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MATHEMATICS

M. Okropiridze

On the Symmetric Differentiability of Functions of Two Variables

Presented by Corr. Member of the Academy V.Kokilashvili, June 22. 1998

ABSTRACT. We introduce the notions of symmetrically totally differentiability,

- symmetric partial derivatives in strong and in angular senses for functions of real

:

[

variables. There is a relation between them.

Key words: symmetric differentiability, symmetric partial derivatives in the strong
sense, symmetric partial derivatives in the angular sense.

Bellow. we will assume everywhere that the function to be considered reccives only
finite values.
It is said that the function f{x) at an inner point x,, of the interval (a, b) possesses
symmetric derivative, if the following limit exists
i L0 )= 15,28
h—>0 2h
and sometimes it is denoted by symbol f° (D(xo). This definition was introduced by P. Du
Buis-Reymond in 1875 [1.2] and (*) - limit was used by M.V, Ostrogradsky [2,3].
Definition 1. A function f{x, y) is said (o possess. at a point (x,: Vo)> Symmetric partial
derivative with respect to x [with respect to y], if there exists limit

f(xo +h~."0)"f(xu >/7~y0)

y ()]

Ll‘r)lg 0 = /\ (X0~ .VU)
[correspondingly

lim Sxo.yo +k)= (g 9 =) = (xu_y(,)l

k=0 2k
Definition 2. A function fx, y) will be called symmetrically totally differentiable or
simply. symmetrically differentiable at the point (x,. v,) if there exist two finite numbers

4=A(x,, v,) and B = B(x,, y,) such that

(h'kl;in(uo)[/'(xu +h, vy +k) = f(xo=h, yy —k)~2hA—2kB]/[ h | +|k |]= 0.

Theorem 1. 1{[/‘!6 Junction fx, y) is symmetrically differentiable at the point (x,, y,),

_ then there exist i D(x(,, Yo) and [ ,(‘)(xo, Vo). Not vice versa.

Remark1. Analogue of the Theorem1 has no place with approximately differentiabil-
ity [4]

Theorem 2. [f the function fix, y) is differentiable in the sense of Stolz at the point (%,
Yo then fix, y) is symmetrically differentiable at (xys V). Not vice versa.

Definition 3. A function f{x, y) is said to possess, at a point (x,, V) Symmetric strong
partial derivative with respect to x [with respect to y], if there exists limit
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lim »/'(xu +h,y, +/\')—‘/'(.vo =hy, +/()
(hk)—(0.0) 2h
|correspondingly

= /H’)(xn:yu)

im Lot A e k)= Sy + by, —k) o)
(hk)->(0.0) 2k /[2]%0- Yo

-Theorem 3. /f there exisl_f[‘yl]’(x“. Vo) nr?zi_flgf(x“. Vo), then the function fix, y) is sym-
metrically differentiable at the point (x,» V). Not vice versa.

Theorem 4. Differentiability of the Jimction fx. y) in the sense of Stolz at the given
point and existence of strong symmetric partial derivatives at the same point are non-
comparable properties.

Definition 4. A function f(x. y) is said to possess, at a point (x,.. v,) symmetric angular
partial derivative with respect to x [with respect (o y]. if for every constant ¢ > 0 there
exists c-independent limit

f("‘n +h.y, +k)‘f(xu —h.y, +l")

(!Ll;]? ;F,lw) 2h
|correspondingly
lith ./I('\.u+h:yu+l")‘f(xu+hvyo_k)E ]
(h.k)—(0.0) 2k
Ihl<clk

Theorem S. Symmetric differentiability and existence of symmetric angular partial
derivatives of function f(x. v) are non-comparable properties.

-Remark 2.1t is known, that differentiability in the sense of Stolz is equivalent to the
finiteness of angular partial derivatives [5].

Theorem 6. If the function fix. y) is symmeltrically differentiable at the point g Vo)

and there existﬁnilefl(i‘])(xw Yo lorf[g!])(xu. Vo)l then there exists finite f;(’) (xg. V) [corre-

spondingly fim (0781 8

A.Razmadze Mathematical Institute
Georgian Academy of Sciences
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MATHEMATICS
S. Kemkhadze
Geometries which are Connected with General Geometric Lattices

Presented by Corr. Member of the Academy H.Inassaridze. December 2. 1997

ABSTRACT. This paper is an attempt to give an axiomatic description of those
geometries which are bound with D-geometric lattices.
Key words: lattice, D-geometric lattice, D-point, D-semimodular.

Consider the pair <4." > consisting of the non-empty set 4 and the mapping
X —> X X, Xe P(4) which satisfies lhc folloumgD conditions:
(). X ¢ X X c Y implies X
(i) @ =3 {x} = {x} for every x € A.
The partial ordered relation on A4 is defined as follows:
for every x. v € 4 we'll consider that x < y if and only if there exists an element

' P(4) such that x U/ (o= II—

It’s evident that for every x € .4 the subset 4 consisting of all elements less than x is
a lattice.

Definition 1. General geometry is a pair of <4. > consisting of nonempty set.4 and
mapping .\" — \" \" \'e P(4) which satisfies the following five conditions:

(). XcXXcYimpliesXgc V: ¥ =X

(il). @ =@ {x} = {x} for every x € 4.

(ii). If x € X' U{y} but x ¢ Xthen there exists an element ¥, € 4.y, <y such that
the interval [y,. y] is finite and Y€ Xuix}.

(). If x € X then there exists a finite subset X, < .\ such that x e X,

(v). For every element x of / the set of all clcmcnts less than x is an mﬁmte distribu-
tive lattice with maximum condition.

Lemma 2. [1]. Let <A, > be the closure space (i.e. <A, > satisfies only 1(i)). Then
the set L<A, > = {X | X < A} is a complete lattice provided the relation of lattice
inclusion is taken to be the set relation and AY = ~Y Jor every Y < L<A,” >.

Conversely, if the subset I = P(4) is closed with respect to arbitrary intersections
then the mapping X — X =\ (Y| Y 2 X, Y € L) defines the closed space <A. > and the
closed sets of this space would be the elements of the set L and only they

Hence, the closure space could be defined by the lattice 7 of closed sets.

Proposition 3. {1]. 4 lattice L is algebraic if and only if L is isomorphic 1o the lattice
of all closed sets of some algebraic lattice.

The following theorem shows the relation between D-geometric lattices and general
geometrics.

Theorem 4. Let <A, > be general geometry, then the lattice L = L<A. > is D-
geometric - Conversely, let L be the D-geometric lattice and A the set of all D-points of
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E]

the lattice L. For every subset X < A let X be the set of D-points tense by the Ser’
<A. > is general geometry and [ = [<4, >. .

Proof. Let <4, > be general geometry. Then according to lemma 2 the lattice
L =L<4. >is algebraic lattice. The set .V is compact if and only if X' = X", for some finit
subset ¥} < " Hence, the compact elements of  are the finite units of D-points and only
they. Now we need to show that the lattice £ is D-semimodular.

LetX. YelL V= m} .but x € X' =X The proof of that fact, that X’ D, Y needs
to show that: |

@) The interval [V, V] is the infinite distributive lattice with maximum condition:

P) Forevery Z e L <4.” > with .\ = Z < ¥ one and only one from the following two
intervals: [X. Z] and [Z, Y] is the torsion free lattice.

o) It follows from 1(ii) and 1(v) that {x} is a D-point of the algebraic lattice

L<4, >. Hence. the interval [X. X U{x}]. x g Xis isomorpic to a D-point.

P)Let. Z € L. X'« Z < ¥ Hence, there exists an elementz € Z - X. ie.z € X U {x}
and z ¢ \". Then by I(iii) there exists an element x, < x such that [x, x| is the finite
interval and x, € .Y u{?} C Z. Therefore. ¥, € Z < X U{x} and this means that [Z, ]
is a finite mterval.

Now.let Ue L. Then ¥ v U= Y UU=XUU0U{x} and X v U= X LU . Then

xe Xul andhence Xv U=Yv Uorxg XuUand Xv U 2% Y v U. It proves that
L <4, > is D-semimodular lattice.

Let L be D-geometric lattice. A4 be the set of all D-points of L and X - the set of D-
points, tightened by set.\, X' < 4. It is evident that <4, > is the closure space. The truth
of the conditions 1(ii) and 1(iv) directly follows from the definition. Let’s verify the
validity of condition 1(iii).

Letx e XU{y].x ¢ X. By the D-semimodularity of Z we have ¥ U{y} =

S Uyl >P X Hence X c Xvu Ix}_ < Xu{y} implies that [X U{x}, X U{y}]is
the finite interval. This implies the existence of such clement y, <y that [y, y] is the finite
interval and the inclusion Y, € Xiu{x} is true,

Now we'll prove that L = L<4, >. Consider the mapping ¢: X — VX, X 4,
X e L<4. > It’s evident that it’s mapping from <4, > to L. Every element of  is the
finite unit of D-points. So. the inclusion .V < ¥ is equivalent to the inequality X < V.
Hence, ¢ is the one to one surjection and @and w‘l both are monotone maps: It means that
¢ is isomorphism.

Georgian Technical University
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MATHEMATICS
D. Leladze

On Summability of Certain Subsequences of Partial Sums of
Multiple Trigonometric Fourier Series

Presented by Academician L.Zhizhiashvili, D ber 2, 1997

ABSTRACT. In the present paper we give the estimate in the terms of partial
and mixed moduli of continuity of deviation of multiple arithmetic means of the
sequence of rectangular “mixed* (partially usual, partially dyadedic) partial sums of
n-multiple trigonometric Fouricr series of a function f € L”(|-z, 21", n > 1,p=1 or
p = (L = C), from f in the norm of 7.

Key words: trigonometric Fourier series.

The study of summability of partial sums of trigonometric Fourier series by various
regular methods goes back apparently to Z. Zalcwasser [1], who proved, that if
f € L([-m A]). then

pig
lim =S, /) =0
Z e ) =)

almost everywhere. Here S, (x: /) is the m-th partial sum of the Fourier series off] of the
function /.

Later on, S. Izumi, R. Salem. L. Carleson, D. Newman, I. A. Zagorodnii, R. M.
Trigub. Ja. S. Bugrov and others dealt with similar problems.

D.Newman [2] proved that for any regular method of summability associated with
matrix [la,, || there exists a function /'€ C([~z, 7]) such that

lim sup| = oo,

n—w

ZankSzk(x;f)

k=0 |

o]

On the other hand. as A Baiarstanova [3] showed, that if f € C([-m ) and its
modulus of continuity satisfies the condition

!
A3 ) = o[ln 2 ol] (85> 04),

then

|
1

n+1

lim =0.

n—)

D B G =1
k=0

54
She also established that analogous statement holds true for f e L([-m, ) [4].
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9|
In the same papers she proved that these results are the best possible i’
sense.
Letfe L({-z z))". n € N.n > 1 be a function. 27-periodic in each variable and o,
be its n-multiple trigonometric Fourier series [5]).
We set

me= s om) (e Noi= 1, .o )

=iGe i) e e Ry = 1ot iy M = (. . i
By M we denote the set of all subsets of M with J clements, by M(4) - the set
MU (4 € M), and by M/ (4) - the set of all subsets of A7(4) with j elements.

Forfe L’(I-m A").n21,p=10r p = (L° = C) we consider its mixed modulus
of continuity

(8 ) = sup “A/,’f (Az‘[,' ( ” (A’]" (x: ./’)). : ))

(SO, g 1O

P’

where
g=m., .- ) 0= $0, o
A (x; f) Slas o ot ) e %!
We set
| A
c(xi )= s 0 b e )

W) m+1 m, +1; ,Z“ 2.2

1=0 =

where Sy, (x1f) is the rectangular partial sum of the serics a .

In the sequel by A. B, etc. we denote. in general. different positive constants.
In [6] we proved the following
Theorem. Let fe L'([-z 1").n > 1. p=lorp=w(l*=C). Then

i e < i 1
(RERIRITE 1Y) 30 ‘w[z_ f) : M

=1 geM,

where ""’H‘ it e ‘«lj

In the same paper we proved that this resul is the best possible in a certain sense.

In the present paper we give the estimate analogous to (1) for multiple arithmetic
means of the sequence of "mixed" partial sums of n-multiple trigonometric Fourier series
of a function f € L'(|-z A"). n2 1. p=1orp=w (L° = C).

Now we set

I | T
T, BEh= i 223 ren ),
4 “”("”( = m+1 m, +l, 0 i)

=0 ik,
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where
So &N =8 R ik, COR

iy oo
i A4, {m e i, Y = M(A).
{my m,,/ & o k) (A4)

The following is true:
Theorem 1. Let f e LY(|-m &™), n2 1. p=1o0rp =2 (L" = C). Then

s - 1) < BZ >—
J=lgeM; H

My <qA my, =g (A)

B

where, if we set I, Jor m, oeqn A and r, - Jor m, e q N M(A), then for
geM and q = '/ .l Tyips s B} we denote g' = ‘A/ I ST O

Thilisi LJavakhishvili State University

REFERENCES

1. Z.Zalcwasser. Studia Math.. 6, 1936, 82-88.

2. D.J Newman. Proc. Amer. Math. Soc.. 45, 1974. 300-302.

Baiarstanova. Sib. Mathem. Jous 0. 1979. 1183-1197 (Russian).

4. A.S.Baiarstanova. Vestn. Mosc. Gos. Univ., series math. and mech.. 1, 1980. 29-33 (Russian).
5. A.Zygmund. Trigonometric series. I. Univ. Press. Cambridge. 1959

6. D.VLeladze. Analysis Mathematica, 17. 1991, 281-295.




W/
LO3dOMBITMY JIBENIGIBIMS S33RIZNNL MBI, 158, Ne2, 1998~ /%/
BULLETIN OF THE GEORGIAN ACADEMY OF SCIENCES, 158, \e2, 1

1101335

MATHEMATICS
L Jijeishvili

Summability by Regular Methods of Multiple Series with Respect
to Haar-type Systems

Presented by Academician L.Zhizhiashvili, December 2, 1997.

ABSTRACT. Theorems concerning the summability on a set of positive measure
by regular methods of multiple series with respect to Haar-type systems are stated.

Key words: multiple orthogonal series, Haar-type systems, summability by regular
methods.

1. The results of PL.Ul'yanov [1] concerning the problems of convergence on a set of
positive measure of series with monotone-like coefficient sequences are generalized by
G.Chkhaidze [2] (for summability by regular methods) and by E.Vlasova [3] (for Haar-
type systems of N.Vilevkin [4]). The paper [5] deals with generalization in both these
directions simultaneously. The theorems below are the multidimensional analogues of
corresponding ones of [5]. They generalize the results of G.Chkhaidze [6] and of E. Vlasova
[3] for multiple Haar-type systems.

2. Let N(N°) be the set of points of Euclidean space R? with positive (non-negative)
integer coordinates. If

X= (0 05X ) € Rd

Y= 0V ) ER
and xSy (x <y)forj=1, s d, then we write x <y (x <y). If x <y, then by (x, y]
is denoted the set of all t € R” satisfying

{XJ:U:’VP by

X< it %
J = J yj’ . J = »vj =
We also use the notations:

xyl={teN:x<t<y}0=(0,..,05e=(1,.. 1)

- . L =
¢ = (01/’ e 541), Jj=12,..,d where z}U = {0, b
H), = (x e K x=1}Lj=1 ..,4d
Everywhere below we consider the convergence of multiple sequences and series in
the sense of Pringsheim.
In what follows we assume, that P, = (p{")y..,p‘(,")), n=1,2, .., is some sequence
of points of N with P, = 2-e for each n € N. We also put

m:(’) =0, mg') =p,m, mf“]) =m®. pfm) forl=k=w l<izd
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One say that d-fold sequence {b,,}, .y belongs to the class A%{p,}. if there exists
> 1 such that for any k € N and r e [0, e]\{0}

max b, |<C  min |b,|
me(m, my, | me(my_.my |

and .
D badnd, my<w, j=1,..d
m=e m

The d-fold Haar-type system y = 240, = {%(},, . ¢ is defined in the multiplica-
tive way:

d
a® = [Tam .
=1

form = (my, ....my) e Nand t = (st ) € [0, 11, where Xm,(1;) are the functions
if single (original) Haar-type system [4].
M

Let o be the linear operation on the set Z, ., of all d-fold sequences defined by the
f

following rule: for each {u,} € Z,
AD
—(um) Tl ~ Uy, ME N"’ Jj=1..,d
e J J
AD AD AP
The product of operations — , ..., —— is denoted by
€ e Jp T Tp
One say that a d-fold sequence {#,} m < y2 belongs to M if for each fixed n € N and
for each m e N holds
A
——(umlnd[“‘](m)) 20,
!!] .en ed g

Let MY p,} defined for each / € N¥be the set of d - folds sequences T={R ()}, né-
such that

a) {R,(D} e Md{pn} for fixed / € N9,
b) im R,()=1 forme N

If {zz,|,}|,|eNd be a sequence of real numbers, for each / € N the series Zu..,R,..(l )

m=e

converges and there exists w
lim 7,= lim UpRn () =8,
Io>+e0 I el
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then one say that series Z""’ is T-summable to number S,

m=e

3. Following statements arc true.

Theorem 1. Let y= y{p, } be the multiple Haar-type system, T={R_(/)} e W )

m
bt e AY HUBR Zlb'“ [ =oo. If T-means Tt = mekm(/)lm(t) of the series
m-e m-e
D buZm(®) )
m-c
are determined on a set E € |0, I]d of positive measure, then
(
| ” 2
mes{t: teE [T/(t)l=0| D haR,(1) =0.

m
m=e

Corollary. If the conditions of Theorem 1 are fulfilled. then for every monotone

. . : : < d
increasing to infinity sequence {qy J; , e Z°
LI
khm sup| melm(t) =0
»or
m=e

at almost all t € E.

Theorem 2. Let = x(p, } be the multiple Haar-type system, T = {R, (D} e M i,

hnte A {p,}. Zlb'“ [ =co. If T-means T,t) = meRm(l)l,,,(t) of series (1) are
m=e m=e .

d i
determined on a set E e [0, 1]° of positive measure and for each t e E.
lim \Tl(t)’ RS (50)
1o
then (1) is the Fourier series with respect to the system y of some function
o

. d
re ) 210.0y°
p=l
Thilisi LIavakhishvili State Universiry
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Two- Welght Inequalities for Discrete Hardy-Type and Hilbert
Transforms
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ABSTRACT. The necessary and sufficient conditions for the pairs of i mclcmmﬂ
weight sequences ensuring the validity of two —weight inequalities for discrete Hilbert
transform are derived.

Key words: Hardy-type transform. Hilbert transform two-weight inequality. weight.

In the present paper the necessary and sufficient conditions for weight sequences en-
suring the validity of two-weight inequalities for discrete Hardy -type transform are de-
rived. Two-weight problems for classical Hardy operator were solved in [1-4]. In this pa-
per there are also established two-weight inequalities for discrete Hilbert transform in the
casc of increasing weight sequencics. Analogous problems for classical Hilbert transform
and for general singular integrals were investigated in [5-9].

We begin with two-weight criteria for discrete Hardy-type transform,

By Z" we denote the set of all nonnegative integers

Theorem 1. Ler 1 < p < g < o, {a,} and (b} be positive sequencies on 7°. The
inequality
1/g |
o ime e A R ot
22 A | < Xl b M)
k=0 n=0

n=0
X
with the positive constant (' independent of {3} holds if and only if

(= 9 \1/ p
.4:sup'L;ak)} ijsz , p=ﬁ_

>0
2 \ k=0

moreover: if C'is the best constant in the inequality (1), then
A< C<sA-qgN(g)r.
Theorem 2. Let 1 <p< g <o, {a,} and {b } be positive sequences on Z*. The inequal-
ity
N2

Z,(m a ] (Zm, b,

n=0 lk=n \ =0

with the positive constant C independent of B} is fulfilled if and only if
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e

20 k=0

For the sequence {£ } the discrete Hilbert transform is defined in the following way

=

kan
In case when this series diverges we put (TP), = .
Definition. Let 1 < p <. A positive sequence {p,} belongs to 4 (2). if

p-1
sup Px <w
mn n—m+l [ZPI«][Z J

m<n

Further. a sequence {,} belongs to 4 \(Z). if there exists a constant ¢ > 0, such that the
incquality

) Zpk<C R

<k<n
k=m u

holds for any m and n, in < n.
One-weight problem for Hilbert transform in classical case as well as in discrete case
was solved by R.A. Hunt. B. Muckenhoupt and R. Wheeden [10].
Theorem 3. Let 1 <p < {o,} and {u } be positive increasing sequences on Z* and
= 0. Assume that {p,} defined on Z* and {ph} ed (/) We puta,= o,p,, b, = up, Then

lf I/le condition
p-1
sup[ Z ][Zb‘ "J <o ()
0 ([ Sk

is fulfilled , then there exists a positive constant C such that the inequality

Z f(Tﬂ)kV”\k; <C Z|ﬁk|pbm 3)
P =

is valid for any {3,}.

Conversely, if for positive sequencies {a,} and {b,} the inequality (3) ho/ds then the
condition (2) is satisfied.

Theorem 4. Let 1 <p <o {c } and { {u,} be positive sequences on Z* with the condi-
tion o, = 0. If the inequality

Z |(Ti6)k|pa}k! <C Z|ﬂk|P Y|
P— p—

with positive constant C independent of {3,} is satisfied then there exists a positive con-
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stant C\, C\ > 0 such that for all {f} the inequality

+o

z !(Tﬂ)k’lyo-\kipik‘ <G

k=0 2
holds, where {p} is defined on Z* and {p} € 4,@).

‘ﬂk,p“\k}p\k‘

A. Razmadze Mathematical Institute
Georgian Academy of Sciences
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On Estimate of Full Integral Modulus of Smoothness of Function
of Several Variables

Presented by Academician L.Zhizhiashvili, November 12. 1997
ABSTRACT. The thcoum with generalized results of M. and Sh. Izumi, of C.Ress
and S.Teljakovskii for functions of several variables is stated.

Key words: K-fold sequence of real variables. K-fold trigonometric Fourier Series.
full integral modulus.

1. Let the cocfTicients of the series

f~i:i+Zn” cos nx (1)
< o=l
and
g~ D a,sinxs @)
n=1
satisfy the conditions
) lim a,, =0, 3)
n-—yo
Z)Z] Aay, |log(n +1)< 4o )
=l

where Aa, =a,-a,,,.
In 1967 C.S.Ress [1] proved. that if a, 4 0. n - and

©

(l”
>,
n

n=1

then for integral modulus of continuity of function f{g) the following estimate is true

ol 1 (2)), S;Ihlog%Z a,+AY % )
1 1
h h

where 4 is some positive.
In 1968 M. and Sh. Izumi [2] stated the assertion: If the coefficients of series (1) and
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(2) satisfy the conditions (3) and (4). then the following estimate is true:

(u(/l‘.f(g))] < /thn |Aa, ]log,(/l + l) *_’IZ| Aa, jlog(ﬂ +1). ©)
; 4

n e -
h h

*In 1992 S A Teljakovkii [3] generalized estimate (6) for integral modulus of conti-
nuity of order m(me \).

Analogous question for function of several variables is considered in the article.
2. Let M ={L---.k}, B be arbitrary subset of \/. ' = 0, BT, =0 sl D)
1" =[-z.zf and
\((l”,{l }): =,
where ((1,,)” is k-fold sequence of real variables. By A(a,. B) we denote expression which

obtained by successive application of the operation A according to those variable indices
f which belong to set 8

Let a function /e 1,(7" ) be 2 7-periodic with respect to cach variable and even with

- respect to variables x,. i€ 3 and odd with respect to variables x,. j e 8. Then. as it is
known. the k-fold trigonometric Fouricr series has the form
o‘k]/]-v2 Hulg, (/)ncosn,\ I_[sinu‘_,\' ’ (@)
n-) 1 J B
where A(n) is the number of those coordinates. which are equal to zero. Here we mention.

that if B = @, then the serics (7) is called “sinc™ series and if ' = . then the serics N
is “cosinc™ serics.
Expression

m i’/“ k
" (31 1), :il-llﬁ J‘IZ(H)” I—L(:” j/L (m—21)h]dx.

7I-A;H j1 N

(m
where L(’If | are binomial coeflicients, is called full integral modulus of smoothness of
I,
order m(me N) of function /.
3. The following assertion is true

Theorem. Let a k-fold sequence of real numbers (n”) " satisfv the conditions:
. iy net

1) lim a,=0,

nl >
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k
)Yy n log(n, +1)| A(a,, M) |< +o,

n20 j=1

Then for the sum of corresponding “cosine” and “sine” series the following estimate
is true

o™k )<

Nu o
<Am YA > [V enm log(n, + D Jlog(n, +1) || Ata,. M)} |
BeM |\ n,=1 m,=N,,| ueB veB'

N, = bl

Thilisi I.Javakhishvili State University
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Local Approximation of Analytic Functions and their Derivatives
in Weight Integral Metrics in Domains with a Quasiconformal
Boundary

Presented by Corr. Member of the Academy V.Kokilashvili, December 23, 1997

ABSTRACT. The problem of local polynomial approximation of analytic func-
fions and their derivatives prescribed in finite domains with quasiconformal bound-
ary is investigated in weighted plane integral metrics.

Key words: Domain with quasiconformal boundary, weighted local polynomial ap-
poximation, a weak version of the Muckenhoupt condition.

First results of investigation of the problem dealing with a local polynomial approxi-
mation of analytic functions prescribed in finite domains with quasiconformal boundary
have been described in [1] for weighted plane integral metrics. Further, this problem is
investigated in [2,3], where a constructive description of Hélder classes as well as of some
other classes of analytic functions has been obtained. In the present paper we continue
investigation of the above-mentioned problem. In particular, the problem of simultaneous
polynomial approximation of analytic functions and their derivatives prescribed in finite
domains with quasiconformal boundary is investigated in weighted plane integral metrics.

Let G be a finite domain with a quasiconformal boundary &G =1T" [4], z, € T, p,(z,)
(n € N) is the distance from the point z, to the external level line of the domain
G, Uzy, 1) ={z: |z - 2| <r}, cy> 0. Let

G(zpc)={zeG: | -2 2 el -z V¢ e G}

G,y €) = Glays €9 U {UGy, p,(2)) N G},
The set G(z,, c,) is a kind of “nontangential* subset of G with the apex at the point
Z“.
Let @ be some weight function (i.e. nonnegative and measurable) defined in the
domain G. Let us introduce the notations: '

LG @)= {£ If € LG} (> 1),
H‘p(G, ) = {f fholomorphic in G, [ € LP(G, w)}.

Let O = O(z, a) be an open square with a center at the point z, whose sides are parallel
to the coordinate axes and have the length a. Let |0 n G| = o(Q n G) be the plane
Lebesgue measure (area) of the set O ~ G, F(G) = {0=0@ a).z € 4G, a> 0}

We say that the weight function e, given in the domain G, satisfies the condition
AP(F(G)) (1 <p <o) (briefly w € AP(F(G))), if
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N/ 7

TATTIT TS
BOB=NMA0935

pei 1

oori| 190G mﬁ“" WLO ;Hw G R |

The condition .1 (/((7)). introduced first in [5] (in the case where G is the unit circle),
is a2 weakened (malogue of the well-known Muckenhoupt condition . l , 16].
Letwe LG (p > 1), g Tx[02 0] — [0: 0] be a function, dcﬁncd by the equality

i
f

HzZy, ) = Ha)(:)(lcr__ G,el.t>0). (n
O(z0.1)NG
The function £z, 1) satisfying the conditions [3]‘
Mz, 28 < culz, ) Y(z, L E>0),
where the constant ¢ does not depend on z,and 1.
For w e .1 (l' GNE>1.fel ((1 w) we introduce the nolduons

e

J | f(2) ) w(z)do. l (z; € T, 6> 0);

o wz,.t E
L QGG

o

0,(f.w.2y.7)d7

o’p(ﬁ W O="sp Lu (_“ )J. (r=0) )

ByRE st T ,U] 1)(, 7T
Similar to the well-known modulus of continuity the function o (/ . *) 1s a continu-
ous nonnegative nondecreasing function satisfying the conditions
o’l(j‘ @, =0 U(f , 2!)<LO'(/ w 'ty Y{>0),
where the constant ¢ does not depcnd on z, and /
In the sequel. to shorten the writing. we shall use the notation

1'p
{ [fror s =W,
Sl Zco)
Let us now pass to \h\, formulation of the basic results.
Theorem 1. Let G be a finite domain with a quasiconformal houndary
I'. 6 [0: +%] = [0: +0] be a nonnegative nondecreasing continuos function with the
Jollowing properties:
o) =0, o21) <co(t) V(> 0).
nhere the constant ¢ does not depend on t.
Letwe A LG, p> 1or 20 be an integer number. /rr) e ((1 w). and '1"“(..),",\l
be a sequence of algebraic polvnomials of order not higher Ihml n such that
W =P, . Scolpz)) Vi, eT.neN), ©)

where the costant ¢ does not depend on z, and n.

nllzgp.a
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4 0
0955
an n

Bl
Then there exists a sequence of algebraic polynomials P, of order not higher 1
such that for all k=0.1. ... . r. z, € U'and n € Nwe have the inequality
) (), k < .
WS- PN o < o, " olp, ) Vi, €. n e N,
where the constant ¢ does not depend on z, and n.
Ref. [1.3] contains the proof of the fact that if /

lepe

e H' (G ) (p > 1). r 2 0. then
inequality (3) is fulfilicd for of 1) = a'[l(/’” " w. 1), where rfr(/" " ®. 1) is a function defined
by equality (2). Thus we arrive at the following result:

Corollary of Theorem 1. Let (G be a finite domain with a quasiconformal boundary
lp>1 wed (FG). rz0is an integer number. /’m € [[‘p((i. ). G('f(r. w. 1) is a
finction de, /r/ed[ by equality (2). Then there exists a sequence of algebraic polynomials
P, of order not higer than n such that for all k=0. 1, ..., r, z, € I'and n € N we have
the inequality

W PO < o) ‘o, @ pz) Ve, €T n e N).

where the constant ¢ does not depend on z, and n.

A.Razmadze Mathematical Institute
Georgiar
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ABSTRACT. It is shown that cohomotopy-type functors IT" have the analogues of
direct sum theorems for classical homotopy functors 7z, and, simultaneously, the semi-
exact sequence of pair in the IT theory is exact in corresponding particular cases.

Key words: (co)homotopy. cohomology, extention of functors.

Following [1]. in [2-4] we have introduced and investigated contravariant functors 1"
from the category K of pairs of topological spaces with base points into the category of
Abelian groups (as usual, we shall not indicate the basic points or denote it by*). It should
be noted that functors 11" have some of the basic properties of the Borsuk cohomotopy, but
they differ from the latter.

The aim of this paper is to show that functors IT" have the analogues of direct sum
theorems [5] for classical homotopy functors %,

Let (X. 4) € K. In [2] we obtained the semi-exact sequence

n-1 S

> I, %

> TIOC A, %) S STTI0E ) =k 5 1% %) >

In general we know only the semi-exactness of this sequence. But, in some particular
cases we can show also the exactness. For example, it is so for certain principal fibration

. [4]. Here we consider the three additional useful cases when we can show the exactuess,
For convenience we recall the definition of functors IT” (for detailes see [2.3]). Let H

be the singular integral (co)homology theory. Define for n > 3 the full subcategory K, of
K by the conditions: each object of K, is a pair (X, |, X" ) of lincarly- and simply-
connected spaces. satisfying the conditions that &, 1, X', ) = 1. the homology modules
.Y, ) and (X", ) are of finite type, /{'(Xn_], e =0, 1 <n, and H'(.\‘n =
= H'()c"n 1) =0, 0 <i<n-1. For an object (X, 4) € K consider a set of indices X, 4. n)
of all pairs o = (X p X, ), where £ (X, X' ) = (X 4) is a continuous map of K.

Let (X, A: n) be ordered as follows: a < /3, where A=W ., V., i g)if there is'a map
P X ) > F )
of K, such that gg and f are homotopic: g~ /. Assume that /= H'(X, 215 Xy and 1o

n-
every ordered pair & < /3 there corresponds the set of induced homomorphisms {¢*} in the
H theory. We have obtained an inverse system of the groups H , with sets of homomor-

phisms. By definition
(Y. A) = limf, .
We denote by p,, the a-coordinate of an element p € IT"(X, 4) and by CX and SX the
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)
cone and the suspension respectively over a space .\ in the category K. . Bl

Remark. It is not difficult to deduce from [2] that for definition functors T1” we can
use the indices of type o = (CX, . X, ,: /) only.

1. LetAd (i: 4 —> X)be arctractof Xand »: X —> 4 a corresponding map. Consider an
index &= (CX, ..V 1 /) € a\X. 4: n) and define an index o =(SX,_ |, % f}) € X, *:n)
by taking

e 20)., if ()Sts%. el

Jiboii= 1
Hf(x2-21), if 7SISL xe X,

Lete;: (CX, . X, ) - (SX,_,, *) be the standard map.

Lemma 1. For n > 3 the f)rmula [4,0)], = e} "1(pm), where p € T1'(X). defines a
homomorphism Ay 00— TIL(Y, A).

Using the homomorphlsms A, and " we can show that the following proposition is
valid (cf.[5]).

Proposition 1. [f 4 is a retract of X, then for every n > 3 the sequence

0> ' A) —2 5 I — 25 ) =5 0

is exact and T1"(X) = 11"(4) ® T1(Y, A).
2. Let X be deformable into 4 (l. 4 — X) relative to a point * € 4 and h: X > X

a corresponding homotop) (hy=idy, h;: X - A). Consider an de\ a =
=, *./) € 4. *; n) and dcﬁne an de\

q=&,xLX vX; » ) € X, 4; ntl)

by taking f,(x, ) = h(f(x)). where x e.‘{ 7 is the unit segment and v denote one-point
union of two spaces. Let

ey (X, xILX vX)— (CX,X)

be the standard map (e,(x, 0) = *) and Jthe coboundary homomorphism of pair (C. X, X))
in the /7 theory.

Lemma 2. For n > 3 the /nrmula [/»v(p)] ; '](pm), where p € I'I"‘l(/\'. A),
defines a homomorphism A 0 ](\ A) = 1" (1)

Using the homomorphlsms 4, and 11 we can show that the following proposition is
vali (cf.[5]).

Proposition 2. If X is deformable into A relative to a point * € A, then Jor every
n =3 the sequence

n+l

0> TIC0 1 Sty 2t o pilge iy £

is exact and TU'(4) =~ TT"(X) ® T (Y, A).
3. Let 4 (i: 4 — X) is contractible in X relative to a point * € 4 and hid —>Xa
corresponding homotopy (4, = i, hy(4) = ). Consider the indices

= New, tan),
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p= (CY,. Y. 8) € o(X. 4; n+])
and define the indices i
@ = (CX,. X f) e o(X, 4; n+l),

L=y £2)) € alX, ¥ ntl),
by taking /. (x. 1) = h, (fix). xeX:

n

!g(_r.Z/); if 0sr<—, yeV,

e

o)
e
it

A =

<tsl ypyel

n

1/13, W), if

o

Lete s (CT,. ¥) > (5Y,. *) be the standard map and & the coboundary homomor-
phism of pair (C\' . -\, in the / theory,
Lemma 3. for n 23 the formula 4@, =0 l(/)u,)A where p e 1" 0 A). defines
a homomorphism
A I ) S )
and formula [2,(p)), = " l(J"/r;). where pe IT"'(V). a homomorphism
Ag T () = W (e 4)
Using the homomorphisms 4; and 4, we can show that the following proposition is
valid (cf.{5]).
Proposition 3. /f 1 is contractible in X relative 1o a point xe A. there for every
n z 3 the sequence

n+1

0> 0" 2 o™ ) —2 0™ >0

is exact and TI" 'V 4) ~ () ® 117 (1),
Thus. to obtain direct sum theorems |5] for functors [T, we prove simultancously the
exactness of semi-exact sequence of pair in corresponding particular cases.
A Razmadze Mathematical Institute
Georgian Academy of Sciences
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DG Hopf Algebras with Steenrods i-th Coproducts
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ABSTRACT. In this note we introduce the notion of DG-Hopf algebra with

- Steenrods V., products (C, d, u, Vs Vs o) where (C, d, ) is a DG-algebra and
(V. C > C ® C} are chain upu.\tmm, with properties dual to Steenrods U, -prod-
ucts, satisfying some conditions of compatibility with the multiplication 1:C O C—->C.
As an example of such structure for the singular cubical chain complex CU(G) of a

topological monoid G the construction of Vs is given.
Key words: Hopf algebra. cup product. cubical cochains.
We are dealing with objects of type (C. d. V. V. V.. ) where (C. d) is a DG module
(to avoid the sign problems all modules arc comldcrcd over Z,) with deg d = -1 and
V("> € ® C are coproducts. satisfying the conditions
deeV =HIDY =iV iV (H
here 1 is the differential in Hom(C. C® (Yand 7* C ® C — C ® (' is the perniutation
map 7(a @ h) = b @ a. we also require the coassociativity of L
(Vy,®id)V,=(id® V, IV
such an object we shall call DG coalg,cbm with Steenrods V-coproducls For such an
object in C* = Hom(C. Z,) there appears a structurc of l)(z-alg,cbla with Slccnrods O
products and in /(C t) there appear Steenrods squares Sq': H(C*) — /17(C*) in th
standard manner.
A morphism of such objects
(Ced VgV Vo (Ol VI VN )
we define as a collection of homomorphisms
B e R
where /2 (C. d) — (C". &) is a chain map and cach 17 C — C"® (" is a homomorphism
of dcycc i satisfying Ihc condition
DF, = V' [+ (f® )V + F + TI;
It is not hard to check that in llns case the induced homomorphism f*: /1(C'*) — [{(C*)
prescrves Steenrods squares.

Two structures {V,} and {V'.} on (C. d) are cquivalent if the identity homomorphism
id: " — (" can be extended to a morphism

{id, B sy (€ di N Vi Vo ) 5 (C Vi Vi Y o,



204 - T. Kadeishvili

Yl “i
i this case the squares Sg' induced on H(C*) by ¢ V.} and {V'} respectively e¢ineide-

The main example of DG-coalgebra with Seenrods V ~coproducts is the singular
chain complex C, (), where V -s are constructed using acyclic models with starting con-
dition V; = A HX) > HX) ® Hy(X), where A is the diagonal map. Note that this
structure is unique up to equivalence, mentioned above. a continuous map induces a
morphism in above sense. There is the construction of concrete V,-s due to Steenrod.

Suppose now that in addition there is given on ' an associative multiplication
w: C® C — C. which turns (C. d, z) into a DG-algebra, i.c. d is a derivation with respect
to p. We arc interested what kind of compatibility of V.-s with z (i.e. what kind of
decomposability of V, on products) should be required in this case.

Usually for V: C — C ® C it is required, that it must be a multiplicative map, i.e.

un i #C‘@,F(VJ ® V‘)).
here .. = (U ® )(id @ T'® id) is the induced multiplication on C ® C. This condition
means, that (C. d. u, V) is a DG-Hopf algebra. The example of such structure is C,((G)
where ( is a topological monoid. say a loop space LY.

-As for the requirement for the cooperation V. here works the following argument.
The sum of two multiplicative maps E,:= V,+ TV, is no more a multiplicative but it is
a (V- TV )-derivation, i.e.

Eolt = tipgo(Ey® Yy + TV, ® Ey),
on the other hand the submodule of (V,= TV,)-derivations
Der - Nn)(C. C® C) c Hom(C, C® C)

is closed under the differential D, thus, in order to satisfy the condition DV; = E (see'l
for i = 1) the cooperation V, must be a (V, = TV, )-derivation:

VIH = beoc(V® Vo + TV, © V));
together with DV, =V + 7V, this means, that V, is a derivation homotopy. Note, that this
condition for V| is required in [1]. :

Let us mention that an object (C, d, Vi, V) is a HAH in the sense of [2], homotopy
Hopf algebra in sense of [1] and a B, -algebra in sence of [3].

The argument for V, is a bit different. The cooperations V, and 7V, are (V- TV,)
and (V= 7V, )-derivations respectively. Their sum E, =V, + TV, is not more a deriva-
tion. but it decomposes on products by the rule

Ep= poo(E, @ Vi +TE, @V, + TV, ® E ¥, QE)
the set of maps with such kind of decomposability is not closed with respect to D, but if
we require for V, to be decomposable by the rule
Vol = oo VB Vi + IV, 3V, +V, 8 V),
then 1t is not hard to check that DV, decomposes as £, thus in order to satisfy the
condition DV, = £, (see 1 for i = 2) it is natural to require the mentioned decomposability
of V.,
The similar argument ailows to produce the requirements for higher V-s:
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Definition 1. A DG Hopf algebra with Seenrods V ~coproducts we define as aii'Gbj
(C.d p1. Vo, V. V,, ..) where (C, d, 1) is a DG algebra, (C.d, V. V|, V, . )isa DG
coalgebra with Seenrods V -coproducts and the following compatibility of V -s with mul-
tiplication £ is required:

V=2, Hogdd V. BV, : @)
k=0

A morphism of such objects
Vo By By 3G d Vi W, W, ) 5 (Gl ViV Vi)

we define as a morphism of DG coalgebras with Steenrods V.-coproducts. where, in
addition, f'is multiplicative and each F, decomposes by the rule

n-1 n
Fop= ym[kz FONTF, ,© V) + ; TV @)@ f.

-0 B
Example. An example of DG Hopf algebra with Steenrods V,-coproducts is singular
cubical chain complex of a topological monoid CU,(G). Note that the singular chain
complex C,(G) is not the case: Steenrods cooperations V, do not satisfy the conditions 2.
The cubical singular chain complex C7/,(Y) of a space \'is defined as follows: €U, ()
is the free module generated by singular cubes o’: /" — X (i.e. by continuous maps
o"(xl. > X,). x, € I) divided by submodule, generated by degenerated singular cubes (o
is degenerate, if it does not depend on x, for some i), the boundary operator d: CUX) -

n
CU, (X) is given by do” = Z(d,‘ +d " | where

i=1

dfo (el % D= G e X, .x). e =0, L

e
In order to specify on CU,(\) a structure of DG-coalgebra with Seenrods V -coprod-
ucts let us introduce two maps ¢, ¢;: {0, 1} — {0, 1, x} given by
i ?,(0) = 0, g (1) = x: 9,(0) = x, o) =1
The coassociative coproduct V,: CU,(X) - CU,(X) ® CU,(X). which turns CU,(X)
into a DG-coalgebra is given by

a1 e

(i)
where the summation is taken over all vertexes (i, ... , i), i, = 0, 1 of /". This coproduct
coincides with one, given in [4] and in [1].
Let us define the coproduct V,: CUKX) - CULX) ® CULX) by

V(o) = Z "o Gy, ... AR N D RN (] [

Glodf s Xleeniain)

®o'n[¢0(i1 ):-~~’Wo(i;-,1)>xk:(/71(ik»1)’ ""(pl(in)]a
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e
where the summation is taken over all 1-faces (s 1 Ofﬁ
This coproduct coincides with one given in [1].

Generally. for coproducts V. CUQ) - CUQ) ® CULY) we give the following
formula

o1 X By o) B =0

V(c') = ZU”[’/R‘(’}) ----- Pyl 1) X0 (G ). -0, UNEDIE X NET D
Prlie, 1)- X0y ). w,,(t”)]@a” P51 ). e @y (i 1) X0, gy y). (B)
<l )X, 1y )y (i, 1)-X-§”1("A,\.»|)«~---W|(i,:)I

where the summation is taken over all s-faces

Uit i e

of /" and D= G-

Proposition 1. 7he coproducts V. given by 3 satisfy the condition 1. thus they spec iy
on CULN) the structure of DG- wa/quhru with Steenrods V -coproducis.

Suppose now. that G is a topological monoid. then the operation G x (G — (7 induces
the multiplication

. CULG) » CUL(G) ® CULG)
given by
M ® ")y, ..., ) OO e
this multiplication turns C'l/ ,((r) mlo a l)(r—alg,ebra
l’l(l')()\ltl()n 2. The coproducts V_given by 3 satisfy the condition 2. thus they specify
on CUL(G) the structure of DG /lup/ algebra with Steenrods V ~coproducts.
Rtmml\. The formula (3) can be rewritten in terms of bound‘m operators d,
V’(o-)= Zdlw,.u, '41?‘“:1.».d:}"ﬁk’ |){ d% 1y + H o

%

o+t

Ps 1 (ky 1) Ps-2(iky 1) P10k 1) @0 (kg +1) 20 (i) @541 (i L1(i2)
du : /,2” d, R ‘([; dy s TR G @ R W Esit) ()

st (igy 1) N (m 1) 0slikg-1) ox 051Ky 41) P20kg-1) Sx 21k 1) (i) —n
d I I l B g i S P e dbhin gl
Iy 1 +l Tky-1 Yy kg4l Tkg=1 ks kg4

here we assume 4/\ = id. and. as above the summation is taken over all s-faces

s e s l v X /NSRRI RS /R T /SR A D5y =001

of /"and ¢, = Pemoq 1 his formula dctcnmncs the coproducts V_not only in C'U,(\) but
in chain coniplex C'(Q) of an arbitrary cubical set Q. The proposition 1. as well as the
Proposition 2. (when O is a cubical monoid) remain true.

\.Razmadze Mathematical Institute
Georgian Academy of Sciences
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Asymptotics of Solutions to a Pseudodifferential Equations
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ABSTRACT. A complete asymptotics of the solution to an celliptic system of
pseudodiffercential equations is investigated by means of the Wiener-Hopt method
(L,,-thc()ry). The obtained asymptotic expansions are written in a matrix form.

Key words: pscudodifferential equations. asymptotic expansion. Wiener-Hopl method.

In the present paper we investigate a complete asymptotics of the solution ¢, to
ystem of pscudodifferential cquations by means of the Wiener-Hopf method (L -theory)
he obtained asvmptotic expansions are written in a matrix form. )

By using the Wicner-Hopt method G. Eskin and J. Bennish have studied a complete
asymptotics of solutions of pseudodiffcrential equations (Z,-theory) [1.2].

We define anisotropic Bessel potential spaces with weight. similar to |2].

 LetuseRome Njand 1< p <o by H*(R") we denote the space of functions
(of distributions when <0 or s+ s <0)cendowed with the norm

m ;
) (11.5). - ' <k k| d
“”W“ - “”lH;:“ "R = Zlk Dl sttt (u”uil,l,(R’ )
k=0
YV’I
£x. 5

LGN

@ (x) =

x=@.x)eR <x>=(+ \'x”f;)‘ -

n-1 n

E= (L E) e B,
stk sk
<Eof =1+ (B, €5 2 =01 2
Let «#be a compact n-dimensional ¢*-smooth manifold with the ¢ -smooth bound-
ary 04 and consider NV x V system of pscudodifTerential cquations

7 ax. Dyu = v, (1)
ue H;)" D, v e Hl"f”“"'\'"/(-ﬂ), seR

with a symbol a € R7(7*. LOH |3].
We suppose the homogencous principal symbol a,(x. &) is elliptic

inf |det a (x. w)| > 0
el #t
{wk1

and consider the matrix
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)/

a,= ay(x') = [a,, (', +1)] 'a, (', 1),

a, (et )= a, A0 SSRORE]) iy 04

Let 4,(x"). ... . A,(x") be all eigenvalues of the matrix a,(x') with the Riesz indices

miGe) o om (x) respectively (i.e. l(x) defines m (x) linearly independent associated
vectors [or a,(x"): [4]) and

S e N
g =0(x)= e log/lj(x), J=1 L

Then Z m; = N and a(x') has the following representation in the normal Jordan

form

ay(x") = /“/(X')-Z:,,Krl(x'), detK(x') # 0, x' € 6M. )
where

7, = diag{4,(<)8™(1), ... . 2, )B" (1)}
and B"(#) are the Jordan blocks defined as follows
k—j
G e
(G2l

BUO = 16y Ollys by = L j=k, Q)

These matrices are upper triangular (truncated Téplitz matrices)

2 2 el

1+ = —_—
2! (m=2)! (m-1!

(-3 -2

G =0 Sy =
B'® (m=3)! (m~2)!|

0L 0GR . 1 t

(8 (O e 1
Let
13” (0= diag{B"'(¢ ), ..., B"(0)} )

Note, that B (l) =7is the identity matrix and £ € C”(6.4). if all chains are trivial
m=..=m,= 1 "This is the case when, for example, a,(x') is a normal matrix.
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Let us introduce a special local coordinate system (s.l.c.s.) (x', x. )€ M= (%WJQJJRJJTJ“J
on ./ in the neighborhood of 8.4, where x' € 0.4, while x,, . measures the distance to the
boundary 0.4 “

Theorem 1. Let equation (1) have a unique solution u e H:’" DM for each given

L Ve HI(:‘ SNl for some s € R. Then

1 v 1
— —l'<e———Re dx) <z forallj=1, ...,0
P 5 3(x') p Jor all j =1,

14 ,
Let further 5 Rc&](x') >-1. M e Njand y > [%} +M+4, Ke C"@ and

0, s-v+M+1),0 " 5 J . 3 N
Ve H:: s, (). Then o} e (784 and the solution has the asymplotic expansion

THAE) 1 : i
u(x, x..)= X)¥ht i n+ X) X
%) = K@) X Ba, (-5-logx, ) #7()

apr

g M k(2mg-1)
' k ~
x | co(x")M +Zx”_~ Zlog’ X, 4 G (') |+ (3%, L) (5)
k=1 =0
with Ty, € H(F'JL;:,:‘;’ Dty my = max{m. ... m,} for all sufficiently small x, > 0.

o0 A
belong to C*(8.4) and are influenced by the full symbol of equation (1).
Furthermore, for arbitrary u, m, k Ny the a priori estimates

Here the matrix B (1) is defined by the principal symbol of equation (1). N-vectors Cy

Mk
COZZ cy C’”(&J{)”+CU "’TMH ﬁ;w‘xﬂ\/lﬂ)‘w(‘ﬂ*)’ <
k=0 j=0
< u‘ﬁ(;,.s).oo(ﬂ)“ < Cv]“V‘H;m,x—vfM)w(ﬂ)l! < C2||u|§;m,g-),w(v“)”’ ©)

where ¢, (x") = co(x"), hold with some constants Cy» C, which are independent of v.

If chains of associated vectors are trivial £ = N (i.e. if apr(x', 0, £1) are positive
definite or the matrix ay(x') is normal, then for all x' € 8.4 the asymptotic expansion takes
the form

; Ty
U, x, )= Kexk, K7 x

M k
x | c(x')+ Zx,;ﬁzl"g} X, G (X') |+ (6, %, ) )
PR
In particular, if chains of associated vectors are trivial and &,(x') = - = §,(x') = &x')

expansion takes simpler form

3. "Imaddy”, 6. 158, N2, 1998
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v M
—+A(x")
ue e ) =2 cU(x)+ZxMZlog1 X4 G (X1 |+ (3, X, L)
k=1 =0

Note that in the case (7) the Jordan cells are trivial B (t) = [ and the leading term
of the asymptotic expansion contains no logarithms log x

A.Razmadze Mathematical Institute
Georgian Academy of Sciences
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ABSTRACT. For a fibration a twisted tensor product model is constructed in
terms of a given chain extraordinary homology theory. As a cosalary, a siziple proof
of R. Thom theorem is obtained.

Key words: functor D, extraordinary homology theory.

The aim of this paper is twofold: 1. To construct a model for a fibration in terms of
given extraordinary homology theory: 2. To give a simple proof of R. Thon: ‘i yrem [1].
* Let 7n,(X. A) be an extraordinary homology theory on the category ol i :pological
spaces. i.c. /1, satisfies the Eilenberg-Steenrod axioms except possibly for the dimension
asiom. A natural question is to decide when is there a functorial chain cou, lex for a
homology theory. It appears [2] that if such complex exists. then the theory is .utomati-
ally degenerated. i.c. it is naturally isomorphic to the singular homology thiory with
coefficients in /,(*). We show this fact by a different method which at the same time is
available to construct a (Hirsch) model for a fibration. and as a concequence. the Atiyah-
Hirzebruch spectral sequence. In particular, we show that the singular non-orientable
bordism theory [1] can be given by a chain complex. So the spectral sequence for this
theory is degenerated and. thus. we obtain R. Thom theorem which asserts that cach mod
two singular cycle of a space is homological to a fundamental one of a singular smooth
manifold. This proof does not usc a notion of the Thom space as well as the Steenrod
operations. The main method we use is the perturbation theory developed in [3] (see also
[4]). which is modified here to the singular non-orientable bordism theory instc 1d of the
(ordinary) singular homology one. Moreover, the method suggests a way to investigate the
question that the spectral sequence for the other singular bordism theories is, or not.
degencrated.

By a functorial chain complex is meant a functor 7,(\. A) from the category of
topological spaces to the category of chain complexes such that the foliowing short se-
quence of complexes is exact for a pair (X, A)

0 = L(A) > LX) > L, 4) > 0.
Suppose for a given theory /,(X, 4) we have a functorial chain complex L,(\, 4) with
hyX. 4) ~ H(L(X. 4)). Then we have the following theorems.
Theorem 1. Let 7~ [7—5—5 X be a fibration with the base X finite polyhedron. Then
there is a twisted tensor product (C(X) ® Rh,(F), d)) and a homology isomorphism



212 S. Saneblidze

(CuX) ® Rh(F), d) > L(E)
which is natural with respect to the base X (C,(X) denotes the simplicial chains of X and
Rh, denotes a free group resolution of h,).

In fact, the twisted tensor product is obtained by a twisting cochain
7 € C*X; Hom@Rh,(F), Rh,(F)),
the class, d(&), of which is uniquely defined in the set D(X; A,(F)) by the fibration & Here
D(=: G) denotes the functor defined in [3] for a fixed graded group G.
Now the naturality of d(&) with respect to an induced fibration applied for the con-
stant map X' — * (and to the constant fibration immediately implies the following (cf. [2])
Theorem 2. For a finite polyhedron X, there is a natural homology isomorphism
(CuX) ® Rh(%), d®) > LX)
(i.e., in Theorem 1 a perturbation t = 0). Consequently, there is a natural isomorphism
2;’4 q=an(‘Y" hq(*)) . hn(X)’ R
and the Atiyah-Hirzebruch spectral sequence Jor h(X) is degenerated at E~ term.
. Now we construct a chain complex for the singular non-orientable bordism theory
Qf(X. A). Define a chain functor (L,(X), ) by
L,(X) = L' (X)/LICY),
L'X)=2 V M" = X], where M" is a compact smooth manifold, /s a continuous map,
of=f ]Mf‘ +Lt ML A = MG O M, LI = Ker anL (Y), L' (X) =
=Z,0) 8 LX), Z,X) = Z,|f: M" — X], where M" is connected and o1/ is empty.
Theorem 3. There is a natural isomorphism
QOX, 4) > H (L(X, 4)).
From Theorems 2 and 3 follows
Theorem 4. (R. Thom). The canonical map
Q) - H (X, Z,)).
is epimorphism for a finite polyhedron X.

The research described in this publication was made possible by Grant of Georgian
Academy of Sciences.
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ABSTRACT. We present the method of calculation of aspherical optic concentra-
tors with various designs for photovoltaic systems. This method is based on spherical
interpolation method and it has full adaptation with those technical requirements of
digital control machine tools on which the formation of aspherical profiles occurs.

Key words: photovoltaic cell, double-stage concentrator, focon, spherical interpola-
fion.

In recent years the share of clectric energy given by the solar power engineering de-
vices constantly increases. On the one hand, it becomes possible due to the increase effi-
ciency and fall in price of photovoltaic (PV) elements prepared on the basis of different
semiconductor compounds (GaAs. Si and others) and on the other hand, due to the differ-
ent optical concentrators increasing the solar radiation intensity on PV-cells surface [1].
The effective use of optical concentrator is of a great importance in solar cnergy technol-
ogy. because it considerably increases PV capacity and reduces the price of electrical en-
ergy produced by PV-generators.

The main practical requirements for optical concentrators are: a) high degree of solar
radiation concentration; b) minimal spherical aberration; c) high level of concentrated
radiation flow homogeneity upon PV-cell surface: d) compactness; ¢) cheap and simple
production technology; f) safety and lasting quality.

To satisfy these requirements different structures of optical concentrators, intended for
different kinds of solar devices are designed [2].

Long time scientific and industrial studies are being held at the Scientific Research
Institute “OPTICA” in the field of applied aspherical optics. On the basis of these works
several designs of optical concentrators with the aspherical profiles have been created.

Among these designs the most simple one is the aspherical plastic lens, concentrating
the direct solar radiation onto the separate PV-cell. Our calculation and production tech-
nology of aspherical lenses allows: to choose focus distances in the big range of values; to
minimize sizes of the solar radiation spot formed by the lens; to achieve a high homogene-
ity of the concentrated radiation flow; to reduce the lens thickness and mass which is very
important for the big sizes concentrators.

The thickness and the mass of our aspherical lenses are by 20 + 30 % less than ordi-
nary spherical lenses with the same optical characteristics. Reduction of the thickness of
lens, besides the mechanical importance, has the energetic importance — it reduces the
quantity of solar radiation energy, absorbed by the lens materials (mostly optical plastic).
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Minimal spherical aberration (up to 3 mm) and 100 % homogeneity of the coiéehi4ied
beam makes possible to form the homogencous solar radiation stream with the high degree
of concentration (400+500) on the surface of the given size.

The technique is completely adapted to the specific requirements for form of the soft-
ware for machine tools with digital control. This enables us to create an automated. cheap
and effective technology of serial production of single and double-step optical concentra-
tors for PV-systems.

The mathematical basis of a mentioned method is spherical interpolation [3.4]. On the
machine tool with digital control the processing of a smooth profile is realised with the
help of spheres formation. the curvature of which as much as possible comes nearer to the
curvature of the necessary profile in small area of the given point. Therefore it is much
more convenient and casier to calculate coordinate of points of the necessary profile by the
method of circular approximation. For realisation of this method we introduce the follow-
ing discrete parameters:

(R, > vy ),
where R_is radius of curvature of a profile in small area of a researched point. (x, v ) is
coordinate of center of curvature, (x,, v,) is coordinate of a researched point of a required
profile. Discreteness of parameters is realized in relation to v coordinate by sizes of Ay
values. Let a required profile of aspherical surface be a point with coordinates (x,. v,) with
appropriate radius of curvature R_and center of curvature (x,, y,). ¢, be the angle between
areturn direction of an axis OX and radius- vector of a point (x,. v,) (Fig. 1). Our problem
is to find a point (x,, v, ) on a known initial data. We find the center appropriate to this
point and radius of curvature so that: 1) The arch of the given circle passed through a
points v, v, v, where y, is the point followed by step-type behavior after v : 2) The beam.
put from a point of back of fo-
cus F in the opposite direction.
after fall on aspherical surface
in a point (x,, v, ) and refrac-
tion in a lens, should be passed
in parallel axes OX: 3) Beam
lines, delivered to the different
points of lens surface. form the
homogeneous structure in front
of the focus F: 4) By recurrence
of the given procedure for each
discrete point with an interval
N Aywe can receive a surface, gen-
\ erated from overlapped arches;
S <. ¥z ) that the received surface was
smooth, without bends of zones,
i.e. in each point a required pro-
file has one and the same nor-
mal. It is necessary, that tan-
gents of the next arches, in a

XoXnXiX;
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point joining, have identical inclinations to an axis OX .

On the basis of these requirements fulfilment we derive the recurrents formula. which
provide the following cyclical transformations:

[—> {x0, Vo P03 X Ve P} X1 V1 1} —V'*I

The sct of points (x,, y
ate to aspherical surface.

To increase the degree of solar radiation concentration factor (ratio of the first work-
ing area onto the area of concentrated radiation spot). double- (and multi-) step optical
concentrators are used, which usually have the following scheme: direct solar beams
reflected from the paraboloidal reflector and geathered in narrow line in the focus of
paraboloid: in this place the lenses. i.c. focons are lined and. with the help of them, on the
working surface of PV-cell the second concentration of solar radiation takes place. Effi-
ciency of these schemes depends on optical and mechanical characteristics of the second
optical concentrators.

). found from these transformations, forms a profile appropri-

m

We have designed the double-step optical con-
centrator, in which the inside mirror covered by
empty focon (Fig. 2a) is used for the second concen-
tration of beams. The size of focon in hole is equal
to the cross size of the solar radiation line (about
13mm), formed by reflector: and the size of focon
out hole is equal to the size of the working surface
of PV-cell (about Smm). Focon wall profile is calcu-
lated according to the above mentioned methods. In
this case, requrent equations, providing the cyclical

a b transformations (1), are derived on the basis of the

Fig.2 following requirements: 1) All beams, which enter

focon and have angle of slope up to 24° to the axis of symmetry of the focon, must get out

from the back side of the focon; 2) The quantity of reflection inside the focon must be

minimal: 3) The beam, which come out from the focon, must be homogeneous; 4) The
height of focon must be minimal.

As a rule. the simultaneous observance of all these requirements is practically impos-
sible. Our method (with minimal mathematical “loading™ and full adaptation to the tech-
nical requirements of production) gives us possibility of high effective calculation and
production of focons for different needs.

Our model experiments and stand tests demonstrate that the addition of aspherical
lens on focon in hole (Fig. 2b) ensure the maximal satisfaction of all requirements and
improve some optical and mechanical characteristics.

For example. by selection of lens aspherical profiles we obtained the following results:

1. The increase of beam slope maximal angle to 30° (by which reflector net area and
concentration coefficient increase).

2. Reduce of requirements to focon profile (by which is simplified the production
technology and the operation characteristics of full system improve;
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Increase of concentrated stream homogeneity up 0 95%.

Based on a given technique we made optical concentrators of a different configura-
tion. Measurements spent on the special stand show that the application of optical concen-
trators made by our technology, significantly raise capacity of PV-cells.

Scientitic Research Institute “OPTICA”, Thilisi
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MECHANICS

M. Losaberidze, T. lamanidze

On the Problem of Dynamic Action with a Vertical Load on the
Elastic Half Plane Boundary

Presented by Corr. Member of the Academy K. Betaneli, May 15, 1998

ABSTRACT. The article deals with the regularity of the change of normal and
tangential strains of a vertical load on the boundary of elastic half planc in the proc-
ess of dynamic action.

Key words: dynamic action, normal strain, tangential strain, vertical load.

Let there be a vertical load on the boundary of elastic half plane (Fig. 1). variation of
which is shown by the function P(x, 7). Let us assume that the load moves across the axis
Ox with a constant velocity C. Vertical I and horizontal U /(x. y. ) displacements of the
half plane points and normal o,and o, and tangential strains 7, , are to be found.
We assume that the half pldnc is a uniform isotropic elastlc body and its strained

condition is expressed by the equations of elasticity linear theory.

* As known [1], in the case when there are no volume forces the clasticity plane theory
equations of motion have the following form:

oo, Oty u )
ERE N
Ox dy ﬁ:;L [ o
o0y
or? j
where
ou v ou ou (?v]
A — A —+ A= =p —+—
( +2#)'7x /{a ( +2,u) + = , Ty #(QV 2 ) 2)

uand v are components of displacement vector, l and g are the Lame parameters. The
compatibility condition is as follows

(}. +y) 0% (ou ov 0% 5 02
N R s LA . B BT 3)
’ : A+2u" o*\0x Oy (23

. Letus introduce a new function ¢/ connected with the strain components by the equa-
tion
U p U U p U
ST e 5 )
oyt 2u ot & 2u ot
Then, as it is known, for the function U we arrive at the differential equation [2]:
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= J'JWIJZ‘J
~2
—l°—2 U=0, )
c; Ot

where cf =(Z+2u)/ p is the velocity of longitudinal wave c;' = p/ p is the velocity of the
lateral wave and p is the density.

As perturbation on the boundary of the elastic body spreads with a constant velocity
we can introduce a moving system x - ¢f = & v = n of the coordinates £07. Then the
equation (5) will have the form

52 2\ 52 | 52 20 =2
S1-5 5 254 1-5 1Ly <o, ©)
o0& ¢ Jon” || o ¢ )on

We assume that ¢ ¢, and make a new transformation of the variables

We arrive at

2 2 2 2
(—(7—,,+:‘),][‘\67+ﬂ82}[/:0, )
06" onf \ogy  om;
Using the formula (4) the strain components in new variables will be:
U

2\ A2
e ol
o, =|1-— = ®)
2¢5 JOE”
As we can see. (7) is an elliptic differential equation. Its solution, as it follows from the
results of [2], can be written as

x = 2
ony

U = 2Re[F (z )*F (z,)], ©)

where z = & tin; z= S, & =E=¢,
Proceeding from the above-mentioned. if we take into account the cquations (8). the
tangential and normal strains can be expressed by the equations

2 2y . 1 ey
) Rcﬂigﬂ—%]ﬁ, (z,)+[5—2€722]F2 (z, )} i (10)
o, :[2 +%Jke[1«;"(zl)+ﬁ"(z2)], (an
e

T.

:21"{(1-& /cf)F,“ (2))+4c3 ¢ 146, F; (2, )] (12)

On the boundary y = 0 there is a load P(x,1), therefore the boundary conditions have
the form:

g



<} 2'//%
On the Problem of Dynamic Action with a Vertical Load on the Elastic Half.. [ 249/
: =1

= (2 +c? 12 )RelF )+ F ()] = -P(x.1): 7,=0,y=0.
»=0 means that 7 = 0 and the equation (12) gives

/{(%ﬂ (¢)+‘/T F)|=0. (14)

If we recover the real part of the analytical function according to the hypothetic part
[4] and take it into account in (13), then we shall have

sl afy2 2 :
o‘_\-+o‘y=2[j—z L) {E C‘“"(zc" ) ReP(z).  (19)

3 g -ct )' 4!4 cl -c Xc 3)
2] 1
. ( Sice 2-c” /c7 AN
e "'U Ll:] {(2—&/5,) 4J( —c* /Ll Xl~c /cz) 71) P( _))J =

It can be easily seen from the formulae (15) and (16) that the boundary loading and

summarized normal strains (o, + o) and tangential strains change according to one and

yi P(x.r) the same principle. If the loading for

: every fixed X'and Y increases accord-

ing to time, then o, + o and 7, increase
too.

But if controversially the loading
on the boundary for fixed X" and Y is
Y reduced according to time then total
0 X normal and tangential strains are also
reduced. The increase of coordinates
X and Y for every fixed time causes

Fig. 1 the decrease of (o, + o) and o, . When
Xand Y are greatly increased i. e. they tend to mﬁmt) then (o, +o, ) and T stmms tend to
Ze10.

5

G.Tsulukudze Institute of Mining Mechanics
Georgian Academy of Sciences
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CYBERNETICS

G. Kashmadze

On Evaluation of Membership Function of Fuzzy Set

Presented by Academician V. Chavchanidze, November 3. 1997

ABSTRACT. The splitting operator which acts in spaces » and 1, is considered
and the norm of the splitting operator is defined. The same norm is introduced in
MV-algebra of membership functions of fuzzy sets.

Key words: fuzzy set. membership function, norm, MV-algebra.

Transition from ordinary sets to fuzzy ones is naturally connected with elements split-
ting operation from the point of view of possesion of a certain property [1].
Let pt be a mapping of a set NV of natural numbers into the [0,1] segment. Define the

splitting operator Sﬂ that maps the space /n of limited number sequences into a direct sum
m @ m as follows:

8,00 = (e, (1- o} = (e, (L= e},
N
where x e m, e [0, 1],

* Linearity of splitting operator is easy to check.
Introduce a norm of splitting operator:

5.l =supls, 0] = suple. 01 s = supll] 1 - 0] =
il [lxl x|<

[lxl<1

= .\'up[supi,u, x,| +supl(l - 1;)x; q =1+sup g —inf g,
1 1 i 4

Thus, I[Sﬂ[\ 20,since0<y,<1,ieN.
Following conditions are valid too:

”a S, ” =||||S, “ for any real number o.

S5,

] <

I
Sw

st

Assume now that operator acts in space /,. By using the definition of norm as follows
1

/i 5 5
5 | 2 e 2
5uﬂ=SUPLZMX,2] +5“P(Z(1—.U,) X.] = 14 sup g, —inf g,

<t [ e

© -

we get an expression like in space m.
11 3
Assume x.y.y € /, , consider the scalar product [2]

(S“(x).y)z ({,wr (1 —,u)x}. {yl 5 y” }): (/zx, yl )+
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+1- ). 7)= Z#,x,y, +Z(1 wxy) =

@

= > wuy! +0-m =l $50).
i=1
So, splitting operator S has a conjugate one, which is dcﬁned on space /, ® /, and
associates an object z = 1y + (1 - Wy with each pair y = { v v }. This opcmtor may be
called pasting operator.
Introduce the structure of MV-algebra on the set of splitting operators according to the
following definition [3]:

S DS, =5,0,, 5,%5,=8

vy Sy =Sy
where
1@y ={min{l, g +v, B, uxv = {max{0, z +v, -1}
As a result the set of splitting operators which we identify with the set [0, 1] becomes
a direct sum of enumerable system of MV-algebras <[0, 11, ®, *, -, 0, 1=
Introduce in received MV-algebra the same norm

Nl =1+ sup g1, —inf g,
“y@v“zl-fsup{min{l, o +V; }}‘inf{min{h H; +v,.}},
”/Ji|+“v“ = 1+su.p/.1,- +supv, +1-(inf g +infv,) .

By comparing the last expressions we get [|u @ v|| < |u +[v] . The foilowing unequality
may be proved too: “,u *v“ = Hy””v“ :
The received relations allow to consider a MV-algebra <[0, I]N‘ @ * -0 1>as
normed MV-algebra with ||;1” =1+sup y, —inf g, .
; i
In common case, when zis a mapping of any set X into complete lattice an expression

1+sup pe(x) - ill£ 44(x) may be applied as some evaluation of p together with other crite-
xeX X
ria [4].
Thilisi I. Javakhishvili State University
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PHYSICS
E.Sikharulidze. G.Sikharulidze

Some Peculiarities of Conduction Band Structure of InGaAs

Presented by Academician R.Salukvadze. January 16. 1998

ABSTRACT. It has been established that the dependence of additional encrgetic
minimum E( dislocated in conduction band on chemical u)mp(mtwn of tll(_ material
is of nonlmu\r character. Oscillator force for optic transitions L‘() - E(. | effective
mass value E({Z) of density of state in additional minimum and thermal coefficient
value of energetic gap A, , change have been established.

Key words: conduction band. energetic gap. effective mass.

While studying absorption spectra of IR radiation behind the main band edge (/o < /o )
in monocrystals InGaAs [1] we reported on revealing of electrons transitions from absolmc
minimum conduction band into some additional minimum of the same band. energetic
dislocation of which was estimated by longwave thrcshold of the established spectral
dependence a, = fi/iw). connected with transitions E."— £ The aim of present paper is
to obtain morc information on these optical lmnsmons and make morc precise the
peculiarities of structure of In Ga, As solid solutions. The chemical compositions of the
studied samples and free electrons concentration in them at 7' = 295K arc indicated in
Table. The revealed spectral dependences of absorption coefficient a, = fl/iw) in the range
of photons energy 0.15+1.0 ¢V are illustrated in Fig. (the spectra ofthose samples which
arc not close by composition are given in Figure). As it is seen the revealed dcpendencms
a, = /i) don’t cover the whole spectral range describing electron transitions B IR ;3 s
becausc long-wave side might not be free from the influence of absorption cmmccted wilh
frec charge carriers and the short-wave range duc to the proximity to the band of main
absorption might be masked by intensive interbands transitions i EC” . But as therc is
clearly outlined important range of beginning of saturation absorption coeficient in it. it
helps us to judge on the character of intervalley transitions in the band.

Table

Composition i Electrqns A2 . . .
Number o Conccntr(fnauon (c"f) my Imo | my Imo | fi2

Ne(cm™)

213 0.03 3.9.10"7 | 0.22 ] 0.056 |0.0093 [0.43
3n2 0.05 8.2:10"° 0.23 | 0.054 [0.0093 [0.41
4n2 0.09 3.8-10" 0.27 | 0.052 {0.0094 [0.35
5n3 0.10 48107 0.285] 0.052 |0.0095 [0.33
6nl 0.12 59101 0.32 | 0.050 [0.0095[0.29




Some Peculiarities of Conduction Band Structure of InGaAs

‘The spectral analysis reveal the features characteristic to indirect optical trar
and the distinct linearity of the dependence a, (/‘ 70) testifies to the direct permitted transitions
between minima. The revealed character of optical transitions and independence of the
refractive index from radiation frequency in the investigated spectral range (at 7= 295K
for materials of studied compositions and free charge carrier concentrations 7 = 3.41 |2[
makes it possible to determine cncrgcllc gap A, , corresponding to transitions L(I - I, 5
by the dependence o ~ 4'(iw - A, ,) . where 4" denotes constant. The values Ay for
studied samples are established by gradual correction of the value Ze-th (which was

! determined by extrapolation of long-wave spectrum range to &= 0), up to obtaining of the
linear dependence in graphic expression of the above indicated correlation. They are given
in Table. (It is taken into account that the values of Fermi level £,<0.025¢V.: conduction
bandnear the main minimum is practically parabolic). The conslmcuon of the dependence
| A[w flx) shows that in solid solutions of In Ga, As energetic gap between absolute
‘minimum of conduction band and additional mmlmum E,” increase with the increase of
indium content in the material on nonlinear law. To cslabllsh general character of nonlinear
ependence A, = flx) is practically impossible due to the limitedness of the studied range
fchemical composition. This limitedness is conditioned not only by principal technological
factors (volume crystals of InGaAs with the given composition can’t be practically obtained
higher than definite value x), but by the peculiarities of optical properties of given solid
solutions: increase of x causing from one hand the increase of A, . and from the other hand
the dccrcasc of £ & It leads to the growing masking of low- mlenslvc optical transitions L
- /' "by considerably intensive optical transitions E,— F Andloglcal factor of small
\v1dth of forbidden band makes difficult optical researchcs of InAs conduction band structure,
2:101 and its knowledge would be useful for the

o T=295k regarded question. In accordance with the
obtained data we have all the reasons lo

ol suppose that the revealed minimum £~
= is dislocated in the center of the Brlllncn
B band (point ') or in immediate proximity
B s to it as the researched solid solutions
% 5 absolute mini‘l)uum of conduction band is
S in k-space at k = 0. The question whether
S . £,7 minimum is final or intermediate state
& - for clectron transitions can be solved in
% conditions of monoaxial crystal compres-

B - sion.

g 151 — = Theor. calcul. The presence of direct, permitted
® - Experimental optical transitions between the indicated
10° L T | ;  minima of the band helps to suppose that

0l 015 02 03 04 05 07 10 the observed spectral dependencies of
absorption coefficient given in Fig. can be

Photon energy hw(ev) expressed by [3]:
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Ze (m mz)

zThen, /1 (/11] +imy )3/' a) A 7)1 ha )
where 7 is the refractive index at frcqucncv w; cis the speed of light in vacuum: ¢ and m,
are charge and mass of electron: my *and m, are the effective masses of density of states in
minima correspondingly: and f, 2 dcnotcs oscillator force for the g given transition (According
(o electric studies data Hall cocfﬁcicnl in researched spectra doesn’t depend on temperature
in 78-550K range; clectron gas is in degenerated state). One of the main parameters oflhe
expression (1) i.c. the values of effective masses in absolute minimum of band m; for
studied samples is determined according to the data of Zeebek effect [4] and they are z,wen
in Table. Therefore while chosing corresponding values m3 and f, , resulting in coincidence
of calculated curve a, (%) with experimental one it becomes possnble to evaluate the effective
mass of density of states in minimum EC ) and oscillator force for the gn en transition. If
we take into consideration that by Kein’s theory matrix element of P is approximately
constant for semiconductors with extremums of basic bands at & = 0 [5], then approximate

value of oscillator force can be established from formula Jy= %l}’;rm’l(ﬁwﬂ.) "[4] as

the determining parameter of matrix element 2 = 8.6-10" ¢V em for the given solid solutions
is known [6]. By weak correction of value /,, and chosing the suitable value 7}, until
complete coincidence of calculated curve a, (/i) corresponding to (1) with the experimental
one (Flg ), there was established effectivity mass of density of states in additional minimum

" The values of effective mass m} and oscillator force /., for the studied samples
dcpendmg on composition x of solid solutions are given in Table

With temperature decrease up to 7'= 90K the increase of esnbllshed energetic gap A, ,

is observed and thermal coefficient of its change equals (4.5+0.5)-107 eV/gmd comcndmg
with similar coefficient for forbidden gap [2].

Institute of Cybernetics
Georgian Academy of Sciences
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PHYSICS

D. Metskhvarishvili. D. Karkashadze, R. Zaridze

Anisotropy Absorbing Magneto-Dielectric Bodies in the Super High
Frequency Electromagnetic Fields

Presented by Corr. Member of the Academy T. Sanadze. December 2. 1997

ABSTRACT. The improved algorithm based on the Method of Auxiliary Sources
(MAS) for the problems of scattering and propagation of SHF waves in anisotropy
and absorbing magneto-diclectric bodies is presented. It is shown that in comparison
vith quasi-optical approximation methods the presented method provides the guar-
anteed precision.

Key words: anisotropy, absorbtion, diffraction.numerical methods.

Let's consider 2-dimentional problems, when the geometry and vectors of clectromag-
netic field are dependent only on x and y coordinates, the body is infinite and regular along
zaxes. In such media the Maxwell’s equations of H and E vectors are symmetrical and
thus with the help of simple symbol substitution the analysis of the elliptical polarized
waves propagation is reduced to comparatively simple linear polarized waves investiga-
tion. In case of Z-polarization the single electric field component [E_satisfies the Helmholz
anisotropy wave equation [1,2]. With its fundamental solution it is casy to express the /-

component of electromagnetic wave in anisotropy dielectric media induced by linear. par-
allel to z axes. electric source of j, density :

E.(F-7)=- Hf“ i, HY (1‘“‘[*\/# (o= +42,(y '~V“>2J (1)

The other two wi lnch are not equal to zero components //_and /1, are obtained from
Maxwell’s equations system (k, is the wave number in free space).

Let us find out the average rddmlcd energy in wave zone during the period caused by
electrical source placed in absorbing. anisotropy media. The Pointing vector of the given
source (energy passing through the unit of area and average in the duration of period) in

the same zone has the following type: S = /Rc[ﬁx ﬁ*] where E.H" are the asymptotic

values of the field’s vectors. In case of £-polarization these vcctors have only the following
components:

7 ‘/A z) (i
{ip-2) ‘
4 o w/':w;,\/ﬁA k=kyfer . (@)
nkp &
[,

:
I7;1s the wave impedance of free space (17, = \/—— =1207 ). p the distance in polar
&o

4."0030y", @. 158, N2, 1998
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coordinates. Taking into account (2) we will have:

o e
.s},:[z;xn L = ol e[ - Rea) ‘ (3)i

So. the average energy radiated during the period by cylindrical source is equal:

i< Ry =y el w, -l - Re 2
8 L Ve

The flux from the source is changed if a certain body is placed in its ficld [3]. The

difference value of the source energy flux is simply determined by the scattered field,

which the body creates in the point of source location. This energy could be called the

source and body interaction energy and is expressed by the following formula:

2 1
P = [ S,ds = p [ S, dp = 8
4 0

Pt :—/Rc(/( £ ) [3]. where £ (x,. v,) is the conjugated vector of electric ficld

strength in point A4(x,.. y,) created by the source current /L . When the cylindrical body is

placed in the ficld of some cylindrical source, each unit of the source in the average period
radiates the energy of: |

Botar = ]l;a(hmk[‘v‘nlmum :' kq { (1 Moe \/—’ R"Jf‘k Rc[/ l‘s(‘(\W Vo)l (5)

Consider the linear, homogcnous, anisotropy cylindrical body of complex L cross scc-
tion (smooth in sense of Lapunov). Suppose the z-axes of rectangular coordinates is paral-
lel to the cylinder generation line. The problem is to find out the monochromatic electro-

1ot 1ot

magnetic field £.(x. y)e H (x.y)e ™™  which is created in the whole space due to

the diffraction of parallel to z-axes of 7% (x, y)e ' incident field.

One can show that this problem is reduced to the solution of the system of two wave
equations:

GE(

4 f—[’“"—vhkuﬁ (x,1)=0, M(xy)eDy:

a° (6)
Lﬁzlf_.(x._v)+Ld"]ﬁ’z(x._v)
TS &l M ?

+hkie. E,(x.»)=0. M(x))eD,:

where D, is the area bounded by L contour, D, -infinite area out of the contour. The
solution 7 (x. y) must satisfy the radiation condition and the following boundary condi-
tions on the L-contour (the condition of continuity of E and H tangential components):

El(x,») =EX(x, )+ E (x, ), M(x,y)eL; ©)

1 -1 ; -0 i
1 &,(x,y) " +_1_ ﬂ::(x.y)n = &, (%)) - E.(x,y)

, M(xy)elL, 8)
e ooRls e e e an g |
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L0200
- (x. ) is the linnt value
of the scarched function E,(x. ). when the point (x, ¥) approaches the point M(x, y) of
contour L from the D, area, and E,(x. y) is the same onc when this point approaches from
the D, area. We will solve this boundary problem with the help of MAS. For this purpose
we choose the auxiliary contours Lp (p = 0,1) in cach mcdia which are separated by the
main contour L. and these contours L completely surround the L contour and have simi-
lar form. Also L, isin D, arca and L, in D arca. We distribute the unlimited. countable

ere n is the outside normal to the contour L in point M(x. 1), 7

set of points {\‘,{’.y,ﬂ' th on these contours. After that. we construct two sets of basic funcs
tions which are the fundamental solutions of wave cquations (6)

zll;‘,li*(, H ko= x5

T
L

e b *
Lo ok e sl ) ‘,)
{G F-r )}:7l = {:/\‘,1/7[,‘/#".}4}. 7281 (/\, VE A (X=X,) a1 (V= } . (10)
L3 ) =1
radiating centers of which are in the chosen points of auxiliary sources. # and 77 are the
radius-vectors of observation point and radiating centers, respectively. If the L contour is
smooth enough and £ (x,») function is continuous with its derivations on this contour it
could be shown [1] that such a contour LI)_ (p = 0,1) can be always found and the corre-

sponding sets of functions {l/fh'(i"(f',, - ’ZF)}',. (W -the corresponding boundary operator
in (7) and (8)) are complete and linearly independent on L contour. This also means that
the solution of the boundary problem (6)-(8) can alw ays be presented as follows [1]:

N N
E:(x,y) Z(z,(7I ]“(FA):”), M(xy)e D, Iz'z(r__v) Zul G'(7 - 1;1), A\f(x,y)e D, (1)

n=l
i : s
aff and a, are the amplitudes of auxiliary sources placed on the contours L, and L,

respectively. Using (11) in (7) and (8) we will get the rectangular linear equations system:

N
Z{u; ENG, - -al B2, A;‘;f’)}:. EL (% V)s (m=12,.,M: M 2 N)
n=1 (12)

P
G )
i

[ L EG-F) | 1 G, R
n=1 L Hy 2 Hy &

q
‘ —-a -
] on

g : 2 2l =0
which pseudo solutions represent the searched valucs. Ealasl

,» 1y, arc the radius-vectors of

collocation points placed on the main contour and points where anxiliary sources are placed
on the external and internal contours respectively.
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With this the solution of diffraction problem formally can be said to be comgfetée b
there remains the significant procedure - optimization of solving process. That is a step on
which the effective of the algorithm is based on MAS and how effectively the computer
resources are used. The optimal parameters in solving the given problem should provide
the fixed precision of solution while the dimension of matrix MxN in system (12) should
be minimal. The most important of the optimized parameters are the form and placement
of the auxiliary contours L and L,. As it is known [1] we should take into account the
main singularities of the scattered field in D, and D, while forming the auxiliary contours,
On the other hand calculations show that the auxiliary contours should repeat the form of
the main contour. cach point of auxiliary contour should be at the equal electrical distance
kd from the main contour. Also the shorter this distance is the less the dimension MxN of
matrix is, that provides the desirable precision. But the conditional number of the system
decreases while the distance is increased, and so the precision of the solution is decreased.
So here one can also make an optimization. Calculations show that the optimal distance is
of the order kd ~ 3 + 5, if the auxiliary contours bounds the main singularities of the ficld.
It is obvious that this approach is rather general and in each particular case there is the
separate problem to find the global optimum. For example the residual of solution

Nighi— ol )
§ ZW[a:,G'(r'L - ri,",~a2(}”(ii = r'n“)]—

; v In=1
Eppm)=" =
ﬂm"@ | dL
L
(in sense of L, functional space) along the main con-

17 &z (Vo) & (Y0) tour versus the number of collocation points per wave-
2 25.0000 38.0000 Ay
3 0.0120 0.3000 length. If the order of €, |1 tensors elements of the
6 0.0003 0.0026 given body is about 5 +10, then the data presented in
10 0.0001 0.0010 the Table correctly characterize the convergence of the

solution.

For example if the relative perimeter of the body is 2/ = 200 (the perimeter of cylin-
drical body is equal to 200 wavelength), the tradition is to solve the problem with the quasi
optical methods, at the same time the same result given by MAS requires 600x600 dimen-
sion system solution, that can be easily performed on the modern computers.

Thus, from data given in the Table, it is seen that the method mentioned above
gives the possibility to analyze the problem not only qualitatively. but in most cases to
investigate it quantitatively.

Thilisi I. Javakhishvili.State University
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Heat Capacity Associated with Hydrogen Ordering in
Superstoichiometric Rare-Earth Dihydrides. CeH,, -like Systems.

Presented by Academician G. Kharadze, December 23, 1997

ABSTRACT. In the rare-earth superstoichiometric dihydrides RH,, (R - rare-
carth ciement) the fraction ¢ of hydrogen atoms (0 < ¢ < 1) located in the octahedral
interstitial sites of the f.c.c. metal lattice undergoes order-disorder and order-order
transformations. The possibility of these transitions observation in thermal properties
is discussed. The temperature dependences of internal energy and of specific heat are
ctermined in the case of RH,, . systems characterized by the energy parameters
ratio p > 1.

Key words: rare-carth dihydrides.

1. In the rare-earth superstoichiometric dihydrides RH,, (R - rare-carth clement) the
fc.c lattice of N metal atoms contains ideally 2\ hydrogen atoms located in 2V tetrahedral
inerstitial sites (H,-atoms) and N, < hydrogen atoms distributed among the A octahedral
interstitial sites forming a f.c.c. lattice (H, -atoms). The concentration of H -atoms is defined
as ¢ = N/N. At low temperatures the H,-atoms are ordered. In the case of compounds
LaH, . CeH,, , TbH,,  the superstructure is represented by the distribution function
containing two long-range-order (LRO) parameters n,and 7, [1-3]:

n(x. y. 2) = ¢ + g, yexpli2mx] + 2,y cos[a(x + 2y)] , (€]
where n2(x. y, z) is the probability that the site with coordinates (x, v, z) is occupied by one
of the H-atoms: y=0.25 is the normalizing factor. n(x, v, z) takes threc different values n,
(1=1.2.3) on the set of f.c.c. lattice sites:

m=ctmy+2ny;n,=ctyy-2my;n=c— my- @)

m,. 1, and 72, denote the sites occupation numbers. They satisfy the conditions:
0<ns1.(=1,2,3) 3)
The free-cnergy function of the subsystem of H-atoms can be written as [4.1] X
Oy, ) = EGyy, ) = IS(py, 1), (4a)
E(ny, ) = 0.5 Nkg [Voe™+ V(0 + 2V, ()] (4b)
Sy, m)=-Nky 2, v, {n,lnn,+(1-n)In(l-n)}. (40)

Here I, 17 and 1, are the energy constants characterizing the ordered system; they
are given in temperature units (see [1]): v, (i = 1. 2. 3) are the fractions of lattice sites.
where n(x, y. z) = n,, n,or ny, respectively; v, = v, = 0.25; v,=0.5.

The expression for the free energy function (4) is written within the mean-field
approximation of the static concentration waves theory [4].

The coordinates of the free-energy extrema fulfill equations:

OF(nys n,)l0n, =0, 0F(n,, 7),)/0n, = 0. (&)
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The type of extremum (minimum, maximum, or saddle point) is determumé bymw

sign of one of the second derivatives and that of the determinant A(7,, 7,). g
AGpy, 1) = (O /(1/], n,)en, ) (@ [(7/‘, 7.)0on; )~ [5”1‘(7}1, 7,)/0n,0m,] . (6)
(A > 0 corresponds to a minimum or maximum, and A < 0 - to a saddle point).

The equilibrium vatues 77, (7) and 77,( 7) are determined as coordinates of the absolute
minimum of the free-energy function (4) in the space of variables (7,, 7,). Introducing
7,01 and 7,(7) in (4b). we obtain the temperature dependence of the equilibrium internal
energy £(7) of the ordering system. Temperature derivative of £(7) dependence gives the -
heat capacity associated with the ordering process :

C(D) = oE(D/oT. 7

2. Solutions of equations (5) are obtained by numericai calculations. These solutions

depend significantly on the ratio of energy constants
p=EV/T 8)
and require different programs for the cases p < l andp > 1.

In |3} we discussed the heat capacity of systems characterized by the energy parameters
ratio p < 1. (We called these systems “"LaH, -like systems", as p(LaH,, ) =0.7743 <1 [3]).

In the present investigation we tend to apply the general scheme used in [5] to the
systems with p > 1. We call them the "CeH,, -like systems", as it was estimated [2] that
p(CeH,, )= 125> 1

The conesponduw calculations were performed for some hypothetical model compounds
with concentration ¢ = 0.35 and different p > 1, on assuming:

AV, =0.¥,=-1220K =const, V,=p I,

b) ¢ = const. in the temperature rang,e Lmdcr consideration (60 K < 7" < 450 K);

) £(1) and C(7) are presented in the units (J/mol) and (J /mol K). respectively.
(“mol" denotes the gramm-molecule of RH,, . compound and not of the interstitial H,-
atoms only.)

The obtained numerical results are shown in Figs.1-3.

3. In Fig.1 there are shown £(7) dependences for p = 1.1, 1.2, 1.25 and 1.4 . The
discontinuities contained in the internal energy curves indicate the transition heats associated
with the discontinuous order-disorderand order-order transformations. The heat capacities
are determined by derivatives of these £(7) curves. The high-temperature parts of C(7)
dependences are given in Fig.2, while the low-temperature parts - in Fig.3.

Additionaily we give some obtained numerical results concerning the phase transitions
m the systems under consideration: trausition temperatures 7, (K). transformation heats
AE, (J/mol) and heat capacity anomalies AC,, (J/mol K).

24c

e

p=110 T, ~3085 = AE_=3233 AC_ =877
T,=885 AET =2025  ACh,=0.113
p=120 F,=333 AE, =1516 AC, =17.49
p=125 T, =347 AE, =558  AC,,=3170
p=140 1723886 AL =0 ACT = 6.07

4. One remarks at once that the C(7) curves alone are not sufficient to determine the
type of the phase transition. as the ('(7)-dependences are quite similar for both types of
trangitions: continuous and discontinuous. Note that in Figs.2 and 3 only the derivatives of
the energy curves, without taking into account the transformation heats AE, are shown.
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An interesting result of our calculations is the fact that the amplitudes &
capacity anomalies in the order-disorder and order-order transition points can differ by the
orders of magnitude. while the transition hcms of these transformations remain of the
same order (compare the values of AC,,, AE, and AC, . AE,, in the case of p = 1.1). The
latter condition allows us to conclude that although AC = << A( 1> the order-order transition
can be observed in thermal properties, because the transition hcal AlZ,, will be automatically |
included in the difference [£(7 + AT) - £(7)] of the sample heat capacity, measured at 7=
Lo

It was shown previously [6] that in the case of p>1, within the range 0< ¢ < 0.5 the
ordering is a one-step process. containing the order-disorder transition point, when ¢ <
¢(p). and it transforms into a two-step process containing an additional order-order
transformation. when ¢ > ¢, (p). The critical ¢,(p) values are given by the expression: ¢, (p)
=0.75=(1/2p) [6]. In our cases we have: ¢ (1.1) = 0.295. ¢(1-2) =0.333, ¢,(1:25) = 0.39
and ¢ (1.4) = 0.393. As we can sce. in our case of ¢ = 0.35 we should have: a one-step
process for p = 1.4 and p = 1.25. and a two-step process for p = 1.2 and p = 1.1. In Figs.1
and 3 the cxpcclcd order-order transition points are not indicated on the curves
corresponding to p = 1.2. This is caused by the fact that 7, (p = 1.2) is outside of the
considered temperature range.

Some words about the correlations between the concentration ¢. the energy parameter
p and the amplitude of the heat-capacity anomaly in the order-disorder transition point
7,,,- We have shown [7]. that in the case of systems with p > 1, the order-disorder transition
is discontinuous at concentrations ¢ < ¢ (p). while for ¢, (p) < ¢ <0.5 it is continuous. ljvhc
critical values ¢, (p) are determined by the expression [7]: ¢op) = 0.5 {1-{(p —1)/al
Thus. we have: ¢ (1.1) = 0.409. ¢,(1.2) = 0.371, ¢,(1.25) = 0.356 and c(1.4) = 0.317. AS
we see. the maximum amplitude AC " (p = 1.25) corresponds to the case when ¢ = ¢ (p).

The present investigation was supported by the grant 2.14 (1997) of the Georgian
Academy of Sciences.
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The Necessity of the Account of Static Fields in Non-stationary
Interference of Electromagnetic Packages
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ABSTRACT. The necessity of the account of static fields in nonstationar y inter-
ference of electromagnetic packages is shown. Possible gears of energy transporta-
tion are discussed.

Key words: non-stationary interference, tachyon. encrgy flow. movement of interfer-
ence zone.

In [1] there was considered a non-stationary interference of eleciromagnetic (EM)
impulses. having d-type distribution of intensity. However. there are difficulties with the
indication of the sources. supplving the interference surplus of energy in a zone of inter-
section of impulses. This zone. being a "volumetric" updating of super-lightbcam. repre-
sents EM model of a tachyon and has a number of specific characteristics that arc analyzed
in details in [2]. Differences of such object from "true" tachyon are also discussed there. It
is essential that 3-type model of impulses used in {11 and |2] does not coinside with the
boundary conditions of a system of Maxwell equations for EM fields in ev ery space-time
points. Therefore conclusions made on a basis of such a model are not quite convincing as
some effects may arise on surfaces of discontinuity that are rather difficult to analyze [3].

In the present paper a study of non-stationary interference of EM impulises spread in
vacuum: is continued. We use the model of impuises consistent with ali boundary condi-
Ilons Following [1]. let us consider two identical clementary dipoles located m the points

). 0. /) and (0. 0. -/) and oriented along the axis 0Z. Let at the moment of the time 7 — 0
bolh dipoles simultancously (in given inertial coordinate frame) begin to radiate and radi-
ate then continuously during a time At << 2//c (¢ stands for speed of light in vacuum).

Let the origin of a spherical coordinate frame coinside with the centre of dipole. the
axis 07 being oriented along the dipole moment. Let * = 1 — r/c be a retarded time and let
ys denote

E,=celd4nl), x=r/ll, t=clt/l = Mg e =t = r—x

AT = cAvl = Atty, it%) = p(t*)/el)

(e is an elementary charge and p(1*) = p, (t*) - P,(1*) is module of dipole moment). Let us
consider a configuration of EM fields at the moment 7 > ty= Ve ie. 72 1. The symmetry

of considered problem requires that in vacuum the components /. /1. Fi,, of electrical Fo

and magnetic /7 ficlds on the axis of chosen coordinate frame should be equal to zero. i.c.
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001945

iz, H, = Hg = 0.and nonzero components of the fields have the following forfii(s¢¢ ¢z,
[4] and |1 |):

= » = * '
E=E, BE). E@ =3{~[—55~2*-f-(—’,—)}ws®,
X x x°

[;‘(_11):];‘“.[7{_’(1)‘ h(} i [f (f‘)"‘f(r f_(zziz:lsm B
*

e
X

// A =Ey-H,(7), ﬁw(r):l{/"(f*n—/ﬁl}m(—).
X X

where © is an angle between the axis 07 and radius-vector, drown from dipole location
point in point of observation, dash over f{7*) means derivative with respect to dimension-
less time 7.
Let us choose dependence of dimensionless dipole moment f7*) on retarded time 7*
as
[(). 72 <0,
o[ * | xs 3 2 * ”
/(1 ): 7 (14(Ar)’ -28(a7) 7 +20(A7) 7" - 5¢ ) 0<7*<Ar, )
\br* - ac)(ae). x2ar
Actually by this choice the law of dipole radiation is given. The law of radiation ()
provides a continuity of ficld functions ﬁ,.(r)‘ E@(r)am ﬁw (r) and their first and sec-

ond derivatives.
Note that according to (2) one gets

(7% = 2807 (Ar— %), T [0, Adl,
(%) =0, ¢ {0, A7)

Then from the specified formulae follows that the fields of radiation, decreasing pro-
portionally to L'x. are intersected in the region of crossing two spherical layers with thick-
ness Ax = Arand with c\lcmal radius 7* — Ix* and with centres in points of the dipoles
location (thus *(t) (ct)” ~ 7 and x*'(T) 7 ~1). Due to linearity of Maxwell equations
in the intersection area for density of energy /¥ one obtains:

W =W+ W,+ &W. )
In (3) I (i =1. 2) stands for the partial contribution of each field in total /¥ and the
member o} has arisen as a result of interference:

o P Jen 2 el
7, :L(IE[-*-[[,‘) , W =—(EE, +H,H,) . E))]
87 Az

By consideration moments of a time 7 and 7’ which perform a partition of the whole
time interval 7e[l + Az 2], (i.e. r € [t + AL, 21,] ) into three subintervals:
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J To=
IEAr <7 <7 ¢ i<t <4=) BOBLNMNIDSS

b \/(Ar) +32 +A7
4
itis possible to show that in the area of intersection of fields of radiation r e [;*-Ar. 1*|.
where Ar = /A7, and in all moment of time ¢ € [t, + At 2¢] condition oW (r; 1) > 0 is valid
InFigs.1 and 2 the results of calculations in the plane \'0Z of the quantities o7 (7 = 1.3)
and oW (7 —~ 1.7) are shown. It is easy to sec that the kinematics of longitudinal and cross
sizes of the area of intersection of EM fields allows "tachyonic interpretation” [2]. It should
be emphasized that in any moment of a time the law of conservation of EM energy in the
integral form is faultlessly valid. Our calculation shows that

T oW, 1 dii =0

is valid up to calculation error. Here integration is done on all over the area of the space.
engaged by EM field. In this connection it should be emphasized that areas with negative
oW, existence of which is necessary to guarantee the energy balance. arise because of
interference of fields of radiation with "clectrostatic" (in our case. the dipole. decreasing
on large distances as l/r3) and "magnitostatic" (in our case the ficld behaves on large
distances as 1//7). The attempt to analyse energetic processes in the differential form. i.c.
that is based on the concepts of energy density and density of a flow of energy (Pointing
vector) results some difficulties in interpretation of a gear of moving in the space interfer-
ence maxima and minima. In particular. it is impossible to agree that the real transporta-
tion of Surplus of energy to a zone of interference maximum has taken place by means of

where

At
and 7" :r’+7A
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W certain gear. working in s{ ]:R:H iﬁ‘tﬁ
mode (e.g.. with a flow of "true" ta-
chyons). One has to conclude that
at nonstationary interference of
packages the movement of interfer-
ence zone, containing excess energy,
can not be explained by flows from
sources connected with radiating
charge [5]. Our calculations show
that the advancing Makh cone that
guarantees transportation of energy
to "tachyon" considered in [2] in our
case does not contain necessary
quantity of energy. However the
space-time area causally connected
with the impulses intersection arca
always contains sufficient quantity
of energy to provide the existence of
interference maximum.

[t scems nontrivial that the necessary flow of energy arises only when we take into
account electrostatic and "magnitostatic" parts of fields despite that intensities of these
ficlds rather quickly decrease with respect to distance.

Fig. 2

Thilisi I Javakhishvili State University
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Determination of Rock Heat Conduction Based on the Regular
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ABSTRACT. This paper represents experimentally investigated heat conduction

acteristic constants of these rocks are determined experimentally. The short descrip-

- tion of the experimental device is given.

Key words: heat conduction coefficients. rocks.

Iiivestigation of the dependence of rock hieat conduction on temperature is of great
mterest in view of geophysical (in particular, geothermal) tasks solution. The reliable
method for estimation of temperature in the crust is the temperature calculation based on
the solution of heat conduction equation. Regarding steady heat models of the carth’s
crust. it is necessary to know the temperature dependence of rocks heat conduction coef-
ficients.

This dependence can be represented in the following way [1]

1

A= —

Po+al

where p, and A are rock characteristics adopted by experiment, 7' is a temperature

This paper represents the results of the experimental investigation of heat conduction
of some rocks on the territory of Georgia, which has been carried out in the high tempera-
ture range of 300-900K. Similar works are described in [1-6]

The experimental device has been constructed in Thilisi I. Javakhishvili State Univer-
sity and is analogous (o the device of Moscow State University {6]. The investigation
method is based on the third type regular heat requirement. The method presented here
has some advantages in comparison with the method used in [2-4]: the small sizes of
samples reduce considerably the duration of the experiment and rule out necessity of
using core only.

The scheme of device is given in Fig. 1. The main tangles of the divice are: measuring
cell with sample, the pulse oscillator and metering device. The sample is a flat - parallel
plate. Ni-Cr alloy inertialess flat heater 2 emits periodical heat flow at one of the sample
surfaces and it is squeezed between two identical samples. The pulse oscillator 3 transmits
power of heater as impulse. and variable heat flow initiates temperature waves on the
another surface. Their recording is carried out by KCIT 4 sclf-recorder 4 by means of
chromium-nickel alloy - alumel thermocouple 5. The cell 6 with sample is placed in
thermostat 7 the temperature of which varies in 300-900K range. After treating the curves
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5 surface of sample. the heat conduc-
/ tion coefficient 2 is calculated. rela-
tive error of its determination appears

l 5 I to be within 10%.
=& 14 rock samples from Akhal-

kalaki, Bolnisi and Madneuli regions
have been investigated. Among them
are: granites, basalts and sediment
rocks. For all samples reduction of 1
with temperature rise is observed. The obtained results can be explained by the mecha-
nism of the crystal lattice heat conduction, according to which the temperature rise causes
increase of the number phonon-phonon collisions, and therefore. heat conduction is re-
duced.

As it was expected. the A(7) dependence for granites is more explicit than for basalts.
This fact can be explained by the larger fracture of amorphic phase in basalts in compari-
son with granites.

A(T) typical curves are given in Fig. 2. In the Table there are P, and A constants
calculated for all samples. For each sample P, and 4, denote values of constants above
some specific temperature.

Sl

Fig. 1. Scheme of experimental device

Table
i .
|
| Name of rock, the place ; o 2
| : . Density| cm - sec a cm - sec - K P01
| of sampling 7 — —_—
| cal cal
f()rgunngcmc limestone. e
[Madneuli 2 Dy . N
iimd.\'l(mc. Madneuli 2:55 0.720 10.215 T>475K 90 185T>475K
iREiorainead s 3
|Fine-grained sandstone.] 5 o3 | 233 | 397w400k 93 191T>490K
{Bolnisi
|Organogenic limestone
e el 86 1) 115
[Madneuli
|Granite. Akhalkalaki 2.60 0.36  10.138T>400K 95 121T>400K

Granite. Akhalkalaki 2.60 0.40 ]0.137T>370K 90 120T>370K
Granite. Akhalkalaki 2.65 0.475 10.142T>357K 78 115T>357K

Granite. Akhalkalaki 2.63 0.41 80

Granite. Akhalkalaki 295 0.321 | 0.12T>340K 103 142T>340K
Basalt. Akhalkalaki | 2.92 | 0.091 i dss 0
Basalt. Akhalkalaki 2.97 0.12 154

Basalt. Akhalkalaki 2.80 0.123 151

[Basalt. Akhalkalaki 2.70 0.098 176

Basalt. Akhalkalaki 2.65 0.11 178
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Fig. 2. A(T) typical curves. 1, § ‘ 11 egpamgpond to sample numbers given in the Table

In conclusion we would lilke to mention. that the obtained results arc in a good
agreement with the results givep in other papers. The presented method enables us to
obtain reliable results for experimental investigation of the rock heat conduction.

Thilisi 1. Javakhishvili State UsiNmsige
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GEOPHYSICS

G. Erkomaishvili, [. Shatberashvili, M. Tsitskishvili

Atmosphere Self-Rectification Peculiarities from Aerosols

Presented by Academician B. Balavadze. April 30. 1998

ABSTRACT. The 2-equations geophysical model of acrosols washing from the
undercloud layer based on 2 simple equations of the washing was considered. The
experimental data of admixture concentration in sediments were obtained in 2 points,
Thilisi and Kojori. The constants of the washing, based on data, given as a result of
the monthly work during 3 years were defined. The unique experimental data give us
the possibility to get the geophysical characteristics of the process of the undercloud
washing.

Key words: acrosol. sedimentation. coagulation.

Various kinds of admixtures (solid. liquid or gascous) getting in atmosphere stay there
for definite time. It depends on many processes: the turbulent calculation, sedimentation
or coagulation with particles of clouds. their washing by atmospheric sediments. During
the study of geo-ccological aspects of the atmosphere soiling, processes of the admixtures
sedimentation from the atimosphere are divided conventionally into two groups: dry “sedi-
mentation” and “washing” by atmospheric sedifents (“dry” and “wet” sedimentation). The
conventionality of such division is clear. if we go deep into physical and chemical mecha-
nisms of processes. which go on in the atmosphere. Simple analysis shows us, that gravity
and clementary forces as well as the turbulence. moisture and density of gas (in this casc
different Jayers of the atmosphere) always take part in each process (in the case of loaded
particles). In spite of the conventionality of such division. it gives us the possibility to
reveal regional geophysicai peculiarities in processes of the same admixture (or pollution’s)
sedimentation from the atmosphere. [t's a well-known fact, that during the sedimentation
ol acrosolic particles from the atmosphere, there are much more “wet” sediments, than
“dry” ongs. but it’s difficult (0 make the correct numerical estimation, in spite of huge
number of experimental and theoretical data. Ii is grounded in [1- 5].

According to formula of P. N. Tverskoi. sedimentation velocity of the aerosolic par-
ticles is proportional to the square of its radius and equals (o

I7=1.26-10-r c/sec.
100m/24 hours = 0.12 cnv/sec ()

From this equation the quantity of the particle is » = 0.3- 10 em. It completely

coincides to real estimation [6].The differential function of non-natural radioactivity can
be written simply:

@r) = b rexp(-br). ‘ (2)
where 7 is the radius of aerosolic particles, 4 is the constant (b = 3.7 10" cm’) |3-5].



Atmosphere Self-Rectification Peculiarities from Acrosols Q \2/%1/

The analysis of the equation (2) shows. that ¢(r) reaches maximum., when rsdi s
~0.3 mkm.

We found, that q)(r) quantities of velocitics of lower troposphere rectification, which

- we got in Transcaucasia, vary from 160 to 3300 m/24 hours. During the whole period of
observation average quantitics of velocities for different points of Transcaucasia have small
number of sparse 800 - 1140 m/24 hours (0.24 - 0.38-10° m/month).

Minimum values of velocitics of lower troposphere rectification could be compared
with dry sedimentation velocities of suspension on average acrosolic particles by specter
sizes.

In [7] the formula for calculation the velocity of dry sedimentation is given

V=0.2d", 3)
where I”is the velocity of dry sedimentation (cm/sec). d - Stock’s diameter (mkm). (It was
meant. that density of the particle is 1 g/cm* ). The equality (3) was used in calculations
for value of dry sedimentation velocities and we got 0.2 - 0.4cm (173 - 346 m/24 hours)
This coincides to the literature data. which we have got.

For the estimation of wet self-rectification velocities, we have workcd out unique ex-
perimental data of RaD lasting systematic calculations (Radium D - Pb - natural radio-
active isotope of the lead, member of uranium radioactive family’s. dccomposmon in sedi-
ments. This radioisotope is used widely in special biophysical study. This was conditioned
by its simple registration (monochromatic line of y radiation 470 kev) and the duration of
half-decomposition period. 1), = 22.2 year. These calculations were done in 1966 - 1968
in the Institute of Geophysics of Georgia by Sh. Chkhenkely, T. Khunchua and T. Golub
(Table 1) In the Table. the first geoclimatic information between two points is given.
where the disparity of vertical altitudes is AH and which are close to each other in hori-
zontal coordinates (the assumption is, that in both points precipitations are formed in the
same cloud system). The concentration of RaD in precipitations (annual monthly data) is
calculated.

It was experimentally measured concetration of radon (C,. C,) and quantities of
precipitatious (C',. (). in Delisi and Kojori (£,. 1,) for months.

According to K. Makhanko and G. Dman\ a [2.5] velocity of washing is:

(e

P )

(- concentration in sediments, / - intensity. O - pre-ground concentration.
After a number of mathematic transformalious for the velocity of washing, we got:
: G Cyody
(,\.[,ln(,v (I+— =)
= 2l : )
I +1
2(c, -6 f)( S

We used this experimental results and estimated these quantities (Table 1). Given
results coincide with well-known estimation in literature [3-9]. Experimental results show
us the following.

5."300889", &. 158, N2, 1998
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year/month Delsi Rajori
Eh L L C/C | GG o o, x 107 sec”!
1 0.310 4.029 2.186 0.458 0.210 1-12.477
2 0.024 0.578 0.479 2.089 1.320 2-3.454
3 0.286 1.393 2.533 0.395 0.840 3-7.965
4 0.772 0.163 0.660 1515 0.077
5 1.545 1.195 0.423 2.364 0.099
1966 6 0.981 3.641 1.744 0.574 0.209
7 2.638 4767 15757 0.569 0.136
8 0.542 4.380 1.056 0.947 0.029
9 0.656 11.267 1.433 0.698 0.034
10 | 0.350 3.771 2.264 0.442 0.239
11 0.686 6.967 3.147 0.318 0.183
12 ().331 1.550 1.077 0.928 0.061
i 0.307 2.433 3.918 0.255 0.642
2 0.203 1.633 1.725 0.580 0.381 1- 8.690
i 0.404 3.500 1.058 0.945 0.018 2-5.097
4 0.541 4.874 0.799 1.252 0.052
5 0.912 5.786 3.380 0.296 0.250
1967 6 1.132 3.808 3.971 0252 0.515
> 7 1:101 5782 1.889 0.529 0.136
8 0.607 2.786 | 1.436 0.696 0.166
9 1.039 6.117 1.133 0.882 0.025
10 1871 4660 1.025 0.967 0.009
11 1.499 6.243 0.926 1.080 0.013
12 0.164 2.122 4.379 0.228 0.754
1| 0180 | 3500 | 10510 | 0.095 82&8 ;: f;;é
2 0.222 2:2795 2.093 0.478 ();)‘)2 3. 6:268
3 0.248 5.657 1.644 0.608 0.064
4 0.607 6.993 0.663 1.508 0‘()”)‘)
5} 0.891 4.724 0.862 1.160 ().()>28
1968 6 0.982 9.413 0.788 1.269 0:166
7 1.296 4.501 1.725 0.580 0.045
8 1.968 6.110 0.829 : 1.207 ().285
9 1.568 8.664 75938 0.133 0'259
10:f 0.571 3.817 0.431 2319 0.546
11 0.202 2:333 3.203 0.312 0'"1 16
12 0.444 6.465 2.011 0.497 ¥

1 - of the cold season
2 - of the warm season
3 - average annual



Atmosphere Self-Rectification Peculiarities from Aerosols

The whole region is characterized by:
Annual washing. cold season 9.966:10°” sec”!
warm scason 4.119-10” sec”!

_ average annual 7.029-10" sec”.

Proccsses of atmosphere self-rectification are much more intensive; our estimation
=710 /sec”" is much hi gher than the results, which are given by other researchers.

It’s noticeable, that estimations, given for each season, warm and cold, twofold differ
from cach other and show correctness of the existing mechanisms of atmesphere self-
rectification [1-9].

Given experimental estimations give us the possibility (o use scientific conditioned
planning measures for atmosphere protection.

Thilisi LJavakhishvili State University
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ANALYTICAL CHEMISTRY:
I. Shatirishvili, Sh. Shatirishvili, N. Chkhartishvili

Determination of “Aromatic Number” by Capillary
Chromatography in Some Georgian Wines

Presented by Academician T. Andronikashvili. November 13. 1998

ABSTRACT. Using capillary chromatography individual composition of vapour
I Y Sraphy )
phase has been studied for some Georgian wines. The “aromatic number” of these
beverages has been determined.

Key words: beverage, aromatic, wine.

Recent rapid development of analytical and instrumental methods and among them
in the first place, development of chromatography has found wide use in the identifica-
tion of a great number of individual substances in alcoholic beverages [1-3]

The quality of alcoholic beverages predominantly brandy and wine to a certain extent

"is determined by their flavour, which greatly depends on their volatile component content.
The evaluation of English port-wine flavour made it possible to define 5 arcas of poten-
tially important components. Dihydrofuranon predominates in one of the arcas and amber
acid in the second one.

For the analysis of alcoholic beverages it is particularly effective to use capillary
chromatography, which makes it possible to receive 400 peak clearly defined chromato-
grams within the period of 2-3 hours [4]. Such chromatograms related to the composi-
tions possessing peculiar bouquet are called aromatograms.

For evaluating spirits some rescachers have itroduced the concept of “aromatic num-
ber”. which represents the ratio of the given substance concentration to its critical value
perceptible for a human being [5].

Besides. in their calculations the authors usc the data on the contents of the liquid
phase which is not entirely correct in all respects.

In our case we were studying the content of wine vapour phase as it is the vapour
phase which determines the flavour of the product.

While studying aroma-generating substances in Georgian wines we used their helium
extraction with subsequent holding on tenax sorbent, thermal desorption in cooling irap
and transferring to chromatographic column.

The experiment on determining wine vapour phase content was made by means of a
cryogen collector and a MEGA chromatograph model 520 “KARLO ERBA™ equipped
with automatic vapour sample introducing device model 250. The volume of the sample
was Scm’. Glass capillary column of 50 m long and 0.32 mm diameter with 0.4 mkm
thick polyethyleneglycol 400 immobile phase was used. Consumption of gas carrier he-
lium constituted 2.5 ml/min; the temperature of injector was 200'C and that of detector
was 250°C.
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Determination of “Aromatic Number” by Capillary Chromatography in Some.,

In the process of condugting chromatogmphy the followin% regime of temperature
programming was used : 15°C - 6°C/min - 50°C - 3°C/min - 90 C. The chromatograms

represent curves for 11 components containing in vapour phases of Georgian wines /ereti,
Mukusani, Tibaani and Sameba (Fig.1.)

3
A
t
2 4
0 10 20 min o 10 20 min
b /M SYmin——— — Y, . 3°/min
15°C 50°C 90°C 15°C 50°C 90°C
3 3 5
@ D
n
8
0]
1 4 & 7
2 1 2 4 9
i 0 ; N min 0 10 20 §0 min
B AL L S —" 7 3/min-——r—
L 50°C 90°C 15°C 50°C 90°C

Fig 1. Vapour phase chromatograms of Georgian wines: A - Hereti. B - Mukusani. C - Tibaani, D -
Sameba: 1- acetaldehyde, 3 ate. 3 - methanol. 4 - butyl acetate, 5 - propanol,
6 - butanol. 7 - isoamyl spirit. & - H amyl spirit, 9 - ethylpalmitate, 10 - vanillin, 11 - furfurol.

Qualitative analysis was carried out by measuring time for assuming component
mnhibition contained in the wine vapour phase.

Control of the received chromatograms was carried out on the specially composed
models of the identical content.

For quantitative interpretation of the received chromatograms absolute calibration
method was used. For individual compounds the Table gives data according to the relative
aromatic number for the above mentioned four Georgian wines.

Critical concentrations of certain compounds in wines are given in the works.

As seen from the work [6] and from the Table, the background of the flavour is
determined by aliphatic spirits. esters and aldehydes.
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Relative Values of Aromatic Number

Component Wme
Hereti | Mukusani | Tibaani | Sameba
acctaldehyde 2.5 0.2 1.6 2.0
|ethyl-acetate 0.6 12 15 i
methanol 0.1 0.2 0.1 0.4
butyl acetate - - 0.5 0.5
\proparnol 2.5 2.7 32 2.8
butanol 0.1 0.1 0.3 0.3
isoamyl spirit 2.5 35 2.6 2.4
H-amyl spirit 4.0 6] 45 42
ethyl palmitate 0.5 2.0 1.2 0.2
vanillin 4.0 5.0 3.0 4.0
furfurol 33 - 3.5 5.5

Tt ©an be seen from the Table that in all the studied wines the comparatively high
“aromatic mumber” corresponds to vanillin furfurol and H-aliphatic spirits.

‘Georgian State Agrarian University
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Turbidimetric Determination of Sulphates in Carbonate Strata

Presented by Academician G. Tsintsadze. December 22, 1997

ABSTRACT. To determine micro and ultramicro quantity of SOf' in carbonate
 Strata and formations the turbidimetric method is used. Calcium ions influence upon
‘[ BaSO, suspensi+0n optical density is excluded by the introduction of corresponding
~ quantity of Ca” in standard series. The method sensitivity is 10 mkg, the standard
deviation cquals 0.7 - 1.0, the relative error is < 5%:

Key words: carbonate strata. sulphates. turbidimetry, microanalysis.

To determine in sulphates carbonate strata and formations (carbonate of lime. stalac-
tites. coral scum, etc.). because of its scrace content (0.01- 0.3% [1]). it is necessary to use
highsensitive methods. From this point of view the most acceptable one is a turbidimetric
method, which is successfully applied in hydrochemical analysis [2]. This variant of the
method is easy to implement. It is distinguished by sensitivity and is quite precise (the
relative error of > 10 mkg SOj‘ determination is < 5%). N

In the analysed volume the analysis weighed portion, proceeding from SO;” optimal
content (50-150 mkg in 5.0 ml). will keep within limits of 0.1-0.5 g. Its direct determi-
nation in the hydrochloric acid solution of the wei ghed portion gives enlarged results. TQ;
reason is an increase of BaSO, suspension optical density (D) in the presence of Ca®
(Table 1). The effect can not be explained only by coprecipitation, as the stuff share of
Ca”" in formed suspension is only (0.8-1%. We think that at Ca”" (also other electrolytes)
the dispersion degree of BaSO , changes that is proved by existing data in literature [3,4].

Table 1

Ca® influence upon BaSO, suspension optical density (100 mkg SOj’ )
¢” | D [e”] D [ b
{mg/ml mg/ml mg/ml
0.0 [0.140| 2.0 [0.170 | 10.0 |0.222
0.5 [0.150] 4.0 [0.19 ] 12.0 [0.227
10 j0.152| 6.0 |0.205] 14.0 [0.235
1.5 10165] 80 |0215| 180 |0.240

The problem can be solved by masking Ca’ or by considering its influence upon
BaSO, suspension optical density. N

From scanty reactants. aimed to mask Ca®". the best one is a complexion III (EDTA)
[5]. But we could not receive desirable results. because of the EDTA limited solubility and
the complexionate instability in the acid sphere (which is optimal for turbidimetric deter-
mination [2]). At the same time if the solution pH<2.7-3, the EDTA settles (initiating
BaSO, suspension formation). but if pH> 5, Ba® in the settling reactant is partially
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masked.
At the beginning to separate Ca*'s SOj' the ionometric method was used (KY - 2. In
H' form). In the solution. because of Ca®' high concentration (0.4 mol/l) the filtrate pH<I,
so that it is necessary to neutralize Na,CO,. NaHCO, , etc. At Na' ions BaSO, suspension
optical density though a little but changes. From the analysis solution the macroquantity
of Ca™ can be separated by CaC,0, precipitation. But according to the conditions. the
coprecipitation of SO happens by 3-3%. At the same time the method is greatly compli-
cated by the necessity of surplus Csz’ separation. Theoretically. pH=2 CaC,0, solubility
is cqual to 2.1-10™ mol/l. but at forming BaSO, sediment. C,0; influence upon the
suspension optical density is also noticed at 0.5-0.8. 10™ mol/I. The solution pH falling
< 2 is not acceptable even if the method sensitivity reduces (Table 2). It is a long process
o separate C,0}" from the solution by boiling or drying out and hitting dry residue at 200-
300°C.
_ Table 2
pH influence upon BaSO, suspension optical density (100 mkg SO;", 2 mg/ml C

pH D JpH D TpH D  [pH D

5 10.180{3.25 0170 [2.60 ]0.170 [1.05 [0.138
5.05 0.17513.07 [0.168 [2.10_[0.168]0.90 [0.132
418 ]0.168[2.65 [0.170 [1.15_]0.130[0.86 ]0.135

The analysis of the results shows that in carbonate strata and formalioys it is advis-
able to make SO, turbidimetric determination against a background of Ca”. The task is
cased by the fact that in analysis objects Ca™ content is practically constant and is close
to theoretical (40%). Selecting Ca™ background concentration it should be considered
that BaSO, suspension optical density is the most slublcﬁe‘n 7-15 mg/ml Ca** (Table 1) that
in analysis volume (5ml) corresponds to 35-75 mg Ca” .

On the basis of the received information to determine sulphates in carbonatc strata the
following course of analysis is recommended: well loosened 500 mg weighed portion is
put into 100 ml glass and dissolved 1:1 HCI. If necessary the glass is hitted, the solution
is filiered and diluted to 25.0 ml. 5.0 ml solution (which pH should be within limits of 2-
3) is transfered into 12-15 ml test-tube. 5.0 ml settling reactant is added, all is stirred by
the ball stirrer and in 3-5 min the suspension optical density is measured (/ = 20 mm
A =400 nm).

2.5-2.5 m! “background” solution (buffer) and increasing quantity (0-2.5 ml) of stan-
dard solution are put in test-tubes to constract a calibration diagram. The mixture volume
is led to 5.0 ml. 5.0 ml settling reagent is added and suspension optical density is mea-
sured. =

If in the analysis object CaCO, content is less than 88-90%, Ca’" concentration
should be correspondingly reduced in “background™ solution. The addition method that
gives satisfactory results (Table 3). might be used, but it complicates the determination.

Soluti}ms and Reactants. B

a) SO;  standard solution. The basic standard solution (titre 10 mg/ml SO;) is made
by the recrystallized K.SO,. As a working standard we can use 0.002 NH,SO,.

b) CaCl, “background” solution. 1.00 g chemically pure CaCO, is dissolved in the
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minimum quantity 1:1 diluted HCI and is diluted by distilled water to 25.0 #E“Phass
solution should be tested on SOj‘ content.

¢) Settling reagent. 96% ethanol. ethylene glycol and 5% BaCl, solution are mixed by

-~ volume ratio 3:3:1. The diluted HCI reagent pH is led to 2.5-3.

Thus in carbonate strata and formations the micro and ultramicro quantity sulphates
turbidimetric determination method is worked out. The precision is tested by the addition
method (Tables 3 and 4). According to the results the determination standard deviation is
equal 10 0.7-1.0 and the relative error is < 5%.

Table 3
Sulphate content in carbonate strata and formations (%)

Gbject Dirf:cl . Addition
Determination | Method
Carbonate of lime 0.045 0.043
Stalactite (the Athon cave) 0.022 0.021
Stalactite (the Thuse cave) 0.030 0.032
Coral (the Pacific ocean) 0.47 0.46
Travertin - (the mineral  source e
“Vcd/.u-Dchf“. Khevsureti) W 000
Table 4
S()_f' turbidimetric determination comtrol results in stalactites (the addition method)
mkg difference
Taken | Added |Received | mkg | %
40 30 72 2 2.8
40 50 94 4 4.4
40 100 144 4 2.9
40 150 192 2 [l
40 200 232 8 3.3
46 50 98 2 2.8
46 50 99 3 3el
46 100 140 6 4.1
46 100 140 6 4.1

In carbonate strata the microquantity sulphate determination turbidimetric method
was successfuly used to determine the acid corrosion degree of old architectural monu-
ments. In the surface (0-2 mm). lower (2-4 mm) and deep (8-10 mm) strata of the famous
Nickertsminda Cathedral walls the sulphur content proved to be 1.75: 0.14 and 0.12%. In
carbonate strata the sulphur clark is 0.12%.

Thilisi I. Javakhishvili State University
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Synthesis of 5-aminoindole-2-carbonic Acid Products
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ABSTRACT. N-acetyl-S5-aminoindole-2-4,-dicthylethylenediamine - N-acetylated
indole analogic novocaineamide was synthesized from 5-nitroindole-2-carbonic acid,
To study its radiobiological propertics Bunte salt S-[2-carbethoxy-5-indolylami-
nojacetylthiosulfate was used.

Key words: 5-aminoindole-2-carbonic acid. radiobiological activity.

P-aminobenzoic acid product novocaineamide shows high antiarythmic properties [1].
Proceeding from the similar electric and spatial structure of P-amino benzoic acid and 5-
aminoindole-2-carbonic acid (IT), N-acetylated indole analogic novocaineamide was syn-
thesized.

The initial substance 5-nitroindole-2-carbonic acid (II) was obtained from p-‘
nitrophenilhydrazine. Interaction of the latter with pyrovinate and cyclization of the ob-
tained hydrazone produced 5-nitroindole-2-carbonic acid ethyl ether (I). by soaping of
which 5-nitroindole-2-carbonic acid was reduced. Carbonic acid (IT) and thyonilchloride
produced 3-nitroindole-2-carbonic acid chloranhydride (I1T) [2].

By interaction of chloranhydride (I1T) and P-diethylethylenediamine in ethylacetate a
great yield (90%) of S-nitroindole-2-, A-dicthylethylenediamine hydrochloride (V) was
obtained. By reducing the latter and acetylating the amine obtained (without isolation) the
novocaineamide analogue N-acetyl-5-aminoindoil-2-/, f-diethyl-cthylendiamine (V) was
synthesized.

To study the radiobiological propertics S-[2-carbethoxy-5-indolylaminojace-
tylthiosulfate (VIII) was synthesized. The initial compound 5-aminoindole-2-carbonic
cthylether (VI) gives high yield of chloracetylchloride products by the action of
clloracetylchloride with the presence of sodium bicarbonate in dimethy! formamide. Bunte
salt is obtained by the action of thiosulphate on compound (VII).

The structure of the compounds (IV. V. VII. VIII) was established basing on the data
of clementary analysis, IR- and PMR-spectroscopy and mass spectrometry.

The mass spectrum of compound (5) shows the peak of molecular ion. Its mass
number conforms to the presented structure. On decomposing the molecule (V) mainly
the fragments with 244 and 201 mass numbers are obtained. It is caused by splitting off
the diethylamino and /-diethylethylamino groups (Fig.2).

Radiobiological properties of S-[2-carbethoxy-5-indolylamino|acetylthiosulfate (V1)
were studied in the radiobiological laboratory of Sokhumi Institute of Experimenial Pa-
thology and Therapy.

The research of acetylthiosulphate was carried out on the mice irradiated with 1000-
1100R after 15 min period of injecting the preparation. In the case of 180-360 mg/kg dose
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the reduction of radiation affect was obscrved which resulted in 15-18% prolongation of
the mice life.

Spectra. IR spectra were obtained in vaseline oil on UR-20 and Perkin Elmer 457.
mass spectra on a Varian-MAT-311A, BMR spectra on a Varian (USA), XL-200 (working
frequency 200 MHz). Values of proton chemical resonance are given on oJ-scale. the
standard - tetramethylsilane.

S-nitroindole-2-43,4-diethylethylene diamine hydrochloride (IV). 1g (4.4 mmol) of
S-nitroindole-2-carbonic chloranhydride (I11) solution in 80 ml of ethyl acetate was added
by 0.6 ml (0.52 g, 4.5mmol) of A-diethylethylendiamine. Reaction ended up momentarily.
Reaction mixture was allowed to stand for 12h. The crystals isolated were filtered. After
recrystallization 1.36g (90%) of compound (IV) was obldmcd Iy °C 170-172:
R, = 0.20 (N-butanol- CH,COOH-H,0, 4:1:1): IR spectra (cm’ ) 3220 (NH). 1665,
1640(CO). 1520(NO,), 260() (NH'CI): elementary analysis: obtained (%) 52.62 (C).
623 (H). 10.09 (CI), 16. HI(N). C,;H, ,CIN40;; calculated, (%): 52.86(C) 6.17 (H),
10.43 (C1). 16.45 (N). PMR spectrum: 6, ppm (CDEL). 11.25 b.s. (1H), 7.02, S(3H), 8.64
d (4H) 8.16 d.d.(6H). 7.56 d (7H), 7.37 b.s. (COHH), 3.62m, 2.73t (CH CH),
2.65G(CH,CH,), 1.10t(CH,CH,). Jie= 191 Hz, ], = 8.90 Hz, ]((Hz‘ uy = 3. 72 Hz.
J =509 Hz, I, = 7.00 Hz. )

NHCH, ~ CH,CH, —
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N-acetyl-5-aminoindole-2-4,4-dicthylethylenediamine (V). 0.24g (0.7mmol) of
compound (IV) was heated in 50 ml of ethanol, added by 0.2 g of Raney nickel and 5 ml
of hydrazine-hydrate, filtrated after 2 h period and evaporated to a small amount. The
residuum was added by 0.7 ml (0.7g, 7.0 mmol) of acetic anhydride and after 1h period
10-ml of water and 20 ml of izopropanol. After that it was extracted in vacuum. The
remained oil was dissolved in 20 ml of izopropanol and precipitated by ether. The sedi-
ment was filtered. After recrystallization from izopropanol 0.2 g (91%) of acetylenc prod-
uct (V) was obl(lmcd Tm.p.°C. 178-189: R, = 0.08 (N-butanol-CH,COOH-H,0, 4:1:1);
IR spectra (cm’ ) 3250 (NH), 1660 (CO): clcmcmar} analysis oblamcd 64. 7‘)(() 7.76
(H). 17.49(N). C,;H,,N,0,, calculated, %: 64.56(C), 7.39(H). 17.72(N). PMR-spectra. 6.
ppm (d-acetone): 10.76b.s.(1H), 7.00d(3H). 8.08d(4H). 7.31d.d.(GH). 7.44d.(7H).
7.99.s. (CONH) 351m 2 74((CH,CH,), 2. 66q(CH, CH,). 1.07¢(CH, CH,). 2.07S(CH,0).
‘)‘)7bs(NHCO(‘H)J AIV)H/J —72()H1 J, 8.90 Hz, J =.5.85 Hz.
Jenon, = 6-58 Hz. Jopy oy = 7.00 Hz. £

- 2-carbethoxy-5-[N- L|()r‘lCLtVl.ImIn()]lll(l()lL (VID). 1g (4.9 mmol) of 5-amino-2-
carbethoxy indole (V1) was dissolved in 10 ml of dmfa, added by 1g of sodium bicarbonate
and 0.6 ml (0.89 g 7.9 mmol) of chloracetylchloride with constant stirring. After 50 min
period the reaction mixture was diluted with water and the sediment obtained was filtered
Chromatography of the residue was performed on a silica gel column (100/250) h = 50cm.
d =2 cm: eluate chloroform 1.25 g (91%) compound (VII) was obtained. T .. %C.1235-
237.R;=0.79 (benzole-acetone, 1:1): IR spectra, cm'IT 3320-3310 (NH). 1705 (CO ether.)
1675-1640 (CO amid.): elementary analysis, obtained, %: 55.21(C), 4.83 (H), 12.54 (CI),
9.54 (N), C;H,,CIN,O,, calculated, %: 55.61 (C) 4.63 (H), 12.66(Cl),
9.98 (N). PMR-~ -spectra: o, ppvu {d.-acetone): 10.56 b.s (1H), 7.17 d. 3H). 8.13d.(4H),
7.45 d.d.(6H). 7.50 d.(7H), 4.36 q.(CH,CH,), 1.37t (CH,CH,). 9.41 b.s. (NHCO), 4.26s
(CH,C). 1, ,= 1.83 Hz, J, .= 1.50 Hz, J,= 8.80 Hz.

S-[2-carbethoxy-5-indolylamino]acetylthiosulphate (VIII). 1.2 g (4.3 mmol) of com-
pound (VII) in 50 ml of ethanol was heated to boiling, added by 2.48 g (10.0 mmol) of
sodium thiosulfate in 5 ml of water. The reaction was going on for 5 h under the condition

NHCH,
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; EFE)
- of boiling and stirring. Gradually the mixture became transparent. Then it was extractéd
in vacuum up to dry residue. After recrystallization from methanol 1.4 £ (87%) of Bunte
salt (VIIT) was obmmed T }°C 203-205; R=0.94 (N-butanol-CH,COOH-water. 4:1:1):
IR spectra (cm® ) 3300- 313() (NH), 1720 (CO ether.), 1660-1610 (CO amid.). Elementary
analysis. obtained, %: 7.34 (N), C,3H,3N,O,S,Na: calculated, %: 7.37(N): PMR-spectra.
J ppm.(DMSO): 11.59 b.s. (1H). 7.08d. (%H) 7.93d.(4H), 7.30d.d. (6H). 7.40d.(7H).
434q(CH,CH,). 1.34t(CH,CH,), 9.94b.s.(CONH), 3. 725(COCH,): J,,= 1:83 Hz
= 1.65Hz, I, .=8.77 Hz, J(CH_CH») =17.00 Hz.

Sokhumi Branch of Thilisi .Javakhishvili State
University
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Stereospecific Synthesis of a-substituted Derivatives of Glucose

Presented by Corr. Member of the Academy I.Khananashvili, April 4. 1998

ABSTRACT. Simple process of obtaining a number of 1-substituted derivatives of
acetylated glucose in the medium of liquid bromine is reported.

Key words: cis-glycosides.

Glycosidic bond is the main type of bonds for all the most important natural com-
pounds containing carbohydrates.

From numerous reactions leading to formation of glycosidic bonds only a few can
solve-complex problems of glycoside synthesis. Stereospecificity of substitution at glyco-
sidic centre is one of the most important factors. Even in the case of relatively simple
glycosides separation of anomers is quite a difficult task which is almost unsolvable while
passing to the highest oligosaccharides and polysaccharides.

Glycosyl halides play an important role in carbohydrate chemistry and serve as initial
compounds for synthesis of various derivatives of sugars by glycosidic centre. Halogen
atom in acylohalogenoses casily undergo nucleophilic substitution. Condensation of 1.2-
cis-acylglycosyl halides (1) with alcohols leads, as a rule, to 1,2-trans-glycosides. with
conversion at C-1. This result might be the consequence of both the S,2 reaction and the
monomolecular heterolysis of C-1-halogen bond leading to glycoside-cation (I1I). The
latter is immediately stabilized by the intramolecular neucleophilic attack of ester group
at C-2 forming cyclic acyloxon ion (III). Attack of alcohol to glycosidic centre of this ion
Icads to 1.2-trans-glycoside (IV). That is why monomolecular reactions of acylglycosyl
halides, which had to lead to anomer formation. in fact due to stereochemical control with
the participation of neighboring acyloxygroup [1] are proceeding stercospecifically (Fig.1).
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Reactions of 1.2-trans-acylglycosyl halides (V) with alcohols, as a rule, are proceed-
ing by monomolecular heterolysis of C-1-halogen on the account of cooperation of neigh-
boring acvloxygroup. Formed acyloxonium ion (IIT) can further act with alcohol either
forming 1.2-trans-glycoside (as mentioned above) or with straight alcohol attack to the
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centre leading to ortho-ester (V1) (Fig.2).
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Compared with 1.2-trans-glycoside. general methods of 1,2-cis-glycosides are not
being worked out till now. which makes the problem of chemistry of natural compounds
very actual.

In the present paper we inform about simple process of obtaining in the medium of
liquid bromine a number of a-substituted derivatives of acetylated glucose. For synthesis
of 1.2.3.4.6-penta-O-acetyl-a-D-glucopyranose (VIII). metyl-2.3.4,6-tetra-O-acetyl-a-D-
glucopyranose (IX) and 2.3,4.6-tetra-O-Acetyl-N-acetyl-a-D-glucopyranosylamine (X) as
inifial compound e-bromo-2.3.4.6-tetra-O-Acetyl-D-glucopyranose (VII) was used (Fig.3).
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For establishment the product yield the reaction was held for 5. 10, 20 and 30 min-
utes. We found that the best yield for (IX) compound we get holding the reaction for 10
min. and for (VIII and X) while holding the reaction for 20 min.

Yield, constants. data of elementary analysis, time of the reaction are summarized in
Table 1.

1,2,3,4,6-Penta-0-Acetyl-a-D-glucopyranose (VII). To the solution of 5.7 g of
acetobromoglucose into 6 ml bromine 6 ml of acetic acid was added, stirred for 20 min at
room temperature and 15 ml of water was added. Then all this was poured into water
$olution of sodium sulphate with ice to avoid excess of bromine. The compound was
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extracted with ether. Ether solution was dried with sulphite sodium and & %é{h

Residue was crystallized from 45% ethanol. Yield 4.14 g (76.6%). M.p. 108-109C.

[u];:ﬂ-lU{(P(C().AI-L chloroform). According to the data [2]: M.p. 112-113°C. [a];+102°
(chloroform). Found %: C 48.52:H 4.98. Calc. for CH,,0,,. %: C 49.23. H5.6

Table 1
r
Compound [Duration of | Yield, folp |Mp.°C Found, % Brutto Calculated. %
experiment | %  [(CHCl,) formula
(mm)
& H IN @ H [N
VIII 5 28.1 [108 101-103149.92/6.1 - 1CilhOy [49.23]5.6 | -
10 60.7 |107.3 ]100-102|48.44]5.8 | - [C\¢H,,0, [49.23]5.6 | -
20 76.6_[104 108-109148.52/4.98 | - |C;H,,0,; [49.23[5.6 | -
IX 5 10.2 1120 95-97 |48.72{5.82| - IC,sH0) [49.476.08] -
10 48.1 124 96-97  [50.22{6.72| - |C;sH,,0p 49.47]6.08] -
20 40.1 [110 92-93  |49.80[6.40| - |C;sH,,0y0 [49.47]6.08] -
(X 5 4.9  120.1 Syrup |51.72]5.68 |3.44|C,sH,30,0N[50.0 [6.0 [3.6
10 15.5 1265 117-119149.4 15.92 {3.26|C,H,30,,N|50.0 [6.0 [3.6
20 S1.5.1236 118-119149.82]6.04 [3.3 |C,(H,,0,,N|50.0 [6.0 |3.6

Methyl-2,3 4-tetra-O-Acetyl-a-D-glucopyranose (IX). To the solution of 5.7 g of
acetobromglucose into 6 ml of bromine 10 ml of methanol was added and stirred at room
temperature for 10 min. Then 10 ml of water was added and poured into water solution
of sodium metabisulphite with ice to avoid the excess of bromine. The compound was
extracted by ether. Ether solution was washed with cold water. dried with sodium sulphate
and evaporated to dryness. Residue was crystallized from cthanol. Yield 2.41 g (48.1%).

M.p. 96-97°C. [xx]:§'+124° (C 0.6. chloroform). According to the data [3]: M.p. 100-

101°C. [a],+131° (chloroform). Found %: C 50.22. H 6.72. Calc. for CsH,0,, %: @
49.47. H 6.08.

2,3.4,6—tctm—0-Acct_\'l—N—Acctyl—a—D-glucopyranosylaminc (X). To the solution of
5.7 g of acetobromglucose into 6 ml of bromine 6 ml of acetonitrile was added. stirred for
20 min. at room temperature and poured into water solution of sodium metabisulphite
with ice to avoid bromine excess. The compound was extracted with ether. Ether solution
was washed with water. dried with sodium sulphate and evaporated. Residue was crystal-

lized from ethanol. Yield 3.61 g (57.5%). M.p. 118-119°C. [«]}) +28.6° (C 0.53. chloro- |

form). According to the data [4] M.p. 121°C. [a],+137.2° (chloroform). Found %: C |
49.82. H 6.04. N 3.3. Calc. for C ¢Hp0,N %: C 50.0. H6.0. N3.6.

- Thilisi LJavakhishvili State University
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ABSTRACT. The reaction of hydrid polyaddition of alylmercaptan to a,0-
bis(trimethylsiloxy)methyl hydridsiloxane in the presence of platinium chlorhydric
acid as a catalyst has been investigated. It was established that besides hydrid
polyaddition the reaction was partially accompanied by the reaction of
dehydrocondensation. Catalytic dehydrocondensation of alylmercaptane with o,o-
bis(trimethylsiloxy)methylhydridsiloxane in the presence of powdered anhydrous
potassium hydroxide proceeds with the formation of comb ty pe systems with thioalyl
fragments in the side chain. The reaction order, activation energies and
dehydrocondensation rate constants have been found. Thermogravimetric,
thermomechanical and roentgenographic investigations have been carried out.

Key words. hydrid polyaddition, catalytic dehydrocondensation.

As it is known. the siliconorganic oligomers containing Si-O-C bonds in the chain in
neutral arca are characterised by hydrolytical stability. It was interesting to obtain
siliconorganic oligomers with thioalyl and propylthioalcohol fragments in the side chain.

The reaction of hydrid polyaddition of alylmercaptan with ,a-bis(trimethyl-
siloxy)methylhydrid-siloxanes in the presence of 0.1 M solution of platinium chlorhydric
acid (in isopropyl alcohol) as a catalyst has been investigated.

From literature [1] it is known that the reaction of alylmercaptan with hydridmethyl
siloxanes may proceed by following competitive reactions:

1) by hydrid polyadditions on unsaturated groups:

=Si-H +CH,=CH~ —2"%h , —gj.c H~

2) by the catalytic dehydrocondensation of Si-H and HS -mercapto groups:

=Si-H + HS~ —28% , =gj .5~ +H,

It was found that at 60°C the reaction of catalytic dehydrocondensation takes place
and for 7h the conversion of active Si-H groups is about 6.5-7%. while the reaction of
hydrid polyaddition proceeds by 40-44% conversion of active Si-H groups. So. in this case
oligomers with anomal structure are obtained. whose macro chain contain branching
units with thioether and carbosilane ones. Because of this, the reaction may proceed
according to the following scheme:

6. "3rsddg”, @. 158, 262, 1998
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JalTSo I
L0=NM01949°
Me,SiO-[SiMe(H)O], -SiMe, + mCH,=CH-CH,SH —12"e
- 1 i
[’Mc Me Me ) (Me j
| | ) \
- MeSiO-|| Si-0 | -|Si-0| -|Si-0 ~|Si-0| |-SiMe,
! [ | |
G H R S L
! |
\sH Jh | CH,
]
\cH=cH,)
I
m=53

Subsequently the heating of the reaction mixture lcads to obtaining of sewing systems
on account of intrachain and interchain reactions of side functional groups:

=8i-C,H,-SH + H,C=CH-CH,-S-Si = —2"% , —gi.C H_S-C,H,-Si =
=Si-H + CH,=CH-CH,-S-Si = —12"% 5 =gi.C.H -S-Si =

Table
Some physico-chemical properties and elementary analysis of oligomers

2 Elementary analysis, %
£ |Yield. n,, 1% solution in| Ty e
§| % | Toluene,25°C | °C |°" € H | Ssi S
)
3586 | 747 |21.66 | 23.05
1452 0.063 92 | 6.56 — =
| i % 13547 | 7.15 | 2130 | 23.28
29.86 | 648 32201338
| 383 0.031 -117 | 9.83 |= :
29.49 | 6.15 [31.87 | 13.05
o e 3523 | 6.76 |29.74 | 18.54
ot ! o 5 bl
" 35.01 ] 630 |29.40 | 18.25
V| 63.4 0.061 e g T e
W = 5 713281 602 2640 | 1808

in numerator there are caleulated values and in denominator-found values

The obtained oligomer 1 is a yellow solid system unsoluble in organic solvents. For
the purpose of synthesis of easily hydrolyzable and soluble sililthioethers the reaction of
catalytic dehydrocondensation of alylmercaptan with &,a-bis(trimethylsiloxy)methylhydrid-
sifoxanes in the presence of anhydrous powderlike potassium hydroxide has been carried
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out. In case of 0.1 mass% catalyst of anhydrous potassium hydroxide the l'EdCl]Oﬂl}H]G)ﬂJJJ
ceeds slightly for 5 h. The conversion of Si-H groups is about 10%. The optimal version
of amount of po(dssmm hydroxide was chosen 0.5 mass % of catalyst and the temperature
range 50- 70°C. In these conditions the reaction is not complicated by sccondary pro-

~ cesses. The reaction of catalytic dehydrocondensation proceeds according to the following
scheme:

0.5%K 0
Me,SiO-[SiMe(H)O],,-SiMe;+ mHS-CH,-CH=CH, —"*1Cs

[(Me (Mc ]
| .
- Me,SiO- S|i~0 = Sl‘i—O -SiMe,
SR
&,
| éHzCHJH

Where: 7 = 53, 11 (50°C). 11T (60°C), TV(70°C).

[t must be denoted that the reaction does not proceed completely and replacement of
all active Si-H groups doesn’t occur impeded. This may be explained by steric effects
created by thioalyl fragments. With an increasc of temperature from 50°C up to 70°C, the
depth of catalytic dehydrocondensation increases from 35 up to 60%. Dehydrocondensation
réaction of methylhydridsiloxanes with alylmercaptans proceeds with more difficulty and
slower than hydroxy(alkylthio)ethanes.

Consequently the reaction of catalytic dehydrocondensation may casily proceed with
hydroxy(alkylthio)ethenes than with alylmercaptans (KOH~0.5 mass%) Dehvdroconden-
sation reactions of methylhydridsiloxanes with alylmercaptans for 20 minutes (at the
beginning) proceeds vigorously, after that the conversion of active Si-H groups is insig-
nificant. By gas-liquid chromatography the presence of unreacted alylmercaptan was
shown. In the IR spectra of oligomers one can observe absorption bands characteristic of
asymmetric valence vibrations of the Si-O-Si bonds in the region l()2() em’” for the linear
siloxane Imks absorption bands for the Sx-Mc groups at 1270 cm’', for the SiMe groups
at 840 cm’' and for the C- S bond at 700 cm™ . One can obscr\c dlSO absorption bands for
the unreacted active Si-H groups in the region 2160 cm™ . From the dependence of inverse
concentration on the time one can see that catalytic dehydrocondensation on the starting
stages 1s of the second order

The reaction rate constants at various temperatures were calculated: Kgo= 1.8008,
Ko = 2.7528 and K o = 4.289. 1t was found that for each increase in temperature of
the reaction about 10°C. the reaction rate constants increase. so the temperature coeffi-

cient 7 =1.5. The activation energies of catalytic dehydrocondensation reaction was cal-
allated E, =38 KJ/Mole. Increasing value of activation energy of the reaction shows .
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Nrna4s '
that dehydrocondensation of alylmercaptans with methylhydridsiloxanes procccds less

actively than dehydrocondensation of hydroxy(alkylthio)ethanes with mcthylh\ dridsiloxa-
nes |2].

The thermomechanical investigation of oligomers [I— 1V was 0performed and as itis
cvident from the Table the T, of oligomers are about -92 -117"C. Roentgenographic
analysis shows that the olig,omcxs I,IV are one-phase amorphous systems and interchain

di

cha

nces is about d, =
ristic of si
side chain

The [hcrlnog,mvnncmc investigations show that 5% mass loss is observed at the
lcmpcmture 2000 C and the mam destruction process proceeds in temperature range 200-
500'C and at 720°C mass loss does not occur. Residual mass for oligomer 1V is~ 51%.

=9.83 A. for oligomer IV this value of d, is close to the value of d,
norganic oligomeric ethers with alkvllhloethdne fragments in Ihe

Thilisi LJavakhishvili State University
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G. Lekishvili

The Models Based on Optimization

Presented by Academician T. Andronikashvili 15, 1997

ABSTRACT. The temperature dependent molecular descriptors have been intro-
duced considering the statistical distribution of conformers. The presented results
eable to optimize synthesis not only via structure, but also via temperature.

Key words: molecular descriptor, Wiener number, 3D indices, conformer. statistical
distribution.

Application of the method of topological indices enables one to dcsq,n molecules with
lhe given propertics. However. behavior of molecules depends not only on their structure,
but also on the reaction conditions e.g. temperature. So far there have been introduced
more than 120 indices. but none of them is temperature dependent [1].

Molecules can have different conformers. Their distribution depends on temperature

2

> E exp(~E, lkyT)
<= M
Ze\p( E, [ kxT)

Here <> is the average energy. E, is the energy of the i" conformer. k is the Boltzmann
number and 7'is the temperature in Kelvins.

The properties of molecules are significantly determined by this distribution. There-
fore, change of temperature changes their features (in fact. the dependence of the proper-
lies on temperature involves not only the statistical distribution).

Let us consider the conformers of n-hexane. Their graphs embedded in a planc are
given in Fig. 1.

,_ﬁ/H /“/“\‘ /J ek \Mg\:\/

4 f' =27.3607 3,,.=25.8486 3" =24.8406 3,, =24.3366 3y, =23.8326 3, =22.3205

Fig 1 Fhs graphs of the »-| h\,\\m conformers Lmlxdded ina plam

The first conformer must have the lowest cnergy. as the distribution of electron density
isthe most uniform. i. e. more compact conformers have higher energies (at the absence of
hydrogen bonds).

There have been suggested many 3D descriptors useful for compactness of evalua-

]
f094s
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Fig. 2. The basic subgraphs

The path: length between the " and /™ vertices can be calculated as follows
p 2 J

d,= ﬁ:o‘k ~2n -1y, W= %sz,, 6)
k=1 i

Here ¢ is the basic subgraph length computed in terms of the grid coordinates method
[1.3]. 77 is the number of the basic subgraphs in the “classical” path [7]. One can ecasily
note that @ is equal to the number of the edges between i and j when the graph is lincar.

In ordcr to construct a temperature dependent molecular descriptor. we should not
accept that /.~ 11, ' Now we can introduce the descriptor as

> W exp(-vIWT)

<= dm—
Ze\p( vIW,T)

(©)

Here v is the frec parameter [5]. E. g. for the n-hexane conformcrs« the values of the
temperature dependent descriptors are the following (when v= R )

T=1K <W>=24.740386 A =30.91
T=298.15K  <I>=24.739803 AH =139.96
T = 400K <> =24.739802 AH 42,46

Considering the presented results, one may hope that the outlined model enables us to
carry out synthesis optimization not only via structure, but also via the reaction conditions.

The author would like to express his gratitude to Academician A. T. Balaban, Prof, M.
Rondic and Prof. S. S. Tratch for their papers.

Thilisi I. Javakhishvili State University
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E. Chikoidze

lonic Annealing of Zinc Sulfide by Ag

Presented by Academician J.Lominadze. December 17. 1997

ABSTRACT. ZnS crystals of impure P-type conductivity are obtained. The inter-
pretation of observed peaks at different temperatures of ZnS photoluminescence spec-
trum is given.

Key words: compensation, photoluminiscense. implantation.

- Thermodynamic analysis was carried out in A, ,B, wide band-gap compounds in order
to receive impure hole conductivity. Heat treatment temperature at which the existence of
uncompensated. free charge carriers is theoretically permissible has been estimated.

Two mechanisms are regarded during implantation of impuritics in crystal: origin of
free charge carriers and formation of a new, free charge compensated defect | 1]. Thus the
critical temperature is expressed by:

M <400°C
AS,

where T’ is the temperature, below which it is possnb[c to obtain hole conductivity in ZnS
while implanting Ag” ions 2]
Before annealing the surface of ZnS was covered by active protective coat (APC) of
60-80A thickness. which protects the samplc surface from damage during anncaling.
Radiation doses of ionic annealing arc 10":10" cm™, whereas energy is E = 30+50keV.
In the range of T = 350+400°C while
. I heat treatment in photoluminescence spec-
2 04 trum of obtained sample 2. = 454 nm cor-
% responding peak has been observed. The
8 52 |l measurements of thermoelectric power
(TEP) in these samples point to the exist-
Yk ence of weak hole conductivity (Fig.1).
! This result agrees with theoretically esti-
mated meaning of critical temperature. We

T =

i< have studied the receiving of low-resist-
antimpurity hole conductivity in ZnS. Im-

-04 » : it 7 i
S ol hst0T s t0 D o e plantation occurs by S ions, and the sam

Fig.1. The dependence of thermoelectromotive force pleis covered bV Ag 100*: 150A layer lhl‘Ck’
coefficient during the existence of APC implanted by  ness. While implantation silver is im-
Ag a1 annealing temperature of ZnS. planted into crystal. In the course of using
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such technology complete scattering of silver layer doesn’t occur. Afier the inblplamalloﬁ
heat treatment of the sample occurs by using Ag. The annealing takes place in ZnS powder
orin Ag. The temperature interval of heat treatments is T = 400+800°C.

Inversion of conductivity type takes place after implantation on T>450°C during heat
treatment. T = 600+650°C can be regarded as critical {temperature during ADF existence
in casc of heat treatment. Specific resistance is P = 10°+10°Qem.
| P S T Fig.2 illustrates nonlinear depend-
‘ ! | ence between specific resistance and
doses. The increase of S ion doscs
causes saturation of silver by sulfur,
Ag.S is formed as a result of which the
transition of S into APC from ZnS base
107 crystal stopped. Compensated defect
function in the system ZnS-Ag,S will be

pQcm

fulfilled by V¢* . This defect corresponds

to E = 1.05¢V and performs the role of
deep acceptor. Because of a compensat-

-
102 _J ing charge the existence of Vg prevents
31018 410 510" Dem?
lanted by §” dose dependence of ZnS specific
ance implanted by S during the existence of APC.
Anneated at 650° C while Ar annealing,

the formation of hole type conductivity.

Due to the fact that V¢ concentration
decreases at the expense of recharge then
hole conductivity will increase more rapidly than before Ag. The energetic location of the
acceptor centre makes E = 0.3+0.03¢V (Fig.3). It is supposed that this level is conditioned
by impuring acceptor centre of Ag. After the implantation of the sample by S’ ions the
removing of APC and heat treatment is going on. In the photoluminescence spectrum of
the obtained samples there was observed the peak of intensive radiation . = 454nm. The
hole conductivity has not been observed in these samples.
18

26 L
2 3

Fig.3. During APC implanted by S” temperature dependence of ZnS
conductivity. Annealed at 650°C.
During the existence of the protective layer by heat treatment of samples at T = 700°C.
weak hole conductivity has been obtained. In PL spectrum weak peak A = 454nm and
vividly seen peak 2. = 520nm. % = 454nm appears only during strong compensation of free
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]
charge carriers. This peak correspoids !

yzyuu

Aex=365nm :
the existence of Ag, — Vs associates. In
A0 case of weakening of sclfcompensation and
compensation mechanisms, i.e. double
30K charge of Vg . isolated defect Vg is ob-
| 55 tained. This defect in photoluminescence
spectrum causes the appearance of 7. =

7 00 520nm peak (Fig.4).
The intensity of & = 470nm peak is
decreasing in PL spectrum of P-type. This
. fact is connected with the reduction of Zn
100 500 600 hnm ; i

Fig 4. PL spectra of ZnS implanted by S during APC Conestanon . X . .

"~ existence at various temperatures. Heat treatment In samples which annealing is going
oveurs in Ar at annealing temperawre 700°C while  on during the existence of protective layer.
APC of Ag exists corresponding peak ). = 454nm is increas-

mg. During the solution of sulfur. in silver layer becausc of high concentration of V3 . Vi
- Ag', associate is obtained. which is connected with radiation in PL spectrum . = 454nm.

Without protective layer while heat treatment in PL spectrum % = 454nm is almost
unobscrvable. This is caused by the fact that a small amount of silver is implanted in Zn

sublattice and the main dotted defect is interjunction silver Ag,. Thus. the V§ - Ag',
associate formation doesn't take place.

Itis shown that the role of low temperature ionic implantation is expressed in diffuse
stimulation. After cstablishing of thermodynamic equilibrium the annealed sample is the
carrier of those electric and optic properties which corresponds to used thermodynamic
parameters.

Taking into account the roic of ionic implantation ZnS crystals of impure P-type con-
ductivity are obtained. The interpretation of observed peaks of ZnS photoluminescense
spectrum is given.

Thilisi LJavakhishvili State University
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Interaction of HTSC-samples with Water

Presented by Academician T. Andronikashvili. May 18. 1998

ABSTRACT. Water effect on Y-Ba-Cu-O and Bi-Sr-Ca-Cu-O types of supercon-
ductors was studied by pH-method. It was suggested that the interaction of HTSC
with water should proceed in the following way: first water is sorbed on the surface of
samples and interacts with Ba, Ca and Sr ions forming of corresponding hydroxides.
These hydroxides underwent carbonization and blocked the surface. Bi-containing
structure is more stable to water, than that of Y-Ba-Cu-O.

Key words: superconductors. chemical degradation. hydrolysis. pH solution.

The practical use of high temperature superconducting matcrials (HTSC) suggests the
study of their stability in keeping and exploitation. because HTSC are known to be de-
stroyed under the action of gas components medium, especially water v apours and carbon
dioxide [1]. The degradation is caused not only by high oxidative ability of those com-
pounds. but also by specific layered construction of their crystal structure. As a result of
this interaction phase is destroyed forming such reaction products as Y,BaCuO,,

Ba,Cu(OH).. Y(OH),, Ba(OH),. BaCO,, CuO [2.3]. Their corrclation dupcnds on {em-
peraturc and time ofmlcl action. The dcgmdauon of structures on Bi-basc has been studied
in a less degree.

I present paper we have studied the stability of YBa,Cu,0,  and Bi,Sr,Ca,Cu,0, in
aqueous medium using pH-measurements.

The samples were obtained by means of traditional ceramic method [4] with wet grind-
ing. The required amounts of ittrium oxide, barium carbonate and cupric oxide for samples
NN1.2 (see Table). and vismut nitrate. stroncium. calcium and cupric oxides for samples
NN3.4 were mixed well undcr absolute ethyl alcohol. Thc mixture was dried and exposed
to thermal treatment at 930°C (YBa., ,Cu;0, ) and at 800°C (Bi,Sr,Ca,Cu,0x) during 10h
in air. The mixture was then furnaced coolcd pulverized and cdlcm(md at the same
temperature. The obtained powder was pressed into circular disks with ¢ = 8mm and
/= 1mm. Y-containing and Bi-containing samples were sintered at 950’C and 820°C
during 4 h respectively. then cooled up to 450°C and left at this temperature {or 4 h again
cooled slowly up to room temperature flowing oxygen.

Samples electroconductivity was measured by the four point probe methods using sil-
ver-paste contacts. The critical temperature of superconductwc transfer was 7, = 945K
and AT, =2.2 K for YBa,Cu,0,  samples and 7,= 82 K. A7,= 2.2 K for Bi, Srﬂ a,Cu,0,
(Fig.1). Phases ldcutlﬁcauon was carried out b\ X-ray dlld]\ sis and accordmg i[5 ()] It
was found that ittrium samples had typical for YBa,Cu,0,  rhombic phase with a = 3.8250,
h = 3.8895. ¢ = 11.6749, but Bi-containing slmclurcs dbout 80% of phase tetragonal
volumecentric lattice.
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Table

N Sample N T K| AT |T.C oy PHivitiat | PHfina
. g time  (hyl; K

1 {YBa,Cu;0- 0.35+0.28] 94.5 | 2.2 25 24 9.0 1301
2 |Bi>Sr,Ca,Cus0, - 82 2.8 25 24 8.4 11.0
3 1YBa.Cu;0- 0.35+0.28| 945 | 2.2 80 24 9.8 13.0
4 |Bi»Sr,Ca>Cus O, - 82 2.8 80 24 9.5 10.2
5|YBa,Cu;0-, 0.35+0.28( 94.5 | 2.2 25 4 80 | 114
(peliet) 24 8.0 12.0

The study of water effect was carried out bv pH- mcthod Prepared powder or circular
samples were placed in bidistilled water at 25°C and 80°C in air. The measurement of pH
solution was recorded at certain intervals over 24 h using pH-meter of 673-M model. At
the end of the experiment the solution was decanted off, the pressed sample was washed
gently with acctone. dricd and prepared for resistance measurements. Specific resistance
of ceramics hydrated at room temperature increased about three times but samples. treated
with water at 80'C showed an increase of resistance in three orders for Y-containing
samples and in 2.5 orders for Bi-containing ones. The beginning of superconduct transi-
tion temperature of samples N1 and N2 remained the same-94.5 K and 82 K respectively.

The changes of pH solution as a function of time dependence are shown in Fig.2. The
pH solution of samples N1 and N3 sharply jumped from 7.5 to 12.5 within the first 15 min.
then rose up to 13 more slowly for N3, which was treated by water at 80°C. Later we
observed the stable motion of pH. but it increase slightly after 24 h.

The decrease of the value of the pH solution after the exposure of samples during few
days in air up to 10.2 was obtained, which is probably the result of carbonization of formed
hydroxides of rare-carth metals such as Ba(OH),. Sr(OH),, Ca(OH), under scheme:

R(OH), +CO, (from air) - RCO, +H,0
Bi-containing samples differ from YBa,Cu,0, _ by lower values of pH solutions, though

R
R102,| =
ohm ’a
3 =
16 i
‘ —————
14 PIEEC o S
|
|
x“f
i
|
10 L Ab i i) 1 L L
80 90 100 10 TK 1 2 3 d 24
v(hour)

Fiq 1. The temperature niepmd-.nu of resistance:
- initial YBa,| .Cu0, - initial Bi,Sr,Ca,Cu, O.;
X- YBa,Cu ()ﬂ‘ aﬂ..r h\'drol) sis.

o - sample N2; o - N4, A- N1: J - N3:
x= N5,
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full hydrolysis time is practically the same. The surface of the solutions of samplé
N3 was covered by a white layer in first minutes. This layer was found to be barium
hydroxide which is the main product of hydration. The solution of Bi-containing samples
remained clcan. R

This fact is in good agreement with data. that Ba™ ion in Y-containing samples is
very mobile and casily reacts with water, but Ba(OH), is characterized by a higher solubil-
ity. than Sr(OH), and Ca(OH), and thercfore BA(OH). goes out of bulk into solution more
casily and undcrgocs carbonization. The time of full hydrolysis at room temperaturc is
about 10 days.

We compared our results with functional re-
lationship between time t and temperature T by
80 the following expression [7]:

t=o(lnf/7)
where ¢ = 1.4 and £ = 200.

©(min)

‘o It was established that our data are in agree-
ment with data [7] for pressed specimens. but

40 - not for powders (Fig. 3).
According to the corresponding literature [8]
20 the phase composition of HTSC ceramics afier

its interaction with water is changed by the fol-
lowing scheme:
0 20 40 60 80 t°C 2YBa,Cu 0, + 3H,0 — Y,BaCuO, +
Fig. 3. The dependence of full hydrolysis time on 3Ba(OH), + 5Cu0O + (0.5-x)0,
temperature of treatment: A - YBa,Cu,0, Thus the main results of HTSC hydrolysis
(powden): == Bi,Sr.CaCu,0, (powdeny Ul e gy processes: dealkalinization of barium and
YBa,Cu,0._(pellet). e - theoretical curve. 2
loss of oxygen.

It may be suggested. that the interaction of Y-Ba-Cu-O and Bi-Ba-Sr-Cu-O with wa-
ter. should occur as tollows first water is sorbed at the surface of the samples and interacts
with the Ba™ and Sr°* ions with the formation of the corresponding hydroxides. These last
ones accumulate in volume and at surface and blockade their conductivity.

The obtained data correlate with those [8] and show that the Bi-containing structures
arc more stable to water. than the Y-containing ones, what is a significant advantage in
practical investigation.

Thilisi I. Javakhishvili State University
University of Athens
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Effect of Sc Doping on Superconductive Properties of
Y ,Ba,Cu,0,_, Ceramics

Presented December &, 1997

ABSTRACT. The effect of Sc”* substitution for Cu®* on the superconducting
behaviour of the Y, Ba,Cu,0, _ A System has been investigated.

It is observed, lh.lt small quantity of Sc doping (x = 0.15 and 0.30) increases the
onset of the superconducting transition Te (onsct). We suggest that the substitution of
s¢™ at Cu (2) site incorporates the additional oxygen in the Y Ba,  Sc O, system
and increases the coordination number for Cu (1) cations up to N =4,

For a higher level of substitution (x = 0.6) the resistiv ity-temperature relations of
the doped system begin to have semiconducting component and transition from su-
perconductor to semiconductor occurs for x = 1 composition.

Key words: Y, Ba,Cu,0, , system. Sc substitution. resistivity. superconducting tran-
sition.

The investigation of substitution of different elements for both cations and oxygen in
Y Ba,Cu,0, , superconductors plays significant role in understanding the mechanism of
supcrconducuvlly and possible technological applications of high-temperature supercon-
ductors [1].

In spite of the intensive investigation that has bccn made since the dlsc0\cr\ of high
Te Y Ba,Cu,0, _, superconductors, the effect of sc* subsutullon for Cu “and Y on the
il hdﬁ not bccn considered. although studies of isovalent (Sc - Y ) or heterovalent
s - o’ ") substitutions can lead to the important results.

Table 1 lists values of some physico-chemical parameters for both clements entered in
Y,Ba,Cu,0,_, and Sc. Itis clear from the table that it may be possible to obtain Sc-doped
samples.

Table 1
Values of some physico-chemical parameters for both elements entered
in Y,Ba,Cu,0, , and Sc

N [Blesiaiit ! lOniC_radiL A lonization potential, ev Elcct_rq-
Cation[n=4[n=5[n=6[n=38 I iz I, |[Negativity
L] Y YO - |- Jooo |02 [638]1223[2050] 12
2| Ba [ B | - | - 136|142 581 ]1000] - 0.9
3. Cu Cu™ 0.62 1065 | 0.73 - 7.72 | 20.29 - 2.0
cut] - | - [osa] - . - |36.83
4. Sc Sc* - - 0.75 | 0.87 | 6.56 | 12.89 |24.75 1.3
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Sc and Y belong to the same 111 b group in the periodic table and s loun;uumgﬂn
expected to substitute for Y’ md do not seem to affect the superconductive property,
However. ionic radius of the Sc*’ cation is smaller than critical size of substituent cation:
for the formation of supcrconducme structure [2]. Our observations are consmcm with
this conclusion. Similarly. Sc¥ has an essentially smaller ionic radius. than Ba™ (0. 73A
ahd 1.36A for octahedral environment, rcspcctlvcl\)dnd could not be subsululcd for Ba”,

The investigation of the possibility of Sc™ substitution for Cu’” is of considerable.
interest. because Cu is a key element in high-Tc superconductor (HTSC) samples.

From the data presented in Table 1. we may conclude the p0551b1111\ of S¢™ heterovalent
substitution for Cu™ cations. In fact. ionic radii of Cu®" and Sc’' for coordination nu mber
n = 6 arc equal to 0.73A and 0.75A. respectively. For coordination number
n =5 ionic rldms of Cu™" decreases and becomes quldl o () 65A. It is expected that ionic
radius of Sc” decreases in a similar way for n = 5 and Sc™* substitutes for Cu” in Cu(2)
sites (Fig.1 b.c) of HTSC unit cell (Fig. 1 a).

Fig 1. Possible structures of the Y Ba,Cu, _ Sc| O, system
According to the above dl]dl_\ sis. Sc cations were substituted for Cu®’ in
Y, Ba,Cu,0, _, ceramic samples. Different compositions of this system are given in Table
o)

Table 2
Compositions and properties of the Y Ba,Cu, _5¢,0, ceramic samples
N|  Composition x |emetm)  T8E . gk 2
time, h | Onset | Zero mecm

1.| Y,Ba,Cu,0, , - 23 91.7 | 872 39 2.78
2.]Y,Ba,Cu, ¢Sc, ,s0y | 0.15 23 932 83.6 | 4.8 6.12

3. Y,Ba,Cu, ,Sc, 5,0y, | 0.30 3 92.5 | 813 6.0 17

4.1 Y Ba,Cu, , Sc, Oy, | 0.60 23 89 - - 40

5.1 Y,Ba,Cu,Oy, 1.00 23 - - - |Semiconductor

5 . 3+ 2+ 2+
Samples of the HTSC ceramics were prepared by standard technique. Y. Ba™ ", Cu
and Sc' cations were introduced in the superconductors by conventional solid state reac-
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tion: Y,O.. BaO,. CuO and Sc,0, powder oxides were mixed in the required propb
and smlmcd at 930°C in the air

The temperature dependencies of the resistivities of synthesized samples are pre-
sented in Figs. 2-4.

[ R D |
6l 1 5| I o e
£ I
o B
A~
'S
v
o
-
2
0
80 90 100 110 80 90 100 110
T, K T K
Fig2. Resistivity as a function of temperature for Fig.3. Resistivity as a function of temperature for

Y, Ba,Cu 0., (a) and Y, Ba,Cu,
(b) systenis

Y, Ba,Cu, ¢ Oy, system
2555€9,150Y) #0500 :

Presented curves show an increase in resistivity
p and transition width ATc with increasing Sc con-
centration accompanied with decrease of the bulk of
superconducting transition temperature Tc (zero). p
— 0. from 87.2 K to 81.3 K (for sample 1-3). For

= 0.60 (samplc 4). the bulk of the transition Tc

| (zero). is below liquid nitrogen temperature.
0 |1 | | I On the other lmnd.‘it was obscrved__ that for a
80 30 100 110 10w amount of Sc substitution (x = 0.15 and 0.30)
. TK the onset of the superconducting transition Tc (on-
yas a 1'\mdi0n of temperature set) increases (Tc(onset) = 93.2 K and 92.5 K respec-
for Y, Ba,Cu, Oy, system tively) when compared with the pure Y,Ba,Cu,0,

sample (Tc (onset) = 91.7 K).

It should be noted that introduction of Sc,0, in the sy 'stem incorporates the additional
oxygen anion. Hence. in order to clarify the chccl of S¢’ on the superconducting transi-
tion temperature. the samples were synthesized without annealing treatments in oxygen
(A ~0.2).

It should be noted that the additional 0.5 anion (-1 negative change) introduced in the
system by ScO,  could be transferred to the Cu cation in Cu(1) site (Cu” ** with coordina-
tion number 2

In general, mtroducuog of Sc.0; in the Y Ba,Cu,0, , system is expected to causc
two different effects: 1. S cations subsmule at the Cu(2) sites in such a manner (Fig.
1b). that coordination number for S¢’ is equal to 6. ([ScOy,,] oclahedron) Due to this
substitution the superconducting phase decreases and Tc depresses. 2. cu’is replaced by

P, 10° Q-cm

2.405€0 60
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sc’ at the Cu(2) sites and coordination of Sc is pyramidal (as well as for Cu”
such conditions O anion (0.5 oxygen anion) is released and moves to the Cu” or Cu
cations located at the Cu(1) sites and coordination number of these cations can be in
creased by 0.5 and 1 for ScO, ; and Sc,0,. respectively (Fig. 1 ¢). Such rearrangement i
possible because of higher Cu electro-negativity than for Sc. 2 A

Transition of the apical O anion from [ScO,,] octahedron to the Cu™ or Cu’ cations
located at the Cu(1) sites causes a replacement of O-Cu-O chain by triangle or square. If
the coordinational number of Cu”" in the oxygen-poor sample is equal to 3. the triangle
will be transformed to the square due to this transition. It is clear, that under such con-
ditions A will be decreased and Te increased. On the other hand. S¢** substitution for Cu”
at Cu(2) site is ¢ pected to increase resistivity p. Figs.2 b and 3 support this proposition.
It can be seen in Figs. 2 b and 3 that onsets of the superconducting transition Tc (onset)
for x = 0.15 and x = 0.30 are higher than that for pure sample (x = 0). although doped
samples have an cssentially larger resistivites than that found for pure Y,Ba,Cu,0, |
sample .

If S¢™* content x > 0.3 the number of ICu"‘Ogl defects in system could be less than
number of additionally introduced Sc™* cations and cach following Sc™ cation at Cu()
site is expected (o be in [ScO,, | octahedron. This rearrangement would not be expect
to influence positively Tc. At the same time the addition of Sc induces an cssenti
indrcasc of the resistivity. For x = 0.60 the bulk of the transition Tc (zero) is below liquid
nitrogen temperature.

From the evidence presented we suggest that Sc-doped system consists of two phases. -
Coordinational number of the Cu cation at Cu(1) sites in the “perfect phase™ is equal to
+. whereas the second phase is enriched by Sc.

The resistivity-temperature relations, presented in Figs. 2 b, 3 and 4 are influenced by
the content of two phases. For a low amount of Sc substitution (x = 0.15 and 0.30) the
onset of the superconducting transition Tc (onset) increases whereas for a larger level of
substitution the resistivity-temperature relations of the Sc-doped system begin to have
semiconducting component and transition from superconductor to semiconducter occurs
forx=1.

This work was financially supported by the grant from the Georgian Academy of
Sciences.

Institute of Cybemnetics
Georgian Academy of Sciences
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Synthesis of 3¢, 16p-diamino-24, 17 g-dihydroxy-5 a-androstanes on
the Basis of Tigogenin

Presented by Academician E. Kemertelidze, December 30, 1997

ABSTRACT. The synthesis of new derivative of Sa—androstanes series has been
proposed to study its pharmacological activity.

Key words: Steroids. 5o-androstanes, synthesis.

A great number of steroids which are spread in the nature and their synthetic analogs
hormonal medicines are characterized by wide spectrum of pharmacological activity. The
substitutions of amino- and hydroxy groups in the A and D rings of Sa-steroids to a
certain degree increases their biological activity [1-2]. From the compounds of this group
there should be marked preparations with antiarythmic, cardiotonic and hypertonic activ-
ity and compounds with ability to regulate CNS. One of them is hydrochloride of 3o~
amino-24-hydroxy-5a—androstan-17-one (ORg 6001) which is distinguished by high
antiarythmic activity |3].

To satisfy strong demand for steroid pre-
parations it is necessary to find new sources
for their production.

Tigogenin. the aglycon of steroid sapoge-
nins. was proposcd as one of the best sources
[4] for the synthesis of 5a—steroids by the
Institute of Pharmaceutical Chemistry of the
Georgian Academy of Sciences.

The aim of present work is to synthesize
a new derivative of Sa-androstanes — Ja.
16~diamino —2/. 17 3—dihydroxy-35a--and-
rostane(I). in order to study its antiarythimic

NH," = activity. To obtain this compound (1) there

was used epiandrosterone actctate, which is

the product of tigogenin trasnformation. according to the method worked out at the Insti-
tute of Pharmaccutical Chemistry of the Georgian Academy of Sciences [4].

The boiling of epiandrosterones thozilate with CH,COONa in the mixture of acetic
acid gives S-androst-2-en-17-one (I1) which is the initial product for further transfor-
mation. .

The existence of A”-bond and 17-ketogroups in steroid ketone(Il) structure makes
possible various transformations. In particular, by the treatment of compound (1) with
isoamyl nintrites in the presence of butilate-K in the arcas of third-butanoles the 16-

HO - NH,

7. "3000389", . 158, Ne2, 1998



Table |

Physico-chemical propert s of compounds LI, -V

2 Solvent for Found % Calculated % v
2 ystali Brutto TFound] o IR-SpcclTun
z Mapc| C| H|Br | N formula c| H|B|N lated v.cm
2
1 |62 70871053 - [869 [ € H, N0, [7082[ 1055 - [8.70[ 322[32217] 34703210

128-130 (OH, NH,)

1640-1625.(C-N)
84| Hexane | 755 8.82] - [4.41| C H,NO, [7571] 8.96] - [4.4d] 301{301.17] 3400 OH)
175-177 1750 (C=N)

1660 (C=N)

1750 (C=0)
1640 (C=N)

61 | Dyethyl- | 57.32 6.85(20.22] 3.49 | C,,H,,BrNO, [ 57.46] 6.79] 20.12[3.59] 397(397.06]3570-3200 (OH)
ethere 1760 (C=0)
135-137 1670 (C=N) Z
50 | Methanol| 63.07 7.95| - [15.31| C,;H,N,0, |63.18 8.02| - |15.5| 361|361.163420-3200 (OH) =
145-147 2110 (N,) 2
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Synthesis of 3a.16 f-diamino-2 .17 p-dihydroxy-5 a-androstanes on the Basis RZ%/
2 )

oxime-5 cr—androst-2-cn-17-diones (I11) was prepared. [t is known that the hydrot ‘xulli}nzmon
of A”-bond of steroids by 1.3-dibrom-5.5-dimethylgidantoines in (he presence of chloric
acid in the areas of diethylethere proceeds by the transdiaxial mechanizm. This was also
proved by us in the case of synthesis of 3a-brom-2-hydroxy-5a-androstari-16, 17-
dioncs-16-oximes(1V).

As a result of boiling of last compound (IV) with NaN; in arcas of DMFA. the
substitution of 3z~bromgroups by azidogroups occurs. Treatment of prepared substance(V)
with LiATH, in the mixture of THF proceeds with the reduction of 16-oximogroups to 16-
amino group. Because of the stereo specificity of the mentioned process, it is necessary (o
obtain the pure product of reaction. This is achieved by the treatment of product of
reaction with 3R-vinic acid.

As a result of crystallization of obtained salts from abs. cthanole and by the treatment
of it with water solution of NaOH 3¢, 16~diamino-3a—androstan-23, 17-diole (1) was
identified.

The investigation for the study of pharmacological activity of synthesized compound
(1) in comparison with 3a—amino-2-hydroxy-5a~androstan-17-ones hydrochlorides
(ORg 6001) antiarythmic activity is considered to be of interest to determine the action of
amino- and hydroxy substitutes position and configuration on the biological activity. The
structures and composition of synthesized compounds (I-V) are determined by special
analysis. i.e. IR spectrum, '‘HMR-spectrum as well as mass spectrum and elemental analy-
ses. The results of physicochemical analyses are given in Table (1:2).

Table 2
NMR-spectrum data for compounds L. [11-V
Compound | Characteristic chemical shifts (m. sh.) and constants of spin-spinic
N relation J (hz)
I 0.90 5.(3H.18-CH,): 0,97 s.(3H.19-CH,): 3.21 n. (2H.C"-H and
C"-H): 3.03 m (1 H.CH: 3.76 m. (I H.C’-H)
11 D955 (/H. 18-CH,): 0.96 5. (3 H,19-CH.): 21.;)4 qv. (ZHI}»IS-CHZ)
Jhem. = 17.91 and J = 6.76): 5.60 m. (2H.C -H and C "-H)
v 0.96 s. (3H.IX-CH3). 1:05 s, (3H.l9-CH3)1 2.91 qv. (2H, 15-CH,)
Jhem = 17.90 and J.vic = 6.76); 4.24 s. (IH.C*-H), 434 s.
(1 H, C’-H)
% 0.95 5. (3H.18-CH,). 104 5. (3H. 19-CH,).2.91 qv. (2H.C"-CH,,
J hem = 17.90 and J vic = 6.76)

1. Kutateladze Institute of Pharmacochemistry
Georgian Academy of Sciences.
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G. Balansard

Antiprotozoal Activity of Triterpene Glycosides from Hedera L.

Presented April 2, 1998

ABSTRACT. Antiprotozoal activity of triterpene glycosides isolated from the |
Hedera colchica K.Koch., H.caucasigena seu H.helix L. and H.pastuchowii Woron.
(Araliaceae) leaves and fruits found in Georgia was tested on the Trichomonas vaginalis
and Leishmania infantum species.

The results indicate that the less polar triterpene glycoside fraction is more ac-
tive than the medium and polar fractions.

Key words: Araliaceae. Hedera, triterpene glycosides, saponines, antiprotozoal ac-
Gvity. Leishmania infantum. Trichomonas vaginalis.

Species of Hedera L. [1] are rich in triterpene glycosides (saponines) which are
derivatives of oleanolic acid and hederagenin. belonging to S-amirin group [2].

The following investigation refers to evaluation of the antiprotozoal activity of triterpene
glveosides from fHedera L. grown in Georgia. Chemical investigation of compounds dem-
oustrating antiprotozoal activity, elucidation of the structure-acti ty relationships are of
definite significance for developing of highly effective antiparasitic drugs [3,4].

The fractions of triterpene glycosides of different polarities isolated from the leaves
and fruits of three species of IHedera have been tested for their activity against the 7ri-
chomonas vaginalis and Leishmania infantum.

The fractions with the following conditional names have been studied:

1. HCL A'A -the fraction of two monodesmosides A' and A from the leaves of
H.colchica.

hederacolchiside A" 3-0-a—L-Rhap(1—2) [#-D-Glep(1 — 4)]-a—L-Arap- Oleanolic
acid

hederacolchiside A: 3-0-a—L-Rhap(1-2)[ f-D-Glep(l — 4)]-a—L-Arap- Hederagenin
. HCF Cr.F - Crude fraction from the fruits of H.colchica.

- HCL CrF - Crude fraction from the leaves of H.colchica.
.- HCL PF - Polar fraction from the leaves of /.colchica.
HPL CrF - Crude fraction from the leaves of /1. pastuchowii.
. HCF LPF - Less polar fraction from the fruits of /.colchica. ‘
- HCF MPF - Medium polar fraction from the fruits of H.colchica.

8. HCF PF - Polar fraction from the fruits of /.colchica.

9. HHF CrF - Crude fraction from the fruits of H.helix. ]

The crude fraction of triterpene saponines was obtained by the extraction with 80%
methanol followed by purification with chloroform and isolation of triterpene glycosides

oW N

= oW
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with buthanol. fitids

Different polar fractions of triterpene glycosides of crude fractions were obtained by
column chromatography on silicagel. The following mixtures of different polar solvents
were used: chloroform-methanol 10:1 — 6:1: chloroform-methanol-water 26143

[e/\/mmmn infantum (MHOM/FR/78/L!:M/ 75 strain) promastigotes were incubated
at25' 'C in RPMI medium supplemented with 12 % fetal calf scrum. at an average density
of 10" cells/ml. The effect of the fractions on parasite growth was measured by a range of
concentrations from 200 to 0.25 zg/ml in duplicate cultures. After a 48 h incubation we
evaluated the inhibitory concentration (IC50 zg/ml) by spectrophotometry at 4 = 560 nm.
in comparison with control cultures. IC 50 corresponded to the concentration of fraction
that inhibited 50% of parasite growth. The reference compounds were ¢-hederin and
pentamidine [5]

Trichomonas vaginalis (TVR 87 strain) were incubated at 37"C in Zrichomonas medium
(OYOID supplemented with 8% heat-in activaied horse serum. at an av erage density of
5107 cells/ml. The effect of the compounds on parasite growth was measured by a range
of concentrations. from 500 to 0.25 gg/ml in duplicate cultures. After a 48h incubation.
we evaluated the letal dose (DL 100 gg/ml) at the microscope. LD 100 is the concentra-
tion of drug that induced 100% of cell letality. A retroculture was carried out with nega-
tive cultures [5].

The reference compound was the metronidazole. The results of inv estigation are
shown in the tables 1 and 2.

Table 1

Antiprotosoal activity of triterpene glycosides of Hedera 1. growing in Georgia, against

Trichomonas vaginalis

N Fraction DL 100 zg/ml
1 HCL A'A =10

2 | HCE Cr.F =25
3 |'HCL CrE =100
4 | HCL PF > 100
5 " I'HPL Cr:E > 100
6 | HCF LPF =5

7 | HCF MPF =10
8 | HCF PF > 100
9 | HHF Cr.F =100
10 | Metronidazol| =1

The fraction of less-polar trltcrpcne glycosides is characterised by higher activity than
the medium-polar and polar fractions. It proves once more the pronounced antiprotozoal
effect of monodesmosides as compared to the bidesmosides. Therefore we expect to con-
tinue the separation and antiprotozoal activity studies of the individual triterpene glyco-
sides from the less-polar fraction of the H.colchica fruits.
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Table 2
Antiprotosoal activity of triterpene glycosides of Hedera L. grown in Georgia, against
Leishmania infantum

N Fraction IC 30 pg/ml

1 |HCL A'A 25:<< 50
2. |HCF CtF 250 << 500
3 |HCL/CrE > 500

4 |HCL PF > 500

3 |HPL CrF > 500

6 |HCF'LPF 25 << 50
7 |HCF MPF 50 << 100

8 |HCF PF > 500 ]
9 |HHF CrF > 250
10} a-hederin =25

11| pentamidine | = 0.25

This research is carried out according to the Scientific programme of NATO. We are
grateful to Mr.Boudon for technical assistance.

Institute of Pharmacochemistry
Georgian Academy of Sciences
Mediterrancan University of Marseille. France.
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The Middle Eocene Volcanism of the North-Eastern Part of the
Meskheti Ridge

Presented by Academician G.Zaridze, December 23, 1997

ABSTRACT. Voleanogenic - sedimentary formation of the Middle Eocene in the
castern part of the north slope of the Meskheti ridge is divided into three suites with
facies composition which completely reflects the separate stages of development of
the Middle Eocene volcanism. The products of volcanism create contrasting - differ-
entiated series of rocks, joint in the kali-basalt-trachyte formation. The volcanic
process itself was mainly of the explosive character and the stages of its development
were exactly connected with the development of Adjhara - Trialeti folded zone.

Key words: Middle Eocene. volcanogenic formation. trachyte.

According to the modern scheme of geotectonic zoning of Georgia [1]. the region
under investigation embraces the-castern part of Chakvi - Sairme segment of Adjhara -
Trialeti folded zone between the gorges of the rivers Tsablaristskali and Zvarula.

The Paleocene - Lower Eocene sediments represented by the flysh and marly facies on
the territory under investigation are continued concordantly by the volcanogenic - sedi-
mentary formation of the Middle Eocene. This last one according to the facies composi-
tion. is subdivided into several suites, that are spread regionally in the western part of the
Adjhara - Trialeti zone. The oldest among them is Likani suite. composed mainly of the
reiterated alternation of hornblende and olivine basalts and rarely different-clastic tuffs of
dellenites. argillites. tuffargillites and tuffaleurolites.

Within the limits of Tsablaristskhali - Sakraulas interriver Likani suite (1000-1500 m)
is subdivied into three suites: lower-Sairme. middle-Sakondakhi and upper-Deilenites.
The first subsuite is represented by the reiterated alternation of different-clastic horn-
blende and olivene basaltic tuffs. with carbonate tuffargillites and argillites. Sakondakhi
suite is represented by the dlternation of massive, fine-clastic volcanic breccias and thick-
bedded different-clastic fragments of hornblendle and olivine basaltic tuffs, with motley-
coloured carbonate tuffargillites and argillites. At different levels the lavasheets (3-25m)
of olivine kali-basalts. olivine-hornblende and hornblende basalts are found. Uppermost
- dellenite suite is widely spread in Tsablaristskhali and Sakraula basins and is composed
of dellenite sheets being in alternation with the motley-coloured pumice and ash tufTs.
tuffargillites and argillites of the same composition.

Quitea different picture is met in the castern part of the territory in Leghvana - Zvare
interfluve, where thickness of Likani suite does not exceed first dozens of meters (25-65
m). and in some places it is reduced completely (environs of Vakhani village). Its facies
composition is also different. In particular, besides the lavas and tuffs of dellenites, vol-
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canic breccias have not been registered there either. Such a sharp change of (hit
factes is caused by the facies substitution of bedded tuffs. with the massive volcani
breecias and lavas of the Chidila suite.

Inascending section. the Likani suite is continued by the Naghvarevi suite (700-2000
m). that is mainly represented by the reiterated alternation of olivine, olivine - hornblendle
and hornbiende basalts and rarely massive volcanic breccias of hornblendle-leucite
basanites. with motley~coloured. thin-bedded and different-clastic basaltic tuffs. tuffargillites
and argillites (5-25 m). In the suite. besides the basaitoides of the above-mentioned com-
pasition. also the sheets of trachybasalts. olivine and biotite basalts. dellenites. trachytes,
andesi-basalts and andesites arc often met. It should be noted. that trachytes and dellenites
arc spread in the western part of the region (Tsablaristskhali - Sakraula interfluve). but
andesi-basalts and andesites. mainly with variety of hornblendes and hornblende-biotites,
arc found in the castern part (Leghvana-Zvares interfluve). The suitc is widely spread on
the territory under investigation and is characterized by the facies homogeneity. Excep-
tion makes only Serbaisi - Vakhani environs. where like the Likani suite. it undergoes
substitution by the massive volcanic breccias and lavas of Chidila suite. The maximum
thickness of the suite is registered in the western part (1800-2000 m) in the central part
ol the region (nivers Leghvana and Bjoliskhevi) 700-750 m: but in the eastern part the
thickness is sharply reduced to 130 m (Zvarula river basin)

The volcanogenic - sedimentary formation has been completed by Chidila suite which
is mainly spread in the comb of the Meskheti ridge (incomplete thickness is equal to
1.5 km). Besides. it is perfectly presented in the environs of villages Vakhani and Serbaisi,
where it completely substitutes Likani and Naghvarevi suites (incomplete thickness equals
1 km). In the north-castern cdge (Vakhanistskhali - Zvarula interfluve) the suite reduces
10 0.6-0.8 km.

The Chidila suite is facially homogeneous and is represented by the alternation of
massive. olten block-volcanic breccias. with lava covers: where the separate layers and
thin beds of tuffs arc met very rarely. Volcanic material mainly consists of olivine, olivine
hornblende and hornblende basalts. though olivine-biotite basalts. olivine kali-basalts and
leucite basanites also are not rare. In the suite. here and there are met segregations of
hornblendites. hornblende pyroxenites, hornblende gabbro. anorthosite and quartz an-
orthosite. with thickness in some areas achieving - 20 cm. (e.g. Najikhura mountain).

On the territory under investigation. the volcanogenic - sedimentary formation of the
Middle Eocene is mainly composed from the basaltoid rocks with dominating among
them olivine varietics. There is also abundance of hornblendle basalts. where olivines are
often met as accessorics.

Also olivine kali-basalts and trachy-basalts are met together with the above-men-
tionied rocks m the western part of the region. but biotite basalts. rarely - leucite tephrites
and basanites - in the castern part of the region. Biotite analcime trachytes, trachyandesites,
dellenites, very seldom - andesi-basalts and andesites are met at the different levels of |
formation in the basins of rivers Tsablaristskhali. Khanistskhali and Sakraula. They cre-
ate contrasting - differentiated series of rocks which edge members are basaltoides and
trachytes enriched with potassium, with obvious abundance of the formers (85 % and >)
is registcred. This association of rocks belongs to kali-basalt-trachytic formation. typical
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for the activized zones. with constituent rocks belonging to subalkalic pomsghnﬁjs@r{
(K,0/Na,O - 1-5.78). Among them rarely are met also the formations of calci-alkali
series (andesibasalts. andesites, some varietics of hornblende basalts) characterized by the
potassium - sodium alkalinity (K,0/Na,O - 0.33-1.00). Besides. very seldom arc mef
basaltoides with Na,O obviously prevailing K0 (K,0/Na,O - 0.08 - 0.24), that is condi~
tioned by the intensive development of (he superposed processes occuring in them (e.g
albitization. chlorization, zcolitization. etc).

On the territory under investigation. as well as in whole Adjhara - Trialeti zone, the
development process of the Middle Eocene volcanism was characterized by the presence
of stages. In particular. at the outset of the Middle Eocene. during the formation of the
Likani suite. the volcanic activity was very weak and was characterized by the explosions,
During the periods between explosions sedimentation of the terrigenous and hemigenous
carbonates 0ok place. At that time. sea basin bottom was characterized by indivisible and
smooth relief. that was promoting both movement to far distances and homogencous
distribution of the above-mentioned material. Probably. it was the reason of homogeneity
of Likani stratum suite in all region.

Initially weak volcanism gradually was intensifying together with forming of the
Naghvarevi suite. At that time strong cxplosions. accompanicd by the eruption of coarse
volcaniclastics. but seldom by lava eruption. took place. During the periods of short-term
quictness between the eruptions, sedimentary and volcanogenic sedimentary rocks were
deposited. At the same time the sea basin bottom begins partition. caused by the origina-
tion and development of submarine volcanic construction of central type.

The Paleogenc volcanism achicves maximum of its development in the upper part of
the Middle Eocene and coincides with the maximum sinking of the Adjhara - Trialeti
sone. At that time. the process of sedimentation, with the rare exceptions, completely
suffered from the strong. sequential explosions, sometimes accompanied by lava erup-
tions. The prompt growth of the submarine volcanic constructions promoted the sharp
partition of the basin bottom. and this. for its part, prevented from distribution and sorting
of the volcanic materials. One of the central-type volcanic structure, was established as a
result of analysis of the facies distribution, in the environs of the Vakhani and Serbaisi
villages. In particular. only in this area of the territory under investigation, after marls of
Paleocene and Lower Eocene directly follows the thick suite of massive volcanic breccias
and lavas. that to the cast and west undergo facies substitution by the bedded rocks of
Likani and Naghvarevi suites. So. it is doubtless. that stratovolcanic-type construction
had functioned from the outset of the Middle Eocene till its end and was situated in the
marginal northern part of Adjhara - Trialeti zone.

The Caucasian Institute of Mineral Resources
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Stress Vector Orientations and Movement of the Earth’s Crust of
the Territory of Georgia on the Neotectonic Stage

Presented May 4, 1998

ABSTRACT. The oricntations of subhorizontal maximum compressive stress axis,
established by means of regional and detailed structural analysis, recent kinematics
of active faults obtained from fault plane solutions of earthquakes and results of
direct measurements of the Earth’s crust displacement (GPS technology) are shown.
Besides the newest (neotectonic) vertical movements revealed on the basis of plana-
tion surface analysis are characterized.

Key words: stress axis. movement of the earth's crust.

Study of the newest (ncotectonic) stress conditions implies the establishment of kine-
matics of different scale deformation structures on the grounds of structural analysis.
Character of neotectonic horizontal movement and stress conditions of the Earth’s crust
on the territory of Georgia have been investigated by mans of detailed and regional
structural analyses. In Fig. 1 the active faults and their kinematics. revealed with the help
of regional structural analysis are shown. In the map the orientations of subhorizontal
maximum compressive stress axis of the first order, which are revealed also by means of
regional structural analysis. in particular on the basis of establishment of kinematics of
different surface faults and major folds are pictured [2]. In this respect particular impor-
tance was the study to interferential (transformed) folds. On the map the orientations of
subhorizontal compressive stress axis of the second order are also plotted. they are ascer-
tained on the basis of revealing of kinematics of small-scale faults, of jointing analysis
and study of minor folding. [3]. .

Special interest rose for recent deformation of the Earth’s crust testified by present
séismic activity of the region.

Recent kinematics of active faults obtained from fault-plane solutions of earthquakes
(sec Fig. 1) on the whole is similar to picture of paleokinematics received for neotectonic
stage.

The results of direct measurements of up-to-date displacement of the Earth’s crust by
means of GPS technology are of a certain interest|4]. These data are very interesting in
many aspects. First of all it turned out that data of direct measurement on the whole
corroborate ideas about directions of horizontal movement of Earth’s crust during the
neotectonic stage. Though the direct measurcment gives naturally more detailed and
precise picture of movement. In Racha carthquake arca GSP points of local nctwork are
situated. Here the points Khotevi and Sachkhere (111 and IY, Fig. 1) are moving accord-
ingly to the NE and N with the rate 2. 9 + 2. 1 mn/year and 4. 2 = 0. 9 mm/year. On the
contrary. points Khuruti and Lesora (I and I on Fig. 1) are moving to the S and S-W with
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Comparatively fast northward motion of Georgian Block in its castern part. what is
conditioned by Tskhinvali-Kazbegi left lateral fault. causes here underthrusting not of
Georgian Block only, but Gagra-Java zone (subterrane) too, which is completely over-
lapped by nappes of flysch zone. Here in the south within the Kura depression molassic
cover is detached from older sediments and is shifted to the south along with the nappes
of the Greater Caucasus [5].
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Now about vertical movements. As is generally known the newest vertical fiich/et
can be studied by means of different structural-geomorphic methods. Here the re
obtained on the basis of planation surface analysis arc adduced. Erosion surfaces
developed within the Greater Caucasus and Adjara-Trialeti zone, where: reconstru
united planation surface by many researchers is dated as upper Pliocene. The map
deformation of this surface (Fig. 2) exhibits the summary amplitude of vertical moy
ments which occured since the end of Akchagil (for the last 2 min. years). The map

B 3 3 2 5 3

Fig. 3 Map of summary deformation of the territory of Georgia for the neotectonic stage (since upper Sarmatian).
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constructed on the basis of present position of upper Pliocene (post-Akchagil) planation
surface.

Analysis of planation surface deformation character exhibits arch-block nature of the
newest uplift of the Greater Caucasus. which is less manifested in Adjara-Trialeti zone.

As regards the summary deformation of the region for the neotectonic stage on the
whole (since Upper Sarmatian it is constructed on the basis of actual data by the definition
of upper Sarmatian solc) only in depression arca (Fig. 3). Whereas for the clevation arca
corresponding surfaces are almost not preserved in relief and that’s why one has to recon-
struct them by means of different methods- graphic method of completion of geological
profile. caiculation of denuded material volume. thickness of denudation cut etc.

Average rates of vertical movements for the neotectonic stage on the whole and for
postakchagil-Quaternary period are not great and make a fraction of mm/year. They do
not exceed 1-2 mmv/year for the axial part of fold zones and along the faults. Rates of
present vertical movements, obtained according to the data of repeated leveling, as well
asfor the last 10-20 thousand years by terrace analysis [9] arc significantly high 3-15 mny/
year. After D. Lilienberg and N. Shirinov [10] the rates of uplifting in the western part of
the Greater Caucasus make 2 mm/year. in axial zone of its central part ~10-13 mn/year
and exceed 15 mm/year in its cast part. Axial part of Adjara-Trialeti fold zone undergoes
uplifting with the rate of 2-3 mm/year. Rates of sagging are: in the central part of Rioni
depression 2-4mm/year (in the vicinity of Poti -6. 5 mm/year). in its northern part 1-3
mmy/year. in Kura depression -1. 5 mn/year. Superimposed Alasani depression undergoes
relative sinking against the background of general uplifting of the region (6-8 mm/year)
[10].

AJanelidze Institute of Geology
Georgian Academy of Sciences
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On the Genesis of Granitoids in Mobile Belts

Presented April 2, 1998

ABSTRACT. Consccutive scheme of endogenic rock forming process between the
antecedent basaitic volcanism and granitoids is proposed. From this scheme it follows
that granite formation was preceded by basaltoide volcanism.

‘Key words: magmatism, intersendental granites. ophiolites.

Itis known that the majority of granitoids were formed in mobile belts. on the colli-
sion stage within the subduction zone (compression regime). They are generally preceded
by basaltic submarine volcanism (tcnsion regime) causing formation of thick volcanogenic
sedimentary rock serics, which H.Stille nominated as cugeosyncline. in contrast to non-
volcanogenic (miogeosyncline) rock scries [1]. He had gencralized actual material ob-
tained during investigations of separate regions and cstablished a successive set magmatism
in the development of cugeosynclines:

1. Initial magmatism (basaltic volcanism). In this stage emerged the rock unity. which
forms the greenstone (ophiolitic) rock series (tension regime):

2. Synorogenic granitoidal magmatism (compression regime). In this stage Stille
distinguished two phascs: the first one corresponds with the main phase of orogenesis,
During this phase appear granitoids and metamorphites conformably stratified in respect
to country rocks. The second phase is late orogenic. During this phase granitoids and
contact-metamorphites arc unconformable (intersecting) to the bedding of host rock;

3. Postorogenic magmatism wherein Stille distinguished three phascs-subsequent
(andesitic). intercendental (granitic and grano-dioritic) and final (andesitic).

A set of magmatic rocks worked out by Stille were of great importance in develop-

ment of all geological branches. particularly in petrology. which still hasn’t lost its sig-
nificance actuality.

At the same time in our opinion the terms cugeosyncline and miogeosyncline mustn’t
be withdrawn from usage: they should have definite place in plate tectonics.

[n 1944, resulting from investigations of magmatism of Georgia. especially the Middle
Jurassic volcanogenic-sedimentary suite (present name is “serics”) we made a scheme ]
(set) of rock successive regular genesis which somehow specifies Stille’s scheme, though
at that time we didn’t know his scheme [2].

Our scheme is as follows:

1. Porphyrites, diabases and gabbros (veins-channel-ways of effusive rocks)- Bajocian;

2. Volcanogenic-sedimentary porphyritic suite (serics): porphyrites, diabases, etc.-
Bajocian:

3. Quartzose porphyrites (v.Goliatubani) - Upper Bajocian;
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4. Quartz-dioritic and quartz-gabbro-monzonitic rocks (early stage of intrusive phase)
athonian:

5. Granitoids (later stage of intrusive phase) - Bathonian:

6. Aplites. pegmatites and rocks abundant in silica - Bathonian.

Later on taking into account the first scheme and using all the available actual geo-
gical material obtained from different regions, a new scheme is made:

1. Early geosynclinal (submarine volcanic): mafic-uitramafic. tholeite-basalt-doler-
ic. basaltic-sedimentary, tuff-breccial:

2. Early orogenic (early stage of plate convergence, collision): lawsonite-glaucophane
ocks (external belt of island arc. active continental margins).

3. Progressive-regional metamorphites of mafic composition (crystalline schists.
cisses). granitic gneisses. plagiogranitic gneisses and migmatites (which are formed as
result of (1) rocks metamorphism). gabbro-diorite-plagiogranites. quartzose monzo-
nites. syenites:

+. Mature orogenic (later stage of plate convergence): gabbro-diabase-granitoids (hy-
pabyssal. subvolcanic). sycnite-gabroides. granites.

From the above scheme it follows, that granite formation within the mobile belts was
preceded by basaltoide volcanism (tension regime).

That successive regularity in nature of granitoids and sometimes of syenite rocks.
which arc connected with them. is always or almost always identified in the areas where
the rocks comprising granitoid bodies (greenstone-sedimentary or more metamorphosed
1oks) didn’t undergo crosive washing. In case of washing this regularity doesn’t work.
Besides relationship between granitoids and volcanogenes that contain them is not ob-
served when granitoid bodies (massives) are tecnologically displaced. for example in
overthrust zones [3].

Interrelations between granitoid genesis and their antecedent marine (“cugeosyncli-
nal”) volcanogenes of basaltoid composition were mentioned earlicr by classics of geology
and in 1940 this relationship was reflected in Stille’s scheme.

r Our scheme comparatively completely reflects endogenic rock forming process be-
;l\\'ccn the antecedent basaltic volcanism and granitoids. To our mind. this relationship
should be taken into accont while studying granitoids.

AJanelidze Institute of Geology
Greorgian Academy of Sciences
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General Method of Stalks’ Calculation with the Principle of
Presenting the Calculation Scheme as Subschemes
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ABSTRACT. The paper shows a new method of stall’s calculation based on ¢
principle of presenting the calculation scheme as subschemes

Key words: combined stalk systems. statically indeterminate stalks.

Itis known that by joining of stalk. flat and space elements the so-called combin
constructions (systems) of different kinds are obtained. In practice combined systems
components of which are stalks (beams, arcs, ropes, ctc.) are often met. In the abo
systems these elements are merged by means of certain ties, making a combined constru
tion statically indeterminate system. The method shown in the present paper aims
considerable simplifying of calculation of these combined constructions. The author in
tends (o use the method in calculation of continual constructions (shells, plates). Calcus
lation of such constructions using classical shell’s theory is usually connected with diffi
culties of mathematical character which are hard to be solved. By this method calculation
is considerably simplified because based on the existed models (1), calculation of unbro-
ken bodies is brought to the analogue systems of the above constructions. It must be noted
that recently these difficulties have been successfully handled in Georgia due to bringing
the tasks of shell’s theory to integration of usual differential equations (2).

While using the calculation method shown in the paper both the stalk combined
constructions and continual systems are presented by joint work of some statically inde-
terminate “calculation” stalks. That is why simplification of calculation of such stalks will
cause the simplification of calculation of combined constructions and continual systems,
This is the aim of the present paper. The essence of stalk systems is as follows.

In engineering practice any calculation is done according to loading which, as a rule,
is given by different combinations of its simple components (compressed forces. com-
pressed moments and distributed loads). It must be  noted that using traditional methods
of stalk’s calculation it is impossible to make standardization of mathematical algorithm,
because the amount of such simple loads combinations is quitc large. That is why an
engineer-designer has to determine main parameters (support reactions, internal force,
lined and angular movements) showing stalk’s tension-deformed position for each case,
which is connected with some difficulties. The general method shown in the paper, based
on the principle of presenting calculation scheme as subschemes for the combined system,
stipulates effective handling of the above difficultics. The essence of the method is exe
plained in what follows for the case when a vertical movement of the points shows a
deformed condition of the construction.

According to the principle of independence of forces’ action (so-called supe
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tion). a calculation scheme of any statically indeterminate stalk using the mentioned
method is presented by the combination of calculation schemes (“subschemes”) of some
proper statically determinate stalks. These schemes arc possibly (virtually) the simplest
from the point of view that further decomposition of each of them to subsystems is impos-
sible. The maximai amount of fields in such subsystems is two considerably simplifying
the calculation process. because standardization of determination of the above parameters
that is. determination of general calculation formulace is already possible. Using such
subsystems analytical equations of the parameters to each of them are derived and the
 parameters o be sought for the given statically indeterminate systems are presented as the
algebraic sum of single-valued parameters for cach subsystem. The possible variants of
the simplest subsystems and analytical expressions of their calculation parameters (in
particular. vertical movements). and effectiveness of the given general method in calcu-

lation of statically indeterminate stalk are given below.

In the proper case. when the calculation parameters of the given general method are
vertical movements of a stalk’s points, the following cases of the load of a beam on two
supports serve as the simplest subsystems:

1. Beam is loaded with compressed force (Fig.1)

;—_.121 |F g:zz;! 15 b . :
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2. Beam is affected by the compressed moment (F ig.2)
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4. Equally distributed load affects the certain part of a beam (Fig.4)
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Z q . The load. distributed according to triangle® sﬁmmﬁ"&m
g_ﬂ:ﬁ' the whole length of the beam (Fig.5)
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6. The load. distributed according to triangle’s law affects the certain part of the beam
(Fig.6)
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where formulae (1) - (6) are showing the vertical y movements in calculation points of the
beam.

For determining support reactions of multiple statically indeterminate beam by forces’
method. as it is known. the system of canonical equations is obtained in which for any k
point the equation is as follows:

XiGut o ¥ X 00+ X5+ A =0, (7

where A, is the vertical movement in k point caused by given load. and 0,, is the same
amount in the same & point caused by individual force ;= 1) in i point.

Below it is shown that calculation of the mentioned statically indeterminate beam is
considerably simplificd by the given gencral method because in this way ( for example,
using Mori’s integral or Vereshchagin’s method) to determinc the movements in any
concrete case it is necessary to estimate the reaction forces and bending moments in any
support. the calculation of which is very time-consuming.

Below the concrete case of calculation of two-fold statically indeterminate beam (Fig.7)
by the given method is considered below where cquation (7)

F] m lF2

‘E 212 e 22 —ﬁl/]z&/ﬁ—f,—— A2 —— e 212 -
1

I B i
X1 ?Xz i
Fig. 7

for 1 and 2 points expressed in the following way:
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X0y + X560, +4, :()1
X103, +X 300 +A, =0 "
where 9,,. 9., ... . A, movements are determined by using formulac (1) and (2) suitabic
for the simplest subsystems given in schemes 1 and 2.
Vertical movements in 1 and 2 points. caused by F, and F,. Forces. according to

formulac (1) acquire the following values:
al

A= W(@,=8112) = (VED[F 201 2)/611{(81/12)° = [~ (21/12)*|-81/12}.

(8)

Fl_

A = v(z2,=61/12) = (V/ED(F,-2112)/611{(61/12) = [I* = 2112)°|-61/12}.

A7 = vz, =41n2) = (VED[F, A0 DI61{($/12) = [ = (10112)°}-41/12}.

AT = Wz =61/12) = (VEDIF, 10I12)/61)(61/12)’ = [ (101/12)°}-61/12},

and the same movements in the same points. caused by m moment are determined by
formulac (2):

A= vz =4012) = CUEDISH{(3/12) = [F = 3(T112)°)-4112}.

A= Wz =61112) = (VENmIGHE6I12) [P = 3(51/12) | 61/12}.
So A, and A, movements in 8th system get the following meanings:

A=A AR A

m
1»

A= AT+ AL+ AT
and the vertical movements of 1 and 2 points due to A= land X, = I compressed forces
arc determined by formulae (1) in the following way:

Due to .\’ = 1 force

0= Wz,=81112) = (UED((~1-4/12)/6/1{(81/12)’ = [ = (41/12)*]-81/12}.

S

1= Mz,=61/12) = (VED[(-1-4/12)/6/1{(61/12)° = |IF = (41/12)*]-61/12}.
due to .\, = 1 force
0= Wz =4/12) = (VED|(=1-61/12)/611{(41/12)° = [ = (6//12)*]-41/12}.

[

8= ¥(z,=61/12) = (/ED[(=1-6//12)/61}{(61/12)* = [* = (61/12)|-6//12}.
As it was expected the results of calculations by the above method are the same as
those using the existed method. proving the author’s suggestion that calculations in both
ways are quite identical.

Thilisi Technical University
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A. Bichinashvili, M. Zviadadze. T. Mkhatrishvili. V. Achelashvili

Regulation of Microtensions within the Shape-memory Alloys

Presented by Corr. Member of the Academy G. Tsagareishvili, January 4, 1998

ABSTRACT. In the following work the temperature subordination of regulating
parameters among the inner tensions of the martensite-deformed alloys in the case of
outer loading or its absence is studied theoretically. Here is calculated the thermal
capacity (Dcv) on the critical temperature (Tc). On Te temperature the regulating
microtensions undergo the phase transformation of the second kind.

Key words: regulating parameter. tension regulation, the phase transformation, the
leap of thermal capacity.

The deformation within the martensite alloys cause the microtension orientaion in
one direction. This latter causes effect of shape memory [1-4].

Although many authors consider the tension regulation as the main form of memory,
it has not been studied theoretically until now. That is microtension orienation and its
influence on the thermal and mechanic features of the deformed martensite alloys are
theoretically discussed in this work.

Let us suppose that we have N tension quantity within the deformed alloys. At the
same time N, tension is directed along the deformation axis while N, - in the opposite
direction. In such case the regulation parameter among the tensions will be

L=N,~ NJN. ¢}
It is obvious that Z is connected with the form restoration deformation (&), as
L=de, )
where & is a previous deformation.
In the case of outer loading
Li=deds. 3)

Here & is the deformation caused by the outer loading. When the outer loading
increases the shape-memory then it would be “+”, in other case “—”.

According to Bregg-Williams theory the inner energy, which includes the tension
orientation energy caused by the outer loading (o). corresponding to the tension orienta-
tion would be

U= (Nyy= Ny = Ny = (N, = N,)&'oVIN, )
where N, and N,, are pair numbers towards the deformation and opposite it correspond-

ingly. V,, is a number of those pairs in which the tensions will be directed in the opposite
direction. I¥ is energy of tension interaction. &' - quality of tetragonality, €= a - ¢/a; a and
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care polysade parameters, N - number of tensions in /" volume. As

1

=N, 5 ZN/N;
e
Ny = Ny ZNN, )
Ny, = NyZ-N,N,
Considering (1) inner energy will be the following:
U= -ZNW2-L? - ¢olV 5)

The volume of enthropy, using the formulae of Boltsman and Stirling are:
§= KIn(NY/N,IN,!) = K(MInN — N,InN, — N,InN,).

From (1) we get
S = NK/2[(1 + L)In(l + L)/2 + (1 = L)In(1 - L)/2].

Thus, the free cnergy will be

F=U=TS=ZNWI2:-L" - ¢6LN + NKT)2[(1 + L)In(1 + L)/2 + (1 - L)In(1 - L)/2)].
From the minimum we get

(BFIBLY = ~[NZWL + &0V = NKT/2-In(1 + L)/1 - L] = 0

from which

L =th-(ZWL + ¢cVIN)KT. (©6)
When o = 0 we have
L =th-ZWLIKT, (7
by solving this we get the meaning of the critical temperature:
Te = ZWIK. (3)
Let us discuss 2 changing by 7¢ when o= 0. In (7) and (8) we have
L =th(Te/T'L) J %)

if we spread it in a raw, then 7 — 7¢, we have
th(Ze/T L) = Te/TL = 1/3(Te/TLY + ..
in which
=B =TIy (10)

The temperature relation of the regulatmg ( 10) represents the phase transition of the
second, because when L = 0 8F/AL = 0 and &°F/&°L = 0.

Let us discuss Z change by 7e. durmg the outer loading. During the form restoration
ois no more than 10*-10° n/m” but £x107-10*, that is why we should spread (6) in a raw
and remain the first two members.

th(Te/T'L + € GVIKTN) = TelT-L + £ 6VIKTN)-1/3(Te/T'L Y — 1/3(£ oVIKTNY + ...

as £ and o are small values, when 7' — 7c then (e’o’V/KTN)3 -0, (Tc/T)3 — 1, so we get
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L = G3eaVIKTen'?,
Thus. the outer loading. though not much but still causecs the changing of L
correspondingly the deformation of shape restoration. which is proved by experimen

Let us calculate the leap of thermal capacity on the critical temperature. while o=
from (7) we have: i

Cv = oU/8T = dU/BL
Considering (8) and (10) we have
Cv = 32NKL(3Te - 11Ty,
Finally the thermal capacity leap on the critical temperature will be
ACy = 3/2NK.

= =NZWL-0LIOT.

In non-deformed Mn-Cu the alloys (85 at. % Mn) at critical temperature according
[5] (v = 2.6 K. Thus. in the martensite-deformed alloys the tension oricntation bring
additional contribution in the thermal capacity.

Georgian Technical University
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HYDRAULIC ENGINEERING
G.Gavardashvili. M. Nadaraia

Protection of Mountain Landscapes from the Erosion and
Debrisflow

Presented by Academician O.Natishvili. May 5. 1998

ABSTRACT. On the basis of carried out investigations a dependence has been
obtained which permits to calculate the coefficient of slope erosion with account of
time factor. A formula has been recorded, by means of which volume of the solid mass
left by the debrisflow on the debris cone can be calculated.

New constructions with high technical and economical indices have been made to
protect the stopes from erosion and debristlow.

Key words: crosion. debrisflow. debris cone. protecting constructions.

For designing the slope protecting constructions it is necessary to estimate the degree
of erosion of the protecting ground by means of erosion coefficient (E). Investigations
were carried out on the debrisflow(mudflow) water lines falling into the rivers Tetri
Aragvi and Duruji water catchment basins.

Alier statistic processing series the following dcpcndcncc was obtained | 1]:

[£=10.58 + 140G /F)](/T)* (1)
where /) is the crosion area of the water calchmcnl basin oflhc river (km®): I+, is the total
arca Of(hk. water catchment basin of the river (km”): 7 is a time interval, 7'is the total time
of observation (30 ycars).

The limits of using the dependence (1) are: 0.061 < U7 /F) £0.24:0.1 < (1/T) < 1.0,

According to the dependence (1) and S.Silvestrove scalc |2] the degree of erosion of
water catchment basins of the rivers was estimated. The results are given in the Table.

Data obtained from the river Kimbriani falling into the Tetri Aragvi river basin and
the Chadistsikhis Khevi river-bed were chosen to establish the relation among the volume
of the solid mass left on the debris cone after passing the debrisflow through the river-bed
(1. the height of the solid mass in the analysing section (#) and the breadth of the debris
cone (h).Time of investigation was 1987-1997.

Data obtained in the ficld are given in Fig.1 and the empiric dependence has the
following form: .

W= 966.6 (h/b)” — 400(h/b) +50.3. 2)
where 0 < (h/b) < 0.5.

New constructions for protecting the mountain landscapes from crosion and debrisflow
processes have been made. the know-how of which is certified by the corresponding
certificate [3.4]. Erosion-preventive structure for mountain lanscapes consists of polyethy-
lene sacks filled with local ground (Fig.2). They arc fixed to the ground surface with
metal fasteners. On the spare parts of the slope some trees and shrubs are planted in check
rows.
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Fig.2. Erosion preventive structure Fig.3. Debrisflow preventive structure
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sl
The structure is of a complex purpose: it protects the slope from erosion and at the
same time provides the slope with green trees and shrubs.
Table

Value of erosion
River coefficient (E)

1967 | 1987 | 1995 | 2000
Chadistsikis Khevi* | 0.51 | 0.62 | 0.76 | 0.82 |medium
Chokhelt Khevi 0.58 10.73 1 0.83 | 0.97 | medium
Chabarukhis Khevi | 0.65 | 0.82 | 0.86 | 0.92 | medium
Kvemo Mletis Khevi | 0.71 | 0.91 | 0.99 | 1.25 | significant
Naghvarevis Khevi | 0.79 | 0.98 | 1.00 | 1.27 | significant
Duruji 0.6910.72 1 0.78 | 0.99 | medium
Mshrali Goris Khevi | 0.52 | 0.71 | 0.91 | 1.00 | significant
Utkhovaris Khevi 0.32 10.56 ] 0.71 | 0.93 | medium

Degree of
damage

Nakhechis Khevi 0.12 1 0.40 | 0.80 | 0.88 | medium
Simaghlis Khevi 0.37 1 0.51 | 0.61 | 0.72 | medium
Salesavis Khevi 0.11 | 0.29 ] 035 | 0.42 weak

*Khevi is a small river

Hollow type debrisflow(mudflow)-preventive structure (Fig.3) is a spherical form
construction of high proof elastic metal with holes and a flat side. They are placed in the
riverbed in the form of equilateral triangle with the vertex against the debrisflow.

For building the new constructions the second hand and inexpensive materials (poly-
ethylene sacks, plastics, and metal fasteners) can be used, which will take over 50 % of
the total volume of building materials. According to the preliminary calculation it gives
economy of $150 per m’” for anti-erosion and over $200 per metre (lengthwise) for
debrisflow-preventive constructions.

Institute of Water Management and Ecology

i s Joint Stock Company “Airgeodetic™
Georgian Academy of Sciences
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PLANT GROWING

T. Oglishvili. I. Shatirishvili, Academician T. Andronikashvili

Effect of Clinoptilolite Contaning Tuffs on the Germination of
Wheat and Weed

Presented November 24. 1997

ABSTRACT. Influence of clinoptilolite containing tuffs introduced into the soil,
on the germination of wheat and weed (vetch) has been shown. Positive effect of the
minerals on the qualitative and quantitative indices of agricultural plants has been
established.

Key words: clinoptilolite containing tuffs, germination, wheat, weed (vetch). quali-
tative. quantitative indices.

Preliminary investigations carried out on moistened filter paper in the presence of
clinoptilolite containing tuff powder of Tedzami origin (Georgia) have shown that while
sowing agricultural crops (wheat and barley) and the accompanying weed the 100%
germination of wheat and barley was observed. while the germination of weed was sup-
pressed [1].

‘The present paper deals with the study of the influence of introduction of clinoptilolite
containing tuffs into the soil on the germination of wheat and weed (vetch).

Experiment was carricd out in a vessel of plastic mass (4.5 1) filled with low-fertile
podzol soil. One scries of investigations was conducted in 4-repetitions on pure soil
(absolutc background). In other series of investigations 5,10,15% zeolite. clinoptilolite-
containing tuffs were added. correspondingly (zeolite content in them reached 60-65%).
Recurrence of the experiment was the four-times again. The soil was slightly moistened,
temperature was 20-29"C. Watering was natural. 50 weat and 50 vetch seeds were sown
in cach vessel. Germination of seeds started on the seventh day from sowing. In the
vessels containing 5 and 10% zcolite. germination of seeds started two days earlier than
in the vessels with pure soil (absolute background) and in the vessels containing 15%
zeolite. Table 1 presents the data of the influence of clinoptilolite containing tuffs on the
germination of wheat and weed.

Table 1
Germination of wheat and vetch seeds in zeolite-containing soils, %
Versions germination of wheat | germination of vetch
1. Absolute backgroud (soil) 91 100
2. Soil. containing 5% zcolite 94 85.5
3. Soil. containing 10% zeolite 97 82.5
4. Soil. containing 15% zeolite 92 775
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According to the obtained data the increase of the zeolite composition in (I
conditions the hindering of germination of weed (vetch) and the increase of germination
capacity of grain cultures. The influence of zcolite and zconak (1:1 mixture of zeolite and
fresh poultry manure) on the growth of wheat was similar. Experiment was conducted for

10 days. in 4-repetitions. Terms of experiment werc similar to those given above.

Table 2 presents a dynamics of wheat growth according to days.

“Table 2
Influence of zeolite and zeonak on the wheat growth
(average from the four-repetitions). cm

Versions 1 2 3 4 5 [§ 7 8 9 10

1. Absolute background
(soil) B 25155 8.9 [10:5113.5 16:5]20.0:122.0]23.0
2. Soil + 5% zeolite 1.5 145184190 |11.0[12.0 [ 14.0]19.0 [23.0| 25.5
3. Soil +10% zeolite 1.2 14.0]6.0] 84 |11.0}12.0 | 14.5[18.0 |23.0]125.0
4. Soil +15% zeolite 1.0°1 3.5[5:5] 8.0 [10.0112.0 |15.0]19.0423.0|24.0
5. Soil + 5% zeonak 2.5 | 6:0]9.0111.0:{105}16.5 |19.5]220:}255]28.0
6. Soil +10% zeonak 1.8 159]9.0(11.0 [14.0]16.5 120.0122.525.0}27.6
7. Soil +15% zeonak 2.0 [ 4.0180]10.0]10.0116.0 {19.5]21.0 [24.0]25.0

Issuing from the obtained results addition of zeolite and especially of zconak to the
soil. conditions the growth of wheat: the growth intensity is better observed at the begin-
ning and at the end of the experiment. The most efficient effect of zeolite and zconak on
the growth of a plant is shown at their 5% content.

It is also shown that zconak makes positive effect on the stability of wheat stem and
its falling. similar to that in case of rice.

In Table 3 there is given an arithmetic mean increase of wheat stem height. for a ten-
day period. Here again. the highest rate of the plant growth was observed during introduc-
tion of 10% zeonak into the soil.

Table 3
Influence of zeolite and zeonak introduced into the soil on the average growth of
wheat height

: Growth of wheat stem
Versions :
height, cm
i.Absolute background (soil) 123
2. Soil + 5% zeolite 2.67
3. Soil +10% zeolite 2.64
4. Soil +15% zeolite 2.56
5. Soil + 5% zeonak 2.83
6. Soil +10% zeonak 287
7. Soil + 15% zeconak 2.78
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According to the data of Tables given above, zeolite and zeonak makc'éup
influence on the growth of green mass of wheat. The results of calculation of green mass
of plant are given in Table 4.

Table 4
Influence of zeolite and zeonak contents in the soil on the growth of wheat green mass
(means of 4-repetitions of tests)

: Increase of green
Versions
mass per ha

1. Absolute background

p 7.4

(soil, pure)

2. Soil +5% zeolite 9.0
3. Soil +10% zeolite 8.4
4. Soil +15% zeolite 7.5
5. Soil + 5% zeconak 1.5
6. Soil +10% zeonak 10.75
7. Soil +15% zeonak 10.0

Thus, the presence of zeolite and zeonak in the soil favours germination of wheat
seed, the growth of plant stem, stability to falling and the increase of green mass. The
presence of the above mentioned additions in the soil hinders the process of growth of
weed (vetch).

Gurjaani Agricultural Institute PMelikishvili Institute o?‘ Physical and Organic
Georgian State Agrarian University : Chemistry e
Georgian Academy of Sciences
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SOIL SCIENCE
G. Gogichaishvili, O. Gordjomeladze

Estimation of Soil Protection Properties of Agricultural Plants in
Georgia

Presented by Academician Ts. Mirtskhoulava, February 25, 1998

ABSTRACT. To study soil protection properties of agricultural plants the soil
protection coefficient of agricultural plants was used. Value of soil protection coeffi-
cient of agricultural plants in Georgia depends on the pattern of agricultural lands
and fluctuates from 0.40 to 0.75. Administration regions of western and castern
Georgia have low soil protection properties (“C” > 0.55 ). Soil protection properties
of agricultural plants in Georgia changed significantly during last ten years.

Key words: agricultural plants. soil protection coefficient, pattern of arable land.
administration region. estimation.

To predict soil crosion one must know soil protection properties of the plants [1].
Factor of plants is one of the main parts of all the methods predicting soil erosion. Among
them the most important is hydromechanical model created by Ts Mirtskhoulava [2.3] in
1970-s and empirical model. the so-called USLE (Universal Soil Loss Equation). Ts.
Mirtskhoulava’s hydromechanical model has well grounded physical standpoint and there-
fore is more precise than half of the empirical models. For both types of models plants’
properties of soil protection are inevitable. Plant is the most powerful factor against soil
erosion.

To estimate soil protection property of agricultural plants it’s better to use empirical
coefficient which is determined as soil loss from plot of given plant divided by soil loss
from plot of bare fellow the whole year round. For determination of cocfficient of soil
protection of maize and oats, the field experiments in West Georgia village Kitskhi on the
soil-erosion plots of the Institute of Soil Science and Agricultural Chemistry and in
village Zendidi. Institute of Tea and Subtropical Agricultural Plants were organized. The
field experiment included three options: 1) bare fellow (the whole year round): 2) maize:
3)oats. Length of experimental plots was 20 m, width 5 m, inclination 8-10 degrec.
Humus-carbonate. heavy mechanical structure, middle washed out soil was used.

In 1986. since May 27 till October 27 there fell 550.5 mm of precipitation. Soil loss
from the bare fellow plots was 137.67 t/ha, from plots of maize and oats — 50.17 and 62.17
t/ha accordingly. During the whole vegetation season soil loss was registered on the 16th.
18th, 19th and 20th of June. 332.9 mm of precipitation fell for 4 days or 60.4 % of the
total precipitation. which fell during the vegetation season. Two rains, which gave 240.5
mm of precipitation, washed out 44.0 t/ha from maize plot, 34.0 t/ha from oats plot and
from bare fellow plot - 79.0 t/ha of soil. In this period the soil protection coefficient of
oats. for each rain changed from 0.27 to 0.45, for maize from 0.30 to 0.62. Average
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annual value of soil protection cocfficient was 0.36 for oats. for maize— 0.45

Next year 1987 was very dry. In vegetation season there fell only 257.6 mm prCClpl-
tation, which gave minimum quantity of surface flow i all variants of the experiment.
from 26.6 - 28.9 t/ha. ;

In 1988, since June 6 to October 21 there fell 475.2 mm precipitation. from this -
amount just only 173.9 mm or 36.7 % washed out soil. Erosion activity was observed in ;
the second part of summer. when oats were already harvested and on the surface of the soil
15 =20 cm height stalk of oats was left. Maize produced a big amount of biomass and
covered 80 — 90 % of the soil surface. After heavy shower. which continued for 3 days
(August 1. 2. 3) 92.8 mm precipitation fell, soil loss from the bare fcllow formed from oats
{after harvest) — 5.4 t/ha. Under maize — only 1.98 /ha. Soil protection cocfficient of oats
stalk formed - 0.26. of corn — 0.10. In 1988, annual soil protection coeflicient for oats
formed 0.21. for maize — 0.06.

Next year 1989 was as dry as 1987. In 1989 since May 25 till October 21 there fell
314.2 mm precipitation. Only third part of the mentioned precipitation affected surface
run off from all the variants: from oats - 83.3 mm: from maize — 95.1 mm and from bare |
fellow — 99.6 mm. Soil loss in 1989 was not observed.

Soil protection coefficient of plant was determined also on mountainous part of Adjara
AR on the brown forest soil. on the following variants — maize. annual grass crops,
lemon. wineyard. for 9 years (Table). On the experimental ficld in vill. Kitskhi soil
protection coeflicient made for maize — 0.127 (avi erage of 4 years) and oats — 0.142. In
vill. Zendidi (Adjara) average annual soil protection coeficient made — 0.186: for annual
grass crops — 0.123: for lemon — 0.234; for wineyard — 0.277: for tea — 0.064. We can
conclude that soil protection coefTicient of agricultural plants is very dynamic index and
Lo establish it long-term research is needed. Soil protection coeflicients which are received
from the simulation of rain arc approximate because experimental condition and physical
simulation of the rain by simulation machine is different from natural condition of field
and rain. They can be used only for approximate cstimation of soil protection coefTicient
of different plants.

Table
Soil protection coeflicient of different agricultural plants
(Adjara A.R. region of Keda, vil. Zendidi)

Years Average of

| OPton  ioga 11985 [ 1986 | 1987 [ 1988 [ 1989 1990 | 1991 1992 9 years
Maize o 160110293 0296 [0.180 [0.115 | 0,147 | 0.152 | 0.186 | 0.148 | 0.186
(One crop) ’
o IraeQ | !
Annual Grass) o 555 0,383 | - [0.040 | 0.096 | 0.062 |0.056 | 0.135 | 0.104| 0.123 i
Crop SRR e i e SR S 0 .
Lemon {0210 0.369 | 0.404 [ 0.430 | 0.157 1 0.127 | 0.110 | 0.172 | 0127 | 0.234
Wineyard | 0.224 | 0.407 | 0.439 [0.500 | 0.195 | 0.172 | 0.183 | 0.221 | 0.154 | 0277
Tea 0208 (0234|0012 ] - - [0.010] - [0.008]0.005] 0.064

To study soil protection properties of agricultural plants of Georgia coefficient “C”
from the method of the USLE (Universal Soil Loss Equation )was used [4-8]. Factor “C” -
is determiined as soil loss from plot of any plant divided by soil loss from plot of bare |
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fellow. Using this method for administrative regions of Georgia soil protection couﬂﬁeﬁmﬂw
of agricultural plants was computed. Regions, in which the difference of “C™ cocfficient
was less than 0.05. were unified. If “C” coefficient is less than 0.45. agricultural plants
had good soil protection propertics. Agricultural plant, in which “C™ coefficient is more
than 0.55 had bad soil protection properties.

Soil protection propertics of agricultural plants were determined in 1976, 1980 and
1985 according to agricultural plants structure. From 1976 till 1985 according to admin-
istrative regions of Georgia, coefficient “C” significantly changed. especially in West
Georgia. In East Georgia cocfficient “C” is stable and reaches relatively high values (0.55
- 0.60). Soil protection condition in 1976 was the worst and became better in 1980,
especially in West Georgia. In 1985 the condition again deteriorated. Soil protection
properties of agricultural plants are dynamic indexes and it depends on the planning of
crops structure. For the reason that soil erosion in Georgia is high enough. crops structure
is to be planned taking into consideration soil protection propertics of agricultural plants.

M.Sabashvili Research Institute of Soil Science and Research Institute of Tea and Subtropical Plants of
Agricultural Chemistry Anaseuli
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Influence of Pine Cultures on Soil Properties in Kazbegi Region
Presented by Academician G.Gigauri, December 10, 1997

ABSTRACT. This report presents the chemical analysis of soils in Kazbegi Re-
gion. The soil pit was made on the selected test plots. The analyses evidence that
mineral part of soil test is formed by allite-syllital alpha clay types.

Key words: alpha clay. sorption basis. allite-syllital-clay.

The chemical composition of soil depends on soil formation properties, on chemical
mechanism and alpha clay currents. The last one is related to climatic and relicf conditions
of organic. residues. etc. All of them together stipulate the soil formation process [1].

The mountains and valleys represent the main soil type of researched district. Despite
these soils were studied carlier and separated as a different type of soils, they have not
been studied properly [2].

Thus. the aim of our research was to study chemical mechanism of forest and virgin
soils in Kazbegi Region. The test plots were selected in pine artificial plantation and is
aspen and birch natural stands.

The chemical composition of soil was studied in the different places: 40 years old pine
cultures in Kazbegi and Gergeti and 40-60 years old cultures in Sioni and also in Gergeti
virgin lands.

In Summer. 1994, the soil pits were done in the single test plots. Each above men-
tioned samples of material was worked out and prepared at the laboratories. The data of
chemical analysis are given in Table 1

As we see in Table 1, the accumulation of such organic substances as humus (12.2 %)
was fixed on Gergeti virgin lands. On this pit the humus number reduced by profile depth,
but in 55 cm depth it was 1.4%. As we think. the above mentioned is stipulated by the
cwistence of thick grass layer. by small intensity of erosive process and by the formation
of mountain grass as a number of dead organic mass. And it also should be noted that in
botanical plants compositions the legumes species and among them especially shamrock
take place and the last (shamrock) wholly acted on synthesis of organic substances and on
accumulation of humus substances in soil.

In the other test plots, the picture of humus component distribution (of birch, pine,
aspen soils) is the same as it is in the above discussed one. The ..shorter” humus layer and
accumulation of surface organic substances are characteristic of the above mentioned test
plots.

The reaction of the soil area is acid. In virgin soils pH is in the range of 5.4-5.6. The
pines of Sioni are remarkable for their extreme acid reaction. where pH is about 5 and
less. which indicates synthesis of acid nature organic substances. This is also proved by 4
C/N index. As we see in Table 1, the correlation fluctuates between 13-18 on upper part
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Table |

— N 7o, K0 pH Sorption Cafion meof
s umus ydrolyze e ¢
LR e e m;lOOg total | 100 | B0 [KA Ca | Mg | H |total | §
samples ( 9 | M08 gt mai0 81008 | B,
in soil in soil in soil

T Kazbegi Fored| A,2:8 | 106 052 965 [031] 612 |183] 22.03 | 50 | 42 180 | 42 | 23 [245 133
— "Elia” Pines -| B 8-35 5.4 0.41 6.42 019 | 3.16 L7l 17.25 54146 152163 |24 | 291112
40 years cas70| 13 |ozo| - - | 223 [107) 503 |58 |47 83 |74 |11 |168] 89
2 Babegi Pt 4 05 | 75 |02 nas [o2s] 592 [100] 22 53 |13 270|147
- 'Elia" Pines - ps40 | 24 [033| 422 [020| 502 |123| 44 59 | 10 (192 94
25 years
3 Gergeli Pines | A,3-6 | 112 |041| 1030 |028| 643 |162 | 18.80 83 [ 17 |266 |32
40 years B 6-30 25 0.23 8.02 0.16 1.82 1093 2.35 8.9 1.7 1239 | 83
4 Gergeli Birches| A,-10 | 89 | 039 | 7.66 [019| 4.2 |140| 2387 33 |22 139|123
—d0y Bao-ss | 28 |o021| 205 |009| 261 |r02| 1021 21 15 [isoil| d
5 Gergell Agpens| A,-10 | 66 030 | 1102 |032| 822 |088 | 1674 53720 [186 161
“a0yr BiCso-60| 13 |o019| 414 |01s| 277 lo62| 864 94 | 14 [215| 7.8
6 Gegeli vigin| A03 | 122|063 | 1260 [029| 662 | 191 2618 9.4 [071 324 103
| meadows) B34 | 52 |038| 530 |014| 470 |146| 1863 63 | 10 |280 | 87

Bo1ass| 14 |o27| - oo7| 111 |102]| 792 8.4
7 Sionl Pines | A;3-6 | 91 |044| 837 |030| 337 |174| 24.03 53
60 years B55-65 0.8 021 2.19 0.06 g 122 9.30 77
s Sioni Pines -| A,2-5 | 75 033 1025 |022| 502 [101] 1674 18
40 years B560 | 23 |o015| 661 |o012| 151 060 1102 57
5. Sioni Birches | A,-6 | 7.9 [03s| 702 |oa6| 330 |raa! 1802 28
40 years Bess | 22 oio| - Jeri| 103 {078 555 16
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of cultural soil. but in virgin soil C/N is not more than 10.3. The least correlation of t
clements about 6.9 was fixed in 14-55 cm depth of layer.
Table 2
Whole Cemical Composition of Mountain-Forest soil in Kazbegi Region

S0, | Sio,
SiOs | ALOs |FesOy | CaO | MgO | ALO,| Fe,0,

Depth |Overheet

Area Pit N
i em |losses %

2-8 255 |63.7111934832 1092 | 1.04 | 56 | 212
8-35 162 |63.56(18.12 | 747 | 098 | 1.34 | 5.8 | 21.0
. 435704 74 1613611607 703 | 107 | 166 | 64 | 255 |
2. Gergeti | 0-3 286 169.32120.18| 9.25 | 0.04 | 1.02 | 6.0 | 23.0
Mountain | 3-14 | 194 |67.75|18.03 | 887 | 1.12 | 1.80 | 6.5 | 22.4
(virgin) 14-55| 187 [6836(1835| 872 | 103 | 176 | 65 | 225
3. Gergeti | 1-10 | 192 1613212078 791 | 1.98 | 166 | 531 | 255
Birch 10-55| 115 [5937]1631] 802 | 136 | 1.76 | 4.5 | 225
4. Gergeti | 1-8 8.7 6231 [ 11991 |7 8.0801 1:81 1| 193 -f =5:4 {1206
Aspen | 860 | 9.3 60.56 | 18.02 | 782 | 142 | 1.07 | 58 | 250

1. Kazbegi

Pines

Sorption basis sum of virgin soils fluctuates between 28-30 mg and among thei
calcium is the dominant (20-22 mg). These soils arc unsaturated caused by maximu
existence of sorption hydrogen in pines (2.3-2.4 mg).

Week emaciation of soils is fixed by the whole data of chemical composition (Table 2).
Si0, content is high and stable in the given pits. Aluminium is 4.5 more than that
ferrum. Molecules ratio SiO,:R,0,, changes within the range of 3.7-5. Based on it we ca
conclude that the mineral part of discussed soils are formed by allite-syllit alpha-clay
types.

V.Gulisashvili Institute of Mountain Forestry
Georgian Academy of Sciences
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Karyotypic and Sexual Segregation in Persimmon Variations

Presented by Cort.Member of the Academy D.Jokhadze. July 6. 1998

ABSTRACT. Cultivated forms of subtropical persimmon (Diospyros) generate three
kinds of seedlings: male, female and hermaphrodite. Their sexual locus is three allelic
-a% a', a*. Corvespondingly, in case of normal meiosis female, male and hermaphro-
dite scedlings are generated in ratio 5:3:1. Diploid and tetraploid forms generate
hexaploids, which break into initial karyotypes.

Key words: persimmon (Diosspyros). karyotypic segregation.

First karyotypic study of subtropical persimmon was carried out in Japan. on the basis
of which it was established that haploid number in experimental forms was 27-28 [1].
Further studies show that experimental forms of Japonic persimmon are surely tctraploid
ancuploids [2].

Sexual and karyotypic evolution of Japanese persimmon is not well studied yet. there-
fore. present paper deals with the study of the problem [3,4].

Preliminary selected neotenic karyotypes were used as objects of observation: Chyakume
(2n30.60.90). Fuiu (2n60.90), Goshogaki (2n30.60.90). Zenjimaru (2n60.90). Geili
(2n60.90), Tanenashi (2n90), Tamopani (2n90), Tamopani (2n60.90). Dzhiro (2045.90).
Chinebuli (2n60.90) and Xachia (2n30.60.90). There were prepared temporary as well as
permanent preparations. Temporary preparations were stained by saturated solution of
acetocarmine and permanent preparations by buffer solution of ferric hematooxylin pH,.
To reduce the selection processes we used neotenic seedlings. Neotenic seedlings of per-
simmon begin fruit bearing even in the first year of existing. while their nomoteinic forms
begin fruit bearing in the 10-12th years. From this point of view the taxons of Aurantioideae
subfamily and Carica papaia are well studied [5,6].

Digital data of karyotypic segregation of neotenic seedlings are given in Table 1.

Chyakume 34000. According to the number of chromosomes all the karyotypes of
this form can generate progressive as well as regressive series. namely. diploids. triploids,
tetraploids. tetraploid ancuploids and hexaploids are gencrated from diploid form. It is
characteristic of tetraploid form as well. Hexaploids generated triploids. tetraploids and
hexaploids.

Fuiu 4310. The same regularity is characteristic of this variation as it was in the first
case. However. hexaploid variation of this form generated only tetra- and hexaploid seed-
lings.

Goshogaki 1317. This form generates progressive as well as regressive series. All its
three karyotypes can generate diploid, triploid. tetra- and hexaploid seedlings. In the present
case aneuploids are generated by three tetraploid variations only.

Zenjimaru 3111. The tetraploid of this variation generated aneuploid seedlings, while
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hexaploid generated triploids and hexaploids.

Caryotypic segregation of persimmon neoteinic seedlings

Table 1

Intro- Amount
Obiccts duction
number seeds Karyotypes B
2n
30| 45 54 56 |60 90
Chyakume |2n 30| 3400 48 i1 6 - -6 14
2n 60| 3400 |68 189] 9 3 3 5 {17 37|31 96| 0.54
2n 90| 3400 |73 17 14 51
Fuiu 2n 60 35 - 7 11 10 5
4310 43 | 032
135 :
2n 90 100 - - - - 159 38
Goshogaki [2n30| 1317 |51 10 5 - 21 15
2n60| 1317 |64 175| 2 19 - 5 |8 4132 70| 04
2n 90| 1317 |60 4 24 - 12 23
Zenjimaru | 2n 60 132 - 19 - - - 11
3111 81 49 | 0.62
2n 90 49 - 11 - - - 38
Geili 2n 60 73 21 13 - - |13 26
2374 153 23 78 | 0.5
2n 90 80 5 13 - - {10 52
Tanenashi |2n 90| 1146 |31 - - - = |- =
Tamopani_|2n 90| 6411 {30 il R i = -
Dzhiro 2n 60 61 10 9 - 20
1642 117 0.54
2n 90 56 3 2
Tamopani | 2n 60 56 23 - - =123
1416 99 44 0.32
2n 90 43 - - - =0 2]
Chinebuli | 2n 60 100 13 [ 27 - 13 |21 39
1316 181 54 50| 0.29
A 2n 90 81 171 21 - = 133 11
Xachia 2n 30 41 13 - - - 15 4
2n 60| 3575 {59 170| 10 - - 3 |33 81|16 54| 033
2n 90 70 13 33 34

Geili 2374. Both variations of Geili generated tri-, tetra- and hexaploid seedli 5
Hexaploid generating frequency of this variation 0.5 fold exceeds the diploid and t
loid specimen generating frequency.

Tanenashi 1146, Tamopan 6411. Both variations generate only hexaploid seedlings

they are sterile forz: s and the seeds are produced without impregnation (pollination)




Karyotypic and Sexual Segregation in Persimmon variations

Dzhiro 1642. Tetraploid as well as hexaploid forms of this variation gcncreltﬁlfif'
loid. triploid, tetra- and hexaploid seedlings. Hexaploid generating frequency of this form
0.54 fold exceeds the generating frequency of the rest of the seedlings

Fertile Tamopani 1416. Tetraploids of this variation generated diploid scedlings.
while hexaploids generated tetraploids and hexaploids.

Hexaploid generating frequency of this form 0.32 fold exceeds the tetraploid generat-
ing frequency.

Xachia 3575. All the three karyotypes of this variation can generate diploid. tetra-
and hexaploids. Hexaploid generating frequency exceeds the generating frequency of all
the rest of karyotypes.

Chinebuli 1316. Both variations of this form can generate diploids. tetra- and hexa-
ploids. For its part tetra- and hexaploids break into initial karyotypes. Hexaploid generat-
ing frequency is more than that of diploid and tetraploid forms.

As it can be noted, all the karyotypes of subtropical persimmon show tendency to
generate aneuploids which is not noted in other karyotypes.

Sexual breakage data are given in Table 2. The table show that variations of subtropi-
cal persimmon generate female, male and hermaphrodite specimen in ratio 5:3:1. but this

Table 2
Sexual segregation of persimmon neoteinic seedlings
Intro- Amount of seedlings in case of ratio 5:3:1 |
| Objects duction a° atf i ni et o . 5
i number | Per |Factual | Expec- 7_1 Factual ec- | 7_3 Factual | Expec- Z:
[ unit tant tant | | tamt | |
[Chyakume 2n 30 [ |
| 2n 60| 3400 | 189 39 105 | 4.1 20 66 |23 26 | 21 0.8
! 2n 90 |
Fuiu 60| 4310 | 135 | 65 75 |80| 25 45 |28 21 | 15 |24
2n 90
Goshogaki 2n 30 |
2n 60} 1317 i 171 73 95 |46 31 57 1.2 28 1, 19 4.2
2n 90 | |
{Zenjimaru 20601 311y | 81 | 36 | 45 |27| 41 | 27 |[72| 13 9 |18
3 2n 90
60| 2374 | 153 | 56 75 10| 47 51 103| 26 17 |47
2n 90 = AR O
2090 1146 31 - - - 31 31 - - = =
Tamopani 2n 90 | 6411 30 - - - 30 30 Lz = =
[Tamopani 2060 | 1416 | 99 | 43 60 |5.1] 40 st 22| 21 1720
2n 90 |
[Dzhiro 2060 | 1642 | 117 | 44 55 |22 30 39 [20] 20 13 37
- 2n90 : n | |
iXac]lia 2n 30 I
| 2n 60 3575 | 171 81 95 2.1 50 57 0.9 26 | 19 25
| 2n 90
[Chincbuli 2060 | 1316 | 180 | 79 | 100 |44| 55 | 60 [04| 29 | 20 |41
| 2n 90 !
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ratio is not always the same. For example. Chyacume. Goshogaki. Zen_]lmdm MWI‘H}‘
fertile Tanenashi. Xachia and Chincbuli generated female specimens less than it was theo-
retically expected. Similar tendency took place in generating the hermaphrodites. Their
number are increased in all variations.

Data obtained permits us to conclude that karyotypical cvolution of persimmon is an
useful phenomenon causing the risc of vital functions of the seedlings. However. popula-
tions’ ratio breakage in the process of sexual segregation is evidently directed to a new way
of progressive evolution of this culture.

Sokhumi Branch of IJavakhishvili Thilisi State
University
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HUMAN AND ANIMAL PHYSIOLOGY

E. Moniava, M. Butskhrikidze. Z. Khanaeva, N. Zambakhidze

Role of Vasopressin in Organization of Long-Term Memory

Presented by Corr. Member of the Georgian Academy of Sciences V. Mosidze. November 14. 1997

ABSTRACT. The role of vasopressin in realization of long-term memory was
studied. By means of experimental study on albino rats it is clarified that lysinc-
vasopressin chronical administration imporves the memory and promotes preserva-
tion of the memory trace.

Key words: behavior. bilateral escape reflexes. memory.

The latest data confirm participation of hypothalamic-hypophysial neurohormones in
realization of CNS major function — memory [1-4].

Originally. the assumption about a possible role of hypophysial hormones, (cspecially
vasopressin). in organization of mewmory. was stated by De Wied et al [5].

Despite certain successes. achieved in researches. accumulated actual data frequently
had inconsistent character and required further specification. Till now it is not finally
found out, what role can vasopressin play in organization, formation and preservation of
memory at a stage of its reproduction

The aim of this study was to find out a lysine-vasopressin role in process of consoli-
dation. preservation and reproduction of long-term memory trace. For this we have stud-
ied the influence of small dozes of vasopressin on dynamics of conditional bilateral escape
reflex claboration.

The experiments were carried out in adult male laboratory albino rats. weighing 220-
250g. For study of conditional defense reflexes the model of bilateral escape reaction was
used.

The experimental cage represented a box (dimensions - 30x50x30 cm) made of trans-
parent organic glass. The box was divided into two equal compartments by a 10 cm height
partition. The floor of the cage was made from metallic rods. by means of which a
threshold clectrical painful stimulation was rendered to the paws. The source of a condi-
tional signal- 60 w clectric bulb- was placed in the center of the cage at height of 60 cm,
which after switching on evenly illuminated the whole cage. If after presentation of a
conditional signal the animal during 5 sec jumped in other compartment of the cage. the
answer was considered correct and the animal fail of an clectrical punishment. Otherwise
itwas punished by an electrical current. 20 trials were carried out in each experimental
session

During experiment the dynamics of claboration and course of bilateral escape reac-
tion were studied. The following indices were registered: quantity of the correct answers
ona conditional signal: duration of latent period of conditional (bilateral escape reaction).
and unconditional (escape) reaction. The general behavior of the animal was also ob-
served
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For revelation of vasopressin influence on elaboration of conditional taflexas)
experiments were carried out on two groups of animals. In experimental group (
animals) for 15-20 minutes prior to the beginning of experiments vasopresin (8 Lysing
Vasopessin. “Koch-Light. England) was administered intraperitonealy (4 mg/kg). In con-
trol group (40 animals) for the similar time prior to the beginning of experiments same;
amount of physiological saline was administered intraperitoneal. '

It is shown. that in the first day of experiment (20 couplings). the quantity of the
correct answers in control group of animals reached 30 percents. In following days this
parameter grew and on the seventh experimental session (in limits of 140 couplings)
criterial level was reached. The indices of adequate reactions achieved 90 percents. This
level was remained stable in further days also (Fig.1).

As to the experimental group of animals. they statistically significantly lagged behind
control group of the animals on speed of elaboration of active escape defense reaction. In
particular after administration of lysine-vasopressin, the indices of correct responses of
the animals did not exceed 5 percents. In the subsequent days this parameter was gradus
ally increased. but nevertheless much lagged behind from those at control group of (i
animals. The criterial level by the experimental animals was achieved only for the 10-{h
day (200 couplings). At further stages of experiment quantity of correct reactions of
experimental and control group animals did not give any difference (Fig. 2),

0, Sec
100 o 4 ’
|
” X ‘\./I\.\ y\ .’_:/./.\.
g \"‘\‘_
2 ‘\‘// o
40
1
20 J ’
e 0 —
12 3 4 5 6 7 8 9 10 11 12 1. 2 8 4 5 6 7 B8 9 10 11 43 ;‘
) Experimental animals Day ~®- Experimental animals Dy
B Control animals —4— Control animals ]
Fig. 1. Effect of vasopressin on bilateral escape Tig. 2. Dynamics of conditions latent period in control i

conditional reflex in rats.
correct responses (%): X a.

- number of’ and experimental animals .‘
day of experiment

In first day of experiment. and also during 12 days of claboration of active defense
reaction. in duration of latent period of conditional reaction between control and experi-
mental groups of the animals significant difference was revealed statistically. In particu-
lar, at control group the latent period of conditional reaction changed in range of 1.9-2.4
scc and on the average made 2.1 sec. The minimal value of a similar parameter at control
group of the animals has made 2.9 sec. and maximum - 3.6 sec. In general, during all
period of elaboration of conditional reaction, latent period at experimental group of the
animals statistically significant exceeded those of control group of the animals (Fig. 2).]

The distinction between these two groups of the animals was marked also on latent
period of unconditional escape reaction. In particular, during the first 9 days of elabora-
tion of active escape defence reaction, latent period of escape at experimental group
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YAMB5I=0
bec animals statistically significantly exeesded-
./‘\ those at control group. During three last days

'\ ’ of experiments this distinction was kept, but
!
J

a ‘c\.\. statistically already was not significant (Fig. 3).
b S .o & On the basis of experiments it was estab-
A lished. that for elaboration of adequate defense
\ o o behavior fgr the flnimals received ‘vasoprcssin.
in comparison with the control animals. much

S e e e 0T couphpgs (80) were rcqulr.ch .
o Exparivisotal st Day Proceeding from above mentioned it is pos-

- Control animals sible to assume, that vasopressin interferes with
Fig. 3. Dynamics of escape reaction’s latent period formation of active defense escape reaction.

In order to study the influence of vasopressin on preservation of a conditional reflex
memory trace and its reproduction control and experimental group of animals allowed to
have a rest. For this period the animals of both groups were in standard houschold
conditions and the experiments on them were not made.

The level of conditional reflex on active defensive escape was checked during three
days in two weeks. 1 month and 2 months after such termination of experiment. in both
control and experimental groups of animals.

Two weeks after rest the distinction in a level of reaction on conditional reflex be-
tween the control and experimental animals was not found out. However, through 1- and
2-month breaks a level of fulfillment of conditional reflex reaction at the experimental
animals statistically significantly exceeded those of control group animals. in particular,
on 20 conditional signals they adequately reacted 11 times (55%). and the conditional
rcactions were carried out on the verge of fotuity.

= B At experimental group of the animals the
level of the correct answers made 80-90%.
Proceeding from the above-mentioned we can
conclude that the chronic 12-day administra-
tion of vasopressin promotes preservation of a
trace of memory and its perfect reproduction
(Fig.4).

We consider. that such influence of lysine-
vasopressin on elaboration of conditional re-

flexes should be caused not by direct action of

:gx’,z;::{:,a:mma‘s specified hormone on memory, but by alter-
Fig. 4. Effect of vasopressin on preservation and ation of a motivational-emotional condition of

reproduction of aclive escape feaction i - the animal. This condition in its turn finds
ter: C - one month o 1oction during formation of memory. The

same reason was stated by Sudakov concern-
ing to influence of vasopressin and other hypothalamic hormones on memory and pro-
cesses of learning. He believes, that influence of hypothalamic neurohromone on memory
and the learning is not specific and probably is caused by influence of these hormones on
motivational processes [6]. According to Stephens and Logan, vasopressin alters an emo-

N

before rest: B - two weeks
later: D - two months later.
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tional condition of the animals [4]. Concerning to role of vasopressin in preservation and
reproduction of a memaory trace. according (o our data. it is shown that specified hormone
promotes preservation of a memory trace and improves its reproduction.

The experimental data received in our study completely agree with data existing in
the worldwide literature on this question [1.2.4.7-10].

¢
|
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I. Beritashvili Institute of Physiology
Georgian Academy of Sciences
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HUMAN AND ANIMAL PHYSIOLOGY

T. Macharashvili. B. Tsinamdzgvrishvili. M. Janiashvili, Z. Nozadze. P. Tsagareishvili

Nonlinear Analysis of Electrophysiological Activity of Normal
Heart

Presented by Academician T. Oniani, October 23. 1997

ABSTRACT. The role of modern tools of nonlinear dynamic theory, as method
for experimental and even clinical investigations in cardiology is well known. At the
same time it is not clear if nonlinear characteristics of ECG relate immediately to the
dynamics of electrophysiological processes in the heart.

The aim of present study is quantitative and qualitative evaluation of dynamical
processes in normal human heart, using tools of nonlincar analysis for numerie:
ECG. Morcover, we evaluate influence, not related with myocardial processes,
nonlowdimensional and additive noises on dynamics of ECG. We argue, that dynam-
ics of electrophysiological activity of normal heart is a lowdimensional nonlincar
processes with fractal dimension 2.8.

Key words: nonlincar dynamics. electrocardiogram, phase space. lowdimensional
attractor.

For the last decade the study of complexity. or more general nonlinearity of real world
processes is one of the most exciting and fastest growing branches of nowadays science
[1-5]. Wide range of complex multivariable processes ranging from the study of behavior
of the weather to the analysis of biological and medical phenomena is investigated by
noniinear dynamics or the so-cailed “chaos theory”. H.Poincarc was the first who pointed
out that complex of nonlinearity “randomness™ is global property of natural processes and
is not always related to the presence of many degrees of freedom [4]. and is caused by
inherent properties of natural processes.

Since 80-s practical tools of nonlinear dynamics were developed [6]. They were used
for quantitative evaluation of different real processes in human organism so that as J.Gleick
puts it “the human body may well be the paragon of a complex dynamical system and
chaos theory makes possible a new kind of physiology™ [5]. From this point of view
investigation of dynamical aspects of processes in normal and pathological heart is of
special interest [7-12].

For the last years in scientific literature it was shown that the dynamics of the elec-
trophysiological activity of heart is not irregular, fully aperiodic process i.e. belongs to the
so-cailed deterministic chaos with fractal dimention 2.9-6.1 [10,12]. At the same time the
problem whether chaos is physiological, is far from solution. In other words it is not clear
whether variability of ECG reflects intrinsic heart activity or are due to dynamical addi-
tive noise presented in every real system. It is no doubt that this is very important for the
understanding of cardiac dynamics. For solving such problems we use the so-called sur-
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rogate time serics methods. computing dynamical propertics of original and Jsl ]]Weﬁ‘g
time series. for rejecting null hypothesis about absence of deterministic structure in ECG,
In this study we investigate standard ECG records of normal human belly. 1
The signal is digitized at regular time intervals such as to obtain desired (N) length
time series (for our conditions N = 16000 data points). Sampling frequency of 250 Hz with
12 bit resolution. It was used nonrecursive digital filter. Using digitized ECG. as scalar
time series {X}.7=1,2.3, ... Vit was reconstructed phase space of considered process.
Embedding manifold of time series is reconstructed by means of the delay methods [6.13].
Exactly for given time series it was reconstructed a set of m-dimensional X vectors in R¥
i.e. i

X =l x X }

i Lt U
'\z: {x:‘ RITPRE 'XZ*(m-I)r}’
............. (@)
a1 1
‘\N" Fpp Xy oo s Xpyss

where N* = N - (m - )7 stands for the number of phase points on the attractive manifold,
ris delay time should be chosen the first zero crossing of autocorrelation function of the
data [6]. m - corresponds to embedding dimension [3.6.14]. After reconstruction of phase
portrait the main task of nonlincar methods is quantitative and qualitative cvaluation of
attractor [6.14]. In present study nonlincar analysis of ECG includes the following steps:

1. Calculation of power spectrum is a well known qualitative test for differentiation
between regular and irregular processes but it doesn’t distinguish low dimensional chaos
from white noise [4].

2. Calculation of autocorrelation function. Autocorrelation function also qualitatively
detects existence of aperriodic dynamics, represents the average value of the product of a
signal in a given instant and its value 7 - time later. i.e. this function measures the
correlation between two points separated by a lag - 7.

3. Other qualitative tests. first return map next maximum map. 2 and 3 dimensional
phase portraits. are concerned with phase space structure and are valid instrument for *
studying the stable properties of system because they encapsulates dynamical properties
considered processes.

4. For quantitative evaluation of dynamics of normal heart electrophysiological activ-
ity we used Grassberger-Procaccia correlation integral calculation method:

L 1 f
C(r)=lim —— ZH(r — X — X,g\) 2
Noe N e 1 L
for different. m-dimensional phase space [6.15-17]
d, = limlog C(r)/logr 3)
r—>0

d, is the so-called correlation dimension.
5. Next. very important measure of a systems dynamics is the spectrum of character-
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istic Lyapunov exponents, which completely describes the characteristics of the trg
fies in phase space. In this study we evaluated only maximal Lyapunov exponent using the
algorithm developed by Sato et al. [6.14.18]. We have tested our implementation of algo-
ithm by analyzing time series from mathematical systems with known attractors (Hennon
d Lorenz equations) and obtained already tabulated values for correlation dimension
d Largest Lyapunov exponents [4,6].

6. To avoid corruption of investigated dynamics by noisc and filtration we undertake
shuffling of original data series using random number standard generator [15,16].

As it was mentioned above, the main goal of present study whether calculated by GPA
fractal dimension. reflects real dynamics of electrophysiological activity of normal heart.
We used modifiing method of surrogate data set generator which allows randomization of
considered time series sequence. Our investigation shows that qualitative characterization
of surrogate sequence: power spectrum, autocorrelation function, first return and maxi-
mum maps indicated quite different picture for surrogate serics in comparision with
original data set (Figs.1 and 2 a,b.c). Phase portraits for original and surrogate data also
reflect clear qualitative difference (Fig.1.d and Fig.2.d).
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Fig.1. Power spectrum (a). autocorrelation function
(b). next maxima map (d), and 3 dimensional
phase portrait (¢) of original ECG.

Fig.2. Power spectrum (a). autocorrelation function
(b), next maximums map (d). and 3 dimen-
sional phase portrait (c) of surrogate data.
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Quantitative analysis using GPA (Flg 3
= shows that slope of lincar part of correlation in
gral of ECG as time series. reaches limit value fast r
then for surrogate time series. It is important th;
slope of correlation integral for sequence of ran:
-8 dom numbers in a ECG-s range. raises unlimited
by increasing of embedding dimension (Fig 3 d). I
... the same time for the same radiir in phase spa
-1.5-05 0515 2535 45 55 ECG is characterized higher C(r) value than fog
TLogr surrogates. This last one. together wih lower value:
of Lyapunov maximal coeficients (0.06+0.007-and:
0.13+0.02 respectively) indicate chaotic determin-
b. ism of investigated processes [4]. In general non-.
linear character of heart electrophysiological activ=
ity is undoubt [6-12] but problem is the value of
their exact dimension. This question is under dis
cussion. In the literature available for us mentiong
values are quite different (for example for norm
heart ranges from 2.9- 10 6.1) [8.12]. Our investi-
gation shows that dynamics of electrophysiological
activity of normal heart is not distored by noise
I,‘m i cflects and represents low dimensional nonlinear
. L RS process with dimension 2.8. This value is near to
Fig.3. Log C(r)/Log r plots of ECG (a) and Lalt : S . :
surrogate data (b) respective. lower limit of value given in literature and is quite
logical for nearly quasiperiodic processes.
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The Selection of Producers of Amylases
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ABSTRACT. Strains, representatives of mycelial fungi, active producers of regu-
lar a—amylase - Aspergillus oryzae 3-9-15, acid-stable a—amylase - Aspergillus niger
147-A and glucoamylase - Aspergillus awamori L-56 have been chosen. The different
sources of carbon, nitrogen, phosphorus and vitamins have been tested on Aspergillus
wvamori L-56 glucoamylase biosynthesis under the conditions of deep cultivation.
The optimal composition of the medium have been chosen.

Key words: a-amylase, glucoamylase, biosynthesis, medium, carbon source, nitro-
| gen source, phosphorus source, vitamins.

Amylases are one of the most spread enzyme groups in the nature. Among them a—
amylase, glucoamylase and f-amylase are of great interest. a—amylase acts on starch,
glycogen and likewise chemical structural oligo- and polysaccharides, resulting in the
mixture of maltose. glucose and maltotriose [1]. —amylase is often met in bacteria [2-6]
and in microscopic fungi [7-9], especially in Aspergillus genera. While the cultivation of
the indicated fungi. two forms of a-amylase were found - regular and acid stable.
Glucoamylase decomposes as high molecular polysaccharides as well as low molecular
sugars to glucose. Glucoamylase in microorganisms is met in microscopic fungi of As-
pergillus and Mucor genera and yeasts of Endomicopsis genus [10]. f-amylase hydrolyti-
cally decomposes starch, glycogen and their related poly- and oligosaccharides to maltose.
Itis often met in plants and seldom in microorganisms.

Amyiases are effectively used in production of alcohol and beer, in bakery industry, in
production of high quality white paper, in medicine to cure glycogenase discases [11].

The goal of the present work was to choose an active producers of regular and acid
o-amylases and glucoamylase and to optimize the cultivation conditions.

The search of amylase producers in the collection of microorganisms of microscopic
fungi was carried out at the Institute of Plant Biochemistry of the Georgian Academy of
Sciences. While the investigation, the fungi were grown on modified, liquid Minoda-
Tsukamoto medium [12], regular a—amylase producer - Aspergillus oryzae 3-9-15 - in
Chapek modified medium [13]; acid stable a—amylase producer - Aspergillus niger 147-
A - in modified Chapek medium [14]; glucoamylase producer - Aspergillus awamori L-
36 was grown in the modified Chapek medium of the following composition (%): starch
-6.0: NaNO, - 0.9; KH,PO, - 0.1; MgSO,-7H,0 - 0.05; FeSO, - 0.0002; malt spout - 3.0.

The suspension of the grown culture comdl was used as sowing material on beer
sweet 7B solid medium during 10 days at 30°C. The deep cultivation of fungi was carried
out in 750 ml Erlenmeyer flasks in 100 ml medium on the shaker (200 g/min) during 72

10. "30389", ¢. 158, Ne2, 1998
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hours: A.oryzae 3-9-15 and A.niger 147-A were grown at 30°C, but A. awamo'rt L- 564
35:¢ /

Amylase activity was measured according to the known method in cultural lig d
filtrate [14]. The amylase active producers were sought in the genera of microscopic
fungr. Mucor, Rhizopus, Aspergillus, Penicillium, Trichoderma, AAlternaria, Fusarium
and 1 the line of Mycelia sterilia.

he data obtained afier the investigation were the similar to the data from the litera
ture concerning the amylase producers in microscopic fungi which are often met i
Astergillus genera 1t should be mentioned that the regular -amylase is met in greens
vellow Aspergilles. but acid-stable a-amylase and glucoamylase in black Aspergilles. The
most active producer of the regular a—amylase is A.0ryzae 3-9-15, A. niger 147-A is th
active producer of the acid stable a-amylase; and A.awamori L=56 is the active producer
of glucoamylase (Table 1).

Table 1
The activities of acid-stable and regular a—amylases and glucoamylase of chosen strains
Activity, U/ml
Strain Acid-stable | Regular | Glucoamylase
a-amylase | a-amylase
A.niger 147-A 1.7 0.8 12
A.awamori 1.-56 trace 113 5
A.oryzae 3-9-15 trace 1312 1.4

As at the beginning of our work optimal media of A.niger 147-A and A.oryzae 3-91A

I5 were known. the purpose of our investigation became to carry out optimization of
Aawamori L-56 culture medium 1o increase glucoamylase biosynthesis. Starch 6 %,
wheat bran. substances with different types of glycoside bonds and some monosaccharides
were tested to choose carbon source in culture medium. In particular glucose. galactose,
arabinose. ramnose. xylose, sorbite, mannitole, maltose, sucrose, lactose, cellobiose (ac-
cording to 0.8% cabron). The highest activity of glucoamylase was marked in the medmm
at the presence of the starch and maltose (Table 2).

Further, in order to study the character of glucoamylase biosynthesis, glycerol accord-
ing to 0.8 % carbon was introduced into medium as a carbon source, and after 24 hours, |
starch of various concentration, maltose and glycerol were added to each flask. The .
highest glucoamylase activity was obtained by the adding of starch at initial amount. In
the case when the content of starch exceeds 6 %, relatively low glucoamylase activity was.
marked that could be explained for the glucose obtained in cultural liquid has the role of ]
catabolic repressor. To study the influence of nitrogen on glucoamylase biosynthesis by

A.awamori L-56 we used organic and inorganic sources. The highest activity was ob-
tained while using sodium nitrate. Urea appeared to be the best among nitrogen organic
sources (Table 3).

Inaddition the influence of cach amino acid on glucoamylase biosynthesis by 4. awamol ]
L-56 has been studied. In the presence of lysine in culture medium the increase ‘
glucoamylase activity was marked. Then. the influence of amino acids on glucoamyl
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biosynthesis by the chosen strain in the absence of malt sprouts was studied. # - aaflgjsul‘wwﬁ
glucoamylase activity was reduced. This could be explained by the fact tha: the malt

sprouts. as is known, contain the whole complex of aminoacids [12] that provides
glucoamylase increased activity.

Table 2
The influence of different sources of carbon on biosynthesis of glucoamylase oi
Aspergillus awamori L-56

Carbon source | Glucoamylase
activity, U/ml
Glucose 36
Galactose 34
Arabinose 24
Xylose 29 .
Sorbite 28
Mannitole 34
Maltose 69
Sucrose 34
Lactose 38
Cellobiose 24

Table 3
The influence of different nitrogen sources on biosynthesis of glucoamylase ot
A.awamori L-56

Nitrogen source | Glucoamylase
activity. U/ml

NaNO, 15
KNO, 57
NH,NO, 57
(NH,),S0O, 46
NH,C1 5
(NH,),HPO, 67
Urea 60
Yeast extract
1.0% 37 »
1.5% 53
3.0% 44

To identify effective phosphorus source, single and double substituted potassium and
double substituted sodium and ammonia phosphates were used. The above mentioned
phosphates were brought into the medium, where carbone source was starch, and nitrogen
source-sodium nitrate in amount of 0.45 % by phosphorus. The maximal accumulation of
glucoamylase was marked in the presence of double substituted ammonia phosphatc.
Various sterilyzed vitamins - thiamine, nicotine acid, biotin, pyridoxine, adenosinc. ascos bic
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acid. rutin were introduced into culture medium at concentrations 0.0005; OAO(LﬁJ)Qﬂd
pg/ml. The vitamins did not influence glucoamylase biosynthesis. A little increase of
initial activity was marked only by the use of 0.05 zg/ml amount of biotin. Biostimulator
- the product of thermophilic metan fermentation was introduced into the culture mediu
in the further experiments. This biostimulator is used in cattle breeding as a source
vitamin B, . In some cascs instead of the biostimulator its acid hydrolizate was used. The
ability and content of the indicated preparation are discussed in a number of publications
115.16]. Acid hydrolyzate was added in amount of 1-4 ml to 100 ml cultural medium, and
the preparation itself - 0.450 mg/100ml. The use of the indicated preparation did not
cause the increase of glucoamylase activity. Hence, on the basis of the data it can be
concluded that the strain has the ordered vitamin change.

Thus. as a result of the conducted work, active producers of regular and acid stable
c-amylases and glucoamylase — A.oryzae -3-9-15, A.niger 147 -A and A.awamori L-56,
respectively have been chosen.

The optimal composition of cultural medium (%): starch - 6.0; NaNO, -0.91: (NH,) HP,
- 0.085. MgSO,7H,0 - 0.05: KCI - 0.05: FeSO, - 0.0002; malt sproul - 3.0 has been
stated for the cultivation of A.awamori L-56 -the glucoamvlase producer.

In case of necessity. glucoamylase production can be increased by 14 % while usi
lysine in the medium, but it should be mentioned that the price of glucoamylase prepa
tion can be increased in this case.

S.Durmishidse Institute of Plant Biochemistry
Georgian Academy of Sciences
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ABSTRACT. The suspension culture of Yucca gloriosa L. is less aggregated in the
active growth stage and the individual cells are growing more actively. The number
of cell generations are determined and 8-9 cycles of cell division should occur to
produce the viable clone. The biosynthetic potential of furostanols correlates with
mitotic activity. As the high yielded biomass provides the high content of furostanolic
glycosides the growth processes regulation is the prerequisite of metabolic activity.

Key words: in vitro culture, Yucca gloriosa L., mutant strains, heterogeneous sus-
pension, furostanolic steroid glycosides, cloning.

The isolated in vitro cultures of plant are available to produce biologically active
compounds and increase their number.

The tissue and cell culture of Yucca gloriosa L., one of the main producers of steroid
compounds used for making hormonal prepdrduons [1] is selected for investigation. It
should be mentioned that these cultures contain less steroid glycosides in comparison with
intact plants [2]. Hence, it is preferred to pick out the advantageous cell lines according
to the practical selection method. The productivity of these lines is increased via the
methods of mutagenesis and somatic cloning [3].

Using the method of comparative analysis we established that the suspension culture
of Yucca gloriosa L. is less aggregated in the active growth stage.

The study of this cuiture before plating, the first stage of cloning, was carried out to
detect the density. viability and composition (Tables la, 1b).

The optimal value for plating on dishes made up 1.1x10” cell/ml.

The index of viability is increased in control samples and decreased in mutant strains
as a reason of the corresponding response of cells against stress.

Due to the intact cell heterogeneity the control strain divided into fmctmns has a
tendency to intensive growth.

Estimating the percentage ratio between individual cells and agregates, it revealed
that the individual cells are growing more actively.

The colonies of various sizes are formed after plating on dishes. Those of 1-3 mm
diameter are selected for further studies and after taking them into new medium full
growth was observed. The colonies with the diameter of less than 1 mm are characterised
by low ability of further development.

The number of cell generations are determined by the formula as follows: N,=N x2g,
where No and Nt are the initial and final numbers of cells in colonies. respecm cl\ “4)



326 M. Jaoshvili, M. Gogoberidze, Kh. Varsimashvili, N. Chelidze, T. Miminoshgﬂ\Q\\ -
According to the formula 8-9 cycles of cell division should occur to prOduCCb{ﬁf’: ,. 1
clone.

Table la
Value of viability and cell density of Yucca gloriosa control and mutant strains

Viability % Quantity of cells
Variants before after before after
fractionating | fractionating |fractionating| fractionating
K 70+1.3 94+0.9 3.4+0.58 1.1+0.09
Y.g.40.5 82+1.4 75+1.8 3.7+0.19 1.3+0.02
Y.g.-2 89+1.2 83+1.6 3.5+0.33 1.2+0.01
Table 1b

Content of individaul cell & agregates of Yucca gloriosa control and mutant strains

1 cell 2-5 cell 10 cell more than 10 cell
Variants | before frac-| after frac- | before frac-| after frac- | before frac-] after frac- | before frac- after frac-|
tionating | tionating | tionating | tionating | tionating | tionating | tionating tionating |
K i 21 18 36 22 26 54 17
Y.g.0.5 28 32 31 37 15 19 26 12
Y.g-2 16 32 20 32 34 16 30 10 J

The colonies grown up on dishes are selectively adventageous in comparision wif
cell lines obtained from callus and suspension cultures. Each of these colonies are pro
duced from individual cells and thus, the high level of genetic and physiologic homoge-
neity is provided.

During cloning of control and mutant strains of Yucca gloriosa L. about 300 colonies
are obtained and appr. 60 modified variants isolated as a result of their further subcultivation.
Selection is carried out phenotypically, namely, via the growth diversity in the same
conditions of cultivation. The part of control and mutant clones have friable, white tissue
and high ability of growth and the tissue of badly grown clones is necrotic.

Table 2
Content of steroidal glycosides per passages in Yucca gloriosa cell clones obtained
from control and mutant strains

Clones Content of steroidal glycosides, %
Passages 1 v VII

2 0.17+0.06 | 0.18+0.04 | 0.22+0.03

K 4 10.23+0.04 | 0.27+0.02 | 0.25+0.05

16 ]0.32+0.08 | 0.25+0.03 | 0.37+0.04
2 [0.314+0.03 | 0.30+0.04 | 0.32+0.02
Yg 05 9 [0.38+0.02{0.37+0.04 | 0.38+0.03
14 10.5140.02 | 0.54+0.01 | 0.53+0.02
9 10.29+0.05]0.31+0.05 | 0.30+0.07
Yg2 11 ]0.37+0.04 | 0.39+0.02 | 0.39+0.03
16 |0.47+0.05 | 0.49+0.04 | 0.49+0.05
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The growth index is determined by calculating dry and wet biomass into the $8¢Ef411945
cycles of development (Table 2). The mutant strains are more stable by changes in wet and
dry weight as well. These strains are studied in order to investigate the accumulation of
furostanolic steroids. It is detected, that the metabolic activity is reduced in badly grown
clones and is improved according to growth intensity. Therefore. the biosynthetic poten-
tial is high in clones with better growth index. Thus. the biosynthetic activity of furostanols
correlates with mitotic activity.
Table 3
Changes of growth indexes by net and dry biomass in Yucca gloriosa cell clones
obtained from control and mutant strains

Strain | Clone |Net weight|Dry weight|
2 15 1.3
4 19 1:5
5 8.0 157
R 13 9.6 29
14 9.0 2.4
16 10.1 8.2
1 10.6 3.2
2 10.9 33
4 10.9 3.1
5 10.8 313
Y205 .9 9.6 29
10 912 2.9
11 9.4 2
14 9.0 2.4
17 9.7 28
2 7.9 2.7
7 7.5 2.4
9 10.1 31
10 8.0 25
Yg2 11 7.1 P
15 04 29
15 9.1 29
16 13.1 4.1
17 9.5 3.2

The optimal conditions for the productivity are considered to be the high yielded
biomass and high yielded investigated products as well. However, in practical breeding
the selection may be carried out by either of these characteristics [5]. Three versions with
different growth indices, in particular, with minimum, average and maximum values are
chosen from each strain. All of them are studied by their quantitive composition of steroid
compounds. The best results have been achieved in clones with high growth index. Ac-
cordingly. the selection should be directed towards enhancing the biomass as in general



ass provldes the high content of furostanolic g,lycomdes. In this regdrd, the growth pro.
cesses regulation is the prerequisite of metabolic activity. The strengthening of desirabl
morphological and cytogenetic changes occurs on basis of multiple passages. The citied
examples [6,7] show that long-term repeated passages are stabilizing the concrete pheno
typical frequency. {
The sorting of low and high productive cell lines are based on direct analytical

selection. Each of the high productive lines, recloned after several passages, is still di-

vided into low and high subclones. It should be noticed that every successive high prods
tive subclone is more stable [8].

S.Durmishidze Institute of Plant Biochemistry
Georgian Academy of Sciences b/
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Leaf Miner Insects in Forest
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ABSTRACT. The main pest insects - complex of leaf miner Lepidoptera species
are widely distributed in foliage forests of Georgia. The new strain of the
entomopathogenic bacteria, Bacillus thuiringiensis (Bt) var.kurstaki HD-1 (267.000
unit/g) was tested in 1% suspension against I1I-V instars larvae in the laboratory and
natural conditions. The biological effectiveness within the limits 79.0-93.7% Bt doesn’t
affect on the vitality of entomoiphagous insccts.

Key words: Lepidoptera, Bacillus thuringiensis. biological effectiveness.

The forest suffers from injury of several factors. The great economic damage has been
brought by pest insects. In forests of Georgia the complex of leaf miner Lepidoptera
insects are spread: the gypsy moth Ocneria dispar L.. the brown-tail moth Fuproctis
chrysorrhoea L., the mottled umber moth /Frannis defoliaria Cl., the winter moth
Operophtera brumata L. and etc. [1.2]. These pests are characterised by the periodical
massive outbreak and the formation of focuses in the large tracts of forests.

The method of microbiological control with pest insects takes the important place in
the system of ecological protection of forest as an absolutely safe for forest biocenosis. The
bacterial formulations on the basis of infectious origin of the entomopathogenic bacteria
Bacillus thuringiensis (Bf) have been widely used in the microbiological protection of
forest from the leaf miner pests [3.4].

Material and methods. The itinerary investigations were carried out at Tbilisi envi-
rons (the forest plots of Tskhneti. Kojori). The experiments (o the complex of leaf miner
pests were conducted in the laboratory and natural conditions. The new bacterial strain of
Bt. varkurstaki HD-I (267.000 unit/g) was used. Bt formulation was provided by the
Hebrew University of Jerusalem (Israel) under the Research Agreement (USAID CA13-
017). In tests 1% suspension was used. It determins LD, (median lethal dose) 1.5 g/l to
some of Lepidoptera insects [5].

The treatment mortality caused by bacteriosis was corrected by Abbot’s formula [6].
The biological effectiveness in nature was calculated by Franz’s method [7].

Resuits. The typical broad-leaved forest on territory of Tskhneti consists of the main
stocks of trees: oak, hornbeam. ash. elm and etc. The leaf miner pest Lepidoptera insects:
the brown-tail moth, the mottled umber moth. the winter moth, the gypsy moth are
distributed in the planting of this forest. The density of colonization (m/anteroposterior)
is following: the brown-tail moth -20-40 larva. the mottled umber moth and the winter
moth -25-25 larva. the gypsy moth -5-7 larva. The brown-tail moth was estimated in
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moth - on the elm trees. The observations and tests were carried out with ITI-IV instars
larvac. The results of laboratory tests for the establishment of B¢ entomocide activity to
pests are presented in Table 1.

Table 1
Effect of Bt formulation on the leat miner pests
e ﬁglr]lcsfnflgr:: (y)\i‘l;}nb'er I\;umb'cr Numbelr of ento- Mor(f/eﬂity,

mulation, % |°F 1arvae|of pupae| - mophagous o
The brown-tail moth 1 20 3 1 84.2
K(control) - 20 11 1 S5
The mottled number|
moth & the winter] 1 20 - - 100
moth
K - 20 4 - S
The gypsy moth 1 20 2 2 79.0
K - 20 4 2 5

As the table shows the Bt action is effective to the leaf miner pests and the mortality
consists within the limits 79.0-100%. So it was possible to carry out the observations
the natural enemies - entomophagous insects.

It was elucidated that the entomophagous insects (Braconidae) both among the con-
taminated larvac and in control variants have been detected. The parasitism was 5%, the
entomophagous insects were remained safe which indicates the Bt action specificity.

Table 2
The results of Bt usage against the leaf miner pests in the plot of Tskneti forestry
(The age of larvae IV-V instars, June-July, 1997)

Name of insects | Concentration of| Number Number of|Number of ento- Biological ef- ‘
i formulation, % |of insects| pupation | mophagous |fectiveness, %|

The  brown-tail 1 120 5 2 93.7 ]

moth :

K (control) - 100 28 3 4 ‘

The winter moth 1 90 2 - 79.0 4:

K - 90 2 - 38 =

The mottled :

umber moth ! il ) 3 s

K - 90 9 - 3.3

The gypsy moth 1 60 - 3 80.0

K - 60 27 4 -

The obtained results show high effectiveness of Bt against the leaf miner pests. On the
base of preliminary data of the new bacterial formulation [Bt var Kurstaki HD-I
(267.000 unit/g)] testing against the main pests of the foliage forest we can make the
conclusion that their further wide-scale use is possible. Microbiological control with leaf
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iner pests by use of the environmentally safe means will provide the preservatiéir6f”
ological tolerance in the forest biocenosis.

L. Kanchaveli Research Institute of Plant Protection v ('UIIS?S}“”F‘ Institute of ‘\'l_‘"‘m_mm Forestry
1 Georgian Academy of Sciences
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Changes of Blood Paramagnetic Centres under the Influence of
Shock Waves on Kidneys and Membrane-Protector Effect of
Agent Plaferon-LB in Experiment
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ABSTRACT. The purpose of experimental study was the determination of changes
of blood paramagnctic centres and membrane-protector effects of agent Plaferon-LB
under the influence of shock waves on kidney during extracorporeal shock wave
lithotripsy (ESWL) by electronic paramagnetic resonance (EPR) method. The exs
periments were carried out on rabbits with lithotriptor “Urat<P” (Russia) under the
i.v. anaesthesia. It seems to be advisable administration of Plaferon-LB in clinical
practice during ESWL.

Key words: Extracorporeal Shock Wave Lithotripsy (ESWL), Electronic Paramag
netic Resonance (EPR). Agent Plaferon-LB.

In 1980. in Grosshadern Clinics, Munich, the first ESWL during renal stone diseases
was successfully performed by professor C.Chaussy, which markedly changed the tactics
of nephrolithiasis treatment. sharply reduced surgical activity and it became possible (o
recover from stones in approximately 90% of cases without surgical operation [1]. The
method sets up on effect of high energy shock waves influence on hard body. Together -
with study of clinical effectivity of ESWL experimental and clinical investigations for -
determination of shock waves influences on the renal parenchima. other organs and
systems were carried out. It has been established. that shock waves cause transient revers-
ible changes of renal parenchyma [2.3]. The pathological changes. that take place in other
organs, reflect in blood

The object of experimental study was the determination of changes of blood paramag- jj
netic centres and membrane-protector effects of agent Plaferon-LB under the influence of i
shock waves on kidney during ESWL by EPR method. EPR is called to the phenomenon
of resonant cngulfiment of electromagnetic field energy of superhigh frequency by par-
ticles possessing noncompensative electronic moment. Changes of paramagnetic centres
of blood revealed by EPR method indicates the state of metabolism and function of blood
cells. that gives opportunity to determine biophysical and biochemical changes running
on the molecular level.

Experiments were carried out on "Shmslnld“ rabbits of 1.5-2 kg weight. Animals
under i.v. anaesthesia (thyopental natrium 25 mg/kg) were placed in lithotriptor “Urat-P”
(Russia) based on electrohydraulic effect with X-ray location. Under contrast substance
(Verographin 60%-2ml/kg) visualization of kidneys and focusing of shock waves on renal
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Ivis were undergone. followed by influence of waves on kidney. Thus, we have créstégnos
the experimental model of ESWL. The capacity of waves in the foci was fluctuated up to
I3-16 kV. and its total amount on both kidneys was 3000. For registration of blood EPR
cctra peripherial blood was taken just after lithotripsy, after 24 hours, 3 and 7 days from
ithotripsy. The blood spccuncn 1-1.5 ml was placed in polyethylenic tubes and kept in
iquid nitrogen (- 196 C). EPR spectra were registered by radiospectrometer - RE-1307
[Russia). by using of quartz duar, placed in resonator of spectrometer. The animals were
divided into three groups. The first group was composed of intact animals. The second
group was control. where the animals underwent the above-mentioned intervention. The
third experimental group of animals together with before-mentioned interference were
injected intravenously by the agent Plaferon-LB 0.5 ml/kg during three days up to lithot-
ripsy and three days after it. In each serial the number of animals was five.

From the analysis of obtained experimental data it is evident. that changes of blood
paramagnetic centres intensity starts 24 hr after stopping shock waves influence (Tablc 1).

Tabie 1
Changes of blood paramagnetic centres intensity | (mm/mg) after shock waves influence on

kidney in the animals of control group.

Terms of m‘v‘;";gn;‘ Mn-*' cont.compl.| FeS-NO Mo cont. compl. Cemlopldsmmih, transferin| Metl i3
t.\pcrmunl % ‘m] =214 8=203 | g=1.97 £=205 ! L g=6.0
[ - [ 30%08 1oz - Ti00= Tl
| | |
e - 30z05 2.0 £0.95 - 120408 | 27.0%1.0 -
finishing | | !
24 hours 6.0+0.5%  [2.5+0.5%] 1804 0.5% | 280+13 17510
E | _6.0+0.8*% 200+ 1.3*% | 200+ 1.5% 150+ 1.3
7 days 20208 [ 5005 | 30012 66£05
The chan, gned by * are significant to norm (P<0.0053)

At this time EPR signal intensity of oxidized ceruloplasmin increased by 1.8-times in
comparison with norm. elevation was ongoing and up to third day achieved the pick.
Elevation of conceniration of oxidized ceruloplasmin indicated the activation of lipid
peroxidation in the bod\ of animals and the reduction of blood antioxidant capacity. EPR
signal reduction of Fe *'- transferin revealed on the third day could be caused by increas-
ing of concentration of oxidized ceruloplasmin and decreasing of its peroxidase activity.
In relation of this the connection of iron ions with apotransferin was hampered. which in
its turn contributed to reduction of antioxidant capacity of blood activation of lipid
peroxidation in body. 3

Intensive EPR signals of Mn~" - containing complexes (g = 2.14). nitric oxide com-
plexes with nonhemic iron (g = 2.03. FeS-NO). xantinoxidase (g = 1.97) and methemo-
globin (g = 2.03) in the blood EPR spectrum were revealed after 24 hours from lithotripsy.
As it is known, nitric oxide and xantioxidase are the powerful generators of free oxygen
forms - superoxide and hydroxilradicals. Appearance of methemoglobin EPR signal in
blood EPR spectrum suggests red cells hemolysis. The formation of methemoglobin is
possible through oxidation 01 Fe™'- hemoglobin by hydroxylradicals (OH). Increase of
EPR signals intensity of Mn~ o containing complexes [4] in the blood EPR spectrum after
24 hours and 3 days from stopping of shock waves influences suggested also the activation
of lipid peroxidation and damage of membraneous structures.
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During the 24 hours and 3 days period after experiment in the blood EPR et
EPR signal characterizing for inactivated form of adrenoreceptors was registered. As it is
well known, that adenylatcyclase system, which in its term is very sensitive to Mn” - ions
plays an important role in the activation process of adrenorcceptors [4]. Furthemore in
many studies it is shown [5-8]. that in the process of activation of lipid peroxidation,
inactivation of superoxidismutase and generation of free oxygen forms, inactivation of
adrenoreceptors take place. So, the cause of adrenoceptor inactivation could be the acti-
vation of peroxidation, damage of membranes, structural changcs of receptors and sepa-
ration of adrenoreceptors from adenylatcyclase system via Mn® - ions exitance. Inactiva-
tion of adrenoreceptors in its turn causes supperssion of compensative-repairing reactions
of body. On the 7th day of experiment the changes of paramagnetic centres tendency to
normalization were revealed, which suggested the stabilisation of pathologic process and
its reversibility.

Thus. in the samples of blood of control group animals taken in early periods after th
influence of shock waves on kidneys deciease of blood antioxidant capacity. damage of
membrancous structures, formation of generators of free oxygen-nitric oxide and
xantinoxidase, inactivation of adrenoreceptors and suppression of defensive capacity
body took place.

Changes of intensity of blood paramagnetic centres in the experimental group of
animals with the agent Plaferon-LB as well as in control group start from 24 hours aft
lithotripsy (Table 2). At this period EPR signal intensity of oxidized ceruloplasmin wi
1.6-times more in comparison with norm, but the elevation degree is less by 20% than i
control group at the same period . Elevation was ongoing till the third day and for the 7th-
day achieved initial indices.

On the background of Plaferon-LB treatment, the intensity of Fe’'- transferin EPR
signal in the blood EPR spectrum was decreased insignificantly in comparison with con-
trol group. which suggested the maintenance of peroxidase activity of ceruloplasmin and
antioxidant capacity of apotransferin. Therefore. during the administration of Plaferon-
LB the antioxidant capacity of blood was partially maintained.

Table 2
Changes of blood paramagnetic centres intensity [((mm/mg) after shock waves itluence on
Kidneys in the animals of experimental group

Terms of .M"“l";f"“‘ Mn*'-cont.compl. | Fe$-NO [Mo*cont. compl.|Ceruloplasmin [Fe**-transferin| MetHB
esperiment "V g =214 2=203| g=197 2 =206 g=43 2=60
norm : 3.0+ 04 1.0+ 0.2 5 10009 | 302412 .
s - 30404 [20+03 = 112:08 | 331412 .
finishing

24hours [+6.0+05| 41+ 06 : 160+ 0.5 | 271+ 15 [+100+ L1
3days  [+3.1+ 06| +3.0:04 i 21402 | +182+ L1* | +28.1+ 12 [+121+12)
7 days - 225502 [rL1£0d 5 +122+07 | 30.1+08 -

The changes signed by * are significant to norm (P<0,005).

The changes signed by + dn. significant to control (P<0,005). 4
EPR signals of Mo’ - containing complexes, nitric oxide complexes with nonhemic

iron. xanthinoxidase and methemoglobin in the blood EPR spectrum were revealed after
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24 hours and on the 3rd day under the action of Plaferon-LB.
It should be emphasized. that the elevation of signal intensity was more in compari-
son with the blood of control group of animals (Table 1). This fact suggested the reduction
of free oxygen radicals generators o the phone of Plaferon-LB - formation of nitric oxide
and xantinoxidase. that contributed to decrease of lipid peroxidation. maintenance of
membrane. especially red cell membrane integrity. decrease of methemoglobin level and
recovery of blood antioxidant capacity. During reduction of lipid peroxidation intensity
the hallmark EPR signal of adrenoreceptor inactivation was revealed after 24 hours from
lithotripsy and had less intensity in comparison with control, suggesting about the main-
lenance of compensative-defensive capacity of body under the action of Plaferon-LB.

On the 7th day of observation all studied parameters of blood paramagnetic centers
of experimental group animals were equalized o initial indices.

Thus to summarize. the agent Plaferon-LB has capacity of correcting exogenous
action and causes regeneration of antioxidant potentiai of body, maintenance of active
state of adrenoreceptors during shock waves influence. For above-mentioned features of
specimen it seems to be advisable administration of Plaferon-LB in clinical practice dur-
ing ESWL.

Thilisi Institute of Urology
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Air Pollution and Allergic Diseases in Children of Thbilisi
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ABSTRACT. The concentration of main air pollutans in Thilisi exceeds the maxi-
mum allowable concentration (MAC) from 1.1 to 5.4 times. The frequency of chil-
dren allergic diseases varied among zones and increased significantly with the air
pollution intensity (p<0.001). 16073 children aged 0-15 years have heen studied using
the screening method.

Key word: ecology. air pollution. children, allergic diseases.

During the last decades special atiention of scientists has been focused on enviromental
pollution intensity and increasing effect of a large number of outdoor allergens (SO,, NO,
phenol. combustion gases. ctc.) on formation of allergic diseases [1.2]. Children's popu- -
lation is the most sensitive (o the influence of unfavourable enviromental factors. This is
associated with a number of physiological peculiaritics of a child’s organism [3.4].

The economic and geographical location of Tbilisi leads to the widening of external
and internal urban communications and decreases traffic capacity. High transport inten-
sity and low traffic capacity increase the amount of combustion gases and exert a negative
iniluence on the ecological situation in the city. Intensive urbanization processes all over
the world still continue to affect the prevalence of allergic diseases even if all the city
indrustrial enterprises are closed down. Motor transport and fuel combustion are inevita-
bly associated with the exhaust of carbonic acid gas. carbon monoxide. nitrogen oxides,
polycyclic hydrocarbons and allergy inducers. It has been established that xenobiotics
absorption on pollen and other allergens increase their immunogenicity hundred times.
The most active are formaldehyde, thyocianates, nitrogen and sulphur oxides and toxic
radicals [5.6.7].

In the present work the dependence of the frequency of allergic discases in children
on the air pollution intensity has been studied. The data on the laboratory control of air
samples from seven air pollution observation zones in seven districts of Tbilisi have been
collected in Tbilisi National Enviromental Monitoring Center.

The prevalence and structure of allergic discases (bronchial asthma. polynosis. atopic
dermatitis. urticaria and Quincke™ s edema) have been investigated by examining an
occasional representative group of children (16073 children aged 0-15 years) according to
specially developed unified methods including a screening-questionnaire. a detailed map
of epidemiobiological analysis and unitary diagnostic criteria of allergic discases in chil-
dren.

In Thilisi the prevalence of allergic diseases in children was 18.8%. Atopic dermatitis
has the highest rate - 7.7%, urticaria and Quincke’ s edema are recorded in 4.4% of cases,

J
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polynosis amounts to 3.8%, bronchial asthma is found in 3.1% of cases. [

The analysis of the air pollution intensity in the studied dlslrus has shown different
quantitative and qualitative air composition. The comparison of the air pollution data with
maximum allowable concentrations (MAC) of separate chemical components revcaled
different contamination levels in the investigated zones. In the first zone MAC was ex-
ceeded in 4 components (dust by a factor of 3.8: carbon monoxide by a factor of 1.5.
phenol by a factor of 4.2). In the second zone MAC was exceeded in 3 substances (dust
by a factor of 4.3. phenol by a factor of 1.6, formaldehyde by a factor of 5.4). In the third
zone the excess of MAC was observed in 2 components (dust by a factor of 2.7, carbon
monoxide by a factor of 1.4). In the fourth zone MAC was exceeded in 4 components (dust
by a factor of 1.6, carbon monoxide by a factor of 1.2, phenol, by a factor of 2, formalde-
hyde by a factor of 5.4). In the fifth zone in 2 components (dust by a factor of 2.4.
formaldehyde by a factor of 4.2). In the sixth zone in 3 components (dust by a factor of
2.4, carbon monoxide by a factor of 1.4, phenol by a factor of 1.7) and in the seventh zone
no markable excess of MAC in two substances was found (dust by a factor of 1.4, phenol
by a factor of 1.2). Thus, in all the investigated zones the excess of substances of the
second and third class of danger was revealed.

Taking into account the different composition of air pollutants in the districts under
investigation the total air pollution index (T) was used for a comparative hygienic assess-
ment of the pollution intensity (Table). This allowed one to classify the investigated
districts into conventionally pure (Nadzaladevi). with relatively low air pollution intensity
(Samgori and Isani) and poliuted (Chugureti, Gldani, Saburtalo and Didube) districts.

Table
Relationship between the prevalence rate of allergic diseases in children and the air
pollution intensity

District N.umbcr Qf Rate _qf‘zlllcrgic Total index of
(zone) cxamined children diseases air pollution (T)
abs. % abs. %

1. Zone — Gldani 1261 7.8 485 384 14.55

2. Zone - Didube 2903 18.1 503 17.3 1059

3. Zone — Samgori 1091 6.8 241 22 6.63

4. Zone — Chugureti 2742 1741 963 35 1613

5. Zone - Saburtalo 1902 11.8 551 292 10.78

6. Zone — Isani 1465 9.1 267 18.2 7.72

7. Zone — Nadzaladevi | 4709 292 60 13 3.94

The analysis of the data obtained has shown the dependence between the increasing
rate of allergic diseases in children and chemical air pollution intensity (p<0.001). So, in
the pure district it was 1.3%. In the contaminated zones the allergic disease prevalence
was high (7.3%-38.4%).

In the districts with high air pollution intensity the allergic diseases in early
heavier development and the increase of the polyvalent sensibilization frequency (p<0 05)

have been recorded.
11. "3m0889", #. 158, N2, 1998
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s the obtained results indicate a significant influence of the air compésitioft
the prevalence of allergic diseases and its growth with the pollution intensity in
district.

L Paghava Scienutic Research Institute of Pediatrics
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ABSTRACT. We studicd the role of monoamines and immunologic fictors in
adaptation process on peripheric blood at both practicaily healthy nesvhor o« and of
those having perinatal pathology of CNS. Close correlations between the ievel of
monoamines produced by hypothalamus and immune markers were revealed, which
points to the common tropic character of metabolic processes and coordination from
the side of CNS.

Key words: monoamine. histamine. serotonin. immunologic markers

The adaptation of a newborn to the environment reflecting the general regul: cities of
H.Selie’s adaptation syndrome is of a phase character from the very first days of i:fc This
process is a function of CNS and the trophotropic part of vegetative. above-scgient and
limbico-reticular complex. It provides keeping of individuals™ homeostasis and fcrmation
of important immune reactions, regulates the rhythm of respiratory, cardiovasomotor and
digestion organs functioning, the processes of energy exchange with environnent and
maintaining of constant temperature.

It is established that anatomic integrity and functional maturity of the hypothalamus
structures as of the highest coordinative centre of vegetative nervous activity and regula-
tive organ of tropic processes is responsible for the level of mediatory substances secretion
and constancy of their ratio (o other humoral indices. By the active involvement of
monoamines in synaptic complexes the balancing of sympathetic-parasympathet ¢ activ-
ity. equilibrium of neuro-endocrine systems and corresponding readiness to adaptation
processes can be achieved. Absolute and relative level of neurotransmitters in the organ-
ism is the basis of vital activity of reflex reactions and proceeding of physiological pro-
cesses, whereas in the case of disorder (or disbalance) the pathogenic ring of
symptomocomplex of deseases develops. The synaptic-mediative function of monoamines
as regulators of tropic reactions of hypothalamic level, elucidates the importance of their
levels constancy for functioning of central-reflex ring of organism’s immune reaction.

To maintain organism’s inner environment immunologic supervision is of great im-
portance. The role of immune mech:nism in homeostasis keeping is expressed not otily
by the resistance to the infection but also by the norma! functioning of a number of
systems and generally by the anatomic-functional maturation and developmental pro-
cesses corresponding to the embryonal and postnatal adaptation periods. Decline of pro-
tective-compensative activities of the organism, immaturity or disturbance of imm: <
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reactions can cause the pathologic autoimmune reaction directed against the $é-dfgiht”
ism. On the one hand. the above-mentioned is due to the breaking of CNS regulatory
function. whereas on the other hand, it becomes the reason of severe disorder of CNS [1], i

According to the principles of modern neurology perinatal hypoxic-traumatic dam- <
ages of nervous system are treated as breaking of blood circulation in cerebral tissue of a
diffuse and local character with haemorrhagic and ishemic insulte zones, disorders of !
nervous tissue imetabolism and very often in the form of neurons irreversible dystrophy.
Such interpretation of pathogenesis of desease increases interest to biological monoam-
ines as vasoactive, membrano-active substances, which according to the experimental
data participate in reflex regulation of vascular wall tonus, change its permeability, selec-
tively affect the circulation and generally blood circulation of the organism.

Immunologic factors have the leading role in the formation of disadaptive syndrome -
while perinatal hypoxic-traumatic damage, in revealing of a number of pathologic reac-
tions as a syndrome of pathogenic chain and in development of organic functional defi-
ciency. In literature of 80ics there are works in which monoamines (histamine or seroto-
nin) are determined in case of perinatal pathology without setting of necessary humoral ]
background of their synaptic activity and complete clinico-neurologic study [2-4]. 1

In our experiments quantitative and functional parameters of biological monoamines |

histamine. serotonin and some immunologic markers particularly T- and B-lympho-
cytes were determined in blood of both practically healthy newborns and those of having
hypoxic-traumatic damage of CNS.

Histamine and scrotonin Jevels were determined according to T.Mescheriakov’s com-
plex method (1984) using the spectrophluorimeter of Hitachi firm. Immune indices, par-
ticularly the amount of T- and B-lymphocytes, were defined by spontaneous and comple-
mentary roset-forming method [S]. Functional activity of T-lymphocytes was defined by
means of blasttransformation reaction after Goldman and Levin (1964), modified by
Borisov and Rachkov (1972). activity of T-suppressors according to the T.Sakane and
L.Green method (1977), concentration of immunoglobulines — by the method of radial
immunodiffusion [6] ;

30 practically healthy and 85 patients of age from 5 to 40 days were clinically and
laboratorily examined. Diagnosis of perinatal hypoxic-traumatic cthiologic disorders of
CNS, determination of clinical forms and heaviness of the desease were performed ac-
cording to 1. Yakunin and E.Yampolskaya classification (1979) [7].

As criteria proving the existence of pathology the following markers were used: local
and general disorders of motoric-reflex sphere, visceral-vegetative disorders with suppresion
of vital functions. general cerebral and local neurologic symptoms. presence of pathologic
reactions (convulsive activity) and of pathologic reflexes, liquordynamic disorders and
meningial symptomatic, metabolic changes both in blood and liquor. In each case anamnesic
data concerning pregnancy period and delivery were specified. The diagnosis was verified
using nerosonoscopy. EEG. encephaloscopy, X-ray diagnosis and in cases of lethal out-
come — by the pathomorphologic conclusion.

Itwas revealed that in the case of timely newborn having perfect anatomo-physiologi-
cal parameters, general maturity corresponds to the certain level of amines and other
humoral factors {among them factors of humoral homeostasis] secretion and metabolism,
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The obtained data confirm considerations of other investigators according to which

the level of metabolism affects the process of neurotransmitters synthesis and the lasts by
means of via regulation of hypothalamic structures mediation and reflextropic and im-
mune reactions balancing, seem to be reguiators of vital processes [2-3]

Indices of mediators are in reliable correlation with the data of acid alkaline equilib-
rium (R-M 0.768), electrolytes (R-M K" 0.628; R-M Na' 0.736: R-M Ca' ' 0.766). and
sugar level (R-M 0.854) in blood. Similar close correlative relations are found in blood
between the level of monoamines produced by the hypothalamus and immune indices (of
negative direction with indices of B-lymphocytes activity and of positive direction with

analogous one’s of T-lymphocytes). These indices are stable already from the 5th day afier
birth. approximate to the norm of adults and are suitable for identification of pathology

Following lhe worsening of patient’s uhmcal condition high level of histamine
(0.44+0.65 mM ¢ ) serotonin (0.18+0.01 mM ) and their ratio (K=2.43+0.12) is ob-
served (Fig.). This process reliably correlates with electrolytes content (R-M 0.67-0.750),
acid alkaline balance (R-M 0.671-0.750) and sugar content (R-M 0.850).
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Fig. The depend, of me ine and i logic markers of newborns from the severity of CNS perinatal
pathology.

As compared to the control group in peripheric blood of all newborns decrease of
relative and absolute quantity of T-lymphocytes and increase of the same indices of B-
lymphocytes was indicated. Herewith functional activity of T-lymphocytes was suppressed.
which is expressed in reducing of blasttransformed lymphocytes after stimulation with
phytohaemaglutinine. These processes were progressing according to the heaviness of
CNS disorder.

In mediate and heavy forms of CNS hypoxic damage in all newborns was mentioned
reduction of T-cells suppressive activity on the background of B-lymphocytes increase,
which might condition the development of cytologic and humoral autoimmune reactions.
The last one intensifies pathologic processes and results in autoimmune and autoallergic



&
<

M.Artilakva. N.Mchedlishvili, I.Pavlenishvili

complications.

The mentioned process is proved by the high level of monoamines typical to stressory
state with close correlation of immune indices and their progress in the course of desease
hardening,.

Close correlation of synaptic mediators level with indices of immune system whilei
both phvsiologic and pathologic course of newborn’s adaptation period points to the
commor tropic characier of metabolic processes and governed coordination from the 51de >
of CNS.

On the hypothalamic level of the disorder close correlative relations of redox pro-
cesses suppression. electrolytic disbalance and generai metabolic disturbances (character-
istic to CNS perinatal hypoxic-traumatic damage) with disorders of ncurotmnsmltters
secretion and immune homeostasis are rather stable and extensive. .

Aforesaid is the main pathogenic factor in the formation and development of
aggraviating syndromatic complex in the course of pathology (and clinical picture of
discase) Described pathogenetic mechanisms while deepening of existed hypoxia and
corresponding clinical hardness of disease finaily result in severe organic defect of ner-
vous system. 4

By the end of the first month in 78% of patients stable clinical improvement was
indicated. At the end of newborn’s period despite the mentioned improvement the full
correction of metabolic disorders (take into account monoamines level in blood and devia-
tions of immune sphere) couldn’t achieve with reliably difference from the healthy groups
(P<0.005-0.05) which should be taken into consideration while planning of cure scheme
and determination of out patient and clinical supervision duration. Investigation of dis-
cussed parameters should be continued in age dynamics.

Considering regulation of hypothalamic mediation as a principle mean of pathogen-
esis treatment. to achieve the balanced level of neurotransmitters, inclusion of antihista-
mine and serotoninergic preparations in generally accepted medicinal scheme is neces-
sary. For the regulation of immune status disturbances immunomodulators should be
used.

Thifisi State Medical Academy for Post Diploma
Education of Doctors
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EXPERIMENTAL MEDICINE
M. Epremashvili

Diabetes Mellitus and its Peculiarities in Georgian Jews from
Thilisi
Presented by Corr. Member of the Academy T.Dekanosidze, February 11, 1998.

ABSTRACT. Diabetic rethinopathy with frequent cases of optic nerve atrophia is
the main complication of the patients with diabetes meliitus in the Georgian Jews.
Cardiovascular diseases are mainly among the disorders concomitant (o Giabetes
mellitus. Big fetus in woman in childbirth with diabetes mellitus is a risi -grouy from
the point of view of diabetes development, especially when diabetes mellitss i accom-
panied by general stoutness in pregnants. The complications of the saro #atvre are
registered in the sick members of the family. This is determined by Loredity and
decompensated form of diabetes simultaneously.

Key words: diabetes mellitus, Georgian Jews.

Historical records testify that Jews live in Georgia for twenty - six centuries and they
are called Georgian Jews. Marriages among Georgian Jews happen with account of reli-
gious factors and take place only within the members of this community.

It is established that in patients with diabetes mellitus, certain disorders such as
cardiovascular diseases (twice). blindness (10 times), gangrene and extremity amputation
(20 times) are more frequent than in ordinary inhabitants.

Spreading of risk-factors differ in various populations and economic and geographic
regions. It depends on such characteristics of population as age structure, mode of life,
nutrition type, structure of diseases, geographical conditions and same social factors.

The article aims to study diabetes mellitus complications and concomitant ¢:scases in
the Georgian Jews living in Tbilisi .

By means of special questionnaire compiled by World Health Organization 700 fami-
lies lived in Tbilisi were questioned. 100 families (209 patients). appeared to have diabe-
tes mellitus.

Along with diabetes mellitus, various discases were revealed in the investigated popu-
lation. Such cases make 30.04% of patients (67 patients). It should be noted that the
above-mentioned phenomenon was often of familia character, i.e. one and the same dis-
case was registered along with diabetus mellitus in the same families.

Two groups are singled out from revealed patients. The first group represents diabetes
complication and the second group which is concomitant to diabetes mellitus.

Diabetic retinopathy that causes the atrophy of optic nerve is the first by frequency
among the patients of the first group. The pathology is registered in 23 cases. that makes
11% of investigated patients. Diabetic microangiopathy is the second by frequency and is
registered in 20 cases, that makes 9.57%. Diabetic nephropathy takes the third piace. It
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is revealed in 14 cases, that makes 6.69%. ]
fore seldom is the case of hypo and hyper-glycemic comatose state connected with
the regime of diabetic treatment (10 cases are registered, that makes 4.7%).
Thus. pathologies that are directly connected with diabetes mellitus are revealed in 67
patients. that makes 30.04% (Table 1).

Table 1 i
Complications of patients with diabetes mellitus }
The name of the discase man | woman | total Y%
Atrophy of optic nerve 9 14 23 11
Diabetic microangiopathy 8 12 20 9.:57
Diabetic nephropathy 4 10 14 6.69
Hypo- and hyperglycemic coma | 4 6 10 4.78

|

The second group of pathology is concomitant to diabetes mellitus and is represented
by cardiovascular discases (Table 2).

Table 2
Diseases concomitant to diabetes mellitus

The name of disease man | woman | total %
Atherosclerosis 5 8 13 6.39
Hypertension 18 20 38 18.13
Myocardial ischemia 7 13 20 9.5
Cerebral circulation disorder 5 6 11 5.279
Miscellancous itcms 4 7 11 5.27

Among the discases atherosclerosis was revealed in 13 cases. that makes 6.39%,
atherosclerosis with hypertension was found in 38 cases (18.13%). myocardial ischemia
is registered in 20 cases (9.5%), cerebral circulation disorder - in 11 cases (5.27%).
Various diseases. such as cholelythic discase, psoriasis, sepsis arc registered in 11 cases
(5.27%)

The relationship of diabetes mellitus and general stoutness must be considered sepa-
rately. During the questionary it appeared that some patients had begun to grow stout even
before the diabetes manifestation and at the moment of manifestation it makes 32%. After
the manifestation some patients had lost weight and at the moment of investigation stout-
ness was registered in 11.49%. At the same time stoutness of I and III degree was
revealed in men and women and mostly in the last ones. .

It must be mentioned that the disorders often had familial properties of heredity, i.c.
the same disorder was registered in the same family.

The problem of generally stout mass of women with diabetes mellitus and the mass
of their fetuses is of special interest. Among the women with the stoutness of II and III
degree 12 women had one big fetus, nine women — 2 big fetuses, 2 women — 3 fetuses. In
total 15 stout women delivered 23 big fetuses (Table 3).
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Table 3
The weight of fetuses in the women with diabetes mellitus and general stoutness at
the moment of delivery

Women age fetus mass (more than 4.5 kg)
16-19 -
20-24 )
25-29 16
30 and more
Table 4
The weight of fetuses in the women with diabetes mellitus
Women age fetus mass (more than 4.5 kg)
16-19 5
20-24 7
25-29 8
30 and more 3

In addition 44 women without any indicator of stoutness delivered big fetuses in 23
cases (Table 4).

Institute of Therapy
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LINGUISTICS

G. Molinié. 1. Pkhakadze, N. Tsotadze

Rhetoric and Advertising

Presented by Academician A. Gvakharia. September 25, 1997

ABSTRACT. Advertising uses rhetoric figures to achieve its aim, which helps it
to persuade a listener in correctness of an advertisement, and to persuade him/her to
make a decision appropriate for a creator of an advertisement.

Key-words. advertisement. rhetoric, persuasion, orator.

The aim of advertising is not to hide from anyonc. It consists in attracting as many
consumers as possible and in selling as many goods as possible. The process underway in
any audience. with all the difficulties that should bare an advertisement from the day of
its appearance until time when a consumer makes his/her decision, is quite complicated,
deep. psychological and individual. Thus, those who create advertisements have to take
into account the uncountable quantity of factors to achieve the final aim. In this compli-
cate process, that is expressed in AIDA (AIDA - attirer 1’Attention - draw the attention;
susciter I'Intérét - to arouse interest: provoquer le Désir - to provoke desire; faire Acheter
- to make someone buy) formula, we will draw your attention to only one point of this
formula: this is the fascination of the audience, that should be followed by its confidence.
For illustrating this factor we will bring up one of the “Kenzo’s advertisements:

«Kenzo has remembered that in the nature certain creatures know how to use their
charms to capture their victims. »

The advertisement knows well how to charm us. For this its creators have to play on
psychology. needs, feelings, instincts and emotions of the audience. As soon as the proper
feclings are born in the « victim ». the advertisement tries to direct the commenced pro-
cess so that the object is forced to satisfy the desire provoked by the charm.

What are the tools that the advertisement uses to play on the emotions. how does it
create them, or how does it persuade the audience? Perhaps, this is the Rhetoric that plays
a significant role in the process of persuasion? And the Rhetoric is one of the important
bases that supports the modern advertisement as it represents the startling point for all
emotions and feelings. Rhetoric is an art of persuasion, art of speaking and eloquence; it
is the theory of the oratory [1]. Some French researchers call the creators of advertisement
a « polyvalent » orator as they use the technique of the rhetoric in every means of mass
media. They often need to recreate what was already discoverd and established in the
classical rhetoric. Aristotle in his « Rhetoric » determined for the centuries to come rules
of the persuasion theory, and it remains the best text-book for the creators of advertise-
ment. In his turn, French semiostylist Géorges Molini€ explains the persuasion theory in
the following way: «It is a technique, a talent and an artistic virtuosity at the same time. 1
A means of persuading is essentially a language with the totality of its composing parts,
and. in the exterior form, the most fugitive, the most unstable, but also the most lively and ‘
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the most powerful: the individual speech. This speech should be considered like i o222
chestral harmony: phrases that we pronounce with words and expressions that we have
chosen. look and gestures that we put into it. information which we give away and also
which we demand. and which we contest, argument that we make, aims and modalities
that we animate Thus, this is a unity of the logico-discussive, or the strategico-linguistic,
that mingles the verbal, the physical and the logical, the moral and the social» [2].

According to Aristotle, three types of arguments are used in the process of persuasion:
ethos and pathos, that have the affective role, and logos, that is rational in its character
[3]. He thinks that pathos is the unity of emotions. feelings and sentiments, that an orator
should provoke in a listener. The author underlines that the persuasion can be achieved
after certain feelings are born in a listener. G. Molini¢ believes that « the feclings play
the role of a lever. that gives the possibility for sentimentalism ». Quintillianous agrees
with Aristotle, and says that the means that influence the listener can be divided into
rational and affective groups. To the former group belong the arguments, to the latter =
1) ethos (which means the mood of an orator, his frankness, means, that he use to attract
attention) and 2) pathos (meaning the way how an orator should influence desires. feel-
ings and emotions of an audience to better persuade them).

Cicero. in his turn, outlines three main types in the art of rhetoric: docere (explana-
tion, definition). which is the argumentative part of the expression; delectare (liking) -
the funny. amusing part of the expression: movere (fascination) - the means and tools that
influence and fascinate a listener. The classical theory of the oratory is divided into 5 parts
[4]. The modern advertising business uses the same model, on which any advertisement
can be based. 1. Inventio: the argument seek. In the advertisement, it is the equivalent of
the survey of market. motivation, and search for the creative methods. 2. Dispositio: the
exposition of ideas, arguments, facts of the expression. Its analogy in the advertising is the
advertising strategy, different methods of developing an advertisement, so-called, «lure»:
a title. sub-head, text of an advertisement, the main phrase, motto. 3. Elocutio: the choice
of rhetorical figures, of word combinations, verbal expression. The search for the most
effective form of the expression. In advertising - advertisement creation, conception and
editing of an advertisement. 4. Memoria: all methods, means, techniques, that give an
orator an opportunity to remember everything that he/she has to pronounce. 5. Pronunciatio:
the art of expressing. In press advertising this part has the same freight as in audio
advertising for if the object reads text of an advertisement silently, the graphic is always
followed by the voicing. He/she pronounces the text in his/her mind.

We can conclude that modern advertising reconstructed the majority of the classical
rhetorical figures, but it has not discovered a new form for the art of persuasion.

Thilisi I. Javakhishvili State University
University Paris Sorbonne Paris IV
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Forces That Manipulate “Translation”

Presented by Academician A. Gvakharia, February 6, 1998

ABSTRACT. The paper deals with forces that manipulate translation. The au-
thor discusses the process of translation in historical perspective, covering the Middle
Ages to the present day. Recent trends in the fields are analyzed.

Key words: translation, patron, policy, poetics. deconstruction, "refracted text".

Translation is a rewriting of an original text, and all rewritings. irrespectful of their 3
intention. reflect a certain ideology and a poetics. Thus translation manipulates literature
to function in a given way in a given society. On the other hand, the translators and the
way they translate, translation policies and even the theories produced on translation are
manipulated by certain facts. factors, ideology. politics and the likes of the readers in a
certain way in a given socicty. In other words, the translators are not alone in the selection
of texts as candidates to be represented in another culture; nor are they. in the actual
production of the rewriting. As André Lefevere puts it, “patrons circumscribe the trans- ]
lators ideological space. critics tend to circumscribe their poctological space |1. p.8]”.
Perrot d”Ablancourt talks about ideology when he states that in translation “he preferred
what ought to be said or what he could say rather than what is actually said” [1, p.9]. For
Horatius (Roman poet 65-8 B.C), the translators “thrive on the trust their patron and
public put in them [1, p.14]".

Translation and translation studies need to be explored in connection with power and
patronage. ideology and poetics. Ideology is often enforced by the patrons. the people or
institutions who commission or publish translation. Early in history, translators tended to
have relatively little freedom in their dealing with patrons, at least if they want to have
their translations published. The “Lord” of the English translator John of Trevisa (1362-
1412) states that he would have a skillful translation. that might be known and under-
stood [1. p.20]. thus limiting the capacity of the translator. Patrons of the time could
encourage the publication of translations they considered acceptable and also prevent the
publication of translations they did not consider so. Jean de Breche de Tours (French
translator. 1514-1583) shares the same feelings with Philomon Holland (English transla-
tor 1552-1637) stating that his “translation of Hippocrates will attract the anger and the
mockery of many who seem to be eager to keep the sciences hidden from the people” [1,
p.22]. Du Bellay (French poet and translator 1552-1560) emphasizes the limitations of
the translators’ freedom at that time, in his statement “the obedience one owes (to pa-
trons) admits of no excuse [1, p.19].” Publishers have taken the place of “princes and
great lords.” yet their influence on the shaping of translation cannot be underestimated.

When we move on to recent past we see that, with the industrial developments and
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entailing social changes many other influences are included in the policy of selecti g the
texts to be translated. During the 60’s and 70’s literary translation was involved in reflect-
ing different value systems and world views. Then the translation of literary works and
especially of modern poctry attracted a great number of buyers and the sales was unprec-
edented. For Hughes. it reflected one aspect of the wave of mingled energies that galva-
nized those years with such extremes as Buddhism, the mass craze of Hippie ideology. the
revolt of the young, the Pop music of the Beatles, and their generation [2, p.9]. Paul Engle
summs up the canse of translation in the contemporary world: “As this world shrinks
together.....all people in all cultures move close together....and the crucial sentence may be.
. very simply TRANSLATE or DIE” (3. p.9].

With the changing and globalizing world., relatively smaller nations, speaking minor
languages have become more dependent upon translation for their commercial, political
and cultural survival. The Isracli scholars found themselves at a crossroads not only
between the Soviet Union and the West but also between the Western and the Third World
cultures. Thus in the 1980°s Itamar Even-Zohar and Gideon Toury developed the Polysystem
Theory in Translation. which presumes that the social norms and literary conventions in
the receiving culture govern the aesthetic presuppositions of the translator and thus influ-
ence translation decisions [3, p.28]. Even-Zohar explores how texts to be translated are
selected by the receiving culture, and claims that the selection is guided by some condi-
tions in the receiving culture such as its compatibility with the new forms needed in the
polysystem to achieve a complete and dynamic identity. Even-Zohar states three social
circumstances which bring the translation to a primary position in a certain culture: 1)
when a literature is “voung” or in the process of being established, 2) when a literature
is peripheral or weak. or both, 3) when a literature is experiencing a crisis [3. p.127]. In
such conditions new translated texts serve as a medium through which new literary genres
and values are imported. It means that the socio-literary conditions of the receiving
culture partly determine the texts which are to be translated. With the polysystem theory
extraliterary factors such as patronage. social conditions and institutional manipulation
are related with how the texts to be translated are chosen in a literary system.

Translation scholars in England and America, for example Susan Bassnett, André¢
Lefevere, David Lloyd and Maria Tymoczko, focus on institutions of prestige and power
within any given culture and patterns in literary translation. Pavel Medvedev locates the
literary system within the “ideological milieu” of an era [3, p. 140]. According to Lefevere
various subsystems in a socicty, including the literary , are all subject to a prevailing
ideology characteristic of the society at a given point in history. He also introduces the
term “refracted text” which means “texts that have been processed for a certain audience
such as abridged versions of the classics for children and the TV [4, p.72]. In Germany
during the Nazi period many texts by such writers as Heine and Schiller were refracted to
conform to a specific ideology and poetics [3, p.140]. In order to investigate the ideologi-
cal pressures, Lefevere also adds the concept of “patronage” by which he means “any kind
of force that can be influential in encouraging and propagating, byt also discouraging.
censoring. and destroying works of literature”. The patrons may be individuals, a reli-
gious body or a political party, as well as institutions such as publishing firms.

At this point we should deviate from the chronological order to see the effects of
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social and political situation even on the production of translation theories: it is evident
in the Deconstructionist approach which arose primarily in France in the 1960’s durif
a time of social and political upheaval. Michel Foucault and the deconstructionists try o
violate the traditional notions of the authorship, introducing the notion that the translator’
creates the original. They argue that original texts are constantly being rewritten and each
translation reconstructs the source text. According to Foucault. the author’s work is bound
by the institutional systems of the time and place over which the individual author has
little control or awareness.
In the nineties deconstruction strategies are challenged by the appearance of sub-
groups such as homosexuals, blacks, feminists and ethnic minorities. Rise of feminism
has effects on the approaches to translation. In Canada a group of mostly feminists are-
researching political and theoretical problems of translation. Barbara Godard explores
theoretical questions about the nature of language, woman’s discourse and feminist trans-
lation in “Theorizing Feminist Discourse/Translation ™ [5]. i
Now there is a shift of focus in Translation Studies; it is considered as a cultural
phenomena. Mary Snell Hornby from Germany proposcs that translation scholars aban-"
don their scientific attitude and move from “text” as a translation unit to culture [6. p.84]. '
Lefevere. while putting that all choices are circumscribed by power, argues that “neither
ideology nor poetics, neither patronage nor rewriters are monolithic entities. Those who
feel unhappy with the ideology and/or poetics of their own system will plan to use ele-
ments taken from the other system to further their own ends [3, p.190]”. }
As obvious , at the brink of the 21st century “translation” is not limited by the choices
of the translators alone. Transiators themselves, the text they choose to translate and the
way they translate are all dependent upon the processes that shape a culture at a given
point in time. These processes include economic, political and social factors. .

Hacettepe University. Ankara
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Genre Synthesis in Neo-Classical Music Theatre (on the examples
of 1. Stravinsky and D. Milhaud Operas)
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ABSTRACT. The present paper reports on various manifestations of genre syn-
thesis in the first half of the 20th century. An opposition between genre synthesis and
genre style in neo-classical music theatre is revealed.

Key words: genre synthesis.

. The process of seeking in opera genre which aims at renovation of genre by before
uscd means was going on under the banner of synthesis. Thus synthesis in the 20th
century became the typical tendency of opera genre. At the first haif of the century
numerous works were composed in which the elements of opera, oratorio, ballet. drama
were mixed. It determines the formation of such type of music theatre, in which “pure’
genres are seldom met and the compositions themselves by their genre or stylistic pecu-
liaritics go beyond frames of one concrete genre or style, ¢. g. C. Debussy’s mystery Le
martvre de Saint Sebastien, A. Honegger’s opera-oratorio Antigone, Rex David, A.
Schoenberg’s Moses und Aaron, 1. Stravinsky’s Oedipus Rex, melodrama Persephone.
Dialectic interconnection most vividly reveals itself in genre synthesis, because they more
or less preserve immanent drama peculiarities. It is especially actual in compositions of
those composers who has neo-classical outlook. Genre synthesis determines the peculiari-
ties of conflict dramaturgy of the following neo-classical operas, e.g. I. Stravinsky’s op-
era-oratorio Oedipus Rex and melodrama Persephone.

From various variants of synthesis realization we single out only those types of genre
synthesis, which are actual for conflict dramaturgy of the mentioned operas. They are:
1. The type of genre synthesis involved in conflict dramaturgy in which the equilibrium
of genres taking part in synthesis is preserved. For instance, Stravinsky’s Oedipus Rex
can be given both as an opera and as an oratorio. While expressing the dramatic conflict
in it genre element of opera and oratorio are so much brought together that it is impossible
to separate them. Genre style of opera and oratorio is revealed in statics of scene action,
in epic manner of conflict expression, activity of the narrator and choir. At the same time
i the development of course-result scene, psychologization of hero (the action and con-
traction are projected just in it), dynamics of conflict development and aini. On the other
hand, genre style of opera-oratorio comprises its compositional structure; speaker-choir-
soloist testifies to the passionar tradition (narrator-choir-soloist), and the solution of sce-
nic personages points to the opera-seria.

2. The type of genre synthesis involved in dramatic conflict in which genres taking
part in synthesis are developed simultaneously. It is a unique manner and determines
polyphony of synthetic genre [1], e. g. Stravinsky’s melodrama Persephone. The genre of
melodrama is lack of vivid crystal form, it has not individual compositional and structural
regularity. In our opinion Stravinsky’s attention to such free music scene form is natural,
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because on the one hand, melodrama genre gives a unique possibility of creation musical

synthetic composition, and on the other hand, mythological basis of melodrama offers
opportunity to open the conflict idea in different stylistic plancs. Thus the conflict of
responsibility and feeling, man and fate is characterized by constantly changeable genre-
stylistic background. In Stravinsky’s creations genre-style-intonation are presented in
dialectic unity. ¢. g. the characterization of Avmolp.

Based on melodrama genre Stravinsky creates such synthetic genre in which myth
syncretism conditions dialogue between different cultures with account of genre or stylis-
tic peculiarities of epochs.

If genre synthesis more or less implies the peculiarities of genre style. this last one can
exist in conflict dramaturgy of monolithic opera, ¢. g. : D. Milhaud’s opera Les malheus i
d'Orphee and Stravinsky’s opera The Rake s Progress. !

In conflict dramaturgy of the mentioned operas the genre style is determined by the
work with model. Neo-classical idea of the restoration of remote past heritage is actual
both for D. Milhaud and 1. Stravinsky music theatre. although the principles of its real-
ization are quite different. In conflict dramaturgy of monolithic operas two types of genre
style can be singled out. '

1. Genre and style properties of genre prototype while “modelling” lose direct con-
nection with addresse and arc expressed by assimilation, . g. D. Milhaud’s opcra Les
malheus d'Orphee.

Earlier the “restoration™ of discrete structures of Italian opera determined the neglect
of recitative as the most important vocal form of baroque opera and helps to concentrate
on lyric part. The features of old Italian cantata are marked in mini opera: maximally
concised scale and content single planness, maximal of characters. The principle of free
use of genre or style components is characteristic for D. Milhaud. From this point of view
the work with model is far from stylishness, i. e. the model is well concealed which
differentiates Milhaud’s and Stravinsky’s neo-classicism. At the same time D. Milhaud’s
nco-classical music theatre feeding on contemporary fruitful soil makes the assimilation ;
of carlier Italian opera and various forms of conventional theatre {

2. The type of modelling genre when modulation of genre style happens within one |
composition. It is based on principle of opposition, ¢. g. Stravinsky's opera The Rakes ;
Progress. The development of conflict drama goes in parallel with opera-seria, peculiari-
ties of lyric opera and at the same time preserves retrospectiveness [3]. e. g. Buffoon
action scene and romantic scene on cemetry. X

Principle of modelling from one genre-stylistic layer to the second is similar to
Eizenstein’s method of * assembling” [4]. 4

Genre and style express semantic function of musical language. In conflict dramatics
of the mentioned operas the acting ability of genre synthesis and genre style determin
neoclassicism as “cultural pluralism™ of stylistic direction, which was taken by neod
sicism both in vertical and horizontal and synchronic and diachronic planes.

Thilisi I. Sarajishvili State Conservatory
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