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MATHEMATICS

R.Gachechiladze, O.Maisaia

Signorini's Problem in the Couple-Stress Elasticity and its
Reduction to the Boundary Variational Inequalities

Presented by Academician T.Burchuladze, October 23, 1997

ABSTRACT. The first part of the present paper is the realization of the general
theory of abstract, one-sided problems for systems of equations of statics of the
couple-stress clasticity for mhomo'mnwus, anisotropic clastic media. In the second
part by using the method of boundary variational inequalities we study Signorini's
problem, which allows one to inves igate these problems for outer regions in the

case of homogeneous anisotropic media.

Key words: Signorini's problem. couple-stress clasticity, variational inequalities.

Let R be a three-dimensional Euclidean space, x = (x. X2, X3), Vv = (V1, V2, V3), ... bel
the points of this space and let Q < R® be a bounded region with sufficiently smooth oQ
boundary [1].

The basic equations of statics of the couple-stress clasticity for inhomogencous ani-
sotropic media has the form [2]:

M(x, O)U(x) + p(x)Ax) = 0, (1)
where U= (u. o). u = (uy. 1. 113) is a displacement vector. @ = (@y. a». @s) is a rotation
\‘Cclor P is a medium density, = (G, F = (F, F, F)isia mass force;

=(Gy. Ga. Gs) is a mass moment and Ax, 0) is a matrix dlffcrcntml operator of statics

01 the couple-stress elasticity.

Elastic constants a;u. byw. ¢ (i, j. 1, k=1, 2, 3) appearing in the definition of the
operator .£(x. 0), arc the functions of the class C” satisfying the conditions

Wik = Aikgjs Cijitke™Clhiy
there exists A/> 0 such that Vx € Q and Y& nyeR:
Ay + 2bynmu + cnnyime = M(EEy + 1), (2)

It is known that the complete energy of deformation in the couple-stress clasticity is

of the form

?(( L) = J‘{ar//k’:u(['v)é:/l( (1) + iy (O) (V) + bz/lk_fu(”)’llk(l") + by (V) mu(U) }dx,

where

Ow,
&) =—— gy, (U) —T & is the Levy-Civita's symbol.
Ox; ox;
Here and in what follows. repetition of the index means summation with respect to this
index from 110 3
Let
VO Y

/V(\ \)_“/V(” e

646



Signorini's Problem in the Couple-Stress Elasticity and its Reduction to the... Q‘%/
EEAU B
be a matrix differential stress operator and assume that 602 = 1)UL, ')l = @, Ophgoss
der the following
Problem K (K =L II, I1I, IV). Find U = (., w) such that in equation (1) be satis-
fied;

on Ty (u), 20, Mu+ Nw),> &
| WNu+ NPw0)o= 17, W N u+ ), - 8=0,
; o=¢p for K=1 or K=1II
Nou+ 0=y  for K=II or K=1V:
onl}: U=V for  K=1 or K=1L
U=d for K=1 or K=1V,
where the symbols (-), and (-), denote respectively the normal and the tangent compo-
nents of the vector (-), & I'; > R. gy, 77 T > R @, ' ') - R® (note that this prob-
lem is poscd formally).
Consider the casc K = I11. For the sake of simplicity we assume that E=n=y=0.
To formulate Problem I1I variationally, it is nccessary to introduce into consideration
. aclosed convex set ¥y and a functional Fan):

Van = (U & (HQ)",)y, 203,
Fa(U) = f oF Uds + j PUdS
Q

I

where pF e (Ho(C))’ and W e (Ho(1'))° (for the spaces [1,(€2) and F1,(I). see [3]).

Consider the following variational problem: find U/ € Vy;, such that

VYV e Vay: AU,V -U)2 FyyV - U). 3)

For the investigation of the solvability of the variational incquality (3) we have to
define semi-coerciveness of the form 4 in order to make application of the general
theory of abstract one-sided problems possible [1].

Condition (2) and the sccond Cauchy's inequality [1, 4] allow one to prove the exi-
stence of ¢ > 0 such that

AUV 2c|PU| . YU e (H(Q)’,
where /-P is the operator of orthogonal projection of the space (//;(€2))° onto a set of
solution of the cquation A U,U) = 0. It is known that the sct of solutions of this equation
in the space (/,(€2))° is
R={([axx]+b, a)},

where @ and b are arbitrary constant vectors.

Denote ' =R ~ Vo and 2% = {(p. a) € R (p), r, 2 0}. The following theorem is
valid.

Theorem 1. For the variational inequality (3) to be solvable it is necessary that the
conditions

Fay(V) <0, W e Z )
be fulfilled. If condition (4) is fulfilled in a strong sense, i.e., the equality sign takes
place if and only if V e 2% then inequality (3) is solvable.

Moreover. if Fand ¥ are the sufficiently smooth functions, then the solution of the
variational inequality (3) satisfies as well the conditions of Problem III.
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Tt {B}r, be a o-ring of the Borel subsets of the st I', and assume I,

where S, k=1, ..., q is non-overlapping two dimensional cells of the class C* [1]. Then
the following theorem holds.
Theorem 2. On the o-ring {B)|-2 of the Borel sets of the set I there exists a non-

negative real measure y such that if U is a solution of inequality (3), then
vv € (H,(Q))° » (CUQUIY)Y, Vo e (H(D)

J-vlv,d;/ =B, V) - Fay(V),

I

E

where V = (v, ), a singular set of measure y is contained in the set UGS,( and the
=1

Junction (M + 4V ), is its Lebesgue derivative.

In the case of one concrete problem when the supporting surface I, is a bounded
region of the plane x; = 0 and Q\ T, lies in a half-space x3 > 0, this thecorem allows one
to prove that the above fulfilled (in a strong sense) conditions (4) are necessary for the
solvability of inequality (3).

For the sake of simplicity, let us investigate Signorini's problem by means of the
boundary variational inequalities.

Let R"(n > 2) be an n-dimensional Euclidean space, and let D < R” be a bounded region
with aboundary I' e C . Consider the following

Problem. Find u € (#,(D))" such that the following conditions be fulfilled:

Ax,Ou(x)=0, x e D;

@) 20, Q)| 2/, )

<L(Tu)y—f @) > = 0, (Tu)o]r = g,

where 4 is a matrix differential operator of statics of elasticity, 7'is a stress operator [1],
fe H (), ge(H ()", and <.-> denote the duality relation between the spaces
= 2
H. (I)and H, (D).
2 %

To investigate this problem let us consider an auxiliary problem: find we(H, (D))"

such that
Ax, Ou(x)=0,x € D,
ulp=hhe(H D). (6)
2

We prove that the problem has the unique solution.
Eet
@ (H, {O)" > H(D))"

2



2
(0). Gris called the Green's operator of the first boundary value problem. Define the ope-
rator

Li(H, ) = (H , D)

by the equality
Vh e (H, D): Lh=T(Gh)|; .
2

It can be easily verified that the operator L satisfies the following conditions:
D Lu. vy=(Lv, u), Vu,v € (H, @)%
2

2)(Lu.uy20,Vu e (H, (I))"

2

3)(Lu.uy> a”Pu“i s0>0.

g\\'hcrc [~ P is the operator of orthogonal projection of the space (/, (I'))" onto a set of

2

solutions of the equation ( /7, (I'))" (note that this is a sct of vectors of rigid displace-

ments).
Consider the variational inequality: find /i, € ~ such that
‘ Vh e K Lho, h—hoy2(f. (h—ho),) +{g, (h—ho)s). (7)
where

K= {h e (H, D)),

=05

2
We can prove that if &, is a solution of inequality (7). then Gh, is a solution of
problem (5). and vice versa. if # e (/,())" is a solution of problem (5).then it can be
uniquely represented in terms of Ghg. where h is a solution of inequality (7). This equi-
valence permits to establish the sufficient conditions for the solvability of problem (5).
Using this method. we can study Signorini's problem for outer regions in the case of
homogencous. anisotropic elastic media.

A.Razmadze Mathematical Institute
Georgian Academy of Sciences
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M.Bitsadze

Uniform Convergence and Summability of Multiple
Trigonometric Series
Presented by Academician L.Zhizhiashvili. May 5. 1998
ABSTRACT. The paper presents the results on the uniform convergence and
summability of the negative order of special trigonometric serics by the method of
Cesaro.
Key words: convergence, summability. (rigonometric. sequence.

1. By symbol /" we denote a n-dimensional Euclidean space with well-known linear
operations. We denote points of the space £” by x = (x1. X2, ... X,). V= (V1. Y. oo Vo) oo

We assume that
1

lxl| = {Z\} 7= ez A

We give the notations. some of which were introduced in the papers [1.2] and [3.4].

Assume that P'= (Py, Py, ..., P,) (=0, 1, ... i= Ln). By (ay), - o we denote a n-
fold sequence of real numbers; A(%) is the number of the vector 2 coordinates which are
cqual to zero. Let M = {1, 2, ... n} and B be an arbitrary subset of the set M and

B'=CyB(B'=Qif B=M, B'=Mif B= ). By symbol P(B) we denote the sct of the
coordinates of the vector 7 whose indexes form the set B. ||P(B)|| denotes the sum of all
P which form 2. Furthermore if (/)" are basic vectors of the space £” then we assume
Aay, (1)) San=a,. 15
i.c. it is a A operation with respect to the coordinate P, of the vector 2. By the symbol
A(a,. B) we denote the expression which is obtained by successive application of the
operation A to the coordinates of the vector P whose indexes form the set 5.
We consider the #-fold trigonometric series of the form
22 Mg, ncos D; Xi nsinp} X, : (nH
p=0 icB JeB'
where (a,), - o is a sequence decreasing in the Hardy [5] sense. i.c. for cach B < M the
condition A(a,. B)=0 is satisfied.

If B =@ the series (1) is n-fold (if # > 2) sine-serics and if B = M cosine-serics. We
note that all functions under consideration arc assumed to be 27 periodic with respect to
cach coordinate of the point .\, In the assertions below the convergence is always used
in Schtolz-Pringsheim sense.

Let /e L(T"). Following [1] we denoted n-fold trigonometrically Fourier serics of
function /7 by the symbol g,[ f]. 1. ¢.

gl f]l= 22 4p) Zaﬁ,’”(f) ﬂcosp, X,Hsinp/ X )
>0

BcM icB jeB'
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where
U‘ B
P

n sinp, xdx.

icB JeB

i
Ef The expression
|
|

.~ denotes n-fold Cesaro means of the series o] /']. where
: o= (o e (a1 i =1.n);
| 1o GOFED D .
| Sl Ui
and S,(x. /) is a rectangular partial sum of the serics o[ /].

2. In one-dimensional case for sinc and cosine serics fundamental results are obtai-
ned which are given in different monographs and articles [35-9]. Relatively little has
' been donc in the case of 7 > 2. This is indicated in [10] and [1].

In the present paper Ihc asscrtions concern uniform convergence and Cesaro
summability of negative order of the scries (1) and (2).

Theorem 1. Let (), -, be a sequence decreasing in the Hardy sense and B = @,
B \/in the series (1). Assume that

by = Zap.
P(B)=0

Satisfaction of the following condition is the necessary and sufficient condition for
uniform convergence of series (1) on 77"

oL [ 1/,

Theorem 2. Let B # @. The necessary and sufficient condition of uniform conver-
genee of the n-fold sine-series of a function /e C(7'") is satisfaction of the following

condition
lim n ba,

Pl

Theorem 3. Let a function /e C(7'") and its Fourier coefficients satisfy the condi-
fion

| lim al (/)| P|"= 0.
pli->cs
forcach B c M. If a= (eq..... @) with oy € (=1,0]. (i = n ) then
im (-7 =0
}’ll‘l‘t II[”’(/) f”[‘(r")
Finally we note that [.E.Zhak and A.A.Shneider [11] investigated the question of
- uniform convergence of sine-serics for 17 = 2.

Thilisi 1.Ja

akhishvili State University
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Convergence and Summability of Multiple Fourier-Walsh Series
in 27([0,11%), Pe[1, +w] Metrics

Presented by Academician I..Zhizhiashvili. September 15, 1997

ABSTRACT. In this paper we study the convergence and summability of N-
multiple Fourier-Walsh serics in £7([0,1]"), P& |1, o] metrics. In case P = oo by LY,
we mean €, to be the collection of uniformly p - continuous function endowed with
the supremum norm and the convergence is defined in Pringsheim sense.

Key words: Walsh Pdlc\ system. p - continuity. rectangular partial sum. convergen-

ce in 2 - norm. uniform conv ergence

We consider the Walsh orthonormal system {@,(x): j > 0} defined on the unit interval
[0.1) in the Paley cnumeration [1].To be more specific. let

L if xel0 1/2),
Tolx) = y
=1, Gf xel/2. 1),
r{x) =ro(2x), j= 1 and x € [0,1)
be the well-known Rademaxer functions. Forj = 0 set w(v) = 1. and if j > 1.

/*Z/ LJi=0wv1

i=0

ro(x + 1) = ro(x),

the dyadic representation of an integer /j = 1. the sct

o= [Tkl .

i=0

Denote by €(Oy) space of uniformly p-continuos [2] on Oy = [0, 1)" pcnodlcdl
relative to cach variable functions with the norm

M, 0, = sl

/ )1 /p
We write 2 instead of €, and sct H/[lp‘ ﬂ/'(x)lpz/xJ s 1< pi<on
Loy
Let us assume M = {1, .., N}, B = {h, ... L}, b < lw, k = 1r—1,
. Vi g {ay, 5o my }, a={a, ..., oy}, & € |-1,0], i € M.
For integer m we shall denote vector (. ... m) of space [y by the symbol 77 . Let

d (B) be for clement number in 8. B'= M\ B,
f ={jjeB a=0},Bi={j;j e B, a=0}
Forany x € Eyand B c M by (x;);-5 symbol we denote a vector of £y space. the

coordinates of which with indexes from B set coincide with x vector coordinates and the
coordinates with indexes from B’ set arc zero.
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m, m,
my f

Later we shall identify symbols Z and Z Z dug and du, .....du,

Ve, =0 v =0

Given a function f e L' (0\) we form its N-multiple Fourier-Walsh series

iy I_[w (x) M

Var h\ ieM
with
a,o=a i () = J.f(x) H(u\,, (x;)dx), .
(o1 ieM
* The rectangular partial sums of series (1) are defined by
""\1 T\1
0= Sy, [0y, 6c,)
Vg UM ieM
and
LTS

X Y 1 el
st %) = - Z H‘/[w:*'i', 5 ()

m; vy =0y iEM

ieM
Cesaro (c. ) - means of particular sums s,

Let AP (fox. 5) =[x+ ()i ;) =/ (x). where + denotes the operation in the dyadic
group. the set of all sequences (1, o, ...), £, = 0.1 forn =12, ... is addition modulo 2 in
cach coordinate. Expression, which we get by successive application of operations

il { ]
S o s A Y 5, ) is denoted by the symbol A (£ x, (5);-).

We remind the reader that the total modulus of continuity of a function /€ L’ in L/
norni. 1 < p <o, is defined by w (8, /)= sup”f(-%h)—f(-)”p

Let ax (0. /)= sup‘

AP (f esdies)], -

s,1<5,
i<B
We also use the notion of the partial modulus of a function /'€ L7 in L” norm, 1 < p <

< o defined by @ (6. f)p;=;1‘g ||A<f>(f _..,\-,)||P ;

We set

SRATh KR ]

Y, lAk"(fuMa)_ z Z Hxlll

4s=0, dp=0g JFAUB

fonB) ) () (),

where A c M. Bc M, 4 n B={D}, o= 1and A =G =1




Convergence and Summability of Multiple Fourier-Walsh Series in..

We prove the following theorems
Theorem. IF /€ J7(J011). p e [1, +c].my= 25 4m’ 0 <m’, < 25
VB: B M. B#{D}, VA: A B, o € [0.1),i e M,

(/.-.a)ii —0. (m; > w0, iedyu(B\A)). then lim “\ "(f)—_/‘H =
! I3 My »

My

e
Conscquence 1. Let /'€ LY(On), pe [1. +o], a; € |0.1[, Vi:ieM, VB: Bc M
l—[/.(m,.a,) ap(Um, [), = o(1) n; > », i € B), then lim S,',',‘\‘[(f) —f“ = (. where
iyl A »

icB

‘
Im® . o, €0l
Am. o)y =1 =0

1I0gmr a;=0,

Conscquence 2. ([3.4]) Let f e LX(On), p=1lorp = VB: B c M, B = {Q},
(8., | Jlog/6)=o(1). & > 0+.i € B.then tim |5, (/)- f” =0.
My »

1B

Consequence 3. ([3.4]) Let /e L/'(Oy). p =1 or p = % and there exists i, for which

=
the following condition is fulfilled @, (& f ) = ()[[log_b:] ] 5 - 0+, and

- e e i
o(0./),= 0] (logg ‘ I (= LN, i#i)then lim "S,”” (f)7f||p =0.
(A i ) myp ! 3

Consequence 4. Let S [0.1[. K e [0.N ). d (M) =K. fe [XOy). p=1orp=w»,

N-K
1 .
@it .. tay= B> 0,0 € My, o0, f)pd 'ﬁ[logEJ — 0, (0 > 0+) then

iAo

Conscquences 1-4 arc analogue of Zhizhiashvili's assertion, which was settled for
trigonometrical system [5].

The 1ssuc of non-strengthening of the consequences 2.3 was studied in the papers
18:6,7).

Thilisi I.Javakhishvili State University
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General Geometric Lattices
Presented by Corr. Member of the Academy H.Inassaridze, November 30, 1997

ABSTRACT. According to J.von Neumann onc of the main problems of the
lattice theory is the axiomatic description of PG(K, X) — the lattice of submodules of
the torsion free K-module X. A.A.Lashkhi solved this problem for the principal
ideal domain. These ideas are developed and generalised in the present paper.

Key words: lattice. modular lattice, isomorphism of lattices.

Below everywhere L is a torsion free lattice. i.e. 0 € Z and no one element of 7
covers 0.

Definition 1. (i) In a lattice L we say that b D-covers a and write a” < b if the
interval [a. b] is the infinite distributive lattice with maximum condition and morcover
forevery ¢ € L a< ¢ <b. one and only one among the following two intervals [e. ¢] and
|. b} 1s the torsion free lattice.

(i) Anclement p € L is called a D-point when 02 < p:

(ii)) Wewrite a? <bhifa®<bor a=b;

(iv)  We say that a lattice L satisfics the upper D-covering condition, if for all c. b. ¢
e L. a®<bimplies avcl<bve.

Proposition 2. 4ny modular lattice satisfies the upper and the lower D-covering con-
ditions.

Note that the inverse statement generally is not true, i.c. there exist non-modular
lattices with the upper and the lower D-covering conditions.

Definition 3. 4 lattice L is called D-pointwise, when every non-zero element o of L is
the join of D-points contained in .

Theorem 4. A lattice L is D-pointwise if and only if L satisfies the following
condition:

If o < b then there exists a D-point p such that p £ ezand p < b.

Theorem S. Let L be such lattice that every non-zero element o of L contains a D-
point. Then L is D-pointwise if and only if L satisfies the following condition:

If &> b in L then there exists ¢ € L suchthat 0 <c < gandc A b =0

Definition 6. (i) 4 /lattice L is called D-semimodular when it satisfies the upper D-
covering condition;

(ii) The set {x,
x,"" <x;. foralli=1,

XalX1s: i Xn€L, X1 <o..o= x,} of L is called D-chain when

,n—1

(iii) On the D-semimodular Jatticc Z the height of € L is defined as follows: / [¢]
is the length of the longest maximal D-chain in [0, ], if such D-chain exists. Otherwise
we consider that /# [a] = .
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It is evident. that if L is D-pointwise -semimodular lattice then 7 [a] = raskfgpmas
where rank(e) is the number of clements of the set of maximal independent D-points in
(a].

Proposition 7. In the finite lattice L the following conditions are equivalent:

, () L is a D-semimodular lattice;

L (i) fabel arbandab>2anbihenavb>2ab;

(iii) /f'a, b, c €L, a<b and C is a maximal D-chain in [a, b], then {x v c|x € C} is
the maximal D-chain in [a v, b vc].

! (iv) For every elements o, b € L

ﬁla} +h [h] = E[avl;] + E[aAh].

In 7 (iv) there's equation if and only if L is a modular lattice.

Lemma 8. Let p be D-point of a D-semimodular lattice, and o — an arbitrary
element of the same one. Then there exists a D-point q such that g < p and q < o or we
have an isomorphism [a. a v p] = (0. p].

Corollary 9. Let p and q be D-points of a D-semimodular lattice and let for some
element cof this lattice a< av g < av p. Then av = av p.

Corollary 9 is the analogous of an exchange property from the classical case [1].

Lemma 10. Every D-semimodular lattice has the exchange property (in the science
of corollary 9).

Lemma 11, In a D-pointwise lattice the following conditions are equivalent:

(1) L has the upper D-covering condition;

(1) L has the exchange property;

(i) Ifanb®<athenb®<avbinl;

(iv) If anb®<athen (a. b)M*in L

Definition 12. (i) Let a and b be elements of L. An element b, is called a left A-com-
plement within b of ain (av b) when

avb=avh.anb =0, (. a)Mand b, <b.

(i) We call L o left A-complemented lattice when for cvery pair of elements « and b
in L there exists such a left A-complement.

(iii) A D-pointwise complete lattice L is called compactly D-pointwise when L satis-
fies the following condition:

If pis a D-point and S is a set of D-points of Z such that p < v (¢. ¢ € S) then there
exists a finite subset {¢. .... g,} of S such that p < qv...vq,,.

* (iv) A complete lattice Z is called upper continuous if  satisfies the following condi-
tion:

Ifa;T o (i.e. Dis a directed set and &, < & implies as < asrand a=v (as. d € D))
then es7 b T anbforevery b e L.

Lemma 13, 4 D-pointwise complete lattice L is upper continuous if and only if L is
compactly D-pointwise.

Theorem 14. Let L be a compactly D-pointwise lattice. Then the following conditi-
ons are equivalent:

(i) L has the upper D-covering condition;

(i) L is L-symmetric;
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(iii) L is M-symmetric:

(V) L s aleft A-complemented.

An clement & of a complete lattice £ is said to be a compact clement if for any subset
X< L a<v.Ximplies o <vY; for some finite subset.\; <.\’ [2].

A complete lattice is called an algebraic lattice if every element of it is the lattice join
of compact clements [2.3].

We tried to describe a lattice. which is associated with (he geometric lattice of all
submodules of the module over the principal ideal domain. Such lattice we called the
general geometric or D-geometric lattice.

Deffinition 15. [4] A lattice L is called gencral geometric or D-geometric lattice
when £ is D-semimodular algebraic lattice, the compact elements of  are the finite units
of the D-points and only they and all D-points of L arc isomorphic to each other.

It follows from the definition that D-gecometric lattice is complete, compactly D-
pointwise. L-symmetric. M-symmetric and left A-complemented lattice and it satisfies
the upper -covering condition

Corollary 16. Let Q= {o e L | i [al < @} be the set of finite elements of the D-
geometric Lattice L. Then

() Ifa.beQa<biienh[a] <h [b).

(it) Qis an ideal of L. Q is a D-semimodular, M-symmetric and a lefi A-comple-
mented lattice. Every element of Q) is the finite join of D-points of L.

Corollary 17. (i) An element ¢ € L is a D-point of [a. b] < L if and only if there
exists a D-point p € L such that ¢ = av p, anp=0andp < b.

(1) Every interval of D-geometric lattice is a D-geometric lattice too.

Lemma 18. Every element o of a D-geometric lattice is the join of some independent
set of D-points. Moreover, it is the join of any independent set of D-points of (a].

Definition 19. (i) A lattice L is called a A-complemented lattice when for every
clement o e L there exists such d € L that & A d = 0 and [0, v d] = [0,1].

(i1) L is called a relatively A-complemented lattice, when for any a, x;, x; € L there
exists such s € L that a A s = x; and [x1. avs] =[x, xa].

[tis evident that relatively A-complemented lattice of finitc rank is also the A-com-
plemented.

Theorem 20. Every D-geometric lattice is a A-complemented lattice.

Proposition 21. [4]. A lattice L is a D-geoietric if and only if Z is a D-pointwise
upper-continuous -semimodular relatively A-complemented lattice.

Definition 22. (i) Let oz and b be elements of a lattice L; then we say that o and b are
A-perspective and write a = b when they have a common A-complement.

A

(i) We say that  and b are A-projective (ax~h) when there exist clements x;. ..., x,
such that aix, ixzi ix,,i b.

Lemma 23. Let p and q be independent D-points of a modular D-geometric lattice.

A
Then p v/ q contains a third independent with p and q D-point if and only if p ~ q.
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Lemma 24. Let p and q be independent D-points of a modular D-geometric lattizé 1%

and pl .q. Then there exists a D-point r such that pi rqandr <x.
Lemma 25. Let p, q and r be independent D-points of a modular D-geometric lattice
L.If pv q and q v r contain third D-points then p v r contains a third D-point too.
Theorem 26. The A-perspectivity is the relation of equivalence on the set of all D-
points of the modular D-geometric lattice.

Corollary 27. Let p and q be D-points of the modular D-geometric lattice. Then p ; q
implies p - q.
Georgian Technical University
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K. von Staudt's Theorem over Ore Domains
Presented by Corr. Member of the Academy H.Inassaridze, December 15,1997

ABSTRACT. Cross-ration, harmonic quadruple and K.von Staudt's theorem for
free modules over left Ore domains are studied.

Key words: harmonic quadruple, Ore domain projective plane.

The first generalization of von Staudt's theorem belongs to G.Ancochea (1942). The
classic studies described the theory over division rings. R.Bacr and J.von Neumann
pointed out a possible extension the theory to the case of ring, generating intense
research activity in the area of geometric algebra over rings.

Further contribution in this ficld (harmonic maps and von Staudt's theorem) was
made by B.R.McDonald, N.B.Limaye, H.Schaeffer, W.Benz, V.Havel and others.
B.V.Limaye and N.B.Limaye (1971-1977) generalized the theorem to noncommutative
local rings by adopting the definition of harmonic maps. However, for commutative
* principal ideal domains the von Staudt's theorem is invalid (C.Bartolone, 1981).

The first article of noninjective harmonic maps between projective lines was due to
F.Buckenhout (1965); after D.G.James got the same result (1982). In 1985 C.Bartolone
and F Bartolozzi extended some of Buekenhout's ideas for the ring case.

Cross-ration, harmonic quadruple and von Staudt's theorem in Moufang planes was
studied by V.Havel (1965-1968) and I.C Ferrar (1985).

Many interesting and fundamental results according to this and boundry problems
were obtained by W.Benz and his scholars (1973-1990). For more complete picture of
references. evolution and modern state see surveys C.Bartolone and F.Bartolozzi,
F.Veldkamp, W.Benz, H.-J.Samaga and H.Schaefer the books B.R.McDonald, W.Benz,
F.Buekenhout.

In [1} A.A Lashkhi calculated more general (non-bijective) harmonic maps with the
classical definition of a harmonic quadruple for non-commutative principal ideal
domains and obtained the complete analog of the classical case.

Our aim is to prove A Lashkhi's theorem for left Ore domains.

A non-zero ring R is called a left Ore domain if it has no zero divisors and
RaRy#{0} for arbitrary nonzero a, b € R. The R-module over left Ore domain is called
torsion-free if rx = 0 implies » = 0 or x = 0 for all » € R and x e X. It is well known that
cach left Ore domain R possesses a skew field of left quotients F > R with

F={a'b,a,b R, a#0}.

Let M be a torsion-free module over left Ore domain R and 7 be the skew field of left
quotients of R. According to U.Brehm (1983), consider the tensor product X = F® X,
then the canonical mapping

it M — FQg M
is injective and thus M can be regarded as an R-submodule of F-vector space X. It is

obvious that FX =< FX>= X .



3 S\
K. von Staudt's Theorem over Ore Domains =~ %

I

Definition 1. Let R be an integral domain (not necessarily commutative).
torsion-free module over R. The projective space P(X) corresponding to X is the set of all
R-free submodules of rank 1.

For every R-free submodule U < X the projective dimension dim, will be defined as
dim, /= dim{/ — 1. We shall use the terms: "point" "line" "plane" for free submodules of
the projective dimensions 0, 1, 2. We shall consider the zero submodule as an "empty
element" of the projective space P(X) with projective dimension -1.

Definition 2. The set of points {P,, @ € A} of the projective space P(X) will be
called collinear. if there exists a line U > X such that P, € U for every a € A and
strictly collinear if there exists a line U for which U= P, + Pgforevery o, f € A.

In the sequel R is the group of units of the ring R. If s € R is an arbitrary element,
then by [s] we denote the set of all conjugate clements of the form ¢ ~'st, where f € R.

Let P, = Re,. P, = Re, be independent points, i.e. P, n P, = 0. If U= P, + P, and
P3 = k(ae, + fez) = U be an arbitrary point. Then it is obvious that the points Py, P,, Ps
are strictly collinear if and only if o, f € R*. It's also obvious that if Py, P,, Ps, P, are
strictly collincar points and U/ is a principal line passing through these points, then there
cxist the unimodular elements ey, e, of this line U/ and an invertible element s € R* such
that

P, =Rey, P,=Re,
P3=R(e, + ey), P4 =R(e) + sey).

The clement s € R* is called cross-ratio of these points. If R is commutative, then s is
unique. For the non-commutative situation the cross-ratio is [s].

For the quadruple of strictly collinear points and their cross-ratio we use the notation

[P15:P7 Bs;, Pyl = [5].

Remark that the order of the points P, is cssential. The quadruple of the strictly
collinear points Py, P,, P3, Py € P(X) is in harmonic relation if [Py, P, Ps, P4] = —1. Note
that this definition implies that 1/2 € R.

Denote by () the lattice of all submodules of R-module X.

Suppose as well that F; is some skew ficld and R, is a subring of /1. Let X, be a /-
vector space and \; be a R;-submodule of ¥, such that < 7, X; >= X, .

Definition 3. The map /: P(X) — R(X;) will be called harmonic if for each quad-
tuple of harmonic points Py, P, P, P4 € P(X) and their images /' (P1), /' (P2). f (P3), f (P4)
there exist vy, y» € ) such that

O =k —>[(P)
O2=kaya > [ (Pa)
O3 =k +y2) = f(P3)
Os=ki(y1 = y2) = [ (Pa)

Le. the points Oy, O, Os. O, are in harmonic relation.

i
15935

The map o: R, — R, will be called anti-isomorphism if it is an isomorphism on '

 abelian groups R, and R, and o (xy) = o (v)o (x) for arbitrary x, y € R;. The map o wil]
be called semi-isomorphism if it is either an isomorphism or antiisomorphism.
Definition 4. Let X; and X, be vector spaces over the skew fields R; and R,
dimY; = dim\, = 2 and o: R, — R, is anti-isomorphism. The map z: R, — R, will be
called a semilinear isomorphism with respect to o (o is a semilinear anti-isomorphism),
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) and

if ¢ is defined on the basis B (i.e. for ej, e, the images 1 (e;) and  (e,) are fixe
then we continue as follows:
(i) p(ae) = o (a)yule), i=1,2;
(it) e (mer + axer) = [o(e2)] e (er) + [o(@)] " 1t (e2)
for each a. a), a; € R, aa # 0.

Theorem 1. Let R be left Ore domain, 1/2 € R and X be a torsion-free module over
R, dim, X = 1. If /: P(X) - R(X;) is a harmonic map, then there exist a semi-
isomorphism o : F -> [}, a o-semilinear (anti)-isomorphism z : X — X, , and a subring
Ky <> Iy such that K2 (X) <X, and f(Rx) = K u(x) for all x € X.

Corollary 1. (K. von Staudt's theorem) Let R be a left Ore domain 1/2€R; Y be a
torsion-free R-module, dim,.X = 1. The bijection / P(X) — P(X;) is harmonic if and only
if there exist an isomorphism or an anti-isomorphism & : R — R, and o-semilincar
L S X, isomorphism such that /' (Rx) = R, z(x) for every x € X.

Georgian Technical University
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On the Symmetrically Continuity of Two Variables Functions
Presented by Corr. Member of the Academy V. Kokilashvili, January S, 1998

ABSTRACT. We introduce the notions of symmetrically continuity, separately
symmetrically continuity in the strong and in the angular senses for functions of
two variables. The relation between them is established. Some of the known pro-
perties equivalent to continuity with respect to each of the variables are not pre-
served to symmetrically continuity. We also introduce one more notion of symmet-
rically continuity that is non-comparablc to symmetrically continuity.

Key words: symmetrically continuity, scparately symmetrically continuity in the strong
and in the angular senses.

Below, we will mean everywhere that the function to be considered receives only fi-
nite values. It is well known that function /'(x) of one variable is called symmetrically
continuous at an inner point x, of the interval (a, b), if the equality

lim [0+ ) ~f(ro-M]=0
»0

is fulfilled.
L Definition 1.1. A function of two variables f (x, y) will be called symmetrically
continuous at a point (Xo, yo), if the cquality
lim )| f(xo+h yo+k)—f(xo—h,yo-k)]=0

(hk)—>(0.0
is fulfilled.

Proposition 1.1. If a function f (x, y) is continuous at a point (xo, yo), then f (x, y) is
symmetrically continuous at (x, y,). Moreover, there is a symmetrically continuous
Junction at a given point that is discontinuous at the same point.

Definition 1.2. A function /(x, y) will be called symmetrically continuous with res-
pect to x [with respect to y] if the equality

;l’ilﬂ’ [/ o+ h, yo) = f (xo—h, yo)] =0

[correspondingly lim [ f(xo, yo + k) — f (x0, yo — k)] = 0] is fulfilled.
-0 .

A function f (x, y) will be called separately symmetrically continuous at a point (xo,
o), if f(x, ¥) is symmetrically continuous at (xo, yo) with respect to each of the variab-
les.

Proposition 1.2. If a function f (x, y) is symmetrically continuous at a point (xg, o),
then f (x, y) is separately symmetrically continuous at (xy, yo) but not vice versa.

Definition 1.3. A function / (x, y) will be called symmetrically continuous in the
strong sense with respect to x [with respect to y], if the equality.

lim [f(xo+hyot+k)—f(xo—h,yo+k)]=0
(hk)—(0,0)
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[correspondingly ~ Lim [/ (xo + A, yo + k) — [ (xo + h, yo — k)] = 0] is fulfill
(hk)->(0,0)

A function f (x, y) will be called separately symmetrically continuous in the strong
sense at a point (xo, yo) if /(x, y) is symmetrically continuous in the strong sense at (xo,
Yo) with respect to each of the variables.

Proposition 1.3. If a function [ (x, y) is symmetrically continuous in the strong sense
with respect to one of the two variables at a point (xq, v,), then S (x, y) is symmetrically
continuous at (xo, yo) with respect to the same variable, but not vice versa.

Theorem 1.1. If a function [(x, y) is separately symmetrically continuous in the
Strong sense at a point (xo, yo), then f (x, y) is symmetrically continuous at (x,, Yo, but
not vice versa.

Remark 1.1. Continuity of function of two variables is equivalent to the separately
strong continuity of this function (see [1], Theorem 1.1., statement 1)). This property is
one sidedly preserved for the symmetrically continuity according to theorem 1.1.

In consequence of theorem 1.1. the following question is natural: can separately
symmetrically continuity in the strong sense at a point (xo, o) through parting cause
continuity of function /'(x, y) at the same point? The answer is negative.

Definition 1.4. A function f (x, y) will be called symmetrically continuous in the
angular sense at a poinl (xo, yo) with respect to x [with respect lo ], if the equality
[SCeoth,yo+ k) ~f(xo—h, yo + B)] =

lin
() (0 0)
lkj<cln|

[correspondingly “‘f}fmg" 5 [f o +h, yo + k) = f(xo — h, yo + k)] = 0] is fulfilled for any
constant ¢ > 0.

A function / (x, y) will be called separately symmetrically continuous in the angular
sense at a point (xo, yo), if /' (x, y) is symmetrically continuous in the angular sense with
respect to each variables.

Proposition 1.4. If a function f (x, y) is symmetrically continuous in the strong sense
at a point (xo, yo) with respect to one of the two variables, then f (x, y) is symmetrically
continuous in the angular sense. with respect to same variable, but not vice versa.

Proposition 1.5. If a function [ (x, y) is symmetrically continuous in the angular
sense at a point (xo, yo) with respect lo x [with respect to y], then f (x, y) is symmetri-
cally continuous at (x4 yo) with respect to x [correspondingly with respect to y], but
not vice versa.

Such is the relation between separately symmetrically angular continuity and sym-
metrically continuity:

Theorem 1.2. Symmetrically continuity and separately symmetrically continuity in
the angular sense are non-comparable properties.

Remark 1.2. It is known that the continuity of function of two variables is
cquivalent to the separately continuity in the angular sense (see [1], Theorem 1.1
statement 2)). According to theorem 1.2 this property is not preserved for symmetrically
continuity.

II. The second mixed symmetric difference is called the expression (see [2])
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A (xo, Yoi h, k) = [ (ot h, yo + k) +f (Xo = h, yo— k) = f (%o + h, yo — k) =
—f(o—h, yo+ k).
Definition 2.1. A function f (x, y) will be called symmetrically continuous at a point
(x0, yo) in the *— sense if the equality.

lim  A”"f (xo, yo, h, k) = 0
(h,k)—(0,0)

is fulfilled.

Theorem 2.1. The symmetrically continuity in the *— sense and the symmetrically
continuity are non-comparable properties.

Remark 2.1. If 2(x) and f3(y) are finite functions of one variables, then the function
of two variables /' (x, y) = a(x) + A(y) is symmetrically continuous in the *— sense.

Theorem 2.2. If a function [ (x, y) is symmetrically continuous in the strong sense
at a point (xo, yo) with respect to some of the variables, then f (x, y) is symmetrically
continuous in the *—sense at a point (x,, yy), but not vice versa.

A.Razmadze Mathematical Institute

Georgian Academy of Sciences
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On the Integrability of Strong Maximal Functions
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ABSTRACT. In the present paper-it is studied if it's possible for the given set of
frames E to construct the function f such that 1) M, () is non-integrable on (0,1)
for every 0 € E, and 2) M, (f) is integrable on {My(f)> 1} for every 0 ¢ E, where
M, denotes the strong maximal operator corresponding to the frame 0.

Key words: maximal functions, frame, integrability.

We call a frame in space R* a set whose elements are two mutually orthogonal
straight lines passing the origin. We denote a frame by 0(6 = {0, 67}). Under 6, we
assume the frame {Ox', Ox’} where Ox' and Ox* are the coordinate axes of space R’
Let's denote the set of all of the frames of R* by 6(R?).

Introduce the following metric in @(R?): let 6, = { o ;0]2 }and 6= {6, ,6; }, then

dist(6, ) =min{<(6, ,6{):i,j=1,2}, (h)
where <(-,-) denotes the angle between two straight lines.

Denote by /(6 ) and V(E), respectivcly the collection of all neighbourhoods of the
frame 6 € 6 (R?) and set £ (R?). Further, let D(0, 5) and D[, ], respectively, be the
open and the closed balls with centre @and radius &

Assume o (6h) to be equal to 0. For 6= {@', 6> } # 0 consider the line ', i =1 or 2,
which lies in the first and third quarter of the coordinate plane and define « (6) as the
angle between the lines Ox' and 0.

Consider the space [0, 7/2) with the following metric: for a;, @, € [0, 7/2)

dist(an, &) = min{|ey — |, 7/2 — |0y — avl}. (2)

It is clear that the mapping a: 6(R*) — [0, 7/2) is an isometry of the space 6 (R?)

with metric (1) in the space [0, 77/2) with metric (2).

Let || be Lebesgue measure into [0, 7 /2). The measure || is defined in the

6(R?)

following way: the set £ < 6 (R?) is said to be |-] measurable if the set . (E) is ||

o(R?)
measurable, assuming that | £ |9(a1> =la(E).

Let 7% = (0,1)°. Denote by ®(L)(I > the class of all functions /' € L(R?) having the
following qualities: supp fc 72, j‘ O f])< .

12
We shall call a frame of a rectangle R the frame 6, for which the sides of R are paral-
lel to respective lines 6/(;j = 1,2) and we denote it by 6(R).
Denote by B(#) the collection of all rectangles R with 6(R) = 6.
For a frame 0 e 6(R?) consider its corresponding strong maximal operator A7, defi-
ned as follows

My(/)®) = sup I|f| ([ L®D),x < B,

ReB(6)R>x | R I
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For the set /£ = O (R%), E # @, denote
M (N)(x) = supMo())x)  (fe L(RY), x € RY).

Definition. We call the set Z < 0 (R?) A-set if there exists a function f e L(/ %) such
that

J'M(,( /)= forevery O e E, 3)
12
J‘ M, (/)< forevery 0 € ORI\ E. @)
(Mg (f)>1}

For the sct £ < @ (R) denote by S; the class of all functions / € \ L(/ *) which has
the properties (3) and (4).

2. Following statements are true:

Theorem 1. Every A-set is of G5 type. Moreover for every /e L(I?) the set

(0 0R%): [M,(f) =0}
IT.

is of G5 type.
Theorem 2. 0(R?) is A-sct. Morcover for every f € L\ L(In'L)*(I %) there exists an

equimeasurable with f function g from the class ‘Sum?) .

Theorem 3. [1]. & is A-sct. Morcover for cvcryf € LIn'L(I %) there exists an equi-
measurable with f function g such that
sup _fM”(g)< .
0cO(R?) Malg)>D)
Theorem 4. For every function feLln"L(/ 2).fszl,(ln‘[‘) 2 (I'?) there exists a sequence of

- 1
positive numbers o = wc(f)<27 such that for every sequence of balls D[, a,1(je

N), where & <k, < ..., there exists an equimeasurable with /function g € L(I %) such that
1) forevery 0 € lim V][4, |
Joo L

[My@) =
2

2) foreveryjeN
_[‘ME, (g) <,

(Mg, (2)>1)
where £, = 0®R )\ JV(6,,1/2).
12)

From the Theorems 1 and 4 it follows:

Theorem 5. Let £ @(R?) be no more than countable nonempty set. Then

1) 2is A-set if and only if it is of G type;

2) if £ is of G5 type, then for every f € Lin'L(I %), f ¢ L(n'L)* (I *) there exists an
equimeasurable with f function g from the class Sg.

The statements given below follow from the Theorem 4.
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Theorem 6. For every countable set £ c 6 (R?) there exists a A-set of zero measure
including it.
Theorem 7. There exist zero measure A-sets the additions of which are of the first
category.

Theorem 8. There exists zero measure perfect A-sets.

Thilisi [.Javakhishvili State University
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ABSTRACT. It is proved that there exists complete double orthonormal system
ONS at which Fourier coefficients of functions from L’(p > 1, [ = ©) by this
system converge to zero faster than Fouricr-Haar coefficients.

Key words: Fourier coefficients, double orthogonal series.

Itis well-known [1] that Fourier-Haar coefficients of any continuous function / may
be estimated by its modulus of continuity:

1
1
ICi(S0 < (2n) * @ [;,f]» : @
For the functions of class L7(0.1), 1< p < oo, the analogous estimate [2] is valid:
|
= 1
ICALDl< n” ? wp(;.fj.. @)

where @,(, /) is the L’-modulus of continuity of function f.

So all functions of class L7, p > 2 have guarantied order of decrease of Fourier-Haar
cocfficients. P.Ul'yanov [3,4] arose the question whether the order of decrease in (1)
and (2) is the most possible in the class of all orthonormal systems (ONS).

S.B.Kozyrev [5] answered this question negatively: for any strict monotone tending

- o zero sequence {,} with Z .l = w there exists complete ONS ¢ such that:

n=1

Cufo) = o(7) forany fe C;

2
L2
Cug.p)=o(y, ") foranyfel’ p>2.
Estimates analogous to (1) and (2) are true in two-dimensional space.

[Con( | < (4mn) 2 (f — —j for any /e C([0,1] x [0,1]), 3)

and
Ll
[Com(@)] < (mn)* * @, [fi,l] for any g € L7([0,1] x [0,1]), (4)
m n

where C,, are the Fourier-Haar coefficients by double system {z,(x)zn.(v)} are
o(f. . &) and w,(g, &1, &) are module of continuity in C and L’ respectively.

The aim of this paper is to learn P.Ul'yanov's question for two-dimensional space: if
(3) and (4) are the best results from the point of view of the order of decrease among all
ONS.
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The answer is negative and the following double analogous to Kozyrev's 1ﬁeore{'§{ljf§f
is true.

Theorem. Let {y,} and { y, } be strictly monotone sequences,
Wt 70870,
such that

i}’f =, i:(}',’,)2 =,

n=1 n=1
Then there exists ONS ¢ such that
Con( S @) = 0(Ym 1) forany /' C([0,1] x [0,1]),

2
Cmn(g, @) = 0((7”1;) P] for any g € L*([0,1] x [0,1]), p > 2.

Thilisi I.Javakhishvili State University
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Realization of Optimal Elastic Connections in Contact Zone by
Selection of Destructing Instrument Parameters

Presented by Corr. Member of the Academy K.Betaneli, June 4, 1998

ABSTRACT. Destructing instrument paramcters for realization of optimal
clastic connections in contact zone arc considered in the paper.

Key words: contact zone.

A contact characteristic of the pair "instrument- rock" depends, as it is known on the
configuration and sizes of an instrument cutter which contacts with rock, and also on
elastic properties of impact bodies. The dependence between impact force and deforma-
tion 1s established in this case by solving a contact problem of elasticity theorem. The
similar problems have been solved for cone and plane, wedge and plane, elliptical punch
and plane, etc. [1]. Equations for spherical, conic and prismatic (chisel-shaped" instru-
ments are given in the work [2].

A force characteristic for the spherical configuration of the instrument point is
expressed by Hertz function

P=K. ", (1)
VR - : : ) 1- 4]
where K. = — is a butt-end rigidity factor; R is a rounding radius 0, =—-;
i 30,+0, E,
1- 42 . . . b
0,= I'/ 4 are elastic constants: £, £, - modules of the instrument and rock elasticity:

1. 11> — are Poisson factors.
An instant rigidity of the contact zone may be defined according to the formula:

D
K(h) = 1.5 K n? )
dh
For a conic butt-end p=Kyh%, (3)
where g, = 2 127 g the factor of the instrument rigidity; yis the half of an angle in a

70O+
cone vertex.
The dependence of contact rigidity on deformation in the case considered is linear:

Ya

K(h) = 2K¢h 4)
For the chisel-shaped instrument we may write
h :(EMmi P, )
Gz ol d

where / is the length of the contact platform area:
d=do+ (29%92 tgy]P ©
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d is the width of the contact platform area; yis the half of a sharpening angle. !

If the second summand in the expression (6), characterizing the increment of the
contact platform arca width while impact, is smaller than its initial value dy, we accept
d ™ d. But if they are commensurable, the mean increment (Ad) is to be found in the
interval of the given P.

Taking into account d = d, or d = d, + (Ad)p = const, we approach the system with a
linear clastic butt-end in which a resistance force is directly proportional to the defor-
mation

P=Kh, )
%0 . = %is the rigititly of inertia-free spring with a linear characteristic
=i + =2 el
in >
simulating the butt-end of the instrument.
The contact rigitidy in this casc is constant and equal to
K=k ®)

The analysis of the characteristics of conic, spheric and chisel-shaped instruments
enables to conclude that they are close to optimal characteristics within the certain limits
13

A concept of an impact zone has been introduced in the work [4,5], and it has been
shown that while contacting the tooth of a rolling cutterbit with rock in deep drilling
only the impact zone takes place here and not the whole pipe-column; the length of the ‘
zone is evaluated according to the formula

e
lL=a 5 (©)
where 7} is an impact pulse repetition period which is defined by the size and rotational
velocity of a chisel, a is propagation velocity of a longitudinal wave.

Analysing the relation of the chisel rotation speed with the length of loaded bottom
one may conclude that the best cycle can be achieved when time of random impact,
which is estimated by the length of loaded bottom, is equal to the time passing between
successive impacts of the chisel teeth when it rolls along the face.

If the given condition is observed which is similar to that of wave reflaction from the
impact zone point /,, then the reflected wave approaches the drilling instrument point at
the moment of the following impact; in this case load intensity increases, and as a result,
the effectiveness of the rock destruction is achieved when, simultaneously, part of the
drilling instrument, which is located above the impact zone, is protected from reflected
pulses [3]. <

The same occurs in percussive drilling [6]. Thus, it may be approved that given the
relation impact zone length-destruction jump frequencies some conditions are establi-
shed for using effectively the reflected wave energy and intensification of dynamic face
load.

Wave properties of a drilling instrument, on the one hand, and a discrete character of
the rock destruction within a single impact, on the other, resulted in the following
hypothesis [7].

As a striker in a design diagram of impact is a rod with a frec upper butt-end, its na-
tural frequencies will be correlated as odd numbers

where K, =



\‘\‘\/
N2
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0 (2i-1)= _(2, o, (c=123.). (16)

If the number of a dcstmclm[, Jjump within a single impact is also odd, and the fre-
quency of a quick constituent of the shock pulse is expressed by the formula
=Qi-Da. (i=1+4) (11)
- then the condition / = /, is reduced to the equality of the frequency of tecth disturbances
to the frequency of wave process harmonic which takes place in a striker
('l
;= 0, = 2/ (12)
as well as to the cquality of any of abrupt constituent frequencies if ther are odd numbers
of destructing jumps » = 2i — 1 of one of natural frequencies of the striker we (i > 1).

Thus. when taking into account the abruptness of the rock destruction within a single
impact, the possibility of achieving high-frequency resonance is considered to be of
great importance.

The availability of natural frequencies of the striker in the spectre of disturbances
which are generated by the contact zone of a distructing instrument with rock causes a
semiresonance cycle creating, thus, conditions for the intensity of the destruction process.

Out of several resonance cycles theoretically possible in each concrete destruction
process. only two modes are performed: one with fundamental harmonic @, ; , = @;
and the second with one of superharmonics.

If we consider the system of non-linear characteristics "rigidity-deformation",
semiresonance modes of oscillation may be available here in certain conditions. This
roblem is studied in the works [8.9] when applied to the absorber of a drilling
nstrument. It has been shown that the use of an absorber of the given non-linear
characteristic cnables to increase dynamic of the chisel effect upon face.

This process is reduced to the following differential equation

"’ﬂ
mh+rh+kge * - h=P,(f) 13)
- Taking into account an extreme complexity of the equation (13) let it reduce to the
 following equation of the theory of non-linear oscillation

7+ 25h+ o h+ di® = ipa) sinay 1. (14

where (5=L; coé ZA—°; d= wlh b= [&j r-i. ;C= —~h, is an admissible error
m m g o g
boundary of approximation of the exponential dependence or rigidity on shifting K(/) by
a powered multiterm. The mean error of the approximation is minimum in the range of
the values ¢ = 2.5.
The mean relation error in the interval ¢ = 0 + 2.85 doesn't exceed 0.11. The opera-

| ting range of interpolation by shifting is # = £2. 5— , by velocity v = _2.5% , by acce-
o @y
leration v = +2.5g. The depth of contact rigidity control in this case is equal to k =
= (1+12)ks.
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=
The equation (14) in the absence of attenuation (o = 0) has the followingAppHos

mate solution

3

h(1) = hesinaxt + dh°2 (sinont — sin3anf) . (15)
32w
where /1, is defined by the equation
3 2 1
id/l§+(wg.~wl;)hg=—f’,, (16)
m

The solution obtained is the first approximation only and it is valid provided that dis-
tortions caused by the third harmonic are not large. High order corrections would
introduce the highest odd harmonics of the frequency of effect .

Taking into consideration a dissipative term, the expression (15) as an approximate
solution remains valid, however, the evaluation of /1, becomes significantly complicated.

Thus. the principal possibility of functional substitution of wave reflector by the
cquivalent oscillation system with concentrated parameters is based on the capability of
non-linear oscillation system with one degree of freedom to generate semi-harmonic
oscillation non-linear elastic connection with a given rigid characteristic in one-
frequency harmonic effect conditions causes disturbance of the highest odd harmonics,
redistribution of the oscillation energy into a higher frequency range.

G.Tsulukidze Institute of Mining Mechanics
Georgian Academy of Sciences
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ABSTRACT. New types of clectric machines with forward and back forward
motion of machine working clements put the question of ne vity of development
of general theory of clectromechanical systems, adding it with new more general
methods.

Key words: electromechanical systems.

- Electromechanical systems take root from 1821 when the first in the world electric

motor was created by M.Faraday. The basic principles of clectromechanical systems
dvnamics were developed by D.Maxwell. who proposed (o use Lagrange equations of
- lhe sccond order for processes description in clectric chains. Maxwell's follower E.Ber-
nully generalized Dalamber's principle and derived the Lagrange-Maxwell equations for
electromechanic systems. However. later. these equations were marked to be inappli-
cable to the systems with volume conductors.

In the 30-40s of the XX century the basic directions of general theory of electric
machines started to form. Three basic dircctions. which are developed in [1-3] can be
marked.

A.Kaplianskii suggested to use Lagrange-Maxwell equation for description of elec-
tric machines. which gives good results when applied to noncollector machines. How-
ever while describing collector machines the use of suggested equations is connected
with certain difficultics.

In G.Kron's works later generalized in [4.5] while describing rotary electric machines
the real winding of rotor is substituted by two interperpendicular rotors. machine-equati-
ons are recorded as Lagrange-Maxwell equations followed by transition to other
- coordinate axes (1o the currents of imaginable static coils). Current distribution in each
 coil is supposed 1o be sinusoidal. Actually the condition of ideal connections is used.
although the question of ideal isn't analyzed.

A.V.Gapunov suggested two ways of description of collector rotary electric machine
on the basis of two different models. The first model has various number of degrees of
freedom and it is described by Lagrange-Maxwell cquations. Stagely integration for real
machines is connected with difficulties, caused by smail relative length of cach of these
stages and the necessity of approximation of various active resistance under the brush
edges

Therefore. differential equations on each of these stages are substituded by equations
in finite differences. The condition of process cycle makes it possible to record the
 solution of such equations as recurrent correlations giving discrete chain of parameters
values of the process instead of continuous solution. The solution of equations in finite
 differences in some conditions can be changed by averaged solution, which neglects
currents pulsations caused by commutation existence.

'3
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The second model with fixed current distribution represents an clectromechanical
system consisting of two infinitely long co-axial cylinders. Each of them has some -
distribution of current density of axial direction. The description of the mentioned model
is available by S.A.Chaplygin's equations.

The equations of the second model are simultancously approximated equations of the
first model in condition when the number of anchor rotation sections is rather great.

The main goal of general theory of electric machines is not the summing of different
methods of calculation, but general dynamic formulation and the study of motion laws of
wider class of electric machines. Such general approach not only unifies the composition
of equations of motion of different clectric machines, but makes possible to perform
comparative analyses of dynamic properties of these machines.

The above-mentioned works . concerning electric machines of constant current
basically touch only upon rotary collector machines.

The creation of new types of clectric machines for the last three decades causes the
appearance of new works, e.g. [6] in which the equation of Lipel is applied and [7] in
which there is an attempt to apply Lagrange equation of the second order to the deriva-
tion of conduction MHD machine dependencies. There are works using Gamol equation.

Just the appearance of a new type electric machines with forward and back forward
motion of machine working elements puts the question of necessity of development of
general theory of electromechanical systems, adding it with new general methods.

Georgian Technical University
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Studies of Some Electrical Properties of Homogenous and
Uniform InP-InAs Systems Solid Solutions
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ABSTRACT. Electrical properties of purc and doped InP-InAs systems solid
solutions in the temperature interval 4.2-300 K were considered.

For definition impurity atoms concentration by theoretical calculation of
mobility foreign atoms concentration caused by components were calculated.

Key words: mobility. solid solution, homogeneity, disorder.

It 1s known that semiconductors principal propertics are defined by the number of
impurity atoms existing in crystals. The difference between impurity concentrations in
the volume materials used for semiconductor devices production bring about a
difference of devices parameters. Therefore growing the crystals with homogeneous
distribution of outside and doping impurities is very important for semiconductor
materials technology.

It is also important to make liquid semiconductor phase with homogenous distribu-
tion in the volume of impurity atoms, and also to make components because heteroge-
neity of solid solution compositions influences on crystal lattice properties and on its
main characteristics, forbidden zone width. Therefore growing of doped or pure homo-
genous solid solutions is more difficult than growing of uniform doped simple or allo-

- yed semiconductors.

We have worked out the method of growing of evaporative component A"BY semi-
conductor solid solutions that makes possible to get high quality InP-InAs homogenous
solid solutions [1].

Solid solutions of InP-InAs systems have some unique properties because of which
they are applied in electronic technique. With the help of these solutions it is possible to
create semiconductor devices with continuously variable parameters .They have high
clectron mobility, pointed absorption, little lifetime of minority carriers, high
probability of radioactive recombination, radiation stability because of which solid
solutions of InP,As; . will be applied in quantum and microelectronics, in IR spectro-
scopy, in space radio engineering and in other ficlds of science and technology.

We have created samples both pure and doped InP,As, , (x = 0,1; 0,2; 0,3; ..., 0.9)
continuous solid solutions with 7 = 10'® — 10'* cm. Homogencity of these samples was
examined by a roentgenoscopic method [2] and also by studying their electrical and
optical propertics.

It is known that the existence of considerable non-homogeneity in crystals makes it
impossible to have clear and monotonic curves of charge carriers, effective masses,
mobility. forbidden zone width, characteristic frequency of crystal lattices oscillation
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dependence on the solid solution composition. It is also impossible to have satis
agreement between the calculated and experimental data.

In the present work we have dealt with the clectric properties of InP;Asg;
(= "2.5-10!° em™) pure solid solution and of doped InPysAsys (n = 1.25-10" cm 3)
solid solution in a wide temperature interval. Doping was done by tellurium in the pro-
cess of crystal growth.

2 o
H
=
& o
S
e % X
- C)
il n
ojis ]
1 1 1 L L2 a0 T RS Vgl e
& 10 05800 290108 410 20 60 150 300T,K
Fig. 1. Carrier mobility of undoped InPo;Ases  Fig. 2. Carrier mobility of doped InPgsAsgs
samples with 1 = 2.5-10" cm™ (experi- samples with #» = 125107 cm?
ment.-broken  line, theor.-continuous (experiment.-broken  line.  theor.-
line) continuous line)

The dependence of theoretic and experimental (by measuring Hall effect and electric
resistance) values of mobility on temperature is given in Figures 1 and 2 (broken line).

Mobility caused by clectrons scattering on the crystal lattice oscillation was
calculated by the Ehrenreich formula and on the ionized impurities by the Brooks-
Herring formula. But mobility caused by scattering on the neutral impurities and on the
alloy disorder was calculated by the Erginsoy and Brooks formulac respectively. The
calculations have shown that the scattering on the neutral impuritics is inconsiderable.

Table 1.
Solid solution |Concentration| Mobility U.cm/v.sec. Mobility U em*/v.sec.
InPAs)x n, em™ experimental theoretical
300 K 77K 300 K 77K
|InPy 1 Asoe 1.8:10™ 1.0-10* 25104 2.26-10* 4.52:10°
{InPo2Asy 8 1.6-10" 73107 | E 185907 77.9-10° 15.6-10°
{InPo3As0 7 2310 7510771 10°110° 3.9-10" 7.8-10°
|InPo 4Aso 5 7.510" 4510° 5.5:10° 2.3-10* 4.6-10*
{InPg sAso s 6.9-10" 3.1.10° 3.7-10° 1.1:108 22:10°
InPysAso . 2210 2140° *[Pe10? 1.16:10° 989.10"
InP;7As0 3 2540 3.910° | 8510° 1.75-10° 3.50-10*
InPyrAso, 37101 2.910° | 81-10° 2.48-10* 4.96-10°

During the mobility calculation for the definition of the main parameter, impurity
centres concentration (), we took into consideration the fact that our solid solution
components were exclusively pure. So we were given the opportunity to calculate
outside atom concentrations. In our samples it was 10" at/cm’, therefore for the
mobility calculation we use the value NV = 3.8-10' at/cm’ for undoped samples and the
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value N =5.20-10" at/em” for doped samples (Fig.1. 2. full line). As is seen from Figu-
res 1 and 2 the thicoretical values of mobility are in good correspondence with experi-
“mental valucs.

The electro-physical properties of
doped and undoped samples at room
a0l temperature and at the nitrogen tem-
perature have been studied. In parti-

Lo
f;; & cular we have studied the alloy dis-
r-; b order influence over the carrier mobi-
;_ 0k lity. By the usc of corresponding the-
5k 4 ory [3] we have measured the mobi-
oL 1i>l_v of alloy disorder. The results are
Ll . Py given in Table 1. As this Table
e I\‘X’\-rl-"l/l D shows, the values of mobility which
Lo 50 % 0. 0500 Ay is the result of scattering on the alloy

disorder arc a degree higher than the
Fig. 3. The dependence of mobility (because of alloys experimental values.
disordering) on the composition for InPeAsy. The dependence of this mobility
solid solutions at nitrogen temperature on the composition at nitrogen tem-
perature is given in Figure 3. Cor-
responding curve at room temperature is considered in other works [4.5]. As seen from
the comparison our results are different from the results of [4.5]. This rescarch gives us
the chance to conclude that undoped and doped InP-InAs solid solutions obtained by us
arc of higher quality. homogenous and they have uniform distribution of components
and doping impuritics. They have not any other phases and clusters.

Thilist LIavakhishvili State University
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High Temperature Superconductor Ceramic YBa,CuzO-.,
Magnetisation at Rising Magnetic Field
Presented by Corr. Member of the Academy T.Sanadze, October 30, 1997

ABSTRACT. High temperature superconductor (HTSC) YBa,Cu;0,., ceramic
sample was made using the solid state reaction method. Magnetization dependence
on the rising outer magnetic ficld was established by the ballistic method.

Based on the modified Bean critical model, the analytical expressions for the
along-field directed HTSC sample magnetization was obtained within different
ficld ranges.

The quantitative comparison between experimental and theoretical data was
made. On the basis of a good coincidence within the error limits it was concluded
that the Bean critical state model may be used for HTSC magnetic investigations.

Key words: high temperature superconductor, magnetisation, critical state model,
ballistic method.

30 T e The  cylindrically-shaped
St ~3. Z YBa,Cu;0,, HTSC ceramic
25 2 I 4zM  magnetisation  depen-
} dence on the outer magnetic
8 20—ty field variation within the 1 +
Z i 320 Oe interval is shown in

s Fig.1
/{ Measurements were  per-
10 _I’ formed wusing the ballistic
i | method by measuring a charge
SsL } | passed through the galvano-
/i Ha meter circuit being excited by
u the displacement of the along-
i 0. . 100 suigll i‘]"’m 250 3 SS0E S0 field directed superconductor

LB

: from one inductance coil into
. experimental data. The other

—— theoretical calculations CR
Fig. 1. The 4z M(Ho) magnetization dependence on the —4xM(Hy) =
outer magnetic field

2nS,(1- L' M

where C, R, L are thc ballistic
galvanometer constant (C = 2-10"° K/mm. m), the circuit total resistance (R = 2-10° Q)
and a galvanometer reading, correspondmgly n = 3-10° is the number of turns per
inductance coil. Sp = 0.2 cm® is a sample cross-section area, and k = 0.14 is the
demagnetisation factor of the sample [1] obtained by taking into account our sample
surface / = 12 mm length and R = 0.5 mm radius values.
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It follows from the experimental curve that up to the first critical magneti¢*fibfd'?*°

AxM(H )
H

0

(Ho< H.= 50 Oe) g, = is different from the unity pointing out that an n-
complete Meissner effect takes place.

This situation is probably caused by a porosity of the sample and also by such factors
as the existence of a nonsuperconductive phase, weak superconductive links between
granules and others.

To compare the theory with an experiment quantitatively basing on the modified
Bean critical state model. in the frames of which it is not possible to account above
mentioned factors, the correction factor

n=Le=033 @
Xid
was introduced.
The Beam model modification implicates an accounting of the critical current
density /. dependence on a magnetic field taken in our case in the following form:
daB _4rx a

il - AT F @3
dr ¢ By !

dis . z p e : -
where i is the sample induction variation to » coordinate counted along the radius of
ar
the centre to the outer surface, « and n are the phenomenological parameters.
Integrating of (3) and taking into account the boundary condition:
B(R) = H, @
(he induction dependence on outer magnetic ficld H, was established in the form:

1 1
BO)=[Hy ~(n+ Da@® -r) ] = (a+br)™, )
where a = [ 1] —a@m+1)]and b= a(n + 1).
Using (5). sample induction mean value
2
R
was calculated for different intervals of the outer magnetic field (Fig. 2 a, b) and, cor-
respondingly. —4 7 My = —(B - I1,) magnetization dependence on the outer field:

<B>=

J R s ©
2

I T L+ DRAY? | HA
R? al(l1+l)t(217+3)(11+2) n+2 n+2

Hi a(n +DRH;?

drMo(Ho) = 1 £y o
3 n

} Hy, H, <Hy<Hf @

i H,
Ra*| @n+3)n+2) n+2 Qn+3)(n+2) “

( 2143
2 [ e gl +[/1;"--a(n+1)le},.., )
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Ho>HY O
{1, is the rising magnetic ficld value at which the vortex front reaches the sample
centre for the first time (Fig. 2¢)

il
Hy = [H! +(n+ )aR] "' = 270 Oe. ()

For the cvaluation of parameter o R from expressions (7) and (8), the extremum of
cquation (7) at different »2 values
was found out and corresponding
value 77, = 150 Oe for the obser-
ved magnetization maximum
(29Gs) was taken the extremum
point.

By this method for n and o R
parameters the optimal values of
] n=0.5and R =2750 Gs'* (10)
Fig. 2. The vortex distribution profile corresponding to were found out.

the critical state model: The 472V/(H,) dependence ob-
2 [/f S H Y tained by (7). an(.iv(8) lflkmg mlvo
account (10) is given by the curve

b) Ho> H} in Fig.1.
: A good coincidence of expe-
o) Hy=Hij rimental and theoretical results

within the error limits (see Fig.
1) show the possibility of using the Bean model for HTSC investigations in the case of
rising magnetic fields.

Thilisi I.Tavakhishvili State University
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Investigation of NMR Signal Nature in Lithium Ferrite by the
Method of Low-Frequency Excitation

Presented by Corr. Member of the Academy T.Sanadze, October 6, 1997

ABSTRACT. The Jow-frequency magnetic field excitation method using a mo-
dulation of the spin-ccho decay envelope as a result of the domain walls oscillation
at the sample remagnetization was applied for the multicomponent S'Fe spectrum
identification in lithium fervite. It was experimentally shown that the observed
NMR spectrum in lithium ferrite was stipulated by the nuclei located in different
magnctically non-cquivalent sites.

Key words: LF magnetic field. NMR. spin-echo.

Obscrvations of the nuclear spin-ccho in magnetically ordered crystals in the
resence of additional pulsed and low-frequency (LF) magnetic fields of relatively low
(considerably less than the demagnetizing ficld) intensities have revealed effects asso-
aiaed with the anisotropy of hyperfine ficlds and have made it possible to cstimate
uantitatively local inhomogencitics as well as the domain wall mobility and have also
iven a valuable information for the NMR spectrum identification.

In this communication results of the application of the LF magnetic field excitation
ethod for the NMR spectrum nature investigation in lithium ferrite are presented.

'
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i
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W : ‘u Mty 76 0 0 00T
2. 1. NMR \'pcctrum of Fe in polyerystalline  Fig. 2. Decay envelope of spin-echo on the
Iithiwm territe at T=77 K frequency vvr=74.4 MHz without

(1) and at presence (2) of modula-
ting LI magnetic field with Hy=0.2
Oe and v,,=27 KHz.

~ For the first time the LF magnetic ficld excitation method was applied for the NMR
cctrum identification in manganesc ferrite [1] to eliminate ambiguities in previous
terpretations of the two-component NMR spectrum in manganese ferrite and to
arate NMR signals of the nuclei arranged in domain walls (DW) of crystals. The
esults of this work were lately supported by usual NMR methods [2].
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In this method the modulation of the NMR spin-echo decay cn\r'elopejwﬁ@’ﬂéeﬁ
appearing below some threshold value of the exciting radio-frequency (RF) pulses
powers as a result of the application of a small demagnetising LF magnetic field to the
magnetic material. In this work the methods of [1.3] are used for the investigation of
the multicomponent NMR spectrum in lithium ferrite. The work was made by the spin- -
ccho spectrometer described in [4], at T = 77 K.

The spin-echo spectrum of the investigated polycrystalline sample is shown in Fig, |
I As in [5] the spectrum is also multicomponent. In Fig. 2 the spin-echo decay enve-
lope is adduced without and in the presence of modulating LF magnetic field with
amplitude /7, = 0.6 Oc and frequency v, = 27 kHz. Spin-ccho amplitude is modulated
with period 1/v,, and has maxima at 7, = n/v,, and minima - at f2=(n + 1/2)/v,,
where n is integer and 1, is a pulse separation.

Fig. 3 represents A, (F,,)/4, dependence on frequency, where A, (H,,) is minimum
of the modulated ccho intensity and A, is the non-modulated one, measured at the same
distance 7,5 between pulses. H,, and v,, were maintained constant over the all frequency
range and equal to accordingly 0.6 Oe and 27 kHz.

oosh
Bim, Or|
T~
S0
\e
°
25
ol L | ' 1 ' i " 1 L L 1 1 1
0 2 i) MH: 76 70 2 74 76 MHz
Fig 3 Spectral dependence of modulation Fig. 4. Spectral distribution of Hm correspon-
depth Apin(Him)/Ao at Hy=0.6 Oe and ding to the modulation depth ~0.1.

Vir=27 kHz. p

Maximal modulation in lithium ferrite was being observed at NMR frequency
73.5 mHz. In contrast to the modulation spectrum of hexagonal Co [3]. the modulation
spectrum in lithium ferrite, as it is obvious from Fig. 3, shows an additional structure,
connected with presence of 4 magneto-nonequivalent positions of *’Fe nuclei. The echo
amplitude modulation, in contrast to work [1], is being over all the experimentally
available range of RF powers in the whole of NMR spectrum. Morcover, sclecting /,,,
it is casy to obtain 100%-modulation of echo amplitude. The frequency distribution £,
corresponding to the modulation depth ~ 0.1, is shown in Fig. 4.

The presence of 100%-modulation in the whole of NMR spectrum over the all
experimentally available range of RF powers allows to suppose, that the echo signal is
formed by nuclei, located in the domain walls. This conclusion coincides with analogo-
us one [6] drawn on the basis of the investigation of RF field gain 1 in lithium ferrite.

It should be pointed out that accordingly to the interpretation of [1] the minimal
modulation effect (maxima of the spectrum in Fig.3) corresponds to the DW centers
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and the maximal one to the DW edges (minima in Fig.3). ou

This conclusion is in accordance with the echo signal dependence for the two NMR
spectrum maxima on the external static magnetic field. which was similar to the
corresponding dependencics for the DW nuclei in manganese ferrite [2].

As it is seen from results of work [4]. the reduction effect of the ccho signal in
lithium ferrite at the LF excitation is considerably stronger than the similar one for
cobalt. Besides this, the cffective spin-echo decay constant measurement in the presence
of the LF field shows a considerable decrease of the effective transverse relaxation time
T:in lithium ferrite, in the difference to cobalt.

Apparently. the obscrved effect is similar to the one of [7], where the effective
- lransverse relaxation time decrease was found with increasing amplitude of the LF field
[T, in magnetic media. There was shown, that this effect was due to the motion of the
micromagnetic structure of the specimen and to a nonuniform variation in the nuclear
spin precession frequency. In cobalt similar effect is considerably less manifested in the
range of /7,, amplitudes used by us.

In connection with this. we may expect that in lithium ferrite the additional echo de-
cay envelope modulation mechanisms related with the domain wall motion may be im-
portant. One of these contributions is connected with the situation. when a significant
part of nuclei. excited by the first RF pulse. is removed from the domain wall during
time 7,~ before the second RF pulse, and the other one is caused by the RF field enhan-
cement factor n variation over the DW.

Really. an assessment of the lithium ferrite hyperfine ficld anisotropic component H,
in frames of the model [3]. where the main contribution in the modulation effect was
connected with the LF field enhancement effect caused by the anisotropic contribution
to the hyperfine ficld as the DW motion shifis the effective position of the nuclei is not
in agreement with the available 77, data for lithium ferrite.

Finally, on the basis of the cxperimental results. it is possible to make the
conclusion that the observed NMR spectrum of lithium ferrite is stipulated by the nuclei
arranged in the domain walls and located in different magnetically non-equivalent sites.

Besides this, for a correct evaluation of the spin-echo decay envelope modulation
effect it is necessary to take into account the additional modulation effects caused by the
domain walls motion in addition to the contribution related with the hyperfine ficld
anisotropic component.

This work was supported by the Georgian Academy of Sciences, Grant #2.12.

Institute of Physics Thilisi I.Javakhishvili State University
Georgian Academy of Sciences
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Study of K¢ K¢ Interference Correlations in Neutron-Carbon

Interactions
Presented June 18. 1998
ABSTRACT. Bose-Einstein corrclations in Ko Ko pairs have been studicd in
neutron-carbon interactions measured with the EXCHARM detector. The measu-
red values for the strength of the correlations and the radius of the K¢ cmitting
source are: 4 =1.13 + 0.34 + 0.34 and R =1.01 + 0.13 + 0.18 fm.
Key words: correlations, particle.

The Bosc-Einstein effect corresponds to an enhancement in the production proba-
bility of identical bosons to be emitted with small relative moment, as compared to non-
identical particles under otherwise similar conditions. Experimental data are usually
analysed in terms of the correlation function defined as the ratio of the two-particle pro-
bability density to the product of the corresponding single particle quantities:

D,
Conpa=5
P(p)P(p,)
where p; is the four-momentum of particle i. For a Gaussian space-time distribution of
the particle source. the correlation function takes the form:

C(Q) = N(1 + A exp(-R*0%), @)
where Q is the four-momentum difference, 0% = —(p1 — p2)* and N is the normalization
factor. The parameter 2, known as the incoherence parameter, takes into account the
fact that for various reasons, the strength of the correlations can be reduced and R is the
radius of the source.

Bose-Einstcin correlations have been observed in like-sign charged pion-pairs for
reactions with different types of initial statc and over a wide energy range [1]. However,
only few studies have been reported on interference effects in charged [2-5] and necutral
kaon-pairs [6-10]. For charged pion or kaon final states the identical boson-pair system

(D

Is guarantced by the requirement of the same charge sign. K K° pairs may come
cither from identical K°K”, K° K° pairs or from non-identical K°X° boson-antiboson
systems.

In the case of K%K° and K" K decays, the K¢ K pair is originated from an
identical boson pair which should show the Bose-Einstein correlation effect. This is not
the case when K§ K¢ pair comes from K°K° system. However, the K° K system is an
cigenstate of the charge conjugation operator C with two possible eigenvalues ¢ = +1

and C = ~1. The probability amplitude for a given eigenstate C can be written [11] as
follows:
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kK", :% (ke p) i) 6)
where 5 is the three momentum of the kaon defined in the K° K° centre of mass Sys-
fem. [n the limit of | 5 [= 0 (O = 0). the probability amplitude for the K2 K¢ pair
(€= -1 state) disappears and for the K¢ K¢ or K K| pair (C = +1 state) is maximal.
This should Icad to a Bose-Einstein correlations like enhancement in the probability to
detect K¢ K¢ and K} K pairs at low Q values, however this enhancement is exactly
compensated by the depletion of K7 K,{f pairs in the same range of Q. Hence, if all the
possible final states of the K*K° system were detected no Bose-Einstein correlation
effects would be observed, as expected for boson-antiboson system.

I'his study is based on the sample of ncutron-carbon interactions collected with the

EXCHARM detector. The detailed description of the EXCHARM detector can be found
clsewhere [12]. The neutron beam energy was ranged from 20 to 70 GeV with the mean

value of about 50 GeV. Contribution from 77 . yand K, was less than 1%.

The present analysis was carried out with 1.8-10% neutron-carbon interaction cvents
with charged particle multiplicity greater than four. The Ky mesons arc detected by
their decay into 7 7 pair. Such decays arc normally separated in space from primary
vertex. Candidates for secondary decays were foured by pairing all tracks of opposite
charge. The vertex of cach pair was determined by minimizing the y “obtained from the
distance of the vertex to the extrapolated tracks. In order to reduce background from
sccondary interactions in the target region the distance along the beam direction

between the edge of the target and the decay vertex of K candidate had to be larger
than 12 cm. These cuts reject also K¢ candidates with common tracks. Additional cuts
were made to reduce background from misidentified A hyperons and photon conversi-
ons.

On the basis of these criteria about 9500 events of two K¢ or more were selected for
the further analysis. The mass distribution of the reconstructed Ky decays for events

with two or more K¢ candidates is shown in Fig. 1a. The distribution was fitted with a
curve of Gaussian shape plus a polynomial expression for the background. The obtained
value of the K mass is 497.56 + 0.04 MeV/c®. The quoted error is statistical only. The
small difference between the measured K mass and the world average value [13] can be
explained by the uncertainty in the magnetic field of EXCHARM detector. The
obtained width of & = 3.71 + 0.05 MeV/c®, corresponds to the experimental mass
resolution. The background in an interval +10 McV/c” around the peak mass is 13%.

In order to take into account the background in the invariant mass distribution of
K¢ K pairs the following procedure was used. For each K§ K¢ pair the absolute valu-

¢s of the differences between the invariant mass of the /\? candidate and the world ave-
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rage value of the mass (Amy. Ams) were computed. The invariant mass distribution of
e 3 : 2 -
K K pairs from the signal region Anm;. Am, < 10 MeV/c” can be originated from four
different sources:

i+ B)(S2 + By) = 815, + S1By + BiS, +B1By: (C))
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Fig. a) The #* 7~ invariant mass distribution of the K 3 candidates; b) The invariant
mass distribution of the K;’ K ; pairs; ¢) The measured correlation function
for K, SO K 30 pairs. The solid line represents the fit to the data using eq.(2). d)
The correlation function C(Q) for A K. So pairs. The results of the fit is shown
by solid line
To estimate the S;B, and B;S, contributions we have used the invariant mass
distributions of kaon pairs, when onc of K candidate is from the signal and another
from the background 10 MeV/c* < Amy, Amy < 20 MeV/c? region (S} + By)B,' and
B,'(S> + Ba). The B,'B,’ distribution was constructed by using both K¢ candidates from |
the background region. In our case the distributions (S; + B,)B,' and B,'(S; + B>) are the
same and the invariant mass distribution for K¢ K pairs was obtained
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8182 = (51 + Bi)(S2 + Bo) + en(S) + By)By' + axB1 By, ¢5
where the values of the parameters ¢ and o, are evaluated from the fit of the invariant
mass spectra of 7'z pairs of K¢ candidates.

Figurc 1b shows the invariant mass distribution of K¢ K¢ pairs. This distribution
reaches maximum near the threshold and decreases smoothly as mass increases. No
indication is scen for the presence of the resonance decays into the K°K° pairs. It
should be mentioned. that there are two low mass resonances f5(980) and a(980) below
Elhc K"K’ threshold. To estimate this contribution one requires the knowledge of their
production cross-sections in neutron-carbon interactions, decay branching fraction of
these states (o K” K and the K¢ K mass spectra from these decays above the thresh-
old. Unfortunately. these factors are not known with sufficient accuracy. However, it
was shown. that in e'e annihilation at Z peak the strength of correlation effect 1 is
frcduccd only by about 15% and the radius of emitting source R is less than 10%, when
Efo(‘)xﬂ) decays are included in the analysis [9].

- To construct the correlation function it is nccessary to obtain reference sample,

which should simulate all aspects of the data except Bosc-Einstein effects. For these

Emasons the reference sample has been obtained using the event mixing method.

{ The correlation function C(Q) for the Ky K¢ pairs is shown in Fig. 1c. The clear en-
hancement is seen in low O region. The resolution in Q is of the order of 20 MeV and
much less than the chosen bin size. The correlation function was fitted by the expres-
ion (2) in the range of 0 < O < 1.6 GeV. The reference sample was normalized to the
nmimber of K K¢ pairs in the data within the interval of 0.5 < 0 <1.6 GeV. The obtai-

ned results are presented in Table 1. To examine the method of reference sample con-
struction. the same procedure was used for A Ky pairs. The correlation function for
these pairs is equal to one, as expected for non-identical pairs (Fig. 1d).

Table 1

The fitted values of the correlation function C(Q) parameters A and R for different

selection criteria and fit conditions.

Conditions A R fm 1*/DOF
reference fit 1.13+0.34 1.01 £0.13 24/17
e 005003 | 030+012 | 1917
2 parameter fit 1.12 4035 1.05+0.13 26/17
4 parameter fit 1.36 £0.36 0.85+0.12 18/16
0 <1.1 Mev 1.13+£0.34 0.99 +0.13 15/11
KO massrange £ 15 MeV/c? | 105038 [ 098013 | 24/17
| EOl it 0% 1314030 | 1.00£010 | 3217
, :
[ KO seloction 210% 101047 | 0.99+0.15 17/17

To evaluate the systematic errors connected with the choice of fitted function and
e range of normalization, the normalization parameter V in eq. (2) was set to one and
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the range of influence of the /3'(1525) resonance production was excluded from the fil,

To take into account the rise of the correlation function at large Q values due to long
range two-particle correlations C(Q) distribution was fitted with the function Q) =
=N + Aexp(-R 02))(1 + 6 Q). Finally, the dependence of our results on the choice of

signal and background intervals for X candidates has been estimated. The results of

these fits arc presented in Table 1.

We have estimated the systematic uncertainties connected with the K¢ selection
criteria. The analysis was repeated with modified selection criteria within the range
+10%. The total systematic error, connccted with the choice of reference sample, with
variation of the fit conditions and sclection criteria, was found by adding in quadrature
the deviations from the reference fit. -

Table 2
Values of strength of correlations A and emitting source radius R for
neutral kaons obtained in different experiments.

Reaction ref variable i R fm

PP 7 @ qo 0,9+02

ce (8] 0 145023 +£0.32 0.76 £0.10 £ 0.11

ce 9] 0 0.61+£0.16 £0.16 055+ 0:08+0.12
lee [10] @] 0.96 £0.21 +0.40 0.65+£0.07+0.15
} n-C this study | O 1.13+£0.34 £0.34 1.01£0.13+0.18

Table 2 presents our values of 2 and R parameters together with the results obtained 1
in pp and e'e” interactions. It should be mentioned that results in p p collisions are
obtained using the variables g, ¢, (¢, is the component of momentum difference D=0
perpendicular to p,+ p, and g, is the difference of energies [14]) which yiclds to the
higher values of R compared to Q variable analysis. In this experiment the value of the
strength of correlation function was not extracted. In ¢’e annihilation at 7 peak the
Bose-Einstein correlations of ncutral kaons were studied in three experiments using
reference sample derived from JETSET Monte Carlo events. This makes comparison of
results obtained in different experiments difficult, however all data are consistent with

the assumption that Bose-Einstein like correlation exists not only for K¢ K pairs
coming from identical K’K° or K° K° systems, but also for ones from non-identical
K°K® systems. :

We would like to thank EXCHARM Collaboration for providing experimental data.
It is a pleasure to thank R Miiller for useful discussions.
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Investigation of Small Dose Radiation Stimulated Processes in }
Semiconductor Materials and Structures ]
Presented by Corr. Member of the Academy T.Sanadze, February 16, 1998

ABSTRACT. The paper presents the results of investigations of influence of ra-
diation-thermal treatment (RTT) on the properties of semiconductors and structu-
res based on them (Si, GaAs, GaAlAs, GaP). After RTT the crystal is cleaned of
native (“"genetic”) defects, the degree of homogencity of lattice increases and
electrophysical and optical properties of the semiconductor materials and structu-
res improve (“small dose cffect”). The processes taking place during the RTT are
discussed and the perspectivity of the method in practice is shown.

Key words: radiation, annealing, homogeneity, healing of native defects.

As carly as 1970's, in investigation of the radiation influence on semiconductors and
structures it was revealed that after irradiation with relatively small radiation doses
(accelerated clectrons. y -quantum) followed by thermal annealing return radiation de-
gradation cffect takes place: lifetime, mobility and concentration of free carriers, crystal
lattice homogeneity arc increased. parameters of semiconductor devices are improved
("small dosc effect") [1-5]. However, this effect is poorly investigated since it depends
on many factors, such as type, energy and intensity of irradiating particles, irradiation
and anncaling temperature, initial defectivity of a semiconductor, etc.

This paper presents the results of experimental investigations of radiation-thermal
treatment (RTT) influence on the properties of semiconductors and structures based on
them (Si. GaAs, GaAlAs, GaP). Irradiation by 2 + 4 MeV electrons was carried out at
room temperature, the fluence being 10'* + 10" cm™ The irradiated samples were
anncaled thermally (T = 400 + 670 K).

For studying the influence of "small dose effect” on silicon epitaxial structures used
in semiconductor electronics (K3®-0.7) the maps of shect resistivity distribution thro-
ughout the surface before and after RTT were taken (33 points). The sheet resistivity
value across the area on the starting wafer varied within the range 0.56+0.80 Ohm-cm,
i.c. 0.68 £0.12 Ohm-cm, which means deviation from the average value by 18%. After
the RTT process was carried out, there occurred value equalization of the given
parameter across the wafer and the deviation from the average value was ~ 5% (0.64 +
0.03 Ohm-cm). On the basis of this investigation the regimes of the RTT process were
determined for epitaxial Si and tested in the production of a pilot lot of various types of
integrated circuits (ICs) of the K555/533 series (STTL). The RTT application resulted
in an increase of ICs percentage yield by 4 + 6 % (then the factual ICs percentage yield
under production conditions depending on type was 35 + 55%).

The cause of the positive influence of RTT was clearly shown during the visual
observation on the dislocation wells on the surface of the wafer epitaxial structures Si
and GaAs (thickness 10+16pm). As is seen from Fig.(a), before RTT areas with strong
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accumulation of different size disturbances are revealed on the surface of the'Gal
wafer. After RTT most of the disturbances disappear. Exclusion makes big disturbances
only which might be drains for simple defects forming small disturbances. Similar
picture is obtain in Si.

2. A view of the surface arca of epitaxial GaAs before (a) and after (b) radiation- thermal treat-
ment (scale:Tem -160pm)

The RTT influence on the parameters of light-cmitting structures (LES) based on
- 11-V semiconductor compounds (GaAlAs <Zn>. GaP <N> and GaP <N. Zn, O>) was
also studied. The 1-V characteristics (IVC). electroluminescent spectrum and luminous
intensity at a given value of direct forward current (10mA) of light-emitting diodes
{LED’s} made of this structures have been measured before and after irradiation and
after consequent anncaling. Two groups of cach chip type (20-25 diodes), the first with
a luminous intensity twice different from the second. were selected.
| The investigations have shown that after RTT only the band intensity changed. Its
shape and position (or location) on the spectrum remain unchanged. The IVC's are also
unchanged i.c. injection coefficicnis. A marked increase in the luminous intensity is
observed directly after irradiation (Table). Here this effect is more pronounced in the
first zroup of samples. The Table iists the optimal anncaling temperatures, further
increase of which decreases the luminous intensity.

To explain the above-mentioned experiments we will deal with light-emission
mechanisms in particular structures: red emission in GaAlAs<Zn> is a result of
clectrons transition from the conduction bard on the valence band and level of zinc.
GaP <N> green emission is formed during the exciton annihilation which is created on
the nitrogen isoelectronic captures (Np). but yellow emission in GaP<N. Zn, O> is for-
med by definite proportion blend of green and red emission ,where the red emission is
result of the exciton annihilation on the captured the isoelectronic molecules (Zng,-O,).
The concentration of emission recombination centers in active sections of LED’s is ~
10" em™ [51. If one even assumes that radiation defects (RD) play a role of emission
centers. the integrated fluxes and thus the RD concentrations are so small that they are
incapable to change significantly the concentration of emission recombination centers
of the crystals under investigation. Hence, it could be suggested that the effect observed
is due to a decrease of the concentration of nonemission recombination centers. It is
well-known [3] that the nonemission or infrared emission recombination centers with
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deep-levels in the structures under investigation (dislocations. precipitates of "Hiipufiy?
atoms. comiplexes involving vacancics) have capture scctions that exceed the section of
mam emission centers with shallow-levels by several orders of magnitude. Therefore
low integral radiation fluxes turned out to be effective

' Table
I'he results of the investigation of the RI'T effect on LED’s

ucture type l lo.med O.om” Algp/ly,% T.K Alrlo, %
[ o6 4.10" 43 420 30 ,
0.7 8101 15 520 55 :
12 410" 2 520 37
B 18 J=10M -10 420 0
0.15 410" 50 420 70
0.15 130" 15 420 7
030 4101 10 420 33
B ot T 0.30 810" -30 420 -20
| GaP<N, /n. O> 0.15 4-10" 42 420 65
| 0.15 1-10" 20 420 0
(YELLOW 0.30 4.10" 10 420 35
0.30 810" -25 420 -20
lo.fa by are LED's emission intensities before and after irradiation and after annealing.

Under irradiation of the crystal with high-energy particles two processes take place:
accumulation of RD  (the crystal transfer into more inequilibrium state) and a
stimulation of the reaction of healing the native ("genetic") defects (the crystal tend to
equilibrium). At the beginning of small-dose irradiation when the concentration of
created radiation defects is small and interaction with native defects prevails over the
interaction with cach other healing crystal native defects takes place. At RTT this
process proceeds in (wo stages: the first stage takes place during irradiation when the
mobile components of Frenkel pairs. in the radiation stimulated diffusion process meet-
ing and healing of native defects of the crystal. The second stage occurs at subsequent
anncaling when diffusion takes place and simultaneously with healing (annihilation)
the accumulation of elementary defects forming native disturbances takes place on the
drains. Since temperatures at RTT (T < 670K) are much lower than those in the crystal
growth technology the crystal remains in a more ordered state after RTT.

Thus. we have shown that by relatively low temperature radiation stimulated
processes the homogeneity of crystal lattice can be increased and successfully applied in
the technology of semiconductor materials. devices and 1Cs.

Thilisi 1. Javakhishvili State University
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Dynamics of the Annual Changes of Atmosphere's
Self - Rectification

Presented by Academician B.Bala . March 11, 1998

ABSTRACT. The results of lasting experimental investigations of geoccological,
integral parameter, velocities of self-rectification of the lower atmosphere, which
were defined as the ratio of the density of the admixture's stream of the ground
surface to the pre-ground concentration of the same admixture are considered in
the article.

The analysis of annual changes for 7 different regions with different climatic
conditions is given. Annual changes connected with the characteristic of atmos-
phere's sediments are analysed. The climatic stability of the parameter is prescn-
ted.

Key words: atmosphere, sclf-rectification.

The solid or liquid microscopic particics, suspended in atmosphere, differ from pre-

- ground atmospheric dust, having long "lifc" time in atmosphere. These particles consti-

tute atmospheric acrosols. Their chemical and dispersive composition has a wide range
of changcability. Recently a lot of researches have been dedicated to the study of
physico - chemical qualitics of atmospheric acrosols. It was conditioned by climatic and
ceological great significance. The results of rescarch of atmospheric acrosols are sum-
marized in many well-known monographs. The rescarch results of atmospheric acroso-
lic component for Transcaucasia are summarized in our work [1-3]. Here, also, was
showed the "climatic stability" of atmosphere's lower layer sclf-rectification's velocity
The methodology of its experimental definition became possible after the determination
of simplc gauzed manifold catching cffectivencss which is used widely in Georgian
hydromet. network; i.c. the effectiy ity of atmospheric sediment collectors [4]

In the process of theoretical analysis. we have found the total index for the atmos-
pheric acrosol-summary and B-radioactivity. That gives us the possibility to learn
integrally the dynamics of atmospheric sclf-rectification for various acrosols, which are
different in dispersion and composition. We defined average velocities of self-recti-
fication for the lower troposphere in months for big towns of the Volga region and the
Caucasia. Daily data about sediments, which were collected during 10 years by gauzed

- manifolds on the surface of ground were worked out in approximately fourty thousands

of measurements and the same measurement about acrosol's concentration in the pre-
ground layer. The simple analysis of the measurement shows. that any relation of the
stream's admixture to its concentration is the velocity. The physical essenice of this
velocity is: in the given unity of time, given corpulence of Jower layer of atmosphere is
completely cleared from the acrosol.
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In the Table, there are given the quantities of atmosphere's lower layer's seifs#etifiz

cation. which we have got of experimental study. The formation of acrosol's sediment is

made hv its washing by the sedimentation or the atmospheric turbulence. As a result of!

many theoretical and practical works. the distinctive quantities of self-rectification are -

cvaluated. It is clear, that minimum velocities coincide with "dry sediments", and maxi-
mum values with the annual maximum of solid sediments (snow), when atmosphere
becomes more clear, than in unsedimentary days.

The measurements of quantities in the Table arc obtained through the clementary

transformation: if we take the stream of any admixture towards the surface of the gro-

und as the quantity's stream (M) on the area of surface (S) in the time interval (1), as its
relation to the concentration of the same stream (A7), where V= S is the volume. [, -
length). we shall get velocity:

o M M _L
b A
Table

locities of atmosphere's self-rectification (km/24 - hour period)

' Towns Av.
s Volgograd | Astrakhan | Rostov | Sukhumi | Thilisi | Baku | Yerevan anmal
; change

January 4.74 3.88 2.48 2.11 0.76 | 480 | 243 | 3.02
February 173 1.94 1.76 2.20 068 [ 213 | 155 | 1.00
March 1.97 1.86 2.04 2.64 084 167 | 1.73 1.82
April 1.44 2.14 2.00 2.50 093 | 1521 113 | 164
May 1.46 1.48 132 1.89 0.63 | 1.00'|.1.24 | 129
June 0.83 0.78 1313 2,19 054 1091 075 | 1.02
July 0.73 1.04 0.74 196 0.40 [0.59] 085 | 0.90
August 1.31 1.01 1.65 2:05 1.01 | 1.18 | 1.08 | 1.36
September 170 2:02 1.63 2.32 1.00° | 1.54 | 1.17 | 1.63
October 239 3.42 2.67 231 0.87 (374 | 174 | 245
November 3.66 3.54 4.26 1.98 102 13791 220 | 29
December 422 6.07 3.36 2:50 124 1472 259 |35

Av. laging 2.18 2.43 2.09 2.24 081 [247] 154

The geophysical essence of obtained characteristics is:

e It comes out, that seaside regions are characterized by high velocities of self-
rectification, compared with regions, which are far from the sea (Thilisi,
Yerevan, Rostov).

¢ Conventionally. we can say, that for the given region there are "three types"
(groups) of atmosphere's sclf - rectification according to the following gradation:
continental (Tbilisi, Yerevan) with velocities up to 1.5; transitional up to 2.0
(Rostov): and scaside (Volgograd, Astrakhan, Sukhumi, Baku), where velocities
exceed 2.4.
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sl For the reablestiin

withi e mation of the results,

maximum of ~ we analysed the annu-

solid al changes of these in-

sediments dices. It is interesting,

o biliss that scaside towns (1

type) are characterized

by identical annual

changes, with the defi-

— - — Sukhumi ned maximum in win-

ter and minimum in

summer. Approxima-

tely, we have such

kind of annual chan-

ges for the transitional type. It is generally connected with solid sediments, whose

cffectivity of atmosphere' s rectification is 10 fold higher, than for unscdimentary

weather and it is quite clear. It is supposed for those points where there is a high

number of dry sediments. the annual changes should not be so noticeable. Good

example for this is Sukhumi (Fig.). The fact of the influence of atmosphere's self -

rectification is completely clear on the example of Tbilisi. Here, during the annual

change. secondary maximum is noticeable for the warm season, which can be compared

with winter's maximum. which is explained by the few number of wintry sediments for
Tbilisi and summer maximum of sediments in the annual changes.

The working of huge number of experimental information gave us the possibility to
introduce the climatic parameter - the velocity of atmosphere self - rectification. It's
noticeable. that this parameter is stable and doesn't change in time [5]. So it is effective
for regional regulation and regional division and, in the mean time, it is very important
m the sphere of planning measures for the protection the environment from the
pollution and establishing a quota and regulating of atmospheric pollution.

I'bilisi IJavakhishvili State University
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Estimation of the Radiogenetic Heat Flow for the Trans-
Caucasian Territory

Presented by Academician B.Balavadze, October 1, 1997

ABSTRACT. Radiogenctic heat flow has been calculated for the Trans-Caucasi- -
an territory. The maps of radiogenetic heat flow distribution have been drawn up
for sedimentary cover, granite and basalt layers and for the whole crust as well (for ]
the given territory).

Key words: radiogenctic flow. heat generation.

Geothermal flow is a unique energetical characteristic of bowels of the Earth, which J
is measured experimen- -
tally at the Earth's sur-
face. Its variations are
caused by global geo-
tectonical factors and a
lot of local factors as

TRILIST
: 'm\g\/__/—\% .
BATEMT oo well [1,2]. Correlation

/\ 2 of the heat flow with

f mex/o o /"b the other geophysical ‘
* fields has been establi-

shed. Investigation of
the heat flow distribution is directly connected with the problems of the Earth's heat
regime, particularly to the deep temperature distribution in the crust and in the mantle.

The integrated value of observed heat flow at the Earth's surface has been considered
as the sum of the crust and mantle components. The part of the heat flow. formed in the
crust is the radiogenetic heat flow, because here the heat generation occurs by radioge-
netic heat of existing radioactive elements; **U, **U, **Th, “K. Calculations of radio-
genetic heat flow in the crust have been made for various crust models with assumption
that the total heat generation A is a constant in each crust layer. The radiogenetic flow is
calculated as Ax product for cach layer with thickness /7. For three-layer crust, the
integrated radiogenctic flow will be
q =A\Hy + AHy + AsHs,

Fig.1. The radiogenetic flow of sedimentary cover

where the indexes 1.2
and 3 correspond to
sedimentary. granite
and basalt layer respec-
tively.

In the paper, the re-
sults of calculations of
radiogenctic flow in
crust and in its consis- ., EREVAN e
ting layers are given for H A
the Trans-Caucasian ter- Fig.2. The radiogenetic flow of the granite layer

ELBRUS
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- gitory. In our calculations, the value of heat generation for cach layer has been taken from

: [3] and the construction of investigating crust territory has been taken from [4].

\ ELBRUS

r

BATUMI——

‘p
= EREVAN

Iig.3. The radiogenetic flow of the basalt layer

The results of calculations are given in Figs. 1-4 as the maps of isolines of heat gene-
ration (values of flow are given in cal/em=.sec). which give good information about
radiogenctic flow distribution for the territory under investigation in the crust. The ob-
tained results can be used in calculation of the deep temperature in the crust.
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Fig.4. The radiogenetic flow of the Earth's crust

Thilisi I.Javakhishvili State University
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G Gabrichidze
One Inequality of Elastokinetics and its Application in
Seismology
Presented by Corr. Member of the Academy T.Chelidze, October 10, 1997

ABSTRACT. There is obtained an incquality that can connect the parameters of
the motion of the carth surface with the energy released at the earthquake focus.
On the basis of the obtained incquality a possibility application of special
experimental-analytical technique is being discussed.

Key words: eclastokinetics. reciprocity theorem. Laplace transformation, hélder

inequality

Let’s consider an arbitrary clastic body. which is pinched on the 4, part of the sur-
face and free from loading on the surface A,,. Let’s consider two systems of mass forces
that induce the motion of that body. The first system of causes and effects is denoted by
the index (1). while the other one by the index (2). Correspondingly, in the first state we

have mass forces x"' . caused by the displacements of #" inside the body. related to the

strains &, stresses O‘,/ and volume expansion ¢, In the second state we have the

same parameters but with index (2). Besides the above mentioned, there are also given
the values of p - density of material. A, s - Lame constants.

In clastokinetics there is known a reciprocity theorem that connects stress and strain
of these two states. Using Laplace transformation

Hoyx.01= &,(x.p)= [o,(roye "d,
0

reciprocity theorem is written as [1]:
J’O_’m ROl J_m_“)dv. )

By presenting the left-| hdnd side of lhc equation (1) in the form
J‘O',‘,”s,;‘ dv= ﬂ(o’“’um) -1, m]d\n
cmploying equation of equilibrium general ratios connecting stresses and strains and

considering the boundary conditions along with zero initial conditions, after using the
Ostrogradski-Gauss formula, a tensor equation (1) in the open form can be written as:

A0D () = J'[;lm,;lm +E0F® +x“’_“’]d\

J’{zﬂ[en 5D +EVED +EVED + V5D + EVED + 5VE] ]Jriem ”’}dw—

v

[ppz[u")u(ZJ+u“’um+_“) (Z)]d ®)
0
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\
Formula (2) shows the work of the external forces of the first system on the dis
“ments of (he second system, thus it is designated as A" (p). On the basis of (2), one
can also write an expression for the work 4 (p) and 4@ (p)

pice ® = J‘[ g \_xr)7(2;+;(1)—<z;]dv:

j{lu[ﬁ{f‘ﬁﬂ" +Z“‘E”' +Emb—lm Jrgmé—zfﬂn +gﬂr‘|y;«?n +&—(!)__(l)] U U

, J‘Pﬂ Tha s memed +11{”u‘”]dv 3)

) Tl EE R
7o ®) = J’[xl(z)u]rz) + X +x;“u;ﬂ]d\)=

v

e S SR e
FYED +EVED + EVED + EDED + 50F »m] a0 O

jo

The right-hand parts of the expressions (2), (3) and (4) can be presented as local sums:

—(2) , —(2)
0P+l

“)

4% ()= [l + 2 wla= | S | )
.f_l"'"]“(/)): J'[;}«nﬁlm + T 4 ¥ )]d":J. Za,f(p)} dv (6)
v v k

=(2})
u

ADD ( py= .ﬂ;?l‘z 4oe ) ¢ xal ](lv— ﬂzb (p) @

On the basis of the Hélder’s inequality [2]

2

2 2
San| <[4 ®
k k k
one can write
2

J'[ )3 (2) ~(|)—w )‘r_:”fl_:“]dv <

ﬂ el e e ]dv

Iv i

1
<|[lRom® + 20z + 7070 |y
| :
5

or transferring to the originals, and coming back to tensor form,
) 2
1

Idrf\*f”(x.r)uf“(x.t—-T)dv :Jzifjxf”(x,r)uf”(x,t—r)a’v <
0 v 0 v
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'

Izlrj.\',”"(_\fj)l,lf“(.\'.l —T)dv|- J.zlrjxfz)(x,f)llfl‘(,r.l -7)dv (10)
0 v

0 v

or
‘A]”":’(l)F:|.’1'2”“([)[::|;[“M)(I)H"l(:":'(l)[. . (11)

It should be mentioned that the content and structure of the obtained expression won't
be altered providing not only mass forces are considered. but also the forces that can be
applied to outer and inner boundary surfaces of the body. Taking into account the above-
mentioned. inequality (11) can be formulated as: 1

The work of the first system of dynamic forces on the displacements, caused by the j
second system of dynamic forces for cach period of time is less than or cqual to the -
mean  proportional of works done by each system of forces on sclf-induced
displacements.

Let's return to the problem under investigation. One system of causes and effects can
be referred to the case of carthquake occurrence and designated by the index (1). Then -
ATy will express the work of forces in the focal zone on self-induced displacements,
i.c. energy that is released in the focal zone. .

The other system of causes and effects that is designated by index (2) can be
simulated by carrying out physical experiment. On the surface of the earth at the point x;

an arbitrary dynamic force of x|’ (x;. ) can be applied in the given direction and the law
of displacement 1>’ (x. ) of point x; is recorded.

For the above mentioned two systems of causes and effects the inequalities (10)
and (11) can be written as

v

1[.\’;:\(,\}.T)ll‘m(.\”kj-T)(/T gfo“(xkj)u:”(xk./—r)dr‘ AV D@y (12)
i 0

In these expressions x(* (v. 7) and u{® (x;. ¢ — 7) arc known functions as a result of
experiment. Thus, inequality (12) connects directly the law of displacement of point x;
on the carth surface with the energy release in the focal zone during the carthquake.
Incquality (12) may be applied for the investigation of direct and indirect problem - if
the law of displacement of the point x; on the earth surface during the carthquake is
known. the energy 4"V (r) that is released in the focal zone may be estimated. and vice
versa, if the law of energy release at the earthquake focus zone is assumed, the law of x;
point displacement on the carth surface can be estimated.

K.Zavriev Insitute of Structural Mechanics
and Earthquake Engineering
Georgian Academy of Sciences
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Monitoring the Content of Nitrogen Dioxide in the Stratosphere
According to Observation of Fluorescence in the Twilight in
1957-1990

Presented by Academician E.Kharadze, October 27. 1997

ABSTRACT. The daily, scasonal and long-term behaviour of NO, in the strato-
sphere has been examined according to regular spectrographic observation of the
twilight sky in the 500-700 nm spectral region at the Abastumani Observatory
(41.8°N: 42.8°E) in 1957-1990. The mechanism of predissociation of nitrogen
dioxide by the solar radiation at 400 nm has been proposed for explanation of the
NO, emission at 602 nm. Positive trend has been revealed for the annual average
~content of NO,, especially discernible in 1960-1970.

Key words: stratosphere. twilight. fluorescence.

The nitrogen species of NO, (NO, NO,) are important natural and antropogenic trace
- atmospheric compounds. They affect the content of ozone in the stratosphere and the
mesosphere and play an important part in temperature changes of the middle atmosphere
[1]. In spite of numerous obscrvations of atmospheric nitrogen compounds the question
about long-term trend. daily and scasonal variations of NO, remains open due to the
inconsistency of data [2].

In the given article the question concerns monitoring the NO, content at heights of
20-60 km on the basis of molecular fluorescence spectrographic observations, which
have been carried out at the Abastumani Observatory.

In 1987, while investigating the structure of the Chapuis absorption band of ozone in
the twilight. emission at 602 nm was first manifested in Abastumani [3]. In authors opi-
nion. this diffusion fluorescence must be connected either with the NO + O — NO, + hv
reaction or the NO + O3 — NO, + O reaction. As a result a very weak fluorescence with
the maximum near 600 nm is obscrved in the nightglow continuous spectrum [4]. But
the intensity of emission at 602 nm in the twilight attains a value of few kilorayleighs (1
ravieigh = 10" photons/cm® sec). that is much more-than the intensity of the nightglow
continuum (a few rayleighs on 1 nm). This evidence suggests a mechanism of predisso-

ciation of NO; by solar rays at 2= 400nm, NO; + v (1> 400 nm) - N O% for expla-
nation of NO; fluorescence in the twilight. In consequence NO, molecules occur in an
intermediate excitation, which energy is released as fluorescence with the maximum near
600 nm [5]. The encrgy of the solar radiation with A > 400 nm is insufficient for NO,
dissociation into NO and oxygen atom [1].
We further estimate the NO, predissociation rate for 4 =400 nm
dI(NO,)/dt = J(NO,)-n(NO»).

where J(NO,) is the probability of photodissociation, and 7(NO,) is the concentration of
nitrogen dioxide. J(NO,) = & 7, y where ¢ is the quantum yicld (0.86) for predissoci-

GEOPHYSICS
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ation. 7 is the cross-section for absorbtion (5-10'? cm ™). 7 is solar photon MH¥ {1816
photons/cm™scc). For the probability of photodissociation we receive 1.2-10 ‘cm™
Taking account of the NO, column content of ~10'* cm ~ the intensity of emission at 602
nm is 10" photons/cm™sec. It must be born in mind. that in the twilight the optical depth:
for solar rays increase by a factor of 30-40 in comparison with the day-time. This leads
1o the observed value of intensity of NO, emission in the twilight [3].

The extraction of NO, fluorescence from spectrographic observations of the twilight
sky is performed as follows. In the spectral region of 500-700 nm the Chapuis band has
two peaks near 575 and 602 nm with ratio Ir /55 = 0.96. With allowance for the
scattered light intensity distribution in the twilight and the scnsitivity of the used
photographic films this ratio attains 1.04. For smaller solar depression (a < 6-7°) the
ratio Ig /ls-5. measured on the microspectrograms. is close to 1.04. and for larger ones
(a>7°) itis always in excess of this value. This suggests the presence of emission in the
602 nm band.

It should not be overlooked that during the twilight (o = 1-18°) the scattered light
intensity varics by a factor of 10° and as emission over the background can only be
recognised if it exceeds the background by 15%, that cannot be realized in an carlier
twilight. when the scattered light intensity is too high.

Spectrographic observations of the twilight sky have been carried out in Abastumani
only on clear and moonless days. This lowered number of observations per annum, but
excluded errors in Igo/15-5 caused by clouds and the Moon. However, the measured ratio
underwent considerable variations from day to day at fixed moments in the twilight, pro-
bably. caused by variations in the stratospheric content of ozone and nitrogen compo-
unds.

The twilight observations in Abastumani have been carried out simultancously in the
northern direction and in the direction of the vertical circle of the Sun at 30° above the
horizon {sunwards) with different exposures for & = 7. 7.5-8. 8-9. 9-10, 10-12°, We pre-
sent the observation data, averaged over a month, in terms of Iso/ls;s. separately in the
both directions for solar depressions o = 7-12° (Table 1). The data relate to the years
1957-1990. All root-mean-square deviations do not exceed 20%.

It should be noticed that twilight data about Is:/15,5 depends on content of NO, along
the path of solar rays, which cross a segment of the atmosphere in the terminator region.
The lower limit of emitting layer is estimated by the height of the screening solar rays
with 4= 400 nm (about 15 km, [6]) and the upper one with height where the concentra-
tion of NO, is disappeared (~ 60 km. [1]).

As seen from Table 1. in most cases the morning ratios exceed the evening ones, es-
pecially in the winter period. Our results confirm a statement from atmosphere che-
mistry. that at stratosphere heights the NO, content increases in the night-time due to the
reaction

NO + 03 - NO, + O,

On the other hand, the NO, content decreases in the day-time owing to following loss
processes:

NO,+0 —>NO+0,;; NO;+hv(1<400nm) — NO +O.

The same chemical processes explain the maximum of Is/Is;5 1 the winter-time and
the minimum in the summer-time, as follows from Table 1.
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TablgAi s
Lg0o/Is7s. the northern direction (m-morning, e-evening)
s d‘ao January February March April May June
(degr) | 1 e m e m 9 m ¢ m e m e
i 1551 “1:33 | '1.36 1054:171.30° 1.20 | 1.28 105|126 111 ] 120 1.16

7.5-8 1.57 146 | 147 131|130 118|123 1.17 [ 124 1.19 | 1.25 121
8-9 1.57 148 | 140 126 | 130 124 | 122 126|123 1221123 118
9-10 1.52 140 | 1.32 143|130 122|146 1.14 | 135 121 | 1.33 121
10-12 131 134 [1.34 118 1122 129|129 130 ]1239 123131 123

b July August September October November | December
7 122 1321124 135|136 130 | 1.50 141 [ 149 139 | 1.62 1.31
7.5-8 124 126|139 133|146 139|149 140 | 161 134 | 1.65 143
8-9 127 131 | 144 130 | 148 145|156 147 | 164 148 | 1.58 1.36

9-10 140 133 | 1.50 1.35 | 1.50 148 | 1.59 141 | 1.66 1.58 | 1.56 148
10-12 154 129|146 130 | 141 144 | 149 1.56 | 1.68 133 | 1.52 144
Iso/1s75, the vertical circle of the Sun

( deO:vr ) January February March April May June
Sk m e m = m € m e m € m e
7 L300 128 11196 101 (1120 "1:23" 118 9121 [ 117 1233 [F1M6saifs
17.58 131 1251 128 1191122 120|116 116 | 1.18 1191120 118
8-9 135 125 128 118 {122 1241 114 114 |16 1171121 111
9-10 1.52 139 | 142 133|140 137 [ 134 130|130 127 | 130 1.33
10-12 160 142 | 160 141 {137 1301135 127 1127 126127 1%
July August September October November | December
7 1200 124/ | 127 126 [133 1.36 | 128 142 [ 132 "1:38 [E27%13
7.5-8 1200 1.20 | 1.28 127 | 1.30 1.30 ] 1.34 1.33 1.28: 1 29 | 13081123
8-9 120 1121 | 1.34 131 {1185 132 | 1.31°1.38 | 135 132 | 1320120,

9-10 128 129|135 144 | 148 153 | 1.57 149 | 147 143 | 1.52 1.46
10-12 189 137 | 1.39 138|156 152 | 1.57-1.50 || 1:42.1.45( 5154 146

Table 2 contains mean annual values of Ig/lsss averaged overall data and
corresponding root-mean-square deviations o
Table 2

Years |Igoy/Is7s | o Years | Igoi/ls7s | o Years  |Is0)/Is7s | o

1957* |1.14 0.12 1968 1.31 0.08 |1979 1.43 0.08
1958* 1 1.15 0.09 1969 L15 0.05 | 1980 1.40 0.08
1959 “ :1:19 0.10 {1970 1.38 0.09 | 1981 1.36 0.09
1960 |1.33 0.08 [1971 1132 0.08 |1982 1.35 0.10
1961 |1.31 0:07 }1972 1.26 0.07 |1983 1.42 0.09
1962 |1.23 0.06 [1973 1.26 0.09 | 1984 1.41 0.12
1963 |1.30 0.07 [1974 1.28 0.08 | 1985 1.46 0.10
1964 | 1.36 0.05 [1975 1.41 0.10 |1986 1.38 0.10
1965 11.48 0.09 |1976 1.40 0.09 [1987 1.50 0.13
1966 |1.38 0.09 1977+ [1.32 0.11 |1988 1.38 0.11
1967 |1.42 0.10 |1978 1.40 0.10 | 1989 1.33 0.10
1990+ 11.45 0.12
i Notes: - (*) denotes years when observations have been carried out for a # 5-9°.

= (+) denotes years when number of observations of the twilight do not surpass 30.
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The data of Table 2 allow to calculate the cocfficient of lincar regression. “AHiA%
equal to: +1.7% (1960-1970): +1.35%(1970-1980) and +1.00% (1980-1990) or only 4%
for 30 years. Thus the NO, content in the Transcaucasus stratosphere has a negligible
positive trend. The received result is between the value obtained for the NO- total
content in 1975-1986, which does not detect a trend for the both Earth hemispheres [2]
and the “Nimbus-7" value. according to which in 1979-1984 the NO; content increased -
by 38-75% at altitudes of 20-40 km for middle latitudes of the South hemisphere |7].

In conclusion one can mark that the content of stratospheric NO» over the Caucasian
region underwent the most noticeable positive trend in the 60ics. which coincides with
the period of nuclear weapon tests in the atmosphere. The decreasing of the growth of
NO:- quantity during the next years is connected with the different processes of the stock
including the chemical cycle of ozone.

Abastumani Astrophysical Observatory
Georgian Academy of Sciences
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Gas Chromatography and Qualimetric Models of Wine-Making
Products Evaluation

Presented by Corr. Member of the Academy A.Shvelashvili. September 15, 1997.

ABSTRACT. On the example of Georgian wines by reactive gas chromato-
graphic method, which enables to state the effect of individual factors on wine-
making product quality, the qualimetric models have been developed.

Key words: gas chromatography. qualimetric model, correlation method, additivity
rule.

The chromatographic methods of analysis have been widely used recently in every
field of national economy and in food industry as well. A new approach to investigate
wine-making products taste and bouquet which is expressed by drawing qualimetric
models joining both chemical composition data of a sample and its wine tasting rating
are observed [1]. At the same time it is available to study the effect of the same
individual components and the impact of their features on the total wine-tasting indices.

The study of a big amount of cognac alcohols, brandy. ordinary and collection wines
indicates some objectivities characterising cach sample group (2). For example, con-
centrations (X1) of separate components greatly correlate with each other. At the same
time a large number of such connections significantly exceeds the connection between Z
and taste rating ). It should be noted that it is impossible to state the effect of different
components on beverage organoleptical indices by the data of correlation method. The
method of correlation is only the carly stage of study. The correlative relationship
between different components makes it difficult to conduct regressive analysis.

The dependence of the mathematical expression of beverage organoleptic features is
based on the following supposition:

The effect of different components on a panelist's receptors is determined by the
component concentration in the mixture and by the limited sensitivity to a given sub-
stance

The total effect of a multi-components system satisfies the additivity rule.

The given results are expressed by polynomialic model:

Y=bo+ > bix, ,
i=1

where 1 is beverage quality index shown by wine tasting; x,(i = 1, 2, ..., n) are vari-
ables which characterise << i >> component in a mixture; b; (i = 1, 2, ... n) experi-
mental subject investigated coefficients. The scarched factors of the regressive model
subject to an experimental determination.

A number of qualimetric models have been obtained by the chemical analysis and
wine-tasting judgment of the groups under study. which enables us to evaluate the effect
5




66 I.Shatirishvili, Sh.Shatirishvili, N.Chkhartishvili

of different factors on wine-making products. At the same time it determines {fic quaﬁ'
of samples with high accuracy by the results of chemical analysis. The most important
is that the technologist is given a chart of treatment with possible technological means
for such intermediate products as fermented juice or cognac alcohol distillation.

The rules of correlation analysis of the samples by reactive gas chromatographic
method for more than a year aged Georgian white wines are given in Table 1. From
nine investigated factors one is the total amount of carbonyl compound, eight of them
are concentrations of alcohols and cthers. The aging time is not considered.

Table
Georgian White Wines Correlation Matrix
(Zt)~ Z\l,\‘)

Name of factor X Xi|[x0 6 x| X5 | %[ X ]xe] x
f{’;ﬁﬁ’;-‘)ilc(’"‘p"“"ds 100036 | 0.41 | 0.51 | 0.51 [ 040 | 0.68 {0.71] 0.68
Exhylacetate X2 - [ 1.00 1038|049 042|042 |041]045]0.51
[Methanol X3 - - 1.00 | 0.27 1 0.68 | 0.65 ] 0.71 1 0.66 | 0.82
l-propanol X4 | — | - | — [1.00]027]0.24]039]0.67]0.68
2-propanol X5 e - - 1.00 ] 0.90 | 0.80 | 0.81] 0.83
Amyl alcohol X6 - - = — - 1.00 | 0.75 10.70 | 0.87
Ethyl Caprylene X7 - - - - - - [ 1.00]0.79] 0.81
Phenctole X8 - = = = = =~ - |1.00]0.24
\Ethyl palmitate X9 - - - - - - - - | 1.00
;i'i"?or-"E""ll"*“"’“ 091019 035|049 056058057068 0.55

For the wine <<Hereti>> the simplified qualimetric model which consists of
methylacetate (X2). 1 - propdnolc (X4). 2 -propanole (X3) and phenethyl alcohol (X8) 1
1s obtained:

Y =8.659 +3.079x; + 5.185x, + 1.888x; + 5.417x;. ‘

It should be noted that there is a certain contradiction between correlation and re-
gression methods, which is the result of complicated correlative connection with such :
complex mixtures as wine. Wine components are in dynamic balance. Changing the i
content of one component changes the concentrations of the rest. The suggested appro-
ach to the study of the impact of the separate component and their complexes on the
sensory features of wine products undoubtedly deserve great attention and future deve-
lopment.

For commercial scale production the organoleptic improvement could be reached
only by adopting new progressive technological processes which might be possible only
by means of thorough study of beverage chemical on every step of its processing.

Georgian Agrarian University
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Study of Acidic Isomerization of some Disaccharides by Gas-Liquid
Chromatography

Presenied by Corr.Member of the Academy 1..Khananashvili, May 27, 1998

ABSTRACT. Products of acidic isomerization of disaccharides (lactose,
maltosc, cellobiose) have been studied by gas-liquid chromatography. It was
- established that during reaction the break of glycosidic bonds didn't take place
and  from  the given  disaccharides  4-O-(B-D-galactopyranosyl]-o.-D-
glucosaccharinic, 4-O-(a-D-glucopyranosyl]-c-D-glucosaccharinic and 4-O-[B-D-
 glucopyranosyl]-a-D-glucosaccharinic acids were obtained.

Key words: acidic isomerization. disaccharides

: As it has been shown in our previous papers [1,2] aldoses containing
unsubstituted pscudoaldehyde and neighboring alcohol groups under the action of
hydroxides of some heavy metals are transferred into isomeric acids. The reaction
mechanism has been studied on several simple compounds.

To study acidic isomerization products of disaccharides (lactose, maltose,
cellobiose) gas-liquid chromatography [3-9] was used. As carbohydrates and their
derivatives arc non-volatile compounds, their derivatization was performed in pyridine
arca by trimethylchlorosilane and hexamethyldisilazane. Trimethylsilyl derivatives,
which are well dissolved in hexane and volatiled at 180°C, have been obtained.
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It was established that in the course of reaction. breaking of glycosidic bonds
didn't take place and from the mentioned disaccharides deoxyaldobionic acids: 4-O-[pB-
D-galactopyranosyl]-o-D-glucosaccharinic, 4 -O-[o-D-glucopyranosyl]-o.-D-gluco-
saccharinic and 4-O-|B-D-glucopyranosyl]-o-D-glucosaccharinic acids. (Figs. 1,2.4).
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While forming of 4-O-[B-D-glucopiranosyl]-o.-D-glucosaccharinic acid small- ot
of formic acid and acetic acid were found (Fig.3).
1 The hydrolysis of deoxyaldobionic acids
L (I) vields «-D-glucosaccharinic acid (1I)
(Fig.5). which converted into o-D-gluco-
saccharino-1.4-lactone (I1T)(Fig.6).

The analysis of substances was carried -
out on "AXM" type chromatograph (column
length 2 m. diameter 3 mm). The column was
filled by adsorbent Chromaton N-AW-DMCS.
It consists of hard packing (Chromaton - N),
which is covered by liquid phase SE-30 of 5%
(from hard packing weight). ]

Column temperature was 200°C., vapori-
zer temperature 250°C. The analyses were
carried out at three velocities (20 ml/sec, -
40ml/sec, 60 ml/sec). The values of equivalent
height of theoretical plate (EHTP) show that
the optimal velocity of gas-carriers is 40ml/sec

Table 1
Change of EHTP values by the dependency on gas carriers velocity
Substance Cs
V=20 ml/sec V=40 ml/sec V=60 ml/sec
Silyl derivative of 4-O-[B-D- 1.50 13 1.38

galactopyranosyl]-a-D-
glucosaccharinic acid
Silyl derivative of 4-O-[c-D- 0.93 0.78 0.81
glucopyranosyl}-a-D-
accharinic acid
ve of 4-0-[B-D- 0.28 0.13 025
ranosyl]-o-D-
cosaccharinic acid

Silyl derivative of a-D- 517 3.4 5.4
slucosaccharinic acid
Silyl derivative of a-D- 2.5 1:5 3.5

slucosaccharino-1.4-lactone

The efficiency of chromatographic column greatly depends on EHTP. The less is
the EHTP the more efficient is chromatographic column (Fig.7). From Figure it is seen
that EHTP is minimal when gas-carrier velocity equals 40 ml/sec.

EHTP was calculated from formula v_

= L, where / is column length; N is -
EHTP N i

i
number of theoretical plates, which equals N = 16[% , where x is retention time, y is |
Y

the width' of peak at the root.
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The coefficient of separation (Cs) is criterion of separation of two-compm 1
mixture (hexane-compound) which was calculated at three velocities (20 ml/sec, 40

101945

ml/sec. 60 ml/sec). The highest value was obtained at 40 ml/sec (Table 2)

Table 2
Change of coefficient of separation with dependency on gas-carrier velocity
Binary compounds Cs
of substances V=20 V=40 V=60
ml/sec ml/sec ml/sec
Hexane-silyl derivative of 4-O-[3-D- 1:29 1.57 1.32
galactopyranosyl]-a-D-glucosaccharinic
acid
Hexane-silyl derivative of 4-O-[o-D- 1.36 1.8 1.56
glucopyranosyl}-c.-D-glucosaccharinic
acid
Hexane-silyl derivative of 4-O-[3-D- 2.20 2.68 2.41
glucopyranosyl]-a-D-glucosaccharinic
acid
Silyl derivative of 4-O-[B-D- 55 2.49 2.36
glucopyranosyl]-a-D-glucosaccharinic
acid - sily! derivative of formic acid
Silyl derivative of formic acid - silyl 1.34 1.87 1.68
derivative of acetic acid
Hexane-silyl derivative of ¢-D- 3.24 3.48 3.11
lucosaccharinic acid

Hexane-silyl derivative of a-D- 2.96 3.66 335
glucosaccharino-1,4-lactone

Cocfficient of separation was calculated by the formula

AX

Kp = ————
5}

where AX is the distance between maxima of two neighboring peaks; 1 1, denote the
length of line between the first and second peaks.

Hmm

\‘\_._/./ 12
\‘\\_._,_/ :
\?\.—1»——»/7/.

Fig.7. Dependence of EHTP on gas carriers
velocity of synthesized compounds

1.Silyl derivative of 4-O-[f3-1)-galactopyranosyl}-
a-1)-glucosaccharinic acid

2.Silyl derivative of 4-O-[a-1)-glucopyranosyl]-o.-
1)-glucosaccharinic acid

3.S1lyl derivative of 4-O-[B-1)-glucopyranosyl]-o-
1)-glucosaccharinic acid

4.Silyl derivative of a-1)-glucosaccharino-1,4-
lactone

69
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The given method can be used for control of purity of the obtained compoun
and other derivatives of carbohydrates.

Acid isomerization of disaccharides. To a solution of 0.027 mole of disaccharid
(lactose. maltose, cellobiose) in water is added 0.042 mole of freshly prepared lea
hydroxide and the reaction mixture in oxygen-free media under nitrogen atmosphere;
was kept 10 days at 25°C. The filtrate is passed through a column of AV-17(oH) anion
exchange resin. Acids arc cluted by washing the column with 3% solution of NaOH.
Then the solution is led through the column with KU-2(H) cation exchange resin to
remove sodium ions.

Hydrolysis of deoxyaldobionic acids. A solution of lead salts of deoxyaldobionic 1
acids in 50 ml of 5% sulphuric acid is heated 1 h at 100°C, is neutralized with barium
carbonate and is heated again 5 h at 100°C. Afier filtration the solution is decolorized
with activated carbon and barium salt is precipitated from 96% ethanol, crystalllzed
from water and dried over P,Os

Silyl derivatives of deoxyaldobionic acids are prepared from 0.02 g of the acids in
anhydrous pyridine. 0.5 ml of hexamethyldisilazanc and 0.3 ml of trimethylchlorosilane
are used as a reagents and the mixture is shaken for 2-5 min. After evaporation in a
rotatoryvacuum evaporator at 40°C the residue is dissolved in n-hexane. 1

“Tbilisi .Javakhishvili State University i
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ABSTRACT. Algebraic investigation of monohalogenmethanes was carried out
-~ in terms of MBL-matrices method. Their diagonal elements represent mass num-
bers of chemical elements, whereas nondiagonal ones — the Iengths of the chemical
bonds. Some correlation equations were constructed.

Key words: monohalogenmethanes, MBL-matrices, corrclation

! Contiguity matrices of molecular graphs and their various modifications arc
efficiently used in algebraic chemistry [1-4]. One type of such matrices are MBL
matrices: their diagonal element represents mass numbers of chemical elements bonds
(r). MBL-matrix for monohalogenmethane /CH;X is brought below:

6 fex Ffew Few I }ll

o=
P O e )
ey O 0 1 0

AR

X— (I -
H

where: A7, is mass number of halogen: ., is the length of C — X bond; rc_y is the
length of €'~ / bond.
The determinant of (1) matrix can be calculated by formula:
Avpr, = 12-My — /‘(? e 3-/‘5,“ -My. 2)
The decimal logarithm of determinant of MBL matrices for monohalogenmethanes
and some of their physico-chemical properties [5] are listed in Table.

Table
The values of 1g (Apr,) and corresponding physico-chemical properties of monohalogenmethanes
Compound CH:F CHaCl CHiBr CHal
lg (Auer) 2.19 2.46 282 3.02
ok
i -53.29 ~15.00 -6.70 3.91
(ccal/mol)
KH 2
) -59.00 -20.60 -8.96 3.50
(ccal/mol)
S e 53.25 56.02 5876 | 60.67
Toou (°C) 784 -23.76 3.56 424
Tuer (C) -141.8 -96.7 -93.6 -66.45
dg 0.8428 0.9120 1.6755 2.2790
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Some correlation equations are constructed on computer:

AGP* =62.61 Ig(AymL) — 182.00 3)
A HP®=69.38 1g(AypL) — 203.25 “)
SP* =875 1g(Avmr) + 34.23 %)
Thoi = 134.86 1g(Avmr) — 367.81 ©)
Tetr. = 78.29 1g(Aypr) — 305.00 @)
d2 =1.7684 Ig(Avpy) - 3.21 (8)

Corresponding correlation cocfficients r and equal: r = 0.958; r = 0.972; r = 1
r=10.983r=0.995; r=0.994,

Thus in a case of S;™ ideal correlation is observed: for Ty, and d;’ — excellent
correlations: in other cases — approximate correlations.

Thus, we can consider Ig (Ay) as the topologic index [6] for "structure — proper-
tics" correlations for monohalogenmethanes.
Thilisi I.Javakhishvili State University
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Alkanes
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ABSTRACT. The reactions of radical halogenation of alkanes were investigated
in terms of ANB matrices method. Diagonal clements of ANB matrices represent
atomic number of chemical clements, whereas nondiagonal ones multiplicities of
chemical bonds.

!
f Key words: alkanes. halogenation, ANB-matrices.
|

The reactions of radical halogenation of alkanes are very interesting multiple-stage

- processes. One of the stage of these reactions proceeds according to the scheme:

' RH + X: —> R- + HX, (1)
where RH is alkane, X-halogen. The energies of activation of (1) process for different
RH and X are listed in Table 1 [1].

Table 1
Energics of activation E” for the reactions of radical
halogenation of alkanes

| X E”
R| CH3 | C2H5 | (CH3)2CH | (CH3)3C
Cl 16.0 42 2.9 0.4
Br 78.1 58.8 137 328
I 141 115 102 92

Contiguity matrices of molecular graphs and their various modifications are
efficiently used in modern theoretical organic chemistry |2]. One type of such matrices
are ANB-matrices [2.3]. Their diagonal elements represent atomic number of chemical
clements. whereas nondiagonal elements — the multiplicitics of chemical bonds.

The process (1) was studied within the limits of ANB-matrices method — correla-
tions between energics of activation (E*) and the values of decimal logarithms of ANB-
matrices for alkanes (RH) were investigated. For methane ANB-matrix has a form:

H ‘o G |

H—-C—H 172170 10 70
H 1 0100 )

1001 0

10001

The values of Axxg for 4 alkanes are brought in Table 2.

L)
101945
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Yalf359=20
Tab1E 999
Axng for alkanes
Alkane ANB Alkane ANB
CH, 2 CH; - CH, - CH;3 30
CH; ~ CH; 8 CH; - CH - CH;, 108
|
CH,

Three correlation (for chlorination, bromination and iodination) have been
constructed on computer:

Efy) = - 8.40 lg(Ans) + 5.78, ®)
Efyy = — 42.84 Ig(Ase) + 95.74, @
E{, =~ 28.28 lg(Anp) + 146.11. )

The cocfficient of correlation # for equation (3) is equal » = 0.932; for equation (4) -
7= 0.951: for equation (5) — » = 0.980. Thus correlation (3) is approximate, (4) and )
- satisfactory.

Thus we can consider Ig(Aas) as the topologic index [4] for the processes of radical
halogenation of alkanes.

Tbilisi LJavakhishvili State University
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Carbosiloxane Copolymers with Cyclopentasiloxane Fragments
in the Chain
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ﬁ ABSTRACT. The reaction of hydrid polyaddition of o, o dihydriddimethyl-
~siloxanes to 1,5-divinyl-1,5-dimethylhexaphenylcyclopentasiloxane in the presence
of platinium chlorhydric acid as a catalyst has been studied and carbosiloxane co-
polymers with regular arrangement of cyclopentasiloxane fragments in dimethyl-
siloxane chain have been obtained. The reaction order, activation cnergies and hy-
drid polyaddition rate constants have been found. Thermogravimetric, thermome-
chanical and roentgenographic investigations are carried out.

Key words: carbosiloxane copolymers, hydrid polyaddition, organocyclopentasilo-

xanes, thermal-oxidative stability.

Itis known from literature that the synthesis of carboorganosiloxane polymers are based
on the reaction of hydrid polyaddition of organodihydridsiloxanes to organodialkenyl-
siloxanes [1]. By using of these reactions it is possible to obtain the copolymers with cyclo-
lincar structure of macromolecules [2]. The carbosiloxane copolymers containing cyclotetra-
siloxanc fragments in dimethylsiloxane chain have been synthesised by the reaction of hydrid
polyaddition of ot o dihydriddimethylsiloxane to divinylorganocylotetrasiloxane [3].

In literature there is no information about carbosiloxane copolymers with organocyclo-
pentasiloxane fragments in dimethylsiloxane chain.

For synthesis of carbosiloxane copolymers with the regular arrangement of organocyc-
lopentasiloxane fragments in the chain at the first stage 1.5-divinyl-1,5-dimethylhexaphe-
nyleyclopentasiloxane was synthsized. This compound carly was synthesized by us with
50% vield [4]. For the increase of the yield of 1.5-divinyl-1,5-dimethylhexaphenylcyclo-
pentasitoxanc the reaction of heterofunctional condensation (HFC) has been studied. On
the first stage HFC of 1.2-dihydroxytetraphenyldisiloxane with methylvinyldichlorsilane it
was carried out with the ratio of initial components 1:3 in anhydrous solution of toluene, in

- the presence of pyridine. As a result 1,7-dichlor-1,7-dimethyltetraphenyltetrasiloxane with
84% vicld was obtained. On the second stage the reaction of HFC of this tetrasiloxane with
dihydroxydiphenylsilane in the dilute solution of anhydrous toluene was carried out with
11 ratio of initial components in the presence of pyridine at — 5 + 10°C temperature. The
reaction proceeds according to the following scheme:

Ph,
/Si\
Me Ph Me Me O O, Me
i | | 2by N/ N7
Ci-Si-0-8Si-0-Si-Cl+ Ph,Si(OH), ——— Vin- Si Si - Vin
i | S 2Py HCH A\ i/
Vin Ph Vin O (6]

\ /
Ph,Si- O - SiPh,
The composition and the structure of synthesized compounds were determined by
means of elementary analysis, by finding of molecular mass, by IR and NMR spectra
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data. which are in accordance with literature data [4].

For synthesis of carbosiloxane copolymers with or&anocxclopcntasxlo\dnc frag-
ments in dimethylsiloxane chain it was studied the hydrid polyaddition reaction of o,
o dihydriddimethylsiloxanes to 1,5-divinyl-1,5-dimethylhexaphenylcyclopentasiloxa-
ne in the presence of platinium chlorhydric acid as a catalyst, at the 75°C, 80°C and
85°C temperature conditions.

The process of the reaction was observed by decrease of amount of active Si-H
groups. It was observed. that with the increase of the length of o, o dihydriddimethyl-
siloxane chain the rate and depth of the polyaddition reaction decreases. The reaction
of hydrid polyaddition proceeds to the following scheme:

Ph,

. L
/ o \ ;
Me O O  Me 4
N/ N/ g
xVin - Si Si- Vin + x H-(SiMe,0)_, - SiMe,H H,P(Cl, g
A\ / —_— z

fo) 0 P

\ /
Ph,Si - O - SiPh,

Ph,
7N
Me O, Me
N/
~————| CH,-CH,-Si Si-CH, - CH, - (SiMc,0), , SiMe,
2 2 / 2 2 3
(0]
/.

\
Ph,Si - O - SiPh,

where: n = 2(I). 4(11), 6(111), 12(IV), 23(V). |

As a result of the reaction, copolymers are obtained with 7. = 0,09 + 0,2, that are
liquid or vitreous light yellow products soluble in ordinary organic solvents. Some phy-
sico-chemical properties elementary analysis and the yield of copolymers are listed in
the Table. As it is seen from the Table in the case of a small values of the length of di-
methylsiloxane links 7. the yield of copolymers is low. which may be explained by
intramolecular cyclization, which is in agreement with literature data [5].

By 'H NMR spectra for copolymer I it has been established that catalytic hydrid po-
I\addmon proceeds mainly by the Farmer rule with formation of dimethylenic bridges.
In the "H NMR spectra one can observe a signal for grouping -CH,-CH,- with chemical
shift of & = 0.34 ppm, it was established that the hydrid polyaddition partially (about
6++7%) proceed by Markovnikov rule. ‘

With an increase of the length of dimethylsiloxane links at one and the same tempera-
ture, the depth of the reaction of hydrid polyaddition decreases. With an increase of the ‘
temperature the depth of the polyaddition reaction increases (at one and the same value of
the length of dimethylsiloxane links 7). Tt was cstablished that the polyaddition reaction is
the reaction of the second order. The reaction rate constants were calculated:
k-5 = 1.4004 x 107 kgoee = 1.965 x 1072 kgsoc = 2.559 x 1072 and the activation energy of
the hydrid polyaddition reaction has been calculated which is equal to 62.1 KJ/mole.



Carbosiloxane Copolymers with Cyclopentasiloxane Fragments in the Chain

Some physico-chemical properties of cyclopentasiloxane fragments
containing carbosiloxane copolymers

"Cmn]\ Yi \MIRcaclmn 5% Elementary analysis,|
fml»r N | o | tempera- 1. * | mass di, A %o** M, x107
i " ture € H Si
[ Soili o : N 61.33 [6.22[21.77
[n 751 8 |0.09 28 10+2) 920 | o 100 S es | 189
- 57.25 |6.49|24.05

() = 5 - - 7

(” 2 Bt ligaa 22 56.95 |6.21|23.94

' 92 75. odsi R = - | - |[54.18(6.69]|25.75

g 93 80 018 | - = ~ | - |54.01|6.42|2544

‘m’ 95 85 0.20 | 295 24 [-s53f - 211
) X 47.69 16.95/29.52

v 9 - - &L ge d

f P2y 8 fo24 B2 47.40 | 6.63| 29.44

i . ) | E 42.5217.34|32.32

\' 96 85  [0.31 | 285 19 123) 721 | 535 171 |52 1a | 236

in tolune at 25°C
numerator - calculator values, denominator — experimental values

The thermogravimetric investigation of copolymers has been carried out which shows,
that in case of small values of dimethylsiloxane links 7. the copolymers are characterized
with higher thermal-oxidative stability. One can observe 5% mass losses in the temperature
region 300-320°C. The main destruction process proceeds over the range 400-640°C and
above 700°C. the curves of mass losses do not occur. With an increase of the length of
dimethylsiloxane chain the thermal-oxidative stability of copolymers decreases.

X-ray investigations of copolymers show that the copolymers are one phase systems.
The maximum value of interchain distances d; one can observe at small values of the
length of linear dimethylsiloxane links.

Thermomechanical studics of the obtained copolymers have been carried out and it was
established that the vitrification temperature of copolymers decreases with an increase of
the value » of the linear dimethylsiloxane chain. Beginning from the value of n = 12 the
influence of carbocyclopentasiloxane fragments is not perceptible. In case of value n = 23
the vitrification temperature of copolymers equalize to the vitrification temperature of the
linear polydimethylsiloxane.

So. for the first time we have synthesised and studied the properties of cyclolinear car-
bosiloxane copolymers with regular arrangement of organocyclopentasiloxane fragments
in the mamn dimethylsiloxane chain.

Ibilisi LJavakhishvili State University
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ABSTRACT. Phenoxycarb and bioactive theoretical prognosis of its analogs has"
been studied using topological indices i.c. contiguity matrices of molecular graphs.

Key words: matrices, topological indices, phenoxycarb.

Two decades ago L.Poling stated: "Today the investigation of the connection
between the structure of compounds and their biological activity being the problem of
great significance has been started”. Poling's words seems to be more actual nowadays,
Along with it a general tendency is observed i.c. the seck by means of trial-and-error
method changed into purposcful, theoretically oriented work. Here we mean both
cmpirical generalisation of the existed data and effective action of broad arsenal of
contemporary theoretical organic chemistry [1-2]. It should be marked that the use of
algebraic chemistry, especially the so-called method of topological indices appeared to
be most effective [3-6].

One of the most interesting varictics of topological indices is modernized matrix of
molecular graphs, the so-called topological index claborated on the basis of RNB-matrix,

Generally for ABC molecule, RNB-matrix has a form:

ik 1 Zi Ay By
/1 [3 (‘ }A/ll}' ZB A’R(' I (1)
Bac Bpe Zc | ‘

Its diagonal elements represent ordinal numbers of atoms entering the molecules and
nondiagonal ones represent multiplicity of chemical bonds. There are decimal logarithms
of RNB-matrix determinant, that represent topological index, on the basis of which
"probability - property" of dozen classes of chemical compounds are studied. By means
of this way bioactive theoretical prediction becomes possible in case if this last one will
be estimated by definite numeric characteristic. |

To illustrate the above mentioned let's regard one of the biologically active
compound insecticide phenoxycarb:

/i
{ @o Q OCH.CH,NHCOOC,H, 10))

For this system the record of RNB-matrix, mainly its determinant calculation, is con-
nected with certain difficultics even in case of EGM rapid action. (Number of atoms
cntering the RNB determinant in our case will be 41). In order to avoid these difficulties
the so-called modernised RNB-matrix mcthod has been claborated, which is based on
division of molecules into "unchanged" and "changed" fragments. For instance, if we
are interested in dynamics of bioproperty changes while changing C,Hs radical by
another radical then in this case the "unchanged" fragment will be the whole molecule
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E] )
with subtraction of C;Hs group and "changed" fragment will be C,H; radical itself*“3¢'%2%?
the model may be wwritten as:

L~R. 3)
Its corresponding modernized matrix rank equals 2. This matrix and calculation
formula of its determinant are given beneath:
g A=77-1 4
1 2, LLLR (O}
where Z.=37, (5)
LR=%1, (6)

(ie. Z; and Zj; arc correspondingly the sums of ordinal numbers of atoms entering the L
and R fragments). Obviously the simplest model permits to make certain theoretical
prognosis

In case if it is necessary to fix more completely thin structural nuances of R-radical it
might be possible to use the model of averaged difficulty:

'
L—C—C—H (@)
Wk

(in this casc it is clear. we'll deal with the solution of 8 order determinant).

Finally by means of necessary calculations and existed bioactive quantitative data of
(BA) we'll obtain linear correlation equation:

BA = algh + j3. 3)

(As a rule. the construction of Equation (8) i.e. @ and f determination occur on
EGM) and this last one will help us to regard the examined properties in unity and if it is
necessary their inter- and extrapolation. In order to check the efficiency of equation (8) it
is necessary to calculate coefficient of r-correlation. The nearer » to the one. the higher
order takes place (finally it proves the efficiency of Equation (8)).
P Melikishvili Institute of Physical and Organic Thilisi I.Javakhishvili State University

Chemistry
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ABSTRACT. The possibilitics of the control of the self defects concentration in
wide band-gap compounds A, B, by quasi-cpitaxy method are presented.

Key words: quasi-epitaxy. cathodoluminescence, ion-beam-etching. photoluminescence.

The peculiarity of the quasi-cpitaxy method [1] is that the base crystal is placed in |
the singlet radicals atmosphere of oxygen. The concentration of radicals near the crystal
i

1,2 10M45.10M cm™,

At the first stage of growth, proceeding from the peculiarity of the basic crystals
ZnS ZnSe. interstitial components of Zn are coming out on all over the crystal surface.
Getting into the environment of active oxygen they are forming the first layers of ZnO.
Zn atoms placed in the crystal points, are gradually taking part in creation of the
[oflowing layers. Therefore in the pre-surface part of the basic crystal surplus concen-
tration of metal vacancies is being created. Thus in the pre-surface part of the basic
crystal metal concentration is decreasing.

The thickness of the layer impoverished with metal component can be determined
by cathodoluminescence. Cathodoluminescence gives the possibility to study the lumi-
nescence of deep layers.

According to [2] penetration length is expressed by the formula:

X=1110"5"[N(1+2.74 E}) - 1], |
where .\ is an electron penetration length into solid body: p is density of material in
g/em /2, is clectron energy in Mev. In the case of ZnS basic crystal after removing
(.5 + 1 me epilayer of ZnO at.\"= 60 mc penetration length, the cathodoluminescence
spectrum coincides with the photoluminescence (PL) spectrum of initial basic crystal,
Thus we may say, that in formation of 0.5 + 1 mc thickness epilayer of ZnO. Zn atoms
diffused at least from the depth of 60 mc take part. It must be taken into account that in
this case the depth determined by cathodoluminescence is not exact and in the forma-
tion of new epilayer deeper layers of basic crystal should take part. When epilayers are
growing it is very important for basic crystals to have perfect surface.

It is known that mechanical processing of monocrystals causes structural destruc-
tions of surface layer of thickness of several microns. Since the chemical characteristics
of .1 and B components of 4,35 binary compounds are sharply different, there is no
high quality etchant for them. Besides, 4,535 semiconductors are characterized by strong
anisotropy of binding energy between the planes. That is why the matter about possi-
bilities of use of ion-beam-etching (IBE) method was used.




1, The PL spectra of ZnS e
i T=80 K “crystals after chemical etching in
brominemethanol and IBE were
investigated. After chemical etching
in PL spectrum the exciton part was
suppressed. which, in our opinion,
must be connected with the existen-
ce of uncontrollable impurities. The
rate of IBE. unlike chemical et-
ching, practically does not depend
- ; > on lattice defects.

3% 400 450 . 500 550 600 A.nm The electrical and optical pro-
Fig. 1. The PL spectra of a) ZnS initial basic crystal; perties of ZnS basic crystal, after re-
b) ZnS basic crystal after removing ZnO epila- moving of ZnO new epilayers, were
yers; ¢ epilayers of ZnO. studied. According to thermo e.m.f.

-~ measurements the surface part of the basic crystal displays the hole type of conductivity.

In the PL spectrum the new bands connected with the acceptor defects appear (Fig.1).
These facts are in good agreement with above represented growth mechanism.

As for the new epila-
vers of ZnO, their clec-
trical and optical pro-
perties are controllable
in wide limits. Under
fixed concentration of
oxygen radicals the de-
crease of growth tempe- 114,
rature from 950°C to g
350°C causes the trans-
form of conductivity ty-
pe from n to p. The de-
crease  of temperature e
makes Zn  extraction 400 450 500 550 2,um
from the basic crystal Fig. 2. The PL spectra of ZnO epilayers grown at different tempera-
difficult. This leads to tures.
decrease of metal concentration and consequently to suppression of electric conductivity
and to appearance of hole type conductivity in new epilayers of ZnO. The inversion of
conductivity type takes place at 650°C. p > 10" Ohm cm for the samples grown at this
temperature. Subsequent lowering of growth temperature leads to increase of the
intrinsic defect hole conductivity. The samples grown at 350°C are characterized by
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sharply expressed hole conductivity — p~ 10> Ohm cm.
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The PL spectra of ZnO cpilayers grown at different temperatures are given in
(Fig.2).

With temperature decrease the intensity of the exciton part of PL spectrum increases
and the intensity of visible part decreases. The visible part is completely absent in the
6
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PL spectrum of the sample grown at 650°C .In our opinion this fact speaks dbOUl Iugh i
monocrystalline degree and low concentration of impurities [3].
With temperature decrease the quantity of uncontrollable impurities also decreases
and the degree of single crystallinity of the built up layers increases. :
Thus. the quasi-epitaxy method enables us (o control electrical and optical proper--
tics of the building layers.

I'bilisi LJavakhishvili State University
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Carbon Dioxide Effect on Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O
Ceramics
Presented by Academician T.Andronikashvili. May 15, 1998

ABSTRACT. The effect of CO, on ceramics of Y-Ba-Cu-O(1) and Bi-Sr-Ca-Cu-
-0(I0) types at different temperatures with constant content of carbon dioxide in air
phase at microflow system has been studied. It was shown that 11 samples are more
stable to CO; to compare with I, but an increase in temperature causes a decrease
in the time of full loss of superconductivity. Their degradation may be caused by
interaction of migrating over surface alkaline-carth Ca’, Sr*" and Ba®" cations with
- water and carbon dioxide. This degradation is of irreversible nature.

Key words: superconductor. carbon dioxide. sorption. degradation, alkalinc-earth
cations.

The interaction of CO- with ceramic materials is one of the main reasons of high
lemperature superconductive materials (HTSC) degradation at contact with air. The in-
tensity of the interaction depends on chemical composition. density of samples. air
environment composition. in particular (he presence of water vapours [1-3]. which
results in the formation of BaCOs, CuO and Y(OH); The investigation of this interaction
18 very important not only from the point of view of chemical degradation. but also of a
wide usage of carbonates as well as organic compounds in HTSC synthesis.

Therefore. it is necessary (o minimize the negative cffects of the carbon dioxide in-
fluence by the selection of methods and regimes of synthesis.

The paper deals with the influence of CO» on ceramics of Y-Ba-Cu-O (I) and Bi-Sr-
Ca-Cu-O (I1) types at different temperatures with the constant content of carbon dioxide
m air phase. The studied samples were prepared by a traditional ceramic method with
wet grinding. The oxides of the corresponding metals were taken as the initial ones. The
stoichiometric mixture was thoroughly ground under the layer of absolute cthanol and
caleinated at 930°C for sample I for 8 h and then cooled, pulverized and refired at 930°C
resulting in a black material. Sample 11 was calcinated at 820°C for 30 h at air. Then the
powder was pressed into circular disks with the density of 3 to 5.5 g/cm’. sintered for 2 h
it the same temperatures (930°C for T and 820°C for 11). cooled to 450°C left for 4 h in
flowing oxyvgen and then cooled slowly up to room temperature with flowing oxygen.

Yitrium samples were obtained with the content of superconductive phase about 80%
and lattice parameters. characteristic of rhombic phase: a = 3.82(5); b = 3.88(9):
¢= 11.67(4). The single phase of Bi-containing samples was no more than 70%. The
resistance of ceramics was measured by a four point probe method with the direct cur-
rent. The measurements of superconductive parameters showed that for Y-samples 7. =
=945 K with A7, = 2.2 K and for Bi-containing samples 7.= 82 K with A7, =3.8 K.

The study of carbon dioxide effect on YBa,CusO-. (x = 0.35-0.28 from data of iodo-
metrical titration) and Bi»Sr-Ca,Cu;0, (the oxygen content wasn't established) was
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E]
carried out at microflow vertical*§iia

R1072 4 : actor varying the temperature at a constant
ohm [ velocity of air stream and partial pressure
of CO, in it. The content of CO, in air

mixture was about 20 vol. %, but the lincar
X / velocity of it — 10 ml/min. The moist car-

2 bon dioxide was obtained by missing it
1 through distilled water at room tempera-

= / / ture. The change of content of gas mixture
[ / .
100

before and after reactor was fixed chroma-
tographically using Porapak R. The loss of
superconductivity was determined by the
disappearance of SC transfer and Meisners
cffect and by the change of resistance.

The sorption of dry CO, (free of water
TX  vapor) was not observed, which is in
Fig 1.The  temperature — dependence - of agreement with data of [1]. It is known [3],

resistance for initi.al and treated by CO, (hat water vapor easily interacts with metal

samples: (]ﬁ)_—nu‘nnal YBa;,Cu307 (3) ions due to kinetic difficulties and makes

realedat 2o, [()3‘)‘ treated at 100°C. 4jy6ir further carbonization casier. |

(e e The temperature dependence of the
samples resistance practically remained constant after 6 h of treatment by carbon dioxide
at 25°C (Fig.1) with the temperature increase up to 100°C. Resistance increases 1.5-2
times more and 3.5 times more for samples treated with CO, at 400°C. The . transition -
into superconductive state was absent (measurements were made up to 77 K).

As it is scen from Fig.2 the cur- y/p.508
ves of dependence of nonsorbed
carbon dioxide at 25°C coincide for B 2 ]
samples 1 and II specimens and
practically don't depend on time. ¢
With an increase in temperature to
100°C and so much to 400°C the di
sorption of CO, for sample I sharply
increases, while for sample II at 2k
400°C this dependence is minimi-
zed. A decrease of carbon dioxide i X i
sorption by Bi- containing samples = 0 120 elmin]
at 400°C may be explained by for- Fig. 2. Ibe dc;zcnflcucc of nonsorbcd:upount of (,OZ o‘n

- - time of exposure: (1)- I at 25°C; (2)-1 at 100°C;
mation of carbonate layer of SrCO; (3)- Lat 400°C: (4)- T at 400°C
and CaCO; over the surface. These & i
carbonates aggravate further diffusion of CO; in the superconductor volume, the process
being more difficult for samples with higher density (5.5 g/cm®) to compare with the less
dense samples (3 g/em?).

The Bi-containing samples are found to be more stable to carbon dioxide than those |
of yttrium, but an increase in temperature of CO- influence decreases the time of full loss
of superconductivity (Fig.3). Sample I practically loses superconductivity in 20-30 min,
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% (howr) but for sample II this time is more lhélﬁ“gljfl‘{uu
r which corresponds to the literature data [4.5] on
relative stability of bismuth-containing ceramic to
atmospheric influence. Its* degradation may be
caused by the interaction of migrating over the

8f surface alkaline-earth calcium, stroncium and
barium cations with water and carbon dioxide.
o It should be mentioned that the evolution of

oxygen at 400°C was fixed by chromatography,
though we failed to observe any regularity in
2 oxygen release.

Thus. the sharp decrease of time of supercon-
ductivity loss with the growth of temperature is
connected with the enhancement of oxygen va-
cancy along with the temperature increase. The

; i loss of oxygen makes more easy the diffusion of
superconductivity loss on tempe- 7 X
rature under influence of COy: water n}olccu(les into oxygen vacancy, than their
1- for YBa,Cu:Ory: interaction with the alkaline-carth cations, resul-
2- for Bi,Sr;Ca,Cuz0y. ting in hydroxides formation. These hydroxides
are affected by carbon dioxide which causes the
formation of corresponding carbonates. The high temperature degradation of Y- and Bi-
containing ceramics under influence of CO, is of nonreverse nature: further oxidative
heating didn't reduce superconductive properties.

200 00 ¢
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N.Jlantiashvili, A. Turuta

Secondary Products of 21-Hydroxylation of 16¢, 17a-Epoxy-5a-
H-Pregnan-3f3-0l-20-one
Presented by Academician E.Kemertelidze. January 20, 1998

ABSTRACT. In order to get the synthesis scheme of corticosteroid preparations '
on the basis of local raw material tigogenin the reaction of 21-hydroxylation was
carried out. The reaction of 21-hydroxylation of 160, 17a-epoxy-So-H-pregnan-
3f3-0l-20-one by means of diacetoxyiodbenzole and sccondary products of this
process has been performed.

Key words: steroid. 21-hydroxylation. secondary product.

For synthesis of steroid preparations one of the main sources are Sa-H steroids. Due
10 the deficit of steroid raw basis the study of the possibilities of application of So-H-
sapogenines and obtaining from them Sa-H-pregn-16-en-3f3-01-20-one in synthesis of
corticosieroids has been receiving increasing attention and requires the creation of opti-
mal schemes for this group of medical preparations. Our researches have shown that
3f3-acetoxy-5a-H-pregn-16-en-20-one (1) obtained by splitting of tigonenin, local raw
material at the Institute of Pharmacochemistry of the Georgian Academy of Sciences
can be considered as perspective product in synthesis of corticosteroid preparations.

In the process of receiving of 160w, 17a-acetonides [1] and their 17a-thioanalogues
syntheses on the basis of pregnenolone acetate (1) one of the main problems was its 21-
hydroxylation realization. For this there is suggested carlier aprobated method for A*-3-
hydroxy and A"-3-oxoanalogues |3.4]. which has not been used vet for Sx-H-steroides.

Particularly. 21-hydroxylation of pregnenolone acetate (1) was realized by means of
Moriartry method [5] using oxidation system PhI(OAc)-/KOH/MeOH at 20°C. but this
reaction appeared to be less perspective because of methanol connection competing
reaction by Michael's method. It proceeds with the formation of compound mixture.

To obtain 160 17u-epoxy-5u-H-pregnan-3f3-0l-20-one (I) we performed alkali
cpoxidation of pregnenolone acetate by hydrogen dioxide {6]. Using the above oxidation
system cpoxide (II) gives 20.20-dimethyl-acetal (111). (72%). Synthesis corticosteroids
microbiological activation of A and C rings as a rule is accompanicd by 20-0x0 group
fermentative reduction or corticoid side-chain degradation. It should be noted that by
means of this very method the use of 20.20-dimethylacetal protection helped us to get
rid of these undesirable processes [7].

Acetyl group [20]. separates from 20-dimethylacetal in acetone with p-TsOH. The
cpoxide (11) transformation into compound (V) can be also realised without dimethyl-
acetal (111) separation as well. by reaction mixture treatment with HCI water solution.
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The secondary product of 21-hydroxilation of epoxide (II) is represented by more
polar product 20. 20-dimethoxy-16. 21-cpoxy-So-H-pregnan-3p, 21-diol-20-on(IV)
(6%). Tm = 173-180°C(McOH). In conditions of acetal group removal this compound
can casily transform into the compound (VIa). by acetilation in the presence of Ac,O in
pyridincof which compound (VIb) can be obtained.

The compound (IV) is rather unstable, which at chromatography on SiO, partially
loses acetal group ('H NMR spectroscopic analysis) and transforms into lactone (Via).
For compounds (IV) and (V1) the exisience of cyclic structures is proved by the follo-
wing arguments. The mass-spectra of isomeric products (V) and (Vla) have similar mo-
lecular peaks (m/z 348). but they differ essentially by fragmentations. which marks the
absence of side-chain in compound (Vla). The same is indicated by 'H NMR of compo-
und (Vla). which has two interaction (J = 8Hz) protons & 2.56 m.s (1.C-17) and
54.31 ms (d.C-20). In '"H NMR spectra of diacetat (VIb) this signal is transmitted into
weak field (5 5.14 m.s). In spectra of the compounds (VIa.b.) the triplet signal of weak
ficld 6 5.08-5.14 m.s belongs to C-16 proton, which is connected with D' lactone cycle.
The presence of this proton in the molccule is proved unammbiguously by the existence
of high frequency carbonyl bands v 1765 and 1782 cm’ in IR-spectrum. The
stereochemical conjugation of D and D' rings has not been established. The formation
of compounds (IV) and (VIa) can be casily explained by Moriartry method of
intermolecular  cyclization  concurrent  reaction  while  21-hydroxylation  (with
participation of epoxide cycle oxilation) [5].

The melting temperatures were determined on Kofler block. The *H NMR have been
obtained on "Bruker WM-250" in CDCl5 solution; IR-spectra are obtained by "Specord-
80" by pressure of KBr: the mass-spectra are obtained on mass-spectrometer "Varian
MAT CH-6". The silicagel "Silpearl” was used for preparation separating substances.
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16.21-cpoxy-So-H-pregnan-3 3, 20-diol-20-one (VIa).

T, = 225-230°C (Et,0-MeOH). IR-spectrum (v, cm™): 1040, 1750, 1765, 3420. 'H
NMR (8. m.s): 0.82s and 0.85s (18Me, 19Me), 2.56t(H'", J = 8Hz), 3.6m (H), 4.31d
(H. J = 20Hz). 5.08t (H', J=8Hz). Mass-spectrum, m/z; 348M’, 330(M-H,O)",
315(M-H,0-Me) . 302 (M-H,0-CO)’, 289 (M-COCH,0OH)".

33,20-diacetoxy-16, 21-epoxy-5o-H-pregnan-21-on-(VIb).

Ty = 190-193°C (Et;0-MeOH). IR-spectrum (v, cm™): 1030, 1192, 1225, 1250, %
1730, 1755. 1782. '"H NMR (5, m.s): 0.8s (18Me, 19Me). 2.03s (3 OAc), 2.16s (20
0Ac), 2,651 (H'", J = 8Hz). 4.7 m (H), 5.141 (H'°, ] = 8Hz), 5.42d (H™, ] = 8Hz). Mass-
spectrum. m/z: 390 (M-COCH,)". 372 (M-HOAc)", 357 (M-HOAc-Me)', 330 (M-
COCH.-HCAC)". 312 (M-2 HOAG)". |

L.Kutateladze Institute of Pharmacochemistry
Georgian Academy of Sciences
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Current Cycle of Climate Change and its Influence on the Coastal
Zone of Georgia

Presented by Academician Ts.Mirtskhoulava, July 16, 1998

ABSTRACT. Climatic cycle of the Black Sca seaside zone caused cooling of the
sea upper layer by 0.5-1.0°C and rise of its level — eustasy, which is the highest (AH
=30-50 cm) in the Poti-Supsa submerging region of Georgia. Sea cooling by the
acceleration of its vertical circulation caused the reduction of recreation and
- vegetation scasons by 6-11 days. In the nearest future activation of the process is

expected.

Key words: climate. custasy. sea cooling. recreation.

The current cycle of natural change of climate began in the 80s of the last century.
Since 50-60s of this century the so-called "greenhouse effect” causing the intensification
of warming added to it. An average increment of global air temperature was over 0.5-0.7
and the highest over 2.0°C. Most of climate change prognoses show the "greenhouse
effect" activization. duc to which Global air temperature in the nearest future (2030-
2050) will rise by 1.5-3.0°C. It will cause serious changes in economics, ecology and
other spheres of life

According to global warming separate regions in which air temperature decreased by
0.2-1.0°C during the last decennaries (in the North and Central Atlantic by 0.2-0.5°C, in
the North-Western and Southern Pacific Ocean by 0.3-0.7°C, in the Mediterranean and
Black Scas by 0.5-1.0°C. etc.)are classified. Because of mosaic character of air
femperature global distribution current cycle can be called climate change cycle. Its
effect on environment and world cconomics is different [1].

Climate warming with ~15-20 years' delay caused the risc of the World Ocean level
ic. current custasy [3]. This phenomenon was first registered by the instrumental mea-
suring of the sea level in the zone of glacial waters of Greenland (Aberdeen. 1896-1898).
Since 1920-1980 this phenomenon spread all over the World Ocean. In the Mediterra-
can Sca the custasy takes place since 1915, and in the Black and Azov Seas it does sin-

ce 1925-1927 [2]

According to the instrumental observation series on the sea level the World Ocean in
' the process of custasy presents different expanding cover, the level of which increases with

the speed of 1.8 mmy/sec in the North Hemisphere and with 1.4 mmy/sec in the South.

Eustatic rise of the sca level on this cover AH mm/sec is the biggest in the regions
where water runs from age-old resource of the Earth humidity (in the seaside zones of
the Arctic and Antarctic ice sheets AH = 4.0-7.0 mm/sec and in the mouths of the rivers
the source of which is glacial, snow and rain waters AH » 2.0-4.0 mm/sec).

The current eustasy makes serious danger for the coast of Georgia, especially for its
central pari between the mouths of the rivers Khobi and Supsa. This region is submerging
with a speed of 4.0-5.6 mm/sec. The rate of eustatic rise of the sea level reaches ~2.0
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century). The abrasive processes rise serious probiems for this part of the coast especial
in Fou-Supsa region. where due to the sea transgression the scashore of 0.1-0.9 km wid
has already been washed down. This process will intensively go on in the nearest fu
(2030-2050) unless the artificial refilling of the plage takes permanent character.

The current eustasy greatly increases the probability of catastrophic flooding of
river Rioni as well. the reason of which will be the increasing custatic inundation going
together with the general submerging of Poti-Samtredia region (Kolkheti lowland, where in
1930s flood preventive dams were built along r. Rioni. They safely protected Poti
other populated arcas until 1980 s. Catastrophic flood in 1987 revealed that the distance
between the tops of the dams and the river level decreased greatly duc to the geologic and
custatic processes go there. It deereased so that (=50-60 cm) in case of floods of high
frequency (p < 5%) the river can go through the dams and cause serious material damage,
I'he danger will be increased for Poti unless the reconstruction of the dams is done and cor-
responding monitorig system is made.

Table

The influence of climatic current cycle on the water surface temperature on the coast

of the Black Sea (1923-1955)
] o Water temperature increment, °C Time increment,
IN ()LP\A{\O‘;’,HI- i ) e Season per day
phic station |February| September| Annual| AT* Recreation|Vesetation| Recreation| Veaetatiol
{1 {Batumi 0.1 -1.6 06 | 10| -04 -0.8 -11 -6
12|Bichvinta | 0.6 -06 | =05 1]-09 =05 =0.5 -8 -10
{3 I Tuaps 00 T =TT 0.8 -13 =3
/ 1.6 -003 | 02 | 03 -0.6 -0.7 ~7 13
0.7 -0.7 0.1 | 0.0 -0.2 -0.3 -9 -4
1 02 | o1 | -04 |-001] 02 0.2 s )
L 0a e =04 | Zoz0 =000 =0 -0.5 -9 3
|01 -13 | -06 [-06] =09 ZiD -9 -5
laverage | 03 -07 §-03[-05] -04 -0.6 -9 —4

1
\T* - temperature increment is calculated by regression equation :
Climate change has an essential effect on the thermal regime of the World Ocean. The

result of this effect is decrease of the temperature in some of its regions, among them water ;

surface temperature of the Black Sea which reached 0.5-1.0°C in 1923-1995 (Table). '

According to the sea temperature observation series water iemperature decreasc is the
greatest near Batumi, where the sea cooled by 1.0°C in 1924-1995. Sea cooling was
especially noticed 1n the second half of the year (AT = -1.3°C) and its warming in spring
(AT = 0.24°C).

Cooling of the sea surface along the coast is clearly marked during recreation and
vegetation seasons. On the coast of the Caucasus, where the recreation season begins in
June. i.c. when average temperature of water is over 20°C. the sea cools by ~0.5°C. On
the north coast. where season lasts until the water temperature is over 15°C, sea
temperature falls by ~0.4°C.
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Temperature fall is far more intensive during vegetation period which beg;t
March on the southern coast and in April on the northern. During this season sea water
cooled by 0.6°C.

- In the coastal regions water temperature decrease caused the reduction of recreation
and vegetation scasons by 9 and 4 days respectively. On the coast of Georgia recreation
season lasted about 130 days in 1924-1930. it reduced to 120 days in 1975-1995. In the
nearest future m case of prognostic development of the process this scason will be
reduced to 107-110 days.

Respectively. due to decrease of sea recrcation resources Georgia will lose 7%
- (USS$ 100min) of scasonal profit per year. compensation of which will require to build
anew health resort complex in the region of less ecological loading. Sea cooling in the
breezing and scasonal circulation zones caused the air temperaturc fall. Therefore. in the
west Georgia two layer climate is formed. where on the territory below ~1000-1500 m
the climate is colder and humid and it becomes warmer and dryer above. While the air
temperature falls by 0.5-1.0°C in the coastal regions, the temperature in the mountain
zone increases and intensive degradation of glaciers takes place. y

Ochamchire

Ga}im
Tlm};se A

middle cold layer
19.0 %0
20.8 0%

Fig. Horizontal and vertical circulation of the Black Sea:
1 )convergence zone: 2)drift currents: 3)vertical circulated
4)convergence rings; 5)divergence zone

Further climate change prediction is directly connected with the change of the Black
Sea thermo and hydrodynamic regimes. The present peculiarity of the sea thermody-
namiic regime is that the cooling of its surface layer is clearly expressed in summer and
autumn. and vice versa in the first half of the year. Permanent cooling of the sea
temperature in 1923-1995 shows the acceleration of the sca vertical circulation (Fig.) [4]
so that the temperature of the water mass coming from the lower. the so-called middle
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gin : 5411350
layer [5]. is constantly less than the temperature of the atmosphere adjacent layers; ass

result of which the cooling process of these layers is monotonously progressing. It will
maintain this character in the nearest future (2030-2050).

Therefore, by the influence of the current cycle of the climate change in the coastal zo-
ne of Georgia there will always exist the sea thermohydrodynamic and custatic problems
of progressive character that may lead the country to serious damages. These problems are
more or less acute for all the Black Sea countrics. Therefore they have to solve some of
them together. It especially concerns those countries, whose economy is oriented on the
wide use of sca recreation resources and development of subtropical agriculture.

Thilisi I.Javakhishvili State University Batumi State Marine Academy
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New Data on the Interrelation and Age of the Dzirula Crystalline
Massif Constituting Rocks

Presented December 29, 1997

ABSTRACT. Dzirula crystalline massif is built up of Precambrian and Paleo-
20ic metamorphic rocks and of Precambrian and Early and Late Herzynian grani-
toids. New data about the interrelation and age of Dzirula massif pre-Jurassic
rocks indicate polycyclical character of regional metamorphism and existence of
its threc stages: Precambrian and pre-Hercynian (Caledonian?) progressive and
Late Hercynian regressive.

Key words: gneiss-migmatitic complex, precambrian metabasites, polycyclical meta-
morphism.

Dzirula crystalline massif is mainly built up of Precambrian gneiss-migmatitic
complex, metabasites and quartz-dioritic gneisses, of pre-Herzynian metabasites, of
Early and Late Herzynian granitoids, of Lower-Middle Palcozoic metavolcanogenic-
sedimentary (so-called Chorchana-Utslevi) complex and of closely associated with it
rocks of ophiolitc association(serpentinites, amphibolites,gabbros and gabbro-
diabases)[1].

Mineral paragenesises of gneiss-migmatitic complex rocks correspond to facies of
biotite-muscovite gneisses and low-temperature part of biotite-sillimanite-potassium
feldspathic facies(here and farther the classification of metamorphic rocks is given after
S Korikovski [2]). It should be noted that by zircons from migmatites with the help of
U/Pb method Early Ordovician age — 491'5, Ma was obtained [3]. After some investi-
gators [4] these data do not reflect real geological interrelation between migmatites and
quartz-dioritic gneisses(see below). We think that age of migmatites-491Ma is the age
of zircon which arose on later stage of regional metamorphism after forming quartz-
dioritic gneisses(see below).In connection with that it should be noted that in migmati-
tes, plagiogneisses and schists of Dzirula massif as a result of superimposed regional
metamorphism the change of early high-temperature cordierite (Cor+Blgeng+ Sill +
+Ksp+PI1+QUz+Spi) paragenesis with more low temperature garnet (Grtgengt Blygret
+Andl + Mu + Pl + Q) paragenesis is observed. At the same time collective
recrystallization and neomineralization of biotite (Btpemg = Btagre) is observed. That is
accompanied by appearance of numerous zircons grains inclusions in scales of neogenic
biotite

Besides in gneiss-migmatitic complex the earliest (Precambrian) manifestation of
regional metamorphism in Dzirula massif is established as the rocks of this complex are
intruded by Precambrian quartz —dioritic gneisses(orthogneisses) which contain xeno-
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liths already mectamorphozed rocks of this complex including slrongl\“”d't%l‘fﬂ‘
plagiomigmatites and schists|5]. ‘

Almost all previous investigators attribute quartz-dioritic gneissis (o Early Hercyni
an formations. They usually were named gneissose quartz diorites and their gnessic
structure was considered primary. But in our opinion they are evidently pre-Hercynian
because they have undergone metamorphism and obtained a gneissic structure befo
intrusion of massive quartz diorites which have indeed Early Hercynian age. Lately for:
sircons from melanocratic quartz diorites by U/Pb method clearly Precambrian age of
these rocks — 747°'% Ma was obtained[3]. To our mind it is truc age of zircon of the
quartz diorite prcmclmnorphic protolith. Procceding from these data and from above
mentioned geologic considerations we can suppose that quartz-dioritic gneisses have
Precambrian (Baikalian?) age and consequently gneiss-migmatitic complex is even
older.

Thus in composition of the Dzirula crystalline massif two structural varictics of
quartz diorites arc identified: with the gneissic structure and massive ones. They are of
similar mincral composition and consist mainly of quartz. plagioclase (from oligoclase
Lo basic andesinc) and biotite. Amphibole. noncharacteristic mineral of the rock. is csta-
blished as a relics preserved after biotitization or as a ncogenic mineral in the contact
aurcole of metabasites.

Quartz-dioritic gneisses are featured by extreme heterogencity of quantitative
mineral composition and abundance of inclusions. More often inclusions of metamor-
phosed massive gabbroids and diorites of greatly different outlines and numerous
spheroidal formations(autoliths) arc found.

Alter our observations massive quartz diorites arc homogencous rocks and heteroge-
neous parts occur in them comparatively seldom: autoliths arc absent and are typical
sonal plagioclases which are alien to pre-Hercynian complex of Dzirula massif. Mas- |
sive quartz diorites often have intrusive contacts with quartz-dioritic gneisses and. what
is remarkable. with metabasites of sccond generation. Equalizing of mineral composi-
tion of quartz-dioritic gneisses and massive quartz diorites takes place as a result of
their late Hercynian granitization.

At the same time in Dzirula massif two generations of basites arc present. Basites of
first gencration formerly was considered as Early Hercynian formation. But in our opi-
nion these rocks (metagabbro.amphibolites) have also Precambrian age because they are
present as small and large relics and xenoliths in above mentioned pre-Hercynian
quartz-dioritic gneisses.It should be also noted that wide spreading of very old
granificated basites in Dzirula massif was noted by many scientists. G.Zaridze,
N.Tatrishvili [6] supposed that metabasites are components of "simatic basement of
Paleozoic geosyncline". Thus one can conclude that the above named metabasites essen-
tially represent relics of Precambrian melanocratic basement.

As regards the second gencration of basites (regionally metamorphosed and schis-
tosc gabbros and diabases) they have pre-Hercynian (Caledonian?) age because they cut
above named Precambrian quartz-dioritic gneisses and in their turn are intruded by
Early Hercynian massive quartz diorites.
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All the above enumerated rocks, including quartz-dioritic gneisses and Early Hetidy
nian massive quartz diorites all over the Dzirula massif are intruded by Late Hercynian
porphyraccous (so-called Rkvia facies) and equigranular potassium feldspathic granites.
Argon age of K-feldspathic granites changes from 270-305 to 325-335 + 10 Ma [3.4].

Among the Late Hercynian microcline granitoids there are distinguished:

1. Granitization products of quartz-dioritic gneisses and other old rocks(crystalline
schists, para-plagiogneisses. plagiomigmatites, amphibolites. metabasites). They repre-
sent hybrid heterogencous. microclinized, bimicaccous. porphyroblastic granitoids
[6.7].

2. The second group of granites comprises magmatic massive, cquigranular, homo-
gencous(eutectic) granites. Herein the potassium feldspar is mainly represented by
lattice microcline.

According to mincral composition the first two groups of granitoids differ only by
much more leucocratic composition and also by homogeneity of the second group grani-
fes.

3. The third group of the Dzirula massif granites are represented by coarse-grained
porphyraccous granites of the so-called Rkvia intrusion. According to R.Manvelidze 7]
in Rkvia intrusion granites porphyraccous segregations of potassium feldspar are repre-
sented by intermediate orthoclasc.

But in the groundmass lattice microclines and also low and intermediate orthoclases
arc found.

Some investigators bind up granitization of Dzirula massif crysstalline rocks with
Rkvia intrusion. To our mind regional granitization of pre-Hercynian crysstalline base-
ment most likely is conditioned by formation of cutectic group of potassium granitoids.

The latest manifestation of regional metamorphism, which coincides with the for-
mation of Late Hercynian granites. had a retrograde character and was accompanied
with the generation of greenschist facics low temperature minerals: lattice microcline,
albite. muscovite. chlorite, actinolite. tremolite, minerals of cpidote group.

Thus the above given considerations about the interrelation and age of Dzirula
massil pre-Jurassic rocks indicate polycyclical character of the regional metamorphism
and cxistence of its three stages: Precambrian (Baikalian?) and pre-Hercynian
(Caledonian?) progressive and Late Hercynian regressive. The conditions of the oldest
(Precambrian)  regional  metamorphism  reached the biotite-sillimanite-potassium

[eldspathic facies( high temperature part of amphibolite facics) of metamorphism.
Second stage of progressive regional metamorphism which touched on Precambrian
gneiss-migmatitic complex.quartz-dioritic gneisses and metabasites of first generation,
afer metamorphism conditions corresponds to facies of biotite —~muscovite gheisses
Jow and middle temperature part of amphibolite facies).

Side by side with the above mentioned pre- Jurassic rocks in Dzirula massif highly
peculiar rocks of exotic composition — potassium feldspathic gabbros, which are usually
termed as "ricotites", arc present.

Some mvestigators believe that K-feldspathic gabbro are pre-Hercynian basites re-
made under the influence of Late Hercynian or Jurassic granitoids. Others connect their
formation with assimilation of Palcozoic granitoids by ultrabasic magma considering
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the latter as Upper Palcozoic rocks. In our opinion the most acceptabie is the scheme:

suggested by [.Khmaladze (unpublished data) which we share with some specifications,
According to this scheme K-fcldspathic gabbro is formed as a result of deep
assimilation and belongs to the Bathonian intrusion group.

It is to be supposed that initial magma of K-feldspathic gabbro was basic magma,
crystallization products of which were presented by pyroxene gabbro with mineral com-
position — labrador- bytownite and clinopiroxene. This magma was generated at the
depth more than 30 km significantly later than the formation of Late Hercynian micro-
cline granites. Most likely gencration of basic magma preceded the granitic magmatism
manifestation which was connected with Bathonian orogenic phase and took place
synchronously with activity of Bajocian volcanism.

AJanelidze Institute of Geology
Georgian Academy of Sciences
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Reduction of a Plane Problem to the Integration of Ordinary
Differential Equations for the Analysis of Plates Weakened by
Holes
Presented by Corr. Member of the Academy I.Ghudushauri, March 16, 1996

ABSTRACT. An orthogonal analytical method of solving the title problem is
proposed which has been developed by using the elasticity theory in differential
equations together with the theory of complex variable functions. Unlike the
analogous method developed by the authors earlier instead of numerical method of
finite elements the elasticity theory in ordinary differential equations has been
used.

Key words: plate, stresses, holcs.

The problem of determining the stressed and strained condition of the plates of any
contour weakened by several small circular holes is considered. To solve the problem by
means of analytical methods developed on the basis of classical theory of elasticity is
connected with great mathematical difficultics. Therefore, nowadays it is considered to
be reasonable to use numerical methods, in particular, the methods of finite and
boundary elements [1-4]. :

The method of finite clements can be considered ineffective because around the
holes, where the increase of gradient of stresses is expected, the net of finite elements
narrows and the order of system of algebraic cquations increases greatly. Besides, while
forming the matrix of global stiffness its singularity may take place, i.e. the system
determinant approximates to zero [4] and also precision of the results of calculations
will be reduced by replacing the curvilinear contour of the plate with broken contour.

As to the method of boundary elements, it requires to perform a great deal of arith-
metical operations, but for its compensation the series of the system of algebraic equa-
tions obtained this way is lower than in the case of finite elements method 2]

The problem given in the paper is solved in two stages as it was solved earlier [5],
but at the first stage instead of numerical method of finite
clements any analytical method, competitive (as regards
to mathematical simplicity) with the above mentioned
numerical methods, is to be used with account of modern
level of computing techniques. And at the second stage
around the holes, where the increase of gradient stresses is
expected, the methods of complex variable theory has
been used [6]. At present the elasticity theory of ordinary
differential equations can be considered to be such
competitive analytical method [7]. Just this method has
been used in the present work.
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Real work of an infinitesimal 7' body (
represented in the form of joint action of the similar infi-
nitesimal 7, 7p, T} clements of its geometrically adequate
three fictitious system, out of which each can act on
tension (compression) and shift only in one direction (Fig. -
2). Their interaction is marked by reaction efforts (forces
and moments), whose sought functions are preliminarily 5
interpolated in the form of the following infinite series;

VE Y Y AL O M)+
m n k .
+ Y M) + v B o) + X (g )]

=1
i
monk

where )" is the i-effort of interaction, A arc the

sought constant coefficients, ¢,,, w,, f; are any

interpolating functions being continuous together with
their derivatives within the area of 7' body; a, S, y are
orthogonal curvilinear coordinates. As to the single-order series, in every concrete
problem out of three addends only one is preserved or all of them are admitted to be
equal to zero.

One coordinate dependent function of cach addend satisfies the conditions of the
above mentioned interpolating functions, and two-coordinate dependent function is
defined by means of corresponding boundary condition.

Another important property of the theorem greatly simplifies the problem of correct
satisfaction of any boundary conditions for the analysis of shells and plates. In
particular, inner tangential stresses belong to the number of 7, Ty, T, interaction
cfforts of fictious systems, therefore, their sought functions are preliminarily
represented in the form of series (1) of the same kind [7].

As (o the second stage of analysis determining the concentration of stresses around
the holes, it is principally the same as in [5]. where only the part of the plate containing
the hole is represented. In contrast to the earlier approach [5]
any part of the plane of either size and contour can be analy-
zed, as the displacements of inner stresses acting on the con-
tour can be easily calculated by means of the first stage.

Example. A plane problem for thick circular arch (Fig.3)
with fixed abutment points [7] is considered. The arch is
affected by uniformly distributed radial loading P = const.
The results of solution of this problem for b, and by inner
stresses obtained by means of performing the two above-
mentioned stages are given in Fig.4 in the form of their
epures. To illustrate the concentration of stresses around the
holes the two radial sections are considered. One of these
sections passes through the hole and the other, not containing

Fig. 2
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ahole, passes symmetrically to it.

Fig. 4
On the basis of the data obtained it can be concluded that the given analytical
method of plane problems represents a real picture of stress-strain state of the plate and
itis found to be far more effective than the method proposed in [5].

Georgian Technical University
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The Peculiarities of Premartensite Structure Unstability on y-Mn Basis.
Presented by Corr. Member of the Academy G. Tsagareishvili, December 22, 1998

ABSTRACT. In the following work the phenomenon of premartensite structure
is theoretically studied, particularly, the abnormal behavior of the average
importance of the atom substitution, microtensions and Ioung's module are
indicated.

It is supposed that the abnormal behavior of the above-mentioned parameters is
caused by the structural and magnetic interaction.

Key words: electrochemical system, clectromagnetic radiation, radiowaves, vector-
potential.

The martensite transformation close to the second phase transition, proceeds the
changes of the initial crystal structure, related with the reduction of steadiness of the
crystal polisade to the transformation of the shear in the areas of Ms temperature of the
martensite transition [1]. The situation changes if martensite transformation is caused by
magnetic regulation, as there can not be observed the structural changes above Tn{
temperature of this regulation [2].

In the y-Mr alloys fcc-fct martensite transformation is realized as the result of
antipheromagnetic regulation, which is adequate to foe-fct transition in In-TI alloys,
where in the Ms area [2], the loss of steadiness of cubic structure is evidently observed.
That is why we expect the same phenomenon to occur in v-Mn alloys.

Binar alloys Mn-Cu (Cu < 20%), Mn-N, (N, < 20%) and Mn-Fe (Fe < 30%) were
examined for this purpose.

Fig.1 presents the dependence of the intensive relativity logarithm
o= In I(T) / I(T=550k)

for difrective ranges on the temperature {800} for the range Mn-Cu (78.6 at. % Mn)
from the alloys of y- phase. As seen from Fig. on the high temperature (T>Ms) the
mentioned value increases rectilinearly up to 300k temperature. In the ~100k interval
by Ms the deviation occurs in rectilinear dependence because o also depends on the
changes of atoms.

o={<u® (T=550k)>-<u(T)>]K’, ()
where £ is the module of difrective vector.
The above-mentioned phenomenon is evidently caused by changes of the average

atom deviation indicating the reduction of reciprocity between the atoms. The same
reduction occurs in Ms arcas by tetragonal disfiguring in cubic polisade which in its tum
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gives reason for appearing  the microtensions observed during experiment As.thel,
expansion of difrective ranges. R0
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Fig.2 gives the changes of average significance of the microtension <o > caused by
temperature when T>Ms is calculated by the following formula [3]

<o>=/tg-00- E/4, 2)
where E is Toung’s module, -00 - Breg’s angle and
3=0.5 [B-b+ VB(B-b)] . 3)

B and b are breadth of difrective ranges caused by disfiguring of standard specimen
taken from semi-heights. The standard specimen are Mn-Cu (39 at. % Mn) alloys, where
fec—fet transformation does not occur. Specimen was Mn-Cu (78,6. at. % Mn) chilled
from y phase in the alloys where tetragonal transformation takes place at the low
temperature (Ms ~ 250K). Microtensions created by the tetragonal areas in cubic
structure carries anisotropic character as the maximum disfiguring occurs in <100>
direction, that is why the measurcments have been carried out at {400} on difrective
range. As seen from Fig.2 above Ms temperature, at ~50K interval <c> changes occur
caused by antiferomagnetic regulations in the local areas. The latest caused tetragonal
disfigurings, in the mentioned areas, which increased the quantity and value of
microtensions in cubic structure.

The magnetic regulations in the local areas have been observed during experiment in
Mn-Ni (20.at.% Ni) alloys by neotronographic method [4] by reflecting arcas. These
arcas cause diffusal maximums. The authors of this work explain local magnetic
regulation in y-Mn alloys by existing of exchanged interaction energy in magnum atoms.
This interaction influences the changes in mechanic features.

We have calculated the meaning of the E in Ioung’s module at different temperature
in Mn-Fe (76 at. % Mn) chilled from y- phase. We have calculated E by means of the
famous formula

Ehkl=v <> (Ao/o)a “4)
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where v is Poison’s coefficient.
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Fig.3 shows the changesJ of

loung’s  module.  caused by
temperature, in different
crystallographic directions. where E
changes carry antisotrophic character,
E <I11> module, the value being
twice more that of E <110> at the |
room temperature and four times
more than E <100> at the room
temperature, changes normally. E
reduces by increasing the
temperature. E changes anomalously
in Ms area in <110> an<100>

directions. E relative anomalous

changes in <100> direction is twice

more, than in <110> direction. We

got the adequate results n Mn-Cu and Mn-Ni alloys. The fact for E being antisotrophic
is probably caused by antisotrophic distribution of manganum atoms and also by
different directions. Besides the exchanged interaction by Ms in cubic structure causes
tetragonal disfiguring, arranged without order, as the value for these areas is not
sufficient for fec—fet transformation. We get general cubic polisade for tension, |
observed by broadening of difrective ranges. {h00} difrective ranges in comparison with
{hko} and {hkl} ranges broaden mostly. Thus. we must take into consideration the
structural disfiguring contribution with magnetic contribution in changes of loung’s

module.

Technical University of Georgia
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Auger Electron Spectroscopy Study of the Amorphous GeOy Film
Structure

Presented by the Academician G.Gvelesiani, October 30, 1997

ABSTRACT. Ge LMM Auger peak shows relatively large change in chemical
shift with change in oxidation state and there are 4 oxidation states obscrved corre-
sponding to Ge-Ge,Oyy, y = 1, 2, 3, 4 tetrahedra. A computer analysis was used for
curve fitting and finding the constituents of the experimental Ge LMM Auger
peaks. Despite the chemical composition the AES results presented in this study
vield additional information relative to the homogeneity, local atomic environment
and chemical bonding in the germanium suboxides.

Key words: Auger spectroscopy, structure, amorphous, film, germanium, oxide,

Auger clectron spectroscopy was developed as a tool for analyzing the chemical
composition of solid materials. During last decade this method was successfully used
also to obtain information about the local atomic bonding of constituent elements and
phase separation in solids [1]. In such case the method is based on the changes in ener-
gies and peak lineshapes for atoms in different chemical environment. This type of
analysis is still at the initial stage of development, but it is of significant importance
particularly for amorphous materials, as the main characteristic of their structure is the
short range order and hence the local atomic structure and the type of chemical bonds.

The purpose of this work was to show the capabilities of AES to determine the local
atomic bonding. chemical composition and structure of the amorphous GeO, films. We
have examined the systematic changes in AES spectra, at various stages of oxidation of
Ge. The results cover the whole range from Ge to GeO,.

GeO, films has attracted our attention as prospective materials for the surface passi-
vation of GaAs. The films where deposited on Si substrate by the reactive ion-plasma
technology. The AES spectra were obtained using a Riber LAS-2000 spectrometer op-
erated at 10™° Torr backpreasure . The measurements were performed with the cylin-
drical mirror analyzer (energy resolution - 0.3%, modulation amplitude - 1 V) at 3 KeV
primary beam energy. Ge L;M4sM,s Auger transition was studied ., which was recorded
in the form of the first derivative. The data acquisition sequence will be discussed later.
The composition of the films was estimated by the Rutherford backscattering method
with the accuracy of 5 at.%.

Like some other 3rd band elements (Ga, Cu, Zn) Ge also preserves the quasiatomic
nature of its LMM Auger transition during the oxidation [2]. So the peak lineshape
established for pure Ge ( Ge-Ge, tetrahedrons) will hold true aiso for GeO, ( Ge-Oq
tetrahedrons ). This result is very useful when modelling the experimental Auger peak
and finding its components.
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The instrumental distortions were taken into account by measuring and jﬁﬁfgzﬁl‘
the LMM peaks for two margin compositions: Ge and GeO,. Comparison of our data
with those available [2] show that the peak parameters (the intensities and energies of
'S.'G. *P. 'D. °F terms) are in good agreement with the theoretical data, but slightly
differ from them for the value of the full width at half maximum (FWHM). So for the
curve fitting the peak lineshape determined on our own instrument was used instead of
those published elsewhere.

According to theoretical model [3] in the homogencous GeO, the bonds must be
chemically ordered i.c. an equilibrium structure must contain only Ge-O and Ge-Ge -
bonds. The appearance of O-O bonds will be restricted. The structure of film contain
only one type of tetrahedron in the following two cases: 1. x = 0, pure Ge with Ge-Ge, -
tetrahedron; 2. x = 2, pure GeO, with Ge-O, tetrahedron. The structures of all other i
homogenous intermediate compositions can be described as a random network con- |
taining 5 types of Ge-Ge,O..,. v = 0, 1, 2, 3, 4 tetrahedra. For a given composition the -
concentration of each tetrahedron is determined by its statistical weight factor which -
depends on x [4]

For the different oxidation states of Ge atom (v = 1, 2, 3, 4) the Ge-O bond becomes
more and more ionic as the stoichiometric GeO, structure is approached. This causes
the energy shifts of the Auger peaks from 1147 eV for Ge - Ge, to 1139 eV for Ge - O,
Also the peak broadening is observed in the range of 7.70 - 6.46 eV. It is obvious, that
cach tetrahedron has its specific energy and FWHM. We assume, that these values are
changing linearly with y. The validity of this assumption was proved by all of our fol-
lowing results. The same assumption was proved to be true when analyzing the pho-
toelectron spectra [S]. It is clear that the net experimental Auger peak of homogeneous
GeO is the superposition of these five peaks.

N(E)

—— L, MM,
— Ly MM,
L i
E, eV
1147 178 eV 1139 1147 E; i
a b

E

Fig. 1. (a) AES dervative spectrum of Ge LaMssMys transition obtained from GeOis film. }
(b) The same spectrum after integration and background subtraction (broken line), its {
five components and their sum (solid line).

GeO, films with different composition were analyzed. The concentration of Ge and
O i.e. x was determined by the Rutherford backscattering method with the accuracy of 5
at.%. The experiments were carried out in a following sequence: for the definite GeO,
film Ge LMM Auger transition spectrum was recorded in the form of the first deriva- |
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live EdN/AE. At the following stage 5 peaks, corresponding to Ge-Ge,O4,, y = (0% B
tetrahedra. with their characteristic energies and FWHM were found and fitted to the
experimental spectra by using a nonlinear least squares method. For each constituent

- peak the integrated area was estimated which corresponds to the relative concentration
of a given tetrahedron in GeO,. This parameter was compared with the theoretically

. calculated statistical weight and the deviation was evaluated.

For the film with x = 1.3 the germanium L;M,sMys Auger transition peak before
and affer integration and background subtraction is presented in Fig.1,a,b. The five
 constitucnt peaks are also shown and the solid line corresponds to their sum. The cal-
culated peak areas were compared with the statistical weights, estimated by the method
described in [4]. Relatively good agreement was found indicating that in GeO, 5 the Ge-
Ge,Ouy. v = 0. 1, 2, 3, 4 tetrahedral are statistically distributed and its structure is ho-
mogencous . Such a structure is observed for GeOy films with the compositions in the
range of 2 2 x 2 1.3.

For the films with 1.3 2 x 2 0 the decrease of oxygen content leads to the subsequent
enrichment of the structure with the overstatistical tefrahedra. Each of the Ge-Ge, Oy,
v =234 tetrahedron takes in turn its maximal overstatistical value until the pure Ge is
- reached but they does not form any new separated phase. These films remain homoge-
neous as it is evidenced by the X-ray diffraction and transmission electron microscopy
data. The pure statistical distribution of tetrahedrons was not observed. We assume that
the appearance of overstatistical tetrahedra is duc to the nonequilibrium structure which
is known to form during the film deposition at low substrate temperatures.

A A total amount of tetrahedra
N(E) = was estimated and then the concen-
trations of Ge and O atoms were
determined. These results were
compared with the Rutherford
backscattering data. These two
values coincide with t3at.%. As it
| was mentioned above the accuracy
1 - Of the Rutherford method was
i i1 L147 E eV 5a1.%, so the accuracy of our ap-
r
L

¥}

t Fig ]',.\\])Cl‘l”}tlllél] AES spccm}m of the two phased proach for quantitative analysis of
GeOy film (broken line), its two component pe- 3 : o
e, : = 4 GeO, films will be with ~10 at.%.
aks corresponding to Ge - Gey and Ge - O, tet- ~© : ;
raliedra and their sum (solid line). It l§ worth noting that the °°“°6F"

tration of oxygen was deduced in
an indircct way by its influence on the Ge LMM Auger transition.

A totally different spectrum was observed for the nonhomogencous GeO, film. Fig.2
shows the Ge LMM peak for the two phased film which was deposited pyrolytically at
350"C. The same structure was obtained also for the GeO, film after 3 KeV electron
bombardment at a fluence level of 3-10'° cm® The experimental Auger peak can be
resolved into two constituent peaks corresponding to Ge - Ge, and Ge - O, tetrahedra.
Decreasing the oxygen content in the film leads to the decrease of the oxygen related
peak intensity but the appearance of the intermediate Ge-Ge,O..,. y = 1,2.3 tetrahedra
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was not observed at any x. It is clear that these films are two phased and contéi
and Ge phases. This was also proved by the transmission electron microscopy. It was
found that films consist of Ge clusters ~ 3-10 nm in size, which are scattered in the
amorphous GeO, matrix.
On the basis of experimental results the following conclusions can be drawn: :

- Auger spectroscopy can be successfully used to study the local chemical environ-
ment, deviation from homogeneity and phase composition of GeO, films;

- Ge LMM Auger peak energy and lineshape is strongly influenced by the presence
of the oxygen. Due to this fact the concentration of O can be calculated through
the Ge Auger peak without analyzing the oxygen Auger transition.

This work has been supported by Grant G-059 from the International Science and

Technology Centre.
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ABSTRACT. It is ascertained that simultaneous treatment of liquid metal in
ladle by hard slag-making mixture and gaseous nitrogen blowing through provides
a decrease in general quantity of oxygen and non-metal inclusions and a slight
increase in nitrogen. The difference between variants of steel treatment by phase
analysis of non-metal inclusions is not observed.

Key words: non-metal inclusions, gas, steel, slag-making mixture.

The treatment of liquid steel in ladle by inert gases and hard slag-making mixture is
widely spread at many metallurgical plaats [1-3]. But the study of quality of such a tre-
atment requires a complete and thorough research.

The present work reports on the research results of the influence of hard slag-ma-
king mixture and nitrogen corning from casting slide gate on the change of gases
content in metal. quality of non-metal inclusions and morphology in conditions of steel-
making shop of Rustavi Integrated Iron and Steel Works.

Melting. deoxidation and casting of tube steel of brands 20/45 were carried out in
the open-hearth furnace in accordance with the technological instructions. Two series
of metal melting. control and experimental, were carried out by means of hard slag-
making mixture and gaseous nitrogen blowing through.

In the capacity of slag-making mixture were used: quick-burned lime (60%), fluor-
spar (20%) and the production remainder of secondary aluminium (20%). This mixture
weighing 1.5 tonn (or for 7.5 kg/tonn of metal) was placed beforchand on the bottom of
ladle and then heated up to 600°C.

The gascous nitrogen was blown through after metal tapping till slag appearance.
' The flow rate of nitrogen before filling half of the ladle constituted 30-50 m*hour, after
filling 100-150 m*/hour.

In order to research gas and non-metal inclusions, metal samples were taken from
ladle and ingot mould by special devices. The samples were taken from the ladle before
steel deoxidation (sample N1), after deoxidation (sample N2), at 2/3 height of ladle
(sample N3), at 3/4 height of ladle (sample N4), after filling and termination of tap-
- ping. Metal samples were also taken from the ingot mould to the third bottom of casting
compound (sample N6).

In the above-mentioned samples the quantity of gases (oxygen and nitrogen) was
calculated by "Leko TC-136" devices and the non-metal inclusions complex research
was carried out by means of metallographic, microchemical, petrographical and
spectral methods.
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The quality and quantity results of microchemical analysis of melting of ﬂ'xe wfﬂaﬁd
2nd series steel 20,45 are given in the Table.

Table
The quantity (%) of gases and non-metal inclusions in metal
and their composition
| Steel 1 No Oxygen | Nitrogen | Non-metal | Silicates | Spinels
| grade of samples inclusions i
[ 20 1 0.0087 | 0.0060 = = -
‘ 0.0081 | 0.0059
i 2 0.0104 0.0074 0.0189 41.35 58.65
0.0086 0.0067 0.0164 59.24 40.76
3 0.0089 0.0064 0.0201 39:67 60.33
0.0073 0.0061 0.0157 5318 46.87
4 0.0078 0.0049 0.0063 36.52 63.48
0.0062 0.0056 0.0135 49.07 50.93
5 0.0062 0.0046 0.0122 32.47 67.53
0.0053 0.0053 0.0104 46.86 53.14
6 0.0058 0.0044 -
0.0041 0.0049
45 1 0.0081 0.0064 - - e
0.0063 0.0064
2 0.0098 0.0070 0.0177 40.54 59.46
0.0072 0.0072 0.0123 60.34 39.66
| 3 0.0087 0.0059 0.0172 38.14 61.86
0.0095 0.0068 0.0119 57.45 42.55
4 0.0075 0.0050 0.0144 35.71 64.29
0.0044 0.0066 0.0096 51.67 4833
B 0.0062 0.0045 0.0113 31.53 68.42
0.0038 0.0059 0.0074 48.89 51,11
6 0.0052 0.0041 - = =
0.0033 0.0055

The indicator of control melting is in numerator

The indicator of experimental melting is in denominator

From the results of the analysis it follows that the treatment of tube steel in ladle by !
slag-making mixture and gaseuos nitrogen enables us to reduce oxygen concentration
for steel 20 by 0.0040% and for steel 45 by 0.0030% and provide diffusion anncaling
with this component (oxygen). The nitrogen quality analysis result shows that the metal
of experimental melting is characterized by slight increasc in content of nitrogen unlike
the metal of control melting. For steel 20 this increase constitutes 0.0003%, whereas for
steel 45 it is equal to 0.0009%. The increase of nitrogen till indicated quantity does not
entail changes in quality and quantity characteristics of metal [4].
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In accordance with the results of microchemical

analysis of non-metal inclusions it is ascertained that

simultancous treatment of liquid metal in ladle by hard

slag-making mixture and gaseous nitrogen decreases the
general quantity of non-metal inclusions in tube steel of
both grades, in steel 20 by 0.0029% and in steel 45 by

0.0048%. In the 2nd series samples of melting there is an

equal distribution of non-metal inclusions in ladle space

with a tendency towards decrease whereas in the 1st series
metal samples such a distribution is not observed.

According to the phase analysis of non-metal inclusions

the content of silicate in the metal of the 2nd serics

samples is increased: in steel 20 approximately up to

15% and in steel 45 approximately up to 18%.

Experimental melting of both series is characterized by

tendency towards decrease in quality of silicate.

The nature and morphology of non-metal inclusions
were studied at the precipitate received by means of anodic
dissolution of metal samples and at the metallographic spe-
cimens. The main types of mon-metal inclusions were
| ascertained:

s Oxides — globule form silicates of large, mediate and
metal: silicones (A), spi- small sizes, often of glassy and seldom of crystal structure
uel (B) and sulphides (C) (Fig. A) and with the dispersive inclusions of crystal form

spinel which are optically anisotropical.

Sulphides — small, cornlike species of different shapes (of dendrite, thickened
spoke, and round) generally in the form of FeS - MnS, often with predominance of Mn$S
(Fig. C).

Thercfore, we can make the following conclusion: the treatment of liquid metal by
hard slag-making mixture and gaseous nitrogen blowing through provides a decrease in
the general quantity of oxygen and non-metal inclusions in metal and a slight increase
in nitrogen. The difference between variants of steel treatment by phase analysis of non-
metal inclusions is not observed.

F.Tavadze Institute of Metallurgy
Georgian Academy of Sciences
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ABSTRACT. Aspects of influence of the depreciation factor of information on
control process giving function of message price approximation and randomization
are studicd. Volterra's integral equation of coil type is constructed and solved as a
mathematical model of random walk of concrete message.
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Strict demands for operativeness, reliability and truth of informative processes arise
due to necessity of effective control. If information is not obtained, processed and passed
in time. its role is considerably changed. The same is about the truth, and what about
reliability. this complicated property correlates with disturbance of correct functioning
and capability. and that means full impossibility of conducting the informative process.

The factor of message ageing in informative systems consists its price, expressed by
cconomic indices, which decrease by time. And the moment comes, when this concrete
message is useless for control. That means, that its price is zero. The situation can occur,
when delayed message is even harmful.

Such circumstances are expressed in Message Price Function (MPF), which is
determined by subscriber (respondent) of the message. Let's implicate, that all subscri-
bers can express the price of their message in the same monetary units, e.g. US dollars,
That means. that the subscriber can determine the cost of his message in a given
moment. So, MPF is a relation between the message delivery price and time,
Introduction of MPF makes it possible to determine naturally the criterion of quality of
system functioning as income, gained by the system: MPF is given by subscribers and it
expresses their interests, the growth of income of system corresponds to improvement of
the quality of service.

Let's assume. that MPF is limited from both up and down in such a way that negative
meanings are also allowable, and that relates with system taxation for lating a message,
or failing it. We consider alternatives: 1) system can refuse to receive the message or
delete late messages: 2) system is obliged to receive the message even in those cases,
when its transmission in time is impossible and it is to pay tax. In the first case MPF
hasn't negative meanings. The fact of throwing out the late message can be interpreted |
that subscribers lose nothing by deleting the message, but its transmission in time can be
rewarded by a "bonus". In the sccond cas¢ MPF has negative meanings, but we can
move all functions to the ordinate axes by the value of maximal tax, that instead of any
F(1) function we'll consider £(f) + Pmax, that does not change its character. The result is
that we get a number of non-negative MPF-s. Thus, we can consider non-negative
fnctions of price with the top limit, which do not restrict generality [1-3].

Fig. 1 shows MPF, when the message is a telegram of anniversary congratulation,
The function has well-expressed maximum, which relates with delivering the message to
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the very moment of jubilee. The price of telegram decreases according to increasing?tHg! %22
interval between the jubilee time and the moment of delivery.
Let's assume, that keeping the message in the unit of purpose doesn't increase the
cost of system. Such assumption often is reasonable. Under these conditions if the mes-
sage has come earlier than MPF reaches its maximum, it can be detained and delivered
10 the addressee strictly in time, that will give the maximum income to the system. In
- such systems the function of price will be non-increasing and non-negative. In case of
telegram of congratulation the function of price will be changed as it is shown in Fig. 1
by dotted line.

[ F(1)

( T tp t
Fig. 1. Fig. 2. Fig. 3.

According to discussion above the MPF can be expressed, as it is shown in Fig. 2.
Some designations arc introduced: f, random time of delivering the message; L
permissible time; £, critical time. The regularity shown is established according to the
results of experiments held in real systems. The price of the message in interval [0, #,] is
decreasing relatively slowly, and in the interval [1,, 1,,] is quickly falling down to zero.
This gives us a chance to approximate the function of price by rectangle rather precisely.
- Even after such simplification each MPF analytical modelling of informative systems
is quite problematic. Let's analyse the situation. Even when the approximation of func-
tion of price by rectangle of all subscribers is held, application of data obtained for sys-
tem analysis and modelling is impossible. Indeed, the number of subscribers is usually
very great and according to their individual needs it's very difficult to make any clever
decision. Here. as in all cases like this, the effect of "damned dimension", as it was na-
med by well-known scientist R.Bellman. operates [4. 5].

And here we must consider the sct of permissible times, as dcfinite realization of
some random vector. The number of cemponents of this vector, of course, must be much
less than types of messages, but enough for describing the system "statistically". "Statis-
tics 1s the skill of saying something about the part of the whole, when the truth is huge
for application" [6]. Community of rules for subscribers of the system must be elabo-
fated. and each of these rules must be used for separate subset of subscribers. Each rule
will describe this subset statistically, and thus, generality will be reached, or the rule will
express distribution of prices of messages. So, random vector of permissible times
expresses dividing the multiplicity of messages in classes, and each of them statistically
are characterised by one component of the vector. The rank of the class itself determines
the index of priority of its service.

There are data of experiments, and also theoretical considerations, according to
which components of random vector of permissible times can be considered as expo-
nential random value. It is established, that initial parameters (addresses of the respon-
dent and addressee, the length of the message, the time of essence, permissible time of
delivering) in complicated systems are slightly cross-depended. It is known also, that for
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some classes of subscribers the permissible time of delivering, measuredn
conditional units, is a small quantity in most cases, and the number of messages,
permissible time of which is relatively big, is insignificant. In such circumstances
time must be cansidered as cxponential random quantity [3, 7]. This very situation gives
us a chance to describe informative systems, even approximately, by exponential models
of queuing theory. where the factor of ageing (depreciation) of information will be taken
into account. The last one, according to above mentioned, determines limiting of time of
delay by exponential random quantity in different systems.

Exponential queuing systems are well-studied analytically. Likely, if we add to requi-!
rement of exponentially of random quantities the principle of Independence of R Klein-
rock and term of randomization. analytical modelling of complicated networks will be-
come possible {2,3.7]. In this attitude the aspect of interpreting results of modelling is
very important and we'll dwell on it more detailed. Studying simple system the single-
channel tract of delivering message with limited delay time and unbounded queue is
cnough for illustrating conceptual considerations. Analytical reflection of probability and
time characteristics of such systems is well-known |7, 8]. They give us characteristics of
system from the position of the observer (System Analyst). who is interested in this who-
le system from the point of view of its integral abilitics. And due to this interest statisti-~
cal description of the system is needed, e.g.. we know the Sojourn-time distribution for
the flow of any priority. This distribution characterises delaying "average-statistic!.
message of a given priority in the system and this characteristic from the point of system
analyst is exhaustive. Let's consider the same characteristic from the point of view of
concrete subscriber, who enters the message of concrete length and concrete price inf
the system. Let the length of message be 7. and the permissible time of delay - 7. Tl
subscriber is interested in probability, that under conditions of given priority his message
will be delivered to the addressee in time, i.c. less than 7. Let's express probability P(z,
7). To find ~ this probability we describe the service process in detail. !

We imply. that the length of the message is equal to the time of ideal service, which
1s needed to service channel for delivering the message during non-failure operation. But
really channels of delivering are affected by different hindrances — self-regenerating obs-,
tacles. Checking the truth of delivering the message happens at the end of delivering and
with probability equal to 1 we can establish whether there was an obstacle during
delivering or not. If the answer is O.K., the message is delivered once more and the
process continues until undisturbed delivering is carried out. Of course, checking the ;
truth needs some time and it must not be neglected, but we can imply, that it is counted :
in £ time. It's easy to understand. that this assumption does not limit generality. Let's
imply also. that flow of obstacles is Poissonous with o intensity, the probability of even
one obstacle in [0, 7] interval willbe p = 1 — ¢ *. The waiting time considered by us will
be the same, as the time of general system waiting. The real delivery time, taking obstac-
les into account, will differ from general system time. So, if we express the random wai-
ting time with & real delivery time with 7 = n(), the time of informing
£= ¢ty = e+ o).

Let's express

G(0) = P{&E<t}; H(t) = H(r, 1) = P{n(v) < 1}; then P(7, T) = J'H(T—u) dG@). (1)
0 9

As we have mentioned above, G(1) figure is known from the literature [7.8].

+
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Let's find H(r). 20

On the basis of standard probability reasoning the Volterra's integral equation of coil
type I1 for 7/(1) function is written.

I = J' e do(u — 1) + J' A—e Y H(t—0)d ot~ @)

Here ot-) is Heaviside's unit function.

We must applicate Laplace's transformation for (2). Simple manipulation will give
H (5) =%t 290 - pe™),

This function can be expressed as a series

[7(5’):[2(}73 xr)k}g L\"(I)rv (3)
k=0

Such expression is right, as

pe ”’ =1
Laplace's reinverse transformation gives us
lr()' if <z
L
bl Z(I~p)p" Lo nr<t=(nthe, n=172" @
|LrEn

If we put (4) into (1). calculation of (1) integral for the fixed 7 will not be difficult.
We must take into account the fact, that the number of (4) in real cases decrease rapidly.
Because of that we can practically always restrict with sum of several initial members.

We have to notice. that under conditions of the given example (sum) we can find (4) by
direct probability discussion without integral cquation. Merit of (2) is that if we use it. we can
analyse some common cases t00. Especially those cases, when instead of o (-) function any
fnction of distribution will be considered, which correlates with the situation when duration |
of delivering of every message a priori is independent “example™ of some random quantities.
() function in (2) plays the role of distribution function of delivering time.

Knowing P(z. 7) will heip the subscriber to make argued decision about choosing
restricted time of depreciation of the message (if it is not simply determined) or pay
more i order to enter his message into class of higher priority messages and keep fixed
meaning of P(z. 7) probability.

Georgian Technical University
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ABSTRACT. Economic index of the quality of functioning of the informative
system as ranged function of system losses is introduced. The problem of system
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The functioning quality cstimation of complex systems is one of the main pre-condi-
tions of its effective control. That means introduction and applying of appropriate crite-
rion. In respect to modern computer and communication systems this is construction of
effectiveness criterion of the information flows service (processing, transmission). We
will study one of such problems.

Let's consider the service system, the physical analogous of which can be computing
system or data transmission path. The information flows service quality to a great extent
1s stipulated by delay-time of messages. The time is desirable to be little, which requires
the high rate of service. In this casc idle time increases. that is equivalent to system's
discharge. It is natural to demand that in both cases the profit due to the short time of
service. must be proportional to the losses caused by demurrage of the equipment.
Introducing the economic criterion of effectivencss the optimal balance of both factors
can be found in following way.

All messages belong to some / class according to ¢ penalty, which will be paid out
by system for delay for a time unit. The number of classes is 4. The flow of messages
of i class is the simplest with intensity 4. It can receive priority service index j; € J={l,
2.....m}. The reflection of classes sct /7 in./ determines service discipline, which is vec-
tor with » dimension;j = {/,.. j,}.

The expression of priority system load coefficient is known, which cquals to relative
time of system occupancy [1.2]. It has the form

AW EACH M

i=1

in
service channels number to #, its speed equals to - and service discipline class number to
j. Correspondingly the idle coefficient will be 1 — p.

Losses of the system in the time unit because of its demurrage are equal to a.
System's control on the stage of its construction means choosing number of channels n,
speed of each channel v and service discipline /. and on the stage of functioning the last ;
parameter's must be chosen according to the above mentioned criteria. Now we deter-
mine functions

where 77(/) is the average service time of / priority message in case of equality of
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where )'/(1) shows average time of staying of i class messages in the system in case of

j discipline. and ﬁ f\”(\,) shows the value of penalty, caused by delaying the messages.
k
L2V = a0 1= A7)
j=t

The problem of synthesis will be set as a problem of mathematical programming: we
have to choose n. v. j in the way. that /,',1"(\)% min in conditions of following

limitations mustbe ; € J, np <n<mive<v <.

The essence of the first limitation is clear. Let’s consider the second and the third in
details.

It is known that one of the most stable principles of the structural and functional
organization of informative-computing systems is the principle of integration of resour-
ces. The sense is that establishing unique system with joint flow of customers tasks is
advisable. The whole resource in such system can be used by that set of customers,
which needs it in the given moment of time. If the only one customer needs the service
in this moment. he can use the whole capacity of the system. and if there are several
customers. the capacity of the system is devided between them according to some rules.
Such approach climinates idle standing of resources in cases. when there exists some
work for them and. besides that, customer gains the potential of profit during foreseen
lowering prices in conditions. when the whole service of the big system is bought by one
customer (here we mean the well-known lowering the prices when wholesale). It is
approved. that while the full load of the system is constant, in quite general conditions
the optimal number of serving channels is 1. This means, that in order to minimize the
average delay time we need to have one resource with big productivity, rather than
having the system of several resources with the same sum productivity [2, 3].

Besides that. practical realization of this principle. as a rule, meets great difficulties.
On the one hand, maximal fastaction of the single resource on any stage of technical
development is always limited, and because of that great need of systems with high pro-
ductivity creating multichannel systems is necessary. On the other hand. there are some
other considerations in favor of creating multichannel systems. One of the important
factors is limited reliability of clementary basis. On any level of technology failure of the
service channel of the uni-channel system means the failure of the whole system, while
failure of one or several channels of the multichannel system does not affect the servi-
ceability of the system. The reasonably projected system keeps the capacity of carrying
main functions.

Limitation of the number of serving channels is caused by the above mentioned con-
ditions. in particular, 1o can show minimal number of channels, which is necessary for
keeping obligatory reliability of the system. and 7, is physically really possible maximal
number of channels.

The limitation on speed of channels can be explained in the following way: for
existing stationary conditions of the service system under given load minimal producti-
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vity of the system is necessary, and this is due to speed of separate channé

express exactly minimal possible speed. which is necessary for stability of the system,
cven in case of maximal possible number of channels.

Here 1s the particular case. Let's consider, that 7 and j are fixed. € [ o, v ], then the
problem is driven to the mathematical programming with one variable. Dependence of
A6 S0 and £27¢) function from + is shown in the Fig.

in

Under conditions of free cconomy organizational and legal preface of functioning of 4‘
imformative systems (aspects of the standardization, reglamentation of usage, tariffs)

have such meanings, that /”(-) function (I), as a rule, has global minimum within

[0 1] segmentin  * point [1. 2]. In some cases this function can have (IT) expression,
the minimum of which is reached in - - point (IT).

Georgian Technical University

1. R.L.Disney, D.Konig. Queuing networks a survey of random processes. SIAM Review. 27, 3,
198s.

2. D.Bertsekas, R Gallager. Seti peredachi dannykh. M., 1989 (Russian).

3. LKleinrok. Vychislitelnie sistemy s ocherediami. M., 1979 (Russian.)
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4 G.Gogichaishvili
Estimation of Climatic Factor of Potential Erosion Danger of the
Lands in Georgia

Presented by Corr. Member of the Academy T.Urushadze, January 13, 1998

ABSTRACT. For estimation of climatic factor of potential erosion danger the
- crosion index of precipitation (E.LP.) was used. In West Georgia E.LP. changes
from 20 to 120 units, in East Georgia it changes from 3.2 to 36.85. Most part of the
territory of Georgia is located between 5 - 20 unit isoerodents of E.LP.
As a result of specification of lands according to the volumes of E.LP. 37 crosion
regions were grouped.
Key words: crosion. distribution of erosion index.

For estimation of climatic factor of soil crosion a parameter should be introduced, the
structurc of which contains kinetic energy and amount of rain. The parameter is the ero-
sion index of precipitation (E.IP.). which is equal to the kinetic energy of precipitation
multiplied by 30 min of maximum intensity of rain [1-5]:

R=%(n=1, ..,n0,01E./n,
where 22 is erosion index of precipitation (E.LP.); t-ha-h/ha-MJ-mm: E, kinetik energy of
rain. m - t/ha - mm: I, is 30 min maximum intensity of rain. mm/min; » is a number of
vears of observation.

Analysis data of metcorological station in Tbilisi show that E.LP. for the last 10-15
vears period slightly differs (3-5%) from the more longer term.

Different climatic conditions in separate parts of the territory of Georgia have
influence on the distribution of E.ILP. At the scaside of Georgia from Batumi till the
mouth of the river Enguri E.LP. exceeds 120 (Fig. 1). In West Georgia within Abkhazia
annual E.LP. falls from 70 till 20 unit. Kolkheti Lowland is located between 120 and 20
units of 1soerodents of E.LP. Upper parts of river gorges of West Georgia are defended
from srtaight influence of the Black Sea humid air masses blows by high ranges
(Meskheti. Racha. Lechkhumi. Egrisi. Svaneti and others). Because of the r. Enguri
gorges (Khaishi-9.06: Mestia-6.20). r. Rioni (Ambrolauri-11.01. Oni-13.64) r. Adjaris-
tskali (Keda-30.35: Khulo- 8.76) E.LP. sharply decreases. A maximum difference of
E.LP. between scaside and close gorges of rivers is 114.

Between west and cast of Georgia the natural border is Likhi Range. It is the basic
factor of keeping off the moisturc and determining dry climate of East Georgia and all
East Transcaucasus. On the east slope of Likhi annual amount of precipitation is 780 mm
(Surami). in the cast little by little it decreases till 380 mm (Tsiteli Khidi). The most part
of East Georgia is located between 5 -20 isoerodent of E.IP. Extreme edge of East Ge-
orgia. Kakheti Caucasian range receives sufficiently high amount of precipitation (more
than 1000 mm). therefore E.LP. here sharply increases and exceeds 30 units (Kvareli -
29.54: Lagodekhi - 35.89).

Volcanic clevation of the South Georgia is high plateau with flat surface and meridi-
onal dircctions of ranges (Samsari and Djavakheti). Annual amount of precipitation here
changes from 547 mm (Kartsakhi) to 733 mm (Ninotsminda). Here dominates the lowest

=1
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other part of South Georgia E.ILP. doesn't exceed 7-8. In the Alpine zone of the Great
Caucasian Range annual E.1.P. docsn't exceed 5 units (Kazbegi - 4.47).

Erosion danger of precipitation is grouped in the following way: weak till 5.0 E.1P,:
middle from 5.0 to 10.0: strong - from 10.0 to 20.0 and very strong is more than 20.0.
This gradation is significantly different from D.Germaniuk's grouping [2]. According to
grouping of E.ILP. the most part of the territory of Georgia is located in the area with
strong and very strong crosion danger. Only southern part (high plateau of Akhalkalaki)
and Alpine zone of the Great Caucasus are distinguished by low erosion danger of E.LP.

Seaside part of West Georgia is characterized by one maximum of E.LP. in August
and September: hill and mountain forest zones by two maxima of E.IP.. from which first
takes place in June-July. second in August-September. All the territory of East Georgia
is characterized by two maxima of E.IP.. from which first is found at the end of spring
and in the beginning of summer (May-June), second in the beginning of autumn
(September).

For estimation of soil protection property of agricultural and natural lands cumulative
curve lines of annual distribution of E.I.P., which was joined in 37 groups were made.
Each group belongs to scparate regions. Complicated structure of the territory of
Georgia. circulation of the air masses. dircctions and exposition of the ranges. hollows
between mountains, Alpine plateau and closed gorges caused the division of the territory
into many regions. Therefore in a short distance (20 km long) from Borjomi to Bakuriani
three regions. 18, 19 and 20 are distinguished (Fig. 1).

Isoerodents
————— Border between erosion regions of E.LT.

Fig 1 The schematic map of division into districts and distribution of E.LP.

The map of the erosion index of the precipitation and division of the lcrril_or__vv into
regions according to annual percentage of distribution of E.LP. give us the possibility to
determine potential soil loss casily using U.S.L.E. It can be used for division of the
{erritory of Georgia into erosion districts and for exposure of erosion danger periods,
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choosing agricultural plants. soil conservation systems and the stages of the erosion
“arrangement control.
M.Sabashvili Institute of Soil Science and
Agricultural Chemistry
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Lasertherapy by E Light Field of Radiation

Presented by Academician G.Sanadze. November 28. 1997

ABSTRACT. It is known that low-intensity laser radiation in orange-red and .
near infrared area of spectrum leads to activation of biological system of a body.

In subm
laser irradi
spectrum of
cases simpli

Key wor

itted work it is shown, that during therapeutic treatment of patients the
ation may be replaced by non-coherent emission with the respective
emission, which markedly decreases the cost of treatment and in many
fies the process of treatment.

rds: phototherapy, non-coherent. field. low-intensity, laser, fibre. catalyse,
citochromoxidase. dissipation. adsorption. energetical level.

It is known that low-intensity laser radiation in orange-red and near infrared
spectrum area leads (o activization of biological system of a body. Marked increase of |
activity of catalyse and citocromoxidaze has been observed. At the expense of activation

of ferments
As it has

he intensity of metabolism increases t0o
been shown by the studies of a degree of coherence while passing emission

of He-Ne laser through a 10 cm fibre. complex degree of coherence decreases 10 0.7 [1]. -

It is clear th

at while passing I m length fibre the degree of laser coherence decreases

significantly.

On the o

ther side. at the interaction of laser radiation with biological objects, laser

beam. duce to dissipation-dispersion on the large molecules of media and on the uneven

skin surface

becomes practically completely non-coherent. It should also be noted that at

the absorption of laser emission, light coherency and polarisation do not play any role.

Investigations dealing with the study of

T 10f ) : & oon
£ ) intcraction of cmission and blood have
0 )\ shown that the most efficient is the
08 I NTT interaction of light waves of 0.6 — 1 p length
10 corresponding  to  minimum indices of
A s G A 3 =] N absorption coefficient of blood (Fig.1).
O e Hb[oz Actually, absorption coefficient value of
Lm0 600 800 1000 nm both arterial and venous blood in this area is

ultraviolet a1

i) three orders lower than in the diapason of
the wavelength below 0.6 w. Hence, if
1d blue-green beams are practically completely absorbed while passing the

Ii

[iz

blood thickness of some dozens of microns, the yellow-red and especially infrared
beams (up to 1 p) can penetrate several centimetres deeper. This fact conditions the
possibility of exposure of maximum volume of blood. Namely, in this zone He-Ne and

scmiconduct

Calculati
(clectron) te
biochemical

or laser of Ga-As crystal emit.

ons have shown that interaction of emission with blood increases efficient
mperature of biological media. which leads to sharp increase of a rate of
reactions.
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Actually. ata temperature 7. distribution of electrons in atoms. according to enetgees
equations can be determined by the formula
E,
n=nge

where 7, is for concentration of electrons at the excited level. 1, — at the basic level, /2

energy of energetic level. and k- constant of Boltzman. As it is seen. with the increase of

. emperature the population suffers sharp increase at the excited level. If the light falls on

lhe system of atoms. this distribution changes significantly. The rcason of this change is

the forced transition of clectrons from the basic level to the excited energetic levels with
the energy /5, = iiv (where v is energy of the emission quantum).

The higher the medium temperature is. the more atoms occupy the excited energetic
levels and the more active is the biological molecule. i.e. the rate of biological reaction
increases. At the exposure to light (irrespective of the fact whether the light is coherent
ornot). additional population of the excited level occurs, and the Boltzman's distribution
now corresponds to another higher temperature. which is called effective temperature of
medium 7. The greater power of electromagnetic wave of the system of absorbed atoms
is. the higher the temperature is.

- Atadditional increase of population of the excited 7, level as a result of absorption of
photons the picture of Boltzmann distribution suffers significant change and atom
system attains the state which corresponds to the relatively higher clectron temperature.
Namely. this clectron temperature conditions the rate of biochemical reaction in
biological media

It should be stated that in the excited state. atoms (molecules) may appear only

during the excitation by light. Thus speeding up of biochemical reaction in biological

-media occurs only during exposure to light though the products of this reaction lead to
other biochemical reactions having therapeutic effect.

Undoubtedly. energy of a photon absorbed by atoms is small, but initiated by this
absorption.  biochemical reactions need relatively higher encrgetic expenditures of
biological system. Therefore, during phototherapy the body loses rather great energy for
supporting the cascade of biochemical reactions induced by photon absorption.

Due to the fact that coherency of radiation does not affect the process of photon ab-
sorption by the atom system. as well as high dircctivity and polarisation of laser emis-
sion. non-coherent emission may be used in phototherapy.

1y Absence of necessity of application of
sl coherent laser emission in laser therapy

cnables us (o create highly efficient non-

g coherent sources of light on the base of

3 / crystals  GaAlAr(Zn), emitting with two
400 600

maximum peaks in the wavelenghts of 0.675

2
pand 0.9 (. Emission spectrum of crystals
800 1000 nm - GaAlAr(Zn) fall to the most favourable zone
Fioo of absorption spectra of blood (Fig.2). On

the other hand. taking into consideration
wide bands of absorption of biological molecules. high monochromaticity of laser
emission loses its importance. Semiconductor irradiators are simple to be prepared and
exploited. They are cheap and characterised by high treatment cfficiency. Irradiators
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have passed clinical testing in several clinics of Thilisi (Institute of Urolééy o c
Ministry of Health Care of Georgia, Scientific Practical Centre of Burns, -
Otorhynolaryngological Centre of the Tbilisi Medical Academy. ctc.). Studies have
shown that effect of treatment by the usc of non-coherent irradiation of GaAlAr(Zn) is
analogous to the effect of coherent emission of He-Ne laser. ,

At the Chair of Otorhynolaryngology of Tbilisi Medical Academy the clinical
experiments were conducted dealing with therapeutic effect of He-Ne laser and the emis-
sion of non-coherent light on the GaAlAr(Zn) crystals, during treatment of hypertrophic -
rhynite [2].

Thus. during therapeutic treatment of patients the laser radiation may be replaced by
non-coherent emission with the respective spectrum of cmission, which markedly
decreases the cost of treatment and in many cases simplifics the process of treatment.

I'bilisi [Javakhishvili State University
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O.Khomeriki, T.Paatashvili, L.Gheonjian, N.Kapanadze, N.Invia

The Influence of 7-day Variations of Interplanetary Magnetic
Field on the Frequency of Myocardial Infarctions

Presented by Academician V.Okujava. April 13, 1998

ABSTRACT . This paper is dedicated to the study of the influence of solar acti-
vity on human being. On the basis of statistical investigation of the frequency of
myocardial infarctions we discover the 7-day variations and the dependence of
their intensity on 11-ycar solar cycle. We confirm the hypothesis that 7-day varia-
tions of interplanctary magnetic field caused by its sector structure synchronize
endogenous 7-day rhythms of human beings during the stage of maximum of solar
activity, and hypothesize that the probability of infarction is higher on a certain
stage of the endogenous rhythm.

Key words: myocardial infarctions. biorhythms.

- At present sufficient amount of statistical data confirming the reality of the
1 mfluence of solar activity on biosphere is accumulated. The role of geophysical proces-
ses and magnetic fields as a transitive link is estimated [1.2] and technical facilities for
the protection from negative impact of geomagnetic storms are developed [3.4]. But the
manifestation of helio-geophysical activity one observes as exceedingly low changes of
physical parameters of environment. Electromagnetic signals and noises generated by
industrial and home devices exceed the variations of natural electromagnetic fields. The
Jbsence of appropriate explanations, confirmed by experiments, gave rise to generally
skeptic attitude towards the reliability of statistical results.
- For the discovery and the study of helio-geophysical factors acting on biological
0.5 objects. it is necessary to carry
statistical ~ investigations  of
biological data. It is expedient
to use and examine the hypo-
thesis, which assumes the syn-
chronizing influence of solar
activity on the state of biologi-
cal objects [2]. According to
this hypothesis external rhy-
thms - the rhythms of solar
events, the rhythms of events in
interplanetary medium, in ter-
restrial atmosphere and magne-
15 20 25 30 tosphere, influence on proper
N Herodicitydays) ) endogenous rhythms of biologi-
g, 1 Ihc depcn-dcnw hgtm:nn the amplitudes and periods cal objects. or biorhythms. Bio-
of cycles for the data from 1980 to 1992. :
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4 i
logical objects can be compared with systems in nonequilibrium state, cotitittiouss
adapting to variations of environmental parameters. Helio-geophysical rhythms can
synchronize as well as desynchronize biological processes. The absence of long-time
systematic biological observations makes difficult the examination of this attractive
hypothesis.

We examined the hypothesis by the usc of statistical data concerning the functioning
of cardiovascular system of human being. This statistical data reflect the mortality cau-
sed by myocardial infarctions in Tbilisi from 1980 to 1992. The series consist of daily
values of the frequency of mortality.

The processing procedure included spectral analysis for the discovery of periodicity
and the estimation of their reliability [5]. We were looking for the critical, from the
point of view of mortality, values of the duration of cycles in the time interval from two
days to one month. The periodicitics longer than one month we excluded by the use of
the method offered in [6]. Fig. 1 represents the result of spectral analysis: the depen-
dence between the amplitudes and the periods of cycles. Further we call the dependence
as periodogram. Horizontal axis represents the values of periods or cycles, vertical axis
represents corresponding values of amplitudes of cycles. The main peculiarity of this
periodogram is well defined peak corresponding to 7-day periodicity of the frequency of
mortality. This period is known in chronobiology and is considered as one in a basic set
of rhythms [7-9]. It is weighty to mention that such distinct demonstration of 7-day
rhythmisity in biological data, as it is represented in Fig. 1, chronobiology receives for
the first time.

The same period is typical for interplanctary media. It is caused by the sector
structure of interplanetary magnetic ficld [10]. The initial rcason of the origin of the
scctor structure is the structure of solar magnetic field. Chronobiology assumes that
living organisms acquired 7-day rhythm during the evolution of species under the

1 impact of solar activity. The
f 7 day 1980 - 1982 simple and complicated or-
end o R N | j ganisms adapted their pro-
& ww Wvﬂbw,ﬂyfl,/V‘r\f\jL’*f\ \,-‘\"‘\r\'/“,‘-\/ e per rhythmical structure to
T |5 10 15 0 25 30 the time scale connected to
S 1 the period of solar rotation.
4 ] 1984 - 1987 The main rhythms should
- 0'5, ! be cqual to the period of
- A : Jﬂ’f‘W‘N‘ﬁl\,‘&.«A‘W’\"/\vv'\ﬁ\/\v\,/‘,M’\A;J “\~—~"_{ rotation of the sun, appro-
2 5 10 15 20 25 30 ximately 27 days, or should
= = be cqual to harmonics of it

50.” : dz:y 1989 - 1992 [2];“ .
B " ) R he structure of solar
0 Mﬂ"wf\"w\dﬁf’bV'ﬁ\“’W{ M WAL~ magnetic ficld, and corres-

5, 10

13 20 25 30 pondingly the sector struc-
By e dictoyild ayi) ture of interplanetary mag-
netic field, changes during
11-year cycle of solar acti-

Fig. 2. The dependence between the amplitudes and periods of
cycles for the intervals of high level (1980-1982 and
1989-1992) and low level (1984-1987) of solar activity
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vity. During the periods of low activity the sector structure is not developed. Duri@%l@””L
periods of high activity one can observe four sectors. In cach sector the field is directed
toward the sun or from the sun [10]. Neighbor sectors have opposite signs of magnetic
field. During one rotation of the sun four times with periodicity about 7 days the sign of
interplanctary magnetic field changes. There is the factor, which may synchronize 7-
day biorhythms of different organisms. It is clear that synchronizing factor is absent
during the period of low solar activity. If we accept the synchronization hypothesis and
suppose that the probability of infarction is higher on a certain stage of the endogenous
7-day rhythm. statistical analysis of our data must reveal 7-day periodicity during the
years of high activity and the absence of it at ycars with low activity.

The statistical data cover the time corresponding (o two periods of high solar
activity and one period of low solar activity. Fig. 2 represents periodograms calculated
for three intervals of time. The first interval covers the period from 1980 to 1982, the
period of maximum of activity. The interval from 1984 to 1987 corresponds to the
minimum of activity. The interval from 1989 to 1992 corresponds to the maximum: of
the next 11-year cycle of activity. The level of solar activity is estimated by the use of
generally accepted statistical index Wolf number (W). This index characterizes the
quantity of sunspots. Usually during the years of maximum of activity annual value of
W exceeds 100.

Fig. 2 demonstrates that the amplitudes corresponding to 7-day periodicity are well
defined at the years of maximum of activity. but during the years of minimum of
activity, the amplitude does not exceed the average value. The estimation of statistical
reliability of results represented in Fig. 2 confirms high reliability of 7-day periodicity
during the years with high activity. For the estimation of reliability we used the

a b procedure described
1 160 - in [11].
09t [ i il 15 Fig. 3 represents
e | | 1401 | i annual  values  of
« 08 Wolf number and
i‘ 07 - 120 o amplitudes of 7-day
g | = periodicity from pe-
s 06 Ao M riodograms  calcula-
. 2 ted for each year.
2 L f o The dependence of
< 04 = the amplitudes on
«E 03 5 the state of solar ac-
= ! 40 tivity is obvious.
g 02 | ‘ The formation of
< I 20 sector structure de-
- ii i pends on the struc-
0 L1 0 ture of solar magne-
1980 198F 1990 1989 1985 19?0 tic field in new cycle
Time(years) Time(years)

and this process lasts

Fig. 3. (a.) annual values of the amplitude of 7-day periodicity; approximately  two

(b.) annual values of the index of solar activity.
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vears. Some geophysical manifestations of solar activity demonstrate two \1&
Our data demonstrate the same phenomenon. 2

The result of our investigation confirms the conception about the synchronization o
biological rhythms with cnvironmental rhythms. We find the confirmation of
assumption we have done and hypothesize that the probability of infarction is higher on
a certain stage of the endogenous rhythm. The role of the structure of interplanetary.
magnetic ficld and the level of solar activity as an active factors of environment became‘
more clear.

Itis necessary to continue the investigation of the role of magnetic fields in synchro-
nization mechanisms and in basic biological processes and rhythms. Present technical
facilities open new perspectives for these investigations. The possibility to compensate
external magnetic fields and to generate demanded magnetic fields in clinical rooms
should be used [3.4].

Georgian Technical University Abastumani Astrophysical Observatory
Georgian Academy of Sciences
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The Nonhistone Proteins of Chromatin as Lectin-Binding
Glycoconjugates
! Presented October 20, 1997

ABSTRACT. Rat brain isolated cell nuclei chromatin has affinity to Concanava-
lin A. The nonhistone proteins display mannoso-(glucoso-), fucoso and galactoso
specific lectin-binding ability, which indicates their glycoprotein nature.

Key words: rat brain, nonhistone proteins, glycoconjugates.

The existence of nuclear glycoproteins had first been suspected by Sevaljevich and
Krtolica when some nonhistone chromatin proteins after PAGE-SDS electrophoresis
were found to be positive to the periodic acid - Schiff reaction [1]. Glycosylated
nonhistone proteins with molecular weight from 10 000 to 190 000 were found in normal
[2-4] and in tumoral cells [5-7]. The high mobility group proteins HMG 14 and 17 are
the best characterized intracellular glycoproteins [8, 9]. Kinoshita et al. have found that
at various stages of embryonal development sea urchin chromatin reveals plant lectin
(Con A, WGA, SBA ct al.,) binding ability. It was proposed, that such lectin-binding
components may play a regulatory role in embryonic chromatin action at early stages of
development [10]

Our aim was to investigate plant lectine-binding capacity to rat brain nonhistone
chromatin proteins.

White rats of both sexes weighing 100-120 g were used in experiments. Rat brain cell
nucler were isolated by the method of Chauveau [11]. The purity of nuclear fractions
was controlled by microscope. Chromatin was prepared by Huang and Huang [12]. The
nuclear pellet was washed with 0.075 M NaCl+0.025 M EDTA (pH 8.0) and centrifuged
(4 000-g/10 min) three times. The obtained pellet was washed with solutions: 1. 50 mM
tris-HC (pH 7.5), 2. 10 mM tris-HCI (pH 7.5), 3. 5 mM tris-HCI (pH 7.5) and 4. 1 mM
tris-HCI (pH 7.5). The pellet, obtained after the last washing, was chromatin. It was
resuspended in a small amount of 1 mM tris-HCI (pH 7.5) so that the DNA in chromatin
should equal 100 mkg/1 ml

The isolation of nonhistone proteins of chromatin was performed by Wang [13]. The
purified chromatin was dissociated in 1 M NaCl — 0.01 M tris-HCI (pH 8.0) (the final
DNA concentration was about 400 mkg/ml) and dialyzed against 6 volume of 0.01 M
tris-HCI (pH 8.0). The precipitate was separated by centrifugation 5 000 g/20 min and
the supernatant was dialyzed against 0.5 M NaCl - 0.01 M sodium phosphate buffer (pH
72). The obtained protein was nonhistone protein. The protein concentration was
determined by the method of Lowry et al. [14] and DNA by Dische [15].

The agglutination was studied on trypsinized rabbit erythrocytes by microtitration on
U-plates [16]. The lectin activity was measured by the minimal concentration of
proteins. still causing clearly expressed agglutination. The lectin-binding activity of
chromatin nonhistone proteins was determined by the minimal protein concentration,

~which inhibited the agglutination of trypsinized rabbit erythrocytes. The lectins with
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lectin-binding proteins were preliminarily incubated for 30 min and the qGiamtitative
relation of lectin with the amount of lectin-binding proteins (LBP) werc expressed in
figures [17]. The agglutination was carried out in the solution of 40 mM PBS (pH 7.4)
prepared on 0.9% NaCl. In experiments plant lectins from "Diagnosticum Lvov" were
used.

In the first series of experiments the lectin activity of rat brain chromatin and nonhis-
tone proteins were studied. It was established that neither chromatin nor nonhistone pro- |
teins revealed any lectin activity in our experimental conditions. These results gave us a
possibility to investigate the lectin-binding activity of chromatin and nonhistone pro-
teins.

We were preparing a series of double dilution of the investigated proteins in 0.05 m!
0f 40 mM PBS (pH 7.4). The lectin solution with the titre 1:8, 0.05 ml was added to each
loop and preincubation was made at room temperature for 25 min. Then 0.05 ml of 2%
suspension of rabbit trypsinized crythrocytes was added to the mixture. After 2 hours in |
the loops, where erythrocytes agglutination was absent, all the added lectin was bound
with lectin-binding protein. The appearance of the agglutination means the presence of
the abundant amount of free lectins. |

In the following experiments plant lectin-binding capacity of rat brain chromatin
nonhistone proteins was studied. In cxperiments fucosospecific (LAL), galactosospecific -
(PNA, RCA, SBA, SNA) and mannoso-(glucoso-) specific (Con A, PSL, STA, WGA)
plant lectins were employed (Table 1).

P

Table 1
The influence of rat brain chromatin nonhistone proteins on 1
hemagglutination activity of plant lectins
The sources of the lectins | Lectins | The carbohydrate specificity ;?:K?ﬁt;gﬁ;:m::z)g I
Fucosocpecific
Laburnum anagiroides LAL al Fuc 32-107 :
Galactosocpecific
Arachis hypogeae PNA AD Gal 62107
Ricinus communis RCA a D Gal, D GalNAc 6.2:10
Glicine max SBA a D GalNAc 6.2:107 1
Sambucus nigra SNA D Lac, D Gal 62107 j
Mannoso-(glucoso-)specific 5
Canavalia ensiformis Con A a>Man > aD Glc > 810"
DGIeNAc
Pisum sativum PSL. a D Man > aD Glec > 12107
DGIeNAc
Solanum tuberosum STA (D GleNAc),, n=2,3,4 12107
Triticum vulgaris WGA (D GleNAc),, n=1,2,3; 15107
NANA
Lens culinaris LGL DMan 1.5-107

As it turned out rat brain chromatin nonhistone proteins display the lectin-binding
capacity and cause inhibition of their hemagglutination activity. They display the highest
affinity to Concanavalin A (Con A). As it is known Con A is a three-antenal lectin with:
the specificity to Man, Gluc, GIcNAc with the correlation 100:22:11 accordingly. The
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tins PSL = STA, WGA, LCL have relatively small affinity to the nonhistone proteins.
As we know the lectin from Lens culinaris (LCL) is near to Con A and PSL and has
‘specificity (o D-mannose. Consequently, nonhistone proteins high affinity to Con A is
mot caused by the presence of only D-mannose terminal carbohidrates. The
ficosospecific lectin LAL is on the second stage by the affinity to nonhistone protein.
The nonhistone proteins reveal almost cqually feeble binding activity to
galactosospecific lectins PNA, RVA, SBA and SNA. Consequently, rat brain chromatin
nonhistone proteins contain the following carbohydrate residues:oD Man, o D Gle, D
GleNAc. L Fuc, D Gal, D Lac, D GalNAc.

Proceeding from the received results it can be proposed, that the lectins with
analogous specificity should be found in rat brain cellular nuclei. The identification and
their isolation is the purpose of our further rescarch.

Tbilisi I.Javakhishvili State University
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ABSTRACT. After the tryptic digestion of myelin basic protein (MBP) a
peptide fragment, inhibiting [*H|diltiazem binding to synaptic membrancs, has
been obtained. The analysis of amino acid composition of this peptide has revealed
its similarity to the sequence MBP 95-135. The peptide fragment inhibited [*H]dil-
tiazem binding in a concentration-dependent manner, decreased B but did not
act on Kd. The inhibition of MBP calcium channels by peptide fragments is sup-
posed to play an important role in the regulation of the activity of nervous cells as
well as immune cells,

Key words: myclin basic protcin, [*H]diltiazem. brain.

The study of the structure and function of myelin basic protein (MBP) has been
performed  intensively in conncction with the possibility of its participation in
autoimmune discases. At present it is being cleared up. that the process of myelinolysis
occurring during autoimmune discases of CNS is induced by depletion of MBP[1]. The1
profeolitic splitting of MBP is catalysed by Ca”" -dependent neutral proteinases. which
evidently penctrate through myelin sheath from extra cellular region after the destruc-
tion of myelin structure by specific antibodies present in immunoglobulin fractions [2].
In addition. it has been shown. that demyelination is accompanied by the significant
increase of brain calcium concentration [3]. The increase of Ca*'-dependent protease
activity and intestified breakdown of MBP leads to the appearance of several peptide
fragments of this protein in brain. blood and cerebrospinal fluid [4]. However, the
degree of proteolysis greatly depends on the degree of posttranslational modification of
the MBP and particulariy on phosphorylation.

At present it has been revealed that the activation of T lymphocytes as well as their
regulation by major histocompatibility antigens are coupled with Ca*'-dependent cell
pathways [5]. However. MBP and its fragments do not evidently affect on L-type Ca** -
channel since they do not displace [}H]nilrcndipinc binding to synaptic membranes[6]. '
Taking into account the similarity of amino acid sequence of definite MBP fragments
with proteins acting on benzothiazepine binding sites [7]. the action of MBP fragments
on the binding of [*H]diltiazem. a benzothiazepine calcium channel blocker. has been
studied in present work.,

The MBP was isolated from rat brain according to the method of Chou et al. [8]. Protein
kinase C was purified according to the method of Waltonet et al [9]. Crude synaptic membra-
ne fractions of whole brain of Wistar rats, weighing 200-250 g. were homogenized in a buf-
fer containing 50 mM Tris-HC, pH 7.4 and 0.32 M sucrose (100 mg wet weight\ ml). Syna-
ptosomes were isolated by centrifugation (1.000 g, 10 min), pelleted (20.000 £, 20 min) and
resuspended. Suspension was homogenized in buffer containing 5 mM Tris-HCI, pH 74,
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neubated for 30 min at 4°C. and washed twice by centrifugation (48.000 g, 10 Il'lin)%“ﬂ‘l”C“J
I pellets were suspended in 0.32 M sucrose and frozen at =80°C until use. For the radio-
igand analysis suspension of membrane (about 100 mg protein) was incubated with 10 nM
diltiazem in 0.5 ml 50 mM Tris- HCL pH 7.4 at 20°C for 30 min. Incubation was
ninated by the addition of 3 ml ice-cold buffer and subsequent filtration through a What-
man GF/C glass fiber filter. After rinsing the filter. radioactivity retained on the filters was
casured by a liquid scintillation spectrometer. Nonspecific binding was defined by
mlabeled 10 mM diltiazem. For Scatchard analysis the membranes were incubated with a
yarious concentration of [*H]diltiazem (1 nM to 15 nM). Data analysis were performed using
the KINETIC binding analysis program [10]. For the tryptic digestion the phosphorylated
and nonphosphorylated MBP. 1 mg of cach, were suspended separately in 1 ml of 0.1 M am-
monium hydrogen carbonate (pH 8.0) containing 10 mM calcium acetate. A solution of
typsin. 0.3 mg/ml in a 0.1 N hydrochloric acid. was added to the protein suspension and the
lixture was incubated at 37°C for 15 min. Then the HPLC analysis was performed. The
chromatographic scparation was achicved on a NOVA-PAK C column and peptides eluted
with a solution containing 0.05% TFA and acctonitrile. The concentration of acetonitrile was
increased linearly from 0 to 60 % over 30 min. Amino acid composition was determined by
HCI hydrolysis and modification with phenylisothiocyanate [11]. Phenylthiocarbamyl
dervatives were determined on a Pico Tag analyzer.

It has been found that tryptic digestion of MBP during 15 min allows to obtain 6
fractions of protein fragments. while after its preliminary incubation with protein
kinase C additional peptides were obtained (Fig.1). This data indicated that the phos-

A phorylated form of MBP was more

02 H sensitive to trypsin than nonphos-
Aa phorylated forms. The analysis of
7 60 the fractions obtained after the

c \\’\/'Lﬁ CHEN%) - chromatographic — separation  of
30 tryptic digest of MBP has shown.

G i that ["H]diltiazem binding to the
Ao /\_._&J;‘i i synaptic membranes is influenced
§ . . by 2 peptide fractions yiclding at
5 e acetonytrile concentrations equal to

s 44-45 % and 55-56 % and having
g 103 absorption at 214 nm as well as at
U 280 nm (Fig.1). Taking into consi-

| deration the existence of a single

residue of tryptophan in MBP with
absorption at 280nm (Fig. 14) it
ig. 1. HPLC of triptych digests from phosphorylated can be concluded, that both frac-
and nonphosphorvlated MBP on a NOVA PAK tions correspond with peptide frag-
C18 column
\ — absorbance at 214 nm and 280 nm. Solid line -
nonphosphorylated MBP. dotted line — additional
peaks from phosphorvlated MBP
3 — |‘l[|d|Ilm/cm-dl.\'pluuing activity

] 10 15 20 30
RETENTION TIME (min)

ments containing Trp 118.

Amino acid analysis of both
MBP fragments affecting [*H|dilti-
azem binding has shown that they
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differ in His. Lys. Thr and Gly quantity (Table 1). The comparison of “4fifio” aci
composition with rat MBP sequence [12.18] has allowed to conclude. that the le
hydrophobic peptide fragment yielding at 24.2 min corresponds to MBP sequence 74
140. but the more hydrophobic one to MBP sequence 93-135. They can be formed as g
result of incomplete tryptic hydrolysis. or on account of the existence of endogenous

phosphate groups in these peptides which may change the intensity of proteolysis [12]4
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Fig. 2. Inhibition of [3H]|diltiazem

binding by the f
135 of MBP.

Comparison of amino acid composition of the purified inhibitor of
[*H]diltiazem binding and rat MBP fragments *

ragment 93-

It has been found out that the peptide 93-135:
inhibits [*H]diltiazem binding in higher grade than the
peptide 74-140. Inhibition of [*H]diltiazem binding by
the peptide 93-135 is concentration dependent (Fig2).
and displaces [*H]diltiazem with high affinities (ICs; is
equal to 61.5 nM). Only the capacity of [*H]diltiazem
binding sites in cerebral membrane homogenates is.
affected by the inhibitory peptide. whereas Kd does not
change. Hill coeflicient decreases from 0.94 to 0.79,
which indicates the absence of significant cooperative:
interactions. By, declines from 130 to 76 fmol/mg in
the presence of 30nM peptide. It has been supposed that
the inhibitory peptide decreases [*H]-diltiazem binding
in a noncompetitive manner.

Table 1

. Abundance (% total mass)
Amino acid
P24.2° MBP(76-140) P32.5 MBP(93-135)

Asp 4.1 39 4.5 3.5
Glu 4.2 4.0 6.3 10.7
Ser 8.3 112 13.6 17.8
Gly 14.5 18.1 10.1 16.9
His 6.3 4.1 - -

Arg 4.8 6.0 8.9 10.7
Tyr 4.1 4.1 4.5 3.6
Ala 104 6.1 9.0 7.1

Pro 12.1 10.0 13.2 17.8
Val 6.2 6.0 4.5 3.6
lle 2.0 2.0 4.4 35
Leu 4.2 4.1 4.5 35
Phe 8.1 8.1 10.2 72
Lys 10.4 10.1 6.2 gall
Thr 21 2.0 6.] 7.0

* Amino acid composition of rat MBP were calculated from sequence data [12].
"P242and P32.5 designate the fragments of MBP according to their retention time during

HPLC.



Peptide from Myelin Basic Protein is an Inhibitor of the [*H|Diltiazem Binding... H‘}\////

%)
045

- Metabolism of MBP in myelin is supposed to be dcpendcnl on Ca®* concentratigff
sbeen shown that degradation of MBP is performed by Ca® “-dependent neutral prote-
[17]. The activ ity of this enzyme sharply increases in the result of calcium concen-
tion increase in myelin during some autoimmune diseases, such as multiple sclerosis
[3]. Ca™ concentration increase has been supposcd to be performed endogenously from
yelin binding sites by penetration of external Ca®* into the interior side of myelin lam-
dlac. The blocking of synaptic membranes or mitochondrial Ca**-channels by MBP
Iragment can have compensatory function of protection from excessiv ely increased Ca™*
inmyelin
On the other hand. myelin degradation rate depends on MBP phosphorylation de-
gree. Turner et al [13] have suggested that "excessive" phosphorylation of MBP can
ause the collapse of my le structure. Taking into account that MBP can be phosphorv-
lated by several types of Ca® “-dependent protein kinases (protein kinase C. Ca®' calmo-
dulin dependent protein kinase), the regulation of the concentration of calcium ion in
myclin may be important in assembly, reparation or degradation of myelin structure.
- MBP contains a number of homologous sequences with GABA-modulin [7], cancer
cll basic protein [14]. several viral protcins [15]. They can cause autoimmune
postinfectious or postvaccinal encephalitis and neuritis mediated by T cells [16]. The
mmune response of T cells to MBP- like autoantigens is associated with major
histocompatibility complex. which in addition to the restriction of cytotoxic activity of
T lymphocytes can carry out the receptor-like function [5]. In all given cases Ca-
dependent way of regulation of T cell activity and their inhibition by MBP fragment can
play an important role in immunc cell activation.
[ Beritashvili Institute of Physiology
Georgian Academy of Sciences
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Quantitative Alteration of Galactose and Lactose Specific Lectins
at Different Stages of Hen Brain Embryonic Development
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ABSTRACT. By means of high pressure liquid chromatography membrane pro-
tein fractions dissolvable in EDTA-solution have been purified from hen brain cm-i
bryos of different ages. It has been observed that protein fractions of mol. weight -
12000-19000 Daltons and 24000-45000 Daltons are characterised with lectin acti-
vity.

It is assumed that the protein fraction of 12000-19000 Daltons contains the so-i

called D-lactose-specific lectin. As for the protein fraction of comparatively high
molecular weight that is inhibited also by D-lactose and D-galactose, it is assumed
that it belongs to the so-called galaptine-group.

The quantitative changes of the given lectins are studied in the process of the
hen brain embryonic development,

Key words: Lectin, embryo. protein, hen's brain, hatched chicken.

According to the literature it is obvious that lectins are assayed as multivale
mytogene proteins which are able to connect to the free and glycoprotein terminal
carbohydrates. Lectins have been discovered in plant. animal and bacterial cells as well,
Our attention was drawn by lectin proteins in hen embryos, in different organs of hen
cmbryo. in particular, in retina, spinal cord [1]. pectoral muscle [2] and kidney and liver
[3.4] lectinally active glycoproteins have been already found; they can casily agglutinate |
tripsinized erythrocytes of a rabbit.

As for the brain, lectins from nervous matter participate in cell adhesion. It is also
well-known that these lectins are of memberane origin connected to the surface and the
inner part of the membrane associatingly, ionically [5].

Consequently. the purpose of our research was to purify and characterise free and
connected lectins at different stages of brain embryonic development.

Material and methods. The lectins were purified by means of EDTA-solution [6], :
added to kalium phosphate buffer solution (pH 7.4) in proportion 1:5 and homogenized
three times with a minute interval. The homogenate was then filtered in netting and ny-
lon and the filtrate was centrifuged at 16000g during 40 min. According to the superna-
tant we calculated the lectin specificity activity of proteins dissolved in kalium phospha-
te buffer solution (pH 7.4). The sediments were treated with EDTA (2mkM) water-solu-
tion, homogenized, kept at room temperature for an hour and centrifuged for 16000 g/40
min. The supernatant was dialized against 40 mM kalium phosphate buffer at 0°C,
concentrated and estimated the lectin activity on U-like titration table. The sensitivity
towards saccharide was calculated by the hapten-inhibitory method [7]. The proteins
were fractionated on a high pressure liquid chromatography (“Millipor™), column Protein
PAK 300 SW, which was washed in ammonia acetate buffer (pH 6.6). The flow rate 0.8
ml/min. The calculation of the protein quantity was achieved by Lowry method [8].

1
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Results. At the first stage of experiments we studied the distribution of lectin (mlqviwuu
throughout the protein fractions, extracted by 2 mM EDTA-water solution at different
slages of embryonic development. For this purpose we have used 5-, 8-, 10-, 15- and 20-
day old hen embryos. For a better identification of lectin activity we purified the dialized
suspension of brain embryo at 20.40.60.80,90 and 100% saturation by ammonia
- sulphate. and found out that lectin-like proteins can be purified at 80-90% concentration
by ammonia sulphate and this reaction enables us to purify them afterwards partially
(Table 1).

Table 1

Alteration of protein with Iectin activity purified from hen embryo brain

of different age at purification by ammonia sulphate

Ammonulia Lectin specific activity (titer-1 x mg/ml-1) i
sulphate % 5 day 8 day 10 day 15 day 20 day {
20 - = = = -
40 X = 2 s i
60 = = = 2 £
80 6.6+0.25 | 401£0.11 | 225+0 | 1.4340.09 | 1.08+0.1
1 90 1.0£0.04 0.94+0 0.65+0 | 0.43+0.01]0.24+0.02
100 = oy = = =

As it has been discovered. maximum of lectin activity of proteins purified by EDTA
solution can be found on the 5th day of embryo development. At coming stages the acti-
vity decreases and makes the minimal level in a 1-day old chicken (tab. 1). We can
suggest. therefore, that the decrease in lectin activity is brought about not by decrease in
their amount. but by increase in the brain volume.

We used the chromatographic method to fractionize the lectins purified by ammonia
sulphate and dialized afterwards in order to characterize the purified lectin-like proteins
and calculate their molecular weights.

WN\\ ka/\’\J\k

i
\
1

§ day 10 day 15 day 26 day 1 dav chuck
Fig. Chromatograms of different age hen brain embryos membrane proteins in_a
high pressure liquid chromatography system (“Millipor). Column-Protein
PaK 300 SW. Flow rate-0.8 mi/min. Scale-0.5.
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The Figure represents the fractionity of proteins purified at 80% conceniration
ammonia sulphate. As we can see from the picture, in cmbryo the quantity of protein
fractions increases and the fraction sight becomes more complicated. From a 5-day old
hen embryo brain 2 protein fractions can be purified (mol. weights- 19 and 30 kDa).
Lectin activity was discovered in the protein fraction of 19 kDa, which had been

chromatographed. As the embryo grows up. the quantity of proteins fraction, purified by |

the given detergent. increases, c.g. 4 protein fractions of 45,2419 and 12 kDa can be

purified from 15-day old brain cmbryo. We calculated lectin activity in each of them
(Table 2). It is worth noting that lectin activity in the fractions after chromatographing is
much higher than that in the brain suspension purified with the help of EDTA solution,
¢.g. increasce in fraction lectin activity when fractionity of the proteins purified by EDTA
from a 5-day embryo brain, makes 300% compared with that in the brain suspension.

Table 2
Molecular weights and lectin activity in membrane protein fractions
purificd by EDTA from hen brain embryos of different ages

Age of the Protein fractions purified by EDTA
Embryo (days) Molecular weights (kDa) Lectin specific activity
5 30 =
19 32.66 +0.28
10 30 -
19 29.85+1.03
5 .
15 45 =
24 25.85+0.99
19 26.0+1.97
e 12 .
20 45 -
27 =
18 20.05+£2.03
11 | 1566+ 1.56
5 B
—I-aa)' old chicken 45 -
30 -
20 1554077
12 9.58£0.84
7 -

Very interesting results have been achieved when the carbohydrate specificity of the

purified lectins was defined. The lecting purified from a 5-day old embryo brain by
EDTA are characterized by sensitivity towards D-lactose. while those from a 15-day oid
brain. show sensitivity towards D-galactose as well as towards D-lactose. By their
presence the ability of agglutination of lectin decreases.

Considering the scientific rescarches we can suggest that protein fractions of 12-19

kDa mol. weight, which are inhibited, represent the already known, so-called lactose-
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lectin which was found in hen embryos. in particular. pectoral muscle. livéf®s
intestines [4] while fractions of 24-45 kDa mol.weight should be lectin-like proteins of
galaptine group. the so-called N-CAM. that participate in interconnection of cells in
nervous system. exactly in connection of neurones in spinal cord and eye retina.
~ Rescarches are still going on.
Thilisi LJavakhishvili State University
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The Effect of Biostimulators on Cultivation of Strain Spirulina
platensis in Laboratory Conditions
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ABSTRACT. Cultivation conditions of blue-green algae strain Spirulina Platen-
sis on Zaruk media, the effect of phytohormones (Gibberellin As, kinetin) and I-
ions (KI) on growth of algae culture were studicd. Experimental data confirm the
presence of biostimulators in strain cultural liquid.

Key words: Spirulina, cultural liquid, biostimulators.

Recently much attention has been paid to the artificial cultivation of green and blue-
green microalgac. These organisms are utilised as a source of valuable human and
animal food proteins. as well as for the production of important pharmacological
preparations. They are rich in various vitamins. Blue-green alga. Spirulina, natural
dweller of alkaline water reservoirs is of particular interest. Spirulina contains large
amount of proteins (approx.70%). carbohydrates (18-20%), lipids (4-6%). nucleic acids
(4%). vitamins and carotine. Spirulina proteins have complete set of amino acids
analogously to milk proteins [1.2]. Even a small quantity of Spirulina added to fodder
considerably increases cconomic index [3,4]. Thercfore, the investigation of the
conditions of Spirulina cultivation establishment and study of factors responsible for
intensive mass growth is considered to be very important. According to literature data
the strain was grown in various inorganic media. Among them the medium
recommended by Zaruk is considered to be optimal [5].

There are data that algac (including Spirulina platensis, Nostoc calcicola) secrete
biostimulators and some other biologically active compounds into nutrient media affec-
ting the growth of cultivated higher plants, their development and other physiological
processes [61. 1t's suggested, that these processes are the result of the effect of vitamins
and phytohormones.

The mechanism of phytohormone functioning and its influence on gene functioning
has been studied at our laboratory. Consequently we arc interested in the study of phy-
siological and biochemical cffects of growth stimulators synthesized by algae on high
plant cells.

Blue-green alga Spirulina platensis strain was obtained at the Institute of Botany of
the Uzbek Academy of Sciences.

Cultivation conditions, with regard to all required intensive growth factors, were
studied [7]. The culture was grown in thermostatic room (25-30°), with constant illumi-
nation £5000 lux) and periodic air circulation. Inorganic nutrient media, recommended
by Zaruk and Wenkataraman, were used [8]. Media were rencwed every 20-25 days, bio-
mass was collected by filtration or centrifugation. Growth intensity of Spirulina was esti-
mated by biomass accumulation for a certain period of time (per dry weight) or by mi-
croscopic cell calculation in Goryaev Camera.



72
I'he Effect of Biostimulators on Cultivation of Strain Spirulina Platensis in... \\‘J%/
e o=

In selected laboratory conditions the culturc intensively grew on Zaruk's “edium’
where biomass increasing in 30 days per dry weight gave 1.6-3 g/1. Though some
seasonal dependence in biomass increase was observed: during winter months biomass
increase reduced approximately twice (0.8 g/1).

Yellowish powder found in cultural fluid negatively affected culture growth and fi-
nally caused culture growth stop and its death. This problem was partially solved by
transfer of the contaminated culture to the solid medium and its gradual renewal. Solid
medium was prepared by adding of 2% agarose to Zaruk medium. On that medium the
culture got completely free from all impurities and continued to grow intensively when
placed into liquid medium.

The cffect of phytohormones, particularly of gibberellins and cytokinins. as of stimu-
lators on higher plant growth is well known. In order to choose optimal conditions for
Spirulina Platensis strain growth in laboratory kinctin and gibbercllin effect on algae
biomass growth was studied. We also investigated the effect of iodine micro
concentrations on algae growth. We observed biomass increase on such iodized medium,
whereas high iodine concentrations (100-200 pg) caused growth limitation. The results
arc presented on the diagram (Fig.1).
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Fig 1. The effect of phytohormones and I-ions on the growth of strain
Spirulina Platensis
1. Zaruk medium

2. Memmees " + Gibberellin A (10°° M)
3l " + kinetin (107° M)
4. + KI (60 pg/l)

5. e el (200 pg/L)

These data indicate that physiological concentrations of gibberellin and kinetin
(10 " M) don't affect biomass growth. Recently obtained literature data showed that blue-
green algae secreted some biologically active compounds into cultural fluid : biotin. thia-
min. pyridoxin. indolyl-3-acid. substances similar to gibberellin and kinetin and etc. Be-
cause of these peculiarities alga strains are used as biofertilizers to raise the productivity
of cultural plant.

Biological methods for phytohormone definition are based on biotesting by means of
phytohormone effect determination on growth of the whole plant or plant definite parts.

We carried out serics of cxperiments with higher plants (pea, beans) to study the
cffect of algae culture on their growth and development. particularly on the growth of
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the young stem. Germinated sceds of bean and pea were grown on Spirulivie =Sttt
cultural media. The control plants were grown in the same conditions in water media
with gibberellin and kinctin. 15 days old shoots were measured. Our experiments
revealed Spirulina strain stimulating effect on higher plant stem growth. This cffect is
cquivalent to that of Gibberellin and Kinetin, thus indicating the presence of
biostimulators in Spirulina strain cultural medium.

Table

The effect of growth stimulators and algae cultural medium on the young plant shoots

f Beam Pea A

i Media (Phaseolus vulgaris) (Phisum sativum

| stem length (cm) % stem length (cm) %

| Water 8.6 +0.06 100 3.35+0.04 100

| Spirulina strain 7.8+0.05 216 5.0 +0.06 146

[ Water + G - A (10° M) 9.8+0.06 272 11.0 +0.05 328

| Water + Kin. (10 ° M) 6.5+0.04 180 4.0+0.06 119

We continue the study of quantitative and qualitative determination of biologically
active compounds.

S.Durmishidze Institute of Plant Biochemistry
Georgian Academy of Sciences

REFERENCES

I L.Switzer Spirulina. Toronto. New-York, 1982.

2. T.Babaev, J.E.Barashkina, M.A.Kuchkarova, A.T.Tulaganov. Uzbek. Biol. Zh., 6, 1981
(Russian).

3. AT Tulaganov, M.A. Kuchkarova. Tbidem 5, 1976 (Russian).

4. Nguen Txi Kui. Autoref. Kand. diss., Kiev, 1987 (Russian).

5. Ph.Zaruk. Thesis Univ. of Paris, 1966.

6. M.A Kuchkarova. Autoref. doct. diss, Tashkent,1990 (Russian).

7. M.Viadimirova, V.E.Senenco. Intens. kultura vodoroslei, Moskva, 1962 (Russian).

8. J.Razic, Xaldad. Autoref. kand. diss.. Abovian,1990 (Russian).



LOFSHNBITML BICE0IGIBSN S46RAIN0L AMARI, 158, N1, 1998 T /77
BULLETIN OF THE GEORGIAN ACADEMY OF SCIENCES, 158, 1, 1998 saizu=s
BIOCHEMISTRY

F.Kalandarishvili, K. T.Wheeler
Influence of Proliferation on DNA Repair Rates in Regenerating
Rat Liver

Presented by Academician T.Oniani, April 2, 1998

ABSTRACT. This work investigates the influence of cell proliferation on DNA
repair rates in regenerating rat liver. We determined the posthepatectomy proli-
feration kinetices for hepatocytes of the liver. The suspension of cells reacted with
both FITC-labeled anti-BrdUrd antibody and propidium iodide, and the particles
were analysed by flow cytometry. Liver cells were irradiated with 15.5 Gy y-rays
at various times, from 2 to 144 h after hepatectomy, and their DNA repair kinetics
measured by alkaline clution to determine when the faster rate of DNA repair
begins and ends relatively to the proliferation kinetics.

Key words: DNA repair, proliferation, regenerating liver

According to the experimental data it is known that in adult male Fisher-344 rats (4-6
months old) liver cells, stimulated into proliferation by partial hepatectomy, repair their
radiation-induced DNA damage faster than quiscent liver cells in unhepatectomized rats.
This faster repair at 20-31 h after hepatectomy is accompanied by a change in the
accessibility of the DNA to digestion by exogenous endonucleases [1]. Thus, proliferative
status appears to be a major determinant of the rate of DNA repair in adult rat liver. This
result s in agreement with the previously published Accessibility Hypothesis [2].

The experiments were carried out in the male Fisher 344 rats (4-6 months old), in
which ~70% of liver mass was removed as described by Higgins and Anderson [3].

Unhepatectomized rats and rats 2, 12, 20-24, 29-31 or 144 hours after hepatectomy
were irradiated with 15.5 Gy Cs-137 y-rays on a self-shiclded irradiator at a dose rate of
~10 Gy/min. Suspensions of single cells or nuclei were prepared as described by Meyn
and Jenkins [4].

The percentage of liver cells (primary hepatocytes) in S-phase as a function of the
time after hepatectomy was determined by injecting rats i.p. with 100 mg/kg of BrdUrd
(5-Bromodeoxyuridine, which is incorporated into DNA in place of thymidine) by mul-
tiparametric flow cytometry, which gives detailed information on the kinetics of the cell
cycle [5].

The DNA damage and repair was measured by alkaline elution technique modified
for unlabeled DNA [6]. The DNA in cach fraction was determined fluorometrically
using the Cesarone assay [7], which binds Hoechst-33258 to the DNA. According to the
method of mathematical estimation we determined the percentage of undamaged DNA
remained on the filter; simultancously we determined the percentage of the damaged
DNA remaining in the cell as a function of reparation time [8].

The percentage of liver cells (primary hepatocytes) in S-phase as a function of the
time after hepatectomy was determined as described above.
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= According to the data summarized
on Fig.] the BrdUrd labeled cells did
not appear until 14-16 h after hepa- -
] tectomy. These BrdUrd-labeled cells
¢ increased rapidly to a peak at 30-
35h. then decreased to a nadir at
about 48 h followed by an increase to
\+ a second peak at about 72 h. and
finally declined to the background
levels at 120-144 h after hepatec-
tomy (Fig.1). In our 250-350 g adult
rats recruitment and progression of
Anterior lobe hepatocytes into S-phase is much
[, slower than those in 60-120 g rats
where the number of cells in S-phase
is maximal at 20-24 h after hepa-
tectomy [9].

The flow cytometry data in our
experiments clearly show that the
greatest number of liver cells are in
S-phase at 30-35 h after hepatec-
tomy.

Once the proliferative kinetics were

Paosterior lobe

4 Brd Ued loheted

s
e

0 24 120

Time after hepatectomy

144
{HR)

Fig. 1. Percentage of liver cells (primary
hepatoeytes) in either the posterior or
anterior lateral lobes, which were la-
beled with BrdUrd as a function of the
time afler hepatectomy. All points are
the mean +£S.E.M. of at least 3 rats.

defined we began a study to determine
when the faster rate of radiation-
induced DNA damage repair begins and
ends relative to the proliferation.

First of all we determined the per

centage on unirradiated liver DNA
retained on polycarbonate filters after alkaline clution as a function of time after hepa-
tectomy. The summary of data demonstrates that the percentage of DNA retained on the
filter is the same. stastistically identical and independent of the proliferative status and
time after hepatectomy (88.4%).

The DNA damage measured by the alkaline elution technique includes frank single-
and double-strand breaks. alkaline labile bonds [1].

Fig.2 demonstrates DNA repair kinetics for pre- and posthepatectomized liver cells
irradiated in situ with 15.5 Gy. The DNA repair kmeucs at 2 h after hepatectomy were
identical to those in unhepatectomized rats.

AL 12 h after hepatectomy the DNA repair kinetics appeared to be a mixture of the
slower kinetics associated with the unhepatectomized liver cells and the faster kinetics
associated with hepatectomized liver cells. Thus. 12 h after hepatectomy come to be the
cvidence suggesting that the faster DNA repair kinetics were just beginning. By 144 h
after hepatectomy the DNA repair rate returned to the repair rate observed in unhepa-
tectomized liver cells.
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The data at 20-24 and 29-31 h afier hepa t“m(amly 5
strongly demonstrate faster repair of their radiation-
induced DNA damage, than quiscent liver cells in
unhepatectomized rats.

The DNA repair kinctics were biphasic in all
cascs. Although the early (<45 min) DNA repair
in liver cells appeared to be slightly faster at 29-
31 h after hepatectomy than at 20-24 h. The
percentage of the DNA damage remaining in the
cell handled by the slow phase decreased from
~11% in unhepatectomized liver cells to 6% in
hepatectomized liver cells. This decrease in the
percentage of the DNA damage remaining in the
cell handled being the slow phase in un-
hepatectomized liver cells was accompanied by
an increasc in the digestibility of the DNA by m.

o i 60 8 0610 0 /8 40 60
I'ig. 2. The DNA repair kinetics for ~ huclease and DNA-ase 1 [1] in agreement with
pre- and posthepatectomized — Accessibility Hypothesis [2].
liver cells irradiated in situ Repair of radiation-induced DNA damage in
with 15.5 Gy. hepatectomized liver is faster than in unhepa-
tectomized liver when the greatest number of -
liver cells enter the S-phase (20-31 h after hepatectomy). Although elevated levels of c-
fos and c-myc in RNA have been reported in liver cells 2 h after hepatectomy and the
Go to G transition has been initiated [10]. the DNA repair kinetics are identical to
those found in quiescent unhepatectomized liver cells, Consequently, it is reasonable to
hypothesize that the faster DNA repair kinetics are associated with the G, to S-phase
transition, where activation of the p53. DNA-polymerase-o. and polymerase-3 genes
occurs [9. 10].
All the data presented support the Accessibility Hypothesis and suggest that prolif-
crative status is a major determinant of the rate of DNA repair in rat liver.
[ Beritashvili Institute of Physiology
Georgian Academy of Sciences
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C-Proline Assimilation by Yeasts in Secondary Alcoholic
Fermentation
Presented by Academician G.Kvesitadze, February 10, 1998
ABSTRACT. Proline conversion products in yeast and wine were studied. It has
been found that the proline carbon skeieton available in fermentation medium is
mvolved in biosynthesis of wine organic acids and amino acids. The proline
transformation products are identified in the fractions of yeast proteins and

frecamino acids. In the process of secondary alcoholic fermentation proline is

partially oxidized to carbon dioxide.

Key words: proline. yeasts, sccondary alcoholic fermentation, organic acids, amino

acids.

Detection of peculiarities of energetic and constructive exchange during alcoholic
fermentation is closely related with the study of amino acids [1, 2]. The clucidation of
the ways of amino acids conversions during wine champaignization tangibly extends the
possibilities of studying the chemism of alcoholic fermentation.

The work aimed to reveal the possibilities of '*C-proline conversion in the process of
secondary alcoholic fermentation.

For champaignization in bottles the industrial strain of wine yeasts Saccharomyces

vini-39 was used as a fermentation agent. 14.7 mg of "C-proline per 800 ml of wine was
introduced into the tirage mixture, whose radioactivity was 18.5 MBKk. Fermentation was
carried on in hermetically closed bottles at 14-16°C. Assessment of yeast and wine
components was made after the completion of primary fermentation using chemical,
chromatographic and autoradiographic methods [2]. Radioactivity of identified compo-
unds was evaluated on LKB-type scintillate spectrometer Rachbeta.

During a normal alcoholic fermentation yeasts rather well assimilate phenolalanine,
thyrosin. methionine, serine, ieucine. 50-80% of the assimilated amino acids falls on the
initial phases (3]

In the secondary fermentation carbon atoms of glycine. serine, alanine, glutaminic
acid are actively involved 1n the yeast biomass 2. Of other amino acids proline is note-
worthy. which is contained in large amounts in grape juice. as well as in wine. There is
1o common view about the possibilities of its conversion in the process of fermentation,
though its biological role is rather well known [4].

The results obtained in our conditions indicate that during wine champaignization 6-
8% of proline present in the fermentation medium is assimilated and converted by yeast.
Proline carbon atoms incorporated in biomass are actively involved in intermediate
exchange of amino acids and participate in the synthesis of yeast proteins and freec amino
acids (Table 1.) The most of radioactivity falls on the overall fraction of yeast protein
amino acids. Particularly high radioactivity is possesscd by glutaminic acid, aspartic
acid, proline and lysine. As a result of proline conversion, on which about 20 % of yeast
overall actvity falls. free amino acids of various genetic origin are formed. 11 amino
acids have been identified. Among them except proline, by high radioactivity are




acids changes according to the physiological phases of yeast development and their
amoun( is doubled in the exponential phase [5]. At the same time the cultivation
conditions also affect the qualitative and quantitative distribution of free amino acids [6].
Distribution of radioactivity among the yeast amino acids seems to be bound with direct
prolinc assimilation that is especially intensive in the exponential phase [5]. Major part

Table 1
Incorporation of '*C-proline carbons in the yeast amino acids
Percentage of radioactivety of identified amino acids
in the overall activity of the fraction
Protein amino acids Free amino acids
81.4% 18.6%
Glutaminic acid ~ 37.2 Proline 39.4
Aspartic acid 18.7 Glutaminic acid  19.2
Proline 16.4 Aspartic acid 138
Lysine 14.5 Alanine 11.5
Valine 2 Arginine 9.6
Phenylalanine 277 Lysine 2.0
Tyrosine 1.5 Tyrosine 1.3
Arginine 14 Leucine 1.2
Histidine 0.7 Phenylalanine 1.0
L Serine 0.8
Histidine 0.7
Tabie 2
Incorporation of ”'C—prolinc carbons in wine organic acids and amino acids
Percentage of radioactivity of identified compounds
in the fraction overall activity
Amino acids Organic acids
91.3% 8.7%
Proline 516 Succinic acid 443
Glutaminic acid 153 Milic acid 37.2
GABA 11.6 Glyoxylic acid 10.2
Valine 92 Fumaric acid 5.4
Leucine 4.2 Glycolic acid 2.9
Threonine 3.1
Argininc 2.0
Thyrosine 1.1
Lysine 0.9
|_Phenylalanine 0.6
. Histidine 04

of proline biotransformation products at the end of secondary alcoholic fermentation
transfers into wine. Among the isolated fractions the basic ones are amino acids and
organic acids. Here too. nearly more than a half of radioactivity of the formed amino

10
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acids falls on prolinc (Table 2). Among the identified amino acids the basicionesiag
glutaminic acid, GABA and valine. The qualitative composition of wine amino acids
indicate that their synthesis is a result of normal viability of yeast. Under conditions of
low pH. in the presence of ethanol autolysis starts after the termination of primary
fermentation and proceeds slowly.

Identified in wine were also organic acids, of which by high radioactivity are
distinguished succinic and malic acids.

In the process of secondary alcoholic fermentation the proline carbon skeleton takes
a complex way of biotransformation . It appears to be closely related to the intermediate
exchange of amino acids, as well as the modifications of Krebs cycle. when its signifi-
cance is fully determined as to provide the carbon skeleton required for the cellular
metabolism.

S.Durmishidze Institute of Plant Biochemistry
Georgian Academy of Sciences
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Ultrastructural Changes of Rabbit Eye with Mechanical Damage
of Sclera and Posterior Intrascleral Filling
Presented by Corr. Member of the Academy I.Eliava, October 6,1997

ABSTRACT. The ultrastructural changes of pigment epithelium and photore-
ceptors of rabbit eye with mechanical damage and posterior intrascleral filling we-
re studied. The close connection between the terminal appendices of pigment cells
and outer photoreceptor segments is disturbed on the 4th day after the operation.
Mitochondrions are swollen, crysts are disrupted and the phagocytosis of the
rejected parts of outer segments are default.

These changes become normal the month after the operation. Such operations
- on sclera do not provoke destructive changes in retina.

Key words: photoreceptor, pigment epithelium, outer segment.

Microsurgical technique and in some cases scleraplastic operations are accepted out
of surgical methods of scleral wound treatment. At this time the wound is covered with
different kinds of transplants. Though only the usage of microsurgical technique cannot
disturb the generation surplas and the growth of granuled tissues.

According to the experimental data. the sharp intensification of reparative processes
takes place after the filling. The barrier made by filling interferes the growth of sclera
deep into the eye and thanks to that stops eye retina Iz

it eye pigment epi- Fig. 1. The rabbit eye retina photoreceptors on
! thelium cell. Norm x 40 the 4th day of the operation x 50. Da-
’ maged section.

In spite of undamaging the eye pigment cpithelium and photoreceptor, they undergo
definite changes during the sclera damage. The goal of the present work is to study the
ultrastructural changes of eye retina pignient epithelium and photoreceptor cells under
the extrascleral filling of sclera wound with xenoderma.

Material and Methods. The object of the rescarch was adult rabbit. The material
was taken with the intervals of 4,7 days and a month after the operation (2 rabbits per
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term at 12 p.m.). The material from the healthy arca and operated eye (on the opposite
side of the wound) was taken separately.

Iig. 3. The rabbit eve retina photoreceptor Fig. 4. The rabbit eye retina pigment cpitheli-
layer on the 4th day of the operati- um layer on the 4th day of the opera-
on. x 50 damaged section tion, x 20 damaged sections.

As for the operated cye, electrogram got after 4 days showed that clearly expressed :
changes are revealed near the zones close to the wound. though the damage did not touch
directly the retina and pigment cpithelium. First of all. the disturbance of close contacts
between the external segments of photoreceptors and pigment epithelium cell processes %
and also forming of free scctions between them is necessary to be marked. The intense
fragmentation of outer segments is also noticeable. That was probably provoked by the
loss of pigment epithelium phagocytosis ability, especially as the material was fixed at
12 p.m. According to the data of most authors. it is known that shedding of the old discs
of photoreceptors and the phagocytosis provoked by pigment epithelium must be run
ntensively in this period of time in animals with the night sight [1-2]. Not any
phagesomes were revealed in the layer of pigment epithelium in clectronograms
obtained by us. whereas this process was coursing in its usual way in normal state on the
opposite scction of the wound as well and there were a lot of phagosomes of different
forms. Number of changes are noticed in the pigment epithelium cells on the 4th day of
operation. Namely, the pigment granules are moved in processes and this is natural to the
process of phagocytosis in number of animals though as it was also mentioned, the
phagosomes were not revealed. The mitochondrion swelling and intensive disruption of
crvsts were sharply revealed. the increase of vacuolization was also noticcable.

The disks disorientation, their disruption and formation of loop-like structure is re-
vealed in outer segments of photoreceptors. Important changes are not revealed in inter-
nal segments. The picture is not almost changed on the 7th day of operation. The 3
reduction of photoreceptors outer segment fragmentation is revealed. though the signs of
phagocytosis were not revealed. The disorientation of disks is also reduced. Besides, the
renewal of pigment epithelium and photorceceptor contacts were noticed. though this is
the single case. The vacuolization and mitochondrions with disrupted crysts are rema-
ined in pigment epithelium cells. 1§
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As for the opposite side of the wound. here the picture is normal both after the 4th
and 7th days of the operation. The close contact between photoreceptors and pigment
epithelium cells is restored in the wound area the month after the operation and the outer
segment fragmentations are not sparse. The mitochondrion crysts are partially restored
and vacuolisation is reduced. And above all, the process of phagocytosis is coursing
intensively, which is typical of normal state. There are a lot of external segment disks
phagocytized in different periods of time in the pigment cells. The construction of photo-
receptors is in norm. The normal structure is restored to the whole lengthwise and there
are no disrupted disks.

As for the basic part and Bruch membranc, the changes are not revealed here.

During the mechanical damage of sclera and its posterior filling with xecnoderma, the
distinct reaction is revealed in the photoreceptor layer of retina and pigment epithelium
cells inspite of having dircct contact with the damage. First of all. this reaction is expres-
sed i the disturbance of the close contact between the pigment epithelium segment pro-
cesses and photoreceptor outer segments. It is presumable that this provoked the loss of
ability of phagocytosis by the pigment epithelium, though it is not out of question that
the reason of this reaction needs extra studics. We can only say that indirect reason is the
mechanical damage of retina. The month after the operation the pigment retinitis signs
disappear. This phenomenon is natural only for the damaged sections and doesn't spread
(o the other parts of the cve.

Thus. we can conclude that the above mentioned changes are not decep. that would
bring us to the destruction of the eye. However. this problem needs extra studies for the
serious damages of the eye cells and the pigment cpithelium not to be expected after this
kind of operations.

[nstitute of Zoology
Georgian Academy of Sciences

I. M.La Vail. Science, 194, 1976.
2. I Young. Ultrastr. Research, 61, 185, 1977, 1726
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Peculiarities of Action of Some Leucosis Plasma in Experiment
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ABSTRACT. Formed clements of blood are studied while leucosis. The defence
mechanisms of erythrocytes, neutrophils and Iymphocytes are described. The
material is examined by means of light, luminescent and interference microscopy.
Statistical treatment is done.

Key words: leucosis. formed clements of blood. viruses.

The purpose of the present letter is to study the peculiarities of the action of
cerebrospinal fluid (CSF) of patients with leucosis on the central nervous system (CNS)
of the experimental animals. The obtained CSF was interperitoneally injected into the
experimental animals (rabbits). After this the parts of the CNS have been studied. The
plasma of the patient was injected into abdominal cavity of the rabbit at 1.5ml/kg of
body weight. The rabbits were sacrificed 2 h later after the beginning of the experiment
by the injection of 0.2 ml of cther narcosis into cardiac cavity. The brain pan was opened
atonce and then the separate parts of it were cut out (cortex. subcortex. brain stem). The
material was fixed in spirit. then it was embedded in paraffin. The cross sections were
coloured by Andres method. The material was fixed in pyridine by Kakhal method and -
tmpregnated by silver.

The study of separate parts of the experimental animals CNS has shown that the |
“fallout" of basic parts of neurons mainly revealed in the frontal lobe cortex. The greater
part of neurons (especially the external complex of the frontal lobe. the cervical and the i
occipital cortex) was stained hyperchromatically. It mainly concerns the second layer of
the mentioned lobes of the cortex. |

The dendrites and cell bodics were also hyperchromatically coloured. The dendrites
are curved and found at a distance. Perincuronal satellitosis is reduced. Clearly defined
adhesion is observed between erythrocytes and glia cells. It is interesting to note that a
great number of formed elements of blood (erythrocytes. lymphocytes) has been
revealed in different parts of brain lobes of the experimental animals, especially in the
bran cortex and adjacent subcortical layer. Very often erythrocytes form adhesion
together with glial cells. The same was observed between crythrocytes. The erythrocytes
revealed in the brain tissue were mainly of round form. The Iymphocytes intensively
stained were mostly of round form, very seldom lengthened. As it was mentioned above,
very often lymphocytes form adhesion together with erythrocytes and create rosettes.
Very often lymphocytes are observed on the surface of the neurons especially on those
ones which are not intensively coloured and have a swollen body.

The study of hematoencephalic barrier (HEB) in cxperimental material (blood
plasma of the patient suffering from leucosis) has shown that only erythrocytes in great
amount pass the spaces existed between the ependymocytes [1]. As to Iymphocytes they
penetrate into the brain tissuc not by means of HEB, but by penetration of brain tissue
capillaries walis.




Peculiarities of Action of Some Leucosis Plasma in Experiment

It should be noted that the penetration of only single erythrocytes and lympHOEHE¢*
- mto HEB is observed in control material (the injection of blood plasma of practically
healthy person into the experimental animals). There are not found lymphocytes in CSF.

In the experimental material (blood plasma of the patient suffering from leucosis) it
has been found out that lymphocytes penetrate into the brain tissue by means of perme-

~ ability of brain capillaries.

The above mentioned is realized in the cortex, thalamus and hypothalamus. A large
discharge of lymphocytes in the brain tissue and their distribution arc clearly scen in the
cortex and the subcortex. Here erythrocytes assume an elongated form.

Definite structural changes are observed in CNS of the experimental animals after the
mjection of CSF of patients suffering from leucosis. At the same time a great number of
red and white formed clements of blood are thrown into the brain tissue. This factor can
be interpreted as a defensive reaction to the penetration of virus agent, which is present
in CSF of the patient suffering from leucosis.

The above mentioned phenomenon seems to be connected with changes in blood
flow speed. which is reduced in venous plexus covering the brain ventricle and
promoting penctration of only single type of formed clements of blood (concretely
erythrocytes) into CSF. On the contrary. when it concerns the brain capillaries
(especially the cortex and subscortex). the blood flow speed quickens forming the
turbulent flow and bringing to the extraction of a great number of only lymphocytes out
of the vascular walls which have been widened beforehand. Lymphocytes are discharged
as their specific weight is considerably higher than that of erythrocytes. Adhesion of
crythrocytes together with the glial cells is connected with potassium metabolism.
Potassium is to be introduced into glial cells out of erythrocytes increasing the activity of
the latter simultaneously. The increasing activity of glial cells promotes the activity of
neurons which are inhibited as a result of a toxical factor.

Adhesion of a number of neurons together with erythrocytes can be connected with
the increase of oxygen metabolism in neuron bodies.

Summing up the above said it should be emphasized that the toxical agents presented
in the CSF of the patient with leucosis are quite "familiar" agents for the rabbits and that
is why the "struggle" against them is expressed by the fact that the formed elements of
blood are sent to the brain structure by immune system in absolutely different ways:
ervthrocytes penetrate into the brain tissue by means of HEB while lymphocytes - by
means of brain capillary system.

The cxistence of virus antigen in the brain structure is proved by irregular
distribution of lymphocytes in the nervous system [2.3]. This factor can be considered as
the marker of a non-specific infection.

T9s. Asatiani Institute of Psychiatry
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The Role of Phenolic Compounds in the Resistance to Fruit Dryness
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ABSTRACT. Different sorts of fruit contain various amounts of phenolic com-
pounds. While infected by fungi causing fruit dryness the amount of phenolic com-
pounds increases in every sort but most of all in resistant sorts. One of the repre-
sentatives of phenolic compounds hydroquinone inhibits the dryness causing fungi.

Key words: fruit dryness. phenolic compounds. hydroquinone, steadiness, resistance.

Tracheomycotic dryness of fruit causing great harm is widely spread in Georgia. An
effective measure against dryness is the devclopment of fruit resistance.

Phenolics widely spread in the tissues of the plants are very important for the ste-
adiness of the plant. They are significant in the protective reactions of the plant. Many
of them have antibiotic nature and prevent the development of the pathogen intruded
mto the plant. It is determined that the majority of phytoaleksins are phenols, which are
developed in response to the infection [1.2]. Apart from that they have toxic features,
and in some cascs are correlated by phenolic compounds existing in the plant issues
and in the steadiness [3.4]. According to the data the products of phenolics oxidation
arc more important than the phenolic compounds themselves [5]. Among the products
of ferment oxidation of phenolic compounds quinones are characterized as having the
highest toxic features, but the importance of self-defence in plant tissues is limited, as
they disintegrate casily and stay in tissues for a short period of time. Hydroquinone has
been recciving much attention lately. According to the data given in literature it is a
chemical immunizator [1].

It is determined that hydroquinone considerably limits malseco spreading in the
plant [6]. From the above-mentioned literature data we have studied the total amount of
phenols in comparatively steady and susceptible fruit sorts, and the changes during the
diseases developed by fungi causing dryness.

Methods of Research. The objects of research were 2-3-year old fruit seedlings
discased by the fungi causing dryncss and healthy seedlings of comparatively steady to
divness and succeptible sorts of different stone-cultures (Verticillium dahliae Kleb.,
Gliocladum  roseum (Link)Bain.. Cephalosporium  malorum, Cylindrocarpon  de-
structans JIr). The total number of phenolic compounds in the leaves of healthy and
diseased plants is determincd 40 days later afier the discase [7].

The influence of hydroquinone on the growth of fungi. on the sccretion of toxic sub- -
stances and on the activity of pectolytic enzymes is determined on Chapek's liquid area
to which different concentrates of hydroquinone were added and the dry weight of fungi
was determined. The creation of toxic substances in cultural philtrates was determined
according to the percentage of germination of spores taken as bioindicator; the activity
of pectolytic enzymes was studicd [8].

The results of the rescarch. The total number of phenolic, compounds in the
healthy and artificially discased plants with different steadiness is given in the Table.
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As it is shown in the Table the number of phenolic compounds in the comparatively
steady sorts of stone-plants is more than in susceptible ones. It should be stated that in
stone-cultures the total number of phenolic compounds is comparatively fewer in pe-
aches. the most is in cherry. but plum and sweet-cherry among them have intermediate
position.

The above-mentioned cultures are also analogically placed according to their steadi-
ness o drvness: peach is comparatively susceptible and cherry is comparatively steady:
plum and sweet cherry have intermediate position.
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It is shown in the same Table that as a result of the discase phenolic compiﬁ#ﬁdﬂ!ﬁ{;u
every culture are increasing, but it is more obvious in all cultures of comparatively ste-
ady sorts than in those of susceptible ones.

We have already studied inhibitory influence of phenolic compounds. in particular
hydroquinone. on the growth of fungi causing dryness, on the formation of toxic
substances and on the activity of pectolytic ferments.

[tis determined that in testing types inhibitory influence of hydroquinone during the
low concentrations (10-8 and 10-7) is weak. The germination of spores taken as bioin-
dicator grows insignificantly. With the growth of concentration (10-6, 10-2) the germi-
nation of spores decreases gradually and on 10-1 concentration is not pointed out.

The inhibitory cffect of hydroquinone on the growth of fungi causing dryness is
insignificant at low concentrations (10-8, 10-7). Starting from 10-4 to 10-2 concen-
tration inhibitory effect increases and the growth of fungi stops at 10-1.

Inhibitory effect of high concentration of hydroquinone was marked on secretion of
toxic substances by fungi causing dryness.

The addition of certain concentrations of hydroquinone on feeding area causes the
limitation of fungi growth and the decrease of secretion of toxic substances. The same
happens with the activity of pectolytic ferments (pectinesterase and polygalacturonase),
high concentrations of hydroquinone cause the decrease of activity of mentioned fer-
ments.

Thus. it becomes obvious that in response to infection by fungus causing dryness in
comparatively steady sorts of fruit, at the first stage of disease significant growth of
phenolic compounds occurs and as it is shown, they take an active part in biochemical
processes proceeding in plants and the fungus in the process of infection and create a
barrier having fungitoxical features to protect the intrusion of parasites and their
spreading. One of the representatives of phenolic compounds — hydroquinone causes
the limitation of growth of fungi causing dryness, the decrease of secretion of toxic
substances and disactivation of pectolytic ferments. Thus, it is obvious that phenolic
compounds take an important part in stcadiness to dryness and we can consider them as
one of the index of steadiness. The obtained results give us the opportunity to suppose
that the increase of the phenolics number at the starting stage of the disease represents
a significant diagnostic index to determine the steadiness to early dryness of fruit sorts.

I..Kanchaveli Scientific-Research Institute of Plant Protection

Georgian Agrarian Academy
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To the Study of Tortricids (Lepidoptera, Tortricidae) of Svaneti
Fauna

Presented by Corr. Member of the Academy LEli

a. April 13, 1998

ABSTRACT. We present the results of the expedition in Svaneti region made in
1990-1991. A certain amount of Lepidoptera, Tortricidae have been collected and
processed at St. Petersburg Institute of Zoology of the Russian Academy of

} Sciences. There were obtained 5 species from 10 families. Four species (Aethes
rubidana  Tr., Chephasia  vargeuriana Tr., Hedya ochroleucana Fril., Hedya
atropunctanaca) have not been yet registered in Georgian fauna.

Key words: Lepidoptera, Tortricidae.

Lepidoptera, Tortricidae present rather interesting and diverse family of /nsecta
genera. There are no published data of the mentioned family in Georgian flora, except
separate publications in which some specics of tortricids are regarded as pests of
agricultural and forest cultures. The goal of present paper is (o establish the structure
of tortricids species on the basis of data obtained in Svaneti region in 1990-1991. The
authors suppose that the given list is not complete and comparatively much more
varieties of species might be found in this region. Common methods and the
publications of different authors were used in the research of the mentioned species:
Pierce. Metcalfe. (1922): Hanomann, (1961): Danilevsky, Kuznetsov, 1973, 1978;
1994: Bradly. et al. 1979:; Esartia 1988 and materials presented in collections of some
Institutes of St. Petersburg of the Russian Academy of Sciences [1-7].

Species revealed by us in Svaneti are listed below.

Aethes rubidana Tr.. Front wings of the moth are yellowish-orange. Transtila is of
complete and oval form. Gnathomia is short.

Cnephasia vargeuriana Tr.. Acdeagus is short and big, its length exceeds a little the
width of valves. Right wall of acdeagus is comparatively sclerosed, rounded in the end.
Worms of first generation winter in diapause. Wintered worms of young age make
glasses. then worms of old age twist the Icaves of different herbaceous plants
(compositac. legiminosae, cruciferous) and develop there.

Archips xylosteanal L.. Individuals of the mentioned species have brownish-yellow
wings. Pretornal band is complete and reddish brown, reflection is seen in its costal part
on the general background of the wing . As to the genital structures, upper sclerosed
part of acdeagus is decpened. Seed worms first grow in the buds of garden, park and
forest cultures, then in twisted lcaves. The moths fly from June up to the middle of
August.

Archips podani meridiana Kozlov et Esartia (Archips podana Sc.). Individuals of
this subspecics as well as basic species of moths have reddish brown front wings, with
vividly expressed brown asymmetric form at the top. The majority of the Caucasian
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subspecies individuals has lateral dens on the left wall of the acdcagus, whdse lfgfd’a

often is divided. Along with it the reduction tendency of the mentioned dens is
observed

Archips lafauriana Rag. The front wings of the moth arc of dark orange or
vellowish-orange, back wings are dark or dark orange. Sucullus has two appendages:
the first one is ventricular long and bend: the second one is distal short, like swellings.
The worms grow in wisted Icaves and young buds of rose family, as well as in citrus
plants and technical cultures.

Lrehips rosana L. The front wings of this specics are greyish-rose, where reticular
bands arc observed. Individuals of this species have long lateral appendage on the left
wall of acdeagus. Sced worms are registered on the plants of 32 families and 130
species. Moths fly in June and August.

Dichelia histrionana Frol. Front wings are dark grey, on the bottom of which there
is light grey waved band. The worms are registered in coniferous phnls Moths fly from
July up to the middlc of August.

Syndemis musculana Hon. Front wings of moth arc light grey. Pretornal band is
dark, brown coloured and widens at the dorsal end. As to the genitals it should be
noted that dens row is developed in the left side of acdeagus. The worms are supposed
to grow on different kinds of herbaccous plants in Georgian conditions. In Europe the
worms are fixed on oak, poplar, willow and other trees. Moths fly in subalpine zone, in
July

iledva atropunctana Con. Moths of the mentioned species in discal part of front
wings have black points, uncus is thin, not divided at the end as it is in other
representatives of this species. The worms are .big and wide and .grow between the
lcaves of birch and alder trees glued to cach other.

Hedya ochroleucana Frél. Front wings are yellowish-brown without a black point in
the middle part of discal which is characleristic to other specics of this genera. Uncus is
wide and divided at the end. Their worms are small and thin. They are found on the
Icaves of dog rosc.

Celypha anatoliana Car. Uncus is narrow and it is not divided at the end. Succulus
consists of lengthened and needle-shaped scta. Cucullus at the top 1s slightly widen

The moth size with streched wings is 14-16 cm.

Phiaris delitana Gn. Front wings of these moths are mainly ycllowish-brown and
can vary up to dark grey. Wide band in the middlc is greyish and it is hardly observed,
uncus is narrow and complete. Cucullus is two times thinner than succulus, acdeagus is
short. the worms grow on the leaves of herbaceous plants.

Liucosma Hohenwartiana Den. et Schiff. The back wings of these moths are slightly
transparent, the Iength of cucullus is far less as compared to the rest part of valve. The
worms grow on different kinds of compositac plants. The moths fly in June and August.

Cydia fagiglandana Z.. The color of front wings is rather unsteady. Generally it is
uneven brown grey, the color of back wings is unstecady, often light grey or greyish

brown. The size of moths with stretched wings is 10-19 cm. Beneath the succulus basal

hole a group of sctac is placed. Clearly expressed contours arc not observed on
postvaginal plates of females, anal papilla are wide and long, its length is about two

1
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times morc than width. The worms grow in beech fruit and oak acorn. The moths fly in

July. August.

Cvdia pomonella L.. Near the valva wall. namely near succulus dens is located.
Aedeagus is short. In females ductus is two or three times narrower than copulatory
pouch. Anal teats arc  of ordinary form. At the end they are grown in each other.

- Worms arc developed in apple fruit as well as pear, quince, peach, apricot and others.

Three generations are characteristic for them a year.

Thus 15 species from 10 families have been obtained in Svaneti region and four of
them arc registered for the first time in Georgian fauna.

We would like to thank Corr. Member of the Russian Academy of Sciences,
Professor V. Kuznetsov at St. Petersburg Institutc of Geology and senior scientific
worker A. L'vovski for their help and fruitful discussions.

Zugdidi Teachers Advanced Training Institute
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the CNS of Experimental Animals
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ABSTRACT. The permeability of the blood-brain barrier (BBB) for blood for-
med clements under the influence of leukaemic patient serum upon the CNS of ex-
perimental animals was studicd. The raising of permeability of the brain capillary
walls and Iymphocytes penctration in the brain tissue is shown. Such phenomena
weren’t observed in the control group of animals, where donor serum was used.

Key words: endothelium. Ieukocytc. neutrophil. monocyte. cortex, brain trunk.

The permeability of the BBB for blood formed clements is still debatable. Usually
the blood-brain barrier is practically impenetrable for blood white and red cells.
Leukocytes interaction with endothelium has the direct relation to vascular permeability
and to lymphocyte entrance in the tissue from bloodstream. In the beginning leukocytes
"adhere" to the endothelium and then go through it. Therc is a dynamic cquilibrium be-
tween cells of circulable and marginal pools. Normally leukocytes "roll" along vascular
wall and arc only rarely firmly fixed on the endothelium.

D.N.Majansky [1] notes that neutrophils and monocytes begin their entrance from
capillaries simultancously. but in the beginning migration of neutrophils is much
stronger. They perish in infectious nidus. monocytes stay in the zone of damage, where
they are transformed into macrophages. Lymphocytes are fixed on the endothelium by
microfibers in the presence of calcium ions. They migrate only through intracellular
slot. it must be noted that mobility of lymphocytes is less than that of neutrophils and
monocytes. In pathological conditions immunocompetent and other cells are intolerable
to the brain antigens. They penetrate into the nervous tissue from blood and are accu-
mulated there. They get into the CNS by migration from bloodstream through endothe-
liocytes and changed cells of capillary. Probably they can pass through endothelium. It
is confirmed by clectronic microphotos of the brain. Immunocompetent cells of blood
are pushed from capillary wall into CSF [2]. The early changes of nervous tissue and its
capillary ultrastructures are observed in pathology. They reflect changes of brain blood-
stream. Lowering of brain bloodstream is a result of swelling of capillary endothelial
cells. It also depends on the developing brain swelling. This results in the following
breach of blood circulation on microcirculatory level [3] and also the breach of permea-
bility of the BBB.

Lymphocyte adhesion on endothelium, and consequently microcirculatory breaches,
arc rather widespread phenomena. H.H.Lypowsky ct al. [4] show preferable adhesion of
lymphocytes in sufficiently large veinlets (30-50 mkm). The ability of microcirculatory
bed to redistribute the bloodstream was also discovered. This mechanism compensates
the results of cell adhesion. The result of adhesion of cells in (he smallest postcapillary
veinlets is the most important hacmodynamic breach. Besides, deformation of blood
cells makes significant effect in this case. The breaches of function and permeability of
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the BBB was found with patients with acute leukacmia or lymphomas with higfl’”—gi%ﬁ”cww
malignancy [5]. This research aims to study the action of leukacmic patients serum
upon the CNS of experimental animals. Serum was injected in experimental animals
(rabbits) intraperitoneally. The parts of the CNS were investigated: motor cortex and
brain trunk. Serum was injected 1.5 ml/kg of animal weight. Rabbits were killed by
injection of 0.2 ml ether in the heart . Box cranium was dissected right away and studi-
ed parts of the brain (cortex. brain trunk) were cut out. The material was fixed in
alcohol. moulded in paraffin, cut with microtome and tinctured by Andres method. A
large amount of blood formed elements (neutrophils) were revealed in different parts of
the brain of the experimental animals, especially in the cortex of cerebral hemisphere.
They were chicfly roundish. Neutrophils were often placed on the surface of intensively
tinctured and swelled neurones. The study of the material showed neutrophil penetra-
tion into the brain tissuc as a result of raised permeability of the walls of cerebral capil-
laries. This was clearly apparent in the cortex, ocular protuberance and hypothalamus.
Raising of permeability of vascular walls resulted in the rejection of roundish
neutrophils in great amounts. Cells were intensively tinctured. It must be noted that
neutrophils were not found in the CSF of experimental animals.

Based on our experiments it can be noted that passage of neutrophils through
capillary walls is a protective reaction of animal. Probably it may be connected with the
change of bloodstream velocity. As bloodstream velocity is increased in cerebral capilla-
ries (especially in cortex capillarics). a turbulent stream was made. It predetermined re-

Jection of neutrophils through walls of dilated blood capillaries. Especially as neutro-

phils have higher specific weight in comparison with other blood formed elements.

Investigations testify to the role of haemodynamics in the permeability of the BBB
for blood formed elements. Changes of permeability of the blood-brain barrier influence
upon the functional and structural interactions of different parts of the CNS. This is of
special interest in diseases of non-specific genesis. Changes of permeability of the BBB
seem to be connected with possibilities of the immune system, as on the basis of data of
a range of authors [2. 3. 6-9]. the CNS doesn 't exist without immunological supervision
that is realized by microglia, as well as red and whitc CSF cells tolerant to brain
antigens.

M. Asatiani Institute of Psychiatry
of Georgian Ministry of Health Care
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Diabetes Mellitus and Prediabetes Among the Georgian Jews in
Thilisi
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ABSTRACT. According to the obtained data 100 Georgian Jewish families from
700 questioned ones appeared to have diabetes mellitus. Not a single case of its
juvenile form of manifestation at the age under 28, and insulin-dependent patients
at the moment of manifestation was registered.

Practically healthy relatives in the families with the hereditary burden of
diabetes mellitus must he examined by glucose tolerance test in order to reveal
prediabetes or diabete mellitus and take preventive measures in time.

Key words: diabetes mellitus. Georgian jews, prediabetes.

The increased incidence of diabetes mellitus has been revealed thanks to the impro-
vement in the methods of early diagnostics [1. 2].

The aim of diabetes prophylaxis is (o reveal its frequency and peculiaritics of
clinical proceeding in the population of those inhabitants in which according to the
existing literature diabetes mellitus is hereditary or heredofamilial discase. According
to the same data the main reason of familial diabetes are marriages between relatives.
Generally. marriages between relatives have their religious basis. It is known that the
Georgian Jews generation is a closed community and it represents the population which
members get married to the members of their own community. This phenomena has a
great genetic load.

I certain part of the population is closed. not numerous and isolated from the
outside world from the point of view of marriages than marriages between relatives are
frequent and two or three centurics arc cnough for their scparate representatives to
become blood relatives [2].

Thus. the probability of recessive or dominant gene cxistence in this population is
much bigger and therefore marriages between (he close relatives promote the appe-
arance of homozygous phenotype in these families.

According to the same author there are three degrees of family ties: 1) proband's
children. parents brother and sister; 2) proband's uncles, aunts. grandchildren: 3)
proband's cousins. nicces. nephews and great-grandchildren.

The historical records testify that the Jews live in Georgia for twenty-six centuries
and they are known as Georgian Jews. The marriages within Georgian Jews foreseeing
religious and other factors occur only between the representatives of their community.

The purpose of the article is 1o study the Jewish familics living in Tbilisi in order to
reveal diabetes mellitus or prediabetes in them and initiate prophylactic medical
examination and treatment in proper time.

700 Jewish families, living in Tbilisi. were questioned according to the special ques-
tionnaire published by WHO. 209 persons from 100 families, appeared to have diabetic
disorder. At present 167 patients. from 209 that were registered in these families, are
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alive. Two or more persons in each family had diabetes mellitus. 40 persotfé“Hig*
insulin-dependent diabetes mellitus (IDDM). Data obtained are demonstrated in Tables
land 2. There is only one patient among 25-44 - year old patients that got diabetes at
the age of 28, i. €. at ihe moment of the manifestation of the disorder not a single pati-
ent was the age under 28. It should be mentioned that at the moment of diabetes
;' mellitus manifestation ail patients in 100 families were insulin-independent and only
‘} after some duration of the disease and appearance of various complications a part of
- them became insulin-dependent.

Diabetes Mellitus and Prediabetes Among the Georgian Jews in Thilisi

Table 1
The degrees of family ties in the patients with diabetes mellitus
Degree of Number of patients Total
family ties IDDM IDDM
120 100 120
I 16 49 65
11T 4 20 24

Glucose tolerance test was carried out for the early detection of latent diabetes
mellitus or prediabete. 52 practically healthy members of the patients' families with the
first degree family ties were subjected to the glucose-tolerance test.

Table 2
Ages of patients with diabetes mellitus at the beginning of the disorder

Ages of patients at the moment of disorder beginning Man Woman Total
0-14 0 0 0
15-24 0 0 0
2544 14 21 35
45-65 52 TS 127
65 and more 25 3 3

75g of glucose in 250-300g of water was mixed after taking fasting blood samples.
The level of glucose in the peripheral blood from finger is determined by ames-
glucosometer 3 in 60,120 min after glucose intake. According to several authors the
amount of glucose in blood from finger ranges:
fasting 3.89-6.66 mmol/L
in 60 minutes 9.6-9,99 mmol/L
in 120 minutes 6,66-7.77 mmol/L
The glucose-tolerance test is considered to be disturbed when glucose level in blood
was:

fasting 7.49 mmol/L
in 60 minutes 11.37 mmol/L
in 120 minutes 9.6 mmol/L

Thus latent diabetes mellitus is revealed by glucose-tolerance test in 12 cases - 23%
(5 men. 7 women), "dubios" glucose was registered in 16 cases - 30.6% (7 men, 9 wo-
men), in the other cases normal type of curve was indicated.

The Institute of Therapy
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Reasons of the Underground Economy in Georgia
Presented by Corr. Member of the Academy L.Chikava. March 12, 1998

ABSTRACT. The underground economy emerges as one of the major problems
in Georgia today. The constituent parts of underground cconomy are discussed,
The necessity of a special organised system against underground economy is
offered.

Key words: underground economy.

The improve of public welfare can be realised only by the development of national -
cconomy. which must be ensured by rigid productive potential. corresponding infra- |
structure and fiscal policy, tight monctary credit system and legal base.

Though Georgia belongs to the developing countries. it has high intellectual poten-
tial. original spiritual and material culture, favourable geopolitical position and the best
natural and climatic conditions. However the standard of living is very low. 1

One of the main preventing factors is the underground cconomy [1]. which is a
constituent part of any country's economic system in a certain degree. It is a social and
cconomic phenomenon and not occasional, mechanical unity of natural, episodical
lawbreaking activities. The mercenary interests and motivations of the individuals and
separate social groups form the underground economy. The underground economy
includes "fictitious economy". criminal economy and secondary or closed cconomy [2].

Fictitious economy is uneconomical management and misuse of the fortune, the
violation of accounts, departure from accepted standards. (Anything can be written on
the paper). According to the data of the World bank's experts the scale of underground
cconomy in many countries, as well as in Georgia reaches 70%. All this is the motive
power of corruption and it promotes illegal redistribution of national wealth in favor of
separate clans. It neglects the law. paralyses state machinery and causes the social ero-
sion and decay of the population. Under the conditions of centralised economy the cor-
ruption is greatly increased. The demonopolisation of the economy. the creation of real
market relations considerably lessens its scales.

Criminal or Black Economy is a business undertaking prohibited by the law, ¢.g. the
production and realisation of weapons, poisonous gases, narcobusiness, contraband cur-
rency manipulations

Secondary or closed economy is the secret workshops production without any licen-
se. Such kind of activity can take place both in industrial and service spheres. At this
time the goods are produced and sold at the market. On the one hand. it has a positive
effect on equilibrium goods on market, which lowers the prices, but on the other hand
the goods produced by the illegal enterprise are not registered in the national joint
manufacture and the calculation of economic indices become difficult. Such
establishments do not pay the taxes and the considerable income does not go to the state
budget that finally decreases the standard of public welfare [2]. ;

]
]
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The weaker the legal economy is developed in a country, the larger are the scales of
the shadow cconomy [3]. The shadow economy is a forced reaction on dissatisfaction of
demands. Peoplc's aspiration for well-being is the same everywhere. If the authorities
clected by the people cannot ensure this, men themselves try to obtain the well-being
and often usc illegal means for it.

- The main social and cconomic reasons of the large scale of the underground econo-

&_my in Georgia are:

1. The weakness of the civil society and the alicnation of the authorities from the
society. The civil culture of the authorities, which must bear the responsibility befo-
re the nation. is very low. Analogously the self-consciousness of the population who
has clected the government and must ask for absence account is also very low.

2. The absence of national ideology. From this point of view the eastern countries such
as Japan. South Korca, where the national self-consciousness is very high which
plays a great part in economical success, can serve as a model to us.

3. Not very effective economic policy of the authorities i.c. indicative planning which
is successfully carricd out in many developed states in Georgia, failed to work
properly and respond less its demand — to carry recommendatory character.

4. The weakness and serious drawbacks of the judicial bodies, in defencing the laws
and other norms. when the law becomes the privilege of those who possess the
political and economical power, then those who are lack of it have nothing to do but
commit unlawful actions.

5. High indices of unemployment. Today there is a lot of work to do in Georgia but due

{0 the present economic crisis most of the people are unemployed.

The average low salaries especially in budgetary organisations where the great part

of the population is still employed. It is known that labor productivity is directly

proportional to their labor compensation. i.c. the more they are paid the harder they
work. In Georgia there is a great disproportion between the minimum wages and the
actual wages.

7. High taxation rates. In our opinion in Georgia, where the market relations are being
developed and many cnterprises have just started working, the taxation rates are
high. which reduces the fiscal incomes and the great part of it goes to the shadow
cconomy. For the increasing scales and actuality of the underground economy in
Georgia. it is necessary to study the problem and create a special militant organs
system against it. This must have a centralised direction not only for the campaign
against it. This must have a centralised direction not only for the campaign against
the underground economy but it must also study and analyse the causing reasons of
the underground economy.

Academy of the Ministry of State Security
of' Georgian Republic

6.
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LINGUISTICS

G.Molinié¢, I.Pkhakadze, N. Tsotadze

Verbal Expression of Emotions or Emotion in the Text
Presented by Academician A.Gvakharia, September 15, 1997

ABSTRACT. Slogans of the advertisement amuse, irritate, frequently obsess us. -
But, where do the most successful slogans find the power of seduction that makes
them insidious? Linguistic resources used by authors stimulate attention, desire,
ability to memorise. Establishing formal regularities such as sound repetition, am-
biguous terms, different structures and so on we tried to show that slogans obey
powerful laws of language.

Key words: advertisement, slogan, emotion, rhetoric figures, language, tropes.

Advertisement based on the rational axis affects the listener, and this occurs because
it contains clements of affect. The advertisement first of all should be attractive,
pleasant, exciting. In the given article we will talk only about one component - affective
side of the language.

What particular means are used in the advertising language to reach this goal?
Rhetoric figures should be mentioned on the first place. Figure is a gap between content
and used lexical and syntactic medns [1]. The language of advertisement is filled with
these ornaments, these affective means of attraction. Which figures does the advertising
business use? Based on the considered advertisements we can distinguish both macro-
structure and micro-structure figures. In other words, we revealed as word, sense,
construction and thought figures. Among the used linguistic means are such real acts of
speech as questions or such operational proposition as description and simile. In the list
of figures by Bernard Lamy, a figure "doubt” is found. The figure expresses very clearly
motion of soul. We can notice this in numerous advertisements. According to Lamy,
“exclamation, delight must occupy the first place on this list of figures, because
passions are brought to speech by means of these figures. Exclamation is a voice that
the inner force makes a delighted, surprised or depressed human being cry out. It is
very natural, that speech of the passionate person is full of exclamations” [2]. When
reading the following advertising slogans, we hear the voice of delighted author :

- Un ami c'est génial!

- J'ai trouvé I'homme qui va avec la robe de ma vie.

- Liberez le top modéle qui est en vous pour 299 francs! (Elite)
- Pour plaire, éliminer l'adversaire! (Payot)

Short verbal or non-verbal phrases, segmented interrogative, antithetical, intense
sentences are very characteristic to the emotional advertising language. Interrogative
advertising sentences are very impressive. They do not require a reply. The listener does
not have to choose answer or not to answer. The trick of the advertisement is, that it
does not need quick answers, or, better, a question does not give him the possibility of
choice. The speaker says whatever he wants to say by interrogative phrase, which at the
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same time signifies something else. Therefore, listener does not analyse these “phirdsés
as interrogative and does not fill himself obliged to answer [3]. However, these phrases
cause his curiosity, interest, doubt...

- = Jusqu'a quel age on est immortel? (CNP)

- Pourquoi auriez-vous changé? (BMW)

- Aventure . Etes-vous terre ou Esprit?
The phrases containing denial stimulate curiosity as well as unfinished structures.

- Ne passons pas a coté des choses simples.

- Ne portez rien et vous aurez tout (Maison du naturalisme)

- Si votre povoir de séduction repose sur... la singulariré, I'audace,
l'impertinence... (Chanel)

- Quand un décolleté en Coton rencontre une bretelle en guipure...
(Chantelle).
Such type affective slogans intrigue us, move us by their hidden mystery.

Among the word figures, that only falls on the signifier, we would try to draw your
attention to rhythmic and rhymic structures, which makes deep impression on the
consumer's psychology. Rhythmic and rhymic slogans are pleasant to hear, seductive,
are easy to remember. The below mentioned slogans are characterised by repeating one
and the same element. And repetition is one of the basic features of the figure. In the
given examples we meet such figures as alliteration, assonance, reprise of the syllable
or paronomasia, antanaclase:

- L'essentiel est dans lactel (Lactel)

- Knorr Secret d'Aromes (Knorr)

- Foréts du monde, foréts des hommes.

- Longchamp et nous c'est pour longtemps (Longchamp)
It is simple to conceive interchange on syllable dfour", and sounds [s] and [r] in this
well equilibrated and rhythmic phrase :

- Les fourrures font fourreur. Sensuelles et sophistiquées, elles semblent plus
vraies que la réalité. Et pour le réve... on est comblées!
The use of antonyms makes special emotional effect. Their place and number is variab-
le

- Moins on roule, plus on va vite (Air Inter).

- Le mini maxi ou le maxi mini (Moulinex).

Some advertising agencies not only take special substances, but also use special

forms to attract consumer's attention:

Rien que des hites,
Rien que des tops,

Rien que des tubes,

Rien que des succes, rien que fout,
C'est qu'on a aimé,
Rien que tout,
Ce qu'on aimera toujours,
Rien que des trésors,
Rien que de I'or (RFM)
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Among the sense figures. that falls on the signified. there are both sifiple and”
complex tropes: metonymys, synccdoches. metaphors. hyperboles, oxymorons, similes
and ctc. Creators of advertiscments do not accentuate only this. They play on listeners'
narcissistic nature, use all means for the seduction to be maximal. For instance. liste-
ners are often presented as owners of the advertising products. The present time of pre-
dicate used in slogans proves this

= Votre femme est la plus belle. Vos enfants sont les plus beaux. Vous-méme,
vous n'tes pas mal. Voici la voiture qu'il vous faut (Citréen Xantia).

- Le premier mascara créé pour graduer l'intensité de votre regard (Dior).

- Saxo. La voiture vous permettra de séduire et d'en assumer les conséquences
(Renault).

- La gourmandise vous va si bien (Sveltesse).

For the emotional content or form of advertisement the construction is characteristic, in
the first part of which advertising subject and its features arc given. In the second part
of this construction we become aware of what awaits a listener in case of correct choice,
Very often there is no connecting parts (copule) between them :

- Serenity; la sécurité que vous attendiez (Serenity).

- Dior... FFascination (Dior).

- Alfa 145. Emotion rare.

In generally, - the first syntax modificator in the advertisement language is a
construction figure - cllipsis. It acts on every component of a phrase, and first of all. on
determiner.

- Toute bronzé, dehors, dedans. Subject and predicate arc missing in this
sentence. It should be : "elle est".

If we will concentrate on the words used in the advertisement. we will find out, that
the choice of the words is not occasional. Most of all, they are epithets of the desired
word. In some advertisements the words standing for the feelings and emotions that
will be experienced by the listener arc directly mentioned:

- Pour elle, chaque instant est une émotion (Chaumet).

- Le plaisir innatendu (Esté Lauder).

- C'est st beau d'hésiter (Kenzo)

- C'est la folie.

The l'auguagc of advertisement is vague, mysterious, interesting, very often, it is
ambiguous:

- Quand il s'enroule, on s'y attache (Van Der Bauwerde).

- Attention, ¢a marche (Carven).

- Tu me manques! (Motorola).

What does "¢a", "il". "tu" mean? These pronouns excite our curiosity, which is the
first stage of strong emotion.

In order to create emotion. advertisement uses different layers of language : it
could be lofty literal language. scientific language, everyday er youth language.
Creators of advertisements often use familiar manner to be closer to consumer,
pretending to be very intimate and friendly. This fact could not be justified by the literal




Verbal Expression of Emotion or Emotion in the Text

norms in phrases. but creators of advertisements estimate this very positively because
the aim is reached: word attracts people's attention :
- Entre le bricolage et vous il faut que ¢a colle.

When studying advertisements we have found. that in the advertising language the
linguistic means which is known by the name of "mot-valise" is widely used. In this
expression two words are connected and partially supcrimpose on each other. For
example, "délicat" and "caresse" break all rules and are united into "délicaresse”. This
linguistic hybrid causes cheerful mood and interests the listener. At the same time, it is
very casy to pronounce and remember. Everything depends on semantic alliance: e.g.:
Cadeaumembert, conforamabilité.

Between thought figures in advertisement the macro-structure type figure, which is
called humour, occupies special place. Emotional reactions, such as fear, humour, faci-
litate persuasion, as well as erotic messages. In the advertisement the share of linguistic
(verbal) or non-linguistic parts are not always similar, they fill each other. Probably
humour is a figure, that uses rational mechanism, which causes laugh and which is
undoubtedly affective [4]. In one word, this is the technique of laugh, the main idea of
which is to create a gap between tone and words, which makes listeners laugh. In the
advertisement humour is first of all a tempting, seductive component attracting consu-
mers' attention.

Hence, it can be said, that all mentioned linguistic means play the role of a lever, a
lure of a kind. All means. be it stylistic. rhetoric, grammatical or syntactic, serve the
only goal: messages. that include these means, act on listeners in the "impressive" way,
or. better. their aim is to leave an forgettable trace (impression) on consumer, to excite
hinvher. that in its turn push him/her to follow an advice of the advertisement. Consi-
dering these means, we are persuaded once more by the special nature, inexhaustible
possibilities and rules of language.

|

Tbilisi .Javakhishvili State University
University Paris Sorbonne Paris IV
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Z.Liluashvili

To the Etymology of Achilles' Name
Presented by Corr.Member oflh’e Academy R.Gordeziani, September 8, 1997

ABSTRACT. The definition of the etymology of Achilles' name is one of the most
problematic questions in scientific literature. We review numerous variants of its
origin in our work and at last come to the conclusion that ctymology of Achilles
name must be generally explained on the background of onomastic principles and it
can be regarded as the name of pre-Greek, Pelazgic origin.

Key words: Achilles.

Achilles became one of the most prominent figures of ancient Greek literature due to
the Homeric epos. Homer's skill of transferring the mythological hero into the literary
character had played main role in it. There are a number of controversial questions in
scientific literature concerning Achilles. First is the problem of his primary connection
with the Trojan cycle, then comes the question of his transformation from Pelazgian hero
into the Hellenic one and so on. And here can be reviewed the most interesting problem
of the etymology of Achilles' name. We must pay our attention to the dual character of
the problem: 1)the attitude of Greeks themselves to the above-mentioned question even
on the folklore level; 2)the modern approach to this problem.

Evidently the name first appears in Mycencan cpoch. As a rule, it is connected with
the Nominative case form of Mycenean documents akireu (KNVc106), as for Dative, it
is presented by the form - akirewe — 'Ayil(A)eFe(i) [1]. And if we speak about Homer
and after-Homeric traditions, the name here appears in two variants: 'Ayikevs and
'Ayilievs. Most of the scientists explain the existence of A/A\ as caused by the metric
need, although some authors see in it the typical pre-Greek /A exchange.

Some alternative etymologices of the name were suggested in antique epoch. The
most wide-spread tendency was its connection with ovos, although there were some
variations in determining the semantic meaning of the proper name itself, so far as oy0s
contains a large number of meaningful shades. Due to this fact Ayil(A)evs was
determined as "the Grief of Ilions" (Sch. Il 1,1 Eustath. I1. 14,18) - because of "the grief
and despair of defeated Ilion's population". According to this etymology, Achilles' name
consists of two parts: oyos (grief) and "Tiigvs" (lions, the people of Ilion). There is also
another etymology of the name, which divides the name into oos and oAre
(appearance) and gives to it the meaning of "griever, the man who brings grief while
mourning" (Eust. a.a.G. 14.13). Other interpreters say that alongside with acyos the name
consists of Acos (people) and translate it as "people's grief" (Sch.Il.1,1 et. n.).

The other group of etymologists participates the name in o ctepntikos (i.e. o of
negation) and lexical form jy\.os (Eust. I1.14, 18) - "hay, pasture, furage"; but o can
have a contrast meaning and in such case ay1os can be translated as "rich with pasture, |
furage". There are some attempts of connecting the name with yg1ios. Two components
are fixed here:
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o and 7108 ayetios form is explained as "without lips" though the reason, \Jvhy he
was named so isn't quite clear. Tsece in "Lycophros" explains it so: "when Achilles was
thrown into fire by his mother Thetis, his lips were burnt". According to Apollodoros
"Achilles had never sucked his mothers breasts as he was brought up by Chyron"
(Apoll.3.13.6). The same version is given by poet Agamestor of Fersal [2]. So it's clear
that the Greek tradition was taken as the background for etymology of Achilles' name by
the ancient Greek authors, though they never denied the possibility of pre-Greek or
oriental origination of many proper names.

As for modern scientific rescarch in the field of etymology of this name - three main
directions can be distinguished here: a)Greek: b)Indo-European; c)Non-Indo-European,
pre-Greek

Some of the supporters of the first theory hold to some ancient etymologies, others
are giving us new etymologies of the name on the Greek basis. Some old explanations
are still actual in modern classical philology: "the Ilion's griever" - Polt - "the grief
giver" - Benseler (he translated the name as "the pain giver"), "without lips"
Forchhammer, though he gives different explanation of this name's origination. Kurcius
thinks that the word can have several meanings e.g. "subjugator of the people”
('Eyghoos) and "the stone holder" (‘Exeloos) [2]. Krechmer regards that in this case we
have 'Ayos and offers us the medieval Greek form 'Ay0s [3]. K. Tuite points the Greek
origination of hero's name. he thinks Achilles is derived from yewos [4]. Palmer
disagrees with wide-spread viewpoint of non-Greek origination of the names of heroes,
who belong to carlier generation. He thinks this name to be the abbreviation form of
two-member Greek name with characteristic omission of the vowel. According to this.
‘Ay(1)evs can be presented as the shortened form of 'Ay-AocFos [5].

Number of scientists provide the attempts of explaining the origination of Achilles'
name according to Indo-European etymology. Scaliger had the version that the first part
of the name presents "aqua" (water) (Lobeck Aglaoph. p.952). V.Georgiev compared the
name with Lat. aquila (eagle) [6]. This idea was shared by many modern scientists.
Vindecens thought that the name was connected not only with aquila, but with aqua
itself [7]. 1.Otkupshchikov explains it as the name of Indo-European origin and supposes
that the synonymous accordance 'Aysimos with 'Ayelwos; Italian-Akele. Frig. - Aquilo
comes from Indo-European ak™el [8].

Quite a large number of scientists think that the name has an unknown etymology or
a pre-Greek one (e.g. Schantron, Merlingen) [7]. In this case the word-building suffix gv
plays the greatest role as it is regarded to be the characteristic suffix of the pre-Greek
onomastic. It's also important that Achilles is the Hellenised hero of Pelazgic origin.
E.Furnee shares the viewpoint and the interchange A/A. in the name non-Indo-European
i.e. Pelazgic element [9).

In the recent period R.Gordesiani and E.Furnee suggested the existence of Kartvelian
clement on pre-Greek linguistic level [10]. They don't deny the possibility of powerful
Caucasian migration in Aegeida in 1lI-Il mil B.C. and of mixed autochtonic and
migrated population of forming Pelazgic culture and language. The idea of connection
the Pelazgic hero Achilles with Caucasian culture was expressed by number of Georgian
scientists (S.Kaukhchishvili, R.Miminoshvili) [11]. K. Tuite has presented an interesting
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report. concerning the genetic relationships of Caucasian myth of Amirani Wi’
complexes of Greek myths - Achilles (birth and parents) and Prometeus.

According to the above-mentioned facts we think that it's possible to explain
Achilles' name with the help of its pre-Greek elements. In such case onomastical suffix
U must be underlined as an element of pre-Greek origin in Greck proper names:

Besides prefix « could be interpreted as a remain of deietic prefix that is so far
characteristic for pre-Greek world. Actually both of these elements are natural part of
Kartvelian language world. From our viewpoint the ancient Greek authors and some of
modern ctymologists do not explain it correctly connecting the Achilles' name with this
physical data. or his virtues. ;

Such interpretation is impossible because of spraying the name already in Mycenean
period. Obviously the name includes more general meaning and it is connected with the 1

]
1

roots that make the Greek names. Accordingly the etymology of the name can be
determined not by myth interpretation but by the onomastical uniforms character is the
pre-Greek languages. Because we share the opinion that the pre-Greek origin of Achilles'
name is more evident. but the meaning of the forming root (%1(2.1)) is not quite clear on
this level of searching.

Kutaisi State University
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S.Kasyan
On Musical-Rhetorical Figures in Ockeghem's Creative Works
Presented by Corr. Member of the Academy P. Zakaraia, May 4, 1998

ABSTRACT. The paper reports on Franco-Flemish composer Johannes Ockeg-
hem, who appears to be one of the pioneers of using musical-rhetorical figures in
his creative works.

Key words: Ockeghem.

Johannes Ockeghem is one of the leading composers in the history of Franco-
- Flemish polyphonic school. He enjoyed great success and popularity already in his life-
time. The theorist Tinctoris considered him to be the highest authority of musical com-
position. Many principles of musical development which are widely used in musical
arts of the following centuries first appeared in Ockeghem's creations. Among them are
musical-rhetorical figures

In musicology by Adrian Peti Koklin's opinion a pioneer of musical rhetorics is
considered to be his teacher Josquin des Prés [1]. At the same time the analysis of
Ockeghem's Masses (Qunti toni, Icce ancilla Domini, Forsseulement, Mi-mi, Requiem)
reveals that the similar figures have been used by Ockeghem too. It should be also noted
that Josquin des Prés might study under Ockeghem and the creative work of these two
great composers chronologically went in parallel for a certain period of time. Therefore
not putting the question of historical priority we think Ockeghem to be one of the first
who used musical rhetorical figures in his creations.

In our opinion the creation of imageable expressive figure is one of the characte-
ristic forms of identical world outlook. The use of the known motif with definite seman-
tic meaning which is strengthened in centuries represents a special form of identical as-
pect action. From pure technical multiple used means of development it appears in the
form of one sound formula-cliché, receiving psycological function of code.

The formation of musical-rhetorical figures in Ockeghem's creative works corres-
ponds to the general tendency of the development of the Renaissance art.

As ].Kheizing points out [2] in his book "Autumn of Middle Ages" it was the epoch
when thinking became too dependent on incarnation of images. Visual side, so impor-
tant for late Middle Ages. became omnipotent. Therefore all thinking was turned into
plastic.

It was just that period of European art development when the interest to the anti-
quity stimulated the approximation of music to rhetorics, when the teaching about af-
fects was attempted also to apply in respect to music. At that time the tendency to ref-
lect the essence of text and its separate words by musical means was revealed very vi-
vidly. The composers tried to show how a word "... can be incarnated in music". [3]

All this was a kind of answer to the aesthetical demands of humanism which is con-
cerned with human interests.
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Ockeghem is one of those composers who is seeking for the means which help to
carry the expressive side of verbal images. He makes the accent on those words of the
text which are the most suitable for expressing by musical means. For instance, mortis
(death), perpetic (eternal), umbrae (shadow), Deus (God). libera (liberate) and so on.
For this he used various possibilities of polyphonic facture: canon, imitation, facture -
thembre opposition of voices, sequence, repetition and others.

In composer's creations we meet all those basic types of figures which are widely
used in XVI especially XVII century music. These are figures of imaginary and expres-
sive class, of repetition, pauses and etc. Along with it in Ockeghem's creative works
there is also developed numeral symbolics. The connection between rhetorics and music
1s also revealed in respect to the structure of compositions. Ockeghem's Requviem is of
particular interest in this respect, especially the parts Graduale and Kyrie.

Multiplicity of musical-rhetorical figures revealed by us in Ockegem's creative
works testify that they were in the sphere of his special care. That's why we think him
{0 be among one of the first composers using musical-rhetorical figures.

Thilisi I.Sarajishvili Conservatory
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The Dated Inscription-Graffiti from Mravaltskaro of Gareji
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ABSTRACT. The dated inscription-graffiti executed in ancient Georgian script
asomtavruli, found in the recently discovered monastery Mravaltskaro of Gareji is
analysed. The text was scratched over the plastered wall of a small church in 851,
September 8th on the occasion of the Nativity of Virgin Mary.

Key words: inscription-graffiti, asomtavruli, church.

In summer 1995 a nongovernmental organization Fund "Udabno" discovered an
unknown monastery complex Mravaltskaro in the north-west part of Gareji mountains.
6 caves and 5 rock-cut churches, all of them damaged. some buried in carth, others
partially filled with silt, have been revealed in a process of monitoring and surveying. A
small one nave church (with area of 325x170cm, 285cm in hight) located at the end of
the castern part of the monastery complex was found comparatively well preserved.
Fragments of murals have survived on three walls (except the south one) of the church.
Numerous (over 50) inscriptions-graffiti dating back to the IX-XIII cc., scratched on
plastered walls, as well as graphical images of men, animals, arrow points, spears and
various geometrical figures have been found on the church walls. The newly discovered
monastery. that lacked close studying, originally was named Tetri Senakebi [1, 2], but
later on was renamed into Mravaltskaro [3] based on [4]. Some other authors have also
published several preliminary, but rushed and erroncous conclusions; e. g. in one of the
newsletters published abroad is noted that more than 10 refined Georgian scratched
alphabets have been "carved by barely literate peasants and monks as they learned to
read and write" [5]. In another publication is mentioned as if on the church wall is
scratched a graffiti with invocation to Christ in which Vicar (chorepiscopa) Pavle of
Katsareti is mentioned [6]. Actually this is the XII c. graffiti comprising a prayer for
the Bishop Khariton of Katsareti on the occasion of St.Peter and St.Paul 's Day. One
can also observe fragments of inscriptions written by paint in asomtavruli and nuskhuri,
as well as large fragments (comprising 5 and more verses) of mural inscription; two
verses of X c. inscription in mkhedruli is found within the niche of the north wall, etc.

Fixing and studying of the graffiti was accomplished in 1996-1998. One of the
scratched graffiti was dated from September 8th, 851, and is considered to be one of the
most ancient inscriptions not only among Mravaltskaro's graffiti, but among those
found in 20 known monastery complexes throughout Gareji as well. And what is more,
it is the most ancient asomtavruli graffiti among 6 types (lapidary, mosaic, mural,
chased metal, embroidery, scratched) of dated inscriptions, and simultancously is one of
the most ancient dated Georgian scripts.

Here foliows archeographic discription of the inscription:
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asomtavruli, 5 verses scratched by means of alternate bold and fine lines, with EBI18W-
and wide letters; fine but clear-cut; located on the west wall of the church, namely at the external -
(east) side of the inner (small) arch of a niche, below the simple, now crumbled capital. Several
examples can be given when text starts on an arch capital of a church; for analogy note two
inscriptions of Xc. in Chvabiani (Upper Svaneti) Church of the Saviour [7], and an inscription of
the XIT ¢. within the alter-space of Alaverdi Church [8]. Inscription occupies an arca of 13x 6 cm.
Hight of letters: 1.5-2-2.5 em. The inscription lacks its beginning - a strip of plaster of the arch
capital over the fragment of the text at a hight of approximately two verses crumbled, taking
away the lacking letters. The inscription lacks seperation marks. Title of abbreviation: horizontal
straight line (in the 2nd and 3rd verses placed along the entire length of a verse). The text of the
mscription is as follows:

o
(-]
Qe

7‘\‘“ CL (ALY} [as,(msmdl(m)m,.s]lms. L(J)3R(I)EJ(DBLS B,
1 TRL 3
PO e .
‘1 h 4

None of words both in ancient [9] and modern [10] Georgian will end on QC.
Context of the above inscription (with indication of a month and day) implies that the
letters stand for the year. Since plaster crumbled at a hight of two lines above these :
letters, and there was no other text to which the lost verses could belong, the lacking
fragment should have read a term denoting a calendar widespread in Georgia - ]
Khronikoni. As usual. the term has been written in a shortened form [11,12], therefore,
could fit two lacking lines. Hence, the entire text can be restored as given above.

Khronikoni Qc, i.e. 71, according to the modern calendar corresponds to 851
(780+71). So, the inscription states a date: September 8, 851.

Palacographically the inscription is identical to the dated IX c. manuscript. different
lapidaric and mural inscriptions [12-15].

Out of 10 graphemes (a total of 12 graphems are used in the inscription; among
them T and b are used twice) the most ancient onc is Q. Two curves have been
scratched by means of two downward strokes on left and right to compose the letter. For
this reason, the circle at the bottom is not closed. Of special notice is that @ lacks a
heel. According to Academician G.Tsereteli, initially the outline of @ matched the
given peculiarity: the lower loop has been added later [16]. The analogues Q is found in
Sahadukht's inscription made on a surface of an icon case found in the village of Jvarisa
in Racha region, Georgia [16-19]. The same was noted by G. Tsereteli.

Different dates of origination of the monument have been suggested by certain
scientists V ¢ by Sh.Amiranashvili, VI c¢. by G.Bochoridze [16-18], around 1000 by
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6.Chubinashvili [19]. According to G.Tsereteli "the monument should be dated 4 thé?°
later period than V c. (though the difference should not be too big, as thought
G.Chubinashvili)" [16]. Palacographically the inscription can be dated to the VII-VIII
ec. (five letters in it - ., 1, T, ", U still lack the upper additional horizontal line, that
came into existence since IX ¢.) [11, p.28-29]. Simultaneously % has the short neck; the
horizontal line is slightly scperated from the letter's belly, that is a palacographic
characteristic of the end of the VIII c. and beginning of the IX ¢. On the onc hand, Q
from the 851 Mravaltskaro inscription without a heel is very archaic and on the other
hand, defines the upper date of Sahadukhti's inscription.

The word "sekdenberi" is written by dissimilation of consonants (mb>nb) [15]. The
word is found in two more cases: in the 864 liturgical collection from Sinai [13]. and
885 inscription of Mampal Sumbat, son of Ashot from Sioni of Ateni [15]. In the latter
case the word has reached us in a form of a fragment. Editors of the book have restored
the word as "[sckten]ber[sa] ", but taking into consideration orthography of the IX c. it
should have been restored as "[sckden]ber[sa]".

September 8th (by Julian calendar) is the day of Nativity of Virgin Mary. This is the
sole celebration mentioned on this day in Palestino-Georgian Church Calendar
compiled by lovanne-Zosime in the X c. [21]. Though one cannot find separate
narrative concerning the Virgin in none of liturgical collections - "mravaltavi"(from:
Sinai [13], Udabno, Klarjeti), the following comment is found in the most ancient, 864
‘mravaltavi" from Sinai: "In the month of September. Nativity of the Saint Virgin.
Nativity. narrative about her Nativity to be read, and praise of the Saint Virgin to be
leveled, at one's choice" [13. p.216]. "Narration by Bishop Procles of Konstantinopole
in the name of Virgin Mary" is included into the Sinai liturgical collection as one of the
narrations without stating the day [13, p.40-45]. Entire bibliography in connection with
the Nativity of Virgin Mary and the corresponding narration was given by Gerard
Garitte in his comments to the calendar of Iovanne-Zosime [21].

Since the inscription states only the date, it must be attributed to finalizing
construction of the church and its blessing. The event took place on September 8th,
Nativity of Virgin Mary. Probably the church was rock-cut in the Virgin's name. This
pinion is supported by the fact of painting the mural with an image of the Virgin and
hild in the most notable place - in the center of the north wall; the mural occupies the
entire surface within a niche. The same opinion is backed up by several inscriptions
found on the Church walls, containing invocation to the Virgin, St. Queen, and St.
Mary.
Fixing the date of blessing of a church was widely practiced. One of the examples is
the constructional inscription of 777 in Samshvilde church made on enkenoba, i.c.
September 13th ("In the 3rd year of reigning of King Leon, in the day of enkenia, the
thurch was blessed, and populousness lasted for 3 days") [22,23]. Compare with the
following: "On September 13th. Blessing of the Holy church, called Enkenia". In the
latest publication the above inscription was dated to 50s of the X c. [12]. But as a result
of recent studies based both on palacographical peculiarities and historic data,
L Muskhelishvili's viewpoint has been yet again accepted [25, p.234]. Probably the day
of blessing is mentioned in the 964 constructional inscription of Kumurdo Church,
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since the finilizing of its construction is stated in details (Khronikoni 184, N
Saturday. at the new moon") [24].

If the constructional inscription from Mravaltskaro states the date of ending the
construction work. the same date should be applied to the nuskhuri inscription of the
builder-worker on the north wall, which from palacographic viewpoint is very archaic
and was dated to X c. In this case the latter should also be dated to 851 or closely to it.

The inscription convincingly dates one nave churches of the analogous design found
in Gareji monasteries, which have an alter carved out of a rock, and a burial tomb, or
niches and a room for keeping skulls in the north. There are several dozens of such
examples, and the topic needs special studying.

The inscription dates to the period when Illarion Kartveli (822-875) [26] was
carrying out his activities in Gareji. namely in the Laura [27,28]. Hence, curving of
churches of the similar design can be attributed to starting of a new style of monastic
life in Gareji. The specific date of Mravaltskaro inscription may play the part of a
chronological landmark of these new monastic activities.

S.Janashia Georgian State Museum
Georgian Academy of Sciences
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