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GENERALIZED CONCATENATED CODES BASED ON SIGNAL CONSTELLATIONS
OVER GAUSSIAN INTEGERS

Tsiklauri G.Z., Shavgulidze S.A., Asanidze A.V. and Freudenberger J.

Georgian Technical University
University of Applied Sciences, Konstanz, Germany

Abstract. Codes over Gaussian integers can be used for coding over two-dimensional signal spaces, e.g. using
quadrature amplitude modulation. This work demonstrates that the concept of set partitioning can be applied to
Gaussian integer constellations that are isomorphic to g-ary extension fields. It is shown that it is always possible
to partition the Gaussian integer constellations into subsets such that the minimum squared Euclidean distance of
each subset is strictly larger than in the original set. For many cases this construction results in a maximum
minimal distance partitioning. This enables generalized concatenated code constructions for codes over
Gaussian integers.

Keywords: generalized concatenated codes, signal constellations, signal set partitioning, Gaussian integers.

1. Introduction

Codes over finite Gaussian integer fields were first studied by Huber in [1]. Similar code
constructions were later considered in [2]. Furthermore Gaussian integers were applied to construct
space—time codes [3]. These code constructions are based on Gaussian integer fields which exist for
primes p of the form p =1 mod 4. More recently, codes over Gaussian integer rings [4, 5] and over

quaternion integer rings were constructed [6].

In this work we consider set partitioning of Gaussian integer constellations. Set partitioning and
multilevel coding is a common technique to combine coding and modulation (see e.g. [7, 8]). With this
method, the signal constellation is split into subsets of equal size, and the numbering of the subsets
is then encoded with different codes. For ordinary Gaussian integer fields, there exist no signal
partitions, because the number of field elements is a prime number.

In [9], it was demonstrated that the concept of set partitioning can be applied to Gaussian integer
rings of size m=c-d, where ¢ and d are primes of the form c=d =1 mod 4, respectively. This
construction is based on additive subgroups of the ring constellation. Such constellations do not exist
for integers m that have any prime factor congruent to 3 modulo 4. This work extends the results

from [9] to Gaussian integer constellations that are constructed from the extension field GF ( pz).

The new construction is based on two-dimensional Euclidean geometries and is applicable for arbitrary
primes p (including primes congruent to 3 modulo 4).

2. Preliminaries
Gaussian integers are complex numbers such that the real and imaginary parts are integers. The
modulo function of a complex number z is defined as

,u(z):zmod/lzz{;j:]ﬂ, (1)

where A° s the conjugate of the complex number A . [] denotes rounding to the closest Gaussian
integer, i.e. for a complex number z=a+ib, we have[z]=[a]+i[b]. Finite Gaussian integer fields

g, are constructed from primes p of the form p =1 mod 4. In this case we have p=A-1". Note that

the complex modulo function is an operation preserving isomorphism for the finite integer field
Z,= {0.1...,p—1} and finite Gaussian integer fields g » With respect to addition and multiplication.
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In his seminal work [1], Huber also presented Gaussian integer fields that were constructed from
extension fields GF ( pz) for primes p of the form p=3 mod 4. For these constellations, we use

the modulo function with 1 = p. Hence, we have
u(2)=zmodp=z—{ﬂ-p 2
The set g 02 is obtained as

9,0 —{ulk+i-1}k,1 € Zp} ©)

Note that, for primes p of the form p=3mod 4, the set 9, is a Gaussian integer field. For

arbitrary primes, the set is a Gaussian integer ring. Moreover, the mapping is only operation-
preserving with respect to addition and multiplication with the elements from the base field zp.

Example 1. Consider the extension field GF(SZ) with the primitive polynomial p(x)=x*+x+2. Note
that a=1+i is the root of p(x). Hence, a is a primitive element of the field g,. and we have

92 = {0, a°) (@) fa?) .. s = 022+ i -1 -1 - ~1+i) (4)

In what follows we will construct the subsets of the set 9p2 i.e. we will partition g, into

p disjoint subsets gE)Q,k:O,...,p—l with p elements. Each subset should have a large minimum

distance, where we consider the squared Euclidean distance as a distance measure. The squared
Euclidean norm of the complex-valued vector z is defined as
2 2 2 2
I2)” =|z0|” +|2a|” +---+|zn 4] (5)
and the squared Euclidean distance of the complex-valued vectors y, z is defined as

de(y,) =[z- y||2 (6)

We define the minimum intrapartition distance ) of g(pk) as

s¥ = min ||x—y||2 )

x,yeg(kz),x¢y
p
The overall minimum squared Euclidean distance is the minimum of all intra-partition distances
s= min &% (8)
The energy of a signal constellation is defined by

= The ®
Xeg kz)
p

3. Signal partitioning of Gaussian integer rings
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In this section we consider arbitrary primes p, i.e. we investigate the signal partitioning of
Gaussian integer rings 9,2 - Note that we can consider the extension field GF(pZ) as a two-

dimensional vector space (Euclidean geometry) over the base field z, [10]. The mapping u() is

operation-preserving with respect to addition and multiplication with the elements from the base field.
Therefore, 9,2 is also a two-dimensional Euclidean geometry. We will denote the corresponding base

field by
gp:{”(k*‘ezp} (10)

In what follows we will construct set partitions as lines (1-flats) in the Euclidean geometry
GF(p2>. We use bold symbols to denote elements ae g(pz), i.e. points in the complex constellation.

Let ae g(pz)be a non-zero point in the Euclidean geometry. Then, the p points {y(ﬁajﬂe gp} form a
line that passes through the origin (the zero point). Let a, and a be two linearly independent points in
g(pz), i.e. fyay+Ba=0 unless S,=4=0. Then, the p points {y(ﬂa+a0)|,ﬁe gp} form a line through
the point a,. The two lines pa and pa+a,are parallel lines, i.e. they have no common points. The set
{y(ﬂa+a0]ﬁe gp} is a coset of {y(ﬂajﬂe gp}. For any line through the origin there are p—1 parallel
lines. We use this fact to form the partitions of the set g(pz). Clearly choosing a, = u(k).k €Z, asan

element of the base field and ae g(pz), with non-zero imaginary part, the two points a,,a are
linearly independent. Hence, we obtain the p subsets for k=0,...,p—1

g% =lu(pa+a)peg,) (12)

p

Example 2. We use the field G3z from Example 1 to illustrate the set partitioning. Choosing a=1+i ,
we obtain the following parallel lines

fo1+i,-1-i}
)= 0 -1+i-i) (12)

The minimum squared Euclidean distance in each subset is two.

In what follows we will demonstrate that the minimum distance in the subsets is determined by the
norm of the point a. Therefore, we will present a method to choose an appropriate set of parallel lines.

4. Maximum minimal distance partitioning
The maximum minimal distance (MMD) partitioning for z?2 lattices and every finite subset of it
was investigated by Bajic and J.Woods in [11]. They derived the following upper bound on the
achievable minimum squared Euclidean distance & using p partitions which holds for arbitrary
signals sets.
2p
52—3z1.15p (13)

From this bound, we immediately get an improved bound for Gaussian integers, noting that, in the
case of Gaussian integer sets, the minimum squared Euclidean distance has to be the sum of two

square numbers c?, d*with c,d e N, .
Theorem 1. The minimum squared Euclidean distance § in any subset g(pk) satisfies
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s5<c?+d? (14)

\/_

For the partitions in Example 2, we have c=d =1. Hence, §=2 is the largest possible minimum
squared Euclidean distance for any possible partitioning, and the presented sets are the MMD
partitioning.

In the following we chose a=c+id to construct the set of parallel lines, where c,d e Ny,c>d are
the two largest integers satisfying c?+d?<p . At least for primes p<29 this provides the MMD
partitioning. In order to prove this result, we need the following lemmas.

where c,d e N, . are the two largest integers satisfying ¢? +d? <

Lemma 1. For any Gaussian integer ring 9,2 with modulo function () and for any Gaussian integer
z , we have

) <]l (15)

Proof. Let a and b be the real part and the imaginary part of z , respectively. Then, with (1), we
p

have

@:i_H:a_[a]n(b—[b])

p P

Due to rounding, we have |a—[a] <|a] and |b—[b] <[o| . Consequently, we obtain

and thus [u(z)* <||7|.
Lemma 2. Consider the partition of the set 9, into the p subsets gf)oz),...,gfjﬁfl). The minimum

intrapartition distance s®) of each subset satisfies

s> min I (16)

ZEgg‘)p2 \{o}

Proof. Consider two elements z = z’' from the same subset. The squared Euclidean distance is

de(z,2)=|z- z’||2

With 2" = u(z—2') and Lemma 1, we have

de(2.2)2ulz~2) <[z, 20, <o

Hence, we have the following lower bound

5% = min |z - Z|| > min |z'F
z Egpz) 7"#0

2,2 eg(k 727’ |

which holds for all parallel lines (cosets).
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In the following we bound the minimum distance in the subsets of 9,2 - However, we consider

only the rings where p is a prime of the form p=1 mod 4. In this case, we have p=c?+d?.
Theorem 2. For primes p of the form p=1 mod 4, consider the partition of the set 9,2 into the

p subsets g(rfz),..., (pi*l). The minimum squared Euclidean distance ¢ satisfies

o=p a7

Proof. For primes p of the form p=1 mod 4, p can be decomposed as p=A1" with A =c+id. Now
note that all elements z e g(poz)\{o} are multiples of A=c+id, i.e. z=p-1 with geg,\{0} Therefore,

we have

o {5 x o 2

p

Note that x(z)=0 implies that A is a non-zero Gaussian integer. Moreover, any non-zero Gaussian
integer has a norm of at least one. Hence, we have

@) = A -JA” = A = p
Using Lemma 2, we conclude that 5> p holds for all parallel lines.

Combining the results from Theorem 1 and Theorem 2, we note that the upper bound on the
minimum squared Euclidean distance ¢ coincides with the lower bound if there is no integer n that is

equal to the sum of two perfect squares and satisfies p<n s% p. By testing all sums of perfect

squares, it can easily be verified that this is only possible for primes p>31, i.e. 31<34=5%+3? s% .

Therefore, we have
Theorem 3. For primes p<29 of the form p=1 mod 4, the partition of the set 9,2 into the p

subsets g(p°2),...,g(p€‘1) is the MMD partitioning with the minimum squared Euclidean distance 5 =p.

Example 3. We consider the set g, . With a=2+i we obtain the MMD partitioning illustrated in Fig.

1, where each subset has minimum squared Euclidean distance &§=5. Note that, according to the
construction presented in [9], there exists the complex residue ring

0,5 =1{zmod(4+3i),z € Z,s}

with 25 elements which is isomorphic to the residue class ring Z,s. It can also be partitioned into 5
subsets, where the subsets have minimum squared Euclidean distance 5. However, the two signal
constellations are not equivalent. Ring g,5 has energy E =104, whereas g.. has E=100. Hence, with

the same minimum squared Euclidean distance, the new construction results in a lower signal energy.
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0 9 g%
3 3 3
2 o o O o O 2 @] 2 O
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Fig. 1. Complex constellation of the Gaussian integer ring g.. and its signal partitions

J25
4 T
3 L+
2 o o o
L+ O L+ a o
o o o o o o o o
L+ O L+ a o
2 o o o
3 L+

Fig. 2. Gaussian integer ring g5

For primes p of the form p=3 mod 4, we cannot represent p as the sum of two squares. Hence,
we have c?+d?<p. The following lower bound on the minimum squared Euclidean distance holds
for any prime p>3.
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Theorem 4. For primes p=>3, consider the partition of the set 9,2 into the p subsets gE)OZ),...,g([)Q*l)

with a=c+i. The minimum squared Euclidean distance & satisfies

s>c?+1 (18)
where ¢ is the largest integer such that ¢ +1<p.

Proof. We use Lemma 2 and bound the minimum distance & for all parallel lines by estimating the

minimum norm of any non-zero element in gg))z . Note that
p

-1 -1
géo)z ={ﬂa:ﬂ:—pT,...,—l,O,l,...,pT}

Due to symmetry, it is sufficient to estimate ||ﬂa||2 for positive values of . We consider the following
three cases:

p-1.
I <=
i 5
Note that for ﬁcspT'l , We have {@}o and therefore u(Ba)=pa . Hence, it follows that
p

) =1al = o = 0% +1

Il. ﬁc>|07'1 and g>c:

For gc >'DT'1 we have {@} >0 However, for g>c, pa has a non-zero real part and the imaginary
p

part is equal to c. Therefore, we conclude ||ﬂ'a||2 >c?+1.
Il ﬁc>|07'1 and g<c:

From g<c follows g<c-1and fc<c?—c<c? < p-1. Thus, we have 5 <1 and therefore {E}:l_
p p

Based on this fact, we can estimate the norm ||’ . Note that in this case u(fc)=/pc—p with the
absolute value |u(fAc)=p-pBc=p-c®+c=c+1, where the last inequality follows from c®+1<p.
Therefore, we have |G’ >¢? +1.

We conclude that all non-zero elements of the set gé‘))z have a norm greater than or equal to c®+1.
P

Therefore, the minimum squared Euclidean distance in any partition satisfies & >c? +1.

Note that Example 2 is an instance of such a partitioning.

5. Generalized concatenated code constructions
Let z €Z, denote the index of a subset and z,eZ, the element of this subset. The mapping

uniquely determines an element z e 92
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2=pz,-a+12)

Based on the set partitioning and this mapping we can construct multilevel codes for Gaussian integer
rings, where the indices for the subsets and the indices for elements in these subsets are protected by
different outer codes over the base field Z,, .

The following theorem can be derived using standard arguments, e.g. according to the proof of
Theorem (9.1) in [12] (cf. also [13]).
Theorem 5. The minimum squared Euclidean distance g Of a generalized concatenated code

constructed from two outer codes Al); j=1,2 with minimum Hamming distances d{/) and a partition
of the set 9, with minimum squared Euclidean distances & is given by

Soces mind®, d). 5| (19)

Example 4. Consider, for instance, the Gaussian integer ring 9, from Example 3. In this case, the

five subsets gfjo),...,g(p“) have the minimum squared Euclidean distance 5. Hence, to construct a

multilevel code with overall minimum squared Euclidean distance five, it is sufficient to protect the
indices of the subsets by a code with Hamming distances five. For instance, we can use a non-binary

BCH code of length 24 and dimension 17 over the extension field GF(SZ). The elements of the subsets
can be chosen arbitrarily. The overall code has length 24 and 5''5%* =5*' codewords.

6. Conclusion
In this work we introduced the concept of partitioning of Gaussian integer rings 9,2 that are

isomorphic to g-ary extension fields. Furthermore we proved that the minimum squared Euclidean
distance of each subset in these partitions is always larger than in the original set. For primes p <29 of
the form p=1 mod 4, the partition of the set 9, into the p subsets g(poz),..., (pﬂ*l) is an MMD
partitioning. This set partitioning and the proposed mapping enable generalized concatenated coding
for finite Gaussian integer sets.

This project has been fulfilled by financial support of Shota Rustaveli National Sciences
Foundation (Grant No. FR/45/4-101/14). Any idea in this publication is possessed by the authors
and may not represent the opinion of Shota Rustaveli National Science Foundation itself.
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PE3IOME

OBOBHIEHHBIE KACKAJIHBIE KO/Jbl, OCHOBAHHBIE HA CUTHAJIHBIX KOHCTEJLJISIUAX
HAATAYCCOBBIMU LEJBIMU YNCJTAMU

Huxnaypu I'.3., [llaBryaunze C.A., Acanunase A.B., ®poiinendeprep 1O.

I'py3uHCKMii TEXHHYECKU YHUBEPCUTET

YHHBEpPCHTET NPUKJIAAHBIX HayK, KoHcTann, epmanust

Kozmbl Haj rayccoBBIMH LIENBIMH YHCJIAMH MOTYT OBITh HCIIONB30BaHbI ISl KOJUPOBAHHS JBYXMEPHBIX
CHTHAJIBHBIX MMPOCTPAHCTB, HAMPUMEP IIPHU MCIOIB30BAHUH KBaAPATYPHON aMIUIUTYAHOU MOAyIsiuy. B naHHoM
paboTe MoKa3aHo, YTO MPHUHIKIT Pa3OHEHHsI MHOYXKECTBA MOXKET OBITh MPUMEHEH Ha KOHCTEIUIAIMAX rayCCOBabIX
LEIBIX YHCeN, KOTOPbIe H30MOP(HBI K -MYHBIM PACIIUPEHHBIM MOJsIM. [T0Ka3aHO, YTO MOYTH BCET/Aa MOXKHO
pa36HTL KOHCTCIIIAIUU TayCCOBBIX HEJIBIX YHCEJI Ha IMOAMHOXECTBA Tak, lITO6bI KBaJgpaT MHUHUMAJIBHOI'O
CBKJIMIOBA PACCTOSHHS B Ka)KIOM IIOJMHOXXECTBE OBUI CTPOro OOJBIIE MO CPABHEHHIO C €r0 3HAUYCHHEM B
HCXOOHOM MHOXKECTBE. Bo wmborumx ClIydasdaX 3Ta KOHCTPYKOHA IMPUBOJAUT K MAaKCUMaJIbHOMY 3HAYCHUIO
MUHHMAJIBHOTO PACCTOSHHS TPU pa3OueHuH. Bce 3TO MO3BOJMSET KOHCTPYHPOBATH OOOOIICHHBIC KacKaIHBIC
KOJIbI HaJ[ FAyCCOBBIMU IIEJIBIMU YUCIAMHU.

KaroueBble ciioBa: 00OOIICHHBIC KACKaIHbIC KOJbl, CUTHAIBHBIC KOHCTEUSIIUH, Pa3OMeHHE MHOXKECTBA
CHTHAJIOB, FAYCCOBBI LIEIIbIC YUCIIA.
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PEIIEHUE IBYMEPHOM IUHAMWYECKOM 3AJIAYU TEPMOJU®®Y3UN
BbexxyamBuau 10.A.
I'py3uHckmii TeXHHYeCKHIi yHUBEPCUTET

1. TlocraHoBka 3amaun. Peqykuus Kk «creKTpanbpHOID 3a1ade.
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Iycrs R" - n-mepuoe eBkmmmoBo mpocrpanctso. D, © R® - koneunas o6nacts, orpaxu-

yeHHast 3aMKHyTOH kpuBod S, K =0;m; kpususHa kpusoil S, HenpepsiBHa B cMbicie [enbaepa;

npuuem S, (1S | = o, Kk, j= O;_m; S, oxBaTbIBaeT Bce OCTalbHBIC S, , @ 3TH IIOCIEIHHE HE OXBAThI-
sator apyr apyra; D, =D, US,; S=[]JS,, D=D,\|JD, ; I, ={(X,t):Xe D, t e[O,oo]}—
k=0 k=1

OCCKOHECUHBIN LWINHAP B R S, :{(X,t) :XxeS, te [0, oo]} - OOKOBasi MOBEPXHOCTh IHJIMHPA

IT,, t - Bpems.
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Temreparypel; U, - «XMMHYECKUM IOTEHLMAI» CPEHbI, Qz(q,qg,q4)- 3aJJaHHBIA  BEKTOP;
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HANPsDKEHHS; TU — BEKTOp YNpYyrux Hampsokenuit [2]; A, £4,%4,7,,0,,0,,8,,8,,8,,, 0 - U3BECTHbIC

IpPyrue  ITOCTOSTHHEIC, O.- cumBon Kponekepa, 0<r<m,c,o, - TMOCTOSIHHBIC;
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o) =(el. ). =01 o (x), =84 Kl =(19, 19, £), 19 = (10, 1) sazan-

Hble QyHKIUH. OTMETHM, YTO TIAAKOCTh ATHX (PYHKIIMHA COBITAJAeT C TAKOBOW TeX (PyHKIINH, KOTOpPEIE
Obun mpuHATEL B [1,2] mpW HccleqoBaHWUM IWHAMUYECKHX 3amad. 3amumeMm cuctemy (1) B
MaTPUYHOM BHJIE

B(%,%Ju(x,t):(y(x,t).

CoBepilieHHO aHAIOrHMYHO [2], MOXKHO TOKa3aTh, 4TO 3ajgada | He uMmeeT OoJyiee OJHOTO

PETYIIAPHOTO PELICHMS.
3agauy I MOXHO NpHUBECTH K aHAJIOTMYHOM 3aJlaye C HYJIEBbHIMU HAa4YaJbHBIMU JaHHBIMH. C

JTOM IENBIO BBEIEM (YHKIIHIO
V(xt)=(v(xt),v(xt),v, (x.t)),

L tF ot .
rae V(xt)=e” ZW((XK)) vi(xt)=e" E,WﬁK)(X) j=34
ko K2 ka K1

CocraBUM pa3HOCTh

Uy (x,t) =U (x,t)=V (x.t),
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{(ayn] (y )} (y) r+1m
3nech
_ _p[2 9
Q, =Q(x.t) B(ax,at)v(x,t),

—R[%,nlv(y,t), k=r+1m.

U3 3agaun I popmansHbIM IpuMeHeHneM mpeoOpa3oBanus Jlamiaca
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r(2 G _
‘v’XeD.B(ax,rjuo(x,f)—QO(X,r),
UA0+(y,r)=|f (v.7), k
VyeSs,: R[a

Enj o(y,7) =R (y,7), k=r+im.

or,

2. HccnenoBanue crieKTpanbHOH 3agaun. OO0OCHOBaHHE METO/A

A

OTHOCHUTEIBHO 33124 |0 YCTaHOBJICHBHI:
SIMHCTBEHHOCTh U CYIIECTBOBAHME PEIICHMs, TIAJAKOCTh PEIICHUS OTHOCUTENbHO X U T
ACHMIITOTUYECKHUE OLEHKH PEIICHUH U UX TMPOU3BOJHBIX OTHOCUTENBHO T € T,

EnuHCTBEHHOCTH peleHns 3a1a9n |0 JIOKa3BIBAETCS TakK JKe Kak B [2].
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=
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X

Marpuia.
OmbIpasch Ha pe3yNbTaThl, MONYyYeHHBIC B [2], 3aKimodaeM, YTO IS 3TOH CHCTEMEI
CIIpaBeINBa Kilaccuueckas Teopust Opearonplia.

I[J'Iﬂ YCTAHOBJICHUSA ;[anLHeﬁme CBOICTB UO (X, T) npeacTaBuM B BUAC

A

Us (x,7)=Ug" (x,7)+Ug” (x,7)
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[IpomenaB COOTBETCTBYIOIIHME MIPEeOOpa3oBaHMs, yCTaHABIMBacM, 4YTOo (5) SKBUBaJCHTHA
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A2 . .
teopeme DpeAronbpMa, U perieHue Ué ) (x, r) - AHATUTUIECKUN BEKTOP, TOIYCKAIONTNI OIICHKH
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SUMMARY

SOLUTION TO THE TWO-DIMENSIONAL PROBLEM OF THERMODIFFUSION

Bezhuashvili Yu.A.

Georgian Technical University

The paper deals with the investigation of a plane dynamic problem of the conjugate theory of thermodiffusion
with mixed boundary conditions for multiply-connected domains. By the potential method, singular integral
equations and Laplace transform, the theorems of existence and uniqueness of the solution are proved.
Keywords: thermodiffusion, dynamic problem, singular integral equation, Laplace transform, asymptotics.
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INVESTIGATION OF THE ANISOTROPY OF THE HYPERFINE FIELD, PINNING AND
MOBILITY OF DOMAIN WALLS IN MAGNETICS BY THE METHOD OF NUCLEAR SPIN
ECHO WITH ADDITIONAL INFLUENCE OF MAGNETIC PULSES

Mampniashvili G.1., Shermadini Z.G., Gegechkori T.O. and Gavasheli T.A.

E. Andronikashvili Institute of Physics, Iv. Javakhishvili Thilisi State University
Iv. Javakhishvili Thilisi State University

Abstract. Two-pulse nuclear spin echoes were studied experimentally depending on the time of application and
pulse amplitudes of the DC magnetic field (video pulses) as well as on the value of the external magnetic field.
The measurements were performed with nanopowders and polycrystals of metallic cobalt, in lithium ferrite, half
metals Co,MnSi, NiMnSb, and manganates La;.,Ca,MnO; (x=0.2; 0.25). There were revealed two types of
dependence of these signals on the time of application of magnetic video-pulses in respect to the moments of
application of exciting radio-frequency pulses, which was determined by the degree of anisotropy of local
hyperfine fields. The mechanisms of influence of the pinning and mobility of domain walls on the revealed
specific features of the signals under study are discussed. It is shown that temporal spectra of the magnetic video
pulse effect on two-pulse echoes in multidomain magnets are determined by the parameters of domain walls and
can be used for qualitative and quantitative characterization of the magnets.

Keywords: magnets, nuclear spin echo, magnetic video pulse, hyperfine field anisotropy, pinning, domain walls.

Introduction

The possibilities of using different methods of nuclear spin echo spectroscopy for studying the
properties of magneto-ordered substances have been analyzed in a great number of works [1-11]. One
of widely used methods of this type is based on the inclusion in the system of exciting radio-frequency
(RF) pulses of the additional pulses of the DC magnetic field, called magnetic video pulses (MVP),
due to the fact that they have no filling frequency. This method is based on the physical principle that,
when observing the nuclear spin echo signals from the nuclei located at the domain walls (DW), it is
easy to control them by causing a shift of DW under the effect of additional MVP.

The investigations of nuclear spin echoes in magneto-ordered crystals in the presence of
additional MVP of relatively weak (considerably lower than the anisotropy field) intensity turned out
to be efficient for observation of the effects associated with the anisotropy of the hyperfine field
(HFF), and they allowed estimating quantitatively local inhomogeneities, the mobility and pinning of
DWs, which is of interest for optimization of the performance of magnetoelectronic devices of various
types [1].

Thus, in work [2], the effect of MVP on the spin echo of Eu™" nuclei located at the DW of
europium garnet Eu,Fes01, was explained by the anisotropy of the HFF for the first time. In work [3]
the effect of MVP on the nuclear spin echo at the DW of spinel ferrites, cobalt and thin magnetic films
(TMF) was considered.

Two types of the position of the MVP in respect to the second RF pulse in a two-pulse method,
symmetric and asymmetric, were investigated (Fig. 1). In case of the symmetric position when MVP
overlaps the second RF pulse, a decrease in the echo intensity in the samples with the DW origin of
NMR can be explained by sequential excitement of the nuclei jump-like changing their location at the
walls, while, in case of the asymmetric position when MVP act in the interval between the RF pulses,
it can be explained by an inhomogeneous shift of local NMR frequencies due to the anisotropy of
HFF. At the same time, it was shown that, recording the dependence of the echo intensity on the MVP
amplitude Hyq , it is possible to estimate of the MVP amplitude causing DW shift on value equal to its
thickness. But using the dependence of signal intensity at asymmetric excitement of MVP on the
signal duration, it is possible to calculate the distribution density of inhomogeneous shifts of NMR
frequency due to the anisotropic component of HFF occurring with the shift of DW under the MVP
effect. Besides, it was found that spectral variations of the asymmetric MVP effect on the nuclear echo
intensity showed an uneven impact of MVP on the echo in different sections of the resonance line of
the magnet, which could be considered as an additional characteristics of the magnet under study, for
instance, of the effect of package defects or impurities. Frequency spectra of the symmetric pulse
effect basically determined by the mobility of DW could also be useful for investigation of the origin
of the NMR spectrum.
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These results found development in work [4] where the effect of weak asymmetric MVP on the
dephasing of the spin echo of **Co nuclei in Y,Coy7and (Y¢Gdy1),C0:; Was studied. A strong impact
of Gd ions on the anisotropic component of the hyperfine field in (Y0Gdy1),C017 was revealed in a
narrow frequency range of a wide NMR spectrum. The difference between the dephasing spectra in
Y,Coy7 and (Y(9Gdo1).Coy7 points to the possibility of studying the magnetic properties of Y,Coy;
with substitution for Gd. The most prominent peculiarity of the dephasing method is the possibility of
investigation of the specific behavior of Gd ions in a very narrow frequency range, which could be
associated with one crystallographic position of Co. Actually, the fact that the Gd ions cause such an
essential change in the anisotropic component of HFF on the **Co nuclei in a very narrow frequency
range suggests that they prefer particular crystallographic positions. Hence we can have higher
resolution of the NMR spectrum as compared with a common method of recording the NMR spectra.

The effect of generation of additional echoes under the influence of MVP in combination with the
RF pulse, allowing the assessment of DW pinning, is also promising for application in practice [11, 12].

Another interesting application of the method of the MVP influence was suggested in work [5]
where it was studied the mechanism of formation of a single-pulse echo (SPE) in magnetic materials.
The point is that, in some magnets, SPE, the resonance response of the nuclear spin system to a single
RF pulse, in many respects behaves like an ordinary two-pulse echo (TPE). To investigate the origin
of this similarity, it was studied the role of distortions of RF pulse fronts in the formation of SPE,
which resulted in that the regions of distorted RF pulse fronts played a role of RF pulses in the Hahn’s
mechanism of formation of SPE. To reveal the role of RF pulse fronts in the formation of SPE, it was
used a technique of suppression of the effect of RF pulse edges on the nuclear spin system. This aim
was achieved by using MVP having the width 14 and the amplitude Hy the temporal location of which
could be varied in respect to the RF pulse edges.

Figure 1 shows Fig. 4 from work [5] to illustrate the scheme of the experiment carried out in that
work and the obtained results.

The time dependences of TPE in respect to RF pulses are called time diagrams (TD). As is
evident from Fig. 1, TD of the effect of MVP on the SPE is similar to that of the effect of MVP on the
TPE. Hence it was inferred that the SPE was formed in lithium ferrite by the mechanism of distortion
of the RF pulse edges playing the role of two RF pulses according to Hahn’s method.
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Fig. 1. Time diagrams of the dependence of the intensity of the two-pulse echo (TPE) (e), the single-pulse
echo (SPE) (o) and the free induction decay (A) on the temporal location of the magnetic pulse H4=50 Oe
of duration t4 for ¥’ Fe NMR in lithium ferrite. The data for the TPE were recorded at t,=7,=0.8 ps, At=21
ps, T¢=3 ps; for the SPE — at =25 ps,t4=3 ps. Resonance frequency 74 MHz, T=77K [5].

However, in works [13, 14], it was not found the contribution of the mechanism of distortion of
RF pulse fronts to the intensity of the observed SPE. Moreover, the controlled additional frequency
distortions of the RF pulse edges only led to weakening of the SPE signal under study, and not to its

o
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strengthening as it happened in the case of cobalt [9]. Besides, unlike cobalt, there was no SPE signal
on its excitement by a single RF pulse. The strengthening of SPE under such an effect was observed in
a number of other magnets (Co,MnSi and NiMnSh), whereas its absence was observed in MnSh. This
means that the investigation results obtained in work [5] were not sufficient for making an
unambiguous definition of the mechanism of formation of the SPE in lithium ferrite. It is possible to
understand the properties of SPE observed in lithium ferrite in works [13, 14] in the scope of the so-
called multiple pulse non-resonant mechanism of formation of SPE [10, 14].

As is well known, in case of SPE different types of spin system response to the single RF pulse
could be realized. As was mentioned above, with the distortion of RF pulse fronts, the SPE signal
formed by the distortion mechanism was observed [5]. When there is no distortion, in case of an ideal
rectangular RF pulse and a resonance action, the SPE signal is absent [10].

In case of one rectangular pulse and a non-resonance effect, the echo signal is formed by the non-
resonant mechanism [15, 16]. But under the periodic effect of resonance RF pulses with the repetition
rate such that the spin system has no time to come to the equilibrium before the next RF pulse in the
sequence, the SPE signal is formed by the multiple pulse non-resonant mechanism [10]. This
mechanism of SPE formation was described in detail in works [10, 14].

In the scope of the non-resonant mechanism, the RF pulse fronts play a vital part in the SPE
formation, as just at these moments the jump-like (non-adiabatic) change in the effective field
direction in the rotating system of coordinates (RSC) takes place. As a result, in case of the non-
resonant mechanism of SPE formation, the RF pulse fronts play a role of two pulses in the Hahn’s
methods [15, 16], which enables one to understand the results of work [5]. When the SPE is observed
in cobalt, the SPE signal can be formed by the distortion mechanism related to the presence of
transient processes in radiotechnical circuits with switching on/off of the RF pulse. For instance, in the
radiofrequency region, the most typical distortions of the rectangular RF pulse are associated with the
terminal moments of RF pulse switching on/off, peak voltage sag and oscillations. Besides, as was
shown in work [17], the distortion of RF pulse fronts could be caused by the anisotropy of HFF on
cobalt nuclei. In this case, the SPE signal is also observed under the effect of a single RF pulse,
whereas it is absent in lithium ferrite under similar single-pulse excitement.

Then in work [5] the MVP effect on the TPE signal intensity was analyzed in detail. As was
mentioned above, the main impact of the applied MVP on multidomain ferromagnetic is the shift of
DW which is reversible at small pulse amplitudes.

Application of MVP symmetrically to the second RF pulse in the samples with wall origin of
NMR led to that the first and the second RF pulses excited the nuclei that changed their location at the
walls which the resonance frequency and the coefficient of external field gain depend on. At quite
short duration of exciting pulses, the resonance frequency variation could be neglected in the systems
with low anisotropy of HFF, while the variation in the gain coefficient leads to a decrease in the echo
intensity.

Besides, due to the dependence of the nuclear resonance frequency on the nuclei location within
DW in the systems with an anisotropic HFF [8],the effect of MVP amplitude Hq in the interval
between two RF pulses also causes a decrease in the TPE signal. This effect (dephasing effect) arises,
because the frequency shift disturbs the phase coherency of processing nuclear spins, causing a
decrease in the efficiency of rephasing. Based on this reasoning, in work [5] it was inferred that,
regardless of the MVP location in lithium ferrite, it should be expected that the TPE amplitude will
decrease, the decrease in TPE being greater when Hy overlaps the second RF pulse.

It is evident that the considerations given in works [3, 5] point to the fact that the character of TB
could change as the anisotropy of HFF in the magnetic increases.

In fact, in work [3] it was shown that the character of the symmetric pulse effect on the TPE
signal in lithium ferrite, a magnetically soft magnetic with low anisotropy of HFF and high mobility of
DW, will differ from that for the materials with low mobility of DW and high anisotropy of HFF such
as, for instance, Co. Hence our further objective is to investigate the character of TD of the MVP
effect depending on the type of the magnetic for understanding the origin of TD dependence on the
mobility and pinning of DW, and on the anisotropy of the local HFF.

Experimental Results and Discussion
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The measurements were carried out by using an incoherent spin echo spectrometer in the
frequency range of 40-400 MHz at 77 K [5]. A standard self-excited generator was used over the
frequency range 40-220 MHz. The oscillator frequency can be tuned with the help of different
inductors and trimmer capacitors. Over the frequency range 200-400-MHz, a commercial Lecher-type
generator with a two-wire line including two inductors with different number of windings was used.
At the pulse duration from 0.1 to 50 ps, the maximum amplitude of the RF field obtained on the
sample was equal to about 3.0 Oe, and the front slope was not less than 0.15 ps. The receiver dead
time was ~1 ps.

The scheme of the experiment on the pulse effect is shown in Fig. 2 [12]. The magnetic pulse field
was formed by a gated stabilizer of controlled-amplitude current and an additional copper coil allowing
to obtain magnetic field pulses of the order of magnitude 500 Oe at the sample size of ~10 mm.

circulator
RF pulse RF pulse ,
> »loscillograph
generator generator
©
E sample lrh HF resonator
©
g } X
S |
< maghetic =~ E |
high-power j+ video-pulse :
» pulse -~ coil ;
generator [* /%

Fig. 2. Scheme of the experiment

Circular samples from polycrystalline lithium ferrite and its solid solutions with zinc LigsFe, s
Zn0, (0<x<0.25) enriched with isotope®’Fe(96.8%) as well as lithium ferrite and Heusler alloys
NiMnSb and Co,MnSi were used to study NMR nuclei **Co and **Mn. Heusler alloys belong to the
class of so-called half metals, and they are interesting for application in spintronics [18].

Besides, there were used thin magnetic films (TMF) fabricated by the method of chemical plating
of quartz plates, which were annealed after chemical deposition in vacuum at 500°C for 3-4 hours, and
their thickness was ~2.2 um[19].

The samples of manganites of the system La;Ca,MnO; (x=0.2; 0.25) we produced by using a
standard solid-state reaction [20], and the obtained powder-like samples annealed at 1260°C for 72
hours were pressed into blocks.

Besides, we used our synthesized cobalt nanopowders ~ 50-100 nm in size and commercial cobalt
nanopowders with grains ~ 22 nm in size (Sun Innovations, Inc., USA) [21, 22].

Figures 3-12 show the dependences of the echo signal intensity on the MVP amplitude for the
cases of symmetric and asymmetric effects at the fixed RF pulse frequency in the magnets under study.
They allow us to assess the form of TD for arbitrary MVP amplitudes and selected RF pulse
frequencies by different degrees of symmetric and asymmetric MVP effects [23-25].
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Fig. 5. Time diagrams of the dependence of the TPE intensity on the temporal location of MVVP Hy,
duration 1y, in
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Fig. 8. Time diagrams of the dependence of the TPE intensity on the temporal location of MVP Hy,
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Fig.9. Dependences of the TPE intensity on the
amplitude of MVP Hg, duration T4, for the
symmetric (A) and asymmetric (A) effects:

1) in polycrystalline cobalt at t;=1,=1.6ps,
At=10ps, 14=2.4ps;
2) in the thin cobalt film at at t;= 1.3 ps, 1,=1.5 ps,
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Fig. 10. Dependences of the TPE intensity on the amplitude
of MVP Hg, duration Ty, for the symmetric (A) and
asymmetric (A) effects in Co,MnSi for:

1) *Co NMR at t,=1,=2ps, At=10 ps, T=3ps, fumr=145 MHz;
2) ®*Mn NMRatt,= 0.8ps, 1,=0.9ps, At=8ps, T=3 ps;
fumr=353 MHz; I, — the echo amplitude at Hy=0
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Fig. 11. Dependences of the TPE intensity on the amplitude of MVP Hy, duration 14, for the symmetric
(A) and asymmetric (A) effects in:
1) half metal NiMnSb at T,=t,=2ps, At=10 ps, Ts=3ps;>>Mn NMR fyr=300 MHz;
2) lithium ferrite LigsFe; sZng 1504 at 7= 1,=2ps, A=19ps, 7.=3 ps;’'Fe NMR fywr=74 MHz; I, — the echo
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Fig. 12. Dependences of the TPE intensity on the amplitude of MVP Hy, duration 14, for the symmetric
(A) and asymmetric (A) effects in Lag gCap,MnO;3 (1, 2) and Lag 7;5CagsM n03(3, 4) at T1=T2=0.9HS, AT=Tps,
t=1.1ps; fyvr=368 MHz; |y — the echo amplitude at Hq=0

As is evident from the experimental results, the forms of TD of the MVP effect essentially differ
for locations with low and high anisotropy of HFF. It makes them convenient to use for additional
identification of the origin of the NMR line.

Thus, in contrast to weak anisotropic locations of *’Fe in lithium ferrite, for anisotropic locations
of *Co nuclei (the anisotropy parameter of HFF is equal to 0.7 MHz and 5.8 MHz in units of
frequency, respectively), in lithium ferrite and cobalt [23-25] there are observed TD of different forms

where concaves and convexes alternate, i.e. in cobalt the echo signal is less suppressed in the region of
RF and MVP overlapping.
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In the cases we studied, the type of the time diagram was determined by the anisotropy of HFF
and did not change for the given nucleus with increasing mobility of DW in the material (for instance,
for polycrystalline cobalt and TMF of cobalt, Fig. 9).

We can qualitatively understand the origin of two types of TD from the form of amplitude
dependences of the MVP effect in Co,MnSi, Fig. 10. The forms of dependences of echo signals on the
symmetric and asymmetric effects for two different locations in one sample of Co,MnSi show how the
movement of the same DW affect the echo signals from *Co and **Mn nuclei, which essentially differ
in the anisotropy of HFF. It is clear that the diagrams of the MVP effect are close in the symmetric
excitation case and differ essentially in the asymmetric effect case. These peculiarities can be
understood if we assume that the diagrams of the symmetric effect are mainly determined by the
mobility of DB, i.e. by the coercive force of the sample, whereas the diagrams of the asymmetric MVP
effect are mainly determined by the anisotropy of HFF. Hence we can now understand the dependence
of the echo signal under the symmetric MVP effect with application of the external magnetic field
H,=1000 Oe in lithium ferrite, Fig. 13 [27]. The obtained result testifies that the remained DW are fixed
in stronger pinning centers with application of the external field and hence that the echo signals are less
suppressed under the symmetric MVP effect.

0 2 4 6 8 10
Hqy, Oe

Fig. 13. Amplitude dependence of the TPE intensity at MVP Hy, H;=0 Oe (®) and H;=1000 Oe (0)

Different behavior of this dependence at different values of Hy is clearly expressed in Fig. 13. To
achieve the same intensity of TPE at H,=0 and H,=1000 Oe, different values of Hy are necessary.

As was mentioned above, recording the dependence of the echo signal intensity on the amplitude
Hq (1(Hg)), it is possible to determine quantitatively the value of the MVP amplitude causing the shift in
the DW equal to its effective thickness. This fact allows us to assess easily and quantitatively the DW
pinning and the coercive force of the sample for the nuclei contributing the intensity of the spin echo
signal of the NMR echo.

Figure 14 shows the experimental data on the dependences of the echo signal intensity on the
MVP amplitude Hq under the symmetric MVP effect for cobalt nanopowder, average grain diameter
100 nm, synthesized by electron beam technology [22], cobalt nanopowder, average grain diameter 22
nm, produced by Sun Innovations, Inc., USA, and polycrystalline cobalt powder, grain size ~50 um.
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Fig. 14. Dependences of the echo intensity on the MVP amplitude Hq under the symmetric MVP effect for
cobalt nanopowder with average grain diameter ~22 nm (©) and ~100 nm (¢), and coarse-grained powder
with grain size ~50 pm (¥)

As is well known, a decrease in the size grain of cobalt powder from the order of 1um to ~150
nm is accompanied by a significant increase in the coercive force of the sample associated with the
decreasing size and the increasing part of surface effects. This fact also reflects on the dependence of
the echo intensity on the value of the DC external field. In all samples the echo signal intensity hardly
changed up to the magnetic field values of the order of an average demagnetizing field because of the
presence of DW. However, in the case of nanopowders, the mobility of DW decreases significantly,
which should reflect on the character of the I(H,) dependence of the echo intensity on the value of the
external magnetic field Ho. Besides, because of the increase in the coercive force, a much more
powerful external field will be needed to suppress the echo signal in nanopowders. The measurement
results on the dependence of the echo signal intensity on the value of the external magnetic field
support the above reasoning, Fig. 15.
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Fig. 15. Dependences of the NMR echo intensity on the value of the external magnetic field for Co powders:
Co nanopowder, average grain diameter 100 nm, synthesized by electron beam technology (¢); Co
nanopowder, average grain diameter 22 nm, produced by Sun Innovations, Inc., USA, (0); coarse-grained
cobalt powder, grain size ~50 pm (V)

The DW pinning can also increase when the grain sizes of cobalt nanopowders have decreased
after its treatment with the help of a nano-mill. In Fig. 16 are shown the dependences of the echo signal
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intensity on the value of the external magnetic field for polycrystalline cobalt powder, average grain
size ~50 pm and carbon nanopowder doped with cobalt nanoclusters (average size - ~50 nm) [21], and
for the latter nanopowder after its grinding with a nano- mill for half an hour, similar to the
dependences shown in Fig. 15.

1.2
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O 1 1 1
0 2500 5000 7500 10000
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Fig. 16. Dependences of the echo intensity on the value of the external magnetic field for Co powder with
grains ~50 pm in size (¥) and carbon nanopowder doped with cobalt nanoclusters with grains ~50 nm in
size (0), and for the latter nanopowder after grinding with a nano-mill for half an hour (e)

A similar effect should be expected in the result of annealing of the sample. For instance, Figure
17 shows the results of similar investigations for the cobalt sample representing a plate 22x3x1 mm?® in
dimensions and ~50 um in thickness deposited on a similar copper plate after short-time (~30 s)
annealing at 900°C.

In case of ferrites we should expect a similar dependence of the echo intensity on the DC
magnetic field depending on the grain size, which results from the increase in the coercive force of the
magnetite powder with its grinding with a planetary mill. In Fig. 18 are shown the dependences of the
coercive force of the magnetic powder on the time of grinding with the planetary mill obtained by
analyzing the hysteresis curves recorded by using a vibration magnetometer (VSM) [26].

1.0

0 1000 2000 3000 4000
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Fig.17. Dependence of the echo signal intensity for the cobalt film on the value of the external magnetic field
before (o) and after (0) annealing
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Fig. 18. Dependence of the coercive force H, of the magnetite powder on the grinding time t

Thus, based on the investigation of the dependence of the echo intensity on the value of the
external magnetic field, magnets can be classified by the degree of their magnetic rigidity or by the
mobility of DW. For instance, in Fig. 19 it is seen that, of half metal Co,MnSi, cobalt and lithium
ferrite, the magnetically softest sample is lithium ferrite, while half metal Co,MnSi is the magnetically
hardest one.
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Fig. 19. Dependence of the NMR echo intensity for **Co nuclei in Co,MnSi (m), in cobalt (o), and for >'Fe in
lithium ferrite (o) on the value of the external magnetic field

It should be noted that, using the technique of chemical vapor deposition (CVD) [21], we can
produce carbon powders doped with magnetic nanoclusters with average diameter ~50 nm that have the
coercive force of different degree depending on the temperature in the reactor chamber. The fabricated
magnetic nanopowders could be both relatively magnetically soft and considerably magnetically harder.

In Fig. 20 it is shown amplitude diagrams of the symmetric MVP effect for the samples prepared
at T=1200°C and 700°C.
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Fig. 20. Dependence of the nuclear spin echo intensity on the external magnetic field of carbon
nanopowders doped with cobalt produced by the method of CVD at 1200°C (o) and 700°C (e)

It should also be noted also that the cobalt samples fabricated in the form of films ~2 pm thick by
chemical plating of quartz plates and annealing at 500°C for 3-4 hours were considerably magnetically
softer than the cobalt powder with grains ~50 um in size, Fig. 17. The degree of magnetic softness of
manganates can also be varied by varying the concentration of impurity Ca, Fig. 13. At the same time,
the variation in the degree of magnetic softness of the sample, i.e. the decrease in the DW pinning does
not change the character of time diagrams of the MV/P effect, because they are determined by the value
of anisotropy of HFF of the nuclei **Co, *’Fe, ®*Mn, etc., Figs. 9, 11 and 12.

Conclusion

In the result of experimental investigation of different types of TD of the MVP effect, the
existence of TD of two types for the magnets under study was revealed. The type of TD is mainly
determined by the anisotropy of HFF. We also studied the mechanism of the impact of the size of
magnetic powder grains, and the pinning and mobility of domain walls on the revealed specific
features of two-pulse echo signals observed under the magnetic video pulse effect.
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PE3IOME

HNUCCIEJOBAHUE AHU30TPOIINU CBEPXTOHKOI'O ITOJIS, MMHHUHT A 1 TIOABUKHOCTH
JOMEHHBIX TPAHULL B MATHETUKAX METOAOM SAAEPHOI'O CIIMHOBOTI' O OXA IIPU
JOMOJIHUTEJIbHOM BO3JAENCTBUA MATHUTHBIX BUJIEOUMITYJILCOB

Mamuuamsuiau I''U. , llepmagunu 3.1'., I'ereuxopu T.O., 'aBamean T.A.

Tounucckuii I'ocynapcrBennsiii Yausepcuter um. UBane JxapaxumBuian, UHcTuTyT @U3UKH

uM. J.JI. AHAPOHUKAIIBUIN

Tounucckuii I'ocynapcrBennsiii YauBepcuter um. UBane JlxxaBaxumiBuiin

DKCIEpUMEHTAIBHO HCCIIEOBAaHbl CUTHAJBI JABYXMUMITYJILCHOTO SIAEPHOTO CIMHOBOTO 3Xa B 3aBUCUMOCTH OT
BPEMEHU NPWIOKEHUS U aMILTUTY/ HMITYJIbCOB ITOCTOSIHHOTO MATHUTHOTO TOJIS (BUICOMMITYIIBCOB), & TAKIKE OT
BCJIMYMHBI BHCIIHETO IIOCTOSIHHOTO MArHUTHOI'O IIOJIA. HBMepeHI/IH MMPOBOANIIMCE Ha HAHOIIOPOIIKaX ¢
MOJIYKPUCTAIJIaX METAJUTHYECKOTr0 KoOajabTa, B JUTHEBOM (eppute, nomymeramiax Co,MnSi u NiMnSh, a
taoke Manranatax La;,Ca,MnO; (x=0.2; 0.25). OGHapyXeHO JABa THIA 3aBUCHUMOCTEH 3THX CHTHAJIOB OT
BPEMCHHM MOAAYM MArHMTHBIX BHUJIACOUMITYJIBCOB MO OTHOMICHHWIO K MOMEHTaM IoJdadun B036y)KJIa}OH_II/IX paano-
YaCTOTHBIX HUMITYJIBCOB, KOTOPBIC o6ycn013nem)1 CTCIICHBIO aHU30TPONHNHU JIOKAJIBHBIX CBEPXTOHKHX MHOJIEH.
O6cyn<aa}oTc;1 MCXAaHU3MBI BJIMSAHUA NMUHHUHTA W IMOJABMXHOCTU ITOMCHHBIX TI'PaHHUI] Ha OGHapy)KeHHI)Ie 0CO-
OCHHOCTH HCCJIEJOBAaHHBIX CHUTHAIOB. [l0Ka3aHO, YTO BPEMEHHBIC CIIEKTPHI BO3ICHCTBHS MAarHUTHOTO BUJICO-
UMITYJIbCAa HA CHTHAJBI ABYXHMITYJBCHOTO 3Xa B MHOTOJOMCHHBIX MarHETUKaxX OMPEHCISAIOTCS MapaMeTpaMu
JIOMEHHBIX TPaHHI] MAaTHETHKOB ¥ MOTYT CJIY)KUTh JUIS UX KAYECTBEHHON M KOJIMYCCTBCHHOHN XapaKTePUCTUKH.
KitoueBble cjIOBa: MarHeTHKH, SIEPHOE CIMHOBOE 3XO, MAarHUTHBIA BHUJIEOMMITYJIbC, aHHU30TPOIUSI CBEPX-
TOHKOTO TI0JISI, THHHUHT, TOMEHHBIC TPaHUIIBI.
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PRICING IN DYNAMIC PROCESSES
Kadagishvili L.G.

V.V. Chavchanidze Institute of Cyberneticsm Georgian Technical University
Georgian Engineering Academy

Abstract. The paper deals with a cybernetic model of pricing, which considers the establishment of a conceptual
information system during the dynamic processes. During the dynamic processes, the price variation gets
complicated, with the course of the information search being the major problem. It is essential to make the
classification in the dynamic processes, which can be described with a differential equation. The phase
coordinates are selected, and, as a result, control becomes possible.

Keywords: dynamic processes, pricing, cybernetic model.

Consideration of a cybernetic model of pricing [1] at the level of statistics (experimentally)
needs a thorough information system.

The pricing plan is based on the fact that, as the price increases, the demand for the production
increases. The reasons for the price increase must be studied. The price fluctuation complicates the
course of the process. The main thing is the information search. The main problem is to classify the i"

commodity, where i =1, N, in the dynamic processes, which can be described by a differential
equation. This kind of state depends on the deficit economics.
S;(t)<0; t, <t<t,
Such a condition must be prevented, as it would generally result in a catastrophe for the state

and people.
Consideration of such problems in time is a cybernetic system, which must be resolved with a

conceptual approach. The consideration of the dynamics needs optimization S, (t) > 0. In this case,

we must fix the time and consider minimal expenses. This can be done provided the state offers
favorable credits. In such a case, this system can be satisfied at a minimum cost. The structure of such
a system is considered in such market economy. The process of pricing must be sought. The price is
generally originated in the market relations.

It is clear that the main problem here is to be aware of the amount of the turnover money in the
given situation. The state must ensure that the production volume satisfies the real demand.
A

Price

v

Consumer

If the demand is not met and it is constant S; (t) =const t, <t <t,, then the price increased

in the given time period will be at a critical state, and generally, in such a case, local i" commodity
being essential goods, needs primary attention. The problem of increasing the volume of the i"

commodity optimally in the fixed time N, i =1,N s to be studied and a balance must be achieved.

Here, each of them may have two indicators. On the one hand, it includes the issue of balancing and
the price must be minimal, on the other hand.

We do not consider the economic management of the total state, but only the production and
consumption of commodities for a local market.

Our goal is to create the information system. As the cybernetic approach suggests, unless we
have the thorough initial information, we cannot receive a thorough solution. In order to identify the
amount of minimal information needed to solve the problem, the main thing is to search for the
information which must be accurate.

The pricing process at the level of statistics differs considerably from the dynamic processes.
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For the dynamic process, the market of some i" commodity is characterized by (a)
D(P) demand and (b) S(P) supply. The first assumption about the market at the given time point is
that these functions are linear.
D(P)=a+ P
S(P)=p=2P 1)
As we consider the problem in dynamics, the expression can be reduced, if we introduce a
balanced term of price when condition D(P) = S(P) = is true. Let us assume that the solution of the
equations is 7 . It is calculated by calculating condition (1)
R @
Sy
The balanced price cannot be fixed unless this condition is met. Then, there occursd = y to
arrive atax = . Then, it follows that both lines D(P) and S(P) will coincide.

D(P)
4 D) S() 4
S(P)

[ [
» »

In fact, function S(P) is an ordinary supply function. At the (t —7) moment, the dependence
on a fixed price is determined by farmer D(P(t)) by referring to P(t—7), while wide range of
consumers refer to P(t). Such a relationship creates dynamics. Relation P(t + 7)is possible when
new fashion is introduced, for example.

Let us consider a process when at time moment, 7,, 7, <t <7,, whatever the price was
fixed at time moment (t —7), the goods are totally realized with demand P(t) and

D(P(t))=S(P(t—7), 7, <t<7,.

This gives a dynamic model (7 may be a delay).

Considering approximation « + yP(t) = S+ P (t — ), there occurs an initial price function
as there was a delay.

As it is known, if P(t) = 5(t), then 7, <7 <t<7,. In such a case, we can say that

vt <1, — 7, With v being constant. This means moving step by step.
Considering formula of the balanced price (2) and deducting (1) from (2), we will have:

P(t)—ﬂ'=é(P(t)—T)—7Z'), T, <t<rg*
4

As the time increases, we will see what will happen if we use the initial function, which is
known as P(t) = P(t). We can calculate

P(t)—ﬂzé(ﬁ(t)—r)—ﬂ), T, St<r,+7
Y

In fact, we know the value of P(t). We can make the next step, and generally, if we make n
steps, then:

P(t) -7 =(§j (P(t)-nz)-7)
/4

It will be true along section 7, +(N—1)z <t <z, +nt, where n=1v and vz <7, —7,.
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Inratio —, yand o are the indicators of the inclination of lines.
v

Let us assume that the initial price is limited and 7' < IS(t) <7z", 7y —7 <t <7,. Then, (*)

will be as follows:
[QJ (#'=72")y<Pt)—7 < (éJ (z"—7)
7 Ve

All this will be true along the relevant section. If n is quite large, then P(t) —» 7.
Let us consider a critical case when:

a+PW)=4+Pt-17)
P(t)=P(t), 7, <t<7,
Demand o+yr=f+yr-is met.

The initial function is the same and then, along section P(t) =n +P(t—nx):

-«
e
T, +(N=-Dr<t<7,+nt
n=1v VI<7, <7, —7,.
Reintroducing 7"and 7", we get:

-«

n +7z’SP(t)Snﬂ_a+7r".

This time n, increases, and actually the of pricevaviation extend.

On the other hand, if f-a <1, the interval is shifted and the price increases. Let us assume
v
that > o, i.e. it is positive and the price increases.

Discrete moments have no full spectrum to depict the moment. Therefore, continuous time
must be registered. Then, its analysis will not be problematic, with iand i+1 time intervals being
fixed. In our case, we can take a spacing of any intervals and describe the market with conceptual
thoroughness.

D(P(t)) = S(P(t—17))
where P(t—7) is the price of the concrete i"" commodity depending on the price fixed at the t—7
moment, while a consumer makes a decision at the moment t by considering the price, with 7 being
time, day and year.

Let us consider the case that is quite common today. The demand for goods is not met by time
interval t. Let us consider as a model the case suggesting that the demand for goods is not met, i.e. the
model is in deficit. In such a case, the analysis is more complex.

Let us consider the case when some market at time interval Q, <t <Q s characterized in

accordance with the demand and supply, and the price at every t moment is t —z , when the goods are
realized and the demand cannot be met.

D(P(t)) > S(P(t—7) (1)
iea+)Pt)>p+Pt—-1).

Let us denote this sectionby Q, <t <7,

1 | 1 | | | | 1 1 1 |
do To (5] _ Q
Equation (1) is true from Q, to 7,. Let us assume price P(t) is given, i.e. the price change by

moment (z, — ) creates a mishalance, and the instant value is

)=a—- L+ PH)-Plt-1)

while the integral index is
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a(t) = [2(5)ds @

After the misbalance momentz, , 7, is to change. In this case, we can consider two optimal problems.

Let us derivate formula (2) and make it differential
dg
G =@ AHPO-P-1)
which has the initial condition q(z,) =0 that yields P(t) = I5(t), 7, —7<t<7,. Let us use the
price as a control parameter:
P(t) = u(t).
Let us choose a controllable class, which will become a constant functional class.
A

»
»

Let us assume that 0 < @ < u(t) < 7(u). We start control 7z, <t <z from this point. We fix
7. It is constant. The problem is selected accordingly. We must find the values of u(t)and
q(z,) =0, 7, —7, — min. This is an optimal problem with delay, and we will have:

‘3—?=(a—ﬁ)+yu(t)—6u<t—r)

q(z,) =0, u(t)lf’(t)r0 —-7<t<r7,
q(z,) =0, 7, =7, > min.

Let us make the balance zero if u(t) ¢changes. It could be that we will fail to safisfy
condition q(t) from the initially given segment. This will be made with limited phase coordinates

—1
a b
If we state criterion r(z,), when the 7, — 7, — min misbalance index is violated at moment

7, i.e. we cannot control it because r(r1 + &) =0, which has nosense, it will cause slight fluctuations
at the economic level: |r(s)| < & at the economic level and r(t) = gis solvable. Control is possible.
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PE3IOME

HEHOOBPA30OBAHUE B IUHAMUWYECKUX ITPOIECCAX

Kaparnmsuiau JI.I'.

HHceTutyT KnGepHernku uM. B.B. YaBuanuase, I'py3uHckuii TeXHHYeCKUil YHUBEPCUTET

I'py3nHckas nHKeHepHast akaJeMus

B cratpe paccmarpuBaercsi KHOepHETHYECKas! MOJIEb [IEHOOOpa30BaHus, KOTOpas IMpeayCcMaTpUBaeT CO3aHne
KOHLENTYaIbHONH MH(OPMALMOHHOW CHCTEMbI BO BpeMs JHHAMHYECKUX MpoueccoB. Bo Bpems JMHAMHYECKUX
MIPOIIECCOB YCIOXKHAETCA KojeOaHWe IIeH W TMOWUCKA WH(POPMAIMU CTAHOBSTCS TJIaBHOW mMpoOiemoit. OdveHb
B)XHO OCYIIECTBHUTH KJIACCU(PHUKALMIO B AMHAMUYECKHX IPOLIECCax, KOTopast ONUChIBaeTCs AN PepeHInaTIbHbIM
ypaBaeHHeM. [Togo0pans! Ga3oBeie KOOPAUHATHI, OCIIE YETO YIPABICHHE CTAHOBUTCS] BO3MOXKHBIM.

KaioueBble ciioBa: qiHAMHYECKUE POLIECCH, IIEHO00pa3oBaHue, KHOepHeTHUECKast MOAEIb.
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CJIEJAIIUE CUCTEMbI C HEJIMHEMHOCTBIO HCIIOJTHUTEJIBHOI'O
JABUT'ATEJIA

I'onnamsuian J.C., Bamakuaze A.A., 'orunamBuiau H.I'., Ukagya H.B.
I'py3unckuii TeXHMYECKUH YHHBEPCUTET

VpaBHeHUE [BIKECHHS CHUCTEMbl C HEJIMHEHHOCTHIO MCIOTHUTEIBHOIO JBHUraTeisl Ha
ocHoBanuu (29) [1] wumeer BUI:

A, Q+AQ+AQ+AQ=0, L)
1

A =T, A=1+2hT —-2HC,M,~U, *,
1%
rae A =2h-w; CMU, 2(3KK +1j, 2
‘\tgp v
A =a5(1-3CMU, "),

Koa¢hduimenTsl npencTaBaeHHOro KBa3WIMHEHHHOTO YpaBHEHHS HE SIBJISIOTCSI OCTOSHHBI-
MH, @ 3aBUCST OT YacTOTbl M aMIUTUTYAbl MUCKOMOTO pemeHus. OIHOPOAHOE JHMHEHHOE ypaBHEHHE
UMeeT MEepUOAMYECKOE pelIeHHe MpPH HaJIWYMM Hapbl YUCTO MHHUMBIX KOpHeil. i oThICKaHMA
MapaMeTpoB NEPUOAUYECKOTO PEIICHHS 3alHILIEM :

A=AA-AA =0
2 _ A 3)

[loncraBuM Bo BTOpoe ypaBHeHHe cucTeMbl (3) 3HadeHus Kod3(pdummenToB (2) 1 pazpennm

2
€ro OTHOCHUTCIIbHO UYO’ 3allMIICM:

2 2
U\?O: : ;) U(l+2th)- | @)
@;C K, (3cosgp, —vK, sing,)
WJIU TIOCTIE TIPe0Opa30BaHMS
@) —0v*(1+2hT) )

o, = ,
2h,(3C, — 2C,K, )

vi |1+ T2 vi [1+T2% Uy
Tae CZZZ mcosgﬂl, CS :Z mSlﬂ@l, a:U2 <<1,
k K by

2
Bynem cumTarh, 4TO BENMYMHA (), HE M3BECTHA. Torja MOACTaBUM BblpaxkeHHe (4) B

KO3(pPULMEHTEl XapaKTEePUCTUUECKOTO YpaBHEHHMS M HMX B IIEpBOE BbIpakeHHE cucTeMbl (3).

I'pynnupys k03¢ GUIHEHTSI, TPy a)o2 MOJTYYHM :

Aa)g+Ba)g+C=O, (6)
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k a
A= (k —=),
(1)

bv
2
rie B:T(i—1)+£ 2hl+au @+2hT) |, (7
tgp, bov b
k.0 av? 30T
C=@1+2hT)}@A+=>5)| 2h + ——(1+2hT) |-
@20 b)[hl v m} =
31ech bzi—kkU, a=3kk 1
9o 9p v
OTCrOoaa
, —B+VB?-4AC
)y = (8)

2A

y 2
3a/1aBasch BENMYMHONW U, MOXHO ONPENETUTh 3aBUcMMOCcTh @) = f (). Jlna nocrpoenns
2
sapucumoctn U, = f(wy) mpumenum  dopmyny (4). [lns 510ro B mpasyio HacTh MOACTABHM
2
3HAYEHHS (), W COOTBETCTBYIOLIME UM 3HAYEHHUS U .

3HaKM TPUTOHOMETpUYECKUX (QYHKIHA onpeenstorcs no dopmynam (38) [1].

Tabauna 1. 3HakKu TPUTOHOMETPHYECKUX (PYHKINHU

T>k | T <k,
sing, - -
CoS ¢, + -
9o . "

W3 ycnoBus monoxutensHOCTH Kod(dunmeHToB ypaBHeHus (l). momyynM HeoOXoauMble
YCJIOBHS CYIIECTBOBAHMS YCTOWYHMBBIX MEPHOANIECKUX PELICHHIH:

b>—— 1 upu Tk, ©)
Jk (2T —3k,) 2
2
2. o > -0 (10)

6hc,

3. Kpome Toro, Beipakenue (4) umeet GU3NIECKUI CMBICI TIPU

@
1+2hT

(11)

Ilocne onpeneneHuss u3 HEOOXOAWMBIX YCIOBHH OOJIACTHM 4acTOT M IapaMeTpoB
MIEPUOIMUECKUX PEeIIeHHH 10 BeIpaxkeHusM (4) u (8) MOXKHO mocTpouth rojporpad Muxaiinosa:
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L(jv) = @} =6heC, + 2hacko—v’(L+2hT — j[(2h-To*)o -

k 0?3k, —2T) + 1} (12)

~ et T
k

Ecnn rogorpad MuxaiizoBa 0XBaThIBa€T HAa4ajlO0 KOOPAMHAT IPU MOJICTAHOBKE aMILIUTYbI
HECKOJIBKO OOJIbILIeHl BEMMYMHBI aMIUIUTYIbl IEPHOAUIECKOTO PELIEHUs, TO 3TO COOTBETCTBYET €ro
YCTOMYMBOCTH, T.€. HATWYHIO ABTOKOJICOAHUH B CHICTEME.

PaccMoTpum cnendiiye CUCTEMBI € HEJIMHEHHOCTSIMH HCIOJHUTENBHOIO JBHUraTeNs |
3JIEKTPOHHOI'O TPAKTA.

Koadduumentsr ypaBuenust [2] NOpUHUMAIOT BUA:

A =T, Ai=1+2th—2HC1M1£UYOZ,
1y
A, =2hl+2HF(aO)—a)§C1M1UY02(—3kk +1J, (13)
gy v
A = &5 F(a,) -30;CMU, *

Hcnone3yst  Belpaxkenue (4), moiydyuMm QOpMynbl Ui ONpENeNeHUs IapaMeTpoB
MEPUOINYECKUX PEUICHUI:

» _ F(ay)—vi(L+2hT)
Yoo 3wlCM,-2HC M

e @b F () —U°(1+2hT)

nJin (14)
2h,(3C, — 2C.k,v)
, —B++B?-4AC
Wy = (15)

2A

Yenosust (7), (8), (9) u (10) cipaBeisMBbI, HO ITPU a)g HEO0OXOJMMO MTOCTABUTH MHOKHUTEIIEM

koopuiment  F(«,) rapmonnueckoii  nMHeapu3auMM  HENMHEWHOCTH — YCHIMTENs.  Yder

HEJMHEHOCTEe! ycunutes [3] COBMECTHO € HEIMHEHHOCThIO UCTIOTHUTENBHOIO IBUTATENsI IPUBOIUT
K YMEHBIIICHUIO aMIUIATYABl MEPUOUYECKOTO PEIICHUS, CHIDKEHUIO BEPXHEH T'paHMIIBI YaCTOTHI U
HIDKHEH TPAHUITBI aMILTATY Bl IEPUOANIECKOTO PEIICHHUS.

PaccmoTpuMm  chepsiiupe cUCTEMbl € HEJIMHEUHOCTSIMU — HCIIOJHUTENBHOTO — JBUTATEINS
AJIEKTPOHHOI'O TPAKTa MPU HATMYKK TPEHUS] B MEXaHUUYECKOM Iepeaye.

Koaddunments ypaBHenus [2], npuBeneHHOro K Buay (1) u  (2) npuHUMAIOT BHI:

A=T

A =1+2hT —2Hcll\/|13UyO2
L

(16)

A = 2hl+2HF(ao)—a)§ClMlU50(

3k, 1 4m
+=)+
9y, v T

A = ng(ao) —3a)§C1M2U 50

Ha ocuoBanuu (3) moaydum (GopMysibl Uit ONpEeieHHs MapaMeTPOB MEPHOAUIECKUX
peleHnii, KoTopele mpuBomaTcs Kk Buay (14), (15) [2], rae
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k a
A=K (k —=
U(k b)

bo
2
BoT(— —1)—ﬁ{2hl+a” (1+2hT)+ 4m} (17)
g bo b e, »
2 2
C=(+2nT]@+ 50y 2 + A% @4 onT) 4 AM | 30T
b b o | btge,

HCO6XOI[I/IMI>I€ YCJI0BHUA CYHICCTBOBAHUA yCTOfI‘lI/IBI)IX NEpUOANICCKUX pCIHeHI/Iﬁ 3allMiIcM B
CJICOYIOUICM BUAC:

v> _r Ipu T > 3 K,
Jk (2T =3k,) 2
Q< ng ()
6h,C,
= (18)
3. < |9F(%)
1+2hT
e L k.o(3k, —2T)
4. m<=C T2+ 2ha,C, "2 ) _oh _2HF
{ v ha,Cs 1+ Tk o hy (0‘0):|
Il'omorpad MuxaiinoBa MOKET OBITh TOCTPOEH MO BHIPAKEHHIO:
L(jv) = @’F(a,) —6hac, + 2hack o —v*1+2hT) - j[(2h—To*)v -
2 _ 19
dhc, k07 (3K, 21) +1_ 4m (19)
1+Tko L,

Ipu T<3/2 K, meproxuueckue pewieHns OTCYyTCBYIOT. Ecin ciaraemble ¢ napamerpamu

2
Uyo MaJibl IIO CpPaBHCHHUIO C OCTaJIbHBIMU CJIaraCMbIMU KOS(i)(l)I/ILIHeHTOB XapaKTCPpUCTHUCCKUX

YpPaBHEHUH, T.€. BBIIOJHSOTCSA YCIOBUS:

1. 2Hcl|\/|11u§0 <«<1
L

2. w§C1M1U50(3kk Ly ccon 2HF (@) (20)
1%

9o,
3. BC,M,U; | <<1

TO HCCIICAOBAHUC CBOAUTCA K CIIy4aro

2 _ wpa(a,) 1)
1+ 2hT,
a(at,) = 2h (1+2hT) 22)

op[T —k (1+2hT)]
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B crnemamux cucteMax, B KOTOPBIX BHINOIHSAETCS YCIOBUE, HAKIIAABIBAIOIIEE OTPAHMYEHUE Ha
BEJIMYMHY MOMEHTA TPCHWs, PU HCKIIOYeHHH Koppekrupyromrero ycrpoiictea (K, =0)  moxnO

BO30YAUTh aBTOKOJEOaHuss U no Qopmynam (21), (22) onpemenuth ux napameTpsl. [Iycts mpu

k,=0; T=110" cex, 2h zloé, U, <10b,®? = (10 +60)-10°

ek IIpu BBINONIHEHHUU
ce

2
2 _ @ - a(a) .
ycious (20) mo gopmyne v° = ————= HaxoauM Ko3((HUIUSHT TaApMOHUYECKON JIMHEapU3aIlluu
1+2hT
a(ar), KOTOpBKIii TI03BOJISIET ONPEEIUTH OTHOIICHHE aMIUIUTY/Ibl ABTOKOJICOaHUH K 30HE IMHEWHOCTH,
00 K 30He HEUYBCTBUTEIBHOCTH YCHITUTEIISL.

Tabauna 2.
1

wy-10°—— | 20 30 40 50 60
cek

a(e,) 0,45 0,3 022 | 018 | 0,15

14 95 I/cex=15r11
o, o ney 2,25 1,75 1,5 1,4 1,3
o, o myn 2,75 4,2 5,7 6,8 8,1

s BBIOpaHHBIX MApaMeTPOB BHIMONHACTCS ycimoBue (26) [2], T.e. aBTOKOICOAHUS
CYIIECTBYIOT TPH OTPAaHMYCHUHM BBIXOJHOTO HAMPSHKECHHS YCUIUTENsA. ABTOKOJICOAHHS B TaKhX
CHCTEMaX MPOHMCXOMAT C MOCTOSHHON YacTOTOH, HO ¢ U3MEHCHHEM AMILIUTYIbI MMPU Pa3InYHBIX

KodphUIMeHTax a)g .
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SUMMARY

TRACKING SYSTEMS WITH NONLINEARITIES OF THE ACTUATING MOTOR

Goniashvili E.S., Vashakidze A.A., Goginashvili N.G. and Chkadua N.V.

Georgian Technical University

The paper deals with the analysis of tracking systems where the condition imposing a constraint on the value of
the friction moment is fulfilled. By excluding a corrector, it is possible to obtain self-excited oscillations and to
determine their parameters analytically. The coefficient of linear harmonization which allows determining the
relationship between the amplitude of self-excited oscillations and the linearity zone or the dead zone of the
amplifier was determined.

Keywords: tracking system, actuating motor, nonlinearity, self-excited oscillations, linearharmonization.
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CJEISIIUE CUCTEMBI C HEJIMHEMHOCTSIMHA B QJIEKTPOHHOM TPAKTE
I'onnamBuau J.C., lornnamBuian H.I'., Bamakunze A.A., Ukaaya H.B.
I'py3uHckmii TeXHHYeCKHMiT YyHHBepCUTET

Jnst ananmza ciensiiei CHCTEMBI B 3JIEKTPOHHOM TpaKTe paccMoTpuM ypaBHeHue (12) u3 [1].
B cBS3M € OTBICKAHHEM MEPHOMUYCSCKHUX PEIICHHH 00BETHHUM JCHCTBUTEILHBIC ¥ MHHUMBIC
YJICHBI JIEBOM YacTH ypaBHeHuUs (6), moaoxus F(og)=a(ap).

X (0tg,V) = —(1+ 20T V? + wa(e, ) = 0;

1
Y (V)= -TV’ + 2hv + 2Ha(e, v = 0. @

CoBMecTHOE pelleHHEe 3THX YPaBHEHUH MO3BOJISIET ONPEAETUTh MapaMeTphl IEPHOANYECKOTO
pemrenus. M3 ypaBaeHuit [1] onpenenum 9acToTy MEPHOAMYECKOTO PEIICHUS:

o 20+ Halay).
T
2 _ C’)oza(ao)
S 1+2hT

(2)

[IpupaBHsSB mpaBble YacTH IOJYYCHHBIX BBIpOKCHHUI, ompeneauMm a(o), CBs3bIBAIONICE
aMIUIUTYly TIEPHUOJUYECKOTO pEUIeHHs C HEIMHEHHOCThIO YCHIMTENIBHOTO YCTpOMCTBa dYepes

napaMeTpbl CUCTEMBI:
2h(@+2hT) @)
2
[T =k (@+2nT))

a(ao) =

IloncraBuB 370 BRIpaskeHue B (2), [1], momyuum:

_ 2h,
V_\/T—kk(1+2th) ' @

Oro paBeHcTBO Bhimonusiercs mpu T>Ky/1-2h; K. Cnemosarensho, mpu T<KJ/1 - 2h;Kg
MEPUONUECKUX PEIIeHUH He cymiecTByeT. V3 (hopmyitsl (4) BUIHO, UTO YBETHUEHHE 3aMa3bIBAHNs B
3JICKTPOHHOM TPAKTE YMEHbBIIAET YaCTOTY IMEPUOIMIECKOTO PEIICHHUS.

Jlns  ompeneneHusl YCTOWYMBOCTH TEPUOJMUSCKUX PEIICHUN ONMPEIeTUM COCTABIISFOIIUE
Hepasenctsa (9), [1].

2.9 N N (a_xj = _2v(1+2hT),
oa, oa, ov

[ﬂJ - 2H(ﬁj v, (ﬂj = _3v% + 2h + 2Ha.
oa, a ov

At

®)

T ov

Torna (9) [1] mpuanrMaeT BuUL:
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*

oa

~ @2 v?[2k, (1+2h T )—3T ]+ 2(Ha+h,)}> 0. (6)

KoHkpeTusupyeM HETUHEHHOCTH 3JICKTPOHHOTO TpakTa. [[1s HeIMHENHOCTH - OrpaHUYeHUs
BBIXOJTHOTO CUTHAJIA, 3HAK MPOU3BOTHOM 68./ Ocx, otpunarenbHbii. ClenoBaTeNnsHo, A YAOBIETBO-

peHwust HepaBeHCTBa (6) HEOOXOIUMO yCIIOBHE:
vZ[2k, (1+2hT)—3T ]+ 2Ha(e, )+ 2h, <0 @)

Torma xputepwii (9) BEIIOTHSCTCS TTPH HEPABEHCTBE:

2Ha(e, )+ 2h,
3T -2k, (1+2hT)
I[HSI HCIMHCHHOCTH - 30HA HCYYBCTBUTCIIbHOCTH YCHIIUTCIIA K BBOAHOMY CHI'HAJy, 3HAK
IIPOM3BOIHOI O0a/Ocr, TONOKUTENbHBIA. B 3TOM ciydae

(8)

v2[2k, 1+ 2hT)—3T |+ 2Ha(e, )+ 2h, >0 9)

CrnenoBaTenbHO, aHATUTUYECKUI KPUTEPU BBITIOTHACTCS MTPU

2Ha(a, )+ 2h,
3T — 2k, (1+2hT)

[Mony4yeHnue ypaBHEHHWH JBIDKEHHS, HauOoJee IOJNHO OTPAXKAMIMX CHEUU(PUKY pabOThI
CUCTEM W yIOOHBIX JIJIsl UCCIIECIOBAHUS aHATTUTUISCKUMH METOJIAaMH, MPEJICTABIISIET CIOKHYIO 331a4y.
B HekoTOphIX ciydasx il BCECTOPOHHETO ONMCAHUS TUHAMUKU CHCTEMbI MPUXOIUTCS TOBOJIbCTBO-
BaThCS HECKOJIBKUMH YPaBHEHHUSAMH, PACKPBIBAIOIIUMHE ITOBEJACHNE CUCTEMBI C yUETOM HETMHEHHOCTEe
3JIEKTPOHHOTO TPAKTa, UCIIOTHUTEIBFHOTO JBUTATENS U TPEHUS B MEXaHHUECKO repeaye.

Ecnu npuHATh MAEaNUM3UPOBAHHBIME MOMEHT '"CyXOro TpeHHUA'", BEIMYMHA KOTOPOTO HMEET
NOCTOSIHHOE ~ 3HAYeHHWe, a 3HaK ONpeAessieTCsl HampaBiICHWEM JBIDKEHHS B CTOPOHY
MIPOTUBOTIOJIOKHYIO ABMKEHHUIO; TO aHATUTHUECKH 3TO MOXKHO 3aIUCaTh:

(10)

MTp:—‘MTp‘signé mpu 6=0 . (11)

B ostom caydae TpeHHME MOXXHO TPEJCTaBUTh XapaKTEpPUCTUKOM Tuma "peneiHoii".
T'apMonnueckas IuHeapu3anus TaKOW HETMHEHHOCTH IPUBOJIUT K BUAY:

am
F(My, )= m; P. (12)

Bemmunaa wmomenTa TPEHUA HalpaBJICHAa Ha YMCHBIUICHHWE MOMECHTA, CO34aBacMoOIro
HUCIIOJTHUTCIIBHBIM JABUT'ATCIICM. YpaBHeHHe OTHOCHUTCIIbHO HCpCMCHHOﬁ 0 nopu BCJIMYMHE MOMCHTA
TPCHUA, HpI/IBeZ[éHHOFO K BaJly UCIIOJTHUTCIIBHOTO ABUTATCIIsd, MIPUHUMACT BU/:

TO +(1+2hT)d +2h0 + wf6 == T + i + 2HO + wiv —msigné (13)

I'1€ BBECACHO 0003HaueHNE

m= %’9 (14)
np
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VYpaBHeHHe I MCCIIEA0BaHHS COOCTBEHHOTO IBH)KEHHS CIEIAIICH CHCTEMBI C Y4ETOM
HEJTMHEHHOCTEM 3JIEKTPOHHOTO TPAaKTa U TPEHHUS B MEXaHHUYECKOM nepeaade Ha ocHoBanuu (5), (6) [1],
u (12), (13) mpuanMaet Bu:

4MTp 2
+ =0 15
T, Vj p 60066(060) ( )

0

Tp®+(1+2hT)p’ +[2I‘5 +

I[HSI OTBICKaHUA IEPHUOJUICCKUX peHICHI/II\/'I, 3alliieM JiBa YpaBHCHU, I1OJIOKHB p:jy:

X (V) ==(1+2hT )V’ + o5 er () ) =0 (16)
Y (ap,v)=-Tv*[ 2h +2Har (at, ) VL (17)
o 0 e

W3 3THX ypaBHEHUN ONPENEIINM:
2
2 _ @fale)

~1+2hT (18)

2[h, +2H a(a0)+2—m
e - e,V 19)

IIpupaBHAB IIpaBble YAaCTH MOJIYUYEHHBIX BBIPAKEHHUN, ONPEEIINM:

4m

(my+ﬂavJ@+ZQT)
[T —K(@1+2hT)]

a(a,)= (20)

[oncrasum (19) B (17), momyanm:

2h, +4—m
T-K,(1+2hT)

[TapameTps! neproANYECKUX PELMIEHUH CYIIECTBYIOT IIPH

T> (22)

1-2hK,
C YBCIMYCHUEM ITapaMeETpa M yacToTa NEPUOANYCCKOro pelICHUA YBCIUMYHUBACTCH. 3Hasg
napamMeTpbl CUCTECMbI, MOXHO OIIPCACIUTb AMIUIMUTYyAYy IMIICPUOAUYCCKOIO PCHICHHUA - KO3(1)(1)I/IL[I/I€HT

rapMOHHYECKOI THeapu3anuu a(0g).

Ecmu

aM.,
—<x2h, (23)
oV

t0 hopmyusl (20), (21) mepexomsr B (3), (4)
OO6nacTe CymecTBOBaHUSl IMEPUOIUYECKUX PEIICHUH ONpEAeNseTcs] MO aHAIUTHYECKOMY
KpuTepHio. J[jis 3TOro 3ammiieM YacTHble MPOU3BOIHbIC ypaBHeHuit (16), (17)
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X  ,(ea) (oy ) da) 4m
Lot | || S| =2Hy| | -
oa, oa, oa, oa, 7a,

(%j =—2(1+2hT)y, (%} =3Tv? +2h + Ha

(24)

Jlns KOHKPETHOH HeNTMHEWHOCTH 3Hak 0a/Oc, nerko ompenensercsa. C yBenuYeHHEM ol

napameTp a(otg) yMeHbIaeTcss. AHATUTHISCKUI KPUTEPUI YCTOHYMBOCTH MEPHOANIECKHX PEIICHHUH ¢
Y4ETOM HEJIMHEWHOCTH 3a CUET OrPaHMYCHUS BBIXOJAHOIO HAMPSDKCHUS TMPU HATWYUU TPEHUS B
MEXaHWYEeCKOW nepeaue 3aichIBaeTCs:
oa ca 4m
@} —(—3Tv2 +2h + Ha)—2v(l+ 2hT)| 2HV—+— [>0 (25)
da, da, 7a,

pu

T, aaoz

m<m{v2[ﬂ—2KK(1+2th)]—2(hl+Ha)}. (26)

U3 ¢usmdecknx cooOpaeHWH BHIIHO, YTO OOJIACTh YacCTOT, MPH KOTOPOU BBITIONHSIETCS
ycioBue (25), (26) umeeT BU:

2(h, + Ha
8v(l+hT) (@7)
pu
T> L (28)
3-4hK,

AHalIUTUYECKUI KpUTEpUH YCTOMYMBOCTH TMEPHOAMYECKUX pEIIeHUH C Y4ETOM 30HBI
HEYYBCTBUTEJIBHOCTH YCUJIUTEINSI IPY HAIMYUY TPEHUSI B MEXAaHUUYECKOH IIepelade 3alUChIBAETCS:

2@ _ 2 ﬁ_ 4m
% aaO(Zhl+2Ha 3Tv )+2v(1+2th)(2Hvaao ﬁa§j>o, (29)
npu
, 0a _,
Tty aaﬂ
S — 2 — p—
<8v(1+2th){V [2K, (1+2hT)=3T |-2(h +Ha)} . (30)

O0macTh 4acToT IIpyU 3TOM OT'paHHUYCHA

<J 2(h, + Ha) 1)
3T -2K,(1+2hT)
BBITIOJTHSIETCS KaK U HepaBEeHCTBO (27) mpu ycnosuu (28).

Crienyer UMeTh B BHIY, 4TO KO3(DGHIIMEHT TapMOHUYECKOM nHeapu3aiun  a(0o) B cirydae
HEJIMHEWHOCTH OTPaHWYEHUS BBIXOJHOTO HANPSHKEHUS YCHIUTENsT C POCTOM aMIUIHTYIbl O
YMEHBIIIAETCS, B CITydae )K€ HEeJIMHEHHOCTH THIIA 30HbI HEUYBCTBHTEILHOCTH C POCTOM aMIUTUTY/IbI O
YBEJIIMYNBACTCS.

Takum 00pazoM, mapaMeTpsl MEPUOINICCKAX PEIICHUM B CIydae HEIIMHCWHOCTEH YCHIIMTEIS
ompenenstoress 1o Gopmyiaam (3), (4), KOTOpbie SBIAIOTCS MapaMeTpaMH aBTOKOJCOAHUM mpH
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BBITIOJTHCHUU YCIIOBHS (8) B Cllydae OrpaHHYCHHS BBIXOJHOT'O HAIPSDKCHUS YCUJIMTENS U YCIOBHS
(10) B cayuae yuera 30HbI HE4yBCTBUTEILHOCTH YCUIMTEIIS.

UccnenopanHas cnepsimias cuUcTeMa MNpH Y4ETe JABYX HEIMHEHHOCTEH OJHOBPEMEHHO:
HEJIMHEWHOCTEH YCHIIMTENS W MOMEHTa CYXOTO TPEHHS MEXaHHYECKOH Irepenadd MOKa3biBaeT, YTo
napaMeTphl MEPUOMYECKUX pelieHui omnpenensirorcs mo ¢dopmynam (20), (21). Dt mapamerpsr
TICOMOIMYCCKUX PEUICHHI SBISIFOTCS MapaMeTpaMy aBTOKOJICOAHMI MPU BBIMOJIHEHUH HEPABEHCTBA
(26) nns cioydas OrpaHMYEHHs BBIXOJAHOIO HANPSUKEHUS YCHIMTENS, MO0 MPH BBIIOJHEHHH

nepasenctB  (27), (30) mns cinydas HENMHEHHOCTH 30HBI HEYYBCTBUTENBHOCTH YCHIMTENS.
Heo0x0auMbIMK YCIIOBUSIME B 9TOM CITydae SIBISICTCS BhIoIHeHHe HepaBeHCTB (28), (30).
Takum 00pa3oM, HEOOXOIUMBIM YCIOBHEM CYIIESCTBOBAHUS NEPUOJUYCCKUX PEIICHUH B

cucteme sBusercs yenosue T>K, /(1+2h K, ), cipasesmsoe kax i HemneiiHoCTe ycumTens,

TaK ¥ Ui ABYX HEITMHEWHOCTEH OJHOBPEMEHHO - YCHJIUTENSI U MOMEHTa cyxoro Tpenus. [Ipu stom,
A0CTAaTOYHBIC YCJIOBHA, HAKIIAAbIBAIOIIMWEC OIpPaHUYCHHUE Ha YaCTOTy HNEPUOANYCCKOro pCIICHHSA B
Clly4ae HENMHEHHOCTEH YCHIIMTENS, CTaHOBSTCS HEOOXOMWMBIMH B Cllydae yd4éra HeIMHEHHOCTeH
YCUIIUTEIA 1 MOMCHTA CYXOIro TpCHH.

B cjydyac ydcTa HEJIMHEHHOCTHU OTpaHHUYCHUA BBIXOAHOI'O HANPSXKCHUA MOMCEHTOM CyXOro
TPEHUS] YCUIIMTENS, HAKJIAAbIBAECTCS OIPAaHUYCHUE HA HIDKHIOI I'PAaHMILy YaCTOThl HNEPHUOIUYECKOIO
pELICHNS; B CIIydae HEJIMHEWHOCTH 30HBI HEUYBCTBUTEIBHOCTH YCHIIUTEINS - HAa BEPXHIOK TPAHUILY
YaCTOTHI IEPHUOJUUCCKOT0 pCUICHMA.

B ciyuae, ecnu mapameTrp M cucTeMsl OOJIbIIE BETUYMHBI, ONPENENIIEeMONH COOTBETCTBEHHO
(26) mu6o (28), TO yCTOWYHMBBIE MEPHOAMUYECKUE PEIICHUS OTCYTCTBYIOT, T.€. aBTOKOJICOAHHWH B
cucreMe Her. IIpm yuére OOHOBpPEMEHHO JBYX HEJIMHEWHOCTEH  YCHIMTENsI - 30Ha
HCYYBCTBUTCIIbBHOCTHU U OIPaHUYCHUC BBIXOAHOI'O HAIIPSKCHHUA MOJYYCHHBIC (I)OpMy.]'H)I CIIpaBCJIMNBBI,
HO BMecTO K03(QUIMeHTa TapMOHNYECKON JTHHeapu3aun 0epércs koehHUITUEHT, TOICIYNTAHHBINA 110

dopmyme [2].

JUTEPATYPA
1. Ykanya H.B., Bomokms T.A., I'ommamsmaun 3.C. OcoOeHHOCTH CHEISAIINX CHUCTEM HAa TIOABHIKHBIX
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SUMMARY

TRACKING SYSTEMS WITH NONLINEARITIES IN THE ELECTRONIC SECTION

Goniashvili E.S., Goginashvili N.G., Vashakidze A.A. and Chkadua N.V.

Georgian Technical University

The paper deals with the analysis of nonlinear tracking systems. The basic task consists in the definition of the
amplitude, frequency and conditions of origination of periodic solutions as well as of their stability. The
investigations in various complex systems carried out by the method of harmonic linearization of nonlinearities
and the correlation of their results with those of mathematical modeling showed quite good compliance. The
investigation of the tracking system with simultaneous consideration for twononlinearities, the nonlinearities of
the amplifier and the dry friction moment of mechanical transmission, was performed. It is shown that, in the
case of taking into account the nonlinearity of the constraint on the output signal of the amplifier, the constraint
is imposed on the lower border of the periodic solution frequency, whereas, in the case of the nonlinearity of the
dead zone of the amplifier, - on the upper border of the periodic solution frequency.

Keywords: tracking system, periodic solution, nonlinearity, amplifier, dry friction moment.
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SUMMARY

ANALYSIS OF THE EFFECT OF PULSED INTERFERENCE IN FLYING SENSOR NETWORKS
Makharadze S.A. and Beridze J.L.

Georgian Technical University

The paper deals with the role of sensor networks in modern telecommunications. Prominence is given to so-
called flying sensor networks, cooperative networks employing theterrestrial segments and unmanned aerial
vehicles (UAV),The effect of ultrashort pulsed interference on the network bandwidth is discussed. The
algorithms improving the interference resistance of the network under the conditions of ultrashort pulsed
interference were developed.

Keywords: sensor network, unmanned aerial vehicles, coordinator, routing, sensor node, interference resistance,
bandwidth.



LSISANZIRLI bS506IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Mel, 2016 51

30B3IOMBI6IR JLIRNIBT0 56MEI6EBMS IMINRIGMBOL 3B(MBIRIGOL
00530L383GABTOOLO RS ORIMHNMFIBOL 565RNBO

dn{g60dg 9.3 3900469800 3.3

Logotmnggameml &9dbosa600 96ogg@Lodagdo

Lobmgome,  Gosomgsgdo®ol  Fgdbmmmaogdds  Godmem  godmygbgds  33mgs
dogaols JbemgemomTo. 5Jgesb godmdwobs®y, dogrosh dbodgbgermgsbos, ™I mommgymo
3JMROSR0YE0  SEPO0  sRsOY  0dbsl  ghobg  IgBo  @som@gdbmenmyoom.
50mFJbm@mma0gdol  GomEgbmds  mommgy  sEaomsl  bogo@oywgdos,  GmI
250bMEgds, MoEash WEomo-EEg 0bOEgds WI-Fi @gJbmemyool ©sbgdagol Gmgbwo,
QoOmmE Jodobs@gmdl 4G Jlgmols 0b@ga@sGos o aobgomodgds. 3mbiMgd e gOm
Vgo@oedo  5dmbgbBolmgol  bgendolbsfgomdo  odbgds  @sdwgbodg  Fgdbmenmgos.
B9dbm@ma0gdmsb  {gmdol  Jglodemgdemds  dnTymdogrmdgddo  dgbmygogemos, odols
dobgegom  »y  Omdgmo  Gopomdbs@Esig®on  gyublEombomgdl  dmbogny®o
dofgmbdogmds. odols gty Ao Jmdbds®gdgamo  sodhgzl GswomJlganl, mommgywo
Jlgeo  gEo@mdl, GmI  dmIbs@gdgarls  Imgdloby@ml  Loyggomgbeo  3o@mdgdom.
e gomobgoygmo  @gly@bols  aodmygmegols  dgmmwo, doGomspsw o6  Fo@Imowpgbls
03¢0 Y@ goM0sbBl gowd g (3960Msmobgdymo Josdmgols LolBgdol dJog® dowgdymo
doolyggBomgds.  989dBHPO™ds  0bAgds  0d  Ygdmbggzedo,  GmEs  @gby@Lols
d969x396¢0L  3Om@Egbo  gOmmdmogs  omgoeolifobgdl  @gly@Lol  gobsfomgdsls
B9dbm@ma0gdl  dm@ol o  M3Godogydo  0g4gbgdl  Idsgoe@gdbmemyosh  Jlganl.

JLgaools domsgo  bgardobs(gomdmdols s U3gd@@ygmo  989JdYOméol  Jobosw(ggom
Lboko@ms  3mabo@dycdo  dmfgmdommdgdols  asdmygbgds o  @gby@bols  aodmymayols

30b6A®m@ols  germdoy®  mbybg  033a0gdgbBoos.  dbodgbgenmgsbo  dogrolibdgges
Lako®m  o0dobomgol, @Gmd dJobpgl @gLy@lol  gsdmymggols 3@mEglol  gOMmmdaogo
M3¢0dobsizos godygd 56 WLAN Loli@gdgddo @oms dgogase odbsl dowgdyao Jlgemols
b50dgmMbs,  989JHYOMbs s  gbgdyools M3Godsgny®do  Jmbdo@gds. dbodgbgamgsbo
bsdgdomgdo  Jodobos®gmdl  Jlgarols s@hggol 3OMd@gdobmseb  ©s3og3dodgdom, Lowss
aobboanyyanos  dgomgbo  @mdaols  bsdysagdomsi  dmdogyg@o  dmFymdogrmds
3obLobwg@ogh 9y GmEol  ¢bws  gobbm@zogmegl  gg@@ogoy®o  dmdogmds  ©
Omdgee Bgdbmemaogdl dm@olb.

M5dgbodg  Bgdbmemmyools  Ibswsddg@o  JnTymdogmdgdolomgol,  Jlgeols
‘dg@bggol sanam@omdgbdo, G®dgems bodygomgdomsi doow{ggs m3@Godsga@o bgdgolols
dofmgds, 0gma0sb dgdwgy 3oBJAMM0godoL:

d) >EMGondgo0 yosfyzadomgdol gubdaooby wogudbydgmo LHAodgy00m;

d) sanam@omdgoo dmdbdo®gdgenbyg 39b6GGs@obgoymo LEMs@ga00m;

a) Sam@omdgdo Msdwgbodg mgolgdol aodmygbgdoby ©oxydbgdoymo LE®sdg-
30000;

©) SaEnam@00dgoo dbomgsb @myozoby ogydbgdymo LEGSA H00m.

Lobmpswme, aowsfyggdomgdols dJowgdols @M, yggms LEOSAJa0s 049bgdls
Gop  030Lgdgdl, @OmIgdoi  ©ogogd0Mgdeos  Jmbdogry@  JnFymdogmdslmsb  sb
Lgagolols 3mIFmegdgemsb.

dmdograg@o  Jofgmdogmdol mgolgdgdo dmoEsgl: mommgyao  dmdbdo®gdeols
dog® doe( 9350 25dBo@YboM0sbmdsls, gan. 33960l Fyodml LogmEbmmolybs®osbmdsl ©s
Lgdgolbols  bodolbols  olgom  dohggbgdargdl, Gmam@o@Ess, 3539 gd0l  ©sbsgomygdo,
35396900l oygmgbgds o 3539300l gobgomo sbyy xo@gdo.

LgHgobol  dmdFmwgdaols  mgobgdgddo  Jgool:  ©os@Ggo@mgol  dogoblbomgds,
3°9BoMYboM0sbmds,  @oMgdbPmgds  MommggEr  Aoes39dgee  bo0dbg s xody®o

‘dgdelsgogno.
3ooVg390 00900l g9bdosby  woggdbgdgmo LHHadgpos  0ggbgdl  gfmbogae
Q9bJaool,  @mIgaoi 0gOmosbygdl  m@oggb - dmdbdodgdaols s bg®golols

dmdFmegoeols mgoligdgdl.



52 bS3SENIILON bSObIN6H(™) L0SESI60, GEORGIAN ENGINEERING NEWS, A2l, 2016

Jmdbdo®gdgambg  39bHOo@obgdbygmo  LEHOsAJH0s BmgyLo®gdymos InIbdo®gd-
ol 9o ob d9@ dmmbmgboby, @oms so®homl Jmdlbobydmyg JLgero. yoesFygg@omgdols
dowgdols  FgeBo-mgolgdosbo  LEA@oBgaos  ¢d3ewsgegds  3GMdagdgdl,  Gmdgems
3005V Y393o 0535300 gdgemos san@g@bs@oggdols dgmhggoby.

53096039 @oom@Egdbmermaools Mmobss®@ligdmds Jdbols 3g@g@magbye Jlgenls. 0d
‘dgdmnbgggsdo, my mommgymo Fglbmamaos 037doggdl wsdmygzogdase  (ogygmolb-
dgds @oom@glyg@lols dgbgxdgb@o) JLgmol mbyby IFo®Imgdey@mds s my olyg
Lobo®dogenm 0dbgds. domogo dgogagdol dobowmgds® o930 gdgeos, Moom@gdboam-
30900L  g@mmodgnogo  dgbgxdgbBo,  @mdgaroi  dglodengdganos  aobbm®zogmgls
M9Ly@lol  aemdsemydmo  GRC  (Global Resource  Controller)  8s3mb@@mangdenols
Lodgoggdom. 5dolmsb, ¥bos s@0bodbml, @md Jigendo s@bodbyano 3356dol dgdm@obs
JIbol  as@399e  3OMd@gdgdl, 3g@dme, (omdmTBmdl  bgobowgdl  (Overhead) o
dmdbdodgdeools  dmFymdogomdols  dogd  gbg@gool  @obobodxol  do@gdsl.  dop@sd
sdogdmymso Jogowgdmn dgdegy 93005Ggbmdgdl: 3ogdodol gofyzgdol sedsmmdols
dgd306gosl,  BMogogzol  m3Godsay® s 3Mom@o@gBobgdyge  dmdLoby®gdsl,
3o5H30Mmggd0ls  dgdoMgosl, @mam®3 Loflgem, sbggg mommgymo Gsom@glbm-
@m0l @mbgbyg. bogo®oywgdos, G®I  Jmbogry@o InFymdogrmds os@ol @odwgbody
B9dbmmmaool  Ibsdwodghon s Lodgogmgdol odenggl  dmdbds®gdgenl, bgdolidog®
OOMb obs@ygdeml bgdoldog@o byedols(gomdo @gdbmemaoom.

hggbl dog® o3y doggdage  ofbs Goom@gdbmmmangbol  gHmmdeogo dgbgx-
39600l 3m(ymbogrmdols  sgoam@omdgdo,  @O®dgols  Lodygomgdomn  Iglodengdganos
ohdodEgll  dJmdogmdols  3@mEglo, dgdzodwgl  Imdoayg@o  dmfymdogrmbol  dog
9690300l Jmbdo@gds s sbggg 993009l AosRZ0MMggdol SEdsmmds.

0dobomgol, GmI  aodmygbgdbya  odbsl  Ygdmmogsbgdygmo  sgram@omdgdo,
bogo®ms  gobbodGogmegl  po®g309mo  GEomgdgoo,  GOROOG  d9HIOmyIbgao
JLgaools dbodgl, olg dmdogry@o dnFymdogmdols bodgl. 39@dme, Jmdoanyg®o UE
JoFymdogmdols  Ibostigh  hodogemo  9bos  ogml  2G/3G/AG/WLAN & g6menmyogdols
53BMAH PO obgobomgdol gubdios.

bogem Jugeols dbodgls:

e Lodo@ms gobbmdzogmogl @gbyg@lols aemdsgny®o 3mbd@mao GRC 3356dols
Lodgoagdom;

* Jgo3gogml bsgmb@@mam dgboxgools dermgzo (SIB, MIB);

e Jdgoigoml  Logmbd®mam o Labopbsgnm  dgloxgdols  bsgogdols
d0do@ g gdo;

o Lododms gobbmdzogmogl Lbgs @ods@gdomo 3oMsdg@egeo s g9bliogco
(30 gd900.

Jgdomogobgdymo  saoagm@omdo  Fo@dmpagbogros  LTE  @gdbmenmyools  doge-
onbg, OmEgLsg s@bodbyamo @gdbmemyools doabom Fo@dmodmds aos@dgo@mgs ©o
dm3999@0  gomoMgbowsb godmdwobs®y g3mdgbomgdygmmos go® 390 dmEgEmdols
dmbogdms  BOoxogol  assb®mes  ULbgs  @opom@gdbmemyosby.  dmbsigdms
A®>g8ogobmgol  Jssgddom@o@gd e  Ggdbmammyosl WLAN-o  Fo@dmopagbl. ULbgs
B9dbm@ma0gomsb Igosdgdomn WLAN @gdbmemyos dmbsigdms aowseigdol Lobjs@ols
ngos@bob@olbom  s53dsgmgomgdls  LTE  Fgdbmamaool  dmdbds@gdemols  dmmbmgbsls,
L{mégo  sdo@dmd  sebodbyge  Ggdbmamyosls  gbodgds  domsmo  3Gom@odgdo.
sgam@omdo Nel-oll dobgogom  (bsb.l), dmdogny@do Iofymdoammds WLAN Jlgeols 0d
‘dgdmnbgggedo osligobodgdl meyg ol Fobolfod gameobgds dmEgdyge s®goedo s@ols
09 55 >mbodbymo Ggdbmmmaool ogs®gs. 53 0bgm@dsiosl JmIbabymg LTE Jlgemo
LolBgdydo  boobgm@mdszom  denmygdol  Lodgogngdom  ofgools  Jmdoanyd  dImFymdo-
@eosl.  bsobgm®dszom  demggdo  dgosegl  TA  (Timing  Advance) gobmdggdby
oydEbmdognr  dmbs39dgdl,  @MAaol  Lodygsagdomsiz  dmdogyg@o  dmFymdognmds
©gog@mdl  0bgm®dsizosl,  @md  opo  0dgmggds  WLAN  Jlgmom ooy
B9O0AmA0sbg s  0fygdl  Lgobo®godsl. og WI-Fi-b  Logbognoli ©mby  s0gds@gdes
olodggd  bego@l, d5dob gobbm@ogmwgds dJmdognmds 50bodbye  Fgdbmenmaosby.



LSISENNZIRL I bSO6IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Mel, 2016 53

Loko@ms  m3g@s@m@mds  dgodydoml  og9@s@geo  a9ads,  bowsis  byldoe  ofbgds

3obLobg@ymo mommgygeo Bgdbmammaool ogsMgols s@gomo s babwg®gdo.

| Check Prioritized RAT for Data

!

Actual Distance between BS and UE=Distance between BS and Wi-Fi APG

Satisfy during Estimation Pariod

Yes

No

Scan Rx_level for Wi-Fi ‘

.r\

If Actual Rx_level for Wi-Fi > Wi-Fi Signal Lower Thr, If Actual Rx_level for Wi-Fi < Wi-Fi Signal Lower Thr

Sgtizfy TES Volues during Estimation Period Mot Sgtisfy TES Values during Estimation Period

: Py

Execute IRAT HO to Wi-Fi | | Scan Rx_level for HSPA

/ r

If Actual Rx_level for HSPA > HSPA Signal Lower Thr,

Sotisfy T&S Values during Estimation Period

If Actual Rx_level for HSPA < HSPA Signal Lower Thr

Not Sgtisfy TES Values during Extimation Perind

!

Execute IRAT HO to HSPA |

/ r

!

| Scan Rx_level for EDGE |

If Actual Rx_level for EDGE > EDGE Signal Lower Thr,

Sgtisfy T&S Walues during Estimation Period

If Actual Rx_level for EDGE < EDGE Signal Lower Thr

Mot Satisfly T&S Values during Estimation Period

}

Execute IRAT HO to EDGE | ¥
Priority to LTE Metwork

65b.1. dmdommdols 3OM(39EYA0L Jodxmdglgdymo Smam@ondo Nel

0dobosmgol, OmI ohJoMegl dmdogrmdbdol 3GME YOOl asbbm@zogemgds LTE
JLgerowsob WLAN Jlganby, slggg wobmgoen 0dbsl 53mbgbBol 3m{ymdogamdbols 9bg@aos,
J399mm  dgdmmsgsbgdgmo  sapam@omdo Ne2-o0  (bsb2) dgbodemgdgemos  g.f. 60357
dmdoammdol gobbm®Eogagds. gl sgrgm@omdo o6 omgogolifobgdl Lopbsaol ©mbols
Pggaolgdoll o Jmdogrmdols  gobbm@Eogmgdolsls  ogo  gydbmds  LobiGgdy®o
06gm@do300L  danmyggdols  dgdggmdomn  dowgdyen  TA (Timing Advance) oobmdggdols
Jgegao [oddmagboen dmbsogdgdl. @o mdds 9bos, s@ols 0dol sedsmmds, @mI
dmdoga@o dmfymdoemdbols gos@mgs dgldygaogls olgm WLAN Loag®dbg, @mdanols
Logbogoo  Lyb@os o Tgogaoe  dogommo  Lgdgobol  bs@olboli oM 3399 Fomsw
359509Lgds o039y dmIbds®gdagdbolingol. 53 sepam@omndol godmygbgds wolisdgy-
b05 dbmgme 03 dgdnbgggsdo, Gmegbsig LTE JugenTo s@ol goms@go®mggdols ds@aeo
©Ombg s oYEomgdgmos  Jlgaol Mm3g@s@Goygmo obGgodmgs, dobo ¢ybjiombodgdols
‘dgbs@hybgdols dobbom.



54 bS3SENIILON LSObIN6H() L0SESI60, GEORGIAN ENGINEERING NEWS, A2l, 2016

CheckPrioritized RAT for Data

v

Actual Distance between BS and UE=Distance between BS and Wi-Fi APG

Sarisfy during Estimation Period

Yes No

¥
Scan Rx_level for HSPA

Execute IRAT HO to Wi-Fi ‘

If Actual Rx_level for HSPA > HSPA Signal Lower Thr, If Actual Rx_level for HSPA < HSPA Signal Lower Thr
Satisfy T&S Values during Estimation Period Not Satisfy TES Values during Estimation Period

Execute IRAT HOto HSPA ‘ | Scan Rx_level forEDGE |

/ 1r

If Actual Rx_level for EDGE > EDGE Signal Lower Thr, If Actual Rx_level for EDGE < EDGE Signal Lower Thr
Satisfy T&S Values during Estimation Period Not Satisfy T&S Values during Estimation Period

Execute IRAT HOto EDGE ‘ h J

Priority to LTE Network ‘

bob. 2. dmdogn@mdols 3G@3gE@ol o1dxemdglgdgmo smam@ondo Ne2

F9mmogobgdgamo sepam@omdgdols Lsdygsagdbom, dglbsdangdganos & 9Jbmenmyools
‘dopbom  sOLgdymo  AoEs@gommggbol  dgdodgds, GOsgogol Lbgs Hgdbmmmaogdby
doobofomgdol abom, sdogdmymsw d3oMEgds dmdognmdbol 3GME LGl boby®d-
0gmds s 0bOEIYds  dmdogoy@do  dnFymdogmdols 33980l Fgodmlb  Logmabeools-
9b5@05bmds. 50bodbymo 930MsFAGLmbgdosb aodmdwobodg dgbsdargdgmos, GMyMO3
39690y gbgao Jugarol, sbggg dobdo Fgdogogo Gomgggmo  Gagbmmmyool wmbyby
dTo®Imgdayg@dmdols sdomeangds.

R03IA>DIADS

1. Qian F., Wang Z., Gerber A., Mao Z. M., Sen S. and Spatscheck O. Characterizing Radio Resource
Allocation for 3G/4G Networks, IMC, 2010.

2. Qian F., Wang Z., Gerber A., Mao Z. M., Sen S. and Spatscheck O. A Close Examination of Performance
and Power Characteristics of 4G Networks, Mobisys., 2012.

3. Jorguseski L., Prasad R., Overview of Radio Resource Management (RRM) Issues in Multi-Radio Access
Systems. /7" European Conference on Wireless Technology, 2004, pp. 97-100.

SUMMARY

ANALYSIS OF SUBSCRIBERS’ MOBILITY PROCEDURE CHARACTERISTICS AND
ALGORITHMS IN HETEROGENEOUS NETWORKS

Dzotsenidze G.V. and Murjikneli G.G.

Georgian Technical University

The paper deals with the analysisof subscribers’ mobility procedure characteristics. There is offered an improved
algorithm by which it is possible to make faster the mobility procedure between different radio access
technologies, toreduce mobile device power consumption and to minimize congestion in the network.
Keywords: LTE, radiotechnology, WLAN, traffic, network
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SUMMARY

IMPROMENT OF LTE NETWORKS PERFORMANCE USING MOBILE SMALL BASE STATIONS
IN PUBLIC TRANSPORT

Dzotsenidze G.V. and Murjikneli G.G.

Georgian Technical University

The paper deals with a method for improving the performance of LTE networks, which is achieved by mobile
small base stations deployment in public transport. Using the suggested method, it is possible to improve PEP
and OP quality indicators, as well as to increase the coverage of the cell.

Keywords: base stations, performance, cell, LTE.
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YCTOWYUBOCTH CTEPKHS ITIPU HEPABHOMEPHOM TEPMOMEXAHHUYECKOM
HAI'PYKEHUHU

Baiicaposa I'.I'., KukBuaze O.I'.

Kacnuiickuii rocyiapcTBeHHbIi YHUBEPCUTET TEXHOJIO0rMu U MH:KMHUPUHTa uM. II1.EcenoBa,
Akray, Kazaxcran
TI'ocynapcreennblii yausepeurer Ak. Hepereaun, Kyrancu

Jnsi  OOBIYHBIX CTPOMTENBHBIX KOHCTPYKLHMI KpUTHYECKas Harpy3ska IpH IOTepe
YCTOMYMBOCTH B YIPYTO#l CTaJWU 4acTo BechbMa OJNM3Ka K pa3pylIarolleil U sBiseTcst onacHo. Tem
Oosiee, 4TO Bcerjga CYyLIECTBYIOIIHME B HAType OTKIOHEHHUS OT pPAacyeTHOH CXEeMbl OTPHLATENbHO
BIMSIOT Ha YCTOMYMBOCTBb 3JIEMEHTa WM BCEro coopyxkeHusa. Ilo3ToMy BecbMa akTyalbHO B
pacyeTHOI MOJETH MaKCUMalbHO YUUTHIBATh T€OMETPUYECKHE OCOOCHHOCTH KOHCTPYKIIMH U PEKUM
Harpy»XeHHusi COOPYKEHUS B YCIOBUAX SKCIUTyaTal1u.

[Ipu uccnemoBaHUM yCTOWYMBOCTH CTOHKH KapKacoB HEOOXOAWMO YUWUTHIBATH COOCTBEHHBIN
BEC, BHEIIHUE HArpy3Kd M HEPaBHOMEPHOE TEMIIEPATypPHOE IMOJIE, KOTOPOEe MOXKET OBITh CBS3aHO C
Pa3HBIMU IIPUYUHAMHU. Takue pacyeTsl aKTyalbHbI JUIsl BHEAPEHMS HOBBIX CTPOUTENIBHBIX MaTEPUATIOB.
Becbma MHTEPECHO yCTAaHOBUTH 3aBUCHMOCTb KPUTUYECKOM HArpy3ku OT I'DAJHUEHTa TEMIIEpaTyphl B
MIOIIEPEYHOM CEUYEHUU U BPEMS, 32 KOTOPOE HACTYIAET KPUTHUUECKOE COCTOSIHUE JJI1 KOHCTPYKLUH.

Jnsi  ycTaHOBIIGHHMsSI KPUTHYECKOHW Harpy3kd Hu  QopMbl J1eOPMHPOBAHHOTO 3JIEMEHTa
HEOOXOMMO HCCIIEIOBaTh T'€OMETPHUYECKH HEJIMHEHHYIO TEpMOYIPYTYIO 3afady. AHaTUTHYecKoe
pelieHue CBA3aHHOW HEJIMHEWHOM 3a/1aui MEXaHUKH CTEPXKHEH U 337a4X TEIUIONPOBOJHOCTU TPYIHO
U B ONPE/ICIICHHOM CMBbICIE He 3P PeKTHBHO. 3a1ava 3pPEKTUBHO PelIaeTcsl YHCICHHBIMI METOJIaMH,
YTO IIO3BOJISIET ABTOMATU3HPOBATh CIIOKHBIE WH)KEHEPHBIE PacyeTbl. YPaBHEHUS T'€OMETPUYECKU
HEJIMHEWHOW 3aJ]au¥l TIOCKOTO JeOPMUPOBAHHS MIPU 33JaHHOM TEMIIEPAaTYPHOM II0JIE TIPE/ICTaBICHBI
B crathe [1]. OCHOBHBIE YpaBHEHHS HECTAIIMOHAPHOM TEPMOMEXaHWYECKOW 3aJauM NPHUBEICHHI B
pabote [2].

PaccmoTpum  cTepkeHb C  NPSIMOYTOJbHBIM  IIOIEPEYHBIM CEUEHUEM, Harpy>KCHHBIN
IPOJIOJILHO-TIONIEPEYHON HArPy3KOH M HECTAIIMOHAPHBIM TemmepaTypubim mosieM 1 =T (t,2,Y) . dus

TeMIIepaTypHOH 3ajaud BblOEpeM cHUCTeMY KOOpAMHAT ZOY, HadaJo KOTOPOH pacloIOKeHO Ha

HI)KHEW TIOBEPXHOCTH CTEP)KHS, OCh Y COBIAJAeT C OChI0 CHMMETPHH MOMEPEUYHOr0 CEYEeHHs, a OCh

Z mapasuienbHa OCH CTepKHs. [lyCTh HIKHSS MOBEPXHOCTH CTEPXKHs Ha ydacTke [€, b] narpesaercs
HarpeBaTelbHbIM YCTPOUCTBOM MOMIHOCTBIO Q .

YpaBHEHHE TEIIONPOBOAHOCTH B O€3pa3MEepHBIX BETMYMHAX UMEET BUL :

_ o= g

or _. h,oT oT

=a[() +

i L o )1+Q[#(z-8)-¢(z-Db)] )

Jis HenmuHEHHOW 3aJayM MEXaHWKH UCHOJb3yeM MeTop Oiinepa. Bribepem cucremy

KoopauHar Z,CY,, Ha4ajgo KOTOPOW COBIAJAET C IPHUBEACHHBIM IIEHTPOM TSDKECTH ITONEPEYHOIO

CEUCHMsI, a OCh Z; mapaljieibHa OCH Z .

[TockonpKy TeMIiepaTypHOE TIOJie HeCTallMOHAPHOE, TO KOMITIOHEHTHI BEKTOpa TepeMEeIIeHUI
TOYEK TEPMOYTPYTOH JIMHAM TOXKE HECTAI[MOHAPHBIC W 3aBUCST OT OCEBOW KOOPAWHATHI U BPEMEHHU

(z,t): w=w(z,t),v=Vv(z,t),0 =6(z,t). PaccmarpuBaeTCs MEIJICHHOC HArPY)KCHHE IPH
KOTOPOM CHIIOW MHEPUMH MOXHO MpeHeOpeub. ByaeM cuurTaTh, YTO TepeMemieHus GONbIIke U He
3aBHCAT OT IIYTH TEPMOMEXAHUYECKOTO HArPY/KEHHSL.
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B xoopamuarax Oiinepa cucrema muddepeHInanbHBIX YpaBHEHHS HEITWHEHHON 3amadn
TUIOCKOTO JIe()OPMHUPOBAHUS TEPMOYIIPYTOCTH B O€3pa3MEpHBIX BETUYNHAX UMEIOT BH/I:

N _+4g)sino

0z,

%_z(ljtgo)cose—l,

0z,

00 _

_:KX’

0z,

= )

ﬁ——(1+<9 )q.

oz, o

oH

—=—(1+¢,)q,,

azl ( O)qZ1

ﬂ:(ugo)(ﬁsin 0—R cos @ —m)
1

B ypaBrenusx (1) u (2) ncnonp30BaHbI CIEAYIONNE Oe3pa3MepHbIe BETMUNHBI:
- T _ _ , _ B _
T=—t =£;)7=X,Q e a,, = bz =£,a=%, -Zb _b
T, t. h cyT Vv, 0 L h L L
zlzﬁ,vzl,v—vzw,—X:KxL,ﬁzi, _Zi,m:ﬂ, _Zﬂz,yl ﬁ,ﬁzﬁ
L L L g.L g.L g.L g.L h L

e - t. KoHeuHOe 3HaYeHHE BPEeMEHM Harpea; V- o0beM Tema; |, - TeMmepaTypa OKpyKaromei cpe-
Ibl; ¥ - IIOTHOCTH Marepuaia; C- TeIUIOEMKOCTh TBEpIOro Tena; | - temmeparypa; a= A/(Cy)-
KO3 PHUIIHEHT TeMITepaTypOIPOBOJHOCTH; A - TEIUIONPOBOJHOCT TBEPAOro Tena; L - numHa crepxHs
1o nedopmaimy; (. - MAaKCUMAaIbHOE 3HAUCHHE pacIpeielieHHOW Harpys3ku;, ¢ dyHkuus XoBucaiina;
Q,,0, - MHTCHCUBHOCTb PACIPE/CIICHHON HArPY3KH BJIOJIb OCEH Y, Z, COOTBETCTBEHHO; m -

MHTEHCHBHOCTh PACIpe/IeICHHOr0 BHEIIHero wusrubaromero momenta; R,H - BeprukanpHas wu
TOPHU30HTAJIbHAS COCTABJISIFOIINE BHYTPEHHEH CHJIbI, COOTBETCTBEHHO; M - BHYTpEHHMI M3rHOArOIIHii
MOMEHT; - paJuyC KpPUBHM3HBI CTEpKHA B JePOPMHPOBAHHOM COCTOSHMH; K, - Hapamerp,
XapaKTEepU3YIOINN KPUBU3HY CTEPXKHSL.

IlocnenoBarenpHOCTh pelleHus 3ajadu TakoBa. CHadaja pelaercsl 3ajada TeIIoNpOBOJ-
HOCTH, U Ha Ka)KJOM IIare omnpeAessieM paclpeleieHue TEMIEpaTypsl B CTEpP)KHE, HAXOAUM IpHUBE-
JEHHBI LEHTP TSDKECTH MONEPEYHOro CEYEHUs] M MHTErpUpyeM HelIHMHeiHble TuddepeHnnanbsHbe
ypaBHEHUS TIOCKOTO JedopmupoBanus (2).

st uHTErprpoBaHus MU PepeHINAILHOTO YPaBHEHUS B YACTHBIX MPOU3BOMHBIX (1) muMmeeMm
HayvaJbHbIC M TPAHUYHBIE YCIOBUS:

t=0T=T, 3
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y=0,z€[0,e)aze (b,L],—A%z a(T,-T,)

y =0,z €[e,b], T = f,(t)

or
y =h,z €]0, L],—/IE:a(Th—Tf) 4)

7= 01 y (S [O,h],_ia_-r

oz

z=L,ye [o,h],—iZ—T =o(T -T)
Z

= oy (T, - Ty)

B rparnuneix ycnoBusix (4) dymkumst f(t) oObraHO 3amaercst Ha OCHOBE 9KCIEPHMEHTOB,
HanpuMep, B BUjIe crenennoil Gpynkuuu B unrepsaie [e,b] [3] f,(t) =T, +q-t". Crenennas 3apucu-

MOCTh YCTaHaBJIMBAETCS MOCIIE 00pabOTKH PE3yJIbTATOB SKCIEPUMEHTAIBHBIX UCCIIEIOBAHUI.

Jis mHTETpUpOBaHUS CUCTEMBI AU(PepeHITHAIFHBIX YPaBHEHUH (2) UCTIONB3yeM TPaHUYHBIC
ycnoBusi. [Ijiss KOHCONBHON OalIkM C KECTKUM 3allleMJICHHEM Ha JIEBOM KOHIIE (B Hadajue CHCTEMBI
KOOpAMHAT) B 0e3pa3MepHBIX BEIMYMHAX UMEEM:

®)

Pemenne ypaBHeHUs TemaonpoBoAHOCTH (1) ocyliecTBIseTcs METOJOM CETOK. 3aMeHseM
MIPOU3BOIHBIC TT0 KOOpJUHATAM Z W Y IEHTPaJbHBIMUA KOHEYHO-Pa3HOCTHBIMU aHAJIOTaMH, BHIOUpas

IPSMOYTOJIBHYIO CETKY, TOT/1a TIOITYy4nM:

T, —-2T +T.,. T..-2T +T .,  —
i+1,j i-1j + i,]j hj_l]"‘Qi’j (6)

i,j+1

J
AZ? Ay®

T, =y

HauanbHbie ¥ rpaHUYHBIE YCIIOBHS B Oe3pa3MepHBIX BETMUYUHAX B COOTBETCTBUH C YCIOBUSIMH
(4) nmeroT BUI:

t=0,T, =1
j=liell..4ni€l6,.,8]T,=T,—2aA¥h(T,, -1) [(AT,);
j=liel[5,..8],T, = f,(f); @)

j = m’-ri,erl = -Fi,m—l - 2aAyh(-rlm _1) /(/ﬂ-f )’
i=0,T,, =Tpi=nT, =T, - 2&AIL(T, ; -1 [(AT,).

n+1, j

Ha xaxzaom 1mare BpeMeHH 10cCie ONpeesIEHUs] TEMIIEPATYPHOTO MOJs pEIIaeTCsl HETMHEHAS
KpacBas 3ajava JeOpPMUPOBAHHS CTEpXHsS. MHTerpupoBaHWe cHUCTEMbl JIU(GepEeHIIHATEHBIX
ypaBHeHUH (2) ¢ TpaHUYHBIMH YCJIOBHAMHU (5) MPOBOOUTCS METOAOM IBIKEHHS IO Hapamerpy ¢
napauIeIbHON IPUCTPENKoH [4] .

Hedopmaiys TepMOYNPYroil JMHMH & U BEIUYMHA K, ONPEAEISIOTCS C TOMOIIBIO ypaB-
HeHuH, npuBeneHHbIX B [1]. [lpu nHTerpHpoBanmm cucteMbl (2) B Ka4ecTBE MapameTpa JIBHKECHHS

CJeAyeT MPUHATh BHELIHIOK Harpy3ky. IIpu HyJeBOM 3HaUY€HHH BHEIIHEW HATPY3KU TOYHO 3a1ar0TCs
TPaHUYHBIE YCIOBUS B Ha4alle UHTEPBAJIa UHTETPUPOBAHMS.



LSISANZIR I bS06IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Mel, 2016 63

008 T T T T

006}~ .

v 004 .

002~ B .

I I I
0
32 3.25 33 3.35 34

a

3aBHCUMOCTDH NONEPEYHOI0 NepeMellleHUsl CBOOOIHOIr0 KOHIA 0aJIKu OT mapaMeTpa Harpy3KH,
V=V,=(

Ha pucyHke mpeacTaBieHbl pe3yibTaThl pacuera yCTOWYMBOCTH KOHCOJIBHOM Oalikw,
HATPYKEHHOM COCPEIOTOUEHHOM CHIION Ha CBOOOIHOM KOHIIE, TIPU 33IaHHOM TEMIIEPATYPHOM MOJIE U
NEPEMEHHOM MOJYJIE YIPYrocTH Marepuajia. Temreparypa MEHSETCS B IONEPEYHOM CEYEHUH IO
CTETICHHOMY 3aKOHY. I3 3aBUCHMOCTH TMEPEMEIIEHUsS OT HArPY3KH YCTAHABJIMBAEM KPHTHYECKYIO
TOUKY, B KOTOpOi OV /00 —> c0. COOTBETCTBYIOMIAs 3TON TOUKE KPUTHYECKas Harpyska ( = 3,42.
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SUMMARY

BUCKLING OF THE BEAM UNDER UNEVEN THERMOMECHANICAL LOADING

Baisarova G.G. and Kikvidze O.G.

Sh. Esenov Caspian State University of Technologies and Engineering, Aktau, Kazakhstan

Akaki Tsereteli State University, Kutaisi

The paper deals with the theoretical investigation of beam resistance under thermomechanical load. The
nonlinear differential equations of plane deformation and the differential equation of nonstationary heat
conductivity are given. The problem of buckling of the cantilever beam is solved. The beam is loaded by a
concentrated axial force at the free end and by an inhomogeneous temperature field. The results of numerical
calculation are presented.

Keywords: displacement, buckling, beam, thermomechanical load, concentrated force, inhomogeneous
temperature field.
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IJIACTUYECKOE JE®OPMHUPOBAHUE HAILJIABJIEHHOI'O CJIOSI HA IIOCKOM
IHOBEPXHOCTH

KukBuaze O.I'., Byaex6aesa I'.2K., Kunuanu I1.H.

TI'ocynapcreennslii yausepeurer Ak.Ileperenu, Kyrancu
Kacnuiickuii rocyiapcTBeHHbIl YHUBEPCHUTET TEXHOJIOTUH
u uHxnHupuHra uM. . EcenoBa, Akray, Kazaxcran

B BOCCTaHOBHTENBHBIX TEXHOJOTHAX WM TpU O0OpabOTKe IIBa CBAapPHOTO COEAMHEHUS
TUIacTH4YecKoe JeGOpPMUPOBAHUE CIOS YaCTO OCYIIECTBISCTCS MyTeM OOKATKH LHIMHIAPUYECKAM
poimukoMm. OOkaTkoil momydaeTcs Oojiee 4YHMCTas IOBEPXHOCTb, BBICOKA TOYHOCTH (HopM
BOCCTAaHOBJICHHBIX TOBEPXHOCTEH W TIOBEPXHOCTHAs MPOYHOCTh. (OOKAaTKOH OCYIIECTBISETCS
OCaKMBaHUE METaJula M0 TOJIIIMHE B 30HE IIBA CBAPHOTO COEAMHEHHUS JUISl CO3MaHMs IUIACTHUECKHUX
JeopManuii  yIUIMHEHUST B TPOJOJIBHOM W IONEPEYHOM HANpaBJICHUSIX, O0OCCIIEYMBACTCS TaKKe
3HAYUTENFHOE CHIKEHNE OCTATOYHBIX HANPsHKEHMH [1].

OOBIYHO pEKOMEHTyeMbIe MTapaMeTPhl TEXHOJIOTHYECKOTO MpoIecca 0OKaTKH HAILUTaBIEHHOTO
CJI0S1 HAaXOSIT 10 MPHOJIMKEHHBIM (hOpMYJiaM Ha OCHOBE PEIICHUS OJHOMEpHOM 3anaun. OqHOMepHAs
3a/ladya Ha OCHOBE TEOpWH YIPOYHEHHUs pelieHa B pabore [2]. Hns Oonee TOYHOTO OMHCAHUS
HaNPsHKEHHO-Te()OPMHUPOBAHHOTO COCTOSHUS CIIOsi B odare nedopMariil HE0OXOJUMO pEIIUTh
JBYXMEPHYIO 33iauy C y4E€TOM PeaJbHBIX CBOMCTB MeTaljia Py MOBBIIIEHHBIX TeMIepaTypax.

PaccmotpuMm  nmedopmupoBaHMe Marepuana ToJ  JACHCTBHEM aOCOJIOTHO  YKECTKOTO
MWIAHAPAYECKOT0 Tenma  (poirka), KOTOpOE COBEpIIAeT IUIOCKO-TIapauleIbHOE  IBHKCHHE.
Hedopmupyemblii MaTepuall HAXOAUTCS HA KECTKOW MOBEpXHOCTH. CKOPOCTh MEPEMEIICHUS IIEHTpa
ponMka 0003Ha4MM Hepe3 V,, a YIJIOBYIO CKOPOCTb BpamleHHs — depe3 @ . CuuTaercs, 4ro OHH
IIOCTOSIHHBIE BO BPEMEHU BeJWYuHbL. lIprMeM mpsAMOYrOJIbHYI0 CHUCTEMY KOOpAMHATr X,Y,Z.

PaCCManI/IBaCTCSI IIJIOCKOEC I[e(l)OpMI/IpOBaHI/IG, nu HaprI)KeHHO-He(l)OpMHpOBaHHOG COCTOSAHHUE HE
3aBUCUT OT KOOPAWHATBI y . KommoneHnTs1 CKOpOCTeﬁ HepeMeH.[eHI/Iﬁ TOYKH B O4arc Z[C(i)OpMaI_[I/II/II

v, =V,(z,X),V, =V,(z,X),v, =0.
KomroHeHTbl  TeH30pa HampskeHudl oy = oy (X, 2);1, j=X,Y, 2,7, = 0, T,y = 0. 3a

noJHEIe JedopMau IpuMeM jJeGopMaliy MOJI3Y4ECTH.
YpaBHEHHE COCTOSIHUSI MaTepualia BBIOMpPaeM Ha OCHOBE TEOPHH TMOJI3Y4ECTH — YIpOUHeHus [3]:

_ m_.n
o,=a, Kk 1)
rae: a,M,N - IOCTOSHHBIE MaTEpUalla IIPU ONIPEJEIEHHON TeEMIIEpAType; O, éje - 3KBHBAJICHTHOC HaIl-
pSDKEHHE W OKBHBAJCHTHAs CKOPOCTh Jie(OpMaIliK, COOTBETCTBEHHO, K = Igedt - TIapameTp
VY xBucra.

[ToctossHHBIE MaTepuana OOBIYHO OMPEENAIOTCA IMyTeM 00paboTKM KPHUBBIX momsydectd. 13
ypasuenus (1), kak yacTablii cirydait (N = 0) nomyyaeTcss Moiesb HETMHEHHO-BA3KOTO TeJa:

_ m
o, =a¢&,", )
WK Mojienb actuyeckoro Marepuana (M =0, N = 0) ¢ HeIUHEHHBIM yIPOYHEHHEM.
Kommonentsl ckopocteil aedopmanuii B paccMaTpuBacMOM CiIydae BBIYHCISIOTCS II0

bopmymnam:
& =ov, lox, &, =ov,loz,&, =0,m,, =0ov, [0z +0v,/0x (3)

VcnoBue HECKHMAEMOCTH Marcepuajla HMECT BUI! fx +§Z =0, HJIn B CKOPOCTIAX

TIePEMEIICHII ¢ y9eTOM 3aBucuMocTei (3):
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oV, 10X +0v, 16z =0 @)

B takom CJIydac, S9KBUBAJICHTHAA CKOPOCTh I[e(i)OpMaHI/II/I U napamMeTp yI[KBI/ICTa PaBHAIOTCA:
£ =213\ (v, 16x)? +(ov, | oz + v, | o) 1 4 )

K= J'eje/vxdx (6)

KoMmmoHeHTsl TeH30pa HampsbKeHWH BBIUKCIAOTCS 3aBucuMocTsmu Cen-Benana - JleBn —
Muszeca [4]:
0'05”- + 2O_eéjij 1(35,) (7
r7ie O, — CpelHee Hanpsikenue o, =0y /3; &; — cumson Kponekepa.
B paccmarpusaemom ciydae u3 opmyn (3),(7) JIerKo YCTaHOBUTb, 4TO O, =O,; U

crenosatensHo o, = (0, +0,)/2.

JuddepeHimaibHbie ypaBHEHHsI paBHOBecHs ¢ ydeToM 3aBucumocteit (3), (5), (7) mocne
HECIIOHBIX IPEOOPA30BAHUI MPUMYT BHI:

o, ov,\0*(o,| o.(0V, v, v, v, ,d,
+ 2= |t 3+ 7 T nia T T4 2 |
0z oOx )or°\ &, &\ 07 oxor® ox°or  oOX 0Z0X
( N, W, ] 0’ L4 0 (o |V _
oz ox )ox é 020X\ &, ) OX
do, 20(o, |0V, lo, ov, 0%, 0o,
+— +— 22— +—+ +
X 30 5 ox 3 5 OX oz oxoz
+10 (ﬂ o, j 0 ©)
3oz § oz oX

Cucrema ypasHenwii (8), (9) ¢ yderom ypaBHeHus coctosHus (1), 3aBucumocrteit (5) u (6)
SBISIFOTCS ~ HENMMHEHWHBIMH A depeHManbHpIME  YPaBHEHUSIMA B YaCTHBIX  MPOU3BOJHBIX
OTHOCHUTEJILHO CKOPOCTEH MePEMEIICHNH 1 CPEIHEr0 HOPMAJILHOTO HAIPSKEHMYSL.

Jns ueTerpupoBanus AuddepeHIuanbHbpIX YPaBHEHUH UMEEeM TPAHUYHBIC YCITOBHS:

(8)

z=0,v,=0;v, =0 (10)

Ha IMOBEPXHOCTHU KOHTAKTa MaT€purajia ¢ pOJIMKOM CKOPOCTH NNEPEMEIICHUA PABHAKOTCA:

(z,x) e L;v, = aRsina,v, =V, —@wRcosa (11)
rae L - gyra okpyxHocTH ¢ neHTpanbHeM yriaoMm @, 0 < o < ;R - pamuyc posnka.
Ha 6okoBbix moBepxHOCTsX X = 0,X = @ MMeeM ycIoBHe, PABSHCTBO HYJIFO CYMMApPHO# CHJIBI
B HamnpaBJICHUU OCHU X,
[odz=0 (12)
WnterpupoBanne HenuHeHHbIX AuddepeHunanbupx ypaBHeHuit (8), (9) ¢ TpaHUYHBIMU
yenoBusimu (10), (11) u (12) HeoOX0oAMMO BECTH HYHCICHHBIMH METOJAMH, HAPUMEP, METOIOM

KOHEYHBIX Pa3HOCTEH C MCHOIB30BAHUEM HTEPAIMOHHOTO TpoIecca. 3aJ1aeM HyJEBOE MPHOIKEHNE
JUIsl CKOPOCTH NEPEMEILEHNs V,, U3 YCIIOBUS HEC)KUMAEMOCTH OIpEENsieM CKOPOCTh IepPEMENICHUs

V,, ompenensieM JKBHUBAJCHTHYIO CKOPOCTh AedopMaid, TMapaMerp YIAKBHUCTAa W W3 YpaBHEHUH

X
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PaBHOBECHS HAXOAUM CPEJHEE HOPMAJIBHOE HANPSHKEHHE M CKOPOCTh nepemerienus V, . CpaBHUBaeM
3aJIaHHOE U TIOJYYEHHOE 3HAUCHHSI CKOPOCTH MEPEMEIICHUS Ha KaXIOM IIare uTeparum.
JIIsl 4NCIIEHHOTO pelIeHHs 3a/1a4u BBeieM OespasmepHsie Bennunssl (N, - BbIcOTa Hamas-

JIEHHOTO CJIOS A0 AehopMaIinin):

_ O _ o, _ Ny OV, _ X _ 13 & h
O'ij: IJm’O-e: em’VX: X 'VZ: z X=—,2 =—, “:J’/'l:—o
aw am @R @R h, h, 0] R

KommonenTtsl ckopocteit medopmarum (3), SKBHUBaJeHTHas CKOPOCTh Acdopmanuu (5),
napameTp YakBucra (6) 1 ypaBHeHue cocTostHus (1) B 6e3pa3sMepHbIX BEIMUMHAX UMEIOT BU:

L A @)

=TS =T e =
Aot i alar o ox
E =2/(B3)(@v, I ox)* + (v, [ aZ + v, 1 6X)* 14, K =A[E V0K, G, =E"F".
Hcnone3ys nprBeeHHBIE BhINIE Oe3pa3MepHbIe BETHYMNHBI, ypaBHEHUE paBHOBeCHS (&) umeer
TaKOIXe BHJI, 3aMCHSIS pa3MEPHbIC BEIMYMHBI HA COOTBETCTBYIOIIME Oe3pa3MepHbie. TakuM o0pazom,
chopMynmpoBaHEl OCHOBHBIE UG (EepeHIIMaNbHbIE YpaBHEHUS ABYXMEPHOW KpaeBOW 3amadu H
TpaHUYHBIC YCJIOBUS.
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SUMMARY

PLASTIC DEFORMATION OF THE BUILT-UP LAYER ON A FLAT SURFACE

Kikvidze O.G., Bulekbaeva G.J. and Kipiani P.N.

Akaki Tsereteli State University, Kutaisi

Esenov Caspian State University of Technologies and Engineering, Aktau, Kazakhstan

The paper deals with the two-dimensional boundary problem of plastic deformation at rolling of the built-up
layer. The equation of state of the material is chosen on the basis of the creep theory. The main differential
equations are presented and the corresponding boundary conditions are formulated.

Keywords: built-up layer, plastic deformation, strain, velocity of strain, hardening theory, equation of state.
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ROBIAODIH

1. Kapmenko E.U., Jlykpasmenko B.I'., Meccepne B.E., A.b. Ycrumernko, A.B. fkoBerko, HoBbie TexHONMOTHH
TOIUTMBOUCIIOTB30BAHMSA | ITepepaboTKi MHHEPATHFHOTO CHIPBsI0. //IopeHne u miasmMoxumus, ToM 2, Ne2, 2004,
cc. 117-146.

SUMMARY

APPLICATION OF PLASMA TO EFFICIENT COMBUSTION OF LOW-REACTIVE COAL DUST
Kevkhishvili N.A. and Javshanashvili N.B.

Georgian Technical University

The paper deals with the efficiency of application of the plasmatron to coal combustion. Thermochemical
treatment of coal dust by using the plasmatronimplies heating of the air and coal mixture up to the temperature
until the volatiles are released and partial gasification of the coke residue. Thus, from the low-reactive fuel
derives highly reactive two-component one. There is suggested a solution of the problem associated with one of
the major drawbacks of plasma technology related to their working resource.

Keywords: plasmatron, low-reactive coal, highly reactive coal, combustion.
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7(AQ,, F) — max
B(A, Quy, F,a) = const; 0]
A< Anax’ Qvumin < Q\T;J < Q\if;Jmax; Fmin <F< Fmax'
M330dobozool  3G0@GgMoygdo, @mama 3 dmygsbogro LobEgdowsh hobl, dgoagds
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bgdmJdgegdgdols (330 gdomdbols  beg@gbdo. domo  goblobwg@olomgols s¢yEoegdgaos
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y(A)=a,-Ate™?,

4 (QF?/) =a,- Qﬁf}/kzeicleﬁ/ ; )
y(F)=a, - Fe ™",
y(A; Q[;;{/, F) =a- Akl . Q[;:‘/kz . F k3 . e_cl'Aicz‘QF?/—CgF (3)
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B(A)=a+b - A",
IB (Q[;;(/) =a+ bz 'Q{:},Wz; (4)
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IB(A!Q[;;y!F’Q;a) =a+b- A 'Q[’I‘/\Fz .F\Ps .le -0{02, (5)
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3 : 8 = s
o d o O LL 0 =
o : < | ¥ | g | &¢ |2
- A » 2 &l £ 0 &
o X s g, =Nl 2 NoR \;CC o o o
£ 2= =4 i = < c c @ = = B
Ne e < é: ) o) = . - - o
5 Ef s = S 2 < | L S o S
2 <2 ¢ c =z > &2 &
c g &( T = 5o )
P ¢ ~ &g 2 0| ®
o) 5> =] = S \> X g
c e 7 — 2 NS
3 e
1 2 3 4 5 6 7 8 9 10 1
1 1,76 60 10 051 | 40,12 | 400 2 629 | 4L12 | 303
2 1,8 60 6 0,35 364 400 L5 65 34,35 30,3
3 2,1 40 8 0,56 41,1 400 1,7 70 39,23 30,7
4 18 40 8 0,41 374 400 14 60 345 30,9
5 1,6 40 8 0,41 374 400 1,8 57,1 38,3 29.8
6 1,5 40 4 0,3 349 400 L5 60 37,56 30,6
7 1,45 40 4 0,45 38,6 400 1,7 58 38,1 30,6
8 L5 40 10 0,69 43,8 400 1,9 60 40,9 30,6
9 1,6 40 10 0,44 38,9 400 2,1 64 39.3 30,6
10 0,95 120 10 0,69 43,8 400 2,5 38 44,69 283
11 0,9 120 12 0,78 52,25 400 24 36 45,52 283
12 1,01 120 12 0,51 449 400 2,6 37 48,55 294
13 1,19 120 8 0,56 41,1 400 2,5 44.1 46,69 28,6
14 14 180 14 0,9 58 400 2,2 50 41,9 29,8
15 1,3 180 14 0,85 56 400 2,1 46 39,8 28,6
16 1,2 180 14 0,8 55 400 2 48 345 294
sofgdhomo  LEsGobEgs
LsTgoae 1,44 88,75 9,50 0,58 4373 1,99 53,51 40,31 29,80
b obee. 0,08 14,02 0,81 0,05 1,87 0,10 2,71 1,08 0,23
(30®dogn gds
3900565 1,48 60,00 10,00 0,54 41,10 2,00 57,55 39,55 30,05
b§obe. 0,34 56,08 322 0,19 7,50 0,38 10,86 432 0,92
gosbds
©oli3g@los 0,11 3145,00 10,40 0,03 56,23 0,14 117,93 | 18,70 0,85
sbodg@®os 0,06 0,67 -0,19 0,36 0,88 0,07 -0,36 0,38 -0,58
d0bodd0 0,90 4000 | 4,00 0,30 34,90 140 | 3600 | 3435 | 2830
357JLod480 2,10 180,00 14,00 0,90 58,00 2,60 70,00 48,55 30,90
xodo 21,30 1360,00 142,00 8,70 659,55 29,90 | 793,20 | 603,89 | 446,50
OomEgbmds 16.00 16,00 16,00 16,00 16,00 16,00 16,00 16,00 16,00
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4<A<14 ; 40< Qpy, < 180, 35< F<58, (12)
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46 . . 26 .
44 = a4 L
42 42 L ]
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40 < . . >, 40 //-I.
38 . 38 3
36 36
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32 3
30 30
75 9.5 115 13.5 15.5 35 53.5 103.5 153.5 203.5
A 89 Qs 32
bob. 5. s3mgowgdygemgds B=Ff(A) Bob. 6. ©38mgopgdgmgds P=f(Qgp,)
50
48 L
46 e +
44 ®
42 —
38 r L
36
34 e ® °
32
30
30 35 40 45 50 55 60
F, 33

bob. 7. sdmgopgdymgos  B=f(F)
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aobgoboanmo  dobbol  (10) s Igbeyogol (1)  gybdizogéo  Ids@mggemo
bgdmJdgegdgdols  domo  Ids@mggeno  3s@edgBdgool  (12) bpg®gddo (330 gdo@mdbols
AL, sdobomgol, xg@  pobdmmgdsdo  (10) Tgpgadal  Fygemol  bodxol Qpy s
@AYol dogools F Lodygoenm 360dgbganmdgdo. ao®wsddbgdom gomgdm

y(A)=2610,72. A°%® . 008 03

(1) gbegesol  gabdaoodo  dgaszadst  Vamol  bodxol  Qpy,  dofeorgdygmo
dobognoll Gomegbmdbols Q wo gd3ggermdol o Lodygogrem 360dgbgamdgdo. dgwgaoe

300950

B(A)=29,8+ A", (14)

50 50
48 48
46 46

44 44

42 42 1 o
= K3 * e
= 40 < 40 L
38 38 | e | 3
36 36
34 . ] 34 . ) L]
32 32
30 30
0.7 0.9 11 13 15 17 1s 21 23 28 285 29 29.5 30 30.5 31 315
Q, 33 o, %
bob. 8. EsBmgowgdgmgds B=F(Q) bob. 9. Esdmgopgdynmgds  P=f(a)
70 45
425 e
-—'"'-'-——
60 I
=
% 5o ~ 237.5 -
35
40 325
30
0 3 5 7 9 11 13
3 5 7 9 11 13 15
A, 09 A, 80

65b. 10. @sdmgorgogmgds y=F(A) bob. 11. @sdmgowgdnemgds PB=f(A)

15



76 bSISGIZIL I bSO6IN6H(D bOSbKI60, GEORGIAN ENGINEERING NEWS, Ael, 2016

(13) o (14) ©sdmgogdamgdgbol dgbodsdolo a@sxgoggdo dmygsbogros bob. 10
o> 11

Sbogmaoydo, 0y dobbol (10) s dgbeywgols (11) gobBmeargdgddo dgg0@dobm
A >33goRygeol, F ©oo@@ydol dosgnol s a Lofgolbo dgdiggemdols bsdygeam  dbodg-
bgermdgdl 1 gbdognowsb, dogowgdm

]/(QF}I) — 36791 Qﬁ770.5167 . 670.0028~Q{7}, ) (15)

pQ,)=29.8+27-Q, . "

(15) @os (16) @odmgoegdyagdbgdol a@sgozgdo Jmygsboemos bob. 12 s 13.

70 a5
60 \ 4255 /.._—-"""
\ 40 /
¢ 50 " ~
s \ = 375
40 "‘\ = -
30 —~—
325
20 30
0 50 100 150 200 0 50 100 150 200
Qfy «/fn Qfy, @it
bob.12. @odmgorgdgmgds y=F(Qyy) Bob.13. admgomgdgmyds B=F(Qy,)

533modgeol A, Fygmol bodyols Qpy s Lofgolo dgdgggemdol o Ladygogme
d60dgbgermdgdo dgzodebmm (10) s (11) gobBmergdgddo. dogomgdm

7(F)=2.06-10° . F 5524 g0128F -
B(F)=29.8+563.12- F -, 5

(17) o (18) wodmgogdbyagdgdols dglodsdobo a@sxgozgdbo dmygsboanos bob. 14
©s 15.

80 45
N
43
70 NG
< / - 41 \\
<, 60 o
= \ — =39 ~
\__/ \
50 37
40 35
30 40 50 60 30 40 50 60
F, 33 F, 33
bob. 14. odmgoegdaengds v=f(F) bob. 15. sdmgoegdamgds B=Ff(F)

Amam® 3 Jowgdbygmo  3M5803950056  hobl, mommgymo  ddsdmggaro  Lowowy
3oblbgoggdymow osbgbl bgdmJdgogdsl 3mbgbd®s@ol ba®olbby ©s aodmlsgsmmby.

ddo@mggeno Lbowowggdols 33 0dogny@0 db0dgbgermdgdols dolodgdbow
3°dmYgdgmo 0dbs [OR0go @a3MMaMsdgdol dgomeol y@sxosgmo go®osb@Go [4-6]. o3
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dgompols  dJobggom  gmAOEObsGms  Lod®EYol  sdlolms  @g@dby  gos0bmdgds
3063960 sG0lL bodolbbo, boam m@Eobs@ms wg@dby - 3mb3gb@®o@ol aodmbsgseo.
dobbol ggbdiosTo (10)  dgagadal ddo@mggeo bydmgdgogdgool - Fyeol bodxol Qg
> oMAYdol dognols F Lodygsenem 360dgbganmdgdo, bmenm s33go@ sl A jo giagerom
dobo (330 9domdol brgmgdbdo (12). obggg, gbwywgol gybjiosdo (11) dgygodal
Vgeool bodxol Qpy, dofmpgdgmo dobogols Gomwgbmdols Q o Lafgolo Fgdiggemools
o-b Lodygoenem 360dgbgenmdgdo, bmgm sd3god sl A gigmomn dobo goggdbsmdols
bwg®mgddo. dggaoe dogomgdm  3mbigbd®s@ol  dgggmmdols Bo@s  aodmbagmols ¥
3609369 mdgdl, @mdmgdoi dmygsboaos beA. 2-do. dglodsdolo g@sxozo bohggbgdos
bob. 16. sbognmpyoy@se dmgdgdbor B s y=U 3b0dgbgermdgdl, @mEgbsE o3gmgds
dbo@me  [yeols badyxo Q\;jﬂ. dgdbol gegaoe dowmgdygmo dmbsigdgdo  dmsgdymos
3b®. 3-do. 53 dmbs39dgbol dobggom sa9dgmo odbs a®sx30z30, GMIgemoi Jmygsbogoos
bob. 17. sbggg dmgdgdbom B wo y-l 3b0dgbgermdgdo, GmEILsE o3gergds dbmame
s®MBYdol dogns F. dgdbol dgmgagdo dmigdgeos 3bd. 4-Jo. spgdygeo o0dbs g@og030,
Omdgero Jmygobogros bob. 18.
gbGogo 2. 3mb3gbd@sGol gdggmmdol B s as8mbsgmol ¥ 8603gbgmmdgdo
A 533090l 3gmomgdols Jobgogom

N | A3 | Qgy o/fo Fsa B, % Y, %
1 4 40 46 37,84 | 52,50
2 5 40 46 38,53 55,49
3 6 40 46 39,13 57,24
4 7 40 46 39,67 58,06
5 8 40 46 40,16 58,16
6 9 40 46 40,61 57,72
7 10 40 46 41,03 56,86
8 11 40 46 4143 55,68
9 12 40 46 41,80 54,25
10 13 40 46 42,16 52,64
11 14 40 46 42,49 50,90

3bGogo 3.8 ©s y-b 860Tgbgmmdgdo Fymol bsdxol 3gmoggdol dobgogom

N | A3 |Qpy @/fo |F.g3| B,% |v,%
1| 4 40 46 | 3960 [65.81
2| 4 45 46 | 4004 [58,65
3 4 50 46 40,64 |53,37
4 4 55 46 41,18 149,29
5 4 60 46 | 41,67 146,00
6 4 65 46 42,11 143,28
7] 4 70 46 | 42,53 P0.99
8 4 75 46 4291 39,02
9| 4 80 46 | 4328 3731
10 4 85 46 43,62 35,79
11 4 90 46 4395 3445
12 4 95 46 4426 (33,24
13 4 100 46 44,55 132,15
14 4 110 46 44,83 (31,16
15 4 120 46 45,11 30,25
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65b. 16. dgdbol 3@s8040, GMEILSE 0(3gEgds A 6ob. 17. 99360l 3B5g0g0, GmEILyG 0Ggmds Qgy

3boogmo 4. 3063gb@@sGoL gd33gmmdol ©s ¥ 3odmbagaols 8603gbgmmdgdo
F 0563930l dsgnol (3gmmogmgdols dobgpgom

N | A3 | Qpy i | 90 | B.% | 1%
1 4 40 35 | 4371 | 58,87
2 4 40 37 | 4293 | 55,94
3 4 40 39 | 4223 | 54,02
1 1 40 41 | 4160 | 5293
5 4 40 43 | 4103 | 52,55
6 4 40 45 | 4051 | 5281
7 4 40 47 | 40,04 | 5364
8 4 40 49 | 39,60 | 5504
9 4 40 51 | 3920 | 56,99
0 | 4 40 53 | 3883 | 5952
1| 4 40 55 | 3849 | 62,66
2| 4 40 57 | 38,17 | 66,44
B3| 4 40 58 | 3802 | 68,59
70
65 \\
_60 \
L
- \ //
> \-_—-/
50
45
37 39 41 43

()

bob. 18. dgabols g@msgoglo, GmwEglsg oi3gmgds F
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bob. 16, 17 s 18 dmygsboao a@sx03960 doygmomgdgb 0dobg, G®I m3Godydol
V9o Bogols  dmboadgdboe  sy@oemgdgmos  gobolobeg@ml  3mb3gbd®sdol  badolbols
ogogdgeo  360dgbgamds,  Gmdgols  dypdogmdol  aomgosmolfobgdom  dowmgdygao
0J6gds 3mb3gbd®sEL doJlodogydo Lowowyg. 3 53mEebols gowsbod@gase dmgsbo-
boom 16, 17 @o 18 g@ox03960L bgeegds, Gmdgols Jgegas© dowgdygeo odmbobyagds
dmyggobognos bab. 19.
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6ob. 19. dgdbols aM5804950L bgergds

MmO 3 gbgsgm, bsdogg gMsx040 gOMIsbgnl gggml FgoGomdo 2, 3mme©o-
bo®goom B=40, y=58,6. o3 (g@Boeols dgdogy m3@0dygdols Fg@@oeols dmbsdgdbow Lodo-
Oms  goamEgm  dmmbmgbgdo B-L ogoggdygmo Lowowols dglobgd. oy, dsgsoms,
3063963 sG0lL  bo®olbo ¢bps ogml B=38%, ob P=39%, ds5Tob oyEomgdbgamos dgdbs
aoa0dgemegls Y(F) = f(B(F)) g®og0g00, Fgd@omologgh 3. 53 dgdmbgggsdo dgbsdsdologw
33916905 1=75%, b, y=63%. 09 33k00gds P=39,5%-05b0 mb3EgbE®s@0, 35dob Jobob-
‘dgfmbognos 3g-2 (gHBogol dgdwgy dgdbs gofo®ddmmm y(Qsy) = f(B(Qsy)) G pDdg 94
FgoHoaoliggh, Lowsi dogomgdm 7=65,8%-05b 253mlogognl. 0d dgdmbgggsdo oy agd0@-
©gds 40-42%-0560 30mb3gbB®sG0, Ybes godmd@smm ¢osbby 2 - 6, @oEash ¥R@dem Jo-
o asdmbsgsmls dogowgdm, godg osbbg 2 - 5. FgdBodo 6, yodmbsgsgro y=50,9%
> d9diggermds B=42,5%. 09y y3k00©gds, M3 dogopmen B=425 — 45%-05bo 3mb96-
A5B0, 9bws godmd@smo y(Qs) = f(B(Qs)) dOPDY, 8 -0sb 5 FgdFomolygb. gm-
Bogndo 8 yodmlogoemo dgowagbls 41%-1, boam §gdBoe@o 5 go - 31%-L.  y(F) = f(B(F))
300%030L gdobo 2 - T o@ gobobogngds, GoEasbh s@Os@gogmy@os — Bgdbmmmaoyg@oe
dg9degdgenos  gAMEMYS©  a50bos@ml  3mbi3gbd®s@ol @mama i ba®olibo, olggy
dobo  aodmbsgogmo.  @mamei  gbgosgm, dds®mggeo  Lowowggdols  m3Godsgey@o
d60dgbgermdgdol 3oblobwg@s sdmo@gdygeos 0dobyg, 0y Geym@o bo@olbols 3mb-
(396A@>B0L  Jowgds  agkodgds. 0dol  dobgogom, oy  m3Fodydol  dgobols  Amym
0065303 gg@mdsls  dggodhggm,  dogomgdn  a®ox03900L  gOMIsbgnby  powsligemols
Lbgoolbgs go®osb@l (Bmama bgdmo smgbodbgm), dog®sd ygges dgdmbgggedo bo-
do@ms domgdygm seoam@omddo gogomgomolifobmm dgdsdgmmgdgemo bgdmJdgogdgdols
(Q o a) (335 gdoEmds. 53 Jobbom gJlidg@0dgb@yeno Jmbszgdgdols dobgwgom (3b@. 1)
539090 0dbs dgbsdsdobo sdmowgdyegdgdo:
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R=2,2Q7°%% | R=2.10"-a™*® . (19)

o0  sdmgowgdygmgdgdol dg@obom dgboywgol Kybjizosdo (11) dofmwgdayero
dobognoll  @omegbmdols Q o bLofyobo dgdzggermdol a—b  boggmew, s  domo
(3350 goomdom  9Jl3gM0dgbGol ML  woagbogr  brg®gddo  (12), dogowgdm
‘d99(3390mbol B o aoxbgogdgdol R dods®@m hofg@oa do@mgols 3obmbgdl.

o@bodbzaoo bBoGos FgbGgamgdaeros Iemms Gybmoggerol gamegbzamo bsdgcbogher gmbools

Jogs  sR0b56bg3aamo  bog@sbBem  3GegdBol (bog@sbBer  bgar G906 gangds NFR/342/3-180/13)
Q030 gd do. 35daroys;00do Fodmyagybgdamo derls bigdgdo giamgbol sgGemmgdl s Fgbsdaners
0@ Sbsbogogl Ferms @yborsggenol ghegbaao bsdgzboghmer gmbool Ggbgozagdgdl.

ROBIGOBIBS

L. @. gboggero, 8. Jo@mdgogo. 3obysbydol dowbol woggdgol 3GmMEgbol sedsmmdomo dmegeano.
119bgéa0s, 3(55)/2010, gg3. 65-70.

2. byuxpukugze I'.JI. MeToa onTUMU3AMOHHONW HACHTU(DHUKAINU TEXHOJOTMYECKUX MPOLECCOB 00OTAICHHS
[PY MHOTHX yMpPaBJsIoNuX napamerpax. M3sectus BY3-oB. //Topwsiii xypran, Nell, 1980, cc. 82-86.

3. o d9abdogodyg, @. gbsygeo. omgdgol 3GmEgbol m3Bodsggdo Fodmgs. /LogBmsdm@oliom
30653909600 sbogngdo. J. mbEMsgs, hgbmbenmgsos. 25-27. 09 1984.

4. 3. d93bmogodg, 3. mbosbo. ®m3B0dobsigools jMoBg@oyndo o sdmEobgdo Foswmoligymols o8-
oM gdol 30miglgdolsmgol. /bsdmm gudbsgno, Ne2(15), 2005.

5. Bapckwmit JI.A., Ko3un B.3. CuctemHsBIi aHamm3 B 00OTalIeHNH TOJIE3HBIX UCKOMaeMbIX. -MockBa, Henpa,
1978, 486c.

6. @. gboggao, 3. Jodmdgomo. woggdzgol 30mEglol m3@odobsigos Idogog godg@osh boangd
3567JoboTo. //Losdmm gy@dbsgno, Ne2(29), 2012.

SUMMARY

OPTIMIZATION OF THE PROCESS OF THE MANGANESE ORE BENEFICIATION PROCESS IN
A DIAPHRAGM JIG MACHINE

Enageli R.P., Gamtsemlidze M.N., Javakhishvili G.V., Arabidze Z.D., Tutberidze M.L., Rukhadze T.A.
and Tevzadze D.M.

Grigol Tsulukidze Mining Institute Georgian Technical University

The paper deals with the optimization of the process of manganese ore beneficiation in a diaphragm jig machine.
Based on the conducted experiments, a mathematical model of the process was constructed and a technological
criterion of optimization, which implies obtaining the maximum amount of concentrate of the desired quality
taking into account control and disturbing actions, was determined. The optimization was carried out by a
programming method using the graphical version. Based on the obtained results, the process optimal control
system and optimal control laws, in which the variation of disturbing actions is considered, can be developed.
Keywords: manganese, jigging, concentrate, yield, control, optimization.
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656(M356HMB0RIBNS60 35B0MEIMROBOCNM@Id IR0
GIMR0MNIA0 FSLORTd0

EO@sdg@odg 6.3., doMmdggaro b.o., bogstadg d.o.

03 X53>bodgogol 9bogg@lodgdo 3. dgmododgomol Gobo @0
©> MA3bgmo Jodool 0bLGoG G0

(9000 gdo [o®dmoeagbgb asbgomsmgdymo bgosdo®ols dJmbg ds3BmImenggo-
@@ LobEHdal, dmayygegd-togOgm g39domsb Bg@fydgmo, sargdoblbogrogohyo
30 3obol  godygmazgomo IgbBol do3md3gblodgdgero, Lbgowslbgs d9bgdols  3oBombgdls
‘do@ol 0mbdodmigamomo Ggsdiogdom [1].

bodgoEobe mgogbsb@obon woe 0bGg®gLl 0fg93L d9bgd@ogo s Lbgowslbgs
ddodg gommbols go@ombgdom Jmwoxoio®gdymo [a@omeoldg@lymo dobogngdols go-
dmygbgds dgomo Bobowob bofasgydo hbodgdols ©s mJOmlgg®o LEsgogmjmigdols
aodmbogmgam  [2]. slggg o 0bBgdgll 0ofgggl  Fa®omwolidg@lygemo  3gmmomngdols
dobdo@gds 0039 9dodg  @ommbgdol  JoBombgdol  godmbisymege Mm@ sbobdowsb
(Ni**,Zn*" ,Cu®) [1].

hggbl dog@d dgdydoggoygeos (g@omeolidg@lyamo ddodg @ommbgdols 3o@ombdm-
0003009090 d9bgdMogo 39 omgdols (eobm3Gommeao@o, gogodlodo) dowgdols
bg@bo, o3 989Jd9M0  dowoeo Lolygmsgol bsbmiEgmeonyg®o Jslogrgdol dgddbols
Lodygoagdsl odanggs [3]. 989J@a®0s sbgmo dsbasgngdol gOmog@m Jdgogds do@mmdys-
bobdgdmasb [4].

Lodydoml dobobl oy gbes 0mbdodmzgemol Jgmmwom @gmbol syoedogds-
09060l geobm3Bomma@mo@ols-CtR s sbogoboli s omdogds®gmdol gogrodbo@ol-PA
3O0bEs@a@  LEOYJBOsTo mgmools go@Gombgdols dsJlodsaa@o hobsigmgdols 3GM(39-
Lol gbFogems o Ygbododolbop  Fg@ommeoldg@liygao  genobmdGommamo@ols  ©s
Roa03dlo@ol mygmools goGombdmogozo®gdymo gm®dgool  Jowgds.

3bBomo 1. @00l 00630dm3gms JEobm3Gommmodls > gogmodlod o

(39MEL0M0 ‘dgggobogmo go@ombols o.% hoboigengool badolbo,%
CtR
Zn,CtR 5,65 343
Zn;CtR 8,45 53,5
ZngCtR 12,38 794
Zn,PA 6,71 40,0
ZnsPA 11,29 73,8
ZngPA 15,4 99,02

dgg0LFogamgm geobm3@ommeo@ols ©s gogodlbo@ol Jdgogds LobEgdsdo CtR-
> PA-0099m05d9d339200 blbodo. ombdodmigaolsmgol  godmygbgdyamo oym  domsao
Lobyggmsgol 3mdg@Eoygmo Ggsd@ogo mygmools Jaom@owo. dysdo s mbggso  gobols
RoOMds 1:6, mymool Jaom@owol Fysablbsdols 3mbigb@@szos 16. ghmsd@osbo @gsd-
3oobsl gOmoghmJdgegdol am 1w, Fymol s65bsbsbyg Iygwdogo dmmggol 30@mmbgddo,
G93390539@s  98-100°C, «xg@omdo-6. 0mbdodmzgmol do@ml  jo@ombhobszgergdyao
(39Oomgdo 0M9i3bgds BoaE@s@ddo Janm@-ombgdols LOY sOymybsdeyg. dgdwogy body-
‘dgo0  dmfdpgds  M9bBygbym-0xn@sJBMIgHO g  sbosgobom  g@olEsmydo  LE®]-
Aol dgbs@hyybgdoby wo Fyamoli m@mwoli d0do@o  sElm@bdE00l  1bs@osbmdsby.
>0bodbyyano 0mbdodmgaol 3GmiEgLolsl, domgdyan 30®mdgddo o6 dgodhbgmes body-
‘g0l 3@obEoydo Igldols 360dgbganmgsbo gaoagds, @slsi dm{dmdl dgbsdsdolo
©0gAOSJHMAMsdgbol  dgoo@mgdomo  sbogmobo.  hoGo®gdgmo  Jodoydo  sbognobols
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bogzygdggendg  (geoobogyg®o ©s gmEmdgdools dgommeom) aomgmomo  hobsigagdols
bo@olbgbosb odmdobodyg dgodamgds ©ogoliggbosm, @md goaodlbo@ol J@olLFGsay®
LAOYJAgOsTo guaem [o@mdsggdom hsobsiagamgds mymool go@ombgdo, goweg gerobe-
3Gogm@o@olsdo - Go3 gomodlboGol sbombydo  go@gobol  oggdgmgdbomss  godm{-
3990. 3b®.-do 1 dm@sbogros bybgddogo CtRQ s PA ©s dobpsh (o@dmgdyemo
}m®dgdols Jodoyg@o sbogrobols Jgwgagdo.

od dmbozgdgdol dgomgdolisls  slggg dogwogo®m sliyggbsdwyg, @md dvbgdmogo
(39000 gdol  MmobEsmsbmdom  yodpo@gdolisl, dglodsdobo  gos@ombgdom, dz39m@ s
‘dgodhbggs 3oB0mbhobsigagdol bo®olbol 3obmbbmdog®o bO®s ombdodmigaols Gob-
30l 3o0gdslimsb goOmow, o6y @Ggmmomgdol LEHOYIBYGSTo o3 go@ombols 3mb396-
BGoGgos.

9Jbogo@magmo  Jgmmpom  goblsbrgdgemos  b0dydgdol sEbm@dG00L  gboto
Vyeol m@Janols dods@m P/Ps=0,40 o mmsboli §gd3g@sdy@sbdy. b®@-do 2 dm@sbogno
dmbozgdgdo  InFImdl  0dsl, ™I 0mbodmEgmols  Hoe@dsggdolsl  slm@dGoyeo
dosyg@mds 0bOEgds, Mo3 (gM@onol sagdoblowogsd®o  3o@golols ds303839bLoyg-
g0 mgmool  goGombgdol Is@gdomss aodmfggynmo. o3 ML [ymol 3mes@yao
do@gsymmgdo  ommose  om{g396b  3gm@omols dogdmym®gddo s sEbm@Mdomgbosh
0900l 35Gombgdbyg JoMomsws® 0Mb-odmeEy®o YOHM0gHmJdgogdol badx by.

3bOowo 2. Fymol mdn ol sebm@d3os 496gd00g gmobmdGommmod by,
gomo3logby ©s 350 Mmool gs@ombgdom dmwogoEeGBIdgm BMA@IgddY

2@ 000 sbm®dzos
I el TR
CtR 3,52 0,064
Zn,CtR 3,76 0.068
Zn;CtR 4,36 0,080
ZngCtR 4,82 0.086
PA 6,55 0,118
Zn;PA 5,83 0.105
ZnzPA 6,11 0110
ZngPA 6,75 0.121

9JU390039b@ 0l g gagdosb hobl, G®I hobsigmgdol ba®olbols do@gds @M
063 gbboyg@o s do@oeos gogrodlo@do gowdg gerobm3@ogrmenoddo, @o3 Gogeos-
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SUMMARY

NANOSCALE CATION-MODIFIED ZEOLITE MATERIALS

Dolaberidze N.M., Mirdzveli N.A. and Nizharadze M.O.

P. Melikishvili Institute of Physical and Organic Chemistry, Iv. Javakhishvili Thilisi State University
Based on natural Georgian clinoptilolite and phillipsite, sorbents with different content of zinc cations were
produced by the ion-exchange method. It was found that the quality of replacement by zinc ions in phillipsite
was higher than in clinoptilolite. This fact makes phillipsite modified with zinc ions the nanomaterial of choice
for using in medical practice, as compared to clinoptilolite.

Keywords: clinoptilolite, phillipsite, ion exchange, cation, nanomaterial.
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PACYET BOJIHOBBIX JIBUKEHHUI YEPHOI'O MOPS B PAHOHAX
INOTU U AHAKJIMHN

Carnnanze U.C., [Ixakanaze M. .
TI'ocynapcrBennblii yuusepeurer Axkakusi Lleperenu, Kyraucu

Octpsle 3K0n0oTHYecKre npodiemsl B ropoae [1oTh BozHUKIM Mocie nepeOpOCKH OCHOBHOTO
pacxona pexku PuoHU B ceBepHOM HampaBieHUH. B pe3yiapTaTe HABOAHEHUS B TOPOJE MPEKPATUIIUCH,
HO COKpaIleHHE pacxo/a BOJBI B TOPOJCKOM KaHalle BBI3BAJIIO YMEHBIIEHHE KOJMYECTBA HAHOCOB,
BBEIHOCUMBIX PEKOH B MOpE, YTO TPHUBEIO K 3p0o3uH Oepera. AHaJIOTHMYHBIC MPOIECCHl MPOUCXOMAT B
npuOpexHoii 30He AHaknuu. [locie moCTpOHKN MHTYPIrCKOW THAPOIIEKTPOCTAHIIMN PACXO/ HAHOCOB
B peke MHrypm pe3ko COKpaTwics, YTO BBI3BAIO 3IPO3UI0 MOPCKOTo Oepera B paiioHe AHakimmu
(puc. 1).

Puc. 1. Beper mopsi B AHAKJINU B HACTOsIIIIee BPeMs

3HaHHE BOJHOBBIX PEKHUMOB MOPSI HEOOXOIUMO JJIsS MCCICIOBAHUS MPUOPESIKHBIX TCUCHUN H
TPAHCIIOPTa HAHOCOB B MPUOPEKHOIM 30HE, a TAKKE UL pacyeTa BOJHOBBIX HATPY30K, AEHCTBYIONIHMX
Ha TUJIPOTEXHUYECKUE coopyxeHus [1].

PaccmoTpuM BosIHOBBIE JBHKEHHS BOJIBI B IPHOpEKHOH 30He UepHoro Mops B paiioax Ilotu n
AHaKIINYU C yYETOM peaibHOi 0aTUMETPHH MOPCKOTO JTHA.

HenuHeiiHble 0THOMEPHbBIC YpaBHEHHUS IBUKEHHUS BOJIbI B IPUOPEKHOMN 30HE UMEIOT BHJ [1]:

B0 sl

ot ox ~ox  cth+l

%Jra(Hu) o
OX oX

(1)

TZ€ OChb X COBMEIICHA C ITOBEPXHOCTHbIO HEBO3MYIICHHOIO COCTOSIHUS MOPsS M HaIlpaBJI€HA K 6epery;
U — OCpeIHCHHAsI IO BEPTHUKAJIM CKOPOCTh TCUYCHUS BOIBI, é/ — IMOABEM BOIbI OT HEBO3MYUICHHOI'O

yposus; H =h+{ — BbicoTa MoBEpXHOCTH BOIBI OT AHA MOPs; h - TIyOMHA HEBO3MYLIEHHOTO
mopst; C, =g/ f —xoaddpuument lesn; f — xkospduument rpenns.

Bynem cuurarh, YTO NpH BOJHOBOM [JBIJKEHHMM MOpPsSI CKOpOCTh U Majasi BEJIM4YUHA, U B
ypaBHeHuUsX (1) uieHaMu BTOPOTo MOpsAKa MAJIOCTH MOKHO IpeHeOpedb, Torna u3 (1) momyuum:
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a_u+g%:0
ot OX

o¢  o(Hu)
OX OX

I'ny6una h He 3aBucur ot Bpemenu t, h = h(X). YMHOXasl IepBoe ypaBHEHHE CUCTEMEI (2)

(2)

Ha h, BO3bMEM MIPOU3BOAHOC NICPBOTO YPABHCHHS 110 HpOCTpaHCTBeHHOﬁ KOOpAUHATE X, a BTOPOTO IIO
t, 3aTeM, ITOCJIC BBIYUTAHUSA U3 BTOPOI'0 YpaBHCHUS IIEPBOI0, MMOJIYUUM:

2 2
¢ _qohog LW 9¢ _g

= 3
o’ T ox ox ox’ ©

Pemenue cucremsi (3) uiieM B BUje:
¢ =¢(x)cosa, ()

e ¢ (X)— aMIUTATYTHOE 3HA4YeHWE BO3BEHIIICHUS OT CBOOOIHON IMOBEPXHOCTH MOpS (IanbIile B

TEKCTE 3HaK THJIbJA OYIET ONYILEH); @ — KPyropas 4acToTa BOJHbI, paBHas @ =27 /T; T — nepuon
BoutHEL. [locne moacranoBku (4) B (3) u mpeoOpazoBaHUsI, TOTYUUM:

0*¢ o¢ _
?4‘ p(x)&+q(x)§_0, (5)
rae
h(x). o’

p(X):m, q(x):gh(x)' (6)

B pesynbraTte momyunian oObBIKHOBEHHOE (KecTKoe) MuddepeHunalIbHOe YpaBHEHHE BTOPOTrO

nopsizika ¢ nepeMeHHbIMH Koddduuumentamu. ChopMupyeM KpaeByro 3agady sl ypaBHeHHs (5)
creyronmm oopazom Y =4 -

y'+p(x)y'+a(x)y=f(x),
y(@)=Y. y(b)=y,

rae Y, W Y, TpaHHYHBIC yCIOBHS Ha OTpe3Ke MHTerpupoBanus [a,b]; B Hamem ciyqae f (X) =0

()

VYpaBuenus (7) pemaroTcsi KOHEUHO-Pa3HOCTHBIM METOJIOM (HesiBHas cxema), 3aMeHssl Tudde-
PEHLMAIBHBIE ONIEPAaTOPbl OTHOLIEHHEM KOHEYHBIX Pa3HOCTEH, C HCIOIb30BaHUEM (OPMYJI YHCICHHO-
ro nuddepenuupoBanus. J[isg 3TOro BBexeM KOHEYHO-PAa3HOCTHYIO CeTKy ¢ marom A:

X, =a+IA, 1=0,...,n. [lla610H HeABHOM CXEMBI II0Ka3aH Ha puc. 2.

i-1, ] i, j
®

i+1, j
®

Puc. 2. Il1a0;10H HesiBHOM IBYXCJI0iHOI Pa3HOCTHOI cXeMbl
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IMockonbky ypaBHeHue (7) omMChIBAaeT moBejaeHHMe (GyHKIMH V(X) BHYTpH pacueTHOl
o6nactu x € (@, b), To mpousBomHbIe 1-r0 U 2-TO MOPSIAKOB MOXKHO AMIPOKCUMHPOBATH C IOMOIIBIO
OTHOIIICHUS IICHTPAIbHBIX Pa3HOCTEH CO 2-T0 MOPAIKA anMmpOKCUMAaNUi (HeSIBHASI CXeMa):

r_ Y~ Yia 2\ g
y,:_—EZ——+o(A),|:1mn—1 (8)
" yi+1_2yi +Yia AT
=2 +0(A%), i=1.n-1 )
[p(%). a(x). f(x)]=[p.g, f],i=1..n-1 (10)

[Moxcrasmnss (8)-(10) B ypaBHeHwst (7), HOTYYUM CICTYIOIYI0 KOHEUHO-PA3HOCTHYIO CXEMY:

Yia—2Yi +Yiu N P; (yi+1 + yi—l)
A? 2A

+qy, = f, +O(A2), i=1.n-1 (11)

Yo =Yar 1=0; ¥, =V, i=n

VYpaaeane (11) mocne mpeoOpa3oBaHUS MOXKHO INPEACTABUTH BBUJAE TpEeXIHArOHAIHLHON
MaTpPHULBL:

ay,+by;+Gy,, =d;,i=1.n-1, (12)
rae
1 _pi. 2. . 1. b
BTN T TR STy GO
IIpu i=1 nepBoe cnmaraeMoe B JIeBOH 4YacTu ypaBHeHHs (12) HM3BECTHO M PpaBHO:
a Y, =a,Y,; Ipu i =n—1 nocnexnee caaraemoe B JieBoil YacTu ypaBHerus (12) Takke U3BECTHO

paBHo: C Y, =C.,Y,, IloaTomy cucrema ypaBHenwuii (12) mpuoOpeTaer ciaeayromuii BUIL:
a,; = 0,

blyl+cly2 :dl*’ dl*:dl_aiya’ i=1

ay.,,+tby +¢y,, =d,i=2,..,n-2 (13)

*k ek

a Yot bn—lyn—l = dn—l’ dn—l = dn—l - Cn—lyb’ i=n _1’
c,=0

3nech KO3(pPULIMEHTH! & M Cp.q MOJIATAIOTCS PABHBIMU HYJIIO TOJBKO IIOCIE BBIYHCIICHUS
v * ok
npassix acteit d; ud .
Cucrema anrebpanueckux JTHHEHHBIX ypaBHeHUH (13) MMeeT TpeXuaroHaIbHYI0 MaTpHIly U
a =C,,=0. Vpaeuenns (13) permaeM MeTOAOM MPOrOHKH HCIIOIb30BAaHHEM KOMIIBIOTEPHOI
nporpammsl “Mathcad” [2].

bynem cumtath, uro rayOuHa Mops h wmeHsercs mo Qopmyie h(x)za-(L—x)ﬂ, rae

L niuHa paccMaTpHBaEMOro OTpeska Mops, a @ U 5 mapameTpsl, KOTOpbIE ONpPENeNsIOT ITyOUHbI
paccmarpuBaembix wactedd qua.  Just [lotru o =0,05 u f=3/4, misa Auwaxmmu «=0,08 u

B =0,75.
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Pe3yJ’IBTaTI)I YHUCJIICHHOT O PCIICHUA MOKAa3aHbl HA PUC. 3-6.

0
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2 [ Il
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f_
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Puc. 5. IIpoduas 1Ha Mopsi B pailioHe AHAKJIMH
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Puc. 6. PacnipocTpanenne BOTHOBBIX ABHKEHU MOPsl B paiiloHe AHAKJIHHA
W3 puc. 3 U 5 BUIHO, YTO YKJIOH JTHA U, COOTBETCTBEHHO, IIyOMHA BOJBI B AHAKJIHICKOM
peruoHe 6onbiie, ueM B [loTuiickom, 4T0 OTpaskaeTcsi Ha BOJHOBBIX IBWKEHUSAX Mops. U3 puc. 4 u 6
BUJTHO, YTO TIPY MPUOIMKCHUN BOJH K O€pEry BBICOTHI BOJIH PACTYT M BOJIM3H Oepera pa3pyIiaroTcs.
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MakcuManbHOE 3HaYCHUE BHICOTHI BOJH JUIsl [TO0THIICKOTO peruoHa COCTaBIIsIeT OKOJIO 3,5 MeTpa, a s
Amnaxnun okono 3,9 metpa.
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Paboma evinonunena ¢ pamxax zpanma Ne AR/22/3-109/14, ¢punancuposannozo I py3unckum HayuoHanbHoim
Hayunvim ponoom um. I . Pycmasenu

SUMMARY

CALCULATION OF WAVE MOTIONS OF THE BLACK SEA IN THE AREAS

OF POTI AND ANAKLIA

Saghinadze I.S. and Pkhakadze M.D.

Akaki Tsereteli State University, Kutaisi

The paper deals with the two-dimensional mathematical model of wave motion of the Black Sea in Poti and
Anaklia regions. The differential equations of wave motion of the sea which are solved by the finite difference
method (the implicit scheme) were derived. For the numerical solution of the system of equations, the computer
program Mathcad was used. As a result of the solution, the graphs of wave fields of the sea in Poti and Anaklia
regions were obtained.

Keywords: coastal current, wave, velocity, sea, depth.
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SUMMARY

SYSTEMS APPROACH AND MODELING IN GENERAL ECOLOGY

Andguladze Sh.N., Andguladze N.Sh. and Andguladze L.Sh.

Georgian Technical University

The paper deals with the formation of a systems approach to general ecology and some of its guidelines applied
in ecology, such as integrity, structural properties, the system-environment dependence, hierarchy, multiple
description of each system. The paper highlights the systems analysis, a set of methods as the grounds for the
systems approach.

Keywords:ecology, modeling, systems approach.
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SUMMARY

LIVING MATERIAL OF THE BIOSPHERE AND A LIVING BEING AS THE UNITY OF ITS
PHYSICAL AND CHEMICAL PROPERTIES

Andguladze Sh.N., Andguladze N.Sh. and Andguladze L.Sh.

Georgian Technical University

The paper deals with the biogeochemical specific features of the living material, which, regardless of its
diversity, is a single unit in terms of its physical and chemical properties having the same origin. The authors
state that all the species react in about the same way to the specific physical or chemical influence, the
quantitative aspect of their response being the sole difference. On the grounds of the aforesaid, they formulate
the law of the integrity (unity) of the biosphere.

Keywords: biosphere, living being, biomass, gene.
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CNELIM®UYHOCTD JEACTBUS U CTPOEHUSI IOBEPXHOCTHO-AKTUBHBIX
BELLIECTB

bepazennmBuiu U.T'.
I'py3uHckuii TeXHMYeCKN YHMBEPCUTET

[NoBepxHOocTHO-akTUBHBIC BemiecTBa (IIAB) mmpoko MpUMEHSIOTCS B pa3iMUYHBIX OTPACIISAX
MPOMBINIUICHHOCTH M B ObITy. [locpenctBom I[TAB BO3MOXHO 3HAaYMTEIHHO H3MEHSTH CBOMCTBA
MOBEPXHOCTHBIX MEX(}a3HBIX CIIOEB U BIUATH Ha MPOIIECCHI, IPOUCXOIAIINE HA TpaHUIIe pasena ¢as.
PaccMatpuBasi MpOMBINIUICHHOE TPUMEHEHHUE, CIEAyeT OTMETHTh, 4YTO BBelneHuem I[IAB MoxxHO
MMOHU3HUTH NMPOYHOCTh MaTepUaia ¥ MHTEHCU(DHUIIMPOBATH TAKUE BaXKHBIE MPOIECCHI, KaK IPOOJICHUE U
U3MENIbYCHUE, YBEINYHUTh TUIACTHYHOCTh KEPAMHUYECKMX KOMIIO3UIMI B OETOHHBIX CMecei, obecre-
YUTh XOPOIIYI0 AATe3UI0 MEXJy HAMONHUTEIEM W CBS3YIOIINM, YCHIHWTH JCUCTBHE TepOUIUIOB,
VJIyYIIUTh CMAauyuBaHUE T[OBEPXHOCTEH WIPU TYINICHUM II0XAapOB, B YACTHOCTH, BO BpeMs
2openusi TOpGAHBIX Hos0m, IPUIATH 0COOBIC CBOMCTBA KpackaM | T.1. Bce yka3aHHbBIE CTONb ITHPOKHE
obmactn npumenenust [IAB cBsi3anbl, Tpexje BCETo, C MX CIMOCOOHOCTHIO CHHKATh MOBEPXHOCTHOE
HATSDKCHUE Ha I'paHuIe paszena ¢a3 u U3MEHITh CMauuBaeMOCTh BOJOH TBepAbIX Tei [1-3].

OTMeTHM, YTO MPOIECCH THAPOGUITA3AIUY TOBEPXHOCTH ¢ MOMOIIbI0 [TAB HEoOX0iMEbI U B
nporiecce (GIOTaUK, KOTOPBII UCTIONB3YeTCs il 00oTralleHus MPUPOTHBIX MaTepHaNIOB TIPU A00bIUE
He()TH, KpallleHUW TKaHEH, Ha Pa3IMYHbIX CTaAUAX NepepadOTKH HATYpPalbHBIX M CHHTETHUYCCKHX
BOJIOKOH u JIp. [IAB urpart BaxxHyI0 pojib H B OMOJIOTHYECKUX mporeccax [1,2].

Cnemuduunocts neiicteusi [IAB oOycnoBnena 6omblioii MOJEKyIIpHOH Maccoid u amu-
(GUIBHOCTBIO (IU(DUIBLHOCTHIO) MOJICKYJT ATHX BemiecTB [1-3]. MoJieKyibl TAKMX COCIUHEHUI COCTOST
U3 JUIMHHOTO YTJIEBOJIOPOTHOTO «XBOCTA», 00CCIICUHBAIONIECTO PACTBOPUMOCTD B HEMONISAPHBIX Cpeaax
U TIOJISIPHOM «TOJIOBKWY». YTIIEBOJIOPOHBIC «XBOCTBI» BEChbMa Pa3HOOOpa3HbI: JJIMHHBIC IenH Ooree,
yeM u3 aecsatu CH,-Tpyrmim, CTpyKTYpbl ¢ ABOWHBIMU CBSI3SIMH WJIM OOJIBIIMMH MHOTOKOJIBIIEBBIMU
¢parmMeHTamMH. YTIIEBOJOPOJHBIE paguKaibl TUAPO(POOHBI, a CBSI3aHHBIE C HUMHU TOJISIPHBIC TPYIIIIBI
(-COOH, -CH,0OH, -NH,, -SO3H, -SO3;Na u ngp.) ruapoduiasHbl. baarogaps TakoMy CTPOEHHIO,
MmoJiekyibl [TAB ancopOupyroTcst Ha Mex(pa3HbIX TPaHUIIAX, TOHMKAIOT TIOBEPXHOCTHOE HATSDKEHUE U
MPETNSATCTBYIOT CIIUSHUIO YacTull (puc. 1).

Booda Booa Macno Macno

Puc.1. Opuenranus Mojiekya ITAB Ha pa3Tu4YHBIX YacTHLAX AUCHepCcHOH (a3bl: ruapoduibHas rpynna
NMOrpyseHa B BOAY, a ruIpoo0HbII pagnKkaa H30JIMPOBaH OT BOJbI

Kak Bugno w3 puc. 1, ampudunbapie MOJEKYNIbI BBIMTONHSAIOT (QYHKIUIO CBOCOOPA3HBIX
«MOCTHKOBY, TIPUBOJISIIUX BO B3aUMOJCHCTBHIE «HTHOPHUPYIOIIHE» IpyT Apyra ¢as3sl. [IAB sBistorcs
OCHOBOM [I€TEPreHTOB — CHHTETHYECKHX MOIOIIUX IIpernapaToB, OOJaJaioNIiNX YHHBEPCAIbHON
MOBEPXHOCTHON aKTUBHOCTBIO ¥ CIIOCOOHOCTHIO OTMBIBATh 3arPS3HEHUS C PA3IMYHBIX TTIOBEPXHOCTEH.

OOBEKTOM HAaIIer0 BHUMAHUS SBJISIOTCS [IAMIIYHH — CpPEICTBa UIsl YXOJa 3a BOJIOCAMH,
KOXEH TONOBBI, WHOrma W Tena. OJAHMM M3 CaMbIX PaclpOCTPAHEHHBIX KOMIIOHEHTOB MHOTHUX
NPOJIaBAEMBIX JICTEPIreHTOB SIBJISICTCS JICHICBBINA Jaypuicylbdar HaTpus W MOJA0OHBIE €My BellecTBa
(maypuiacynshar amMmoHMs), obecreunBaromuii >(P(GEKTHBHOE CMadMBaHWE, IEHOOOpa3OBaHHE U
ouuttenue [4,5]. Jlaypuncynbdar HaTpus OpeaCTaBIsIeT COO0H CMECh aIKUICYNIb(ATOB, COACPIKALILYIO
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ot 55 o 85% nonpernmncyibdara Hatpus, uMerorero popmyny CHz(CH,)1;0SOsNa (Monspras macca
288,38 r/M01b) — aHMOHHOTO CypdaKTaHTa, SBISIFOIIETOCS aM(PUPHUILHBIM COCTUHCHHEM.

Karumm sxupa WiIn 4acTUIBI JKUPHOM TPs3u THAPOGOOHBI M, KOT/Ia OHH CYCICHANPOBAHBI B
BOJIC, TOBEPXHOCTh pasjena MPHUTATHBACT aMbU(UIbHBIC MOJEKYIJIBbl JOACHUICYIbhaTa HATPHSL.
ITocneaHre B CBOIO OYEPEh «CAMOOPTAHU3YIOTCS» HA MOBEPXHOCTH YACTHI[ TPSI3H U ACTA0T HMX
PacTBOPUMBIMH B BOZIC. YTJIEBOJOPOIHBIC «XBOCTBI» MPUCOCAUHSIOTCS K TPSI3HOM *kupHOH (ase, a
HOJIIPHAS, XOPOIIO THAPATHUPYIOIIas Cyib(paTHas YacTh, oOpamraercs K Boje (MOJSIPHBIC TOJIOBKH
TOpYaT HApyKy), YTO CIIOCOOCTBYET OTPBIBY TPS3EBBIX YaCTHI[ M JaeT BO3MOXXHOCTh TIPH
HE3HAYUTEIBHOM COJICHCTBUH 3 (HEKTUBHO YAAIATH XUP € BoJioc (puc. 2).

BogHasa ¢dasa

o, &o

YacTuubl rpsasm

Puc. 2. CypdaxkraHT, NpUBOASILINA YACTUILY I'PA3M B PACTBOPUMOE COCTOSIHHE

Takum o0pa3oM, MoOJeKylsl cypdakTaHta aJcopOUpYyOTCsS B IOBEPXHOCTHOM  CIIOE
3arps3HEHMs, O00pa3yloT B3BECh YaCTHILl IPsA3M B IMEHE, NPUAAIOT 3TUM YaCTHLAM BBICOKYIO
arperaTMBHYIO0 yCTOWYMBOCTD U MPENATCTBYIOT IOBTOPHOMY MIPHIJIMIIAHUIO I'PSA3U K BOJIOCAM.

B 3akmioueHne OTMETHM, YTO BaXKHOW KOJMYECTBEHHOHN xapakrepuctukoil [IAB sBisercs
rugpodunbHO-TnoQmIbHEI Oamanc (I'JIB), oTpaxkatrommii HemocpencTBeHHO coctosiHue [1AB B
BOJHOW cpele M HMX NPUTOAHOCTh Ui PELIeHHWs TOW WiIM WHOW 3agadu. Yem BbIIE YHCIIO,
xapaktepusytouiee ['JIb, Tem OGosnblie 6agaHc CIBUHYT B CTOPOHY THAPO(UIBHOCTH.
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SUMMARY

SPECIFICITY OF THE ACTION AND STRUCTURE OF SURFACE-ACTIVE SUBSTANCES
Berdzenishvili 1.G.

Georgian Technical University

It is shown that the specificity of action of surface-active substances (SAS) is determined by the amphiphilic
structure of their molecules. The valuable properties of SAS result from their ability of forming the surface-
adsorbed layers at interphase interfaces. The action of anionic surfactant sodium dodecylsulfate bringing dirt
particles into a soluble state is discussed.

Keywords: surface-active substances, amphiphilic structure, surface tension, sodium dodecyl sulfate.
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SUMMARY

MATHEMATIC-CHEMICAL INVESTIGATION OF STRAIGHT-CHAINED ALKANES WITHIN
THE SCOPE OF THE QUASI-ANB-MATRICES METHOD

Karchkhadze M.G., Pirtskheliani N.A. and Gverdstsiteli M.I.

lv. Javakhishvili Tbilisi State University

Sokhumi State University

Mathematic-chemical investigation of straight-chained alkanes was carried out within the scope of the quasi-
ANB-matrices method. Two correlation equations of a structure-properties type were derived. One correlation is
excellent, another — satisfactory.

Keywords: straight-chained alkanes, quasi-ANB-matrices, correlation equation.



LSISANZIRI bS506IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Mel, 2016 99

0)5305IBOR0 5306(M3IS3IA0 3GMBOROL dS6LOBR3MS ORI IBIIBIA0 )bI3SKRN
JAH(M3SBEMA@SBO0L 353(MdI6IS00

Bo>0m060Tgogno .0, 396G0TBgogo @.5., smo@oTgogro 0.9.

Logotmnggameml &9dbosn600 96ogg@Lodgdo

3bmdognos, @mI mogobygogo sdobmdgoggool 3GmRoemo 360dgbgermgsbfoasw
3obLobeg@aggh  @gobols 2gdmls s ¢9@L [12], s5do@md ©@g0bmgdbdo sdobmIgsgydo
3Omgogols goblsobeg@sl, YuOmEsyYa®® oo dbodgbgmmds gbodgos.

hggbl dgdmbgggodo, 0b@gAgLL  0dLoby@gdl  sdobmdgeggdol gy gbogrmdols
330 gdols  aobmdgs, ®gobols  sdggangdols  Lofyol  g@Bo3by o mdmwsdydsggdols
Lbgosolbgs  300mM69ddo, @m0l boby@dmogmdsls  ©s  G9d3g@s@g®sby  odm-
30gd e gbom.  gobsowsb  dJmbsgrmebgeo  oym  5dobmdgeggools  Logdome  @odsao

‘499339005, 5do@dmd o>y gdgeo gobws [obslggdu®o ©g@ogs@obsiools ho@osmgds,
Ra909b396G3000  ©9BJJHOOJooLsl  s@dmbgbol  brgs@ols  sbsds@engdas.  GEAS©O-
3o @goa96¢0  OPA  (m@0nmx@smol  ©osmogidnmo-2-d9@ o3@mgmsbmeno)  dg@oe
dolobgdbgdgemos  ©0gM0goBobo3ools  holbo@omgbas, dop@sd ol 5O @gogo®gdls
3@ 0bmob s J0AMJLM3OME0bmsb. sdoGmd aodmygbgdyge 0dbs OPA-msb @gsiools
303b0b0Agdamo  3OMEgeYOs  3-d9@ 353G M3AMm30mbols  dgogobs  3g@3a3@mgmabmeaols
bogmom o 5-g@m®mobdgmogn  Jenm@gm®dos@ol (FMOC-CI) wods@gds dgbsdsdoloe
30039500 s JgmAgymo 5dobmdgeggool aoblsobmg®ols dobboo.

®d09dHgde @ 3Rzl Jgmmegso

Losbogmobme  godmygbgdya  odbs  mgobmgdol ,,3obgmol* s @ JsFomgerols
OMAMAO(3 539 doggdols Lbgowslgs LEswools bodydgdo, olg dbs @gobmgdo. by smo
bodydo. bodydgdo oxgogA@gdmes 0451 GMA0sbmdol dogodm@ol  Goa@®@do s
begdmes dobo S-xgdoo yobboggds 0,IN HCI blbscoom.

3obmdggdl go@omgdwom Jowomgngd@g®o mbggeo JOHmds@my@sgool dgmmoon
(g Jd) bgaoloFymby ,,00m@@mbog LC 6001¢, dsbmsb dogdmgdgemmo @Gogmols Log®dols
30m®sdoMgdols Ybodol dJmbg Raym@gligbG o ©gdgddm®om. JOHMdsGma®sgoyeo
LggHolb Dbmdgdo ogm 2,1X20033, Gmdgaoi dgglgdygeo ogm bo@dgbd Cig Sp bmdols
bofoms39d0m. 253mygbgdyemo ogm sa®gmgg 2,1X15 33 bemdol wodizsgo Foboliggdo.

dmd@ogo  gobo:r  3OMy@sdoMEgdmes  @mam®i3  dmddsgo  Bsbol  mgobgdsms
G3geoggds, obg dobo  bodxo. m®Ispads 3Oma®Msdo@gded (mgolgdgdo s  ba®yxo)
Lodgomgds  dmagas obogrobobsmgol dobowgd ©@O™To dogggeem gogagoo ©symayols
3020 3505393 gdom.

geoggbBo  A: 0,018% @F®ogmoasdobols dgdiggero 20mM bo@@oydols si3g@s@olb
4995390900 blbs®o (PH 7,2 doow(gmes ddo@mdgogols 2N blbs@om).

9099600 B 40% 539Hmbo@ddogols s 40% dgmobmaenols dgdggero 20%-05bo
100mM bo@®ogdols 539doGOL dgx89dgeo blbs®o (PH 9,1 dyodgdbmws 2% ddo@mdgogsls
blbo®om). a@o©0gbGyeo @gg0d0 Inzgdyeos 3b@. 1-o.



100 bSISENN3IL I bSO6IN6H(D bLOSELI60, GEORGIAN ENGINEERING NEWS, Ael, 2016

abGogol. a®sp0gbdgmo Mggodol (geoegdols bobosmo

©GO(§0) 0,0 2,0 65 | 170 | 185 | 240 | 250
9099660 A 100 93 77 0 | 0|0 0
9099660 B 0 7 23 60 | 100 | 100 | 100

Bogoro /o | 045 | 045 | 045 | 045 | 045 | 045 | 045

Jo®dmgdyagdols dJowgds: dogOmIgdmggdo dgagygeges 5 dgen dm@s@ols dyag®o
(PH 10,4) o 13300 Ggopa9b@0 OPA. gobxm@ggoom 7-10-x 9@, Gol dgdpgasi 9839330
1 330 FMOC-Cl. jgaoog  gobxméggoon 3-4-x9@, ol gdpgasi bodggols 533
390393°8%>  0699dH™@Po. ©9HYIH0OgEL  gobrgbron  gargmdglgbgool  Hogeeol
Loa®dols (33e0@gdol Godpegddo 34069/450 63 oMggmrswo sdobmdgsggdobomgol ©s
23769/34063  dgm@gyeo  sdobmdgoggoolbomgol.  Fgm@g  m3g@sEool o yEom o mds
bogo®bobggo 0gem 3@maobols gobdgm@gdomo aoblsbmg@molismgols.

©909JB0Mgool  Lobwg®gdo  @obobolomgol  dgowygbos 6,3 303m3cman/d e,
do®mJbodOmmobolngol 6,2, 3Gmaobolmgol 122, wobs®hgbo 5dobmdgsggdobsmgols 3o
Lodygomme 1,3 3ogmdma/dge. bbgoswslbgs sdobmdgsggdobsmgols gobmdgol Lobybdg
bod  3o@omgey@  gobmdgol  dm@ol  Igoygmdes s Tgopgbs  12%-©sb
3Om@obolbsmgol, 25%-dpg sG0b0bolomgol. 3obmdggdl go@omgdwom oligmo doGomswo
s>dobmdgoggdolomgol,  Gmam@oiss  G®ombobo,  dobEowobotymy@odobo,  sasbobo,
>M0b060, d9000Mbobo s 3GMeEr0bo. dgegagdo dmygsbogros 3b@. 2-To.

GbGogwo 2. 5306m3gsgn@o  Fygbogrmdol  (gmomgds @gobmdsbsmgdBo ,,@JsFomgmo @
»356900“ gm0l Imbs399g80L Jobgegom

303306963 gdo
@gobodoboges Trio | HiS+GLU | ALN | ARG | MeT | ProO bag@hoo
> MdMEsdYdo- ‘d99(3390mdS
3900l 30MMbgd0
»OJoFomgano®
40C Spog-mody 23 40,1 793 | 906 | 60,1 | 1001 1421
40°C 150 g-mody 26,2 433 834 | 937 63,8 | 1022 1433
50°C 15pmg-@ody 275 51,3 853 | 956 | 649 | 1034 1437
500C 250 g-wody 29,1 44,6 87,7 | 993 | 70,0 | 1041 1459
»Ogofomgeno 2 Fanols 44,7 60,5 952 | 1235 | 854 | 1570 2101
»3obgmo*
40°C 5mg-mody 33,2 50,1 90,1 | 104,1 | 62,1 1113 1579
40°C 150 mg-msdy 35,1 534 934 | 1072 | 645 1145 1623
50°C 15pmg-@ody 36,2 55,5 957 | 110,1 | 66,8 1163 1644
500C 250 g-wody 383 59,1 983 | 1152 | 69,7 1178 1675
»3obgmo* 2§ @ols 49,6 70,3 1247 | 154,1 | 90,1 | 1685 2309

gb®. 2-9o slggg dmEgdymos AmamAE dJoMomseo  s3mbmdgeggdbol  asbmdgols
Jggag00, obg Loggegg 60dyndgddo domo Logdom Fgdiggermds. hobl sdobmdgsggdols
30639bAMs300lL  33@omgdol oM 3390 3obmbbmdogdgds, GmIgaroi  godmobo@gds
domo 3mbgbd®Ms30gdol bO®sTo ©sdggmgdols @@mobls s Bgddg@s@y@sby ©sdm owyg-
e gdom.



LSISANZIRI bS506IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, AMel, 2016 101

9Jb39M0396@gb0l dgegasw ©oa0bos, @™ gdglo do@omopo sdobmdgegs [om-
dmoEagbls  5dobmdgoggools  Log@mm  dgdiggermdols  89-95%. bohggbgdos, M3 mdme-
d9doggos Lodygomgodsl odgrggs mogolyggogo sdobmdgeggdols dgdggermdom, Ubszdsme

LY ®Oogo© dJogobenmgogn gensbogyg®o dgmmeon dJowgdye ©g0bemgdl.

R0BIHOBIBS
1. W.II. Iatupumsuim. Xpomartorpadus rpy3MHCKUX BuH. — T Owmicn, ['anarne6a, 1981, 71c.
2. A.M.P. Vanconcelos, H.J.C. Neves. //J. High Rezolution chromatogr. 1990, 13, 494 p.

SUMMARY

DETERMINATION OF THE FREE AMINO-ACID PROFILE BY MEANS OF HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY

Shatirishvili Sh.1., Berishvili L.A. and Shatirishvili 1.Sh.

Georgian Technical University

The paper deals with the changes in the free amino-acid profile in the wines “Rkatsiteli” and “Kakheti” in
relation to the duration of thermal heating and temperature variation. Main amino-acids, such as threonine,
istidine+glutamine, alanine, arginine, methionine and proline, were determined.

Keywords: liquid chromatography, derivatization, amino-acids, detector.
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SUMMARY

PREVENTION OF OXIDATION DURING PRODUCTION OF WINE MATERIALS FROM
TSOLIKAURI GRAPE CULTIVAR

Chkuaseli L.M., Geliashvili Z.E., Khomasuridze M.B. and Meskhidze M.Z.

Georgian Technical University

Oxidation causes various flaws and faults in wine. Moderate amounts of oxygen have a beneficial effect on
wine, gives it complexity, whereas the excess of oxygen eventually deteriorates the quality of wine. White wine
contains less amounts of phenolic compounds than red one, but the oxidation of phenolic acids, especially of
hydroxycinnamic acid, catechols and quercetin, changes the color of wine into brown. For preventing the
oxidation of wine, they must continuously control the content of oxygen in wine and use antioxidants allowed in
oenology (ascorbic acid, sulfur dioxide, etc.). In the result of experimental investigation, the advantages of
treatment of white wine with auxiliary materials Qi-No[Ox] and PVPP for prevention of oxidation were
revealed. Application of antioxidant tannin preparation (VR Supra-Laffort)had an adverse impact on the wine
color intensity and tone, the content of total phenols considerably increased as well.

Keywords: wine, oxidation, prevention, phenolic compounds, antioxidant.
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SUMMARY

DEVELOPMENT OF THE METHODS OF EXTRACTION OF PHENOLIC COMPOUNDS FROM
THE SEEDS OF GEORGIAN GRAPES FOR THE PRODUCTS FOR THERAPEUTIC AND
PROPHILACTIC PURPOSES

Lobzhanidze G.A. and NamchevadzeT.V.

Akaki Tsereteli State University, Kutaisi

It is well known that one of the basic factors causing many diseases is the imbalance between oxidants and
antioxidants in the organism. Hence it is essential to use antioxidants, natural antioxidants being preferable
without doubt. The high antioxidant activity of grape polyphenols is well known. The outcomes of our
investigation allow producing the nonalcoholic concentrates with grape polyphenols of nutritive-prophylactic
purpose, which will contain no less than 200 mg/ml of the active substance in the diluted, bioavailable state. For
comparison, it should be noted that the concentration of polyphenols in red wines is no more than 20 mg/ml.
Keywords: grape seeds, antioxidants, phenolic compounds, nanodispersion, extraction.
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SUMMARY

THE IMPACT OF QUICK FREEZING ON THE MICLOFLORA OF BERRIES

Gurielidze M.A., Zhgenti M.S., Gulua L.K. and Turmanidze T.V.

Agricultural University of Georgia

The results of microbiological investigation of promising berry crops such as strawberries, raspberries and
blackberries are discussed. Fresh berries, the berries after quick freezing and frozen berries after 2-month storage
were studied. In the berries stored at — 18°C, just as the growth of yeasts, moldsand pathogenic bacteria
(enterobacteria, staphilococcs etc.), so ofphytopathogenic fungi is inhibited, while the number of mesophilic,
aerobic and facultative bacteria is reduced considerably.

Keywords: berries, quick freezing, microflora.
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SUMMARY

RESPIRATION INTENSITY OF SOME STONE FRUITS DURING STORAGE

Zhgenti M.S., Gulua L.K. and Turmanidze T.V.

Agricultural University of Georgia

The dynamics of respiration intensity of promising peach, plum and nectarine cultivars, growing in Georgia,
during storage was investigated. The cultivars withstanding long storage were identified, the loss during storage
was assessed.

Keywords: stone fruit, storage, respiration intensity, climacterix.
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SUMMARY

CHANGES IN SOME OXIDATIVE ENZYMES IN STONE FRUITS DURING STORAGE

Garuchava M.V, Gulua L.K., Zhgenti M.S. and Turmanidze T.V.

Agricultural University of Georgia

The activity of oxidative enzymes peroxidase and o-diphenoloxidase in peaches, plums and nectarines was
studied. The dynamics of changes in these enzymes during storage of fresh fruit is discussed.

Keywords: peroxidase, o-diphenoloxidase, enzyme activity, stone fruit, storage.
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MPOTUBOOITYXOJIEBASI AKTUBHOCTb KOMILTEKCOB MEJH Cu**
C KJIOTPUMA30JIOM KAK CJIEACTBUE ®OPMHUPOBAHMSI CHELU®UYECKOI
INEHTAKOOPJMHAIIMOHHOU CTPYKTYPBI

Yuroruaze H.IL., lluBunBanze T.U., Hagupanze U.111., Knanamsuau P.I11.,
HMerpuamBuian K., J:xkanapunze P.x.

Hay4nblii neHTp 0M0JIOrM4ecKH AKTHBHBIX BElIECTB
I'py3uHCKOro TEXHUYECKOr0 YHMBepCHUTETA

CTpykTypa HMHA30Ja SBISETCS OCHOBOM MHOTMX OHOJIOTHYECKM AaKTUBHBIX BEIICCTB,
HEOOXOMMMBIX JUISi JKMBBIX CHCTEM H  OpraHum3smMoB. Kpome Toro, /i HOPMalbHOTO
(YHKIMOHUPOBAHUS HKUBBIX OPraHU3MOB TPEOyeTCsl NPHCYTCTBHE CHEHU(DUYECKUX METAILIOB,
Ha3bIBACMBIX MUKPOAIJICMEHTAMH: BaHAIHH, XPOM, MapraHell, yejie30, KoOaabT, HUKENb, Me/b, LIHHK,
MonOaeH U nip. MOHBI MUKPO3JIEMEHTOB B OMOJIOTHUECKMX CHCTEMAax 00pa3yloT KOOPAHMHAIMOHHEIE
COCMHEHUs, TJe JIMTaHJaMH BBICTYNAIOT a30THUCTBIC TETEPOLMKIbI, B YACTHOCTH, CTPYKTypa
uMuasona u e€ mnpousBoaHbie. CrIOCOOHOCTh K OOpa30BaHHIO KOMIUIEKCOB C MEPEXOIHBIMU
MeTaJUTaMH 3aJI0KeHa B CTPYKTYPE TeTePOLMKIMYCCKUX COCTMHCHHMN M3-3a HAJIMYUS B MX COCTaBe
JOHOPHBIX aTOMOB a30Ta. Takue COCIMHCHUA YUaCTBYIOT B CTa6I/IHI/I3aHI/II/I MHOXXECTBa 6I/IOJIOFI/I‘ICCKI/IX
CTPYKTYp, WU3BECTHBI Pa3jIMYHbIC KOMIUICKCHI OCIKOB C MOHAMH METAJUIOB; TeYeHHE (hEPMEHTHBIX
peakuii TakKe 3aBUCUT OT HOHOB METAJUIOB; padoTa puOOCOM U PEryJISUs CTPYKTYpP HYKIEHHOBBIX
KHUCIIOT OTPEIeIISIeTCS MPUPOI0 METaIa U OKPYKAIOIIUMH YCIOBUSMH.

Cpenu IeKapCTBEHHBIX MPENapaToB — MPOM3BOIHBIX UMHa3071a, Hallle BHUMAHUE TIPUBIICKITH
METPOHHIa301 U KioTpumaszon [1]. MeTpoHHIa301 OTHOCHTCS K aHTHUIPOTO30MHBIM CpEICTBAM
LIMPOKOI'0 CIEKTPA ACUCTBHUSI B OTHOLIEHHWU INPOCTEHIINX. Ero MUPOKO NPUMEHSIOT AJIs JICYEHUS
OCTPOT0 M XPOHHYECKOr0 TPUXOMOHHA3a; HAa3HAYalOT TAKXKe NP JIIMONN03e U ameOuase, KOKHOM
JefIIMaHno3e; Kak aHTHOAKTepHAIbHOE CPEICTBO HCIOJB3YIOT NPH aHa’pOOHBIX HHOeEKuusx. B
HOCJIEIHME TOAbl METPOHMIA30Jl CTalM HCIOJB30BaTh JJIsl JICYCHHS TacTPOLYOJCHANbHBIX 3B,
acconumnpoBanubix ¢ Helicobacter pylori.

[Ipenapar HapymiaeT Ae3MHTOKCHUKALMIO aJKOrois (OKa3bIBaeT YTHETAOIIee BIHSHHE Ha
(GepMeHT areTanbIernAporeHasy), MOBbIIIACT YPOBEHb alleTalb/CIH1a B KPOBH U CEHCHOMIH3UPYET
OpraHM3M K JICHCTBUIO AJKOT'OJIbHBIX HAITUTKOB. AHaJOTW4HBIN 3¢dexT Halmomaercs y npemnapara
tetypam. [109TOMy METPOHHIA307 MOKHO MPUMEHSITh JJIs JICUSHHUsI OOJBHBIX aJIKOTOJIU3MOM.

Hame BHuUMaHuMe OH TpHBIEK emié M MOTOMY, YTO METPOHMAA30JT HCIONB3YIOT s
IMMOBBIIICHUA YYBCTBUTCIIbBHOCTHU onyxonef/'l K nyquoﬁ TEparuu.

KHOTpI/IMa3OH 6BIJ'I TIICPBBIM CHHTCTHYCCKUM UMHAAa30JIMHOBBIM aHTI/I(byHFaJ'H)HLIM
IpenaparoM, IMUPOKO BOIICIIIMM B MEAUIMHCKYIO TPakTHKy ¢ 1970 roxa. Benen 3a HUM MOSBHIICS
PSA OPYTHUX MPOTUBOTPHOKOBBIX MPOHM3BOIHBIX MMHIAa30jla M Tpuazona. KioTpumaszon akTHBEH B
OTHOIIICHUH MATOT€HHBIX JAePMAaTO(UTOB, TPOKKEBBIX TPHOOB, BO3OYAUTENIEH Pa3HOIBETHO'O JIUINAS
Y OPUTPa3MBbl, OKa3bIBACT TAKXKE aHTUOAKTEPHAIbHOE ACHCTBUE HAa CTA()UIOKOKKH U CTPEITOKOKKH.

MeTrpoHna301 W KIOTpHMAa30j, Onarojaps HAJIMYMIO JOHOPHOTO aTroMa a3oTa, MOTYT
BBICTYIIATh B Ka4yeCTBE AKTHUBHBIX JIMTAaHI0B B peakuuax KOMHHCKCOO6pa3OBaHHH C
3d -meramnamu. TTockoJIbKy B KakJOM M3 OTHX JICKAPCTBEHHBIX CPEICTB COYETAOTCH PasIUYHBIE
BUJIBI OMOJIOrMYECKON aKTUBHOCTH (NMPOTHBOMUKPOOHAs, aHTUIPOTO30HHAs, NMPOTUBOTPUOKOBas U
T.I.), TO Yy HHX €CTb HEYTO 0OIllee, YTO HE TOJbKO CIIOCOOCTBYET TMPOSBICHHIO ITHX BHUJIOB
OMOJIOrMYECKON aKTUBHOCTH, HO M TOSIBJICHHIO COBEPIICHHO HOBBHIX (DapMaKOJIOTMYECKHX CBOWCTB U
BHIOB OMOJIOTMYECKOH aKTHBHOCTH.

Taxum oOIIMM, Ha Halll B3TJISLI, SIBISFOTCS PEaKIIMK KOMIUIEKCO0Opa3oBaHus U (OPMUPOBAHHE
cre(pUIEeCKUX MPOCTPAHCTBEHHBIX CTPYKTYP BHOBb 00Pa3yIONIMXCsl KOMILICKCOB.

C NOMOIIBIO peakIMyi KOMIUIEKCOOOpa30BaHMsI BO3MOYKHO HE TOJBKO B3aMMHOE YCHIICHHE
OHMOJIOTHYECKUX aKTUBHOCTEH, HO U MOSBICHNE COBEPIIICHHO HOBOW MMPOTHUBOOITYXO0JIEBOM aKTUBHOCTH
y KOMIUIEKCHOTO COEJIMHEHHS MEIH C KJIOTPUMA30JIOM, KOTOpasi MPEBOCXOUT aHAIIOTHYHYIO JaXe Y
npenapara Iuc-iaTiHHa. [Ipy 3TOM TMONTydeHHbIE KOOPAMHAIMOHHBIC COCITUHEHHS KJIOTpUMasolia C

2 2 -2 2
wonamu Merawiob Cu“", Co“", Ni*" u Zn“" mnokaseBalOT BO3POCIIYI0 IUTOTOKCHYECKYIO
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AKTUBHOCTh [0 CPaBHEHHIO €O CBOOOIHBIM JIMT@HAOM M YK€ MMEIOMIUMCS H3BECTHBIM
MPOTHBOOMYXOJIEBBIM MPENapaToM HUCTUIATHH.

Kak wm3BecTHO, MeXaHW3M MPOTHBOOMYXOJEBOTO MEHCTBHS NHCIUIATHHA CBS3aH CO
CIOCOOHOCTRIO K OmpyHKIMOHATFHOMY ankminpoBanuio Huted [IHK, Bemymemy x mimurensHOMY
MOJAaBIICHHIO OMOCHHTE3a HYKJICMHOBBIX KHCJIOT M TuOenu kieTkd. [lpu npuéme BHYTph LUCIIIATHH
Hea(dEeKTUBEH, IO3TOMY €T0 Ha3HAYAIOT BHYTPUBEHHO.

Emé B 1974 rony [2], Ha 3ape cTaHOBIEHUSI OMOHEOPTaHWIECKOW XUMHUH OJTHUM U3 Hac ObL1a
oOHapyxkeHa crennpuuecKas KOMIUIEKCO0Opas3ylomas CliocOOHOCTh METPOHHIA3071a ¢ HOHAMH MEIu

(). Crpykrypa coemunenust [CuCl-(MN), - (H,0)]"Cl™ sBusercs moHHOH M mocTpoeHa u3

muckpeTHbIX  KomrmuiekcHeix  kartuonos  [CUCl-(MN),-(H,0)]" wu ammomos Cl™, wuro

MOJATBEP)KIAAeTCd  JTAHHBIMH  MOJIIPHOM  3JIEKTPONPOBOAHOCTH. B manmpHeiilieM  MeToIoM
PEHTTEHOCTPYKTYpHOTO  aHanmW3a OBII  BBIABIICH COBEPIIEHHO HOBBIH THII  KOOPAHHAIIUH
MeTpoHugazona ¢ wuonamu wmeam (Il). Boxpyr aromoB wmemm oOpasyercss TPHTOHAIBHO-
OunupaMuianbHas KOOpAMHAIMS M3 JBYX aTOMOB a30Ta, [JIByX MOHOJCHTATHBIX MOJIEKYJ
METPOHH1a30J1a, aTOMOB MOJIEKYJI BOJBI 1 MOCTHKOBOTO aToMa XJiopa. BriepBrie ObIIO JT0Ka3aHO, 9TO
KOOPJIWHALKOHHOE YUCIIO MEAU B KOMIUIEKCE C METPOHUIA30I0M PaBHO 5.

B mocnexcTtBuM 3TO TO3BONWIO HaM OOBSCHUTH MEXaHU3M JIMTAHJHOH MAaTOJIOTHH,
MIPOSIBIISIEMBIH TaHHBIM JIEKApCTBEHHBIM TpenapaToM B opranmsme [3].

OOpasyst  ,,JJOXKHBIA”  JIMTaHI, METPOHMIA30]l KOOPAWHUPYET C AaTOMaMu  Menu
MeAbCOAepKAMX (QEPMEHTOB M OCIKOB OpraHM3Ma, OJOKMpYeT WX W BBI3BIBACT Pa3TUYHBIC
MATOJIOTHYECKHUE HapyIIeHUs B OpraHu3Me (HapylleHHe JEe3MHTOKCHKAIMH ajJKOToJsl B OpraHu3MeE B
KadecTBe MMPUMEPA).

Oto mozommwiio B 2009 romy [3] BBIABMHYTH KOHIICTIIMIO B3aMMHO-UHIYIIHPOBAHHOTO
COOTBETCTBUSI JIMTaHJa U METAIOCOJEpKallluX MaKpOMOJIEKYJ OpraHM3Ma, 4TO, Ha Hall B3IJIAL,
WUTPaeT OCHOBHYIO POJbh B BO3HMKHOBEHWH JIMTAHIHOW maTtojoruu. [Ipm xomrmiexcooOpa3oBaHUM B
OpraHm3Me MeXIy OHONHraHAaMH W METaIOCOACPKAIIMMH OellkaMi TIPOMCXOJUT B3aUMHAS
MOJICTPOHKAa THOKMX CTPYKTYp, @ HE TOJNBKO HMX MEXaHMYeCKOe COBMEIIEHHE KaK OOBEKTOB C
KOMIUIEMEHTapHOW KoH(pUrypamnued Tuma ,Kiao4a” W ,,3amka”. MHade roBops, NPOMCXOIUT
OJTHOBPEMEHHOE H3MEHEHHe KOH(OpPMAalWW W JIMTaHJa W MAaKpOMOJEKYJNbl, YTO B HUTOre AT
WIeaTbHYIO MOJrOHKY 00eUX MOJIEKYJ OJIHA K JJPYTOM.

B HacTosimmii MOMEHT MblI MOJIYYWIIM TOATBEPXKICHUE AMEPUKAHCKHUX KOJUIET Hamlel
KOHIENIIMA O POJM  (POPMHUPOBAHHS CHENU(PUIECKON IMEHTAKOOPIWHAIIMOHHOW  CTPYKTYPHI
komrutekcoB MoHOB Menu (1) ¢ xiroTpuMmasonom, KoTopasi MPUBOIUT K MHOTOKPATHOMY YCHJICHHIO
[IUTOTOKCUYECKNX CBOMCTB mpemapata [4]. Mur cumraem, uto JIHK omyxoneBpIX KIIETOK
MIPEJICTABIISIOT COOOW pEaNbHYI0 MHIINeHb I TOAOOHBIX KOMILIEKCOB. MHOTHE OHMOIOTHYECKUE
peaxium COMpOBOXKIAIOTCS KoHpopMarmoHHeiMu m3MeHeHussMu Moinekyn JIHK. JIHK c¢ pasHeiMm
COCTaBOM Aa30THUCTBIX OCHOBAHMM Pa3jJM4YHO BaWMOACUCTBYIOT C TSDKENBIMA MOHAMH METAJIOB. Y
YeTHIpEX HYKJIEOTHAOB — aJCHHMHA, THMWHA, TYaHMHA W IIMTO3MHA — HMMEETCS NECATh PazIUYHBIX
BO3MOKHBIX MECT BHEIPEHHS HOHOB METAIUIOB B COOTBETCTBUM C MX pacronoxkenueM. Monsr 3d -
3JIEMEHTOB MMEIOT MPEMMYIIECTBEHHBIE MECTa CBS3BIBAHMS W BBI3BIBAIOT paszHble 3 (eKThl 3a CUéT
TOTO, YTO OHM MOTYT CBSI3bIBATHCS Kak C (oCaTHBIMU TpyHIIaMH, TaK U C FEeTEPOLUKINIECKUMHU
ocHoBaHUAMH [5]. IlpuuéMm Kaaplii MOH MeTajlla MEpPBOro IMEPEXOAHOTO psAla XapaKTepU3yeTcs
pa3HBIMH 3HAYEHUSIMH OTHOCHTEIHHOTO CPOJICTBA K 3TUM JABYM yYacCTKaM.

CrnenuduvyHOCTh 3aJ0KeHa HE B CaMOM B3aMMOJCHCTBMM MOH MeTajlla — HYKIEOTH, a B
npupoae KoHdopMalMu MecTa cBs3biBaHus. llocnenHssi, B CBOIO ouepenb, 3aBUCUT OT MPHUPOABI
cocennux nocieaoBarensHocteit JIHK, ot nonHo# cuibl u 3Hadenust PH . CTpykTypHbIe H3MEHEHHS

TAKOTO poJa OOBSICHAIOT MEXaHM3M IIepeHoca OHMOJIOTHUECKOW WH(OpMaliM, coJepiKaiieics B
Mmosekynax JIHK. MoxHo perynupoBaTh B3aMMHOE IPEBpAICHHUE JBOMHON CIHpaid, OJAMHOYHOU
CIIUpPAJN M XaOTHYECKOro KIyOKa MyTéM BbIOOpa MOHOB JBYXBAJICHTHBIX METAJUIOB M KOJHYECTBA
JpyTuX JIEKTPOJIUTOB. Myies, 4TO MOHBI METAJUIOB HE pa30pocaHbl OECHOPSIOYHO BAOJIb MOJIEKYJIbI
JHK, BnepBble Obuta Bbickazana KupOu [6], KOTOpBIH Mojarayi, 4TO METauIbl MOTYT CIYXKHTh
CBSI3KaMHU MEXly HYKJICMHOBBIMU KHCIOTaMU U O€JIKaMU B I€30KCU- U pUOOHYKIICONPOTEHHAX.
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IlypunoBsbie
Anenun Ade I'yanun Gua
( 6-amuHOTIYpHH ) ( 2-amMnHO-6-0KCOMYpHUH)
[unpuvmunuHOBBHIE
Tumun Thy nuro3un Cyt
(5-meTHII-2,4- THOKCOMTUPHMHUTHH) (4-aMHHO-20KCOTUPUMHUIHH)

Puc. 1. HykiennoBble ocHOBaHus (B JIAKTaMHOi hopme)

Tumun AJleHHH

Huro3un I'yanun

Puc. 2. O0pa3oBaHue BOJOPOAHBIX CBSAI3ell MeKAy MNapaMH KOMILJIEMEHTAPHBIX HYKJCHHOBBIX OCHOBAHHUI
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I'uapokcu- 1 aMUHOMIPOM3BOJHBIE T€TEPOLUKIMUECKIX COCOUHEHUH CIOCOOHBI K JIAKTHUM-
JaKTaMHOW M aMUHO-UMUHHOH TayTomMepun. OnHaKo, Ipu GU3HOIOTHIECKUX YCIOBUSIX HYKICHHOBBIE
OCHOBAHUS CYIIECTBYIOT TOJIBKO B JIAKTAMHOM 1 UMHUHHOHM Qopmax (puc. 1).

Hyxeo3nas! ycTOHYMBE K THAPOIIN3Y B CIA0OIIETIOYHON Cpe/ie, HO PACIICIUISIOTCS B KHCIIOM.
[Ipu »TOM, NOypHUHOBBICE HYKICO3UIbl THIPOJU3YIOTCS JIeT4e, 4YeM MUPUMHUIMHOBBIE. MexIy
IyPUHOBBIM OCHOBAaHMEM OJHOM LENW W NHPUMUIUMHOBBIM OCHOBaHMeM Apyrod nenu JJHK
BO3ZHUKAIOT BOJAOPOAHBIE CBS3U. ODTH OCHOBAHHSA COCTaBISIOT KOMIUIEMEHTApHBIE Tapbl. AIEHUH H
TUMHUH COCTAaBJISIOT OJHY KOMIUIEMEHTapHyIo mapy. Jpyryio mapy KOMIUIEMEHTapHBIX OCHOBAaHHH
COCTABIISIIOT T'yaHUH U UTO3UH (pHC. 2).

Bognopoansie cBsi3u 006pa3yroTcs MeXIy aMUHOTPYIIION OJHOTO OCHOBAaHUS M KapOOHMIBHOM
TPYIIIBI IPYTOro

~_ -
_~NH--0=C ~__,

a TaK)KE€ MEXY aMUIHbBIM U UMUIHBIM aTOMaMH a30Ta

> NH ---N (

KommnemeHTapHOCTh Iliemel COCTaBIsIeT XUMHYECKYI0 OCHOBY BakHeHIed QyHKunn
monekyibl JJHK — xpaHeHuss ¥ mepeaayd HACIEICTBCHHBIX IMPH3HAKOB. 3ajioroM 0e30murOouHON
nepeaayr reHeTU4ecKod MHGOPMAaLUH SIBISETCS COXPAaHHOCTh HYKJICOTHIHOM IOCIIEA0BATEIbHOCTH.
Opnaxo, TOJ BO3JIEHCTBHEM pa3MYHBIX ()aKTOPOB HYKJIEOTHAHAs mocienoareabHocTh JJHK mMoxet
IMoABEPraTrbCda pa3sHbIM BHUAAM MYTaHHﬁ, KOTOpPBIC, HAKaIUIMBaiAChb, WU IMPUBOAAT K BO3HHUKHOBCHUIO
OIYXOJIEH.

C XMMHYECKON TOYKH 3pEHHS PACCMOTPUM HEKOTOPBIE U3 HUX.

Tumun I'yanun
|. TumuH B TakTaMHOI opMe: KOMILUIeMeHTapHAs Mapa ¢ TYaHHHOM He o0pa3yercs

Il. Tumun B 1akTHMHOIT opMe 00pa3yeT KOMILIEMEHTAPHYIO APy ¢ TYAHHHOM

Puc. 3. IllpuMep BO3HNKHOBEHUsI MYTAllUH B Pe3yJibTaTe CIBUTa TAYTOMEPHOI0 PAaBHOBeCUS
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HauGonee pacnpocTpaH€HHBIM BHJOM MYTAaIlUM SBJISCTCS 3aMeHa KaKOW-JTUOO Taphl
OCHOBaHMM Ha Apyryr0. YacTto mpuyuMHON Takoil 3aMEHBI MOXKET SIBIISITHCA CIBHUT TayTOMEPHOTO
paBHOBecusa. Hampumep, TuMHUH B akTamMHO# (hopMe HEe 00pa3yeT BOJOPOIHBIE CBS3W C TYaHHHOM
(puc. 3), a B makTuMHOW ¢opme oOpa3yeT HEOOBIYHYIO Mapy THUMHUH-TyaHuH (puc. 3). 3ameHa
(U3MONIOTHYECKUX TMap OCHOBaHWM Tiepefaércs MNpU  TPAaHCKpUNIMH  (,,[ICPEMUCHIBAHUN)
renernueckoro kojga c¢ JJHK na PHK u mnpuBoautr B uTOre K WM3MEHEHHUIO AMUHOKHCIOTHOH
MOCIIEIOBATEIFHOCTY B CHHTE3UpyeMoM Oernke. [Ipn HakomeHnr MyTaIwii BO3pacTaeT u KOJINIECTBO
oImnOoOK B OMocHHTE3e OeKa.

Hpyroii npuYuMHON BO3HMKHOBEHHS MYTALMI CIIYXKWUT BO3IEUCTBUE pPAa3JIUYHBIX BHUIOB
W3ITy4YECHUH.

OnHoil Y3 TIaBHBIX MPUYMH BO3HUKHOBEHHUS MYTAllMM CIY>KUT BO3JIEUCTBUE XUMHYECKUX
(akTopoB. Pa3nmuyHple XUMHUYECKUE COCIUHECHHUS, Ha3bIBACMbIC MyTar€HHBIMU MM KOHIIEPOT€HHBIMH
BEIIeCTBAMH, TPUBOAIT K BO3HWKHOBEHHIO OITyXOJIEBBIX HOBOOOpa3oBaHWU. PaccmoTpum mpumep
XUMHYECKON MyTaIly T0JT BO3ICHCTBUEM HUTPHUTOB (puC. 4).

I'unokcanTuH
AneHo3nH NHo3un

R- OcraTok pr60351

Puc.4. [Ipumep BO3HUKHOBEHUSI MYTALMH MO/ BO3/IeiiCTBHEM XUMHYECKHUX (PAKTOPOB(MYTareHHbIX WU
KAHIePOTreHHbIX BelleCTB)

Ecnun Ha afeHO3WH MOAEWCTBOBaTh a30THCTOM KHCIOTOH, TO B pe3ylbTaTe peakiiu
JIE3aMUHUPOBAHUS aMUHOTPYIINA MPEBPATUTCS B THAPOKCHIHHYIO, BCJIEICTBHE YEro M3 aJICHO3MHA
MOJIY4YaeTCsl APYroil HyKJICOTHA — WHO3WH, COJACP)KAIUMN T'MIOKCAHTHH. DTO IMPHUBOJIUT K 3aMEHE B
JHK xommiemeHTapHOH nHapbl OCHOBaHWM, TaKk KakK aJE€HUHOBBIM HYKIEOTHJ KOMIUIEMEHTApEH
THMUHOBOMY, a MHO3WH MOXET 0Opa30BbIBaTh KOMIUIEMEHTAPHYIO Mapy TOJBKO C I[UTHIAHOBBIM
HYKJICO3UIOM.

Bmecre ¢ Tem, HyKJI€OTHIBI WMEIOT OOJBIIOE 3HAYEHHWE HE TOJBKO KaK CTPOUTEIBHBIN
MaTepuan JJIs MOJIEKYJ HYKJICHHOBBIX KHUCIOT. OCOOCHHO BaXHBI OHM B pPOJIM KO(DEPMEHTOB,
HEOOXOAMMBIX JIJISl TIPOSIBIICHUS (hepMEHTATUBHON aKTUBHOCTH B OMOXMMHYECKHX MPOIIeccax.

BrItiensnosxkeHHOe MO3BOIISET HAM CJIENNaTh BBIBO/I, YTO B PE3yJIbTaTe KOMIUIEKCOOOPa30BaHHUS
nonbl Mea (1) BEI3BIBAIOT KOH(POPMAIIMOHHBIE U3MEHEHUSI, IIPUBOISIIIE K TOSIBICHUIO COBEPIIICHHO
HOBOW TIPOTHBOOITYXOJICBON AKTHBHOCTH Y KOMIDIEKCHOTO COSAMHEHUS C KIOTPUMA30JIOM C
(dopMHupOBaHHEM CIIEHUPHUECKON TIEHTAKOOPANHALIMOHHOW CTPYKTYpHI [7].
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SUMMARY

ANTICARCINOGENIC ACTIVITY OF THE COMPLEXES OF Cu®* IONS WITH CLOTRIMAZOLE
AS A RESULT OF FORMATION OF THE SPECIFIC COORDINATE STRUCTURE

Chigogidze N.Sh., Tsivtsivadze T.l., Nadiradze 1.Sh., Kldiashvili R.S., Petriashvili J.D. and Japaridze R.J.

Scientific Center of Biologically Active Substances, Georgian Technical University

Coordinate compounds of bivalent copper with clotrimazole were synthesized, and their composition, structure
and biological activity were studied. Preparation clotrimazole (bioligand) belongs to imidazole derivatives
(heterocyclic compounds) which combine different kinds of biological activity: antimicrobial, antiprotozoal,
antifungal etc. It is shown that, by the reaction of complex formation with 3d-metals, both mutual enhancement
of these activities and the emergence of an essentially new anticancirogenic activity of a complex compound of
copper with clotrimazole, better than that of cisplatin, are possible. Possible mechanisms of the anticancirogenic
effect of such complexes are discussed. The concept of the role of the formation of the specific pentacoordinate
structure of the complexes of Cu?* with imidazole derivatives in the enhancement of cytotoxic activity of these
preparations, we proposed, is confirmed.

Keywords: tumor, cell, inhibitor, chemotherapy, imidazole derivatives.
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‘1 3560l 308(ML 83IME6SRMdS 30MRKRIVAORNMIdOR 3MIRNFIGI0 KIIMENAIdIRO
5-83M@IDSGOR00): FILRIRINO 3R0603300 33RIAZOL JIRIdBISO

30 dgomo by,  37(3058d 6.5, Jogodsgs G..
bsJodmggerels ¢gdbogndo 9bogg@dlodgdo

b0mbsdgeo30bem  ©sbodbygagdol  dompga®so®gdso  3maodg®gdols  Jodos [1],
35630050930l msbodg@mgg  9Ho3bg, Lodgoggdols  odenggs  dgodbsl  mg@sdoyeo
5609690 930l d0m3mI3mboFgdo 30 3s@o@gdo, OmIggdoi 390L3g]@yenos [odgdols
e go@y@o  dofmegdobomgol. goblsggm@dgdom  989JH9O0s  @emgsgydo  dofmpgdols
LobEgdgdo  Lodbogby®o osgegdgdol dgdmbgggsdo, doo  ¥dg@gl, oy Lodbogbymo
Fo@3mboddbo  @mgomobgdgemmos  bgosdo®by, dspomoms, gobols  godm. 53 3OMy-
Agbygao dopamdol s@bo damds®gmdls 0dsdo, M3 domEga@dsoMgdsw 3merodg@ ey
do@®0dbdo hodmygemo (©g3mbo®gdyao) (odogmo godmmsgolyymogds ©sbodbymgdols

a0 by 3o69Vy39perog s jmbGOmEm@gdso Lobs®on.
g go@yg@o  dofmegdobmgols hggbl dogd dgdbogro  3menodg@ymo  dom 3mddm-

oG PO0 39350530 LBHMOMGO@o* To@mdmoagbl ganslGogy® Kodl,  @G®mIgaedoc
©093mboMgdYEos  BoAMMME  yogM(39e goYo  30AMLEASBHZYM0  3M1G3oMSF0  5-gE M@ Y-
@oogoo (5-FU). 3@g3smo@ol dgbsddbgansm do@@odlol Loboom gsdmgoygbgom domogads-
©0Mgdoo 3m@ogli@g@sdowo. s@bodbymo dos@@oJbo dgoygds sdobmdggs Rgbogmsmsbo-
bol, ULgdoigoboli dgogols ©o  1L6-3gJlobpomanolsgsb. @mdgmoi  Ggyold®o®gdygemos
Lododmggerml  dOmdol, xobd@mgammdols s bmEosgydo ©s3gol  LsdobolG®ml
Lsdgoi3obem  boddosbmdols Lobgandfogm @gagmodgdol  bospagbdmdo (Lsdgy@bsgm
Lo gdgdols LodgaolGsaom dm§dmds 003999, 24 XI 2010). ©s@gy0bE®omgdyao
3m@oglRg@odowo dgool dMogmdol bogo® 59OMbmEY@ 3935M5F ,,jMes©g@dol
d9do09bgrmdsdo, @mIgebsi  oFo@dmgdl  Bomdszggd o gmddsbos ,,bgmegs®do®.
d0mEgaMooMgdomo  3mwogb@g@sdowols  Lobmgbo  hogos@odgmn  dgdwgao  Lgdols
dobgogom:

n TosOH.H,NCH(CH,CsHs)-COO-(CH,)e-OCO-CH(CH,CsHs)-NH, .HOTos
+
n Cl-CO~(CH,)g-CO-ClI

\\\\\\\\\\ HzO,Na2CO3 /CHC|3
-2nHCI, -2nTosOH
[FOC-(CH,)g-CO-HN-CH(CH,C¢Hs)-CO-0O-(CH,)s-0-CO-CH(CsHs)-NH-]n

TosOH = 3s@o-Gmagmalbymeamdgegs

0580530039050 d0m3md3mboRl  gowgdbwom m@do Jgdseagbermbom: 1) 3meano-
dgdo + 5-FU s 2) 3mgnodg@o + 5-FU + gg®dgbBo (30m@Ggobs) @®oglobo. domjmddm-
BoR® 30935M9H9oL Ibowgdmes  Fd@sgo, gaslRogy®o godgdol Labom Jenem@m-
Rm@dol  blbos®opsb gy, J0OMRMIYO  bgosdo®by  ©slbdobs s  aodblbgaols
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sOmJegdols dgmmwon [2]. dggbodbogm, GmI ¢9@dgb@ol (HGoglobol) wsds@gdolsls
3m0dg@/5-FU-0l  a0ddgodgoamg blbo@do, [omdmoddbgds Lyldgbbos (9@dgbdo o@
oblbgds  Jaom@mxzm®ddo), @o3 o@sgh dol @IS 0bsJHogoioolgsb ©s  dowgdyem
3@0dg@ g d0m3md3mboddo ogo 0bs@hyybgdls sJBogmdsl. 5dobg dg@Byggergdl hggbls
dog®  dgLfogmoao [2] domgmddmbodgdo go®gdosh ojBogdo  Lofyobol (5-g@m-
O9@530aol) aodmygmazol  3obg@ogs 0.2 gmlas@ol d9xg®do pH-om 74: bohggbgdoo,
amd BOoglobo, Gmdgmoig 0fgg3l 3maodg@ol gOmbosl, godgggumfomoe shfo@gdls
RB0MJb00sb  5-gFmOYOs3omol  aodmoymasl.  dgdpamddo  ogseyobgm, ®m3  3Gg-
300530b YR®Mm JnbgObgdym Rm@AdsL [o@dmowygbl mbog@o 3@g3s@o@o - dmarodg@ols
g0obmenols blbs®do Lyldgbbodmgdyemo 5-FU  (935b0L3bgem0 o@s oblibgds gmobmendo):
sbgmo  bygldgbbools gobol bgosdodmby 9nddszggol dgdwgy, 0go MobsdGse gxnobgds
©5b0sbgdyge  saoml s gmobmaol (L{Moxko) smdmjwmgdol Vgdwpgy  [omdmdbols
Loligdggen  geosb@Bogy®  3m@oglGg@sdowol ol dsbdo  ©g3mbodgdygeo  5-FU-om,
Omdgaoi ddoedme  g3300lL  kGommdol bgsd3o@l ©s o@ Loko®mgdl ©sds@gdom
QoJboosl. gOmeEgAmo bsjamo mbog®o 3@g3s@s@ols s@ols ol, Mm3 dol'do ¢gMmIgb@ols
(B®ogLobol) dgygebs dgydengdgenos, gobsosb o0po dogmbg LfGosgs 0bsd@ogodwgds
9gmobmendo.  s8dygodo,  gmobmeol  Lyldgbbool  godmygbgdolol  Loddg  agdmbws
99390396¢M 300 3md3mbo@msb. dgzeoxslgm @s pros and cons, sbggg aogomgsmolifobgm,
Omd B9AdgbR0sbo BoMgdowsb RmMbGsAol dyxngado asdmbymmo 5-FU-ol @omegbmdbs
doJLodyd  20%-000  omgds@gdmes  RIHIGbAM  BoMowsbh  asdmbymo  3Gg3s@s@ols
5 bmdsl,  930M5@gbmds  dogobokgm  bdo®gdodo  n@m  dmbg@Obgdye  mbog®
3093505/ L.

dgdamddo  geobogydo  33egggdo  hogo@omgom 53 3Mg3s@s@ol  (bygldgbbools)
3°dmY9bgd00. ,,BBOOM ool Ylog®dmbmgbol jgargged osEslG Y, MM 3Mg3MsH
doJLodogydo @mbom godmygbgdol dgdmbgggodoiz go o@ obobosmgdls (3039 Bm]-
Logy@0, 39IgEs30gM0, SEA0EMOM0g A5d5@0bosbgdgmo ©s S gdaoygo mgoligdgdo
[3.4]. o0bodbyands go@gdmgdsd Lodyoggds dJmagis godmaggygbgdobs ,,a3@GMGM oo™
3560l mbgm3smmenmaogdols Lodgy@bsgnm.

3m@0dg@yeo  bom3mddmbo@do  ,L,gGMOMImEo* 353096 90L  dogfmwgdmes
Jodommg@sdoygao d3@bsgmdols Jobbom. d3@bognmds begdms - @emys@yg@s®  ©s
30350600 gd@s© (35(3096Hgd0 ©V5YMBoEL0 0gm M@ XA YBS©, MMM Xa9ndo 35
353096(0).  @mgoyg®o  I3ydbogrmdol  AML  mbog®o  30g35MmoG0 oy gdmbos
590mbmeols  (L3dgol)  Loboo  gobols  @obosbgdya  9bdobby.  jmddobodgdyeno
3390bognmdol @AM,  3Gg3o@sBol  s@bodbyen Mm@ Y@  S3gwogooslnsh  gHmswE
3530960L g9B>Mgoom LEsbos®@ e (Mga0mbomy®) Jodommgmsiosl.

30g30M5@ 0l Ibmerme @ gsmy@o  2sdmygbgdolsls dJol s3gmogsoiosl  gobghb-
om  3go®sdo  3-x90. 3mddobodgoygmo  Igg@bommdolols  3Mg3o@s@ol  s3gmogsiosl
gobegbom 3300570 gOHmbgar 5b MmAOX A, 353096@0L JpamIo@gmdols dJobgogom.

3530960 I3g@bogmmdols  9839JBol  gRolgds brgdbmes  039bmyg®dgb@geo
33 gg0m, 39@dme  Lobbaol d@s@do  Lodbogby®o Yx@gEgdbol Gomwgbmdbdol dggs-
Lgbdom. godmgganggels gobgbwon oM 306m9ddM0ombogny@o  sbEoggbol 2sblsbwg®om
(CEA).

335093900Ls o 53300390900l Ygegao owyobes, G®I  jmddobo®gdyano
d390bsgmdolols (3bd. 1) wogdomo g89Jd0 (Lodlbogby®o x®gegdols dgdocgds)
genobogdbmes 20 3godol  dgdwgy, o6y YBO®M  YBO®M  SGY, oG @M oY@
d39@bognmdols  dgdmbgggedo,  dog@sd  dswoao  ogm  353096Gms  0b@mJbogsios
(0900bgds).  goegoma@o  I3gabsgmdols  weOmlb  (bA. 2)  dsJlodogoydo  gn9JHo
aodmobs@s 28 33000l dgdwgy.  Loboggerme, 353096390l o swgbodbgdmwom
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063 mJlbogozool  dJmgmagbgdo, @o3  3@oBHodumo® oM Ygeos  30GHMULASE03900L
3odmyggbgoobsbs.

gbBogo 1. 3m3d0bodgdgmo Jodom mgHsdos (gmmgsgmg@o + @gaombsga@o)
I- IV-VIIT - XII -XVI-XX 33065

CAE @o@bmomogo  dohggbgdgano
35309b@0
I 33005 | IVgg00s | VIII g306s | XII ggods | XVI ggods | XX 3300
1 243 17,1 124 9,1 5,0 1,0
2 42,6 374 30,4 22,4 10,0 3,0
3 39,5 30,5 23,5 15,5 9,5 24
4 30,5 24,5 19,6 11,0 5,0 0,0
5 22,5 19,8 18,6 9,8 6,2 2,1
6 26,2 233 14,6 9,6 3,2 3,2
7 214 17,5 12,5 8,2 6,7 1,3
8 424 33,1 26,5 16,4 7,3 34
9 33,6 29,5 20,6 18,2 10,0 5,0
10 50,0 42,0 25,0 14,2 8,0 24
11 20,7 18,5 10,4 7.8 2,9 2,2
12 36,0 30,3 25,0 20,3 14,8 54
13 20,5 19,4 14,5 10,0 8,6 1,0
14 38,0 294 214 17,2 11,0 5,0
16 35,7 36,8 24,5 16,3 11,7 4,1
17 36,9 32,0 253 17.8 9.9 24
18 322 242 15,0 11,0 7,7 1,2
19 16,3 18,4 13,6 9.9 7,1 0
20 59,0 423 253 20,0 15,1 32
21 22,4 22,5 19,5 11,0 7,5 2,1
22 29,9 232 18,1 9,2 7.3 1,3
23 389 29,5 194 11,3 838 39
24 26,6 22,1 17,7 12,2 9,3 33
25 55,0 38,8 29,0 22,1 11,0 44
26 30,2 22,6 16,1 10,1 8,4 1,2
27 35,5 30,2 27,1 204 15,3 3,7
28 28,0 222 20,0 14,5 9,8 23
29 47,7 404 32,0 22,6 17,2 52
30 51,3 444 35,0 28,1 15,0 42
31 33,0 28,3 17,2 15,9 7.9 1,0
32 31,8 30,2 22,2 19,0 10.2 44
33 46,2 422 35,1 26,3 14,0 5,1
34 323 29,0 242 20,1 12,0 24
35 42,7 316 244 13,0 7,2 2,0

3bGogro 2. egoegsena@o JoBom mg@sdos 33g@bsgemdols I-IV-VII-XT-XVI-XX-XIV-XVII 3306
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CAE @ogbmddmogo  dohggbgdgano
3530960 Vi Xl XVI XX XX1V XXV
I 33005 | IV 3g00s | 33060 33060
33060 33005 33005 33005
1 50,8 423 35,5 28,2 22,4 16,0 10,0 3,0
2 46,6 30,0 242 20,2 15,3 12,2 8.4 4,1
3 40,7 34,5 32,0 26,6 223 17,2 10,2 3,0
4 13,8 204 22.8 19,2 17,3 11,0 8,1 23
5 41,6 36,2 38,0 314 253 20,3 12,2 42
6 384 333 35,1 29,0 28,2 194 12,9 2,9
7 38,5 35,7 34,6 28,6 243 19,5 15,0 4.8
8 478 38,5 39,2 30,3 22,7 18,1 10,0 3,8
9 459 40,2 38,5 31,5 274 19,5 11,5 49
10 R4 34,7 30,6 233 18,6 14,7 11,2 34
11 42,0 34,7 38,1 35,7 24,1 18,5 12,4 3,6
12 30,4 349 384 34,7 22.8 16,9 17,4 2,6
13 28,4 35,9 30,2 29,0 252 19,3 11,4 3,0
14 390 32,0 27,9 22,4 20,0 15,9 10,0 3,9
15 38,5 35,0 322 29.8 25,0 20,7 16,1 5,0
16 52,3 44,1 348 30,4 19,5 194 12,1 5,1
17 33,3 27,9 31,9 27,0 25,6 18,9 13,5 3,0
18 30,4 29,6 278 29,0 194 17,6 12,0 3,8
19 29,5 26,5 24,0 229 223 18,0 12,3 4,0
20 35,2 30,4 304 28,0 25,8 18,7 10,4 3,7
21 34,5 30,2 27,6 212 194 14,3 9,6 1,6
22 39,5 36,5 25,8 23,9 16,9 124 10,6 2,1
23 455 40,2 36,6 329 27,1 19,3 12,2 2,9
24 473 40,0 36,7 304 22,3 13,7 12,5 3,9
25 43,7 40,1 38,1 35,2 25,5 19,3 14,2 4,0
26 434 39,3 34,6 30,1 242 19,0 12,3 3,2
27 29,5 28,4 26,5 26,0 17,3 13,3 8,4 2,2
28 458 458 32,6 26,6 21 16,2 11,0 24
29 423 39,9 37,7 342 28,4 17,5 4,9 4,7
30 40,9 36,8 31,8 264 21,1 17,3 10,8 3,9
31 30,1 26,6 25,1 25,0 19,1 14,2 72 2,3
32 49,1 36.9 34,5 24 4 18,2 13,2 7,1 4,0
33 422 374 32,1 27,5 22,1 17,7 11,2 5,0
34 36,6 32,7 26,6 21,8 18,7 234 7.8 39
35 344 29.9 33,1 30,1 22,0 13,2 92 2.2

5dM0yo0, 3meEodg@ygamo  dom3md3mboG o 30g3s05@ L, BAMOM Mo  3obols

e om0 s 3mddobodgdymds  Jodom-mg@sdogmo  33x@bogrmdols  dgwgas©
EsEa0bos, @M  dg@bogmdbol  osgdomo  gxgdBo  3Mg3e@ms@Gol  @mgoy®o
3odmygbgdols dgdmbgggedo doow(ggs go®gdom gg0sb, Lobo@gmme 35:3096¢ 9oL @

50 gb0dbgdom 0b@mJlogoizool dmgagbgdo, wodsbsbosmgdgmo odm LEsB0ggd0Lsmgol.
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SUMMARY

TREATMENT OF ‘1 SKIN CANCERWITH 5-FLUORINE URACYL DEPOSITED ONTO A
BIODEGRADABLE POLYMER: THE RESULTS OF LIMITED CLINICAL TESTING

Kublashvili N.G., Kutsiava N.A. and Katsarava R.D.

Georgian Technical University

The paper deals with the preparation 5-fluorine uracyl depositedonto a biodegradable polymer matrix for
treatment of skin cancer. The polymeric preparation is given a title Ftorocol. The preparation was used for both
local and combined chemotherapy. In the process of testing, the advantages of application of the preparation to
local chemotherapy over combined one were confirmed. Toxic manifestations of 5-fluorine uracyl were
considerably less in the case of local therapy.

Keywords: 5-fluorine uracyl, biodegradable polymer, skin cancer, treatment.
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2015 Feool Ned-To g0 gaGgbgeodol, @.3. 09@EosTgool, b.p. gggbosdgomols,
d.m. xogobodgomol  LESGoool ,BIBMINIE0 RS S6B0MILORGBH IGO0 SIB03MdS
Lb3dRdLL3S 35HOL X0JOL FJIAI6OL YOIVSFN“ oliggbom bsFoedo

>@ols

aeobsmgol  smgdyao  0gm  bogmbosgg  L3o®@o 52,5 dmE%  seogmdmenols
999333920 mdom. L3o@B0 dJmgomogligm mobosds®o dmEgembdol dJmbg dgo  dyddgendo
(dobol dmmeangdo 0,5 @). 93l dg@dganTo, mommgyel ©sgds@ds bgdmm @obsbgeng-
d99a0 gobol x0dgdols gyu@dbols Fo3fgoo Gmao @omegbmbdomn 10 — 10 y@ s ©ogoymg-
bgor 3 mgol  gobdogmmdsdo,  gOmo  ©ogRA™Mggm  0gm  LogmbBdmemme.  AmamG (3
bogmb@@manm, oly Logrgero 60dydgdo dmgomoglgn gOmbowsodsgyg 300mdgddo. Lado
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