S[Q.[I.} orpuayersen 3 S{Qalls]

0 peith Ty BA-
MIMAIRA GEAOTO HHEMR O B3 EFEMCNTIS 1050 PaLa-
KA 3 OHD a ao W

oro cronroa. Ouempiio, M0 IRy REIIt R ne-
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i Tapncn lllcaweres
Crpia: grume smesdmuh ey

POTBOPENI 1A THIPHI PAGIKATY NOKASYE WANX A0
BCTANCRACHIR eRniBAENTHOCTI [y T i3,

Hasnaxw, wxow Qh[h] = Qalla), 7o Ch = Q2
oy =l QUSIQUL)) = Qi = 1,2, Tomy

0z, 4
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I=gpaycrwai carnfaasn QU Qilh], Qalls]. v
waanmm waeennnsaie Hul, Lu), flu) amavems

QSQnD) = QUS(Qslk])). Tobro nepernop
HHAMM TUNY NEPECTANONKHN JB0X PAAKIE | THX ca-
MUX ETOBTMMEID MATpHIL nokstsxin S(Q 1]}

S(Qalal) somna acbuwca, 1wob Q) = Qa. He no-

MATPIILL i pa-
unactin. Hobyayeso wosnn |- aonycriumn comd-
AnE, A ! nalza :

Fo [ Hu) 1, awmo blu) € Xy, e(u) € Xz,
Nu), nimmosy NIy
1] mo min aifeno |-ponycrosi. L

Py i MaTpS

MONCHE BRICKATH, 0 ne giftons . Busopeero-
myn, mo fy = 1y, oTpisands inaysosani nepe-
TROpEIIS THRY BiAMIMAMHA WINO0O wRCAA o Bin

=000 ke 3

O A0 SAEMENTID §-0M0 CTOBIMHKS MATPMLL NOoKA-
amnxin S(Q4[0]) T S{Qafta]). Orme, S(@Qy1,]) =
S(Qalla]). Trepamennn gomeaeno. o

Toepuwenns 4. Jonyemuseudt cnsaddox Q@ =
QX U). y axszo a1 yumau nporodsms wepes
Oy My, £ MCopemKiL

Gyaw-sworo * € X = X, U Xz, nunanmar, mo
S{z,x) = 1 TMepenipwao, mo H{u) < IP). ae
P = {bu) = xp,up.xy,. . 3oy e 3 = eful)
t > 2 fArkmgo uw € Uy afio u € Uy, 1o 080
ante wivoro. Hexaf tenep blu) € Xy, e{u) € Xz
Ockiapxi P—npoctull aanwor, 10 ioye epme
£1< ¢ <], rane wp bluy) € Xy, efn,) € Xz Touy

- S =1 oy !
1) = £l = £l + T + $ T =

Eﬂﬂ.l + Mg} + 1 4 i M) = H{PY+1 >
(=) ik

Apacdenna. Hexad nel wiam carnfinaxa Q 6po () 4 1 = f{u). . o

XOouTL Sepes Tosky rp € XN, Jlosegemo, mo g

3 TOUNICTHO A0 EKBIBASENTIOCTI ieHye R L B y- poliari ywo-
. 3l erp , HI0 mignoe WY AT TOro, mof AOnyCTHMmA CArRfIAK Man He

wlgmore crplakan Q. I 3 sony- k ¥ KLILKICTL MATPHIL in 3 an-

crmmocti Q. Tloneaeso canmicrs, npn [X] = 23w Twoow us0 carnf LK

Ao 1, MoMIA

wo §(za,x) = 0, anm Gyan sworo = € X\{=zp})
[mxmo ue we Tk, sgEiMemo BLS T-T0 CToRM GG
eaeuont S{rg, ), somamen npr wosy ${zg, )
A0 Tr0 PRAKA, 238 weix T € X). Bubepeso u € [7
Tk, mofi Bu) # elu) = ry Le somns apolinrm,
o [X] = 2. [lan vousm biu) sei npocti wekan
OPOXORNTE. NepE3 TOMKY Tg, TOMY mam Gy axol
Aonyerwaci dymui [:

1 = S(xg. ) = S(ro,b{u)) + Sib{u),zo) = 0 +
i{u). Tofiro I{u) = 1 Ane Gya-nrkix w € U 1o
sux mo Mu) ¢ efu) = x5 Awmo efu) # x4,
T S(Wul.xo) + Sizoe(u)) = 041 > Hu),
Tofiro l{u) = 0. Jmiacw wnnawsse, mo iciye an-
e GaIA 3 TONHICTIO 10 exninnnenTHocT dymsuis
12U — NU{0}, ans wwoi Qi aonycrusus, O

Taepamenna 5. Hewo dax donyemusoro casat-
daxa @ = (X,U) icwyrome dea dmyemusur nid-
wsatidaxn G = (Xy,Uh) ma @y = (Xp,0h),
mowi wo: X = i uXs XinXy = 00U, =
{{bluheful) | (Mu)eful) € Xi},i € {1,2}, ma
Q Me ¢ scopemta.

Aosedewsn. Ocxinnum

canafaakn  QQy Q-
Mo i iani

¥ HKOTO Bl WHLAN MPOXOAATE Yepes My TOUKY,
£ MOPCTRMM.
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1 Beryn Bimmartao, W0 B sl repaivotoril "wepe-

Y poboti [5] oxapaxTepiIGEANG CArafiaske Ma-
TPMUL MOKAIHIKIR AK NUIKAREC NPOCTHX CLALKG

AMIR BOPRAOK” — Ue TeTepObe 3 AD0K CTopi
ACpEBRIHE HARIRAOCKORE TR Imhwln-pw)-mn—

an'RauEy carnflaaxin 3 BArOnMO diyiozien, ons- 1 Kianue 3 P

wenom na crpimkax carsfaaxn. Tkl carsfnsse W amnin pofori a pnn:wwu mmu

MR AOMTYCTHMIMI, axl ¥ Teopii wepe 1
Mera wief poborn — ! ¥ i eae L MATRHUSME

rafianaxn Ges peTess T i sMaTpE i i mia podaL ¥ i pAsCTH-

A came: IHCYBATH BIMEMIE POITAULYBRNIN JR0X
oan SRR TRERX in 7o anafTe
GEIMKY TREpXy AR cAMERTIN MATPHILE HUKIIHA-
Kin 3 TREMME CArAfAKAMN.

TlonAres  SCPEmATNOTG  BOPRAKY Bl
LKanasscnnfl. “epeniror nopRake muct y

pocTed wepeununiny nopkin. Tax, nanpusaa,

AKIIO CArAfARK SCPETHITHOTO DOPRAKY MAE ST

xosn 6 ¥ oanifl sepuinnl, 7o TaRoR BOpLA0K MAE
s S

TlopiBnARG WEARRHG MATPRIU DOKAHRKIN CTi-
A oKpesHM ofi'exton niwsiosns. Pofora npucas-

T0-wx posax mumyaoro crogive. Kosomd sepe-  wenn e In sa-
NEMHEA NOPRAOK NOBKICTIO DEIHAYMBETHCN CBOEO  TPHILL in TR MATPHUL THEHX
in | awexpeTo

Kinsies. BarnTo nascTiBocTel TaKHK KUICI, 108-
WICTI0 BHIHAMAKITLCE X METPILAMA TOKAINWKID,
SOKpeME, CATMAARKYN TAXMX Kineth. 1.1 Tonepeani sinomocTi

Tepsin  “carafgax®  Gyn  peexcaud
. ubpssmei ' 1072 Pl snmmny 3 oo Omiavoon L1 Murpi £ = (ay) € Ma(2)
sobpament cximvemmommuipimx asrebp. e, » 1o- (Ma(Z) — ne wirbne uaTpugs POIMIpHOCT] 1 3
wnoeTi, exinvemi oplenToRmaf pads, Mookan-  (HARMI ), A wwol Y B
BO 3 KDATHMME CTPLIKAMA | KPATHHMM NETARMI. CTYIN yMons
Meran — ye crplans, nouatox | Kitess sxol orie- 1) oy + aje 2 0 Ans neix §, 1k = Looom,
BANARTE. Noag=0pmecixi=1....m
B BM., 5 i OB M, 2002
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e Tapacn [ifeaers 012, 4 National Universty of Ky

Copra: v uarcaaniiem mayw Sevies; Physics & Mathemate:
M o

mhut-;uinwnmmmn -
3) ay+a; > 1o seix i, € {1,...,n)
(L]

Hexafl £ = (ay,) — 3vesenn MATPHUS BOKA-
moin. Beeaeso satpuwo E0) = (5,) = £ +
E. € MyZ), ne E. — onuswimn satpa

sarpuno £ = (4,) € Mo(Z): % =
m.in{,ﬂ.. + Bi;). Enesewrs marpmme £0) 1 £07
mmwmnsm-.ﬂ.is L

Oswonerons 1.2, CaraRankoss aneacwol saTpL
Q=Q(£) -

14, Carafaax @ nacupacrica domy
UMM, AKX [CHYE Se0ein MATPHILE NOKKTn-
xin £, raxa mo Q) = Q.

Omanenes 1.5, Carafaax @ = (VQ,AQ) w

y HKIUD cpymmnia
wi AQ — R, Dynsnin w oATOSaeTLON BARORO0, &
T SnASENHE HA CTRLAI MASHBAETRCH BAMGIO CTPLY:
L]

Cymn sar peix crpinos manxy mampacmo
BATOMY HLANKY,
Teopesma 1. (5] Cruanno an ‘e casatidax @ =
(VQ,AQ) ¢ dompemnsctise modh § miascu mod,
XA icnye dozons meyin w: AQ — NU (8],

TPILA AKDRO 38,
Q] = £ ~ g,
Jlrw eaesentin maTpELl cyMissocTi carafgn.
o Q saevo mactymmi dhopayai:
ﬁl-‘}u~ﬂq-mli=fﬂ..+m,,}-,ﬂq =
ml.n(l. .l:iuj{a;. +o.,‘-|a‘,]) =

min (l. .n':ln‘(u.g +ayy - n,,)) =

B i (B + Bi) = By -
min(a. min (@ +a..;) S
min (l- min{ou + o — I}).

] '.hmm-p-w,mqq- Topa i # Jvomii
TR TOL, KO oy 4oy > ayy anm meix k # i, 5.
q\,-lkuivinmmli.muu..+-a“>lmn
woix kg,

Oamavernnn 1.3, Ineseni maTpL noxasmmkin £
£ MaombaeTLCR EXBIBATCITHM, AXHIO Gy Mo~
o 3 inmoi aa e
HEX DepeTBOpeis Abax THIN:

L ﬂmm-qm:mum.i.m
PRAKE TR HE HHCNO 40 enementin
1 - IO CToRnviKa,

2 Mosinsrn sicwnun nun PRDM | nosinsTi

MICHMMM AN CTOMINHKE 3 TAKHME ¥ Hoe-
s,

%

L PR

1. saza cmpuany 3 mowy iy movsy § senus
10 BEEY MLARTY 3 mrowxu @y mevwey J dos
acureu |z 2
0020 Hen 6 Moy | e a0 sary Byde

AKDE0 YNAAY, U0 mporodumns Sepes MmOy
i, dosmcunu | 3 2,

saza - axozo ytiay Gianuie afio doplases
1

oaza nemai dopteavoos 1,

WEfEd RoMoMy MoKy fes nemal nporodumn
e dossemin | > 2, naza aoeo dopienes
1

L

Saypumennn 1. Fridwo yuos () ma (5] we
Pes xomeny mowxy donycmusoss meddaxa -
Todums yuks saru 1.

2 Opwawani carnfiassn

Osnavernn 2.1, Tlpocnil wuxa » carafiasxy Q@ =
(VQ, AQ). »ara swore aopinmoe 1, Gyaeso nasi-
BT odunmthiLe,
T 1.
Q= (VQ, AQ) s sepusumasu odunireaso ¥
KA ME CHYE INMILT CpLADR, ol CTPLAOR 1b0-
20 yuray,

Hoacderrn, Hexan Tlata, ..., Uy, Ty —  CGRNNE-
SHUA UMK carafgana Q) = (VQ,AQ) i w — oo
roen diyikain, Janamna na AQ. Toai wusonyetecs
PABCTS w(vy, t) 4+, o) {0, T1) =
L npllr_\'t'rul_-w NPOTRAERNE, 1O ICHYROTH BepaL-
108 Uy T by, 4R e € cyciunism pepmmasm B mes

B dom:
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Copia: grims usmessmiton Wy

nnpim{w. ) maneaarrn @ He ssesmryssm
IRCRALOCT] Moa s, mo § < §, Toal

wiltn, typ1) + wltign, tiag) + o+
wlvyag ) = win, ) (1)

Oexiansn
Wit va) + -+ 4 (Bt B ) + w01 ) = 1, 10
wiw, tar) + wlvigy, vea) + - +wlyogy) €
1 i mepinnicrn (1) moscauna Thauks ¥y wanaaxy
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Joansosn ui wepinmocti oTpRMses

T+y=l
Ane x4y =100 1),05, ...ty vy — CANHN-
HAR R PUTH . Twep
RaneAEn, a

Toepwenna 3. Jonpemuwud casaidox @ =
(VQ, AQ) ne scomce sicmumu cmpracu (vg, v,
(var vy, de sepuanm vy, v; wasescann deaxosy

witn, gt ) + wltper, aa) + - b wlgg, ) =1, odwenuy yueay.
B S "
Ase Tonj O 20 TeepARENiE L o

wivy, vah- - vy, w) oo, vy by, v b4 Sr

ot O, V) (O 1) = O MATH 0P Oasawesoes 2.2, Opmmeand wcam, sk MaxTs
THpius. Thepasenna AoseacHo, O coineny Gyaewmo
3 2. JHoa oo Yy Hacni, ; ﬁnqou-l.lmn. ma vy, iy,
MATIY CALSHN CpLANL — odh s dom

Qunmmmm!y(mlr,lma e e

Hpamn;ua I1. ?nmh MATPUL NOKAIMINIS £ = conumy empiany (v, 1), de 3 € p Sk
0011 : Hosederown. Carafiaak Q sicrums crpinaxy (v, vg)
oooo]? Q= % T TV NARCHROLTA MY CAMNNND-
0110 sy ey, Tosy an Teepasenns 3 Q ne micTiem,
o010 erpiary (v, ).

1000 . Annnoriimo, carsfank G sicrere crpiaky
0 1 g 1 | M QUGB LT 1= 3 = () e pepuMME Ty TH by WAMCHATL GUOMY
1000 ommmimony ieay. Tosy 3a Toepasennas 2 0

21,1 —=3—=4—1 e sicTuTs crpinky (v, v)

Ts 2. M i Q T a 4. Hwwo & eazall-

e momce sacmumu deor cmpiaok (v, u.) ma 9e% Q@ v dao ooy YA

(v, 0], de sepuitnu vy, u; HesteENcamb odwosy
IO WA,

flomede p Hexan

Y1 Ve Ve ] — ORI KD CArRRAAKR
Q= (VQ,AQ), 1 £ i < j £ m. 3 mep-
.o.mm- 1 nupansae, mo a ¢ {1,2,...,m}, Tob-

v, ue ¥ My

In.n:.---.

Hexaft z = wiw,vpq) + o 4 wlyyoy,n) -
BATR MASXY i3 BEPIWIE U B BE[MORHY Uy "eped
BOPAITMEN B4, .- .o Vyay, B AOPIRHKE BAS LANXY
i mepumnm vy » vepammy v, Tofiro

¥o= Wy + oo+ ey )
Wit vy ) + wivy,va) + oo+ lviog ).

Ockinuxn sarn mamxy Ginnis, Wis sars
CTPLAKH, TO Ml OAEPMKYCMD CHOTEMY HEPIRHOCTER:

{ THwlvy ) 2 wln, v)+1>w(n, w),
vy, ) 2wy, v+ 1 >wluy, w).

V1,7, b, B A b, vy, vy, v § empraxy (v, vs), mo
A by, Ty, U3, Ty — eduNuNn,
Josedernna. Ocxlavwn para manxy Glawus, wis
BAPS CTPLAKK, TO

wivg, i) +wlvg, va) + wivy, ve) + ofug o) 3

wiv )+ 1

Jlopass ao ofiox cropin Mepinwocti wivy, vy} +
wity, ). Crpmuacmo

wlvn, ) + wivg,v) + wlew) + ol v+
wivg, vs) + wivg, ) 2
2 wity, vs) +wlvs, va) + il m) + 1

Oexinnke uy, a4, Va, U1 TR B, By, Uy, 1 Oannn-
W AN, To

wivy, vy wivg, m) + vy )=
wivg, te) +wive, va) +wlvy, ;) = 1
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2 2 wivyvs) + wlvs, va) + wiva, ) + 1 abo
wien m) 4wl )+ e, m) € 1.

Bpaxonysodn Te, M0 BAIR UHKAY WE MENIES 35
QEEHIO, oaepwiMo, Mo Wby, vy} + wivs, vy) +
wim,m) = L Omwe, vy, s, 0~ onmsema
e Trepuusesus gomeiemo. (=]

On

3. Q Gyaeso
HEINBATH oL, HKIND 06 EINARIN CAMHN-
HIHE QMERin carnfaaks Q yTeopeor cuaknoas'R-
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ROCT ETPLIOK manxy ag, 2O, TOM £ A=1
kgp ToMym—pEn pEn—1-k
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AKHR TINBKH D
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noweRenn. O
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Q=QiE)+
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m-p
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MACTHHY QAMAMIHOTG ey,

Poaransess INOPOTHIA ULAKK, ARAR APOK-
AATh NEPE) BEPUAMN ] = Um,....lg = i, ge
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FRANKY Ues1, vy AOPIBNIOE 1, TO Bars WARXY vy, vy,
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diw, v).

Jlemn 4. B odustouay casatidoy § towye 605
uuna by ma, wo dax doslasnol eepatny Uy €
VQ sene saicue nepionicmn divy, vy) < (51

Honed e

rpade

G = VG, AG), b axomy upn;--u- - me o

30



T Kyiv National Taras Shevchenko University

Huewin
wment Tapacn [[feasrwes
Crpia: oo sememanism sy

wan carsfaaxn .Y rpacgi G am nepumem 3'ea-
i pefipos, sxmo b carafansy G sianoniam one-

2012, 4

Jlema aoweneun. =]

2. Jasn dowt oy cazed-

PO KN MANTR CHAARNY Oexime-
o carafianx Q@ omuweemmf, To tpad @ a'as
. Tlobyayemo rpad Gy = (VG AGY), seuft e
ocTonnum xapxacom rpadn G. Tobro VG = VG,
AG C AG i rpad Gy € aepevon. Hexan {(fa. 6]
— e slactans uin asoma sepuimnss (Tofo
Htu, tp) — we xisnkicrs pelep B MiniMRIRROMY
HiAuxy 3 by B ty)

¥ eximenmoumy rpacdi Oy peamaticnufl gis-
werp HGy) = maxte, t, € VG{te ty). depess
wae nentp (ommm afo ana) (awe. w-n, |4, Teo-
pema 422, crop. B4]) | paniye aepena p(G)) =
i'ﬂfl’] Hexall £, — uewrp aepesa. Toal aam
LMKAY Ly Mt
mo divy, vy) < p(Gy) + 1 gas poBkILHOT BopLIRIK
vy € VQ.

B saranwmomy wenaaxy (VG| = VG| <
V@] — 1. Npavosy pissiers (VG = V@] - 1
MOMANBA AMINe TOAL, KOTH BEi COITHENR BHESH

Q mmsoTe gonxuny amss. Jlam aepena
Gy sanman [{Gy) < VG| = L. Pissicrs [Gy) =

T oau

daxn @ ionye mampuys noxamwuxis £ = (a,) €
Mo (Z) maxa, wo @ = Q(E) 10 < oy < [§] dan
acix i, j.

Aloscdeyocs. 3n nemow 4 ciye necpamna vy TaEl,
o A aomimencl sepamm vy € VQ divy,n) £
(5] Ocxinnxn carafinax @ — aonyerwwud, To
icHye Fsenenn waTPHIR nokasMikin £} Taxs, wo
Q = Q(E;). 3 marpuui £ coemenTApHIMN Hope-

THny A0 MaTP-

ui €= fﬂmi vt HYALOHHA CTOBRME 3 MO~
MO Ty mo npe

P P TRy o e

. Ockimern -

o, ma.“, = d(":-m! < [§]. Tomi
@i € Biny + € 04 [§] = [3]. Teopesn
noweacnn o

Bucnonok: pesyInTaTe, oTpiMani s pobor,
IOOROARKTE MEPERIPRTH, S0 € OpocTHil CHAkAD
an'raah c Gea neTem. aa

woun' B noanae-

Vil -1 ¥ KOS AEpenn
Gy & paiporo.

Axino carafgnk @ MicTumn omummi Wk
Aomwcan Ginmol, wix gna, 1o VG| =< [VQ] =
1. Toal p{Gy) = [Jsﬂlul < [vc.!—u:] <
[eg2] -]

ko aepeso Gy ae woros, 1o I(Gh) <

|vc?|- 1. Toai p(Gy) = [L;!‘—‘] < [IEH'—'] <
o) - 1] -

¥ mex swnagkax div, ) € p{Gh) +1 =

[42] = (3]
carmfaax § micTiTe Thaske ol

HMKAN AOBMCHNN ARA TR Jepeso (7] £ SANIORoM
Toai (VG| = IVQ| -1 l{G)) = VG| =1 =
vel-
o P [VQ] — anpre, 10 p(G1) = HGH =

-1

div,wy) £ plG)+1= B2 = [3].
0 1V Q| — wexnpne, 7o plGr) = HEEE =

1

Jllepesa Gy mae 2 uewrpa .
MicHmMn meprnthammn. Oyt
MapoTh cHidkuy bepamny vy Jlan oiel vepamisis
dloy,vy) € plCh) = w"— = [§] ann aoniseuod
wepaninm v, € VO,

3

MOMY HiKABD POSTARHYTH MOPCTE carnflaaki.

Jlirepatypa

1 inkel, M., € i, N., Kirichenk
V.V, Algebras, Rings and Modubes,
. jcs and s Spri-

nger, 2004, v 1, 380 p.
2. Huzewinkel, M., Gubareni, N. Kirichenks,

V.V., ‘Algcbras, Rings and  Modules,
Math and Tt Appl Spre-
nger, 2007, v. 2, 400 p.

3 V. V. Kirichenko, A V. Zelensky,

V. N. Zhuraviev, Exponent matrices amd
tiled orders over discrete valustion rings,
Algebra amd Computation, 15, No 5 & 6
(2008), pp. 997-1012.

4. O, Ore, Graph Theory. Moscow, Nauoks 1980

336 p.
N 7humvh.\' .ldmmnhlc quivers.

Fund

v nmNn?p 121128,

Hatifienna 1o peawonerii 30 09,2012



Kyiv National Taras Shevchenko University

L L T ———
praseprumerny Laewi Tapacs [leasems
Clrpia: s mamesmamim sy

VK 51921

HOL.C. Mimiypa, d.f.-sam., npodecop
0.1 Bawna®, . s m, ocucmesm

2012, 4

Yu.S. Mishura', PhDD, Professor
O.L. Banna?, PhD, Assistant

Ip i A pyx mx
MapxiBChKHX npotecin

¥ poomi oy £ chpotic

Fractional B inn motion as the limit
of Markov processes

The paper investigoles approzimation of frac

b ey

Kasonomi cavaa: dpobosutl Epoipoiacurut pyr,
sinemacerul npoyee, Mapwiscurul npoyes.

" Kitincani naionansimn yisepesrer ise-
ui Tapaca [lenwenxa, 03680, u. Kuiw, np-r. Tay-
wiwopa 4a, e-mall: myus@univ kiev.un

“KmiBcuKah kamionan A yuisepowTeT ive-
ni Tapaca Ilewvenca, 03680, m. Kuis, Bacsan-
wincuen, 9u, e-mail:okskot@ukr net.

tienal B maotion by Markov processes.

Key Words: Fractional Broumian modion,
Wiener process, Markow process.

MTaras Shevehenko National University of
Kyiv, 03680, Kyiv, Glushkovn st., #i, &
mailmmyus@univ kiev.un,

*Taras Shevehenko Nationnl University of
Kyiv, 03680, Kyiv, 90A, vul Vasylkivska, e
mailokskotfiukr.net.

Cramno npeactamns a0xTop dhis-mar. nayx Koxavenso 10,5, i

1 Introduction

In the paper we continue the investigation of
P on of a fractional ¥ ian motion by
stochastic processes in different classes.
Frl]clluml Brownian motion with Hurst index
He {5. 1) & & random process with long-term
dependence. It is well known that a fr d

it possible to approximate a fractional Browni-
an motion if & certain metric by » Markoy
process, martingale, semimartingale or a procss
of bounded varimtjon? As for a process of bounded
varintion and semimartingale, then answer is posi-
tive and ading results are p 4 in |1},
(2] and [10}. The papers [3, 4, 5, 6, 7, 9] study
& of & fracti :

motion wi-
th i ingal

Brownian motion is neither i le nor
l“ummnnka!f:; And also it is
ndlh«mrﬁnalemrawncmdhmnﬂadmi—
ation. Semimartingale processes are good models
for many problems, from statistics to finance.
Therefore,

In the present paper we consider the approxi-
mation of a fractional Brownian motion by Marks

. h analysis of gale
Processes is deeply developed.

However, well studied semimartingnle theory
demonstrates insufficiency  to  deseribe  the
processes  that occur  in  telecommunication
connections, the processes of nssets prices with
long-term dependence and many others. Inthis
connection, wide range of potential applications of
fractional Brownian mation creates an interesting
object of study. Fractional Brownian motion is o
generalization of ordinary Brownian motion, and is
wsed to simulate natural phenomena, technical and
economic plenomena such as changes in wosther
sad climate fuctuations, Auctuations in finanei.
al markets, hyd hanical and i
Provesses.

That is why a natural questions arises: is

E10.C. Miesyps, 0.1, Banwa, 2012

F motion rep:
Fractional Brownian Motion (FBM) with Hurst
index M € (0, 1) is & Gaussian process

(Bl tz 0}
with zero mean
-EBf =0
and covariation
EBI'BY = [(aN 4 20 _ ¢ - o2H),

such that BYf.= 0. We only study the case when
Hurst index satisfies 4 € (4, 1). It is shown in |8]
that the FBM (B, ( € [0, T} can be represented

2
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i
Bl = [ 2(t,a)aw,, m
/

where {W;, t € [0, T}} is & Wiener process,

t
2(t,8) = (H - §) e 811*H fﬂ"' WVu-
— =33y,
where
. _{ -y = H) 12
W= \rs ) T2 - 20)

Tiz), = > 0 is Gamma function.

is used in [8] to obtain (1). Notice that ¥, is
solution of & stochastic differential equation

dY, = =B’

3 Py
mation by Markov processes

motion i

Let {BF.te (0,77} be a fractional Brownian
motion. In that case when H € (1/2,1), then
according to |8]
8,"ul“ﬂ-nj""“hd-l-fl'd\".. @
o L]
where o= i - 1/2,

1
Y O j.' (¢~ u"dM¥, {3)

and Gaussian martingale
'

Al = f =AW,
o

T —a) 42
C“-(r(l—h)ﬂu+1}) :
W is a Wiener process
Let's show that process ¥; can be represented
with the following series:

2012, 4

Dulletin of Tanss Shewchendn
Nutiimal Unaversity of Kyw
Serven; Physics & Mathematics

Theorem 3.1. Process
'

Y= ]x“dﬂf
]

has representation

¥i = aCyt® E: / ’ (" °)natian, o
where series
g [ ' (" ;“’)..-M.':s-
it ey o tutely and wniformly

Proof. Let's integzate the right-hand side of (3) by
parts:
Y= r:,.j (t = n)"dMF =
o

= Cpte—w Ml -
i, f MAd(t - u)” =
o
=c,.fM{‘n{n—..}°"'du-
. 1
= nCM! MIE 1 - s Ndits) =
o

3 1
= aCyt® f (=5 MMds ()
o

Then, applying binomial formuls with jx| < 1
we obtain
1=zt =

-l+[1—a}:+v‘$="

iy (";“),-.,...:
=)

where

(";*’) (1= a)...(n = a)/nl (_Dﬂ) o

n
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Let's substitute (8) in (5):

= ' fm=0Y arw
“‘“"""_}_:.,f.( a );M.,d.-
Such representation holds almost surely, and
also the convergence is uniform, because the
process M is is continuous with probability 1, and
wnum«lm[ﬂl]mdwmm-
mate the remainder term of the series (7):

Iac L B 0).‘ Hds| <
N
<Cl ("“") "ds =
“"Efo — M
-c(u;i_.l_(“‘°),
_-»n-l-l n
It is well known that
(n—n
n
when a < 1, therefore the last term i the remai-
nder term of & convergent series. [

]

~a T - a),n — oo

After replacement ts — u in (7) we obtain
e [ (430 -
-=ac,}:(";“)r---' L'u{‘u‘du. ®

Theorem 3.2, Fmr{s" t € [0, T]} odmits

the following represen;
B om0+ 3y, (@
=l
where
mit) = ~Cy [ ot
L]
and

aln+l-a)fn—ay st
"I-Iﬂl-cnm( n )j; Mlatds
are martingales,

Chy=a

T-:n(";a)"

=a’CyB(l - 2a,a)

012, 4
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Proof. Substitute ¥; from (8) into the beft-hand
side of the equality (2] and get the equalities

sl -l°n-n£'a«—*r.a=
e e
v S
e [ M)
=ac:,q}:(“ : “')x

® [l"."‘" j’ M du—

-a-{:s‘.“‘j
.,u.c,,qz-;(";"),

3 r
® [1“’%"'"'[ M "
-, o

+
_nj M:"“nllsb-\—?dm:l =
o '

= fn—a
= aC,
"E( " )’=
5 [lh--—I[IMHu-d“_
- putEma=l _ o=t ]
an 20-n-1 T v e
- o
uo(.‘"g( & ):
- a
* [1"' "’"j;M:‘n"ah[I—Fn—_-i}*

e
PR . H_ 3a-1
+%_H_I‘LM.|‘ du]-

f: M,f‘n"M] =

=«:"§(“*“),
N

fu"'-'M"'du -
f M
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e —

wmssepoumersy weent Tapaca [lenwenna

]

= -C},fu““‘"ld‘:‘d'u +Cx
L

afnt1-a)
n+l-2a

x g(" ;“):‘“-“j: MY,

where

equality (9) are Markov

- 1 "=
Cy = 0*Cir __(
§n+l-h n

=a*CyB(1 - 2a,0).

Since all processes in the right-hand side of
then as the

processes,
result we obtained an approximation of FEM by
the Markov processes, [

An
monhyh!nlwwhmled

Conclusion

of the [
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type equation of the mathematics physes v
der rundam initial conditions is analyzed in the
article, specifically the equation of rectangulsr

iped il The cond of ens:

tence with probability one of generalized solufion
are i i For such a problem has boen got

v 8 2 vl

the Jor the distrib af sup
solving.
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lelepiped Idbvylwn, generalized solution, rndom

BOOO, w. ¥wropos, syr Iliaripes, 46, e
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Cratno npescrannn A.dh.-wn., apod. Komvenss 0B,

Introduction

probability one of generalized solution are investi-
gated. For such & problem has been got the esti

The equations of mathematical physics with mation for thie distribution of supremum solviok

random conditions are mathematical models of

Similar problems for s hyperbolic equation 0

real processes. lts evolution depends on random  the multidimensional case with the initial condi

Tnctors. Their modern
two math | arcas

s 8L the junction of tions of the Orlice

space considered in (3}, foe

and

blems with random initial condit-

diffesentinl equations. Therefore, the sources of ons of space Sub, (1) studied in the warks |5, 6. 4

methods of their studying are the classical theory

Results of this work can be wsed (o justily te

of partial difforential equations and the theory of use of the Fourier method in Lerims of the correlati

random processes.

of such
based on a study of the conditions of convergence
in probability functional series in various norms
and speed of convergence. This made it possible
to justify application of the method Foutier to
byperbolic equations and study some p

§ . on functions, for study the rate of convergence of
Recently, it is conducted an intensive studying  series of functions, representing the solution o the
problems. It proposes & new method that problem, for model making, ot

Formulation of the problem

Consider 'the problem of the rectangulas

solutions of these 3

The first boundary problem for the hyperbolic
type equation of the mathematics physics under
random initial conditions is analyzed in the article,
specifically the equation of rectangular parallelepi-
ped vibration. The conditions of existence with

@ I'L Cammen Tinwussx, 7012

eacd i i
Fu. Pu Pu B
R is = Ba P13 m

T € [0al, ye[0.8], ze 0., te 0]

i 2
g = flz.p2), T =nolzpa @
teg Bt d I
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Ul = Ulrme = Ul = Ulyas Main result

= tlrmn = Ulyme = 0. 3) Consider the conditions that ensure the uni-

Latt the initial conditions (£(x,y. ), = € [0,a], hmmwinpct fity “)u‘u‘.ﬁ
yE o s 0D and (oo prs) £ € Duahy € Lot condiins ace radom procses o Orl-
[0.8, 2 € [0,c]) are strongly Orlice stochastic = *P%
processes from the space Ly (1), and such that Lemma 1. f§] Let smtial conditions

(€(x,y,2), z€ [0.a),y€[0,b). z€0,c]) and

£(0,p.2) = &la,y, 2) = £(x,0,2) (nlz.y,2) zealye [ z€ fo.ct] be
strongly Orlicz stochastic processes ond assume

= £(x,b,2) = &(z,9,0) = &{z,p.c) = 0, that the series (4) converge uniformiy in probabi-
(0, v, 2) = nia,y, 2) = n{z.0,2) Hiy. Then “‘l ':"d”": s (4] wlsa (5.6 strumply

=mn{x,b,2) = nlz,y,0) = y{zr,p.c) =0,

almaost surely. -

When solving similar problems 1) - (3) by usi- s i d
e Pt et v of wiipthet foitia Sulz.w2.t) l);;V.t:.;e.x)tn.ucmm + by sin At)
conditions are random or nonrandem, we look for
a solution of the form |7] Theorem 1. Let (£(z,y,2).x € [0.a], y € [0, 4,

20, E]lk i (nlzz) .::ﬁ:.ui.ve [0, 8.

2. Stromgly Orli tic processes.

R o T VPRI P . Moo il fapiner
. (@) (1) - (3) eststs wath probability one in the domain

D and can be represented in the form of series (4)

Form 3 1 put

whero it in sufficient that:
L
a= [ [ [ e ite v 2hdraye, 1) for all (z,,2,0) € D the series
o Jo Ja b‘ o
Viz.w 2)Vjlzow 2)
ﬁiﬂ‘[;f[n[:.).ﬂ“(l.?.lm‘ E‘n-zl ! ’
A and Vi(x,y, ) are sigenvalues and cigenfancti- * [Eaya; cos At cos Ayt
ons of the following Sturm-Liouville problem +Ebyb; sin At sin Ajt + 2Ea by cos At sin Al
AV, +AlV;=0, conveTges;
8) fornz1l

Vigwo = Visma = Vigmo = Viges
= V06sno = Vpme = 0, sup,_ (E[Sa - S.‘.l’)* <alh),

where Vi(z, y, 2) and A; have the following forms :‘:“.'2:'
thie g ol s e
Viteiga) = | o e T where 1 =" Salzngn b, o(h) © a
P 2 monotone increasing continuous funclion
2 m, such that o(h) — 0 at h — 0, morrover
2= (e ) .
b = [0; nr]. - a
Let D = [6ra] = [0:6] % [0:¢] x [0:7] J & "i(th—_u{-r‘ 1)
Definition 1. The solution (4} is called a generali- L
2ed salution of problem (1) = (3) in the domain D oF "
if series (4) converge uniformly in probability, (Jal Tiin] ) (m )

L7}
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e K
e Tpacn [lfemrns
Cogria: ghirsmn. angmeaim 1. Moy

(g e

where o0~ V(u) is the inverse function fo

ofu).
Proof. Condition 1) implies that the series (4)
canverge in the mean square sense. According to
thearem 4.1 of the paper [2] and Lemma 1 series
{4) converges in probability space C(D).
Example Assome that £(z,p, 2), n(z.y, 2) are
strongly Orliez processes from the Ly(fY). Let
Ulx) be a function such that U(z) = |zf®, for
some p > 4. The conditions (5) holds the function
a(h) = Clh|* for 0 < & < 1. Indeed for £ > 0

L&) (&)
(S5 () =
[(goeh s
<o f (5)w

i
where D = (-qf—)’ The Intter integral
converges under n d > .
Thearem 2. Let (€(x, v, 2), (n(z,y,2) be m.w
Orilics stochastic processes from the Ly (£}), where
Ulz) = |27, for some p > 4 and all |z| > 1. In
order that o generalized solution of problem (1)
(3), exsts in the domatn D and can be represented
i the form of series (4) it s sufficient that:

1) the series
L2 10| + |ty - 2Bt
&
convergry,
9
[(Batsd + (BB} (k4 md )] < e

for arbitrary § > 1.

2012, 4
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Josedesma. Condition 1) of this theorem implis
condition 1) of theorem 1. Example 1 and lemms
1 imply that conditions 2} of the theorem 1 follows
fram condition 2} of the thearem 2. [t is clear that

(ElSa[:.y. z,1) = su[:'hﬂ'!-tnh“')i

S0 e

* [y oo Ayt + bysin At
] wkixy . whin o wman
- —— i —— sin —— gin ——
g abe a b ]
x (a,c08 0ty +§,s|n.&h}|')}

eSO

l‘,z

* co8 At — sin sin

zk,x x!,

LT
llv—!lﬂ 3 -

ﬂ. g

[

:I.m n I )',‘|
s
+ (e} Is’n 55-« sin 1‘.' sin T sin At

whxr i T :i.m i E.‘.' .,..A.n”

Further

. whkr . wl
F“T""T

sin '———th sin '——"m sin
a b

ﬁn#wm

lm‘-x.

[l-liult'-‘—'— i
+Elh‘l'm‘
‘Z(I‘"f lh!;‘-—:. [+|_.m'l.[|;; Irl]i
+|dnrm;t;-n}|+FhM1;ml)l
The inequality
|sinalg laff, 0<d<l
together with (6) implies that

wk.,:;

n._ -1m—-—'|

""'"I + |cos At = mn\!ll]

ﬂn%ﬁ ’"'uin""" At
sin T Ty ""‘"u,\‘a‘
a 1)
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Brewun

st Thpucs
Crpia: sumo- ssgmessumusen maywi 2012, 4 ﬁ..::w Cidie
(wh(x x:]l |r¢.(v ...1| Udoroomas .
Cit] du <
+|m(=-nlr+|-\;( ) fxu ) ) . o
%
where
= AR ' i n, n<Uis)
L ((7) ® (3) ¥ (%} wa(n) { Cyl!="Mn), nzUlz),

(VEEE ')
<2t (4t 4 i)
Similarly

2 gin At

,h'_"ﬁ
a

_wly my,
aden
ﬁﬁaﬁ,ﬁ,,mw,h|
a L ©
< 24t (kf +1 +m:).
Omne can easily obtain that

{Els.(:.p,:‘!} - S.(:‘.m.n.hlli}; <o,
where

c=

T St ]

x(kf+lf+w\’).

o

Estimates of the distribution of the
of a solution of the b dary
wvalue problem.

Theorem 3. (8] Let (T, p) be a compact metric
space and N{u) the melric massiveness of the
space (T,p), that is, the mimimum number of
closed bolls of radius U that cover (T.p). Let
X = {X(t), t € T} be a separuble stochastic
process from the space Ly (), and let the functi-
on U satisfy the g-condition. Assume that there
exists @ monolone increasing continuous funciion
owalh).0shs Mlprg{l. #) such that
tac

sup  [X(1) = X(s)lw € alh).
pltaigh

a k(1 + Ulzg))max(l, A), 2. k A
are constants from definition of C-function and
a'="(h) is the inverse of alh), then the random
vartable -nplX{l)l belongs to the space Ly (1) with

pmhhhq e and
h#;xcgn!v < IXttollu

1 y L
P
where o € T, wo = esuppito, 1)), D<@ <1

In addition, for all £ "D the following inequality
holds:

P{.e'“?'x(i" ”} s (” (s{;.sr))-l :

The next result follows from Theotem 3.
Theorem 4. Let in conditions of theorem 3 T =
D={0€xsa 0Eysb 0ss<e0StET),
pllz, v 2, 1, (21 w3, 0)) = max(fz -l
Iv whlz -zl =tl). Then the condition 7

when for all £ > 0

Lo (o) )
() ()

Blzg,w, 20.le. 9 € Biza, w, 20,10, 8)

1
(1 - 6)

o (o) ()
* (5o + 1) (g + 1))

In addition, for all € > 0 the following tnequality
holds

= | X (o, v, 20, talllir +

!'{:upi)&'::.y. i) > z}
el

<(v(stemmmmem)

3
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Brewun Kulsc saors saqsenats e yuismgsememy
aarwi Tapacs Ulvrass
Crpia: s memesmusn s

Put
salzyt) = 3 Vilz, p.2) (oecon At + bysin A1) .
-
As in theorem | sssume that

k—’:‘r‘l (E]s- 5 SH})
i

) < ofh),

where o(h) is & i i

012, 4

L
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Kozachenko Yu V., Veresh K. J. Boundan-
walue bl for a

parabolic equation with Orhice right side
[Yu. V. Kozachenko, K. J Veresh /| Random
Oper, and Stoch. Equ. - 2010 = 18 - P
97-119.

Slywka- Tylyshehak A, I, Veresh K. J The

itions of of g Jized sclutin

of the hyperbolic cquation with random it
al v

hmﬁwlluhthna!h)«ﬂuh—ﬂé.mm
- a
! v (e +1)

() ()

-
» (m + I)] du < oo,
where o!"(u) is the inverse function o o(u).

P{:'gllh!:. v 1, 1) >¢}

< (ommmam) -

Blza.ya. 20, t0. §) € Blxo, w. 10, €)

(2, vo, 20, ta)ilus + 5.(.].‘__?3

T () ()

* (e +1) * (s 1))

where
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We obtain a necessary and sufficient conditions
of existence of periadical sohutions of algebruic-
differential systerns with impulse effect of general
Jorm in case when degenerate system of differen-
tinl equations can be reduced to central canonical
Jorm. We found the structure and constructed
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TMocranonka 3aaa4i

Mia T-neplomamne poas sawom i (1), (1]
Gyaemo poaymitn [1-5] T-sepiomemy wyckoso

TETANNE T-nepio-

na Ry {7} &

Aoy poon'sekin supogsenol  T-nepiomemol
inyaLcnoi gucbepenniaannoi cHeTesn
teR\7,

BO% = A=) + 1(0), ()

Mz(r +0) + Niz{r, = 0) = ay, (2

ae rankBt) = n—r = const ¥t € Rr > 0,
sexcrop-dymeuin f(f) i (n % n)ssvpani Alt),
B{i} © nepioueis 10 ¢ 3F CubisHEEM |

T i accarme rammona: f(t) € CH{R,R"),
A(t), B(t) € CH{R,R™™), k - eaxe waTypansue
wncao; cran (my % n)-unrpmg M, N, 1€ m; €
T, CTANI BEKTOPN Oy | MOMENTH Macy =T, TaKi,
10 ICHYE HATYPAIKHE HCN0 P TAKE, W V1 E z

Miyy=M;, Mau=N, Gup=ou

relgn < e < T, wp=n+T.

@ C1 Banors, L1 Kopons, 2002

LE [04+kT, +kT],
t& (n+kT i +kT],

2t}

EXUN keZ,

=z(t) = {
3 poapMBAMI DERMIOM POAY B Towkex £os T,
LY cacresy (1) 0 yMom
{2). Byaeso nunsuTw drymsiii 2, () momatcrnsm
1 P na

inrrepraaax 1 (€} € Clry, Tyl

2y(ry)=x;(ry +0)= lim z(t),
} o poan’M30K £ nenepenmins e, Tofmo

sn)=aln-0)=zn(n)= lim (1)
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[r——
warwi Tapaca [llenewss
Crpin g sssme s Hays

Ocxonnil peayaLTaT

s aagadi (1), (2)
nixia  sanpomososamud o [7, 8, 8, 10|
o w4
Ainifinoro nepeTropenna cueresa (1) m&yﬂ
ABEACHA A0 HENTPAMLKOT KAHOHIMHOT opMi.
Tonammo  sepes X.—.t!} T Yaolt)

L wi (n x (n - )} AP MATPMI,
CTOBMM  AKMX € POAR'SOKAMM  BRLNOERNG
CANOPLARCT BRpOLKERDT CHOTEMID

B = st @

Ta corpssenoi 10 (3) cueremn

5 DYV, PTon
FMCTEEAC

cp = (n-s)
CTRANX,

op

o= (¥ Leen)

Lit)=Afe)~ B(l)% = it onepaTop:
L:CYR,R") — C'(R,R").

Boamacso, mo rankB(t) = n - g = const Vi €
R, matpuns  B{t) wsae nonesf  sopaauin
nabip hmpda BAHOCHO onep-mpn L{t), axnn

9
i=Tqqm m.u, Yepea B{t) i B(t) nemumun
nox snuipui uarpum. Akl CKARAMOTRCR 3
o i nabopn
sanonbao ulrpluu Bit) simsocno onepatopa
Lit) i Tpancnowosanoi smarpuui BT (t) nimocno
oneparapa LT (t), ae

LT = AT + %B"y,
o0=fMo. e,

B il FESRRRP L) 1 -“’t"]fl]} :

w(t) = [0, el e, -

B () ERR L N “"m].

2012, 4
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Toai saranemill  pOIN'M30K  CHHTYARpHO]
cucresu (1) wa inreprani t € [0,7] sae narasn
[7. 8, 9, 10}

x(t, co) = 7olt, c0) = Xu-ultleat

+ f Xams VL (0) f o )do -
o
~a(0) (}:_L;’*f:ﬁ(rl) ¥,

Micasn A iMayasenoro sy pems o Tod =11
npoaoERILD pods ok T(t) = Fo(t, cp) paranay
(4) 3 inrepaany-L € [0,71] Ha (1 - 5)-nopaseTpite:
il poon’gsox (1)

£1(t) = na(t.e) = Xnalther+

+ [ Xu ol)YF (7)o o - &

-o(:)(’z:!"nm)w OF(0 eR™

AxMR mnanenid na intepsasi [ry, 2] 30'ROK
MR WM BIESHAYBETRCR yaonoio (2] npi 1= 1L
Bepysn 80 yparh neoepephiicTs crpans gyl
21(t) = zalt,c1) o rosmi ¢ = Ty, Moeso pIHCATH
yuoBy (2) B U TOTI HACTYHRIM HHHOM:
Myzy(n) + Nyxo(n) = au. (6
Mincrananrm (4), (5) » (6). caepaund
almiftue neoasoplute Bianocho cp, € MATPRUR

pimsAIIA
Moy + Nieg = ay + Mim = MFu

Ae wepes M, N, amn wowmoro i = LP
Gynemo noasnsath (m, x (n - s))-susipni snTpMIL
BHEARLY

M = MiXasln), Ni=NXauinh
auepez Fy gy = mesnmipri nexTop:

-,.=0tr.JEr*—H(r.:w (rfin), 1

k=0

Fy= f Xowslm) Yo, (0)f (o)dar = 20
o
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Bicw
et Tipn Wlenreroca
Crpia garuno- mamesmamusnt sayr.

Fi= ] Xn-slr)Var (o) (0)do — v, i=Tp.

Tt

Ockimxn o Komuosmy 3 inrepnanin L€, Tiva]
Pon' 0K BENIHAAETLCR 38 hOpMyRo0

=2(t) = xilt,e) = Xo_u(thest

+ fxu—-ll} walo)f{o)do~
7

~o0(E 1 r00) 9010 cer

T ANANOCIMHMM NHHOM OepRHMG, (00 B KoMK
Toun iMnyabcy £ = 7 nignonigni (n — 8)-pndpei
BEKTOPS  AOBUIEMIX CTOIMX €1, € OOmMEH
INOBONLRATI PIONANHE

Mics + Nieicy = o+ Mev = MFL (8)

Migcranmnoun poas’sakn x3(t) surany (4),
(7} y nepiogeeoni xpafond yuosm

2(0) - =(T) =0,
OO

Xaes(0)6 = Xacal(TYey =

=00 (£ 4520 v @10

= _{rx-—-t?‘lf.*..tamauu (9)
som (£ 1) sm

Of'cmyown (3) 3 (8) npu beix i = Tp,
¥ cucTeMy P pal

2012, 4

JUTTETTN
Xon-al0)en = Xn—s(Tep =

=00 (E raro) v oo
+'.IT' Kool TIo o} (o)~
~aen (£ i) v nseny

i + Miey = an + My - MiFy,

Noep-r+ Mycy = ap + Myny — NyFy,

AKY MOMEUO IAANCATH Y BUTARL

* DemB, (10}
2 D = ({n+m)x{p+1){n—a))-nscipnn surpurs,
m-im.,n'&«.&,sl'.q.ﬂ.ew‘-:
=1 #
XaWl0) O 0 0 =XaoslT)
B M o 0 o
D= M i o0 0 |
0 0 0 o N M,
By
@
h
= . A= .
o
8

o = #(0) (')_ 1 £RO) ) ¥T OO+
+ _:x,. ATV, (o) to)do~

~®(T) ( I & R(T] r) ¢TTITY,
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Biewun K ; ¥
i Tapaca Uleasewea
wayeu 2002, 4
B=ai+ My - NF, i=Tp. de

Brigno [5, 6], weolximwow | AccTaTHROR
¥monok i AiniAnol plaroh
anrefipaiunol cucreant {10) € yMoBs opToroHAnLHoCTi

Ppr=0, (11)

iy mMnay i1 mERORAREN poss' Wik cueresi (10)
MAKTL BMrARL

e =cT(§) = Po £+ D*G, ¢eR",

ae DY - ((p+ 1)in = &) % (0 +m)) muip
WA MATDHUA, K& € ELMNON OCentoofephenomn
an Mypon-llenpoysos matpunen ao matpu D;
ef = col(e (€) -, ) (£)) € R IHns) n wepury
Pp, nomavero ((p + 1)(n — ) x u)-sunipuy
matpiwo, u = (p+ 1)(n—8) - r, r = rankD <
min((p+1)(n—s), m), sxs ccimanersen 3 ninifuo
mesasexmmx cronniuin ((p+1)(n—s) % (p+1)(n—
#))-mmuipnoi aTpimi P, swa & opronpocktopos
3 npocropy RPYUH4) wa wyns npoctip Ker(D)y
snTpa D

Pp: R0 _, Ker(D),
Ker(D)= PpRiP+iin-4)

npaiomy  crosmy saTpuui Pp,  yreopiosor.
nownnh Gaswe sapa Ker(D). Yepes Fpy Gyaemo
nosHAETR (v % (n -+ m))-susipny MaTpumo, v =
Mo+ M=, puakaME RKOT € AlHIANO HesAnemHi
pRand smarpuui Ppr, wka, B caoo wepry, €
CPTONROEXTOROM 3 NpocTopy K™ na ApocT)
Ker(DT) snrpms DT e %
Ppr (B — Ker(DT), Ker(D")=Ppr R™,
TIpMHOMY pstaxe uaTpii Pyt yTHOMOI0TH nomma
Gagne sapa sarpun D7

Tawuw  wamom,  Momemo chopuymosaTn
OCHOBHEA pEIyALTAT
Te i

1. Bu Y

1) a
hew (2) mae r.m-bdnw( :mm modi i
MK mod, KoAU SUKONPEMBER Luong (11,
Tlpu yramy T-nepiodusni pose’ssxu sadavi (1,
(2) ymaopooms u-napasempuny cis'n susandy

Tolt,c3 (€)),  tefo,n),

T-

Abifing

Shud

z(t)=z(t,£)= Tt (€)) tE(mimal a2)

10,
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t.e) € C?a, e)), Cl0,e0), b(-) € C0, 0]
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Poan'saox nerepono (m  n) snaai (1) T @ i =i & e dul g
¥ Mnomy ko poon'sey Xtti—f s “-.--u::'rmm oo W
() € CPla, 7, b = o) sl gttt < S
MOPOARY IO i < J;"(g;;x A} MATpHLI-OF ropa Fg
%= Awm+ Bz + f, tal)=a, (2 T
A,BER™, feRn, aeR™ G[!; a]m =X {ﬂ'w't"({}]['}}-+ K[!Illl
Heaimifuoeri  Z(2,26) 1a Ia(-e)e) - — yaaransmensn oneparop Fpiva saawi (2). 4"

ummmq;epmﬁloui 0z y mano

sy Okoni nopoamyionol angaui § HENepephiio-

meulmi 110 MIIOMY NapaMETDY £ 1a mig-

praky [0,£0); £2(-,¢) - AlniRuan T8 Nzl e)e)
Pl dhy b .23

i) diae), 2, £ie} : Cla, bie)] — R™.
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Anchepemtinana cnerema (2) ne sicrim, awonnn-
Tuenoro wiena Bz, o onepatop [pina sagasi Ko
i aliysae sobpasesnn

[o=x0 [voya

V()= vy (?) :

yr Vi)
eRCTEM

vin=(G &) v v =i

Ax ¢ Xty i
sncTHIN adpepemtianol cnetean (2) maopa-
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X40)-

Vit) =
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HHEX HEARTOMOMEMNE KPAAonux Inaa%, npansf ki-
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be) =a-+=(o' —n)am. B(0) = B,
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APYTOED nopRAKY

= Azt f e 22,2 ) + Ble)2+
+eB(E))(Az + [+ €2(2,2.€))),
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ta(£) = o + el J(2(.6), ' £) ) + Bled(2+

+efle))o + ed(z( e}, 2'(edel))l (4)
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2(r,e) = 2(r,c) + 2(r,e), caER".
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x(r.e) = x{£) € Ca,t"). zlr,-) € C[0, €0]
OTPHMYEMG JRAAY
"= Az + e[Z(z0 b3, 25+ 7 )t
+ 02+ 8 Az + [+ eZ{m+z. 20+ )]
Exl,8) = €ld(an + 2,25+ 2 €}, £) + Ble)(2+
+efile) o+ edizo + x, 25+ =, )] 15)

Tesmamnmn sexTop fy = ml(tm 30) € Rt

T Py — (d = m)-numipny savpuo, corane
wy ind ;= m = n= AiNiNC- NEIAIEANRX PRIXID
sarpuii-oproapoekTops Fg-,

walte) = 2afy + J(zol-, eo), 2l a). 0),

+ Z(20,25.0)

Sols, 2g) = 20| Azg(s,cp) + f

annaoriano [2, 3, npuxamemo a0 neofixianol yso-

nat poon’samocTi aaansi (5).

Jlema 1. Hxwo wxpotiosa sadawa (1) o spumis-
ooy sunacey (FPg- ¢ 0) sae peaa';uan— mma

npue =0
2a(t, cg), Mo aexmap &y Jnm-wmhmo#f

F = Pa{ o) - K fals w0} =0. @)

Mpwnycruno, o pinnams (6) wse npocTid
(Ppy Pgy = 0) mificimd wopinm. ég € RUHL

2 JlocrathHA yMoBa iCHYBANNS poan'wIKy

Tl swaxamsenin posn sy 3assl (3), (4) nawo-
pucTonyeso pasmesnn dywxii Z(2, 2, €) n oxo-
7 NOPOLRYITIOND oSN RIKY zalT,cp), Roro noxi-
ol zh{T,cp) T TOMKn £ =02

Z{aalr.ca) + 2(r,e) 2l co) + F'lree) =
= 2{=lr.co), 27, ca) ) + Ar(r)z{r.e)+
+ Ag(r)x(r.£) + e As(za(T o))+
+ Ru{zlr, c0) + (7.8}, sh(roce) + 2(ree) )

Ag(r) = Zi(zolr. ca). sp(7.€0). 00,
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Introduction

Sign language (SL) is a way of communication
for deaf people. To communicate in SL people use
wisual-kinetic means (hand gestures, lip articulation,
face emotions). Basic semantic unit is a SL gesture
s ""rn'*wlsl.il d by kinetic
mature of gesture and the visual perception
:::ﬂ}u'mia: opportunity to locate a gesture in

in & certain way, fmn two gesturcs with
mm.mm:um

The specifics of Ukrainian SL (Russian.
Belarusian) s that different regions have different
dislects. The P of comput l
WEB-technology allows us o overcome these
diffe It is o offer
computer toals for the
L3 and i i SL.
Therefore, the actusl problem is the creation of
modern for ding, visualization and

advanced - multimedia

identification SL.
_ Lexical gestural elements in SL can be
a5 follows: ion (hands or amms
shape), localization (where arc the hands that
perform gesture), and the nature of the movement
(how the hands are moving). Such a description was
firstly proposed i (1] for the American SL
(AMSLEN).
Formulation of the problem. The approach for
the formalization of SL ( inian) in order

le 1

muel‘h:mmmlewmfurty'nuunndh
identify amy gesture.

Formalization Sign Language

For formalization it is offered to decompose
gesture on the following elements that it umiquely
ized by: 1) the configuration of the fingers.

2) tocalization, 3) the direction and the nature of the
mo

vement
Lets represent the configuration of fingers with
following set:

e

"

={p )
=)
where ' - i-th configured the k-th finger
(im0, p k=13 L, L™ - scts the names of
bnnﬂdequvMinlI-uwrudumiml
and final stte of the configurations; [ -_n:
interpolation factor for calculation the d
m(le[ﬂ.l}]. g fixed positive number.
Lets define the following configuration of

fingers:
the thumb finger{ & =1}
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Fl{t) - from pressed swte, (1=10), 10 siaight
swte (f=1);
F,' - connected to the pad with the forefinger;
F} - pressed to the palm;
for the forefinger (k=2
F2(r) - from pressed state to straight state;
F - extends in a horizontal position;
Fl! - forefinger and thumb finger are routed;
for the middle (£ =3 ):
F. (i) - from pressed state to straight state;
F' - extends in a horizontal position;
F} - fore finger and middle finger are routed;
F) - middie finger is on the forefinger;
for the ring finger (k =4 ):
F{r) - from pressed siste 1o straight state:
F* - extends in a horizontal position;
Fy' - middle finger and ring finger routed;
to the litlle finger (k=5)F.(1) - from pressed
state 1o straight state;
F? - extends in a horizontal position;
F; - ring finger and little finger routed.
Hund position is uniquely determined by the

values  of the Euler angles (p'.¢",p")
corresponding 1o the bone:
D={p,:D,=lp!,07.0:)) @

Lets define the followin, cific i T
i 2 Spe provisions o

D, - up,

D, - normal,

D, - down,

D, - 10 owner,

D, - anide,

To localize the implementation of gesture the
state of bones are captured for the arcas located on
the intersection of the horizontal (over the top, at the
level of the forchead, eyebrow line, cye line, the
lenfel of the right and left car, check level, mouth,
chin, under the chin, neckline, shoulders; chest,
waist, the under waist line) and venical (lefi, center,
right) levels. For each location specified criteria is
set: with or without touch:

L=t ) L(n)= 1K, m)). (L]

where [ - the state comresponding 1o a specific
location; K, - the name of bones and Euler angles
for them; 4 - a criterion of contact

Lets describe several gestures  using the
proposed method {Table 1)

Table |
Ex e of characters of the aly deseri
Description é:m

R(L{0)D,,
B: F,(0.5) £} (1),

FOME 0L 0D ¢
- the right hand; in the chest; J’
on the right, without touching;

hand 1o the side; thumb and
index fingers extended; the

other fingers extended.
[ {oi D,

o F L F )
F(0) £ (o) Fy (o)

- the right hand; in the chest;

on the night; without

touching; palm up; thumb

rectified by half; remaining

in the pressed state.

i

Proposed formal description of gesture consists
of cenain key states of bones (obtained from the
digitization u native SL-speaker gestures) nd
functionally calculated trajectory of the moves. This
set of states and trajectorics are fined. With them,
and synthesis algorithm of intermediate trajeciones
is possible 1o synihesize an arbitrary gesture

So, with the help of native SL-speaker a fixed
set of states of the generalized skeleton for an
arbitrary number of virtual models is created. Using
formalized in this way description of any gesture W
nutomatically synthesized many gestures for SL.

For non-verbal communication smang dea
people it is offered to create on-line resources.
including a glossary of key gestures and vanants
how they are used in sign structures. Using this
resource can accomplish the following:

1) expanding range of expens in sign language area.



Kyiv National Taras

nevchenko University

2) creation of an sutomated translation from sign
on-line to facilitate  communication

between deaf and hearing,

3) standardization of gestures for different groups of

deaf people.

4) creation of new gestures for different areas of

knowledge.

For the implementation of on-line resource,
offered WEB-realization [2] to playback 3D images
in browser, using the proposed approach.

The client pan of on-line resource is designed
with the following technologies:

«HTMLS - as it implemented the ability 1o connect
context WebGL;
» WebGL - for rendering three-dimensional graphics;

WiL,4

For identification of an image containing a
gesture, offered 1o usc lincar classificstion methods
based on the scalar multiplicstion of vectors
(Support Vector Machine and like that) [3,4].

To construct a system of attribuies is proposed
to use & method based on histograms of oriented
i The method was first presented in [5]
Initially, this method of construction signs was
designed for detection problems human figures in
images, but further studies [6,7] have shown the
effectivencss of the method for many other
classification problems. Lets describe the algorithm
of construction of the feature vector using the
histograms of oriented gradients. Construction of the
feature vector can be divided into the following

eJavaScript - to call functions WebGL and S0€P% 7 s

manipulate vertex model with skinnig; 1. Normalization of brightness, comtrast, and

= library wwebgl-utilsjss - for fo on other param of b images [,
gy z . i=0,..,M,j=0,..,N. This sicp allows you to

Microsol ASP NET 40, i N ennti £F Spas syt i weine fo
The proposcd [nplemcomiion. of the viewal :“The ﬂlul'lll:ai'lhe image gradient in the

model animates SL in real time on computers with
minimal requirements: the presence of a video card
and a browser that supports HTMLS and WebGL.

In the test application (Fig. 1) the described
mechanism for building arbitrary  gesture is
implemented.

Fig.1. Synthesis of gesture

Identification Sign Language

Lets apply received formal description for
recognition of gesture. We mean recognition as
sssigning an object to one of the mutually exclusive
classes. When u class contains only one object, the

L ion is equal to idemtification, From this 1t
follows that the gesture identification will contain of
gesture component identification (1) - (3}

horizontal and vertical direction. To approximate the
image gradient  differemt  discrete  differential
operators can be uscd, such as, for example, Sobel
operator, Selection operator that approximates the
gradient  image, affects the quality of the
classification.

3. The calculation for each (J.}) pixel the

direction €, and magnitude of the gradient G,
@, = wctanlG; /G})
G, =le:f +(:}
4, Construction for each disjoint cells of pixels

in the image histogram of gradient direction
(0,2x/1,... 2% Jom the following arcas:

He= i, /)€ Carsk = 00..
D

Cell size and number of lines of gradient 1 arc

P methods p igr affecting

the informative feswres and performance for

classification tasks. Note that the normalization of

histograms in cells allowed the use of different cell

sizes of the images.
5. Normalization of histograms in blocks that

contain cells:

85
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H, = u_/ L

Note that for blocks of histograms crossing each
other is allowed.

6. Formaticn of the featere vector of normalized
histograms in cells images:

HOG(1)=|H g H )

This schemne of the construction of signs can be
easily generalized 10 color images with different
color channels/,, i=0,...M, J=0,.N,

k=0,..,K, by simply combining the histograms

of onented gradients for each of the images J,, .

To test the proposed approach the relmted
software was crested. Functions to obtsin HOG-
features were implemented. Fragments
corresponding to the elements of (1) (Fig. 2) where
cut from photographic images of hands with
gestures,

£

index finger,
direct

Fig.2. Example of an image element of the set (1)

Each photo-fragment was transformed into a
HOG-features vector,

Scalar multiplication of cach vector from the
comesponding class with the vector from the other
classes showed that a sufficien difference. This
made it possible to tmin a lnear classifier such as
Suppont Vector Machine, With the help of a trained
classifier identifying gestures alphabet has been
made (Fig. 3}

Fig 3. ldemification of gesture

01,4
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Conclusions

The proposed approach allowed 1 solve
complex design problem as well as the task of
identifying an arbitrary gesture. Obtained during the
synthesis sets of components that describe any
gesture are used as classes for identification problem.

Using oriented gradients for the feature vector
histograms led to more sable detection [in
comparison with other methods).

Testing the proposed approach has shown its
viability for the synthesis and analysis of structures
of sign language

Further arcas of research presented in this paper
are the improvement of the approach, scaling it 1o
other SL, full filling the sets of components

References

I. Swkoe W.C. Sign Language Structure: An
Outline of the Visual Communication Systems
of the American Deaf / Stakoe W.C. // Studies i
Linguistics, — 1960, - M8, - T8 p.

2. Krpvamos Y.G. Formalizing the formation of
gestures using three-dimensional models for
human Ukrainian sign language / Kryvonos
¥.G., Knk Y.V, Barmak O.V. [/ Problems
programming. - 2012, Ne2-3. P. 398-405

3. Vapnik, V.N. Sutistical Learning Theory New
York: Wiley, 1998

4. Kirichenko N.F. Synthesis of systems npeure
functional changes in the task of classification /
M.F Kirichenko, Krivonos Yu G., Lepckha NP

i/ Cybemetics and sysiem analysis. - 2007. -
Nel. P.47-56
5. Dalal, N Histograms of Oricnted Gradients for

Hurman Detcetion. / N, Dalal, W. Triggs // IEEE
Computer Society Conference on Compulet
Vision and Patern Recogmuon CVPROS.
2005, - Vol, 1(3). - P. 886-893 :

6. Wang. X An HOG-LBP Human Detector with
Partial Occlusion Handling / X. Wang, T.X. Han
1/ TEEE Computer Engincering. - 2009. - P. 32
9.

7. Ruta, A. In-vehicle camera traffic sign detect
and recognition / A Ruta, F. Porikli, 5.
Watanabe, Y. Li / Machine Vision and
Applications. - 2011, - Vol. 22(2) - P. 359-375.

Asriving to an editorial board 10. 1.12

ion



Kyiv National Taras Shevchenko University

Bicuux Ke
it Tapaca Uloawersca
Cape.

i
VIIK 681.3.06

Bofixo B.L', kdo-wn, now

mza

Bulienn of Tarar Shevchents

University
Series Poysics & Mathemanics

B. 1. Boiko', PhD, Associate Professor

Kap L Frame-slot programming
ma ! { and fustified the use of frame-slot
P " . in prog "
APOSPAMEEI ML

Kmowosi caoma: Kapkse, choT, NpOrpasynanms,
CTPYRTYPYRAHS.

meni
Tapaca Llewucmica 03680, . Knis, :r|n T ayutcons
4n, e-mail: el

Key Words: frame, slot, programming, structuring.

! Taras Shevchenko National University of Kyiv,
03680, Kyiv, Glushkova st., 4d,
e-mail: bboiko@ukr.net

Crarno npeacTanis ad.-w.1t., npod. By JLE. (33 pesymeravasmn xoudepesuil TAAPSD 2012}

Beryn, Hnceanni n.ocmmuu: B raays

Teopil Ta i e i p wo
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wabopy i TA METOMN ¥ no we #

pospobixm, mo gicTanm urapnn Tax i oK AN, T
Bill KONCTETYBAWMA TOMO (aKTy, W0 B NPHPOANHX MOR, CEMIOTHER Ta N,
POTPAMY BaHHI CnpoGa 3anponoHyBaTi o i

im 1oy D MiCTRA  AK rprm'mm piRRs
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BimetuocTi foro NOHATE, i :
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OCHOBHOMY — MawTh  Ha MeTi llilﬂelnu

CEMAITHUNMK,  CHMTAKCHWWHX  Ta  iHIHX  OPMANLHOT TOUKK J0PY W X ABA HENOALILNE

ACTICKTIB  CTPYKTYPYBAHHN JIAHMX T3 MOR 0B CTH MO OCMATH 3 IHIDNM T8 OTPHMATH

TPOTPAMYBAHHA. l'lpurm-um pocrpuﬁnl semucnx  popuyny  H:S04 T.me MOCANAHNA  CTIPARAI
JORAHIN pop CHCTEM

(AIC), mo P Lo i

ARHHX TR Beuky KiakxicTs  mosma Gyno 6 nasRaTH npamrmn q;qpumnnl

wopuCTYBaYin, noTpelylors OBrPYHTYBANNE T2 KAPKBCY
MORCIIORAHNE ancolamn nporpaunm ummpn nokEiye, U0 TiMWER Mpur.m.m up-nul

o KApKACY ~ MEAOCTATHRO  AnR
"Woim, i T nopan i 06 cxTin, wo wamt 6 y
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(XApKacH) AONATKIN, KOJAM CHOTAMM € HANMCRN
npodoctimm npapasMicTos npoueIypH
ofbpolixu ARMMX UM PCAXINT W O, REETEN
mianorom AIC - xopueTynay

ajanToRHoCT!  CTpyXTYpH  (apximextypu) AIC 5 Jharpasn, o 0 PeTyALTATON
(Toumie - T AMAPATHOTO, MPOTPAMNOTO T3  (JOKYMCHTOM), HKMA  OTpHMano Ha  BHEO0
inghop G Ao i CASE-macoby, mo antosatwiyr 1ol ai it
pos’ i npob. i yeioo npolll:: y xom pospoben AIC. Tlpaswas 1
nigcucTen,  Tpyn ki, fi OPOPMICHHA  TAKHX  TIATpaM
mopManiiinix 623 T M. KPIM YOROTO IHIONO A AKX Ix TpK , TAX 1
MATA HE YRAJi CTBOPCHHA icpapil THNORMX 1080, o o6rpy A PUIHHEME
NPOCKTHUN  pillicHh Y n ERHI
(xmpxacin, uaxem] NPOCKTYRANAN, M0 ocolaMBoCTaMM
6 T H v nep ¥ TIPHEIANL MACHS ©
1 panime P Hinwk wicen. HKmo X ¥ KOMIpKAX
AOCBINOM EKCIUTYATAUNT ¥ CKIaQ1  PRRIWE  POITAWOBAMI ZifCH wWcaa, GyIeMo MITH MACHE
crropernx AIC, mifichrx  4mcen.  Cam  dakT,  wo  Macs
¥ npoucci pOIBHTKY OCHOBHMX NOAOKCHE CKOLIMTLEN 3 |3 cACMCHTIE, € OaMiCK 1
i pil np Gatfito  KLTRKOX TpOrpaMIN peaniautii
plani o i, i ue
"P“Mllﬂlll AK OPramivHOTD nAANG G B KBpKBCL. A OT MACTROR

Kapxachol  (crpysTypmol)  ckamaosoi,  wo
NOTOKH i Ta NoTokM

o wi ia

Anwmx,

UM NOBHA JANONHCHICTE (MR 300 JIRCHHMA
HHCABMH MAKTE GyTH YTOMHCH! Jacobasi, W

7 &ML Bin
Elanmn PEIYILTATIE.
Ockimaamn

cramy 1o

JAFATRHONPHAHETOND

3 pamMkW  TPAMIINOT (M0cTpati
MacHRy  ®k  waMamwomawix  nopsa 13
TIPRMOKYTH NI

Haranacsuo 1axos, o » Teopii Ta npaxTHUl

CAOTOROTO CTPYRTYPYBANNA Hemar, cripobycmo

MABCCTH  KLTWKA  NPHKNAZIR  DIIHOTO  pinks
cxmanocTi [3):
1. HalnpocTima CIpyKTYpa ARMKE,

HAITPUETAL, MACHB, M0 MICTHTL 13 cacscnTin,
Mac kapxac iy 13 xoMipok - enorin, a Konkperia
CTPYKTYPS ULOFO THILY YTROPIOCTLOH LUTNXOM
JANOBHCHIA KOMIPOK (YCix 60 TIALKN MacTHHM)
EOHKPETHHMM HLTHMH STHCIAMM,

2 Halinpoctiwa Grok-cxema nporpaMm, mo
np - anoma G KOMM  mHa
UINOCTPAUI] € 182 MPAMOKYTHHKK T3 CTPLIKE, 110

1T,

PAMYBAHHE KDIM HACTKORO! 1ANOBHCNOCT!
MACHRIN (& B FUILHOMY BHITAIKY CTPYXTYPA
Aamnx) ¢ ouge B onpobhesa Mmackbin IMiIHOL
AGEMHHE, MACHRIE, L0 B RKOCTE rncnﬂml
MIAOTH PANTIUE OINAYEHE CTPYRTY]H JIRHAY,
B GLTML EPAILHOMY KONTEKCTI | € oaniM 1
pinin abcrpakuii y npouccax noGyaom G

CRIMANHA  MPOIPAMINX  CTPYKTYP 1% MeHE
CRARANMN
Ax HHe y o

MPAKTHEYRITRCH ¥ X001 TAKHX nuﬁ)"lnn Dyacme
POVANABTH  YIAFRALHENT  EREHTARCHE rpa.
A€ TOpsA b TpaastiinMan  MEOHRHIMI
sepui Ta peficp  min mepiumn GyAYT™
BUAXOAMTH 4H Y BEPUIHKH RXOMMTH NpOMECHi, 3K
6 cummoniymann cmocpimn  BRICHTHOCTL

i aiin, e
‘w}t Texer HTML-dopmaty, a crotasms

P, pheficii prakn W WO
inwe, -umpmugymr B 1Nx noGyaomax.

e wo

HATpHKAAD, 38 mumauu Mo PHP i mmoi

MOBH LIR WAITHCAHNS CRPRNTIN,
4.Teneponan

BUSYRTRHIME
¥ MAKCTH

HeTp:

, e Gyn cipofia Takore
YTOUMEHHE He Moke opaty oxOIHTH yoi pinii
aberpasuii, kowen o mwaux wir Gn Oy
MARGLILII ANERBATIMM PIRHIO KOUCTRYNIRIINE,
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(3anmcanix anno) noasc me i indopMano mpo
KUILKICTE WHOEH UM KINEKICTE MAPHEX LLTHE
HHCEN TH N

3a ananoric 1 HABCACHHM NPHKEGOM &
i Tabanns Gaum aannx

Tax, wa minp npouec  nofy
rpada, mo Gyae CRIANATHC i3 ABOX BEPLIN Ta
I OYRUILIOrO pelpa, MOKE HA BXOAI MATH B

1te e TInkER 0 HarosseHEs, ane i, HanprEiad,
BCE, W0 MOMHA |, 106yTH™ 1 UBONO HENOBHEIIN,

i3 EKILLO MR A0GynaHHA BHKOPHCTOBYRATH wEHHch
ph, inrrepdeii p Ane il saci6, ax  SQL-
NPABIAS KOMIOIHILT MOKYTE BHMATATI JOCHTE ), To A BCIX P

CITATHMX OOMMCICHS, METOI0 AKHX € 8K caMa
MOMAMBICTR NOCAHAHHA CAMC LIMX BEPIIHH, TRK
i BIOHENEHNA NOIMEIOK TR HOBOYTBOPENOTD
PRIKS, § TAKO® | NONEN HOBMX BANEHTHOCTER
(Mﬂnm paAKin) An8 icHyIOMIX REpIT.
;nmx i
mn uuy'am anapar iMeHyma. II HE
HASTO CENAAMMMM  CTpYKTypamm imex. Ha
PIBHEX MORATLINGT XOHKPETHIALIA (AeTanizaT)

BHEOHANHS JAMNTIE, SKi MOKHE JANHCATH 38
npanaan SQL. Skuo srazanus 30sHimis
sacofom € npanis T
TO HEARMO JAUBCTHCH TAKOW DCE, IO MORHA
NOGYIYBATH MPABKIKANM JHCTOCYRIHHAM X
ApARIT, SKLO (1M 33c05OM € MO BHpaATS
pennoi  anrcOpm  EMpEMB, TO i MHOHMMA
OBMCEHNR IHAYCHE 1HX BHPAIIE, AKILO TAKHM
sacofoM € CHCTEMa PiBHEML, TO BOHH B
y BRI
BCIX PO TIKIN.
Kapkacho-cnoToss

MOnEnL  MPOTpaMM
¥ i3 TE30K 1O ALIME 3

MEIOTI BHEOPHCTONYBATHE D CTPYRTYPH
1 MO 3 CBOCH MORYTH

ia 0 MO
nporpamysanns. Tak B o
BUKOPHCTORYIOTH Ga3n JARWX, ¥ SKOCTI iMen
MOAHA KOHCTPYRINT Mo

Maninymosanns  tanmmm, Hanpuenaa, y swe
TPamifinoMy npUKIaTi  MacHey Y TpeTift
KoMipui mowe Gyrw oneparop moun SQL select
avg(stpedia) from stud_tbl.

Oxpeso 333HA4NMO, WO 9K Y CAOTI, TaK 1 ¥
BANCHTHOCTI MOMYTH GYTH He TiNLKW RIacHE
nami (wanpuknag, wweaa), ane B KOMCTPYKWIL,

Boxy ln CHYIOUHX CTPYKTYP Ha MpaKTINO
Gymb-nrudl Ti €ACMENT, 1D BHIHKDC HC TLILEN B
MOMENT WKTIOMENN (a0ydEHNR) 30 paniie

noGYA0BAHOT CTPYKTYPH HOBMX CXIATOBMX, An¢
Ay MpOMECE BHKOPHCTAHNA wike nofiyaorannx

YRTYP-
Bucwonxn, Haneseni npucmami Ta ananis
gocizy  pospoles  mporpam  piamoro

ps Py

P AOTORX

TRKHMM, mo

i ™0 poip
-nun.ulux sacolin.

L L

aaui. He wes iudopMalia, o uacnpanm L]
WKifich  CTPYNTYPI  ABMMX, (PEACTARIACTRCR
#rHo. Hanpusnan, womkpernmii MacHB mcen

CnucoK BUKOPHCTENNY TKEPED

I. Red'ko VN, Campomunnlnd compositional

m /i Probl. programming — 2012 - N
2 - P. 234-238, (in Russian). :

Boitke BJ. The structure of naming in
ing. | | Scientific notes NAUKMA,

software
Mm.lﬂﬁ—NS—PJZ‘ {in
Russian).

2 N5 G

approach to clanfy the mcnpu of the
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Computer Science, 2000. - 687 p. (in
Ulkrainian).
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In this paper we consider one of the applications
of the support vector machines called the feature
selection problem. The motivation of the study of the
feature selection problem is the following three main
factors: reducing the dimensionality of the input
space, improving the generalization ermor and also
identifying the appropriate features.

The problem of feature selection can be solved
by the following two manners: (1) if we have 8
setml] d, our goal is to find the m features which

xeo = (X0, %,0,) designates an elementwise
product and |, denotes the “-nom™.

There exist two types of methods to sddress this
problem: the filier and wrapper methods [1]. Filier
methods are determined #s a preprocessing siage to
induction  that can  eliminate napprOpriale
chascteristics before induction occurs, and thus
wish to be true for any sct of functions f(x,a). For
instance, one common filter methosd s to use Pearson

provide the smallest expected g error; or
(2) having a maxi ; gencralizati
eory, find the smallest m. The expected
generalization error is unknown in both of these
problems, and thus must be evaluated. In this paper
we will consider problem (1). It should be noted that
options of m in problem (1) can usually be
reparameterized in the same way as options of y n
problem (2),

Problem (1) is formed as follows. Having a
defincd set of functions ¥ = f(x,&). the purpose is
W detect a  pre-processing of the data
X+ x0,0 € {0,1)" and the parameters @ of the
function Jf that provide the minimum value of

Ria,@) = [1 o, @Pley) ()

subject 1o o, =m, where P(x,y) is unknown

B ]

© O.A, Muawing, 2012
93

The wrapper method is more exact method 10
minimize (1). 1t is identified as a search through the
set of feature subscts using the evalusted accuracy
from an induction algorthm as a crilenon of
goodness of a specific feature subset. More exactly,
having a given @, the induction algorithm yields a
function  f{(x=o)a’(e)). Hwmng a0
approximation of T (such as execution o A
validation ~ set) of R, ome minimizes
T(o)=T(o,a'(c)). Wmppa mehods can
ensure more exact solutions than filter methods [2].
Filier methods need better estimations of the
fundamental density as they should determine
subsets of features which operate for any sel of
functions, rather than only a set with small size
Besides, they do not take into account & specific
algorithm bias wward preserving definite rypes of
feawrcs. Wrapper methods take this bias into
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account; however, they are more computationally
expensive since the cvaluated error T of the
induction algorithm should be estimated over each
feature set (vector o ) examined. Since there are 2°
various vectors o , wrapper methods normally use
precdy approaches such as forward or backward
elimination.

In this paper, we present a feature selection
algonthm for support vector machines that takes
advantage of the performance raise of wrapper
methods  while  avoiding  their  computational
camplexity. Note that some prior on feature selection
for SVMs does exist, however results have been
restricted o linear  kermels  [3-4] or  linear
probabilistic models [5]. Our method can be applied
1o non-linear problems.

Feature selection problem for support vector
machines
Feature E| I
We first introduce a presentative method of
feature selection for lincar support vector machines
called Recursive Feature Elimination {RFE) [4]. It is
based on the concept that the significance of a
feature | must be connected with the norm of its
weight |w|. Combining this concept with a
backward  elimination provides the following
ajgorithm:
1. Training an SVM on the active features,
2. Eliminating some of the features
corresponding to small [w; |
3. Going back 1o step | or stop if there are only
m features left
This algorithm is very simple to impl but it is

2002, 4

Bulleiin of Trss Shevehesds
Nistional Uindversity of Kyv
Series Phyvics & Mathemscs

K, (xp)=Kio"xa"y), ]
where a0 7.
We compute o and @ using the following
iterative procedure:
1. Initializing & = (1,...,1).
2, Solving the SVM aptimization problem with
kemel K, (x,v) = Kie x.0"y).
3. Minimizing the estimate of the error T with
respect to & with a gradient step.
4. If a local minimum of T is not reached
going to step 2.

ding 10
small elements in & and retum fo step 2
(normally discard balf of the componens)
Stap when o], < m.

5.

In the case, when T =R'/M*=R'W. t
RFE  algorithm . can  be considered a5
approximation of this method. Indecd, in the liscar
case, if R is appfoximated by the variance thee we

Ve

R IM? e rer
=R Y aayy sl
30, o Z ;

+w’[ ! i(:n:
n

= —R’-v: +wiWar(x,),
where  Var(x,) is the variance of the ingdl
component p. When we apply RFE, a sundard

not straightforward to extend it to non-linear SVMs
[7-10).

Scaling factors

The primary concept of feature selection
approach for support vector machines is based on the
autematic tuning of scaling coeffivients. In fact, if
one of the input components is un for the
classification problem, its sc ng factor is probably
to become small. However, if a scaling factor
becomes small enough, it means that it is possible 1o
eliminate it without manipulating the classification
algorithm. This leads to the next iden for feature
selection: retain the features whose scaling faciors
are the largest.

We consider the following parsmetrization of
the kermel.

prer g is 10 divide each component by o
standard deviation and in this case Var(x,)=!-
After ane gradient step of our methad, the ‘mu:hl
scaling factors would correspond to compaonents ¥
the smallest weights w? and RFE amounts 10 mil
one gradient step and eliminate components with the
smallest & . ; &

If the problem is only in the pnservlﬂ“""_‘r
features, it is possible to approximate the ineEST
Programming by minimizing

"] 2 S [Ei]
RUIMa)+AY o)

subject 1o Z,”- =mo 20, =
For large enough 4 as p—»0 only ™
elements of @ will be nonzero
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Advanced feature elimination

The algorithm prescnied above has several
itcrations. At esch one, a gradient descent is
performed on R°/M° and some features rejected
(normally half of them). When the gradient descent
algorithm terminates with some very small ;uhn;
factors, there are no difficulties in rejecting the

That was the

for preserving the enmpon:nu that have the largest
scaling factors. However, in the situation when all
the components have a significant scaling factor, it is
not evident that the components with the smallest
ones must be eliminated. Instead, we offer to
climinate the features such that the conclusive
R I M will be as small as possible (see figure 1),

In terms of explicitness, after ihe gradient
descent, for each component, sct its scaling factor to
0, retrain an SVM and prescribe the conclusive
R/ M*as a score for this feature. Then reject the
features with the smallest scores.

Similarly to the Optimal Brain Damage
technique [6], the idea of using notion of

is 10 use second order information
0 estimate the influencing of setting a scaling factor
10 0. More precisely, let T= R* /M’ and &° the
scaling coefficients which minimize T (found by
descent). Then

radient

5 5 5§ 5 3§

4

-]
As 8 result, instend of rejecting the features with
small scaling factors 7, , we reject the features with
the smallest values of

ta)' ,|,_,

mapli:nmnlndnmunamhnmtw
consuming since it requires one SVM training per
component. Tt has to be applicd when the mumber of
features lefl is small. Furthermore, in this method, o
would be possible 10 apply the span-estimate

Ea )

4

L= Leteosin
n

Card{p:alsi 2y, fix,))

instead of R'/M* 1o compute the score related 10
acldnnn[lhi?l.

CECEE TR

D T

Figure 1, Two distinct examples of performance of £/ M as a function of a scaling factor o,

In the example on the left, it is casy 1o sec that this
feature must be rejected since R /M’ diminishes
when @, goes 1o 0. On the right side, the situation i
more complicated: the gradicnt descent algorithm
found o, =1 as the optimal scaling factor and
climinating this feature will result in a rise of

95

R /M which can be evaluated through the curve
ot the optimum, as in equation (4},

Non-lincar RFE

Despite the fact that the RFE  algorithm
presented at the beginning of this paper was designed
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for linear SVMs, there exists the following

generalization of RFE 10 the non-linear case [4]:
For each feature p. compute the kernel K''
with feature p being eliminated, preserve the same
a*  and designate o this  feamre the
xmzuufa,‘y‘y,x"'(x,.xll.
We will include this algorithm in
experiments.

our

Experiments
Our purpose was 1o cvaluate the ability of the
algorithm to select 4 small number of target features
in the presence of inappropriate and unnecessary
features.
Linear case. Six dimensi ons of 200 were

was identical. The first three featores {x,x,.x,}
were issued as x = yN(i,1) and the second three
features {x,,%,.%,} were issued as x = N(0,])
with & probability of 0.7, otherwise the first three
were issued as x, = N(0,1) and the second three as
x, = yN(i=3,1). The rest features are considered as
noise x, =N(0,20),i=7,..,202,

Non-lincar case. Two dimensions of S0 were
reasonable and the probability of ¥ =1 or =1 was
identical. The dma are issued from the following: if
y==1 then [x,x,} arc issued from Nig,, L) or

Ny, L) with equal probability, u, -{-%,—3}

- { }wz 1.0 y=1 then ()

are issued again from two nomal distributions with

identical  probability, with g ={3,-3] and
#i; ={=3,3} and the sume I as above. The rest of
the  featurcs  are  considered  as  noise

x, =M(0,20),i=3,.,52.
In the lincar case the first six features have
ity and the i features  are
inappropriate. In the nonlinear case all but the fint
two features are inappropriate

A lincar SVM and a second order polypomial
kemel of degree 2 were used for the lincar case and
for the nonlinear case, respectively.

We conducted a comparative analysis between
an advanced version of the gradient descend of
R/M" and RFE. The algorithm we offer 4
backward elimination united with the search for
optimal scaling factors. This algonthm has twe
modes depending on number of features left:

Crude (more than 10 features): at each iteration
half of the features having the smallest score (4) &
rejected;

Exact (less than 10 feawures): a feature &
rejected at a time and it is sdecn:d such that ibe

time i 4

The mwl.u for the linear problem are shown i#

figure 2 and for the non-lincar one in figure 3

Treaet fasiend gt
seeed
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Figure 2. Lincar case. Leﬂ-pmpcuufhmmnnl\mﬁbﬂof‘hnmbudm‘ i
. A <ft: the
‘backwards elimination. Right: test error as & function of training samples with two features ch;

ds to the number of

features at cach iteration

3. Non-linear case. The x-axis

of the backwards festure elimination. The y-axis is cither the test emor (left) or the percentage of time the
two appropriate features are chosen (right).

Our proposed method and the RFE algorithm
provides the best results compared 10 the other
methods represented in [12], recursive  feature
elimination algorithm is shghtly worse.

Y !n experiments, it seems that the backwards
elimination is not required: in the linear case (figure
2, lefi), an SVM trained with the 200 festures leads
10 an mean test error of 28%, but when the scaling
factors. ptimized the test error w0
4.6%. After optimization, most of the scaling facions
are around zero and up 1o o defined point, the
Ihﬂ:twdl climination is an obvious task because it
Just eliminates those features.

In addition, we intend to note a strange fact in
the RFE algorithm. The non-linear case of RFE hand
the next motivation: assume that when a feature p
is eliminated and the new kemel K'7 recomputed,
the optimal value of the Lagrange multipliers @’
does not modify. Under this assumption, the norm of
the new weight vector would be

Iﬁ'f =Y alalyy K x.x)
b
The idea is that an inappropriste feature should
act such that o’ ~|# [ is small. This algorithm
can be examined as an expansion of the linear case

since for lincar SVM, we have Jof’ ~[7f =7
The value |Wr s easy 1o compute since the initial
a® is used. However, we wanted 1o observe what
would be the modification in execution of the
algorii if the veclor &" is recomputed afier a
feature has been climinated and thus compute the
precise value @[ This is the line RFE accuratein
the graph on the right hand side of figure 2 There is
1 reduction in performance, which means that there
is something lacking in the initial foundation of the
RFE-I;orillun.Thu;.nwcmfmhgwd
efficiency of this algorithm are still unclear.

Conclasions
In this paper tools were presented fo exceule
feamre sclection for SVMs. The ftwo basic
components are the search of optimal scaling factors
and ihe backward climination method. The tools
Mwmwiwplhbkmmwm
effective festure selection algorithms. They can
high  dimensional  datasets, in
contradistinction o other available wrapper methods
which are computationally unfeasible for such
danasets

L1}
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However, we would like to note that we
represented 1wols and concepls on how o execule
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- Jebara T., Jaakkoln T. Feature selection and

dualities in maximum entropy discrimination. In
L i i 2000,

In Antificial

feature selection. The way to unite optimally those
10ols in order 10 have a common and powerful
feature sclection method is still unclear, On the other
hand, the RFE algorithm is simple to realize and
even if it has not a reliable relevance, it gives very
good results, For this reason, we suggest this lamer
for practical use.

Finally, even if SVM have been destined 1o

hish-di :

Weston 1., Mubherjee 5. Chapelle O, Ponit M.
Poggio T., Vapnik V. Feature sclection for
support vector machines. In advances in Neural
Information Processing Systems, 2000,

. Kecman V. Leaming and Soft Computing -

Support Vector Machines, Neural Networks,
Fuzrzy Logic Systems, the MIT Pres,
(& L MA, 2001,

process  higl data, the exp
displayed that they can scwally suffer the curse of
dimensionality  when  many  features  are
inappropriate. Feature selection becomes an essential
stage in this case.

References
I. Blum A, Langley P. Selection of relevant
features and examples in machine leaming
Antificial Intelligence, 97 (1-2):245-271, 1997,
Kohavi R, John GH Wrappers for feature
subset selection, Amificial Intelligence, 97(1-2),
273:324, 1997
Bradley  PS, Mangasarian L. Feature
selection via concave minimization and support
vector machines. In Proc. 13* International
Conference on Machine Leaming, pages 82-90,
San Francisco, CA, 1998,
Guyon |, Weston J, Barnhill 5, Vapnik V. Gene

selection for cancer classification using support
wector machines, Machine Learning,
A06(1/3).289, 2002,

5. Jebara T., Jaakkola T. Featre selection and
dualitics in entropy di ion. In

. Smola AJ,

Leray P, Gallinari P. Feature selection with
neural  networks, Behaviourmetrika, 26(1),
Special issue on  Analysis of Knowhdge

esentation in Neural Network Models, 1999
Mitchell T Machine Learning. McGraw-Hill
International, 1997,

. Ng. AY. On feature selection: leamning with

exponentially many irrclevant  features a8
training examples. In Proceedings of the 157
International Conference on Machine Learming.
pages 404-412, San Francisco, CA, Morgan
Kaufmann, 1998,
Radulovic D.; Wegkamp M. Weak convergence
of smoothed  empiri processes:  Beyond
donsker classes. In Gine E., Mason DM.
Wellner  J.A., editors. High Dimensional
Probability 11, volume 47 of Progress in
Probability, pages §9.106. Springer, 2000
Bartlen PL, Scholkop B. and
- 0. (Eds). Ad in Large
Margin Classifiers, MIT Press, 2000

. Smola A.J., Scholkopf B Sparsc greedy maint

for machine leaming In Langley

Uncertainty In Artificial Intelligence, 2000,
LeCun Y., Denker 1. Solla 5., Howard RE,
Jackel L.D. Optimal brain damage. Advances in
Neural Information Processing Sustems 11, San
Mateo, CA. Morgan Kauffman, 19490,

Bartient P Shawe-Taylor J  Generalization
performance of support vector machines and
other pattern classfiers In Scholkopf B, Burges
C, Smola A, editors. Advances in Kemnel
Methods - Suppart Vector Leaming. MIT Press,
Cambridge, MA, 1999,

Campbell C. and Ying ¥ Leaming with Support
Vector Machines, Morgan and Claypool, 2011,
Cristianini N. and Shawe-Taplor J. An
Introduction te  Support Vector Machines.
Cambridge University Press, 20041

Hsu C-W amd Lin C -4 A simple decomposition
method for suppont vector

machines, To appear in Machine Leaming, 2001

98

P., editor, Proceedings of the 17 1 g
Conference on Machine Learning, pages 911
918, San Francisco, Morgan Kaufman, 2000
Vapmik ¥ Statistical Learning Theory, Wiley:
Interscience, 1989,

Vapmik V. The Neture of Swmtistical Leaming
Theory. Springer, New York, 1995,

Joachims T. Text categorization with support
veclor machines: leaming with many relevant
features. In Claire Nedellec and Celine
Rouveirol, editors. Proceedings of ECML-%.
10* European Conference on Machine Leaming-
number 1398 in Lectures Notes in Artificial
Intelligence, pages  137-142, Heidelberg
Springer Verlag, 1998

Hagiiiwra o peaxoserii 26.11.2012



Kyiv National Taras Shevchenko University

Bicisr Nubarn Bulleun Srercheatn
[ISE T— w“fh{m

Capin dummsr mamebatmisni sl vvd Ahs swnmudm
YK 519.6

Taaxin OB, x. s 0. 0.V Galkin, Ph.D

Anpoxchmanin  psain i m | A imation of the ic range using
A0nOMOToW NERPONIAT Mope# n:nl‘l.l netwaorks. :

¥ cmammi  porcamdacmecs  anpoKcuMmayie
dwf.uim pROY 3 SUKOPUCTENKEM
- ma

In this paper we consider the approximation
of the dynamic range using radial basis
lized fon newral networks.

PEZPECITNGT HEUPONNILT MeEpes,

Mm Hedponng Mepesc, padiaisno-
Bariucna WEPON MepERCa, FIaZaTMENT-

T S i
Tapaca lensenxa, 03680, m. Kuin, np-1 Cayucona

4, e-mail: galkin@unicyb kiev.ua

Crarrio npencranus 1. 7. w., npod. Sacaancenied BA.

Beryn.

B punuit unc fowyc DpHMUNTORL  3Aa3Ya
apiln PoTBNTEY
mpobinesw THm  Gimki
T He MIN
XOPOBINM | KDRUIMM, 3 MiX mOTaNMM i mywe
Do.l‘mllpilmm. mouryky cTifEnx
i s e

exaamiex  cwerem. 1l
i, axmo

S A :
Coninasno-rexnonoriai oF'cxmi suimioT oo

cxnaawi  icpapxiumi  CWCTEMB 1 pEXMMMM
CTYnEnaMH mecTikoCTi ™ e
P i. B e imiifi encTemi

Key Words neural networks radial basis newral
networks, generalized regresston neural

networks

Taras Shevchenko Kiev National University
03680, Kyiv, Glughkova av., 4d,
e-mail:galkinf@unicyb. kiev.ua

aWAniai nOABMMY  CMCTEM WA ncpaiMi | name
inif ixa [1]. 3

Y CARHHY win ® il
cucTemax  planol  ApHPOIN Mogem.  offcxTa,

KOTpHM  MOXE
i 3

k Bewiy i
pomarrky offoxra (abo CXPEMIE XBPAKTERHIE pHE
ARMIA, HPO CYMPORCANCYE POTRNTON offcxra) |
pufupari  nadpawiowanwisiinA  wnex  foro
POIBMTEY  RIANORIZNO A0 winell i aRzEHL
nocTansenuy aocaimwsos. Jlan nouryky vasux

manxin posnuTey Ta  nofysoes sogench B
it CHETEMAR

Gymi WK OKpeMS TLIYIN, TAK |
ramyeii AoIm0AR

FOpMIONT  Tp plako
mxuo we 15 poxin Tomy nopmoswo B ceiti Gyao 5-
B

BUKOPHETORY ETEEN paa cneuiaamn

(2R
TO 3pa3 (PO 0 FOROPITH HE AOROANTRCE. ¥ EMITI
CTae nce Giabue NPOMOIMUIA MBHAKHY rpotein
i Boe wemme snosimemixs. 3 jmmoro Goxy,
l-'ruﬂ_ POARHTOR cycniaLcTea LT P

P
weniniiinoT AMWAMIKN €, AK DPERAI0 HCTIMiANI
pinsaiE B ACTHNHKX abo n ameanibioe
noxigesx. Tiskkn Taxi piBHANRE  MOXYTE
BEmMKHR CREETR pITNIR peaMin,

pia  omwsadbiex  siwifon
pintmnn. OiaK SACTHNA 3 L

P uinedt, wo noni

Tomy weoliximmi Womi  incTpysewT, WK WA BumMiHY
6 .l .J ¥ i

apitRomacomNx  cueTeMs 1 WA Wil ocuonl

cupaonynatn  ix  possuTok.  Choroami  nph

© OB, Taaxin, 2012

pu:mu HE MAC BHANITHYWOTO plECHHE, 2K [
ana  ssamiy, | voMy

waRGiuium NI



Kyiv National Taras Shevchenko University

Bicwx Kulscosos wasgonines yuisepeumessy
Utewuruxa

Binltvtin of Taras Shewchesis
National

imeni Tapaca w4 Uimiversity of Ky
Crpin ghins- wamessamusn wityv Seriey Phyics & Mathemstcr
p MHCIORD ! & Py
TREME i I nod: hasomi BAAHBY HE CHETEMY.
aiarpas. HeoGxiawicrs noGynosn  dasosux | i anapary
i i aiarpas ] - «
ananizy i i (rnod: i) i +  BiACYTHICTE  TOuMOT  Teopil 33 mwbopow
AHAMPMHOT uu.-m.m o TAKOH PYRTY] ip MEPER;
P CHCTEM, L i ¥
B asuuli sac  nopan :l TRaamuifM walyTHx  ImaNh 3 wanuenol  welponnil
6 mogencit Mepomi,
crCTeM  porpofineHi CYMACHI METOMH, AD NKHX FACTOCYRANNE HERPOMEPERERNT TEXNOROIH |
BLIHOCHTLCH ANapar HeRpoHinG MEpes METOAIN  NETTROI  MOTIKW 1 ypaxysmo i
BaacTUBoCTeR  (Hanvanns,  abcTparysaa T
Heiponni sepesci FIATATRHEHHN) TOIBONRE POIPOGARTH KOMIITH
Hehponni  mepewi  [2:3]  aommonmors FHYUNT CHETOMM SMOACIIORMINN, TIPOTIOIYBAINN
RIPILIYRITH  JAMGANMN, 1 AKHMH  NE  MORYTE TW YOpARAIMEN, NKi 3 ICTOTHO | McHims
mnOpaTHCH rpmmim METOIM, BOHW 3AETHI P P OpAxTAEH
yemmmo mip pa nwa ;
HenomNy, umyu.“ny T8 cnoTeopeny Tipw nofiyaoni seAposepeweans Mpaesch mo-
inopuauno. Hefpowna mepema - ue cacTema, nepue, Tpeba RMIHATHTH KITLKHCTh Hapis Ulsg.
WO CKIAJMCTREN N CYKYNMOCTI  npocTHR B CHOKD HEPTY, - UE CYKYTHICTE HCHPOHIB, 1 10 &
enemMeEnTIn B}, MEBHMM KOMEH  TAKT  MACY MAPAICIRIND  AINGLTE
HMwoM I‘Dl'lﬂlll!l i cofion. inopMatin mia inues weiponis wepesi, 1019
Ha#t i mepewi, n BHXOAN HEHPONID VCANYIOTHCH 7 RADIAMM ISR

L neapmn nﬂ:.nlnm w wapn. lllap, 8 caoo
MEPTY, - U CYRYUMICTE HERpOHiB, 20 AKHX B
KOMEH  TAKT  MECY MAPARENEHO  HAAXOANTE
InOpMALIN Bin iHmKX WeRponis mepewi, TobTo
BUXOLH WCRAPOIN TCIRYIOTRCE 3 BXOABMI THIKNK

neiipontin, Tak CHIMAT BiQ QANOTO EneMeNTd
nepeaseruen inumm. Tlican Toro sx BraMmieid
MHCAD LPIB | YMEA0 REMERTIR B KomMOMY )
WX, BOTPIGHO HANMMTH Mcpoay, TOOTO SHARTH
INBUCHHA A% BAT | TOpOris mepeni, o5

weponis. Tax curman min oamoro P mad mae
nepeaactaca imumn. [hicas Toro, ax amua-omo wepemen. JUIA  UMOFO  iCHYNOTB  AATOPKIMY
MMCNO Wapin | wRcHo , Mosuaxa anm wOHEPETHE
HRX, BOTPIGHO HABYMTI MEpexy, Toﬁ-m mnlm- Eoupirypauil mMepeai  BHIHANACTECR et
INAEHNA  AIX BAT 0 BOPOTIN  mepewi, wKi MpOTOMY  Wepel  Mepewy  BCix  WAEWERY
monit maase i nopi i TR

ucpema.  Jlin  uMOrD  iCHYMOTH  AArOpHTMM AKi peanuwo  mnaac  mepewa 3 Gawaest
.oom Ak i (uimwomn) awasennmwn, [lo  cyTi, OPOUEE
KOWQITYPALIT  MEPERI  BIDHANACTLCH  WHARXOM WABMANNA SRAAC COGOR migromky moseal, #2
NporoNy  ueped  Mepey  mcix  iaumiMx PEANIIYCTIC MEPEREID, 20 MARBHHX HARSATSIt

CHOCTCPewEND. | NOPIBHANIN INNICHE, XKi WHIAC
mepema 3 6 ]

U peamiyerica
HARMATRMIX  JaMMx. T

AanKx,

Mo eyTi, npouce RABMAKNA € MiArONKo0 mum-m Heip ' i s
MEPCWEN, 0 HARAHMX dunamin, -
P F sanmay  anposcuwauil P
Mepex  ® ™ ixn, TobT0 mogeai 38 KiALER
NPOTHOIYRANNI ACIBOANC mpun:ynu HaCTYIHE i ook, Paa i a puc |

KITACH TARAANL:

®  KIMCTCPMIALIR [ KATCrOpMIAUIN  amHMx |
MONIYE saAeRnoCTeH;

*  TPOTHOTY BAHME;

* omTHMisaLisg




Kyiv National Taras Shevchenko University

1012, 4

UM T S i S D

pamiar.no-Garncumx

’4sulﬁzuzazsnssn = £
Puc.] Ofcar excnopTy Tonapis. BelpONNIE MEPER BXINMAC I CTANIE mpouec
uwurrynnm uﬂﬂ‘ﬂll Gamcimn  dyweuift |
" Ao padp uEapi,
mometi, - gx - mpamcnn, yCTpitAOTECE T p
subopy ip

ﬁﬂn:m;i' MEPCHT 408 PCATRHNL .unnu Gyna
ymexuia,

PR T
ENCOEPMMEHTIIRMHY [ANWE MOWHS RIPILyBITH
W NONOMOTOK  MCPOR  MACTYTTHHX THITE:
GAraTORMPOBOTO  NCPCCITTPOMA,  MEpex 3

NPCACTARACHA HA purc.3.

g

panianLmo-Gasncimm GyRKUIRMK, YIATATRICI0: 14
perpecifion,  ainifunx  Mepem. Hnrnmu
po'Es0k it & 1
PHAY 3 BHXOPMCTaHIAM luﬂpmmux cpes &
TRy TR HEHO-
perpecifinore Tumy [4]. 10 4
Pmmo—énnm l:liprmnl MEpeRa  MAC i 4
P map 1 p
it raycosy »
A PR TS X ] ] 20 ] 0
A€ MAPAMCTP O BMIMANAC PARIYC BIANEY XORNG I::;.} anpou“mlu:upmw-ﬁlﬂl:m
Gaimenol dywkuil Ta IWRMAKICTR NPATHENHK A0 1ERPOINN0 UEPEN
s nLAzAne
ngm W rlmmmnl o V sarausHEHO-PTPECiig WERPOIHE MEPERS B
oamoro o Mml o6 ~ AKDCTI  MEPINOTO  NPOMIEMOTD  mapy  MAc
o iiepy, Heofximic AR pasimnsHo-Gainenuh i, Apyrui apoMmisHeil
IR - ¥ wap amifimad  (pue,  4).  Ymrnoueeno-

!mnmml_. FAOMMACTRCH POTNNIATH HTARHA APD

Te, ax eain mhxoaN A

¥ ol 7 3 MK
wxin  wepewi.  Buamamerics, ulo  aociT
nigibpari  ix  miwifiny  xomGimauio (10610

TmaweHy cymy raycoskx dymkuiii). Pagianueo-
ﬁl!m weiporma -wul wac -mnunn wap,

perpecifina HeApoii MEpERA KOIIOL ICPETINY

ccbe  BCi wAmaakNi  cRocTepemciies |

MHKOPHCTORYC IX U QLUK BLATYEY B oL

youiii  OCTATOWMA  BMXLANA  Oubia mepemi

BHROANTA AKX IMAMCHE CEPEANC RNXOAIE NO BCIM
ae

m,mﬁplxnun migcTams W3 HMR

sar

Wiﬂluuu munlu'[ (pwe.2).

10

30 THCH TOWKM, B SKifl TPOBOINTICE
OUINIONINHN, i, TIXIM YHIOM, s Bankri
TOMKH  BHOCETE Gimnianii  WHECON B DEUHKY
Jlpyrudt oposimiefl wap MICTHTR CICHMENTH, EKi



Kyiv National Taras Shevchenko University

Bicvar Kuiderrosn aaiondisimn yosepumemy
dsend Tapaca Ulewwesua
Crpin dhimsncs samesamicnd wiby e

AOTOMArIIOTE OUiHKTH dsawcie copeanc. Jlas

Bullerin of Taras Shewhoaks
Martiomal University of Kyer
Series Physics & Mothemancs

Puc.5 Artp 1
0T mepewi

WD ¥ l

Komen muxia mac B nwosy mapi cuift enement,
wo dopuyc Ane wioro Isaweny cywmy. Llob
OICPRATH T IAMEHOI CyME SHAMCHE CCPEIRC,
wo cymy Tpefia NOALAMTH HA CYMY BarORMX
wochiuicnrin.  Octanmo  cymy  ofuneanwe
cnetianennii  eacment apyrore wapy. Icas
UMOTO Y WHXIANOMY APl siAfyRacThC BIacHE
noain (12 i i
wnoginys). Taxus wamom, HHCIO CAEMEHTIN B
APYFOMy NPOMIKHOMY WAP! 1A oaninlo Bianue,
HIK Y MM LIWOMY WAl

Tlpouee y perpecifino
RCRPONMOT  MEPER]  AHANOTIMHHA  HARIANID

i G i P i Mepemi
Cnowarcy HCHTPH

ynkuif, DOTIM  MARMACTICE  BMXIDHWR  wap.
YIMIRIMNEHO-PEIPCCiiiG  MEPEKE  MAC  COMHMT
P 4 P . 1HE SXOFO
mac  pnlMpaTHCH  XOPHCTYRAMEM < CTYRINL
AR RIS,
Pexynuramn

anpoxcHmanii
yaur T
||;:|wumi MEpewi wancaeno wa pac. 5.

LTS i

¥ perT

Ha rpadyixax TOMKAMH TOIHINENT RHKLIHI 23m,
CYLLIRHDIO JIHICK - ANPOKCHMYI0Na dywnns.

Bucnasox,

fliacymoByioun nuxnasene, Momia pofier
WHCHONOK, WO HElpoMi  Mopemi M
MOCTYNAKTRES TPAAMLIANOMY MeTony nofyaces
TPEHIONMR  MOfEncl 17 JACTOCYBAHNAM pRAR
dryple [5]. Tomy nefipomepemen) Moseni uomyTh
HHKOPHCTORY BATHEN ans awasizy T
npor i
POTEARIY TIX TPGUECHA.

CHMCoK BHKOPHCTARNE TREped

1. Andronov A.A., Leontovich EA., Gordon
L1, Meyer A.G. Qualitative theory of the
second order dynamical systems. M. -Nauka.,
1966. 236p.

2, Haykin S Neural Networks. Prentice Hall
New Jersey, 2006, 1104p

3. Mknchan 5.0, Newrons and  neund
networks. M. Energy, 1971. 231p

4. Albert A chmssi-m_pmdmmm-d
recursive estimation. M.: Nauka 1977, 4007

5. Tolstov G.P. Fouricr series. M :Nauka 1980
sip.

Hanijiuna o peaxonerii 23.11.2012



Kyiv National Taras Shevchenko University

K sagiowatamety ynidepeumemy 1,4 Mleiin,
(vewi Tapaca ffewvesca e o Do “"‘f:‘;’:
Pl ss e mE Series Phyiccs & Mathemstics
VIIK $19.7
O.A. Taneina, scnipantia Olga A. Galkina, postgraduate (PhD)
Mipn pusnky s npob ianii | Risk in the portfolio optimizath
problems
¥ dawili pofomi npedcmasrewd npofisewa In this paper the porifalio aptimization problem
A% | ar the problem of capital aver different

L dyo
npofisesa  posnodity  kamimaty ceped  pimwux
axmunia due wo daxody

assets in order to mavimize the return on the

wid inmecmuyid “ma aeiwiisayii prsusin. Y g
cmammi ypofi.
eymacni
WWMMWM
PUTMKY 3 M NI AL SOE A,
wm:pm, nopnideTn, GRMIE,

Kniscaxnhl amionanchmwii ywincpenret iveni
Tapaca Ilesyenxa, 03680, wm. Kwis, nopt
Tayuosa 4n, e-mail o palkina@yandex.ru

and minimize ity risk is presented. In thes

problems, present
and construct the risk measures with desirable

properiies.
Key words, rivk, pprifolio, asset, variance
Taras Shevehepko National University of Kyiv,

03680, Kyiv, Glushkova st, 4d, email:
0.8 galkina@yandex ru

Crarno npeacramem wa.-xop, HAHY, ad-sn., npod. Awicivon A.B.

The problem of allocating capital over different
assets in order to maximize the reum on the
investment and at the same time minimize its risk is
called the portfolio optimization problem. Usually
portfolio returns are uncertain and investors want 1o
maximize the expected return of the investment.
Rep ion of different istics of the risk
is & very difficult problem. Markowitz was the first
one who introduced the first portfolio optimization
peoblem. In his rep risk was ired
by the variance of the retmn. Afterwards, lows of
other characterizations of risk were proposed.

In the problem of decision-making the objective
function is chosen in an appropriste way in order 1o
show all the risks associated with the sequence of
decisions that must be taken. Then, the problem can
be represented as a linear or quadratic problem.

In this paper we consider one-stage portfolio
optimization problems, present siate of the ar
characterizations of the risk and comstruct & risk

Introduction

Let there exist [ asseis, and denote by

& =[&.&3,.»&] their random returns. Retums are

modeled in a probability space(R’, B(R').P).

where the Borel o-algebra B(R') defines the set of
©0.A. Fanxim, 2012

total retums thatsare assigned probabilities by the
probahility measure £, Let we bave the amount W,
to invest, In one-stage portfolio optimization, we
have 1o decide on the amount w, that should be
imvested in each of the assets ji=1,.,/such
that Y w =W, Let define wi=[w,...w;] and
the total portfolio retum £, can be presented
ur,‘-n-'{ Two main characteristics thar could
describe each investor: greediness and nsk-aversion,
Every investor fries 1o maximize the expected
portfolio return and minimize its risk The expected
rates of returns are E(E) = [E(£,).E(&,),... E(£,)]

and thus the expected portfolio retumn £ B

rpm W E(£). Risk of an investment could be
described in different ways. It could be presented as
the variability of the portfolio return due 1o market
changes and uncertain events

Coherent risk measure

Let imroduce a general probability space
(€L, F.F) and a lincar space of measurable
functions 2= {Z:(—+ R} Let the funcuogal
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£:Z —+ R be a risk measure. The number p(Z) is
imerpreted as the minimum extra cash the investor
will add to the risky position Z and invest it in a
rsk free asset to be allowed 10 proceed in
appropriate time with risk valueD. In a same
manner, if the number p{7) 15 negative, then cash
amount —p{Z jcan be withdrawn from the position.
The functional o is a coherent risk measure for 2,
if it satisfies the following axioms:
- positive homogencity:

I az0 and Z&Z', then plaZ)=ap(Z). I
means that if an investment in a portfolio is

increased (decreased), the risk increases (decreases)
by the same factor.

- immslation invariance:
WaeRond ZeZ' then p(Z+a)=p(Z)-a.
In means that adding a risk free amount @ 1o the
initial position Z, deercases the risk by a. If
a=p(Z) then p(Z+p(£)) =0, which follows
our interpretation of o Z) given above,

- monatonicity:
WE.ZeZ ad 2,57, then PEZ)EplZ,).
In means that if a portfolio Z, has worse values than
portfolio Z; under all realizations, then the risk of
Z, should be greater than the risk of Z,.

= sub-additivity:
2,2, 62", then p(2, +Z)<plZ )+ plZ,)
1t means that the risk of two separate portfolios can
not be smaller than the risk of having both portiolios
tugether.

Thearem 1. Coberem risk measures are convex
functions.

Proof.

We suggest that 2, 7, & 2° and we should proof
that:

vi =[0,1]
PAZ +(1-A)Z,) 2 dp(2)+(1 -A)plZ,)

We can write:

PUAZ, + (1= 2)2,) s A7)+ pl(1- )Z;)
=Ap(Z)+(1-A)plZ,)

where the inequality holds due to sub-additnay
property. The equality holds due 1o positive
homogeneity property.

The thearem is proven.

Variance
An important measure used 1o describe 3
portfolio risk is the variance & of the portioho

Having the variance of each individual asset i [CA]

and the covariance between assets  andf
8,6, f& {10, 1), the variance of the portfolio i
defined as:

&2 =E((r,~r,¥)

= E(E wé - T wEE)

=E(E wé - EENME wé —EEW
=E(Y | ww (& - EENNE, - EE)

'
=X,
=w'Ew

In our notation £ - covariance matrix, Variance
#s o nisk measure has one important disadvanlage:
penalizing both profis and lesses. Howevel
investors iry o minimize only the possibility of
losses.

Value at Risk

Value at Risk VaR is a risk measure defined o5
a threshold loss value c € R that i, by the end of
the investing period, only evceeded with 3
probubility level (1- file R Let f(w,&) bethe

)
loss associated with the decision vector I & R 30
the random wvectorE e R’ The underlying
probability distribution of £e R'has a demsity
denoted by p(£). The probability of f(w.£) ™
exceeding a threshold a e R is given by:
Wma)= [ pi&de @

i=gisa
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We define the f-FoR values for the loss
random variable associated with w and any
specified probability level [ & (0,1) denoted by
@, (w) using the following cquation:

ay(w)=minfa e R:¥(wa)2p]  (3)

Conditional Value at Risk
Conditional Value at Risk ( CFaR ) is a coherent
risk measure, which takes into account the
conditional expected value of loss, under the
condition that it exceeds the VaR value. This is
defined by:

f=0=-5" [ SOmEIpl)dE ()

Simgizagim

Comparing CVaR and FaRt, we can sce that
?RR is more comscrvative risk measure than
aR:

ay (W) S dy(w).
We define the function F, (w,a): R xR —+ R:

Fywa)=a+(1-§)"

* [ rwg)-al pig)ds )
o’

=a+(1- By E(lfiw.)-al’}
where [x]' mx,x20 m [2]' =0,x50

Theorem 2. As a function of (w,a), Fy(w.a)is
convex and continuously differentisble.  The
A-CVaRof the loss associated with any
w e R’ can be determined by

#,(w) = min F, (w,a) (6)
Additionally, minimizing the f§— CVaR of the
loss associsted with wover all feasiblew e R'is
cquivalent 1o minimizing  Fy(w,a)  over
(w,a)e R xR, in a sense that:

ming,(w)= min F,wa) (1)

Proof (3},

Value at Risk vs. Conditional Value at Risk
CVaR s much better representation of risk than
VaR -

1. CVaR is a more conservative risk measure:
CVaR = VaRt

2. CFaR measures only downside risk

3. CVaR is o coherent and convex measure of
risk

Mean-variance efficient portfolio
Harry Markowitz was the first one who found
the first mathematical model for the portfolio
selection problem and found that optimal (efficient
portfolio) could be specified by solving a convex
quadratic program. In  his model, Markowitz
measured the ‘return’ and ‘risk’ of a portfolio by the
mean and variance respectively. Markowitz portiolio
model is known as the mean-variance model.
The mean-variance cfficient portfolio defines
portfolios with minimal variance given the required

expeoted return F . It can be formulated as the

following optimization problesm:
mind} = w'Ew
stwe R
we=W,
WEE)2r,

(8)

Efficient frontier can be obtained by plotting the
standard deviation o, of the solutions of the

problem (8) for all possible values of r, . Ponfolios
that lie on the efficient frontier have the minimal
variance for o given expected return 1, . Bounds
[r=. e ]for all possible values of (=]

can be obtained by solving two w,ll pontfolio
aptimization problems. In order o obaain the upper
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bound 7™, the maximal value of the total expected

return must be found without considering risk. If w”

is the optimal solutian of the problem
min w' E(&)
siwe R
We=W,

&)

then 1 = wTE(£).

In order to obtain the lower bound r™, the
minimal vatue of the vanance must be found without
imposing & target expected return in the constrainis
of the problem. If w* is optimal selution of the
problern

min w'Ew
stwe R
wie=W,

(1)

then ™" = wTE(£).

Mean-CFaR efficient portfolio
The efficient frontier of other risk measures can
be comstructed similarly. The mean- CVaR efficient
portfolio is the salution of the fi imi

o ELIER
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o
Figure 1. Example of the efficient frontier

Conclusion
In this paper the portfolio optimization probien
as the problem of allocating capital over differest
assels in order to maximize the retum on ibe
investment and minimize s risk is pfﬁﬂ"d
Usually portfolio retums are uncertain and invesion.
want to meximize the expected rewm of the
investment. Representation of  differet
characteristics of the risk is a very difficult Fﬁ”’“
In the problem of decision-making the cbjective
function is chosen in an appropriste way in nldﬂ':
show all the risks associated with the sequence
decisions that must be taken. Then, the problem &0
be oblem.

problem:
mina +(1- B E(Z(£))
staxeRweR' zely,
=& z0
W)z -w'E-a
wes W,

(n

wWEE)zr,

where L7, defines the space of all Borel measurable
functions from R' to R in n variables.

7 1 as a linear o quodratic pe , I
this paper we consider one-stage porflo
AW o Buind

of the risk and construct a risk measure Wit
desirable properties. e
Having discussed  the  advanta of

ges 4
Conditional Value at Risk, we conchude that it ¥
much better 1o use it as a risk messure I i
optimization problems instead of porfolio varanee
and Value at Risk metric.

References .

1. HM. Markowitz. Portfolio selection, J. Fins<e
7,{1952), pp. 77-91.

5 M K Soenario generation for stchaste
programming. Presentation, (2006) ik

3 5. Unyasev, Conditional Velue-atR
optimization  algorithms  and  applicatien®
Financial engineering news, (2000).

= 2012
Hazifiuna o pepoaer i 21.11.20



Kyiv National Taras Shevchenko University

YK 004 8
Edpisson TM.', K70, €7, BHxIAIE
Texnoaoris 418 MoaeAOBIHI |

poninasanne eMouiit na ofanaui o

mA

G.M. Efimov, PhD in Tech., lecturer

Technology for human face emotions
modeling and recognition
The the

B danii cmammi | oo

in des i

P doal s cmany

ofiswvss moduny s aumysani Koufivayll desxuer
Baiec ik exoyiEnuE crRania.

Kuwovosi  crosa:  iNgopuaniing  mexnososin
@ieanis siseiviux aposain, B-casarin anpoxcumsayis
[ £

72316 M. i

ofia,, ;wcwn B Xmeasmmunxoro, |8,
e-mail: doggod 70G@ gmail com

This paper was presented by Denis Khusainov, Ph .

1 and Problem

Maodeling and recognition of emotions are one of

channels for nonverbal signaling and regulating
communications which physical show the emotions
of an individual, arc an important direction of
research for the creation of computer recognition
systems and visual image synthesis. An insufficient
smount of research into the question of differensial
facial expressions relating o emotions and the
practical application for safety, crime, vinual reality,
the computer interface and so on , are some of the
reasons for further and much needed rescarch.

The research aim is the working out of method,
models and algorithms for the modeling and
recognition of displays of various emotions from a
photo of an individual.

The development for the methods of the
recognition of sn individuals facial displays
of emotions

Based on the papers Tzard (1], who developed &
system of coding of basic emotional facial displays
(Facial Action Coding System or FACS). And this
system is based on an individuals basic facial
expressions and facial movements and on the papers
of Ekman [2] who determined with
accuracy that there are basic facial expressions
regardless of nationality snd culture, following
further research it was established there was a link
between the persons emotions and facial displays.
Afier further research it was shown that there were
certain commeon facial expressions in all individuals
depending on their common emotional state.

© GM. Efimov, 2012

far
defining and recognition af any emotional condition
of an human face as a conver combination of some
basic conditions is suggested within thix paper.

Key Words: information technology, analysis of
facial displays, B-spline approximation.

‘Taurian siste agrotechnological university. 72316
Melitopol, Zaporozhye region, 18 B Hmelnitkogo's

wv, e-mail: doggod T0@gmail com

D., Prof.

On the basis of analyzing existing psychological
models of emotional displays [3]. the formal
psychological madel [4] that operated with formal

ignations of the e e 3

For the proposed formal  model of emotional
conditions, the formal mode! of displays of these
emotional conditions was designed and construcied
ie. it is the transition from certain fscial points
which describe ceruin basic emotions iR ceTtain

i and posing them to [
visual sign for basic emational conditions.

To formal identify the visual signs for basic

ional i for the ion of the
basis of model of emotional conditions and the
o 5F e o TS d

the following were carried out and completed: &
number of photographic images of actors displaying
various facial expressions were used as the base for
the model and the similer facial chrematistics found
in the different emotions reflecied within these
photographic  images  was described;  the
photographic images of actors where analyzed for
the purpose of reveling the arca of face which
contined characieristic signs of emotions and using
both human snatomy and FACS; after the analyzing
and the reveling of the areas of the face which
comMains :hnrmriuwmn[:mmlhnwume
basis for the separstion of the characteristic into
vectors; the received chrematistic signs  were
analyzed and grouped systematically according 10
the degree of influence and importance relating to an
emoton
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During the rescarch 21 different  facial 1) from the same focal point and using the same
b istic signs, when d ihey formed the  illumination a series of eight photographic imaga

basis of emotional displays and these were identified
and recorded

In the paper [S]. for the transition from the
phenomenological defimtion of these characteristic
signs 1o the formalizanon ot was proposed 1o use a
method of & model that was modificd and updated by
ourselves. This updated model identified identical
charactenistic facial features subject 1o an emotion
Thes model was created by means of non-uniform
national basis splines - NURBS curves

The advantage of modeling a facial contour by
means of NURBS-curves is in the following. 1) the
dimension decreased several times and in ratio; 2)
the deformation of NURBS.curves {for imitation of
cemotional displays) are clearer and more easily
defined, simular to the facual movement and
eapression of & real person

The reduction of these dimensions was a result of
the transition from the photographic image pinels
fthousands of small points ) 10 the operating points
of the NURRS-curves { on thi Ayslem one point
equals ten pisel points ) A more clearer

were taken of different individuals Each of thewe
photographic images showed thewr facial rescton ©
emotions  such as pleasure, gricf, hope. few
satisfaction, anger (sec fig. 1), interest and neglect,

1 The evchrows were clows

N together and arching
downwards  with  vernal
% wrinkles between them

2 The upper cychds are partly
closed with the lower eyslids
also panly closed and ar
arched upwards

3 The mouth s closed with
the lips being tightly clincbed
together

Fig | The phatographic image corresponding to the
basic cmotion of anger

2) with the software we normalized the image of i
centre of the eyes { for this purpose corresponding
labels on the image panel could be regulated with the

of curves resulled from the propertics of these
curves

Within the research the model was constructed of
vanms  templates - NURBS-curves  which
corresponded to the contours of cvebrows, eve and
mouth. The 21 different facial charactenistic signs
wdentified in earher research are set by means of
NURBS-curves Recogmizing that certain reference
points of these NURBS-curves defined a partcular
curve dunng the research only these certain vector of
reference points of these NURBS curves were used

Several basic models for the confirmation of the
possibility of these vector reference pounts 1o be able
to create charactenanc signs were analved. Dunng
sescarch this confirmanon was

Tio recerve upon the Image o
comespanded 10 the comouns of evebrow, eve and
mouth it was required to create an contour of the
image [6]. which umulated the reaction of an oye
receptor i a buman

For the automanic deformation of the dot curves,
the approximation with assistance of the B-spline
curhy s wed A problem  of  Bespline
SPPrOvIMALion i a problem of adjustment of the B-
spline curve with s reference point to a dot curve and

H was necessary 10 redefine the [inear cquanon

system
On the basis of the deleveloped method of
facial dosplay  of emotions  the

@l information

of the n

3} by using the known technologies of conteunng
and skeletomzing of photographic images  contours
of the following parts of a face were

wrinkles on the forchead, eyebrows, upper and fowe?
eyelids, snull wrinkles near the outside of the ey
wrinkles under the mouth (fig2) and eyehds
wrinkles stretching from the nose 1o the corner of the

Fig. 2 A contour of a mouth in the form of the
NURDS -curves template

4) using fNexible templates in the form of P\'l'lﬂs;
curves and a Bespline appromimanon a sl @
reference pomnts of NURBS-curves for templates hal
characterized each of the eight base emotiont 11
above) was found (fig 35, .
5) fro e rescarch and identification of referen®
points of the NURBS-curves (lemplates) and #

of charactersnc facual signs for wrinkics o
conditions of an indisatual




Fiq. 3 The image with the integrated NURBS-curves
for the basic emation of anger

Results of modeling
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computer software, the basic emotional state of any
individual are created within the computer space and
then within the computer space any displays of
emotion by an individual are recreated and displayed
28 8 convex combination in this computer space.

For the construction of this basis computer space
facial emotional conditions # was peocessary 0
design and construct flexible templates by means of
NURBS-curves

Any adjustment of a flexible template l'm a dot
contour of a ph hic image of an idy
was achieved with the help of the V-spline and an
created by the decision of the non-

For the analysis of
image taken randomly items | to 4 must be camied
out. As a result of the analyst of any photographic
image of any emotion the vector which consists of
NURBS-curves reference points and a vector of
dunmmm facinl signs for wnnhln was
& d. The for of the
basis in 5), the factors and each of the factors value
which define  their contribution to the facial
expressions relating 10 the eight emotions as in |
above were found.

mlform system of the lincar cquations.

The offered technology has practical value in
sysiems of visual control over am emotional
condition of an individual tn many spheres of human
sctivity where o large degree of concentration is
required and necessary and it is required to make
decision in real time. Any further research will be
direct towards improving methods and algorithms of
sutomatic recognition of facial emotional displays of
an individual and o develop the system so that it
allows for the recognition of these

As an example of the realization of
Ildm_ulusy in fig. 4 situmions resulting in the
emotions of fault and sympathy were teprod

Fig.4 The image of the integrated NURBS-curves for
the derivate emations of fault and sympathy

For the emotion of wsell foults the following
factors of & convex combination of basic conditions
were found: g, =0.7 ¢, =03, all others are cqual

where a,, =i comcspond to  the

following emotional conditions, pleasure, grief,
hope, fear, satisfaction, anger, interest and neglect.

to the formal model of emotions the
condition which consists of a combination of

W zero,

facial emotional signals during the natural aging
process of mindividual
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An approach o composing ab signal
processing systems
We f the motion of a signal processing

system on an absiract level and propose a method
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of composing a large class of such systems. Our
formalization is based of the notions of a signal a1 a
time-varying quantity, a block ax an abstroct fond
possibly  non-deterministic)  signal processing
system, a block diagram as a collection of
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1. Introduction
Many software tools for developing control and
signal processing systems are based on block
disgram notations familiar 1o control engineers. Such
diagrams consist of blocks (

implemented by sysiem modeling tools (3, 12}
Some effort has been made to unify g

taken by different engincering system model

analysis tools and make them interoperable by the

by links. The blacks may of may not represent
physical entitics, but in general, they describe
operations which transform input signals (as time-
VArying quantities) into output signals. Examples
include system design software Simulink, Scicos,

e it with  well-defined
semantics [6, 13] such us Hybrid System Interchonst
Format (HSIF) which represents hybrid systems
dynamic networks of ybrid automata [5, 9] e
Although hybrid automata-based approaches
HSIF can be used 1o give semantics 1o block dingra®

Dymola,  SCADE,  Scicos (1], declarative languages [14], we consider them not en

synchionous languages [8], some  embedd, i from a1k I standpoint for $¢

programming languages [10, 11). following reasons: Jock) s
Wide applicability of block diagram 1) S ics of a system bhocts

makes them an interesting object of study from a
theoretical perspective. Classical control theory and
signal processing provide some degree of formal
treatment of block diagrams, but this is usually not

system design languages, €.g- mixing of analog and
discrete-time  blocks, partially  defined  block
operations, BOn-nuUmeric data  processing,
computational aspects, etc.

To take these issues into account, researches gave

a formal semantics 1o block diagram Ianguages {and
more generally, hybrid system deling |

i wilh
based on the notion of a dynamical system
internal state which may not be obumbk::
outside of a component. Thus ents Wi %
same externally observable behavior El;_‘b
semantically distinguishable. In our opinion, ot
not needed, if semantics is high-level and docs e
aim 1o describe the details of the compone!
implementation. .

2) Semantics of a system has a =_mw"“"“"'!
nature: it describes o sequence of discrete SICPS

©E€B. Isanos, 2012
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equations, etc. It is adequate in certain cases, but it
does not always capture the behavior of a physical
realization of a system. For example, a Zeno
execution [5] of a hybrid automaton can be described

infinite sequence of discrete steps which takes

sutomaton. Usually, this is caused by the system
modeling simplifications. The conflict is normally
resolved by applying some method of continuation
of an exccution beyond Zeno time (regularization,
Fillipov solution, ewc) [7]. But an extended
exccution is not, in fact, & sequence of discrete steps,
a5 it resumes after the sccumulation point.

In our opinion, in the general case, the dynamic
behavior of a system should not be restricted to a
particular scheme like a sequence of discrete steps
and continuous evolutions.

The goal of this paper is to give an absiract
semantics to blocks and block diagrams which
overcomes limitations of the classical control/signal-
theoretic approach to them and does not enforce
implementation  details or particular  kinds of
dynamic behavior on blocks. The semantics of block
diagrams is based on the notion of a composition as
an which maps block diagrams (as
syntactic objects) into blocks.

2. Notation

We will use the following notation: R is the set of
real numbers, f: A—8 is a total function from A to 8,
f: A58 is a partial function from A to B, 2* is the
power set of a set 4, f v is the restriction of 2
function f onto a set X. If 4, B are sets, then B'
denotes the set of all total functions from 4 to B. For
a function f: A5 8 the symbol fix)} (Ax)1) means
that fix) is defined (respectively undefined) on the
argument x. The symbols —, v, A denote the logical
riogilion dhdunrbion-adid o fumct speciiv)
The symbols sup and inf denote supremum and
infimum. The symbol o denotes the functional
composition: (feghx)=g(lx). The domain and
range of a function are denoted as dom()=ir |
AL} and range(f=(v | 3x fix)ln yflx)}. We use
the same notation for the domain and range of a
binary rlation: if RgA=8, then dom(R)y={x | 3y (x
YR} and range(R)={y | 3 x (x, Y)eR).

By T we denote the positive real time scale (0,
+=), We assume that T is equipped with a topology
induced by the standard topology on the real
numbers. Additionally, we define the ing set:

T (@ (0,0 | te O3] w1104 | reT)

W24

We will need the notion a multi-valued function:

Definition | [2) A (total) multi-valued function
from a set 4 1o & (denoted as /@ A—. B) 5 2
function f - A—2%(@).

An application of a multi-valued function to an

15 interpreted as a inistic choice
of a result. The inclusion ye/f{x) means that y is a
possible value of fon r.

Also, we will need a notion of a named set to
formalize an assignment of values to variable names:

Definition 2 [2]. A named set is a partial function
1 FS W from a non-empty set of names ¥ 1o a set
of values W,

We will use a special notation for the sct of
named sets: W denotes the set of all named sets f :
V3 W (this notation only cmphasizes that ¥ i
interpreted as a set of names). We consider named
mm.ﬁmilmmqm.nup«amor
the form [m—a), m=as .| (where mm,.. arc
Mum)denolellumedsﬂdmbmﬂlhe
graph of d is |(m, @) (m az).}. A nowhere-
defined named set is called the empty named set and
is denoted as [].

3, An abstract block

In this section we introduce abstract notions of a
signal as o time-varying quantity and a block as a
signal transformer. We will use 2 real time scabe for
signals, but we will not require them 1o be

i or real-valued. In lar, signals can
bepiecwiu-comrumdunbtusedluwpm
discrete-time evolutions,

Informally, 8 block (see Fig. 1) is a device which
feceives input signals and produces outpul signals.
We call a collection of input (outpat) signals an input
(resp. output) signal bunch. At each time moment
{the valug of) a given signal may be present of
absent. In the general case, the presence of an inpul
signal at a given time does not imply the presence of
mwnuthulmeotwmlmlmmmm

A block may operate non-deterministically, ie.
for one input signal bunch it may choose an outpul
signal bunch from o set of possible varants. Bt for
myinpu:lilulhmr.bmaimulnslonc
comesponding  output signal bunch (though the
values of all signals in it may be absent at all times
which means that the block does not produce output
wvalues).

11
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Fig. 1. A block with input signals x1, x2 and output
signals y1, y2. The plot displays example evolutions
of input and output signals. The input and output
signals are lumped into an inpwt and output signal
bunch respectively. Solid curves represent (present)
signal values. Dashed horizontal segments indicate
signal sbsence. Dashed vertical lines indicate the
right boundaries of the domains of signal bunches

Normally, a block processes the whole input
si@nlbmhzmdnummmpnﬂuceoulm
values. However, in the general case, n block may
not process the whole input signal bunch and may
terminate before its end. This is interpreted as an
abnormal situation (e.g. coused by invalid input).

Let # be a non-empty set of values,

Definition 3.

(1) A (partial) V-signal bunch {where ¥ is a set of
names) is & function s : T 5 "W such that
domis)e T, The set of all F-signal bunches is
denoted as SW ¥, ).

(2) A signal bunch is a pantial F-signal bunch for
some V.

(3) A signal bunch s is called trivial (denoted as 1),
if dom(s)= and is called total, if dom{s}=T.

(4) For a signal bunch 5, a signal comresponding 1o a
name x is a partial function r—=s{t{=). h is
denoted as s{x].

{5) A signal bunch s, is a prefix of a signal bunch s
(denoted as 5,55;), if 5,211, for some Ae T Note
that < on F-signal bunches is a partial order,
Later we will need gencralized versions of the

prefix relation for pairs and indexed families of pairs

of signal bunches. For any signal bunches LR

0L 4

denote (5, m)s'(sy', &) iff there exists Aa, such
that sy=s," |, and s3=%;" L. For any indexed families of
pairs of signal bunches (5.5, )es and (5”3 ) of
signal bunches let us denote (5,5),08 (5", ") iff
there exists A& % such that s5,=5,"|, and 5"=s;", for
all jed. ¥

It it casy to check that < is a partial onder o2
pairs of signal bunches and <™ is a partial order o8
J-indexed families of pairs of signal bunches.

A block has a syntactic aspect (e.g. a description
in some specification language) and a semanti
aspect — a partial multi-valued function on sigeal
bunches.

mition 4.

(!)?\qﬁﬁm s an object & (syntactic aspect) togethes
with an associated set of input names In(B), a set
of output names Cuwt(#), and a total multi-vahied
function Op(B) : Sh(In(B), W) —+= SHOutE) N
(operation,  semantic  aspect) such  that
o OplB)(i) implies dom{o)zdamii). !

(2) Two blocks B), B; have the same semantics, if
(B y=in{ Bs), Our( B, )=Onti B2), and
Cp(B,)=Op{By). _

{3) An 1O pair of a block B is a pair of signal
bunches (/,0) such that 0w Op(BY(). The set ofal
menl’ﬂisdrnwulﬂ(ﬂ’}mdam
the input-output (1/0) relation of 5. .
An inclusion oeOp(B)i) means that o ¥ 1

possible output of a block B on the input i. Fu'_elﬂ

input signal bunch i there is some output signd
bunch o. The domain of o is a subset of the doma=
of i. A situstion when o becomes undefined at some

time ¢, but § is stil] defined at r can be interpreted 884

fatal error during block’s operation (the block cannot

resume its operation after 7). =

The operation of a block on a given input ?‘9‘:}
bunch is interpreted as a non-deterministic d“'"‘w
an output signal bunch. However, we would also
to describe this choice as dynamic, s
chooses output signal values at cach time [, 8% 0
doing so it cannot use future values Hl“"#
some time 1>1) of input signals (this is normally =
case in block disgram languages used

ineeri em design). y
ms'\'l't ﬁ:!‘;:?i:'c this de‘s“cnpum using the notiod of
a non-anticipative block. oy i

Definition 5. A block B is non-anticipative, il ?
() if (i, o)elOB) and (7, o), o) then (

o'y JO(BY;

(2) if o€ OpBN) and i<i, then (i, @)<(T", o) B
some o' € Op{BNI").

Lemma | g:uten bg:‘low shows that the notion o.f:
non-anticipative block can be considered 33
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generalizat uud “:::::m of a causal system which
is in theory and si processing.

Definition 6. A block B nm:-m if
Op(B)i) is a singleton set for each i,

) Lemma 1. Let 8 be a deterministic block. Then &
s non-anticipative iff for all iy, i, 0, 0; and A€
such  that  0,€0p(B)i)). 02€Op(E)i), and
:w:,mwm. the equality ile=izly implies

The proof follows from Definition 5 and 6.

Definition 7. A block 8 is a sub-block of a block
B (denoted as  BsE), if  In(ByIn(E).
Cut{ By=Owi(B), and JO(B) < IO(').

lll'D_Gl!ll",. o sub-block has a reduced non-
determinism comparing 10 a block.

Lemma 2. A block B is non-anticipative iff for
each pair (i, 0)a/O(E) there exists a non-anticipative
deterministic  sub-block &'=8 such that (i,
o)elO(F).

Proof. “If": The statement follows from the fact
that if IOUE)=UJOUR,) for some family (8} of non-
anticipative blocks, then B is non-anticipative (which
itself follows from Definition 5).

“Only if": Let us fix an clement (i, o)e /O(8) and
find some (7, o')e/O(B) such that dom(i"y=T and (i,
o)<, o) (this is possible because 8 is non-
anticipative). Using the axiom of choice we can find
a functional and total relation R < JO(B) such that (7",
o')eR and dom{i"}=T for all i*edom{R). We can
define a sub-block & such that JO()={(ii. 01|
Sioa)eR (i1,00)E iz,02)) . It is casy to show that &
is indeed » block and that it is deterministic and non-
anticipative. The lemma is proved.

This lemma implics that the operation of a non-
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(2) dom{xp=dom(o) and each xfk], k=12, 5
defined and locally absolutely continuous
domio);

(3) The next differential-algebraic inclusions hold:

o defkYdr @ Fift, x{1], -, x(s), A1), .. dn]) almost

s
on

everywhere (with respect fo measure)
on dom{o), k=12, .5
o Ht] Gt AN, . ss) A1) . ds]) on

domia), k=1.2...
= of] eHix(1] 2]

jeL2..m.

‘We assume that L is trivially locally sbsolutely
continuous.

Leu’o.{nbelhemorallmxiu!dmd
XO(i) with respect to <¥ and Oufiyio | 3x(x
0)€X0,(7)). The items (1) and (2) of Proposition |
below show that we can define a block & such that
In{BYy={1.2,..n}, Oui(By={1,2,...m} . and
Op(BNiF=0.li) for each In{#)-signal banch i, and the
items (4), (5) imply that £ is non-anticipative.

Prapesition 1.

e XD om dom{o),

(1) OLRFD forenchi.

(2) If oe0uAi), then domio) o domii).

(3) If (x, 0)eXOi) and A& Ty, then
(e, ola) e XOI1).

(4) If 0w Oufi) and A& T, then ol Olil)

(5) If oeO.i) and isf, then (i, o), o) for some
o'e0ii).

Proof. Let us show (1), It is easy to check that
(L,1)eXCXi) and esch nom-cmply <’-chain of
eawmurxn(ahumummmmn. Then
by Zom's lemma, XO(i#@. Hence O.(i2@.

The statements (2) and (3) follow from the
definitions of XO and X0, and (4) follows from 3
and the definition of 0. To show (§), assume that

: lock is P of
iy non-anticipative  deterministic  sub-blocks.
Informally, this allows us to re-interpret the
operation of a non-anticipative block as a choice of a
non-anticipative deterministic sub-block & followed
by a choice of an output for a given input consisient
with the operation of B

4. An example of 8 block

Let us consider an example of a non-anticipative
block. Assume that W<R. Let n, m, 5 be positive
integers, and F,, G, : R™ =R, k=1.2,...5, and Hj
R'R, j=12,..m.

For each (1,2,....n}-signal bunch { let XO(/) be the
set of all pairs (x, o), where x is a {1,2,...5]-signal
bunch and o is 8 Ous(B)-signal bunch such that
(1) iljl, j=12,..n is defined and measurable on

domia);

oe0.i) and isi". Then it follows that (=, o) XOUd7}
for some x. Using Zor's lemma we show that there
exists a 5°-maximal clement (¥, o) of XO(7) such
that (5, o)<, 0). Then (¥, 0)XO.() and
o' 60"}, Then using (3) we show (i, 0)5'(7, 0°)

The proposition is proved.

For each ilwuiynlbubehmhﬂncli B outputs a
bunch of signals according to the differential-
algebrsic  inclusions  described above  Non-
anticipative blocks of this form can
kinds of systems studied in the control theory.

It is ot difficult to show using the same method
that blocks described by commonly used discrete-
continuous dynamical systemn models, .8 switched
systems 5], are alsa non-anticipative.

&, Composition of blocks

1n
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By connecting inputs and outputs of several (non-
anticipative) blocks one can form a larger block - a
composition of blocks (sce Fig. 2). We assume that
an output can be connected to several inputs, but
each input can be comnected not more than 1o one
output.  Unconnected  inputs  and outputs  of
eowinmblo:hbnmminpmmdomorm:

position. C ions are interpreted as signal
equality constraints and they always relate an output
nlmcblnd(“m“jwilh-ninpmurﬂum
or another block  (“target™). We represent
connections in the graphical form (like in Fig. 2) as
arrows connecting blocks.,

Fig. 2. A block composition. Three blocks are
mnmedwlunnllmbluktadnmd
rectangle). Solid amrows denote conncctions between
blocks. Dashed amows  denote unconnected
inputsioutputs of the blocks 1, 2, 3 (which become
the inputioutputs of the dashed block).

Definition &.

(1) A block diagram is a
indexed family of blocks (B))es and an injective
binary relation — < Vo= V.., which is called an
Interconnection relation, where

VamUy iy =in(B,) and Vo=l sli}=Our( ).

(2) A block diagram UBYus =) is called regular, if
cach 8, jaJis non-anticipative.

A relation (j, x)=(, ') means that the output x of
the block B, is connected to the input x* of ;.

We define the notion of a block composition only
for non-anticipative blocks. To describe it informally
consider a block 8, wi‘lhilwlmu.x.?mdmnpuls
¥l y2 Let J=(1) and =={{{142),(1x2))} be the
il ion relation (which connects ¥2 10 x2),
Let B be a composition OF (8} (i.c. of one block)
under the relation —_ Infarmally, the operation of 5
can be described as follows, The block B) chooses
(mon-d in ly) some d istic sub-block
B,98,. When a signal stans flowing into the nput
tl. the block B chooscs the initial values for the

pair ((B)on~) of an
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signals of y1, y2, x2 so that they satisfy the operation

of the block B, (Op{By)) and the signals of x2 and y2

have the same values. If such initial values do el
njsl.lhchlocks'urminmmcouww
bunch is nowhere defined). Otherwise, & contimucs

1o operate in the similar way until eiﬂﬂ_ﬂr l@h

of yl, ¥2, x2 cannot be continued, or the input ssgnal

{x1) ends.

Definition 9. Let ((B),n—) be a regular block
diagram. A block & is a composition of (8}, under
the interconnection relation —, if
L dnBY(U, o i) <In(B,)) vange( =),

2. OurBY=(Uuslf) =CunB,)dom{ ~ ),

3. Op(BY) is the set of all Our(8)-signal bunches o
such that there exist  non-anticipative
deterministic sub-blocks B =8, jeJ and 1
family (i), 6,}es€Xa(i) such that

(1) domio)=domio,) for all jeJ,

(2) ol(j, x)}=o/x] for all (, x)e OunB), i
where X.(i) is the set of <“.maximal clements «
Aid), and X{i) is the set of all indexed families
pairs of signal bunches =iy, o) s m‘.h that

(3) damii) = dom{o,) = dom(i;) = domlo;)

@ domii) for all j, /e, -

(4) ljll}'lkq.)‘(,f. x1] for cach (f, x)yeln(8),

(3) (i), o,)eJO(B)") for each je,

(6) (i, 2)~ (7, x') implies ox]=ix]

In this definition, {, and o, denote input and “‘F;
signal bunches of the j-th block. The usage s
deterministic  non-anticipative  sub-blocks 2
characterize a composition is founded on Lemi
The set X.(i) contains maximally extended f":;
of the relation <) indexed families of e
bunches defined on a subset of the d?;fn;nm of i {
input signal bunch of B) which satis
imposed by the interconnection relation. Any ‘:‘::
family gives a possible output of B for the -'ermm
formula (2) (output signals of B are amn?edrm
the output signals of the sub-blocks 8- o
Definition 9 it is clear that any two compositions
(8)es under — have the same semantics.

Theorem 1, If ((B))us—) is a regular block
diagram, then
(1) a composition of (&), under — exists; 15
(2) if B is a composition of (8,);, under ==, then

non-anticipative, :

This can be proven using the S

method as Proposition 1.
On the basis of this theorem we can consier 1
iy s which

(RC}
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maps 8 block dimgram ((8).s, =) into a block §
which is 8 composition of (8. under ~.

The Definition 9 describes only a semantic aspect
of a composition block B, A trivial (abstract) syntax
fior this block is just a block diagram ({8}~ ).

Another possible syntax (the eqmonnl syntax)

a  block a mple
((B\on,Var,E), where Far is a set of m‘hble names
and E @5 a set of ecquations of the form
(Veescnan (= Vhrasan ), Where v,, Vo6 Var and jeJ (f
plays the role of a block identifier), Moreover, each
zeVar appears on the left-hand side of some
equation exactly once and cach jeJ appears on the
right-hand side of some equation exactly once. The
relation ~ is specified by the sets Var and £ as
follows: (jx)—(7) Y there cxist equations
L R ([CA IR ) S WP (LA W)
in E such that o', =v,, It is easy to check that — is
:_nﬁeed an interconnection relation and that every
interconnection relation on (8)), can be described in
this way. This kind of syntax is used in declarative
synchronous  languages  [9] for  describing
communications between program clements (nodes).

6. Concluslon
We have introduced the absiract notions of a
block &5 & signal transformer, a connection between
blocks a5 a signal equality constraint, a block
diagram as a collection of interconnected blocks, and
@ composition as an operation which maps block
dus:m into blocks. The proposed notioas do not
ion details or particular kinds of
dynmhhv:wcnblocks
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To study the effect of reaction delay bacterial
flora 1o change smount of infections we will consider
a nonlinear system of ordinary differential equations
describing the effect of innate Imimunity:

dN
o Ny - 1,8, -
o,

o =B = By - 13N - 1) -y, ),

The initial conditions are Biven by

Nitg)= Ny, Bity) = &y,

Niry=0 for fy-terai, @

Suppose the parameter 1 small.  Replace
funcion Nir 1) its Tinear approximation:
Nir-1)= M) - :"“‘_:’-? ;
Thus, we have

o
7 = My -y, B0,
(3

dB
T E B N -ty -y, B)) -2

€ T.B. Koamosa, 2012

equations, the immune system, antigen, the stability
of the stationary point.

' Taras Shevchenko National Universtty of
Kyiv, 03680, Kyiv, Glushkova st., 4d,

e-mail: tania. kelianovag)gmal.com

Stationary points found from the system

Niuy -1 8)=0, I
(8" = Bty = 1aN(1- 3y ~ 7, 8)) - 1, @) =0

The first stationary point

Ny=0, 8 =8, L
describes a healthy organism,
and the second stanomary posm
(L]

Nym b2 n® o -
2 o
which is the condition g >yy@ {envirommenal
factors. are not limiting), responds for & sk
Organism.
Investigate the stability of stationary poinis-

Lets start with the first point (5). To do this, we
will make this stationary point small perturbation

Ny=0+N,B=K+8,

whare M, B - new variables that are considered
small.
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im around of this point will look like

(g = BTIN,

dr

i
%i =ity = vy @A,

We write the matrix cocfficients for the
linearized system

Characteristic equation will look like

o

P [w -n#
=g = 1,®)

de1f A, - 1E)=
_rhn-nﬂ')vh 0 I_‘1
o =g —1i®) -4
o
(i =11 B7) = A)= Gty = 1y ®) =) =0,
here received

hy=py =8,
Ay =={pp - 1,0}

Clearly, that A, <0 always (duc to the fact that
Ny>0) As for the sign X, then if A,<0
{py <7, 8") - singular point is a stable node, and if
Ay 20 (py >y, 8" ) - singular point is  saddle

Results. In the case of suble node (4, <0,
Ay <0) bacterial flora of the organism quickly
responds 1o the mate of reproduction antigen
(infection). The negative impact of the environment
on the recovery rate of bacterial flora in the body is
essential. This situation is stable, and a1 the proper
level of immunity, the so-called “first” barmer will
not be passed.

In the case of the saddlc (A, >0 and %, <0)
low concentration of antigen is present in the body,
‘bacterial flora will restrain its rapid development, bat

133

reaction 1, 2]
Being such n sspecific equilibriume can be
maintained control parameters p g and v, .
Lincarized system of differential equations {3)
in around of the second point (6) will look like
aN_y
——hiyy =
-y e 1o,
g' ~¥a B - %‘"—Nl—n@lﬂ * By lug - 7y0)8.
"

Marrix coefficients for the lincarized sysiem has
the form g

0 Iy —y )
ki

= .
“13(8" ——:‘ﬁ?ﬂ 1P} tuplpg -7 ®)
'
3 '
Characteristic equation will look hke
det{ Ay ~0E) =

- ~ Ly -y
T2

128" -%“lxl-h"’) Ty g = 1P~
v

= (=3 ) (g - 1®) -4) -
L -L;-’Lll-y,@lu. —p @) =0
i

Then we have

A=At (g — 1) -

= Yilbg — ¥y ONB" - ‘-;Lll—'r;o)-ﬂ-
(]

Roots of this quadratic equation have the form
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3= Ralinr®),

+ fr.(u;-n@us' EXy1 -y, @),

5, = Walig - 1y®)
: 2

.IFu(Iu- 'h‘ﬂ(!"— Il ).

We must evaluate the sign

(8)

D= 1yig — 19N B —!T-‘L)u -n®).
1

If v=0, then we have

b= ‘*,‘:ﬂlll “ 1 BNE %&X\—!;Q) o
i ‘-,'v.tu- a0 L "—"-‘-m ~1,0)
1}

In this case:

if D, >0,
then y >0, hy <0 - smtionary point is a saddle,

il Dy <0, then revts of the characteristic equation
are purely imaginary because of Rek, ; =0

M= n‘Jr.u-. — N -!;'—u! ~1y®),
L}
hy= ",'h(l’s PR :(1 ).

and the !pe:i:lpuimisllunnu:r.ndllsphue
porirait of the lincarized system of equations — the
family of ellipses.

I the 1> 0, then we have:

L4
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i m,!lngz-‘r@)‘

+ a'r,[p,‘ T OHE - -'!;':-’-ll—rﬁl‘

Ay= ‘w*v%-u‘.’.l_
f‘r.tn, —pypE - B nt~'r)°1
for [3, =0, we have
;,:1,:,&.'2%;"31):0

(because of Ny >0)

and roots of the characteristic equation are pUsitive
multiples, so we have an unstable degencrate node:

it D, <0, then

i

hym ‘“NIH.;.—'I')W‘ S .?—:I—flﬁl-
1

*-:-“'"(“z!_y’m-' T‘w,_,p,g—_i&m-vm

moreover Reh, ; =0, 50 we have unstable focus,

for £y =0, we have

—_—
%= ntu! Hno, Il'rxtm r,u-us ___n_m—v;"-

-, ® - Byt
’-:'—L’—m"[u: LH Tilitg - IOHE 'T:"](l 7i®

Clearly that %, >0 abways, but ; >0 or &y <000
particular, when t increases, than we have
Ay > Oand 3y >0.
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Results. At 1=0, in the case of a stationary
point of ssddle - the organism or be able 1o
overcome the disease or may die. When special point
is the center, the organism will have a chronic
disense that periodically will escalate.

At 10, we will have some different situations.

In the case of o specinl point of type unstable
focus, an organism  will always feel some
“hesitation™: deteriorating health and weakening of
the immune system (reduction of the protective
barrier of the body in the form of low-level bacterial
flora). This constant stress on the immune system
lead 1o its depletion [3, 4], resulting in the organism
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2. Pomiryagin LS. Ulsual
equalizations. LS Pontryagin. M.: Science, 1974, -
332 p. (in Russian).
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can not cope with antigens that sttack i The first
barrier of protection will be habled, and antigens
penetrate inside the body (then in effect should join
acquired immunity).

Where the singular point is unstable node,
depending on the state of the immunc system (the
meaning and value of outpt paramcters), the
organism can inhibit the growth of populations of
certain antigens long period of time; but in the case
of impaired immunity — will be rapid growth in
population antigens imbued in the middle of the
organism and cause discase.

3. BernefF. Cellular immunclogy. M. «Worlds,
1971, {in Russian).

4 Hege' )5, A mathematical model relating
circulating antthody and antibody forming cells /1.5,
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Hyperplane classifier of
full-text documents

There ir considered the full-text documents
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Introduction
There  are  actual  differemt
scally Enizing various text
of large amounts of textual information in natural
language in information systems, such as web pages.
The task of ds lassification & i

targets  of

Keywords:  classification.  feature  space,
Lyapunov’s functions

' Glustkov Institute of Cybernetic of NAS of

Ukraine, 40 Glushkov av., Kyiv, Ukraine, 03680

Prof.

o a particolar topic. The most common mod:log
docurnent representation is the model called sbag-0
wordss

According to this model, the text should be
presented a5 a set of terms, the combination of which
i

5 1o d

the identity of electromic document 1o one or more

c-lt‘win.hndmiucomuL‘ﬂnumoI

classification can be divided into two :
fled o lassification, during which

some external mechanisms (such as expert analysis)

the meaning of the document and
accordingly its topic. .
C&mmmmqmmmlmwﬂ:
on features (terms), o the text should be presented
the form of reduced numerical vector of lﬂ:
(features vector), which reflects the froquecy
using of the terms in the text. Thus, will be
fr

provide information on the correct classification of
d petz doe o .
1 Lassifi should

ion,  where
automatically be done in the ahsence of external
infoermation.

There is considered the full-text documents
classification model in natural language using the
example of web pages sample. Developed method
:;\'blvw self-tuning algorithm through its execution

tions  means  of Lyapunov's
functions [1]. v
Langusge statistical maodel for constructing the
Teatures vector of classes topics

The automatic classification of texts based on

CA. Kortyuk, 2012

y wards indicator in the text in determining
the variables which are the parts of the ﬁ‘l\lﬂ:
vector. The documents of one category M\;w
similar distributions of relative frequencies
words in the text. .

Every word with a lexical collection is W:
1o coordinates in features space in determining -
featutes veetor for the document. It “mmﬂdml. T
the frequency of words i this docw
m‘““ﬂfﬁmmmwrquwﬂunﬂb:
of different terms from the whole aray of words
the text.

To construct the features vector, _m': “:d:
standard function ffidf [2], which is defi
follows:

idf(1,.d )= of (1, d ) eidf ) )
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where §f - term frequency in the document,
idf — inverse document frequency.

L
4116 = og 21

where |D|- the number of documents that arc
containcd in the training sample, df - number of
documents containing the term 1, .
Also, it is necessary to consider the different
of documents. The weights obtained by (1),
should be led 1o a normal form:
afidf (1,.d )
U

The #-th term weight in the f -th document of
e, is calculated such o way that amount of squared
weights of each document.

The dimension space in constructing the features
vector is the number of the unique terms which arc
contained in the training sample. If the documents
are quite large, the dimension of space can be quite
wmwnymmwﬂn‘cwmﬂﬂﬂ
algorithm, thus reduction ( the

(517) Ant (439), Science (283) News and Media
{201) Education {$50) Shopping (175) Spons (260),
Society (566). The test sample consists of 18177
sites of Yandex Catalogue (brp:/fyace. yandex ua/)
The traiming and the test samples have the similar
structure sections. It is used an automatic transiation
GoogleTranslate service for the sites with the tent
sample in the case of npon-Ukminian  siles
(hatp:irunslate, google com ual).

Web sites consist of HTML-pages which have
not only the semantic text, but also the significant
amount of the service marking H the
navigation elements, eic., which may distort the
resubts of the classification. So it needs 1o use only
the content of a web document, instead of using the
classification. There are selected the pages from cach
site (excluding official, such as «Contactss, «Site-
mape, cte.), just one a click away from the home
page on the same domain.

The hyperplane classificr of full text
documents with optiens adaptation
It is necessary to build the model of classifier
after the constructing features vectors for categorics.
Let's mark the Lyapunov’s fumction as
¥ix,k.n R)and explore the variables X and

of features space can ively affect the quality of
duiﬂﬂlhihlnlwl'::hm

The simplest approach for the dimension
decrease is deletion so-called stop words form the
features vecior. The stop-words are the most
common words (can be found almost i all
documents) and often the words which do not carry
mmumnmwhmmmm
in a semtence.

Ancther measure for reduction the dimension of
the features space is stemming algorithms [3), which
are based on the rules of word formation, snd it
combinations. Bringing all the word forms into one
form or other methods [4] can positively affect the
result of the classification.

Selecting of a set of classes
The collection ormm of training

m‘ the following sections: G
sites), Intemct (325), Business (1341), Sources of
information (98), Free time (76), Home and Family
(38), Kids and Teens (40) Health (445) Computers

p R R

mmlmumutm:;m&t
class defines Function
¥, (k) = (x.x(k),n(k), B,) on lhe stage synthesis
of the signal classification system for [ classes.

Distance from the point X, for which it is neads
wm:-hmmwwhxhuwnwmp.uu

appropriste to measure with not  using

Euclidean porm, bul based on the comstrucied
Lyspunov's functions:

¥la, 20 (1) R ) < V(e 302Ln(2) Ry )

There sre sel the recurrence relations of the
modified  Lyapunov's function  of refill  set
(1), x{m) 8 new starting point afa + 1) in onder
to receive the algorithms of comecting parameters
im R Lyspunov's functions VizinR) for

The parameter adaptation (funing) occurs when
» signal x(f) is detected incorrectly, alhough it
belongs to the k-th class, and is brought by the
system to the s-th class. In this case, the recurrent
recalculation  options  Lyspunov  function ¥, {x)
made as follows.

For the function
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¥y(x) = (x = 3(k1)" RUX, Mx = ik NIk (2) -

the _mew  values  for  the pammeters | ' = -2

x(k), RCY, ), (k) are defined by the formulas: e —

1) The matrix R(Y,) has a new value shown ', _ : -

I“Ihe" ch of the foll = = -
o

B Mg G e b——
[ras—

Fig. 2. The wsning of the second level categanes

(L] For the, catcgorics shown in Fig. 2. accuracy
\_stn from 0.27 to 0.46%.
1+ nik) For more specific categories within the meaning
of accuracy is much worse than in the case with the
Whea, jgeneral categories. Also note that for different testng
) (k) accepts the new value samples test results may vary significantly depending
1+ nik) %) on the qualty of ihe test sites.

¥ = o) = xik), Ar = x

3) i(k)accepts the new value, which is Conclasions
Sabeaoned Mhwough thi pid packmutes Vajues The test results show that the web pages e
quite difficult complex datasct for classification k.
therefore the sccuracy of the identification subject 3
6) not high cnough. First of all, the complication s det
to low quality of the training and the test samples
The further ways of method improving T
connected, first bf all, with more carcful selection of
the relevant information from the web page. filering

-{ha ! x{“wx(n.

:;n x(k)
&

Such approach allows 1o configure the features
vector at algonthm testing, namely algorithm is

adjusted and improved as new data came B P
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Intraduction

One of the main problems of the artificial
intelligence theory is the artificial neural
training. Neural networks are widely used in various
_II'ﬂtﬂH of the human sctivity [1-2]. in particular, for

fi ion input and p ing, texts i

transfer in
Internet i i i in in
business, in medicine, in the cnterprises scheduling.
B reldouicel wod sock Tes i

systems, far

methiod gave an additional impetus in development
of the srtificial meurs] networks theory and was
applied for the solutions of problems of mumerous
classes, However, this algorthm has a number of
serious shorcomings:
s network paralysis,
»  existence of local minimam,
= complexity of comect step size choice,
* temporary insiability of process which
ot always allows solving a problem.
Fe i Miciency of the peural nefw:

security  systems, in modeling  behavior  of
independent agents and in many others.

One of classical antificial neural network
training methods is the back propagation algorithm,
suggested in 1974 at the same time and

tly from each other in Al Galushkin's
;:il [3] and P.J. Werbos [4]. In the following years

o
i in particular, for decrease of the problems
computing complexsty, alongside with one of
classical training algorithms, since the beginning of
the XXI century [7-9] one of stochastic algorithms
has been used, ie. the trining algorithm became
bybrid. Ome of stochastic algorithms s the ant
colony optimization algotithm. It i based on indirect
i The

was in DE
Rumethart's, G.E. Hinton and R.J. Williams works
[5), and S.1. Barcev and VA, Ohonin [6] This

© €8, Korawpos, 2012

hetween indep ag
ants use pheromones for interaction with each ather



Kyiv National Taras Shevchenko University

Blconsr Nufacauace myioaesessro yuisepcumemy
wneni Tapaca Wewwmwes
Cepin ghimn: samesiamun s

In work [7] neursl network hybrid rainimg using
an ant algorithm is applied to rescarch a coal mines
wnnels. The neural network 15 trained by 2
combination of algorithms: fuzzy C-mean value
clustering algorithm and the ant colony algorithm,
which allowed reducing computing complexity of a
problem. The factors influencing durability of walls
have the ch ic of variety, linearity,
incertitude, etc.

In work [§] hybnd waining algorithm is applied
1o the problems of function approaching and
modeling quantitative strocture-activity relationships
of Herbicides. The network is wained by two

i back ion algorithm and ant
colony slgorithm. Results of experiments showed
that the suggested hybrid algorithm reaches the set
accuracy for smaller number of iterations, than back
propagation algorithm, The question of nodes
number possibility change on the hidden layers is
also studied.

Ant colony
training by Propag:
for combinational optimization is given in work [9]
Thus the basic ant colony algorithm  underwent
changes: both matrices a diserete matrix of
pheromones and a probabilistic matrix - are assumed
not discrete, but continuous.

In works [10-11] for antificial neural network
training the hybrid algorithm based on significantly
modified ant colony algorithm and changed hack

pagation alg is The al; is
fested on the problems:

* modeling of the character’s behavior in a
compuer game;

algonthm using for neural network
e back Igorith

of

gl system
diseases dugnoses;

* determination of mushrooms edibility,

In the present article the suggested hybrid
li[nnt{rm analysis is carried out, and results of

lesting on probl, of modeling of the
character’s  behavior in & computer  game,
o inati of  uri e system
diseases disgnoses and determination of
edibility arc given.
Hybrid algorithm idea

The multilayered perceptron with onc hidden
layer and number of nodes w,m and £ on the input,
Iuddcn_md output layers respectively is considered
23 a trained artificial neural network,

The network weights and bias valucs setting and
network  signal distribution are the same as (L]

wiza

Bullerin of Tanas Shevchesko
Natiomal Uneversity of Kyte
Serses Phyvies & Matkematcs

classical back propagation algorithm. Initial network
weights and bias values are set by any real numbers
from a segment [-11]

The functions of the following type

1
filx)m——r,
Tée

Silxa)= ="

) 1
filx.a)= T

AT PY

filn=

are used as activation functions.

It is suggested to use the folio\ll'mi W
algorithm for neural network  training  quality
increasing. The essence of damllli;nm:::ﬂ:

reliminary finding of priority ways o a
::: ncura:-};clwmf. l-‘mp |In:::aurpos¢ alongside witk
the changed hack propagation algorithm it 18
suggested o apply the modified amt coloey
algonthm o

Ant colony algorithm modification for a pronty
ways chowce consists of the following: .
* the ants quantity on each inpul 'W*.:
sufficient for visiting by ants of :
nodes on the hidden and output layers o

the network, .
* the fullowing node choice nile B
simplified, .
*  the distance passed by an ant accouniag
is changed, _ —
o pheromones  accounting  function
suggested,
o the amt movement probabilistic

accounting is changed.

Initial level of phcmnl:mcs on all petwork edges &
equal to rero, .
mnFn( ants uniform visiting of the hidden acd
output layers nodes at the first travel special
s used. And on the second and the subsequent $F*
ants use the simplificd following nde choice “*i-! .

After all ants finish their travelling, $<f€ &
reallocation of pheromones i & s The o
leaves pheramones on two passed cdpes, '5"'#
quantity of left phcromones on each P“’::* %
depends on mistake value in that outpul
which the ant came

For accounting  pheromines
network  weights  correction  the

influcese o
pheromonss
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accounting function 1x, k), where k — parameter is

For metwork correct work checking from 20

suggesied. When camrying out experiments the raming samples fwo groups of 14 and of 6 samples
following accounting functions were were allocated. On 14 samples the network was
used: trained, and on 6 it was tested Resulis of testing are
¥ given in Table 2.
m(x.kl-;fl‘-i‘ Table 1.
A + Comparative characterstic of
mylx k)= -,—I+I -3 classical and hybrid algorithms
i Experiment | Classical Hybrid
milx k) =77, no algarithm algorithm
) = & = arccos{ x) + 1. (steps isteps
quntiy) | quaniiy) |
Change of back propagation algorithm is based 953 36 _
on the fact that ot of 661 i AT
cocfficients of network weights the 565 53
accounting function is us 87 T4
The following parameters are used 3119 [7]
& — network treining cocflicient, Ll m
{? - pheromones quantity, which one ant per Th
one travel can extend, 26|
£ = pheromones update coefficient. 3 84
10 1415 78
Hybrid for 1 the
character’s behavior in a computer wn Table 2.
Network testing results
The hybrid neural network models character’s | Testing sample | - Obtained
behavior in a computer game [12]. The following pamber | TMRET | Tk
parameters of neural network (Taining ane: Attack Anack
nmd, m=3, pmd, G015, 002, p=02. [ 1 Wanger Wander
Activation function  fj(x) is used. Hide Hide
nccounting function is 7(x,£) 8t & Hide Fur
Four input neurons. ivel! Pun, Run
B Hide Hide

® health of the character (2 - good, 1 -
normal, 0 — bad),
®  his having a knife (0 - hasa't, | - has),
«  his having n gun (0 — hasn't, | - has),
* number of encmies (the integer mon-
negative number).
Four output nevrons are designated respectively
by a certain action: atiack, num, wander and hide.
Mmmu.mwwxwmn
algorithms: classical back propagation algorithm,
and the suggested hybrid one. Networks testing was
«camied out on 20 training samples.
Experiments results are showed in Table 1. One
siep is understood as one full pass on taining set.
On the average the back propagatiom algorthm
meeds 16274 full passes on traming set. and the
modified algorithm takes 69.5 full passcs. Speed of
network training grew more than by 20 times.

Testing resalts show that the network answered
5 samples from 6 correcily.

Hybrid algorithm spplication far
o il el Jogheal system

divenses disgnoses

The public UCT Machine Learning Reposiory
resource provided for quality check of mpeural
network training by classical and hybnd -lpmdm
was mnd for -I.nnmm testing. TM pmbkw

diseases diagnoses ofa d.-l-luu [13] created h)' ﬂu
Polish doctor of philosophy Jacek Cremniak at the
institute of research systems of the Polish Academy
of Sciences wis chosen. The base containg 120
samples for testing of the determination of uring-
gymecological system disgnoses of fwo discases.
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The testing goal was 10 carry oul a comparative
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what activstion function, and what pheromonss

assessment of dil parameters control options of  accounting  function were used in expenment,
the mn:;dm algorithm :nd its Smmu_ ‘besides, the iterations number is specified.
Various sets of functions couples (activation function e
and accounting function) and influence )
of their type on the efficiency and quality of training _Experiments results table
v comp derad Activation Mm‘."“ lieration Necwiaty
Hase charactenistic: the base contains 6 input Rietion accounting |
attributes i the patient dition and __function
two cutput attributes for establishinent of the discase | Back propagation algorithm
diagnosis G I L
poshorl e i A | mixh
= the paticnt's temperature; —
= occurmence of nausca; Silx) thix.5)
»  Jumbar pan; Silx) 4l x.5)
o e A | w0y
*  micturition pains; 101
o buming of wthia, ek, swelling of | %) {210}
urethra outlet. Silx) {10}
All input attributes, except the first one, accept Silxd i lxd0)
A ML~ e o 0 b e B | [
has  real values as 3ISCA01C.n,  where 7] ﬂ,m)
ne= 0,00 )
Output attributes are the discases diag Siix2) 7(x,5)
* inflammation of uninary bladder; Srilxd) x5)
. ltp‘hllisﬂl’l:m_:l pelvis ongin. foled) - x5
:.\I? ::rl‘l.uum accepl integer values (1 - has or FATE)) Y
The base 1 a random way was divided into 102 File3) x5}
traiming and 18 testing samples. The algorithm was 3) S
tesied by S various activation functions -
flxhk=l4s, f(ralk=23 and 4 various Silx3) alx.5)
pheramones accounting functions 1 (x,k)(=123.4 Sile5) mix5)
Thus, if the chosen function has o filx5) mix5) |
hpetiments e made for vwriois wiwes of [Ty PG |_#%
[} The size of the network error - ._._I_m—l-— 5%
ifi all expeniments was set as equal 10 0.01 _ hixs) mied) | |

When carrying out expeniments the following
PATAMEIErs were el n=6, m=4, p=2, §=02,
=1

Comparative expenments were made: one -
with back propagation algorithm, the others 32 -
with various activation functions and  various
pheromones  accounting  functions.  Resulls  of
cxpenments are refiected i Table 3. Algorithm
accuracy is understood as the relation of correcily
solved samples by means of this algorithm for the
total number of the solved samples. Algorithm
accuracy i expressed as a percentage

The result received by means of back
propagation algonthm is given in the first line of
Table 3. In all ether lines of Table 3 1 15 specified,

Experiments results  showed  that ﬂ-th ::-:
accuracy (100%) is reached by means of By T~
algenithm if 1o choose f;(x,4) as actvation fanct
and 0 choose function 1,(x.5) as pbﬂomﬂ:
accounting function. Good results (from 8% oy
95%) are reached by means of the following coup
of functions:

Silx) and p(x5);
F3x.2) and my(x5):
L2 and i 5);
Filx3) and my(e8) .
Fiix3) and (x5

filx) and xS
fulx.2) and m{x5)
F2(x.8) and (23]
Fi(x3) and pplaS)
fiix.5) and IS
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Hybeid algorithm application for determination Table 4
of mushrooms edibility results table
The public UCI Machine Leaming R ivation | ooounting | Hermio0 | oo
resource s used for algorithm testing, The probiem | forction | “Co8E | number d
of determination of mushrooms cdibility in database | Back tion than - T6.63%
[14] of the Audubon Seciety Field Guide to North T (x5 ) $247%
American Mushrooms (1981) is chosen. The base

contnins 8124 samples of edible and Sitx alr5) Loiel
mushrooms for testing Sitx mix5) ) B2.68%
Base characteristic: the base contains 22 input F@ | mies 25 B1.05%
mrbulu:ud;:‘u:m m:‘:.:.lm;'u:rmw JAT) min) 0 B0
o« bruises, Six5) mixS) 39 $223%

« odor, ! _ fix5) (x5 6 81.31%

. :Linudnm. spacing, size and P hixS) 50 B5.15%

* sialk (shape, root, surface above ring,
surface below ring, color above ring
and color below ring),

veil {type and color),

ring (type and number),

spore print color,

population,

habitat

CECIE IS

D\ﬂplullh‘bmm the mushroom is edible or

is Thus those
which cant be camied 10 a cenain type, are

The base in a random way was divided imo
5000 training and 3124 testing samples. The
algorithm is tested by means of § various activation
functions [, (x) k=145, fi(rahk=23 and 4
various accounting  functions
mix k)i =1234. Thus, if the chosen function has 4
parameter, experiments are made for vanous values
of parameters. The size of the maximum network
error in all experiments s set equal 10 0.01.

When carrying out experiments the following
parameters were set: n =22, m=12, p=2, 8202,
=1

Results of some expenments are reflected in
Table 4. It is specified, what activation function, and
what pheromones accounting function were used in
experiment, besides, the iterations aumber and
accuracy are specified.

The back propagation algorithin gives the
sccuracy of T6.63%. The hybrid alporithm for
various couples of activation funclions and the
pheromones accounting functions gives accuracy
from §1.05% 1o 85.15%.

Time Aﬁl’ quality of hybrid algorithm training
increased in'comparison with classical ore, snd it is
connected with the need of additional calculstions
‘when forming priority ants® ways.

Conclusions

The algorshm jtesting on varous problems
showed its practical applicability. However, because
of the introdiction of "imelligence” “overhead couts™
increased during the algorithm work, 10 be exact, the
training time increased The canct network weights
control allows expecting that oo large dats volumes
algorithm productivity will mcrease. The hybrid
algonithm can be considered more reliable in cases
when the problem can'l be solved by means of the
classical ane.

In particular, when modeling the character’s
behavior in & compuler game the petwork tratning
speed increased more than by 20 tmes. While
choosing the vanous couples of sctivation function
function, for the

system discases diagnoses problem, 3 couple of
functions was found, a1 which the sccurscy of 100%

15 reached
The further plans are to test a nerwork on large

volumes of real data.
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maene I Tlotpitno  seafimu TP
b WKD die MEONRAOTLCH  (BAKTOPAMM,
] € R™, B bubsob] @ K
Co[ cneagl € R™ | o sukowyiors mactynny
ANPORCHMOBANY GAKTOPHIMIING

4 =
['Z“a”’;”: +E=8.C+E.
=)

womGinaun naprix 206y TR M
X
Sk oxpemi minankn, BERTOPHMA pofyrox anox

Bextopin @ € R'ma b e B mac oaMOpANFORY
MITPHIEND

A-a-b=ab’e R

Ta Bextopuni 306yToK TpLOX mexTopin: B e
R'beR'race R%me Tensop 3-ro nopanky:

L=a-br-ce RO 4 i by gy

x ; afio L it MH‘
4
oL abcy te_(3)
-
PARAFAC[4] BHKOHY IO

M ANOrO  TeHiopa ¥ DWrnaal
wOMBINANIT RN wTeHin (B LLOMY WHIAKY
TPRAINiANNX) B cniocif, awanoriwiuil GuainiANiA
MATPIHIR  nexomnodmnii  Ha o muasiny B

HHry A P P i
PARAFAC  ne  soxnaasiom,  miskws  BRMOT
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Bicwasn Ko wious gm0 3 imepcmemy

menia'camni PARAFAC.

BBANATH, W10 BCI BCKTOPH  MAOTE

CAMMIY ICRRHHY, wol i Mo

a i PARAFAC
seomens Xapumamad]:

K'itt‘a‘ shoe, +f= ABC
=

o y exminanenmiiil enemenTHIR Gopui

Y™ i}rn,b.c' te_.
-

ae A -garropn sacurrafysanns Ta =] Ay, by oo

) Ocwomna woneas wome Gy npeacranicus s
p dopui uepes P

NPEACTARACHHA PORTOPTHH Tenlopa X

¥y = AN (CoBY,

¥y & BA (Cad),

¥y 5 CA (Bad),

ae A=diag)), » ~nobyrox Katpi-Pac.

Bukopreronysmm n MipRt 206¥TOK TCHIOPA
188 MATPHUKS, OTPHMAEN)

X=ax AnBl;C +E.

ae pe RV ninmnmmuﬁ wybimnmil Tewop

¥ Ha

G=pe R™™ 3 gp0.

Vee(Y)3 (CoBoAlr.

Tproxcropomia  PARAFAC sopen. some
GyTH onkcana 3 AONOMOTOM  GPORTAILNAX,
Goxosnx Ta wapin
WHHOM

¥, = AD(c, )8,

¥, 5 AD,(8,)C7,

¥ = BD(a,)C7,

ae  Difa;), Dyb) 1a Dyfc,) = niarowassi
"""Pllﬂ Wo oTpHMywTE i-THl, THA TA Q-THR

e

ac warpuus  De=Dyey) - aiaromassnn
MATPRLA, GCHONANA 1 g-Tomy paxy C.
PARAFAC  daxvopusauin  seowe
E L3
MPOGHEN MATHLE, D TPHBOINTE au HBHAKOTO TH
HATAHOND OOYNCIENHA POIKAARANIN.
Han  toro, wef  ofwmcawre  Hesin'odmi

EounowesT  wmaTpiie (A, B, €] sl
Gyt maprocTi b
He  npamine  MIHIMOYROTRCE  (BLADOBLNG A0
) HAcTynmi iyl
BAPTOCTI:

DAY IABLIILY-AIABCIIL +

aallAl+ oullBY + acliCl) .

Lo 0 OfMeKeHE HEBLE DMBOCTI |, 0, G G =
ML M BAPAMCTPM pery RRpHIaLL

lewye ®K MIHIMYM TP POIHNX  TIANOON 0
poan’wikne wicl onTisianAKol Janaw. Tlepunit
MAXLE ~ BHKOPHCTARKR Jomasion  hopsi
wimonol dywsuii ¥ swraaal doeved X-[[A, B,
Cl=0, Ta SACTOCYBAWHA HEBAZ'CMINTD  METOAY
Wadimenuns knaaparis. Ued masia fyso snepuse
FCTOCORANG MR BEBIL CMINGT (aKTORIIALLI Teropy
n polioni[$], a Taxom[6,7]. Heobiaw Taxol dymaui
some Gyt penweux poasipin (F+T+ QW =ITQ, wo
aC AymE RHCOKY Wiy ofuMeient.

Mt MAXia APONOHYE CITHMITYBITH LtGRY
QYNKUDO ONONBCHO B0 BiOWCHHIO A0 BCIX
I
nmnumummd- wetoa cnoayucHns rpagicnmis]8).
Ane W TAKS WiNOND (PYHKILN BIATRAI HE € DOYKAA 1
We TAPANTORING, IO JOCKTHE  ONTHMATAHORO
POB°KIKY, XONA PETYIHTATH SYRE NEPCNCKTHIMNI,

HaRbimu oy spums nmosos © seton ALS
~ METOZ TMINHAE NafiscHiiMx knaapaTin. B oasomy
flaxon ofuHEmIOTICE FPATICHT yHIi RapTocTi

BLAMOCHD  NOMHOI  OKPCMOI  KOMIGHCHTH
wo i b 1

Heranew )

¥,D, =-Y,, (CoB)+ AIC'C) * (B'B) +aul).

VD, = =¥, (CoA) + BIC'C) * (A'A) taall.
VoD, ==, (BoA) + CIB'B) = (A'A) sacl],
ac o - aofiyrox Katpi-Pao,

praok watpnis A, B 1 C sianosiveo, T
T sMaTpHLE Y a = - aofyTox Nanasapas
BUANOEAMOTD pRAKY Ha Fomonsill Jiarcnani. Mpwipi a0 Wyas
i i ans

Joxpena,  ayme  IpyaHo
i WD MOACTE B TEPMAX  (PPOHTRIRNAL
usapin, K Y=Y , Tewopy ¥

Y, 5 ADB (g~ 1.2, .0

MLATPHMKN BB EMNOCT) KOMIOHENTIR, OTRHMYCMO
eerTHNN | BINOCHD NPOCT HERLTCMHD OHROBIEHI
npaswna ALS e wesia’cumoi daxtopaiai
TeHopin
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choice with the fuzzy set of non-f y
preference relations

The decision making problem with a purpose
which is ser with the fuzzy set of non-fuszy
Preference relations is considered in this paper. The
definition of union and intersection of fuzzy set of
non-fizzy relations (s explored. The fizzy set of
weakly-cffective  altermatives  are  defined, it
pmprmamqpbuﬁ

: Sfuzzy
mrnmngfupu? decizion mhqgmﬂul, rational

“E-mail: msomai
Paper submitted by Ph. D., Pm\" Garashehenko F.G.

In this paper the problem of alternatives rational
choice under a condition that the of the
person which makes decision (PMD), set with the
fuzzy set of non-fuzzy preference relations is

Such models g lize the decision
muking problems with o PMD purpose, which is set
with the ordinary (non-furzy) set of non-fuzzy
preference relations. On the one hand, such

allows. Ftuats in the case
when it is impossible to build the functions of PMD
utility, and on the other hand — they will allow using
the fuzzy set membership function of actual for the
PMD  preference  relations a5 an  additional
information  generator for the choice of sole
alternative,

Let the PMD be able 1o compare any pair of
alternatives x, v from the set X of Euclidean space
E by non-fuzzy preference relations: R g X=X,

P 3 nesi wirKHE
BLINOWENL nepenarn

Poxsmdacmecs saduva apuiisamms plucis 3
ML WD GGONCTNRCA  NEVIMRGNE  MROIUNORT
wimenr  widwowenn  nepesacy.  Jocridmyomncn
mougmme  off ‘cuanms m urpmwy wesimul

sl
AONRITE WEGITRO] AROJRUE CIIGR0-egienmisanE
oo

Kowruomi croaa BusameRpUmEPIa NG
mum;.m_ HEvimEe ﬂd«lw nnmy 2 radava
s, payi

afiip.

order R is the complete relation | cRywv pRx,
¥,y X), therfore R R and K' 2R From
here follows, that §= R\R™ = R(V(E)" = K" and,
vice versa R= 5 but J = ROR™

We will consider the aggregation of preference
relations &, icN, in the aggregated preference

relation & by their union R = U'k_.

It is obvious that the relation & 15 complcte, and
therefore is the unstrict order. Let § - be the
prevailing relation, induced by the aggregated
pfnkmc relation R, then we will get §= R =
=IURJ ﬁ!ﬂ -ﬂb where S, =R'- i-
the criterion fu—vulu\g ﬂ:!mnu. induced by the
preference relation R, ie N

by the union of criterkon relations

e N =12, ). These an be
understood us some criteria under which the PMD
compares allernatives from the point of view of
achieving the purpose. Preference relations R,
i& N, we will consider in quite 8 wide sensc as the
unstrict orders, i.e. binary complete relations.

We remind that for the unstrict order K, its
asymmetric part §=R\R™ is called the prevailing
relation (by strict preference, sirici order), which &

nd veflesd

n.-wlh in the next understanding of the aggregated
prevailing relation. Let the alemative x strongly
prevail the alternative ¥ for the PMD, if x prevails y
by every criterion relation If we assume the
existence of utility functions u, : X —» E' by every
criterion prevailing relation
5.ieN (25 yeau(x)>n(y), YrvelX) the
resulted  higher intcrpretation of the aggregated

iling relation will answer the kmown weak

e and the sy ic pant
!=SU5)" is called the indifference relation,
which is symmetric and reflexive. As an unsinict

axiom  of Pareto comparison  of  alternatives
(xr=yoru{)>ulyhiaN)
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Such method of altematives comparison results
in the notion of a weakly-effective alternative as a
maximal element of set X under the relation 5.

The alternative x° is called weakly-effective in
preference relations (let us denote their set as WE ),
if 8, vy X

By means of formulas { 1) 1 15 possible w presen
the set of weakly-effective alternatives in terms of
critenon preference relations thus:
WE = x"] (YR, vre X}

The PMD cannot expressly say sometimes what
preference relations K, ie N, characterize his or
her purpose, but can set some fuzzy subset N g ¥
of these relations. In this case the generalization of
set weakly-effective aliernatives notion will resuli in
the necessy of construction of & next set
FWE =17 :'(H RlpwyeX), where  the

relation f = Uk presents by nself the union of

fuzzy set of non-fuzzy relations R, jalN
Consonant 1o [1] it 15 the fuzzy relation of type 2, 1.c
the values of the membership function of this
relation form fuzzy sets.

We  will  denote  roXxX 00 -
characteristic  function of relation R, fie
Ryorxy)=l s yeriny)=0),

We will denote 5: N —[0,1] the membership
function of fuzzy set N of preference relations R, ,
which characterize a PMD purpose.

Forcach x, v & X we will denote: NV(x,y) =
=lie N2je Mudr (e yhnl0) = {elxp)ntiy - (1)
- set of those indexes of criterion preference
relations, which don’t get better with the increase of
charactenstic functions of relations R, ia N, and
membership fanctions m() of fuzzy set & ;

o e NV,
Winan {o. fe N,

= membership function of fuzrzy subset of set A with
atransmitter N {x, ¥},
We specify notion of union of fuzzy ser of
relations 1] on the case, when they are non-fuzzy,
The union of fuzzy set N of non-fuzzy relations
B iaN, wewill call R= UK - fuzzy relation of

type 2. which s definile on the st X', and given by

2)
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triplets (. y.rix, v.2)), where x, v are altemnatives

from set X, ri e = [0,0) —[0.1] is membership

funcuion of fuzzy image Fx, v), which executes the

role of the “fuzzy membership function™ of fuzzy

relation & of type 2, and is defined by: rir, y.2)=

_ max i v D] ) = 2 = o
0, iz yi=z zeldl]

The values of fuzzy reflection Fix,y) at fived
23" e X form fuzzy subset Rix". 3"} of set 10,1}
with the membership function ~(x",3%,2), ze 100}
We will mark that the set (0,1 sets to the universal
set of images of fuzzy reflection, as after (3}
zenlx a0l = Axyu0 for ViyelX.
ieN. The value rix,y.1) can be understood 1s 3
membership degree (x, )€ X =X 1o the relation I3
Accordingly the value rix, y.0) canbe undersioosd as
o degree of absence of membership (x, v} e X=X 0
the relation & .

The following theorem allows to structurally build
the membership function r(x, vz}

Let's denote: 1* =l & N| i) = max )]

Theorem. Let B, ie N, be non-fuzzy relatwons
defined on the set X which are fived by
the characteristic function rix,¥). nyeX, ieN:
n(i), i€ N, is the membership function of fuzzy st
N . In order for the fuzzy relation A of type 2, which
i set by the membership function rlrrzls
x,ve X, re 01}, to correspond 1o the union aof
fuzzy set ¥ of celations R, ia N, ie EHIHR.- "

is necessary and it is sufficient, that for x. v e X

max nlf), JeNoninyi=l
IO i .
0, Rl =0 EN. g
maxn(j), rlxy)=0Viel
Hxp0) =g =¥
0. el iriny)=1

Proof. We will show first, that formula o is
equivalent 1o the following one:
Yix )2 @,
sy B ) §
0. NV, 2 =@,

where for Yy, ye X Yzel01)
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Ny tieN| zarixy)= Farst we will write (6) for == in two possible

i6) cases. At first let £(x, y)=0,%/ &N . Then according

= e =

We will mark that from (2), (3) follows, tha
k= UR e rxyi)=

LI

X
ek e

crlxy)me,

_ “mdmnm.ﬂ-
0, rlxyi=z,
xyeX, ze(ll}. Therefore, for proving of
equivalence of (3) and (5) it 15 sufficient 1o show
that {7) is equivalent 1o (5), (6). So, we will show
N“[x.ﬂ-lle”[q{x.)‘)-“m”()(l.yl- miy=

Wil ayeX. (8

max
Py
Let the following equalitics be executed for some
nyeX, ieN:

max
eplerHn et

'.l:.yi-_m,,',u.yx i) = 7). 9

We will assume the opposite i€ M(r,¥). Then

according 1o (1) 3eN, for which
e yy=rlxy), Mz aiiy, or plsyyzrlsyh,
o i)

In the first case, from here follows that
fley)> max rixy). In the second case, we get

aif)>  max gl ), and it, contradicts (9).

sdersentey

Let ie MYz, ). We will assume the opposite,

that  rixy)< max ricy)is  executed  or
i
miye e i)

In the first case, we see that 3/ e A, for which
iy i), nix,3) > rix, ). Then (rlx, y)atil) =
= {rix. b)) and sccording to (1) i € NV(xy) .

Like in the second case 3keN for which
Alx, ) > nlx, ¥hatk) = pii). Then (5 (x, ¥)otk)) =
= (r{x,3),70i)) and according to (1) § & NV(x,¥) .

“Thus, we got a contradiction and () takes place,
and from here follows  the  equality
Nxyz)=lieN| nlxy)=2)IN(xy), then
formula (7) is equivalent (5}, (6) and so the
Formulas (1) and (5) are equivalent.

Mow for the proof of theorem it is sufficient to
show the equivalence of (4) and (5)

159

w (4) rixypl)=0. On the other hand, from (6)
follows, that NY(x..0)=@ and then according 1o
(5) Az, p, =0,

In the second case, let JieN:riz.yl=1. We
will define for (5) the value rix,y.1}. For this
purpose according 1o (6) we will build the set:
Ny ly=liaN] 1=rixy)= max rley)ofi)=

mi) = :r,-:';“mj}l We  will  show  that

Niaply=Arg max n(j) s executed.  We'll

max mf).

g

denote -;,‘:x.yj-_mllvx;}.mism
then we have i =nl{x, ) and max rixy)=
e

max r(ep)} e
L L]

rflx,}')l-ll rix,y). From here it
"

=max| max o ey
s

=max|l, max

i
is obvious that § & NY(x, 3,1}
Now wice versa, let ieNU(xp0). Then
l=rix )= 'm_‘r,(:, ¥ and  plid=miay).
From here i Arg ""L"‘ﬂ' %0 according 10 (%)
Py

rlcp)=m, and thus the formuolas (4), (5) are

equivalent for z=1. ]
Then we will write down (6) for z=0 in tao

possible cases. We will mark: -ﬂ:w-ﬁj:,
I =Arsll5l'lil- At first let rixp)=0, Viel®
Then according to (4) rix,».00 = We will define
the value #{x,»,0) from the formula (5). For this
purpose we will build according to (6) the set:
N{x,p,00= i€ N| Ourley)= max rioy)
iy = max ()} = € 1[0 = £(ny) = manr(r ) =
= 1", From here by (5) rix,»,0) =5

In the sccond case, bet Jie ! :nlx,y)=1. Then
scconding 10 (4) rix . 0)=0 We will define the
value rix,y,0) according to (5). For this purpose
after  (6) build  NV(n w00 =
={.ej\.'p=r,l:.rln‘wl_rl(i-_vhm#)-":"ﬂ 7)ol

we  will
.,ﬂ-p‘q” O=rix.pl= m-}gr.u‘;-]-n =&,
i

From here sccording 10 (5) rlx,w0)=0. and thus
thie formulas (4), (5) are equivalent for 2 =0
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The theorem has been proven.

We will pass on 1o the choice of fuzzy weak-
effective alternatives.

Before us anses the alternatives rational choice
problem from the set X with a purpose which 1s set
by the fuzzy relation of type 2 with the membership
function rix.v.2), £yeX, ze{01} of kind (4).
If we generalize the notion of a se1 weakly-effective
alternatives on this case, it is necessary 10 build the
sl FWE = (x| x‘ll%R,}y. wyeX] and offer
ratisnal a approach 1o the choice of some concrete
alternative.

We will consider two cuts of fuzzy relation £ of

tpe 2.

If we choose = =10, we get an ordinary (type 1)

fuzzy set with the membership function rix, v, 0). It

I s the of bership absence of
altlernatives  pair to the aggregated  preference
relation &

If we fix ==1, we also get an ordinary (type 1)
fuzzy set with the membership function rix,y,1).
As according 1o the theorem the function r{x, y,1)
b the bershup degree of 3
pair to the aggregated preference relation, i is
possible to count the value rlr.pl) by the

ip degree of the al ive & above the
altemative y. Then 3 value gx) = minrx,y,1) can

be considered the degree of al

w4

Ralletin of Taras Shevheain
Natsonal Uneversty of Knev
Sevlen: Physics & Mathemaiicy

Proaf. A i
alternative

w0 of the '3
)= g6 = min e, 1)

From (4) follows, that r(z.y‘l}=_7v_a§_|1?(;: o

Al =0 As function r(x,v.1) for WeveX
can take on only finite values from the finite set
(Ot Utmib e N}, from here follows, that these
always exists i F:‘:i’nr(r. »ly.

Statement 18 proven.

It i clear, that the PMD firt of all will be
interested in only such a solution 1 of alternatives
ratonal  choice problem with the fuzzy ser of
preference relations, in which jufx’)> 0. On the one
hand such a requirement complicates the problem of
choice, as it 15 not possible in any case. On the other
hand, this requirement even simplifies the problem
(10) of finding maximizing fuzzy weakly-effecive
aliernative. It is explained by the fact that according
to formulas (4) for go(x ) > 0 it is necessary and it 15
sufficient, that 3jc N, for which r (", ¥}>0, and
then  rlx,y1)= max (). Thus, under the

condition g(x) >0, the problem (10) takes the form:

max i) Erlrpzhe
=

#) = masmint

In it should be noted that the approach

& sbove any alicrnative from the set X . These
considerations give ground to defining the set of
solutions of alternatives rational choice problem
with the fuzzy set of preference relations, as follows.

The fuzzy set FWE, which is definite on the st
of alternatives X', and has the membership function
ala)=minr(x,p1) we will call the furzy set

‘weakly-effective alternatives.

As the PMD, as a rule, is imerested in the choice
of some sole alternative, he or she needs 1o choose a
furzy weak-effective alternative = with the
maximal degree  of preference  gx). These
considerations lead 1o the following notion.

We will call the alternative x* € X & munimizing
fuzry weak-effective alternative, if

Ma'l-l!:n;dx}wnnxr_r_ﬂ}uh.y.lj. (10)

Statement. For the alternatives rational choice
pmhic_m with the fuzzy set of preference relations,
there is always » maximizing fuzzy weakly-effective
altcrative.

1o the decision of alternatives rational choice problem
with the fuzzy set of non-fuzzy preference relations
considered in paper naturally complements the
known (2] methods of ahernatives rational choice
with the non-fuzzy and fuzzy set of non-fuzzy
preference relations,
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BIBAIXOBRM faykanmas HATMBICTRCR

NoCTiZORICTS TOUKCRNX npouccin (S, S Ny).one
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Hanani MW POMARTACMO ARHIE MATKPITIRIN
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Apyro yasuil 113 Tnes mn wepes ¥ = | L N" mecwinenne

e mm. “-mmozl' sl minatd acpeno Yaama-Xappica  BCIX  CEUNMCHHUX
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[v| Hasam v Gyzemo wasssare MLy yMOM, 3
TAKOK iHTepnperanicn | v|  nodwasac  wosep
B OAKOMY TyyM v .
Kommomy pelpy (v,vi) aepewa ¥ nocrammmo ¥
BANOBLIHICTE MITKY X (v}, 1m0 305ac scys noswusi
INANBLTYYME Vi BLANOCHD BoanuiT inanniayyma v,
Brusammo Xp =0 1 X, = X,(v)+X.. Ba
X, mzac nowmuino aneiayyma v owa gifickin oci,
Tenep toukomnit mpouec S,, wo masc powmuil
HeaHmayyMIn #-r0 nokonines TBE, some Gy
noALHIH TaK:

Sd)= F8, (AnR),
LR

ac A - aosinaa Gopenineskn muommnua na npasidi,
Nonifiums  wwmom, nax kowmore  we b

BOKDLIEMO Aplu)=0 T
X=X (v} + X (u) Bu A () 3anac scyn
DO MBAYYMA v pignocho oLy

MANRGyyMa u . TBE somna intepnperysamn s
foMiMene  mwnamkose  acpewo  (F,X), ae
X=(X (whveV, we V).

Tpemycriso, wo icnye y > 0 raxe, wo

mo=EY e cm
=]

Noxanaemo

W =Wr)=3e"m = YhoneN, %
= =4
Al = e"‘n{"‘.

Hexan F, - TPHEIAILMG o -anrebpa,

F'_:rrM‘,(v::;eN.r\-I:nl, neN, ™
F.o=olF, neN,) NMocaigonnicrs
W, F):neN,) FTROpRE HERLY cMmmi

MApTHHIAA | ToMy IGiFACTRCR MN, 0 panismol
W, KKy Gyaesmo notmasane wepes W Janaumun,
wo ns W o 2 Amomip
TOaL | TUTRKH TO, Ko saprinran (W, ine N e

YMOB, 5K TAPANTY TR CRIMMCHIICTE EWAW) 1
Jananol gyl ¢ KABCHINOR JanaNen Teup
FIANRCTUX Mpouecin. ¥ BHIAAKY, xome MApTRTAN
HE € PCTYANPHHM, NPHPGINNM SHADOTOM Sragakod
TN ¢ A0CTULKCHHE  ACHMITOTHEN EW_fiw,)
fpn m—ba. Y aaniR pofori Taks npobvess
BOCALARYCTRER ann pywruii f(x)=In" x
Axmo  smapriwran (W ne Ny o
PEryRApHnM, 70 33 Teopemow  Banc-[lycoens
(reopesa T22[11])
SUpEW, In* W, =
w0
30 ywomw EW,In" W, <o nocaiommicn
(W, In" W, ine N,) ¢ vemia'sminn inmerposios
cyfsapranranos. Tomy
lim EW, In* W, = m.

T uwepes M
POMIOAN AKOT KAACTLCH PIRHCTIO
EMM)= EZ LKL,
=
(] NPHIYCRACTLCS BHEOHINON L1
A0niAkI0T GopeninesyoT dymkii &
Dopmy ™ Ty

Teopema | [Trunycmuvs, uo
() FeHYE 0CAIOBRICTS J0JaTHNN CTRIS
b, 10w D) raxa, wo

InM +InM,++inMb = p,, n—sm,

AR g%, - CTHRKHA JAKOH 3 APAMETHOM
ae(l.2]a M, M,.....M_ - nesaacwni konii 1y
M;

{6} anw aewxore & = 0
EW,(In" )" <
Tox
lim EW_In" W,b_ = EsupZir) € (0, ),
e st

ae (2(8):1 2 0) - @ -crifixil npouee Tesi Taxnii,

@

P P . B oxpemix
MpUTCpiQ T IHTETPORROCTT Gym
neranonsennit (2], (8], (9], ¥ nownin IAATHOCTI
FIONO MORMHa IHARTH ¥ poborax [1]wa [6].

Koan MEAPTHIEAT (W inme N, €
Peryaspamm, win abirsencs wmafixe Mancano a0
BHILAXOBOT semwwi W, wo ¢ ponmtier 3

me p in Z(1) e p, .

Jaymamenwnn 2 Vuowa fa) omaver, s
Pomodls wa nM waresums  ofiacmi
TaKony 1 a,
JONRENG,  ERTRDC,

:;-q{I.Z]. ERETTR
ElnM=0



Kyiv National Taras Shevchenko University

i Ko 0 miloviISnG0 Fnisepcumemy
isvewi Tiguicer Ullewernn
Copin rns-smamesnamuns v

Jlofipe pizomo (anm., wanpuxaan, [10]). wo
b, = a"" L{n) ans nesxol dywkuii L, mo pmosinso
IMIHIOCTLCS WA 50, T3 0

[ putdn =

=exp{—4 |1 [* (1+ ifsgnttan(mz/2))), te R,

s d=0mn|fiK].

Fmymascennn 3 fxwo 5° = Din M <o,
ma (4) wafiyear measdy
Bm EW, In" W, /n = /2.
Jsicno, s usosy mnnaaky b =50,
wianoniannh npouce Nesi (Z(1):¢ 20) ¢
GpoyNIBCKEIM pyXOM, @ 3 NPIRIINE BLGHTTR
Adnpe slnmmac, o

supZ(0) = | 2(1)).
g -
Tosy EsupZif)= Jix

Hosedennn. Hexah (0, k € N) - werasesni
*omil sWrAaKosoi meswumNn ) poanonin  skoi
BHINAYACTLCE HACTYTINIM HIHOM
PiQ e A) = xPIW, e 4}, 5
ana wosknol Gopenipeswol muomann A wa

R Nowsazewo 11, .v-n'_'M_.
3 pesymrarin pobotw [1] menmesac: Ko

wiz4

EW "W, s EW, In(W,+1)

s En(YN,.Q +1)

b

= h(}n}rlﬂ'(m‘ul:r!‘_l}-v oy
+h(max @) =

o h(’-ﬂjv:::i,.‘l}: +ln”(max(, ),
ac T, =Inll,, ke N, Ocxinn (T,:neN,) ¢
saprimrasom, 1o aaw e (l,a) mxonyenen Ly~
wepimmicTs JQyGa

B

Kpis voro, wriase 3 [10] somenre E[IT I]

an

© piBHOMIpHO ofMewersm (no o ).
Buacaiaox wepiniocT

max T, | max |7, )"
] ot | ] eme |
b, b,

maxT,
BOCAIOBRICTH {“-;}-— tmaN) ¢ pinnosipso

iHTErpORON.
Friawo 1 reopesmon 4 (5]
‘)

"
—+supZit), n—+ >
tus

£() € wecnaanom Ta srnyTow dynsuioo, a k()
HECTIAANMO §yHKLICH, TO

EW.g,)< Fg(3T1, 0,0, ne N, (6)

™

EW h{maxw, ) = EbmaxIl, ,Q,), neN. ()

Biopueronyronn wepisnocti
In"xshix+1)<in’ x+n2 %)

6} glx)=In{x+1) ra

2)1...9. <nmaxfl, 0, < 7%

Snmaxfl,  maxQ,,
MACMO

2= Esupz(n) € (0.0). (12

Oeximnxn
-‘flh‘mg),ﬁ,l‘" - E!mh‘ @b <

< b E(ln @)

i mtacaigox Toro, wo b, = a' *Lin), ™

Elln® Q)" = EW(In" W)™ <o
3 NPHAYWICHHEM, FPABA  WACTHNI  OCTANNLON
HEPIBHOCTI NPEMYC 10 HYA% fiph 7 —F %0, TO

tim E(in" maxg,b,) = 0. [iE]
Taxwm wwwom, sukophcTomyloun (10),  polimo
HHCHORO
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zER® m:jl‘l._,{?. s me N

Mipkytosn y Taxef cammil cnocib, sx npu
orpuManii Popuayan wa ¢. 159 [4], nepexomyrmocs
¥ ToMy, mo

Pimm{?,_, +in@)=xl2

2P Q> yP{max T, > x=yl.ve R

Barfnpasoan y< TaKe, e
Pin Q> v} =0, msmo

[{E3]

Eln" maxtl, 0,b.) = E(max,,. (T, +1hQ,)b,)
[ Pimax(@, +in0,) > xb,jax

= ﬂ:hgw}fm&hﬁ > xb, - yjdr

= P{hQH'Iy--‘-'nl_"l‘u_{&l?‘.b.-

Bp (12)ma
A NOTIM ¥ —F—50, OTPHMYCMO
bm Eln" mux 11, @b, = EsupZis).
e b -
Buacninox (15)
hrn!:”’ h'ml!"b zEsupZ[ll (16)

P y ",

Huxopscronyioamn uﬁ-m:ncnuu, HABEACH] WA
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Xy~ e EW In* max i, <
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33 peryanTaTamn Konpepesai TAAPSD'2012).

[2-5]) poapoliseno HA CCHONI CHLTLHGID 198 H0TKH
[}
nuauy J'l.orun ﬁywl Ha AOTO OCHONI, MR-

ApOrpastiy cicTeM. Yeniue wiel 38 wo (KHT). Taxi no-
20 enommme €3 WIHPOKOTO BHKCPHETANIE no-  Tikk G na KAy i
HNTH § METOIS sareMaTHeO] nori. Haanmuwit ras- P - P IDBUMN WA
Goxiit | wepoapisnAil I0'RI0K AOFIKH # NPOIR safiopax i IMaNERE.
sanma. 3 oaworo GOKy, NOHATTE | METOLN Marema- anwolpoéom(mmumu
THHIGOE A0TiKN mpoke i 3aC- HHX HHCTHE NEp KHN
Tocysanns B nporpaMysanni. 3 inmoro Goxy, Take CUTHE
BHKODIRCTAHHE IHIYKYE IBOPOTHHR BRAHE APOTPa-  HAX T3 npe-
MYBANRE HA AOTIKY, BHMATAC SpoGHTH MITCMITHNY mxarin, JTorikn oIHOTANIHE -w.-rwn npetka.
Aorixy Grmscion § ATeXsaTHIIOW A0 foro notpef. T noriKaMs 1 cesaMTH-
B OCHORI PLIHOMANITINE HOTIHHHY CHCTEM, NKD Bt KORD, BONN BHESAAMEL B [2). Norikn Torazums e
B NpOry i P AOTIKAMN 3 -
(am., wanp,, [1]), 0% npamiio, IcHTh no-  po AOTIEH weoa-
rixa npeankatin. 118 norika acbpe Baa — AOTIKAMM ©1 JATRILHON ¢
e Garani aocwia Tpore KASCHHINA A0F 1K — 11 AOTIKE TOTRTRHAA
Jorixa Mac np Bonn 6 o
Ha Ty i oang- LN I i aorn 1A p nEo-
AHAMIML P Gp ANCHHE NOTTMIOTO HACIUIKY mmm 0J1 Cranip-
A i xa-  wonow [6]. B pobori [3] nonifim cesanTHEe T3 hop-
pakTepHe s sALE AOFINHOTO HACTAKY YIArATh-

AL CRABANHMM mmm npwoMy L numﬁpamnu
HOMYTE n,-m mmmnnun Taxsts WHHOM, I0C

yeni Ha managox KHJT sacTeoBinG oaHOIRaIHY, T0-

TRAKIHE Ta
HMX I pinnax. Jlami Taxs

™ HOBHX, TIPOTR op

TORAHMA B0 (op Huny p
HHX AOFTYHMX CHCTEM, IHO JHOXOIATLCA HA PrurMa
pimnax sfcTpakTMOCTE Ta SAFATKHOCT] Lawm,, vamp.,

© M.C Hisrreenwo, C C. Winimsnx, 2012
b

NOTIKH Iokpesa, 8 podorax |4, 5], npu
UROMY BENHKY YRAFY NpHILSCHG cReumasiiy A=
NIV MAHOLICHIEM NorisHoro Wacainxy. B aa-

65



Kyiv National Taras Shevchenko University

i wiee. K 6850 it Va0 i Utmmy
iawemi Tapacr lewsensa
Crpron 4ot v st kit V4
Wit poBOTI AN ORHCY CEMBITHAHKY BAACTHROCTER
KILT wwsof ; _
TOPM IARKIOCTE JEAAEHNA 08 IPEAMETHUY ML
Jlotpaseyesocs nowmavens. pobiori [5].
FlosisTrn, a1 1Y e BHIHAMDIOTLCH, Byacme Tay-
maunTH B cenci pobit |2, 3. 5]

1. Cesanmuani momeal 1a monn
B aamii crarri, a% i 8 nonepeanx poborax [3-51
M M0 MACTROB! WEOIHOMANHI NPEIHKATH WY
Miboacii [} Ak BLANORANOCT] (Bianomeria) Min [
TO MHOKWIOK) ICTHIHICHIX THANCHN Bool= {T, F).
Tass np s~
wore muny, Bown ﬁupulnnymn. HARnpeCTiNG
NONETTH
up:nmqra. TAKE YTOUHCHI HE JARAN € BAEKRAT-

w4

Bubletin of Taras Shevchenks
Natiomal Uiversity of Ky
Series Physicr & Mathematics
TPy = TIFPTQ), FUPQ) = FIPC RO
TR () = oy (NP FIRT(PY) =1 [ (FIP),
TRl = [de'd | Te PldVo—sa] 2t aeaxoro acd],
F(AxP) = |de "4 | Fe PldVo—sa] anm scixaed)
Kosmnoauil xon'onxiin &, iMinkaiis —, oxs-
i 4 T2 i Yxre
aimaneni KOMIOIIT FALA0TEER Tax.
NP&R) = IPY-TIQY FIP&Q) = FPrRQ)
NP () = AP AP=0) = PR,
NPe) = (TP TIEIA R RN
FlPer(d) < (MPNAEARSTON.
TIWxP) = (o 'A | Te PldVin—sa] ane wcix aed),
FVxP) = e’ A | Fa PldVo—sa)] o neasoro aed|.
ChenoRHI RIACTHBOCTI MPOTOIMILANKA KOMINE-

v (mam, wanp., [7]) 3 it
ARNYCMO JOCTIIMTH B HSCTYHIHHS po&ovu

B owiii cratn Gyacso JOCTUDKYRATH Keiiapul
MPEONKATN PEINIENOST muaY, TN W MBOERRE
"4 meix Fasenims unoncnn waa 4.

Byaeso nowasarn Pld] siosnny Tix mHaucsi,
skt npemmkar P YA s Bool wmome npwitwste wa

wih THM [SrET
i noris 1n won. Lie taki wiscrumoct (s [3])

— KOMYTATHENICTE | ScominTusHicTs v 12 &

~ AnCTPIYTHENICTE ¥ 100 & 1a & moso v,

- LACMIOTENTHICTE v Ta &

~ HAKONH KOHTPRNOIHIIT, WATTA HOARIHOTD &
nepedernn, ae Moprana

de'd Iporysino, wo Pld]c Bool. Jay wo K i =, 5 U] wepel -, v, &
W BOnEpeaNIK PofOTAX TN LLOTE MH BHKOPHCTONY - Pob (= mPe(ls
manw osnasern Pld). = — (&

Ofnacro wrmanocti i ofinaco xubuocti Founa- i P = (PR ._'h P
IPHOTD NPETMKATE P HATIEMO MIOEBHI j i P S

NPy = (de’A | TePld]) Ta
FiPy= (de”A | Fe Pld]).
Aximo P oasoinasioi, 1o FIPF(P) - @

Kaac 1

Ay i Kaacy
|-iM)I.|p|||ﬂ npeaRKaTin, Lo mRIAsOTLES (2] ax
aamosHa yiui Ty "4 —» Hool

Faancuss 0A0WRoro npeankata P na de 4
By s Fpazmiitng nosasati P,

Axupo £ voracnnmh, 10 TUPRFF) ="

Vomanapuui npeawkat P ua 4 naaseso:

~ ToTamhio e, skiwo TP = FA

~ toram xubuns, wemo FUP) = "4,

- ToToRMO T mkue TP = YA | Py - @

= Toromno sl sk TP = @1 B =4,

= Toramun wacwsenns, skie TP = FIP) .

= NECTIPOCTORIMM, 350 HACTRONO ICTHHHNM, N
wo FLP) =&,

mxonyRa, skwo T = 3,
k HHECTHE

Jlas HeoaNOIHAMHKY uunu-o nFey HP)-O -
AKH MaeMO Tapasokcaneke FIP-»f) =3 Hacm
BicTh Pea(d = (P () &( Q=+ F) e pipha anie 208
OAHEIHIUMIK NpeanxaTin (aun [3])

Ocnosni wmcninocr komnonid R, e T
XKE DIPIE AN SAFATLHONO BROAIKY SACTROBHA HEDI
HOAMHI IpkaTin, wanegem w (3]

The K3 WIACTHRIC
Th iy i P B NpOTRa-
SMYRANNL, € MONOTONNICT BI0A0 POTHINPEHIE aases
HOBHMH Onpemmst MoHo-

TOMNOCTE £ exniTomncTs — Jbepemchid ApAIATONS
IHAMCHHN TP POSLEHPCIN] JAHAK

Hpennkar Pl A=+ (T, F] mowomonsai, sewo
ymonn 4o d’ mananeae Pld] o Pld’]

Mpeauxar P:'A— (T, F) exaimsin, KO0 1
ymomn Pld]# & die d “wanammac P{d ] = Pld]

Jns arpREmAN NP PRETIR M3EME R IHATENHHE

wonnn KIUT © nponosniifng KOMPOINIL (Aorim

AT ) JABEPCICHIE < TH N KRN v, KOMNOTN-

il penosiiaig K| esanraduxains e
Npeansatn =P, Pe, R (P), 3ol wagacmo Tax:
=M= FiPy, Fi=F) = TP,

P TA - (T F) exutmuion, ANR0
3 ymm- P 1a d g d wwnomnar Pld Ve = P

faw P MiHO-
TONMOCTT i DBIABI BHEHEUCHHA EXBITOINOCTI PIBNE
cnanni. TpoTe Afe HCOTHOIAMHIY peasaTe HE
BHE HE TR
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Bicn Kube a0 Mgl man000 8 ieepumemy

isnewi Tapaca Lilewvewss

Cepin. g
Mpuxaaa 1. Jazaso npeankar P rasus annos:

Fl@]=@; Pld]=|T] ans scix oaHeCACMEHTHHX )

Fld]= (T, F) nnn weix d, s6i MaKTh HE MEHI TBOX

nayen

Tawui P ane BiK He ©

it MO
mmm. MOH ne@pumu TpaxtynaTi sk Wepe-
I | npn 3064,

i an XL ELLS Npore ans To-
TIRHIK npi p

BXLUHE SANAL IHGOPMATIISHCTE MOWE e Ien-
WYBITHCE, ARE TAKHX NPEIHKATIN HONATIR MOKO-
TONNOCT) sanoaMicTonde. [las TOTAAMI HpediKe-
TiB OPRRHATION 1040 IMICTONNOCTI € AYATE 30
' 1, W3, MPO-

e, ans
I'Ipennm Pl AT, F} v GRNR, AR 3
yMonn dcd” sannmsac Pld] 2 Pld]

Teopesn 1. Komnommuii -, v, R, 3x 1bepira-
KTk i iTa i

w4

Butlerin of Torar Shevebembo

Natsomal Ulaiversity of Kyre

Sernes Phyvict & Maskemancs

Mobysosa  xoMOoIHUIRHOT CHETESN BN

MOBY JOTIKH: TEpMM aarehpin PEAKATIE TPAKTYEMO.

X POPMYAH MOBH,
Andanit MORM: muomea 1 nmumn [TH
sapomcmsia Py cunmonis (TIC)

MOBi; CHMBONI BAIOBHA KOMDOIMUIR —, v, A, 3r.
Muoacuna Fr opuya MoB BHIHINMCTLCN TAX:
= Psgfr,

— @, e Fr = =D, B, B, Sode Fr.

MORY M3 i cHcTe-
six kpasiapHux npeankatin ("A, Pr*, €). Bisobpa-
wenx inrepnperauil popayn J : Fr—+Pr' mnamava-
CTRCH M OCHOBI TOTAALNOTO OANOTHEHOrD Binofpa-
seann F2 Py—s Pr, axe HOMIANAE CHMBOATMN MIO-
wr Py Gasoni npeankami, Jasacso J rax:

1) p) = Np) ans vommoro peFs.
2) A=) = (Kb}, HooDH = A N D) A,
HRI®) =R (NO)), H3e) = IR

Jleaxi paacamsi 1akOHH KAICHAINOT TOTIK HERIpI
WEE 208 DOTIKH TACTRORMA OIHOTHAMHHE CKBITON-
X Mnm._l.le. F0KpeMa, modus ponens, Tpan-

i .

Upwxaan 2. Jagamo P wk 10108HO ICTHRHIR
ApCAKaT, (- AKX yooon wemdmnoucHnh, § - sx
ToTomno xwbnih npeankar, Toai:

1 now'saye aarefpy aaunx (A, Pr)
is mosmo KHJL Oipumycso ookt meraRay
(4. PP, 1) ~ aareGpaivany cucresty (AC) 3 0a-

Py — ane-
my ("4, PP, ©), Tani AC 3 207aH0R CHIIETYPOKD
AXi 10~

-ll)'l'llb waomy KHIT i3 anrefpaso samies. Hassemo
X MONEANMN ORI T3 CROPOUCHO Notasacso (4, 1)

D,

= @8 rHIN, §-
ToTowHo xiebh npeankar;

= P 1a (-5 wacTRONO iCTHHII, BOTHOWAC
P8 — Toromio xubuni npetmkar;

— Per(d 1a (4+S HacTEOBO iCTHHIN, BOAROVAC
Far S — qorommo xubuni npeanxar

J{W} nani

WCTHHHS TpW 7
ol ua A-ld 1), af A-peenpocrona {mnu
A=), wxu B, - YACTHKORO ieTHINIRR BpEasETT
@ yooan beTiMa, 860 WECTpOCTOBNA [ HOIM
=), miamo A |- 9 A2 KowNOE MOIeT MoK A.
P @ TOTANLMO KCTHNES TPH INTERIPETR-

Mpu. P Tk

TR (M) TR (GaPh (TR3)

F(RE (3eP) c F(REZ(PY) (FR3)

Teopesa 2. 1} [lan Sranueoro BHnALey KBasiap-
M npeankarin nesipni TR 1a FRI,

2} flan exmitonmws npeawkatin sipne TRI 72
wesipue FR3.

3) Mlaw aserwvonumx npeanxarin mipne FR3 1o
menipse TR

Monu, ComaiTHIHIME MOACTEMN YHCTHE NCP-

KHN e FAM CHETEMM KRA-

!“Nlu n'pnuumn KBAHTOPHOTO pinita — Tpifies
surway (A, PrY, ©), ac € a0 sioxnnow Gao-
BHX KoMnoTuER -, v, B |, 3], Taxa mnnmmun

Wil wa A= (A, ) (noan. A judr), sxum @ — 10T
10 ECTHEINER NpeLIaT
@ toraseno icrienma (now. j= @), ek A @
anm kommol Mozeai mont A,
Wopuyas @ nHKONYRANA AP INTEPIpETAL W
A=A 1), 060 A o, -
W PEaNKAT.
L

mmo B A HpH -
TepnpeTaiii 1a komnil MoseTi Monm 4.
Tlomifimss SHIOM ISCMO BHINIICHAE HOPMY TiL:
— rorankio xuGnol na A Ta ToTARLAG XHbNoT,
~ TOTEAND IETHINO M A T3 TOTORHO IETHING],
— rorosn0 XGNOT na A Ta Ta TaTomH Xnhnol
Teapema 3. |)Y BHUTAIKY WEGKTACHTHNOT CEMAH-
T (inTepiperauii Wa AC 3 WacTROBNMH OAH00HA-

HE CHCTEMS Ja3a0 ry anrebpy

i T TOTAIRNO ICTHHIHY

uy cucremy) aammx (4, Pr') ™
reGpy npeansatin (Pr*, ).

A oy
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Bicmon Kuboro o ss puiseih wmemy
imsemi Tapacn Lhowwenss
Cipin. ghiriones: silee Myl i

2y EHEAKY DEPECHECOl COMATIKN (INTEpIpe-
Tabii Wa AC 3 TOTAIRHAME HEOAMOIHAMHAMN NPEin-

12,4

Builetin of Taras Shevchenbo
National Lnivernity of Ky
Server: Physics &

i mchz. Lo somcna pobnme 32 aonoMorom coen-
Atk A= F-omaenin BUTHOWEHE NOTIMHOTO. Wac-

TR MMM TR TORHI anopowss;  aiaxy (ame. [3-5]) B wi pobon -ump«nomm
)y msnaaky PR n[8] O-apni
ol wa AC 3 m i i 38 np IMeHaMM fpean-

pe-
AMKITINM) MEOKHITE TOTLILEG ICTHHIMA T3 RECTIpo-
CTONNHL OPMYT IOPORNE
B enacwsmiil 201 Ta DOMiN eRBRITONHIY NPes-
KATIN FORHD wopnynn BHraany 3o & &, ne © Ba-
anw

BHIAKY H0-
Fikm T Macko:
Nprxaaa 4. lowywom. mukonysani dopsaynmn si-
ranay ~3cb & O,
Hexai ®e Ps. Iimepnperyeso @ wa A = (4, );

F, wun x @ asnid

D)= T, swwmo x exmﬂ‘sﬂ'

Jlan komnoro de "4 wacmo: Io@, ()= F, wsinon
~ I Ad) = T. Jiaw S 'A vaxoro, wo x¢ asa(s), roni
DE) = T, wmimn (- IeD & DY &)= T,

Moaemn mons B = (4, Iy) dyasena 1o 4 = (4, L),
Ao Ty )= Fid,) i Fidg)=T(D,) anw kok-
noro @ Ps. Toai A = (4, L) ayanuna o B = (4, Iy},

Tyt § nosmavac aonomsenin g0 Sy 'A.

Awuso A= (A, Lo} — 13 SECTROBIMM DAOIHAIHHMN
npeamcaTasn, To ayanna 8 = (4, i) - i3 roranum-
M REOIHOTHASHIMIE PETMRATAMN, TA HARTAKM.

Teopesad. Hexait B =(d4,l;) avamsm a0
A = (A, L,). Toai ann xoxuoi $e Fr:

1) T(@,)= Fid ) ra Fidy)=Tid,);

2) @y exnronnni = Dy AHTHTONIKA;

3) @, avrarronmmil => @y cxnivommMi.

Hacaiaok 1. @, necnpoctornmii na AC A 11 Nac-
THOBRMMI DIMOTHANHHMM NpeaHKITAMK & @y To-
TN b 1a ayannii AC B by roranenimn
HEGIHOTHANMIMIE SIPCIMKETAMN,

Taxies §stHOM, HEOKIICHAND CEMANTHED Ta nepe-
EHYEH CCMANTIND TyRhil

s i e,
mo ke Pld) uon EYTH prans JanemHe Bia
TOIO, RAGANTE GM HE BXOZNTH A0 d KOMNOHEHTE 3
fremMpM npeaMeriis smerer. Le neae 1o toro, mo
N8 AOTIE KRANAPHILK NPCANKATIE Bxe penipwi [3-5]
JEHNT BTN KO KIACHHHOT 0T iKH:

= ¥ WHIALKY WEOKAMCHUHOT CEMANTHKR iie Tanm-
an wipii [=Vobead, =D Ivd; ann aenxux dop-
My P moaso; |= O o 13 e Tedady,

= ¥ BHDAIKY DEpecHiehol CEMaiTIGR He JARIH
mipa [« Ve@b D, fu DT, nak aenkmn dopuya O
MO, | Ds ol T nemipao ju Ied—ad,

Tasxien unmom, np iNTepIpeTatia dhopuyn nap-
TO RBHO BKATYBATH OIANCHI TH HEOIHANEHI NpEaMe-

EX, WK} HARBILETS W
AAHAK KOMIOHENTH 1 NUINORUITHNM IMEHEM 2
TIpenmkaTan-ANKATOPH £ BIIHASM MO TN
Tiez) = (| el2)T) = fde"d |zeamid);
Fles) = {d]diz)4 ) = e "A | zasnid))
ocHoRm i B
1) M3yey) = A¥yey) = Fldy—ey) = AVy o) = &
2) A¥yey)= F¥yiy) = TEv—ey) = Ty =) =4
3) TEepdel)) = Y Mep& ) = &;
4) Flapey&P) = FiY oyl = "4
5) T3 el = Tiauey =) =
= Ty(~eyvP)) = TUoey—F)) = '4;
6) Fi3n(—ervP)) = Fi3ney—+F) =
= FIvp—eyvP)) = Fivpey—Fn - &,
7) ey P) = -ty P} = I oyl P) = I,
B) Ve P) = Vi mep—e ) = WY —ay&F) = Wyl
Teopesa 5. T(R J(P)m Fley) TURE (3P)) T
FIRAEP) m Flenc FIRE(P).
Jani p MO HHCTI TEp 7
B HKHE MOBH P i3a 0
CHMBOMIB TIpCAMKATIB-IRANKaTOpin (ex|re V). Taxi
PORUIMPEN] AOTIKH 130T RIIPIBCHL KBAHTOPHOPD
pimen 1 GaOnRMA KOMBEIHLEDEME —, v, B 3r, L

KHA,

L Biawowenns aorivmoro nacaliey
H’n MuORHIE Wnyn BBEIEHO |3] raxi nm-pm
=1

I“ CHARIRA" |=rr, mnmmnm fren "Ha-
et f=o. aoriumi macaizen. Jlas llpolvu)lilu"-
1o AoTiNH Taxi sLAOwENIR poarssaanch B (6]

329000 NAMOWENNY KICHIAKY IN Anox (opuyi
PR INTEPRPETARI KA dikcosanif Mogea sonn A

D@ =¥ o M@l T

D= e FVS FlPL)

3 ¥ o TR TP} 13 FL¥ DS IR

N o't & NDIFIE) = S

S)P et o2 F@)oTa) =4

BLANOKLINI HANOIICHIA A0TIMIOTD HACAAKY (=7
1=r s %77, =, [Fcw BUIMAUACMO 30 TAKOW CXEMOK!

D=, o @ e ane womnod sogem somit A

Tyt i maami » — ne oawe 3 CF, Cm, T, F. TF.

Breaeui wamnowenin [=r, =5, |7, [=a 7o 7
pedurexcimm B TpanIs TR

Teopema 6. Henali AC B = (A, fa) ayatuna 20
AC A =4, L). Toni:

(T L R A T A P
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Burspn Ko wi s ssngsonn kue Verpoemey w4 Buietin of Taras Shevbenie

et Tapore illewsewen af Kpiv

Cepin: waye Serier Phyvics & '
NP pa e Ot m Dl Ve Byt raa Ot v ¥ D&(P—+ )tV S8~
Jnw 1 ®ea Ta 2. Hi © TaKi Cij

= NOpoMKI; [ TeOPEMN 6 NHNANDSE, WO AN% 3a- ea—.-v::m'hr-. =W = DY

raakHol comanTiien D= e O e O e W
TaKkHs YHHOM, ¥ BUIAAKY SAFARLHOI COMANTHEN Mi-
£M0 £AMHE TPHPOIHE IMPCTORNE BLANOWEHAA |~ pr.

I
TOORNE, MOXNA PORANANTH [=r. I°r, =17, |=a1.
Jlan nep ]
NOPOMNC, MONNA POITARTATH [=r, |=F, [=5r, [=¢a.
T JOTIK TAKOW ¥
CTLCR BiA lwnmllm Aorikn lmmelm TABTO-
Aoriumoro [2] nacaiaxy: W TanTonoTINHIM HaCALl-
Ko @ (noan. @ =¥, axmo $—»¥ - TasTonoria,
Bianowensen =z, [p. = o [7ery Foms 1= pedses-
CHBHI | TPERTITHENL
ﬂmmem MOTHHOMD  HACALIKY ilmy:wn
Aosivnoi
Biaowenns cxpisancurwocti 8 AC A ~r, o,
ATER A0 ERHEYATMO B CXEMONY
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HMCHHI IHIKOK YCIIINN WCTOCY RIS L
BED J00m0AHTA poIpoblTH efesTrmn
A0 RUPIMICHHY FPOBACM, IO BRIRCATHER

yKORHTT T

npaKTHy

HOROTO

.

TEXHOAOTTT,

Manoam

HIYKZHOMY  OFTHMAILHOMY POIB'WISY

HBCTOCY DANHHY

Y BAKMTN,
MXT imauToRXHyANCE Ha PRI TPYANOULR

1. FHaume IpOCTAHIE KIALKOCT! MiRHERPOHII
IR p ORI POIMIPROCT) rpadi
Mosepana  gynwiii  eHeprii &
CTRHIN  Mepos) ¢ ckaamty e
RAPAKTEPIIVITLCR KUK

s enpobin
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-
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Hicuun Kuind a0 sanions w000 ywisepcumeny
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SHiMYMID, U0 BMKITHERC CYMMIRH 1030 TOWNOCTI
JAPONONORAHMA pods akin [15, 18]
3 BacyTMICTE  CHCTOMATHNHEX  MCTOME

iz 4

CK ¢ oanust 3 KISCTEPHAX MCTOSIS WABNANIN,

SHaveHHE
XA BILTHBAOTE b2 sGikcHIcTE poansxin [ 18],

4. Heaonisom  acouiatwmnol  nos'sm.  axa
peanityrrhes wa MXT ¢ 0 wemwaunmit of'om
Hanpuxaan, y pofori [19] noweaewo, wmo foro
TPaHHEe  amascnny  cknagar 015N, ae N -
KUTRERCTh HEHPORID,

o aar oy

BANORLING 30 MMCARDY  Gynmmi na
1gh d function) @01 [14, 16] Tyr
6 waitGian iy

[ hym-cs W KON pmwr Fayea:

LAGEE
3¢ alr) - kocdimiont nansai {leaming rate),
a\r} = DapaMeTp, We lana  poasip  obascTi

Fraamui Ta paa inumx, xap

am nofyzosasol wa  ocnosl  knacwumoi MXT
ACOWMTHENOE  DaM'ATI,  COPHUMMIORTE il
HETPMASTHICTS AN NPaKTIMHOND BUKOPHCTANANE T
nOACHMOTE mbip CK y aaniil poboti,

Enacrwana nefiponna sepess

TEMTICPATY A EHM M.
welpoa 1 Koopameatamm (L) 20 uewipy
waactepa. Ha siominy ma knacwomn CK, EHM
M3OTL KiAMUERY CTPYKTYPY. ¥ ukoMy mupaixy,

1, apakTe] By wa
Cepea mepeR, Wwo Hefponi
i X e s posiin 30 Wyns
apmumn “Winner  Take  AlY (WTA), CK [Zﬂll? Heranwent  on#C  HPOUCCY  POIB NIAHIA
i g P i P aTL 3a304 1 CK uascacwo
MosifMa  opramisania  ZOIBOARE YRRy TH "[31-
EATACTPOdinmol  ACTPAdAUil ¥  BHOAIKY  RIIMOSK Taxim GHHOM, CREM3 AATGRHTMY  HANEANNN
0ANOMO 3 weRpowin,  WROEIMEVIONN KT puig g

ALARRCHOT wnmywocTi [ 15]
(a1 [z i_m_nm
[af[@]]| ] am
/ :u 32 |__\ 'L_\
CRYE.

k2

Prie. 2 - Apuitextyps caMoopranizonaimx kapt

H apximextypi CK (pHe. 2) encsenTin BXITNone
BekTopa curmanin X =(r,,x; .} moTpanamoTe

CHOPMYBITH  KOHHTYpaliiG  BOMATROBOID
EABCTEPa HERpORIR;

ofipaTn Iwavcknn  apascTpin  alln) T
aity)s

AENIO  PEIyAMTAT
HBimnocTi NeraT

REPERIPER  KPHTEPIN
it

™
aan mHNAARORD BNGREHOI BEPUIMNN FRada
HOBTOPKBATH
4, e -0
e

Mi®  BEXTOPOM EALONOMD CHIMATY Ta
KOMHMM 1 HCAPDHIN MEPCR],
By 3 Hafbagianes IMIUCHHAM o

BT UEHTPOM KASCTERA,

AmaliTe macta

HE MALY KOMHOFD 3 TRYETYR ¥

BHEARAL  AmOBRMIpHOE \'urplni. Taxuse  aioM,
MIOMMHE  paromMx  XOCHIUICHTIE  MCpoml  sar
LU T
Wl ot Wi
T Wi
w=|"

e W W=
KoMnomenrasm  Jamoi  Matpidi € mextop
maronns  wochuoowmin W = (w] wh o D) we
L BRLING

waopy (15, 17]

maronss
KOCULICHTIR urﬂpmu- 12 dopsey o

Woirs =W in)+ @ (ol X - W)
JEHLLMTI MIANEHHE NApaseTpin alt) Ta

aith
KIHEIH, UMY
Poarnssemo  (IPUERL]  AMKOMIHNE  WOTO

anroperdy.  Hexall, xongirypadiso  nouarkosoro

KaacTepa ofipaie ¥ BHEARE Kodd, JeBpAREHDID 1A

puc. 3a 3 namMos frepamii N napmrmm
AacTi

36). Iwahiasni

a0
HARKOIO HEWTPY KICTEPR (PHC.
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Pac. 3 = [peekaan polori enactiy

| HeRpoHIDT MepER

s v € walMEHWMM T8 aMoro  rpada, Bapro SayBOSHTH, WO KUIWKICTE BYLR, Axi
MICTHTLEN 1A piec. 3B GepyTh  ydocTh ¥ (OPMYBIHHI  KEACT
wac poboTi EHM, Tax, ux jews 3
1ACTRMS, OIMRAIOMHCE 113
R

IMERIY

T PETRITES

Bumnayenns on apaserTpin
eascrTianol wed ponnoi wepesi

TPones
TROBHX
pobomi

Bi. Gypenns npUieram. o
WEICTEpA  BYLUS JOTBOARC  CYTTORO  ¥Giakum

obeAry

MKICTR aiLHH ki [20]  Ouamuk,  3pocranizs
Henpan wliip  mapamerpin. EHM  mome  ExcnepisenTaiuno SCTAHOBICHD, W0 MM
NPHIBECTH 10 IHIHHE CADTBOPEHL TONOAORTT xinkkocti mywnis EHM s o !

KI (RN RAMUTMBALN YUEHL
ipofinesaa waly war
ke

anac y 30
Ha puc TAACHHICTh
HHOTO KINWA Bl ROSaTRoBOl TeMpepar
fo} TR KLIMKOCTI RMEOHANWX iTepanif. Cripisan

s

WIRY  KOMIBORAEPA

POIMIPHOCTI

JATpInK

s Weipe

Wilsos,

KLTBNICTH ILKOHARIEL

BonaTAOR

fepat
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MowATHORS TEMmERATE

Pauc. 5

PEIYALTATH ALATHREPIRYIOTE CRALUNICTE MESHACHHS
Tisatnknx napasetpin EHM, Bufip nesemmiin
utaNens  novaTeonol Temneparype (0,1 0,25}
DPMISOANTL 30 IAMEPIANILN HEHPOHHOT Mepe

lax ULOFD  ARMLS, pHc
BECHO JANCRHICTE COPEINLOTD IMILICHHR BYLTin
w3

a 5

NORCHEHNN

T2 KIALKOSTI
MHIAY MoaHE IpoliiTH BHCHOROK Npo N
BILTHE MATOT PYXLTWBOCTI M3 npouec nepelyaomd
T EHM. Tlpote, BorancnacHis Bacoxoi
Tesnepatypi (msune 0,5) nprIBOINTE 00 JITPEMER
ponTey wchiponnol scpesi. Bianosiani ginsnel
ofion aneRHocTeR MLIOTE XOPAKTEPHI KOXHBIINNN,

BHEONANNR ITEPA

nonorii

MOB'RENT 1 NOCTIAMIMM  XOOTHUHMMN  IMIFEMH
Tasus  sunom, Halbima  © a
EHM  cRocTepiracThca 13 MpOMIsHMX

saTRoBOi TeMmepatypH (0,25 - 0.5)
amrbHi DHGIP INAUCHMR DOWATKODO
MORE COpIHIHIT
HeRpoRno

Heny
EOCHIUICHTS HANSIHNS ol )
Tonoscril

AODATEOME  AOPYWEHHA
smepeski.  Pexomewpanil  mono  floro  BHENANCHHS
BMxaageni s pobori [21].  ExcoepRMCHTATRHO
subpare B anifl cTaTTi JaveHHs @(f,) CxIanac

0.5

Brkopucran W OPHTMIE J0KATRHOT
onrusiiaaii 298 BlANORICHIR CNOTROPENNE
poin‘sixis
DOUIKOTECHREMN
» cwrymni

TR
sepeni

Y n

Apanmt

12,4

JanemmicTE TMILICHRA BYLTiD LA DOUATROROT TEMOEPATYPH T4 KL

TR BRI

Toow
ARKOCTI BHEOHANNX iTEpaitii

JAMEPIINI  WHANIANTECK  HECIPOMORHMMN A0
QopMyBAHRS  AKICHMX  poIn‘WIEin 11
osiponmepa. OMIAK, ISCTOCYBANHE 1ONOSTRHNA
P sropwrsis (loc search
optimization  algorithm) mfeneuyc  CyTIORC
BOKPAEIEHAE OTPHMANNX SAPIIPYTIE

noaa  cnocoli  OONTHMUERIN

pobori  [22)
BHEOPHCTANG 1 METOK) RIOCKOWAICHHN Poin’wiKin,
BB AEKOMIMOMILE
i

ONEpAINIX 3 JOTOMOTDID ME

313 JTHANITH TAKGA T TX SAETOCY RN 3
23 AGiILUEHMS  MKOCTI  M3pUIpyTiB,
LAMPOTONOREHIY. FERETIHAMM ARTOPUTMAMM

Jlas  saidficaesis ANLHOT  DETRMI

push’ AIKIm
11 3 AR

ENOTROPEIHY
BAKOPHETRING

2-opt. Mia  sac @
NOMATKOROTO MAPLIPYTY Hel AmTopwTs i
auminy asox peliep 1 MoTow AMICHIE MEOCTE

viin, Bamaunar nepess
OO BHXOPHCTRNHA © pobomt npi
obpebu WNGiE LE rpathin BEHECT POIMIPIOCT]
Posransemo AipsKaa RUTRCRICHEE
CROTROPEHOND POIB'RIXY 33 TONOMOTDR 7 FOpHTMY

ANPOIONCIENAY POTR'

sagmil wac

Z-opt. Hexafl, MapUIpyT, COCPEMINA 38 WOGROIC

WeAtICHHE xomoi  Tesneparypn  aif).

whpameno  ma  puc. B2 FacTocyBanmK

TN AATOPMTMY  OpIIBOIATE 0
TpiNIY  MKAD T opuys

&6, BinwomacHuit y

HABCACHOTD Ha PiC

APLIPYT HATHRAIOTL 2+¢ -
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TONOAGHT  KNBCTEPA  TH  DOWBOARIOTE  CYTICRO

25

/.

(]
Puc. 6 Tpuxnas poborh anroprrmy 24:p|
Tafinnun 1

IFABUMTH AKICTE CCpRaNNX poin’wixin (puc. 7).

o

Pauc. 7 — Brame 3anacuux Heliponia Ha SKCTe
OAEPHANNK MAPLIPYTik

onTHMiAAROTD  anropHTMy Ao
POISNIKIN,  OQEPMAHMX 3 PIIHMX  INANEHM
DONATEORO] TEMICPATYPH AN rpu}ul, WO MICTHTE

Takuum “HHOM, pous‘saima a5
msmxepn B CHTYOUIl S3AMCPIAHHAY BHMATSC
wanacy By LT a0 150%.

H The
Batis & aficary

umbmunn uﬁuur_nr.uh ™ !ul-nmu YERAATHTHMEM

20 BEPUIMH. Orpremani p o i oy
Z-npl ans >
BAOCKOHANCHIN  poos'sIxis, 7 opun no’ KAacTEpa
P B cHTyaui T enacTiinol u!lpolluohu-pm
Kpiu Toro, norymwicr. aaropuimy ne )un.; -
e o0, 30 o v i mntnr)‘pﬂul
obpofimosanmx rpadin,
llpumuna PisHnx GopM NONATEOROTD vm'm'ﬂ
n Tabnmn 1. Iml Biaomo, o HaRGinku nowmpeniu cnocobou
) ey 2-0pl aa ol paropix  KoelilicHTin  ByunE
£noTsopein: poww suxin (npw [V]=20) luﬂmnrun» amavemosn, Y npawn [9, 20]
NOUATRORS e 0 “ : iponin y GopNi
TemmcpaTYPY ol ) MapuipyTy, % kona. Oamax, y gawin  pobori  angaTkoso
0,06 0639 JANPONOHOBANG  CADCIG  OPrAMIALT  NOMATEOSOTD
0,08 45420 KARCTEPS BYUNIB Y BHTASE DOTapsdsanol cnipani.
0.1 2241
12 0365 Tataus 2.
514 1099 3 AKOCTI 3anp saplpyTis #iA
16
18 ::?gf CEPEANA AOEANNA OB’ AIXIR
2 1762 i 3 na
: Gibaiorexu TSPLIB), %
Tlpot suBopy  xi 103,7398
Heiiponin  wafymar  sHpImATLNOrD  JMaweNns B
curyauii Wi .

EHM, nonani wysm GepyTi yuacts, y dopuynami
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wonbiskonans cICTHE |

HEAPOHHA Mepes

RETET S

o nepanift

Pric. § - JanewnicTs aosacn nefiponioro sistus EHM ra KEHM it novarxonol TeMmeparypi 7
KinLKGCTE DRORANMX iTepauif npi e = 0,1

¥ valmwui 2 masemeno JAREKIICTE  AROCTI
IANPONGIOBAHKE  Poss'sIKin Wi OoGpancl dopuu
sefipounoro  knactepa.  Jriame 3 OTPHMANHME

PEIYILTATAMM, OPFRKIIALIN BYINIB Y BUFAA enipani

PR’ Eun =maan APy BAIHE ]
peanimsanansn ofpasia [24]

¢ anif  crarm U
KOMIBORMEPS  JANPONOHORANO

poIR'RIaHHE A28
WK TAHAS

MEpeR

IoImoane B THD AoEEHHY
ClpOpMOBINI  LHKain Kpis  Tor0, wianowizin
HERPONI MEpEs, BHARINIOTL Gcobmny CTIKICTE
40 cHTYaml wIMEPIANING: TE  HIVNO  BHAIKE
sasepuyoTk poliory 3a Brcoxnx JaueHs oll;)

AncTn P Mepesa
Yinopeni 12 3000MOTeK POMHE IHTETPOBIIML

KOMAOUCHTIB, Tipuisi  INTENERTYAnMHE CHCTEMH
(hybrid  intelligent  systems) € iHCTPYMCHTOM
: . ¥\ 1F e
poan’sxanna wagcknamnx sanas. NoniGeo no unx
TPOMILIKIN  KOMILICKCIN  OPFasionadi  Mepesd
Hopaa, mryTpism mapi »
oxpesi Bookn. Y oMy CRRAA
APXITERTYPM  DOCINYCTRCE ) MOAHBICTIY
pias nep ysnaiidl aax

KOWHOT 3 FPYR my1ams, D0 WaSH0 IGILERYE KKICTE

A). APRITEKTYPA CHOPMOBINGTD KOMIEKCY

(KE
MiCTHTS ana ApMxosasie Gaokn HERPOULE, KORCH T
WONX  AMACIHOE  DKpeMi  POTPANYMEKM  IHaicHk
BArOEMX KOCQILICHTIN HA DEHOB) HAZAHOTE BY o
BexTOpa
BukoHmw KoMl Tepauii  poipod

FIfpILIGT  CIECTEMH noTpefiyi
NATMETYBANHE  RATORNE xoe{iUICHTIE  BY1TI 38
aomosoroRs Hopsy .

-

Ax, m—— ey -5 b

1+35
ge Ax, — FApupicT KoopaMMaTM weRpoN3. RO
WXODITE A0 CKAATY DEPWIOrD BA0KY. cepeans
JMHEHHE  BYITIE MEPTK], KDOPANKATH
MeRpOHiB fiepEiol TA Apyrol Py RIANOKIINO,
B

mxarssiin Gnokin
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JAHOTO Ko

a xoncTpykiion v
Wap WelpoHin 1ificiik dopuysanie poss’sixis 1
TOCTIRKOFD. IHIMENRA  TemnepaTyp ay=01. LI

apyTHi

ocofaunocti
cny

sabeaneyyion, crifikicTs rifpuay a0
N WEAMCPIANHRE TA CTPHMYOTE HOro By

Gemmaninx 3Min Tononorii 1 BHCOXOT  BemHyHKN
alty).  Mepexonnmies UBOMY  MOMHE @
AMIOMOTO.  JanewHOCT] AVIKHEH  HEeRpoHROTD

KUTBUN 813 IMANCHHE NOMATROBOT TEMNCPATYPH Ta
HUIBEOCT] BHEONBHMX iTepanifi (pue, §),

Tpiasnos noxsn CHMEPIANOT waranbacHiiae
Ma xapaxrepucruni KEHM ¢ xsommaicns. IMin
TOOAOMT KoMILICKEY, o EIPRIHIOC THMuacony
ATPHMEY ioro poaBKTRY. Hanpasnan,
UCTEHORAEMIN  GiAMN  sokopcTKOrON KOHTPOmG
poboti  rifpuzy AONOMOIOR  3Bianimenns
KOCPILANTE BICMOIT ¢ ¥ 10 pasin npaswogum. 10
CYTRENORD. CROPOMENMR POIMIpis WieT aiammen {puc,
9y

Fasewnicns ans CEPEANLOND IMilBe T
KEHM, wamenciua  wa prc. 10,
AeMONCTpYE MUIBHUICHY  mamifinicT
KOMILICKCY 30 MeCTpHaTIMBIX 1

By
AORETHROBO
polorn

Aoro

EHL

18 Heipiiing
scpema

P
Hx
WU
+
wa
TR Ty pa
AN
Pac. 10

KLhROC

¢ Taras Shevehend,

Na
Kerves Phvucs & Mathemanicy

RApAMETRIS 3, 1 CRCHEPHMEHTA Iy
JAHUMN,  WCTOCY) pospefiaenore  rifpy
saficaneuye  sbinbwenns  axocti PoIs’siKin  am

0.9512% nopinnano 3 BHEOPHMCTAHHAM K0
EHM.

b v
Pre. 9 - Jancwnicrs sonsunm HERPOMHOTD Kbt
EHM 7a KEHM nit nowarxosoi TEMIEPATYPH Ta
BHKDHIHAY Tepauii npw ¢ = |

KUBACTE
RN

wiwe iepatul

Fuaemiicn. cepeannorn Isenms wyiis EHM ra KEHM sia nosarxonoi TeMnepaTyph 13
WHEOHRHNX ITepaniii npk ¢ =

0.1
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Poan swyanns 1aaa4l xomisousepa 3
BpaTyRaniy npocToposol CTRYKTYPN rpada
YV oan'RIKy 3 IHAMMIMIH HOCOIMM ATRATaMM
HpW SHAXORCHNI wwxin an Tpagia  meawol
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poboti obpano Walifinem nommpeni cnocif ~
DBSCAN, oCHOWNS TIEENAra WKO{0 OOJSTaC o
MORIMBOCTI  BHIMMCHRA  FPYD BYLms LR
opsn (27}

2. Momyk wacTHREAX poan'mIKis Jaaawi e

P P BHHRKEC s
v s i ms YTBOpEHMA KASCIEID 33 FONOMOITIO
wancaco B npaux (25, 26) 3 i §
¥ pobioTi 2% POIN’AIAHNA JAABE BEANEDL ) n el Jlan UMBOTO  BMKONYETRCH  BOIYE
poaMip P P! ¥ T weHTpis  yoix  kacTepis T
3 g 3 'ﬂo i W HARCIKCHIA ONTHMATMNOND IUARXY MM HHMI L]
POTTRUIYBIHNN WYL rpm WyK poin‘EIKy 8 youmi EHM. Ha
JANOMY BMIAAKY  WARCHIOCTACA  ROCALIORIM sy KpoiLl, WO %

WHKOIEAMINS MACTYIIHMN CTAMNIR:
|. Bincresesns ¥ sHxinnoMy rpadi Kactepis
mepuI

BRLLIER T3 BHXIAND TOUKN I8 KOMIOL FPYTH BY1RI8
Ha ocioBi  OTPMMANIX  JMMX  JBACHIOCTRCR

3 BHCOKOW H TR

TONDK, 110 MICTATRCA ¥ MIKXADCTEPHOMY FPOSTOPL.

Bianosinwi oncpanii mowyTe SymH BHEOMAHI 34
pHTM i 38 rYCTHROK

(density-based clustering). Hanpwxnan, ¥ naniit

OXpEMML IR WIKIK T3 dhopaiynasing

noay
JAFANEHOFG MAPWIPYTY KOMIBONKEPA.
4 T

ams P

pois kY.

¥

P 3 ! ° @

Puc. 11 - Mpuxaaa poboTn anropursy [POIRERAHAS AN 1 Bp ¥
cTpyxTYpH Ipaga
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Pre. 12 - Snoesuicrs 30IBMCHIR QOBREIHN MAPIPYTIH AP BHKOPHETANKHT ABPIANCTO AATOPHTMY
(nof 3

mx EHM) i3 kiaskocTi syaain y kiacrepax 1a resnepatypn EHM

W aneHiig
AT vap T .
imopuse 3 EHM

KETHERTh
KRR

L e e ]

Pre. 13 - Janewuicrs sGimumenis

ACEAHHN MAPWIPYTIN (D3 BHKOPHCTAHNI NGPHANOTD ATFOPHTMY
(TMOPHBNANG 3 JACTOCYRIHMAM KAGCHYH

Hx EHM) wi sinekoct: Bonsonanss BYATIE Ta KUILKOCT] KRacTepin
¢ Tpadi 0K PiIHMT TaenE TEMEEPATY il M, B0 a3

B NOPRIOK MUKMBAHHE LHEMD
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sancpuienis poboTi 13 BRCoKIN IMasenk ol )
[CTOTHO IMEHILNTH OBRHIY CHOPMORIHEN IRKIIN
BOTROARC TAKOW OPTAHITALIN AONITROBGIT KIACTERD
wyaain EHM y surnani sorapudsismei cnipasi. Jas
[P ERAES 3anay ek pemipmm

Ha pue. Hr. nicas

% 2-op8 MapuipyT A Ha puc. 112 [ A—— nanpamox AocTiTmE. Hon *wsammh

FacTOCYRONHA JAHOTO  AAFOPITMY ACIRGARC m PR
nﬁemm WBMAKE OJCpANHA nncm_ lll:ﬁ-’;: nﬁpmu INTEAEKTYATRHMX CHCTEM, mn a0

3 K
Oanax, wubip IMANEND TAPAMETID oy e
it sepew, wo Pop
MoWe  COpIHIRTH CHHEOK RHKOPRCTRMEE TRepen

HACTHHMHX poan’ wIKin,
EaracTpodinmi nopyweHis mpulpynl ¥ 'Ry 3
nonubox wa crani pobori

s npnﬁmm war ocofanee IHBUCHHE up-c

B Suwannarongses, Deacha
reong, Solving traveling sabesman

problems vin anificial intelligent search
techniques, hwwdlugs of the 11th WSEAS
on Amﬁclll

IMAXOTAEHING SACTHHNIN POIB "HIKiB A8

W0 MICTRTE BEAMKY myuin.
wa puc. 12 poxasawo sryfumil snaus cHTyaui
aMEpIANNEN  WERpOMMNY  MEpeR WA EKicTE

Pl manin, u:pnmn AN AancpuchHs polori
an

and

Data Bases, p. 137 - 141, de-fy 22-124,
2012, Cambridge, UK

2 Mudrov ¥, I, Travelling salesman problem. —

Moscow: «Znamiyes, 1969, - 62 p. (i

~ Npu 36 i in 72 Russian).

OTLOBMIE TONOK, BHALTENIE Y rmr Ha erani 3. Introduction to Algorithms / [Thomas H
IpocTac Cormen, Charles E. Leiserson, Rorald L
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noMATTE s we o crarri E. Koaaa,
npscREvenif peaswiftni Gaxam fawnx [6], ane
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nonarTs Gin Aerankno B cTaTTi “Mogeni aami
B kepysanii Gasasew aannx” w 1981 p. [7]

Hani mogea aanx Gyac mnasaTHcs 4eped

it Jins MIORHH BLANOWIEHIEN

K
:nﬁmy MCEHM,
tt} i

i
Takui cnocS He MIATOAMTE NISCAIIOK NANBROCTI
ayfaikarin. Honpnknan, — wexall  © am
MyabTHsmowann  faal bb). Toa

™

ap 7' rae My
{la.b),(a bk (o, ) (e b)) B ol macymin
iNdOpMaLin PO e, AKI  CAMC  CKICMIRARR

- TR i JaNMx Ta THR
Darnx;

= TN an'miKin B3
S

Atomapsi  fani  of'CaMylOTRCE B PRAKH

Komuuit pagox smowe pOIrIsiaTics 8K MHORMAD
nap (in's, mw) afo 3% doymuie. DanoTnni
PRAxXM 1

@ 1M b RAQAATE 0 AExapIOMTO
Vemasnd. ToMyY BUNIIUEHHN, BKC CKRATICTACN 1
HEPWOrD EXICMIANRY ENCMENTa & i nepuorn
EXIEMILIAPY EACMENTA b, BMIINAME TAX CaMO, A%
SIIHGWENHN, AKC  CKIATMTLCE 1 apyTOro
exIeMIIAPY cacMenTa @ 1 ExICMnANpY
cnemenra b, a came {{e,b)]. Ax Gyae nokaawo

TA NOCALNORIOCT J:.ml YIATAMLNENOT HATBW THKIDY  HIRNE, e iu@opuau'nn ¢ mamannow  OpH
Gyneso Tepuin Taxa ® casea
“konomtia®.  To6To Xomexuis  WAIPAC padk  CHTYRLN Mac mmc i ami noeninonsocTeR
v i Beeaeso enepau POTMPEHOTE
HROTO BISCTYTANITI ™ ap Jeguanmis, JLTR WABCICHMN  AMINC
BOCAIONNOCTI, [ h cap
2 EIEHAM Gyae MHORITHA BIEARAY

Tepeiiacmo 20 I0'MKin M KONCKLINME.

g s (a2, [ 2L D) e 2L (21

Insmn Gyaym 1
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TIOTINA MOGKC IOTHON, WO HE MO0 THANCHHE, Nt

BXOONTE 0O
Yeananns. Toai Manomiennn, ke CKIATACTRCE 3

came P Y2 H
BHEOPHCTOBYCTHCR, 360 3 SKOT DOINLI B BHXLIRIR

nepuone P a i ney
b, X

(e B0))], & wiasouenns, axe CKIAIACTECH 3

APYTOTD  EKMCMTANDY ESeMENTa @ | Apyroro
B

1 min Bepernea. H e Mowe
HE  MATH  GHAMENHR,  KOUM  KDASKIHA
BHEOPHCTOBYETLCR TINLKH B OUHOMY BLANOWCHIE
Axmo w pesxa xonexuwis Gepe yuacte y Kiakkon
i, TO BMIHA  POIPIIATI  OKpes)

i QANOTO | TOID & CHCMCNTY M3

((a2,B.20). T A Gyaeso : . Hg wesah ¢
WpaxouymaTH  Micue (momuiio), ke dafisac MyasTimnoanna  {g,0.b.c), Ha kil sazam
Toccreh by e e wanoweos (6D @] T
e e seaamns  (GDEIM@INCIN . B - rpaniruanoe;
SUMMKA MEPHIOND BUIHOMENHS 3' KBHTRCR HON

a2 e MaN )] oman, e A

o w napi ((@,1),(c.1)) eaeMenT @ IHAXOANTHCN A

DEPUIR oMM B BN i, am
mapi ({a3h{cl)) encment @  ImaxommTeca pa
TPETHR OB ® wexigHifl mnomuni. Ha nepumi

1) ——s (@) —— ()

apyroro
uch enesent Gyae nigcyTiiil, aus. pac. |

(8)) s (21}

{1, 2} (e}

Pac, 1. TIpHnan miasoimens ia sy anTiMuomHmnas

Mepeitaemo a0 ' wxis, nin sxusm Gyaemo
POTFMITH BUIHOWCHAR 1 BAKTANCHHMH WR HHX
ofiseweHINMmn CnewATHOrD muay. In'miok mnay
I=1 toamn a0 oaworo) ¢ 6 p i

L ac B n A To, B3arami xasywdn, we o
CIOP ERLICHD.
An'mok Bmay 0.1-0.m ¢ Gweapont

Ha woncxuiax A4 ta B, aaw mkoro xewmmi
ERCMENT KoNexuli A

Ha A 2 B, da moin
EOMHMI eneMenT Konckuil A mnwnm,u;:
T

¥

PIBHO 3 oMM enementoM Kosewuii B ta
Hasimo. Taxe mianowenna sanac Gickuin sis A
Tl

Iwwok may |-m (ommn a0 Garateox) ¢

P Ha A,
VIR MKDIO KOWHMA COCMOHT  kOTexuii A
WAXOANTRCE ¥ BIANOWICHI 3 OZHNM Ta Ginkie
EaRMenTaMM Kofekwi B (ane kisekicTh Takmx
COCMCHTIE  CKiMMCHMA), & woucHil  enement
Fonekui B owwaxomenes v sianomesn piBNO 3
DM caemenTom Koaekuil A, Tassi s s3ox
BAMAC RO ORTHBNY BYHKLN, Bxa minoGpasac B
Ha A,

i

|3 A0RALHOK (CKINNERHOR) KTl
enesenTin Konekuii B, n oMy wnchi HyThonoes 3
EORHMA  eAeMenT Konckiti B JHAxoZHTMA ¥
BIAHOWEHHE He Giibi Wik 3 OJONIM eaesenTin
woaektil A, Taxwii e'Aiok  saaae  NSCTROBY
drynxuio, uka pigobpawas 8 0 A
TNMopaz 3 Ginaposstn o wIKaMN,
BHEOPICTORYBATHCR | A -apiti 16 WIKH BLIY
a0 Garavsox, m=34,... [lia «-apums ' eisos
bMay oamn Ao Garamwox, Gydeso  posysiil
n— iy Ot
a0 Baramox  [CRC,, CoRC  CoR Ol
RKHX KOMEKUIR ) 0ANIKONS 248 BOIX 30 RIKIN
H, ionyr Gianuse  B0AR

I'mox mmay  1-0m ¢ P
BLroucesuam w2 xonexuinn 4 Ta B, a1w sxoro
ORI cneMeMT Koaekuii A MAAOANTRER ¥

P ¥ .
I8 win {amwack, wanpuxaa, [4]) Tyr ;multl"‘::
AHILE Ti ML, KT BYAYTh RIKOPHETONY BITICE

3 a0 o) Ki
FACMENTIN KONeKiil B, B YoMy wncni WY MLOBI, 3
wORHMA eacMent xosexuii B amaxoanmic ¥
WIANOUICHHI DIBHO 1 0XNWM eneMenToM woseKuil

T PHETHEN Moacael aawns
Jlaw XapaxiepicTikn  moaeneh
NOTPIfHG Gyae pONAAAATH He OKpeME f-m.d‘":
BIANOWENHS, 3 CYSYNIOCT] TAKUy BLIHOWEHS, 35

AN

A Tk aw'mox  sanac xa

¥ icpapxingi - cTpyRTIIY
9 i
oKX, AKi BySeMO HAIHELTH Jepenasit BLOLE
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Moaead anns nepmero pinns (rabanmi
Moaeai)

Poaranneso MONERi, RKI BIATASI HE MECTHTE
muamowmests.  Taxi  woncai  HadmeMo  MofeasME
nepiporo  pisns. Boen  cknazanTics  TLOMEN 3
KOOCKUIA  OINOTHINMA PRAKIE TA onepauifl wa
wonemginx. Hexall pamkW BHIMASCHI TURLER N3
aToMapHNx ansx, T06TO IHIWCHIEMH aTpubyTIs

BHETYRIAOTE TLILKH STOMADHI 3001
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(GRC(RTL AT, .RT)) © nepenos
3 wopeness C,AC, Ta Kopenemom Koaekuicn O

B peasuifnoMy Joposi eaeMeimi KoaeKuif, &
EBNO MEPrY, YTROPKHOTE ICPCHA, JYIH AKNX
acpena.
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BATERHTL WNOWENNK, A0 Bpanore. Posrnanemo
Tenep wunanok Ginapworo simsowenns O RC,
By omMm a0 GaraThox, satanoro wa oami o ol
we camifl wonexuil . Axmo rpad, weei

ﬁ:wu n MEOCTI nnnemu mrCTYy A mm
TO TAKA MOJENL MUIBC KypopH penamifie Gay
anunx,
Maneai 1snus apyroro pleas
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Ao sogeacil, B RO OPHCYTHI
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MOKYTE MICTHTH B COGI PAAKH TPETROTD PIBKS | TaK
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a0 oamoro, ax ofpaxenc Wa pmc. 2. Taxi punsaun.  Cysynmicn. Garatopisneus  paaxis
i Tabmaui a 1 P TalfiauI) yTROPIOC Jic.
Garatopiswenny paakin, kommWil 3 AKHX, B CBOK
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ponx. |
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¥ * | om.| MIB Aspeca
te— | Micto | Bya. jvﬂi&

1
|

Puc. 2. Tpsxcnan 38" sy Ty omem 2o opwore 1-1

B mxocti miny wonexuil wmowe  sweTynaTh
abo A i

MOJCREM NCPUIOTD  PIBHN  NOCALIOBHICTE TAKHX
PRAKIR MOKE POIFMIIATHER 5K AHANOF KYPCOPY AmR
wunasky fararopisesux Tabamas.,

Maoseal aaumx 1perroro plune (iepapxismi m
el amunx)

nepmneuo ae Gisk sinosoro Ty Monened
monened, |

TaGNL, AXH BHIHANAKTECN PEKYPCHRHHM 4HIOM 3K
noapa (cTaM, cxema). CnodaTey Ianamo icpaprittiy
cxemy,

1) Muowwna  arpudiynin (4, 4 AL E

CREMONY § Thiy.

1] Muomuna wany (b8 ), me A €
arpuGyTom, mnll GydeMo HHEITH THCTOBNM, 360
napokr (A,5), A, — stpubyT, a 5 = icpaprina
Cueun, ¢ HEPAPRIMHOBN CXEMDN0.

AnWMX - N0 fepap: ued P puakoM  HammeMO 20K,
TR 63 Ban 3 awusca nepumm. B icpapxii wnsa Gy mneyrynmwp:*"
Gaxi pwoex s oawocr iphe gane, abo W""""‘ AN

BRKOPRCTORYRITREY PRAKH 3 Byaeso R peaok
THANCHHAMM. 8 'AKW MAOTE BMA OOMM o MiANORiNac ll‘.plpxllnllﬂ cum iiy b;‘ +. MO

faraTuox, Mpuvosy 38'xcn masors ¥

peanuifine nepeso.
TNpusaagom lrpup'xnmw MOZeni  gaHMEE ¢

puliyTin paaxa 3
ATpHByTin CxeMn, B IHAYEHIAMN ATPHEYTIN B HLOMY
WCTYnMoOT. léo BTOMADH JAMI AWK ANCTOBAX

knavipensuii  [1]. Ha pinsi
TEPARRINHA CTpYKTYPa Moxe GyTh npeactanaens sx
Taiun, & axy wxiaamoncs inwi Tabamui. Bivsw
TUHO TAKA CTPYRTYRA JANACTRCH MEPEI iepapxivi

prain m HEHCTORNY al‘pl"ﬁ!f"l- me
BLANORIAXNTY miacKeMi NaHOTD aTpHbyTy. [opaw
MHOMHIR BUATIOALIAC Gy Ab-AKif cxemi
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mm CODASYL :Cnnfm on Data Systems

ELLEA
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DAY omn a0 GaraTeex, TowNime Kawydn, 18£8

mmnm:pmnmxmﬁmnlh
RAPARTEPHCTHRN,

il

Todisuus 2
Kaae uiiine Tabamie s BHAL
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Cmmweso WG EHEOPRCTORYC

" ™) wacy anw nofyaoeM CIPYRTYRY anHHK, 32
AonoMoroks wxoi 3 wac (Mn'" loga) Momun ssalimh
waiikopoTiunR manx ann Byae-wkoro 0<d<l T
isconanorn «=0. . LCA ANTOPHTM SOCATaC

TouKY ¢ Gy RUIPIIOK (£4), MKWIO 1 TOSKH 5 NMIHO
Touxy f, AB0 1i TOUKM  MICTRTLCR B OQIOMY
MHOTOKYTHHRY. ¥ IpyTosy BHIAIKy saitkoporumi
wasx Gyae OaHA 3 ABOK NACTHW MHOTOKYTHA,
PonaLTEHIN (NI Toukamu. Brammcme 3 Toust 4

cybainituoro sacy (O{a)) 3 mumopucTaman O(n™™)  Toaxn ¢ nepemipacmies  a wac Otlogn)
nas'srt 7a Oflogn), 3 P on'), P s’ wTs Ofn’logn) Ta IBOTOYKOEY
Bueaeso Qeuxi IOHATTS T4 USHANEHHN. crpykTypy V.

O uepes ¥ neix Haue sangaune — MiMiMDyRaTs 33 SaHn

wepumn F. Toai spagh sudwsccmi aas P VG, ue

pad, AKHA 3CIHYT NOAHY BEPUIHHY 3 BEPLIMHAMM,
EKDC DIGTHMMMM.

FGUP) seomce Gy nod n

JANMTOM (X, ¥ X ¥i) BHGID IHAYCHHA S0REERN 3
i nepmwoi v T2
JanWCaTH HLANORLANY

uac Heworn log n), ne ey  ue wimumicrs pefep
ukoro rpada [10]. las Gynw-sxoi Touxn z€ F, nci
BN ToNKH Momka Gyac aHafte 18 JonoMoroo
il VGz),

Chivavesscs. Hexall 2 touka sumtmocti, Tomi
Aepenim saixopomunes weexis SPT(z), Gyae taxe
Acpeao, B AKoMY maAx 20 Gyas-seol sepuman 3 P
Gyae nafxopormmm.

Ownavesscs. Kapmoss ML

la,onn e, o ]l

Beperhen 33 mnbopom  sopumd ¥
P sy 3 pepiunin
0. e & i L somnEn iHaCKCES, SKI SATCHATE BU
WOOPARKAT (X, Fa £, ¥ik MPOTE BOHI r:'):uml:'l_.lll?lllll
no wi a0 ganoro subopy A periowy 9.

ae MIRiMYM
3

SPMiz) 3 Tosxn = Gyaymi perionn Mo P, sxi
5}“)_'“-'“ M EUREXAMK 3 TONKH 2 Y Gyahe
WKy MOy,

SPMIz) mome Gyrn nofynosana sa wac alogn)
muropHeToByoun (Nalogn) nas’en. Skmo SPM(z)
BMXODHCTONYRATM, WK fonepemnio  obpobxy an
I SOKAIOANE TOUKH, TO JanHT KallKopoToNe
wasny momna Gyae wenwako waft 3 Tousw f s
ADNOMOTON  JeROMNOMLIT,  Bokpema,  sxmo ¢
BERHTL ¥ Kopewemill 20 r YACTHHI, TO JOBMHNA
HaRKOPOTINOND WANXY 30 § BHIHAMDCTLER ¥k

diz.t) = dizer) + | 1.

ke, malKOPOTIIMA WAARX B3 7 30 ¢ Mome
Gy smafiacnnit 3 wac O(K), ae & ue ximicra
BEPUIMH, MO JHAXOINTLCN 1A LURXY.

Nowasiamo A", wxk  jewommowmin
CRRIBAICHTHOCTE y’""ﬂﬂﬂﬂlwiony‘nmy
MIENTR TOuKA 7, FPiz) - komBiatopma wowcTana,
A7 OTPHMYCTACE  OGMMCACHMEM  pOITAIIYRaNHN

pazost 3 P
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AxHi MicTHTR 5, § A" periowy @, SEWR MicTITL [
Tosy ans komnoro 3 (n") suGopim nap (m, ok ¥
GyayEMo CTRYKTYRY ASMHX oG INBATH HARMCHILE
IHANEHE KR

f_J[xl.y._;,_y,)-m—d{.-ﬂr’ )+l¥

Ozcpammo  O(') dywkuiif, xowwa 3wt
npeacramnse  coboio nosepuno B K, A
wamaracmocs it paimesry Touky w R 16
somia 3pofuTH wm usc OFlogn) lmwplﬂﬂ)"}:f:'
cTpywTypy Asmux ponmipy O{(a’) 1) = Ot
BMKOPHCTONYIOMM pesynbTaTw 3 erarmi [11]. Ted!
AR KOWHOTO MOKIHBOTO BuGopy mapH (95.‘“"-’

i A NTh POIMIF L
sme Nlogr). Tpote npxopicTanis man Wi MoK
NOKpaLTH

Tak, a0 IFLUI0 MPRIYIIEHH 3 5 HE BHTHO TONK
1, TO MI IHBCMO, 110 € NPHHEAMAI 018 TEPEINOT
1A puny, Togi JoRsuHy BRIHAGHMG 3 Gopmyaot
s vyrd{v.r) ans Gya-axoro swbopy v v M
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Birvsr Fuias oy aips e T e
isneni Tapuca
Copin Ghrmmn- sarmdsmd i 4w IV

nosuEna GyTH RMAMMOK 3 Touok 5 | f, NOKK MW

SHEOPHCTORYCMO FEOACIMIHY Incranuno dls, v) T8

v, d). Tamues “unom sinisys Geperies no 4, ae
dfs.t)= mlin[d[r. v }dly, 1)),

Sryvocazis HHRHLST TN Gy uTw wnraRs:

53 ) =disy, Jedlv,.1)

&lx,,

llani 3 pomoMoroR CTpyxTyp Sl
mmmumlm:‘"“’ 3

&)=l -5 F G, -5 F +
) dlvm)e fb 2 Tl o F

Pesion a, () 3 47 wo wicry amcTs
ToTCHH} nepurmm w, (W) an m;;{r:: l-nﬁ!p;“‘:.
Taxnm oM Mu Gyayemo 4”7 o irse mapy
w wrbopy vi. Lle sajime Ofn’) nav'smi.
I aan wownore 3 O(n') sbopin nap (o, o) M6

MO CTPYKTYPY 2ANMX pripos O{n ) =
Ofn™), axa nigrpwmye Dowyx sa sac ({logn).
Cysapua nam'sme, aky um Gyne
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PREANTT APOCTHX  MHOTOXYTHMEIN T3 HOUIyK

winavy. Pey poTp

P wa pic. 1. Yep ToMEAMA
P AimwiEM g

JeneuMw XOALOPOM BWLNCHO TaMANY, NK3 | €

MARKOPOTIONM WINSXOM [UIA FLTANMY HAMH TOSOK
JTNTY B TPOCTOMY MHOMOKYTHHKY.

pimsia On'*), 3
0“‘[“'” MM OTPMMACO 0
BxophcTanol mas'sTi i O(nlogn) wa; ,_:;
mw MRKOPOTUIM wagy qaR OyIb-RKOTO

Oxpist Toro, wwiste HAREAEHHR wiTOpHTM MOKNA
POITTRIYBIN  okpesti  BMIRXH.

:_Tp:'ﬂ' 3 CAMOTO NOYDTRY Mowiia NCPenipuTi 4H
U MHOTORYTHHEM € onyxni Ll womna

3poGurt 3a wac Ofn). Takom momwa spolar nposTi

4. Bucnonn

Y pobori  poirmaacTRCy jazaea  POWYRY
4 iRy ¥ Of
A MEHONCHHT IEPeIRe Jokpema, r:_w.ﬂ Aagans

= Axlo y wED MW

:’::: ObpIATH HE IHAXGAXTLCH HACTHHI HINIME.
o YTHWKiR 860 NOWATNORI aui Tousm. B uLoMy
ey 58 OCelogs) MoK apilimy meptiipn)
WHOAIKY,KOTH YOI MEOroKyTIHKN ORI,

L]

pobiori o
{1 Tana Wl;;m:n IMEHIINTE
OPUCTANHA MAM'NTI i wac wa noMEpENK
0Bpodiy wa n y HaRripwoMy msnaaxy.
3. Mpastwina yacruna
B pobori

porp peati
PUTMY Y cep ce
O“WMM P i

= ¥ paul T ¥

08

'p'llﬂl 1 hﬂp«uum:tu e T
l:" i 'y T hoTo. WA
sranok  nepemkod Y B npocTH
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nowyky B Garatownmipuifi  ofinacti, ockiaks

nam'sTi we  Gyac nncrmu.u am nolynoss
o)emm YETYP AR
¥ poborax [3 - 6], [II] A poin’SEHKE

i samadi TRCH  peayKUN
EETT N LR wrrpullmll npocropax  Taxe

MOMYKY AN ABOBIMIPHORD BMNAZKY  Mafime  ABCACHNN and ToumOro ANTOPHTMY,

HOBMICTIO socTigweni, npote JunmuacTucs Garato  BHKOpHCTOBYKMM  potmipnocTi  Banwika -

IAXpHTIX A, ana perionis ¥ Yep ica [3), asc  OGWiogN) wacy ma

.y T iMmax ne T L samnT y wpyn Ta (N log N) swpar
lnmn.m OLINKM CTANOCT, AKWO CHye MiHine mul nlﬂnume.um_ inﬁpoﬁq

OfMeweHa  no  nawEri  Iewuaiing ey ke
-rpyzryy A, A ﬁ AomoasT mrﬂ“'"
HaGRMAENH] METOM, Ta BHKOPHCTAINE HABMIRENOD  © Do uac | HouyKy 3 SHKOpHCTAMIEAM

METOAY € AONIAMMMM NHILE TOLI, KON ICHYNITH
CYBOPI pecypeni ofimexeii 10 s 'wTi npn poﬁan

O(.Mq;h} nas'sTi. B ocHommOMy Yoo TAK

ARMMX MAKTE JCPEBORMANY CTRYETYPY.

Aarepuuy [4-6), [11]. Mpw aini
AT craaano nobynysath wniIxni umpm

© BM. Tepememno, AN Wicymenno, 2012
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Buman K ann D ntpOR N s SOy 0024 Buliersn of Faras Shewhonkn
imewi Tapaca Uleawtnsa Narional Liniversity of Ky
R e T Series Phytics & Maikemasicr

periowy (quadiocttree region) [8), k-d depes (2] T2
(BD-tree, fair-split tree)]9]. Joxpesa, »
(41 [5), [11] ykasyernes, mo & ARARCTLCH
yuragusewnan  BD-nepesa 3 pogarxosom
¢ 0 cTawKkN  (shrinking). Vi
Adltx € ncpesa mwcotw  Oflog, N). Bown
BUPIHOOTICE  Tnme  pinHem sbanancopanocTi
DCPERD TH MHONMMEOM, LI0  BKATYC BiIHOWEHIR
e s Ge Rimnowi
FYME JEPERS ANK THAXOZMENNE MACTYHMKIS (e

mmnﬂb&:mnm%.

aan k-d gepesa

nnmepeu—-;-l-

Taxum wHinom nopesim Gy 6 miaxia, s 3
0anoro oKy BMKOPHCTOBYC peayKuio, a 3 inworo
EHRILIES CTPYKTYPH JANIX QAR ofepmaniy Gaxasoro
peayavTary.  Tak, oxpesma, w pobori  [1]

PETICHLILIOTD  MOWYKY A0d 3anmuTHorg pthouy.
AEHA of: ki . Bin

HBC ACHMTITOTHYHY c’tumim. nouryxy Clog N)
T2 (N )na nonepeank ofipolbcy i nam'smh. Ha
eTani nonepeamnai  obpobcn  umoro AnTOPHTMY
Gyayerica cima (watpuus) 3 N? rouox xinwo;

Muowienn.  flo  sanawif MATPMU  Gyayeries
Acpeso, ¥ HEOTD

MNONMHW  TOWOK, ®Ki  mancwars noTouRiR

. Hwmo, L perion ¢

KPYT, TO pOIAITHBNIR Roro ma HOTHPM KBANpaHTH,

ALA KOKMOTS TAKOTD KNAIPSHTY B AXOMY rpaiiy ¢
MONOTONNE  Gymxsin, wmnlotnc:wuany- no
KBLIPO JEpeny BEPUMH, 9K DewaTy BCEPCIMHT Wic]
HACTHIN KpyTa.
B aamif pobori uw TPOROHYEMO MoAWhikauim Ta
YIRTAILMENHE MRy, sKmit npeactanteno  [1],
3

¥ aarannomy BMIKY perionom mowe Gye
Gyan-axn reosseTpiana dirypa obsexens OIYRI0R
KPHBOR BOREPAHCIO.

Nobyayrso civey mik Touxamu A (a,.a;,.a,)
Ta Biby by b, ) Tobro onepmuso Boi MomtsR;
xoMBinanii koopamuar Towox A Ta B a¢ in
woopaniaTa mowe Gyae alo 1 A, abo 3 B Ovesnano,
0 KIBKICTh Tannx komGinauii Gyvae 2% - 2.

Toepamennn 1. Kowna Touka porGrsac npoctip
R* wa 2* ninnpocropin,

Oomasennn 2. TinepxyBos npoctopy B fyaeso
HANHRATH  aEKBpTORMIL d ofsewcie-
L UL ) O Y 1 TR

JANMUIEMO Y BMIANAE  DEKTOPIB LMY oluemcis
Gl lltn hlty i ne 4 srii=ld

2.1 INobynosa pois*sixy sanaui.

Mpw  poss’ssammi  3a;pawi  perionaseoro
NOWYKY IR Ky M soaudikyemo icnyioudh
ANFOPHTM nonepeanLol ofipobisu,
Jnponodopakui B pobori [1], spaxoysun
BBCACHI  TAM  (OIHANEHME, MO A0IS0MITH
SMCHIIHTH BHTPLTH kM 8T,

Monepeans ofipotixa ra crpysrypm sanms.

1.Crannesto d nexTopis BLANCELINME KOOPIHHIT
TOUOK MIOKHHN P* RIATHX OKPEMO 13 KOMHOL TOURH

T miacoprycmo  ix.  Onpumacso  d  sexTopil

WHCED

Yoli=ldg=lnpp e Péx=n,)

¥CI  mommMmi  koMGinamii  wkix  RACHPEET)

i in i3 marpei K

Omme ne i ey B0 indop :

Matpnu K 1a £, 8 gocramino matse bepiraTH
TOY0K.

ans Gararomsmiprore
OUINEDI Yacy nouryky Hlogh)
nas KT,

. O(Nlog M)

2 Metoa pos’saanns 3nnani,

He ofucacyronn JATATLHOCTI, CHOPMY Mo sanawy
perickanLiorn MOUEYXY A0 GaratossMipsol Kyaim
CBEILIONOMY NPOCTOpI.

n saawsd perk nomyxy
ﬁlnmlllqi_sull seyal. [lan sa3u00f dimconamoi
pomIhn S i3 N Touox mesanim RiRMICHiy
R =T TR — JANHTHOMY periony
npw Gy an-axosy POSTRURY BANHI Ky N Ta BeawMIm T
pagiyen » npocTop MY

¥
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2.Tobynosa aepena asanoriama 1)
Bexrop ¥ notpeliye O(d » N)mas'ami, a ac 18
nofiyzony KBAAPO-AEpeRa st
O(N log , N) (amanorinmo [1]). Jlepeso notpedys
L T T TR —————
ATPCEA Y HAC Jammn Gyae N Tousk | BPAKORYIE,
WO BHCOTA Aepena  bogy N orpMacso  GasaHy
ouinky. Toai Matime micue RArOpHTM.

Aaropurm

Omeitienmo ocHomni kpoks aropHTMy:
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imrni Tapaca lewarns

Crpin g mun o st IV

I bey i p
omy 3 2% wacno fpocTopy B II.II MRCTHH
cepn ©
rinepey npocropy Gy =(lx].x] <nn o Taxe
posfiurra aaificwocTees (38 Teepasennan 1)
ucrrpom xyai Clx; 23,25 ) .
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o [man max Jman
oo X7 =(x' &7 xS Dam
F), mavpiean K, moof sac saxcumatsmi inackcn

LU . e T LU
rinepxyta BEPUIMAH
Gelll.nblhonleallin D) onwoyencs

2 Juaxomnmo rinepryl 4
G AMES iy B epiien. 20 - K VSR
Uorlelhali=idua  sarpnui K (abo y - !
mextopi ¥ g THIY e m

Gipodi) i i 5 Kyni.
e o s ] IHaxIne PEKYPCHEHO SATYCKRCMO ATTOPHTM
npocropy  RY rincpryBom G, Ocximan ., L i — .
u marpai K i 3 Beius DEPEXOIMMO A0 NYHKTY a).
KDOPAMIHATAMM, To JHaxomwenns G notpelyc Taris UHINOM MH OTPHMACMD MHORHIY TOWOK,
log , N) usey. MK BXONTE [0 JASANOT 40cTHHN Kyai . Hac pobom

3. Hactymwnii  ctan - ue  nowyk @A
cTRopetiomy Aepeni. JUi WLOTO NOCALA0WIO B3
KOPEHE A0 THCTKIE  GEpeBd  NEPERIPEMTICE
RICTY RN TECPARCIIN

TAKOND RAFOPHTMY BHIMSMCTACE oaryEom 0o 27 -
riaKohOMY AEpeBY B WaRfipmosy  BNRAIKY
Olog , N).

Jacrocymammn mywkt 2) an weis 27 wacnen

a) Awmo nnquyﬁ G BepumHE  aepena npocTupy, ne  acTiMa ofonome  kyai €
nomticno sxomm a0 G, 1o P ao & Ta Aynxr 1)
nywxry d). 1 i i d) 7 f) orp

b) Axmo rinepiyG G Bepuidih e AXOJHTL 20 wploaMIy  YOIX  TONOK, NI MAfemETL  Kym.

G™, Toai eaewentn mmomonun S we Gymyme
BXONTH 10 XY § (OWYK AN 4381007 BEPIMIN
ACPERD IVTINHACTRCH,
<) Axmo rinepryl G nepermiacTien 3 G,
TOAI fEpEX0ANME 10 ByHKTY f).
dy S ans

ks Jmin
X e X Dam W,

e
o P

min  min
= 22
Mol s it iaexcn (07705,
ac if=l j=ld 3 rinepkyGa  mepumm

Gl bty )elly o D). we muxonyrTscs
)
$ 2 . p?
[ — zl(-'j’-"‘r.j] SR oy
- ,

5

HE Hasemam, xya, 60 § — NopowHs MHORIEHA.
L) Awuio Ann EAEMENTA
¥ =(x

x )
max + X max o0 X ma
i B ™4 [ramet

Farassumil wac nowryky Gyae {27 log, N).

Mpu  dixcoranomy maschni o wacoma
cxnaanicTs anropuray Gyae Oilog &) 3 ssmparasm
(A Nlog N)nam'sti. B T0R wac wx mHEOPHCTaMi
ANTOPHTMY  MOTICPEIHBH olfpobics, sl
nponotyeThes 8 [1] 2an0 6 (N ) srpat nas’sm.

3. MpakTans aacTuns

L] P i wa
Jave, mo pobHTE peaniiaund We JABCANON i1
apaiteTypy  ofuncmonaiskoi  cactesu.  Lworo
MOMHE JOCHITH, KOMALIRMM nosareonsit Java kod
y Gaitr-xon, axA wnasc coBok cnpoulc A
womanan. B nojatuuosy  oporpasmy  sosis
sukonaty  wa  Oyauskifl neavdopsi, @ Mac
BCTAHORIASHY BIPTYAAMAY sty Java, K3
nﬂnpupcr_n Galit-ko2 y %o npucToCcoBMIR 10
cwcTeMM 1

P P
posecopa
4. Buewonkn
My MIPONONYBATH OOMH  miAxia a0

POIA" TN JAIAUE PETIONATLHOTO NOWIYKY LT
JanurHore  periony  ofMEREHOTD  OMYKIOK
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y : pecroel.
npuKaaai periony ouexenoro chepors B EY un
NPEACTABMAN  ANTOPHTM,  AKHIl  BHKOHYC
periomanLunil  JANHT Y pemHMi 3BTy 33
Olog N +1) wacy Ta N log N} Ha noncpeanso
obpobKy Ta BUTpaTH nam’ATi.

TpaxkTuKa  peanizauis  aaropwrMy
NiATEEPANAI MKATAHI OUIHKN cxnatHocTi. Jlas
pak i isanii, axa notpebye AiMifHOT
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H.acrynnnx BIACMOTR ATEHMN HATIPAMKAX,

Aocaizaenny 1aas4 11C cneres, yanemnnx
wia napasmerpin
Posrnswemo  mocramomxn  samaw  [IC
crcrem suranay (1) 1 edopmymoono aexinska
XOPAKTEPHHX  TBEPIECHE, N3  OCHOBI
MOKHD DOIB'ATYBATH HC TLILKM lajaui npo
CTIRKICTR, & @ piswi Jmaayi ANATITY WY TAMBOCTI,

tely,Tlae Gy,
G, {x Vst ahtg. @) < lhaa 6o, (6)
To HesBypennii poss'sIon drod cHcTesi (1)

162,62 @17} - crifixni.
BiaMiTHMO, w0  HaBeleHa  Teopesa

p pu [1.10,11].

T y . Komm

MUY wuoMMEN G anaOTRCE B cTpyRTYpHEX

dopmax:  chepa, enincoin, yaransmenni
incoiz i T.in.

Cdpop: Teopesa

Ha
Heafypennii posn's3ok «(r,0) =0
(1) wasmBawTs IG.'.G.‘.@..r,,TE - criiteHM,

nonyckae ofepheHHn B ToMY asm_a.'ury.

e sinac)e®, oy, T] ans nosimmx  axmo Gl=fraW(z)1), e wi(x) - sinoss
%G maeGy cG,. AONATMEO  mHIMawewa  ynkdis ceoix
TYTG (0= GF) - muokuma nomycrumpx  APrYMentin.  @yukuio  Jlmirynosa, A3
IHAGCH map pie @, wxi p ¥ g A '::’:?m" Teopesu 1, ““"‘"‘:
npa anani 10, F
i L i DC o & inrerpan cncresm (1)
poy 3 R i X
ADCHTE JarankiuMM. Ha ix  ocnoBi  momca Heobximi  va  nocrarui yw::‘
OTPHMYBaTH MBCTHHHI Axi TEOPEM, - RNMODHOTORY :
BHEOPIC YTRCA  NpH poan’ i AIR BMBOIY ¥ AKI AMOTH

P X 3aman,  Hi

AKILO B NEpULIOMY OlHANEHHI G MicTHTL anwe
OOHY TOMKY §,, To mBRemcHe MOHATTR
{Ga'.G:,@,.r.,rl - crifikocti Geanocepemino
NOB'AMHE 3 poIpaxymKOM nonycxis  pa
TpaMETPH.
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3 oK
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Aonesenni teopem mpo [1C BHEOPHCTORY CMO
BLIOMI NOWSTTA  nofatHeol (abo LA eMmoT)
T 3

IMIHHNX,
¥MOB Ta i HA
Mﬂ!mpmmm[l.l(l,ll].
; Teopema 1. Somo cHeTeMH (1)
IEHYIOTE JOMOTHLD BMIHEMEHS 33 ¢ tymxnis i
O<esl, ki BB :

{e (ol - Gla-alr))<t)}cw,.
te [.',.Tla eGy,

ae Gle)= iXtr.rJGir)fr.a(.-)x i.il'[l,r}_,l"{rh‘l’.
L "
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KOHCTPYKTHBHICTE T3 WHCAORA HATPARICHICTI
sanpononosankx  amropirmie. Lle asc smory
A s

. (17) "poexTymaTh :
2, ar, y HKOCTI T2p
"(a}-ﬂh-h.dﬁ-}“'] uy T oWa pop
: = napaMeTpis.

Npuyomy sriane BHWIE KpHTED] o in ouinok B saaauax 1C
BETMUHHY € BHOMPAEMD TAKHM SHHOM Ax  pimwauatock  mmwe,  Giasusicrs
P 3anay ananizy T4
ONTHMIBALIT  JOUINLHO  poIrRIATH  CaMe

B len )8 6)
I.}.:r d"r[r}n"'{.ric.’, S=12..N.1e[T].

i :
SR

Tyt Xieg,) - wopmosasa 2 momentom 1,
L] Li SKD BiANOB,
onnopianti cueremi (1) npu & =™,

a"'(f)- jX[f.f)ﬂi'La':‘l"—n‘:L" ;
o i

Bi o

cTpykTyponannx dopmax. Lle aac MomaMBicTs
HE TLTWKH CIPOCTHTH POIPAXYHKH ONTHMATLINY
P P Lai T cHCTEMI B
GIOVHO-CTRYRTYPHIA  OPMI 3 NOSAARINOK
ONTHMIZALIEK NAPaMETPi B CTPYKTYPax, AKi
npocTiwe Texuiuno peamisysarw [1, 5-11] Ha
NPAKTHIL  BMMMKRKOTE  CKBaaMi  Jamadi
ONTHMAILHOTD NPOEKTYBIHHA TAKHX TEXHIMNAY
CHCTEM, CTPYKTYPA SKHX HANCPEA HE BilOMA, 3
CAMI NIACHCTEMM 31 3 TOMHICTIO A0 AEHKNY
napameTpin. 3anaua nonsrac B ToMy, Wb 3
3anamm niacHeTesm ONTHMLTLHO
CRONCTRYIOWATH CHCTeMYy, Aka § smana Gawani

BN T3 BHXUIHI XAPAXTEPHCTHEH.
B MaTeMaTHUHOMY NOAHI TAKI SAN MO

YPAXyBaluA ofMexeHs Ha QyHEUIT wyTaHsoCTi
(14)  suxowyerics  nmwme  pa HOMIHANLHHX
sauenuax wextopa @'’ flax posn’saysanns

a'asamo 1 DeBHEME
A
KOHCTRYIOUTRCH 3

npe usomy:  of'ckT
napaMeTpHIHo AR CTEMENTIE;

Jaaad  rap 1y MORIHA
P TaKmMi ninxia.
(1} » oxoni

1,

L e
BLIOM, IMINIOCTBCE  POIMIPHICTL  BEKTOPA

Gyah-aKoro POIPAKYHKOBOTO POIE NIKY.
loxwbay  anpokcwsawii  cheremn  ouimni
BCKTOPOM NOCTING Jiownx  s6ypens ana neix
aeG,. Ha (k=1)-ifi irepawii mexrop a
Heobxinno wuliparn 3 MmmomHy (17), ® mnx
IHAMCHAR ¢ BubMPACTLEA i3 ChiBBiAHOWCHE

iy (18) Momym |}':a;-".'-1:,i weri
5

OUIMICTECR 413 BeiX aeG, HEPEY BEKTOP
MOCTIRNG Ai09Hx 36y penh.

P_uaabmry unx nponem Amw pisknx xracis
AMBAMIMHMX CHCTEM NIPHCBRYCHO A pobir [1,
10, 11 | Xapaxtepnoo ix ocofimeicno ¢ 3
oamici P - i
A, m_u'mui 3 AOCHLIMEHHAM npakTisiol
CTHIKOCTI MAPAMETPHANHR CHETEM, 3 imwo

@ CTAMY, iCHYIOTL POIPHBH  BEKTOPI
$aloBoro crany i . in.

AHAAITYIONN sanati 1, 2 GauiMo, wo Mit
MACMO  Clpasy 3 HeawdepenuifonannMy
KpHTepiaMi wKocTi. 3oxpema, spurepicm (3)
popmymocten samana onrumizani obaact 11C
(o6aacTi  3axBaTy  wacTMMOK B PEKHM
npuckopennn).  Tax  ax  mia) w (31
ofuncmormica wepea ouinkn Tuny (9), (18). 10
MH r A0 TP i Ml
Jaman onTuMisai. Tpwsomy  xapasTeplinsi
JALAMAMM UM MBWOTO  BHRAAKY € ABE
MIHIMIZALIE vkl sakcumyma 50
TIOHATROBHMN YMOBIMH 1 diyHKiil MAKCHMY M
i HEILTCRHOM IMINHON

mmw,(nfr.:..ull‘ (9
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(20). B wmx, sk npamwio, HEOGXLDIO HEIANERIOI0 IMINBOW CIHHT, 10 3
i # ab6. b moxHa GpaTH rpamicnT gywwuil uini W i-if
® n e ivepanii. [py poin'3yBAHNI KOHKPETHMX 14044
TpackTopii

HERACKNOK IMIHHOKD

2:&:} la)= i m]ﬁxﬂl.x,.tz]}. @n

Bigoso, mo dynrLis )
mndepenuifiopana B xoxHIR Toulm aed, 0o

KEPYBANHR nyuKaMn
sapexomeHAyBan  cefe  MeToa HAREEHIIOre
emycry [1.8.9])

ny ui; 3 ONTHMATLHIMH A1 llruuaml
TAPAKTEPUCTHRAM 1A ocnoni mevonin 11T
He mpusois rPOMIBIKHY PIRHANL PyXY

Gym-axomy — WAnpRMKY 33 VMOBM, 100 > nos,
@{x(t.5,.a)) pepenii m b JninpocTilly  MATENGTHNY
kounowewtax  mextopa @, Hkme @' MOAEHL B CHMETPHYHOMY BHIATKY
pow‘mox 3amadi (21), 10 wHeobXiaHi yMOBM
ONTHMATRHOCT] NOAATAKTS B TOMY, U0 NOXLANE E.;Lnr.al
Ha) 33 Gyau-sxusm HanPAMKAMH ofumcnena B a (25)
TouW @ € wemin ewmowo [1,6,7] %l =Alxt,a v, refo.T] dojes,
T
o ) T
gy my o (X @)% yr o dn )" o) - BEXTOpH AORLIORXIIX
" : % a - r peit

xif(xt,a™ ) dala - @ e 2 0.

22)

Tyr My MHOMHHE TOYOK, B HKHX
AOCATRIOTHCH MaKcHMyMM 33 5, @ 1 B (21}
Mt(r.x..a““")} - muoxkmHa cyGampepenuianis
B touni x,r, wlra ™) - pomtaiox
CRpakenol Jaai

dy { gt e i
dt o Y2

wlr.roxp.a 1) =1

Has EUCAOBOTD PO’ T1HHA 3anayi (21) momna

ap, ga"' —qG[ﬂ‘mn i=0)2.., (24)

i ;
ae a'e G, - nowarcone nabnwaeins, J0IATH
MHCHS o, RMIHAYANOTE KPOK COYCKY HAO 0 C
iTepmi, Gb"'] - HANPAMOK CHYCKY WA Uil Xe

Axuil mIHavar CTRYRTYPY
NPHCKOPIIOMO-(OKYCYIONY
cHeTeny, M, - POTKIL HOCTHHOX 33 £ B MOMEHT
=0, T gowsia  yerawomsu. B

il BHTATKY haos

™ P
BEKTOP NAPAMETPIB,
noas 1 camy

oﬁu;ﬂﬂllla

woel, =l saprelot] . @6

Fagaun POANFEE B POIPAXYHEY TaKore
axnft GM naman MaKCHMRILHHI

napaMeTpd @ .
JAXBAT HACTHHOK B PEMMM HpRCKOPENIE A
paninasiHMn KOGPIHHATAMM. IMpu  uhaMy
crpyktypa  obaacTi JaxpaTy B peEMM
IPHCKOPEIHA EHINBNACTRECH ¥ BMIIAA
G\,-f_y:y'aysc’i 3 JARAHON CHMETPHNNOW
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P
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Introduction

The issue of the gestures recognition needs to be
wnhcmmufmdﬁmﬂh
develop Tt is imp 10 devel
the methods for dactyl language gesture mw.ﬁ
B cieatific term, Tho ducty] Iaaguage represents
letters of the alphabet. Hearing disadvantaged
People use dactyl language for representation of
:Wmﬂ:é.m, foreign words, scientific terms,
h:"!'v‘m_ny leading scientific institutions have
o aducting investigati hes in the
i syl Jmgnge mrpition. oA o1, ok
mmwmwm special gloves with different
2 of sensors for gesture recognition [1,2]. Some
the developers do use ones. A hidden Markov
r:"'“ﬂwwidelymdinpmtmm
e ). Some authors suggest o mosdel for recognition
gestures performed by one or both hands. These
models (3] are based on a dynamic Bayesian
network, the I\'r:;we of which makes it easy for
= the i between  the
indications of the gestures and for a new information
insertion in the model. =

Problem formulation and the methads for
::'ai-: the elements of dactyl language

fmm ﬂiuu suggests the description of the system
Tecogition of the dactyl language clements. The
peculianty of a given system is that it does ot

©D.V. Shkilnjuk, 2012

require different types of mechanical gloves with
additional sensors and besides that the gesture can be

by a user with any size of a hand and at
any focus distance from the camera.

Dactyl language gestures were classified while
researching the nature of the dactyl language in the
papers [5.6]. The classification was performed on the
basis of the analysis of geometrical indications of the
image pomnts’ domain, related to the hand. This step
Jeads 1o the fact that, while recognizing, the input
gesture will not be compared to the whole ibrary of
the templates. but only to a small group of them.

The alphabet of the dactyl language elements was
divided into two groups: the letters reproduced with
the static hand gestures and the letiers which are
reproduced with the dynamic hand gestures. These
two groups are subdivided into smaller groups of

The methods, which are used for
recognition of the gestures belonging to fwo different
groups, will be studied i detail.

While recognizing a dynamic gesture the analysis
of the motion trajectory of the center of the smage
wmm.mwmm is done and also the
analysis of the state of the hand while reproducing 3
gesture. lnuuderlommilmupcrlu—mdlbeobjeﬂ
trajectory it i pecessary 1o wrack the coordinates of
the center of the mass. In caste when the system
registers an alteration of the center of the mass which
is bigger than a specially sclected threshold, the
analysis of the state of the hand at previous five shots
is formed. At the Figure | shows 3 #lep by siep
reproduction of the letter D",

m
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For a group of the letters which are reproduced by
static gestures, a mnge of methods was developed
are based on the analysis of the image points domain,
relsted to the hand. In panticular, for recognition of
static  gestures there were used the methods of
comparison with the template [5], the analysis of
angular parameters, and the methods of analysis of
connected domains.

Figure 1. A step by step reproduction of the letter
o

After the analysis of the results of the above
mentioned algorithms, there arose the necessity of
the analyss of additional indications of a pesture.
The analysis of the image outline is carried out in
further steps{7].

The outline analysis  allows  describing,

paring hing the objects represenied in
the shape of their outer contours - outlines.

The usage of methods of segmentation for finding
the image points domain, related to the hand, is
described in this paper [S] The outline analysis
methods are applied to the points domain, related to
the hand (see Fig. 2.),

= yif

¥l

Figure 2. The application of oulline analysis to
recognition of the letier “N™. (Blue chart — value of
aulncorrelation. function, red chant - value of
descriptors)

Results

It should be mentioned that the application of
outline  analysis  showed satisfactory  results ar

T of gestures, by users with
different sizes of hands and at different focus
distances,

In the course of the system claboration, people of
different age with different sizes of hands take pan
in the experiments. In the course of the experiment a
person reproduces & gesture for fifty times ar
different focus distances and the quantity of correct
fecognitions of a gesture by the system is calculated.
um‘l‘hu FAperiment results are shows at the next

3

012, 4

Butletin of Taras Stevchents
Natianal lmiversity of Kyiv
Serien Phviics & Mothematicr

Table. The experimental dua of recognition of

somesigns
Peaple, reproducting Percentage of correctly
the gesture. Here T recognized gestures out of 50
teenager, M - male, F | times of reproductson (%)
- female
Sign ™| Sign M | Sign 0_]
T 14 years old 86 E_| & |
T 16 years ok | |
M 23 years old B4 1 i]
F 23 years old &2 B2
32 years old 82| B
M 46 years old 80 | 1 Il
M50 years ol 86 | |
Mean value | 8314 [8a00 [s272 |
Conclusions

The application of outline analysis, angular
parameters, the analysis of connected domains, and
method of comparison with a template, the trajectory
analys:s to the task of recognition of the elements of
dactyl language are described in the thesis. On the
basis of the experiments and the obtained results the
algorithms of recognition of dactyl language without
any gloves or any accessory marks on hands are
being elaborate,
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3 PETYALTTAMN KUHGCpEHIUi TAAPSD'2012).

AN CTPEANKATIN JAIMAUCHIR KARCIR (MMUL, TuMIL,
FTMIT). Ocofammicrio APONONOSAHI. SHCIEI € BH-
o = o

indopuatirn B mporpastynasn (nim., wanp., [1]) Ko WoRMx
Aan onncy indy i Ta cHcTeM il Ta dopu nua
Y b iuni norice. T i i Tl HHEREN J0BEAE-

o HO TEOPEMI KOPEKTHOCTE i NONIOTH.
dpawanii TlotarTa, £Ki TYT HE BHIHIIOTRCE, TAYMIOMO B

CHCTEM, dixauii Ta nephd

Aparpas. MporpaMpo-OpicHTORIHIME KNACaMH 10~
FIMHHL GOPMATIIMIE MOALILHOIO THNY © KOMIO-
MUIANG-MoMIMATHIE  MoaAMNT  AoriEn )

wei Gy [
FoMRoMiARG-nomimaTHEROrD niaxoay [2]. Homi
KIHACH TAKMA AOTIK JANPONONORAND | SOCHITKEND,
Jowpesa, w [3-6]. Bamamunn wascon KHMI ¢
TPaRifni Mogamemi morike (TMJ1), sonn sizin

cenci [2,5,6]. JoTpumycaocs ROTHAICHE pobarn [6]

1. Bazoni cexpenuifini dopmn
TTonRTTS KOMTOINUANO-HOMISATHEROT MOZATL-
woi cucres (KHMC) € ocnoninam ans KHMA
KHMC - ue ofcer suranay M = (Cms, Fm, Jm)
Tyt Cms — KOMOOTHLIANA MORAILIED CHETEMA, Fomr =
aeboauEa GOPMYN BLANONLANOT wOBM, Jm - migo-

- acnexr uinn & p P ofiaac- G i T ropMy Ha CTaHAX ©
g A P (MMJI)  KMC savom s Cms = (5, R, Pr, C). Ty1 5 -
(TuMT) i cTanin caiTy, K = MAOKHHA BULIOMICHE HI

THBHI Jorice, B sewax MMJT aani swaineno TMIT
:'ﬂﬁlnm ™y Ta saraes TMA (3TMI)
" i TMJI sioeai a[6} B
aamaneHifl poBOTi ORICANO CeMANTINGN MOAET! TA
Momn wncrin nepwonopakowiy. MM | TuMJL,
1 B AOTIHOIO
CTaHAMW

m""; AOS MHORHH CHCUMGiKOBARNY
BOpuYa wom wex orik. i

Jawa cravrs ¢ mposommennam podorw (6] Ii
METOW ¢ nof e
ML axn ancTH nepmonoprakosns TMIT ko

©OC Wrinuenr, 2012

5 surnany Rg S =5, Pr- MuONIE UPCINKATE HA
cranax cairy, € - smoEnia kosnowmuil wa Fr, axa
AHIKINACTLCA GASORMMM IArATLHOROIIMHMNMN KoM~
OIMINMR BLANONIANOTD pissm (138 YHCTIA BCPEIG:
Ar) Ta Banosusi

v
NOPLAFORKX AOFIK e = ¥, R;.
“o uK

n. § r
oy peoxmacieins (2] anrehipainin choTes
wurany = (du, Pra), a8 Pra = sassai CXRITONNIN

npemuearin murangy A —+{T.F)
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Tpananuiftna sozankee crcresa (TMC) - ue AL UM BT WS M :

KHMC, y sxoi R cRiaaacmecs 3 niIHowbess nepexo- o AVB.E NSIM ;

ay (aocawmnocTi) wa cranax waranay Ro S =85,

Myawmuooansui TMC (MMC) — ne TMC, ¥ zithieuHE SN

axien K= (0] 7€), @ GAI0RIMN MOTATLHHME KOMIIO- aoA v BL (SHIM
wuinmm © Ky, fed, 2e xomnoMy & sicrasnesce K, o R CALE I SeH M
Tesnopassni TMC (TuMC) — ue TMC, ¥ sxnx R T

; ] S RTANE ISt
CRIAIMTLCE 3 CAMHOTO &mm BLINOWENHN B, 2 o

b € O § O pr adRICANE ISUIM
Jazaneni TMC (3TMC) - ne TMC, y axcux K = (o} aiRTCANE HSH M
T O = cjmnia Gasosa MOJAALHA KOMDIOILE, (AVE WSHiEM
Hexnafi A 1a T - bi o NS e vep(d)

wasnt popuaya. Taxi opaymi ssomi nirana O°, ae w R (AT HSIHM
D - dopayaa monn, 6 — ¥ coeundikanis (wiaime). ai RS CANE 1 5 1 M
Tyr aas, ae § - unommuna iscn cranin coiry. AN e —————  ae yepld);

A ¢ norismi machiaxos T n yaromwenif [6] i M LOE RS M
wun KHMC M (noon. Tleud), suo anx scix  po o Rio | (ANE HSUIM.
de'A i ymonn Dy(d,) = T ans scix e T swnammar, W RRZ(ANE (1 5tH M
10 wemomanso Fpldp) = F ana meix 9P A, P

A ¢ gorisom wacaiaxom T (noww. T|=4), mmo aify o LALE HSHM

T [=u A nas cix KHMC M nignosiasoro many. m '
B = 10 o [6], =R CALE HSH M
MO € CEMBITINMON0 OCHOBDID NOGYIORN CoxBe- R e e
T ———————T YT we Ry (=ALE (Seil M
TuMl § ITMIT cimitommm npemikati. wa—By (AVE WSEHM
Cexmenunil Mt TpAKTYCMO 2K MBORINN Cicindi- & m :

xosanitx cranasu dopsya. Taxi cncundixanii ua-
Tk BTN Al i 6], 2e @ - iM'R cTany. Cramn R ay RECA) R (B)E 1 SUIM
amcnami. [T i i St
cran nommasacdo 0. Cexmenuil sarmaycmo 36yao- R,:Av:Bj,!. e
BAMMMA W3 JabitR MoMeNT Ry 2 Ay R{(BLE (1St M
na;ulnl "i.lzmm uamnu¢ o RE(Av BLE HSHM
EXAR L — MHORHHS COELNGIKOBARKX Qopayn,
ajda), Pidpl, ... — nofyaonani wa nanmh MoMesT +RIR M

CTANM §) MIOAHMAMIN DX Ga30BIN A3HMx; M — cxema - 5 (3ed),T W SUIEM
Moaeal iy, Tobro sbynosane ua el MosenT sig- i
HOWIEHHS JOCHANOCT], JAIMCAHE QAR iMEH CTaNiN, St o TR BANT I SHAE, ;
 MORMHA IMEH CTANIE K3 AaNME MOseNT. F6arave- g ReS(ARANE St M
Wi cencuil sanncycno L4 alda), Bidpl, ... 1 M, a-J0A, T St M
croposeio uk 1/ St il M. R3p R AVE ISIM
Haseacwo Gaosi coxmenuifini dopmm wncncis ol y o
T, TMA exni npe- —a-IAE USHIM
:rlum- Dopusl, AT BiANORANNM dopuan ac RUACALE iS10M T
HCACHE DOFIKM CKBITOMMMX KEALAPHHX ﬂmﬂl‘l’h .
(2], we 3mimonaTs cxemy moneni caiTy, HRAS RS (ALE 1St F
AAE IS - RE(IAVE 1SN
N AL NS AR o REGeA) , BE2(A)E 1S M
21 f QeA). oy RS (AN HSUTM
o AL SIM T k
A E SN 3 w-RICAVE 1 S0 M

W IAE NS
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3 o 3xd, , RIAVE 0 SHHEM (arimso cxemi soneai crimy M) crams i raoo, wo
abf un o 3rinno peaekcHRNOST! By npw Dep-

aq AL HSIM

Jnm (3R ysoms: ye by, yenm(T, A, R (3ed)) ;
TpW UBOMY A0 HOCIA A. CTAHY O JOSAETECE HORMA
eacuent y. Jlan 3 yuomie: ye Vr, yenm(L, 4); a0 wo-
Ci% A, BoasCTLES HomE .

IOnpnumn'n)lT.ﬂ'-fN, R3R, R3p suaneso aono-
MUKHHMH, YOI 11 GOPMM — OCHORNL

Oo_pm 2A% NPOMECTHHA PLROMINALIL epes Mo-

aaasmi oneparopn (tyT ¥e Ms):
e BR(AVE W SHM
w RERAVE WS iM "

s BRI (A)E NS M
- RORAVE U STHM

sy sacToCynasni Gopmm - K, 1CHOBOK wac waiies
w- Ko, A ZHSHIM.

WM uta e, fpe, al

KA, 0 St i i

Tyr P - nomni cran, 20 M sosscmo ot 1a fea,

peghaescwane | e
Y UBOMY BHIAIKY MACsO:
- KA. Ay K AT S0 0 M
W KAZNSIM

Dopua K, 1acTocosyrTLcE a0 o K.A4 2 seix
seanmii B aamndh Mo (wriano cxesm Af) crasi b
T, 1140 ab i e Cocundixonana . K, 4 1yv

Gxiana weped iCTh B, 3riaH0 peduex-

Gopun eninivait S
BT BUIMIHWOCT] JAGCHHO Bill BAGCTHBOCTER BLIHO-
il nepexomny. TRassuifnmMm ¢ BHOLLKN, KOk 1

MO P petpe-
‘_"‘Nll'm st conmctpreanmn, Jlnn TubIl npu ymo-
Bi cHMETpHuHOCTI B ofiepatopn Ot To 04 2ioTe

CHRHOCTI B, TIPH MEPUIOMY TACTOCYBAHMI il opas
J3CHOBOK Mac BTN o K, A, gd, E 0 S0 M.

opua K, TaKa %, #x 118 munaaxy 3.

. 10 AP Gopan cai i
MOMATLHIN OTICPATOPLB ICTOTHO CIPMUENG TOPINNE:

WO, npd Wik yMowi P
TuMIT inewrnani sianosians sucacnias ITMIL
Hanenemo ans npuicragy gopun K, 7a 4K, ane
MACTYTINNY BHNATKID.

"o hop podioma [3] B

npH nobyaosi cexmwe iifisoro Aepesa opuaa Ty
- Ki jacTocomycThek B0 opuyamn mariway w Ko
GAraTOKPATIIO, AAH BOIX s cranin i o

1. acasmmui eunadox. AKIO wa b, We
AOITRORI YMORH, TO MACMO:

g R A THSIM

K AETS M

Dopua o K, 18cToconyches 20 o KA am s
VERNNIHN B RAH SSOMENT (7L CREMH MOJEN CHITY
M) crain f Taon, wo apff. Axuo Taxnx canis we-
13, 10 mBommmo wowni crin [} (aph usomy As = Aa)
T3 oaacun af oo M.

KE AL NS M e, B

w- KA EH St UM

Tyt P~ wosuit cran, 4o cxewm soaeni caimy M
A002eu0 b 1a 3aaaeMo Ay = A

1.2, pehaencusne. opua  K; Taxa =, ax am
HMLILHOM  SMOATKY, BOMS JACTOCOBYCTRCR 30
KA nom wcin wammwsoc s gl soment (i
CReMM Moneni caity M) cranin B oo rimo pe-
PAckcumnocTi B, npn mepwomy sactocysa K,
WCHOBOK MAC BHEARA o K, A, A, E I 50T M.

Dopua K, Taxs %, #X 198 JArAALHOFD KIGAIKY

2.5, perexcuane ma cusempuae Dopsa K
TAKD X, 4% 1A% TAFRALNOTO RHIKAIKY, BOHS HACTOCO-
BYCTLCH 30 4 K, A 208 BCix HARBHIA B IR sOMENT

HapeacHs
=, fns GAIOBMX OpM MACMO
LAKEM X ZHM
s i 0
Teopewa 1. Hexai TaM

™ pAK M e soni cexnenniifini opsan. Toai
WFAUM
1ymane A=K nX=Z ol=a
ymewo A=K, o Fi=4

Jlan it “
Hnl=a surunmac A ¢ K abo X |2 Z,
ynl=a mienmmac A = K

2. Teopess KOPEKTHOCTI T8 HORUOTH

it aepena

an smcacat TMJT 5 OCHOBHOMY AHAIOFTHRA B

simif nponeaypl s CEXBCHIIIANME HHCACHE 07K
: 2P 5

Hap apeas
CTH HA MIPHITAL YHCTeHE MM )
TMocramiy nobyaony Iepesa aie coxnesaii (T
BEAEMO NAPATCILIO 1) 0By 00K Cresit mapesi eni-
Ty, Cxesa OHORTIOETRCN FPH sacTocysasn o Kegops
{m oxpemitx aunaakax Kegopu), axi aoaanm HOBi
crarn. Ha nodaTxy nofyaoms Magixcycuo WeCKis-
B
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Fycrpimmoncn s T_A. Komue sacrocysamis dopuy
20 cx 0 AOCTY IEHMX Ha
Ansenit mossewt dopuyn. Tepen macTocysammm oc-
HOBHOT GOpMM NPH NOTPEG] FACTOCORYCMO HAZCKNHY
KLALKICTE padin dropast THRin RT, ©N, RIR, R3p.

Ha Y cTani Y i 3-
opun 13 | SR-hopan (Gepemo Hove ye TV y signo-
nianomy craii). [ToTin BRKOHYENO inui 0CHOBN o-
Pale, ORpiM eTiMinal MogansmocTell. Gopau (3-ra
AR sacToconyeMo GaratokpaTHo — AN YCix iven
AocTynnmx $opmya sanoi cexnenuii T i HACTY IR
win, Jlani wekonycso  K-popun, notim Gararokpa-
THO, TTLIHO CXEMI MOENI CRITY, ~ + Krdopmn.

Ty Pa s P BOYHTH-
BHO, KKILO OTPMMANO JAMKIEHE CERBEHUIANE epeno.
i MICMO CRINYENNE MEIaMKNCHE NEpebo abo
We

HLOMY | CTAHE AOCTYTIHON,
Teopesa 2 F i)
WA mmiana. Toa =4
Hexah (T A wimignm, Toai ans wei nolyaonane
JaMkHene coxBenLifine aepeso. Yei fioro nwer -
HAMEMEH] CERNERLLT, TOMY AN% KOAHOMD TAXOTO aAMC-
T2 X7 macuo X = Z. Pyx BiA THCTIR Aepena 5o fio-
O KOPEHN LURCHIOTIC 13 20n0MOroe cEXBERLf-
Wx opse. I Teapemoro | npn TEpEXOA Wi jac-
MORKIN D0 sucuowxis dopM IcpiracTics  miamo-
werna = Tomy aam kowmoi BEPIIMIH CCKReiifi-
Horo acpess | AJK Macuo Al=K. Joxpesa, mnx cex-
senuii A — xopens nepesa — Tew Macuo T =
Jlas aomenenia nosnoTH cexmenifnx “mcnens
BUKOPUCTACMO METOX CHCTEM MOZENBIHX MHOMMM,
Crcress moneasmix mnomsm — ue ({H, |aeS), M),
ae H. - monesina snowmma crany o, M — cxema
Moneach cuity, axa sagacies K. Kowsa Hy wwma-
HATTLCH YMONOM) KOPEXTHOCTI | yMoRaMM fepexoay.
Yoeoma KopexTIOCT Moge Tl MHORHHH CTany:

Hexan
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a4 RIS (D) € Hy ma ye u(®) = o RE (@) e H;
MRR) o RS (READD cHy = o R} = (®) €M
R RSN e, =5 o K o (D) e,
MB=) o R (—D) @l = o =R (D) € H,;
w4 R (D) €M, = R (D) €M,
MRV} o KD W) e M, =
= o R (D) RE (W) e M,
R (@) e, = o R (D) v R (W) eH,,
MRIR) o B (30®) e H, =5 o B (3a) e i,
g R R e M, =5, RE (3e) e
MR3p) . B (Fed) e H, = o, debe H, ;
wi R G eH, =, Gce M, ;
M3) o 3xDe H, = icuye ye Wa: R (D) ell;
wfdrbal, = | B (D) e H, nn ncix ye W,
M3R) R (3e®) e H, = icuye ye W, make:
BT My
wi QD) e M, = R (D) e M, aan ncin ye Wa.
MR KD (WD) e, =, BRI (D) e M,
o RED) e H, = | BRI (D) e, (1yr Ke Ms)
¥ ewnanky 3TMJT wowkpenayouo MRE ax
MRO, ¥ manaaky TuMIT — ax MROr ta MROG, ¥
wanaaky MM - ux MRE {aoe seix K M)
EniMintauii mozansocredt intyxyions. sianosii
yaeomi. [lnn MMIT woun Taxi-
MEK) sxu0 o5 K, e H,, T 5 e Hy nos neix e s
TaKHA, wo ab, B (Tyr K e Ms); .
it oy K, @ H,, 10 o e Hy ans aesxoro fles
TRROFD, o ab, i (Tyr K. Afs)

Amanoriano sanucyeries ymosa Mo s 3TMIL
ans TuMJl powa posuenacsa na MOy 1a MO,

Teopesa 3 (npo kowrpmoaens). Hexait o — He

MC) 2w kowaol i (3] dhop

acpest, Ha -

masxy @, Wexad

& au- wasx W
N‘;ﬂﬂ 1 u._ﬁwku.pm HanewaTH no M, MHOWHIL WEEX CREUNGIKORMINY oy 0 oy GOPUYT
Moy _ BLING- i masxy P, M- ofcananns yoin cxem

BLANMN CORBCHLIAHMY hops: uoachell caity  cexmenuif

M=) —Qel, =, @eh,; Hae=({Ha|aeS), M) Ta Wenm(Hay). Toai icuyiors
T PeH, = o Peli,; TMCM = (5, R, A, Jm) Ta 5 "4 3 im{5) = I¥ 1axi:

M) o D Hy = o Del, 260 o Ve M, Da®eH, = ®,6) =T,
e = o el T el 2} el = 5y = F

M) RIS €My = o, B (@) e,
R el = R () el
MN) oy RS (D) e H, TAVEUD®) = o R (D) e g,

Man nepesoay min wwwioi mepuin wnAxy 30
B0 Jactocosycmo ey 3 Gasonux dops. Mepe-
ROAM TN U OpM HIANGRIIARTI TYHKTAM BH-
TUBHENHA. MoAEMHOT MiowHH cTamy. Komia ne-
FIpHMITHRHD opsyan ULIAXY @ PBHO K NPHO
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el Tapoca Ulewsrwsn
Cepia ghermnsudmve samarn wawwy

Gyze cop “w anano
opui. Bei coxmenuil masxy @ nexssneni, TOMY
sHEOHyCTRCH nyner MO, Takmm widos, Hy - cuce
TEMS MDIETLHIER MHOKMH.

_th-mo AeARY MuowHHY A Taky, mo 4] =W,
™ iwoereany <A 3 im(8)= . Taxa & ¢ Giexuico
Wi A Hexall W, =nmiH,), To8i §, ¢ Girkmicw W,
8 A, Janamo IHaveHi Gasonux npeankaTis ua 5 i
IE8 EMCHMHY MIOMMMAX, BHIARTY T (5),

Ak oy pa M, 10 ()= T,

llmo..p‘!f.. 10 polB) = F.

Ao R} (p) €H,, 1o palt’ (8)) =T,

0, R (p) € o 10 pule§ (8)) = F.

B yeix isupo

& yci , SCATKIX SHAMCHHS ’;u{d} MO
18030 NEICTOTHOCTT iMeH: 8 neix o, he AT Taxux,
s ol ) = b (), weoBxiamo pofd) = pulk). Tax
‘lﬂllll_ BENCINs Gasusnx IpEIHKATIA NPOADERIMD
B EXmITONHICTIO WA mianomian fe YA,

._JM ATeMAPHHY dopMyn W opMya srranay
R (p) eepamennn TEOPEMM RHILTHIKITH [ BHIHI-
:u- aein Gasomnx npeankatin, Jlani aoncach-
1amp. (3] eyt om oo pimafioess

e CTI0 (M 1T
o nofynomn cucresu momenmmmx umu.’

Teopesa 4 (nosmorn). Hexadt l= 4 Toai cex-
Dewtia  I_A waniznn,

Tipseryeruneo cynporuame: Tj=a (ro610 TioyA
A xammi ywrommenol TMC M), npore E=, T4
NexkBia. Tozj n cexnesifinomy acpeni a1 E iciye
WEAMKHENR thanx, TeiacH Il,;:(i!f.fu:&‘l.m -

Modeakitnx Muoand. 3 Teopesow 3 iciy-
'“'I-GTMC M=(S,RAJm) m 8c"A: o DeH, =
:{ V=T 1 o BeH, = By(5)=F Jokpema, ue sip-
m':r'-“ Popuyn cewsenmi (A T ane wein
"dﬁ)-;'l:: DiS)y=T ;:a ;u: Beix 4 s: MACMO

- & 3anepeye Tj=y Ompwr-
MATH CymepemticTh. Or:r,l w“xm:w HEnH-
AT T A Hewipwe, 110 # ow0mem, TEOpEMY.

3. Mpuranan nobynonn auseacis

m Npikaaan nofyaonn MUBCACHE B CCK-
Fix wwcnewnax ITMC. Tofiynosy ncpesa 13-

w2, 4
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s OA=DCA [ Ofa) /10
wOA, o O0A W Ofa) D
DA, 1 OIA N Ola}, Hal ¥ 0=
WA, A 1 OA W Ofa), 1a) 7 e
a0AL A, 1A :xo:.ﬂ‘h tal, 2{a} #1001, 152
OTpHMATH HESMERENS CEXBCNILIIG 1CPCsD, aXe
nac wowTpsozens M otaky, wmo M jEOA-DOOA,

Macwo 8= by=8y= = [5-+a]. Jazaco Axlds)=F,
AglBy) =T, Ap(By) — moniznums susom

LG Aepedo Ane P
[=0A—D0A (ssnasox T-TMC)

EA-OOA I Oa) 10

LA, o 0A 1 Oa) 410
aDA, 1 OA K Ofa), 1 {a) i 0]
aCIA, A, DA, A = Ola), a) # O]
Maeso samxmene acpeso. Orme, = DA-S DDA

Tp 3.C acpeno A
|= A=A (JAranLHMA BRAZ0K).

sA—A Ll Da) (10

wA, oA Ofa) 1O

WA, A, s i Ofal, 1fo] i/ O]
P HESAMENEHE CEXBCHILIFNE Jepeso, AKe
ast kowrpmogeas M oraky, wo M |z DA—sA Marvo
B By = By = [-sa). Tazarmo AiiE )= T, AdBe)= F
fise AEPCBO AN HEpORIp

|=OA-*A {
af2A—sA [ Dfa) WO

WA, oA W Ofa) 1O

wDA, 0-A, A, e x4 Ofa), Ha) i Dol
o Aepeno, Orrme, |= CA=+A

"MEYCMO xaepxy-mies, T
~ M3 puckoio, JacHoRKi ~ Nid puckoo. Jam-
Y cexmeiito miaminacmo csnonos =. JUis e-
Ew @ y TMC nessoro tany Gyayeso acpeso
SEXBENLLT o @ y mianosLINOMY YMCTENHE.
" Mpmicaaa 1. ¢, nepeno aax
1*BASO0A (saramuni snasox).

Fepeso A8 NEPERIp

P sC
| O3nd—s A0 (araasunil Bunazon).
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wf03cA—+ A 1 Ofa} /O Bucnonkn
B pobori

wD3cA, pﬂxﬂﬁﬂ Ofal H O
@ D3, o R: OA, o 3:0A 71 0fa) /10
»03rA, o 0A,
wI30A, 1A, o35 DA 1 0fa), 1{a} # 01

.mga.m,n.Lwa 1100, 1 {a) 401

wDO0A, o B2 A, oA, o CIA 1/ 0fa), U fa, B) 1001

CrTpMMANH HEMMKHEHE CEKBCHUIRNE Aepeno, AKe
s xonTpMogens M Taxy, wo M = O3rA—30A
Marwo B = [o=sa, ysb), Sy= [n=ta], §; = [n—a, pb].
Jazaemo Ayfd)= Aylosa, b= F, Adel(5))=

=Ad[r—a, pb])= T, Adda) - AUBIALHUM MIHOM.
¥ei npeascTii iscita, 0XpiM X Ta y, HEICTOTHE 1w A,

1y 6. C Aepens wan
I+ 00— 030D (aranmmni sunasnox).

wA0A-C3cA 1/ 0a) /10
#30A, o O35A 1/ 0 fa) /10

ir0ta) 10

w R OA, o O35A /1 Ofa, b} 11O
.D.ﬂ‘,’!\...ﬂsm £ Ofa, b} /01
« ORI A, FeA 1 Ofa, ], 1{a, b) 4 06]
wDORIA, R A, 1 33A 11 Ofa, b, 1{a, b) /0o
«ORA, wRIA, Lax.m HRIA L RIA

1 D{a, b), 1a, b} = # 0ol

Ormpuseann samicee cexnenuifine Aepenc. Orm
(R TN -
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P Mix T
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Sequent caleuli for logics of partial and
multi-valued quasi-ary predicates

We construct special sequent ealculi for various
relations of pure first-order composition-nominafive
loggics of partial and of logics of mudti-valed guasi-

l'l!u"m i Aosixax

¥ B ce- | ary Special  variable definedness
e Tpu nobydoei suxop fi are used for the construction. For the
P APecun ARQ » d calewli i and ol

marvennn dun suiner, [Jan yur wucaens dosedewa | theorems are proved.

meopes W ﬂ.mm:umd. Key words: logic, predicate, logical consequence.
K"’_ wosi crowa; aocina, npedusam, socivedr | sequent caleulus.
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Han pors'saaiien ik Jazat, wWo

, W0 BHEIKIOTE ¥
CYSBCHN (NOPMANIRNNX | NIPOTPAMHIY CHETEMAX,
. noyx Dory=-
"“Q:Illmnu N06Y.308H BHBEEH € YHCICHNA CCX-
1 ) THITY. e
PEHHS OPUMANTTYIOTE dYHARMCHTRTLIE NOHATTS 50-
'___"“'““' CHLTYBIIA, Y TOMHCHIA ULOTD DIOHATTA 33
noriusoro ann

FIPOLPAMMO-OPICHTUBAHIN HOTIMHKX 0] i
. . praniimMia -
Ll'-mumﬁmmmmm norik (KHIT) ksaziap-
e mpeauxaria [1,2] - sany u [3]. Bee-
pro: 'ﬂ“ll:mcud' =5, “xubuicnui® =g, "chib
pa e, “wecnpoctosmicumit |=cn “HackeHHil”
!r- morvm HACALAKH. MNMoGyaosano (an, [+-6])
K:n'?:t:ﬂuuhlm MHENEHL AAN PEIHAX KARCIE

LI i mi ¥
A umouHnn Gopmyn. Joxpema, n [6] anpononc-

MonsTra, AKi B pOBOTI He BHIHITANTLCS, TAyMa-
spneo w cenci [1,2,6]
Byaeso JOTPHMYBETHCE AOTHANCHL pobomm [6].
Haragacmo  BHIHIHCHRA BLNOWEHE POTIMHOTD
HACALIKY JUER MHOMCHI opuyn
MACALIXY TPH IHTEPOR
e soni A 3030 TAK
=, s (7@ N FiE)=2;
el Wad

Ha M-

T afmen &, mamo L) Fi, )0 U TeE,)=" A,
wr var
I f=rb. wo () TOP0E U v,
el el

=l mume () F¥ )< U Fid,):
e ot
[ af=pr s mxcine Taerdrala=rd
BiAHGDERRE IOTTHROS HACILIXY AN MHUKHH
goguya =2, [=r =1 ["ar WHIHANATI 18 CACHON

::':"'ﬂillud COXBCHLIANI YHCAEHHE 18 HHCTHY "
Mpeaay AOriE 0 Tf=. &, sxmo T b= & aan xosnol OnCTE MORH
. ot OcoBAMBICTIO LM SHEACHE € BHEOPHE: Jlnn NOFIK OAHOTHAUNHX HACTROBNX peARKaTIN
fneuinm.mx i S-il in (7] wa- | sowa o wia-
i ) [=en I=r. 1=, I=rr
FOTATHHE NPENKA-

Aas nps imen

w:'mm Aanoi pofiorn ¢ nobynona cexmenuiANKE
v “" HMCTHX. NICPWONOPRAKOBIN OTIK HACTHO-
sy NOTIE HEOAHOMHATHHE KBATIAPHNE MPEIHES-
6. ﬂwl 060 3 € GeINOCCPENiM POAOIMENHAM CTATT!

Jlan AOFIK HEOANOINANME
Tim (AyaneHa oo HEORAICHINO!
THIE) MOWIHD POTFARAATH 1 cme =1 = =17

Jlnn AOFIK HEOANOTHANHHY GICTROBHAL NprCiiRa-
TiB (daraIkHa CEMAHTIED] MACMOD CAMME MpHPpOLIE
AOMMHOND HICTRAKY [1r

rhepecHuEiia CeMaN

f

N8 IMiMHES |
nin p

P
i opaan enimisaiii
©CC Winany, 2012
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= =7 Ann saraskHol coMaNTIN, = [=cm (mep aas

= oame iy |q, |=7, =5, [re a8 ;  HKHI

— 0aHE 3 |*ca, [*r, =5 [=rr ANA NEP i, 3 i: ymoma C v UnC.

No i =r 1=, Hucaenns (5L dopmaniye:

- | anx

I=rr. e, e Biamecemo Taxi: U, ——y., ==y, =¥},
¥y Vie ¥ (Mamerewi m [4,5]); RTy, RT, ON,,
@N, RR,. R, R—y, R, Ry, Rv., —RT,, ~RT.,
DN, PN, —RRy, ~RR, R, R, =Ry,
—-:;L{mmi ® [4]); R3R, R3R, —R3R,,
wnasrropin 3Ry, 3., ~3Ry, -3, IRE, 30, ~IRG,

HKH T
= BUAMOWICHHE [=p (MEPECHUCHD COMANTHXE) 18
HKHIT
FaMEHEHICTh cexpenwi; ymosa C v CL v UnC

=3, IRvy, Iv, —IRvy, ~3v,, IRA,, 3d, ~3Rd,,
=30 . [6), sown savop

[IIETERTNY pin ex);
C, C@ CR, CLR, UnD) (aws. [6]), wxi FAPAHTYHOTE
HAREHICTL BAANORLANOTO JOTIMIOTD HACTITKY,

1. Cexnenuifni dopum 7a ymonn

» [5I; Hucaewen QSR dopmanizye:
= I=r ane
HKHI oax t 7
o = K 1= (nep A
MBOTH CI'IE YKHIT

JasrnenicTs cenpenuiic ymowa C v CR v UnC.
Hucsennw (SLR gopuanitye nianowenis [=r
an YKHI P

Cexmeniiii TPaKTYCMO %5 MHORHHN Bopayn, cre-

TR

Tenmarcaemo cexseimii ax , T A, exoposeno ax T

Ce HHCAEHHE g i i

ALIEHHR JOTINHOTD HACALKY A% MHOKMNN opaya, ix
Gyayemo Tax: | T_A munizes < T'f=. A

o8 . © JAMKHEHT
cexneniil. asoenicrs A ovumaae, mo Tj=. &
Baoma ymoma samxmenocti cexnermii E:
C)icuye dopsyna ® axa, mo, DeE 12 +PeL.
JloaaTxosa ywosa B yeix weteinex — ue e
Tmuxnenicrs. Cexpertiin (A i1 Muoscnmon wme-
IMINHMY (_..l'u = {ue¥|du)el’} umw-rassenena, aemo:
UnC) icuysoms Un-umv-exsisanesmui R-tpopuym
@7 ¥ ki, mo el 1a Ved,
:Iry'mi DOZATEONI YMORH JAMKHENGCTI CoXneH-
uif H
CR. CLR, axi ictomi nns sianouscss ey, oy, = &

Ta

(nep
JamHeicTh cexnenmil: ysmosa C v CLR v UnC.
Hucrewnn (ISG opmanizye  siasomenns [=rr
ann HKEHI
HACTRORMX [PEAHKATIE,
Jammnenicrs cexmerniic ymoms C v UnC
He Gyaemo TYT poarnasaTh SHCOCHHA 128 107K

o X
AHTHTOMHIX NPEINKITIB.
E: i ! HHEnEN
OSL, QSR, QSLR, (05G € nactynni:
LR(A)E
T =
- R AL

CLY iewye dopmyan @: , DeX 1a r—Dek; RIZ(ALE !

CR) icwyr dopuyna @ _DeE 1a_—Da; —RE(AE

CLR) icuysoms popuyan @ 1a ¥ Taxi: N = er] d

VDEL,, DL, Wel, Wl PR AT

3a3H00 B BAHOWENNS NorivHOTe wacaiaky ra A% Gopu THny BN T2 ~ON yuona: yevid)

n Ty . KH,

(IKHA) orpmeyesto misry puamonunoered semmen. +RIR "&‘:M)'z g e
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S L AT ;
BN S sy FJYLM"T*‘EE,
EBE BT A BT ey
T Ty Jpy AR EA LD, 4.
: +AVBE ey R,
BT D BT 4‘;: s ’::,;
oAV BLE AV T -y R Gl s (A 40/
..z{-;_uu . LR LAE _?mm;..fy,z
R RS (AE SRR AL po AL A BN,
1Ry of (ALE e 3
¥ 7 i RR E e e e L
= ; 3 ; e 2(A), e E
Rz (RF (AT T RART(ANE —3d =1 ,‘-m,; i

R} (A).X it
ARRT R Tt
v 4R (—~A)E

R ERADE LRAE
R —AE T TR
o ER (A R (B).E
WR(Av BT ¥
iy EDTA-RIBLE
=Ry (Av B).L
Ry RIALE  _—RI(B),E
RAVBLE

LKA BLE

AU AUES

Dopun
R(A) je2,E R 2
e

opwn JRd T8, TR MasarL pira
Lo RGNS R ) R o T
I TETTES )
Loy —REEAVE —RE(Ged), AL T
~RE (3eALE '
Tin dpopw 3d, -3, IRd, —dRd ymeona: gy e
X047 B0 £ TR T MICTHTS CHMBOAMN BHIAATY £2.
Ha siaisry wia poiom [8], Tyr & wami Jrgopu
3¢, 36, 3Re, —~3Re irypye cHmnoa &
Basopssy  CEXBEHIERHAMI gropMass EHCTENHE
OSC ¢ \RT, RT, (0N, ,@N, RIR, KR, Kip.
R3p. o 4 v v R, _RR, (R~ R (R

{Rv,y 3¢, 3Re, 3 RS, 3w, ARv. 34, ARd
Ilnn [=er T3 [mee MOKHZ JHIMATH Janepeieiiig,
nepenocatn hopuyay 31 AiBOI HACTHHH WACTLIKY ®
paBY § HABNAKH, TOMY B MMCICHHL Q5C dpopum 2
SOBHILIMAOTD JANEPCHERHA HE noTpifin
Aacpena. Lip

e LRI EE L R BT

W JENTES
ar AR =T
IET RS *
—ar LR, R A, e E
| =ded £ .
gy 2R Gl R (A, e E
4R (EeA)T '
\—3RE LR (Fed), R (), e E
R (Fed),E :

RE (FeA)E

A

Hns gopu 3r, 3,
36, Jf =3 ymosa: & Vr
:MC!.ML Jlam , 3Re, _,-—ER:T _3R{, . ~3RI ymo-
: 2@ ¥y, zeam(L, RS (3ed)). s 3 3L FRL,

+=3RT ymona: I we MicTHTE CHMBONIN BHITIUTY £

v AR, T
L3, ey X

iy i aepena — cex-
sestil, - AKTHYHO DTHARORD SR PIIHMX TICPRIOIG-
PRAKCBHA SMEREHT {aus, [1,4-6]) [ mcaeni
@51, (SR, PSLR wona sancicna n [B], aas uwc-
nchia QSG MpONETYPa SHABOITEMD, AT R
(50 npoueaypa BUIPIMINCTRCA AHHiE THM, 1S e -
cToconyeMo (opMn a8 FORMILIMEGrD TAREPEICiE
Ta ICTOCOBYE MO TPRIHLTNI L
Sxamo npoucAypa Aoy som: acpead JUTH CEKECH:
i T 3apeplicHa noIMTHEHD, 10 MBCMO CEIHHEHHE
Jaskieie depeno. Hxiuw pona JANCPIUIEHA NETUTHR-
10 (MAEMO CKINYEING HESAMIHCHE acpeso) abio ne
JaBEpUIyCTICH (MaCMO seckiwscnne aepeso), 0 ¥
Acpesi IEAYT METAMEHEHHR HUTAE . RO AoTo wep-
RN — HEIAMKNCH] CORBCIEN Komua 1 opuyn
cexmenitii B IYCTRIHCTICH N3 B 1 ETane JOCTYRROK.
2. Teopemm KOPERTROCTI T8 NORHOTH
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Teopesa | (copextiocti). 1) Cexsemyin (T4

wgicng & QSC-vuctenni = Tl=qA & weoxsacuii
gl ma T'|=ca A s nep iy

20 T A ousiona & OSL-vucrenni = Tl=yA

i ma =g d & nep. it

3 A susidus & QSR-wucrenni =

it ima =y anep

Tl=ra Ia
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u [5] ymomnn nepexoay HRT, HON, HR3R, HR3p,
HRR, HR—, HRv, H—~, Hv, H3, H3R.
[TLELS ] i
AVKYE MOTCTLMY MHORHIY

Teopema 2. Heiali @ - werascnenut wose, B -
acix ¢ hopaya i
wpaco ey, Todi H - smodetsw Myosousa sid

idh muny (G-, L-, R-, LR-, C-seodenoma)

Aepesi iN-

4), T A sunidwa & QSLR = Tlnbe
ii i ma & nep itk

5) T A suaidna & OSG-vucaemni = [l=pd o
FAALIRNI CEManmuyi.

JLne nepex oy B HHANOT BEPLINHM ALY 30 18-
0T BHEOPHCTOBYCMO OIHY 3 Gasonis cexnenilifinnx
L

Hexait (T A waniava, Toni nns wel nof:
JaMkHENe cexmeniifnwe gepeso. Jlan xoownol Horo
mepuiii ALK socmo Aj= K. [lan ancris aepesa
ue mnnammac 3 ix sEHeHoCTl. Gepexenns dop-

¥3 3
il T™AY
13 Tk H3 i H-3 &i AT PO
ueaypi nofyaoen aepess | dopMam eTiMiHaI 308

MaME HICHAKY
(win o 3 DAHD-
fimenmies mancTusocTed mianowens. Orae, T =4,
Jlan soseacsnn nomnoTH NOGYADBAHIE YNCATHE
BHKOPHCTORYEMO METON MOACTLHIES MUGHIH.

pa, H3R | H-3R - npoueaypi no-
Gyaom aepena i opsas enisivan Kruopa i pe-
HOMIBALOCH. 3ACTOCYBONHR (hOps HA ARXY 0 BT
GyBacTLes, NOKN Le sOMIMBO, TOMY KRN HOpMYE
HEANKY 2, K3 HE € NPHMITHEHOW 4 JANCHEICHANN

Hexait # - Popuya, ¢
hMBonAME . Ta . Jamamo aam B Taki oo
W= {yenm(H)|.gvaH); Un=lyanm(H)| cyeH).

Muowcnma H ~ G-moderbna, Sxuio ane Hei miko-
WYTheR ymonn kopextiocts HC § HOU ta maseneni
® [5] ymonn nepexony HRT, H-RT, HON, H—dN,
HRIR, H-R3R, HR3p, H-R3p, HRR, H-RR, HR—,
H-R—. HRv, H-Rv, H-—, Hv, H-v, H3, H~3,
H3R, H-3R. Haneaemo 1yT yMomn kopesmiocti:

HC) e icye npumimimncl O Del 1a_ Del;

4 ¥ T

ann ih).
PRHO SH ITIHO ﬁym; POIKRAICHA MM COPOUREHA Wl
HO 3 dopaoio. Yei (LI
HEMMEHENE, TOMY BUKONOHI yMoBN kopexiocti H.
Teopesa 3. Hexaiin H — C-sodemua spooin
Todi icwysome modeni sosw A=(A0), B=(A4,0) ma
icwyrmn b, e A maxi:
1 Pell = beNP,) ma DaH = GeFldu),
2 Pel = neFids) ma _®el = ne D)
Tlapu (4,5) Ta (B,1) 13 TAKHMN RIACTHBOCTAMM

HCU) we iciye
unx RiA T REA T | R AaH T2 RAcH.

Mucsumua H — L-sodesssa, AKIN0 4w wei muxo-
MYIOTLER JAIHAYEHI BHILC YMOBH An8 G-moneasnoi
MHOXHHM, & TARD® YMORa KopexTHocTi HOL:

HCL) we icirye apwsaimuenoi ©; , el Ta—~bel.

Muommna H — R-sodesona, skuio am wei KO-
HYITICH J20HaNEHi mitie yMoBM ann G-mMomcasnol
MMOMHMIL, & TAKO® yMOBa XopexThocti HOR:

HCR) ue icuyr npwstimusmoi @: el ra_—ball,

Muowsima H ~ LR-sodexvna, sxmo ane wei mu-
FOHYKITACH JATHA4EHI BHILNE YMOBN 108 G-MOAEmL-
T MHOXHNM, 3 Taxomk kopexTHocT HOLR:

HCLR) we ictyrom. npasitunni poparyan @ 1a ¥
i, o De M, Dol a_Val, Vel

Imiacn HC, HCL, HCU - ue FMORH KOPEKTHOCTI
L-mogensnol memmmmn; HC, HCR, HCU ~YMOEH KO-
PEXTHOCTE R-moacnsnol mosstm; HC, HCLR, HCU -
¥MOUN KOPERTHOCTE LR-MORELHOT Moy,

Muomuua M - C-mogeania, nKmo 1w wei nio-
HywTLca ymosn kopexthocti HC | HCU 1a HaBedeN

seaspemo C- P Ta O

Hexait = {yenm{H) | cyeHl). Binseuo AEAKY
MHOBHHY A TaKy, wo 4] =[], T8 geaxi in ckrmm
B.me"A 3 am(8) = W Taxa A ay6moe miowiey W

Juaamo Makenis fatomis npeankaTin wa 5 i n T
W imerX Merroaenax (IM) miraay 1 (5) 665 (1)

—eyveH = BeTev,) Ta neFlev).

= yel = 5e Flev,) Tane NMew),

= wpeH = Se Tp,) 1 ne Fipy),

~apel = beFlp,)ane Tpsk

- L Rip)EH = 1l (BleTpa ar, (n)e Fips):

- R (pYeH = £} (B)e Flpa) 1ar (e Tips).

B ycin inuno manameax sauesio Gasoms npes
AMKATIE JATACMO JORLILHO, BPIXOEYIOTH DEMCKEHNT
OO NEISTOTHOCTI isei: pd)= padh) i puld) = plh)
ans weix d, he "A rawwx, wo o | -vip)= k-

o dopuyn wurnuay £ (p) i avosapwins THEp-
AXEHUR TCOPEMN BHIANRDE 3 BHUEANCHHR Baionnt
apesikanin. Jani 1osonnMo iMaysisic 33 cxiaaii-
cna oy rinmn B H
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ient Topeca Hieewewea
Copin. i st izl v
Teopema 4. Hexail H - MOOeasNG Muomuina, sicd
moxce Gymy G-, L-, R-, LR-modeannmo. Todi icuy-
foms siodeai womu A= (A, 1), B=(4,) ma §, ne"4:
_I)I,Otﬂ': 5eM®,) ma el = be T
1) el = neFiy) ma el =neFdy)
ﬂg-&t,&) Ta (B,n) i) TEKHMH BASCTHBOCTEMH
e 3

Hexah W= (yanm(H)| sy}, Binsen aesey
_mr:y A Taxy, mo 4] = [W], Ta gemxi in"cxTHERI
B.me"A 3 amiB) = W Taxa A ayGmoc muosouy W,

Jasamo weatenns Garosux OPCAMKATIE T ix 38~
nepescis 1a & i 1y T8 ma IM maraaay £ (8)i 1y (n)
= pepeH = Be TMey,) Tam e Floy.)
~ el = B¢ Tey,) vaneFlev)
=ppel = BeTip,) ane Fips);
=pel = BeTp,) 7 neFlps)
=ppel =ba N—yp.) 1 ne Fl—pals
=qweH = BeTl—p.) ™ ne Fl—pal
- B (p)eH = 1} (Ble Tp) e} (n)e Floa):
=R (pYeH = £ (B)eTpa) rar; () Flpw):
= =R (ple = o} (Ble Tl—pa) Ta r} (M)e Fl-pa):
= R (p)eH = 1} (8)e N—pa) Tar] (n)e Fl—ps)

BayBaaiM0, (10 CHMBOTN £y MOKYTH (IrypyBaTh

AMKATIS | [x IANCPCHCHE MM
w0 obmexerns mono weicTorHocti: pdd) = palh),

i w24

Orwe, TT . FlA) « D, Ue saneperye Ti=ad

it nl Mp T 3
Tl=cm & 12 T A nennninna. Mipeyiown, sx 8 sone-
sernni 1.1, macsan C-monenwiy B vaxy: TACH. 3a

ip 3 iewye Co P (B,m) Taxa:
el = neFldy) ™ bl = ne TPy 3rimo
3, T AG H anm scix Gel macuo n e FIO,), 2 mein
Yeh warwo MeTC¥) Jsiacn neFT)-TIA)
Toumy FITgrTTAs) » ¥4, Le saneperye T =ca &

Teopesa 6 [) T|=rd ¢ HEOKAQCHMIE CEMAnmMBNE
= T A ausiona o vucaenni OSL;

2) T'=r & & nepecuseniii cemanmuyl = (T s
aidna o vucaenni PSL.

Teopesa 7. ) Ti=pd e MPORAGCWNNI CEMTNATUY]
= T A susicha o wiscaenni PSR

2)C=rdn REpecivenitl CeManmng = WJA e
widwa & suceenni QSR

Teopewa 8. Tj=rrd o NEOKIGCUNRE CEMERTMYT
wia T gy A nepecuseniis cesanmiyi = JTA ausidna
# suicrenni QSLR.

Haseemo JOREICHHA TEOPEMI B. Teopeun 612 T
OUGANTECE AHAROF MO (N8, TR [5, 18

TipuTycTiMn CyTpoTRsic: T =1rd 1a T A nestt-
mizma. Toai 8 cexpenitifioMy nepesi T4 wcnye

it A, H yeix b

pasgix OPMYA CEKBCNLLIL UAOFO HITAXY = LR-wo-
acnhua, npisosy (S ACH. 38 Teopemans 4 iCHyIOT
T- P (A, B) i F- P (8.

el = SaTIdy) 1a Pel = B TR

el = neFd) ™ el = neFid)

Pld) = —~pdh), peld) = palh), —pald) = ~pulh) A8 g v yuosn i .

n HCLR wesipwa HCL (rom Mac

xixd, h_*{rm wo d-vip) = hl-vip) w0 HCR), 70 Ata T-KONTPMOAE! MACMO HEOTHOIHA-

Max dopuyn wurnnay By (p) i BT i D a ana Fexoup = METOTAR

woo: [x. sanepy . Teopemn Mt peaMEaT, TOMY AN NOFIkH OaMOIMERX

3 - Tlasi pea Gepemo F ¥ a ;s SOTIEM
Biuanemtn Garomux in ~ T-K0HTP

£ QOPMYNH IrIANG I yMOBI-
S mxaenia Mo MuoxHi H (zin. [5,6]).
Ha ocsoni Teopess 3 10 4 MACMO TEOPEMI NORIIOTH.
Teopema 5. 1) Tj=gd o neoxsdcusniil cesmpmmu-

=\ TLA susidna a wucaenni
)T 1w A nepecuseniii cesanmuyi = ;T4 au-
o vucaenni (SC.
Ao 1 Tiad

i tip YT
7, T A nesuniana. Toai B coxpeuifinomy acpeni At
A iewye # wasx. Ja Teop 2
MuomMHa M yeix  cnewspixosauns  Gopuya
CERBENL 1horD MKy — C-MOaEINA. Tlpu usomy
TACH 3a 3 icwye Cl-xowtp

4,8 WeH = Ballds) ™ el = 5eFld)
Friamo 3 T Ac H sacmo Ge TI@,) a8 weix Pel’
T8 BeF{¥,) ans cix Ped. Iniacn e TTINFA

Ao u;mm HCLR wenipian HCR (1o sacho
HCL), 7o ana F-KONTPMONER MACHO oo ntith
npeanKar, a s T-RraTpsOaeT eToTAIM, TOMY
AN DOTEKR OUUIOTIANHAL npesnkatin Gepesso T-souTp-
MO[ICTN, AN BOFIKN TOTATLHNE — F-xontpheogcak.

w0 sipwi HCL i HCR, 7o momna
T T Tax i F- P

[lnn T-KONTPMOREN LHO 3 JTACH an scix
el wmacwo DeTIP.), aas sax WaA marwo
SeT1¥.) Ininck beTL) ™ 5 TTA,), TOMY HeDip-
wo 7T TIA). Us mncpesye Faf=rd Ci=rrd

Jlas F-wouTpMoscnl rigno 3, AC N as scin
Gel msemo neFlEy). am wcix Ped MatMo
neFUF,) Imiacu e FiTs) 78 ne Filg), Tosy HERIp-
wo FlAs) g FITy). Lie sancpeiye T=ramal = d
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Bianowenn. non-mum ummry unx norik nofyo-
RAHG npn LMY BHKOPHC-

sy JACH 3a

aeak (A, 8) 1a F-xonrpuoneas (B, 1)) Taxi:
\DeH = 5e N0 T _DeH = e TID.),
phel = e Fidy)m el = ne Fidy)

TaHO
IMAMEHHA LT IMIHNHX, [ IPOnOHOBAHNY HENCHE
Mltmm TEOPEMH KOPEETHOCTI i OBROTIL

161 wHcnens Gyae nposoRmEND

Tyr wownn Gparn ax T TaK |
Fxonrpuosens. [lani aosoanso Tix, 5x » Teopesi 8.
ﬂmwawmnm
H: I Ti=al « i

a2 (I smidwa o vucsenni (ISC,
2) Ti=en A & nepecuvenit cemanmungi
it 8 wucrenwi (5C,

O Y
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wurtiching & sucrenni (8L

4) Tl=r A & nepecuvenii cemanminl <> T4
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5)Ti=rd 8 weoxracuuniti cevanmuyi o= T A
annicng & vucsen (SR,

6) Tl=rA & nepecuvenid cesanmuyi = T A
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silicide/Si001)

In this paper an experimental study of the
PrOCELSESs OCCurTing during axidation of the Si (001)
surface covered with submonolayer Cr war
performed by methods of lonization and Auger
electron spectroscopy. Based on the thermodyramic

A npowecis. o nid vac
ﬂ:cmm nosepxni Sifoa) axpumoR
LR P Cr

na A ’ . Crup
i PO ——

ﬂwam!;mm 3 cucmemma (~0,3nm) Cr na
nosepani Si(001) ma 1 ducusiyudnon ocmpisyeso
neigkows Cr wa Si(001), wo ymeopusace nicu

I :
Kuibcuenit  sauionansnni ywincpewter imeni

prop of possible compounds the i af
‘molecular axygen with the system (~ 0.3 am) Cr on
5 (D01) and thin islands film of chromium disilicide
on Si 001), which formed after annealing at a350r'c

was analyzed
Key words: xilicon,  chromium, silicide,

axidation.
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Introduction

Transition metals are used extensively in

or device fabrication particularly for

T and gate fes in self-aligned

tin film tansistor (TFT) and metal- oxide-
semiconductor (MOS) structures,

The semiconducting silicides grown on silicon

surface significantly increases the reactivity of the
inerface compared to the clean surface of silicon [5]
After annealing this system at 450°C istand film
consists of chromium disilicide has been formed on
surface [6]. This change in stoichiometry and surface
morphology significantly affects the rate of oxides
growth (7]
The aim of this work is 1o nveshigale the
of b d of SHH ) with

with their high thermal stability, b
p iy,
teterface, smooth surface morphology and good
“ompatibility with the conventional silicon
iy have gained increased practical interest
¢ used in novel semiconducting devices. Among
mwﬁm; silicides the CrSi; compound has
intensively studied because of its 0.35 ¢V band
Eap, which gives ive for the appli

submonolayer Cr coverage at foom temperature and
after annealing at 450°C

Oploclectronic  devices, such as s’lh:m-lngﬂ

th;;mu.q_

m':mli_m metals are also used as catalysts for
chemical reactions, such as oxidation of 5

Presence of submonolayer Cr coverage on the silicon

©K.0. Byrapen, 111, Konan, 10.A. Jlens,
M. Haxonxin, 2012

Experimental
Expenimental conditions were similar 1o thase
ibed in (5]
Submonolayer (~0.3nm) Cr metal film was

deposited on Si001) substrate using clectron beam

cvaporalion technique st RT. Deposition was
rormed under the UHV conditions at & vacuufi of

2x10° Torr. Analysis of the composition and control
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» Table 1(8]
. Enthalpy of formation of chemical co
Chem. | AHfie)s. Chem. | AH s
formula k¥mol formula klimol |
2 —aciean o -413.2 CrSi 101
] —e—RT {
& —— 100c CrOym | -5824 CiSip 1004
= ——an'c 1
= —a—ss'c Cr0; 5883 CniSi -138
j Criy -590,3 CriSiy -326
ol Cr0y | -11406 5i0: 9085
The binding energy Si-5i 176 klmol
The dissociation energy of the oxygen molecule |
is 490 kJ/imal |

T 100 1000 10000

2 Exposition, L Results and discussion

Fig. | The dependence of Owu/Sipee  Auger

iniensities ratio for clean and covered by ~IML of To analyze the kinetics of the oxidation of
Cr §i(001) on the exposure of oxygen at different  submwnolayer contings Cr the ratin of intensities of
snnealing temperatures. be Auger lines of O to Si for the flms anncaled ¥
. . erent temperatures depending on the exposure in
the :W of the deposited chromium was carried Oy was built (Fig. 1). In the previous paper [7], it
out by Auger electron spectroscopy. was determined that the ratio of intensities of Auger
The annealing was performed by Joule heating lines Cr 10 Si significantly reduced only at the
for $ min, followed by a gradual decrease in annealing temperature > 350°C, Indeed at T = 200°C

\emperature, when I/l = Ig/lg (st room temperature)

To prevent an uncontrolled flow of jons and  significant changes in the axidation is nol observed
excited atoms of exygen during exposition in (Fig. 1), indicating, that the structure of the
molccular oxygen the filaments of the ionization surface m relation 10 non-annealed sample remains
Bauge, the electron gun, the mass and hang, Hi at  higher  annealing
etc were switched off. temperature (450-350°C) the slope of the curve

significantly different from both the pure surface

S5

“w
whous Oy
e s
I8 A0 4T &4 48 48 S0 57 54 85 %0 #5100 108 110 118 120
Loss energy, sV Loss energy, eV

Fig. 2 My chromium ionization 1

C:Silw;'ll\:'M|u::nr;lmm line of the system Fig. 3 Ly silicon  ionization line of the system

exposures of oxygen "8 the sample for various.  Cr/Si{001) without anncaling the sample for vanous
exposures of oxygen
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1 from the led system. The i Cr0y + Si=CrO + 8i0

of inifial stage of oxidation of anncaled (450-550°C)
CifSi(001) system wasn't performed because it is
ﬂ;ﬂwhemiar Auger the peak of oxygen on the

of i When exposition <I0L

the amount of oxygen was almost the same a5 in the
case of clean surface, but only after 10L oxidation
mkwu_lamdoouidmmy.
~ To explin this phenomenon, we tried 1o
investigate the processes occurring in the oxidized
aencaled (450-550°C) and non-annealed Si(001)
:uﬂnuh submonolayer coating of Cr, based on
known values of enthalpy of various compounds
(Table 1).

First, let us consider the case non-anncaled
sample, According to the data of scanning electron
microscope  substrates have almost covered by
coatinuous film of chromium. Since for the
IM-IKU of Si-0 bond must be broken Si-Si

/mol), so st first it is more energetically
favorable the formation of chromium oxide

Cr+0;=Cr,

However, the enthalpy of formation of CrO and
CrO; differs only at 175.1 kJ / mol. So the energy
""m“"' of formation $i-0 i
-l 176 = 351.1 k1 / mol, which is significantly

than the dissociation energy of oxygen with the
Pinding encrgy of Si-Si. Thus one atom of oxygen
a0 move 1o the silicon substrate.

8103 Lp 31079V

dN/dE, a.u.

i

EEEE

_—
L]

without Oy
100 105 110 115 120

Loss energy, eV

Fig.4 Ly, silicon oy

3 ionization line of the system
Si001) afier annealing at 550°C for various
Pasures of oxygen

In this process chromium acts as a catalyst which
changes the degree of oxidation. From the faregoing
calculation followed that chromium and silicon
oxides are formed in the initial stages of oxidation.
This has been confirmed by ionization sp
(Fig. 2,3).

The peak. which according to the literature
corresponds 10 the bonding Cr-0, has appeared ot 1L
already (Fig. 2). With further exposure this peak
remains.

Similarly 10 My, line of chrome, Si-0 bond
formation occurs al the exposition more then
|L{Fig. 3). The whole available for analysis silicon
is oxidized gradually with further  increasing

EXPOSUTE.

Now let us consider the submonolayer film of
chromium on Si (001) annealed at 450°C. We deal
with the islands film, which consists of the islands of
chromium silicide [6]. In this case, oxpdation can
ocurs in three ways:

1} axidation of silicon from substrate,

2) oxidation of silicon in the silicide islands,

3) oxidation of chromium.
In order to oxidize silicon from substrate it is
pecessary  to  break bond  Si-Si(176 klmol )
Formation of chromium oxide needs 10 destruction
of the molecule CrSiy, enthalpy of formation of
which is 100.4 kJ / mol

dNIdE, a.u.

,_,_'.__,—-—r"—i-"'-_'_"'—
33 60 42 44 48 48 50 52 M %

Loss energy, eV

Fig. 5 My chromium onization lum‘n!‘ the system
CoSil001) after annealing a! £40°C for various
exposures of oxygen
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Finally, to oxidize the silicon in islands needs
chromium disilicide turned into monosilicide (the
difference is the enthalpy of formation 100.4-71.1 =
29.3 k) / mol). Given this, the most energetically
favorable process is the oxidation of silicon in the
islands. The next stage will be the paraliel oxidation
of chromium and silicon after the destruction of
CrSi. Afier that, the oxidation process will be similar
to the case of non-annealed sample.

Indeed, the oxidation of the anncaled (450-
550°C) sample is slow al exposition less than 10L,
almost the same as for pure silicon (Fig. 1). From IL
Si LysiFig 4) it is clear that Si0 has been formed
already &t tL whereas that chromium nmdc s
formed not diately but only after i

012, 4

Bulletin af Taras Shevchents
Matiomal Univerasty of Ky
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Conclusion

it Ius been recorded that the
on silicon
‘Decurs in two stages: on the first - intermediate oxide
of Cr is formed, then Si substrate reduces this oxide.

It was found, that the oxidation of system
submonolayer Cr/Si{001) annealed a1 T <300°C
occurs in the same way as non-annealed.

Mmﬂhn,g (] thmmdylmluc mlym and the
of such
system nnnﬂlrd at IW”C can be divided into three
stages:

1) oxidad

In this paper,
idation of sub

of Si in ihe islands and the

more than 100L follows from the M;; lines of
chromium (Fig. 5).

formation of CrS),
2! the parallel formation of chromium and
ides after the of CrSi,

At exposition ~ S0l process
considerably (Fig. 1), which ewrspnﬂds to the
parallel oxidation of chromium and silicon. Finally,
L i over 1000L the is similar to
the case of non-annealed chromium film on Si001)
substrate,
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The poassibility of coherent optical  data
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ommunol ofpofeu danux do RpoGaemu awatisy
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g to ¥ g ape is
d in this paper. Degradation of the relief
caused by

pumepii cmynens 3a0pyo P photas phere dust and
) 1 . heric disturbance can serve as @ criferion
domocpaisc  pemvcidy,  wo  suxtsana | for environment pollution.
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A problem of data processing. which is
contained in the images, obtained during the
g‘"”- appears in modern experimental physics

Bew test subjects such as tomograms in health
surveys, scanning electron or tunnel micrographs of
sarfaces. involves some new methods of image
processing 1o obtain efficient data. This class of
problems includes the problem of environmental
monitoring [3], in which the main researches are
$pdce methods of pollwtion monitoring and

graphy. |
degree of air poll 2 he

“which causes & of

model: model of inhomogeneities of refractive index
which are caused by turbulent atmosphere and noises

in receiving chain.
The Kolmogorov model is used as model of
rurbulent environment. This model describes the
jon of wavefront with the heip of structure

function [5]:

Dry=6.88(1r/re)*”, i}

where rg=3.0202pAT YL Cy)™ is Fried parameter

[2] (Fried's coherence length), 415 wavelength, L is

the distance of light propagation, Cy' is stnicture
fhicienl

the image quality by additive and multiplicative
;-—mlﬂbelpawliwamo:‘m&:
o purpose of the work was to cvaluate the impact
noise on the quality of the optical image.
One should note that the noisc in photos, duc to
I’:“““'_‘ index inhomogeneitics, in several papers
7] is considered as a negative factor. It is
Proposed 10 use the noise companents o estimate the
r‘lﬁﬂlﬂﬂﬂiunnfﬂ:mfnﬂiv: index, and hence
Scatiering propertics of the system at all.
“m_-hsermwkmmhm
mm'lwminglhmummeenviw
7 L istribution of the refracti
index. This causes the additional phase factor, which
w",“‘“h?\vlurmwngimndopiedm
will contain speckle pattern superposed with real
image of the object. Investigation of noise in the
Optical channel requires the creation of model of
optical wave interacting with local i ities

Accordong o Refl, only _
perturbations  arc considered, because amplitude
changes lead to & weak flickening and this effect is
smaller than phase . Also only the case
of horizental propagation in the lower layer of the
atmosphere is considered. In this case the structural
coefficient Cy’ can be considered as constant along
the way of jon. And random realizations of
wave phase, distorted by turbulent stmosphere, on
the diaphragmm with radius R, are defined as:

@lr@)y=LaZ(riRE),

S5 BPUPNAEZ R (3
is random :x;‘mm coe,rﬁ:':nu. which are defined
as the orthogonal pmjulmol’pluneounuwbusu
functions; Fir) is transfes function of aperture with
ndilnﬁ'mddum‘lmm.i‘,.{.ulgmte

palyno .1 MW‘.,a..;,;mumudnndom

2

of refractive index. It involves building another

© Andrey A Goloborodin, 2012

a, coefficients, 50 that the cxpected phase
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belongs w0 Kolmog statistics. It
should be noticed that with j increasing the noise
becomes Gaussian, The resolution of any optical
system is limited by diffraction limit of the aperture,
which results in some averaging of image intensity.
So the resolution is defined as: w=12247D°.

The mnvestigation of influence of noise on the
image can be done in various ways, bul the simplest
and most illustrative of them is comrelmtion method
[1. 4], which was used for comparison of two
images. In this case it consists in determining the
dependence of the correlation values of two images
with different noise parameters.

The results of simulation, which was made on a
et image for different noise levels and optical
system resolution limit, are shown on fig. 1. The
dependence of the value of correlation response (in
relative units) from noise level and resolution limit
of the optical system is shown in fig. 2

B, w001 Dfry=1

w=ly

Fig.1. Simulation results of noise at different levels
of mrbulence and resolution limit of the optical
system.

Fig. 2. The dependence of the value of correlation
response on the noisc level and the resolution of
optical system.

Simulations show that in the rnge of system
resolution from 1 1o 7 ), noise level changing do not
effect on the magnitude of the correlation response,
because speckle size is much smaller than the pixel

resolution the noise impact is not noticeable. In
range of B-15 A the magnitude of corrclan

response reduces due to the influence of optical
system resolution. From 15 & to 30 3 the correlation
dependence does not change its shape, because the
effect of optical the system becomes larger than the
effects of noise.

The proposed method of determiming the degree

of pollution consists in analyzing the changes in

correlation  response of images obtaned under

the

with

P 3 y
undistorted reference image. Stnctly speaking, this
comesponds 10 penodic monitoring of potentially

dengerous

arcas  of  the landscape by

nerophotographic images.

The suthor would like to thank |

1 Barchul] for

the proposed idea of research.
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Ocobansocti nofiyaonn Giois'sixis SWCNT
- JIHK nan Giocencopis.

Yuivamwa  empyemypa i edexmponni

ipyfiox (CNTs). wo

noa'mrawi 3 creyuginnusy asacmusocmasen JTHK,

Mogcymn  spofumu  cynpasosexya  CNTs-JHK

w012, 4

0. M. Ivanyuta, Ph.ID,

Features SWCNTS - DNA bioconjugates in
biosensors.

The wnigue structure and the onisianding
electronic properties of CNTs cowpled with the
specific recognition properties of DNA  would
indeed SWCNTs-DNA bioconjugates widely used in

Mwnm e e
5 a CNTs
mﬂf-:m-uﬂm' a JHK Gyvau esapaxmepuiosani
CMPYEMYPOK) QMOMAPNUY 34 RIKIE MO aMOMG-

The CNTs { DNA have been
b ized structure of i
and Atomic force microscopy(AFM) m-#nqud in
the present investigation,

cwroaol minpocxonicn (AFM).
croea; Wmn Key Wordw Deoxyribonucieic acid, transducer
B, PAHC AT les, Single-wall carbon nanotube,
o iy Amm;jhm mUCrOsCOpy.
MYNEIHG MiKPOCKORIN,
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Crarno npeacrani 1.4, npod. Cupuinescarnh B.A.
A A0 Tpammii Gis  wineenp npocTopomits
* AHTp € TAK IBaHI pruni, ae c ix
I METOMMEN BHATITY, mo ¥ i oo yTeop
Gicaxtueni  eanenna  (BA3)  GlouyTamsi  KOMIIEKCH. Haffimm  BOKIHBOK

HHROPHCTORYIOTH
uonekya. Tlin GioceHCOPOM POIYMINTh EHCTEMY

JAZ39EK B MAHITYARIL] HMM Groxasn ¢ ninGip
w' Ky 20 OITTHMATRNOTO ﬂplrmllﬂlll 1

8, wo mac Gi y mpupoxy i
YU PEAKILI] IHIHBL 5A3, Oapmoy Tpela portinem aa
i : P T niaxoaM 1o
< . Boun HiMi TH MAPANEAMNOID METOIN NOCIHANHE
o Gap H pHETPOIN T2 BUp ™ iy ppax ()
6i i 3 ap i) i
- Eneuent poanima- Cnocib NOCAIA0RHOND noeaNaHE
oo i o oap ynp AN METOOIB  WANOTCRNOROFT WA
" P o b . Jlnn aaumi MOMENT € nc:prumpu\‘nﬂu TA WAL BEINKY
o~ it Bl T3 Tax  wRanoi
NEWNBOT  TipHpoaH uhopam-ywrs maseni W mnmn- lle nos'ssano 3
ol ) Emim TR y ey (JTHK +
R S ani y ) caabrx 3m'A3win Ber samycy npouecy
ml" Aemrwﬂulnmmmun RiMpeaKTHBiB T3
bep ane
“”"“." BOpYS  MAKTE  WECKINMCHY micTh OKpeMHK X pparscutin 1 mrpuan a
TA THY NUAXOAIR, AN S0NOMOTOK cyvacHol MIKPOCKOIIT W2 BCIX CTALIER
m“""" - npuctporo.  aobyaom [1]
ot “:"r:::rlm. Sehs ,-p‘-:. MeToa  MOPATCILNOID  NOCIEIHE wapas K
m Ha  ocwosi JIHK, mwec wafysaor. MAHOTEXHONOFIT EPEAGANAT BUXOPUCTAIINE pismoro
pe [l q pony perdesmin JIHK (Tabaeua 1), mo ®
m“‘mn ™ ARARIOTE Y Goss  ACRUTMGMY HOPAIKY GYYTL IPHCINYBATICY 10

COM. lsanora, 2012
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BuyTpiumng  Modexynspiui RN, w0
P PEIYIOTE BYTACLCH a JIHK
MOKYTH MATH NOTEHIIANE WCTOCYRaHE n BaraTiox

JOKPeMa ANH GIONOrTHHKY JBCTOCY AN

H, i i enexTp pea-
THEMOCTE MOIIKORAHHY BYTICUCRUX HanoTRyDox
{CNT) y eynp mome Gy

AN HAKONMYEHHE TR peredcpaiii  sapasin B
CHCTEMAN cymephioMonexyaH OpraHisH

Wy ThumicTh | AWHAMIMHNR  Jianason
Taxux CNTs wa nosepxmi ancopbatin Acisonss
pHxopucToRYBaTH  Moandikonanwi CNT » skoch

Garatopasomin aarokin. [1, 2] Ha

poc. 1 NpeACTAWICHE TPHHUMTIORE  CXeMa il
pa ua ockoni choresn CNT+IAHE, wo
CRAAIMCTREN 1 NpOCTOPOBO  COOAYSENNA
Pl T i Gropoaniae-
moro encscna BAZ. Ha nepuosy eram mi takors
: Giocencopa BLAGYBAICTLCR WM IHARANHNA Y
Gya-sKoi  ocHOBN  KIHLIBKEMN, e X 3B'ETKM Tin 2RR NWOTO 3
P X P
A i B Y@D 6 ™eoi cymimi, Ha apyrifi caad
"

o ¥ BLalyBacTaes  ngg HHA 1 salni  npo
GIAMBOCTE MUNAAKIR OORD KiNUIBOK £ 4 pcrwpe P‘:“L':“p 5 4554
ci crep! dhopuy
:u::‘: -vt‘w?n "' u:: o MORME  enexrp abo imworo cwrnaty. Ll cranis,
ans fm: i 5,.\3" 4 ‘,i,p‘y“ € x anm WOTH BIOCCHTOPA.
nnmm‘m::"m,;:: bt . P l.' Hee TofTo, cTamin  coonywenns  Gioximivbol T
H: B - Qu“‘}‘mf."ﬁ;: enextpoanoi (aBo inwoi disuko-xiMiNnoi) peakun
1 . et Lo ™ uinkom Gayyersen Wa  ocolameocTax  nefymon

povammin renis i

PPArMEHTH  YTBOPKIOTE  CTPYRTYDH nopaaxy 10°
MONIEKY] KOMHE 3 DHIRMMMEH poasipass ~ 100 A,
Taxa MAE  PiaRIHO-Kp

BIACTHBOCT], (10 OPICHTYC Wi (ParMenTH B maps 3
NAPASEALHON OPICHTALICI0 N0 BUIHOIDEHIIG A0
cyciamix sosexyn. CamosBipsn dparmennn JHE,
Gimban  waoMmx 3

Mt ATCPATYPHMX  AMepen A
MOTEKYAN  RINIAIE, B HAROCTPYNTYPM, Taki Wx
MOKHI HE
ApHkaas nofiyaoas ymriionnn

Hanomatepianin |1, 2).

Pue, 1. Jaxpinnena nama
Au

IHK 8o nowepani aromis

Gioom'wakin cncremin CNT - JIHK (SWONT - JIHK)
TexHONOTIA  BNTOTORNCHIA  OAHOWAPONHY CNT
(SWONT) mwe a0as0nse suroToRasTH naboparopit
MAKETH  ANR  BRAUNTY  CKAMDY  OTOMYRUOID
cepeaosMiin. B TaxMx  cHCTeMax  enexTpwHiil
CHIHAN i1 TPAMC. Pa MORE 1EP : |
8 notpifuy ann  ofpolkn  dopuy  cHRIATY
(Pre. 2. a.), Brano, wo cavosbipksn SWONT - JIHK
A NosepxHl DX kindisox mosyTR GyTH nerED
AOCTHyT am PAXYHOK BHKOPHETIHAE
BiohyHKLioHANME XiMIYHOTD arcwTa, w0 MUK,
oxpesi pepmentn JIHK (wrroain, nicreamin). Xowa
e METON CaMOIGIPIH € TyKE NPOCTHM | IIHAKHM.
a1 npH UbOMY  (GOpMYCTRCE  MOBOUAP
cynpassonekyn wa noecpxui enextpon (man. Fiuc
2). Ak npaBMAD, OMORANI EAEKTPOILH HC MORYTE
3a6CINEUNTH BICOKY CACKTPHNHY NPOBIINICTE MIK
SWONT i nosepxners  inTepdeficy BHAcaiLaok
YTBODCHMN  KOBANEHTHMX W0 MIKiB, AKi HE
Gamanumn MPH  BHIOTORACHNR  COCKTPORIMIHILY
Aarivin abo Giocencopin. Tax, »  penyarTan
inmobisinanii wexomarenminx w'wixin JIHK w2

BHCOKDH

pIuoro. poay  solm 3
NOBTOMORIHIL BAGCTHBOCTER MYTANBIX
¥ . o ¢ 6 np
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JHE, mo

P"-z Tipmampmena cxema cHeTemm uu:my rl niyyRTiIan npal‘rtpnrrul n‘hu»om CCPEIORMINA HA
- a) N

ochosi Sioaaremxin SWONT - JIHK

;::"“"‘“' L] “'PHY SWCNT ITHEK mea anae cobio " ™ 030
). P e EWCNT | = K supofasios
CTPYM  {NpaBop WO CHITEHTE PO mmmrqwnu wimnoniaeci  BAT

llllﬂwma. rmokola, eTamon). 3miaa,
shopukosanoro  Macumy SWONT  (macuimaf
moandixonanoi CNT 3 epmentom JIHK [1].

doto 3

1 g = 100 mm)

RHCOKD
6y ﬂpuuu um:'mlom LHBANHA

o

¥ 3 am; rifpramoysani  anomanmoxeosi  JHE  uocom
paxTepcTiKoR (Ps. 2.6.). 3oma JIHK, wo  ayopecuewriol ail sowsiuiiis curiasom. 3 imuoro
m“'-w-mm- 3 SWCNT ueper Au-mosep  Goxy,  Wam MIKPO-KANTINEBEPH  MAOTE
IHK Penc. T FOTOBMX A p Ha aacToTy sxore ByayTe
i IHEK, i Hirnon SWONT -
Oanomapuomxonnmn  PHK noanomc IHK ‘Rani 3 P JORCTOl  DATEKH
Bipeperuianiii mmamiTHi B.ﬁx 3 weobixiano ARYPHTH ¥
"" (Co) » axocti poT P reas. JpOCTEHMA KLNRKOCTI

Ao
SW('NT i peronancuoi AACTOTH TA BMEARAC 32 pu\nm

n-ﬂmw‘nn e.ncnpuuuwrmx pealurn Ag (Co), »  IBiasiuenns ¢ MaCH P

WARAOCE  MEHUTY SYTAHRICTH 20 CYTPAMOAEKYD.

mmnTn BAT billl'pl(l.ﬂl.ll. rmokods, eraHon) 3
o0 mMamacund nia 1 A, Leit min Giocewcopa

Oansst 3 OCHORKIK JARJaME ¥ TATYH BIRRICHIN

IHK ¢ pmpo&n meTozin, RKi NiMiwO He
Ta He yreof

m]".n“"'“'l’s"‘ll ROpoLy ™, F
MLHICTE | awTwicTs a0 percicpailil Ammporonsci pnuuu WA YTROpCIHHE PpAKTATLHOI
-2 mx JIHK. 11 i SWCNT cipycrypn. Hanpukaan, Hawoapors, 1o Giyam
wamedixosuni dparmenTasm JIHK waxopecrani n  swocri  Giocemcopie 13
Py i ¢ P iy RPORIAHICTI »

g 4 ¥ B 7 $ JIHK £pi DEBMMA  TIENCHRNR
& . - Ll cr;wun noMHAD! paacsoniaTe Mk cobow 1
CHILMO an'miami  CTpyRTYPM e , CTpYRTYPY A

per tnepyum mwln:uv CIPYKTYPY WE BAARANOSE

BOTD MONOLAPY.
i ) ¥ 7 Tuxosk, BOHH nuumn ANl HEROAKH (PR
Giocencopa muamnae obmeweins wa MM 1 i nopaaxy . WD CKNAZM
Axi Ha axTop u;n:uu 1: 10" [2.3)
m SWONT. Ilican as'woymaHis  sMarpui a'wox  parmewin  JHK 3 Nanisapes
OPIN,  HEMOMBCTHHKN  MOWYTh 7 (x
] a0 riby JIHK i poiin

MOBSPXHIO MEpes CTPYKTYPHI KOPETED NpiD’8aHi
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i i C i i i1 CHCTEME

EHCIOTH

napasu il
YTBOPMOC AFPETATH HAWOKPHCTANIS, OCKLIRKN Hepes

chNToJJI!K I eaninnponianKEaMi abo Metana-
s Tolimo, heolxianom yMoBoK cTBOpeHa Biocen-
mmofiacauin  depMenty i

COPTYBANNE NO-pi y yThop P copa € yeniluna
i 3 i Tpn unomy  weobxiaso
BaraToaionns CEAIOM PEROBNIN. HACTYTIH] Minmo P
Taxum  awnom,  cAEMEHTH  GIOROMNHOM  (epMenT, Aoro
crnLy npoeci amuy. crabiainysatn QepmenT, 3 Takow
MORHD % 33 THIOM 1BA3. flOrD  BHCOKY  AKTHENICTE B
Mo npepwe, ne Tak 3saHe  NPOOYKTHEHE  iMMOGITIBORANIN CTAHAX.
. KON P ¥ 354\3 Mo npyre, ue Tuk 3Iname MENPOAYKTHENE
HE € CTAnGK a s KOfH ¥ Ha noTp L]
FTBOPCHIA  THMYACOBOTO NpORYKTY, Wo ny BA3 cumres
[ 7 i 4 ans ix T (T Y BAT, sx npasiuio,
G i poani i i MILNE 1 CENERTIBHE. T8 AHATORIER 3 (POTYXTHRHIM
Gyae i o MomHa
cno G ¥ m CREMY ULOTD ¥ BHIANLI HacTyHOT cxemn: ES = ES

nnmnmawmlmn E+85e ES
—~E + P, ac E - KYAB, WO MAcHIe

ﬂ.nl encresn SWONT+IIHK massit tan 38’
IHARWLOB IUMPOKE  3BCTOCYRANNS  Npn nobynosi

W“DHG
posniznamanms, § - BA3, P - 1y peaxuii, Garatop Tobro, mwysaks
Karaninomi (PHE, P THK npw # JIHK
JIHE, CNT) - o #t ® SKOCT op - ue P
fiiounmpik 70 mxpafl piaxo. Hai e JAMiCTE o

mKip BA3
MONYTL BMMOPHCTOBYSTMN Uil MBI KAiTHNM
(OAMOKMITHINI MIKPOOPIARIIMIT). ASie 1 KAITHRN He
MomyTe  sabewnewwtn  mmGipkosicTs  ananizy,
OCKLAMKI BOHM MicTATE Beai HEPMENTHIR CHCTEM,
KOMHL 3 EKMX  MOKE  RHUIAKETH  BiTYK
TpaicakKCOpa KA rpyny choix BA3, Tax, rmoxoswi

B y
cTaMi  peuenTopH  cHoTese  SWONT+IHK, sx
npasio, i aix H
CTELMHHM NITBHAOM BEROCTATHIC MillHE.

o .

HA  OCHOBL  HEMPOIYKTHRHOTO  I8'RIVBANHA ¢
peccipanin wiel wacmomi 3 BA3. B nepesasiiil
Gimvwocti wunankie, JHK cewcopn BHmaramTh

dkpnnrry ralKkosooKcHaasH (e, Prc. 2.) [2,3]. Y
camosbipion  SWONT+IHK, BHXOPHCTORYIOTLCY

Ha i i pIOre THOY MITOK (epMenTaTHBimy,
HHx TR ) i, AK md.mu':. He € BeIpeareHTHHMIL
Mivens PH SYTAREI 110 HENP THBHGID

CHCTEME  IOIHOTD

HANOUWACTHIOK GLTML RIDOMA 8 MiTcpaTypi sk IWRIVRANMA MOKYTE GyTH IACHOKAN 18 YTROPCHHE
“uaxnit "'“‘P‘M' 1. Konu TOFO, KoBARCHTHI ANLANOND GOINAPY, L0 € MOJEMMK) SEHOADTIMIMY
' JHK  wmowyms semGpanw. Ha  wank, soMnowcets  Jimanoro
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HhoMY AN Ha  apiinosacurrabeol
eyfanepryps

Moss  mumazeonny  gnyxtyauin  gam 72
. 4 i nmyuKy, MKl CTPYKTYp# BCCPEaMIE
i posci P fiumi meTon
Ha pi. ry Mac.
CEPEROMMINI,  JHAMMO  YTPYAMIC  TPOBEACHHA ¥ aanifl pofoTi POITARNYTO BIANE BHTAIKOROT
MOGpoRIG 30 pi it T8 AMANITYAN COCKA-DOTN OPH
In.,_'"'" Taka np BHHKRE, HAND pi pasonin
- i abepaui ok 3 P $ponty
T P i [4], opn m cencopa 1L ap Jlas
METOCYBAMNE  cewcopis QAW MPEuMIANOTO  NUIRMINCHHA  TOUNOCTI  BMIMIWCHMN  LEMTPIA
PHNTY nedropsan i pori [8] e Touok FAPTMAIOTPAMA
Tomo. [lp i ma o omi  mp yeTLes A snbip ofiaactel, ¥
", wo AX  MEWAX MKMX POIPAXOBYLTLCH UEHT] MAC TOMOK, 3
SHMMKSC (DM poICIIORANTI ARIEPHOTD NMPOMENR HA TP MATWY  PIRHAN LiyMy — METO3 ke
irencHHOCTER.

CIMIRUL, ¢ ocwosswm daxTopom, WO obMEEyE
TOSHICTL miamonnenny xuiboBoro diponty [S]. Mpw

) .
ri naw cHeTeMp 3 GArDTOPRIOBNM POICTKNANIEM: GIH
mapan ().

wapy (6) T8 8 posci

wap (a), 4 p
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nRonIMm
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p i oM i Takl

i no
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c}'ﬁaarptypi uir;nn'm'm.
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KBHAN AN P 1 rap
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CHEKNIR ~ [IAMETPOM 1u¢pnmu A Dﬁuﬂl-‘

IpOCTOp TpeH Gyae pi (niapasy 33 Ay nepe
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2 Qmw-a,.
o D amicT uMx  MOXLIMIEL €
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sinc(x), ymminmiim
A/ Am, ska Mowe GyTH INIUHO MEMLIOK wia
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r;mi onTHMLLHOT rnﬂup;:ii‘(
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dw

we-| an

4. Nomwpewns | sinfunanus JI4M - isnyakcin
y neoawophunii ionocpepuil nanmd

3 dnn (1) munaxsac, wo muapaxysamLn
noxiawy drim, )/ der momna BHIHAMMTH [APAMETPH

JTMM-isnyaecy, =K 6 mbewmewann  foro
P npi P wa Jesanie

Jpolupin 3 JAHNMH Tafin. 1,  wwcEORe

ann ol f} P » rpad

fdwm

HabmuacHe IHRNEIAE UIET noxianel dt
BLANOMIND M — AERikUiT HACTOTH ¥ ST - inyakc
Ak paHO, g € B CME0I0 seawennoio , TobTo 298

onTHMATANOl  XOMRpECH  MNTICRA wactota ¥
MY RG] MAC AMEHITYBATHCE ¥ waci,

Jlnn TPHBAIOCTI iMAYARCY T =50 mxc
oAepayCMO IMINY HACTOTH WA HpOTEN My LY
Aap=pT , 2K €, 1K T0 | M3C GyTH, THIUHO MCHINOR!
wia ay = COPEANLO NACTOTH ¥ MY AL

B ocrawnifi rpagi Tafmmi PABOTITHEN
smascHnn [ - nincTasi no nosepaui Jesni 30 TOUER

] cTHCHY
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NHINE  CAME  HADXOTECINN

¥ ¥
FOPHIDHTANBHOMY uqnu:y Vav, sndwcnsind .

crucuyToi  obsiamol

CTHCHYTOT ofmimw
MMM - a3 32

Ane (2), oaep , mo
mewIKicTe V=csinf, | M0ckMTE  awime il

BEANSHHOK  MOAE Gym n w=AmT/4r pain

&, . Tyr ans swasancnns L cain s
Tafimmus |
f(Mc) [ h (km) |1 (ms}| Avidw u A ® L
- {km) |
7 &7 1,04 [270107 [ 3,70 107 | 1,851 74 131
8 112 133 3,00 33 1,65 66 | 219
9 136 1,55 3,50 2.8 14 56 325
10 158 1584 0,00 26 13 52 386
EE] 179 2,04 3,90 26 -13 53 | a
12z 200 228 3,80 26 1.3 52 | as0
13 21 249 330 -3,1 -1,52 6.2 523
14 24 FXE] 380 EY3 1.3 5.2 §73
15 269 307 540 -1.9 -0.95 38 645
16 | 306 37 10,00 BN 035 | 22 | 717
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3 Muabpasum sianosianss dmsom (s
IANCHHOCTI DL CEPEMLOT HACTOTH ¥ IMAYABCE ar i
WYTR NAAiHH KA loHochepy ﬂ ) neBiagin sacToTH
M moxwa B sicii
puwmuynq Ha o desmnw  foro nmuml.uy

“ﬁw MuTTEROT nmmm.

Crucor BMKOPNCTANNY T#cpen
! .‘D\rrMmGM N‘O’Mﬂ! ¥l Sy!ndlqg of
lineary fr

with

isotropic ionospheriv phaml Mnlekﬂlhw
Electroniks. — 2008, N 1, - P. 49.57. (in
Russian)
2. Levisky SM. Komression of LFM
) -pulses in
wnospheric  plasma.  Bulletin - of  Taras
Shevchinko National University of Kiyv. Series

L3

- Baskakov 51

Physics&Mathematics. — 2009, N3, P. 260-263.

{in Ukrenian).

. Levitsky 5. M. Komresston and reflectin of LFM-

pulses in inhomogenous ionospheric plasma

Bulletin - of Taas Shevchiako National
University  of  Kiyv.  Series  Physics
&Mathematics -2009, N4. P 167-169  (m

Ukrenian),

Gurevich AV Shvarzburg A B Nonlineas
Theory spreding of radiowaves in ionosphere. =
M. Nauka - 1973.- 227p. (in Russian)

. Kuk Ch., Bernfeld M. Radiolocation Sygnales —

M. Sov.Radio.~ 1971~ 283 p. (in Russian).
Shirman YD Extending and compression of
signales, - M. Sov.Radio~1974~ 112 p. (in
Russan).

Radiotckhnical  Sercits and
signales. — M. Vs, Shiola—1988.- 448 p (in
Russian).

Hanifwna a0 peaxonerii 23.1 12002



!wNauonaJ Taras Shevchenko University

. P 2.4 Bulletin of Taras Shevchenks
:ﬂu—umnm Naronal University of Kyre
p—— Serier Physict & Mathematicr

YK 620.18:546.28
Hexonxin MT.', axax. HAHY, A .-w. wayx, N.G. Nakhodkin', acad. of NAS of Ukraine, Dr.
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Jlsrwa LM . pona. oy, Ponionona' TH., &
m. mayx, Cytaring A.C.', crynenTra.

Crmen 5
aak r epen y T B

Mo i cunosol ma
mpocaivyouol ereXmpoNol Mixpockonit

Sci, N.P. Kulish', Corresp. Member of NAS of
Ukraine, Dr. Sci, PM. Lynyn’, PhD, TV
Rodionova', Ph.D., A. Sutyigina'., stud.

Joints of grain boundaries in nanosilicon
films

Atomic force microscope and transmission
electron microscopy were used for investigation aof

Jjoints of grain boundaries in undaped nanoysilicon
Jfitms. The effect of film thickness on formation of

M“ u nieox M@ opsyeannst criuxis apawaye | grain bowndaries joints have been anabed
cmpy vofi  cROsa:  mawoKpewwicei  maiaKu. Key Words: nanosilicon films, structere; joints
e 9. CMUXU JEPEN; amoMwd  Curosa of grain boundaries; atomic force microscopy:
MipOCKOnin i P electron »
L e
1;;. ' Hudi yiinep imewi | * Taras Shevchenko National University of Kyiv,
e Wlenicrxa 03680, . Kuiin, np-r. Payueosa | 03680, Kyive Glushkova  st, 44,
3 7 &-mail: rodtv@univ.kicv.ua c-mail: rodtvi@univ kiev.ua
B iTHEn RaniBnpoBiLKIY iMeni % Lashb Institute of ductor Physics
p.H HAH Ypainm 03028, Knin-28, National Academy of Scicnces of Ukraine, Prospekt
el Nauky 41, 03028 Kyiv-28, Ukraine,
5 -ua e-mail: plyt@isp. kiev.ua
Cuxto o adm. Cy ot BA
Winpoxe Beryn oro THmy, abo ), CTHKN EYTTONO
P B l. Ha BOCTI IUTROK

T — G Crimm © HARMENIL ADCTUNERIN CIpyRTYPHNM
— AOMD  CTPYKTYPM, OCKUILEN BONA  ENEMENTOM ¥ nonixpucTatax. loye e HEBCAINRA

iy hi i paTey T KIAGKICT AOCHLIAEHE, W0 ppcRRtCHi  ANAILIY
MM“ KpeMmicBRx CONAYHMX caemenTin [1-3]  cTaKiE Y FUK seranax [4] Jlon spesii WA (LSO

ailreicn P i P s rpasmis Yepen Gyan aocAUTAE TiTkKR 498

KPCMHICHKY NAIBOK CYTTCBO BNAMBAC HA KOCILICHT  RAIBOK Tobupamoio 500 1 [5), oexiasen caue II::’I
; B MK PO

FOphCHOI ail cowsvinex enementin [1.3]
3], soxpesa,
paTEp AedhexTHOl CTPYKTYPH TniBOK BMIHANAC
PENOMipwicTS  ponoginy B MMX  AETYINMX
ey o’

LR

HAROKPHCTILNIMHHX nai
ANE COMAUHNE EIeMENT]

pox AKi € MEPCTICKTHBINMI
n [1-3). TaKi J0CALIMTHHE

Somimok,
ﬂm' nnipok T ;-—.Illllﬂ pofioTi MeTORAMI aToMHOl CHAUSO!
Tapay ¢ mAsxis 7P y mociis  MiKp ii (ACM) 12 npocRiy N0l enexTpoTei
G Towmy, 3 Touks 30py N wixpocxonii (IIEM) ac< xapax -
axTy i KpEMHICEHE Mavepianis, CTHKIN FpaniiL JepeN ¥ HAHOXPUCTAIINY i
e i W cnp WA KpEMHIN.
RAOCKOHATEHHE :
CTPYKTYPH MRIBOK.
*pew SpaxTepium EAEMENTOM CTPYETYPH AfeToamEn S
WERX AOiBOK © FpaMMit JEpeM T CTHEM Tlaisen unuwpnnmm;:nm g
P CH
oaEpAYnATN  METOAOM X1 e

PaMHLL Jepen, sxi mmamoTh cobow emocpLt
Hiftki nedexrn [4]. Janemno sin ceoci CTRYRTYPR

1‘.‘;‘? Haxomein, M 11 Kynia, [ M. s,
B. Poaiowosa, A C. Cyrarina, 2012
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h y 1 ananii P CHTNTY, 0
MOBCKPHCTAAIMHOID  KPCMHIN i1 WAPOM OKHCIA  POIMIpH 3P i i ACM-106pas
510; ronumanoi ~ 100 . Temnepatypa P P NyuKis Bep "
630°C. Tonumma KPEMItICARE nainok cxnaana 10-  noisxax Hal CACKTPOHIO-MIKPOCKOMNTISOMY
100 ws 67 B NONCPENHOMY i (wicTam wix
lnn pocaimwenns  mikpopeascdy nosepxsi cvpinkass Ha pue. 1,6), Sk Gyso nokaweo »
MABOK BRKOPHCTORYRANH METO] STOMBOI CHIOROT aoci 6], P
Mikpockonii.  Jobpamenns  nosepXMi  MAIBOK  SRANOTH COBOIO AVITHUKOE IPOLAPKH.
T L] Tonorpadyiuni A nNOBCpAHI
P NanoS 1la y pewmmi nepi P MIBOK  KPEMHIK B MA0WAHE
xowrakty (Tapping Mode) 1 P we oty 3 ALM,
EPesFCNN WA 3 pagiycos nicTpa 10 W, Waseneni Wa pwc. 2 anm BOK PIMOT TORHNI
Jlaw aocnizmennn cTpyxTypn metonom TIEM, Buano, wo, no-nepiue, COOCTEPIrmOTscs Ciukn
& (

o ¥ HOUDHI
RSO TpaBneHEA B cysimi HFHNO, (1:5))

TPAHILL MIN OKpeMHsMN  TOpHoqKash, Do-3pyre.
BHyTpimns  Gynoma  ropboukin  sac  ctaannd
paxTep B r TaKOR

Pe: T olit
Jolipawenss  MABOKPHCTATIMNME  OABOK, 100
oTpimai @ aonomorow TIEM, sk 8 noowssi
THakzaaxn (pac. |.4) TaK i B nonepesHosy nepepini
(pwe. 1.6), naseneni Wa puc. | pasom i3 Tinomss
P ACM- (pwc. 1,5).

WOTLCH FPAHMIL T4 CTMKH TPEHNLLL, W0 ¢
HOCTUIKOM  pIIHOT  BOMMYTANLMOL  OpICHTAL
ZWIFNHKONMX NPOWAPKis.

Ananis  ACM-iofpamens nokaias, wo, %K
CTOCOBHO CTHKIB rpaniie ropHoukin, Tax i

Pnf'. 1 TTEM-3o6pamess MIXpOCTPYRTYPH (3
ACM-106, nosepani

B

I Ruknaaks, 6 - 8 nonepesnosy nepepinl T

TUTIEKN ()
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by
i 3t
b= Ly

"
Ty ﬁ:"“,i v

S
o

sl Tosa: a = 10 1M 6= T5nm; &

Puc, 2 ACM-106
7 B TUTIBOK P
wx T

BS b r % AL
;= DD . CTpinkasmi noMISEHI THIORE MPHKTAIN CTHKID PUIH

— FpANNLL JATRELHOFD THITY,
KT M HRME = 1807,

L
TPaHHIL Ta  CTHKID, ORI norpannni

ﬂm"“ AK DOTPIAHI, TAK | MHOMHHNI CTHEH

e Ak:u:w:a T P wondirypasii 3. porpitwed ek e ¢ Mictes
S "NBme THIE CTHKIS HABEACHO ] nEpETRIAINHA TPROX FPAHNLLE Ty 13"

< 'nm;.u HAHORPEMIICRI _ maisxax CRocTepiraiThen  TaKoE MHOKHHHI CTHEH, B
ocTepi mactynmui  xondirypaun CTHKIE  NKMX CROZNTBCA 4 TPRITALE 3cped.

mo  yTROpEH KOHTAKTOM
EI+EITE, ocofimuee
ynopRaKoRay
W0, M

o Crxnt 3¢, 41 5,
e Il!m'plﬁ:mﬁ crux 3n, ¥y SKOMY BCI CHCIlAIRHHE FpaHHLLE
“‘(“;flem“r;mmm e FPAHMII JAFAIHOID  Uixant Taki CTMER  MaKTh
P’llluuax:’; .mu WiMn - Jo0sigkHl, 3 Y CTRYNTYRY Boun MMOTE HHISEY CHEPTT
vy MY CTaNI 6m|n.nnul20°. CXMALHICTE A0 aacopbuii  AOMHDOK. L
2-noTpiAnei  cTHE 3b, y amoMy O ey ANy llpulmimcl\kw‘mk}' cpein -
rpawmus  cnewansea I3 O (E - oficpuena A0 MAATMIIKONNE  eqpeaTin Jlas raou CTHEIA
ifikicTe 30 Mirpail. no

rycTina syaais, wo GirapTeca), 3 28 i XapaxTepHa niaBMIgERa €T
copusc crafisiaus CTPYKTYpH FLNIBOK CriscT.

(pwe. 2):
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MEORIEMILEL CTHEDN BOBRIAHD 3 MANDID P BEAHKY  IMORIPHD [+ i IycTpiMl T
worepenTinx rpanmik L3 [4] POpMyYBAKHE COCUILTRHMY CTHKID.

AHANIY NOKARAB, IO B YCIX Iwam, ki Gyms

JOCALTAEN], NCPEBAKHA KIILKICTE CTHKIN PaHsuL Bucionkn
epen ue noTpiFni crkw. Tlpote, npu Tomumsax ~ I Ja peMui nnisok
T0 wM 8 nEiskax ThCH i CIPYKTYPH, WO

XiALKOCTI nOTpiRIAS cTHxis sia §3.9% a0 76,7%ma

wpm-am ummu TTEM 1a ACM.

IpoCTINRE 4-X CTHKIR FPANMUL, sin
16,0% ao 233%. Taxe IpocTANMN  KiALKOCTI
MUCEHHING  CTHKID  KOPEaRSC 3 IMINOK  THITY
CTPYKTYPH NAIBOK Bi PIBHOOCLOBOT 40 BOADKHNCTOT
Ibl.\Muymmnlunummmphlllﬁ]|ﬂin

WO P THEIE CTHEIS
rpa«m Jepen  nuiskax, Bussneno icHypanun sx
NOTPIRNM, TAK | MHOKHNIHE CTHKLR.

3. ANl JANCWHOCTI XBPAKTERY CTHEIN Wid
TOBUIHHH HANCKPEMICIMY NAIBOK AOKATAN, (80 0Pl

TPOCTANHEM poIMipin noscpxpcny  TOBLMBAX ~ T MM B AIBKAX CHOCTEPIICTMN

mmommvﬁ w naiskax [7]. IMCHIUEHHN  KUILKOCTI  DOTPIAMKX  CTHKIN T3

i i CTHKiR B IPOCTAMMS 4-X CTMKID TpaMMie. Take IPOCTHHHE

UHBEAY 3 PYETYP KiALKOCT CTHKIB KOPEAWE 31 IMINGH

naisok. B THIY  CTp PH MAIBOK  BiT o

ABIRNMKONMX TPAIMIL. B MPORCCE i, 3 dop M B DMiRKAX TERCTY
ASIANNKYBANME TPH POCTI mAiEok npHsogWTe 2o [110] T ai posmipis T

OPMYBANRS CHICUIATSHNX CTHKID TPANMIL 3cpcH.  WEOIMOPLINOCTER b AAIRKAX,

Hanpuenan, sinomo [4], wo npw kosrakr asox 4. Y noisxax 3 RONOKHWCTON CTPYRTYPOR
rpasnus £3, axi i n { =z 0 Il.ld] cnewiaThi  poTpifn T3
fhi. TPETLOO IPSHHUER CTHKY JSBMIH € TRaNNLA i cTEn  ipopay " AT
9. Tipw npouecin i uw skt
nowpifiumil crwee Ty “3c. Togasmun wiacMonia  MICLE BPM YTROpeHME Jaiex raisox. Kpis toro.
rpaneui £9 3 ¥ I3, una we ¢ BeamKoi FPAHnL

NAPAREALHORS NS ABOM, NPHBCANTE 30
crmopeins rpadw E27 § tax pani. Kpise vore,
BETHER KITRKICTR IDITHHIOBNX MPARMILL Oy MoBC
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Formation of the Gd/Si{113) interface

Dopmysanna invepdeiicy Gd/Si(113)

M i i i T The electromic properties of the Sif]13) nurface
dociid: aminy 1 were investigated during of Gd atoms on
avsepeni Sif]13) mpw adcopbyil na wit amosis Gd. | wsing electron spectroscopy methods. It is shown,
Toxazano, deophiyin amosis Gd wa " that the adsorption of Gd atoms on atomically clear

. w0 adeog
semy  noscpxnw  Sifl13)-3x2  npu siuwamwil
i o i

i pobomu
awxody gid 4.75 eB dun Bgu =0 MLU do = 0.8 ¢B
- g

Sifl1 33352 surface ab room temperature leads io
reduction of the surface work function from 4.75 eV
Jor By =0 ML 10 = 0.8 eV for 8= 44 ML The

B increase of Gy results in increasing the

e Oy = 4.4 MUL TTpu nod,
suxedy sfiasuyemecs de =12

work function 1o =12 eB for g 26ML and

of the Gd film. The

RoKpumma pofioma
B dw 6oz 6MIL wo cymposodacyemuce

malewu Gd. Omy

results have been elucidated by the gadolinium
silicide f jon and peculiarities the Gd films

3 i ma
ocofimusocmari  semanizayii ’uils-ru Gd  npu
suamntii memmnepamypi.

Kmouwosi ciosa: Gd, Sitl13), adcapinin, potioma
uxody,

L BAFUN JOM, CUNNLD, MemaTiTayin.

Kiiocaxwi  mavionannmil  ynivepenrer  iseni
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Crario np A Cup i B.A
Beryn

: ¥
METIAIN 3 KPEMNICH © SKTYATRHNM SK 3 TOUKH 10y
MAKOOMUENNE  yWMEHTAIMNNE  AAMMX PO
RECMOLIN0 PIAKOICMEALIHE METATIE 3 KPEMHIEM,
T i ToMy, wo GOPMYBIHHA HA  KPCMHICEMX
NOBCPXHNA TOHKMX naisox  cuniumnin PIM €

PEPCOCKTHRHNM AN BMKOPMCTAWNR D
B aposing. 1}
3 F
DOBCPXUAMH  Mac  peawscammil  inTcpec  micas
riray i Gd,Siva

meitallization at room lemperature.

Keywords:  Gd.  Si(113), adsorption, work

function, band bending, silicide, metallization.

Taras Shevehenko National University of Kyiv,
03680, Kyiv, Glushkova st., 4,
eemail: mifi@univ kicv.ua

seaseRyaNpHii caeKTpORNin ™ [
MATHITOCAEKTPOHINL NPHCTPORL.

Takom  MAOMO, D HANCAPTTH GdBy 3
MPAMOKYTHIM TOTEPETHHM MEpepIIoM 1
RAPAKTEPHAM  PUIMIPOM 50 MM TH  AOEKHROK
AEKUTLKD MIKPOH MAKTE HARIANY poboty BHXOIY
B Py PLIKOBCHERIE rexcabopiain = 1.5 ¢B [4]

Jax wac Gd Gyn uikaswil pacamieped B
J0CHTE kKoK pofoTon  BRROTY 151 fipw
ocaimmeiti aacopGuii arosis Sh i NORCREHEL e
2 Si [6-8] G0 RCTAHOWICHO JOCHTL JHISHY iy
pobomm mioay (0.2- 1.0eB) e Tuman 2 paxymnok
JMiNM  eSCKTPOMNOI  CTOPUINCHOCTI, Asc (]
JMiNH JAPMKY 300 NobaWYy  RORCpINI

CTIABY, uwOxnMBO NOB'RIAHOTD 3 OGMINNOK  pEXYHOK

Aoxan; §00 Mi encxTpomasy nposianocTi TA  Llikaso Gyno mMIHENATH BHCCOK MM CRAAIORAE

',‘m‘, M MarmiTHimm Momentann G (2], winm pobotH mwxoay mpw swauno Giakmous

o b B0 O 7 poGoti mixoay (ovikysasocs = 1.5
de;.o" P Ly r‘ 2 0 eB) npw aacopbuii arosain Gid

Wy [3]. Taei P Jlaw Gyna  muGpasa nuu;‘:\]l;n

[T yeary, nos'msamy 1 ix  ywikanuei o Si(113)  Bucoxoinaescia noncpxun  Si(113)

o T8 ix spocTaounil iNTepec an nIEKOpHCTAN N

e A, P ax ans T npRCTpOTE

M. Hanoaxin, M.L deaopseino, 2012
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B i ; p 0 XBOCTiL, 10 pih Sgg= 0.6 ML
Py noMcHin, i somHE ﬁ;um 6 owinn pisnow = |4 eB. Mpnpoas

‘llﬂl’ nru e rwwuleu'rrlndi.
MILTHESC W3 MOKPARUICHHE EMITAKCIHMX Wapis Ta
BIEACTHBOCTER.
Merowe  miei pobomn
CRCTICPHMEHTATLHO

Gyno  sMsueTH
o aromis Gd W
Si(113),

mnam Gd Gyne BHBMCHE B HAINX  HACTYTIHIHK
AOCAUTACHHAX, 4 TIOKH L0 MM KOPHCTYBATHMEMOCH
AAHNMH NP0 WHPHHK  KPHEHA  CHOPIETHYHOD

n iy o kpaw fick
YPaxysalns poITArKYTOl  XBOCTOBOI  wACTMNM
i crpinkn wa puc.l). Tlpe sbimaeni

ENEKTPONI RIACTHROCTI, Taxi 2k pobotn mixoay,
JATHH IO , CTPYRTY (S BAIEHTHOT J0HH.

MeToamKs CKCHEPUMENTY

JlocalaacHH  NPOBOARANCE, MK | B Wamimx
nonepeasin pofiorax [6-9], ¥ wazsscokoBIKyMHiR
KaMcpi 3 GadonMM THCKOM ~ l'lo‘w!_bp. aka Gyna

EAEKTPONIR (AIE), Oe-eaekTponHoT
coextpockonii  (OEC) ™ ymipagioncrosoi
doroenckrponMoi  coextpockonii  (YOEC) 3

eHEpricK)  kmawTin ¥ manaowi 7-108¢B,. B
BEKYYMHIR Kamcm MICTHASCE §ONHA FapMata ans
CUHUIEHNN A0CALTRYRAHOT nonepanl Sioionamn Ar
T CHCTCMA 218 KONTPOALOBINOND HANECEHNS Wapis
Gd sanawoi tomuses in site Jpamen Si(l13)

ATOMAMH
Gocopy

noxp
(p=100mem).  TMicas  nonepeassoi
XiMiuHoT ofpoficn IPATKN ONHILATHCE B BKYYMIIH

ea. wpuni DEC IMatHo  pONLHPIMOTLCE, i

CYTTCRHM poborin suxoay
o pAXYHOK b i P
CMOPLANEHOCTI.

N(E), slan.on.

xasmep n DOTOMOTORK ACKIRROK MR
Gosbapaysanio sianan.  Binsw  aeTanemo
Y oOnWcana, P B

191

Pesyanramm eRCnepHMENTID T i
Invepuperauia. Pre. Doroenerrponni  coexpn  (hv=7

i m-qm. Si{113) npu pisuomy smucnii 6-» -
l'mw:m_:ml MOKAIAHO WK IMINOKTMRCE O ML 6- = 0.6 MILL B— = 1.1 MIL; F-= 2.2 ML,

KTpoHHI ATOMAPHO  WHETOT 5 28 ML e = 3.3 MILIS; m— = 3.9 MILL -

CNEKTPH
nosepxin Sif113)-3x2 npw wanwaensi na nel aromin
Gd 3 pecymkn  wwawo, wo o POCTOM B
cleprevuuna wupwia puanx OEC spoctae, #
MCTICY T dopra. B OEC VERARTCH
Hi RBOCTH

4.4 MU k- = 5 MILL

Tlpw avnnizi noseaimen kpwssy GEC a, 6 1a w108
pue.l  MOEHA  nOMITHTH  dMiHY  AOROKEHNA

eTanin, axi. mwmynllmm [ ———

BHROTY. ABOCTH POINORIAY ENCKTPORHIK
cTanin wouyTe Gyt obymomneni nonsow nasm Ha
nOBCPAHI cucTeMn Si-Gd, xki MuoOTE MCHUY iR
SIHMX Amnanok Ipaska pofiory muxomy. Bae npu
Bl 0.6 MU cuepremwana urmpinia kpHBoi BEC
AE, axa  Gyma  ouinewa 6oy AX Y BANHE

A0 pisnd Depwn mka 5P
rifplrunosanix enciTporin 3 =12 ¢B ao =1.5cB
Lieht ey Mome GYTH BHETHKZHW SK HICHUSHHEM
NOBEPXHCEHX CTanin wafGawmunx no pinss Pepyi
TaK | sarmmom on s (eV,=03eB) Tobwo
aveniengs poboTe anxony mome GyTH uaLrlcunn
OBYMONIEND | SATHHOM T0W RIHY pHiaRm Ha 03

eB. Le nwranns  crame  npeamerom  Mawiet

o . ABOCTA, =43 cH, a
FU&“""*WW‘UEE- 34 vB BLANOBiN
HAxln pobiora BHROay h D

Ha puc. 2 wamenena sanesiicri poborn srueay

Si113)-3x2 sin g Bwano, wo
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abimmennam B, poloTa  EHXDAY  DOCTYY CTYNENEX NOKP annani

IMEHIIYETRCE DL MMAYCHHA  XAPAKTEPHOTD R
aromapio wMctol nosepxmi Si(113) — 4.75¢B a0
maverna = 0.8 B a8 By = 4.4 ML Notpibuo
MYBAKHTH, WO 0P SPANYBAHHI  HAORKO-
ewepr xmocTa it P

cramin w2 puniil 3 (puc. 1) Inasenns poborw
mixogy A8 Geurd4 M ¢ Gmeoascesm a0

s

QANH  OANOID, WO MPHBOANTE A0 JMCHINEHIN
JAMNOARHOTE MOMENTY ATOM3 Ancopary, BHACILION
wore npw noxparTi =2 MIL @ sxe se JancRuT. mia
CTYNENs MOXPHTIA | JOPIRHIOC §  MaTEpsay
noxpurTTe. Ha Ham nOTAND TAKE  ONTMMATLHE
nokpurra 0.7 MIL icaye ana cHCTEM A€ HE Mac
MiCLLY FIBCMHOTO TPONHKHENHS BTOMIN ancopiaTy

Tpw =
poboTa EMxDAY IpOCTEE 10 MACHHEHHR npH = 1.2 ¢B
am By =6 MLL il 201 IPAKTHUNO He IMIHICTICH
Oanouacuo nph inmenni O, WinkuycTeca we i
TYCTHMA €ACKTPOMHNX CTaNin Ginn camoro pisHs
Gepui. flas By 26 MIL (xpusa &, puc.1) gopha
THKA ryCcTHIM P cranis ©
Aan metaseswx  mumok. Mowna  wsawaTs, wo
Mayeunn poborn mnony o=1.2 c¢B ¢ xapakrepunm
A MeTANIBOBAHOT aTOMAPHO SWeTol naink Gd.

Ta . 3rigWo 3 o1 HaME

a0 EOC peyy ™ mirep

amsmsan [10] aacopbuse aosin Gd wa nosepxm S
mAC DpH KIMHOTHIR TEMNEPATYPI NPWBOAMTS d0
yTaopenna cuaiwin Gd + 20 it arosin Gd w
nlaxnaguuky Si, a TAKOK 20 andyyail atomin Si 8
paiexy Gd. [ofnny nosepxii GopMycTaca i
GdySij,, mxmh 3 pocTom  Bgy see Gl
sBarawyemhca sTomasn Gd Y TaKomy shnaaky
OUTHMATLHE DOKPHTTH, [P EKOMY JOCEFACTRCH

MIHIMAIEHE FHAYCHIR LN MOKE  HEYHO

5 T 0.7 Py
Fuavennn =08 ¢B, AKC MH MOKEMO NOACHATH
M op i Gd, © MEHo
4 soacumss B iCHYWSHS B aimepatypi s (5] 1
ToMy UE  TATANNR notpefye  AQQATKOBOrO
3 Aochimaennr,  MEKINBO  ICHYIOTE TaKi  GopMM
% Jbaravenore avomas Gd cuaiunay G, ®xi i
[ ¥TBOP pRHi T TRKOK MAT0K

B poboTON BHAGIY.

Orp HAMH p CHCTEMA
1 Si(113):Gd 3 poboton mHXQIY 0.8 eB smowe By
ixaBoW QAN NPAKTHYHOD IICTOCYBIMMA AKX
eerTIBHNA noasosuit esitep. M usoro notpiin

0 T o I -
noHEEHHS POBOTH RINOTY CHETEMM T3 JUCATIIENIA
;123 45§ 78 §i crabinsmocTi TP IMiMI  TEMDCpATYPH T3

o P

B Ml MABEHHS TAK0 noTpelye AT
Puc. 2 Janewwicti pofioti wixoy i Si(113) T xpocrin n QEC, sxi MosyTL
™ noxprTTa atosamn Gd. Gy i

Ha nepumii nornan sukimkac noaws ToR gaT,
WO MiMiMym poboTH BHXOMY MAC Micue fpH
HOKPHTTI Gy = 4.4 MILL Agwe fio unx nip Gya0

¥ na 3
noBEpXHI FLINM 1 poboTom BMxoay fannkom no
wyns. Mownmio, 1i nAAMH OOYMOBNEH] A0MILEIMNT
3 KONLENTPALINMM, HIACTHMN 34 Ny TN et OEC

Wiaomo, mo npu Guil ua P
Wapy avomis 3 siawocwo cnaleo 38’
Banewmoen caextponan (Cs, Ba) wa nosepuii

Aacopbuin atomis Gd Ha nosepxni SH113D
a0 T ATy Fasos e

wap, axnA np ao
IMcHweni poboTi Buxoay. BHARKIOCE, WO KHYE

ROKpHTTS arosasi  poBOTa BHAQAY JOCATAC MUK
Aacopbary, npM akosy IMiHE § NOBEPXHI BHACILINK
i aunenis, ofiy pep

Ly b 4
npn kiMaaTHif Tesnepatypi. Mpn Bcg = 3 4 Mul
MATRHOTD IHAWCHEE =

08 ¢B w ocHONHOMY 33 PaXyHOK IMEHIDEHHE
i Jloxanin a0 (+0.3

PAKIN Mik STOMAMM AZCOPOATY | MLDCILINHKN, ©

V) :nmm sarwny Jom  noGany noREpAKE N
i, suisen Gd 3 MeTannomHsn

aRCHMATRHGK. Ak npasnnso, Ue
DOKpUTTA ¢ Gamkim o 0.7 ML Mipu Ginwmx
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of

} ypha
muromoro of’emy moam  nobaniy TOUKH
BaRBAEH T
-_Wn AKICHED Mo
Mimomoco ofemy sodu. B ocwosi Modeni Aexcumy
Mpunywenns  Apo  me,  Wo  mEMRepamypud
afi'cuy )

ApoCmd

water specific \rna;me near the ;ulﬁlg point

A simple model for anomalous temperature
dependence of water fpecific volume 15 proposed.
The model is based on the assumption that the

re dependence of water specific volume is
Sormed by: 1) the argon-like contribution and 2) the
contribution of hydrogen bands. Both  these

apeononodituus aneckos i ) awcxow codnesux | contributions are of the opposite temperature
ss'umia, Ui obudea swecku mawnty np fepend 50 af certain femperature the
R pamyy i i mosy | specific volume of water i minimal.  These
Apu denciti mesmepamypi mumosuii of'ew sodu | assumptions are quile general and do moi require
Apuitvac minivarswe Twavennn, Obudea jpofisewi | any iditional suppositions abowt ogencify or
RPURYIENNA MaRm HiTKOM it xapaxmep i | ink ity of owater strucnre. The
: ped 1P npo | approxi are confirmed by numerical
5 ppith pyxmypy sodu. | calculations for density of hexagonal ice. which
Jpofiseni  mofiumcennn  nidmagpowcyrmpen | reswlis are very close fo the experimental data
PCI r0 Anody, #EG

dyce Gaurnxa D0 EXEHEPUMENMLABNIT DANUT.
Kwufx! Cr08G: AOGA, MAKCUMYM ZYCmUG sodu,
Sodueuni e ‘Aron.
L & X T
Topsca Ulewvcuna, 03680, . Koo,
3 Tymwosa, 4n, e-mail: ¥j i
Wi wawionammi ynisepoutet iveni 1L
" 65082, m. Opcca, wyn. Jpopancexa, 2.
e-mail: andrei.oleynik@gmail.com

iseeni
np-t

Crarno npeacrasis akagesix HAH Yxpaing, ag.-M.H. npod.

Beryn
Maxcuuym rycromn som npu 4°C, a6o
Mibiyw §i nTOMOrG 06'Chy, WARCKHTE A0 UNCHA

Macai ' 1 CcBOiMM
iAXaMM  AHOMANIA  BOAN. 3a  ponri  poKM
AoCaiTRe I mABCTHBOCTER BOAH Gyno

GAraTo piTNMX DOACHCHE LLOTD

Key words: waier, water density maxim,
hydrogen bond.

| Taras Shevehenko National University of Kyiv,
03680, Kyiv, Glushkova st 4d,

daluniv KiEv.a
Mechnikov National University, 65082,

1
Odess, Dvorjanska st., 2,
c-mail andrei oleynik@gmail com

Bynanin JLA.

M BOSNCEHE TR RIKIR [5-6).

OB’ SEHA 1 RHKPRBICHAT
moackyn. B ocranil

o6yMORACHMNX TEAORHM pynoM

poke snp P yymy I
ob'ewy Gyam npHcsaveni poborn [7-10). B wx
peTyaLTATOM

MiniMys  THTOMOTO ofi'emy €
woHKypenuii - CTPYNTYP. ki pos’msami O
OpMYBIHHAM DO HEOLKOT T BMCOROD TYCTHHH

FEOMETPHNHE INTERNPETALN ™t

anponoHOBERD
Ayme werpumiasnmoro gawry. Tak, Ma W.ﬂu;n“:.npom
10 M rycTim  BACYTHE: : E

BMMKDC  wMachiaok .:,,Dw,.,‘ nyeror B npeacranienifi pofioTi poIBHEACTREY HoBHR
Kmmixpucranianoi  crpysrypn woan [1]. Mpore, miaxia oo AKX i HOTO 108
ouama  nf i f MBKCHMYMY TYCTHIN BOAN a0 MiHiMyMY
nyeror R0l CTPYKTYPM BOAM | i of'cmy. Lleh nimxis cOMpacTRER Ha

Nilonocri i i nLTaTH pﬁir{ll-]l].Bmmmm_n
- e crocTepiraiohe [2-4]. Tax caso, ne 5 paTypHi ocTi of"cuin

g i NEpTHHB. goqu § aprowy ¥ IMINIHK, AKi IARWOTHER

©BIO. Bapmux, A B, Onchnix, 20012
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(] (HEOMY  THTAHNHIO  NPHCERYYCTLER  OKPEMIR

niapeais crarn). Y roai 3 unMe yERICHHEMS,
B POBOTI BRAKACTLCH, WO MHTOMUA 06'eM Boan
€ CYMOK IBOX NPHHUHNOBO PIIHWX BHECKID

apr i =EHI TRCH 13
IHMKEHHAM  TEMNEPATYPH, Ta BHECKY, HKMA
AKQ i

Temneparyph. KoMOIMALIA X IBOX BHECKIE
NPH  NEBHIA  TEMNCPATYPI  MAC  MiHIMATEHE
IHAYCHHA, FaIHAUHMO, 110 CHILHIT OpICHTAMIAN

05 06 07 08 08

¥ ¥ LI ¥
TETPREAPHUHOT  CTPYKTYPM,  AK@  HATLIYE

Puc.l.  Temncparypui i mwop

nHTomore of‘emy D()=u(t)/v, woan i aprowy.
Fuanennn o(f) ane wex 3w 3 [13) Citna ainis
mianomizae sanexwocri 08604 (1), ae BN

PYKTYPY T Horo  meoay. 3
TEOMCTPHYHOT  TOMKH  30PY  TAky CTPYKTYpY
XAPAKTEPHIYIOTH, MNEpll 38  BCE, KUMLKICTIO
BOAHEBHX IB'AIKIR 1, (T), YTBOPEHHX OQIHICK
Takum uMHOM, APYTHI T3 BEAIAHIT

HAMH BHECKIB NOB'NIYCTRCH 3 TEMOCPATYPHOI

ormcyr il T
©of"cuy aprowy. i )
TAEHHICTIO 1y, (T).
NPHHLINOM  BIANOBIARMX  CTAaHIB,  MawoTL
noaibuuh xapaxtep (ame. puc.l). Ak Gawmmo,
TEMOCPATY PHI i

Tirrosmx of'cuin €, daxtiro, IEYHYTHMH 0aHa
wia omwoi. let scys e pesymwtatom pimoro

Excrp ofi*emy apromy B
olARCTE Neproxoanakenny cTanis

L, o TesnepaTypii

xapaktepy daykryauifi » okoni P
TONKR B apromi duykryamii marm, ATOMAPHY
npipoay,

INTEPBATH ICHYBAHHA PLAKIX CTAHID AProMy | SO

a B BOR —  BONM obymonneni Weoamakom:  0.556<r<l - ans  aproWy |
Anstepaman [14]). Movwa noaibuicts y nosenissi 42 <7 <1 — a3 noan. Tamy noseainka &'/ (1) ¥
TTOMMY 06'eMiB BON | aprowy nposnireThcR HTEPBAAE  0.42<r<0.556  anpoxcusycTscs

niens Ha per
of‘cmin moan i aprowy n

EpHTHUHIT Toqui

Uy = L6303 Y - 43390 17 4 47658 47 — 21778 .1 + 0,7058

Koed!

"

WHIHIMAIOTLCN TOXHM . NHHOM, wof 1) 'ummn;
uLorn

e il l i
Havews 51 g TEMICPUTYPHOMY  iNTepiani
0356 <t<075 m 2) axyparuo BUTBOPRORLTI
45 1y

FECTPAnOABOBANI  THAVCHMN  MOXLIHOT
Tloseai 40| ?
e S i(r. sianonianoi

ERETRANOANIIONHON KPHBOT Ha puc.2
s sl PHc.2 NpeacTamacna
IB"‘ e
lw“mmm MO MACTYINY BaMAHRY wHMOTY, Axif
b ; EXCTPAnCaELifing xpumsa, Ha
MPUBiR coimicany nasm mToMMi of'cw © dymuicn

THERY | parypu: & =D{pir).). Toxiaxa
of'cmy 3a PATYPOID, TAKHM HHIRM,
BHIHEACTICR BHPATOM
a_ﬁ' _a8] ap) 'ar;
Ul %, Wl &,

3y 1 3w
Ouesnano, wo =-uff, ne B =-—"

= R Ry = |
oTepMiuma encTest ¥
" ) CTAHRN ApToHY
TIOTEPMINHE CTHCANBICTS IPOCTAE, OCKETRKN CTaNN
eHeTesi nafinmaroTees a0 i civogan

CTHCAHBICTE
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la:-n_-m AL BT FRIRELR UMY w4 Butietin of T
oo Tapoca feveres Nt Untaroty of v
Cpin g mameand e i Series Plyracs & Mothematict
Ax jacainok, noxima Bl = B (o) + (1),

ap| _ao] |

— =- B Y S ) o T

Wl 01, Tt Mﬁ}""w-ﬂ}"‘[rrr'] :

-

AKA € PEIHMLCI0 ABOX DOMHTHIHIK BEARYHH, TPAMYT

2 wymn  npu  Dinwenwi  camypeHRs ¥ Tamsm SHHOM, MH BPHITYCKAMO, 1O CHITY ARPHA
nepeoxosommeny  ofinacts. L P i omMac cop it
cnpaneaTihe S AN BPTOMY, TAK | 400 BOAM.- ::'P’“‘P Temnepatyphel  daneamocri  [15)

Hafibimm  jcrommmil  WHecok  y  TemMmEPATYPHY }OHE MORCTIORITH AHPAIOM:

E{ i PR
ot | )

1i noseningn Gyne MOSETIBATHER BUPAIOM

()= Bl () + (Brle) - A u-[ (e}

1=ty

Honsreomo  npwnycrwseo, weo  perynapea [l uinkow y i i ;
CKIAI0BS CTHEAMBOCTI NPAKTHYHO HE JancsiTh wia " 8
" Touncputypuoro auinoig Bemwim 43 puc3 Kpisol E{ 1a aonosorow opuya (2)

5|
3{ «FTa %l y nepeoxonoamenisi ofnscTi ot (3) weoBxiaHo npRITYCTHTH:
» oe

BproMy Taxom Dy ACM0 HEXTYRATH.
Toldr) =R3.BK 060 1 (Ar) = T_/T, =056,
T lAr)= 56K abo .-,{Ar)-f‘,.f}; =037,

BB =135000 —E, A = (Bt - BP0 = 06107 @
en-e? e

Linkom momanso, wo apw (=042 npoxiaw

=l dr}
___du 0] 60 NEPETROMIDCTICA HA HYIL, afio
dr |
BHARASCTRCE ayme GANIBKOK 30 HEOTO BCIHUMHDR.
Brecox, NKMf BHUMMMTLEN CTHCINRICTRO ApTONY,
potinermit wa pac.2 TouKAMH.
3 npopiswmwna  [12,13]  TeMnepaTypRes
JANEAHOCTER IPHBCIICHEX TIHTOMMX 06'CMIn BOIN T
¥ BMINMBAC, WO B INTEPRAT TEMICRATY]
042 <1 <085 pown wasors omew | ToR casuh
xapaxtep: kpuna B'7'(f) aywe Guwseea so KpHRCi

0.86- 53" ().

8;2:88;

t
o4 os os o7 os o8 0

Puc.2. Temncparypha sancaHicTh DOXLINGT 33 Excrpanoasnis nutomoro o6'cuy aprowy T
ofiomy BoaN & oKLY KpETHaROT ToKH

aprowy [13] (wencpepsna ainia  iAROSUIAC :
excnepusenTanLiEM  aanis [13], ny a - Ti P EHIX. TTOMKA
excTpanoanuit (1), TONKH BLANORLIANTL NOXIANOT, ofi‘cMiB Aprody | BOIM Y INTEpBANI TEMICPATYP
nobyposanei no crwennsocti (2)). 0,42 < < 0.5 MAIOTL OEHAKORRA XBPAKTED: KRN
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0'"'r) ayme Gamnxa pe kpunoi 0.86 01 (r) . ?;m

1

Pasom 3 uHM, xapaktep noseinkn xpusnx 07 ()
ra 0Ny gaysryauifini ofascri amauno
amisrTacn. [lan sHkmoteHRA  uyTyamiin
edexTin ao
TPHBEACHHY SHAYEHL THTOMOID uﬁm apromy T2
BOSN, KOTPE BHISANAKI TRCN CHISBLANOILCHHAMMY

')

' Ut 0
e =}
o =S e =

IWAHERHA  niToMOrD o6 esy
BHRHANMCTICR K TRasy

of'emy npw 1]
P n P

excrpanoani - wavens  0VNE), = A w, 3

wnrepnany 0.75 <1 <0.9 k ¢ =1. Biamimemo, wo

Le wauennn woxe Gy

o ()= 0" lim 81 (1), (s)
-l

ae T1'(t) = fyweuin, axa onmcye excrpanoasosani

wiavewin 0%'(1) y kpumwnii - ofinacti, Momwa

NEpexchaTHCH, wo A woaM i aprowy £(r)

npaitsac maee:

D)= 17590 - 228404 1164,  (6)

DN = LB - 2487 141206, (T)
35~ 7) munammar, wo

M =12 etz [ B =L

(B}
Moscainxs ssasens mamosmns of " emin, HOPMOBaHIR
Wi ix per THANEHME Y Kp A Touu,

Jaranuua crpysTypa nnrosoro of'cmy moaw

mumn nHroMere o'y mu l,nu'. p:c.l}
NPEACTABNMO ¥ BRI

ONe) = BN + By (1), )

e BHccox moaweswx e'wxis D, (1), ¥ arom 3
fNpunumnon  Tinbepra (16,17,

+ !
04 05 05 07 08 08 10

Pue 3. T perynsp
MATOMHX oﬁemu U ()= eAe)/ 1y oz i aproiy.
Fumacunn (1) an8 wex masmi o [13]

Koediuientn powaazy u. Oy, A amaxoanTees
METOIOM anp [
HACTYTIHMMN
p=084, 5" =0.0079, =086, (1)
Crynive  wiarnopenns  kpusoi o' =

AonoMoror xoedimickTin (11) i awafacinsm sue
koeditlientamn npeacTarnena Ha pic.d

Li

os 10

05 08 o7

0.8

Prcd. AnpokcuMauis nwromoro of'rsy B
B'(r) 3 aonomorow dopmynn (9)

HipaIOM:

Gy = D iy (1) = 4 (=4, (10

¥ TEMIEPATY PHOT TRTERHOCT]
nuToMoro o6 cvy woan npn 4 C

Dopmynn (9) Acmonse wam APNPONO OIMCATH
i ¥F
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Bicuun Ko sa16:00 mpicm s yuimegciameny
isemi Tapuaces Llheweenas
[T ———

auncamosTi 071D TOMNIE, WARBHICTY MINIMYMY
ToMmcpaTypi T=4°C. Jlificno,
el ] IMCHUIYCTRCE i AIMMEHIAM
TEMTICPATYPH, B Toll wac ax wiecok 404" (1= dr)

Jpoctac  (aMm.  puc.5)  Cysa  umx  doymeuii
NPIIBOANTL 00 MiMIMyMYy B Jeaxiil Toww (pwc.f)

crAMncHa

Hemamxo  Gawwmw, wo  mimimym 071
COOCTEpIrACTLES ¥ TOMUi ofysmonnesif
pimksan:

HENe ) -4 2,5 =0,
i cHan (o,

IHAROIMD:

B g
T,y = YT 032, 1, w0428,
H

Bewnocepeanso MEPEKOUYCMOCH, WO MPH  UMX

BERNTHHN  THTOMOMD oﬁ‘my B OTOMU MAMRACHHE
F)=032 W

w4

03122

o3z

3220 '
D420 0425 0430 0435 0440 0445 0450

Puc.6. Miniseym nnmosmoro offcmy sos,

InunMMn CADRAMM, CAME 3 TAKOHO TONHICTH TpHHIMn
BIANOBLIHHA CTAHIE 118 HPICTIG PLUN Mome Gyt
FACTOCOBANMA 20 NOGYIONMN PINNENKE CTANY BOOH A
T ARHET CRIBICHY BANKE PLAHNE-NIAPa.

Ofronopennn peiyaLvarin

i TRDOpATYT by mlA2 Tasmm SHHOM, JANPONOHOBANE BKICHO TPOCTE

(T, =4°C), npw wxift crocrepirarics #ioro  woness ] i i

MiHIMYM, B, 3 BHCOKORY b offcuy wozw. B ocuomi Moaeni s
39 - (1) o ni, PO TE, wo

WHECKY HOAWEBHX, 30'NIKIB Uy = Ul Ry, Y IMTOMItR
06'em s 4™ (1) w1 opmaskHory cTani ne

nepemEmye aexiaskox nizcorxin: 2L < 0.06.
o

niToMoro o'y hopuyETLCR: 1) 3prononoaiGii
unecKoM | 2} BHeCKos pogHero snsnan. LI ofiana
BHOCKN  MMOTE  OpoTWnewmMi  xapaxtep
TEMACRATYPHOT JANEKHOCT] | TOMY DpH  Jeskid
npHEMaC

TeMnEpaTYpl  nMTOMKA  06tM  pos

MiniMamhie  swavenns.  Ofwasa  spofineni

npunylm'nm MEKOTE ULAKOM MArATLIMA xapaxTep |
npo

vnuopmn;v a0 weoanopLINy cwyﬂm woan. [low

MERA nlmul MOAEA MM wm- pospaxymans [12]
FYCTHHY TEXCATDNANRHOTD AL0Y. ¥ ULOMY BHIAIKY

Ay =4 i HE IMIMICTMCE 3 TEMBCPATYPONRD.
Crpuscann OUINKA 4098 FYCTHMN TERCATONRILHOID
Asoxy Hynono YHOIKYCTRCE 3
aaan, Y £

s

nimxia TAKOW AN OfHCY mnmwi CTMCANBOCTI

i moaK mpw nocTiRwoMY of o



Kyiv National Taras Shevchenko University

[ ——

w4

iweri Tapaca Uiewwensa
T e e L)

"

. Samoilov  O.Ya.

CHMCOK BREOPHCTAHNY [TEepen

Structure  of  aqueous
electrolyte solutions and the hydration of
ions, — Moscow: Tzd. AN S55R, 1957, = 183
p. (in Russian).

. Fisher 1Z and Andrianova 5. The degree of

filling of the voids in the quasicrystalline
structure of water. // J. Struct. Chem., -
1966~ 7, M3 P, 337-344.

Andrianova 1.5, and Fisker L2 Statistics of
neighbors in water. // J. Struct, Chem., ~
1968, ~ 9, Ned . - P. 592-598.

. LokotoshT.V., Magazu S, Maisano G,

Malomuzh N P. Natwre of the self-diffision
and viscosity in supercooled liquid water. [/
PhysRev.E — 2000, v. 62, N 3, - P 3572-
3580,

Pople JA. Molecular association in liquids.
11 A theory of the structure of water. / Proc
R. Soc. Lond. A. - 1951, — Ne 205, - P 163-
178,

Svishchev IM. The temperature of water
density maximum. // Dok]. Akad. Nauk SSSR
= 1991, = Na 320, - P. 140-142. (in Russian).
Truskett .M., Dilt KA. Predicting water's
phase disgram and liquid-state anomalies. // ).
Chem. Phys. - 2002, - 117, - P, 5101-5104;

2 Fm G, Swanley HE A theory for

d g the for
the water density anomaly. // Physica A. —
2002, - 314, - P.508-513,

. Dias C.L. Ala-Nissila T, Grant M., Karttunen

M. Three-dimensi “Mercedes-Benz™

model for water, / J,Chem Phys, — 2009, -
131, - P. 054505(7).

72

Bulletin of Taras Shevehents
Narional University of Kiiv
Serier Physics & Mathematics

10. Matsumoto MM, Why does water expand
when it cools? // Phys. Rev. Lett, — 2009, -
103, = Nel, - P. O17801{4).

11. Lokotosh TV, Malomuzh NP
Zakharchenko V.I. Anomalous density and
permittivity effects on the structure of water,
# 1. Struct. Chem. — 2003, - 44, N6 - P,
1104-1113.

12. Fisenko A1, Malomuzh NP, Neynik AV
To what extent are thermodynamic properties
of water argon-like? #/ CPL. — 2008, - 450, -
P.297-301.

13. Data  from NIST Standard Reference
Database 69, June 2005 Release: NIST
Chemistry WebBook
(hitp;webbook nist hemi i

14, Kulinskii V., Malomuzh N.P. Properties of
waler near its critical point. // Soft Matier
under Exogenic Impacts, NATO Science
Series, - 2007, 242, - Part IV, - P. 287-
304,

15, Erdey-Gruz T, Transport phenomena in
squeous solutions. — New York: Wiley, 1974,
~s12p.

16, Hilhert D. Theory of algebraic invanants. -
Cambridge, England: Cambnidge University
Press, 1993, - 191 p.

17. Monin A.S. Yaglom AM. Statistical fluid

h b of v, -

Cambridge: MIT Press, 1975. - 886 p.

Hanifiuna go penxonerii 251112



Kyiv National Taras Shevchenko University

Bicnun Kniocsenoo mamionaranocs ywisepeumemy
lasrd Tapoca

A ———
YIIK 539

Bowsesoeo J1. J1', k.dsn
Jm:umD_A_' K

w4

Series Physicy & Maihematics

L.L Vovehenko', Ph.D.
0. ALazarenko', Ph D.
L. Yu. Matzui', Dr. Sei.
0.V. Zhuravkov', Eng

Yu§ Perets', PhiD stud.

@eaopens B.C.', crya V.S, Fedorets', stud,
Weciop i properties of epoxy composites
51 padi HaNo- Mthmphluunwlm;ndhmnmrﬂe
naAacTHHKAMNE Ta wirpuaom Gopy
The paper presents the rewlts of experimental
B pobomi wasedewo peryasmanns  excme- | investigation of low temperature stability of epoxy
P docaid; matrizes  mechanical properties and  electro
L i -] ixti c\!sw under pressure af
ch ma s " gy midh rexin-  graphite
iy latelets. [t was found thal type of cwring agent
P b and addition of boron nitride (BN) influence
MANORRICATIK. Busasens, b Mubtr on mechanical anl‘ electrical
omecpdmysasa i dodasawn nln!pm)y fopa | PrO af d epoxy comy
Cymmeso na o
EOMAGTm
Key words: polymer matrix. graphite manoplates,
Kmowoni  cnoma:  noalmepua  sampuyn, | Srengih, eleciric resistance
cpaimont MEHBRAICIUNNY, Aiypices,
erexmpoonip

' Knlscuxuit HAOHATRHKI  YHIBCPCHTET  iMei
Tapaca Ulcnuenna, 03680, m. Kuin, np-r. Tayumons
42, e-mail: lazar@univ kiev.un

! Taras Shevchenko National University of Kyiv,
03680, Kyiv, Glushikova st., 4d,
e-mail: alazarfiuniv kiev.ua

Crarno npeacrasin waen-xop. HAH Yipaim, 1.0, nped. Maxaga B.A

Beryn, paKTEp KM,
BUROPUCTAHIE  CYNEPANCHIEPCHHE  BYTACHENIE  MATPHUSIO [14]. Drxo-MeNAHIHI
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METAAOM, fpM CTROpENNI 'pmm: KOMROWTIN €
FEpChEKTHEHIM 3 TONKM 30Dy OTPHMAHHS FETHRX,

un’u‘uu CRAAIMTRCH, & CAME BLY THAY 1m|im-pnni|'
METPMIL, T BPYWHNX XOPAKTEPHCTHE, T8 WMICTY i

. woao  aif THny npywHi xap REHE
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mcebivnore THEKY | TAL y TAXMR  KOMDoTax

WA waMiey  min dpaskin  EJ20, pyfaysasms
spawin i3 cmonn CEJIM2 ¢ me KpHAKHM, 3

POCTRY*TyP P
(PO IPAIKIN BPH HAPIBANH, T
Dy wI aedopManil 1R K0k THCKY, IMiNa TEKCTY i
Ipaixis, £
PHHHHME S3CTHNKEME), SKI NPHIROIATE 10 3MiN
@ paTep i, I0KpeMa
TAKHX, 8% eACKTPO- T3 TENAONPORIAHICTY, MEXAHINI
RABCTHBOCTI.
Metow  aawol  pofiorn Gyno  nocaiawm

npu 4447 MTla,
seawiin  moayan Khoa  comamorns G
1TTa;

PATYpIY
paKTEp aABOX THIR MATRHIE, &
Taxom BiLTem
" ¥ .r
P pac HOHE-
FLARCTIHN. /
M s
[ — 3paancin. 0000 0005 0010 005 0020 0085
Jpaxkm i F cMoan R )
MEXAHIHMY  BRACTHEOCTEN  BMrOTORARAHGCH ¥
W ANT] WRIRADIE NiaMeTpOM 6 SMM T Prc | Jlarpasu  HOBQHTAMEHHE-POIRAHTIRCHRS
B 14 20 19 mm, py T8 ann marpmie E/120 1a CENM-2
ipn EHOMY i 3paskn KM (Hymepatin spaskin inac aminm Taban 1)
e izt (b 0o P B AKocTi
Orucpamenns pawin o emoun CEJIM2 aamics TTETA J1-20
MMKODHCTAMMAM DN THNB  OTwepm yvasin  "PPIBOLITE 0 SMCHUMMNN  mOpOry  MimHocT!
(MENA a6o J1-20) ta s nuw;::: spaskin CEJIM2-J1-20 madiose ¥y asa pam - 00
pexwuin. M, ; : 20MITa, & axow i 40 Wenmenns Moayas KOnra,
CHOKCHIER A enextpoonip KM . EkHi ckaagzae npuBanie 640 MITa;
el W v e T 4 = o HiTpaay Gopy npi
na Gai o HMALLL.  ®roTonacin pakis i cuonn CEIM2<11-20 we
2078, 2 cawi musiposasa enexTpoonopy — ao. TUWMBIE M MILNICTL IpIKIE, A9C NPHIROAHTE 10

60 NOTHPMON-30M10BHN MeTO M,

Exenepusentaanni pesyanrar va Ty

obrosopenns,
B afian | oo

P f K
eexTusiEi Moy KWra apocrar mafse y s
pam i cknanac Gamasko 1200 MIla, nosrovpisata
BHTPHMKD J0CHULKYIIHAX 3PATKIB (P TEMPEPATY I
7 3-17 roumu) cyTTCRO He BROMRLTE

FIPYMHEY T MiLMICTHY XBPAKTEPHETHE Ipaxin iy

A DX OPYRCHI TA MILHICTHI AAPAKTEPHCTIRH, 3 400

PIHKX Thmis  enokcmamol cmonm, p Ha puc.| 1pOBIEHD  mncHOBOK Hpo  DOCMYL  KMCOKY
npencTancHy THIOR Riarpasn L Bymo i i [ iy
¢+ B oAxnAx HCh  Tami TpiRes R 5
XADAKTEPUCTHRN, AK NPYKH Eopr, T3 nscTama g, SIFIPOOMODY  Jpaskin KM HOMIMEP-TPMpITON
p ™ o % {IHIT) apm © Baer THI
MORYAR £y o . ckman 5 Ta Tear%. Ak nomiecpmi  MaTpinn
Ha ocwoni TaKi cmoan, B0 9

* ananizy
PEIYALIATIN BeTANORACHD HACTYIME:
ADATKORS wHTpHMKA paskin EJI20  npoueci

omseporysases [TETIA, CEJIM2 4 TRy BANCN
J1-20 3 witpnaom Gopy (BN) 1a Ges wworo

OTRCpAMENN  npH  T=RO°C
PUIRHEIEH NS MIHOCT Ipakin malime y 2 Pasn a0

80 MTla ane TPH LEOMY TMEHIEYCTRCN
s0dyan Komra wa 30% - 50 1 [Ma;

Pey: p oy pn
ETHCHENMI IPABKIn Hakesen) B 1abami 2 18 Ha P
5. B o i KPHEHX  Bi

P oy B K Bl
Ty TRK | i THITY NOm ]




Kyiv National Taras Shevchenko University

- . Tafunai |
TR gy marpui EJ20 Ta CEAM-2
Thn spasea T noaise-  Homep T, MIa s Erpre Eug. Byam, MIa
;cpm-uiT, umEAy Mila
EIHTIENA 20 1 47,46 473
sparex Ne 1E Kpnxxe
Lty
EIZHIENIA 0 13 0 Go017 0,006 1580 a8
Ipaiox NedE ononomk, 40428 Kpatane
a0 77K pyfry
45 (nican
.H‘Mml
T=71
EIROHTETIA 20080 13 10,5 00024 0011 1020 8.1,
; i oxonogk,  39-39- B Tosmi yparka
a0 77K 83,12 FIBOPHINCE
A=+l TR (micns
BHTPHMYBANHA
npn T=77 K}
CEAMMIENA 2080  1-+3 T 00020 0009 1073 k]
Ipasax MSCTI 3 anr Poanmottnscs
CEIMMTIENA 080 13, 04 G009 0010 1000 0y
Ipaio NTCTL prr—, Pommonmscs
a0 77K {micnn
439 BTN
4 npu T=17 K)
CEMI+11-20 0 15 102 0028 0016 640 213
pasox MTCT & 213 Poanmoumscs
CEIM2+I120 20, novim 145 10,6 GO0 o@0s 1205 HE]
Waxoxk 6CTHE  oxononw. 219 Poanmouieca
20 77K ticas
BHTPRMYBRINE
— npu T=77K)
EYTTERD i ¥ munagky BiHOCHY IMiMY CACKTPODIIRY Ana TPETROTD LKLY

& y

Ipasxy BN. Joxpema, y sunamcy spaskis 3 S%IHIT,

A& x warpwus mixopmcrowysasacs CEJIM2, wa

:“"‘Ylllmzﬁm CNOCTEpIracTLCY IB0PaTHE
36i 2

eaektpoonopy. foassanus BN 3MeHurye neasuy
ao

asanrawerns KM 1 msicrow [HIT Snarfe am
TPROX TH I MEPHIES MATPILL.

Ax maano 3 preywxy, ane KM 3 CEAMZ Gey
itpuay BOpY CACKTPOOMIp 1 WABANTAWCHMAM
mafime we IsimocTacs, ane CEJIMI 3 wirpiaos

i a

poonopy (ua asa

T ™
M? HEIBOPOTHOMD WOLAMILCHHE  ONOPY. Hl

Gopy P
ann KM 3 EJ120 - sscenmienss. [Tpusomy, I0pomie
a0 Giasise Wik

poonopy il P .
UMKAioe  wasawrawessa ans KM SHIPHIL-  mwawo WA pHCYIKY,  OSKUTMEH, AWM
CENM2-BN. fix sauiwo 3 prcyiky, il 4ac nepmoro  eacxipocnopy (8 Ou)  nepemutiye  Mexy
UKLy ppw 0N i y ank waipin.  Toune
ChocTEpiracTLCS IwopoTie I6INBIICHIE  JHANEHE T e
SXTpoonopy (s 20 padis), @ MICAR IMATTR  HABEACHO.

: i Tipw 361 i mmicty  THIT  memronia
eacxTpoonopy (8 5 pais). Mpn ey T anw peix Tumie KM omenmyerics
NicAN  aarra  wamawramewns | cnextpoomip (awm.  TaGn.2).  Mlpw  TaKiR woMuenTpanil

il P aa oo

Tposoumye wpoctati (puc. 4). Ha puc. 3
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Tafinnus 2
E 18 1 QIO0
Tun KM Po. a {lwnka) Ean (RJR, ), 1t gy, § M3
[C Wiz HapaHTARCHAS (a=0])
5% THIN-E120 =4, 710 123 0,054 12 107—==44°1
5% FHN-CEfIM2 1,59-10" 10,01 0,073 1,8510° 1,75 |u‘
5% IHI-CEOM2-BN 530" 10,44 0,071 7.76:10'—2,710°
7% FHIM-E[20 1810 10,07 005 3,700 810"
T*% FHN-CEIM2 494 10,19 0,10 26,3—283
1% IHII-CE[IM2-BN 10,02 10,52 0,065 2,6—5.12

* - e R 18 Mesaon BHMIPIORINE YETRRORKN

CTHCHEINA Bk He iafiynarThes, Joxpesa, . ma pae. §

a) m@ 6 ™ IMEHM

TMMI IasemHOCTi Gyno orpisano 1 e KM, ac sk

EACKTPOONOPY Wi HanawTaxcHns wuw KM 7% THIL-
CE/IM2-BN 1a 7% HII-CEJIM2-BN, sianosiano.
Buawo,  wo tyrrrue HEIHOPOTHE  IMENIIEHNA

npi wgni
murulun: (~40%), a npm apyrosy 1a TpeThoMy
WHKRAX, HCIBOPOTHA IMIHE CHCKTPOONOPY JHANIO
M.

SHIHN-CEAM2-BN -

Ustacn |

B Upin 2
[ e Liwea 3
L} 2 4 8 L] w2
o MMa

Puc. 2. Binwoci enexrpoonip KM $%IHIT-
CEAM2-BN npa crucuenni

e 3

SUTHII-CEIM2-BN

MATPHIN  BHEOPHCTORYBAIICH  CMOADL
E/I20. Kownowrmn 3 enoxcuanoso cuoaow EI20
GyAN JCTANBHO POIARHYTI | ONHCAHI HaMK B poboTi
7

MG B

ST HILCEAME

SnI-EN

TRIHICEAME
FLCEIMI NN

ML

M, iiossep ey

Puc. 4. HeasoporHa IMiHa eackTpoonopy BLIHOCHD
nosaTkonro  onopy R, (A0 nepworo WMy
HABIHTARCHHA) A8 KOKHOTO ILHKNY

Jlan onmcy edexrunnoro crektpoonopy spaska KM
Hupe | 7] Byno 1NPONOHOBAND MOJENR, WIAND REOT
CACKTPOONIP  KOMAOINTY Ruwr- e 0P N we
TAPANEALNO JENHANKE EACKTPOCNOPIE NANLKERIN
T3 ACTHHOK FPatiTy 3 OnopoM Riy v’

Ry o _

T, ey

™

@ MMa

Puc. 3. Bianccini enextpoonip KM $%IHI-
AIDAIME BPK CTHEMSHHE A8 TPETLOTO Linkny

Y s Fiern = oRpeMol
paduty, A = TomumMHA waacTi, K, - eACKTPOaIIR

i iy

y
(Benocepennii  KOWTAKT, TOMLUIHE  DOJIMEPIOTD
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npoumpey &0 — B@)=1)
ssaisocTics B | a0 2

P

THRIHI-CEOM2

2
THRIHI-CEOM2-BN

0
o
L] Uewa 2
0z Ll |
o 2

3
e 8 W 12

P -pHACTREY
ps "

npouecy p

eaeKTpONpORLAIMN  SacTHMKaMy, Y

- : i
mnAAKY
BN 8
WEOTH
cicTeMs

wupas (1) noTpitne

DAPAMETR, ocaim.nl
Then  dhar

rlnalnﬂp Ny ey Gyme ‘Ilm ToMy im0 3

oMot GoKy, SACTINNGL NITPRIY Gopy HpIOB0INTE 30

yTBopeuns  Giabuol  KIAMKOCTI  CACKTPOMPOBLANIR
"

KOMAOTHT, Y
soaaTeOBMA

SHAYNC et
MM TOMOTD ONOPTY, nmumn1mﬁnunmy&wl
3 hnworo Goky, 0l T00 THEKY.
NPOCTOPOROID POHMLTY  uACTHION B don
nomiseprol MaTpai @ Gk TRCpA AeIEKTPH
NACTMHNM  WITPHAY ﬁnmr pyfiyor  yTopeni

qnnpynyu

. NK P -

M1 THEKY, T8 P

fCAN  IMNTTH  BABANTEMECHIN. AJE  TaEi m
1pk

ﬁumu an ncpmn-nuimm nOPOIY. I'lpi

26l s

=, MNa
Puc. 5, Bi 9 R, apais
THIHT-CEM2 ‘nmin L'Eﬂﬂl EM i np# mpmou-_v waEn
= 9 g WABANTAMEHNA | € PEIVAMTATOM OOTHTE neRMKOl
Biaomo (8], mo IPAIKIB, & NP MONTOPHHE
wia mel'l xowrakTis (n), moowi MKEAN WABINTAACHHA  JBOPOTMI Ml
KOMTIXTY () Ta BEOHMMHN THEKY iia ¥oHTaKT (7] o g
Ro=fin 5. P @ spawin s
Tpst crwcnemsi  wosnaxrosannx  spaskin  Gyie
Bucnonkn:

IGUTLEIY BATHEL THEX M3 KONTAKT P M MACTIHXAMN
HANONNIONIYA, B TAKOX | MAOWA KOWTAKTY S, H0
a0

® - RHSRICHO, MO THI OTRCpAEYRANE |
witpuay Gopa cyTTeso mnaMBMOTL HA

e ne
Ciexmpoonopy. B Toit ke ac, 33 paywor

ABpAKTEENG .
Lih, Ki € SOCHTE CTROLILNHMH &

ofinacTi Iﬂlﬂepi'l‘j‘p 77-300 K;

IpaTim MpK CTICHEMIN, MOWE MABYBITHCH TAKOW
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Influence of electron and hole effective mass
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the system of excitonic molecules  in
semiconductor crystals
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New configuration of water dimer

O study shows that a water dimer exisix in fwo
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energy in the cofi B is close to
that in a standard configuration A, while the
geometrical configuration, the dipole moment as
well as the higher order multipole moments are
quite different. We alvo discuss the manifestation of
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Introduction

Mmcnh:wovbmd:vmedmduducriplm
of the ground state of water dimers: the
determination of the energy, angles that describe the
configuration of dimer and its dipole moment. It is
supposed that only one appropriste  dimer
configuration exists,
 This question is not self-evident and needs further
discussion. Indecd, let us consider the standart dimes
configuration (see Fig,I(A)) and put the angle
6= 0. In this case it is evident that there is another
configusation (sce Fig 1(B) ai & = 0) which has the
fame grousd site encrgy. When @ « 0 ihe encrgy
for the configuration B increases (sce Fig2). It is
Decessary 1o note, that in both configurations A and
B angle & remains the same. These facts allow us to
conclude that configuration B has to be considered
along with A

The present work is devoted 1o the study of
Physical properties of dimers in equilibrium and
excited states presented by vibrationnl and rotati

between them. The repeated collisions lead to
increasing of number of the excited states with

temperature (sce [3]).

4%

i
Fig. 1. Two types of water dimer configuration

The discussion of the excited states of

contributions. It is clear, that the excited states of
dimers are formed in reaf conditions due 10 collisions

©Masin g, Mopoa K.O., 2012

dimer in configuration A is given in [3-5]. Here they
are called "metastable states”™ of dimer,
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Table |

Parameters of water dimers in the A and B configurations

an rnon“ 3‘> Il 1;.- dllj 5"1 JI’J'- dlll
3D 2759 2185 3380 a0l 278 2.7 0.0 .62
GSD -13.89 296 2252 12.60 116 -12.38 978 363
sPeC -11.25 27 2129 401 281 -10.23 9.9 3.60
SPCIE 276 19.49 iR 2.81 -10.94 100.2 362
Ties 275 2119 388 281 -10.75 100.0 361
TIPIP 24 2154 388 281 -10.94 100.1 361
By 295 2815 0.63 284 459 1369 328
BCy 288 2861 0.05 281 543 1378 325
SPCa 272 2763 103 288 512 1217 138
SPCEw -l 272 2763 -1.03 2.85 -5.12 121.7 338
T1PSi <1264 270 2155 114 286 513 1218 338
TIFiPy -12.89 269 2753 -1.15 266 -5.28 1282 338

It is stated that the r:luw:ly small lifetime of excited
states  leads 1o of

relatively Iuw temperatiures are the most suitable for

rotational and wbnuonl! spectral lines, Because of
the broadering spectral lines merge, and  form
bands that are difficult for interpretation. Therefore,

a)

] swdying of vibrational and rotational
excitations of water dimers. In this paper we want 10
complete these results by the analysis of excited
states for the B-configuration of a dimer,

Fig 2. {m) Hlustration of the angular dependence (on angle 7 ) of the dimer encrgy @, . 1 - zeroth spproach
(8=0), 2 - expected curve for the real dimer. (b) Angular dependence of the dimer energy &, on J for
different values of angle & | - SPC (28 ),2 - SPC (#),3-SPC(6/2)

Equilibrium properties of dimers in A- and B-
configurations

where @, and @, are the repulsive and dispersive
contributions and @ is the term responsible for
eclectrostatic  interaction. The specific  H-bond

To describe the & lecul and
investigate the dimerization process we will use
standan intermolecular potentials SPC [7). TIPS [2],
SO (Stillinger-David) [9] and Generalized Stillinger-
David potential (GSD) [10], etc. that have similar
structure:

D=, 4D, + D, ]

is small and is ignored by us [11-13].
Funthermore, we will also use the potential with
for pan @,
[14]. The parameters of water dimer (ground state
energy &v@.’k,?_, k, - Boliz-mann constant,
T.. is the melting temperature, the distance £, the
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angles # and 7 and the value of the dipole moment
d) for the A and B configurations are gathered in
Table 1 ipts % and " describe the
configurations of water dimer. Subscript u denotes
o8 bl on el :
potential is taken in the multipole form). We see, that
ﬂglwlecuhrpolmilagiuvalmn(mm
dimes for the A close to
those obtained with the quantum-chemistry methods
[15-20]. This gives us a reason to expect that the
dimer for B config take

values.

Fig3. (s} 1 i distance

The toal energy of the dimer consists of three
terms - the inleraction emergy, rotational and
vibrational parts:

E=D+P_+0,, @)

]
where @, =%.‘u+n, ®, =hain+1/2), |
is the inertia moment and @ is the frequency of
small oscillations. The values of the rotational quanta
@ =£? are placed in Table 3.

Here we have to nofe that the form of interaction
potential for both configurations of water dimer is
parabolic e, it comesponds w the local mimima.

of the dimer energy in the configuration SAS according to

SPC. Curves | -lm«apundloﬁi!i‘ummuimn states (rotation around X axis). The value of [ =28
comesponds to the rottional energy ~ k, T, . Dashed lines illustrate vibrational states for the [ = 0.

(b) Angulir dependence of the interaction encrgy of two water molecules for the A and B configurations on
angle ¥ according to SPC. Solid lines present the rotational states, dashed lines comespond 1o the different

viwmlmwmwwiﬁﬁ n.

The frequencies of the small oscillations -
rotations around X, ¥, Z axis on the angles &, a,¢
respectively and change of the intermolecular
distance - are gathered in Table 3. It is supposed that
the angle y remains fixed. The oscillations with the
frequencies @, and @, are hybrid, which
Corresponds to the relation between 1, distance and
angle &,

indicates that the rotation of water dimer 15 quasi-
free at room temperature.

Discussion of the results obtained

The main result of the presented work is the
discovery of another configuration for a water dimer,
which energy E, differs from the ground state
~ kT, (for different

A partial s the

encrgy E, by the

The behavior of the i P ™
well as the rotational and vibrational levels are
Ppreseated in Fig.3. The value of the rotational quanta

potential with the electrostatic part in form of the
multipole series. In this case the difference between

%1
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Table 2 Tabile 3
Frequencies of the small oscillations of water Rotational quanta for dimmers in em '
dimer in A and B configurations - - — — —
_, % bo o @ @ @ 0" &
it 2 Ml M “ __ GSD 0.8 432 021 0.8 424 019
6114 24463 24600 30793  gpc 020 424 024 0UB 34 O
TIPS™ 6891 21263 24764 31300 SpOE 020 409 025 OUB 369 049
GSDM 20524 27381 27757 43333 mps 020 471 025 049 433 019
SPC™ 14206 23186 23971 32973 Tp3p 020 472 0325 049 434 020
TIPS™ 12783 20077 23779 30919 spC, 048 479 021 0.9 408 020
H,0
GS5D 021 865 021 021 888 022
the energies E, = E, = (5+7)k,T.. That is why SPC 023 8§49 022 022 848 023
: ’ : ® 5 SPC/E 024 839 02 022 73 0D
the analysis of this configuration with the quantum 11ps 024 942 022 023 867 023
chemistry methods is very important. TIPIP 024 944 022 023 868 02
5| 021 958 023 023 817 0M
From the condition of chemical equilibrium in the
water vapor that is an ensemble of water dimers, the
concentration of dimers in the A and B
configurations are related by the standard law: 3
e A

e ley=e 3

Here it is necessary to note, that the relative
concentration of water dimers in the configuration B
is the function of & (sce Fig.2(b)). The effective
value of the dipole moment of a water dimer is
defined as: 'y’ =c, (0" +c, (O™, where
cglf} =1-e,(#). Unforunately, the exact value
of dipole moment in configuration A is unknown
Thus, in order 1o illustrate this statement we will take
two values - 260 and 280 that are apparently the
most suitable candidates for the average value and
also two other values - 2.150 and 4.24D that give the
minimal and the maximal possible values. The
corresponding values of the effective dipole moment
of a water dimer are presented in Fig.7.

Another if of new confi ofa

Fig 4. Structure of the cyclic water pentamer

Usually, the water monomers are used [0

constract a it can be
as an object that consists of dimers. From this point

of view, the pentamer shown in Fig6 is the

wates dimer can be found in 2 local structure of
liquid and overcooled water. For this purpose, it is
enough to consider the structure of a cyclic pestamer
21

of: dimers 1-2 and 34 in the
configuration A, dimer 1-5 in the configuration B,
rotated on the angle &/2 and dimers 2-3 and 4-5 in
the configuration A rotated on the angle a = 7/2
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around H-bond. The same conclusions can be made
about structure of water hexagonal rings [1.22].

It is mecessary to note that the cyclic clusters of
lower order {trimers, tetramers) are constructed only
from the dimers in A configuration, We shall add
that our conclusions refer only 1o the isolated cyclic
multimers. However, there is the possibility of
formation of hnear clusters in liquid water. Let us

0iz4

close value 1 18lcm™ The sccond well defined line
at the frequency 1192cm™ should be interpreted as
the sum of inramolecular vibrations and the rotation
of dimer around the H-bond. This rotation with the
I=1 lcads 1o the shift of spectral line by the
=9.5cm™ for the A configuration and =8 Scm™
for the B configuration respectively. Within the
accuracy of intermolecular potentials such shifi

note also that our ref to the of
clusters from water dimers is not accidental, In
vapour state almost all the water molecules are
coupled into dimers [3). That is why the formation of
clusters from dimers reflects physical nature of
clusterisation process.

E

25 an hE} an

Fig.5. Dependence of the effective dipole moment of
the water dimer on the value of the dipole moment in
the configuration A for different angles #.

Unfortunatelly, the structre of spectra observed in
[6] allows no definite conlusions about the
configuration of dimer in mitrogen matrix. Let us
consider in bricf the possible interpretation of the
results obtained in [6). According to [23-25], the
speciral line at 1180cm™ cormesponds 10 the bend
vibration of the isolated D,0 molecule. It is casy to

coincides with the exp data

The formation of the satellite lines should be
connected with the rotation of molecules or the
rotation of dimers around the H-bond axis. Tt is casy
10 see, that these shifts of frequencies ~ 9em™ and
~dcm ™' comespond 10 the monomers and dimers
respectively.

Another two satellites of the main line
centered o the 1180 + (1,2)cm™" correspond to the
sum of intramolecular vibrations and rotations of
dimer around the axes that are perpendicular 1o the
H-bond. According to the Table 3 that could happen
atl=2,

We note in the summary of our fiscussion that the
main  diffrences of the water dimer in the
configurations A and B are: 1) dipole momens of
dimers differ by approximately 30%; 2) there is &
significant dependence of the dimer energy in
confuguration B on the angle & (value of the energy
E, changes by ~25%. At the same time, with the
«change of the angle & the encrgy E, changes only
by no more than 5%); 3) the hybrid vibrations of the
H-bond length and the angle & have frequencies that
differ twice for the configurations A and B.

We ignored in ouwr dicussion of the dimer
prop in both the of

sec that using Generalized Stillinger-David patential
for soft water molecules we can obtain the shift of
the bend vibrations spproximately on 2.6cm ' that

H-bonds, meaning by this the specific interaction
that only occurs when the electromic shells of the
begin 1o overlap. Here we essentially

5 in quite factory with  the
experimental data. The detailed analysis of this type
of vibration for cubic ice [26,27] leads also to the

relied on the results of our collegue P.Bames [12]
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CTPYKTYPH MOAEKYIAPHOTD KOMILIEKCY
Cis-Sn
Memodau Kapmpi-Poxa TR
ma mnnvrmmm;ym :m;my wyaepr:u' Cor
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Caleulati of electron and  vibration
structure of Cg-Sn molecular complex

Hartree-Fock method was applied to perform
geometry oplimization and colculate the electron
and vibration structure of molecular complex Cur
Sn. One addinonal chemically borded Sa afom
leads to significant lowering of the symmetry af Caa
molecule, splitting of degenerated vibration and
eleciron siates

Key Words: fullerene Cas vibration modes, band

gap
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Crarno npeacTanus qnen-xop. HAH Yipaium, n.g.-mn, npoed. Maxapa B.A

Beryn MPOBOINTHCR JCTOCY BANHEM oo
s naKery cmums meronon Xaprpi-Poks RHF 3
By Gamncy 3-

Tuaanuih IHTEPEE [0 MCTYRANNS TTINOK C:"iulnuun.
wenysmn seTanami [1].
Tak, ans (OIBOK  ACTOBAHKA  OSOBOM

WMo MaC
BENHKHA y

216G, P ——— mmﬁm KOMGIHATIT ATOMHIY
yaeuift many Iayea. Ha pepuosy cTani ﬂyn

onepauin
eveprii. Meron Xaprpi-Gosa 1a Gaiwc mﬁupnmu:-
tuno,u-m 1 p

IHBEHE HICTOT .

mﬂpﬂml‘z 3] Boanouas, wexaniisn Tak

maacTHBOCTE ne
UPHPOLN  BILIHEY
nopesingy  dyaepuTin

o Monexyn dynepenia Cu [4].
PesynkTatn parpasynsins

inaimi a

p soneryn Con 3

Cup. 3u1in y i
CACKTPONMIX ChexTpax, Y aanifl poboti
ACCHIANEND MOWAMBICTE BIACMOZIT aToMin Sn 3

ATOMOM Q0B Sn. YornpueasenTHIA aTOM 0108
Mome APHCIAYBATHCE 00 noasiWoTo WKy
Cyp 38 PAXYHOK NEPENOCEHHA JApaay A0

™ L ¥
o i £ Cao, pic. 1.
BRINCIFARANIN ACTHDOCTER, Tlpn usoMy GTOM COCES CTAC RAOIHTMENO
P . Benwswna  nep apany
MeToanka pospaxymnsis 0.977 wia apuny

Tipweananus Sn npsBOINTE 10 TOMO, 10 MpRAH WA

. i PIINAX  OTOMOX  BYTACHN)  MOACKYAN Ca
Dyacpeny 3 aTomom caoma, a Takom P 7 ane cHMETP

£ iny JapRTn, pery ore y RN
risrerassn CREXTRIB, AXTHERIY i MOMEHT, 0 CTaHonTL. 6.1 I Encpris xosmse
iHppaseppaiomy () nOrIMEARG i cramosnTh E=-B255.7 0.0, 1 € MERWIOW Hik CYM3
*kombinauifnony  poscimti  cwitna  (KPC)  eweprin (eweprin

© Nanscwo O, 2012
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Biaomo, weo yeopeancih aomssm 1’ sixin,
BHIMANENT  exc ™ Teope y
monexyil Ce, cranommars 145520005 A (an
oannapiore (5,6)-18'83xy) 1 139120009 A (1w
noamifinoro (6.6} waxy)  [6].  Pepaxyskn v

ap T nopi Ce
TP ASTYRiHI Itk [Sl Enepris zw'saky ans Co
Sni6,6) cranonnte £,751 1.4 xlxisons,

Puc. 1. Komnaexe sosekyan Cos 3 aToMOM on0Ra

porp Taycian ans  mogexyin  Ce 2w

smavenny, wianoniano, 1464 4 Ta 1385 A Ipu
f 'K M

K TaK i p
IMCNITYIOTHER. 3 mlasasewnsm  Bia xiMiSHOrO
I8 wIKy ¥ 13 onosos

Ta noamfiHIG I8 EIKIE IMimooTies sia | 498 ao
1355 A. Jlomwwna posipuanoro noamifiHoro waxy

Gis fpueananoro atoma Sn cranomwrs 1.57 4,
Hepignosipie  amcmwchns aossam
I8 WIS MHACHIA0K NpaseaMating atoma Snogo Cu
TPMBOLKTE A0 MK reoMeTpil moncsyan Ol
IMHKCHIA 1 cHMETPIl, WO OpONMINCTRCE
KOAMRHHX cnexTpax, puc. 3. Binomo, wo 3 176
KOAHDHMX M0 Moneky n Cop anie 46 ¢ axriesmisit
[6]. Bucoxka cuMeTpis Moackymm mpHBOANTL 10
BHPOIKEHHSE KONMBHME MO, SX1 008 KOUMBANL THOY
an agh fip fim Lo 2g) (8 2D € aa.mmm'um. Hy T,

Cio-Sn(6,6). Crpiaka nkasyc wanpam Ta y
ARROILROTG MosenTy. KowTpact arosis myricu

M-,
™Y ke nnmtpanm Mm:n: Tmnu ¥ EneKTH
M

MOREKY/TH BLINORIAM PIINAM THAKAM T

MOneKYS © MOTHpH

POIOAIEHORD Japany. KouTni moam FL( 1), pue. 3a, a cnextp KPC
maimox  Cop ex 10

Tepenccenns  apaay Ta  EPEPOINOALT  KOAHBHWMN MOAAMM, 381 3 NKHX A2}, Ta micis

P TYCTHHM N0 o Ty Hy, pic. 36, ¥ simaey nosmsenis

IMIHM ORKHH I8'WIKIE MIN OTOMIMH  BYTOEUR
moackynn Co Ha puc. 2 npumencui swawenns
AONKHH  an'Rikin  xkommaexcy  CueSn(66) no
BUIHGLIEHI0 30 J0NANH 18" SIKin moaexynn Cyy

|55’I -
E'!soi
L) Tas "Ll g

gmf-: Tre:

- -
1354 ot
o & T % @ 2
Hﬁllou'-lw
P"c 21 hl'llll

B soackyai Ces (@) T3 xommexci Cu-Sn{6,6) (=),
(Tovarok wymepanii - Bine ' HIKY 3 ATOMOM
o).

CHMCTPIT PN POPMYBINIT KOMIIERCY MOC MICLE HE
AMUIE IHATTH BHPOKCHHA, A TAKO® [ORL panie
MOBH2INHMY Moa, ofepronis, HIKTAZLHHA PIIHMA
MO, ¥ TOMY 4HCAl noxea y cnextpi KPC xosmmans,
AKTHAHNX b [H-COeRTPi |, HABMAKH, BHHHKHEHHS TPH
14 nornmmasni Moa, saactaenn KPC COSKTPY, PHE,
3ra

HAx smamo 3 prcyska y cuestpax Y-
notikane salysscnees pouennenns moa Fil-
4). ¥ enextpax KPC nia'canamis aToms mpssoanm.
AD IHAWHOTD POTUIENACHHN KOSHRIOL Moan i i4),
Ao
H8). Boanouwas, koausi soan A1), H{1-3,5.7)
MAKTh MATI JHANEHIA INTCHCHRHOCT 360 BIACYTHI.
Moza A,(2) scymacnen y Gik Menmmx wactor, wo
THROND anR JORIHIN
naimox dysepuain [8].

Cyrirsa tpanchopsauin  siabysacrics y

i pissin y

P 1 )
Cu pued. POIPUXYHKN enexTpoRMOl cTpyRTYPH
MOAEKY M Cu METOIO0M Xaprpr-doxa
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A monckyna  yacpeny wac 180

sonexyaupumx opbitaneit (MO} 1a 60 nesadivwamux
abo wiprynamms MO [9]

Turencunnicrs, siam. on.

H

!

SESCLENE G B, ISR | | SIS M| L
200 400 600 #00 1000 1200 1400
Yacrorm, o'
P 3. Coexrpu 14, {a, ®) Ta P cmitma (6, r) monexymn Cup T2
wounaexcy Cu-Sn(6,6), mianosiano,
2,05 cB HOMO-2 3 cumeTpicie By 13 g, BANGKAND
60 MO (30 uh ™ 30 ) BONME s 169 B wwmuc
PORLGTH ax ™en ®, pewma - o Tumy, wo LUMO pormamonana LUMO-1, o cxmaacries 3
e i pobit np anox 6 33 eMEpricKs Pinnis CHMETPiL By | Ky
ime 9], WO #B Takil we siacraui muue 3 LUMO
Hapuc. 4. P LUMOH 1 caMetpil £, HI0 NORKICTI
Pimis 32 ewcpr xyn Cao inac p isnanex anopin [9]
e, Mi% OCTAMILOK IANOBMEHOR 1 TIEPLIOH:
Pepkayamis, esanonnenor opbitaamo (HOMO- LUMO) icuye
Hadn opfmun. e LW,  AKE. 3TN0 JANN
(HOMO; ¢ ' P a pory pitsa 7,7 ¢B. [lax maepaorinnnn Cu
10610 maftmeava  weranomsena  (LUMO)  mac  npw xivmaruif rewncparypi (TLIK-gasal, muanatieia

KPATHICTL BupOmKeHHE piRny Tphowm. Husse wa
169¢B porrawopana HOMO-1 opfitans | wa

ENCACPHMEHTAIMAD  HENDHIA safioporenod  10MI
cxnaaac npubiano 1,5-2,5 e [6]
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dynepeny, nokmmenns i cnmetpil sonexyan Cas,
W0 NPORRARCTRCR ¥ POILICTNEHNE | BHPOTRCHNY

Ta P cranis. Cm TheR
Gamanxo 300 eB. Yei pinsi cranm, p % p HOT  WIAHAN, L0 DORCHNN
Bimue 7ore, 3 pakyaox  poMRSRRORNN oceoueoanisi sawi 3 masid onopy aikox
EAEKTPOHNAE  CTANID  BinfynacTaes mep gt

mpann HOMO-LUMO 10 3havenns 6,4 eB,

4 eB

£
E
!

Ci-Sn
Puc 4. Poinoaia eneprermunms PiBHIB M0CKY N
Cog 10 KoMIAEKEY Cog-Sni(6,6).

Excoepssacuranio ue nosmumo VPORBAATHCS ¥
IMIH THIY  nposi naisox g i
ACTORANIX OIOBOM ¥ IMNPRMKY MALHH OTIOPY.

Py meputin Cu, SETONAIME ONOBOM.
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