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MATHEMATICS

AN INVERSE SYSTEM APPROACH OF MAP AND
ITS APPLICATION IN (CO)OHOMOLOGY THEORY

VLADIMER BALADZE FRIDON DUMBADZE
e-mail: vbaladze@gmail.com e-mail: fridon.dumbadze@bsu.edu.ge
Department of Mathematics Department of Mathematics
Batumi Shota Rustaveli State University Batumi Shota Rustaveli State University

ABSTRACT: The main aim of this paper is to investigate continuous maps from the standpoint of geometric
topology and algebraic topology. The applications of obtained results include the new axiomatic approaches
of Cech spectral (co)homology theories of compact Hausdorff spaces without using the relative (co)homology
groups.

KEYWORDS: Cech (co)homology, Suspension of space, Cone of map, Axioms in the sense of Hu, Admissible
category of homology and cohomology theories.
MSC: 55N05, 55N07, 55N40, 55P55.

1. Introduction and Preliminaries

The purpose of present paper is to establish some algebraic and geometric properties of continuous
maps of compact Hausdorff spaces. The application of obtained results induces a new axiomatic approach
of Cech spectral homology and cohomology theories.

Note that, the axiomatic approach of (co)homology theory goes back to S. Eilenberg and N. Steenrod
[Ei-S]. In 1945 they gave the axiomatic characterizations of simplicial homology theory for finite
poluhedral pairs and Cech spectral (co)homology theory for pairs of compact Hausdorff spaces [Ei-S]. In
1987 T. Watanabe used the achievements of shape theory to axiomatize the Cech spectral (co)homology
theories based on all normal coverings of arbitrary topological spaces ((W],[W;]). Besides, in 1995 T.
Miyata used the notions of uniform shape theory to axiomatize the Cech spectral (co)homology theory
for pairs of uniform spaces [Mi].

The axiomatic characterizations considered by above mentioned outhors are formulated in theorems
of the relative homology groups, the induced homomorphism s, and the boundary homomorphisms.

In 1958 D. Puppe constructed a different axiomatic approach to homology theory for pointed
connected CW complexes without using the relative groups [Pu]. The theory of D. puppe based on
notions of absolute homology groups, induced homomorphisms, and suspension isomorphisms.

In 1960 S. T. Hu improved D. Puppe’s axiomatic theory by removing the base point in his theory and
gave an axiomatic approach to homology theory for all finite CW complexes [H]. S.T. Hu also established
an axiomatic characterization of cohomology theory.

In the same period V. G. Boltianski and M. M. postnikov gave another axiomatic definition of
cohomology groups without using the relative cohomology groups [Bo-P]. M. M. postnikov proved that

their and Hu’s axiomatic approach induce the equivalent cohomology theories (see[Bo-P], [P;])
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There is a natural question. Can we characterize the Cech spectral (co)homology theory defined on
the given category of spaces by axioms non using the relative (co)homology groups (see [B,]).

In this paper using the method of approximation of spaces and maps ([B; — Bs], [M—S],[W,]) we
investigate this question and describe Cech spectral (co)homology theory in terms of absolute
(co)homology group, induced homomorphism, suspension isomorphism and exact homology sequence
of map.

We assume that the reader is familiar with homology and shape theories. Without any specification
we use the notions and terminology from the books [En], [Ei-St], [H;] and [M-S;]. Now we give some
basic facts which we need below.

Throughout this paper a space and a map mean a topological space and a continuous map, respectively.

Let Top denote the category of spaces and maps, and let Comp and Pol; be the full subcategories of
Top whose objects are compact Hausdorff spaces, and finite polyhedras, respectively.

Let Ab denotes the category of abelian groups and homomorphisms.

By LES(Ab) denote the category of long exact sequences of category Ab.

Let H,:Top -» Ab and H™:Top —» Ab be the n-dimensional Cech spectral homology and
cohomology functors which assign to each space X € ob(Top) the n-dimensional Cech spectral
homology group H,(X,G) and cohomology group H"(X,G) with coefficients in abelian group G,
respectively (see [Ei-S], Ch IX).

The restriction H Comp — Aband A" |.,,..: Comp — Ab of functors H, and A" on the

n | Comp :
category Comp again denote by H,,: Comp — Ab and A™: Comp — Ab respectively.

Let K be a some full subcategory of category Top. By symbols pro — K and inj — K denote the
quotient categories of categories inv — K and dir — K of inverse systems and direct systems of category
K, (See [M—S], [B,]).

One of the powerful methods of (co)shape theory is the method which gives us possibility to describe
the properties of spaces and maps into direct and inverse systems consisting of spaces and maps which
behave well locally ([B], [B1], [B2], [Bs], [B4], [Bs], [E-Mc], [M], [M-S;], [Mi], [W;]).

By Morg denote the category of morphisms of category K [B;]. The objects of Morg are morphisms
f:X =Y of category K and the morphisms of Morg are the pairs & =(§,&,):f = f: X' =Y of
morphisms § = &;: X = X' and &,:Y - Y’ such that &, o f = f" o &,. Hence, we have full subcategories
Mot opmp and Mory,, ; of category Moy, .

By C(X) and S(X) denote the cone and suspension of space X [H;], respectively. The restriction of
quotient map q: C(X)®Y — C(f) onY isan embedding P(f):Y = C(f). Each map f: X — Y induces the
suspension map S(f): S(X) = S(Y) given by formula

SO, ) = p(LFG), D, x EX,EET,
where p: X X I - S(X) and p:Y X I = S(Y) are the quotient maps. Let the symbol Q(f): C(f) = S(X)
denote the natural projection of C(f) onto S(X).

A category K of spaces and maps is called an admissible category for homology theory in the sense of
S.T. Hu [H] if it satisfies the following conditions:

AC1). The closed interval I = [0,1] and its subspaces S° = {0,1} and {0} belong to K

AQC2). If X belong to K, then X x I belongs to K

AC3). If X € ob(K), then the identity map 1x: X — X, any map f: {0} = X and the maps iy, i;: X =
X X I given by formulas
ip(x) = (x,0), x € X,



11

VLADIMER BALADZE, FRIDON DUMBADZE

and
iL(x)=(x1), x€X
belong to K.

AC4). If a map f:X - Y belong to K, then X and Y , the embedding map P(f):Y = C(f) and
suspension map S(f) belong to K.

AC5). If themaps f: X - Y and g: Y — Z belong to K, then g o f: X — Z belong to K.

A homology theory in the sense of Hu [H] on the admissible category K consists of three functions
»*and o, .

The first function H assigns to each space X of K and integer n € Z an abelian group denoted by
H,,(X) and called n-dimensional homology group of the space X.

The second function * assigns to each map f: X — Y of K and integer n € Z a homomorphism denoted
by f. = fan: Hy(X) = H,(Y) and called the homomorphism induced by map f.

The third function o assigns to each space X of K and integer n € Z an isomorphism denoted by o =
o(n,X): Hy(X) = Hpy1(S(X)) and called the suspension isomorphism (The inverse map of o we again
denote by o).

These three functions satisfy the following conditions:

Axiom 1 (Identity Axiom). For each space X and integer n € Z, (1x)., = 1y, (x)

Axiom 2 (Composition Axiom). For each maps f:X —» Y and g:Y — Z, and integer n € Z,

G°f)in=Ygn° fn
Axiom 3 (Homotopy Axiom). For each homotopic maps f, g: X — Y and integer n € Z, f.;, = gun.
Axiom 4 (4’) ((Partially Exactness Axiom), (Exactness Axiom)). For each map f: X — Y and integer

n € Z there exists (partially exact) exact sequence

1,0 5 1,1 223 1, ().

Axiom 5 (Suspension Axiom). For each map f: X — Y and integer n € Z there exists the commutative
diagram
Ha () =" H,(1)
o(n,X) o(nY)

Hur (S00) — 25 1, (S(7)
i.e. holds the following equality
Snsro0mX) =oc(mY)o fi
Axiom 6 (Dimension Axiom). For each integer n # 0, H,(S%) =0
It is clear that correspondences
X - H,(X), X € ob(K),
and
f = fo f € Morg(X,Y)
induce covariant functor
H,:K — Ab, necZ.
In this case we say that the sequence H, = {H,},c, induces homology theory on the category K in
the sense of Hu [H].
The category Pol; of all polyhedras and continuous maps forms an admissible category for homology

theory in the sense of Hu [H].
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The group Hy(S°) is called the coefficient group of the homology theory in the sense of Hu and is
denoted by G. Sometimes instead of notation H,,(X) we use the notation H,(X; G).

The definition of cohomology theory H* = {H"}, <, in the sense of Hu is dual to the definition of
homology theory in the sense of Hu and hence it is omitted.

We will call to Hu homology theory h, = {h,},c; on the category Comp of compact Hausdorff
spaces the extraordinary homology theory if it satisfy six axioms of Hu and the following axsiom (see [E-
S], ch X).

Axiom C (continuity Axiom). Let X = (X, poo’, A) be an inverse system of compact Hausdorff spaces.
1P = (Pa)aea: X = X is an inverse limit, then h.p, () = (hun (Pa))aea: hen(X) = (ren(Xe), hanPaar),
A) is an inverse limit for each integern € Z.

Dually can be defined the continuity axiom for a cohomology theory h* = {h"},c,

2. Approximations and shapes of maps

In the papers ([B], [B;]) is given the folloving approximation theorem of maps.

Theorem 2.1. For each continuous map f:X — Y of compact Hausdorff spaces there exist inverse
systems X = (Xo, Paa’»A), Y = (Yo, Quo', A) and a map of systems (fy, 1,): X = Y such that

1. X=UmX,Y=UmY, f=Umf, f=(f,14);

2. X, andY, are finite poluhedras;

3. card(4) < max{w(X),w(Y)} where card(A),w(X) and w(Y) are the cardinality of set A and

the weights of spaces X andY , respectively;
4. (q) o (f) = (f) o (py), where (p,):X » Xand q,:Y » Y are inverse limits of X and Y,
respectively.

This theorem gives an answer on question of T. Watanabe [W,]:

For any map f:X — Y of compact Hausdorff spaces is there a system map f:X — ¥ such that
f=limf, X=1limX and Y =limY (comp. [W,]).

As consequences of Theorem 2.1, we have the following corollaries.

Corollary 2.2. The cone of map f: X — Y of compact hausdorff spaces is an inverse limit of cones of
maps fy: X, = Yy of finite poluhedras C(f,), such that f, € f,f =limf, f = (fu, 14).

Corollary 2.3. The suspension S(f) of map f: X — Y of compact Hausdorff spaces is an inverse limit
of suspension S (f,) of maps f,: X, = Y, of finite poluhedras, such that f, € f = (f,, 14),f = limf.

Corollary 2.4. The cylinder of map f:X — Y of compact Hausdorff spaces is an inverse Iimit of
cylinders of maps f,: X, — Y, of finite poluhedras Cyl(f,), seach that f, € f,f = limf,f = (fy, 14).

Now give some results announced in [B,] and connected to other approximation of maps of compact

Hausdorff spaces.
The well-known Cech, Vietoris and Chogoshvili definitions of spectral Cech and spectral singular

homology groups yield the functors
Morg: Mor comp = PTO — Morp,,,f
Mory: MoT comyp = PTo — Morpolf
Mor¢: Mor oy = inj — Morcwf
([E-Mc], [B4], [Bs])
The chogoshvili definition of projective homology groups [C] also yields the functor
Morc: Mor ¢omp = PTO — Morp,,lf
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(see [B,)).

Let X € ob(Comp). A finite family @ = {ey, e,, ..., €,} of subsets of X is called a partition of X if X =
UiLie; and e; Nej = @ for each i # j,1 < i,j < n. By & denote the closed covering & = {&},&,, ..., &,}
of X. The set of all partitions of X denote by Part(X).

A partition of map f: X — Y is a pair (@, ) such that a € Part(X), B € Part(Y) and a = f~1(B).

Let
Part(f) = {(a,ﬁ) | a € Part(X),B € Part(Y) Aa = f‘l(ﬁ)}.

For each partition @ = {ey, e,, ..., e,} € Part(X) consider a shvelling [E] u = {uy,u,, ..., u,} of closed

covering @ of X [En]. Define an order on the set of pairs (o, u), @ € Part(X), by the following way:
(qw) < (@) a<a Au<u,
where a refinement v’ > u induced by the refinement a’ > a, i.e. u'; € u; if and only if ¢’; € ¢;.
Let 1 = ((@,u), (B, v)) be a pair of pairs (a,u) and (B, v), where f = {d,,d;, ..., dp,} € Part(Y) and v is
a shvelling of 3. There exists an order on the set
A={A=((aw, @) |a=f1B) AuzF1w).
Let , ' = ((a',u),(B’,v")) € A. By definition,
At e (aqu) < (@ u)A(B,v)<(B,v).

Now assign to each pair 4= ((a,u),(B,v)) the pair (uy,v;),uy =u,v; =v. the geometric
realizations of nerves N(u;) and N(v;) denote by X and Yj. It is clear that for each pair A < A’ there
exists the simplicial map from N(u;) to N(v,), whose geometric realization denote by f3:X; — Y.
Besides, the relation A < 1, in particular, the refinments u < u’ and v < v’ induce continuous simplicial
maps P 3 2,: Xy — X3 and g 5,0 Yy, — Y, for which holds the equality faopa1 =g ° far

Hence, the pair (p 3 4/, q 2 2,) is @ morphism (p 3 21, 4 2 2,): far = fi of category Morp,y,. The family

f=0u(pan.asa)0)
is an inverse sistem of category Morpy, -

The families {u;},ca and {v;}e4 of open coverings of X and Y are cofinal subsets of sets cov(X) and
cov(Y) of all finite open coverings of X and Y, respectively. Hence, the inverse systems X =
(Xppar,A) € pro— Poly and Y = (Y),q,p,A) € pro— Poly are associated to spaces X and Y,
respectively, in the sense of K. Morita ((Mo], [M-S,]).

Let &=(§,82):f>9:Z>W be a morphism of category MOrT copmp, and let f =
U (Parqax)A)and g = (g, ( rmu,smu), M) be a inverse systems of category Mor Pol; induced by
objects f and g of category MOT comp, respectively. Let (y,8) € Part(g). Consider a pair u =
((y, P), (6, Q)) € M. It is clear that the correspodence

u= oW = (G (P), (& 1(8),£,1(@)))
induces a function ¢: M — A. There exist the map f,(,): Xp(u) = ¥, and morphism (flw 52“):/’@(“) -
Gu» where & ,: Xy = INETH(P)| = Z, = IN(P)| and &, ,: Yy = IN(EZ D] = W, = IN(Q)| are maps,
such that for each u € M holds the equality
Iu °$1u = Sau ° fow-

Besides, by direct computation, we can show that for each pair u < u’ there is the following

commutative diagram induced by morphism (£1,$,):f = g
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Po(weun
KXo ¢ Xo(u)
Sip Tow S Jotun

Z##’

Zy Zy
gy gw
Ap()p(nr)
Yo Youn
S $ap

S r

w, a w,

(N W
Thus, the morphism (£;,&,): f = g induces the morphism (flu, qu):f -g
It follows at once that the assignments
f=f  fE€Mor om

and

€06 = ((Gwézn)9), &) € Moy, (f.9)
induce functor

Morc: Mor ¢omp = PTO — Morpolf

which we call Chogoshvili mapping functor.

3. On the Cech spectral (co)homology theory of compact Hausdorff spaces
First in the usual way we define the Cech long spectral homological and cohomological sequences of
maps of compact Hausdorff spaces.
Let fy: X, = Y, be a term of the inverse system f = (fu, (P «o’> 9 aa’), A) associated to a map
fiX->Y
For each index @ € A consider the sequences

fan P(fa)n Ta
= Hn(Xa; G) - Hn(Ya; G) —_— Hn(C(fa); G ) I Hn—l(Xa: G) e
and
ne1 ¢ n P(fa)™ n fa" n
o> H (X 6) —— HM(C(fo); ) ——— > H" (Yo, 6) — > H™" (X G) — -+,

where

Tg = 0-0:1 : Q(fa)*n:Hn(C(fa); G) = Hpo1(Xe; G)
and

%= Q(f)™ - 0% H" 1 (Xy; 6) > HM(C(fo); G)
are  compositions of  homomorphisms  Q(fy).n: Ho(C(fy) & H,(S(X,);G) and ol
Q(f)™ H™(S(X,); G) = H"(C(f,); G) and 0%, induced by the natural projection Q(f): C(f,) = S(Xy),
and the isomorphisms 0, Hy (X4 G) > H(S(X,);G) and  o%:H™1(X;G) - H'(S(X); G),
respectively [H;]. Then the following theorems are immediate consequence of above given discussion
and results of ([E-S], ch IX).
Theorem 3.1. The Cech spectral homology sequence of map f:X — Y of compact Hausdorf¥ spaces

)*oo

- feoo P(f - To
w2 H(X;6) > H,(Y;G) — H,(C(f);G) = Hy (X;6G) > -
1s partially exact. If the group G of coefficients is compact, then this sequence is exact.
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Theorem 3.2. The Cech spectral cohomology sequence of map f: X — Y of compact Hausdorff spaces

o B0 S e) " A6 S An6) - -
is exact.
Here P(f).o and P(f)*®, f.e and f**, 7o, and 7* are limit homomorphisms (see [E — S])
For chogoshvili projective (co)homology groups hold the following theorems.
Teorem 3.3. The Chogoshvili projective homology sequence of map f:X — Y of compact hausdorff

spaces

fin P(f)sn
o HEM X G) 5 HEM(Y; 6) = HER(C(F); 6) — HEM [(X; G) — -

1s exact
Theorem 3.4. The chogoshvili projective cohomology sequence of map f:X =Y of compact

Hausdorff spaces

o LK 6) 5 HY (C(F); 6) 225 B (v;6) o HE (456 = -

Is exact.

The first uniqueness theorem for Cech spectral (co)homology theory on the category of pairs of
compact Hausdorff spaces was proved by Eilenberg and Steenrod ([Ei-S] [Ei-S;]. They shoved that if a
homology theory on the category Comp? satisfies all Eilenberg-Steenrod axioms and continuity axiom,
then it is naturally isomorphic to the Cech spectral (co)homology theory.

The main goal of this section is to prove that if a (co)homology theory on the category Comp satisfies
the six axioms of Hu [H] and continuity axiom, then it is naturally isomorphic to the Cech spectral
(co)homology theory in the sense of Hu.

A sequence h, = {h,,}nez of covariant functors h,,,: Comp — Ab will be called homological in the
sence of Hu, if it satisfies the following conditions:

i) For every space X € Comp and integer n € Z there exists an isomorphism ¢ = o(n, X): H,(X) =
Hny1(S()

ii) for each map f: X — Y of compact hausdorff spaces and integer n € Z,

SElns1eomX) =a(n,Y)e fin

A homological sequence in the sense of Hu defined on the category Pol 5 is called a homology theory
in the sense of Hu, if it satisfies the homotopy axiom, suspension axiom, dimension axiom and (partially)
exactness axiom.

Now we prove the following

Theorem 3.5. Let h, = {h.,,}nez be a homological sequence in the sense of Hu and h,,,: Comp — Ab
be an extension of homology functorsH,,: Poly — Ab,n € Z, which are satisfy the axioms of Hu. Ifh, =
{henInez family satisfies the continuity axiom, then it satisfies all axiom of Hu

Proof. Axiom dimension. Let X = §° = {0,1}.

We have the following equalities

h,(X) = H,(X) = H,(S%) =0, n # 0.

Axiom of homotopy. Show that the maps iy: X = X X [ and i;: X = X X [ satisfy the condition iy,, =
i1.y, for each integern € Z.

By Theorem 7 of [M-S] for each compact Hausdorff space X there exists on inverse system X =
(Xa Paa'»A) of compact poluhedras such that X = liin X. Notethat X X I = liln(Xa X1L,pgo X1,4).

For every index a € A define the maps if: X, = X, X I,k = 0,1. By definition,

ig(x) = (x,0), x€X,



16

AN INVERSE SYSTEM APPROACH OF MAP AND ITS APPLICATION IN (CO)HOMOLOGY THEORY

and
if(x)=(x,1), x€X,.
It is clear that for each pair @ < @' hold the equalities i © pagr = Paa’ X 1) 0 i’ and iff o pae, =
(Paa X 1) @ i7"
Let py: X = X,, a € Abe the projection. These maps induce homomorphisms P,.,: h, (X) = h,(Xy),
a € A, and, consequently, the homomorphisms P,: h, (X) — liin(hn X Paa' s A)
Analogously, the projections p, X 1;: X X I - X, X I, @ € A induce homomorphisms
(Pe X 1) g (X X 1) = by (X X 1), @ € 4
and , hence, the homomorphism
Py (X X 1) = 1im(hy (X X 1), (Pt X 11)oms A).
Let i§: Hy(Xe) = Hy(Xg X 1) and i, ,: Hy,(X,) = H, (X, X I) be the homomorphisms induced by
maps i§: X, = X, X I and i{: X, = X, X I. Thus, there exist the homomorphisms
m{ig} e : MM (Xa), Pag'sny A) = lim(hn (Xo X 1), (Daa’ X 11)sn, A)
and
Mm{ifin}aea : lim(hy (Xe), Paa’ s A) = im(hy (Xo X 1), Daa’ X 1), A)
Then for every integer n € Z we have P, o iy,, = liln{ig*n}aeA oP,and B, oij,, = li({n{if‘*n}aeA o Py,
becouse P, and P, are isomorphisms.
For each index a € A the maps i§ and i are homotopic. Sence h,, is extension of homology functor
H,, we have if,, = i{,, « €A, n € Z. Thus, lip{ig*n}aeA = liln{if‘*n}aeA
The projections m,: Xy X1 = X,, « € A induce the map m:X X[ - X such that P,om,, =
(T gen Jacs © B
Note that if omy = 1y and if om, = 1y . Consequently, if, © Tgun = (1x,)n and if\y ©
Tgsn = (1x,)sn- Thus, liln{ig*n} aeca © liln{ﬂa*n} aeA = liin{(lxaw)*n}

Therefore, i,y ° T., and if,, ° 7., are the isomorphisms.

aEA

Clearly, o iy = 1y and 7 o i; = 1y Next observe that ., © ig., = (1x,)sn and Ty © if'sy, = (1x,)sn-
Using these formulas we can conclude that ig,, = if,,.
Indeed,
. _1 . . _ . _1 .
(loun " Tun) ™"+ (loun * Tan) * lgun = (lgun * Tun) ™" " loun
and
(iO*n ’ T[*n)_l ' (iO*n ’ n*n) “ljun = (iO*n ’ 7T>s<n)_1 “losn
Axiom of partially Exactness. Let f: X — Y be a continuous maps of compact Hausdorff spaces. By
theorem 2.1. there exists an inverse system f = (fy, (P qar» @ aar),A) suchthat f =lim f, X =limX,Y =
— —

limY, where X = (X4, Paa,4) and Y = (Y,, qquq',A) are inverse systems consisting of compact
poluhedras. Note that C(f) = lim{C(f,),A}, C(f) € Comp and C(f,) € Poly, a € A.
Let us consider the commutative diagram

*n P *n *Nn
e — 1,y (X) f h, (Y) L h, (C(f)) .

h”_1 (X) — -

Q
Q
Q
Q2

lith faus lim P (fy),,, lim 7.,
cee> liﬂh”(xnn li(____mhn()a) — (l_ir_n_hn(c(fas-r—> li(___mhn—l (Xa)>
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For each index a € A the homological sequence of map f,: X, — Y, is exact. This implies that the
lower row of diagram is partially exact. Consequently, the upper row is partially exact too.

The axiom of suspension. Let f: X — Y be a map of compact Hausdorff spaces and f = lim f, where

f =0 (Pawrqaar) D) is an inverse system of maps f,: X, = Y, of compact poluhedras and satisfy
conditions X = lim(Xy, Pge’,4) and Y = lim(Yy, g44’, A). Consider the following diagram:

S(f)en
hy(S (X)) i hy (S (Y))
. im S(fa)y
Lim (B, (S (X)), S (Paa)un A) Lim (h,, (S (Ya)), S (4aa’)swA)
]i(_mfa-en—l
li(_m (hn—l (Xn ), Pnn'w—er) = (i_m(hn—l (Yn)r qan'm—er)
B (X) el B (Y)

On the other hand, it can be verified that
finea(mX) =o(mY) o S(f)m

Holds for every integer n € Z. Here o(n,X)ando(n,Y) are compositions of isomorphisms in
vertical first and second columns, respectively.O

The following follows from theorem 6.1 of [H,] and modification of proof of theorem 12.1 of ([Ei-
S1], Chap. X, 12).

Corollary 3.6. Let h, be a partially exact homology theory in the sense Hu and let h, be an continuous
extension of homology theory define on Poly. Then any homomorphism

t:G > G, G =ho(S%, G=hyS9

can be extended uniquely to a homomorphismt:h — h

Hovever, we have the following

Theorem 3.7. There exists one and only one partially exact homology theory in the sense of Hu on
the category Comp of compact Hausdorff spaces with coefficients in abelian group G which satifies the
axiom of identity, composition, homotopy, suspension, dimension, and continuty.

Proof. Existence. Let H,,: Comp — Ab be the Cech spectral homology functor. This homology functor
is continuous on the ctegory Comp (see Theorem 3.1 of ([Ei-S;], Chap. X, 3). Furthermore, the

restriction H :Poly — AD satisfies all axioms of Hu. By theorem 3.5 and exampe of section 5 of

n | Pols
Hu (see [H]) it follows that functor H,, satisfies all axioms of Hu, i.e. the Cech spectral homology functor
slatisfies the axioms of identity, composition, homotopy, suspension and dimension.

Consequently, we can conclude that the Cech spectral homology groups generate the homology
theory H, in the sense of Hu.

Uniqueness. Note that a homology theory H, in the sense of Hu which satisfies the conditions of the
theorem is naturally isomorphic to the Cech spectral homology theory in the sense of Hu.

Let us consider the restriction of functors on the category Pol;. These restrictions H | Pol, and H |p ol

satisfy the axioms of Hu. By theorem 6.1 and Corollary 6.2 of [H] the functors H | Pol,* Pol; —» Ab and

Hp ol Pol; — Ab are equivalent. Without of loss generality we can assume that q | Pot,; = Hp oly = L
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By theorem 6 of T. Watanabe [W] there exists an extension L: Comp — Ab such that L is naturally
equivalent, to H and H. It is easly check up that the constructed in [W] continuous functor I satisfies
the axiom of suspension and there exists an isomorphism a(n, X): L(X) — Z(S (0,4 )) By Theorem 3.5 the
functor L satisfies all axioms of Hu.

Applaing Theorem 6 of [W], we obtain that L is naturally equivalent to H and H. Consequently, H
and H are naturally equuivalent. O

Note that the similar results hold for Cech spectral cohomology theory. In fact, we have the following

Theorem 3.8. There exists one and only one exact cohomology theory in the sense of Hu on the
category Comp of compact Hausdorff spaces with coeficients in abelian group G which satisfies the

axioms of identity, composition, homotopy, suspension, dimension, and continuity.
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INFORMATICS

OPTIMIZATION OF COMPUTER NETWORK TRANSPORT
SUBSYSTEM

GELA CHOGADZE MIKHEIL DONADZE
E-mail: gela.chogadze@bsu.edu.ge E-mail: mikheil donadze@bsu.edu.ge
Batumi Shota Rustaveli State University Batumi Shota Rustaveli State University

Abstract. The article discusses, analyzes and develops the main aspects of effective management and service
of the office computer network of a corporate enterprise. Network performance criteria are established. Based
on the methods developed in the work, the following conclusions can be made. It is advisable to divide the
computer network of the corporation into segments, and between segments and network nodes, both
individual and shared communication channels should be used. which accordingly increases the performance
of the network. Optimization of the transport subsystem, that is, redistribution of bridges and switches, will
allow us to isolate the traffic of one subnet from another, thereby significantly reducing collisions in the
network and increasing the overall performance of the network.

Key words: corporate networks, computer systems, network modeling, optimization.
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How Al transforms banking for a retail customer.
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APPLICATION OF ARTIFICIAL INTELLIGENCE IN THE FIELD
OF SERVICES AND DEVELOPMENT TRENDS
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ABSTRACT: Artificial intelligence has become an integral part of modernity. It will be actively used in
business activities. Today, the majority of large companies, which are focused on improving their business
environment, are actively introducing information technologies, and if we observe the current business
environment, in many cases we will come across forms of artificial intelligence in their activities.
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Al (Artificial Intelligence) is increasingly taking part in industries such as medicine, architecture,
transportation, tourism and others. The paper focuses on the use of Al in the field of services. The main aspects
are discussed and analyzed, relevant statistics are presented, advantages/disadvantages of Al are characterized.
KEYWORDS: AT (artificial intelligence), automation, human resource, employment
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THE INFLUENCE OF THE TOPOLOGY OF NETWORK
CONNECTIONS AND COMMUNICATION DEVICES ON THE
THROUGHPUT OF DATA FLOW

MIKHEIL DONADZE BESIK BERIDZE
E-mail: mikheil donadze@bsu.edu.ge E-mail: b.beridze@bsu.edu.ge
Batumi Shota Rustaveli State University Technical University of Georgia

ANNOTATION: Changing the topology of connections between network nodes provides many opportunities
to increase the bandwidth of the entire network, as well as its individual segment, even in the case of fixed
bandwidth of communication channels. For example, having two alternate transmission channels between
any node doubles the network bandwidth when these nodes interact.

The work presents a description of the methods of planning and development of the corporate network of
a business enterprise, the possibility of their implementation in practice. The paper discusses the concept of
planning corporate computer networks, the importance of pilot networks in the process of designing
corporate networks is substantiated.
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The paper also discusses the tools for analysis and optimization of local networks, the design and
reengineering possibilities of the enterprise's information resources infrastructure are studied.

The influence of the communication topology and the operation of the communication devices on the
network bandwidth is studied.

KEYWORDS: computer network, bandwidth, network devices, router, switch, bridge
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ip.inputNum(

.inputNum(
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y=math.sqrt ((2*K

n=math.floor(n

LezL-(n*t)

LeD=LexD

Q0530505 2. 25TMMZgdo
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DMLEI© 3o0gmgs gMmBobgmbg s IFMYZ5wgdoL FmbJ30s IGHM3IOL 0039 Goabgl, b
23996995 smfiorso, MmIgebsE osdMaz9¢madlL Mol doger Hob359g, HMIgEos bsgwrgdos
03000 LIMR35¢gdge M0Eb3BY. sbsMYBO (330050 gd0 30 FoMmBMIYIBL BMEOTMEGdOL Fglisds-

oL 990090L 350MMZEWSBY FOMNZOE Md0GIGHIOOU.
0mm 93s3Hg bgds dmbs399900L 8mdbdsMgdeolmgol Homwaqbs. obowgm oogMsds N3.

@ Python Console O problems Terminal € Services

053M508s 3. Imbo3g0900L Fotrygbs

3mE909o 3mEo 30039 M0ad0 2odmo@sbl Mm3E0Towrmo 99339m0L LEHMSEJA0L. “str()”
56996@0 3399193l Lodoegdsl, HMI BHgJudme dmboagdl do353sGMmm Moabgzomo dmbsigdo.
3699 Gogbgzomo 9mbsizgdo 4owsy39o3L GH9JuEHWOTo. dgmerg bsBo 30 390MOEBL 0bxgmEMTs30sl
™3GH005¢06 BEAMIGHIH0LMb TGLodsdolo WOMMO FoMogol Tgbobgzols batrxgdby. MMMl
0995005L LadMmErMM Fgaz30do 0L M OAMsTs N4-by.

sktop\pythonPro\main.py

Process finished with exit code 0

000505 4. bo399900L oM ygbo

513360l Lobooy godergds 0mdgol: BsdmMado dmygzsbowos ToGogms sMmzol  gMoo
3630930 oLZMYGHYI-5CdMIMH0 FMEI0 ©5 JoBbow o 3Mmb3MgG o sdmEsbydo-
Logol gobbm®mEogw@s 5MLYGdMo FoMogol BsMm30L IMEIol 33wg3s. 33930l Abgery-
@MdoLSL 3590339005 B9800l FoM30L 9839dEH1IM0 LEMSEJROOL F0MOMSO F0ToMNIEGdYOO.



52

3550301 3501300 HAMBS6ISN LS 35010 3MB30'IASIE I SASLNBSCOS

3060m, 35Moaqd0L 35030l FoBEYOOL 3938060 LafsMdml aermdsgre doBbgdmsb. 99dmTs-
390990 0gbs LsdMghggerm Lsfo®mdmTo BoMoggdol BoMmzol Fglsderm 3OHMyMsdryeo M Hermb-
390Ymx3oL Fogoe0mo, LsdsHBMmM JoAMIJdoL gsdmygbgdom. 33930l F9ggdol 3HMAMTMO
95¢0D305 2oBLMM 309 I3OMYMSTJOOL 9bs ,3000MboL* godmygbgdom. LodmE MM QodMm3-
©9boos 3653900l JoMMZ0L OHMEO M9BITYJEOMMZg I306M9 o LsdwyoEM LEHoMBMGdOLEMZOL.

INFORMATICS

INVENTORY MANAGEMENT TASKS AND THEIR
COMPUTER IMPLEMENTATION

TSITSINO SARAJISHVILI BESIK BERIDZE
E-mail: tsitsino.sarajishvili@bsu.edu.ge E-mail: b.beridze@bsu.edu.ge
Batumi Shota Rustaveli State University Technical University of Georgia

ANNOTATION: For businesses and companies, proper inventory management planning is of the utmost
importance. This can lead to cost minimization, making the company more profitable as well as competitive.
The purpose of this paper is to analyze the existing and historical inventory management models and also
based on real examples to create a simplified version of them using the Python programming language.

Various theoretical approaches as well as real examples are used in the paper.

Finally, the role of inventory management for modern small and medium enterprises is identified. Also
the fact that with much less financial resources and financial obligations to the bank, better results can be
achieved. A software code was also created that takes data familiar to every company founder, and as a result
derives an optimal inventory management strategy.

KEYWORDS: business, economy, inventory management, programming language "Python"

3530yggbgdmmo o Msdmes:

1. Taha, Hamdy A. Operation Research an Introduction-8* edition. Library of Congress, 2008

2. Mikulas Luptachik. Mathematical Optimization and Economic Analysis. Springer.2010

3. Hillier, Frederick S.Introduction to operations research / Frederick S. Hillier, Stanford University,
Gerald J. Lieberman, late, of Stanford University, Tenth edition, 2015. www.mhhe.com

4. 0.60@0Bzs. Jo09d5303wMm0 ImEIErgdo 93mbmdozsdo. mdowrobo, 2018

5. Dr Padmanava Samanta, Introduction To Inventory Management, 2015

6. https://www.researchgate.net/publication/317970709 INTRODUCTION TO INVENTORY MANA
GEMENT (3o bsbgs 28.11.2023)

7. Caron, Franco, "Integrated Inventory Management." International Journal of Project Management,
2001

8. Voaden, G. W. "Inventory Management Demystified.", 1991


mailto:tsitsino.sarajishvili@bsu.edu.ge
mailto:b.beridze@bsu.edu.ge
https://www.researchgate.net/publication/317970709_INTRODUCTION_TO_INVENTORY_MANAGEMENT
https://www.researchgate.net/publication/317970709_INTRODUCTION_TO_INVENTORY_MANAGEMENT

53

G0GO6M LLOSSHONNI30L20, 5ILOS 33N

9. Mohopadkar, Jyoti Sanjeev, Dipak Prakash Patil. Applications of Inventory Management In
Construction Industry, 2018

10. https://www.financestrategists.com/accounting/management-accounting/inventory-
management/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAig9zNWiZKFG p25BdAY]ZI1mhTLcSpu-
VXmIl1bd38k-J95EulNZ8aAqyNEALw wcB (dcagm Bobgo 28.11.2023)

11. https://www.sana-commerce.com/e-commerce-terms/inventory-management-system/ (dmeom Bobgs
28.05.2023)

12. https://www.bluehost.com/blog/how-to-create-an-invento
proud-
of/?irpid=101&clickid=P61C101S570N0B5578 A2D4499E0000V 104&irpid=101&clickid=P61C101S570
NOB5578 A2D4499E0000V135&gclid=Cj0KCQjw98ujBhCgARIsAD7QeAi7zoEvPel0zbN7EaRHKkNIN

kuZxoRTFKz9BzkzbqlipkPIOPuDBFrEaAk6ZEALw wcB&gclsrc=aw.ds (dmem bobgs 28.11.2023)

13. https://www.unleashedsoftware.com/inventory-management-guide/inventory-management-systems
(®dmeem Bobgs 28.11.2023)

14. https://www.selecthub.com/inventory-management/types-of-inventory-management-systems/
(deagom bobgs 28.11.2023)



https://www.financestrategists.com/accounting/management-accounting/inventory-management/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAig9zNWiZKFG_p25BdAYJZI1mhTLcSpu-VXmIl1bd38k-J95EulNZ8aAqyNEALw_wcB
https://www.financestrategists.com/accounting/management-accounting/inventory-management/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAig9zNWiZKFG_p25BdAYJZI1mhTLcSpu-VXmIl1bd38k-J95EulNZ8aAqyNEALw_wcB
https://www.financestrategists.com/accounting/management-accounting/inventory-management/?gclid=Cj0KCQjw98ujBhCgARIsAD7QeAig9zNWiZKFG_p25BdAYJZI1mhTLcSpu-VXmIl1bd38k-J95EulNZ8aAqyNEALw_wcB
https://www.sana-commerce.com/e-commerce-terms/inventory-management-system/
https://www.bluehost.com/blog/how-to-create-an-inventory-management-process-you-can-be-proud-of/?irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V104&irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V135&gclid=Cj0KCQjw98ujBhCgARIsAD7QeAi7zoEvPel0zbN7EaRHkN9NkuZxoRTFKz9Bzkzbq1ipkPIOPuDBFrEaAk6ZEALw_wcB&gclsrc=aw.ds
https://www.bluehost.com/blog/how-to-create-an-inventory-management-process-you-can-be-proud-of/?irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V104&irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V135&gclid=Cj0KCQjw98ujBhCgARIsAD7QeAi7zoEvPel0zbN7EaRHkN9NkuZxoRTFKz9Bzkzbq1ipkPIOPuDBFrEaAk6ZEALw_wcB&gclsrc=aw.ds
https://www.bluehost.com/blog/how-to-create-an-inventory-management-process-you-can-be-proud-of/?irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V104&irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V135&gclid=Cj0KCQjw98ujBhCgARIsAD7QeAi7zoEvPel0zbN7EaRHkN9NkuZxoRTFKz9Bzkzbq1ipkPIOPuDBFrEaAk6ZEALw_wcB&gclsrc=aw.ds
https://www.bluehost.com/blog/how-to-create-an-inventory-management-process-you-can-be-proud-of/?irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V104&irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V135&gclid=Cj0KCQjw98ujBhCgARIsAD7QeAi7zoEvPel0zbN7EaRHkN9NkuZxoRTFKz9Bzkzbq1ipkPIOPuDBFrEaAk6ZEALw_wcB&gclsrc=aw.ds
https://www.bluehost.com/blog/how-to-create-an-inventory-management-process-you-can-be-proud-of/?irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V104&irpid=101&clickid=P61C101S570N0B5578A2D4499E0000V135&gclid=Cj0KCQjw98ujBhCgARIsAD7QeAi7zoEvPel0zbN7EaRHkN9NkuZxoRTFKz9Bzkzbq1ipkPIOPuDBFrEaAk6ZEALw_wcB&gclsrc=aw.ds
https://www.unleashedsoftware.com/inventory-management-guide/inventory-management-systems
https://www.selecthub.com/inventory-management/types-of-inventory-management-systems/

54

1'33I53563IGIBOL JLIF20L 3GHMKRIIGN0L HASE20BSGOOLS RS BIMLO30L S6S20HN MS Excel-30

06 3(MH35B03S

L'J3IHISH3IGI0L JLIOL MR IICN0L SHISLOBSCOOLS
QS 3IMMH3R0L S6520BO MS Excel-30

05 3MFIMB00
Jar-gmbds: 1a.motskobili@bsu.edu.ge

B850900b Ja00s Hbosggerol bsbgerdpogzer «9bozgGlbodgdo

SLAESIAN: oo gds 0sbs3gMmgzg dobbgbls s IgbgxdgbBHTdo OEsE MOl ITIMIOIOYEO
Lo@MeEool M39MoEowe s65¢roBBY s Tgloderm 35M0s6EHYIB0EE Yzgesby M3GH0TsevGol IgmBy-
3519. 06659900HM3g 3mI309EHIHO 1553w95¢)d980b6 Aoglio s3mEsEIBdOL STMbsblibyms gHmgMod
3190y 3L FoMdmoagbli Microsoft Excel.

bGo@G0sdo Jugerm®o ds®39Ggool 3xdsmdol dsaowomby Excel-do 990p960@0s 53¢™ms@EHHo©
290655950 3635008980l Mfigolio, MGmIgEdos 3o3mm3zEomos Jmwmosbo ©s Lsdrsgrm Tgdmlsg-
900, 000090 b39MHIsMm39EH0L 3Mm3EgbGYo fowo dmosd 8gdmbisgsedo, bs3mgbos gsyog-

3900l dm3ryemdol dobgwzom b3gMdscm3gEol 3ogMH 353700 SEYOLNO, IMNIEPO0d JoM3g-
9030 x5890 G90mLogeErgdol LobdoGmvyemo sbsfiowmgds Im3gdre osdsBmbyddo, Lrm3gMdsMmzgEgdol

Jugol  9gdmbogergdolmgol @ Mgseobozool ImEmemdol Lobdomrmo  asbsffomgdolsmzgol
53300105 AmEyEemdomo [jHomwo s BggGM3960 osa™MmEdgdo.

1533564 LNGI3I30: MS Excel, 0osg®s8s, Gg8mUioagogro, sbsgrobo.

dgbsgoeo. 930b6MmB03ME 53M 3565080 5MYONMEO 3MMBEYTJIOL 5306 S30Wgdol JoBboom,
Lo F0MM5 Bo@omgl x 96 30Hmdgdol dglsdsdolo s65¢obo s 565eoBol bosoy By gobbme0g-
9L 250054 339GH0gd0L M3G0ToIM0 35M05BE0L FgmBg3s, Go0s gldergdguro 4obgls Mgseo-
D900 3OH:ME300L Mm@ bmdOL AobloBEZMS s FowgdE F9gagdBY IYMHEBMdOm Fgdm-
Lo3Eol MgbEHdGEMdOL Fgz3olgds.

5b599000™Mm39 06x3mMHAs30e 39dbmermyoqddo gmmghHmo 58943560 Mmoo 9boFgds gangdd-
Ombmer  bMowgdl, 39Mdme MS Excel-b. gagdd®mbrmo sbHowgdo Mbogg®dlowmm@mos s
0306mdoz0Ls v dDBBYLOL oML yzgws MRTo 8m0ygbgds. Excel-om TqLsdwrgdgwos
MMM 3 J5OE030 50O0EHZ0L 53M35Bgd0L 45005093939, Lb3oalibgs Labol densb3gdol s Lagdosbo
3058030l T9ddbs, sb9g39, BOEMAOL, LoFoMBML BmEr0sbo  BosBLOL  godmmzws, 8933907900l
009393935, 35005LoboEGdOL WS by RILYOIOL IMZENs, 35EMYOOL S boMgdOL sOEbIs s 5. d.

Hommgboo bsdOmdols JoBsbos 3GrMyMsdwo 3Om@d@olb MS Excel-0o dsbsbg sGlgdeo
50bsblMo  3bJ309d00m TmbEal 93mbmBozMMo  STMEIBIBOL  Fosbys®dgdgdol  Fqlitrmemgds,
Gmdgwog byl dgmhgmdl s ©ogbds®mgds  doBBILL  LYGHmOL Fgodsdolo  3MMdEHIgdol

30§y39¢080.


mailto:ia.motskobili@bsu.edu.ge

55

05 3AMVIM3OR0

330935 Bo@aM9dMos 7 Juger®o bmdgmds®zgdol 2023 ierol bsdo mzol 99dmbaganrgdols
dobggzom, 39MIME 03c0L0B-1g]EYIdMSTEY, Bb. EsMTo, HMIwgdos 999360 os MS Excel-
ol bsdMdocm BOEgerol B4:D10 9)x 69000 ©0535Dmbdo. 14:17 v9x609090d0, dqLsdsdobsog, dgy3s60-
@05 b, oMo Fgambogeol 0s35Bmbgdo: 0—sb 1000-dy, 1001-sb 1100-0g, 1101-s6
1200-809 s 990 1200-bg (bme. 1).

A E C D E F G H J

1
2 bn3gMmdamm3gGgdnb Jbgemab 33dmbagzaemo damb. cmafmdn

Lasof n3mobo [ sgznb@m | bad@&oddgmn Songnnsbo SOANEN Ladgsmm | 3hmegbEgmo nadsbmbodn | Mamgbmbs
3 | Gafjadn 998mbagsma 398mbagsgma fogmo
4 |amegoemn| 410 455 534 1000
5 |pfogmfn | 467 400 345 1100
6 |B>bomdy 400 380 500 1200
7 |nognfiob 350 433 343 =1200
& | bogms 360 410 205
9 |L3sfn 350 354 351
10 |dsaboho 300 200 401
11 |bgem

12

LbmE. 1. L3996 393HJO0L Fgdmbagangdo 2023 Farol 03eolosb—-igd@gdd™msdyg s 0s35BMbgdo

L5FOOHMS 458MOMZIML m3qmdo®3gEHgdol Jugerol dmeosbo (L), bsgBmm s Ladwysm
399mbog3egd0, 459003900l InEr)emdol dobggom bmdg®mds®zg@ol dogM 393900 SO0,
80056 Gg8mlsgsmdo mommgo 1wy3gMdsmzgdol 3OHmiEgbdmwo fowo, bm3ghds®zg@gdol
X599960 d99mbs3wgdol LobdoMmmeo gobsfiowgds dmEgdve 0s35Bmbgddo [1].

LogOH MM Gg8mbogergdol gsdmbsmazmguma© E4 ¢x®gdo 9943560005 gm®dnmes - =SUM(B4:D4)

Q09 5390905 BMTMEsms 30030 E10 vy 6gosdog (bw6. 2).

A B T D E F G H J

2 by3gMmdamiy@&adal Jugmoal 3gdmbazsemo demb. mmamdn
Lo3f n3mabn |sg3nbdm |bad@addgfhn 8gmasho SEgNmo Lsggsmm | 3omaabégmo ©0s3sBmbydn |Mamggbmds

3 | Gofagado dgdmbazamn dgdmbagamon foemo
4 [ayEzomo| 410 | 455 534 1399 1 466,33 17,60% 1000 2
5 |pofogmfn | 467 400 345 1212 3 404,00 15,25% 1100 1
6 |B>bnmdy 400 380 500 1280 2 426,67 16,10% 1200 1
7 |nsemfinb 350 433 343 1126 4 375,33 14,17% =1200 3
8 boymfo 360 410 205 975 6 325,00 12,27%
9 |b3sfn 350 354 351 1055 5 351,67 13,27%
10 |daabndn 300 200 401 901 7 300,33 11,34%
11 |byem 2637 2632 2679 7948

L. 2. bm396mBaM39@gool Jugurols IMPsmdols sbse0dygdolb Miyolio 2023 ol 06-sb-09-0¢g

do0sbo  90mbagergdol  asdmbomgerges Bll ¢yxMgdo dgyzsbowos gm®Inws -
=SUM(B4:B10), o5 539099c005 3m®3ogemoms d)30ogz0 E11 »x6gosdoy.

Lodmogom  89dmbogegdols  godmbsmgmams G4 vxMgdo  dgyzsbowos gmGdmws -
=AVERAGE(B4:D4) 5 539000 g3063wgemsms 35360030 G10 »x69w0s0©g.

90006 90mbagsedo mommgeo bmdgmds®3gEol 30mEg6EEo Howrol godmbamaurgums
H4 2% 900080 8994356000 3@ - =E4/$E$10 @5 53909005 3mtdoesms df 36030 H10 wx-
90599. H4:H10 mxg0ms 0635Dmbl dobo Fgdvaro 543l 30:m396¢ o gm®mds@o.
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bm396356393H900L Boge 4994039d0L IMEMEMdol oby30m ©393909IO 50Ol bodmg-
69 F4 16980 89935600005 3m®dms [2], [3] =RANK.EQ(E4;$E$4:$E$9) o 539000 5306 -
damoms df3Moz0 F10 vx69g0sdo).

8996J305s RANK.EQ ¢o0mdsbgds bgds 00dsbgdoo: Formulas—Function Library—More
Functions—Statistical > RANK.EQ. 30099390 005¢0ma)® g35bxsModo (bwe. 3) dglodsdol LGGogm-
69080 dgy3560¢05 RANK.EQ 3996J500L 56190963 q00.

Function Arguments 7 X

RAMNK.EQ
1239

Number |E4

[ S

Ref |SES4:SES10 [123%:1212:1204; 1067:1167:1126:933}

[ d

Order ||
=1
Returns the rank of a number in a list of numbers: its size relative to other values in the list; if more than one
value has the same rank, the top rank of that set of values is returned.

Order is a number: rank in the list sorted descending = 0 or omitted; rank in
the list sorted ascending = any nonzero value,

Formula result = 1
Help on this function Cancel

L. 3. RANK.EQ 53bg300b 963963900l 005emy®mo i3obxsms

95¢00BO3E00L  IMEME@mdol LobdomEo 2sbshorrgdolmgzol, bm3gMasm3gdEgool dgdmlsg-
@900l x5899MH0 LodMI3E0EIL M3gbo 3B6083bgEmds dmbggds 11:14 »xMgpqddo dmEgdwme
©0535DMbg0d0, LsFoMmMs IMbodbm J4:]7 Mx M9 0535BMbT0 (L. 2) BsofgMml BmMTMws

{=FREQUENCY (E4:E9;14:16)}

©5 890093990L  sbsgzodboMmgdmsg [Ctrl]+[Shift]+[Enter] 3gsgo8ms 3mddobsool gs8myqbads.
3bdgos FREQUENCU g50mdsbgds bogds dMdsbgdoom: Formulas—Function Library—More
Functions= FREQUENCU. do@gdwjen @osermynt 3sbxs®sdo (L. 4) 9gbsdsdol bg®modmbyddo
999396005 FREQUENCU g3mbgo0l s69996@gdo0.

Function Arguments ? .
FREQUENCY
Data_array | E4:E10| 4| = [1239:1212;1204;1067:1167:1126:933}
Bins_array | 417 + | = [1000;:1100;1200;">12007}

= {1123}
Calculates how often values occur within a range of values and then returns a vertical array of numbers having
one more element than Bins_array.

Data_array is an array of or reference to a set of values for which you want to count
frequencies [blanks and text are ignored).

Formula result = 1
Help on this function Cancel
by®. 4. FREQUENCU g39969300U 5698963900l ©00smanmMo 3sbxs®ro
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bme. 2-Bg  9mEgdmeo  sbasModygdol  Mfigolol dobggom  bvy3gMdsmzg@gdol  Jugedo
999mbogergdol Jobgz00 30039 5RO DHYs B3gMTom3gE0 ,»,39I030¢0, brm bw3ghHdsm-
3960900l d90mbogegdol  xs3wm0 LodME3E0Esb TbmemE 3 Lwy3gMTom3gE0s (29300,
»390BMM0 5 ,bsBOEdY) MMIgEms Ggdmbsgacro dg@os 1200 deb. e By.

A4:A10 s E4:E10 9x6900ms ©0035Dmbgdolsm3zol (bve. 2) s390mwos bmdgemds®3g@gdol
Jugol 9gdmbogegdologols 3-D Pie 3odol o0sg®sds. 0s3®msdol ©ogm®mds@qdol d90wgy
3000905 bw®. 5-Bg9 03910 0RO,

bM39956M3939d0L dgdmbsgegdo
g 3300
12% 18%
L3560
13% -

39OBMMHO
Bo3m®s

12%

L. 5. bY39@MToM39EHJOOL TgBMLOgEgdol JMEMLMOd0MO [iB0O OSYMSTS

14:]7  9x6O90m5  ©0035DMmbolsmzol  (bme. 2) 53909905 HJoeroDo300l  BmEEmdol
LbobdoGwmo asbsfioergdobmgol 2-D Column @osg®sds. 0saMsdol sxm®ds@gdol 909
3000905 bw®. 6-Bg 0390 EOsYMTs.

3obBHMmyMsds

1100 1200

g5000BE00L d3LIEMdS

L. 6. HJooHs300L dmEwemdol LobdoMmwo 4bsfowwgdol 3obEHmaMsds

©336s:
* 393500690 533MBoGHM5 29bsbargds0 sb656M0Tyg00L Miigobo;
e 2563L5%BE3Mgm Lv3gMHdsM3n@gdol Jugwrol doeosbo (Lvyen), bLsgBmm s Bsdrserm
390mboggd0, ®omMgMEo bmdgmds®3gdEol 30mEgbdmewo fowo dmwosb 8gdmbisgsedo;
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*  053503069m 259003700l dmEYEMdOL dobgz0m L3gMmBsM3gEHOL J0gh V353900
5QP00;

* 259303590 1¥Y39MBoM39GHJOOL X53MO F9dmLisgergdol LobdoMmEro gobsfowmgds
9m(399900 ©0535DMbgdd0;

* 539990 Ly39MH oM 39390l 90mbiogEgdolmzol s Lobdo®Mwyeo gobsfowgdolmazol,
39L50530L5, IMEMEMBdOMO Moo s b3gEHMZ960 OsYMmSTOO;

o 365bgm Excel-ol Hmeo 0s6509006H™m39 9306080399600 59m 356900l ©o993035-39505%Y39¢900.

INFORMATICS

ANALYSIS OF THE SALE AND INCOME OF SUPERMARKET
CHAIN PRODUCTS IN MS EXCEL

IA MOTSKOBILI
FE-mail:ia.motskobili@bsu.edu.ge

Batumi Shota Rustaveli State University

ABSTRACT: Success in modern business and management largely depends on the operational analysis of the
situation and the choice of the most optimal of the possible options. One of such programs for solving such
problems from modern computer tools is Microsoft Excel. Using the example of the operation of a supermarket
chain in Excel, an automatic reporting report on renewable energy sources is compiled, which calculates the
total and average incomes, the percentage of each supermarket in the total income, the place occupied by the
supermarket, calculates the frequency distribution of the total revenue of supermarkets in specified ranges,
for the revenues of the supermarket chain and for the frequency distribution of sales volume, respectively,
volumetric pie and bar charts.

KEY WORDS: MS Excel, chart, revenue, analysis.

399099gbgdmeo o@gMsd e

1. 0585% 0gEos. 0o dmfiymdoo. ,MS Excel g3mbmdogsbs s 30%bglido®. 3s0md3gdermds
d0obo ,mboggMlowwo* 2017.
95 3Mbx 0300, dBoBbgL — Excel bofjogwo I, obym, 2019

Wayne L. Winston. Microsoft Excel 2013: Data Analysis and Business Modeling.
4. Professional Financial Computing Using Excel and VBA.
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380565 I ICNTEATISS

60525301 353R0NXHIdS LILIGENA) 3BI6SEHIIN)
6JRL2JIL20L LHLOGMGLRM SIGN3MBOL 3SBEHROL 30B600)

6363 3ISSRSII
Jer-03mbHo: nunukutaladze@gmail com

B'30dSS NIISJI
-0l Ho: zurabi.mikeladze@bsu.edu.ge

606" 1LANKNI3020)

Jem-8302bHo: seinino99@gmail.com
53015602 GOBGINSID

Je-30bHs: acincgiladze@mail.ru
015356 3M3ML20330520

Je-30bHo: tamargogolishvili@gmail.com

Bo09dol Imos Gryborsggerob bsbgardhognem «1bo396bodgd0
93 M3GI0 5 G998M5629¢m0 (Hg97602¢mg0980L 0bLHOB A0

S6MASG0S: g3zgms Lsbmxymm bsdgmmbam 3MWEHMGBGS BoMEMmyoMMHo M530U9dMMHYdgd0m gsblsMm-
607 50ooaMdMhog 3¢0do@Me 30HMdJOL Tmombmgl, sdoGHmd cmommgnmo Fsomgsbol dmgws
9cygg3560L  Bgdbmermaosdo sv30ergdgwos dg3boghrms Fglffogaomo dobgMomm®o Lslivydgdol
x0®IGOoLs ©s bmMIGdOL gsdmyggbgds. boowagol s d3gbsMgmmo bymgmmols s8oMYdS
LogmEbEobsmzgol bsFo®mm dozmhmgegdgb@gdoom, Bzgbl 9gd8mbgglsdo Lgagbom, gl 046935 0bmgzgsgow®o
9350ma0900L ©sbgMazs Lsds®mzgerml 3gMdme dobo gMHMIMHmo JMmbol 5FsMolL s3GHMbMIom™o
69b3PEo30l Lemgwol Ig@bymdsdo. 360d36gamazsbos Lgangbol, Gmam®E Jozmmyugdgb@ol Mmero
3b™39wdmgddggdols 3hmagdo s 3390530, Lyamgbol w3oMolMdOL 3MGMdErgds 537005 bobemys-
©MHd0L EOE YrMoE®gdsl 0d3gal, sdoGmd sl s3mEsbs Lgamgbol GmBY mMysbobddo. Lgengb-
399(339% d0MEPMRONHOE 5JBHOMO EIBToEHYIOL godmygbgdsby.

Bossgdo Lgegbols 4sdomgdol doBbom Fg¢sboeo ogdbs Lgergbols dozMm dom Lsbrdo Gmdguogs
390905 badMonmdols Lgamgbolsgsh s gmeoGEologsd ,dolo asdmygbgds bgwmbagMgos boswagols
G0 d0bgMsemBsEol s 3MB30g8035300Lm30lL, »dxmdglgds dmLEbywmol Bomoggdol BmHol
36m3gLo, 3mbsge0sbmds 0BMEYds 49%-0m. sMgm3y 0BMPYds d39bamgdo oErgdol BoGmbaowydol,
30M396GId0L, MmMYsBmEo 8gs39900L, Yo Moo 3030bIdOL MomEybmds, MixmMdJLEgds Tsmo
dgmgolgds mMs6obdol Jogh. 50 d00sG0IYEgd0m FMsmds MATEIYDS. (30900 GHIMEYds Lbgs
ghofiemosb 939bstggdty.

Bossgls @s 93gbstgdo dom Lslyydol bs@@omdol Lgegbodol dg@Esbolb 89dgy Fobg@Msmm®
Lsbrydgdmsb ghms Ls3TsmE 0BMEIds Lymgdol MsmEgbmds bossgdo s dgdwamd dEgbstgdo
U960l 399(339¢MBOL gsbLsBMzM oo 3608369¢mds gboFgds. s6sgEoBgdol Laggmdzgumbyg dolo
©IB0EoAOL 306mdgddo, LsgoMms bossgols ©s dEgbstgmmo Lsgsmol gsdoE®gds Lgamgbols
39933900 9036:mMLsLwYI980mS S ©BTGHYO0.

L33356d(M LOGI3TB0: bossp0, I3gbotg, dombsbmdo, Lgegbo, dobgMsgMo Lsbmdo, J9OEHMBoOEoO,
Bo@®Momdol Lgagbo@o.
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6055300 353RNXSI3S LILIENA) 3GIESEHI I 6IVLIIANL LHYLOGMGBHLE2 SISN3MBOL 3SBEHROL ANHB60D)

dgbogoo: OHMAmOmE doger dbmxgaomdo, 1939 Lodos@mzgumdo gMm-gMmo  Bmsgzmglo
36MH0MmOH0GH G0 dmlobrgmdol «BOHMbzgeymas L gslimgsbo, mgbgdgwo LyObsmom s
33900L 3G IBHIO0m. 50530560l XsbLOMO 33900LsM30L (39 3go 33900l 3MMOJGHIOOL
OMEOo ©0E0s. dom0 Jodor@mo 3995 gberMmd0sb 253mIE0bstyg, gobolsbMzmgds ymggu-
©0IMH0  LOMERLMZS60, XobLOMO 33900l GoEombo. 3965369 Fergddo OO YMMoELds
©ogmdm  Fobgmocrmmo  603m0gMadgdol 36033zbgErmMdSL s MMl 3mEbswo  MmMyboBdol
B®3sery®o gmbjgoolsmgzol. olobo mMmysboBddo b3gd0sb 1s33gdol Laboom [1]. dobgGsgrmGo
503009690930L Fysrml FoMdmoygbl 33900L 3OHMEIEgd. dobghowr® Bogmogmgdadl ymagb
0530m 5 303MH™ 3530mgIgbEgdL dog3mm3bgds K, Ca, Na, Mg, P, Cl s bbgs. 85000 Grom©gbmdos
100 g Jumgoedo 6 33990L 3MMEIEHTo 2obolsBwgMgds dooymsdmdom (dy), BozMmgugdgb-
3900s: Co, Fe, Zn, Cu, I, Se o5 bbgs. Bomo 3mb39b@&HMs3os s00b0dbgds dozmma®msdgdom (93y). 35360m-
3036 9099963 gd0L gR03E0EOL 96 Lo FsMBdOL T9dmbgzg3zsdo 0MH3g3s BogmgMgdsms 33, Mo3
3963060900 ©530gb0dg F0BYBOL 25TM: 505 dBorsbloMmYdYEo 339000 ((30¢gdoL, 3bodgdol,
BobdoMfgeqdol LoFo®mdg b m3056-0LMdS) [2,3].

33900L 36MmdEgdoL 3ME0bsMoms® 96 3gdbmemyowm®mo §s0sdw)ds3900LsL JobgMowyMo
603009Mg0930L 3608369 m3z560 ©sbs3MY0m. Bombgsgs 0doly, HMI JozMmgugdnb@gdl o6
59300 969639303 MWo VoMY, HMYMOOE 5d3L 30EgdL, (3b0dgdls s Babdo®m{iywrgdls, dsmo
360036900mds 393Ho© 99&oww0s, obobo Imbsfowgmdgb gmabswo memysboBIol domdodow®
360Hm39Lgddo. gMm-gMmMo sbgmo JozMmgwadgb@os bgwabo [7].

L9ge9bol JodoMo 6odsbos Se (Selenium). . 39699930l 39MH0Mm©ME LolEgdsdo Lgmmgbo VI
X3%30L 3005356 J39% 2983005, FoLo HOZoMo brxdgHos 34, borgnm s@GHMBMGo dobs 9o g6l 78,96-1.
bgergbo  5563ds0l 939X 3MBOL  9gdgbGos, MOl F9EIWMOEO. STLmebogg 8093m3b9ds
,00398Mmbgd0L* Xamal, Mo 350bgdol HomdmdJdbgel 60dbsgl. 3bgdsdo Lgwgbo amyoMols
5bomyos O 2mA0MEOL 35935Mo JIBoL sMvMGYEMmo BogMmgdol Moygdl, GMIwgddos
50505369096 35¢gbGHMBL -2 Bgargbo@ndo, +4 Lgrgbogdo, s +6 byegbs@gdo. 1817 gl bgwgbo
003M5B0bs ¥ Mb0-003md dgBEgE0mLTs [4].

016906030 FobgMogd0EIb Y3z9wsBy 2o3MEIIdIMo  FmMmdss FgBowol Lgwgbowqdo,
MHmIgdoi Fomdmoaqbgb BogMmgdl d98gy gargdgbdgdmsb (Pb, Ag, Hg, Cu, Ni). obobo dotMo-
MO  BMMTOMEIO056  30OHMMYNTINW  300mdJdTo.  sbgmo  FgbogMmgdo  MdgEglo
b 50YdOL s MIBOL HoMmIMBMdOL 50w DY a3b3zgds [5].

Lgegbo §oMImaagbl LogmEbEObsm3zol vY30WgdgE dolMMYEgdgbEl sbEomJbosbE MmO
30590056 g5dmdEobatyg, Lgargbo byl MHygmdl 339006 36MMEYIEJdOL, Tgbobgzol bobymd-
@03M05LS O 339000 WOMGOIMGdOL FgbsMbmbadal, bgels MHymdL MmMRboDTd0 75b6adsOL
©95J30wo §omdmbsgbgdol g@™mduozsEosl, ol s6GHo @sdxsby39wos, 930090l YR MGOIOOL
Qo39b30L, 90 dz9dL Jom IBMEOTo300L, GoMei bgl MPymdl MxMIdOL BmMHIsErME
396300006905L. Lgergbo 565 MMYIL 5539 BHMJLobgdL s MBL, HoMs3 0393l YYx ML Tbo-
3900U 356(396Mm 9600 dmgdggdolsgsb. Lgwmgbo oliggg HmameE b3s 3039306780 byl »yderosb
Lb3oslb3s 5350900l 293MEIgdsL. Lgargbols M3oMm3zgwqlo dGHghos bsbdomfiyargdo, g 3o
0035L 603bogl, Gmd g3zgws Lsbol bsdbz®gdo s 29BoMdMwo  bolidgargdo  bofoermdmog
565009096 Lgangbl. 385390 3MMEwYdEHgddo 56 3mbligMgzgddo oo d9d;339wrmds bobgzs-

X96 65319005, 3000609 bgowgmedo. bgwrgbo OO MoMmYbMdomss Lodobdo, Lsgws@do
396L53MmMgd0m do, B30l doMowdo, J3sdsmowdo, wz0dwdo, 339MEbdo. d3gbsGgmwo
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§o6HM3MdOL 36 JBHIO06 Lygargbom FE0EIM0S bMMmBOL Jo@m, Lmzm, bom®o, 8s30 3MGo.
09003 306MmdYdd0 Lgwgbo 5@sd0sbol s (3bM39gdOL MMYEB0BTJo B3YdS F0MOMOWI©
b9 9638993390 530bMTz53900L bgrgh dgmombobol s Lgwgh EoLEBHIBOL Loboom. MmMsBob-
9doLsm30L bgermazbMa bgwrgbol dofimegds godegds AobbmMiogergl bo@®owmdolb gargbo@ol
Loboom [6,7], GmamOE mOaebmeo slg3g 9M0mMsbmmo bgwgbo s3ows dgofimggds 39365 -
530l doge. gggas LobmBEm LsdgMObgM 3MWEHMOS BoMEMYOYMHO M530LgdMMGOIO0m bl -
3790O0M 505IRMIM0Z 3¢00d5GME 30MHMBYOL dMoMbM3L, 5doGHM™I MomMYMEo Tsmysbol
dmgs 3myzsbol Bgdbmanmyosdo svE3owgdgwos dgabogMmms dglfsgerowo dobgMscr®o
Lobirdgdol 13m@ddols s beaedgdol 4sdmygbgds.

33900L  3MMmMIBYddo bgwgbo b3zgds bosoa0sb. dolo FgdEggErmds FMIOEIIIC0S
©9s30fiol Jgddol ggmdodo® s bossyol Jodo® 99dsygbermdsty. gwsdofiol Jo@ddo
bgegbol 3as®m3o Tgoagbl 1-5:10-6 %-U [46]. 359630 Lgargbol 3mb336GMsEoolL BrzM Yo
©oL533900 Bra®dss 10-539/03, bomenm Lolidger Fysedo - 193/, m39s60L - 10-8%, dobstols - 0,2
332/@. F53M00oob, {go®mbs s dom0e05b fysendo dobo 99339 mds mbseg dg@os [4].

93Mm 900l doge Bo@oMgdwends 33¢093900ds 5639b9L, GMA godoMIdOL Slgmo dgmmol
3909390 9396569900 Lyl 10%-000 Ggom30Lgd9b, b5EBM0MTol bgwgbs@o s©0YJds bywabodsw
[2,3]. byErgbol doMOMSE FysHrml Foedmaygbl d39bsMgeo FoedmTmdol 33900l 3HMm©w)dEHgdo.
090 bea®dsebs s Lemomdo bgegbdgmombobols Lsbomss Bm®mIoMgdmwo [6,7], GMIgErois 30¢gdol
990500996 Md5805, 3mEbow MmGYsboBddo Lgmgbo GHMIBL3MOEHOMPYdS MEYBMgdLs s Jumgo-
©9dd0. beedsedo bgergbol 999339 Mds 35M0MYOL ssbermgdoo 4-21 400 939/3y, 0mbxsdo - 10-
5000 9g/39 [1].

199600 FEOIMOs ToM(33eM3560 3MWEHWMFOObosIRTo Lgargbo 23bYds SGMMYSBMo
@5 mMP6M0o Lobom, HMIgEoE FM™m3Yds 93305M0 33gbsMggdols s 3bM3gEgdoL MMYbOB-

00056. 6050l do3MMmIBEMMOl Bgdmgdggdol dggas® LBywgbo PsMs0ddbgds d39bs0ggdol
3096 dglomzolgdger gmMIsdo. Lgwrgbol goM33g9wo  bsforo, dgmowo®mgdmwo Mgodiool
39009250, bggds 5@IMbggOmdo. d39bsggdo bgwgbl y3ges b0ssy0b 3960 0m30LgdYD. Togys-
WOmOE 95939, F50005b 600 s9dd0 Jolo 3MDEIBEHMIE305 JoBYL B0, OO I60T3bYEMdS
593L Mmmbgzsegb@osbo Lgamgbols Mblboo 3m83wgdlol ZmGHToMmGdSL B 30bsLSE. GmEg s9HMdmen
30607030 bgegbol 360dz6garm3zsb0 Bsfowo sgbyMmwo Bm®Bom (Se+6) sG0L FoMdmpygbowo
5 93965619900l 3096 530 FgLsm3z0LgdgE0s. domliggmmdo bgwmgbols dogaMmoEos bmMEogw-
@995 33900L X5330L boboo [5,6].
Ugegbol BogaMo30s domliggdmado:
B0ss0-------- d39bstggdo------ 3bM™39egd0
/ 500580560/

339300 Md09dEo ©s IgomEgdo:

B0sogol s d39bsMgmeo bgwgmaols 4980MYds LoamEbEolsm3zol LsFoMm doMmy-
99963 9d0m, B39b6L d9dmbggzsdo bgwrgbom, gl 0dbgds 0bmzs30wMmO 3Hgdbmemyngdol sbymygs
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AGRARIAN SCIENCE

ENRICHING THE SOIL WITH SELENIUM TO INCREASE THE
VITAL ACTIVITY OF PLANT RAW MATERIALS

NUNU KUTALADZE - e-mail: nunukutaladze@gmail.com
ZURAB MIKELADZE — e-mail: zurabi.mikeladze@bsu.edu.ge
NINO SEIDISHVILI — e-mail: seinino99@gmail.com

AVTANDIL TSINTSKILADZE — e-mail: acincqgiladze@mail.ru
TAMAR GOGOLISHVILI - e-mail: tamargogolishvili@gmail.com

Batumi Shota Rustaveli State University, Agrarian and Membrane Technologies Institute

ANNOTATION: All agricultural crops with their biological characteristics require special soil and climate
conditions, therefor, in the cultivation technology of each plant it is necessary to use scientifically studied
forms and norms of mineral fertilizers. Enrichment of soil and crops with vitally needed microelements, in
our case with Selenium, will be the implementation of innovative technologies in the agriculture of Georgia,
in particular in the Autonomous Republic of Ajara.
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As the role of selenium is important in humans and animal’s nutrition plan, the problem of selenium
deficiency is attracting a lot of public attention today, so there is a question about the role of selenium in body
and the use of selenium-containing biologically active supplements.

In order to enrich soil with Selenium was entered a selenium micro bio fertilizer, which consisted of
sodium selenium and zeolite. Use of this fertilizer is favorable for rapid mineralization and humification of
soil, and the growth of vegetable seedlings is improved, the yield increases by 49%. Also, increases the amount
of protein phytoncides, enzymes, organic acids in plants and number of varieties of vitamins, improves their
assimilation by the body. The work on this continues, we conduct trials on other annual plants.

After entering of bio-fertilizer sodium selenite in the soil and plants, along with other mineral fertilizers,
the amount of selenium considerably increases in the soil and then determining the selenium content in the
plant is important. Based on the analysis, in conditions of its deficiency it is necessary to enrich the topsoil
and vegtation with selenium-containing microfertilizers and additives.

KEY WORDS: soil, plant, biofertilizer, selenium, mineral fertilizer, potato, sodium selenite.
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MB035Ho  bgowgmmo, MH®AMMOEss  GM306503MHo  (Fofogedes), Lbmywol  dgedbgmdol
L5FoBOLEHMML by dghymdom, LolyMzgos MBROHM GSOMMP  293MEICPEIL LI o
5©0dmbogegon  Lodo®mggml  bbgsslbgs  Mgyombgddo, d936096Mvms©  ©sbvdMmgdme  ©o
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&M306535Je) (Helianthus tuberosum L.) XXTI 159 33'J600L LOIS IS0 36-(MRIIS(

990hge B0sogdHY. gl byl Fguyfymdl 50w MdM030 bgrguwyeols s GM306530mGol
259myqbgdom  30gd0MmEH03M0, ©OIGVIM0  SLMMEGH0TIBEHOL  TMez5¢igMm™mzsbo  3MMmEydzo0l

800935l (FdGseo gbgbowo, Boglo, 3mbxodom®o, 396900, Lozmboodmm 39M-gwbomdgmwo
@5 Ubg.), M®Iomsz §om3s@gdom obotygdwgdgb Gemym®s xsbdhmgmo (3OMmBows]EHo30L
doBbom), 51939 OBYBHOD 939 IOMO S UbZs 3oMMEIMA0MMO  3GMMdgIgdol djmbg
5Q0000b6g00. 53  Loddgdo  860dzbgwmgzsbo  0dbgds  8gool,  LmEoseMo  Jugergdol s
6935306900L Breagro.

AGRARIAN SCIENCE

JERUSALEM ARTICHOKE (HELIANTHUS TUBEROSUM L.)
DIETARY PRODUCT OF THE 21ST CENTURY

IAMZE CHKHARTISHVILI, SOPHIO PAPUNIDZE, NINO SEIDISHVILI,
TSIALA BOLKVADZE

Shota Rustaveli State University

Institute of Agrarian and Membrane Technologies

Department of Agrarian and Food Technologies

ANNOTATION: This article discusses the results of research on the use of inulin as a bioactive prebiotic
in functional food products with an overview analysis of the worldwide inulin market. A sustainable
trend of 8-10% growth of inulin production in the world is noted. A physico-chemical study of the main
functional, prebiotic product and food additive flour obtained from Jerusalem artichoke tubers and its

beneficial properties for the human body are given.

KEYWORDS: Jerusalem artichoke, world inulin market, inulin growth trends, healthy nutrition,

prebiotic supplement.
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JoI<A805

LOSISTIZIML BMB3NISTIN S030L 605LS3IN (NH3NL'IBRHX
dGbL(M3&® BN SHBMSASBNILOSISIF0 IN3HMMHB3S60HBIIdNL
&S(MRIGMd>&030 LS 0130LJdSHN3(0) ‘3IFSRBIEMBS

* B5Teo 2M3SONNT  ** 0MLIS 30M33020
0em03b bsbgerdpogzcr 960396603990 - dahsb0z20L 0bbhod IO *
beabrydols bsbgemdpoge #bozgtmbodgcdo ™

SB3LAESIGN: Tglsfiogeroos BogdoMmzgemls Bmyoghomo Godol (dms-3geml 3mMEosbo, sgrvgome-
3960MbsGwmo, IEgeml-ysg3oLxgmo, 30s-0gmml) Bosigdo 0s30LvBMsE dbmgMgdo sbme)-
3sg30gboMRgmo  F03MHMMMBOBIZOOL 2530 (3gEgds. ©IB0OM0s, BHMT Boswsgaol pH gs3¢gbsls
bbbl sBMGHBROJLGHMOMS MomEgbmdMmog G905agbemdaty, sUngg Beijerinckia—osl 33560l doMrm-
M360DIg00 BsOM0MEs FI3MEILgdEo G539 Bms-IEgmml 3MmMEosbo Godol boswsado; boGmo-
8035300l 99m®g BsBOL F0zMMMMY60BIZdOL LodMmsZgEg sbs30MHMBIAL MsgolBRmsE d3bmzmgdo
5BmE)-05g304b06M789¢0 F030mMM60HTGOOL LsgHmm Hsm©rbmdL.

133356dM LOGY3IBN: sDMEIsxz0gboMBgMo Jo3MMMHYBoDTJd0, boEM0K03530s, ©IPOEHMOROISE0S,
605050l 3g93056mds, Bgbo

93960l BOHEOL Fegs®  T90s839Mbgdg  BoJBHMOL  60s@oado sBMEOL 653 GBdMd
Do60moagbl [1]. LEbmgbMMo sHBMEHMZBo Lolmdgdol gsdmygbgds LogMmmbols 99di339w0s
505050l JMPOMB035300LMZ0L, 535L0SE SBMEHOL Lolrydol 25dmygbgds Lyzdsme dgoMos [2].
933935605 496L537100MGdIME 4o Posl YL 0f393L BosIRdo DBMmYoIMHMO Ms30Lv)3-
@O IbMzmd0 sHMEHTG0JLoMGOIE0 MERB0BIJIOL, 39MME sHBMEHMBIEHIM0gdOL, SBML-
30600019900l s 890960063900l 293039 gd0L 30MHMDdJOOL 33¢935.

5J90056 290m3Eobstg hggbo Lodwmdomls BoBsobl HoMdmaoagbs LodoMmggmml bgswolibgs
Go30b 60sodo sBmEHIsR0JLoMYdgo F03OMMMMAB0DBIGOOL HoMmEIbMdIM030 ©s M30lYd-

030 99050395 MmdoL 33e0g3s.

33930L Md0gdBo s d9mMEYdo. 33¢)30L MdOYIBHOE 39dmYgbgdmmo oym domo-0germls
300560,  5e30m9H-3500MbsEGM0,  dgEml-ysgoLlngmo, dmoe-dgumlb  boswoggdol
6099¢3900. 6050l BOFMToOL 50gdsl 39bgbom 3mbzgMEHOL folom [3]. 300gddo gLoBLZ-
93000 6050l 3H96056MdL, (F03MMMEYB0DBTGOOL Mom@IbmdIL 196 TG boswopa By
2900556500 0900m) s PH-U (350m309gbgom 0mbmdgho, 9s03s nonomepu-130). 9030 0mO-
396093900L MoMmEgbmdOL SMMmOEb3OLIMZ0L 35bEIbom bossyol 60dwdgdol gobbs3z9dgdL
(500MB0MO gobbogzgdol Igomo).

3990mymxzowo  dozOMmmMsb0bdgdol 3w EH035300LsM30L  3049bgdom T9dgy L3390
56990L:

0900:063690096@gd0 M /. dsbo@meo -20:, K2HPO4- 0.2:, MgSOa- 0.2 ; NaCl -0.2,K 2 SO 4-
0.1;, CaC0s5.0 ; 53960 15,0 ; Lodmenmm pH (Lo3Mw@ogzs30m 3gd3g@edw®s 25°C) 7.4+0.2 [4].

3909606390l 569: 06960963900 @/ en. KH2PO4 - 0.8 , Lobotmbs- 20.0 , K2HPO4 - 0.20,
MgSOs 0.50; FeCls- 0.10, NaxMoO4-0.005, o5g960-15.0, Logobserm pH (Logme@ogsgom
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399396s@es 25°C) 6.5+0.2 [5].

3DMEHOLYD 3030LMBs0 Qe 300HOM 58EOEEMHGOO sSg®m0 (NFGMM)* o/cm: KH2 PO4 1.0,
CaClL 1.0, MgSOs 7H2 O 0.25, ; NaCl 0.5 ; FeSO4 .7H2 O 0.01, MnSO4 .H2 O 0.01, Na2 MoOs 0.01,
3093000 7.0, 53060 20.0 [6].

0M3LOL s 0baMg0gbEHJo0 9/cw. MgSOs - 0.2 ,KeHPO4 -0.8 ,KH2PO4- 0.200 ,CaSOs4 - 0.130,
FeCls- 0.00145, Na2 MoOs -0.000253, bobstmbs- 20.0 [7].

3DML30MOE0MTgdolL s6g 0690900963 gd0: g/ C4HeOs -5.0, K2HPO4-0.500 ,-Fe SO4-0.500
,MnSO4-H20 -0.010, MgS0O4-0.200, NaCl -0.100, d6>m0dmeols cowéxo- 0.002, Na2 MoO4- 0.002,
CaCl2-0.020, 53560 1.750 , KOH 4.0 bogobserm pH (bo3zwgan@o3s3om 3gddg@ed«yds 25°C) 6.8+0.2
[8].

B0@®0x035GHMMJIOL 3 EH035300LsmM30L 30Ygbgdom 1533900 gL [9] s YboG®mO-
80353Mgo0L 45dmbagma3o 1533900 569 [10].

89003900 3 BsbboEzs

5©0dmbagengo  Lodo®mzgermlb  LodosMmgawml  dmoe-0geml,  dms-0gml  3mM©0sbo,
5Q309M-350MDMbSE0,005 F09-0geml Bodol Bossy0sb asdmymaowo odbs Beijerinckia ,
Azospirillum, Azotobacter - ob 335600l 5BMGH>x30JloMYdIo FozMMmMY60BIgd0.

30l 890093900 dmEg0mwos 3bOoWwgddo 1, 2. gbMow 1 sbGowdo Hosmdmoygbowos boswagols
303900, 0030MOMs LEgMMOM  MOMPIbMDS s LEYOOM MOMEIBMBST0  sDBMEHTsx0JuoMIdgEO
3036025603900l 3OHME0EMo fowo, MmamMiE 3bBOHOEW0LE bl bs3zwgs boswspaqddo
80360HMmMM2560D3ms LogHmM MMI6MdS MO0MYMWO GH030LsM30L JoBLBZS39dMW0s. SE307G-
39M3mbo@GMe 3Ho3ol 60ssgo bolosmgds 303OMMEMYsb0BIYd0L dg@o, bmerm dms-0gwml
A030L 6050 HoMdmoygboros 30360HMMM560HTgd0l F9sMgd00m Bs3wgdo MomEabmdom M
399b90s 5BMEHTox30dL0MYdI F03OMMMA60DTGdL, 0L F306M g MoMmEIbMdom 3bEJds dgEmls
4530b89M 3030l bos@sad0, bererm 360Hm(3963) s Y39y 399 0Lobo Fo3M 39O 56056
8005-0009mb 3MMHEO056 GHo30b boswsydo.

gbcowo 1
90360HMmMGH560Hdm LEGHPM BomEYbMdIFo sDBMETox30JLOM IO F0IOMMMYs60BTJdOL oo
(13600 3dM5¢ B0soRBY 390596800 37d90).

6050L BHodo 305-0gwmb | dos-0ogemmb 3Q0)30vY@- 9dcogemls

3M60sbo 396dmbsBvo 453053960

8036mmE60BIPPOL 769230 - 10¢ 1508067-105 1585945-10¢ 1505816,3-10¢

159ODM OIMPIOMDS

3Bm@R0JLIGHMO 0.03 -10-¢ 0.13-10¢ 0.02-10¢ 0.0026:10-

3d03MMdMs LogHmm

5m©9bMdoL JozMmmme-

396035 LsgBonm

50200960590 (%)

36mdoos, MHmI Bossaol PH s Gabo 96003690396 940309656  sbogbl  bosspols
80360MmMM2560Ddms 130190603 S MHMEIbMIM0Z F85096MdBY.

@b®oo 2-do Homdmoygboeros 15330930 Bossagdol T55305b6mdoL @S GHYbol 33erg30L
390092900, OHMAMOE 3OO0 BsbL, Lozgzerg30 BosIYIOO JOMNTDIMOLsYSE oblbgs30gd0s6
059300000000 o GHgbom. ms dEgwm 3MMHE0s60 BosEsyo godmomBgzs FgsMgdom dgEo
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0:353056m00m, LHimMg 53 G030l bosado GHgbo 6ol Towowo, bobgs G030l b60ssQgdmb
390560900m, @5 53539 G030l 605@sgdo 500bodbgds mogolygws dgbmgMgdo sbmETsxod-
LoMYdIo J03BMMOYSB0DTYdOL Fowswo F99(339w™ds: (3bGOEO 1-0l sbseobBo g30Rgb9gdL, H™A
PH s ¢gbo 360893690356 3030gbsly sbogbl, Hmam®mE do30mmmasboddms baghomm, olig sBm@)-
058304L0MGOGEP0 F0IOMMOHYI60DBTMS LEGMM HoMEYBMdIBY.
3Q3099M-35MdMbEME0 $H03ol bogsgo gosdmo®mBgzs 990sMgd00 dg@Eo J03MMmmMmysbobdqdols
LSgOOM MoMmEIbMdom, Fop®Msd sBMmEHIsx0JLoMYdIwo Jo3MHMMMYRBOBIGIOL Mom©Ybmds doo-
99l 3mMmEobo 3030l 60ssamsb dgsmgdom 93069, 1O35MIEM™, HMyMmemE GbMowo 2-
@56 BbBL, B0l 85553056Mmds s FHYbo M 339w Fows gobloBwz™agl sBMETsxz0JloMgdgwro
Q5 BMYosm F03MOMMMRB0BIGOOL MomEgbmdsL.
3HO0o 2. 1533030 boswspgdol PH s ¢gbo

pH 6,43 6,27 6.64 6.58
®obo 13% 27% 18% 20%

gb®ow 3-do boB3z9bgdos 3oL dgrgagdo Lo33wg3 b0ssgddo  sHBMmETogodloMgdgwro

0036:0m@A560D3900L (3503990 FoMIMToagbEadol GHom©bmdOL Tqlobgd sbgzg boGHMog03s-
A0 ©5 EI60GHMOR035GHMOM0 B03MMMMY60DIIOOL MomEIbmdMmO30 F38509bemds

gb®owo 3

3BME358304L0MGOgE0 J03OMMMABOBIGOOL MoMEIbMds Lozzw gz boswaygddo

3DMmEsx30JloMYdIEO 0005 dgeml | dms-0cogemls 3306 dgeml
do3mHmeysbobdgdo 3060560 396dmbsGvyEo gog30bgzgmo

3BMGHBIBHIO0YO0 250 0 320 300
09096063900 0 2000 0 0
5HMB30OHOM0dgd0 0 0 0 100
©9603®0x035¢™M)d0 300 110 650 450
Bo@®0x3035¢MM9d0 423 - 10¢ 789 - 10° 400 - 10¢ 565 - 10¢
(I-g35%ob)
BoG®0x3035¢MM9d0 3,5-10% 23,3-103 732 68 -103
(II-g30%ols)

0005-00gmU G030l boswagdo (pH 6,43 $9bo 13%) sBm@GB0JLsG™Mmgd0 3069 Mom@gbmdomss
Pomdmoygborbo, HMamOmE 3bOHOWoEsH BBl 53 GHodol bossdo g3bzwgds dbMEmE© sHBmEGm-
05JBH9M0L 235Mm0L HoBmTogbargdo, s1939 SOE MY OO MOMPYbMdOM F3b3wIds boBMOR03s-
AMM0 5 IBOEHHOGR03IGHMMO dodBHIMH0gdo.

0005-0009 ™l 3mMHE0560 G030l boswsgdo (pH 6.27 &gbo 27%) yzgwsby dg@ow sbm@Gdogod-
LoMYdIWo  B5gBHIM0go0s  FoMmBmgbowo, 39Mdm@ Fbmemo 8309606308 A35M0OL  (85539-
AMIMbEHNMo sBMEHR0JLGHMMYO0) F030MMMYB0DIYV0, 653wgdo Momgbmdom o Lozdom
930609 M5m9bMmdom 500bMlbs ©IboEHMORO35GHMMd0, bmeom Bo@Mox03sGHMMId0, 39MIM©
dgmOg 53sBol boGHM08035@MM900(boGH®ms@Mo) Poddo Momgbmdom. d9wgagdol sbswrobo
330P39690L, B3 15330930 BosOol PH (6.27) 5 3Hgbosbmds (27 % )sgdoms Imgddggol
090960630l 335M0L s BoEM0R035300L dogdBHgMogdol, dobliszmmmgdom Igmemg 3sbol bo@EMmog-
0353™M900LL  (BoGMsd o), 3sb3005MgdsbY. 98 G030l bossgdo ©gboGH®0x035EHMMmYdOL
500 9bMds 30607gs.
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5930996~ 3503Mb5 B0 3030l bossydo (pH 6.64,¢9bo 18%) dmo-0ogeml Bodol boswagols
Abgo3La 306 MIMEIBMdOM 43b300ds SBMEToxz0JLoMGdIWIdO, 39MdmE Azotobacter-ols 43500l
05gd390900. gl 6050 BoLIMPYdS IBOEBHMOR0ZIGMOO F03MMMEYR60BIGdOL Lovybgzom s
Bo@®0x50353HMMgd0L, 4obLsIMmMgdom  dgmeg 53sDol BoGMmoR03sGHMMO F03OMMMYBOBAYOOL
LodEoMO.

99 mU- yo30Lygmo Godol bossado (pH 6.58, @gbo 20%) a3b3wgds, MHmamME sBMEMDSI-
G9m09%0, 0obg sBMUB30MHOE0Ydgdo. sdolmb gl boswsgo gs8mo®mBI3s  ©WIboBHMOROIGHMMO
90360mmMA560Bdgd0L  Lormbgom bmwmm  bodMoxo3z5@GMMmgdo  93b3wgds FgsMgdom oty
50M©gbMdOm.

33w930L 990093900 9BscobBo 330839690l (bMowro Nel, Ne2, Ne 3.), bosogol Godl, pH-U o
A9b05bMdL OO oz gbsl  sbEIbL  MegolBws  I3bmgzmgdol  sbmEGHTsgodioMgdgwo
903600mmMA560Hd900L MHom©gbmdMog s M30Ld6M03 993590 MdsYY. Bo@Mmozgozsools dgmmg
135B0ol 80 3O MmMERB0BTJdOL OO COMPIEMBS IEIOOD BHAEL SBOYIEGOL sSDMEBHBOJLSEHMOS
50M©gbmMdM0g 399500990 MmdsBY. ©dswo pH-0U 306HMmd35030 30050 Gd06  JoMOMII©
Beijerinckia-ll 93560l 359@gM0900, bmwm 99@s6gd0m dswseo pH-ob 306H:mdgddo 3bgwgdom
Azotobacter- ol 33500 {o@ImToygbegdL.

©sl33369%0

1. Bosogol GHodo, pH s (H9gbo o go3wgbsl sbgbl msgolzwms dbmamgd sbm@dogod-
LoM9gdgeo G03MHMMEOHRBOBIYIOL MomPIbMdIMH0Z s MZ30LJdMm0Z T9FsAgbEMdIbY.

2. Beijerinckia - 05l 335M0L 3030MMM60HTgd0 BSOOMES 9303909090 85539 805-dgermls
3MOH0sb60 B30l boswasydo.

3. 60@M0x3035300L Igmeg BBOL F03OMMMYB0BTJOOL LOIMZWY A9BISOMMBIBL ?530L¥IRWS®
93bM3M900 sBMET9x304LoMGdgo F03MHMMEORBOBTYIOL LogMHomm MomEIbmMASL.

ECOLOGY

QUANTITATIVE AND QUALITATIVE COMPOSITION OF FREE-
LIVING NITROGEN-FIXING MICROORGANISMS IN SOME TYPES
OF SOIL IN GEORGIA

*ZAUR LOMTATIDZE, ** IOSEB GIOSHVILI

Ilia State University - Institute of Botany *
Sukhumi State University **

ABSTRACT: The distribution of free-living nitrogen-fixing microorganisms in the soil of some types of
Georgia (mountain-meadow cordian, alluvial-carbonate, meadow-brown, mountain-meadow) has been
studied. It has been established that soil pH affects the quantitative composition of nitrogen fixers, as
well as microorganisms of the Beijerinckia genus are widespread in the cordian type soil of acidic
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mountain-meadows; The abundance of microorganisms of the second phase of nitrification determines
the total number of free-living nitrogen-fixing microorganisms.

KEY WORDS: nitrogen-fixing microorganisms, nitrification, denitrification, soil acidity, moisture
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313001305

SRIMLO3I0) LOISSUIZIML & 'Ib-dO3NLBISN SO30L
60525330 3N3-(MMH3S60B3IFBOL 3S3HBIAS0L
015301dd I dd56()

* BSTe £2M301S0N049 ** 0MLAS 3033020

0erosl bsbgerdpoger 21603900930 - 8eahsboz0b oblihodwydho *
beabrydols bsbgemdpogem «960396bodado ™

SBLAESIGN: glfogaomwos s0dmbsgegm boJsMmmgzggemb Mvrb-ysgobyg® boswsado dozMmmmys-
603900l  MsmEIbmdMogo Tgdsagbermds s 80 Bossado  sMLGdNMO  FogMMMMYBOBIM

sLm30530530 8905350 (93090 BODOMEIMAOMMHO RAIBOL Mom©gbmds. bs3zegg boswsado (5-10
10-ob Low®Mdgdo, pH 7,1, 3sGogosbmds 0,03%, Ggbo 20%), 6 23b30gds ©gboEMHMEBOIsGHMMIdO,
3900505000 830609 G5MmEI6Md0mss FoMimEagbowo s8mbmzozs@dmMgdo s BoGMmoxolsGmMmgdo
(9Lsdsdobs 0,97 s 0,336 30mEgbE0), 535mmsb FgsMgdom dg@os sBmGsgodubomgdgwo dsddg-
60gd0 (1,261%) , Fo6dmdL Derxia-l 33560l do3HmMGaB0BIGO0. BosEsgyol 3Hmzgomol asfzdog
(Loe®dg: 5-10L0; 10-15L3; 20-2510) Jergdwyemdl pH Jshgz96989o (LoEAoL ysmgsolfiobgdoo pH7,1;

pH6,9; pH6,7) 5 dglsdsdolo Jergdmemmdl (35¢030MMo  BoDHoMmEmaonMo Xxanol, 3gMHdme
L33OMBoEJBOL, LrgMgdol, s§@obmdogEdol, bo@MmoroIs@GHMMYBOL, 50MmboBoIsEGMMIdOL Mom©gbmbds

@5 35¢Emdl sDmEIsx30JBoMIdI™o FozMhMmmMYBoHaJPOL Mompybmds (335¢0 Beijerickia), s9s1msb,
60550l Lo@AoL To@PPBMB ghmsE Jwmgdmewmdls Azotobacter-ol s Azospirillum-l gg356Gol
sBm@sg30dboMgdgmo Gozmmmmysbobagdo.

133564M LNGIZIBN: sDMEGToz30dloMGdgEo JogzMMMYBEOBIJd0 BoBMoxrozs@mmgdo,
©gbo@moxozs@mmgdo , pH, Beijerinckia , Azotobacter, Derxia, Azospirillum

60550l 303OMBEMMOL 33eg35 F03OMBIOMEMYO0L GMm-9OHm0 Ibodzbgemgsbglio Lodgs-
Bogtm  doBsMmyengdss. boswogo dsLdo 0dobstg domdodom®mo 3HMEglgdom, MMIgEos
903600mmMA560BIgd0Mss godmi3gwaro, 60swigol Boymmaoghgdol Legmdzgeros. 58539 EOML 0y0
doedgo  IMmI6Md0sMg  LoLiGHdss  goMgdm M0l BoB0o3s-Jodoemo s  bNOMIMygbrMo
B59dBHMMJdoL Bgdmddggdsby [1]. bossgol do3OMMBEMEOL MomEIbmdMo30 s ™M30LgdM030
99950096000l ©oy9bs 30, LETMsEGdSL IM3399L 308X I M 60sEsROL FOIMMdOMEIMYOO
59BH03mdsBg, Jolo FYMIEMBOL, s M30mMYIGBEOL DmA0gMHm S139d@bY. 99 MZswmsbggom,
396L53M00Mg0 g5 Mgdsl 0dgbL LodoMm3geml 60ROl J0IMMBW MO, 8500 JmMol
95180 999535000 (350390 5DMBHT50JBoMGOGE0 F03MMMMYB0BIGOOL dglifages s Boswsgaol
3360MMO60BINS SLME05E0530 8500 MMPIBMBOL s MOl gobloBLIMS.

5990056 259mBobstg B3zgbo 33¢g30L F0BBL FoMOmoaqbws Fgagqlfegurs sdmLsgego
Lodo®mggmml Hvb-g4530L896H 605syd0,0mIgeoE MB35 03938 F03MMMGMYB6OBIMS Mom-
©9b6mdSL [2], F030MMMYb0BIms BMY0gMHmo BFoBOMEMYOMMHO XAMBOL 253M3IIOOL 0630~
1gOMEYOS S 30MHMBYDO.
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33930l M309dHgd0 ©s> Jgmm@gdo

3309308 md09dBHO© 99mygbgdmmoo 0dbs s©0dmLsgEgm LodoMmgzgeml MHbo-g4s30Li39MHo
G030 605ogo (608930l 5©0d0L 5RO bLMG. oB0s60). BosIYOL BodMTol 5¢gdsl 3sbgbom

30b6396@0L gboom [3]. 309000 3LEBPIM300mM 60ssROL BHgbosbMdSL, (FozMMMMYI60BIYdOL
50@gbMdL 1 AMmITI b0soaHY 490059625003 gd0m) s PH-L (359m309gbgo 0mbm8g®mo, do®3s
noroMep-130.) F03OMMGOHY60DTGOOL  Mom@gbmdol  SMOEbaoLsMZ0L  Fsbgbom  Boswagols
6503dq00L g96Bo39090L, 39HAM® SMMBOMO 6BsgqdOL FgmmEL [3]. 458mYgmEBoEro B03OHMMEMYS-
B0BdgdoL 39 EH035:300L5M30L 3049bgdOm d9dEgY 153390 569gdls:
® 9330: 0b3Mm9000963HJd0 26 /. Fsbo@mero-20: ,K2HPO4- 0.2:,MgSOs- 0.2; NaCl-0.2,K2504-
0.1; CaCOs-5.0; 5560-15,0; Lsdmermem pH 7.420.2, 3036:0m6H560H3q00L bs 3w @GH0g530m
G939 GHMMs 25°C
*  39096006390L 5M9: 063 9b0gbEHId0 gt/ . KH2PO4 - 0.8, bobs®mbo-20.0 , K2HPO4 - 0.20,
MgS04-0.50; FeCl3-0.10, NaxMoOs -0.005, spo60- 15.0, Logoboserem pH - 6.5:0.2,
L5399 GH03530M BH9b3gMsdmGs 25°C
o SHMmEOLRYD M930LTo A 3MDOM A5FEOEMYIME0 3500 (NFGMM)* a6/¢o: KH>
PO4- 1.0, CaCl2-1.0, MgSOs . 7H2 O- 0.25; NaCl- 0.5; FeSO4. 7H2 O- 0.01, MnSOs4 .H2 O- 0.01,
Na2 Mo04-0.01, ge030mbs-7.0, 535600-20.0.
* 3M3LoL 5Mg 0baM0gbEHYo0; G/, MgSOa- 0.2, KaHPO4-0.8, KH2PO4- 0.200, CaSOs -
0.130, FeCl3-0.00145, Na2MoOx -0.000253, bobs®mbos- 20.0
e SHBML30MO0IJOol 5609, 0baMmgE0gbEgd0: aM/cw  CsHeOs -5.0, K2HPO4-0.500, Fe2SOs-
0.500, MnSO4-H20-0.010, MgS04-0.200, NaCl-0.100, d6®3d0n0dmeool erméyxo - 0.002,Naz
MoOx4 - 0.002, CaCl>-0.020, syo60 -1.750, KOH- 4.0, boggobserm pH 6.8+0.2, Loz @ogsgom
3993965 nes 25°C
B0@G®0x5035GH™Mgd0L, ©IboGHMOR035GHMMGOOL, odEH0bmBoEg@gooL Asdmboymasw 30949bgd-
@00 6BHM096E 535Mm0L 509l Bs3930L 569l bMM(3-393BMb0sh 535Mb. 5d0s30L Fo®Bmddbols
b0l GgLodmdgdes 03MHMBMS Fosmglizsl 39b9bom 3933HMbosb fysendo, bglbarg@mols
9993030l 8530300 309gbgdom dMMIEH0TMEOL Gy Lomgdagl. JMwEoz30Mqd0L 48
Losorol  (28°C-Bg) 899092, 393300090Mm©Om  LobxsMsdo  obgzomsMmgdmo  domdstiols
99339M0mdL (3). 259mygmz0wo sDmEHBodLsGHMMYd0 gdmfids B9MIIBEHME 5dBH03mdSBY ,
0mJodow® s IMdOH>MdOL BHaLbB by [4.5,].

89003900 ©> 3abbogs
MbH0-94530L53900 BH030L b0oROl F0ZMMBELMEOHOL MHOMPIBMIG0Z0 s MZ30LYdMOZ0 F9dsg-

396c@dol 33930l 890098900 dmEgdweos sbGowo 1,2-do
Nel sbGoedo §o®mdmaqboos dmbszgdndo Bosopol pH-ob, 3sG0owosbmdols s &gbol

(3300900l 30MMdYdT0, MHMH-4530LBIM0 G030l BosIRTo J03MMMEAY60BIMS LygMmm Mom©y-
Bmds s (393999 BODBOMEWMYPONMHO XFMRBIIOL Mom©IbmdMo30 s M30LgdMmog0 F9do-
239600y,

300 1- do ImEgdoeo dmbsEgdndol sbsgroBo 330839690, M™T Bossyol 60dMTdo (swgdols
bo®dg 5-10 bd; 10 -15 b9; 15- 20 L) I30MYdS 605IFOL Fgo3056Mmds (Aglsdsdolo pH 7.1; 6,9;
6,77) 0BMEYds F5Mr00sbMds  ((BgLsdsdolo 0,03%; 0,04%; 0,06%), 50539 ©OML boswspo
0656BMbgdL  BHbL 30639 M  Loe®dgby -20%.( Tglodsdolo  5-1060; 10- 2060) oo
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36039369 mgbo 396ogly Aol 20-25 1d-ol Low®AgBY ( 16%). 53 306M™MdYdT0, MHMEILSE BosIROL
60dwdo 50gdmE0s 5-10 L3-0b Lo®MAGBY ( Boswsaol pH -7,1; Bo6r0wr0sbmds 0,03%, &g6020%-05)
90360030 sSbME0s30sL d0M0ms© bsfowl [oMmdmoagbgb LadMmuodgdo  (95.32%), 53500006
3900569000 353009000 bs3wgd0s SF0MEOEHYIMHO d5JBHIM0gd0 (2,033%), boBmxozsEHM™m9do
(0,336%) o 59mbogozsEMMgdo (0,97%), bossgol 58 Low®Igdo( 8553056MdOL, BsGEW0s6MdOLS
5 $9bobmdol 3bMedo dmyzsbowo dmbsgdgdol 30MHMdYdT0), boswagdo 96 s©0ImMBbEs Jwmli®)-
000999900 ©5 ©IBOEHMOR0IGHMMGd0. F03OMMMP60BIMS Loghmm MoMmEYbmds Boswsgols 53
LoE®dgggdol gomzawolfjobgdom, xsddo smfigll 7374700-U.

gb®owo 1
Boogsgdo 6odmdols 5-1060 10-1510 20-25 43
50900l Loe®dg 18 2 38
pH 7,1 6,9 6,77
0560056Mmds> 0,03% 0,04% 0,06%
®0B0s6mbs 20% 20% 16%
B0BOMMY0©HO 65009608 | 3G0396¢ o | G3mEgbmd® | 3BmEgbdmo | GamEgbmds8 | 3GmEgbdmwo
XBIB900 fowo oo fowo
Lo3MMB0EHIdO 7030000 95.32% 75000 21.39% 18000 6.688%
b 3mgdo 1500 0.0203% 2700 0.770% 0 0
5J®060mBoggHgd0 1200 0.0162% 3000 0.855% 1800 0.6688%
sBomo@®o 150000 2.033% 22500 6.418% 6000 2.2296%
059dBHm0gd0
©960HM0B03SGHMMYO0 0 0 35 000 9.984% 35000 13.006 %
Bo®®0x30353MOIO0 27000 0,336% 1350 0.385% 300 0.1114%
50mb0n035¢HMMm9d0 72000 0.97% 4200 1.198% 1200 0.4459%
sDMBH5830JLoMYOXGOO0 93000 1.261% 184500 52.63% 91800 34.1137%
L59OHNM MomEIbrds
3@@bEGOEOIYO0 0 0 25 000 7.131% 115000 42.735%
303600005 LagMHoMm 7374700 350550 269100
650009600s*
3bcoo 2
sBmEdsg0gboMgdgmo dagd@gMogdo
Beijerinckia 32000 34.4% | 108000 | 58.53% | 80000 87.14%
Azotobacter 14000 15.05% | 6750 3.65% 0 0
Derxia 34000 36.55% | 63000 | 34.14% | 11000 11.98%
Azospirillum 13000 13.97% | 6750 3.658% 800 0.87%
3BmEBoJLsGHMBMS Loghomm Mom©bmds
6050530b dozOrmmMys60BIgdoL 93000 1.261% | 184500 | 52.63% | 91800 | 34.1137%
6502009606 TgBsMgdom

*003600dmS MoMmgbmds 1 360 FdMogn [imbsbg 39osbgeMm0dgdoom 1 *.2%.3%.- aMogs

3bMowol-ol Jobg30:,60505880 (60dMol s0gdol Loe®mdg 10-15 L3, PH -6.9, 3s6:0¢056mds-
0,04%, 960-20%) 3036090 SLME0SE00L MAMOZEgLMBdIL FoMdmsygbl sBMEHTsxz0JloMgdgwo
0036MmmOM2560D3900 (52,63%), 530w gdom bs3gdos LEdOMBOGHWEo  T0IOHMMMAS60DBIYOOL
Mobzo (21%), goBMHOO0s ST0EMEOEMMO 05dBHYM0gd0L (6,418%) 3OMmi39bGMo fowo s
bosspdo 339 Bbgds ©IboEM0R035GMMGd0L (9,984%) s I3WMLEHMOEOwdgdol 9609369-
@Mm3560 GomEgbmds (7,131%), 00mddol dglsdgoom dmods@s sdmbogozs@mmgdol (1,198%),
59BobmdoEgBgdol (0,855%), Lmzmgdolb (9.770%), 99s0gdom bogagds bo@G®mox035¢™mMmgdol
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(0,385%) 8993390205, 0309935 F03OMMMP60DIMs LogMM MoMEYHMdS LogMIbMIWs© FsTMOMBYdS
365830 1-do dmygsbow do3M0mmOP60BIms Loghmm MomEgbmdsl (350550).

3bMowo 1-0l Igbsdg aGmo@sdo (3*) Imyzsboro 33eg30L dmbs3gdgdo dmfdmdgb, Gma Lv33wg3
bosysdo (Loe®dg 20-25 U1J) T9gIz0MmYOME0s  LodMMmBoGHo (6.688%), SF0CMEIOEHWOHO
(2.2296%), 50b0go3sGHMEM9dolL (0.4459%) s 5dBHobmdoggdgool (0.6688%) s sBMEGHTsxz0dboMg-
090 05dBHM0gdol  (34.133%) GomEabmds, 9339  FOBOHEOW0s  JMLEMOEOwYIgdol
(42.735%) s 89¢)bs30 g0 ©gb0EHMm0R035¢™M9d0L (13.006%) MoEbzo. B05sg0sb 56 sdMmomgls
bm3mgdo. L3330 bossoL bLow®mdgdo (20-25 LA) 3609369 m3zbs F930MYdME0s BoIMMMM-
3960Bdms LygM DM MoMEYbMdS (269100).

60550l F03OMMHMEMYB0BIJOOL BODBOMEWMYOMOO XY MRGO0EID AL FsblszmMHGdIMo
4965000905 993930 9BmEx0JLoMGRdgmo  dsdBHgMogdol, osGHIMLGBIOMLS s bosogl TmGol
SBmEHOL 800m33emol ¢dbodbganmgebgll Mamel, 253M(39wgdol ™s30L93IMYdgdoL  33Eg3oL.
539056 250Mm30bsMy Mmb-4530L89MH bossydo sbigzg dglfiogerowo odbs sbm@dsgoduocmgdguwo
05JBgM0900L  39e3gIo  A35MgdoL, 39Mdme Beijernckia, Azotobacter, Derxia, Azospirilum
2930390900l 1530L5dMMHIdId0. 3bOowo 1, 2.

3b®ogddo 1,2 dm3gdmemos 33¢0930L 89093900,0m0mgdoi 23063969096, GMD sBm@Gdsxz0d-
LoM9dge0o 05dBHIM0JOOL LEgMM MHMEIBMBY, 115330930 BossAOL 3HMmaowol dobgwzom, bbgs-
Q©abbgs MM IbMmd0Mmss A5sbsfogdEo, Tglsdsdolo dolido 990935¢0 SBMEFBOJLGHMMYdOL
(3939990 3350900l 3O ME9bEMEo 899:339cmds Lbgowalibgss, sbowo 2.

3b60wo02-0l 565¢obo 330B39690L,6md Beijerinckia-l 33500l J03M:MmMEys60HTgd0L 3O 3E96-
Ao oo (87.14%) dogduodoemos booogol 20-25 bd-ol bow®dgdo, bmeom Azotobacteri
60550L 59 3OMG0EOoL LOP®MTOWL 56 sdmoMgLs, MYdEs 5-10 bd-ob s 10-20 L3-ob Low®dgdo
0500 M50 gbmds Tglodsdols Fgoaabl 15,05%-Ls s 3.65%-U. Bejerinckia-sb 3500l dogem-
™mO2560H90mb ghomo Bo3zzwgs bossydo 8gsMgdom wmbgs 943b3gds Derxia-sb 335M0L
3DmGHR0JLIGMMGOO LoWMHTGgdoL Tglodsdolv, MwYdEs JLgdsEMdom: 36.55% , 34.14% s 11.98%);
Azospirulum-ols 43500L 303OMMOY60DBIGOOL gobsfogds Booswsogol Low®dol dobggzoo d9o-
©9095: 13.97%, 3,658% ,0,87%.

13336980

1. 508mbogmgo LbodsMmmzgmml Mb-go30LR9gM 6ossado ™0boMgdgb LadOHMBOEIO ©

3BM@dx830dL0MGdY0 F03OMOMY60DIIO0, F9Mgd0m Bs3wgdos bLm3madol s 5gEobm-
90393 900L MHoMmIbMdS.

2. 605590L pH, 3560¢056mds ©s GH9bo 33wol J03MmMBMOOL BoBoMEMyoMH XyMBgddo

90360mmM2560Hdgd0L MomgbmdMogz 99850y gbenmdsL.

3. 5BmGHTox0JloMIOgwo F03MMMMASB0DBIGOOL Mom©gbmd®ogo Ggdsyqbermds 933900Mo©

05¢)mdl pH - ol 99005609300 ©sdsgro dsB3969dw 0ol 3oMmdgddo

4. 5DBMGHTsx0JLoMGOgE0 Jo3Mmmeysbobdgddo 3b0dzbgermgzsbo fowo »Focmsgl Beijerinckia-ls

3395M0b 35dBH9M0gdL. bmenem Azotobacter-olb s Azospirillum - ol 3560l do3MmmMA60BIGd0
59 030l bosoydo 30609 Mom©9bmdomss HoMdmpygbowro.
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MICROBIOLOGY

PECULIARITIES OF DISTRIBUTION OF MICROORGANISMS IN
THE GRAY-BROWN SOIL OF EASTERN GEORGIA

*ZAUR LOMTATIDZE, ** IOSEB GIOSHVILI

Ilia State University - Institute of Botany *
Sukhumi State University **

ABSTRACT: The quantitative and qualitative composition of free-living nitrogen-fixers in the gray-brown
soil of Eastern Georgia, and the number of separate physiological groups included in the association of
microorganisms present in this soil, were studied. In the research soil (depth of 5-10 cm, pH 7.1), there are no
denitrifiers. Relatively small amounts of ammonifiers and nitrifiers are present (0.97% and 0.336%,
respectively), compared to these, there are more nitrogen-fixing bacteria (1.261%). Microorganisms of the
genus Derxia predominate. Along the soil profile (depth: 5-10; 10-15; 20-25), the pH decreases (pH 7.1; pH
6.9; pH 6.7), and accordingly, the number of individual physiological groups, namely saprophytes,
actinomycetes, nitrifiers, and ammonifiers, decreases. The number of nitrogen-fixing microorganisms
increases, along with nitrogen-fixers of individual genera, particularly Beijerinckia, Azotobacter, and
Azospirillum. Microorganisms decrease as the depth increases.

KEYWORDS: nitrogen-fixing microorganisms, nitrification, denitrification, pH, Azotobacter, Beijerinckia ,
Derixia, Azospirillum,

399049bgdwo WoBIOGIMS
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SFSHNRS6 1937-1938 V23330 &I3HILNEIS IR0 JS2IB0)

M0)56» 013356039
9-gmbGs: otar.turmanidze@bsu.edu.ge

obdm®0ob 8956090985005 M H2AH0
Boo9dols Jeaons Goyborsggemol bsbgerdpoger boggGlodgdol
60,302 89(3d9b60830¢70l 0bLBOGIHO

SBLAESIGN: bdFmms OGY0dds, Msz30L0 sGHBYIMBOL y39ws 9Bs3DY, FsbsbmMEogms LsbBozo Mg3Mg-
L0gd0 MEBsTsvyemm 5¢s80s6gBOL FJodstm. MuslB0zgo s M3MY3aIbGH™ ogm 1937-1938 fiemgdol
9309b0gd0, MILSE FoEombmdom Esbsdsmmm 5esdosbol Logmabery Bggfiocs. dm@G03s30s ol ogm,
00mgdml 0bobo 3EoEMdEDHIL LsdFmms bgwolryrwgdol sdbmdN s 3930GsEoBIoL SEAgbsl,
oV9mebgb 36:M359560sL 59 doBBOL Jomfigzolsmgols, s8BsgdEbb Tgostmemgdumem sxs6ygdsls, BMmOLs

05 Ibgs. y3gems gl dMErYds LogMwyg oge.
6930gLoMgdmMEms meol 0yzbgb Jsengdo. sFs@sdo 1937-1938 fiengddo BoemliogoEotgdeemo des-

©JO0m 3935¢0TIMYL 5DMBOD Jogro. olobo $fsdgl, baffogro EsbgzmoGgl, Lbggdo Lsds@odmmdo Rsliggl,
2553L3bErgl HMligmol BYIEIMH30L BOHEOMMImOLS ©s 3MTMLsgEgool M3s3MogEr dbsGggddo.
5890005 s sbx35-135¢09d0L FJIY3© 3MINHMO Jsewo EIOMM3s.

69363b06JdYEO Joegd0, 30HMB0MOW, 990degds 15T XFMBI® O0YMU. 30M39¢ XIBFo Igol
Labgedfonm, 3mmo@o3m® ©s LBoBmMYsEMIdMmOg MMYBODIE0YdT0, Fobsmmadols s JMEWEHMGOU
bgg®mdo dmdmdsggbo, Igmdgdo—baeddmgzsbgmo 3sMgdol memado, Iglsdgdo — HOY0MO 5©T0sbgdO.
Labx 9ol dobggzom HYI3HILoMIRMEO Joegdo, 30HMB0MSE, 890degds M KRB I0YML: IbZ-
HIBHOEJO0 O 3L d0. BEBIGH05d0 8rmyzsbowos 3mblmgGmo Fsbsgngdo sFo®sdo 1937-
1938 fiamgd8o H936HgLoMHYdMEo Jogergdol dglobgd. s1iggg 3obbomMos 330 MR SHBMGO goMgdmE3s ©S
605000@300L Bszombgdo.

1333564d(M LNGI3IB0: H73MgL0d, 3MBGHOMIZMEMYF0MBIH—EHMEIOLEH0, EIBZMYES, oEsLIbEYDS,
3bGHOLSd FMmd

L50FMmS 0970005, Mo30L0 SOLYOMBOL Y4zges 9Ee3DHY, LoliBgo MI3MILOJdO Fobsbm30gws
56585 553056900l J0doMm. MLslE03gLO s 3630096 ™ 0gm 1937-1938 (jergdol Mg3-
M9L0gd0, MOLSE F0woMmbMmdom 5Bl Logmabarg 8gghocs. FMmEGH035305© IMOsHBOGOMS,
00mJmb 0bobo (3000 MdELHL Lsd Fmms bgerolyeEgdol EITHMBIL S 3930FEHS0BIOL 5SMAYDSL,
999mbgb 360M359560oL 93 oBbOL JoLo9390, 595 IIWPHIDE FrosEWYIMED X% 9bYgOIL, FHYPm-
GHoLGHYI 5gGHIOL, LOTIMBdE ML IGO0 093696 s BB3Zs. Y39es gl dBEIEEYdS LOEMYIY Ogm.

©93609b0MOMS TnMOL 0936gb Joergdo, GMBGWMs EI35EHTMYdOLS s Gobx3s-§o09d0-
Lom30L 2odm0Yg9693ms 56155053056 MHO BMOTGdO s FgMPYOO. Mg3MYL0gdOL glgdo, BMEOIGdO0
©5 d900m©gd0  89000s3gL  LEdFMMS 3930060 Foboash Loddgms Lobogobm  3m3olisMos@ds
(80bLsb3mB0) s 3MMIMOMSGMESD. 59 F08oMJd00 5PBEB0TBIZ305 LsdFMmMs 3538060L Jobogsb
Logdgoms Lobogrbm 3mdolMol 6. ggmgol 1937 Herol 18 saz0LGmL N 00486 36dsbgds, HmIgeog
399mg3946900Lmsbs39 59Mmgddgs. 58 dMTbgOOL MBI 53530MYPIBIE MY3MgLOMGdYmS
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390l o 15 Fganbg dg@o sBs30L 30egdL, sberm bs0glivggdl, HmIgems 3oTsMon Joblobzmdol
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REPRESSED WOMEN FROM ADJARA IN 1937-1938

OTAR TURMANIDZE
E-mail: otar.turmanidze@bsu.edu.ge

Doctor of historical sciences, Batumi Shota Rustaveli State University
Niko Berdzenishvili Institute

ABSTRACT: The Soviet regime, at all stages of its existence, carried out brutal repressions against innocent
people. The repressions of 1937-1938 were cruel and unprecedented, which cost the lives of millions of
innocent people. The motivation was as if they were trying to overthrow the Soviet government and restore
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capitalism, engaged in propaganda to achieve this goal, prepared armed rebellion, terror and so on. All these
accusations were false.

Women were among the repressed. In Adjara, in 1937-1938, dozens of women were arrested on false
charges. They were tortured, some of them were shot, others were put in prison, they were exiled to the
deserted parts of the north and east of the Russian Federation. Many women died as a result of torture and
suffering.

Repressed women can be conventionally divided into three groups. The first group includes those working
in state, political and public organizations, in the field of education and culture, the second - the wives of the
leading cadres, the third - ordinary people. According to the punishment, repressed women can be
conventionally divided into two groups: executed and exiled. The article contains specific materials about
women repressed in Adjara in 1937-1938. Their family environment and rehabilitation issues are also
discussed.

KEY WORDS: repression, counter-revolutionary-Trotskyist, execution, exile, anti-Soviet
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HISTORY

LIBERATION OF ADJARA IN THE GEORGIAN

PERIODICAL PRESS
(According to the materials of “Droeba” And “Iveria™)

OTAR GOGOLISHVILI
E.mail: otar.gogolishvili@bsu.edu.ge

Batumi Shota Rustaveli State Univeristy

ABSTRACT: This small part of an old Tao passed a bloody three hundred years to maintain Georgian
language immaculately. The 300 years old tragedy started in XV1 century. After the Fall of Constantinople,
strengthened Ottoman Empire started conquering of Transcaucasia. Particularly, Ottomans managed to
conquer Samtskhe-Saatabago in 80-90s of XVI century, one third part of Georgia. Adjara was also
occupied. In Saatabago, Ottomans “declared a fierce battle against the Georgian socio-political system and
culture, changed it with Ottoman system and started national degneration.

The invaders considered the introduction of Islam as the first condition of assimilation. They did not
shy away from anything to achieve this. Enumeration of the means of suffering would took us far and they
were not crucial in the introduction of Islam. For introduction of Islam, economic factor was more
important. Terror and bloody regime could not intimidate Georgian people and lose their courage, they did
not give up christianity. Z. Chichinadze interviewed inhabitants in Adjara and recorded stories and legends
about introduction of Islam in Dgvani and Kobuleti.

KEYWORDS: "Droeba™ newspaper, "lveria"™ newspaper, population of Adjara, combat operations,
Batumi harbor, heroism of Kobuleti people, dedication of the population
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