BULLETIN
OF THE GEORGIAN ACADEMY
OF SCIENCES

LAFIAMOIBIMUL
adJB6NIMIABI0NY 340RJ3NNL

dMJ3dad




The Journal is founded in 1940

BULLE TN
OF THE GEORGIAN ACADEMY OF SCIENCES

Is a scientific journal, issued bimonthly in
Georgian and English languages

Editor-in-Chief
Academician Albert N. Tavkhelidze
Editorial Board

T. Andronikashvili,

T. Beridze (Deputy Editor-in-Chief),

G. Chogoshvili,

I. Gamkrelidze,

T. Gamkrelidze,

R. Gordeziani (Deputy Editor-in-Chief),
G. Gvelesiani,

L. Kiguradze (Deputy Editor-in-Chief),
T. Kopaleishvili,

G. Kvesitadze,

J. Lominadze,

R. Metreveli,

D. Muskhelishvili (Deputy Editor-in-Chief),
T. Oniani,

M. Salukvadze (Deputy Editor-in-Chief),
G. Tsitsishvili,

T. Urushadze,

M. Zaalishvili

Executive Manager - L. Gverdtsiteli

Editorial Office:
Georgian Academy of Sciences
52, Rustaveli Avenue,
Thilisi, 380008,
Republic of Georgia

Telephone : +99532 99.75.93

Fax : +99532 99.88.23
E-mail : BULLETIN@PRES!D.ACNET.GE



CONTENTS

MATHEMATICS

G. Oniani. On Upper and Lower Derivatives of Lebesgue Integral .......................... 357,
N. Tsalugelashvili. The Construction of the Bases of Some Eight Step Cusp Form

SPACESE o B O RS e ot bt O 359,
M. Shubladze. On Finite Multiplicity of a Hypersurface Singularity ......................... 362
D. Gordeziani, N. Gordeziani, G. Avalishvili. Non-Local Boundary Value

Problems for Some Partial Differential Equations ............................. 365
VBaladze OntSpectral Coshape BhEOry. ... it vt e s el 369

MATHEMATICAL PHYSICS

T.Chilachava. On the Asymptotic Method of Solution of One Class of Nonlinear

Mixed Problems of Mathematical PhySics...............ccccovoiririnreninn. 373

CYBERNETICS

G. Tsuladze. Structuring Facilities in the Language "Ladis" for Designing

Information SyStems...c.c..ciivviiviinisisscssismsics st o 2378
Z. Kipshidze, G. Ananiashvili. Decision Making Informational Model for Ergative

SVSIBTHE . e i o s s 383
A. Gabelaia, V. Ivanenko. On the Use of Statistical Regularity Concept in Decision-

W RN TR e R R e L e 386

PHYSICS

V. Gersamia, M. Kvernadze, M. Mirianashvili, Sh.Mirianashvili, A.Mirtskhulava.
The Investigation of Photoelectrical Characteristics of Silicon
Semiconductor Structures by Dynamical Lattice Method ................... 388
- V.Kashia, P. Kervalishvili, I. Zhvania, Academician R. Salukvadze. Universal
Method for Control of Heat Carrier Leakage from Various Contours .. 390
A. Gerasimov, G. Chiradze, N. Kutivadze, A. Bibilashvili, Z. Bokhochadze.
Influence of Isotropisation of Chemical Bonds on Anisotropy

of Photomechaniical BIIOCE ... ..ot smessssbosissagosnoncssoos hentnisits 396
1. Loria. Diffraction of Electromagnetic Waves on the Periodic Thin Strip Lattice
LocatediiniMedinm. 0o R o R s NS SR T 400
ASTRONOMY
Corr. Membgr of the Academy R.Kiladze, T-Kvernadze, M.Gikoshvili.
Observation of Saturn Rings in Abastumani in 1995 ....................... ‘404
ANALYTICAL CHEMISTRY

0. Manjgaladze, F. Brouchek, N. Telia. Acid-Base Properties of Azo- and Oxiazo-
Derivatives of Rodanine and their Application Ability in Chemical
Analysis ...




354

. J.
V.Eristavi, V.Ivanov, D.Eristavi, N.Kutsiava. Atom Absorption Methods of Detér
Molybdenum in Sulfuric Acid

GENERAL AND INORGANIC CHEMISTRY
I.Samadashvili, T.Macharadze. Synthesis of Mg-Zn Ferrites and their Properties ...... 413
G. Khelashvili, R.I.Gigauri, M. Indjia, L. Gurgenishvili, R.D.Gigauri. Coordination

Compounds of d-Metals Monothioarsenates with Pyridine.................. 415
ORGANIC CHEMISTRY :
D. Tsakadze, M. Gverdstsiteli. Algebraic Investigation of the Alkaloids from Plants of
[l RTINS RN N S 418
PHYSICAL CHEMISTRY

M Rukhadze, Academician V. Okujava, M. Sebiskveradze, M. Rogava, S. Tsagareli.
Determination and Evaluation of Solvent Strength Parameter in
Conventional Reversed-Phase, Ion-Pair and Micellar
OOy ... s 421
A Nadiradze, K. Ukleba, Academician G.Gvelesiani , J.Baratashvili, D. Tsagareishvili,
"J.Omiadze. A New Method of the Calculation of Standard Enthalpy of -
Formation of Double Oxides ..... .. 424
E.Kachibaya, Corr. Member of the Academy L.Japaridze, R. Akhvlediani,
Sh.Japaridze, T.Paykidze, R Imnadze. Synthesis and Structure
of Spinel Type Lithium- Manganese Composition ............c....c...c...... 428

CHEMICAL TECHNOLOGY

L. Baiadze, G. Gaprindashvili, O. Modebadze, J. Nakaidze, N. Papunashvili,
Academician G. Tsintsadze. Investigation of Some Physico-Chemical
Properties of High-Manganese Boron Oxide Glassy Semiconductors . 432

ECONOMIC GEOGRAPHY

LIashvili. Contemporary Tendencies of Demographxc Processes Development in Kutaisi

Oy oL e s I 436
GEOLOGY

M. Tvalchrelidze. Geological History of the Sokhumi Peninsula in Late Pleistocene and
Holocenie . .. 439

Sh. Keleptrish\ ili. Stratigraphical Signiﬁcance of the Early Cretaceous Belemnitida of
GOEOTEIA ...l aniiild Bl R i 443

MACHINE BUILDING SCIENCE

T.Javakhishvili. Transfer Function of a Single Way Pendulum Rope Way Mechanical

BYSIEM ..oooocnniiiecining il BRI G L i ivsn i cisnias e e aons 447

M.Shalamberidze. Self-regulation Coefficient of Welding Current .............coooooveeeen. 450



HYDRAULIC ENGINEERING
Academician Ts. Mirtskhoulava. On the Assessment of Erosion Processes Effect on the

_Social Tension inithe SOCIELY -cvoveiiuusiberririvasansses e 452
V.Nadirashvili. Estimation of Slope Reliability from the Point of View of Erosion
Cansed by RainSsee IEa i IS el e e 456

HYDROLOGY

Sh.Kunchulia. The Influence of Hydrometeorologic Factors on the Economy of
Commercial Sca Passages

ELECTROTECHNICS
0. Labadze, M. Tsertsvadze, G. Kublashvili, P. Manjavidze. Mutual Inductance
" between Flat-Parallel Convex Contours Having Conjugate Pieces ...... 462
AUTOMATIC CONTROL AND COMPUTER ENGINEERING

A Chaduneli, A. Kurtishvili, G. Cheishvili, I. Lomtatidze. Digital Representation
of a Continuous Process with a Wide Dynamic and Frequency

Spectrum
SOIL SCIENCE :
R Lortkipanidze. Agroindustrial Characteristics of the Main Types of Soils of Imereti
4 RELIOMsts o b o o R S, o M R W Gy S TR 469
BOTANY
’ MDavitadze. Systematic Structure of the Aciarian Adventive Flora.......................... 473
, Y

HUMAN AND ANIMAL PHYSIOLOGY

G. Todua. Electrophysiolosical [nvestiga
Posterior and Anterior Sylvi

i of the Descending Connections of the
.. gvri with the Amygdaloid Complex ... 476

N. Archvadze. Aciive A iaance Reactions (AAR) Dynamics in Rats with Dorsal
i Hippocampus Bilateral Coagulation®...-..oiilii o 479
} BIOPHYSICS
E.Chikvaidze, I.Kinkasiwiii, A.Lebanidze. Eiectron Spin Resonance (ESR)
of Copper Proteins and Some Model Systems ............c..cccoevveiniienne. 482
M. Melikishvili, G. Mikadze, L.Visochec, Academician M. Zaalishvili. Thermal
Denaturation of Rabbit Gastric Muscle Tropomyosin ......................... 486
! J.Gogorishvili, R.Sujashvili, Academician M.Zaalishvili. Some of the

Physico-Chemical Properties of Proteins Extracted from the
Kidney by 0.5M KCI SOIION ........ovveemreeereeeeesereresssesenssseesessesns 489



356

BIOCHEMISTRY

L.Shanshiashvili, Ch.Todadze, I.Chogovadze, N.Natsvlishvili, G.Lezhava,

D.Mikeladze. The Influence of Toluene and Ethyl Alcohol on

Opiate and Dopamine Receptor Activity in Rat Brain. ..
G. Gigolashvili, T. Dalalishvili, Corr. Member of the Academy D. Jokhadze.

Comparative Study of Some Varieties of Mulberry Trees

(Genera Morus) by the Method of Isoelectric Focusing....................... 497
M. Jincharadze, G. Pruidze, N. Omiadze, N. Mchedlishvili. Effect of Tea-Leaf

Peptides on the Monophenol Monooxygenase and Catechol

Oxydase AGHleS = . . e i . 500
M. Gomarteli, T. Janelidze. Usage of Thermostable Xylanase Preparation

"Obtained from Allescheria terresstris for Plant Waste Hydrolysis ... 502

MICROBIOLOGY AND VIROLOGY

N. Manvelidze, E. Adeishvili, E. Kvesitadze. Selection of Antibiotic-Producing
Basidiomycetes

... 308

CYTOLOGY

E. Tavdishvili, P. Chelidze, D. Dzidziguri, E. Cherkezia, Academician G. Tumanishvili.
The Study of Interdependency between the Changes of RNA Synthesis
Intensity and the Morphological Transformation of White Rat

Hepatocyte Nucleoli in Postnatal Period of Development ................... 508
EXPERIMENTAL MEDICINE
M. Zimmermann, T. Ebanoidze. The Treatment of the Postextraction Syndrome with
IR ) G SRR e 513

T.Shatilova, I.Oniani, M.Chikovani, Z. Zambakhidze. Organo-specific
Stimulation as a Method of Treatment of the Pigmentary ;
Dystrophy of the Retina.......... L 515

L Gogichaish\'/ili, M. Chikhladze, N. Meskhishvili. Spring Palynospectra
of Thilisi and Dynamics of Allergic Diseases in Children in 1997 ..... 519
PHILOLOGY

M .Badriashvili. The Metaphor of Torturer and Victim as the Basis
Of World Perce ption . ;.. . e eiaee s v evanresennansns 528

HISTORY OF ART

M.Andriadze. Terminology of Old Georgian Professional Music According to Old
Tropologion




bO3SOMBITML BIBENIGIBSMS S3SRIFNOL 8MS8BI, 157, Ne3, 1998 ) //%/
BULLETIN OF THE GEORGIAN ACADEMY OF SCIENCES, 157, Ne3, 1998 d

()
L1013

MATHEMATICS

G. Oniani

N
F =X
N

On Upper and Lower Derivatives of Lebesgue Integral

=

Presented by Academician L. Zhizhiashvili, October 6, 1997.

ABSTRACT. In the paper the Guzman-Menarges’ theorem about possible mean-
ings of upper and lower derivatives of Lebesgue integral is generalized. Herewith it’s
shown that the established theorem does not extend on homothety invariant density
bases formed of convex sets.

Key words:DIFFERENTIATION, BASIS, INTEGRAL.

1. A mapping 3 defined on R” is called a differentiation basis in R”, if for every x e
R" B(x) is a collection of bounded open subsets of R” containing x such that there is a
- sequence {R, }cB(x) with diamR,—0 (k—>c0).
For /€ L(R") numbers
- _— 1
D fox)= 2 — | s and = . L
o{f5) m,zhmem““l 2. (r.x) ey
are called respectively upper and lower derivatives of the integral of fat the point x. If the
upper and lower derivatives are equal, then their common meaning is called a derivative
of the integral of f at the point x and it is denoted by I)Bd /.x).The basis B is said to
differentiate the integral of £, if for almost every x
Dy £:x) = fx).

A basis B is called a density basis, if it differentiate an integral of characteristic

function of any measurable set. Denote by B the collection UB(x) :
xeR"

B is called a Buseman-Feller basis if for every R e B, we have that R € B(y) for every
yeR. We shall call a B homothety invariant if for everyx € R", R € B(x) and a homothety
H with the centre in x- H(R) € B(x). We shall say that a basis B is formed of sets from a
certain class K, if B ck.

2. Let B be the basis in Rz, for which B(x) (x e R?') consists of all two-dimensional
intervals containing x. Then by virtue of the known theorem of Besicovitch (see [1] or [2],
ch. 1V, §3) for every function f L(R2) both of sets

{6 fx) < Dy(( /) < o}, : M
{x: 0 < Dy £0) < f0)} @

have 2 measure equal to zero.
Guzman and Menarges (see [2], ch. IV, §3) established that the analogous result is
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B
true for any density and Buseman-Feller basis B, formed of convex sets having the titte”
of symmetry, which is homothety invariant.

We have established that in Guzman-Menarges' assertion the condition of central
_symmetrity of B's forming sets is unnecessary, in particular, it’s just

Theorem 1. Let B be a homothety invariant Buseman-Feller density basis in R" (ne
N), formed of convex sets. Then for every f € L(R") the sets (1) and (2) have a measure
equal to zero.

This theorem does not extend on homothety invariant density bases, formed of convex
sets, in particular, it’s just

Theorem 2. There is a homothety mvartant basis B, formed of two-dimensional
intervals, for which there is a function f e L(R ), /2 0 such that

Jo) < D[ fx) < 0

almost everywhere on R’

Tbilisi I. Javakhishvili State University

REFERENCES
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MATHEMATICS

N. Tsalugelashvili

The Construction of the Bases of Some Eight Step Cusp Form
Spaces

Presented by Corr. Member of the Academy Kh. Inassaridze, November 10, 1997

ABSTRACT. The modular properties of general theta-functions with character-

istics are used to build the basis of the cusp form spaces corresponding to some
diagonal eight step quadratic forms. it gives the opportunity of obtaining formulae

for the number of representations of positive integers by these forms.

Key words: CUSP FORM SPACES. QUADRATIC FORMS.

Let r(n; f(:‘k)) denote a number of representations of a positive integer by the eight
step quadratic form

k s -
fun=225+ Y2 @lss26k=1, .., s~ 1; k= I(mod2)). )
I= J=k+1

It is well known that ’(’7:«’2;_1‘)) can be expressed as follows: r(1; Jisiy) = P, J";:,k)"! ot

Wi i, ). where p(n: ff,,,) is a singular series which is already fully studied and the
firmulae for its calculations are known ([1], Theorem 4). The latter equality can be
[ expressed in terms of the theory oi' modular forms by stating that

' 9(73 Sy = B fiopy) - X(T5 i) (2)
" where E(z ; f(&ﬂ) is the Eisenstein series and X(r ; f(s‘k)) is a cusp form of type

(» % T,@)v, (L)) where (L = (, g}g iy (8)) is the corresponding multiplier system [1.2].

To construct these functions we use the geueralized thetafunctions with characteristics
that were introduced by Vepkhvadze: { 1] as fo:lows: Let g and / be the special vectors with

respect to the matrix 4 = (ay) of quadratic form f = % Z a;x;x, ins variables. Let N
A Jk=1
be the step of fand P = P (x) be the spherical function of order v with respect to /. Then

HA(x-g) mo'dx
IneBf)=" YN ¥ Blge ¥
x=g(mod ")

Theorem 1. Assume, that

s-5
o 2.0 T
Js _ZZ"J +Xs-a» P = xi,-2x,
J=1
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4
3y
: o_ |4 ( .

h= i 5 [j=1,2, ’__3} g ¥
; 4
i 0
0

Then the functions
) s
300, @B S5) (J=1,2,~-->*2‘—2) ©)

create the bases of the cusp form spaces of type (_%;ro(g), v (L)J,
Proof. It is well known [2] that the dimension of (—%;FO(N),V:(L)) cusp form
spaces in case of & = 1(mod 2) is equal to %—2. According to the theorem 1[1] the

functions (3) belong to the cusp form space of type [—%;I‘O (®), VS(L)) . It is easy to check

up that these functions are linear independent. This completes the proof.

Therefore by (2) there exist numbers B J(s’k ) such that

)
2

S(Tlf(s,k)>= E(T§ f(s,k))+ Zﬂj(s'k)sgmh (@py, f5) -
=

It is casy to calculate the BJ(S"‘ ) coefficients.
If we equalise the coefficients in both sides of this formula we will have the formulae
for the number of representations of positive integer 7 by /A
o (sk),, (5)
P8 fo) = P08 fig i)+ a5 D),
j=1
where p (n ; Jo. fis 1) is @ singular series which is calculated as follows:
ifn=2m m= 1(mod 2), @ > 0, then
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BOBZNF0945

s @s-20-k
2

( s
w22 2 s = sk D221, =,
P S = ——[§:g)' i ‘(5,(_1)2 -2)1; (n) Z {——rl dszi
e

dd;=m

m =5 or 7(mod 8), s = 6(mod 8)
1 or m =1or 7(mod 8), s = 0(mod 8)
o Jfform=1lor 3(mod 8), s = 2(mod 8)
275 Jor m =3 or 5(mod 8), s = 4(mod 8),

m =1or 3(mod 8), s = 6(mod 8)

. m =3 or 5(mod 8), s = 0(mod 8)

l————————.,iflor m = 5 or 7(mod 8), s = 2(mod 8)
21 (@+2)-2

2(2 ]( = or m =1or 7(mod 8), s = 4(mod 8),

Yok (M=

the values of L'l[g,(—l)i -2) are given in [3],

V§3>(n) = : Z(2x3_4 —x,‘),

J 58

fom Zx,2+2xf,,,-'2n

e=1 e=2j+1
x=x,=..%x, ;=I(mod2)

g 2
vg‘)z(n)z E (xf_,,;—le'),
3 =
: A4S 0 o
f+ ) xg+2x2 y=2n,

¥y=x3=..=x,_s=l(mod 2)

g 5 sk) _ s,k
a;;,k) =320 (/ - 1,2,“',5_ 3] . a;f ) 64ﬂ;72)
2 2
It must be pointed out that in the case of eight step quadratic forms only formulae for
§=6 and s = 8 are known (see, for example, [2]).

Thilisi I. Javakhishvili State University

REFERENCES
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2. H. Peterson. Modulfunktionen und quadratische Formen, Springer-Verlay, Berlin, 1982, 307.
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MATHEMATICS
M. Shubladze

On Finite Multiplicity of a Hypersurface Singularity

Presented by Corr. Member of the Academy N. Berikashvili, October 20, 1997.

ABSTRACT. For hypersurface singularity of type A, , the criterion of finite
multiplicity is proved.

Key words: ISOLATED SINGULARITY, COMPLETE INTERSECTION,
HOLOMORPHIC FUNCTION, TRANSVERSAL SINGULARITY.

Let X be a one-codimensional complete intersection with isolated singularity at 0C"™"',
i.e X = (g(z) = 0), where g:(C™"', 0) —» (C, 0) is isolated singularity. We consider
0> (C, 0) a holomorphic function germ with singular locus

sing f= {z € €. grad fiz) = 0} = =

The situation when T is a one-dimensional complete intersection was completely
studied by D. Siersma [1].

Let O, be the local ring of germs of holomorphic functions defined on €L 0)ie
0 =i ﬁSC"*], 0) = (C, 0)}. Let I = (g) be ideal in O,., generated by isclated singu-
larity g: (C™, 0) - (C, 0). Then we have

Proposition. Holomorphic function f is singular on T if fe I* [2].

In this case we can write /= g%, with h e 0L

On / and 7 there acts the subgroup Dy, of D of local diffeomorphisms defined by:

Dy={® e D; ®(g) < (2)}.

Let 7,(f) be the tangent space of the /) -o¢bit and
laf o a
JH = il ’Tf“
3z, Oz 0z,
the Jacobian ideal of f, while 24 2}, ..., 2, be the coordinates in (C"’”, 0). Define /-

codimension of f as follows
) = dimg F/r ()
Definition. 4 germ f (€™, 0)— (C, 0) is cailed of type D(k, p), or D(k, p) -singular-
ity, if there exist some local coordinates
X, A <isj=p), z,:0; Zg i v s Vi
of (€', 0) such that

e
S y.D= X xyy,+ 3 -

i<j<p I=p+1
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Remark. The singular locus of a D(k, p) singularity is smooth and of dimenSioh &=
12p(p + 1) + g, while n + 1 = k + m [2]. D(k, 0) - singularity is also called A(k):

m
A(k):= D(k, 0): Z V2
I=1
We note also:

Dk, 1y xpl+ Dy}
1=1

In [1] and [3], the names D, for a D(1, 1)-singularity and A, for a singularity of type
A(1) = D(1, 0), were used.

We can prove a result similar to [2.4].

Theorem 1. Let f € I The following are equivalent
(i) c,(/) < 400 '

(ii) The critical locus of fis X and the germ of f in every point of 2\{0} is equivalent
to a D(k. p) - singularity, for a suitable p.
Proof. To prove this theorem we define a sheaf of O, - modules as follows:
F(U) = FIr(f),
where /* and 75(f) are considered as modules over the holomorphic functions on open set
U. It is clear that F is coherent. We intend to use the fact: The sheaf & is coherent if
dim ['(f) <=

@)= (1), For ze CThs, fis regular at z and we have dim Z = 0 since in this case
I‘ O, Let z e Z\{0} then [ is of type D(k, p) at z for some p, and we have
d1m 7= 0 since ¢,(/) equals zero. It follows that Fis concentrated at 0. hence ¢,(f) < +oo.

(i) = (if). Since ¢,(f) < +oo we have that dim % =0, forz# 0. Thus if z € Z\’O} we
obtain that dlmc(l /7(/)),= 0, which means accordmg to [2]. that the germ of fat z of type
D(k, p) at z for some p.

When z € C™\Z, we obtain that dim¢(O,,,/J(f)), = 0. which means that /'is regular
atz.

We wouid like to make this theorem more precise with respect to D(k, p)-singularity
on Z\{0}.

Let f=g’h, where 1. (€™, 0) - (C, 0) is isolated singularity. Consider the following
ideal 7 + (h) = (g, h). It is clear that it defines a complete intersection in (C™', 0), and
depends only on /. Let us denote by A the zero set of / + (h):

A=v({I+®).

The following are valid

Theorem 2. Let f € I, then the germ of f in every point of $\A is equivalent to a
A, singularity (local formula x%), and in every point of A0} is equivalent to a ¢
singularity (local formula x y1 )

Proof. Since f e I° we have Rzgz, sz = 2°h. If zeS\A let us consider a
transformation from the group Dy.:



364 M. Shubladze N2
N

09

x=gJn 1
A=
y"=zﬂ

whose Jacobian is equal to g,ﬂw/; + g(}éw/; )t,o = g,ﬂw/; on Z\A since g = 0, where g
and hz., are the derivatives of holomorphic functions g and 4 with respect to z,. The
expression gz“,/ﬁ isn’t equal to zero on Z\A, since the function / # 0 and g: (C™', 0) —

(C, 0) has isolated singularity and we may renumber coordinates if needed, to achieve 2
#0 on Z\A. )
This transformation reduces /to the form x% i. e. in that points f has type 4 .
Now take z € A\{0}, then consider the following transformation from group D;.

X=g

n=nh

Ya='4

In= 2,

whose Jacobian has the form

8z, 8z &, " &,
ool b
070 < 0
(/e M B R |

which isn’t zero, since A is complete intersection.

This transformation reduces /'to the xzyl, i. €. in that points f has type D,

Let us consider holomorphic function of » + 1 complex variables from e f= g"h,
where g and 4 are isolated singularities at (C™', 0). Such singularities we called in [5]
hypersurface singularity of transversal type 4 - For those classes of singularity we can
prove similarly to theorem 2:

Theorem 3. Let fel*. Then the germ of fin every point £\A is equivalent to the germ
of function X*, and in every point of A\{0} is equivalent to the germ of function xj‘yl while
24 2), ... , 2, are the coordinates in (C™', 0).

Georgian Technical University
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D. Gordeziani, N. Gordeziani, G. Avalishvili

Non-Local Boundary Value Problems for Some Partial
Differential Equations

Presented by Academician T. Burchuladze, Ni ber 3, 1997

ABSTRACT. The results of investigation of non-local boundary value problems
for some type of elliptic, parabolic and hyperbolic equations are presented. The rion-
local boundary value problems considered in this article comprise boundary condi-
tions of the type of Bitsadze-Samarskii conditions or some versions of their generali-
zation. In the case of rather wide class of elliptic and parabolic equations suggested
iteration method allows not only to prove the existence and uniqueness of solution of
the non-local problem, but also to construct an algorithm for numerical resolution.
For some particular forms of hyperbolic equations a method of direct construction of
solutions is given. The uniqueness for rather general type hyperbolic equations is
proved using the properties of the solution on characteristics.

Key words: PDE, NON-LOCAL CONDITIONS, CHARACTERISTICS, ITERA-
TION PROCEDURE.

Many works are devoted to non-local problems ([1-9] and a literature quoted). As is
known [3,9] non-local conditions naturally arise while modelling various phenomena and
processes. The iteration method suggested in [1] allows not only to prove existence of the
solution of general type non-local problem for rather wide class of elliptic and parabolic
cquations, but also to construct an algorithm for numerical resolution of the problem.
Right there the non-local problem from [2] was called Bitsadze-Samarskii problem. In
some particular cases of hyperbolic equations initial-boundary value non-local problems
are investigated by the method of direct construction of the solution. The uniqueness of
the solution is proved using properties of solutions on characteristics.

We consider a bounded region Q c R”, x = (X5 sx)lE R", T - boundary of Q. Let

Q;(i =1, ..., m) be regions with boundaries I',, such that (P 5 s Wl | 5

cach of the following regions is placed smctl inside of proceeding one. Addmonally L
represents a diffeomorphical image of T, i.e. =7 (%), e L, xel,I( )-dlﬁeomorphxsm
I', I' -Lyapunov surfaces (i =1, ... , m).

Let L be uniformly elliptic operator of the type L= » a, ——— b; —*+L
y ellip typ lkz:l r dck ; 2,
where a,, b, c (c <0) are prescribed functions.

Consider the non-local problem for elliptic equation
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Lu(x) = fix), x € Q,  (flx) is the prescribed function)
with non-local conditon

u(x) :Zq,u(x(’))+¢(x), xel e L. = I(x), 2)

1=1
where ¢(x) is defined on I', g, = const are prescribed. We have to find a regular
solution u(x) of the equation (1) satisfying condition (2).

Assume, that the following conditions are true: A4 -a,, b, c f, ®are such
that there exists regular solution of Dirichlet problem for the equation (1), when
u|1. =®(x); B, - the principle of Hopf is in force.

Let us consider the following iteration procedure:

m
Lu®(x)= f(x), xeQ, u®(x) = Zqiu(k_l)(x(’))+ O(x), k=172,..

=1

uP(xDy=0 xe L, x%er, x©= L), (G=1..m) ©)

The following theorem is true.

Theorem 1. We assume that the conditions A, and B, are in force,

= const < 1, and additionally, either all q;, <0,0r q;>0. Then there exists unique
regular solution u(x) of the broblem (1), (2) and max u(x)—u(k)(x)} < cq{;, VkeN,-
Q

¢ = const, which does not depend on u(x) and u(k)(x),
Let us consider now the following problem: we are searching for a regular solu-
tion of the equation

%—Lu:f(x,t), (x,0)e0r =Qx(0,T), (©)]

satisfying non-local and initial conditions
u(x,t) = Zq,u(x('),l) +o(x,1), (x,neS; =T'x[0,T], ©)
xelxDel,, xXV=1(x), (i=1..m), ux 0)= uyx), x € Q, ©)

where f{x, f), #x, 1) are prescribed functions, 0 < 7' = const < ©, a,, b, c coefficients
depend on ¢, and between (5) and (6) compatibility condition takes place. In this case
we consider the following iteration procedure:
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5.(k)
%{——Lu“) = f(x.0, (x.0€0r,

aP =3 qu* DO+ g0, (x,0 € Sy,

i=]
xel,xWerl,x =71,(x),( =1,...,
u®(x,0) = uy(x), xe Lk =12,...,
u(x,0)=0,(x,0) e Or.

O

m),

Assume, that the following two conditions are true: A, - ay(x, 1), b(x, 0), c(x, 1),
fx, 1), §x, 1), u,(x) are such functions, that there exists regular solution of the equation
(4) with the initial condition (6) and condition of Dirichlet on I’ u(x, g = ¢x, 1B, -
the principie of maximum is in force. 4

The following theorem is true.

m
Theorem 2. Ji'c assume that conditions A,, B, are in force, Zq,|

= q =
=

=const <1, and in addition, either all g; <0, or g, >0. Then there exists unique regular
solution u(x, 1) of the problem (4)-(6) and

maxlu(x,t)~u® (x,1)| <cq¥, VkeN,
or

= const > 0, does not depend on u(x, t) and u(k)(x, 1.
The proofs of the theorems 1 and 2 are based on the principle of Hopf, principle of
maximum and analogue of the first theorem of Harnack for the equations (1) and (4).
Let us consider now the non-local problem for hyperbolic equation

% =Muiu+ f(nt),  (xn0eQr “®)

with non-local condition (5) and the following initial conditions
U0 =u(x), w30 =u(x), xeQ ©
where ¢ is a real number, or imaginer, uy(x), u,(x) are prescribed and between (5) and (9)
compatibility conditions are in force.
Using the properties of solution of hyperbolic equation on characteristic cones here
can be proved
Theorem 3. The problem (8), (6), (9) can not possess more than one regular solution.
In the particular case, when n =1, Q = (0, I), Sx,=0,u,=0,u,=0,c=0 and
u(0,0)=a, (1), u(l,t)=u(&,t)+w,(1), (10)
where £ € (0,1), w,(2), ,(t) are prescribed, the solution can be constructed directly.



368 D. Gordeziani, N. Gordeziani, G. Avalishvili

Under the above mentioned conditions and ¢ # 0 we can search for the solutigfi#{x, 1}
in the following form

t-l+x

w0 = 5 I PO (e (t=1 3 )dr + jw(r)l(cJ(t 0 —(-x)dr

© 253
1

where /(z) = Z_(s| ) [éj .We have to find functions ¢(7), y(7), such that ¢(7) =y(7)=
s=0 \S*

=0, for 7< 0. As u(x, 1) satisfies the condition (10), we get the Volterra type integral
equations

cll'(ey(t-7)2 - 1%)

J@)—Zﬂ dt = w, (1),
—r)? -

t=1
e +y =D+ [y
0

1 209
I (et -7)? ~1
~0t-D+y - [p D dr s o)y a-1+0)+

\,l(twr)2 ~1

+‘f¢(7)c51(c‘/<z e f W i R U N |
] O Y- --¢7

d
where 1'(z2)=—1(z) .
dz

From these equations the functions @ and y can be constructed directly in suc-
cession by step 7, = min(£,/ &) first on the interval [0,7,], then on [7,,27,] and so on.
Hence the following theorem can be proved.

Theorem 4. Ifn =1, f=0, uy =0, u; = 0, o), w,t) are twice continuously
differentiable, then there exists unique regular solution of the problem (8), (9), (10).
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ABSTRACT. In this paper the spectral coshape category having all objects of an
- arbitrary category for objects is constructéd. The internal categorical description of
coshape category is also given .

Key words: DIRECT SYSTEM, COEXPANSION, COSHAPE CATEGORY.

Introduction. The dual theory to the shape theory [1] is the coshape theory. Th:
tion of coshape of space has been introduced by T.Porter [2] as a modification
homotopy type of space. The coshape theory as the shape theory is the spectral homotopy
theory and meaningful extension of homotopy theory of given subcategory. An alternate
coshape extensions of homotopy theory were constructed [3-4].

The purpose of this paper is to exhibit the notion of coshape for objects of arbitrary
category K. First we develop the category dir - K of direct systems of category K. Next
we define general spectral coshape category CHS(K,L) for category K and its codence
subcategory L. We also give internal categorical description of CHS KLy

Let K be an arbitrary category. Consider a category d—K whose objects are direct
systems X = (X, p,,.. A), where (4, <) is a directed set, X, is object of K for every € 4

~and p,,, is bonding morphism of X, to X, for every a < a'. Moreover, p, = 1 x, and
Pra Pag = P oo fOr every a <o’ <a’”. A morphism (f,,¢) : X » Y = (Yﬁ,qﬁg,,B) of d-K,

@
called a mapping of direct systems, consists of a function ¢: .4 —B and of a collection of

morphismlsfﬂ;quYw(a)ﬂeA, such that for & < o' there is an index 8> ¢(a), o) with
Yot s Qptarp * Ja* Puge The identity mapping of direct system (L 1)

X — X is given by identity function 1 4 A — A and identity morphisms 1 SR T
a€A. The composition (k,, ¢) of morphisms (fp 9: X - Y and (gﬁ, v): Y>Z=
=(Z L C) is defined in the usual manner. The mapping of direct systems (%, ¢):
X — Z consists of a function {=y-¢ and of a collection of morphisms 4 =g ) TX =y
Zh(a). For every object XeK by (X) we denote direct system indexing by a singleton and
having only one term X.

Two mappings of direct system (-9, (8,w): X — Y are said to be equivalent,
(f,» ©) ~ (g, if for every a € 4 there is a 8> (), (@) such that g a)ﬂfa: Iy &ar
There is a quotient category dir-K, whose objects are of d—K and moxpwiusms are equiva-
lence classes f=[(f,, )] of (> ») from d-K. The category dir-K is dual to the category
pro-K [1]. Using the lemma 1 of ([1], ch.-I-§1.2) we obtain .

Lemma 1. Let (f,, ¢): X — Y be a morphism of category dir-K and let A be a cofinite
directed set. Then there exists a morphism (g » W): X > Y of category d-K such that
Ly/ © A—B is an increasing function, 8o Paar ™ Dyaypa)8a JOr every a < o and

= g
2. "Imsddy", . 157, N3, 1998
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Theorem 1. Let X=(X v P A) be an object of category dir-X. Then the;*é m}ﬁa
direct system Y = (Y 59 B) isomorphic to X and indexed by a directed cofinite ordered
set B, whose cardinalityﬁ Bl <|4l. Moreover, each term Yy and bonding morphism 95
Y respectively are term and bonding morphism of X.

LetX=(X,p,,.A)and Y = (¥ 19 4p» A) be direct systems of d—K. A morphism .0
between X and Y is said special morphism if it satisfies the following conditions: ¢ = [ 1
and for every @ < @' ., f,= f,, Py

Theorem 2. For every morphism [ : X—Y of dir-K there exist direct systems X' and
Y' indexed by cofinite directed ordered set N such that every term and bonding morphism
of X' (Y') is also one in X (Y). Moreover, there exist isomorphisms i:X' — X and j: Y' —
Y of dirX and a special morphism (f,1): X' =Y of d-K such that j I=ti, FICALD

Theorem 3. 4 morphism of dir-K f X=X, Py AY > Y= (Y, 9oq» A) given by
a special morphism (f,, 1,): X — Y is an isomorphism of dir-K iff every index o e A
admits an index o'>c and a morphism g, Y, — Xy of K such that g -f, = p, . and
Jar: 8o T Do

Let 4 be a category satisfying the following conditions:

a) There is a small subcategory A’ of 4 such that for every object a € A there exist
an object &’ € A" and morphism u: a - o',

b) For every two objects a', a"eA there exist an object aeA’ and morphisms
u"ad'—»a and u":a"—>a. .

c) For every two morphisms u’, u":a—a’ there exist an object &” and a morphism
u"a' — a' such that wu'= uu".

A generalized direct system in K is defined as covariant functor X:4A—K of category
A to the category K. For every object ae4 we have an object X(a)=X, and for every
morphism ". — o' of 4 we have bonding morphism X(u) = p, . X, - X . A generalized
direct system X we denote by X = (X, DA

In analogy of construction of category dir—K we can construct the category Dir-K,
whose objects are generalized direct systems and whose morphisnis are morphisms of
generalized direct systems described in [4].

Theorem 4. Let X be a generalized direct system of Dir—K. Then there exists isomor-
phic to X in Dir—K a direct system Y such that every term and bonding morphism of Y
respectively are term and bonding morphism of X and the index set of Y is a cofinite
directed ordered set.

Let L be a full subcategory of K. We define a dual version of expansion ([1], ch.], 3
§2.1). 3

Let X eK. A K—coexpansion of X is a morphism p:X = (Xp,. 4) — (X) in dir-K
of direct system X in the caiegory K to direct system (X) with the condition:

For every direct system Y = (¥, 9pp» B) i the subcategory L and every morphism

Y - (X) in dir- K there exists a unique morphism £ ¥ — X in dir-X such that
Bf=
If X and f respectively are object and morphism of dir-L then we say that p is a
L—coexpansion of Y.



On Spectral Coshape Theory \\3% 7

0

Theorem 5. A morphism pX =(X_p,,...A)—>(X) of direct system Xedir-K (X T4
to (X) is a K—coexpansion (L—coexpansion) iff the morphisms P XX, €A, satisfy the
Jollowing conditions:

CE0) PP oy = P, Jor every a < d'.

CEl) For every P €L and every morphism g: P — X from K there exist an index oA
and morphism [: P — X in K (in L) such that g = p  f.

CE2) For every morphisms f,f: P — X _ in K (in L) satisfying the condition
P = p, f there exists a bonding morphism p . X, X, suchthatp, .f=p,. [
| Note that if p:X—>(X) and p"X'—>(X) are two L—coexpansions of object XeK then

there is an isomorphism i:X"—>X in the category dir-L.

A subcategory LcK is called a codense subcategory of category K provided every
object Xe X admist a L-coexpansion.

Let X* be the category whose objects are all morphisms f/P—X, Pel and whose
morphisms : f — f": P' — X are all morphisms u: P — P'in L such that /' - f"u.

| Theorem 6. A subcategory LcK is codense subcategory of category K iff for every
 object XeK the category )§' satisfies conditions a), b) and c).
~ We define the coshape category for arbitrary category K and its full codense subcat-
egory L. Let p: X — (X), p"X'—>(X) and g:Y—>(Y), g":Y'—>(¥) are L—coexpansions of X and
¥, respectively. Then there are isomorphisms i-X'—X and j:Y'—Y. We say that morphisms
fX—Y and [/ X'>Y" are equivalent if f:i=/-f". The equivalence class of £fX—Y we denote
by /" and call a coshape morphism of X to Y. The composition G /" X—Z of coshape
morphisms /:X—Y and G:Y—Z we can define as equivalence class of morphism g/,
where /. X—Y and g:Y'—>Z respectively are representatives of # and G. Let /, be equiva-
lence class of morphism / yX—X. Itis cluar that [, -F=F-[,=F and H-(G-l)=(H-G)-F for
* every coshape morphisms /- X—>Y, G:¥'->Z and H:Z->W. We have obtained the coshape
category CSH, Ly whose objects are objects of category K and whose morphisms are
coshape morphisms.

From theorem 5 follows that for every morphism XY of category K and for any L—
coexpansions p:-X—(X), g:Y—(Y) there exists a unique morphism £X->Y in dir-L such
that /-p=g-f. Let CS(f) denote the equivalence class of /. If we put CS(X)=X for every object
XeK then we obtain a covariant functor €S £->CSH, Ly called the coshape functor. For
any £, X—Y morphism in dir-L there exists a unique coshape morphism /-X—»Y such that
g:f=F'p. If the objects X and Y are isogorphic in the coshape category CSH\A 12 than we
say that they have some coshape and write csh(X)=csh(Y)

Theorem 7. For every coshape morphism F:P—X of PeL to XeK there exists a
unique morphism f.P—X in K sych that F = CS(f).

From theorem 7 follows that the category L and the full subcategory of CSH
restricted to objects of L are isomorphical.

Theorem 8. Let YeK and p:X—>(X) be a K—coexpansion of X. For every morphism
hY—>(Y) of dir-CSH 1 there exists aunique coshape morphism F-X—>Y such that h=F-p.

Let F"X—Y be a coshape morphism of XeX to YeK and let /:P->X be a morphism of
PeL to X. By theorem 7 the coshape morphism F'f:P—Y is somé morphism g:P—Y of
category K. Then there is a function F,:K(P,X)—>K(P,Y) such that F,(f)=g=F"f. Let v.P—P",
P'eL be a morphism and let /:P'—>X be a morphism of category X such that
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f v =f JJ’JJJ(}I))_/
We have g"-v=F-f"v=F'f=g. Consequently (1) implies
gv=e @

Let F.}F"X—>Y be two coshape morphisms such that F,=F, . for every PeL. Then
F=F". Let G,:K(P,X)->K(P,Y) be a map such that (1) implies (2). Then there is a coshape
morphism /XY such that G, = F,,.

The composition G- of coshape morphisms 7:X—Y and G:Y—Z assigns to every
morphism f:P—>X the morphism G-FfP—)Z so that

GP)() = GF(N) )

For identity coshape morphism 7 X=X we hawe (L) p(N=/. Consequently a coshape
morphism [ X—Y is a collection of functlons Fp:K(PX)->K(P,Y), PeL, such that (1)
implies (2). The identity coshape morphism / X—)X is defined by the identity functions
K(P X)—>K(P.X),L and the composition is given by formula (3).

Let K(=,X):L— Set be the functor with assigns to each object PeL the set K(P,X) and
to morphism v:PP of L the function v,=K(v,X):K(P,.X)—>K(P'X) given by formula:
=S =V, feKPX).

For every coshape morphism /Y- we have defined functions F7,:K(P.X)—>K(P,Y),
PelL, such that (1) implies (2) and F,.-v,=v, -F,. Consequently F,, P€L, is a natural
transformation of functor K(-,X) to functor X(-,Y).

Theorem 9. Let M be the category whose objects are the objects of category K and
whose morphisms XY are the natural transformations K(—X)—>K(-Y). The functor
A:CSH ., =M which assigns to object X €CSH ., the same object X and to coshape
morphism IF:X—Y the natural transformation (F, P) Pe€L, is an isomorphism.

The homotopy category (HPol) of spaces having homotopy type of polyhedra (of
compact polyhedra) is a codense subcategory of the homotopy category HTop of topologl-
cal spaces. S

The homotopy category (HPol,) of pointed spaces having homotopy type of pointed
polyhedra (of pointed compact polyhedra) is codense subcategory of the homotopy cat-
egory HTop, of pointed topological spaces.

Let K = T'be any category of topological spaces and homotopy classes of continuous
maps and L = 7| be a full codense subcategory of 7. We have following theorem

Theorem 10. The functor A: CSH(T’T0 y > M establishes the isomorphism between
the spectral coshape category and the T, ~coshape category of T. Porter [2].
Theorem 11. The speciral coshape category CSH 1i1op HCPol) and the coshape cat-

egory °SH [4] are isomorphical.
Thilisi I Javakhishvili State University
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ABSTRACT. Thls work proposes an asymptotic method of solution for a system
- of nonli equations of one class of mixed problems with an un-
- known external boundary in the domain. The system of equations describes an adia-
 batic spherical and symmetrical motion of a gravitating gas, while a moving shock or

detonation wave (a spherical surface where the solution undergoes the first kind of
discontinuity) is the external b lary of the d

- Keywords: ASYMPTOTIC METHOD, DETONATING WAVE, EXPLOSION, COL-
' LAPSE.

)

The problem of a central explosion (£,<0 is the instance of explosion) of a homoge-
neous gas sphere collapsing at zero pressure and followed by a thermonuclear detonation
is discussed here.

The first two approximations for the motion law and the thermodynamic character-
stics of the medium are calculated. The analysis of the solution shows that beginning
from a certain instance a disseminating detonating wave begins to be brought to the

centre.

1. Let us discuss the equations of the adiabatic spherical and symmetrical motion of
a gas that are written in Lagrange's form:

o*u 2 Ov

ke
28 TS =0, v -Df W,

8 -1
w =‘L4m25ﬂ (1.1)

Here x is the u(x,f) radius sphere mass, k the gravitation constant, 7 the adiabatic

indicator, f(x) the function connected with the distribution of entropy by Lagrange's x
coordinate.

The integral equation of the energy of the gas layer situated between the x=0 and
x=M(t) surfaces is as follows:

4 2 .
T+U+V=E+j[&[[%+( VI) ”%“LQ}MRZW}‘{T A%
7 =Dw :
to 1

M M M
T:ljuzdx, T i V:—kji@, Gt
20 ;/2—10 w u ot
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Here 7,U,V are the kinetic, inner and potential (gravitation) energies of the?éégy'@‘i{y
the energy excreted during the burning of a gas mass unit on the x=M(t) surface, £ - the
explosion energy, x=M() - the law of motion shock (0=0) or detonation (0#0) wave.with
gas mass, R=u(M(1),f) is the radius of a shock or detonation wave. 1,2 indices denote
correspondingly the gas position in front and behind the wave.

If boundary conditions on the x=A(f) discontinuity are solved with respect to param-
eters of the gas behind the wave we get the following:

o]
Y+l I [ o 2_¥h
W, = w| 1+ = —tl-o , a4 =—— 1.3
* -l 1{ r-Un (&-i,) Cow 0
1 e o 2
v, = +1|:v1+w1(R*u])2+wl(R—u])zg:[

i 4
Reip =Rty 7o ai o
ratlfei (i e |

0 [,_n a J2+2(72+l)(71—72)a5_2(722—1)Q ;
n®-if ) no-DR-af  @-if

Besides, the continuity of Euler's and Lagrange's variables ought to be taken into
account. i

[«F =0, [xF=o0. 1.4)
In fact, we get a mixed problem for the (1.1) system of nonlinear, nonhomogeneous
equations where the u(x, 1), v(x,), w(x,) functions are unknown.
Initial conditions (f=f,, phone) determine the initial state of a gas sphere and are the
exact u,(x,1), v,(x,1), w,(x,?) solutions of the (1.1) system.
Thus, the mixed problem is considered in the Q domain:
Q = {te(ty,t,), xe(0OM(1)},
where ¢, is the moment of explosion, 7, the moment of time when the wave comes out on
the surface of the body, or the moment of collapse.
Boundary conditions on the external unknown x=M(t) boundary are like (1.3),(1.4),
and
u(x,H)=0  when x=0
Y il ; e
2. For the most of the gases € = 7atl is a small parameter. Besides, it is included
in (1.1) as a system of equations, in the (1.3) boundary conditions and in the (1.2) integral
equation, whence the R(f) law of wave motion is established. 6
Thus, the analysis of the system of equations and boundary conditions makes it clear
that the solution can be sought for behind the wave with respect to the & small parameter
as a kind of several decompositions.
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But the decomposition becomes irregular near the symmetry centre (x=0) [1-
e solution regularization in this domain we use the method of consecutive approximz

tion the essence of which is that the members of the ¢ series area maintained in the zer«
w,(x,1) approximation of the w(x,7) expression. Then the first approximation for the me-
- dium motion and wave laws is found from the continuity equation ¥ = ﬁ u'= %

by means of the boundary condition #(0,/)=0 and the zero approximation. The first ap-
proximations of the v(x,#) and w(x, ) functions will be found in the rest of the (1 1) system
of equations.

The described method makes it possible to solve quite a wide range of the (1.1)
equations system mixed problems. It is natural that the choice of decomposition depends
on the initial state of the gas sphere (the exact solution before the wave) and on the energy
of the explosion.

3. For example, let us discuss the problem of a central explosion (£,<0 is the moment
of explosion) followed by a thermonuclear detonation of a homogeneous gas sphere col-
lapsing at zero pressure.

The exact solution of the (1.1) equations corresponding to the homogeneous parabolic
compression (collapse) of dust (gas pressure v -9) is taken as initial data. Besides, the
gravitation constant, the moment of explosion and the energy f,, I arc taken as basic
dimension units:

1

IS

- 9x(1 7) : e 1 -, v=0, ,l.:]*.{_ (3.1)
2 6r(1-1) f

We obtaini a mixed problem iu the Q2 domain:
Q = {7e(0,1), xe(0,M(7)},

where the system of equations is like (1.1), the energy integral equation- (1.2), the bound-
ary conditions- (1.3), the initial conditions- (3.1).
¥ -1
¥ 10

The analysis of the system of cquations 1nd the boundary conditions makes it clear
that the solution can be sought behind the detonating wave as the following decomposi-
tion:

Let us introduce a small parameter € =

=R () + eHixp)ek oo, R(,T) =Ry + &R(DF..,

=Yooty @)t = wox, Dle + w(x,7) +.. 3.2)

Including the (3.2) decomposition into the (1.1) system of equations, in the (12)

integral equation and the (1.3) boundarv corditions, we shall obtain the zero approxima-
iion of the problem solution using the regularization method.
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)
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2R, 1 3o
. —My—-x)+——(M§ -x°)
A SRR

°+3(1—7)J 47rR2

1
il 6r(1-1)? [

1
i 1523 -2 . 1
wo(x, ) =v{2 d[6z(1-1)] 7 +| R+ —2Ro_| 72|14 &
3 °"31-1) 2w, )
[R. b ;

T

1

o= Vi7 |4
}{0(1):]:9_1‘%‘.[)_:!3 ( (] T) 2 1-(1- T) =

wlw

7 V7

My(r)=(1-7) 3 |1-(1-7) 3
Here 7 =7, (x) is the moment of time when the detonating wave passes the particle
with Lagrange s x coordinate and is determined from the equation

i it
x=(-7)  Swile-c) 2 | (3.4)

We shall obtain the following from the continuity equation in the next approximation:

4 _4nR® ' e
3 3 : wo(x,7) °

3.3)

We shall use the boundary condition in the centre: #=0 when x=0, to establish the first
approximation R, (7) of the detonation wave motion law. We shall obtain the following:

Rg_i‘f adx
4r 0 Wwo(x,7) ° 39
where
3
Myt
9(1-7)2

Thus, taking into account (3.5),(3.6) the medium motion law is determined by the
formula:
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47r3xadx
o=

3 7 wo(x,7) *

@7

Using the motion law of the gas found behind the detonating wave (3.7) we shall
- calculate v, (x,7) and w,(x,7) from the (1.1) system of equations. The following asymptotics
are easily obtained from (3.3):

Ry(v) 7(%)3(1—97);21“ when 70,

3
17 3
M, (t) =~ 73 T, when 70,

1
3 15-17
Ry(D)= [;Jg (I—r)_zT , when 7->1_

‘/170—1
My(r)~(-7) "5 . when 71

The exact solution R (1) of the detonating wave radius zero approximation makes it
clear that from the 7, moment of time

3
i 15-417 |7
i 154417

The initially divergent detonation wave begins to drift to the centre and when 7= 1
a collapse will take place.

Sukhumi Branch of I.Javakhishvili Tbilisi State
University
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The data structuring is one of the most important problems in designing of informa-
tion systems. Much attention is paied to this problem in the field of developing the
programming languages, and there are given different ways for defining and declaring
complex data structures. For example in [1], there are proposed facilities for defining
records including the description for collections of different types of data. To this end a
structured type "Record" is introduced. However, in designing of information systems
often main difficulties arise at the data defining stage.

In the present paper a gathering (assembling) approach for constructing complex and
weakly expressed data is given using constructions defined in the language LADIS (Lan-
guage for Designing of Information Systems). This paper contains a natural extension of
the results given in [2-4].

Let {a} be some finite set of signs such as letters, digits, delimiters, key abbreviations
etc.. which form LADIS language alphabet. Split the set {7} into certain subsets on the
base of some semantic meaning: subsets of letters, Arabian digits, operation signs etc.;
some of them may be split into farther subsets: e.g. the subset of operations may be divided
on the subset of arithmetic operations and the subset of ngxcal operauons Denote the
subsets of {a} by {a3}, and the subsets of {c}, vy {u"’ (=1,...,m) (i=1,...,n).

We now define the constructions of the first level “u LADIS

Let {a}t be the subset of the letters of a natural la vage. The construction WORD
is given as follows: <word>::=<element of {a}, subset >|<word><element of {7} subset>

Usually a word carries some semantic loau «meaning). Formally word is any collec-
tion of letters. However, by semantic meaning 2 vord iuay only belong to some set of any
collections of letters of some natural languag: in the LADIS language a word needs a
semantic checking as well as syntactic. Let us denote by {5} the set of all words and define
operations over words. Let S, =a, a, ..o be some word in {a} .

-Occurrence operation: designation OCCURRENCE.

Let m =a, o o, be some sequence of the subset {a},. We will say that m, cecurs. in

S_if, bcgmnmg from some ¢, S, contains elements of @, which are in m,, in the same
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sequence as they are in m. The output is true if S, contains m, ,and false if it do@sﬂmﬂw
-Operation of calculation of the number of elements of {a} . 'in the word S,: designa-

tion QUANTITY «, S..

This operation calculates the quantity of elements ¢ in S The output is a natural

number. The quantity of ¢, in S word is called word length and is very impoertant when

organizing words in memory.

-Operation of tree structure formation: designation 7. S, S,

Let S_and S, be two words. It is checked coincidence of elemcnts forming these two

words from left; fanher checking on coincidence is stopped after finding different (non

, coinciding) elements. The same elements will be written only once and the rest part will

be adjusted in two lines. For instance if there are two words "clement" and "clephant”,

then the result of applying 7S operation over them will be:

ment
phant
This operation will be applied for formation of packed records by chain list represen-
fations and very important when organizing data in memory.
Let {a}, be subset of Arabian digits. The construction NUMBER is given as follows:
<number>::=<unsigned number>|<signed number>|<combined number>|
<fractional number>

<unsigned number>::=<element of {«}, subset>|<unsigned number>

<element of {@}, subset>
<signed number>::=+<unsigned number>|-<unsigned number>
<combined number>::=<unsigned number>/<unsigned number>|

<unsigned number> — <unsigned number>
<fractional number>::=<unsigned number>.<unsigned number>|

+<fractional number>
Consider the union of subsets {a}, v{a}. {a},. Let's define identifier.
< identifier >::=<element of {a}  subset>|< identifier >

<element of {a}, subset>|< identifier ><element of {a} subset>

Let us define conception LABEL.
<label>::=< identifier >:
This conception is used for labeling different elements, constructions and records;
label is unique name and can not be used for labeling two different elements.

First level elements in LADIS language have their types: WORD and CHARACTER
have type "char" . NUMBER has types: "real", "integer" and "CNUM" (combined num-
ber). Identifier has the same type as the value, which name it represents. LABEL has type
"char".

From the first level constructions were built constructions of second level of LADIS
language.

Let S be set of all words, H-set of all numbers, /-set of all identifiers and L-set of all
characters.

Let us define some constructions of second level and operations over them.

Consider Su{a} p, where {a}p is subset of signs of punctuation and some separators

ele
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(space, dash, slash, etc.) and let's define SENTENCE.
< sentence >::=<sentence term>{<sentence term> |
<sentence term>::=<element of S set>|<sentence term><element of {a} o subset>
Sentence has the type CHAR (character) and is applied for passing some maintenance

i.e. it has semantic load in natural language; each sentence is ending by "-" .

Let IT be some set of sentences. Let us define operation of aggregation of more
complex constructions and new sentence generation.

Operation of inserting word in a sentence-IW; has four modifications:

1. IW 11, SJ S, ; where

I, -sentence, in which a word is inserted, S-the word, which is inserted, S,-a word
after which is inserted.

2. W I9E Sj S, PUNCT (+"," | - ":");-means: )

-In IT; sentence after word S insert word S, before S, insert comma and after colon,

3. In the IW operation the quantity of inserting words may be several.

IWEIT(S, S, S S,z

IW I, Sj S PUNGTE (" " [ty 825, PUNCT (- ");...

4. Considering also mixed case.

IW 11, S, S, SLS,PUNET (- "),

Punctuation sign standing before inserting word will not be replaced if we don't point
its change.

The operation of adding one sentence to another sentence.

1. AS I, T1; add sentence IT; to the sentence I1,. New construction is begin-
ning with IT, and after "-" (which is ending sign of IT) is written HJ sentence.

The result will be labeled and constructions is considering as an indivisible text,
Labels which are used for I1, and HJ won't be moved to new construction. In general the
quantity of adding sentences may be any:

AS I, I I0,.. )

It is obvious, that changing the sequence of sentences will lead to different results.

2. AS II, PS(N) HJ; add Hj sentence to IT; sentence and place between them
N spaces. "PS" is "place spaces".

3 AS T, Hj PS (N) IT, IT,...; mixed case.

Let us define conception of key word.

<key word>::=<word>|<key word>{|<key word><word>

Key words are defined for the indexing aggregated clement TEXT.

Let's define the conception of aggregating complex construction-text record-TEXR.

<text record>::=<text label><tsext>|<text record><not text construction>|

<text record><text>|<text record>END

<text label>::=<header>|<division>|<paragraph>|<item>

<header>::=<sentence>|<clause>

<clause>::=<element of S set>|<element of I set>|

<clause><element of S set>|<clause><element of I set>| j
<clause><element of H set>|<clause><element of L set> :

<division>::=DIVISION<element of H set>|<division><sentence>]| l

<division><clause> ]
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<paragraph>::= §<element of H set>|<paragraph><clause>|

<paragraph><sentence>

<item>::=ITEM<element of H set>[<item><sentence>|<item><clause>

<non text construction>::=<expression>|<clause>|<drawing>|<picture>

The essence of these constructions are obvious and we don't write here the formal
definitions because of their bulky definitions. Text labels are sorted by the containing
operation:

HEADER o DIVISION 5 PARAGRAPH > ITEM

A designer can use the text labels by his will e.g. pass any of them or enter new,
pointing their sequence. Let's define facilities for aggregation documents having some
- graphical structure. Presented facilities are deveclopment of methods given in [2].

Analogous to [5] let's define the operation of followness between clauses. Let F set of
clauses and f; and /5 be clements of this set. Will say, that f directly follows /| if i # I

- i/ and there is no index k, which satisfies the i<k<j condition and Je direcl(y follows /;
and / directly follows £,

Let's assign the direct followness operation by =>. ‘

fI:f], if i< i # and there is no such /, where fk:j; ,/]:fk

Will say thalf] follows /£, if there are indexes , /, m,..., that J<k<I<m<...<j and

i f oifei> i /J Let's assign operation of followness by —».

The direct followness operation is defining a graph which in knots has clauses:

7B
1. ﬂD
Nodl
E

<line record>: =<number>|<word>|<clause>|<graph>|

<line record><delimiter><number>|
. <line record><delimiter><word>|

<line record><delimiter><clause>|

<line record><delimiter><graph>

The type (sort) of delimiter is not fixed and can b# defined by a designer in the
division DELIMITERS. Over lines are defined unification, intersection and addition. Let
A and B be the lines: AUB forms a new line, which contains hole 4 line and only those
elements of B, which are not in A. AIB contains only the same elements from A and B.
A ADD B is a new record. which contains whole A and B in the same sequence as they
were in A and B. There are distinguished: specifier line, definition line, format line,
pointer line and value line.

Line records which have the same definition and format are united in one record
(array of line-records). Array of line-records may have TITLE. There are also entered
conceptions of left (right) over title and under title inscriptions, left (right) corner labels.

It should be noticed, that in the definition of this kind of constructions there is entered

a PROCESSING division, containing statements, which establishes relations between
individual values. '
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For example:

DEFINITION STRUCTURE 'PH' DELIMITERS ' * ' RIGHT LABEL 'Table 9.15'
TITLE 'calculation of rejection of appeal time from norm' SPECIFIER LINE (CLAUSE
*KEYWORD*CLAUSE*GRAPH*GRAPH*KEY WORD*GRAPH)

DEFINITION LINE (0N n/n*Title of goods*norm, days*I-st quarter (average stock
of goods, hundred dollars*time of appeal, days)*II quarter IDENTICAL I quarter) *re-
Jection in IT quarter with I quarter*rejection by norms, days(I quarter*II quarter)).

POINTER LINE (A,B,C,1,2,3,4,5,6,7,8,9,10,11)

FORMAT LINE (2¥9H3*3 ¥4 * 5% *AX 56 6*6)

ARRAY LINE VALUE

(1*jam*170*46,0%21,0%0,233*197,42* . *-63 ,91%+27 42%-36 49)

(2*stewed fruit*230*40,0%18,0*0,200%200,0%*,. =)

LEFT LABEL 'Kutaisi <<signature>>'

PROCESSING

=200 '4=1"1%"

Th=6'90;  '81=5"17" 1gr1giig
'10":= etc. END

In the statements of processing division for the names of variables instead of their
numbers from the pointer line may be used names from the definition line.

Presented work is supported by GAS Gram Nel.19
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The computerization and informatization of the modern society and also the wide
- usage of ergative computing complexes in social, economic and other spheres make the
problem of process management in the complex open-nonlinear systems very actual.

All this is closely connected with organisation of the banks of complex computing
systems and the problem of decision making. So it’s necessary to work out the general
principle of the problem oriented computer-adviser construction and developing the gen-
eral information model the main element of which is the decision making block.

The problem can be solved by using the correcting codes theory in two procedures
considering objects in normal position and deviation.

In the first procedure we have the object’s normal position recognition, on the sec-
ond-organisation of the initial objects set by means of expert’s knowledge in the limits of
the problem region and decision making by the evaluation of information connected with
new object.

Let’s assume that “error” is such an effect on the object in the connection channei
that it changes objects normal position, i.¢. the deviation from the “norm” Let’s also
~ assume that the position of the i-th object in the 1*? space is described by the vector of
n-dimension

X = 06 Xigs o5 %), (f= 1»")’
where x, components belong to {0, 1, ., g~1} set and x, € V"% is the element of lincar
- n-dimensional vector space on the GF(q) finite field, ¢ > 0 [1,2]. Let’s assume that
statistically informational system is discribed by the object positions’ probabilities Py(x)
and P (&/x) of which the Py(x) is the probability of the object appearance on the system’s
input, and P (&/x) -probability of the & error’s addition on the x vector

P(e) = g Py(x)P (&lx),

where < " is the cod. vectors’ set, P(e) - error’s frequency on the output of the
disturbances’ source. Then P, (élx) = P (&), where G c I*?is the code vector set. F: inally
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we’ll have P(g) = P (). ,

Let’s assume U is the set of all admissible deviations with positive probabilities,
otherwise U= 1™, when U contains all #-dimensional space. Arranging U < ¢" (u € U)
vectors descending by their probabilities

P(E) 2 P(§) > .. 2 P(&"
some of which could be equal.

As P(U) = Z P(&) =1, for any o < 1 there exists minimal number k(o) that one and
ecU
k(o)
only one P(U,,,) Z PEY> o
v=1

For U, ) Crror-set there is constructed the correcting code with (nxr) dimensional
decoding /7 matrix. By this the system’s education stage finished: 1" space is factorized
by nonintersected classes for G kernel of H matrix. From the decoding matrix we receive
its orthogonal coding L matrix, by which the initial vectors’ coding is realised in
m = (n —r) dimensional G kernel of /. Distorted (error) vectors exist in adjacent classes

and form the set of the objects deviated from the norm. If a,=x;+ g - is the 1-th vector

corresponding to the distorted object, where x,eG (l =04" —1), and # is the checking
(nxr) matrix, and the result of multiplication
a H=(x+s)H=s, (v: Lk(cr)) _

will be univocal -component compressed pattern of a,, where r is the // matrix rank. At
the same time the r-length sequence s, € S called “syndrome” can be used as an address
(number) of the systems memory cell in which information on g, error is recorded. This
is the knowledge of a a,, vector deviated from the normal position as a result of ¢,
disturbance effect. It fixes all deviations because in the system’s memory to every ¢, is
assigned the one-valued address s, syndrom [3]. Hence the determination of deviation and
error correction are performed as precisely as the experts knowledge is complete on -th
address. Because the experts’ knowledge is evristical, it may be unsufficient for decision
making and might be necessary to make it more precise: in our case via dialogue with
open type system in interactive regime. At the same time the dialogue is realized in
accordance with questions stored at vaddress. Therefore if the distorted vector, that is not
found in adjacent classes, appears at system input ¢_ ¢ U,M) the answer will be wrong.
The system will not be able to recognize and when 2 or more distored vectors occur at one
address in the class the so-called “collisions” will take place. To avoid such situations it
is necessary forecast it: one must construct such code structure which will correct not only
the fixed deviations, but can also detect “unknown” ones. At multiple repetition of the
mentioned cases the filling of initial set of disturbances with new deviations, and conse-
quently with a new knowledge is accomplished. A new code and H matrix will be con-

structed for correction of filled &, e Uo (v = Lk(a)) set of disturbances.
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One should take into consideration the situation when adjacent classes are leti4tgg,
not containing the fixed deviations. When the distored vector appears in the mentioned
class, a corresponding new knowledge about this deviation should be recorded there. In
this case the education of system does not require the construction of a new code. In such
case the coding is considered in terms of pattern recognition problem, as the positions of
the recognizable objects are not structured preliminarly in code subspace. The solution of
the mentioned problem is possible by using the natural informational redundancy charac-
teristic of the objects in coding process [4].

There exists a class of problems, where the expert is able to restore the normal image
according to main components (information symbols) representing the object position,
which may not have initial image. In this case the coding of localized normal informa-
tional symbol sequences is executed in systematic code by coding matrix recorded in
computer memory. Then if we connect the redundant symbols (checking part) obtained in
such method to already existed informational part relevant object we obtain distorted code
- vector n-dimensional sequence, representing the recognizable object in code structure. As
the number of recognizable objects is small, the number of vectors in code space can be
- much more, than it is necessary for presenting the positions of the given objects. Thus
from the code set such vectors are selected, which exactly correspond to the code structure
of the recognizable objects positions and at the decision making the error is excluded. In
such a case it is reasonable to use the general method of linear code synthesis [2]. At the
same time such problems are frequently considered, where normal position of the objects
is characterized by one, ¢. g. zero vector from the coding set. Then all the other positions
eviated from the normal represent probable deviations and on their basis by using defi-
nite checking matrix the problem will be solved by direct addressing method. The deci-

sion making will be made by realization of identification scheme.
Institute of Cybemetics
Institute of Computational Mathematics
Georgian Academy of Sciences
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In decision making within uncertainty it is very important to have the information
about possible behavior of an unknown parameter. This information, together within our
choice, determines the results of our decision. If the certain sequence of realization of the
parameter is known, then it is natural to try to obtain the necessary information using this
sequence. In this situation we may have one of the following cases: :

1. The sequence of realization of parameter is regular (non-random);

2. The sequence of realization of parameter is stochastic (i. e. the parameter has some
distribution);

3. The sequence of realization of parameter is non-stochastic or it is random in a
broad sense phenomena [1] (i. e. the parameter has not the distribution function).

The last case is called statistically unstable [2].

Let us consider the simplest case, when the unknown parameter @ can take only two
possible values (“0” and “1”), i. e. when the set of possible values of parameter has form
® = {0, 1}. Now let us study the bahavior of the frequency of this values, when the
number of realization grows infinitely.

_ Example 1. (Regular (deterministic) case). Let the realization of parameter
6=(0,, 0,, ...) has the form: 0, 1, 0, 1LoLoiol .

Build now the dynamic P ,({0}), (n € N), where P ({0} denotes the frequency of zero
value into n-realization, where N denotes set of natural numbers.

In this case we have 1, 1/2, 2/3, 1/2, 3/512°417, 1/2, 5/9, 12, ..

Hence, in this case '}l_r& P,({0}) = 1/2, moreover P ({0}) > 1/2, for any 1 € N.

Besides this, in this case, from the relation P ({1}) = 1 - P ({0}) we have
lim P({1}) = 1/2 and P, ({1}) < 1/2, for any n € N.

MmConsequently, in the case of regular (non-stochastic) sequence of realization, the limit
point of this sequence is simultaneously the extreme point.

Example 2. (P,({0}) = 1/2, stochastic case).

Let the realization of & parameter has the form 0100051101010, 190, °1, 0. %

The dynamics of frequency {P ({0}), n e N} in this case, has the form 1, 1/2, 2/3,

n

314, 315, 112, 417,172, 519, 172, 5/11, 5/12, 5/13, 3/7, ...
In this case we have lim P,({0}) = Iim P,({1) = 1/2.
n—»0 n—w
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Example 3. (Non-stochastic case).

Let us consider the following realization of parameter [3]
B0 S 0,0,1, 150010 80315801 51.815:0, 01050770, 10,0,1 1 =11, 1,1 1 0L

The dynamics of frequency {P,({0})}, in this case has the form 1, 1/2, 2/3, 1/2, 3/5,
23, 516, 3/5, 7/11, 2/3, 5/13, 3/7, 1/15, 1/2,...

It’s easy to show [3], that this sequence of realization is not statistically stable, i.c.
P ({0}) has no limit when n — c. Moreover the set of limit points of sequence P ,({0}),
in this case, is {a;: 1/2 < ;< 2/3, where ¢, is rational number}.

Hence, this sequence of realization 9 can be characterized by following statistical
regularity (i. e. family of distributions of values) P(8) = {P,(), Py(), ...}, where P (o)

denotes the distribution P () = {{3} 1{1} } (ieN)

@ - rational number, such that 1/2 < o, < 2/3.

To illustrate the application of statistical regularity concept, consider the decision
making problem with loss function Z(6, u), where L is a bounded real function on the set
© x U. (Here L(6, u) determines the loss corresponding to the chmce u, when the unknown
parameters value is 6).

_Assume that the realization of parameter 6, is characterized by statistical regularity

P(0), described above. Following [2], in this case we may evaluate our decisions by the
ptimality criterion

K@w)= sup [Lou)a, + L(Lu)-(1-a)i = sup {[L(ou) — L(1,u)] 4+L(Lu)},
1/2<¢;<2/3 1/2<0;<2/3
[LOw~L(1,u)]-2/3+ L(lLu, if L(Ou)>L(l,u)

i e L ={[L(0,u/— L(Lw]-1/2+ L{tw, if LOw<L(lu)

3

Equivalently K(u) = {

2/3L(0,u) +1/3L(Luy. i L(O,u)> L(1,u)
1/2[1.(0.)+ LOLu)). if L(0,u) < L(Lu).
Now the decision aking problem reductd to the problem
K(u) - inf, u € U.
What is transformable (v ioliowing iwc mathcmatical programming proolems
L0, u) = L(1, u) — inf, subject to L(0, u) > £.{1. u), u € U, and L, u) + L{1, u) — inf,
subject to L(0, u) < L(1, u), u € U.
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The Investigation of Photoelectrical Characteristics of Silicon
Semiconductor Structures by Dynamical Lattice Method

Presented by Academician N. Amaglobeli, June 27, 1997.

ABSTRACT. By dynamical lattice method based on the phenomenon of light
diffraction on light-inducted periodical structure (lattice) from non-balanced charge
carriers the photoelectrical characteristics of semiconductor structures has been in-
vestigated on the basis of monocrystal silicon. It has been shown-that the dynamical
method sensibly expresses the quality of plate surface treatment through effective
lives of non-balanced charge because of difference of surface recombination rates,

Key words: DYNAMICAL LATTICE METHOD, DEFECT-ADMIXTURE.

New methods of active laser spectroscopy allow us to study the electrical properties of
semiconductor materials [1] by the dynamics of non-balanced processes.

The purpose of this work is the investigation of photoelectrical characteristics of
semiconductor silicon structures by the method based on the phenomenon of light diffrac-
tion on the light-inducted periodical structure from the non-balanced charge carriers.

Physical essence of dynamical lattice method supposes the defect-admixture system
state reflection in electrophysical parameters of silicon and through their connection with
optical characteristics in diffraction effectiveness 7, which is connected with the modula-

tion concentration change of non-balanced charge carrier AN = N oo N by 1atio:

- 7l 2 d 2
n, = (@) = [L Andz} = in{ (Nm;Nmm)dZ}l :
] 221»! 2\, ] 'o[ )

In its turn modulation concentration is stipulated by generation, recombination and
diffusion processes of non-balanced charge carriers:

‘ ~5¢h
ANG) = aylyy [ dz [ ft-8)e  *'dg
0

In these formulae: @ is phase running of the wave at wave length A, by passing the
lattice; An is magnitude of light-inducted refraction index An = n,, x AN, where n,, is
modulation factor of refraction index by single e~/ couple; f{f) is time form of laser
impulse; 7, is decay time of dynamical lattice; d is the thickness of the sample.

The induction of dynamical lattice on the plate surface and their synchronous sound-
ing (for these purposes the second and the first laser harmonics were used) have been
carried out on the experimental plant containing solid impulse laser (impulse duration
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' 3ms), laser radiation detectors, measuring system of collection and treatment of dités on
computer.

In these expenmems the excitation level 7, at wave length 2,= 0.53 mkm (absorption
 factor &, = 8x10” cm’ )and , at wave length 4, = 1.06 mkm. Intensities of passed /,. and
 diffracted in first degree of bunch diffraction 7, at wave length A, have been recorded.

The samples represent the monocrystal sulcon plates (® = 76 mm) grown by
Chokhralsky method in direction <100>, alloyed by phosphorus (#-type) and boron (p-
type). For structure formation (n-n and n-p transitions ) the method of ion alloyage was
used The ion implantation P and B has been carried out on the plant "vcsm ius-3M":

E,,= 10kev, D, (dose) = (1+ 4)x10 cm™ ; Ep, = 10kev, Dy, = (10™+4)x10 em”. Besides,
for the formation of isotype n-n" and p- p transmons all platcs on the back side were
implanted by ions P and B with energy 60 kev and dose 4x 10" cm™.

The ion implantation for dose, usually used for making photoelectrical semiconduc-
tors, leads to the whole amorphisation of surface layer with thickness ~0.2 mkm. The
removal of radiation damages in implantated area is reached by the corresponding anneal-
ing through epitaxial recrystallization of amorphous layer on the lower nondamaged
crystal structure.

On the experiment at the given constant (with accuracy +5%) excitation level 05
capacity 7'= I,/ and diffraction effectiveness 7 = 1,1, of the investigated plates, averaged
according the results of 10 and more measurements were calculated.

The experiments with ion-implanted Si [2] showed, that the decrease of diffraction
effectiveness is stipulated by the imperfectness degree of crystal lattice, which may be
described qualitatively through the effective life and quantitatively through the value of
diffraction effectiveness. For the initial plates the ratio of diffraction effectiveness of
frontal (working) and back sides is 3:1 for n and 2:1 for p. After the implantation ‘this
ratio as well as the value of diffraction signal appreciably decreases for both n and p-Si,
but the thermal annealing of radiation defects restores both the perfectness of the crystal
structure and the initial values of 7. However, for #-Si apparently more whole admixture
activation takes place and the diffraction signal decreases till its initial value and more,
which may be connected with restoration by annealing of more perfect structure than the
initial one [3]. This effect is more expressed for the surface of comparatively low quality
surface. It must be noted, that dynamical lattice method in this case expresses the prop-
erties of surface area with thickness of ~2 mkm, i.c an implantated area and adjoining
defective area. Clear correlation between 7 and 7 was also observed.

Thus, the quality of made structure may be estimated by ratio of diffraction effective-
ness of working and back sides and corresponding meanings of these values for the initial
plates. In p-Si the initial parameters of layers aren’t restorated for the structures. This may
be possibly explained by incomplete annealing of defects at their high concentration

TS
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Universal Method for Control of Heat Carrier Leakage from
Various Contours

Presented November 3, 1997

ABSTRACT. In the article the need for the elaboration express methods for the
monitoring leak-proofness of the electric power generation and heat transfer sys-
tems in every kind of power units is substantiated. It is shown that one of the most
promising directions in the leak-proofness control for the electric power generation
and heat transfer contours of power units is the creation of a universal method of
leakage monitoring.

The block-diagram of an electronic system based on personal computer enabling
the registration with high precision of the starting moments of leakage of a working
medium out of a circulation contour is represented.

Based on the electronic systems there may be developed automated remote con-
trol systems for the monitoring of the welding seams leak-proofness along fuel (oil,
gas, mazot) pipelines, which would be capable and instantly registrate the starting
moments of {uel leakage out of the pipelines, and also indicate the places where they
nceur and switch on alarm and protection systems.

Key words: MULTILAYER SENSORS, POWER UNIT, ALKALI METAL,
PSEUDOCAPACITOR, CAPACITANCE, EXTERNAL METALLIC ELECT! RODE, MUL-
TILAYER EXTERNAL ELECTRODE, WORKING MEDIUM, DIELECTRICAL PER-
MITTIVITY, TITANIUM, TANTALUM, TITANIUM OXIDE, TANTALUM OXIDE,
GERMANIUM.

The electric power generation, transformation, and heat transfer systems of every
modern power unit contain, without exception, the circulation contours for the alkali
metals, their cutectics or other working media (water, water vapor, oil, gas). Disorders in
tightness of such contours lead to uncontrollabie changes in the parameters of the units,
which end up in their break down and local ecological poliution [1]. Accidents like that
on power unifs could be avoided, if the very starting moments of leakage of a medium out
of a circulation contour were detected in time.

These problems are very urgent [2-4] and being studied intensively [5-8].

The availabie leak-proofness control methods for the circulation contours can be
divided into two groups. The first group contains the direct methods for detection of a
working medium, leaked out of the system, the second one consists of methods for the
registration of the secondary effects caused by working medium leakage. The methods of
the first type are of less interest, since they are used in vacuum and practically only in
sodium containing systems, where owing to the ample quantity of sodium, even its con-



Universal Method for Control of Heat Carrier Leakage from Various Contours \\39/%/

TETTIT020

Lo U01949

iderable leak does not lead to the significant changes in the parameters of the unifs. The
same is true in the cases of turbo-generators.

The situation is completely different, when the leakage of a sodium containing cutec-
fic into the atmosphere takes place. Since sodium and other components of eutectic
possess different kinetic-thermodynamic properties, they leave the system at different
rates; this leads to the nonuniform changes in contour components and, consequently,
uncontrollable changes in the working temperatures of an eutectic.

One of the most developed directions in the leak-proofness control in the power unit
contours containing alkali metals is the creation of solid sensors [4,5]. The operation
principles of sensors like that are based on changes in electro-physical properties of their
sensitive elements as a result of their contact with alkali metal atoms. Nowadays, from
technological and constructional points of view, semiconductor, carbon-graphite and,
especially, multilayer sensors of alkali metals [8] are best developed. In general even the
best alkali metal sensors (multilayer system metal-insulator-germanium) are not able to
detect those working mediums, which do not interact with the active layer of germanium.
Besides, mechanical contacts are unreliable, and special low resistance multilayer con-
lacts are too expensive. Generally, solid sensors of every type show inertness towards one
or another kind of working medium. That makes impossible the use of a single type
sensors for detecting the leakage of any kind of working medium. ;
The problem of registering starting moments of leakage of any working medium can
be successfully solved if we manage to check continuously the condition of the environ-
ent adjacent to the controlled surface (those are, first of all, welding seams and their
ljacent areas in the texture of a contour) and not the condition of a sensor itself, as it is
e case in other methods.

To realize the method, it is necessary to place an electrically insulated thin external
metal electrode, repeating the checked space configuration, at the checked surface as close
a possible. As a result a flat or cylinder type pseudocapacitor is formed, in which the

fchecked surface serves as one of the plates of the capacitor and the outer metal electrode
- as the other one.

The capacitance of any kind of capacitor depends only on geometrical sizes of its
plates, their shape, gap between them and dielectrical permittivity of a medium filling it.
In case of leakage of working medium, its components appear in the gap-of ¢
pseudocapacitor; this leads to the changes in dielectrical permittivity of the medium, and
consequently, in the capacity of a pseudocapacitor.

Thus, if at the moment of leakage we manage to méasure with high precision the
change in the capacity of a pseudocapacitor, the relative value of which can be caiculated
by equation . g

AC  Ae

T e
then we shall be able to register easily the moment of a working medium leakage out of
any contours.
- The capacity of a pseudo-capacitor can be measured with various methods: using
amperemeter and voltmeter, by direct measurement, by comparison (bridge method) or
resonance method.
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From the methods for the precise measurements of small capacities thenreso

method is the best. The contour contains an electric voltmeter connected parallelly with
the pseudocapacitor and a high frequency generator. The frequency of the high frequency
generator is changed until a certain frequency resonance is reached, which is indicated by
maximum reading of the electronic voltmeter. Total capacitance is calculated by the equa-
tion :
1

(2710 )2 O ()]
where f, is a resonance frequency, and L, - natural inductivity of the high frequency
generator coil.

The total capacity of the circuit is the sum of capacitances of the pseudocapacnor the
coil itself and the construction.

The most precise scheme for the measuring low capacitance is that of developed in
the research institute "Optica" based on PC and which is designated for the study of liquid
turbulence problems by measuring electronic quantitics without any influence on turbu-
lent flux of liquid even at microscopic level. The range of this system is 10-500 pF, and
the precision - 1.0 pF.

The same scheme served as the base for an electronic system model, which enables|
the measurement of pseudocapacitor's capacity with high precision. A block-diagram of
the model is represented in Fig. 1. It consists of a pseudocapacitor, termocouple, signal
converter, parallel-software port and computer.

One plate of the pseudocapacitor is formed by surface of the pipeline (2), the other
one by multilayer external electrode, consisting of metallic base layer (1), dielectric (3)
and active sorbent (4). In pipeline (2) semimetal eutectic or gaseous working medium is
flowing. On the surface of the inner plate of pseudocapacitor two thermoresistors ),
measuring temperature at the upper and lower borders of the pseudocapacitor are placed.
The value of the capacitor's capacitance, converted into voltage in the signal converter
(6), together with thermoresistors readings go into multichannel commutator (7), which
is connected with analogue-digital converter (8). After that the coded information goces to
the parallel-software port (9), which regulates counting modes of incoming data and
sends obtained results into PC (10). Channel commutator receives signals from measur-
ing devices and sends received data to analogue-digital converter. The commutator has 8
input channels (6 for the thermoresistor signals, 1 for capacitance converter signals and
1 for photoresistor signals). The regulation of the work and order of the input channels is
carried out from parallel-software port by establishing channel addresses.

The softwares specially developed for this system provide the processing and visual-
ization of the information entering into PC.

The measurable quantity, characterizing the state of the space between pseudocapacitor’s
plates is capacity, which according to (1) is a function of dielectrical permittivity C =fg).
Dielectrical permittivity between the plates of pseudocapacitor (checked surface - external
clectrode) changes only in case of leakage of the atoms of the heat transfer from the!
controlled system. Therefore the measuring of the capacitance of the pseudocapacitor and
the registration of the changes in time of its values enables the determination of the
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Fig.1. Block-diagram of the electronic system

moment of the working medium atoms leakage from the system. The precision of mca-
surement is 0.5 pF, and the range - 1-800 pF.

The electronic system of measurement and the methods of information processing, in
contrast with resonance methods of capacitance measurements, do not require a high
frequency generator. So, the capacitance of the pseudocapacitor itself and not the total
capacity of the capacitor, coil and assembly scheme is measured. In the case of necessity,
as a high frequency generator, PC may be used.

Electronic system and methods make it possible to perform the registration of char-
acteristic parameters of the process in a completely automated mode (i.e. to automate an
experiment). This, in its turn, makes it possible to make complete automation of the
control systems of the circulation contours of power units and ensure practically immedi-
ate switching on of the alarm and protection systems in case of the leakage of the working
medium from the contour under control. Measurements are made in an idle operation
mode and are not dangerous for the electrical system even in the case of contacts between
the plates of a pseudocapacitor.

In the universal method of detection the leakage of a heat carrier agent from the
contours of different functions, developed by us, the use of multilayer external electrode
makes it possible not only to register the moment of leakage, but also to utilize leaked
substance in case it reacts with the active layer of the external electrode. As investigations
showed, in the cases of liquid metal contours of nuclei power facilities, when as a heat
carrier or working medium sodium and its eutectic alloys with other alkali metals are
used, the best substance for the sensitive layer of the external electrode is germanium
[8,9]. and the most efficient external electrode is a thin film system tantalum (or titanium)
- tantalum (or titanium) oxide - germanium. .

In this case the most practical procedure is a creation of a dielectrical layer of tanta-
lum or titanium in the process of anode oxidation of tantalum or titanium surface, and
then placing a germanium layer over the oxide surface. It is obvious, that a pseudocapacitor
- checked surface - multilayer external electrode will be formed with a high nominal
capacity, which is due to the high values of dielectrical permittivity of tantalum and
titanium oxides (20 and 80 accordingly), as well as to the possibility of obtaining very thin
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layers of dielectrics. For the measuring of the thickness of an insulator layeaé'%mﬂeaﬁ
interferation methods are used, and for the obtaining of thin layers of germanium the
three electrode ion-plasma method is used, which enables the creation of tantalum or
titanium oxide layers and then a germanium layer over them in a single process, without
“amaging vacuum.

Using the above technological procedures there were produced multilayer external
electrodes with circular (Fig. 2.a) and band like (Fig.2.b) configurations.

In the first case the metallic base layer of a multilayer external electrode is made of
approximately one millimeter thick titanium disc of a given diameter, and in the other
case of a tantalum band of a given lengths, 15-20 mm wide and 0.2-0.3 mm thick. On the
lower surface of the metallic base layer of an external electrode, by use of the spot welding
method, metallic leads are fixed for connecting to electronic control system, and on the
upper surface of it there are deposited subsequently corresponding rmetal oxide and ger-

aanium layers. A band type external electrode forms an elastic system, which is mounted
on the surface under control repeating its shape and, in case of alkali metal leakage,
making its utilization.

At present under the grant financed by Eurocouncil under the aegis of the Interna-
tional Scientific Technological Center, the work for obtaining analytical equations de-
scribing the leakage process, polarization of components of leaking working medium,
diffusion-intercalation of various impurity atoms and ions in the nonhomogeneous di-
electric is being carried out. .

The development of adequate algorithms and software products will enable us to
create a physical model of working medium leakage out of any contour and a completely
automated system for the monitoring leak-proofness of the contours.

Based on the above mentioned electronic systems there may be developed automated
remote control systems for the monitoring the leak-proofness of welding seams along fuel
(oil, gas, mazot) pipelines, which would not only register, practically instantly, the start-

Germanium
Tit. oxide
Titanium

Top view r Top view

Leads
a b

Fig. 2. Multilayer external electrodes of different configurations
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ing moments of fuel leakage out of pipelines, but also indicate the places where they occur
and switch on alarm and protection systems. It is not difficult to anticipate the economic
advantage of the use of systems like that for the companies engaged in extracting and
 transporting fuels and ecological advantage to avoid ecological catastrophes for the

countries through the territories of which fuel is being transported.
This work was supported by International Science and Technology Center (ISTC)

Grant G-25.
Sokhumi Institute of Physics and Technology
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Inﬂuence of Isotropisation of Chemical Bonds on Anisotropy of
Photomechanical Effect
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ABSTRACT. The anisotropy of photomechanical effect (PME) is experimentally
studied on monocrystalline Si, illuminated by photons of various spectral composi-
tion. It is shown, that nonequilibrium charge carriers arising under influence of light,
promote change of atoms positions not only owing to weakening of chemical bond
strength, but also as a result of decrease of chemical bond anisotropy, that causes
change of microhardness (MH) anisotropy.

Key words: MICROHARDNESS, PHOTOMECHANICAL EFFECT.

Photomechanical effect (PME) or change of microhardness (MH) of substance in a process
of its lighting [1] takes place, when displacement of a certain part of the substance is facilitated
under influence of indentor. This is caused by increase of atoms mobility in the substance.
Since MH amsotropv in covalent crystals is determined by anisotropy spatial orientation of
rigidly directed sp hvbnd bonds, or electronic structure [2], therefore change of MH anisotropy
in covalent crystals should be a change of spatial orientation of hybrid sp® orbitals.

The purpose of this work was to determine the influence of isotropisation of chemical
bonds on atoms position change on a basis of comparative study of MH anisotropy in
monocrystalline Si. MH anisotropy was studied in darkness and under the irradiation by
light of two various spectral composition. Specifically, by photons hv>E_and hv<E_(where
hv is the energy of photons and AE is the width of Si forbidden zone). We have studied
(100) surface of monocrystalline n-type Si without dislocations, with specific resistance
p~200 ohm.cm. Measurements of MH in darkness and in lighting, preparation of sample
surface was made according to the methods, described in [3].

As it is known [2], due to Si crystallographic symmetry the dependence of MH values
on angle has one and same form within intervals of angles 0-90, 90-180, 180-270 and 270-
360 between the long diagonal of Knoop indentor and chosen crystallographic direction.
Respectively, MH values for the plane (100) are equal for all directions <100> and <110>.
On the surface (100) the direction <100> has more hardness, than the direction <110>,
hence MH values change periodically from minimum to maximum (Fig. 1, curve 1). It is
clear. that anisotropy must be caused by orientation of an indentor in respect of the di-
rected sp’ chemical bonds. Let us consider this question in detail.

In Fig. 2 the two-dimensional analogue of configuration of atoms and directions of
chemical bonds on the surface Si (100) is given (the Figure corresponds to the non-
reconstructed and non-relaxed surface [4]. As much as indentation depth contains large
number of atomic layers, the influence of the layer may be neglected. In reality chemical
bonds, do not locate on the surface, but form a certain angle with the surface (Fig.3). Asit
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kg/mm? “is seen from the Fig. 2, when long dl‘ﬁgéjﬂ'ﬁf“
1700 t I of Knoop pyramid is perpendicular to the
projection of chemical bond and parallel
1600 on the Si (100) surface, the value of MH is
I- k6o | - minimum (a), and when the same diagonal

of Knoop pyramid makes 45° angle withi the
projection of chemical bond on the surface
(100), then MH value is maximum (b). If
we take into consideration that for covalent
crystals (of Si and Ge type) normal ¢lastic-
ity modulus is maximuimn, when a force is
directed along to rigid covalent bonds [5].
then it is obvious, that in a case of ma\xmum
MH value spatial orientation of sp’
Fig. 1 The dependence .of MH on Si (100) surface on the hybridized orbitals in respect to the stress,
angle of diagonal of Knoop pyramid with <100>  jnduced by indentor on the crystal surface.
g’;e;‘?; d:;k’;;isztﬁ: ';iz‘;;g}:\‘:i(é 33)]"23 the greater part of chemical bonds undergo
photons with energy hv>AE,). compression, than in the case, when MH
value is minimum. It is also obvious, that
in the case of minimum value of MH the direction of stress, caused by indentor, makes
definite angles with directions of covalent bonds, that causes a tensile deformation, that
more greatly weakens chemical bonds, than in the previous case.

The investigations have shown anisotropy of MH on the given crvstdllographxc sur-
face to be dependent on the spectral composition of light (Fig.1, curves 2, 3).

To explain the phenomenon we shall consider. what decreases MH under influence of
light. As it was shown in [6] PME is caused by arising of antibonding quasiparticles free
clectrons and holes (AQP). They change spatial directivity of electron clouds and decrease
bonding energy of these atoms, near which they occur in their chaotic motion. It promotes
facilitation of change of atoms positions. Thus, change of mutual mobility of atoms is
caused by change of interaction and spatial directivity (anisotropy) of electron clouds of
clectrons. participating in chemical bond, that in general manifests itself in PME.

The curve 2 in Fig. 1 corresponds to the case, when crystal surface was lighted by
photons with energy hv<AE_and the curve 3 — to the case of photons with energy hv>AE
Comparison of the curves with the initial one shows, that crystal directions on the surface

1400
%
1300

1200

HOO[—
1

L ;
D 530 45 60 75

Table 1

{(H,-H)/H, d}%-relanve change of MH (where H, and H, are the values of MH in darkness and under

llghtmg, respectively). H<m>/xi<m)-grade of py (ratio of maxi and mini values of
MH on the given plane) in two different cases: hv>AEg and hv<AEg.

Spectral H,-H, B Quality of anisotropy
ingredients of S % for Hei00-/Herr0
radiation d
the direction <100>
hv>AE, 25 1.1
hv<AE, 18 117
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Fig. 2 The configuration of atoms and projections of chemical /;
bonds on (100) surface of monocrystalline Si and two dif-
ferent locations of indentor, corresponding to minimum Fig. 3 ';he spadual‘(itelrahe: rall) configuzation
(a) and maximum (b) values. of hybridized sp” orbitals.

change their MH values differently under the influence of light w1th different spectral
composition. For the direction <100>, corresponding to high MH (45° in Fig. 1), the value
of PME under the influence of light with energy hv>AE, is higher, than in the case of
hv<AE_ . The curve 3 in Fig. 1 is more smooth, than the curve 2. It is well seen from the
data in the Table 1. Proceeding from the experimental results the crystal illuminated by
photons hv>AE is more isotropic, than the crystal illuminated by light hv<AE As it is
known [7], formauon of indentation has elastic-plastic character and during formauon of
indentation under an indentor the imperfect structure is formed that contains various defects
(point defects, dislocations etc. [8]). Because imperfect area has not crystalline structure,

causing MH anisotropy, therefore MH anistropy should be caused by the surrounding
defectless crystalline arca. Indeed, the photons with energy hv<AE, are absorbed only in
the damaged area of indentation, and surrounding area is transparent for this light. But,

since the damaged area is isotropic, the anisotropy does not change. Therefore anisotropy,
stimulated by this light, is almost the same, as in darkness.

In the case of photons hv>AE_ AQP are generated in defectless area, surrounding this
indentation, because, according with [9], absorption of photons with energy hv>AE_ in
the defect area is smaller, than in the defectless area. AQP decrease binding force betweén
atoms and also a share of rigidly directed in space p states at the expense of increase of a
share of isotropic s states.

As it was noted above, compression of chemical bonds corresponds to the case of max
MH. Therefore a small change of rigidity of chemical bonds (isotropisation) will cause
comparatively more decrease of maximum value of MH, than of MH, corresponding to
minimum value of MH when chemical bonds are weakened as 2 result of tensile and
bending deformation. Proceeding from this, a difference between maxima of curves 2, 3
(Fig. 1) should be caused by partrial isotropisation of rigidly directed covalent bonds in
defectless area, around an indentation, or so-called "smoothing".

Thilisi I. Javakhishvili State University
Kutaisi A. Tsereteli State University
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Diffraction of Electromagnetic Waves on the Periodic Thin Strip
Lattice Located in Medium

Presented by Corr. Member of the Academy T. Sanadze, December 25,:1997

ABSTRACT. By strict mathematical approximation and using a method of itera-
tion there has been solved a task of diffraction on flat electromagnetic wave on the
lattice formed on thin infinitely long, completely conductive strips located in a matter
medium. Analytical expression for the diffraction spectrum of scattered field was
obtained.

Key words: ]éLECTROMAGNETIC WAVES, DIFFRACTION, THIN STRIP LAT-
TICE, FOURIER COEFFICIENTS.

Let us assume S is a flat surface which divides free space from a matter medium where |
on the depth of level I an infinitely long and completely admitting lattice formed of ex-
tremely thin strips is embeded. Lattice orientation in the XOY plane can be observed in
Fig. L

7o
77 };;)///ﬁ// 7

Fig. 1. The periodic lattice formed of thin strips is loca!ed in dielectrical medium.

Let us assume that from the area I E-polarized wave falls on the medium II:
E, =D | )

where k = 2772, A is a wave length in free space.

Our problem is to determine a scattered field in both media, the field being formed due
to diffraction of primary field on the given system.

Scattered field in free space can be expressed as follows:
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w
E, =Dy ZRmeigmy—ihm(X--I)’ @

m=—0

where g = 2zm/d, h = ,I k* - g2 , R are the unknown constants of diffraction spectrum.

In the matter medium

%) y; "
E,= Z (Ame"""x + Bme"’hm"')e’g’"” (O0=x<i-w<y<w) 3)
m=—a0
By ZC,,,e’gmw"h;x (r<0~w<y<o) @)
s

where 4, B, C are the unknown constants, h;,, = \jkze, —g,z,, :

Our main goal is to determine the field factors. For this reason it is necessary to use
the limiting conditions, which lead us to the dual system of functional equations:

t ; ! /
z C, H e =1 (— - sys 5) (on clearance),

m=-

Z C,e =0, (é <y s%+ a) (on a strip),

where
H,=2hq, /0, f(k), he=h,h,
(37 — (l—ym)e"h;"l +(1+ym)e’h;"l, )
F)=~{1-po)e ¥ +3 (4 75) Lo,
0o = (1+70)eﬂh(’)l +(1 —VO)eihbl .

When a specific case is considered, when &—1 and /-0, the system (5) takes the
form:

z I Ce®n =1 (—é <y< 9 (on clearance),
o

© ©)
Z Ce® =0 (é <y< é + a) (on a strip).

4. "300889", ¢. 157, M3, 1998
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The system corresponds to a lattice located in free space. Analytical solutiGh 6f it
system (6) is possible only in case when the strip width is equal to the clearance width; A
method used is the factorization one [1]. ]

Strict numerical solution of the system (6) is given in [2,3]. In [2] the problem is
reduced to the Riman-Hilbert task. Solution of the task showed that the ¢, constants satisfy
the system of linear inhomogenous infinite algebraic equations of II type. Their numerical
solution is possible by using the computer reduction method. It must be noted that matrix
elements of the algebraic system have rather a complex structure; therefore high values of
reduction factor are to be used.

A method applied for the investigation of the system (6) is a modification of the method
applied in [4].

Solution of the system can be found in the following way:

1 @
Cu= ;szlzm(’”a) ™
5=0

where x_ are solutions of the system of infinite algebraic equations of 1I type:

iDa

Ye +%Z k=5 ®)
5=0

where
a=xlld, D=d/A,
e § @
Vi ia £
en == (2n+ 1){7 D680 +2., = hen (ma) sy (ma)} .
m=1
Matrix elements k, quickly eliminate with increasing of indices. Therefore the reduc-
tion constants can be limited by low values.
The results of numeric calculations are in good agreement with those given in ref. [2].

For the solution of dual system (5) may be used as it is proposed in [4]. For the X
constants we receive the system of infinite algebraic equations of II types

X+ 23 X 10 =122 s, O)
041 2

where

. io? = X,
T, = gHO (2n+ 1){% DSy 8,0+2Y m—;" Lig(ma)ly,, (ma)} o

m=i

i g (2n+ 1){% D680 +23 fmﬂ Ly (m@) Ly (m a)} ,

m=i
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" =h (Gm J/f(kl)

For the low values of o, the system (9) can be solved by iteration method and if we
iaD

limit it by first approximation X, = -

8,0/ (kl) , then according to the (6) there will

be received approximate values of sought for constants of the diffraction spectrum:

| c, = ’“D . ('”“)f(kz)(m 0,£1,42,..). (10)

; The constants 4, B, and R,,, can be determined with suitable relationships.

Georgian Technical University
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Corr.- Member of the Academy R Kiladze, T Kvernadze, M.Gikoshvili

Observation of Saturn Rings in Abastumani in 1995

Presented October 6, 1997

ABSTRACT. During the Earth transition through the planc of Saturn’s rings in
1995 the shservations of this phenomenon were fulfilled in Abastumani Astrophysical
Observatory. The moment of one of these observations exactly coincides with the
transition moment. The thickness of rings was estimated in 12 points. Their prelimi-
nary values vary in the bounds of 3-6 km.

Key words: SATURN RINGS, THICKNESS.

One of the most significant parameters of Saturn rings is their thickness. The first
objective estimations of this parameter were performed in 1966 during the Earth transi-
tion through the plane of Saturn rings by Kiladze and Focas and Dollfus using the method
of photographic photometry. They determined the thickness as 1.42 [1,2] and 2.8 km [3].

During 1980 transition the observations using electronographic camera were led to
the result 1.4 km [4,5].

The last measurements of the thickness were camed out by “Voyager-2” in 1981 during
its flight towards Saturn. The variation of brightness of star & Sco during its eclipse by the
rings was used to estimate the thickness which appeared to be equal to 0.15 km.

During 1995 transition the CCD observations were carried out at the Abastumani Astro-
physical Observatory using primary focus (16m) of 125cm Ritchie-Chretien telescope. The
CCD used were SBIG ST-6 Camera with 375x242 area and 23x27 mkm pixel. The scale was
about 0.3 arc sec/pixel. The typical exposures of Saturn were 10-60 sec. using standard B
filter. Two stars with UBV electrophotometry of about 10 and 7 mag were observed for rings’
flux calibration and the mean rms error of photometry appeared to be 0.007 mag.

Twelve successful nights were used from July 20 till August 27 with 10 or even 20
individual frames of Saturn.

The most important night was at August 10/11 when it happened to be the exact
moment of transition through the plane of Saturn rings.

The most significant problem for determination of rings brightness is a subtraction of
background. The mean backgrounds for individual points of rings were calculated. using
the scans along the corresponding concentric isophotal curves with identical parameters
as for image of Saturn limb itself. Photometry of the rings were performed for both sides
of Saturn and for C, B, A and F rings which correspond to the following distances from
Saturn centre:'84.000-145.000 km.

Preliminary reduction of observational data led to the following results:

1 The exact moment of the Earth’s transition through Saturn rings plane appeared to
be 017:03™£10™ of Universal Time at August 11, 1995. The CCD frame of Saturn rings
at this moment is shown in Figure:
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Fig. The CCD frame of Saturn rings at the moment of transition
Grabbed at 01:02:54 (UT) of August 11, 1995. Fnosure - 60 sec.

2. According to distance from the planet ring thickness varies in such a way: 4 km (C

ring), 6 km (B ring), 4 km (A ring) and 3 km (F ring) with rms error of about +0.5 km (Table);
| 3. If we omit the observations of August 10/11 then the extrapolated value of thick-

ness equals 1-3 km, which corresponds to the earlier estimations (Table);

4. The new estimations of Saturn ring thickness contradict with well-known “plane-
parallel” model of Bobrov [6].

In Table following data are given: distance from Saturn’s centre (in arcsec and km),
an apparent equivalent thickness of rings for both (east and west) sides and extrapolated
thickness (if we omit observations of August 10/11).

Table
Thickness of Saturn Rings
Distance Thickness Extrapolated thickness i
Arc sec 10°km | East | West East | West
13.2 84 3.6 4.2 15 0.5
14.1 90 58 5.1 2.4 0.8
15.0 95 6.1 550 24, 1.4
15.8 101 6.6 6.1 3l 1.6
167 106 6.1 6.1 3.0 23
17.6 112 6.1 59 25 2.4
18.4 117 S5 59 2.3 2.4
19.3 123 4.7 5.4 2.1 21
20.2 128 4.8 5.4 2.4 2.4
21.0 134 4.7 Sl 2.6 3.3
21.9 139 39 4.9 2.3 35
22.8 145 218 3.5 2.2 3.0
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ANALYTICAL CHEMISTRY

O. Manjgaladze, F. Brouchek, N. Telia
Acid-Base Properties of Azo- and Oxiazo-Derivatives of
Rodanine and their Application Ability in Chemical Analysis

Presented by Academician G. Tsintsadze, S ber 8, 1997

ABSTRACT. It was established that azo- and oxiazo-derivatives of rodanine are
perspective reagents for analytical chemistry and photometry.

Key words: RODAZOLE, SULPHORODAZOLE, CHLORORODAZOLE, PHOTOM-
ETRY.

The states and properties of some azo- and oxiazo-derivatives of rodanine were stud-
ied spectrophotometrically in diluted solutions. Taking into account the acidity of me-
dium, forms of their existence and the fitness of these first-synthesized compounds for
forming intensively coloured compounds were established. Among oxiazorodazoles the
complexes of rodazole and chlororodazole with copper (II) and nickel (II) are differed.

Heterocyclic azocompeunds. The pecularity of rodanine azocompounds [1-4] is that
at the same time they contain three atoms with strong donor properties: oxygen, nitrogen
and sulphur. The presence of imino- and carbonyl groups makes the properties of these
compounds peculiar. Most of them are yellow or red crystalline.compounds. They are
badly-soluble in water and well-soluble in organic solvents; in solutions they undergo

tautomeric transformations.
g T aw
X —N=
N=N o

MBAR (X=CH,); SBAR (X=SO,H)

Methylbenzoazorodanine (MBAR) and sulphobenzoazorodanine (SBAR) are
correspondingly amorphous yellow and
crystalline compounds. They are well-
soluble in ethanol, acetone, dimethyl-
formamide and acetic acid.

The absorption electron spectra
were studied in different acidity of the
medium. As we can see in Fig.1, in acid
medium in the interval of pH 1-3, the
maximum of absorption of SBAR solu-
tion is equal to 420 nm. In this condi-
tion the compound is presented in neu-
Fig 1. The absorption spectra of solutions of SBAR at different tral form and hypochromic effect was

intervals of pH: 1-1.0; 2-3.0; 3-7.0; 4-9.0; 5-12.5 observed (Table 1).
(C,=1.9x10"M, I=lcm).

L L 1 ¢ 1 1
410 430 450 470 490 510 530 550 570 Anm
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Table
Acid-base properties of azoderivatives of rodanine

N [pH (Acidity)[The form of ligand[Colour [am [The effect of absorption
SBAR

1|13 H,L° yellow 420 | hyperchromic -

2k 8 e HL "----" 1420 | hyporchromic =

3 7-10 HL* yel-orange (430 | -----eeeee

4 |1 >10 taut. red-orange |500 batochromic
MBAR

1 | 5NH,S0,4 HL* red-violet [510 | -=-m-omeome

214 HL® yellow [430 | hyperchromic ~

3 | 4-10 152 "----" 1430 | hyporchromic =

4 | >10 taut. red-violet |510 batochromic

*Hyperchromic shift: A = 0.4-0.7 (for SBAR) and A = 0.5-1.0 (for MBAR).
** Hypochromic shift: A = 0.7-0.4 (for SBAR) and A = 1.0-0.4 (for MBAR).

In the interval of pH 3-7 the maximum of absorption of solution was not changed and
because of dissociation of sulpho-group, hyperchromic effect was observed. In neutral and
weak-alkaline medium (pH 7-10) the optical density of solution was unchanged and
hypochromic effect can be explained by dissociation of imino-group of rodanine cycle.
The intensity of solution colour changes slightly.

At pH 12.5 colour changes sharply and from yellow-orange transforms into red-
orange (500 nm). Slight batochromic effect is caused by tautomeric transformation of
organic compounds (A = 80 nm).

Nearly analogous results were established for MBAR. The acidity of medium effects
on the colour of solution. At pH 1-4 hypochromic effect was observed, which can be
explained by deprotonation of organic reagents and the domination of their neutral form
in this interval of acidity. At pH 1-4 the hyperchromic effect is connected with dissocia-
tion of imino-group of rodanine cycle of organic reagent (Table 1).

Heterocyclic oxiazocompounds. For investigating acid-base properties of
oxiazorodanines [5-7] the absorption electron spectra of coloured solutions were studied
at different acidities.

O o

ot - iz
X

Rodazole (X=H); sulphorodazol (X=SO,H); chlororodazole (X=CI).

)

The example of sulphoazorodazole indicates that in acid solution (pH 1.0-3.0) or-
ganic reagents present in molecular states and slight hyperchromic effect (A, =420) was
established. In the interval of pH 3.0-7.0 the maxima of coloured solutions were not
changed, but the appearance of orange colour indicates the dissociation of imino-group
and formation of double-charged anionic forms of organic reagents.

In weak-alkaline medium (pH 7.0-10.0) hypochromic effect takes place which is
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500

. d 600 A.nm
Fig.2. The absorption spectra of sulphorodazole
solutions at different interval of pH: 1-1.0;
2-3.2; 3-7.0; 49.2; 5-12.5;

(€,=2¥10™M, I=1cm).

connected with the formation of additions
ionic form as the result of dissociation of hydroxyl-
group.

From pH 12.5 organic reagents sharply change
their colour and become red (Apax = 460nm). Si-
multaneously batochromic shift of absorption band
takes place (AL = 40 nm). It is connected with
tautomeric transformation of organic reagents.

Tautomeric transformations take place in con-
centrated solutions of sulphuric acid and the colour
changes from yellow to red. In strong acid me-
dium protonation processes takes place (for
sulphorodazole such form can be manifested as
H,L"). In weak-acid solutions neutral particles
dominate (H3L°). In neutral medium both suipiio-
and iminogroups are dissociated and red-orange
ionic forms (HL*) appear in solution. In weak-

alkaline solution hydroxyl group of benzene ring also dissociates and the colour becomes
red (L™). Finally tautomeric transformation takes place and the colour of solution sharply
changes.

With application of organic reagents the qualitative study of inorganic ions were
carried out (Table 2). It was obtained, that many ions of d-metals form with rodanine
oxiazo derivatives coloured intercomplex compounds, which can be used in chemical
analysis. Many of these complexes are soluble in the system of water-organic medium
and form orange (for example: zinc, iron and nickel - with rodazole) and red (copper and
nickel - with chlororodazole). The ions of iron with chlororodazole and ions of mercury
with both oxiazoderivatives form hardly-soluble sediments.

Table2

Qualitative reactions on cations of d-metals with Panicipicatiun of oxiazo derivatives
of rodanine (1.10” M metal, 5.10” M organic reagent)

N M e s A0S pH [ Aw | A0
Rodazole (1 = 2cm) Chlororodazole (1 = 3cm)
1 | Copper (1) 8.15 490 700 7.05 540 | 700
2 | Zink(I) 8.15 490 240 820 490 | 250
3 | Cadmium (II) F/ELS 490 1] 8.20 490 160
4 | Mercury (IT) - - - = e &
5 | Aluminium (IIT) | 7.15 490 360 7.05 490 | 440
6 | Lead (I) 7:15 490 130 7.05 490 | 355
7 | Manganese (II) | 7.15 490 150 3.00 490 | 160
8 | Iron (III) 8.15 490 430 - - -
9 | Cobalt (I) 7.15 490 360 5.00 490 | 450
10 | Nickel (1) 6.50 500 500 7:20) 490 | 460
ot 8.15 490 440 7.50 510 | 520
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Spectrophotometrical investigations have shown, that the optical density of
intracomplex compounds of rodazole changes in interval 0.115 - 0.700; for chlororodazole

-0.250 - 0.700. The maximal values have complexes of copper .0.700) and nickel (0.500-
0.520)

Thus, according to our investigations, heterocyclic azo- and oxiazocompounds can be ,
considered as effective reagents in qualitative analysis and in photometry.

Thilisi 1. Javakhishvili State University
Georgian Technical University
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ANALYTICAL CHEMISTRY

V.Eristavi, V.Ivanov, D Eristavi, N Kutsiava

Atom  Absorption Method of Determining Molybdenum in
Sulfuric Acid

Presented by Academician T.Andronikashvili, May 11, 1995

ABSTRACT. Atom absorption spectrophotometric method of determining mo-
Iybdenum in sulfuric acid has been developed using it in technological processes of
producing hydroxyl-amino sulfate in Rustavi Industrial Amalgamation "Azote". The
essence of the method is to determine the value of selective absorption of emission of
resonance lines by the atoms of the analyzing element by means of atom absorption
spectrophotometer "Saturn".

Key words: MOLIBDENUM DETERMINATION IN SULFURIC ACID, ATOM
ABSORPTION SPECTROSCOPY.

Peculiarities of technological processes in Rustavi Industrial Amalgamation "Azote"
producing hydroxyl aminosulphate require to determine molybdenum in sulfuric acid
because if its concentration exceeds 0.1 mg/kg, there occurs accelerated aging of plati-
num catalyst and platinum gets out of order. )

Atom absorption spectrophotometry method has been used for determination of mo-
lybdenum in sulfuric acid. Recently this method is considered to be most effective to
define metals in fluidal phasc [1,2]. It is based on determining the value of selective
absorption of emission of resonance lines by the atoms of the analyzing element using the
samples preliminary chemically treated.

Preparation of the samples for analysis: 200 ml of concentrated sulfuric acid was
placed in quartz vessel to be evaporated to dryness over the sand bath (on the surface of
the dricd mass a trace of sulfuric acid anhydride should be observed). A bit warm precipi-
tant was drenched with distilled water and after 15 min the whole amount was transferred
to the 100 ml measuring flask filled up to the mark. After that it was regulated to the
solution of pH2.2-0.4 value and transferred to the separatory funnel, where 10 ml of
extracting solution (0.75 g of oxyquinoline dissolved in 100 ml of methyl isobutylketone)
was added to. It was allowed to stand in water for a minute and then was shaked violently
for 15 min. After division in two phases the organic phase was removed and sprayed
immediately through acetylene azote oxide flame. Organic phase can be stored for conser-
vation in a well-stoppered glass vessel.

Analysis. Standard solution of molybdenum with weight concentration of 1 'mg/ml
was prepared to make up the calibre diagram. On this purpose 1.8403 g of ammonjum
molybdate (NH,), Mo,0,,4H,0 was dissolved in distilled water diluting it up to 1 / in the
measuring flask. Out of it 10 ml of solution was transferred to the 100 ml measuring flask
filling it up to the mark by adding the distilled water. Solution obtained was used to
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prepare comparative solutions with concentration of 0.5 mkg/ml, 1 mkg/ml, 2”fﬂl€§7”“

mkg/ml transferring 0.5 ml, 1.0 ml, 2.0 ml, 5.0 ml of corresponding adequates to the Il
ml measuring flask filling it up to the mark. Solutions obtained by distilled water wei
transferred to the separatory funnel, where by means of above mentioned method molyh-
denum oxyquinoline was separated (extracted) by methyl isobutyl ketone. Molybdenum
atoms were atomized in acetylen-azote oxide flame and the value of absorption of emis-
sion of resonance lines (extinction) by the molybdenum atoms was detected . By meansi
of atom absorption spectrophotometer "Saturn" the calibre diagram of "metal concen-
tration (extintzion)" was made up, according to which molybdenum concentration in the:
analyzing solution can be detected. Conditions of molybdenum concentration determing-
tion in analyzing and comparative solutions are given in the Table.

Table
Analytical [Monochro- [Spectro- |Acetylen Nitrous acid (Kind Current
line mate hole, [filter charges, charges of the lamp |of the lamp,
nm nm dm’/g dm®/g mA
3183 0.2 1 370 560 AT-2 20
Molybdenum mass share in sulfuric acid can be calculated by the formula:
-V, -100
%ome 10
10°.7; °

where C is the mass share in sulfuric acid, %; 4 is molybdenum concentration in the
analyzing sample, mg/l; ¥, is the volume of analyzing solution of sulfuric acid obtained
by preparing the sample, ml; V, is the volume of sulfuric acid solution taken for the
analysis, ml.

Metrologic testing of the methods in the result of thirtyfold measuring revealed that
total relative error of the data equals £7.63% [3,4].

Georgian Technical University
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I.Samadashvili, T.Macharadze
Synthesis of Mg-Zn Ferrites and their Properties

Presented by Academician G.Tsintsadze, D ber 22, 1997

ABSTRACT. Complex Mg-Zn ferrites were obtained by the ceramic method.
Chemical and X-ray analysis were performed. Stoichiometry was found to be fairly
well sustained and all the types had spinel structure. A linear dependence was noted
between the elementary cell constant and composition.

Key words: FERRITES, SPINEL STRUCTURE.

Magnesium ferrite is considered to be interesting from magnetic and crystallographic
points of view. More improved compounds are obtained in solid solution series of MgZn
mixed ferrites. The paper reports on preliminary results of study of Mg-Zn ferrites ob-
tained by ceramic method for calorimetric study. ;

As initial substance there were taken Fe,0; of “UAA” type, ZnO and MgO. Composi-
tions of mixed ferrites were estimated according to general formula Mg, Zn, Fe,0, where
x=0; 0.2; 0.4; 0.6; 0.8;

To obtain the samples with dense ceramic structure the synthesis of polycrystal ferrites
should be carried out as far as possible at high temperature. At the same time volatility of
zinc is to be taken into account (ZnO is reduced up to Zn, which is volatilized at 970°C)
[1]. For final roasting of samples we chose 900°C and oxygen zon€. Roasting time is 30h.
As it is known gradual cooling contributes to such distribution of ions in lattice which
corresponds to room temperature [2]. After roasting the samples were cooled for 5 h at
500°C together with the furnace. Beneath 500°C distribution velocity of particles equals 0.

The purity of obtained ferrites and completeness of feritization process was examined
by chemical and roentgenographic analysis. The analysis was carried out at the laboratory
of physical and chemical methods of the Institute of Inorganic Chemistry and
Electrochemistry. Ferrites were dissolved in diluted salt acid by heating. Ferrous was
determined by permanganate method. After removing Fe zinc was determined by
trilonmetric method, magnium was determined by weighing method, as magnesium phos-
phate by means of precipitation.

Roentgenographic analysis was carried out by Debais method with simultancous de-
termination  of ferrites monophase and lattice parameters. Roentgenograms have been
done on DRON-3M apparatus by Cu filtering radiation, with U-25cV and J-20mA regime.

Unlike other ferrites, magnium monoferrite as spinel structural system monophase sub-
stance doesn’t exist. Spinel structural system MgO-Fe,0, is characterized by lack of oxygen,
i. ¢. has more quantity of Mg?" ions compared to equimolar composition. Otherwise certain
quantity of MgO should be dissolved in magnesium ferrite for crystallization by spinel struc-
ture. The formula of substance corresponding to magnesium monoferrite is given as [3]

(MgO), o5, MgFe,0, ®
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Data of chemical and roentgenographic analysis

Composition Mg % Fe % Zn % Lattice "
parameters
Analit. |Theoret. |Analit. |Theoret. [Analit. |Theoret. A
MgFe;04 1206 [12.15 5821 |55.85 8.386
MgosZno,Fe;Os |9.00 9.34 56.55 |53.64 6.80 6.28 8.399
IMgosZnoFe;04  |6.85 6.74 54.80 |51.61 11.80  [12.08 8.410
MgosZnosFe04  4.37 4.33 51.56  149.72 17.40 17.46 8.412
MgoaZnogFe0s  [2.16 2.09 47.05  [47.97 25120/05/22:46 8.425

We can suppose that compared to stoichiometry, excessive Mg ions are located in
crystal lattice nodes and internodes [1]. It is known that in most cases the lattice constant
of mixed ferrites is determined with satisfactory accuracy by linear interpolation of ferrites
lattice constants (Vegardt’s additivity law). In our case the ending is magnesium ferrite
and zinc ferrite. Their lattice constants are correspondingly 8.38 (for monoferrite obtained
oxygen zone) and 8.43 [4,5]. Lattice parameters of Mg-Zn ferrites are located on the con-
necting line of these two values i.e. Vegard’s law is observed.

Thermogravimetric analysis of samples was carried out on derivatograph Q1500D of
PAULIK, PAULIK, ERDEY system. Maximum temperature of heating was 1000°C, ve-
locity 10°/min. Each sample was placed in ceramic tube; standard was a-AlLQO, (corun-
dum). Mass was approximately 600g. The effects characteristic to oxides which compose
ferrite are not marked on the thermogrames i.c. the examined samples, ferrites, are com-
pletely uniform compounds.

R.Agladze Institute of Inorganic Chemistry and
Electrochemistry
Georgian Academy of Sciences
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Coordination Compounds of d-Metals Monothioarsenates with
Pyridine

. Presented by Corr.Member of the Academy J. Japaridze, July 10, 1997

ABSTRACT. Monothioarsenates pyridinates of d-metals of composition
 [MPy];(AsO,S),, where M=Ni, Co, Zn, Cd, Hg in hydrochemical conditions were
synthesized. Their composition and constitution by chemical analysis, IR-spectros-
copy, and X-ray crystal determination were studied.

Key words: MONOTHIOARSENATES PYRIDINATE. IR SPECTRA.

Following the earlier work [1] on the production and investigation of the metals
monothioarsenates. the recent study examines the establishment of conditions of synthesis
of d-metals coordination compound with pyridine. Silver(I) and mercury(Il) nitrates.
cobalt(IT) and nickel(II) chlorides, cadmium and zinc acetate as initial substances were
used: from arsenic contained compound — sodium monothioarsenate, which was obtained
by the interaction of sulfur with sodium arsenite [2]. Pyridine was used as a ligand.

Production of d-metals pyridinates occurs in two ways: 1) by interaction of fresh made
d-metals monothioarsenates with pyridine at room temperature. Pyridinates of nickel and
cobalt monothioarsenates were obtained in the same way 2) by interchangeable reaction:
by interaction of pyridinates of transition metals with sodium monothioarsenate.

The synthesized products are insoluble in water and alcohol. They are insoluble in
alkalies as well (except zinc salt), but elaborated by acids, they reform by producing
arsenic pentasulphide, e.g.

5[CdPy,],(AsO,S), + 30HCI = 15[CdPy,]Cl, + 2As,S, + 6H,AsO, + 12H,0

IR spectroscopy and X-ray crystal determination have presented the composition and
structure of the mentioned compounds, as well as elementary analysis. In the IR spectra
of all compounds there appeared band for AsO,S™ ion—valency in the region 420 and 880
em [3]. Except that, as known [3]. by the coordmanon of free ligand with central atom
value of valency v1brauon v increase by 8-30 cm’. For the v(C=N) band of free ligand
appears at the 1580 cm’! [4] and in the synthesized products the same band appeared at
the 1610 cm™ region. This fact indicates the presence of coordination pyridine in the
mentioned samples.

In contrast to other complexes cobalt pyridinate precipitates with water of crystalli-
zation. The IR spectra of the latter shows, except for bands noted-above, bands at 1630,
3180. 3290 and 3400 cm™ region, that indicates the presence of water molecules [5]. To
determine the place of the water molecules is a subject of separate research. Though. it
could be mentioned in advance that it’s doubtful that H,O is in cation in the form of
aquacomplex, because in such a case coordinating number of cobalt(Il) may equal to 5,
which is most rare.
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Experimental X-ray diffraction parameters of pyridinates of monothioarsenates of mercury(Il) and

nickel(II)
[HgPy],(AsO,S), [NiPy,],(AsO,S),
1, d.A hkl u, d.A hil
100 7.86 110 90 8.04 110
85 7.38 101 100 7.82 020
100 6.56 020 10 6.096 001
30 5.54 120; 002; 021 10 5.817 200
20 5.06 200; 012 10 5.452 101
17 4.282 022 25 4731 220; 130
17 3.997 220 10 4.382 122
50 3.360 300; 230 20 4.183 202
30 3.196 023 25 3.867 300
68 3.070 123 15 3.708 310; 221
70 2.978 320 20 3.427 320
80 2.880 302 35 3.273 302
50 2755 004; 240 20 3.132 050
30 2637 050 10 3.053 002; 150
25 2.495 303 20 2.885 400 -
50 2.439 313 30 2.800 043; 303
15 2.240 005 15 2.684 420 |
10 2.103 314 15 2.600 060; 402
17 1.869 070 10 2.564 430; 222
15 1.796 451 95 2.500 421
20 1.784 026 10 2.178 052
20 1.740 271 10 1.993 540; 103
10 1.684 600 10 1.914 - 203
10 1.656 611 10 1.860 550; 223
15 1.595 612 10 1.830 512
15 1.774 143
10 1.730 560
10 1.698 053
10 1.642 462
orthorhombic crystal system orthorhombic crystal system
a=10.10 A a=11.60 A
b=13.13 A b=15.64 A
c=11.10 A =6.10 A
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As it was expected 4 it from the synthesized products, X-ray gram of silver(Ij C}
_cadmmm and cobalt(Il) salts show diffusion character because of metastable state of
products structure, which on the other hand, is due to high dispersion of mentioned
products. As regards pyridinates of mercury(Il) and nickel(II) monothioarsenates, X- -ray
diffraction parameters of which are given in Table 1, they crystallize in an orthorhombic
crystal system.

The other monothioarsenate pyridinates were obtained in the same way. Charge of
starting materials and yield of synthesized products is given in Table 2 and results of
chemical analyses are shown in Table 3.

Table 2

Charge of starting materials and yield of synthesized products
T : -

Charge of starting materials Yield. %
[Na,AsO,S12H,0 MX, YH,0 .
[ g mole M X Yiie mole g mole %
i
| 60| 0.0136 | Co Cl 61| 51 28| R0/0222(" 6.7 0.0051| 754
;' 3.0| 0.0068 | Ni (efl 6| 26| 00111] 88 0.0046 | 78.8
j 3.0 0.0068 | Ag NO, =HEe 3 7HE0.02181 6.7 0.0070 | 97.6

‘ 3.0 0.0068 | Zn CHJCOO 2 24| 0.0109] 5.1 0.0034 95.8
é 3.0 0.0068 | Cd CHJCOO 2 2.9:170:0126/° 5.9 0.0040 96.8
| 30] 00068 | Hg | NO, | 1| 37| 00114 69| 00037| 98.2
Table 3
“ Results of chemical analysis
0,
Observed, % Compound Calculated, %
As N M S As N M S

1140 | 9.52 | 13.44 |5.00 Co,(AsO,S),"9Py-6H,0| 11.49 | 9.65 |13.53 | 4.90
8.04 9. 1151813 535113:07 [NiPy],(AsO;S), J.85 | 9.27 |13.20 [3.35
8.17 | 34.23| 9.03 |3.40 [AgPy,],AsO,S 7.86 |33.99 | 8.81 |3.36
10.76 | 13.77 | 11.76 | 4.48 [ZnPy ],(AsO,S), |10.32 | 13.42 |11.56 | 4.40
9.76 | 20.83|10.81 |3.89 [CdPy,],(AsO,S), 9.41 |21.08 [10.54 | 4.01
8.12 | 32.57| 9.24 |3.67 [HgPy,1,(AsO,S), 8.06 |32.35 [9.03 |3.44

Tbilisi 1. Javakhishvili State University R. Agladze Institute of Inorganic Chemistry and Electrochemistry
Georgian Academy of Sciences
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Algebraic Investigation of the Alkaloids from Plants of Cocculus
: Family

Presented by Corr. Member of the Academy D. Ugrekhelidze, October 3, 1997

ABSTRACT. The alkaloids from plant of cocculus family - coculine, coculidine
and coclaphine were studied by modernized ANB-matrices (quazi- AEB). Diagonal

elements of quazi- ANB-matrices represent atomic number of chemical elements (or
molecular fragments), whereas nondiagonal ones — multiplicities of chemical bonds,

Key words: COCULINE, COCULIDINE, COCLAPHINE, ANB MATRICES.

Contiguity matrices of molecular graphs and their various mocifications are widely’
used in algebraic chemistry [1-2]. One type of such matrices are ANB-matrices; their
diagonal elements represent atomic numbers of chemical elements, whereas nondiagonal

elements — the multiplicity of chemical bonds [3]. For arbitrary XYV molecule ANB
matrix has a form: )

Zx Axy Axy |
Axy  Zy Ay

3
\% (1)
Axv Ayy Zy ;

<o

1
X

where, Zy, Z, Z, are atomic numbers of X, Y, V chemical elements; Ayys Byys Ay
represent multiplicities of chemical bonds between X and Y, X and V. Y and V. ;

The range of ANB-matrix is equal to the sum of atoms in molecule. The decimal
logarithm of the determinant of ANB-matrix is topologic index [4] effectively used for
constructing correlation “srtucture - properties” for molecules and their transformations,
Calculations of the determinants of ANB-matrices for large molecules are very labour-
consuming. We have elaborated simple model, which reproduces the specific character of
system and at the same time is less labour-comsuming. Whithin the limits of this model
some unchangeable fragments of molecule are considered as pseudo-atoms. Such matrices

are called quasi- AﬁB-matrices [5]. ]
Let’s consider-the principles of construction of correlation equation “structure - prop-

erties” on the basis of quasi-AEB-matrices for three alkaloids from plants of cocculus

family: coculine, coculidine and coclaphine. The formulae of these alkaloids are:
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(©))
Coculine Coculidine Coclaphine
All three molecules can be modeled by system:
R-0-A-O-R', 3)

where: for coculine R=H, R'=CHj; coculidine R = R' = CH;; coclaphine R = R' = H; A
- represents the molecule without OR and OR' groups. Corresponding quasi- AN -matrix
has a form: i

Zx 1 0 0 O
I8 1 90
ORS1§7 S0 C)]
0 -0 1 & |
WS e
here :
(5)
©6)
g (@)
Determinant (4) can be calculated as:
A-. =64222 -82ZZ —-16ZZ7Z -82Z2Z +Z +Z +2 ®)
ANB ARPR A R R R A R R A R'
After calculation of determinants (4) for cach compound correlation equation
- {
W= algv\&ga-b ©)

can be constructed, where ¥ is a concrete physico-chemical property (enthalpy, entropy,
Gibbs thermodynamic potential, boiling point, melting point and etc); a and b are con-
stants. (9) can be constructed on computer using special program [51

The efficiency of correlation equation (9) for concrete case can be estimated according
to the value of correlation coefficient r [3]. Finally, if the results are satisfactory, we can
suppose that equation (9) expresses the correlation “structure - properties” for alkaloids
of the mentioned type. In such a case we can interpolate and extrapolate the physico-
chemical properties of such alkaloids with different R and R’ within the limits of ‘this

- approach.

Thilisi I Javakhishvili State University
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Determination and Evaluation of Solvent Strength Parameter in
Conventional Reversed-Phase, Ion-Pair and Micellar
Chromatography

Presented July 31, 1997

ABSTRACT. The influence of organic modifiers additives on the retention of
barbiturates in reversed-phase, ion-pair and micellar chromatography have been
studied. The values of solvent strength (S) parameters in the range of linear depen-
dence between retention and organic modifier content were determined. The fluctua-
tion of S parameter with increase of molecular mass of investigated compounds is
negligible in the presence of micellar aggregates.

Key words: REVERSED-PHASE LC, ION-PAIR MICELLAR CHROMATOGRA
PHY, SOLVENT STRENGTH PARAMETER.

Ion-pair and micellar liquid chromatography (IPC and MLC) possess an evident advan-
tage in comparison with traditional reversed-phase liquid chromatography (RPLC) when
separation of ionic compounds, as well as simultaneous separation of ionic and non-ionic
compounds is necessary to be realized [1,2]. The content of organic modifier is one of principal
factors, which influences the solvent strength and selectivity in the given systems. The reten-
tion in RPLC as function of mobile phase composition with sufficiently precision is described
with quadratic equation in the wide range of variation of organic modifier content. Within the
most pertinent values of capacity factor k” (1+10) for the binary and pseudobinary mixtures the
retention quite satisfactorily may be circumscribed by linear equation:

lgk' = Igk} — SO, (€8}
where @ __ is volume fraction of organic modifier in the waterorganic mobile phase, K is
extrapolated capacity factor when ®__ = 0, i.e. the retention in a purely aqueous mobile
phase, S is solvent strength parameter, which reflects the extent of solvation of solutes by
organic solvents and determines slope of Igk' — ®__ dependence. S must be independent
from sample, i.e. S-coefficient must be a constant va‘fue for the given stationary phase and
for the given binary or pseudobinary mobile phase. As is shown from the experimental data,
in the RP-HPLC the increase of S with the rise of solutes molecular mass is observed [3].
The equation (1) may be used for the ion-pair and micellar systems [4,5]: In the IPC the
variation of S is analogous to that of in the conventional RPLC [4]. It should be noted, that
the dependence of retention from (]>org is insufficiently investigated in IPC, where a great
number of influencing factors has inhibited the study of mentioned retationship. The fluc-
tuations of S parameter become negligible in the presence of micellar aggregates, which
may be explained as a result of sample localization in nonhomogeneous micellar medium,
where different compounds occupy different locations with different polarities in the micelle
[5-9]. The goals of the present work were: the investigation of organic modifiers influence
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on the retention of barbiturates in RPLC, IPC and MLC; estimation of fluctuations ofs
solvent strength S - parameter in the given systems; study of dependence of S-parameter
from retention of investigated compounds in pure water; exploration of relationship be-
tween selectivity (@) and organic modifier content in RPLC, IPC and MLC. As test solutes
the group of barbiturates was selected, which are widely used for the medical purposes:
barbital (BR), phenobarbital (PB), hexamydin (HD), benzobamyl (BB), nembutal (NB),
barbamyl (BM), thiopental (TP), hexenal (HX), benzonal (BZ), halonal (HL).

Table
Solvent strength S-parameters values in different chromatographic systems
Compound Mobile phase
Ethanol:0.05M | Acetonitrile:0.05M | Acetonitrile:0.05M 100 mM
NaH,PO, NaH,PO, NaH,PO, SDS:pentanol:heptanol
30:70, 40:60, 30:70, 40:60, 30:70, 40:60, 98:1.5:0.5, 96:3:1,
50:50 50:50 50:50 94:4.5:1.5
modified with
pH3 pH3 4 mM SDS pH3
pH3

barbital

(BR) 1.6 2:1 0.9 44
phenobar-

hital (PB) 2.5 3.6 13 46
hexamydin
(D) 21 3.0 14 49
benzobamyl

(BB) 22 4.0 14 .33
nembutal

B) 34 38 25 4.0
barbamyl

BM) 2.1 38 2.1 43
thiopental
(1p) 1.6 3.8 2:2 3:1
hexenal

HX) 24 4.0 22 4.8
benzonal

B2) 55 5.0 45 3.8
halonal

(HL) 57 ScI . 4.5 4.5

The experiments were performed on a “Milichrom (“Nauchpribor”, Oriol, Russia)
microcolumn high-performance liquid chromatograph equipped with a UV absorption variable
wavelength (190+360 nin) detector and syringe type pump. The column used was a Separon-C, g
(Lachema, Brno, Czechoslovakia) column (62x2 mm, i.d.) with particle size 5 um. The mobile
phases in conventional RP mode were prepared on the basis of mixture: a) acetonitrile+0.05 M
NaH,PO, ; b) ethanol + 0.05 M NaH,PO, with the ratio 30:70, 40:60, 50:50. In ion-pair system
the above mentioned mobile phases were modified with sodium dodecylsulfate (SDS) in amount
4 mM. For the micellar systems solution 100 mM SDS was used, which was modified by mixture
pentanol-heptanol with ratio 98:1.5:0.5; 96:3:1; 94:4.5:1.5. The mobile phase pH was adjusted
10 3 with phosphoric acid. The flow rate of eluent was 50 z/min. Analyses were carried out at
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ambient temperature. An UV detector was apérateds .-
a at 220 nm. All solutes were dissolved in ethanol.
: The values of S-parameter, calculated with
graphical method (slope of relationship Igk' —
" NB (Dmg) are presented in Table which shows that in
3 RPLC and IPC solvent strength parameter varies
within wider range than in MLC i. e. the ten-
dency of S-parameter increase is most appreciable
in RPLC and IPC than in MLC. The negligible
variations of S-parameter with increase of mo-
L 1 I » lecular mass of solutes presumably is stipulated
6 2 B min by localization of solute molecules in micellar
environment, which reduces the size factor of mol-
ecules. The nonhomogeneous nature of micelles
creates such surroundings, where different com-
pounds are under the influence of different mi-
croenvironment polarities. The interaction be-
tween solutes and micelle may be realized by both
solubilization and surface adsorption. The other
mechanisms of interaction are also possible, e.g.
formation of solute-surfactant coassembly etc.
The relationships between S and k!, in all
three systems (RPLC, IPC and MLC ) are inves-
, =L L — tigated. In the RPLC and IPC the linear rela-
tionship is observed, therefore the increase of
Fig. Chromatogram of mixture of barbiturates in  Organic modifier content deteriorates selectiv-
MLC. Mobile phase: 0,1 M SDS - 005 M ity. In the MLC between S and k!, the linear
;‘:;f%};;;‘l‘ge:)zﬁ'ﬁj’:‘;?:i5:1' s relationship fs not revealed, rather an increase
_ solvent peak of k;, results in sparing decrease of S-parameter,
which may be explained so: micelles influence
on the function of organic modifiers, which in its turn are responsible for the value of
solvent strength parameters. Thereby, in micellar systems an increase of organic modifier
content often improves selectivity of hardly separable compounds (Fig.).

Thilisi LJavakhishvili State University
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A New Method of the Calculation of Standard Enthalpy of Formation of Double Oxides
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ABSTRACT. The new equation for calculation the standard enthalpy forma-
tion of double oxides from simple oxides was derived on the basis of experimental data
of AH,,, for various classes of double oxides and PC program.

Key words: STANDARD ENTHALPY OF FORMATION, DOUBLE OXIDES.

The present work offers a new method of estimating standard enthalpy of for-
mation of double oxides out of simple oxides on the experimental data on function
AH“v »s for different classes of these compounds. The investigated double oxide can be
presented by the following general formula xA O, ,¥B,0,, where A and B indicate
oxide formation elements, while x, y, n, m, p and’ q are stoxchlomemc coeficients.
Then we choose triads of double oxides in the way that provides the proceeding of the
following reaction:

xA O yB O +1E,0,2D,0, = xA O, zD,0, + LEaOp-prOq. 1)

Hence, lhe desued trlad of double oxides will be tE,0,zD,0, , xA O, zD,0

e ! k—e?
tE,O,yB,0,, where, like the first compound, E and D are oxide forming elements, while t,
z,k, e, o and P - stoichiometric coefficients.
For reaction (1) changing of crystal lattice energy of reagents may be the following;
AE=E(xA O, yB,0)) + E(tE,0,zD,0,) - E(xA, 0, zD,0,) - E(tE, 0,yB,0) . (2)
The crystal lamce energy of each double oxide can be estimated from the followmg
expressions:
E(XA:0n.yB;0,) = E(XA:On ) + E(yB,0y) - AH’,,(xA,On.yB,05) (3),
E(tE,05.zDiO:) = E(tE, O ) » E(zDiO. ) - AH°, (05 .zDO. ) “),
E(xA;Op. ZDiOe) = E(xA:On ) ¢ E(ZDO.) - AH®,  (xA,On. zDiO:) (5),
E(,0.YB,0,) = E(tE, 00 ) + E(YB,0, ) - AH',, (E,0p.yB,00) ©).
where E(xA,O,, ) , E(VB O ) E(tE;, O ) and E(zD,0) are the crystal lattice ener-
gies of simple oxides. If we mserl expressxons (3-6) into ( 2), and using the approxima-
tions AE=0, we’ 11 get equation for the calculation of AHe, of the given double oxide:
AR, (xA,OnyB,0,) = AR, (xAyOn.zDiO:) +
+AH®,,(tE,05.yB,0,) -AH°,, (tE,05.2D:0.) @]
In order to rise the precision of calculation it would be more expedient to determine
AH°298 of the given double oxide by means of different variants using various triads of
double oxides for which the experimental data of their AH°,, are known. At the same time
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TETTTTT=1
the mean value of the results of calculation of AH"298 should be given. Let us writc a‘cﬁiﬂf“
AR, =E(AH® ) /1, where (AH,,), is the value of standard enthalpy of formation

calculated while using i- variant, and r is the number of variants. The results of AH“298

of double oxide SrO'TiO, calculation are given in Table 1, according to the described
method. X

Table 1
The AH’,,; calculated scheme for double oxide SrO-TiO2
according to the equation (7) SrOTiO,
The triads of double oxides -AH 208
EOpZIKOe| -AH98  [XAnOmZDxOe  [-AH®8  [tE«OpyBpOq |-AH®28  |kcal/mol
keal/mol kcal/mol keal/mol _[calc. from eq.(7)

MgOSiO; 8.7 |StOSiO, 30.9 MgO.TiO; 6.4 286
Ca0SiO, 213  |SrOSiO; 30.9 CaO.TiO; 19.3 28.9
FeOSi0,; 46 [STOSIO, 30.9 FeO.TiO, 6.4 32.7
2Fe0SiO; 8.9 [StOSiO, 30.9 2FeO0.TiO, _ |10.0 32.0
BaOSiO, 37.7 _|SrOSiO, 30.9 BaO.TiO, 38.7 31.9
Li20ZrOx 148 [StO ZrO, 17.3 Li20.TiO, 30.2 327
CaOZrO, 7.4 [StO 710, 17.3 Ca0.TiO, 19.3 29.2
CaOMoOs 39.9 |SrO MoO;s 54.0 Ca0.TiO, 19.3 334
BaOMoOs 56.9 |SrO MoO;s 54.0 BaO.TiO, 38.7 356
Li2OMoOs 425 |SrO MoOs 54.0 Li20.TiO, 30.2 417

-(AH98)a= 32.7
‘(sz98)exp=32-5

To facilitate the choice of double oxide triads and subsequently their calculation
1t is reasonable to use computer. For this purpose we created the bank [1,2] of experi-
mental data of standard enthalpy of formation of double oxides ( Table 2), which was put
into computer. At the same time we worked out the appropriate program for computer
proceeding from the equation (7). In Table 2 for investigated compounds with experi-
mental data the calculated values of AH"298 according to this program are given. In the
same Table we inserted also values of J to register the difference between the calculated
and experimental data of AH"M. The values of  are calculated on one g. atom of given
compound.

As indicated in Table 2 average divergence between experimental values of AR,
and calculated by means of equation (7) for the considered double oxides makes +0,7
kcal/mol, which is quite satisfactory for the accomplishment of thermodynamic calcula-
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: SUIFlE 2
The correlation of experimental and estimated values according to the equation (7) for
AHe,, double oxides
[ -AH’5  |-AH 208 [} -AH 208 -AHs (8
Compound keal/mol  |kcal/mol calc. |kcal/mol  |Compound kcal/mol kcal/mol  |kcal/mol
exper. calc.-exper. exper. calc. calc.-
eXper.
CaO'MoO3 39.9 34.1 +1.0 Smz03.WOs3 39.1 26.6 +1.4
SrOMoOs 54.0 44.9 *+1.5 Smy0;.2W0s 44.2 50.7 -0.5
BaO MoOs 56.9 48.3 +1.4 @O}BWO} 46.1 55.9 -0.6
LizOMoOs 425 45.5 -0.4 FeOSiO, 4.6 9.4 -0.8
Li202Mo0s 44.7 60.1 - -14- |2Fe0SiO; 8.9 12.9 -0.6 .
Nax0.2MoOs 813 65.9 +1.4 2C00.Si02 53 8.2 -0.4
1710.WO;3 8.5 1%7 -1.5 2MnO.8i0; 11.8 11.0 +0.1
|CdO.WO;s 18.0 14.6 +0.6 MgO.SiO, 8.7 12:1 -0.7
NiO.WOs 10.7 15.7 -0.8 Ca0.Si0, 213 23.6 -0.5
MnO.WOs 18.2 19.4 -0.2 2Ca0.8i0y 32.4 325 0
CaO.WOs 38.8 31.0 +1.3 3Ca0.Si0, 273 374 -1.1
SnO.WOs 48.3 46.7 +0.3 Sr0.Si0, 30.9 35.8 -1.0
MnO.Fe203 4.8 8.1 -0.5 258r0.Si0x 49.7 . 8915} -1.4
{MgO.Fe;03 9.2 4.8 +0.6 Ba0.Si0, 37.7 39.2 -0.3
Ca0.Fe:03 14.4 19.9 -0.8 Li20.8i0; 333 30.5 +0.5
BaO.Fez03 26.4 324 -0.8 Zn0.Fe;03 22 8.8 -0.9
ZnO Al O3 9.8 6.4 +0.5 NiO.Fe;03 1.1 4.6 -0.5
MnOALOs 9.0 83 +0.1 Na;0.28i02 56.7 59.3 -0.3
CaO ALOs 12.8 17.6 -0.7 Li20.2810; 33.6 354 -0.2
LizO'AlOs 25.3 19.1 -0.8 Na;0.8i0, 56.8 54.6 +0.4
NayO'ALOs 42.3 48.6 -0.8 MgO.GeO, 4.3 12.0 -1.5
IMgOALOs 5.6 8.2 -0.4 2MgO.GeO, 9.8 2.7 +1.0
U2053WO0s 395 S5.1; 0.9 Ca0.GeO, 19.1 159 +0.6
LaO32WOs 64.2 ST +0.5 3Ca0.GeO, 293 23.0 +0.7
LaO33WOs 69.7 57.8 +0.7 2Ba0.GeO; 43.9 53.4 -1.4
CoOTiOz 6.6 9.0 -0.5 CaOZrO, 7.4 9.4 -04
FeOTiO, 6.4 36 +0.6 SrOHfO, 19.4 21.7 -0.5
2FeOTiO; 10.0 8.1 +0.3 BaOHfO, 31.4 243 +1.4
NiOTiO, 4.4 8.8 -0.9 Li0Zr0y 14.8 17.1 -0.4
MnOTiO, 7441 1357 -0.9 S10Zr0, 173 19.8 -0.5
2MnOTiO 8.5 11.6 0.4 LOHIO 154 20.4 -0.8
MgOTiO, 6.4 99 -0.7 ZnOCry0s 14.1 9.3 +0.7
[MgO2TiO, 4.5 157 -1.4 CdOCr204 9:] 11.0 -0.3
2MgOTiO 14.1 14.1 -1.4 MgOCr0y 10.8 7.0 +0.5
CaOTiO, 19.3 221 -0.6 Na, O CrO3 48.4 53.2 -0.6
3Ca02TiO; 375, 26.3 +0.9 FeOMoOs 12.5 20.8 -1.4
|SrOTiO; 325 327 0 Hu Oy WO, 28.7 28.7 0
28rOTiO, 37.8 47.3 -1.4 Dy:03 WOy 24.9 37:9) -1.4
BaOTiOy 38.7 343 -0.9 Dy»033WO0s 514 38.5 +0.8
Li;OTiO, 30.2 28.9 +0.2 Ho033WOs 44.9 44.8 0
BaOZrO, 28.6 231 +1.1
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tions. Consequently the precision of calculation (A) of the function AH"298 of double

oxide under consideration can be estimated by combination A=£0,7[x(n+m)+y(p+q)]
keal/mol.

F.Tavadze Institute of Metalurgy
Georgian Academy of Sciences
REFERENCSES

1. A.Nadiradze et al. 1zv. AN Gruzii, ser. Khimia, 1990, 16, 4, 277 (Russian).
2. Termicheskie konstanty veshestv (Pod. Red. V.P.Glushko).vip.4-10, m VINITIL, 1972-1981 (Russian).



%
LO3SOMBIML BIBENIGIBSNS S35RIFNNL 3MY3RI, 157, Ne3, 1998 _////
BULLETIN OF THE GEORGIAN ACADEMY OF SCIENCES, 157, Ne3, 19987/

JA 359210
43

PHYSICAL CHEMISTRY

E Kachibaya, Corr. Member of the Academy L.Japaridze, R.Akhvlediani, Sh.Japaridze,
T.Paykidze, R.Imnadze

Synthesis and Structure of Spinel Type Lithium- Manganese
Composition
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ABSTRACT. Solid state interaction reaction of MnO, and Li,CO; in the tem-
perature range 20-1000"C has been investigated. It has been found that phase com-
position of synthesis products depends on molar ratio of Mn:Li in source charge.
Formation of pure-phase cubic spinel LiMn,0, takes place when Mn:Li = 2:1 and
synthesis temperature is 850°C. By regulation of acidic treatment of LiMn,0, it is
possible to obtain a series of spinel type structure composition as Li Mn,0,,
Oi<xi< 1.

Key words : MANGANESE DIOXIDE, LITHIUM-MANGANESE, CUBIC SPINEL.

To study the synthesis possibilities of lithium-manganese spinels perspective to use as
cathode materials in lithium accumulators, the solid state phase interaction reactions of
manganese oxide with lithium compounds were investigated. As reagent sources electro-
lytic manganese dioxide [EMD] and reagent grade Mn,O; and Li,CO, have been used.
Synthesis was carried out in differ-
ent temperatures on air with inter-
mediate samples cooling and grind-
ing. Synthesis products were iden-
tified by X-ray, thermal, atomic-ab-
sorption and other analytical tech-
niques [1,2]. Solid-state phase re-
actions of manganese oxides and
lithium salts interaction in the tem-
perature range 20-1000"C were in-
vestigated. As a result of reactions
> 700 compounds were obtained, phase

T | | | JEEN O (o composition and grystallographlc
100 200 300 400 500 600 700 800, 9G0T°C. parameters of which were deter-
Fig.1 Derivatogram of LiMH?O4 received ir:) the result of source charggnined by molar ratio between man-

thermotreatment (Mn:Li = 2:1) at 850°C. TR >

ganese and lithium in the source

charge (Table 1). X-ray diagrams of synthesis products are distinguished by character of
main interplanar distances distribution (d); this fact reflects the appearance of one or
another variety of lithium-manganese compositions. The appearance of pure- phase cubic
spinel - LiMn,0, takes place, when molar ratio Mn:Li=2:1. At a derivatogram of charge,
composed from 7-MnO, (EMD) and Li,CO; mix when Mn:Li= 2:1, in low temperature
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-~ range (up to 200°C) the effects corresponding to a loss of water by »~MnO, modihcation
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and its transformation into F-MnO, modification are fixed (Fig.1.). Endothermic effect
with a maximum at 550°C corresponds to dissociation of A-MnO, in the reaction
2-Mn0O, - a-Mn,0, + 0.5 0, 2(I0)
In the same temperature range in parallel with dissociation of MnO, melting and
dissociation of Li,CO, take place. X-ray phase analysis of products of charge burning in
the temperature range 400-1000"C has confirmed that the interaction of manganese diox-
ide and lithium carbonate is possible already at 7> 500°C (Table 1). Formation of pure-
phase cubic spinel without Mn,0, or Li,CO, admixtures takes place only at 850°C. The
last endothermic effect fixed at 970°C is the result of thermal decomposition of LiMn,O,
spinel. By further cooling the product of decomposition is oace more oxidized by air
oxygen into spinel.
Table 1
Phase composition and crystallographic parameters of products of solid-state phase
interactions of MnO, and Li,CO, depending on molar ratio Mn:Li in source and the
burning temperature (the time of burning ~3h)

Mn:Li ratio E Phase  |Phase i Annotation |
% Burning| e . |parameters, !
in source |~ o ~jcomposition|ratio, System i

charge of product | % 5 % : [
550 Li,MnO; |52.6 | 8.46 948 tetragonal [Admixtures:Li,CO; I
LiMn,O, |47.4 |8.16| " cubic _|and MnO, gl

700 Li,MnO; |55.5|8.48 9.47 tetragqnal /Admixtures:Li,COs

MhLi=l LiMn,O, | 445|822 cubic  |and an;

: ' 850 Li,MnO; |58.6 | 8.46 0.48 tetragonal [No additional phases
LiMn,O4 | 414 (8217 cubic
1000 Li,MnO; | 58.6 | 8.48 9.50 tetragonal |diffuse X-ray diagram
LiMn,O, [41.4 8217 cubic
Mixture of MnO, and
800 | Li,MnO; | ~10 tetragonal |Li,COj5; low degree of
Mn:Li=1:2 crystallization
850 | Li,MnOs 8.51|9.41 | tetragonal [pure phase
1000 | Li,MnO, 8.51 | 9.40 | tetragonal |pure phase
500 | LiMn,0, 8.14 cubic  |parameters of Li,MnO,
Li,MnO; | ~40 tetragonal [are not determined
. 700 | LiMn,0O, 8.23 cubic  |Admixture Mn,O5
el - : insignificant admixture
800 | LiMn,O,4 823 cubic MnyO,
850 | LiMn,0O,4 8.23 cubic _|pure phase i |
600 | Li Mn,O4 8.16 cubic  |Admixtures: large
lamount of Mn,0;,
5 insignificant of

Mn:Li=5:1 Li,MnO,

700 | LiMn,O4 8.20 cubic _[large amount of Mn,Os
800 | LiMn,O,4 8.19 cubic _[large amount of Mn3O,
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When molar ratio in source charge Mn:Li = 2:1 the main structural motive
sized samples is face-centered cubic structure; when Mn:Li=1:2 phase of Li MnO is
formed (ASTM, 18-737) [2]. By data (ASTM, 27-1252) Li ,MnO, is characterlzed by
monoclinic system. But for Li,MnO, (ASTM, 18-737) no hkl values are given, and
respectively there are no data about systems By our calculations the product obtained,
when Mn:Li=1:2, is Li,MnO, (ASTM 18-737) and has tetragonal structure (Table 2).
Using the charge, where molar ratio Mn:Li=1:1, two phase are obtained: tetragonal-
Li,MnO, and cubic-LiMn,0O,. In this case approximate quantitative calculation testifies
10 a presence of both these phases in the product in equal quantities (Table 1, p.5). Spinel
LiMn,0, as the product of lithium corporation into the manganese oxides and the possi-
bility of lithium leaching from its structure was first presented in [3]. We have confirmed
possibility of LiMn,O, transformation with the removal of nearly all lithium into pure A-
MnO, with retaining spinel; structure (Table 3, samp. 6 and 7). Maximum removal of
hthlum from LiMn,O, has been observed when 3N HCI, 4N HNO, and 15% H,SO,
solutions with pH 1. 2 1 3 are used. Comparison of X-ray diagrams of A-MnO, samples

Table 2
Diffractive characteristics of synthesized samples of LiMn,0, and Li,;MnO,
in comparison with ASTM data

Li;MnO, Li,MnO, LiMn,0, LiMn,0,
ASTM, 18-737 product ASTM, 18-736 product
I, [d,A| bkl | VI, [d,A] hk U, |[d,A| hkl U, |[d,A| hkl
45 [4.79 100 |4.74 002 100 [4.72 111 100 | 4.67 111
35 14.23 20 [4.23 200 - = -

350412 12 14.09 102 - - -
20 |3.66 10 |13.42 1512 - - -
10 [3.16 10 323 003 - - -
5 12712 20 [2.675] 301 - - -
= s - - - 90 |2.47 311 90 [2.462| 311
45 [2.42 40 [2.417]/ 004,302 | - -
o = - - - 511237 222 10° :2:36, 222
o = - - - 100 | 2.05 400 100 | 2.04 400
100 | 2.02 90 [2.020]| 124;133 | - = 5
10 | 1.86 10 |1.859| 224:241 | 10 |1.88 331 15 |1.88 331
5 1182 5 |1.820| 115,304 | - - -
5. | 170 5 [1.698| 340 - = =
5 |16l 10 |1.600] 225 - - - ;s
40 |1.57 20 11.566].250;106 1| "507-1.58.11333:511 | 30 [1.57|333;511
5 |1.53 - - -
50 |1.44 90 [1.45 440 50 [1.44 440
55 [1.42 - - - - - -
40 [1.36 30411439 5311 15 ]1.38 531
Tetragonal system cubic system cubic system
a=8.46A face-centered a=8.162A

c=9.67A a=824A
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and X-ray LiMn,O, samples diagram have shown some displacement of the main difft4c/i%***

- peaks towards more low values. The series of compounds placed between LiMn,O, and

- -MnO, (Table 3), is obtained by regulation of conditions of acidic treatment of LiMn,U,

- These compounds can be represented by general formula LiMn,O,, where

0 <x < 1. The assumption was made that in such compounds the lattice vacancies, in

which the lithium ions could corporate, are capable to provide in or out the lithium ions

easily, taking place respectively by charging -discharging of lithium accumulator without
destroying its structure.

Table 3
Diffractive characteristics of Li Mn,O, type compounds (0 < x < 1), obtained in the
result of LiMn,O, acidic treatment

Specimen N1 | Specimen N2 | Specimen N3 | Specimen N4 | Specimen N5 | Specimen NG |

(initial LiMn;Oy) | Lig.4sMnyOy | Lio34MnyOy4 | Lig.10MnyO4 (Lio.osMnz04) | (Lig caMn:04) I

A-MnO, A-Mi0, |

d,A /o dA |V | dA || dA | UL | dA |V, | dA |V |
4.790 100 | 472 |100| 4.72 | 100 | 4.70 |100 | 4.670 | 100 | 4.670 | 100
2.495 70 242 19 | 242 | 70 | 243 | 80 | 2423 | 90 | 2.427 | 80
2.380 20 23284020312 31 SIS 202 3458 F 200 L 213210 P15 |0 203150} 1S
2.062 100 | 2.01 |100| 2.015 | 100 | 2.011 |[100 | 2.010 | 100 | 2.013 ' 100
1.895 20 1.845 | 20 | 1.845 | 20 | 1.848 | 20 | 1.841 | 20 | 1.841 | 20
1.585 40 1.546 | 30 | 1.547 | 30 | 1.549 | 30 | 1.545 | 40 | 1.544 | 30

1.456 70 1419 | 55 | 1423 | 50 | 1.421 | 50 | 1.419 | 60 | 1.417 | 50 |
1391 | 20 [ 1359 | 25 | 1.361 | 20 | 1.361 | 20 | 1.36 | 90 | 1.350 | 25

1.250 50 |h1095 i sliino6 L 5 [Eooon|s 1.220 g
2.240 S e O B 0 S 1210 | 5 |
1.162 | 15 1.160 | 10 |

a=824A a=804A | a=804A | a=805A | a=804A | a=802A |

R. Agladze Institute of Inorganic Chemistry and
Electrochemistry
Georgian Academy of Sciences
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ABSTRACT. The intermediate reactions in the melt of glass during synthesis of
high-manganese boron oxide glassy semiconductors (OGS) have been investigated.
These reactions make possible to establish the technological cycle for melting of the
glass with predetermined electrophysical parameters. We have shown that the stabil-
ity of electrophysical parameters of OGS with composition of
2Czl0v3B§03-2Mn0~2Mn02 depends on the coordinational environment of cations
(BM‘ Mn*", Mn**, CazJ’). On the basis of such glasses the switching electronic ele-
ments having stable threshold voltage can be produced.

Key words: GLASS, SWITCHING and MEMORY ELEMENT,

Georgia possesses one of the richest manganese ores in the world. It has been experi-
mentally established that boron and boron-silicate glasses consisting of 40-50 mass%
different valency manganese oxides (mainly MnO and MnO,) have electrical conductivity
and are able to be switched from the high to the low resistance state [1]. On the basis of
these glasses it is possible to produce the switching and memory electronic devices. Due
to the manganese polyvalency, it is difficult to preserve manganese in the predetermined
valency and coordinational state and therefore to synthesize manganese oxide glassy
semiconductors (OGS) having stable electrophysical properties. Analogously to the other
glasses [2], many intermediate reactions take place during melting of starting materials
in the CaO-BZO3-MnO-MnO2 system and it.is necessary to develop satisfactory techno-
logical cycle which can be applied to synthesize manganese OGS with predetermined
properties.

For example, during the melting of glass with composition 2Ca0-3B,0,-2Mn0O-2Mn0,
the following intermediate reactions could take place:

Ca0+2[MnO, ] € Ca>*[OMnO, ]; g 5
€a0+MnO,,| 2 Ca[OMnO, ], [MnO, ], , @
Ca0+2[BO,,] 2 Ca[BO,I, 3
2[MnO,,] € [MnO,,]" + [OMnO, | “

2[Mn*'0,,] 2 [Mn*0,,] + Mn*"0,,1** ®)
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[MnO,,],+{BO,,, & [MnO,], - [BO,] .

2B*+0,,] @ [B70,,1" + [B70,,1" ™
[(BO,;], & [BO,], .+ [BO,,]. - ®
Ca[OMnO; ], + 2B[OMnO, ], & Ca[BO, ], + 8[MnO,,,| 9)

As seen from these reactions, the complicated processes are proceeded in the melt and
as a result the integration (1,2,3,6), differentiation (4,5,6,7,8,9) of ingredients of glass,
change in coordinational environment (3,4,5,7,9), formation of some complexes and
other processes could take place. Due to these processes the network of glass could be
weakened or strengthened.

From the point of view of switching mechanism the most favourable conditions should
be formed when coordinational number of Mn®" is equal to 6 (octahedral environment)
and that of Mn"" is equal to 4 (tetrahedral environment). Network of glass must be
weakened by Ca® in order to make possible the formation of conductive crystalline
channel in the bulk of glass when threshold voltage is applied. From the point of view of
the same mechanism, part of B*" should form the triangles with anions (coordinational
number is equal to 3) and the other part of B*' should be located in the tetrahedral
environment in order to make possible the transition of two oxygen anions to the Mn”"
(when [Mn4+04] passed in [Mn4+05] by means of passage of [BO,] to the [BO;].

The existence of undistorted polyhedra or cational groups with distorted but strongly
determined coordinational environment could not be identified in the glasses. Therefore,
theoretical estimations could be fulfilled only with certain approximation.

On the other hand, if we do not assume the existence of certain coordinational groups
in the glass then it could be impossible to establish the reasons of existence of OGS with
high electronic conductivity and switching ability.

Above mentioned ideas were confirmed experimentally. It was established that synthe-
sis of high-manganese OGS (electronic conductivity o = 107 - 10" ohm™ icm' ) is possible
under certain technological conditions when predetermined value of Mn *:Mn* ratio can
be ensured Mn”:Mn*'=0.5-1. The compositions of these glasses are shown in Table 1.

Area of glass-formation in the Ca0-MnO-B,0; system is sufficiently wide and has
been investigated in [3]. The lack of investigation [3] is that manganese was introduced
in the samples only in MnO form although the authors confirm the existence of MnO, in
the glass.

Table 1
1 aq0,
Molecular formula of the glass Ca0 Oxxcgzso(;o.letem;vlrzagsﬁ MnO,
2Ca0-3B,0;:2Mn0-2Mn0, 17.64 32.63 2221 2152
Ca0-1.49B,0;-0.99Mn0:1.37MnO, 16.04 29.66 20.19 34.11
Ca0-5.55B,05-4.34Mn0-5.40MnO, 4.58 31.65 252 38.55
Ca0-5.55B,05-3.154Mn0-6.05MnO, 4.36 30.18 23.26 42.20
Ca0-5.58B,05:5.23Mn0-6.15Mn0O, 4.16 28.77 27.47 39.60

6. "Imaddg", @. 157, N3, 1998
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aytem on the basis of OGS) are presented in

Table 2.
Table 2
Properties of the glass and switching Sample No
clement i 2 3 4 )

Melting temperature ty, °C 1350 1360 1370 1400 1380
Melting duration T, h 2.5 2.62 2.7 2.8 2.6
Annealing temperature, t,, °C 630 650 670 680 650
Temperature of thermal processing, ty,, °C 610 630 650 660 630
Electric conductivity, o, ohm™-cm™ 101 <10 510'° | 5107 [0.3-10°|04-10°
Threshold switching voltage, Vg, V 100 90 80 90 70
Distance between electrodes of nickel's 30 35 40 35 50
element, 1, pm
Switching time, t,, sec 107 5107 | 3107 { 9-10® | 7.10%

Fig.2 shows a possible structural fragment of glass with the composition of
2Ca0-3B,0,-2Mn0-2MnO,.

Typical volt-amperic characteristic of boron-manganese OGS is given in Fig.3. This
characteristic is S-like and shows that when voltage is less than the threshold one, then
current increases proportionally to the voltage (according to Ohm’ s law). Ohm’s law is
broken when voltage approaches to the threshold magnitude (~10* Vicm) and current
increases exponermally When the threshold voltage is reached then current increases
during 10° ~10" sec in jump-like manner (resistance decreases in the same manner).

If the most part of manganese cations will pass to the tetrahedral environment and
take part in weaving of network as glass-former, then according to the evaluations and
despite the high content of manganese oxides (more than 60 mass%, Table 1), inverted
glasses will be transformed to the so-called normal glasses.

Thus, it has been demonstrated by the present experimental work that on the basis of
high-manganese boron OGS it is possible to produce the electronic elements of switching
and memory devices. Electrodes of glassy switching element are separated from each
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other by the distance ~50-100.m. Threshold switching voltage is e%ual to 80-100V, while
the switching time from the high to the low resistance state is 10°~10 sec.

This work was financially supported by the Georgian Academy of Sciences.
Institute of Cybernetics >
Georgian Academy of Sciences
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Contemporary Tendencies of Demographic Processes Develop-
ment in Kutaisi City |

Presented by Academician G.Svanidze, February 2, 1998

ABSTRACT. A study of demographic processes in Kutaisi city in the nineties has
demonstrated a decrease of population caused on the one hand by hard political and
economic situation and on the ' - other hand by a decrease of birth and increase of
death among the population being employed. Inappropriate demographic policy in
Kutaisi is regarded as national crisis. |

Key words: BIRTH RATE, DEATH RATE, POPULATION.

Demographic processes in Kutaisi city are characterised by strong mobility caused by
its social and economic position. The dynamics of Kutaisi population for 1985-1996 was
studied. Four stages were defined in this period: 1) rapid increase of population in 1985
1989; 2)comparatively insignificant increase; 3)population decrease in 1992-1994; 4)slow
increase from 1994 up to 1996 (Fig.1). In the decade under consideration Kutaisi popula-
tion reaches its maximum (240000 men) in 1992. From 90s birth rate significantly de-
creases. Thus if in 1987 coefficient of birth rate made 21%,, in 1995 its index was not
more than 14.3%;. While making demographic analysis during political and economic
cataclysms as well as war periods sharp decrease of birth rate is usually marked.
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One of the main reasons of this process is the absence of hope in future. Of no less
importance is ignoration of solid and concrete social guarantees from the Government (i.e.
maternity leaves, real financial support for newborns and so on), which really had sense in
previous decades.
At present young families face such significant problems as: specialised employ-
ment, decrease of real income. Young families have difficulties in feeding and clothing
of their children. The compensations given by the state are insufficient and do not keep



Contemporary Tendencies of Demographic Processes Development in Kutaisi ('ny

with the inflation rate. Strong immigration processes also encouraged the decrcase of
irth rate. Negative influence on growth of Kutaisi population has rapid death rate (Fi 2.2)
Common coefficient of death rate has been increased from 6. 8%, up to 9.6% In the
udied period this index was several times repeated and preserved In the majority of
cases death was caused by unnatural reasons and the Civil war, i. e. who appeared so-
cially insecured. A decrease of real incomes, depreciation of material support given by
the Government, worsening of health status, low-calorie food and even starvation greatly
increased death rate.

Besides, since 1990 the mortality was also caused by the other factors. The amount of
the dead was significantly increased in the result of accidents and trauma. In the course of
Yoo
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five years from 1990 including 1994 the mortality has grown in 41.1%. According to the
btained medical statistical data the tendency to the decrease of many discases is marked,
which in our opinion doesn’t create a real picture, because existed economic hardships in
the last seven years makes it difficult to receive medical treatment at the clinic. People
have to cure at home deprived of qualified treatment. Tuberculosis among children is
progressing and its treatment in home conditions is practically impossible. The mortality
-among new-borns is the indicator of socio-economic development. The dynamics of death
rate among newsborns in Kutaisi since 1986 reveals the tendency to decrease. From 1991
this index decreases (Fig.3), otherwise the increase of new-borns is accompanied with
increase of death rate and vice versa. Two main socio-economic reasons of mortality among
new-borns are impoverish of population and worsening of medical service. Therefore the
stronger the society, the less problems are. Our society always paid much attention to the
treatment and care of children. The statistics evidenced that even in conditions of birth
rate decrease, this positive tendency is preserved. In our opinion just high level of medical
service creates favourable conditions for newborns diagnosis in Tbilisi. (Fig.3). Birth rate
and natural growth coefficients here are lower and death rate coefficients are higher as
compared to Kutaisi.

For the last seven years in Kutaisi natural growth coefficient decreases. Average indi-
ces of the eighties decreased from 13%, up to 4.7%, in 1994.

B.S Khorev singles out three types of reproduction [1]: 1)high birth rate, high death
rate; 2) low birth rate, low death rate; 3) comparatively high birth rate. He also states
about the fourth type of reproduction which was formed in Russia in 90s i.e. too low birth
rate and too high death rate. It is a unique case when in peace period death rate exceeds
birth rate.
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Despite the fact that the process of depopulation has not yet been started, according to
contemporary demographic parameters Kutaisi city can be referred to the fourth type. On
the basis of obtained data we can make the following conclusions:

1. Hard political, economic and social situation in Kutaisi in ninetics significantly
reduce the birth rate.

2. One of the main features of the worsening of demographic situation is the increase
of death rate. The analysis of statistical data testifies to the rapid approximation of the
senility boundary. It happens not through average life duration as it is in developed coun-
tries (i.e. senility “from above™), but by the decrease of birth rate (i.e. senility “from be-
neath”) and high death rate of capable population.

3. The decrease of birth rate and increase of death rate first of all causes the decrease
of natural growth. In Kutaisi death rate increased (in 90-94 by 41.1%); it goes beyond
birth rate (for the same period birth rate decreased in 32%)).

4. The problem of new-borns mortality is still very actual. Despite the fact that along
with the decrease of birth rate the mortality among new-borns decrease in future, new-
borns life preservation is of great importance.

5. Demographic policy in Georgia at present is not on appropriate level. It should be
aimed at stimulation of birth-rate.

Kutaisi State University
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Geological History of the Sokhumi Peninsula in Late Pleistocene
and Holocene

Presented by Academician I. Gamkrelidze, August 14, 1997

ABSTRACT. Forming of the Sokhumi peninsula started in the Lower Holocene,
at the terminative stage of the transgression of the Black Sea New Euxinic basin and
at the end of the Upper Holocene it gained its recent form. Glacio-eustatic transgres-
sion of the Black Sea and world ocean, volumes of alluvions delivered by rivers into
the coastal line and litho and morphodynamics of the coast-line are of determinative
role in its formation.

Key words: EUSTATIC, TRANSGRESSION, ALLUVION, PLEISTOCENE, HO-
LOCENE.

In Late Pleistocene, 18-19 thousand years ago, during the last maximal stage of
Wurmian glaciacian the Black Sea level subsided at the altitude of minus 90-100 m at
absolute mark. If we take into account that 32-24 thousand years ago the world Ocean and
accordingly the Black Sea levels had been close to the recent one [1], then rate of the
Black Sea lowering during this period was no less than 1.4 cm per year.

Alongside with the beginning of regression of the Black Sea New Euxinic sedimen-
tary basin river erosion basis also relatively lowered causing channel erosion processes.
Morphology of paleogorges - high indices of longitudinal and transverse profiles, points
to the intensity of these processes. From the drill-holes (Fig.1) on the Sokhumi peninsula
and its adjacent territory it is obvious that during the maximal regression of the Black Sea
New-Euxinic sedimentary basin overdeepened rivergorges existed. They were worked out
mainly in Neogene and partially in Paleogen terrigene sediments. In particular between
drill-holes 50 and 93, drill-holes 93 and 41, and between drill-holes 41 and 120. Continu-
ation of above mentioned gorges deep in the land is fixed between drill-holes 71 and 65,
65 and 36, and 36 and 120. According to available actual data, during the maximal
regression the coastline was about 2.5 km westwards from the recent one. Maximal depth
of paleogorges on the Sokhumi peninsula is fixed near the recent coast; in drill-hole 48.
Here it attains - 78.5 m (in the text the depth of drill-holes is considered relative to the
recent sea-level). Inclination angles of floors of paleogorges are featured by rather high
indices. The distance between drill-holes 65 and 49 is 1250 m, difference in the depths
between these two points of the paleogorge bottom is up to 40 m. Width of paleogeorges
near the recent coast varied within 2.5-3.7 km. Alluvial sediments preserved fragmentarily
are fixed on the bottom of paleogorges, they are unconformably bedded on Paleogene and
Neogene sediments.

During the regressive phase relief and deposits of the drained shelf part underwent
significant change conditioned mainly by hydrogene (wave) and subaerial processes.
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Balance of the material delivered by rivers into the coastal line are of great importance in
transformation of the shelf relief.

Simultaneous to the lowering of the sea level in lower zones of the nival belt took
place intense erosion of river gorges.

This process gave rise to the delivery of considerable amount of terrigene, coarse
grained material into the paleoshelf area where their natural selection by waves took place
aleurolitic-pelitic fractions were taken to the continental slope and farther.

Age of marine fauna shells obtained on the shelf from drill-hole 724 within the
interval of -46.6-47.1 m is (C'*)-10895 £100 year (TB<-370) and within the interval of
-41.2-41.6 m in drill-hole 721 the coarse-grained alluvial deposits of continental genesis
are substituted by a peat layer of 9310480 year age (TB-346). If we take into account the
character of sediments (sandy clays), where remains of dated fossil fauna occur, and turf-
forming conditions at the Black Seaside, then we can assume that in the mentioned time
span (10895-9310 years) the sea level varied within-35-42 m. This point of view is
evidenced with the alluvial coarse grained sediments from drill-hole 716 at — 24.5 m and
deeper.

From the above it follows that around the opening of the Holocene (10 000 years ago)
the Black Sea level appeared to be about -38-42 m, i.e. after the glaciacion was over the
sea level increased on 60 m. Average rate of the sea level rise was 0.9 cm per year. High
rate of the Black Sea transgression before the beginning of the Holocene caused intensi-
fication of hydrodynamic processes. On one hand it was due to significant extension of the
sea aquatoria. From sedimentological structures of drill-holes existing on the shelf and in
the Sokhumi area and from absolute ages of different horizons (levels) it’s obvious, that
high rate of the sea transgression was accompanied by dislocation of coastal line towards
the depth of the land (eastwards). It was due to scanty (comparative to the transgression
rates), volumes of alluvium delivered into the coastal line by rivers. Otherwise, alongside
with the sea level rise, elevation of topographic surface of the seaside would have taken
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place and the sea couldn’t cut deep into the land.

Due to the mentioned process since the beginning of the Black Sea transgression the
coast-line had intensely moved to the east. Before the beginning of the Holocene the sea
envaded almost all the territory of the Sokhumi peninsula (drillholes 63, 49, 48, 42, 41,
97, 37, 120, 36, 40, 46).

In the beginning of the Holocene high rate of the sea transgression was still pre-
served, that’s why  the area covered by the sea had extended. In drill-holes 50.65 and 66
marine sedimentation is also vivid. From the lowermost Holocene and to the Upper
" Holocene inclusive it was going on uninterruptedly in drill-holes 50, 63, 49, 48, 42,41,
97,37, 120, 36, 40, 46, 65 and 66.

High rates of marine transgression before the Holocene and at the very beginning of
Holocene significantly reduced further (average 0.2 cm per year) and it was of pulsate
character (low range transgressive and regressive phases of against the general back-
ground of the Holocene transgression). This process is vividly reflected in the coastal
- zone in drill-hole 93. Here in vertical section of the Holocene sediments resting
unconformably on the Neogene ones is well established alternation of marine and conti-
nental facies that correspond to transgressive and regressive phases of the sea.

Due to lowering of transgression rate at the end of the Lower Holocene started the
process of development of the Sokhumi peninsula. Age of turfs overlying the lower Ho-
locene marine sediments in drill-hole 36 is 6425+60 y (TB<-352)\ In drill-holes 41, 37,
120 and 40 since that time continuous continental sedimentation took place. But in drill-
holes 50, 63, 49, 42, 97, 36, 46, 65 and 66 again occured already mentioned marine
sedimentation, which was substituted by continental sedimentation only at the end of the
Upper Holocene.

From the above it follows that in Late Pleistocene and Holocene morphology of the
coastline sharply differed from the recent one. Dynamics of the coastline was different as
well. Alluvial material delivered by rivers was almost completely carried out of the limits
of the territory under study due to dynamic processes, which occured in the coast-line i.c.
the greatest part of the alluvium didn’t participate in the coast-line forming processes it
moved through paleogorges (canyons of erosive genesis) towards the deep part of the sea
taking part in shelf-forming processes. .

Volumes of river alluvions in the second half of Holocene not only compensated the
low rate of the transgression, but from that period also began advancing (westwards) of
the land and forming of peninsula. Due to abundant terrigene material shelf gained its
balance, and all the terrigene material was spent on the formation of the rear of shelf and
the coast-line. Gradually changed the morphology of the coast-line as well which was
conditioned by the coast dynamics mainly and volumes of alluvions. Gumista and Kelasuri
river alluvions were directed along the coast opposite to each other and this abundant
beach-forming material was used on formation of Sokhumi peninsula.

Alongside with the drill-hole data on evolution processes of Sokhumi peninsula a
very interesting additional information was obtained from the existing results of researches
of archeological monuments. Deep into Sokhumi peninsula, between drill-holes 37 and
120 (Fig.1) age of archeological monuments is correspondingly 4.5-3.0 and 3.0-2.3 thou-
sand years, and near the drill-hole 93 the town of Sebastopolis existed 1.9-1.5 thousand
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years ago. As for t. Dioskuria it was functioning 2.5-1.9 thousand years ago. It'thid ¢4k~
line of that period its fragments are preserved at 5-6 m from the sea level. The town had
been built during the Phanagorian regressive phase and after the Nimphean transgressive
phase [2] it was covered by the sea. The last transgressive phase (Nimphean) gave rise to
forming of Sokhumi peninsula in a final form. According to absolute ages of marine fauna
and turf present at different levels of one and the same drill-holes existing on the shelf,
rate of sedimentation varies for different centuries of Holocene. Rate of sedimentation
within the 10895-3335 years interval is 5.1 mm per year. Maximal sedimentation is
observed within the 7495-7040 years interval and is 11 mm per year. Since the end of the
Lower Holocene rate of marine sedimentation considerably lowered and for the last 6540
years up to now it doesn’t exceed 1 mm per year.

A. Janelidze Geological Institute
Georgian Academy of Sciences
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Stratigraphical Significance of the Early Cretaceous Belemnitida
of Georgia

Presented by Academician I. Gamkrelidze, July 7, 1997

ABSTRACT. The Lower Cretaceous sediments of Georgia are well characterized
by belemnites. The scheme of division of inclusive sediments is given on the basis of
the development stages of these organisms. ;

Key words: BELEMNITE, EARLY CRETACEOUS.

The belemnites play an important role in the complex of Early Cretaceous fauna of
Georgia [1-15]. However, they are distributed unevenly in the sections. Barremian-Albian
sections are characterized more completely. The belemnites are not found in Berriasian
sediments.

The belemnites are extremely rare in Valanginian deposits. Only single findings are
discovered here: Curtohibolites orbignyanus (Duval-Jouve), Conobelus conicus (Blainville),
C. extinctorius (Raspail), Duvalia lata lata (Blainville), Pseudobelus bipartitus (Blainville),
Hibolites prodromus Schwetzoff. These forms are well known within the Mediterrancan
region and they are characterized by a rather wide range of the stratigraphical extension
- from Berriasian up to Hauterivian. However, a part of species particularly: Pseudobelus
bipartitus, Conobelus conicus, C. extinctorius occur in Georgia only in the Valanginian.

Hauterivian sediments are also poor in belemnites, particulary their lower substage.
Soni- authors indicate to Curtohibolites orbignyanus (Duval-Jouve), Hibolites prodromus
Schwetzoff, Duvalia binervia (Raspail), Pseudoduvalia polygonalis (Blainville) from this
level. Due to wide vertical extension of the above-mentioned species, this complex unfor-
tunately does not allow to identify the Early Hauterivian age of the inclusive layers. The
sediments of Upper Hauterivian are rich by rostrums of belemnites, which with the rare
exception are connected with the upper zone of the upper Hauterivian -Pseudothurmannia
mortilleti. The belemnites: Hibolites longior Schwetzoff, H. inae Eristavi, H. jaculoides
Swinnerton, Duvalia binervia (Raspail), D. lata lata (Blainville), Oxityeuthis jasikkovi
(Lahusen) are found in the upper zone of Upper Hauterivian in the sections of Georgia.

Barremian sediments are better characterized by belemnites, than Hauterivian one.
The representatives of genus: Mesohibolites Stolley appeared for the first time in the
lower Barremian. Early Barremian complex of belemnites are presented by the following
species: Mesohibolites gagricus (Schwetzoff), M. abchasiensis Krimholz, M. trastikensis
Stoyanova-Vergilova, M. garshini Stoyanova-Vergilova, Hibolites subfusiformis (Raspail),
H. jaculoides Swinnerton, H. pistilliformis (Blainville), Pseudoduvalia gagrica
(Schwetzoff), P. pontica (Schwetzoff). The rich complex of following belemnites occurs in
upper Barremian: Mesohibolites gladiiformis (Uhlig), M. varians (Schwetzofl), M.
platyurus (Duval-Jouve), M. uhligi uhligi (Schwetzoff), M. uhligi georgicus Nazarishvili,
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Stratigraphical subdivision of Lower Cretaceous sediments of Georgia by belemnites
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M. longus longus (Schwetzoff), M. longus bulgaricus Stoyanova-Vergilova, M. InIHJLJJJVJEutU
(Raspail), M. fallauxi (Uhlig), M. beskidensis (Uhlig), Hibolites subfusiformis (Raspail),
H. jaculum (Phillips), H. inae Eristavi, Mucrohibolites schaoriensis (Hetchinashvili),
Duvalia grasiana (Duval-Jouve).

Aptian sediments are in abundance presented by belemnites, though many species:
Mesohibolites beskidensis, M. fallauxi, M. minaret, M. uhligi uhligi, M. uhligi georgicus,
Duvalia grasiana and others, wide spread in Upper Barremian, are also extended in lower
Aptian. This circumstances make it difficult to draw a distinct boundary between Barremian
and Aptian stages by belemnites. At the beginning of Aptian stages Neohibolites and
Parahibolites were found. The following complex of belemnites occurs in lower Aptian
of Georgia: Mesohibolites beskidensis (Uhlig), M. fallauxi (Uhlig). M. minaret (Raspail),
M. minareticus Krimholz, M. kalamus Stoyanova-Vergilova, M. renngarteni renngarteni
Krimholz, M. renngarteni caucasicus Nazarishvili, M. nalcikensis Krimholz, M. uhligi
uhligi (Schwetzoff), M. uhligi georgicus Nazarishvili, Neohibolites ewaldi (Strombeck),
N. clava clava Stolley, N. clava tudarica Ali-zade, N. cilava colchica Nazarishvili, N.
montanus Ali-zade, N. azerbaidjanensis Ali-zade, Hibolites inguriensis Rouchadze, H.
bzibiensis Rouchadze, H. horeshaensis Rouchadze, Duvalia grasiana (Duval-Jouve). There
is the following complex in the Middle Aptian: Mesohibolites moderatuas (Schwetzoff),
M. ekimbontchevi Stoyanova-Vergilova, M. elegans (Schwetzoff), M. elegantoides
Stoyanova-Vergilova, M. notus Mishunina, Mucrohibolites issiae Nazarishvili, Mucr.
krimholzi Nazarishvili, Neohibolites aptiensis (Killian), N. inflexus inflexus Stolley, N.
inflexus angelanica Ali-zade and these species: Mesohibolites brevis (Schwetzoff),
Mucrohibolites krimholzi Nazarishvili, Neohibolites wollemanni Stolley, N. strombecki
(Miller), N. kabanovi Nazarishvili, N. subminor Stolley are in the Upper Aptian.

It is comparatively easy to define the boundary between Aptian and Albian sections,
because the complex found in Albian is very different from Aptian one. Almost no species
of Aptian stage passes to Albian. The Lower Albian is presented by the following complex
of belemnites: Neohibolites minor Stolley, N. andrussovi Natzkiy, N. lickovi Natzkiy, N.
schvetzovi Natzkiy, N. alboaptiensis Natzkiy, N. bajarunasi Natzkiy. The Middle Albian
is characterized by this complex: Neohibolites minimus (Lister), N. pinguis Stolley, N.
attenuatus (Sowerby), N. spiniformis Krimholz, N. stylioides Renngarten and the Upper
Albian is presented by the following complex of belemnites: Neohibolites subtilis Krimholz.
N. stylioides Renngarten, N. ultimus (d’Orbigny), Parahibolites pseudoduvalia (Sinzow).

Summarizing all the aforementioned facts based on a detailed study of lower Creta-
ceous sections in Georgia, gathering paleontological material and also rich literature
sources [1-15], allow us to specify the stratigraphical meaning of the single genus and
species of belemnites and to offer a new scheme of biostratigraphical division of lower
Cretaceous sediments by belemnites (Table 1).

Georgian Technical University
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Transfer Function of a Single Way Pendulum Rope Way
Mechanical System
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ABSTRACT. Longitudinal oscillations of rope way draught rope are considercd
on the basis of wave equations. Lumped masses on it are examined using & function.
Transfer functions of the system are proposed for the case when perturbation acts
upon the driving pulley or the car.

Key words: DRAUGHT ROPE, OBJECT WITH DISTRIBUTED PARAMETERS,
LONGITUDINAL OSCILLATIONS. ;

Mechanical system of rope way contains ropes of great length, their effect on system
dynamics exceeds the effect of other elastic ties [1-3]. The study of oscillations arising in
dynamic conditions is of versatile interest; one of them is the problem of autoinatic
control system design when its structure and parameters should be chosen with consider-
tion of draught rope elastic deformation and mechanical oscillations. On the stage of
esign it is necessary to use comparatively simple methods of satisfactory accuracy which
do not need complex computer calculations and enable to estimate the effect of differcnt
parameters on system dynamics. :

- Asitis known, the boundary problem of longitudinal oscillations of ring structure
visco-clastic rope, when m; masses lumped in separate /; points of rope are considered
using ¢ function, is expressed as:

o%u 0\ é%u
q(x)at—z—EF[lﬂ;E)?: S0,

u(x,0) = uy(x);  u(0, ) = u(L,1),

Ou(x,0) _
ot

. ou(0,t) _ou(Lt)
u](x), — ax_— 3 5

ox .(l)

n
4 =gq+y mS(e=1)
i=1
where u(x,?) is rope point motion for x coordinate in time moment z; u(x), u,(x) are
the displacement of rope section x and the displacement velocity in /=0 moment; s vis-
cosity parameter; E=const is sagged rope elasticity module; F is rope cross-section area;

q=const is linear density of rope; Jx.t) is external action; /=0,57 is length of span and n
is the quantity of masses.
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'(ml mp ms3
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T
-n-————[—-—qer—h
L=2]

If we assume that oscillation dumping is mainly realized with electric part of auto-
mated drive, in case of application of functional transformation method the standardized
transfer function of the system is determined [4] as:

W (.6, 7)= D =€, 5) = 52 D 0 (. &, H)Dx -1, ) 0
i=1
T

p=pa ;W =a’w standardization conditions;

Ch[5(£—2|J:|
2

*NL, -L<z<L
Zﬁsh%

>

m, B
ni=— @(z,p)=
q

}EF !
a= 7 is longitudinal wave propagation velocity in rope; x = £ is coordinate of

perturbation action area.

Let's make the following assumptions: the carrier rope, draught rope tightening load
and draught rope transverse oscillations do not affect the considered process; the car has
one degree of freedom.

Let's consider one way rope (Fig.) when three masses m,, m, and m, are located on
the draught rope; electromagnetic moment of the drive is applied on mass m,. Thus,
1,=0,0,=1£=0.

1 23 2 ; s 3

From (2) we derive the following system of equations for calculation of #(/,0,p)
values

@, W(0,0,0) + a,, (1,00 + a,7(1,0,0) = DOP);
ay, 0,0,p) + ay, (1,00 + a, W(1,0.p) = ©(L,p); )]
ay, (0,0.0) + a, W(1,0.p) + a, 1(1,0.p) = ©(L,p);
where a,= 1+ p"n®(0,0); a, = pn®(;-1,p); &r -
After solution of (3), if we take into account the standardization conditions, then

make restandardization p=pL(2a)” , H= r]lL'1 and go to transfer functions expressed
according to velocity, we shall have

#0.0.5) = kish’pechp + p(uA + uB)ship + poyup EID (),
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1,,0,5) = ksh’5(chAp + wpshAp)D’ (p);

W1,0.p) = kshp{shp + wpshApsh(l ~ Ap1D ' 5),
where A= 1- 207",
DE) = S + G + oy + pr)PSh P + 5T + B + g, Coshi + pugu o F
A=ch’p-ch’2p; B =sh’p; C=ch’p - ch’(l -A)p;
E = chp[sh’p — ch’4p — ch’(1 ~A)p + 2chApch(l ~Mpl;
k=(2a)'l is a constant coefficient.

Practically the case when perturbation acts on mass m, is also interesting. In this case,
analogous to the above considered we obtain:

W0,1,,p) = kshp{shpchip + wplehpchAp — ch(l - Hp13D ' @),
W 1,p) = Kish'pebp + Bud + wCshp + p w5 E1D () ®

W(L1,.p) = kshp{shpch(l - A)p + mplchpch(l - A)p — chip] }D"(ﬁ);

Transmission functions (4) and (5) enable to research the effect of the parameters of
the object with distributed parameters on natural oscillation frequency spectrum. The
effect of @ and Z parameters is derived from expression @ =wL(2a)’] , while that of A.and
4, parameters is determined on the basis of characteristic equation.

In particular case, when A = 0; 1, (4) and (5) are considerably simplified and make
possible to investigate the process of starting and braking of rope way and two way rope
way as well, if we'll do the corresponding redistribution of masses and assume those
masses /7, and m, and the nearby cars have the same velocities.

On the stage of analysis and synthesis of the control system of rope way electronic drive,
on approximation by finite dimension model, transfer function of the element with distrib-
uted parameters, a good result is obtained when hyper bolic functions are expressed through
chain fractions and transfer function is expended into elemental fractions.

Georgian Technical University
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ABSTRACT. The effect of a machine impedance and a welding zone resistance on
the spot welding joint strength is considered. Self-regulation coefficient of welding
current is introduced.
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The current self-regulation process for spot welding joint is well studied in literature
[1,2]. It is regarded as helping factor for levelling of welded surfaces while washing and
covering it with liquid steel layer. As to the contact spot welding the change of welding
current correspondingly to the change of contact impedance is meant under self-regulation.

Experimentally it is proved that complete impedance of machine contact welding
influences on welding active power. By increasing of active impedance the active power
increases and it reaches its maximum in case of active and reactive impedances cquilib-
rium. During such ratio of active and complete impedances the process of welding joint
melting is stable. It is noted that the stability of the process is conditioned by optimal
conditions of current [1].

The following experiment reveals the influence of reactive impedance of spot welding
machine on welding strength. By putting the inductive rings in the contour of spot weld-
ing machine of MT-1214 type we change the reactive impedance of machine, which
influences both the size of welding current and its strength (Fig.1, curve 1). Then while
putting the inductive ring into the contour the unchangeable value of welding current was
reached by regulation of welding transformer, primary resistance. In spite of constant
cutrent by increase of circuit number welding strength was changed (Fig.1, curve 2).

On the basis of critical analysis of joint welding and current self-regulation processes,
and above mentioned experimental research,

the hypothesis was formed that while con- i 2 |

tact spot welding before the formation of lig- 15 'x,,,/‘%

uid nuclei and joint welding the self-regula- 13 =

tion process of current occur according to P*'ON,

one and the same scheme, which is as fol- o

lows: in welding zone before current con- =

ductivity, under the action of compressive i ; 4 3 ¥ .
force welded surfaces come into contact by : g

microreliefs; during current conductivity they
melt; under the action of compressive force . S
th il 1 other A f Fig.1.Effect of inductive impendance on strength:
?y appTOXIma © AO €ACh OLNCE; NEW, PALES 0! 1)welding current is changing; 2)welding current
microreliefs come into contact, then they also 5 cohutant.
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On the Assessnient of Erosion Processes Effect on the Social
Tension in the Society
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ABSTRACT. The possibilities and perspectives of use of the modern theory of
reliability for assessment of a quality of the environment condition, ecosystems, in-
cluding erosion processes are described. Some aspects of the assessment of erosion
processes effect on the social tension in the society are presented.
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Soil protection from erosion takes the first place among the most accute problems of
today. On a national scale it is not less important than the power problems. Considering
the global scales and importance of the negative after-effects of soil erosion and compar-
ing the damages related to this “gentle crisis” with the losses caused by reservoirs crude
reclamation and power structures being the point at issue the lasts seem to be lesser of two
devils. Unfortunately a damage caused by the erosion does not decrease and in a lot of
regions even increases. This fact is related to the necessity to maintain and quite often to
intensify a farm produce. This need, especially in market conditions, forces farmers to
risk and to involve more and more erosionally dangerous lands into crop rotation.

Obscrvation and analysis of negative after-effects of crosion show, that this disease of
soil is accompanied by such grave results as: fail in productivity, decrease of reliability of
farm produce, worsening of conditions in soil cultivating and operating, deterioration of
safety of agricultural mechanisms, destruction of vegetational cover, silting and pollution
of rivers and reservoirs, breakdown of territories by the thick net of gullies.

Migration of people from villages to town is related to the soil erosion and drop in
fertility. It is established that the intensity of this migration directly depends on intensi-
fication of soil wash-out.

These negative after-effects of erosion lead to overall increase of social-psychological
tension in the regions subjected to erosion processes. So far change (worsening) of social
conditions of people is not taken into account sufficiently well in assessing of damages
caused by the erosion. It is obvious that these problems need to be considered more
seriously.

|

]
The aim of this paper is to substantiate a necessity of account of damages caused by

erosion processes to the social sphere, to work out some methodical approach for assess-
ment of influence of erosion processes on a change of social condition of society and to
use the results obtained for solution some typical problems arising in designing soil
protection measures.
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Specific character of the problem stated is that its solution cails for combination of the

modern possibilities of the erosion science with the reliability theory of ecological sys-
tems. Meanwhile the level of development of the erosion science and close fields of
sciences makes it possible to come to proper mathematical description within which some
concrete additions can be formed.

The most important stage in solution of the problem stated is formation of analytical
expression for assessment of danger of social conditions worsening through other
parametres, to find a criterion of quantitative analysis of observation data.

As the problem under investigation has a lot of criteria, when properties of system are
characterized by many indices assessed by various units of measurement quite often dif-
fering from each other with their importance and contradictions, then a choice of complex
criterion or index expressing the properties of system to a greater degree and having
certain physical sense seems to be the most important. The best among them is to assess
a degree of risk danger.

At the same time in order to choose measures aimed at a decrease of soil losses and
economical, ecological and social changes related to them first of all it is necessary to
work out methodology to compare versions of soil protection measures. One of the most
serious problems we have while comparing is to find some comparable indicators, the
sense of which in different versions of measures isn't the same.

Analysis of different indices which can be used in solution of the problem shows, that
many of them have a little information in comparison with the assessment of this condi-
tion by the method of risk of danger. Assessment of risk means scientific analysis of its
genesis, including exposure, determination of sources and factors of risk zones of their
potential effects, definition of danger degree in some concrete situation [1]. “Risk” often
means “probability of human and material losses or failures”. Risk, sometimes may not be
concreted with the human and material losses of failures, then the following expression
is used for risk assessment:

. . | after - effects frequency event after - effects
risk = x value

time time limit event

It is obvious, that assessment, analysis of risk will allow to find a way of minimization
of risk at the prescribed limitations, to work out algorithm of priorities of activity for
reasonable, safe technologies in soil developing and at the same time to get a minimal
danger for people.

It follows from the above mentioned that it is very important to take into account
disturbances of social stability caused by the erosion processes in the region under consid-
eration in choice of version of soil protection measures. It should be noted, that contribu-
tion of this process to a worsening of social conditions is important enough to be disre-
garded.

In these conditions in order to determine a methodology of assessment of social risk
it is very important to use possibilities and techniques of general theory of reliability and
theory of reliability and safety of ecological system worked out by the author [2-6].

Risk and “reliability”- recently more often used for assessment of operating condi-
tions of systems and different objects (considered as a failure free operation) are iniercon-
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nected with the function relation [4]

R@®) = 1-P@),
R()- a function being an addition of reliability P(¢) to an unit is accepted as a function of
risk. It is reasonable to use the function (1) for description of any dangers for people,
material and moral damages including dangers caused by the soil erosion. The expression
(1) allows to measure a risk qualitatively and thereby makes it possible to assess its
perception by people.

The disturbance of social conditions as a rule does not occur by a simple scheme, but
as a result of a combined effect of unfavourable factors of risk. Then a total value of
dangers of after- effects of erosion processes can be simply assessed by a definition of a
general risk stipulated by various processes of the soil erosion. In general an expression
to assess a total risk under influence of different factors is presented as follows:

PID,) = PID, /S, 1-PIS,), @)
where P[D v] is a probability of occurrence D » Dﬂ is an occurrence showing that a system
is in 7 -condition; S, means, that observed erosion effect (intensity of soil wash-out)
characterized by the {ével B P[D” /S/,] shows a probability that system’s state will be D,]
on condition of erosion effect S, Intensity of erosion, depth of soil wash-out and other
characteristics of erosion can be expressed through S . ‘

Let’s remind, that conditional probability P[D”/S?] is a probability of appearance of
occurrence D on condition, that occurrence Sﬁ has already occurred. This probability is
determined as P[Dq /Syl - a relative part of causes leading to the occurrences D ,p among
a group of factors leading to occurrence S s

Solution of the concrete problems requires to calculate a number of all the observa-
tions in which the accounted characteristics proved to be above tolerable limits, i.e. are
dangerous -n,,. Then a probability of appearance of danger —risk P/, can be calculated by
the following expression

Py="2 16)

Knowing a probability of appearance of danger Py a risk related to a danger D can
be determined. A danger D is stipulated by exceeding of values of erosion intensity 1
under consideration of a threshold of tolerable intensive erosion (normative thres hold)-

f e

By l)= P>/ DPp), @)
where P(/, > I p) is a conditional probability of appearance of danger related to exceed-
ng. )

Probability P(I; > I p) may be determined with the help of known incontinuous distri-
butions made with the use of observation data and tolerable limit of disturbance (change)
These necessary data can be obtained on the basis of observations at the analogous objects
where antierosion soil protection have been used. |

Using expression (1) and (4) to assess a level of danger under the influence for .
example of two factors, we have an expression for assessment of total risk [7]
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Py = 11 = P, > L)1 - PU,, > 1) e
1.2) of &yt 02~ 4p2))s
where /;, and /;, are tolerable values for 1 and 2 factors of risk respectively.

Monte-Carlo method and Butstrep-method can be used in case of insufficient amount
of investigations. When it is impossible to determine a total risk for lack of quantitative
data of parameters of probabilities, presented in equation (5) then a risk may be assessed
with the help of experimental estimation including the “Delphi” method with account of
their characteristics [7,8].

The approach stated permits to choose the best way to minimize soii losses and
disturbances of social stability. This methodology makes it possible to base 2 necessity of
certain material expenditures which might be recompensed at the expence of decrease of
social tension. The proposed methodological approach for determination the erosion pro-
cess effects on the social condition of the society, unlike verbal and quantitative assess-
ment, will allow to c: lculate indices of risk degree qualitatively at the various stages of
soil development, taki g into account the use of different soil-protection measures. In
conclusion it should be 1oted, that this methodological approach of risk assessment can
be used not only to asses effect of erosion processes on the social tension, but to assess
negative effects, caused by any different processes, as there are no specific limitations in
solving this problem.

Institute of Water Management and Engineering
Ecology
Georgian Academy of Sciences
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ABSTRACT. The method of estimation of slope stability in ‘soil erosion is sug-
gested with account of basic factors causing erosion and the danger of ravine forma-
tion on the slope.

Key words: EROSION, SOIL PROTECTION, RELIABILITY.

While developing theoretical models of erosion in most cases it is admitted that
the velocity of the flow formed by rainfall is constant across the slope and the
motion of the run-off across the slope is considered to be turbulent. However, ex-
perimental studies show that after filling all the hollows the rainfall forms a run-
off which doesn't move uniformly. It consists of single streams and flows with
different charges and velocities [1,2]. Quick cross-sections of the streams increase
in the direction of motion. Their number on the slope is chaotic. Therefore in
erosion forecasting equation the coefficient, which takes into account correction of
difference between the accepted model and the natural one, should comprise all
possible values of the factors defining the erosion and envisage their probability as
well. General methodology of solution of hydraulic and erosion problems developed
by Academician Ts.Mirtskhoulava [3], the determinate formulae of estimation of
hydraulic parameters of slope run-off [1,4] and the theory of fall-out of the random
functions permit to solve the problem [5].

If we assume that ground surface across the axis z (z is directed in parallel with the
water separator according to the inclination of the x slope) is a slow variable, differen-
tiable random function f{z), which is approximated in the form of parabola in the area of
its maximum and is subjected to the normal distributing law, then for high level fall-outs
the maximum of the random function determines one positive fall-out and the distribution
density of quick cross-sections of the streams formed on the slope by the rain can be
written in the following way:

05 2 0.5
P(S) = [003 ,/i-(Zuﬂ’i (s (il +p%)
AE At P Gl [ Bl e
5 0 IX PIN3) | meix : o)
where / is an average intensity of rainfalls (m/sec); ny is the coefficient of Manning;
o, is the coefficient of run-off; x the distance to the waterseparator (m); i the inclination
of the ground surface; @, B are the parameters of correlation function
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R(b)=e d’(msﬂ b +Esmﬁ b} of ground surface irregularity.

- Taking into account the above given dependence the probability of its unfailing work
on the slope in the process of erosion can be written in the following way

2 3 2 2 0.5
P(Sy) =1-exp [i)a{ux-za 27 ] RS>0,

3 nyo l X @
where S, is such value of a quick cross-section of the stream on x distance, when only a
permissible amount of ground surface is washed away.

Let's use the erosion forecasting formula [1] at f time interval to estimate this value

3

where / is the thickness of the soil wash-out; w is an average value of the flow pulsation
frequency (per sec); d is the size of the particle torn off the bottom (0.003-0.005m); ¢ is
 the rain duration (sec); V, is the velocity of the flow on the bottom in x distance, which

can be calculated by the formula ¥,y = A”'7\[y i /ny, m/sec; ¥, is the limited velocity

A0

VZ
H =O400000644m<d-[V"2"' —1}:

of the flow (nonerosive) on the bottom (m/sec); y is the depth of the flow, y~ \/ST 5 (n):
S'is the quick cross-section of the flow (mz). Taking into account equation (3) we get

4
g ‘[VAO‘"O'\/BHO""IJ B 156250
(1 5 =

AOHJ; - )

w-d-t’
where A=0.7d is the height of roughness of the flow bottom (m); H, is the permissible
depth of erosion of the flow bottom ().

If we introduce (4) into (2) we can estimate the probability that on the slope with
certain parameters the rain of a given intensity won't cause erosion of the soil such that
at any part of the slope it exceeds the permissible value /7, i.e. the slope reliability in the
process of erosion

Vi -(BHy +1Fn3* - Ja? + p*
Ry, =1-exp| -+

225.i%d-0y-1-X : 4

Let's compare the values calculated by the formula (5) to the experimental data. Let's
assume that the width of the slope z=10000/x m; the volume of the soil wash-out on the

slope by one flow is H>-X/2, (m3); number of flows on the slope is vz. Takihg into
account the volumetric mass of the ground y(t/ms) the permissible value of the erosion per
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sible value of the erosion depth on the bottom of the flow Hy=0.0144q0 /v vq , (m).

o N®wo-

—o—x=4
4 —&— x=20
—4&— x=50

O WA
‘

|

Probability of unfailing work
coooocoo0

o

0,01 002 003 004 005 006 0,07
Permissible value of the thickness of soil wash-out

(m)

Fig. Probability of the unfailing work of the slope in the process of erosion caused by rain.

The diagram shows (Fig.) reliability of the cultivated slope calculated by equation (5)
for the following parameters: the correlation function coefficients of ground roughness
a=13.4; f=17.6 per meter; rain intensity /=1/60000 m/sec; n=0.12; 0,=0.12; i=0.25;]‘
v=3.5; x=4m; =3600 sec. According to the experimental data the value of the erosion on
the slope with such parameters is q=2.5 t/ha [1,2], and as shown in the diagram the
thickness of the soil wash-out varies from 0 to 7cm with appropriate probability.

It should be noted that an average index of slope erosion may not exceed the permis-
sible value but at some parts of the slope the flow can form such deep gully which can't
be smoothed by ordinary cultivation of the ground and ravine formation may begin. For
example according to the given experimental data the ground is cultivated at 25 cm depth,
if we add the depth of crosion to it. then at some parts of the slope the lowering of the
mark of the ground surface will exceed 30 cm.

On the basis of the results obtained we ca1 zonz!de that while developing the meth-
ads of experimental studying and forecasting tirc relis»ility of soil with respect to erosion
it is reasonable to take into account an avera ge index of solid run-off per hectare as well
as the formation of flows after rain due to the unevenness of the slope, their number, gully
formation and development, which is possible by the use of the formula (5).

Institute of Water Management and Engineering Foolocy ‘

Georgian Academy of Sciences
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The Influence of Hydrometeorolgic Factors on the Economy of
Commercial Sea Passages

Presented by Academician G. Svanidze, May 5, 1998

ABSTRACT. Economic benefit of the sea passage greatly depends on hydrom-
eteorological factors. Simplified expression to calculate the total of acro and hydro-
dynamic resistance of the ship in unfavourable weather is suggested. To evaluate the
economy of the commercial passage of the ship the expression profitable for sea
practice is offered.

Key words: COMMERCIAL PASSAGE, ECONOMY, HYDROMETEOROLOGY.

Oversea transportation charges depend on the economy of commercial passages (£)
and the latter depends on the time duration (7) of the passage. Time (7) in its turn
depends on several factors. Hydrometeorological factors (HMF) are one of the main fac-
tors, which influence on the rate and safety of the ship. Such hydrometeorological ele-
ments as wind, visibility, air temperature, precipitation and oceanographic elements as
storm, current, water density, ice phenomena must be foreseen for successful commercial
passage.

The speed (V) of the ship in still water depends on the rest (V) (the area of rest screw
wing) of the propeller and on the total resistance of both water and air (SR). This depen-
dence can be expressed by the equality:

V(V)=ZR(V,) (@)

The aero and hydrodynamic stability of the ship depends on the ship's crossing area
(8) with an angle formed under the influence of wind, current and storm against the
direction of the ship. The area (S) is minimum when the wind, current and storm come
along with the ship direction and it is maximum when they are against it. The aero and
hydrodynamic resistance of the ship can be calculated by the following formula: [1]

2
R=C%S, )

where (‘ 1s the coefficient of frontal resistance, p is the mass factor of air or water
(kg.sec ’/m* ) (p=102 for water and 0. 152 for air); Vis the rate of wind or current (m/sec);
S is the area crossed by the ship (m ):

The speed of the ship is also kept behind by the orbital movement of water particles
in the wave. The stronger the storm is the stronger the water particles orbital movemer
is. Taking into account this condition, the height of the inside water part of the commer-
cial ship (//<10m) and frontal resistance coefficient (¢=0.4) the formula (2) takes more
simple and practical form

R \//
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h
ZR=0.08V]S, + 33.6(me, +TJS2’ 3).

where ZR is the total resistance of wind, current and storm (kg); S, and S, are the areas of
crossing in the middle by the underwater and abovewater parts of the slup (m) with wind
and current along the course angle; /is an average rate of the current in the upper 10m layer
of the sea (m/sec); / and 7 are average height and period of the bi ggest waves.

Unfit hydrometeorological conditions are significantly holding the ship and some-
times the crew is to change the course, increase the distance (L) and cover it at small
speed. In this case the shipping charges and probability of shlpwreck increase greatly and
the passage effectiveness decreases.

When TRACECA, the so-called "Silk Way" transportation corridor of the South
Caucasus starts functioning within 200 miles of economic zone of Georgia and with the
increase of oil transit the ignorance of HMF influence on safety and economy of the
passages will cause the growth of loss. Therefore the individual and total influence of
meteorological and oceanographic elements should be studied first of all and possible sea
passages with minimum influence of HMF should be planned.

Thus the goal of the investigation can be formulated as follows: to define the influ-
ence of HMF on the effectiveness of economic passage and to create a mathematical
formula which can be used in navigation practice. /

The economy of commercial passage mainly depends on time duration 7, therefore its
correlation can be made according to the specific discharges in 7, time, which can be
expressed in the following way [2]:

E=[(KL+S)-(K,L+S)IP), , )
where P, is the load capacity of the ship (T/mile) in the most profitable passage; K, K,
are specific investments (T/mile) in free and profitable passages respectively; S, S, are the
net cost of shipping in free and profitable passages (10T/mile); L is the investment coef-
ficient which is about 0.12; K, S, and P, can be calculated by the formula:
Gl T,DK
“Thp SPSMgE =t ®
where C is the shipbuilding costs; S, S are the ship and crew maintenance charges while
sailing and mooring; 7}, is the ship exploitation per day; D is the net shipping capacity
(D); K, is loading area coefficient; 7,41, is the time while sailing and mooring during
economic passage (T=t+t,).

After a certain change and simplification with account of navigation practice the

economy of the passage can be calculated by the following formula:
- (0.12C +TES,)AT, ©
/K
where AT'is the time difference (7) while being in bad hydrometeorologic conditions and
in the profitable passages.
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To choose the economic or the most effective passage HMF forecast informatiost-and: >
formula (3) must be used [3]. The more exact information is the more economic passage is.

The exact hydrometeorologic forecast will give the economic effect. This will consid-
erably exceed the charges spent on the hydrometeorologic service within the economic
zone of Georgia. It is especially important in urgent cases when operative hydrometeoroiogic
service helps us to avoid shipwreck (especially of tanker) and crew victims. Practical
measures and calculations for many years done in conditions of different HMF and in
different seasons of the year confirm this point [2-4]. This information is corrected and
supplemented with special calculations for the Black Sea (Table).

Table
The loss of time (AT,) due to storm and current during the most economic passage
The season and Height of | Rate of the Time duration of the AT
the power of the the wave current economic passage
storm ‘h(m) V (knot) (Tw) (h)

in fine in conditions of
weather _|storm current

weak 2.5 0.2 1.0 11.5 1S
strong 4.0 0.5 13.0 15.0 2.0
spring-summer 2.0 0.2 5.0 9.0 4.0
autumn-winter 4.0 0.5 4.0 8.0 4.0

The variability of AT values in different conditions of HMF clearly shows that time
duration of the commercial passage increases by 1.5-4.0 h when storm current is against
the direction of ship. In this case shipping charges within the exploitation of the whole
commercial float will increase.

Soon in the navigation sector of TRACECA and Supsa Termmal the hydrometeorologic
service  which will have a good network of meteorological and oceanographic shore
stations, autonomous buoy systems, drifting buoys and weather forecasting ship will start
functioning. The versatile information obtained by such network will be processed in the
information centre and will be rapidly delivered to the ships in the form of recommenda-
tions, prognoses and facsimile informations, according to which the most economic course
can be planned to perform the passage with great economic effect.

Such service will guarantee the increase of stable ecological monitoring effectiveness of
a commercial passage by 10-15%. It will essentially exclude the shipwreck and its grave
consequences which might be caused by the ignorance of hydrometeorologic factors.

Batumi State Marine Academy
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. ELECTROTECHNICS
O. Labadze, M. Tsertsvadze, G. Kublashvili, P. Manjavidze

Mutual Inductance between Flat-Parallel Convex Contours
Having Conjugate Pieces

Presented by Academician M. Salukvadze, September 15, 1997

ABSTRACT. The effect of the angular displacement on the mutual inductance
between flat-parallel convex contours having conjugate pieces is considered. Appro-
priate characteristics are obtained on computer.

Key words: SENSING ELEMENT, MUTUAL INDUCTANCE, FLAT-PARALLEL,
CONVEX CONTOURS.

Determination of mutual inductance between inductive contours is the theoretical
basis to design sensing elements constructed on the base of the changing of mutual
inductance [1].

Let’s solve mentioned electrotechnical problem for the sensing elements with two flat-
parallel convex contours having conjugate pieces and establish the relation among mutual
inductance (1), axially symmetric displacement () and angular displacement about sym-
metry axis (o) (Fig.1). Topology of contours corresponds to the curve that consists of two
semi-circumferences with equal radii (R), centers of which are located at any distance (a)
from each other and parallel straight lines joining the ends of these semi-circumferences.

Each of contours may be resolved into pieces (1, 2, 3,4and 5, 6, 7, 8 pieces). Since
the resultant mutual inductance will be the sum of sixteen components (principle of
superposition [2]). In view of the fact that these components are equal in value in pairs
because of their symmetric location, resultant M will be

M= M Mg+ Mg+ Mg + Mg + Mg + My, + M)

where My, Mg, My, Mg, Mys, M, M,
and M, are mutual inductance compo-
nents between corresponding pieces of
contours. In order to determine these com-
ponents the double integral formula
known in theoretical electrotechnics may
be used [2]. Just as in series transactions,
dedicated to the problems of mutual in-
ductance [1], cos¢ and D may be
determinated on the basis of coordinate
method. Consequently Cartesian systems
XOYZ and X’O’Y’Z’ are constructed.
: After appropriate conversions the follow-

Fig.1 Displaced flat-parallel convex contours having ing expressions is derived:
conjugate pieces.
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Notice, that the integrals for A, and M, , are convergent , since the functions under
integrals are discontinuous at the point ®, = 90". Because of this integral for this (Poim
determinated in its own right has been added to the integrals for the ranges ©,=0+89
and ¢, = 91°:180°. Such integral value because its calculating is realized with numerical
methods. The components Mg, Mg, M, and M, have been also calculated in their own
rights at the point « = 0° for the same reason: .

180° 89°
M. = _HR I [ Emedeg odnde,
12 4r

DR 1 ¢, +d?

91=0" 9, =0"
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0 /‘oR cos g, dydt
)= I J- 2 ; 2 2
P1=01=0 Jd +(t—a —Rsmqy,) +(Rcos¢1 —R)
In order to determine components M,, and M, the formula for mutual inductance

between two linear contours has ‘been used [2]. Their expressions after corresponding
conversions are given below:

dL
M= £ cosar (2Rctga+—£—aJArm—f—— a+2Rctga+ 2R )Arth < +——1i
2z sina c+e sina b+e sina ‘

d
Mzs=ﬂcosa (ZRctga— _2R —a\Arth 4= a+2Rctga—_2—R]Anh 4 +——N|;
2 sina } h+n sina g+n sina

where b” = 4(a/2 + Retga:+ Risina)’sin’(a/2) + ', & = 4Retger+ Rhsina - a/2)’sin’(af2) + &



r

Mutual Inductance Between Flat-Parallel Convex Contours Having Conjugate,.‘,\\ !

¢ = doos’(a2) + 4(Retgar + Risina)sin’(o/2) + & | Mi[aH]

a+2Rclga +2
L = arctg - /Sma tgle/| + | di<da<ds
30
(2Rctga+2R//. —a+c o
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On the basis of the above expressions and using the numerical method, resultam
mutual inductance values have been calculated on computer for the angle range o= 0+ 90
and the followmg parameters R = 5-10° ma=2-10"m, d,=3:10F ’m, dy=5: 10°m,
d,=7- 10°m. In the Fig. 2 corresponding diagrams are shown The dlagrams they have
monotomcally increasing and sign-changing character. Obtained characteristics represent
output characteristics for the interinductive transposition sensing clement.

Institute of Control Systems
Georgian Academy of Sciences
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AUTOMATIC CONTROL AND COMPUTER ENGINEERING

A. Chaduneli, A. Kurtishvili, G. Cheishvili, I. Lomtatidze

Digital Representation of a Continuous Process with a Wide
Dynamic and Frequency Spectrum

Presented by Academician M. Salukvadze, August 14, 1997

ABSTRACT. A principle and technical solution of transformation in a digital
form of a continuous process with a wide dynamic range and frequency spectrum
in the case of an analog-digital restricted efficiency transformer is given. The
principle has been worked out particularly at processing seismic data.

Key words: TRANSFORMING RESOLVER, DIGITAL REPRESENTATION, CON-
TINUES PROCESS, SEISMIC DATE, FREQUENCY, SPECTRUM.

A message or information which is defined and expressed in certain material form,
can be continuous or discrete. Respectively , there exist different forms of its recording,
transmission and processing. A physical variable that transfers a continuous message
can take any value in a certain interval, and it can change its value at any instant. In
other words, a finite length continuous message represents infinitly values of the charac-
teristics of the current process, while a feature of a discrete message is a fixed collection
of certain elements or sequences of elements that form at discrete moments. Here of
importance is the fact that a collection of elements is finite, rather than the physical
nature of elements. This is the main difference between continuous and discrete message.

A device realising a link with the object and containing an analog-digital trans-
former represents the main conforming assembly between the experiment and the com-
puter. It provides us with an information about the object of a discrete form representing
values of a continuous process at fixed points of the time or space . In this way we replace
infinite data chain by a numerical collection of a discrete form. This discretization proce-
dure causes an error which sometimes is so large that its subsequent correction by high
accuracy computations seems to be impossible.

The value of an error made in the process of recording of experimental information
is determined by the analog-digital transformer's speed and accuracy, i.e. by its order

(number of digits). Their increase is related with certain technical and economical
problems. In particular, according to an assess that can be found in bibliography, each
additional digit after 11-12 digits doubles the cost of a device. That's why the construc-
tion and production of high accuracy and low cost analog-digital and digital-analog
transformers represent one of major problems of the computer technique.

Informaition gained from many experiments is given in the form of a continuous
process. In particular, such a continuous process is the seismic waves spread from the
epicenter of an earthquake. On the basis of the criterion of setting the first appearance of
seismic oscillations one is able to process automatically the kinematic information. The
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kinematic information concerning seismic waves of various phases, recorded and buff-

ered, subsequently is used to find the hypocenters of the main push as well as to figure out
the seismic focus of the earthquake.

We give a principle and technical solution of transformation in a digital form of a
continuos process with a wide dynamical and frequency spectrum in the case of an
analog-digital restricted efficiency transformer.

The functioning circuit of the information recording and transforming resolver is
given in Fig.

The main nodes of the resolver are as follows: 1. Scale amplifying node. 2. Analog
key node . 3. Analog-digital transformer. 4.Control node. 5. Accumulator.

The resolver works in a waiting mode. It starts after arrival of the first perturbation
signal. From the trunk switch evenphase seismo- -signals are sent to the input of the
resolver, the amplitude of the signals being ranged from 20MkV to 10 V during the
seismic activity period. While the analog-digital transformer, which is constructed on
the base of the integral circuit M7077M/1, should be fed by certain voltage within the
interval +1.022 which subsequently is transformed into corresponding binary code.

We have worked out a conforming node built on the base of operational amplifiers
and analog-action keys. The extention ¢ transformation limits is implementcd by a scale
amplifier with fixing the amplification fevel There are selected four trunks with the
amplification coefficients k =k, . By selecting a scale amplifier and a state of an analog
key the controlling node fixes an amplification coefficient that corresponds to given
measurment limits. Choosing the amplification between the above four ones is going on
automatically from the controlling node which at the same time works out the order of
the necessary number of igits. Respectively we widen the dynamic limits of an analog-
signal which reduces the relative measurmen:t error. The analog key node contains also
comparator with infinitely large amplification coefficient. If an input signal exceeds the
limits of the above range, on the output there will be recorded the logical zero or one.

The existence in amplification trunks of independent scale amplifiers permits using
of simultaneous parallel access. The latter increases the discretness and correspondingly
widens the frequency range.

The accumulator consists of acceptance register, where a transformed word forms in
abinary code; operational storage unit where the first push is recorded and high capacity
storage unit that accumulates the whole active seismic information. This node may be
apart of a computer while the system operates in a real time.

On the acceptance register at each transformation step a twelve-digit binary code is
recorded; 9-digit mantissa with its sign comes from the analog-digit transformer, and 2-
order digits from the controlling node.




468 A. Chaduneli, A. Kurtishvili, G. Cheishvili, I. Lomtatidze ~N

In the late cighties the Engineering Lab. of Georgian Academy of Sc1ences in col=
laboration with Moscow Earth Physics Institute have cllaborated and released in a few
samples an automatically controlled system for observing seismic processes. The system ]
represents a complex of technical and programmed means for receiving, measuring ,"
recording and real time processing of a wide class seismic and geophysical processes wnh
a wide dynamic and frequency range.

In 1987-1988 the system has been successfully tested in joint USSR-USA experi-
ments on nuclear-test checking in Semipalatinsk and Nevada firing grounds..

N.Muskhelishvili Institute of Computational
Mathematics
Georgian Academy of Sciences



bO3SOMBILML 8IGENIHIBSS S39RIINNL 8MS8AI, 157, Ne3, 1998 ) ///
BULLETIN OF THE GEORGIAN ACADEMY OF SCIENCES, 157, \e3, 199 &

HANIEISN

0943

~L

SOIL SCIENCE
R. Lortkipanidze

Agroindustrial Characteristics of the Main Types of Soils of
Imereti Region

Presented by Corr. Member of the Academy T. Urushadze, January 26, 1998

ABSTRACT. The characters and compositions of mountain meadow, brownforest,
rendzina-carbonate, red, yellow, yellow-podzolic (subtropical-podzolic) and the
meadow alluvial soils are investigated according to the agricultural development
program of the region. Agroindustrial characteristics of the soils and measures for
increasing of the soils productivity are given.

Key words: AGROINDUSTRIAL GROUP, SOILS, MECHANICAL COMPOSITION,
GLEIL

By geomorphologic division Imereti is located in the north-eastern part of humid
subtropical area of West Georgia [1-3]. Vegetable cover of the region is characterized by
strict vertical zonality. i

In the low Imereti the Kolkheti lowland mainly consists of the forth strata: The rest
area consists of the sandstones of Urassic period.glei slates and glei statums, also of the
crystal matrix - granite and crystal slates, charts and urging lime-stones, which are the
common creative rocks of these soils [6].

The complex relief, climate and geomorphologic conditions, variety of vegetable
cover and human influence have stimulated the diversity of the soil cover. The mountain-
meadow, brownforest, red, yellow, yellow-podzolic (subtropical-podzolic), yellow-pod-
zolic glei (podzolic glei), meadow alluvial types of soils are spread in this region [4,5].

Imereti soils (Table), according to their natural potential fertility, hydro-physical
characteristics, proper transportation of agricultural crops and other factors are divided in
8 agro-industrial groups.

In the first agro-industrial group there are united the soils with big and average
stoutness, non-washed out and weakly washed out, weakly rich of stones yellow, red,
rendzina-carbonate and brownforest types of soils, which are cultivated by annual and
perennial agricultural crops: tea, grape, fruit, etc. The soils are characterized by relatively
good hydro-physical and air conditions, high consistence of watertight aggregates, high
level of general porosity and low weight by volume, which defines the good harvest of
agricultural crops.

The soils do not need the special agro-technical and agro-meliorative measures to be
carried out. In order to maintain and increase their fertility it is necessary to conduct
agrotechnical actions in time and in a qualitative manner.

Except the primary cultivation, the sideration and timely introduction of organic and
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Characteristics of the studied soils

cut | Depth, | Higr. | pH [Humus| CaCO; mg- equiv/on 100 g sail i <0.001 [ <001
# e - G v H Sum % from the sum
Ca| Mg [ H
A Alluvia 7
50 020 440 50 28  not 901 323 notdeterm. 1224 74 26 - 9 3
determ 1
30-40 42 49 18 - 696 19 ~ 882 B 2 . 8 3
60-70 368 s0F 1381 117 = 1498 92 8 ALl 3
85-95 48 50 04 ~ 1960 441 ~ 2401 0l 8 o 3
Yellow  podzolic glei
2 020 ZR R R 1020 206 1,45 sl 70 20 1 12 s4
30-40 600, 52017 832. | 245 135 122 6 20 11 3 60
58-68 T4 - 54 04 -~ 408 38 897 1691 24 23 53 35 7
100410 722 50 .04 ~ 1306 38 985 2677 11 14 75 15 7
Yellow  podzolic
109 016 12 62 312 ~ 1206 143 363 72 0 8 2 18 a3
2535 169 58 112 - 1207 082 30 1591 76 S 19 36 63
45-55 L7 62 10 -~ 1206 081 302 1589 76 5 19 35 64
79-89 198 62 05 -~ 1658 345 039 2042 8 17 2 25 68
Yellow
2215 015 1412 45 445~ 10,59 453 49 2008 53 2 25 2 44
18-28 420 46 209 ~ 1037 258 403 1698 61 15 24 25 59
45-55 263 46 139 ~ 2121 577 034 G ST TR 64
60-70 - 48 - ~ 223 246 012 281 %0 9 1 4 60
Red
70 020 530 47 959 ~ 466 162 419 1047 44 15 4 17 59
30-40 586 46 365 ~ 364 121 303 788 46 15 39 18 57
46-56 750 49 296 ~ 364 281 207 852 43 33 24 2 51
6070 690 49 076 ~ 323 281 298 902 36 31 33 B a7
Rendzina-carbonate
155 0-19 421 78 352 40 1SR 467 notdeterm. 4625 90 10 - 27 6
30-40 48 80 154 150 371 44 ~ 4195 91 9 A 64
56-66 601 82 - 174 4580 389~ 1969 92 8 2 62
Brown-forest
9 017 445 56. ST  notdeterm 11,57 212 1,06 1555 74 14 12 27 62
2535 408 56 309 ~ 1081 257 251 1580 68 16 16 39 7
70-80 505 58 - ~ 1,78 274 2,13 1605 70 17 13 38 7
Mountain-meadow
4 010 591 56 108 ~ 241 124 notdeterm 2365 95 5 - 38
1626 56458 034~ 21,06 165 281 93 1 =13 3

mineral fertilizers is of great importance.
To protect the soils' fertility anti-erosion preventive measures should be carried out.
In the second agro-industrial group there are united meadow alluvial and yellow-
podzolic soils on which annual and perennial agricultural crops and natural plants are
mainly cultivated. The soils are developed in conditions of lowland relief, are character-
ized by relatively high fertility and satisfactory hydro and physical conditions. Agricul-
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“tural crops and namely soil of teaplantations must be ploughed or cultivated, rcgularly
make deeply friablilitated in order to create good conditions for water and air movement.

Sideration, applying of organic and mineral fertilizers (with nitrogen, phosphorus
and potassium) and ploughing of soil give good results.

In the areas occupied by plants meliorative measures must be taken in order to remove
surface waters.

The third agroindustrial group consists of weakly and completely washed out, weakly and
average rocky mountain-meadow, brownforest, rendzina, yellow and red types of soils located
on the slopes of different inclinations cultivated by both agricultural crops and forest, shruberry
and pastures. In pasture land the processes of soil washing due to water erosion are clearly
reflected, the turf stratum is destroyed and the profile of the soil is reduced.

Agricultural technical works aré necessary to be carried out efficiently in the areas
assimilated by agricultural crops. Soil must be cultivated across the inclinations. Organic
and mineral fertilizers must be applied in accordance with agrochemical cartograms.
Sideration gives good result.

In the fourth agroindustrial group there are weakly and average rocky, meadow allu-
vial and podzolic-yellow types of soils occupied by annual and percnnial agricultural
crops. Part of the soil is covered by vegetation. Less fertile soils are characterized by
dissatisfied hydro-physical patterns.

To increase fertility and improve hydro-physical conditions stones must be removed,
organic and mineral fertilizers must be introduced into spots assimilated by agncultural
crops, and irrigation should be carried out in drought period.

The fifth agroindustrial group unites superfluous humid and glei meadow-alluvial,
podzolic-yellow and podzolic -yellow glei types of soils that are spread in weakly drained
lowlands of meadow and upper river terraces in mezo and micro relief conditions. In these
soils prescrice of gleing and surplus humidity with different levels of depths are noticed.

The gleing stratum exists mainly on 60-100 cm. of depth. Soils are assimilated mainly
by annual and perennial agricultural crops.

In the lower Imereti region which is located in new areas of Kolkhety irrigative
measures should be carried out.

The cycle cultivation must be carried out during 3-5 years. This would mean frequent
and decp cultivation, applying of organic and mineral fertilizers by overdoses, sowing
siderites in the soil.

After the proper irrigation and cultivation it is important for these soils to be occupied
by laurel, pheachoa, subtropical persimmon and volatile ol crops.

In the sixth agroindustrial group there are united heavily and at average washed-out
brownforest, yellow, and rendzina soils that are located in slopes of high inclinataion.
Some part of these soils is assimilated by annual agricultural crops and the rest_part is
occupied by thin forest, shrubbery and pastures of poor quality. The soils are quite sub-
Jected to erosion. In order to maintain and recover their.fertility the complex anti-crozion
measures should be taken. On the slopes the soils should be ploughed periodically and
cultivated across them.

Floral composition of the pastures must be improved and implanted by strong peren-
nial herbs.
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In order to regulate surface waters the water repellent, water collective channcls and

flower beds connected with the local hydro-graphic net should be ~arranged. Canyons,
abysses and banks of rivers should be fortified.

The seventh agroindustrial group unites rocky and highly rocky soils located in upper
terraces of the river bank, in lower relief and are composed of old alluvial boulders.

Extension of fertility of the soils is mainly connected with removal of stones from the
plot, enrichment of soils by organic substances and application of mineral fertilizers,
Sideration gives good result. In drought period irrigation should be conducted.

The eighth agroindustrial group is represented by canyons, rocky placers, stony rivers
and bared rocks. Soils should be covered with forests and if it's possible the banks of
rivers and abysses should be fortified.

Presented agroindustrial grouping of soils is good background for correct accounting
of lands and quality of soil resources, optimal movement of crops and finally, 1mpr0ve-
ment of agroindustrial production.

State Agrarian University of Georgia
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M.Davitadze

Systematic Structure of the Adjarian Adventive Flora

Presented by Corr. Member of the Academy G. Nakhutsrishvili, October 29, 1997

ABSTRACT. In the present letter systematic structure of the Adjarian adventive
flora is proposed. Intensive process of antropogenic transformation of the Adjarian
flora takes place during the last decades.

Key words: ADVENTIVE FLORA, EPHEMEROPHYTES .

At present 439 adventive species have been registered in the Adjarian flora which
makes 23% (1900 species) of general floristic variety in this region. Among them 79
species are ephemerophytes. Despite the fact that the existence of adventive ephemercphytes
is unstable in local flora, we take them into account while analyzing systematic structure
of Adjarian flora. The cases of extinct adventive ephemerophytes reappearance have been
marked here and there [1].

The species of Adjarian adventive flora belong to 4 divisions and 2 classes (Table 1).
Higher sporiferous piants are represented by 2 families (Psilotaceae and Polypodiaceae),
6 genera and 6 species, barcseeds by 2 families, 2 genera and 2 species, and hidden seeds
by 52 families, 252 genera and 421 species.

Table 1
Classification of the Adjarian adventive flora
in large taxonomic units

Division, class Amount

Family Genus Species
Psilotophyta 1 1 1
Pteridiophyta 1 5 5
Pinophyta 2 2 2
Magnoliophyta 59 252 431
Magnoliopsida 46 191 329
Liliopsida 18 61 102

The Adjarian adventive flora is characterized by a number of specific features. First of
all it is the existence of higher sporiferous plants. From the Baltic Sea coast up to Kolkhida
higher sporiferous plants are not found in the adventive flora of any region [2-5].

Up to now they have not been identified for Kolkhida either [6-8]. In Adjarian flora
we have found Psilotum nudum, Onoclea sensibilis, Dryopteris atrata, Cyrtomium falcata,
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Adianthum cuneatum and Pteris vitata. e ]

Thus, Southern Kolkhida - (Adjara) represents a kind of refugium for higher spo;
of southern origin in the Caucasus.

Southern (subtropical) families of Adjarian adventive flora, except higher sporiferous,
ire as follows: Taxodiaceae, Lauraceae, Lardisabalaceae, Hydrangiaceae, Simaroubaceae,
Signomaceae, Saururaceae and Commelinaceae. Representatives of the American fami-
ites with nearly cosmopolitan areal such as Phytolacaceae, Chenopodiaceae and
Amaranthaceae are also met here. ]

Dicotyledonous prevail in the Adjarian adventive flora (329 species) whereas the
quantity of monocotyledonous is comparatively small (Table 1).

Similar ratio is characteristic to the adventive flora of regions with continental cli-
mate [9]. High percentage of taxonomic units of high rank is also specific for the Adjarian
adventive flora. Thus, in Adjarian flora out of 138 families 14 i.c. 10.1% of total flora
{amilies are adventive. In floras of different regions of temperate zune such phenomena
1s rare. Out of 725 genera of the Adjarian flora 163 are adventive i.e. 22.4% of total flora
genera (Table 2). -
Table 2

The distribution of the Adjarian “.dventive species in taxonomic units
Families Genera Species
Total No  |Among No of Total No  |Among Total No of [Total No  |Among No of
in Adjarian |them adventive  (in Adjarian |them adventive [in Adjarian |them adventive
flora adventive  |families,% |flora adventive |genera, % |flora adventive [species, %
138 14 10.1 725 161 22.4 1900 439 2311 :
Table 3
Taxonomic composition of basic families of the Adjarian adventive flora
Family Genera No of species | Total number of adventive
species, %

Poaceae 41 74 16.8

Asteraceae 43 66 15.0

Fabaceae 19 38 i 8.6

Brassicaceae 29 30 7.0

dpiaceae 13 4.1

Lamiaceae 10 29 :

Polygonaceae 3 29

Euphorbiaceae ) i 2.7

Solanaceae 4 12 2.7

Caprifoliaceae 8 10 25

Cyperaceae 5 9 23
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The genus Amaranthus is represented by 9 species, Chenopodium by 6, Hydr?)co }J‘e”im
Erigeron, Hordeum and Setaria by 3-3 specics; 11 genera by 2-2 species, the rest by one
species. The majority of adventive (296 species, 67,4% of general flora) belong to 11
families. There are Psilotaceae, Lauraceae, Rosaceae, Saxifragaceae, Fabaceae,
Caprifoliaceae, Hypericaceae, Phytolacaceae, Iridaceae, Orchidaceae and Araceae. Other
families are represented by one or two species (Table 3).

The existence of enumarated species of the families has not been revealed in
neighbouring regions of Kolkhida such as Crimea or Azerbaijan [10,11]. Such species
have not been registered in other parts of Kolkhida [7,8].

The majority of the Adjaria adventive flora belong to five families: Poaceae, Asteraceae,
Fabaceae, Brassicaceae and Apiaceae (Table 3). This regularity is common for temper-
ate zone [12]. )

In the forties the share of adventive species in the Adjarian flora comprised only 7%
[13]. Beginning from the fifties the Adjarian floristic varicty enriched by 16%. Such a
high percent of adventive species is characteristic for floras of Far East and some other
regions [14-16].

In last 10 years many obstacles limiting plant migration have been removed. As a
result the process of anthropogenic transformation of the Adjarian flora has been strength-
ened.

Batumi Botanical Gardens
Georgian Academy of Sciences
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HUMAN AND ANIMAL PHYSIOLOGY

G. Todua 1

Electrophysiological Investigation of the Descending Connections’
of the Posterior and Anterior Sylvian Gyri with the Amygdaloid
Complex

Presented by Corr. Member of the Academy V. Mosidze, July 17, 1997

ABSTRACT. Studies have been made on the distribution of the evoked potentials
in amygdala during stimulation of the posterior and anterior sylvian gyri in acute
experiments on cats under nembutal ancsthesia. Potentials with the largest ampli-
tude arise in basolateral part of the amygdaloid complex and central nucleus. Evoked
potentials in cortical and medial nuclei sharply differ from those, registered in
basolateral amygdala. Responses with the shortest latency (4.6-10ms) were regis-
tered in dorsal part of lateral nucleus. This fact is accounted for by the existence of
direct corticofugal pathways.

Key words: AMYGDALOID COMPLEX, POSTERIOR SYLVIAN GIRUS, EVOKED
POTENTIAL, AMPLITUDE, LATENCY.

Amygdaloid complex is involved in realisation of many aspects of behavioral reac-
tions, differing from each other in character [1-4]. For better understanding of its
polyfunctionality and integrative role it is important to investigate its connections with
neocortical areas — higher integrative structures.

The aim of this study was to examine descending connections of the insular region
homologous areas — posterior and anterior sylvian gyri with the amygdaloid complexes in cats.

Data were obtained from 9 adult cats, anesthetized with nembutal, given intraperito-
neally. Bipolar silver ball stimulating electrodes were applied to the exposed pial surfaces.
Single pulses of 0.5-1.0 ms duration were given from a stimulator. The range of stimulat-
ing potentials varied from 4 to 9 volts. Evoked potentials of amygdaloid complex with
monopolar stainless-steel electrodes were recorded. Standard techniques for amplifying
and recording were employed.

Evoked potentials of different latency were registered in amygdaloid complex follow-
ing the single cortical stimulation. The shape and latency of potentials were found to
depend both on stimulation and recording points. Stimulation of the posterior sylvian
gyrus was most effective.

Stimulation of the posterior sylvian gyrus evoked responses in an extensive area of the
amygdaloid complex. In all experiments , in all areas of amygdala the response was
initially negative. The most prominent responses were recorded from the basolateral part
and essentially from the lateral nucleus. The examples of responses in basolateral part of
amygdala in frontal plane 11.5 of the atlas of Jasper and Ajmone-Marsan [5] are shown
in Fig.14.
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The typical evoked potential in n. lateralis consisted of initial negative wave at rela-
tively brief latency, with a duration of 18-26 ms, followed by positive-negative deviation
and later components which were variable even within a given experiment. The maxi-
mum amplitude of initially negative wave was 1904V and more. The latencies of evoked
responses range from 4.6 up to 18 ms. The typical high amplitude response was seen only
in dorsal part of lateral nucleus. The character of the response is altered when recording
electrode is placed. In central part of nucleus lateralis evoked potentials were of less
amplitude and their latencies were longer by 5-7 ms than those of potentials registered in
dorsal part. At more ventral levels longer latency responses (14-18ms) could be evoked.

Study of distribution of evoked potentials in the rostro-caudal plane shows, that re-
sponses with minimal latencies were recorded from 4 11 to 10.5. More anteriorly or
posteriorly from lateral nucleus the medium amplitude responses were obtained.

Stimulation of the posterior sylvian gyrus evoked responses in basal nucleus, similar
to those in the lateral nucleus. A medium amplitude response was obtained from the
magnocellular part of the basal nucleus, as frontal plane 4 11-11.5, where as the parvice-
llular part gave a small or inconstant response. The latencies of responses registered in
n.basalis ranged from 14 to 24 ms.

Responses to posterior sylvian gyrus stimulation were also recorded from the
corticomedial part of amygdala (Fig.1, B). In n. centralis single shock stimulation of the
postertior sylvian gyrus gave a response with latency of 13-16 ms and amplitude 230 z V.
Evoked potentials in medial and cortical nuclei sharply differ from those, registered in
basolateral part. They showed the most inconspicuous biphasic response. Most responses

A B

Fig.1. Evoked responses of the basolateral (A) and corticomedial (B) parts of amygdala during stimulation (6V,
0.5 ms) of the posterior sylvian gyrus. Time and amplitude calibration: 20 ms, 100V

in these nuclei had latencies over 24 ms.

Stimulation of the anterior sylvian gyrus evoked responses in both amygdala. In
lateral nucleus the response was triphasic with 7-16 ms latency (Fig.2, A). In lateral
nucleus evoked responses with minimal latency of 7-10 ms were recorded from stereo-
taxic coordinates: 4 12, L 0.5-1.0, H 3-4.5. Responses were not obtained from clectrodes
implanted caudal to 4 10.
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In basal nucleus responses with relatively high amplitude were obtained on record- 1
ings in the dorsal part. Minimal latency time was 15 ms. Amplitudes of these responses
ranged from 240 to 260 V. In parvicellular part only small inconstant potentials were
obtainable.
Central nucleus displays responses with intermediate latency 15-18 ms. Amplitudes

L

Fig. 2. Evoked resy of the basolateral (A) and corti omedial (B) parts of amygdala during stimulation
(6-9 V, 05ms) of the anterior sylvian gyrus. Time and amplitude calibration: 20ms,- 1004V

of these responses were 220-240 4V, Evoked potentials in cortical and medial nuclei were
registered at stronger stimulation. The responses were of long latency (20-26 ms). The
amplitude was less than 200 xV (Fig.2, B).

Data obtained point to a differential projection of the posterior and anterior sylvian
gyri to the amygdaloid nuclei. These neocortical arcas mainly are projected into the
phylogenetically younger division of limbic system. Our experiments confirm the inti-
mate connection of posterior and anterior sylvian gyri with lateral nucleus. Our results are
in accordance with the findings of Druga [6] which describes direct fiber connection from
these areas to the dorsal part of lateral nucleus.

Our results indicate that two pathways connect these structures. The short latency
component is probably transmitted by a direct pathway. Medium and long latencies indicate
that at least one and probably even more synaptic stations have to be passed in the way. The
connections between the temporal neocortical areas and amygdaloid complex are the basis
of the amygdaloid participation in the higher integrative function of the brain.

1. Beritashvili Institute of Physiology
Georgian Academy of Sciences
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HUMAN AND ANIMAL PHYSIOLOGY
N. Archvadze

Active Avoidance Reactions (AAR) Dynamics in Rats with Dorsal
Hippocampus Bilateral Coagulation

Presented by Academician V. Okudjava, June 17, 1997

ABSTRACT. Dorsal hipp pus bilateral coagulation deteriorates reactions on
the painful irritant and conditional warning. Coagulation causes decrease of fear and
inqusitive reactions. It is supposed that operated rats' specific state with lower cmo-
tional-motivational conditions in “open field” - self relieve ability by grooming and
féar decrease depending on low motor activity - causes deterioration of learning
processes.

Key words: HIPPOCAMPUS, ACTIVE AVOIDANCE, “OPEN FIELD”, FEAR,
INQUISITIVE.

The data about effects of the coagulation of the dorsal hippocampus on the formation
of active avoidance reactions are different [1,2]. Most of explorers consider, that coagu-
lation improves double-sided avoidance reactions [3,4], but in some cases hippocampectomy
causes deterioration of the AAR [5]. The suggestions about effects of hippocampal coagu-
lation on the emotional reactions
are contradictory as well [6,7].

The aim of our experiments
was to investigate the influence of
dorsal hippocampus bilateral co-
agulation on formation of the one
side AAR in white rats and their
emotional-motivation behavior in
“open field”.

Before, the formation of the
AAR the intact and operated ani-
mals were tested in “open field”
during 6 days. All fixed behavioral

L1 0 14y 3oyoy oy oy parameters were systematized into
I 231 2 3456 7 8 o io 11 fear and inquisitive reactions.
Fig.1. Frequency of reactions on electrical and light Formation of AAR started on

stimulus. . e
OX - Experimental days; OY - Reaction’s frequency; the 7th day‘ Aﬁe_r reac!qu cn(erlgl
A - Reactions on electric stimulus; B - Reactions on level on the painful irritant, ani-
light stimulus; e mals were given conditional irri-
O~ - Rapidly leaming intact rats tant (light) during 10 sec. If a rat
O—— - Slowly learning intact rats; 3 B He shelfd
®— - Rapidly learning operated rats. was not jumping on the shelf, dur-

®— — - Slowly learning operated rats; ing the following 10 sec electric

)

]
39
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stimulus on the background of light was given to it.

Animals were grouped by learning ability after reaching the criterial level. Intertrials
spontancous activity and latent periods of reactions were fixed. Intertrial intervals were
varying according to the special selected timer programme for avoidance of time reflex
formation and study of each subject in the similar conditions. During the experiments the
rats have been placed in “open field” before and after cach test.

Bilateral coagulation of the dorsal hippocampus causes deterioration of the reactions
on the painful irritant and conditional warning as well. There is a possibility to differen-
tiate intact and operated animals in 2 groups: rapid learner rats with high motor activity
and slow learner rats with low motor activity. Rapid learner operated animals reach
criterial level earlier than intact rats. Spontanecus activity of the intact rats siguificantly
exceeds the same in the operated rats. And what is more, spontaneous activity of the rapid
learner intact animals prevails over the one of the slow learner intact animais.

Rats testing in the “open field” before formation of AAR gives possibility to evaluate
their emotional-motivational conditions. Fear and inquisitive reactions of the operated
rats are lower than the same in the animals, but in both cases inquisition never prevails
fear. Fear and inquisitive reactions of the rapidly learning rats exceed the same in the
slowly learning animals. While AAR formation frec behavior of animals in the “open‘
field” was changed. The fear and inquisition of intact animals prevail over the emotional
reactions in operated ones. After each trial fear and inquisition increase as well, but
significantly rises fear reaction in rapid learning intact animals, while inquisition consid-
erably increases in the slow learner rats. Emotional-motivational reactions of the rapid
learner operated animals are weaker than the same ones in slow lcarners, and what is
more, after the test the above mentioned parameters change slightly (Figs.2,3).
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Fig.2. Inquisitive reactions in “open field” test. Fig.3. Fear reactions in “open field” test
8. P
OY - Reaction’s frequency; A - 6-days OY - Reaction’s frequency; A - 6-days
testing; B-before experiment; C - After testing; B-before experiment; c
experiment; C - After experiment;
- Slowly learning intact rats - Slowly learning intact rats
- Rapidly learning intact rats - Rapidly learning intact rats
BB - Slowly learning operated rats B8 - Slowly learning operated rats
- Rapidly learning operated rats “o7] - Rapidly learning operated rats

Slowly learning rats with dorsal hippocampus bilateral coagulation can’t manage
AAR realization. The difference is observed at first experimental day. If such difference
between intact and operated animals is caused by coagulation of hippocampus as an
information selector and comparator [8], such difference is unexpected as rats are not

\
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informed about cxperimental situation on first day, at first trial. Difference is observed in
the reactions on light stimulation as well. AAR’s deterioration reason can not be intensi-
fication of oriental activity [1], as general activity of the operated rats in “open field” and
their intertrial spontancous activity are less than the same of intact animals. It is supposed
that the reason of such AAR deterioration in slow learner rats is caused by decreasing of
the emotional reactions on the painfull irritant [9], and the latest is the result of fear
reactions decline

At the end of the experiment operated and intact rats are receiving less el. stimula-
tion, but slow Jearner operated rats’ lower emotional-motivational reactions are not able
to provide formation of AAR simultancously with the intact animals. .

Dorsal hippocampus bilateral coagulation causes decrease of fear and inquisition as
well. Differentiation of the rats by groups of learning ability indicates that such grouping
coincides with the grouping of animals by general motor activity in “open field”. Emo-
tional-motivational conditions considerably define learning ability.

It is supposed, that general activity in “open field” is caused by prevailing of fear
reactions over the inquisition, since curve of fear reactions rises upon the curve of inqui-
sition. Intact animals give considerably more groomings and grooming durations are
longer as well. It seems, that groomings against the background emotional stress repre-
sent the way out from the discomfortable situation and it seems to be of importance in self-
relieved processes.

Experimental cabin depresses intact and operated rats. “Open field” parameters show
decline of emotional-motivational conditions in comparison with six-day “ open field”
series. After cach trial the fear and inquisitive reactions are increasing, but these param-
eters are more growing in rapid learner intact animals. Insignificant increase of the
emotional-motivational reactions in operated animals points to their specific state. Lower
emotional-motivational conditions, self-relief disability by groomings, fear decrease de-
pendent low motor activity of slow learner operated rats cause deterioration of the learn-
ing processes.

Tbilisi 1. Javakhishvili State University
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Electron Spin Resonance (ESR) of Copper Proteins and Some
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ABSTRACT. Spectrum analysis of electronic spin resonances (ESR) has been
carried out in order to find the correlation between the structure of Cu(ID-complexes
of copper proteins and ferments and fermentative activity. The siructure of Cu(Il)-
complexes and ligating atoms were examined in copper proteins and in some model
systems. It was shown that in contrast to copper proteins and ferments the param-
eters of ESR typical for blue copper ions were not observed. The correlation between
the chemical nature and coordinating number of ligating atoms with Cu(II) and
spectrum parameters ESR was noted also.

Key words: COPPER PROTEINS, ESR SPECTRUM, LIGAND FIELD, CU(II)-
COMPLEX. .

Basically copper proteins contain three complex types Cu(Il)-ions, for the first type
the absorption spectrum with large coefficient extinctions and maximum absorption at
4600 nm and correspondingly blue colour are typical. This spectrum (ESR) has unusual
small value of hyperfine splitting |A, ] <0.01 em’, They are called the blue complex
coppers of the first type. For the second type the absorption spectrum and spectrum of
ESR complexes Cu(I) with amino acids and peptids are typical. For the third type the
close-disposed antiferromagnetic conjugated ions Cu(Il) are typical, subsequently they
have no spectrum of ESR. It was found that copper proteins and ferments contain all
three types of Cu(II) -complexes [1].

Small value of constant hyperfine splitting in spectrum of ESR of “blue” complexes
of copper was explained with great degree delocalization of uncoupled electrons by
Malmstrom and Vanngard [2]. Brill [3] explained it by means of unsquared ligating
ligands and mixing 4S and 4P orbits in ground state.

On the basis of ligands field theory by Kivelson and Neiman for tetragonal complexes
density of uncoupled electrons on copper atoms was calculated [4].

@' = A, 10036+ (g, -2+ 3/7 (g,-2) +0.04 )

where g, g -principal values of g-factors; A, ~hyperfine splitting quantity; o - covalency
degree; in case of pure ionic coupling a” =1.0 and of covalent — o’ =0.5.

On the basis of crystalline field theory, Neiman and Zarizki [5] have calculated
energy of structure CuOj for ligands with various symmetries for comparison with ex-
perimental results. They have introduced parameter 7=(8,-8.,)/(8,-8,). for calculation of
which it is not required to know constant spin-orbital interaction A and cube splitting
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- Tablel

Model systems Coordinating 81 g |[Ajeml| o | y | Ayl
atoms (x10%

2.2 Dipyridyl 4N 2.082 | 227 [0017 | 0.61]3.36| 506
Histidine 4N 2.063 [2.23 0.018 0.54 | 3.75 48.0
1,10 — Phenanthroline 4N 2.088 | 228 0.015 0:721] 32 46.8
Imidazole 4N 2.06 2.267 [ 0.018 0.68 | 4.36 413
Oxalate 40 2.078 |2316 | 0.017 0.73 | 4.15 41.0
Bis-salicylalde hydeimine 202N 2.045 |2.20 0.0185 049 | 4.6 40.2
EDTA 40.2N 2.09 2.337 1 0.015 0711 3.8 39.5
Citrate 20 2.074 |2.349 | 0.016 0721 48 3125
Bis-acetylacetonate 40 2.053 |2.266 | 0.015 06 | 52 30.8

Table 2

[ Complexes Cu(l) iones with Proteins and g & Ajemt | o? v Ayly

Macromolecules (x10%
DNA -1 pH=5.15 2.08 2:23 0.0135 | 0.68 293 46.1
Bovine serum albumin pH=8.9 207 227 ]0.0170 | 0.81 3.95 43.0-
Collagen pH=4.9 2.07 2.23 0.0136 | 0.68 3.36 40.5
Bovine serum albumin pH=4.3 206 |226 |0.0158 |0.77 4.1 385
Human serum albumin pH=4.3 2.065 | 2.279 | 0.0158 | 0.79 44 36.0
Bovine serum albumin _pH=6.55 2.07 2304 |0.0161 | 0.82 4.46 36.1
DNA-II pH=10.3 2065 | 2.304 | 0.0150 | 0.79 4.8 31.25
Egg albumin pH=4.3 2.07 2.314 | 0.0143 | 0.78 4.6 311
Lisozime pH=43 207 2.327 | 0.0134 | 0.77 4.8 27.9

Table 3
Proteins with changing Cu(Il) ions g g Ajeml | of % Ay ly (x10%)
Methemoglobine 2.034 | 2.208 | 0.0201 | 0.86 4.0 50.25
Ferrinyoglobin pH=10.4 2.046 | 2.186 | 0.0190 | 0.78 42 452
Cytochrome C 2.05 2.216 | 0.0183 | 0.79 4.5 40.8
Human Carbonic Anhydrase 2.071 | 2.255 | 0.0163 | 0.81 4.26 383"
Myoglobin 2.069 | 2.328 | 0.0162 | 0.85 49 33.06
Transferrin 2.053 |2.231 | 0.0145 | 0.69 4.5 322
Ferrinyoglobin pH=6.4 2.054 | 2.273 [ 0.0165 | 0.80 5.2 317
Phosphatase (Alkaline) 2.05 227 0.0165 | 0.79 5.6 29.5
Carboxypeptidase-A 2.057 | 2.327 | 0.0124 | 0.73 5.9 21.0
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Copper Proteins (nonblue copper) g g Ayemt | o? v Ayly
Type-Ii (x10%
Phthalocyanine 2.045 | 2.165 | 0.022 083 | 38 57.9
Laccase (Polyporus versicolor) 2.063 | 2.243 | 0.0194 | 085 | 417 | 465
Ceruloplasmin 1T 2.06 |2.247 | 0.0189 | 0.84 | 4.24 44.6
| Laccase 11 (Rhus vernicifera) 2.053 | 2237 [ 0.020 | 085 | 463 | 432
L-triptophan-2.2/-dioxigenase 2.065 | 2.265 | 0.017 0.81 | 420 40.0
Superoxide dismutase II pH=7.0 2.056 | 2.235 | 0.0175 | 0.79 | 433 40.0
Neurocuprein pH=7.1 2.06 2.27 0.0175 | 0.72 | 4.64 3757
Dopamine-f3-hydroxylase 2.056 | 2.282 | 0.017 0.82 | 5.05 336
Diamine oxidase 206 1229 (0016 [080| 489 327
Superoxide dismutase I pH=12.0 2.062 | 2.263 | 0.014 0.72 | 437 32.0
Neurocuprein 1 pH=3.5 207 |236 |0014 |082] 528| 265
Table 5
~.Coppcr Proteins ﬂv'm copper) gL -7 Ajemt | o ¥ Ayly
Type-I (x10%
Ceruloplasmin 205 2206 | 0.0074 | 0.47 | 4.27 17.38
Plastocyanines 2.05 2.23 0.0060 | 0.46 | 4.77 13.42
Asurins 2.06 226 |0.0060 | 0.50 | 4.47 13.42
Laccase I (Polyporus versicolor) 2.03 2.19 10.0090 | 049 | 6.78 13.27
Laccase I1_(Rhus vernicifera) 2.047 | 2298 |1 0.0043 | 048 | 62 6.94
Umecyanin 205 [2317 [0.0035 | 048 | 6.6 53

quantity A. It was found that while ligating number decreases, -increases from y=~4 (for
weak tetragonal distortions of octahedron) until y~6.6 (for square planar arrangements
of ligands) We have obtained values for o , v and A /y. The results are shown in Tables.
For model systems.when ligating with copper atoms are N-atoms y-value is less then y
value for oxygen So that A /y value is inverse. Nitrogen atoms in comparison with
oxygen atoms have great striving to create covalents coupling. This accounts for small
value o for N-complexes, in comparison with O-complexes, this also accounts for small

value y for nitrogen ligands [2] .

In Tables copper complexes only with axial symmetry of ligands field were presented
though it should be noted that in case of variation of pH solutions all three parameters will
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]
be changed. It scems to be connected with charge redistributions and with such cont6Tit4%
variations of macromolecule when internal crystalline ficld is still axial.

; In the case of protein models and macromolecules, also with Cu(II) substituicd proteins
o -values changes within (0.86-0.68), and ywithin (2.93-5.9). In the case of copper proiciiis
region variation of these parameters is large, in our opinion it should be connected with
great degree delocalizations of uncoupled electrons, also tetragonal distortions of symmetry

Recent investigations showed, that in “blue” proteins small value of hyperfine split-
ting and large value of anisotropy y -factors were connected with coordinating atoms of
sulphur with copper ions [6].

It should be noted that in contrast to copper proteins and ferments, the parameters of
ESR spectrum “blue copper” are not observed in any model systems. This indicates that
the ligand atoms create rigid matrix, in which copper ion involves “unusual” state, it
might define the functional loading of ion. It could be assumed that inclusion of “blue”
coppers into the structure of copper proteins and ferments occurs immediately in process
of forming their secoundary or third structures. It leads to the unusual state of ion. As
regards to “nonblue” coppers, it could be included into proteins structure later. It is
confirmed by availability of ESR of model systems identical spectra of ESR of this copper.

Thilisi I. Javakhishvili State University

REFERENCES

1. I F Boas, LR. Pilbrow, and T.D. Smith. ESR of copper in Biological Systems: in-Biological Magnetic
Resonance (ed. L.I.Berlinen and I. Reuben.) 1,1978, 277.

G. Malmstrom, T. Vanngard. Molecul.Biol.2, 1960, 118-124.

A. S. Brill, G.F. Bryce. Chem. Phys. 48, 1968, 4398.

D. Kivelson, R.Neiman. Chem. Phys. 35, 1961, 149.

E. I. Neiman, I.M.Zarizki. Sverkhprovodimost. Fizika, khimia, tekhnika. 2. 4, 1989, 63-66.

A. P. Kalverda A.P,Salgado 1., Dennison C. and Canters G. Biochemistry 35, 1996, 3085

N A B0 N



N2
L3SOABITLML 3IB6NIGABSMS SS8RIZNNL IMSBBI, 157, Ne3, 1998 %/
BULLETIN OF THE GEORGIAN ACADEMY OF SCIENCES, 157, \e3, 19982535

SEHE )
1101945

BIOPHYSICS

M. Melikishvili, G. Mikadze, L.Visochec, Academician M. Zaalishvili

Thermal Denaturation of Rabbit Gastric Muscle Tropomyosin
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ABSTRACT. By the microcalorimetry method the structural stability of rabbit
gastric muscle tropomyosin has been studied. It has been established that while the
physiological values of ionic strength the molecule of tropomyosin is on the verge of
melting and that the unfolding of molecule is a multistepped process with three
pronounced peaks, which indicates that there are at least three structural areas in
the molecule of rabbit gastric muscle tropomyosin which differ from each other by
thermostability and hence they are characterized by the different molecular struc-
tural particularities.

Key words: TROPOMYOSIN. GASTRIC MUSCLE, SKELETAL MUSCLE.

Tropomyosin consists of two o -helical subunits which are interlaced with each other
and form “coiled-coil” (bihelical) structure [ 1]. Privalov and Potekhin basing on struc-
tural particularities of tropomyosin molecule ‘obtained by investigation of its thermal
denaturation offered the blocking structure model for o. — chains of skeletal muscles [2].
This model is represented by seven co-operated blocks in which the neigbouring blocks
cause destabilization of each other. The three central blocks including the 127-190.resi-
dues are less stable than the others. The conformation of this part of tropomyosin mol-
ccule is determined by the condition of Cys-190 residue [2]. :

The conformational particularities of rabbit gastric muscle tropomyosin molecule and
the stability of its structure while its thermal denaturation has been studied using the
microcalorimetric method. Tropomyosin was obtained according to Drabikowsky et al.
[3]. The reduction of tropomyosin and then 1) the blocking of its SH-groups by iodacetamide
or 2) the forming of disulphide cross-links by 5_5'-dithiobis(2-nitrobcnzoal)-(N‘t)S)_2 has
been carried out according to Lehrer [4].

Calorimetric measurements were done on the adiabatic scanning microcalorim-
cter DASM-I which was constructed by Privalov [2]. The heating rate was 0.25 or 1
degree in a minute, the concentration of proteins in different experiments was 0.25 or
1 degree in a minute, the concentration of proteins in different experiments varied in
the range of 2-3 mg/ml. The error in the definition of transition of enthalphy doesn’t
exceed 10%. .

While the melting of rabbit gastric muscle tropomyosin at neutral values of pH
the curves of heat capacity have three peaks with characteristic temperature T_|, T,
and T _;at0.6 MKCI as well as at 0.15 M KCI (Fig.1). These transitions indicate that
in the rabbit gastric muscles tropomyosin there are at least three structural areas
(three cooperative blocks) which differ from-each other by their thermostability and
hence they are characterized by the different molecular structural particularities. The
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electrostatic forces between the charges on the surface of protein molecule Jl’%ﬁo@@g
play significant role in the structure of tropomyosin. As the comparison of protein
melting thermogrames in solutions of
ACp| X107 G/deg different ionic strength shows that the
5 increasing of ionic strength as well as
in the case of skeletal muscle tropomyo-
sin [5] helps to separate structure arcas
mentioned above. We can suppose that
the structure “loosens” (Fig.1). In this
case the thermal interval increases (in
our case it was 40C) and maximums
part from each other (Table). The in-
20 30 40 50 60T°C creasing of ionic strength in protein so-
Fig.1.The change of relative heat capacity of rabbit gastric  lution causes the more stability of mol-
le tropo in in 0. G

KC1 (1 cuvey Dt 10mad s 411 pit 75 . 001E (2-3"C). Thus K -ioms effect not
concentrations of both samples were 3 mg/ml; heating only on the ability of polymerization of

rate -0.25°C/min molecule [6] but also on the condition

of each molecule.

Table
Thermodynamic parameters of thermal denaturation of rabbit gastric muscle
tropomyosin
Subject IO | T(°C) | Tpy®C) [ TmuC) | ATCC) [AHg (Gle)|

tropomyosin in
0.15 M KCl 33.0+0.5{41.6+0.5(49.0+0.5 30.0+05|15.0£1.2
tropomyosin in |
0.6 MKCl 336+0.5/42.3+0.5(523+0.5 340+05|120+1.0
tropomyosin blocked
o 38,6 +0.5/46.6+0.5|53.7+0.5 30.5+£05]17.0£0.8
popomyosin bounded 35 5 4 0.5| 47.6£0.5 [ 55.6£0.5 | 63.0£0.5 | 35.4 205 | 11,0205
by S-S links

From Fig.T we can see that rabbit gastric muscle tropomyosin shows low temperature

transition in the range of 20-40"C as well as rabbit skeletal and heart muscle tropomyo-
sins [5,7] and thus differs from chicken gastric muscle tropomyosin which doesn’t exhibit
the low temperature transition up to the main helix unfolding transition. In the ranges of
experimental error it is impossible to find the region in the chicken gastric muscle tro-
pomyosin which locally melts earlier than its main “helix-coil” transition [8]. It is con-
sidered that the molecule of chicken gastric muscle tropomyosin is more rigid than stri-
ated and heart muscle tropomyosin molecule [8]. As we have already seen the rabbit
gastric muscle tropomyosin molecule melts in the range of three temperatural intervals.
It is possible that these transitions are not just the transitions between two conditions but
they indicate the unfolding of some structural regions, that have similar transitive t¢m-
peratures. The existence of region with different stability like the skeletal muscle gives the
significant flexibility to the rabbit gastric muscle tropomyosin molecula.

The skeletal muscle tropomyosin contains two types of o -helical polypeptide chains
o and B. B - chain includes two Cys at 36 and 190 positions and one o ~chain at 190
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position [1]. In molecule both chains exist in helical register as the disulphide ro8siike
between the cystein resides of these subunits are formed by (NbS), (the formation of links
by (NbS), needs close proximity of two SH-groups) [4]. The chicken gastric muscle
tropomyosin contains these two chains too but it doesn’t form crosslinks [8] because the
p -chain of this tropomyosin includes only one cystein residue in 36 position, and in
« -chain cystein is localized in 190 position.

Fig. 2 represents the curves of thermal denaturation which are characteristic for
rabbit gastric muscle tropomyosins blocked with iodacetamide and bounded by disulphide
crosslinks of (NbS),. The unfolding of tropomyosin blocked by iodacetamidc shows three
transitions while in the same conditions for the tropomyosin crosslinked by (NbS), the
four transitions with corresponding T, are observed (see the Table). The forming of
crosslinks in tropomyosin molecule causes its stabilization (Fig. 2, Table) that coincides
with literature data [2,5].

As Fig. 2 and the Table show the bounding by crosslinks increases not only the value
of T_, (which mainly corresponds to the unfoiding of C-half of moleculie {5] but also the
value of T _, (the unfolding of N-half)
unlike to skeletal muscle tropomyosin in
which the value of T_, doesn’t change
[2,5]. It indicates that in the rabbit as
well as in the N-half unlike the skeletal

ACp [ X103G/deg
s

20 muscle tropomyosin where S-S links are
formed only in C-half of molecule (at
= Cys-190) [4,5].

Analysis of thermal denaturation

30 © 0 ®_ T°C data of rabbit gastric muscle tropomyo-

Fig. 2.The change of relative heat capacity of rabbit gastric  sin allows the supposition that while the

fnusc]c tropomyosin: 1 - uogomyosin blocket'j wilh. phvsiological values of ionic strenglh the

iodacetamide; 2 - tropomyosin bounded by disulphide b e

et it : molecule of tropomyosin is on the verge

Buffer: 1.0M NaCl, 1 mM EDTA; 0.05M Na- melting and that the unfolding of rabbit

phospate, pH-7.4; the concentrations of samples were gastric muscle tropomyosin is

2.3 mg{)m! (I. curve) and 1.9 mg/ml (II curve); heating multisteppcd process with pronounced

s o peaks. We can suppose that those defi-

nite transmitions also reflect the subunit consistance of tropomyosin. These transmitions

st be significant for the localization of interaction places with other components of
contractile system on the tropomyosin molecule.

Institute of Molecular Biology and Biological
Physics, Georgian Academy of Sciences
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ABSTRACT. pH 5.5 fraction of proteins extracted from the rabbit kidney by
0.5M KCi solution has been studied by using superprecipitation, enzyme and viscom-
etry methods. The fraction has not proved properties typical of myosin and actomyo-
sin either in the presence or in the absence of skeletal muscie F-actin. The facts wouid
be caused by the ab ¢ of caimodulin dependent light chain kinase in the fraction
The kinase is necessary for activation of thymus, platelet and some kinds of vertabrate
smooth muscle myosin.

Key words: SUPERPRECIPITATION, MYOSIN, ACTOMYOSIN.

In regard to Nakayama [1] actomyosin like protein "Renosin” participates in osmotic
functioning of kidney. Relying on [2] myosin-like and actomyosin-like proteins are in
liver and thyroid gland and myosin-like protcin is in pancreas. According to all available
data Poglasov has made suggestion, that myosin-like proteins are responsible to support
the tone of every cell, as well as to regulate permeability of cells [2]. Relying on inves-
tigations in [3] regulation of liver mitochondrial osmotic processes is not conditioned by
actomyosin, but it is conditioned by inositolphosphatide and non-myosin ATP-ase. Rely-
ing on this and proper data ] we have a doubt if it is actomyosin participating in the
regulation of osmotic activi*y of kidney.

Myosin-like protein has%éen isolated frem rabbit kidney by 0.5M ®CI solution [2],
with the difference that duration of extraction is 24 h instead of 20 mia with the object
of increasing protein yield. Superprecipitation ability of pH 5.5 fractidn is obtained at
550 nm wave length by increasing of the optical density at different meanings of pH and
in the presence or in the absence of Mg2+, Ca”" ions and rabbit skeletal muscle F-actin
ATP-ase activity is calculated from the released terminal phosphate according to [5] under
the above mentioned conditions. The rabbit skéletal muscle actin was prepared according
to [6] and it was transferred to F-actin by adding KCI up to the final concentration 0. 1M.
Viscometry tests were carried out by Ostwald viscometer, protein concentration was
measured by using Biuret reagent.

The main property of myosin and actotnyosin is precipitation under conditions of low
ionic strength without dding of ATP. This effect is caused by kinetic lability of myosin
and actomyosin particles. Kidney pH 5.5 fraction proteins have the same property, but
with the difference that the suspended fractions are very small from the beginning and it
makes impression of solution. Optical density of the colloidal system decreases within 5
min (Fig. 1) and it is accompanied with the formation of coarse aggregations. At any
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1400 1~ Mg+ E550
1300 [~ 1100
1200 ~ 1000 I—
1100 + 0900 [
1000 0.800
0900 — 0700 [~
1}
0800 0600 |~
0700 |- 0500 L
Q 1 2 S A
0600 ] tiiin
0500 o—o in the absence of MgCl, and CaCl,
in the presence of CaCl
A U] [ g S | e—einthep L
0400 == 0 20 30 40 50 60 o—aq in the presence of MgCl,
t.min Fig.2.Change of optical density of pH 5.5
Fig.l. Precipitation of pH 5.5 fraction dissolved in fraction . F:“‘"‘ m.lxlure in
0.05M KCI solution with falling optical density. 0.05 M KCI - solution
Reaction area: 0.05M KCI, 0.01M tris - HCI Reaction area: 0.05M KCI, et
(pH 7.0), CaCl, and MgCl, - ImM, ATP - Tris - HCI (pH 7.0), ATP - ImM; )
ImM. t=20°C. protein concentration: 1.6 mg/ml (ratio of

_ pH 5.5 fraction: F-actin 4:1). t = 20°C.
meaning of pH (6.0: 7.0; 8.0; 9.0) we have used. the above mentioned effect takes place

(Fig. 1 shows the results obtained at pH 7.0 as typical instances). The dependence of
optical density on fraction size has been formulated [7]: i
d3
E=K e g
where: £ is optical density; K and « are constants, depended on suspension properties;
€ particles concentration; / thickness of suspension (cuvette width); d particles sizes;
A wave length.

For the first time, the formula has been used by us for description of volumetric
changes of mitochondria [8], as long as relying on electron-microscopy studies [9] the
dependence of volume of mitochondria on optical density has been established . Accord-
ing to the (1) formula (as to mitochondria) decrease of optical density is in accordance
with swelling of mitochondria. Just as for the kidney pH 5.5 fraction, with the difference
that particles of this fraction form aggregates gradually up to some critical range and after
all they fall out. The particles dissolve again fter stirring and initial optical density is
restored. This effect is not observed in suspension of mitochondria.

Above mentioned relationship has not been changed by adding of ATP at any mean-
ing of pH and there have not been observed any changes of optical density caused by
particles striction and subsequent aggregation with overlapping of light fleet pathway.

Itis certainly interesting that Ca” and pH 5.5 fraction interaction in the absence of
ATP at each meaning of pH (6.0-9.0) leads to increase from the outset and then decrease
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Tablel

Kidney pH 5.5 fraction ATP-ase activity at pH 6.0 and pH 7.0 in different conditions.
Reaction area: 0.05M KCI, 0.01M tris - HCI or 0.1M succinate (pH6.0)t = 20°C

Protein concentration: 1.6 mg/ml or 2.1 mg/ml (together with F-actin

ATP - 5 mM

Protein pH added bivalent ions ATP-ase activity
uM Pi/mg.min.
1. pH 5.5 fraction 6.0 -
0.0014
‘2, pH 5.5 fraction + F-actin 6.0 -
0.0013
3. pH 5.5 fraction 6.0 2.5mM Mg* 0.0020
4. pH 5.5 fraction + F-actin 6.0 2.5mM Mg* 0.0010
5. pH 5.5 fraction 6.0 2.5mM Ca®" 0.0023
6. pH 5.5 fraction + F-actin 6.0 2.5mM Ca®" 0.0018
7. pH 5.5 fraction 7.0 - 0.0014
8. pH 5.5 fraction + F-actin 7.0 - 0.0014
9. pH 5.5 fraction 7.0 2.5mM Mg* 0.0020
10.pHS.5 fraction + F-actin 7.0 2.5mM Mg* 0.0016
11. pH 5.5 fraction 7.0 2.5mM Ca*>* 0.0023
12. pH 5.5 fraction + F-actin 7.0 2.5mM Ca** 0.0018
Table 2

Kidney pH 5.5 fraction ATP-ase activity at pH 8.0 and pH 9.0 in different conditions.

Reaction area: 0.05M KCI; 0.01M tris - HCL. ATP - 5 mM

Protein concentration (sce Table 1).1 = 20°C.

Protein pH added bivalent ions ATP-ase activity
uM Pi/mg.min.

1. pH 5.5 fraction 8.0 -
0.0005

2. pH 5.5 fraction + F-actin 8.0 - 0.0006
0.0038

3. pH 5.5 fraction 8.0 2.5mM Mg® 0.0029

4. pH 5.5 fraction + F-actin 8.0 2.5mM Mg>* 0.0029

5. pH 5.5 fraction 8.0 2.5mM Ca® 0.0009

6. pH 5.5 fraction + F-actin 8.0 2.5mM Ca*’ 0.0009

7. pH 5.5 fraction 9.0 - 0.0009

8. pH 5.5 fraction + F-actin 9.0 - 0.0009

9. pH 5.5 fraction 9.0 2.5mM Mg** 0.0044

10.pHS.5 fraction + F-actin 9.0 2.5mM Mg** 0.0030

11. pH 5.5 fraction 9.0 2.5mM Ca®" 0.0104

12. pH 5.5 fraction + F-actin 9.0 2.5mM Ca*' 0.0050

Table 3

Study of kidney pH 5.5 fraction and pH 5.5 fraction - F-actin mixture viscometrically

Reaction area: 0.6M KCI; 0.01M tris - HCI (pH 7.0) t = 20°C

Protein and added components | Protein concentration mg/ml NMo

1. Kidney pH 5.5 fraction 10.0 1.2

2. pH 5.5 fraction + 10.0 1.2
+2.5mM Mg* + 1mM ATP

3. pH 5.5 fraction + F-actin + 12:5 29
+2.5 Mg®

4. pH 5.5 fraction + F-actin + 125 2.9
+2.5mM Mg® + ImM ATP
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of the optical density (Fig. 1). The fact agrees with above mentioned data. As to optical
density - character of the phenomena is not clear yet.

Proceeding from Scholey et al. [10] studies of thymus soluble myosin, we may
suppose that Ca® ions lead to aggregation of kidney pH 5.5 fraction soluble myosin
without adding of calmodulin-dependent light chain kinase. pH 5,5 fraction optical den-
sity decreases after adding of ATP in the presence of Mg2+ and Ca’* ions within the pH
6.0-9.0 range (Fig. 1). Thesc studies confirm the absence of actomyosin in the fraction.
Therefore it became necessary to study influence of F-actin. Above mentioned relation-
ships have not been changed after adding of rabbit skeletal muscle F -actin, i.e. there is no
myosin-like protein in the pH 5.5 fraction (Fig. 2). i

Myosin has two maxima of fermentation activity - at pH 6.2 and at pH 9.0. But the
special activity it shows at pH 9.0 [2]. ATP-ase as a component of actomyosin has
optimum of activity in neutral medium 12].

We have investigated pH 5.5 fraction ATP-ase activity in the presence and in the
absence of skeletal muscle F-actin and have established that the fraction has optimality
of ATP-ase activity at pH 9.0 in the presence of Mg " jons as well as Ca”" ions (see Tables
1.2). But this fact nevertheless does not verify the presence of myosin-like protein in the
fraction, because firstly it does not prove maximal activity at pH 6.0 and secondly, Mgz' ‘
ions have not been able to suppress fermentation activity which is low anyway (in com-
parison with muscle myosin). pH 5.5 fraction ATP-ase activity has not been increased by
F-actin and typical of actomyosin optimum at pH 7.0 has not been mentioned either.

We have investigated kidney pH 5.5 fraction viscometrically to get supplementary
information. It turns out the fraction has not revealed relationships typical to actomyosin
in the presence of rabbit skeletal muscle F-actin (see Table 3). Hence, the presence of
myosin- and actomyosin-like proteins in the kidney has not been corroborated by meth-
ods Poglasov [2] used and it is not confirmed by method of superprecipitation either. It
is necessary to investigate influence of calmodulin dependent myosin light chain kinase
in order to clear out whether myosin soluble form is available in liver and in kidney.

Institute of Molecular Biology & Biological Physics
Georgian Academy of Sciences
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ABSTRACT. It has been shown that chronic ethanol and toluene treatment of
rats gave similar results on the activity of dopamine and opioid receptors. It was
found that both substances reduce the density of D,-dopamine receptors in Nucleus
accumbens and Globus pallidus. In addition, it was shown that both treatments
upregulated x and 4 opioid receptors and downregulated & opioid receptors in hip-
pocampus. These results suggested that toluene-like ethanol has addictive proper-
ties and may be used by abusers.

Key words: ETHANOL, TOLUENE, D,-RECEPTOR, OPIOID RECEPTORS, AD-
DICTION.

Nucleus accumbens is the basic structure participating in drug addiction [1-3].
Since it is a structure taking part in emotional, motivational and memery processes, as
well as drug dependency and the reinforcement behavior connected with them are mainly
supposed to be the result of Nucleus accumbens hyperactivation [4].

The increase of dopaminergic activity in mesolimbic system has been known to
determine opiate receptor changes in the structure of cerebral cortex and limbic system
[5]. Besides, opiate antagonists like dopamine antagonists have been detected to sup-
press the euphoria caused by drugs with different activities [6], which is suggestive of
the stable interaction between central dopaminergic and opiate structures in the forma-
tion of drug  addiction phenomenon. Thus, the aim of our work was first to define if
toluene belongs to the substances which cause dependency, second, if it influenced
other dopaminergic structures, namely psychogenic ones and third, what kind of relation-
ship dopaminergic and opiatergic structures had in the process of the formation of tolu-
ene and alcohol addiction.

Receptors of rat brain which show genetical attraction to alcohol have been studicd.
Simultancously, there have been carried out tests on rats, whose alcohol-dependency is
conditioned by influence of biological and “social” factors. Comparative study of alcohol
and toluene was resulted by the fact that both substances belong to the organic solverits,
though they have different strength. At the same time in definite conditions alcohol cause
such mental changes which are like mental changes caused by toluene.

Wistar male rats with weights varying from 250 to 300gr were used in the experi-
ments. The rats were put into separate cages and were given normal ration of food
(NOR-rats). Later on, those individuals, that had genetical attraction to ethyl alcehol
and basically drank only 15% alcohol, had been selected. After selection the animals were
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receiving 15% ethyl alcohol with normal food ration during 30 days (ALC-rats). The
second group of rats underwent toluene inhalation until they attain lateral posture during !
30 days. three times a week.in all 12 periods (TOL-rats). After decapitation the brain was
frosen at 30 and hippocampus, Globus pallidus and Nucleus accumbens were separated.
The 10% homogenate in 0.3 mol/l sucrose solution was prepared from brain struc-
tures. After the centrifugation of homogenate 1000 x g the supernatant was centrifugated
again during 2000 x g 30 min. The sediment, suspended in Tris-HCI buffer (50 mmol/
1. pH 7.4). was used for the radioligand analysis. .
D,-receptor activity was defined in incubation medium 0.2 ml of which contained
100 mkg of membrane preparation, 3 mmol/l of MgCl,, 50 mmol/l of Tris-HCl buffer, pH
7.4 and 1 nmol/l "H-spiroperidol (20 ci/mmol. Amersham). Nonspecific binding was
determined in the presence of 100 nmol/l sulpiride. For the determination of the opioid
receptor 5 nmol/l “H-naloxone (25 ci/mmol, Amersham) was added into incubation
medium instead of spiroperidol. In order to determine M, x and S-subtypes of opioid
receptor 100 nmol/l levorphanol, 100 nmol/l ethylketocyclasocine and 100 nmol/l nalox-
one were correspondingly introduced into incubation medium. In the last case, the
obtained number of binding sites was subtracted from the number of binding sites
obtained with ethylketocyclazocine and levorphanol, which equaled to &-subtype num-
ber. After 60 min incubation of membrane, the mixture was filtered through Whatman
GF/C filters. After washing the filters radioactivity was counted on scintillation counter.
In order to define brain dopaminergic system activity Nucleus accumbens and
Globus pallidus have been studied. The last one participates in the formation of
psychotic phenomena [7].
The radioligand analysis of the above-mentioned structures revealed that ethyl alco-
hol and toluene provoke significant changes of dopaminergic activity.

Table 1
The quantitative changes of D,-dopamine receptor in rat brain dopaminergic structures
after treatment the animals with ethanol and toluene.

) D-dopamine receptor quantity
Animal groups Globus pallidus Nucleus accumbens
finol/mg % fmol/mg %
NOR-rats 147+7 100 82+5 100
ALC-rats 150+7 101 49+3* 61
TOL-rats 126+6* 85 44+3* 54
*p<0.05

As it has been shown in Table 1, ethanol (ALC-rats) doesn‘t change D,-receptor
quantity in Globus pallidus, while it significantly decreases in rats (TOL-rats) after their
inhalation with toluene (85%). Unlike Globus pallidus, under the influence of both
dissolvents D,-receptor activity sharply decreased (ALC-rats - 61%, TOL-rats - 54%),
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Unlike ethanol, toluene causes the decrease of the number D,-dopamine bifif{igs",

sites in both experimental brain stractures. This testifies that toluene influence provokes
the hyperactivation of both dopaminergic structures thus causing D,-dopamine receptor
desensitisation or “down regulation”. This kind of desensitisation of dopamine receptors
takes place after the chronic injection of rats with amphetamine [8], morphine {9].
alcochol and cocaine [4], thus causing the degenerative changes of dopamine neurons
for some definite time [10]. It has been ascertained, that initially dopaminergic
hyperactivation, and later receptor desensitisation and dopamine depletion in Nucleiis
accumbens is the neurochemical basis of drug-dependency [3]. This effect of toluenc
in both structures indicates that its activity can be expressed in the formation of addictive
reactions as well as in brain psychotomimetic activation and in the formation of hallu-
cination. : .

Since brain dopaminergic neurons are closely related to opiate system, opiate
receptor changes influenced by ethanol and toluene have been detected in further experi-
ments. Obtained data show that alcohol drinking causes insignificant increase of -
opioid receptors (108%), comparatively significant increase of x-opiate receptors (118%)
and sharp decrease of & -opioid receptors (82%) (Table 2).

Table 2

Quantitative changes of opiate receptors of (1, U, 5)-subtypes in rat brain hippocampus
after the chronic treatment with ethanol and toluene.

Opioid receptor subtypes
Animal groups n X 3 @
fimol/m; % fimol/mg % fimol/mg %
NOR-RATS 45.4+3.4 100 48.9+3.5 100 9.3+0.2 100
ALC-RATS 48.9+3.8 108** 57.1+4.2 %218 7.140.2 *82
TOL-RATS 54.1+4.1 120* 52.5+4.1 *109 8.4+0.3 *+9}

M#m (n=6) *p<0.05 *p<0.1

After the inhalation with toluene the picture of receptor activity was the same with
one distinction that p-receptors sharply increased (120%).

Obtained data indicate that the substances provoking the changes of brain dopamin-
ergic systems, also affect opiate receptors. It should also be noted, that unlike other
opiate receptors, but like D,-dopamine receptor, 5-opioid receptor undergoes desensitisation
under the influence of organic solvents. Since above-mentioned receptors are often local-
ized on one structure, their distribution in brain is similar, they are closely related to each
other [1] and that is why the increase of dopamine as well as enkephalin quantity in
definite regions is assumed to be the basis of addictive phenomenon.

Thus according to the obtained data, D,~dopamine receptor, that perceives ventro-
segmental projection motivated strengthening reactions in Nucleus accumbens, si-
multaneously activates with &-opioid receptor in hippocampus. The last one partici-
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pates in the formation of the behavioral reactions [11] and that is why their ggordl‘,
nated desensitisation may be the basis of the behavioral disorders connected wil
diug addiction. 1

This work was supported by research Grant N13-3 from the Georgian Academy of
Sciences.
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ABSTRACT. Interspecific difference between M. alba and M. nigra and between
M. alba var. GrusNIISH-4 and M. nigra var. Hybrid-2 have been shown by the iso-
electric focusing of mulberry bud proteins. However difference at least of three kinds
of protein is same in both species. At least one variety-specific protein for each
varieties of M.alba have been observed.

Key words: MULBERRY, BUD PROTEIN ISOELECTRIC FOCUSING, VARIETY
SPECIFIC PROTEINS.

The study of nature of the genetical origin in living organisms has great theoretical
and practical importance. On one hand it makes possible to state their origin, their evo-
lutionary congenery among individuals and on the other hand it promotes us to foresee
cffective means and way to transform them for the benefit of man, that is the only way to
success. The methods of molecular biology and molecular genetics outlined new possibili-
ties and some important results have been received. g

At molecular biological characterization of genetical origin of the organisms the
main attention is paid to the hereditary material substrate-nucleic acids and to the end
product of genome functioning - proteins. Hence the morphological conjugation of ge-
nome action and protein biosynthesis according to any protein peculiarities we can judge
about corresponding genes as well as about the gene groups or finally about the whole
chromosome.

Recently cultivated plants have been successfully studied by the method of compara-
tive genome analysis. The data we received concern annual plants [1-3]. Perennial plants
have been less studied.

The goal of the paper is to study a very important for Georgia, cultivated plant -
mulberry tree (genera Morus). The leaves of this plant are the only food for bombyx and
whole silkworm breeding is based on it. Five species of genera Morus are used in sericul-
ture - M. alba L., M. nigra L., M. multicaulis Perr., M.bombycis Koidz. and M. kagajamae
Koidz. [4].

At present we tried to study two varieties of M. alba -GruzNIISh-4 and Hydroid-2 and
onc variety of M.nigra - Khartuta. Mainly we studied their protein content by the method
of isoclectric focusing and analyzed the results in order to study the state, the peculiarities
of forms and the level of the relation.

The mulberry buds were collected in winter and freezed to -15°C and homogenized
with the cool acetone [5]. Homogenate was filtered and washed twice with cool acetone.
The proteins were extracted from 50mg powdered samples by adding 400 p/ 0.01 M

10. "3m0ddg", ¢. 157, Ne3, 1998
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phosphate buffer solution (pH 7.4), containing 0.1 M Na,SO,, as a prolease“fhhibifUrJ
Extraction was carried out with gentle shaking at +4°C. After extraction the samples were

centrifuged at 10000 x g for 5 min. The low molecular weight contaminants were re- -
moved from supernatant by the chromatography on the Sephadex G-25 column. Protein

concentration was measured by Bradford [6]. Isoelectric focusing was carried out PhastGel

pl 3-9 (Pharmacia, Sweden) at 2000

V, during 500 volt hour. Silver stain-

ing of gels was carried out by

Heikenshoven and Dernik [7].

Primarily it must be noted, that
evident difference was stated between
two species of mulberry trees — in
both varieties of M.alba proteins of
neutral and acidic nature predomi-
nate, while in M. nigra most of the
proteins are of alkaline nature (Fig.1).
Fig.1 Isoelectric focusing of the mulberry shoot protein According to the electroforegrams

.:Z:;f;:)-cmzNHSh-4 (NI-Lug/per sample; N4-2 uglper (yree kinds of protein with isoionic pl

M. alba-Hybrid-2 (N2-1ug/per sample; N5-2ug/per sample) 7.3, pl 6.8, pl 6.2 are found in all

M.nigra-Khartuta (N3-1ug/per sample; N6-2g/per sample) studied forms nearly in equal qu_anu'-

N7-pl Marker protein ties. These proteins seem to be spe-

cific for the whole genera Morus. -

The difference is observed in two studied M. alba varieties: protein pl 7.6 is found in
GruzNIISh-4 and is not stated in Hybrid-2. At the same time Hybrid-2 obtains protein pl
7.1 which is not observed in the variety GruzNIISh-4. The rest of the proteins as it can
be judged by electrophoregrams, are equal in the studied varieties, though some of them
differ in quantity.

The above said two varicties of M.alba were recieved by interspecific hybridization
[8], where female component was the variety M. alba -Cedrona for both varieties and
male component for hybridization was M. alba -Cataneo for GrusNIISh-4 and M.alba -
Tatarica for Hybrid-2. Issuing from studied varieties of mulberry trees must belong to
M.alba - Cedrona (female component for both varieties) and specific proteins found in
bud protein spectra of GruzNIISh-4 and Hybrid-2, corresponding to pI 7.6 and pI 7.1 -
must be initiated respectively from M.alba - Catameo and M.alba - Tatarica.

Thus, on the ground of the bud protein electrophoretic spectra of the studied mul-
berry trees can be supposed that in this way it is possible to exhibit protein peculiarities,
specific for genera, species and varieties. These data make possible not only to establish
genetical transformation of the given object, but to plan effective selective work with
the species as well.

S. Durmishidze Institute of Plant Biochemistry Institute of Sericology
Georgian Academy of Sciences
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ABSTRACT. The influence of tea-leaf peptides on the monophenol monooxygenase
and catechol oxidase activities has been studied. It has been shown that the peptides
have a regulatory effect on the leaf phenol ygenase and catechol oxidase
activities and at the same time affect the phenol yg and catechol
oxidase activities differently. i

Key words: TEA-LEAF, MONOPHENOL MONOOXY GENASE, CATECHOL OXI-
DASE. PEPTIDE, MOLECULAR WEIGHT.

Monophenol monooxygenase (EC 1. 14. 18. 1.) and catechol oxidase (EC 1.10. 3. 2.)
are enzymes widely distributed in the plant kingdom. They catalyse oxidative transforma-
tions of phenolic compounds. Previously these two enzymes were classified under one and
the same code and considered to be a double function of enzyme catechol oxidase. Accord-
ing to the present-day nomenclature the two types of oxidative-reductive enzymes are
strictly differentiated and classified separately: monophenol monooxygenases catalyze the
hydroxylation of monophenols and dehydrogenation of o-diphenols, while catechol oxi-
dases catalyze only the dehydrogenation of o-diphenols.

Tea-leaf monophenol monooxygenase and catechol oxidase activities were separated
and their substrate specificity and properties were studied [1].

The intracellular localization and changes in tea leaf monophenol monooxygenase
and catechol oxidase activities during plant vegetation period were studied [2,3]. Various
factors regulating their activity were established. Low concentrations of gibberellic and
ascorbic acids stimulated, while high concentrations of them inhibited the monopheno]
monooxygenase activity.

A regulator of phenolic nature increased monophenol monooxygenase activity: while
oxidase is completely inhibited by its action. Amino acids and metal ions had different
reaction [4].

The aim of the present work was to study the influence of peptides of different mo-
lecular weight (Mr) isolated from tea-leaves on the monophenol monooxygenase and
catechol oxidase activities. From fresh tea-leaves the crude preparation of peptides was
obtained and then fractionated by gelfiltration on sephadex G-15 column [5]. Peptides
eluted from the column in amount of 0.1mg were added to the reaction mixture contain-
ing 0.1M citratephospate buffer. 50 g enzyme and substrate. In the case of monophenol
monooxygenase (substrate p-cresol) pH of the reaction mixture was 7.1, while pH for
catechol oxidase (substrate catechol) was 5.3. The concentration of p-cresol was 2mM and
catechol - 17mM [2,3]. Isolation of monophenol monooxygenase and catechol oxidase
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from fresh tea leaves was carried out by the preliminary elaborated method [3].“
The results are given in the Table. As it is seen from Table peptides are characterized
by certain regulatory effects on tea-leaf monophenol monooxygenase and catechol oxidase.
High molecular peptides (M, 1000-5000) inhibit monophenol monooxygenase and catechol
oxidase activitities. The peptide with A/, 5000 has high inhibitory effect on these enzymes.
It decreases monophenol monooxygenase and catechol oxidase activities by 41 and 51%
respectively. The peptide with M, 3700 strongly inhibits monophenol monooxygenase activ-
ity (by 50%) and comparatively weakly catechol oxidase activity (by 15%). The peptides
with M;s 1500 and 1200 inhibit only catechol oxidase and do not affect monophenol
monooxygenase. Low molecular peptides (M, 470-1000) act as activators, they affect mainly
the monophenol monooxygenase activity. For example: the peptide with M;s 840, inrceases
the monophenol monooxygenase activity almost 2.5-fold, while catechol oxidase is slightly
activated by its action. The peptides with M;s 940, 700, 670 and 470 activate only monophenol
monooxygenasc and do not affect the catechol oxidase activity.

g}
101945

Table
Effect of tea-leaf peptides on the monophenol monooxygenase and catechol oxidase
activities
Monophenol monooxygenase Catechol oxidase
Vaciunt Specific activity| Changes in the activity | Specifi:: sctivity | Changes in the activity
ABADE | | octivalion | inhibition ARMmE, | activation | Taktbiticn
protein /min protein /min
additive-free |
the same "plus" : 0.14 s . 7.80 - -
peptide with M, |
5000 | 0.08 5 41 3.59 - 54
3700 0.07 = 50 6.63 - 15
1500 0.14 = - 7.80 - -
1200 0.14 . . 6.39 = 18
1000 0.14 - . 6.79 - 13
940 | 0.20 45 . 7.80 . -
840 | 033 136 - 9.59 23 .
700 0.22 57 7.80 - -
670 0.21 50 7.80 - -
560 0.19 36 7.80 - -
777777 470 0.22 57 7.80 -

Thus, it can be concluded that peptides have regulatory effect on tea-leaf mond{)hcnol
monooxygenase and catechol oxidase. At the same time they affect the monophenol
monooxygenase and catechol oxidase activities differently.

S. Durmishidze Institute of Plant Biochemistry
Georgian Academy of Sciences
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M. Gomarteli, T. Janelidze

Usage of Thermostable Xylanase Preparation Obtained from
Allescheria terresstris for Plant Waste Hydrolysis

Presented by Academician G. Kvesitadze, May 27, 1997

ABSTRACT. In order to obtain sugar by nontraditional method, hydrolysis of
vine cuttings has been carried out by means of enzyme preparation from microscopic
fungi Allescheria terrestris. Maximum hydrolysis is reached after 24 hours. Deepness
of hydrolysis was 18% of cellulose and 12% of hemicellulose. The obtained sugar
mixture is used as alternative sugar source for preparing of sparkling wine by the
process of secondary fermentation.

Key words: THERMOSTABLE ENZYMES; ENZYMATIC HYDROLYSIS;
XYLANASES. :

The aim of our work was to carry out the hydrolysis of plant wastes in semi-industrial
conditions by enzime preparations and searching possible use of hydrolysis products.

The experiments were carried out on the following miCroorganisms: microscopic
fungi culture Allescheria terrestris and yeasts Saccharomyces vini-39. As substrates were
used: preliminary ground vine cutting washed by water; Chapek medium. The enzymatic
hydrolyses of vine cutting was carried out in flasks with 0.05m acetate buffer (pH 4.6)
and different amount of substrate (0.1;0.2; 0.4; 0.6; 1.0g), which were incubated in water
bath shaker. Temperature of reaction medium was 65-70° C and incubation periods were
5, 24, 48 hours. )

Amount of reducing sugar in the samples were examined by dinitrosalycylic acid
reagent [1] and the amount of penthose by Maibaum method [2]. Their difference is
considered as hexose amount.

The secondary fermentation analyses were carried out in the bottles with the follow-
ing composition of the mixture: wine material — 742.2 ml; yeast suspension — 24.0 ml;
monosaccharides — (xylose, glucose) — 2.2%. The incubation period was 3 weeks and the
temperature — 12-14°C. Special aprometre was used for determining of liberated €O
The amount of CO, was determined according to BaCO, weight obtained by CO, binding.

Thermostable xylanase preparation was obtained from thermophilic fungi Allescheria
terrestris, the xylanase activity of which consisted of 1500 U/g and cellulase 300 U/g.

Results of hydrolysis are given in Table 1. As it is shown from the results the deepness
of hydrolysis after 24 hours is 18% in case of cellulose and 12% of hemicellulose. As the
results show the prolongation of hydrolyses after 24 hours is not effective since the in-
crease of monosaccharides in the reaction medium is negligible.

In order to increase the deepness of hydrolysis the low molecular sugars, performing
enzyme inhibition, must be eliminated from the reaction medium.



Usage of thermostable xylanase preparation obtained from Allescheria

Dynamics of reducing sugars accumulation of vine cuttings while
enzymatic hydrolysis from Allescheria terrestris

‘Time of hydrolysis
| Substrate 5h 24h 48h
| mg Pentoses Glucose Pentoses Glucose Pentoses Glucose
; 100 0.65mg 1.9mg 12mg 375mg 135mg 40mg
5.4% 9.5% 10.0% 18.7% 11.2% 20.0%
200 T6mg 38mg 30mg 72mg 32mg 7.45mg
6.6% 9.5% 12.5% 18.0% 13.3% 18.6%
400 32mg 7.0mg 7.0mg 148 mg 7.0 mg 15.2mg
6.7% 8.7% 14.6% 18.5% 14.8% 19.0%
600 418mg 9.6mg 98mg 20.7mg 10.4mg 17.6 mg
6.7% 8.0% 13.6% 17.3% 14.4% 14.6%
1000 7.6mg 17.6mg 142mg 37.0mg 147mg 37.6mg
| 63% 8.5% 11.9% 18.5% 12.3% 18.8%
*
Table 2
Utilization of sugars and their mixtures while the dary fer ion performed by Saccharomices yini-39
Sample Pressure BaCo, Reaction on ethyl
in bottle, atm 8 alcohol
Chapek’s medium
+2.2% xylose 20 122 +
Wine
+2.2% xylose 18 10.9 -
Chapek’s medium
+1.1% xylose +1.1% glucose 3 188 +
Wine
+1.1% xylose +1.1% glucose 27 164 +
Chapek’s medium
+2.2% glucose 45 27.4 +
Wine
+2.2% glucose 42 256 +
Wine
+2.2% enzymatic hydrolizate 24 14.6 +
Control
51 30.5 +

The same is proved by the following: 24 hours later repeat addition of enzyme prepa-
ration in the medium increased the amount of reduced sugars by only 5-7% at the begin-
ning stage (1-3 hours), which proved that enzyme was not inactivated.

Thus, the usage of technical preparation of A/l terrestris allows to obtain hexose and
pentose mixtures more than 80% of which were monosaccharides — xylose and glucose
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with fermentation ability as an altérnative sugar source.

It was confirmed that yeast Saccharomyces vini-39 has the ability to assimilate and
partly oxidize xylose up to CO, in case of artificial medium as well as in conditions of
secondary alcohol fermentation. The same is confirmed by the value of pressure in her-
metically closed bottles which are one of the main characteristics for sparkling process
(Table 2).

At the same time it was noticed that while using artificial medium separately in
xylose case and xylose with glucose as well, the pressure indicators were considerably
higher compared with those experiments where wine material was used as fermentation
medium.

S. Durmishidze Institute of Plant Biochemistry
Georgian Academy of Sciences
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MICROBIOLOGY AND VIROLOGY

N. Manvelidze, E. Adeishvili, E. Kvesitadze

Selection of Antibiotic-Producing Basidiomycetes

Presented by Academician G. Kvesitadze, December 20, 1997

ABSTRACT. Basidiomycetes constitute a major class of higher fungi and have
been used for medical purposes and as food since ancient times. Over 30 000 species
of this group of fungi have been described. In order to get the maximum biosynthesis
of antibiotics of basidi iella species, Oud siela mucida, Agari-
cus species, Pterula - 1 and 2 and Xerula chrysopepla - 1,2 and 3 the optimum condi-
tions for their deep cultivation have been chosen.

Key words: BASIDIOMYCETES, ANTIBIOTICS, ANTIFUNGAL.

While cultivating basidiomycetes OQudemansiella species, Oudemansiella mucida,
Agaricus species, Pterula - 1 and 2, and Xerula chrysopepla - 1, 2 and 3, natural condi-
tions of their distribution were taken into considiration [1]. Cultivation of fungi was
carried out at 27°C, different wood materials (leaves, cones...) were used as a source of

ycetes: Oud

carbon. The following mediums [3] were also examined as substrates:

g/l
Medium 1: yeast extract 4
malt extract 10
glucose 4
Medium 2: yeast extract 4
malt extract 10
glucose 4
agar 15-20
Medium 3: yeast extract 4
malt extract 10
glucose 10
Medium 4: potato powder 4
glucose 20
Medium S : yeast extract 1
maltose 20
glucose 10
peptone 2
KH,PO, 0.3
MgSO, X 7H,0 1
FeCl, 10
ZnSO, X TH,0 1.78
CaCl, X 2H,0 735



Table

Antibiotic activity of investigated fungi
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The pH of mediums was adjusted to 5.5 by IN HCI . The sterilization was cartied oup. >
at 121°C, for 25 min. Sandy agar (15 g//) was used to harden the mediums.

The first experiments were carried out in small volumes, in particular in 0.5 1., 1 /.
and 2 /. flasks. In the case of hard-mediums 1 /. flasks of Fernbach were used. After
choosing the optimum medium the cultivation was carried out in 20 /. fermenter. The
fermenter was incubated at 27°C, with aeration 3 //min and agitation 120 rpm.

It should be mentioned, that some of strains grew better and showed higher antibiotic
activities in flasks than in fermenter. During cultivation in liquid medium the probes were
taken, from flasks every 2-3 days, from fermenter - every day; and medium pH, concen-
tration of glucose (% by special indicator) and amount of dry biomass were examined.
Later the antibiotic activities of mycelia and cultural fluid have been analyzed. In the case
of hard medium, after the complete spreading of fungi, they were incubated for some
more days, to produce the secondary metabolytes and after that only antibiotic activity was
determined. The antibiotic activity was measured by the agar diffusion assay [2] on eight
different test organisms:

bacteria: Bacillus brevis /gram-positive/
Bacillus subtilis /gram- positive/
Micrococcus luteus /gram- positive/
Enterobacter dissolvens /gram-negative/
fungi: Mucor miehei

Nematospora coryli
Paecilomyces variotii
Penicillium notatum

According to the antibiotic producing abilities, the tested strains can be condition-
ally divided into three groups:

-the antibiotic activity depends on conditions of cultivation;
-activity determined in trace amounts;
-activity is not stated.

(see Table). ’

Eight basidiomycetes as producers of antibiotics have been studied. Due to the experi-
mental data, only five of them: Qudemansiella species, Oudemansiella mucida, Agaricales
species, Pterula - 2 and Xerula chrisopepla - 1 showed desirable antibiotic producing
activty. The optimum conditions of cultivation, based on the following criteria: compo-
sition of nutrient medium, volume (aeration) and duration of growth have been selected.

S. Durmishidze Institute of Plant Biochemistry
Georgian Academy of Sciences
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CYTOLOGY

E. Tavdishvili, P. Chelidze, D. Dzidziguri, E. Cherkezia,
Academician G. Tumanishvili

The Study of Interdependency between the Changes of RNA
Synthesis Intensity and the Morphological Transformation of
White Rat Hepatocyte Nucleoli in Postnatal Period of Develop-
ment

Presented September 15, 1997

ABSTRACT. In the postnatal period of development of white rats there is a direct
interdependency between the ultrastructural transformation of nucleoli and their
transcriptional activity.

Key words: NUCLEOLUS, TRANSCRIPTION, POSTNATAL DEVELOPMENT,
NUCLEOLONEMA.

It is well known, that one of the main morphological criterion of ribosomal genes
expression is the structural organization of nucleoli, which is strongly dependent on the
amount and activity of r-genes. The intensity of r-genes transcription and also the pro-
cessing of pre-ribosomal RNA is directly reflected in the structure of nucleoli. The changes
in these processes arouse the development of particular types of nucleoli.

In our previous studies we have shown the strict correlation between the changes of
ultrastructural organization of nuclei of different tissues and the changes of RNA. syn-
thesis intensity. In particular, such correlation between the structure of nuclei and the
changes of their transcriptional activity was shown in intact and stimulated white rat
hepatocytes 1. The studies were
taken also to show the analogous
correlation in proliferated hepato-
cytes at the initial stages of post-
natal development. The experi-
ments were carried out on white
rats at the age from first to 30th
day from birth. The RNA synthe-
sis intensity was defined accord-
ing to the level of *C-UTP incor-
poration with non-soluble fraction.
Simultaneously the samples were
taken for electromicroscopic stud-
ies {2].

It was shown, that within the
first 30 days from birth the daily

RADIOACTIVITY imp/100 sec X 1000
MITOTIC INDEX %,o

Fig.1. The changes of transcriptional (—) and mitotic (---) activity
of rat hepatocytes in the postnatal period of development.
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Fig.2. The ultrastructure of rat hepatocyte nuclei on Fig.3. The ultrastructure of rat hepatocyte nuclei on the
the 1st day from birth. 21st day from birth. i

changes of RNA synthesis takes place in white rat nuclei (Fig.1).

For revealing the interdependency between the ultratsructural and transcriptional
changes of nuclei the electromicroscopic studies were carried out at periods that corre-
sponded with the minimal (1st, 29th day from birth) and maximal (21st, 30th day from
birth) level of transcription.

On the 1st day from birth rat hepatocytes have oval smooth-contoured nuclei (Fig.2).
The premembrane and chromocentral chromatin condensation degree is rather high. The
nucleoli are characterized with weakly developed nucleolonema and corresponding de-
crease of vacuoli amount. All these morphological features show that such nucleoli are of
very low activity. Therefore, the electromicroscopic analysis revealed that at the first day
from birth the nucleoplasmic and ribosomal activity in white rat hepatocytes is very low.
Analogously the analysis of in vitro transcription activity curve (Fig.1) shows, that the Ist
day rat nuclei are characterized with low RNA-synthesis level that corresponds precisely
with the results of experiments in situ.

The electromicroscopic analysis of ultrathin sections of rat liver on the 21st day from
birth (Fig.3) revealed the type of nucleoli that strongly differs from the described above.
Circular smooth-contoured nuclei include oval increased in size nucleoli of 3 mem in
diameter. The nucleolonemal strings as well as dense fibrillar component are strongly
developed. In the nucleoplasm nuclear bodies are presented. Such morphological features
of nucleolar structure show that the RNA synthesis is very active. This type of functionally
active nucleoli known as the pseudonucleolonemal type was revealed also in the prolifer-
ated rat hepatocyte liver during the initial stages of regeneration on the 6th hour after the
operation [1]. According to the results of our experiments the maximal level of transcrip-
tion activity takes place on the 21st day from birth. Therefore, we-can conclude that also
in this case the intensity of RNA synthesis directly corresponds with the changes in
nuclear ultratsructure.

To confirm the natural character of interdependency between the biochemical and
morphological data we have carried out the analogous studies on animals of different age
and with different transcriptional activity of nuclei.

The electromicroscopic studies of rat liver nuclei on the 29th day from birth showed
the similarity of nuclei ultratsructure with the morphological indices of nuclei of rats on
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Fig.4. The ultrastructure of rat hepatocyte nuclei on the Fig.5. The ultrastructure of rat hepatocyte nuclei
29th day from birth. on the 30th day from birth.

the Ist day from birth. Weakly developed nucleolonema, small amount of fibrillar centers
and decrease of vacuolar component indicate that the RNA synthesis is inactive. At the
same time the biochemical studies in vitro revealed that on the 29th day from birth the
transcriptional activity of isolated nuclei was minimal. Again, we have the example of
well defined correlation between the data of biochemical and morphological analysis.

On the 30th day from birth (the period which according to results obtained in in vitro
biochemical experiments is characterized with high transcriptional activity) (Fig.5) the
ultrastructure of rat hepatocyte nuclei and especially the increasing size of nuclei and
hypertrophy of nu¢leoli points at the strong growth of synthetic processes. The low degree
of chromatin condensation also indicates the activation of nuclei (one of the main crite-
rion of activation of genome of differentiated cells is the decompactization of chromatin
[3]). The increasing amount of granular component indicates the activation of processing.
Such hypertrophied compact nucleoli were described first in stimulated proliferated hepa-
tocytes at the initial stages of liver regeneration (on the 22nd hour after the partial hepa-
tectomy). Therefore, in this case also the correlation between the results of biochemical
and morphological studies is very clear.

The obtained data makes it possible to conclude, that in the postnatal period of
development there is a direct connection between the ultrastructural transformation of
white rat nucleoli and their transcriptional activity and such interdependency between the
morphological and biochemical parameters is natural phenomenon.

Thbilisi I. Javakhishvili State University
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EXPERIMENTAL MEDICINE
M. Zimmermann, T. Ebanoidze

The Treatment of the Postextraction Syndrome with Taurolin®

Presented by Corr. Member of the Academy T. Dekanosidze, September 1, 1997

ABSTRACT. In a controlled clinical study with a total of 200 patients the broad
spectrum agent and antitoxin taurolidine (Taurolin®) was clearly superior to conven-
tional medication with the broad spectrum antibiotic chlortetracycline (Aureomycin)
when applied topically to treat the postextraction syndrome (PS). Compared with the
conventionally treated patient group, the clinical control parameters such as pain,
swelling, secretion, tenderness to pressure and remission (secondary target criteria)
in the Taurolin® group exhibited not only a markedly more rapid normalization of
the score-data during the initial phase, but also an appreciably shorter interval until
the patients were symp free. Age, gender, localization of the lesion or facultative
systemic antibiotic or analgetic administration had no demonstrable effect in the
course of the treatment, although the patients in the reference group required con-
comitant medication with antibiotics (p=0.007) and analgetics (p=0.01) considerably
more often than those in the Taurolin group.

Key words: POSTEXTRACTION SYNDROME, TAUROLIDIN.

The postextraction syndrome (4 /veolitis sicca dolorosa, Dolor post extractionem, dry
socket) by Birn (1973) [1, 2] is an inflammation of an empty bone alveolus after an
extraction and is considered as alveolus wall bordered osteomyelitis and concomitant
neuritis. The frequency of this occurrence according to literature findings ranged from
0.9% [3] to 12.6% [4]. The causes of the non-formation of stable blood clot or its destroy-
ing with affected wound healing are: the local irritating factors [5], the strong tissue
trautha [6], affected fibrinolysis [2], impairment of oral immunological balance [7], as
well as particular bacterial infection's mechanisms [6]. Thus etiology of the postextraction
syndrome is presented with the multifactorial causative complex.

The mouth cavity represents a mosaic of numerous microbijotopes of the various
microbes, which are in close contact with the fresh extraction wound. The potential
oralpathogenic microorganisms may penetrate into the alveolus from the root canal and
from periapical ostitis, as well as from the sulcus of the gum, and from the plaque and
saliva adhering to neighbouring teeth surfaces (secondary infection) [8]. Some authors [9,
10] have been able to prove that after a tooth extraction in case of disturbed wound
healing aerobic-anaerobic mixed infections occur with dominant participation of
gramnegative anaerobic microbes. Griffe and coworkers [11] and Nytzan and coworkers
[12] postulate special leading microorganisms (Bacteroides melanogenicus or Treonema
denticola) in etio-pathogenesis of the postextraction syndrome.

Alveolitis sicca dolorosa extremely seldom causes such complications as a sequestra-
tion of the large bone areas or a transition into secondary chronical osteomyelitis, and
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s 1]
despite this, we often encounter the clinical picture of illness during which a typi¢at $iHefr?
bad taste and unbearable irradiating pain severely affect a patient physically and psychically,
Together with the surgical revision and excochleation (scrape) of the alveolus the plan of the
medical treatment includes antimicrobial chemical therapy with disinfectants and antibiot-
ics. Biological, toxical, allergic side effects, as well as mechanisms of the natural or acqulred
bacterial resistance considerably limit the therapeutical spectrum [13].

Positive data about the active substance - Taurolidin as a broad spectrum antimicro-
bial chemical therapeutic remedy and antitoxin obtained from the field of fundamental
research[14], of visceral surgery [15] and orthopeady [16] on the one side, and the first
successful experiences in treatment of orofacial bone infections [17] on the other side
encouraged us to apply this substance for medication of postextraction syndrome and to
compare its effectiveness with the formerly applied remedies.

The investigation was performed at the jaw-surgery policlinic of Munich. The data
were collected by means of a standardized documentary sheet. For a clinical study 200
patients with diagnosis of postextraction syndrome were observed. The investigation was
performed according to the Helsinki Declaration.

The Tauroiin and standard (control) groups were randomly chosen. Both testing
substances were applied by the following form:

Group A (Taurolin - group)

Taurolin® - 3% irrigating liquid (Geistlich, Wolhusen, Switzerland)

(1g contains 30mg Taurolidine, 50mg polyvinylpyrrolidon)

Taurolin® - 3% dental emulsion (Geistlich, Wolhusen, Switzerland)

(1g contains 30mg Taurolidine, fatty acidtriglyceride, Lecithin)

B - group (standard group)

Isotonic NaCl 0,9% solution (Braun Melsungen, Melsungen, Germany)

(1ml contains 9mg NaCl).

Aureomycin® 3% ointment (Cyanamid Novalis, Wolfratshausen, Germany)

(1g contains 30mg chlortetracycline, vaseline, woolwax).

The individual duration of therapy, as well as interval between the checkups were
determined by therapeutical necessity. The medical treatment was performed till complete
remission. For the evaluation of both different therapeutic methods the following data were
used: identification of patients; age, gender; results of clinical/radiological investigation;
localization of the lesion; facultative systemic administration of antibiotic or analgetic.

Table 1

The influence of the facultative administration of antibiotics and/or analgetics on duration of the treatment of the

groups
MEDICATION TAUROLIN® STANDARD
DURATION X S X S
(days) 5.6 2.5 82 32
WITH ANTIBIOTIC 6.2 1.7 9.1 2.8
WITHOUT ANTIBIOTIC 55 29 7.4 34
WITH ANALGETIC 6.1 23 8.8 25
WITHOUT ANALGETIC 5.5 2.7 8.1 33
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Parameters of clinical course; pain; swelling; secretion; tenderness to ;‘)re:ssuré!;J ‘Temiss
sion. ;

For relief of local pain we used the local anesthetic - Lidocain (Xylocain 2%®,
Astrachemicals, Wedel, Germany), with Epinephrin 1:100 000. After this an
excochleation of alveolus fundus was performed with simultaneous refreshing of alveo-
lus bone tissue to remove rests of the destroyed clot of blood, remainders of the inflamed
granulous tissue, tooth or bone fragments. The thus surgically prepared alveolus was
cleaned with 3.0ml irrigating solution and was plugged with a gauze strip impregnated
with 0.5-1g testing substance. Depending on the severity of the initial findings and the
clinical course of the discase the treatment was repeated in intervals from 1 to 3 days
till convalescence.

Taking into consideration the exploitative character of study the level of significance
was determined by 5%. Suitable homogeneity tests were performed for the verification of
the comparability of the groups. The duration of the treatment (primary target criterion)
was analysed biostatistically deducing with the Wilcoxon-Mann-Whitney-U-test [18].
The course of clinical control parameters (secondary target criteria) were only descrip-
tively recorded and shown in the form of a graph as arithmetical average values based on
the level of the ordinal scale. The influence of a facultative administration of antibiotics
and analgetics on the course of the treatment was examined. ;

The average age of both groups was 41.2 (£16.5) year. The gender division was men/
women proportion =107/93, a fairly balanced proportion. In 90% of the cases the lesions
were in the side of teeth area, the mandible being affected in 135 cases, the maxilla in 45
cases. The homogeneity tests did not show any statistical peculiarities (=0.05), so that
the comparability of both groups was assured.

The average duration of the treatment during the medication of Taurolin was 5.6 (+2.5)
days, and in case of standard therapy - 8.2(+3.2) days. The difference remained highly
significant (Wilcoxon-Mann-Whitney-U-test:p<0.0001). The standard deviation established
for group A was clearly below the corresponding value for group B. This is an indication
that the application of Taurolin® allows to shorten the duration of the treatment.

The influence of facultative administration of antibiotics and analgetics on the dura-
tion of the treatment on the groups is shown on Table 1.

In 20.5% of the cases with standard therapy antibiotics were administered, which is
a statistically significant higher share than in ihe group treated with Taurolin® (9.5%).
As to facultative administration of analgetics, the lower frequency (5%) was observed
than in the control group (8%). As can be seen from Table 1, the facultative administra-
tion of antibiotics and/or analgetics did not shorten the duration of the treatment.

Table 2.

The time intervals between the checkups and the number of the corresponding patients for the Taurolin and

standard groups.
v, Vv, Vs Ve | Vs |Vs | Vs Ve Vs Vi |V [V |V
TAUROLIN X[ 1.0 2.5 4.2 6.1 .75 757 83 10.0 | --- - - = =
n| 100 100 92 47 21 4 3 2 i 0 0 0 0
STANDARD | X| 1.0 2.6 44 62 172 189 1100 |107 | 120 [ 120 1137 | - ==
n| 100 100 100 [ 75 43 31E1T 9 6 |. 4 3 0 0
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As the days of the treatment and investigation were not determined statistlcallyjr,Jbut

by exclusively therapeutical indication, there were necessarily intra- and interindividual
variations. The time intervals between the checkups and the number of corresponding
patients for the Taurolin and the standard groups are shown in Table 2. During the
treatment with Taurolin® the total number of the checkups was 370, which is signifi-
cantly less than the total number of 488 checkups during the standard treatment.

The clinical application of Taurolin® allows lower doses of antibiotic and/or analget-
ics during the duration of the treatment , which is certainly of high clinical relevance as
the patient can avoid part of the medication [13]. Taking into consideration the above-
mentioned results Taurolin® seems to be a well-tolerated and effective therapeutically
remedy, with a propitious benefit-risk ratio, that can have a valuable share in the chemo-
therapy of PS.

Munich University, Jaw Surgery Clinic and
Polyclinic.
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EXPERIMENTAL MEDICINE

T.Shatilova, I.0Oniani, M.Chikovani, Z. Zambakhidze

Organo-specific Stimulation as a Method of Treatment of the
Pigmentary Dystrophy of the Retina

Presented by Academician T.Dekanosidze, October 20, 1997

ABSTRACT: 16 patients with retinitis pigmentosa underwent embryonal sclera
transplantation. Positive results were received on the part of visual acuity and visual
field. The authors explain it by the fact, that embryonal tissue causes stimulation of
the regeneration process in recipient's eye. Functional improvement is connected
with mitogenic radiation.

Key words: PIGMENTARY DYSTROPHY OF THE RETINA, EMBRYONAL
SCLERA, TRANSPLANTATION, ORGANOSPECIFIC STIMULATION.

Etiology and pathogenesis of pigmentary dystrophy (PD) of the retina are not ascer-
tained definitively. There exist acquired and hereditary, primary and secondary forms.
Besides classic form of PD, without pigment and punctata-albescense PD in the presence
of Laurence-Moon-Bardet-Bide's and Usher syndromes and also sector-like and one-side
forms of PD are known. In this article we are able to refer to these points of pathogenesis
of PD, which concern the problems of the therapy, that we are interested in.

First of all it is the theory, connected with the process of resorbtion of disks pulled
down by photoreceptors. It appeared that pulled down disks of photoreceptors of mutant
rats which have PD type degeneration: of tix setina are not resorbed between the latters
and the pigment epitheliuiu and provent wciabolic processes [1]. It is known, that the
atherosclerosis of posterio: wyliari arteric « uscs annular and sector-like scotoma as
during PD. But this however docsn i allow :quai these two diseases [2]. For treatment
of PD there are reficdic: haproving ke Lipiic. Vessel-broaden medicines, intermedin,
preparation of hypophysis, uticoaguiants, ruclein preparations, taufon having effect on
melanin enzyme are frequenily used. (n Helmholts' Institute there was created the prepa-
ration ENKAD - corupiex of ribonucicins {2]. Injecting the 2% solution of salt through
the mucous memorane of nose the substance directly gets into the spinal cord liquid
passing the hemato-cncephalitic barrier and has stimulative effect on the hypophysis [4].

There exist also surgical methods of treatment. V. A Burnside made the straight eye
muscle fibres grafting into suprchorioidean area [5]. There exist modifications of this
operation [6]. But they are not wide spread because of possible complications on a state
of intraocular haemorrhage. .

An operation of bandaging of arteria temporalis superficialis is proposed. The opera-
tion was done while dystrophy senilis, myopia magna and PD. The operation turned out
to be less effective while PD [7]. The principle of this operation is taken from surgeons
who bandaged arteria mammaria externa in the hope that the bloodflow goes into coro-
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nary artery, but the operation was not effective. The experiments with using th genetic
therapeutics are carried out now. But transplantation of pigmental epithelium on human
now is without results.

T.Shatilova [8] proposed an operation in transplanting the embryonic melitirised
sclera during the diskhemic dystrophy of the retina and later also during the tapetoretinal
degenerations.

For this article we dwelled upon the patients of the same ethnic group, all of them
were from Calabria (Italy), being treated before in many Italian clinics and abroad (19
patients). As a material for transplantation served embryonic sclera melitirised. We de-
scribed the methods of conservation [9].

The material for transplantation was taken according to accepted method in
transplantalogy. Besides all generally accepted investigations, donors, as well as patients,
have been observed on AIDS. Patients were consulted by physicians, cardiologists and
neuropathologists.

17 patients out of 19 had typical PD, one had central dystrophy of the retina, others
had punctate dystrophy. All the patients desease was double-sided. 9 patients had bad
vision from their early childhood and 10 from the age 30-40. 5 patient's parents were
close relatives, and 4 patient's relatives suffered from PD. Besides the main diseases the
majority of patients had other eye pathology: 10 had cataract, 1 had glaucoma, 1 had
subluxive lens, 6 patients had destruction of vitreal. 14 patients have been treated before
conservatively, and 1 underwent surgery in Moscow. General condition of all the patients
was satisfactory, 3 had moderately increased arterial pressure.

Operation was made to 16 patients, to 15 on both eyes and on one eye to 1. Eight
patients underwent surgery under general anesthetic (droperidol, fentanil) and 8 under
local anesthetic (2% novokain) with promedication. Operation period was without com-
plications. Operation and after operation periods were taking a normal course, as to eyes,
so to general condition.

On the 4-5 day after the operation all the patients noticed improvement in vision, orien-
tation, and the patients having no regular vision before had more clear light perception.

Central visual acuity improved on 20 eyes: 10 - on the hundredths and 10 - on the
tenths. No changes - 11 eyes. There was no any worsening in all the cases.

The least visual acuity before operation was 0.01 and after it 0.02.

The greatest visual acuity with correction before operation was 0.4 and after it 0.8.

The total field of vision of 10 patients out of 19 has broadened up to 100°, on 5 eyes
up to 300°, on 4 eyes and more than 300° on 12 eyes. The least broadening - 51° and the
biggest - 703°. Absence of changes and deterioration haven't been observed.

To sum up, we could ascertain obvious therapeutic effect. But what are the reasons of
those positive shifts, which occur in the result of transplantation of embryonic tissue?

Our experimental investigation showed [8,9], that there exists veritable vegetation of
tissue, but processes lasting in recipient tissue are more important for us: within the next
few days after the grafting there is observed the increase in quantity of nuclei in recipient
sclera, and then the formation of capillaries is also noticed. So there exists stimulation of
cytogenesis processes.

As it is known academician V.PFilatov [10] is considered to be the founder of
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Visual acuity

N Before surgery After surgery
OoD. 0S. “OD. OS.
1 ]0.09-3.5D=0.3 0.09-1.5D=0.3 No changes
2 (0.03- 0.06- No (No
correction=0.8 correction=0.2 0.03-=0.2 0.3-=0.4°
3 {0.01 0.001 0.05 0.06
4 [0.1-1.0D=0.4 0.2 0.2-1.0D=0.4 0.2
(No correction) (No-correction)
5 10.001 0.001 0.02 0.02
6 |l proection certa |I proection certa No changes
7 10.02 0.02 0.03-7.0D=0.05  {0.03-7.0D=0.05
(No correction)  |(No correction)
8 0.1 0.1 0.2 0:2
(No correction)  {(No correction) (No correction)  |(No correction)

9 [0.01(temporal.)  [0.01-4.0D=0.02 No changes
10 {0.09-1.0D=0.4 0.06-1.5D=0.08 0.1-1.0D=0.5 0.07-1.5D=0.09
11 0.001(temporal.) {0.001(temporal.) No changes
12 10.001-4.0D=0.2  {0.001-4.0D=0.2 correct=0.3°
13 |0 0.02-6.0D=0.06 0 0.02-6.0D=0.07
14 10.06-2.0D=0.1 0.09-2.0D=0.1 0.07-2.5D=0.3  10.09-2.0D=0.8°

15 |0.03-correct=0.09

0.06-correct=0.2

0.06-corrzct=0.1

0.07-correct=0.3°

16 I proection certa

1 proection certa

No changes

biostimulation theory. From our point of view of the utmost interests is one of his primary
observations, when after the transplantation of the cadaver cornea into the patients eye
with leukoma he has observed enlighicnment of turbid cornea on the border with
transplantants. Hence occurred leikomas reclamation method. In this observation "organo-
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specific stimulation" was obvious. V.PFilatov himself hasn't applied this term:”and“tﬂé
idea itself hasn't been expressed. His idea went in the direction of broadspectral
biostimulation and he spread this idea to nonspecific tissue of human being and planfs.
This was discussed in different fields of medicine. Now we aren't talking about this. We
are interested in "organo-specific stimulation". It is known that abundant reproducting in
general is the source of mytogenetic radiation, which exists in our case as well; metabolic
processes in adjoined and functionally connected tissues of sclera, chorioidea are stimu-
lated and spread over pigmentary epithelium of the retina.

Complex anatomofunctional connections among sclera, chorioidea and the retina,
originating from embryogenesis on the basis of these processes developed in sclera in-
duced the retina. Modern ultrastructural investigations [11] have shown the existence of
tight connection between Bruch's membrane, pigmentary epithelium of the retina and
basil membrane of choriocapillary layer. L.S.Morse et al [11] ascertained stimulation of
pigmentary epithelium growth by proliferative cell of endothelium. Further more there
has been found the existence of mythogenetic activity.

So we see that sclera, chorioidea and the retina are so functionally connected that the
state of the retina is reflected by the processes lasting in the sclera. It may be assumed that
process of resorbtion of pulled down disks is stimulated.

We attach great importance to organospecific stimulation coming from embryonic
tissue. Nowadays in treatment of such hard hereditary diseases as diabetes mellitus, pains
of Parkinson. myostania, livercirosis specific embryonic cell transplantation is used.

As some authors mention influence of transplanted embryonic cell is in relation with
genetic factor. Observation, carried out in National Institute of Health (NIH) in Batest,
showed the possibility of practical use of genetic therapy.

The question rises: if there is the embryonic sclera transplantation in the presence of
PD genetic therapy as well. This question requires special experimental observation.

For the present we can ascertain, that transplantation of embryonic sclera during the
pigmentary dystrophy of the retina is an effective way of treatment of this desease.

Eye Discase Department of Tbilisi State Medical University
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EXPERIMENTAL MEDICINE
L. Gogichaishvili, M. Chikhladze, N. Meskhishvili

Spring PalYnospectra of Tbilisi and Dynamics of Allergic Diseases
in Children in 1997

Presented by Academician T. Oniani, January 1, 1998

ABSTRACT. Content of pollen grains of allergenic plants in aerospectra was
studied in various districts of Thilisi. Material was obtained from 13 districts in the
second and third decades of March and in April. In March the alder, willow, hazel-
nut and elm pollen grains were mostly observed. In April walnut, platan, maple,
mulberry, vine, lilac, timothy-grass, nettle, milfoil pollen grains added to their num-
ber. Pollen amount greatly increased in April, in accordance with it the number of
people with pollinosis increased as well.

Key words: POLLEN GRAINS, AEROPALYNOLOGICAL SPECTRA.

Palynological study of atmosphere is necessary for prophylaxis, diagnostics and treat-
ment of pollinosis. According to the palynological spectra allergologist can properly find
the disease provocative pollen, which help him to cure the patient.

Investigations carried out by us comprises 13 districts of Thiljsi unlike the previous
investigations [1-3]. Pollen grains were collected in the atmosphere by special plates
placed in different districts of the town at 3-5 m above the ground surface for 48 hours.
No less than 8 plates were placed in each district. They were disposed in Didi Dighomi,
Krtsanisi, Gldani, Didube, Chughureti, Nadzaladevi, Avlabari, Isani, Varketili districts.
Pollen grains were treated by Erdthman's acetolysis method [4]. The number of pcllen
grains of alder, elm, willow, hazelnut, maple, walnut, mulberry, plane-tree, nettle, lilac
and other plants were defined and recorded Simultaneously the data on pollinosis were
obtained from the children policlinics of the same districts and the policlinics of Saburtalo,
Samgori, Mtatsminda, Isani, Vake, Chugureti districts. Great deal of data was obtained
from the Allergogenic Service of the Children's First Hospital. As many as 85 childrén were
investigated. Among them pollinosis was observed in different age: in one-year old children
(8 cases), two-year old (4), three-year old (5) ; four-year old (9), five-year old (3), six-year
old (1), seven-year old (6), eight-year old (7); nine-year old (13), 10 year old (4), 11-year old
(3), 12-year old (6),13-year old (9), 14-year old (1), 15-year old (3). Only one patient was
of 10-month old. Results of the analysis are given in,Figs. 1-2 and Table 1.

In the second decade of March, 1997 the total number of pollen grains in atmosphere
was low. In the third decade their number 2.5 fold increased. In comparison with 1995-
96 years pollen grain concentration in atmosphere was lower in 1997. It was expected as
spring was late in 1997. It prevented plants from massive blooming. Then the heavy
storm winds quickly dissipated pollen grains. So their number decreased greatly, but still
alder, willow, hazelnut and elm pollen grains remained in atmosphere in such amount
that they might cause pollinosis. .
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Pollen grain concentration in air and allergic diseases in Tbilisi, in March and April, 1997
Pollen Diseases Pollen
District | amount in amount in
air, March, Allergic | Allergic | Dermal [Bronchial| air, April [ Pollinosis Allergic{Allergic| Dermal [Bronciall
1997 [Pollinosis| rhinitis fconjuctivi-| allergy | asthma 1997 rhinitis onjucti- allergy asl};ma
tis vitis
Didi 20 - 877 1 5 1
Dighomi
Dighomi 40 - 1 2142 3 3 2
Massif :
aburtalo: 60 2 4 3 2084 3 3 2 2 i
Vake 85 2 2 9 3 2903 3 2 6 4 1
tat 62 - 2990 1 - 1
da
Krtsanisi 59 )} 2401 - 1
Gldani 65 - 2790 2 2 2 2 2
Didube 11 1 2163 - 1 1
Chughu- - 1 1 6 1652
reti
Nadzala- 92 - 1313 3 6 2 2
devi
Avlabari 5! 645 1 =
Isani 70 3 2900 4 3
Varketili 29 1132 2

In the second decade of March the number of pollen grains of hazel-nut incréased
greatly in Saburtalo and Nadzaladevi districts, but in Vake, Chughureti and Avlabari
districts  were lesser. In other districts (Didi Dighomi, Dlghoml Massif, Mtatsminda,
Gldani, Didube) only 3-4 pollen grains were found in leri” area but they couldn't cause
allergy. In the third decade of March the number of pollen grains fiveioid increased in
Saburtalo district. In Mtatsminda, Krtsanisi, Isani districts their number increased mod-
erately, in Varketili, Avlabari and Chughureti districts was still less and in Vake district
was a bit increased.

The number of willow tree pollen grains was lesser in the second decade of March not
mentioning the aerospectra indices of Vake district (10 grains/cmz). Half of it was re-
corded in Didi Dighomi, Dighomi Massif, Gldani, Nadzaladevi and Isani districts. In
Didube district the number of willow tree pollen grains was even lesser.

In the third decade of March the number of willow-tree pollen grains increased in
Vake and Mtatsminda districts. It should be noted that the number of pollen grains of
willow-tree doesn't exceed those of hazelnut in any district.

In the se¢ond and third decades the number of pollen grains of alder and elm was far
lesser than that of willow-tree and hazelnut. Although in the third decade of March the
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Fig 1 Thilisi palynospectra in the second decade of March, 1997.
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Dighomi, Dighomi, Vake, tsminda, Gldani, Didube, reti, devi, Isani, Varketili

Fig.2. Thilisi palynospectra in the third decade of March 1997

alder pollen grains made the only peak in Gldani district and another lower one in Isani
district. The number of elm pollen grains increased in Mtatsminda and Krtsanisi districts.
In March hazelnut pollen grains may cause allergy.

April is especially distinguished by an exessive number and variety of pollern grains.

For example, if in Dighomi district in march 20 grains/cm” were recorded, their number
was 877 in April.
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Out of arboreous plants the number of oak, elm, mullberry, walnut, platarl,J willgjvjv-
tree and out of herbaceous plants timothy, milfoil, nettle, etc. are especially great in the
spectra.

As it was mentioned above, data on allergic diseases were collected systematically. In
March the total number of allergic discased people was found to be 39, in April it in-
creased to 83. Pollinoses were mostly revealed in Vake, Saburtalo, Gldani, Nadzaladevi
districts. As many as 85 patients were diagnosed to be diseased with pollinosis, 16 with
allergic rhinitis, 16 with conjunctivitis, 14 with dermal allergy, 15 with bronchial asthma.
We consider timothy, nettle, lilac, walnut and mulberry pollen grains to be the cause of
acute allergy in April. Per case of the disease was revealed in Didi Dighomi, Mtatsminda,
Krtsanisi, Avlabari and Varketili districts.

Thus, in March hazelnut and in April timothy, nettle, lilac walnut and mullberry
pollen grains are found to be causing allergy in Tbilisi. Mostly ', 8, 9, 13-year old
children are diseased with various forms of pollinosis. Vake, Saburtalo, Gldani and
Nadzaladevi districts are distinguished with frequency of cases of pollinosis.

N. Ketskhoveli Institute of Botany
Georgian Academy of Sciences
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The Metaphor of Torturer and Victim as the Basis of World
Perception
Presented by Academician G.Tsitsishvili, December 31, 1997
ABSTRACT. The metaphor of torture and victim as a model of world new out-
look reveals new properties, filling the knowledge and imagination with fresh mean-

ings. By the united model of opposites those intentions of cultural values consclously
or unconsciously born by the artistic image will be restored .

Key words: METAPHOR, TORTURE, VICTIM.

It is known that in the course of its existence the mankind has used numerous forms
of governing, wore them off and threw away on the rubbish of the history. But the gov-
erning form of torture and victim is eternal as the world itself [1]. It is one of the basic
forms of the mankind existence, peculiarities of which the mankind has experienced on
itself, on its own flesh and blood, beginning from Cain and Abel's genus, followed by the
Crucifixion up to now. Moreover, beginning from the insect being caught in spider's web
and ended up by a weapon-carrying man. Shakespare says: "Man is a king of animals!"
This polysemantic phrase perfectly expresses man's inner substance, because it was just
the man who created such weapons in the course of its civilization which may completely
destroy both vital and nonvital worlds. Thus the man gave a verdict of victim to himself,
and became the greatest torturer of the world.

The unity of torturer and victim is a mystic unity of life and death [2]; it is a sign of
world's regulation and contains the whole spectrum of dependencies with moral, histori-
cal, social and cultural spheres. The artistic and functional image of torturer and victim
at the cross-roads of epoches is one of the strongest structures stimulating historical
development, which is destined to bring comprehension in the world, but not any finished
thought [3]. The world from its sensitive side exists to notify a man about something new.
An impulse to explain and solve the problems of being and consciousness constantly
makes a man to seek new meanings and have knowledge of them.

In the metaphore of torture and victim as in a united model of opposites world's
knowledge in respect to the universe is reflected where each man comes into this world
to know ones destination and to realise it [4]. Those elements of the general world outlook
which are original and individual in every culture are established in this artistic image.
A metaphor as world outlook principle implies that the elements of the universe should
be presented in constant process, current, dialectics of connections and relations forma-
tion. Ortega i Gaset states [5], that "the whole world rests on a very small body of a
metaphor". It is an unusual, true knowledge about the universe which was taken out on
the surface by intuition and placed in the visual field of the mind. That's why it is a vital
impulse in which the epoch and cternal ideas of civilization are embodied.
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The relationship of the creator to the original image and the essence which is puijﬁxfo
it is similar to that of a man and the world. The knowledge of the world is a long time
desire of a man. Every attempt and every motion in this direction is equivalent to the order
singled out from chaos. The order in its turn is the expression of the highest legitimacy.
The essence of being implies the act of understanding which is authentic creative impulse
in penetration into problems and their solution, in which constant search of new mean-
ings and functions is implied. The meaning found once is never dogmatized; it takes
numerous realisation modifiers on the path of evolution increasing the amplitude of motion,
correspondingly the number of meanings increase. The act of understanding i.e. the
existentce of man's being takes place. i

The first man on the earth didn't dye of natural death; he became the victim of
violence on the ground of envy. This was shephered Abel being killed by his brother Cain,
whose sacrifice was not adopted by the Lord God. And he failed to rule over his sin, he
lied before the God saying that he didn't know where his brother was. But Abel's blood
was crying to the Lord God. Said the Lord God to Cain: "And now art thou cursed from
the earth, which hath opened her mouth to receive thy brother's blood from thy hand"
(Genesis, 4-11). The blood as an evidence, becomes Cain's torturer and the Supreme — the
truthfull judge because it is the God of truth and law. Meanwhile temptated by the snake,
Eve partook of the fruit from the tree of knowledge of good and evil and then gave it to
Adam. Thus they neglected God's prohibition and became victims of God's fury, they lost
Eden and involuntarily opposed the creator. The Lord God whose will was two creatures
created from him didn't obey deprived them the happiness of eternal life for ever. Thus the
great epoch of unity of opposites begins. The first man was confused and lost orientation,
Sometimes he holds on the power, sometimes becomes defenceless and helpless like a
child. He seeks the compensation of loss on the carth and in this search now he is a
monster overcoming fear, nowa simple flower plaited in a crown. Made of the earth he
can't hold out against earthly temptations and rise over his earthen nature. He reveals his
priority in interrelations with other human beings by suppressing them and ruling over
them. It seems as if he throws the white glove before the Lord God to challenge. The Lord
God inhabits in Heaven and the man lives on the earth trying to establish his power over
the whole earth, suppresses every vital from smallest to the biggest and uses it for his
benefit. He is the victim of temptation and in the search of the lost became rather rough
and cruel as his attempts to return the lost was in vain; finally received the image of the
torturer; his passions will die away when he turns into the earth and return to the first
goal. And the current of life on the earth will go on. The man comes, lives, works and
then again passes into the great nothingness which was the torturer of his doings. In the
course of history there are numerous examples of power lovers in one or another sphere
and everywhere man created like "God's image" being awared of one's own nothingness
uses the power as compensation means.

It seems as if he makes protest and tries to restore the lost paradise on the earth,
however this paradise is the shadow of shadow, besides it is upside down or may be it is
a paradise created in one's own imagination? As there was passed too much time to :
remember exactly that harmony in one's distorted imagination! Once being the victim of
temptation now he becomes a heartless torturer, who was deprived of joy in the Eden
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garden, and he deprives the people to live happily in this world. Where was’the "§61°
inspired by God lost by which the mankind received a great charge of love and kindness
and which should be returned to its primary reason as the spark to the fire! :

The constant process of realisation the metaphor of torturer and victim in the global
current of the world takes more and more load in a creative process where the artistic images
work hard on the perfection of the utterance and polysemy of their functions. The united
model of opposites and its realisation process represents a systematic principle conditioned
by world outlook and transfered in artistic material. In the process of notions transformation
the mixing of their functional and semantic rows takes place and, the widenning of the
meaning area by means of self-formation occurs. The artistic image goes beyond the basic
semantic meaning, find out new and new meanings and starts the moving to the unity, by
which it establishes a certain order, which is subordinated to the unconscious logic of
symbolic thinking [6]. The artistic image has a demand for novelty, which determines the
whole psycholinguistic process of logically inconsistent semantic ficlds.

The philological aspect of the problem is linked with the study of concrete contexts.
From this side, of special interest is the analysis of separate creative works on the grounds
of the so-called unity of opposites as on the form of symbolic comprehension of conscious-
ness or on that peculiar expression of communication, which also symbolically expresses
the interrelations of the torturer and victim in the essence of which the philosophy of
mankind existence is unconsciously sedimented. )

The work on the mentioned problem was carried out by scientific interest of setting
correspondences and interrelations between social phenomena and artistic world of: the
writer. Otherwise those attitudes, outlooks and imaginations, aspirations and desires which
in the course of centuries try to find outlet and which have been revealed by means of
artistic language as a specific system of signs. The peculiarities of social models and
structures strengthens the interest to the researched questions and make them actual both
from historical and philosophical planes.

The metaphor of torturer and victim is a long time Odyssey of opposites in which the
secking mind looks for the beginning from the beginning, primary cause push between
the light and dark. Accumulating intuitively this sensitive knowledge which is directed to
selfrestore, survival and renewal, it starts to subordinate the level of every day problem to
the higher intention.

Shota Rustaveli Institute of Georgian Literature
Georgian Academy of Sciences
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Ancient traditions of the Georgian music as well as any Christian musical cultures are
connected with spiritual music. In the course of centuries musical terminology was formed
within the church music which according to hymnographic monuments could have been
rather developed. As no special old manuscript about the development of Georgian music
or any separate stages of it has not been found yet we must seek for it in inscriptions of
liturgic and hymnographic monuments of Middle Ages.

Musical terminology of ancient period connected with Christian services is found in
the very first independent hymnographic collection - Tropologion, which is famous for its
terminology of IX-X centuries. We singled out and generalized only that terminology
which is directly connected with the structure of chant and the way of its performance [1].

What was the meaning of the word galoba (chant) in old Georgian? The Dictionary of
Old Georgian Language by I.Abuladze defines galoba as two independent lexical units.
First meaning of the word galoba is psalmody, praise, singing, blessing, joy. The second
meaning is blessing, praise, singing. Each meaning of the word is followed by the illustra-
tions of old Georgian literary monuments. It should be noted that very often illustrations
are given in two different editions which makes possible to compare synonymous mean-
ings of one and the same word. It is obvious from the examples connected with the word
galoba: e.g. "Icqes galobad psalmunita amit" in another edition is written as "Icges
psalmunebat psalmunsa amas." "Galobdes Debora da Barak" in another edition is written
as "imakebla Debora da Barakman".

In the above examples the word galoba means psalm, praise, song. With the mean-
ing of blessing the word galoba is given in the following passage: ugalobdit [bless]
upalsa galobita [chanting] axlita"; "igaloba [sing] israilman galobai [blessing] ese
Zurymulsa zeda".

Thus, the notion of the word galoba in Georgian is filled both semantically and mor-
phologicaily. It includes verb forms and nouns: which is illustrated in two examples above.

The whole repertoire of chanting up to VII-IX centuries in Georgia was collected in
one collection - Tropologion. Besides dozens of hymnographic terms the Tropologion reg-
istered the instructions in the performance of chants. These are: tkuan, itqodian, catkuan,
mimogdebit, ukcion, gardamotkma".
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The word "tkuan" is used in the following context: "mcuxrisa 7v amsa’t
cardgoma " [1. p.37].
* "Zatiksa romel kuirae daxvdes, mun stkune galobata xeltabanisa [1, p.73], "cina dyit
mcuxrisa zamsa Sevidnen, qon kuereksi da locva, da tkuan ibakoi" [1, p.11].

" The fact that tkuan corresponds to the word galoba first of all is proved by one of the
references of Ochtoechos. The simultaneous usage of the words gon and tkuan in previous
example perfectly demonstrates the difference between these terms. The word tkuan (sing)
has the meaning of chanting, whereas qon is the equivalent of speech, action.

The synonym of the word tkma must be the word "itqodian" in Old Tropologion. For
instance:
. Sova yamidgan icqon sakitxavta kitxvad da amat dasadebelta itqodian" {1,12];
"oglis kurtxevad gavidodian, amas itqodian" (p.40); "Sin-ya Sevidodian, amas itqodian"
(1,41), which is again followed by the reference to 770s. The musical meaning of ifqodis
is proved carlier in the Books of the Bible: "itqodis igi galobasa mas uplisasa knarita" [I

- Kings 16:16].

In I.Abuladze's Dictionary the lexical phraze "galobisa sitqua" is defined as "keba"
(praise), simyera (song) [2, p.39].

_ In Old Tropologion the opposite of tkuan and itqodian is ikitxon, which is used in the
lessons of the Bible. E.g.: "da ikitxon saxarebai" [1, p.15, 190, 202];

"ikitxon sakitxavi da tkuan psalmuni" [1, p.204, 214], “ilfilxon saxarebai da iba.l50i
tkuan" [1, p.196].

Now let's see what carstkua or catkuan mean. V

The note "srulad carstkua" follows the psalms text: "ymerto, ymerto cemo momxeden
{1, p.196] and it can be understood in two ways: a)this stanza of the psalm should be
performed with no omissions; b)this stanza of the psalm should be chanted completely
from the beginning up to the end. The second note of the same content is met in Old
Tropologion at the Saturday services on the Passion Week of the Easter: "alfunxon eklesiai,
upalo yayatqavi catkuan da tavitgan ese ukcion". This note is followed by "dasadebeli
upalo yayatqavsa " [1, p.214]. !

If we take away the prefix ca- from the words we'll have the root "fkuma", which in
Old Tropologion corresponds to chanting. In I.Abuladze's Dictionary "tkuma" ‘and
"cartkuma" are synonyms.

The word ";artkuma'" is defined by the word "tkuma" and vice versa. [2, pp.185, 533]
Here are also corresponding extracts from the monuments of old Georgian writing. Even
in this case to define the lexical unit better, one and the same text is given in different
editions, which helps to make the definition more precise, E.g.: "galobai cartkues da
ganvides" in the other editions is "galobit gamovides" ) )

In contemporary translation of the New Testament the same extract is given as "igalobes
da gascies zetisxilis mtisaken".

Thus catkuan or cartkuan should denote recitation. Maybe cartkuma or recitation and
galoba or tkuma don't imply the similar way of performance.

In liturgic dictionary by K Kekelidze cartkma or gardamotkma are defined as recitation.
It should be mentioned that in old liturgic monuments the word igalobon is almost not met
in this way. Instead of it there are used: ayiyon ("oxitai ayiyon", K .Kekelidze's Dictionary
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p:335); ltqodtan ("paraskevsa Suadyitgan itqodian pirveli dasadebeli", Old Tropo ogion,
p.198), ltqodl ("odes ciskrisa qoveli ayasrulo da saxarebis kitxvad gaxuidodi, amas itqodi
[1. p.195]; cartkues "galobm cartkues da ganvides" [Ma.rk 14:16].

The word gardamotkma in Old Tropologion is met both in singular gardamotkumai
[1,pp.396,455,489,506] and in plural forms gardamotkumani [1, pp.380, 415, 436, 473].
The word gardamotkumai is the name of a concrete chant, which is introduced in Easter
cycle and is not met any more in Old Tropologion. ’

The word gardamotkumai is based on one and the same topic - the Resurrection taken
from the New Testament. It is given sometimes by the form of monostrophe and sometimes
by multistrophe which looks like stikhera. While analysing the Lektionaire hymnographic
term gardamotkma Leeb [3] comes to the following conclusion: "gardamotkma is a musi-
cal term, which is used only in one place (during Palm Sunday) after reading the New
Testament and from its etymology it means Sprechgesang and recitation. According to
Leeb M. Tarkhnishvili translated this word as tractus which in Latin liturgy means conti-
nuity, continuous performance. To explain the word gardamotkma Tarkhnishvili choses
such parallel term which explains the essence of this Georgian word. There are also two
types of recitatives: on tune and certain melodic intonations (e.g. 'Good Lord, hear us'.) ‘
and ostinato i.e. continuous monotonous sound (Ecteneia ). Thus gardamotkumai is the
term transferred from Lectionaire into Old Tropologion, which indicates the performance
of chanting by talking.

One more significant term found in Old Tropologion, is mimogdebit. The usage of
such type chanting is met twice. [1, p.218]. Such chanting was introduced by St.Ignatius,
and means two-sided chanting or antiphon chanting of two groups of choir, or by a group
and the chanter.

Thus the oldest texts of Tropologion prove the existence of several terms synonymous
to galoba (chanting) and terms meaning all forms of present day performance: galoba
(chanting), cartkma (sing), antiphon.

LSarajishvili Thilisi State Conservatory
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